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Digital Monitoring of the Environmental Situation of the Baikal
Natural Territory

Igor \V. Bychkov !, Evgeniy S. Fereferov ! and Roman K. Fedorov'?

1 Matrosov Institute for System Dynamics and Control Theory of Siberian Branch of Russian Academy of Sciences,
134 Lermontov str, Irkutsk, 664033, Russia

Abstract

The paper presents the results of research obtained within the framework of a large scientific
project "Fundamentals, methods and technologies of digital monitoring and forecasting of the
ecological situation of the Baikal natural territory”. The project is aimed at creating new
methods and technologies for integrated environmental monitoring and forecasting based on
digital platforms that collect, store, process, analyze large arrays of heterogeneous spatial and
temporal data, as well as a set of mathematical and information models, services and machine
learning methods and their validation for the Baikal Natural Territory.

Keywords
Digital monitoring, forecasting, digital platforms, web-services, machine learning

1. Introduction

The Baikal Natural Territory (BNT) is a complex natural complex, where Lake Baikal, recognised
by UNESCO as a World Natural Heritage Site, is located. The ecological situation in the BPT is not
favourable. Large cities and industrial centres located in the southern part of the BNT are sources of
air, water and soil pollution, which in turn affects the health of the population. In addition to
environmental problems of anthropogenic nature, there are dangerous geodynamic processes in the
BNT (seismicity, landslides, rockslides, mudflows, etc.), as well as problems with the state of boreal
forests (including epidemiological damage, spread of pests, natural fires, climate change, etc.). The
development of means and methods of comprehensive geo-ecological control is an important task for
the conservation of Lake Baikal ecosystem and the whole BNT.

A consortium of 16 institutes of the Siberian Branch of the Russian Academy of Sciences was
formed to implement the project aimed at developing new methods and technologies for integrated
environmental monitoring and forecasting based on digital platforms. Consortium members have
extensive practical experience in studying changes in the hydrosphere, lithosphere, biosphere,
atmosphere, human health under the influence of natural and anthropogenic factors, as well as in
applying mathematical methods and information-computing technologies to solve complex scientific
and applied problems.

In 2024, research continued in the direction of developing a set of methods, mathematical and
information models for analysis and forecasting of the Baikal natural territory development on the basis
of a digital platform, which will significantly accelerate scientific research due to intellectualization,
interoperability of services and their compositions.
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2. Digital platform for environmental research

To implement digital environmental monitoring of the Baikal natural territory, the ISDCT SB RAS
has developed a digital platform [1-3] (Fig.1), which unites researchers from scientific institutes,
employees of departmental organizations and provides them with support for integrated analysis of
monitoring data, forecasting and development of recommendations for the conservation of Lake Baikal
and adjacent territories. Modern approaches to the creation of digital platforms [4, 5] are usually based
on the use of service-oriented architecture (SOA) [6]. This architecture allows to implement a unified
information environment supporting algorithmic mutually beneficial relationships of a significant
number of independent participants of any process (e.g., environmental monitoring). Within SOA, each
participant provides the results of its activity in the form of services, which allows instant access to data
and processing methods without the need for coordination. SOA significantly speeds up research. To
unify services in the digital platform, the Web Processing Service (WPS) standard [7], which regulates
the service call protocol and metadata exchange, is used by the Open Geospatial Consortium [7].
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Figure 1: Digital platform for environmental research

The digital platform developed under the project acts as an integrating framework for digital
environmental monitoring, is an environment for accumulation, exchange and management of data in a
structured form, as well as a system for calling business functions with services of participants of the
digital ecosystem (monitoring participants) connected to it through technological interfaces. The digital
platform of environmental monitoring consists of three basic components: instrumental, infrastructural
and application digital platforms. The Instrumental Digital Platform (IDP) provides access to the
participants of the digital ecosystem of monitoring to the development and debugging of applied
information and software-hardware, providing them with tool services for processing spatial and
temporal data and their interfaces. The IDP includes tools for creating three main types of components
embedded in a common environment:

1. development of WPS services and their compositions designed for software data processing,

realizing software interoperability standards;

2. creation of data exchange services that provide and make available thematic data collection;

3. deployment of geoportals providing access to thematic data and services.

The IDP contains tools for creating generic geoportals and services in a cloud data center
environment. Creation is based on pre-configured virtual machine templates. For WPS services there



are templates with Zoo project [8], 52°North Web Processing Service systems that simplify realization
of WPS standard.

The Infrastructure Digital Platform (InfDP) provides the creation of applied hardware and software
monitoring tools, thematic WPS services of data processing and distributed data storage based on a
high-performance information and analytical environment, service-oriented and end-to-end
technologies. The InfDP contains means of data delivery, processing, storage, as well as InfDP
deployment infrastructure, services (software solutions based on PPI), means of development,
debugging and integration of services. In order to solve the project tasks, a computing infrastructure is
deployed on the basis of the IICN IREC [9], which provides all project participants with the ability to
store large volumes of multiformat spatial and temporal data, high-speed access to them and the ability
to perform high-loaded calculations. The infrastructure consists of a 10G-Ethernet-based high-speed
data transmission network connected storage system based on Infortrend EonStor GS 1000 Gen2 (736
TB of capacity), high-performance storage system based on HPE MSA 2060 (27 TB of capacity), high-
speed storage area network (SAN) operating on the basis of Fibre Channel 12G protocol, computing
cluster of 15 servers with NVidia RTX- 3080, 3090 GPUs (for machine learning). On the basis of the
main infrastructure components, using VMWare vSphere 7 virtualization system, a cloud platform was
formed, consolidating network and computing resources with resources of data storage systems
(network) and flexibly providing them for all systems and services of the project.

The applied digital platform (ADP) operates processed data at the level of a separate group or type
of monitoring as a whole, as well as supports the algorithmic exchange of services between independent
participants of the digital ecosystem using a unified information and analytical environment and
technological infrastructure. The ADP consists of a digital monitoring geoportal, data provision services
and thematic WPS services.

3. Monitoring technologies based on Earth remote sensing data

The project pays special attention to monitoring methods based on Earth remote sensing (ERS) data
processing. A considerable amount of information has been collected: Sentinel-2 satellite images of the
Irkutsk Region and the Republic of Buryatia for three years occupy more than 57 terabytes (21 thousand
images). To organize a convenient search for space images and quick access to them, a remote sensing
data catalog was created, a possibility to display images on the map and support for acquisition of space
images of the Earth's surface from various sources was implemented. The images are stored in 1ICN
IREC storage, their registration is performed by the developed data acquisition components. Image
search with regard to sensor, cloud cover, position and date is implemented.

To organize environmental monitoring in large areas, a technology and Web-service (Fig.2) for
classification of multispectral space images Sentinel-2 has been developed [10]. Classification of space
images is carried out using the ResNet50 neural network. The technology allows to define a set of
classes (surface types), prepare a training sample, verify and classify a large number of images. The
training sample is generated using the Web interface based on Sentinel-2 satellite images and field
surveys. As input data, the neural network accepts 13 Sentinel-2 channels and a channel built on the
basis of local binary patterns to account for textural characteristics. Characteristic feature classes are
identified for the BPT: Bogs, Bare Rock, Grassland, Clearings, Transitional Forest/shrubs, Coniferous
Forest, Riparian Forest, Deciduous Forest, Mixed Forest, Clouds, Cropland, Residential Area, and
Water. 134 space images of BNT were marked, the number of polygonal objects - 2246 pieces, the area
of more than 5900 square kilometers. The average classification accuracy amounted to 95%. The
developed Web-service allows to increase the efficiency of monitoring of large territories.
Classification technology can be used to solve actual problems of large natural areas, in particular, to
analyze changes in the forest fund (logging, fires, restoration dynamics), assess the impact of climate
change on the landscape, analyze the dynamics of development, inventory of agricultural land, etc.
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Figure 2: Example of the result of space images classification

4. Web services for environmental monitoring

The project has created a number of services that solve demanded tasks for the environmental
monitoring of BPT. All services are implemented using the components of the instrumental digital
platform and support the developed interfaces and data exchange services, which allows simplifying
the integration of services and solving complex tasks. The developed services are embedded in the CP
and can be applied by users for different tasks. Transaction costs, in this case time costs, are reduced
due to the allocation of computing resources that are in constant access, reduction of human
participation, standardization of the protocol of service invocation, etc. The created services realize
modern methods of data processing and provide unique data of ecological monitoring of BNT. The
following thematic services were developed to support digital environmental monitoring of the BNT
and Lake Baikal:

e Monitoring service based on remote sensing data processing;
Biodiversity monitoring service;
Service for monitoring of hazardous geological processes;
Atmospheric pollution monitoring service based on data from reference stations;
Atmospheric pollution monitoring service based on Sentinel-5P satellite data (Fig.3);
Thunderstorm activity monitoring service;
Service for monitoring pollution of aquatic ecosystems;
Service of forest fire risk analysis and forecasting;
Service for registration of bites by ixodal ticks;
Service for assessing the impact of forest fires on respiratory organs;
Service of identification and assessment of changes in the state of vegetation cover;
Service "Gas and aerosol impurities".
Service "Generalized data of automatic atmospheric control stations"
Service "Concentration of substances affecting respiratory organs"; Service "Concentration
of substances affecting respiratory organs"
Service "Atmospheric pollution index";
Service "Catalog of earthquakes";
Service "Fault Field";
Service "Forest-pathological monitoring";
Service "The burning of the forest™;
Service "Felling (forest)";
Service "Phthalates content in water of Selenga River delta channels™;

11



Service "Level of pH (degree of acidity) in water by seasons";

Service "Water turbidity by seasons of the year";

Service "Dissolved oxygen content in water by seasons of the year";

Service "Content of heavy metals in bottom sediments by seasons of the year";
Service "Content of heavy metals in water by seasons of the year".
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Figure 3: Example of the result of space images classification

5. Conclusion

The results obtained within the framework of the project are primarily of fundamental nature and
open new opportunities in the field of development of digital technologies to support large-scale studies
in large areas, processing of remote sensing data, mathematical modeling of environmental processes,
monitoring and forecasting of natural and anthropogenic emissions in the atmosphere, monitoring and
forecasting of hydrological regimes of water bodies, monitoring of dangerous geological processes,
monitoring of biodiversity, medical and scientific research, and monitoring of biodiversity. The
complex of program components is actively used in practice. More than 200 data services and more
than 40 data processing services have been created. 5 different geoportals oriented to different subject
areas and teams were deployed. Based on the created services, service compositions were formed,
combining data services, processing and publishing services. The created digital platform for
environmental monitoring of BNT is an environment for accumulation, exchange and management of
data in a structured form, as well as provides the call of analytical functions with the services of
participants of the digital ecosystem (monitoring participants) connected to it through technological
interfaces.
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Abstract

The software industry is one of the most dynamic branches of the economy in which knowledge
plays an important role in achieving success and surviving in the market. Given the openness of the
market, globalization, and labour turnover in the software industry, local small software companies are
increasingly challenged to attract, onboard, and retain software engineers. This paper aims to present
the authors experiences in inquiring onboarding practice in a local small software company, with focus
on the role of knowledge management in onboarding process. The study is based on the field work in the
company, with the use of qualitative research methods, ensuring that findings are grounded in the real
practice. Based on the study findings, recommendations for the practice in small software companies
and researchers are discussed.
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1. Introduction

In today’s dynamic world, and especially a dynamic economy, with evident movement towards
remote work via the Internet, software professionals can easily change jobs and move to
new companies. Software companies that hire new employees should introduce them to the
company’s organization, processes, and organizational culture, which is commonly implemented
through the onboarding process [1]. Selecting and onboarding the most suitable people is
challenging for each software company because it influences its overall business performances
[2]. In general management literature, onboarding refers to organizational socialization aimed
at making new hires effective members of an organization by learning necessary knowledge,
skills, and behaviours [3]. Anakwe and Greenhaus [4] suggested considering the following
issues during organizational socialization: what information should be transmitted to new hires,
which tactics to use for information transmission, how to evaluate information transmission
to new hires, and what the relationships between organizational socialization and adopted
behaviours and attitudes exist.

The knowledge-based perspective of companies assumes that knowledge exists in them at
any time and can be used for creating new knowledge and in business actions. This promotes
knowledge management (KM) as set of activities that enable identifying and leveraging the
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collective knowledge in an organization for increasing their innovativeness and responsiveness
in business [5]. Effective KM assumes that companies possess and improve learning capability,
usually based on analyzing their successful and unsuccessful activities, leading to creating and
acquiring new knowledge that may improve their practice [6].

Software industry has been recently recognized as a part of the economy with dominant
influence of knowledge workers, pointing out the importance of knowledge management (KM)
for both their daily practice and overall business [7]. For software organizations knowledge
residing in the organization becomes a strategic asset for ensuring quality of products and
services, as well as competitiveness at the market. In this course of thinking, the main challenge
for software companies is to effectively involve new people in their organization, as well as to
to retain experienced workers who possess knowledge on all aspects of knowledge relevant for
company practice (organizational, technical, technological) [8, 9].

The complexity of onboarding process in software companies is based on the fact that new
hires should acquire different types of knowledge, such as organisational knowledge, project
knowledge, product and domain knowledge, and knowledge of the technical environment
[10]. New hires, especially those that recently graduated are usually not well prepared for real
projects, which emphasises the importance of learning during the onboarding process [11].
Since onboarding period may be stressful for new employees, they should be encouraged to
express themselves during the work, and to adjust to organizational identity, while preserving
their own personal identity [12]. It is also important to recognize that onboarding process is an
opportunity for mutual learning between the organization and new hires [13].

Small software companies make up the majority in many countries around the world, with
the significant share in their economies [14]. However, small software companies suffer from
the lack of resources, primarily financial, for investing in research and development to improve
practice, products and services [15]. Therefore, small software companies are forced to improve
their competitiveness through innovation, which is primarily based on the knowledge possessed
by employees [16]. This indicates the need for small companies to systematize the knowledge
that exists in them through organizational learning [17].

Based on the previous considerations, KM in onboarding practice is especially challenging
for small software companies that strive to acquire and retain knowledgeable workers. This
paper aims to present experiences in inquiring KM in onboarding practice in a small software
company, and based on that to propose recommendations for practitioners in industry and
researchers.

2. Experience in a Local Small Software Company

The presented experience and the findings are part of a larger project designed and implemented
by the research team composed of people from the Information Technology Department and
Engineering Management Department from Technical faculty "Mihajlo Pupin" Zrenjanin, Serbia.
The project objective is the inquiry into onboarding and knowledge management practices
in small software companies in Serbia, with a special focus on assisting indigenous software
companies in practice improvement and better positioning in the market.

In this section will be presented results of joint practical and research work of the author and
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the company manager of a local small software company. The research objective is to identify
knowledge management practice relevant for onboarding related processes in the company.

The study uses qualitative research methods with flexible research design [18] suitable for
inquiring human related issues in the industrial practice [19, 20, 21] or systematizing knowledge
about the practice [22]. Reflexive thematic analysis [23] for analysing data and constructing the
findings is used.

2.1. Context

The presented research relates to the practice in a local small company that provides software
engineering services and IT infrastructure services according to the turnkey principle. The
company has 8 employees and has operated for 20 years in Serbia and the region. Software
engineering services include the development and maintenance of specific software solutions,
mostly based on cloud and mobile technologies. The main domains of applications are inventory
management and monitoring of fixed assets, control of the implementation of standards in the
company, including the qualifications of employees for optimal engagement in the workplace
and the organizational structure with the systematization of workplaces.

2.2. Knowledge Management in Onboarding Practice

This section will present findings related to knowledge management practices within onboarding
in a selected small software company. The findings are constructed through an inductive
approach based on reflexive thematic analysis and are grounded in interviews with the company
manager and available documents. The findings are developed as a thematic framework that
includes themes and relationships between them, representing identified issues in the observed
practice in the company.

Through thematic analysis a thematic framework with several main themes related to on-
boarding practice was developed. The whole thematic framework contains the following themes
[24]: Onboarding process, Objectives, Prerequisites, Outputs, Shortcomings, People, Tools and
methods, Work position, and Knowledge management. Each of the main themes encompasses
several sub-themes related to a specific aspect or segment of the theme.

The segment of the findings related to relationships between onboarding process and knowl-
edge management is presented in Figure 1. The direct relationship between two main themes
(Onboarding process, Knowledge management) is shown with a thick solid line, while indirect
relationships through other themes (Work position, Tools and methods) are shown with thin
dashed lines.

Onboarding process was identified as the main and central theme in the thematic framework,
relating to the process all candidates for working engagement should pass. The steps in the
onboarding process are: getting to know the overall organization and culture of the company,
introduction to a team in which a candidate will work, introduction to a technical platform, and
introduction to projects in which a candidate will be involved.

Knowledge management is the next most important theme related to issues of capturing,
organizing, and reusing various types of knowledge that exist in the company. The main
characteristic of knowledge management is that it is managed selectively, which means that
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Figure 2: Detailed thematic framework with themes and subthemes related to the relationships
between onboarding practice and knowledge management

only specific and the most critical knowledge from past projects was selected, collected, and
prepared for current and future projects.

Tools and methods is another theme related to practical issues in onboarding process realization.
It includes the use of various types of documents in onboarding (documents with organizational
culture, documents with technical issues and problems), mentoring candidates, and assigning
simple tasks from real projects to candidates.

Work position is the theme related to tailoring the onboarding process to specific work
positions in the company, which includes determining the working profile (technical and
technological issues) and psychological profile of candidates.

The developed thematic framework contains the main themes represented in elliptical shapes
and subthemes represented in rounded rectangles, as it is presented in Figure 2.

The relationship between theme Knowledge management and theme Work position is realized
through the connections of subtheme Working profile associated to Work position and subthemes
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Categorising knowledge in software by workplaces and Inserting documents with knowledge in HR
software associated to Knowledge management. These themes and relationships are grounded in
the company practice since the company maintains a working profile with associated knowledge
for each work position in the HR software. During the onboarding process, the new employees
are directed to use the software to access knowledge for their positions. As the practice evolves,
documents with knowledge change and adapt to new working conditions, leading to updates of
the knowledge base in the software.

The relationship between theme Knowledge management and theme Tools and methods is
realized through identification of three subthemes that are associated to both main themes.
These subthemes point out the use of various types of documents for systematizing knowledge
(Document with organizational culture, Documents for describing tools and procedures, and Docu-
ments with problem-solving descriptions), and at the same time these subthemes are identified
as a tool within onboarding process in the company. These subthemes related to the use of
documents identify the following aspects of knowledge to be managed for successful onboarding
practice in the company:

« Knowledge on organizational culture. This aspect reflect the importance of human and orga-
nizational issues in the company, to which new employee should align during onboarding
process.

« Knowledge on tools and procedures in technical work. Technical part of the work consumes
majority of time in the company, and quick and effective introduction to technical tools
(integrated development environments, platforms for sharing materials, version control
systems, etc.) and working procedures is essential for onboarding and overall business
performance in the company.

« Knowledge on problem-solving issues. Software development, as a set of knowledge based
activities, requires engineers with problem-solving skills. Having systematized experience
with problems in previous projects can significantly improve onboarding practice.

3. Recommendations

3.1. Recommendations for small software companies

Based on the analysis of literature in the introduction section, and findings of the study, the
following recommendations for the managers and engineers from small software companies
can be proposed:

« Hiring academic researchers for practice research. Lack of resources, employees fully
devoted to daily tasks, and the lack of experience with research methods by employees
is the reason for not starting projects for analysing and improving practice in small
companies. The most effective way to overcome this is to engage researchers with
experience and work together on a research project.

+ Use of established and well known knowledge management methods and tools. Avoiding
ad-hoc approaches through the use of proven methods and tools during the inquiry
of practice will result with more reliable KM practice and its better alignment with
onboarding process.
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o Aligning knowledge management with all working positions. Knowledge should be carefully
inquired and systematized for each particular working position. This should include
knowledge relevant to the psychological, organizational, and technical aspects of each
working position.

« Systematizing and documenting knowledge residing in the company. Knowledge should be
collected from previous projects, activities, and tasks, and made explicitly available to all
employees, especially those in the process of onboarding. This will make the onboarding
process more effective, while minimizing engagement of other employees in the company
during onboarding.

« Connecting the onboarding process with real projects to enhance the acquisition of real
knowledge. Including new hires during onboarding in real projects enables them to gain
knowledge on the most relevant technical and non-technical issues. This will enable
the direct sharing of knowledge between employees with more experience and new
hires, and foster organizational learning in the company. It also leads to an increase in
the satisfaction of new employees due to their contribution in solving real problems on
projects.

3.2. Recommendations for researchers

In addition to recommendations to practitioner from software industry, the following recom-
mendations can be proposed for researchers:

« Joint preparation and implementation of the research with company employees. The best
possible overview of the practice and the most relevant research objective can be achieved
through joint work with company employees in all phases of the research. In addition,
this will ensure more reliable findings.

+ Research based on active field work. Active fieldwork presupposes the presence of the
researchers in the real world environment using proven fieldwork methods such as inter-
views, observation of practice and note-taking, access to documentation and electronic
data, and meetings. This enables a more comprehensive insight into practice, and in-
creases the confidentiality of findings by triangulating data sources and applied research
methods.

« Involvement of company employees in all research activities. As already emphasized in the
literature, employees are the main source of knowledge about organizational processes,
organizational culture and technical aspects of practice, so it is necessary to actively
include them as sources of data, as participants in data analysis, but also later when
verifying research findings.

4. Conclusions

This paper points out the importance of KM and onboarding practice in small software compa-
nies, which needs to be creative and responsive to survive at the competing market. In addition
to presenting well known issues reported in the relevant scientific literature, the paper presents
the experience in inquiring onboarding practice in the local small software company. Research
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findings, constructed through qualitative inquiry of the company’s practice, indicate multiple
relationships between KM and onboarding in the selected company. Based on the study findings,
recommendations for small software companies, and researchers are proposed.
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06paTHble 3a4ad4YN re0aKyCTUuKn B MOHUTOPUHIOBbIX CUCTEMAX
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AHHOTauuA

PaccmarpuBaercst mpobieMa reOMOHUTOPHHTA OKPYKAIOIIEH Cpeabl B CBSI3M C OOHApYKEHUEM U
OIPEJCIICHUEM MECTOIIOJIOKEHHS Pa3HOrO KJIacCa UMILYJbCHBIX MCTOYHUKOB, HECYLIUX YIpO3y
JUISL  OKpY)Kalolledl conualbHOM HMHQpPacTpykType. B KkauecTBe TakMX HMCTOYHHUKOB MOTYT
BBICTYIIaTh PA3JIMYHBIC KapbEpPHBIE U IIPOMBIIIICHHBIC B3pbIBbI, IaJalOLIME Ha 3EMIIO
OTpabOTaHHBIE CTYNEHH pPAKET IIPU CIYTHUKOBBIX 3allyCKaX, KOCMHYECKHE Tela H [p.,
SIBIIIOIIMECS] MOIIIHBIMU UCTOYHUKAMK CEICMUYECKHUX U aKyCTUYECKHX BOJIH.

B pamkax 0003Ha4eHHOI MPOOIEMBI pacCMaTPUBAIOTCS 3a/1a4H, CBA3aHHBIC ¢ OOHAPYKEHHEM U
ONpENEIeHUEM MECTONON0XKEHUS PAa3HOrO KIacca MCTOYHUKOB HAa OCHOBE PETUCTPUPYEMBIX OT
HUX CEHCMHYECKHX M aKyCTHYeCKHX KojeOaHuil/. PemeHue 3amaum paccMaTrpuBaeTcs Kak
COBMEIICHHOW O0OpaTHOM 3ajadynM 10 MCXONHBIM JaHHBIM OT CETH HPOCTPAaHCTBEHHO-
pacIpeleICHHbIX JaTYUKOB C UCIOJIb30BAHUEM KUHEMATHUYECKUX XapAaKTEPUCTUK B BUJEC BPEMEH
BCTYIUICHUN BOJH CEHUCMMYECKHX U aKyCTU4eCKuX BOJH. IIpoBenEH CpaBHUTENBHBII aHAIIN3
pe3yibTaTOB YHUCIEHHBIX W HATypHBIX OKCIEPUMEHTOB II0 PELICHUIO 33Ja4d TIeOJIOKalUu
HCTOYHHKOB pa3INYHBIMU MeToaMU. Pa3paboTaH cOOTBETCTBYIOIINI IPOrPaMMHBIH KOMILIEKC.

KntoueBble cnosa
FGOMOHI/ITOpI/IHF, B3pLIBOHOI[O6HLIe HCTOYHHKH, O6paTHa$I 3ajga4da, TICOJIOKalusa, YHCJICHHOC
MOACJIMpPOBaHUE, MOJIEBOM OKCIICPUMCECHT.

1. BeepgeHue

OnHa W3 OCHOBHBIX MpPOOJEM T'EOIKOJIOTMH OKpYXAloLIeH Cpeabl CBf3aHa C OLIEHUBAHUEM
FE0IKOJIOTMUYECKUX PUCKOB AJIS OKPYXKAIOIIEeH COLMAIBbHOM CpPENbl M, MPEXIe BCETro Ul YENlOBEKa,
MOPOKAAEMbIX MOIIHBIMH HCTOYHHUKAMH HMMITYJbCHOW MpPHPOAsl. B KauecTBe TaKOBBIX MOTYT
BBICTYIIaTh pa3iIN4YHbIE KapbEPHBIE, IPOMBIIIICHHBIE, HCIIBITATENIBHBIE B3PBIBBI, MAJAIONINE HA 3EMITIO
0TpabOTaHHBIE CTYNIEHH PAKET MPH CITyTHUKOBBIX 3aITyCKaX, KOCMUYECKHE U BO3AYLIHbIC TEJIa Pa3HOM
MIPUPOABI U JAp., ABJISAIOMIMECS MOITHBIMH HCTOYHMKAMU CEMCMUYECKHMX M aKyCTUYeCKHMX BOJH. B
YaCTHOCTH, 00yCIIOBIEHHOCTh SKOJIOTHUECKH BaXXHOU 3a]1a4i OOHApY>KEHHUs, OTpeesICHIs] KOOPANHAT
W YyTHIM3alMU MaJaoluX Ha 3eMJII0 OTPaOOTaHHBIX CTYNEHEH pakeT HpU KOCMHYECKHX 3aIllyCcKax
CBsI3aHA C HAIMYKEM B TaKHX TellaX BPEIHOTO JUIA denoBeka rentuia. OcoOSHHO 3TO aKTyallbHO IS
paiionoB BocTouHoro Kazaxcrana u Antasi mpu KOCMUYECKHUX 3amyckax ¢ nonurona baitkonyp [1].

K MOHHMTOPHHIOBBIM OTHOCATCSI TaKXe 3aJadd, CBS3aHHbIE C OOHAPYKEHHEM H OIpEACTICHUEM
MeCT MaJeHNs Ha 36MJTI0 KOCMUUYECKHX TEJI TUIIA OCKOJIKOB METEOPHUTOB, a TAK)KE APYTUX BO3TYIIHBIX
TeJl pa3HOUW NPUPOJBI.

PaccmarpuBaeMble 3amaudl CBsi3aHbI C OOMIEH NpPOOIEMOM TeOJOKAMM M HIACHTU(HUKALNUU
MMITYJIbCHBIX HCTOYHUKOB IO HCXOAHBIM J@HHBIM OT CETH NPOCTPAHCTBEHHO-PACIPENEIIEHHBIX
JATYUKOB C UCIOJB30BAHUEM KHUHEMATHMUECKUX XapaKTEpUCTUK B BHUAEC BPEMEH BCTYIUICHUI
CEHCMHYECKNX M aKyCTHYECKMX BOJIH. M WX JUHAMHYECKHUX XapaKTEPHUCTHK B BHJE CIIEKTPAIbHBIX
({yHKLMI, COOTHECEHHBIX K BOTHOBBIM (hopMaM KosieOaHU OT HCTOYHUKOB.

Psg 3amag B cBA3M C paccMarpuBaeMoOM MpOOJIEMON CBA3aHBI C  MPEAYNpPEKICHUEM
Pa3pyLINTENBHBIX TOCIEICTBUI B3PHIBOB JJISl MPHJIETAIONIEH KO MHPPACTPYKTYphl B paliOHAX

6™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia
EMAIL: marat@opg.sscc.ru
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MPOBEJICHHS YIIENOOBIMH OTKPBITBIM crIoco0oM. OCOOEHHO 3TO XapaKTEePHO JUIS YIIeT00BIBAIOIIETO
pationa Kys0acca. B paccMaTpuBaeMBbIX CHUTyalMsx SKOJIOTHUYSCKUE PHCKH, OICHHUBAGMBIC YIIEITbHON
IJIOTHOCTHIO aKyCTHYECKOW SHEPrduH, MOI'YT MHOTOKpaTHO Bo3pactarh (1m0 50 pa3 u Oojee) u3-3a
Pa3BHUBAIOIIETOCS SIBIIEHUSI MMPOCTPAHCTBEHHOHN (DOKYCHPOBKH Te€0aKyCTHYECKHUX BOJIHOBBIX TOJIEH B
3a]aHHOM a3UMYTaJbHOM HANpaBICHHH B pe3ylbTaTe B3aWMOICHCTBHSI C MeTeo-(hakTopaMu
(HampaBiieHUSI ¥ CKOPOCTH BETPa, BIAKHOCTH | 1p.) [2,3], a Takke XapaKTepHOro MOKpOBa 3€MHOMU
moBepxHocTH [4]. OTu (Qaktopel B UHCIE JPYTHX OMNPEIENSTIOT AaKTyalbHOCTh PEIICHUS
paccMarpuBaeMbIX 3ajad.

B pabore paccMOTpeHBbI OAXOABI K PEHICHHIO TakuX 3afad. D((GEKTUBHOCTh UX MO KPUTEPUIM
TOYHOCTH TEOJIOKAI[MM WMCTOYHHKOB TMOIKPEIICHA pE3ylbTaTaMH YHUCJICHHOTO MOJCIUPOBAHUS U
MTOJIEBBIX SKCIIEPHMEHTOB.

2. MocTtaHoBKa 3agauM U NYTU peLleHus.

B Maremarnueckoll MOCTaHOBKE PELICHHWE pacCMaTpUBAaEeMBIX 3aJad B OOIIEM BHIE CBOIUTCS K
penieHuro oOpaTHBIX 33/1a4 BOCCTAHOBICHUS MMApaMETPOB MCTOYHUKA W ONPEIENICHUS €ro THIa II0
pe3yibTaTtaM HW3MEpeHUs BpEeMEH MPHUXOJa BOJH HA CETH PETUCTPHUPYIOMIMX [aTYMKOB. 3agada
OLICHMBaHWA HCHU3BCCTHBIX MApaMCTPOB HCTOYHUKA CBOAUTCA K PCHICHUIO HEIWHEHHON CHCTEMBI
YCIIOBHBIX YpaBHEHHi [5]:

t=n(X,0)+¢&, (1)
rae § = (t,,t,,...,t,) — BEKTOpP BPEMEH BCTYIUICHUH CEHCMUYECK UX BOJH; 7(X, ) — N-MEpHEIA BEKTOp
BBIUUCIISIEMBIX BpPEeMEH BCTYIUIGHHH (TeopeTHdeckwid romorpad) wWiau (QyHKOUS PErpeccuu;
g=(g,....,&y) — BEKTOp HEBS3OK, 0= (X,Y,Z,V,t)T — M-MepHBIi BEKTOp OILEHHBAEMBIX
napameTpoB; X =(X,,X,,..., X, ) — MaTrpuia KOOpIUHAT JaTYMKOB (MM Touek u3mydeHus); N — qucio

JaTYUKOB (MM TOYEK H3MyueHus). B KkauecTBe OIleHMBAaeMbIX MapaMETPOB BBICTYNAIOT
MIPOCTPaHCTBEHHBIE KOOPIAWHATHI UCTOYHHKA - X, Y, Z, CKOPOCTHAsl XapaKTEpUCTHKA CPEAbl V U BpeMs B
uctounuke t,. B psane ciaydaeB ckopocTs B cperne sBiseTcs u3BecTHOU. [Ipu oneHMBaHUM mapaMeTpoB

THOJIB3YIOTCS CBEJIECHHAMH O paclpesiefieHuH OmMOoK & =t, ()?i,é)—n()?i,é). bynem B nanpHeiinem

npeamnojararb, 4To & i — B3aUMHO HE3aBUCUMBIC cnyqal‘/iHHe BCJIMYMHBI, UMCIOUINE paCpeCaCICHUEC C
HYJICBBIM CPCAHUM U 3aJaHHBIMU TUCIICPCUAMMU!

2 o .
Eg =0, Ege,=0,6;, o,=0(X), o6; — cumBon Kpomekepa, i=12,...,N. B cmyqasix

3any,I[H6HPIﬁ C 3aJaHUEM L[chepcnﬁ, MOXHO IIPUHATH HUX PABHBIMU U IOJYYHTH HeCMeH_IéHHYIO
OLICHKY JUCHICPCUHN Ha6J'I}O,Z[eHI/ISI C CAMHUYHBIM BECOM.

33.,[[3‘13 OLCHUBAHUSA TTApaMETPOB 0B (1) SABJISACTCA YaCTbIO TAK HA3bIBAEMOTI'0 PETrpeCCUOHHOTO
aHaJIn3a, a €€ PCUICHUECM CIIYKAaT OLICHKU METOJld HAMMCHBIINX KBAaJIPaTOB:

7 in O Ao - @V X)?
6 =argmin Q(6),  Q(6)= Zl) - —> min @)

Jnst oThICKaHWsI MHHMMyMa (QYHKIMOHada  CYHIECTBYIOT pa3lMYHBIE METOIbI, HamphMep,
urepannoHHsii Meton ['aycca-HproToHa [6], METOI CHHIY/ISPHOIO PA3JIOKEHUS WM 00O0OIIEHHOIO
nceBmoobpamienus [7], metox Kaumaxa [8] u mp.

Llenbro HacTOsIMIENH pabOTHI ABIAETCS BHIOOP U MPOBEAECHHE MCCIEIOBAHUS METO/A, OTBEYAIOIIErO
TpeOOBAHUIO PEIICHUS TMOCTABJICHHOW 3a7a4d B MOHHMTOPHHIOBBIX CHCTEMax PeajbHOIO BPEMEHH,
MOCKOJIbKY UIMEHHO Takoe TpeOoBaHKe 4acTo (HOpMyIUpyeTcsl Kak OCHOBHOE.

Ilpu pemieHny 3amaud  WCIONB3YETCS JMHEHHas anmpokcuMmanuu (GyHkmuu perpeccun (3) B

ny
OKPECTHOCTH TOUKH 6" :

J(X,0)A0% +7(X,0)-T+& =0, (3)
KyZa BXOJUT MaTpulla mapamMeTpoB
3x,0)=| 21000)  on.0) G g, 4
06, 00,

Hanuyne BHEMIHMX IIyMOB, IPUBOAAILEE K NMOIPENIHOCTAM OLEHMBaHMA BekTopa = (i,t,,...,t),
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nenaetr 3agady (1) HekoppekTHOW. OmMH W3 TOAXOAOB K PEIICHUIO IJIS ATOTO Ciydas CBsS3aH C
MPUMEHEHHEM BBIYHCIUTEILHON cxeMbl Metona ['aycca-Hprotona ¢ perymspusarueii [9]. Tlpu atom
Tpebyercs moadop ko3dduimeHTa peryaspuzalvu ¢ C y4eTOM XapakTepa IMyMOB U BBIPAOOTKH
MOCIIETYOMEro MpaBuiia OCTaHOBA HTEPAIIOHHOTO Ipoliecca. B IMONEBBIX YCIOBHSX 3TO YACTO
3aTpyJIHUTENbHO. Hibke paccMOTpeHBl Jpyrue METOABl pellieHUs, Ooyiee TPUOIKCHHBIE K
TpeOOBAHUIO aHAJIM3a B TEMIIC PEaIbHOTO BPEMEHH.

2.1. MpumeHeHune metoaa nceBaoo0bpaLeHnn

Jpyroii moaxon K pereHuto 3aaadu (2) —(4) cOCTOUT B HEMOCPEACTBCHHOM PEIICHHH Ha KaKIOM
iare mpoiecca CHuCTeMsbl (4), Al pelieHHs KOTOpoil HauOolbliee paclpoOCTPaHEHHs B HACTOSIICS
BpeMs TOJIY4YHJI METOA TiceBnoobOpamieHust (win oOOOIIEeHHOTO OOpalleHns), OCHOBAaHHBINA Ha
cunryssipaoM  pasiokenun (SVD-pasnoxenun) [7]. Merog wumeer IUpokoe NpUMEHEHHE. B
YaCTHOCTH, OH YCIEIIHO HCIIOJIb30BAJICSI aBTOPaMHM IIPU PEICHUU 3aJa4d ONpENesICHHs! MOI0KESHUS
CKBRXWHHOTO WCTOYHHKA 1O IIyOMHE C NPUMEHEHHEM Ha3eMHOW CETH paclpeleSiCHHBIX NaTYHKOB
[5]. TIpu 3TOM TOYHOCTH ONpPEIEICHUS MECTOIOJIOKEHHs cocTaBmia He xyxe 1%. Takxke oH ObLI
paccMOTpEeH TIpW pEIICHWH 3a7a4d  ONpeJeNicHHS WCTOYHHKA B BOJHOBOM YPaBHCHHH TIO
JOTIOHUTEIEHON MH(OPMAITHH, H3MEPSHHOM Ha Pa3IMYHBIX YacTAX rpanuisl oomactu [10] u ap. [6].

B cuiy TeopeMbl O CHHTYISPHOM Pa3iOKEHHH [/] CYIIECTBYIOT TaKMe OPTOrOHATIBHBIC MATPHUIIBI
Umnm pasmepam Xm u Vi pasmepa N X N 1 HAOOp HEOTPUIATEIBHBIX YUCET {pj }, TO3BOJISIOIINEC
NpPEICTaBUTh pa3jiokeHHe Marpuisl (4) Ha KaxaoM K-oM Iare HWTepalMOHHOIO Ipolecca B
MPOM3BEICHUE TPEX MaTPHUI]

J(X,60%) =y Lz oy T (5)

mmT mn
rae V®T =y (07 ¥ - nnaronaneHas MaTpulla CHHTY/ISPHBIX YHMCEN BUJA
p, 0 0 0O O 00O
0O p, 0 0 0 OO -
S 1P = P
o 0 0 - p, 00O
Meton mnpemycMaTpuBaeT TakKe IPOBEJCHME TaK HAa3bIBAEMOTO CHMHIYJISIPHOTO —aHaju3a,

COCTOSIIIETO B UCKIIOYCHUH HYJICBBIX CHHTYIIIPHBIX YHCET U COOTBETCTBYIOIINX UM CTOJIOIIOB MaTpPHI]
U u V. UTepaiinoHHEIH MPOIECC B 3TOM CIIy4ae UMeeT BUJI:

6" =6" +V,5.1d*, k=0,1,2,..., (6)
e d*- BEKTOP, COCTOSIIMI U3 TIEPBBIX M KOMIOHEHT BekTopa U, y(>Z .0 “) . TIpu peanusarmu 510r0

nmponecca MoImyTHO MOJYy4YacTCA HE TOJIBKO KOBApHUAILIMOHHAA MaTpHllda IIPOCTPAHCTBA MMapaMeTpoOB, HO
1 KOBapUallMOHHAA Marpuia npoCTpaHCTBa JaHHBIX. Takoke BBIYHCIISIIOTCS Marpuna pa3peieHHOCTHU

T o o
Vka 5 OJIM30CTh KOTOpOU K €AUHUYHON MATPUIC YKA3bIBACT Ha CTCIICHb PA3PCHICHHOCTH 3aJ1aviu, U

. T o o
marpuua uHpopmanronnoi mwioroctn U, U, ,61130cTh KOTOPO# K €AMHMYHOI MaTpUIE yKa3bIBaeT

Ha OTHOCHTEJIbHYIO 3HAUMMOCTh OT/EIbHBIX HaOmroaenuii [11].

2.2, NMpumeHeHne apganTMBHOro metoaa Kaumaska.

JIOCTOMHCTBOM BBIIIIE PACCMOTPEHHBIX HMTEPAIMOHHBIX METOAOB pelIeHus OOpaTHOM 3amadu
SIBIISIETCSL €r0 CHOCOOHOCTh TOJIyYUTh MCKOMOE PEICHHE M OLECHKY KOBAPHMALMOHHOW MaTpUIbl 3a
OJIMH MPOXOJ 110 BCEM YPaBHEHMSIM, YTO MO3BOJISET OAHOBPEMEHHO OLICHUTh IOTPEUTHOCTH PEILICHUM.
OpHako OHHM, KaK M MHOTHE APYTHUE METOJbI, CBA3aHHBIE C OOpalleHHeM W YMHO)KEHHEM MaTpHIL,
MO3BOJISIIOT PELIaTh CHCTEMbl C OrPaHMYCHHBIM YHCJIOM HEWU3BECTHBIX. JTO 0OYCIIOBICHO
CJICAYIOIMMH MPUYMHAMH: C POCTOM YHCJIa YPAaBHEHHH PACTYT OIIMOKH, CBSI3aHHBIE C YMHOXECHHEM
MaTpUIl; BpPEMsi CY€Ta PACTET MNPOMOPIMOHAILHO N°, TaMATh, HEOOXOAMMAs JUIi XPAHEHHS
KOBapHALMOHHBIX MATPHII, PACTET MPONOPUHMOHANLHO N2 C y4eTOM 3TOr0 NpsMBIE UTEPALMOHHBIE
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METOJIbI PEICHUS] JTMHEHHBIX CHCTEM C MaTpHUIIaMU OOJBIIONW pa3MEpHOCTH, KaK HampuMep, METON
laycca-HproToHa Winm MeTon IceBAooOpaleHus, B CUCTEMax peajlbHOr0 BPEMEHHU HCIOJIB30BaTh
3aTPYIHUTEIBHO U3-3a YKa3aHHBIX OIPAaHUYUTEIILHBIX (PAKTOPOB IO BPEMEHH W MaMsATH. B cBs3u c
STHUM BO3HUKAET HEOOXOAUMOCTh OOpaiieHus K MeTony (B KJIacCe MTEPalMOHHBIX ), KOTOPBIA ObLT OBI
JMIIEH 3THX HEIOCTaTKoB. DToMy TpeOoBaHMIO coOTBeTcTByeT Meron Kaumaka [12]. Baxnoe
JOCTOMHCTBO METO/la CBSI3aHO C TEM, YTO YTOYHCHHE HEU3BECTHBIX BEACTCA M0 KaXKIOMY
anreOpanveckoMy VpaBHEHHIO pa3lelIbHO W, COOTBETCTBEHHO, OTMAjaeT HEOOXOJUMOCTh B
TPYIOEMKHX MATPUYHBIX MpeoOpa3oBaHusIX. J[0OKa3aHbI CXOAMMOCTh U PETYISPU3YIOIIUE CBOMCTBA
Metoma [8]. Hmke NPHUBOAWTCS OMUCAHWE MPOIECCA BBIUHCICHHH C WCIONB30BAHUEM METOIa
Kaumaxka, pe3ynbTarbl €ro NPUMEHCHHsS UWHTEpecax peIieHUus oOparHOM  3amadud B
TCOMOHHTOPHHTOBBIX cHCTeMaX. [Ipe/iBapUTeNnbHO paccCMaTpUBACTCS 3HAUCHHE HEBSI3KU KaK Pa3HOCTh
MEXTy (aKTHUeCKMM W MPOTHO3HBIM BpPEMEHAMH MPHXOJa MPSIMOW BOJHBI OT HUCTOYHHKA K i-My

npuemMHEKy At =t —7(X,,60). Henyneoe 3HaueHHe ee MoXeT OBITh OOYCIOBIGHO Kak
HOTrPENIHOCTBIO B HAOMIONEHHOM BPEMEHU U3-3a BIUSHUS BHEIIHUX IIYMOB, TaK U MOIPEIIHOCTHIO U3-
3a HETOUYHOCTU OIMCAHUS MOJAENU Cpelbl PacIpOCTpaHEHHs BOJIH. B mepBoM ciydae yMeHbLIEHHE
HOTPEITHOCTH MOXET OBITh JOCTHTHYTO 3a CUET HNPUMEHEHUs LHU(POBOH (HUIBTPALMU BOIHOBBIX
dopm u3 mymoB. Bo BTOpoM cilyyae HeaJeKBaTHOCTh MOJENH YyNAeTCS BBLIBUTH B IIpOLECCE
TECTHUPOBaHUs aNropuTMa pelleHuss oOpaTHOM 3amaud. YuuThiBas 00a MpHUBEACHHBIX (akTopa U
NPUHUMAs BO BHUMaHUE BBIPQKCHHE MOXKHO IIPEJICTaBUTh HEBSI3KY MO BPEMEHH B CIIEIYIOIIEM BH/IE:

m
At =" J,A0, +¢, 7

j=1
rae | — HOMep YpaBHEHMSA, | — HOMEpa HEU3BECTHBIX, Afj - HETOYHOCTH OMUCAHMS IMPOTHO3HBIX
apaMeTpoB MOZETH, T.€. 3HAYCHUI HEU3BECTHBIX, & - OUIMOKa B HAOIIOAEHHOM BPEMEHHU NPHUXOAA
BoiH. Torma OIIpeJICICHNE HEU3BECTHRIX ITapaMETPOB CBOJUTCS K 3a/1a4e OLICHKH A6 110 HeBs3Kke At.
B o6mem cnyuae 3ama4a nMeeT MHOXKECTBO pemieHui. /s ee pazpemeHus OyaeM mpenmonararh, 9To
HeusBecTHoie AQ CJ'Iy‘I&fIHLI, TaK XK€, KaK U & . C YUYE€TOM HCIIOJIb30BaHUA METOAAd MaKCHUMAJIBHOT'O

npaBaonoao0ust oneHku 1t A6 Ha K —oM 1mare 1y1st j —TO HEM3BECTHOTO HWMEIOT BUIL:

At (o))
k _ ivij j . 8
Aaj - 2 U NO 12/ 2\k ( )
op +2 35(07)
j=1
. o X i o . 27k _
3[{60]: J —IOPAAKOBBIN HOMEP HCU3BCCTHOIO; | MOPAAKOBBIM HOMCP YPAaBHCHUA, (O'J- ) OLCHKa

2
JICTIEPCHU HEU3BECTHOTO Ha K — oM 1i1are; O t, - AucnepeHu OIIMOKY U3MEPEHUS BXOIHOIO IapameTpa

B i-OM ypaBHEHUH.
[Mociie monyveHus Ha OYEePeTHOM Iare BeluurHbl A HOBOE 3HAYCHHE HEM3BECTHOTO IapaMeTpa,
00€CIIeYNBAIOIIETO B3BEIICHHBI MUHIMYM HEBSI3KH, OTIPE/IEIISICTCS. HTEPALMOHHBIM YPaBHEHHEM:

2yk
0D — gk L AGKD — gk 4 oD AL K Jij (UJ-)
j j j i j it & = m
2 2 2\k
o +2,3;(07)
j=1

(9)

[Ipu (Gf)k: 1 u O't_zz 0 ypaBHenne (10) cBomuTCS K YPaBHEHHWIO, OMHCHIBAIOIIEMY METO[
Kaumara [12]:

J.
O = 0" + AO™Y = 0" + At 10)
2
Z ‘Jij
j=1

[Mpouecc yrounenust (10) moBropsieTcss O KaXJOMy U3 ypaBHEHHH MapaulelbHO HECKOJBKO pas,
YTO OINPENENIAETCS YHCIOM UTEPALHN.

B pabGore [12] mnokazaHbl YCIIOBHS CXOMUMOCTH. [JlaBHO€ W3 HHX — paBEHCTBO HYIIO
MaTeMaTHYeCKOTO OKMAAHUS MOTPEITHOCTEN BPEMEH MPHUX0/Ia BOJIH B UCXOAHBIX roporpadax. Beskue
CHCTEMAaTHYECKUE IMOTPELIHOCTH HEM30EKHO NMPHUBEAYT K CMELICHUIO OLIEHOK KOOPAMHAT MCTOYHHKA
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WM TTapaMeTpoB cpeabl. TeM He MeHee, TaKue CMEIICHUsT XapaKTEepPHBI U JJISi PACCMOTPEHHBIX paHee
METOJIOB.

2.3. YucneHHoe moaenmpoBaHue MeToA0B reo/I0KaLumn

[Ipennaraemslii MOAX0A K PELICHUIO 3aJja4l I€OJIOKALMU PEIIaeTCsl B COBMEIIIEHHOM BapUaHTe, T.€.
KOTZla OZHOBPEMEHHO YUYHUTHIBAIOTCS MapaMeTpbl CEHCMHUYECKHUX M aKyCTHYECKUX BOJIH B BHJAE UX
BpeMeH BCTyIUIeHUH. {7 9Toro citydast yHKIHS perpeccuu OyneT UMETh BU:

77(0,V,X) =t, -, (11)

u t, — BeKTOPHI BpeMeH BCTYIUICHHH CEHCMHYCCKON M aKyCTHYECKOH BOJH COOTBETCTBCHHO,

roe t

S
V=(V,,V,) - ckopocTu ceiicMuueckoii u aKycTudeckol BomH. C yu4eTOM M3BECTHOTO COOTHONIEHHUS

V.-V

[13] R=—-2=t -t , mme R-paccrosHHe «HMCTOYHUK-TIPUEMHHK» (QYHKIHS pErpeccun
VA
s’ a

(dbopmupyeTcs B BUIIE:

R(X*’ Xi)(vs _Va) i :m (12)
LA'A ’ ’

BeinosHeHo 4ncieHHoe monenupoBanue [14,15] s perneHus 3a1a4u reooKalii HCTOYHUKOB C
reoMeTpHel MX PAcCTaHOBKHM, a TAKXKE CETH JATYMKOB B BHJE KPecTa, Kak 3TO MOKa3zaHO Ha puc.l
Llenpto MozmenMpoOBaHMS SBISIETCS OLICHHBAHWE ITOTCHIUAJIBHBIX MOTPEIIHOCTEH OIpeieIeHHs
KOOpAMHAT WCTOYHHKOB C PAacCTAaHOBKOW BHJA, COOTBETCTBYIOMICH puc.l, o0ouMH paccMOTpeHHBIMHU
MeToAaMHu-TiceBaooOpamenness B cootBerctBuu ¢ (6) m Kaumaxka B coorBerctBum c (12) ¢
MOCIIEAYIONMMHI COTIOCTABICHHEM pE3YyJIbTaTOB MOICIHPOBAHUS. VICXOMHBIMUA TaHHBIMH SIBISIOTCS
BpeMeHa BCTYIUICHHS BOJIH HA CETH JIATYMKOB M OIPEACIICHHAS U3 MOJIEBOTO KCIIEPUMEHTa CKOPOCTh
pacnpocTpaHeHHs] CeHCMUYECKUX BOJH.

7(0,9,%) =n(X ¥, %)=

100" s
L ]
‘e
95
90 ° .
.
85 $
EL'HM::\'J"I
ul.sl:,lu'u- : 1
:' =382t
80 2 AR
P oy
75
0 10 20 30 40 50 60 70 80 90 10C

PucyHoK 1: Cxema B3aMMHOro pacnonoxeHna AaT4nKoB U MMNY/ZIbCHbIX UCTOYHUKOB (TeCTOBbIX
B3prBOB)} TPEYyro/sibHMKamm nomeyeHbl Jatynkm , a OKPYKHOCTAMMU - UCTOYHUKN.

CosmaHa BBHIUMCITUTENBHAS TIporpaMma B cpeae Matlab mis peammsanmu pacueros cormacuo (7).
Pacuérthl o onuceiBaeMoil mporpaMme COCTOSIT B CIEIYFOIIEM: BBOASTCS U3BECTHBIC KOOPAMHATHI 21
TOYKH B3PBIBOB, 3aTEM I10 M3BECTHOW (OIpenenéHHON M3 IKCIIEPHUMEHTa) CKOPOCTH CEHCMUYECKOH
BOJIHBI PAaCcCUUTHIBAIOTCS BpeMeHa e€ mpobera oT ToYeK B3phIBA JI0 celicMonaryukoB, [lanee Ha ATH
BpeMeHa «HAOpachIBAIOTCS» CIy4aiHble TOTPEITHOCTH, PaCIpelielieHHbIE 10 TayCCOBOMY 3aKOHY
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pacnpeneneHust B mpeaenax ot -5% g0 +5% ot BpeMeHu mpolera M yKe 3TH BpeMeHa 3aJaroTcs
porpaMme B Ka4eCTBE BPEMEH BCTYIUICHUH CEMCMHUECKHX BOJIH OT B3PBIBOB Ha CeMcMOAaTYMKaXx.
[Iporpamma paccuuThIBaeT JUIsl KAXIOTO B3PhIBA BHIXOJIHBIC JAHHBIC: PACCTOSIHUE 10 UCTOYHUKA — B
MeTpax, HampaBlIeHHEe Ha UCTOYHHUK — B TPaaycax, HeBs3Ka (MMOTPEITHOCTh ONpeAeNieHIs] KOOpAHHAT
paccrosiHus) — B MeTpax. [IporpamMmma paboTaet B psIMOYTOJIEHOM CHCTEME KOOPIMHAT.

Ha ocHoBe pa3paboTaHHOUM TEXHOJOTHMU MOJICIIMPOBAHUS T€OJIOKAIIMKM Oblla HaOpaHa CTaTUCTHKA
M3MEPEeHHH ISl 000MX METOIOB M3MEpPEHUH, IpeacTaBicHHas B Taomure 1. 13 tabmunbl 1 BUAHO, 9TO
METOJ TICeBI000paIleHns] W aJanTHBHBIA METOI B pe3ylbTare MaloT MPUMEPHO OJUHAKOBYIO
MOTPEIIHOCTh. [10 KOJTMYECTBY UTEpAINil 3TH METOJIbI TAKKE YKBUBAJICHTHEI.

2.4. TeCTVIpOBaHVIe MeTOoAOB Ha pealyibHbIX AAaHHbIX

Jns comocTaBieHHs C pe3yiIbTaTaMd YHCICHHOIO MOJCIHPOBAHUS BBINOIHEHbI pacdyeTsl B
WHTEpecax TIeoNOKallud OOOMMH pacCMaTpHBacMbIMH METONAMH IO JaHHBIM PeajibHBIX TOJIEBBIX
9KCIEPHUMEHTOB, BBIIIOJHEHHBIX M0 cXxeMe puc.l.

3anaya (GopMyaupyeTcsl B TAKOW IMOCTAaHOBKE: JaHa CXEMa B3aMMHOTO PACIIOJIOKEHUS JaTIMKOB U
TECTOBBIX B3pbIBOB. KOOpAMHATHI TaTYUKOB, a TAKKE CKOPOCTH CEUCMHUYECKON U aKyCTUYECKOH BOJH
U UX BpEMCHaA Ipuxoada Ha AAaTYUKHU HU3BCCTHBI. HCOGXO}II/IMO BBIYHCIIUTH IIOJIOKCHHUEC KaXJ0TO0 U3
HCTOYHHKOB.

Tabnuua 1
Paccrosaue, | A3umyrT, Meton nceBnooOpaiieHus AanTUBHBIN METOJ,
M ° Paccrosnue, | A3umyT, | Hepsizka, M Paccrosinue, |Asumyt, |Hessska, m
M ° M °

597,46 251,841 600,38 252,22 4,13 601,01 251,12 3,61
606,79 251,423 605,4 251,96 2,54 607,07 252,01 2,98
680,47 258,706 679,7 257,96 3,05 681,56 258,07 3,5
777,28 282,505 780,44 281,34 5,04 778,79 283,38 3,65
611,71 253,488 613,58 255,01 3,58 610,85 254,76 3,51
671,29 260,159 674,51 259,29 4,84 673,82 261,57 6,71
664,36 261,604 664,01 260,87 3,56 664,77 262,3 3,69
663,29 263,089 661,20 264,12 513 661,45 262,76 4,48
605,97 269,303 608,15 269,66 5,64 607,56 268,14 5,87
606,55 270,475 602,04 271,54 6,21 603,51 269,98 5,84
605,12 281,203 603,26 280,31 5,67 603,69 279,20 5,01
606,77 283,251 610,00 285,07 7,04 609,23 284,15 6,52

HaHHBII‘/'I OKCIICPUMCHT OTIIMYACTCA OT MOJACJIHLHOI0 HAJIMYHUEM HIYMOB C IMOBBIIICHHBIM q)OHOM oT
BO3ILCI71CTBI/I$I MMpoOXOAAIICTO TpaHCIopTa, 4YTO HECOMHCHHO YXyAIIA€T TOYHOCTH TI'COJIOKAIlUH. B
Ta6J'H(ILI6 2 B KauecTBe npuMepa MnmpuBeACHbI PE3YyJIbTAThI, MMOJTYYCHHBIC odonmMu paccMaTpuBaCMbIMHU
METOAaMU JJId 4aCTU SKCIICPUMEHTOB.

Ta6bauua 2: CpaBHeHUe pe3yibTaToB PaboTbl METOA0B HA PeasbHbIX AAHHbIX

Paccrosmne 507,46 | 606,79 | 68047 | 777,28 | 611,71 | °70% | O3
Ayt 25184 | 25142 | 258,70 | 282,50 | 25348 | 2601 | 2616
= Paccrosaue,m 545,49 650,81 | 712,32 | 812,12 | 649,41 | 707,3 | 699,3
5 [Hanpawenme,® | 254,21 | 2555 | 262,3 | 28687 | 257,02 | 264,1 | 258,3
=
c & | Kommectso 32 38 40 35 | 35 | 31 | 43
5 '8 = urepanmii
=g
2 | Hewmsxa, 4287 | 51,32 | 34,67 | 42,23 | 37,56 | 4451 | 35,94
=
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= | Pacctosmme,m 546,72 | 581,93 | 652,15 | 740,33 | 650,32 | 710,0 | 6454

% = Hanpasnenue, °© 248,77 248,3 249,87 | 278,82 | 258,58 | 265,2 | 269,3

=

= g | Nomriectao 29 25 29 23 19 | 31 | 30
UTEepaIuit

< [ Hewsowa, m 42,59 49,13 | 3022 | 404 | 2936 | 4335 | 22,01

JlJis TIOBBINICHUST TOYHOCTH W3MEPCHUH (YMCHBIICHHS HEBA3KH) BPEMEH BCTYIUICHUH BOJH
HEOOXOTUMO HCIOIh30BaTh METOBI IIM(POBOH (GUILTPALINH, HATIPUMED, BeHBIeT-humsTpanuio [16].

VYcpenHeHHbIE JaHHbIC TaONMHMIBI 2 s BCEH COBOKYIHOCTH SKCIEPHUMEHTOB MPEACTaBICHBI
Tabnuie 3.

Tabauua 3: CpaBHEHME METOZ0B MO YCPeAHEHHbIM pe3ybTaTam

Pesynbrarhl TeCTUpOBAHHMS
MeTton KonnuecTBo AOcomoTHAs HEBS3Ka,
urepanui M
Merto
A 34 38,2
NCeB000paIeHUs
Meton Kaumarka 25 34,7

[To OTHOIICHUIO K SKCIIEPUMEHTAIBHBIM JaHHBIM M3 TaOJIMIBI 3 BHIHO, YTO aJalTHBHBIA METOI
Kaumaxa maet Gornee TOYHBIE PE3yNBTaThl B COTIOCTABICHUN C METOJOM TICEBIOOOpAIICHNUs, a TaKKe
SKOHOMUYHEE T10 YHUCITy UTEPALIUM.

3. 3aKnwueHue

BbImonHeHO YHCIEHHOE MOACTUPOBAHUE AITOPUTMOB, IMOCTPOCHHBIX HA METONAX pELICHUS
0o0paTHOM 3a7audl TreOoNOKallMd B MOHUTOPHMHIOBBIX CHCTEMax- METOAAX IICEBAOOOpAIlEHUS H
amantuBHOoro weroga Kaumaxa. MopenupoBaHue 1O MPOCTPAHCTBEHHBIM —XapaKTePUCTHKAM
MPUOIIKEHO K PeaNbHOW CXeMe PACIONIOKEHUs] UCTOUHMKOB M MPUEMHHKOB B pPalilOHE MPOBEICHUS
MOZICTIBHOTO 3KCIIEpUMEHTa. UMCIIEHHOE MOJETUPOBAHUE TEOJIOKAMM Ha CHHTETHYECKHX IJaHHBIX
000HMMH METOZIaMH I10Ka3aJI0, YTO MO TOYHOCTH U KOJIMYECTBY MTEPALUM Ul JOCTHKECHUS PEIICHUS
o0a MeTozia cornocTaBUMBL. B To e Bpems MeTon Kaumaxa o TpyioeMKOCTH BBIYHCIICHUI Hanbolee
COOTBETCTBYET TPeOOBaHUIM HKCIIEPUMEHTA PEATBHOTO BPEMEHH.

IIpu pabore c peanbHBIMH CHTHajJaMM M LIyMaMd TOYHOCTb T'€OJIOKALMM TaJaeT B CBA3U C
BIIMSIHEM Ha PETHUCTPAIMIO MOBBIIIEHHOTO YPOBHS BHEIIHWX TPAHCHOPTHBIX IIYMOB Ha CHUTHAJBI, U
KaK CJeJCTBHE, HAa BO3pacTaHME IOTPENIHOCTEH B OMNpEeAeNICHHMH BpeMeH Mpuxona BOJH. TeMm He
MeHee, MeTol Kaumaxka B 3THX YCJIOBHSIX MOKa3bIBAE€T CBOM MPEUMYIIECTBA IO TOYHOCTU U CKOPOCTH
CXOIMMOCTH.
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Symbolic Computation in the Analysis of the
Dynamics of an Orbital Gyrostat

Andrei V. Banshchikov

Matrosov Institute for System Dynamics and Control Theory of Siberian Branch of Russian Academy of Sciences,
134 Lermontov St., Irkutsk, 664033, Russian Federation

Abstract

The paper presents the possibilities of symbolic computation in the study of the dynamics of rotational
motion along a circular orbit of a gyrostat in a Newtonian central field of forces. In accord with the
problem of Lyapunov’s stability from the equations of perturbed motion in the first approximation, in
the space of the introduced parameters, the regions are found in which there is gyroscopic stabilization
of unstable equilibria. The results were obtained with the help of applied software and functions of
symbolic-numerical modeling of the computer algebra system Mathematica.

Keywords
Gyrostat, symbolic-numerical modeling, stability of equilibria, gyroscopic stabilization, software package
of computer algebra.

1. Introduction

The process of solving problems on a computer in an analytical form is called symbolic compu-
tation. Symbolic computation [1] have long passed into the category of computer methods with
a variety of applications (see, for example, [2]).

The classical problem of the influence of the structure of forces on the stability of the equilibria
of mechanical systems [3] began to develop in the 19th century - the effect of gyroscopic
stabilization was discovered. Nevertheless, the problem remains relevant: see, for example, the
review in [4] among the large number of publications on this topic. With the help of symbolic
computations, the present paper investigates the dynamics of an orbital gyrostat (with an
arbitrary inertia ellipsoid) and the question of the possibility of gyroscopic stabilization of its
unstable equilibrium positions.

The rigid body with the fixed axis of a statically and dynamically balanced flywheel rotating
about that axis with a constant relative angular velocity is a gyrostat. The system moves along
the circular Keplerian orbit in a central Newtonian field of forces around the gravitational
center.

The stabilization of equilibria using the equations of the first approximation, that is pre-
sented here, continues and supplements the studies performed earlier for oblate and prolate
axisymmetric gyrostat (see, for example, [5]).
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2. Construction of a Symbolic Model and Stability Conditions

By the construction of a symbolical model, one implies the obtaining of nonlinear and linearized
differential equations of motion in analytical form in computer memory. The software package
(SP) [6] used in this paper is designed for modeling and qualitative analysis in symbolic form of
dynamic systems (in particular, the systems of interconnected absolutely rigid bodies). This
applied software, the functional description and application technology of which is given in
[7, 8], is a set of interactive programs executed in the interpretation mode in the computer
algebra system (CAS) Mathematica environment.

Consider the position of equilibrium (¢« =0, § = 0, % = 0) in regard to orbital coordinate
system (OCS) in general form:

o = ag =const, = [y =const, y¥= = const. (1)

Here o, 3, are the aircraft angles that specify the orientation of the principal central axes
relative to the OCS.

The equations of motion of the satellite-gyrostat with respect to its center of mass in Euler
form are quite well-known (see, for example, [9]). With the help of SP [6], the following results
in an analytical form in computer memory are obtained:

(a) kinetic energy and force function of the approximate Newtonian field of gravitation;

(b) nonlinear differential equations in Lagrange form of the second kind describing the
motion of an orbital gyrostat;

(c) existence conditions of equilibrium (1).

For example, Figure 1 shows the least bulky equation of motion with respect to the generalized
coordinate «y (i.e. this is one of the three equations (b)).

A (¥ +aSin[B]) +
1 . .
5 (2Cos[/3] (A+ (-B+C) Cos[2y]) aB+ (B-C) Cos[B12a2Sin[2y] + (-B +C) BZSin[Zx]) +
w (Cos[fs] & ((B-C) Cos[B] Sin[2y] +Sin[y] hy + Cos[¥] h3) +
B (Cos[B] (A+ (-B+C) Cos[2¥]) - Cos[y] hz +Sin[y] hg)) +

w® ((B-C) (3Cos[a] Cos[2v] Sin[a] Sin[B] + Cos[¥] (3Cos[a]®+Cos[B]®-3Sin[a]l?Sin[B]?) Sin[¥]) +
Cos[B] Sin[y] hy + Cos[B] Cos[¥] hs) =0

Figure 1: The equation of motion in Lagrange form with respect to the coordinate .

where A, B, and C' are the moments of inertia of the gyrostat relative to its principal central
axes, and h; (j = 1,3) are the projections of gyrostatic moment vector of system onto these
axes. See [10] for a detailed description of the system’s motion and an explicit form of the
conditions (c).

Necessary conditions of stability for the equilibrium can be obtained from the equations of
perturbed motion in the first approximation. The linearized equations of perturbed motion in
vicinity of (1) look this way:

MG+ Gqg+ Kqg=0, ()

- T. . . .
where ¢ = (a, B, 7) is the column vector of deviations of generalized coordinates from the
unperturbed motion (1); M is a positive definite symmetric matrix of kinetic energy; G is a
skew-symmetric matrix of gyroscopic forces; and K is a symmetric matrix of potential forces.
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The structure and the explicit form of the elements of the matrices M, G, K are presented in
[10]. All derivatives in (2) are calculated by dimensionless time 7 = wt. Here w is the module
of orbital angular velocity.

The characteristic equation: det (M)\2 + G+ K) = 03\ + vt + A2 +ug = 0 of
system (2) contains A only in even degrees. The stability of equilibrium (1) takes place when all
roots with respect to A2, being simple, will be real negative numbers. The algebraic conditions
providing specified properties of roots (necessary conditions of stability), represent the system of
inequalities:

5 9 (3)

vg=detM >0, vo>0, v >0, wvg=detK >0,
Dis = vivi — 41){’113 — 41131)0 + 18v3v9v1v9 — 271}81)32, >0.

Emphasize that the construction of the symbolic linearized model (2) (i.e., obtaining in the
analytical form the elements of the matrices M , G, K ), the calculation of the coefficients
v; (1 = 0,3) and the discriminant Dis from (3) was also performed using the SP [6].

3. Parametric Analysis of Gyroscopic Stabilization Conditions

In [11], using the algorithms of constructing Griobner bases, all the equilibrium positions in
regard to OCS of a satellite-gyrostat are determined analytically or numerically for three special
cases. For these cases, the gyrostatic moment vector is in one of the planes formed by the
satellite’s principal central axes of inertia. For example, in case (hs = 0, hy # 0, ha # 0),
there is the equilibrium orientation:

(4)

a=ay=7/2, y=7=0,
B = pPo=const: hgsinfy— cosfy (h1 +4(A— B)sinfy) =0.

Let us parametrize the problem. Without loss of generality, let h; > 0, (i = 1,2), and
B > A > C for definiteness. Let us introduce dimensionless parameters:

gk A c

Hi="h Hy=5 Ja=4; Jo=gi pe=cosh; po=-—sinf. ()
The values of the parameters belong to the intervals:
H; >0, (i=1,2); 1/2<Ja<1, 1=Ja<Jo <Ja;

) ©
—1<p. <1, (pc#oaps:i 1_pc)'

According to Kelvin-Chetaev’s theorems [3], studying the questions on stability of equilibria
begins with an analysis of the matrix of potential forces. For applied problems of spacecraft
dynamics, one usually sets the distribution of masses in the system, under which the initial
matrix of potential forces will be positive definite. Further, due to the influence of dissipative
forces, the asymptotic stability of motion is ensured by the Lyapunov theorem. However,
potentially unstable systems may also be of interest, for example, because of the possibility of
nonstandard situations in orbit.
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The equation from (4) in notations (5) is resolved with respect to the parameter H; as
follows: H; = ps(4(Ja — 1) — Ha/p.) . Considering last relation and notations (5), the matrix
of potential forces for the equilibrium (4) takes the form:

3(Jo—pi—Jap?) 0 =3(Jc—1)ps
K= 0 Koo 0 ; (7)
—3(Jo — 1) ps 0 K33

where Koo = Ho/p.+4(1 —Ja)p?; Kizz= Hop.+ (1 — JC)(2 (pz —pg) — 1) .

It is not difficult to show that the principal diagonal first-order minor of the matrix K from
(7) on the intervals (6) is negative. Hence, the matrix of potential forces is not positive definite
and equilibrium (4) will be unstable.

The parameter p; enters the coefficients of the system’s characteristic equation only in even
degrees. Let us eliminate it, considering p? + p? = 1. Let us write down these coefficients
depending on four parameters J4 , Jo, pc, H2 in an explicit form:

vy =detM = JaJop? ; vy =H3 (Ja— (Ja—1)p2) +
+ Hape (Ja — 1) p2 (6Ja + Jo —2) = Ja (6Ja+ Jo — 7)) +
+p§( (Ja—1)p2 (2 3J4+1)Jo+ (1 —3J4)2 3Jg)+
(A (BT —2) — 3) Jo +9Ja (Ju — 1) + 3Jg>;
vi = H3 (Ja+3Jc—3—4(Ja—1)p?) + Hope (Ja (22— 19J¢) — 3J5 + (8)
4+ (Ja—1)p2(6J4 +19Jc —26) =3 (Jo —7) (Jo — 1)) +
+p2((Ja—1)p2(6Ja4(5—TJc)+9J% — 3J% 4+ 34Jc — 31) +
+30Jc = 1) ((3Ja=2) Jo +9(Ja=1)°));
vo=detK =3 (Hy—4(Ja—1)pd)*
* (Ha (Jo = 1= (Ja—=1)p2) +pe(Jo—1) (4(Ja— 1) p2 —3Ja — Jo +4)).

It is known that if the equilibrium position is unstable at potential forces, Kelvin—Chetaev’s
theorem [3] of influence of gyroscopic forces tells us that gyroscopic stabilization is possible
only for systems with an even degree of instability. The evenness (or oddness) of the degree of
instability according to Poincare is determined by positivity (or negativity) of the determinant
of the matrix of potential forces.

Let us pose the question of the possibility of gyroscopic stabilization of unstable equilibrium
(4) under condition det KX > 0. With the help of Mathematica function:

Reduce[{1/2 < Jy<1,1—Ja<Jo<Ja, =1<pc.<1l,p.#0, H >0, detK >0},
{JA7 JC7pca HQ}aReals]

designed to find the symbolic (analytical) solution of the inequalities systems, the region with an
even degree of instability is obtained. Due to the solution bulkiness, its presentation is omitted
here. An analysis of the solution obtained allows us to conclude the following conclusion.

Proposition 1. The region with an even degree of instability for equilibrium (4) with the values
of parameters J4 , Jo from (6) lies in the plane: —1 < p. < 0N 0 < Hy < 2.
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Next, we will use two more Mathematica functions RegionPlot, RegionPlot3D, designed, re-
spectively, for a graphical 2D and 3D representations of the solution of the inequalities system.

For the detection of a property of gyroscopic stabilization, it is necessary to find in what part
of region with an even degree of instability the remaining inequalities from (3) are fulfilled
(except for vz = detM > 0, vy = detK > 0). It is not possible to obtain an analytical solution
for the entire system of inequalities (3) because of the large number of parameters and the
complexity of the expressions being analyzed. For example, the discriminant Dis (see (3)) of
a cubic equation is an 8" degree polynomial in regard to Ho with the coefficients depending
in a complicated manner on the parameters J4 , Jo, and p. . Their maximum degrees are 12,
8, 18, respectively. Therefore, to simplify the analysis, let us move on to symbolic-numerical
modeling for fixed values of one or two parameters.

For certainty, let one of the parameters have the following value: p. = —/2/2. Instead of
solving system (3), let us first consider a simpler problem. The region of positivity of coefficients
(8) was obtained using the function:

RegionPlot3D[1 — Jag < Jo < JaAvg>0Avy >0Ave >0,{Js,1/2,3/4},
{Jo, 39/100, 3/4}, { Ha, V2/2, V2}]

and is presented in Figure 2.

14\

Ja

Figure 2: The region of positivity of coefficients (8) for p. = —v/2/2.

The boundary values of the parameters J4 , Jo , Ha were in advance found by the function
Reduce with a change in their orderliness.
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Drawing a conclusion from the three-dimensional symbolic-numerical modeling, we can
formulate

Proposition 2. The gyroscopic stabilization of the unstable equilibrium (4) is possible only for
values of the parameters (5) from the intervals:

1/2<Ja<3/4N1—Ja<Jo<JaN—-1<p.<-1/2AN1/2< Hy<2.

Experience shows that three-dimensional images are often complex and not informative
enough to draw conclusions on. Therefore, further parametric analysis of the system of inequal-
ities (3) was carried out with respect to two selected parameters.

In addition to the value of the parameter p., let the second parameter have the value:
Jo = 1/2. Let us construct the regions with an even degree of instability and of gyroscopic
stabilization in the parameter plane J4 , H> using function

RegionPlot[1/2 < J4 < 1AN0< Hy <2Avg>0Av1 >0Ave >0ADis>0,
{Ja,1/2,1},{H2, 0, 2}].

The result obtained is shown with colour regions in Figure 3.

20 \ \ \ \ ]
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Figure 3: The found areas for p. = —v/2/2, Jo = 1/2.

The yellow area in the figure is the region with an even degree of instability. Its green part
determines the parameter values at which gyroscopic stabilization is possible. Outside the
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selected regions, the system has an odd degree of instability (i.e. detK < 0) and equilibrium (4)
is unstable.

4. Conclusion

By analogy with the parametric analysis presented above, the possibility of gyroscopic stabiliza-
tion for other equilibrium positions was also examined. It is important to note that this question
is not always resolved positively (see, for example, [10]).

The presented results of the dynamics of an orbital gyrostat using symbolic-numerical
calculations indicate that the proposed approach expands our capabilities in the study of multi-
parameter problems.

References

(1]
(2]

(3]
[4]

[5]
(6]

(7]

B. Buchberger, G. E. Collins, R. Loos, R. Albrecht, Computer Algebra: Symbolic and
Algebraic Computation, Springer-Verlag, New York, 1983.

J. Grabmeier, E. Kaltofen, V. Weispfenning, Handbook in Computer Algebra. Foundations,
Applications, Systems, Springer-Verlag, Berlin, 2003.

N. G. Chetaev, The Stability of Motion, Pergamon Press, New York, 1961.

S. A. Agafonov, The stability and stabilization of the motion of non-conservative mechanical
systems, J. Appl. Math. Mech. 74(4) (2010) 401-405.

A. V. Banshchikov, S. V. Chaikin, Analysis of the stability of relative equilibria of a prolate
axisymmetric gyrostat by symbolic-numerical modeling, Cosm. Res. 53(5) (2015) 378-384.
A.V.Banshchikov, V. D.Irtegov, T. N. Titorenko, Software package for modeling in symbolic
form of mechanical systems and electrical circuits, 2016. Certificate of State Registration
of Computer Software No. 2016618253, Federal service for intellectual property, Issued
July 25th., 2016. (in Russian).

A. V. Banshchikov, L. A. Burlakova, V. D. Irtegov, T. N. Titorenko, Symbolic computation
in modelling and qualitative analysis of dynamic systems, Comput. Technol. 19(6) (2014)
3-18. (in Russian).

A. V. Banshchikov, A. A. Vetrov, Application of software tools for symbolic description
and modeling of mechanical systems, in: I. V. Bychkov et al. (Eds.), CEUR Workshop
Proceedings of the 2nd. International Workshop on Information, Computation, and Control
Systems for Distributed Environments, 2020, pp. 33-42. URL: http://ceur-ws.org/Vol-
2638/paper3.pdf.

V. A. Sarychev, S. A. Mirer, A. A. Degtyarev, Dynamics of a gyrostat satellite with the
vector of gyrostatic moment in the principal plane of inertia, Cosm. Res. 46(1) (2008) 60-73.
A. V. Banshchikov, Symbolic-numerical analysis of the necessary stability conditions for
the relative equilibria of an orbital gyrostat, ]J. Appl. Indust. Math. 14(2) (2020) 213-221.
do0i:10.1134/S1990478920020015.

S. A. Gutnik, V. A. Sarychev, Application of computer algebra methods for investigation
of stationary motions of a gyrostat satellite, Program. Comput. Softw. 43(2) (2017) 90-97.
URL: https://doi.org/10.1134/S0361768817020050.

36



Hierarchical Control Development Environment:
Requirements and Cases

Evgenii A. Cherkashin’?, Nadezhda V. Nagul’, Yingjie Wang® and Igor V. Bychkov’?

"Matrosov Institute for System Dynamics and Control Theory of the Siberian Branch of the Russian Academy of Sciences,
134 Lermontov St, Irkutsk, 664033, Russian Federation

Irkutsk State University, Karl Marx St, 1, Irkutsk, Irkutsk Oblast, 664003, Russian Federation
?Yantai University, 32 Qingquan Avenue, Yantai, Shandong 264005, China

Abstract

The paper presents an approach to solve the problem of reducing complexity of representing hierarchical
control systems of autonomous underwater vehicles (AUV), their models and interaction with external
objects, as well as hardware in the form of information objects. For this purpose, a specialized environment
for research is being developed, including a conceptual model of the subject area in the form of a
formalized ontology, a domain specific language (DSL), a translator from this language, a system for
transforming the obtained structures into software objects and data objects of other programming
systems, thus providing the upper level of the software management.

Keywords
hierarchical control, intelligent technologies, intelligence and cognitive services, model driven architec-
ture, autonomous underwater vehicles, convolutional neural network control

1. Introduction

The use of a group of Autonomous Underwater Vehicles (AUVs) has many advantages over
a single robot, one of which is the ability to perform complex tasks such as ocean patrol and
exploration, resource exploration and environmental monitoring. Thanks to the cooperation
and information sharing between individual team members, an AUV group is more reliable and
can adapt to different conditions and requirements. AUV groups can achieve more efficient
resource utilization and mission accomplishment through distributed deployment and coopera-
tive management, thereby improving the quality of research results. However, as the size of a
group of AUVs increases due to the uncertainty in the parameters of each group member and
the perturbations associated with its motion, more stringent requirements are imposed on the
control strategy of AUVs in terms of accuracy, reliability, stability, etc. To solve the problems of
controlling AUV formations under unknown and uncertain conditions, methods that are general
enough to effectively deal with various group control problems have not yet been developed,
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and there is a lack of complete research software to implement these methods. The methods of
automatic synthesis of hierarchical control of complex formations of AUVs are needed, which
take into account individual peculiarities of AUV functioning, provide joint solution of tasks by
a group of robots, limited acoustic communication channel, small choice of environmental sen-
sors, partial or complete absence of a map of the work area, a priori uncertainty and variability
of functioning conditions, inaccuracy of information received from measuring devices, possibly
variable composition of the AUV grouping, significant limitations of the grouping of AUVs, and
other factors. In this connection, the development of hierarchical control means is an urgent
task of controlling heterogeneous (in terms of variants of control realization in a particular
object) AUVs, especially in a dynamic environment with uncertainties. Deeper automation of
AUV group control can be achieved through the use of artificial intelligence (AI) technologies.
The paper proposes a way of developing hierarchical control systems, where the final control is
built on the basis of discrete event model analysis, including lower level controls, and represents
synthesized adaptive control strategies describing group behavior in the form of scenarios.

2. Problem statement

Currently, there is a steady tendency of increasing scientific interest in decentralized network-
communication control of multi-agent systems. The most popular subject area of articles
published on the subject can be named the research of various approaches to the construction
of action planning systems for groups of autonomous robots performing survey and search
operations, patrol missions and inspection tasks of various objects and structures. One of
the most actively researched problems in the field of multi-agent systems is the control of
formations of moving agents. More and more attention is paid to the tasks of controlling
formations of aircraft [1], autonomous ground-based [2] and underwater robots [3]. Moreover,
if in early studies more attention was paid to formations of aircraft and land-based robots, now
the emphasis is shifting towards autonomous underwater robots, which is explained by the
need to explore the largely unexplored depths of the World Ocean and its resources [4]. There is
also a tendency to complicate the formulation of formation control problems: formulations with
nonholonomic models of agents, nonlinear links between them, and variable topology of the
information network are more and more often considered. Regardless of the approaches used,
the following main directions of the current research in the field of AUVs formation control can
be emphasized: development of robust and adaptive control systems for a group of AUVs taking
into account the specifics of the underwater environment, e.g. the effect of lag and possible
information loss during data transfer between AUVs, as well as the use of groups of AUVs in
performing survey, search and protection missions.

Considering the dynamism and uncertainty of real-life environments and operating conditions,
the research and development of autonomous control systems for mobile robots includes
algorithmic control, PID control, neural network-based control, etc. Lower control levels
respond to events generated by the upper levels, and switch in accordance with the main control
goals. It is necessary to develop tools for recognizing the states of the system at the upper
levels of control and implement control synthesis for the lower levels using, for example, logical
inference and large language models. Lower-level control strategies will be determined by upper-
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level decisions in the form of specific behavioral scenarios, including path planning, generation
of input data for pre-trained neural networks (graph convolution), control based on autonomous
evolutionary games, and specific control signals for actuators. Therefore, it is needed to develop
a multi-level hierarchical control system for a group of AUVs based on distributed control
technology of event-triggered models, symbolic information processing and logical inference.
To increase the stability of the system in an uncertain and complex environment and the
accuracy of issued commands a switching control modes are to be implemented in accordance
with control goals.

The path planning problem of a group of AUVs based on the hierarchical control requires
developing appropriate distributed control strategies and algorithms by decomposing the path
planning problem into several levels in order to realize flexible path planning and decision
making for groups of AUVs at different levels. The development goals are to optimize global
trajectory planning, reduce time to complete tasks, accuracy of local trajectory planning, imple-
ment dynamic obstacle avoidance with the collection of information about the environment,
which will lead to increased autonomy and adaptability of AUVs in difficult conditions, increase
the efficiency and autonomy of control and the quality of distribution tasks in the AUV group.

3. Approaches suggested

3.1. Discrete-event systems

To solve the problems arising in group control of AUVs, we propose to use an approach based
on discrete-event systems (DES), in which the change of the system state occurs due to the
occurrence of some events of various nature and character. In a hierarchical control structure,
the system and its associated lower level controllers can be represented as DES for the upper
control level.

Hundreds of journal publications and dozens of monographs are devoted to analytical studies
of DESs. A detailed overview of the current state and trends in DES theory can be found in
recent works [5], [6], [7]. Existing methods of DES study reflect the diversity of their models:
finite automata theory, Petri nets, minimax algebras, Markov chains, and others. It was proposed
a theoretical basis of a generalized approach to the study of DESs, which is potentially equally
effective for any of the above models, based on the generation of a language (an infinite sequence
of states and events) generated on the basis of the DES model. In doing so, the properties of
formal regular languages are analyzed. In the specific cases, AUVs control may be represented
as DES of low level and be a part of synthesized hierarchical control.

To control DESs containing events that can be prohibited from occurrence, the supervisory
control theory (SCT) is used. The SCT was developed as a tool for constraining the behavior of
the DES in accordance with a set of constraints defined by some formal specification. A detailed
description of the SCT, outlining the results obtained in recent years, can be found in [8],[9].
The traditional area of application of DESs and SCT is the sphere of production processes,
however, intensive research is currently being carried out on the features of the application
of SCT in the field of robotics and robots group control. It seems reasonable to generalize
the approach of analyzing DES properties in the direction of applying universal methods of
mathematical systems’ theory. For example, the reduction method proposed by S.N. Vassiliev
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and the method of logical-algebraic equations developed in ISDCT SB RAS may be applied. As
a system for automating the above methods, the calculus of positively constructed formulas
(PCFs) and the method for automatic theorem proving (ATP) developed on its basis may be
used. The PCF calculus advantageously differs from the capabilities of other logical means of
formalizing the subject area and searching for logical conclusions: expressiveness combined with
compactness of knowledge representation, "natural” parallelism of its processing, large-block
and less combinatorial complexity of inferences, high compatibility with heuristics. Previously,
the basic problems of SCT including controllability checking, supremal controllable sublanguage
of a given specification language construction and a monolithic supervisor realization were
successfully solved using PCF-based approach [10]. Also, partially observed DES were studied,
in which occurrence of some events are unavailable for observation [11].

3.2. Domain specific languages

Development of domain specific languages (DSL) is a popular direction in computer science
of solving problems of abstract representation of a modeled object in terms close in level to
the problem and methods of its solution. The main problem to be solved is the adaptation
of the problem to the tools for its solution. In our case, we need a tool to describe different
levels of DES, methods of control synthesis in terms of control theory, combinations of search
strategies, physical models of AUVs, connection with external components (configurations), as
well as assignments of specific DES of lower levels of control in the form of automata, transition
rules, etc. Adaptation to tools is realized by methods of generative programming (Czernecki,
Gorbunov-Posadov) with the help of various tools: compiler compilers, template programming,
Model-Driven Architecture, MDA.

The potential of using MDA (Model Driven Architecture, a transformational approach to the
design of software systems) in supporting complex scientific research is currently significantly
underestimated. For example, in [12], an analysis of applications in the design of machine
learning software systems shows that: the ideas of an abstract representation of data processing
pipelines are not implemented to the extent that would significantly increase the productivity
of research in machine learning, even less development of modeling and transformation of re-
quirements for the pipeline. integration, automated deployment, monitoring. Existing solutions
require greater maturity and better tool support; more attention must be paid to the scalability
of solutions generated based on transformation. This problem arises due to the fact that the
point of view on MDA is limited to the transformation of 1-to-1 models (one structure of the
source model into one structure of the target) according to a certain set of rules (ATL, VRML
technologies). We view the transformation process as a 1-to-n, n-to-m multi-level hierarchical
process that models the human design process. Transformation is naturally represented as
objects in the object-oriented logical language Logtalk [13].

To specify a language, the following models must be defined: syntax, semantics, and pragmat-
ics. Syntax is modeled using grammars and translator implementation tools (flex, yacc; ANTLR4,
and the like). Semantics is built on the basis of ontological modeling of the subject domain, using
ontologies (Semantic Web) to represent the resulting conceptual models. The pragmatics of the
language is realized in the algorithmic parts of the translators’ description, and also often by
means of a subsequent transformation procedure of some abstract intermediate representation,
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e.g. by applying MDA. MDA for a particular task is implemented as a procedure for generating
derived information objects as a result of analyzing the original abstract information objects.
The developed methods of MDA-transformation realizations also use logical inference. The
main difference and advantage of the developed methods and technologies is the rigor of the
results, the guaranteed nature of the obtained judgments and estimates, and, on the other hand,
constructiveness, the possibility to bring the research "to the number".

It is important that the tasks under consideration are formulated directly in terms of engi-
neering requirements to the system (direct specifications of dynamic quality indicators), and
the results are also obtained in this form. Once the models under study have been reduced to a
standard form, subsequent constructions and calculations will be performed to a large extent
automatically, thus shielding from the researcher the special, rather mathematically complex
methods used. The following techniques relate to the main principle of control synthesis for
individual AUVs and their groups for specific types of AUV.

3.3. Convolutional neural network control

To solve the problem of planning the distribution of tasks between AUVs in complex multitasking
environments, it may be proposed to create an integrated decision support system based on a
graph convolutional neural network (GCN) enforced by classical methods of automatic logical
reasoning e.g., in the PCF-calculus. It will be aimed at analyzing and predicting the optimal fit
between AUVs and existing tasks, supporting for real-time interactive interaction with AUV
control and planning systems, intuitive task monitoring, parameter tuning and visualization of
behavioral patterns, providing effective and consistent decision support. To improve the tools
for analyzing DES, implemented using logical means of inferring PCFs, the possibility of using
convolutional neural networks in the heuristic apparatus for refuting PCFs should to be also
explored.

The convolutional neural network control is implemented using standard steps: a) data
preparation and preprocessing: collection of historical data on the results of AUV problem-
solving execution, including task type, completion status, environmental parameters, etc.; b)
construction of a GCN model for AUV and task conformance management to predict the best
conformance to the management task plan at the AUV group level; c) the resulting plan is
formally verified for compliance with task requirements and available resources using our
knowledge-based system (KBS) based on PCFs; d) during plan execution, the KBS verifies
compliance with constraints, task population structure. e) analyzing the obtained post-factum
information to train further the neural network [14].

4. Path planning

The AUV path planning is realized at two levels: a) upper (global), where the AUV movement
trajectories are designed, and b) lower (local), where new data obtained during the movement
along a given path are taken into account. The upper level is constructed taking into account the
task distribution, the space of possible states, and the environment constraints. It is supposed
that the path is built with the help of logical prediction of the AUV motion in virtual time. To
represent the model in the toolboxes, the corresponding DSL section is implemented. Global
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planning is realized by adapting the modern RRT method, using random sampling and fast
exploration tree methods, obstacle avoidance algorithm, e.g. artificial potential field or dynamic
window method. The resulting paths are locally optimized to match the local data. The
planning algorithms are iterated into the overall hierarchical control mechanism in the form
of intermediate levels. The problem of role allocation in a heterogeneous group of AUVs is
solved using the method of modeling the behavioral revenue function in multi-agent systems
organized in multilevel structures, which should have the property of consistency of the problem
specification, and have prospectivity estimates close to the optimal ones.

The planning is implemented by means of the following steps: a) strategy derivation in a
multilevel joint evolutionary game: conduct a multilateral multi-strategy evolutionary game in
order to obtain a Nash equilibrium strategy; b) strategy evaluation: conduct a formal evaluation
of the game results, compare individual AUV behavior plans and implement the adjustment
of the game rules according to the results, i.e. adjust the game model to obtain results close
to optimal. On the basis of the obtained evolutionary game models, the planning of AUV
allocation to tasks is realized depending on the specific specifications of the task and AUVs.
The logic of simulating the behavior between groups of AUVs allows using the methods of
replicator dynamics, strategic balance points in the autonomous evolutionary game model. The
fundamental idea is the adaptation of abstract control theory methods to the existing low level
control techniques developed earlier; developing a new DSL capable to express various aspects
of the domain and methods, transformation procedures for interpreting abstract language
constructions in terms of specific case; development of parameter adjustment techniques for
the existing techniques of control being a part of a hierarchical control.

5. Conclusion

In this paper we briefly described the idea of developing a tool for adaptation of control methods
realizing different stages of solving control problems, into one common flexible mechanism
of hierarchical control of groups of heterogeneous AUVs accordingly to a given task spec-
ification. The results obtained will significantly increase the efficiency of AUV use due to
the implementation of learning and adaptation, synthesis and verification mechanisms when
performing complex search and survey missions and joint problem-solving. The methods and
means of synthesizing multilevel control developed will be based on the application of logical
inference, where the process of generating information structures representing a particular
class of control is described in the form of a first-order logical theory. The means of searching
for logical conclusions in the calculus of positive constructed formulas (PCF) developed in
Matrosov Institute for System Dynamics and Control Theory of Siberian branch of Russian
Academy of Sciences, oriented to special classes of control models, having high compatibility
with heuristics, allow eliminating the known problems of the logical approach to knowledge
representation and processing, including in application to the construction of the upper level
of control systems. In addition, the available means of logical inference are combined with
models of problem-solving, resource allocation and control of constraints and parameters in the
execution of plans, decision-making on control reconfiguration, and verification of results with
respect to the task specification.

42



References

(1]

(2]

(3]

[10]

[11]

[12]

[13]

K. Telli, O. Kraa, Y. Himeur, A. Ouamane, M. Boumehraz, S. Atalla, W. Mansoor,
A comprehensive review of recent research trends on unmanned aerial vehicles
(uavs), Systems 11 (2023). URL: https://www.mdpi.com/2079-8954/11/8/400. doi:10.3390/
systems11080400.

A. Soni, H. Hu, Formation control for a fleet of autonomous ground vehicles: A sur-
vey, Robotics 7 (2018). URL: https://www.mdpi.com/2218-6581/7/4/67. doi:10.3390/
robotics7040067.

J. Hwang, N. Bose, S. Fan, Auv adaptive sampling methods: A review, Applied Sciences 9
(2019). URL: https://www.mdpi.com/2076-3417/9/15/3145. d0i:10.3390/app9153145.
B. Hadi, A. Khosravi, P. Sarhadi, A review of the path planning and formation control for
multiple autonomous underwater vehicles, Journal of Intelligent Robotic Systems 101
(2021). doi:10.1007/s10846-021-01330-4.

C. G. Cassandras, S. Lafortune, Introduction to Discrete Event Systems, Springer Cham,
2021. doi:10.1007/978-3-030-72274-6.

S. Lafortune, Discrete event systems: Modeling, observation, and control, An-
nual Review of Control, Robotics, and Autonomous Systems 2 (2019). doi:10.1146/
annurev-control-053018-023659.

C. Seatzu, M. Silva, J. H. van Schuppen (Eds.), Control of discrete-event systems, Springer
London, 2013. doi:10.1007/978-1-4471-4276-8.

W. M. Wonham, K. Cai, Supervisory Control of Discrete-Event Systems, Springer Interna-
tional Publishing, 2019.

W. Wonham, K. Cai, K. Rudie, Supervisory control of discrete-event systems: A brief history,
Annual Reviews in Control 45 (2018) 250 — 256. URL: http://www.sciencedirect.com/science/
article/pii/S1367578817301876. doi:https://doi.org/10.1016/j.arcontrol.2018.
03.002.

A. Davydov, A.and Larionov, N. Nagul, On the application of the calculus of pos-
itively constructed formulas for the study of controlled discrete-event systems (in
russ.), Modeling and Analysis of Information Systems 31 (2024) 54-77. doi:10.18255/
1818-1015-2024-1-54-77.

A. Davydov, A. Larionov, N. Nagul, Analysis and control of partially observed discrete-
event systems via positively constructed formulas, Computation 12 (2024). URL: https:
//www.mdpi.com/2079-3197/12/5/95. doi:10.3390/computation12050095.

H. Naveed, C. Arora, H. Khalajzadeh, J. Grundy, O. Haggag, Model driven engineering for
machine learning components: A systematic literature review, Information and Software
Technology 169 (2024) 107423. URL: https://www.sciencedirect.com/science/article/pii/
S0950584924000284. doi:https://doi.org/10.1016/j.infsof.2024.107423.

E. A. Cherkashin, A. O. Shigarov, V. V. Paramonov, Representation of mda transformation
with logical objects, 2019 International Multi-Conference on Engineering, Computer and
Information Sciences (SIBIRCON) (2019) 0913-0918. URL: https://api.semanticscholar.org/
CorpusID:210697961.

Z. Zhan, Y. Wang, P. Duan, A. M. V. V. Sai, Z. Liu, C. Xiang, X. Tong, W. Wang, Z. Cai,
Enhancing worker recruitment in collaborative mobile crowdsourcing: A graph neural

43


https://www.mdpi.com/2079-8954/11/8/400
http://dx.doi.org/10.3390/systems11080400
http://dx.doi.org/10.3390/systems11080400
https://www.mdpi.com/2218-6581/7/4/67
http://dx.doi.org/10.3390/robotics7040067
http://dx.doi.org/10.3390/robotics7040067
https://www.mdpi.com/2076-3417/9/15/3145
http://dx.doi.org/10.3390/app9153145
http://dx.doi.org/10.1007/s10846-021-01330-4
http://dx.doi.org/10.1007/978-3-030-72274-6
http://dx.doi.org/10.1146/annurev-control-053018-023659
http://dx.doi.org/10.1146/annurev-control-053018-023659
http://dx.doi.org/10.1007/978-1-4471-4276-8
http://www.sciencedirect.com/science/article/pii/S1367578817301876
http://www.sciencedirect.com/science/article/pii/S1367578817301876
http://dx.doi.org/https://doi.org/10.1016/j.arcontrol.2018.03.002
http://dx.doi.org/https://doi.org/10.1016/j.arcontrol.2018.03.002
http://dx.doi.org/10.18255/1818-1015-2024-1-54-77
http://dx.doi.org/10.18255/1818-1015-2024-1-54-77
https://www.mdpi.com/2079-3197/12/5/95
https://www.mdpi.com/2079-3197/12/5/95
http://dx.doi.org/10.3390/computation12050095
https://www.sciencedirect.com/science/article/pii/S0950584924000284
https://www.sciencedirect.com/science/article/pii/S0950584924000284
http://dx.doi.org/https://doi.org/10.1016/j.infsof.2024.107423
https://api.semanticscholar.org/CorpusID:210697961
https://api.semanticscholar.org/CorpusID:210697961

network trust evaluation approach, IEEE Transactions on Mobile Computing (2024) 1-18.
d0i:10.1109/TMC. 2024 .3373469.

44


http://dx.doi.org/10.1109/TMC.2024.3373469

Usage of Threat Modelling Tools for Implementation of ICT
Security Standards in l1oT Environments

Dalibor Dobrilovic !, and Rade Dragovié?

L University of Novi Sad, Technical Faculty “Mihajlo Pupin” Dure Dakovié¢a b.b., Zrenjanin, 23000, Serbia
2 Institute for standards and technology, Resavska 28, Belgrade, 11000, Serbia

Abstract

The development of microcontrollers, communication, and sensor technologies resulted with
the growing implementation of the Internet of Things (IoT) in various environments. The
nature of loT assumes the complexity of the system. The complexity of the system increases
the number of system elements and therefore increases the system vulnerabilities. As a result,
it is important to find an efficient and easy-to-use methodology for implementing security
standards in newly designed loT systems. This paper introduces the usage of threat modeling
tools for modeling loT systems and identifying the threats for the modeled systems. The
identified threats are further embedded in the framework designed to define and enable the
implementation of 10T security standards. The framework is demonstrated in the example of a
simple 10T system designed for urban pollution, and noise monitoring.

Keywords
Threat modeling, threat modeling tools, Risk assessment, 10T security implementation
framework, 1SO security standards implementation, Internet of Things (1oT)

1. Introduction

The growing implementation of the Internet of Things (IoT) in various environments increases the
general ICT security risks. The 10T environments being heavily involved in the life of users of its
benefits greatly increase the security risks for the individuals using those systems or their services. The
complexity of the system and the number of its components and devices give numerous possibilities of
system misuse, data compression, and other forms of threats. Therefore, it is highly important to define
an easy-to-use and efficient framework for identifying threats and defining the implementation of
security standards within the process of designing the system.

This paper introduces the framework based on the usage of threat modeling tools for modeling loT
systems and identifying the threats for the modeled systems. The identified threats are further analyzed
to define the implementation of loT security standards. The methodology is presented on the example
of a simple 10T system designed for urban pollution, and noise monitoring.

This paper is structured as follows. After the Introduction and Related Works sections, the modeled
loT system architecture is described, followed by threat modeling and threat analyses. The approach in
risk assessment is then presented using the results and reports of threat modeling, thus explaining the
proposed framework. At the end, the conclusions are given.

2. Related Work

According to the Open Worldwide Application Security Project (OWASP) [1] the threat modelling
is the process taken to identify, communicate, and understand threats and mitigations within the context
of protecting something of value. A threat model is a structured representation of all the information
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that affects the security of an application. There is a variety of threat modeling methods such as:
STRIDE, Process for Attack Simulation and Threat Analysis (PASTA), Trike, Visual, Agile, and
Simple Threat (VAST), Attack Trees, Common Vulnerability Scoring System (CVSS), Operationally
Critical Threat, Asset, and Vulnerability Evaluation (OCTAVE), Quantitative Threat Modeling Method
(QTTM), DREAD, MITRE, LINNDUN etc. [2] The STRIDE, a method hamed on six security threats
categories (Spoofing, Tampering, Repudiation, Information disclosure, Denial of service, and Elevation
of privileges) is the most popular and widely supported by the modeling tools.

In the following text will be presented several works in the area of 10T threat modeling. In [3] the
authors utilize the STRIDE threat modeling methodology and the Microsoft Threat Modeling Tool to
identify threats present in smart city infrastructure. Authors map offenses, possible evidence sources,
and types of threats identified to help investigators understand what crimes could have been committed.

In [4] authors propose an approach aimed at supporting the security analysis of an loT system with
an almost completely automated process for threat modeling and risk assessment. The evaluation of its
effectiveness is given for the application of a home automation system. The proposed methodology
relies upon a modeling approach of both the architectural components of an 10T system and its security
properties.

The contribution presented in [5] identifies and describes current security threats in loT based on a
generic loT architecture and the main communication protocols that are used in the application,
transport, network, and physical layer.

In the paper [6], a general-purpose methodology for assessing the risk is proposed for end-to-end
systems. The approach covers static and dynamic features/components of an loT system. The presented
solution is evaluated within the real prototype implementation.

A similar approach for modeling 10T system threats is applied to the threat modeling on the container
ecosystem. STRIDE is used as a threat modeling framework. [7]

3. loT System Architecture

In this section, the general architecture of 10T systems will be described. 10T systems commonly
can be presented as multi-layer systems, and the five-layer architecture of 10T systems is one of the
most accepted [8]. The IoT system consists of the following layers.

The Perception Layer has the same functions as the Physical Layer of the OSI reference model.
Sensor nodes or end devices are deployed on this layer. Sensors collect data, i.e. physical parameters of
the environment. The Network Layer (or the Transport Layer) is designed to establish a connection to
the core of the system and its components such as network devices and to transfer data collected by
sensors. It is responsible for transferring sensor data from the perception layer to the Processing Layer
and vice versa. For this purpose, mainly short and medium-range wireless technologies are used.

The Processing Layer or Middleware Layer is responsible for analyzing and processing collected
data, storing it, and creating reports. This layer includes various technologies such as relational and
non-relational databases, cloud computing, big data, etc. The application layer is responsible for
delivering data to users and their visualization through user applications and devices. Finally, The
Business Layer is on top of the system and provides the information needed for system management,
business and profit model development, and data protection.

An urban 10T system designed as a sensor network for monitoring traffic noise and meteorological
parameters in an urban environment [9] is presented in this section and used for further modeling and
framework implementation. Figure 1 a) shows the devices of the first two layers of the 10T system. On
the perception layer (1) there are sensor devices (1) for air pollution, weather conditions, and noise
monitoring, Wi-Fi access point (AP) devices (2) for connecting sensor nodes with short-range Wi-Fi
technology, and Wi-Fi Fi/LoRa gateway devices (3) for connecting (collecting) Wi-Fi APs in a wider
area and connecting to the cloud part of the system using longer-range connection technology.
Communication components use a combination of TCP/MQTT and LoRa protocols.
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Figure 1: a) the loT urban monitor system peripheral elements; b) layers of loT urban monitoring loT
system

The middleware layer (l11) contains a server (4) that can be installed on several servers (e.g. Data
Analyzes and Application Server) or in a simplified version on one computer and a database (5). The
application layer contains APIs for user applications (6) for various devices (mobile phones, laptops,
desktops, etc.). The whole system is shown in Figure 1 b).

4. loT threat modeling

Microsoft Threat Modeling Tool (MTMT) is used for described loT threat modeling. The modeled
system is shown in Fig. 2 a) in a simplified version. The elements of the system are labeled in the same
way as in Fig. 1 b) with Roman (I, 11, 11, IV) and Arabic numerals (1, 2, 3, 4, 5, 6).
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Figure 2: a) Modeled loT system; b) Model of the system in threat modeling tool.

To model the sensor nodes (1), the Generic External Interactor is used in MTMT from the Stencils
palette. Parameters can be set in the Element Properties palette as is shown in Fig. 3. If other devices in
the External Interactor list correspond to the system being modeled, e.g. mobile phone (Smart Phone)
or Browser, these devices can also be selected from the same stencil.
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To model the Wi-Fi AP (2) and the Wi-Fi/LoRa Gateway device (3) the Generic Process is used
(Fig. 4.). The Generic Process is also used to model the server (4), while the Generic Data Store is used
to model the Database (5).
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Figure 4. Use of the Process object

To model the data flow, a Generic Data Flow is used. An example of the HTTP protocol is shown
in Fig. 5. The same element can be used for MQTT or another protocol and to model the data flow
between the sensor and the MCU (microcontroller). Since the sensors are directly connected to the
MCU there is no issue of insecure transmission, so the data flow can be checked as Out of Scope in the
Element Properties palette.
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Finally, modeling confidence limits, i.e. of separate system elements in which data is protected more
than the external space, is done with the Generic Trust Boundary object in the Stencils palette, and it is
represented in figures with dashed red lines.
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4.1. Threat analysis

Threat analysis is performed by clicking on the menu option Reports > Create Full Report. To create
a report, it is necessary to activate the Generate Report option, after which a report with the extension
.htm will be created. The part of the report is the threat list, which can be exported to CSV format using
the Switch To Analysis View option (Table 1).

Table 1
Partial view on exported threat list
Id Title Category Interaction Priority Description
. ) ) loT Field Gateway (IFG) may be able to impersonate the
47 Elevation U?'”g Elf.zv.atlon of IGFN_to_IFG High context of loT Gateway/Fog Node (IGFN) in order to gain
Impersonation Privilege L L
additional privilege.
. ) ) loT Gateway/Fog Node (IGFN) may be able to impersonate
46 Elevation U?'”g Elt.ev.atlon of IFG_to_IGFN High the context of loT Field Gateway (IFG) in order to gain
Impersonation Privilege . .
additional privilege.
Elevation Using Elevation Of . loT Gateway/Fog Node (IGFN) may be able to impersonate
4 | IGFN High
> Impersonation Privilege Cloud_to_IG '8 the context of Cloud in order to gain additional privilege.
. . . Cloud may be able to impersonate the context of loT
44 Elevation Uﬁmg Elt.ev.at|on of IGFN_to_Cloud High Gateway/Fog Node (IGFN) in order to gain additional
Impersonation Privilege L
privilege.
. ) ) loT Field Gateway (IFG) may be able to impersonate the
16 Elevation U?'”g Elz.ev.anon of MQTT_FGTW_to_N High context of loT Node (IN) (Sensor Config., GPS) in order to
Impersonation Privilege ode

gain additional privilege.

Threat analysis for the modeled generic 10T system gives the following identified threats classified
into six categories (Table 2).

Table 2
The number of threats by category
No. Threat Count
1 Spoofing 7
2 Tampering 6
3 Repudiation 8
4 Information Disclosure 6
5 Denial Of Service 6
6 Elevation Of Privilege 12
Total 45

5. Risk assessment

In this section, we will describe the basics of risk assessment. The basic steps are to identify Score,
Context, and Criteria as a basis for establishing a framework for the information security management
system. A system of early identification of threats and vulnerabilities must be established, and it must
react predictively and not preventively. All the time, it is necessary to follow all identified interested
parties, both those who have good intentions for the organization's system and those who have different
intentions and initiatives.

Risk assessment is the next phase which must consist of risk identification, risk analysis, and risk
evaluation. Risk identification is a detailed and long-term job that must identify each and every
individual risk, regardless of whether it represents a higher or lower level of risk at the time of
identification. This step uses the input from threat modeling explained in the previous section.

The professional framework for risk analysis is represented by the following standards:

e |ISO/IEC 27005 - Information security, cybersecurity, and privacy protection - Guidance on
managing information security risks and
e |1SO 31000 - Risk management - Guidelines.

Risk analysis must consider all identified risks from the aspect of likelihood, and consequences and
calculate risk levels. All three mentioned criteria must be set in such a way that the analysis observes
and projects in real-time with a large knowledge base that is the basis for calculating parameter values.
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A risk evaluation must provide a clear answer to a question that is not just a simple number but a
multidimensional framework that shows trends and every single evaluation parameter in real-time.
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Figure 6: RISK assessment (based on ISO 27005) extended with STRIDE cycle and ISO requirements

OTHER ORGANIZATIONS

STRIDE is a threat modeling methodology used to identify potential security threats in a system and
develop appropriate countermeasures. It is an acronym for six types of threats: Spoofing, Tampering,
Repudiation, Information Disclosure, Denial of Service, and Elevation of Privilege. STRIDE threat
modeling is connected to the stages of Risk assessment.

Risk treatment as the next phase is mainly oriented towards acting according to each individually
identified requirement of the ISO standard within the matrix. The knowledge acquired in the process of
treating risks during the management of the information security system is a significant source for
further analysis using the principles of machine learning and artificial intelligence.

STRIDE, threat modeling methodology cannot be established by simply adopting a good
methodology, but it needs to be placed alongside existing risk treatment methodologies and in a specific
environment that is analyzed by defining the requirements by adopting the requirements of certain
specific standards for each specific environment. There is no magic wand that will solve the problems
of information security, On the contrary, a complex, multi-layered, and multi-dimensional framework
must be established that will require a complete and detailed analysis of the system using a process
approach and a complete analysis of threats, vulnerabilities, and risks. The mentioned activity is not a
one-time activity but represents a cyclical repetition of the identified elements in each subsequent time
parameter that is partially (and in some elements completely) different from the previous one. There
are two basic misconceptions that need to be removed from the thinking of the multidisciplinary team:
the input parameters for the risk treatment are immutable, and the risk treatment model is immutable.
The presented model RISK assessment (based on ISO 27005) extended with STRIDE cycle and ISO
requirements is an example of a basic layer developed on many years of experience in the field of
information security.

5.1. Identification of ISO requirements for information security and loT

The initial framework for action in the domain of information security is defined within the
requirements of the following standards:
e |ISO/IEC 27001: Information security, cybersecurity and privacy protection - Information
security management systems - Requirements,
e |ISO/IEC 27701: Security techniques - Extension to ISO/IEC 27001 and 1SO /IEC 27002 for
privacy information management - Requirements and guidelines,
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e ISO/IEC 27011: Information security, cybersecurity and privacy protection - Information
security controls based on ISO/IEC 27002 for telecommunications organizations,

e ISO/IEC 27032: Cybersecurity - Guidelines for Internet security,
ISO/IEC 22301: Security and resilience - Business continuity management systems -
Requirements and

e |ISO/IEC 20000-1: information technology - Service management - Service management
system requirements

Within enlisted requirements of the standard, it is certainly and inevitably necessary to treat the
requirements of the ISO 9001: Quality management systems - Requirements standard in the domain of
detailed and complete analysis of opportunities and risks as part of a complete and detailed analysis of
the organization's processes.

A detailed risk analysis of the process is the place where threats, vulnerabilities, and risks must be
fully defined, with a clear and complete connection to the parameters of the information system. It is
especially important to respect the dynamism of changes in the initially identified parameters,
connections, importance, and influence within the previously defined frameworks. A complete analysis
of the process through the implementation of 1SO 9001 requirements is the first and basic phase of the
successful design of an information system that bases information security on risk management [10].

From this initial phase, must be established a clear risk matrix that is related to specific process
entities and risks at the base level. The implementation of the requirements of the ISO/IEC 27032
standard through the formation of a Cyber Security Program must be carried out for the entire
organization, including all components of information systems through business and IT functions, given
the fact that attacks and threats to the information security system can appear from every side and in
every moment. It is necessary to implement the requirements of the standards ISO/IEC 27001, ISO/IEC
27701, ISO/IEC 27032, ISO/IEC 20000-1, and ISO/IEC 22301 in areas that include security in the
intranet/internet space, i.e. intranet/internet security issues that focus on bridging the results of risk
analysis between different domains of information security in the intranet/internet space.

According to the stated standards, it is necessary to implement technical guidelines for solving
intranet/internet security risks, including social engineering attacks, hacking, spyware, and attacks using
potentially malicious malware software. These technical guidelines should provide controls for the
treatment of all identified risks, including controls for preparing responses to attacks from malicious
software (malware), reactions to detected unusual events related to information security and monitoring
the attack architecture. It is necessary to create a framework for efficient and effective information
exchange, coordination, and incident management among related stakeholders in the predictively
defined cyberspace of the organization. Interested parties that may be involved are employees,
customers, and third parties, which may be different types of organizations or individuals, as well as
providers, which include service providers as well as all those identified by the risk matrix.

The analysis of interested parties should not be limited only to cyberspace but should perform a
complete analysis of the technological, procedural, and organizational framework, not neglecting the
social and other specific general security aspects of the organization.

The corrective reaction is not a satisfactory achievement. The preventive reaction is satisfactory only
in the process of implementation of the system. Predictive response is a target function that must be
established in the system.

On the example of the identification of threats, vulnerabilities, and risks within the requirements of
the ISO/IEC 27001 standard, the same methodological basis should be established for the requirements
of the ISO/IEC 27701, ISO/IEC 27032, and ISO/IEC 27011 standards, as well as for the requirements
of the ISO/IEC 20000-1 and 1SO 22301.

Special attention should be directed to the identification of 10T needs. The initial framework for loT
identification is covered by the following standards:

o ISO/IEC 27402: Cybersecurity - 10T security and privacy - Device baseline requirements,

e ISO/IEC 30161-1: Internet of Things (IoT) - Data exchange platform for loT services - Part
1: General requirements and architecture,

e |ISO/IEC 30161-2: Internet of Things (IoT) - Data exchange platform for 10T services Part
2: Transport interoperability between nodal points,
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e ISO/IEC 30179:2023: Internet of Things (loT) - Overview and general requirements of 10T
system for ecological environment monitoring, but also other specifically identified for
individual system.

6. Conclusion

The framework for the implementation of ISO ICT security standards in 10T systems is presented in
this paper. Along with the set of standards that should be implemented to achieve security in loT
environments, the recommendations for their implementation are given. Also, the usage of threat
modeling tools for modeling 10T systems and identifying the threats for the modeled systems is
presented. The reports of the loT systems threat modeling are used as input values for a given
framework. The proposed methodology is illustrated on the example of a simple 10T system designed
for urban pollution, and noise monitoring.
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Abstract

To be able to conveniently work with large raster data-sets we have developed the MRG file format. In
the article we consider the software tools developed to create and process the MRG files and the global
DEMs and the other global raster data that we have collected and converted to MRG. To make the data
available for non local users we have developed the WMS and WPS services for publishing MRG data. In
the article we discuss some details of their implementation and usage.

Keywords
data format, big raster data, loss-less compression, global DEM, WMS service, WPS service

1. Introduction

Since the time, when in the beginning of 2000'" the 1 version of Shuttle Radar Topography
Mission (SRTM) digital elevation model (DEM) had been published, the progress of remote
sensing technologies has led to public availability of several global digital elevation models
(GDEM) and now we can choose which of them to use for a particular project. The quality of
the models may strongly vary, for example, while the ASTER GDEM is usually reported to be
more precise than SRTM, our experience shows that in the area of Irkutsk it has prohibitively
low quality, so that we don’t even consider this GDEM in our current research.

The best resolution of the current publicly available GDEMs is 1” (arc-second) ~ 30m per
pixel. All the GDEM:s are published as a collection of tiles with the sizes from 1° x 1° to 5° x 5°
in GeoTIFF or JPEG 2000 file formats. So all the tiles of typical GDEM take several dozens of
gigabytes. To obtain the tiles it is usually required to register on the corresponding site, and it
will take rather long time to find and download the data for an area of interest, and the user
sometimes may be banned for trying to download the data too fast. Because the end-user is
usually interested in exploring a particular area of GDEM, after downloading the data it will
usually be required to combine the tiles into a single raster file and to cut the area of interest
from it. As a result it takes quite a lot of time to start the actual usage of the data to solve the
problem under consideration.
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After we found that the SRTM data become publicly available we have developed the file
format MRG (MultiResolution Grid), which is intended for compact storage of big raster images
with the capability to quickly extract any fragments of the image with any resolution [1].
When represented in MRG, DEM data usually take less space, than the original tiles, even
compressed, but, in contrast to the original formats, in MRG we have the random access to any
DEM fragments.

In contrast to the MrSID, ECW or JPEG 2000 file formats, which also have some kind or
resolution pyramids, but use very complex and time consuming transforms, the MRG file format
is based upon construction of a resolution pyramid and upon loss-less compression of the
differences between the interpolated and the actual data for the next resolution level using a
family of very simple compression algorithms. The complexity of these algorithms is always
asymmetric: while the compression phase searches for the optimal split of the sequence of delta
values into the intervals of constant bit depths using the dynamic programming method, the
decompression phase is extremely fast, because it simply reads and decodes the intervals [2].

Representation of a DEM in MRG makes it seamless and gives the user the capability to forget
about the tiles and to quickly pan and zoom into any DEM part and to extract any its fragment
with the required level of details. So, the local user can quickly find the data of interest and
start working with it.

Recently with the support of the big project “Fundamentals, methods and technologies for
digital monitoring and forecasting of the environmental situation on the Baikal natural territory”
we have acquired a data storage system of the size of several hundred terabytes. Using the data
storage it becomes possible to collect several GDEMs and to convert them into the corresponding
MRG files. We had to advance somehow the MRG software to be able to work with the data as
big as never before.

To provide convenient access to the big MRG data-sets for the remote users we have developed
a couple of services: the WMS service for viewing the data, and the WPS service for extraction
of their fragments.

In the article we’ll consider some details of the implementation of the services and their usage
and some statistics on the examples of the GDEM and optical remote sensing data represented
in MRG.

2. The MRG software

To work with the MRG files we have developed a number of software modules that allow us
to create the files from the original GeoTIFF, JPEG 2000 and the other file formats, view the
resulting raster images, and retrieve from the MRG files various kinds of information, like image
fragments with desired resolution, contour lines or cross-sections:

MRGView is an interactive (GUI) program for processing DEMs;
MRGImgV is an interactive (GUI) program for processing multichannel images;

MRGLib is a dynamic library, that makes it possible to develop external programs, which
work with MRG;
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MRGCmd is a command line utility, that can perform in batch mode almost all the operations,
that we can do in MRGView and MRGImgV;

MRGWebSrv is a standalone application that works as a Web-server and implements the
WMS-service and WPS-service protocols for publishing the registered MRG files;

MRGWebSrvSvc is a Windows service that works the same way as MRGWebSrv.

All the MRG software use the common code base. We use MRGWebSrv mostly for debugging
purposes, because it is much more easier to debug a standalone application, than the Windows
service. And the main advantage of Windows service is that after its registration it works in
an unattended mode and will be automatically restarted, when the computer restarts.

The MRGCmd application plays crucial role for construction of big GDEM files, because, in
contrast to the GUI applications, it allows us e.g. to rerun the same task several times with
exactly the same parameters, when something goes wrong, or to change some parameters and
process exactly the same data again to compare the results of the two runs. The MRGCmd utility
can perform a sequence of the following commands

+ Set - Set MRG creation options

« Open - Open MRG file

+ Newlmage - Create MRG file from images

+ NewDEM - Create MRG file from DEM files

+ Describe - Describe MRG

+ GetlIsolines - Get isolines from MRG image

+ GetProfiles - Get profiles from MRG image

« Export - Export fragment to GeoTIFF

+ Defragment - Create defragmented version of MRG
« Compare - Compare current MRG to another one
+ Exec - Execute commands from file

which can be passed in the application command line separated by semicolons or in a separate
text file using the Exec command.

Let’s consider a couple of examples. The following command compares two files: the old and
already checked file testWok .mrg and the new file testW.mrg. The comparison will stop
after finding 4 errors (mismatches).

MRGCmd.exe Open testWok.mrg ; Compare —-e4 testW.mrg

And the following bat-file generates t 1 f previews for a series of MRG files, that were created
for the Copernicus DEM bands of different horizontal resolution.

for %$%f in (all_x.mrg) do (

echo %%

MRGCmd Set -W ; Open %%f ; Export —-f —-15 TIFF\%%~nf.tif
)

The -15 flag tells the Export command to use the 5™ level of details, i.e. to use the resolution
which is 2° = 32 times lower than the original very large image.
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3. The Global DEMs and the other raster images represented by
MRG files

As it was already mentioned above, the very development of the MRG file format was inspired by
the open publishing of STRM data. The 1% version of SRTM data-set had resolution of 3” &~ 90m
per pixel, and it takes approximately from 8 to 10 GB to represent the data in MRG file format (the
difference in the file sizes is explained by the choice of the interval header packing algorithm:
the default one gives about 10 GB, and the algorithm based upon the interval statistics for these
data gives better results, but to obtain the statistics it is anyway required first to compress the
data with the default parameters).

Initially we were not trying to create the GDEMs, and were completely satisfied by the fact
that in the MRG file it was possible to store the whole DEM for the territory of Russia on a
single CD and to quickly view the image immediately from this CD. When creating the MRG
file for the whole SRTM GDEM it was first required to upgrade the MRG file format, because
the 32-bit file offsets of the data blocks, which were initially used in the files, had become no
longer enough for the 10 GB files. To solve the problem we have added to the file header a
field about the data block offset alignment: now the default alignment of 16 bytes enabled us
to create the files with the size up to 64GB. But to represent the modern global DEMs and the
other raster images this limitation may become too restrictive. Increasing the block alignment
further would mean wasting much more space, so we decided to switch to the 64-bit offsets for
the very large files of this kind. The modern SRTM GDEM of the 1” per pixel resolution [3]
takes up 56.3 GB in MRG (Fig. 1), while the source data were published in 14 297 HGT files (pure
2D arrays of 16-bit integer values) compressed by ZIP of the total size 97.6 GB.

(b) Near
(a) The whole GDEM Listvyanka

Figure 1: The hill shading of SRTM GDEM from MRG

According to some modern research papers [4], which compare different GDEMs, the best of
them, which is far ahead of the others, is the Copernicus DEM. In fact the Copernicus DEM was
produced from WorldDEM - a commercial GDEM with the initial resolution of 10 m per pixel,
that was then improved in its next version WorldDEM Neo to 5 m per pixel. So, while, say, the
SRTM DEM is a result of the attempts to up-sample the initial DEM of lower resolution using
every trick in the book, the Copernicus DEM is a result of down-sampling of the much more
precise WorldDEM data.
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The Copernicus DEM data for 2022 as it was published [5],[6] take 1.74 TB and contain 26 450
TAR files. Each of the uncompressed TAR archives contains single DEM tile in an uncompressed
GeOoTIFF file and the other uncompressed auxiliary, preview, and license files. Among the
auxiliary files the largest is the Height Error Mask GeoTIFF, which always has exactly the same
file size as the DEM GeoTIFF, because it is also uncompressed and has the same pixel size and
format. As a result of adding all the auxiliary files the DEM data take up about 47% of the TAR
file size. We believe that it would be much easier to download and distribute the data if the tiles
were compressed somehow.

The pixel values of the Copernicus DEM GeoTIFFs are the 32-bit floats. Unfortunately, the
compression algorithm in the MRG file format is designed for integer differences only, and by
now it can contain only the 16-bit integer values, so we have to round the float values to 0.25 m
steps to be able to fit the height of Qomolangma into the unsigned 16-bit range.

Another peculiarity of the Copernicus DEM data is that the horizontal resolution of the tiles
varies with latitude. All the tiles cover the area 1° x 1°, but their horizontal (by longitude)
resolution varies from the same as the vertical (by latitude) resolution of 3600 pixels per degree
in the stripe of latitudes from —50° to 49° to 360 pixels per degree for the Antarctic tiles with
the latitudes below or equal to —86° (see Table 1). The latitudes in the names of the tiles are
the latitudes of their lower (south) edges, so the north and south stripes are in fact symmetric
(mirror each other). As a result we have to split the data into 10 stripes of the consecutive tiles
having the same horizontal resolution. The total size of the Copernicus DEM data in MRG is
96.5 GB.

Table 1: Horizontal resolution of the Copernicus DEM tiles
Latitude Pixels/° | MRG size
—90°.. — 86° 360 | 0,98 GB
—85°.. — 81° 720 | 2.05 GB
—80°.. — 71° 1200 | 5.25 GB
—70°.. — 61° 1800 | 1.20 GB
—60°.. — 51° 2400 | 151 MB

—50°..49° 3600 | 66.7 GB
50°..59° 2400 | 9.64 GB
60°..69° 1800 | 8.26 GB
70°..79° 1200 | 2.02 GB
80°..84° 720 | 267 MB
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Figure 2: The shadow relief of Copernicus DEM in 10 MRG files shown together

Another interesting GDEM, that was produced from the Copernicus DEM using machine
learning is FABDEM (Forest And Buildings removed Copernicus DEM) [7],[8]. This data-set is
a result of an attempt to make some approximation of global DTM from Copernicus DEM by
subtracting the heights of trees in the area of forests and the heights of buildings in the areas
of cities, which are estimated using the random forest algorithm trained on a series of sample
areas, for which the heights were measured by the means of more precise instruments. By visual
inspection of the FABDEM we have found some artifacts in the data, like the numerous stepped
boundaries which are clearly visible on the Figure 3(b) (which indicate us that the FABDEM
generation algorithm usually ‘deforest’ the Copernicus DEM using some rectangular areas), but
the overall quality of the data-set is reported to be very high.

The whole FABDEM data-set is distributed in 356 zip archives, each of them covers an area
of 10° x 10° and may contain up to 100 files for the 1° x 1° tiles in the area. The pixel values
of the FABDEM GeoTIFFs are also the 32-bit floats. But in contrast to the Copernicus DEM data
the horizontal resolution of all the FABDEM tiles was risen to 3600 pixels per degree. The total
size of the FABDEM archives is 296 GB, and the size of the resulting MRG file with the default
header compression parameters is 85.3 GB, but here we also have rounded its values to the
same 0.25 m steps.

Another useful global data-set is the high-resolution canopy height model of the Earth (the
Global Canopy) [9], [10]. The vegetation height model has been obtained from the Sentinel
images using an ensemble of convolutional neural networks (CNNs) and has the corresponding
global resolution of 10 m/pixel, which is 3 times higher than all the models considered herein-
before. The Global Canopy data are published in 2650 GeoTIFF files with 8-bit integer pixel
values, representing the estimated tree heights in meters. Almost all the heights are in the range
from 0 to 45 m and in the areas without vegetation like water objects or deserts the heights
has the ‘no data’ values. The GeoTIFF files use the LZW compression and their total size is
349 GB. The dimensions of the resulting MRG file (Figure 4) are 4320000 x 1728000 pixels, and
its size is 331 GB when using the default interval header compression algorithm, which in fact
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(a) Copernicus DE (b) FABDEM

Figure 3: Copernicus DEM vs FABDEM (the hill shading of the same area)

Figure 4: The Global Canopy data-set. Its pixel values are the estimated tree heights in meters

is more suitable for the 16-bit values. After using a more specific to the data interval header
packing, which is based upon the statistics of the data, the resulting MRG file size further goes
down to 323 GB.

The last but not least in our collection of the global data-sets is a by-product of the project
known as the Hansen forest [11][12]. The main goal of the project is to observe the global tree
cover changes using the Landsat images. As a result of the project its authors have produced
such data-sets as ‘Forest loss year’ or “Tree canopy cover for year 2000’ but to obtain the data
they have also produced the global composite images for a series of years including the last of
them ‘Circa year 2022 Landsat cloud-free image composite’. This composite image has its own
independent value which is of interest for us: it can be used as a base layer for various maps.
Unfortunately for us the composite image doesn’t include all the true-color channels, it contains
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Figure 5: The Hansen forest circa year 2022 Landsat cloud-free image composite in pseudo colors:
red=SWIR2, green=SWIRT, blue=Red

only the following 4 Landsat bands, which are needed for the forest analysis: Red (0.66 pm),
NIR (0.86 um), SWIR1 (1.6 um), SWIR2 (2.2 gm), but some combinations of the bands may
look rather natural (Figure 5).

In contrast to the other MRG files the Hansen forest composite image has more than one
(four) channels, and it uses the color decorrelation algorithm to improve the compression ratio
[13]. The global Hansen forest composite image data are published as 504 GeoTIFF tiles with
LZW compression, which have four 8-bit channels (Red, NIR, SWIR1, SWIR2). The total size of
the files is 755 GB, and the size of the corresponding MRG file is 446 GB.

4. Web service for publishing MRG files

It would be impossible to immediately use the raster images of the sizes as it was described in
the previous chapter in any modern GIS. So we have developed the program MRGWebSrvSvc,
which implements two OGC standards for accessing the registered big MRG files: WMS and WPS.
Initially we have supported the WMS (Web Map Service) standard, that allows users to view the
images as a map layers and combine the layers with any other raster or vector data-sets. To be
published by the service the MRG files should be registered in its configuration file. Besides from
the MRG file path the configuration should specify its display name and display parameters.
To be able to work with the fragments of big MRG files in GIS programs we have additionally
implemented the WPS (Web Processing Service) processes for requesting the data. To obtain
the the list of processes of a WPS service the GetCapabilities request can be used. And
the DescribeProcess request provides the information about the inputs and outputs of
the process. To run the process the Execute request is used. The WPS standard imposes
certain restrictions on the ways of interaction with the service, which do not always make this
interaction as convenient as it may be without these restrictions: the service should implement
some processes, each process has a number of input and output parameters; the parameters
can be passed by value (the literals) or in the form of a fragment of the XML code of request
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or response or by URL (for complex data); if a process has single output parameter, it can
immediately return its value in the response to the Execute request.

There exist software libraries for implementation of WPS services, for example, the 52°North
WPS library for Java or PyWPS or OWSLib for Python, but in fact for a small service it may be
easier to implement the processing of the WPS requests from scratch.

In the current version of the WPS service for obtaining raster fragments we have imple-
mented two processes: Export, which returns the fragments in GeoTIFF file format, and
QueryPoints, which retrieves the DEM values in the list of points. The Export process has
the following input parameters: name — the name of a registered raster; bboxin — bounding
rectangle of the exported area; 1evel — the level of details (0 denotes the most detailed level,
corresponding to the resolution of the MRG file, then increasing the level by 1 reduces the
resolution by half). It returns GeoTIFF file with the contents of the specified fragment of the
selected raster at the specified level of details.

The value of the name parameter should belong to the list of names of the registered MRG files.
The WPS standard allows us to specify the list of valid values of the input literal name in the
DescribeProcess response. The WPS client, which can use this information, may create a
drop-down list for the name selection field. This method turns out to be not very convenient
when there are a lot of registered MRG files: while the WMS protocol allows us to organize the
map layers into a tree, here we are limited to a linear list only. And the more serious limitation
of the WPS protocol is that we can’t specify the valid range of values of the bboxin and
level parameters in the process description, since these constraints depend on the selected
layer, and this kind of inter-dependencies is not supported by the WMS standard. It would be
possible to implement additional processes for obtaining this kind of meta-information about
the registered MRG files, but the WPS standard still will not support the automated checking of
these constraints.

To get the image of a MRG file with the minimal level of details and simultaneously find
out which area it covers, one can pass the level= —1 (here we use the negative indexes in
the style of the Python arrays) and the default bboxin, which corresponds to the maximum
bounding box (—180° -90°; 180° 90°).

The way the resulting image fragment will be returned by the Export process depends
on its size, the size limits can be set in the service configuration file. The following threshold
values are currently selected: the images with the size of up to 4Mpx are directly returned; if
the number of pixels exceeds this threshold, the file is first saved in a special folder, which can
be accessed by the geoportal Web server, and the Execute request returns the XML document
with the URL corresponding to this file on the Web-server. Since the MRG format’s capability
to store large-scale raster data is significantly superior to that of GeoTIFF, it makes no sense
to try to get all the MRG information at level 0 in one request: even if the file were created,
it would be impossible to work with it. Therefore we have another threshold: the maximum
image fragment size. The current value of this threshold is 1024Mpx.

For testing WPS services in QGIS, we were able to find only one plug-in — the WPS Client
which belongs to the experimental category. However, the capabilities of this plug-in turned
out to be sufficient for debugging our service. In particular, it creates a drop-down list of valid
values for the name parameter, and also it automatically substitutes the bounding box of the
current map view for the value of the bboxin parameter (Figure 6(a)). And to visually select
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Figure 6: Request of MRG file fragment using the WPS Client plug-in dialog in QGIS

the area of interest we can use the images obtained from the WMS service of our MRG server.
After executing the request, a temporary raster layer is created in QGIS, which can be further
used to solve various problems of processing and analyzing the received data. For example,
different terrain models can be compared to each other (Figure 6(b)). And the use in QGIS is
not the main purpose of the developed WPS service: the geo-portal software allows its users to
create compositions of services, which can now include the data fetched from the MRG format.

s
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(b) Comparison of Copernicus DEM and
(a) New layer added as a result of the WPS request SRTM in QGIS

Figure 7: Processing the requested MRG file fragments in QGIS
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5. Conclusion

The MRG file format and the software developed for its processing can substantially streamline
access to the global raster data-sets, that are available now. The data-sets in MRG format take
less space than in their original representations, and the main advantage of this representation
is that any data fragment can be quickly accessed with any level of details.

The services developed for publishing MRG data follow the OGC WMS and WPS standards
and allow non local users to easily access the data. The resulting data layers make their
contribution into our geo-portal data collection. Moreover, the WPS service results can be used
for development of more complex data processing algorithms. For example, the information
about point elevations from the GDEMs may be used for training neural networks.
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Abstract

Tables are widely used to present related data in various formats and media. In particular, an immense
number of HTML tables can be found on web pages. These tables serve as a valuable source of data
for applications such as web mining, question-answering systems, and knowledge base development.
However, not all HTML tables contain actual relational data. Many of them are used primarily for layout
and navigation purposes. On the other hand, genuine tables may have different layouts, formatting,
and content. One of the challenges in extracting data from web tables is to identify the main functional
and layout types and properties of the tables that are commonly found on the internet. Currently, we
have a wide range of taxonomies that classify table types and their properties. These taxonomies can be
used to categorize tables and select the appropriate method for processing tabular data based on their
specific type. Although the existing taxonomies provide a variety of table types, they often use confusing
terminology. This paper aims to provide an overview of these taxonomies by aligning their terminology
and comparing them in a qualitative manner.

Keywords

table understanding, table extraction, type classification, table layout

1. Introduction

Tables are a one way to organise and present multiple sets data efficiently. They are widely
used on the web and often embedded in HTML pages. These tables can contain various types of
data, including unstructured, semi-structured, and relational data. Approachers to automated
tables processing depend on their type and the way of data organisation.

According to one of the first studies on table classification, presented by Wang et al. [1],
all tables are divided into two categories: genuine and non-genuine. A genuine table includes
relational data, where the table structure helps convey the relationships between the data in
the cells. In contrast, non-genuine tables are used for layout purposes.

Extracting, integrating, and analysing information from genuine tables can help uncover new
knowledges [2, 3]. All genuine tables can be classified into different types based on how the data
is organized. Understanding these types can improve the quality of data processing. Currently,
there are some studies discussing table taxonomies [4, 5, 6, 7, 8, 9, 10, 11, 12]. Exploring these
taxonomies can lead to better data extraction from HTML tables and understanding them.
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HTML tables are commonly classified on their layout. Defining the type of a table can simplify
data extraction and analysis [1, 13, 4]. In this analysis, we aim to establish which cells contain
meta-data or semantic hints that help understand the meaning of the data, and which cells hold
actual data. Further, in all figures 1, 2, 3, 4, 5, 6 cells with meta-data have a blue background,
and cells with data have a white background.

This paper focuses on analysing existing taxonomies for web tables in HTML. The main goal
is to identify relationships between these taxonomies and understand how they can be applied
to improve data extraction and analysis from HTML tables.

2. Existing Table Type Taxonomies

In the study [13] the goal of Cafarella et al. research is to extract a set of high-quality rela-
tions [13] from HTML documents. In the research, authors present the fundamental division of
whole tables into two types: relational and non-relational, which in the other classification [1]
are designated as genuine and non-genuine. The results of Crestan’s research, which became
a basis of further research, presented in the paper [4]. During the analysis of these tables, a
broad classification and set of problems in extracting tables of certain types were established.
This study divides the entire set of tables into relational knowledge tables and layout tables,
which are equivalent to genuine and non-genuine accordingly in [1]. Layout tables are further
divided into navigational and formatting. However, these table types are not relevant in our
study. Below we consider different types of tables according to the Crestan’s taxonomy [4] and
give examples to illustrate table reliability to a certain type.

o Vertical listings. A table that lists the attributes of several entities that are similar in
meaning (Fig. 1, a).

« Horizontal listings. Tables are similar to a vertical listings, but with a different orientation.
This type of tables often is used for comparison (Fig. 1, b).

o Attribute/value. A special case of vertical and horizontal listings, that does not contain a
subject (Fig. 1, c).

« Matrix. Tables that have values at the junctions of rows and columns, while having
headers on the left and top of the table (Fig. 1, d).

« Calendar. A special case of matrix tables in which the subject is a date and the predicate
is some kind of event (Fig. 1, e).

« Enumeration. The tables list a number of objects that have a similar meaning (Fig. 1, f).

« Form. Tables consist of input fields that the user can fill in or select (Fig. 1, g).

« Other. This type includes tables that cannot be attributed to the types listed above.

In 2013, Lautert [5] presents a classification of 631K tables which were extracted from
Wikipedia, news sites, etc. All amount of tables were divided into two classes — main and
secondary. The main classification includes horizontal web table (Fig. 2, a), vertical web table
(Fig. 2, b) and matrix web table (Fig. 2, c). The secondary classification is represented by following
types (generally, tables can belong to several types at the same time):

+ Concise web table contains merged cells (Fig. 2, d).
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Country | Capital | Population Car Honda Fit | Kia Rio
Russian [Moscow | 144.1 million Year 2009 2013
Japan | Tokyo | 125.8 million Mileage | 215000 114 000
Germany| Berlin | 83.24 million Price 560 000 | 700 000
a b
Studio album Troop strength | 1871 1904
Released 13 July 1973 Russian 700 000 {900 000
Studio De Lane Lea Italy 334 000 278 000
Genre Hard rock d

c

[Aa]Bb[Cc[Dd[Ee [Ff]
Events | Monday | Tuesday f

May Trip Job
June Learn Job [ Login | |
e [ Password | |

g

Figure 1: Examples of tables layout according Crestan classification: vertical listing (a); horizontal
listing (b); attribute/value (c); matrix (d); calendar (e); enumeration (f), form (g)

« Splitted web table has sequential ordered repeating labels (Fig. 2, €).

« A table is classified as nested web table if it forms a part of another table (Fig. 2, f).

« Multivalued web table. Table in which cells have multiple values.

« Simple multivalued web table has multivalued data related to one specific type (Fig. 2, g).
« Composed multivalued web table contains multivalued data related to different types

(Fig. 2, h).

In the paper [6] the classifying on six types for tables — layout (non-genuine), genuine which
are divided into vertical listings, horizontal listings, matrix, others (all tables that do not belong
to the above types) — was suggested. This classifier was tested on a July 2014 version of the
Common Crawl.

In 2015, Braunschweig [7] presented several types of tables based on the study of taxonomies
in [4, 5], such as vertical listing (Fig. 1, a), horizontal listing (Fig. 1, b), matrix (Fig. 1, d), and
special case including attribute/value (Fig. 1, ¢) and nested (Fig. 2, f). In turn, Lehmberg et al.
using the WebDataCommons framework [8] extracted and classified tables from the July 2015
version of the Common Crawl based on [7]. As a result, relational tables (Fig. 3, a) that contain a
certain number of entities were extracted. In turn, these entities can be described by attributes,
which are represented by rows or columns. Another version of tables in which a certain set of
attributes describes one entity only (Fig. 3, b) is named entity tables. There are also matrix tables
(Fig. 3, ¢).

The approach of Nishida [9] uses on combines recurrent neural network (RNN) and convolu-
tional neural network (CNN) for table extraction from a subset of the April 2016 Common Crawl.
The extracted tables were classified as: relational tables (Fig. 4, a), entity tables (Fig. 4, b), matrix
tables (Fig. 4, ¢) and other tables. Tables are represented by semantic triples: subject, property,
and object. It is noteworthy that in this taxonomy, matrix tables do not contain properties in
their structure.

Gasemi-Gol and Szekely presented TabVec [10] — an unsupervised method of embedding
tables into a vector space in order to perform classification of tables into categories. Its taxonomy
includes relational (Fig. 5, a), entity (Fig. 5, b), matrix (Fig. 5, d) tables. List (fig. 5, c) and non-data.
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Year Title Leo Tolstoy
1869 War and Peace Born 9 September 1828
1878 Anna Karenina Died 20 Novemder 1910
1884 The Decembrists Language Russian

a b

Oncology | 2020 | 2021
Breast 23M | 24M

Stomach | I.LIM | 1.1M
c
Plant | Color | Height Year | Title
Shrubs Tron
Azalea | Variable | Shrub 2010 | Trust
Buddleia [ Blue, pink [ Shrub Tangled
d
Rank| Country Pop |Rank| Country Pop
1 China 1.5B | 3 USA 333M
2 India 1.4B | 4 |Indonesia | 271 M
e
General information Publisher MarYel
Comics
Title Inception Title The Amazing
Developed | Christofer Spider-Man
by Nolan Main Spider-Man,
Year 2010 charather(s) Harry Osborn
g
Broadcast
Albert Einstein
Bom |
German Empire
Doctoral .
. Alfred Kleiner
advisor
r h

Figure 2: Examples of tables layout according Lautert classification: horizontal web table (a); vertical
web table (b); matrix web table (c); concise web table (d); splitted web table (e); nested web table (f);
simple multivalued web table (g); composed multivalued web table (h)

Index | Weight | Height 21
21 50 153 Weight | 50
19 45 155 Height | 153
a b
Body mass index 45 57
160 Low weight Normal weight
174 Low weight Low weight
c

Figure 3: Examples of tables layout according Lehmberg classification: relational tables (a); entity
tables (b); matrix tables (c)

The classifier was evaluated on a July 2015 version of the Common Crawl. The same types of
tables are also used in the paper [12].

In the [14] Roldan introduced classification of tables types as the following: horizontal listings
(Fig. 6, a), vertical listings (Fig. 6, b), form (Fig. 6, c¢), matrix (Fig. 6, d). The sources of the tables
were Wikipedia (1496 tables) and Dresden Web Table Corpus (1513 tables).
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Name | Age Sex Anna
Anna 25 |Fermale Age 25
Mike 35 Male Sex |Fermale
a b
Weight
2020 | 2021
Anna 57 60
Mike 75 75
c

Figure 4: Examples of tables layout according Nishida classification: relational tables (a): contain
complete semantic triples (may contain multiple subjects). Anna, Mike — subject, Age, Sex — properties,
other — objects; entity tables (b): describe the properties of one specific subject only (Anna - subject);
matrix tables (c): have the same property for each cell object at the junction of a row and a column.
Anna, Mike, 2020,2021 - subject, Weight - properties, other — objects

Price Dish Steak Idaho
200 Soup Weight | 500 lowa
400 Steak Price | 400 Alabama

a b c

Dish Soup | Steak
Price 200 400
Weight 400 500
d

Figure 5: Examples of tables layout according Gasemi-Gol classification: relational tables (a); entity
tables (b); list tables (c); matrix tables (d)

SKU Item | Price Maker | Apple | Xiaomi
AU-12 | Bread | $0.90 Model | 8 Plus | MI6
PZ-18 | Butter | $5.00 Screen | LED LED
XX-99 | Water | $1.00 RAM | 64 Gb | 64 Gb
WI-09 | Milk | $3.95 Cores 8 8
a b
Name Pedro 2018 | 2019
Surname | Lopez DINER | 95B 100B
Age 47 CHASE| 98B 103B
Birthplace | Spain VISA | 78B 82B
c d

Figure 6: Examples of tables layout according Roldan classification: horizontal listing (a); vertical
listing (b); vertical form (c); matrix (d)
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Table 1

Matching Terminology of Table Type Taxonomies

Crestan Lautert Eberius Braunschweig Lehmb. Nishid. G. i-Gol Wang Roldan
Vertical Horizontal Vertical Vertical (Horizontal) (Vertical) Relational (Vertical) Horizontal
listing web table listing listing Relational Relational ! Relational listing
Horizontal Vertical Horizontal Horizontal (Vertical) (Horizontal) ~ (Horizontal) Vertical
listing web table listing listing Relational Relational Relational listing
Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix
web table
Attribute/ Vertical . . . . .
value web table - Attribute/value Entity Entity Entity Entity Form
Enumeration - List List
Table 2
Comparison of Table Type Taxonomies
Number . Classifier Corpora
Taxonomy of of types Levels Classifier availability Corpora availability
. TabEx (8.2B tables from high quality English
Crestan 3 Multi (ML-based) pages on the Web — Proprietary crawl)
Lautert . WTClassifier (0.6M HTML tables extracted from Wikipedia,
. 7 Multi P
(main) (DL-based) e-commerce, news and university sites)
Lautert 6 Multi see above see above
(secondary)
Dresden Web Table Corpus (DWTC)!
- 1 P
Eberius 6 Multi ?MWLTI)E\SE(;(;]S + (125M tables from July 2014 version +
of the Common Crawlz)
WDC Extraction Web Data Commons — Web Table Corpora"
Lehmberg 4 Multi Framework® + (233M tables from July 2015 +
(ML-based) version of the Common Craw[z)
Nishida s Sinele TabNet® R (0.19M tables from Top 500 websites from
& (DL-based) April 2016 version of the Common Crawlz)
(Web pages from unusual domains: human
G i-Gol 5 Singl TabVec® tracking advertisements, fire arms trading,
asemi-Lo ingle (DL-based) * microcap stock market; Random samples
from July 2015 Common Crawl?)
. TOMATE Wikipedia,
Rold. 4 Singl.
oldan ingle (cluster analysis) * DWTC' *
W 5 Sinal TUTA' R (tables extracted from July 2015 version
ang ng'e (DL-based) of the Common Crawlz)

3. Results of the Comparison

As can be seen, some of the taxonomies considered above are similar but have different names.
It should be noted that there is no any agreement in the literature regarding the types of web-
tables. The comparison of web table types of different authors is presented in table 1. Each row

of the table contains names for one type of table (if one is presented by the researcher).

The characteristics of the taxonomy kinds and classifiers, such as the number of types, the
presence of a hierarchy, the classifier the data set on which the experiments were conducted
and their availability are shown in table 2. The column “Number of Types” contains information
about the quantity of genuine web-table types proposed by the author. The “Taxonomy levels”

column indicates the way for table types definition. Two cases are possible:

"https://wwwdb.inf.tu-dresden.de/research-projects/dresden-web-table-corpus/
*https://commoncrawl.org/
*http://webdatacommons.org/framework/
*http://webdatacommons.org/webtables/#results-2015
*https://github.com/dreamquark-ai/tabnet
®https://github.com/majidghgol/tabvec
"https://data.mendeley.com/datasets/zcn6h2fvz7/2
®https://github.com/microsoft/TUTA_table_understanding
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« Multi-Level — table types are defined hierarchically. Firstly, the set of tables divides into
genuine and non-genuine. Next, the genuine tables divide into some types. The obtained
types can be divided into other types and so on;

« Single-Level — table types are represented a plain structure. Each table type has no further
splitting on other types.

The “Classifier” column shows what classifier and what kind of model are used for types
classification. The general, method of classification (ML — “traditional” Machine Learning;
DL — Deep Learning; cluster analysis) is given in parentheses. The availability of the classifier
is specified in the corresponding column. “Corpora” column contains data about corpora where
the tables were extracted from. Information about corpora availability is given in the rightmost
column.

4. Summary

In this paper, we explored the various taxonomies of table types that have been proposed in
studies of web tables since the groundbreaking work by Cafarella in 2008. Building upon this
work, several other research have been conducted, offering different classifications of tables
found in HTML documents.

The most comprehensive taxonomy, which includes 12 types, was suggested by Crestan. All
other taxonomies we found are based on this one. These taxonomies usually focus on the most
common types, such as listing, matrix, and attribute/value. Taking Crestan’s taxonomy as a
foundation, Lautert proposed two classes — the main one (containing the basic types of table
layouts) and the secondary one (more complex cases of layouts). However, a single table may
relate to types in both classes.

Crestan’s primary taxonomy was based on a large corpus of 15 billion HTML tables. The
other taxonomies were studied on open corpora with smaller tables amount. Other researchers
proposed classifiers based on supervised learning methods.

We have noticed that some of the existing taxonomies are similar but have different termi-
nology. In this study, we have made an attempt to unify the existing terminology by matching
different names for common types. Also, the analysis of the taxonomies by comparing their key
features was made.
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Abstract

This literature review delves into the domain of Ontology frameworks for Knowledge
Management in Software Engineering. Through a systematic analysis of selected primary studies,
it becomes evident that ontologies play a crucial role in enhancing knowledge-sharing,
collaboration, and decision-making processes within the SE domain. The review highlights the
significance of precise domain definition and involvement in the development and utilization of
ontologies. A total of 108 papers related to ontologies in KM or SE were identified, with 19
specifically focusing on frameworks, underscoring the importance of frameworks. The review
process, guided by established methodologies, ensures the relevance and quality of the selected
papers for analysis. This study contributes to a deeper understanding of the utilization of Ontology
frameworks in KM in SE, emphasizing the diverse approaches and applications of ontologies in the
Software Engineering domain.

Keywords

Knowledge Management, Software Engineering, Ontology, Framework

1. Introduction

Knowledge Management (KM) encompasses both practical business applications and academic
exploration. It involves the systematic process of creating, sharing, using, and managing knowledge
and information within an organization to improve efficiency and achieve strategic objectives. While
the instinct to share knowledge is inherent, the formalization of KM within corporations is relatively
recent. Initially rooted in commerce and industry, KM discourse has expanded into interdisciplinary
realms, attracting scholars from various fields interested in the creating, sharing, and value of
knowledge [1].

In the context of Software Engineering (SE), KM plays a crucial role in capturing, organizing, and
leveraging the vast amount of knowledge generated during the software life cycle to enhance
productivity and foster innovation [2]. The systematization, reuse, and sharing knowledge becomes
even more important in software companies that have multiple teams, departments, or divisions that use
different approaches, but at some point should cooperate [3]. Great fluctuation in the workforce in
software companies may lead to the loss of knowledge (e.g. when experienced engineers leave the
company), which strongly points out the importance of KM in the software industry.

Ontologies, on the other hand, provide a structured way to represent knowledge by defining
concepts, relationships, and properties within a specific domain. They help identify inconsistencies and
gaps and establish a shared vocabulary within a specific domain. This enables effective information
sharing by defining fundamental domain concepts and their interrelationships[4]. Gruber[5] defines an
ontology as “explicit formal specifications of the terms in the domain and relations among them.”

By utilizing ontologies in Software Engineering, organizations can facilitate better knowledge-
sharing, retrieval, and decision-making processes. Frameworks in the domain of KM in SE offer
structure approaches and guidelines for implementing effective KM practices within Software
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Development processes. These frameworks help organizations streamline knowledge processes,
enhance collaboration, and improve project outcomes.

This preliminary literature review on Ontology Frameworks for KM in SE contributes to the initial
exploration of existing research in the field. By identifying and analyzing a selection of working papers
that focus on Ontologies and KM within SE, this study initiates a systematic understanding of the
current landscape.

In the Related Work section, a comprehensive review of some literature reviews on the application
of Ontologies for KM in SE will be presented. The Methods Section provides details on the literature
review process, including the search strategies employed and the inclusion/exclusion criteria used to
select relevant studies. The Results and Discussion section presents the findings from the selected
primary studies. Finally, the Conclusion provides a summary of the key insights gained and suggests
future research directions in Ontology frameworks for KM in SE.

2. Related Works

This section outlines some recent studies that present literature reviews on using ontologies for
knowledge management issues in the software engineering domain. Reviewing scientific papers (not
necessarily case studies) that deal with ontologies may significantly contribute to developing the
research field and indicate challenges for further research.

Junior et al. [6] presented a systematic literature review (SLR) on tools, models, techniques, and
practices utilizing ontology as an aid to Distributed Software Development (DSD). The authors
proposed the following research questions that guided their review: (1) Which tools, techniques,
models, and practices based on ontologies are used in DSD, and (2) which ontologies were proposed in
the field of DSD? Totally 37 primary studies were identified and used for constructing the findings.
Identified tools, models, and ontologies were classified based on the phase in the software life cycle
proposed in SWEBOK [7]. The following ontologies were identified: Software components, OFFLOSC
— Ontology for supporting open source development communities, Open source communities, and
ONTODISEN - Ontology to support global software development. Based on the literature review 10
models, 22 tools, 11 practices, and 3 techniques that use ontologies were identified. Regarding the
classification of ontologies according to software life cycle phases proposed in SWEBOK, most
ontologies relate to software processes in general.

Triandini et al. [8] presented a systematic literature review of the role of ontology in modeling
knowledge in software development. The findings provide answers to research questions related to the
role of ontology in modeling and the challenges of using ontologies in software engineering. Use of
ontologies in software modeling includes modeling data in software development, database, and
application integration, using vocabulary for describing knowledge, assistance in software testing,
resolving problems with change of software requirements, use in Internet of Things (I0T) systems,
quality assessment and improvement of software development, detecting change in software systems,
and use of patterns in development. The main identified challenges for using ontologies in software
engineering are software development improvement, knowledge abstraction, limited knowledge in
malware detection, evaluation of used ontologies, management in software development, ontology in
the context of software security, and problems in adjusting to project plans in software development.

Osman et al. [9] present a review of ontology-based knowledge management tools for knowledge
sharing in organizations, based on the following comparison criteria: motivation, domain knowledge,
source of knowledge, types of knowledge, knowledge extraction, knowledge input process, knowledge
retrieval process, knowledge sharing technology, source of ontology component, and ontology
methodology. A total of 13 primary studies were identified through filtering studies. Identified tools
were used in a variety of domains such as software engineering, education, healthcare, building and
construction, decision support systems, economics, etc. The main conclusion of the authors is that tools
are specific for narrow domains and that humans are the main source of knowledge. The development
and use of ontologies are tightly connected to a precise definition of a domain and scope of knowledge.
In contrast, the development process might be manual (from scratch), or by using some tools for
automating steps in the development process.
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Agbaegbu et al. [10] presented a comprehensive review of existing literature on the application of
ontologies in cloud computing. The study aims to identify the evolution of ontology in cloud computing
dominant areas of ontology application, less explored areas, challenges faced, and future research
directions. The methodology includes the SLR approach, where 400 articles were identified, and 35
relevant articles were selected based on set criteria. The study highlights the impact of cloud ontologies
in areas such as cloud security, interoperability, resource description, and service discovery. It also
discusses the challenges in applying ontologies to enhance business operations in the cloud and multi-
cloud environments. The authors’ research aims to provide insights into unresolved challenges and
suggest potential future directions for researchers in cloud ontology.

In addition, recent research trends suggest the use of ontologies in domains such as systems
engineering [11] and systems of systems [12], which are complex systems that commonly include
software systems. Further, Kotis and VVouros [13] suggested that continuously exploring and evaluating
ontologies is necessary since ontologies may change in the evolving context, which indicates the need
for active involvement of all relevant stakeholders during the ontology life cycle.

3. Methods

A more comprehensive literature review related to frameworks, methods, and models in Knowledge
Management within Software Engineering has been performed. The initial objective was to investigate
the activities and focus areas of individuals in the field. Our research concluded that frameworks,
models, and methods are commonly employed to address specific problems. The objective of this paper
is to focus solely on the review of frameworks in Knowledge Management in Software Engineering
based on Ontologies.

Certain procedures for the literature review used in this study are adapted from [14]. While our study
is not a comprehensive Systematic Literature Review, specific methodologies presented in Chapter 22
of the book [14] were employed to guide our Literature Review process, which is shown in Figure 1.

( - Knowledge Management (KM)
. - Software Engineering (SE)
Defining keywords S OniIony J

~
- |EEE Explore, MDPI, Science
Selecting Databases Direct, Wiley, Springer, ACM
(© ~Papers available in PDF | E
Defininginciusion and excusion criteria Paper passed review process - Not written in English
L - Relevance of paper Title + Abstract + - Published before 2009
& keywords
: Applied - [EEE Explore, MDPI,
S h st : (K U M OR KM) AND (Softw: 2
Searching Databases e rsisting (Knowjechs Managerent ) Gaionare Science Direct, Wiley, Springer,
Engineering OR SE) AND Ontology R
- v
= Initial identification of 138 papers
Filtering Results H(2009~2024}
Excluded: Passed
Selection based on T+A+K - 20 papers not case studies 108 papers related to Ontologies
- 10 papers not relevant in KM or Ontologies in SE

~
19 papers focus on frameworks
Detailed Analysis Remaining papers cover models,
methods or other topic
\

Figure 1: Literature Review process

As seen in Figure 1. yellow blocks show Phases of the literature review, while cyan blocks show the
outputs of each phase.
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For this preliminary Literature Review, three primary keywords were proposed:

e Keyword 1 (KW1) — “Knowledge Management” OR “KM”
o Keyword 2 (KW2) — “Software Engineering” OR “SE”
e Keyword 3 (KW3) — “Ontology”

These three primary keywords represent essential concepts guiding the search for relevant
literature. To enhance the precision of the literature search, logical operators were employed to combine
search terms. The Boolean operators AND and OR were utilized to connect key concepts within the
search of a string. Combining these three keywords, the following search string was formed:

KW1 AND KW2 AND KW3

This literature search string was applied across databases such as IEEE Explore, MDPI, ScienceDirect,
and Wiley. An additional search to find out some papers not published in the stated databases was
performed by using the Google Scholar Web Search Engine.

The selection of papers for this preliminary Literature Review adhered to specific inclusion criteria.
Proposed inclusion criteria are: (11) Only papers that are available in PDF format were considered to
ensure accessibility; (12) Papers that passed the review process (peer-reviewed journals and conference
proceedings); (13) The relevance of the paper’s title, abstract, and keywords (T+A+KW) ensuring
alignment with the research focus.

To ensure the relevance and quality of the literature selected for this preliminary review certain
exclusion criteria were applied. Used exclusion criteria are: (E1) Papers that are not written in English;
(E2) Papers that were published before 20009.

Based on the specified search string and the inclusion and exclusion criteria, the search was conducted
across selected databases. A total of 138 papers published between 2009 and 2024 were identified.
Upon briefly reading the text of the collected research papers, it was concluded that 20 papers were not
case studies, and 10 did not correspond to the topic. The remaining 108 papers, which are related to the
thematic fields of Ontologies in Knowledge Management or Ontologies in Software Engineering were
included for more detailed analysis.

A detailed analysis of these 108 papers revealed that 19 specifically focus on frameworks, while the
remaining papers address models, methods, or various other topics. These 19 research papers were
selected as primary studies (PS) and are presented in Table 1.

Table 1
Selected primary studies

Primary

Studies Reference Year

Ribino, P., Oliveri, A., Re, G. L., & Gaglio, S. (2009, June). A knowledge management
PS1 system based on ontologies. In 2009 International Conference on New Trends in Information 2009
and Service Science (pp. 1025-1033). IEEE.

Tuan, D. T., & Tuan, D. C. (2011, October). Enhance Java Software Development with
pPS2 Knowledge Acquisition and Management Tools. In 2011 Third International Conference on 2011
Knowledge and Systems Engineering (pp. 70-77). IEEE.

Zheng, Y. L., He, Q. Y., Ping, Q. I. A.N., & Ze, L. . (2012). Construction of the ontology-

PS3 based agricultural knowledge management system. Journal of Integrative Agriculture, 11(5), 2012
700-709.
Moser, T., & Biffl, S. (2011). Semantic integration of software and systems engineering
PS4 environments. IEEE Transactions on Systems, Man, and Cybernetics, Part C (Applications and 2011

Reviews), 42(1), 38-50.

Gobin, B. A. (2012, November). A domain ontology for capturing knowledge for social
PS5 integration. In 2012 Tenth International Conference on ICT and Knowledge Engineering (pp. 2012
194-200). IEEE.

Jin, F., Zhang, X., & Liu, W. (2014, October). Enterprise Knowledge Management
PS6 Platform Based on Fuzzy Ontology. In 2014 International Conference on Management of e- 2014
Commerce and e-Government (pp. 246-251). IEEE.
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Ramona-Cristina, P., Vasilateanu, A., & Goga, N. (2016, October). Ontology-based multi-
PS7 system for SME knowledge workers. In 2016 IEEE International Symposium on Systems 2016
Engineering (ISSE) (pp. 1-5). IEEE.

Knauss, E., Liebel, G., Schneider, K., Horkoff, J., & Kasauli, R. (2017, September).
PS8 Quality requirements in agile as a knowledge management problem: More than just-in-time. 2017

In 2017 IEEE 25th International Requirements Engineering Conference Workshops
(REW) (pp. 427-430). IEEE.

Yuan, E. (2017, May). Towards ontology-based software architecture representations.
PS9 In 2017 IEEE/ACM 1st International Workshop on Establishing the Community-Wide 2017
Infrastructure for Architecture-Based Software Engineering (ECASE) (pp. 21-27). IEEE.

Alsanad, A. A., Chikh, A, & Mirza, A. (2019). Multilevel ontology framework for
PS10 improving requirements change management in global software development. IEEE Access, 7, 2019
71804-71812.

Abioye, T. E., Arogundade, O. T., Misra, S., Akinwale, A. T., & Adeniran, O. J. (2020).
PS11 Toward ontology-based risk management framework for software projects: an empirical 2020
study. Journal of Software: Evolution and Process, 32(12), e2269.

Von Rueden, L., Mayer, S., Beckh, K., Georgiev, B., Giesselbach, S., Heese, R., ... &
PS12 Schuecker, J. (2021). Informed machine learning—a taxonomy and survey of integrating prior 2021

knowledge into learning systems. IEEE Transactions on Knowledge and Data
Engineering, 35(1), 614-633.

Bernasconi, E., Di Pierro, D., Redavid, D., & Ferilli, S. (2023). SKATEBOARD: Semantic
PS13 Knowledge Advanced Tool for Extraction, Browsing, Organisation, Annotation, Retrieval, and 2023
Discovery. Applied Sciences, 13(21), 11782.

PS14 Uwasomba, C. F., Lee, Y., Yusoff, Z., & Chin, T. M. (2022). Ontology-Based 2022
Methodology for Knowledge Acquisition from Groupware. Applied Sciences, 12(3), 1448.

Elhabbash, A., Elkhatib, Y., Nundloll, V., Marco, V. S., & Blair, G. S. (2024). Principled
PS15 and automated system of systems composition using an ontological architecture. Future 2024
Generation Computer Systems.

Hasan, N., Rahman, M. H., Wessman, A., Smith, T., & Shafae, M. (2023). Process Defects
PS16 Knowledge Modeling in Laser Powder Bed Fusion Additive Manufacturing: An Ontological 2023
Framework. Manufacturing Letters, 35, 822-833.

PS17 Zhang, L., Olsen, A., & Lobov, A. (2022). An ontology-based KBE application for supply 2022
chain sustainability assessment. Resources, Environment and Sustainability, 10, 100086.

Nazir, S., Motla, Y. H., Abbas, T., Khatoon, A., Jabeen, J., Igra, M., & Bakhat, K. (2014,
PS18 November). A process improvement in requirement verification and validation using ontology. 2014
In Asia-Pacific World Congress on Computer Science and Engineering (pp. 1-8). IEEE.

Ghaisas, S., & Ajmeri, N. (2013). Knowledge-assisted ontology-based requirements
PS19 evolution. In Managing requirements knowledge (pp. 143-167). Berlin, Heidelberg: Springer 2013
Berlin Heidelberg.

4. Results and Discussions

From the primary studies, through detailed reading and analysis of research papers, 11 types of
frameworks were identified and presented in Table 2.

Table 2
Types of frameworks
Types of Frameworks Primary Studies
PS1, PS3, PS4, PS6, PS8, PS10, PS13,

Knowledge Management FW PS16
Software Development FW PS2
Ontology Development FW PS5
Information Utilization FW PS7
Software Architecture Modeling FW PS9
Risk Management FW PS11
Machine Learning Taxonomy FW PS12
Knowledge Harvesting FW PS14
System of Systems FW PS15
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Knowledge Representation FW PS17

Ontology-based Requirements Engineering FW PS18, PS19

In the realm of KM, various frameworks have been developed and utilized to enhance the
organization and utilization of knowledge. The primary studies that discuss or utilize knowledge
management framework include [PS1][PS3][PS4][PS6][PS8][PS10][PS13][PS16]. Studies [PS18]
[PS19] explore ontology-based requirements engineering frameworks, which utilize ontological
approaches to enhance the requirement engineering process. In addition to these, there are frameworks
specifically focused on Software Development, Ontology development, Information Utilization,
Software Architecture Modeling, Risk Management, Machine Learning Taxonomy, Knowledge
Harvesting, System of Systems, and Knowledge Representation.

From primary studies, various domains that focus on the development or utilization of frameworks
were identified. These domains, along with their corresponding primary studies are presented in Table
3.

Table 3
Categorized domains based on primary studies
Domains Primary Studies
Additive Manufacturing PS16
Knowledge Management PS1, PS3, PS6, PS8
Distributed Systems PS15
Engineering PS4
Knowledge Acquisition PS14
Semantic Technologies PS13
Knowledge PS5
Machine Learning PS12
Product Lifecycle Management PS17
Requirements Engineering PS18, PS19
Software Engineering PS2, PS9, PS10, PS11
Software Implementation for SMEs PS7

Knowledge Management frameworks are a significant area of focus, with primary studies
[PS1][PS3][PS6][PS8]. Software Engineering is another major domain with [PS2][PS9][PS10][PS11].
In the field of Requirements Engineering, there are studies [PS18] and [PS19]. There are also other
domains such as Additive Manufacturing, Distributed Systems, Engineering in general, Knowledge
Acquisition, Semantic Technologies, Knowledge, Machine Learning, Product Lifecycle Management,
and Software Implementation for SMEs.

4.1. Constraints and validity

Literature reviews in software engineering need to adjust to validity criteria to properly address
identified threats and increase the reliability and usability of reported findings [15]. The authors are
aware of potential threats to validity, such as the construction of a search string, selection of databases
to search, assessment of the quality of selected papers, and construction of the findings. Discussion of
two important aspects of validity, named internal and external validity contributes to the soundness of
the research process and reliability of the findings.

Presented details on planning and conducting a literature review are essential for addressing internal
validity, which is done in the third section of the paper. Based on the description of the review process,
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including the search for papers and their analysis, enables traceability from findings to the selected
primary studies. This increases the reliability of the presented findings. External validity relates to the
generalizability of the findings. Since the findings are specific to the stated field, there is no intention
to generalize findings to other fields in software engineering. However, the authors suggest that the
presented literature review process can be generalized and applied in other fields.

5. Conclusion

This preliminary Literature Review has provided valuable insights into the utilization of Ontology
frameworks for KM in SE. Through the analysis of selected primary studies, it is evident that ontologies
play a crucial role in structuring and organizing information in various domains, including Software
Engineering, Education, Healthcare, and Decision Support Systems. The review highlighted the
importance of precise domain definition and human involvement in the development and use of
Ontologies.

Furthermore, the study identified a total of 108 papers related to ontologies in KM or SE, with 19
specifically focusing on frameworks. This underscores the significance of frameworks in addressing
specific problems within the field. The review process, guided by methodologies adapted from existing
literature, ensured the relevance and quality of the selected papers for analysis.

This paper contributes to the understanding of the role of Ontological frameworks in KM in SE
through the analysis of relevant literature. The identification of key words and the classification of
framework types provide insight into the diversity of approaches and applications of Ontologies in the
domain of SE. Through the analysis of selected studies, the paper emphasized the importance of
ontological frameworks in organizing information, facilitating collaboration, and improving the
decision-making process in SE.

Looking ahead, the insights and findings from this review lay the groundwork for future
investigations into Ontology frameworks for KM in SE. By addressing existing research gaps and
exploring emerging trends, researchers can further enhance the effectiveness of Ontologies in
facilitating KM processes within the SE domain. Future research could focus on the development,
implementation, and evaluation of Ontology frameworks tailored to specific domains within SE, or
other fields of human work and life. These frameworks could address evolving challenges in KM and
offer innovative solutions for information organization.
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MeToauKa NOCTPOEeHUA aHAIUTUYECKOW moaenun notpebneHus
NPUPOAHOro rasa
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2 Vpanvckuii 2ocydapcmeennblii 9KoHoMuYeckuli ynueepcumem, yi. 8 mapma, 0. 62, 620144, Examepunbéype,
Poccus

3 Uucmumym cucmem snepzemuxu um. JI.A. Menenmvesa CO PAH, yn. Jlepmonmosa, 0. 130, 664033, Hpxymck,
Poccus

AHHOTauuA

[IpeacraBiena MeTOAMKA MMOCTPOEHUSI MATEMATUYECKON MOJIETTM Ha OCHOBE aHaIM3a JaHHBIX
BPEMEHHBIX PAAOB MOTPeOJIEeHUs] MPUPOTHOrO raza Ha Tepputopuu EBpocoroza. Meronuka
BKJIFOYAE€T TPYU OCHOBHBIX dTamna: MpEeABAPUTEIHHBIA aHAW3 JAHHBIX; MOCTPOCHHE TPEHI-
CE30HHOM MOJIENIM; OIlCHKa KadecTBa M TOYHOCTH Mojend. Vcronab3oBaHue METOIUKHU
MPOJIEMOHCTPUPOBAHO HA PUMEPE U MTOKA3BIBAET XOPOIlIee KaueCTBO U TOUHOCTh MTOJTyYEHHON
aHaJIUTHIECKON MOJEIIH.

KnioueBble cnosa
BpeMeHHOﬁ pAd, TPEHA-CE30HHAass MOI€JIb, I‘apMOHI/I‘IeCKI/Iﬁ aHaJin3

1. BeBepgeHue

Heo6xomumocTh B pa3paboTke HOBBIX MOJIEIICH CHCTEM Ta30-, HeTe- U HeTeNnpoayKTOCHA0KEeHUS
IUIS. MCCIIEOBAaHUN >KMBYYECTH OCHOBAaHA, B YAaCTHOCTH, Ha OJIHOIIEPUOTHOCTH pa3pabOTaHHBIX B
NCOBM CO PAH wmogerneit atux 6oabiux TpydonpoBoansix cucrem [1, 2, 3]. CiaencrBusiMu 3T0ro
HE/JIOCTaTKa SIBIAIOTCS OTCYTCTBHE TUHAMUKU W YIPOIIEHHOE MOJEIMPOBAHUE JKCTPEMAIbHBIX
ycioBHil (DYHKIIMOHUPOBAHHUS CUCTEM SHepreTHKH [3].

Hosrle Mozenu cuctem razo-, Hedre- 1 HeTENPOAYKTOCHAOKEHNUS TO3BOJIAT O0JIee PeaTUCTUIHO
W TOYHO MOJIENUPOBATh (PYHKIIMOHUPOBAHUE DTHX CHCTEM DHEPreTHKH B KCTPEMAILHBIX YCIOBHSIX.
IIpu ToM cepbe3HOW MPOOIEMON SIBISETCSI OTCYTCTBHE B OTKPBITOM JOCTYIIE MCXOJHBIX JaHHBIX,
HEOOXOIUMBIX JJIsl OCTPOECHUS] MHOTONEPHOJHBIX MOJENel OOJBbIINX TPYOONPOBOAHBIX CHUCTEM, B
YaCTHOCTH JUIsl TIOJYYECHHs MOCYTOUHBIX TI'paukoB HoTpedseHus sHepropecypcoB. B [1] mokasan
MOJIXO/I K PEHICHUIO 3a/la4d TIOCTPOCHUS CXEeMblI Ta3ocHa0keHusi EBpomelickoro cor3a Ha OCHOBE
OTKPBITBIX JIaHHBIX, SBISIOMMXCS pe3yiabTaroM mnpoekta SciGRID gas [4] OnpaenOyprckoro
WHCTUTYTA CETEBBIX YHEPIrEeTUYECKUX CUCTEM.

B pamkax mnpoexra SciGRID gas ObulM TOJIy4YeHBI M OMYOJIMKOBAaHBI MAaCCHBBI JaHHBIX
SciGRID_gas CONS [5] execyTo4HOro moTpedieHus: IpUpoAHOro ras3a 3a 10 jeT i BceX pernoHOB
crpan EBpocoroza na ypoBHsix NUTS-1 (denepanpubiii ypoenn), NUTS-2 (anMuHHCTpaTHBHBIE
okpyra) u NUTS-3 (paiionsl u ropojia 6e3 paiioHOB).

Lenp Hamero uccieioBaHus — pa3padoTaTh METOMKY MTOCTPOCHHUSI MOJICIH IOTPEOICHHS Ta3a Jiist
TeppUTOpHANIbHBIX cyObekToB EBpocotoza yposas NUTS-3.
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2. Matepuanbl U meToa0N0rUA

HcxonHpIMU TaHHBIMH TIOCTYKWIM TIOKA3aTEeNN €KECYTOYHOTO MOTPEOICHHsI MPUPOJHOTO ra3a B
1364 topomax wu paiioHax cTpaH EBpocoroza 3a mepumom 2010-2019 rr. ¢ nmerammsanued 1o
IIPOMBIIIJICHHOMY, JKWJIOMY U KOMMEPYECKOMY CEKTopaM. B pamkax Hallero ucciieoBaHHUs MHTEpPEC
MpeacTaBsieT CyMMapHOe MOTpeOJeHue ras3a, TakuM 00pa3oM HCXOIHBIE JaHHBIE MO KaXKIOMY
TEPPUTOPUAIEHOMY CYOBEKTY MPECTaBICHBI B BUAE OJHOMEPHOTO BPEMEHHOTO PsAad, COACPIKaIlero
3652 ypoBHSL.

MeToarka OCTPOEHHsI aHATUTUYIECKON MOJIENIN BKIIIOYAeT TP OCHOBHBIX 3Tama:

1. TlpenBapuTenbHbINH aHATH3 JaHHBIX.

2. TlocTpoeHue TpeHI-CE30HHOM MOIEIIH.

3. OueHka aIeKBaTHOCTH ¥ TOYHOCTH MOJIEIH.

[IpenBapuTenbHblii  aHaMU3 psfa OPOBOAUTCA Ha OCHOBE TIpadUuecKOro MpeACTaBICHHS
aHaJM3UPYEMBIX TaHHBIX €KEeCyTOUYHOTO MOTPeOICHHS MPUPOAHOTO Ta3a, a TAKKE C CIOJIb30BaHUEM
CTaTUCTUYECKUX KpuTepueB. Ha paHHOM »STame BBIIONHSETCS HavYajdbHOE ONMCAaHHME pALA,
npeaBapuTenbHas 00padoTKa JaHHBIX, BKIIIOYAs YCTPAaHEHHUE aHOMAITbHBIX HAOJIOICHUH, OTIpe/ieiecHUe
CTallMOHAPHOCTH PsIIA.

BusyanpHblil aHamu3 rpaduka BpeMEHHOTO psizia HO3BOJISET BBIABUHYTH IPEATIOI0KEHUE, O TOM UTO
psin comepxut TpeHmoByto T(t), cezonnyro S(t) u ciyuaitnyio E(t) cocraBistoniie. ITOCKOIBKY
aMIUTUTYAbl KOJeOaHWH YpOBHEH psiia MPUMEPHO OJMHAKOBBIC, JUIsI MOJCIMPOBAHUS Psifia BHIOpaHa
aJTUTHBHAS MOJIEIb.

Y(t) =T(t) +S() + E(t). (1)

[IpoBepka HanmMuusi TEHAEHIMH M OINpElEICHHE NEPUOAUYHOCTH CE30HHBIX KOJIeOaHMH BO
BPEMEHHOM psiZie BHIOJIHACTCS Ha OCHOBE aHAJIM3a aBTOKOPPESILMOHHON (DYHKIMH YPOBHEH psiaa U
Koppenorpammel [6]. Takoii aHa M3 MO3BOJISICT HAWTH BEIMYMHY JIara, pU KOTOPOM aBTOKOPPEIISIIHS
YpOBHEH psifa HanboJee BBICOKasL.

Ecnu nHambonee BBICOKMM OKa3bIBaeTCsl KO3((UIIMEHT aBTOKOPPENSLUH NEPBOrO MOPSIKA, TO
HCCIIEyeMbI psiZi COJCPKUT TOJBKO TEHACHIMI0. Ecnu Hambonee BBICOKAM OKa3bIBaeTCS
KO3 QHUIMEHT aBTOKOPPEIALUH MOPSAKa P, TO PsA COACPKHUT KoJeOaHHs C MEPUOUIHOCTHIO B P
MOMEHTOB BPEMEHH.

st vcciienyeMbpIX BPEMEHHBIX PSIOB CTPYKTypa OKazalach CIEAYIONICH: ONMpeleeHo Haandue
JIUHEHHOTO TPEH/1a U CE30HHOCTH C neproaoM 365 qHe.

Crenyrommii 3Tan MPEICTABICHHOM METOAMKU 3aKIIOYaeTcsi B IMOCTPOCHHU TPEHI-CE30HHOU
mozenu. [lpu aHanuse rpaduka BpeMEHHOTO psiga ObUT ClleNaH BBIBOJ O IMHEHHOM XapaKTepe TPeH a.
MeTo/10M TapMOHHYECKOTO (CIEKTPaIbHOTO) aHaJH3a, MO3BOJISIONIETO MPECTaBUTh MEPUOTHUECKIE
Ce30HHBbIE KoJeOaHWs B BUJC JIMHEHHON KOMOWHAIMM CHHYCOB M KOCHHYCOB, ObLIa OIpeielieHa
rapMOHHKa 110/l HOMepoM | ¢ Hanboliee 3HaYNMBIM CHIeKTpoM [6-7].

Taxum 00pa3zoM, MOJIENb €KECYTOUHOTO MOTPEOIIEHHUS IPUPOTHOTO ra3a MpeACTaBIsETCS CYMMOMN
JIUHEHHOTO TpeH/1a, CE30HHOW KOMIIOHEHTHI C MEPHOIOM 365, ONHChIBAEMON TPUTOHOMETPUUYECKUMHU
(YHKIUSAME, U CITy9aifHOW COCTaBIISIOMICH:

Y(8) = ao + st + @y cos s + ay sin s + E(6) @)
= Qg aq a2C05365 a351n365 ,

rae t — ypoBeHb psana; dg,q,a,, A3 — MapaMeTphbl YPaBHEHHUS PErPECCHH, PACCUUTAHHBIE METOJIOM
HaMMEHBIINX KBaapaToB; E (t) — ciydaiiHas cOCTaBIISIOMIA.

Ha 3akirounTeIbHOM 3Tame MOJETUPOBAHMS IMPOBOIUTCS OIEHKA aJCKBATHOCTH IOYYCHHON
MOJIEJIH M0 CIEAYIOMINM XapaKTePUCTUKAM.

Koaddunuenrt nerepmunariyu R2 M3mepsieT 105110 aucnepcuu, 00bsICHEHHYO MOJIEIbIO, B 0OIIeH
JUCTIEPCUHU YPOBHEW BpeMeHHOro psaa. Uem Omke Ko3(h(UIMEHT AETEPMUHAIMM K €IUHHIIE, TEM
0oJ1ee XOpOIIIO OTYyUYeHHAs aHAIMTUIECKAss MOJICh COOTBETCTBYET MCXOTHOMY BPEMEHHOMY PsY.

F-kpurepuii @umiepa. Ucnons3yeTcs [Uisi ONEHKH 3HAYMMOCTH MOJETH «B ILienom». PacdeTrHoe
3Ha4YeHue F-KpHUTepusi CPaBHUBAIOT C TAaOJMYHBIM TIPH BHIOPAHHOM YPOBHE 3HA4YMMOCTH. Ecim
BBINIOJIHACTCSA HEPABEHCTBO Faey > Frag,, TO MOJENb NPHU3HAETCS 3HAYMMOM, a KOIMYECTBO

HAOJIOICHUH JOCTATOYHBIM [6-8].
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To4HOCTP MOJENH OIEHHBAIOT C IOMOILIBIO OMIMOOK ammpokcuManuu. CpenHss abCOIIOTHAS
oumbka (MAE, Mean Absolute Error) oTpaxaer cpenHio aOCONIOTHYIO pPAa3HHUIy MEXIy
MOJICTIBHBIME (pacyeTHBIMU) U (DaKTHYSCKUMHU 3HAYCHHSAMH BpeMeHHOro psiga. MAE ycroitumBa k
BbIOpOCAM U He ycuiuBaet Oosbinue ommoku. Cpeansisa kBaapatuyeckas ommnoka (MSE, Mean Squared
Error), HanpoTuB, BEISBIISET IPyObIe OIIMOKH 3a CUET TOTO, YTO BEIMYMHA OTKIOHEHUS (DaKTHYECKUX
YPOBHEH OT pacueTHBIX BO3BOAMUTCS BO BTOPYIO cTeneHb. Ha npakTuke u3 Bennunubl MSE u3Bnekaror
KBajpaTHbIii Kopenb u nosiydaror RMSE (Root Mean Squared Error), Ha3piBaeMyro CTaHIapTHON
ommbkoi. Cpennsisi abcomoTHas nporeHTHas omubka (MAPE, Mean Absolute Percentage Error)
MOKa3bIBaeT Cpe/iHee a0COMIOTHOE OTKJIOHEHUE PACUCTHBIX 3HAUCHHUH OT (PaKTHYECKUX B MPOLICHTAX U
MMEET MPOCTYI0 HHTEPIPETALIHUIO.

3. Npumep peannsauum meToauKu

B kaudecTBe mpumepa peanuzaniy NpeACTaBICHHON METOANKY NMPHUBEAEM HPOLEAYPY HOCTPOCHUS
MoJIeNI TOTpeOIeHus ra3a Ui TeppuTopraibHoro cyobekra ['perun CZ041.

Ha srane npeaBapuTenbHOro aHamu3a MPOBEACHA NMPOBEPKA HMCXOAHBIX JAHHBIX, BH3YyaJbHBIN
aHanu3 rpaduka BPEeMEHHOIO psna. AHaIU3 ABTOKOPPEISIIMOHHOM (PYHKIMH M KOPPEIOTrpaMMBI
BPEMEHHOTO psifia (PUCYHOK 1) MmoKa3ay HaJM4Yie B €ro COCTaBe TCHICHIIMH U CE30HHOW KOMITOHCHTBI
¢ mIepuoJIoM 365 gHEi.
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-0.400

-0.600

KoadduumeHT aBToKOppenauum

-0.800

-1.000

Nar

PucyHok 1: Koppenorpamma BpeMeHHOro paga

B pesymbraTe mocTpoeHus TPEHA-CE30HHON MOAENH B cOOTBeTCTBHH ¢ (1) momydeHa oreHKa
€KeCyTOYHOT0 MoTpedIeHus ra3a:
)

7(t) = 0,487 — 0,00001¢t + 0,176 o 0,056 sin
=V, , , COS365 , sm365,

rae t— HoMep IHA.
Ha pucynke 2 npencrasieH rpaduk cpaBHeHHs (PaKTHUSCKHX M PACUCTHBIX 3HAYCHHUHM oObeMa
MoTpeOJICHHS ra3a.
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PUCYHOK 2: ExKecyTouHbI 06bem notpebneHuns rasa (paktmyeckoe U pacyeTHoe 3HaYeHus)

I'paduk ocTaTOUHOI KOMIIOHEHTHI MMOCTPOSHHOW MOJENH HpeNCcTaBiIeH Ha pucyHke 3. Cyns mo
rpaduKy, OCTaTOYHasi KOMIIOHEHTa HOCUT CIIy4alHbIN XapakTep
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PucyHOK 3: OcTaTo4yHaa KOMNOHEeHTa BpeMEHHOro paaa

Koopdumuent nerepmunanuu R? = 75.8%. IlocTpoeHHass TpeHA-CE30HHAs MOJENb OOBACHIET
75.8% Bapuanuu nOTPeOJCHHUS MPHUPOJHOTO ra3a, a ocrajbHbie 24.2% NpUXOAATCS HA BIIMSHUC
BHEIIHUX (haKTOPOB.

[Ipu npoBepke 3HAYMMOCTH MOJICIM B IEJIOM IOJYYEHO pAacyeTHOE 3HA4YCHUE F-cTaTHCTUKU

Fyacq = 3813, 3HAYMTENBHO MPEBBINIAIONIEE TAOIMYHOE 3HAYEHHUE Fra6, = 2.6 1Ist ypOBHS 3HAYMMOCTH
0.05. Mogens mnpu3HaeTcss 3HAYUMOH B IEJIOM C BEPOSTHOCTBIO 95% ¥ mpuUrofHoN s
MIPOTHO3UPOBAHUSL.

[Ipu olleHKE TOYHOCTH MOJEIM paccuuTaHbl 3HadeHus omuodok: MAE = 0,057 Mnm3;
RMSE = 0.074 Mm% MAPE = 12.4%. To4HOCTb MOJIENTH MOKHO CYHTATh YOBJIETBOPHTEILHOM.

4. 3aKknwouyeHue

[IpencraienHas B craThbe METOIUKA MO3BOJISIET MOCTPOUTDH TPEHI-CE30HHYIO MOJIEJIb ITOTPEOICHNUS
HNPUPOJHOTO ra3a. Pe3ynbTaTbl OIEHKH aJeKBAaTHOCTM M TOYHOCTH MOJEIHM JAal0T BO3MOKHOCTh
UCTIONB30BaTh €€ JJIsl aHajdu3a W IPOTHO3UPOBAaHMS NOTpeOJIeHHs Ta3a Uil TEePPUTOPHUAIBHBIX
cyonexroB EBpocoroza yposas NUTS-3. Monens HampaBiieHa Ha pealM3aldio B paclpelesleHHO
BBIUYUCIUTENBHON Cpeae sl yCKOPEHHUs pacdeToB IO MHOXECTBY morpedureneid. OnucaHHas
METO/IMKa YaCTUYHO Pea30BaHa B BUJ/IE CEPBHUCA.

JlanpHeliliee HampaBICHWE HCCIEAOBAHUS CBS3aHO C TIPOBEICHHEM aHAIN3a 3aBHCHMOCTH
noTpebIeHus ra3a OT NPUPOIHO-KIMMAaTHYECKHUX ITOKa3aTeseH.
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MeTtoauKka BblbOopa KOMMEHCUPYIOWMUX MEpPONpUATUM B
uccnepoBaHUAX YKMBYYECTH TON/INBHO-3HEPreTUYecKoro
KOMN/IEKCa CTPaHbI

Haramnbs BepeCHeBal, Anexcel Enenen

1,2

1 Hucmumym cucmem suepeemuxu um. JLA. Menenmvesa CO PAH, yn. Jlepmonmosa, 0. 130, 664033,
Upxymcx, Poccus

2 Uncmumym Oounamuxu cucmem u meopuu ynpasienus um. B.M. Mampocoea CO PAH, yn. Jlepmonmosa, 0.
134, 664033, Upxymcxk, Poccus

AHHOTauuA

B cratbe paccmoTpena oOierdeHHass METOIHMKA BBHIOOpa MHBAPUAHTHBIX MEPONPHSITHI 110
MOBBIICHUIO JKUBY4YeCTH (KommeHcupytomux wmeponpusatuii) TOK crpansl. Kiroueas
0COOCHHOCTh JAaHHOW METOAMKM — aBTOMAaTHYECKOE OIpeAeiIeHHEe HHBAPUAHTHBIX
MEpOTIPUATHH B PaMKaX OJHOYPOBHEBOW OHOKPUTEPUATHHON ONTHMH3AINHU. SApo MaHHOM
METOAUKU — MHOTONIEpHOIHAsA Mosienb (pyHkunonuposanus TOK ¢ HacTpauBaeMoii JIOTMKOM
KoMOuHMpoBaHus HemTaTHeIX cuTyauuit (HC) m xoMneHcupyronmx mepomnpustuil (KM).
OnTrMH3anys BbIOOpa MEPOIIPHATHH B Hell peain3oBaHa Oiaroaaps:

*  JIByXypOBHEBOMY BPEMEHHOMY MOJICITUPOBAHUIO AHOPMAaJIbHBIX YCIIOBUM
¢yukimonuposanust TOK 1o uHTepBanaM BpeMEHH, BKIIIOYAIOIIUM TEXHOJIOTHYECKU
B3alMOCBS3aHHbIE BPEMEHHbIE IEPUObL;

*  HacTpoWku Jyorukm (opmupoBanus HabopoB KM 3a cueT OWHApHOW aKTHBU3AIIUU
MEpONpUATHI B HAOOpax, 3a cUeT 3aJaHMsl JOTUKU COBMECTHOM peanu3alil MepONpHUsTUil
(mpaBmIa B3aMMOUCKIIOYCHUS — JIOTHYECKOE «WJIM» U B3aUMOIONONHEHHS - JIOTHYECKOE
«»);

* 33/aHMA B IeJIeBOM (DYHKIUM KPUTEPUs] MHHUMAJIbHBIX CyMMAapHBIX YIIEpPOOB IO BCEM
BpPEMEHHBIM HHTEPBaaM NPU MUHUMAIBHBIX H3/IepkKKax Ha BBeneHne KM.
WucTpymeHTanpHas peanu3amus METOIUKH OpPHCHTHPOBaHA Ha mabionHoe 3amanne KM o
cxeme «Tum meponpusatuit» - «Tun 00OBEKTOB, MOIBEPKEHHBIX JTaHHBIM MEPONPHITHIMY -
«Kpurepuit oréopa 00BEKTOB B HaOOpPBHI WHBAPHAHTHBIX MeponpusaTHit». I[Ipemmaraemas
METOAWKa TPUMEHHMa B  YCIOBHSAX  OTPaHMYCHHOTO  MHOXECTBAa  Hambonee
npencraButenbHelx  HC, B yCHOBHSIX JIOCTATOYHOCTH OJHOKPUTEPUAIBHON  OLIEHKU
MEpONpUATHH. Ampobarysi METOJUKH MpeAgaracTcsi Ha MpUMepe OLEHKH BIMSHUS
pexoHCTpyKIuu cetn EnnuHol cuctem razocHa0xkenns PO na koneunsix notpedureneit TOK
CTpaHBbI.

KnioueBble cnosa
)KI/IBy‘{eCTI) TOHHI/IBHO-aHepFCTI/I‘ICCKOFO KOMIIJICKCA, HCIITATHBIC CI/ITya]_II/II/I,
KOMITCHCHPYIOIINE MEPOTPHUATHS, MoJeNb pyHkunonnpoanus TOK.

1. BeBepgeHue

KitoueBbiM aktopom obecnieuenus crabunbHoro (pynkumonupoBanus TOK crpassl siBiseTcs
o0OecrieyeHue €ro XUBYYECTH, IOJ KOTOPOH TOHMUMAETCS CBOWCTBO BXOMAIIMX B HETO CHCTEM
SHEPreTHKHN IMPOTHUBOCTOSNTh BO3MYIIEHHUSIM (BHYTPEHHHM M BHEUIHHM), HE JOMYCKas HapyIICHUS
SHEpProcHabkeHuss Ha OOMIMPHOM TEPPUTOPHHM Ha IJIUTEIbHOE BpeMs, JIMOO CBOAS K MHHUMYMY
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KaracTpo(uvecKue TIOCIEeNCTBUS TakuX Hapymenuid [1]. BaxkHas cocTaBisromas >KUBYYECTH -
cnocoOHOCTh BocctaHoBieHUsT TOK cBoeidl NpoOM3BOAWUTENHFHOCTH A0 HMCXOJHOTO (10 MOMEHTa
Bo3HHKHOBeHHs HC) nnu npubiamKkeHHOM K HeMy o0beMe.

Ha mpakrtuke omenka xuBydectn TOK cBoaWTCS K OTCIEKHWBAaHWIO M CPAaBHEHUIO H3MEHEHUH
MEX/Iy €ro COCTOSIHISMH Ha MPOTSDKEHWH BPEMEHHU €r0 BEDKHMBaHUWSA. J[aHHAs OIIEHKA OTpenesieTcs B
paMKax  MOJENBHBIX  BBIYMCIHUTENBHBIX  OKCHEPHUMEHTOB C  pa3iIM4YHBIX TOYEK  3PEHUS
(byHKIIMOHATBHOW, TOIMOJIOTHYECKOH, SKOHOMHUYECKOH), TpeOyeT MHOTOKPHUTEpHUATHHOTO aHaIn3a
paccuuTaHHBIX CBOAHBIX MeTpuK [2]. Takoil BapuaHT HMCCIETOBaHUI YHUBEpCaJeH B MPEAMETHOM
(MoxkeT OBITH TOpUMEHHMM K Jr000# ontuMmmzanvoHHod wmojenu TOK) u  BeUHMCIMTENEHOM
(mpemycMaTpuBaeT BBICOKONIPOHM3BOAMTENbHBIE BBIYUCICHUS OOJBIIOTO KOJIWYECTBA CLIEHAPHEB)
otHomeHnu. Ho oH He 1menecoobpa3eH B cioydasx aKTyaIbHOCTH OBICTPHIX pemieHnit mo Beioopy KM.
Hnst 3TuX ciydaeB mpemiaraercsi obJerdeHHas METOAMKA ompesesieHHe HaOOpOB WHBApUAHTHBIX
HabopoB KM nys anopManbHbIx cuTyauuid QyHknuonupoBanus TOK ¢ cepbe3HBIME CHCTEMHBIMH
mocneAcTBUAMA.  JaHHas MeToaMKa IMO3BOJIIET Ha 0a3e ONTHMH3AIMOHHONW MHOTOIIEPHUOTHON
mozxenn TOK aBTomMatwdeckw moiydaTh HAOOPHI MHBAPHMAHTHBIX MEPONPHUATHHA, d(PPEKTHBHBIX IS
paccmotpenHbIx HC. OcHOBHBIE MOJIOXKEHHUS 3TOH METOJIUKH, PE3yJbTaThl €¢ anpoOaliy MPUBEICHBI
B CIIEAYIOIIMX pa3ienax MmyOInKaIiH.

2. MeToauKa OAHOKpUTEpPUAnbHOro Bblbopa Habopa MHBAPUAHTHbLIX
KOMMEHCUPYHOLUX

[Ipennaraemast oOnerdyeHHass MeETOAWKAa BbIOOpAa MEPONPUATHHA IO IOBBIICHUIO >KUBYYECTH
OTBEYAET CICAYIOLUINM KIFOUEBBIM MOMEHTAM:

1. OOGneryeHHplli XapakTep METOAWKU, €€ Oa3upoBaHME HA MHOTOINEPUOJHON MOJAEIN
¢dyaxmuonupoBanus TOK. OcobenHoctn Moaenu:

* [BYXYpOBHEBas BpEeMEHHas CXeMa  3aJaHusl  CLEHApHeB  HCCICAOBaHHSI -
paccMaTpUBaIOTCS W30JMPOBAaHHBIE BPEMEHHBIC WHTEPBAbI, BKIIOYAIONINE BPEMEHHBIC
cxembl pyHKIMoHUpoBaHus TIK;

*  ONTUMH3ALMA N0 KPUTEPUIO MAaKCUMYMY oOecrieueHHs MoTpeOHOCTEN TP MUHUMAJIbHBIX
3arparax Ha BBoJ KM 1o BceM BpeMEeHHBIM HHTEpPBAJIAM;

* mpuMeHeHue JUIst onleHkn KM Tpex THITOB mepeMeHHBIX:

* JUCKPETHBIX  HEPeMEHHBIX Ui  WACHTHU(UKAIMs  ONTUMH3aTOpOM  CTaryca
WHBapUaHTHOCTH MEPONPHSITHI 110 BCEM BPEMEHHBIM HHTEPBAJIaM;

*  HENpepbIBHBIX MEPEMEHHBIX JUIS OLEHKH JKCIUTYyaTallMOHHBIX 3aTpaTr MEpONpPUSTHH, WX
WHTEHCUBHOCTH 1O OT/AEIbHBIM BPEMEHHBIM HHTEPBAJIAM.

bnaronaps sromy Habop nnBapuantTHeIXx KM onpezensiercsi B paMKax OZHOTO BBIYHCIMTEIBHOTO
SKCIIEpUMEHTA 110 BceM Bo3MoxHBIM HC.

2. Bxitouenue B clieHapuu HUCClieoBaHuMN HaOopa HamOonee kputmunbix HC (kaxmas HC
MOJIJIUPYETCSl Ha OTAENbHOM BpeMeHHOM uHTepBaie). [lo KM — 3apanue n30BITOYHOIO MHOXKECTB
MeponpusITuil onpeneneHHoro tuna. Kaxngas KM moxxer ObITh 3agaHa rpadukoM ee BBOJA B
9KCIUTyaTalMIO0 110 BPEMEHHBIM JHMAaNa3oHaM JUIsl BCEX BPEMEHHBIX MHTEPBAIOB. TakuM 00Opa3oM o
BCEM BPEMEHHBIM MHTEpBaJlaM CO3JAeTCsl €AMHBIA M30BITOYHBIN HA0Op MEPONPHUITUI. 3a CYET 3TOrO
JOCTHraeTcst pakTop MHBAPHAHTHOCTU ONTHUMaIbHBIX KM.

3. Vuer TeppuUTOpPHANBHOTO aclieKTa B BEIOOpE WHBAPUAHTHBIX MEPOIIPHATHI 3a cH4eT I'MOKOCTH
3ajaHds  1eleBod (QyHKIMH Moaenw (BO3MOKHOCTH —ydeTra IUTpadoB 3a HEIOMOCTaBKY
SHEPTOPECYPCOB 0 PA3JINYHBIM TEPPUTOPUSIM. BO3MOKHOCTh paHXKUPOBAHHS MEPOIIPUATHI BHYTPH
Habopa KM nyteM aHanu3a yaeibHOUM 3G PekTUBHOCTH Meponpustuii. Kak cienctsue, BO3MOKHOCTh
aroCTePHOPHOTO aHaJIM3a MHOXKECTBA HAOOPOB MHBAPUAHTHBIX MEPONPHUSITHI TP yCIOBUH 3aJJaHHS
enuHoro muoxkectsa HC.

4. BO3MOXHOCTH  3aJaHHMs JIOTUKA  BBOJAa  MEPONPHATHM C  I[OMOINBIO  NPaBHI
B3aMMOUCKITIOYEHUSI MEPONpPUATHI (JIOTHYECKOE «HJIN», JIOTHYECKOE «I»), TO3BOJISIONIAs YYeCTh
0COOEHHOCTH peann3alui KOMIUIEKCHOH pealn3allii MEpONpHUITHH. MeponpusTusi, BKIIOUCHHBIE B
JaHHBIC [paBWia, ABTOMATHYECKH HCKIIOYAIOTCS IO BCEM BPEMEHHBIM HHTEpBaJaM IIyTeM
W3MeHeHus (uiara OMHApHOW MepeMEeHHON MEepPOIPUSITHH.
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KoHmenmust METOJIMKK OJTHOKPUTEPHATIHLHOTO BhIOOpa Habopa mHBapuaHTHRIX KM mpuBencHa Ha
puc. 1. DramHOCTH pernieHus 3amauu BeIOOpa KM B MeTonuKe MPaKTHYSCKH HE OTIMYACTCS OT
CTaHJIAPTHOM CXEMBl TIPOBEJACHUS BBIUUCIUTEIBHOTO 3KCICPUMEHTa, B paMKax OTACIHHOTO
WCCIIEIOBAHMUS BKITFOUACT CIEAYIONIYIO MOCIe0BATEILHOCTD JCHCTBHN:

1. TlosramHoe 3amanme mHOokectBa HC. Jlma kaxgoit HC aBTOMaTHUeCKH €O3[aeTCsl HOBBII

BPEMCHHON HHTEPBAJL.

2. Boibop tuma KM (HampumMep, HOBBIE YYacTKH MAarduCTPAIBHBIX Ta3pIpPOBOOB), KPHUTEPHUS
oTOopa OOBEKTOB (HampuMmep, AJTWHA BBOJUMOTO yYacTKa MAaruCTpajIbHOTO Ta30lpoBO/a) B
HA0OPBI HBAPUAHTHBIX MEPOTIPUATHIA.

3.  OntuMu3anys MOTOKOPACIPEICIICHUS] MHOTOIIEPHOIHOM MOJICIH UCCIICIOBAHNUS;

4. BsiBOI BEIOPAHHOTO ONITHMH3ATOPOM HaOOpa MHBapHaHTHEIX KM.

5.  ATOCTepHOpHBIN aHAIH3 MMOJTyYEHHBIX PE3YJIbTATOB.

Matemaruyeckas opMalin3aiys MHOTONIepHOAHON Moenu QyHKimonuposanus TOK npuseneHa

HIKE.
6 MeTtoauka BbIG0pa HA00POB HHBAPHAHTHBIX
pavomaem ¢ KOMIIEHCHPYIOIIHX MepOoNpUsITHI Gopmupyem

A 4 T
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BKIIIOHAIONT
PucyHok 1: KoHuenuma meToayKmM og4HOKPUTEPUANLHOTO BbIBOpa KOMNEHCUPYHOLLMX MEPONPUATUIA

Eciu cuenapuii kpymHoro BosmymieHus VEV pasour Ha T' meproaoB, TO 0oOIas MOCTaHOBKA
3agaun pyHkpoHupoBanuss TOK npu Bo3AEHCTBUM KPYITHOT'O BO3MYIIEHHS V B TIEPHOJA BPEMEHH
t=1,...,T' MOxeT ObITh ONKMCaHa B CIICAYIOIEM BHIE:

™

Z Z[(cx}’ + bs?) + p(R; — y¥) + hw] - min (2.1)
vev t=1

st +Ax +Uqf —yl —s{ =0, (2.2)

x{ < D¢, (2.3)

v < R; (2.4)

qr < wQy, (2.5)

sy <S¢, (2.6)

s§ = So, (2.7)

rae X{ — HCKOMBIA BEKTOp, 3JEMEHTHI KOTOPOrO XapaKTepU3yKT HHTCHCUBHOCTH HPHUMCHCHUSI
TEXHOJOTHYECKUX CI0CO000B  (yHKIMOHMpOBaHUS dieMeHToB CD  (mo0brum, mepepaboTkw,
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npeoOpa3oBaHuss W TPAHCIOPTA SHEPrOpecypCcoB); Yf — HCKOMBIA BEKTOp, 3JIEMEHTHI KOTOPOTO
XapaKTepU3yI0T 00bEMBI MOTPEOICHHS OTIACTBbHBIX BHIOB SHEPrOPECypCOB; g7 — MCKOMBIH BEKTOD,
OIHCHIBAIOIINI MHTCHCHBHOCTH TMPOBEICHHS MEPOINPHUSITHI IO MOBBIICHHUIO aJAlTHBHOCTH; S{ —
HCKOMBIN BEKTOpP, KOMIIOHEHTBI KOTOPOTO XapaKTePHU3yIT 00BEMBI 3amacoB TommBa; A — Marpuiia,
OINMCBHIBAIONIAS TEXHOJOTMU TPOU3BOJCTBA M TIEpellaud SHEPrOpecypcoB, 3HAUCHHS 3JEMEHTOB
KOTOpO 3aBUCAT OT BO3/ACHCTBUS BO3MyIueHHS V; DY — BEKTOp, OMpPEHCISIIONINA TEXHHYECKH
BO3MOXHbIE WHTEHCHUBHOCTU INPUMEHEHHS OTHEIbHBIX TEXHOJOTMYECKUX M IPOU3BOJACTBEHHBIX
croco0OB, 3HAYEHUs 3JIEMEHTOB KOTOPOTO 3aBUCAT OT BO3JCHCTBHUS BO3MYIICHHS V; Ry — BEKTOp,
JIEMEHTBl KOTOPOTO JOEMOHCTPHUPYIOT MOTPEOHOCTH B OTHENBHBIX BHUAAX 3Hepropecypcos; U —
MAaTpHIIA, OTPAXKAIOIAS JIOKAJIU3ALMIO IPOBEACHUS MEPOIIPUATHH 110 MOBBIIICHUIO alalTUBHOCTH; Q;
— BEKTOp, 3aJalolIfii Tpelnenbl WHTEHCHBHOCTH MPOBEIEHHS MEPONPUATHA TI0 TOBBILICHHIO
amanTUBHOCTH; S{ — BEKTOp, OMPEACISIOMINI EMKOCTh XPAHUIIHIL, 3HAYCHHS SJIEMEHTOB KOTOPOTO
3aBUCAT OT BO3JEHCTBUS BO3MYLICHHUS V; C — BEKTOP, AJIEMEHTHl KOTOPOI'O ONPEAEISIOT YyIeIbHbIE
3aTpaTthl MO KAKJIOMY TEXHOJIOTHYECKOMY CIoco0y (GyHKIMOHUpOBaHHs 3aeMeHToB C3J; b — BekTop
YIENBHBIX 3aTpaT Ha SKCIUTyaTallMi0 XPaHWIHWIL; P — BEKTOpP YIAENBHBIX YIIepOOB, BO3HUKAIOIINX
BCJIC/ICTBHE HEJIONOCTaBKH OT/CNBHBIX BHIOB SHEPropecypcoB mnotpedutensm; h — BekTop,
3aJarolUil yIenbHbIE 3aTpaThl Ha MHOATOTOBKY M IPOBEACHUE MEPOINPHUATHH IO IOBBHIILICHHUIO
alanITUBHOCTH.

Henesass ¢ynkums (2.1) sBusercst cBEPTKO TpEX KpuTepueB. [lepBblii KpUTEepHil OTpaxkaeT
W3JIEPKKH, CBs3aHHBIE ¢ (yHKIHoHUpoBaHueM TOK. Bropoit kpurtepmii orneHmBaer ymepOd OT
neguuuTa SHEPropecypcoB H3-3a BO3ACHUCTBHS BO3MYyIIEHUs V. 3aTpaTbl Ha IOATOTOBKY H
MPOBEICHNE MEPOTIPHUATHH MO MOBBIIICHHUIO AIaNITHBHOCTH XapaKTEPU3YIOTCSI TPETHUM KPUTEPHEM.

BosgeiicTBie Bo3MymieHHsT V peanusyercs snemeHtamu matpuibl AV u BekropoB DY, S B
ypaBueHusx (2.2), (2.3) u (2.6) coorBercTBeHHO. MX 9JEMEHTBHI XapakTePHU3YIOT CTENEHb
negopMany pazaMYHBIX KOMIOHEHTOB CO BCJleACTBHE BO3JCHCTBUS BO3MYIIECHHS B IIEPHOA
BpeMeHH t.

YpoBeHb HEOOXOAMMOIO CHaOXEHHs MOTpeOUTENel OTIENbHBIMH BHAAMH JHEPrOpPECYpCOB
3amaércs ypaBHeHWeM (2.4). TexHudeckwe OrpaHWYEHHS HA IPOBEJACHHE MEPONPUSITHH TI0
MOBBIIIEHHIO AIAITHBHOCTH omnpezensercs B (2.5).

OO6BEM 3ammacoB TOIUIMBA B XpaHMIUINAX B TIEPHO BPEMEHH { OrpaHudeH uX JIOCTYITHON EMKOCTBIO
cornacHo HepaBeHCTBY (2.6). YpaBuenue (2.7) mpenmonaraer, yTo B Hayajie Imara CICHApUs
Bo3MymIeHus V (B mepuoj BpemeHH {=0) Bce XpaHWIMIA MMEIOT HEKOTOPBIA HavajbHBIM 3amac
SHEPTOPECYPCOB, OMUCHIBAEMBII BEKTOPOM So.

3. Anpobauua meToauMKM BbIGOpPA KOMMNEHCUPYIOLWMUX MEeponpuATUA B
uccneposaHmAx xusydyectu TIK crtpaHbl

AnpoOanyst 3asBJICHHOW METOJWKH BBITIOJNHSETCS Ha MPUMEPE 3aJaud PEeKOHCTPYKIWU EnuHoi
cuctembl razocHabxenus (ECT') Poccun [3-4]. AnpoGupyercs MHOTOIEpUOAHAs ONTHUMU3ALHOHHAS
Mojenb Gyukimonuposanus TOK B mocranoske (2.1 - 2.7).

Orta Mozpenb MpEJCTaBIeHa TpeMsi TOIUIMBHBIMH  OTpaciisiMd  (YrONbHOH, Tra3oBOH,
HedTenepepadaTbIBaloIIeii), SIEKTPO- U TEIIOIHEPTeTHKOH. OOBEKTHI BCEX OTpaciel MpeacTaBIeHbI
Ha arperupoBaHHOM YpPOBHE C CyMMapHBIMH 3HAUCHHMSMH TEXHOJIOTMHUECKHX IIOKazaTeneil 1o
TeppuTopuu. ['a30Bast oTpacias B MOJENN IpecTaBiIeHa peaibHoi pacdeTHoU cxemoit ECIT Poccuu ¢
BKIIIOYEHHEM TaKUX OOBEKTOB, KaK MarucTpajibHble ra3onpoBobl (486 00BEKTOB), KOMIIPECCOPHBIE
craHuuu (24 oObekTa), MOA3EMHBIE XpaHWIMLI AaHHBIX (24 00BEKTa), MCTOUYHUKOB Taza (28
00bekToB). [loTpebuTenu TOIUIMBA B MOIEIN MIPEACTABICHBI 00BEKTAMH DJICKTPO- U TEIIIOIHPTETUKH,
MPOYMMH BHYTPEHHUMH TIOTPEOHOCTSMH, CTpaHaMH-3KcropTepamu. [loTpeOuTeny BTOPHUYHBIX
SHEPTOPECYpCcoB (RJIEKTPOIHEPIHMM W Tella) — CyMMapHbIMH HOTPEOHOCTSMH TEPPUTOPUH,
SKCIOPTEpPaMHU. DJIEMEHTAMH Yy4YeTa KHBYYECTH B MOJICNH SIBJISIOTCS 3amachl TOIUIMBA HAa Hadyallo
pacdeTHOro TMepuoja, AMBEpCU(HUKAIMS TOIUIMBA (3aMeHa Ta3a Ha TOMOYHBIA Ma3yT W 0OpaTHO) Ha
TEIUIOBBIX OJJIEKTPOCTAHIMAX W B KOTENbHBIX. BpeMEeHHOM acmekT HCCIe0BaHUH — CYTKH,
TEPPUTOPUAIBHBIN acleKT — CyOBbeKThl PO.
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B pamkax ampoOaruu il YCIOBHH STHBAPCKOM NMHMKOBOW HATrPy3KH MOJCIHPYETCS OTKIIOYCHHE
KPUTHYECKH-BKHBIX OOBEKTOB Ta30BOM OTPACIHU (DIEMEHTOB, Ubsi HEPaOOTOCHOCOOHOCTh CHOCOOHA
MPUBECTH K CEPbE3HBIM COOSM IIOCTABOK JHEPropecypcoB). YCTpaHEHHE IOCIEACTBHI 3THX
OTKIIIOUEHUH peanmmusyercs myTeM pekoHcTpykmmu cetn ECI. Ompenenstorcs HOBBIE yYacTKU
MarucTpalbHBIX Ta30MPOBOJIOB MEXAY y3JIaMH CeTH, NpeXae He CBsI3aHHbIE MexOy coOoil. B
KayecTBE KPHUTEPUEB OTOOpa BBOJMMBIX DJIEMEHTOB CETH HCIOJIb3YeTCS OTrpaHUYEHHE IO JUINHE
YY4acTKOB CETH. DJEMEHThl JIOTHYEeCKOW B3amMmoszaBucuMocTer KM moka He paccMaTpuBaroTCs.
PaccmaTpuBaroTcs OTKITIOYEHHS, MPHUBOMSIINE K CYIIECTBEHHBIM AeQHUIMTAM TeIla 10 CTpaHe B
LIEJIOM.

4. 3aKknwuyeHue

[IpemokeHa MeTOIHMKA ONHOKPHTEPHAIBHOIO BBIOOpa Habopa mHBapumaHTHRIX KM. Meromnka
CTPOHUTCA Ha ONTHMH3AIHNK MHOTONEPHONHON Monenmn ¢yHKIuoHupoBaHus TOK B pamkax omHOTO
BD. [lannas Mozemb MO3BOJISET 10 BpEMEHHBIM WHTEPBaJl MOJeTHpoBaTh KoMOnHanmu kaxaoit HC ¢
MIOJIHBIM HAa0OpPOM  THITOBBIX KM, 4ro of0ecrneunBaeT WHBapUAHTHOCTb MEPOIPUATHH.
OnTuManbHOCTh BHIOOpA MEpPONPHUATHI TapaHTUPYeTCcs KOHKYpeHIMeH mTpadoB 3a HETOMOCTaBKY
SHEPTrOPECYpPCOB C CYMMApHBIMH KalUTaJbHBIMH BIOXCEHUSMU Ha BBoJ KM 1o BceM BpeMEHHBIM
WHTEpBaJaM. MeToJuKa NMpUMEHHMA IJIsi UCCIIECAOBAaHUNA C OTHOCHTENBHO HEOOJBIIONW pacueTHOM
4acThi0, €¢ 0E€3YCIIOBHBIM MMPEUMYIIIECTBOM SIBIIIETCSI BO3MOXXHOCTH TIOJTYYEHHS YK€ TOTOBOTO Habopa
MHBAPUAHTHBIX MepoInpusaTuil B paMkax paccmarpuaeMblx HC. OCHOBHBIM HEAOCTATKOM METOJUKU
SIBIISIETCST HEBO3MOXKHOCTh 3aJlaHdsl KPUTEpHUS BBIOOpAa MEpONPHUSTHH, «3aIIUTOro» B IEJICBON
(hYHKITIH MOJIEIIH.

5. bnaropgapHoctu

HccnemoBanne BEITIONHEHO B paMKax MpoeKTa rocyaapcTBeHHoro 3afanus Ne FWEU-2021-0003
(per. Homep: AAAA-A21-121012090014-5).
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Pa3paboTka reHepatopa nnat$popMeHHO-3aBUCMMOU MOAeNu
ANA CUCTEeMbl NPOEKTUPOBAHMNA BUPTYa/IbHbIX MOMOLLHUKOB

Huxuta Jlomupo?

Y Upxymckuii nayuonansubiil ucciedosamensckuii mexnuueckutl yuusepcumem, yi. Jlepmonmoea 83, 2. Upkymck,
664033, Poccus

AHHOTauuA

B manHO# craTthe OymeT paccMOTpeHa pa3paboTka reHepatopa miaTGopMeHHO-3aBHCUMOM
MOJIEIM IJIsl CHCTEMBI TPOEKTUPOBAaHMS BUPTYaJIbHBIX IOMOIIHMKOB Ha 6ase JUST Al C
ucrnonb3oBanueM miathopmel JAICP ¢ momommsio MDA moaxona.

Kniouesble cnoBa
MDA, BUpTyaIbHBIN TIOMONIHHK, YaT-00T, JAICP, NCKyCCTBEHHBIN HHTEIICKT

1. BeBepgeHue

HcKyccTBEHHBIN MHTEIIEKT YK€ JABHO CTaJl HEOThEMJIEMOM YaCThIO HAllIEH ITOBCEHEBHOU XKU3HU.
OpauM w3 Hambosee MOIMyISApHBIX npuMeHeHu WU sBnSiOTCS BHPTyanbHBIE MOMOIIHUKH — 3TO
CEpBUC, CIIOCOOHBIM B3aMMOJAEHCTBOBATh C JIOJBMH Ha OCHOBE YK€ HMMEIOLIEroCs CLEHApHs,
BBHITIOJIHATh Pa3MYHbIC 33Jauyd W MPeJOCTaBIsATh HeoOXxomumyro uHpopmanuioo. B GompmmHCTBE
COBPEMEHHBIX YCTPOHCTBAX YXK€e €CTh T'0JIOCOBON OMOIITHUK, CIIOCOOHBIN PEAOCTABUTH HH(OPMALIHIO
0 NIOT0/Ie, BBI3BAThH TAKCH, 3aKa3aTh €1y.

AnroputM paboThl BHUpTyanbpHOro momornauka [1], [2] BximtodaeT B cebs CleayrolMe STarlbl:
MIPUHSTHE U PACIIO3HABAHUE FOJIOCOBOTO BBOJIA; MPEOOPA30BaHUE €0 B TEKCTOBBIN (popMat; 00padoTka
YK€ HMEIOLIErocss TEeKCTa Ha €CTECTBEHHOM SI3bIKE; OINpelesIeHHe HaMEpPEeHHWH II0JIb30BaTells;
BEISIBIICHHE 33]1a4H, €€ TapaMeTPOB U Olpe/iesieHHE JalbHEUIINX Iar0B PEIICHMs; BRITIOJHEHHE STAaloB
pelieHns BBISIBICHHOM 3a7jau; CO3JaHWe OTBETAa B BHJIE JWAJIOTAa M MpPEICTaBICHUE pe3yibTaTa
M0JIb30BATEIIIO.

Jist peann3anuy BhIlIe YKa3aHHOTO aJirOPUTMa COBPEMEHHbIE BUPTYaJIbHbIE IIOMOIIHUKH JOJKHBI
00J1aJaTh Onpe/ieIeHHBIM HA0OPOM HEOOXOAMMBIX HABBIKOB: PacIIO3HABATh U TOHUMATh €CTECTBECHHBIN
361K (NLP), obecrieunBaroniye pacro3HaBaHue U TeHEPAIMIO peud (ToJloca U TEKCTa); MOIePKUBATh
MHOT'OKaHAJIbHYI0 HHTErPalfio; COXPAHATh M HCIIOJIb30BAaTh KOHTEKCT AWANIOra C IOJIb30BaTEIeM;
JIAJIOTOBBIE DJIEMEHTBI YIIPABJICHUSI, OTHOCSIINECS K CUCTEME YIPaBIICHHS AUATOTaMHt; UMETh JOCTYII
k B/l n Opath oTTy/na HEOOXOAUMYIO MH(OPMAIIMIO JUTS MOJIL30BATENS; KOMIOHEHTHI JUIS PEIICHUS
3a7a4 ¥ MPUHATHA PELICHUI.

AKTyaJbHOCTh MPOBEIEHHUS HAYYHBIX MCCICAOBAHMK B JAaHHOM HAIPABICHUHU IOATBEPKAACTCS
pacTylmuM CIPOCOM Ha HCIOJB30BaHHE BHPTyalbHBIX mMoMomrHukoB (Coep “Camror”, “Amazon
Alexa”, Microsoft “Cortana”), a Taxxe yBeIHMYCHUEM pa3HOOOpa3usi NPOrPaMMHBIX CPEICTB JUIS UX
pa3pabotku. llpumeHeHne BUPTYyaJbHBIX OMOIIHMKOB IIMPOKO PACIPOCTPAHEHO B KOMIAHUAX H
MNPENNPUITUSX JUIsI aBTOMATH3AIMK KIHEHTCKOTO OOCITY)KUBaHHS, U HE TOJBKO, KOTOPHIE B CBOIO
ouepe/ib HaNpaBJICHHBI HA ONTUMHU3AIIHIO IPOU3BOJACTBEHHOM JESITETBHOCTH TTOJIE30BATEINS.

Hannas paboTa BHOCHT BKJIaJ B HampaBleHHs aBTOMaTu3aluu pa3paboTku BA B maHHOH cTaThe
ucnonb3yercs MDA moaxoa. Model Driven Architecture (MDA) — mo1e1bHO-OpUEHTHPOBAHHBIN

6™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia
EMAIL: nikitadopiro@gmail.com
ORCID:0009-0007-2621-9069
© 2024 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
ICCS-DE 2024 Workshop Proceedings
DOI: 10.47350/ICCS-DE.2024.12
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MOAXOJ K pa3paboTKe MporpaMMHOro obecnedenus. IIpuHIMI paboOTHI 3TOr0 MOAXOAA COCTOHT B
co3laHue abCTpaKTHON METaMOJEeIH yNpaBleHHUs U oOMeHa MeTaJaHHbIMH, TO €CTh MojaensiMu. M B
HOCJIEAYIOIEM  33laHMU  CIIOCOOOB €€ MpeoOpa3oBaHHMs B IMOJJAEPKUBAaEMble TEXHOJOTMU
nporpaMMupoBaHus, Takue kak C++, Java u apyrue. Ha mpumepe [3], 6bu1u chopMyiupoBaHbl MOgETH
MDA u ux tpanchopmarmu (puc. 1).

Mogenb 1
(BbluncnmTenbHo-He3aBMcMMas)
Mogaenb npobiemHoi obnactu

I'IpoﬁneMHo - OPUEHTUPOBaAHHAA moaenb Ananora

A 4

Mogpgenb 2

O6uwan mogens ananora

(Mnatdpopmo-HesaBUCHMasn)
Mogenu npuHATUA peLleHnit Ha OCHOBE NpaBu 06was moaesb Pa3roBOpHOro nHTepdeica
(RVML) 1 noTtoka pabot (dpeimoBasn, KOHeYHbI aBTOMAT)

Mogenb 3
(Mnatdopmo-3aBucumas)

Mogaenu cneumnduraumii JAICP,
Yandex guanoru, Dilogflow u gp., B T.4. KaHaN0B [OCTaBKU

NcxoaHbin Koa u/vuam cneuyduKkaums

|¢

Google Assistant,
CneuunduKkaumm ans nnatpopm
Telegram

PucyHok 1: KoHuenuma cpeactsa: mogenm MDA n ux TpaHcdopmaumm

2. NnarpopmeHHo-3aBUCUMan mogenb JAICP

B kauectBe mardopmsl pazpadotku BA Beiopana JAICP.Just Al Conversational Platform (JAICP
Ultimate) — 3T0 KOMILIEKCHOE MPOrpaMMHOE peLIeHHe ISl pa3pabOTKH, BHEIPEHUSI, IKCILTyaTalluy 1
MOJJICP)KKA MHTEIUIEKTYaJIbHBIX 4YaT-00TOB M TOJIOCOBBIX ITOMOLIHMKOB. [lnmardopma wucmonbyer
NEPECAOBLIC aJITOPUTMEBI aHaJIM3a €CTCCTBCHHOI'O A3bIKa U 3(1)(1)CKTI/IBHO COYECTACT MMOoAXO0Abl HA OCHOBE
MPaBWJI ¥ MAIIMHHOTO O0YYEeHHSI.

CornacHo wucnons3dyemoii MDA wmerononorun Obiia paszpaboTaHa miaaT(OpMEHHO-3aBUCHMBIC
moaenu JAICP Ha si3bike Java.[lanee OyayT pacCMOTPEHBI OCHOBHBIC KJIACCHI M UX B3aUMOCBSI3H.

Huarpamma kiaccoB (puc. 2) ommceiBaeT padoty mmiardpopmsl JAICP, a Takke HarsigHO
MOKAa3bIBaeT €r0 COCTABIISIONINE KOMIIOHEHTHI. TakuMm 00pa3oM co3nanHblii BA Ha qanHO# mmatdopme
mojyiep;kuBaeT MHorokaHansHOCTH (Phone channels, Customer engagement platforms, Inbound
channels), 06paboTky ecTecTBeHHOTO s13B1Ka, Oaromaps scrpoearnomy NLU API (Caila, Dialogflow),
4ro obecneynBaeT 00pabOTKYy CyIIHOCTEH, Ha Oa3e ruaTrGopMbl UMeEeTCs [1Ba BUIA CYLIHOCTEM-
none3oBarensekue cymmoctr (User entity) m cuctemubie cymHoctr (System entity), a Taxke
MOJIEPKUBAET Pa0OTy C MEPEX01aMu MEX/y COCTOSTHUSIMU, 110 MIPHHIUITY KOHEYHOT'O aBTOMATA.

Cocrosinue (puc. 3) MOXET XpaHUTh KOHTEKCT, CTPYKTYPY, KOTOpasi IMpPEACTABISICT TEKYIIUH
KOHTEKCT 00paboTku 3anpoca. JAICP takxe mo3BossieT COXpaHsATh MPOU3BOIbHBIE TAHHBIC O TEKYIICH
ceccuu. [locne BBITIOTHEHUS peakiyii 00Ta COAEPIKUMOE CECCHU COXPaHSETCs] BO BHYTpEeHHew 0Oaze
JAHHBIX W XPaHUTCS MEXIY 3alpocaMH TOoJb30oBareis. [Ipu 3aBeplieHHHM CEeCCHHM 3TH JIaHHbIC
ounmiaroTcs. [lepexoa Mexay COCTOSIHUSIMU OCYLIECTBIISIETCS Oiaroapsi TeraM aKTHBAIMHU (H-p TETH
g wmm q!, intent unm intent!) u peakuuit (u-p Term go mnm go!).JAICP mo3Bosster THOKO HACTPOUTH
BBITIOJTHEHHSI TETOB aKTHBAIlMM, Pa3METUTh 00jacTh AekicTBus (H-p mapamerp onlyThisState),mmm
yKa3aTh ONpeJeNEHHBIN TepeXo/1 B ONpeaeEéHHoe cocTosiHue (H-p mapameTp ToState). Taxxe B JAICP

92



nMeeTcs THOKas HacTpoiika oOpaboTkm HamepeHwid, Omaromapst BctpoenHomy NLU API, npwm

akTUBaLMM Teros intent wiu intent!

Channels

Action |

‘-" \\ HttpResponse

HitpRequest
URL: Swing
me: ng

okState- String
emorStan: Swing

User entity ‘ | ‘System entity |

PucyHoK 2: [lnarpamma Knaccos OCHOBHbIX 3nemeHToB JAICP

| Context Session

A\

| |
State 1.1

noContext: boolean State chart
modal: boolean - =
sessionResult: String name: >inng

sessionResultColor: String
Transition: Transition[0...*]

T

Transition
toStare: String
fromState: String

toState: String
onlyThisState: boolean

" ) s \\
Inbound Activation intent

name: String
falback: boolean

PMCVHOK 3: Amarpamma K/1acCcoB, ONMUcbiBakoLWaAa B3aMMOCBA3b NepexogoB U COCTOAHUM

Huarpamma kiaccoB (puc. 4) onmchiBaeT TO, KaKk 00pabaTHIBAIOTCS HAMEPEHMS U CYIIHOCTH C
3aIlOJTHEHUEM CJIOTOB (CIOT-QWILIMHT), ¥ WX KOMIOHEHThl. O0paboTKa MPOMCXOAMT CIEMyIoIeM
oOpasoM: (pasza, koTopas ObLIa paclo3HaHHAs M3 OOIIEro KOHTEKCTa, OJjaroaapsi 3amoJHEHHBIM
naTTepHaM H/MJIM TPEHUPOBOYHBIM (hpa3am, IpeAcTaBIsieT cOO0M aKTUBALMIO IS TIepexoa B Ipyroe
COCTOSIHME, TaKXKe B 3TOM K€ KOHTEKCTe, e Oblila pacro3HaHa ¢paza, 00padaThIBatOTCsl CYLIHOCTH,
IIpru pacrio3HaBaHUMW KOTOPLIX 3aIlOJIHAKOTCA OHpe}IeJIéHHBIC CIIOTBI. 3amOIHEHHBIE CJIOTHI UMEIOT
CIIEAYIONINE TIapaMeTpPhl: Ha3BaHUE — WMSI CIIOTa; CYITHOCTh — CHUCTEMHasl, MO0 T0b30BaTeIbCKast
CYIIHOCTb, 33JIal0NIasi TUI JAaHHBIX, KOTOPbIE NONAIYyT B CJIOT; required — mapameTp akTUBEH, €CIIU
CIIOT 00s13aTeNeH ISl 3aIOTHEHUS], YTOOBI 00padOTaTh MHTEHT; MaCCHB — €CJIH NTapaMeTp aKTHBEH, TO
B CJOT TIOMEUIAIOTCS BCE CYNIHOCTH JaHHOTO THMA, OpOpMIICHHBIE Kak MaccuB; questions —
YKa3bIBAIOTCS BOIPOCHI, KOTOPHIE 33/1aI0TCS B IPOLIECCE YTOUHEHHUS HE3aIIOJHEHHBIX CIOTOB.
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PUCYHOK 4.Knaccbl gna xpaHeHUAa MHGOPMALMN O HAMEPEHUAX U CYLLLHOCTEN C 3ano/IHEHNEM
CNOTOB, U X KOMIIOHECHTOB

3. UnntocTpaTUBHbIN Nnpumep

B xauectBe mpumepa ObLT pa3paboTaH 4yaT-00T /I IIOUCKA U PEMOHTA HEUCITPABHOCTEH CTUPATBLHON
MamuHbl. s hopMHpOBaHUS MHOMKECTBa BO3MOXKHBIX HEHUCTIPABHOCTEH M COOTBETCTBYIOIIETO
MHOXECTBA PEKOMEHJAIMN MO WX YCTPAaHEHHIO OBUIO HCIIOJIb30BAHO PYKOBOJICTBO 1O PEMOHTY
HEHCIIPABHOCTEH CTHPATbHBIX MamuH “Samsung” [4]. PaspaboraHublii 4aT-00T (YHKIIHOHHPYET
MyTeM aHaju3a ONUCAaHMs OOHApY)KEHHON HEMCIPAaBHOCTH B CTHPAJIBHOW MAaIIMHE CO CTOPOHBI
MOJIb30BaTelsl. B 3aBUCHMOCTH OT XapakTepa W ONMHCAHMs BBISIBICHHON MPOOIeMbl, 00T MEPeXOuT B
pasnu4Hble cOCTOsIHUA fuanora. C yueToM MocIeayOINX OTBETOB M0JIb30BATENsL, YaT-00T NPUHUMAET
pelIeHs OTHOCUTEILHO METOJI0OB YCTPAHEHHUS YKa3aHHON HEUCIIPaBHOCTH.

Yar-00T BKITIOYAET CIEAYIONINE COCTOSHUS: CTapT, HAYaJbHOE COCTOSTHHE 00Ta; MEHIO; CTHpaJIbHAS
MalllnHKa He QYHKIHOHHUPYET; B pe3epByap He MOCTyIaeT Boja; He 3allporpaMMHUpPOBaHHAs OCTAHOBKa
BO BpeMs CTHpKH, He paboraeT Taiimep; OapabaH He KpYyTHTCS; OTKIItOYeHHs O0oTa; oOpaboTka
HCKJIIOUEHHH; U CIEAYIOIINE CYIIHOCTH . CTUpaJIbHAs MalllHa; pe3epByap; Oapalan; Taiimep.

CyImHocT! 1 HaMmepeHus ObLUTH OMKMCaHbl B TEPMUHAX OOIIeH MOJET Pa3roBOpHOTO MHTEpdetica
[1]. CoctosiHus W TepexoAbl MEXIy HHMH ONWCaHbl B pa3pabaTbiBacMOW B HACTOSIIHE BpEMs
MpoOJIeMHO-OPUEHTUPOBAHHOW MOJENM JUajora JUisi JAWAarHOCTUKA HEHCIPABHOCTH OBITOBBIX
npuboOpoOB.

3amaueii reHepaTopa sBiseTCs GopMUpOBaHHE CHeNU(pHUKAIMN S3bIKOBOrO MHTepdeiica u Koaa
yrpaBieHus quanoroM Ha sizeike crieHapus JAICP DSL Ha ocHOBe pa3pabOTaHHOI U peACTaBIeHHON
BhIIIE M1aThopMeHHO-3aBUcHMO Mojeneit JAICP:

Onucanue anroputMa paboThl FeHepaTopa:

1. 3amonmusroTcs OOBEKTHI NpEACTaBIEHHOH HHPOpPMAaUMOHHOM Mozenu (MHTepdeiica

reHeparopa) ((pparMeHT npezcTaBieH Ha puc. 5).

2. OcymiecTBisieTcsl TeHEpalys Koja YIpaBieHus auajioroM B gopme s3bika cruenapus JAICP

DSL Ha ocHOBe HH(pOpManuK U3 00BEKTOB ((parMeHT NpeICTaBICH Ha pHC. 5).
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Incorrect setting of the washing mac|
(Het/net) * i

MamMHKy .

Incorrect setting
(Het/ner) *

omeHIaLM 417 MCNPABACHUR HEUCTPaBHO
WTeCh B GBTOPHSMPOBaHHi CEPBMCHS UCHTP AR AHAFHOCTUKM PABOTH W PEMOHTA TEXHMKH.

PUCYHOK 5: ®parmeHT BXOAHbIX M BbIXOAHbIX AaHHbIX paboTbl reHepaTopa

4. 3aKknwouyeHue

B npezncraBneHHON cratbe OB MPOBEAEH aHAINM3 M pa3paboTKa reHepaTopa miIaTGopMeHHO-
3aBUCUMOM MOJIENI Ui CUCTEMbI MPOEKTUPOBAHUS BHPTYAIBHBIX MOMOIIHUKOB, OCHOBAaHHBIX Ha
texuomoruu JUST Al ¢ ncrionb3osaruem mnatdopmsl JAICP mocpencteom Model-Driven Architecture
(MDA) nonxona. OCHOBHOM IENTBIO UCCIIEOBAHUS SIBISUIOCH co3AaHue 3(h(HEeKTHBHOrO HHCTPYMEHTA
JUIsl aBTOMATU3ALMK POoLecca CO3JaHHs BUPTYaIbHBIX TIOMOIIHUKOB Ha JAaHHOM IIaThopme.

beum pacemotpensr mogenmn MDA u ux TpaHchopMaiy, 4TO MO3BOJWIO BBIIBUTH OCHOBHBIC
MpPEenMyLIECTBa JAHHOTO MOJX0/1a MPH pa3paboTKe MpOrpaMMHOTo 00ecreueHHUsI.

Ocoboe BHHUMaHME ObUIO yAENeHO OOBEKTHBIM IIaT(OPMEHHO-3aBUCHUMBIM  MOZCIISM,
ucnonb3yemMbIM B pamkax miatgopmer JAICP. ITogpoOHO OblTa onricaHa CTPYKTYpa dTHX MOJIENEH, UX
B3aMMOCBSI3U M (DYHKIIMOHAJIBHBIE BO3MOXKHOCTH, YTO CITOCOOCTBOBANIO 00Jiee TIOJHOMY IMOHUMAaHHIO
MPUHIUIIOB paboThl JAHHOW CHCTEMBI.

B 3akmroueHme cratbu ObUT TIPENCTAaBICH WUIIOCTPATHBHBIA TpUMep paboThl TIeHeparopa
1aTGOPMEHHO-3aBUCHMOM MOJIETIH, C MPaKTUYECKUM NpPUMEHEHUEM pa3pabOTaHHBIX KOHIETIIHH.
JanHplli TpuMep NpoaeMOHCTpHpOoBal 3()(EKTUBHOCTh U (YHKIHOHATBHOCTH TEHEpaTopa IIo
CO3JIaHHIO BUPTYaJbHBIX MOMOIIHMKOB Ha ocHOBe JUST Al ¢ nucnons3oBanuem miardopmsr JAICP.
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Cuctema BM3yanbHOro moaenumposaHuMa 3HaHuMK Knowledge
Modeling System

Huxura Jlopomusix * u Anexcanip FOpun *

Y Uncmumym Ounamuxu cucmem u meopuu ynpasienus umenu B.M. Mampocosa CO PAH,
ya. Jlepmonmosa, 134, Upxymck, 664033, Poccus

AHHOTauuA

B pabore ommchiBaeTcs BeO-OpHEHTHPOBAHHAsA IporpamMMHas cucrema — Knowledge
Modeling  System  (KMS), oOecneunBaroomias  BO3MOXHOCTb  BH3yaJbHOI'O
MOJCJINPOBaHMSA 3HaHUW B (opMe naepeBbeB COOBITHH M AMarpaMM IEPEXOAOB
COCTOSIHHIA, a TakKe TeHepallii Ha X OCHOBE KOMOB 0a3 3HaHuWi. llomydeHHble Takum
crnoco0oM 0a3bpl 3HAaHWUH MOTYT OBITh HCHOJB30BAaHBl B KA4eCTBE IPOTOTHUIIOB.
[IpuBeneno neranpbHOE ONHMCaHUE Pa3zpaOOTAHHOW CHCTEMBI, BKJIIOYAs: METOJ CO3AaHUs
0a3 3HaHWH Ha OCHOBE MpPeoOpa3OBaHMs KOHLENTYAlIbHBIX MOZEJCH; OCHOBHBIC
¢byHKUMYU; apxuTekTypy. llpeacraBiieH WIUTIOCTPAaTUBHBIA TPUMEp HCIOIb30BaAHUS
cucteMbl KMS B kOHTEKCTE co3naHusi ()parMeHTa 0a3bl 3HAHWN JUIsl PEHICHUS 3a]ad
OUAarHOCTUPOBAaHWS M TMPOTHO3UPOBAHMSA TEXHUYECKOTO COCTOSIHUA OOBEKTOB B
He(TEXUMUH.

Kniouesble cnosa

BmsyanpHOoe MomenupoBaHue, 3HaHUS, 0a3a 3HAHWN, TeHepanus Kofa, IPaBHIa,
OHTOJIOTHS, JIEPEBO COOBITHH, IuarpamMma IEpPeXOJ0B COCTOSIHUH, TpaHChopMariusl
Mozelei

1. BeBepgeHue

[MpukagHble HHTEIUIEKTYa IbHBIE CHCTEMBI OAIEPIKKU TIPHHATHS PELICHUH TPE/ICTABISIOT cOO0H
CJIO’KHBIE TIPOTPaMMHBIE KOMIUIEKCHI, CO3/IaBaeMbIe C LIEIBIO0 MOBBIIICHHS d3PPEKTUBHOCTH PEIICHHS
cnabodopMann30BaHHbIX 3a1a4. B apxutekType moo0HbIX CHCTEM BhIACISIOT 6a3bl 3HaHui (B3) [1],
cojepxkamme WHGOpPMAIMIO O 3aKOHOMEPHOCTSX IPEAMETHOW 00]acTH, a TaKKe peIaTey,
peanu3yonfe aIrOpUTMBl JIOTHYECKOTO BbIBOAA. st TIpeiCTaBlieHHs 3HAHWHA HCHONB3YIOTCS
pasnu4Hble GOpMaNM3MBI U S3BIKH, TPU 3TOM (OPMANM3MbI, OCHOBAaHHBIE HA CEMaHTHYCCKHX
TEXHOJIOTHSIX (Takue Kak oHTosoruit [2] u rpader 3Hanuii [3]) u nornueckux npasuiaax (MPOIYKIHSIX)
[4] coxpausioT cBOIO TOMyAsApHOCTE. OgHako, pa3paboTka KakK OHTOJNIOTHYECKHX, TaK ™
npoaAyKIHOHHBIX B3 mpojomkaer octaBaThCsl OJTHUM M3 CaMbIX CJIOXKHBIX U TPYJIOEMKHX 3TaIloB MPH
CO3ZIaHUM HMHTEJUICKTYaJIbHBIX CHCTEM, KOTOPBIH TpeOyeT 3HAaUMTEIbHBIX PECypCOB M IPHUBICYECHHS
CHELUAINCTOB Pa3IMIHON KBaTH(PHUKALINH.

Jus  pemieHwss JaHHOW mPOOJIEeMbl B TMOCIEIHHE TOJAbI AaKTUBHO pa3BUBAIOTCS METOJBI
aBTOMATHYECKOT0 M3BJICUCHMS 3HAHMH M3 Pa3IMYHbIX MH(POPMAIMOHHBIX UCTOYHHUKOB (0a3 JaHHBIX,
BeO-pecypcoB, JIEKTPOHHBIX JOKYMEHTOB M Tabnui) [5]. BoipmmMHCTBO mpeaiaraeMpIX pelieHud B
obOiactu paspaborku b3 TpeOyroT oT mojb30BaTeacd BIaAeHWs HE TONBKO HH(pOpManuei
MpeaMeTHON 00JIaCTH, HO 3HAHWHU M HABBIKOB B 00JIacTH TporpamMmupoBanus. [Ipu 3ToM akTyaibHO
Oosiee MOJHOE BOBJECYCHHE B JAHHBIM MPOLECC JKCIEPTOB NPEAMETHOM O0JacTH W CHUCTEMHBIX

6™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia
EMAIL: nikidorny@icc.ru (A. 1); iskander@icc.ru (A. 2)
ORCID: 0000-0001-7794-4462 (A. 1); 0000-0001-9089-5730 (A. 2)
© 2024 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
ICCS-DE 2024 Workshop Proceedings
DOL: 10.47350/ICCS-DE.2024.13
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AQHAJIMTUKOB 32 CUYET peal3allid METOAOB aBTOMAaTH3WPOBAHHOTO TPEOOpa3oBaHUS NAaHHBIX M3
Pa3NUYHBIX KCTOYHUKOB HH()OPMAIIMU ¥ BU3YaJIbHOTO IPOrPaMMUPOBAHHS.

Jiist moaepKKH BU3YaJIbHOTO TPOTPaMMHUPOBAHMSI U MOJCITUPOBAHUS MPEIAraloTcsl pa3inyHbIe
PEAAaKTOPBl TOCTPOCHHUS KOTHWUTHUBHBIX WM KOHIIENITYyalbHBIX (MH(GOPMAIMOHHBIX) MOIEJEH, B
gactHocTH, KoHrent-kapt (IHMC CMapTools, Miro, MindMaster), mepeBseB COOBITHI M OTKA30B
(IO «epeBo HeucnpaBHocteit», Edraw, EFTed), mamarpamm mnepexonoB cocrosiaumit (StarUML,
Enterprise Architect, Draw.io), mumarpamm peidseit xoctu (XMind, Fishbone Diagram Maker —
SmartDraw, Creately) u ap. OpmHako OONBIIMHCTBO W3 HHX HE IpeJHA3HAYEHBI JUIS
LeJIeHanpaBleHHON pa3paboTku b3 1 He TpenocTaBIsAOT KaKOW-TMO00 BO3MOXHOCTHU JIJIsl TeHEpaLH
KOJIOB Ha OMNpEAETICHHOM s3bIKe mpeacTaBieHus 3Hanui (AI13) wnm wHTErpanMu MOCTPOESHHBIX
Bm3yanbHBIX Mojenedt b3  ompenemenHoi mmatdopmsel.  JlaHHAsS OCOOEHHOCTH  3aTpyIHSET
MPaKTUYECKOE HMCIOIb30BaHHE PE3yJIbTATOB MOJACIMPOBAHMS MHAYE KaK B KAUECTBE «CTATHUYECKUX)
rpaduuecKux apTe(aKkToB U CXEM.

Jannass paboTa TMOCBAIEHA ONMHCAHWIO BEO-OPHEHTHPOBAHHOW IMPOTPAMMHOM  CHCTEMBI
BU3yanbHOrO MonenupoBanusi 3Hanuit — Knowledge Modeling Language (KMS) [6],
o0ecrneunBaronieii BO3MOXXHOCTh IPahMuecKoro ONMUCcaHus MPUIUHHO-CIICACTBECHHBIX 3aBUCUMOCTEH B
(dopMe IepeBbeB COOBITUI U AMarpaMM IEPEXOJOB COCTOSHHUN M WX OTOOpa)keHHs B Koibl b3 Ha
onpenenenaom SI13. Tlpu stom B kadectBe meneBsix SI13 wmcnonesyrorcss CLIPS (C Language
Integrated Production System) u OWL (Web Ontology Language), a taxxe ¢opMar 31eKTPOHHBIX
tabmunr CSV  (Comma-Separated Values). Paspaborannast cucremMa Oblla HCIOJIB30BaHA IS
co3maHus TPOTOTHNOB b3 B o0macTy TeXHOreHHOW O€30MacHOCTH TPU peHIeHHH 3a1ad
JIMArHOCTHPOBAHUS U TIPOTHO3UPOBAHUS TEXHUIECKOTO COCTOSHHS OOBEKTOB U cUCTEM [7].

2. MporpammHasn cuctema

Knowledge Modeling System (KMS) [6] — 3T0 BeG-opueHTHpOBaHHAsI MpOrpaMMHasi CHCTEMa,
MpenHa3HAaYeHHAs [UII MOJICIMPOBAaHUS 3HAHWN HEKOTOpPOH TpeaMeTHoll oOmactu B (opme
KOHIICNITYaJIbHBIX MOJICNICH M CO3/IaHMUsI HA MX OCHOBE MPOTOTHIOB B3.

KMS peamusyer mnpunmmnel TexHonoruu PESOT (Prototyping Expert System based On
Transformations) [8], koTopasi paccMaTpHBaeT MpoOIECcC CO3AaHMsI HHTEIUICKTYallbHBIX CHCTeM U B3 B
KOHTEKCTE TOCIIeI0BATEILHOTO IIPe00pa30BaHs MOJIENIel pa3HOro ypoBHs abctpakmuu [9].

2.1. Peanusyembit meTop, pa3paboTku 6a3 3HaHUM

Meton pa3pabotku b3 Ha ocHOBe TpaHChOpMaIK KOHIENTYaIbHBIX MOJICIICH, PeaIi30BaHHbIN B
KMS, oOpasyer nocienoBaTeIbHOCTh U3 MECTH OCHOBHBIX 3TAIIOB!

Otan 1 — TOCBAIIEH NOCTPOCHUIO KOHIENTYAIBHBIX MOJENEH, ONMCHIBAIOUIMX HEKOTOPYIO
npeaMetHyto oonacte. Ha qannom stane KMS obecrieurnBaeT moaaep KKy OCTPOSHHUS

1) epeBbeB cobObiTuii (event trees) [10], mpeacTapisironux B BHIC HEPAPXUUCSCKUX IPEBOBHIHBIX
CTPYKTYp CLEHAapHM pa3BUTHs cOOBITUH. JlepeBbsi COOBITHII OOBIYHO HCIONB3YIOTCS Ul aHANW3a U
OLIEHKM PHCKOB B Pa3JIMYHBIX OOJACTSAX, TAKUX KaKk MPHUPOAHAs W TEXHOTeHHas Oe30MacHOCTb,
yIpaBJIeHUE MTPOSKTaAMU H JIp.

2) [marpamMMm miepexoJoB cocTOSHUK (state transition diagrams) [11], Bu3yanM3upyrommx
MOCJIEI0BAaTEILHOCTh COCTOSIHUM M NEPEX0J0B MEXIy HUMH B BHJE OPUEHTHPOBAHHOTO rpada, rae
Y37BI — 3TO COCTOSIHHSA CHUCTEMBI, a JyTu (Tlepexoapl) — 3TO COOBITHS WM NEHCTBHUS, KOTOpHIE
MPUBOJAT K U3MEHEHHUIO COCTOSHUS cucTeMbl. [Ipu 3TOM MOTyT OBITH yKa3aHbl KOHKPETHBIE YCIOBUS,
BBITOJIHSIEMBIE TIPU KaXKJIOM Tepexoze. B oTnnune ot nepeBbeB COOBITHI TaHHBIE IUArpaMMBbl MOTYT
coJiepKaTh IUKJIBI W MEeThnu. JuarpaMMmbl IMEpexojoB COCTOSIHAH aKTUBHO HCHOJNB3YIOTCS B
MPOEKTHPOBAHUH W aHAJIN3E CIOXKHBIX TEXHUYECKUX U COIHATBHBIX CHCTEM.

Jrtan 2 — npeacTaBlieHUe (CepHatn3alys) IMOCTPOCHHBIX KOHIENTYAIBHBIX MOeNeil B opmare
XML (eXtensible Markup Language) ¢ HCHOJIb30BaHMEM CICIHHMAIbHO pa3pabdOTaHHBIX
crenupuKaryi.

Irtan 3 — ananuz XML-cTpykTyp npeacTaBieHus KOHIENTYaIbHBIX MOJICJICH C LENIbIO BBIJICICHUS
3JIEMEHTOB U MX OTHOIICHUH.

98



9rtan 4 — GpopMHUpOBaHKHE MOACIH MPOAYKINK (IIPABHUJI) UIIK OHTOJIOIMH 110 PE3yJbTaTaM aHajIu3a
XML-ctpykryp. Bwibop Momenu onpenensercs ueneBbiM I3, mns xoTtoporo rmiaHUpyercs
noyrydenue koja b3.

Jrtan 5 — rerepanus koga b3 s neneBoit matgopmel myTem npeodpa3oBaHus chOPMUPOBAHHON
MOJIEJIN TIPOYKIIMHI MM OHTOJIOTHHU.

Jrtan 6 — yrouneHue (Moau(UKAIKS) TIOTYYCHHBIX CTPYKTYP HPaBUII UM OHTOJIOTHH.

B mporiecce mepexosa ¢ dTama Ha 3TaIl MPOUCXOIUT Mpeodpa3oBaHue MOJIeNei, KOTOPhIe MOXKHO
HATIJISIHO IPEACTAaBUTh B BHIE TaOIuIbl cooTBeTcTBHi (Tabmura 1).

Ta6bnuuya 1
MprMep OCHOBHbIX COOTBETCTBUI MEXAY 3/EMEHTAMU AepeBbeB COObITUI, MOAENM NPOAYKUMIA U
KOHCTpyKUMit Ha AN3 CLIPS

dnemeHT popmaTa dneMeHT MoAEeNN NPOAYKLMI Onepatop AN3 CLIPS
npeacTasieHna AepeBbes
cobbITui
TreeDiagram Model -
Node (name) FactTemplate / Fact Deftemplate
Parameter (name) Slot (slot “<name>")
Sequence RuleTemplate / Rule defrule
Node (parent_node) FactTemplate / Condition deftemplate / defrule
(consequent)
Node (id) FactTemplate / Action deftemplate / defrule
(antecedent)

[ony4yennslid Takum oOpa3zoM koa B3 MokeT ObITh MCHIONB30BaH B CTOPOHHUX IMPOIPAMMHBIX
cpeacreax (mampumep, Personal Knowledge Base Designer (PKBD) [12] umu Protégé) c¢ menbio
YTOYHCHHUA U MOZ[I/I(l)I/IKaLII/II/I u z[anLHeﬁmero HCIIOJIb30BaHUs IIpU pa3pa60TI<e HWHTCIJICKTYaJIbHBIX
CHUCTEM.

2.2. OcHoBHble PYHKLUMU

Ocuonblie pyHkn KMS:

e  Co3zmanue, peIaKTUPOBAHUE, IPOCMOTP U yIaJeHUE MOIb30BaTeeH (71 aIMHHICTPATOPA).

e  JlocTym K TUYHOMY MTPOCTPAHCTBY TOJIB30BaTENs (ABTOPU3AIUS U Ay TEHTU(UKAIIHS).

e Co3ganue, pelrakTHPOBAaHWE, MPOCMOTP W YAAJIEHHE MPOEKTOB B JIMYHOM IPOCTPAHCTBE
MOJI30BATEIIS.

e  CozgaHue, peJakTUPOBaHHUE, IPOCMOTP U YAAJICHUE KOHLETTYalbHbBIX MOJIENEH.

e [IpoBepka KOPPEKTHOCTH MOCTPOCHHBIX THATPAMM.

e  VIMIopT M 5KCHOPT KOHLIENTYAIBHBIX MOJIEIEH B BUJE CEpUATN30BaHHBIX (aiiyioB B hopmarte
XML.

e  Umnopr onronoruii B popmare OWL (RDF/XML).
e [lIpenocrasnenue nporpammuoro unrepgeiica (REST API) s noctyna Kk Mozessim.
e Dkcropt (reHepalusi) KOJOB JUIS [ENEBhIX TIaT(hopM.

2.3. ApxuteKtypa un ocobeHHOCTU peanunsayum

Pazpaborannas BeG-opueHTHpOBaHHAs MporpaMMHas cuctema KMS o0nagaer kiueHT-cepBepHOI
ApPXUTEKTYPOH M BKIIFOUAET CIEAYIOIINE OCHOBHBIE MOIYJIH:
e [loxcucrema mMOCTPOCHUS! KOHUENTYaJIbHBIX MOJAENEH, BKIIOYAIOLIAs JBa BU3yaJbHBIX
penakropa:
a. pemaKkTop KIaCCHMYECKMX M PaCIIMPEHHBIX JHarpaMm JepeBbeB coObituii (Extended
Event Tree Editor) [13];
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b. pemakrop muarpamm mepexomos cocrosuwmii (State Transition Diagram Editor) [14].

e  Moxaynbs aIMUHUCTPUPOBAHUS (AaBTOPU3AIH/ay TCHTH(IKAIIHS).

e  Moxayap gocTyna K yHUDUIUPOBAHHBIM MOJEISIM TPEACTABICHUS TPOAYKIIMHA U OHTOJIOTHU

(MCTOJB3YIOTCS 1Sl BHYTPEHHETO NPEICTaBICH S MHDOPMAIIMU MOJIEIICH).

e ['eneparopsl mporpaMMHBIX KOJOB U crerudukanmii b3.

e  Moayau UMITOPTa M SKCIIOPTa JHArPAMM.

e  Monaynb B3aUMOJICHCTBUS ¢ BHEITHIUMU CHCTEMaMu depe3 oTKpbIThiii REST API.

[MporpammMHuas peanu3anusi ocymectBieHa Ha sizbikax PHP 8 (Yii2 framework) u JavaScript ¢
ucrons3oBaHueM cruiei Bootstrap 5. Ilpm »TOM BH3yanbHBIE pENaKTOPBl pealn30BaHBl C
ucnonb3oBanueM Oubmmoreku JSPlumb Toolkit. [Ins xpanenuss mganubix ucrnoab3yercs CYBJ]
PostgreSQL 15. Mcxoanslit ko cucteMsl noctyneH va GitHub [15].

3. UnnlocTpaTmBHbIN NpUMmep NPUMeEHEHUA

OmanM w3 mpumepoB mnpumeHeHuss KMS sBrsercss cozmanme mpororurioB b3 B obmactu
TEXHOT€HHOM O0€30MacHOCTH TMpH pEIIeHHH 33/a4 JAMATHOCTHPOBAHUS M MPOTHO3MPOBAHHMS
TEXHUYECKOTO COCTOsIHUS 00beKTOB M cucteM st MAC «keneprusza [1b» [13]. B wactHOCTH, OBLIH
MOCTPOCHBI IePEBbs COOBITHH, ONMMUCHIBAIOIINE JHHAMUKY Pa3BUTHS aBapuil.

Ha pucynke 1 npuBeseHbI pe3ylbTaThl BBITOTHEHHUS OTICIBHBIX TAaNoB peann3oBaHHOro B KMS
MeToAa Ha mpumepe cosznanus ¢parmeHta b3 mns mponecca «lcredenne HedTu» B pe3yibraTe
aBapuM Ha YCTaHOBKE MEPBHYHOMN NepepaboTKh HedTH: 1) HCXoTHOE AEPEBO COOBITHIA, BKIIOYAIOIIEE
OIMHMCaHUE OCHOBHBIX COCTOSIHUI C BEPOSATHOCTSAMHU MX BO3HHKHOBeHUS (20 y31moB u 19 oTHOIIeHwMIA);
2) XML-ko1, COOTBETCTBYIOIIMII MOCTPOSHHOMY nepeBy; 3) crenepupoBaHubiii CLIPS-kom (1
mabnon ¢aktoB u 10 KoHKpeTHBIX mpaBui); 4) RVML-cxembl, onuceiBatomye madioH MpaBul U
OJTHO W3 KOHKPETHBIX MPABHJL.

BepPOATHOCTs = 0.95

Wcreuenue Hepmn
6e2 MrHOBEHHOTO
BOCNAaMEHeHNA

Wcreuenme negu

nepeu4HOil nepepaboTkun HepTn”
[ <Level id="31" name="Only"
= <Event "254"

" certainty_fac

ption="

E { <Event id="255"

O6pazosanne
nponuBa HeTH

BepoATHOCTL = 0.45

| <Parameter
alue="0.085"/>

06pa=oaall k
nepBuuHg =)

<Event id="257"

[Fl<Diagram id="44" type="Event tree" name="

e="Initial event”
<Parameter id="274" name="BeposTHocTe" description=""
<Operator id="logop-254" n
1 parent_|
HEPTH C MIHOBEHHBIM BOCNNAMEHEHWE]

id="275" na

<Operator id="logop-25

AC Asapua Ha ycTaHOBKe
"" mode="Classic tree">

m.«

descri

name="WUcTeueHne HedpTu"

>

operator="="

[FERRRRARRAAARAARSREE Tomplates PP ERIFRRRRERA R AR SRR AR

(deftemplate Event-0
(slot name (default "PA3PYLLIEHWE COCEAHENO OBOPY/JOBAH
(slot veroyatnost)

SRR AR R R AR R R Rl R R R R R R Rk Rk AR

(defrule 0-Event-0->Event-0+Event-0
(declare (sali 1))

pare

naporazosoro
obnaka

BepoatrocTs = 0.01

(Event-0 ;Event-0
(name "®AKENbHOE TOPEHWUE CTPYW")
(veroyatnost "0.04")

BepoATHoCTL = 0.5 [ I l

Mcnapenve u
obpazoBanue
BTOPUUHOTO

Moxap npoanea

BepoATHOCTL = 0.20

Event-0

BepOATHOCTS = 0.25

name : String = paspywersie cocearero
ofopyaosarma

BEPOATHOCTS : String = 0.02; 0.04; 0.009; 0.001;
0.01; 0.05; 0.45; 0.5; 0.1; 0.15; 0.25;

e e
|me=meuemene¢mcwnoecntm _1

0.20;0.95;1.0 BepOATHOCTE =0,05 |
| L :
= | 1 Event-0- -> Event-0 + Event-0 I—I
Event-0- -> Event-0 |—| - 1
= +) -
Y e S~
& =
Event-0 [ - Event-0 -
Event-0 name =haxensHoe ropeHne CTpyn NaMme =0r HeHHES Wap
+ String = pasp prv— BepoaTHOCTE=0.04 BseposTHOCTL=0.01
ofopynosarma

BEPOATHOCTSL : String = 0.02; 0.04; 0.009; 0.001;
0.01; 0.05; 0.45; 0.5; 0.1; 0.15; 0.25;
0.20;0.95;1.0

PUCYHOK 1: ®parmeHTbl pe3yabTaToB 3TanoB peannsosaHHoro 8 KMS metoaa

[locne yTOYHEHNS MOCTPOCHHBIX JUArpaMM M TECTOBBIX «IIPOTOHOBY (0Tiaakn) B cucteme PKBD
CT€HEpUPOBAHHBIN IPOrPAMMHBIN KO B fanbHeimem 0but niepereced B MUAC «Okcneptusa [1b».
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4. 3aKknwuyeHue

AKTyaJIbHOCTh TIPOOJIEMBI aBTOMATH3AIMK Pa3pa0OTKU MHTEIUICKTYAIBHBIX CHCTEM O0YCJIOBIICHA,
B TOM 4HCJIE, HEOOXOMUMOCTBIO CO3/JaHUS HOBOTO METOJMOJOTHUYECKOTO U IPOrPaMMHOTO
WHCTpYMEHTapHs, O0OecCleyrBammero 0Oojiee IOJHOE BOBJICYEHHWE B  JIAaHHBIM  Tpoliecc
HEMPOrPaMMUPYIOIIUX TOJb30BaTeNIe, a Takke UCIHOJIb30BAHHE YXKE HAKOIUICHHOW paHee
nH(pOpMAIUH, MTPEJICTABICHHON, B YaCTHOCTH, B (DOpME BU3yalIbHBIX KOHIICTITYaTbHBIX MOJICIICH.

B nanHoit paboTe mpearaercs Be0-oprHeHTHPOBaHHas IporpaMmuas cuctema KMS [9], kotopas
MO3BOJISIET KCIEPTaM BH3YallbHO MOJIEIIMPOBATh 3HAHUS MPEJAMETHON 00JIacTH B opMe quarpamm
MEPEXOJIOB COCTOSIHMM M JIepeBbeB CcOOBbITHH. [locTpoeHHBIE TakuM 00pa3oM KOHIICTITYalbHbBIC
MOJIEJIN SIBIISTIOTCST OCHOBHBIM HCTOYHUKOM HWH(OpMAIMK JUIsI aBTOMATHYECKOTO (HOPMHPOBAHHUS
KooB B3 Kak MpoayKIIMOHHOTO, TaK M OHTOJIOTHYECKOTO THIa. [IprBEeNeHO NEeTambHOE OMHCAHKE
MpenaracMoi CUCTEMBI, €€ (PYHKIIMH U apXUTEKTypa. Takke pacCMOTPEH MILTIOCTPATUBHBIN MPUMED
ucnonb3oBaHus cucteMbl KMS B pamkax co3manust ¢parmeHta b3 s pemeHus 3amadu
JMAarHOCTHPOBAHMS U MPOTHO3UPOBAHUS TEXHUYECKOTO COCTOSTHUS CUCTEM B HE(DTECXUMHHU.

5. bnarogapHoctu

Pabora BbIMOMHEHAa B paMkax roc3aganusi MuHoOpHayku Poccum mo mpoekty «Meronsl u
TEXHOJIOTHH 00JaYHON CepBHC-OPHEHTHPOBaHHONH IMGPOBOM IIaThopMbl cOOpa, XpaHEHUS WU
00paboTKu OONBIIUX OOBEMOB Pa3HOPOPMATHBIX MEXAWCUUIUTMHAPHBIX JNaHHBIX W 3HAHWMA,
OCHOBaHHBIC Ha TIPUMEHEHHMH HCKYCCTBEHHOTO HMHTEIUIEKTa, MOJEIILHO-YIPABISEMOTO IMOJIX0/Aa H
MamurHHOTro 00y4eHus» (Ne roc. peructpanuu: 121030500071-2).
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Pa3zpabotka mopgenu cucrtembl rasocHab)XeHus Ha OCHOBe
OTKPbITbIX AAHHbIX ANA UCCeA0BaHUA XKUBYYECTU

Anexceii Enenes!?, I'ne6 anunos!, Onnra bamapunal®

Y Unemumym ounamuxu cucmem u meopuu ynpaenenus um. B.M. Mampocosa CO PAH, yn. Jlepmonmosa, 0. 134,
664033, Upxymck, Poccus

2 Uncmumym cucmem snepzemuxu um. JI.A. Menenmveea CO PAH, yn. Jlepmonmosa, 0. 130, 664033, Hpxymck,
Poccus

3 Vpanvcxuii 2ocyoapcmeennniii akonomuveckutl ynusepcumem, yi. 8 Mapma, 0. 62, 620144, 2. Examepunbypz,
Poccus

AHHOTauuA

B nmamHO# cTaTtbe ONMUCHIBACTCS MPOILECC Pa3pabOTKH MOIENIH CHCTEMBI Ta30CHAOXKCHUS
EBpormbl Ha OCHOBE OTKPBITHIX TAHHBIX, TOTYYEHHBIX B OJIbJCHOYPIrCKOM HHCTUTYTE CETEBBIX
cucteM sHepreTrkH (I'epmanus). HeoOXxomumMocTh pa3pabOTKH HOBBIX MOEIIEH OTpacieBbIX
CHCTEM JHEPTeTHKH B HACTOSIIEE BPEMs IMKTYETCS TE€M, YTO OOJBIIMHCTBO MOIXOIOB B
00JIACTH WMCCIICIOBAHUMN KUBYYECTH CHCTEM JHEPIeTHKH (DOKYCHPYIOTCS Ha PacCMOTPCHUH
TOJNBKO OJHOW M3 IBYX COCTaBJIAIONIMX JKHUBYYECTH, ANAlTallid CHCTEMBl K KPYIHBIM
BO3MYIICHUSM WJIH BOCCTAHOBIICHHH MPOM3BOAUTENFHOCTH CHCTEMBI IMOCIE KPYITHOTO
BO3MYIICHUs. Takas OJHOCTOPOHHOCTh HCCJICAOBAHMN TPUBOIUT K  BBIPAOOTKE
Hed((PEeKTUBHBIX CTPATETHIl IO MOBBIIICHHIO )KUBYUSCTH CUCTEM dHepreTrku. HoBwle Mogenu
CHCTEM DHEPreTHKH [MO3BOJSIT OONee  PEealuCTHIHO W TOYHO  MOZAEIHPOBATH
(GYHKIMOHUPOBAHUE O3TUX CHCTEM B OKCTPEMATBHBIX YCIOBHSIX HA BCEM HWHTEpBaJC
BBDKUBAHUS, & HE TOJBKO BO BpEeMsI MX aJIalTalliy WIIM BOCCTaHOBJICHUS. B HacTosiee BpeMst
¢ momotbio psaa nactpymeHnToB u texunonoruii UJCTY CO PAH mnoctpoena coBpeMeHHast
cxema razocHaOxeHus: EBpoITel, a Takke OCYIIECTBISICTCS MMOATOTOBKA JaHHBIX IS pacuéTa
MMOTOKOB TPHPOJTHOTO ra3a Mo MOCTPOSCHHOH CTPYKTYPE CUCTEMBI Ta30CHAOKEHUS.

KnioueBble cnosa
JXKuBydecTb, MOIENTM CHCTEM SHEPTETHKH, OOJBIINE TPyOOIPOBOTHBIE CHCTEMBI, OTKPBITHIC
JTaHHBIE

1. BeBepgeHue

Cucrembr sHepretuikud (CD) mpemHazHavyeHbl s A0OBYMM  (TMPOW3BOJCTBA, ITONYYEHUS),
nepepaboTku (mpeoOpa3oBaHus), Iepenadyn (TPaHCIIOPTUPOBAHUS), XPAHEHUS W PaCIpeleIeHUs
SHEPropecypcoB U cHaOkeHuss umu mnotpeduteneii [1]. OHM OTHOCATCS K KPUTHUCCKUM
nHPPACTPYKTYypaM, T.€. TAKMM CHCTEMaM, HapylIeHHE (YHKIIMOHHUPOBAHHS KOTOPBIX OTPUIATEILHO
BIIUSIET HA DKOHOMUKY CTPaHBI U OJiarornoiryuue oomiecTsa [2].

B ocHoBe (QyHkumoHupoBanus U pa3sutus CO nexar TpeOOBaHUS HAJEKHOCTH, ITO3BOJISFOIINC
JAHHBIM CHUCTEMaM CIIPABJIATHCSA C YK€ M3BECTHBIMH BO3MYIICHUSIMH, BEPOSITHOCTh BO3HHKHOBEHHS
KOTOPBIX BBICOKA, a 110 MAacCIITa0y IMOCIEACTBHIA HX MOKHO XapaKTEPHU30BaTh KaK MEJIKHE U CPEIHHE.
OpHako, B HACTOSAIIEE BPeMsI PE3KO BEIPOC MHTEPEC K UCCIIEIOBAHUIO clTocOOHOCTH CD BBIKUBATH MPU
CTOJIKHOBCHHMHU C KPYITHBIMU BO3MYIICHHIMH [3], BEpOSITHOCTh BOSHUKHOBEHHUS KOTOPHIX BeChbMa Majia
WU JIOCTOBEPHO HEW3BECTHA, a WX BO3JCUCTBHE MOXET MNpuUBeCTH K Tomy, uto CD 0e3
JIOTIOJTHUTENIBHBIX MEP HE CMOXET Jaliee BBINOJIHATh BO3JIOKEHHbIE Ha He€ ¢yHkiuu. [Ipu sTtom

6™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia

EMAIL: flower@isem.irk.ru (A. 1); dangleb@isem.irk.ru (A. 2); basharinaolga@mail.com (A. 3)

ORCID: 0000-0003-2219-9754 (A. 1); 0000-0002-7151-782X (A. 3)

@ ® © 2024 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

ICCS-DE 2024 Workshop Proceedings
DOI: 10.47350/ICCS-DE.2024.14
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nsydaetrcs peakiuss CD Ha HACTYIUICHHE TAaKMX JKCTPEMAIBHBIX YCIOBUH, TOCIEJACTBUS JUIS
MOTpeOUTENCH, KOMIICHCAITUS HeXKENATEIbHBIX TOCICICTBUH [4] M IPOIIecC BOCCTAHOBIICHUS] CHCTEMBI
[5].

Hannas criocobHocTh CO MPOTUBOCTOSATH KPYITHBIM BO3MYIICHUSM, HE JIOMyCKask X KaCKaJHOTO
Pa3BUTHS C MAacCOBBIM HapyIlIEHHEM PEXHMa 3HEProcHa0KeHUs MOTpeOUTENei, N BOCCTAHABINBATH
HCXOJHOE COCTOSIHME OOBEKTa WM OJIM3KOE K HEeMy, Ha3bIBaeTCs JKMBY4YecThIO [1]. I'maBHOU 1enbio
WCCIIC/IOBAHUSL  JKUBYUYECTH SIBJISCTCS TIOCTPOCHUE CTpPATETMH  YIpABJICHHS pPa3BUTHEM H
¢yakmmonnpoBanuss  CD, KoTOpple TO3BOISAIOT J(PGEKTUBHO aJalTHPOBATHCA K  KPYIHBIM
BO3MYIICHUSM ¥ BOCCTAHABIUBATHCS ITOCIIC HUX.

2. MpoBeaeHue uccnepoBaHuii XXusydectu C3

OTnpaBHOM TOYKOM B COBPEMEHHBIX HCCIEIOBAaHUAX >XKUBydecTH CD SBIAIOTCS HMCTOYHHUKU
(MexaHH3MBI T€HEepaluu) KPUBBIX XUBYYECTH HJIM BPEMEHHBIX PSAAOB IAHHBIX, MPEICTABISIOIINX
COCTOSIHHUSI CHCTEMBI B TIOCJIC/IOBATEIbHBIC MOMEHTBI BPEMEHH KPYITHOTO Bo3MyIeHus [ 1, 6].

T'oBops dopmansHoO, cocTosiHre CO B MOMEHT BpeMeHH t = &y, ..., T OMUCHIBAETCS BEKTOPOM X, B
COCTaB KOTOPOTO BXOAAT CTPYKTYpHBIE M PEKHMHBIC MapaMeTpbl OOBEKTOB SHEPTETHKH, a TaKKe
MPUPOAHO-KIMMATHYECKUE, COLMAIbHbIC, SKOHOMUYECKHE U MPOYHE MapaMeTphl, IPEICTABIISIONIIC
yciaoBus BHewmHed cpenpl. Ecnu X 3TO0 mocienoBaTenbHOCTh cocTostHM CO {xto, ...,xT}, TO
nokasaTelb HPOU3BOAMTENLHOCTH sBisieTca  (yHkuueit P(t): X » R, npeobpasyromeii x¢ B
ckajnsapHyro BenuuuHy (puc. 1). ITloBegenme CO Ha onpeaenEHHOM HWHTEpPBaje BPEMEHHU
XapakTepusyercsi cBOAHOU MeTpukoi D: P — R, KoTopas CBOpauyuBaET y4aCTOK KPUBOH KUBYUYECTH Ha
paccMaTpuBaeMOM MHTEPBAe BPEMEHH B CKAJSIPHYIO BETHUUHY [6].
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PucyHoK 1: igeannsnposaHHasa Kpmeaa *Kusydectn C3

Ecnu mokazatenu Mmpou3BOAUTENHLHOCTH OTPAXArOT MO OOJBIIEH YaCTH TEXHOJOTUYECKHE WIIN
TeppUTOpPUAIbHBIE OCOOEHHOCTH CJ, TO CBOJHBIE METPUKU XapaKTEPU3YIOT PA3JIMYHBIE 3TaITbI
noBeneHust CO Ha WHTEpBaje BRDKUBAHUS (puc. 1).

HcTOYHMKN KpHBBIX XUBYYECTH MOTYT BapbUpPOBaTbCA B LIMPOKHUX IPEAENaX: HUCTOPUUYECKHE
JlAaHHBbIC, HATYpPHBIC OIBITHl, alr€HTHOE M HMUTALMOHHOE MOJCIMPOBAHUE CHCTEMHON TUHAMUKH,
MCKYCCTBEHHBIC HEHpPOHHBIC CETH, CETeBble MOTOKOBbIE MeTomsl [7]. K mocienHum oTHOCSATCS
moTokoBeie Mozt CO [21], KOTopble MOYKHO 3anycaTh B CIEIYIOIIEeM OOIIeM BUE:

min C(X) (1)
gX)<0,i=1,..,1, (2)
h(X)=0,j=1,..], (3)

rae X — HWCKOMas MOCEAO0BaTeIbHOCTh cocTossHud COD, C — (QyHKIHUS SKOHOMHUYECKUX 3aTpart.
HepasenctBa g; B xomuuectse | u3 (2) u paBeHctBa h; B KoimdectBe | u3 (3) MPEACTABISIOT
pa3Ho00pa3Hbie TpeOOBaHMS K (PYHKIIMOHUPOBAHHUIO U pa3puthio CO.
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[Tepexon x oueHke Bo3MoxkHOCTeH CD 1Mo ajantanuy K KOHKPETHOMY KPYITHOMY BO3MYIICHUIO U
MPOUCXOINUT MyTEM AoOaBieHust B Monensb (1)-(3) BekTopa KpuTepHeB KUBY4eCTH F !

Xré%) R(X,9) = (C(X,9),F(X,D)) (4)

rae S - MHOKECTBO JIOMYCTHUMBIX IUIAHOB PACIHpEIC/ICHUs] MOTOKOB HEPTOPECYpPCOB B YCIIOBHUSX,
omnpeaenseMbIx orpanuucausmu (2), (3) u Bo3neiictBueM Bo3myieHus U. Kpurepunu F MOTYT OBITh
CBOAHBIMU MeTpuKaMu D i onieHku xuBydectu C3.

IMapamerpusupys ¥ B (2), monydaeTcs ABYXYPOBHEBas MOCTAHOBKA I TOMCKA HAMXYIIIETO
CIIEHApHsI BO3MYIICHHS U3 MHOYKECTBA KPYIHBIX BO3MYIIIeHHH V'

e i, RO ) g

AHAJIOTHYHBIM CIIOCOOOM MOKHO TIOIYYHTh TPEXYPOBHEBYIO IIOCTAHOBKY JJIsi BEIOOpA HAMITYUIIIHX
Mep IO MOBBIICHUIO kuBydecTH CO u3 MHOKecTBa W nipu peanuzanvy HauXyIIero BO3MYIIECHUS U3
MHOecTBa V'

] [ R X! ) )
WV 1By RO ) )

rae S — MHOYKECTBO JONMYCTHUMBIX IUIAHOB paclpeiesieHHsl MOTOKOB JHEPropecypcoB B YCIOBHSX
peanu3anuy BO3MYIeHHs: ¥ € V' 1 MepbI 10 TOBBILICHHUIO )KUBYyYecTH W € W.

BrrmeoncansbIil miporiecc mpeoOpa3oBaHUsT MaTeMaTHdecKoid moctaHoBkH (1) B (4) oOpasyer
CXEMy HTEpaTUBHOTO TOCTPOEHMs HccienoBaHuil xkuBydectn CO. DTa cxema AaéT BO3MOXKHOCTH
B3MJISHYTh HA CTPYKTYpy HCCIEJOBaHUA J>KMBYYECTH TJ00adbHO W MPaBWIBHO OPraHU30BaTh
BBIYUCIUTEIbHBIE 3KCIIEPUMEHTBI, KOTOpBIE SBISIFOTCA OCHOBHBIM CPEICTBOM IPOBEICHHS
rccienoBannii xuBydectd CO B CHITy HEBO3MOKHOCTH TTPOBEICHISI HATYPHBIX OIBITOB Ha HUX [1].

OpraHuzanyeld W NPOBEACHUEM BBIUUCIUTEIBHBIX DJKCIIEPUMEHTOB 3aHHMAETCSl MPEIMETHO-
opuentuposanHas cpena (II0OC), mox KoTopol MOHUMAETCSI COBOKYITHOCThH POTPAMMHO-AIIAPATHBIX
CPEACTB, MO3BOJISIOIINX €€ KOHEUHBIM I10JIb30BATEISIM PEIIAaTh OAMH MM HECKOJBKO KJIacCOB 3aad
HEKOTOpoU mpenMeTHON o0iactu. B manHoM ciydae [TOC yuuThiBaeT 0COOCHHOCTH UCCIICIOBaHUMN
xuBydectn CD [8] m oTOOpaxkaeT MpEACTABICHHYIO BBIIIE CXEMY MOCTPOCHHUS HCCICIOBAaHHUI
KUBYUYECTH Ha BBIYUCIUTENbHBIE HHYPACTPYKTYPHI ¢ TOMOIIBI0 paspadoranHsix B UJICTY CO PAH
psijia MHCTPYMEHTOB M TEXHOJIOTHI MX IPUMEHEHHS. B HX 4rciIo BXOMSAT:

e pacnpenenéHHple makeTsl npukiaaaHelx nporpamm (PIIIIII), npeanasHaueHHblE IS
pereHus onpeAeEHHOTO Kiacca 3a7a4 [9];

e uHcTpymeHtapuii ['eoAPM [10] mist co3maHus aBTOMAaTH3MPOBAHHBIX PA0OYMX MECT,
KOTOpbIC TO3BOJISIIOT HCCIIEAOBATENI0 paboTaTh C HCXOAHBIMU JaHHBIMH, BKJHOYas
CIabOCTPYKTypUpOBaHHbIe, B3amMoxeiicTBoBaTh c¢ PIIIIII, anamu3upoBaTh pe3yibTaThl
BBIYUCITUTEIHHBIX SKCIIEPUMEHTOB.

3. OcobeHHOCTM MopgenupoBaHuA oTpacneBbix C3 npu muccneaoBaHUU UX
XuUsy4yectum

B ocnoge apxutektypst PIIIII ans nccnenoBanmii xuBydectr CO JIeKUT 0000IMEHHBIN MOJIXO/ K
MOJIETTMPOBAHUIO B3aMMOCBSI3aHHBIX TEXHHYECKHX CHCTEM, KOTOPBIH OCHOBAaH Ha CIEAYIONIUX
npunnumnax [11]:

e BHOE pas3deiieHHE MOAEIUPOBaHUS JIOOOH CHCTEMbl Ha TOIOJOTMYECKYI0 U
(hYHKITMOHATBHYIO COCTaBIIAIOINLYIO;

® TIPEICTaBJIEHHE B3aMMOCBS3aHHBIX CHCTEM B BHJE METACHUCTEMBI ISl MOACTUPOBAHUS UX
B3aMMOJCHCTBUS.

CornacHo mepBoMy NPUHIMITY, CTPYKTypHas MoAeib oTpacieBoii CD mpencrasisieT coOOH ceTb
wi Hanpasienusiii rpad G = (N, E), rne N — 310 MHOKeCTBO, cocrosimiee u3 n = |N| y3108B, E — 370
MHOKECTBO, cocrosiiee u3 m = |E| ayr.

MHoxecTBO y37m0B N AeIHUTCS Ha CIeAyIoUIre MOAMHOKECTBa: HCTOUHUKH Np, moTpedutenu Ny,
nmpoMexyTounsie y3mel N, u XpaHwimmma N.. Y376l MOTYT OBITh BBIACIEHHBIMH peaTbHBIMU
VMCTOYHUKAMH, XPaHWINIIAMHU WIN MOTpeduTensiMu sHepropecypcoB. OmHaKo daiie BCETO OHHU
NPEACTaBSIIOT  COOOM  arperupoBaHHBIE TPYNIbl  OOBEKTOB, KOTOphIE HMEIOT  CXOJIHYIO
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(YHKLIMOHAIBHOCTD, JOCTaTOYHO OJHOPOJHBI 110 CBOMM XapaKTEPUCTHKaM WJIM PacIoaraiorcs B
0JHOM paiioHe. Bce y371b1 nMeIoT reorpaduyeckue KOOpAHHATHI.

Hns kaxnoit nyru (i,j) € E y3en i € N siBnsieTca Havajom, a y3ed j € N — konnoM. Taxke Kak B
Cllydae C y3JIaMH, IYyT'M MOTYT SIBJIATHCSI HACTOSIIMMU OOBEKTaMU TPAHCIOPTa, HO B OOJBIIMHCTBE
CJIy4aeB OHU IIPEACTABIAIOT cOOOH arpernpoBaHHbIE IPOU3BOJICTBEHHBIE BO3MOXHOCTH I10 Iieperade
HEPTOPECYPCOB.

OyHKUMOHABHAS Mojenb oTpaciaeBod CD  ONHMCHIBAET TEXHOJOTHYECKHWE LEMOYKH OT
MIPOM3BOACTBA (10OBIYN) 0 MOTPEOIEHUS OTACTHHBIX BUAOB SJHEPTOPECYPCOB U MOXKET OBITh 3aIFICaHa
B BHJIC CJIC/YIOLICH 3a1aukl JIMHEWHOTO IporpaMMupoBanus [12]:

cTx - min, (7)
Ax =, (8)
x<x <X, (9)

rzie C — BeKTOP YACIbHBIX 3aTPaT MO TEXHOJIOTUYECKUM crioco0aM (GyHKIIMOHUPOBAHUS ACHCTBYIONIHX,
PEKOHCTPYHPYEMBIX WM MOJIEPHU3UPYEMBIX, a TaKXKe BHOBb COOPY)KAaeMBIX JHEPreTHYECKUX
00BEKTOB; A — MaTpHIla TEXHOJIOTHIECKUX KOI(D(PUIIMEHTOB POU3BOACTBA (A0OBIUMN), TIepepaboTKH,
TPaHCHOPTa, XPaHEHHUS M TOTPEOICHUS SHEPTOPECYPCOB; X — UCKOMBIN BEKTOP, KOTOPBIH, KaK CIeIyeT
U3 BBEICHHUS, XapaKTepU3yeT HWHTEHCUBHOCTh IPHMEHEHHS TEXHOJOTMYECKHX  CII0COOOB

(GYHKIIMOHUPOBAHHUS DHEPreTHYECKUX OOBEKTOB; X — BEKTOP, OMNPENEINSIONNNA MaKCUMalIbHBIE
TEXHUYECKH  BO3MOXKHBIE ~ WHTGHCHMBHOCTM  INPHMEHEHHS  TEXHOJIOTHUECKHMX  CI0cOOOB
(YHKUMOHUPOBAHUS JSHEPreTHUECKUX OOBEKTOB; X — BEKTOp, OMNPENENSIOMUNA MHUHHMAIBHO

TEXHHYECKH  TpeOyeMble  WHTEHCHBHOCTH  TNPUMEHEHHS  TEXHOJOTWYECKHX  CHOCOOOB
(YHKIMOHUPOBAHUSI YHEPTETHUECKIX OOBEKTOB; I' — BEKTOp, 33/Ial0NIMH MaKCUMAaJIbHO BO3MOYKHBIC
00BEMBI  TIPOM3BOJACTBA  (OTPHIIATENIEHBIE KOMIIOHEHTBI) U  TIOTPEOJICHHS IHEPropecypcoB
(TI0TTO’KUTETEHBIC KOMITOHCHTHI ).

T'oBops B 1enowM, 3amava (7)—(9) HAXOOUT MOTOK MUHUMAIBHOW cTommoctd mo cetn G. Ecmm
BJIEMEHT a;; Matpuubl A pasen 1 ms Beex ayr (i,)) € E (kaxnapiid cronben MaTpuibl A COIEPKUT
TobKO —1 n/unm +1), To ceth G HaspiBaeTcs npoctoit. Ecnn a;; e paBen 1 x0T ObI 11 OJIHO# J1yTH

(i,j) € E, 1o ceth G Ha3bIBacTCSA 00OOMICHHOM.

UzBectHO, uTO Meronbl pemenus 3amad (7)—(9) mis mpocthix ceteit [13] cymecTBeHHO Ooee
3G GEKTHBHBI B BEIYUCIUTEIHHOM IUIAHE U, COOTBETCTBEHHO, HAMHOTO OBICTpEe, 4eM JJIsi 0000IICHHBIX
cerel. Ecnn panr Matpuipl A pasen N—1, To mobast 06001IeHHas ceTh MOXKET ObITh TpeoOpa3oBaHa B
MPOCTYIO C TIOMOIIBIO CIIEIMANIBHBIX TPOLEyp MacIITaOMpOoBaHus. B IpoTHBHOM ciTydae, eciii moTepu
SHEPTOPECYPCOB MU Nepeade JOBOIBHO MBI MITH yJIeNIbHBIE PACXObI IPU MTPeo0pa3oBaHUU OJIM3KH
K €JIMHUILE, TO JUIS MOBBIIIEHUS CKOPOCTH PENIEHHMS MOTOKOBBIX 3a1a4 MHOXHTENSMH Q;j MOXHO
npeHedpeyb, TO eCTh CUUTATh UX PAaBHBIMU 1.

[Nocnenuuii cmocod UCTONB3yeTCsl B CYHIECTBYIONIMX MOJIENISIX CUCTEM ra3ocHaOkeHus, Hedre- u
HedrenpoaykrocHabxkenus [14, 15], paspaborannsix B UCOM CO PAH mns wucciemoBaHuit
xuBydecTH. CyIIECTBEHHBIM HEIOCTATKOM IaHHBIX MOJENel SBISeTCS WX OIHONEPUOIHOCT,
CIIEZICTBUSIMH KOTOPOH SIBJIAIOTCS OTCYTCTBHE JWUHAMUKA M YIOPOUIEHHOE MOJAEIHpPOBaHHE
JKCTpEMAaIIbHBIX YCIOBUH QyHKIMoHupoBanus CO.

IlepBoe creacTBUE OJHONEPHMOAHOCTH BbIIEYKa3aHHBIX Mogaened CO — CTaTUYHOCTh JeNaeT MX
MPUTOAHBIMH TOJILKO JIISl WCCIIEIOBAaHWSl TIEPBOM M3 CTOPOH J>KHUBYYECTH. OIIGHKH CHUCTEMHBIX
BO3MOXHOCTEH 110 ajanTaliid K KPYIMHBIM BO3MYIIEHHSM, IJIe OJJHHM W3 KIACCOB 3aJad SIBJISCTCS
aHaIu3 ysI3BUMOCTH [2]:

g YT, ACK ), (10

rae MeTpuka / OTBEYaeT 3a ONpeiesICHHe MaKCHUMAJILHOTO IMaeHUs MPOU3BOIUTEIIBHOCTH (puc. 1)
BCJIEICTBUE BO3JEHCTBUS KPYITHOTO BO3MYIIEeHuUs v € V.

Bropoe cneactBue B BUAE  YIPOIIEHHOTO MOJCIHPOBAHUSA  OKCTPEMAJbHBIX  YCIOBHUH
¢ynkunonupoBanus CO, HaNpUMep HEM3MEHHO TIOCTOSHHAS IMKOBasi IOTPEOHOCTH B SHEpropecypcax
MOXET IMPUBECTH K HEOMYCTUMOMY 3aBBINICHUIO 3HAYCHUI CBOIHOM MeTpuku A [16].

Kak pesymbrar, corimacHo pabore [17] mpu paBHBIX SKOHOMHYECKHX 3aTparax CTpaTeru,
noBblLaloMKe XuBydecTh CO Ha BCEM MHTEpBajie BEDKUBaHUS, Oonee 3 ()EeKTUBHBI YeM CTpaTeruu,
OpPHEHTHPOBAHHBIE TOJIFKO Ha CHM)KEHHE YSI3BUMOCTH.
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Jlist pelieHus MEepPeYrcIeHHBIX BbIlIE MPOOJIEeM, BBI3BAaHHBIX OJAHOCTOPOHHOCTBIO HCCIICIOBaHUI
KHUBYUECTH, HEOOXOIUMBI MHOTOTICPHOAHBIE TIOTOKOBBIE MOJIEIH, KOTOphIe (DOPMHUPYIOTCS Kak HaOoOp
KONUIA MPOCTOH MK 0000IEHHOH ceTn G, IO OAHOW Ha Ka)KAblii MOMEHT BpeMeHH t = t, ..., T. DT
KOIIMH CBSI3bIBAIOTCSI MEXy COOOH JyraMH, KOTOpbIE IIEPEar0T BEIMUMHY 3aI1acOB SHEPrOPECYPCOB B
XpaHWIHINAX U3 OJHOTO MEPHOAA BPEMEHH B APYTOM.

HoBrle yHKIIMOHATBHBIE MOJENIN CHCTEM Ta30CHAOKEHUs, HePTe- 1 HePTEPOAYKTOCHAOKEHUS
MO3BOJIAT 00JIee PEaTUCTUYHO ¥ TOYHO MOACIHPOBATh GYHKIHUOHUpOBaHUE 3TUX CO B SKCTpEeMalIbHBIX
ycnoBusax. HanpuMep, mageHne AaBieHUs raza BCIECICTBHE BO3IEHCTBHS KPYIHOTO BO3MYILIEHHS Ha
ra30TPaHCIOPTHYIO CETh, MOXKET CKa3bIBaThCA Ha ONMIDKANIINX K MECTY aBapHy MOTPeOMTENIX uepes
HECKOJIBKO 4acoB, a Ha HauboJlee yanéHHbIX — Yyepe3 CyTKH U Oojee. Takxe HOBbIE MOJIEIH TTO3BOJIST
HCCIIEI0BATh 3aBUCHUMOCTh CHCTEMHOM IPOM3BOJUTEINBHOCTH OT HEMOCTOSHCTBA HArpy3Ku H
BapHaTUBHOCTH TEXHUYECKUX XapaKTepUCTUK 000opynoBaHus CO BO BpeMs KPYITHOI'O BO3MYILEHUS U
mocje Hero. DTa BO3MOXKHOCTB SIBIISIETCS HauOoiee BOCTPEOOBAHHOW AJIsl TPEXYPOBHEBBIX 3a/1ad
ONTUMU3AINHN KUBy4YeCTH (6), T/ie BHYTPH MPOUCXOIAUT ONTHUMH3AIMA mapameTpoB padoter CO B
9KCTPEMAJIbHBIX YCIIOBUSX, 334aBA€MbIX BOSMYILECHUSAMHU V € V.

4. Ponb OTKPbITbIX AAHHbIX B dHEepPreTU4eCcKux uccnegoBaHmax

OTKpPBITOCTh TAHHBIX UTPACT BAKHYIO POJIb B pa3pabOTKe HOBBIX METOIOB ISl petieHus 3aaa4 (4)-
(6), Tak Kak 1S cpaBHEHHS MX 3()HEKTUBHOCTH C IPYTUMHU MOAOOHBIMH METOIAMU TPEOYIOTCS YETKO
OIIpeesICHHbIE, PeaTMCTHUHBIE TECTOBbIC 3a1auu. [ [pumepamu 6MOIHOTEK STaIOHHBIX TECTOB, IIUPOKO
WCTIONB3YEMBIX B YHCIIEHHOHN onTtumusanmu, seistotrcs MINLPLib u MIPLIB. B cdepe sHepreTuku
yCUJIHS B IaHHOM HaIlpaBJICHUM HaIpaBJICHbI HAa Pa3paboTKy:

® [POrpaMMHBIX IUIATPOPM C OTKPBITBIM HCXOJHBIM KOJAOM st ontumm3auun CD,
Harpumep, Temoa ¢ JTrHeiHO! sTaoHHo# Moaenbsio Utopia;

®  OTKpBITBIX MCTOYHHKOB HH(OpMAIMM, COAEP)KAILMX MAacCUBBI IAAHHBIX II0 JHEPTETHKE
CTpaHbI HJIH MOJHbIC CHICHU(PUKAIIMN JIEKTPOCTAHIIN;

e  00LIENOCTYNHBIX KOJJIEKIIMN 3TAOHHBIX CXeM KOHKpeTHhIX C3.

Ecnu mepeiiTu K cucreMaM ra3ocHaO)KeHHs, TO KOJUICKIHMS Tra30TpaHCIOpPTHBIX cereit GasLib
LIMPOKO MIPUMEHSIETCS B Pa3IMYHBIX UCCIICAOBAHUAX CHCTEM T'a30CHA0KEHHS, BKJIIOYAs UX KUBYYECTb.
B kauecTBe M3BECTHBIX OTKPBITBIX MCTOYHMKOB MH(OPMAIMM MOKHO IIPUBECTH MOJAEIb CHUCTEMBI
razocHaOkeHus: benbrun. Pesynbpratom 3-xmetHero mnpoektra SciGRID gas, BBIOJHEHHOTO B
OnpaeHOYPrcKOM HMHCTUTYTE CETEBBIX SHEPreTHUYECKHX CHCTEM, CTAIM BBUIOKEHHBIE B OTKPBITBHIN
JIOCTYTI MAaCCUBBI JAHHBIX TIO CUCTeMeE Ta3ocHabkeHus EBporiefickoro coroza [76].

5. Co3pgaHuMe moaenu cuctembl rasaocHab>keHusa EBponbl HA OCHOBEe AaHHbIX
npoekKTta SciGRID_gas

B pamkax npoekrta SciGRID gas ObliM MOJIYYSHBI TPU MAacCHBa JAHHBIX PA3IUYHON JCTAIU3AINN
o cucreme razocHatkenus Espornetickoro corosa: IGGIELGNC-1, IGGIELGNC-2 u IGGIELGNC-
3. Kaxnpiii n3 TpEX MacCUBOB IaHHBIX MPEJCTABIIIECT COOO HAOOP TEKCTOBBIX (DaliIoB, COMEpIKAIINX
CIIUCOK aTprOyTOB OOBEKTOB PA3IMYHBIX THUIIOB, U CaMH 3HaYeHUsI aTpuOyToB. Takke B paMKax 3TOrO
mpoekTa ObUTH moydeHbl MaccuBhl ganubix SCIGRID_gas CONS, koTopsie comepar eKeCyTOTHOE
notpebnenue npupoanoro raza ¢ 2010 mo 2019 rog ¢ pa30MBKOI HAa MPOMBIINUICHHBIH, XHIOW W
KOMMEPUECKNH CEKTOpa I BCEX PETHOHOB CTpaH EBpornelickoro coro3sa.

B maccusax nanubix IGGIELGNC-1, IGGIELGNC-2 u IGGIELGNC-3 BbIACISAIOTCS YEThIPE THIIA
00BEKTOB: OOBEKTHI IOOBIYH, OOBEKTHI MATUCTPATILHOTO TPAHCIIOPTa, 00BEKTHI MTOJ3EMHOTO XPaHEHHUS
1 00beKTHI MoTpedieHus. K o0bekTaM J00BIYH MOKHO YCIOBHO OTHECTH BCE OOBEKTHI, BHIJAIOIINE Ta3
B CETh MAarWCTPAIHHOTO TPAHCIOPTa, B TOM YHCIE MECTOPOXKICHHSI, TEPMUHAIBI CIKUKEHHOTO
npupoasoro raza (CIII') m momzemasie xpanmnumia raza ([1XI)), ecou paccMaTpuBaeMbIii MOMEHT
BpPEMEHH COBIIaJacT co BpeMeHeM oroopa raza u3 [IXI'. K o6bekraMm MarucTpaibHOTO TpaHCIIOPTA ra3a
OTHOCSATCS YYacTKH MarucTpajbHBIX TazonpoBogoB (MI'), Brirouarolyie IJWHEHHYIO YacThb U
komrmpeccopusie ctannuu (KC), pacmonokeHHbIe Ha HeW, a TakKe MOTPaHWYHBIE IYHKTHI IS
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n3MepeHust 00bEMOB rasa, nepeMernaeMoro Mexxay crpanamu. K o0bexram norpebiaeHus NpoayKIuu
OTHOCSATCSI TPYMITBI HOTPEOUTENEH, OCYIIECTBISIOIINX 0TOOP Ta3a U3 MarucTpajJbHBIX Ta30MPOBOJIOB B
TOYKaxX MOAKIIOYCHHUSI K HUM paclpeeIMTeNIbHbIX ra30MPOBOOB, ANEKTPOCTaHIMY, padoTaromye Ha
rase, u [IXI', ecau paccMarpuBaeMblii MOMEHT COBIAAAET C NEpHOAOM 3akauku raza B [IXI'. I'pynmsl
notpebuTesel ra3a BKJIIOYAIOT JOMAIIHUE X035 CTBa, IPOMBILUICHHbIE IPEIIPUATHS I KOMMEPUECKHUE
OOBEKTHI.

CormnacHo mpUHLMIAM MOAXOAa K MojenupoBaHuio CD, ONMMCAaHHBIM BBIIIE, MOJENIb CHUCTEMBI
ra3ocHa0OkeHusi EBpombl Ha ocHOBe maHHBIX npoekTa SciGRID gas nemuTcss Ha OBE YacTH:
TOTOJIOTHYECKYI0O M (pyHKIHMOHANbHYIO. Paspaborka momenn CD HayMHAeTCS € TOIMOJOTHYECKOH
coctapisitomieli. CnabOCTPYKTypUpOBaHHBIE JaHHBIE, KOTOpPBIE MPEACTABIAIOT COOOW MAaCCHBBI
IGGIELGNC-1, IGGIELGNC-2 u IGGIELGNC-3, Obuid mpeoOpa3oBaHbl aBTOpaMH B
COOTBETCTBYIOIIME pensauuoHHble bJ[ C momompio uHCTpymeHTapus ['€oAPM. Otor ke
WHCTPYMEHTApUI MpPeIoCTaBIseT BO3MOKHOCTH MO PENAaKTHPOBAaHUIO CTPYKTypHON Mmomenu CO

(puc. 2).

¥ Cueresa rasocnadaenna Espons o

) 4630249411671479.44 299369045 Tasanpoeoa st

PucyHok 2: CTpyKTypa cuctembl ra3ocHabxkeHnsa Esponbl

B HacTosmee BpeMst aBTOpaMu IPOBOANTCS BEpU(PHUKALNS U BATUAALNS TaHHBIX, HEOOXOIUMBIX IS
noctpoenust GpyHKIuoHabHON Mozenu CO. [TpuurHO poBeIeH s STHX MPOLEAYP SBISETCS TO, YTO
MHorHe 3HadeHud atpulOytoB 00bekToB DC B mpoekTe SciGRID gas Obumn momyudeHb! OLIEHOYHBIM
nytéMm. Hampumep, TouHble HampaBieHHs TMOTOKa Ha OONBIIMHCTBE ydyacTkKOoB MI' ocratoTcs
HEn3BeCTHBIMU. bosnee Toro, HekoTopsle ydacTku MI' crocoOHBI paboTaTth B ABYX HAINPaBICHUSX.
[Toatomy, aBTopamu npoekta SciGRID gas Obut pa3paboTaH 3BPUCTUYECKHA METOJ ONPEICICHHUS
HaIpaBJIEHUs MMOTOKA rasa.

HeoOxomumocTh BepuduKaliu U BalUIAIMK JaHHBIX TaKke MOATBepkaaercs padoroid [19], B
KoTOpor MaccuBbl MaHHBIX SCciGRID gas wmcmonn30BagucCh IS CO3MAaHHS Ta30TPAHCIOPTHOW CETH
I'epmanun. B [19] ckasaHo, 4To BO Bpemsi OYMCTKM JaHHBIX OBUIM HaiaeHbl W ynaneHs! 10
W30JIMPOBAHHBIX MOJICETEH, KOTOphIe HE OBLIM CBSI3aHBI C OCHOBHOM CeThi0. Tarke ObIIO yAaJeHO
npumepHo 50 ygacTkoB MI', y KOTOPBIX OJJH | TOT € y3€J] ObII yKa3aH KaK BXOJHOI M BBIXOJHOM, a
JUIMHA 3THX y4acTKoB MI" Obla ycTaHOBIIEHA HYJIEBOH.

Bamupanus nannsix u3 maccuBa SCIGRID_gas CONS no I'epmanuu B padote [19] 6bu1a npoBeaeHa
MyTéM MX COIOCTaBIEHHs C MomoOHBIMU maHHbBIMH u3 BJI DemandRegio. PesymsTaTthl cpaBHEHUS
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moKasaild, 4TO JUIss MPOMEIIIIEHHOro cekropa DemandRegio, kak mpaBuiio, ycTaHaBIHBAaeT Oolee
BBICOKHE 3HA4YCHUsI crpoca Ha mpupoHbiid ra3, yem SCIGRID_gas CONS. Yro kacaercs )WiIoro u
KOMMEPUYECKOT0 CEKTOPOB, TO 3HAUYCHUS B 3TUX MAaCCUBAX JaHHBIX MPAKTHYSCKU COBIAIAIOT.

B xome Bepupwmkanuy W BamWAanWW JAaHHBIX BBIICHWIOCH, YTO pemIaTeNlb 3a/ad JIMHEHHOTO
nporpammupoBanust Ip_solve, wucmone3yrommuiics B CymIECTBYIOIIUX MOJEIsIX orpacieBbix CD,
paszpaboranabix B MCOM CO PAH s wuccinemoBaHWiA JKMBYYECTH, IUIOXO CIPAaBISETCS C
Pa3MepHOCThIO MOAeNHu ra3ocHadkeHns EBpombl. [loaTomy, aBTOpamMu OBUT BBIITOJNHEH IEpexXox Ha
COBpeMEHHBIE MMAaKeThl MaTeMaTuueckoii ontuMuzaiu SCIP [20] u HIGHS [21].

6. 3aKnwueHue

B nanHO# cTaThe OMUCHIBAETCS IPOLIECC Pa3pabOTKH MOJETN CUCTEMBI Ta30cHA0KeH s EBpoITbl Ha
OCHOBE OTKPBITHIX JaHHBIX, MOIXy4eHHbIX B OJIbJEHOYPICKOM MHCTHTYTE CETEBBIX SHEPreTHUECKUX
cucrem (I'epmanmst). HeoOxogmmocTs pa3paboTku HOBBIX Mofeneil oTpacneBeix CD B HacrosIee
BpeMsl JUKTYETCS TEM, YTO OOJBIIMHCTBO TOAXOIOB B O0JIACTH HCCIenoBaHUM xkuBydectn CO
(OKYCHpYIOTCS Ha PACCMOTPEHHH TOJBKO OJHOM M3 JBYX COCTAaBIISIOLIMX >KUBYYECTH. alalTalluH
CHCTEMBl K KPYHIHBIM BO3MYIUECHHUSIM HJIM BOCCTAHOBJIICHHMHM IPOU3BOAUTENLHOCTH CHCTEMbI IOCIE
KPYITHOTO BO3MYyIeHHs. Takas OIHOCTOPOHHOCTh HCCIICAOBaHMN TNPHUBOAMT K BBIPAOOTKE
Hea(pPeKTUBHBIX cTpareruil mo nosbimeHHI0 xuBydectTn CO. HoBble Monmenn CO mo3BoisT Golnee
PEaTUCTUYHO ¥ TOYHO MOAEIMPOBATH (YHKLIMOHUPOBAHNE ITUX CHCTEM B 3KCTPEMAaJbHBIX YCIOBHIX
Ha BCEM MHTEpBaJe BBDKUBAHUS, & HE TOJIBKO BO BPEMS MX aJalTalllM WM BOCCTAHOBJICHUS.

B HacTosee BpeMs ¢ momolisio psijia nHCTpyMeHToB U TexHosoruit MICTY CO PAH noctpoena
COBpPEMEHHasl cxeMa ra3ocHaOkeHus EBpombl, a Taxke OCYILIECTBISIETCS] MOATOTOBKA NAHHBIX JUIS
pacuéra HOTOKOB MPUPOJHOTO ras3a 10 MOCTPOCHHON CTPYKTYPE CUCTEMBI I'a30CHA0KEHUSL.
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AHHOTauuA

B ):[aHHOI71 CTaTbhbC NPUBEACHBI HAYaJIbHBIC PE3YJIbTAThL COBMECTHOH pa60TI>I aBTOPOB I10 3aJ1a4¢
CHUHTE3a MHKpOCGTeﬁ JUISA CEIbCKOXO03I1ICTBEHHBIX (bepM Bretnama. Ha ocHOBE HpOBeI{éHHOFO
aHallM3a JUTepaTypbl OBUIO PENICHO CTPOHMTh CHHTE3 MUKPOCETEH B BUJAE JBYX- HIIH
TPEXYPOBHEBOM CTPYKTYPHO-IIAPAMETPUYECKON ONTHMHU3ALMH JOKAIBHBIX JHEPreTUYECKHX
KOMIIJIICKCOB. I[J'IH MOJECIINPOBAHUA MHKpOC@TeI\/'I 6I>IJ'Ia BLI6paHa KOHIICIIINA SHEPTETUICCKOTO
xaba.

KnioueBble cnosa
MUKPOCETH, CTPYKTYpPHO-TTapaME€TpUICCKas OIITUMU3 AU, 3HepFeTH‘{eCKHI>'I xab )
BHGPFGTI/I‘IGCKI/II\;I KOMIIJICKC

1. BeBepgeHue

MuxkpoceTu SBISIIOTCS Pa3HOBHIHOCTBIO JHEPreTHUECKHUX KOMILJIEKCOB JIOKAJIBHOTO YPOBHS, B
KOTOPBIX COBMECTHOE HCIIOJIb30BaHHE BO300HOBISIEMBIX WCTOYHHUKOB JHEPTHH C TPAJAUIMOHHBIMU
JHEPTeTHYECKUMH YCTAHOBKAMHU U HAKOIUTEISIMU 3JIEKTPUIECKON YHEPTHUU SBISIETCS YIKOHOMHYECKU
3(¢(HEeKTUBHBIM CIIOCOOOM dHeprocHadxeHust noTpedureneir. OcoOyo 3HAYUMOCTHL U OOJIBIIOE
pacnpocTpaHeHue BO30OHOBISIEMbIE WCTOYHHKH JHEPTrUM TONYYWIH TPH  dJICKTpUPHKAIUHA
TPYOHOJOCTYIHBIX PETHOHOB MHpa, HE WMEIMMX CBSI3M C TPAAUNUOHHBIMH TOTUIMBHO-
SHEPreTUYECKUMH KoMIuiekcamu [ 1].

CoBmecTHass paboTa HaKONMUTENEH SJIEKTPUUECKOH DJHEPrUM B AaBTOHOMHBIX CHCTEMax
ANIEKTPOCHAOXKEHUSI UMeeT psijl (DAaKTOPOB, BIMSAIONIMX KaK Ha TEXHUYECKYIO, TAaK U YKOHOMHYECKYIO
3((HEeKTUBHOCTh HCIIOJIB30BAaHUSI TeX WJIM HMHBIX THIIOB HakomuTenei. B Oounblneil crerneHW OHU
KacaloTcsd HEPaBHOMEPHOCTH I'eHEepaIlii HCTOYHUKAaMH, UCTIONIb3YIONMMH 3HEPTUIO BETPa U COJIHIIA B
KauecTBE NMEePBUYHBIX ABUTaTeNEH.

Hakonurenu 3nekTpu4eckol SHEPrUM B MUKPOCETAX, KaK MPaBHJIO, PECTABIEHBI pa3HOTO pojia
aKKyMyJIATOpHBIME Oarapesmu. OHHM, B OTIMYME OT DJIEMEHTOB TIeHepalud W TpaHchopMarmu
ANEKTPUIECKON DSHEPrHH, MMEIOT OIpPEACICHHBIA PAJ| CIEeMUPHUECKX OCOOCHHOCTEH, KOTOpbIe
HEOO0XOIMMO yUUTHIBATh MPH MOAEIMPOBaHUH. VICX0/s U3 yCIIOBUI MX 3KCIUTyaTaluu [2], K JaHHBIM
0COOEHHOCTAM MOKHO OTHECTH BHYTPEHHHUE MPOLIECCHl CTAPEHUS] aKTUBHOM MAacChl aKKyMYJIATOPHBIX
Oarapeil, BKIIOYash pACCIOCHHWE OJIIEKTPOJHUTA, pa3pylIeHHE TOJIOKUTEIBHOTO  3JIEKTPO/a,
TSHKEYI0/HEOOpaTUMYIO CyIb(aInio, KPUCTATITHU3AINIO U T.11.
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CroxacTudeckasi COCTaBJISIONIAass MPU TEHEPUPOBAHWHM DJIEKTPHUYECKON DHEPTHU CYIIECTBEHHO
CKa3bIBACTCsl HA OCHOBHBIX YKCILTYyaTaI[MOHHBIX ITOKA3aTeNIAX aKKyMYJIATOPHBIX OaTapeli. Hanpumep, B
ABTOHOMHBIX  (DOTODJICKTPUYECKUX  CHCTEMaX  JKCIDTyaTalWs  aKKyMyJSITOpPHBIX  OaTapeit
COIPOBOMK/IAETCS MPOIIECCAMH C SIPKO BBIPAKCHHBIM IIUKIIMYCCKUM XapaKTepOM B TEUCHUE CYTOK.

Crioco6sr  00pa3oBaHHA MHKpPOCETEH MOXXHO pa30WTh Ha CIIeAyIomue OOINBIIHe TPYIIbL:
npeoOpa3oBaHHE CYIIECTBYIOIIUX CHCTEM O3JIEKTpOCHaOXKeHHUs, AWHAMHYecKoe (HOpMHpPOBaHUE
MHKPOCETEH, CHHTE3 MHOTOPECYPCHBIX MHUKPOCETEH U MHTEIIEKTYAIbHBIX SHEpreTHIecKux xabos [3].

2. CuHTEe3 MHOropecypcHbIX MUKpoOceTen

CuHTE3 MHOTOPECYPCHBIX MHUKpPOCETEH sBISETCS 3aJaueil mapaMeTpHYecKOH WIIM CTPYKTYPHO-
NapaMeTpUYeCKON ONTHMH3ALMU YHEPIeTHIECKUX KOMILIEKCOB [4].

[lapamerpuueckass ONTHMHU3AIMs OTBEYaeT 3a BBIOOP THUIIOPAa3MEPOB M YHUCIA EAHMHUI
TEXHOJIOTHYECKOTO  O0OpYJNOBaHUs,  ONpEACJICHUE  ONTHUMAaJbHBIX  MapaMeTpoB  paboThI
TEXHOJIOTHYECKOT0 000pYyJNOBaHUs AJs KaXKIOro BpeMeHHoro mrara. OfHako OoNbIIMK BKIaa B
VIIydIIEHHE  XapaKTEPUCTHK  JHEPreTHYECKUX  KOMIUIEKCOB, CHIDKCHHE  KAlHUTAIbHBIX U
OKCIUTyaTallMOHHBIX 3aTpaT BHOCHUT CTPYKTYpHO-IIapaMeTpUYECKas ONTHMM3alMsA, OTBEYarollas 3a
MoI00p THIIOB TEXHOJIOTHYECKOTO 000PYIOBaHHUS H MECT €TO YCTAHOBKH.

CTpyKTypHO-TIapaMeTpryecKasi ONTUMHU3aLUsI 00OBIYHO (YOpMYIHPYETCs HOBEPX MapaMeTPUUIECKOH,
B CPaBHEHHU C KOTOPOIl ABIIsIeTCs O0JIee CIIOKHOM MPo0IIeMOoi ¢ MaTeMaTHIECKON M BRIYHCIUTEIFHON
TOYCK 3PpCHU. 9T0 BBIpa’XXacTCsA, B YaCTHOCTHU, B TOM, UTO IIPOCTPAHCTBO BO3MOKHBIX TOIIOJOTUYCCKUX
albTEPHATUB AJII CUCTEM C TaKOM BBICOKOH CTPYKTYPHOM M JTUHAMUYECKOH CIOKHOCTBIO, Kak DU,
MOJKET OBITH B IIPUHITUIIE anipuoOpH Hem3BecTHO [5]. Takke MaTeMaTH4yecku JOKa3aHO, 4TO mpobiema
CTPYKTYpHO-TIapaMeTPUICCKON ONTHMU3AIMY WUHTETPUPOBAHHBIX CHCTEM dHepreTuku sipisercs NP-
TpyJaHOMU 3anaueit [6].

CTpyKTypHO-TIapaMeTpryecKass ONTHMHU3ALMS 3HEPreTHYeCKUX KOMIUIEKCOB BBIIOJHICTCS IO
IBYX- WIH TpEXypOBHEBOW CXeMe, I/I€ Ha BEPXHUX YPOBHSIX MPOMCXOAUT NOAOOP THIIOB
TEXHOJIOTHYECKOTO 000pYy/IOBaHUSI U MECT €ro YCTaHOBKH, BBIOOP THIIOpa3MEpOB M YHCIIA CIHHUIL.
Wndopmanust o BeiOpaHHOM 000pYyJOBaHUM INepenacrcsi Ha HWKHHHA ypOBEHb, IZ€ MPOU3BOAUTCS
ONTUMM3ALMUS PEKUMOB PaOOTHI IHEPreTUYECKOr0 KOMIUIEKCAa C YYETOM peIleHHH, MPUHATHIX Ha
BEpPXHHUX YPOBHSX. 3aTeM pacuéTHele AaHHBIE 00 3(dexkTuBHOCTH BBHIOPAaHHOTO O00OPYIOBAHUS
BO3BPAIIAIOTCS HIKHUM YPOBHEM 00paTHO HaBEpX.

B nuteparype mpeAcTaBIEHO MHOXECTBO MOAXOAOB K CTPYKTYpHO-IapaMeTpPHUYEcKOH
ONITUMHM3AITIH SHEPTETHUECKUX KOMITIEKCOB [7, 8].

3. CnoXXHOCTb Mmogeneit IHepreTUYeCKUX KOMNIEKCoB

Tak kak 3ajmada CTPYKTypHO-TIapaMETPUUECKOM ONTHMHU3ALMU IHEPreTUYECKHX KOMIUIEKCOB B
menoM siBisiercss NP-closkHOM, TO JOOUThCA CHHTE3a MHOTOPECYPCHBIX MUKPOCETEH 3a MpuemiieMoe
BpeMsl JIOCTATOYHO CIOXHO. [lociieqHee OOCTOSTENHCTBO BIMSET HA BBIYMCIUTEIBHBIC 3aTpPaThl,
TOYHOCTh PE3YJIBTATOB PACUETOB M NPAKTHUYECKYI0 NPUMEHMMOCTh HAWICHHBIX KOH(UIYypaLuii
sHepreTuyeckux komriekcoB [9]. Ilpu 3Tom, kak roBopsT ucciaenoBanus [10-12], moBbleHue
JeTanu3anuid  (CI0XKHOCTH) DJHEPreTHUECKHX MOJENCH, BIeKymee 3a co0ol yBeIMdeHHE
BBIUYMCIUTENBHBIX 3aTpaT, HE O0S3aTeNbHO TapaHTUPYET POCT TOYHOCTH MOJCITUPOBAHUS WIH
HaxoxzaeHue 6onee 3pPekTUBHBIX cUCTEeMHBIX KOH(purypauuid. [1o 3TuM npuyrHam B aUTEpaType 110
CHUX TIOp OCTa€Tcsi OTKPBITBIM BONPOC TOAOOpPa HEOOXOAMMOMN CTEMEeHH CJIOXHOCTH Moenei
CTPYKTypHO-TIapaMeTPUYECKONW ONTHMHU3AIINY SHEPTETHIECKUX KOMITJIEKCOB.

[locne aHanM3a HECKONBKUX MAECATKOB MOJAENEN CTPYKTYpHO-TIapaMETPUYECKONH ONTHUMHU3ALUN
SHEPreTHUECKNX KOMIUIEKCOB B paborax [9, 11, 13] Obum BbIIeNeHBI cieayromuye (akTopsbl,
OTIPEAETISIONINX CIIOKHOCTh JAHHBIX MOJIENEH:

e BpEMEHHas JAeTaIu3alus UCXOAHBIX JaHHbIX [14] u ropu3oHT mianuposanus [15],
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® [IPOCTPAHCTBEHHAS JCTANMU3AIUSI UCXOJHBIX JaHHBIX [16],

e TUI MOJeNU (JIMHEWHAs, HEMMHEHHAs U T.11.) [ 17] 1 moaxo/ K yu€Ty HeonpeAeICHHOCTH JaHHbBIX
[8, 18],

e eTanu3alysl IPEICTABICHUS M MOJAEITUPOBAHUS PAa3NUYHBIX KOMIIOHEHT JIHEPTeTHYECKHX
KomIuiekcos [19].

BrimieniepeunciieHHbIe YeThIpe (PaKTOpa CKOpee OMPECIISIOT CII0KHOCTh MOJICIH YHEPTeTUIECKOTO
KOMIUIEKCa HIDKHETO YPOBHS CXEMbI CTPYKTYPHO-TTApaMEeTPHUYECKOI ONMTUMU3AIINH, HEXXEITH BEPXHETO
ypoBHA. CIOXXHOCTh MOJEIH JHEPTeTHYECKOT0 KOMIUIEKCa BEPXHETrO0 YPOBHS IO OOINBIIEH YacTH
OTNpPEACISACTCS TUIIOM YHUCJICHHOTO METOJa IMOHMCKA ONTHMAJIBHBIX DPEIICHHN, WCIONb3yeMbBIM IS
ONTUMHU3AIUN PA3BUTHSI SHEPTreTHUECKUX KOMIUIEKCOB. /[aHHBIE METOIbI MOYKHO Pa3feiUTh Ha JIBE
TOTIOJTHAIONINE JPYT JApyra TPYIIIBL: 3BPUCTHUECKHE M ONTHUMH3auoHHBIE [20]. DBpHCTHUECKHE
METOJIbI, KaK MpaBwio, d(H(OEKTHBHBI 1Ji1 OBICTPOrO MOJYUYEHHUS XOpOIIMX pemeHuit. OJHAKO 3TH
METOJIbI HE MOTYT TapaHTHPOBaTh ONTHMAaJIbHOCTH, TJIABHBIM 00pa3oM H3-3a IOCJIECIOBATEIHLHOIO
XapakTepa ¥ MaTeMaTH4YeCKH HeIOKa3aHHOW cXoauMocTH. ONTHMH3alMOHHBIE  METO[BI,
YUUTBIBAIOIINE CTPYKTYPHBIE 0COOeHHOCTH DU OJJHOBPEMEHHO ¢ KOHCTPYKTHUBHBIMU TPEOOBAHUAMU
CHOCOOHBI HAWTH TOYHOE PEIICHHE JJIs MPAKTHUYECKU JII000W meneBor ¢yHkuuu [21]. OOpaTHOM
CTOPOHOM ONTHUMH3AIMOHHBIX METOJOB 10 CPABHEHHIO C JBPUCTUYCCKHMH METOJAMU SBISIOTCS
BBICOKHE BEIUYMCIIUTEIBHBIE 3aTPATHI U TIOTEHIIMAIHHO JOJITOE BpeMs CUeTa.

4. dHepreTUYecKui xab

Ji1st MoieTUpOBaHUS MUKPOCETEH B HACTOSIIEE BPEMSI HaCTO MCIIONB3YETCs UAes SJHEPTeTUIECKOTO
xaba, mpemnoxennas B 2007 romy [22]. Ona omuceiBaeT B 00OOMIEHHOM BHIE TEXHOJIOTHU
npeoOpa3oBaHMs M HAKOIUICHUS SHEPTUH. JHEPreTHYecKHid Xad MpeaCTaBiIseT coOOH IOCpeqHHKa
MEXIy Pa3TUYHBIMH SHEPreTUYeCKUMH HHQPPAcTpyKTypaMu M moTpebutesnsiMu. Ha Bxonmer xaba,
KOTOpBIE COCAMHEHBI C BHEITHUMH YHEPrOCHCTEMaMH, ITOJAI0TCS Pa3iIMYHbIe YHEPropecypChl, TaKHe
KaK 3JIEKTPUYECTBO W pa3lIMYHbIC BUIBI TOIUIMBA: TPHPOAHBIA ra3, yroib W T.JA. BbIxomsl xaba
COCAMHSIOTCS C TOTPEOHTENISIMH, KOTOpbIe OOECTeurBaeTcsl JHEPreTHYECKHMMHU  yCIyramu
HEOOXOJIMMOTO KadyecTBa, TAKMMH KakK dJIeKTpocHaOKeHWe, OTOIUIEHHE M XJajocHabxkeHnue. B xabe
9HEprus NpeoOpasyercsi W aKKyMyJUpPYeTCS C HCIIOIb30BAaHMEM TEXHOJIOTHH KOMOWHHPOBAHHOTO
MPOU3BOJICTBA TEIIA U IEKTPOIHEPTHHU, TPAaHC(HOPMATOPOB, CHIIOBOH 3JIEKTPOHUKHU, KOMIIPECCOPOB,
TEIJIO0OOMEHHHUKOB U Ipouero o0opyroBanus [23].

DHepreTHYeckuii Xxab 0OBIYHO COCTOUT M3 CICAYIOLINX 3JIEMEHTOB: N BX0/10B, d mpeobpa3oBareneii
aHepruu, K Hakomurenet s3uepruu 1 M BoixoaoB [24]. Ha pucyrke 1 moka3aH npiuMep 3HEPreTHUECKOro
xaba, COCTOSIIEr0 M3 2 BXOJOB: JJIEKTPOIHEPIMH M TOIUIMBA, 2 BBIXOJIOB: DIIEKTPOIHEPTHH H
TeIIo’Hepruu, 3 mpeoOpas3oBareneil: snekTpudeckoro TpaHcdopmaropa, muHu TOL[ s
NPOM3BOJICTBA TeIJIa ¥ DIEKTPOIHEPTHWH, DSJIEKTPUYECKOro KOTIa JUIi TOKPHITUS HKOBBIX
MoTpeOHOCTE! B TEIUIE, 2 HAKOUTEIIEH: AIEKTPHYECKOT0 aKKYMYJISITOpa M HAKOIIUTES TeIa.

Py FI(Q)
—

Tpaucopmarop I

AKKYMYJISATOP

v

Munu

T3I]
) Hakonurens Tena

,r L

v

F3

5| Koren
>

v

PucyHoK 1: MNMpumep sHepreTuyeckoro xaba
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Pacnpenenenue NOTOKOB SHEPTUU OT BXOJOB HEPreTHUECKOro Xaba K €ro BBIXOAAaM OOBIYHO
OIKMCBIBAaCTCsl B MAaTpU4HOM opme [25]:

L=V 'P—SQ" +5Q%s + U, (1)
rae P — BeKTOp, KOMIIOHEHTHI KOTOPOTO COOTBETCTBYIOT MOTOKaM Ha BXxogax xaba, L — Bekrop,
KOMIIOHEHTBI KOTOPOT0 COOTBETCTBYIOT IIOTOKAM Ha BBIXOAax xaba, 1) — MaTpula npeodpa3oBaHus,
KOMIIOHEHTBI KOTOPOH paBHbI 3HAYEHUSIM KO3()()UIIMEHTOB NPeoOpa30BaHusl OMHOIO BHA SHEPTUH B
npyroii, V — maTpuna nucrerdepusaluy MOTOKOB OT BXOJ0B Xaba 0 nmpeodpa3oBaTeneii, S — MaTpuna
CBA3BIBAHMA TIOTOKOB B HAKONMTEISAX SHEPTMM C BBIXOJHBIMH IOTOKamMum xaba, Q" — mextop,
KOMIIOHEHTHI KOTOPOTO COOTBETCTBYIOT IIOTOKAM 3apsja B HakomuTensx sueprum, Q4 — pexrop,
KOMIIOHEHTBl KOTOPOTO COOTBETCTBYIOT MOTOKaM paspsiia B Hakomuredsix sHepruu, U — Bekrtop,
KOMIIOHEHTBI KOTOPOT'O PAaBHBI 3HAUEHHUSIM HETIOKPHITOM 4acTH HAarpy3KH Ha BbIXOJax Xaba.

[ToToku kK KOHBEPTOpPaM MO>KHO BBIpa3UTh Yepe3 BXOJHbBIE MOTOKH P kak
F=v-1p, (2)
rae F — BeKTOp, KOMIIOHEHTHI KOTOPOTO COOTBETCTBYIOT MOTOKaM B TpeoOpazopateisix. C yuetom (2)
ypaBHeHHE (1) MOXHO mepenucaTh Kak

L=nF —SQ°" +5Q%s + U. (3)

Juisa mpumepa Ha pucyHke | MaTpuipl u BekTopa u3 ypaBaeHuit (1)-(3) OyayT nMeTs cienyromuit
BUJ:

F ,
P, 101 ! [TI117721 0 ] n_ [0S e s
P = V= F = |F = ch _ is — _ —
[Pz]' [010]’ Fz a 0 M22m3; ' Q ZCh'Q ng,S

o3 =[] v=[2]

rae P; — BXOJIHOW MOTOK 3JI€KTpO3HEpruu, P, — BXOJHOW MOTOK TOIUIMBA, L; — BBIXOJHOH MOTOK
3NEKTPOdHEPTUH, L, — BBIXOAHOM HOTOK TEMJIO3HEPruH, F; — MOTOK 3JIEKTPOIHEPrHH depes3
tpancopmarop, F, — TOTOK mpupomHoro raza B muHH TOIl, F3 — MOTOK 3IIEKTPOSHEPTHH B
ANEKTPUIECKUN KOTEN, 111 — KOA(OUIMEHT TOJIE3HOTO AEHCTBUS TpaHCPOPMATOPa, 1)1 — YACTbHBINA
pacxo]| TOIUIMBA Ha BBIPA0OTKY 3JIeKTpodHepruu B MuHU TOLl, 17,5, — yJenbHBIN pacXoj TOIIMBa Ha
BBIPaGOTKY Teruia B MuHM TOII, 773, — K03 (BHUIMEHT MONE3HOTO IeHCTBHS HIEKTPUIECKOT0 KOTa, Q5
— HOTOK 3apsiia B OJIEKTpHUecKHil akkymynsrop, Q£— moTok paspsma M3 SIEKTPHUECKOTO
akKyMyJisTopa, Q5" — morok Ternosueprun B HakonuTenb, Q4 — HOTOK TEMIOHEPrHH U3 HAKOMIUTEIS,
U, — HEeToKphITast 4aCcTh OTPEOHOCTH B AneKTpudecTBe, U, — HEMOKPHITAs YacTh MOTPEOHOCTH B TEILIE.

5. CMHTe3 MUKpOCeTeN ANA CeNIbCKOX03ANCTBEHHbIX pepm BbeTHama

Ha Texymmii MOMEHT aBTOpaMu pa3paboTaHa THIOBas CXeMa OSHEProcCHaO0XKEHHs
CeNIbCKOXO03IHCTBEHHBIX (pepM BreTHama, mokasaHHas B BUE YHEPreTHYECKOro xada Ha pUcyHKe 2.

MukpoceTs Ha pHCYHKE 2 COCTOMT U3 CJICAYIOUIMX KOMIIOHEHT: (DOTORNEKTpUIecKue
npeobpazosarenu (DOII1), cereoit naBeprop (CHH), akkymynstopusie Oatapen (AB), 6atapeiinbrii
unseprop (BMH), Berposnekrpuyeckas ycranoBka (BDY) m ycraHoBka s KOMOMHHPOBAHHOW
BBIPAOOTKH TeTlIa U dJIeKTpudecTBa n3 onomaccel (MHHHTOLL). Takke MUKPOCETh MIMEET MOIKIIFOUCHIE
K BHEIIHEW OJHEProcucreMe jsi TOKYNKH DJJIEKTPOIHEPTHU B CiIydae HEXBATKH COOCTBEHHBIX
MOILIHOCTENH. MakcuManbHas SIeKTprudeckas Harpyska He npessimaet 500 kBrT.

114



BHepreTMyeckuii xab
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PUCYHOK 2: Mprmep sHepreTMyeckoro xaba

[Ipennomnaraercsi, 4YTO JHEProcHaOXEHUE CEIBCKOXO3SIHCTBEHHBIX (EepM KOHTPOIUPYETCS
IU(PPOBBIM TBOMHUKOM MHUKPOCETH, KOTOPBIH MTOAYMHSIETCS CICAYIOINM TPaBHUIIaM:
e eclld CyMMapHas TeHepalMs MUKpPOCETH MpEeBBIIIAeT YpOBEHb HArpy3KH, TO BBIIOJIHAETCS
npsAMoe CHaO)KeHUE NOTPEOUTEIIS M aKKyMYJIMPOBaHUE 3HEPruu B AB;
®  eCJIM reHepaluy OT MUKPOCETH HEIOCTaTOYHO, TO HEOOXOIUMBIH 00bEM SHEPIHH TOCTYTAET U3
AD ¥ BHEIIHEN SHEPrOCUCTEMBI.
CHHTE3 MHKpPOCETEH IS CEeJIbCKOXO3SMCTBEHHBIX (hepM BbeTHama OyJeT 3akio4yaThCs BhIOOD
TUTIOPA3MEPOB U urcia eauHull ooopynoBanus it OOI1, Ab, BOY u muanTOL,

6. 3aKnwouyeHue

B nanno# crarthe mpuBeAEHBI HadalbHBIE PE3YIbTAThHIl COBMECTHOH pabOTHI aBTOPOB MO 3ajaye
CHHTE3a MUKPOCETeH sl CeNbCKOX03IHCTBEHHBIX (hepM BreTHama. Ha ocHOBe mpoBei€HHOTO aHasm3a
JIUTEpaTypsl OBIJIO PEIIEHO CTPOMTHb CHHTE3 MHUKPOCETEH B BHJAE [BYX- WIH TPEXYPOBHEBOH
CTPYKTYpHO-TTapaMEeTPUYECKOH ONTHUMM3ALMH JIOKAIBHBIX JHEPreTHYECKHX KOMIUIEKCOB. s
MOJISJIMPOBAHHSI MUKpOCETel OblIa BIOpaHa KOHIIETIINS SHEPTeTHIECKOro xaoa.
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Pabora BeimonHena B pamkax rpanta Ne 075-15-2024-533 MunuctepcTBa HayKHd W BBICILETO
oOpazoBanuss P® Ha BbINONHEHHE KPYNHOIO HAYYHOIO MPOEKTa 10 MPHUOPUTETHBIM HalpaBlICHUSIM
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MPUPOAHOM TEPPUTOPUM HA OCHOBE CHCTEMbl B3aMMOCBS3aHHBIX Oa30BBIX METOJOB, MOJENEH,
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per. Ne 124052100088-3).
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CTpYKTYpHO-NapameTpruuyeckaa onTMmusauusa
3HEProMCcTOYHMKOB B 3a4a4axX Pa3BUTUA CUCTEM

TennocHab»eHua
Onsra Enenesa 1, Anexceii EneneB 1.2

YUncmumym cucmem suepeemuxu um. JI.A. Menenmvesa CO PAH, yn. Jlepmonmoea, 0. 130, 664033, Hpxymck,
Poccusa

2Uncmumym ounamuxu cucmem u meopuu ynpaenenus um. B.M. Mampocosa CO PAH, yn. Jlepmonmoea, 0. 134,
664033, Upxymck, Poccus

AHHOTauuA

B cratbe paccMOTpeHO pelieHue 3a7adyd CTPYKTYPHO-IapaMEeTPUUYECKOW ONTHUMH3ALUU
SHEPrOMCTOYHMKOB  CHCTEM  TeruiocHaOkeHus. Cpeam 3amady  pa3BUTHS — CHUCTEM
TEIUIOCHAOXKEHHUS OHA SBIIETCS HaWOoJee aKTyalbHOW Juia balikalbCkoil TPUpPOIHOM
tepputopu (BIIT) u3-3a )KeCTKUX HKOTOTUYECKUX OTPAHUYCHUH, HAKJIaIbIBAEMbIX Ha paboTy
JHEPrOMCTOYHMKOB. Pa3paboTana wmareMaTHueckass MOJEIb ONTUMAIBLHOTO Pa3BUTHUS
JHEProcHaOXKaroIIeH CUCTEMBI C YUSTOM IPEICTABUTEIBHBIX JHEW C YacOBOH TEIUIOBOW U
AJIEKTPUYCCKON HArpy3Kol moTpeOuTens U y4éroMm aTMochepHoro 3arpssHenus. [IposeaeHa
anpobarusi MoJeIM Ha TNPAKTUYECKOM TMpHUMEpPEe Pa3BUTHA CXEMBl JHEProHa0KeHUs
HEeOOJIBIIOro T0CelKa, Haxozsmerocs Ha Tepputopud BIIT. [TonroToBka UCXOMHBIX JaHHBIX
W pelieHre 3aJavyd CTPYKTYypHO-TIApAMETPUUECKONH ONTHMH3AIMN JHEPTOUCTOYHHKOB
OCYIIECTBIIACh C  TMOMOIIbIO CepBUCOB  HHU(pPOBOH  TIATHOPMBI  HKOIOTUYECKOTO
Monuropunra BIIT.

Kniouesble cnosa

Cuctema TeIUIOCHAOXEHNUS, SHEPTOMCTOYHHUK, TEIJIOBAs CETh, CTPYKTYPHO-TIapaMeTpHUIecKast
ONTHMHU3AIMS, 3arpsisHEHHE aTMocdepsl, NpeICTaBUTEIbHbIE MTHH, TpaduKk HarpyskH,
Baiikanbckas mpupoaHas TEpPUTOPHS, SKOTOTHUECKHI MOHITOPHHT, IH(poBas miatdopma.

1. BeBepgeHue

B pamkax wudpoBoro monuTopuHra baiikanbckoit npupoauoit Teppuropun (BIIT) [1]
pa3pabaThiBalOTCSl HOBBIE MOJICIH, aITOPUTMBI M npukiaganoe [10 mis MoaenupoBaHus TPUPOIHO-
texandeckux cucreM (I[ITC) ¢ ymopoMm Ha nerammsanuio TexHoJormueckux mporeccoB. [ITC
MPEACTABISIIOT cO00H COBOKYNMHOCTH ()OPM M COCTOSIHUH Pa3IUYHBIX MPOLIECCOB B3aUMOACHUCTBUS
KOMIIOHEHTOB TPHPOJHON cpellbl C WHKEHEPHBIMH COOPY)KEHHMSIMA Ha BCEX CTaJHiX ec
¢byukimonupoBanus [2]. HeoOxoaumocTh pa3pabOTKM HOBBIX Mojenei, amroputmoB u I10
ompenenseTca HHTeIUIeKTyanusauued ynpasieHuss IITC, kxoropoe mnpenbsBasSeT MNOBBIIICHHBIC
TpeOOBaHUS K ACTAIM3AINHA MOJACTHPYEMBIX TEXHOJIOTHYECKUX MPOIECCOB U KaYeCTBY MOTYyYaeMbIX
JMaHHBIX 00 ycnoBusx QyHkiuoHupoBanus u passutus [ITC. Ogaum u3 npexacrasurenen [1TC
SIBJISIIOTCS. CUCTEMBI SHEPTeTUKH, B YaCTHOCTH, TEIUIOCHA0KAIOIINE CUCTEMBI.

[IpoexTrpoBaHNe CUCTEM TEIJIOCHAOXKEHUs SBISETCA 3aladeidl CTPYKTYpHO-IapaMeTpHYECKON
ONTUMH3AIIUH U 3aKIFOYAETCs B ONPENEIICHUH THITOB, MECT PACIIOIOKEHUS U COCTaBa 000PYIOBaHHS
SHEPrOMCTOYHUKOB B TECHOM B3aHMMOCBSI3M CO CXEMOW M IapaMeTpaMu TEIJIOBOH ceTH (T.K. COCTaB
SHEPrOMCTOYHHUKOB, X MOIIHOCTH U CBSI3U C MOTPEOUTEISIMUA ONPEAEISIIOT 00beM TEeIJIOHOCUTETI,
nepeaBaeMoro 1o TeIUIOBO# ceTn). B ciyuae pacronokeHust MpOeKTUPYEMbIX SHEPTOUCTOUYHHKOB Ha

6™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia
EMAIL: edel@isem.irk.ru (A. 1); alexedelev@gmail.com (A. 2)
ORCID: 0000-0003-2219-9754 (A. 1); 0000-0003-2219-9754 (A. 2)
@ ® © 2024 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
ICCS-DE 2024 Workshop Proceedings
DOI: 10.47350/ICCS-DE.2024.16
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tepputopuu BIIT B 3amady CTpyKTypHO-TIapaMEeTPHUUICCKON ONTHUMM3AIIMU JODKHA TOOABISITHCS
OLICHKA MX BIUSIHUS Ha aTMOc]epy.

[IpoexTrpoBaHNEe SHEPrOMCTOUYHUKOB SBJISETCS MHOTOJTAlHOM NPOLEAYpOH, B IaHHOM
WCCIIEIOBAHNY JIeTIaeTCs JAOMyIIeHHe, YTO TUIOMAAKH ISl CTPOUTENHCTBA OIPEIEICHbI B Pe3ybTaTe
MIPOBEJICHHOTO ONTHMHU3AIMOHHOTO pacdera TeIUIOBBIX CeTel M HaxOIITCS B MECTaX CKOIUICHHS
TEIUIOBBIX HArpy3ok. CleAylomuM 53TanoM SIBISETCS ONpeAeieHHEe TUIIOB W THIIOPa3MEpOB
000pyIOBaHMS SHEPTOMCTOYHUKOB. THIT SHEPTOMCTOYHHKA OMPEIEIISETCS UCXOAI M3 BO3MOXHOCTEH
ITOCTABKH TOILIMBA PA3IMIHBIX BHIOB, U, KPOME 3TOTO HUCCIEAYEeTCsI HOTPEOHOCTh B KOMOWMHUPOBAHHON
BBIpabOTKE TEMJIa U 3JIEKTPOIHEprur. TunopasmMep UMEET IPH 3TOM BayKHOE 3HAYCHHE, IOTOMY 4TO, C
OTHOH CTOpPOHBI, C YBEIMYEHHWEM 4YHCIA YCTAaHOBOK MOSBISIETCS BO3MOXKHOCTH 0ojiee MATKOTO
MaHEBPHPOBAHHUSA HArpy3KaMH, W TIOBBIMIAETCS HAJEKHOCTh IHEPTOMCTOYHUKOB. C IPYTOil CTOPOHBI,
OECKOHTPOJIPHOE YBEIUYEHHE KOJIMYECTBA YCTAaHOBOK MPUBOJUT K YBEIMYCHHUIO KAHMTAIBHBIX H
9KCIUTyaTallMOHHBIX 3aTpar. CoriacHO HOpMaM NpPOEKTUpoBaHMs [3], yCTaHOBJIEHHAs TEIUIOBas
MOIIIHOCTH SHEPTOWCTOYHHUKA OTpeAessieTcs M0 pacdeTHOW TerIoBoil Harpyske. [IpencraButensHbIe
ITHY, B 3TOM CIIy4ae IMO3BOJISTIOT IIPOBEPUTH, OTIPaBIaHa JIM Takas pacu€THas Harpys3ka. Kak mpaBmio,
MpeCcTaBUTENbHBIE JHH BPEMEHHOTO TEpHOAa TEIUIOBOW HArpy3KH, MPEACTaBISIOT co00il BHIOOD
OTIpEICNICHHBIX JHEeW M3 BPEMEHHOIO PsZia, COCTOSIIETO M3 HECKONBKHX JIET, B KOTOPHIX 3aMeuUeHBI
MpeebHO BHICOKME W HU3KHE HArPy3KW, WIH K€ Harpy3Kd MMEIOT XapaKTepHBIH, HepaBHOMEPHBIH
XapakTep B TEUCHUE CYTOK (KaK MPaBUIIO, 3TO paboure U BHIXOIAHBIC JTHH ).

B [4] aBTOpaMu ObLT TpEAIOKEH OJUH M3 BO3MOXKHBIX CITOCOOOB pEIICHHS 337aud CTPYKTYPHO-
MapaMeTpUYecKOil ONTUMHU3AIUN YHEPTOMCTOYHUKOB C IMOMOIIBIO METOJOJOTHH JHEPreTUIECKIX
xaboB [5]. B mamHOM wmcciemoBaHWM 3TOT CIOCO0 OBLT ampoOWpoBaH Ha MpUMepe HeOONbIIoN
SHEPrOCHAOKAIOIIEH CHUCTEMBI C Y4YETOM MpPEACTABUTEIBHBIX IHEH M OIEHKOH aTMoc(epHOro
3arpsI3HEHMSL.

2. lNMocTtaHOBKa 3apauun

B [6] Obuta mpemiokeHa IBYXYpOBHEBas MOJENb BblOOpa THIIa M COCTaBa 00OpYIOBaHUS
9HEpProrncTouHUKOB (D) A pemenus 3a1a4 MepCrleKTHBHOTO Pa3BUTHS SHEPTOCHAOKAIOIINX CHCTEM
pa3nu4yHOi pasMepHocTH. Ha mepBOoM ypoBHE MOAENH HPOHMCXOAUT (HOPMHUPOBAHHE MHOXKECTBA
cTpykTyp DU 1o ux Tuiy, Ha BTOPOM yYpOBHE NOAOUpAETCA ONTUMAIIbHBIN cocTaB o0opynoBanus DU
C YYETOM HAJeKHOCTH M PACCUMTHIBAIOTCS 3aTpaThl HA COOPY)KEHHE M IKCIUTyaTallHi0 MHKPOCETH,
BKIovaronue 3arparbl B DU u temnoByio ceth (TC). Ha 3TOM e ypoBHE OIEeHHBAIOTCS 00BEMBI
BBIOPOCOB 3arpsI3HSIOIIMX BEILIECTB.

OcHoBHas Hjesl NPUMEHEHHS METOJI0JOTHN DHEPreTHIECKHX XaOoB B 3a/lavyax pa3BUTHSI CHUCTEM
TEIUIOCHAOKEHHSI 3aKJIF0YaeTCs B MOJICITUPOBAHUM CTPYKTYPHl BapHaHTa SHEPrOMCTOYHHKA B BHJIC
sHepreruyeckoro xaba, h = {1, ..., H}, KOTOpbIil KIMEET MHOXKECTBO BXOI0B M}, 1 MHOXECTBO BBIXO/IOB
N}, Kaxaprit anemenT u3 MHOkecTB My, Ny, CBS3aH C OJHUM OTIpeAeNEHHBIM 3HEpropecypcoM k € K.
Taxoke xab h umeeT HabOp npeoOpa3oBaTesiel B KOJIUIECTBE [y, .

B xa6e h = {1, ..., H} B nepuos Bpemenu t = {1, ..., T} motok suepropecypca Pf,, Ha Bxoje m €
M}, pasmensercs Ha MOTOKH F,fmj K mpeobpaszoBaressiM j = {1,...,J,}, CBSI3aHHBIMH CO BXOJOM
me M,

Pfgm = Z"]'E@h(m) Fifmjv @
Fimj < Frmj, 2)
rae P_',fmj — OPOIMYCKHasi CIIOCOOHOCTh CBs3M Tpeobpa3oBartelst j co BXxogoM m xaba h, O,(m) —

MHOX€ECTBO, COZEprKalee npeodpasopatenu xaba h, CBA3aHHBIE CO BXOAOM M.
OGpasoBanue MoTOKa dHEpropecypeca Ly, Ha Bhixoge n € N xaba h = {1, ..., H} mokasano Ha
Pucynke 1. B mepuox Bpemenu t = {1,...,T} mpeobpasosarens suepruu j = {1,...,J,} xaba h

KOHBEpPTUPYET NOTOK Fy,, j € K03 UIHEHTOM TPE0OPA3OBAHKS Ty, U HAMPABIIAET €TO K BHIXOJLY 7.

[otok L, Ha BeIX0zie n € N), onpefensercs Kak
t — con t
Lhn - ZmEMh Zjeeh(m,n) r]hmjthmj’ (3)
rae O (m,n) — MHOXKECTBO, COCTOSIIIEE U3 TIPeodpa3oBartelieii, MOCPECTBOM KOTOPBIX BXOa m € My,
COEAMHSETCS C BBIXOJIOM 7 Xaba h.
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PucyHok 1: MepeToK aHeprum B aHepreTMyeckom xabe oT npeobpaszosaTeneli K BbIXxoay

Koadduuuent npeodpazoBanus nﬁ%n, MOMUMO YJENBHOTO pacxoja TOIUIMBA, MOXET TaKKe
MIPEICTABIISATH yIEIbHBIE BRIOPOCH 3aTPSA3HAIONINX BEIIECTB B aTMoc(hepy.

DOHEProMCTOUHUKH COSAMHSIOTCS MEKAY cO00M B C MOTPEOUTENISIMU € TIOMOILBIO CETEeH TpaHCIIopTa
snepropecypcoB (Pucynok 2). Kaxnmas cers mpencraBmsier coboii rpad Gy = (Vi, Ey), tne Vi —
MHOECTBO y3JI0B, £}, — MHOXECTBO OpUEHTUPOBAHHBIX AYT, K — dHepropecypc u3 MHoxectBa K. Ha
rpad Gy MOTYT HaKJIaZBIBATHCS JOMOIHUTENbHBIC OTPAHUYEHUS, CBA3aHHBIE C PU3NIECKIMHE 3aKOHAMH
nepeMeleHns FHepropecypea k.

B cetb G MOXET BXOJUTH MHOXECTBO Y3JIOB ng C I/}, KOTOpOE MpeACTaBIseT 000COOICHHBIC
WCTOYHHKY dHepropecypca k € K, He oTHOcsmuecs Ha k oqHoMy n3 H xaboB. Hanpumep, B I/;Cg MOTYT
OBITH BBIJEIIEHBI HCTOYHHUKH TOTUINBA, KOTOpbIe Ha Pucynke 3.4 mpeacTaBieHbl IPSIMOYTOIbHIKAMH.

UYepes V& c V}, 0603HauaeTCa MHOXKECTBO Y3108 IOTpebieHns snepropecypea K € K | kotopsie Ha
Pucynke 3.4 mpencraBiensl kpyramu. OcraibHble Y3706l U3 MHOXecTBa V) = Vk\(I/;(g U V,f)
HA3BIBAIOTCS TIPOMEKYTOYHBIMH H CIYXaT MECTaMHU IepecedeHus] MOTOKOB YHEpropecypca B CETH
Tpancnopta. Kaxnerii y3en v cetu G, HODKEH YIOBIETBOPSATH OJHOMY M3 YCIOBHUI OallaHca MOTOKOB
snepropecypca k € K B nepuox Bpemenu t = {1, ..., T}

gliv + Z(q,v)ell’k(v) akqvfktqv - Z(v,q)eﬂk(v) flqu =0,ve Vg’ (4)
Z(q,v)e'l’k(v) akqvflfqv - Z(v,q)e!)k(v) fktvq + uliv = dltcv' vE VI?’ (5)
Z(q,v)ewk(v) akqvfktqv - Z(v,q)eﬂk(v) fktvq =0,ve V;?, (6)

0 < ufy < iy, v € Vi, (7)

0< flqu < fkvq' (17, Q) € Ek’ (8)

0 < Giw < Jiw vV EV, (9)

rae ¥y (v) € Ej — MHOXECTBO JIyT, BXOAAIIMX B y3ei v, 0y (V) S Ej — MHOXECTBO JIyT, HCXOJIAIINX
u3 y3ma v, fktq,, — notok sHepropecypca k no ayre (q,v) € E, B mepuos Bpemenu t, gr, —
POM3BOJICTBO SHEPropecypca k B ysiie v € ng B [IEpHOJI BpeMeHH t, d&,, — ToTpeGHOCTh y31a v € V&
B dHEpropecypce k B MepHoOI BpeMeHH t, Uk, — HelomocTaBka dHepropecypca k B y3en v € VE B
TIEPHOJ BDEMEHH t, Ay gy, — KOIDDUIMENT, XapaKTepU3YIOMMii TOTEPH MPH TPAHCTIOPTE SHEPropecypea
k no nyre(q, v) € Ey, fkvq, (v, @) — nponyckHast ciocobHocTs nyru (q, v) € Ej.

PUCYHOK 2: CeTb 3HepreTMyeckmnx xabos
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Ecimu yuuTEIBaTh DHEPreTHUYECKHE Xa0bl, COEQUHEHHEIE ¢ G B y3Iie U, TO ypaBHeHus (4)-(6) mis
nepuosa BpeMenu t = {1, ..., T} 3anuiyrcs Kak

t t t t t g
Jiev T Lamewr) Favficgr T Lneadw) Lim — Lneadw) Prm ~ Lwarearw) fivg = 0V €V, (10)
t t t t t _ gt d
Y(qwew ) Uaqvfiqy + Lneadw) Lhn = Lneadw) Prm — Lwareaww) fivg + ko = diwy v E VIS, (11)
t t t t _

L(qw)ewiw) Uaqvliqy + Lneadw) Lhn = Lneadw) Prm — Lw.areaww) frvg = 0.V € VY, (12)
rae A%(v) — MHOXecTBO XaboB, BXOIBI KOTOPBIX COEIMHEHBI C CeThio G B y3ne v, Pf, — moTok
smepropecypca k € K, nocrynatouiero Ha BXog m € M, xa6a h € AL(v) B mepuon t, Ay (v) —
MHOKECTBO Xa0OB, BHIXO/IbI KOTOPBIX COEIMHEHBI ¢ CEThIO Gy B y3ie v, LY, — motok snepropecypca
k € K, nocrynatomiero Ha Beixoa n € Ny, xaba h € Ag (v) B mepuon t.

Llenpro onTUMHU3aluK (YyHKIMOHUPOBAHHS B3aHMOCBSI3aHHBIX Xa0OB sIBISIETCS] HAUOOIIEE TOJTHOE

YAOBIETBOPEHHE TIOTPEOHOCTEH B SHEpropecypcax Mpu MUHHMAJIbHBIX 3aTpaTax Ha IKCILTyaTallHio
Xa0O0B M TPAHCIIOPTHBIX CETEM Ha MPOTHKEHUU BCEX EpHOI0B Bpemenu t = {1, ..., T}:

T [ H
Z Z z Cﬁl’cpilimzifE + Z Z YRvultcv + Z Z Ckvqfktvq - min, (13)
t=1 | h=1meMp, keK yeyd keK (v,q)€Ey
raie Cfy, — nena na suepropecype k € K, nocrynatomiero Ha Bxogm € My xaba h = {1, ..., H} B nepuon
t, Pf,, — moTok sHepropecypca k € K, noctynarormero Ha Bxoq m € My, xaba h = {1, ..., H} B nepuon
t, Z; — Gynesa nepeMeHHas, ONpEACISIONAs, OyieT i peanmsoBad xab h = {1,..,H}, ul, —
HeJIoNocTaBKa 3Hepropecypca k B y3en v € V& B nepuon BpeMeHu t, Vi, — IITpad 3a HEAONOCTABKY
sHepropecypca kK € K B y3enm v € V,f B NEpUON U, Cgyg — YACNBbHAs CTOMMOCTb TPaHCIOPTa
sHepropecypca k € K o ayre (v, q) € E, fktqv — moTok sHepropecypea k € K o nyre (q,v) € E B
nepuon t.

Orpannuenusmu 17 neneBort pyuxuuu (13) BeicTymatot ypasuenus (7)-(12).

3. MMpaKTUUeCcKuii npumep pasBUTMA CXeMbl IHEPrOCHABXKeHUA NocesKa

[IponemoHCTpUpyeM mNpUMEp Ppa3BUTHS CXEMbl JHEPrOCHAOKEHHMS HEOOJBLIOrO IIOCENKa C
HacenenueM B 6 000 wedn., Haxonsuierocs Ha Teppuropunt BIIT B Boctounoit Cubupu. [lnanupyemast
MEepCIeKTHBHAS TEIUIoBasi Harpy3ka mocenka coctaBut 23,19 I'kan/4, snextpudeckas — 102,91 Thic.
MBT14 B roxm, 4ro CBSI3aHO C MEPCIEKTHBHOM 3aCTPOWKON (POCT YHCIEHHOCTH HAceleHHs) W
HEOOXOIMMOCTBIO PEKOHCTPYKLIUMH OOBEKTOB »HEpProcHabxeHus. B HacTosiiee BpeMs B IOCEJKE
(bYHKIIMOHUPYET OJIHA IICHTpalIbHAasl KoTebHas Ha Oypom yrie (DU Nel, PucyHok 3).

d

PucyHoK 3: MNpocTpaHcTBEeHHOE NpeacTaBieHme KoHourypaumm TC ¢ 1-um 3U ana nocenka
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[Ipu popmMupoBaHHM TEXHOJOTHYECKHX BapuaHToB DM mocéika paccMaTpHBaldCh IBa BapHaHTa
TOIJIMBOCHAOXKEHUSI: TT0/1a4a ra3a Ha [eJId SJHeprocHadXeHus (B paMKax IUIaHUPYEeMOU K pean3annun
B pEruoHe MporpamMMbl Ta3u(UKaluh) M HMCIOIb30BaHUE IIEMbl B KadecTBE TOIUIMBA (OJU3KOE
pacmooXeHwe JeconepepadaThIBAIONIEr0o KOMOMHATA IO TPOMU3BOACTBY CYXHX MIJTIOMATEPHAJIOB).

brin paccmotpen BBox 4 tumnoB DU : korenpHOM (Ha Taze u mene) U Muau TO1] (Ha ra3e u mere).
[Ipn BBOAE KOTENBHBIX DIEKTPOIHEPrHsA AJS TMOCETKa IMOKYMAeTCsl M3 BHEIIHEH SHEepPrOCHCTEMBI,
3aTpaThl Ha HEE YYTEHBl B OKCIDIyaTal[MOHHBIX pacxojax, B ciaydae MuHH 1Ol BapuaHThI
THATIOpa3MepOB 000pyAOBaHU OBLTH TTOAOOPAHBI C YIETOM IIOTHOTO 3JIEKTPOCHA0KEHHS MTOCETKA, TPH
3TOM M3IHUIIKKA DJIEKTPOSHEPTUH 3aJaHbl B KayecTBE NPHOBUIM OT €€ MPOAaXH BO BHEIIHIOKO
JHEPrOCUCTEMY.

Kaxnprit Bapmant ctpykTypsl DM BKIIOWaeT Tpu THUIOpa3Mepa OCHOBHOTO OOOpYAOBaHUS W
3a7aeTcs CACAYIOUIMM KOJIOM: THII YCTaHOBKH — TUIIOPa3Mep YCTAaHOBKU — KOJHYECTBO yCTAHOBOK —
BapuaHT kKoH¢urypammu TC. ns Kaxaoro BapuaHTa CTPYKTypel DM ¢ y4eToM BceX TEXHHKO-
SKOHOMHYECKHX XapaKTEPUCTHUK THUIOPa3MEpOB OOOpYyMOBaHUS W (DH3HKO-XMMHYECKOTO COCTaBa
TOTUIMBA OBUTA PACCYUTAHBI KAMATAIOBIOKECHHS, IKCILTyaTallHOHHBIE PACXObI U BRIOPOCHI BPEITHBIX
BEILECTB (TBEP/ABbIC YaCTHUIIbI, OKUCh CEPbl, OKUCh a30Ta, IByOKHCh yriepoja, OcH3(a)IipeH), BHIOOp
o0opyZoBaHHS OBUI TMPOW3BEACH Ha PACUETHYIO TEIUIOBYIO HArpy3Ky C YYe€TOM HOPMAaTHBHBIX
JTOKyMeHTOB [3].

Jlnst 3amaun (7)-(13) ObL1M MOCTpOCHBI YacoBbie rpaduKku TermIoBbIX (PUCYHOK 4) U AIEKTPUUSCKHX
Harpy3ok (PucyHok 5), xapakTepu3ymollue MpeACTaBUTECIbHBIC JHU pa3IHYHBIX CE30HOB TOJA.
[IpencraBuTensHBIe THU BHIOMPANTHCH HA OCHOBE aHANN3a MPUPOTHO-KIMMATHYECKUX JTAHHBIX IS
MecTa pacroliokeHus 1y 3a nepuon 10 met. BeiOop mpeacTaBUTENBHBIX JHEW OCYIIECTBISUICS C
MTOMOIITBIO CEPBHCOB MOIYUYESHUS U aHAIM3a BPEMEHHBIX psioB. Pemrenue 3amaun (7)-(13) mponcxoauno
C TIOMOLIBIO CEpBUCA CTPYKTypHO-napameTpuyeckas ontumuzauuu [ITC. Pe3ynpTaThl onTUMU3ALNAN
MpuBeNeHs Ha PucyHke 6, TIe KpacHBIM MpU(TOM BEIIETEHB ONTHMAlbHBIE BapwaHTHL (0a
BBIIIICYKa3aHHBIX CEPBUCA BXOAAT B cOocTaB IHU(POBON MIATPOPMBI IKOJIOIHYECKOTO MOHUTOPHHIA
BIIT [1].

SHBape, TelnoBasg HarpyzKa Maii, TermoBasi Harpyzka
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Tennorast Harpy3sKa, I'kan/u
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PaGounit mens cyd6oTa BOCKPECeHbe PaGounii neHs cy6Gora BOCKPECEHBE

PUcyHoK 4: padrKM 4acoBOM TENIOBOM HArpy3KW NPeacTaBUTE/IbHbIX AHEW AHBAPSA U Mas
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HHBapB, JJICKTPHYUCCKAA Harpyska I/IIOHB, SIEKTPHUUCCKAaA Harpyska
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PUCYHOK 5: MpadnKM 4acoBOM SN1EKTPUYECKOW HArpy3Ku npeacraBuTe/IbHbIX AHEN AHBaPA U UIOHA
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PUCYHOK 6: Pe3yibTaTbl CTPYKTYPHO-NapamMeTpUUYecKon onTMMM3aLnmn cTpyKTyp U

Ecnu cpaBHUTH ONTHMAajIbHBIE BapUAHTBI MeX 1y c000i (PUCYHOK 7), MOXHO BBIJCIUTH BBICOKYIO
CTETIeHb TEXHHUYECKOU 3()PEKTUBHOCTH U CPABHUTEIILHO HEIOPOTYI0 CTOMMOCTh BAPHAHTOB KOTEIIEHBIX
Ha IeNe W Ha ra3e ¢ MOKYNKOW SJIEKTPOSHEPTMU W3 BHEIIHEW 3Heprocuctembl. BapuaHTbl
KOMOMHHPOBAHHON BBIPAOOTKM TEIIa W DIIEKTPOIHEPTHH IPOUTPHIBAIOT BCJICJACTBHE YBEIMUYCHHS
MotHOCcTH DU st BRIPaOOTKH AIIEKTPOIHEPTHH (YUUTHIBAIOCH MOJHOE MOKPHITHE MOTPEOHOCTH B
MIEPCTIEKTUBHOM JIEKTPOIHEPTETUIECKON HATPy3Ke MOCENIKa) U BO3PACTAHHUS B CBA3H C STUM BAJIOBBIX
BBIOPOCOB BPEIHBIX BEIIECTB, a TAKXKE YBeIUUeHUs 3arpar. Kpome 3toro, aHanmmsupys kodhdunmeHt
HCIIONB30BaHus ycranosieHHoi MontHocTr (KMTYM), BEIOpaHHbBIE THIIOPa3MEPH 00OPYIOBAHHUS ITO
KOMOMHHMPOBAHHBIM MCTOYHUKAM He OyAyT oOecleuuBaTh ONTUMAIBLHYIO 3arpy3Ky u 3(h(HEeKTUBHYIO
paboty obopynoBanus DU B TeueHue roja.
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PucyHoK 7: CpaBHeHMe ONTUMabHbIX BapnaHTos U

4. BbiBOADbI

CucteMbl TerulocHaAOXeHHsI SBISIFOTCS onHUM w3 npexacraBureneid [1TC, pacmonokeHHbIX Ha
teppuropun BIIT. TpagunronHbie SHEPTOUCTOUHHKH CHCTEM TETIIIOCHA0KEHUSI, CKUTAIOIINE TOTLTHBO
IUIs1 BBIPAOOTKH TEIUIA U 3JICKTPUUECTBA, OTHOCSTCA K SKOJIOIMYECKH ONACHBIM OOBEKTaM, BCIICACTBHUE
4ero HeoOXOoAWMO oleHWBaTh BiusHUe pa3BuTHs AaHHBIX [ITC Ha skomoruto BIIT. Cumenate 31O
MOXKHO pa3MWYHbIMH MyTSAIMH. B maHHON cTaThke paccMaTpuBaeTcsi BHeApeHHE Y4éra OOBEMOB
BBIOPOCOB BpEIHBIX BEIIECTB B MOCTAHOBKY 3aJaud CTPYKTYpHO-IIApaMETPUYECKON ONTUMH3ALUH
9HEPTrONCTOYHHUKOB.

[pennaraemplii B cTaThe MOAXOJ allpoOMPOBAH Ha MpUMEpPE Pa3BUTHS CXEMBI SHEProcHaOKEeHUs
HeOoJbIIOr0 Tocenka, Haxonsmerocss Ha Tepputopun bBIIT. PaccmotpeHo 4  BapumaHTa
9HEPrOCHAOKEHMS, KKIBIM M3 KOTOPHIX BKJIIOYAET TPH TUIOPa3Mepa OCHOBHOTO OOOPYIOBaHHS
SHEPrOMCTOYHHUKOB. AHaNM3 BapUaHTOB NPOM3BOAMIICS HAa OCHOBE CpPaBHEHHS KOX(PQHUINEHTOB
WCTIONIb30BaHMS YCTAaHOBIIEHHON MOIIHOCTH W OOBEMOB BBIOPOCOB BPEIHBIX BEIECTB, TAKUX Kak
TBEP/bIE YaCTHIIBI, OKUCh a30Ta, IBYOKUCH yriiepona, 6en3(a)mupeH. [1oAroToBka HCXOAHBIX AaHHBIX
U pELIEHHE 3aJa4dl CTPYKTYpHO-NIApaMETPUUYECKOM ONTHMM3ALMKA OCYIIECTBISUIACh C IOMOILBIO
CEPBHCOB IUPPOBOH TIATHOPMBI FKOIOrHYecKkoro Monuropunra bIIT.
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MaTtemaTuueckoe MopgenuMpoBaHUE COJIHEYHOM paguauum c
YYETOM AUHAMMKU B CPeAHUX U HUXKHUX coax aTmocdepbl

Jivupuii Kapamos?, Esrennii FOmammes!

Y Unemumym ounamuxu cucmem u meopuu ynpasnenusi um. B.M. Mampocosa CO PAH, yn. Jlepmonmosa,
0. 134, 664033, Upxymck, Poccus

AHHOTauuA

B crartbe npencTaBieHa yHUBEpCcaIbHAS METOIUKA MOJICIMPOBAHUS COIIHEUHON paJnuayuy Ha
paccMaTpuBaeMOi TEPPUTOPHH C YUETOM JHHAMUKH MPOLECCOB, MPOUCXOMAIINX B CPEIHIX
W HIDKHHUX CIIOSX aTMocgepbl. 3a OCHOBY Oblia B3siTa MOJIENb JUIS YCJIOBHH siIcCHOTO Heba -
Igbal (1980) ¢ mocenyrorieli KOMIMIAIMER ¢ MOEIbIO yuera obmaunoctu F. Kasten - G.
Czeplak (1980). IToka3zaHbl OCHOBHBIE aJITOPHUTMBI pacyera, KIIOUEBBIC MApaMETPhl W HX
CBSI3b C aKTHHOMETPUYECKHMH MTOKA3aTEIIMH.

B nacrosmuit moment komanga UJICTY CO PAH paspabateiBaeT otkpbiThiii WPS-cepsric,
MO3BOJITIONINN aBTOMATHYECKH PACCUUTHIBATH COJMHEUHYIO paJHaldio Ha paccMaTpHBaeMOi
TEPPUTOPUH Ha OCHOBAHHH PETPOCIIEKTUBHBIX JTaHHBIX opmara FM 12 Synop.

KnioueBble cnosa

ComHeuHass paauanysi, aKTHHOMeTpuueckue mokazarend, WPS-cepsuc, Python, FM 12
Synop, METAR

1. BeBepgeHue

OnucaHue KIIOYEBBIX METCOPOJIOTHYCCKUX MMapaMeTpOB SIBISETCS TEPBBIM IIaroM MpH
KCIIOJIb30BAaHUM  BO30OHOBIISIEMBIX ~HMCTOYHUKOB JSHEPrUM. METEOPONIOrHYeCKUe IMapamMeTphbl
MO3BOJISIIOT KAYEeCTBEHHO OIICHUThH IMOTEHIIMAN TOTO WJIM MHOTO BO300HOBJISIEMOIO SHEpPropecypca,
HalpuMep, Majalomas Ha M? 3a TOJ COJHEYHAs pajuanus, CpPelHAs 3a pacCMaTpHBAaeMbIii
MPOMEKYTOK BPEMEHHU CKOPOCTh BETpa C YIETOM MOBTOPSIEMOCTH.

MeTteomnapaMeTpbl MOTYT OBbITh TNPEACTABICHBI YHCICHHBIMH 3HAYCHHSIMH M Ka4eCTBEHHOU
(cnoBecHoi) onenkoi. Hampumep, CKOpocTh BeTpa, NaBlieHHE, BIAKHOCTh, CyMMapHas COJTHEYHAs
paamanus, anbOeqo oOONMakoB W 3eMIld, TOJIIMHA O30HOBOTO CIIOSI W JPYyrHe HapaMeTpsl
MPEJCTABISIFOTCS YUCICHHBIMU 3HAUYCHUsMHU. KauecTBeHHass OIICHKA XapaKTePU3yeT OTICIbHBIC
METEOJIJaHHbIE TaKMe KaK COCTaB OOJIAKOB KaXJOro spyca, HaJU4ue OOJIAKOB ILIOXOM MOTOJIbI,
TYMaHOB, 33JIBIMJICHUH ¥ T.J. 3a4acTyl0 KaueCTBEHHAs OI[EHKa METEOJIaHHBIX CBS3aHAa C OMUCAHHEM
KITFOYEBBIX MMAPAMETPOB O0AYHOCTH, MPO3PAYHOCTH HIDKHHUX CIIOEB aTMOC(HEPHI.

C no3uIMK TPAKTHYECKOTO UCIIOJIb30BAHUSI METCOIaHHBIC MOTYT OBITh Pa3JIeNCHbI Ha JBE CPYIIIIbI,
a WMEHHO HEMOCPEJCTBEHHO BIMSIONIME HA KIIOYEBbIC MapaMeTpbl pPabOThl TEHEPATOPOB
WCTIOJNIB3YIOMINX BO300HOBIISIEMYIO 3HEPTHIO, & TAK)KE€ KOCBEHHBIC BIUSHUE KOTOPBIX YYHUTHIBACTCS
4yepes OT/IENbHbIC apaMeTpbl U (PakTOpbI.

[ToTeHuuan BO30OHOBIIIEMbIX MCTOYHHKOB SHEPTUU XapaKTEPU3YeTCs KOJUYECTBOM CyMMAapHOH
COJHEeuHOM panuanuu (KBT-4/M?T0a) M cpelHEel CKOPOCTBIO BETPAa 3@ PacCMAaTPHUBAEMbIH IEPUOJ
(Mecsi, rox) B M/c. ConHe4yHass paaualdsi ¥ CKOPOCTh BeTpa HEOOXOAMMBI IS ONPEICIICHHUS
MMOTEHIIMAIBHO BO3MOXKHOM T'€HEpalny, MOJACIMPOBAHUS OTACIbHBIX PEKUMHBIX MApaMETPOB U Kak
pe3yNIbTaT aHATN3a TEXHUYECKOW U IKOHOMHUYECKOH 3(pPeKTUBHOCTEH TPUMEHEHNST BO30OHOBIISIEMBIX

6™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia
EMAIL dmitriy.karamov@mail.ru (A. 1); yumashevgeny@mail.ru (A. 2)
ORCID: 0000-0001-5360-4826 (A. 1); 0009-0003-8736-0155 (A. 2)
© 2024 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
ICCS-DE 2024 Workshop Proceedings
DOL: 10.47350/ICCS-DE.2024.17
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HCTOYHHUKOB DHEPTHU. AHajaM3 YIOMSHYTHIX TIIOKa3aTeaeil MOKHO BBITOIHATD Pa3IHYHBIMU
croco0amu.

2. 0630p maTemaTUUYeCKMUX MoAenei CONHEeYHOW paguauum

B nanHOM paszene craTbM TpeACTaBlIEHbl HauOoJiee paclpOoCTpaHEHHBIE TMOAXOABI K
OIIPEIENICHUIO aKTHHOMETPUYIECKOT0 TOTEHIMAjIa Ha pacCMaTPpUBAEMON TEPPUTOPUH.

[locnenoBaTensHOCTh pa3BUTUSL HaubOoJiee 3HAYMMBIX 3apYOCKHBIX 3MIUPUYECKUX MOJEIeH
COJNIHeuHO# paauaruu umeet cienyromuii Bun: P.l. Cooper (1969), R.E. Schulze (1976), M.A. Atwater
(1978), M. Igbal (1980), R.E. Bird (1981), G.L. Powel (1984), ASHRAE (1985), C. Gueymard (1993)
n mHorux apyrux [1-10]. [IpencraBieHHble MaTeMaTHYeCKHE MOJEIU TO3BOJSIOT OIPEICIsATh
AKTUHOMETPHUYECKHE TOKa3aTeNd Uil yCJIOBUH sicHOTO Heba. B 3apyOexHoil nuTeparype Takue
MoJeu nony4ran Ha3Bauue clear sky solar radiation model.

CoBeTckasi IIKOJIa MOJEIMPOBAHUS CONTHEYHOW paamanuu HauuHaercs ¢ pabot: C.H. Casunosa
(1925), B.I. Kacmposa (1935), B.H. Vkpaunyesa (1938), H.M. Konvinosa (1949), T.I. Bepasno
(1955), C.A4. Cuexosa (1968), KA. Konopamwesa (1975) m apyrux wucciemosateneit [11-17].
[anbHeillliee COBEPLICHCTBOBAHME COBETCKOM INKOJBl MOJEIUPOBAHMS COJIHEYHOM paauanuu
MOJYYHJIO pa3BUTHE B PabOTax COBPEMEHHHUKOB. B HacTosIiee BpeMsl MOXKHO BBIICIUCH CICAYIOMINX
YYEHBIX aKTUBHO Pa3BUBAIOIIMX JaHHOE HampapieHue, a UMeHHO: A.A. Huxonaesa, b.B. Jlykymuna,
C.I. Obyxosa, B.A. lllaxuposa, A.I'. Bacvkosa, B.A. lxnsesa, A.A. Axyrununa, U.A. IInomuuxosa,
H.A. Xaneaesy, JI.I. Mycma v maOTHX npyrux [18-26].

BaxxHbpIM 3TanoB IIpd MOJEIUPOBAHMM CYMMApHOM pajualuy  sBISETCS Y4eT AUHAMHUKU
00JJa9HOCTH Ha paccMaTpUBaeMoH JIoKauu. Panee oTMedanock, 9To 00Ja9HOCTE MOKET OBITh 3a/laHa
KOJINYECTBOM COJIHEUHBIX M MAaCMYpPHBIX AHEH MO MecsuaM roia JMOO peajbHbIMH MHOTOJETHUMHU
MaccuBaMu (akTHUecKoH oOmayHocTH. B wacTtHocTH, 0o0mas 0O0MadyHOCTh B MPOIEHTaX, COCTaB
00J1aKOB, HAJIMYKME 00JIAKOB IJIOXOM TOTOJIbI, a TAKXKE BHICOTA MX 00pa3oBaHus. JlaHHBIC TOKa3aTeIH
BBICTYTIAIOT B Ka4eCTBE HWCXOMHON WH(MOpMAaIWU IJs OmpeneieHnus Kod(PQHUIMEHTOB OCIa0IeHus
coJHe4YHOH paguanuu. Hambonee H3BECTHBIMM SMIMPUYECKUMH MOJCISIMH ydeTa O0JIauyHOCTH
spistroTest: B. Haurwitz (1948), S.B. Idso (1969) M.A. Atwater (1974), J.A. Davies (1975), J.E. Hay
(1977), F. Kasten - G. Czeplak (1980) u apyrue [27-36].

Crenyer OTMETHTH, YTO BO3MOXKHBI Pa3IMUHBIE COUYETAHHUsS NPEACTABICHHBIX MaTEMAaTHYECKUX
MOJIeJIEH COJIHEYHOW paJuanvy JJsl YCIOBHI SICHOTO Heba M ydera (akTUIecKoil oOIadyHoCTH. DTH
COYeTaHUsI B IMEPBYIO OuUepelb 3aBUCIT OT 00bEMa JAaHHBIX METEOPOJIOTHUECKHX HAOIIOJCHUM, a
TaKKe YPOBHS WX jeTanu3aiuu [37].

[oapoOHeIl AHUTEpaTYpHBIH 0030p, COMOCTABICHHWE W aHAIN3 AMIUPHYCCKUX MaTeMaTHYeCKhX
MOJICJICH COJIHEUHOM pajuali C y4eTOM OOJIauHOCTH MpejAcTaBjieHbl B pabdorax: B.A. Illaxuposa,
L.T. Wong, A.E. Giirel [38-40].

3. MeTtoauKa pacuyeTta CO/IHEYHOM paanaumm

[Moctynaromias Ha TMOBEPXHOCTh 3€MJIM COJIHEYHAs paadallis HEMOCTOSHHA M 3aBUCHUT OT
MHO’KECTBA HEM3MEHSIOIINXCS U TIEPEMEHHBIX [1apaMeTPOB.

K HemsmeHstommMcs U3 roja B ToJ IapamMeTrpaM OTHOCATCS: Teorpapuieckue KOOPIUHATHI U
YacOBOM IMOSIC MECTHOCTH, KOJIMYECTBO JIHEH pacUYeTHOTO TEPHUO/Ia, BpeMs BOCXO/a, 36HUTA M 3aKaTa
ComHIta, MPOAOIDKATEILHOCTD JTHS U T. II.

K mepemeHHBIM mapameTpaM B MEPBYIO Ouepeh HEOOXOAMMO OTHECTH CIEIYyIOIIUE MOKa3aTelu:
HaJIWYue OOJAYHOCTH, COCTaB O0OJaKkoB, anb0eno o0sakoB M anb0e0 TOBEPXHOCTU 3EMIIH,
atMoc(epHas Macca C Y4eTOM M3MEHSIOIErocs IaBJCHHS M TEMIEpaTyphbl BO3[yxa, M3MEHEHHE
TOJIIMHBI BEPTUKAJIBHOIO CTOJ0a O30HOBOTO CJIOSI, M3MEHEHHE CIIEKTPAJIbHOTO COCTaBa 00JACTH
BHUJIUMOTO CBETa, HAIMYHUE B 00JIaKaX BOJSHOTO Mapa, adpo30ied U T. 1.
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4. OnpepeneHne npPOAO/HKUTENIbHOCTU [OHEBHOr0 COJIHEYHOr0 CUAHMA B
TeyeHMue roga

IIpu pacueTe CONHEYHOW pajualMyd B MEPBYIO OYEepeab U KaKIOTO JHS ONpPEACSETCS BpeMs
BOCX0/J1a, 3eHUTa ¥ 3akara COJHIA Ha pACCMATPUBACMON TEPPUTOPHH.

Homep as
n=n,-(n,-ny)+ N, -30, (1)

n, =(275-N, / 9), @)

n, =(N, +9)/12, (2.5)
n3:1+((Ny-4x(Ny/4)+2)/3), 3)

rae N, —Homep JaHs B rogy, N_— Homep mecsama, N, — HoMep pacyeTHOTO Tojia.
d m y

Cpenusis anomanust ConHia

M, =(0,9856-1,)- 3,289, (4)
€CJIM BOCXO[
t,= n+((6-(lon/15))/ 24), (5)
€CJIM 3aKaT
t =n+((18-(lon/15))/ 24), (6)
Hctuunas nonrora Colmia
L =M +(1,916-sin(M;))+(0,020-sin(2- My ))+ 282,634, @)

[Ipsimoe Bocxoxaenue ConHia

R =(tan™(0,91764x tan (L ))+360) /15, (8)

Ckionenne CoJHIA
sindec =0,39782-sin(Ly ), 9)
cosdec = cos(sin™ (sin dec)), (10)

MecTnsli yacoBoit yron ComHiia

[ (sin dec-sin(lat) D
cosH, =| cos- : (11)

cosdec - cos(lat)

H, =(360-cos™ (cos(H )))/15. (12)

MectHOC BpEMs BOCXOAa U 3axo4a Counnna
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T, = Hs +R; -(0,06571-t,) - 6,622. (13)
HepeBoz[ TIOJTYYCHHBIX 3HA4YCHHUI Ha AO0JII'OTY MECTHOCTHU
U, =T, -(lon/15). (14)
Ompenenenre BpeMeHH Bocxoaa 1 3axoaa ColHIIa Ha pacCMaTPUBAEMOI TEpPUTOPHHI
L, =U, +UTC +24. (15)

B kauectBe mpumepa Ha pucyHKe 1 Moka3aHbl BpeMEHHBIE XapaKTEPUCTUKU BOCXOJAa M 3axoja
ConHula B Te4YeHHE roja s pa3iIM4YHBIX JIOKALMM, pacloNOKEHHbIX Ha Teppuropuu lOxHOrO
¢denepanbHOro OKpyra, Bocrounoit Cubupu u Jansaero Bocroka Poccun.

24 I p—
Bpems ’_,ﬁ—” ."'"--.\‘
3axopa _ =2 —————— S,
= ——— ---_._h e
20 ConHua ::,.—:__,,—- -._:::..\
/‘r TR
—— ""Q.,__
’_——’—," ~:~ e ——

:- ‘—,— - -~ _._... ----- —
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(2]
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Pucynox 1: Bpemst Bocxona u 3axona ConHila B TeUEHUE ToAa

Pesynbratel, monyuenHeie npu ucnoib3oBaHun WPS-cepBuca, UMEIOT XapaKTepHBIA BUI IS
paccMaTpUBaEMOr0 PETMOHA ¢ MAKCUMAJIBHBIMU 3HAYEHUSIMU B BECEHHE-JIETHUH IIEPUOBI.

5. MaTemaTMyeckoe MOAEeNMPOBaHUE COJIHEYHOW paguauuMm C ydyeTom
AVHAMMKUN MACC B HUXKHUX U CpeaHUX cnoax atmocdepbl

[Tocne Toro xak onpeneseHsl BpEMEHHBIE HHTEPBAJIBI, B paMKaxX KOTOPBIX MECTHBIN YaCOBOH yroi
Connua Gonbuie Hyis, a umeHHo Hg(t)>0, To NpoOM3BOAMTCS pacdeT NPSMOIf, paccesHHOW u

CYMMAapHOH COJIHEUHOM paJuallud Ha paccMaTpuBaeMoil Teppuropuu. B pabore ucnonssyrorcs
OCHOBHBIC MOJIOKEHHS, TIPE/ICTAaBICHHBIC B MaTeMaTH4deckoi mozenu aropa M. Igbal 1980 roxa [41,
42].

|'n (t)=0,9751-E, (t)- |'Sc (t)-7. (1), (t)-rg (t)-7,(t)-7. (1), (16)
rae E, — koppenaiuoHHblii Ko3QQUIMEHT SKCLEHTPUCUTETA OPOUTHI 3eMIN

E, =1,00011+0,0034221+ 0,00128-sin I" +

17
+0,000719-cos2/"+0,000077 -sin 21", (17
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I=2z-((N,- 1)/365), (18)

rne 7, (t),7,(t),7,(t).7,(t),7,(t) sBAMOTCA KOddHIMEHTAMH NpPOTyCKAHUSA CBETA, KOTOpBIE
IIPE/ICTABICHBI PENeeBCKMM PAacCeMBAHMEM, PACCEMBAHMEM B O30HOBOM CIOE€, HAIMYHMEM Ta3a H
Karelnb Bobl B armocdepe, a TAKKe a3po30IsIMHA.

T, (t) — e 0,0908 x MY (t) x (1 + my (t)- mé,m(t))’ (19)
0,1611-U, (t)-(1+139,48-U, (t)) """ -

£ (1)=1- g @0
-0,002715-U, (t)-(1+0,044-U, (t)+0,0003-U3 (1))

7, (t)=e ~0OTME0), (21)

1
£, (1) =1-2,4959-U, (1) (1+79,084-U, (1)) +6,385-U,(1) | 22)
7, (t) = HTOELOET OO (23)

roe m, (t) — aTMocdepHas Macca ¢ Y4eTOM TIOIIPaBKU Ha JaBJICHHUE OKPYIKAIOIIEeH CpeIbl
m, (t)=m, (t)-(p,, (t)/1013,25) (24)

rae Py, (t) (M6ap) — MecTHOE aTMOChepHOE AaBieHHe U aTMOChepHas Macca

m, (t)=1/sin&(t). (25)
VYron cknonenus ConHia
5(t)=sin" (sin(23,45)-sin(360/365-(n, (1) -81))). (2.29)
Vron Bosseienus Connia
a(t)= 90-lat+5(t). (26)

OnTHueckass JJWHA MyTH B O30HOBOM CJIO€ aTMOC(epbl C y4eTOM IIONPaBKH Ha JaBIICHUE
oKpyskaromiel cpenbl (eaunauisl loocona, (/1))

U, (t) =1, (t)-m, (1), (27)
rae |, (t) — (e/l) BepTukanbHas BeaMYMHA 030HOBOTO CIIOSL

OTHOCHUTENBHAS JJIMHA ONTHYCCKOTO IMMyTH C YYETOM HaAJIMYHWA KallCjib BOJAbI U BOAAHOT'O IIapa B
atMocdepe, cM

U, (H)=w(t)m (1), 28)

rge w (cM) — OCaxeHHAs TOJNIIMHA BOJSHOTO Iapa M Kamelnb BOAbl B armochepe. W(t)

paccuuThIBaETCs ¢ Y4ETOM MONPABKU Ha TEMIIEPATypy U AaBJICHHUE OKpYXKarowei cpeasl W' (cm)
w(t) =w'(t)-( py (t)/1013,25)" - (273/T,, (1)) (29)

Onrtuyeckas riayOnHa adpo3oien
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Iao (t) = O’ 2758 : Iao;).M = 0,38um (t) + O’ 35 : Iao;/IM = 0,5um (t) (30)

AErosol RObotic NETwork (AERONET) mo3BossieT moiy4nTh MHOTOJETHHE NaHHBIE IO W’(t) ,

o2z — 038am (£) + laoeaz — 05 (t) - EKETONHO  MeTeocTaHImy, 06JajalONIEe COOTBETCTBYIONIAM

o0OpyIOBaHUEM JUISI U3MEPCHHS JaHHBIX MapaMeTPOB, MEPEAA0T HAKOIUICHHYI0 WH(GOPMAIUI0 B
MEKTyHApOJHBIN IIEHTP, TI¢ MOJYUCHHbIC JAaHHBIC XPAHSITCS U CUCTEMATU3UPYIOTCSL.
[IpssmMas coHEeUHAsT pagHaIns

I,(t)= sina(t)-1,(t)-C. (1), (31)

rae Sina (Tpamycel) yron BosBeimieHHS W C_, KOI(PHUIMEHT yMEHBIIEHUS TPSIMON COTHEYHOW

c-dr
paauaiyu 3a cyet ooiaaynoctH. [lpu onpeneneHnn Ko PuIeHTa 0cnabaeHuUs COTHEUHON paraliiu
UCTIONb3YyeTCs MareMatuueckas mozeib aBropoB Fritz Kasten m Gerhard Czeplak mommduxarym

1980 roga.
Coar (1)=1-0,75-(N(t)/8)™, (32)

rae N 3aBHCHT OT CTECIICHH MOKPBITHS Heba 00aKkaMu B OTIPEICIICHHBI MOMEHT BpeMeHH (3 4acoBOi
MHTEpBaJ) — u3Mepsiercs B okTanTax (oktas) [32].

PaccesiHHast conHedHasi paauanusi o0pasyercsi B pe3ysibTaTe PacCEMBaHHUs COJNHCUYHBIX IIydel B
HIDKHHX CIIOSIX aTMOC(EpBI U OTPaXKEHHAST OT 3eMHOMN MOBEPXHOCTH 3EMITH.

I.d (t)z(Dr (t)+Da(t)+Dm (t))’ (33)
rae D, (t) — PemeeBckoe paccedBaHHE CONHEYHONW paMALMM IIOCHE IIEPBOrO IPOXOXKACHHS
aTMocgepsl.

L 0,79-1(t)-sina(t)-7,(t) 7, (t) 7, (t) 7, (t)-0,5-(1-7,(1))
D, (t) - 1-m, (t) 4 mal,oz (t) ' (34)
7, (1) =1-(1-@,)-(L-m, (1) +m * (1)) (1-7, (t))- (35)

rie o, — Oe3pasMepHas BEIMYHMHA, XapAKTEPU3YIOIIas anb0e0 NIpH OJHOKPATHOM pAaCCESHHU
npuxozasuei sueprun CojHLA Yepe3 TOJILY adpo30Jied B CPEAHUX CIIOSIX aTMOC(Ephl, TPUHUMAETCS
pasnoii 0,9 [[39]].
A3PO30JIbHOE pacCeUBaHUE COJTHEUHOW paiualvy MPH MPOXoJe uepes atmochepy
(t)= 0,791 (t)-sina(t)-z,(t) 7, (t) 7, (t) -7, (t)-0,84-(1-7, (1))
: 1-m, (t)+m % (t)

T, (t) =7, (t) Iz, (t) (37)

(36)

PaccesHnas comHeuyHas paauanusa, MHOT'OKpPATHO OTpPaXCHHAsA MCKAY HOBCPXHOCTHIO 3emin u
HWMKHUMH CII0IMHA aTMOC(l)epBI,

(T, (t)-sina(t)+D, (t)+D,(t))- o, (t)- pa (1)

D, (t)= : (38)
© PNOPAD)
AIII)6€,Z[O HHWKXHHUX CIIOCB aTMOC(l)epLI C y‘leTOM JUHAMUKHU UBMCHCHUA 06J'Ia'{HOCTI/I

. (t)=0,0685+ (1- Pl (t)) (1-7,, (1)), (39)

rae p, (t) - anpbeno 3eMHOM MOBEPXHOCTH, 0.¢. p; (t) — ambbeno 061aKoB OTHOCHTEIBHO Kak/IO0ro

BPEMEHHOI'0 MHTEpBaja, 0.e. Aab0eno 00JIaKOB 3aBUCHT OT MX THIIA M COCTaBa. B maHHON pabote
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WCTIONB3YeTCS CIENYIONUA allTOPUTM JUIsl  OTPEJICIICHUs] JaHHOrO TapaMeTpa. Jlims Kaxmoro
BPEMEHHOT'O MHTEpBasia POPMHUPYETCS MACCUB JaHHBIX B KOTOPOM MPEICTABICH aKTyaJIbHBIH COCTaB
00JIaKOB, a TAK)KE UX MPOLEHTHOE COOTHOIICHHE.

CyMMapHas colHeuHas paauanus, Br/m?

(1) =T, (t)+ T, (). (40)

TakuM 00pa3zoM TpeIoKEHHBIA TaHAeM MOJelel s pacueTa CyMMapHOH COTHEYHOUW paauainun
B 3aBUCHUMOCTH OT Teorpa(uuecKoro MOJOXKEHHs MECTHOCTH, (PAKTHUECKHWX 3HAYECHWH MPHPOJIHO-
KIIMMATUYECKUX TIOKa3aTeliel, NUHAMUKUA OOJIAYHOCTH, BOISIHOTO Iapa M a’po30Jicii B HUKHHUX WU
CPEeIHUX CJIOSIX aTMOC(hEpPHI SIBJISACTCS YHUBEPCATHHBIM M MOXET OBITh WCIOJIB30BaH Ui JHOOOH
JoKanuu. B kadecTBe mpuMepa Ha PUCYHKE 2 TOKa3zaHa XapaKTePUCTHKA CyMMapHOW COJHEYHOM
paauanuu, paccyUTaHHas 1O BBIIICONMMCAHHON METOJMKE [JIsl HACEJCHHOro MyHKTa <« HHSIB)
Pecrry0Onmka Caxa (SIkyTHst) IO JaHHBIM MTOCIEAHUX 14 T METEOpPOIOTHIECKUX HAOIIOIEHHUH.
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Pucynok 1: CymmapHas conHeyHasi paaranus s H.11. « THHATBD

Ha ocHOBaHMM MOIyYEeHHOW XapaKTEPUCTHKHA MOXKHO OIPEACIUTh CIIEIYIONINE TOJO0BBIE
MOKa3aTeIn: MHHUMaJIbHOE 3HaueHue — 1240 kBr-u/M?%; MakcuMmaibpHOe 3HaueHue — 1325 kBru/M?;
cpennee 3Hadenne — 1285 kBr-u/M?. Ecim cpaBHHTH MOJMyYEHHBIE PE3YJIBTATHl MOJEIMPOBAHUS C
peaTbHBIMHM 3HAYCHHUSIMH C PAacCMaTpPUBAEMOM JIOKAIlMK, TO CPEAHETOJ0Basl COJTHEUHAS pauarius
cocrapiuseT 1278 kBr-u/m?,

6. 3aKknwueHue

B cratee mpencrtaBieHa yHHBepcalbHAas METOAMKA pacueTa COJIHEYHOM paauanuu Ha
paccMaTpuBaeMoil TeppuTopud. Meronuka BKIIOYaeT B ce0sl OCHOBHBIE METEOPOJIOTHYECKHUE
napameTpsl He0OXOAUMBIE ISl pacyeTa MpsIMOH, PacCestHHOW, CYMMapHOH COJTHEUHBIX Pagraldii.

B mHacrosmmii MOMEHT aBTOphl cTaTbu coBMecTHO ¢ kojuteramu u3z MJICTY CO PAH
paspabarsiBaror WPS-cepBHC, MO3BOJSIONIMN pealn30BaTh JaHHYIO METOIMKY C BO3MOXKHOCTBHIO
(hOopMHUPOBaHUS TUITMYHOTO, ONTHMUCTHYHOTO, IECCHMUCTUYHOTO METEOPOJIOrHieckoro roga. boiee
TOro ycwnus OyAyT HampaBieHbl Ha pa3padOTKy NPOTHO3HOW MOJENM Ha OCHOBaHUH
PETPOCTIEKTHBHBIX ~ JaHHBIX  MPHPOJHO-KIMMATHYECKMX  IIOKa3zaTesled, a  Takke  psana
ACTPOHOMHUYECKHX T1apaMeTPOB.
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Moaxoa K pa3BepTbiBaHUIO NpoOrpammHoro obecneveHus
BbIYMCINTENIbHOIO KAacTtepa no o6aavyHoi moaenm

Poman Koctpomun

HUnemumym ounamuxu cucmem u meopuu ynpaenenusi um. B.M. Mampocoea CO PAH, yn. Jlepmonmosa, 0. 134,
664033, Upxymck, Poccus

AHHOTauuA

B pabore obcyxxaaercs MoaepHU3AIMS MOJIEIN YIIPABJICHUS BHIYHCIUTEIBHBIM KIACTEPOM C
WCIIOIb30BaHNUEM KOHTEHHEPU3AIHH [IJIs1 PACIIMPEHHS] BO3MOXKHOCTEH CYNEepKOMITBIOTEPHOTO
LEeHTpa. Hpez{naraeMmﬁ NOoAXO0J MO3BOJIAICT COXPAHUTh TPAAUITUOHHBIC CII0COOBI YIIpaBJICHUA
pecypcaMu KjacTepa W BHEAPUTh HOBBIE CIIEHAPUHM HCIIONB30BaHUS. OXuAaercs, 4To
COYETaHWE METOAOB U CPEACTB KOHTEHHEPH3AIMU TIO3BOJUT CYIIECTBEHHO YCKOPHTH
NOATOTOBKY M IPOBCACHHUE HAYYHBIX I/ICCJ‘[eILOBaHI/II‘/'I, CHU3UTL 3aTpaTbl Ha COACPIKAHHEC
UHGPACTPYKTYPHI U YIYULIUTH OOIIYIO TIOJIE3HYI0 3arpy3Ky kiaactepa. [Ipemnaraemas moennb
pa3pabaThIBaeTCs ¢ pacueToOM Ha MPHUBJICUYCHUE HOBBIX HCCIICAOBATENCH U pa3pabOTYMKOB 32
CYET paClIuPpCHUA BO3MO>KHOCTENM MCIOJIB30BAHUSA BBIUYUCIUTEIBLHBIX PECYPCOB U BHEAPCHUA
J1(570(591(0):3210.€ TEXHOJIOTUH.

KnioueBble cnosa
BoluncnurensHblil  Kactep,  aIMUHUCTPUpPOBAHME, aBTOMAaTH3alUsl  Pa3BEpThIBAHUSA
OTIepaIlMOHHBIX CUCTEM, KOHTEHHEpU3aIs

1. BeBepgeHue

B nocneanue roasl HaOMIOAACTCSA 3HAYMTEIbHAS TEHACHIUSA K PACHIUPEHUIO Cepbl MPUMECHECHUS
CYTIEpKOMITHIOTEPOB, BKIIOYasl pelIeHHe HOBBIX 3aJad W3 OO0JIACTH MAIIMHHOTO OOYYeHHs,
HCKYCCTBEHHOT'O MHTEJUICKTa, MUKPOCEPBUCHOTO MOAX0/a M APYTHX MEPeIOBbIX TexHoiorui [1, 2].
OT0 pacumpeHue Mo 4epKkrUBaeT HE TONBKO COXPAHSIONIYIOCS aKTYalbHOCTh CYIIEPKOMITBIOTEPOB, HO
Y UX pacTyllee 3HaYeHHe B Ka4eCTBE MOIITHOTO MHCTPYMEHTA JIIsl Pa3BUTHUSI COBPEMEHHBIX HAYYHBIX U
TEXHOJIOTHUECKUX HaIpaBlieHuH. biaromapst 3ToMy akajeMUYecKhe CYMEepPKOMITBIOTEPHBIE IEHTPHI
(CKLl) craHOBATCS KJIIOYEBBIM JJIEMEHTOM B pealM3allid HOBBIX IPOEKTOB W HCCIEIOBaHMMA,
TIOATBEPKAst CBOIO POJIh KaK BAXKHOTO AKTHBA B JJOCTHKEHUH MPOTpecca B MHOTOUUCICHHBIX 00JIACTSIX
HAyKH U TeXHUKH [3].

Tpamunmonno, CKIL[ mnpencraBistor  cO00H  KOMIUIEKCHBIE — CHCTEMBbI,  ITOCTaBJISEMbIC
CIIEITUATN3UPOBAHHBIMU TIOJIPSAYUKAMU U TPEOYIOITNE 3HAUUTEIBHBIX YCUIUHN IS TTOICPKAHUS HX
paboTtocrocoOHOCTH. B cocTaB Takux cucTeMm BXOAST pa3HOOOpa3HbIe HHCTPYMEHTHI H TIPOTPAMMHOE
obecneuenue (I10), Brirouas cpeacTsa IUlsl MapalIeIbHOTO BBITIOJHEHHUS KOMaH]l, MOHHTOPHWHTA,
OIOBEIICHNUS, a TAKXKE JUIS Pa3BepThiBaHHUs 0a30BbIX 00pa3oB onepaimonHbix cucteMm (OC). OxnHako,
CYHIECTBYIOIIIE CpEACTBa aBTOMATHU3AlMM YacTO OTPAHWYMBAIOTCS TIOIJNEPKKOH HCXOIHOTO
COCTOSIHHS Y3JIOB, PEKOMEHIOBAHHOTO MOCTABIIMKAMH, YTO BIIEYET 32 COOOW OrpaHHUYEHUS Ha CIIEKTP
BBITIOJTHSIEMBIX HAYYHBIX TMPHJIOKCHUH W HE MPEIOCTABIISECT MHCTPYMEHTOB IS TIOJIb30BATEIICH, YbH
3a/1a4u¥ TPeOyIOT CIENATN3NPOBAHHOTO OKPYKEHHS U orlpeneneHHbix Bepenit 110.

C TOYKM 3peHHUs PEUICHHS YIIOMSHYTHIX BBIIIE MPOOJIEM, TIEPCIICKTUBHBIM HAIPABICHUEM SIBIISICTCS
MIPUMEHEHHUE METOJIOB WM CPEACTB YIIPaBICHHUS pECcypcaMH OCHOBAHHBIX Ha BHPTYaW3alWH U
KOHTeHHepHU3aIMy, IPUMEHAEMBIX B IIEHTpax 00pabOTKK JaHHBIX M Y 00JaYHBIX MpoBaiimepos [1, 2].

6™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia
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ORCID: 0000-0001-8406-8106 (A. 1)
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DOI: 10.47350/ICCS-DE.2024.18

135



K coxanennto, ocobernnoctu CKII, opueHTHpOBAaHHBIX Ha BBHITIOJIHCHHE mapauienbHbix MPI
MPWIOKEHUH, HAKJIAIBIBAIOT OTPAHUYCHUS HA TIPUMCHEHHE TTOIX0/I0B, TPAIUITUOHHBIX JIJIsi 00JTAYHBIX
PECYpPCOB U 0OOCHOBAHHO TPEOYIOT MPOBEACHUS JOTOTHUTEIBHBIX UCCICOBAHUN B 3TOH 00JIaCTH.

Takum 06pa3om, B JaHHOH padoTe 00CYKIAI0TCS BOITPOCH MOAESPHHU3AINH KIACCHIECKOT0 MTOAX0/1a
yIpaBJICHHs BEIMUCIUTENbHBIM KiactepoM (BK) ¢ 1ienbio nHTerpaniu MeToI0B U CPEJICTB U3 chepsbl
yIpaBjieHHus 00JIauyHBIMU pecypcaMu. [IpeioxkeHbl OCHOBHBIC TPUHITUITBI 0OHOBJIIEHHOTO TIOX0/1a, a
TaKXKe KJIIOYEBBIC €r0 KOMIIOHEHTHI. [IpOTOTHIT JaHHOTO TI0X0/1a ObLT MPOTECTHPOBAH HA PE3EPBHBIX
y3nax lleHTpa KoJUIeKTHBHOTO MoJb30BaHus «pkyTckuii cynepkommbiorepHbiit ieHtp CO PAH» [4]
U TPOJCMOHCTPUPOBA PEANTM3YEeMOCTh JaHHOTO TIPOEKTa M COOTBETCTBUC TPEIbSBISIEMBIM
aJIMMHUACTPATOPaMU TPEOOBAHUSIM.

2. OcobeHHOCTM ynpaBneHusa BK

Kraccuueckuit ki pabotsl ¢ BK co cTOpoHBI 110J1530BaTE sl BKIFOYAET CIICAYIONIHE 3Tarbl [5]:
VY naneHHbli BXOJ Ha KJacTep;

Konuposanue nansubix Mexxay BK u KoMIbroTepoM MOJIb30BATENS;

PenaxtrupoBaHne HCXOAHBIX TEKCTOB IPOrPaMM;

Komnumsauusa nporpamm;

3amyck 3a1a4d ¥ paboTa ¢ o4epenplo;

KonupoBanue pe3yapTaToB BRIUUCICHUM;

3aBepllEeHHE CEaHCca.

Y3l
(cermenrt 1)
(— U/ / o T

[Tob3oBatenn 3amanus Y3en Ouepenb CXJ1

N0CTYTIA J

Y3bl
(cerMeHT 2)

PucyHok 1: Tunosasa apxmuteKktypa BK ¢ Toukn 3peHna nonb3osaTens

WubpIMU crioBaMH, TMONB30BaTENb (OPMUPYET HACIOPT 33JaHUSl C YYETOM perjaMeHTa U KBOT
JOCTyHa K KJIacTepy, CTaBUT €ro B Ouepelb JIOKaIbHOTO MeHemkepa pecypcoB (JIPM) uepes yzen
noctyna K kinacrepy (cM. Pucynok 1). B cooTBeTCTBHM € MOJUTHKON AWCHETYMPOBAHUS 3aJaHUS
pacIpeieNsIoTCs 110 BBIYUCIUTEIFHBIM y37IaM. Y3JIbl B3aUMOACHCTBYIOT MEXTy co00i B mporiecce
BBIYUCIICHUN 1O BBICOKOCKOPOCTHOHM ceTH, Takod kak Infiniband nnm ananormunoii. C 310l TOUKH
3pernss BK BocmpuHnmaercsi Kak 4YepHBIA SIIUK, CIIOCOOBI B3aMMOJIEHCTBHS C KOTOPBIM CTpPOTO
pernmamenTupoBanbl. Hanpumep, yctanoBka ponoiHutensHoro 10 momycTima TOMBKO B TOMAIIHUI
KaTaJor MOJb30BaTENs CUIIAMH CaMHX TIOJIh30BaTENeH.

Wnoii B3rsig Ha BK nmeror ero agmuuuctparopsl (cM. Pucynok 2). Takas apxutektypa BK
BcTpeuaeTcss mnoeceMecTHo B CKL[, mocraBiasieMbIX pPOCCHMCKMMH  CYNEPKOMIIBIOTEPHBIMH
KOMIaHUSIMH. B Hell BbIenseTcs KIro4eBast posib BUpTyansHOUW MamuHbl (BM) master, mist KoTopoit
HACTPOEHO PEIUTMLUPOBaHue (aiyioBOi CUCTEMBI BUPTYyaJIbHOTO AKCKa depe3 TexHonoruto DRBD Ha
nBa cepBepa (master-1 u master-2). BM master ynpasnser cetbto BK, BelunciuTenbHbIME y371aMH,
COEPKUT JIOKABHBIN MeHemkep pecypcoB (JIMP), karamorm momnw3oBateneit LDAP, cuctemy
MOHHTOPHWHTA U T.J. JJoCcTym K KacTepy OCyIIeCTBISETCS Yepe3 OCHOBHOM U PE3EPBHBIH y3IIbI JOCTYTIa
(access-1 u access-2). Bce cuctemMpl OAKIFOUESHBI 10 BHICOKOCKOPOCTHOM CETH K IPOU3BOAMTEILHOM
cucteme xpanenus gaHabix (CX]I).
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AJIMHHHCTPATOPbI master (BM) DRBD CXJl

access-2 master-2

PUCYHOK 2: TunoBas apxuTeKkTypa BK ¢ TOUKM 3peHnsa agMUHKUCTPpaTopa

PaccmarpuBaemast apxUTEKTypa XOpOIIO 3apeKOMEHI0Bajia ceOsl B TeUeHHEe AIUTEIHHOTO BpEMEHU

skcrutyatanuy BK, HO pu 3TOM BBISIBIICHBI CIIETYIOIIE HEOCTATKH, 8 UMEHHO:
e noBpexaeHue cTpykrypsl DRBD win BUPTyanbHOTO AMCKa master IPUBOJUT K BBIXOLY
u3 ctpost BM master;
e 1pu BeIxoAe U3 crpos BM master 3aTpynHsiercs yOpaBle€HHE KIacTepOM U €ro
UCIOJIb30BaHKE U3-3a IpoOJieM cuaxponu3auu SSH u LDAP;
e 1pu Beixoae u3 crpos CXJ[ DaHHBIX 3aTPYOHSETCS YIPaBICHUE KJIACTEPOM H €ro
UCTIOJIb30BaHKE (HET KaTaJoroB MOJIb30BaTelNeil, OMOIMOTEK M TPOTpaMM);
e  y3ibl master-1, master-2, access-1 u access-2 OOJNBIIYIO YacTh BpEMEHU IPOCTAUBAIOT.
Kak nokazana npaktuka, koHpurypanus ¢ DRBD moxeT miurensHoe Bpems paboTaTh HaIEKHO,
HO B ciiyyae cboeB B pabore BM master BoccTaHOBIEHHE M yCTpaHEHHE HEMOJIAAOK 3aHMMAET
3HAUYUTEITFHOE BpeMs, YTO BeleT K mpoctoro paboret BK. Kpome Toro, perymspHbie 3ampoChl
MOJIb30BAaTENIEH O BO3MOXKHOCTH YCTAHOBKH JONOJIHUTENBHBIX CUCTEMHBIX U MPUKIIAAHBIX ONOIHOTEK,
OTCYTCTBYIOIIMX Ha KJIACTEpe, aKTYaJIM3UPYIOT 3ajadyy MOJCpPHHM3ALUU CYLIECTBYIOIIEH Monenu
paboret BK. Takum o06pa3om, HeCMOTpsSs Ha JOCTOMHCTBA apXUTEKTyphl Kiaccumueckoro BK,
HEOOXOJIMMO TIPUHSTH MEPHI TI0 YCTPaHEHHIO BBISBICHHBIX HEJIOCTATKOB, YTOOBI oOecrednTh Oolee
crabuinpHOe 1 3 (hekTUBHOE QYHKIIMOHUPOBAHHE Ki1acTepa B OyayIeM, a TaKkKe CO3/1aTh yCIOBUS IS
MPUBJICYCHHS] HOBBIX TOJIb30BATENCH.

st pemieHust 3TUX MpoOJieM oOJayHble MPOBalAephl MpeUIaraT JBa MOJX0/a — MPHUMEHEHNE
BUPTyaJM3alMd M KOHTeHHepu3zauuu. IlpemmyiuecTBa BUpPTyanM3aluH YIPaBISAIOMIEH CHCTEMBI
3aKJII0YAI0TCS B TOM, YTO Oyiarogaps paszesieHuro poseii BM master Ha HECKOJIBKO He3aBHUCUMBIX BM,
CHIDKAIOTCSI PUCKH OJIHOBPEMEHHOTO OTKa3a BCEX KOMIIOHEHTOB yIpaBiisitonield cuctemsl. [Ipu aTom
OTKa30yCTOWYMBOCTh OOECIIeYrBAETCsl CO3JaHMEM KjlacTepa BUPTyalH3allid C NpPUMEHEHHUEM
HECKOJIbKUX (DU3MYECKUX CEPBEPOB C KOHMUTYPUPOBAHMEM XKMBOH MHUIPALlMM M PEIUTULMPOBAHHUS
BM wmexnay y3namu. [IpuMeHeHne BUpTyalIM3alvy IeJIeCO00pa3HO IS pa3le/ICHUs YITPABJISIONIUX
KOMIIOHEHTOB Ha HECKOJIbKO HE3aBHCUMBIX BUPTYAIBHBIX CYITHOCTEH, OJTHAKO JUIS BHIYACIUATEHHBIX
y3JI0B BUPTYaJIM3alHs BIICYET 3HAUUTEIIbHBIC HAKIJIQJHBIE Pacxo.sl [6].

Kak mnokazano B pabortax [7-8], HOmyJspHBIM W YCTOSIBIIUMCS IIOAXOJOM K TIIOCTPOEHHIO
W30JIMPOBAHHBIX BBIYHCIUTENBHBIX Cpejl siBisieTcss KoHtelHepmzamnusi [10. B wactHOCTH, Takas
KOHTeWHepu3almsa ocylecTisiercs ¢ nomompio Docker. B omiumume ot  BupTyanuzanu,
KOHTEHHepHU3alMsd CHIKAeT 3aTpaThl Ha IMOATOTOBKY, XpaHEHHE M pPa3BEepThIBAHHUE HACTPOCHHBIX
o6pazos OC u ITO [8]. Oxgnako Docker 510 He mydIiiee perreHue sk BBICOKOIPOM3BOAMTENBHBIX CPE,
B omyimume oT Singularity, koropas obecreunBaeT MONHYIO TMOAIEPKKY 00pa3zoB Docker u ycTpansier
HepoctaTku Docker mis 3amycka KOHTEHHEPOB ¢ TOUKH 3pEHHsI IPOU3BOIUTEIBLHOCTH U 00eCIIeUeHUsI
Oe3onacHoCTH BerauciieHui [9].
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st ympaBieHHS TPYIION Y3JI0B B cpele KOHTCHHepH3amuH (OpKECTpaluy) TPaTUITHOHHO
npumensitor Kubernetes, Ha ero ocHoBe u npeiokena Hoast Mozelb yrpasienus CKL (cMm. Pucynok
3). Ee ocHOBO#1 siBIIsIeTCsl yIpaBistoluii kinactep Ha 6ase Kubernetes, paboTtaroriuii Ha HECKOJIBKUX
y3nax ympasienust (YVY). CpenctBamu Kubernetes soimosasiercst 3amyck 00pa3oB KOHTEHHEPOB
(Docker u Singularity), xpaauMeix B mokansHOH CXJI. YacTh KOHTEHHEPOB COMEPIKAT KOMIIOHEHTEI
ynpasienus (KY) knacrepom, kotopbsie BeinoiHsOTCA Ha YY. Kubernetes cosnaer nuzonmpoBaHHbIC
ceTd (BUPTyalbHas CETh) VIS OPTaHU3AIUH B3aUMOJICHCTBHS MEXK Ty KOHTEHHEpaMU BBIYMCIUTEILHBIX
3amad (KB3). Ha BBIYMCIUTENBHBIX Y37aX OCYHIECTBISCTCS 3alycK KoHTedHepoB Singularty c
MOJJICPKKOM JIOKAJIBHBIX MeHemkepoB pecypcoB (PBS, Slurm) B pamkax ycTaHOBIEHHBIX KBOT
noJib30BatTesiell Asi paboThl ¢ ouepennio 3aganuii. O0pasbl, xpanumble B CXJl MOATOTaBIMBAIOTCS
apmuanctparopamu CKLl 3apanee u o0ecnednmBalOT TOCIOWHYIO HWHTETPAIUI0 HEOOXOIUMBIX
KOMITOHEHTOB JUIsI IPIJIOKEHUH U X MOJYJIeH, 3amyckaeMbix Ha BK.

I 8 O0pasbl KOHTEHHEPOB | ©
E]url‘lﬁ. . T

Kubernetes

[Monw3oBatenu Bananus /\ CX]1

* * <+— (dusuueckan ceTh
= [ ==
0 * 0 ‘p

Yy Vbl

<— BupryanbHas ceTh

PucyHoK 3: KoHTeltHepu3aumna KomnoHeHToB BK

3. Bonpocbl COBMECTUMOCTM NpPEeAsIONKEHHOro noaxoAa C KAacCUYeCKUM
noaxoaom ynpasneHusa BK

[Tpu 0OHOBIIEHMH MOJIEIH YIIPABJIEHUS KJacTepoM HeoOXoauMo NoMHNTE, 4To CKL] opueHTHpoBaH
B [IEPBYIO OYepe/ib Ha TOJIb30BaTeNe U MPUMEHEHHE KilacTepa JJIsl HAyYHBIX 33/1a4 HE JIOJDKHO OBITh
CBSI3aHO CO 3HAYHUTEIHHBIMU TEXHUUECKHMH CIOKHOCTAMH. [109TOMYy HEOOXOIUMO 00ECIeYHTh Kak
MPEEMCTBEHHOCTh (TIOJIEPIKKY BBIMOJIHEHHS TIPHIIOKESHNH, HECOBMECTUMBIX C HOBBIMH CUCTEMHBIMU
Ooubimorexkamu), Tak W TOAJICPKKY HOBBIX OMONMOTEK W TexHomoruil. B pamkax oxmnoit OC
peannzoBath 00a (akropa 3arpyAHUTENEHO. OJHMM M3 pEIICHHI SBISETCS pa3BepThIBAHHE
(provisioning wimu deploy) HyxHo#i Bepcuun OC u BceX HEOOXOJMMBIX KOMIIOHCHTOB Ha y3Jax,
MOJXOAANIMX JUIS 3a]ad TOJb30BaTeNeil. JTOT MPOIECC XOPOIIO aBTOMATH3UPOBAH C TIOMOUIBIO
cnenmanu3upoBanHbix cpenctB (XCAT, OpenHPC, MAAS). Ho ¢ Touku 3peHHs TOIEe3HON 3arpy3Ku
pecypcoB JaHHBII MOAX0 HECOCTOSATENCH, T.K. KaXK/0€ pa3BepThIBAaHHE 3aHUMaeT nopsaka 20 MUHYT,
YTO COBEpIICHHO He mpuMeHnmo aiist BK.

ITo sToii mpuYHMHE CTOUT paccMaTpuBaTh y3ibl B pexume Stateless, T.e. OC y3na He umeer
OIIPE/ICIIEHHOTO COCTOSTHHSL W HACTPOEK, 3arpykaercsi Mo CeTH W He TpeOyeT Juisi cBoed paboThI
(DU3UYECKOr0 HAKOIMHUTEIs, SIBIISICTCS JIETKOBECHOW M 3aHUMAaeT MUHHMAIBHBIH 00beM OmepaTuBHON
namsata (mo 500 MB). Pa3sepTeiBanne Takoil cHCTEMBI 3aHUMAET MOPAIKA 5 MUHYT, U3 KOTOPBIX J0
80% 3arpaunBaeTcs Ha sTan 3arpy3ku BIOS u camoTtectupoBanue y3mna 10 Hauyaina HETOCPEICTBEHHON
3arpy3kd OC. OCHOBHOE Ha3HauY€HHE TaKOW CHCTEMbl — IOJYYUTh OT YNPAaBISIOIIEro y3ia o0pas
koHreiinepa n3 CXJ[ 1O BBICOKOCKOPOCTHOM cetw, 3amyctuTh ero (10-15 cek.) m mepemaTh Bce
JIOCTYIHBIC pecypchl y3ia JaHHOMY KoHTeitHepy. Mmenno Kubernetes peanusyer ymnpaBieHue
KoHTeliHepamu Takux Oe3auckoBeix OC. KoHTelHep mocie 3aBepLieHus padoThl YHUUITOXKAETCS U Y3€I
MOJIHOCThIO  OCBOOOYKMaeTcsi. B pamkax mpemioxkenHoro momaxoma Kubernetes scrpaumBaercs B
cymiecTByrommii Mmenemrep pecypcos (PBS, Slurm), 6maromapst uemy coxpaHseTcs TOAXO0 ¢ 0OIei
oyepeAbl0 3aJaHWid M y4YeT KBOT IIOJNb30BaTeNied Al TeX, KOMY B SBHOM BHJE NpPUMEHEHHE
KOHTeHHepHu3aluy He TpedyeTcs.

[IpuMeHeHnEe KOHTEHHEPOB TO3BOJISIET CO3/1aBaTh OKPYXKEHHE, KOTOpoe Tpedyercs JUlsl 3aiaHuii
nonb3oBareneil. Anmuauctpatopsl CKL moarorasiusatoT 0a30Bble 00pa3bl CUCTEM, COJIEpKALIIE BCE
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HE0OXOIUMBIE KOMITOHEHTHI st pasHbIX TumoB 3aaad (C++ u MPI, Python 1 CUDA, Hadoop, Apache
Ignite u T.1.). OOpa3siBl KOHTEHHEPOB MOTYT COJEPXKATh KaK yCTAapEBIIUE BEPCHH KOMITHISTOPOB U
CHUCTEMHBIX OHOJIHMOTEK, Tak M caMble COBpEMEHHBIC. biaromapsi 3TOMY pacIIUpsieTcs CIEKTp
MTOAEP)KUBAEMBIX SI3BIKOB W CHCTEMHBIX OHMOJIMOTEK, COXPAHSETCS MPHUBBIYHBIA CIIOCOO pabOTHI ¢
KJIACTepOM, CHIKAIOTCS HAKJIagHBIE pacxofsl Ha pasBepThiBaHne OC Ha y37ax W COKpamaercs
KOJINYECTBO MOTEHLIMAILHBIX TOYEK OTKa3a CUCTEMHOHN COCTaBIISIIOLIEH KacTepa.

Juia TectrpoBaHus MPIIIOKEHHOTO Moaxoaa 0pwto 3aaeiicteoBano 10 y3moB BK co ciemyrommmun
xapaktepucTukamu (cM. Tabmmma 1).

Tabauua 1. XapaKTepuCTUKK y3/10B
CPU RAM Storage Network 0S

Intel Xeon ES-2695 v4 256 Gb SSD; | Ethernet, 1 Gbitls; | Linux-

«Broadwell» 2.1 GHz, | 128 Gb o .
(2 CPU, 72 cores) 40 Th, RAID 5 | InfiniBand, 40 Gbit/s based

CpencrBamu XCAT Ha qaHHbIX y3i1ax Obuia passepuyTa RedHat-coBmectumas OC RockyLinux 9.3.
Ona sBnsetcs npoxomkatenem OC Centos, uss moaneprxka 3aBepmiera B 2024 r. s 3amycka MPI-
MPUIOKEHUH MOAroToBIIEH 0a30BbIii 00pa3 (BO) KoHTelHepa, B KOTOPBI HHTETPUPOBAHBI TPEOyeMbIe
cucremuble moaymu (CM) u kommonentsl JIMP. Ha ocnoe BO coznanpl mononHUTETHHBIE 00pa3hl
IUIsl pa3sHbIX KJIACCOB PECYPCOB U TUIIOB 3aJad. B HUX OMOJHUTEIBHO BCTPOEHBI CPEACTBA PadOTHI €
BpeMeHHO# 0a3oit nanubix (BB/I), cpencrBa uHTErpamu ¢ CHCTEMOit MOHUTOPHHTA U JIOKaJIbHBIM Git-
PENO3UTOPUEM.

A_A

BEO
! / Git-penozutopuii

BO:CM | «— JIMP

basoseiii 06pa3 RockyLinux

O0pa3 ¢ HHTerpHpOBaHHLIMH
CHCTEMHBIMH MOJYJISM

AnanTHpoBaHHBI 0Opa3z
JUIS KJ1acca pecypeoB

Obpas ¢
MHTErPUPOBAHHBIMU
NPHKIAJAHBIMH

MOy JIAMH Cucrema

., - ~ MOHHMTOpHHTA
3ﬁl'lylL[eHHblld KOHTEHHEP

cpeabl Ha Oase obpaszos

PuUcyHOK 4: CTpyKTypa cnoes KOHTeMHepoB ans BK

JlomonuautenbHo HactpoeHa BM ¢ Kubernetes u BeimonHeHa HacTpoiika TECTOBBIX Y3JIOB IS
B3aumozeiicteus ¢ Kubernetes. Yepe3 JIMP Slurm mocraBneno B odepesb 3ajaHue, Ha OCHOBaHHU
Kotoporo cpeactBamu Kubernetes BeimonHeHO pa3BepThiBaHHE 00Pa30B C MOCIEAYIOIIUM 3aITyCKOM
MPI-3amau st onieHKH mpousBoauTenbHOCTH y31moB (Linpack). Awnanoruusbiii Habop 3amau ObLT
3allyllieH Ha JIAHHBIX y3J1aX B SIBHOM BHJIe 0e3 NpUMEHEHHs CpeJcCTB KOHTeliHepu3anuu. B obownx
clydasx Mmpou3BoauTe bHOCTh coctaBmwina 7.9 Tflops. Tectsr mpousBoautenpHocTH Singularity na
OoJbILIEM KOJMYECTBE Y3JIOB IOATBEPXKIAIOT, 4To nmpuMeHenue Singularity mns BK He okasbiBaer
HETaTHBHOTO BIIMSHHS Ha 0OMIyO pou3BoauTenbHOCTS 1Tlops [10, 11].

4. 3aKknwuyeHue

[IpuMeHnenne KOHTCHWHEPHU3AMH SBJISETCS BOCTPEOOBAHHBIM HAMpAaBICHUEM ISl WHTETPAIlMHA B
CKL. OnHako HEOOXOIUMO 3TOT IMOAXOJl K KOHTEHHEpU3alluu pa3BUBaTh KOMILICKCHO, 00ECIICYHB
MOAJEPKKY JIMYHOTO KaOMHETa TOJb30BATENsl KJIacTepa M BO3MOKHOCTH CAMOCTOSTENBHON TOHKON
HACTPOMKK 0a30BBIX 00pa30B W T.X., T.K. CYIIECTBYIOIINE PEIICHHUS HE MOKPHIBAIOT BCETO CIICKTpPa
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npuMeHeHus konreinepusarnuu 11 BK. Ilpu aToM cam moaxo SsBiseTcss THOKUM B TeCTUPOBaHUE HA
HEOOJIBIIOM KOJMYECTBE Y3JIOB MOJTBEPKIAeT €ro (PyHKIMOHANBHOCTh. JlaHHOE WHCCiIenoBaHMe
HaxOJWUTCAd HA HayalbHOM »JTame, HO TEPBBIC PE3yJAbTaThl IMOKA3bIBAIOT MEPCHEKTUBHOCTH U
JTOCTHKAMOCTDh TMOCTaBJICHHBIX Ileniel, (OopMHpysS OCTaTOYHYI) OCHOBY [UIA JalbHEHIINX
HCCIIEAOBAHUM.

5. bnarogapHoctu

HccnenoBanre BBHIMONHEHO NpU MOLAEpP)KKe MUHHCTEpCTBA HAyKHM W BBICHIETO 0Opa30BaHUS
Poccuiickoii ®epeparun, mpoekr Ne FWEW-2021-0005 «TexHonoruu pa3paOOTKH W aHalIH3a
MPEIMETHO-OPUCHTHPOBAHHBIX ~ MHTEIUIEKTYAJIbHBIX ~ CHCTEM  TPYNIIOBOTO  YIPABICHHS B
HEJIETEPMUHUPOBAHHBIX paclpeaeieHHbIX cpeaax» (per. Ne 121032400051-9).
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OnTmanbHoe NIaHUPOBAHME A0NTOCPOUHDbIX PEXXUMOB
paboTtbl Kackagos NAC B uenax makcMmmsaumm goxoaa
reHepupylowen KoMmnaHum

Anexceii Muxees !, Esrennit Ocumayk !, Hukonaii A6acos /, Bauecnas Huxurun !

! Uncmumym cucmem snepzemuxu um. JI.A. Menenmvesa CO PAH, yna. Jlepmonmosa, 130, Hpxymck, 664033,
Poccusn

AHHOTauuA

B craThe mpencTaBiieH Moaxo/ K COrIacCOBAHHOMY IDIAHUPOBAHUIO JOJTOCPOYHBIX PEIKUMOB
pabotsl ruaposnexTpoctaniuil ('2C), npruHaANEKaIMX LeTIeBOK TeHepUPYIOLIe KOMIaHUH
U paboTaomMx B HECKOJBKHX Kackamax. [lTaHupoBaHWE ONTHMAIBHBIX —PEKHIMOB
OCYIIECTBILIETCS] B LIENIAX MAaKCUMH3ALUU OXHIAEMOTO COBOKYITHOTO JOXOAa KOMITaHUH 3a
pacyeTHBIN IMePHUo]] HA OCHOBAHUH CPEAHEMECSIHOTO MPOTHO32a MPUTOYHOCTH BOJAOXPAHIITHUIIL
W JWHAMHKH CPEJHHX IIGH Ha ONTOBOM pBIHKE JIIEKTPUYECKOW HHEPTUH C YUETOM
THAPOJIOTHYECKHUX, BOTOXO3IHCTBEHHBIX, S9KOJIOTHIECKUX U YHEPTETUICCKUX OTPAHUYCHHH, a
Takxe rpaduka IIaHOBBIX PEMOHTOB OCHOBHOTO TeHepupyromiero odbopynosanus ['DC. s
HaXOKACHUSI MaKCUMyMa HEIMHEWHON IIe7IeBOM (pyHKIMM TPH 3aJaHHBIX OTPAHUYCHISIX
NpeVIOKeHA U peaqn30BaHa KOMOWHAIMS METONOB JIMHEHHOTO M JUHAMHYECKOTO
MPOTrPaMMHPOBaHUsI, KOTJa CHAYalla BBIIOJHAETCS IOHCK JOIMYCTHMOTO, HO JOCTATOYHO
OJIM3KOTO K ONTUMATIBHOMY PEIICHHS, & TIOTOM IIPOM3BOAMTCS €T0 YTOUHEHUE C MPUEMIIEMOM
ToyHOCTBIO.  [IpenBapurenbHble  ONTUMH3AIMOHHBIE  pacyeThl  ITOKa3bIBAIOT,  YTO
MpeiaraeMblii METOJ] TO3BOJIIET PAIMOHATIBHO OMPEACIHTh ONTUMAJIBHBIC IMapaMeTPhI
ynpaBieHHs — O0ILIue cpeHEeMecsUHble pacxobl yepe3 cTBophl ' DC B Kackagax ¢ y4eToM
JUHAMHUKY 3aBACHUMOCTEI PHIHOYHBIX LIEH HA AJIEKTPOIHEPTUIO OT BO3MOXHBIX COBOKYITHBIX
00BEMOB €€ TeHEpaIlH B SHEPTOCHCTEME.

KnioueBble cnosa
rUApodHepreTuka, kackaa ['2C, monrocpodHoe MIaHUPOBAHUE, HETHMHEWHAS] ONTHMM3AIMS,
JIBYXATAITHAS ONITUMH3AIIHSA, JHHAMUKA IIEH 3JIEKTPOIHEPTUN

1. BeBepgeHue

PazBuTHe pBIHKA JIIEKTPUYECKOM JHEPruM, Kak OIHOTO W3 JCHCTBEHHBIX MEXaHH3MOB
peryJIupoBaHus CIPOCca U NPEAJIOKEHUS B JJIEKTPOIHEPIeTUKE, CTABUT HOBBIE BBI30BbI U 33]a4u NEpe]]
€ro OCHOBHBIMM YyYacTHHKamMHM, B TOM YHCJIE€ W Iepel] TEHEPUPYIOIIMMHU KOMIIaHUSIMH
HETOCYIapCTBEHHOTO CEKTOpa, Il KOTOPHIX OOJBIIOE 3HAUEHHE MMeeT (PMHAHCOBO-IKOHOMHYECKAs
3¢ (HEeKTUBHOCTh. DTO OCOOCHHO BaXKHO JUIsI 3HEPrOCHCTEM CO 3HauuTenbHOH gojei ['DC ¢
BOJOXPAHWINIIAMUA MHOTOJIETHETO peryJHpOBaHMS, HampuMep, Takux Kak OObenuHEeHHaAs
sHepreruueckas cuctema (ODC) Cubupu, KOTOphIE MO3BOJSIOT JeNaTh 3HAUYMTENbHBIC 3amachl
JJIEKTPOIHEPTUU TIOCPENCTBOM aKKyMYJIHUPOBAaHHUS BOJHBIX PECYPCOB M, COOTBETCTBEHHO, HMEIOT
BO3MOXKHOCTH JIsl O0jiee THOKOTO YIpaBJIeHUs] UMU. B CBSI3M ¢ 3THM riepe]] KOMIaHUIMHU Hen30eKHO
BCTAeT 3aJa4a o0ecreyeHusI MaKCUMaJIbHOW JOXOAHOCTH OT KOHKYPEHTHBIX TOCTaBOK 3JIEKTPOIHEPTUH
Ha OINTOBBIM PBIHOK, HO C O0S3aTEIbHBIM BBIIIOJIHEHHEM BCEX MHOTOYHCICHHBIX TMIPOJIOTHYECKHX,
BOJIOXO3SIICTBEHHBIX, SKOJIOTHUECKUX M YHEPTEeTHUECKHX orpanndeHuii Ha padory ['OC [1].
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[IpoGiiema 3¢hpeKTUBHOrO TOJTOCPOUYHOrO yipaBieHus kackagamu ['IC ocTaeTcst akTyalbHOM B
MUPOBOM MOBECTKE U MPEACTABISCT MPEAMET MHTEpPEca B CTPaHAX C Pa3BUTOM TUApOreHepanueu -
takux kak Kutait, CILIA, Bpasunus u Poccusi, Bo-epBbIX, B CBSI3U C €€ KOMIUIEKCHOCTBIO BIUSIOLIUX
Ha THJIPOIHEPTETUKY MPUPOIO00YCIOBICHHBIX M COIMATHLHO-YKOHOMUUYECKHUX (DAKTOPOB, BO-BTOPHIX,
B CBS3M C MPOJOJDKAIONIMMHUCS BBOJaMH HOBBIX Oonbmux ['DC u (QopMHUpOBaHHWEM HOBBIX
THUIPOIHEPTETHYSCKUX KAaCcKaJOB, MMEIOIIUX 3HAYUTEILHOE BIMSHUE Ha pabOTy HAI[MOHAIBHBIX
DHEPTOCUCTEM. BONBIMMHCTBO paboOT paccMaTpUBAIOT MPEUMYIIECTBEHHO ONTHMH3AITUI0 TEXHHUKO-
SKOHOMHUYEeCKOr addextuBHOCTH KackamoB ['DC, Koropas BbIpakaeTcs B MaKCHMH3AIUU
MPOU3BEICHHON 3JEKTPOSHEPTUH TPU IPOTHO3UPYEMBIX HA ONPEICICHHOM TOPU30HTE BPEMEHU
BOJIHBIX 3amacax [2, 3].

Jlns perenns moT00HBIX 3a/1a4 YaCTO MCIOIB3YETCS METO JTUHAMUYICCKOTO MPOrpaMMHUPOBaHUS
[4-6] B Tom umcie ero momudukamun [7]. Ilpumensercs anmapar MaTeMaTH4ecKOro (JIMHEHHOTO |
HEeJMHEWHOT0) MporpamMmmupoBanus [8-9]. B mocnennee Bpems IpeANPUHATHI MOMBITKH UCTIONH30BATh
anmapar HeWpOHHBIX ceTeil ¢ rrybokumM o0ydenuem [10-11]. Apropamu [12] pazpaboTan HeTHHEHHBIH
METOJ JOJTOCPOYHOTO ONTHMAIBHOTO VIIPABICHHUS KACKAIHBIMU THIPOIJICKTPOCTAHIIUSAMUA C
3aJaHHBIMU TUIAMHM KPUBBIX LIEH Ha 3JEKTPodHepruro. HemmHeHHOCTh HCMONB3yeMOW pacueTHOU
Monenu kackaga ['DC aBTOpHI CBOIAT METOAOM MOJMHOMHUAIBHYIO alPOKCHMAIINIO K pa3pemnMon
MOJICJIM CMEIIAHHOTO IIEJIOYUCIECHHOTO JUHEHHOro mporpaMMmupoBanus. OIHAKO, MAKCUMHU3AIIHS
JIOX0J1a OTIENLHOW TeHePUPYIOIIe KOMIIAaHHH HE pACCMATPUBAETCS.

2. MatematMyeckoe MOAENMPOBAHUE [AOJIFOCPOUYHDbIX PeEXKMMOB paboTbl
Kackagos '9C ¢ yyeTom NpPoOrHo3a NMPUTOYHOCTU, LLeH Ha ONTOBOM pPbliHKe
3NIeKTpPO3Heprum

B nmanHO#i pabote wmcmosib3yeTcs THUApPOJOrMYecKas MOAENb, omucaHHas B pabote [13], roe
n3MeHeHne 00beMa Ui CKOPOCTh CpaboTKK/HanoaHeHus! Bogoxpanunuia ['9C 3a uHTepBan BpeMeHH
T ompenemnseTcs ypaBHeHHEM (cM. puc. 1)

AV;(¢) .
— =hO-®O+ 01, 0=1,..,Npn. )]

rae i — Homep koHkpeTHo# ['DC mo Tedyenuio peku B Kackazae; N, - komudaectBo [ DC B kackazae m;
V;(t) — 06beM BOIOXpAHHUIHIIA B MOMEHT BpeMeHH £, kiu’; P;(t) — HOMHBIH Wi G0KOBOI PUTOK BOJBI
B Bojloxpanmmmie, m/c; Q;(t) — pacxox uepes crBop I'IC, a’/c; Q;_,(t) — pacxom uepes cTBOp
Boirenexameit I'DC B kackaje, v°/c U, O4eBHIHO, Qo(t) = 0.

Bynem cumrarth, uTo Kackaasl ' IC paboTaioT He3aBUCUMO JIPYT OT Apyra. Torma mapaMmeTphl BCeX
I'DC Bo Bcex Kackagax KOJMHYECTBOM M MOXHO TIPEACTABUTH B BHUJE BEKTOPOB COBOKYITHOW JITHHOM
N=3YM_, Ny, ,uanexc i = 1,.., N manee o TekcTy — 3To yHuKajibHbii HomMep I'DC. Homepa I'DC
YHOPSIOYCHKI 10 HOMEPY Kackazia u pacnonoxeHuro ['DC 1o TeueHus peKu.

s 3amamHOrO TepWoAa BpeMeHW [t;, tr], pa3dWTOro Ha KOHEYHBIC HHTEPBAIBI
NPOJOJDKUTENLHOCTBIO Ty = [tx_1,txl, k =1,..,T, tae t, — HavanbHBIA nepuoa, T — KOIMYECTBO

P, RC1

ac2
Q1

Q2

PucyHok 1: Tnaponornyeckaa mogenb Kackaga 3C.
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UHTEPBAJIOB, HEOOXOAUMO HAWTH TaKue .
onTUMaibHble pacxoabl uyepe3 ['OC
Q;(tx), i=1,..,N, KOTOpBIE
YOBJIETBOPSIIOT BCEM
BOJIOXO3SIMCTBEHHBIM, 3HEPreTUYECKUM,
TEXHUYECKUM OrpaHHUYCHHAM (BKIIOYast
xapakrepuctukun ['DC u ang Kaxkaoro
YCTaHOBJICHHOI'O Ha HEH rujipoarperara)
Ha KaKIOM UHTEpBaJC BpPEMEHHU Ty,

Co

[}

LieHa Ha anekTpoaHepruto, pyb. 3a 1 KBT-y
o
s

MO3BOJIAIOINE JIOCTUTHYTh

MAaKCUMAaJIbHBI COBOKYIHBIN 10X0/ NpH

poJIaxe BBIPaOOTaHHOM . ! ! ! !

3JEKTPOIHEPTUU Ha I'2C, Enin Ei E2 Emax

TIPHHAUTCKALIHX HCHCBOﬁ KOMIIAHUH CymmapHas BbipaboTKa aneKkTpoaHeprumn, MBT-y

npu 33]aHHBIX (OTIpe/IeNTeHHBIX) PucyHok 2: NMpumep 3aBUCMMOCTM LiEHbI 3/1€KTPO3HEPTUN

napamerpax: oT obbema BbIpabOTKM B BMAE KYCOYHO-NMHENHOM
— P(t) =P,; -  TpOrHO3HBIX byHKLMKM, KOTOpaA 3a4aeTca ANA Kaxaoro nepnoaa k.

IPUTOKAX BOABI B Bogoxpanummma I'IC, a'/c;

— Zi(ty) = Z,; — yPOBHSX BOJOXPAHUIIMII HA HAYAILHEIH MOMEHT BPEMEHH, M;

— Zi(ty) = Zy; — ypOBHAX BOJOXPAHUIIUII HA KOHEUHBIH MOMEHT BPEMEHH, M;

- c(rk,E (Tk)) = ¢y (Ex) — 1eHa snmeKTpHYecKoil JHEPTUM Ha ONTOBOM pHIHKE, KOTOPAs 3aBHCHT
TaKkKe OT CyMMAapHOH BEIpaGOTaHHOM anekTposHeprun E, Bcex I'DC M ApYrHX CTaHIHUAX B
paccMaTpuBacMOM YHEPTOCUCTEME 32 IEPHON Ty, pyo0. / kKBm u;

— E,, — o6beM BEIPabOTaHHOM 2JIEKTPOdHEPrUun, KBm u.
3nech u qanee sl yA00CTBa BOCTIPHUSTHS HIDKHUN MHACKC k OyIeT o3Ha4YaTh 3HAUCHHE TTapaMeTpa

B MIEPUOJIE T.

O6bvem Bomoxpanunmina ['DC V;(t) Ha ompeeneHHBII MOMEHT BPEMEHH ¢ CBS3aH C ypPOBHEM
Bogoxpanunuiia Z;(t) depe3 SMIUPUYCCKYIO 3aBHCHMOCTh M BBIYHUCISICTCS Yepe3 MHTEPIOJISIIUIO
TaONUYHBIX JTaHHBIX.

3aBHUCHMOCTb IIEHBI OT CYMMapHO# BHIPAOOTKH 3JIEKTPOIHEPTHH HA ONITOBOM PBIHKE JUTA KaXKIOTO
NepuoJa Tj OMUCHIBACTCS JIMHEHHO-KYCOUHOW (DYyHKLMEH, TpUMEP KOTOPOH MPHUBEICH Ha PUCYHKE 2.
B nmanmnHOl pabore mpeamojaraeTcsi, 9YTO TaKas JWHEHHO-KycouHas (YHKIMS OIpeeieHa Ha
MOJIOKUTEIBHOM MHOXECTBE UHWCEN, HEOTpHUIaTeNbHa, HEMpephlBHA M HE BO3PACTaeT Ha BCEM
MHO€ECTBE 3HAYCHNH BBIPAOOTKH 3IEKTPOIHEPTUH (BBIPaOOTKa TOXKE Beera OobIle HyJIs), T.€.

cx(E) =0nmma 0 < El'™ < B, < ¥,

2

c(ED) = ck(E,f) nns mobeix B < EZ.
BripaboTka 351eKTPO3HEPI iy JUTsl pacyeTa IeHbl Ha ONITOBOM PBIHKE 3a k-if IEpHO BPEMEHH — 3TO

cymMa BbIpaboTkH 1o Becem I'DC 1 ocTanbHOM renepanuy £, (Hampumep, COBOKyIHas BhIpabOTKa Ha
TOII), koTopas UCXOIHO 3a7aeTCs: N
Ek = EEk’i + E‘k .
i=1

Bripabotka snekrposnepruu i-ii '9C B kackaje onpezaenseTcs GopMmynoi
Eyi =981 M Qi ey Tk €)
T€ My qgi» hk; — cooTBeTcTBeHHO cpennue mokasatend KIIJ, cymmapHbIii pacxon wdepes

euopoaepecamovr I'9C, Hamop Herro ['DC Ha yka3aHHOM WHTEpBaJe BpeMEHH. Pacder BBIpaOOTKH
AJIEKTPOIHEPTUH 32 k-i TIEPHOJT BPEMEHH Tj, MIPOU3BOJUTCS B CICIYIOMIEM OPSIIKE:
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1. PaccuuThiBaeTCs CpEeIHMI HAMOp HETTO Ha OCHOBE PAa3HOCTH 3HAYEHUM CPEeIHUX YpOBHEU
Bomoxpanwmina Z;(t) u ypoBHs HiKHero Obeda z;(t) C HCHOIB30BAHMEM MOMPABOYHBIX
SMIIUPHYECKUX KOIPPHUINEHTOB &;, f;.

hoo— (Zii + Zker) (2 + Z1-1y)
k,i 2 2

2. 3aTeM Ha OCHOBAaHUH BBIYKCJIICHHOI'O HaIlopa HETTO PACCUUTBIBAIOTCA PACXOAbI Qk,i,j ucpes

a; + B

obmee konmuecTBO ruxapoarperatoB ['9C paBHoe GA; Takum 00pa3oMm, 4YTOOBl 0OECHEeYHTh
MakcuManbHbIl KIIJ[ I'SC, xoTopslii paBeH cpeaneMy B3pemeHHOMY KIIJI Bcex 3amelicTBOBaHHBIX
runpoarperaros. KIIJl ruapoarperata omnpeaessercss Ha OCHOBE IPOEKTHBIX 3KCILIyaTallMOHHBIX
XapaKTepUCTUK THJpoarperara ¥ B OOLIEM BHIE BBIYUCIAETCS 4YEpe3 HMHTEPHOJIILUIO 3aJaHHOM
JIBYMEPHOW HEIMHEHHON (YHKUMH MOJIMHOMHUAIBHOTO BHJA, 3aBHCALICH OT pacxoja BOABI depes
rugpoarperar u Hanopa Herro I'DOC. Ilpu 3TOM HEOOXOAMMO TaKXKE€ YUUTHIBATH, YTO HEKOTODHIE
TUJpoarperaTtbl MOI'yT HaXOIUTHCS B PEMOHTE B PACUETHOM NEPUOLE Tj KAKOE-TO KOJIMYECTBO JAHEH B
COOTBETCTBHU C 3aJaHHBIM IUIAHOM-Tpa)MKOM PEMOHTOB ocHoBHOro oGopynoBanus ['DC. T.e.
HEOO0XOIMMO pelnTh 3a1ady Ha MakcumyM cpensero KITJI I'DC

GA;

maxnkl _maXanl(hkl'le,] rkl]) qkl}/qkl (4)

Ak,i,j kij
npu

max
SAkij Tij S 905 Thij
GA;

— max
i = Z Arij < 4i; < Qkp
j=1

rae j — unaekc ruapoarperara I'9C; 1y, ; i — KOOQGUIMEHT HCTIONB30BAHMS TUAPOATPETATa B IIEPHOJIE
T, 0T 0 10 1 B COOTBETCTBHH C UCXOIHO 3aJaHHBIM ITIAHOM-TPaQUKOM PEMOHTOB; IPUIEM
— max
Qii = Qi Sk 0= Qi < Ak » (5)
IJie Sj; — X0IocToi pacxon i-it I'IC B mepuoze k, qi " — MaKCUMaJIbHO BO3MOXHBII Pacxon depes
ruzapoarperatsl ['OC.
Torna Beipaborka I'DC npu HaiizeHHbIX B xoze pewenus 3axaun (4) KILJ 7 ; ; u pacxomax
TH/IPOArPETaToB §y ; ; PaBHA
_ N; A~
Epi =981 hy; Xl i Qg Tk (6)
LeneBass ¢yHkuus B 3a7ade MaKCUMH3ALUU J0XOJa TEHEPHPYIOUIEH KOMIIaHHUH, KOTOPOi
MpUHAIeXKAT TONIbKO 9acTh [ OC u3 paCCManI/IBaeMBIX KacKaJloB MOXKET OBITh BRIPaXKCHA KaK

maxZZEkl ck(Ek) (7

=1i€er*

I/Ie ONTHMH3UPYEMbIE TIepeMEHHbBIE - YIIPABIAIONINE BO3ACHCTBUSA MO BceM mnepuoaaM u Bcem ['OC
neneBor kommanuu (I* - MHOXKeCTBO HHAEKCOB Takux ['DC). MakcuMu3aIus 10X04a BBITOJHACTCS
MIPH CICAYIOIINX OCHOBHBIX yCIOBHSIX:

Ha oburue cpeanue pacxoas [OC 0 < Qi =< Qi = CQyp ®)
Ha YPOBEHb BOJIOXPaHMJIUINA 0<Zy;<Zy; < Zm-, )
Ha XO0JIOCTOH pacxon 0 <sp; < Sk, (10)
Ha U3MEHEHHE YPOBHsI BOJOXPAaHMWININA AZy i <Zyi—Zy_1; < ﬁk,i, (11
Ha U3MeHeHne cpeanux pacxonos [DC AQp; < Qi — Qi1 < Ek,i., (12)

a TaKKe MU JOMOJHUTEIBHBIX OTPAaHMUYCHUIX Ha JTUAIa30Hbl U3MEHCHUS! YPOBHS HIDKHEro Obeda u
Harropa Herro I'9C.
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3. Mouck onTMMmanbHbIX pexxnmoB paboTbl Kackagos NAC gna obecneueHusn
MaKCUMA/IbHOTrO A0X0Aa KOMMNaHUU

Hcxons n3 Mmonenu, onmucanHou B riiase 2, 3aga4a (7) — (14) - 310 3agaua HeMMHEHHOH ONTUMHU3ALUH
BekTopa pacxonoB ['OC ¢ HabopoM orpaHHUEHUI Ha KIIOUEBbIE ITApaMETPhl PEKUMOB PaOOTHI: OO
pacxoll, ypoBEHb BOJOXPaHWIHUINA, YPOBEHb HIKHEro Obeda, Halop HETTO, XOJIOCTOM pacxofr,
M3MEHEHUE YPOBHS, U3MCHEHHE pacxojfia. B manHOi paboTe MpemioKeH ITOAXO0Md, OCHOBAaHHBIA Ha
MOCJIEIOBAaTEIbHOM PEUICHUH 3a/ad JIMHEWHOTO MporpaMMupoBaHus. s 3TOro, Ha OCHOBaHUH
aHaJiM3a CBOMCTB MOJENM W BXOISIIMX B HEe 3aBUCHMOCTEH, a Takke Ha 0a3e pealbHON MPaKTHKH
ynpasneHus pexumamu [DC, BBemeM cieayroliee TIOJIOKeHHE: TOCKOJIBKY  BBIPa0OTKa
anektpodHepruu Ha ['DC HanpsMyIo 3aBHCUT OT pacxo/ia BOJAbI Yepe3 FHApoarperaTsl 1 Harmopa HeTTo,
TO C yBeIMYeHHEeM pacxofa udepe3 ruapoarperatsl ['DC pacteT 00beM BBIPaOOTaHHOW CcTaHIMEH
3EKTPUIECKON SHEPTHH (0 MOSBIEHHUS XOJIOCTHIX cOpocoB). Torma mporiecc moucka pexxumMoB padOTHI
JUTSL perieH s ONTUMH3AIMOHHOHN 3a7a4uu (7) MOXKET ObITh YIPOILEH M BBITIOJHEH B HECKOJIBKO 3TAIlOB.

B kauecTBe ONTHMU3UPYEMBIX IEPEMEHHBIX OyJeM paccMaTpUBaTh KOMIIOHEHTHI BEKTOPA PACXO0I0B
x= [CI1,1: A2,1:- > 9T,N>»S1,1, 52,17+ +» ST_N] U3 cooTHouIeHus (5): pacxoapl depe3 TIHIpoarperatsl M
xonocTeie pacxonsl (copocer) I'DC. Torma mmrHa Bektopa x paBHa (2 - N - T).

Oman 1. [louck donycmumozo HauanibHo20 NPUOIUICEHUSL.

[lycTp 3amana HayagbHAsE TOUKA X paBHAs BEpXHEMY orpaHuueHHIo (8) Ha oOmue pacxoasl I'IC
Xo = Q, KOTOpasi B OBIIEM CIIy4ae SBISETCS HEAOMyCTHMOI.

Torna mouck AOIMYCTUMOIO Ha4yajabHOTO MPHUOIMKEHUS X1 BBIIOJHAETCS 4Yepe3 pelleHue 3ahayu

JMHEHHOTO MPOrPaMMHUPOBAHHS
T N

max D" " G- 04(x0) (13)
k=1i=1

rne e ; = Ey;/ (qk,i . Tk) — 3TO yJelibHas BeIpaboTKa anekrposnepruu [ 9C Ha 00beM cpaboTaHHOTO

BOJIHOTO pecypca BOJOXPaHWIHIIA, UCTIONB3YeTCs KaK JIOTONHUTEIbHBIH BecoBOi kod(ddurmeHT. B

JTAHHOM ITOCTAaHOBKE 3a7a4y OyIeM HCIOJIb30BaTh OCHOBHBIC orpanudeHus (8) - (12). Orpannduenue Ha

YPOBCHb BOAOXpaHHUJIUIIA (9) MOXHO TMEpenuUucaTtb 4YCpe3 YpPaBHCHUC BOJHOTO Oamanca B BUAC
OTpaHUYCHUA Ha 00BEM BOJOXpaHUJIUILA B HAYAJIEC 1 B KOHIC UHTECPBAJI BDEMCHHU T, :

Viei <Viei = Vieri + (Pri — Qui + Qric1) - T < Vs, (14)

TaK KaK ypOBEHb U 00bEM BOJOXPAHIIIHUILA CBA3AHBI YePe3 SMIHUPHUUECKYI0O MOHOTOHHYIO 3aBHCUMOCTD
Vii =v(Z;), k=0,..,T.

B xoze pewenns 3agaun (13) ¢ orpannuenusamu (8) - (12), (14) momydaeM ZOMyCTUMYIO TOUKY X1,
KOoTOpas 3amaeT pekuMbl paboTel 'DC B Kackamax, KOTOphIE 00ECIICUMBAIOT MAKCHMYM BBIPAOOTKH
3IIEKTPUUECKOM SHEPTUHM 32 3aJIaHHBIN MEPUOI.

Oman 2. [louck onmumanbHo2o pewenus Memooom epadueHmHo20 CHycKa.

Hauunasi ¢ HalifjeHHONW Ha TpeABIAYIIEM 3Tare JOMYCTUMON TOYKU X, UTEPATUBHO YTOUHSIEM
MOJTy9EeHHOE PeIIeHNEe

Xn+1 = Xn + A1 Vf(xn). (15)

Bennunna mara A mo HampaBieHUIO TpajueHTa uesneBod ¢yHkuumu f (dyHKUMsS moxona
TEHEPHUPYIONIEH KOMITAHWHN), OMPENCISIETCS] C TMOMOIIBIO pPEIIeHUS CISAYIONmeH 3amadu JTHHEHHOTO
MIPOTPaMMHUPOBAHUS:

NAN Vf ()
X
—_¥n|. L1 L —O¥n

max 2 Ele,i Qk,il IVFGeIl’ |Qk,l Qk,il <& (16)
Qei =171 n

Xn o
rae Q% — obmue pacxozasl yepes cTop I'DC, noaydyeHHble Ha NPEABIIYINEN UTEPAlUK; MIPH 3TOM
HCIIONIB3YIOTCS T€ K€ OTPaHUYCHHS M 3aBUCHUMOCTH OallaHCOBBIX ypaBHeHuit (8) - (12), (14); mouck
HOBBIX PacXofioB () ; TPOM3BOJAMTCA B OKPECTHOCTH TEKyIIeH TOUKH [X, * €], TIe € — HeKoTOpas
3aJlaHHas TOYHOCTh pacueTa CpeHEeMECSHbIX pacxoaoB ['DC.

145



[TonyyeHHOE C MOMOIIBI0 METO/A MPAIMEHTHOTO CIIyCKa Ha JTame 2 PelleHHe X MOXKET OBbITh
JIOTIONTHUTENIBHO YIYYIIEHO B €r0 OKPECTHOCTH € TMepeOdOpOM KacCKaJHBIX BO3MYIICHUI OOMIMX
pacxomoB gepes ['DC.

4. Peannsauua v npeaBapuTtesibHble pe3ynbTaThbl

Hns pemeHus 3amad juHeiHOTO mnporpamMmuposanus (13) u (16) ucmoms3oBaH CcBOOOAHO
noctynHbli MaTemartudeckuit maket OR-Tools (HaGop pemiernii Google ¢ OTKPBITBIM HCXOIHBIM
KOJIOM H mHTepdeiicoM pacmupenuii) ¢ ucnoias3oBanneM GLOP-anroputMa Ha OCHOBE CHUMILICKC-
Metoza [14]. OOmas cxema pemeHust 3a1a4 Mo ONTHMaIbHOMY IUTAHUPOBAHUIO PEKUMOB COCTOUT U3 4
JTaroB:
1. Dxcrmpecc-olleHKa HEMPOTHBOPEYMBOCTH 3aJaHHBIX PEKUMHBIX orpaHudeHuid (8) — (12) m
MOATBEPXKICHNE CYILIECTBOBAHHUS O0JIACTH AOMYCTUMBIX 3HAYCHUH.

2. llouck HayanbHOM TOYKH BHYTPHM JOIyCTUMOH 00NAacTH depe3 pelleHue 3aJaudl JMHEHHOTO
nporpammupoBanus (13) — (14).

3. Ecmm gomycthmasi TOYka Hal[ieHa, TO HIIEM MakKCUMyM (YHKIMH J0XO0Ja TeHepHpYIomei
KOMIIaHUH TpaJueHTHBIM MeToqoM (15) — (16).

4. TlpoBepka BO3MOXXHOCTH MOKOOPAMHATHOTO YIJIYUIIEHHUS TMOJYYEHHOTO pEIIeHUs Ha JTare 3

nepedopoM KacKaJHBIX BO3MYIIEHUN B OKPECTHOCTH TOUKH PEIICHUSI.

OnucaHHbIN B IpeABIAYIIEM pa3zesiec ABYXITalHbIA aJrOPUTM peai30BaH B COCTABE NPOTrPAMMHO-
BBIYUCIUTEIBHOTO KOMIUIEKCA C MOACHCTEMOM 3ajaHus HEOOXOAWMBIX HMCXOAHBIX HAaHHBIX H
BH3yaJIM3aIlel pe3yJabTaToOB MOMyUYeHHOTO pemieHus. [IpoBemeHa ampobarmmsi pacyeTHOM MOJICTH U
ONTUMM3ALUOHHOTO AalrOpUTMa Ha NpPUMEpPE CTaTUCTHYECKH YCPEOHEHHBIX JaHHBIX AHTapo-
Enmnceiickoro xackaga ['DC. Anrapckuii kackan coctout u3 4 I'OC: Upkyrtckas, bpatckas, YcTb-
Nnumckast, boryuaHckas, Tpy IEPBBIX U3 KOTOPBIX IPUHAJIEKAT LIEJIEBOM T€HEPUPYIOLIEH KOMIIAHNH.
Enucetickmit xackan cocrout u3 3 I'DC: Casno-llymenckas, Maitackas, a Takxe KpacHosipckas,
KOTOpasl TAKKe MPUHAMIEKUT LIeIeBOM reHepupyroweil komnanuu. Paccmarpusancs nepuon T = 13
MecseB. 3aJaHbl MPOW3BOJIbHBIE JTHHEHHO-KYCOUHble (DYHKIMM IIEH Ha 3JEKTPOdHEpruio mo 4
OCHOBHBIM CE30HaM BHJa Kak Ha puc. 2. Pe3ymbTaThl ONTHUMH3ALMOHHBIX PACYETOB IOKa3bIBAIOT
BO3MOXXHOCTb TOBBIIICHHUS] (PMHAHCOBO-I)KOHOMUYECKOH 3(h()EeKTUBHOCTH I'€HEPUPYIOIIEH KOMITaHUH
Ha 5% 10 cpaBHEHHIO C YIIPABICHUEM PEKUMAaMU Ha OCHOBE CPeIHUX (PaKTHUECKUX TaHHBIX.

5. 3aknwouyeHue

B pabote onmcana Maremarndeckasi MOAENb pexkuMoB padboTel 'DC B kackaze, comepskarmiero I 9C
TCHEPUPYIOIICH KOMITAHUH, KOTOPOH HEOOX0AMMO TTOTYYUTh MAKCUMAITbHYIO IPUOBLTH TIPU TeHEPaIiH
anexTposHepruu Ha I'DC ¢ yueToM 1ieH Ha ONTOBOM pbIHKE. MOIeb TO3BOJISIET OCYILECTBISATh PacueT
I0X0Jla TEHEePUPYIOIICH KOMITAaHMM HAa OCHOBE IIPOTHO3HBIX IIEHOBHIX KpHBBIX. CremaHa
MaTeMaThyeckass IOCTaHOBKAa 3aJadyd MaKCUMHU3allMd J0XOJa TEeHEpUpYIollled KOMIAaHUW Ha
MPOTHO3HEIN mepuoj. [lpeanoxkeH airopuTM IMOMCKA ONTHUMANBHBIX PEXUMOB padoTel ['DC mis
pelIeHrsT 3aJayd MaKCHMH3allMH J0X0Ja TI'eHEepPUpYIoIlled KommaHuu. Pa3paboTaH NpuUKIIaIHOM
MIPOTPAaMMHBI  TIPOAYKT, PEATH3YIOMNUNA BBIMICYKA3aHHYI0 PACUCTHYI0 MOJCIb M  aJITOPUTM
OINTHUMHU3ALIHH.
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AKTyanbHble BOMNPOCbI OLLEHKU acCneKkToB MHPOPMaLMOHHOM
6e3onacHocCTH B moaenm MHTeponepabenbHOCTH
OpPraHU3auMOHHO-TEXHUYECKUX CUCTEM

Anexceii Hectepos *

Y Canxm-Ilemepbypeckuii 2ocyoapcmeennviii yHueepcumem menekoMmynuxayuii um. npog. M.A. Bownu-
bpyesuua, nabepesicnas pexu Moiiku, 0. 61, aumepa A, 191186, Canxkm-Ilemepoype, Poccus

AHHOTauuA

B coBpeMeHHBIX YCIOBHSAX MPU WHTETPAIlMH OpraHu3anuoHHo-TexHn4Yeckux cucteM (OTC)
BO3pacTaeT AaKTyalbHOCTh OOECIeYeHUs WHTEpOIepadeIbHOCTH B TaKuWX cucTeMax. B
JIOKJaae TpoBeJeH 0030p paboT Mo TeMaTuke HHTeponepadenbHOCTH. PaccMoTpeH psija
paboT, BBIOJIHEHHBIX B 00JaCTH IMapaMeTpoB HHOOPMAITHOHHOW 0€30IacCHOCTH, KaK OJIHOTO
U3 acIeKTOB TEXHHYECKOW HHTEpOIepadeNbHOCTH. BrlsBieHa mpoOieMHas CHUTyamus -
HEOOXOAMMOCTh TOBBIIIIEHUS] KaueCTBa WHTEPOINEPaOeIbHOCTH Ha TEXHUYECKOM YPOBHE IpU
B3aumonericteBun  OTC B yCclOBHSX OTCYTCTBHS HAyYHO-METOAMYECKOTO ammapara
KOJIMYECTBEHHOH OICHKH IapaMeTpoB HH(POPMAIOHHON Oe3onacHocTH. B mokmane HaydHas
3ajaya  copMynMpoBaHa KaKk HEOOXOJUMOCTh  pa3pabOTKU  DJIEMEHTOB  HAay4dHO-
METOAWYECKOTO ammapara KOJHMUYSCTBEHHOH OIICHKH MapaMeTpoB HH()OPMAIMOHHOMH
0€30I1acHOCTH U MOBHIICHHST HHTEpoTIepadenbHOCTH 1pu B3aumoaeiicteuu OTC.

KnioueBble cnosa
I/IHTepOHepa6eJ'ILHOCTL, TeXHI/I‘leCKI/Iﬁ ypOBeHI) I/IHTepOHepaﬁeHBHOCTI/I, OpFaHI/BaHI/IOHHO-
TEXHHYECKas CHCTeMa, TapaMeTphbl HHPOPMAIIHOHHOH 0€30TTacCHOCTH.

1. BeBepgeHue

B Hacrosiee BpeMs akTyalnbHBIM BOIIPOCOM Pa3BUTHUS Pa3IMYHBIX aBTOMATH3MPOBAHHBIX CHCTEM
U HMHOOPMAIIMOHHBIX CHUCTEM SBIISIETCS WX B3aUMOJICHCTBHE U CONPSDKEHHE MEXIY COOOM.
B3aumoneiicTBue M conpspKeHHE Pa3IUYHBIX aBTOMATU3UPOBAHHBIX CHUCTEM M HWHGOPMALMOHHBIX
CHCTEM  aKTyaJM3HpyeT BONPOCHI  OOECIICUYEHHs  HHTEPONEepadeIbHOCTH  TaKUX  CHCTEM.
HuTeponepabenbHOCTD - CIOCOOHOCTH IBYX HIIH 0oJiee MHPOPMAITMOHHBIX CUCTEM HJIH KOMIIOHEHTOB
K 00MeHy uH(OpMAaIIMel 1 K HCIIOJIb30BaHUI0 HH(OPMAIINY, ITOJIyYeHHOM B pe3y/IbTaTe OOMEHa.

3HauMMbIid BKJIaJ B BOIPOCH obecnedeHuss uHTeporepadenbHocTH B Poccuiickoit denepanun
BHECIIM HCCIEIOBAHUS YUYCHBIX HAayYHOW WIKOJIbI, BO3IMJVIABIAEMOW cOTpyAHHKOM MHcTuTyTa
panuoTEeXHUKHU | AieKkTpoHukn uM. B.A. KorensHrkoBa Poccuiickoil akagemMuu Hayk npodeccopom
Al OneliHukoBBIM. B XO7e 3THMX HCCIENOBaHMN MOIYYEHBI 3HAUMMBIE YACTHBIE pPE3yJbTAaThl B
o0nacT HHTepolepadbeabHOCTH A MH()OPMAIMOHHBIX CHCTEM CaMOro LIMPOKOTO Kiacca u
Ha3Ha4YeHHs — B 37paBooxpaHeHuu [1-2], B snekTpoHHOW KomMmepimu [3], B oOpa3oBaTeIbHOM
npotiecce [4], B HayYHBIX HCCIIEAOBaHUsIX [5], B 00JaYHBIX BBIYUCICHUSAX [6], B MPOMBIILICHHOCTH
[7], a Takke B obOnactu obecneyeHus 00OPOHOCIIOCOOHOCTH Haei crpanbl [8-11]. Pasmuunble
aCIeKThl TMPOOJIEMBI WHTEPONepadeIbHOCTH HCCICAYIOTCS CIIEIUAICTaMH B JIPYTUX 00IacTsX,
Harpumep, B obsactu 3apaBooxpaneHus — B.A. JIporosozom [12-14]. C.B. KosmnoB B cBoeii padote
[15] paccmarpuBaeT BONPOCHI  HMCIOJB30BAaHMS IPOLIECCHOIO IMOAXOJAa K  OOECIeueHHIO
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HWHTEpOTepabeIbHOCTH  (YHKIUOHAIBHBIX CHUCTEM TP CO3JaHWU HMHTETPUPOBAHHBIX CHCTEM
yIOpaBICHHS, B TOM 4YHCIE JUisi 00OCHOBaHUS MPAKTHYESCKUX MEP IO MapUPOBAHUIO HETATHBHOTO
BIIUSHUS BHEIIHMX (pakTOpoB. B HacTosmiee BpeMs UCCICIAOBAaHUS HHTEPOIEPAOCIbEHOCTH
MpencTaBuUTeNsIMA Hay4dHoil mkombl A.Sl. OnelHWKOBa TPOAOIDKAIOTCS, W CPEeId 3HAYMMBIX
pe3yJIbTaTOB MOXKHO BBIACIHUTH PaboThl [16-22]. B 3T0il cBsA3u cieayer otMetuth pabdorty [23], B
KOTOpOH CIH. MakapeHko MpEACTaBIICHA paclpeHHas onucaresbHast MOJIEb
HMHTEPONepabeTbHOCTH OPTaHU3AIMOHHO-TEXHIIECKUX CUCTEM.

B cooTBeTcTBMM ¢ JTaJOHHOW MOZCIBIO B3aUMOACHCTBHE HMHQPOPMANMOHHBIX CHCTEM
dopManu3yercss Ha TPEeX UCPAPXUUYECKUX YPOBHSAX HMHTEPOINEPaOCIbHOCTU: TEXHHYECKOM,
CEMaHTHYECKOM, OpraHHM3allMOHHOM. TEXHMYECKUH YpPOBEHb HHTEPOIECPAOCIIBHOCTH - YPOBEHBb
HWHTEpONepabeT HOCTH, Ha KOTOPOM (hOPMATU3YIOTCS MPOIIECCH WH(OPMAIIMOHHOTO B3aMMOACHCTBHUS
MEXy TEXHHMYCCKUMH CUCTEMaMHU, TEXHHYCCKUMH CPEJCTBAMH, alllapaTHBIMH U MPOrPaMMHBIMU
KOMIUIEKCAMH C YYE€TOM OCOOCHHOCTEH peain3alud HX HHTep(EHCOB M TPOTOKOJIIOB OOMEHa
uapopmaieir, a Takke ¢GopM u (GopMaroB mpeAcTaBieHHsS uHpopMaruu [21]. ACHOEKTH H
MapaMeTpel, COCTABIIONINE  COJACPIKaHHWE TEXHHYECKOTO YPOBHS  HHTEPOIepaOeThbHOCTH,
npenctaBieHbl Ha puc. 1. OJHUM U3 aclEKTOB TEXHUYECKOIO YPOBHS HMHTEPOIEPaOCeIbHOCTH

SIBJITIOTCS TTapaMeTpbl HH(POPMAaIMOHHOM 0€301aCHOCTH.
— 3
TexHUuYeCKnit ypoBeHb HTeponepabensHOCTU

g |
TexHU4Yeckas MHTeponepabenbHOCTb

3.1 —l— 3.2 = | 33 q | 3.4 A |
apameTpbl apameTpbl apameTpbl
MapameTpbl P P P P P P
COBMBCTUMOGTY 1 COBMECTUMOCTM CETEBbIX COBMECTUMOCTM Nnpoueayp aBToMaTtmsaumm
HEDEHOCHMOGTH NMPOTOKONOB, MHTEP(ENCoB dhopmMmpoBaHus, Moncka, nepeaayu, NpoLEeCcCcoB ynpaBneHns
p}:l,aHHbIX 1 Tpe6oBaHWI No Ka4ecTBy XpaHeHus,, 06paboTkn 1 1 ceTeBoro
obcnyxuBaHus npeacTaBfieHns MHopMaLmm B3aMMOAENCTBUS
35 | 3.6 | 3.7 | 3.8 |
MapameTpbl o
[MapameTpbl OPrOHOMMKM MapameTpbl TEXHONMOrMYECKOM MapameTpbl HTEpONepabensHOCTH
MHOPMaLMOHHON 4EOBEKO-MALLMHHBIX rOTOBHOCTU OOBLEKTOB CUCTEMBI K Ha pasnnyHbIX CTaAMSX XU3HEHHOTO
6esonacHocTn = B3aVMOJENCTBUIO Me cobow MKNa TEXHUYECKNX CUCTeM
MHTEepgencoB A kay H

PucyHoK 1: AcneKkTbl 1 NapameTpbl, COCTaBAAIOWMNE COAEPHKAHNE TEXHUYECKOro YPOBHA
MHTeponepabenbHOCTH

2. NapameTpol nHpopMaLMOHHOM 6e3onacHocTn B mogaenu
WHTeponepabenbHOCTM OPraHU3aLNOHHO-TEXHUUYECKUX CUCTEM

T'oBopst 0 mapaMeTpax WH(POPMAIMOHHON 6€30IMacHOCTH, HEOOXOAMMO YUNTHIBATh AaHHOE B [23]
ompenenenue: «Mupopmannonnas ©OezomacHocth (MB) — 3TO cocTosHME, TpU  KOTOPOM
obecrieunBaeTcss KOHPUACHINATBHOCTbD, LIETIOCTHOCTD M AOCTYNHOCTh MH(opMarmny. Ilpu sToM s
pasButus W ¢opManuzanuu napamerpoB B oTeyecTBEHHOH MOJEIHM HHTEpOIepadeIbHOCTH
npeJiaraeTcs BhIICIUTD TPU KII0YEeBbIE 00IacTu:

1. KonduaeHuManIsHOCTh — MapaMeTp, rapaHTHPYIOIKUK COOI0AEHUE POJIEBOIM MOJIENN 1OCTYTIA

K HH(OpMAITHH.

2. lenoctHocTh — mMapaMeTp, TapaHTHUPYIONIMH COOJIOJIEHNE POJIEBOW MOJIENU IPU TOIBITKE

WM3MEHEHUS IaHHBIX.

3. JloCTymHOCTh — MapaMeTp, TapaHTUPYIOMUH (GaKkT HaIU4YWs JIOCTyNa B paMKaxX pPOJIEBOH

MOJIEJIH.

PaccmarpuBas cBOHCTBO HMH(pOPMAaLMOHHOW O€30MacCHOCTH KaK CHCTEMY, COCTOSLIYIO M3 TPeX
MOCJIEI0BAaTEIFHO BKIIOYEHHBIX CBOMCTB: KOH(HICHIMAIBHOCTH, LEIOCTHOCTH H JOCTYMHOCTH,
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MOYHO MPHHSATH, YTO HEJIOCTIKCHUE 3aJaHHOTO YPOBHS 00ECIICUCHUsI sl XOTS ObI OJHOTO M3 TPEX
CBOUCTB HMH(POPMAIMOHHON 0€30MacHOCTH TPHUBOIUT K MPOMOPIIHOHATBHOMY CHHKEHHIO OOIIEero
YPOBHS 3aIMIICHHOCTH CHUCTEMbI. TakuM o00pa3oM, MNpoCTelinas Mojelb HH()OPMAIMOHHOM
0€30MacHOCTH COCTOHMT M3 TPEX MOCIIEI0BATEILHO BKIFOUCHHBIX COCTABIISIONIAX M MPEICTAaBICHA HA
puc. 2:

N Y Y
—————— KOH(HICHIHMAILHOCTh ' LEJIOCTHOCTH t M
AN / AN / AN

PUCyHOK 2: MpocTeliwan mogens MHGOPMaLMOHHON 6e30MacHOCTH

B Tteopun Wb paccmaTpuBaloTCsi BOMPOCH 0OOecTedeHUs] IEMOCTHOCTH, AOCTOBEPHOCTH H
KOHQUICHIUAIBHOCTH B YCIOBHAX BO3JCHCTBUS BHEIIHHX JACCTAOMIU3UPYIOMUX (AKTOPOB —
nHpOpPMaIHOHHO-TeXHNYecKnX Bosnaeiicteuii (UTB). Kak ciencTBue, mpH pacCMOTPEHHM aCIIEKTOB
obecnieyeHUs] MHTEpOIepadeIbHOCTH OpraHu3alMoHHo-TexHndeckux cucreM (OTC) HeoOxommumo
YUMTBIBaTh BO3MOXKHOCTh I'TB 3noymsinuieHHukoB. Bece UTB MOXHO pasgennTs Ha COBMECTHBIE U
HecoBMecTHble. CoBmecTHhie UTB — »to UTB, KOoTOpBIE MOTYT HPOU3BOAUTHCA OJHOBPEMEHHO,
HaIpUMep, BO3JEHCTBHE KOMIIBIOTEPHBIMY BUPYCAaMU M pacTpeAelIeHHOE OTIIPABICHUE Ha aTaKy€eMBbIH
cepBep 3ampocoB ¢ Oosbmoro kosmdectBa ycrpoiictB (DDoS-araka). B cBowo  odepens,
HecoBMecTHble UTB — sto UTB, koTOphle HE MOTrYT HPOU3BOJUTHCS OJHOBPEMEHHO, HAIpUMED,
MIPOBEJICHNE CETEBOM Pa3BEIKH M aTaka IO BBIABICHHBIM B PE3YJIBTATe ITON Pa3BEIKH YSI3BUMOCTAM
cucteMsl (puc. 3).

p
&

—  KOH(MAEHIHAILHOCTh

o

IICJIOCTHOCTDH HOCTYITHOCTD

-
S

CoBmecTHble UTB

————— lpynnbl HecoBmecTHbIX NTB
PucyHoK 3: CoBmecTHble U HecoBmecTHble UTB Ha cBolicTBa MHPOPMALIMOHHOM 6e30MacHOCTH

B [23] moka3aHo, 4TO KOJMYECTBEHHAs OIEHKA CBOWCTB HMH(OPMAIMOHHOH 0Oe30MacHOCTH B
paMKax OIEHKM TexHuueckod wuHTeponepabensHoctd OTC  3aBUCHT OT  mapaMeTpoB
nHPOPMALMOHHONH 0€30MacHOCTH, OJHAKO IPH 3TOM HAayYHO-METOJUYECKOro armapara Uil
KOJIMYECTBEHHON OIEHKU IapaMeTpoB MH(POPMAIMOHHOI 0€30MacHOCTH aBTOPOM HE MPeIaraioch.
Actiektsl B B KOHTEKCTE MHTEpONepadeIbHOCTH PacCMOTPEHBI B padotax [24-26], ogHako B 3THX
paboTax oTcyTcTBYeT MX (opmanuszanus. B padorax [27-28] B mocTaTo4yHO# cTeneHu mnpopadoraHa
olieHKa puckoB HMb DpUMEHUTENBHO K CHCTEMaM pAa3iMYHOIO THIA, OJHAKo, Bompocsl Wb
MPUMEHHUTENLHO K UHTEPONepadeIbHOCTH HE PACCMOTPEHBI.

Brimeykasanusle  QakTopel  HO3BOJIMIIM  CPOPMYIHPOBATH NPOOJIIEMHYIO CHUTYalMIO Kak
HEOOXOJIMMOCTh TOBBIIICHHS Ka4decTBA HMHTEPONEPa0EbHOCTH HA TEXHUYECKOM YPOBHE IIPH
B3aumogeiictBu OTC B yCIOBUSIX OTCYTCTBHS Hay4yHO-METOIUYECKOIO almapara KOJIUYeCTBEHHOM

150



OIICHKM TIapaMeTpoB HH(DOPMAIMOHHONW O€30MMaCHOCTH W TOBBIMICHUS HWHTEPOINEpPabeTbHOCTH B
coctaBe TeopuM cUCTeM. /[l paspenieHuss JaHHOW MPOOJIEMHOW CUTyallud MOXET OBbITh
chopMyTUpOBaHa aKTyalbHas 1Eb UCCIICIOBAaHMSI — TIOBBIIICHUE KA4eCTBa MHTEPOIepadeIbHOCTH Ha
TexHudeckoM ypoBHe mpu B3aumonedcTBu OTC 3a cuer pa3paboOTKH 3IEMEHTOB HAaydHO-
METOJIMYECKOTO amrmapaTa KOJMYECTBEHHON OLEHKH MapaMeTpoB MH()OPMAIMOHHON 0e30MacHOCTH.
O0BeKkTOM WCCIICJIOBAHUSL  SIBIISIOTCS rapaMeTpbl UH(POPMAITUOHHOM Oe3omacHOCTH
Blammozeicteytommx  OTC, a  mpeameroM  HWCCIeAOBaHUS  —  HHTEPOIEPaOEIbHOCTD
B3aumoneicteyromux OTC. Hayunoit 3amaveil sBisercs paspaboTka 3JIEMEHTOB HAydYHO-
METOJIMYECKOTO ariapara KOJMYECTBCHHOMN OIICHKH MapaMeTpoB WH(GOPMAIIMOHHONW 0€30MacHOCTH H
MOBBIIIICHHS HHTEpOTIepadbenbHOCTH pu B3aumoeiicteuu OTC.

PemrenneM »Toi Hay4yHOH 3amayw OyAeT HAYYHBIA pPe3yJIbTaT, 3HAYUMBIMA IS pPa3BUTHS
unteponepadbensHoctt OTC u oOnmagaromuii TpakTHYeCKUM 3(PQPEeKTOM B YacTU TOBBIIICHUS
TEXHUYECKON HMHTEpONepabebHOCTH TYTEM NPUMEHEHHS JJIEMEHTOB pa3pabO0TaHHOTO HAy4HO-
METOJIMYECKOTO ammapara.
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CepBMC aBTOMaTU3aUUMN CO3[AHUA UHTENNEKTYa/IbHbIX CUCTEM
Ha nnatdopme AHaeKc.0bnako

Onsra A. Huxomaitayk 1, Anexcanyip 1. ITanos?

v Unemumym Ounamuxu cucmem u meopuu ynpaenenusi umenu B.M. Mampocosa Cubupckozo omoenenus
Poccurickoii akademuu nayk (MACTY CO PAH), ya. Jlepmonmosa 134, Hpkymck, Poccus

AHHOTauuA

B pabote mpoBenéH aHamm3 BO3MOXHOCTH HCIOIB30BaHus HHpacTpyKTyphl SHnekc.Obmaka
IUTSL pa3MelieHnst pa3pabaTeIBacéMoOi aBTOpaMH IDIaT(GOPMBI CO3MAHUS CHCTEM, OCHOBAHHBIX
Ha 3HaHIIX. PaccMOTpeH BOIPOC peann3aliiiy MOIb30BaTebCKOoro HHTepdeiica miarhopMsl
U CO3/1aBaéMBIX C €€ TMOMOINbI0 cucTeM. [IpuBeneHO onMcaHHe MEXaHW3Ma peau3aliu
MIOBEJICHUS] CUCTEMBI, OCHOBAaHHOI Ha 3HAHUAX, HA CTOPOHE KIMCHTA, a TAKKEe MEePEUNCIICHBI
WCTIONB30BAHHBIE ~ OTpaHMueHrs.  lIpuBeneHBl  IpUMEpPHl  Peann30BaHHBIX  (opm
MOJIL30BATENILCKOr0 MHTepdeiica B TpPeAMETHOW 0O0NacTH HaJEeKHOCTh MEXaHMYECKUX
cucteM. OcymiecTBieH 0030p BapHaHTOB pealM3alldd OOJAauyHOIO CepBUCAa HAa OCHOBE
IaT(OPMBI, BKIFOYAsT BOIPOC OTIYXKACHHS KOMHUH, pa3pabOTaHHON C ITOMOIIBIO CEepBHCA
CUCTEMBI.

Kntouesble cnosa
Cucrembl, OcHOBaHHBIE Ha 3HaHusx, Al Paas, SIunexc.O6maxo,

1. BeBepgeHue

OnHOI U3 MPUMET HACTOSILET0 BPEMEHH SIBIISCTCS 3HAYUTENBHBIN POCT 00beMa HHPOPMAITUH, KaK
CTPYKTYpPUPOBAHHOW, TaK W HE CTPYKTYpPUPOBAaHHOHW, KOTOPYIO HE00XO0IMMO 00pabaThiBaTh B
mpolecce BBINOJIHEHUS PA3IMYHBIX HCCIEAOBAaTENbCKUX 3azad. [lpu sTOoM ans menoro psana
MOJOOHBIX 3a7ad XapaKTEepHO IIOCTOSHHOE HW3MEHEHHE TpeOOBaHWM, a TakKe BO3MOXKHOCTb
MOBTOPHOTO MCIIOJIL30BAHUS TOYYEHHBIX PE3YJIbTaTOB B JIPYroil MpeaMeTHOH o0nacTi (IOBTOPHOE
WCTONb30BaHue kKona). Ha Tekymuii MOMEHT yKe CyliecTByeT OOJIbIIOe KOJIMYECTBO MPOTPAMMHBIX
CPEACTB, C TIOMOIIBIO KOTOPBIX MOTYT OBITh pELICHBl NOAOOHbIE 3aJa4yM, HA4yWHas OT
WHCTPYMEHTAJIBHBIX CPEJCTB OOIIET0 Ha3HAUYEHHs, J0 CTEHHANTN3NPOBAHHBIX HA KOHKPETHYIO 3a7auy
oubimorexk. OmHAKO MPH 3TOM MHOTHE W3 HUX O0ECIEeYHMBAIOT pelIeHWe Ha o0IIeM ypOBHE, W
TpeOYIOT oOmMCaHWs CHEUU(PHUKH pelIaeMol 3aJadyd C HCIOJb30BAaHHEM HEKOTOPOIo s3bIKa
MPOrPpaMMUPOBAHMsS, 4YTO SBJSIETCS MPOOJIEeMOM A  cHenManucTa-NpeAMETHHKA  (BBICOKHE
TpeOOBaHUs, CBSI3aHHBIE CO 3HAHHMEM s3bIKa IporpaMMUpoBaHus). B To ke Bpems, ans
uccliieioBaTeneld, KOTopble MOTYT HCIOJb30BaTh CYLIECTBYIOIIMM apceHal MPOTrpaMMHBIX CPEACTB,
uMeeTcsi IpobjeMa TOBTOPHOTO HCIOJIb30BAHUS MOJIYYEHHBIX Ppe3yJbTaToB, KOrAa Uil HX
MTOBTOPHOTO HCHOJBb30BaHUA B JPYroil mpeaMeTHoi obnacth Tpebyercs amamnTanus pelieHus Ha
OCHOBE 3HaHWI TNpeaMeTHOW obnactu (TpoOiieMa HeEJNOCTaTKa IPEeIMETHO-OPHEHTHPOBAHHBIX
3HaHui). [ns pemeHWs yKa3aHHBIX MPOOJEM aBTOPaMH MPEIUIOKEH  CIelHaIn3UPOBAHHBIHI
WHCTPYMEHT — IuiaTdopma pa3paboTku cucteMm, ocHoBaHHbIe Ha 3HaHMAX (CO3) [1]. OTnnumem
MPEUIOKEHHON TUIATQOPMBI OT CYIIECTBYIONIUX WHCTPYMEHTAIBHBIX cpencTB («HiAsmy [2] wunu
«LabVIEW» [3] u T. 11.) SBIISIOTCS peanu3anus BU3yaJbHOTO MPOrpaMMHUPOBaHUs HA OCHOBE Habopa
0a3oBbIX omnepanuil (pyHKIHNA KOMIIOHEHTOB) M MX KOMOWHAIWK (KOMIIO3UTHBIX orepanwuii). [Ipn
9TOM KOMITO3UTHBIE OIEpalluy SABJISIOTCS CPEJICTBOM OOECIeYeHHs JTOCTYHMHOCTH pPe3yIbTaToB
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(METoI0B M UX MPOTPaMMHOM peanu3aliiu) JJisi TOBTOPHOTO HMCIIOJb30BAHUS 32 CUET BO3ZMOXKHOCTH
nobasneHus ux K 6a3oBoMy Habopy.

[pennoxxennas miatTgopma obecreunBacT BO3MOXKHOCTD co3aanus npukiaannoi CO3 ¢ moMomIbio
BH3YaIIbHOTO KOHCTPYHPOBAHHS TPEOYEMOTO MOBEJICHHS, KaK UMIIEPATUBHOTO, TaK M JCKJIAPATHBHOTO
C TIOMOIIbIO BU3YaJbHBIX PEIAKTOPOB KOMIIOHEHTOB IUIATGOPMBI. OCHOBHBIMH KOMIIOHCHTaAMH
1aTOPMBI ABJISIOTCA: KOMIIOHEHT PaloThl ¢ pesiunoHHbIMU 6a3zamu aaHHBIX (BJI) [1], kommoneHT
OHTOJIOTHYECKOTO  MOJICIMPOBAHUS TpeaMeTHON oOmactu [4,5], KOMIOHEHT pa3paboTKH
MIPOYKIIMOHHBIX 0a3 3HAHUH [6] 1 KOMITOHEHT (hopMaTH3aliuy UMIIEPATUBHOTO TTOBEIEHUS [7].

B nmannoit pabote 00CykIaroTcs 3aJauu CO3JaHus 0Ib30BaTeNILCKOr0 HHTepdetica u peaau3anuu
00JIaYHOTO cepBUCa HA OCHOBE MTPOrpaMMHOM TaTdopMer st pazpadotku CO3.

2. Peanusauua nonb3oBaTeNbCKOro uHTepgeinca nnatpopmbl

B oOmewm cirywae paspabotka monmb3oBaTenbekoro uHTepdeiica (Ul) mpukmagHoit mporpaMMHOM
CHCTEMBI SIBJISIETCS] TPYIOEMKOM 3a/1aueli, pelieHue KOTOPOH MOXKET 3aHUMAaTh JI0 TOJIOBHHBI B OoJiee
OT OOILIEero KOJMYECTBa BPEMEHH, 3aTPauceHHOT0 Ha pa3paboTKy, C YYEeTOM INPaKTHYECKH
HEM30€KHOT0 BO3HMKHOBEHUS HEOOXOIMMOCTH B PAa3IUYHBIX H3MEHEHUsIX M Jopaborkax. B
paccmarpuBaeMoi pabore 3amada co3manus Ul mpuCyTCTByeT B CHEAYIOIIUX M0J33a4ax:
opraHu3anus B3aUMOACUCTBHA MOJb30BaTeneil ¢ mmardopmoii cozmanusa CO3, ¢ BXOIAIIUMH B €€
cocTaB KOMIIOHEHTaMH, a TaKKe ¢ pazpabaTeiBaeMbIME Ha ee ocHoBe mpukiagapiMu CO3. Beicokas
TPYAOEMKOCTb co31aHus HezaBucumoro Ul mpu permieHun Kaxkaoidl w3 moxazagad oOyCIaBIMBaeT
HEOOXOIMMOCTh €UHOTO TOAX0Ja sl BCEX MEPEUUCICHHBIX citydaeB. [Ipu 3TOM OCTHYL MOJHOM
CTaHAAPTU3aLMU HE MPEICTABISIETCS BO3MOXKHBIM BBHIY OOJBIIONW BapHaTUBHOCTU MPEIMETHBIX
3amau. IloaTomy B kadectBe menmu s yHuukamuun Ul BeiOpaHa (yHKIIMOHAIHHOCTH
B3aHMOI[eI>iCTBHﬂ C OTACJIBbHBIMH O6’bCKTaMI/I JaHHBIX, BKJIIOYas IPOCMOTP TCEKYILICTO COCTOAHUA,
CO3JlaHHE HOBOTO, PEAKTHPOBAaHUE M yNAICHHE CYIIECTBYIOIIETO; a Takke padOThl ¢ MacCHBaMH
(cimckamu) MOIOOHBIX OOBEKTOB, BKIFOYASI MMPOCMOTP U (QWIBTPAIMIO TIO MapaMerpaM. B xadectse
CpeAcTBa A BH3YIBHOI'O OTOOpaXEHUS IpPU pealn3aluy BbIOpaHHOH (YHKIHMOHAIBHOCTH
MPEIOKEHO HCIOIb30BaTh TAOIUYHOE TIPEICTaBICHHE.

2.1. Monb3oBaTenbckuii MHTepdeic: TabanuHoe npeacraBneHne

Ipencrasienne wHGOPMAIUU B TAOIUYHOM BHC YK€ HCIONB3YEeTCS B KOMIIOHEHTE PabOTHI C
0a3aMu JaHHBIX [1], B KOTOPOM HMMEETCS BO3MOXKHOCTh BBIMOJHEHUS CTAHAAPTHBIX OIEpaIiid, a
TaKKe TOMCKa MH(popMaIMK JJis J1r000# u3 taduul 3aaanHoi b/, B Hacrosiiee BpeMs CyliecTByeT
nBa Bapuanta Ul kommonenTa: (1) ¢ ucnone3oBanuem jQuery (6udmuorexu jQueryUl u jQueryGrid),
(2) ¢ ucmonb3oBanuem Vue.js (obubmmoreka Quazar [8]). B kadecTBe OCHOBBI Ul peaM3alliu
cranpaptaoro Ul mnardopmel, ee komnoHeHToB U meieBbix CO3 ObLT BeIOpaH 1-it BapuaHT.

KomMrmoHeHT paboTsl ¢ 6a3aMu JaHHBIX UCIOJB3YeT crienuukaiuio Tadmuibl b1 mis coznanus Ul,
MpeHA3HAYCHHOrO ISl paboThl MMEHHO ¢ JTOM Tabmuuei. J{ns mnpeacTaBmHMS Takoro poaa
cnenupUKanui HMCIoNb3yeTcss Mojieldb OoObeKTa 0a3bl JaHHBIX, KOTOpas Ha CTOpPOHE cepBepa
dopmammsyercs unTepdeiicom IDescriptionOfDatabaseObject (Pucynok 1), a Ha cTOpOHE KivMeHTa
npencranisietT codorr JSON 00beKT.

Mexanuzm  ¢opmupoBanus Ul xommoneHTa paboTel ¢ 0a3aMu  JaHHBIX NIPEIJIOKEHO
MOIUGHUIIUPOBATh CIEAYIOLUIUM 00pa30oM:

1. J00aBUTh BO3MOXHOCTh C(HOPMHUPOBATH ISl TPOU3BOJILHOTO O0BEKTa €r0 Cenu(UKAIINI0

B (opmare, coorBerctByromem |DescriptionOfDatabaseObject, npu neobxoaumocTu ocraBus 6e3

3HAUEHHS OTCYTCTBYIOIIIUE CBOWCTBA;

2. N00aBUTh BO3MOXKHOCThH IPEJCTABICHUS COCTOSHHSI TPOU3BOJILHOTO OOBEKTa B BHJIC

MacCuBa TMPOCTHIX OOBEKTOB BHUAA: WMs/3HAYEHHUE, IS pEIICHUS 3aJayd TPOCMOTpa H

PENaKTUPOBAHUS OT/IEIBHO B3ATOIO OOBEKTA.

Kpome Toro, cymectByrommii Ul mmardopmer m €€ KOMIIOHEHTOB MPENJIOKEHO 3aMEHHUTH Ha
MEpapXHUYeCcKoe CTPYKTYpy, IJIe Ha BEPXHEM YpPOBHE HAXOAATCS (PYHKIMOHAIBHOCTH IAT()OPMEI
(mpencraBieHHass KOMIIOHEHTAMH), a HWXKE IOJyYEHHBIC PE3ylbTaThl, KOTOPHIE B CBOK O4Yepenb
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MOJPA3ACISIFOTCS Ha COCTaBHBIC YacTH. Tak (PYHKIIUSA «KOHIENTYalbHOE MOACIMPOBAHUEY COMCPIKUT
MEePEYCHb CO3JJaHHBIX MOJICNICH, KOTOPhIe B CBOIO OYEpE.lb JCNSATCSA Ha MOHSATHUS, CBOWCTBA, pabouue
00JIacTH U T. /., @ PYHKIUS «CO3TaHUE MPOMYKITHOHHBIX 0a3 3HAHUI CONEPIKUT MEePEUEHb CO3JaHHBIX
0a3 3HaHMIA, KOTOPHIE B CBOIO OUEPEb JIENIATCSA Ha MAOIOHBI, TPAaBIIa, HAYaJIbHBIE YCIOBHUS.

w {Status: true, Data: [,..], Message: "",.}
AdditionalData: null
¥ Data: [,..]
b 3: {ID: 2243, pl: "[lerpagauMonHeii npouecc”, p2: null, p3: [null, "3Ha4eHne He mpuceosno™], pd: ["33",.]1,..}
» 1: {ID: 2248, pl: "Pabota", p2: null, p3: [null, "3uavenue He npuceoeno”], pd: ["33",.], p5: false}

b 2: {ID: 2247, pl: "ledexts (nospexgenua)™, p2: null, p3: [null, “"3HaqeHuwe He npuceoexo”], pd: ["33",.],-}
» 3: {ID: 2246, pl: "Cpeda dyHKUWOHMpoBaHKA", p2: null, p3: [null, "3uadedue we npuceoedo”], pd: ["33",.],.)
b 4: {ID: 2245, pl: "TexHonorua usrotoenewma”, p2: null, p3: [null, "3Havenue He npucsoewo”], p4: ["337,..]1,..}

P Description: {StartIndex: @, CountOfRecords: "1320", IndexOfPage: 1, SizeOfPage: 5, CountOfPages: 264}
Message: ""
(v MetaInformation: {MameOfInterface: "IDescriptionOfDatabaseObject™, CompositelMame: [“KoHuenTyaneHele mogenun™, “MoHATMA™],..} h
Caption: "\"HoHuenTyansHee mogenun’y".\"TMonaTual""
» CheckConstraints: [{MNameOfInterface: "IDescriptionOfCheckConstraint”,..}]
b Compositellame: [“KowuenTyaneHsie mogenu”, "MowaTHa"]
Description: null
P HandlerOfSearchCondition: {InitialSetOfCompareOperators: ["eq”, "ne"], SetOfNumericCompareOperators: ["1t", "le", "gt", "ge"],..}
ID: "259068"
P Identifier: {NameOfInterface: "IDescriptionOfIdentifier”, CompositeName: ["Konuentyanohwe mogenu”, "MowaTua_pkey”],..}

NameOfInterface: "IDescriptionOfDatabaselbject”
P ObjectCellectionProperties: [{MNameOflInterface: "IDescriptionOfCollection0fObjectsProperty™,..},.]
P ObjectProperties: [{MameOfInterface: "IDescriptionOfObjectProperty”,..},..]
» Properties: [,.]
\_ » UniqueIndices: [{NameOfInterface: "IDescriptionOfUniqueIndex"”,..}] .
Status: true

PucyHok 1: Mpumep BXOAHbIX AaHHbIX KOMMNOHEHT GOPMUPOBAHMA NONb30BATENIbCKOIO MHTEPdEica
B pexmme paboTbi ¢ 6a30M AaHHbIX

Baxwuyto pons B npeayioxxeHHo# apxurektype Ul 3aHrMaeT KOHLIENIMS CBA3aHHBIX C BBIIEICHHON
CTPOKOH JEWCTBUH, KOTOpasi 3aKIOYAeTCS B BOZMOXKHOCTH JOOABHUTH B OMHCAaHUE HEPAPXUUECKOTO
YPOBHS CHEUU(UKAINIO ACHCTBHH, KOTOPHIE MOTYT OBITH BBINIONIHEHBI C BBIJEICHHON CTPOKOM
Tabnuubl. [IpemiokeHHass KOHLENIHS O3BOJSIET B HEKOTOPOM CTENEHH MPEOAOSeTh OTHOCHUTEIBHO
HU3KYIO0 BbIpasuTenbHOCTh mpencraBinenus Ul B Bume Ttabmumpr. Toil ke memu cIyXuT HaOOp
MpoOIEeMHO-OPHEHTHPOBAHHBIX PEAKTOPOB, (PYHKIMOHAJIBHOCTh KOTOPBIX HE YKJIaJAbIBAeTCS B
orpaHuueHus TaOIMYHOTO TPENCTABICHUS, B KaueCTBEe MpUMepa MOXXHO Ha3BaTh PEIAAKTOP TMPAaBHII
WINM PEAAKTOP KOMIIO3UTHBIX onepauuii. B npemioxennoit apxurextype Ul pegakropsl Takoro pona
pean3yloTcsl B BUJE OTACIbHBIX MOIYJCH M BBI3BIBAIOTCS Kak JACHCTBHUS, CBSI3aHHBIC C BBIICICHHON
CTPOKOI.

Takum oOpasoM, st pelneHHus 3amadn oOecrnedeHus TATGopmbl yHUPHUIMpoBaHHEIM Ul
NpesIoKeHa KOHLEMIHUS OTOOpaXCHUS! MepapXUUYecKOW CTPYKTyphl 0OpadaThlBaeMbIX IOaHHBIX OT
OO0IIIEro K 4acTHOMY B HEKOTOPOW aHANOTHHU ¢ PaboToil (aiioBBIX MEHEKEPOB, ISl pean3aliu
KOTOPOH  WCIOJIb30BaH  KOMIIOHEHT  ()OPMHUPOBAHUSI  TOJIB30BATENLCKOTO  HWHTepdeiica, B
(YHKIMOHAIBHOCTE KOTOPOTO BXOAMT IMPOCMOTP M MOAM(HKALMS NTaHHBIX HPOU3BOJIBHBIX 00BEKTOB
Ha OCHOBE HMX OMHCaHWs (MeTanHpOpPMaIMH), a TaKke HabOp CHEeNUaNTN3UPOBAHHBIX MPOOIEMHO-
OPHEHTHUPOBAHHBIX PEAAKTOPOB O(POPMIICHHBIX B BUJIE OTJCIBHBIX MOIYJICH.

Ha pucynke 2 mnokazaH mOpuMep IOJIB30BATENILCKOTO HHTEp(delica KOMIOHEHTa pa3padOTKH
MPONYKIMOHHBIX 0a3 3HaHWH, OTOOpa)keH SKpaH MPOCMOTPa MPOXYKIMOHHBIX HPABHJI, BKIFOYAs
nepedeHb AeUCTBHI [T BHIOPAHHOTO MPaBHJIa, a TAKXKE OKHO CO CIEIMATH3HPOBAHHBIM PEIaKTOPOM
MPaBUIL

2.2. Peanusauusa nosegeHna pyHKuumn CO3 Ha CTOpPOHE KAMEHTa

IIponiecc cozmanms npuknagHoii CO3 ¢ moOMOLIBIO MPEIOKEHHONW TMaT(opMbl BKIIOYAET
onvcaHue TpeOyeMoro TOBeleHHS B BHJIEC KOMIIO3UTHOHM OIEpald C TIOMONIBIO KOMITOHEHTa
(dbopmanuzanry UMIEPaTUBHOTO MOBeAeHUs. B pszae ciydaeB BBIOJHEHWE KOMIIO3UTHON OIEpalliy
Ha CTOpOHE cepBepa MOXET ObITh 3aTPYAHEHO, HalpuMep, KOTJa BpPEMsI BBIIOJHEHHS MOXET
MIPEBBICUTh  YCTAHOBJICHHBIE OTPAaHWYEHHs, JHOO KOrJa HEoOXOAMMO B3aWMOJEHCTBHE C
[I0JIb30BATEJIEM B IIpoliecce BhINOJNHEHUs. [loaToMy IpeuloskeHO OO0ecleuuTb BO3MOXKHOCTD
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BBITIOJTHEHHSI KOMIIO3UTHOH OIEPalliK HE TOJIBKO Ha CTOPOHE CepBepa, HO M Ha CTOPOHE KiIHeHTa. Jlis
3TOTr0 B KOMIIOHEHT J00aBiieHa (PyHKIIMOHATBHOCT 0TOOpaXKEHHUS 3aJaHHON KOMITO3UTHON OTIepaliuu
B K0J Ha s3bIke Javascript. [Iporecc renepanuy B 11eJI0M OCYIIECTBIISIETCS 110 AaHAJIOTUH C CO3/IaHUEM
koma Ha sibike PHP, ¢ ydeToM acHMHXpOHHBIX OCOOCHHOCTEH s3bika Javascript. Baxwnoii
0COOCHHOCTBIO BBITIOJTHEHNSI KOMIO3UTHBIX ONEPALii HA CTOPOHE KIIMEHTA SBIISETCS BO3MOXKHOCTH
ee peanusalluu B BUIE HaOopa 00pabOTYMKOB JUIi HEKOTOPOIO CIIUCKA COOBITUIL, T. €. pe3yIbTaToM
BBINIOJTHEHHSI KOJA, CrEHEPHPOBAHHOTO [UIS ONEpaliy, MOXET OBITh IOATOTOBKA M 3aIyCK
uHdpactpykrypel  06pabotku  Websocket coGwiTmii. JlaHHY!0 OCOOCHHOCTH MpeasaraeTcs
WCTONB30BaTh AJISl peaju3alud MOJAEPKKU IOJIb30BATENs B MPOLECCE BBIIONHEHHUS HPUKIATHON
3aJaud, KOrJa IOJIb30BaTeNb MOKET MONy4aTh AOMOJHUTENbHYI0 HHOOpMAMI0O W YKa3aHUS B
3aBUCHMOCTH OT COCTOSHHUS HAOJIIOJaeMBIX ITAPaMETPOB.

fipochoTp 1 - 26 3 26

Hazearme Tipopurer

 Haskauerne: Heonpegeneno [26]
125 Fappuee rewermwoc (sacod [ S __E] o
- . ¢ 0 ras006p: ’
127 CobyToRasA, COREmaETG raabooh B -
PYAOBIHHR, LWero \ OCHOBHBIE 3NEMEHTH NPABHNG n SAUMA B

o e et Respansuonnu npotece ;

’ 060PYAOBANHA, CONEMMALErD ra3006pa -
i e . . oBOE yCnoBue Ha

- e ey (acro: | eeosamne < omeoes g

1o HaDYWIEHHE (EPHETHHHOCTH (HACTHHROS, . _ )
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15 HapYWEHHE FEPHETUNHOTTH (MACTHUHOR, Y HErPARALMONHOND - ManousK0Bas YCTanocts .
:5;"&’;?3;’;:&;’:ﬂiﬂ’:ﬁiﬁg:’:ﬂ"s’fﬂ( NnaHKUpPoBaHKE AEEKTOCKDNMH Ha OCHOBE apouecca

3 ps obop N

133 ey RANHBIX © NeTPANAUNOHHBIX NPOUECCaX o

. M0nko paspylwenne of o b BOSHOKHOCTS O )
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PuUcyHoK 2: Mpumep Ul KomnoHeHTa pa3paboTKu NpoayKUMOHHbIX 6a3 3HaHWI

OTMeTHM, YTO B JaHHBIA MOMEHT TeHeparus Javascript koma orpaHdHueHa BO3MOXKHOCTBIO
BBITTOJIHEHHUS KOMAaHJI Ha CEpBEpe, KOTOopas PEan3yeTcsl ¢ MOMOILBI0 OTIPaBKM Ha cepBep Jubo
HTTPS 3ampoca, 1m60 Websocket coobmienus, a Takske BO3MOKHOCTBIO OTOOPasKeHHS OTYYECHHBIX B
OTBET pe3yiibTarax. [Ipu atom 3amyck ouepennoro HTTPS 3amnpoca ocyiiecTsisercs u3 o00padoTunka
PE3YJITaTOB NPEABIAYIIETro i O0CCIICUCHUs MPABUIBHON MOCICIOBATSILHOCTH JCHCTBUA, a B
ciryyae ucnoib3oBaHus Websocket 3apanee co3naercs Ha00p 0OpabOTUMKOB IJIs1 BCEX MCIIOIb3YEMBIX
THUIIOB COOOIIEHUH.

3. Peanusauuma nnatpopmbl Kak o6n1auHoro cepsuca

[Tnardopma paspadorku CO3, kak BeO-OpUEHTUPOBAHHBIN POTPAMMHBIN KOMILICKC, MOXET OBITh
OITyOJIMKOBaHA B paMKax WHGpacTpyKTyphl AHnekc.O0aka HECKOIBKUMHU CIIOCO0aMU:

1. BupryanbHas mManiMHa — JaHHBIA BapuaHT HE WMEET CYNIECTBEHHBIX MPEUMYIIECTB Mepe
OOBIYHBIM «XOCTHHTOMY», HE CYHTas HaIWYHS YCIYyT 10 VYIPABICHUIO W OO0CITYyXKHBaHHIO
BUPTYaIbHBIX MamuH, b/l U KOMITOHEHTHI TIATGOPMBI pa3MeIIaroTcs Ha OJHOW BUPTYaTbHOU
MaIlHHe.

2. TI'pymnmna BUpTyalbHbIX MAIllMH — JAaHHBIA BapuaHT 00ECIIEYMBACT BO3MOXKHOCTh 00pabOTKH
W3MEHEHUS BXOJAIICH HArpy3Kd, KOJMYECTBO MAIIMH B TPYNIE MOXKET aBTOMAaTHYECKH
YBEIMYUBATHCS TMPH €€ YBEIMYCHUU W YMEHBIIATHCS TPH €€ CHIDKEHUH. HeT BO3MOXHOCTH
pa3mectuth b/ Ha 01HOM BUPTYyaJIbHOW MAIlIMHE C KOMIIOHEHTAMM.
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3. «beccepBepHas» (Serverless) peammsanms Ha ocHOBe «obmaunoit (ynxmmm» (cloud function

[9]) — nmanHBI BapHaHT XapaKTepHU3yeTCsl TOTOBOH CpEelOW HMCIONHEHUS, H, MO3TOMY, TpeOyeT
MEHBIINX YCUINN MPU MOATOTOBKE K paboTe U 00CIYXKMBAHUIO B CPAaBHEHHUH C BapuaHTaMu | u 2.
Ectp BO3MOXHOCTHP aBTOMaTH4YeCKOW OOpaOOTKM yBETHMYEHHUS HATPy3KH — KOJIHYECTBO

9K3eMIUTSIpOB  (YHKIIME MOXET ObITh yBenmmdeHo n0 10, a 3amyIeHHbIM JSK3eMIUsp He
OCTaHaBIIMBAETCS CPa3y, a HEKOTOPOE BPEMS OCTAETCs JOCTYIHBIM JAJIsl CIIEAYIOIIEro oOpameHusl.
Her Bo3moxHOCTH pazMecTtuTh b/] BMecTe ¢ KOMIOHEHTaMHU, HET OCTyIla K BHYTPEHHEU ceTu
o0yiaka, MOXKHO HCIIOJIb30BaTh TOJBKO (PUKCHPOBaHHBIM HAOOp S3BIKOB HPOTrPaMMHPOBAHUS,
MpUYEM TOJIBKO OIWH AJISl KaXKA0H U3 QYHKINH.

4. «becceprepnasy peanmusanus Ha ocHoBe APl Gateway [10] — naHHBIE BapHaHT
XapaKTepU3yeTCsl BOZMOXKHOCTBIO JEKJIAPAaTUBHO OIMCATh MHTEp(ENc MporpaMMHOrO KOMILIEKCa
B Qopmare Open APl 3.0 (Pucynok 2), a Ui HENOCPEACTBEHHOH peanu3auuu (QyHKIMH
UCIIONIb30BaTh KaK MEPeurCIICHHBIC BhILIC BapHaHThI, (aiiibl, pazmenieHHbie B «Object Storagey,
Brimouas Docker konTeiiHepsl B «OeccepBepHOM». CyIIECTBYET BO3MOYKHOCTh aBTOMAaTHYECKOM
00pabOTKMN yBeNIWYeHHU Harpy3KH (€ciii TakoBas MMEETCS Y BRIOPAHHOTO BapuaHTa pPean3alii).
Her Bo3MoxHOCTH pazMecTtuTh b/] BMecTe ¢ KOMIIOHEHTaMH, HET JOCTYyIla K BHYTPEHHEW ceTu
obmaka. EcTh BO3MOXHOCTH WCIIONB30BAHUSI PA3NUYHBIX SI3BIKOB IMPOrPAMMHUPOBAHUS IS
peanuzanuy GyHKIHNA TIaT(HOPMEL.

openapi: 3.0.0 paths:
info: /{file+}:
title: kKBS Platform get:
version: 1.0.0 X-yc-apigateway-integration:
servers: operationId: common-ui-components
- url: https://dsdverhg3s775jtivham. apigw.yandexcloud.net parameters:
paths: - explode: false
/RetrieveInitializationParameters: in: path
get: name: file
x-yc-apigateway-integration: required: true
type: cloud functions schema:
function_id: d4e21p3tolcehemviipf type: string
tag: $latest style: simple
service_account_id: ajeesfqvSm33t3ap68il components:
operationId: kbs-platform-retrieve-ui-parameters-get securityschemes:
post: . . ) httpBeareraAuth:
x-yc-apigateway-integration: x-yc-apigateway-authorizer:
type: cloud functions type: function
function_id: dde21p3tolcehomvjipf function_id: ddempde63oljiugnfvoo
tag: $latest authorizer result ttl_in seconds: 7200
service_account_id: ajeesfqvSm33t3ap68il scheme: bearer
operationId: kbs-platform-retrieve-ui-parameters-post type: http
/RetrieveData: X-yc-apigateway:

get:

) ) . service_account_id: ajehcaavmau23qqorelj
X-yc-apigateway-integration:

PucyHok 3: ®parmeHTbl cneundurkauumn APl Gateway, cnesa peanusauma GyHKLMOHANBHOCTM Ha
ocHoBe «0bs1auHON GYHKUMKMY, cnpaBa ucnonb3oBaHne «Object Storage» Ans XpaHeHWUA 3/1EMEHTOB
Ul 1 HacTpoMKM aBTOpPU3aLMMK

Jlyis nanHo#M paboTe ObUT BRIOpaH BapHaHT «OeccepBepHOi» peanusaius Ha ocHoBe APl Gateway,
C HMCTOJB30BaHUEM «OOJIAYHBIX (QYHKIMI» A peanu3anni (yHKIMOHATHHOCTH. XpaHEeHHEe JaHHbIX
opraHn3oBaHHO Ha 0a3e kiactepa PostgreSQL (Managed Service for PostgreSQL), no ananoruu c
W3HAYaIBHOW peanu3aliedl NporpaMMHOTO KOMIUIEKca. B KkadecTBe mpenMyliecTB BBIOPAHHOTO
BapHaHTa peaju3aldd MOXHO BBIJCTWTh JCKIAPATUBHYIO CIEU(HUKAINIO, BO3MOXKHOCTb
UCTONb30BaHuA Bo3MokHocTe APl Gateway ans peanusanuu pyTHHHBIX, HO BaXXHBIX (DYHKIHH,
HalpuMep aBTOPH3AIMI0, BO3MOXKHOCTh HCHONB30BaHUs mporokona Websocket u  «odepenn
coobOmenuit» (Message Queue) aus opranm3anuu oOMeHa AaHHbIMH. Kpome Toro, B pamkax API
Gateway mpenocraBisieTcsi ciy)eOHOE IOMEHHOE HMMS, KOTOPOE€ MOXKET OBITh HMCHOJIB30BAHO IPH
MIPOBEICHUH TECTOB.

B03MO)XHOCTD ~ UCIIONB30BaHUS KOMITIOHEHTOB TIIATGOPMBI B KadyecTBE OTICIBHBIX BeO-
NPWIOKEHUH, a Takke crenuduka «o0Ja4HbIX (QYHKIUI», KOTOpble HCHONB3YIOT cpeny PHP,
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00yCITaBIUBalOT HEOOXOMUMOCTh TPeoOpa30oBaHMs BXOMHBIX NMAHHBIX «001auHOU DyHKYuu» K BUIY,
HCIIONB3yeMOMY B KOMIIOHEHTe. JIjis pelieHuss 3TOH NpoOJaeMbl MPEIOKEHO HCIIOIb30BaHUE
CHEIMATU3UPOBAHHOTO KOMIIOHEHTA-000JIOUKH, KOTOPBIH 0OecleunBaeT Mepenady IMOJydeHHBIX
JAHHBIX B KOMIIOHGHT, & TaKKe TMpeoOpa3oBaHHE pPe3yNbTaTOB pabOThl KOMIIOHEHTa B (opmar
BBIXOJIHBIX JIAHHBIX «00Onaunou @ynxkyuu». B o0IleM ciydae MpeioxKeHHBIH KOMIOHEHT-000I09Ka
UrpaeT poib MmadlloHa, Ha OCHOBE KOTOPOTO OCYIIECTBIISIETCSI CO3AaHUE «OONAYHOU (HYyHKyuu» Ha
OCHOBE KOMIIOHEHTA.

4. 3aKknwuyeHue

B nmamHOW pabore oOCyxmaloTcs 3amadd, peann3andyd OONa4HOTO CepBHCa HAa OCHOBE
nporpaMMHoi mardopmel 1t paspadborku CO3, a Takke co3aHus MoJIb30BaTeIbCKOr0 HHTEpdeiica.

Ha mmardopme obecmeueHa BO3MOKHOCTH HCITOJIBE30BaHMS TIOJIB30BATEIILCKOTO HWHTEep(deiica,
MPEIOCTABIICMOIO  KOMIIOHEHTOM  aBTOMAaTHU3UPOBAHHOTO (POPMUPOBAHUS  IIOJIB30BATEIHCKOIO
uHTepdeiica. JJaHHBIH KOMIOHEHT peaju3yeT WHTepdelc Bo BceX (DYHKUMSIX MPUIOKEHHS, HaYUHAs
OT MCPEYHA €ro OCHOBHBIX (I)YHKHI/II‘/'I J0 Juajiora € IoJb30BaTciIEM JJId BBOAA HEAOCTAOIIUX JaHHBIX,
HampuMep, IO 3ampocy OT BBITIONHSAEMONW KOMIO3UTHOH omepanud. [logoOHBI moaxom maeT
BO3MOJKHOCTb, BO-TIEPBBIX, 3aKPBITh TPYAOEMKYIO 3a/ady CO3JaHHs MOJIb30BaTeIbcKOro UHTEpdetica
CO3, a BO-BTOPBIX, 00ECIIEUUTh BOZMOKHOCTh YIpaBlICHHUS MOBeACHHUEM KineHTckol yactu CO3 3a
CUET BBINOJIHEHHUS Javascript-koaa, CreHepUpOBaHHOIO HA OCHOBE KOMITO3UTHOW OIEPALH.

Hcnonp3oBaHne MpeAoKEHHOTO KOMIIOHEHTA-OOOMOYKH, Kak IIa0joHa M peaju3anuu
KOMIIOHEHTOB ILIaT(GOPMBI, 00ECIIeUnBaeT yNpolIeHUe Mmporecca pa3paboTKy, 32 cYeT BO3MOXKHOCTH
OBICTPOrO CO3IaHMSI MPOTOTUIA U NMPHUMEHEHHS BO3MOXKHOCTEH yXe CYIIECTBYIOIIMX KOMIIOHEHTOB
mwiatgopmel. [lpu 3ToM mocne peanusanuu TpeOyemoil (pyHKUHOHAJIBHOCTH M TECTUPOBAHUS €CTh
BO3MOJKHOCTh O(GOpPMIICHHSI €¢ B BHJIE 00NauyHOH (QYyHKUIMH WM «OeccepBepHOro» KOHTEWHepa JUIs
SKOHOMHH PECYPCOB.

Peammzamus mnardopmer s paspabotkn CO3 B Bupe 0ONaqHOTO CEpBHICA TO3BOJSET OJHOU
CTOPOHBI peagn30BaTh JOCTYM K (DYHKIIHOHAIFHOCTH MPOrPAMMHOI0 KOMILIeKca o cxeme platform as
a Service ¢ MUHHMMAaJbHBIMH 3aTpaTaMd Ha TOMIEPKKY HHOPACTPYKTYphI, BKJIIOYAsh BOMPOCHI
Oe3omacHOCTH U O00pabOTKM MEHSIOIIEHCS] Harpy3kd, a ¢ JAPYrol Npu HEOOXOOUMOCTH O0ECIIeUUTh
BO3MOXKHOCTh OTUY)XKICHUS pazpaboranHoM CO3 myTeM aBTOMAaTU3MPOBAHHOIO CO3JAHUSI KOIHUH B
3aJJaHHOM TIOJIb30BaTelieM oOIake.

5. bnaropgapHoctu

Pesynbrarel modydeHbl B pamkax rociaganus MunoOpHaykn Poccum mo mpoekty «Metoabl u
TEXHOJIOTMU OOJauHON CepBHUC-OPHEHTHPOBAHHON HM(POBOH 1uIaTGopMbl cOOpa, XpaHEHUs W
00paboTku OonbIIMX O00BEMOB pa3zHO(OPMATHBIX MEXKIUCHUIUIMHAPHBIX JIAHHBIX © 3HAHUH,
OCHOBaHHBIC Ha MPUMEHEHUH HCKYCCTBEHHOTO WHTEIUICKTA, MOJEIbHO-YIPABISIEMOro MOJAX0aa U
MaruHHOTo 00y4eHus» (Ne roc perucrpauumu: 121030500071-2).
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MeToa KOMNo3uuumn cepBmcoB 06paboTkn NPOCTPaHCTBEHHDbIX
AAHHbIX

Poman Koncrantunosny ®énopos

Y Unemumym ounamuxu cucmem u meopuu ynpasaenus um. B.M. Mampocoea CO PAH, yn. Jlepmonmosa, 0. 134,
664033, Upxymck, Poccus

AHHOTauuA

Pa3pa60TaH1>1 OPUTHHAJIbHBIC 3BPUCTHYCCKUEC AJTOPUTMbI U METOJ CO3JaHUS KOMHOSI/IIII/Iﬁ
CEPBUCOB, KOTOPHIN B OTIWYHE OT CYIIECTBYIOIINX METOIOB IIPOBOAUT KOMILIEKCHBIN aHAIIN3
MCETaadaHHBIX, OHTOHOFHﬁ, OKCIICPTHBIX 3HAHUA W CTATUCTHUKU IPUMEHCHUA CEPBUCOB, YTO
IIO3BOJISIET HaxXoauThb KOMIIO3UIINHN CEpBUCOB Ha OCHOBEC KOMGI/IHaI_[I/II/I JaHHBbIX.
Hcrnonp3oBaHWe MeTOJa MOXKET 3HAYUTEILHO YIPOCTHTH pabdoTy TOJbh30BaTelNs |
aBTOMATH3MPYET YacTO MOBTOPSIOMIMECS €ro NeHcTBUA. B pe3ynbprare mpuMeHEHUs METoaa
cO31aHuA KOMHOSI/IHI/Iﬁ OIIBIT MNPHUMCHCHHUA TI0JIB30BATCJIEM CCPBUCOB ABTOMATHYCCKU
pacnpocTpaHseTcsi Cpeid BCceX MOIb30BaTeleH.

KnioueBble cnosa
SOA, OGC, WPS, 06paboTka mpoCTpaHCTBEHHBIX JaHHBIX, KOMIIO3UIIHSI CEPBUCOB

1. BeBepgeHue

J1st COBpEMEHHOI0 3Tamna pelieHns KpynHoMacIuTaOHbIX (JyHIaMEHTAIbHBIX M MPUKIaIHBIX 33134
aKTyaJIbHO TOBBINIeHHE 3((HEKTUBHOCTH U HAIEKHOCTH TIPOIIECCOB 00pabOTKH U Iepenayn TaHHBIX B
BBIUUCITUTEIHHBIX MAIllMHAX, KOMIUIEKCAX W KOMIBIOTEPHBIX CETSAX IMyTEM BHEAPEHHS CEpBHUC-
opueHTupoBanHo apxutekTypsl (COA, anri. service-oriented architecture, SOA), Ha OCHOBE KOTOPOi
peanu3yioT UHTEIICKTyalbHble TEXHOJOIMH U MallMHHOE 00y4eHHue, cucTeMbl 00paboTKH OOMIBIINX
00beMOB MpocTpaHcTBeHHBIX AaHHbIX (I1/]). AKTHBHO pacTeT KOJMYECTBO CEPBHCOB, PEATM3YIOIINX
npenocTaBlieHne, o0padOTKy W MyONMKaluio JNaHHBIX. Hampumep, 3TO CepBUCHI MPeOCTaBIICHUS
JNAHHBIX JUCTAaHUMOHHOTO 30HAMPOBAHMS 3€MJIM, OOpaOOTKM MPOCTPAHCTBEHHBIX JaHHBIX,
pacudpoBku reHoma u T. A. Co3aaHHbIE CEPBUCHI 3HAYUTEIILHO YIIPOLIAIOT PEIIEHHEe MHOTHX 3a/1a4.
B obGmacti 06pabotku II[I ompemeneHsl W aKTHBHO HMCIONB3YIOTCA craHmaptel Open Geospatial
Consortium (OGC). IIpu 3TOM BO3HHMKAET Psj CJAOKHBIX HAYYHO-TEXHUYECKUX 3a]ad HAXOXKICHHUS
CEpBUCOB, TIOCTPOEHUSI UX CBSI3€H MEXIY COOOH, MPOBEPKH KOPPEKTHOCTH COBMECTHOTO BBIITOJIHEHHUS
9THX CEPBHCOB U JIp.

OOBbeIMHEeHNE 3TUX CEPBUCOB, T. €. CO3JIaHHE KOMITO3UIINU CEPBUCOB, ITO3BOJISIET PEHIaTh OOIBIIIOE
konuuyectBo 3afgady. COA 3HAUMTENBHO YIPOIIAET M YCKOPSET HMHTErPaluio HPOrpPaMMHOTO
o0ecriedeHus], CO3IaHHOTO Pa3padOTIMKAMH U3 Pa3HBIX MPEIMETHBIX 00JIacTe, 3a CUeT YPOIICHUS H
CTaHJapTH3alMU HHTepdeiicoB. KoMmmosunum cepBHUCOB 0O0ECIEUYMBAIOT IOBBIIICHHE YPOBHS
aBTOMATH3aLlUK PELICHUS 3aa4, HaunHast OT BBOAA IAHHBIX M 3aKaHUMBAs ITyOJIMKAUeH pe3yabTaToB.

B TO xe Bpems co3maHNe KOMIIO3MIMH CEPBHCOB SIBISIETCS HETPUBHAIBHOM 3amadeil. bompiioe
KOJINYECTBO CEPBUCOB, C OJJHON CTOPOHBI, YBEITUYMUBAET BO3MOXKHOCTHU MCCJIEIOBATENIEN, a C Jpyroi
CTOPOHBI, 3HAYUTEIBHO YCIOXKHSET MOUCK HYXHBIX CEPBHUCOB JJIsl PEHICHUS KOHKPETHOM 3a/JauH.
CocraBieHue HaWJCHHBIX CEPBHCOB B KOMIIO3MIMH B HEKOTOPHIX CIIydasiX MOXKET OKa3aTbCs
KOMOWHATOPHO CJIOKHOW 3ajadell, Mpy 3TOM BO3MOXKHA T'€HEpaIusl JIOCTATOYHO OOJBIIOTO YHCIa

6™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia

EMAIL: fedorov@icc.ru (A. 1)
ORCID: 0000-0002-2944-7522 (A. 1)

@ @ © 2024 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

ICCS-DE 2024 Workshop Proceedings
DOI: 10.47350/ICCS-DE.2024.22

160


mailto:fedorov@icc.ru

ATbTEPHATUBHBIX KOMIIO3HMIIMA CEPBHUCOB. Bce 3THM anbTepHATHBBEI HEOOXOAMMO OYIET OICHUTH,
BBIOpaTh HAaMOOJIEEe PEICBAHTHBIC JJIS PEIlaeMOl 3aJayH, a TAKXKE WX MPOBEPHUTh HA BO3MOXKHOCTh
B3auMoOIecTBUs. YacTo KOMIO3UIUS U3 ABYX MOTECHLIUAIBLHO BO3MOXKHBIX CEPBUCOB HE pean3yeMa
M3-3a TOTO, YTO CTPYKTYPHI TaHHBIX U (HOPMAaTHI BXOTHBIX W BBIXOIHBIX JaHHBIX OTIIHYAIOTCS.

KoMmmosummn cepBHCOB TO3BOJSIOT OOBENWHUTH PE3YIbTaThl PabOTHI HCCIEeIOBaTeNeH, HO
CO3J/IaHME TaKUX KOMITO3UIIUN B CUITY CJIOXKHOTO TpoIiecca TpeOyeT BRICOKOM KBanmudukaiuu. [loatomy
aKTyaJIbHOW HAYYIHOH poOIIeMOoii SBIseTCsl pa3paboTKa HOBOTO METO/Ia aBTOMATH3AINH IOCTPOSHUS U
MIPUMEHEHHUST KOMITO3HITHHA CEPBUCOB.

2. 0630p meTO[0B KOMMNO3ULLMU CEPBUCOB

OpnHa BaXHEWIINX 0COOEHHOCTEN CO3aHusI KOMIIO3UIMH CEPBUCOB — 3TO CHeUU(HUKAINS TOT0, KaK
pe3ysbTaThl KOHKPETHOTO CEpBHCA MOTYT OBITh MNPUHATHI BXOJAaMH JPYTHMX CEpPBHCOB, T. €.
COIOCTaBJICHHE JTaHHBIX. KOMITO3HMIUS cepBUCOB OOBIYHO BBITIOIHACTCS KaK OOPATHBIN BBIBO, T. €. OT
LEJIEBOTO COCTOSIHUSI K HCXOIHOMY cOCTOSIHHIO. CyIiecTBYeT HECKOIBKO MOIX0/I0B K aBTOMATH3aI[UH
CO3/IaHUsI KOMITO3UIIHIA cepBUCOB [1].

1. VHTepakTHBHOE MOCTPOSHHE KOMIIO3WITUI CEpBHCOB HAa OCHOBE 3HAHWH. B 3TOM momxoze
MOJIb30BATEIb BPYYHYIO CTPOUT KOMITO3UIIMIO CEPBUCOB, a CHCTEMa BbIBO/IA M 3HAHMSI (METAOIIMCAHUS,
OHTOJIOTHH) UCTIONB3YETCs IS TIOMCKA MOIXOISIINX CEPBUCOB 1 3HAYCHUIA TapaMeTpoB [2, 3, 4].

2. ABTOMaTHYECKOE IIOCTPOCHHE KOMIIO3UIINI cepBUCOB. B 3TOM mmoaxo/e mpon3BoauTcs (1oiry)
aBTOMAaTHYECKOE OOHapyKEHHE M COCTABJICHHE HEOOXOAMMBIX CEPBHUCOB HAa OCHOBE CEMAaHTHYECKOTO
aHaJM3a M JIOTHYEeCKOro BhiBoAa [5, 6, 7].

3. ABromaruueckas kommosunus Web-cepBHCOB ¢ y4eToM ITaHUPOBaHHs BBINOJIHEHUs. B aTOM
moaxone [8, 9] BxoHbIe MaHHBIE TPECTABIISIOTCS CEPBUCAMH, KOTOPBIE CEMAaHTHYECKH aHHOTHPOBAHBI
¢ ucmonb3oBaHueM oHTojorui, Hampumep Web Ontology Language for Services (OWL-S) [10],
cepBHCHl 00paboTKH aHHOTHpoBaHbl ¢ momompo Web Service Modeling Ontology (WSMO) [11].
Br160p cpenyt creHeprpoBaHHBIX ETIOYEK CEPBUCOB MOXKET IMMPOBOANTHCS HA OCHOBE OIIEHKH KauecTBa
obciyxuBanus (QO0S) ¢ MCIONIB30BAaHWEM AITOPUTMOB, TAKHX KaK T'C€HETHYECKHE AJITOPUTMBI WIIH
anropuT™Mbl Teopun urp [12, 13].

B mocnenHue rogbl MHOTHE HCCIIEIOBAHMS TIOAYEPKHBAIN BaXKHOCTh CEMAaHTHYECKON HH(pOopMauu
0 CepBHCE NMPH KOMIIO3UIIUK CEPBUCOB Te000pabOTKHU, YTBEPXkAasi, YTO NPH COCTABICHHH CEPBHCOB
HEO00X0MMO OOHapy)KEHHUE CEPBHCOB C COOTBETCTBYHOIIMMHU (QyHkuusmu [14, 15, 16]. Bxoasl u
BBIXOJbI MEXKY COCCAHUMU CCPBUCAMU NOJIKHBI COBIIAZIaTh HE TOJIBKO C TOYKH 3PCHUA IapaMETpPOB,
HO TaKke C TOYKM 3pPEHUS MX CHHTaKcHca M ceMaHTHKH. OHTOJIOTHS cTajla PacipOCTPaHEHHBIM
WHCTPYMEHTOM JUIS OIKCAHUS CEMaHTHUYECKOW WH(pOpMAIMK CEPBHCOB Ieo00pabOTKH, a
OHTOJIOTMYCCKUEC MOAXO0/Abl B HACTOANIEC BPEMS SABJIAIOTCA Hauboiee pacrnpoCTpaHCHHbBIMU METOAAMU
aBTOMaTHYECKOW KOMIIOHOBKH CEPBHCOB re¢000pPa0OTKH.

Crnemyer OTMETHTb, 4YTO aBTOMAaTHYECKOE IIOCTPOCHHE KOMITO3MIMH CEPBHCOB Ha OCHOBE
CCMAaHTUYCCKOI'0O aHalin3a, JIOTUYECKOIO BBIBOJA W INNIAHUPOBAHUSA SABIIACTCA CII0KHOM 3anaqef/'1 110
CIIETYOIIMM NTPUYHHAM:

- OosbIlasi 4acTh CEPBUCOB MMEET HEJIOCTATOYHO METaMH(pOPMAIIHH, JINOO OHA OTCYTCTBYET I
He GopMaNn30BaHa;

- TpebyeTcst mpopaboTaHHAs OHTOJIOTHS IIPEJMETHON 00IaCTH, €€ IIOCTPOSHHE HEe TPHUBHATBHBIN
mpolecc, B KOTOPOM HYXHO PacCMOTPETh BCE BO3MOXHBIE CBSI3M MEXIy cepBucamu. JlocTaTodHO
CJIO)KHO BBITIOJTHHTH OMHMCAaHUE HEKOTOPBIX CEpBUCOB. B cratbe [6] mpuBomuTCsS puMep, B KOTOPOM
CEpBUC, BBIMONHSIONIETO JEJCHNEe, MOXET BO3BpalllaTh IUIOTHOCTh, €CIIM €r0 BXOJHBIC JaHHBIC
MPEICTaBISIIOT CO00I Maccy U 00beM, HITH CKOPOCTh, €CIIN 3a/1aHO PACCTOSIHHE U NIEPUO]] BPEMEHH;

- TpeOyeTcs COrflacOBaHHOCTh METauH(OpMaIK CEPBUCOB U OHTOJIOTUH MTPEAMETHOH 00JIacTH.

ITouck ¥ co3gaHue HOBBIX KOMIIO3UIIMA CEPBUCOB ABIISIETCA CIIOKHOM 3aiadeld, B KOTOpOU
HEO0OXOJMMO TIPOAHATU3UPOBATh OOJBIIOE KOJIMYECTBO CEPBHCOB M IPEAOCTaBHTH Hambojee
peneBaHTHBIC NX KOMOMHAIMH. CyIIECTBYIOLIME METOBI U IOAX0/bl HA OCHOBE aHaIM3a METaJaHHBIX
M OHTOJIOTHH HE MO3BOJISTIOT 3HAYUTEIHLHO YIOPOCTUTH IOUCK U3-3a HACTOI'O OTCYTCTBUA ME€TaJaHHBIX U
TPYAOEMKOCTH pa3paboTku oHTojoruid. Co3/jaHne KOMIO3UIUA CEPBUCOB OTPAHUUYEHO CIIOKHOCTHIO
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B3aMMOJICHCTBUSI CEPBUCOB IO JIAaHHBIM H3-332 pa3iH4yMii B MPOTrpaMMHOM HHTepdelice nocTyna K
JAHHBIM, B CTPYKTYpE JaHHBIX, UCIIOIb3yEMbIX CIIPABOYHUKOB U T. 1.

2.1. TMpepanaraembit meTo4 KOMMNO3UL UK CEPBUCOB

Jnst co3maHuss KOMIIO3UIMK CEPBUCOB TPeOyeTCs METOMA, KOTOPHIA YYUTHIBACT MEPEUHCICHHEBIE
TpeOOBaHUS M TO3BOJISIET CBS3BIBATH PA3IMYHBIE CEPBHCHI MEXKAY COOOH A AOCTHKEHUS Lieel
noJnb3oBatesiedl. [Ipu 3ToM MeTon MOMKEH yYUTHIBaTh HEMPOpPabOTaHHOCTh METaJaHHBIX CEPBHCOB,
HEJIOCTaTOYHYIO OHTOJIOTHYECKYIO (POpMaNn3aliio JaHHBIX W IMPOLECCOB U JaBaTh BO3MOKHOCTb
pa3pabaTelBaTh HOBBIE CEPBUCHI WIM CPEINCTBA OOpabOTKM AaHHBIX IUISI CO3JAHMS KOMIIO3HIIUH
CEpPBHUCOB.

PaGota MeToma OCHOBBIBaecTCS Ha HOBOM BBIYMCIMTEIHHON MOJENNM KOMIIO3HLIUU CEPBHCOB,
OnpeaensieMOl CTPYKTYpOil

CM =< Z,5,A,T,CR,F > co crnenyomuMi 0003HaYCHUSIMHU.

Z — mHOXecTBO mapametrpoB. B cranmapre WPS OGC 00paboTki MpoCTpaHCTBEHHBIX JaHHBIX
mapaMeTpsl CBSI3aHbI C ONPEACICHHBIMU TUIIAMH JaHHbIX.

S — MHOECTBO cepBHCOB. B paboTre paccMaTpuBarOTCs TOIBKO CEPBHUCHI 6€3 XpaHEHUST COCTOSHUS
(stateless), T. e. pe3yibTaT BBIIOJHEHHS CEPBHCOB HE JOJDKEH 3aBUCETh OT MPEABIAYLIMX BBI3OBOB.
3TOro 10CTATOYHO JJISl PELICHHUS ITUPOKOTo Kpyra 3aiad. CepBuc s € S —3TO ynopsiAodeHHas Tpoiika
s=<name, Z'"P, ZO%*> rne name — 5to ums ceppuca, Z!™P € Z — MHOKECTBO BXOJHBIX apaMETPOB,
ZOW € 7 — MHOXeCTBO BBIXOJHBIX MapaMeTpoB cepBuca. Cpelu BBHIXOAHBIX MapaMeTpoOB CEpBUCA
uMeeTcsl MapaMeTp YCNEIIHOCTHM BHINONHEHHs ceppuca. Jlamee Oynaem o6osHayath s.Z/"P u
s. ZO%t napametphl, IpUHAAJIEKALINE ONPeEeTeHHOMY cepBucy. CepBHCHI Pa3IeSiOTCs HA CEPBUCHI
MIOJTYYCHUS JAHHBIX S dcs , BRIUUCIIMTENILHBIE CEPBUCHI S¢ C S U CepBHUCHI ITyOIMKAIMHI JaHHBIX SP C
S.

A — MHOXECTBO TOJb30BaTeneil, kotopbie B3aumonehcTBytoT ¢ COUAC uyepe3 mpuMeHeHHE
cepBucoB S. Habop mpuMeHsIeMbIX HMU CEPBHCOB MOXKET BapbUPOBATHCS.

T — MHOXECTBO 3a/laHMii BBIMONHEHUsT cepBUcoB u3 S. Kaxmoe 3amanune t € T onpexpensiercs
YHOpPSIOYeHHON 4eTBepkor t=<a, S,V,Vo>, T.e. BBI30B cepBuca S € S moib3oBaTeneM a € A c
MHOECTBOM 3HaueHHH V| BXOTHBIX apaMeTpoB S.| 1 pe3ynbraTsl Vo BRIXOAHBIX napaMeTpos S.0.

CR — MHOECTBO BBIYHCIUTEIBHBIX y3JI0B, Ha KOTOPBIX BBHIMOJHSIOTCS CepBUCHI. Kaxkaplil cepBuc
MOJKET OBbITh aKTMBHPOBAH Ha 3apaHee ONpelesIeHHBIX y3/1ax. ABTOMAaTHYECKOE BBIIEICHHE HOBBIX
Y3JI0B JUIsI CEPBHCOB B paboOTe HE paccMaTpUBaeTCsl.

F — MHOXeCTBO (YHKIIUI paHKUPOBAHHSI CEPBUCOB.

OTMeTHM, 9TO KOMIIO3HUIIHSI CEPBHCOB SBIISIETCS TAKKE CEPBUCOM C 33JaHHBIM UMEHEM, BXOJAHBIMU
U BBIXOJHBIMH MapaMeTpamu. OOLIenpu3HaHHBIM CTaHIAPTOM OINpPENEJICHUs] KOMIO3ULUI SIBIISETCS
WCTIONb30BaHMe HampaBieHHoro anukiandeckoro rtpada (Directed Acyclic Graph, (DAG))
Si=DAG;i=<T;,Ei >, s; € S, B KOTOpPOM BepIIMHAMHU SABISAIOTCS 3a1auus t € T;, a peOpa e=<vi,v| >, e €
E; nmokaspIBaloT nepeaavy JaHHBIX OT BBIXOJIHOTO ITapaMeTpa OJHOrO 331aHUsl K BXOAHOMY [apaMeTpy
napyroro sajanus, rae vy € Vi, vy €V, t; =< a; s, VL, V{ >, t; =<a;,s,,V,V; >. Tockombky
BO3MOXHa IepeAaya JaHHbIX OJHOBPEMEHHO IO HECKOJNBKHM IMapaMeTpaM, TO pedep MEeXAy ABYMs
BEpIIMHAMH (3a1aHUSIMU) TAK)KE MOXKET OBITh HECKOJIBKO. B uTepaType yaiie Bcero nepegaya JaHHBIX
MEX]y 3aJlaHUsIMA OOBIYHO 0003HauaeTcss OJHUM peOpoMm. I co3aaHusi TOTOBOW K BBIMOIHEHHIO
KOMIIO3UIIMH HEOOXOAMMO ONPENENUTh BCE TIepe/laBacMble JaHHBIE MEXKy MapaMeTpaMu.

OmnpenenuM TUIBI JaHHBIX, HCHOIb3YEMbIe 1l 00pabOTKH MPOCTPaHCTBEHHBIX AaHHBIX. YacTH4HO
npuMeM 0003HAYEHNS, TPUHSATHIE B PEISIIMOHHON anredpe:

D ={D,, ..., D;} — MHOXECTBO CKaJISIPHBIX TUIIOB, OTIpe/ieJIeHHBIX B cTanaapte WPS;

R ={R4, ..., Rjy} — MHOXECTBO CXEM OTHOIICHUIA;

d ={dy,...,d} —MHOXecTBO TabmuII (OTHOIIEHHH). B KayecTBe mapaMeTpoB MOTYT HCIIOIb30BATHCS
peNsLUOHHbBIE Tabulbl d; € Z.

Beenem MHOXeCTBO THIIOB mapaMerpoB 1Z = D U R. Jns KaxJI0ro napameTrpa OINpeAesieH THUIl
tz; = type(z;), tz; € TZ.

162



Jlnst hopMUpOBaHHS KOMITO3HIMH CEpBUCOB TpeOyeTcs MHpOpManus O BO3MOXKHOCTH INEpeaadn
JaHHBIX BBIXO/IHOTO IapaMeTpa CepBHCa I UCIIOJIBb30BAaHKs BO BXOJAHOM MapaMeTpe IPYroro cepBuca.
OIHaKO COOTBETCTBHE TUIIOB IAPAMETPOB HE SIBISCTCS JOCTATOYHBIM, HAIIPUMED, TUIT «IUCII0» MOXKET
MMETh CMBICI — BBICOTA HaJl yPOBHEM MOD#, a B IPyroM ciiydae — Temreparypa. [lostomy coorBeTcTBHE
THUIIOB SBIISIETCS HEOOXOMMMBIM YCIOBHEM, HO HE JOCTaTO4YHBIM. llomydenme wuHpopMammu o
BO3MOKHOCTHU TEpEeaudl JAaHHBIX MEKAY NapaMeTpaMu MOXET MPOHM3BOIUTHCS Ha OCHOBE aHAIW3a
METaIaHHBIX, OHTOJIOTHH, SKCIIEPTHBIX 3HAHUH M CTATUCTUKH MPUMEHEHHUS CEPBHUCOB U T. 1. [loaTomy
BBOJIMIM TIOHATHE METKH, KOTOPOE TO3BOJISIET a0CTParnpoBaThCs OT criocoda MoTydeHHsT HHPOPMaIun
0 BO3MOXKHOHW Tepejaye JaHHBIX MEXIy mapamerpamu. MeTka MCHOib3yeTcs A MACHTH(UKAIMU
BO3MOKHOCTH TE€PEAavu JaHHBIX, T. €. €CJIM BBIXOJHOW MapaMeTp U BXOJAHOW IapaMeTp UMEET OJIHY H
Ty JK€ METKy, TO MEXIy HHUMH BO3MOXHA Ieperada MaHHBIX. Kakmomy mnapaMeTrpy MOXKeT
COOTBETCTBOBATh HOJb W 0Oo0Jiee METOK. METKaMH MOTYT SIBISITbCS OHTOJIOTMYECKHE KOHILICTITHI,
3aganHble ¢ moMotbio URI, nim HekoTopble CreHepupoBaHHbIC YHUKATbHBIC 3HAYCHHS.

m € M — MHOXeCTBO METOK. JJisl KaXkJ0ro mapamerpa Zj OIpeIeieHO MOIMHOXKECTBO METOK M;.
IIpoBepka BO3MOKHOCTH IEPENAYN JAHHBIX MEXJY CEPBUCAMU B PaMKax MOJEIH BBIIOJIHAETCS Ha
OCHOBE COOTBETCTBUS THIIOB TIapaMETPOB M MeToK. [l IByX cepBHCOB S' 1 s/ BO3MOXHa mepenaya
JaHHBIX OT mapametpa z' € s'.ZO% k mapamerpy z/ € s/.Z™P, ecnn Tnnbel mapaMeTpoB COBMAIAIOT
type(z;) = type(z;) u cymecTByeT MeTka m € M, KoTopast UMeeTcs y 000HX napamMeTpos (m € M; u

BBHINOTHEHNE 3TOTO YCIIOBUS HE TAPaHTHPYET KOPPEKTHOE BHINOJIHEHHE cepBuca s/ . OHO mo3Bonser
3HAYUTENHHO CY3UTh KOJINYECTBO BO3MOKHBIX KOMITO3HIII CEPBHCOB.

2.1.1. OcHOBHbIE 3Tanbl meToaa

[Iporecc co3znaHusi KOMIO3UIIMKM CEPBHUCOB NPEACTaBIEH Ha pUCYHKe 2.1 M COCTOMT M3 Tpex
OCHOBHBIX 3TaIlOB.

1. MocTpoeHMe MOAENH NPeAMETHOI oBnacTn

1.1. Co3paHKe W perucTpauma ceperncos

1.2. Peructpauma CTOPOHHUX CEPBUCOB

1.3. OnMcaH1e OHTONOTUYECKOM MOJIENTU CEPBUCOB

1.4. QOPMHPOBAHHE SKCNEPTHBIX 3HAHWIA

1.5. CBop €TaTUCTMKMA UCMONb3OBAHUA CEPBHCOB

N Y Y Y )
U

l l

2.1. ABTOMaTU4eCKoe Co3/,aHue KOMNO3ULMIA CepBUCOB 2.2. Pazpa6ioTka KOMNO3WLMK CEPBUCOB

( AHA/M3 MOJENW NPeIMETHOM oBaacTH ) < BOpMUPOBAHUE CETH CBA3AHHDIX CEPBUCOB )

( lenepaunsa DAG ) Gaapaﬁoma KOMMO3MLMK CEPBMCOB Ha A3bIKe JavaScn'pD

( 3. Pernctpauya KOMNosKLMM B KaTasiore )

.

PucyHok 1: Cxema metoza $opMMpPOBaHMA KOMMO3ULMIA CEPBUCOB
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Orar 1. [locTpoeHne Moaeny IpeIMETHOMN 00IacTH

Cocrout U3 5 maroB, BHIMOTHIEMBIX HE3aBUCHMO APYT OT JIPYyTa.

1.1. Co3maHue W perucTpauusi CEpBUCOB — MpeAnoyaraeTca pa3paboTKa BBIYUCIUTENBHBIX
CEpBUCOB, CEPBUCOB [AHHBIX M CEPBHCOB IIyOJMKAlMM [aHHBIX. BpIUMCIMTENbHBIE CEPBHUCHI
paspabatsiBaroTcs B cooTBeTCTBHHM co crammaprom Web Processing Service (WPS, paspaboran Open
Geospatial Consortium) Ha BBIMHCIUTEIBHBIX peCypcax Cpeibl MM Ha JIIOOBIX IPYTHX CepBepax, K
KOTOPBIM HMeeTCsl ceTeBOoil nocTtyn. s co3maHusl CEpBHUCOB AAHHBIX HCIIOJIB3YETCSI KOMIIOHEHT
«DaldpuKa cepBUCOB BBOJA U PEIAKTUPOBAHUS PEISLUOHHBIX TaHHBIX)», KOTOPBIHA MOJAEPKUBAET BCE
OCHOBHBIE 3Tamnbl paboThl ¢ TAOIUYHBIMU AaHHBIMH. «DabprKa cepBHCOB OTOOpakeHUs TpaUKOB» U
«Dabpuka cepBHCOB OTOOPa)KEHUS! MPOCTPAHCTBEHHBIX AAHHBIX» MpEeIHA3HAUCHBI AJISI CO3JaHMS
CepBUCOB IMyOIMKaLUKN AaHHBIX. Bce co3maBaemble CepBUCHI PETUCTPUPYIOTCS B KaTanore, 00lagamoT
MPOTrpaMMHBIM HHTEP(EHICOM U TOTOBBI CTATh YaCTHIO KOMITO3HLIMU CEPBHUCOB.

1.2. Peructpauuss CTOPOHHUX CEPBHUCOB — OCyILIecTBIseTcs mnoakimtoueHne WPS cepsucos,
CO3JIaHHBIX Ha CTOPOHHUX BBIYHMCIMTENBHBIX pecypcax. B Karamore cepBHCOB yKa3bIBaeTCs
HeoOXxoauMast AJ1s 3aIycKa cepBrca HHGOpPMaLus U MeTaIaHHbIE.

1.3. Omnucanue OHTOJOTHYECKONM MOJENN CEpPBHCOB — IpEeAHAa3HAu€HO JUIs OIpeeseHus
BO3MOXXHOCTH TIepeJayll JaHHBIX MEXIy MapaMeTpamMH CEpPBHCOB HAa OCHOBE OHTOJNOTHH. B pamkax
ONMCAHUS OHTOJIOTMYECKOH MOJENM CEpBUCOB MPEAIONaraercsi OINpelelieHHe KOHLENTOB IS
napameTpoB cepBUCOB. KaxkmoMy mapaMeTpy MOKET COOTBETCTBOBAThH HOJb U O0Jiee METOK. MeTKaMu
MOTYT SIBIISITHCS. OHTOJIOTUYECKUE KOHLIENTHI, 3aaanHbie ¢ nmomomsio URI. Mcnons3oBanue omgHOrO 1
TOTO e KOHILENTA AJISl BBIXOAHOTO MapaMeTpa CepBHUCca U AJIsl BXOAHOTO MapaMeTpa APYroro cepBuca
MPEAIoIaraeT BO3MOXKHOCTD NIepeady JaHHBIX MEXIY HUIMU U IPUCBOCHUE OIHON METKHU JJIsl HUX.

1.4. ®opMmupoBaHHE SKCHEPTHBIX 3HAHMW — HCHOJB3YETCS Ui OMpENesIeHHS BO3MOXXHOCTH
nepelavyn JaHHBIX Tob30BaTeneM. Pa3paboTka OHTOIOTHI — JOCTATOYHO CIOXKHBIN mporiecc. Yacto ¢
MOMOIBI0 OHTOJIOTMHA HE BCE CYIIHOCTM M OTHOLICHHUS! NPEAMETHOM oOsacTh (hopMain30BaHBL.
[losToMy B KadecTBE METOK MapaMEeTPOB CEPBUCOB MOTYT HCIOJIB30BaThbCA HEKOTOpHIC
CreHepUPOBAaHHBIC YHUKAIBHBIC 3HAYCHUS, HA3HAYaEeMbIC TI0JIb30BaTeIeM Il KOHKPETHBIX CEPBHCOB.
Hanpumep, cepBuc nocTpoeHus KapThl INIOTHOCTH MOXKET IIPUMEHATHCS ISl BCEX TOUECUHBIX JAHHBIX.
COOTBETCTBEHHO, BBIXOJHBIM TapameTpaM, KOTOPhIE MPEIOCTABISAIOT BEKTOPHBIA TOUEYHBINA CIIOM,
MOKHO Ha3HA4YHTh Ty K€ caMmy METKY, YTO M y BXOJHOTO TapaMmeTrpa CepBHCa MOCTPOCHUS KapThl
IUIOTHOCTH.

1.5. COoOp CTaTUCTHKM BBINIOJHEHUS CEPBHCOB — MPOW3BOAUTCS cOop wuHpopManmuu o
MPOM3BE/ICHHBIX BHI30BAX CEPBUCOB, KOTOpPHIC BKIIOUAIOT HAa3BaHUE CEPBHCA M €ro aJipec, 3HAUCHHS
BXOIHBIX M BBIXOJHBIX NapaMeTPOB, BPEMs BBHINOJIHEHHUS CEPBUCOB, YCIICHIHOCTH BBINOJHEHHS,
OomKOKY BBIITOJTHEHUS U T. A. JlaHHBIE COXpaHAIOTCS B BUAE TaOnuubl 1, rie 3HaueHHs mapameTpoB
xpanstes B popmate JSON.

Tabnuua 1
[aHHble 0 BbI30Bax CEPBUCOB
Id 3agaHus Id cepsuca CraTtyc BxoaHble BbixoaHble Havano KoHeu
napameTpbl napameTpbl

3986 309 Success {"table":"ticki"} {"file":"http://84 18:20 18:22
3989 307 Failed {"disp":"20"} 18:21
3985 308 Success  {"file":"http://84..."} {"res":"http://84  18:21 18:22
3987 307 Success  {"file":"http://84..."} {"dist":"28", 19:18 19:19

Jayiee maHHbIe 3TOW TaOMIBI OyaeM 0003Ha4yaTh Kak LOQ — MHOXKECTBO 3afaHuii (YCIEIIHBIX
BBI30BOB CEPBHCOB), COBEPIIICHHBIX I0JIb30BaTEIIMU. [IpHUMHON HEYJaUHOTO BhI30Ba CEPBHCA MOTYT
OBITh HEKOPPEKTHBIC 3HAYCHUS [1apaMeTPOB, TIOATOMY JAaHHBIE QUIBTPYIOTCS M OCTABISIOTCS TOJILKO
YCIHEIIHBIC BHI30OBBI.

Oran 2. Co3gaHne KOMIIO3UITHIT CEPBUCOB

[Tocne mocTpoeHust MoieNH MPEeAMETHOW 00JIaCTH Ha ATare 2 MPUMEHSIOTCS J[Ba ATbTePHATHBHBIX
crioco0a co3aaHus KOMITO3UIIMIA:
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- aBroMarumyeckoe (GopMHUPOBAHHME KOMIO3HUITHIT cepBHCOB. JIaHHBIN CITOCOO TO3BOJIET CO3/IaTh
KOMIIO3UIIMIO CEPBHCOB HA OCHOBE aHaln3a rpada CBSI3HOCTH 3a/1aHUii;

- pa3paboTka KOMIO3UIMi cepBucoB. [lonb30BaTens pa3pabaThiBacT KOMIIO3UIIMK CEPBUCOB C
moMomipio  si3pika  JavaScript. OToT cmoco® TpedyeTcss mpH  HEOOXOAWMOCTH 00paboTKH
MIPOMEXYTOYHBIX JAHHBIX C MTOMOIIBIO CPEIACTB S3bIKA, WM MPHU 3apaHee HEN3BECTHOM KOINYECTBE
3anmanuil B kommo3uiu DAGi, koTopbie (hOPMUPYIOTCS B 3aBUCUMOCTH OT JIaHHBIX.

Ortam 3. Perucrparuss KOMIO3HUITUN CEPBUCOB B KaTaJIOTe

[locmegarM 3TanoM SBISIETCS COXpPaHEHHE IMONYYEHHBIX KOMITO3UIIM CEPBHUCOB B Karajore s
MOCIICAYIOMIETO MPUMEHEHUS TI0JIh30BATEIISIMU.

2.1.2. ABTomaTtuueckoe ¢popmupoBaHue KOMNO31LUii cepBucoB

Co3pmanne KOMIO3UIMM CEPBUCOB JOKHO IMPOBOAMTHCS Ha OCHOBE aHAIN3a BO3MOMKHBIX CBSA3EH
Mexay cepBucamu. [IpuMeHeHne MeTOK 00O0LIaeT HCIOIb30BaHHME HWHPOPMALUKM O NPUMEHEHUH
CEpBUCOB, DKCIEPTHHIX 3HaHWKW W oHTOoNOormi. Kaxmas xommosumusi 3amaercst rpapom DAG, c
3aJJaHHBIMU TTApaMETPaMH 33IaHUI U CBA3SIMU 10 JaHHBIM. Co3/1aBacMble KOMIIO3UIIMH COXPAHSIOTCS
B KaTaJlore CEpBUCOB, € IOJIb30BATENb MOXKET HAUTH HY)KHYIO KOMIIO3UIIMIO B COOTBETCTBHUH CO
CBOHMM 3alpocOM. ABTOMaTHYECKOE CO31aHHE KOMIIO3HLIUI COCTOUT U3 CJIAYIOUINX II1aroB:

[Har 1. [IpucBoeHue METOK MapaMeTpaM CEpBUCOB.

[Iar 2. YcraHoBICHHE CBA3CH MEXIy cepBrcaMu u cosaanue rpada cepuco (rpad DAGgen).

[ar 3. [Touck xommoHeHT cBI3HOCTH rpada DAGgen.

Hlar 4. Jlekommo3unus rpada CEpBUCOB.

2.1.3. NMpucsoeHne MeTOK NapameTpam CepBuUcoB

[IpucBoeHne METOK TTapaMeTpaM CEpBUCOB MPOU3BOJUTCS CIEIYOIIAMHU CTIOCO0AMHU:
1. 3amaroTcs Bpy4YHYIO (3KCIEPTHBIC 3HAHMS).
2. AHanu3 CTaTUCTHKH BBIITOJHEHUS CEPBHCOB.
3. AHanm3 MeTaJlaHHBIX ¥ OHTOJIOTHUYECKUX TTOHITHH.

Paccmotpum moppoOHee Bce CriocoObI.

3a/iaHre BPYYHYIO METOK CEPBUCAM IPOU3BOIUTCS B OCHOBHOM JIJIsl OOIIEUCIIONB3YEMBIX CEPBUCOB,
HampuUMep ISl BCEX CEPBHCOB PENAKTUPOBAHHUS DPENALMOHHBIX JIAHHBIX CTaBUTCS OOIIas MeTKa,
KOTOpasi CBsI3bIBaeT ¢ cepBucaMu dkcriopta B opmar XLS, CSV. [lnst cepBHCOB peaaKTHPOBAHUS
PENSIMOHHBIX JAaHHBIX C MPOCTPAHCTBEHHBIMH aTpUOyTamu 3ajaeTcst oOIlas MeTKa C CepBUCAMH
sKkcroprta B popmaTher Shape, geojson u T.x.

AHaNM3 CTAaTUCTHKH BBITIOJHEHHUS CEPBHCOB MPOU3BOAUTCS IS TOTO, YTOOBI OMpPENeNHuTh (akKT
mepeiayn JAaHHBIX MEXAY NapaMerpaMu cepBucoB. OmpeseneHue CBSI3M MEXIy IBYMs BBI30BaMHU
CEpBUCOB MOXKET MPOU3BOIUTHCS HA OCHOBE aHAIIN3a 3HAYCHUH MapaMeTpoB. MHOXKECTBO MapaMeTpoB
MOJKHO pa3/JIeNTUTh Ha BXO/HBIC U BBIXOHbIE. [Ipeanonaraercs, eciiu 3HaueHHe BBIXOAHOTO MapameTpa
COBITaJIaeT CO 3HAYCHUEM BXOJHOTO ITapaMeTpa, TO MK,y BEI30BAMU CEPBUCOB MOXKET OBITH Iiepesaua
JAHHBIX. 3HAUeHHs IMapaMeTPOB MOTYT OBITb CTPOKOBBIMH WM YHCIOBBIMH, a TaKKe
unenruduxaropamu pecypco URI, o6sruH0 3170 URL cebuiku Ha (aiiibl, CepBUCHI IPEAOCTaBICHHUS
naHHbIX U T. 1. Kaxnerit URI, ncnons3zyemsrit muist monydyennst fanabix WPS cepBrucoM, 0JHO3HAYHO
UACHTUPHULIUPYET nepenaBaeMble naHHble. CooTBeTcTBEHHO, 10 URI mapamerpam MOXHO 0THO3HAYHO
OTIPEJIENIUTh, YTO JJAHHBIC MTEPEA0TCS OT OJJHOTO BBI30BA CepBHUCca Jpyromy. Heckosbko ciiokHee co
CTPOKOBBIMHU W YHCIIOBBIMU TIapaMETPaMH, COBIIAJICHHE 3HAYCHUI KOTOPBIX MOXET OBITh CIIydaifHBIM.
Ha Texymuii MOMEHT CTPOKOBBIE M YHCIIOBBIE ITApaMeTPhl He paccMaTpuBaroTcs. Eciu gakT nepenaun
JAHHBIX MEXJIy NapaMeTpaMu CEpBUCOB OIPEJNIENICH, TO TeHEPUPYETCs YHUKAIbHAs METKa, KOTopas
N00aBIIsIETCs] YKa3aHHBIM ITapaMeTpaMm.

AHanu3 METaJaHHbIX W OHTOJIOTUYECKHX TIOHSATHIA MPOBOJUTCS IOKA TOJIBKO ISl CEPBHCOB,
MPEOCTABIISIONINX PENAIUOHHBIE JaHHbIe. MEeXIy NaHHBIMHA 4acTO UMEETCsl OTHOIIeHHE oOIee —
yactHoe. B TepMuHaX 00bEKTHO-OPHEHTHPOBAHHOTO ITPOTPAMMHUPOBAHHS 3TO OTHOIICHUE HA3bIBACTCS
HacjeqoBaHUWEeM (Cymepkiacc — mojkiacc). Hampumep, coOupaembie JTaHHbIE O KOH(epeHIHsX,
ceMHHapax, JIEKUMAX 0000LIaloTCsl JaHHBIMH, ONMCBHIBAIOLIME KIAcCOM MepomnpusiThe (Ha3BaHUE,
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MECTO, JaTa, OpraHu3aTop U T.1.). [IpuMeHeHre Kakoh-nnbo 00pabOTKK K JaHHBIM CylepKiacca 3a
PENKUM HCKIIOYEHHEM, O3HAa4YaeT BO3MOXKHOCTD €€ MPUMEHEHUs K JaHHBIM MOJKIaccoB. Hanpumep,
ecn 00paboTKa MPOM3BOJUT MOACYET U CTPOUT rpaduK pacrpenesieHHs MEPONPUSTHI 10 ToAaM, TO
€e MOXKHO NPUMEHHUTh K JaHHBIM, OIMCHIBAIOILUM KOH(EPEHIIMH NPU YCIOBUH COOMIOACHHS CXEMBI
InaHHBIX cynepkiacca. Co3maH PEKypCHUBHBIN QJITOPUTM, KOTOPBIH BCE METKHM OOIIEro Kiacca
pacmpocTpaHsieT BCeM J0UEPHUM KilaccaM.
OTHoLIeHNE MEXAY JaHHBIMU CYIEpKiIace — IMOAKIIACC ONpeNeIisieTCs Pa3HbIMU CII0CO0aMu:
1. Tlomywarorcs B pe3yibTaTe CO3AaHUs CEPBUCOB JAHHBIX HA OCHOBE JIPYTHUX.
2. TIpoBomuTcs aHATU3 OHTOJIOTHYECKUX TOHATHH METaJlaHHBIX CEPBUCOB.
st onvcanus moHsATH ucnoin3yetcs si3eik OWL (Web Ontology Language) [17], paspabotanHblit
koHcoprmyMoM W3C. f3pik OWL mo3BoisieT omuMchIBaTh KJIACCHI W OTHOIICHHS MEXITy HUMH. B
OCHOBE $SI3bIKa — MPEJCTaBICHUE NEHCTBUTEIBLHOCTH B MOJIENIH JAaHHBIX «OOBEKT — CBOHCTBO». SI3BIK
OWL mno3BonsieT ONpeAeinTh HEPapXHI0 KIIaccoB, BKJIOYAs CYMEPKIAcChl, MOJ KOTOPBIMU
O00BEIUHAIOTCS MOAKIACCHL, YTO IO3BOJIET NMPUMEHATH NMPaBHIO KO BceM kiaccaM. OmpeneneHue
HepapXuH KIACCOB 3amaeTcs ¢ momomnsio smeMeHToB subClassOf. [lpu aHanm3e MeTagaHHBIX MpH
HAJIMYMK OHTOJIOTUYECKUX MOHATHI MPOU3BOIUTCS 3anpoc Ha Hannuue oTHoueHus SUbClassOf mexny
JBYMSI KJIACCAMH, €CITH OHO UMEETCSI, TO IPUMEHSIETCSI aITOPUTM PacTpOCTPAHEHHUS! METOK.

2.1.4. YcTaHOBNEHME CBA3EM MeXKAY cepBUcamMmm U co3gaHue rpaga cepBmucos

B rpade DAGgen BepmmHaMu SBISIFOTCS CEPBUCHI, 3apETUCTPUPOBAaHHBIE B KaTanore. [lyru rpada
SABJIAIOTCA HaNpaBJICHHBIMHU W OIPCACIIAIOT CBA3b (BO3MO)KHOCTL nepeaadu ILaHHI)IX) MCKOY
nmapaMeTpaMu cepBHCOB. [IJIsl TIOMCKa IyT MPOM3BOAUTCS MOUCK OJMHAKOBBIX METOK y IapaMeTpoB
cepBucoB. Ecim Takne mapsl mapaMeTpoB HaieHsl, TO jo0asisieTcs ayra B rpad DAGgen.

2.1.5. MoOUCK KOMNOHEHT CBA3HOCTU

I'pad cepBrucoB DAGgen COIEPKUT BO3MOXKHBIC MPUMEHEHUS I PEUICHUS MHOXECTBA Pa3HbIX
3amad. ClriezoBaTeNbHO, €r0 HEOOXOIUMO IEKOMIIO3UPOBAaTh W BEHIICIUTH OTACIbHBIE MOATrpadBbl,
COOTBETCTBYIOIIHE PEIIaeMbIM 33/la4aM, T.€. KOMIIO3HIIMS CEPBUCOB 00pa3yroT CBsi3aHHbIN oArpad D
(kommoneHTa cBsi3HOCTH Tpada) B DAGgen. [l momyueHus noarpaga, COOTBETCTBYOIIETO PEIICHUIO
3aJ1a4yM, HEJAOCTATOYHO HAWTH KOMIOHEHTHI CBI3HOCTH B DAGgen, Tak Kak B HEM MOT'YT OBITh CEPBUCHI
MoJTydeHusl MaHHbIX. Hampumep, MOryT OBITH CepBUCHI TONMy4YeHHsS AaHHBIX J[33 wmim cepBucammu
MPEIOCTABIEHNS] BEKTOPHBIX W PENAINMOHHBIX NAHHBIX. JTH CEPBHUCHI MOTYT HCIIOJIB30BaThCS IS
peteHnst OONBIIOrO KOJMMYECTBA pas3iMyHBIX 3amad. Hampumep, manusre J[33 Landsat 8, koropsie
MOXKHO TIOJIY9UTh C TOMOIIBIO CEPBHUCOB, HCIIONB3YIOTCS MM 3a/ad OIEHKH IMOATOILIEHUN H3-3a
pasnuBa peK, AMHAMUKHA W3MEHEHUS JISIHHKOB, KIIACCH(HKAIMH MOPOIHOTO COCTaBa JIECOB U T. II.
Kaxxnomy pemieHuro 3amaun OyneT cooTBeTcTBoBaTh cBOM moarpad B DAGgen, U OHM OyIyT Bce
CBSI3aHBI MEXJIy COOOH uepe3 CepBUCHI MOdydYeHHs AaHHbIX J[33, T. €. 00ObeIUHITHCS B KOMIIOHEHTHI
cBs3HOCTH. [loaromy mpm BbmeneHHH mNOArpad)OB, COOTBETCTBYIOIIMX TOJIBKO OIHOW 3ajadve,
HE00XO0IMMO HE pacCMaTPUBATh CBS3H YePe3 CEPBUCHI MOTYUCHHUS JaHHBIX.

Jlyis moucka CBsA3aHHBIX noAarpadoB Di NpUMEHSETCS aaropuT™M IMOMCKa B IMUPHHY. [Ipu 3TOM
CJIOKHOCTH TIOMCKA SIBIISICTCS JIMHEHHON OT CyMMBI Yrcia BepiiuH 1 uncia pédep rpada DAGgen. IT1o
000CHOBBIBAETCS HANPABICHHOCTHIO rpada 1 0TCYTCTBUEM ITHKIIOB.

2.1.6. Jekomno3uuua rpada cepsucos

AHI‘OpI/ITM IIOMCKa KOMIIOHCHT CBA3HOCTH MOXKET IMOJTYYUTH AOCTATOYHO MHOI'O HOIII‘pa(i)OB D;.
Yactb HO)_'[Fpa(l)OB MOXKET COOTBCTCTBOBATH J3KCIICPUMCHTAM, KOTOPBIC IMPUBCIN K HEIOCTATOYHO
XOpOoLIuM pe3ysibTaTaM. Taxxke Cpeau HUX MOXCT OBITH J0CTAaTOYHO MHOI'O ,I[yﬁ]'[HpOBaHHﬁ, KOTOPBIC
BO3HHUKAIOT M3-3a MHOT'OKPATHOI'0 PEHICHUA 3ala4d Ha PA3HBIX JaHHBIX W C Pa3HBIMHU IIapaMETpaMu.
HOBTOMy IMPOU3BOAUTCA (l)I/IJ'ILTpaI_II/IH MHOXCCTBaA Di 1 BBIICIICHHUC Han0oJee MOJE3HBIX KOMHOSI/II_[I/Iﬁ
CCPBHCOB.
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3. Anpobauyus

JlanHble repOapHbIX TUCTOB onpeaecHsl cranaapramu TDWG Darwin Core u Access to Biological
Collections Data (ABCD). Ha ocHOBe 3THX CTaHAZapTOB CO3/aH CEPBHC cOOpa M PEIaKTHPOBAHMS
penanuoHHEIX maHHBIX «BasicHerbariumy. «BasicHerbariumy» cramr 6asoBeiM  kimaccom mius
crenytomux cepBucos: bJ1 «"epbapuii cocyaucTeix pacreHrin CHOMPCKOro HHCTUTYTA (U3HOIOTHHU U
ounoxumun pactennii CO PAH» (IRK); BJ1 «['epOapuii MmxoB CHOMPCKOTO HHCTUTYTa (BU3UOIOTUN U
omoxumun pacreanii CO PAH» (IRK) u T.11.

Ionp3oBarenp AN MONyYeHHs KapThl PAcIpOCTPAHEHUS BHJOB MOCIEIOBATEIFHO HCIIONH30Bal
CEpPBUCHI:

1. «BasicHerbariumy.

2. table2shp — coxpanmi nannsie cepsrca «BasicHerbariumy» B ¢popmar SHAPE.

3. vector2grid52 — mpousBen 00padoTky naHHbIX B popmate SHAPE s mosydeHust pacTpoBOro

(atina B popmate GeoTIFF. B xaxioii siuetike (MUKCENe) 3aMucaHo KOJIMYECTBO TOYCK.

4. map — co3dan KapTy paclpoCTPaHEHUs BUAOB C yKa3aHHEM JIereHMbl (3alaHHe IBETOBOM

najauTpsl oro0pakenuit daiiia GeoTIFF B 3aBUCHMOCTH KOJIMYECTBA TOUCK B STUCHKE).

Ha ocHOBe aHaii3a CTaTHCTHKU CO3/1aHa KOMITO3HUIHs cepBucoB densityMap (pucyHok 2).

task/2 l
task/1 vector2grid52

table2shp

task/3
map

PucyHoK 2: Cepsuc densityMap v pesynbTaT ero paboTsl

Co3/MaHHBI CepBUC ABTOMATHYECKH MPEIAracTcs BCEM TIONB30BATENsAM CEPBHCOB JIaHHBIX,
co3maHHbIX Ha ocHoBe «BasicHerbariumy. TIpu BEIOOpe 3TOTO cepBHCa aBTOMATHUYECKH CO31aeTCs
HOBas komrio3utus cepucoB002E

4. 3aKknwuyeHue

PazpaboTansl OpWUTHHAIBHBIE 3BPUCTUYECKHAE AQITOPUTMBI W METOJ[ CO3JaHUS KOMITO3UITUN
CEpBUCOB, Oa3WPYIONIUICS Ha NPUMEHCHHH MPEIJIOKCHHOW MOJNENTH, KOTOPBHIA B OTJIMYUE OT
CYILIECTBYIOIIMX METOJIOB MPOBOJUT KOMIUIEKCHBIA aHaIU3 METAJaHHBIX, OHTOJOTUM, SKCIIEPTHBIX
3HAaHUM U CTATUCTUKHU MPUMEHEHUSI CEPBHUCOB, UTO IMO3BOJSET HAXOAUTh KOMIIO3UIMU CEPBHUCOB HA
OCHOBE KOMOWHAIMKM JAaHHBIX. VCIIONB30BaHWE METOJa MOXET 3HAYMTEIHFHO YIPOCTHUTH PadoTy
MOJIH30BATENS] U ABTOMATU3UPYET YaCcTO MOBTOPSIOLIUECS €ro NeHCTBUA. B pesynbTrate nmpuMeHeHus
MOJEIM M METOJa CO3[aHUs KOMIIO3UIMI ONBIT MPUMEHEHHUS MOJIb30BAaTEIEM CEPBHUCOB
ABTOMAaTHYECKH PACcIPOCTPAHAETCS CPEAH BCEX MOJIb30BATENEH.

Pa6ora Beimonuena npu noaaepxke LIKIT MMBC MPHOK, 6a3oBoro mpoekra 121030500071-2.
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Metogbl M cpepcTtBa  pa3paboTtkm U nNpumeHeHuA
MCNbITAaTe/NIbHOro CTeHAa CepBUC-OPUEHTUPOBAHHDIX
NPUNOXKEHNN
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AHHOTauuA

PaccmaTpuBaeTcs moaxon kK pa3pabOTKe M NMPUMEHEHHIO HCITBITATEIILHOTO CTCHIA CEePBUC-
OPUEHTUPOBAHHBIX NPUIIOKEHUHM B I€TEPOT€HHOM paclpe/le]IeHHON BBIYUCIUTEIBHON Cpeie.
HGJ'ILIO HUCHOBITAaTCIBHOT'O CTCHIAA SBIIACTCA obecreueHue p33pa60T‘{I/IKOB cpeacTBaMu
IPOBCACHHUA J3KCIICPUMCHTOB II0 OLCHKEC KadyC€CTBa TaHHBIX, pa6OTH AJITOPUTMOB, aHAIN3a
PE3YyJILTATOB BBIYMCIICHUN U Apyrux acneKkTOB pealn3alui CCPBUC-OPUCHTHPOBAHHBIX
npuwiokeHnit. CepBUC-OPHEHTUPOBAHHOE TMPUJIIOKEHHE CO3[AaeTCs Ha OCHOBE pPabouymx
MPOIIECCOB, NPEACTABISEMBIX B BHJIE KOMITO3UITUH BeO-cepBUCOB. BeO-cepBUCH pealn3yroT
BBITIOJTHEHUE TPUKIAAHOTO MU CUCTECMHOI'O MNPOrpaMMHOTIO obecneyeHus. HpnmanHoe
nporpaMMHO€C obecneueHne NOAACPIKMBACT BBIIIOJHCHUC onepaum‘/'l Hpe[lMeTHOfI obnactu
IIPUIIOKCHHUA. CYTI) W HOBHM3HA IIOAXO4a 3aK/IYacTCd B HMCIOJIB30BAHMHU B pPaMKax
HUCIBITATCIBHOTO CTCHAAa CHUCTEMHOI'O IIPOrpaMMHOIO 06ecnequI/m, IIPEAOCTABIAOMICTO
JOITIOJIHUTCIIbHBIC (bYHKHI/II/I 06pa6OTKI/I WU aHaJin3a OaHHBIX, IMOJY4YCHHUA I/IH(I)OpMaLlI/II/I C
KOHTPOJILHO-U3MEPUTEIILHOI'O o0opynoBaHHS W  MHOTOKPUTEPHAILHOTO  BEIOOpa
ONTUMAIBHBIX PE3yJIbTATOB BBIUMCIICHUH. Pabodre mporecchl MOTYT OBITh IPEJCTABICHBI B
CTaHZapTHOU (opMme Ha JeKiapaTHBHOM s3bike Business Process Execution Language s
HCIIOJIB30BaHUA BO BHCIIHUX CUCTEMAX YIpPaBJICHUA pa6quM1/1 nmponeccaMu.

KnioueBble cnosa
HaquLIe IMPUJIOKEHUA, pa6orme IIPONECChI, CCPBUCHI, UCIIBITATCIIbHBIC CTCHIBI

1. BeegeHue

B Hacrosimee Bpemsi upe3BbIYAHYIO aKTyaJIbHOCTh NMPHOOPETAET HCCIIEAOBAaHUE COBPEMEHHOI'O
cocrosiHusi  npupoaHo-TexHuueckux cucreM (IITC) [1]. IlpupoaHo-TexHHYecKas cUcCTeMa
npeacTaBisieT co00il COBOKYMHOCTh ()OPM M COCTOSIHWE Pa3IMYHBIX IPOIECCOB B3aUMOJCHCTBUS
KOMITOHEHTOB TPUPOJHONW Cpelbl C MWHXEHEPHBIMH COOpPYXEHUSIMH Ha BCEX CTagusIX ee
¢dyHnkunonupoBanus [2]. K TakuM cucteMaM OTHOCSITCS, HAPUMEP, YHEPreTUYECKUE KOMILICKChI Ha
Pa3HBIX YPOBHSX WX TEPPUTOPHAIBHO-OTPACIEBON HEpapXuH, BKIIOYAs MHKPOCETH Pa3IHIHBIX
HHPPACTPYKTYpHBIX 00beKTOB. Kak mpaBuito, B pamMkax moJo0HBIX UCCIIEIOBaHUI paccMaTprBaeTCst
ONTHMH3ALUH B3aUMOJICHCTBHS MEXK/y €CTECTBEHHBIMH M UCKYCCTBeHHBIMH KomiioHeHTamu [1TC [3].

B pamkax uuppoBoro monutopunra baiikanbckoit npupoanoit teppuropun (BIIT) [4]
pa3pabaTeIBalOTCA HOBBIE MOJIENH, aNTOPUTMHUYECKOe U mporpammHoe obecniedenue (I10), HayuHbie
CEpBUCHI, HHCTPYMEHTAJIbHBIE CPEJCTBA U METOJUKH HcCiel0BaHus ()YHKIMOHUPOBAHUS U Pa3BUTHSA
IITC, pacnonararomuxcs Ha BIIT. B yactHocTH, naHHas paboTa MOCBAIEHA METOAaM U CPEJCTBaM
pa3paboTKu M TPHUMEHEHUS WCHBITATEIFHOTO CTEHIAa CEPBHUC-OPHEHTHPOBAHHBIX MPUIOKEHHUH IS
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MOJICIMPOBAHUS, CTPYKTYpHO-TIAPAMETPUYECKON ONTUMHU3AIMK, JKOJOTMYECKOH ¥  TEXHHKO-
skoHoMmuyeckorr oneHkn [ITC. OcHOBHOW akKIEHT JeNacTcs Ha CEPBHC-OPUCHTHPOBAHHBIC
MIPIIOKEHUS, CO3/[aBacMbIC Ha OCHOBE pa004YMX MPOIIECCOB B BUIC KOMIIO3HIIUU BEO-CEPBHUCOB.

CymiecTByeT MUPOKAN CHEKTP CHCTEM YIpaBIeHHs padO4YMMH TporeccamMu (CM., HaIlpuMep,
KpaTkuii 0630p B [5]), B TOM umcIiIe CHCTEM, MOANEPKUBAIOLINX CEPBUC-OPHEHTHPOBAHHEIE paboUHne
mporieccel  [6-8]. OmHako cpeacTBa TECTHPOBAHUS M WCIBITAHUS KOMIIOHEHTOB CEpPBHC-
OPHCHTHUPOBAHHBIX MIPWJIOKEHHUH B 3THX CUCTeMax cliabo pa3BHUTHL B 3Toil CBsA3M B paMKax JaHHOTO
WCCIIEIOBAHUS MIPEJIOKEHBI HOBBIE METOJIBI M CPEJCTBA Pa3pabOTKH U MPUMEHEHUSI HCITBITATEIHLHOTO
CTCHJIa CEPBUC-OPUCHTUPOBAHHBIX MPHIIOKEHUN B TETEPOrCHHON Paclpeie]ICHHON BBIUMCITUTEIHHON
cpene. [IpuMeHeHue MpemIokKEHHBIX Pa3pa00TOK MPOUJUIFOCTPUPOBAHO HA TPUMEPE HCCIICIOBAHUS
paboThI MOYJISI MOJICIUPOBAHNUS (DYHKIIHOHUPOBAHUS SHEPTeTUICCKUX KOMILIEKCOB, OTHOCSIINXCS K
Pa3HBIM YPOBHSM HX TEPPUTOPUATBHO-OTPACICBON UEPAPXUH.

2. UcnbiTaTeNnbHbIN CTEHA,

Tepmun ucnoimamenvuviti cmeno (anrn., testbed) [9] mmpoko wucmonas3yercss B HAyYHBIX
HCCIIEIOBAHUAX, B YaCTHOCTH, B PaMKax CO3IaHUs, Pa3BUTUS M HCIOJIb30BAaHHA WH(POPMALUOHHO-
BBIYUCIUTEIBHBIX U TEJICKOMMYHHUKAIIMOHHBIX CHCTEM M TEXHOJIOTHH, TS OTIpeieNieH s IPOTrpaMMHO-
anmapaTHOW CpeAbl, CHENUAIN3UPOBAHHOM Ui TPOBEICHHS OKCIEPHUMEHTOB, CBSI3aHHBIX C
TECTUPOBAHUEM M HCHBITAHUEM HOBBIX AITOPUTMHYECKUX U MPOrPAMMHBIX pa3pabOTOK, Pa3IHYHBIX
TEXHOJIOTMYECKUX PEIICHUHA M MCTOYHUKOB JAHHBIX, 4 TAKXKE CHUCTEM HMX H3BJICUEHHs, 00paboOTKH,
nepeaayn, XpaHeHHUs 1 aHaIn3a, Iepej] BHEIPEHUEM CO371aBaeMbIX WIIM MOTUPHUIMPYEMBIX CHCTEM H
TeXHOJNOTHi. VcnpITaTeNnbHbIe CTEHABI CO3/Ial0TCSA B (PM3NIECKON WIIH BHPTYaIbHON (JOpMax C IEeNbI0
obOecriedeHusi pa3pabOTYNKOB KOHTPOIHUPYEMOH cpemoil mjisi TpoBepkH paboTOCIOCOOHOCTH,
yIOBIETBOPEHUS!  (YHKIMOHANBHBIM W  CHCTEMHBIM  TPeOOBaHHSM, IPOM3BOJUTEIBHOCTH,
3G GEKTHBHOCTH HCIIOTIB30BAHUS PECYPCOB U IPYTUX CBOWCTB MCCIIEAYEMBIX CHCTEM U TEXHOJIOTHH.

B pamkax gaHHOTO HcCie0BaHHS UCTIBITATENbHBIN CTEH]] CEPBHUC-OPUEHTHPOBAHHBIX MPUIIOKESHUI
pean30BaH ¢ MOMOIIBIO HHCTPYMEHTalIbHOTO KoMIuiekca Framework for Development and Execution
of Scientific WorkFlows (FDE-SWFs) [10] B Bume HPII, BKIIIOYArOIIET0 CEPBUCHI IS BBIMTOIHEHHS
MIPHUKJIATHOTO ¥ CHCTEMHOTO TIporpaMMHOT0 obecnieuenusi. FDE-SWFS nognep:kuBaet v cymecTBEHHO
pa3BHBacT HaOOP YHKIIMOHAIBHBIX BOZMOXKHOCTEH mporpamMmmuoro komiuiekca Orlando Tools [11].

Apxutektypa FDE-SWFs BrimouaeT ciemyroniie OCHOBHbIE KOMIIOHEHTHI: MOJIb30BaTENbCKUN
UHTEpQeic, KOHCTPYKTOP BBIYMCIUTEIBHOW MOJENN pa3padaThIBAEMOT0 MPHUIOKEHUS, KOHCTPYKTOP
MOIyJieM M CEpBHCOB MX BBINONHEHMs, MeHemkep 110, MeHemkep BBIYMCICHHH, MEHEKEp
BBIUUCITUTENHHBIX TPOIIECCOB W cocTosiHUs cpenbl, APl mms moctyma x  MHQOpPMAMOHHO-
BBIYUCIUTEIBHBIM PECypcaM U CUCTEMaM.

OOmast cTpykTypa HCHBITATEIBHOTO CTEHAA, paspabareiBaeMoro c¢ mnomomplo FDE-SWFs,
npencrasieHa Ha pucyHke 1. CteHa co3gaercst B BUAe pabovero mporecca, JONOITHEHHOTo HabopoM
CHCTEMHBIX oleparuid. Pabouwnii mporecc BEIONHsAETCS MeHekepoM Berunciennii FDE-SWFs.

Pabounii mponecc mpeacTaBiseTCs Ha CTaHAAPTU3UPOBAHHOM JIEKJIapaTUBHOM si3bike Business
Process Execution Language (BPEL) [12] u B nanpHEWIIEM MOXET HCIIOJIB30BAThCS IJIOOBIMU
BHEITHUMH CHCTEMaMH{ YIIpaBJIeHUs pabounMu Tporieccamu, mnoaaepxkuBaromuvu BPEL. BPEL
OTIPEJIENIIET MOJIEIb JUISl OITUCAHUS TIOBEJICHHS CEPBUC-OPUEHTUPOBAHHBIX MPHUJIOKEHUH B TEPMHUHAX
B3aMMOJEHCTBHUI (COBOKYITHOCTH COOOMIEHHIT) MEX Iy BHYTPEHHUMHU BBIYHCIUTEILHBIMH MTPOLIECCAMU
W WX TapTHepamu (BHEIIHUMH CepBHcaMH). B paMkax cepBHC-OpUEHTHPOBAHHOW apXHUTEKTYPHI
MPUMEHSIFOTCS. CEPBUCHI, TMPEJICTABISIONINE MOJIYIH pa3padaThiBAEMOro MPUIOKEHUS W BHEIIHUE
MpWIOKEHUs. BHEIIHUE MPUITOKEHUs peaTn3yIOT JOMOIHUTEIbHBIE CUCTEMHBIE ONlepayi 00paboTKH
W aHalu3a JAHHBIX, NOJIYy4YeHUs HH(POPMAIMH C KOHTPOJBHO-U3MEPHUTEIBHOTO OOOpYAOBaHMS H
MHOTOKPHUTEPUAIBHOTO BhIOOpAa ONTUMAIBHBIX PE3YJIbTATOB BBHIYHCICHUH. B 1emom BeO-cepBuUC
MpeiCTaBsieT  NMPOrpaMMHYED ~ CHUCTEMY €O  CTaHJapTU3MPOBaHHBIMH  WHTep(elicamu,
uaeHTuguuupyemyto yaukansHsiM URL-anpecom. Ilpu 3Tom BeO-cepBUCH He 001aJat0T 3HAHUSIMH O
BBIMOJIHSIEMBIX TPWIOKEHUSIX, a MPWIOKEHUS HE HYXIAIOTCS B HWHPOPMAIMH O CIOco0ax HX
BBITIOJTHCHHS BeO-CEpBUCAMU.
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PucyHoK 1: CTpyKTypa ucnbiTaTeNbHOro cTeHaa

3. Mpumep

B kadecTBe mnpuMmepa NpPHMEHEHHs WCIBITATEIBHOTO CTEHJIA HCCIE0BaH HabOp METO/OB
CTPYKTYPHO-TIApPaMETPUYECKON ONTHUMHU3AIMU MOJEIN JHEPreTHYECKOro KOMIUIEKCA C IOMOIIBIO
oubimorekn pagmo [13]. bubanoreka pagmo, peanausoBaHHas Ha s3bike C++, mpenHasHaueHa ISt
napamiensHol onTuMuzanud. OHa TpeocTaBisieT YHUPUIMPOBAHHBIA HHTEpQelc A aJropuTMOB
ONTHMH3ALUH C LEJNBI0 YINPOIIEHUS WX Pa3BEPTHIBAHUS B BBIYMCIUTEIBHBIX CpPEJax C MaCCOBBIM
HapauIeIn3MOM.

UccnenoBano 60 meronoB 6mMOIMOTEKM PAJMO ¢ MX HACTPOMKAaMH, 33JJaHHBIMH TI0 YMOIYaHHUIO.
Pe3ynpraThl CpaBHUTEIBHOIO aHalM3a METOAOB CTPYKTYPHO-TIAPAMETPHYECKOW ONTUMH3AIHN
JHEPreTUYECKOr0 KOMIUIEKCA HAIMOHAIBHOTO YPOBHS TEPPUTOPUAIIBHO-OTPACICBON HEpapXHu
Mpe/ICTaBIeHbl HA PUCYHKE 2.

3a 10mycTUMOE BpeMsi PEIICHHUS 3a/1a9H TTOJTHOCTBIO oTpadotany itk metonoB: (N+1)-ES Simple
Evolutionary Algorithm (m1), Augmented Lagrangian algorithm (m2), Method of Moving Asymptotes
(m3), Algorithm AGS to solve constrained nonlinear programming problems with Lipschitzian
functions (m4) u Interior Point OPTimizer (m5). Cperee BpeMs BHITIOJIHEHHUSI METO/1a, CPSTHHIN pa3Mep
UCIIONB3YEMOIl UM ONEpaTHBHOW MaMATH M CPEIHss 3arpy3ka mporeccopa ObLIM MOJYYeHBI MyTeM
npodumpoBaHus polecca BBITOTHEHHS MOIYJIS U1l KOHKPETHOTO METO/1a.

Ha ocHOBe MHOTOKpHUTEPHAIBEHOTO BEIOOpA €IMHCTBEHHOTO BapUaHTa 3HAYCHU I KPUTEPUEB 110 BCEM
tpeM npaBmiam ([lapero-onTHManbHOMY, MaKOPUTapHOMY M JIEKCHKOTpaduueckomy) Hamboiee
MPUEMIIEMBIM METOJIOM SIBIISIETCSI METOJI MS.
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PUCYHOK 2: Pe3ynbTaTbl CPaBHMTE/NbHOrO aHa/nM3a Mo CAeAyOWMM KpUTepUAM: cpeaHee Bpems
BbINONHEHUS MeToda (a), cpeAHWI pasmep MCMNONb3yemol onepaTtuBHOM namatun (6), cpenHan
3arpyska npoueccopa (B), YMCNO MepPonpUATUI CTPYKTYpPHO-NapameTpuyeckon ontummsaumm (r),
cpeaHAs CTOMMOCTb MeponpuAaTUiA (4), NoKasaTenb Kusydyectu (e)

4. 3aKknwuyeHue

B pamkax wuccieqoBaHMs MPEIOKEHBI HOBBIE METOJBI U CPEACTBA pa3pabOTKH U MPUMEHEHHUS
HCIIBITATEIbHOTO CTEH 1A CEPBUC-OPHEHTUPOBAHHBIX MPUIIOKEHUI. Pa3paboTaH HCIBITATEIBHBINA CTEHT
JUTSL KCCITEZIOBaHMST PabOThl MOTYJIST MOJICTUPOBAHHUS SHEPTETUISCKUX KOMIUIEKCOB, OTHOCSIIHXCS K
pasHBIM YPOBHSIM UX TEPPUTOPUATBEHO-OTPACIECBOM Hepapxuu. Moayiab peanu3yeT Habop METO/OB
CTPYKTYPHO-TIAPAMETPHYIECKON ONTUMHU3AIMKA MOJICTH JHEPTeTUYECKOr0 KOMIUIEKCA C IOMOIIBIO
OubIMOTEKH Pagmo.

CTeH OpHUEHTHPOBAH HAa TECTUPOBAHWE CEpBUCA JJIs BBIMOJHEHHUS JAHHOTO MOJYJS Ha
BBIYHCIIUTEIIBHBIX PECYPCax ¢ Pa3HbIMH BbIYHCIUTEIbHBIME XapaKTepHUCTHKaMu. [[puMeHeHne CTeH 1a
MO3BOJIHJIO OCYIIIECTBUTH BHIOOP aJrOPUTMOB, ONITHMAIIBHBIX 10 33JIaHHOMY HAa0OPY KPUTEPHUEB.
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Pa3paboTka cuctembl yripaBrieHUst COOpOM, XpaHEeHUs U
KoHTpons Big Data B 3aga4yax reoakyCTUKHU

Aunena B. Xpsimuenko

Y Uncmumym evruucnumenvnoti mamemamuxu u mamemamuueckoii 2eopusuxu CO PAH, npocnexm
Axademuxa Jlaspenmoesa 6, 2. Hosocubupck, 630090, Poccus

AHHOTauuA

Pa3paboTrka cucrembl ympaBieHHs 0a30i T€0aKyCTHYECKHX [aHHBIX HalpaBleHa Ha
obecrieyenue 3QPeKTUBHOTO XpaHEeHHUs1, 00paOOTKH U AOCTYNA K 3TUM JaHHBIM. C y4eToM
MoTpeOHOCTEH ToNb3oBarteneii B chepax reopr3nKH U T'EOJIOTHH, CHCTEMa CO3/IaeTCs C
[IEThI0 00ECTIEYNTh OTEPATUBHBIN W TOYHBIN MOCTYN K WH()OPMAIUHU ISl IPOBEICHHS
Hay4YHBIX HMCCJICIOBaHMNA. B JaHHOW cTaThe pacCMOTpUM pa3pabOTKy CHUCTEMBI IS
aBTOMATH3AllUK YIPaBJeHUs] OONBIIUMH 00bEMaMH JaHHBIX B 3a/ladaX T'€0aKyCTHKH C
UCIoNb30BaHueM ¢peiimMopka Spring, 6ubmauorexkn Busyanusanuu Highcharts u 6a3er
nanHHbeix MySQL. Pesyiprarel BKITIOYArOT B ce0s pa3paOOTaHHBIM WHCTPYMEHT IS
OBICTPOro TOWCKA, aHAIHM3a M BU3YAIM3Al[MH I€0aKyCTUYECKUX JTAHHBIX, YTO ITO3BOJIHT
YIIyYIIUTh Ka4eCTBO HAYYHBIX WCCIEIOBAHWN W MPUHUMATh OOOCHOBAHHEIE PEIICHUSI.
[IpakThdeckass 3HAYUMOCTH JAaHHOW CHCTEMBI TPOSIBIACTCS B  TOBBIIMICHUH
MPOU3BOAMTEILHOCTH M KadecTBa pabOThl CICIHMAIMCTOB B 007acCTH TeOU3UKH H
Te0JIOTHH, COKpAIIEHNH BPeMEHH Ha 00paboTKy NMaHHBIX W yBelndeHHH d(H(HEeKTUBHOCTH
JESTeTLHOCTH B 00JIACTH T€0aKyCTHIECKUX HCCIIETOBAHUM.

KnioueBble cnosa
CVYB]1, reoakycTudeckue ganubie, cuctema, MySQL, Spring, pensitnonHas 6a3a JaHHBIX,
HepensunonHas 6asa mannsix, Hightcharts.

1. BeBegeHue

B HacTosmee Bpemst, yripaBiieHue OOJIBIIMM 00HEMOM JaHHBIX CTAJIO OJTHUM U3 BaXKHBIX aCTIEKTOB
B Pa3NIUYHBIX 00JIACTSIX HAYKHU U TeXHOIOTHH. C TOCTOSHHBIM yBEIIMYEHUEM KOJIHMYECTBA HH(POPMAITHH,
ee pazHooOpa3neM U CIIOKHOCTHIO, BO3HUKAET HEOOXOAMMOCTh B () (EKTHBHOW CUCTEME YIIPABICHHUS
O0azamu gnanHbix (CYB/). OddextuBHOe ympapiieHue 0a30if JaHHBIX ITO3BOJIAET XPAHMTh,
OpPraHHU30BEIBaTh, 00padaThIBaTh U AHATM3UPOBATH JIAHHBIE C BRICOKOW CKOPOCTHIO U TOYHOCTBIO.

B pabote OymyT paccMOTpeHbl OCHOBHBIC NpuHIUILI padoTel CYB/] B 3a1auax reoakyCcTHKH, a
TaKXKe METOBI M MOJXO0/IbI K IPOCKTUPOBAHHIO U pa3pabdOTKEe CUCTEMbI yrpaBlieHHs 0a30i JaHHBIX.
Byner paccMoTpeHa porb S3bIKa CTPYKTYpHUPOBaHHBIX 3ampocoB SQL B co3nannu U ynpaBieHUH 0a3bl
JAHHBIX, & TAKXKE IPUHLHIIBI paOOTHI pacHpeAeIeHHbIX 0a3.

Takxe B paboTe o0OCyXmaeTcsi Bompoc O BbiOope Hambonee mnoaxomsmier CYBJ s
re0aKyCTHUECKMX  3ajad.  PaccMaTpuBarOTCs  OCHOBHBIE — XapaKTEPHCTHKH, Takue  Kak
MPOU3BOJUTEIBHOCTD, MacIITA0MPYEeMOCTh, HAZEKHOCTh M 0O€30MacHOCTb, U HUX pOJb B BHIOOpE
MOIXOISIIEN CHCTEMBI.

TexHoNMOrn4YecKre acreKThl pa3paboTKU M BHEAPEHHs 0a3bl IAHHBIX TakKe OyIyT 00CyKaaThes B
naHHOW paborte. ONMCHIBaIOTCS OCHOBHBIE dTambl mpouecca paspaborku CYBJl, Bxmoyas
MPOEKTHpOBaHNE 0a3bl TaHHBIX.

6™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia
EMAIL: ahrypchenko@yandex.ru (A. 1)
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[IpakTHueckre acreKThl BHEIPEHUS 0a3bl JaHHBIX B PEalIbHbIC CHCTEMBI TaK)KE SBJSIOTCS BaXKHON
TeMO# cTatbu. ByIayT paccMOTpeHBI MpOOJIEMBI W PEIICHUS, CBA3aHHBIC C MHUTpAIMCH JaHHBIX,
YIPaBICHHEM H3MCHCHUSMH, PE3CPBHBIM KOMHMPOBAHUEM U BOCCTAHOBJICHHEM JaHHBIX, a TaKXKe
0€3011aCHOCTBLIO 0a3bl JaHHBIX.

2. MocTaHOBKa 3agaum

['eoakycTryeckue JaHHbIE — 3TO MH(OpMAaIMs, ModydaeMmasl MpH IMOMOIIA I'€0aKyCTHUYECKHX
METOAOB M TEXHOJOrWH. [eoakycTuueckue NaHHbIE HUMEIOT OTPOMHOE 3HAa4YeHHE Uil HAyKd H
IIPOMBIIIJICHHOCTH T10 PsIy IPUYHH.

B HayyHBIX HCCIENOBAHUSIX OHU IO3BOJISIIOT Y3HaTh OOJBIIE O CTPYKTYpE 3€MHOHM KOpBHI U
TCOJIOTHYECKUX TIpolleccax. DTH JaHHBIE IMOMOTAIOT T'€0JIOTaM M Te0JIOropa3BeAyMKaM OIPeeTUTh
IyOMHY M COCTaB CJO€B KODPbI, MECTOIIOJOXECHHE W XapaKTEePUCTUKU HEQTSIHbIX WU TIa30BBIX
MECTOPOKACHUH, a Takke OOHApYKUTh M U3Y4YUTh MOA3EMHBIE BOAHBIE pecypchl M ImycTomu. OHH
TaKXKe [OMOTAIOT HCCIEOBATENIIM B H3YUYEHHHM JAWHAMUKHA 3€MIICTPSICCHUH W BYJIKaHUYECKOM
AKTUBHOCTH.

B npoMBbIIIeHHOCTH Te0aKyCTHYECKHE JaHHBIE CIONB3YIOTCS UIs pa3BEAKU U JOOBIUHU MOJIE3HBIX
HCKOTMAaeMbIX, Takux Kak He(pTh W ra3. OHU TMO3BOJSIOT ONPEACIHTh BEPOSATHOCTh HATHYHS
MECTOPOXKACHUSI M ONTHUMHU3UPOBATh MPOLECCHl MOOBIYM, YMEHbIIAass 3aTpaThl W yBEIHYUBAS
s¢dextuBHOCTE. Kpome ToOro, reoakycrudeckue JaHHbIE MOTYT OBITh HCIOJNB30BaHBl IPH
IUTAHUPOBAHUHU CTPOUTENBCTBA MIPOMBIIIJICHHBIX 00BEKTOB, TAKUX KaK HE()TAHBIC MM Ta30IPOBOABI,
MO3BOJISISE M30€KaTh MOTCHIMABHBIX MTPOOJIEM, CBSI3aHHBIX C TEOJIOTHYECKHMH YCIOBHSMHU.

ITpu paboTte ¢ OonbIIMMHU 00bEMaMH JAaHHBIX B [€0aKyCTHKE BO3HUKAIOT CIICAYIOIINE TPYAHOCTH:

1. OrpannyeHHBIC BEIYHCIUTEIBHBIC PECYPCHI: 00paboTKa M aHaIN3 OOJIBIIMX 00BEMOB JTaHHBIX
TpeOyIOT  3HAYUTENBHBIX  BBIYHUCIUTENBHBIX  MOIIHOCTeH.  HempaBunmbHas — opraHuzanus
BBIUMCIUTEIHLHOTO Mpollecca MOXET NPUBECTH K JUIMTENBHBIM — 3aepKKaM W HU3KOH
MIPOU3BOJUTEIBHOCTH.

2. 3aTpynHeHHsI B XpaHEHWH JaHHBIX: OOJbIINE OOBEMBI JAHHBIX TPEOYIOT BBICOKOH €MKOCTH
XpaHunma 1 3GQPEeKTUBHOTO Cocoda WX opraHu3anuy. HempaBuiibHOE XpaHEHHE JAHHBIX MOXKET
MPUBECTH K OTepe MH(GOPMALIMH WIH 3aTPyIHUTD JOCTYIl K HEOOXOJUMBIM JaHHBIM.

3. Bricokast cTonMOCTh 00pa0OTKH TAHHBIX: 00pab0TKa OONBITNX 00BEMOB JAHHBIX B T€0aKyCTHUKE
TpeOyeT CHeNUaTU3UPOBAHHOIO MPOTPaMMHOTO o0ecriedeHnss U OO0OpYAOBaHHSA. ITO MOXKET
noTpe0OBaTh 3HAYUTENBHBIX (DUHAHCOBBIX 3aTPaT.

4. Cno>XHOCTh aHaNM3a JaHHBIX: OOJbLINE 0OBEMBI JAHHBIX MOTYT COJEPKATh Pa3IMYHbIE THUIIBI
WHPOPMAIIUK, YTO TPeOyeT CIOXKHOTrO aHain3a M O0paboTKH. DTO MOXKET BBI3BATh CIOXHOCTH B
BBIJICJICHUH U HHTEPIPETal HY>KHOH HH(OpMAaIInH.

5. IlpoGieMbl ¢ KayecTBOM [HaHHBIX: OOJIbIIME OOBEMBI NAHHBIX MOTYT OBITH MOJBEPIKECHBI
Pa3NUYHBIM MCKQXECHUSAM M IIyMaM. JTO MOXKET NPUBECTH K HETOUYHBIM pe3yJbTaTaM aHalIW3a WIIH
MIPOTHO3UPOBAHUIO.

6. Yrpo3sl 0e30mMacHOCTH JaHHBIX: OOJNbIIME OOBEMBI INaHHBIX TpPeOyrOT obOecneueHHs Hux
KOH(HUICHINAIBHOCTH M 3aIUTHl OT HEaBTOPU30BaHHOTO JocTymna. HemoctarouHas 0e30macHOCTD
JAHHBIX MOXKET MPHUBECTH K yTeUKe MH(POPMAIIMU WM HAPYIICHHUIO NpaBa Ha KOH(DUICHINATBEHOCTD
[5].

Hns onTuMu3anuy reoakyctndeckux AaHHelx UBMuMI' Obuto mpuHSTO pelieHue pazpadoTaTh
CHCTEMY TI0 aBTOMaTu3aImu, coopy u xpanenuto Big Data.
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3. basa aaHHbIX pa3pabaTbiBaemoii cuctembl

Jiist peanu3anuu CUCTEMBI 110 aBTOMATU3aIlUU U UCCIICOBAHUIO T€0aKYCTUYCCKUX JaHHBIX ObLIa
pa3paborana 0asza maHHBIX, cocTosmiel W3 23 Tabnui. boiee meTambHO PacCMOTPETh OCHOBHBIE
KOMITOHEHTBI Pa3pabOTaHHON CUCTEMBI MOXKHO HA PUCYHKAX HIKE.

- Bo conoattibute B0 o root entity o oo experiment participant Bo oo participant

Ik S foldeg o attribute_id : int Ty rookentiyidiint. [ //" « experiment_id : int @ participant id : int
folder_id : int = — 4 5

§ e name : varchar(255) name : varchar(255) Y 4 u participant_id : int created_by : varchar(64)

e [ e user
4 user_id : bigint

created_by : varchar(64)

varchar(2 . /
ot svarche2%) value : varchar(255) /£ = date_created : timestamp = Eeas
e g / © date_created : timestamp
issoibilad n t / = date_modified : timestam
epementid it N e nlisaddo: Al B = s P pre——
B.EXP Sbls S root_entity.id  int / modified_by : varchar(64) 5
P ! / email: varchar(54)
e Sies Hentll . \ name : varchar(255) =
B \ 4 st_nam
A N \ / # root_entity_id : int PR
| Pr——— . \ / , Pre———— st rorme -
- R \ / o g
2 document id : int o A n / /| # source_id :int ao 9 type_source @ authority,_id : bigint modified_by : varch
. - i VAR , - char(64
| = created by : varchar(64) \w\_-° g eperment _A/A- s = // » experiment id :int o type_source_id : int authority_name  varchar(255) usemame : varchar(64)
experiment_id : int \ <
| 5 date_created : timestamp ki ! \ / 4 root_entity_i created_by : varchar(64) # role_id : bigint
created_ har( \ 7% = >
5 date_modified : timestamp \ V4 = type_source_id :int 5 date_created : timestamp
= = date_created : timestamp \ /
modified_by : (64) \ /,/ 1 date_modified : timestamp
© date_modified :timestamp| |
| name :verchart255) = / !o , seance modified_by : varchar(64) -
description : text " -
| | size: bigint o o seance_id  int name : varchar(255) - ioie
| |= modified_oy : varchar(s4) = o role_id : bigint ] -
L ) i © oo user_account
,‘? A note : varchar(255) Mo e typerecorder g - v 2
[ = name:varc i e J role_name : varchar(255) st Tt
I & location_id  int A \ < . v type_recorder_id : int
« location_id :in m
= R ¢ ois _non_expired : bit(1)
‘\’ — || u date_experiment_id : int e e, P (
” count_non_locked : bit(1
Mo constocation ‘ 7 5 date_created: Smestamp Sl 0
= | / « is_credentials_non_expired : bit(1)
« location_id :int Bo oo point f / \ “ 5 date_modified : timestamp = izl 4
/ \ » is_enabled : bit(1
created_by : varchar(64) + point_id s int I A/ \ | Mo g recorder modined b A  enabled : bit(1)
/ ! | o Varchare
0 date_created : timestamp « azimuth : double | | // X | o recorcerid: int e ivaichai(255) password : varchar(255)
\ 3 ser jarchar(255)
© date_modified : timestamp « distance : double “7 S \ | = sensor :varchar(255) username : varchar(255)
| % < = t
modified_by : varchar(64) « 2t : double / | 1w experiment_id : int " 8 role.id : bigint
= / ) Mo oo source seance T
name : varchar(255) « lon : double | | T ntity_id : int = S * user. gint
|/ ‘ L « seance d:int
. ntid i type._recorder_id :int «
experiment_id 1) // u type_recorder_id :in i
# recorder.id:int | |/ B0 s peristent logins

# source_id : int

»
|

ao - experiment_date_experiment

«
u experiment id - int

» date_experiment_id : int

|
! o

/" 4 date_experiment_id : int

12 date._experiment

 date: date

PucyHok 1: ba3a AaHHbIX 414 33434 re0aKyCTUKMN

cHucTeMa

ImocTpoc€Ha ¢C

HCIIOJIB30BAHUEM

B o recorder seance
‘-
» seance_id :int

» recorder_id :int

« series ; varchar(255)
= last_used : timestamp
token : varchar(255)

username : varchar(255)

Ha

PazpabateiBaemast Spring  Framework
MHUKpPOCEPBUCHON apXHUTEKType, NPEICTABICHHOW HA PHCYHKE 2, B KOTOPYIO BXOJAT: CepBEp
aBropu3anuu. OH MPEACTABISTh U3 Ce0s SIUHYIO TOUKY BXOJIa JIJIsl KIIMEHTOB CHCTEMbI HCTIOJb3Y Ot
texuomoruro OAUth2.0 mist aBropusammu u Openid Connect st ayrentndukanun. Gateway - s
NepeHaNpaBlIeHUs] 3alpOCOB KIMEHTa K HY)XXHOMY cepBHCY. Llemouka cepBHCOB: peanu3yromime
CEPBHCHBIH CIIOW M U3MEHSIOLIHE COCTOSHIE CUCTeMbl. OHM CBS3BIBAIOTCS C XPaHWIUIAMHU JTAHHBIX
WM BBINOJHAIOIINE MHYI (QyHKIUIO, HanpumMep, kak Email Service pacceuiku (ucmosnb3yeTcs st
OTIIPaBKH JIOrOB 00 OIIMOKax Ha MouTy aAMUHHUCTpaTopa). A taxxke Web client ans nonb3oBareneii B
Opaysepe.
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Clients

r——

|

Desktop app

(Seismatica)

@

Browser

Spring Boot

—HEE

PUCYHOK 2: ApXUTeKTypa cucTeMbI

Microservices

( Spring Boot \

C

Email Service

Spring Boot

Recaptcha Service

Spring Boot :

GMail

reCAPTCHA

Database

Resource Service

Spring Boot
Spring Boot
API Gateway

©

Notification Service

Spring Boot

Lucene Service

Spring Boot

Spring Boot

Authorization
server

Database

File Service

&

\Loca! Storage

4. KpaTkana XxapaKTepucCTUKa pe3ynbTaToB

MHoii Obl1a pa3zpaboTaHa cucTeMa 10 yIpaBJIeHHIO 0a30i JaHHBIX B 3afadax reokycTuku. [locie
n00aBiIeHUs CUCTEMHBIM aAMHUHHCTPATOPOM IOJIB30BATENsl B CUCTEMY, 3apPEreCTPUPOBAHHBIM MOXKET
BOHTH B cucTeMy (pucyHok 3). J{ist 6e30nacHOCTH yTeuku HH(popMaiuu Oblia ciejana 1ByX(akTopHas

ayTeHTU(UKAIHS.
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Remember me

PucyHok 3: ®opma Bxoaa B cuctemy

Jns peructpaliiu HOBOTO KCIEPUMEHTA I0JIb30BATEII0 HYKHO 3aIOJIHUTh (opMy, I/ie Hy>KHO
BBECTU Ha3BaHME IKCIEPHMEHTA, yUaCTHUKOB, JaTUUKH, MECTOIOJIOKEHUE, MECTO MIPOBEICHUE, JAThI,
KpaTKoe OIMCAaHUE IKCIIEPUMEHTA (PUCYHOK 4).

EXPERIMENT ®
Paspes Epyiax - Kpéer File Edit View Insert Format Tools Table Help
npodpums noauron Beictposka — r. Awxepo ~ Cypkenck, r. Beaoso, r. [pokonsesck v q o Paragraph v n 1 2~ EEEE EviEvE E
Temaruka pa6or: B uione 2002 roaa 6bin no 8 nonesbix
Manoi ce FPYNNbI € aNePTyPOit 2KM X 2KM Ha 6ase MOBUNbHDIX
ANA per nonei "
i BONH. Llensio 6bino Manoi
CeHCMU4ECKON FPYNNbl Ha OCHOBE YeTbIpeX PerucTPUPYLLMX KoMnaekcos BUPC-K, BUPC-M, POCA-1u
POCA-2., koTopas MOXeT 6biTb pa3sepHyTa B NO6OM paitoHe B € 3apavamu
Meroanka pabor: B oxkenepisenrax 2002 roga Masas rpynma Guaa passepiyTa 1a alachoM NOACHOM aIpoApoMe
BGIM 1. BepacKa ¢ WIAUMIO anremn
KOMILICKCOR 8 Bitte Kpecta. Cxema Kpecta u ero wapue. 1.
Tpynna B30 kv o1 TOJHIOHA 11, me MouHBIe
p» strong ’ Press X0 for help 271 words

PARTICIPANT

#1  VIBMuMI CO PAH Rl Add Participant +
Add Fiel

2+
SOURCE RECORDER
Sensor

#1541 874 Azimuth Distance #1 5439 83.05 Azimuth Distance

#1100 Toun cepun 1o 10 TonH Field Value

| G Roit i #1 5439 8304 Azimub  Distance

#1542 86.42 Azimuth Distance
Add Field +

Sensor

Add Field + Add Field +

#1 119 Toun cepuu 110 3.9 TOHHBI Field Value
#1 5439 83.04 Azimuth Distance

Add Field +

178



DATE

#1 03072002 0O

Seance

#1 13:32:28 [C]

Note

#2 04072002 0O

Seance

#1 15:44:39 ©]

Note

Save S Cancel

#1 B3pbiB
£ #2 Bapus

#1 B3pbis
#2 B3pbiB

File Manager

@ #1 POCA T
@ #2 POCA
© #3 BUPC-M

#1 POCA J1
#2 POCA
@ #3 BUPC-M

PucyHoK 4: ®opmbl perucTpaLmm HOBOro SKCNepuMeHTa

Ilocre 4ero skCepUMEHT MOYKHO IIPOCMOTPETH, PETAKTUPOBATh U YAAIUTh, €CIIH Ha TO €CTh ITpaBa

y moJib30Bateis (PUCYHOK 5).

PARTICIPANT

fl MBMaMI™ CO PAH

RECORDER

#  MName Semsor Paoint

Lat
1 POCATN

5430

Lat
2 POCA

5430
3 BHPC-M

5430

305

E304

Azimuth

Aximuth
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npothuns nomrod Buictposka — r. Amkepo — Cyaenck, r. Benoso, r. [poxonsenck

Distance

Distance

POCA (3) B
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SEANCE

o Uereeimemidis '*“’*‘“M“’"“"WW““%W“” PRPTPRRIV PO

Oy aieam i Al gt A *‘im-wn n».x*(%;:;wwdl,mga b o]l | e

r [eate Seance
Start time Source N
] 03072002
13:32:28 Berpuan
Start time Source Nz
2 D07 - 2002
15:44:39 Baprin
SEYSMOGRAM
- Seysmograms 50
™ = 2002-07-03
25k
- 13-32.28
o Rosa_D
=
v B AomuL
& AomULL
v B Ao3ULY 5%
B AONULI
§ AOULI
B AGIIULI 5
B AOHULI
& aomuLr ¥
B A03ULE
B A0ULY
s 1%
Rosa_N
Vis M %
- 2002:07-04 PP PR P PP DO
LED
Files

Scis_04jul_WirsM png

CND_Z png

SIP LS

SPPFPNPIFE PP E@NA

Seis_04jul_RosaD png

Recorder N

POCA L, POCA, BHPC-M

Recorder M

POCA J1, POCA, BHPC-M

* ADBJULIZ0RXS

ORROOE

Seis_04jul_RosaN png

PucyHoK 5: ®opmbl NpocmoTpa 1 pefakTUPOBaHUA SKCNEPUMEHTA

5. 3aknwoueHue

B8 RH,
SRR

CND_X pog

Mute:

Mole

Nt o v R e

CND_X_Ppog

CND_Y.png

Pazputne TexHonorui ymnpaieHWs 0azaMH JAaHHBIX MPOJOIDKAET OKAa3blBaTh 3HAYMTEIHEHOE
BIIMSHUE 110 00paboTKe 0obIMX 00beMOB HH(OpMaIKU. BaXXHO HE TOJIBKO CIIEANTH 32 HOBILIECTBAMHU
B 3TOH OO0JIACTH, HO TaKKe YHIEeNATh AOJDKHOE BHHMAaHHME MPAKTUYECKUM AacleKTaM HHTErpaluy
MOJIy4eHHBIX perieHnid. VIMeHHo mpopaboTaHHBIN MOAXOA K pa3paboTKe W BIyMUYMBOE BHEIPEHHE

CYB/] onpenensitoT ycnex €€ QyHKIIMOHUPOBAHUS B IOJITOCPOYHOMN HEPCIICKTURE.

OCHOBHO# 11eNbI0 OBLIO MPEUIOKUTh KOMIUIEKCHBIN TOAX0/] K pa3paboTKe U BHEIPEHUIO CHCTEM
ynpasieHus: 0azaMH JIaHHBIX, KOTOPBIH 1M03BoJisu1 Obl 3(dekTHBHO pemiate 3ajayn XpaHCHUS,
yrhpaBieHus: U 00pabOTKH JNaHHBIX. [ MOCTIKEHHs STOW 1eNu ObUTM PACCMOTPEHBI pas3iHyHbIe
TEXHOJIOTHH TI0 POEKTUPOBAHUIO 0a3bl TaHHBIX, UX MPEUMYILIECTBA U HeAoCTaTKH. brina pa3paborana
crcTeMa Mo YIpaBJieHUIO 0a30i NTaHHBIX B 3aJadaxX re0akCTHKH. [10ABOAS UTOTM XOYETCS OTMETHUTD,
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YTO BBIOOP TEXHOJOTHH CIIEyeT OCYIIECTBISATh C Y4YETOM KOHKPETHBIX 3amad M TpeOoBaHMUI
3aKa34YMKOB.

HCO6XOI[I/IMO AHAJIM3UPOBATH HOTpe6HOCTI/I B 06pa60TKe 1 XPpaHCHUU JaHHBIX, 4 TAKXKXC OLICHUBATH

TOCTYTIHBIE PECYPCHI M OTPaHIYEHHs, YTOOBI BEIOpPATh Hanboee MOIXOASIIYI0 TEXHOIOTHIO.

B memom, craths mpeactaBisieT coOOH TOJIE3HOE WCCIICIOBAaHUE, KOTOPOE MAaeT UUTATEIsIM

MHUPOKUK 0030p Pa3MUUHBIX TEXHOJIOTUH M MPAKTHYECKUX ACIEKTOB MPH pa3padOoTKe U BHEIPECHUH
cUCTeM yImpaBieHHs 0a3aMu JNaHHbIX. Pe3ynpTaTbl M BBIBOABI CTATbU MOTYT OBITH IOJIE3HBI IS
CIELIMAINCTOB, 3aHUMAIOLINXCS Pa3pabOTKON M yIpaBieHUEM 0a3 JaHHBIX, a TAKXKe AJIS HaydHbBIX
uccrepoBareneld B 0061actu HHPOPMALMOHHBIX TEXHOIOTHH.
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CuHTakcnuecknii aHanusaTop pyccKoro si3blka Ha
OCHOBe JaHHbIX Mopdonorun: pyHKLNOHANbHbIN
noaxoj
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AHHOTANMA

3ajaya mccaeqoBaHys COCTOUT B CO3MAHMI TEXHOIOTMY CUHTAKCYECKOTO aHAJIVI3a IIPEeII0KEH T
PYCCKOTro s3BIKa IIPY MIOMOIIM 00paboTKM MOP(HOTOTMUECKIX JaHHBIX CI0B 13 Kopiyca s3bika AOT,
(YHKUMIT-IPEAMKATOB PACIIO3HABAHNSI COOTBETCTBIISI CJIOB IT0 ITAMMATIYECKUM (CHMHTAKCIIECKIIM)
[IpaBIUIaM, YIIPABJISEMOTO SBPUCTIUECKIIM [1epe0OPHBIM ANTOPUTMOM, PEaIN30BaHHBIM Ha KOMIIVIIV-
pyeMoM QYHKIIMOHATHHOM s3bIKe IporpammupoBanus Haskell.

1. BBeaeHue

3agaua pacro3HaBaHNUA CUHTaKcHUecKoil cTpyKTypsI (PCC) pycckoro 1 aHIIMIICKOTO TEKCTA B
JOKyMeHTax - OfHa 13 4acTo BcTpevaromxcs. TpeboBanns k kadectBy PCC mpemiioxeHmit
BapbUpYyeTcd OT 3a1a4M K 3ajave. B oqHUX JOKyMeHTaxX TpeOyeTca 00be IMHUTD CTPOKM, Gop-
Mupyolue ab3all, B IpeI0KeHNs, a B APYTUX - OIIPeJesINTh XapaKTePUCTUKI IpeII0KeHNII,
a, MHOTMA, ¥ CMBICI U3JI0KeHHoTo. Eciti He TpeOyeTcs I0OTHOrO COOTBETCTBUA IPAaMMaTHKe
A3BIKA, TO JOCTATOUHO IIPUMEHNTD AJITOPUTM 3BPUCTUUECKOTO OIIpeieseHNsT KOHI[a IIpeyIo-
’KeHIs, BBIJAOIIET0 IPaBIJIBHBII OTBET C HEKOTOPOII BBICOKOIL BeposTHOCTBIO 0.95 [1]. Bomee
rIIyOOKMII BUJ aHANIM3a MpeAcTaBigeT coboil TexHomorus link-grammar (rpaMmmartnka cBsiseir)
[2], momxo JOCTaTOYHO YHUBEPCAIBHBII, 1, B IIeJIOM, HE3aBJMCUM OT CTPYKTYpBHI A3bIKa. Vies
link-grammar cocTouT B ImpeacTaBIeHNN MOIENN CBA3ell KasKJOT0 CJIOBA B IIPEIVIOKEHNN C
APYTUM CJIOBOM IIpY IIOMOIIY BapMAHTOB CLEIIeHNA. ABTOPHI paboThI [2] mokasam, uro
OCHOBHBIM OTpaHNMYeHNeM, Haubojee BepOITHO, MIMEIOIIVIM eCTeCTBeHHBIE IIPIUIHBI BO3-
HUKHOBEHUS, IBIAETCI TOT (PaKT, UTO IosydaeMslil rpad cBsa3el JOJKeH ObITh INIAHAPHBIM.
Ha6opsI c10B, 1711 KOTOPBIX HEBO3MOKHO IIOCTPONTH TaKO¥ rpad He BOCIPUHIMAIOTCS Ue-
JIOBEKOM Kak IIpeJJIoKeHue, Hecylee cMbIci. Emfe omanm HanpasiaeHueMm PCC aBiserca
IIOCTpOEHNIe JlepeBa CHMHTaKcudeckoro pasbopa (JICP), cocrodiiero u3 HalpaBlIeHHBIX CBA3eIl)
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Ha OCHOBe rpaMMaTuuecKnx sasucumocrelt (dependency grammar).

[Tenpro qaHHOIO MCCIeqOBaHMA - peannsarus moaxona K PCC ucnonap3yolero rpaMmma-
TUYeCKIe 3aBUCUMOCTI, TJe CBSI3Y MeKAY CJIOBaMU (GOPMUPYIOTCS II0 IIPaBIIIaM PYCCKOTO
s13bIKa. CBSI3b CUMTAETCS BO3MOYKHOI, €CIIM BBHIIIOTHSIOTCS OTpaHIue st Ha MOpdoJornyeckoe
COOTBETCTBME CJIOB, BXOJAIIMX B CBSI3b (IIPABIUIO), M IIOJTyUEHHBINT Irpad CBsI3el Ipe/IosKeHNs
TaKKe SIBJISIeTCS IUIAaHAPHBIM. B oruiunme ot moaxomoB [3] BapuaHThI CBsI3€ll B IIpeIIOKEHII
CTPOSITCA TOJBKO HA OCHOBE JaHHBIX KOPIIyCa PYCCKOTO S3bIKa, B BUJIE€ BAPMAHTA IIOCTPOEHS
HarpykeHHoro V-WJIV-nepeBa BapnaHTOB pacrio3HaBaHusl. [Ipy BHECEHIN JOTIOIHUTEIBHBIX
MoAMQUKALNIT QAHHBII AJITOPUTM MOKET OBITH pacIIMpeH Ha pellleHIe 3a1aull MHTepIIpeTa-
LAV DEeIKTIMYECKMX CBSI3eil MeX/Iy MpeIOKeHISIMIL, HallpuMep, YKasdaHue MeCTOMMEeHIEeM
CYIL[eCTBUTEIHHOTO.

2. MeToanka npeacrasaeHus npouecca pacnosHaBaHus
CUHTAaKCU4YeCKON CTPYKTYpbl NMpeanoxXeHus

[TepBBIM 9TAIIOM IIPOEKTA SIBJISIETCS CUMHTAKCUUECKUIT aHAIN3 Ipeoxkenns. [loaxon, pea-
JM3yeMBblil Ha JAaHHOM 9Talle, OCHOBAH Ha BOCXO/SIIEM PAaCIIO3HABaHUY CUHTAKCIYECKOI
CTPYKTYPBI I10 IIPaBIJIaM PYCCKOrO sI3bIKa. B pe3yibprare cTpoMTCs IUIaHApHOE NepeBo (Ha-
60p BapMaHTOB TaKMX [J€PEBHEB) CUHTAKCUUECKOTIO pa3bopa, acCOLMMPOBAHHOE C OLIEHKOI
BEpPOSITHOCTM peannsaly JaHHOro pasbopa. B kauecrBe s3bika peanusaryy Boiopan Haskell,
[TO3BOJISIIOLIMIT 3a[1aBaTh IIPABUJIA TPAMMATHUKY Bre QYHKIUI-IIPEUKATOB Ha OCHOBE COIIO-
CTaBJIEHN C II1a0JIOHOM, BXO/IHO ITOTOK TaK HAa3bIBA€MBIX IPAMMEM - B BUJI€ IIOTEHIMATHHO
OeCKOHEUHOTO CIIVICKA, IIPOLECC TPAHCIALIMN - Ipeodpa3oBaHIe CIIMCKAa IPaMMeM B CIIMCOK
CUHTaKCUUECKUX CTPYKTYp, BapMaHTHI pa3bopa - CIMCKOM IIPOLIECCOB, I, CAMOe IJIaBHOE, 3a
CUeT JIEHUBOI MOV BBIUMCIEHNS IIPOU3BOAUTE 0OPABOTKY 9TUX IMOTEHLMAIBHO OECKOHEY-
HBIX cTpYKTyp. Kpome Toro, Haskell moposxmaer CKOMIMIMPOBAaHHBII 3aIlyCKaeMbII MORYJIb.
M cXOmHBII IOTOK TPaMMeEM I10JIyYaeTcs Y3 BHELIHETO JIOKAJIBHOTO CEPBICA, PEaT30BAHHOTO
Ha s3p1Ke Python u 6ubaunoreku Pymorphy2 [4].

[IpuBeneM mpumep 3aJaHus IPABIJI PACIIO3HABAHN, [IPECTABIEHHBIX B Bue (yHKIIIT
join, join3 kiacca Rule.

instance Rule GRAM where
join :: GRAM -> (Gram -> Gram -> Bool,
Gram -> Bool, Gram -> Bool)
join AdjNoun = (adjNounConsist, isAdj, isNoun)
join NumrNoun = (numrNounConsist, isNumr, isNoun)
join SubjVerb = (subjVerbConsist, isSubj, isVerb)
join VerbTranObjAccs = (isAnyRel, isVerbTran, isObjAccs) -- (1)
join NounNounGent = (isAnyRel, isNoun, isNounGent)
join Percent = (isAnyRel, isNum100, isPercent)
join PhoneNumber = (isAnyRel, isWord "+", isPhoneNumber)
join Sentence = (isAnyRel, hasWall, isSentenceEnd)
join AdvbVerb = (isAnyRel, isVerb, isAdvb)
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join = (Ifm, If, If)
where If = False
Ifm = False

join3 :: (GRAM, String) ->
(Gram -> Gram -> Bool, Gram -> Bool, Gram -> Bool)
join3 (ForJoin, "mma") = (isAnyRel, isNoun, isNounGent)
join3 (NounInNoun, "B") = (isAnyRel, isNoun, isNounLoct)
join3 = (Ifm, If, If)
where If = False
Ifm = False

Crpykrypa GRAM npecrapisier co60ii MHOXKECTBO I'PaMMAaTHYECKUX XapaKTEPUCTUK
cioB  Kopmyca pycckoro si3bika AOT  (ABromarmueckas obpaGorka Tekcra) |5,
a Takyke ODO3HAUEHUsI TI'PAMMATHYECKUX CBSI30K, BCE KOHCTPYKTODPBI SIBJISIIOTCS
koHcTaHTamu. PyHKIWs join acconunpyer KoHcTpyKTop GRAM ¢ Tpems mpeaukaramu
- a) JByXapryMeHTHBIl —NpeauKaT, 3aJaioluil OrpaHUYCHHE Ha  COBMECTHOE
Ha/IMYMe XapaKTEePUCTHK ‘‘CKJIeMBAaeMbIX’ B TI'DAMMATHYECKYIO CTPDYKTYpy CJIOB, 0)
JBa OJHOAPTYMEHTHBIX IpeIuKaTa, 3aJalolUuX WHINBUIYyaJbHbIE, HE3aBUCHMbIE
XapaKTEPUCTUKU CKJenBaeMbix cjioB. [Ipenukar isAnyRel obo3Hauaer, 4To Ha CJIOBa He
3a/1aI0TCsI COBMECTHBIE OTPAaHMIeHUsI, T.€. JJIs JIIOObIX BXOJIHBIX CJIOB BO3Bpalmaer 1rue.

B Tekcre npumepa Merkoii (1) BBIIEIEHO HPABUIO PACIO3HABAHUS IIEPEXOHOIO
IJIarojia ¢ CyHMeCTBUTEJbHBIM B BHHUTEILHOM IMaJerKe. 37AeCh He HAKJIAIbIBACTCH
COBMECTHBIX OrpaHudeHmii. PaccMoTpuM mpumep paszdopa MPOCTERIIEro Mpe JIoXKeHUsI
“mama MbL1a pamy”. I'pammemsr pymorphy?2 cio ciemyromue (BbIBOI COKPAIIEH):

MaMa:

1. word="'mama', 'NOUN,anim,femn sing,nomn', nf="'mama', score=1.0,

MBLIA:

1. word="wmbu1a', 'NOUN inan,neut sing,gent', nf="'mpuro", score=0.333

2. word="wmpbuta', ' VERB,impf tran femn,sing,past,indc', nf="'mbIrs ', score=0.333

3. word="mbu1a', 'NOUN,inan,neut plur,nomn', nf="'"mbu10"', score=0.166

4. word="mpbu1a', 'NOUN,inan,neut plur,accs', nf="'mpuio', score=0.166

pamy:

1. word="'pamy', 'NOUN,inan,femn sing,accs', nf="'pama', score=0.888

2. word="pamy"', 'NOUN,inan,masc,Geox sing,datv', nf="'pam', score=0.11

Pazbop wmaumnaercs ¢ mepBoil mapel CI0B HpemsioykKeHumsi. llepBble Ba  CJIOBa,
KOTOPBIE MOXKHO OOBEIMHUTH - 3T0 ‘Mama’ u “Mbuia’. I'paMMeMbl CJIOB IOPOXKJIAIOT
qeThIpe KOMOWHAITMH, KOTOPble (MUILTPYIOTCT NPEIUKATAMHU IPABUJ: ITPOU3BOIATCS
HE3IBPUCTUYECKUI I1epebop IMpaBmiI, 3allyCcKaioTcs (QyHKIUU-IIpeauKarhl. llpasmia,
NIPEINKAThl KOTOPBIX WCTHHHBIE, 3aJal0T BapuaHT cBsi3u. OIeHKa CBS3H JIEJIaeTCs
[IepEMHOKEHNEM 3HAYEHHS SCOTEe yIACTBYIOIINX B CBA3U CJIOB. B HallleM mpumMepe TOJILKO
OJIHO TPABUJIO OcTaeTcs - “nojiexkaiee-riaaron” (SubjVerb), rue mojexariee J10JKHO

184



6pirh cymecrsureabubiM (NOUN, femn, sing) B nMennTeasHOM majiexke (nomn), riaros
(VERB) coorBercrBoBarh posy u guciy mnojexkamniero (femn, sing). @opmupyercst CBsi3b
¢ onenkoit 0.333. Cieyrolee cJioBO - “paMy”’, OHO MOXKeT OBITh COEIMHEHO WJIN C “‘MbLIa’
i ¢ “mama’. IIpasniio cormacoBannst “Mblia pamy” - nepexo/usiii (tran) rraron (VERB)
¢ cymecrsurensusiM (NOUN) B BummTesnsrom magexe (accs) (VerbTransObjAccs). B
pe3yJibraTe TOJIyYaeTcsl JBE IOCJIEIOBATEIbHbIE CBSA3U B IIPEJJIOZKEHUN, COCTOSAIIEM U3
Tpex cioB. Ob6mas orneHka pasdbopa - CyMMa OIEHOK BCeX CHOPMHUPOBAHHBIX CBS3€H,
JOCTATOYHAsT ITOOBI MOYKHO OBLIO CPaBHUTHL BapHaHTHI pa3bopa.

[IpaBusna, 3amaHHbIe B HIpOrpaMMe, MPEINOIATA0T UPAMOH IOPSJIOK CJIOB B
upeiokennn (SVO). Ecom gyist odepeHoOro cioBa He yIaeTcst MOCTPOUTH CBA3b C
IPEIBLIY UM CJI0BOM (0OpaTHBI MOPSIJIOK CJIOB, BBOJAHAs (pa3a, OTCYTCTBUE IPABUIIA)
HOPOXKJIACTCsI TPU AaJIbTEPHATHBHBIX BapHAHTA: &) CO3/AHHE CBS3M OOIEro BhIa -
“coiabplii” BapuaHT pasbopa, 6) mpoiyck cjosa u dhopmuposanue npoiecca PCC BBojHOM
dbpasel, B) momerneHue CJIOBa B CIMCOK CJIOB, PACIIOJIOKEHHBIX B OOPATHOM IOPSIJIKE
JIJISE TIOCJIEJTY OITErO MIPOJIOJI?KEHUsT aHAJIM3a, 110 OCHOBHOMY Bapuanty. OIeHKa CBI3U I
BapuanTa (a) pasasiercst 0.1 u ymenbinaercs B 0.7 pasa Jisi BCeX IOCIIEAYIONUX TAKUX
cBsizeit. B ciyaae (6) crpontest orienbHast dhpasa.

3. PasButune CpeaACTB aHaln3a TeKCTa

OcHoBHasT TeJIb IPOEKTa — pa3paboTaTbh METOJMKY MAINMHHOIO IIEePeBOja HAayJIHOIO
TEKCTa C OJIHOIO €CTEeCTBEHHOI'O sI3bIKa Ha JAPYTrOof, IPUBS3aHHOIO K 3aJaHHOM
npeaMerHoit obyiactu. OgHEUM 13 TPeOOBAaHUN BBICTYIAET HEOOXOIMMOCTH pPeaTH3aI[iu
CHUCTEMBI JIOTHIECKOr0 OOOCHOBaHMA NMPUHATHIX pernenuii. IIporecc mepeBoja BKIIOYaET
HECKOJIBKO 9TAIOB: 1) aHAM3 CUHTAKCUIECKOH CTPYKTYDbI IIPEJIIOZKEHNUsI, 2) BblJIeJICHIEe
B IPEJJIOKEHNN OTAEIbHBIX (ppa3 M CBA3BIBAHUE WX B JIPEBOBUIHBIE CUHTAKCHIECKHE
crpykrypbl obmero Buga (JICOB), 3) npuBsiska ¢dbpa3 K KOHIENTYAJTbHON Mojesm
upejMeTHoit obsactu Tekcra, 4) unrepuperanust JJCOB ucxomnoro sizbika B JJCOB
[EJIEBOrO, D) HOPOXKJEHWE MPEJJIOXKEHUsT IeJIEBOr0  sI3bIKa. B KadecTBe HUCXOHOTO
sI3bIKA BLIOPAH PYCCKUM $I3BIK, & IEJeBOr0 - AHTJIMICKU (I/I Hao6op0T)7 KaK SI3BbIKHA
[IPEJICTABJISIONINEe HAUOOIBIINNA HHTEPEC B YaCTH IPENOJaBaHUs ITPOQECCHOHAILHOIO
repeBo/ia.

Paborer yuenpix B obsractu PCC B 80x-90x romax 20 Beka mOKa3ajau, €UTO
Ka4eCTBEHHLII ITI€PEBOJ, peaju3yeMbiii 0e3 WCII0Jb30BAHUSA MAITUHHOTO O0YyUeHUsI,
TpebyeT, 9TOOBI MporpaMma He TOJbBKO aHAJU3UPOBAJIA CHHTAKCHIECKYIO CTPYKTYPY
IIpeII0YKeHnsl, 0TOOparkaJia TEPMUHBI IIPU TTOMOIIX CJIOBAPS, HO U TIOHUMAJIa B HEKOTOPOIA
CTEIeHU CYTb OIMCAHHOTO, ITOTEHIHAJLHO, 3a/1aBajia BOIPOCHI C IEJIbI0 YMEHBIIEHUS
HEOIIPEJIEJIEHHOCTH, BBICKA3bIBaJIa HECOrJIacue ¢ u3JIoyKeHHbIM. CTaHITapTHBIN TOIXO]T
K MOJEINPOBAHUIO HEKOTOPOW 3HAKOBOW CHUCTEMBI, BKJIIOYas ABTOMATHICCKUN IEPEBOJI,
BKJIIOUAET 3aJ[aHie TpexX MOJeJiell: CeMaHTUIeCKOW, CHHTAKCHYIECKON U  MOJIEJb
nparMaruKu. COOTBETCTBEHHO, IJIsT PEAJM3aIlii KadeCTBEHHOIO IIepeBoja HeOOXOIUMO
dopMupoBaTL MOJEIb MPEIMETHOH O00JacTH [0 HadaJla peaju3alldd IIepeBoja, T.e.
CEMAHTHUKY ¥ IIParMaTHKy, & TaKyKe aJlOPUTMbI IPUBS3KHA CHHTAKCHIECKUX CTPYKTYP
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K 9THUM MOJICJIAM.

Mojyiesin ceMaHTUKKA W [pArMaTHKU [E€PEBOUHMKA IPEIIOJIAracTcs 3a/1aBaTh IIPU
oMoy paccyioernsi 6] OHTOJIOrWIA, KOHIENTYaJbHBIX MOJIeJIell, IIPe/ICTABIEHHbBIX
sIBHO COOTBETCTBYIOIIMME CPEJCTBAMU TPHU MOMOIIU (HhopMasibHOrO s3biKa. Karkibrit
CJION pACCJIOEHUSI TIPEJICTaBJIsIeT HEKOTOPBI ACIEKT IIPEeJIMETHON 06JIacTh, MeXKy
CJTOSIMHU  33JIAIOTCA MOPQU3MBI, 0TOOparkalolle 3JEeMEHTHI OJHON OHTOJIOTHH, OoJiee
CHeIUaJn3UPOBAHHON, Ha Oojiee obtryto. Cjiou 3aat0TCsi CPEJICTBAMU MOJETMPOBAHUS
ourosornit (Hanpumep, Protege, UML, mind maps), a MOpU3MBI - IIpU IIOMOIIH [TPABILIT
Prolog u orrorennit OWL2. Kpome Toro, ¢Jjioit 1 COBOKYITHOCTb CJIOEB IIPEJICTABIISIETCS
B Bue oObekTa Logtalk, 06bekTHO-OpreHTHPOBAHHON HAJACTPONKN HaJl I3BIKOM Prolog.
Ucnonpzoanue Logtalk mozBosisier mHKAIICYTUPOBATE MOJIE/I CEMAHTUKN U IPArMATHKI
B paMKax OJHOTO OObEKTa, MHTEPIPETUPYEeMOrO, B YaCTHOCTH, KakK ¢peiim Mapsuna
MuHckH.

4. BapuaHTbl UCNONb30BaHUs B 00yueHUn npodeccnoHanbHOMY
nepesoay

Obyuenne podeCCHOHAIBHOMY MEPEBOJLY HAYUIHBIX TEKCTOB CBSI3aHO C PSIJIOM MPOOJIEM,
TaCTUIHOE PellleHre KOTOPBIX BO3MOYKHO ITPH OMOIIY MAIIIHHOTO TtepeBoia. Hampumep,
B 3aJiade O0yYEHUsI PYCCKOTOBOPHAIINX CTYJIEHTOB HHOCTPAHHOMY SI3BIKY HAYIHOIO
OOITeHN s, TAK U UHOCTPAHHBIX CTYIEHTOB PYCCKOMY #A3BIKY, HEOOX0IMMO (DOPMUPOBAHUE
basnca HaydHOU KOMMYyHHUKAWu. [IporpaMMbl HA OCHOBE TEXHOJIOTUN CHHTAKCHYECKOTO
aHaju3a, Oy/[yun UCIOJb30BAHHBIMU B y4€OHOM IIPOIIECCE, ITOCIOCOOCTBYIOT ITOHUMAHUIIO
CTPYKTYDBI IIPEJJIOKEHNS U €10 I'PDAMMATUKY, B TOM YHUCJI€ TUIIBI ITPEJJIOZKEHUI, TOPSIJIOK
CJIOB, OCHOBHBIE CUHTAKCHYECKWE KOHCTPYKIIMA W IIPaBWJIa WX TOCTPOEHWS, CBA3U
MEXK /Iy JIEKCUIeCKUMU eJuHuIaMu. B pesysibrare nosbitmaeTcs 3hOEKTUBHOCTD IPOIECCa
0o0yUeHnst THOCTPAHHOMY I3bIKY, YCKOPSETCsI IIPUOOpeTeHNe HABBIKOB HAY YHOTO ODITEHUSI,
[TO3BOJISAsT CTYJIEHTAM JIydllle ITOHUMATh U OBJIQJIEBATH CTPYKTYPOl M OCODEHHOCTSIMU
U3y94aeMOTO SI3bIKA.

ABTomaTmdeckuit anaan3 GOJBINX 0OHEMOB TEKCTOB MO3BOJISET MOBBINIATE KATECTBO
IIePEBO/Ia, BBISIBJISIS sI3LIKOBbIE 3aKOHOMEPHOCTH, TEHJEHIIMM U OCODEHHOCTH KOHTEKCTA.
JlaHHBIE TAKOTO aHAJN3a MOTYT HCIOJIb30BATHCS JJIs JTUHTBUCTUIECKUX HCCIIETOBAHUN,
aHaJIN3a CTPYKTYPbhI HAYYHBIX TEKCTOB U U3YYEHUS PA3IUINN MEXKJy PA3HBIMU CTUJISIMU
obmennsg. OAHO 73 NPUKIAJHLIX HAMPABICHUNH - 9TO ABTOMATHIECKOE CO3JAHNE
pedepaToB, aHHOTAIIMN WM UHCTPYMEHTHI [JIsi KOPPEKIUU CTPYKTYPhI U IPDAMMATUKHI
TEKCTOB.

Ha ©6ase paspabaTbiBaeMbIX TEXHOJIOIHIl ACHUPAHTBI U MOJIOJbIE yUEHBbIE MOIYT
CO3/1aBaTh COOCTBEHHBIE $I3BIKOBBIE MPOIAYKTHI, B YaCTHOCTH HAyJHBIE CTATbU, KaK
Ha PYCCKOM, TaK M Ha MHOCTPAHHOM $3bIKaX, NP aBTOMaTHU3UPOBAHHON IOJJEPIKKE
obHapyKEHUsT IPAMMATHIECKUX OIMIUOOK, CTPYKTYPHBIX HECOOTBETCTBUN B TEKCTAX U HE
KOPPEJIUPYIONIUX € UCXOJIHOM MHTEHIMEHl KOHCTPYKIMIL, 4TO, B COI0 OYepe/ib, IIOBBIIIAECT
SI3BIKOBYIO T'PAMOTHOCTb.

IIpu pabore HaJT HAYYHBIMU CTATHSIMHU HA HWHOCTPAHHOM $3bIKE CHHTAKCUYECKUI
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anaym3aTop Oyaer 3(dEeKTUBHBIM HHCTPYMEHTOM IIE€PEBOJA U  AJalTalliid CBOUX
HCCJIEIOBAHMI. DTO IO3BOJIAET H60JIee TOYHO IepeJaTh Ha MHOCTPAHHOM SA3BIKE CMBICJ U
CprKTypy Hpe,[[ﬂO)KeHI/Iﬁ us pyCCKOH3bILIHOI‘O OPUTMHAJBHOI'O TEKCTa, 9YTO BazKHO JIJIgd
CcOXpaHeHus] TOYHOCTU U KadyecTBa rnepesoza. IIpu sroMm obecrieunBaercs rpaMMaTHIecKast
KOPPEKTHOCTD n JIornm4yecKasd IIocjie 10BaTeJIbHOCTD Hpe,[[JIO)KeHI/Iﬁ, OII€CHUBaCTCA
U IOQIEPXKUBAETCS  CTUJIMCTUYECKOE COOTBETCTBHE TeKCTa. PaszpabarbiBaeMble
WHCTPYMEHTBI MOTYT B3HAUYUTE]IBHO OOJIEMIUTh IIPOIECC CO3/IAHWSI HAyJIHOW CTaThbu
Ha MHOCTPAHHOM SI3bIKE, IIOBBIIIAsI IPOQECCHOHATN3M U KAIECTBO HCCJIEIOBATEBCKIX
paboT MOJIOABIX YYEHBIX U aCIUPAHTOB.

UcciemoBannst B 00JaCTH  JIMHIBUCTHKHM TaKyKe MOTYT OBITh  IIOIE€PXKAHBI
MHCTPYMEHTAJIbHO, HAIpUMep, B 3aJade BbIJEJCHUs KJ/IIOYEBBIX TEPMHUHOB U
CHeL[I/IaJII/I:BI/IpOBaHHOﬁ TePMHUHOJIOTUN B HayLIHbIX TEKCTaX OHpeﬂeHeHHOﬁ HaquOﬁ
CIENUAJbHOCTH. 3JIeCh BaXHO CO31aTh AKTyaJIbHBIA IJIOCCAPUI HAydHOI'O JIUCKYpCa,
BKJIIOYAIOIIUY BCE peJIeBAHTHBIE TEPMUHBI U OIIPEJICJICHAS JIJ1s1 KOHKPETHO! ITpeMeTHOR
obstact. PCC mo3Bojister ompefenTb CHHTAKCHIECKHE CBSI3M W OTHOIINEHHUS MEXKILy
Pa3/IMIHbIMU TEpMHUHaAMHU B TEKCTE, C(bOpMHpOBaTb IIOJIHBbIE M TOYHBIC OIIpeJeJICHNA
U CBSI3M MEXKJy TePMHUHAMH B IVIOCCAPUU. B KOHEYHOM HTOre YKA3aHHBIE TEXHOJIOIHU
00ecevnBalT TOYHOCTD, CTPYKTYPHUPOBAHIE W OPraHU3aIlnio WHMOPMAITUNT O TePMIHAX
U UX OTHOIIEHHUsIX, objerdasl IMOHMMaHHe W OOMeH MH(pOpMaIueil B paMKaxX HayIHOTO
MHCTUTYIIUOHAJILHOIO JUCKYPCA.

@opMupoBaHe MPEIMETHONH 00JaCTH B CO3HAHUN HOCHUTES HAYIHONW HHEMOPMAIIH
KaK KOMIIOHEHTa CHCTEMBbI &JIAIITUBHOINO OOyYeHHs SIBJIAETCA BEIYIIUM YCJIOBHEM
CaMOCTOSITEJILHOTO MOJIEJIMPOBAHUSI HAYYHO-UCCIEI0BATEBLCKON JIesITeIbHOCTH. Takmm
06pa3oM, IMOJIyYeHHbII HAOOP MMMaHEHTHBIX KOPILYCY Hay4HBIX TEKCTOB CBOMCTB OyIeT
UCIIOJIL30BAH JJIsi CO3JAHUs HOBOT'O SI3LIKOBOI'O IIPOIYKTA, KOTOPBIH IIpeICcTaBIsieT coboi
SIBLIKOBOII MHBApPUAHT - TOTOBYIO CEMAaHTHKO-CUHTAKCHYECKYIO OCHOBY JIJIsl OIIMCAHUS
IpoIecca U pes3yIbTaTOB UCCAEJOBAHUSI B JTUHI'BUCTUKE.

5. 3aknwoueHune

B crarbe npescraBieHbl pe3yJibTaThl HA9aIbHOI'O dTala, pa3pabOTKU MPEITOJI0KUTETHHO
OJIHOIIPOXOJHOTO CHHTAKCHYECKOTO aHAJM3aTopa IpEeJIOXKeHud u ¢pa3 PpyCccKOro
SI3bIKA, aJIANTUPYIONIEro 6a30Bble MPUHIMIILL aaropuTMa link-grammar [2] u rpamvaruk
3aBUCUMOCTEN K BBIYUCJINTEIbHON MOJJeJIn ("byHKLH/IOHa.HbHOI‘O A3bIKa ITPOrpaMMUPOBaHUA
Haskell. Bxommoii morok csioB mnpemioxkenust (¢dbpasbl), OXapaKTEPH30BAHHBIX TaK
Ha3bIBAEMBIMEU TI'DAMMEMAaMM, IPEJICTABIACTCS KAaK OECKOHEUHBIN CIUCOK CTPYKTYD.
JlaHHbie CTPYKTYPBI TPEOOPa3yIOTCs B CMUCOK IPAMMATHIECKUX CBS3€H, OJHOBPEMEHHO
dopMupyIOIIUX  JI€PEBO  IpaMMaTHYeCKOro  pasbopa. BapmanTel  mocrpoeHus
CHHTaKCHIeCKOTo pazbopa ornennBatoTcst. OTEHKA TO3BOJISIET 33/1aBATh MPEIOUTEHUST
TOrO WX WHOT'O BapUAHTA, YCTAHABJIUBATH IIPUOPUTET MPOIECCa ajbHERIero pa3bopa.

Ha gammom sTame mpoeKkTa MPOW3BOIUTCS YTOYHEHHE CTPYKTYPBI AJTOPUTMA,
aHAJIN3 JIUTEPATYPHI IO IPAMMATHKE PYCCKOTO SI3bIKa, (DOPMAJIU3AIMS [IPABUJI SA3bIKA,
peasmzanust 6ubanoreku-anasora pymorphy2 [4] cpexcrsamu Haskell ¢ ee apanranueit
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K pexKnMy JICHUBBIX BBIYMCJICHUI. PeaﬂHSaHHH TEeXHOJIOIM HallpaBJ/IeHa Ha peIlleHue
3aJIaYM  PACIO3HABAHUS TEKCTa B HEpasMedeHHBIX JoKyMeHTax ¢opmara PDF wmn
Pe3yJIbTaTOB CKAHMPOBAHUS / PACIIO3HABAHUS N300ParKeHUIl.

Cnemytommme STanbl UCCIEIOBAHUS CBI3aHBI C TOCTPOEHUEM MOJIeJIell CeMaHTUKH
U NparMaTukd B BHJE IOJMCHTEMHOIO DAacciaoeHus [6], 4acTHYHO IIpeJICTABIEHHOIO
B mpoekte OpenCYC |[7|, a TakKe NpaBuyI pACIO3HABAHWsS OTHOIICHUN B JEepeBe
CHHTAKCHYECKOro pa300pa, peajlm30BaHHbIX, HapuMmep B [§].

6. bnraropapHocTn

UccnenoBanne mpoBeseHo 1pu  HOJep:kKKe MuHHCTEpCTBA HAyKH H  BBICIIETO
obpasoBanust Poccuiickoit ®eneparun, npoekr MHIT CO PAH «Jluarsocemuornueckast
FeTEPOTEHHOCTh HAYYHONH KAPTUHBI MHUPA: TEOPETUIECKOEe W JIMHI'BOJIUIAKTUYECKOE
ommcanne» (FWSN-2022-0001), Ne rocperuncrparuun, u NJICTY CO PAH “Merosst
U TEXHOJIOTHH OOJIAHONW CepBUC-OPUEHTUPOBaHHON mmdposoil miaTrdopMbl  cbopa,
XpaHeHHsT U 00pabOTKHU OOJIBITIX OOBEMOB pa3sHOMOPMATHBIX MEXKTUCIIUILITTHAPHBIX
JIAHHBIX ¥ 3HAHWI, OCHOBAHHbIE HA UPUMEHEHHU HCKYCCTBEHHOI'O HWHTEJJIEKTA,
MOJIETTBHO-YIIPABJISEMOro ToX0a u MaiuuHoro obyuenust”, (FWEW-2021-0005).
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Abstract

Tables are widely used for organizing, presenting, and storing data. Automatically extracting information
from these tables is challenging as they often have arbitrary and non-uniform layouts. Recent research
has demonstrated significant progress in addressing various challenges in automatic table understanding.
But, these are often limited to languages such as English. In this paper, we propose a new RuTaBERT
framework, based on a pre-trained language model, for semantic annotation of columns in Russian-
language tables. We utilized a preprocessed large-scale corpus of Russian-language web tables, extracted
from Wikipedia pages, as training data to fine-tune the language model. Experimental results show that
RuTaBERT establishes new state-of-the-art performance on new benchmark with additional language
for the column type prediction task with micro F1 score of up to 95%.

Keywords
Semantic table interpretation, Column type annotation, BERT, Pre-trained language model, Knowledge
graph, Tables, Russian language

1. Introduction

This paper focuses on improving the comprehension of semantic table structures, particularly
for tables written in Russian. We suggest a framework called RuTaBERT, which employs pre-
trained language models to enhance semantic column annotation. RuTaBERT is built upon the
multilingual BERT model [1] and leverages local table context to boost annotation accuracy.
Additionally, we develop a method for automatically labeling source tabular datasets based on
table headers. The RuTaBERT codebase and trained models are publicly available, allowing for
their application in various systems for table column annotating and performance evaluation.

Overall, the paper offers a significant contribution to the field of table understanding and
semantic annotation, with a focus on Russian-language tables. The proposed framework
and methods have the potential to increase the efficiency and accuracy of table analysis and
knowledge discovery in various domains.
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2. Methodology

2.1. Problem statement

A table is a 2D array of rows and columns, where each cell can hold various types of data. In
this approach, vertical tables are used as input data, where each column may have a header.
The goal is to predict the semantic type of each column, such as "Book" or "Publication Date",
rather than standard data types like string or integer. To achieve this, a set of 356 semantic types
based on the DBpedia knowledge graph has been created, including classes, data properties,
and object properties, and translated into Russian. The task is to annotate Russian-language
tables with these semantic types.
Figure 1 illustrates an example of solving the CTA task for the input table.

o&&p /Cm \ rdf:Property \/]
] X g X i

df:t df:t
Mla ) vpe rdf:type rt: y< rdf:type
Genre

\,

( Book \ ( Writer J [ 7 \'/publication_date \

semamiconss \ ___ \__ __ | ____ __

Source table
& Name \ Author vGenres YearJ
Dune Frank Herbert ||science fiction||1965
. John Ronald high fantasy,

The Lord of the Rings Reuel Tolkien adventure 1954
Harry Potter and the ,

Philosopher's Stone Joanne Rowling ||fantasy 1997
The Little Prince Atoineiae coliarens  |llig4e

Saint-Exupéry ||novella

Figure 1: Example of column type annotation problem.

2.2. Model architecture

We suggest a framework called RuTaBERT that fine-tunes the multilingual BERT model for se-
quence classification tasks, such as column labeling in tables. We also propose two context-aware
table serialization methods, multi-column serialization and neighboring column serialization,
to convert tables into text sequences for input to the BERT model.

1) Multi-column serialization based on the approach [2] and represents data records as follows:

Spne(T) = [CLS|tks...[CLS|tks"[SEP]
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where [CLS] marks the start of a sequence; [SEP] marks the end; tk; is the tokens for i-column.
In this case, all cell values of a i-column are tokenized: ¢i = vy, ..., Vy,. This method inserts a
[CLS] token for each column, allowing RuTaBERT framework to predict a label for each [CLS]
token.
2) Neighboring column serialization uses neighboring columns as local context:

Spe(T) = [CLS|tks™[SEP]tks™[SEP]

where tks'"9 represents the tokens of the target column; tks™ represents the tokens for all
non-target neighboring columns. Here, only one [CLS] token for the target column is used for
prediction, and [SEP] tokens separate non-target columns.

3. Results and discussion

We trained RuTaBERT for 10 epochs with a batch size of 32 using both serialization methods on
Russian Web Tables (RWT) [3] dataset. The preprocessed tables from the RWT corpus were
split into training, validation, and test datasets with standard proportions: 70%, 20%, and 10%,
respectively.

We evaluate RuTaBERT performance on the column type annotation (CTA) task using two
serialization methods, multi-column and neighboring column, and compare it to a baseline
method based on lexical matching between table header names and semantic types. Table 1
represents the experimental evaluation of RuTaBERT on the CTA task using the RWT dataset.

Table 1

The experimental evaluation for RuTaBERT
Method Micro F1 Macro F1  Weighted F1
baseline 0.881 0.693 0.902
multi-column 0.952 0.861 0.951
neighboring 0.953 0.856 0.953

According to the results, both serialization techniques have similar performance and achieve
better results than the baseline, indicating the framework’s potential for semantic annotation of
Russian-language tables. However, the models face challenges related to data sparsity in the
table corpus, which is evident in the imbalanced distribution of semantic types. This affects the
models’ ability to capture sufficient signals for minority class semantic types.
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AHxxorannsg

B crarbe paccmaTpuBaeTcs 3ajaya aBTOMATIUECKOI'O M3BJIEUEeHMS 3aT0JIOBKOB M3 3JIeKTPOHHBIX JTOKY-
MeHTOB. [y pelleHNs 3TOM 3afauy IpejaraeTcs IOAX0 Ha OCHOBe MOJeJIell CerMeHTallM JOKY-
MeHTOB. B xome ncciemoBaHus Gbla IpoBepeHa TUIIOTe3a O TOM, UTO IIpeoOpasoBaHue n300paxKeHmit
IIOMOYKeT YJIyULIUTh KaueCTBO MOJeJIH, ObLIV COOPAaHbI ¥ IIOATOTOBJIEHE] IaHHBIE, A TAKXKE IIPOU3BE/EH]
noo0yueHe MOfesIell HeJIPOHHOI CeTI.

Keywords
OGpaboTKa HECTPYKTYPUpPOBAHHBIX JAHHBIX, AHAIN3 JIEKTPOHHBIX JOKyMeHTOB, OCHApY:KeHIE 3aro-
J10BKOB, [1y6okoe o6yuenne, Meronbr 06paboTku n306parkeHuit

1. BBeaeHue

AHanus 3JIeKTPOHHBIX JOKYyMEHTOB sIBJISIETCSI BAXKHOI 3aauell B 06acty 06paboTKI HECTPYK-
TYpPUpPOBaHHBIX HaHHBIX. OH BKJIIOUAeT B cebs paclio3HaBaHIE TEKCTa, BHIBJIEHNE KIFOUEBbIX
IOAHHBIX, KIacCu(UKaLNIO, OLIEHKY JOCTOBEPHOCTH I COOTBETCTBISI HOPMATUBHBIM TpeGoBa-
HUAM. AHAIN3 MOYKET MCIIONB30BAThCA Ui ABTOMATM3AII JOKYMEHTO000pOTa, ITOBBIIIIEHIIST
addexruBHOCTI 00paboTKM MHPOPMALUM Y TOAAEPKKI IIPUHSTUS PEILLIEHNIT Ha OCHOBE
MOJIyUeHHBIX JaHHBIX. [1]

OpHolt 13 3aKay aHaIN3a 3JEKTPOHHBIX JOKYMEHTOB SBIISETCSI OOHApy KeHIe 3ar0JI0BKOB.
OGHapy’keHIe 3ar0JI0OBKOB I103BOJISIET Pa30UTh TEKCT Ha OTeNbHbIe (u3nuecKye 60K, YTO
YIpOIIAeT HaMbHENIINiI aHanu3 qokyMeHTa. [2] Lleas paboThl — aBTOMATUUECKOE U3BIIEUEHIIE
3aroJIOBKOB U3 3JIEKTPOHHBIX TOKYMEHTOB.

2. MeToabl n matepuansl

[71s1 HOCTVOKEHMS TIOCTABIEHHO 1eNIN MCIIOIb30BAJIMICh METOABI Ha OCHOBE IIYOOKOTO 06y-
uenus. Mcnonbays 6ubanorexy TensorFlow [3], mpomsBomumiock mooGyueHmne Momgenu Hell-
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pouHoit cetu ResNet 50. [4] s Toro, uro6s1 cobparh HOBBIIT HAGOP JAHHBIX, MCIIOIB30BAIICT
unctpyment Tagged PDF'.

3. PesynbTarsl

Ha mannoM stare paGoTsI TUIIOTE3a O TOM, YTO IPeoOpa3oBaHMs N300paKeHUI JOKYMEHTOB
IIOMO’KET YIIYUIINTh TOUHOCTh MO He IIOATBEPAMIIACE, IIpeoOpasoBaHms He JaJIy ITOJI0XKI-
TEJILHOTO pe3ynbraTa. BUI co3maH HOBBIN HAGOp NaHHBIX, C UCIOJIB30BaHIEM UHCTPYMEHTA:
Tagged PDF u o6yueHa Momenb, KOTOpas IIOKasana CpefHIe pe3yIbTaThl IPU TeCTUPOBAHNIL.

4. BbiBoAabI

[TonyueHBI IPOMEKYTOUHBIE Pe3yJIbTAThl: CO3[aH HOBBII HAOOp JAHHBIX M 00yUeHa MOIENb,
OJTHAKO Pe3yJIbTaThl MOJENV P TECTUPOBAHMUY OBLIN JIMIIIH CPETHUMU. ITO ITOAUEPKIBAET
Ba)KHOCTH IIPOJOJDKEHNS MICCIeOBAHMIT 11 ONITUMM3AIUN [Toxo10B. HermonreepskaeHne ru-
IIOTEe3BI O ITOJIOKUTEIBHOM BIVMSHUM ITPeobpa3oBaHys M300pasKeH!IT Ha TOUHOCTh MO
CBUIETEIBCTBYET O HEOOXOMMMOCTY SAIbHEIIIEr0 U3yUeHNSI U 9KCIePUMEHTIPOBAHMS C
PA3INUHBIMU METOAAMIU IIPeNBAPUTENHHOT 06pabOTKM JaHHBIX.

JanpHerme MCcCiIef0BaHMs JOJDKHBI COCPEIOTOYNTHCS Ha YIIyUILIeHNI KauecTBa JaHHbIX,
pacmmpenuy Habopa JaHHBIX, ONITMMMU3ALIN apXUTEKTYPBI MOAeNell U IpuMeHeHnn Gosee
CJIOKHBIX METOI0B 00pabOTKM M300payKeHMII.

5. 3aknwoueHune

IlonyueHHBIE pe3yIbTAThI IOTUEPKMBAIOT CIOKHOCTD 3aaull aBTOMAaTHUECKOTO M3BJIeUeHNI
3aroJI0BKOB 13 3JIEKTPOHHBIX JOKYMEHTOB 1 HEOOXOIVIMOCTD MCIIOJIb30BAHMST KOMILTIEKCHO-
O ITOAIX0Ma, KOTOPBIV BKJIIOUAET B ceOd He TOIBKO INIyOoKoe o0ydeHNe, HO U TIATelbHOe
npego0ydeHe I IOATOTOBKY HaHHBIX.
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MeToabl M cpeacTBa peanmsauuMm mopgenei aaropuTmos
aHa/IM3a aKTUHOMETPUUYECKUX NoKa3aTenei

Jivupuii Kapamos?, Esrennii FOmammes!

Y Unemumym ounamuxu cucmem u meopuu ynpasnenus um. B.M. Mampocoea CO PAH, yn. Jlepmonmosa, 0.
134, 664033, Upxymcxk, Poccus

AHHOTauuA

B craree  mpencraBmeHa — peammszamms — WPS-cepBuca  anms MOJAENHMpOBaHUS
AKTHHOMETPUYECKHMX IOKa3aTeled s JroObIX Jiokarwid. CepBHC OCHOBBIBaeTCS Ha
MoauduimpoBanHoit Maremaruueckoit monenu lgbal-Kasten/Czeplak, xotopas mosBomsier
MOJY4aTh JeTATN3UPOBAHHBIE MACCHBEI JAHHBIX IT0 COTHEYHOW PaHalliH.

[Ipu peanuzamuu WPS-cepBuca HCIIOIB30BANCH CIICITUATU3UPOBAHHBIC ONOIMOTEKH NUMPY,
scipy, pywps, 0s, pywps-flask, koTopele MO3BOJSIOT ONTUMHU3UPOBATH AITOPUTMEI
paccMaTpruBaeMOr MOJICIIH.

PesynpraTel, monmydeHHBIE B XOA€ NAHHOTO WCCIENOBAaHUS, IIO3BONIUIN 3HAYUTEIHHO
YMEHBIIUTh BpeMs pacuera, (GOpMHUPOBAHKS MAaCCHBOB JAHHBIX M MX BH3yaiu3anuu. Kpome
TOrO, XapakTep MOIYYCHHBIX (YHKIMHA COJIHEYHOW pagualid TOBOPHUT 00 aIeKBATHOCTU
paccmarpuBaemoit mogenu u WPS-cepBrca peanusyromniero e€.

Kntouesble cnosa

CosnHeuHast pajauanysi, akTHHOMeTpuueckde mokasarend, WPS-cepsuc, Python, FM 12
Synop, METAR

1. BeBepgeHue

AKTHHOMETPUYECKHE MOKA3aTeld TaKue Kak MpsMas, paccesHHas W CyMMapHas COJIHCYHas
pagualiy SBISIOTCS BAXHBIMU MMOKA3aTeNSIMU JUIS PA3IMYHBIX 00JacTeil JesTeTbHOCTH YeIOBeKa.
OHHM MOTYT UCIIOJIB30BAThCS B CTPOHUTENILCTBE, SHEPIETUKE, CEICKOM XO3IHCTBE M MHOTHX JIPYTHX
chepax. Hamuume MOCTOBEPHBIX AKTHHOMETPHYECKHX [AaHHBIX SIBJISETCS BAXHBIM (HaKTOPOM,
BIIMSIOIIMM HAa KOHEYHBIC PE3yJbTaThl MPHUKIAIHBIX W HAyYHO-HCCIIEAOBATENLCKHX pabot [1]. B
YAaCTHOCTH, MHPH PEILICHHH pPAa3IWYHBbIX 3a7ad B OOJIACTH HSHEPreTHKH MOIIHOCTh COJHEYHOI
ANIEKTPOCTAHIIMU MMEET MPSIMYI0 3aBUCHMOCTH OT YpOBHS MHcOJAIUH. CIeqoBaTeNbHO, B Clydae
pelieHusl 3aja4d BbIOOpPAa ONTUMAJIBHOW MOIIHOCTH (DOTOUICKTPHUUCCKOH CHCTEMbI HEOOXOAUMO
pacrosarath NOAPOOHBIM M TOUYHBIM MAacCHBOM JaHHBIX [2].

Llenp maHHOW CTaThM COCTOMT B JIEMOHCTPAIMH MOAXOJA Ul MOJCIMPOBAHUS COJHEYHOM
paauanuu U peanusytorei e€ otkpeiroro WPS-cepruca.

2. MoctaHOBKA 3agauun pa3paboTkm oHnaiH WPS-cepBuca pnAa pacuyera
CONIHEYHOM paguauumu

[TocraHoBKa 3a1auu pa3pabOTKK OHJIAMH cepBHCca JJIS pacueTa CyMMAapHOU COJHEYHOW pajvaliiuu
OCHOBBIBAETCS Ha CIENYIOIINX MON0KEHUAX:
1. Orxkporeiit WPS-cepBuca;

6™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia
EMAIL dmitriy.karamov@mail.ru (A. 1); yumashevgeny@mail.ru (A. 2)
ORCID: 0000-0001-5360-4826 (A. 1); 0009-0003-8736-0155 (A. 2)
© 2024 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
ICCS-DE 2024 Workshop Proceedings
DOL: 10.47350/ICCS-DE.2024.28
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2. Bo3MOXHOCTH 3a7aBaTh JIOOYIO JIOKAIMIO B 3aBUCHMOCTH OT reorpapuuecKuX KOOpAWHAT
MECTHOCTH;

3. AromaTtnueckd (HOpMHPOBATH UCXOIHYIO KIMMATUYECKYI0 HHPOPMAIIUIO HEOOXOJUMYIO ISt
MOJICJINPOBAHHS aKTHHOMETPUIECKUX MTOKa3aTeleH;

4. Vcronms30BaTh JaHHbIE HEOOXOMUMBIC JUIsI OMHCAHUS TUHAMUKHA MAacC B CPEJHUX U HWKHUX

closix atMocepsr;

5. ®opMHUpOBATH NaHHBIC AKTHHOMETPUUYECKHX ITOKA3aTeeH Il THITMYHOTO, ONTHMUCTHIHOTO U

MECCUMUCTUIHOTO METEOPOJIOTHYECKOTO ToJIa.

Peanu3arss OCHOBHBIX TIIOJIOKCHWH JaHHON TIOCTAHOBKH TII03BOJIUT TOJYYUTh CEPBUC IS
(hopMUpOBaHUsT aKTUHOMETPUYECKUX JAHHBIX JUIsl JIFO0OH JIOKAlIMK Ha OCHOBAaHWUHU PETPOCIICKTUBHBIX
MPUPOAHO-KIMMAaTHUeCKUX JaHHBIX (opmara FM 12 Synop u METAR. Takxke wucnonb3yroTcs
JaHHBIE C OTKPBITHIX MCTOYHUKOB OO CIIEKTPaJbHOM COCTaBe OONAaCTH BHIUMOTO CBETA, HAJTHYHS
KaIlesb BOJBI M BOASIHOTO TIapa B aTMocdepe, a TaK)Ke 030HOBOTO CJIOSI.

Y4uTHIBasS WUMEIONIYIOCS TIOCTAHOBKY, a Takxke psija (akTopoB, OMUCHIBAIOIIMX TPeOOBAHUS K
MaTeMaTHYECKOW MOJIENIM pealii3yeMold B paMKaxX cepBHca ObLIO pEIIeHO HCHOJIb30BaTh
Moaudunuposannyro Moaens Igbal-Kasten/Czeplak [3].

3. KpaTtkoe onucaHue MaTemMaTUyecKoun moaenum

3a ocHOBy Obuta B3siTa MOAM(MUIMpOBaHHAas Maremaruueckas wmozenb lgbal-Kasten/Czeplak
KOTOpasi XOpOIIo ce0s 3apeKOMEHI0Bajla TIPY PEIICHUH Pa3INYHbBIX 33/1a4 B 00JIACTH HCIIOIb30BaHUS
(hOTOIIEKTPUUECKUX CHCTEM. B 4acTHOCTH, TpU pelIeHHH 3ajad pa3BUTHS U (QYHKIMOHUPOBAHUS
COJTHEYHBIX AIIEKTPOCTAHITHH.

YKpyIHEHHO MOJIEh BKJIFOYAET B €051 TPH OCHOBHBIX OJIOKA!

1. Biok MOArOTOBKH MCXOJHBIX KIMMAaTHYECKHX MAaCCHBOB HEOOXOIMMBIX UIS MOJCINPOBAHHS

AKTMHOMETPUYECKHUX [TOKa3aTeleH.

2. bnox MoaenupoBaHUWs CONHEYHOH pagualu Ui paccMaTpUBAEMOU JIOKAIIMH OTHOCHTEIEHO
KOKIOTO0 dYaca pacyeTHOrO IIepHofa II0 PETPOCICKTHBHBIM MHOTOJIETHUM MacCHBaM
MPUPOAHO-KIMMaTHIecKo nHpopmarun. [Ipr 5TOM yUUTHIBAIOTCS JCHCTBUTEIBHBIA YaCOBOH
nosic repputopun popmara UTC.

3. bnox dopMupoBaHus pe3yNbTATOB MOJEITHPOBAHHUSA TPSMOW, PACCESTHHOW M CyMMapHOM
COJIHEYHOH pajiualiii C OINpeJeIeHHEeM THUITHYHOTO, MMECCHMUCTHYHOTO M ONTHUMHUCTUYHOTO
METEOPOJIOTHYECKOT0 ro/1a.

Hcxomnoit wH(MOpMaIMendn Ui MaTreMaTHYeCKOW MOJeNnd CcosHeyHo# pamauwarmu  Igbal-

Kasten/Czeplak siisitorcst maccuBbl ganubix Gpopmara FM 12 Synop u METAR [4].

FM 12 SYNOP — »3ro ko&m /uid ONEpaTMBHOM Tiepelayd JaHHBIX NPU3EMHBIX
THUIPOMETEOPOJIOTHIECKUX HAOJMIOACHUH C CETH CTaHIMA THUAPOMETCIYXObI, PacloOJOXEHHBIX Ha
cyme (Bkmodas OeperoBble craHimm). METAR — aBuannoHHBI MeTEOpPOJNOTHYESCKHHA KOX ISt
nepeaayn cBOIOK O (pakTudeckoil morone Ha adpoapome. CTOMT OTMETHTh, 4TO B Kojax FM 12
SYNOP u METAR cobmtofjaercst cTporuii mopsmok ciemoBaHus wHpopmanuu. MHOroneTHue
METEOPOJIOTHYECKHE PAABl SBISIOTCS JIETAIM3UPOBAHHOW WHQopmMarmei. [Ipun 3ToM mpaBuiibHas
00paboTKa JaHHBIX PSJOB IO3BOJUT MaKCHMAaJlbHO TOYHO OITUCHIBATh MOBEJCHUE IPHPOIHO-
KJIMMaTUYECKUX MOKa3aTesiel Ha paccMaTpUBaeMOU TEPPUTOPUH.

MesxayHapoaasie koasl FM 12 Synop 1 METAR umeroT oguHakoBble TOKa3aTeld MPUOOPHBIX
W3MEpPEHUIi, 2 IMEHHO: CKOPOCTh U HallpaBJICHUE BETPa, TEMIIEpaTypa BO3/IyXa, IaBICHUE, BIaXKHOCTh
W OTJIEJIbHO KauecTBEHHAs OlleHKa obmiel oomavynocty. [1o GpyHKIIMOHATBHOMN 3aBUCUMOCTBIO BH/IA
f(t) mompasymeBaetcst 3HaueHne mokasatens f B momeHnt Bpemenu t. Illar usmenenust t B maHHOM
cllyyae COCTaBIIAET O/IMH Yac.

Bexrop npuOOpHBIX u3MepeHui A (t) B MOMEHT BpeMeHu ! roja 7 pacyeTHOro mnepHuoja,
BKJTFOYAIOIIHI KAUECTBEHHYIO OIEHKY 00Ie 00JIa9HOCTH B IPOIIEHTAX, UMECT CIICIYIONTHI BU/;
A; (t) = |:Vwind (t)’Tair (t)’ pair (t),ﬁ% (t),C(t):' (1)

Crout ormeruth, uto koxm FM 12 Synop coxmepxur Oojee JeTanbHYR HHOOPMAIIHIO
Ka4eCTBEHHOU OIEHKH OOJA9YHOCTH, COCTaBa W BBICOTHI OOpa30BaHUS O0JIAKOB, MPOIEHT OOJIAaKOB
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TUTOXOM MOTO0/IBI, 00JIaKa HIKHETO sSpyca (CIOMCTO-KyUeBbIE, CIIOUCTBIE, CIIOUCTO-I0XKIEBbIC, Ky4eBO-
JOXKICBBIE), oOOJlaka CpeaHero sipyca (BBICOKOKYUYEBBIC, KYYEBBIC, BBICOKOCIOWCTHIC), O0Jiaka
BEpXHEro spyca (NMEpUCThIC, TEPUCTO-KYyUEBhIC M MEPUCTO-CIOUCThIC 00Jiaka). B MexmyHapo HOM
kome METAR kadecTBeHHass OIleHKa OOJIAYHOCTH ITOCIOWHO 3allicaHa B BEKTOP-CTOJIOIE, UTO
3HAYUTENHFHO YCIOXHSIET UX 00pabOTKy 3a CUET MOCTPOYHOTO CPaBHEHHS JTAJOHHBIX (CIOBECHBIX)
3HAYEeHUI MAaCCHBa OTHOCUTEIBHO KaXKI0T0 BPEMEHHOT0 HHTEpBAJIa 7-20 T0Jja PACYETHOIO TIEpHO/a.
Bekrtop kauecTBeHHOH oueHku obOnauHoctd B (f) B MoMeHT BpeMeHM t roma 7 pacyeTHOro

nepuoza it koga FM 12 Synop
=[G (1).Cy (1).Cy (£).by (1) ) 2)
Marpuia TpuOOPHBIX U3MEPEHHH A;(t) U MaTpHla Ka4eCTBEHHOH OLCHKU OO0JaYHOCTH Bf(t)

O0BEOUHAIOTCS B €IMHYI0 MAaTpUIy NPUPOAHO-KIMMATUYECKHUX IIOKa3aTenei, rae Kaxzaas CTpoKa
€CTb BEKTOp, XapaKTepU3YIOUIMH (akTHYeCKUe 3HA4YCHUS IapaMeTPOB OKPYXKAWOLIEH cpeabl B
OIpeeIEHHBI MOMEHT BpeMeHHU. TakuM 00pa3oM, MojdydeHHas 00beAMHEHHAs: MaTpUIa ONMCHIBAET
MPUPOAHO-KIMMATHYECKUE MTOKA3aTENN C JUCKPETHBIM IIarOM OJMH Yac.

Taxke wucnonp3yercs uHGOpManuMs 00 W3MEHEHHHM BEPTHKAJIBHOW TOJIIMHBI O30HOBOTO CIIOS,
HAJIMYMW Karelb BOABI M Mapa B oOnakax. JlaHHbIe MoKa3aTenn HaxoJsITcs B CBOOOJAHOM JOCTYIE B
anekTpoHHbBIX apxuBax World Ozone and Ultraviolet Radiation Data Centre (WOURDC) u AErosol
RObotic NETwork (AERONET). OtMeruM, 4TO JaHHBIE TOKa3aTeId HEOOXOOUMBI I Oolee
TOYHOT'O ONPEAETICHNSI aKTHHOMETPUUECKUX XapaKTEPUCTHK PAcCMaTPUBAEMOM TEPPUTOPHH.

C noapoOHBIM MaTEMAaTUYECKUM ONHCAaHHEM 00pabOTKH MHOTOJIETHIX METEOPOJIOTHUECKUX PSIOB
¢ xomamu FM 12 SYNOP u METAR wux uHTerpanuu B CUCTEMHBIE SHEPTEeTHUECKUE HCCIEIOBAHUS
MOXHO oO3HakoMuThcss B [B]. Ha pucynke 1 mokasaHa O0K-cXxemMa aJropuTMa paboThI
MaTeMaTUYEeCKOM MOACIN aKTUHOMETPUUYCCKUX nokKa3artejiei.

R TR R T TR O A A0 A B 8 e o e s s S e B e e e s e e s e o e e e e el e |
Ik NN NN 1
SO NN EEEEEEEEEE EEEEEEEEE NN NN |
i MHoroJieTHHE ]
L WOURDE, AERONE T (| Kaaccnpuiams MeTeopsi/ibl ¢ OJMKaii e :
/| /laHHBIE 030HOBOTO €103, MACCHBA Pl |
|| Tosmumia BozsHOr0 Mapa Snaun smunEn mEE=EsuEnEEuEEEEmmnzss !
| B aTMocihepe, HEEEE JEEEREN 1
I OnTHYECKasi TNIyOUHA | O6padorka [T Onpenenenne chaﬂem{e |
| adpo3oeii T AHHBIX F——# OTCYTCTBYIOIIHX HerouHocteiiu [
| _ . JaHHBIX OIHGOK ::II
—t |
| T T T T e T P e PP PP T P =t P T TP T TP TTTTT
L Mopeas == H
F 06JaYHOCTH ®opMup OBaHME MEPBOHAYATHLHOI0 MACCHBA MAPAMETP OB |
e Kasten-Czeplak OKpY:KaWlIeil cpeabl paccMaTpPUBAaEMOii TEPPUTOP UK 1
: T ~ T
| mOdEI ENEEE NN ] | 1
3 e el e e B g = i
| : R 2 e ~a .
& T 2 S IIpsimas, paccesinHasA 0 RinEs BeTposneprernveckue .
Pacuer [ |
| ACTDOHOMHYCCKIX Igbal solar 2| cymMMapHasi coJTHeuHast 1 MoKa3aTeJn H
- A1 1
I P 5 model ;oo paaMaiMs ¢ y4eToMm ‘_:l:*:: (ckopocrb, HanpaBJIeHHE ]
| mapamerpo CoHua ; . HH 1
I i _ OﬁJla‘[HOCTl/I hiam BeTpa M T.1.) .
l aa = | |
I

Omnpenesienne | g oleted Hmoz06blii MHOZONIEMHUTL MACCUG RAPAMEMPOB OKPYHCatouiell
l | BpeMeHH Bocx0/1a, . cpedbl BKIYAIONINH aKTHHOMETPUYeCKHe,

[ 3eHHTAa U 3aX012a : BeTPOdHEPreTHYeCKHe M APyrue nNoKa3arejii B paMKax

(58 CosHna p 2 B Me:KIyHapoaHbIX kogoB FM 12 Synop # METAR

PucyHoK 1: bnok-cxema matematudeckon mogenm Igbal-Kasten/Czeplak

4. Pa3paborka WPS-cepBuca pacueTta CO/IHEYHOM pagnauum

AJTOPUTMBI JJISl pacdeTra MoKa3aTejed COJHEYHOW pagualii HalHWCaHbl B MPOTPAMMHON cpene
MATLAB. OcHOBHbIE TPYIHOCTH HCIOJB30BAaHUS ITHX AITOPUTMOB 3aKJIIOYAIOTCS B HEYHOOCTBE
BBIBOZIa NOJYYEHHBIX MTOKa3aTeNeH, a TakKe HU3KOH CKOPOCTH MX BBIOJIHEHUs (mpuMepHO 40 MUHYT)
B 3aBUCHMOCTH OT Pa3MEPHOCTH MCXOAHOTO MacCHBa KIMMAaTHYECKOW MH(OpMALMU U KOJIUYECTBA
JIET PacyeTHOro IepPUOJa.
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JIns penieHus TaHHbIX MPOoOIeM ObUTH pear30BaHbl CEPBUC-OPUECHTUPOBAHHBIC METOJBI B BHIC
WPS-cepruca (Web Processing Service). Cxema pabotst WPS-cepBuca mpecraBieHa Ha pUCyHKe 2.

BuixoaHble nokasaTenu

CONHEYHOW paguauumn
Q Mepenaya faHHbIX O B (hopMATe CTPOK ¥ CSV- CTpoku 1 CSV-thaitnsi ¢

wpoTe M AONTOTe | PacyeT nokazaTeneii hainos Mepenaya BLIXOAHbIX nokasarensmu
COnHevyHou pagmauun AaHHbIX NONb3oBaTENHO

Monb3oBarens

WPS-cepeuc ans
onpegeneHusi nokasaresnen
CONHEeYHON paguauun

PucyHoK 2: Cxema pabotbl WPS-cepBuca

[onw3oBarens momaer Ha Bxon B WPS-cepBuc mapameTpsl reorpaduyeckoil mMHUpOTH U
JOJTCOTBl MECTHOCTH, II0 KOTOPHIM OH IUIAHUPYET IOJIYYHUTh MAaCCHBBI aKTHHOMETPUYECKUX
nokasareneid. Ha ocHOoBe MOATrOTOBIEHHBIX JaHHBIX O (PaKTHYECKOH OOJauHOCTH, COCTaBy OOJIAKOB,
TeMmIeparype Bo3ayXa, JaBJICHHIO, BIAKHOCTH U APYTHX MapaMeTpOB, KOTOPBIE OBUIM MOTYYEHBI C
Ommkaiilell MeTeOCTaHIIMM, a Takke JaHHBIX O HOMEpPE pacueTHOTO T0lla, IPOBOAUTCS
MOJEJIIMPOBAHUE IOKA3aTeNed CyMMapHOW COJIHEYHOH pajHalMd U €€ COCTABJSIIOIINX, & UMEHHO:
yroJl BO3BBIIICHUSI COJHIIA HAJl TOPU30HTOM, CpPEeIHEMECSYHbIe CyMMapHas, MmpsMas U paccesHHas
COJTHEUHBIE paJlalliy, UX CpeIHEeYacOBbIE TOKA3aTeNH, a TAK)KE CPEIHET010BbIe 3HAUCHMS.

JI7st 3TOr0 OBLIH peaTn30BaHbl METOJIbI OIIEHKH O0JaYHOCTH HMYKHETO, CPEIHETO U BEPXHETO
YpOBHEi, MeToJ] pacyera OOIIEro MpPOLEHTa OOJIAYHOCTH M JPYrHe mapameTpbl. B pesynbraTe
MOJIy9a0TCs TOKA3aTeNId CYMMBI, IPEACTABICHHBIE B ()OpMATE CTPOK, & BPEMEHHBIC PSIbI OCTAIBHBIX
nokasarenei — B popmate CSV.

WPS-cepBrc OblT pa3paboTaH TpH TOMOIIM fA3bIKa porpaMMupoBanust Python. s
peanu3anu pacyeTHOM 4YacTh ObUIM NPHUMEHEHbI OMONMOTEKH NUMPY u SCipy. s co3maHus
HernocpeacTBeHHo camoro WPS-cepBrica OblTM MCTIONB30BaHBI Takue OMOTHMOTEKH, Kak PYWPS u 0S, a
TECTUPOBAHKE MPOUCXOAMIIO TpH omoru Pywps-flask.

B pesynbrate Hanucanust WPS-cepBuca ObUIM pelieHbl psiji 3a7ad ¢ BBIBOJIOM MOYYEHHBIX
nokasaresell COJIHEYHOW pajualuyl B yJOOHBIN JUisl pencTaBieHus popMmare, a TaKkKe COKpalleHUe
BPEMEHH BBIIOJHEHUS QJITOPUTMOB A0 2 wMuHYT. Ha pucyHke 3 moOKazaHbl pe3yJbTaThl
MOJICJINPOBAHMS COJIHEYHOW paauanuu 3a 10 JleT pacdeTHOro mepuoja Uil TEPPUTOPHUHU 3arlagHOM
Cubupu ¢ 2013 o 2023 rongr.
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PUCYHOK 3: Pe3ynbTaTbl MO4ENMPOBAHMA CONHEYHOW pagmMaumm Ana Teppmutopmm 3anagHon Cnbupum
Pesynbratel, monydeHHsle npu ucnoib3oBaHun WPS-cepBuca, UMEIOT XapaKTepHBIA BUI IS
paccMaTpuBacMoOro peruoHa ¢ MaKCMMaJIbHbIMH 3HAYCHUSIMU B BE€CEHHE-JIETHUI NEPpHUOIbL.

5. 3aknwoueHue

B pamkax maHHOW cTaThd OBUTH TPEICTABICHBI H3HAYaJbHAs IOCTAHOBKA HCCIIEAOBAHUS,
MaTtematrueckas mozens lgbal-Kasten/Czeplak u amroputmel, peanusyromue ux B Buge WPS-
cepBHCa OTKPBITOTO OCTYMA Il MOJIETHUPOBAHWS COJHEYHON pagHallid 1O PETPOCIICKTHBHBIM
JIAHHBIM JJISl PACCMATPUBAEMbIX JIOKAITHIA.

Hcnons3oBanure OHOIHOTEK NUMPY, SCipy, pywps, 0s, pywps-flask mossomuno nambGonee
3} (HEKTUBHO pean30BaTh OCHOBHBIE AJTOPHTMBI, OMKMCHIBAIOIINE PadOTy MATeMATHYECKOW MOJIENH
COJIHEUHOM paauanuu.

JIEUII)HGI‘/'IIHI/IG HCCIICJ0BaHUA 6y,ZIYT IMOCBAIICHBI Pa3sBUTHUIO PCAIM30BAHHBIX MO)IeHeI‘/'I n
AJITOPUTMOB, @ TAKXKC PCHICHUC CICAYIOIINX 3a/a4:

— yMEHbIIEHHE BPEMEHHU PaOOThI AITOPUTMOB JJIs1 BRIYHCICHNS TTOKA3aTeIel COTHEYHON paaualiu
IIyTEM ONTUMU3ALUYA METOJOB PACcYeTa U aIrOPUTMOB.

- @OpMHpOBaHI/Ie OJIOKA BEISBIICHHS aHOMAILHBIX 3Ha‘IeHHﬁ, a TaK¥Ke 3aIll0JIHCHUC OTCYTCTBYIOIIINUX
OaHHBIX 3a CUET HUCIIOJIB30BaHUA METOJ0B MCKYCCTBEHHOI'O MHTCJUICKTA U APYTUX CPEIACTB B 3TOH

o0JiacTu.

— BHeIpeHue paspadboranHoro cepsuca B reonoptai UACTY CO PAH.

6. bnaropapHocTu
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Pabora BeimosnHeHa B pamkax rpanta Ne 075-15-2024-533 MuHucTepcTBa HayKd M BBICIIErO
obpaszoBanus PP Ha BBHIMONHEHHE KPYITHOTO HAYYHOTO MPOCKTA MO MPUOPHUTETHBHIM HAMpPaBICHHUIM
HAYYHO-TEXHOJOTMYECKOrO pa3BuTHs (TpoekT «DyHIaMeHTalbHbIE HCCAeIOBaHus baiikanbckoit
NPUPOTHON TEPPUTOPUH HAa OCHOBE CHCTEMbI B3aMMOCBSI3aHHBIX 0a30BBIX METOIOB, MOICICH,

HEHPOHHBIX ceTeil n mudpoBoi MIATHOPMBI IKOJIOTHIECKOTO MOHUTOPHHTA OKPY)KafOIIEH Cpenbly, ,
per. Ne 124052100088-3).
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AHHOTANMA

B manHOIT paboTe NpeaIoKeH MeTOM KJIACCU(PUKAINY CTPYKTYPHBIX JIEMEHTOB TEKCTa Ha OCHOBE
rpad)0BOTO IIpeCTaBIEHMS STUX JIeMEHTOB. MeTox McIonb3yer rpad, MOCTPOEHHBIIL IO CIIOBAM
CerMeHTa, I eT0 CTaTUCTUYECKME XapaKTepUCTUKN. TOUHOCTh MeTofa cocTapsgeT 0.793.

Kniouesble cnoBa
Knaccmbmxaumx CErMEHTOB I/I306pa>KCHI/IFI, aHaJIN3 MaKeTa CTPpaHUIbI, IIPEACTABIE€HNIE CETMEHTOB

1. BBeaenue

B coBpemeHHOM Mupe MHGOpMAIMs XPaHUTCSI IPEMMYIIEeCTBEHHO B IM(PpPOBOM BuUe, 3HAUNU-
TeJIbHAS UaCTh KOTOPOII IpeICTaBIeHa CKAHMPOBAHHBIMY ToKyMeHTaMu. O6paboTKa TaKoi
nHpopmaruu TpedyeT paclio3HaBaHNs TEKCTa U BOCCTAHOBJIEHNS €r0 JIOTMYECKOI CTPYKTYPHI.
3amaua meTeKuuy CTPYKTYPHBIX OJIOKOB TeKCTa (3aroJI0BKY, OCHOBHON TEKCT, TAOJIMIIBI)
He HoBag. OMHOI 13 paHHUX paboT B 910N obiactu sBisercs [1]. Ha ceromHauHmit neHn
HauboJiee IMepCIEeKTUBHBIE PEIIeHNs B 3T0M cdepe mpeacTaBieHbl B padorax [2] u [3].

B atux paborax g pelieHus 3agauy UCIIONb3YIOTCI HEIPOHHBIE CETU, OCHOBAHHbIE Ha
apxutekrype Transformer. OqHako Takue Momesy, Kak IIPABIIIO, SIBJISIOTCS JOCTATOUHO pe-
CYPCOEMKUMI 1 He CIIOCOGHBI OBICTPO 00pabaThiBaTh GoJblIe 00BEMBI JOKYMEHTOB, UTO
CTAHOBMTCS IPOOJIEMOI IpK paboTe C THICIUAMI MV MIULIMOHAMM (aiioB.

B xauecrtBe anprepHatnssl Transformer-apxurekTypaM B 3agauax o0pabGoTKY JOKYMEHTOB
HaOMpAIOT IOIYJIIPHOCTH ITOXO0bI, OCHOBAaHHbIE Ha IrpadoBbIX HEMIPOHHBIX ceTsax. OTHIM 13
puMepoB sBjsieTcs padora [4]. IpadoBbie ceTu yske MPUMEHSIINCH [JJISL PELIEHNSI OTHAETbHBIX
3a/1ay B 9TOI1 061aCcTH, HAIPUMep, cermeHTaruu [5].

B maHHOM MccirefoBaHMM MBI IIpefJiaraeM UCIO0Ib30BaTh IPadOBbII MOAXO IS KIaCCH-
$uKauUM CTPyKTYPHBIX OJIIOKOB TeKcTa. [IoMMMO TOTO, UTO MBI He MCITONIb3yEM CTAHIAPTHBIE
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rpadoBBIe CEeTI, MBI TAK)XKe CTPOMUM Ipad Mmo-Apyromy. B oriinune oT GONBIINHCTBA CYILIECTBY-
IOLIMX peleHnIt, Iie rpadbl CTPOATCS M3 YUACTKOB M300paskeHMs [6] My cTpoK Tekcra [5],
MBI IIpeJyIaraeM MCIIOJIb30BaTh Ipadbl, IIOCTPOCHHBIE Ha OCHOBE CJIOB.

Takoit IIOAXO0M MMeeT Psj IPENMYIIeCTB. Bo-IIepBhIX, NCIIOIB30BaHIE CIIOB €CTECTBEHHBIM
00pa3oM BIMCBIBaeTCA B IIpoLiecc 00paboTKY JOKyMEHTOB, TaK KaK Ha BHIXOJle BCerfa Tpedyercs
IOJIyUNTh TEKCT, & 3HAUNT €ro B JI000M cilyuae HeoOXOAMMO HeTeKTUPOBaTh. BO-BTOPBIX, He
TpebyeTcs MOoTydyaTh JOIOJHNUTEIbHbIE 3JIEMEHTHI U3 JOKyMeHTa, YTO SKOHOMUT BpeMs U
pecypcal ipu 06paboTke. B-TpeThux, ci1oBa, Kak IIPaBIIIO, PACIIO3HAIOTCSA 60JIee UeTKO, YeM
CTPOKU, ¥ JaXKe €CJIV OHM CJIMBAIOTCH B OTHO CJIOBO, 3TO IIPOMCXOIUT B PAMKAX OJJHOTO ¥ TOTO
K€ CTPYKTYPHOTO GJIOKa.

IIpensoKeHHBII TOAXOM ITO3BOJINT IIOBBICUTD 3 PEKTUBHOCTD M CKOPOCTb 00pabOTKY 60JIb-
X 00beMOB TEKCTOBBIX JJOKYMEHTOB, UTO MMeeT O0JIbIIoe 3HAUeHe I Pas3IMUHbIX 001a-
cTell, TAKMX Kak Hu(poBm3aLyst apXIUBOB, aBTOMATU3AIA 00PabOTKI OPUANUECKOII JOKY-
MeHTAaIUN U T.1.

2. lNpepnaraembin noaxon

B xauectBe Habopa MaHHBIX MCIIOJIB30BANICH cerMeHThI TekcTa 13 PubLayNet [7]. Or tyma
ObL10 0TOOpaHo 10% M300paskeHMII, KOTOpBIe 3aTeM ObLIM COAIAHCUPOBAHBI U Pa3aesIeHbI
Ha Tpu Habopa: obyuaromuit (4386 cerMeHTOB), TPOBepOUHBI (1096 CErMEeHTOB) U TECTOBBIN
(1370 cermeHTOB).

st pacio3HaBaHus CI0B B m3obpakeHusax mncnoiabzoBancsas OCR Tesseract [8]. Bouto o6Ha-
PY?KeHO, UTO IUIsl TIOBBIIIIEHNs KauecTBa Paclio3HaBaHII HEOOXOAMMO yBEIMUNTH pa3pelieHie
n300pakeHunit (Hanpumep, pasperrenne 100 mepBbix n3odpakennit u3 PubLayNet 6b110 yBe-
JINYEHO B 4 pasa, YTO NPUBEJIO K YBEJINUEHUIO CPEeTHETO KOIMYECTBa PACIIO3HAHHBIX CJIOB C
539 10 681).

I'pad cTpourcs Tak, 4TOOBI KXKIOE CIOBO MIMEJIO CCBUIKY Ha YeThIpeX COCefel: 2 IO CTPOKe
(cneBa/cmipaBa) u 2 o a63auy (cBepxy/cHusy). B ciyuae rpaHuil, CIOBO MOKET CCHLIATHCS
camo Ha ce6q (metis). s yCKopeHus IIoCTpoeHus: M300pakeHNe pa3biBaeTcss Ha CEKTOPHL,
YICIIO KOTOPBIX IIPOIIOPIMIOHATIBHO UMCITy cI0B. IIouck cocea HaumHaeTcs B CEKTOpe, T1e
HaXO[UTCA CJIOBO, a 3aTeM B COCEHIUX CeKTopax (IIoMcK B riry6uHy). OrpaHndeHme 1o riy6uHe
MONICKA II03BOJISIET COKPATUTD BpeMs IIOMCKA ¥ M30aBUTHCSI 3aBELOMO JIMIITHIX CBA3EIL.

ITocye rpad oboramaeTcs Ipu3HaKaMy. YCIOBHO MX MOXKHO IIOZEJIUTh Ha IIPU3HaKy pebep
1 y370B. {7151 pebep paccumThIBaeTCs AJINHA M KOCUMHYC yIjla HaKJIOHA peOpa K TOPU30HTY.
[71s1 y3710B BBICOTA GJIOKA CIIOBA M OLIEHKA "KUPHOCTI"(OTHOLIIEHNE IUIOIIANN K [IEPUMETPY
obacTim).

I'pad HampsMyio He MoxeT ObITh Iepenad B MLP-mozens. IToaTtomy oH npeoGpasyercs
B BEKTOP, KOTOPBHIII IIPeCTaBIsIeT CO00I KOHKATeHAI[MIO BEKTOPOB I KAXKA0I0 IIpM3HaKa.
BekTopa Ipu3HAKOB - 3TO MHTEPBAJIbHbIE PSIABI paclpeeleHNsI 3HaUeHNIT TPU3HaKoB. [[nuHa
BEKTOPOB IOA0Mpanach SKCIIepUMeHTAaIbHO.

Mopens npencrasiser coboit MLP ¢ 3 crosmu:

1. Ilepssrit cioii: 182 HeitpoHa, pynkuus aktuBanuu ReLU.
2. Bropoit cioit: 40 HelipoHOB, pyHKIMsa akTrBauyu ReLU.
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3. BoeIxogHoI1 cioit: 5 HeMIpOHOB, PyHKUMI akTuBanuu Softmax.

Ilepen CKPBITBIM CII0EM MCIIONB3yeTcsa dropout ¢ BepoaTHOCTHIO oTKIoueHns 0.1. B kauecTBe o11-
TUMM3aTopa ucnoiab3oBaics Adam. PyHKIM moTeps Oblia BeIOpaHa categorical crossentropy.
Yucio snox obyuenne 20 ¢ pasmepom batch pasasim 1000.

3. 3aknwueHue

B pamkax maHHOTO JMCCIeTOBaHNUsA ObLIa MPOJEeMOHCTPUPOBaHA PabOTOCIIOCOOHOCTD IIpes-
JIaraeMoro IOAX0/a K KiIaccuPMKaIMM CTPyKTYPHBIX 3JIeMEHTOB TeKCTa Ha OCHOBe rpado-
BOTO IIpeJICTaBIeHNA U3 cJIOB. TouHOCTD pacniosHaBaHus cocrasmia 0.793. Mcnonb3oBaHue
CTaTUCTUYECKNX XapaKTePUCTUK IIOCTPOEHHOTO rpada Io3BoIIIIO JOOUTHCS IIPUEMIIeMBIX
pe3ynbTaToB Kiaccudukanyim. [JanbHelilnee ncciegoBaHNe, HallpaBlIeHHOe Ha IIPYMeHeHNe
rpadoBBIX HEIPOHHBIX CeTell I pellleHns JaHHOI 3aJaul, IMeeT IIOTeHIIAI I JOCTIKe-
HIS pe3yJIbTaTOB, COIIOCTABMMBIX C JIMAEPAMI B 9TOI 00JIACTHL.

bnaropapHocTm

PaGora BBIIOJIHEHA B pAMKaX rOCYJAPCTBEHHOrO 3aaHVsi MUHUCTEPCTBA HAYKY U BBICILIETO
obpasoBanus Poccuiickoit emeparmu (tema Ne 1023110300006-9).
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MeTtoabl nosbilwleHunA TOYHOCTU NaccUMBHOM NOKauunun
MMNYAbCHbIX UCTOYHUKOB reoakKyCctTu4eCKux KonebaHumn

Oxcana Konbiiopa

Hnemumym  gvruuciumenvroli mamemamuku u mamemamuyeckou eeogpuzuxku CO PAH, np. akaxo.
Jlaspenmowesa, 6, 630090, Hosocubupck, Poccust

AHHOTauuA

PaccMmarpuBaeTcst mpobiiema TeoQH3MYecKoro MOHHTOPHHTA WMITYJIBCHBIX HCTOYHHUKOB,
HECYIIMX T'€OIKOJIOTHICCKUE YTPO3bl IS OKpYXalomleld comuaabHOH MHPPAcTpyKTypel. B
KayeCTBE TaKUX HCTOYHHMKOB MOI'YT BBICTYNAThb KapbePHBIE MU INPOMBIIJICHHBIE B3PBHIBHI,
MafaoIie Ha 3EMII0 OCKOIKM KOCMHUYECKHUX TE€d MU JOp., ABJLAOIIUECS MOIIHBIMH
HCTOYHHMKAMHU CEHMCMHMYECKMX M aKyCTHYECKHX BOJH — JAJle€ CEHMCMOAKyCTHYECKHX BOJIH.
OCHOBHBIMH 3afadaMH 3[€Chb SBIAIOTCI OOHApyKCHHE, OIpPEJCICHHE MOIMHOCTH |
MECTOIONIOKEHU MCTOYHUKOB. PaccMaTpuBaroTCs BOIPOCHI IIOBBILIEHUS TOYHOCTH U
JaJIbHOCTH 06Hapy>1<eH1/m " JIOKallUKM UMITYJIbCHBIX HMCTOYHHUKOB C Y4YE€TOM I1apaMETPOB
TEOMETPUM  PACCTAHOBKM  PETHCTPHUPYIOINMX [JaTdYuKOB MW  HM3MEPEHHA I1apaMeTpoB
CEMCMOAKyCTUUECKUX BOIH. IIpenjoskeHHBIE TEOPETHYECKHE IOAXOABl K PEIICHUIO 3a1a4
pPEaNM30BaHbI B YCIIOBUAX HATYPHOTO KCIIEPUMEHTA.

Keywords
WNmMnynscHble KomeOaHWs, ceificMOaKyCTHUYecKas JIOKAlMs, IOJAPH3AMOHHBI METO,
II0JIEBOM IKCIIEPUMEHT.

1. BeepeHue

[TpobieMa reopU3NUECKOr0 MOHUTOPUHTA OKpYIXKAIOIIEH Cpellbl B MHPE CBsI3aHA C M3yUYCHUEM
9KOJIOTUYECKOM TPOOJIEeMBI — BJIMSHHUS pa3HOTO KJjlacca HCTOYHUKOB, ITOPOXKIAIONIMX MOIIHBIC
BHOpammu (ceficMMYecKrue BOJHBI) B 3eMJIe M aKyCTHYECKHe B arMmocepe, Ha OKPYKAOIIYIO
COLMAJIBHYIO CpPENY M Ha YeJOBEKa. B kadecTBe TakMX WCTOYHMKOB MOT'YT BBICTYNATh KapbepHBIC U
MIPOMBIIIJICHHBIE B3PBIBBI, TAMONINE HA 3eMJIFO TeJla IPH CITYTHUKOBBIX 3AITYyCKaX, OCKOJIKH KOCMUYECKUX
ten u ap. [1-3]. OcHOBHBIMU 3aa4amu 3[eCh ABISIOTCSA OOHAPYXKEHHE, ONPEICICHUE MECTOMONOKEHUS 1
MOLIHOCTH UCTOYHHKOB.

B pemenun 3amadn reosIOKaIiy OJHAM W3 OCHOBHBIX SIBIISICTCS IMOHATHE (ha30BOr0o GPOHTA U MOJ00US
BOJIH B Cpelle UX PaclpoCTpaHEHUs OT UCTOYHMKA. [1071001e CHTHAIOB IIPH 3TOM OLIEHHUBAETCS (hyHKITHEH
KOT€PEHTHOCTH CHUTHAJIOB Ha BBIXOJaX PETHCTPUPYIOIIMX AATYUKOB. B 4acCTHOCTH, Ha 3TUX MPUHIUIIAX
OazupyeTcsl MOIXOJ K ONpEleNeHUI0 HalpaBJIeHUS Ha aKTUBHbBIE MCTOYHHKH IO UX MPeodialaroliuM
CIIEKTPATBHBIM COCTABJISIOIINM I1yMOB [4]. JIpyroii MOAX0/ K peLICHHIO pacCMaTpUBAeMOii 3a1auH CBs3aH
C TeOpHeH KOPPeSIIUOHHO-PKCTPEMAaITFHBIX CUCTEM [5], B OCHOBE KOTOPHIX JISKUT BBIYHCICHHE (QYHKIINH
B3aUMHON KOPPENSAUU CIy4alHBIX MPOLECCOB W OIpeesieHUs] KOOPAMHAT TIABHOI'O 3KCTpeMyMa 3TOU
GYHKIMH, XapaKTePU3YIOIIHUX [TOJIOKECHUE JIOUPYEMOro UCTOUHHKA. B pabore [6] monoxeHue ucrounnka
KolleOaHW OmpeeNnseTcss 10 BpeMeHaM IPUXo/a MOoNepedHol U mponoibHoi BoH. Crocod rumepbo,
MpeUIOKEHHbIH B [7] CBs3aH ¢ moONydeHHEM pPa3sHOCTEH BpeMeH MNpuxojaa P-BOJIHBI OTHOCHTEIHHO
OIOpHOro ceficMonpuemMuruka. B pabore [6] st ompeneneHuss KOOPAWHAT NPHBOMUTCS BapUaHT
peanu3ay MeTola THIepOos ¢ UCIOIb30BaHUEM JAHHBIX OT YETBIPEX MPOCTPAHCTBEHHO Pa3HECEHHBIX
JaTYuKoB. ABTOpaMH maTeHTa [8] A TOBBILEHUS TOYHOCTH IICJICHTallMd OOBEKTOB TO JIaHHBIM
celicCMMYeCcKUX KoJieOaHWil TpelyIaracTcsi yCTPOWCTBO C TpEeABAPUTENHHOW alalTUBHON (uibTparueit

6" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2024), July 01-05,
2024, Irkutsk, Russia
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CUTHAJIOB, COCTOSIIICH M3 (PUIBTPOB HIDKHUX YacTOT M CIVIaXHUBamoIero Quibrpa. OT(UILTPOBAHHBIC
CUTHAJIBI MOCTYIAIOT Ha BXOJ MHOIOKaHAJIBbHOT'O KOPPESIMOHHOTO M3MEPUTENST PAa3sHOCTH BPEMEHHBIX
3amna3abIBaHuil.

B Hacrosimielt paboTre mpemiararoTcss TOAXOAbI K PENICHWIO 3a7ad TOBBIIICHHS JalbHOCTH
OOHapyXEeHHsI M1 TOYHOCTH JIOKAIIUW MMITYJIbCHBIX HCTOYHUKOB C OJIHOBPEMEHHBIM Y4E€TOM CEHCMHUYECKUX
W aKyCTHYECKHX BOJH WM MPHHIMNA WX Mmomodus. Bwicokas 3(h(HEeKTHBHOCTH MPEAJIOKEHHBIX TOAXO0JI0B
JI0OKa3aHa pe3yabTaTaMHi HaTyPHBIX SKCIIEPIMEHTOB.

2. MNocTaHOBKa 3a4auun reosoKauum

C momomiplo JTHMHEHKHA MPOCTPaHCTBEHHO-PACIIPEICICHHBIX BEKTOPHO-(Aa30BbIX JATYUKOB B
3emJie U aTMoc(epe perucTpUpyeTcst BOIHOBOE I10JI€, MPEACTABIIEMOE B BUJIE BEKTOPHON (DYHKIINH :

A(x, y’Zat):{Ak [Xk(ti)! yk(ti)lzk(ti)]}i ()
rae i=1..N — MHOXeCTBO JUCKPETHBIX 3HaueHUH QyHKimii, K=1..M — umciio 1aT4uKoB B JHUHEIKE
[Xk (ti)v yk (ti)! Zk (t|)] .
B kadecTBe HauyaIbHOIO HAa OPHEHTAIMIO JATYMKOB HAKJIA/IBIBACTCS YCJIOBHE: KOMIIOHEHTa X
OpUEHTHUpYETCS Ha ceBep, Y — Ha BOCTOK, Z — BepTUKaIbHAs KOMIIOHEHTA.

Koopnunarhsle QyHKIMM Kak pe3ylbTaT PErHCTPalld CEHCMHYECKHX KoJeOaHWH B 3eMile C
Y4€TOM XapaKTEPUCTUK PErHCTPATOPOB ONMCHIBAIOTCS B BUJE:

X (t) = A (K)h L[s(t —at, ) +n, (t)]. )
3nech Ay — aMILTHTYy/1a KojieOaHus 10 KOMITOHEHTe X Ha K-OM JIaT4HKe, Ny — 4yBCTBUTEIBLHOCTD
natuuka, L — oneparop ¢umbrparmn curnana, S(t, —at,) —monesnsiii curnan, N(t) — BHEMHMIT UTym

C KOpPEJSAIMOHHON (pyHKIMEH (7).
Pemenne 3amauM JNOKalMu pacmanaeTcs Ha peIICHHE 3a7ad OIpeleNieHHs IeJieHra W Ha
BBIYHCIICHHS PACCTOSHUS 10 HETO.

Jan Bextop C, ompemensromuii pacCTaHOBKY CEMCMHUYECKMX U AKYCTHYECKHX JAaTYMKOB Ha
nnockoctd. Heob6xonumo onpenenmTs BpeMeHa BCTyIuleHui ceifcmuueckux L u akyctmueckux L

BonH. Ha OCHOBE BBIUMCICHHBIX BpPEMEH OIPEACIINTG KOOPAHWHATBI HCTOYHUKOB. YpaBHeHHe
MUHHUMU3AUN HEBA3KU UMECT BUA.

A( XC ! yc) = ‘{Kc_ucm ’ _c_ucm } - {Xc_u;w ! yc_u;m}

rae {Xc_ucm, yc_ucm} — BCKTOp HCTHMHHBIX 3HAYCHUM KOOpAMWHAT, {Xc_uw, yc_m}— BEKTOP

— min, (3)

BBIUMCJICHHBIX 3HAYCHUIN KOOpAWHAT.

3. MeTtoguka pelwieHUA 3aga4um
3.1. NpepobpaboTKa AaHHbIX U BblaeNeHMe MHGOPMATUBHbIX NPU3HAKOB

Onmna w3 3amad — OOHApY)KEHHE — CBs3aHA C MOBBIIICHUEM COOTHOIICHUS «CHTHAJ/IIYyM»,
XapaKTePU3YIOIIEr0 TOYHOCTh AITOPUTMOB OOHapykeHHs. J{J1st 3Toro HeoOXouMa TpeIBapuTeIIbHas
00paboOTKa JaHHBIX Ha OCHOBE HCIIOJB30BAHUS CIIEKTPAIBHBIX XapaKTEPUCTUK OT 3aJaHHbBIX
MCTOYHHMKOB. VIMITyJIbCHBIE MUCTOYHHUKH TIOPOXKIIAIOT B CPEE BOJHBI, MOJICTb KOTOPBIX OIMHMCHIBACTCS
3aTyxarolei QyHKIued BpeMEHH, Ha KOTOPYIO, K TOMY K€ HAKJIAJIbIBAIOTCS BHEUIHUE IIyMBL DTO
omnpenessieT HeoOXOAMMOCTh HCIIOJIb30BaHHS XapAaKTEPUCTUK KONEOaHWl Ha OCHOBE OKOHHOTO
CHeKTpaibHOTO aHanmu3a dypbe A7t MPOCIIeKUBAHUS TMHAMUKA M3MEHEHHSI CIIEKTPa BO BPEMEHH.

Jlpyro#i moaxo/ K BBIICICHUIO MH(POPMATHBHBIX NMPU3HAKOB M YMEHBIICHUIO YPOBHS (DOHOBBIX
IIyMOB CBSI3aH C KCIIOJBb30BAHUEM BeWBIET-IpeoOpa3oBanus. OOpabOTKa CEHCMHUYECKHUX JTaHHBIX
OCYILECTBIISICTCS C MPUMEHEHUEM BeWBIET-(DUIBTPALlNM, OCHOBAHHOW Ha JUCKPETHOM BEHBIET-
Pa3NoKEHUH CHT'HAJA 110 CJIOSM JICTaIn3allii, YTO MO3BOJISICT MOBBICHTH OTHOIICHHE CUTHAJI-IIYM B
pexxuMe 00pabdOTKM IO OAMHOYHOMY KaHaiy. [lopsok u ypoBHM BeliBieT-koddduipenTo
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BBIOMPAIOTCSI HA OCHOBE aHaiu3a (QYHKIHU PACIpECICHUs SHEPIUU aHAIM3HPYEMOro CHUTHAlaA 1o
YPOBHSIM Pa3JIOKeHHUs ¢ yIETOM mopsiika Beiirieta [9].

OOHapy)XeHHE CHIHajla OCYLIECTBISIETCSs HAa OCHOBE  HCIOJIb30BaHHUS — [TOPOrOBOrO
AHEPTreTHIECKOrO KPUTEPHSI.

3.2. JloKauusa C unucnojsib3osaHnem NIUHENKHU NPOCTPAHCTBEHHO
pacnpeaeneHHbiX O4AHOKOMMNOHEHTHbIX AdTYUKOB

Jlokamusi ¢ MCTONB30BaHUEM JIMHEHKH MPOCTPAHCTBEHHO PacIpeIeiIeHHBIX OJHOKOMITOHEHTHBIX
JIATYMKOB TMpPU HMX JIMHEHHONW pPacCTAHOBKE OCYIIECTBISIETCSI HA OCHOBE TMOCTPOSHHSI JUarpaMMbl
ko3 ¢urmenra HanpasieHHoro aericteus (KHJ). 3aBucumocts KH/I ceiicMuyeckoli aHTEHHBI M3 n
PaBHOMEPHO PACCTAHOBJICHHBIX JATYMKOB OT BPEMEHHOM 3aICP)KKH MPUXO0JIa BOIHBI MEXIY JBYMSI
COCEIHUMH JaTYMKaMu BeIYucsieTcst cornacHo [10].

Brruncnenne ko3¢ uinenTa HalpaBIEHHOT 0 AEHCTBUSI IPOU3BOIUTCS 11O (pOopMYyIIe:

KHJ.=E,, [E,.. 4)

PaccmarpuBaercss MommduKanms aiaropuTMa, OCHOBAaHHAs Ha B3aMMHOM ITEPEMHOKCHUHU
COOTBETCTBYIOIIMN OTCUETOB CEMCMOTpacc:

E,, =Y (fi(t,))* f2(t, + At)y*..* f, (f, + At-(k-1)))* . (5)

IIpumep pacueta muarpamMel KH/I B ciyyae MCnonb30BaHHSI OJHOM JIMHEWKH W3 3 JTATYUKOB C
maroM paccrtaHoBkd 105 MeTpoB Ha JaHHBIX MOJEJIBHOI'O SKCIEPHUMEHTa C MCIOJIb30BAHUEM
ummnysbca bepnare npuBeneH Ha puc. 1 (a), B ciiydae OIHOM JMHEHKH U3 5 HaTYMKOB C IIarom 35
MeTpoB — Ha puc. 1 (0). CooTHOIIEHHE «CUTHA/TITYMY 3a/1aBajioch paBHbIM 40, yron — 45 rpaaycos,
ocHoBHasg yactora — 12 ['m. U3 pucyHKOB BHAHO, 4TO B NEPBOM CIIydyae TOYHOCTH OMpeAeTICHUS
HalpaBJeHUs] HAa UCTOYHUK oKa3zajach Bbime Ha 0,07°. TodyHOCTH OmpeneseHUs HalpaBlIeHUs Ha
MCTOYHUK B 3aBUCHUMOCTH OT IIara PacCTaHOBKHU M KOJMYECTBA TOUEK PETHCTPALMH KOPPEIUPYET C
pe3yabTaTaMy aHallu3a JAHHBIX MTOJIEBBIX UCCIIEIOBAHMUI.

CoBMecTHBIIT ydeT pe3ynbTaToB BbhuHCiIeHHd cormacHo [10] m mo dQopmyme (5) npum
UCIIOJIb30BaHUH JIBYX B3aMMOIEPIICHINKYSIPHBIX JTMHEEK MPOCTPAHCTBEHHO Pa3HECEHHBIX JAaTYMKOB
c o0miell cepeIMHHOM TOYKOW MO3BOJISET OMpPENesATh HallpaBJIeHWEe Ha MUCTOYHUK. [IpuMep paboTer
anroput™Ma il cioydas oOpaOOTKM JaHHBIX OT 5 JIaT4YMKOB, PACHOJIOKEHHBIX Ha B3aWMHO
NEePIeHUKY/ISPHBIX JMHEHKaxX 1Mo 3 jaTyuMka B KaXIOi, mpeactaBieH Ha puc. 1 (B, r). JaTyuku B
JUHEeKkax pacroyarajuch Ha paccrosHud okono 103.5 merpoB apyr or gpyra. Hcrounuk
pacrosarajcst Ha pacCTosTHUH 0K0ji0 800 METPOB OT LIEHTpa paCCTAaHOBKU JATUYNKOB.

Ha puc. 1 (B) mokaszaH mpuMep BBIYHCICHHOW JUArpaMMbl HAMPABJICHHOCTH IO CEWCMHYECKOM
BojHe, Ha puc. 1 (r) — MO MOBEPXHOCTHOW AaKyCTHYECKOW BOJIHE. VICTUHHOE 3HAYCHHE YrJia
coctaBisier 269°. BugHO, YTO Ha OCHOBE CEWCMHUYECKHX KOJNEOAHWU TOYHOCTH OMPEIICIICHUS
HAIIPaBJICHUsI HAa MCTOYHUK BbIIEC (OTKIOHEHHE cocraBisieT 1°), 4YeM Ha OCHOBE aKyCTHYECKHX
(otkioHeHue cocraBisieT 4°), 4TO OOBACHSETCS OMOJHUTEIBHBIM BIHMSHUEM METCO(paKTOpOB, B
YaCTHOCTH BETpa, Ha paclpocTpaHEHHE aKyCTUIECKHX KOIeOaHu .

3.3. CeicMMuYeCKaa NOKaLMA HA OCHOBE TPEXKOMMNOHEHTHOM BEKTOPHOM
nonapusaumu

B ocHOBe pemienus nexUT MOMSAPU3AIMOHHBIN METOJI OTIpeieNIeHNs MejieHra Ha ncroynuk [11]. B
MPSIMOYTOJBHOM CHUCTEME KOOPAMHAT TPAaeKTOpUH KoyiebaHwii (1) omMChIBAaIOTCS MOJHBIM BEKTOPOM
KoJleOaHui A ¢ TIPOSKITUSMH Ha TOPHU3OHTAIBHBIC H BEPTUKAIBHYIO COCTABIISTIONINE Ay, Ay, A; TTO OCSIM
X, Y, Z. JlaHHBIE M3MEPEHHH TIPECTABIITIOTCS B BUE HaOOpa TOYEK, MPOCTPAHCTBEHHOE TTOJIOKEHHE

KOKIOW W3 KOTOPBIX XapaKTepus3yeTcs paauyc-BekTopom A = (Xi Vi Zi). CraButcs 3amaua

OIIpeCIICHUS HaIlPaBJICHU, 3a1aBA€MOIr0 €IMHUYHBIM BEKTOpOM [P = ( Pyr Pys pz) MOoIApU3aIUM TakK,

YTOOBI CyMMa KBaJpaTOB PACCTOSHUM BCEX TOYEK OT MPSIMOM, MpOBEAEHHOW B 3TOM HaNpaBJICHHUH,
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ObUTa MUHUMaIbHA. J1J1s1 aBTOMaTH3aIMK IPOLEAYPhI pellieHre peaiaracTcsi HCKaTh ¢ IPHMEHEHHEM
MeTOoJla HauMEHbIIUX KBajpaToB. Ilpumep pesynbTara paboThl aNropurMa B BHUIE MOISAPOrPaMMbl
npuBe/ieH Ha pucyHke 1 (). PaccTosiHrE 10 HCTOYHMKA COCTABIISLIO OKOJIO | KHIIOMETpa.

Direction: 45.1°/ 314.9° Direction: 44.83°/315.17 Direction: 268.0 Direction: 265.0

0 [ u [l [ —

PucyHok 1: a) pesynbTtat pacdeta KH/ Ha moAdenbHbIX AaHHbIX NO OAHOW NNHENKe, cocToAllen us 3
AaTunkom c warom 105 meTpos; 6) pesynbtaT pacdeta KHO Ha mMoAenbHbIX AaHHbIX MO OAHOW
NIMHelKe, cocToAwen us 5 gatumkom c warom 35 MeTpoB; B, I) onpeaeneHMe HanpaBiAeHMA Ha
WUCTOYHMK MO CEeNCMMYECKMM (B) M aKycTUYeckKMm (r) KonebaHuMam no AByM AuHeirKam. Llar
pacCTaHOBKM AaTYMKOB paBeH 103,5 MeTpoB; 4) Npumep Nossporpammsl

4. 3aKknwouyeHue

B pabote paccMoTpeHa mpoOiiemMa, CBA3aHHAs C T'€0AKyCTHUECKUM MOHMTOPMHIOM pa3HOTO Kiacca
HWMITYJIbCHBIX HCTOYHHMKOB - KapbEepHBIX M TOJMTOHHBIX B3PHIBOB, IPOMBIIIJIEHHBIX B3pPHIBOB U JIp.
PaccMoTpena 3amada MOBBILCHHUS JAIBHOCTH OOHAPYKEHHUS M JIOKAIMM TaKWX HCTOYHHMKOB. [IpoBenen
CPaBHHUTENbHBII aHAJM3 TOYHOCTH Pa0OTHl aNropuTMa HAa IAHHBIX CEHCMHMUYECKMX M aKyCTHYECKHX
kosiebaHui. MccnenoBana 3aBUCUMOCTh TOUHOCTH padOThl aIrOPUTMa Ha MOJENIbHBIX JaHHBIX U JTaHHBIX
peanbHOro AKCIEPUMEHTA OT KOJIMYECTBA M CIOJb3YEMBIX B JIMHEHKE JaTUMKOB U OT 11ara UX PacCTaHOBKU.
Ilo pesymbraraM HaTypHBIX OKCIIEPUMEHTOB IIOKa3aHa BBICOKas 3((EKTHBHOCTH MPEATIOKEHHBIX
MOAXO/I0B.
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3awuTa oT aTaK c ucnoiab3oBaHuem omornndos Ha
moaenu NLP
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y. Anexcanopa Comicenuybina, 0. 25, Poccutickas edepayus

AHxxorannsg

B crarbe paccmaTpuBaercs mpobieMa aTak Ha CUCTeMbl 00paboTKu ecTecTBeHHOrO s3bika (NLP) ¢
JICITOJIb30BaHMEM BU3YaJIbHO IIOXOXKIIX CMBOJIOB — oMoringoB. OMoriangsl Ipeacrasisior coboi
I‘pa(b]/I‘IeCKI/I VIOJEHTUYHBIE VIV IIOXO0XKVE€ CYIMBOJIBI, IMEOIIIIE pa3Hoe 3HaueHne. B crarbe HpI/IBOI[I/ITCH
aHaJIN3 CyHIECTBYIOIMX METOJOB 3allIMIThI OT TAaKUX aTaK U IIpeajaraeTca HOBBIN IIOOX0O Ha OCHOBE
mopenu T5, 06yUeHHOII 10X KOPPEKTUPOBKY opdorpadpmuecKkyx oLIMOOK Ha aHIVINIICKOM SI3BIKE.

Kniouesble cnoBa
O6pa60TKa €CTECTBEHHOI'O A3bIKa, 3alllMiTa OT aTaK Ha A3bIKOBBIEC MOOEJIN, OMOI‘JII/I(be,

1. BBeaenue

C pasButueM riryGOKMX HEMPOHHBIX CeTell B 001acT 06paboTKI eCTECTBEHHOTO I3bIKa [1]
CTaJIO SICHO, UTO ITOXOOHbIE CUCTEMBI YSI3BUMBI [IJII aTaK, MCKaKAIOIMX BXOTHbIE JaHHEIE.

Panbiire ataky Ha S3BIKOBBIE MOENN ObLIN 3aMETHBIMI JISL UeJIOBEUECKOTO I1a3a, Halpi-
Mep, opdorpadpuueckne ommbky uiau mepedpasuposanus. Ceituac sxe HaOUPAIOT IOIYJIIAP-
HOCTb aTaKM C MCIIOJIb30BaHMEM OMOIIN(OB — rpaduyecKy OXMHAKOBBIX YN IIOXOKIUX APYT
Ha [Ipyra 3HaKOB, MIMEIINX pasHoe 3HaueHne. OHM He3aMeTHBI [UIs YeJIOBeKa, HO OLIyTIIMO
pasnmyaroTcs mpu obpaboTke.

B03MOXHOCTh I3MEHUTH TEKCT, HEe M3MEHSS €r0 BU3yalbHO, MOXKET ObITH MCIIOIb30BaHA
MHOTVIMI 3JI0yMBIIIUIEHHUKaMI JJIsT 00X0a MeXaHU3MOB (UIbTpALMM KOHTEHTa, HEKOp-
PEKTHOTO MAIIMHHOTO IIepeBO/Ia, YXyALIEHNS KauecTBa 3alIPOCOB I MHAEKCALN IIOVICKOBBIX
cucrem. CorsacHo craThe [2] MHOTHE CHCTeMBbI 00pabOTKIL €CTeCTBEHHOTO 3bIKa He 00paIaioT
BHIUMAaHSI Ha BO3MOJKHBIE ITPOGIIEMBI: OT CHIDKEHNS IIPOM3BOANUTEIBHOCTY O HEKOPPEKTHOI
paboTsL.

[ToHMMaHMe CYILIHOCTY aTaK C UCIIOIb30BaHMEM OMOIII(OB I MX MOTEHIMAIBHBIX IOCIIEN-
CTBUII 7151 6E30IIaCHOCTM CUICTEM CTAHET KIIFOUOM It pa3paboTku 3¢(HeKTMBHBIX METOIOB

6" International Workshop on Information, Computation, and Control Systems for Distributed Environments
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3aIllITHI. Ananus PE€aJbHBIX CIIyUa€B aTaK C MICIIOJIb30OBaHMIEM OMOI‘JII/I(i)OB IIOMOJKET BBIIBUTDH
Hauboee YA3BUMbIE obyacTu 1 pa3pa60TaTL COOTBETCTBYIOIIMIE MEPBI HpOTI/IBO,D;ef/lCTBI/IH.

2. llpepnaraembiint noaxon

B craTtbe mpepniaraeTcst HOBBIN ITOAXOM 3aIIUTHI OT aTakK C MCIIOJIb30BaHMeM OMOTINQOB Ha
ocuoBe momenu T5. Mogenpb T5 — text to text transfer transformer [3, 4], npencrasiser coboit
npenobyuennyio komaumoit SberDevices [5] Momesns, KoTopas criocoGHa KOPPEKTIPOBATH
op¢orpaduueckme oUIMOKI Ha aHIVIMIICKOM A3bIKe. [[J1 reHeparmy o0yJarolero Kopyca
CYILIECTBYET ABa Pa3HbIX aJITOPUTMa: C MCIOJIb30BAHMEM CJIIYUaIHOM 3aMeHBI CIMBOJIA Ha €TI0
omoraug 1 Ha OCHOBe TeHeTNUecKoro anropurma [6]. CocraBieHHBIN CI0Bapb OMOIIN(OB
paccumMTaH Ha 3aMeHY JIATMHCKIX CUMBOJIOB. B cpenteM 1o 6 oMmorangoB Ha KaXKIbIil CUM-
BoJI. Pa3smep obyuaroriero kopiryca mpessiiiaet 400 ThIC. 3JIeMEHTOB (AITOPUTM CIIYYaTHO
3aMeHBI).

ITpoMeXyTOUHBIIT pe3yIbTaT IIOCJIEe IIePBBIX ITOIBITOK O0YUYEHMs COCTABIIET CBBILIE 80%
(Accuracy). ITonyueHHbIe pe3ynbTaThl JEMOHCTPUPYIOT IEPCIEKTUBHOCTH BHIOPAHHOIO IIOT-
xoja 1 3¢ PeKTMBHOCTD MCIIONIb30BaHMS MoAeny T5 I pellleHNs 3a0auy 3allUThI OT aTak
C UCIoTb30BaHMeM oMoTIndoB. OmMHAKO, HECMOTPS Ha MO0 TEeNbHbIE Pe3yIbTaThl, He00-
XOOUIMO HaJbHeJiIlee pa3BUTIE IIPOEKTa, BKIIIoUallee B ceOst paboTy ¢ pyCCKUM SI3BIKOM
(xMpunnuIelt), paciiypeHne CyLLeCTBYIOUIEro CIoBaps OMOIIN(OB, reHepalyio 60JIbIIOTO
o0yuarlero KopIyca ¢ UCII0JIb30BaHIEM TeHEeTUUECKOTO alTOpPUTMa, JOOaBIeHIe HOBBIX
MEeTpPUK B IIPOL[ECC OLIEHMBAHMUSA PAOOTHI MOJEIN M ONITUMMUSALNI0 MO,

3. 3aknwueHue

Taxum 06pa3om, IpeIJIoKeHHBII II0JX0 Ha OCHOBe Mofey T5 aBifeTcs mepCrleKTUBHBIM
HaIIpaBJIeHMeM I paspaboTky 3¢(eKTMBHBIX METOMOB 3aILNTHI OT aTak C MCIIOIb30BaHUEM
omorandos. [JanpHeliee pa3BUTIe IIPOEKTA IIO3BOJIAT PACIINPUTE 00IaCTh IPUMeHEeHNS
IIpeJJIOKEHHOTO MeTOJja M IIOBBICUTH YPOBEHb 0€30IIaCHOCTH CHCTeM 0OpabOTKI eCTeCTBEeH-
HOTO f3BIKA.

bnaropapHocTm

Pa60Ta BBIIIOJIHEHA B paMKaX FOCYJIapCTBEHHOFO 3agaHuAg MMHMCTepCTBa HaYKI/I 1 BBICILIETO
obpasoBanms Poccuitckoit Pemeparin (tema Ne 1023110300006-9).
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CpasHeHue mogenen Urposoro UckycctBeHHOro UHTennekra

Astexceil JInasBCKmiA *

! Upxymcxuii 2ocyoapcmeenmuiil ynusepcumem nymeii coobujenus, yi. Yepuviuiesckozo, 0. 15, Hpkymck, 664074,
Poccusa

AHHOTauuA

PaccmaTtpuBaroTcss  CyIIECTBYIOIIME MOJCTH HWIPOBOIO HCKYCCTBEHHOTO HHTEIIICKTA.
[IpuBeneHo kpaTkoe omucaHue 0a30BOH pealn3and W padOTBl MOJENCH HIPOBOTO
uckycctBenHoro unreiuiekra Finite State Machine (FSM), Behavior Tree, Utility Al, Goal-
Oriented Action Panner (GOAP), Hierarchical Task Network (HTN). Jlias kaxxmoit momgenu
BEBIZICJICHBl TTOJIOKHUTENBHBI W OTPHUIATENbHBIE CTOPOHBI Pa3pabOTKH, HalbHEHIIEro
MOAJEepXKaHUA M HCIONB30BaHUs. [Ipou3BenéH aHammM3 © CpaBHEHHE CO CTOPOHBI
PaIlMOHAILHOTO areHTa Ha OCHOBE OMUCaHUs 0a30BOM pean3aliy KaKIoH MOJIeIH.

KntoueBble cnosa

Urposoit HckyccrBeHHbI MHTEmIEKT, MCKyCCTBEHHBIH HHTEIEKT, cpaBHeHne, GOAP,
Behavior Tree, HTN, Utility Al, FSM.

1. BeBepgeHue

[Ipu BBIOOpPE HCKYCCTBEHHOTO WHTEJUIEKTa JUIS YMPaBICHHS WIPOBBIM MEPCOHAKEM  HIIH
aBTOHOMHBIMH POOOTaMHU CYIIECTBYET MpoOjeMa BBIOOpa HCKYCCTBEHHOT'O HMHTEIUIEKTa, KOTOPBIH
OyzeT NpUHUMATh PELICHUs O JAIBHEHINX AeHCTBUSAX areHTa.

B nmanHON cTaThe MpeNCTaBI€HO CpaBHEHHE OOJBIIMHCTBA TMOMYJSPHBIX MOJIENEH HIPOBOTO
HCKYCCTBEHHOTO MHTEJJIEKTA.

2. Mopgenu

CpaBHeHre OyIeT OCHOBaHO Ha CJIEAYIOIUX MOJIEISIX UTPOBOTO UCKYCCTBEHHOTO HHTEIUIEKTA:
FSM - Anmapat KOHEYHBIX COCTOSHHIA;
Behavior Tree — [lepeBo moBeieHuS
Utility Al — YTunutapHblii HCKYCCTBEHHbIH HHTEIICKT;
GOAP — OpuenTupoBaHHbBIH Ha 33J1a4€ ITAHUPOBIIUK JICHCTBUMH;
HTN — Cetb uepapxudeckux 3aau.
Kaxnas monenp, onmucaHHass HMXKE, MPEACTABICHA B CBOEM "MUHUMAJIBHO KOMIUIEKTAIMH'",
MTOCKOJIBKY ISl OOJNBIIIMHCTBA peaiu3alfii 3TH MOJETN HEMHOTO MOAU(DHUIMPYIOTCS, W CpaBHEHHE
TaKOro KOJINYeCTBa MOIUGUKAIIMN HE MPEICTABISICTCS BO3MOMXKHBIM.

aprwdE

2.1. FSM

Finite State Machine (FSM) [1, 3] cunTaeTcs omMHMM M3 CaMbIX NMPOCTBHIX PEATH3ALMIA UTPOBOTO
MCKYCCTBEHHOT'O MHTEIIJICKTA.
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Kaxnoe cocrostare FSM omnuckiBaet JieiicTBHUE HCKYCCTBEHHOTO HHTEIUIEKTA M IMEET BO3MOXKHOCTh
MepexoJia B IPYroe COCTOSIHUE (MITA COCTOSIHUSA ).

Jliis mepexojia MeXKAy COCTOSIHUSMU JIOJDKHO OBITH COOJIIOJIEHO YCIIOBHE MEPEX0/Ia.

FSM obGecrieurBaeT 10CTaTOUHYIO M'MOKOCTh pa3pabOTKU M MCTONB30BaHMS MPHU MaJlbIX 3aTparax
pecypcoB.OHAKO pacIIMpeHre MOJAOOHONH MOJENH HCKYCCTBEHHOI'O HHTEJIEKTa HEBO3MOXKHO 0e3
MPSIMOTO B3auMozeicTBUs ¢ kogoM FSM. Dto, B cBorO ouepe/n, BICUYET 3a COOOH YBEITUUCHUE 3aTPaT
Ha pa3paboTKy MOMOOHON Monenu, a pacmmpenue Oombimoro FSM MoxeT emé W 3HaYMTENBHO
3aMeITUTh Pa0OTy HaJl MOJIEIBIO.

2.2. Behavior Tree

BT (Behavior Tree) [1, 3, 8] mpencraBnsier coboii JepeBo, KOTOPOE COCTOUT U3 T00t (KOpHS), node
(TexHMYeCKHX BepiInH) U leaf (BepmuH-THCTHEB).

Root BeImosHAET poab OECKOHEYHOTO IIUKIIA B A€pPEBe, MOCTOSIHHO TIepeOdupas ero IeTel-BepIIvH B
3aBUCUMOCTH OT OTBETa, KOTOPHI OHM BEpHYT. node comepiar B cebc ONMMCaHWE BO3BPALIAEMOTO
OTBETa U MOPSIOK nepedopa Aerer-BepuuH. O0sI3aTeIbHO CONCPIKUT XOTS Obl 1 BepIIMHY B IETSIX.

Leaf ommchIBaloT HEMOCPEICTBEHHO [CHCTBHE, KOTOPOE HEOOXOIMMO BBINOIHHUTH, @ TaKKe
decorator - ormucanue BHIMONHEHHS ACHCTBHAL.

Leaf moxer BepayTh 3 cocrosaus: Succsess (Ycmex), Failed (veymaua) u Running (B mporiecce).
Otu cocTosHUA oOpadaTeiBatoTcs decorator, ocie 4ero oH ux rnepenaét B node. node, B 3aBHCUMOCTH
OT MOJIyYSHHOTO OTBETa, MIEPEXOIUT KO0 K CIEAYIOIEeMy CBOeMy peO&HKY, IH00 BO3BpAIIaeT OTBET
cBoeMy poauTento. M Tak, moka OTBET HE TOCTUTHET T00t.

[epeBo moBeNeHUsT MOXKHO MPEACTaBUTh KaK "MaMsATKy MHpU Hoxape", KOTOPOH CIedyeT areHT
UCKYCCTBEHHOTO WHTEJIEKTAa. JTO IO3BOJISIET JOCTATOYHO TOYHO OMNKCATh BCE HEOOXOIMMBIC
ILCf/iCTBPIS[, KOTOPBIC I/ICKyCCTBCHH])II‘/'I HUHTCJIJICKT JOJDKCH MPESANPUHATD.

HepeBbs oBeieHUS] TPEOYIOT OT areHTa MCKYCCTBEHHOTO MHTEIUIEKTa 3HAHHS 00 OKpYIKAroIeH
cpene, 4To TaKke TpeOyeT W OpPHEHTHUPOBAaHHE HMCKYCCTBEHHOTO HMHTEIUICKTA. Tarke HeoOX0oanMm
00BEKTHO-OPHEHTUPOBAHHBIA TOAXO/ TP CO3IaHUM BEPIUMH, a 3HAYMT Ui JlepeBbeB MOBEICHUS
HEOOXOJIUM BBICOKOYPOBHEBBIH SI3bIK MPOTPAMMUPOBAHHSI.

2.3. Utility Al

Konnermust Utility AT (UAI) [5, 6] nocraTouno mpocra:

ATEHT MCKYCCTBEHHOTO HMHTEIIEKTa 3HAET O KaKWX-TO BO3MOXHBIX €My JIEHCTBHSIX, CPaBHUBAET
PEIeBaHTHOCTD (BEC) 3TUX ICHCTBHU, HAXOIUT HAHOOJIEe EMY ITOIXOISIIEe U BBIIOJIHSIET 3TO ICHCTBHE.

PeneBaHTHOCTHP MOXET OBITH TPEACTaBICHA HEIWHEHHONW 3aBHUCHMOCTBIO OT HECKOJIBKHX
MEPEeMEHHBIX, YTO TO3BOJISIET TMOKO HACTpanBaTh "IEHHOCTH" JAEWCTBUH B TIa3ax HCKYCCTBEHHOTO
WHTEJUICKTA.

UAI ofecneunBaeT THOKOE TIOBEACHHE HCKYCCTBEHHOTO WHTEIUIEKTA B 3aBHCHUMOCTH OT
OKpY)KarIel cpeapl, a pacmupeHne Bo3MokHocTeld Moaenu UAI He 3aiimér Oosbmmx 3arpar
pecypcoB.

Omnako UAI He00X01uMO 3HATH BCE TOCTYITHEIE €My JIEHCTBHUS M CPAaBHUBATH X BEC MEXKITy COOO.
Wuave roBopsi, onTUMU3AIUS MTOMCKA ONITUMAIBHOTO JACHCTBUS MPU WX OOJBIIOM KOJIUYECTBE MOXKET
OBITh 3aTPYAHHUTENBHA. A TIOCKOJIBKY BEC H3MEHSIETCS KOXKAYIO YCIOBHYIO equHuIy BpemeHu, To UAI
MOJXKET IOKa3aTh HeA((HEKTUBHOE HCIIOJIb30BAaHHUE PECYPCOB Ha JIOCTATOYHO OOJIBIIIOM KOJHUYECTBE
neiictuil. Taioke, UAI nomkeH 3HaTh 00 OKpyXarmmled cpele, B KOTOPOM OH HaXOIWTCS, MHA4e
TOBOPSI, OH JIOJIKEH KaK-TO B HEHl OPUEHTUPOBATHCA.

2.4. GOAP

Goal-Oriented Action Planner (GOAP) [1, 2] cTpouT 1IenOYKY BBITIOIHAEMBIX ACHCTBUI UCXOS U3
TEeKYILeH 3a]1a4i areHTa HCKYCCTBEHHOTO HHTEIUICKTA.
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3amaya — HEKOTOpPOE KOHEYHOE COCTOSHHE, KOTOPOIO JKEJNAeT JOCTHYb areHT HCKYCCTBEHHOTO
uHTeekTa. Kaxnas 3anaya uMeeT HeCKOJIBKO MapaMeTpoB, Ha OCHOBE KOTOPHIX M OHA U BEIOMpaeTCs
IJIAaHUPOBIIUKOM 3a1a4: HauaneHoe coctosiHue arenta, Koneunoe coctosHue areHTa, Bec.

HauanbHoe cocTosiHUE — COCTOSIHKE, B KOTOPOM HEO0XOIMMO HaXOJUTHCS areHTy UCKYCCTBEHHOTO
UHTEJUIEKTA.

Koneunoe coctosiHue — cocTosiHMEe, B KOTOpOE MEpeHAET areHT MCKYCCTBEHHOT'O HMHTEIUICKTa B
Cllydyae ycliexa BBIIIOJHEHUS 3a1a4H.

JleficTBIE — HEIOCPEACTBEHHO JEMCTBUE, KOTOPOE BBIOJIHUT areHT UCKYCCTBEHHOI'O MHTEILIEKTA.

Kaxnoe nelicTBre COCTOMT M3 HECKONBKUX MapameTpoB: HenmocpenctBenHo neiictBue, Koneunoe
coctosinue, HauansHoe cocrosinue, Y ciioBre BBITOTHEHUS 1 Bec.

GOAP xoTp W mpoCT B CBOEH KOHIEMIMH, TpeOyeT paboTy ¢ OOBEKTHO-OPHEHTHUPOBAHHON
napaaurMoi, MOCKOJIBKY peanu3anus neiictuil u 3aaau 6e3 OOl npencraisieTcs 3aTpyAHUTEIBHOM.
Wnaue roBopsi, GOAP, B OoNbIIMHCTBE CiIydyaeB, MOXKET paboOTaTh TONBKO HAa BBICOKOYPOBHEBBIX
SI3BIKAX.

GOAP 1pelyer OT areHTa HCKYyCCTBEHHOT'O MHTEJIJIEKTA 3HAHUE O MHUPE, a IOTOMY €My He00X0AUMO
KaKoe-TO OpUEHTHPOBAHKE B OKpY’KaloLIel cpere.

Onnako, B3aMeH Ha BeIlIenepedncieHHble Tpeboanusi, GOAP obecriedunBaeT JOCTATOYHO
BBICOKYIO MHTEJUIEKTYalbHOCTh MCKYCCTBEHHOI'O MHTEIJIEKTA, @ TAKXKE OYEHb IPOCTO HKCTEHCHBHOE
pacimpeHne BO3MOKHOCTEH UCKYCCTBEHHOTO HHTEIJICKTA.

U, uro Toxe BaxkHo, GOAP Moker OBITh NMPUMEHEH HE K OJHOMY areHTy HMCKYCCTBEHHOIO
HHTEJUIEKTA, a Cpa3y K HECKOJIBKUM. JTO MO3BOJsieT NocTpouTh HA GOAP poeBoil HHTEIIEKT.

2.5. HTN

Hierarchical Task Network (HTN) [4,7] coctouT u3 IulaHa, KOTOPBIH BBIMOJHSACT AarcHT
HCKYCCTBEHHOTO MHTeluiekTa. [lman B cebe copepkut 2 tuna 3aaad: [IpumuruHble 1 CocTaBHEIE.
[IpumuTHBHBIE 3afaud, KakK MPaBUJIO, OJHMLETBOPSIOT COOOH KOHKPETHOE IEHCTBHE, KOTOPOE
BBIMOJIHSIET ar€HT UCKYCCTBEHHOTO MHTEIJICKTA.

CocTtaBHbI€ 331a4H BKIIOYAET B c€0s1 KaKk MPUMUTUBHBIE, TaK U APYTHE COCTaBHBIE 334a4H.

OOpa3oBaHHBIIl IUIAaH BBINIAAM KaK HMEPApXUUECKOE IPEJCTAaBICHUE MNAloK B OINEPALlMOHHBIX
CHCTEMax, 3a YTO U IOJIyYuJ CBOE Ha3BaHUE.

HTN mno3BossieT HICKYyCCTBEHHOMY WHTEJUIEKTY "MBICTHUTE" OoJiee aOCTpaKTHO, TaK, KaK 3TO JIeJIaeT
YeJIOBEK. DTO MO3BOJISIET NCKYCCTBEHHOMY MHTEIJIEKTY CO3[aBaTh JOCTATOYHO CIOKHBIE M JJIMHHBIE
LENOYKH JIeHcTBUH. A THOKOCTh 100aBJIEHHs 3a/a4 MOXKET CTaTh CHIIbHBIM IOJCIIOPbEM B BbIOOpE
UMEHHO JTaHHOMU MOJEIH.

B To xe Bpemsi, HTN, taroke kak 1 GOAP, TpeOyeT OpUeHTaIMIO B OKPY>KaIOIEM MPOCTPAHCTBE U
OOII. A pa3zpabotka HTN notpebyeT XopoIero crenuanicta, KOTOpbli IOHUMAeT, Kak padoTaeT 3Ta
MOJIEIb.

3. BbiBOAbI

Kaxnas monens UrpoBoro MCKyCCTBEHHOIO MHTEIJIEKTa YHUKAJIbHA B CBOEM MCIOJIHEHUU. MHaue
TOBOPsI, MPEJCTABICHHBIC BBINIE MOJEIU MPEICTABIISIOT COOOH HEKOTOPYI HACH (KOHIIEHIIHIO),
KOTOPYIO 3TU MOZenu oTpaxkaroT. Kak nmpaBuio, nepes peaabHbIM UCIOIB30BAHUEM dTUX MOJETEH UX
HEMHOT0 MOAU(DUIMPYIOT MOJ KOHKPETHYI 3aaauy, o aHanoruu ¢ Ouepenpio (Queue) u Kyueit
(Stack). Tak uTo cpaBHeHHE MOJIEJICH OrpaHUYEHO WX 0Aa30BBLIMH BapHUAIMSIMH, TOCKOJIBKY YYECTh BCE
Moau(HUKAINY MOJIeNIel He MIPEICTABIISIETCS BO3MOKHBIM.

Bce cpaBHeHUS M BOZMOXXHOCTH MMPUMEHEHUS MIOCTPOSHBI C TOYKH 3PECHISI pallHOHABHOTO areHTa,
KOTOPBIX 3HaeT 000 BCEX OCTAITHHBIX BO3MOYKHBIX MOJIEIISIX.

FSM, HecmoTps Ha CBOIO THOKOCTh, HMPUMEHUM TOJBKO JUISI TPOCTBIX CHUCTEM, ITOCKOIBKY
00eCeunTh €ro MOAACPIKKY B JalIbHEHIIIEM MOXKET ObITh TPYA03aTPaTHO M3-3a OIPOMHOM THarpaMmbl
COCTOSIHUH.
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BT oGecnieunBaeT TOUHOCTH NEHCTBUI areHTa HCKYCCTBEHHOT'O HMHTEJUIEKTa, OHAKO HEIOCTATOYHO
ru0oK, B CpaBHEHHH C JApyrumMu Mmojensmu. Octaéres mpoOriema pacIIMpeHUs HCKYCCTBEHHOTO
uHTeIIeKTa. TpedyeT OpueHTUPOBaHUS B IIPOCTPAHCTBE I CBOCH PabOTHI.

I'mbxocts UAI mMo3BOJISET MPUMEHUTh €70 B COBEPIICHHO pPa3HOM cpeie, OAHAKO Ha OONBIIOM
KOJIMYECTBE HEOOXOIMMBIX ACHCTBUN MOYKET 3HAUUTENHHO 3aMEUIHTh CBOIO padoty. Takxe TpeOyer
OPUCHTHPOBAHUS B IPOCTPAHCTBE.

GOAP mo3BonsieT co3maTh THOKHA HCKYCCTBEHHBIH HWHTEIUIEKT, KOTOPBIA ITO3BOJIMT areHTy
WCTIONHATH CIIOKHBIE aercTBUsA. OmHako moTpedyeT OpHEeHTHPOBAaHUS B TPOCTPAHCTBE ST CBOSH
paboThl, a TaKkKe BRICOKOYPOBHEBHIX S3bIKOB (Hamp. C++, Java, C# u ap.).

HTN oOecneunBaer BechMa THOKYIO W JIETKO DPACHIMPAEMYH) CHUCTEMY 3a7ad HCKYCCTBEHHOTO
WHTEIIEKTa, HO TpeOyeT XOPOIIero CrennaiincTa sl Co3aanns Takor mogenu. Taxxe, kak 1 ¢ GOAP,
TpeOyeT BRICOKOYPOBHEBBIN S3bIK M OPUCHTUPOBAHHUE B TIPOCTPAHCTRBE.
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Cpega nporpammupoBaHuMA Kubepdpusnueckux cuctem B
napagurme MmalimMH COCTOAHUM
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AHHOTauuA

Jokmaxg TmOCBAIIEH Cpele BH3YaIbHOTO IMPOTPAMMHUPOBAHUs, pa3pabOTaHHOW st
HaIMOHAIBHOM knOephuzndeckoit matgopmel. Cpena peainzyeT BU3yalbHYI0 TapaJurMy Ha
OCHOBE HMEPapXMUCCKUX MAIINH COCTOSHHN W MUKTOTPa(QHUUECKOTO S3bIKAa, U TEM CaMbIM
CIIY’)KUT CBSI3YIOIIMM 3BEHOM MEXIy 00pa3oBaTelbHbIMHU UTpaMu TuaTdopmsl «bepnora» u
MIPOEKTUPOBAHUEM HACTOSILUX CUCTEM Ha OCHOBE MUKPOIJIEKTPOHUKU U IPOrPaMMHUPOBAHHUS.
Jloknaa onmMChIBaeT TEKyIee COCTOSIHHE CPEIbI M MEPCIICKTUBEI JaJIbHEHIIeH pa3paboTKH.

KnioueBble cnosa
ABTOMaTHOE IIPOrpaMMHUPOBAHNUE, CPEABI Pa3paboTKu, KHOEp(PU3NUECKHE CUCTEMbI

1. Motusauusa

Kubepousuueckas cucrema (KPC), cormacHo [1], — 3T0 KOMIUTEKCHas cUcTeMa (PU3HYECKHUX
3JIEMEHTOB M UX LU(POBBIX IBOWHUKOB B BBIUUCIUTEIBHOM CJIO€ YIIPABICHHUS, KOTOPasl MOCTOSIHHO
[IOJTy4aeT JaHHbIE M3 OKPYKAIOUIEW HMX Cpelsl W HCIOIB3yeT MX AN ONTHMH3ALMHU IPOIECCOB
JIOCTHKECHUS ycTaHOBIeHHBIX Iesieli. KPC craHoBsATCS BCE Oosiee aKTyalbHBIMM B OOIIEM IOJIE,
SIBIISISICH 110 CYTH 3aKOHOMEPHBIM CIIOCOOOM TIPEJICTABJICHUS CIIOXKHBIX MHPPACTPYKTYPHBIX CHUCTEM,
HanpuMep, B DHEPreTHKE, Ha TPAHCIOPTE, B CEJIbCKOM XO3SIMCTBE M APYIHMX BaXKHBIX cdepax
YeJloBeuecKoi nesTenbHOCTH. [Ipm 3TOM wHccnenoBaHuss M akajneMudeckoe paccmorpenne KPC
BeAETCS JOCTATOYHO JaBHO [2].

Harmonansnas kubepduzndeckas miardpopma (HKDIT) «Kubepuama» Obuia co3mnana B 2022 roay
KaK MpOEKT IO TNPUBJICUCHUIO HHXEHEPHBIX KaIpOB M CO3JAHMI0 HOBBIX HMHCTPYMEHTOB JJIS
MPOEKTUPOBAHMST MHUKPOAJICKTPOHHBIX U Kubephusmueckux cucteM [3]. 3aech creayeT BbIICTUTh 1B
HaIpaBJIeHUs 1€ATEIbHOCTH.

[lepBoe — momymsipu3anys TEXHHIECKOTO TBOPUECTBA U TEXHOJIOTMUECKOTo 00pa3oBaHus B chepe
MUKPODJIEKTPOHUKA M KHOep(U3WKH, CO3JaHWe TPACKTOPUU OT IIKOJBHOH TpOrpaMMmbl |
TEXHOJIOTHYECKUX KPYKKOB 10 MPOPHIBHBIX KypCOB M pEIICHHsS NPOMBIIUICHHBIX 3a7ad. JTo
HalpaBJICHHE OIpPENENHIO TepBoe pelleHne — co3nanue rmiathopmsl «beprmora» [4], nHabopa
00pa3oBaTeIbHBIX UTP B €INHOM CETTUHre. B HacTosiee BpeMsl TOCTYIHBI UIpa «3aluTa NaceKm» B
xanpe Tower Defence u poneBas wurpa-kBecT «AKajgemus». B 3TUX Wrpax HPUCYTCTBYET
MPOrpaMMHUPOBAHNE KaK HMIPOBasi MEXaHHKa, OBJaJeHHE KOTOPOHM HEOOXOOUMO Ui YCHEUIHOTO
MPOXOXKACHUS UTPOBBIX MUCCHI. BaxkHo# 0coOeHHOCTBIO «bepnorny sBiseTcs: ABYCTOPOHHSISI CBS3D C
peanbHOl 00pa3oBaTeNbHON Chepoli depe3 COObITHS M JOCTHXKEHHS B HU(PPOBOM MOpTdOIHO
mKoNbHUKA (Win cTynenta) Ha miatgopme «Tamant» KpykkoBoro nemxenus HarnmonampHON
TexHonornueckoi nanratussl (HTU).

Btopoe mampapiieHne — pa3paboTka TocydapcTBeHHBIX cTaHmapToB it KOC u cpencts mx
npoekTrpoBanus. KpyKKoBoe IBMKEHHE COBMECTHO co crieruancrtamu Gopmupyet ctanaapt HKOIT,
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a TaKoKe MHCTPYMEHTaIbHYI0 0a3y s npoektupoanust KOC. 3agaua ctaHIapToB U HHCTPYMEHTapUs
— TIOAHATH KA4YeCTBO CO3JaBA€MBIX CHCTEM M AOCTYMHOCTh WX CO3JaHMs Oojee HMIMPOKOMY KpyTy
T10JIb30BaTENEH.

OmHuM W3 pemieHWi CTaJo NPUHATHE NApagurMbl HPOTPAMMHPOBAHMS — PACIIMPEHHBIX
nepapxmdeckux mMamuH ([IPUMC) xak ocHoBHo# mpu ipoektupoBannu KOC. [TIPUMC onmpaercs Ha
mpakThdyeckoe mnpuMmeHenne crangapra UML  Statecharts [5] w poacTBeHHA aBTOMATHOMY
nporpammupoanto [6]. [Tapagurma ITPUMC peanusoBana B urpax «bepioru», HO aj1st epexonaa B
pa3paboTKy pearbHBIX CHCTEM HEOOXOoIuMa cpeia pa3paOdO0TKH, BRICTYMAIOMIAS CBSI3YIOIINM 3BEHOM.
Wwm crana Lapki IDE, rpaduueckas cpeaa nporpammupoBanust B napagurme [IPUMC, coBmectumas
Kak ¢ urpamu «beprorn», Tak u anmapaTHeIMH TuIaTGopMaMu. VIHBIME CIIOBaMu, JaHHBIA TOKJIAJ]
MOCBSIMIEH cocTosiHUIO paspabotku Lapki IDE, Tekymmm BbIBOJaM W HampaBICHUSM AajbHEHIIEH

pa3paboTKH U uccienoBanuil. JJoknan sBiseTcs 3aKkOHOMEpHBIM npoonkerneM aokiana Ha ICCS-DE
2023 [7].

2. TeKyLwium cTaTyc

Ha momenT nHammcanusi te3ucoB cpena Lapki IDE HaxomaumTcs B aKTHBHOW pa3paboTKe CHIaMH
CTYAEHYECKOM KOMaH/IBI 0] PYKOBOJCTBOM aBTOpa M pasmMeliieHa Ha miatdopme GitHUb mox srumoit
KpyxkoBoro asmwxkenus [8]. CymectByer myOnuuHas OeTa-Bepcusi, B TOJHONH Mepe pealn3yromas
3aIUTaHWPOBAHHYIO B paMKax IEPBOW UTEpaliK (GYHKIIMOHAIEHOCTD, @ IMEHHO Pa3padOTKy CXeM UIs
Urpsl «3amura nacekn» Ha miatdopme «bepioray», a Taxoke g miaatel Arduino Uno. Apxurekrypa
cpeabl B OOJBIIMHCTBE aCIIEKTOB COOTBETCTBYET 3aINIAHUPOBAHHOM (PUCYHOK 1).

Cyberiada-GraphML

= B @

(o
02")
Lapki IDE

Arduino Uno/Micro

DO —— v |
AOKYMeHTaLmIn

«AKagemmnsa»

Penoau i OO/IEKO BubnnoTeKkn COBMECTHasA
(orpaHnu. goctyna) paspa6otka

PucyHoK 1: Cxema-nnaH apxutektypbl Lapki IDE

Tax, OCHOBHBIM KOMITOHEHTOM SIBJISIETCS KITMEHTCKAs 9aCTh Ha OCHOBE BeO-(peiimBopka Electron, B
KoTopoi peanusoBaH penaktop PUMC ¢ pocTynmoM K mpocMOTpYy HPOMEKYTOYHOTo Koja. KmmeHt
B3aUMOJICHCTBYET C MOJYJIEM 3arpy3uuKa, KOTOPBIII MOKET 3aIlyCKaThCsl BMECTE C KIMEHTOM WU
pasMemarbes B o0yiake (I yOAIEHHON MPOIIUBKH). MOTyIIb KOMITWIISIIIAY, TPAHCIUPYIOUTHN CXeMy
PUMC B dopmar neneBoii mnardopmsl (urpa «bepmoru» unm ¢ailn npommBKy), pa3MeriaeTcs Ha
OTAENBHOM cepBepe. Takxke peaan3oBaHa CUCTEMa JOKYMEHTAIUHU, B HACTOSIINI MOMEHT — HA OCHOBE
BeO-cepsepa ¢ HTML-daitnamu.

Texymas Bepcusi IDE yxe nemoHCTpupyeT yAoOCTBO BH3yaJbHOM MapagurMmbl Aisl ObICTPOM
pa3paboTku 0a30BBIX yCTpoiicTB Ha ocHoBe Arduino, a TakxKe MNOPOCTOTY BHECCHHsS HOBOM
(GYHKIIMOHAIBHOCTH B  CYNIECTBYIOIIME CXEMBbl. 3asBICHHbIE paHee NPHUHIUIBI I[POEKTa
«ITukTorpaMMay yxe IpOSBISIOTCS B TOH WIM HHON Mepe, OyIb TO «OTKPBITHIN KarmoT» (JIOCTyIHOCTh
MIPOMEKYTOUHBIX apTedakToB pa3paboTKH), «pa3paboTKa B COCTOSHUM MOTOKa» (MPOJOIKAOIINECS
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9KCIIEPUMEHTHI TI0 YIYYIIEHUIO TOJIh30BATEIBCKOTO OIBITA W MHTYHTHBHOCTH co3naHusi PIMC),
«MOJYIBHOCTh M TPAHC-00JIAYHOCTH» (MaKCUMaIIbHOE BEIHECEHUE MOAYJICH B 00J1aK0)

3. lMepcneKkTusbl

Pucynok 1 taxxke oTpakaeT AajbHEHIIME HampaBlieHHs pa3pabOTKu. B mepByro odepenb, 3TO
paszsutHe nomaepkkn STM32 kak ruratopMbl, Ha KOTOPOH IUTAHUPYETCS CO3JaHUE psiia KPYITHBIX
oOpazoBareibHbIX MpoekToB B pamkax HK®II. Jlns moBblmeHust kadecTBa pa3pabOTKH M OTIAAKU
nmpeliaraeTcs BHEJpPEHHE B 3arpy3ydK MOHHUTOpPa IOCJIENOBAaTENbHOTO MopTa. PaccmarpuBaroTcs
TUIIOTE3bI BHEIPEHUS B KIMEHT CUMYJIATOpPA OJHOM U3 CYIIECTBYIOUIMX IUIATGOPM MM CHEHHUATbHOMN
TPEHUPOBOYHOH TIAT(HOPMBI C BU3yaITbHBIM CHMYJIATOPOM, ITO3BOJIIOMNM 03HaKoMuThes ¢ [IPUMC
0e3 JOMONHUTENBHOTO 00opymoBanus. Kpome 3Toro, uccienyercsi BO3MOXKHOCTH pPa3pabOTKu
KOMIIJICKCa YCTPOMCTB € IepeceKaroueics (yHKINOHAIBHOCTRIO KaK OJHOTO JTOKYMEHTa-IIPOEKTa C
HECKOJBKUMH MAIIMHAMHU COCTOSIHUH M OTIMCAHWEM CXEMOTEXHUKHU KaKIOIro YCTPOUCTBA.

Jnst materpamuu ¢ apyrumu npoekramu HK®IT npemnoxen ¢opmar Cyberiada-GraphML kak
COBMECTHMOE PACHIMPEHHE CYIIECTBYIOIIEro (opMara MpelIcTaBlIeHUsT TpadoB, MperocTaBisIoNice
HeoOxomumple — atpuOyTel s ommcanmss PHUMC,  MakcmMaiahbHO ~ COOTBETCTBYIOIIETO
paspabarsiBaeMoMy Kpy>KKOBBIM JBH)KEHHUEM CTaHIAPTy MapagurMbl. BuOmMoTeka Ui YTEHUS
¢bopmaTa akTUBHO pa3pabarbiBaetcs s s3p1koB C, C++, TypeScript u Python, Takxke ero noamaepikka
peanmmsyetcs B C# s urp miardopmel «bepiora» (TeM caMbIM IIAHUPYETCS TepeXxoi K eINHOMY C
IDE dopmary).

4. 3aKknwuyeHue

B mokiane paccMOTpeH TEKyIIMi CTaTyc pa3pabOTKU Cpelbl BU3YaJbHOTO MPOTPaMMHUpPOBAHUS,
CO371aBaeMOi B paMKax HAIlMOHATBHOW KHOep(hn3MuecKoil miatopMsl 1O PyKOBOJICTBOM aBTOPA.
CymectByer mybnuunas Bepcus Lapki IDE, coBmectimas ¢ «3ammroil macekm», H CIOCOOHAs
KOMITHJIMPOBATh (MTOCPEJCTBOM OO0JAYHOTO MOAYJSA) M TMPOUIMBATh NMPOTPaMMBbI IOJ ammapaTHbIe
wiatdopmer Arduino Uno u Arduino Micro. Pa3paboTka cpeapl aKTHBHO TPOIOJDKAETCS, B Psjie
aCIIeKTOB COBMECTHO ¢ Kpy’>KKOBBIM JIBI)KEHHEM U KOMaHI0# pa3paboTunkoB urp «bepiormy.
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CpeACcTBO MOHUTOPUHIA Y3/10B CUCTEMbI YNPAB/JIEHUA CepBUC-
OPUEHTUPOBAHHbLIMU HAaYYHbIMU MPUSIOXKEHUAMM

JImuTpuii SIkoBiieB 1 Muxann Bocko6oiitaukos b, Povan Koctpomun !

Y Unemumym ounamuxu cucmem u meopuu ynpaenenus um. B.M. Mampocosa CO PAH, ya. Jlepmonmosea, 0. 134,
664033, Upxymck, Poccus

AHHOTauuA

B pabote paccMmaTpuBaeTcsi apXUTEKTypa MPOrPaMMHOTO CPENICTBA, MPeIHA3HAYEHHOTO IS
MOHHUTOPHUHTA (c60pa, XpaHEHHUs U arp€rupOBaHUsA KIIFOYCBBIX MeTpI/IK) MMPOU3BOAUTCIIBHOCTU
BBIYMCIIUTEIHHBIX Y3JI0B B TE€TEPOTeHHON pacIipeieIeHHON BRIUNCIUTENHFHON Cpelie C IENbI0
OpeaoCTaBJICHUA AKTYaJIbHBIX MCETPUK CHUCTEME YIIPABJICHHA CCPBUC-OPHCHTHPOBAHHBIMU
Hay4YHbIMH NPUJIOXKCHUSAMU. HOJ’Iy‘IeHHLIe CBCICHUS MMO3BOJIAIOT CHU3UTH HCOIIPEACIICHHOCTD
MPU TJIAHUPOBAHWY BBIYMCICHHUH, YIYUIINTh 3arpy3Ky BBIYHCIWTEIBHBIX Y3II0B, a TaKkKe
COKPATUTBh BPEMA ITPOBEACHUA BEIYUCIIUTCIIBHOI'O OKCICPUMCHTA.

KnioueBble cnosa
FeTepOFeHHaﬂ pacnpe[(eﬂeHHaﬂ BbIYUCJIIUTCIIbHAsL cpena, BBIYHUCIIUTCIIBHBIC HpOHeCCLI,
MOHI/ITOPPIHF, ynpaBneHHe BBIYHUCJIICHUSIMHA

1. BeBepgeHue

CuctemMa MOHHMTOPHHIA SIBISIETCS HEOTHEMJIEMOH 4YacThO YIPABICHHUS PACIPEICICHHBIMU
BeruncieHusmMu [1]. Ee ocHOBHas 3aa4a — npeocTaBiICHUE aKTyalbHBIX U JJOCTOBEPHBIX CBEICHUI
O COCTOSIHUM BCE€X KOMIIOHEHTOB TIe€TEpOTreHHOW pacrpeiieieHHONW BBIYUCIUTENbHON cpenbl. OHa
BKJIIOYAET B ce0st COOp M aHAITN3 TaHHBIX O 3arpy3Ke MPOLECCOPOB, CTIOIb30BAHHUH MTAMSITH, COCTOSHUH
CCTU, JOCTYITHOCTHU U COCTOAHUHN XPAHUIUIL JaHHBIX, @ TAKXKE O TCKYIIEM COCTOSHHU BBIITOJIHACMBIX
3amad. CyliecTByMOIIME CUCTEMbl MOHUTOpPHHIa, Takue kak NetData, Nagios, Zabbix u ap. [2],
OPUCHTHPOBAHbI B OCHOBHOM Ha aJIMHHHCTPATOPOB PECYpPCOB, a MPEAOCTABISEMbIE MU CBEICHUS
HOPOH SBIISIFOTCSI M30BITOYHBIMH, T.K. KaK HEOOXOMMO COOMpPATh OTpaHUUYCHHBIH HAOOP METPHK MPU
TJTAaHUPOBAHUHN BIYHUCIIMTCIIBHBIX SKCIICPUMCHTOB B 3a1a4€ YIIPABJICHUA CEPBUC-OPUCHTHPOBAHHBIMHA
HAay4YHbBIMH NPUITOKCHUIAMU. 3aqaCTon TaKUC TIPUIOXKCHUA U CaM BBIYHMCIIMTEILHBINA mpornecce
npencrasieHbl B Buae workflow (Hayunblit pabounii porecc). Bo BpeMst BBIUHCIICHU HCIIONB3YIOTCS
Pa3HOPOJIHBIC BBIYHMCIUTEIbHBIE PECYpPChl, B TOM 4wMcie oOiaunble. [103TOMY akTyalu3upyercs
pa3paboTKa CHEIUATU3UPOBAHHBIX IMPOIPAMMHBIX CPEJICTB, KOTOPBIC IO3BOJIAT COOHMpATh
HEOOXO/IMMbIE METPHKH U3 Pa3HbIX HCTOYHHKOB (THIIOB PECYPCOB) M IMPEAOCTABISTH MX CHUCTEME
yIpaBIICHUs] BBIYUCICHUSAMH B HY)XKHOM Buze [3].

2. ApXUTeKTypa NpPorpaMmHOro cpeacTsa

ApXHUTEKTypa MPOrpaMMHOTO CPEACTBA MpecTabieHa Ha puc. 1. Ha cxeme n3o0paxkeHsl TpU y3ia
(«Node 1», «Node 2» m «Node 3» COOTBETCTBEHHO), C pPa3BEPHYTHIMH Ha HHUX MOIYJISIMHU
IPOrpaMMHOT'O CpecTBa. ¥Y3en noja Ha3BanueM «Node 2» npezcraBisier co0oii OCHOBHOM y3ell.
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Cepsuc mon HaszBanueMm «ExporterO», oOparmaercs Ko BCEM y3j7aM U3 CIHCKA, IS MONTYYCHHUSI
nH(pOpMAaITUH 0 UX JOCTymHOCTH. Prometheus oOparaercs k s3kcriopTepaM Ha Beex y3nax yepes ux API
JUTst cOOpa METPUK U COXpaHEHHs uX B 0a3y maHHbBIX. Bee 310 mpoucxoaut ¢ momoinkto pull 3anpocos
Prometheus x s3xcnoprepam. Cepsuc nox HazBanueM «Backendy» oOpamiaercst k Prometheus gepes API,
YTOOBI MMONTyYaTh JaHHbIE U3 0a3bl TAHHBIX M MPEAOCTABIIATH 3TH K€ JaHHBIC ITociie 00paboTKH depe3
cobctBenHOe APIL.

Exporterl -t g Exporter0 g Exporterl
Exporter2 -+ > Exporterl > Exporter2
Exporter2 o
Prometheus
?
Backend
Node 1 Node 2 Node 3

PUCYHOK 1: ApxuUTEKTYpa NPOrpaMmmHOro KOMMNieKca MOHUTOPUHTa

[IporpaMMHOE CpEICTBO COCTOMT M3 TpeX MoJyJed (MOAyNb YyHpaBieHUs, MOAyNb cOopa
XapaKTEePUCTHK y3J1a, MOIYJIb MOHUTOPHHTA MPOLECCOB). B cocTaB Ka10ro MOJIyIist BXOJST CEPBHUCHI,
KOTOpbIe OBIIM peaIn30BaHbl Ha sI3bIKE MporpamMMupoBanus Python ¢ mcnonb3oBannem OMOMMOTEK
FastAPI u prometheus_client, koTopas siBIsSI€TCS KIIMEHTCKON OUOIMOTEKOH /ISl CO31aHus dKCIOpTEpa
Ha si3bIKe TporpammupoBanus Python. PaccMoTpum kaxibiii Moy b ogpoOHee.

Monyas ynpasienusi. Coctout u3 Tpex cepsucon: Prometheus, Backend u Exporter0. fIBnsercs
OCHOBHBIM MOJYJIEM HPOrpaMMHOI0 Komiuiekca. JIaHHBIH MOIyJb JOJDKEH OBITh Pa3BEpHYT Ha
OCHOBHOM Y3Ji€ U pa00TaTh Ha MIOCTOsIHHOW OCHOBE, IOCKOJIBKY OH COJIEPKHT 0a3y TaHHBIX H CEPBHCHL,
KOTOPBIE JOJDKHBI paboTaTh MOCTOSHHO.

Moayab coopa xapakTepucTuK y3Ja. CocTout U3 onHoro ceppuca: Exporterl. Jlanubiit MOgyib
JIOJDKEH OBITh Ha KaXKJIOM Y3Iie, C KOTOPOro He00X0IUMO cOOMpPAaTh XapaKTEPUCTUKH O KOMIOHEHTaX
YCTpOMCTBA.

Mopayabs MOHATOpHMHTa nponeccoB. CocTouT U3 ofgHoro cepsuca: Exporter2. JlaHHBIN MOIyJb
JIOJDKeH OBITh Pa3BepHYT Ha KaXKIOM y3le, Ha KOTOPOM HEOOXOAWMO BBITIOIHITH MOHHUTOPHHT
mporieccoB. Mojynu cOopa XapaKTEpUCTHK y371a U MOHUTOPUHTA MIPOIIECCOB HE JIOJDKHBI paboTaTh Ha
MOCTOSIHHON OCHOBE M 3aITyCKalOTCs 110 TPEOOBAHHIO.

3. 3aknwueHue

[IporpaMMHO€ CpencTBO OBUIO pa3BEPHYTO W MPOTECTHPOBAHO B HCIBITATENIFHOM CTEHAE IS
MOHHTOPHHTA Pa0OTHI CHCTEMBI, PEATN3YIOIIEH METOIBI CTPYKTYPHO-TIapaMeTPUIECKON ONTHMH3AIHH
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MOJIETTN DHEPTeTUYEeCKOT0 KOMIUIeKca. Llenpio BBITIONHEHNS MOHHTOPHHTA SIBISUIOCH OIPEEIeHNE
BBIYHCIUTEIBHBIX XaPAaKTEPUCTHUK pabOTBl CHUCTEMBI IS OMPEACICHHS HAWIY4IIero METo/Aa
CTPYKTypHO-TIapaMeTpUIeCKON onTUMH3aiuy. B kauecTBe H3MepseMBbIX apaMeTPOB pabOThI CUCTEMBI
OBLIH BRIOPAHBI PAcXo]l OTIEPATHBHON NMAMSTH U UCIIONB30BaHMe mporeccopa. [lomyuennsie cBeneHus
MTO3BOJIMJIM YYUTHIBATH MPH TUIAHUPOBAHWN KPUTEPHUH BBHITOIHEHUS 33[1a4H M JOCTYITHBIE KBOTHI TIPH
pacrpeieNeHu BBIYUCIUTEIBHBIX MOIYJIEH MEXAY TOCTYMHBIMU BBIYUCIUTEIBHBIMH peECypcamMu
reTepOreHHOM cpebl.
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