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CYBERSECURITY OF INFORMATION RELATIONS IN THE
FIELD OF INFORMATION INFRASTRUCTURE
OF A GLOBAL SOCIETY

Abstract. The article deals with cybersecurity issues in the field of
information relations, with an analysis of the legislation of the countries of
the European Union (EU), Japan and the states of the Eurasian Economic
Union (EAEU). Information relations in the world are becoming one of
the important components of the interaction of various subjects of law,
where, in the practical implementation of relationships, legal issues arise
in the field of data security. The information environment, expressed in the
form of the Internet space, is a key factor that is based on the information
infrastructure. The rapid development of information infrastructure gives
impetus to the process of the emergence of new legal norms, institutions,
branches in the field of law, which makes it possible to ensure legal
regulation of cybersecurity both at the national and international levels,
taking into account the legislation of certain countries included in the
integration associations.

The purpose of the work is to analyze and formulate proposals for the
further development of new directions in the field of cybersecurity based
on the development of a common information infrastructure based on the
development of legal, economic relations aimed at ensuring data security.

Cybersecurity, as an area of information technology protection, is
intended to regulate information and communication technologies in the
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field of protection and security of the global network and its users; this
area is gaining relevance and becomes a concentrated reflection of the
ongoing globalization.

Research on the development of information relations contributes to the
formation of information legislation, including the EAEU member states,
which create a common structure for the exchange of legal and economic
information. Establishing a mechanism for international control over the
safety of digital processes is becoming a priority area for the development
of information and communication technologies, Internet networks,
ensuring the integration interaction of states and a number of countries in
building a global infrastructure.

Key words: Cybersecurity, information relations, information space,
information infrastructure, EU, EAEU, strategy, concept, legislation, eco-
nomics.
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KAhAH/BIK KOFAMHBIH AKITAPATTBIK
NHO®PAKYPbBIJIBIMbI CAJTIACBIHJIAT'BI AKITAPATTBIK
KATBIHACTAPAbBIH KUBEPKAYIIICI3AIT'T

Annoranus. Makanaga Eyponansik Onak (EO) ennepinin, Xamonus-
HBIH koHe Eypasusibik sxoHOMHKaANIBIK of1aKk (EADO) MeMiekeTTepiHiH
3aHHAMacChlH TaJiJJall OTBIPHIN, AKNAPATTHIK KATBIHACTAP CaJIaChIHIAFbI
KHOepKayinci3MiKk Mocelenepl KapacThIpbUIaAbl. OJEeMJEr1 aKmaparThiK
KAaThIHACTAp OPTYPJl KYKBIK CyOBEKTLIEpiHIH ©3apa opeKeTTeCyiHiH
MaHBI3IbI Kypamaac OesiKTepiHiH OipiHe aifHanmabl, OHJa KaThIHACTAPIbI
1C JKY31HJE KYy3ere achlpy Ke3lHJIe MIIMETTep KayilcCi3miri cajachiHa
KYKBIKTBIK MOcCeJeliep TybIHAaiabl. IHTepHET KeHICTIr TypiHae Kepce-
TIITEH aKMapaTThIK OpTa aKMapaTThlK HHQPPAKYPBUIBIMFA HETi3/1eITreH
Heri3ri ¢akTop O0abm TaOBLIAAbI. AKMNAPAaTTHIK HWH(PPaKYPHUIBIMHBIH
KApKBIHJIBI JTaMYybl KYKBIK CaJachIHJIaFbl )KaHA KYKBIKTBHIK HOpPMaJIapibIH,
WHCTUTYTTap/IbIH, cayalapAblH Naiga Ooxy mpoleciHe cepmiH Oepei,
OYJ1 MHTETPAIUSIIBIK OipIeCTIKTepre KipeTiH KeKeJIereH eaepIiH 3aHHa-
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MacChIH €CKepe OTBIPHII, YITTHIK KOHE XalbIKapalblK JeHIeinepae kuoep-
KaylIMCi3IKTI KYKBIKTBIK PETTEY/I1 KaMTaMachl3 €Tyre MYMKIHIIK Oepei.

JKyMBICTBIH MakcaTbl — JepeKTep KayillCi3IiriH KamMTaMmachl3 eTyre
OarpITTaFaH KYKBIKTHIK, SKOHOMHUKAJBIK KATBIHACTAPJbI JTAMBITY HETi-
3iH€e, XKaJMbl aKMapaTThIK HHOPAKYPBUIBIMIBI 1aMbITy HETi31HAe Kubep-
KaylICi3iK cajachlHAAFbl )KaHa OaFbITTAp/Ibl OaH dp1 AAMBITY OOMBIHIIIA
YCBIHBICTAPBI TAJIAY KOHE TYKBIpbIMaay. Kubepkayincisaik, AKnaparThiK
TEXHOJIOTHsIap/ibl KOpFay callachl peTiHAe, FalaM/IbIK JKeJIiHl )KOHE OHBI
naiasaHymbUIapAslH Kayilci3airi MEH aKmaparThlK-KOMMYHUKALUSIIBIK
TEXHOJIOTUSUIAP/IBI PETTEYTe apHAJIFaH; OYJI caia ©3€KTi OOJIBII, KaJFaChII
KaTKaH kahaHIaHyAbIH IOFBIPIaHFaH KOPIHICIHE aifHAIAIbI.

AKnaparThIK KaTbIHACTAPABI JAMBITY KOHIHET1 3epTTEyaeP KYKBIKTHIK
KOHE SKOHOMHKAJBIK aKMapaT alMacy YIIiH OpTaK KYPBUIBIM KYpaTblH
aKmaparThlK 3aHHaMaHbl, OHBIH imIiHAe EADO-Fa mMyme MemiekerTep/ai
KaJIBIITACTBIpyFa bIKNAd erefi. LIudpiaslk mporecTepain Kayinci3airin
XaJIBIKApalblK OaKpliay TETITIH KYpPy aKmaparThIK-KOMMYHUKAIUSIIBIK
TEXHOJOTUSIIApAbl, UHTEPHET JKEIUIEPIH JaMBITYIbIH, kahaHAbIK HH)pa-
KYPBUIBIMBI KYpYZla MEMJIEKETTEp MeH OipKarap eiaepAiH HHTeTpalUsIIbIK
©3apa i1C-KUMBUTBIH KAMTaMacChI3 eTyIiH 0achIM OaFbITHI OOJIBIIT OTHIP.

Tyiiin ce3nep: xKuOepKayinci3aik, akmapaTThlK KaTbIHACTap, aKmapar-
TBIK KEHICTIK, akmaparTelk HH(ppakypeuibiM, EO, EADO, crparerus,
TYKBIpbIM/IaMa, 3aHHAMa, YKOHOMUKA.
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KUBEPBE30OITACHOCTH HH®OPMALIMOHHBIX
OTHOIIEHUM B COEPE UH®OPMAILIMOHHOM
NHOPACTPYKTYPbI INTOBAJIBHOI'O OBIIECTBA

AnHOTanus. B cTaThe paccMaTpuBarOTCs BOPOCH KHOEPOE30MacCHOCTH
B 007acTH MH()OPMALIMOHHBIX OTHOIIEHUH, C TPOBEICHUEM aHAJIN3a 3aK0-
HomaresnbcTBa cTpaH EBpomneiickoro corosza (EC), Slmonun u rocymapcTs
EBpaswmiickoro skxoHomuueckoro corsa (EADC). HudbopmanmoHHbIE
OTHOLICHUA B MHUPC CTAHOBATCA OAHHM H3 BaXXHbBIX KOMIIOHCHTOB
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B3aUMOJICHCTBUS Pa3NUYHBIX CyOBEKTOB IpaBa, 1€ MPU MPAKTUYECKON
peanu3anyy B3aMMOOTHOILIEHUH BO3HUKAIOT IPABOBbIE MOMEHTHI B 00JIaCTH
obecrieueHnst 0€30MACHOCTH JaHHBIX. MHpoOpManuoHHas cpeia, BbIpa-
KCHHasl B BUJE WHTEPHET-TIPOCTPAHCTB SIBISETCS KIIOYEBBIM (DaKTOPOM,
KOTOpBI OCHOBaH Ha HWH(OpMaMOHHOW uHPpacTpykType. bnicTpoe
pa3BuTHe MHOOPMAIMOHHOW HMHPPACTPYKTYpPHl JAeT TOTYOK Mpolieccy
MOSIBJICHUE HOBBIX IPABOBBIX HOPM, WHCTUTYTOB, OTpacjieil B 00JacTu
mpaBa, 4TO J1aeT BO3MOXKHOCTh OOECIEYUTHh IMPABOBOE PETYIUPOBAHUE
KnOepOe30nacHOCTH, KaK Ha HAIMOHAJIBHOM, TaK M Ha MEXKIyHApOJIHOM
YPOBHSIX, C YUETOM 3aKOHOJATENIbCTBA TE€X WJIM MHBIX CTPaH BXOASIINX B
WHTETPAIlMOHHBIC 00BEIMHEHUSI.

Ilens paboOThI - HA OCHOBE Pa3BUTHS MPABOBBIX, SKOHOMHYECKUX OTHO-
IICHUN HampaBJICHHBIX Ha oOecreyeHuss O€30MacHOCTH JAHHBIX [aTh
aHaIu3 v cpopMUPOBATH NPEIIIOKEHUS 1J1s1 JaIbHENHIIIET0 pa3BUTHS HOBBIX
HaIpaBJIeHUH B o0acTu KuOepOe30macHOCTH, OCHOBAHHBIX Ha Pa3BUTHU
o0mieit nHGopMaMOHHON UHPPACTPYKTYPHI.

Kubepbe3onacHOCTh, KaKk 00J1aCTh 3alIUTHl HHPOPMAITMOHHBIX TEXHO-
JIOTUH NpeaHa3HayeHa JJid perylupoBaHus UHPOPMALUOHHBIX U KOMMY-
HUKAIIMOHHBIX TEXHOJIOTUM B 001aCTH 3aIIUTHI U 0€3011aCHOCTH INI00aIbHOU
CeTH W ee MOJb30BaTesei, 3TO HaMpaBlIeHHE MPUOOpETaeT aKTyaaIbHOCTh
U CTAHOBUTCSI KOHIEHTPUPOBAHHBIM OTPaKEHHEM MPOUCXOAIIEH ro0a-
JIU3ALHH.

HccnenoBanue mo pa3BUTHIO WH(GOPMAIIMOHHBIX OTHOMICHHH CITOCO0-
cTByeT (opmMupoBaHHiO0 WH(OOPMAIIMOHHOTO 3aKOHOAATEIhCTBA, B TOM
gyucne crpaH-ydyactHull EADC, KoTopeie co3qaioT OOIIyI CTPYKTYpPY
oOMeHa PaBOBOM M SKOHOMHUYECKOW MHPOpPMAIIMU. YCTAHOBJICHHS MeXa-
HU3Ma MEXIYHApPOJHOTO KOHTPOJS 32 0€30MacCHOCTHIO IMU(PPOBBIX IPO-
[[ECCOB, CTAaHOBUTCS MPUOPHUTETHBIM HAMPABICHUEM Pa3BUTUS HHPOpPMA-
[IUOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTUH, MHTEPHET CeTeH, oOecreunBas
MHTErpallMOHHOE B3aUMOJEHCTBHE rOCYIapCTB U psija CTpaH B BOMPOCAX
MOCTPOCHUS TTI00aTbHON HHPPACTPYKTYPHI.

KuroueBbie ciaoBa: Kubepbe3zonmacHOCTh, HHPOPMALIMOHHBIE OTHOIIIE-
HUA, UHPOPMAIMOHHOE MPOCTPAHCTBO, UHPOpPMAIMOHHAS UH]pACTPYK-
typa, EC, EADC, crparerus, KoHUENIHMs, 3aKOHOIATEIbCTBO, YKOHOMHUKA.

Introduction. The development of the information sphere requires the
solution of general issues of information security, since the development of
the Internet based on technologies of open standards of networks has turned
into a developed international commercial infrastructure with extensive
information exchange. The basic technology of the Internet structure is
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becoming the main factor in the dissemination of information in the global
information space. Cyberspace involves more and more new users and
new network management capabilities, including the use of the “Internet
of Things” systems, that is, the involvement of technically managed
objects. Since the Internet web servers contain a variety of information and
distribute information resources for the documents sought, the protection
of content resources from malicious software becomes the main direction
ofthe fight against cybercrime and ensures the cybersecurity of information
relations in information storage and exchange systems.

The development of integration processes in the field of digital
transformation of the EAEU member states sets certain tasks in the fight
against cybercrime, threats in the information infrastructure are currently
becoming relevant for the national and economic security of states. The
overall coordination of states in the direction of the development and
adoption of appropriate legal documents protecting state structures in the
field of information relations, ensuring the security of economic, financial,
social, political information resources and the consequences of cybercrime
actions should be aimed at improving and interacting with common state
security structures. Studying the experience of countries in the field of
cybersecurity will help avoid the risks of losing its own information
infrastructure and develop legal methods to prevent cybercrime.

Research materials and methods. The research materials were
legislation and economic strategies in the field of information relations of
a number of countries, including the European Union, Japan and the EAEU
member countries in the field of information relations development.

The purpose of the work is a legal and economic analysis of inter-
action in the study of cybersecurity in information relations in some
advanced countries, including the EAEU. An opportunity to assess the
regulatory sphere and the current situation, identify gaps and develop
recommendations for filling them. Assess the principles of data protection
and their proportionality in matters of cybersecurity, taking into account
the global crisis and the spread of COVID-19, to develop a number of
proposals that can improve the work of the EAEU.

Information relations in the global information space depend on
information resources, which are the basis for the exchange, storage and
creation of information products. The protection of information products,
including information databases, taking into account the global crisis
phenomena, is becoming the main criterion for cyber security.

The methodological basis of the research was the use of general and
general scientific methods: - the method of the empirical level, where facts
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are collected, judgments are developed and theoretical generalizations are
made; - the method of the theoretical level, where a systematic, integrated
approach to statistical, economic, legal information is applied and a
comparative analysis of legal and economic data is proposed.

Results. Cybersecurity of information relations in the 21st century
has become a major component of supporting and ensuring the safety
of data. The global community is currently concerned about the growth
of cybercrime, and the lack of legal regulation of entire sectors of the
economy, as well as national information security at the level of states and
individual countries, may lead to the risk of losing information / digital
sovereignty. Today information technologies are aimed at meeting the
information needs of all users, including users of leading businesses using
various information databases, electronic directories, financial, scientific
and technical information and other electronic resources related to
international, national, regional information systems (Semenov S.R.,2018:
55) . Information / digital sovereignty is one of the modern foundations of
any state, which should be based on various information content and have
a degree of national influence and support for the implementation of an
independent information policy. A number of states are already actively
promoting the ideas of cybersecurity and its institution, in particular:

European Union (EU). In 2013, at the level of the European Commission,
the EU Cybersecurity Strategy is adopted, where in Part 1 it is recognized
that Cybersecurity is necessary to integrate the social and political
environment together, to support and exercise freedom through democratic
institutions, with the possibility of promoting European values in the field
of human rights and freedoms and citizen, but the values themselves must
be protected from illegal actions (Cybersecurity Strategy of the European
Union, 2013: 2). Atthe same time, clause 1.2 establishes the basic principles
of Cybersecurity, such as - The core values of the EU should be applied
both in physical and digital space (the same force of EU legal sources),
protection of fundamental rights and freedoms (recognition and support of
natural rights enshrined in legislation), open access for all subjects of law,
democratic governance (participation of many stakeholders represented by
the private sector), the presence of shared responsibility (formation of a
legal model of responsibility). Accordingly, these principles create priority
areas consisting of cyber resilience, cybercrime reduction, the formation
of a common cybersecurity policy (including defense policy), the
development of cybersecurity production capacities, and the development
of a common EU vision on international cyberspace. When developing
this strategy, the EU took the 2001 Budapest Declaration as a basis,
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which approved a common vision of legal measures (computer-assisted
privacy crimes, copyright infringements, etc.), with further harmonization
of law, both nationally and at the international level (Convention on
Cybercrime, 2021: 5-7). Separately, the scope of procedural law was
designated under Article 14, with the possibility of conducting criminal
investigations, judicial proceedings. Moments in the field of search and
seizure of computer data, data collection in real time, jurisdiction are
identified. In 2020, a new EU Cybersecurity Strategy is adopted, where
part 2 outlines the key trends in the development of the industry, in
particular: 1) technological sovereignty, sustainable politics, leadership;
2) strengthening technological capacity to prevent risks; 3) promotion of
global cyberspace (The EU’s Cybersecurity strategy for the digital decade,
2020: 1). Thus, the EU intentionally supports and promotes the idea of an
open and secure cyber network space with the ability to attract international
investment and promote European values (openness of data, freedom of
information, freedom of communication, data security, etc.). The EU is
a unified data security system, which is supported by the EU Directive
2016/1148, as a major element in the formation and implementation of
cyber law in the national legislation of the participating countries in various
areas of the economy (implementation and support of online trading with
the conclusion of online contracts; banking infrastructure; development
of a system of online search engines with multilingual support), building
a CSIRT (computer security incident response team to detect risks,
warnings, mutual assistance, cross-border data exchange, establish fines in
this area, etc.) (Directive (EU) 2016/1148, 2016: 1). Accordingly, support
for cybersecurity has been established in the national legislation of the
EU member states. For example: the Republic of Poland has introduced
its plan for the development of cybersecurity for 2017-2022, where part
4 indicates that secure cyberspace will provide the necessary potential
for building the country’s digital economy, while ensuring the necessary
level of provision of digital services, both from private and public sectors
(National framework of cybersecurity policy of the Republic of Poland for
2017-2022, 2017 : 4-5). In addition to general trends, the Czech Republic,
in its Cybersecurity Strategy for 2015-2020, has taken a course towards
research and scientific work in this area, strengthening educational policy
from schools to universities, training government officials, especially
paying attention to the training of prosecutors and judges (National cyber
security strategy of the Czech Republic for the period from 2015 to 2020,
2015:5-10). Animportant component of EU cybersecurity is a supranational
body - the EU Cybersecurity Agency (ENISA), which aims to promote
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and develop the cybersecurity of the EU member states (starting with the
construction of a single network, an integration gateway). At the same
time, by the end of 2019, all EU countries had implemented cybersecurity
at the national level in the format of strategies, concepts, programs or plans.

Japan: In 2000, the Law on the Formation of a Modern Information and
Telecommunication Network Society was adopted, which establishes that
Japan’s society becomes networked, where legal entities are in a single
data stream (Basic Act on the formation of an advanced information and
telecommunications network society, 2000: 1-5). At the same time, the
network society, in accordance with Article 3, gives its possibilities of open
access to the Internet, to various technologies, which leads to the emergence
of the creative development of the individual and the recognition of his
rights of digital rights. In 2013, the first draft of the Cybersecurity Strategy
(based on the results of the first conference in Japan on cybersecurity) is
being developed, which leads to a rethinking of the process of information
flows and information protection (private and public) (Cyberdefense report,
2020: 14). In 2014, the Law on Cybersecurity was adopted, indicating the
importance of cyber threats to the information space, which, on the basis
of Article 12, leads to the formation of a cybersecurity strategy plan for the
country, and, on the basis of Article 24, to form a Strategic Cybersecurity
Headquarters under the Cabinet of Ministers, which will allow developing
standards and measures for state bodies, adopt functions and plans for
intergovernmental cooperation. The Chief of Staff is the Chief Secretary of
the Cabinet of Ministers. In 2015, as a product of previous decisions, the
Cybersecurity Strategy was adopted, which, according to 4. established
the basic security principles, such as the free flow of information (without
censorship, political pressure, but with the protection of users’ personal
data), the rule of law (the ratio of national law to international law) ,
openness of sources, autonomy (formation of mechanisms that allow legal
entities to independently develop legal relations within the information
environment), cooperation (in this area) (Cybersecurity strategy, 2015:
1-12). The main goal of this Strategy is to build a safe society where
every subject of law can feel safe. Consequently, the planning process
(development, analysis and adoption of a three-year plan (2015-2018))
with a display of financial costs, the degree of implementation in the field of
state bodies, etc., serves as a tool for implementing the Strategy. In 2018, a
new Cybersecurity Strategy is adopted, where from the innovations it can
be noted that there is no longer a distinction between cyberspace and real
space (Cyberdefense report, 2020:15). Now there is only their synthesis
- “mutually interacting subjects”. The emphasis was also placed on new
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threats in the field of cryptocurrency, the Internet of Things (data exchange
between different devices), 5G, etc.

Eurasian Economic Union (EAEU). Information security, and in the
future also cybersecurity, should become key trends in the development
of information relations among the EAEU member states. It is necessary
to distinguish between normative legal acts (NLA) at the level of the
EAEU integration law and the national law of the participating countries.
Integration law 1s a number of legal acts approved by the EAEU bodies.
First of all, it is possible to single out Article 367 of the Customs Code
of the EAEU, which indicates the legal protection of information data
based on the legislation of the participating countries, including the
authorized customs authorities (Treaty on the Customs Code of the
Eurasian Economic Union, 2017: 983). But this article does not indicate
the application of cybersecurity and the identification of possible risks
in this area. Suggestion: to supplement this article - with the wording
“including in the field of cyberspace”, thus, the legal level of legal relations
will expand. In 2016, a project was laid for the cryptographic protection
of information resources and integration gateways, which can become
practical elements of cybersecurity (On the implementation of a project
for the joint development of specialized means of cryptographic protection
of information of the Eurasian Economic Union, 2016: 1-20). Another
NLA is the 2017 Decision of the Supreme Eurasian Economic Council on
the development of the digital agenda until 2025, where Part 1 states that
the EAEU member states independently develop policies in the field of
information space (On the main directions for the implementation of the
digital agenda of the Eurasian Economic Union until 2025, 2017: 3-5).
Thus, there is only the establishment of trends and directions, without a
specific program for the information or cybersecurity system. At the same
time, the digital agenda itself should not contradict national legislation.
National law is expressed in the following legal acts:

-Armenia. In 2017, the Concept of Information Security is adopted,
which confirms the main directions of the country’s information policy
(Concept of Information Security and Information Policy of the Republic
of Armenia, 2017: 1-5), and in 2020, the National Security Strategy of the
country is adopted, where Part 7 establishes that information security is a
key area of the future, while cybersecurity will serve as protection from
possible cyberattacks and crimes in the digital field (National Security
Strategy of the Republic of Armenia, 2020: 1-10). And the main challenges
in this area are: the lack of specialized legislation, issues of critical
infrastructure, a unified state policy, but in the future these challenges will
be overcome.
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-Belarus. In 2019, the Information Security Concept is adopted, which
confirms the importance of cyber threats, including the emergence of
cybercrimes in the Internet space (Information security concept of the
Republic of Belarus, 2019: 1-5). Clause 61 recognizes under the cyber
threat the failure of technical equipment, software failures, which may be
caused by the illegal actions of certain groups of people. Accordingly, in
order to ensure cyber security, it is necessary to create a national security
system that would allow responding to modern challenges. The important
areas of clause 65.66 confirm the provision of the national segment of
the Internet as an important space for interaction between the public and
private sectors.

-Kazakhstan. In 2017, the Cybersecurity Concept was approved, which
forms amodel of approaches to this area, including the development of a data
monitoring system, a unified policy in the field of information resources,
the display of legal principles (observance of human rights and freedoms,
ensuring the legitimate interests of legal entities, personal security and etc.)
(Kazakhstan Cyber Shield, 2017: 1-10). An important point of this concept
is the idea of promoting “Cyberhygiene” (security rules in the electronic
network, when working with information flows). In addition, in 2018, to
strengthen the country’s financial sector, a separate Cybersecurity Strategy
for 2018-2022 was adopted, which should strengthen the banking sector
with the formation of a national security system in the field of banking
operations (On the approval of the Cybersecurity Strategy of the Financial
Sector of the Republic of Kazakhstan for 2018-2022, 2018: 1-10).

-Kyrgyzstan. In 2019, the Cybersecurity Strategy for 2019-2023
was adopted, with the approval in part 5 of the profile directions for the
development of state policy in the field of cybersecurity, in particular, the
formation of a unified system of measures (strengthening the interaction
of state bodies in the field of information; teaching computer / digital
literacy among state employees; uniform state policy), organization of
information infrastructure security (identification of problematic aspects of
infrastructure, development of criteria for assessing critical infrastructure),
creation of a threat prevention system, development and implementation
of the institution of cybercrime into national legislation, creation of a
protection system, etc. (Cybersecurity Strategy of the Kyrgyz Republic
for 2019-2023, 2019: 1-10). The issue of security of the country’s critical
infrastructure is being worked out, with the introduction of the rights and
obligations of users into the legislation, the introduction of monitoring
and security assessment, which will strengthen the current Cybersecurity
Strategy (Semenov N.S., 2020: 190-192).
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-Russia. In 2013, a draft Concept of the country’s cybersecurity strategy
is being developed, which identifies the main problems, such as causing
damage to the rights of individuals, government agencies and legal entities;
the presence of cyberattacks against information resources; cyber warfare
(Concept of the Cybersecurity Strategy of the Russian Federation, 2013:2-
6). At the same time, part 2 of this draft mentions that “Cybersecurity”
is not yet separated from the concept of “information security”, which
is an existing gap in the legislation. Part 5 denotes the basic principle of
cyber security: guaranteed constitutional human and civil rights in the field
of working with information, maximum personal protection, constructive
cooperation, balance of responsibility, etc. In the future, the Cybersecurity
Strategy will be adopted, and the presented draft of 2013 can serve as a
basis for it.

Discussion. Any document, regulatory legal acts approving the
idea of cybersecurity should be based on national legislation, with the
implementation of the information space, including interaction with
information, forms of implementation and information infrastructure and
the possibility of economic application. This direction is confirmed in
international legislation, since cybersecurity has, first of all, cross-border
coverage (two or more countries), expressed in the form of a regional
segment (Asia, Europe, etc.), and secondly, in the form of a transcontinental
segment (North and South America, etc.). Accordingly, each country,
integration association has its own policy and vision. For example: the EU
through building information relations and ensuring their protection in the
cyber space, where it promotes its European values and rights in the global
information space. There is a specialized supranational agency (ENISA)
that deals with the cybersecurity of the entire EU, monitoring relevant
actions in the field of legislation, information infrastructure, and technical
means. Japan is giving impetus to the formation of a number of areas
in the field of legislation, from the Laws on the formation of a modern
information and telecommunication network society to Cybersecurity,
and ending with three profile strategies, which indicates a high level of
preparation of the society. The main feature was the creation of a ready-
made model of an information and network society and state with specific
legal principles, institutions and a security structure, where the differences
between cyberspace and real space are becoming a thing of the past. There
is a recognition of equal opportunities both in the physical and in the
virtual worlds, with different legal relationships. Within the framework
of integration law, the EAEU is still inferior to the EU, but at the level
of national legislation, the experience of the EU and Japan is taken in
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the field of informatization and building information infrastructure. From
the general analysis of the development of cybersecurity, a number of
proposals are relevant that can improve the work of the EAEU, including:

1. To form a separate area of cybersecurity on the basis of the Information
Technology Department of the EAEU, which will harmonize the legislation
of the participating countries, develop general recommendations at the
national levels.

2. To develop a common strategy and plan for the cybersecurity of
the EAEU, which will lead to the formation of a common vision on the
problems and prospects.

3. Finalize national strategies and plans for cybersecurity of the EAEU
member states.

4. Expand the capabilities of the EAEU integration gateway, as there
is the experience of the Customs Union and its information infrastructure.

5. To create conditions for the promotion of national integration projects
in the field of cybersecurity, data processing, electronic services, etc.

Conclusion. The unifying structure for both the EU, Japan and the
EAEU is the provision of information / digital sovereignty, which plays an
important role in the security of the country or any territorial association.
The more successfully this sovereignty is protected, the more opportunities
the states will have to advance their priority areas in the field of data
security, both in the national information field and in the global space.
The basis for this will be a strong information infrastructure, with its own
scientific and resource base.
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MPEJCKA3AHUE ®YHKIIUA BEJKOB ITPU IIOMOIIU BA3bI
JTAHHBIX «GENE ONTOLOGY» U MOJAEJIEH MAIIMHHOT O
OBYYEHUA

AnHoranus. [IporHo3upoBanue QyHKIUN OEJIKOB SIBISETCS Ba)KHOMU
4acThIO aHHOTAIIMK TeHOMa. B mocieinee BpeMs METOAbI IPOTHO3UPOBAHUS
OBICTPO pa3BUBAlOTCS Oyarogapsi MOSBICHUIO BBICOKOIPOU3BOAUTEIb-
HBIX TEXHOJIOIMH cekBeHupoBaHMs. Cpenu NOCTYNHBbIX 0a3 JaHHBIX AJIs
OmpeseNieHUs] TEPMHHOB (QYHKIMH OeiaKka BaKHBIM DPECYpPCOM, OIHCHI-
BaIKUM (PyHKIIMOHAIBHBIE CBOWCTBa OenkoB, siBisieTcs Gene Ontology
(GO). Gene Ontology mpennaraer kinaccuduxanuoo QyHKIUH, KOTOpas
0a3upyeTcst Ha HEKOTOPOM CIIMCKE UJIU CJIOBApE YETKO C(HOPMYIUPOBAHHBIX
TEPMUHOB, KKIBIA M3 KOTOPBIX IPUHAJICKUT OJHOM M3 KAaTErOpUHA —
MOJICKYJISIPHBIM (DYHKIMSIM, OMOJOTHYECKUM IpOIeccaM M KIETOYHBIM
KoMItoHeHTaM. M3 3Toit 6a3bl JAHHBIX MOYKHO 10 HAa3BaHMIO OeJIKa UM €ro
UICHTU(PUKALIMOHHOMY HOMEpPY HalTH NPUCBOCHHBIE eMy TepMuHbl Gene
Ontology mim aHHOTAIMHU, KOTOPBIE OBUIH CJIEJIaHbI HA OCHOBE Pacu&THBIX
WIM SKCIIEPUMEHTaNbHBIX JaHHbIX. Kaxknomy tepmuny B Gene Ontology
IIpUCBaMBaETCs psAJ aTpUOyTOB: YHUKaJIbHBIA LU(POBON uaeHTUUKATOD,
Ha3BaHME, CJIOBApb, K KOTOPOMY TEPMMH NPUHAMIEKUT, U OIPEIEICHUE.
TepMHHBI MOTYT UMETh CHHOHUMBI, KOTOPBIE JIETSATCS Ha TOYHO COOTBET-
CTBYIOIIME 3HAYCHHUIO TEPMHUHA, OoJiee UpoKue, 0oee y3Kie U UMEIoIue
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HEKOTOpOE OTHOIIEHHE K TepMHUHY. MccaenoBarenn UCIONB3YIOT pa3iiny-
Hble mOaxoAbl Il 3(dexkTuBHOro nporuo3uposanus TepmuHoB GO.
Mexny TeM, ryOuHHOEe 00ydeHue, ObICTPO pa3BUBAIOLIASACS TUCLIUILINHA
B TIOJXO/Ie, OCHOBAHHOM Ha [aHHBIX, ACMOHCTPHUPYET BIICUATISIONIUN
MOTEHIMAal B OTHOILIEHUHU MPUCBOEHUS TepMUHOB GO aMHUHOKHUCIOTHBIM
MOCJe10BaTeIbHOCTAM. B naHHO# cTarbe aBTOpaMu pacCMOTPEHBI J10C-
TYIIHBIE CETOAHS BBIUMCIHUTEIbHBIE MeTOAbl aHHOoTauuu GO s Gen-
KOB, HaYWHAas OT TPAAUIIMOHHOTO W 3aKaHYHMBAash METOJOM ITTyOMHHOTO
oOyueHus. Takxe BhIHECEHBI HAa 00CYKIEHUE OCHOBHBIE TTPOOJIEMBI B 3TOM
00J1aCTH ¥ TTOAYEPKHYTHI OyyIIIue HAMpaBiIeHUs peacKa3anus QyHKIUH
6enka ¢ momomrsio GO.

Kawouesslie ciaoBa: Gene Ontology, nmpenckasanue QpyHKuuid Oeika,
MalmHHOE o0yuyeHue, IMyOuHHOe 00ydeHre, aHHOTalus OeIKOB.
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«GENE ONTOLOGY» BA3ZACBIH ’)KOHE MAHINHAJIBIK
OKBITY YJITLUIEPIH ITAUJIAJIAHA OTBIPBIII AKYHI3
OYHKIUAJTAPBIH BOJI’KAY

AHHOTanus. AKybI3 QyHKIUSACHIH OOJI’Kay F€HOMJIBIK aHHOTALUSHbBIH
MaHbI3bl Oeiri 6oxbin TaObuiagbl. COHFBI yaKbITTa >KOFAphl OHIM/II
CEKBEHUPJIEY TEXHOJIOTUSIAPbIHBIH Naiifa 60aybiHa OaliIaHBICTHI OOMKaY
olicTepl KapKbIHABI aMbIN Keyieli. AKYbI3 (GYHKITUSACHIHBIH TEPMHUHIACPIH
aHBIKTayFa apHAJIFaH JepeKKopiapablH apackiHna Gene Ontology (GO)
OenoKkTapabiH QYHKIIMOHAIBIKKACUETTeP1H CUIIATTANTHIH MAHBI3 Bl PECYPC
OoJibIn TaObLTaABL. [ €HIK OHTOIOTHSI OPKAKCHICHI KaTEropUsIap IbIH OipiHe
YKaTaThIH - MOJICKYJaIBIK (DYHKITUsIIApFa, OMOJOTHSIIBIK MTPOIECTEPTE KIHE
KaCYIIAJBIK KOMIOHCHTTEPIe )KaTaThlH HAKTHI aHBIKTAIIFaH TEPMUHACPIIH
Ti30eciHe HeMece CO3/iK KOPhIHA HEeTi3/Ie]TreH QyHKIUSIAPABIH KIKTETyiH
ychIHaAbl. Byt iepekkopian aKybI3/IbIH aThIH HEMECE OHBIH COMKECTEHIIPY
HOMIpIH OFaH TaralbIHIAIFaH [eHIIK OHTOJOTHS TEPMHUHJIEPIH HEMEce
€CeNTeNreH HeMeCe SKCIIEPUMEHTTIK JAepeKTep HETi31H e KacalFraH aHHO-
Tanusuiapael Taby YIIH maiinananyra 0onaapl. [@HIIK OHTOJIOTHSIAFBI
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opOip TepmuHre OipHemie arpulyTTap TaralbIHAANAIbl: Olpereil caHIbIK
uaeHTH(HUKATOp, aray, TEPMHH >KaTaTblH CO3/IK JKOHE aHbIKTama. Tep-
MUHACPAIH CHHOHUMEpi 00ysl MYMKiH, OJlap TEPMUHHIH MarbIHACBHIHA
coliKec KeJeTiH, KeHipeK, Tap jKoHe TePMHHIe KaHJal 1a O0ip KaTbIchl Oap
6ombin Oemineni. 3eprreyuriep GO TepMuHAEPIH TUIMII OODKAY YIIIH
opTYpai Tocinaepai naaananaasl. COHBIMEH Karap, TepPeH OKBITY, JEPEK-
Tepre HETI3ENTeH TACULIET! KbUIJaM JaMBIN KeJie JKaTKaH IOH, aMHH-
KBIIKBIIAAPBIHBIH Ti30erine GO TepMHHIEPIH TaralbIHIAYIBIH dcepii
asieyeTiH kepceteni. by mMakanama aBropiap JOCTYPIiJeH TEPEH OKBITY
omiciHe aewinri mporeunaepre apHanraH GO aHHOTaMSCHIHBIH Ka3ipri
yaKbITTa KOJ JKEeTIMJII €cenTey oMiCTepiH KapacThipansl. Oy coHmaii-ak
OCBI caJlaJiarbl HeT13ri mpobiaemManapabl TaaKbuiaias! )kone GO keMerimeH
aKybI3 QyHKIUSIIapBIH O0JKAYAbIH OOoJaniaK OarbITTaphIH KOPCETE/I].

Tyiiin ce3aep: Gene Ontology, akysi3 PyHKIIUSICHIH OOJIKAY, MaIlTMHA-
JIBIK OKBITY, TEPEH OKBITY, aKybl3 aHHOTAIUSCHI.
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PREDICTING PROTEIN FUNCTIONS USING THE
«GENE ONTOLOGY» DATABASE AND MACHINE
LEARNING MODELS

Abstract. Protein function prediction is an important part of genome
annotation. Recently, predictive methods have advanced rapidly due to the
advent of high throughput sequencing technologies. Among the available
databases for defining protein function terms, Gene Ontology (GO) is
an important resource describing the functional properties of proteins.
Gene Ontology proposes a classification of functions that is based on a
list or vocabulary of well-defined terms, each of which belongs to one
of the categories - molecular functions, biological processes, and cellular
components. From this database, you can use the name of the protein or
its identification number to find the Gene Ontology terms assigned to it or
annotations that were made on the basis of calculated or experimental data.
Each term in Gene Ontology is assigned a number of attributes: a unique
numeric identifier, a name, the dictionary to which the term belongs, and
a definition. Terms can have synonyms, which are divided into exactly
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corresponding to the meaning of the term, broader, narrower, and having
some relation to the term. Researchers use a variety of approaches to
efficiently predict GO terms. Meanwhile, deep learning, a rapidly evolving
discipline in a data-driven approach, is showing impressive potential for
assigning GO terms to amino acid sequences. In this article, the authors
consider the currently available computational methods for GO annotation
for proteins, ranging from the traditional one to the deep learning method.
It also discusses the main problems in this area and highlights future
directions for predicting protein functions using GO.

Key words: Gene Ontology, protein function prediction, machine
learning, deep learning, protein annotation.

BBenenue. benku mnpeacTtaBisioT co0oil OpraHMYecKHe MaKpOMO-
JIEKYJIbl, KOTOpBIE SBISIIOTCA (yHAAMEHTAJIbHBIMH JI€TE€PMUHAHTAMHU
CTPYKTYPHI ¥ (pyHKIUH )KUBBIX Opranu3mMoB. OHU UTPAIOT POJIb BO MHOTHUX
mpoueccax, BKIOYas OMOXMMHYECKHE pPEaKIUH, Mepeaady CUTHAJIOB,
TPAHCIIOPT MUTATENbHBIX BellecTB U T.A. [loaTOMy moHMMaHHE CBOWCTB
0€JIKOB BaXHO HE TOJIBKO C OMOJIOTUYECKOM 1 3BOTIOLMOHHOM TOUEK 3peHus,
HO U C TOYKH 3PEHUS UCIIOIb30BaHUS UX MMOTEHIMala B OMOMEANIIMHCKUX
U apMaLeBTHUYECKUX cepax U Ipyrux o0nacTax.

Kak mpaBuno, unentudukanus ¢GyHKIuUNA Oenka OCYIIECTBISETCS C
MOMOIIIbI0 PYYHOW WM KOMIBIOTEPHOW aHHOTauuu. [lepBbId Mmoaxon
SIBIISIETCS 30JI0THIM CTaHIAPTOM TSt QyHKIIMOHAIBHBIX aHHOTAIUH, TOTOMY
YTO OH pealIn3yeTCs IKCIIEPTAMU U 1a€T BICOKOKau€CTBEHHBIE PE3YJIBTATHI.
Tem He MeHee, 3TOT MOAXOJ SBISETCA JOPOTOCTOSIIIMM U TPYIOEMKHUM,
U MO3TOMY €ro TpyaHO MaciutabupoBaTh. Kpome Toro, usz-za pa3BUTHUS
BBICOKOTIPOM3BOAUTENIbHBIX TEXHOJOTUH CEKBEHUPOBAaHUS, TaKHUX Kak
cekBeHHpoBaHue HoBoro nokojeHus (Next-Generation Sequencing uiau
NGS), konruecTBO MOCAEA0BATEILHOCTEHN, TOISKAIUX AHHOTUPOBAHUIO,
pe3ko Bo3pocio. TakuM 006pa3oM, METOABI BHIYUCIUTEIbHOW aHHOTALUU
ObUTH pa3pabOTaHbl KaK HEOOXOTUMOCTH JIJIsi aBTOMAaTHUECKO 00paboTKu
6onpIIoro 00beMa BHOBb CIE€HEPUPOBAHHBIX IOCIEI0BATEIbHOCTEH, a
TaKXKe JJIs1 MOBBIIICHHS] TOYHOCTH AaHHOTUPOBAHHBIX JaHHBIX.

W3-3a n13MEHUYUBOCTH CJIOBApS, UCIIOJIB3YEMOTO JIsl onpeeeHus GyHK-
1ui Oeka, OBLITU TPEIIIOKEHBI Pa3JIMYHbIE Oa3bl JAHHBIX ISl 00€CIICUSHUS
CTaH/JapTU3UPOBAHHON cxembl, Takue kak Enzyme Commission (EC),
OyukuonanbHbli katanor (FunCat) u Kunorckas sHuukioneaus reHoB U
renomoB (KEGG). B Hactosmee Bpemst Gene Ontology (GO) (Consortium
GO, 2015) sBisieTcst HanOoJIEE MOIHBIM PECYPCOM, IIOCKOIBKY OH 00J1a1aeT
BCEMH HY>KHBIMH CBOMCTBAMHM CUCTEMBI DY HKIIHOHATBHOU KJIaCCU(DUKALIUH.
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Koncopuuym GO co3gan 6a3y JaHHBIX AJI1 KOHTPOJIHMPYEMOTO CIIOBApS,
OMHCHIBAOMIETO (YHKIIMOHATBHBIE CBOWCTBA TE€HOMHBIX MPOIYKTOB
(mampumep, renoB, OenkoB m PHK). Kaxmas onTomorus (cimoBapsb)
MPUHAJJICKUT K OHOM U3 TpeX KaTeropuii: MonekynsapHas pynkuus (MO,
MF, Molecular Function), ouonornueckuii nporecc (bBII, BP, Biological
Process) u xnetounsiii komnoHeHT (CC, Cellular Component). C Touku
3peHusi cTpykrypbl, GO cieqyer mepapxXxuuecKkoil opraHus3alii B BHJE
HampaBJieHHOTO anukiandeckoro rpada (DAG), B KOTOpOM KaKabli
TEPMUH SIBISETCS Y3II0M, a KaX/10€ pedpo, COETMHEHHOE C ABYMS Y3JIaMH,
MPEJICTABISIET OTHOIIEHUE POAUTEIB-TIOTOMOK. ETO MOXHO HCIIONIB30BaTh
JUTsl BBIBOJIa MHOTUX TUIIOB MH(POPMALIUU, TAKUX KAK «SIBISETCS» («iS-a»)
WIIN «SBJSIETCS 4YacThio» («part-of»). Kpome TOro, «sBISE€TCS Y4acThIO»
MOJIpa3yMeBaeT, 4TO JOYEPHHH Yy3el 00s3aTeNbHO SBISETCS YacTbIO
poauTens. DTO MO3BOJsAET TMOKO aHHOTHUPOBATh OEIKM B OTHOIICHUH
pPa3IUYHBIX YPOBHEH (QYHKIIMH — OT OOIIUX TEPMHUHOB JIO KOHKPETHBIX —
B 3aBUCHMOCTH OT JOCTYITHBIX JJaHHBIX.

ABTOMaTH3MpPOBAaHHOE TPOrHO3UpoBaHue GyHKIHHI (Automated Function
Prediction - AFP) na ocroBe cuctemsr GO npencraBisieT co00# CIOKHYIO
3amaqy OmonHpopMaTUKU. BO MHOTHX WHCCIEeIOBaHUAX OOCYKIalach
(byHKIMOHATHHAS aHHOTAIUS OeJIKa ¢ pa3HbIX TOYeK 3peHus. [Ipensinynme
0030ps1 0bu ocBsieHbl AFP (Rost, 2003) ¢ Touku 3peHHs HCIIONIb3YEeMOT o
tumna gaHHbix (Shehu, 2016), HeTOCTaTKOB ¥ COOTBETCTBYIOIINX PEIICHUIH,
CeTH B3aUMOJICHUCTBHUS OCJIKOB, THIOB KJIACCH(PUIMPOBAHHBIX (YyHKIUH
u HazHaueHus GO Ha ocHOBe WH(OpPMAIMU O MOCIEAOBATEIHLHOCTH.
B (Bonetta, 2020) nemoHcTpupyeTcs mIpelckazaHue (QyHKIuUU Oeika B
pabouem mpoliecce MmamHHOTO 00y4yeHus. B (Zhao, 2022) paccmarpuBaror
MPOrHO3MpPOBaHUE (PyHKIIMU T€HOB ¢ TOUKH 3peHus moaenupoBanus GO.
Bce aTu nccnenoBanus mpeacTaBUiIN He3aBUCUMBbIE B3IVISIbI HA TPOOIeMy,
OJTHAKO HE TPEJCTaBICHO MOApPOoOHOro 0030pa MTyOMHHOTO OO0y4eHWUS,
KOTOPOE€ SIBIISIETCSI HOBBIM ITOAXOJOM K TPOTHO3UPOBAHUIO (YHKITUI
6enkoB ¢ moMotibio TepMuHOB GO. Takum 00pa3om, B cTaThe MpeiaraeTcs
BO3MOKHOCTH MPOTHO3UPOBAHUS (PYHKIMN OEJKa C MCIOJIb30BAaHUEM KaK
0OBIYHOTO, TaK U TTYOMHHOTO OOYYEHHS, UTO TAKXKE YKa3bIBAET HA TO, YTO
MOXKHO OXHUJAaTh 00Jiee BHICOKOW MPOTHOCTUYECKOH 3(PPEKTUBHOCTH MPHU
CPaBHEHHMH HECKOJIbKHX METOIOB JIPYT C JPYTOM.

OCHOBBIBasICH Ha MPEIBIAYIIUX HUCCIEAOBAHUSIX U BBHIIMICYMOMSIHYTHIX
0030pax, Hallla cTaThsl pa3JesieHa Ha IBE OCHOBHBIC YacTH. [lepBas yacTh
OXBaThIBACT TPAIULIMOHHBIN MOAXOJ M BKJIIOYAECT pEUICHUs, HE HCIOJb-
3yrolue rmyOnHHOe 00y4eHHe, a BTOpasi 4aCTh OMUCHIBAET METObI, KOTO-
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pbl€ OCHOBBIBAIOTCS HAa TMIIYOMHHOM OOYyYE€HHMH [JIsl pelIeHUs MpoOIeMbl
(yHKIIMOHATLHOW aHHOTAIMU OejKa.

Huxe kpaTko paccMOTpeH TPaJaUIIMOHHBIN MOAXO/, TaK KaK MO 3TOMY
BOIIPOCY YK€ JOCTYIHO OOJBIIOE KOJIMYECTBO paboT U 0030pOB JIHTEpa-
Typbl. B 9T0i1 yacTu CyMMUpPYIOTCS TPH OCHOBHBIE MMOAKATETOPUU TPaaH-
IIMOHHOTO TOAXO0Jla M YIOMHUHAIOTCS H3BECTHBIE M CaMbI€ ITOCIETHUE
COOTBETCTBYIOIINE UCCIIETOBAHMUS.

OcHoBHas yactb. Martepuansl U Metoabl. CTaHIapTHBIN TOAXOM AJIst
nporro3upoBanus GO TEPMHUHOB OCITKaM.

B menom, ObUIO MpenIoKeHO HECKOJBKO METOJOB ISl TPUCBOCHUS
tepMuHOB GO Oenkam ¢ UCIOIb30BAaHUEM DPA3JIMYHBIX TUIIOB JAHHBIX U
MetonoB. Huke paccMoTpeHbl penpe3eHTaTUBHbIE PELICHUs], BHUMaHUE
COCPEJIOTOYCHO Ha TpeX KaTeropusx: METOJIbl Ha OCHOBE TNOI00uS,
BEPOSTHOCTHBIC METOJIBI 1 METObI MAIIIMHHOTO O0yYEHUS.

MeTtonb1, OCHOBaHHBIC Ha cxojcTBe. [lepBoHauanbHO pyHKIIMOHATIBHBIE
AHHOTAIIMU TPUCBANBAINCH HEOXapAKTEPU30BAHHBIM OelKaM Ha OCHOBE
MIPOCTOTO MPHUHITUIIA: TOCIE0BATEILHOCTh OCJIKa CKAJIach B 0a3ax JaHHBIX
AKCTIEPUMEHTAIHHO BHIOPAHHBIX OCITKOB U, €CIU OBLIIN U3BJICYCHBI KaKHE-
100 1oxoxue O0enKH (KIMOX0KHE» CIEUaIbHO ONPENEIEHHBIM 00pa3oMm),
tepmutbl GO, CBS3aHHBIC C H3BICUCHHBIMH 10 CIIE0BATEILHOCTAMHU, ObLIH
MIPUCBOEHBI 3ampanmBaeMomy Oenky. Camoe mepBoe pelieHue METOMIOB,
OCHOBaHHBIX HaCXO/ICTBE, ObLJIIO 0CHOBAHO HATOMOJIOTHH. DTH UHCTPYMEHTHI
OCHOBBIBUJIMNCh HAa HMHCTPYMEHTaX IMOWCKA JIOKAJbHBIX BBIPABHUBAHUU,
TaKUX Kak ba3oBbIii MHCTPYMEHT IIOMCKA JIOKAJIbHBIX BbIPABHUBAaHWUU
(BLAST). B atux Meromax HEM3BECTHAS IMOCJIEAOBATEILHOCTD MINETCS B
0a3e TaHHBIX, B KOTOPOU XPAHSTCS XOPOIIIO0 aHHOTUPOBAHHBIE OCJIKU. 3aTeM
UICHTU(ULIMPYETCS HW3BJICUYCHHAs MOCIEAOBATEIbHOCTh C HAWBBICIICH
OLICHKOM BBIPAaBHUBAHHUS B COOTBETCTBUHM C 3aJaHHBIM IOPOTOM, U €€
aHHOTAIMS mepeaaercs 3amnpamuBatonieMy oenky. OntoBlast, GOFigure,
GOblet 1 GOtcha aBISIIOTCS THIUYHBIMUA CUCTEMAaMH aHHOTALIMH, UCITIOJIb-
3YIOIIMMHU CXOJICTBO IOCJIEOBATEIBHOCTEH, OMpEesieMOe MOUCKOBBIM
mexanuzmMom BLAST. Bonee moapoOHas wHpopManus 006 3TUX UHCTPY-
MEHTax mnpejacTasieHa B Tabmume 1.
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Tabauna 1 [Ipegukropsr anHotanuii GO, ucnonb3yronue

TPaJUIIIOHHBIN TTOIXO/T

Meton

HazaBanue
NMPOrpaMMbI

Onucanme

Ton
nceJie-
JI0Ba-
HUS

OcHOBaHHBII
Ha CXOJICTBE

OntoBlast

Beb-cepBep, KOTOPHIi SBISIETCSA 9aCTHIO HHCTPY-
MeHTa «Ontologies TO

GenomeMatrix». OH TipecKa3bIBaeT (GyHKITUIO
Oerka 1o B3BEIIEHHOMY CIIHCKY TepMuHOB GO,
CBSI3aHHBIX C [TOCIIEJOBATEIFHOCTAMH ITOTIAIaHUN
BLAST B nesstu 0a3ax JaHHBIX T€HOMA.

2003

GOFigure

HpOI/ISBOZ[I/IT BBIBO/I B BUJIC KITHKaOeIbHOTO
rpa(ba B YCTBIPEC OTalla, BKIrOo4Yas IMOUCK
TOMOJIOTHYHOU IoCJIea0BaTCIbHOCTH,
MMOCTPOCHUC rpaq)a C MUHHUMAJIbHBIM IMOKPBLITUEM
Y Ha3HAUYCHHE OHTOJIOTHUM MOCIIe UX OLICHKH.

2003

Goblet

[IporpaMMHBII1 TAKeT, MO3BOJIAIOIUN OJb-
30BaTEIIO OMPEEISATh TyBCTBUTEIBHOCTD K
E-3Hauenuto, u 6a3bl JaHHBIX, UCIIOIb3yEMbIE
s noricka BLAST. Bce onTonornu, uaeHTH-
(huIIpOBaHHBIC TIOCTIE COTIOCTABIICHHS OEIIKOB,
CTpOsITCA B CBOAHOM cTpykType DAG, re xomu-
YECTBO IMOCJIENOBATEIHLHOCTEN, MMEIOIIUX OOIIHI
tepmuH GO, SBIAETCS KyMYJISITHBHBIM, YTOOBI
IIPE/ICTABUTh 3HAYMMOCTh TEPMUHA.

2004

Gotcha

Ilepenocur acconmarun GO, nomyyeHHbIE

n3 BLAST, B reHHbBIC IPOAYKTHI C TOMOIIBIO
HOBOI cxeMbl paHxupoBanus. E-3HaueHus
MIPOU3BOIHBIX TEPMUHOB PaCpOCTPAHIIOTCS Ha
uX poauTenbckue TepMuHbl B DAG, obecrieunsast
HOPMAaJIN30BaHHBIE OL[EHKH JOCTOBEPHOCTH IS
otaensHOM oHTONOornu GO.

2009

PFP

DyHKIIMOHAIbHAs CUCTEMA aHHOTALlMM, OCHOBaH-
Has Ha coBnaaeHusx PSI-BLAST, nucnoip3yto-
11as COBITIAIAOIIKE MTOCIEI0BATEILHOCTH 10 He-
0OBITHO BBICOKOTO TTOPOTa U M3BJICKAIOIIast OUYCHD
Bakable TepMuHBI GO U3 UniProt ams onerkn
(hyHKIWH 17151 HEU3BECTHBIX OEIIKOB.

2015

INGA

(DyHKHI/IOHaJ'ILHHﬁ CCPBEP aHHOTaHI/Iﬁ BBIBOAUT
ITPOTHO3bL GO u3 MHOXKECTBA UCTOYHUKOB
JaHHBIX.

2016

GoFDR

Mertox Ha OCHOBE MHOXECTBEHHOTO
BBIPABHUBAHMS ¢ ucnoib3oBanueM FDR u
PSSM nmnst pamxupoBarus TepmuHoB GO miist
AMHHOKHCJIOTHBIX TIOCJIEI0BATEIbHOCTEH.

2003
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Beposit-
HOCTHBIN

BepostHocTHas cTpykTypa, ocHoBaHHast Ha PPI,
nporuosupyet HazHaueHne GO g 10% HeanHo-
THPOBAHHBIX OCIIKOB B JIPOXKIKAX.

2007

Hcnonw3yeT pasHOpOAHbIE AaHHBIE JUIS yIydlle-
HUS BEPOSTHOCTHON MOJIeH (DYHKIIMOHATBHOTO
NporHo3upoBaHus Saccharomyces cerevisiae.

2010

BMRF

BapuanT noaxoaa na ocnose MRF k PPI, ko-
TOPBI TIO3BOJISET JIENIATh HOBBIC MTPOTHO3BI IS
HEaHHOTHPOBAHHBIX OCIIKOB.

2006

MamunHoe
o0y4eHue

GOPET

WHCTpYyMEHT MPOTHO3UPOBAHUS U OLIEHKU
tepmuHOB GO, mpenocrasnsonuii rTepmMuasl GO
JUISL MOJIEKYJISIPHBIX (DYHKIMH 1 OMOIOTHYECKUX
HPOLECCOB VIS JI000T0 OpraHu3Ma.

2010

PoGO

Mopenb ancaMmOJIs1 CO CXOACTBOM IIOCIIEAOBATEIb-
nocrel InterPro, 6MoXMMHUYECKMMU CBOMCTBAMU
U TPETHYHOH CTPYKTYpOIi OeNKa I IPOTHO3H-
poauus GO 6enKoB rpudoB.

2018

FFPred3

Huctpyment Ha ocHoBe SVM, obecrneunBaronui
HE3aBHCHMOE OT TOMOJIOTHH Ha3HAuYCHHUE
tepMuHOB GO 17151 9yKapUOTHYECKHX OEIIKOB.

2018

PANNZER2

B3Benrennsrit kiraccuduratop K-ommkaimmx
cocefeid, 00ecneunBaOINi (yHKIHOHAIBHYIO
AQHHOTALMIO JUTS HEOXapaKTePH30BaHHBIX OCIIKOB
¢ repmuHamMu GO 1 ONUCaHUSAMH B TPOU3BOJIB-
HOM TEKCTe.

2018

Deep
Text2GO

CoueraHue TEKCTOBOTO METO/Ia U METO/Ia, OCHO-
BaHHOTO Ha IOCJIEIOBATEIBHOCTSIX, IS YiIylIe-
HUsI KPYITHOMAcCIITaOHOTO Npejickazanus (yHK-
Iuu OeJIKa.

2018

NetGo

D¢ dexruBHEIi BeO-cepBep Ha ocHOBe LTR,
00BEMHSFONINIT KaK MOCIIeI0BaTeIbHOCTbD, TaK H
MAaCCHBHYIO CETEBYIO HH(POPMALIMIO O OeKax st
AQHHOTHPOBAHHMS TCHHBIX MIPOIYKTOB.

2019

PFP (Piovesan, 2015) 310 emie oJuH METO/T, KOTOPBIA UCTIOIB3YET PYHK-
[IMOHAJILHYI0 MH(OPMAIIMIO, CBS3aHHYIO C YIAJICHHBIMH TOMOJIOTaMH,
NyTeM TPUMEHEHHUS TO3ULIHUOHHO-CHEIU(PUIECKOTO HTEPUPOBAHHOTO
BLAST (PSIBLAST). WHCTpyMEeHT sBIsieTCS YAy4dlI€HHMEM C TOYKHU
3peHHUsI 0XBaTa U TOYHOCTH, UTO OIIPE/IeIsieTCs MyTeM aHaJIu3a 3TATOHHOTO
HabOopa nmanHbix 1o cpaBHeHUIO ¢ GOtcha, PSI-BLAST wu InterProScan.
JlpyruM BapuaHTOM pEIICHHs, OCHOBAHHBIM Ha BBIPABHUBAHUHU IOCIIE-
nosarenbHocTel, sBasiercs INGA (Piovesan, 2015), B koTopoM JaHHbBIE
cetu O6enok-0enkoBoro B3anmoeicTBus (Protein-Protein Interaction - PPI)
00BbEAMHSIOTCS C HA3HAUEHUEM JJOMEHA U CXOACTBOM MO CJIE10BaTEIbHOCTEN
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u3 BLAST nnsa noctukeHus KOHCEHCyca B MPOTHO3HPOBAHUU (PYHKIUH
GO c¢ wucnonp3zoBanueM aHanu3a obOorameHus. Kpome toro, GoFDR
(Gong, 2016) Oepetr coorBeTcTBytomKe TepMuHbl GO u3 3ampocos
MHOXKECTBEHHOTO BBIpaBHUBaHUs mocieaoBarenpbHocTeir (MSA) ¢
nomouibto noucka BLAST wnu PSI-BLAST. BepostHOCTh npucBoeHUs
TepMHUHA MOCIEA0BATEILHOCTH 3ampoca omnpenensercs (yHKIUOHAIbHO
pazmuuaromumu ocratkamu  (Functionally Discriminating Residues -
FDR), onienouHo# marpuiieii 1ist KOHKpeTHbIX o3unuii (PSSM) mst FDR
U TabnIuIel OLIEHKU ¢ MAaKCUMAaJIbHOW BEPOATHOCTHIO, MOATOTOBICHHOM C
UCII0JIb30BaHUEM 00y4YarOIINX MMOCIEA0BATEIbHOCTEH.

XOTsl METO/IbI, OCHOBAaHHBIC HA TIOMCKE JIOKAJTLHOTO BBIPABHUBAHUS, BCE
€IlIe aKTyallbHbI, TPOCTHl U B HEKOTOPOU CTEMEHU pabOTar0T XOPOIIO, OHU
TaKXe UMEIOT HEKOTOPbIe HEJI0CTATKH, BKJIIOUAst OIIMOKY aHHOTAIUN 0a3bl
JAHHBIX WA YpE3MEPHYIO nepenady GyHKIUNH, OTHOCUTEIbLHOCTh IOpora
U HU3KYI0 YyBCTBHTEIBHOCTh WM CICHU(PUIHOCTh. B HomoiHeHHe K
METOJlaM, OCHOBAaHHBIM Ha BBIPABHUBAHUU, JOCTYIMHO HECKOIBKO pY-
TUX MPEIUKTOPOB, KOTOPhIE AaHHOTUPYIOT (PYHKIIMU MEpeHOca HAa OCHOBE
CXOJICTBA Ha YPOBHE CTPYKTyphl Oelika, cemelcTBa OenkoB WM (uio-
reaomuku (Shehu, 2016).

Beposatnoctaeie Meronsl. s ompenenenus (QyHKIUU OEIKOB ObLI
pazpaboTraH psa BepoATHOCTHBIX Moaeineid. B (Nariai, 2007) ucronab3oBanu
rpad (QYHKIMOHAIBHBIX CBs3EH, MOCTPOCHHBIH Ha ocHOBe cetu PPI
npoxokeit Saccharomyces cerevisiae. [IpenmonokeHue 3akiIO4anoch B
TOM, YTO BEPOATHOCTH COBMECTHOTO HCIOJB30BaHUS (YHKIUH MEKIY
(y3mammu) Genkamu, HAXOJSIIUMUCS OJIU3KO APYT K APYTY Ha rpade, BHIIIE,
4eM BEPOSATHOCTD JJIs y3JI0B, KOTOPbIE HE HAXOASTCS B HEMOCPEICTBEHHON
o6m3octu. B sTom merone BepositHOcTH TepMHHOB GO, MPHUCBOEHHBIX
OENKOBOI MOCIEA0BATEILHOCTH, BBIBOJSATCS W3 OMHOMHAIBHOM MOJIEIH,
BKJIIOUAIOIIEH anroput™M ciydaitHoro nonst MapkoBa (MRF). Ilozxe, B
(Nariai, 2007) 00beTMHIIN HECKOJIBKO HCTOYHUKOB NaHHBIX (PPI, nanubie
00 3KcTmpeccuu reHoB, MH(OpMAIUI0 O OCIKOBBIX MOTHBAX, JIAHHBIE O
MyTaHTHOM (EHOTHUIIE W JaHHBIE O JIOKAIU3aluu Oenka), HCIOIb3Yys
0aileCOBCKYI0 CTPYKTYpy, YTOOBI TMOBBICUTH 3((HEKTUBHOCTH MPOT-
HO3UPOBAHUS 110 CPABHEHHMIO C MOJIEJIBIO, KOTOPas UCMOJIb3yeT ToJIbKo PPI.

Paboras ¢ TeM ke MOJEIBHBIM OPraHU3MOM, S. cerevisiae, KOTOPBIH
WCIIOJIB30BAJICS B OMHMCAHHBIX BhIme Meronax, B (Kourmpetis, 2010)
OBLIIO MPEIOKEHO MPUMEHUTD OaliecoBckuit moaxon k mogenu MRF. Oto
MPEJIOKEHNUE CUUTANIOCH YIYUIIEHUEM ISl OLIEHKU MapaMeTpoB MOJEIU
U TPENOCTaBICHHUS TPOTHO30B HAa OCHOBE CETEBBIX JaHHBIX. Kpowme
toro, Pinoli, Chicco u Masseroli (Pinoli, 2015) cpaBHuaM pasnuyHbie
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CXEMBbI B3BEIIMBAHUS B COYETAHUU C TPEMsl AITOPUTMAMHU, a HUMEHHO:
pa3IoKEHHWE YCEYEHHOTO CHHTYJApHOro 3HaueHus (truncated Singular
Value Decomposition - tSVD), cemantnuecku ynyumennoe tSVD (SIM)
U BEPOSATHOCTHBIN JATEHTHO-CEMAHTHUYECKUM aHAIU3 C HOpMalu3aluuei
(probabilistic Latent Semantic Analysis with normalization - pLSAnorm).
[lepBrie ABa MeTO/Ma OCHOBAaHBI Ha JMHEWHOW anreOpe, a TMOCIETHUN
MPEICTaBIsIET COO00H MOAM(PUIIMPOBAHHYIO BEPOSTHOCTHYIO MOJEIb,
OCHOBaHHYI0 Ha 0aiieCOBCKOM BBIBOJZIE. JTH METOJbl OBLIM YCHEIIHO
WCIIOJIB30BAHBI IS CO3JaHusl HOBBIX aHHOTauui GO A Tpex MoJeIbHBIX
opranu3MoB: Bos taurus, Danio rerio u Drosophila melanogaster.

MeTonbl MamuHHOTO 00yueHus. IHCTpYMEHTHI Ha OCHOBE MAITMHHOTO
oOyuyeHust ObulM pa3paboTaHbl IS BBISBICHHUS CKPBITBIX B3aMMOCBS3EH
MEXIYy Pa3IuYHBIMHU XapaKTepUCTHUKaMu Oenka (TOCieN0BaTeIbHOCTBIO,
CTPYKTYPOH WJIM PYTHMU COOTBETCTBYIOIIMMH 3BOJIOLUOHHBIMH JIOKa-
3aTeNbCTBAMM) M (DYHKIIMOHAIFHBIMH METKaMH Ha OCHOBE OOYYaroImiero
Habopa (Tpynmbl TOJHOCTBIO OXapaKTEPU30BaHHBIX MAaKpPOMOJIEKYI)
U HUCIIONb30BaHUS OSTOM MHGOpPMALMHM AN CO3JaHUS AHHOTALMHA s
HOBBIX 0enkoB. bblnu mpenioxkeHsl pa3inyHble METO/Ib, OCHOBaHHBIE Ha
MAIIMHHOM OOYYEeHHH, BKJIIOUAIOIINE PAa3InYHbIC TMHUH JTI0KA3aTeIbCTB B
KaduecTBe (PYHKUMHA 151 00yUYeHHs KIaCCU(PUKATOPOB U MPOTHO3UPOBAHUS
TepMuHOB GO.

Hcnonb3oBanue Ki1accu(pUKaTOpOB MHOKECTBEHHON MaIlIMHbI OTIOPHBIX
BekTOpoB (Support Vector Machine - SVM) sBisieTcst nmpeobiagaronmm
BBIOOpPOM B HecKOIbKuX uccienoBanusx. Hanpumep, GOPET nepenaer
HECKOIbKO (yHKIMH, cBsi3aHHbIX ¢ TepmuHamu GO (Mepbl CcXoACTBa
IO CJICIOBaTEeIbHOCTEM, OcCHOBaHHKIC HAa moncke BLAST, wacToTe, kauecTBe
aHHOTAIMl TOMOJIOTOB U YpoBHE aHHoTauui B mepapxuu GO) mna 99
knaccupukatopoB SVM. KoHKpeTHbI TepMHH OyIeT «IpaBUIbHBIM»
WU «HEMPaBUIBHBIMY SIPJIBIKOM JJISI HEU3BECTHOM MOCIE0BATENIbHOCTH,
C BBIYMCICHHBIMU [IOKa3aTeJSIMU JOCTOBEPHOCTH TrojlocoBaHus. B
KadectBe npyroro mpumepa, FFPred mepBonauanbHO OBLT yCTaHOBIICH
JUIE HEaHHOTHUPOBAHHOTO MPOTEOMa 4YeIOBEKa, HO IPOJAEMOHCTPUPOBAI
0600menue Ha apyrue nporeomsl. [Tocnennss Bepcus FFPred — FFPred3,
KOTOpas Mo-npexxHeMmy ocHoBaHa Ha SVM, paciupena Jisl ucclieI0BaHus
KOppeIsIUHA  MEXIy XapaKTepUCTUKAMH TPU3HAKOB, H3BICUYCHHBIMU
U3 TIOCIIEAOBATEIBHOCTEH M CTPYKTYpP B paMKaxX TpeX MOJOHTOJIOTUH
(MF, BP u CC). [pyroit unctpyment, Prediction of Gene Ontology
terms (PoGQO), 6p11 pa3paboTan Ha OCHOBE aBTOMAaTHYECKOW aHHOTAIIUU
(GyHKIIMOHATBHOTO Kiacca Oeika (Automatic Annotation of Protein
Functional Class - AAPFC). BMecTo TOro, 4ro0bI HMCIIOIb30BaTh TOJBKO
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tepmuHsbl InterPro B kauecTBe xapakrepuctuk, PoGO o0benuHser eie Tpu
UCTOYHHUKA (CXOJCTBO IMOCIEA0BATENbHOCTEH, OMOXUMUYECKHE CBONCTBA
U TpeTHYHas CTPyKTypa Oenka). Bnocnencteun SVM u nuHeitHbIN Kitac-
CU(pUKATOP UCTIONB3YIOTCS B KAUECTBE KJIACCU(PUKATOPOB 0230BOTO YPOBHS
Mepej1 9TarnoM MeTao0ydeHHUS.

Ucnone3ys anroputm k-Ommxkaiimero cocena (k-Nearest Neighbor
- k-NN), PANNZER?2 mnpenocrasisier ObicTpbie (DyHKIIMOHAIBHBIE CHUC-
TEMbl AaHHOTAIMi, OCHOBAaHHbIE HAa TOMOJOTHHM MOCIEAOBATEIbHOCTEH U
Ipyrux mOpeaukropax aHHotauwil. Mexay tem, MS-k NN obwvegunsier
Pa3HOPOHBIE JaHHBIE, YTOOBI IPEIJIOKUTH KOHKYPEHTOCIIOCOOHY0 MO/IEIb
st ipenckasanus Gyaknun oenka. DeepText2GO — 3To comtacoBaHHBIN
0JX0/1, 00bETMHSAIOLINI TITyOOKOE€ CEeMAaHTUYECKOE MPEACTABICHUE TEKCTA
u3 uuratr MEDLINE (NCB, 2018) B Buge tekctoBoii MHGOpPMALHUH U
MH(OPMAITUH O TTOCIIEeI0BATEIbHOCTH, MOJy4eHHOH ¢ moMonipio BLAST n
InterProScan. 3tu pynkunu nepenarorcs B Moaenu k-NN 1 TOTHCTHIECKOI
perpeccuu ans cosnaHus (QyHKIUH OenkoB 0e3 3HaHUU B OONBIIOM
macmtabe. NetGO saBnsercs pacmupenuem GoLabeler, B kotopom
HCIIONB3YeTCsl MO/IeNIb o0ydeHus st pamxupoBanus (Learning-To-Rank
- LTR) st unTErpanuu 10Ka3aTesibCTB Ha OCHOBE MIOCJIE10BAaTEIbHOCTEH.
NetGO mnoBbImaeT MpoOU3BOAUTENBHOCTh KpymnmHoMmaciutabHoro AFP 3a
CUEeT JIOCTyNa K OrpoMHOI 6enok-6emnok cetu u3 6onee uem 2000 BUAOB B
0aze ganabeix STRING.

[Toaxoapl MAaIIMHHOTO OOYYEHHUS CUUTAIOTCA OyAYIIUM HAIlpPaBICHUEM
s AFP. Hekoropbie HOBBIE OesikH MO0 HE UMEIOT UACHTU(DUIUPYEMBIX
TOMOJIOTHYHBIX MOCJEI0BaTeIbHOCTEH, HMO0 HX OOHAPYKUBAEMbIM
roMoJsioraMm He ObLIM TPUCBOCHBI Kakue-1n6o GO-meTku. CienoBaresbpHoO,
omnpeneneHue (QpyHKIUU OelKka C HyJs C HMCIOJB30BAHHEM MAIIMHHOTO
o0ydeHHs, TO €CTh MPSMOTO BBIBOJA AHHOTAIMU U3 AMHHOKHCIOTHOM
MOCJIEeI0BAaTEILHOCTH 0€3 JocTyna K KaKUM-THOO JIOMOJHUTEIbHBIM
CCBUIKAM WK 0a3aM JaHHbBIX, SIBISETCS aKTyaJbHOU 3aJauei.

AHHOTAIMU TEPMUHOB OEJIKOB C UCIIOJb30BAHUEM I10/1X0a ITTyOUHHOTO
oOyueHus

[Torennman mnyOMHHOTO OOy4YeHUs ObUI TMPOJEMOHCTPUPOBAH B
HECKOJIbKHX 001acTsAX MpUMEHEeHH s, BKIItouast ononndopmaruky (L1,2019).
OCHOBHOI XapaKT€pUCTUKOM, KOTOpas OTINYAET 3TOT MOJAXOA OT JIPYTUX
METOJIOB, fABIIAETCS Tpoiecc oOydeHus. OHU aBTOMATUUYECKU U3BJICKAIOT
(GYHKIIMY BBICOKOTO YPOBHS U3 HEOOPaOOTAaHHBIX TaHHBIX U 00€CTICUUBAIOT
KOMILIEKCHBIE€ NMPOTHO3bI. B oTinunMe OoT 0OBIYHBIX MOjENeld MAIIMHHOTO
oOy4eHwusi, TouyHas KiraccuuKammsi JOCTUTAETCSl C MOMOIIBIO CO3aHHBIX
BpyuHyl0 (yHKUIMN. B HacTosimiee BpemMsi KOJIMYECTBO TE€HEPHPYEMBIX
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T€HOMHBIX JIaHHBIX, @ TaKXe€ KOJIMYECTBO CJIOXKHBIX alTOPUTMOB U
BBIYMCIIUTENIbHBIX PECYPCOB OBICTPO PACTYT. DTH PECYPCHI MOAIEPKUBAIOT

rIyOMHHOE O0O0ydeHue Uis pemIeHHus TMpoOIeMbl

(YHKIIMOHATBHBIX

aHHOTauui. Huxke paccMOTpeHsI IpeuiaracMble METO/Ibl, OCHOBAHHBIE Ha
JBYX KPUTEPUSIX: MOJIEIU M UCIOJIb3YeMbIX BXOIHBIX JNaHHbIX. CBOJHAs
TabIUIIa pacCCMOTPEHHBIX METOIOB Mpe/cTaBieHa B Tabmuie 2.

Tabnuua 2 MeTozpl, OCHOBaHHBIE HA IITYOMHHOM OOYYCHHH, TS
HazHauyeHus TepMuHOoB GO Oenkam

HUcnoabn3yemas
byHkums

HazBanmue
NMPOrpamMMbI

Onucanmne

Hcnonnb-
3yeMasi
MoJeNb
DL

OcHOBaHHBII
Ha [I0CIEN0-
BaTEJIbHOCTH

Merton rimy6okoro AE mitst mporHO3MpOBaHuUS
tepmuHa GO

AE

BBIBOAUT OTCYTCTBYIOIHE aHHOTALIUH
GO nmns 6enmkoB Homo sapiens, S.
cerevisiae, Mus musculus u Drosophila
C HCIIOJIb30BaHHEM MaIllH bobiiMaHa ¢
DIyOOKHM OrpaHHYCHHEM

DRBM

ProLanGO

Mopnens Ha ocHoBe LSTM, ncnomip3yromas
unero NMT mist pyHKIIHOHATEHON
AHHOTAI[M aMUHOKHCIIOTHBIX
MOCJEI0BATEILHOCTEN.

LSTM

SECLEF

I'enepupyet ¢pynkmmo GO u

cemetrictBo OenxoB UniProt n3 ganHbIx
rocsenoBarebHoCTH. OCHOBHBIE MOJICIN
Ob1TH pazpaboransl Szalkai & Grolmusz
(2018a). Beb-unrepdeiic mocryrnen no
anpecy https://pitgroup.org/seclaf/.

CNN

DEEPred

[Iporao3upoBanne GyHKINH Oelka Ha
ocHoBe GO ¢ Habopom cBa3anHEIXx MTDNN.
WcxonHblil KO ¥ JTaHHBIE JOCTYIIHBI 11O
anpecy https://github.com/cansyl/DEEPred.

DNN

DeepSeq

[penckaspiBaer Gynknunio Gemka H.

sapiens TOJIKO Ha OCHOBE JJaHHBIX

0 MOCJIEI0BATEILHOCTH, HCIIONIB3YS
ApXUTEKTYpy ITyOOKOro 0Oy4eHHs Ha OCHOBE
CNN. HUcxonublii Ko ¥ JaHHBIE JOCTYITHbBI
Ha https://github.com/recluze/deepseq.

CNN

DeepGOPlus

Pacmmpennsiii Mmeroq DeepGO, ocHOBaHHBIN
Ha CTPYKType HecKombkux cioeB CNN.
HocrymHo Ha http://deepgoplus.bio2vec.net/.

CNN
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Wurerpanus
Ha OCHOBE
JTAHHBIX/

Ha OCHOBE

CTPYKTYPBI

[my6unnaas mogens CNN, kraccupumupyro-
masi GyHKIMOHAJIBHOCTD Ha OCHOBE TPETHY-
HOH CTPYKTYpPBI OCJIKOB YeJIOBeKa.

CNN

DeepGO

@OpeiiMBOpK ITyOMHHOTO OOYYEHUsI, UCTIONb-
3YIOLIUI OJIMH CBEPTOUYHBIN CIIOH. AHHOTAIIUU
Protein GO BBIBOJSITCS HA OCHOBE MEpapXu-
YEeCKH CTPYKTYPUPOBAHHOTO KIIaCCHU(PHUKATO-
pa. OHJIaliH-UHCTPYMEHT JOCTYICH IO aJipe-
cy https://deepgo.cbrc.kaust.edu.sa/deepgo/.

CNN

deepNF

I'mybunHOE cimsiHUE ceTel, PUKCHpyeT
BBICOKOYPOBHEBBIE (DYHKIINH HECKOIBKUX
ceTeBbIX HaHHBIX U1t AFP. cxomHblil ko
1 TaHHBIC TOCTYMHEI Ha https://github.com/
VGligorijevic/deepNF.

AE

Peanuzanus 1ByX CII0KEHHBIX MHOTOCIIOM-
HBIX CTPYKTYp JUIs1 IPOrHO3UPOBAHUS TEP-
MuHOB GO Ha OCHOBE CBOMCTB MOCIEI0BA-
TEJIBbHOCTU U CTPYKTYphL. McXonHblil Ko U
JIaHHbIE JOCTYIHBI N0 aapecy http://bioinf.
cs.ucl.ac.uk/downloads/mtdnn.

DNN

DeepFunc

BeiBonut annoranuu GO nytem
00BEeTMHEHHUS (PYHKITIIA CETH HA OCHOBE
InterPro u B3anmopeicTBUsA OEIIKOB.

FCDN

DeepGOA

HHTerpupyeT ncueprbIBaroIy0 HHPOopMa-
uro o mociuenosarensuoct U PPI qioa AFP.

Bi-LSTM,
CNN

SDN2GO

WHTerpupyer apXuTeKTyphI C TPEMS TTOJMO-
JETSIMA M KITacCU()UKaTOPOM B3BEIIUBAHUS
Jutst mporHosupoBanust repmuHoB GO. Uc-
XOITHBIN KO ¥ JAaHHBIE JOCTYITHBI Ha https://
github.com/Charrick/SDN2GO.

CNN

DeepAdd

Crpykrypa Ha ocHoBe CNN, nipeackasbiBaro-
mast pyHKIUIo Oesrka Ha OCHOBE MOCIIEI0Ba-
TEJILHOCTH U JIOTIOJIHUTEIbHON HH(POPMAIUU
(PPI i SSP).

CNN

FFPred-
GAN

FFPred, B xoTopoM ucTIONB3yeTcs
oOydatormasi BEIOOpKa, TOTIOTHEHHAs
ApXUTEKTYpOil ITyOOKOro 00ydeHHs.

GAN

GONET

['myOGuHHast MOzeITb JUTsl TIPOTHO3UPOBAHHUS
¢byHKIMK Oerka ¢ UCIONIb30BaHUEM
00yYCHHUS TIPEACTABICHUIO JIJIsl BCTPAUBAHUS
OEIKOBBIX MMOCIEIOBATEILHOCTEH U CETEMH.

CNN,
RNN

Mopeabnsblii moaxoa. OOyyenne ¢ yuurenem. OOydeHHe ¢ yduTeaem
SIBJISIETCSl BQKHBIM IOJIXOIOM JUIS TIPOTHO3UPOBaHUs (QYyHKIHH Oel-
KoB in silico. Moxenu mox HaOMOEHWEM ydaTcsi aHHOTHUPOBATh (PyHK-
UK, PYKOBOJCTBYSCH OOydYarOmIMM HAO0OPOM JaHHBIX, KOTOPBIA Mpe-
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CTaBJIsieT COOO TpyMNIy OXapaKTepU30BAHHBIX OEJIKOB C HAaJIeKHBIMHU,
SKCIIEPUMEHTAJIbHO MOJATBEpPX ACHHbIMM aHHOTauusmu. Ilocie »srama
0o0yuYeHHUsI CO3/1aeTcsl MOJENb, KOTOpasi (PUKCUPYET B3aUMOCBSI3b MEXIY
MIPU3HAKOM U QYHKIMEH U UCTIONB3YETCS A IPOTrHO3UPOBAHUS TEPMUHOB
GO 115t HOBBIX aMUHOKHUCIIOTHBIX MOCIIEIOBATEIbHOCTEH.

I'myGoxkas neriponnas cethb (Deep Neural Network - DNN) npencrasmisier
c000i1 apXUTEKTYpy C MPpsiMOI CBA3bI0. OOBIYHO OHA COCTOUT M3 BXOJTHOTO
CJ10s1, HECKOJIbKUX CKPBITBIX CJIOE€B U BBIXOJHOTO Cii0s. BXonHble qaHHbIE
00pabaTbIBalOTCSl OTHOHAIIPABICHHO IO CJI0SM, OT IEPBOTO 10 KOHEUHOTO
stama. Yro kacaercs GpyHKIIMOHAIBbHONW aHHOTaMu Ha ocHoBe GO, DNN
HCIIOJIb30BAIUCh B KauecTBe MHOT03aaubix DNN (MTDNN) (Fa, 2018)
wi cepud MTDNN (Rifaioglu, 2019).

Cseprounas Heliponnas ceth (Convolutional Neural Network - CNN)
M3HavYaIbHO ObLIa pa3paboTaHa s 00padOTKH ABYMEPHBIX U300paKEHUM
JUIsL pacnio3HaBaHMsl pykonucHbIX 1u¢p. Ognako ¢ tex nop CNN crana
3¢ (HEKTUBHON apXUTEKTYpOHl HE TOJBKO MJii MHOTOMEPHBIX JaHHBIX,
HO M JJi1 OJHOMEPHBIX BXOJHBIX JAHHBIX, TAKUX KaK MPEIJIOKEHUS
WIUM TEeHOMHBIE IociiemoBareibHocTU. Moxeiar CNN HauuHaeTcs co
CBEPTOUYHBIX CIJIOEB, €IMHUIIAMU KOTOPBIX SBISAIOTCA KapThl OOBEKTOB.
Kaxnas enuuuiia moiyyaercss MyTeM BBIYMCIEHHUS ONEpaluil CBEPTKU
MEXKy JIOKAJIbHBIMU Y4aCTKaMHK €IMHUIIBI B IPEABITYIIEM CII0€ U GUIBTPOM
(mabopom BecoB). Ciion HETMHEHHOTO IyJia O0BEAUHSAIOTCS B CBEPTOUHBIC
CJIOHM, YTO TIO3BOJISIET HHTETPUPOBATh (QYHKIIMH pa3HOTo Macmrada B 3Ty
apxutektypy. CNN moryTt npumensatbes B AFP mu6o otaensho (Du, 2020),
nu00 B COYETaHUU C APYTUMH apxuTektypamu (Spalevié, 2020).

Pexyppentnas neiiponnas ceth (Recurrent Neural Network - RNN)
— 9TO apXHTEKTypa IIyOOKoro oOydeHwus, pa3zpaboTaHHAsl CleNHaIbLHO
TSt mocneaoBarenbHbIX JaHHbIX. RNN umeror maructpans DNN, 6moku
CKPBITOTO YPOBHSI CBsI3aHBl Mexay coOoil. Takum o00pa3oM, CKpbITas
eIMHMIA TMOJy4yaeT HUH(GOPMALMIO OT BXOAHOIO CJOS Ha TEKyIIeM
BPEMEHHOM IIIare, a TakkKe OT CKPBITHIX €IUHHI] HA MPEAbIAYIIEM dTare.
Honrocpounasi kparkoBpemenHass namsatb (Long Short-Term Memory
- LSTM) — st0o Bapuant moxenu RNN, pa3zpaborannbiii ans dukcauu
JOJITOCPOYHBIX 3aBUCUMOCTEI MEX Y BXOJIHBIMU [TOCJIEA0BATEIbHOCTIMHU.
JBynanpasnenusii LSTM (Bi-LSTM) — sto moxmens LSTM, koropas
oOpabarpiBaeT JaHHBIC B JIByX HAMpaBJICHHUSIX, BIEped W Hazaa. OTH
HEHUPOHHBIE CETHU HCHONB3YIOTCS 11 00pabOTKH OENKOBBIX MOCIEN0-
BaTEJIbHOCTEN HAa €CTECTBEHHOM SI3BLIKE MJIN B coueTaHuu ¢ Moaeibio CNN
1St ipeocTasiienus: annoramnuii GO.

Jpyroii TN HEHPOHHOW ceTH, MOJHOCBs3HAs riyOokas cerb (Fully
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Connected Deep Network - FCDN), mpenictaBinsieT co00ii CEpHIO TOJIHOCTHIO
CBSI3aHHBIX CJIO€B. DJTa MOJENb HMCIOJb30Bajlach Jisi MpeoOpa3oBaHUs
BXOJHBIX BeKTOpoB U3 InterPro u nporunosuposanus repmuaoB GO.

OO6yuenue 6e3 yuutens. B ominume oT oOy4yeHHs C YYHUTEIEM,
oOyueHue 0e3 yuuTessi He3aBUCHMO BBISBIISIET CKPBIThIE 3aKOHOMEPHOCTH
B pachpeleseHUd BXOJHBIX JAaHHBIX. DTO MMEET pellarollee 3HaueHue
JUIST U3y4YeHUsT HEMapKUPOBAHHBIX JAHHBIX M MPEJOCTABISIET BaXHYIO
uH(OpMAIUIO JUIsl KOHTPOJIUPYEMBIX apxuTekTyp. Kak mpaBuio, Mmoxenu
oOyueHust 6e3 yuuTess UCTOIb3YIOTCS AJI KIACTePU3alNK, YMEHBIICHHS
pa3MepoB U npeoOpa3oBaHUs TaHHbIX.

Autoencoder (AE) — 310 Monens 00yuenus 0e3 yuurtens, pa3paboTanHas
JU1s ipucBoeHUs TepMUHOB GO aMMHOKHMCIIOTHBIM MOCJIEI0BATEIIbHOCTSIM.
AE — 910 HelipoHHas ceTb s mnpeoOpa3zoBanus AaHHbIX. [locne
KOJIMPOBaHUS U JEKOJUPOBAHMS LIEJIEBOM pa3Mep BbIBOJA COBMAJAET C
pasmepom BBoja. Mcnons3ys o0yuennyto moaens AE, mporuosst GO miist
OEJIKOB MOKHO BBIBECTH HETIOCPEACTBEHHO M3 CTEHEPUPOBAHHOM MATPUIIHIL.
B kauecTBe anbTepHAaTHBBI HU3KOPAa3MEPHbIE MIPEICTABICHUS PU3HAKOB B
CKPBITOM CJIO€ M3BJIEKAIOTCS M TepenaroTcs B kiaccubuxkatop SVM st
OKOHYaTeNbHOU Kiaccudukanuu win B Mogeiab CNN 11 okoHYaTeIbHOU
KJIacCU(UKALIUH.

Orpannyennas mamuHa bonsiimana (Restricted Boltzmann Machine -
RBM) nuMeeT oauH CKPBITHIN CITOH IS TPEICTABICHUS CKPBITHIX TPU3HAKOB
Y BXOJHOW CJIOM, KOINUPYIOWUM HaOmronaemMple JaHHbIe. [ aHHOTAnUN
GO enuHMIIaMU BXOJIHOTO CJIOS SIBJISIIOTCS 1OCTynHbIE TepMuHBl GO. Zou,
Wang u Yu (Zou, 2017) npencrasuiu riyookuit RBM (DRBM), B koTropom
MHorocioHsie RBM o0yuaroTcs U pa3BopadymBarOTCs, YTO MPUBOIUT K
MIPOTHO3UPOBAHUIO (DYHKIIHH OeJKa.

Hakowner, mopoxmaromias cocrtszarenbHas cetb (Generative Adversarial
Network - GAN) cocTOUT U3 IByX CETei: MOPOKIAIOIIEH MOAEIIH, KOTOpas
CO3/aeT CUHTETUYECKUE PEATUCTUUHbIC JaHHbIC, U JUCKPUMUHALUOHHOMN
MOJIEIU, KOTOpasi OLIEHUBAET, ABJISIOTCS JIU JaHHbIE PEaJbHbIMU WU HET. B
AFP monens GAN ynyuIiaet npor1o3, Co3/1aBasi CHHTETUYECKUE (PyHKLIUN
JUTSI KOHTPOJIUPYEMBIX KIACCU(DUKATOPOB UITU UCTIOIb3YsI OHTOJIOTUYECKUE
koppensiuu (Seyyedsalehi, 2021).

IToaxon Ha ocHoBe JaHHBIX. UTO KacaeTcsi BXOAHBIX IaHHBIX, METO/IBI,
OCHOBaHHBIC HA TIIYOMHHOM OOY4Y€HWH, B OCHOBHOM HCIIOJNB3YIOT JABa
nojaxozaa Ayt nprucBoeHust TepMruHOB GO HEN3BECTHBIM IT€HHBIM ITPOYKTaM.
OpHUM U3 HUX SBJISETCS MOAXO/ TOIBKO K MOCIEA0BATEIbHOCTH, KOTOPBII
MOJIC3CH /IS TIpe/icKa3aHus (PyHKIMI HOBBIX OEJIIKOB B OTCYTCTBHE TOMO-
JOTUYHON MH(POPMAIIUU WM IPYTHX CChUIOK. BTOpoil 0OCHOBaH Ha CTPYK-
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Type WIH UHBIM 00pa30oM HCHOJb3yeT OOJNIbIINE JaHHBbIE M3 HECKOIbKHX
JOCTYIIHBIX PECYPCOB.

Mogenu Ha OCHOBE IOCIEAOBATEIbHOCTEN (pe3ysbTaThl U 00CYXKJie-
Hue). OnHMM M3 NEepBBIX METON0B INpPOrHo3upoBaHus aHHortauui GO,
OCHOBAHHBIX Ha MTyOMHHOM OOyYEHHH, SIBISETCS METOJ, MPEAT0KEHHBII
B (Chicco, 2014). ABTOpBI CpaBHWJIM JIBa PEIICHUS 711 aHHOTaIui, tSVD
u HelipoHHy1o ceThb AE. @opma BeIBOAA IByX METOAOB ObliIa OJJUHAKOBOH;
OJIHAKO TOCJIEIHUI TMOKa3ajl Jy4lllhue pe3yJbTaThl Ha IIECTH pPa3HbIX
Habopax mgaHHbIX. [lo3ke, BMECTO HCMOIB30BaHUS aApXUTEKTypbl AE,
Zou, Wang u Yu (Zou, 2017) npemnoxuwin DRBM nis anHOTHpOBaHUSA
MPOAYKTOB T€HOB YEThIpEX MOJIEIbHBIX BUI0B: Homo sapiens, S.cerevisiae,
Musmusculus u Drosophila.

ProLanGo — 310 nepBblid MHCTPYMEHT, KOTOPbI IPUMEHSAET HEUPOHHBIN
MamuHHBIHA epeBo (Neural Machine Translation - NMT), paspaboTannblii
Google B AFP. AMUHOKHCIIOTHBIE MTOCIIEN0BATEIBbHOCTH U TepMHuHBI GO
OobutH mpeoOpazoBanbl B s3bIkH «ProLan» m «GOLan» cOOTBETCTBEHHO.
3areM mocliie TPaHCHSAIUU C MCIOJIb30BaHUEM MOJEIH C TpeMs CIOSMU
RNN 6puta crenepupoBana annotanus GO HoBoro Oenka. DeepSeq —
ellie OAMH MeTox IpucBoeHus TepMHMHOB GO aMMHOKHUCIOTHBIM IOCIIe-
JIOBaTEJIbHOCTSIM, OCHOBaHHBIM Ha CBEPTOUHBIX Ci0sAX. OJHAKO aBTOPHI
MpeacKa3aiy TOJIbKO MATh Hambojee dyacThix oHTonoruit MF s 6enkoB
H. sapiens.

Ucnonwzys apxutextypy DNN, DEEPred (Rifaioglu, 2019) peanuzyer
crek MHoro3anadyHbix DNN ¢ npsimoii cBsi3bto. Kaxxnas ornenbHasi ceThb
MOCTpOeHa g onpeneneHHoro ypoBHs TtepmMuHoB GO B DAG, uto
MO3BOJISIET BBIMOJIHATH HEPAPXUUYECKYI0 MMOCTOOPAaOOTKY MPOTHO30B.
benkoBble OCI€10BaTENBLHOCTH SKCIEPUMEHTAIILHO IIPE/ICTABIICHBI TPEMS
TUTNIAMU JIECKPUIITOPOB (KapTa NpoQuiis NOAIO0CIEA0BaTEIbHOCTH, COCTAB
MICEeBI0AMUHOKUCIIOT U (PYHKIINS 00beTUHEHHOM TPUAbl), IPU 3TOM KapTa
poQuIIsi NOANOCIEI0BATEILHOCTH JIyUIlle BCETO MOAXOUT ISl aHAIH3A.

DeepGOPlus Obut1 paspaboraH st TPEOJOJCHUS CYIIECTBYIOIIHX
orpannuenuit DeepGO, Takux Kak JMHA TOCJIEA0BATEIbHOCTH,
Hegoctynubie QyHkiuu PPl u xonuyectBo metok GO. OyHKIIMOHATbHAS
AHHOTAUS IPEACKA3BIBACTCI MHOTOCIONHOK CTpyKTYpoid CNN BCcoueTaHu1
co cxoacTBoM nocaenoBarensHocTeil. TALE Obu1 pa3paboTran s co3naHus
nporio3oB GO myTeM HHTerpauuu mabIOHOB MOCIEIOBATEIBHOCTH
Ha OCHOBE KOJMPOBILIMKA IMpeoOpa3oBarelis U COBMECTHOTO CXOJCTBa
tepmuHa nocnenoBarenbHocTH. PFP-WGAN (Seyyedsalehi, 2021) —
OlHa M3 MocieqHuX uaeH, ucnonb3dyromux GAN ans onpeneneHus
(YHKIIMOHATIBHBIX BO3MOXKHOCTEH Oe1KOB. B TO Bpems kak ceTh reHeparopa
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oOpabarbiBaeT HeoOpaOOTaHHBIE MOCIENOBATENIBHOCTH, AUCKPUMHUHATOP
MoJIy4aeT JBa BXOJa; OJIMH COCTOUT U3 aHHOTUPOBAHHBIX OEJIKOB U3 0a3bl
naHHBIX SWissProt, a apyroii — n3 HeoOpaOOTaHHBIX MOCIIEOBATEIHHOCTEH
C COOTBETCTBYIOIIMMU aHHOTALUSIMU, CHHTE3UPOBAHHBIMU U3 T€HEpaTOpa.

WNHuTerpupoBaHHbIE MOJIENIM HA OCHOBE JAHHBIX/CTPYKTYpbl. DyHKIIHO-
HaJbHOE Ha3HAYEHUE aMUHOKHUCIOTHBIX MOCIEI0BATeIbHOCTENH Tpexmep-
HBIX CTPYKTYp ObuTO mpesiokeno B (Tavanaei, 2016). B ocHoBHOM aHa-
nu3e ucnonb3oBanack Moaenb CNN, koropast Obuta 0O0ydeHa U mpoTec-
TUpOBaHA Ha MATH HaOOpaxX AaHHBIX OENKOB YENOBEKa, KaXKIOMY U3
KOTOpBIX ObLIO mpucBoeHO nBa TepmuHa GO. OgHako MPOTHO3 HE pac-
npoctpansuicss Ha aepeBo DAG nns yHacinenoBaHHbIX TepmMuHOB GO.
DeepGO — 3T0 (QyHKIIMOHAIBHBIA CEpBEp aHHOTAIlUM, OCHOBAHHBIH Ha
apxutektype CNN, kotopblii ObLT pa3paboTaH A U3ydeHUs: 0coOeH-
HOCTEH aMWHOKHCIIOTHBIX ITocienoBareiibHocTed W cetu PPI. Metku
GO nHa3zHayarTCsA BXOAHBIM O€KaM MOCPEACTBOM HEPAPXUUECKOM Kilac-
cuduKanuy, CTpyKTypupoBanHoil B Buae aepesa DAG. DeepAdd 6win
BIOXHOBIEH cepBepoM DeepGO u mpenoctaBisier peuienue st AFP,
ucnosb3ys cTpykrypy CNN mist u3ydeHusi BEKTOPHBIX MPEACTABICHUIN U3
MOCJIEJIOBATEIFHOCTEH U JOMOIHUTENbHON nHpopMmanuu. Kpome Toro, B
DeepAdd nobGasnsiercs npoduns 6enkoBoii mocienoBarenbHocTH (SSP),
ecnu uHpopmanus o cetu PPl nenocrynna. Ha ocHOBe aHanmoruyHoi KoH-
eIy 00bEeTMHEHUS IEPBUYHOM CTPYKTYphI Oenka u PPI 6p11a moctpoena
HoBass Moxenb GONET c wucnonszoBanuem CNN, RNN wu VYposus
BHuMaHus (Attention layer) ans mociieqoBaTeIbHOCTEH Y€TOBEKA M MBIIIIH.

PabGotass ¢ HabopoMm MJaHHBIX, HACHTHYHBIM TOMY, KOTOPBIA OBLI
coopan FFPred3, Fa et al. (Fa, 2018) mporectupoBaiu MTDNN, B
KOTOpO# mpencka3anne QyHKIMH OelTka paccCMaTpuBajoch Kak mpoodiema
KJaccu(PUKalUK C HECKOIIbKUMU METKaMH. PelieHne cocTosno U3 cloes,
oOmux st Becex 3amad (MeTok GO), KOTOpbIE CIOKEHBI MapajuielbHO
ciosiM, crieruuaHbIM T 3a1adn. DeepFunc — 3To HOBBIN MpeIUKTOP,
kotopeiii  mpeBocxoauT DeepGO, FFPred3 u BLAST. Bo-mepssix,
uHdopmarms o OEITKOBOM JOMEHE, CEMEMCTBE M MOTHBE 3aMpaIluBaeTCs y
InterPro u kogupyercs nepe npoxoxkAeHUEM Yepe3 MOTHOCTHIO CBSI3aHHbBIE
ciou. 3arem anroputMoM Deepwalk momydaroTcsi TOMOJIOTHYECKHE
xapakrepuctuku PPI. Hakoner, 3ToT MeTo100 b€ IMHSIET ABA TUTIATIPU3HAKOB
(mocienoBaTeNbHBIA U CETEBOUM BBOA), uTOOBI cooTBeTcTBOBaTh FCDN.
Apxurexrypa DeepGOA Oonee cinoxHasi, ueM y DeepFunc. B nononnenue
Kk uHdopmanuu, reaepupyemoit InterPro u PPI, rmo6ansHbie 1 mOKanbHbIC
CEeMAaHTHUYECKHUE TPU3HAKM aMHHOKHUCIIOTHBIX IIOCJIEI0OBATEIbHOCTEH
U3BIIEKAIOTCS ¢ ToMomIbi0 Bi-LSTM 1 cBepTOYHOTO €105 COOTBETCTBEHHO.

35



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

Ucnonb3ys Te xe tunsl pynkuuii, SDN2GO ucnonb3yeT Tpu MOaAMOAETH
JUISL KaJKJIOTO MCTOYHMKA MH(OpMAIUK, IPU 3TOM BCE BBIXOJHbIE JIaHHbBIE
WHTETPUPOBAHBI B OKOHYATESIIbHYIO B3BEIICHHYIO MOJIEITh.

B npyrom uccnenoBanuu deepNF Obut co3laH ¢ MOMOIIBIO MYJBTH-
MonanbHOro ry6okoro AE ny1st 3axBara CKpbITO HHPOpMAIUU B OeIKaX U3
pa3nu4HBIX TUMOB ceTell B3aumozencTBuss. DeepMNE-CNN umeer Gonee
BBICOKYIO TIPOM3BOJIUTEIHHOCTh, YeM deepNF B denmoBedecKuX TaHHBIX,
3a cuer ucnoip3oBaHusa cinoeB CNN Bmecto SVM s monenu kiac-
cudpukaruu. C gpyroii croponsl, FFPred-GAN (Wan, 2020) ucnons3yet
GAN py1s pacmimpenusi BO3MOKHOCTEN TPaJUILIMOHHBIX MOJAEIEH MallINH-
HOTO 00y4eHus, ocooenno SVM. Peanbable 0ocoOeHHOCTH — 3TO OHODH-
3udeckas nH(opmaius, u3BJIeYeHHas U3 He0OpaOOTaHHBIX AMUHOKHUCIIOT-
HBIX MocneaoBarenbHocTel ¢ nomoinsio FFPred, a renepatop ucnonbssyer
CKPBIThIE [TIEPEMEHHBIE JJI YBEJIUUEHUSI CHHTETUYECKUX 00pa310B.

BoiBoabl. BrruncimrensHas GO-anHoramus O€lIKOB ObLIa aKTUBHO
pemaeMoil U clIoXHOHM 3amadeil B 6mounpopmaruke npumepro ¢ 2000-
X TOJIOB; 3TO OTBET Ha HEOOXOAUMOCTb MPEOAOJIETh PAa3pPbIB MEKIY
M3BECTHBIMU U HEU3BECTHBIMH, HEJJABHO OTKPBITHIMU aMUHOKHUCIOTHBIMU
MO CJIEI0BATEIILHOCTIMHU.

C onHOlW CTOpOHBI, MOHMMaHWE QYHKIUH Oelka HEOOXOAUMO s
paciuppoBKU OUOIOTUUECKON IBONIONMU U /IS MHOTOYHMCIICHHBIX 3afad,
TaKMX KaK pa3paloTKa JieKapcTB W JiedeHue OosesHel. baza mannbix GO
obnerymiia BCEOOBEMIIIOLMI cl0oBaphb Ul (PyHKIIMOHAJIBLHOW aHHOTALWH,
MOCKOJIbKY OHa MPEJCTaBISeT CTPYKTypupoBaHHble (QyHKIMH GO B Tpex
nomenax (MF, BP u CC), tem cambiM 3¢ dEKTHBHO MOIep>KUBasi HA3HAYCHUE
(bynkImii 6e1KkoB in silico. 37ech MBI IPEACTABIIIN TEKYIIIEE COCTOSTHUE 001acTH
u cpaBamim pemernst AFP Ha ocaoBe GO, KOTOpBIE KITaCCU(DUIMPYIOTCS KaK
TPaIUIIMOHHBIE TTOIXObI ¥ MOIXOABI TYOMHHOTO O0yYeHHUSI.

OpHOl M3 OCHOBHBIX TPYJHOCTEH B 3TOM 00JACTH ABISETCS HCIOIb-
30BaHUE BXOAHBIX (DYHKITUH I JOCTHXKEHUS 3D PeKTUBHON pabOThI. XOTA
TeTePOTCHHBIC BXOJHBIC JAHHBIC TMOJIC3HBI sl Tipeackaszanus GO, mis
OOJBIIMHCTBA HEAHHOTUPOBAHHBIX OCITKOB JJOCTYITHA TOJIBKO HH(POpMAIIH
0 TIOCJIEIOBATEeNIbHOCTH. YTO KacaeTcsi KOHKPETHBIX IMOAXOIO0B, MOJIEIU
MaUIMHHOTO OOy4YeHHs] MOTYT OBbITh OTPAaHUYEHBl HEOJHOPOJHOCTHIO
TCHOMHBIX JaHHBIX MPHU aHAIN3€ PA3JIMYHBIX MCTOYHUKOB HH(POPMAIIUH,
B TO BpeMs KaK HacTpoOiika MmapaMeTpoB W TUIEPHAPAMETPOB SIBISICTCS
CJIOKHBIM ATAIIOM MOJX0/1a NTyOMHHOTO 00yueHus. YTo KacaeTcsi BBIXOAHBIX
naHHbBIX, 0a3a mgaHHBIX GO o0HOBIsSETCS, mMoToMy uTo aHHoTarmuu GO
BCe elle HecOaTaHCHPOBAaHBI U HE TIOJMHBI JIJIs BCeX BUAOB. Ero cioxHas
CTPYKTypa UICaTbHO MOIXOAMT /I ONMHUCAHUS (PYHKIIMOHAIBHBIX POJei
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OeNnKkoB, HO TaKkXke JellaeT 3ajauy MpeAcKa3aHus CIOXKHOM 3amadeil ¢
HECKOJIbKUMH METKaMHU.

Tem He MeHee, HECMOTPS Ha CYIIECTBYIOIINE MPOOJIEMbI, TOUCK YCIIeII-
HOTO aHHOTHPOBAHUS OyAeT MPOMOJKATHCA BO MHOTHX HAMPABICHUSX
Onmarojaps yCWJIMSIM HaydyHOTO cooOmiectBa. Hapsimy ¢ MOCTOSHHBIM
pacupeHreM 0a3 JaHHBIX -OmMICS METOJbl, OCHOBAHHbIE Ha JAHHBIX,
MPOJAEMOHCTPUPOBAIA  MPEBOCXOAHOE NPHMEHEHHE B  Pa3IMYHBIX
obnactsax ¢ MHOrooOemaoneil TeHaeHnruen B o0nactu GpyHKIHOHAIBHOMN
aHHOTAIMU. B 3aBUCUMOCTHU OT JOCTYIHBIX UCTOYHUKOB OHU MOTYT OBITh
OCHOBaHbI TOJIbKO Ha WHTEIPUPOBAHHBIX JAHHBIX WM MHGOPMALHUHU O
MOCJIEIOBATEIHbHOCTH, YUYUTHIBAasE THOPUIAHBIN TOAX0. BBy npeanoxeHs!
1 pa3paboTaHbl HEKOTOPBIE ITOIXO/IbI s pabOTHI C HecOaTaHCUPOBAaHHBIMU
JAHHBIMH; OHU BKJIIOYAIOT pabOTy HaJ MOATPYIIIaMH, B KOTOPBIX KJIACCHI
Oosiee cOaaHCUPOBAHBI, YBEIIMUCHHUE JAHHBIX ¢ Ucnoiib3oBaHueM GAN u
paccMoTpeHHe oKa3aTese OIEHKH, yKa3aHHbBIX J1JIsI HeCOaJIaHCUPOBAHHBIX
nanubiX, Takux kak AUPR. TIpobrneMa ¢ HECKONbKUMH METKAMH MOXKET
OBITh pellIeHa 3a CYeT MPOJBIXKCHHS] BBIYMCIHUTEIBHBIX PECYpCOB U
YEeTKO ONpENENCHHbIX peUIeHUuH, Hanmpumep, MyTeM OObeAUHEHUs
MHOYKECTBA OTACNbHBIX pemieHuid. Hakonen, ycrenrHple pemeHus s
nporuo3upoBanus cpoka GO MOTYT OBITh PACIIUPEHBI 32 CYET BKIIOYCHUS
npyrux QyHkiuoHanbHbX pecypcoB (EC, myTeit u T. 1.), 4ToObI OHATH
OHMOJIOTUYECKYIO POJIb U MOTEHLIHAJ OEJIKOB B HAYKE O JKU3HHU.
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ABOUT DEVELOPMENT OF AN INFORMATION ANALYTICAL
SYSTEM FOR THE STUDY OF AQUATIC ECOSYSTEMS

Abstract. The water bodies under study are habitats for many species
of living organisms that provide the most important property of aquatic
ecosystems - the ability to self-clean. If the anthropogenic load does not
exceed certain limits, the water body copes with it. If this limit is exceeded,
the aquatic ecosystem degrades. At the same time, the ability to self-clean
is also reduced. Taking care of the stability of the aquatic ecosystem,
humans also satisfy their needs for a high-quality water resource.

Based on the quantitative characteristics of phytoplankton and
phytobenthos, the bioproductivity of the aquatic ecosystem is calculated.
Data on the quantity of algae and their biomass and other quantitative
indicators (pigments, proteins, fats, carbohydrates, the number of nucleic
acids, ash elements, respiratory rate, photosynthesis, etc.) are used for
recalculation.

The development of an information-analytical system for studying
aquatic ecosystems with a set of mathematical models makes it possible
to carry out quantitative studies of fundamental environmental problems,
including changes in the ecological state of aquatic ecosystems (by
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example of lakes in Kazakhstan). The results of model calculations allow
estimating the impact of anthropogenic factors on the natural condition of
aquatic ecosystems.

The development of mathematical methods of environmental
forecasting is necessary both for the optimization of environmental
management and for the serious scientific substantiation of programs in
the field of environmental quality management and nature protection.
Mathematical models of aquatic ecosystems allow us to describe non-
equilibrium dynamic processes in hydrobiocenoses under various external
influences, such as changes in water temperature, surface illumination,
water or biogenic load, meteorological conditions. The construction of
such models requires a large amount of information about the parameters
of geophysical, geochemical, biological and other natural processes, the
comprehension of which is impossible without the involvement of modern
information technologies.

Key words: mathematical model, information-analytical system,
aquatic ecosystem, database, phytoplankton, biomass.
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CY DKOKYWUEJEPIH 3EPTTEYIIH AKITAPATTBIK TAJJAY
KYUECIH 93IPJIEY

AHHoTanusi. 3eprrey 0O0BEKTICI OOJIBIN TaOBLIATBIH Cy OOBEKTLIEpl
Cy DSKOXKYHeNnepiHiH MaHbI3[Ibl KAacHeTl — ©31H-631 Ta3apTy KaOiieTiH
KaMTaMachl3 €TeTiH Tipl OpraHM3MJICpIiH KONTEreH TYPJICPiHIH MEKCH-
NEWTIH OpHBI OOJbIN TaObUTaAbl. Erep aHTpOMOTEHMIK XYKTeme Oeriii
Oip mIeKTepleH acmaca, cy OObeKTiCi OHbIMEH Kypece amanbl. Erep Oy
IICKTCH aChIll KETCE, CYy IKOKYHECIHIH TO3ybl OpPBIH anajbl. bip me3rinme
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e3/irineH Tazapy KabOineTi Temenneii. Cy SKOKYHECIHIH TYpaKTbLUIbI-
FhIHA KAMKOPJIBIK JKacail OTBIPBHIN, ajgaM camajbl Cy pecypchbiHa JETreH
KKETTUTIKTePiH KaHAFaTTaHABIPY/Ibl KAMTaMachl3 €TE/l.

®UTOMIAaHKTOH MEH (PUTOOCHTOCTBIH CaH/IbIK CHUIIaTTaMajiapbl HEri31H-
1€ Cy JKOXKYHeCiHIH OHMOJOTHSAIBIK OHIMAUIr ecenteneni. bamasipiap
CaHbI KOHE 0JIAP/IbIH OMOMAaccachl TYpalibl IEPEKTEP KOHE 0acKa Ja CaH IbIK
KepceTkimTep (MUTMEHTTEP, aKybi3Iap, Mailiap, Kemipcyliap, HYKJICHH
KBIIIKBUIAPBIHBIH CaHbI, KYJI 3JIEMEHTTEPI, THIHBIC ally >KbUIIAMIBIFBI,
dboTocuHTe3 KoHE T.0.) KaliTa ecenTtey YIiH Maii/1ananbuiaibl.

MareMaTuKaiblK MOJIEIbACP KEIICHIMEH Cy OJKOXKYHelepiH 3epT-
TeyIiH aKmaparThIK Tajjaay KYHeciH o3ipiiey ipreii 3KOJIOTHSIIBIK Mpoo-
JeMajapra, OHbIH 1IIHAE Cy dKOXKYHeIepiHiH dKOIOTUSIIBIK XKal-KyHiHiH
e3repyine (Kazakcrtan kesjepi MbICAJIBIH/IA) CAHIBIK 3EPTTEYNIEpP XKYp-
rizyre MyMKiHIIK Oepeni. Moaenpaep OOWBIHIIA €cenTey HOTHXKelepl
AHTPOIIOTeHAIK (QaKTOpIapIblH Cy IKOXKYHelepiHiH TaOUFH KarJaibiHa
ocepin Oaranayra MYMKIHJIK Oepe/i.

DKOJIOTUSUIIBIK O0JIKAYIbIH MATEMaTHKAIBIK O AICTEP1H 1aMBITY TAOUFATThI
naijananyabpl OHTalIaHABIPY YIIIH JIe, KOpIIaFaH OPTaHbIH CallachlH PET-
TEy JKOHE TaOWFATThl KOpPFAy CalaChIHIAFbl OaFaapiaManapbl MaHbI3IIbI
FBUIBIMU HETi3ley yuIiH Je KaxeT. Cy 3Koxy#ielepiHiH MaTeMaTUKaIIbIK
MOJIEIIBJEP1 OPTYPJIi CHIPTKBI dcepieperi TuapoOHOIICHO3Iaparbl dPKeI-
KLUIIT1 TMHAMHUKAJIBIK IPOLIECTEeP/Ii CUTIaTTayFa MYMKIHJIIK Oepe/ii, MbICabl,
Cy TeMIepaTypachIHbIH ©3repyi, OHBIH OCTIHIH YKapbIKTaHIBIPBLIYHI, CY
HeMece OMOTCeHJIK JKYKTeMe, METCOPOJIOTHMSUIBIK JKarmaiiap. MyHpai
MOJIENbICPlI KYPY T'€O(pU3UKAIBIK, T€OXUMHUSIIBIK, OMOJIOTHSIIBIK JKOHE
0acka J1a TaOMFU TPOIECTEPIIH TapaMeTpliepl Typalibl aKIapaTThlH YIKEH
KOJEMIH Ka)KET €TeJ]i, OJapJbl Ka3ipri 3aMaHfbl aKIapaTThIK TEXHOJO-
THsUIap/Ibl TapTHal TYCIHY MYMKIH eMec.

Tyiiin ce3aep: MareMaTHKaIbIK MOJE/b, aKIMapaTThIK-aHATUTHKAJIBIK
Kylie, Cy IKOXKYHeci, IepeKTep KOpbl, PUTOIUIaHKTOH, OnoMacca.
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K PABPABOTKE HTHO®OPMAIIMOHHON AHAJTUTUYECKOM
CUCTEMBI UCCJIEJOBAHUS BOJIHBIX SJKOCUCTEM

AHHoTanus. BonHble 00bEKThI, ABIAIOMNECS 00BEKTOM UCCIIEIOBAHNS,
ABIISIOTCA MECTOOOMTAaHHMEM MHOXKECTBA BHJIOB KHBBIX OPIaHHU3MOB,
KOTOpbIe 00€CIeUnBalOT BasKHEHIIIee CBOMCTBO BOIHBIX SKOCUCTEM - CIIO-
COOHOCTh K caMOOYMIIeHUI0. Eciin aHTponoreHHass Harpys3ka He IpeBbl-
I1aeT ONpeeNICHHBIX MPEIEIOB, BOIHBIM 00BEKT cripaBisiercs ¢ Heil. Eciu
ATOT MIpeJes NPEB30MIEH, TPOUCXOAUT JAErpajalns BOAHON 3KOCHCTEMBI.
OnNHOBpPEMEHHO CHHMIKAETCS M CIIOCOOHOCTh K CaMOOUYUIICHHIO. 3a00TsCh
00 yCTOWYMBOCTH BOJHOWH SKOCHUCTEMBI, YEJIOBEK O0OecleynuBaeT U
YAOBJIETBOPEHUE CBOUX MOTPEOHOCTEH B KaU€CTBEHHOM BOJIHOM pecypce.

Ha ocHOBe KOMTMYECTBEHHBIX XapaKTEPUCTUK (PUTOMIAHKTOHA U (UTO-
OeHTOCa pacCUMTHIBAETCA OMONMPOAYKTUBHOCTH BOAHOM SKOCHUCTEMBI.
JlaHHBIE O KOJHMYECTBE BOAOPOCIEH W HUX OuomMacce W Jpyrue KoJu-
YeCTBEHHbBIE TOKa3aTeNu (IUTMEHTHI, O€JIKH, )KUPBI, YITIEBO/IbI, KOJTHUECTBO
HYKJIEMHOBBIX KUCIJIOT, 3JIEMEHTHI 30JIbl, CKOPOCTb JIbIXaHUs, (OTOCHHTE3 U
Ip.) UCIIOJIB3YIOTCS JJIsl IEpecUeTa.

Pa3paboTrka nHpOpMaLMOHHO-aHATUTUYECKOW CUCTEMBI HCCIIE0BaHUS
BOJIHBIX DKOCHCTEM C KOMIUIEKCOM MAaT€MaTUYECKUX MOJAENIEH M03BOJSAET
MPOBOJIUTh KOJMYECTBEHHbIE MCCIENOBAaHUS (YHIAMEHTAIBHBIX HKOJO-
THYECKUX Mpo0jaeM, B TOM YHCIIe U3MEHEHHsI HKOJIOTHYE€CKOTO COCTOSHUS
BOJIHBIX 3KocucTeM (Ha mpumepe o3zep Kazaxcrana). Pe3ynbraThl BbIUMC-
JIEHUH 10 MOZEJSM IO3BOJIAIOT OLIEHHWBATH BIIMSHHUE AaHTPOIOTEHHBIX
(akTOpOB Ha €CTECTBEHHOE COCTOSIHUE BOJHBIX YKOCHUCTEM.

Pa3Butre MareMaTM4eCKUX METOIOB 3KOJIOIMYECKOTO NMPOTHO3MPOBA-
HUSL HE0OXOMMO KaK JJIsi ONTUMHU3AIMH IPUPOIONIOIb30BaHUS, TaK U IS
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CEPbE3HOr0 HAYYHOTO 0OOCHOBAHHUS MTPOTPaMM B 00JIACTH PETYTUPOBAHUS
KavyecTBa OKPYKAIOLICH Cpelbl W OXpaHbl MPHPOILL.. MaTremarndeckue
MOJIEIM BOJHBIX JKOCHUCTEM IO3BOJISIOT OMHUCHIBATH HEPABHOBECHbBIC
JMHAMHYECKHE TIPOIECChI B THAPOOMOIICHO3aX MPH PA3JIMYHBIX BHEITHUX
BO3/ICHCTBUSX, HANPUMEP, TAKUX KaK M3MEHEHHE TeMIIepaTrypbl BOJIbI,
OCBCIIICHHOCTH €€ MOBEPXHOCTH, BOJHOW WM OHMOTEHHOH HarpysKH,
MeTeoposiorndeckux yciaosuii. [locTpoeHue Takoro poja mojeinei Tpedyer
Oospmoro oobemMa MHGOPMAIUKA O TMapaMeTpax reoPU3HMIeCKUX, IeOXH-
MUYECKUX, OMOJIOTHYECKUX U JPYTHX MPUPOJHBIX IPOIECCOB, OCMBIC-
JMBaHUE KOTOPBIX HEBO3MOXKHO 0€3 MPUBJICYCHHSI COBPEMEHHBIX MH(DOP-
MAaIMOHHBIX TEXHOJIOTHH.

KaroueBsble cjioBa: MatemMaTuyeckas MOJIeIb, MH()OPMaMOHHO-aHAIH-
TUYECKasi CHCTEMa, BOJIHAs SKOCHCTeMa, 0a3a JaHHBIX, (DUTOILIAHKTOH,
O6uomacca.

Introduction. Kazakhstan has the opportunity to overcome the
shortage of water resources by 2040 through the upgrade and development
of infrastructure at a reasonable cost of $18-20 billion, self-financing
measures for the effective use of water resources, as well as the
development of municipal infrastructure worth $35 billion. By rigorously
implementing deficit-reduction measures, the country can prevent adverse
effects and become one of the pioneers of responsible water management
among the neighboring States of Central Asia and other countries of
the world with limited water resources. Industrial wastewater quality
standards were developed in the Soviet era without taking into account
economic factors; in addition, they are difficult to comply with and are
much more complicated than EU standards. In some cases, the standards
contradict each other (Integrated Environmental Permit for Activities and
MPC). The norms that set the standards for wastewater quality suggest
to go from the local conditions, which is a good practice, but in fact it is
difficult to implement, as it requires environmental, physical and chemical
data for all discharge locations (river, lake, water reservoir, etc.) and a
detailed monitoring scheme tailored to local conditions, as well as a clear
methodology for determining the required quality of wastewater depending
on local conditions. In addition, the system used in world practice for
online monitoring of the quality of discharges from the largest enterprises
in Kazakhstan is virtually absent (Naydenko et all, 2003: 186).

Research materials and methods. It is necessary to create a system for
monitoring water bodies — a system for monitoring the state of water bodies
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and the sources of harmful effects on them. The task of environmental
monitoring of reservoirs includes assessment of their current state,
tracking of evolution, and forecasting as a result of anthropogenic impact
(Fyodorov, 1975). It is important to preserve not just water, but the aquatic
environment, with its flora and fauna, that is, aquatic ecosystems.

It was proposed to refer environmental monitoring to the system of
repeated observations of one or more elements of the natural environment
in space and time for certain purposes in accordance with a prearranged
program.

The current system of environmental monitoring, carried out by
both scientific institutions and republican regulatory bodies, is of low
efficiency not only because of the poor technical resources but also, to
a large extent, due to disregard of modern methods of data management
and comprehensive mathematical processing of the results of multivariate
observations. The wealthiest information in the hydrochemistry of natural
water systems, the information on hydrobiological observations remains
cast off and is lost every year. It is obvious that in addition to the traditional
poorly informative reports on the part of indicators exceeding the MPC,
these data could be successfully used to build both local models of
seasonal and long-term dynamics of reservoirs, and generalized models of
rational environmental and economic development of territorial complexes
(Shitikov et all, 2003: 463).

According to the Water Code of the Republic of Kazakhstan (Art.60,
paragraph 2): «State monitoring of water bodies is a system of regular
observations ofhydrological, hydrogeological, hydrogeochemical, sanitary-
chemical, microbiological, parasitological, radiological and toxicological
indicators of their state, collection, processing, and transmission of the
obtained information in order to timely identify negative processes,
assess and predict their development, develop recommendations for the
prevention of harmful effects and determine the degree of effectiveness of
water management measures».

Results. The specific nature of the tasks of monitoring complex
objects imposes certain requirements, which, on the basis of the above
considerations, can be expressed as follows:

- in the process of monitoring, knowledge of the monitored object
should be ensured;

- the monitoring task should be solved on the basis of all available a priori
information about the monitored object and its operating environment and
information obtained during the measurement experiment;
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- all the obtained intermediate and final monitoring results should have
a metrological substantiation in the form of their quality indicators;

- to effectively solve the tasks of monitoring the monitoring objects
(MO) and operational environment (OE) model, as well as methods,
algorithms, and monitoring tools should reflect the main properties of
complex objects, in particular, the properties of stability, self-development,
and self-organization;

- monitoring results should be presented in the forms of parameter
values, analytical expressions, conclusions and solutions in semantic form.

Environmental monitoring scheme is shown in Figure 1 (General, 1975:
471).

. . |
Information system (monitoring) I Management
|———————————————————— == =
v # ““““““ | 1
. Evaluation of the
- - Observations v lfru f tot I
| HISULEL BIELS | Control of
N R .
| l ; ¥ env1r0?$ent
. .. I quali
! Condition Assessment of .the
forecast forecast condition |

— direct correlations

feedback correlations
-—=>

Figure 1 — Environmental monitoring flowchart

In monitoring aquatic ecosystems, the following activities should be
identified:

- distinguishing of the observation object;

- survey of the distinguished observation object;

- building of an information model for the observation object;

- forecasting changes in the state of the observation object;

- presentation of information in a form convenient for the user to
perceive.

In order to ensure the main objectives of environmental monitoring of
aquatic ecosystems, within this work an information and analytical system
for studying aquatic systems is developed. Information and analytical
systems are a special class of information systems designed for analytical
processing of data, their dynamic presentation, analysis of historical and
current data, analysis of trends, modeling and forecasting of performance
results. It is now generally accepted that the management of data from

45



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

multidisciplinary environmental studies in large regions requires new
approaches and the creation of new data flow management structures
(Martin, 1980: 662). The planned research is aimed at solving these
problems.

The main functions of the information-analytical system are:

- extracting data from various sources, converting them and uploading
them to the repository;

- data storage;

- data analysis, including operational and intellectual ones;

- preparation of the results of operational and intellectual analysis for
their effective perception by the consumers.

Currently, IAS is one of the most popular classes of software in the
custom software market, this is due to the global process of automating
the information activities of entire industries. At the same time, in
addition to the general problems of organization and management of their
arrangement, they have peculiarities, requirements and problems of a more
specific nature, arising from the specific nature of the functional purpose
of the IAS, as well as the conditions in which the IAS is created and used.

The most important task of unified environmental monitoring is not
only the collection of information, but also its rational storage, processing
and presentation. IAS for Aquatic Ecosystem Studies should process a
large number of indicators that need to be monitored. First of all, it is the
data of hydrochemical observations. The number of components for which
MPC standards are established is about 2000 substances. Hydrobiological
monitoring data should reflect information on aquatic organisms living
in water bodies and characterizing their environmental state — more than
a hundred species. Hydrological and hydrophysical monitoring data
reflect water level information and a number of important parameters
(temperature, water turbidity, pH, etc.) that directly affect the state of
aquatic ecosystems.

The relevance of the IAS creation to study aquatic ecosystems is related
to the need to regularly receive, integrate and use significant amounts of
information on the state of aquatic ecosystems of Kazakhstan, which is
distributed both in time (historical and current) and in space.

From a technical point of view, the IAS is a set of procedures, methods,
and regulations that lead to the regular planned collection, storage, analysis,
and provision of information used for making management decisions
(Boyko et all, 1989: 351, Yakubaitis, 1996: 368, Singer et all, 1987: 208).

There are two fundamentally different approaches to the design of
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information and analytical systems (IAS) for environmental management
and protection. In the first of them, the system is created on the basis of
known types of territorial objects (rivers, lakes, air basin, anthropogenic
environment) and the relations existing between them. The second
approach is to solve specific problems of information management (Belov,
2005:111, Voronoi et all, 2007:194, Galliani, et all, 1982:737).

The general work plan for designing the Aquatic Ecosystem Study IAS
is shown in Figure 2:

BUSINESS MODEL DEVELOPMENT AND ANALYSIS
(spatial-temporal and information characteristics of the IAS)

| |

FORMALIZATION OF THE BUSINESS MODEL,
development of a logical model of business processes
(list of tasks solved within the framework of the IAS)

| |

IAS SOFTWARE DEVELOPMENT

| |

FILLING THE MATHEMATICAL MODEL BANK
(statistical, dynamic)

| |

IAS TESTING AND DEBUGGING

OPERATION OF THE IAS

Figure 2 — IAS Designing Steps Sequence

Designing of the IAS should be aimed at solving the tasks of information
management and research, for example, monitoring of aquatic ecosystems,
all data should be oriented to the «problem» in focus.

The use of information systems in the field of environment
(Environmental Informatics, geoinformatics) has been intensively
developing in Europe, the USA, Japan in recent years, as evidenced by
the large amounts of funding allocated to these studies, the huge flow of
publications, regularly held scientific conferences, as well as the inclusion
of environmental informatics in the curricula of various departments of
universities. NSF (USA) included the creation of geographic information
platforms and the development of information infrastructure for them in
the list of priority funded R&D. To illustrate the magnitude of the costs,
back in 1981, the United States spent about $500 million, or about 2-2.5
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% of total environmental costs, on monitoring and monitoring-based water
quality management (Matsyashek, 2002: 432).

The main purpose of creating an information-analytical system for
studying aquatic ecosystems (IAS) (through the example of lakes in
Kazakhstan) is to implement at a qualitatively new level a procedure for
analytical processing and interpretation of the results of observations
to forecast supposed changes in the aquatic environment, as well as the
organization of centralized storage of heterogeneous (hydrochemical and
hydrobiological, etc.) data.

The purpose of such a system is not only the accumulation and
visualization of monitoring data, but also the creation of a single information
space and the provision of extensive system analysis of information for
effective environmental quality management and ensuring the safety of
the population (State Program, 2014, Matveyev et all, 2005: 96). To do
this, it is necessary to establish a relationship between different types of
indicators, not only purely correlative, but also causal, formalized in the
form of mathematical models, which, in turn, are used to form control
scenarios.

Modeling of microbial communities of plant organisms. The functioning
of aquatic ecosystems is largely determined by the lower trophic levels.
The biological productivity of systems is based on the productivity of
phytoplankton (Alekseyev et all, 1992: 366, Abrosov et all, 1988: 333). The
study of phytoplankton is an important and interesting task. Communities
of microorganisms and, in particular, phytoplankton, are studied quite
intensively, including by means of mathematical modeling (Riznichenko
et all, 1993: 301, Jorgensen et all, 2005: 20, Adamovich et all, 2005: 5).

Essential for phytoplankton is its spatial distribution, which has a high
degree of heterogeneity (Riznichenko et all, 1993: 168, Shushkina et all,
1997: 278). This heterogeneity is determined both within and between
species relations in phytoplankton and environmental conditions. Among
the influencing factors, experts distinguish mineral nutrition, that is, those
mineral substances used by the plant organism to create organic matter in
the process of photosynthesis (Riznichenko et all, 1993: 186, Silkin et all,
1988: 230,). The list of such substances is extensive, but the main role is
played by compounds based on carbon, nitrogen, phosphorus and silicon
(Abrosov et all, 1988: 322, Adamovich et all, 2005: 8). Mathematical
models of the dynamics of microorganism biomasses based on the study
of the process of consumption of mineral substances have different nature
(Riznichenko et all, 1993: 201, Alekseyev et all, 1992: 185, Abrosov et all,
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1988: 142, Abakumov, 1994: 107). We address models of mineral nutrition
of phytoplankton based on the concept of «cell quotay» of M. Drupa (Droop,
1974: 198).

Discussion. When studying such large reservoirs as Lake Balkhash,
satellite remote sensing data of the surface of the lake can be used (Shushkina
et all, 1997: 102). A large part of the problems considered with the use of
this material is related to the living component of the aquatic environment.
Satellite information contains data on chlorophyll concentration and
fluorescence, illumination and temperature, water turbidity, and a number
of other characteristics of the surface layer of the reservoir (Silkin, 2011:
24, Barbini, 2004: 2095). These data are refined and supplemented by
other remote and contact methods (Silkin, 2011: 122).

In mathematical models of the dynamics of biomass of microbiological
communities, the properties of solutions are investigated. The model
of a system with the internal flow is used to study the phytoplankton
community in the aquatic ecosystem. The properties of solutions coincide
with the dynamics of natural communities, demonstrating the dominance
of individual species in the community.

Assessment of the biological productivity of ecosystems is important
for studying the state of the natural environment and the possibilities
of environmental management. For aquatic ecosystems, biological
productivity can be evaluated based on phytoplankton productivity
(Jorgensen, 1985: 160). The productivity of phytoplankton is largely
determined by the process of consumption of mineral substances in the
construction of a plant organism during photosynthesis (Riznichenko et
all, 1993: 217). Remote sensing data from the surface of the seas and
oceans are currently playing an important role in the study of the state
and functioning of phytoplankton. In particular, artificial Earth satellites
provide data on the content of minerals and chlorophyll in the surface
layer. Data on chlorophyll (primarily chlorophyll «a») make it possible to
assess the content of phytoplankton and give a rough estimate of primary
production (Shushkina et all, 1997: 137). Data on mineral substances
(based on nitrogen, phosphorus, silicon and other chemical elements),
constituting the material basis for the construction of plant organisms in
the process of photosynthesis, make it possible to assess the characteristics
of the production processes of phytoplankton (Droop, 1974: 13). At this
stage, mathematical models of the dynamics in the populations (biomass) of
the main species of the phytoplankton community are useful (Riznichenko
et all, 1993: 220).
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Similar mathematical models are also used in describing the dynamics
of microbial cultures in laboratory experiments. The paper presents groups
of models of dynamics of biomass communities of microorganisms. The
models are based on systems of differential equations. The qualitative
properties of solutions at the structural level were investigated.

Models of functioning of phytoplankton communities describe the
dynamics of the transformation of substances in the photosynthesis
and construction of the plant organism. The models focus on biological
species of phytoplankton and groups of mineral nutrients. Phytoplankton
is represented by m species, their content in the medium is indicated by
y, for i type. Mineral nutrition of plant organisms is divided into n groups
of similar substances (based on nitrogen, phosphorus, silicon, etc.). In the
considered models, nutrients are assumed to be not interchangeable. The
content of substances in the group j in the medium is denoted as z..

For a living organism, a strategy of activity is determined not only
by the environment, but also by its state. The internal state of the body
can be characterized in different ways. In our case, it is proposed to use
the intracellular content of nutrients based on mineral compounds in the
external environment as an indicator.

The content of nutrients in the group j in a cell of the i type is denoted
as q; This value is called the cellular quota. The growth rate of a separate
species is determined on the basis of the Libich principle (Jorgensen,
1985: 206): it is limited by the growth rate of the least productive mineral
substance. The consumption of nutrients by microorganisms is carried out

at a specific rate 0, and the growth of plant biomass occurs at a specific rate
w; () depending on the vector z = (Z]) = 1, the content of minerals in

the external environment and the matrlx q= (qll) =1 a content of
nutrients in plant cells. The mass dynamics model of the system has the
following shape (1) (Riznichenko et all, 1993: 207):

0y; _
Fre (u(q;) — D)y;

0Z;
J (D(ZJO - ]) Z Vl] (Z]J qll)yl Aﬂﬂ 1 (1)

=1, ..

a—t” = vy;(z;, i (qi) - q35)
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q, denotes the vector q = (qi]-)_n =1 p, (q,) the function is calculated by
the formula p.(q)=min u; (q,). Parameter D indicates the flow rate of
the substance in the system, by z - the content of mineral nutrients in
the incoming stream, by v, (z)- the specific rates of absorption of the
substance of the group j by organisms of type 1.

The model is used by us for calculations using hydrochemical data of
the characteristics of the phytoplankton community in the reservoir.

Conclusion. In conclusion, it should be noted that the purpose of the
paper was to justify the creation of an Information and Analytical System
for the Study of Aquatic Ecosystems, as well as in the systematization and
analysis of dynamic models of biological systems that are applied to aquatic
plant microorganism communities. Such communities are represented by
continuous cultures in the laboratory and phytoplankton communities
in natural aquatic ecosystems. We gave examples of the application of
these models and the properties of their solutions, an assessment of the
effectiveness of their use and the prospects for expanding this research
area.
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THE IMPLEMENTATION AND THE USE OF THE LAN
MONITORING SYSTEMS FOR SYSTEMATISATION OF THE
INPUT DATA OF THE INCIDENT FORECASTING SYSTEMS

Abstract. This article explores the work on the implementation of an
automated LAN monitoring systems and the feasibility of the utilisation
of the data produced by these systems. The purpose of this article is to
identify a systematic approach to the problem identification, to model
business-processes according to the set goals and to determine functions of
the implemented high-tech solutions. In the process of writing the article,
the authors reviewed of local computer networks and server infrastructures
of five universities: L.N. Gumilyov Eurasian National University, Astana
IT University, Seifullin KazATU, KazGUU and Korkyt Ata Kyzylorda
University and found out that despite all efforts to modernize the server
and network infrastructure in the compared universities, most of them do
not have LAN monitoring systems. Authors of this article emphasise the
necessity of monitoring and data storage systems for the optimisation of
the functioning of the LAN maintenance services, as well as, subsequent
introduction of other systems, such as forecasting systems. As for the
implementation of systems using machine-learning algorithms, so far none
of the reviewed Higher Education Institutions are planning such projects in
the near future. Nevertheless, such projects have every reason for research
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in various areas, including automation and prediction of LAN system
failures. Authors emphasize that data collection by monitoring systems
can significantly facilitate further work in the above areas.

Key words: network equipment’ failure forecasts, local area network,
monitoring systems, LAN, business-processes modelling.
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OKHUFAJIAPIIBI BOJIKAY KYHWEJEPIHIH KIPICTEPIH
JKYWEJIEY YIIITH LAN MOHUTOPUHT )KYWUECIH EHT'I3Y
JKOHE MMAMUJIAJTAHY

AnHoTanus. byn Makamana >KepriaikTi KeliHi OaKbUIayJblH aBTO-
MaTTaHIBIPBUIFaH )KYHEJIepiH eHT13y )KOHE OChI )KYHenep apKblTbl aJIbIHFaH
JepeKTepal maiianaHy MYMKIHZIITT KapacTwlpbliaabl. byn makaigaHbIH
MakcaTbl — TpoOJieMaiapAbl aHBIKTAyFa KYHell Ke3KapacThl alKbIHAY,
KOMBUIFAaH MakcaTTapra Colikec OM3HEC-IPOLECTEpIl MOJENbAEY >KOHE
€HT131IreH KOFaphl TEXHOJIOTHSUIBIK MISIIMIAEPAIH (QYHKIUSIIAPbIH aHbIK-
Tar, KeJENIeKTe KOJIaHbIIATHIH JKYHelepie HeMece 3epTTeNIeTiH 3epTTey
KYMBICTapbIH/Ia BIHFAIUIBI KOJJAHBICKA He OONaThIH JKyllere KenTipy.
Makana xa3y OapbICbIHIa aBTOpiap 0ec YHUBEPCHTETTEPIiH JKEPTiTiKTi
KOMITBIOTEPIIIK KEIiJepl MEH CepBepiK WH(PpaKypbUIBIMIAPBIH Kapac-
teipabl: JILH. I'ymunes atsingarsl Eypaszust ¥ a1tk YHUBEpCUTETI, Astana
IT University, C.Ceitbynnun areianarsl KATY, M.C. HapukbaeB aTbiH-
narbl Kas['FOY, KopkeiT Ata atsingarsl Kei3euiopaa yHusepcuteti. by
OKY OpBIHJIApPBIHBIH CEPBEPIIIK JKOHE KENITIK WHPPaKYPBUIBIMIBI MOJAEP-
HU3anusAgay OOMBIHIIA aTKapbUIbII KaTKaH OapiiblK KYMBbICTapblHA Kapa-
MacTaH, KOIIITITiHAe aBTOMATTaHABIPBUIFAH JKEPTUTKTI KeliHi OaKbI-
Jay Ky#enepi KoK ekeHl aHbIKTanbl. OChl MaKajaHbI jka3y OapbICHIHJA,
KEPriumKTI Kejl KbI3METTEPiHIH MKYMBICBIH OHTAMIaHJBIPY, COHBIMEH
Karap Ooipkay Kylenepi CHSIKThI 0acka JKyienepii KeHiHHEeH eHTi3y YIIiH
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JepeKTepii Oakblaay >KOHE cakTay >KyHelepiHiH KaXeTTUIIriH aBTopIiap
aran eTeai. MamMHAIBIK OKBITY alTOPUTMICPIH KOJJaHA OTBIPHIN, Jp
TYpii JKyHenepal KOJJaHBICKa €HT13y »KYMBICTapblHA KeleTiH OoJcak,
KapacThIPBUIFAH KOFapbl OKY OPBIHIAAPBIHBIH €IIKANCHICHI KAaKbIH apajia
MyH7all jko0amapibl kocnapiaMaiael. Anaiijna, MyHAal skobanap xep-
TUTIKTI JKeJ )KyHeepiHiH ICTeH MIBIFybIH aBTOMATTAHBIPY MEH O0JIKayIbI
KOCa aifaHaa, opTyp:l cajanapaa 3epTTey KYMBICTapbIH XKYPrizy YIIiH
OapnbIK Heri3aepre we. ABTOpPIap MOHUTOPHHT XXYHeJIepiH iCKe €HTi3y
apKBUIBI AEPEKTeP/Ii KUHAY KYMBICHI — JKOFaphlJla aTajJFaH cayalapaarbl
aTKapaTblH KeJIeHIeK KYMBICTApbIH OJ]aH op1 )KEHUIIETETIHIH alTaabl.

Tyiiin ce3aep: Keninik xKaOIbIKThIH 1CTEeH IIBIFYbIH 00JIXKAay, KEPTLTIKT1
KeJll, MOHUTOPHHT XKYHesepi, KepriTiKTi-ecenTey xelici, On3Hec-mpouec-
TepJi MOJCIBILY.
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BHEJAPEHME U UCITIOJIB3O0BAHUE CUCTEM
MOHUTOPHUHTA JIBC VI CUCTEMATU3UPOBAHUSA
BXOJAHBIX JTAHHbBIX CUCTEM ITPOI'HO3UPOBAHMUSA

NHIMIAEHTOB

AHHoTanus. B 3701 crarke paccMaTpuBaercs paboTa 1Mo BHEAPEHUIO
aBTOMAaTHU3UPOBAHHBIX CUCTEM MOHUTOPUHIA JIOKAJIBHOW CETH U BO3MOXK-
HOCTHU HCIIOIb30BAaHUS JAHHBIX, MOJYyYCHHBIX C IIOMOILBI 3TUX CHUCTEM.
[lenpto naHHOW CTAaTbU SIBISETCA OINPEACIIEHHE CUCTEMHOIO IOAXOAA K
BBISIBJICHUIO IIPOOJEM, MOJEIMPOBaHHE OM3HEC-NPOLIECCOB B COOTBET-
CTBUU C MOCTABJIECHHBIMHU LIEJIIMU U ONpezesieHne pyHKUUN BHEIPSEMBbIX
BBICOKOTEXHOJIOTUYHBIX pellieHHui. B mpoliecce HanvcaHus cTaTbu aBTOPbI
paccMOTpeln JIOKaJIbHbIE KOMIIBIOTEPHBIE CETH U CEPBEPHBIE MHPPACTPYK-
TypBl IIITH YHUBEpPCUTETOB: EBpasuiickoro HanuonansHoro Yuusepcure-
ta uM. JL.H.I'ymunesa, Astana IT University, KasATY um. Cakena Ceii-
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¢bymuna, Kas['FOY um. M.C. Hapuk6aeBa u KbI3pU10pIMHCKOTO YHUBEP-
cuteta uM. KOpKBIT ATa M BBISICHUIIM, 9YTO HECMOTPS HA BCE YCUIIUS IO
MOJIEpHHU3AIMU CEPBEPHOI U ceTeBOM MH(PPACTPYKTYphl B CPAaBHUBAEMBIX
YHUBEPCUTETAX, OONBIIMHCTBO U3 HUX HE UMEIOT KaKUX JTHOO0 CUCTEM MO-
HUTOPHHTA JIOKAJILHOHN CeTH. ABTOPBI 3TOU CTAaThH MOTUYEPKUBAIOT HEOOXO-
JUMOCThH BHEJPEHUS U aKTUBHOE MCIIOJIb30BAaHUE CUCTEM MOHUTOPUHTA U
XpaHEeHUS JaHHBIX JJIS ONTHMHU3ANUH (YHKIIMOHUPOBAHUS CITYKO 00CITy-
KUBaHUS JOKAJIbHOM CETH, a TaKXke MOCIEAYIOIIETr0 BHEIPEHUsl APYTHUX
CUCTEM, TaKUX KaK CUCTEMbI IPOTHO3UPOBAHUS UCTIONB3YIOIINX aITOPUT-
MBI MAIIMHHOTO O0y4deHHUs. UTO KacaeTcs HEMOCPEICTBEHHO BHEIPCHUS
CUCTEM C MCTOJB30BAHUEM AJITOPUTMOB MAIIMHHOTO O0yUY€HHUS B paccMa-
TPUBAEMbBIX YHUBEPCHUTETAX, TO MMOKAa HU OJHO M3 HUX HE IJIAHUPYET IO-
TOOHBIX TIPOEKTOB B OnmkaimieMm OymymieM. Tem He MeHee, Takue Ipo-
€KThl IMEIOT BCE OCHOBAHUS ISl UCCIIEIOBAaHUHN B PAa3TMYHBIX 00IACTSX,
BKJTFOYAst aBTOMATHU3AIIMIO U IPOTHO3UPOBAHKUE OTKA30B CHCTEM JIOKAJTbHON
cetu. COOTBETCTBEHHO, aBTOPBI MOJYEPKUBAIOT, UTO COOp JAHHBIX CHUCTE-
MaMH MOHUTOPUHTA MOTYT CYIIECTBEHHO OOJIETYHUThH JlabHEUITNE paboThI
B BBILIIEYKa3aHHBIX HAMPaBICHUIX.

KiiroueBble cji0Ba: TPOTHO3BI OTKAa30B CETEBOTO O0OpydOBaHUS,
JIOKallbHasl CeTh, cucTeMbl MOoHUTOpUHTa, JIBC, MonenupoBanue OusHec-
MIPOIIECCOB.

Introduction. Continuous development of the information technologies
has led to an increase in the number of active equipment and the scale of
the local networks of enterprises, as well as, problems associated with the
appropriate organisation and monitoring of these networks. The existing
automated enterprise management systems (ACS) must meet the stated
requirement in the context of ever-growing complexity of the problem
being solved: the constant growth of the scale of the provided service, the
development of the route network, logistics management, the increase in
time and event loads.

Materials and methods. In the past an organisation and LAN monitoring
was the prioritised task for the large enterprises only, but in the modern
times, full of digital solutions, the organisation and monitoring of data
networks has become one the defining factors of the successful business.
Taking into account that each minute, there is humongous amount of
heterogeneous data being generated in a network, timely management of
the LAN’s network infrastructure has become a non-trivial task. First of
all, a network infrastructure consists of the multitude of various devices
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(communicators, servers, routers, computers, etc.). Secondly, each of these
devices hosts a large amount of applied programs, which are sources of
data as well. In the selection process of the software for the monitoring of
data networks, authors took following two goals into consideration:

The first goal was to ensure collection, storage and real-time access to
such a heterogeneous set of data.

The second goal was to reduce incident response time after automatically
identifying deviant behaviours in the middle of multiple time series.

Inthe operational monitoringandincidentmanagementsystem (OM&M),
incidents are recorded — incidents related to equipment breakdowns, delay
or loss of traffic, overheating or failure due to external factors, and other
important events. Those incidents are registered promptly from the devices
(switches) of the company or through the communication channels of the
end users of the services. Usually, those incidents are handled at the levels
of dispatch services, monitoring centres or system/network administrator
departments. Some categories of incidents require prompt resolution, for
example, all kinds of breakdowns (failures) of active equipment. In order
to improve the efficiency of the companies’ operations, the fault tolerance
of a number of active LAN equipment can be predicted.

Authors also reviewed the infrastructures of 5 universities: L.N.
Gumilyov Eurasian National University, Astana IT University, S. Seifullin
KazATU, KazGUU and Korkyt Ata Kyzylorda University. All of the
above educational institutions have a well-developed server and network
infrastructures that meets all the needs of the organization. For example,
at the L.N. Gumilyov ENU uses 18 virtual servers in active way which
deployed on 5-6 server machines and about 20-30 switches in the LAN
contour. KazATU is actively using 4-5 server machines where virtual servers
and information systems are deployed, as well as about 20-25 switches
providing Internet access to educational and administrative personnel.
Astana IT University rents most of its LAN infrastructure; however, they
have 4 powerful servers where vital systems for the organization are
deployed. KazGUU in the last 5 years have been thoroughly invested in
their digital infrastructure to facilitate the work and automation of many
business processes, respectively, they have a developed LAN network and
one of the most optimized information systems. Korkyt Ata Kyzylorda
University has 5 server arrays and LAN with a total of slightly more than 30
switches and hubs to organize access to the Internet for its staff and students.

All of the above universities and their information systems operate non-
stop and all universities have staff to maintain the LAN circuit and server
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infrastructure. However, not all universities have certain LAN monitoring
systems for prompt response to LAN segment outages or other types of
system failure. For example, in the same Kyzylorda University named
Korkyt Ata the implementation of a LAN monitoring system is at the
development stage, and the implementation of such systems is expected
only by the end of 2023.

The main anticipated business effect from the use of forecasting tools
is a reduction in financial losses through an increase of the technical
availability of equipment. This goal should be achieved by providing
means of predicting the fault tolerance of the equipment based on the
researched forecasting methods.

These days, knowledge on the intellectual data analysis is widely
explored. There are a lot of publications on this topic in the IT field.
However, most of the times those publications focus on either a particular
case or those works could be supplemented by the new variables which
might in turn affect the final forecast results.

As forthe implementation of systems using machine-learning algorithms,
so far none of the listed Higher Education Institutions are planning such
projects in the near future. Nevertheless, such projects have all the grounds
for research in various areas, including automation and prediction of LAN
system failures.

This article addresses the issue of the usage of LAN monitoring systems
as an integral part of the subsequent introduction of the forecasting systems
based on machine learning.

To address the first challenge, «PRTG network monitor» software was
implemented on the basis of the existing LAN network of the private
IT company, consisting of switches and servers. After configuring the
necessary sensors, predominantly consisting of SNMP, ping, HTTP and
IMAP protocols, above-mentioned software has commenced its operation,
displaying up-to-date information in regards to the data transfer and active
equipment of the network.

Figure 1 - «As-Is» model of the LAN monitoring process
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Figure 1 outlines «As-Is» model, an example of the monitoring process
of the local IT company prior to the implementation of the automated
monitoring system. Process was initiated by system/network administrator,
who spent 15-30 minutes on initial diagnostics of the LAN health. As one
can observe from this process, at each stage of monitoring the segment of
the LAN there is a room for “human factor”, which can be interpreted as
the possibility of missing one message or another in the equipment logs.

After the construction of «As-Is» model, and to solve the set challenges
it was decided that the LAN diagnostics time will be reduced and online
monitoring of the network will be implemented through introduction of
the relevant software. To get a clearer picture of how the implemented
software was supposed to operate, authors constructed «To-Be» model
(Figure 2).

Figure 2 - «To-Be» model of the LAN monitoring process

If one were to compare two processes illustrated on Figures 1 and 2, one
can observe that collection of the equipment logs of the LAN segment has
changed from manual to automated way, whilst, the time required for the
identification of the problem area in practice was reduced by no less than
5-10 times. In addition, the ability to see up-to-date statistical information
was now not limited to engineers only, but to their higher management
as well, for further decision-making on managerial level. Besides those
point, the software also enables analysis of the operation of the whole
system and its private sub-systems via the deployment of various sensors.

Alternatively, the authors have explored a solution on the basis of the
shareware «ZABBIX» monitoring system. «ZABBIX» was implemented
alongside search engine «Elasticsearchy», which was responsible for the
search, collection and extraction of the log messages from the LAN
equipment. Various errors, exceptions and requests were used as metrics.
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It is worth to mention that the above-mentioned solutions are for the most
part available for free, but they do require a certain degree of proficiency
in a large amount of systems, such as Apache, PHP, MySQL, VMware,
KVM, Hyper-V, Virtual Box, Azure, etc., and to have at least a minimum
level of knowledge of the Java, C+, Python, Jason programming languages.

Results and discussion. The authors have constructed «To-Be v.2»
(Figure 3) after the applied analysis of the two LAN monitoring systems.
This model could be universally applicable to a LAN of any scale. The
authors presume that the implementation of the monitoring systems and
the storage of the data from the sensors of the monitoring systems is a
necessary minimum for the building of the incident forecasting system
based on the machine learning algorithms.
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Figure 3. LAN monitoring process after the implementation of monitoring and
forecasting systems.

Model «To-Be v.2» (how it should)

As an example, the authors collected a year-worth of operational data
from the sensors of several switches using the system monitoring software
(Figure 4). In the raw form, this data cannot be easily processed by other
systems, hence authors had proceeded on structuring of it. In the future,
the structuring could be automated through the use of various systems of
data processing and grouping of big data.
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Figure 4. A sample of the unloading data from the LAN monitoring software.

Figure 5. Structured unload of the sensor data from the switch.

Conclusion. The systematic approach to the problem identification,
adequate goal-setting and modelling of business processes for the
determination of the functions of the implemented high-tech solutions
is the main conclusion of this article. As a result, the authors highlight
the necessity of having monitoring and data storage systems for the
optimisation of the functioning of the LAN maintenance services, as well
as, subsequent introduction of forecasting systems. It is presumed that
additional resources would be employed for the structuring of the data
from databases for the further use by other implemented systems. Authors
emphasize that data collection by monitoring systems can significantly
facilitate further work in the LAN forecasting systems. However, economic
basis for those solutions was not taken into consideration by the authors,
which might provide an ample ground for discussion of the feasibility of
these implementations for small enterprises, where each business-solution
needs to pay off.
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NHOOPMAIIMOHHASA CUCTEMA IIOCTPOEHUA
JUATPAMMBI 'AHTA

AnHorauusi. J[aHHas cTarbsl NpeaycMaTpuBaeT pa3paboTky HHGOpP-
MalMOHHON CHCTeMBI MOCTpoeHus auarpamMmbl [anta. C MOMOIIBIO
JAHHOU MarpamMMsbl MPH MoAaye 3asgBOK Ha KOHKYPC IPaHTOBOTO (MHAH-
CUPOBAaHMS IMYHKT pealu3allii MPOeKTa MpeicTaBisieTcs rpaduyueckw,
IJIe YeTKO CXEMaTUYEeCKU yKa3bIBAIOTCS 3aJlaud MPOEKTa, HA4yajao U OKOH-
YaHUE MCIOJIHEHUS, a TAKXKe €ro MpOJOJDKUTEIBbHOCTh. ABTOPBI Ipel-
JaraloT OPUTMHANIbHBIE CIIOCOOBI aBTOMATHU3AIMH MPOIECCa MOCTPOCHUS
JIUarpaMMbl, B IOMOIIb COTPYJHUKAM U mpernoaasarensm He [T-crnenunans-
Hocreid. C momolpl0 AuarpaMMbl ['aHTa MOXXKHO H300pa3uTh COCTaB-
JSIOIIKE YaCTU MPOEKTa, A yIoOCTBa yIpaBieHHs pa30uB ero Ha MEHb-
mero pazMepa 3aaanus. Jluarpammel ['aHTa MOAXOMAT MPaKTHYECKU IS
TMOOBIX MPOEKTOB, YNPOINasl yIpaBieHUE 3aJadyaMH, [OMOTas YBHUJIETb
MIOJIHYIO KapTUHY U 10CTUYb 1eneid. J[marpammel ['anTa Taxke nomyisipHbI
B cdepe ymnpaplieHUs MPOEKTaMH MO JABYM OCHOBHBIM mpuuuHam. OHU
YOPOUIAIOT CO3JAaHUE CIOKHBIX IJIAHOB W MOMOTAIOT KOMaHAaM ILIaHU-
poBaTh pabOTHl MPaBUIIBHO paclpenenuB pecypchbl. s Toro 4ToOsbI
MOJIYYUTh OOIIee MPEACTABICHHE O MPOEKTE COCTABUTHIIM HCIOIB3YIOT
nuarpammbl ['anta. CriocoOHOCTh 0TOOpaXkaTh 3aBUCMMOCTH 3a/1a4, Koria
3a/1a4a HEe MOKET Ha4aThCsl WM 3aKOHYUTHCS JI0 TEX MOP, TOKA HEe HAYHETCS
WJIM HE 3aBEePIINTCS ApyTras 3ajada sBIseTCs] OAHUM U3 Hanboliee BaXKHBIX
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byukuuid quarpammbsl ['anta. OCHOBHOW NMPUYMHOW TOTO, YTO MPOEKTHI
TEpIAT Heyznady, 3TO IUI0XO CIUIaHUPOBAaHHBIE MPOEKTHl. [loaTomMy yeTkoe
MMOHUMAaHUE MOPSAKAa U MPOAOKUTEIBHOCTU 3a/au SIBISIETCS OCHOBHBIM
KIIFOYOM K ycrexy npoekrta. C moMOIIbIo AHarpaMMbl pyKOBOAUTENH TPOEK-
TOB MOTYT ONpPEIETUTh KPUTUUYECKUE TOYKU MPHU peaanu3aluy MpoeKTa U
rapaHTHPYIOT OTCYTCTBHE 3aJI€PKEK B BBIIOJHEHUU KIIFOUEBBIX 3a/1a4.

KiioueBble ciioBa: mHboOpManMoHHAs cucTema, AuarpamMmma [aHTa,
MIPOEKT, 3a/1a4uM MPOEKTa, IJIaH peanu3auuu, KOHKypc, Python.
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TAHT IMATPAMMACBHIH KYPYIBIH AKITAPATTBIK KYWUECI

AHHOTanusi. YCHIHBUIBIIT OTBIPFAaH Makajaaa ['aHT auarpaMmachiH
KYPYIBIH aKIapaTThIK XYHECiH d3ipiey KapacThIpbuiFaH. byi nuarpam-
MaHBIH KOMETIMEH TPAHTTHIK Kap>KbUIAHABIPY KOHKYPCBhIHA OTIHIM OepreH
Ke3J1e J)k00aHbI iCKe achIpy MyHKTI rpaduKabIK TYP/E YChIHBUIAIbI, OHIA
KOOaHBIH MIHJETTEPI, OPBIHAAYIBIH OacTalybl MCH asKTalybl, COHIAN-aK
OHBIH Y3aKTBIFbI HaKThI CbhI30a TypiHae kepcerineni. ABropinap [T-emec
MaMaH/IBIKTapIbIH KbI3METKEpJIepl MEH OKBITYIIBUIAPbIHA KOMEK PETiHIIe
auarpaMma Kypy MpOIIECiH aBTOMAaTTaH/ABIPYIBbIH €pEeKIIe TICUIACPiH
YCBIHAJbI. bacKapy/iblH BIHFAWIBUIBIFEI YINiH [aHT JuarpaMMachiH KOJ-
JlaHA OTBIPBIN K00aHBIH Kypamjac OenikTepiH OeiiHeneyre KoHE OHBI
KilIiripiM Tamnceipmara 6enyre Oonaasl. ['aHT nuarpammaiapbl Ke3-KelareH
xobaslapra kapamJpl, TarcbipMaiapbsl 0acKapyabl KCHIICTE i, TOJBIK
CYpETTi Kepyre )KoHE MaKcarTapra JKeTyre KeMekTeceai. ['aHT nuarpam-
Majapbl €Ki Heri3ri cebenke 0alIaHbICTHI )k00aIap bl 6ackapy cajgachlHIa
na tansiMan. Ouap Kypaemi skocmapiapAbl KYpyAbl >KEHUIIETEAl KoHE
KOMaHJIaJiapFa pecypcrap/ibl AypbIC 0611y apKbLIbl JKYMBICTBI JKOCTIApiIayFa
keMekTecenl. JKoba Typassl Kalmbl TYCIHIK alny YIIiH Kypyubsuiap [aHt
JrarpamMMachiH KoJiaHajbl. TarceipMa OacTaaMaibliHIIa HeMece asKTall-
MaWbIHIIA TarnchlpMa TOYUIIUTIKTEpIH KOpPCEeTy MYMKIiHAIri Oacka Tar-
ceipMa ['aHT guarpaMMachlHBIH €H MaHBI3/Ibl (YHKIHSIIAPBIHBIH Oipi
60mbin TaObuTab. JKoOanapablH COTCI3AIKKE YIIBIPAYbIHBIH 0acThl ce6eoi
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—Hamap skocmnapianybl. COHABIKTaH TalChIpMaJIapAblH TOPTIOI MeEH
Y3aKTBIFBIH HAKTHI TYCiHY KOOaHBIH COTTI1 OOJIYBIHBIH HETI3T1 KUITI OOJIBII
TabbLIab1. Jlnarpammanap KeMeriMeH jk00a KeTeKIIiIepi )KoOaHbI Ky3ere
aceIpylarbl CHIHM HYKTEJIEpl aHBIKTAll ajajbpl >KOHE HETI3Ti TarChIp-
Majap/ bl OpbIHAayAa KiJipicTepAiH 6oaMayblHa KEMUIAIK Oepe/i.

Tyiiin ce3gep: aknaparThlK Xyile, 'aHT quarpammacsl, xo0a, xo0a
MIHJIETTEepI, ICKE achIpy KOcmapbl, KOHKypc, Python.
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INFORMATION SYSTEM FOR CONSTRUCTING GANTT
CHARTS

Abstract. This article provides for the development of an information
system for building a Gantt chart. With the help of this diagram, when applying
for grant funding, the project implementation point is presented graphically,
where the project tasks, the beginning and the end of implementation, as well
as its duration are clearly schematically indicated. The authors offer original
ways to automate the process of building a diagram, to help employees and
teachers of non-IT specialties. You can use the Gantt chart to depict the
constituent parts of the project, dividing it into smaller tasks for ease of
management. Gantt charts are suitable for almost any project, simplifying
task management, helping you see the big picture and achieve your goals.
Gantt charts are also popular in project management for two main reasons.
They simplify the creation of complex plans and help teams plan work by
properly allocating resources. Gantt charts are used to get an overview of
a project. The ability to show task dependencies, where a task cannot start
or finish until another task starts or finishes, is one of the most important
features of the Gantt chart. A major reason that projects fail is poorly planned
projects. Therefore, a clear understanding of the order and duration of tasks
is a major key to project success. With the help of the diagram, project
managers can identify critical points in project implementation and ensure
that key tasks are not delayed.

Key words: information system; Gantt chart; project; project objectives;
implementation plan; competition; Python.

Beenenue. Opranmusanus Hay4YHO-HUCCIIEIOBATEIBCKOM A TETLHOCTH IIPe-
nojiaBatesieil B 00pa30BaTeNbHbIX YUPEXKICHUAX TPeOyeT rpaMOTHOIO Hayd-
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HO 00OCHOBAHHOTO TMOJXO0/A U PEIICHUS] OPraHU3AIMOHHO-YIIPABICHUECKUX,
y4e0HO-METOAMYECKUX, KaJPOBBIX, OPraHU3alMOHHO-METOAMYECKUX, HWH-
(hOpPMAIMOHHBIX, TUIAKTUICCKUX U TICHXOJIOTO-TICJArOTHYSCKUX 3a/1ad.

Opaum u3 GakTOpoB pa3BUTHS B HAYYHO-UCCIIEIOBATEIHLCKOM HAIPaB-
JICHUU SIBJISIETCS aKTUBHOCTH COTPYIHUKOB M IpernojiaBareiicii By30B B
y4acTHUU KOHKypcaxX TpaHTOBOro (hMHaHCHUpPOBaHUA. Bbicokas akTUBHOCTD
HcclieoBaTeNield B 2TOM HAIPABJICHUU IO3BOJIUT PEAIM30BaTh HOBBIC
MPOEKTHI, YTO B CBOKO OYepelb, OyIeT CIOoCOOCTBOBATH MPUBICYCHHUIO
JOTIOTHUTENBHOTO (PMHAHCUPOBAHMS YHUBEPCHUTETA, MOTYUYEHHUIO 3HAUU-
MBIX PE€3yJIbTaTOB HCCIIEJOBAHUSI.

B nanHO# cTarhe MBI TIPEACTABISIEM U O0CYXKIaeM CO3aHue HHQPOP-
MallMOHHOM CHCTEMBI MOCTPOCHUS TUarpaMmbl ['aHTa B peanu3anuu mia-
Ha MPOEKTA.

[Tonava 3aBOK Ha yyacTue B KOHKYpCax T'PaHTOBOTO (pMHAHCHUPOBAHUS
OCYIIECTBIIICTCS COTIACHO OOBSBICHHBIM KOHKYpCaM Ha MX MPOBEJCHUE.
CornacHo yCJIOBHSIM KOHKYPCHOUW JOKYMEHTAIlMUW Ha T'PAaHTOBOE (hHMHAH-
CUPOBaHHE, MOJaBaeMble 3asBKU JOJIKHBI COOTBETCTBOBATH TPEOOBAHUSIM
KOHKYpca.

Marepuajbl U MeTOAbI MccJieqoBaHusi. B mporecce nposeneHus
WCCTIEIOBAHMS IJIsl aHATIM3a U CHHTE3a JJaHHBIX PACCMOTPEHBI Tpaduueckue
MeToibl 00padoTku nHpopmanuu. [Ipu mogaye 3asBOK Ha KOHKYpPC TpaH-
TOBOTO (PMHAHCHUPOBAHUS MTyHKT peain3ally MPOeKTa MpeACTaBIseTCs Ha
nuarpamme ['aHrta, T7ie 4eTKO CXeMaTHYECKH YKa3bIBAIOTCS 3a/1a4H MTPOCK-
Ta, HAYaJI0 U OKOHYAHUE HUCIIOJHEHHUS, @ TAKXKE €ro MPOJI0IKUTEIbHOCTD.

Dta quarpamma siBIsIeTCs CBO€0Opa3HbIM CTaHIapTOM B 00J1aCTH MEHE/I-
KMEHTa MPOEKTOB, TaK KaK C €€ MOMOIIbI0 MOXHO HAIJISIHO OTPa)KaTh
CTPYKTYPY BBITIOJTHEHHUSI TAIOB.

B nuarpamme ['anTa mHbOpMaLus CONEPKUTCS CIKATOM, IS €€ co3/ia-
HUS HE WCIIONb3YyeTCs 3alyTaHHas TaOnuia U OONbIIOE KOJTUYECTBO TEK-
cToB. Mcnonp3ys auarpaMmy, MOXHO YIPOCTUThH YIpaBJI€HUE MPOEKTa-
MM MaJIoTO MaciiTaba, Mmo3BOJIsisA BCETAa KOHTPOJIMPOBATH JEATEIHBHOCTD
COTPYIHHUKOB.

Huarpammbl ['anTa HEM3MEHHO BXOJAT B IATEPKY Hauboiee 4acto
HCIIOJB3YEeMBIX M BOCTPEOOBaHHBIX (DYHKIIMN B TPOTrpaMMHOM oOOecIie-
YEHUHU JJIA YIpaBieHus npoektamu. Juarpammy ['anta MOXXHO co31aBaTh
B TabmuuHoM mnpoueccope MS Excel, MS Visio, a Takxe OHJailH B
GanttPRO, rae MOXHO UCTIOIB30BaTh TOTOBBIE TAOIOHBI JUATPAMMBI, YTO
BbI3bIBAET HEKOTOPbIE 3aTPYJHEHUS COTPYAHHKAM M IpernojaBaTesisiM He
IT-ciennanbHOCTEM. DTO MOXHO PEIIMTH C MOMOIIBIO MCIOIb30BaHUSA
BO3MOXKHOCTEH MH(POPMAITMOHHBIX TEXHOJIOTHUI BOPTraHU3ALUU IIOCTPOCHUS
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nuarpamMMbl ['anTta mpu mogaude 3asBok. J(umarpammbl ['aHTa moaxonst
MPaKTUYECKHU 7S JIIOOBIX MPOEKTOB, YIPOIas yNpaBleHUEe 3aJadaMH U
rnmoMorasi yBUAETh MOJHYIO KapTUHY U JocTHub uenei. [Ipumenenue 1T
MO3BOJIUT OPraHN30BaTh MOJIb30BATEINSM ITOMOIIb B MPUHITHH PELICHUN.

[Ipenmetnas ob6macts UC — 3T0 Ta 4acTh peanbHOro (MM BUPTYaIbHOTO)
MUpa, JJIs aBTOMATU3allK PelIeHHsl 3aJ1ad B KOTopoi npennaznadena NC.
Omnpenenenre rpaHull MPEIMETHON OOIACTU — CIIOKHAs U OTBETCTBEHHAs
3amada. CIUIIKOM HIMPOKUE TPAaHUIBI MPUBOAAT MU K HEBO3MOKHOCTHU
CO3/laHusl, UM K upe3mepHoMy ycioxkHeHuto MC u cHmxkaor ee apdek-
TUBHOCTbH, @ CJIUIIKOM y3KHE — HE MO3BOJISAIOT peanu3oBars pyHkiuu UC
(Cammepduing, 2016).

Taxum oOpazom, B Xo/e HccienoBaHui pazpaboTana nHGOpMaIMOHHAS
CUCTEMATOCTPOCHHS AUArpaMMbl | aHTa, UCIIOJIb3yeMasi PU IIJITAHUPOBAHUHT
peanu3aiuy NpoeKTa, 10CTyITHOro JTI000MY MOIb30BaTENIO.

Pesyabrarbl. Pazpaborka ¢yHKIMOHaANa mporpamMMmbl MPOU3BEACHA
Ha s3bIKe mporpammupoBaHus Python. YHuBepcalbHBIN S3BIK MPOTpaM-
MUpOBaHUsI BbICOKOTOo ypoBHs Python, oTnuunblii Bapuant 1js Oomee
CIIOXKHBIX TPOEKTOB MO pa3paboTke NPUIOKEHUNW M MPOrPAMMHOTO
obOecnieuenus. braronaps GyHKIUAM aHaIu3a W BU3yalIH3alUU JaHHBIX,
Python mo3Bomnser pazpaboTyrkaM NpeaCTaBIsATh U BU3yalu3UpPOBATh IaH-
HbIe 04eHb 3P HEeKTUBHBIM 00pa3oM. Ero ympoiieHHas cTpyKTypa moMoraer
B pa3palOTKe CIOKHBIX HAyYHBIX Tpriiokenuit (Bnosun u ap., 2016).

OyHKIMOHAT TOCTpoeHHs rpadukoB obecniedeH MoayneM plotly.express.

[TonknroueHre MOAYISI MPOUCXOIUT CTPOKOM:

import plotly.express as px

Monynbs npuHUMaeT TaOnuIlbl TOJIbKO B Buae pandas tadnui. Moayib
pandas MOJIKII0YAETCS CTPOKOM:

import pandas as pd

Tax e mis QyHKIMOHUPOBAHUS MPOTPAMMBI MOTpeOyeTcss XpaHUTh
KOJIMYECTBO 3a/1a4, TEKCT 3aJa4, CPOK Hauaja U OKOHYAHUS 3a/1a4.

KonuuecTBo 3a7a4 XpaHUTCS B LIETOYUCICHHON IepeMeHHoi task count:

task count =0

TexcT 3a7au OyzeT XpaHUTHCS B CIIUCKe tasks:

tasks =[]

Cpox Hauana ¥ OKOHYaHUA 3a7a4 OyJeT XpPaHUTHCS B CIIUCKAX:

start_dates =[]

end_dates =[]

B plotly.express ans co3gaHusi HOBOW CTPOKH BMECTO KOHTPOJIBLHOTO
cuMmBona ‘\n’ ucnonb3yercs ter ‘<br />’. [1o 3Toi mpUUMHE HYKHO 3aMe-
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HUTb B CIIMCKE BCE KOHTPOJIbHBIE CUMBOJIBI Ha TeT. [lenaeTcs 3T0 HUKIOM
KOTOPBIN MPOXOAUT MO BCEMY CIHCKY M 3aMEHSIET KaXKIblii CUMBOI:
tasks2 =[]

for x in range(task count):

txt2 = tasks[x].replace(‘\n’, ‘<br />7)

tasks2.append(txt2)

[IpeoOpa3zoBaHHbBI CNHCOK XpaHUTCS B nepeMeHHO# tasks2. Temepn
noTpelyeTcsi COBMECTUTH BCE CIIMCKHU B OJIHY €AMHYIO TaOIuUILy:

final list =]

global task count

for x in range(task count):

final list.append(dict(3amaua=tasks2[x],Start=start dates[x].
strftime(«%Y-%m-%d»), Finish=end_dates[x].strftime(«% Y-%m-%d»)))

Tabnuia xpaHurcs B BU€ CIUCKA, HO JUIsl pUCOBaHUS rpaduka HyKHa
tabnuma u3 monyis pandas. Crnucok mpeobpasyerca B pandas Tabmuily
JTAaHHOM CTPOKOM:

df = pd.DataFrame(final list)

Teneprs Tabnuia roroBa k nmpeodpazoBanuto B rpaduk. I'padux Oyner
coxpaneH B ¢aiin figurel.png

fig = px.timeline(df, x start=»Start», x_end=»Finish», y=»3anauay,
color=»3anauay)

fig.update yaxes(autorange=»reversed»)

fig.update layout(autosize=False,width=1366,height=768)

fig.write_image(“./figurel.png”)

I'paduueckuii unTepdeiic Kk mporpamMme pazpadboTaH ¢ UCMOIb30BAHUEM
Qt Designer(-a). [logkntouenue uHTepdeiica Kk PyHKIIMOHAIBHOW YacCTH
nporpamMMsbl ipousBezieH yepe3 Mmoaynb PySide2. Co3nanue au3zaiina B Qt
Designer (pucyHox 1)

9 New Form - Qt Designer X

v

Dialog with Buttans Bo.
Dialog with Buttons R.
Dialog without Buttons
Widget

> Widgets

Embedded Design

Device: None

Screen Size: | Default size ~

Show this Dialog on Startup

= =

Pucynoxk 1. /luzaitn unrepdeiica nporpammsr B Qt Designer
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Hanee B ¢opmy Obutn no00aBieHbl MeHIO «Daiim» U 4 MyHKTa 3TOTO
MeHI0: «OTKpbITEY», « HoBbIIY, «CoxpanuTh», « COXpaHUTH KaK...», TAKKE
komnoHeHT GridLayout, KOTOpBIN KOMIOHYET AJIEMEHTHI B BUJI€ CETKHU.

JloGaBnenue xomroHeHta Table Widget maer Bo3MOXHOCTBH 0TOOpa-
KeHHst TaOauIbl. HaxonuTes TaHHbI KOMITOHEHT BO BKiaze Item Widgets.

Tabnuma momxkHa copepkaTh mois: «3amaday», «Hauanmpnas [latay,
«Koneunas Jarax. Jlo6aBnstorcsonnuepesonuuto EditItems. .. (pucynok?2)

£7 Edit Table Widget - Qt Designer X

Columns  Rows  Items

3apaua
Hauanohan lata
Koneuras data

* [ ]

| = & @ Properties <<

Pucynok 2. JlobaBnenue moseii uepes omiuo Edit Items. ..

Jlanee moOaBiIeHbI KOMIIOHEHTHI U BBO/IA JaThl HAYAJILHOTO CPOKA U
KOHEYHOTO CpoKa 3a/1a4i. KOMIMOHEHTHI KOTOphIe HY)KHO 100aBuTh: Label,
Horizontal Spacer, DateEdit. B komnonentax DateEdit cBoiicTBo dateTime
ycranoieHo 3Hadenue 01.01.2020 (1 SAnBaps 2020 roqa).

{5 MainWindow - untitled* [E=0C

Qaiin Type Here

3anaua Hauaneran lata Koweurias Jlata

| Havanusan Aera
} | e T |

Pucynok 3. PacnonosxeHue KOMIOHEHTOB

[TocneqHue KOMITOHEHTHI SBISIFOTCS KHOTKAMH C TIOMOIIBIO KOTOPBIX
OyayT 100aBISATHCS SJIEMEHTHI B TAOIUILY M 3aITyCKaThCsI aJITOPUTM MPOPH-
COBBIBaHUs Tpaduka.
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(i3 MainWindow - untitled*
Qaiin  Type Here

=y

3anaua

HauansHas flata

Koweunas flata

01.01.2020 -

01.01.2020 Bl

Pucynok 4. torossiii uaTepdeiic nHGpOpMaMOHHOHN cHCTEMBI JuarpaMmsl ['anTa

Okcnopt rpaduueckoro uHTEpdenca B MOAKIIOUAEMBIH MOAYIb IS
Python npousBoguTCs KOMaHAOM:
pyside2-uic «ganttmenu.ui» -0 «ganttmenu.py»
[Toakmrouaercs MOIyIb rpaduuecKoro HHTepgenca CTpoUKoil:
from ganttmenu import Ui MainWindow.

Obcyxxaenue.

B MMOATOTOBKC HAYYHO-UCCICAOBATCILCKHUX IIPOCKTOB pcCajin3alnus

uccnenoBanus (tabmuua 1) mpencraBnsercs Ha auarpamme lanta u
yKa3aBaeTcs B IJIaHe pabOThlI.

Tabnuna 1. 3agaun o peanu3aiuyu UCCIeI0BAHUS

Ne | HanmenoBanwme 3aga4d | Hauano uc- | IIpo- OxugaeMble pe3ynbTaThl OT
NI | ¥ MEPOTPUATHS TI0 UX |IOJHEHUS |JOJDK. | peann3anuy mpoekTta (1o 3agadamM u
peanuzaiyu (nenn/ B MECsI- | MEPOIIPUATHSM), opMa 3aBepILCHHUS
MecAL/To) | Hax 1-i ron 2-ii ron 3-iirog
1 |2 3 4 5 6 7
1 | AHaum3 3apy0e:xHO-
T0 M 0TEYeCTBEHHOTO
onbITa part-time 01.10.2020 |4
00y4eHHs U OTKPbI-
TOro 00pa3oBaHus
1.1 | Aranm3 3apyOexHOoTO BynyT n3yue-
OTIBITa PEATN3ALUN HBI YCIICIIHbIE
part-time oOy4eHuUs 3apyOeKHBIC
MIPHU TOJITOTOBKE 01.10.2020 |1 TTOAXOBI U
Ka/IpOB B Pa3BUTHIX MPaKTUKH TIPH-
CTpaHax MEHEHUs part-
time oOy4ueHHs
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1.2
1.3
2 | AHaJM3 TeKyIei cu-
Tyalnuu BHeJPeHHUs
TeXHOJIOTHIO IUCTaH-
HMOHHOTO 00yueHust |01.11.2020 |4
(1OT) B npodeccu-
OHAJ/ILHOI 00pa3oBa-
TeJBLHOM cucTeMe
2.1 | Coop, cucremarusa- Bynyr cobpa-
LU ¥ aHAJIA3 Hay4- HBI, CHCTEMa-
HBIX, CTAaTUCTHYECKHUX, THU3UPOBAHBI
AHATUTHYCCKUX U U TIPOAHAIH-
OTYETHBIX MaTepUaJIoB 3HPOBaHBI Ma-
o 10T u onenka TEepUaJIbl IS
ee BIIMSHUA Ha ep- 01.11.2020 | 2 MOZIEpHU3ALNHT
CIIEKTUBBI Pa3BUTUS, JOT B Kazax-
TpaHchopManuu u CTaHe
MOJIEpHU3AIMN 00pa-
30BaTeIbHbBIX CUCTEM
B Kazaxcrane
2.2 | AHanm3 coOpaHHOTO U Bynyr pas-
CUCTEMaTU3UPOBAHHO- paboTaHsl
ro Marepuasa 1 paspa- MIPaKTHYECKHE
00TKa MPaKTHIECKUX PEKOMEHTallnu
PpEeKOMEH AN, JUISL OTIpeiee-
01.01.2021 |1 HUSL CTPYKTYPBI
OTKPBITOTO 00-
pa3oBaTeNbHO-
ro MPOCTpaH-
ctBa (OOII)
Omnpenenenue ro- byner
TOBHOCTH OYIYIIINX IIPOBEJCHO
Mearoros K padbore aHKETH-
M0 JMCTAHIIMOHHOMY poBaHue
00yUueHHIo obyuato-
01.02.2021 |1 X 1
BBISIBIICHA
YpOBEHb
UX TOTOB-
HOCTHU

ITocne nobGaBneHus BCeX 3IIEMEHTOB
kHOnKy «Hauatb» (pucyHoK 5)
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(B AMC amarpammbl MaHTa - O X
Daiin
3agaua Havaneras lata Koteuras dara ~
1 ;AHEJIPIS 3apy6exHoro onbiTa... 01.10.20 01.11.20
2 Cuctematvsaums v aHanms... 01.10.20 01.11.20
3 lleparorvko-NcyMX0ON0TMUECKOE ... 01.11.20 01.01.21
4 C6op, cncTeMaTH3aUma v... 01.11.20 01.01.21 ©
< >
Onpegenetite roToBHOCTH Gyaylux
nefjaroros K pabore no AMCTaHUMGHHOMY
obyueniio
3agaua
HauanbHas [Jata [or.02.2021 S
KoHeuHas daTa [o1.03.2021 Z
[No6asnTe
Hapucosate rpadmk: HauaTh

Pucynok 5. DTan 3anonHeHus: nporpaMMel

ITocne Buecenust nanubix B MC auarpammsl ['aHTa, moiyyaem aua-
rpaMMmy, i€ Tpadu4ecKu 0TOOpaXKaroTCs 3a1a4l U MEPONPHUATHS 1O pea-
JIU3alnuu mpoekra (pucyHok 6). MroroBas auarpaMma COXpaHSETCS B
nanke Pucynku B popmare .jpg.

3apava
Onpegenesire roTosHoCTH GyAyuwX AHanv3 3aDYBEXHOT 0aTa
negaroros « padote peanzauy part-time oSywenus
10 AMCTaHUMOHHOMY 0Byueiio W npu noaroToske kaapos

& pasauTLX CTpaKax

CucTenaTusaWwS 1 3HaNKS

AHanus cobpanHoro u 33DYBEXHO AMTEDATYDEI U ;
CUCTEMTUSHDOBAHHOMO MaTepuana u GYHAAMEHTaNbHbIX TPY/A08, NOCEALEHHSIA
Da3paboTka MPaKTIAURCKX PEKOMeHAALMI. M Te0PeTUKO-KOHUENTY aNHSIM M0AX0AAM H

npaKTUkaM uudposoro obpasosarns

& senyuwx pazsyTeic

cTpanax Mpa.

MefiarorvKo-NCHXONOMUecKoe UCCneosarye 3apyGexHsX

C6op, crcTemaTvzaLua 1
aHaNWs HayuHbX, CTATMCTAYECKIX,
AHANUTHHECKIX U OTYETHEIX,

warepuanoe no 0T MDAKTUK (Y HKLIOHWPOBaHIS, TPAHCHOPHALAM
v ouenka ee M v MoaepHM3aLMm part-time
BUSHAR Ha NEPCNIeKTUL! Q0YEHAA MRV OTKPEITOM
@ Da3BUTUA, TPaHChOPHaLWA 1 o6pazosanim
=z MOAEpHM3aLIMA 05Pa30BATERLHSIX CHCTEM C6op, cucTemaTuzaLms u
F & Kasaxcrake AHANM3 HAYUHBIX, CTATUCTALECKUX,
@ MMedarorviko-MCAXONOMH|ECKOR HCCMEAOBaHHE 3apYDEXHLX AT CKYX 1 OTET
MIPAKTUK (DYHKUMOHMPOBAHUR, TDAHCHODMALMA naTepuanos no AOT
¥ MOREpHH3aUMH part-time W v oueHka ee
obyuenva npu oTkpaTOM BNUAHAA Ha nepCreKTEE!
o6pazosanan paseuTUS, TpaHCHOMALAM

HMOAEpHA3aLYM 05Paz0saTe NbHEIX CHCTEN
& Kasaxcrare

Ananas cobparoro u
CUCTeMaTUSMPOBaRHOrD MaTEpVana
Da3paboTka MPaKTUYECKUX PEKOMeHAALLMT.

CHCTEMATU3ENS 1 aHaNK3
3apy6eXHOTi MTepaTYPS 1
byHAAMErTANSHLIX TPYA0S, NOCBREHHLI
TEODETUKO-KOHUETYANHSIM OAXORAM 1
TPaKTKaM UNHPOBOro 06pasoBaHKS
= seay X pasewTeix
CTpanax mupa. Onpenenexue roToBHOCTY ByayumX
neaaroro k pageTe
110 AMCTaKUMOKHOMY 06yuesio

Awanys 33pyBexHoro onsiTa
peanvizaL part-time ofyuenis
i NOArOTOBKE KaAPOS

& DaZENTEIX CTDAHAX

Oct 2020 Nov 2020 Dec 2020 Jan 2021 Feb2021  Mar2021

Pucynok 6. Utoroas nuarpamma ['anTa

3akiouenue. Mudopmanmonnas cuctema oOecrneynBaeT 4YeIOBEKa
uH(popmalmeit B caMbIX pazIUYHBIX cepax ero NesaTeNbHOCTH, KOTopas
MOJKET MCTIOIb30BaThCSA C IEJISIMU YIPABICHUSI U BBIPAOOTKH ONTUMAIbHON
CTpaTeruu W TAaKTHKU BCEX COOCTBEHHBIX AeicTBUi. BHe 3aBHCHMOCTH
OT BHUJa, B MH(OPMAIIMOHHON CHUCTEME COACPKUTCS HMH(POPMAIMOHHBII
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GOHI, B KOTOPOM COXpaHsSeTCs HWHPOpPMAIHs U3 OMPEACIEHHON Cchepbl
YEIIOBEUECKON JeATCIILHOCTH WJIM, U3 COOTBETCTBYIONICH NpPEIMETHOU
oOmactu. Pa3zButue MHPOPMAIMOHHBIX CHCTEM OTpakaeT TPeOOBaHHS K
MOCTOSTHHOMY MX COBEPIICHCTBOBAHHUIO.

Pa3paborannass mH(pOpMalMOHHAs CHCTEMa MpOILIa anpoOanul Ha
kadenpe wuHPopmaruku 3anagHO-Ka3aXxCTaHCKOTO YHHBEPCHUTETA WM.
YTeMucoBa u ycnenrHo QyHkiuonupyet. Mcnonb3oBanue nHGOpMaIMoH-
HOW CHCTeMbl JIuarpaMMbl ['aHTa MO3BOJISIET Ka)JIOMY II0Jbh30BATEIIO
JIETKO CO3[1aBaTh rpauKy peali3aliy 3ajiad, a TaKXKe HarISIHO U SICHO
OTCJIC)KUBATH MX.

Kpome Toro, MOXKHO yBUICTH IOJIHOE BUICHHE MPOEKTA, MOCTPOUTH
KOMMYHUKAIUIO, MAaKCUMaJIbHO 3()(PEKTUBHO HCIONIB30BATh UMEKOIIUNCS
pecypc.

Taxum o6pa3zom, MOXKHO THOKO, 3 (HEKTUBHO, YCIEITHO PEaTH30BbIBATh
CTpaTErHYeCKHe MEeIH.
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AGRO-CLIMATIC ZONING OF ALMATY REGION
USING GIS TECHNOLOGIES

Abstract. Climate change and climatic factors over the past few
decades on a regional and global scale, in particular in the south-east of
Kazakhstan, affect the restructuring of the agro-industrial complex. Agro-
climatic zoning is one of the fundamental actions in determining the
quantitative and qualitative characteristics of agro-climatic resources, as
well as important factors in agriculture, thereby updating the reliability
and accessibility of climatic indicators.

This study is devoted to the definition of agro-climatic zones on the
territory of the Almaty region using GIS technologies. The purpose of the
scientific work is to study favorable agro-climatic indicators for the growth
and development of agricultural crops. To achieve this goal, the tasks of
a comprehensive and geospatial study of agro-climatic components were
performed, including the calculation of the sums of active temperatures and
precipitation, the Selyaninov hydrothermal coefficient and the coefficient
of humidification of the growing season, and their relationship is also
assumed when constructing an agro-climatic model.

As a result of the study, 5 agro-climatic zones were identified with
interpretation and information on the sum of active temperatures and
precipitation, hydrothermal coefficient and humidification coefficient in
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tabular form. Aggregates of data indicate the main characteristics of agro-
climatic resources and the potential of growing certain types of crops with
rational use of water resources relevant for irrigation crops.

This study is carried out under the project “BR10764908 - To develop
a system of agriculture for the cultivation of agricultural crops (cereals,
leguminous oilseeds and industrial crops) using elements of cultivation
technology, differentiated nutrition” in Kazakh Research Institute of
Agriculture and Plant Growing for further introduction in manufacture.

Key words: GIS technologies, agricultural lands, remote sensing, open
climate data, climate change, agro-climatic zoning.
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TAK-TEXHOJIOTUAJIAPBI HET'T3IHAE AJIMATBI
OBJIBICBIH ATPOK/IMMATTBIK AYJAHAACTBIPY

AnHoTanmusi. Kitmmar sxoHe KIIMMATTHIK (aKTopiapIblH ©3repyi COHFBI
OipHelIe OHXBUIIBIKTA OHIPIIK )KoHE )ahaH IbIK MaciiTadTa, COHBIH 11TiH-
ne KazakcTaHHBIH OHTYCTIK-IIBIFBICBIHIAFBl arPOOHEPKACINTIK KEIIEHHIH
KYpBUIBIMBIHA 01pa3 e3repic €HTri3/l. ATpOKIMMATTHIK ayJaHIacThIpy pe-
CypCTapAbIH CaHABIK KOHE CalallbIK CUIIaTTaMa apblH aHBIKTay/a KINMaT-
THIK KOPCETKIMTEPAIH CEHIMIUIITT MEH KOJ JKETIMIUIITIH ©3€KTeHIIpir,
aybll IAPYalIbUIBIFBIH KYPri3yJeri MaHbI3bl GakTopiaapably Oipi eKkeH-
JUT1H aKbIHIA b,

byn 3eprrey 'AXK-TexHonorusmapasl KojagaHa OTBIPBIN, AJIMaThl 00-
TBICHIHBIH ayMaFbIHIAFbl arPOKIUMATTHIK ayJaHAapIbl aHbIKTayFa OaFbIT-
TanFaH. FhUIBIMU )KYMBICTBIH MaKCaThl — JAKbUIAAPIBIH 6CYyl MCH JaMYbI
YIIIH KOJAiIbl arpOKIMMATTBIK KOPCETKIIITEPiH 3epTTey. MakcaTKa *KeTy
YUIIH arpoKJIUMATTBhIK KOMIOHEHTTEpP/I KeHIEHl JKOHE T'COKEHICTIKTIK
3epTTey MIHACTTEPl OPBIHIAJILI, COHBIH ImIiHAEe OCNCEeHal TeMmIlepaTypa
MEH JKaybIH-IIAIIBIHABIH, CeISTHUHOBTBIH THAPOTEPMHUSIIBIK KOIPUIIU-
€HTI MEH BEreTalUsJIbIK Ke3€HHIH bUIFajaHy KOA(UILEHTIHIH KOCHIHIbI-
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CBIH €CeNTey Ky3ere acTbl. THICTI KOPCETKIMITEPAl aHBIKTAY HOTUKECIH/E
amIbIK KOJDKETIMIUTIKTI KIIMMATTHIK AepekTep naiganansiiasl. CSV ¢op-
MatbiHaa ansiHFad MamiMertep ['AXK opraceiHa omgaH opi MHTErpamusiay
yiin shapefile-re Typnenaipinai. PacTpiablk ¢opmarTarbl KIUMAaTTHIK
KOPCETKINITEep aABIHFBI KOBapHAIlMsJIADMEH aHBIKTaJIFaH [aycc mporeci
apKbUIBI MOJIENIb/ICHETIH UHTEPHOJSAIUS - KPUTHHT (criging) oJiCiH KOJI-
JlaHa OTBIPBII, HYKTEIIK 00BEKTUIEPAl KEHICTIKTIK 63TepTy apKbLIbl Kypa-
CTBIPBLI/IBI.

3epTTey HOTHXKeciHAe OelceHli aya TeMIleparypachl MeH JKa-
VBIH-INANTBIHABIH, KOCBIH/IBICHI, THAPOTCPMUSIIBIK KOI(DPUIIUEHT >KOHE
bUIFAJIIaHy KO3(PUIIMEHTI Heri3iHae 5 arpOKINMATTHIK ayJaHHBIH [IeKa-
packl aHBIKTAIBL. J[epeKTep )KUBIHTHIFBI arPOKIMMATTHIK PECYpCTap KOHE
aybll IIapyallbUIbIFBl JaKbUIJAPBIHBIH JKEKeJIereH TYpJepiH ecipy djey-
€TiH Cy pecypCTapblH YThIM/IBI IAlJJaiaHy HETi31H/e )KY3ere achlpy Oarbi-
THIH/A aHBIKTATAJIbI.

Foumeimu 3eprrey kymbichl Kazak eriHOIIK KoHE OCIMIIK IIapy-
alIbLIBIFBl FBUIBIMU-3€pTTEY MHCTUTYThIHAA «BR10764908 - Aybu1 mapy-
AIIBUTBIFBI TAKBUIAAPBIH (IOH/1 JOHI-OYPIIAKTHI MaMIIbl )KOHE TEXHUKA-
JBIK JAKbUIIAP/Ibl) OHJIEY TEXHOJIOTHICH JIEMEHTTEPIH KOJIJaHa OTHIPHIIL,
eriHIIUIIK XYyHeciH a3ipiey» kobackl OolbIHINIA, OoyamakTa eHAIpiCKe
€HI'13y MaKcaTbhIH/a XY pri3iiaye.

Tyiiin ce3aep. [AX-TexHonorusnapsl, aybulliapyamblibIK aJIKanTapsl,
XKepai KambIKTHIKTaH 30HATAY, alIbIK KIUMATTBIK AEPEKTEP, KIMUMATThIH
e3repyi, arpOKIUMATTBIK ayJaHIacThIPY.

K.T. Kpiprei36aii'*, E.X. Kakumxkxanos'?, ’K.M. Carunraes’

'Kazaxckuii HaMOHAIBHBIM YHHBEPCUTET UMEHH anb-Dapadwu,
Anwmatel, Kazaxcran;
*Kazaxckuit HUU 3emiienenust 1 pacTeHHEeBOACTBA, Amarel, KazaxcraH.
’Yuusepcurter 3anagnoro Muuurana, CIIA.
E-mail: kyrgyzbay.kudaibergen(@gmail.com

ATPOKJIMMATUYECKOEPAMOHUPOBAHUE ATMATUHCKOM
OBJIACTU C IPUMEHEHUEM I'IC-TEXHOJIOT UH

AHHoTanus. V3MeHeHue KiiuMara 1 KIMMaTH4ecKuX (pakTopoB 3a 1o-
CJICTHUE HECKOJIBKO JICCATUIICTUI B PErHOHATBHOM U TJI00aJIbHOM MacITa-
0e, B 4aCTHOCTH I0T0-BOCTOKa Ka3axcraHa, BO3CHCTBYIOT Ha MepecTpoe-
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HUE arpONpPOMBIIIIIEHHOTO KOMIUIEKCA. ATPOKIMMATHYECKOE palloHHpOBa-
HUE SIBJISETCA OJHUM M3 OCHOBOIIOJIOTAOLIUX JEHCTBUM IPU ONIPEIEIEHUN
KOJINYECTBEHHBIX M KAYECTBEHHBIX XapPAKTEPUCTUK arpoKIMMaTHUYEeCKHX
pECypcoB, a TakXke HEMAaJOBAXXHBIM ()aKTOPOM IPHU BEJIEHUHU CEIBCKOTO
XO3SIIICTBA, TEM CaMbIM aKTyaJM3UpPys JOCTOBEPHOCTh M JIETKOAOCTYII-
HOCTb KJIUMAaTUYECKUX MMOKA3aTeNeH.

JlaHHO€ WuCCJIEN0BaHUE TOCBALIEHO OINPEIEICHUI0 arpoKIuMaruye-
CKMX PallOHOB Ha TEPPUTOPHHU AJMATHUHCKOW 00JaCTH C MPUMEHCHHEM
I'MC-texnonoruii. Llenpto HayyHOU pabOTHI ABISETCS UCCIIEI0BaHHUE Oa-
TONPUATHBIX arpOKJIMMAaTUYECKUX MOKa3aTreaeld AJis pocTa M pa3BUTHUS
CEJIbCKOXO3SIUCTBEHHBIX KyNbTyp. IS JOCTMKEHHS 1€ BBIITOIHEHBI
3a/1a4i KOMILJIEKCHOTO U I'€ONPOCTPAHCTBEHHOIO U3YUYEHUS arpOKJINMATH-
YeCKHX KOMIIOHEHTOB, B TOM YHCJI€ BBIUUCIECHUE CYMM aKTUBHBIX TEMIIE-
patyp ¥ OCaJKOB, TUAPOTEPMUUECKOT0 KodduireHnta CeasHuHOBA U KO-
¢uLMeHTa yBIaXXHEHNUS MepUOo/ia BEreTallly, a TakKe MPEANoIaraeTcs ux
B3aUMOCBSI3b [IPU OCTPOCHHUH arpOKIMMATHUYECKONW MOJIEIH.

B pesynbrare uccienoBaHus ONPEAENIEHbl 5 arpoKIMMaTUYeCKUX 30H
C MHTeprperanuel u uHPopmanuend 0 cCyMMe aKTHBHBIX TeMIlepaTyp U
0CaJIKOB, THAPOTEPMHUECKOM KO(PUIIMEHTE U KOI(PUIIUEHTE yBIIAXKHEHHS
B TabnnuHON Gopme. COBOKYITHOCTh JIAHHBIX YKa3bIBaeT HA IJIaBHbBIE Xa-
PAKTEpUCTUKH arpoKIMMATHUYECKUX PECYpPCOB M MOTEHLIMAe BhIpallliBa-
HUS OTEJBHBIX BUJOB CEJIbCKOXO3AMCTBEHHBIX KYJIBTYP C PAllMOHAIBHBIM
WCIIOJIb30BAaHUEM BOJAHBIX PECYpPCOB, AKTyalbHBIX JISI OPOCUTEIBHBIX
CEJIbCKOXO35ICTBEHHBIX KYJIBTYD.

JlanHoe wuccnenoBanue mpoBoauTcsa 1o mpoekty «BR10764908-
Pazpabotats cucteMy 3emiiefenusl BO3JECIBbIBAHUS CEIbCKOXO3SHCTBEH-
HBIX KYyJbTYp (3€pHOBBIX, 36pHOOOOOBBIX, MACIUYHBIX M TEXHHYECKHX
KYJIBTYp) C IPUMEHEHUEM AJIEMEHTOB TEXHOJIOTHU BO3IeTbIBaHMs, T de-
peHuupoBaHHoro nurtanus» B Kasaxckom HUU 3emnenenus u pacrenue-
BOJICTBA JJIs1 JaJIbHEHIIIETO BHEAPEHMS B TPOU3BOJICTBO.

KuioueBbie ciioBa: ['MIC-TexHOMOTHH, CEIBCKOXO35HCTBEHHBIE YTObS,
JUCTAHLMOHHOE 30HIMPOBAaHUE 3€MJIM, OTKPBIThIE KJIMMAaTUYECKHUE JTaH-
Hble, U3MEHEHHE KJIMMaTa, arpoKJIMMaTUYeCcKoe pailoHupOBaHUE.

Introduction. Climate change over the past decade on a global and
regional scale has an impact on agricultural productivity, which is one
of the fundamental factors of the economic well-being of each country.
The increase in the number of industrial enterprises over the past 50
years has been the main factor in the excess concentration of CO, in the
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atmosphere, thereby causing global warming. Climatic indicators, such
as air temperature, precipitation, evaporation rate, etc. and their trends
of change over time change the usual ways of cultivating crops. Global
warming affects the water consumption of irrigated lands, increasing the
total evaporation. This statement implies a study of the relationship between
irrigation methods for each crop and changes in climatic indicators.

The main task of the agro-climatic classification is to identify zones that
differ from each other in terms of agro-climatic indicators and conditions
of agricultural production, to establish their geographical boundaries and
to draw up a map of agro-climatic zoning (Balgabekov, 1999).

Many scientists, when allocating agro-climatic zones, take into account
the peculiarities of the development of a certain type of agricultural crop
with certain metereological indicators. Taking into account the climate
and weather as environmental conditions, it is necessary to evaluate the
combination of agro-climatic conditions with the growth, development
and formation of crop yields, based on taking into account the needs of
culture to environmental factors (Bajsholanov et all, 2017a).

Araya et al (2010) investigated the agro-climatic resources of the Giba
watershed in northern Ethiopia, including climatic suitability for growing
teff (Eragrostis tef) and barley (Hordeum vulgare). The authors determined
the beginning and duration of the growing season, evaluated the traditional
method of climate classification, and also compiled complex agro-climatic
zones of the studied region (Araya et all, 2010).

Nabati (2020) and others researched the relationship and complex of
climatic factors, topography parameters, soil and land use in chickpea
cultivation using GIS technologies. The corresponding maps of the territory
were also developed. The authors proved that agro-climatic zoning and
agro-land zoning play an essential role in determining the optimal areas
for growing chickpeas in rain-fed and irrigated conditions (Nabati et all,
2020).

The work of Tanasijevic and others (2014) focuses on the impact of
climate change on olive cultivation in the Mediterranean region, taking
into account possible changes in acreage, phenological dates, crop
evapotranspiration and irrigation requirements using agro-climatic zoning
(Tanasijevic et all, 2014).

Zhou (2009) and other scientists conducted a spatial analysis to create
maps of the climatic zoning of the irrigation zone of East Murambidji,
Australia. 4 climatic indicators were selected - the average annual precipi-
tation, the average annual evaporation value, the average annual degree of
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growth per day and the average daily temperature. These indicators were
used to differentiate the studied region into climatic zones and subzones
based on long-term metereological studies (Zhou et all, 2009).

In this study, methods are being determined and maps of agro-climatic
components are being developed for the territory of the Almaty region
using GIS technologies. The determination of the corresponding agro-
climatic indicators was accompanied by the methods of calculating the sum
of active temperatures and precipitation, the coefficient of humidification
(K) and the HTC according to Selyaninov.The purpose of the scientific
work is to create a geoinformation model based on open climate databases,
which are available information for the analysis of agro-climatic indicators
and their relationship.

Materials and methods. Almaty region is located in the south-east of
the Republic of Kazakhstan, between 42° 20° and 47° 12’ north latitude,
73° 47’ and 82° 34’ east longitude. The area of Almaty region is 223,911
km?. It is divided into 17 districts and 3 cities of regional significance on
an administrative-territorial basis.

The climate of Almaty region is mainly continental. Winter is
moderately cool. The average January temperature in the northern lowland
part is 10-16°C, in the southern -4-9°C. Summers are hot and dry. The
average temperature in July is +25°C in the north and +27°C in the south.
The average annual precipitation in the lowland regions is 110-250 mm.
The climatic conditions of the foothills are mild. The average temperature
in January is 5-9°C, there are often thaws. The average temperature in
July in the foothills is +21+23°C, in the mountain valleys +19+22°C.
Precipitation in the foothills is 400-600 mm, in mountain valleys 700-
1000 mm. Precipitation falls mainly in the spring and early summer on the
territory of the region. On the plains and foothills of the Northern region,
the average thickness of the snow cover is 10-30 cm, on the mountain
slopes-40-100 cm. There is a breeze on the shores of Balkhash and Alakol
(Almaty region, 2022).

Indicators of agro-climatic zoning. Agro-climatic indicators are
quantitative expressions of the relationship between the development,
growth, condition and productivity of agricultural production facilities with
climate factors. When studying the agro-climatic resources of territories,
agro-climatic indicators obtained by averaging data in a multi-year section
of the growing season are used.

This study uses such agro-climatic indicators as the sum of active
temperatures (air temperature above +10°C) and precipitation, indicators
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of aridity and moisture availability, as well as modes of humidification of
the air and the temperature of the earth’s surface for the growing season
(Mishchenko, 2009).

Duration of the growing season. The duration of the growing season
is defined as the period during the year when average temperatures exceed
or equal +10°C (Tmean >=10°C), and precipitation plus moisture stored in
the soil exceeds half of the potential evaporation (P>0.5PET). The normal
growing season is defined as the period when precipitation exceeds the norm
(i.e. the wet period). This period fully satisfies the needs of agricultural
crops in evaporation and makes up for the lack of moisture in the soil
profile. The intermediate growing season is defined as the period during
which precipitation usually does not exceed the potential evaporation.
The absence of a growing season occurs when the temperature does not
promote crop growth or P does not exceed PET (Sauvage et all, 2022;
FAO, 2014; Length of growing period, 2022).

The sum of active temperatures and precipitation during the growing
season. The sum of active temperatures is an indicator characterizing the
amount of heat exceeding the biological minimum temperature set for a
certain period of plant development. This indicator is used to determine
the heat needs of most plants, as well as to assess the thermal resources of
the territory. It is defined as the sum of the average daily air temperatures
for the period of time during which the vehicle was above +10°C. In
many studies, the air temperature above +10°C is mentioned as a stable
indicator of the growth and development of many crops. The total amount
of precipitation is determined by summing up the daily precipitation
indicators for the growing season.

Aridity and moisture availability of the growing season. Moisture
availability is the ratio of the stock of productive moisture available in
the soil to its stock at the lowest moisture capacity. Moisture availability
in this study was determined using the moisture coefficient. The moisture
coefficient (K) is calculated by the ratio of the average amount of
precipitation to the amount of evaporation during the growing season:

K = R/E (1)

where, R is the average amount of precipitation during the growing
season, E is the amount of evaporation.

The assessment of moisture availability according to the coefficient of
humidification (CU) is carried out according to the following gradation:less
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than 0.2 — dry; 0.2 — 0.3-moisture deficiency; 0.3-0.5 — moderate moisture
deficiency; 0.5-0.7 — insufficient moisture supply; 0.7-1.0 — sufficient, but
unstable moisture supply.

Climatic aridity is calculated with the Hydrothermal coefficient of
humidification (HTC) of Selyaninov:

HTC = ZR-10/T, 2)

where, XR is the total amount of precipitation during the growing
season, XT . is the sum of active air temperatures for the same period.

The HTC assessment is conducted on a scale of: less than 0.3 - very dry;
0.3-0.5 - dry; 0.6-0.7 - arid; 0.8-1.0 - insufficient moisture; 1.0 - equality
of the arrival and consumption of moisture; 1.0—1.5 - sufficient moisture;
more than 1.5 - excess moisture; more than 2.0 - excess moisture for the
tropics (Mishchenko, 2009; Bajsholanov et all, 2017 b).

Data sets and processing. The data from the National Aeronautics
and Space Administration (NASA) POWER Data Access Viewer v2.0.0
includes long-term averages of climatology, estimates of meteorological
quantities and solar energy fluxes on the surface. The average daily
values of basic meteorological and solar data are presented in time series
format. Many studies have shown that satellite and model-based products
are accurate enough to provide reliable data on solar and meteorological
resources in regions where surface measurements are rare or absent. The
products offer two unique functions: the data is global and, as a rule,
continuous in time (Kelley, 2013; POWER Data Methodology, 2022).

Spatial interpolation methods predict values for locations on a raster
(grid) surface using values from sample data points. Spatial interpolation
assumes that attribute data is continuous in space (Flowerdew et all, 1992),
and is widely used to create continuous data when data is collected in
separate locations, as well as in a Geographic Information System (GIS).

Geostatistical methods are based on statistical models that include
autocorrelation, which is defined as a tendency for the observed value of
a variable in one locality to depend on the values of neighboring points.
In addition to creating an interpolated (predicted) surface, kriging also
provides some degree of reliability and accuracy of forecasts, unlike other
types of interpolation. Kriging uses the principle of weighing sample
values when predicting interpolated values. Kriging is best suited for well-
distributed data without discontinuities (Munyati et all, 2021).

Algorithm of work execution. The algorithm of work execution
(Figure 1) includes the procedure for determining agro-climatic zones.
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Figure 1. Sequence of work (indicators, datasets, methods, tools, result)

The agro-climatic indicators of the sum of active temperatures and
precipitation, the coefficient of humidification and climatic aridity were
determined within one administrative unit. The period of vegetation was
chosen between April and October. The open climate data used in this
research are downloaded from the POWER Data Access Viewer website
and integrated into the GIS environment in the form of air temperature and
precipitation data. The data on the moisture coefficient were obtained from
the dissertation work of Balgabekov (1999). The method of calculating
agro-climatic indicators was carried out using mathematical formulas
(1,2). Geospatial data processing using GIS tools (display XY, kriging
interpolation, data converter) was carried out in the ArcGIS program. Based
on the processed data, cartographic models of agro-climatic indicators
were developed, followed by the implementation of a geoinformation
agro-climatic model of the Almaty region.

Results and discussion. Analysis of heat supply data and the amount of
precipitation during the growing season. The determination of the amounts
of active temperatures and precipitation was carried out according to the
POWER Data Access Viewer (link to the Web application: https://power.
larc.nasa.gov/data-access-viewer/). The period from April to October
2021 (the growing season) was chosen as the studied interval. Climate
indicators of daily air temperature values have been uploaded in CSV

84



ISSN 1991-346X 2.2022

format for further integration into the ArcGIS environment. Files of this
type included fields with coordinate data, as well as data on daily air
temperature indicators. To allocate days with indicators above +10°C, a
sample was performed where the conditions were greater than or equal to
10 (=>10). The resulting point layers were interpolated using the Kriging
method (Figure 2). Isolines of the sum of active temperatures were carried
out using the Contour GIS tool (ArcToolbox/Spatial Analyst tools/Surface)
with an interval of 200°C (McMastera et all, 1997).

Effective heat sum
of growing season

The amount of precipitation
during the growing season

)

0 50 100 200 300 400 o=

- — K fomcters —
-0+

a) b)
Figure 2. Results of analyses of heat supply (a) and precipitation (b) during the growing

s€ason

Figure 2a illustrates the sums of active temperatures by geospatial
distribution. The temperature range includes values from 1000 to 4000.
The highest indicator (4000°C) is inherent in the western part of the
Almaty region. The sum of active temperatures varies gradually by natural
and altitude zonality. The lowest index of 1000°C is observed in the high
mountain massif of the Eastern Tien Shan (Khan Tengri Peak).

The amount of precipitation for 2021 (Figure 2b) is determined in the
period from April to October. The data was also converted into a GIS
environment to build an interpolated surface. The kriging method in
processing the amount of precipitation was the most optimal option, due to
the same distances between the point objects. Precipitation is distributed in
the study area in the range from 41 mm to 461 mm. The spatial distribution
of climatic indicators occurs from the smaller (north-west of the region) to
the larger (south-east). Precipitation changes are correlated with changes
in natural zones and altitude zonality. The highest precipitation rates (over
400 mm during the growing season) are inherent in the south-eastern part of
the Almaty region, and the least amount falls in the arid north-western part.
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Determination of the degree of aridity and moisture availability
of the studied territory. The climatic aridity was determined using
the POWER Data Access Viewer. Processing CSV files of 2021 (April-
October), raster data on climatic aridity according to the Selyaninov's
HTC (2) were obtained (Figure 3a).

As a result, zones with corresponding indicators from 0.1 to 3.8 were
obtained. The range of indicators from 0.1 to 0.3 covers the northern and
western parts of the studied region and is interpreted as a very dry indicator.
Further, the range of 0.3-0.5 (dry indicator) extends from the southwest to
the east of the Almaty region, covering a significant part of the central
region. 0.5-0.7 covers the plain and the foothill part and is designated as
an arid indicator. On the foothill part, it covers the range of 0.7-0.8 and is
interpreted as an insufficiently moistened indicator. The range from 0.8 to
1.0 covers the mountainous area and is designated as an indicator of the
equality of the arrival and consumption of moisture. Indicators over 1.0 of
the indicator are located in mountainous areas with difficult terrain and are
interpreted as indicators of sufficient and excessive moisture (Bajsholanov
et all, 2017b; Mtynski et all, 2021).

Moisture availability by moisture coefficient was obtained from the
scientific work of Balgabekov (1999), and integrated into this study (Figure
3b). The coefficient was calculated using a special formula (1), shown in the
Materials and methods section. Based on the formula, raster data of average
precipitation and evaporation values in mm were needed to process the data
and obtain the result. Cartographic data from paper media is scanned and
digitized in ArcGIS, using ArcScan and Editor tools. The mentioned tools are
focused on vectorization with pixel data information. As a result, shapefiles
with attribute information about moisture availability were obtained.

Hydrothermic Coefficient

i Climatic aridity by Selyaninov's 1 Py - Moisture availability by
A L\ = . moisture index (K)

Figure 3. Indicators of climatic aridity (according to the Selyaninov HTC) (a) and
moisture availability (according to the moisture coefficient - K) (b) of the territory
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As a result, zones with a moisture coefficient with a step of 0.1 were
obtained. It was confirmed that moisture availability decreases from north
to south. The range of 0.1-0.2, which are interpreted as a dry indicator, are
located in the northern and central parts of the region. 0.2-0.3 extends from
west to east and is designated as an indicator of moisture deficiency. 0.3-
0.5 covers the central and part of the foothill area of the study area, also
interpreted as an indicator of moderate moisture deficiency. In this case,
irrigation of agricultural land occurs with additional irrigation measures.
Indicators 0.5-0.7 cover the foothill area of the Northern Tien Shan and
the Dzungarian Alatau and are interpreted as insufficient moisture supply.
Indicators above 0.7 cover the entire south of the Almaty region and are
designated as areas with sufficient, but unstable, as well as further south
as optimal and stable moisture supply (Balgabekov, 1999; Bajsholanov,
2017b) (Balgabekov, 1999; Bajsholanov, 2017b).

Construction of a geoinformation model of agro-climatic zoning of
the Almaty region. In many studies (Araya et all, 2010; Nabati at all,
2020; Tanasijevic et all, 2014; Zhou et all, 2009) agro-climatic zoning
is carried out taking into account the sum of active temperatures and
humidification coefficients (Bajsholanov, 2017b). However, in this work,
the development of zones of agro-climatic zoning implied a combination
of thermal characteristics, data on aridity, moisture availability, as well as
indicators of the amount of precipitation in the studied region (Figure 4).

1°E 78°E SI°E
Administrative divisions Agro-climatic areas
1- Eskeldi district East Kazakhstan region =+ sone.
2 - G.A. Taldykorgan Karaganda
3 - G.A. Tekeli region Sarkaiid
4 - G.A. Kapshagai district
5 - Karasay district
6 - Talgar district N AP BN

Alakol
district

o

(Kot
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Figure 4. Agro-climatic zoning of Almaty region
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As aresult of the superposition of the above-mentioned indicators, agro-
climatic zones on the territory of the Almaty region have been determined.
Differentiation was reproduced on the basis of natural zones and altitude
zonality. The results of the study identified 5 agro-climatic zones: I-hot
and very dry zone; Il-very hot and dry zone; III-warm and moderately
hot zone with moderate moisture deficiency; IV-moderate zone with
sufficient moisture; V-cold zone with excessive humidity. The complex
characteristics are shown in Table-1.

TheI-zoneis characterized by adry climate and covers a significant part of
the studied region, including the territories of Balkhash, Zhambyl, Karatal,
Koksu, Aksu, Sarkand, Alakol, Kerbulak districts and administrative units.
For this zone, the sums of active temperatures in the range from 3600°C to
3800°C are inherent. The growing season lasts from 30 to 120 days. The
coefficient of humidification (K) has a range of 0.1-0.2. The hydrothermal
coefficient of Selyaninov varies from 0.1 to 0.5 indicators. The amount of
precipitation during the growing season ranges from 41 to 200 mm.

[I-zone. The second agro-climatic zone covers the territories of
the southern part of Balkhash, the north-eastern part of Zhambyl and a
significant part of Ili districts. The sum of active temperatures is the highest
above 4000°C. The duration of the period is 60-150 days. The coefficient
of humidification is 0.1-0.3 indicators. The HTC for Selyaninov has a
range of 0.3-0.5. The amount of precipitation during the growing season
is 100-250 mm. Irrigation of agricultural land requires a sufficient amount
of water resources.

Table 1. Agro-climatic zones and their complex characteristics.

Agro-climatic Duration of | The sum of |Humidifi- |HTC by Precipita-

zone the grow- |active tem- |cation coef- | Selyaninov |tion amo-
ing season, |peratures, |ficient (K) unt, in mm
days in °C

I-zone. Hot and  |30-120 3600-3800 |0.1-0.2 0.1-0.5 41-200

very dry zone.

II-zone. Very hot |60-150 4000 and 0.1-0.3 0.3-0.5 100-250

and dry zone. higher

[I1-zone. Warm 60-150 3000-3600 |0.2-0.3 0,3-0,7 150-350

and moderately

hot zone with

moderate mois-

ture deficiency.
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IV-zone. A tem- | 60-120 1800-2800 |0.5-0.7 1.0-1.5 150-400
perate zone with
sufficient mois-

ture.

V-zone. Cold zone | 60-90 1000-1800 |0.7-1.0 0.8 and 400 and
with excessive higher higher
humidity.

[II-zone. The third zone covers the foothill part, including the territory
of Enbekshikazakh, Karasai, Talgar, Uygur, the southern parts of Zhamby],
Panfilov and Sarkand districts, the northeastern part of Kerbulak, the
central parts of Aksu and Alakol districts. The sum of active temperatures
is 3000-3600°C. The duration of the growing season lasts 60-150 days.
The humidification coefficient has a range of 0.2-0.3. The Selyaninov HTC
covers ranges of 0.3-0.7. The total amount of precipitation in this zone is
higher compared to the previous two zones and is 150-350 mm.

IV-zone. The zone covers the mountainous region, including the
territories of Kegen, the northern parts of Panfilov and Narynkol districts,
the eastern parts of Kerbulak and Eskeldi districts, as well as the southern
parts of Aksu, Sarkand, Alakol districts. The sum of active temperatures
is 1800-2800°C, the vegetation period is equal to 60-120 days. The
humidification coefficient is measured in 0.5-0.7 diapason, and the HTC is
1.0-1.5 indicators. The amount of precipitation is 150-400 mm .

The V-zone covers most of the Narynkol district, and minor territories
of Kegen, Kerbulak, Aksu, Sarkand and Alakol districts. The sum of
active temperatures and precipitation is 1000-1800°C and 400 mm. The
humidification coefficient is 0.7-1.0, and the HTC be Selyaninov has a
range of 0.8 and higher indicators. The duration of the growing season is
60-90 days.

Conclusion. This article presents a study on the agro-climatic zoning
of the Almaty region. Climate change has a tremendous impact on the
cultivation of agricultural crops, thereby making relevant scientific work
in the agro-climatic direction.

During the study, open-access climatic data were used to determine the
sum of active temperatures and precipitation, the coefficient of humidity
and HTC according to Selyaninov. The aggregates of the above-mentioned
components were the basis for compiling a geoinformation model of agro-
climatic zoning.

Agro-climatic research on the territory of the Almaty region allowed to
draw the following conclusions:
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1. Agro-climatic indicators change from north to south, taking into
account natural zones and high-altitude zonality;

2. In most of the studied region there is insufficient humidification
and high temperatures, thereby increasing the amount of water resources
allocated for irrigation.

The model proposed in our article can be supplemented and modified
using other climatic sources, trend analysis and error measurement.
Our future research plans include a more comprehensive analysis of
the relationship between climatic factors, water resources in relation
to the zoning of agricultural irrigated lands, as well as the biological
characteristics of individual crops.
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PEJISINMSIIBIK )KOHE YAKBITKA TOYEJII XML-JIEPEKTEP
KOPBIHJIAFBI XML-IEPEKTEPII OHJIEVIIH 3AMAHAYH
9JICTEPI

Annoramusi. XML naigananyaplH COHFBI €Ki OHXXBULABIFBIH/IA dP TYPIIl
Be0-KOCBhIMIIIANAP apachblHAa AEPEKTEp alMacyablH CTaHAAPTTHl (opma-
TbIHA FaHa emec, COHbIMEH Karap XML nepekkopmapbl Jen arajiarbiH
Keioip xaHa aepekkopiap Hemece NoSQL nmepekkopiap ToObIHA apHAIFaH
Mozenbre aifHanabl. NoSQL nepeKKOpbIHbIH apTHIKIIBUIBIFB — O1p YaKbITTa
01p JepeKKOopAa KYphUIBIMAAQIFaH, 1IHApa KYPbUIBIMIAIFAH JKOHE KYPhI-
TpIMJIAHOAFaH JEPEKTEep/l CakTay *KoHE MOJENbJEYy MYMKIHIITIH Oepeni.
AKmaparTel 0ackapy JKoHE JepekTepal Oermicy crpareruscbiHma XML
JEPEeKTEPIH Maiiaiany Ke3iHe AepeKTepl cakray, ajy, Cypay, HHIEKCTeY
KOHE MaHUMYISALUATIAY MOceNenepi TybIHIainabl. bacTankel pecypcTapabiH
O1pTEeKTLIIr MeH O6JIIHY1HIH epeKIleirine 0alaaHbICThl aKIapaTThIK Kyle-
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JEPIiH KYMBIC 1CTEYIHIH TYKbIphIMIAMAJIBIK MOJIENIbIEPIH jk00amay skoHe
azipiiey kaxeT. OcbIHIal MOIeTIbACPAiH Oipi — AepeKTep i OacKapy KeleHIH
KypyFa apHaJFaH TeXHOJIOTHsIap MEH OaFaapiaMalbik Moayibaep. COHFBI
naiananymibliFa KONTEreH TeTepOoreH/l KO3[epAeH ajblHFaH Kem Malli-
METTEPMEH KXYMBIC iCTEY KOHE COHBIMEH Oipre THIMJI HOTHKE aly MYM-
kigairt XML dhopmareiaaa yCHIHBUTFAH Ke3-KeJTeH (aitl KypbUIBIMBIH KOp-
ceTyre MyMKiHiK OepetiH XML TexHonorusiapsiHa Heri3aenreH rpapu-
KaJbIK BeO-uHTEepEHCTepi KONIaHy apKbLIbI )KY3€Te aChIPhUIaIbl. 3EPTTEY
XML nepexrepis eHrizy xoHe oHey yiriH xioepinred HTML dopmanapsia
kKacayra MYMKIHAIK OepeTiH ananTuBTi TpaduKanblK BeO-uHTEpdeiic-
Ti KYpYIbIH ©31H/IK TEXHOJOTHACHIH x)acaael. XML jxa30anmapbiHa xayar
OepeTiH TpaduKaIbIK PETAKTOPABIH JaMblFaH Mozem ke3-kenreH XML
JIepeKTepiH UMIIOPTTayFa JKOHE OJIapJbIH KYPBUIBIMBIH THIMJII KOHE Kapa-
nanbpIM TYpAE TYPJIEHAIpYre MYMKIHAIK O€pesl ’KoHEe cosl eHJey MpoIeci
Ke3-KeNTeH KYpPbUIBIMHBIH OacTankbl AepeKTepiH OarnapiaMaiblK KOITHI
©3repTIIECTEH ©3repTyre MYMKIHIK Oepei. TapaTbliFran aknaparThIK Kyiie-
Jie alanTUBTI rpa@uKaibK BeO-MHTep(ENCTIH KacallFaH MOJIEIH OIpIKTIpY
YKOFaphl/ia aTalFaH TeXHOJIOTHSIHBIH KOJIJJaHy caiachl OONBIN TaObLIa b

Tyiiin ce3aep: unTerpamus, xml-nepekrepai exnaey, NoSQL yakbITKa
TOYeINIl IepEKTEp KOPHI, Xslt-TexHomorusap.
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MODERN METHODS OF PROCESSING XML DATA IN
RELATIONAL AND TEMPORARY XML DATABASES

Abstract. Over the past two decades of use, XML has become both
the standard format of data exchange between various web applications
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as well as the model for some new databases or NoSQL databases called
XML databases. The advantage of NoSQL database is in its ability to
store and simulate structured, partially structured and unstructured data
simultaneously in the same database. Some problems related to data storage,
retrieval, querying, indexing, and manipulation arise when use of XML
data in information management and data exchange strategies. Because of
specific heterogeneity and distribution of the original resources, there is the
necessity in designing and development of conceptual models of operation of
information systems. One such model is technologies and software modules
designed to create a set of data management tools. Any end user would be
able to use a large amount of data from a large number of heterogeneous
sources and at the same time get an effective result from the work owing to
use of graphical web interfaces, built on XML-technologies, which allow to
display any file structure represented in XML-format. In the course of the
study, we developed our own technology for building an adaptive graphical
WEB-interface, which allows for generation of HTML-forms to enter and edit
XML-data. The developed model of adaptive graphical XML record editor
allows importing any XML data and transforming its structure in efficient
and simple way, while the same processing process allows transforming
source data of any structure without any change in program code. The area
of application of the above technology is the integration of the created model
of adaptive graphical web-interface in a distributed information system.

Key words: integration, xml data processing, temporary NoSQL
databases, xslt technologies.
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COBPEMEHHBIE METO/IbI ObPABOTKH XML-JIAHHBIX B
PEJIAIIMOHHBIX 1 BPEMEHHBIX XML-BA3AX TAHHBIX

AHHOTaNMs. 3a110CIeIHUE IBAIECATUIIETUS UCTIONb30BaHna X MLcranne
TOJILKO CTaHJAPTHBIM (POPMATOM ISt OOMEHA TAHHBIMUA MEXKTY PA3THYHBIMA
BEO-NPUIOKEHUSAMHU, HO U MOJIEJNIBIO JIJISl CEMENCTBA HEKOTOPBIX HOBBIX 0a3
naHHBIX WM 0a3 jgaHHbIX NoSQL, HaspiBaeMbIX 0Oazamu gaHHBIX XML.
[TpenmymecTBom 0a3pl gaHHBIX NoSQL sBisieTcsi cmocOOHOCTh XpaHUTh
U MOJEIHUPOBATh CTPYKTYPUPOBAHHBIC, YACTUYHO CTPYKTYPHUPOBAHHBIE U
HECTPYKTYpUPOBaHHBIC JaHHBIE OTHOBPEMEHHO B OAHOM 0a3e gaHHbIX. [Ipu
ucnonb3oBaHuM XML-maHHBIX B CTpaTerWsiX YIpaBieHUs HHPOpMaluen
1 oOMEHa MaHHBIMH BO3HHMKAIOT MPOOJIEMBI, CBSI3aHHBIE C XPAaHCHHEM,
W3BJICUYEHUEM, 3allPpOCaMU, HHACKCUPOBAHUEM U MAHUIYJISIUSIMH JTaHHBIX.
B cuny cnenudukyd pasHOPOAHOCTH M PACHPECIEHHOCTH HCXOIHBIX
PECYpCOB CyIIECTBYET HEOOXOAMMOCTh B MPOCKTHPOBAHUHN U pa3paboTKe
KOHIIETITyalIbHBIX Mojesiel (DyHKIIMOHUPOBAHUA HMH(OPMALMOHHBIX CHC-
TeMm. OHOM W3 TaKUX MOJENICH SIBISIIOTCA TEXHOJOTMH M IPOrpaMMHBIE
MOJIYJIY, TIPEAHA3HAYCHHBIC JIJIST CO3JJaHuUsI KOMIUIEKCA CPEJICTB YIPaBICHUS
JTaHHBIMU. BO3MOXXHOCTH KOHEYHOMY TOJIB30BATEII0 paboTaTh ¢ OONBIIUM
KOJIMYECTBOM JaHHBIX U3 OOJIBIIETO KOJIMYECTBA PA3HOPOIHBIX HCTOUHUKOB
U OpU ATOM moiydarbh 3(PGEeKTUBHBIN pe3yabTaT OT pabOThl OCYIECTB-
JsieTcs TOCPEICTBOM HCIIONB30BaHUS Tpaduueckux BeO-uHTepdencoB,
MMOCTPOCHHBIX Ha 0CHOBE XML-TeXHOIOTHIA, KOTOPBIE TIO3BOJISIIOT OTOOpa-
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&Katb J100YI0 CTPYKTYpY (Paiina, mpeacrasiennoro B XML-dopmare. B xone
UCClleIoBaHus pa3paboTaHa cOOCTBEHHAsI TEXHOJIOTHS MOCTPOCHUS ajarl-
tuBHOTO Tpaduueckoro WEB-unTEepdeiica, mo3Bomstomas reHepupoBarh
ornpasisiemble HTML-dopmbl i1 BBoma W pemaktupoBaHust XML-
naHHbIX. Pa3zpaOoTraHHas Mozenb aganTUBHOIO IpaUyecKkoro penakropa
XML-3anuceli Mo3BOJISET UMIIOPTHPOBATh Jt0Obie XML-naHHBIE W TIpe-
00pa30BBIBaTh UX CTPYKTYPY dPPEKTUBHO U MPOCTO, IPH ITOM OIUH U TOT
XKe mporiecc 00pabOTKH MO3BOJSET TPAHCHOPMUPOBATh UCXOIHBIC JTaHHBIC
000 CTPYKTYphl 0e3 Kakoro-iubo H3MEHEHHUs MPOrpaMMHOIO KOAA.
O06nacTbio NPUMEHEHUS BhILLIEYKa3aHHON TEXHOJIOTUH SIBJISIETCS MHTETpaIus
CO3/IaHHOM Moenu aganTuBHOro rpadudeckoro web-unrepdeiica B pac-
npeaeneHHoN HH(OPMAIIMOHHOHN CUCTEME.

KioueBble cjioBa: mHTErpanus, oOpadoTka Xxml-1aHHBIX, BPEMEHHBIE
6a3el qanHbIX NoSQL, xslt-rexHonorum.

Kipicne. Ka3ipri yakpiTTa KYphUIBIMIATIFaH JAEPEKTEPl YCHIHYIBIH €H
THIM/I XKoHE ambOeOan Kypaisl — XML Tini 6onbin Tadbutagsl. Konnansicka
enreHHeH Oactan XML Tinmi e31HIH THIMAUIITIMEH T€3 Tapajbill KEeTTI.
XML Tini maifansl TEXHOIOTHS peTiHae TaHbUIbIN koHe [SO — 2709-men
CaJIbICTBIPFaHJa OHBIH OlpKaTap alKbIH apTHIKUIBLIBIKTapbl Oap. bubmmo-
rpadusuIbIK  Jka30aHbIH HMepapXUsIblK  KypbUlbIMbl XML  KyKaTbIHBIH
MoJIeTIiHe KaKChl coiikec keneni. XML-ai 6ubnuorpadusibik aepexrepii
ajMacy JKOHE cakTay mimrmi peTinae naigamany XML KyKaTelH TEKCepy
JeHreiinae »xa30amapAblH TYPBICTHIFBIH OakpliayFa MYMKIHAIK Oepei.
ISO - 2709 popmarbiHa kaparanaa XML — Oy naiigananyiisl yiriH oHai
OKBUIaTBIH (hopMarT >KoHe OHall Ky)KaTTaja/ibl, COHBIMEH KaTap KY)KaTTbIH
Y3BIH/IBIFBIHA SIIKAHal MIeKTeyNIep KOK OoybIMeH epekmieneneni. [SO —
2709-nan xoHE OHBIH HeriziHze xacanrad MARC ¢opmarTapbIiHbIH anyaH
TYPJIUIITiHeH aibipMaibuIbiFbl: XML aHarypibIM cepriiHal XKoHE COJ TUIAe
(XSLT Typaenmipynepi) Ty>KbIpbIMIAJIFaH KOHE KONTETCH Oar1apiiaMalibiK
KacakTamMa eHIIpyIIiiepi KOJIaWThIH KaHa JepeKkTep cyilanapbl MeH
OJIApJIBIH apachIHAAFbl AYBICY epekeNepiH Kypyabl keHurgereni. XML
crangaptel Unicode koxarayapl KoJAaydbl KaMTHIBI, OyJI Kem TuIII
Ky KaTTap/bl )Kacay sl ’KeHUIaeTe 1. Aita kety kepek, [SO—2709-apiH XML
—TIe KaparaH/ia, TpaduKajblK KECKIH HEMece ayino Hemece OeliHe MaTepua-
Jap CUSKTBI eKUTIK AepeKTep i Oepy/i KapacThipMalbl, ajl oapchl3 Ka3ipri
YaKbITTa aKMapaTThIK OPTAHBI €IeCTeTy MYMKIH Oonmaiinel. XML TimiHIH
epeKIlle MaHbI3/Ibl apTHIKIIBIIBIFEI — OHBIH BEO-OPTaMEH WHTETPaLUsCH,
COHBIMEH Karap Iiar(opManbIK Toyesci3mik Ooubin Talblaanbl. MyHBIH
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O6opi XML — ni JnepekTepMeH alMacyAblH CTaHAapThiHA AaiHaIIbIPAbI
(Kwxumos, 2015: 6).

3eprrey dnicremeci Mmen MaTepuaaaapsbl. Pensuusnsik XML nepexrep
KopnapbiHaarsl XML nepextepin eHIEyiH 3aMaHayy oficTepi.

XML dopmaTbiHIaFbl AepEKTePAl OHACY YILIIH opTYPJIi TEXHOJIOTHIIAP,
JepeKTepal O6ackapy jkoHe eHjey Tuiaepl Koimanwliaasl. (baasusm, T.0.,
2011:11) »xymblcTa KapanailbIM >oHe yakbITKa Toyenai XML nepexrep
KoprapbiHaarel XML aepekrepidH eHACyHiH arbIMIaFbl JKarJalbliHA IOy
YKacanIbl, COHBIMEH KaTap OChl TAKBIPHIN OOMBIHIIIA OOJIAIIaK 3€PTTEYIEPIiH
BIKTUMAJ OaFbITTapPbIH YCHIHA/IBI.

CoHFBI OHXBUIIBIKTAP/IA MIAPTTHI TYPAE JKEKE TomTapra 0eyre O0IaThIH
Oipkarap 3epTTey KYMBICTaphl )KYPri3iii:

- YakbITKa TOyeJs i jkoHe Kol HycKaibsl XML-kyxarrap;

- XML - momimerTep KOopiapblHaa JEPEeKTepIl CaKTay KOHE CYpaHbIC-
Tapbl OHEY;

- XML KyXatblH TYpIACHIIDY;

- XML OoilipIHIIIa HABUTAIUS;

- XML kyxartapbIH 6ackapy;

- XML ymiH KOHIeNTyaIbIK MOJIEIbIEY;

- XML nepekrepin cypay;

- XML gepekrepiH Kiacrepiey;

- XML arbIHBIMEH TachIMaaay.

XML nepextepiH eHzey OOWbIHILA KOFapbl1a aTajfad 0apiblK FHUIBIMU
3epTTeyaepal KongaHy aschbl OOMWbIHINA Keneci TomTapra Oenyre Oonaibl

(1-cyper):

XML aepextepin
OHIEY GolBIHIIA

Icypet - XML nepexrepin eHjiey OOMBIHIIA TOPT TOOBI

XML wmomiMeTTepiMeH KYMBIC icTeymiH OapiblK 3aMaHayHW ojicTepi
KaparaibIM (CTaHIAPTTHI ) KOHE yaKbITKA TOYEI I IepeKTep KOphIHAarbl XML
JiepeKTepiH OacKapy/abl 3epTTey HOTHXKeNepl peTiHe yehiHblFaH. (bugour,
1.0.,2015:10, [Tapnene, 1.6., 2008: 25) ranpIMaapabIH €eHOSKTEPiH/IE Ka3ipTi
pemsiusiabik JIKBXK-ne XML nepekrepin 6ackapyabl 3epTTeyre apHaJFaH.
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Baazizi xone T1.6. Herisri xanra XML j>kaHapTynapblH eHICY Ke3iHJe
MEXaHU3MJEPIiH JKaJ TYTHIHYBIH a3zaiiTyFa MyMKiHaik Oeperin DTD
HETi31H/1e OHTaWIaHAbIpy (THIMIICY) 9MiciH oiiam TanThl. Herisri umes
— OHJIEJIETIH KY)KAaTThIH Kail 0eIiKTepl KaHAPTHUIATBIHBIFBIH CTATHKAIIBIK
TypZAe aHbIKTay. byn ozic, acipece, ete ynken XML KykaTTapbIH XKaHApTy
yurin naiganel (baasusu, 2011: 11).

Bidoitxone 6ackanap ynken XML kykartapblH 0acKapyMeH aifHaIbICaIbI
KoHe oTe yiakeH XML KyKaTTapbIHbIH *KaHAPTYyJapbl MEH CYPaHBICTAPbIH
enzey yurH onap Andromeda sxyiiecin yceiHaznbl. JKanaprymap XQuery
Update Facility epaekrepi perinne kepcerinred. Andromeda xy3ere acol-
parbiH 91ic Map / Reduce knnacTepiniH MalvHagapbiHa )KaHAPTY KYKTEMECiH
Tapary MaKcaTbIH/Ia )KaHAPTHUIATHIH YJIKCH KYXKATThIH CTATHKAJIBIK KOHE /
HeMece TUHAMUKAJBIK OesinyineH Typasnsl (bugour, T.6., 2015:10).

Dargham xxane 6ackanap (laprxam, 1.6.,2008: 5) DTD pertinzae aHbIKTaFan
XML cynbanapbiHa KaTbICTBI OJIApJbIH CEHIMAUITIH cakTail oTeIpbi, XML
KYKaTTapblH JKaHAPTY TOCUTIH YChIHAIBL Bysl Tocin MbIHaraH HEri3JelNreH:
XQuery TiTiH TOPT )KAHAPTY OTlepaTOpbIMeH KeHelTeTiH XML kaHapTy TiiHIH
XUpdate-ti xonmany: insertAfter, insertBefore, delete xone modify; XML
Ky)KaTTapblH cakTay YIIiH oObektire Oarpirtanirad F2 JIKBXK-in naiinanany;
JKBX-ne opeinganarein XUpdate TancelpbIiCTapblH NaiiaagaHyIbUIapIbIH
OQL (object Query Language) »xaHapTy MoiiMmIeMenepiHe TYpIAeHIIpyi;
immiHapa omicti Kommany (Tek XML KyKaTbIHBIH JKaHAPTBUIFAH Oeiri
TEKCepuIe ) KOHE JKeeNl TeKcepy (KYKaTThl TEKCEPy JKaHAPTYIbI yKacamac
OypBIH *kKacanajpl KoHE KaHApTy orneparusaceiHad keiin o1 DTD-re calikec
KEJITeH JKaF/1aii/ia FaHa >KaHAPTHUIA IbI).

Kircher xone 1.6. XML >xanaprynapbeiH eHzey yakbIThiH Pre/Dist/size
XML xoxrayra JeiiH KbICKAPTATBIH «KYPBUIBIM/IBIK JKAIIal XKaHAPTYIbD)
OHTalMaHbIpy oficiH yebiHaae! (Kupuep, 1.0, 2015:9).

Klettke sxone T.6. (Knertke, T.6., 2005: 12) >xaHapTyablH TOPT HETi3ri
aMaJIJITapBIHBIH  KUBIHTBIFBIH ~ YCBIHAABL: TYBIHABI 3eMmeHTTi JKOILO,
masmyHabl KIPICTIPY [(Before| After) ref], TybIHIBI S7I€MEHTTI aTay YILIiH
KAWTA ATAY xoHe TybIHIBI d1eMenTTi Masmyumen AYBICTBIPY. Ochl
onepammsuiapasl XML KykaTblHa KOJIJIaHFaH Ke3/le OHBIH Cyj10achiHa
KATBICTHI )KapaMchl3 OOJIBII KAaThIHABIKTAaH, aBTOPIIAp OCHI OTIepalusiIapIabl
opeipay yuriH tept Tocuial (IGNORE, REJECT, REDO sxone EVOLVE)
earizeni. IGNORE tocinmi Gapneik XML >kaHapTy opeKeTTepiH OHBIH
cyibachklHa KaTBICTHI JKAaHAPTBUIFAH KYXKAaTTBIH JTYPBICTHIFBIH TEKCEPYCi3
KaOpu1Maiapl. OHBI eXcelon kopropaluschiHbIH 031H1H KeHelTinren XML
JKBX akmaparteik cepBepi konnaiasl. REJECT Tocimi oHbIH cysi0ackiHa
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coiikec KenMeHTiH jkaHapTbuFaH XML KyXaThlH >KacalWThIH >KaHAPTY
onepanusuiapeiHad 06ac Taptaasl. OHbl Software AG KopropanusiIChIHBIH
Tamino xommanumsicel ky3ere acwipagsl. REDO omici XML cynbacein
xkapamchi3 eretin XML xaHapTy opekeTTepiH Kenecined ewuaeumi: (a)
OipinmriaeH, nagananymbsl XML Ky)KaTbIHIa KOPCETKEH KaHAPTY SPEKET1
KaObUITaHOaN IbI, OUTKEHI OJ1 MYHJal KYKaTThIH cyj10ackiH Oy3anbl; (b)
coaH keiin a3iprueymrn XML cynbaceia KonMmeH Oeitimaeiii; (¢) coman Keiin
o3ipreyii Oactankbl cyibara KaTelcThl Oapiblk 6acka XML KykartapbiH
Oeliimaeiai, onap Oelimaenren cyjibara KaThICTHI KapaMIbl OOJIybl YIIIH
YKaHAPTHUIATHIH KY)KaTThl Kocmaran/a; (d) COHbIHIA, COHFBI MaiJaIaHy bl
KAHAPTY OPEKETIH KaWTaaiIbl, OHBI OJICTTE €I KUBIHJIBIKCHI3 OPBIHJIAY
kepek. (iv) EVOLVE tocini kaskeT 00FaH skaF/1aiia Ti30€KTiH 9BONIOIHSICHIH
TYABIPATHIH OapJbIK KaHAPTY OmNepauusiapbiH Koiaaiael. [siHbIHAA A4,
KAHAPTY OpeKeTi cyyidaza KepceTuireH Kebip mekTeynepal Oy3raH Kes3e,
XML kyxarbl *aHapThUIaJbl KOHE OHBIH CyJ0achl MaiiJanaHylIbIHbIH
HEeMece d31pJIeylIiHIH apajacybIHChI3 aBTOMATTHI Typ/e OeiiMenesni.

(Hu,1.6., 2007: 5) enbekre apropmap XML GLASS cypaynapsiabig
rpadukanelk TUTIH KeHedTeTiH »aHa XML GLASSU rpaduxanbik
KaHAPTy TUTIH YCHIHAABI (KapThUIail KYpBUIBIMIAIFaH MOJIMETTEepre
apHanFal rpadukansik cypay Tini). GLASSU nmaiinananymsinan XML — ni
KaHAPTYIbIH rpadUKaNbIK peTiH xkacay ke3injae XML nepexrepiHiH cys10achl
MEH CEMaHTHKAaChI TypaJbl OunimMal Tanan ereni. XML cyiibackiHbIH MOIei
— ORAS, 00bexT — KaTbIiHAC — aTpUOyT MOJEII KAPTHUIAl KYPBUIBIMAAFaH
ManiMeTTep yiiH Kapacteipbuirad. GLASSU skanapty epHeri — Oy yimr
O6JIIKTEeH TYpaThIH TpaduK: mapTt 06JIiri, KepiHic 0eiri )koHe dpeKeT OOJIir.
OpekeTTiH O0ip Oeiri FaHa KakeT; KaJFaH OeJIIKTep MIHJIETTI eMec.

O’Connor xore Roantree (O’Konnop, 1.6., 2010: 9) Tuimai xaHapty
MexXaHu3MIepiH Kojjay ymiHn XML KyXarTapblH JAMHAMHUKAJIBIK TYpHAE
Oenrisiey >koHe KOATAy YIIIH KaxeTTi 10 KacueTTep KUHAFbIH aHBIKTANIbI.
byn kacuerrepre: KyXaTThlH peTi, KOATAy KOPIHICI, TYpaKThl Oenriiep,
XPath ymaiinapsl, JeHreiIi KOATAY, TOJBII KETY MICEIeCi, OPTOTOHAIBIBI
TaHOanmay cyi0achl, BIKIIAM KOJTay, Oeilyll ecenTey >KOHE PEeKYPCHBTI
TaHOanay aaropuTMAEpl )KaTabl.

Pardede xone 6ackamnapsi (Ilapaene, 1.0.,2005: 17) XML ky>xaTTapbiH coi
KY)KaTTap/bIH KOHIENTYaJIABIK IIEKTeYJIepiH Oy30aif ®aHapTyFa MyYMKIHIIK
OepeTiH o/1iCTEMEHI YChIHAIbl. byl onicTemMe ®aHApPTy 9PEKETTEPiH OpBIH-
namac OYpbIH TEKCEpETiH JKOHE OChl omepanusuiap >kaHapTbuiraH XML
KYKaTTapblHbIH KOHILIENITYyaJIJIbIK IIEKTEYJIEepiH CaKTayblH KaMTaMachl3
eTeTiH (yHKIUsUIap >KUHArbIiHAH Typaabl. lllekreynep 3 KypbUIBIMIBIK
KAaThIHACKA KYPBUIFaH:
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- KaThICyIIbUIAp TYPJEPIHIH CaHbl KOHE CLITEME TYTACTBIFBl CHUSKTHI
HIEKTEYJIep i KAMTHTBIH ACCOIUAIINSA,

- PETTUIIK XKoHE OIPKENIKUTIK CUAKTBI MEKTEYIEP Il KAMTUTBIH O1piKTIpYy,

- TeK KaHa €Ki IIeKTeydl KaMTUTBIH MYyparepiik KaTblHACTap: epeKIe
TM3BIOHKTYpA JKOHE KOFAPBl TApMaKTapbIHBIH CaHBI.

Pardede xone 6ackamap (ITapmene, 1.6., 2008: 25) XML Ky>kaTTapbIHBIH
CEMaHTUKACBIH cakTail oThIpbIn, XML KomgailTeiH MamimMeTTep 6a3achIHIa
cakrasran XML kyxarrapbiH kaHapTyFa OarbiTTasiFaH. ABropiap XML
JiepeKTepl YIIiH KepceTiryl MyMKiH XML KOHLeNTyaslJIbIK IIEeKTeYIepiHiH
JKUHAFBIH aHbIKTaylaH OacTtaipl. OChIIaH KeliH oyiap OyJ1 KOHIENTYal bl
mekteynepal SQL/XML crangapTeiHOa KepCceTUIreH cyiida peTiHe
YCBIHBUIFaH JIOTHKAJIBIK Mojaenbre TypieHaipeni. ComaH KeiliH aBropiap
XML nepekrepinae OpbIHIAIFaH Ke3 KEJreH >KaHapTy OpPEKETIHEH (SFHH,
KIpICTIpYy, O HeMece aybICThIpy) KeWiH OapnblK aHbIKTadraH XML
MIEKTEYJIepIH CaKTauThiH xaanbl XML xaHapTty oficTepiH (Hemece
ANTOPUTMEPIH) YCHIHY YIIIH OChl cyi0aHbl maijgananansl. COHBIHIA,
oJlap YCHIHBUIFAH KaHApTy omictepiH XML KochbulFaH HeEri3ri JepeKTep
KopsapbiHbIH OipiHae (Oracle 10g) xy3ere aceipaibl.

Wang xone Zhang (Banr, 1.0., 2005: 4) XML —RL cypay TiiH KeHeHTeTiH
nexnapatuTi XML xanapty T MeH XML-RL xaHapTy TidiH yChIHAJBI.
On xeneci epekIeNiKTepMeH curarTaiaibl: (1) OJ JKOFapbl JEHreueri
MoJIIMETTep YJriciHe HerizaenreH; (ii) O KyKaT HepapXUsCHIHAAFBI
OlpHelIe JeHreinepai KaMTUTBIH KYpJesl aHApTy TaIlChIPBICTAPBIH O1p
MOH/I1 aHBIKTayFa MYMKIHAIK Oepeni; (iii) Kypaen oObeKTIepal sKaHaAPTyIbl
Komjanasl; (1v) O JIOTMKaNbIK OalIaHBICTBIPY aWHBIMAJIbLIAPBIHBIH YIII
TYpiH: aray ailHbIMaJbUIapbl, MOHAEP aWHBIMANbUIAPBl JKOHE OOBEKT
alfHBIMAJBIIIAPBIH MAli1aIaHbII TET aTayIapbiH, MOHJIEP/I1 )KOHE 00BEKTIIEPIl
e3repTyre apHaJIFaH OlpbIHFall CHHTAKCUCTI KAMTaMachI3 eTe/Il.

O3 enoerinne Wong (Bowr, T.6., 2001: 9) XML nepektepin xaHapTyabl
koiaay yiriH XQL (XML Query Language) xeneiiteni. Keneitrinren SQL
0ec >KaHApTy KYPBUIBIMBIH - KIpICTipy, )KaHAPTY, KOIIipY, OPBIH aybICTHIPY
xoHe koronbel Kamtuael. Onm SODA2(Semistructured Object DAtabase
system, 2-nycka) xeprimikti XML JIKBX ascpina xy3ere acbpbliaibl.

TatapunoB xone T.6. (Tarapunos, 1.6, 2001:11) XML nepextepin
KaHAPTY YILIIH 7 HEri3r1 9PEKEeTTIH KUBIHTHIFbIH YCHIHA/bBI: JKOIO (TYBIHIBI
AJIEMEHT), aThlH ©3repTy (TYBIHIBI 2JIEMEHT, aTaybl), KipicTipy (Ma3MyH),
InsertBefore (cinteme, Mmazmyn), InsertAfter (cinteme, Ma3MyH), aybICTBIPY
(TYBIHABI AJIEMEHT, Ma3MyH) >KOHE KIpICTIpIITeH >kaHapTy (patternMatch,
predicates, updateOp). XML >xaHapTybl *OFapblla aTajfaH opeKeTTep.i
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opbIHAAY Ti30eri peTinje aHbIKTanaasl. Aropiap XML nepekrepi pensuus-
aeik JIKBXK — e cakranaTbiH jkoHe OacKapbUIaThIH PEIISIMSIBIK MJIIMET-
TepAe KOpCETUIETIH opTaja >KaHApTy OINEpaLMsUIapbIH JKY3€Te achIpy
CTPATErHsIChIH aHBIKTANIbI.

XML KyxaTTapblHbIH >kaHapTynapbl XML cyn0ackIHbIH BOITIOIHUACHIH
KOJIaWThIH opTasiapaa aa Oap. lleiH moniHzAe, keitbip esrepictep XML
cys0achiHa KOJIIaHBLIFAH Ke3/1e, 0acTarnkpl cyJi0a yIiH pykcar etiireH XML
Ky»KarTapsl ’kaHa cys10a OOUbIHINA KaliTa TeKCcepilryi kepek (OipTiHIen) skoHe
erep osap kapamchei3 6osca, XML rxaHapTy omneparusiapbIHbIH PETTUIIr
apKbUIbI OCHI KaHa cysi0ara Oelimaenyl Kepek; MyHaai Ti30eKTi a3ipeyri
KaMTaMachI3 eTe/li HeMece CYJI0aHbBIH IBOJIONHUS JKYHECl aBTOMATTHI TYPJIe
xacarael. Cysi6a sBommorusichl ke3inae XML KykaTTapbsIHBIH OeHiMIenyin
Guerrini To6b1 keHiHeH 3eprreai (Commmanmo, T.0., 2012:9). ConbimeH
karap, Guerrini cyJI0aHBIH JBOJIONMSICH Mporecinge OerimMaenerin XML
Ky)KaTTapblH KOChIMIIA Tekcepyre Kapactoipiapl. Cavalieri xone T.0.
(KaBanbepu, T.6., 2011:9) nameiran XML cynbackiHa OeifiMueny Ke3iHae
XML kyxkarrapeiHa KosjgaHbutarelH XML xaHapTy onepanusiiapblHbIH
PETTLIIrH a3aiTy oficiH ycbiHaasl. Hazap aynapatsis xkaift: Bouchou xone
Duarte (bymry, T.6., 2007:14) cusiktel, Cavalieri xone T.0., (KaBambepu,
T.0., 2011:9) XML xyxaTeIHBIH *)aHapTy/1apeiHa THicTi XML cysbaceiHa
ocep eryre MyMKiHIik Oepexi. IlIbiHbIHIA na, kaHapTygaH keilin XML
Ky)KaThl ©31HIH cyJ0achl YIIiH jkapaMmchbi3 OonraH kesne, Cavalieri xkoHe
1.0., (KaBambepu, T.6., 2011:9) ycoiHFaH Tocin — cyJIOaHBI KaHAPTHUIFAH
KY>KaTThIH KYPbUIBIMBIH CUIIATTAHTBIH €TIIl )KaHAPTYFa HET13/eJIreH.

Kapamnaiitbim XML momimertep 6azaceinna XML nepekrepin Oackapy
YIIiH FBUIBIMHA KaybIMJIACTHIK YCBIHFAH HETI3T1 TOCUIAEPAl KOPHITHIHABLIAN
Kelne, 2-cyperTerifiei 4 kputepuitnepai 0esin KapacTbipyra 0oaabl:

2 cypet - XML gepekrepin 6ackapy YIiiH YChIHBIIFAH HET13T1 TOCUIACPAIH 4 KpuTepuiiiepi
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VYaxkpiTKa Toyenai XML aepekrep kopeinaa XML aepekrepid eHIEyIIH
3aMaHayu oficTepi

Conrpl OBXKBUTIBIKTapAa X ML ukeMI11iT1 MeH MPaKTHKAIBIK KOJITaHybIHA
0aiiTaHBICTHI YaKbITKA TOYEJ/I1 AePEKTEP/li CaKTay, OHJICY *KoHE CYpaHbICTap
YIIIH CTaHAApTThl €MeC MJIMETTep 0a3achlHbIH *aHa OybIHbI — KyXKar
oomipiHma NoSQL-re OarpiTTanran Mopjenre aifHangel. XML yakbITKa
TOYeINl aKMaparThlH €H HAKThl opi THIMJI KOpIiHICI OOMBIN CaHAIATHIH
yaKbITKa TOyeJIIl TONTACThIPBIIFaH JePEKTEP MOACIbACPIHE KEPEMET KO1ay
kepcereni. XML nepekTepiH OHIEYNIH KONTEreH oicTepiHae cydara
OarbITTAJIFaH KOHE JKapThUIall KYpbUIbIMIAJIFaH aKMapaTThIK PecypcTapabl
KypyFa OailiaHbICThI OipKaTap KUBIHABIKTAp Oap.

3 — cyperte yakpITKa Toyenni XML nepekrepine CypaHbIC Kyprizyre
apHaJIFaH TOPT TaHbIMAJ CYPaHBIC TUIAEPI KOPCETUITEH:

ParaSQL - yarwr Golinirwa sarepetin
napameTpnic XML gepentepin cypayrs
apHanran SQL-re yweac naRgananywsrs
BIHFARAL TIA

TTXPath - Xpath-s yaeiTia Tayenai

KeHeRTIMI Gaasin TABMABA HaHE Tex
TPAMIAKLNS YAKMTHIN Kanaaigs Yarparea Tayengi XML
AepexTepine cyparsic

myprisyre apranran TepT

tXQuery - apexeT yAKBITHH A8, TAHBIMAR EYPAHBIE TLAAEPI

TPAHIBKIMA YBKMTEIN A8 KONANY

ywin XQuery wenedTeai

TH-Path - XPath cewedrismi Gonsn
TabBINAAbI HIHE IPENET YAKBITEIH A8,
TRAHIAKLMA YRKBTHIN A8 KONANFLS

3 cypert - YakpiTKa Toyenai XML nepexrepine CypaHbIC XKYpPri3yre apHairaH TOPT

TaHBIMaJ CYpPaHBIC TLIAEPi

Konpansictarel anramkel XML-nin JIKBXK (eXist, xXDB »one Sedna
CHSIKTBI) skoHe KommepisuiblKk XML konmaiitein JIKBX (Oracle 12¢ sxone
DB2 v10 cusikrel) yakpiTKa Toyenni XML nepekrepin enjaeyre (€Hrisyre,
KOIOFa )KOHE ©3repTyre) eKaHAali KOJAay KOpCeTHEeUTIHIH eCKepy KaxkeT.

Norvag xone Oackamapsl (Hopsar, 1.0., 2003:10) yakbiTKa Toyeni
nepektepai konnay yuiH imki JJKBXK Monynbaepin e3repry/KeHeNnTy yIuiH
KOIl JICHIeiJTi JKOHEe WHTeTpalFsUIaHFaH TOCUII TaiianaHaabl. ABTOpiap
yaKbITKA TOYEJJIl IEPEKTEP/IIH HYCKAIApbIH CaKTayFa )oHe 13/1eyre, oenrini
01p yaKbITTa jKapaMibl KY)KaTTap/bl allyFa *oHe KyXKaTTapra e3repTyiepil
cypayfa, COH/ali-aK JepeKTepAl MaHUITYJsALUsAIaY ONepalysuiapbiH (€HT13Y,
KaHAPTY KOHE KO10) opbiHaay yuriH skeke JIKBXK-H V2 — Hi ycbiHaAbL.

Wang sxone Zaniolo (Banr, T.6., 2008:18) yakpITKa Toyemnai TonTac-
TBIPBUIFAH MOJIIMETTEP MOJEIBIACPIH KogaHa oTeIpbin, XML KykarTapbl
TYPiH/I€ TPAaH3aKIIUs YAaKbIThI, 9PEKET €Ty YaKbIThI )KOHE a3 YaKbITTBIK PeJlsi-
[IUSUTBIK MOTIMETTEp 0a3achIHBIH MA3MYHBIH YCHIHATHIH )KOHE KaPUSITalThIH
Tocinal ycwhlHaAbpl. MyHaail tocin Xquery — A€ >Ka3bUIFaH PessIHsUIBIK
kecrenep yuria SQL TimiHae KypyFa KMbIH KEJETiH KYPJIei YaKbITKa Tye i
cypaynapipl JKOHE MaijalaHylibl aHbIKTaraH (YHKIUSUIApAbl KOJiJaHa
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OTBIPBII, YaKbITKA TOYEJ/Il JEPEKTEP/Il €HI13Y, )KOI0 KOHE e3repTyaepAl Kol-
JTaIbI.

XML yakpITKa TOyenal JepeKTep Kopiapbl canackiHaa tXSchema
(Temporal XML Schema) (Poxnuk, T.6., 2018:12) yakpiTka Toyenai XML
JIEPEKTEPiH KypyFa ®KoHE TeKCepyTre apHaIFaH OeTrifi )KOHE TOJIBIK KYPBLUTBIM
(MomiMeTTep YITici, T KOHE Kypasiap >KUHAFbI) OOJIBIN TaObLIaIbl.
Conrputapsl TypakTsl XML aepekTepiHeH JTOTHUKANBIK KOHE (U3UKAIBIK
aHJIaTnanap >KUbIHTHIFBIH KOJIJJAaHY apKBLTBI KaCaIa Ibl.

VYakpITKa Toyenai cyyiba KomiMmri cysida MEH OFaH COMKEC JIOTHKAJIBIK
JKoHE (DM3MKAIBIK aHJaTHanap XUBIHBIH OIpIKTIpY apKbUIbl Kacajajbl.
tXSchema conbiMeH KaTap cyyi0a HYCKACchlH KOJIay YIIiH KeHenTui [19].
JlerenMeH, MyHIail KypeUTbIM yakbpITKa Toyenal XML nepexrepin enaey
TIJIIH KaMTaMachl3 eTIenIi.

3epTTey KOFaMIacTBIFBI TapalblHAaH yakKbpITKa Toyenai XML nepekrepin
Oackapyra YCbIHFaH HETi3T1 TOCUIAEpl KOPBITHIHABLIAN Kene, Keneci 0ec
KPUTEPHIiJI eckepy Kepekii3 (4 — cyper):

EEEER

]
|
|

-
—
—
—

RIS
RIS

4 cypet - XML nepekrepin OackapyFra YChIHFaH HETI3T1 TOCUIICPAlI KOPBITHIHIBICHI

OolibIHIa Oec KpuTepHuid

3eprrey HoTHXKeciHAe KapamaibiM XML nepextepiH MaHUMYISLUsIIAY
OOMBIHINIA KONTETeH 3epTTeyiiep >KYPri3uimi, al yakeITKa Toyenai XML
JIepeKTepiH MAHUMYIALUAIAY ILEKTeyJl Jopexene FaHa KapacThIPbUIJBL.
Jemexk, OyI1 canmaja o Ker KYMBIC iCTey Kepek.
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3eprrey HoTHIKeepi. XML nepekrepin O0ackapynbiH OaplblK 3aMaHayd
o3ipieMenepin KOHE OJapFa KOWBLIATHIH TajanTaplbl €CKepe OTBHIPHII,
aBTOpJIap TETEPOTeH/II aKMapaTThIK KYHEHIH HaKThI akmapat ke3ineH XML
(hopMaThIHAAFEI Ka30aHbI ATYIBIH ©31H/I1K MOJICTIIH KOHE OHBI PeIaKIUsIay
YIIIH OCHI Ka30aHbl YCHIHY/ABI )KaCaIbl.

Byn rereporen i aknmaparThIK )KYHEHIH HAKTHI aKlapaT Ko3iHEH ajbIHFaH
XML >ka30achIHBIH MYMKIH KYPBUTBIMBIHBIH (XSD) TOJBIK cUIIAaTTaMachiH
aJy KOHE OHBI OHJIEY YIIIH OCHI ’Ka30aHbl YCHIHY TEXHOJOTHSCHI OOJBITI
TabbUIagbl. stX ML KY’KaThIHBIH ©31H]Ie OHBI Opay3ep Tepe3eciHie KaHaai
TYPAE KOpPCETy KEpEeKTIrl Typasbl HycKaylap koK. XSL cTuib kecTeciH
Kosana oteipbit, XSLT TimiHiH MyMmKiHaikTepi XML Ky>KaTbiHaH KaKeTTi
aKmaparTel OOJiN ajyFa jKOHE OHBI OKYFa BIHFAIIBI TYpAE YCHIHYFa, OHBI
Ke3-kenreH Oacka ¢opmana, aran aiWtkanma HTML typinae mbirapyra
MYMKiHIiK 6epeni (MyxurtoBa, T.6., 2018:4).

bi3 ennenren XML KyxaTbiHbIH KYpbUIbIMBI (XSD) Typassl aknapaTTsl
ayJbIH Keleci MofIeTiH YChIHABIK. XSD any ymiH 1- kectene kepceTinreH
3 TocinmiH OipeyiH OpbIHIAY KepeK:

1 kecte - XSD any mozgenbaepi

XSD amy Kagammapsl

1-Tacin 2-Tacin 3-Tocia

[Maiinananeuirad
aTayiap KeHICTIriH
aHBIKTaFaH Ke3/e
schemal ocation
aTpuOyTHIHBIH
MoHiHe Kapait URL
MEKEH-XKaibl pETiHIe
XML xa30achIHbIH,
TYTIKI 3JIeMEHTIH/CT1
XSD momimeTTep
cyimbackIHa ciTTeMe
amy

Erep XML enzeyre apHanran
*a30aja aTaynap KeHICTITIHIH
unentugukaropst (URI)
6oica, 6ipak URL Typinne
nangananpuIaTelH XSD
MOTIMETTep CyI0achiHa
cinreme 6onmaca, XSD araynap
KEHICTIT1 UJICHTU(HUKATOPBI
apkpuIbl XSD yCBIHY Typasisl
aKIapaTThIK KYHere CypaHbIC
KYPrizy. ¥Kcac CypaHBICTHI,
MbIcanbl, Explain Ke3meri
OHJIEH anajpl.

XML penakuusuiay yuri
aJIBIHATBIH JKa30aza arayiap
KEHICTITIHIH aHbIKTaMaJlapbl
OoJyIMaraH yKaraana,
JepeKTepi aTyFa CYpaHbIC
KYPYZbI KQJIBIITACTBIPY
Ke31H/Ie CypaHbIC )KYPTi3ijeTiH
cyibara coiikec KeJeTiH
aKIaparThIK PeCypCThIH
(MomiMeTTep 0a3achIHBIH)
araysl OofisiaIra XSD Gepy
HeMece XSD naiinanany
TypaJbl aKIaparThIK JKylere

CYpaHBIC KYDY.

Cynbansik TYypae XML KykaTblH TypJieHIipy NpOLECiH Keiecinei
yChIHYFa 00maab! (5 — cyper):
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SRU
l | Database
XSD any
XML +

XSLT any |

Import Include
Gap ma?

XSLT ‘

A ¢

XSLT merisinge exaey GOPMACHH Xacay |- XSD Typnenaipy

|
HTML

| e— HTTP — NahpanaHyweira xibepy

AepexTepal any xaHe
$OpMaTTLI TYPNEHAIPY

Ka36aHe! KANLINTACTLIPY X3He Typexaipy |—

S cypet - XML Ky)XaTblH TypleHIipy mpoLeci

MopenbIiH *KYMBIC IPUHIIMIT Keneciien: gaiin kipicinae™.xml nepexrep
CXEMaCBhIHBIH TaKbIpbIObIH A *.Xsd O0NyBIH TeKkcepei. bonmaran *xarmaiina
OHBI KaJIBIITACTBIPYFa CYpaHbIC xkacanasl. OaH keilid 0ap Hemece )kaHaaH
KypbUtFaH *.xsd ¢ainasiH AypbICTRIFE TeKceputin, XSLT — Typaenaipynepi
apkpUIbl Xml xka3zbanapsl eHaee 1.

Keneciaranta, cepsep XML kyxartbiHa ctuib kectecid (CSS) konmanaast
YKOHE OHBI Mali1ajany1Isl HHTepdeici peTiHae YChHBIIFaH 0acka hopMaTka
(omerre HTML) Typnenaipeni. [lalinananymisl aknaparThl €HTi3e1 HeMece
OH/JICH /11 )KOHE aKIapaTThIH ChIPTKbI KOPIHICI ©3TrepreH CailblH xKaHa CYpaHbIC
opbiHAananel xxoHe HTML — maparsl Kaitaman xacanaasl. KaHajgaH
kypbutran XML kyxartsl JIKBX-re xibepineni.

barmapnama Ttanmanran XSD cxemaceiHa coiikec XML KykarrapblH
’Kacay JKOHe OHJIey YILIH SKPaHJIbIK HbICAHAAP bl YCHIHATBIH CEPBEPIIIK BEO-
KochiMIna Oosbin TaObutagel. DKpaH ¢opmanapel XSLT TexHomIOrusCHH
KosiaHa oTeIphI, XSD aHbIKTamManapsl HeTi31HAe cepBep KarbIH/1a KaJIbIIl-
Tacanael koHe maimananymeira HTML — mapakrapel Typinae Oepinei.
TonTteipputFan dkpaH (opmamapel (6-cyper) XML KyKaTThl Kypy YIIiH
CepBEpMEH OHJEINE]Ii.
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— - | 3nemenT (0): lcollection |
(en): collection is a top level container element for 0 or many records

| - | 3nement (1)
(en) record is a top level container element for all of the field elements which compose the record

| = | 3nemenT (2)

(en). MARC21 Leader, 24 bytes
3xavenme: ###egnaal 22003251 450 |id -+

| - | 3nemenr (2)

(en): MARC21 Fields 001-008
Iravenne; RUBUHUTHINGO000000 id tag . 001 =+

| - | 3neumenT (2)

(en). MARC21 Fields 001-009
3Havenne: 20030925000000.0 id tag - 005 =]+

= - | 3nement (2)
(en) MARC21 Variable Data Fields 010-899

[l InemenT (3)
| 3Havenme: 2003092501981 |llyOrusy id code 2 =

6 cypet - XML xa3y/ipl 0HACYIiH 3KPaHIbIK (OPMACHI

XSD moamiMerTep cysI0achIHBIH aHBIKTaMallapblH/Aa aFbIMAAFbl aTaysap
keHictirigzeri (xsd amementi:include) sxoHe Oacka araymap KEHICTITiHAETI
(XSD osnemenTi:import) aHbIKTaManapabl TOJBIKTHIpAThiH Oacka XSD
MaTiMeTTep cyibanapbiHa ciaremenep 0onysl MyMKiH. ConabikTan XSLT
IIPOIIECCOPbIMEH oHAeyneH OypblH XSD GacTankbl KYphIIbIMBI KOCHIMILIA
aHBIKTaMaJIap/Ibl €CETKE Ty YUIIH MOJU(PHUKAINSIHBI KAXKET ETeI.

3eprreynep KepceTkeHaeu, azipaeHren moaenb XSLT Typaenaipynepin
KoJijaHa OThIpbIN, XSD KOCHIMIIACHIHBIH ACPEKTEp KOPBIHBIH Cys10anapsl
Heri3iHAe TeTepOoreH/ll aKMmaparThlK pecypcTapAbl OIpIKTIpy MaceeciH
TUIM/II TIeIyre MYMKiHAIK 6epeni. CumarTanFaH olicCHaMaHbl KOJIAaHY/IbIH
KaImbl Tciamepi Oap >KOHE OHBI JepEKTepAl €HTri3y JXKoHE OHJey YIIiH
xi10epinres HTML dbopmanapeia KypyFa MyYMKIHIIK OepeTiH OediMIenTreH
rpaduKanbiK BeO-uHTEpdeiicTepal Kypy YIIiH KoJIJaHyFa Ooiabl.

XSD-ni XSLT kemerimeH eHney kesiHme XSD aHbIKTaMalapbIHBIH
OpTYPJIi €pPEKILENIKTEP1, COHBIH 11IIHE CLITEMETIep MEH PEKYPCHS ECKEpIIe .
barmapmamaner XML ¢opmarbiHIa YCBIHBUIFAH JCPEKTEPIi KYpy >KOHE
OHJICY/IIH TOYeJCi3 MOyl pEeTiHAE, COHAAN-aK TeTepOreHAl aKmaparThIK
KYHesep YIIiH opTYypJii cCepBepIIiK OargapiaMabIK KacaKTaMara eHri31IreH
MOJyJIb peTiH/e Nnaiananyra 60o1abl.

¥YcbiHplFal MogenpaiH XML nepexrepi GOMBIHIIA KOHTEKCTIK 1371€y11
YUBIMAACTBIPYABIH THIMIUTITIH apTTHIPy, NaialaHyIIbIHBIH METaJepeK-
Tepre KOJ KETKI3ylH KoHE UMIIOPTHIH KEACIICTY, 63TepTUIreH AepeKTepal
BIHFAMIIBI OHJICY JKOHE CaKTay MPOIeCTePl apTHIKIIBUIBIFBI OOJIBIN KeJe/i.

106



ISSN 1991-346X 2.2022

Tankslaay. 3eprrey kepcetkenaei, XML dopmarsingarsr 6ubnuorpa-
(USIIBIK aKIapaTThl CUIIATTAY CTAHJAPTHIHA KOIITY YKOHE OJIap/Ibl OHJIEY YILIiH
)ayan OepeTin BeO-uHTepdericTepal (KITMeHT-CEpBEPITIK KOChIMINIANIAP ) KYPY
opTyp:i OGaFaapiIaManbiK KOHE alMaparThIK Tu1aTdhopManapabl KOJIJaHATHIH
TOyeNCci3 TmaijanaHymbuiapra Oip-OlpiHEeH ajblHFaH aKnmaparThl OHal
naijananyra MyMKiHAIK Oepe/ii.

AnantuBTi rpaduKanbK BeO-MHTEp(ENHCTI KypydblH JaMblFaH MOJEINi
YKOHE OHBI TapaThUIFaH aKMapaTThIK JKYHere TIKeJIeH eHT13y, IepeKTep Il CH-
Ti3y ’KOHE OHJIey YILiH bIHFANIbI rpaduKaiblK HHTEPPEHCTI YChIHY apKbIIbl
CYpaHBIC TIEH CYpaJIFaH pecypcKa >kayar apachlHIarbl yaKbITTHI a3aiTyIbIH
JKOFaphl THIMIUTITIH KepceTTi. [ padukansik BeO-uHTEphENCcTI TapaTblIFaH
KYHEHIH 1IIKI pecypcTapbiHa OediMIey MYMKIHAIrT eceOiHeH TeTeporeH i
aKIMapaTThIK PeCypCTapabl HHTETpANUsIIay MIHIETTEP1 THIM/II ST/,

CoHFBI yaKbITTa WHTEPHETTErl QJeyMETTIK JKeJisiep, aKblUIAbl Kaiajaap
CHUSIKTBI 3aMaHayH KOCBhIMILIANAp CYJI0aHbIH OapiblK HYCKajJapblH, THICIHILE
KaparnaibIM jkoHe yakbITKa Toyen i NoSQL nepexkrepiMeH cakTailThiH cysi0a-
JApBIHBIH HYCKACHIH OacKapy/sl keHiHeH KonnaHaabl. Eani NoSQL nepek-
Tepal cakray xoHe Oemicy yuriH eH TanbiMait JSON nepekrep Gopmarrapsbl-
HBIH OipiH KOJIaHY/bI KOH KOPE/Ii.

JSON-HBI j)xacay oHal xoHE JAEPEKTepIi OHICYCl3 TapaTyFa KOJIAWIbI, all
XML kypbUIBIMIBIK XKaFbIHAH KYPAETIpeK, Oipak IepeKTepAl Taparyra FaHa
emec, (aiimmapapl eHIeyTe KoHe MmiIiMaeyre ae MyMKinaik oepeni. JSON
ataynap KeHICTITIH KOJIai alMaidsibl, 0ipaK Ajax KypaiaaapbliH TOJbIFBIMEH
Kousgaif ananel. XML araynap KeHICTITiH KOJAai b1, 6ipak Ajax KypaigapblH
KOJIZail aMaibl.

Metanepekrepai enaeyai tangay JSON (opmareiHIaFbl Ky>KaTTapabl
XML-re TypiaeHIipy MOJENIH jKacay KaKeTTimiriH kepceremi. OcbiFan
OailTaHpICTHI Kesecl Herisri menrimaep 6ap: XML enaeyre apHanraH Kyxar-
TBIH OOBEKTLTIK MOJeNiH KongaHa oTeipbin, JSSON ¢opmartapein XML-re
TYPACHIIPY *KOHE Ia0JIOH MEXaHU3MIH KOJIJaHa OTBIPBIN, WHIEKCTEIreH
MaccuBke JSON KyKaTbIH KYKTey. Opi Kapail 3epTTey 0Cbhl OaFbITTa KYpE/l.

KopoiTbinabl. JXKorapsina cunartairad JepeKTep/i oHIeymiH rpaduka-
TBIK BeO-UHTEp(DEHUCIHIH KayanThl MOJCITIH KYPY TEXHOJIOTHICHI CEPBEPITIK
KOCBIMIIIAHbI 3ipJiey OOJbIN TaObLIA b

['eTeporenai nepexTep yIlliH aKIapaTThl OH1eY HHTep(ercTepiH KypyablH
YCBHIHBIIFAH 9JIiCI 93ipJIeHreH rpaduKaiblK BeO-uHTepdencTepai akmapar-
TBIK PECYPCTBHIH Oenrimi Oip KyphUIBIMBIHA aBTOMATTHI Typne Oeilimueyre
MYMKiHAIK Oepeni. ApHaiibl rpadukanblk XML pegakTopbIHBIH JaMbIFaH
Mozeni ke3-kenreH XML nepekrepin 6arapiaMaibIK KOATHI ©3repTHeCcTeH
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Ke3-KeJIreH KYpPbUIBIMHBIH OacTanKbl JAEpPEeKTepiH TYPIEHIIPY apKblLibl
eHJIeyre MyMKiHiK Oepeni. CoHbIMEH Karap, naijaganyisuiap ousl XML
(dbopmaTeIHAAFs! (haiIapMeH )KYMBIC iICTEY YLIIH peIaKTOp TYPiHAE TOyeci3
(byHKIMOHAMIBI XKYHe peTiHe malijanana ajaabl.

Kypactoipsuiran XML xa30anapbIHbIH aJanTUBTI TpaduKaIbIK PEJaKTO-
peiabiH Mozieni ZOOSPACE FIC IVT SRAS (Ecentey TexHOMOTHsi1apbl HHC-
tutyThl, HoBocuOupck) miardgopmackiabiH ZOOSPACE —W imiki sxyiiecine
enrizinai. Kaszipri yaksitta aBropinap XML dopmaTteinga yChIHBUTFaH OHO-
TMorpadusUIbIK JIepeKTepAl TONBIK (YHKIMOHAIIBl ©HJAEYre MYMKIHJIIK
Oeperin Ooubnmorpadusasik Mb XML — cepBepiH KypacThIpy, COHbIMEH
Oipre kommay kepcetinerin XSD sxone JSON anemMeHTTepiHiH Ti3iMiH KCHEH-
Ty Oelirinae MoAenbAlH (YHKUHOHAIIBIFBIH apTThIpy OOMBIHIIA >KYMBIC

KYprizyze.

Information about the authors:

Mukhitova Aigul — Ph.D student, specialty “Information systems”,
researcher, al-Farabi Kazakh National University, mukhitova.aigul@gmail.
com, https://orcid.org/0000-0002-4081-7694,

Yerimbetova Aigerim — Ph.D, Associate Professor, Institute of
Information and Computational Technologies, Almaty, Kazakhstan,
aigerian@mail.ru, https.//orcid.org/0000-0002-2013-1513,;

Barakhnin Vladimir — Doctor of Technical Sciences, Professor,
Federal Research Center for Information and Computational Technologies,
Novosibirsk, Russia, bar@ict.nsc.ru, https://orcid.org/ 0000-0003-3299-
0507,

Daiyrbayeva Elmira — research fellow, Institute of Information and
Computational Technologies CS MES RK; assist. prof., International
Educational Corporation, Almaty, Kazakhstan, nurbekkyzy e@mail.ru,
https://orcid.org/0000-0002-4255-5456,

Adalbek Alibek — Senior Lecturer, L.N. Gumilyov Eurasian National
University, Nur-Sultan, Kazakhstan, q al@mail.ru.

9JAEBUETTEP:

baasuzu M. - A., H. bunya, /. Konasuo, H. Masnna, M. Caaxsiz (2011). XML xaHapTybI
OHTaWIaHbIpyFa apHaiFaH [Ipoekius: momiMerTep 0a3achlH KeHEHTY OoifbrHIma 14-1mmi
XaJbpIKapaiblk KoH(epeHuus Marepuanaapsl, EDBT 11, Ynncana, Isenus, 21-24 Haypsis,
307-318 GeT (aFbUIMIBIH TUTIHAE).

bunout H. bunya, 1. Konasno, K. Capruanu, A. Conumango, ®@. Viesna (2015).
Annpomena: ynkeH XML KykaTTapbIHbIH CypaHbICTapbl MEH JKaHAPTYJIAPBIH OHJIEY JKYHeci,
T. Mopau, I1. Bansaypuec, JI. bemnarpec (pen.), Manimertep 0a3ackl MEH aKIaparThIK
xylenepueri xaHa teaenuusiap: ADBIS 2015 BigDap kpickama 6asHnamanzapsl MeH

108



ISSN 1991-346X 2.2022

cemunapnapel, DCSA, GID, MEBIS, OAIS, SW4CH, WISARD, in: KOMITBIOTEpIIK
JKOHE aKMapaTThIK FHUIBIMAAPJarsl KOMMYyHUKanusuap, 539 tom, Springer International
Publishing, lIeiinapust, 1 8-228 GeTrep (aFbUIIIBIH TITIHAE).

bymy b., dyapre /. (2007). XML cxeMacbhIHBIH 3BOJIONMSACHIHA KOMEKTecy. 22-mri
Bpazunusinelk MosimerTep 0a3achkl CHMIO3MYMBIHBIH Marepuannapel, SBBD’07, XKyan
mecoa, [Tapanba, bpasmmms, 15-19 xa3an, 270-284 G6erTep (aFbUIIIBIH TITIHIE).

Banr XK.-P. XKanr X.-JI. (2005). XKoraps! nepekrep MozerniHe Heriznenren XML nexmapa-
TUBTI )kaHapty Tini, J.Comput. Sci. Texnon. 20 (3), 373-377 6eTrep (aFbUIIIBIH TITIHAE).

Banr ®@., 3anmnono C., Koy 3. (2008). ArchlS: Tpanzakumsuap Ke3iHIETi yakbIT
6azacwHbIH KyHenepine XML-re Heriznenren tacit. VLDB J. 17 (6) (2008) 1445-1463
OeTTep (aFBUIIIBIH TITIHIE).

Bonr PK. (2001). Yaxen XML nepekkopiapbIH cypay )KaHe KaHAPTY YIIiH KeHEHTIITeH
XQL. 2001 sxpurer ACM Ky>KaTTap/isl 93ipiiey CHMIIO3MYMBIHBIH MaTepraiapsl, DocEng
¢ 01, AtnanTa, Ixopmxust, AKII,09-10 kapanra, 95-104 6etTep (aFbUIMIBIH TUTIHAE).

Hapram XK., Antu 3., Kapam M. (2008). XML kyKaTTapblH 0JIapAbIH KapaMIbUTbIFbIH
Oy30aif xaHapTy: MHTEpHET >XoHE BEO-KOCHIMINANAp MEH KbhI3METTep OoifbHmA 3-mri
Xanblkapalblk KoHpepeHIUIHbIH MaTeprangapsl, [CIW’08, Apuna, ['perms, 8-13 mayceim,
342-347 6ertep (aFBUILIBIH TUTIHIE).

Kwxumos OJL. (2015). Zoospace mirardopmaceinbl Explain Kpl3merTepi koHe
naiinananymsl naTepdeiici, CEUR cemunap marepuannapsr, Ne.1536:30-36.ISSN 1613-
0073. - http://ceur-ws.org/Vol-1536/paper4.pdf (55145) (opsic TiniHzAE).

Kasaneppu @., I'toepunnu I, Mecutn M., Ommubonu b. (2011). XML kyxarrap
MEH CXeMaHBbl >KaHApTy OIepanusyapbiH aszaiity OoibiHma. Data Engineering 27-
mi  xanmsikapanslk  koH(epenmmsi, ICDE’1l  cemmnap, Hannover, Germany, 11-16
cayip,0e1.77-86 OeTrep (aFbUIIIBIH TITIHAE).

Kupuep JI., I'poccauxiayc M., I'pron K., Ilomr M. (2005). Pre /Dist /Size XML
KOATAyIaFrbl THIMII KYPBUIBIMIBIK >karmail xaHaprymnap: |[EEE-miH nepexrepmi o3ipiey
eHiHAer1 31-m1i XanplkapalblkK KoHpepeHIHICchHbH MaTepuangapsl, ICDE © 15, Ceyn,
Omnryctik Kopest, 13-17 coyip, 447-458 OeTtep (aFbUIIIBIH TUTIHIE).

Knertke M., Meitep X., Xerncennp b. (2005). Dpomonms: XML sxaHapTyaslH Kepi
warnaiiel, ICDE cemnunapnapsiabig Marepuanaapsl, 2005 x., Tokuo, XKamonwust, 5-8 cayip,
2005 k., 1279 Get (aFbUTHIBIH TLTIHIE).

MyxutoBa A., Xmwxumos O.JI. (2018). I'ereporenni akmaparTbIK >Xyienep YIIiH
aJanTHBTI SKIMIIUTIK TpaduKaiblK BeO-uHTEp(deiicTepe AepeKTep/li eHri3y KoHE OHICY
MozeiH Kypyaa XML TexHOJIOoTHsuIapblH KOJIaHy. AKITApaTThIK caslaiaparbl aHaINTHKA
xKoHe aepekrepai Oackapy: XX xanbikapanslk koH(epenunss DAMDID/RCDL, Mackey,
Peceii, Peceil I'butbiM akagemMusicbiHbIH, OpTanbIK FBUIBIMH-3€PTTEY OpTaNbIFbL - b.157-
160. - ISBN: 978-5-519-65438-8 (arpUIIIBIH TITIHIE).

Hu B., JIuar T. (2007). XML nepexrepin rpadukaisik Tianep apKpuisl sxaHapry. OKy
KYpaJIIaphl, TUIakarTap, HaHelbAep )KOHEe OHEPKICINTIK MaTeprasaap TYKBIPhIMIaMaJIbIK
MoOZIENb/Iey JKOHIHJETr] 26-1Ibl XanblkapaiblK KoHpepenmwms, ER’2007, Oxnenn, JKana
3enanans, 5-9 kaparua, 209-214 Getrep (aFbUIMIBIH TUTIHAE).

Hopgar K., Jlumcrpaang M., MukneOyct JI. (2003). TexOR: momimerTep 0a3achIHBIH
O0OBCKTUTIK-PeIAIUSUIBIK KyHeciaaeri XML yakpiTmia aepekkopbl. AHApeid EprrioBTer
€CKe aJyFa apHaJiFaH S5-mi KoHdepeHuusHpIH Marepuangapsl, PSI’2003, AkaxeMroponox,
Hosocubupck, Peceit, 9-12 minnme, immiage: LNCS, 2890 tom,520-530 6erTep (aFbUIIIBIH
TimiHZAE).

109



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

O’Konnop, Poantpu M. (2010). XML xaHapTy MexaHU3MJICPiHIH KQXKETTI KACHETTEPI.
2010 sxxsurst EDBT/ICDT cemunapiapbIHbIH Matepuanaapsl, Jlosanna, Llseinapns,22-26
HaypbI3, Ne23 mMakaia (aFbUIIIBIH TITHIE).

[Mapnene E., Paxaym K., Tauusp . (2005). XML sxaHapTy Ke3iHJI€ TYXKBIPBIMIaMaIIBIK
mekreyinepai cakray. Int J.Web Inf. Syst. 1 (2), 65-82 6erTep (aFbUILIBIH TUTIHIE).

[Mapnene E., Paxayn XK., Tanusp . (2008). XML nepexkopsanarsl XML nepextepin
XKaHapTyabl 6ackapy, J. omput. Sci XKyiteci. 74 (2). 170-195 Gerrrep (aFbUIIBIH TUTIHIE).

Pogauk XK.®., L. Liu, M.T. Ozsu (Eds.), (pem.). (2018) CxeManap,uLIH HYCKaJlapblH
6ackapy. MsmMeTTep 6a3achIHbIH SHIHMKIONeausCh, Hpro-Mopk, Hero-Mopk, AKIII, http:
//dx.doi.org/10.1007/978-1-4614-8265-9 (arpuimbIH TUTIHAE).

Commumango A., [lenzanno I, I'eppunn I (2012). XML kyxarrapsiHblH Oelimaenyine
crarukanelk Taimay. er 2012 CMS, ECDMNoCoDA, MoDIC, MORE-BI, RIGiM,
SeCoGIS, WISM, ®nopenrus, Utamus, 15-18 kazan, 57-66 6eTTep (aFbUILIBIH TITIHIE).

Tarapunos U., Aiise 3.IN, Xanesu A.1O., Yonx JI.C. (2001). XML >xanaprysr. ACM
SIGMOD xanbIkapaibIK JIepeKTepi 6ackapy KoH(epeHIHsACHIHBIH MaTeprangapsl, ACM
SIGMOD’01 xoudepennmscsl, Canra-bapbapa, Kammpopuns, AKIL, 21-24 mamsip, 413-
424 6etrep (aFBUIMIBIH TUTIHAE).

REFERENCES:

Baazizi M.-A., Bidoit N., Colazzo D., Malla N., Sahakyan M.( 2011). Projection
for XML update optimization, in: Proceedings of the 14th International Conference on
Extending Database Technology, EDBT’11, Uppsala, Sweden, 21-24 March, pp. 307-318.

Bidoit N., Colazzo D., Sartiani C., Solimando A., Ulliana F. (2015). Andromeda:
A system for processing queries and updates on big XML documents, in: T. Morzy, P.
Valduriez, L. Bellatreche (Eds.), New Trends in Databases and Information Systems:
ADBIS 2015 Short Papers and Workshops BigDap, DCSA, GID, MEBIS, OAIS, SW4CH,
WISARD, in: Communications in Computer and Information Science, vol. 539, Springer
International Publishing, Switzerland, pp. 218-228.

Bouchou B., Duarte D. (2007). Assisting XML schema evolution that preserves validity,
in: Proceedings of the 22nd Brazilian Symposium on Databases, SBBD’07, Jodo Pessoa,
Paraiba, Brasil, 15—19 October, pp. 270-284.

Cavalieri F., Guerrini G., Mesiti M., Oliboni B. (2011). On the reduction of sequences
of XML document and schema update operations, in: Workshops Proceedings of the 27th
International Conference on Data Engineering, ICDE’11 Workshops, Hannover, Germany,
11-16 April, pp. 77-86.

Dargham J., Alti Z., Karam M. (2008). Updating XML documents without breaking
their validity, in: Proceedings of the 3th International Conference on Internet and Web
Applications and Services, ICIW’08, Athens, Greece, 8—13 June, pp. 342-347.

Kircher L., Grossniklaus M., Grun C., Scholl M.H. (2015). Efficient structural bulk
updates on the Pre/Dist/Size XML encoding, in: Proceedings of the 31st IEEE International
Conference on Data Engineering, ICDE’15, Seoul, South Korea, 13—17 April, pp. 447-458.

Klettke M., Meyer H., Hénsel B. (2005). Evolution: The other side of the XML update
coin, in: Proceedings of the ICDE Workshops 2005, Tokyo, Japan, 5-8 April, paper 1279.

NiW., Ling T.W. (2007). Update XML data by using graphical languages, in: Proceedings
of the tutorials, posters, panels and industrial contributions at the 26th International
Conference on Conceptual Modeling, ER’2007, Auckland, New Zealand, 5-9 November,
pp. 209-214.

110



ISSN 1991-346X 2.2022

O’Connor M.F., Roantree M. (2010). Desirable properties for XML update mechanisms,
in: Proceedings of the 2010 EDBT/ICDT Workshops, Lausanne, Switzerland, 22-26 March,
Article No. 23.

Pardede E., Rahayu J.W., Taniar D. (2005). Preserving conceptual constraints during
XML updates, Int. J. Web Inf. Syst. 1 (2) 65-82.

Pardede E., Rahayu J.W., Taniar D. (2008). XML data update management in XML-
enabled database, J. Comput. System Sci. 74 (2) 170 —195.

Norvag K., Limstrand M., Myklebust L. (2003). TexOR: Temporal XML database on
an object-relational database system, in: Proceedings of the 5th Andrei Ershov Memorial
Conference, PSI’2003, Akademgorodok, Novosibirsk, Russia, 9—12 July, in: LNCS, vol.
2890, pp. 520-530, Revised papers.

Mukhitova A., Zhizhimov O.L. (2018). Application of XML-technologies in the
Construction of Input and Editing Data Model in the Adaptive Administrative Graphical
Web Interfaces for Heterogeneous Information Systems // Data Analytics and Management
in Data Intensive Domains: XX International Conference DAMDID/RCDL’2018 (October
9-12, 2018, Moscow, Russia): Conference Proceedings / Edited by Leonid Kalinichenko,
Yannis Manolopoulos, Sergey Stupnikov, Nikolay Skvortsov, Vladimir Sukhomlin. -
Moscow: FRC CSC RAS. - P.157-160. - ISBN: 978-5-519-65438-8.

Roddick J.F., Liu L., Ozsu M.T. (Eds.) (2018). Schema Versioning, second ed.,
Encyclopedia of Database Systems, New York, NY, USA, http: //dx.doi.org/10.1007/978-
1-4614-8265-9.

Solimando A., Delzanno G., Guerrini G. (2012). Static analysis of XML document
adaptations, in: Proceedings of the ER 2012 Workshops CMS, ECDMNoCoDA, MoDIC,
MORE-BI, RIGiM, SeCoGIS, WISM, Florence, Italy, 15-18 October, pp. 57-66.

Tatarinov ., Ives Z.G., Halevy A.Y., Weld D.S. (2001). Updating XML, in: Proceedings
ofthe ACM SIGMOD International Conference on Management of Data, ACM SIGMOD’01
Conference, Santa Barbara, CA, USA, 21-24 May, pp. 413-424.

Wang F., Zaniolo C., Zhou X (2008). ArchIS: an XML-based approach to transaction-
time temporal database systems, VLDB J. 17 (6) 1445-1463.

Wong R.K. (2001). The extended XQL for querying and updating large XML databases,
in: Proceedings of the 2001 ACM Symposium on Document Engineering, DocEng’01,
Atlanta, Georgia, USA, 09—10 November, pp. 95-104.

Zhizhimov O.L. (2015). Explain Services on ZooSPACE Platform and Adaptive User
Interfaces // CEUR Workshop Proceeding. - Vol.1536. - P.30-36. - ISSN 1613-0073. - http://
ceur-ws.org/Vol-1536/paper4.pdf (55145).

Wang G.-R., Zhang X.-L. (2005). Declarative XML update language based on a higher

data model, J. Comput. Sci. Technol. 20 (3) 373-377.

111



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

NEWS OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN
PHYSICO-MATHEMATICAL SERIES

ISSN 1991-346X

Volume 2, Number 342 (2022), 112—-129
https://doi.org/10.32014/2022.2518-1726.133

VIIK 50.47.29

B.B. Opas6aes!, )K.JK. Moagamesa'’, B.A. F'onuapos?,
K.H. Opa36aeBa’

JILLH.I'ymusieB atbiHaarsl Eypasus YITTBIK YHHBEPCHUTETI,
Hyp-Cynran, Kazakcrasn;

*TOMCK MOJMTEXHUKAIBIK YITTBIK 3€pTTEy YHUBEpcuTeTi, ToMck, Peceii;
’Kazak 5KOHOMHUKa, Kap>Kbl )KOHE XaJIbIKApaIIbIK cay/la YHUBEPCHUTETI,
Hyp-Cyiran, Kazakcran.

E-mail: zhadiral985@mail.ru

MATHUCTPAJBI KYBBIPTIAPMEH MYHAN TACMAJJIAY/IBI
TUATHOCTHUKAJIAY JKOHE BACKAPY KYUEJIEPI

AHHOTaUMA. 3epTTEyAiH 63eKTUIIr MyHalabl MarucTpaibAblK KYObIp-
Jap apKbUIbl TaChIMaJJIay MPOIECTepiH Oackapy KesiHzae OacTarkbl aKna-
paTThIH KeHOip O6JIiriHIH aHBIK EMECTITIH €CKepPe OTBIPBIN, MYHAN KYOBIPHI
KOH/IBIPFBIJIAPBIHBIH OHTAMJIBI )KYMBIC PEXKUMJICPIH aHBIKTAY JKOHE TaHJIay
KakeTTiniriMed Herizaeneni. Ocelrad OaiaHbICThI TEXHOJIOTUSIIBIK OOBEK-
TUICPAIH, THIMII JKYMBIC PEXUMIIECPIH, MbICAJIbI, OVJIBIHFBIP OpTaja >KHi
CHUIIATTANAThIH BICTHIK MYHall KYOBIPBI JKYHECIHIH MyHail KbUIBITY CTaH-
IIUSACHI, AHBIK €MEC KUBIHIAPIbIH MaTEMaTHKAJIBIK alapaThl HET131HC KOl
OJIIIIeM/II TaH1ay MICEJICTICPiH TYKbIPhIM/IAY )KOHE IICITy ©3€KTi FhIIBIMU-
MPAKTUKAJIBIK MiHJAET OOJbIN TaObuUIaabl. MaTeMaTHKAIBIK MOJCIbICPIl
a3ipiiey KoHE 0acTalKbl aKIapaTThlH aHBIK €MECTIr )KaFaaibIH/Ia Maruc-
TPAJIBJBIK MYHAl KyOBIpJapbIHBIH MYHAHIbl KBUIBITY CTAHIMSCHIHBIH
KYMBIC PEKUMICPIH OHTANIAHIBIPY.

HbIcaHHBIH aHBIK €MeC WIBIFY TapaMeTpiiepi *Kar JaiblHaa MOIETbACP I
CHHTE3JICY 9J1iCi )Kacasibl, OHbIH KOMETIMEH MarucTpajbIblK MyHail KyObl-
PBIHBIH MYHai KBUIBITY CTAHIMSICHIHBIH aHBIK €MEC MOJIENIbIEPI JKACAJIIBI.
Maructpanbapl MyHail KYOBIPBIHBIH MYHAbIH KbI3JIBIPY CTAHIIMSCHIHBIH
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TUIM/II )KYMBIC PEKHUM/JIEPIH aHBIK €MeC OpTaja Kol KpUTepUalIbl TaHaay
Maceleci peciMaeNli )koHe Moau(UKalKus MEH OHTAWIBUIBIKTBIH 9PTYPIIi
MPUHIMINTEPIHIH YiJIeciMi HeTi3iHae opMababl €CENTiH MaTeMaTHKAIIBIK
TYKBIPBIMJIAPBI aJIbIH/IBL. HEeT13r1 KpuTepuit 91icTepi MEH Ueall bl HYKTCHIH
aHBIK €MeC OpTaja >KYMBIC icTey YIIiH MoauduKamusiay xxoHe oeimaey
apKbUTBl OAacTamKbl aHBIK €MEC aKMapaTThl KOJJaHa OTHIPHIN, OOBEKTIHIH
KYMBIC PEXKUMJIEPIH KOII OJIIIeM/I1 TaH1ay/IbIH TY>KbIPbIMIAIFaH MOCeJIeCiH
HICTIY/IIH SBPUCTUKAIIBIK dICI *Kacaabl. ByIBIHFBIp OpTaja Kell emeM/Il
TaHJAy[bIH YCBIHBUIFAH AIBPUCTHKAIBIK OMICl IIEIM KaObUIAayIIbIHBIH
ToXKipubeci MeH O1TiMiH KosianyFa Herizaenres. [emnrim KaObuiaay bIHbIH
OacTankpl aKmaparTblH OOTYBl MEH KON JKETIMAUTriHe OalIaHBICThI
PEeXKUM/I1 TaHJAy MOCEJIECIH IICUIyAiH HeFYPIbIM bIHFAUIIBI OHICIH TaHaay
MYMKIHJIITIH KaMTaMachl3 €Ty YIIIH 9pTYpil OHTAWIBUIBIK TPUHIMITEPIH
KOHE OJapIblH KOMOMHAIMSCHIH KOJJaHy apKbUIbl TaHIAy MOceJesepiH
TYKBIPBIMJIAY YKOHE IICIY YChIHBUIAAI. ¥ ChIHBIIFAH TOC1T ©3eH-AThIpay-
Camapa MarucTpaiabJblK MyHail KyYObIppIHA ATbIpay IMyHKTiHIH MYHaiIbI
KBUIBITY CTAHUHUSACHIHBIH JKYMBIC PEKUMJIEPIH KOI KPUTEPUAJAbl TaHIAY
MIHJIETIH KOO JKOHE eIy Ke31H/Ie 1CKEe aChIPbUIIbl. AJBIHFAH HOTHUXKEIEP
KOWBLUIFaH MIHACTTEP/1 IIENTyTe YChIHBUIFaH TOCUIIIH TUIMILIITIH pacTabl.

Tyiiin ce3mep: MarucTpainbIblK MyHail KyObIpbI, MYHAil TachIMalay,
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JUATHOCTUPOBAHUE CHUCTEMBI YIIPABJIEHUSA
TPAHCIIOPTUPOBKHU HE®THU 110 MAT'NCTPAJIBHBIM
TPYBOIIPBOJAM

AHHOTaUMA. AKTYaJbHOCTh HCCIIEJOBaHHSI OOOCHOBBIBACTCS TE€M, YTO
IIpHU YNpaBICHUH MPOIECCaMU TPAHCIIOPTUPOBKU HE(PTHU MO MarucTpaib-
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HBIM TPyOONPOBOZaM BO3HUKACT HEOOXOAMMOCTh ONPEICIICHUS U BhIOOpa
ONTUMAJIBHBIX PEXKHMOB pabOThl Y3JIOB HEPTEIPOBOJAOB C YU4ETOM
HEYETKOCTH HEKOTOPOH YacTH HMCXOMHOW MHpopMmanmu. B cBsizu ¢ 3TUM
peIlIeHUE 33]1a4d MHOTOKPUTEPUATIHLHOTO BBIOOPA 3P PEKTHUBHBIX PEKHUMOB
paboThI CTAHIIMU TOOTPEBA HE(PTH AJIsE CUCTEMBI TPYOOIIPOBOIOB ropsiueit
He()TH, KOTOpash 4YacTO OIKCHIBACTCS B HEYETKOW Cpele, Ha OCHOBE
arrapara TEOPU HEYETKMX MHOXECTB, SIBISCTCS aKTyallbHOW Hay4YHO-
MPAaKTHYECKOW 3ajaveii. Pazpaboran MeTol CMHTE3a MOJENeH B yCIOBHIX
HEUCTKUX BBIXOJHBIX IapaMeTPOB OOBEKTa, C IOMOIIBK KOTOPOTrO
MOCTPOCHBI HEYETKUE MOJEIH HCCIICIYyEeMOU CTaHIUMK moaorpeBa HedTu
MarucrpaibHoro Hedrenposona. Ha ocHOBe MOIUQUKAIIMK M COYCTAHUS
pa3IMYHBIX TMPUHIMIIOB ONTUMAJIBHOCTH IOJy4YE€Hbl MaTeMaTHUCCKHE
pelieHus]  3a/Jladd  MHOTOKPHTEPHAIBHOTrO0  BbIOOpa  3((EKTUBHBIX
PEKUMOB pabOTHI CTaHIMK ToAOorpeBa HeTH B HeueTKol cpene. [lyrem
MOIU(UKAIIMK W aJlalTallMyd MPUHIIMIIOB TapaHTHPOBAHHOTO pe3yJbTara
U DPAaBCHCTBA B HEYETKOW cpele pa3padoTaH HBPUCTUYCCKUH METOI
peteHus: chopMyIUpPOBaHHON 3a7]a4l BHIOOPA PEKUMOB pabOThl 0OBEKTa
C HCIOJBb30BAHMEM HCXOMHOW HeueTkod wuHpopmaruu. [Ipemraraemprit
IBPUCTUYCCKUI METOJI MHOTOKPUTEPUAIBHOTO BHIOOpPA B HEYETKOM cpelie
OCHOBaH Ha WCIOJIb30BAHUU OMNBITA W 3HAHUW JIMIA, MPUHHUMAIOIIETO
pemenus. [Ipemmaraemplii  MOAX0J peayiv30BaH MpPH TIOCTAHOBKE U
pEIICHUH 3a]]a4 MHOTOKPUTEPUATBHOTO BEIOOpA PEKUMOB PaOOThI CTAHIIUN
nojorpesa HeTu ATbipay MarucTpaabHOTO HeTENPOBOAa Y3eHb-AThIpay-
Camapa. B pesynbrare mpuMEHEHUS MPEIaracMoro METO/a JOCTHUTHYTO
MOBBIIIICHUE CTEIICHU BBIMOJIHEHUSI HEUYETKOTO OIPAaHUYCHUST BO3ICUCTBUS
Ha OKpYXarolyr cpeny Ha 2 %, a TakKe IOBBIINICHbl ONTHUMAaJIbHbBIC
3HAYCHUs1 IKCILTyaTallHOHHBIX [TAPAMETPOB 00BEKTA: TEMIIEpaTypa CHI)KEHA
Ha 1,85% (5,67 K), naBnenue — Ha 0,04% (kI1a), pacxon TormBa — Ha 2,9%
(0,0002 xr/c). IlomyueHHble pe3ynbTaThl MOATBEPAMINA 3HPEKTUBHOCTH
MpeIaraeMoro 1mojxo/ia K PeleHHI0 MMOCTaBICHHBIX 3aj1a4.

KaroueBbie cjioBa: MarucTpaibHbI HE(TEIPOBO, TPAHCIIOPTUPOBKA
He()TH, yIpaBJICHHE, CTAHIUU TepeKauku He(TH, Ie4YH MOJO0rPeBa,
JMarHOCTUPOBAHUE, ABTOMATH3UPOBAHHASI CUCTEMA YIIPABJICHHS.
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DIAGNOSTICS AND SYSTEMS OF OIL TRANSPORTATION
THROUGH MAIN PIPELINES

Abstract. The relevance of the study is substantiated by the fact that
when managing the processes of oil transportation through main pipelines,
it becomes necessary to determine and select the optimal operating modes
of the oil pipeline units, taking into account the fuzziness of some part of
the initial information. In this regard, solving the problem of multi-criteria
selection of effective operating modes for an oil heating station for a hot
oil pipeline system, which is often described in a fuzzy environment, based
on the apparatus of fuzzy set theories, is an urgent scientific and practical
problem. A method for the synthesis of models in the conditions of fuzzy
output parameters of the object has been developed, with the help of which
fuzzy models of the investigated oil heating station of the main oil pipeline
have been built. Based on the modification and combination of various
optimality principles, mathematical formulations of the problem of multi-
criteria selection of effective operating modes for an oil heating station in a
fuzzy environment are obtained. By modifying and adapting the principles
of guaranteed results and equality in a fuzzy environment, a heuristic
method has been developed for solving the formulated problem of selecting
object’s operation modes using the initial fuzzy information. The proposed
heuristic method for multi-criteria selection in a fuzzy environment is
based on the use of the experience and knowledge of the decision-maker.
The proposed approach is implemented in the formulation and solution of
the problem of multi-criteria selection of operating modes of the oil heating
station in Atyrau of the Uzen-Atyrau-Samara main oil pipeline. As a result
of the application of the proposed method, an improvement in the degree of
fulfillment of a fuzzy restriction on environmental impact was achieved by
2%, as well as the optimal values of the operating parameters of the object
were improved: the temperature was reduced by 1.85% (5.67 K), pressure
— by 0.04% (kPa) and fuel consumption — by 2.9% (0.0002 kg/s). The
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obtained results have confirmed the effectiveness of the proposed approach
to solving the assigned tasks

Key words: main oil pipeline, oil transportation, control, oil transfer
stations, preheating furnaces, diagnostics, automated control system.

Kipicne. Marucrtpannbl MyHaii KyObIpiiapbl alTapiIbIKTal YJIKEH KalllbIK-
TBIKTa TapaThUIFaH KOHE KYpIesl KOFapbl MEeXaHUKaJaHABIPBUIFAH JKOHE
aBTOMATTAH/ABIPBUIFAH THAPABIMKAIBIK Kyiie Oonbin TaObuIanbl. MyHIai
XKy#enep KyaTThl COPFbI CTaHIMUTAPBIMEH (MYHA#l aiijiay CTaHIMsUIapHhI),
KBI3JIBIPY CTAHIMUIAPBIMEH (TYTKBIP, KOFapbl mapaduHIi MyHalmapabl
aiiiay yIIiH, SFHH «bICTBIK» MYHall KyOBIpIapbl )KaFaailbIHIa), KYOBIpABIH
CBI3BIKTHIK OOJITIMEH, TEeXHOJOTHSIIBIK OalaHbIcTap, TeIeMEeXaHuKa MEH
aBTOMATTaHABIPY KYPBUIFBUIAPBIMEH, OPTKE Kapchl KYPBUIFbUIAPMEH ka0-
neikTanran (BainamTok, 2002:407; Zhenpei, 2016:167)

Marucrtpanasl MyHail KyObIpJapsl >KYHWEJIEpiHiH HETI3r1 3JeMEHTTepI,
SFHU, MYHall KyOBIpIapbIHBIH HETI3T1 arperarTapbl ToMeHne l-cyperte
KenTipinreH. MarucTtpanapl MyHail KyObIpiapbIMEH MyHail TachIMaiiay
ToXipuOeciHae MyHal KyObIpJIaphl )KYHECIH THarHOCTHKAJIAY )KOHE OHJIaFbI
MyHail aiiay yzaepicTepi MeH MyHail KyObIpiapbl HEri3ri arperarTapbiH
oJIap/bIH KOpIIIaFaH OpTara OCEePIH MHUHUMU3AIUSIAA OTBIPBIT THIM/II
Oackapy Kaszipri TaHaa e3ekTi Mmacese Oounbin Tadbanasl (bormanos, 2011;
Zhapbasbayev, 2004: 485-492)

Byn JKyMBICTBIH MakcaTbl MarucTpaliibl MyHall KyObIpiapbIMEH MyHail
TachIMaliay YJAepicTepl MEH arperarrapblH HMarHOCTHKAaldy oHEe Oackapy
KyHenepid 3epTTey, MyHail KyObIpiapbl HET13I1 arperrarapbiH alKbIH eMec OpTaia
Oackapy eceO1H TYKbIPhIM/IAY HKOHE IIETTY TOCUTIH YChIHY OOJBIN TaObUIAIbL.

5

L PR

=]
/o /s ¢

i A

1 — MyHaii ke3i MeH MyHail KyObIpbIHBIH 0acThl )Ka0bIKTAPbIH OaHIaHBICTBIPATHIH
YKETKI3yII MyHal KyObIpiapsl; 2 — 0acTbl aiiiay CTaHIMsIaphl; 3 — apablK aiaay
cTaHuusuIapel; 4 — MyHail KyObIppIHaH OHIMAEP/II KaObLIIANTBIH aKbIPFbI ITYHKT;

5 — MyHail KyObIPBIHBIH ChI3BIKTBIK KYPBLIBICHI (KYOBIP JKelIici); 6 — «bICTBIK» MyHal
KYOBIpJIapbl YIIIH MYHa# KbI3/IbIPY CTaHIMSIAPHI.

it

Cyper 1. MyHaii KyObIp1apbl >KYHECiHIH HeTi3r1 aJIeMeHTTepi
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3eprTey ecenrtepi. JKyMbIC MakcaThlHA KETy YIIIH KeJeci 3eprrey
ecenTepi KOMBUIBIN, OJIap/Ibl HICHIY KOJIJapbl KapacThIPbIpIIaabl: eH/ipic-
TIK HIBIFBIHAAPABI KBICKAPTYFa, TEXHOJOTHSUIBIK arperarTapiblH Ianja-
JBIK ocep KOA(PQPHUIIMEHTTEPIH apTThIpyFa, YHEPrHsl TYThIHY MEH MYHal
IIBIFBIHBIH TOMEHIETYTE, KOJI €HOCTIH IICKTEYTe JKaF1ai )kacalThIH MYHal
aiilay TEXHOJIOTHSUIBIK YPIICTEPiH aBTOMATTAHIbIPYFa OaFbITTaFaH
MarucTpajibl MYHall KyOBbIpJapbhlH JHAarHOCTHKAJAy JKOHE MYHaAHW ainay
ypicTepi MEH TEXHOJIOTUSIIBIK arperraThlpbIH THIM/I1 0acKapy Macelnesepin
3epTTey; MarucTpaJibl MyHail KYOBIPJIAPBIHBIH HET13T1 arperarTapblHbIH
KYMBIC PEXHMJICPIH ONTUMU3AIUSIIAY MEH OJapibl Oackapy ecenTepiH
TY)KBIPBIMJIAY KOHE MAaTEMAaTUKAJIBbIK KOMBUIBIMBIH aJ1y; KOWBLUIBIMBI aJIbIH-
FaH €CenTi OacTamKbl aKmapaTThlH aWKbIH €MECTIrl JKarJadblHIA IIery
TOCLIIH KYPBIT, CUIATTAY.

CoHbIMEH XaJIITbl )KaFAaiia 3epTTey eceOiH alKbIH eMec opTaja Keie-
cizeil Ty KbIppIMIayFa O0ab:

1 gy (x) =( ,u(l) (),..., 4y (x)) - MyHall KyOBIPIApBI 3KYHeci AKyMBICBIHBIH
THIMAUIINIH OarajgaiTIH HOPMaJIaHFaH KPUTEPHUIJIEP BEKTOPBI OOJICHIH;
(pq(x)Sb s q=1,_L — allKbIH eMecC MIeKTeynep NemiK, ai OJIAPJIbIH OPbIH-
JAIybIH CUMATTAUTBIH THICTUIIK (DYHKIHUSIIapbIH qu(x), q =1,L nen Gen-
rinetiik (Dubois, 2011:184, Orazbayev u T.1. 2017:945-952.) Conpnaii-ak
KPUTEPHIJIEp MEH IIEKTEYJICPAiH ©3-apa MaHbI3IbUILIKTAPbIH OCHHEICHTIH
canMak Bektopiapel: ¥ = (Yy,...,Y,,) xoue [ =(p,,....,) Genrin, He
onap/sl menrim Kaosuaaymsl Tyra (LK T), skenepr-mamanaap keMeriMmeH
aHbIKTayFa 00JIaIbl JIen KaObLUIIaliMbI3.

ConJta MarucTpai sl MyHa KyObIpIIapbIHBIH THIM/II )KYMBIC PEXKUMICPIH
allKbIH eMeC OpTa/ia aHbIKTay KOHE MYHal aiijay ypAiCTepiH TUIMII 6ackapy
€CeNTEPIH KaNIbI TYpJIe Keneciae xa3yra 0onassl (Opaszdaes, 2016:398)

max 4 (x), i =Lm M
X = {xargnmx g, (x), ¢ =1L} @)

[IpakTukama, eHAIPICTIK KaFaanaapaa MyHAal ecenTep 9/IeTTe alKbIH-
CBI3/IBIKIICH, KOTIKPUTEPHUITIKIICH KOHE OJ1 KpUTEPHiIep Oenriii 6ip qeHTei-
Je KapaMa-KalIbUIbIKIeH cunartanaipl. COHIBIKTAaH, TYKBIPHIMAAIFaH
€CEeNTIH HAaKThl KOWJBIMBIH ajy YIIH TYpJl KOMIIPOMHCCTIK CXeMallapabl
alKBIH EMeC OpTaFa XKYMBIC JKacay YIIiH TYPJICHIIPY, SFHU OeHiMIey KaKeT
(Orazbaev, 2016:398)

3eprTey ecenTepiH memy Taciiaepi. 3epTTey ecenrtepiH ey YIIiH,
MBICaJIbl MarucCTPajbIK MYHAHl KYOBIPJIAphl dKYMBICHIH JHArHOCTHKAIAY
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KoHEe MYHail aiijay ypaicTepi MEH HbICAaHAAphIH Oackapy YIIiH, TEXHO-
JIOTUSUIBIK arperarrap »KYMBICTapbl MEH >KaFdaiiapblH JUArHOCTHKAIAy
tacinaepi (Sabzi, 2017:145-163; Opa3zbdaes, 2017:480) xoHE TEXHOTOT HSLIBIK
ypaictepictep MeH HbIcaHnapasl 6ackapy Tocinaepi (Kpectun, 2016:376;
EmenbsinoB, 2017:120) KongaHbLIA b,

Maructpanabsl KyObIpiaap apKpUIbl MyHall TachiMaijay TEXHOJIOTHUSIIBIK
arperartapbl MeH YpIICTEPiH KpUTEPUIiTIEp BEKTOphI OOiibIHIIA KoHE Oac-
TaIKbl aKMaparTap/blH, HE oJapbIH Oip Oeiri ailkbIH eMec OOJFaH JKar-
JainapblHa ONTUMHU3ALMSIAY KOHE THIMAL Oackapy e€cenTepiH TYXKbI-
pBIMJIAM, MaTeMaTHKAJIBIK KOWBUTBIMIAPBIH Ty YIIH )KYHENiK Tanaay TCii-
nepi, sxenepTTik Tacinaep (Orazbaev, 2017:945-952), aiikbiH eMec )KUBIHAAP
teopusicbiHa (AEXT) neriznenren tocinaep (Zhapbasbayev, 2004:485-492;
Dubois, 2011:184; Peii, 1983:368) konmanplIFad. by skymMbIcTa SKCIIEPTTIK
OaranaynapAbl KYprizy YIIiH KOMIIBIOTEPIIK Xelire HerizaenreH [lenbgu
tocini (Dubois, 2011;184) maiinananraH.

AJIBIHFAH HOTHIKeJIep — MATUCTPAJAbl KYObIPJIapMeH MYHAail Tachl-
MAaJI1ay HbICAHAAPbIH JUATHOCTHKAJIAY, 0J1apabl THIM/I 0acKapy TICiJIi.

MyHaiiabl TacbiMajliay HBICAHAAPBIH IMATHOCTUKAJIAY KIHe Oac-
Kapy okyiiejepi. OHAipic IIBIFBIHAAPBIHBIH KBICKAPYHI, arperarTapiably
naiaanel ocep Kod(h UUIUEHTTEPiH apTybl, SHEPTUs TYWBIHY MEH MYHal
UIBIFBIHIAPBIHBIH TOMEHJIEYl, KOJ €HOEriHiH KbICKapybl MAarucTpaibl
MYHai KYOBIpIapbIHbIH HET13T1 TEXHOJOTUSUIBIK HbICAHIaPBIH (COPFbI CTaH-
usiIapbl, KYOBIPABIH CHI3BIKTBHIK O6Jiri, KpI3Aplpy mnemrepi T.0.), MyHai
aiiay ypIicTepiH aBTOMATTaHJBIPY, OJlapFa aBTOMATTaHIBIPY Kypalgapbl
MEH JKyHenepiH eHIipy apKbUIbl Xy3ere acajabl. by ke3ne aBToMarTaH-
JBIPBUIFaH OacKapy KyWeJepiHiH >KYMBIC >KacaybIHbIH MAaHbBI3Ibl IIAPTHI
Oackapy HbICAaHBIHBIH KaFaiibl MEH OapJiIblK OHIIPICTIK HhICAHIAPIBIH Oaii-
JIAHBICTAPBIH AYPHIC OCHHEICUTIH aKImapaTThl ary OOJbIN TaObLIabI.

ABTOMATTaHIBIPBUIFaH OacKapy >KyHenepiHiH *KYMBIC CaIrlachl OJIIIey Ky-
paniapblHbIH METPOJIOTUSIIBIK caraiapblHa, PETTEY KOHE OPBIHJAY KYPbLI-
FBUIAPBIHBIH CTATUCTUKAIBIK KOHE TUHAMHKAIBIK KacHeTTepiHe aiTap-
JBIKTal OainanbIcThl 00maabl (Sabzi, 2017:145-163).

JKanme! sxaraiiia HpICaH KaFJaiibl MIBIFBIC IAMackIMEH — Y, aj 6ackapy
KYPBUIFBICBIHBIH KipiciHe, Y MIBIFBIC MMApaMETPiHIH KKETTI MOHI KalbIHIa
aKIapaThl aHbIKTaIFaH, X — Kipic acepi Oepineni. HeicaHHbIH KipiciHe Oac-
Kapy KypburrbicbiHaH U — Oackapy ocepi Oackapy KYpBUIFBICBIHA €HJIi-
pUITEH aJrOpUTMIe COMKEC KYphLIaAbl XoHE YHIECIMCI3IIKTI, OHBI TYbIH-
JaTKaH [IaMaHbI JKOIoFa OarpITTanaabl. Maructpanisl KyOblpiaapasiH ABTO-
MaTTaHJbIpbUIFaH Oackapy kyiuenepinne (ABX) Oackapy ocepi perinme
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KOIl KaFJaanaapia CYMBIKTBIK KbICBIMBI HEMECE IIBIFBICTAp (OHIMILIIK)
[IaMaJIapbIHBIH ©3repyi KOJIaHbLIA b

ABX TyceTiH aknaparThl alTy[bIH HET13T1 Kypallbl peTiH/e, SIFHU, 0acKapy
KypbUIFbIChIHA OepieTin X, Y skoHe U KilaManapbIH eJiey YIIiH ce31MTal
KYPBUIFBUIAD — OJIIIEY KYPBUIFbUIAPhl MEH aKNapaTThIK-eJIIey Kyheaepi
KOJIJIAaHBLUIaIbl. MBICAJIbI, OJIIIEY KYPBUIFBICHI PETIH/IE IIBIFBIH MEH KBICHIM
JMATYUKTEPI Maiananbuianel. Kasipri Tapaa skapThiilaid ©TKI3TIIITIK KBICKIM
JTATYUKTEPl SJIEKTPOHHMKA CaJlaChIHJA CH JUHAMHUKAJIBIK JaMbIFaH OarbIT
OOJBIN CcaHajaabl, al KbICHIM JaTYUKTEPl HAPBIFbIHIA KOIIOACIIBLIBIK
Honeywell dupmaceinbin enmicinge (OpazbaeB 2017:480). Kes-kenren
Honeywell KbIChIM IaT4WriHiH HEri3i TeH30Ce3IMTal 3JIeMEHT — KpeMHUN
MeMOpaHachl OCTiIH/IC OHEITEH KbIpalllaKTa UMILJIaHTAaHFaH KOIIPIIIK cXeMa
OOMBIHIIIA KOCBUIFAH TOPT OipeH Tbe30PE3UCTOP.

3amanayn ABX OipiHmii Ke3ekTe JUArHOCTHKANay KoHe Ookay
Ky#enepiH Kaxer etenmi. Kasipri ke3ge TEXHONOTHSIIBIK HbICAH YPIICTIH
OY3bUTYBIH J€p Ke3iH/J€ aHBIKTayFa MYMKIHIIK OepeTiH KemTereH Typ:i
KYpBUIFbIapMeH kaOabikTanranel  Oenrim. (Jdopd, 2014:832) xymbicTa
MarucTpanibl KYObIpIaH ©HIMHIH aFybIH aHBIKTAy JKYyHeci KeJNTipiireH, ol
KYHe KeJecl TocUIeMere Heri3JeNreH: OaKbUIaHAThIH y4acTKelep IIeT-
TEpiHJe, aFbIC Maiaa OOJIFaH COTTE Maiia OOJIAThIH AXKbIPATy TOJKBIHIAAPHI
TipKeJIe/I, OJ1 TICLINe auTapiIbIKTak Koraphl ce3iMTanapik (1,5 - 3% Q, ),
Tipkey yakbIThIH (5 — 10 MHUH) KOHE aFbIC OpPHBIH AHBIKTAY/bIH TOMEHT1
aypITKybIH (100 kM yuectkenae 500 — 1000 m.) G6epeni. Tocin KbICHIMIbI
TYpPaKThl MOHUTOPHHITEYI Tajar eTeai. by Tociiai KoijgaHraHaa, aFbIH-
HBIH TYTACTBIFbl Y3UINCH JKarJaalblHaa KYOBIPABIH ©3 OeTIMEH araThiH
OeJiriH[e CUTHAJ IC XKY3iHAE TOJIBIKTAl IIeTTEJCHE/l KOHE OHBI TipKey
MYMKIHZIITT OonMaiasl. An KyOblpaa OeTeH 3aTTapAblH OOMybI, LIYFBLT
OYPBUIBICTAPBI, COKKBI TOJKBIHIAP IbIH ICO1H OYpMaIal ThIH TOJKBIHIAPIbIH
IIaFBUIBICHIH TYABIPaAbI, OYJI Ja TIpKEYy MYMKIHAINIH TeMeHaeTeni. by
KYMBICTA MOHUTOPHUHITI IEPEKTEP/i alIMacThIPy/Ibl OaKbLIAHATHIH HBICAH
epeKILeTiKTepiHe ©3/iK 0anTay MYMKIHZIIN 0ap MHTEUIEKTyalbl KYpbLI-
FhIJIAp KOMETIMEH €Ki JICHIeHIl cxema HeTi31HAe KaMTaMachl3 €TETiH ToclI
YChIHBUTFaH. Byt Tocini Konany MyHai aiijiay TeXHOJIOTHSUIBIK YPAiCTEPiH
0ackapy >KyHelepiHiH KaJlFaH iCKe KOCBUIYbIH TOMEHJIETYTEe, KOJIJIaHAThIH
TEXHUKAJIBIK KYPAJIapIbIH a3/IbIFbl €CEOIHECH, aKIaparThl TYPhIC Oepy MEH
KBUIIaM OHJI€y MYMKIHJITIH TyFbI3abl.

ConbiMeH KyObIpiapaH MYHaWJIbIH aFybIH aHBIKTAy >KyHenepiHiH Oap-
JBIK OENTrili MOHUTOPUHITEY (IUHAMHKAIBIK) TOCUIAEpl ailiaynbiH Oakbl-
JIAHATBIH TIApaMeTpJiepl MEH MIbIHAWBI YaKbIT MacIITaObIHIA aiinay mpo-
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IIECCTEePIH MOJICNIBICY HOTHIKECIHJIC aJIbIHFaH, €CENTey KOPCETKIIITEePiIMEeH
CaJIBICTBIpYFa Heri3ienareH. MyHaWblH aFybl >KaiJIbl KOPTHIHIbLIAPIBIH
JYPBICTBIFBI  AWTAPJIBIKTAN JICHICHIe KOJNJAHBLUIATBIH MYHal KyOBIPBI
MOJIeJIbIepiHe OaIaHbICThBI 00JIa b,

Maructpanusl KyObIpiapJjaH MyHail aryblH JMCTAHIIMOHIBIK aHBIK-
TaynblH O6acka oxici ae 6enrini (xekcon, 2007:384), on myHail KYOBIpBI
TpaccachlHBIH KbUTYy OPICIHIH a’dpOTYCipiIiMiHE, OHBIH HIEKTIK AlIBIKTHIK
(SIpKOCTH) MOHIH aHBIKTAyFa, aHOMaJIJIbl TeMIIepaTypachkl 0ap JKeKe ydacrt-
KeJIepJliH OpHAJIACYbIH aHBIKTayFa, COHJAi-aK JKEKEe Y4YacTKEIEeP/iH KbLTY
OpICIHIH >KapbIKTBHUIBIFBI MOHIH Tipkeyre Herizienred. KoceiMmina myHait
KYOBIpBI TpaccachlH MYHAMIbIH Ta3ablK (PaKIusAChl MEH OyJI KOMIIO-
HEHTTEPMEH CiHipy[ieH 0oc, anaiaa oappl alTHApPIIBIKTAl JKaKbIH aiiMaK-
Ta OpHAJIACKAH TOJIKBIHHBIH TipeY Y3bIHIBIFbIH]IA HET13T1 KOMIIOHEHTTEPIMEH
cayJie IIBIFapyblH CIHIPETIH YIITEH apThIK 3€PTTEJICTIH TOJKBIH Y3bIHIbI-
FBIHBIH TOCEHII OETiH Ja3epiliK ajblH aja TeKcepy (30HATAY) KYpri3ijeii.
Op 3epTTENeTiH TOJKbIH Y3BIHIBIFBIHA JKOHE BIABIPAY JIEMEHTTEPIHIH
OpKaKChIChIHA TOCEHIII OCTiHIH CAJIBICTBIPMAJIbl AlIBIKTHIFBIHBIH KECKiHIH,
TOJIKBIHHBIH 9P Y3BIHBIFBIHBIH TOCEHIII OCTIHIH AIlbIKTHIFBIHBIH TOJKBIH-
HBIH Tipey Y3bIHABIFBIHAA TOCEHIN OCTTIH allbIKTBIFbl KATHIHACH PETiHJIE
anbIKTaiIbl. CoMaH KeliH CalbICThIPMAIbl AlIBIKTHIK Jorapu(Maepid xkoHe
OJIap/IbIH OpTallla MOHJCPIH aHbIKTaM bl KyOBIp/IaH MyHaii aFybIHBIH OPHBI
OIpiHIII TOJNKBIHFA CaNBICTBIPMAJIbI AIIBIKTHIK KECKiHI OapiblK Oakpliay
ydecTKecl YIIIH opTaiia MoHI OepiireH MeKTIK MOHHEH e3rele OONaThIH,
al CaJbICTBIPMaJbl AIIBIKTBIK KECKiHaepl Jorapudmaepi yII TOJKBIH
yuria (1£0,2):(1,440,2):(1,2+0,2) nponopiusiaapblH KYpPanTbIH aHOMAJIJIbI
TeMIepaTypachl 0ap y4eCTKEHIH OpHaIacybl OOMBIHIIA AHBIKTAMIBI.

KyObipnarsl CYHBIKTBIK KBICBIMBI MOHIH OacKapyAblH Keleci TOCUIiH
KoJJlaHyra 0omajibl: KYOBIpABIH Oip HIETIHEH KEHICTIK SJIEKTPOMArHUTTIK
TOJIKBIHIIBI TYIBIPAJIbl, all COHFbI MYHKTTE OHBIH KAPKBIHBIFBI TIpKEIJIE/],
KEHETTEH e3repyl OOWbBIHIIA TachIMajIaHAThIH CYWUBIKTBIKTBIH TYyTac-
TBHIFBIHBIH OY3bLTYbI, OHJIA T'a3-ayaJibIK )KHHATY/IBIH, He 06TEH KOCHaIap IbiH
naiia 0oJybl JKalbIHIA KOPBITHIHIBI JKacaliabl. AJIBIHFAH YaKbITTHIK KOp-
CeTKIITep OOMBIHINA KyObIp/a *KUHAIFaH 00TeH KOCMalapIblH OPHBI MEH
KoJIeMI aHBIKTalIa Ibl.

«IMS» xomMmanusiiap ToObI KbICBIM TOJKBIHBIH JACHIeIeCTipy JKYyHeCiH,
COHJIaii-aK OTKI3TIIITIK KaOUIeTIH, MyHal KyObIpiapbl KyHelnepiHiH CeHIM-
JIUTIrT MEH pecypChIH allTapibIKTail apTThIpyFa MYMKIHAIK OepeTiH, THIPO-
COKKBbIIaH KOpFay >KYHeciH Kypbll, eHuaipiireH. JKyHenepaiH KyMbIC
»Kacay MPHUHIUII, MBIFBIH 0acKapy jKyieci apKbUIbl OaKbLJIAHATBHIH YKOHE
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TY3€TLIETiH, dKYMBICTBIK CYHBIKTBIKTHI pETTeY (TYCIpY) KIanaH1apbl apKbLIbI
yaKbITBIMEH TYCipyTe HeriznenreH. AtanraH xyihenep «bantaedrenpoBomy»
AAK, «Tpanccibip Maructpanasl myHait KyObipmapeny AAK, «Opai-
Ci01pMYHaMKYOBIPBD xKoHE 0acKa KOCIHOPBIHAAP/IbI TAOBICTHI KO AAHBLTY/IA.

Kazipri tanna, Maructpanabpl MyHall KYOBIpBIH THaiianaHy y4acTKECIH
THiMIl Oackapydbl KaMmTaMachl3 eTeTiH Jlucmerueprik Oackapy >kKoHe
nepekrepai xkunay (SCADA) xyiienepi keHiHeH TapanraH. HakTbl yakpIT
aykbiMbiHIa SCADA-xyiienep 6apibIk MyHal aiifjay TEXHOJOTUSIIBIK ITapa-
METpIEpiHiH e3repyiH Kajaranayra MyMKiHAik O6epeni. 3amanayu SCADA
TEXHOJIOTHSIIApPbIH, TEJIeMEeXaHUKa >KOHE aBTOMATTaHABIPbUIFAH Oackapy
KYHenepiH KolaHy MyHail MeH MyHal oHiM1ep1 KYObIpiIapbl TEXHOIOT USUTBIK
PEXUMIEPIHIH ayBITKYJIapbIH, PYHKIMOHAIIBIK JUATHOCTHKAIAY €CENTEPiH
Hienryre MyMKiHJIiK Oepeai. OneM ik HapbikTa eH oitriii SCADA-xyiienep:
Factory Link (sxacaymst US DATA Co, AKII), Genesis (Iconics, AKIILI),
Sitex (Jade Software, Aurnus), TraceMode (AdAstra Research Group Ltd.,
Peceii), SIMATIC WinCC (Siemens AG, ['epmanus) T1.6.

Mymnaii KyObIpiapblH Maiiagany Ke3iHAe >KYpeTiH yphicTtepai 6ackapy
MeH KYObIpiap KarJaiblH TYphIC OaKbLIay/Ibl Ky3€re achblpaTblH aBTOMAT-
TaHJbpIpaFal 0acKkapy *KyHeciH KYpy CYpaKTapblH KapacThIPAbIK.

KyObip xarmaiibln Oarajayra KaKeTTi OacTamnKbl JEpeKTepii: ChIPTKbBI
KOHE 1IIKI TUATHOCTUKA; KOMIIPECCOPIIBIK CTAHIIMS, KbI3ABIPY CTAHIUSICHI,
CBI3BIKTHIK OHIIPICTIK Oackapy HeMece TyTacTaill TachIMalay KOCIOpPHBI
neHreiinge Oipiktipiiren ABXK kemeriMeH anbIHFaH, TachIMaJlJaHATBIH
MYHaMiIbIH MapaMmeTpiepl MEH KacHeTTepl >KalblHIa aKmapaTThl >KUHAY;
MeTanrpapuKaiblK 3epTTeyiep; KapTorpauKaiblK MaTepuaniiapibl KoHe
XKoOasay-KypbUIBICTBIK KYKaTTapbl Tajjay HOTHXKENEpIHIIe aHBIKTayFa
Oomanel. MyHail KyObIpiapblH CBHIPTKBl JUArHOCTHKANAy, aTan alTKaH[a,
TOTBIPAKTHIH TAOUFH KBUIKYbI MEH KYOBIPIApABIH KbLTY JehopMausiiapsl
HOTIOKECIH/Ie KYOBIpIBIH k00alblK OpHAJacyblHaH aybITKYbIH Oarajayra
MYMKiHIiK Oepeni. backapy »xyilecin xkob6amay ymin SCADA-xy#enepi
HEMece JKyie MKeMJLUTIriH alTapibIKTail apTThIpyFa MYMKIHIIK O€peTiH,
COHJali-aKk TypakThl Oakpliay >KoHE Oackapy YpIICTEpiH >KEHIJIAETEeTiH,
xobasay KyleciHe >KOFaphl ACHICiIIK MEHIIIKTI HHTepIpeTTauusiay Tili
konnanbeuiaabl. [lemiv kaObuigay sKbULIaMIBIFBIH OKyiere MeHmrikTi WEB
xoHe WAP untepdeiicrepin eHaipy KOJIBIMEH KaMTaMachl3 €Tyre 0omaibl.

MyHaii KyObIplapblHIaFbl anaTThIK JKarnaibpl epre OoJpkay YIIiH
Oy30aiiThIH 1MKIKYOBIpIBIK Oakbuiay Tocuinepid (byceirmn, 1999:30-31)
KOJJIaHy/Abl YChIHyFa Oomnazabl. JKyleHiH KempyHKUMUSIBUIBIFEI Kelecinen
KaMTaMachI3X €TiIe/li: KOJJAAHBICTaFrbl HE K00aJarbl MyHail KYOBIPBIHBIH
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HeMece OHBIH YYaCTKECIHIH TYPAKThI KOJIAaHATHIH MOIeN1 Kypbliasl. Conan
KeWiH maiiiajaHylibl JKyHere Keqin TYCETIH MapaMeTpiiep *KUBbIHTBIFBIH,
COHJal-aK J>KYHeHIH ecenTey mapaMeTpliepl >KUBIHTHIFBIH aHBIKTANIbI.
Kemennin nepekrep koHe OiunimMaep 0azachlHIa JKUHAKTAJIFaH JEPEKTED,
MyHail KyOBIPBIHBIH HEMECE OHBIH YYAaCTKECIHIH YII eIeMIl MOJESTiH/Ie
OciHEeJIeHEe 1, aJl 0J1 MarucTpaibl MyHal KyObIpJIapbl >KaFdaiibl )KaibIHIa
JepeKTep/i TYCIHY/Il allTapibIKTail HKEeHIIIETe 1.

OHEepKACINTIK jkoHe MarucTpanibl KyOsipnapaa ABXK unTennexTyanab
Oackapy KyilenepiH Kypy NPUHIHMNOTEpiHE CoWKec KacakTay Kaszipri ya-
KbITTa ©Te ©3eKTi OarbIT Oonbim TaObutanel (Zhapbasbayev, 2004:485-
492; Orazbayev, 2017:945-952). AiikpiH emec Oackapy oHe OoJpkay
Tociul Oackapy MakcaTrTapblH J>KaKChl TEHAECTIpy OarajayblH >Ky3ere
acelpyra MyMKIHIIK Oepeni. MyHall aiiay cTaHuMsiIapblHAa OpHATacKaH
KOHTPOJUIEpJIEp, OSJCIH-9JICIH MyHail aiijay MpoLeciHIeHAer! IIbIHANBI
MapMeTpIIepIiH MOJEIBAIK MOHAEPIHEH aybITKyJapblH Oaranai/ibl >KoHE
aiinaynbiy OepiuIreH TEXHOJIOTUSIIBIK PEXKUMIH KaMTaMachl3 €Ty YIIiH Oac-
Kapy KOMaHJAachlH KypacTelpazbl. KemmapameTpiik aganTUBTI MOJIENbIl
KOJJIaHy amaTThIK KaFfainapaa menriM KaObUijay KbUIIaMIBIFBIH apT-
TBIpyFa, MYHall KyObIpIapbIHAaFbl YPAICTEpAIH JaMy YpIICiH Kajarajiayra
MYMKIHIIK Oepeni. MyHaail WHTEIIEKTyalabl XyHelnep MEH MOJAEIbAEp
SCADA-xylienep >kMHaFraH MyHal aiijjlay TEXHOJOTHSUIBIK TapaMeTpliepiH
najajiaHyIiblFa TYCIHIKTI TypJe HWHTEpIpeTaIysuiay >KOHE IUAarHOCTHKA
HOTIDKEJIEPIH TalAayFa bIHFAIIbI (hopMaa KepceTe anaibl. AWKbIH apThIK-
HIBUIBIKTaphl MEH YJIKeH OojamiarbiHa Kapamactad skaHa SCADA-xyiie-
Jepai Kypy YJIKEH MaTepHallIblK, Kap>KbUIbIK, YAKbIT IIBIFBIHAAPBIH Tajar
eTell, aj OyJI xKaraai Konjia 0ap MHCTPYMEHTApUiil ipalijananyra MaxOyp
erenl.

MyHaii KyObIpiapbIH/Ia KUHAKTAIFAH Ta3lap/bl IUarHOCTUKANay YIIiH
TYpial Toyenci3 Oaranay anropuTMIepl YCBHIHBUIFAH: KbICHIM HMMITYJIbCHI
OTy yaKbIThl OOMBIHIIA; Ta3 KaFAaibl 3aHbIHA COMKeC )KMHAKTAIIFaH ra3aap
KeJIeMiHIH e3repyl OOMbIHINA; OTIMIUTIKTI OaiIaHBICThI )KMHAKTAJIFAH ra3-
Jap Y3BIHIBIFBIHBIH 03repyi OoiibiHIIa (Byceirun, 1999:30-31). Anaiina Oy
ANTOPUTMIEP/L KOJJIaHY KOCBIMIIIA MAaTePUANIBIK KOHE YaKbITTBIK LIBIFbIH-
Japbl Tanamn erefdi, ceb6edl, oM YIIiH apHay/abl kKaOAbIKTap MEH allbIHFaH
JepeKTepl Tanjay MEeH OHJEYy YIIiH YJIKEH KOCBHIMIIA YaKbIT IIBIFBIHAAD
KepeK.

MyHaii KyObIpbl MAaHBIH/IA CAJIBIHFaH KaOeJIb/I1H Kipic KeIepTiCiHiH ©3repyi
OolbIHIIA KYObIpJa ayaHbIH )KUHAKTAIIFaH aya OPBIHIAPBIH aHBIKTAY TOCLI1
oenrimi (Anees, 2001:2). KabGenb kemeprici OakbUIaHATHIH CYWBIKTBHIKTHIH
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KYOBIP/IBIH alllbLTy JKOHE Ta3/IbIK-ayaliblK THIFBIHHBIH Malia 00y OpHBIHIIA
ciHyiHe OallIaHBICTBI ©3repei. Aaiiia TOCUIII Ky3ere achlpy YIIiH KYObIp
OOMBIH/IA TOCEITECH TYPaKThl KOJJIAHBICTAFbl KaOCb KaKET, all O YJIKCH
MaTepHaIJIbIK MIBIFBIHAAPFA anbin Kesieai. COHbIMEH KaTap 0JI CEHIMILTIKTIH
Ka)KeTT1 ACHIeiliH KaMTaMachI3 eTe ajaMaiiibl, ce0ei aFbi keTy OoMaraHia
KUHAKTATy KOJIeMi MEH OPHBIH aHBIKTayFa MYMKIHJIK OepMeiii.

MyHaii KyOBIpBIH iCKe KOCKaHJa, COHJIali-aK OHBI MaljallaHy Ke3iHJe
KMHAKTaJFaH ra3lap/bl )KOK aNTapIIbIKTail KUBIHIBIKTAP TYFbI3aabl. by
Ke3JIe KeJieCl mapanap/ibl KOJJIaHy YChIHBLUIAIbI:

1) aiimay OHIMIITITIH «IIbIFapy» >KbUIAAMJIBIFBIHAH apTaTblH MOHIE
NeiiH apTThIPY;

2) JKUHAKTaJFaH KOCHayiap TOJBIKTAH epiriHIie aijgay KbICBIMBIH y3aK
YaKbITKa KOTEPY;

3) caTeNTUTTIK KeNieri ra3bpl TOJbIKTAl MIbIFapy YIIiH aBTOMATTHIK
BaHTY3Jap/Ibl KOJIJIaHY;

4) Tazanay KYpbUIFbUIAPBI MEH <OKYMCAKy albIpFaliTapibl CHIIPY.

COHFBI 9JIiC €H THIM/JII 9JIiC PETIHIE KapacThIpbLIaAbl, ajdaiaa >KbUIaam
JMAarHOCTHUKANIAy KYPBULIAPHl JKOHE >KHMHAKTAIFAH KOCHAJIAPJbIH JHHA-
MHUKACBIHBIH HETI3/IeJIreH MOJIEII KOK 00Jica, alTapibIKTal )KoHE dpKalllaH
Jla OPBIH/IbI €MEC KOCBIMIIA IIBIFBIHIAPFA aJIbII KEJIC/I].

MarucTtpanapl MyHail KYOBIPBIH TONTBIPFAHIA TPACCaHBIH JIOHECTEY
JKEpIHJIeT] ayaHbl IIbIFAPY YIIiH BTOMATTHIK BAHTY3/ap OPHAIACTHIPBLIAIBI,
COHJai-aK ojap MyHail KYOBIpbIH MaiijaHay Ke3iHJe KyObIpja ra3 MeH
ayaHbIH KUHAKTAIYBIH OOJIIbIpMAY YIIIiH J¢ KOJIaHbLIa bl

FeuieiMu TYpFBIZIAaH €H HET131eTeH 91icTepre 1-koHe 2- 9/1icTep KaTaabl.
Amnaiina, KYOBIpABIH KapbUTyblHA aJIbII KeIy MYMKIHIITT OOJFaHJIbIKTaH
xoHe KyObIprnapiabiH 60% TO3ybIH €CKepe OTBIPBII, OJapbl MpaKTHUKaIa
KOJITaHY alTapiIbIKTal TOYSKEIIIK TYIbIPAIbI.

ConbIMeH, MyHail KyObIpIapbIMEH TachIMaJJayAblH THUIMILIITIHE ocep
€TeTIH KUBIHIIBUIBIKTAP/bl AHBIKTAYABIH OCNriil AUHAMHUKAIBIK Tocliaepi
aiiaynblH OaKbUIAHATBHIH IapaMeTpiiepl MEH OJIap[blH, HAKThl YaKbIT
ayKbIMBIH/Ia YPAICTI MOJENIbJCY apKbUIbI aJIbIHFaH, €CEeNTIK MOHJCPiH
CaJIBICTBIPYFa Heri3aenreH. KUbIHIIBUTBIKTBIH 0ap OOJybI )KalbIHIa KOPbI-
TBIHABLIAPIBIH IYPBICTBIFbI KOJIIAHATHIH KYOBIP MOJICIIbIepiHe OaiIaHbICThI
6omnanpl. /luarnoctukanay ecenrtepi Menry YIiH Ka3ipri yakbpITTa, KyObIp-
JIAp/IbIH KaJBINTHl OHE KHBIHIIBUIBIK JKaFaaiiapaa >KyMbICHI JKalbIH/IA
JEPEKTep Heri31H 1e KYPhLUIAThIH TYPJIi MOJIEIbACP KOJTaHbLIaAbl. MBICATIBI,
erep KyOBbIP/IbIH KaJIBIITHI )KYMBICHI KE31H/I€ OHBIH KbICHBIMBIHBIH TOMEH/ICY1
Oenrini Ooyica, OHJA OJIIEHTeH KBICBIMHBIH TYCIMl KETYiHIH aybITKYbI
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OOMBIHINIA KUBIHIIBUIBIK Oap Oonybl jKalbIHAA KOopamalyijgayra OoJajibl.
CoHIBIKTaH KUBIHIBIKTAP/IbI JIep KE31H/Ie JUarHOCTUKaJAy YIIIH KaJIbIIThI
YKYMBIC YaFJ[ail YIIiH )KaKChl €CENTeYy MOEI KaXKeT O0JIaIbl.

Enpi, xoiibutran 3eprrey ecebin (1)(2) HakThuiam, 0acTbl KpUTEpUid
TOCUTI HET131H/Ie MyHall KYObIpJaphl arperarTapbIiHbIH )KYMBIC PEXKUMACPIH
Oackapy eceOiH aliKblH €CeM OpTaja TYKbIPhIMIANBIK YKOHE OHBI IEIIY
TOCUTIH YChIHAWBIK. SIFHU KpUTEPUIAJIEP BEKTOPBIHAH Oip 0acThl KPUTEPH
TaHJaNn ajxy MYMKIH Jell eCeNnTelMi3, ajl KajFaH >KeKe KpHUTepHiliepi
HIEKTEYJIep KYpaMbIHa €HIpeMi3 KoHe 0acThl KPUTEPUM TICLITyl UAESICHIH
alKbpIH eMecTikke OerimaeriMiz. CoHga MarucTpaiabpl MyHal KyOBbIpBIH
Oackapy Ke3iHJe OHBIH THIMJ1 )KYMBIC PEKHUMIH aHBIKTay eceOiH m Kpute-
puiini xxoHe L mekTeysi skaraiaa Kejaeciied HaKThUIal, xKa3a ajlaMbl3:

max 4 (x), 3)

xeX

X = {x xeQA arg(yq(x)z yf)A arg(,ué(x)z yéR), g=LLi=2,m- 4

Kenripinren ecentin memiMi menriM kKaObuigaymel Tyiara (ILIKT,
HKCIEPT) EHIIPETIH KPUTEPUIIep MEH LIEKTEyIepIiH IIEeKTIK MOHJIEpPiHe,
SFHU L ooy 15 Lo g e 1], GAFTAHBICTE GOMAMIBL.

Kotibutran (3)-(4) ecebiH miemry YIIiH YCBIHBUIFAH TOCUIMIH HETi3Ti
KE3CHJIEPIH KeNTipeHik.

Tocin BK+BK.

1. XKeke kputepuiiiep koHe LIEKTEyJep YIIIH OAChIMKbLIAp KaTapbiH,
sean 1. ={l,...,m} sxone I, ={1,..., L} ennipy (6actsl kpurepuii 6acbIMKBbI 1
ne 001y Kepek).

2. IIKT, skcnepTTep KOMETIMEH MIEKTEYTE HAIPLITeH )KeKe KPUTEPHUii-
JIlep MEH INEKTeyIepIiH NIEKTIK MOHIAEPIH aHBIKTAY: Ly, i =2,m; uy,q=1L.

3. DkcnepTTik Oaranay Heri3iHJe aiiKbIH eMec MapameTpliepliH TepM-
KUBIHBl aHBIKTAY JXKOHE alKbIH eMeC IIEKTeYJIEpJiH OpBIHAAIY THICTLIIK
DYHKUMSIAPBIH TYPFBIBY: 41, (X) 2 uf, g =1L, L W p4(x) = tly, i =2,m.

4. Koiiblran mekTeynepsi eckepeTin X sKUbIHbIHAA (4) 24 (x) - GacThl
KpI/ITepI/H/Im (3) MaKCHMmaum{nay JKOHE arbIMJIaFbl memlMaepm LIBIFApy:
x(ﬂOR:ﬂq ); /uo(x(:u()Ran )) Ny (x(,UOR::Uq ) 4y (x (/UOR’:Uq Dsewes 4y
(x" (IUORqu Msi=2,m,q=1L.

5. Anemiran arbivzarsl menrimzaepai HIKT yceny. Erep arpIMJarbl
wemimaep IIKT-uel kKanararrangsipmaca, onaa HIKT L4y, ,uq MOH/ICPIH
e3repTeNi JKoHe 3 Ke3eHre MICHIiMJI 13/eyi JKaJIFacThlpy YUIH KaWThII
keneni. Areivparel  memniMaep IIKT-woel  kaHaratTaHmbipca, THIMII
HICTTIMAEP/Ii IIbIFapy YIIiH 6-Ke3eHTe OTY.
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6. Iemimai i3meyni tokrary sxkone LIKT kaObuimaran COHFBI Iie-
miMAepAl  WIBIFapy: Kipic, PpPEeXKUMAIK MapaMmeTpiepAiH  ONTHMall-
JIBI x*(,u(",R, ,uf ); MoHzepi, onap KpPUTEpUMIEPIiH THIMII MOHIEpiH
HoOX o ))es 15 (X (0 4,)) KON LICKTEYNEPIH MAKCHMAILB!
OpBIHAAITY THICTITIK dyHKupsIapeE 44 (X (/U([)Raﬂf Doewes 1y (x*(ﬂémﬂf )
KaMTaMachI3 eTe/Il.

HIKT TaraiiblHaaraH KpPUTEPUHIEP MEH MICKTEYJICPAiH HICKTIK MOH-
JEPIHIH; ,uéR, ,uf, i=2,m,q=1,L HeriznenyiH apTTbIpy VIIiH, TYpJi
IICKTEYJIIK MOHEP/i TaralbIHIAy *oHe anbiHFaH HoTwkenepai HIKT-men

Tanaay KoHe yé 2o luf KaHa MOHJIEPIH TaHJIay JUAJIOTTHI MPOIleTypaaapbiH
KypyFa Oomnapl.

KopbITbiHabl. Maructpanabl KyObIpJapMeH MYHail TachbIMaljgay Cy-
pakTapbl TaJlJaHblll, OHbIH TEXHOJOTHUSUIIBIK arperarrapbl JKaraalblH, TYpIil
TYBIHJAAWTBIH KHBIHIBIKTAPAbl AWATHOCTHKAIAY >KOHE MyHall aimay yp-
mictepin Oackapy Macesenepi 3epTTeNin, ONapbl ey >KOJAapbl Kapac-
THIPBUIFAaH. MyHail KyObIpJIapbl KYMECIHIH KYpPBUIBIMBI MEH HETi3Ti
IEMEHTTEpl cunartainrad. MyHail KyObIpjiapsl MEH OHJIa KYPETIH MYHai
aiimay ypuictepin 6ackapyna KOJIaHaThIH 3aMaHayd aBTOMATTaHIbIPbUIFaH
Oackapy yienepi, OipiHILI Ke3eKTe AUAarHOCTHKAAy kKoHe OoJpKay Kylie-
nepiH, KaxeT erefi. COHIBIKTAH >KYMBICTa MarucTpajiabl MyHail KyObIp-
JIapbl HET13T1 arperarTapblHbIH JKaF/1alibl MEH KMHAKTAJIFaH ra3, aya Kocra-
JapbIH, KYOBIP/IaH ary >KaFdaiylapblH aHBIKTAY, JHATHOCTHKAJIAY TOCUIIEpi
MEH Kypalgapbl CHUMNATTaJbIl TajjJaHfaH. Maructpainasl KyObIpiapaaH
MYHaUIbIH aFyblH aHBIKTAy KyielnepiHiH OaplbIK Oenriii MOHUTOPUHITEY
(TMHAMUKAJIBIK) TOCUIIEpl aijayiablH OaKblIaHATBIH TapameTpiiepi MeH
IIBIHAKWBI yaKBIT MAacINTaOBIHAA aiijay TPOIECCTEPIH MOICIBILY HOTH-
KECIH/IC aJIbIHAThIH €CENTEy KOPCETKIITEPIMEH CAJIBICTBIPYFa HET13/1e/IreH.

AWKbIH emec Oackapy >koHe OoipKay TOCUIIH KOJNJaHy MyHail aiinay
YPAICTEpIH UHTEIUICKTYAJIBIK OacKapy JKyHesaepiH KypyFa Heri3 00IaThIHbI
TYKBIpBIMIANFaH. Maructpanasl MyHail KyObIpBI MaiijajaHy y4acTKeCiH
THiMII Oackapydbpl KaMmTamachl3 eTeTiH Jlucmerueprnik Oackapy KoHE
nepekrepai xuHay (SCADA) xyienepi, SCADA TeXHOJOTHUIAPBIH JKOHE
ABTOMATTaHJBIPbUIFAH OacKapy KyHelepiH MyHal KyObIpJiapbl TEXHO-
JIOTHUSUTBIK, PEKUMJICPIHIH aybITKYJIAPbIH, QYHKIIMOHAIIBIK JHATHOCTHKAIAY
€CeMNTepiH MIeNIyre KOJMJAaHy CYpaKTapbl TauKbUiaHFaH. MyHall KyObIpbIH
iCKe KOCKaH/Ia, COHJIali-aK OHBI Maljanany Ke3iH/e >KHHAKTaJIFaH ra3iap/abl
KOO YIITIH KOJIIaHyFa O0IaThIiH HET13I1 I1apajjap YChIHBUIFaH.

Marwuctpanbl MyHai KyObIpIapbIHBIH THIM/TI )KYMBIC PeXKUMICPiH aWKbIH
eMeC aKnapaTThIK OpTa/ia aHbIKTAy apKbUIbI MYHAH aiinay ypAaicTepin THiMIl
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Oackapy ecenTepiHiH Kajmbl TYpl *oHEe aWKbIHCBI3 OpTara OeliMenreH
0acThl KPUTEPUIA TOCUII HET131H/I€ HaKThIJIAHFaH ’a30achl aJIbIHBII, aJIbIHFAH
ecenri menry yurid LLIKT-Hb1 KaTbICTypyFa HET131€ITreH 9BPHUCTUKAIIBIK TOCLIT
KACAKTaJbIl, YCHIHBUIFAH. ¥CBIHBUIAFAH TOCUIMIH HETI3rl Ke3eHAEpiHIH
cunarramacel OepinreH. JKympIcTa jKacaKTajblll, KOWBUIFAH MaruCTPaliibl
MyHail KYOBIpJIapblH 0acKapyna KYOBIp TEXHOJOTHSUIBIK arperarTapblHbIH
TUIM/I1 )KYMBIC peKUMAEPiH aHbIKTay (3)-(4) eceOiH menty yIiH YChIHBUTFaH
BK+BK Tociminne OacTbl KpUTEpUM TOCUIl KPUTEpHIAJep VIIIH >KOHE
TYPJICHTEH KYi/Ie alKbIH eMeC IIEKTEeYJIep YIIiH €Ki peT KOJIJaHbUIAIbI.
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JIEKTPOHABIK INOIITA CIIAM/IBI CY3I'VIEYI'E APHAJIFAH
RANDOM FORESTS MAIINHAJIBIK OKBITY 9AICI

AHHOTAUMA. DICKTPOHJIBIK IOIITa CIIAMBI-dJIEMIETT opOip IEKTPOH-
JBIK TIOIITA TaialaHyIIBICBIHBIH KYHJIETIKTI KE3eCeTiH Heri3ri Mace-
nenepinin 0ipi. KyH callblH 21eKTPOHIBIK MOIITaHbl MalalaHylIbLIap
poboT-0armapiaaMalblK areHTTEP aBTOMATTHI TYPJE JKaCAWTBIH aHOHUM/II
MeKeH)KalapaaH ’KaHa Ma3MYH/IaFbl KY3/IeTeH criaM-xarTap/sl anansl. Kapa
XKOHE aK Tizimaepai (nomenaep, [P Mmexerxaiinapsl, momta MeKeHxaiaapsl)
naianany CHsKTBI Kajaychl3 TOIITAHBI CY3y/IiH AJCTYPIl 9JiCTepi criam-
xabapiamManap KayIiH TOMEHACTY/IE ©T€ TUIMC13 OOJIBIIN MIBIKTHL. by aKOFaphI
CEHIM/II ANIEKTPOHABIK MOIITA CIaM CY3riuIepiH oian Tady KaKeTTulirine
okeni. JKakplHIa MalIuHATAPbl OKBITY TOCUT CIaM XaTTapblH aHBIKTAy
KOHE CY3y VIIIH COTTI KOJIIAHBULABL. byJl Makamama criam 3JIeKTPOHJIBIK
MoImTajaapblH THIMI JKIKTEY YIIH Ke3ACHCOK OpMaH MallMHACBIH OKBITY
QITOPUTMIH KOJIJAaHy YCHIHBUIAABL. Heri3ri makcar - OoJpKayablH AT
MEH MYMKIHJIKTepi a3 KaJlayChl3 MOILITA CY3riCiH *acay. XaM, CliaM >KoHe
KaparaibIM 3JIEKTPOHIBIK TomTanapabiH 5180 37eKTpOHIBIK MOIITAChIHAH
TyparbiH Enron skaimbira KOJI )KEeTIM/II MOJIIMETTEP KUBIHTHIFbIHAH random
forests anropuT™i apKbUIBI aJbIHFAH XOHE KOIaHBUTFaH 99,92% xikTey
JIOJIJIITI, JKaJFaH MO3UTUBTEPIIH oTe ToMeH Kuimiri (0,01) »xoHe mibHaibI
MMO3UTHUBTEPIH ©Te ofaphl kuimiri 0,999. Bapiblk >KCIIEpUMEHTTED
WEKA nepekrepii MoJiebey ®KoHe MAITUHAJIBIK OKBITY OPTAaChIH/Ia )KY3€ETe
aceIppuIapl. KoMaHBICTAFBl AMEKTPOHIBIK TOIMITA CIIaMIAPBIH CY3Tijiey
O/IiCTEpIHIH KOMIILIIri crmaM >Ki0epymriiepMeH KYHIENIKTI kibepineTin
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KelOip cmamaapabl THIMII eHjel anmaiiabl. Cebebi cmam xibepyurinep
CraM CY3Ticl apKbUIbl aHBIKTAyJdaH J>KalTapyAblH KypHAelipeK oiicTepiH
oiinan TaOyabl >kanmFacTeipabl. CriamepliepliiH jkKaHa TeXHUKaHBI Y3IIKCi3
KOJJIaHYBIMEH 3JIEKTPOHJIBIK MOIMITAHBI CIIAMJIBI CY3y 3€pPTTEYIIIep YIIiH
KBI3y 3epTTey cajlachlHa aifHasibl. byt 3epTTeye 013 AIeKTPOH/IBIK MOIITa
craMJIapblH THIMI JKOHE THIMAl cysruieyre apHanran Random Forests
QITOPUTMIH YCBIHJIBIK. AJITOPUTMHIH THIMJIUIITT MEH THIMJILUTITIH aHBIKTAY
yurin gonaik, TPR, FPR, monnik xone F-emmiemi apkpuiel Enron cram
nepekTep KublHbIHAaFb RFs anropurminin eHiMairirid 6arananel. biz RF
ANEKTPOH/IBIK IOIITa TaianaHy MIBUIAPBIHBIH KIpiC JKOIIITIHAETI CIiaM
xabapiamanapbIiHbIH KOJIEMiH OfaH opi a3ailTy YIIIH IMOIITa CepBepiHe
HEMece MOIITa KIMEHTI >KarblHJa KaObUIJaHYbl MYMKIH MEPCIICKTHUBAIBI
AJITOPUTM €KEHIH aiiTa OTBIPHII KOPBITHIHIBLIANMBI3.

TyiiiH ce31ep: MalIMHAJIBIK OKBITY, ClIaMJIbl CY3Y, KE€3/1€HICOK OpMaHap,
HEHPOHIBIK JKeTiiep, TIpeK BeKTOpIbIK MarmmHamnap, anran baiiec.

Bb.b. Tactemup

AnMaTHUHCKUH TEXHOJIOTMYeCKUil yHuBepcuteT, Anmarsel, Kasaxcran.
E-mail: theka97@gmail.com

METOJ MAIIMHHOI'O OBYYEHUSA RANDOM FORESTS JJIsA
®UIBTPAIIMA HEXKEJATEJIBHOM IOYTHI

AnnHoTanus. Criam no 3J1eKTPOHHOM MOoYTe SABISACTCS OJHOW U3 OCHOB-
HBIX TIPO0OJIeM, C KOTOPBIMHU €KEIHEBHO CTAJKUBAETCS KaXKIbli MOJIb30Ba-
TEeJIb JIEKTPOHHOU MTOUYTHI B MUpe. EskeTHeBHO MOJI30BATEIH AIEKTPOHHOM
MOYTHI MOTYYaIOT COTHU CIIaM-IIMCEM HOBOTO COJCpPKaHUs C aHOHUMHBIX
aJipecoB, KOTOpPbIE aBTOMAaTUYECKHU T'€HEPUPYIOTCS MPOrPAMMHBIMU areH-
Tamu-poOoTamu. TpaaunMoHHBIE METOABI (DUIBTPALIUU CllaMa, TaKHe Kak
WCIIOIb30BaHKUE YEPHBIX U O€INIbIX CIUCKOB (HoMeHbl, [P-anpeca, moutoBsie
azpeca), OKa3alucCh COBEPIICHHO HEI(PPEKTUBHBIMU B CHUKCHHH YTPO3bI
CIaM-coo0IIeHu. ITO MPUBENIO K HEOOXOIUMOCTH U300PETEHHS BHICOKO-
HaJIeKHBIX (PUIBTPOB AIEKTPOHHON MOYTHI AJid cnama. B nocnennee Bpems
MOJIX0/T MAIIIMHHOTO OOYYEHUS YCIICITHO MPUMEHSETCS I OOHAPYKEHUS
u QuiubTpanuu cnam-mrceM. B 3Tol craThe mpeanaraercs UCHOJIb30BaTh
QJITOPUTM MAIIMHHOTO OOyueHus ciydailHoro jneca ansi 3(QexTuBHOI
KJIacCU(UKAIIUU CIaM-COOOIIEHUN JIEKTPOHHOM mo4Thl. OCHOBHAS 1IEJb
— pa3paboraTh criaM-QWIBTP JIEKTPOHHON MOYTHI C OOJIBIIECH TOYHOCTHIO
IpeCcKa3aHusi ¥ MEHbLIUM KolndecTBOM ¢yHKumid. M3 obuienoctynHoro
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Habopa manHbIx Enron, coctosmiero u3 5180 31eKTPOHHBIX MHCEM, Kak
criaMa, Tak ¥ OOBIYHBIX MTUCEM, ObLT U3BJICYEH HAOOP XapaKTePHBIX TPU3HA-
KOB criama (M3 JTUTepaTypbl), KOTOPbIE OBLIH IPUMEHEHBI C TOMOIIIBIO aJIro-
pUTMa CIIy4allHBIX JIECOB C PE3YABTHPYIOMICH TOYHOCTHIO KIACCU(DUKAIINH
99,92%, oueHb HU3KHI JTOKHOMOIOKUTENbHBIN pe3ynbTaT (0,01) u oueHb
BBICOKW MCTUHHO MOJOXKHUTENbHbIA ypoBeHb 0,999. Bce skcriepuMeHThI
IIPOBOASITCS B CPEJIE MOJIETUPOBAHNS MHTEIJIEKTYaJIbHOTO aHAIN3a JaHHBIX
u MamuHHOTO 00y4yeHust WEKA. BOonbIIMHCTBO CYIIECTBYIOIIMX METOIOB
¢bunapTpanuu crama B 3JIEKTPOHHON mouTe Hed(P(GEKTUBHO CHPABISIOTCS C
YaCThIO €XKETHEBHO PACCHIJIAEMOI0 ClIAaMEPAMU CllaMa. DTO CBSI3aHO C TEM,
YTO CIIaMEpHI MPOJIOKAIOT H300peTaTh 0oJiee N30IIPEHHBIE CTI0CO0bI N30e-
XKaTh OOHAPYKEHHSI C TIOMOIIBIO criaM-GuIbTPoB. C MOCTOSHHBIM UCIOJb-
30BaHHEM CIIaMEpPaMU HOBBIX METOAOB (PMIIBTPAIMS AJIEKTPOHHON MOYTHI
OT CrlaMa cTajia ropsueil 00JacThIO MCCIEIOBAHUN I UCCIIEAOBATEIICH.
B sToM uccienoBanuu Mbl npeanoxuian anroputM Random Forests mis
3¢ deKTUBHON U NEHCTBEHHOH (pUIbTpay cama B 3JIEKTPOHHON HoYTe.
Urto6s! onpenenuts 3GHEeKTUBHOCTh U IEWCTBEHHOCTh anroputma, Enron
OLICHUJIA MTPOU3BOAUTENBHOCTH anroputma RFs B Habope naHHBIX O cra-
Me, ucnosb3yst TouHOCTh, TPR, FPR, Tounocts u F-pazmep. B 3akntouenue
MBI cKakeM, uTo RF sBisieTcss MHOTOOOEIIAIOIINM aITOPUTMOM, KOTOPBIH
MO>XHO HMCIIOJIb30BaTh HAa MOYTOBOM CEpPBEPE WJIM HAa CTOPOHE MOYTOBOIO
KJIMEHTA JJIsl JaJIbHEHUIIEro YMEHbIICHHs KOJIMYECTBa CIIaM-COO0IEeHU B
TMarKe BXOASIINX COOOIIEHUH MOIb30BaTeNei JCKTPOHHOM TOYTHI.
KaioueBble ciioBa: MammHHOE O0yuyeHHE, (PUIBTpALS Cllama, CIIydaii-
HbIE Jleca, HEUPOHHbBIE CETH, ONTIOPHBIE BEKTOPHbIE MAallIMHbI, HaUBHBIN baiiec.

B.B. Tastemir

Almaty Technological University, Almaty, Kazakhstan.
E-mail: tbeka97@gmail.com

RANDOM FORESTS MACHINE LEARNING TECHNIQUE FOR
EMAIL SPAM FILTERING

Abstract. Email spam is one of the major problems that every email
user in the world faces on a daily basis. Every day, email users receive
hundreds of spam emails with new content from anonymous addresses
that are automatically generated by robotic software agents. Traditional
spam filtering methods such as blacklisting and whitelisting (domains, IP
addresses, email addresses) have proven to be completely ineffective in
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reducing the threat of spam messages. This necessitated the invention of
highly reliable spam email filters. Recently, a machine learning approach
has been successfully applied to detect and filter spam emails. This article
proposes to use a random forest machine learning algorithm to effectively
classify spam emails. The main goal is to develop an email spam filter with
more predictive accuracy and fewer features. From Enron’s public dataset of
5180 emails, both spam and regular, a spam feature set (from the literature)
was extracted and applied using a random forest algorithm with a resulting
classification accuracy of 99.92%, very poor. a false positive (0.01) and
a very high true positive of 0.999. All experiments are carried out in the
WEKA data mining and machine learning simulation environment. Most
existing email spam filtering methods do not effectively handle some of the
daily spam sent by spammers. This is because spammers have continued
to invent more sophisticated ways to avoid detection through spam filters.
With the constant use of new techniques by spammers, spam filtering of
e-mail has become a hot field of research for researchers. In this study, we
proposed a Random Forests algorithm for efficient and effective filtering of
email spam. To determine the efficiency and effectiveness of the algorithm,
Enron evaluated the performance of the RFs algorithm in the spam data set
using accuracy, TPR, FPR, accuracy, and F-size. We conclude by saying
that RF is a promising algorithm that can be adopted on the mail server or
on the mail client side to further reduce the amount of spam messages in the
inbox of e-mail users.

Key words: machine learning, spam filtering, random forests, neural
networks, reference vector machines, Naive Bayes.

Kipicme. JXXakpinma cnam jen aTtajaTblH CYPaHBICCHI3 KOMMEPIUSIIBIK
JKarrmai >IEKTPOHABIK MOIITANap HHTEPHETTE YJKEH mpoliemara aii-
HaJIJbl. AJasKTBIK XaTTap/bl KiOEpeTiH criamep opTypJ BeO-calTTap/bl,
BUpYCTapbl KoHE 3USHABI OaraapiamMaiap/bl MaijanaHbll JEKTPOHIBIK
[IOILITa MEKEHXalIapblH xKUHaAbl. ClaM MHTEpHET NaiijajaHyblIapbiHa
CaKTay CBhIMBIMJIBUIBIFBIH YKOHE JKEIIHIH ©TKI3y KaOUICTTLIIrH apTThIpyFa
kenepri kentipeai. Kommbroteprik jkeniyiepae craMm-xadapiaMaliapiabiH
YJIKEH KOeJIeMiHIH OOJybl AJIEKTPOHBIK TOIITAa CEPBEPIHIH KaIbIH, OTKIZY
KaOUIEeTTINITIH, TPOIECCOPAbl OHJACY >KbULAAMIIBIFBIH KOHE MaijanaHy-
bl YaKbITBIH THIMJI Tainananyra 3usH kentipeni (Fonseca xone T.0.,
2016). Ecentep cnam-xabapiamanap IyHHE JKY31HAET1 DIICKTPOHJBIK
nomrta TpaduriHin 77%-maH  acTaMmblHA Kayan O€peTiHIH KepceTTi
(Kacniepckuit, 2017). Cnam ameKkTpoHIbIK niomTanap 419 narepuer-xadap-
JaMaHbIH JKOHE OeWTaHbIC agamaapiAbl MalJalaHyIlbl aThl MEH KYIUs
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ce3, bank pacray Hemipi (BVN) xoHe Hecue CHSIKTHI KYIHS aKaparThl
IIBIFapyFa TapTy MaKCaThIHIA AJICKTPOHABIK XaTTapisl KiOepydiH Oacka
QNAgKTBIK TOXKIpuOeciHiH KypOaHbl OONFaH NaijajaHylIbUIap YIIiH
eTe TITIPKEHAIPrill >KOHE >KaFbIMChI3. KapTa HeMipiepi. Onebuerrepae
AIIEKTPOHABIK TOIITAHBI CHaM CY3TUICYAIH OpTYpJl TOCLIAEpIH YChIHFaH
OipHeIIe )KYMBIC JKapHsUIaHAbl. DJIIEKTPOHIBIK XaTTap bl CIIaM HEMece CriamM
eMec JIeN KIKTey YIIIH COTTI KOJJIaHBUIIbL. ByJl ojicTepre BIKTUMAIBIK,
IICIIIM aFalibl, XacaHAbl MUMMYHIBIK >kyie (baxrar »xone Oackamnap,
2016), Tipex BekTopaslK MamuHackl (SVM) (Bougila sxone Amayri, 2009),
xacanpl HeHpoHABIK xenuiep (ANN) (Cao xone 6ackanap, 2004) xoHe
xkarnaiira Heriznenren ofic (Fdez-Riverola, 2007).

DNeKTpOHIBIK XaTTapAarbl Oenrin Oip MyMKiHAIKTepal (9erTe cram
ANIEKTPOH/IBIK TOIITATIAPBIHIA KHi KOJJIAHBUIATBIH KUIT CO3JEp) AHBIKTAY
MYMKIHIITT 0ap Ma3MyHFa HETI3[CNTeH CYy3y OMIICIH KOJJAaHY apKbLIbI
CrIaM XarTap/el Cy3y YIIiH OChl MalllMHAIAa OKBITY OJICTEePIH MaiiianaHyra
OonaThIHBI KOPCETLII. DISKTPOHIBIK XaTTapaa Oyl MyMKIHIIKTEp/IiH naiina
00y SKHLTIN IIEKTI MOHMEH OJIIIIEHTeH Ke3[€ OSJIEKTPOHABIK IMOIITAHBIH
CIIaM PEeTiHJIE JKIKTENTy BIKTHMAJIIBIFBIH aHbIKTa L. [1IexTi MOHHEH acaThiH
ANIEKTPOHIBIK ToIITa Xabapiapsl criaMm perinzae xikreneni (Mason, 2003).

Marepunangap MeH daicTep. DJIEKTPOHJBIK IOLITaHbl CHAMABI CY3y
OMiCTEpiHIH KOMNMIUIr MOTIHAI caHaTTay TOCUIAEpiH maiiaanaHaibl.
JleMek, cmam Cy3rijiepi Hamap XYMBIC ICTCHal JKOHE CIaM XaTTapiblH
naiiananymsUIapAbH Kipic JKOIIIriHe TyCyiHe THIMII o oepmerii. by
KYMBIC 3JICKTPOHABIK MOINTaJIapJaH MaHBI3Abl MYMKIHAIKTEPl IMIbIFapy
YKOHE DIICKTPOHJIBIK XaTTap bl BETUNHA, CIIaM HEMECE KaJIBINTHI JIET JKIKTeY
yurin Kespeiicok opmannmap (RF) anroputmin maiganaHy epekenepiH
naiaananaasl. Enron criam fepekrep sKHHAFbI 3TaJIOHIBIK JICPEKTEP )KUHAFBI
petinae naiinananeiiapl. Random Forests MammHanmbIK OKBITY alrOpUTMI
WEKAkemerimen mopensaeni (Wang,2005). WEKA-na nepekrepi anabix
aya eHJEY, JKIKTEY, pEerpeccHs, KIacTepiey KOHE acCOIHalUs epexenepi
VIIH Taijgananyra OoOJaTblH MAaIIMHAIBIK OKBITY alTOPUTMICPiHIH
KUBIHTHIFBI 0ap. WEKA sxylieciHjie eHTi31IreH MalInHAIBIK OKBITY 9IiCTepl
OpTYpJIi HaKThI QJIEMJETI Moceyenepai menryre kemekreceni. Kypammap
YKUHAFBI 3ePTTEYIIIEP MEH d31pJICyIIEPTe MAIIMHAIIBIK OKBITYIBIH OpTY Pl
aNTOpUTMIEPIMEH TOXKIpHOEe JKacay, OJIapJIbIH YJITUIepiH KYpy kKoHE Oaramay
YIIIiH KaKChl aHBIKTAJIFaH KYPBUIBIM/IBI YCHIHABI. Bapiblk SKCIEpUMEHTTED
AMD A 10-7300 Radeon R6, 10 ecentey snpocst 4C+6G, 1,90 I'T, 8,00
I'b xenen >xaapl Oap MamuHaIA KYPTi31LIdl.

Random Forest. Random Forests (RFs) ancamOmbai OKBITYIBIH
KJIACCHKAJIBIK MBICAJIbl JKOHE JIEPeKTep/i KIKTey MOCENeNepiH IIenryre
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xapamibl perpeccus ofici. Breiman and Cutler (2007) RFs anroputmin
YCBHIHBL. AJITOPUTM IIEIIIM aFallTapbIHBIH KOMETIMEH JIEPEKTEePIl opPTYPI
Kjaccrapra kikrenai. JKaTTelFy Ke3eHiHne KeWOip MiemrM aramrapsl
JKacasapl )KOHE KeHIHIpeK JKIKTey TarchblpMasaphbl YIIiH Haii1aJaHbUIabl.
Byn skeke aramrapiblH CailllaHFaH CHIHBIOBIH €CKEPE OTBIPBIN JKYMbBIC
ICTEH/Il JKOHE €H KON JaybIC >KMHAFaH CHIHBIII COHFBl HOTHMKE PETIHIE
KapacTeipbuianel. RF anroputmi kpipgap OOWBI ©Te€ TaHBIMA OOJIBI
KOHE OJI aJlaM SPEKETIHIH 9PTYpJl cajalapblHAAFbl YKcac Macesenepl
memy yiin kongansiaasl (Fette et al., 2007), (Koprinska, et al., 2007)
xone (Whittaker et al.,, 2010).). Kesnelicok opmanmapabiH OipHele
apTHIKIIBUTBIFBI 0ap, MBICAJIBL: )KIKTEY KaTECiHIH a3alobl )KoHE Keibip 6acka
MaIIMHAIBIK OKBITY OMICTEpIMEH CallbICTBIpFaHa JKaKchl f-Oamnmapsl.
OHBIH YCTiHE, OHBIH OHIMILTIT 91eTTe SVMS CHAKTHI )KaKChl HEMECE OJ1aH
na xorapbl. O MOHJEP1 )KOK TEHIepiMCI3 JepPEeKTep JKUBIHIAAPBIH THIM/II
eHzel anazpl. O KETICIEHTIH AepeKTepAiH OOHKAIIBI MOHIH €CeNTeyIiH
KOHE JIEpEKTepAiH eyeyii Oemiri )KeTICIeUTiH KaFaainapaa IepeKTepain
TONJIITIH caKTayAblH THIM1I aaroputmi peTinae kKpi3meT eredi. RF ymin
OKY YakbITHI 971eTTe SVM KoHEe HEHPOH/IBIK JKEITIJIEPMEH CaJIBICThIPFaH/1a
KbicKa (Oipak Oyi kxeke eHrizyre OaimanpicThl). RF momuiri OolibrHIma
KOJIJIaHBICTaFbl MAIMHAJIBIK OKBITY AaJITOPUTMACPIHIH KONIIIIriHeH
)akchlpak. OHBIH YJIKEH ACPEeKKOpiapJarbl OHIMAUII eTe kakchl. O
JKY3IET€H MBIH Kipic alfHBIMaJIBIIAPBIH THIMII oHAeH anaasl. RF opmansl
OHJICYy Ke3iHJe YKBIMJBIK KAaTeHIH ImKi OediTapam OOKamblH Kacaibl.
Oun OeliTaparn jaepeKTep >KUbIHBI Oap MOMyNsALUs KIACBIHIAFBI KaTelepil
KEHIIACTETIH Tociual yceiHaabsl. RF TanOamanOaraH aepekTepii THIMII
OHJIey MYMKIHIT1 Oap, Oy TaHOanaHOaraH epeKTep/Il KJIacTepieyiH oTe
Komaiel ofici. Ke3aeicok opMaHmap Kypaeii emMec KoHe o1 Oakbuiayinap
CaHBIMEH CaJIBICTBIPFAH/AA a3bIpaK mapaMerpiepal mnaiimanananael. RF
naijanaHynbpiFa MyMKIH/IITTHIIIE KO aFallTapabl )KOFaphl K bLIIaMIBIKIICH
ecipyre MyMKiHIiK Oepeni. RF opManmarel jkeke aramrapiblH >KaHBIH]IA
KipiC BEKTOPBIH KOCY AapKbUIBI KipiC BEKTOpPBIHAH JKaHA JepeKTepIi
KiKTeini. OpOip aram e3iHiH KiIaccu()UKALUACHIH OPBIHAANIBI, O 9JETTe
COJI CHIHBIN YIIIIH aFall «JayblcTapbl» peTinae oenruii. OpmaH opMaHAaFbl
KAJITTBI €H KOl JIaybIC )KWHAFaH CHIHBINTHI TAHAANHIbl. AFaIITap/Ibl ©CIpyIiH
KaJlaMJIapbl TOMCHJIC CUTIATTaJIFaH:

1. N Gap nepexrepaeH aybIcThipyra OonarelH N TaHanapiabl Ke3aei-
COK TYpJ€ KOpPCETETiH OKYy JaHallapbIHBIH CaHbI Jeiik. MyHnail Mbical-
Jap aramiThl ©cipyre apHaJlFaH XATTBIFYJIap JKUBIHTBIFBI PETiHIC Maiia-
JAHBUIAIBL.

2. P xipic aifHpiManbuIapsl 6ap genik, p<<P caHbl coiikec KeleTiH apOip
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TYHWiH ymiH P aliHpIManbuiapbl P inmiHeH Ke3naelcoK TaHJalaThlH KOHE P
HYKTECIHIET1 €H KaKChl OOTIK TYHiH/I1 06Ty YIIIH MalijaiaHblIa b1, OChUTaNIIa
p el 0omapl. OpMaH ecipyiH OapIIbIK Ke3EHIHAE TYPAKThI KYH/IBUIBIK.

3. Aramrapbl Kecyre ThIHBIM CalIbIHAJIbl, OUTKEH1 opOip aramr MyMKiH
0OJIaTBIH €H YJIKEH JICHIeHTe IeiH ecipiiei.

AFammn Karemik JeHreii a3z 0osica, KymTi KiaccudukaTop Jemn aTajiaibl.
OHBIH YCTiHE OpMaHAarbl opOip aralITBIH MIOFBIPIAHYBI apTKaH CalbIH
OPMaHHBIH KaTeNiK JCHreil TeMEHIEHal. p MOHIH a3alTy OpMaHHbBIH
KAThIHACBIH JKOHE KYIIIH ©3apa TOMEHJETe i, al P MOHIH apTThIPY 9JIETTe
oTe KeH OOJIbIN TAaOBUIATBIH P-TIH €H JKAKChl IICKapachIHBIH aiiMarbIH]Ia
na apraapl. p MoHIH KammbikTaH Thic (OOB) Kareci apKpUIbl ecenreyre
Oomangpl (COHBIMEH Karap KanTaH Thic Oaranay peTiHae Oenrisi) mex
immiHAeri p MoHiH Jepey TalOyra 6omanbl. byn ke3neiicok opmMaHaap OHbIH
1o OanranmyblHa a3zar ce3iMTan 00IaThliH KaJIFbI3 CAaHIBIK (HaKTOpP.

Temenzeri anropuT™M OpMaH aramTapblH jKacay YIIIH KaKETTi KaJam-
Jap/bl KbICKAIIA CUTIATTA/IbI.

RF anroputmin icke Kocy

Kipic: X: Ty#innep canbl

N: GyHKIUSIIAp CaHBI

Y: eceTiH aramTap caHbl

errpic: G: eH Ko JaybIC )KMHAFaH KIIAcc

While Tokrary kpurtepuiinepi aypeic emec do:

XKarteiry nepexrepineH Y Ke3A€WCOK TYpe ©3MiriHeH OacrajaTbiH S
YJITICiH TaHJIaHBI3

Temenmeri Kamamaapabl KOJJaHa OTBIPHIN, TaHAAJIFaH ©3/IrHEH
OactanaTeiH S yariciHeH Ri aramibiH KacaHbI3:

(1) N imiHeH Ke31eHCOK N MYMKIHIIKTI TaHAaHbI3; MYHIAFbl N<<N

(2) n MymMKiHAIKTep apachIHAaFbl d TYHiHI YIIIH €H XKaKChl 0671y HYKTeCiH
€CEIITEHI3

(3) Heri3ri Tyitinai oHTaiibl 061y apKbLIbl €K1 ypraK TyHiHiHEe 0611HI3

(4) Ty#iamepain MakCUMaIIbl CaHbl (X) KacairaHima -3-kKamamumapibl
opbiHIaHb3 Y peT 1-4 Kamamaapab! KalTanay apKbUTbl OpPMAaHBIHBI3/IbI KACAHbBI3

EndWhile

OpOip kacaaFaH araimtap yirH eHiMm mmbiFapy {Rt}1Y

TyOGip Tyiininen Oacram opOip KacajiraH aramiTap YIIiH jKaHa YITiHI
naiananblHeI3 YITiHI JKamblpaK TYHIHIHE COWKEC KENeTIH CBIHBIIKA
TaralbIH/IaHbI3.

OpOip aramIThH JaybICTAPBIH HEMECE HOTHKEIIEPIH OIpIKTIPIHI3

EH kem naybic ®UHaFaH CHIHBINTHI MIBIFAPBIHBI3 (G).

End RF anropurmi
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JKCHEePUMEHT YIIIH KOJJAAHBLIATBIH MJJIMeTTep KHUBIHTBIFbI.
Enron cram nepekrep >KWHAFbBI O1371H TOXKIPpUOEMI3 YIIIH MMai aIaHblIIIbI
(Kompuncka, xone T.6., 2007). Byn 3eprreyne Enron koprnopanusichbiHbIH
Enron cmam pepekrep >KMHArbl MaigaaHbUIAbl. YII KalaTaaa JAepeKTep
*KUHaFbl peTiHae 5180 aneKTpoHABIK MolITa 0ap: KajbIlIThl YIIiH HOPMA,
craM eMec YUIIH BeTYMHA JKOHE CIlaM AJIEKTPOHJBIK MOINTa YIIiH CHaMm.
Enron-na 5180 nana, 3672 Betunna, 8 HopMa xxoHe 1500 ciaM 31eKTPOHABIK
nomTachkl 6ap. Jlepexrep KuHAFBIHBIH MYMKIHIIKTEP1 Keneciaei:

1. DIeKTpOHIBIK XaTTapaa Oenrini Oip ce3 Hemece TaHOa KalTallaHbBIT
OTBIP/IBL.

il. OpbiHaay y3akTbiFbl arpuOyTTapbl (55-57) noiiexkti Gac opinTep
Ti30€TiHIH Y3bIHIBIFbIH OJIIICH/I.

Jepexrtepai Kansimka Kearipy Ilpoueci. bizninskcnepumentrepimizae
naiianaHbuIFal O6acTankel gepekrep kuHarbl 5180 moTiHmik (aitnman
Typaasl. by daitngapaars! gepextep Kanbinka kenripiimere. byn WEKA-
Fa Kipic peTiH/ie KbI3MET €Ty YIIiH OJIap/bl KAJbIIKA KeNTIpY KepeK JAeTeH/ I
oinaipeni. OkpiTy yurin WEKA-ra 6epmec OypbiH, 6apibIK gepexTepai Oip
.arff ¢paiineiHa Typrennipy kaxet. byran kox sxetkizy ymuiin WEKA nmopmen
YKOJIBI HHTEPENCIHIE KeJIeCl TOPMEH/I1 KOITaHAMBI3.

“java weka.core.converters. TextDirectoryLoader -dir D:/Enron > D:/
Spam_mails.arft”

Kanpinka kenTipy nporecineH KeiiH KaabIlKa KeATIPIATeH (Gaiia anabiH
ana enney ymin WEKA-ra 6epini.

Bearinepai amy. AnnbiH ana eHIEy Ke3eHIHEH KeWiH MYMKIHIIKTI
HIbIFapy Keneai. MyMKIHIIKTEp/l LIBIFapy - OKY JKMHAFbIHJA Ke3/1eCeTiH
TePMUHIEPAIH ITK1 )KUBIHBIH TAHJIAY )KOHE MOTIH/II XKIKTEY/Ie MYMKIHIIKTEP
peTiHlie TeK OCHI KUBIHBI Maiiganany mpoieci. byran keilip epexenep
KUBIHTBIFBIH KOJIJIAHY apKBUIBI KOJ KETKi31Ieai. MyMKIHIIKTep/Ii MbIFapy
THIMJII CO3MIKTIH KOJEMIH a3aliTy apKbLIbl KIKTEYIIITI OKBITYABI >KOHE
KoJgaHyael TUiMaipek etenmi. CoHmal-ak oleTTe NIy MYMKIHIIKTEpiH
KOK apKbUIbl KIKTE€Yy MANIIrIH apTThipaabl. Coamabl Cy3ruiey YIOiH
naiijananrad KeWOip MaHbBI3Ibl SJIEKTPOHIBIK IMOIITAa MYMKIHIIKTEpiHEe
MBbIHQJIAp JKaTaipl: Xa0apJblH HEri3ri Ma3MYHBI JKOHE TaKbIPHIOBI,
XabapasiH kenemi, Ce3aepain naiaa 6oy canbl, Xabapaarsl MaFbIHAJIBIK
COMKECCI3MIIK YATUIEPIHIH CaHbl, AJYIIBIHBIH Kackl, JKbIHBICHI MEH €Ili,
AnymislHBIH Kayarn Oepreni, Epecekrepre apHanran Ma3MyH, Xabapiama
Ma3MYHBIHJIaFbI cO3/1ep Kammibirbl, JlomeH araysl, [P Mekenskaiibl, Herisri
OemiMmzie kebipek Ooc xommap.

HoTuxenep koHe Tajakbliay. byn GeniMae opblHAANFaH TXKIpU-
OenepiiH HoTHXKenepl OepisireH. Jlepekrep )KUbIHBIH JKIKTEY *KoHe Oarajay
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yurin «Ke3nelicok opMaH» anropuT™Mi KoiagaHbUIabl, 0i3 10 ecemnik Kpocc-
BaJIMJIAIUST CHIHAFBI KOJIIAHBUIIBI, OYJI MOJEIBIl OKBITY YIIiH OacTarKbl
KUBIHTBIKTBI OKY YJriciHe OeneTiH OoipKaMIbsl MoJenbAepAl Oaranayna
KOJIJIaHBUIAThIH TOCL KoHE OHBI Oaranay. bipiHIIiAeH, AepeKTep KUbIHBIH
OKBITY 9pOipxabapiamMaTaKeIphIObIH TAAAY, KT CO3AEPAI)KOHEe aK Ti31M/Kapa
Ti31M/I1 TEKCEpY apKbUIbI aJIbIHFAH MYMKIH/IIK BEKTOPJIapbIMEH OPbIHIAII/IbI.
OKBITBUIFAH YATUIEPAIH OHIMJIIIT OHBIH XKIKTeTy A97Airi yuin 10 ecemik
aifiKacriaJibl BAJIMJAIMsI apKbUIbI OaranaHapbl. JKIKTey JoIIIT 3JeKTPOHIBIK
MOIITaHBIH CTIaM KJIaCCU(PUKAIMSICHIHBIH OHIMIUTIK KOPCETKIIITEPiHiH Oipi
0ombin TabbuIabl. O ChIHAK JCPEKTEP KUHAFBIHJIAFBI AYPBIC KIKTEJITeH
JaHaIapbIH CAaHbl MCH ChIHAK JKaF1aiJIapbIHbIH YKaJIITbl CAHBIHBIH KATHIHACHI
petinae enmeneni. CnaMsl Cy3riieyae kajlFaH HeraTUBTep KehOip crnam
XaTTapJblH CIIaM eMecC JICT KaTe JKIKTeIreHIH )KOHE Mai1ajJaHyIIbIHBIH Kipic
KOIIIIriHe KipyiHe pyKcar eTUIreHiH Oinaipesni. XKanran mo3UTHB cliaM eMec
AJIEKTPOHIBIK MOIITANAPABIH KaTe CllaM PETiHJe JKIKTEJITCHIH JKOHE CIlaM
KaJITaChblHA JKbUDKBITBUIFAHBIH HEMECE JKOMBLIFaHbIH Ounipeni. KenrTeren
naijlanaHynbpuiap YIIiH JKapambl 3JICKTPOHMBIK MOIMITAJIapIbl Kare
TYpJe CliaM peTiHAe KIKTEY OJIapAbIH Kipic >KQLIITIHAET] cliaM XaTTap/bl
ayyaH eTe KpiMOar 00iybl MyMKiH. JKajFaH OH KOPCETKIIl 3JICKTPOHIBIK
TMOIIITA CIaM CY3TICIHIH TUIMIUIITIH Oarajayaa KOJIIaHbUIAThIH OHIMIUTIK
KepceTKimTepiHiy Oipi O6omibin Tadbbmaabl. Temenaeri 1-cyperte WEKA
MOJICJIBJICY OPTACHIH/IaFbl HOTHXKCHIH CKPUHIIIOTHI KOPCETLITCH.

s s oautpat

Classifier Model
Banadomrors st

BAFHANG WITH 100 LLEVACALRS And DESS LEATNER
weka.olassifiers. crees. RandonTree ~K O M 1.0 =¥ 0,001 -3 -3118349830 -do-not-ohneok-capabilities
Time taken To Duild model: 45,3 seconds
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Cyper-1 - Enron cnam a5eKTpOHABIK ITOIITACHIHBIH AEPEKTEp KUBbIHBI YiIiH Random
Forests iKkTey IIBIFBICHIHBIH CKPHHIIOTHI
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Tuimainik. byn OGenimzae 613 6apibplK MalIMHAIBIK OKBITY KIACCH-
(dbuKaTopiIapblHBIH TUIMIIIITIH YATIHI JKacayFa KETETIH YakbIT, AYpPbIC
KIKTEJITeH JaHanap, KaTe KIKTeJIreH JaHanap >KoHe KIKTey TOJIIri TYPFbI-
ChIHaH OaranaiiMbI3. HoTmxkenep 1-kectene KopCceTireH.

I-kecte - RFS anropuTMmiHiH )KYMBICHIH Oaranay

baranay kpurepuitiepi

Monenbi (MoIebaep/i) JkacayFa KyMCaJIFaH yakbIT 17,75
JIyphIC )KIKTENTeH TaHayiap 5176
Kare xikrenren nananap 4
Jonnix (%) 99,92

bi3 KapacThIphIN JKaTKaH MAIIMHAJIBIK OKBITY aJITOPUTMIEPiIHIH OHIM-
JUTITIH O/ KOHE kKaKChIpak Oaranay YIIiH OyJ1 dKYMBICTA MOZAENbCY Ka-
Teci ae eckepineni. byn anroputMmaepnaiH THIMALUIIT Keleci TepMUHIED
apkbuUIbl Oaranananel: Kappa cratuctukacel (KS), Opraia aOcomoTTi Kate
(MAE), Oprama tyOGipaik kare (RMSE), CanbicTbipManbsl aOCONIOTTI KaTe
(RAE), TyGip cansicteipmaisl kBaaparThlk Kate (RRSE). KS, MAE »xone
RMSE cannsik monnepnae. RAE sxone RRSE naiibi36en 6epinren. Hotmxke-
nep 2-KecTee KOPCEeTUITeH.

Kecre 2 - RFS anroputMaepin OKbITY %KoHE MOJENbIEY KaTreci

baranay kpurepuitsiepi RFS
Karma cratuctukacs (KS) 0,9981
Oprama adcomorTi Kare (MAE) 0,0296
Oprama kBagparTsK Kate (RMSE) 0,06
CanpicThipMabl abcomoTTik Karemik (RAE) % 10.7404
KBanparTsig opramia kBaaparTeIK adcomotTi Kareci (RRAE) % 16.1506

Tuimainik. bomkamabsik Moaenb/Ii xkacaranHaH keiiid RFs anroputminig

THUIMJILTIT] TOMEHIET1 3-KecTe/ie KopCceTUIreHiel OaranaH/bl.

Kecre 3 - TPR, FTR, monnik sxone F-Score nerizinneri RFS anropurm-

JepiHiH )KYMBICBIH Oarajay

Texuuka |TPR FPR Jonmiri F-ecebi Kraccer
RFS 0.999 0.001 1.000 0.998 Xam
1.000 0.000 1.000 1.000 Kapanaiibim
0.999 0.001 0.998 0.998 Cram

l-xecreneH OHBIH MojaemiH Kypy ymiH RF mamamen 17,75
cekyHa KaxeT Oomabl. RFs 99,92% xikrtey monairine me. Connai-axk
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HoTwkenepaeH RF ete »korapbel IyphIC KIKTEJTEH JaHallap jKOHE KaTe
JKIKTEJITEH JaHajlapJiblH ©Te a3 caHbl OOUMBIHINIA TaMallla OPbIHIaFaHbI
aHbIK. 2-KecTele OelHEeNIeHIeH OKBITY oHe Mojenbaey kareci RF
TaMaiia kiaccudukanus HoTuxkeciH (0,9992%) xoHe eTe TOMEH KaTelik
kepcetkimriH (0,0296) 6eprenin kepcerei. Mojenb xacalFaHHaH KeHiH
KeJieci KaJjaM KapacThIPbUIAThIH alTOPUTMACPAIH THIMILIITIH aHBIKTAY
VIIiH aJiblHFaH HOTHXKEJIepAl Tangay OoJbIll TaObuiafbl. 3-KecTele
RF-upIH BeTunmHa, HOpMma >koHe cram kiactapel ymiH TPR, FTR,
Precision xone F-Score TepMunaepiHie oTe )KaKChl HOTHKE Oap €KeHi
kepceTiiredH. TemeHae 4-kecTtene KiraccuukaTopiaapablH OHIMIUTITIH
OaranayJbIH TpaKTUKAIBIK 9/1iCiH KamTamachI3 eTeTiH RF anroputminig
IAaTaCThIPY MaTpUIAJIapbl OEPiAreH, KECTEHIH 9pOip KOl CHIHBIITHIH
HaKThI )KbUIAaMIBIFBIH O1IIIpe i, ajl 9pOip OaraH O0JKaMIbl KOPCETE/II.

Kecte 4 - RF anroputwmi yiiIiH 1atacTelpy MaTpuaChl

Xam Kapanaiibim Cnam Class

RFs 3669 0 3 Xam
0 8 0 Kapamnaiteim

1 0 1499 Crnam

XKorapeinaret 4-kectenen RF 3672 nanansin 3669 nanachiH (IIBIHBIHIA
BeTurHa 00JbII TAOBLIATEIH 3669 BeTUMHA NAHACHI JKOHE IIBIH MOHIHJE
criaM OOJIBITI TaOBUTATHIH | crlam JgaHackl) J)KOHE KaTe OobKaHFaH 3 JaHaHbI
(cmam perinze OOMKaHFaH BETYMHA KJIACBIHBIH 3 JaHACHI) AN OOMKANIbI.
bi3aig sxcriepuMeHTTepiMi3ieH OHbBIH XKikTeny ganmairia, TPR, FPR, nonaik
xoHe F-OaranbUiblFbIH eckepe OThIpbIN, RF THIMIIMIK MeH THUIMIUTIK
TYpPFBICBIHAH Tamallla OpbIHAaraHbl aHblK. On conpaii-ak 1500 maHaHbIH
1499 nanaceiH (IIBIHBIMEH criam Ooubinm TaObuTaThiH 1499 cmam maHackl
JKOHE IIBIH MOHIHJE criaM OOJIbIl TaObLIAThIH | BETYMHA JaHACHI) JKOHE
Kare OoJpKaHFaH 3 TaHACKHIH (BETYMHA PETiHAe OOKAaHFAH CTIaM KIIAChIHBIH
3 naHacel) qypbic O0IKaIbIL.
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WEBSITE FOR THE LATIN SCRIPT OF THE KAZAKH
LANGUAGE

Abstract. The state language of the Republic of Kazakhstan is the
Kazakh language, and the written form is the Kazakh alphabet based on
Cyrillic script. Recently, by the decision of the Kazakhstan government
Kazakh alphabet starts to move from Cyrillic script to Latin script. To the
best of our knowledge, Kazakh language courses are available on a few
websites, but there is no website that teaches the Latin script of the Kazakh
language. In this article, by using HTML, CSS, and JavaScript, we will
develop an effective and convenient website for people of all ages, which
will explain the rules of the Latin script of the Kazakh language, and teach
them to read and write Latin script. We will demonstrate the effectiveness
of the aforementioned programs while preparing the website. Moreover,
we will create a converter that converts words or text from Cyrillic script to
Latin script. Also, we depict its design and illustrate program coding. In the
end, we will describe the activation of the website.

Key words: Kazakh language, Latin script, Cyrillic script, website,
JavaScript, HTML, CSS.
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KA3AK TLJITHIH, JIATBIH TPAOUKACBIHA
APHAJIFAH BEB-CAUT

Annoranus. Kazakcran PecmyOnukacbIHBIH MEMJIEKETTIK Till — Ka3ak
T, ai ’ka30a Typi — KUPWILT TpaduKacklHa HETI3/IeNITeH Ka3aK an(aBHTi.
XKakprama Kazakcran ykiMETIHIH MIemIiMiMeH Ka3zak andaBUTI KUPHUILI
rpauKachIHaH JIAThIH I'paduKachiHa aybICYbIH OacTabl. bi3niH Oimyimisiie,
Ka3ak TuIl Kypcrapel OipHerne BeO-caifTrapna Oap, Oipak Kaszak TiTiHIH
JaThlH Tpa(UKaChIH OKBITAThIH Oipae-0ip BeO-callT koK. byn makamana
HTML, CSS »xone JavaScript GarmapiamanapblH KoJJaHy apKbUIbl 013
OapiblK JKacTarel aJaMjap YUIiH Ka3aK TUTIHIH JaThlH TpadHUKachIHBIH
epexenepiH TYCIHIIPETiH, OKyFa >KOHE jKazyFa YHpeTeTiH THIMIi, api
BIHFailNIbl BeO-CallTThl yChIHaMbI3. Beb-callTThl Kypyaa 0i3 »Korapslna
aranFaH OafrjapiiaManapiblH KOJJIAHBICBIHBIH THIMIUITIH KepceTeMis.
ConbIMEeH Karap, Ce3lli HeMece MOTIHAI KUPHUT IpaduKachblHAaH JIAThIH
rpauKacblHa aJMacThIpAaTbIH KOHBEPTEp >kacaliMbI3. Opi BeO-CaWTThIH
Iu3aiiHbIH OeiiHeneiMi3 oHe OaraapiiaMa KoATapbiH jka3ambl3. COHBIHIA
Be0-CalTTBIH OEJICEHIPITY1H CUITaTTalMBbI3.

Tyiiin ce3nep: Kasak Tifi, naTeiH rpadukacel, KUpUILI rpaduKacel, BeO-
caiT, JavaScript, HTML, CSS.
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BEB-CAUT JJIATUHCKOM I'PA®UKHN KA3BAXCKOTI'O SI3bIKA

AnHoraumsa. locynmapcrBennsiii 3k PecnyOnmku Kazaxcran —
Ka3aXCKUHl s3bIK, MUCbMEHHas (opMa — Ka3axXxCKuil andaBUT Ha OCHOBE
KUpWUIHLBL. B mocneanee Bpems pemieHneM npaButenbcTBa Kasaxcrana
Ka3axCKuil andaBUT HAuMHACT MEPEXOJUTh C KUPWUJUIMIBI HA JIATUHUILLY.
Hackonbko HaM M3BECTHO, KypChl Ka3aXCKOIO sI3bIKa JOCTYIMHBI Ha
HECKOJIbKUX BeO-caiiTax, HO HET HU OJTHOTO BeO-caiiTa, Ha KOTOPOM MOXKHO
CaMOCTOATEJIbHO OOYyYMTCSI JTATUHCKOMY TIpadHKy Ka3axCKoro si3pika. B
sToi crathe MBI ¢ momoiisto HTML, CSS u JavaScript pa3paboraem
3¢ (deKTUBHBIN U YI0OHBIN BeO-CalT [uIsl JIto/iel 1r060r0 BO3pacTa, KOTOPbIH
OOBSCHUT MpaBuia andaBUTa JATUHCKOM TIpaduKu Ka3axCKOro s3bIKa,
a Tak)Ke HAy4YUT YUTaThb M MHCATh WCIIOJIb3Ys JaTUHCKHE rpaduku. Mbl
IPOIEMOHCTPUPYEM 3(P(PEKTUBHOCTD BBIILIEYTIOMSHYTBIX MPOrpaMM IpU
noAroToBke BeO-caiita. Kpome Toro, Mbl co3naauM KOHBEPTEP, KOTOPBIN
KOHBEPTUPYET CJIOBO WM TEKCT C KHPWUIMLBI Ha JaTUHULYY. Takxke
MBI M300pa3uM Au3aiiH BeO-caiiTa M MPOWUIIOCTPUPYEM KOIHUPOBAHUE
IporpaMMbl. 3aTeM ONUILEM aKTHUBAIMIO BeO-caiiTa.

KuoueBble cioBa: Kazaxckuii sS3bIK, JaTHHUIA, KHPULUINIIA, BEO-CANT,
JavaScript, HTML, CSS.

Introduction. A language is a communication tool, which functions
in society in two different forms: oral and written. The Kazakh language
belongs to the Turkic language family (Alkim, et al., 2019). In general, the
Kazakh language script consists of 5 stages: ancient Turkic script, Arabic
script, direct writing, Latin script, Cyrillic script (Pascal, 2020; Ledic, et al.,
2019). At first ancient Turkic script was used; evidence of this is Balasagun’s
work “Kutadgu Bilik”. Later, with the adoption of Islam, the Arabic script
was used. From 1913 Kazakh alphabet switched to direct writing and from
1929 to the Latin script. Ten years later, it changed to Cyrillic, and till now,
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Cyrillic script is in use. Currently, the Kazakh alphabet is slowly moving
from Cyrillic script to the Latin script (Gradual transition of the Kazakh
alphabet to the Latin alphabet).

Due to the development of information technology, a variety of study
opportunities are emerging. According to the latest data, the Internet is
actively used by more than 70% of Kazakhstan’s population (Toybazarova,
et al., 2018). It is easy to find different websites to learn a new language.
To the best of our knowledge, there are few websites that teach the Kazakh
language. In particular, no website teaches the Latin script of the Kazakh
language. In this article, by using HyperText Markup Language (HTML)
(Ashley, 2020), Cascading Style Sheets (CSS) (Ashley, 2020), and JavaScript
(Frisbie, 2019), (Mason, 2020), (Flanagan, 2011), we will develop a website
for people of all ages, which will teach users to read and write the Latin
script of the Kazakh alphabet. Also, we describe the convenience of the
selected programs and explain their usage. Then, we show how to develop
a website, depict its design (Visser, et al., 2019; Procter, et al., 2001; Corry,
et al., 1997) and program coding.

Research materials and methods. In this article, HTML, CSS, and
JavaScript are selected as the main components that make up a website.
Each of them has its own role.

HTML is the language that forms the backbone of a web page. All
paragraphs, sections, images, headings, and text are written in HTML
format. Content appears on the website in the order in which it is written in
HTML. The advantages of using HTML include:

- widely used with a large number of resources;

- works individually in each browser;

- has a clear and consistent source code.

For more advanced features, HTML can be combined with CSS and
JavaScript.

CSS manages the style and additional aspects of the layout. CSS is used
to create a website design, such as colors, fonts, columns, borders, etc.
For example, by employing CSS, we can change the color and size of the
heading. Moreover, CSS can be used for animation effects.

JavaScript makes the website lively and interactive. JavaScript is used
by all modern web browsers (Internet Explorer, Google Chrome, Firefox)
and can run on any operating system (Windows, Linux, Mac). That’s why
we use JavaScript to create this website. JavaScript can do the following in
a browser:

- can add new HTML to a web page, change the content provided, and
change styles.

145



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

- can provide feedback on user actions

- can send requests via the network to remote servers, download files.

- can receive and set cookies, ask questions to website visitors, display
messages.

- can remember all data related to the client.

Results. Designing of website. Website design is a labor-intensive task.
While choosing fonts and colors of the website, we have considered social
and pedagogical aspects.

First, we use Sublime Text 3 to program HTML and CSS, open the files
index.html and style.css. Because the site is designed for people of different
ages, neutral colors were chosen during the design. The dimensions of the
site are designed to be approximately 800x600 and higher resolutions. It is
better to put a logo at the top of the website. The logo was created using
CorelDraw (Figure 1).

LATYN

grafikasy

Figure 1. Logo “Latyn grafikasy”

We then place a menu with four parts, namely Home, Information, Rules,
and Contacts. By default, we place the menu in the middle and set it with
the same color as the logo (Figure 2).

' LATYN | BASTY BET MAGLUMAT EREJELER BAILANYS Pt

Figure 2. Website menu

Next, we will create a converter that translates from Cyrillic to Latin.
When creating a converter, we add several things: keyboard, place to input
text, clear button, text conversion button, a place to display the text after
conversion, and a button that allows copying converted text. Due to the fact
that some users may not have a keyboard, we will create a special keyboard.
Below that, we create a place to enter a word or text. Figure 3 shows the
output text after conversion. By clicking the Copy button we can copy the
word or text.

After completing the design of the Home page, we will start creating
the Information page. It contains information related to the Latin script of
the Kazakh language. For example, the documents for the translation of the
Kazakh alphabet into Latin script.

The third menu is the Rules page, it shows the Kazakh language rules
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based on the Latin alphabet (Figure 4). Through the Rules page, site users
can quickly and efficiently learn the rules of the Latin alphabet. We use
tags to create tables. In the beginning, we make a list with the names of
the rules. Clicking on any of those creates a link to the rules and examples.
After learning the rules, it is better to test a user’s knowledge, where tests
are optional. Therefore, after each set of rules, we referred to the test tasks.

We have created a menu Contact page to contact us if some users of the
website face trouble using the website. This page contains phone numbers

and an e-mail link.

Kinl-Latyn konvertery

Kupmaa Kasyst

il;l;'ll Zl;asﬁ'

Figure 3. The design of the Home page

O BASTY BET

MAGLUMAT

EREJELER

BAILANYS | LATYN ’
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JANA ALIPBI NEGIZINDEGI QAZAQ TILI EMLESININ EREJELERI

«Kaua >ain6u merizinzeri Kazak riai ph» «Kazar tiai JIATBIH T
TIpesuaenTinin 2017 KbLIbI 26 RazanIarsl Ne569 )pr:mrun: caiiKkec GEKITIIreH /KaHA TNOH GOHBIHIIA BipaeHTi.
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Figure 4. Design of the upper part of the Rules page
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1. Activation of website. In the previous section, we created the design
of the website. But the website is not ready to use, it needs to be activated.
More precisely, we should let it work. For that, we will use JavaScript. We
open a new file script2.js. Then, we enter script2.js in the index.html file
(Figure 5).

index.ntml

Latyn grafikasy

</ >
rel=stylesheet type="text/css" href=css/style.css>
charset="UTF-8">
src="script.js"></ >
src="script2.js"></ >

Figure 5. Insert a script2.js file into the index.html file

The keyboard is designed. Now we need to write the appropriate code
and link the keyboard to the text input area so that users can enter text by
pressing the keyboard as below

function btn(e) {let letter = e.innerHTML;

document.getElementByld(‘sourseStr’).value += letter
if(window.shift) {upperLowerLetters()
window.shift = false} }

By writing the code as shown above, we make sure that when we press
the keys, the sourceStr lands where we enter the text. However, it only works
when we press the letters, symbols, Space, and Enter keys. In addition,
we have Backspace, Shift, CapsLock, and so on. For each aforementioned
keys, we need to write a different code. For example, for the Backspace
key, we write the following code function on Press Backspace () {let
sourseStr=document.get Element Byld (‘sourseStr’);

sourseStr.value=sourseStr.value.substring (0,sourseStr.value.lenght-1);}

The Shift and CapsLock keys are the same. The difference is that if we
can capitalize only one letter by pressing Shift, and by pressing CapsLock
we can capitalize the whole text/word we would like to type. Their
code can be seen as follows function onPressShift() {if (!window.shift)
{upperLowerLetters(‘upper’)
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window.shift = true;}
else {upperLowerLetters()
window.shift = false;}
function onPressCasps() {if (!window.caps)
{upperLowerLetters(‘upper’)
window.caps = true;}
else {upperLowerLetters()
window.caps = false;}
Next, we write a code that determines when to write in uppercase and
lowercase (Figure 6). After that, we activate Space and Tab keys as function
onPressSpace() {document.getElementByld(‘sourseStr’).value += "}

function onPressTab() {document.getElementBylId(‘sourseStr’).value
_"_: (13 ,’}

function upperLowerLetters(type-"lower"){
(type--="upper’) {
Let keys = document.getElementsByClassName(“key");
(Let i ; 1 < keys.length; i++) {
Let key - keys[i]
(key.classlist.length )
key.innerHTML key.innerHTML. toUpperCase()

¥

1
J

{
Let keys = document.getElementsByClassName("key");
(Let i ; 1 < keys.length; ) {
Let key - keys[i]
(key.classlList.length Je
key.innerHTML - key.innerHTML.tolowerCase()

}

1
J

Figure 6. Uppercase and Lowercase

To delete the word or text, we have entered the Clear button as follows

<button type="button” class="btn btn-default btn-xs” onclick="

reset(); focus(); value="clear’> Clear </button>

After we activate the button to convert the entered word or text to the
Latin script from Cyrillic script. We call this button Convert (Typnennuip).

<button class="btn btn-info btn-1g” type="button” onclick="

convert(this)”> Typnenaip</button>

Now we show how we change letters of the Cyrillic script of the Kazakh
language to Latin script. By following the new alphabet, we write down all
the letters (Figure 7).
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function convert(e){
const dictionary

Figure 7. Translation of letters from Cyrillic to Latin

We write the code so that the entered word/text falls into the text input area,
and the converted word/text is visible from the text output area (Figure 8).

Let text = document.getElementById('sourceStr').value;
Let transcript
(Let letter text){
console.log(letter, letter dictionary)
(letter dictionary){
transcript dictionary[letter]

transcript:-letter

}

document .getElementById("outputStr").value - transcript;

Figure 8. The output of converted word/text

Now we need a special button to copy all the text at once. We call that
button Copy (Figure 9).

function copy() {
const el - document.getElementById("outputStr")
el.select();

document .execCommand('copy');

Figure 9. Activation of the button Copy
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Discussions. Design and colors of this website are chosen based on
national preferences. More elements can be added to this website. Using
a website that teaches Latin scripts of the Kazakh language offers the
following features:

- provide all the necessary information, including the accepted documents
by the government;

- teach different rules of the alphabet;

- able to create various self-assessment tests;

- translate the necessary words or texts from Cyrillic to Latin.

Conclusions. In the rapid development of information technology, there
is no website that teaches Latin scripts of the Kazakh language. This article
describes the development of a website for people of different ages, who can
quickly and effectively learn the Latin scripts of the Kazakh language, convert
texts from Cyrillic to Latin script and learn the rules of the Latin script. The
website, created using JavaScript, HTML and CSS, solves many problems
and allows users to learn the alphabet using the Internet’s capabilities,
taking into account the interests, needs, and competencies of the individual.
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YAYHIIEHUE BU3YAJIBHOI'O KAYECTBA KOHTPACTHO
NCKAKEHHBIX IIU®POBBIX N30BPAKEHUI

AnHoTanus. KoHTpacTHOCTh U300paXkeHUs JOKHA OBITh JOCTaTOYHON
JUIS YETKOM BU3yalu3aluuu nzoopaxenus. [loromy 4to MHPOPMATUBHOCTH
HaNpsIMYIO CBSI3aHA C KOHTPACTHOCTHIO M300paxkeHus. 13-3a HepaBHOMED-
HOTO OCBEILEHHS U HU3KOW KOHTPACTHOCTU MH(POPMAITMOHHOE COJIepKAHNE
M300paKeHUsI HE TMepelaeTcs JOJDKHBIM 00pa3oM, UYTO OTPAHUYUBAET €ro
WCIIOJIb30BAaHUE B pEAJIbHBIX IIPHIOKEHUAX. B 3TOM cTaThe MpoBOAsATCS BCe-
CTOPOHHHUE UCCIEI0BAaHUS U aHATM3UPYIOTCS HEKOTOPbIE TPAAUIIMOHHBIE U
HOBEWIIIME METO/IbI JUIS YITydIIeHUsI H300paKeHUH MpH c1aboM OCBEILICHHH.
OTO NOMOXKET OLEHUTH IJIIOCHl U MUHYCBI PA3JIMYHbIX METOJOB YIyUYllIEHUS
KOHTPAcCTHBIX H300paxeHuil. [IpencraBiensl SKkCriepUMeHTaIbHbIE PE3YIib-
TaThl, TOJyYEHHBIE C TIOMOIIBIO METOMIOB YITydlIeHUs1 n300pakeHuii: Gam-
ma correction, BIMEF, CegaHE, CRM, LIME, MF, HE, MSRCP, SRIE,
CEFPBHE, EEBHEGF, 2DHE, MBLLEN, KinD, RetinexNet, GLADNet,
ZeroDCE. UToObI OLIEHUTH pe3yJIbTaThl UCCIAEAYEMBIX METO/IOB HCITOJIb30-
Baiau NR mepst MDM u NIQMC, kotopble 3KCIEpUMEHTAIbHO MOITBEPK-
JICHbI UX BBICOKHM COOTBETCTBHEM C CYyOBEKTUBHBIMU OLIEHKAMHU SKCIIEPTOB.
Jl1st cpaBHEHUS € 3TAJIOHOM HcTonb3yeM oueHKy SSIM. B kauecTse skcne-
PUMEHTAJIBHBIX JaHHBIX MCIIOJIb3YIOTCS KOHTPACTHO MCKa)XKEHHbIE M300pa-
xeHust Habopos gaHHbIX LOL u CCID2014. [Tocne npoBeneHns oOMMPHBIX
OKCTIEPUMEHTOB M aHAJIM3a PE3yJAbTaTOB YIYUYIICHUS CIa00KOHTPACTHBIX
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M300paXKEeHUId, MOKHO 3aMETUTh, YTO Ka)bIil MOJXOJ Aae€T XOPOIIHE pe-
3yJIbTaThl B OJHUX YCJIOBHUSX, HO UMEET OIPAHMYEHHUs B APYyruXx. XOTs, B
OOJBIIMHCTBE CITydaeB HAOTIONAIOTCS BHICOKHE TMOKA3aTeld JIJISi METOIIOB
OCHOBaHHBIX Ha MalIMHHOM 00OyueHuH, Takux kak RetinexNet, GLADNet,
ZeroDCE, MBLLEN, KinD. Bce paccMoTpeHHbIE alTOpUTMbI UMEIOT OTIpe-
JICJICHHBIE HEJOCTATKU, TAKUE KaK NOTeps JAeTaJlel, UCKaKEHUE 1IBETA WIH
BBICOKAasi BBIUMUCIUTENbHAS CIOXKHOCTh. ClenoBaTeibHO, PEKOMEHIYETCS
BBIOpaTh HarOoJee MOIXOISIINA aAITOPUTM YIYUIICHHs] KOHTPACTa, UCXOs
13 KOHKPETHBIX TPeOOBaHUH MPUIOKEHUSI.

KiroueBnbie cjioBa: 1mudpoBoe m3o0paxeHue, Oe3dTaJOHHAs OICHKA
(NR), oObekTHBHBIE TTOKA3aTENH, KOHTPACT, YIYUIIICHUS! KOHTPACTA.
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BYPMAJIFAH KOHTPACTThI IIU®PIbIK BEUHEHIH
BU3YAJIIAbI CAITACBIH ’KAKCAPTY

AnHoTauus. Keckini aHbIK KepceTy YIIiH KeCKiHHIH KOHTPACTHI KeT-
KUTIKTI O0TyBI KepeK. ONTKeH1 akmaparThlK Ma3MyH KECKIHHIH KOHTPACThIHA
Tikenel 6aitnanbIcThI. BipKenki eMec )KapbIKTaHIbIPY KOHE TOMEH KOHTPAcT
cajapblHaH KeCKIHHIH aKIMapaTThIK Ma3MYHBI YPhIC Oepiameni, Oys1 OHbI
HAKThl KoJjIaHOamapia mNaifaiaHydbpl IIeKTeWai. byn makamama TemeH
KOHTPACTTHI HU(PIIBIK OeHHEIep IiH canlachblH KaKCapTyIbIH KelOip 1acTypil
YKOHE COHFBI SJICTepiHE Taj/iay JKacalbll, 3epTTeynep xKyprizineni. by, o3
Ke3eriHje, KOHTPACTThI KECKIHAEPl KaKCapTYAbIH SPTYPJIl 9ICTEPIHIH OH
KOHE Tepic KaKTapblH Oaranmayra kemekrecenmi. ['amma Ttyseryi, BIMEF,
CegaHE, CRM, LIME, MF, HE, MSRCP, SRIE, CEFPBHE, EEBHEGF,
2DHE, MBLEN, KinD, RetinexNet, GLADNet, ZeroDCE Ttopi3ni OelineHi
KaKCapTy 9IICTEPiH KOJAaHy apKbIIbI AJIbIHFaH SKCTIEPUMEHTTIK HOTHKEIEP
YCBIHBUIFAH. 3epTTENETIH 91iCTEPAIH HOTH)KEJIepiH Oaraay YIIiH caparibl-
JapAbIH CyObEeKTUBTI OaranapbIMEH JKOFapbl COMKECTIr TaXipuoOe Ky3iHae
pacranrad NR exmemaepi MDM sxkone NIQMC KonmgaHbUIIbL. DTaTOHMEH
canpIcThIpy ymiiH 613 SSIM OaramayblH KoJJlaHaMbI3. DKCIIEPUMEHTTIK
nepextep peringe LOL sxone CCID2014. nepexrep KUbIHBIHBIH KOHTPACTTHI
OypmarnanraH OcitHenepi nainanansiiaabl. TeMeH KOHTPAcTThl OelHenepal
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KaKCapTy HOTHXKEIEpiHE KCHEUTITeH SKCIICPUMEHT TIeH TajjiayJlaH KeliH
opOip Tociy kerOip xKarmaiapaa )KakChl HOTHKE OepeTiHiH, Oipak e3re xKar-
nainapna mekTeynep 06ap ekeHiH kepyre 0onaabl. JlereHMeH Jie, KenTereH
xarngaitnapna RetinexNet, GLADNet, ZeroDCE, MBLEN, KinD cuskrst
MalIMHANBIK OKBITYFa HETI3EIreH OMICTEPIiH KOPCETKIIITEepl >KOFapbl
6oma61. KapacTeipbuirad OapiIbiK aaropuTMACPIiH Oenrisi 01p KeMIITIKTepl
0ap, MbIcallbl, OOJIIEKTEP/IIH KOFATYBI, TYCTepAiH OypManaHybl Hemece
XKOFapel ecentey Kypaenimiri. COHABIKTaH KOJJAHOAHBIH HAKTHI Tajarl-
TapbIHa HET13/IeJITeH KOHTPACTThI )KaKCaPTy AJITOPUTMIH TaH/1ay YChIHBLIAIbL.

Tyiiin ce3aep: canaplk OeitHe, sTamoHCH3 Oaranay (NR), oObekTHBTI
KOPCETKIIITep, KOHTPACT, KOHTPACTHI JKaKCaAPTYy.
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IMPROVED VISUAL QUALITY OF CONTRAST DISTORTED
DIGITAL IMAGES

Abstract. The contrast of the image must be sufficient to render the image
clearly. Because the information content is directly related to the contrast of
the image. If the image has uneven illumination and/or low contrast, the
information content of the image will not be transmitted properly, which
limits its use in real applications. This article conducts in-depth research and
analyzes some of the traditional and latest techniques for image enhancement
in low light. This will help to evaluate the pros and cons of various methods
for improving contrast images. Experimental results obtained using image
enhancement methods are presented: Gamma correction, BIMEF, CegaHE,
CRM, LIME, MF, HE, MSRCP, SRIE, CEFPBHE, EEBHEGF, 2DHE,
MBLEN, KinD, RetinexNet, GLADNet, ZeroDCE. To evaluate the results
of the studied methods, the NR measures MDM and NIQMC used, which
were experimentally confirmed by their high agreement with the subjective
assessments of experts. For comparison with the benchmark, we use the
SSIM score. Contrast distorted images of the LOL and CCID2014 datasets
are used as experimental data. After extensive experimentation and analysis
of low-contrast image enhancement results, it can be seen that each approach
gives good results in some conditions, but has limitations in others. In
most cases, there are high rates for methods based on machine learning,
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such as: RetinexNet, GLADNet, ZeroDCE, MBLEN, KinD. All considered
algorithms have certain drawbacks, such as: loss of detail, color distortion,
or high computational complexity. Therefore, it is recommended to choose
the most appropriate contrast enhancement algorithm based on the specific
requirements of the application.

Key words: digital image, no-reference assessment (NR), objective
metrics, contrast, contrast enhancements.

Beenenmne. [ToBblieHe KOHTPACTHOCTH SIBIISICTCS CIIOXKHOM 00JIACThIO U
WUTPACT KU3HEHHO BAXKHYIO POJIb B IPHIIOKEHUSIX 00paOO0TKH M300pakKeHHH,
TaKHUX KaK MEAUIIMHA, HAOIIONEHHS ¥ 00JIaCTH MalTMHHOTO 3peHus (Muslim,
et al, 2019, Khan, et al, 2018, Munir, et al 2018, Khan, et al, 2020).
KoHTpacTHOCTE M300pakeHUs! JOKHA OBITh JOCTATOYHOW JUIsI YETKOH
BU3yanu3anuu n3obpaxenus. [loromy 4To MH(MOPMATUBHOCTH HAIIPSIMYIO
CBsI3aHa C KOHTPACTHOCTHIO M300paxeHus. OTHAKO B MPOIECCE MOIyICHUS
n300paKeHHs 4YacTO CYIIECTBYIOT HEKOTOpbIE HEKOHTpOJHpyeMble (hak-
TOpPBI, MPUBOSIIUE K pa3IuyHbIM edekram u3o0paxeHus. B vactHocTH,
B YCIJIOBMSIX IUIOXOM OCBEIEHHOCTH, HAIPUMED, B MOMELICHUH, B HOYHOE
BpeMsi WJIM B IacMypHBIE [IHH, CBET, OTPAKEHHBI OT MOBEPXHOCTHU
o0bekTa, MOXeT ObITh cnadbiM; M3-3a HEPaBHOMEPHOTrO OCBEIEHHS U
HU3KOH KOHTPAaCTHOCTH MH(OPMAIIMOHHOE COJEp)KaHHE HM300pakeHHs He
nepeaaercss JODKHbIM 00pa3oM, 4TO OTPaHUYMBAET €ro MCIOJIb30BAHUE
B pEaJbHBIX IPWIOKEHHUIX. B ATON IviaBe paccMarpuBarOTCs OCHOBHBIE
METO/IbI YTy UILIEHHsI U300paskeHHs TPH ¢1a00M OCBELICHUH, pa3paboTaHHbIe
3a OCJIeIHUE JECATUIICTHS.

Marepuajibl 1 MeTOAbI. YYEHbIE BO BCEM MUPE MPEITI0KUIN MHOXKECTBO
QJITOPUTMOB YITYUIICHUSI N300paKEHHI, CHATHIX B YCJIOBHUSX HU3KOH OCBe-
IIEHHOCTH, JJIS YITy4IIeHHUs BUACO M U300paXKESHUH MpH ¢1ad0M OCBEIEHUN
C pa3HbIX TOYEK 3peHUs. AHATU3UPYS MHOXKECTBO UCCIIE0OBAaHUH OT IPOCTOTO
1o HoBeimmx metonoB (Muslim, et all, 2019), ucronb3yemMbIMU TSI TTIOBBI-
HICHUsSI IPKOCTU MOXKHO PA3/IeTUTh Ha J[Ba KJIacca: TPaIUIMOHHBIE METOMIBI U
METO/Ibl MAIIMHHOTO 00Y4YeHUsl. DTU METObI MOTYT OBITh Jjajiee pa3/ieieHbl
Ha pPa3HbIe MOJKIACCH B COOTBETCTBUH C PA3JIMUMSAMU B UX IIPUHIIMIIAX.

TpanuioHHbIE METOBI YIYUIIEHUS] KOHTPACcTa NOAPA3AEISIOTCS Ha Me-
TOJbl MPOCTPAHCTBEHHOM M 4acTOTHOM oOsiacTel, OCHOBaHHBIE HA OIepa-
USX ¢ MUKCEISIMUA. B MeTozax mpoCcTpaHCTBEHHOM 00JacT oneparuy He-
MIOCPE/ICTBEHHO MPUMEHSIOTCA K M300paKEHUIO C IMOMOIIBIO aJITOPUTMOB,
KOTOpBbI€ 0OBIYHO OCHOBAHBI Ha COIEPKUMOM ypOBHsI ceporo. Mccnenosare-
711 0OBIYHO MCTIONB30BAIM METO/IBI TPE0Opa30BaHus CEPOTro, METOJIBI Ha OC-
HOBE THCTOTPaMMBbl U METOZBI PETHHEKCA /IS TIOBBIIICHNUS KOHTPACTHOCTH.
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Meton nmpeo6pa3oBaHus CEPOro — ATO AITOPUTM YAYUIICHUS HU300paxe-
HUS B IPOCTPAHCTBEHHON 001aCTH, OCHOBAHHBIM Ha MPUHIIMIIE TPeoOpas3o-
BAHUS 3HAYEHUM CEPOro, OTAEIbHBIX TUKCEJIEH B IPYTUE 3HAYEHUS CEPOro C
MIOMOIIBI0 MaTeMaTHyeckoi pyHkuuu [[omy0], KOTOpbIif 0OBIYHO HA3BIBAIOT
MOJIXO/IOM, OCHOBaHHBIM Ha 0TOOpakeHuu. Takoil MeTON yiydiiaeT u3oopa-
KEHHE, U3MEHSSI pacIpeieieHle U TUHAMUYECKUIl 1ana3oH 3HaYeHul ce-
poro B nukcensix. K OCHOBHBIM MoJKIaccaM METO/Ia 3TOTO TUIA OTHOCATCS
JMHEWHbIE U HeJIMHEeHHbIe npeobpazoBanus. [logpobHas nnpopmanus Ha-
nucana B crathsax (Shukla, et al,2017, Park, et al, 2018, Wang, et all, 2020).

l'ucTorpamMma u3oOpaskeHus npeacrapiseT co0oil pacnpeneneHue 3Ha-
YEHUI MHTEHCUBHOCTH TMHKCEJeH. DTO JaeT npeacraBieHne 00 N3MEHeHUN
nuKceneil n300paxenus, YTo0bl BU3yaIn3UpOBaTh KA4€CTBO J0 €CTECTBEH-
Horo Buja. Eciu 3HaueHus nmukceneil n300pakeHUs paBHOMEPHO pacmpe-
JIeJIEHbI TI0 BCEM BO3MOXKHBIM YPOBHSIM CE€pOro, TO M300pa’keHUE JEeMOH-
CTPUPYET BBICOKYIO KOHTPACTHOCTH M OOJBIION AMHAMUYECKHNA JHATa30H.
Ha ocHoBe 3TOl XapakTepUCTUKHU aJTOPUTM BBIPAaBHUBAHUS THUCTOTPAM-
Mbl (histogram equalization (HE)) ucnons3yer KymMynsSTUBHYIO (DYHKITHIO
pactipenenenus (cumulative distribution function (CDF)) nnst HacTpoiiku
BBIXO/IHBIX YPOBHEH Ceporo, 4YToObl UMETh (PYHKIUIO TUIOTHOCTH BEPOSIT-
HOCTH, KOTOpasi COOTBETCTBYET PaBHOMEPHOMY pacrpeneieHuio. Takum
00pa3oM, CKpBITBIE JIETaTH B TEMHBIX OOJIACTSIX MOTYT CHOBA MOSBUTHCS,
a BU3YyaJbHBIN 3(P(HEKT BXOIHOTO M300paKEHUSI MOXKET OBITh d(PPEKTUBHO
yiyumier (Qi, et al, 2021). OcHOBBIBasiCh Ha THCTOTPAMME, METOBI YITy4-
IICHUS KIacCU(PUIMPYIOTCS KaK IT00aIbHOE BEIPABHUBAHHE THCTOIPAMMBI,
JIOKQJIbHOE BBIPAaBHUBAHUE TMCTOIPAMMBI M COMOCTABICHHUE THCTOTPAMMBI
(Celik, 2014, Celik,2012). MeTonb! BeIpaBHUBaHUS TI00AITBHON THCTOTPAM-
MBI TTOZIPA3JIENIAIOTCS Ha METO/bI, OCHOBAHHBIE Ha OUTHCTOTpaMMe U JBYX-
MEpHOI rucrorpamMMe. B MeTonax Ha OCHOBE OUTHCTOrPaMM HCIIONb3YETCs
pasnenenue rucrorpamm (HS) u BeipaBHuBaHue cyorucrorpamm. HE mm-
POKO UCTIOJIB3YETCsI B 00pabOoTKe MEIUIIMHCKUX U300paKeHUH, CONTOCTaBIIe-
HUM n300pakeHui u noucke. OH pacHIMpsieT U CIIIAXHUBACT JUHAMUYECKUN
nuana3zoH uzo0paxenus. OHAKO MHOTJA OH JA€T Pa3MbIThIA BHJ U UMEET
TEHJCHIMIO K cMelleHuto cpenned sipkoctu. HE He owyenn xopormno moa-
XOIUT JjIsi OBITOBOM AJIEKTPOHUKHU M3-3a d(D(PEKTOB HACHIIIEHUS B HEOOIIb-
IUX BU3YyaJbHBIX 00macTsaX. D(hdeKT HACHIIIEHUS BBI3BIBACT JIErPaIaIlUI0
n300pakeHHs, HEECTECTBEHHOCTh M300paKeHUI U MOTEPIO0 XapaKTEPUCTHK
n3o0paxenus. [ pelieHus BBIMIEYKa3aHHBIX MPOoOIeM HE0OXOIUMO CO-
XpaHeHue cpeiHelt sipkocTH. YToObl TpeoaoieTh NpobdaeMbl Hcclie0BaTeNn
npeiaraloT MHOXKeCTBO MeToioB, Takue kak BBHE (1997), DSIHE (1999),
MMBEBHE (2003), RMSHE (2003), RSIHE (2007), BHE-PL (2009),
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SSDHE (2014), ESIHE (2014), MMHE (2014), AIEBHE (2014), NHE
(2015), ACMHE (2015), BHETPL (2017), BHEUMBH (2017), CEFPBHE
(2018), VBBPDHE (2018), EEBHEF (2019), RMMGHT (2019). MeTonst
BBIPABHHUBAHUSA 110 OUTUCTOrpaMMe 00eCIeUMBAaIOT MOBBIIIEHUE KOHTPACT-
HOCTH HapsiAy ¢ HEKOTOPBIMU JOMOTHUTENbHBIMU (PYHKIUSMHU.

Heckonbko METOIOB MOBBIIIEHUS] KOHTPACTa OCHOBaHBI Ha JIBYXMEpPHOMH
ructorpamme. J[Bymepnas (2D) ructorpamma cocTouT u3 Habopa OMHOB KO-
TOpBIE MOACYUTHIBAIOT KOJTMYECTBO MHTEHCUBHOCTEH, MOMAAAIONINX B 33 1aH-
HYI0 00nacTh, Toraa kak ogHoMmepHas (1D) rucrorpamma nmaet nmoapoOHyro
MHGOPMALIMIO TOJIBKO O pacIpenesieHH MHTEHCUBHOCTEW. MeTolbsl Ha oc-
HOBE JIBYMEPHBIX THCTOIPaMM YUYHUTHIBAIOT pacIipeiesieHHe HHTEHCUBHOCTEN
BMECTE C MX MPOCTPAHCTBEHHBIM PACTIOIIOKEHHEM, Oarofapsi 4eMy MeTOIbl
Ha OCHOBE 2D-rucTorpamMm co3aaroT BU3yalbHO MPUATHBIE U300PAKEHHS 110
CpaBHEHHIO ¢ MeToAaMu Ha ocHoBe 1D-ructorpamm (Wang, et al, 2020, Qi,
et all, 2021, Celik, 2014, Celik, 2012). [Llupoko ucmoab3yeMbIMU METOIAMHU
OCHOBaHHbIMM Ha JIByxMepHoU rucrorpamme sBisitorcs 2DHE, SECEDCT,
RSECEDCT, RESECEDT (Qi, et all, 2021, Celik, 2014, Celik, 2012).

Teopus perunekca, cozganHas JI>Haom u MakkaHHOM, OCHOBaHa Ha
BOCIIPUSITUM 1IBETa YEJIOBEUYECKHUM TJIa30M M MOJEIHMPOBAHUU I[BETOBOM
unBapuantHoctd (Hussei, et al, 2019). CyTp 3T0il TeOpun COCTOUT B TOM,
YTOOBI OMPEACIIUTh OTPAKATEIHHYIO IPUPOAY 00BEKTA MyTEM YAATICHUS U3
n3zo6paxenus 3¢ ¢HekToB ocBemnaroniero ceera. CoracHo TEOPHH PETUHEKCA,
3pUTENbHAs CUCTEMA YesioBeKa 00pabaTheiBaeT HHGOPMAIIUIO ONIPEIeTICHHBIM
o0pa3oM BO BpeMs Iepelayd BHU3yalbHON HH(MOpMalUU, TEM CaMbIM
yCTpaHsis Pl HEOMpPEeIeTeHHbIX ()aKTOPOB, TAKMX KAaK HHTEHCHBHOCTH
MCTOYHMKA CBETA U HEPABHOMEPHOCTH cBeTa. CieoBareabHO, COXpaHIeTCs
TONBKO HMH(OpPMALMS, OTpa)xkaromias CyIIECTBEHHbIE XapaKTEPUCTUKU
o0bekTa, Takue kak kodhdunueHt orpaxenus (Park, et al, 2017, Tanaka, et
al, 2017). MHorue ucciaenoBareny npeaaokuian d3hHEKTUBHBIC aIrOPUTMbI
yAay4llleHus u300pakeHus, OCHOBaHHbIe Ha Teopuu Retinex. M3 Hux
mupoko ucnoabszyembie metoasl SSR, MSR, MSRCR, KBR, MSRCP, NPE
(Wang, et all, 2020). Anroputmsl Retinex MOTyT OBITh JIETKO peajn30BaHbI.
OTU METObI TO3BOJSIOT HE TOJNBKO MOBBICUTH KOHTPACTHOCTh U SIPKOCTh
M300paXKeHHs, HO U UMEIOT OYEBHJHbIC MPEUMYIECTBa C TOYKU 3PEHUS
yAYYIICHUS [IBETHOCTH U300paxkeHus1. OHAKO ATH aITOPUTMbI HCTIONIB3YIOT
1a0JI0OH TayCCOBCKOM CBEPTKM ISl OLIEHKH OCBEIICHHOCTH U HE HUMEIOT
BO3MOXKHOCTH COXPaHATh Kpasi, CJIEIOBATEIbHO, OHHM MOTYT IPUBECTH K
MOSIBIIGHUIO OPEOJIOB B HEKOTOPBIX OONACTSIX C PE3KHMMH I'paHULIAMHU WU
C/IeNaTh BCE N300paKCHHE CIUILKOM SIPKUM.
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MeTonp! yay4lieHus n300pakeHus, OCHOBaHHbIE Ha YaCTOTHO o0nacTw,
peoOpas3yroT H300pakeHUE B YACTOTHYIO 001acTh i (UIBTPAIMH C T0-
MoIIbto ananuza Oypre, a 3aTeM OHO MpeodpazyeTcss 0OpaTHO B MPOCTPAH-
CTBEHHYIO 001acTh. THUNHMYHBIE METOIbl YACTOTHOW 00JAacCTU BKIIIOYAIOT
MeToabsl roMomopdHoi ¢unbTpanuu (homomorphic filtering (HF)) [Park,
et al, 2018] u BeliBaeT-npeoOpazoanus (wavelet transform (WT)) (Loza,
et al, 2013). Anroputmel HF mMoryT ymy4ars HepoBHbIE 00acTH, TeHEpHU-
pyeMble CBETOM, COXpaHsis MPU STOM HH(OPMAIIMIO O KOHTYpax M300paxe-
Hus. OJHAKO Tako# aaroput™m TpedyeT AByX mpeobpazoBanuii Oypse, T. €.
OJTHOM AKCITIOHEHIIMAJILHON OmNeparid U OJHOU JIorapupMUUIECKON omepa-
WU TSI KaXA0TO MUKCENsT U300paXKeHHsl; CIel0BaTeIbHO, €r0 BBIYUCIIU-
TelbHasl CIOXKHOCTh Benmuka. WT mpencraBisieT coboil MaTemMaTudyeckoe
npeoOpa3oBaHue, KOTOPOE UCIIONB3YET IpyMIy (PyHKIUH, Ha3bIBAEMBIX BEM-
BJIET-(DyHKIUSAMU, JUJIS IPEACTABICHUS WU annpokcuManuu curnaiga. WT
MO>KHO HCIIOJIb30BaTh HE TOJIBKO ISl BHIYMCIICHUS JTOKAJIBHBIX XapaKTepu-
CTHK CUTHAJIOB BO BPEMEHHOM U YaCTOTHOU 00JIACTSIX, HO U JIJISl IPOBEICHUS
MHOTOMacITabHOro aHalin3a (YHKIMHA WU CUTHAJIOB C MOMOUIBIO TaKHX
orepalyii, kak MacmrabupoBanue u npeodpasoBanue. Takum oOpaszoM, ¢
noMonibio MeTo0B WT ObUT TOCTUTHYT OOJBIION MPOrpece B MOBBIIICHUN
KOHTPACTHOCTU U300pakeHus. B anroputme ymydiieHus n300paxxeHus Ha
ocHoBe WT BxoaHoe n3o0pakeHHe CHavasa pasjaraercs Ha HU3KO4acTOT-
HBIE U BBICOKOYACTOTHBIE KOMIIOHEHTHI M300paXeHUsI, 3aTeM KOMIIOHEHTHI
M300paXeHUsI Ha Pa3HBIX YACTOTAX YIYYIIAIOTCS OTJAEIbHO, YTOOBI BbIJE-
JTUTH AeTanu uzoopaxenus. OCHOBHAS UEs METO/a BEWBIET-aHAIU3a 3a-
KIIIOYAaeTCs B MPUMEHEHUH BEHBIIET-PA3IOKEHUSI K UCXOTHOMY H300pake-
HUIO JJI TIOJY4YEHHs] BeUBIET-KOA(M(GUIIMEHTOB AJs Pa3HBIX IMOJIHANa30-
HOB, KOPPEKTHPOBKE dTUX BEHBIET-KOI(PPHUIIMEHTOB, a 3aTeM NPUMEHEHUU
oOpatHOro mnpeoOpa3oBaHUs K HOBBIM KOX(GGUIUMEHTaM s MOTYYSHHS
o0OpaboTtaHHOro M300paxenus. Takoil aTOPUTM YITyUIICHUS] U300paKeHUS
MOKET yJIy4IlIaTh U300pakeHNEe B HECKOJIbKUX MaciiTabax Ha ocHoBe WT.
Cunraercs, 4TO B YCIOBUSX HU3KOW OCBEIICHHOCTH OOJIbIIIee BIUSHUE OKa-
3BIBAIOT BBICOKOYACTOTHBIE KOMIIOHEHTHI M300pa)KE€HUS, KOTOPbIE OOBIYHO
KOHIICHTPUPYIOTCS Ha Kpasix U300pakeHUs U B KOHTYPHBIX 00nacTsx [Sun,
et al, 2017]. CnenoBarenbHo, anroput™m Ha ocHoBe WT Oyner ycuiuBath
BBICOKOYACTOTHBIE KOMIIOHEHTHI BXOIHOTO M300paKEHUS U TOAABIATH €ro
HU3KOYACTOTHBIE KOMIIOHEHTHI. B 4acTHOCTH, KOMIUIEKC JIBOMHOIO JepeBa
WT 006bIYHO MO3BOJIIET JOCTHYb YIOBIECTBOPUTEIBHBIX PE3yabTaToB. AJl-
TOPUTMBI HA OCHOBE YaCTOTHON 001acTh MOTYT 3((EKTUBHO BBIIEIAThH JIe-
Tamu U300paKEeHUS 3a CUET YNyUlIeHHs BEUBIET-KOAPPUIIMEHTOB, HO OHU
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TaK)ke MOTYT YBEIMYMBAThH IIyM B n300pakeHuu. Kak u apyrue mMeross
peoOpa3oBaHus B YaCTOTHON O0OJACTH, 3TU METO/IbI YAyUIIeHUs n300pake-
HUS TPEOYIOT OONBIINX 00bEMOB BHIYHMCIICHUH, @ BEIOOP apaMeTpoB Mpeod-
pa3oBaHMs 4acTo TpeOyeT pydHOT0 BMEIIATENbCTRA.

BONbIIMHCTBO CYNIECTBYIOIIMX METOIOB YIYUYIIEHUS H300paskeHus
pu c1aboM OCBELIEHUH OCHOBAHBI HA MOJIENSX, @ HE Ha JIaHHBIX. TONbKO
B IMOCJEIHUE TOABl METObl, OCHOBAHHbIE Ha MAIIMHHOM OOYYCHHH s
yAYYIICHUS U300paKeHHI, HauaJIH MOSBISITHCS B 3HAUUTEIILHOM KOJIMYECTBE
(Wang, et al,2020, Gomez, et al, 2019).

bnaronapst uHHOBaLKAM B 001aCTH TITyOOKOTO 00y4eHHUs ¥ TIOAXOA0B, OC-
HOBaHHbBIE HA CBEPTOUHBIX HEWPOHHBIX ceTax (CNN) (Gomez, et al, 2019),
IIMPOKO MCTIONB3YIOTCS YUYEHBIMU JIJIS1 pEIICHUS TaKUX 3a]1a4, KaKk TYMaHHOE
M300paxkeHue U cynep paspenieHue. Apxutektypbl Ha ocHoBe CNN yacto
UCIIONB3YIOTCS TSl YIy4YIIEHUS M300pakeHUsl MpU CIadOM OCBEIICHUU.
MHorue KOHBeWephl UCIIONB3YIOT MapHOE KOHTPOJIUpyeMoe o0yueHue my-
TE€M CUHTe3a U300pakeHul mpu c1aboM OCBELIEHUH U HUCIIOIB30BAHUS UX
MCXOJTHBIX N300paKeHMIi B Ka4ueCTBE OCHOBHBIX MpaBa. GAN ¢ HEKOHTPOJIU-
PYEMBIM MOJXOJIOM TaK)Ke IIMPOKO UCTIONB3YIOTCS Ais ynyumeHus (Wang,
et al,2020, Gémez, et al, 2019). COop mapHbIX JaHHBIX KpailHEe HEMpPaKTU-
YeH U SBJISETCS OCHOBHBIM OIPAaHUYECHUEM JIJIsl KOHTPOJIUPYEMOro 00yueHus
U, CJIEe0BaTENIbHO, TPeOyeT MCKYCCTBEHHOTO CHUHTE3a HM300paKeHHl mpu
cnabom ocBenieHNH. GAN UMEIOT NPEeUMyIIecTBO, KOT/ia A0 JOXOTUT 10
cOopa JaHHbBIX, HO TPEOYIOT OONBIINX BEIYUCIUTENBHBIX PECYPCOB IO CPaB-
HeHuto ¢ CNN.

B 9710i1 crarbe mpoBOAATCS BCECTOPOHHUE HCCIEIOBAHUS U AHAIU3U-
PYIOTCSI HEKOTOpbIE TPAIUIIMOHHBIE U HOBEHININE METOABI AJIs YIyUIICHUS
M300paKeHUii Mpu c1ad0M OCBELIEHUH. ITO MOMOXKET OLEHUTH IUIIOCH U
MUHYCBl Pa3IUYHBIX METOJIOB YIYUIICHHs KOHTPACTHBIX H300paKEHUM.
[IpencraBieHbl SKCIIEPUMEHTAIbHBIC PE3YAbTATHI, IOJIYYEHHBIE C TOMOIIIBIO
METONIOB yiyulueHus uobpaxenuit: Gamma correction, BIMEF, CegaHE,
CRM, LIME, MF, HE, MSRCP, SRIE, CEFPBHE, EEBHEGF, 2DHE,
MBLLEN, KinD, RetinexNet, GLADNet, ZeroDCE (Puc.3). Ix 00bekTHB-
HBIE OLIEHKH TepevrceHbl B TaOMuIax 7, re HAWIYYIIUd pe3ysibraT Ka-
KJIOH METPUKH BBIJEIICH )XUPHBIM IIPUPTOM.

B kauecTBe SKCIEPUMEHTANBHBIX JAHHBIX UCHOJIB3YHOTCS KOHTPACTHO
UCKaXeHHbIe Hn300paxkeHus: HabopoB aanHbix. LOL u CCID2014. LOL —
3TO TEpBbI HA0Op NaHHBIX, COAEPXKALIUN Mapbl M300paKeHUH, B3ATHIX
U3 pealbHBIX CIEH AJIs YIY4YIIEHUS KadecTBa MPH cIabOM OCBEIICHUHU.
LOL cogepxutr 500 map uzoOpaxeHuid mpu ciaboM/HOPMATbHOM OCBe-
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IICHUH, CJIeJJaHHbIE CHUMKH W3 Pa3jIUYHBIX CIIEH, HAlpuUMep, JIOMOB,
YHUBEPCUTETCKUX TOPOIKOB, KIyOoB, yiull (pucl.)

CCID2014 — 310 cnienuaabHbIi HAOOP JaHHBIX KOHTPACTHO-UCKAKCHHBIX
n3o0pakeHnit. OH COMEPKHUT 655 KOHTPACTHO-UCKAKEHHBIX W300paKeHUN
MATU THUIOB. ['aMMa-nepeHoc, BBIMYKIbIE U BOTHYTHIE IyTd, KyOM4YecKue
U JIOTUCTUYECKUE (PYHKIMHU, CPElHEE CMEIIEHHUE U cocTaBHas (DyHKIUS
UCIIONB3YIOTCS ISl CO3JIaHUS OTUX IISITH TUTIOB UCKAKEHUH.

@\—1 . §

Pucynox 1. Heckonbko mpumepoB nap n3o0pakeHuit mpu ciiabom (BBEpXHUH psifT) U
HOPMaJIEHOM (HMXKHUH psil) OcCBelleHnH B Habope paHHbIX LOL.

Pucynoxk 2. [Ipumeps! m300paxkenuii u3 6a3sl ganasix CCID2014.

PesyabTarsl u 06cy:xaenue. [Tockonbky, mpu ci1aboM OCBEIIEHUU 3Ta-
JIOHHOE H300pa)KeHHE HEIOCTYIHO, OONBIIMHCTBO METOAOB, MOIXOISAIINX
JUIS OLICHKH YIYYIICHUs N300paKeHHsI IPU C1a00M OCBELICHUH, OCHOBAHbI
Ha nmokazatenssx NIQA. HaubGonee pactipoctpanenHbie mokazarenmn NIQA
BKIIIOYAIOT cpeanee 3Hadenne (MV), cramgaptHyio pasHocts (STD),
cpenuuii rpaauent (AG), uapopmanronnyto >uTponuio (IE) u Minkowski
Distance based Metric (MDM) u apyrue. Kpome TOro, cyumecrsyer
HECKOJIbKO YHUBEPCAIbHBIX METOOB OLIEHKH KauecTBa N300pakeHus1, B TOM
yucie BRISQUE, BTMQI, NIQMC u apyrue.

MeTonb! 00bEKTUBHOI OIIEHKH UMEIOT Pa3InYHbIe MPEUMYIIEeCTBA TaKUe
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KaK, IPOCTOTapacyeToOB, OLICTPOTA BBITIOJHEHUS, TIPOCTOTAa KOJIMYECTBEHHOTO
pacdera Ha OCHOBE TIOCTPOCHHOW MOJICIIH, BBICOKAS CTa0OMILHOCTh; UTOOBI
CpaBHUTDH pe3ynbTarbl NIQA Mephl OLIEHKH KOHTPACTHBIX M300paKeHH, a
TaK)Ke UX COMNIACOBAHHOCTH C CyOBEKTUBHOM OLIEHKOM, U3 JIUTEPaTyphl ObLIH
0TOOpaHbl CIEAYIOMINE MEPHI, KOTOPbIE YKCTIEPUMEHTAIBHO TOATBEPHKICHbI
UX BBICOKUM COOTBETCTBHEM C CYOBEKTUBHBIMH OIICHKAMH SKCIIEPTOB:
CEIQ, NIQMC, MDM, CLRIQA, BREN, NCC. Ilogpo6Hoe omucaHue
yKa3aHHBIX Mep mpuBeleHbl B cTarhsix (Muslim, et al, 2019, Khan, et al,
2018, Munir, et al 2018, Khan, et al, 2020). B tabaune I npeacrasieHs
pe3yabTaThl MPOU3BOIUTEIBHOCTU MeXx 1y cpaBHUBaeMbIM NR-IQA, ¢ Touku
3perust SRC u PLCC s nabopa manasix CCID2014. Jlis Habopa JaHHBIX
LOL skcniepuMeHT He MPOBOIMIICS, Tak Kak umeeT MOS O1eHKH.

Tabmuna 1. CpaBHEHHE OIICHOK KauecTBa H300paKeHUH 13 0asbl
nanHbix CCID2014. Jlyumas olieHKa BblieJeHa KUPHBIM MPUGTOM

CEIQ NIQMC |MDM CLRIQA |BREN NCC
SRC |0.816 0.844 0.872 0,821 0.761 0.787
PLCC ]0.79 0.81 0.82 0.80 0.73 0.75

CpaBuuBas oueHku NR-IQA, MOXHO 3aMETUTh, YTO B JAHHOM JKCIIE-
pUMEHTE ISl OLEHKM KauecTBa KOHTPACTHO-UCKAKEHHBIX H300pa)KeHHi
6onee 3pdexTuBHBIMU sIBIAIOTCS MeTOABI MDM 1 NIQMC. [lns cpaBHeHUS
C 3TAJIOHOM Hucnojib3yeM ouneHKy SSIM. OHa paccMaTpuBaeT Aerpagaluio
M300paxeHUs Kak, U3MEHEHHE CTPYKTYpPHOU MH(pOpMAIMH, a TAKXKE y4u-
THIBAET yCIIOBUSI MACKUPOBAHUS, KaK SIPKOCTHU, TaK U KOHTpAcTa.

Pucynoxk 3. Pe3ynsraTel mpuMeHEHHS Pa3HBIX METOJ0B 00paOOTKH Ha CITa00KOHTPACTHBIX
n3o0paxkennsx “imgl.png” u3 6a3e1 LOL
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EEBHEGF

RetinexNet GLADNet ZeroDCE

Pucynox 4. Pe3ynbrarbl NpUMEHEHHUs pa3HbIX METOJIOB 00pabOTKH Ha CJIa00KOHTPACTHBIX
n3o0paxeHusix “img2.png” u3 6a3e1 CCID2014

Tabnuua 2. O6beKkTHBHBIE OLeHKU 11 “imgl.png” u “img2.png” ¢
WCIIOJIH30BAaHUEM Pa3TUdHBIX Tokazareneit NIQA

MepbI “imgl.png” “img2.png”
MDM |NIQMC |[SSIM |MDM |NIQMC SSIM

Gamma 2,57 2,47 0,73 3,72 2,92 0,72
BIMEF 2,91 2,98 0,65 3,062 3,15 0,79
CegaHE 2,8 2,34 0,61 3,68 3,35 0,66
CRM 2,8 2,24 0,66 3,02 3.4 0,71
LIME 3,01 3,57 0,75 4,01 3,62 0,78
MEF, 2,98 3,2 0,73 3,90 3,31 0,74
HE 2,89 3,41 0,65 3,76 3,14 0,76
MSRCP 3,1 3,51 0,73 3,84 3,02 0,78
SRIE 2,5 2,59 0,78 3,64 2,95 0,74
CEFPBHE 2,41 3,38 0,61 2,43 2,37 0,69
EEBHEGF 2,56 3,46 0,68 2,47 2,53 0,77
2DHE 2,46 3,52 0,58 2,51 2,43 0,51
MBLLEN 3,96 3,52 0,66 3,87 3,42 0,77
KinD 4,68 3,69 0,67 4,86 4,81 0,71
RetinexNet 4,04 3,98 0,78 3,85 2,98 0,68
GLADNet 4,19 3,99 0,73 4,91 4,77 0,87
ZeroDCE 4,72 3,83 0,75 3,81 3,78 0,73
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Tabmuna 3. Cpennee 3HaYeHUs] 00BEKTUBHON OIIEHKH JIJIs1 Habopa
nanubix LOL u CCID2014 ¢ ucnosib30BaHUEM Pa3InuHbIX TTOKa3aTesei

NIQA

MepBI LOL CCID2014

MDM NIQMC SSIM MDM NIQMC SSIM
Gamma 2,48 2,38 0,64 3,63 2,83 0,63
BIMEF 2,82 2,89 0,56 3,53 3,06 0,70
CegaHE 2,71 2,25 0,52 3,59 3,26 0,57
CRM 2,71 2,15 0,57 3,53 3,31 0,62
LIME 2,92 3,48 0,66 3,92 3,53 0,69
MF 2,89 3,11 0,64 3,81 3,22 0,65
HE 2,80 3,32 0,56 3,67 3,05 0,67
MSRCP 3,01 3,42 0,64 3,75 2,93 0,69
SRIE 2,41 2,50 0,69 3,55 2,86 0,65
CEFPBHE 2,32 3,29 0,52 2,34 2,28 0,60
EEBHEGF 2,47 3,37 0,59 2,38 2,44 0,68
2DHE 2,37 3,43 0,49 2,42 2,34 0,42
MBLLEN 3,87 3,43 0,57 3,78 3,33 0,68
KinD 4,59 3,60 0,58 4,77 4,72 0,62
RetinexNet 3,95 3,89 0,69 3,76 2,89 0,59
GLADNet 4,10 3,90 0,64 4,82 4,68 0,78
ZeroDCE 4,63 3,74 0,66 3,72 3,69 0,64

Tabnuna 4. CpaBHEeHHE BPEMEHHOM CIIOKHOCTH (€IUHUIIA U3MEPEHHUS:

CEKYH/IbI)
Metoabr time Metonsl time
Gamma 0,041 CEFPBHE 0,27
BIMEF 0,176 EEBHEGF 0,29
CegaHE 0,063 2DHE 0,15
CRM 0,16 MBLLEN 0,175
LIME 0,226 KinD 0,165
MF 0,45 RetinexNet 0,097
HE 0,14 GLADNet 0,094
MSRCP 0,172 ZeroDCE 0,0012
SRIE 7,082

Kak mnokazano Ha pucyHkax 3-4, Bce€ O3TH METOAbl YIyUIICHUS
n300pakeHUss B HEKOTOPOM CTENEeHM YIydyIlaloT BHU3yaslbHbIH 3¢ddekt
HCXOHOTO u300pakeHus. Jleramu cTaHOBATCA Oojee YETKUMHU NpU
ucnonb3oBanuu mMerogoB Gamma, BIMEF u CegaHE, Ho 00umii ypoBeHb
apkoctu TemHbli. Metonsl HE, 2DHE, CEFPBHE moryt ocBeTnuTh Bce
n300pakeHne, HO OTTEHOK PE3KO MEHsIeTCs Ul u300pakeHus “imgl.png”,
YTO TMPUBOAMT K IMOTEPE PEaNbHOTO I[BETa MCXOMHOW crenbl. Ha “imgl.
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png” spkocTh u300pakeHUs mocie obpadotku metogom SRIE, LIME
HEeBeJIMKa, HO Ha PUC2 UMEIOTCS IBHBIE OTIIMYUA U 3P (HEKT BOCCTAHOBIICHUS
toHa Bblie. Metoget MBLLEN, MF, LIME u CRM npemoHCcTpupyroT
XOpolllee yaydlleHre IBeTa U JeTalied, a uX Bu3yaiabHble d()(EKThl SBHO
npeBocxonatr HE, 2DHE, Gamma, BIMEF. Tak ke 3aMeTHO 3HaUUTEIbHOE
yAy4IlIeHHe KOHTPACTHOCTH BBIXOTHOTO MU300PaKEHUS IIPU UCTIOIb30BAHUU
metona Ouructrorpammbl CEFPBHE u EEBHEGF. Kpasi coxpansitorcss Ha
n3o0paxenusx, nomydeHHoix Metogom EEBHEGEF, Gnaronmapst ucmonb-
30BaHUIO ynpasisiemoro ¢punsrpa. CpaBHEHHE METO/IOB HA OCHOBE MAIlIUH-
Horo oOyyeHus nokasano, uto MBLLEN Ha ocHOBe cnusiHUS UMEN caMoe
Oonbioe BpeMs padOoThI U MOKa3ajd Ype3MepHOe YCUIICHHE B Oosee IpKUux
obnactsax. OcHoBbIBasich Ha Teopuu Retinex, meton KinD o6paboran n3obpa-
KEHHsI 3HAUUTEIbHO Jyuine, 4yem RetinexNet, HO MTPOAEMOHCTPUPOBAI
MOTEPIO JIeTajieh U CIyIaKMBaHUE B 00JIe€ TEMHBIX 001aCTsIX, XOTS COXPaHMII
uX cTpykTypy. RetinexNet nmoaaepxuBana TOYHbIEC IBETOBbIE OMUCAHHUS, HO
BHOCHWJIa 3HauuTeNbHOE KonuuecTBO myma. Meron GLADNet, necmotps
Ha MIPOCTYIO APXUTEKTYPY, I0Ka3aJ]1 MPEBOCXOAHBIE [10KA3aTeIN U COXPaHUII
€cTecTBeHHOCTh n300paxkeHus. ZeroDCE — caMblii OBICTPBIN METOM, XOTS U
HE 0Ka3aJ BICOKUX MOKa3aTese, HO J1aBajl BU3yaJIbHO [IPUBJICKATEIbHbBIC
M300paKEHHUSI C XOPOIIUM CXOACTBOM XapaKTEPUCTUK M ITOCTOSHCTBOM
LBeTA.

B tabnuie 3 mpencraBieHbl CpeaHUE 3HAYCHHS OOBEKTUBHON OIICHKH
st Habopos naHHbIX LOL 1 CCID2014 ¢ ucnofib30BaHHEM Pa3IMYHBIX
nokaszareneid NR IQA. DTu gaHHbIE MOKa3bIBAKOT, UTO PA3HbIE METPUKU
MIPUCBAMBAIOT pa3HbIE I[I0Ka3aTeld OJAHOMY U TOMY XK€ aJrOpUTMY
yAYYIICHUS U300paKeHHUs] M YTO MHTEPIPETAlMU PE3YJIbTAaTOB OLICHKH B
HEKOTOPBIX CIIy4asix MOJHOCTBIO NMPOTHUBOMOJIOXKHBI. BO3MOXHO mpuunHa
B ToM, yTO MeTpuku NR IQA, ncnonbs3yemble B 3TOM OLEHKE, YUUTHIBAIOT
pa3iIMyYHbIe aCMIEKThI H300paKEeHUS, TIOTYYECHHOTO MOCTE YAYUIIeHHUs . XOT4,
B OOJIBLIIMHCTBE ClIy4aeB HAOMIOMAIOTCS BHICOKHE TTOKA3aTeu Uil METO/IOB
OCHOBaHHBIX Ha MalIMHHOM 0OyueHuH, Takux kak RetinexNet, GLADNet,
ZeroDCE, MBLLEN, KinD.

3akiouenue. Ilocine mnpoBeneHUs OOIMMPHBIX AKCIIEPUMEHTOB U
aHaiM3a pe3yJabTaTOB YIYYIIEHUS CIIA0OKOHTPACTHBIX H300pakeHUH,
MOXXHO 3aMETUTh, YTO KAXK/IbIi MOJAXO0/1 JA€T XOPOILIUE PE3YAbTaThl B OAHUX
YCIIOBUSIX, HO MMEET OrpaHWYeHUs B JApyrux. Metonbl mpeoOpa3oBaHus
CEepOoro MMEIOT HU3KYH) BBIYHUCIUTEIBHYI CJIOXKHOCTh, HO MOTYT JIETKO
MOTEPATH AeTaaTu. MeTo/Ibl HA OCHOBE TUCTOTPaMMBbI 00€CIICUUBAIOT OBICTPOE
yAy4llIeHHe KOHTPACTHOCTU M JAeTalu3allud M300pakeHUH, HO MOTYT
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BBI3BaTh MOTEPIO I[BETA U co3laHue myma. Meronsl Retinex sddexktuBHO
00pabaThIBalOT IIBETHBIC HCKAKEHUSI, HO MIMEIOT BBICOKYIO CIIOKHOCTh M3-32
rayccoBoil ¢unbTpanu. MeToabpl MalIMHHOTO OOY4YeHHsI MOTYT JOOUTHCS
OTIIMYHOW TPOU3BOIUTEIBHOCTH, HO HMEIOT CUJIBHYIO 3aBHCHUMOCTH OT
Habopa JaHHBIX M BBICOKYIO BBIYMCIUTEIBHYIO CIOKHOCTH B TpOIECCe
oOyuyeHusi. Bce paccMOTpeHHBbIE alrOpUTMBI HMMEIOT OIpe/IeiICHHbIE
HEJOCTaTKH, TaKWe KaK TOTeps JeTalield, HCKaKCHUE 1BETa WJIM BBICOKAs
BBIUHMCIUTENbHAS CI0XKHOCTh. ClieZloBaTeIbHO, PEKOMEHYETCs BBIOPATh
HauOosee MOAXOMAIINI aNrOpuUTM YIyYIIEHUS KOHTpacTa, HUCXOAS W3
KOHKPETHBIX TPEOOBAHHH MPUITIOKEHUS.
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