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One of the realities existing in the post-Soviet space is the problem of the formation of stress resistance in
high school students, which today has acquired a special urgency. This can be explained by the fear of failure on the
universally introduced Unified State Exam, which has become one of the main stress factors that has a bad effect on
the health of high school students and their educational activities. In this regard, the article describes modern
innovative approaches to managing the stress resistance of high school students.

Keywords: psychology, effective management, sustainable development, ecology, innovation, artificial
intelligence.

Introduction

At the UN Conference on Environment and Development, held in 1992 in Rio de Janeiro, a
Declaration was adopted, beginning with the words: "People are the main concern of sustainable
development. They have the right to a healthy and productive life in harmony with nature. In our view,
sustainable development is a socially desirable, economically viable and environmentally sustainable
development of society." The leading role in this process should be given to education management, i.e.
the introduction of such knowledge and skills that will allow the reorientation of education in the
direction of respect for the environment, the achievement of mutual understanding and social stability, as
well as solving a number of other tasks that contribute to the transition of mankind to the path of
innovative development.

Such an approach was described in one article, the authors of which analyzed the main issues
related to the development of innovative approaches and their scientific and methodological support for
creating the necessary educational environment for effective management of education by education.
They justified "the need to involve related disciplines and, above all, ecology, since "in recent years it has
become obvious that the absence or insufficiency of the development of the education system for
sustainable development, and even more so the decline in their quality, is becoming a real threat to
national security in all its components - in economic, social, technical and, of course, in the
environmental [1].The author considers it necessary to add psychological safety to this list.

Scientific novelty

The scientific novelty of the research is as follows:

o the essence, content and structure of the educational process in modern conditions are
substantiated, the need for transformation of modern educational processes that integrate
learning, education and development as an important component of education in the interests
of sustainable development is substantiated. That is why the author of this article suggests
supplementing the curriculum not only with ecology, but also with psychological education;

o the main ways to increase the effectiveness of the educational process have been identified
and tested using experimental methods, the main options for solving problems in this area
have been put forward, which the author received as a result of a survey addressed to
artificial intelligence;

e practical recommendations for the implementation of scientific and applied research results
have been developed.



Literature review

A review of literary sources close to the topic of this study allows us to supplement this
proposal with another one, which boils down to the fact that psychology should also be included in
the list of related disciplines studied in secondary school, since psychological factors do have a
significant impact on the learning process. Our proposal is justified by the need to transform modern
educational processes that integrate learning, education and development as an essential component
of education for sustainable development. That is why the author of this article proposes to
supplement the curricula not only with environmental, but also with psychological education. The
need to introduce such transformations into existing school curricula is also supported by the fact that
the modern educational environment is “focused” on training, on obtaining desirable answers, on
narrow specialization of knowledge received by schoolchildren, focused on passing unified state
exams, which ultimately leads to a reduction of the tasks of intellectual and general mental
development of schoolchildren in the structure of the educational system, when personality qualities
are erased and, very importantly, their level of stress resistance decreases.

Increasing the stress tolerance of high school students is indeed becoming a very important
task, since adolescence is often accompanied by increased emotional load and stress. Adding
psychology programs to the curricula can also benefit from the fact that, firstly, it will help high
school students understand their emotions and be able to effectively cope with stress. They will be
able to develop skills of self-regulation, positive thinking and emotion management, which will help
them cope more successfully with various life situations. Secondly, psychology programs can help
high school students develop interpersonal communication and empathy skills. This will contribute to
the formation of healthy relationships within the class, reduce conflicts and improve collective spirit.
High school students will understand each other better, be more tolerant and be able to work
effectively in a team. In addition, the introduction of psychology programs can also contribute to the
development of self-awareness and self-esteem of high school students. They will be able to better
define their goals and priorities, as well as develop planning and time management skills. In general,
adding psychology programs to secondary school curricula in combination with ecology can make
the educational process more harmonious and sustainable. This will help high school students not
only improve their emotional and psychological well-being, but also cope more successfully with the
challenges of the future.

Research methodology

In the literature devoted to the study of stress tolerance of high school students as a necessary
means of developing their mental health, it is noted that the main factors affecting stress tolerance are
physiological, behavioral and subjective, socio-psychological factors, and primarily changes in
communication, as well as the psychological stress factor. Age-related psychological characteristics
of students play an essential role in the development of stress tolerance [2]. The presence of a large
number of different approaches to studying the degree of influence on the stress resistance of
adolescents led the author to find out the opinion of the recently widely advertised Artificial
Intelligence (Al), which, according to its developers, allows to improve the quality of education in
educational processes and effectively master the necessary professional skills.

It should be noted that the author of this article does not consider himself one of the pioneers
who decided to address such questions to Al. In the literature devoted to the use of Al in educational
processes, the Al tips received by Daria Sudakova after her direct appeal to Al have been published
[3]. Unfortunately, we do not know the wording of the question she asked Al, but in the excerpt from
her article published below, five possible areas of Al application in educational processes are
mentioned, namely:



elimination of the bias of the estimates;

to help teachers in the assessment process;

to help students in self-development;

increase their motivation to learn;

analyzing the data from school surveys, take care of the emotional health of students.

The latter advice is included in the circle of our scientific research devoted to the study of the
issues of sustainable development of educational processes in high schools by increasing the level of
stress tolerance of high school students.

That is why we decided to directly contact the Al and find out its opinion on the author's
questions related to the title of this article.

akrwdE

The first question we formulated was as follows:

Question No. 1. What does Al think about the need to improve the management of
educational processes in secondary schools?

Al response (quoted) "As an artificial intelligence, | have no personal preferences or
opinions, but | can say that the sustainable development of educational processes in secondary
schools is a very important task. Sustainable development implies the creation of an educational
system that would be able to meet the current needs of students without compromising the
opportunities of future generations to receive high-quality education. This requires the inclusion of
new methods and technologies in the educational process, as well as taking into account the needs of
the environment and socio-economic changes.

In secondary schools, sustainable development management can be achieved, for example,
by using new technologies in teaching, taking into account the individual needs and abilities of
students, increasing the level of competence of teachers and developing environmental awareness
within the educational program. In general, the sustainable development of educational processes in
secondary schools can significantly improve the quality of education and prepare the younger
generation for future challenges and opportunities in life.

Managing the sustainable development of educational processes in secondary schools is the
process of creating and maintaining a sustainable education system that meets the needs of today's
students without compromising the opportunities of future generations to receive high-quality
education. It includes a number of aspects:

1. Individualization of learning. In secondary school, it is necessary to take into account the
individual needs and abilities of students in order to help them achieve the best results. This
can be achieved through the use of various teaching methods, individual planning and
personalization of the educational program.

2. The use of new technologies. Modern technologies, such as interactive whiteboards, online
courses, mobile apps and other tools can help create a more efficient and sustainable
educational process.

3. Teacher training. Teachers play a key role in achieving the sustainability of educational
processes in secondary schools. It is necessary to teach them new teaching methods,
technologies, as well as to develop their professional skills and competencies.

4. Development of environmental awareness. Secondary education should also include
important topics, such as environmental protection, sustainable development and
environmental awareness. Teaching students these topics will help them become responsible
citizens and make informed decisions that take into account environmental aspects.

5. In general, the sustainable development of educational processes in secondary schools is a
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necessary step in ensuring high-quality and sustainable education for current and future
generations.

The second of the questions we formulated was as follows:

Question Ne 2. What is the overall strategy to help high school students improve their stress
tolerance?

Al's answer (quoted) "Stress tolerance of high school students depends on many factors, such
as their personal qualities, family and school environment, as well as the level of support from others.
The strategy includes:

1. Healthy Lifestyle: Regular exercise, a healthy diet, and adequate sleep, which can help
reduce stress levels and improve mood,;

2. Time management: Planning your time and managing tasks can help high school students
cope with their responsibilities and reduce feelings of anxiety;

3. Support from others: Friends, family and teachers can provide emotional support and help
cope with stress;

4. Positive attitude: High school students can learn to encourage positive thoughts and attitudes,
which can help improve their well-being and reduce stress;

5. The ability to relax: Relaxation techniques, such as meditation, yoga, breathing exercises and
progressive muscle relaxation can help reduce stress levels and improve psychological
health.

In general, the stress tolerance of high school students can be improved by adopting these
strategies and constantly working on developing personal qualities, such as perseverance, optimism
and adaptability."

It seems to us that the Al recommendations received may be more useful for people who
have assumed the responsibility of helping high school students in order to introduce them to a
healthy lifestyle, including increasing their stress tolerance. Since this area is part of the author's
research circle dealing with issues of managing the sustainable development of educational processes
in high school, that is why the author decided to once again turn to Al on issues requiring additional
clarification in the area of interest, namely:

Question No. 3. What are the main stages of modeling the stress resistance of the educational
environment?

The answer received from the Al is also quoted and begins with the following phrase:
"Building stress tolerance models using artificial intelligence should include several stages, namely:

1. Data collection and analysis. It is necessary to collect data on factors affecting the stress
tolerance of the educational environment, for example, student grades, test results, frequency
of calls to the support service, etc. This data can be obtained from both internal and external
sources.

2. Choosing a machine learning algorithm: to simulate the stress resistance of the educational
environment, it is necessary to choose a suitable machine learning algorithm. For example,
you can use regression methods to predict future values, or clustering algorithms to identify
groups of students with similar characteristics.

3. Data preparation: To use a machine learning algorithm, this may include clearing data from
outliers and errors, scaling data, etc.



4. Model training: after preparing the data, it is necessary to train the model on this data.
Depending on the chosen machine learning algorithm, this may include setting up
hyperparameters of the model, choosing a loss function, etc.

5. Model quality assessment: after training the model, it is necessary to evaluate its quality.
This may include the use of metrics, such as root mean square error, accuracy, etc.

6. Application of the model: After the model has been trained and evaluated, it can be used to
predict the stress resistance of the educational environment. For example, a model can be
used to identify factors affecting student stress tolerance and offer recommendations for
improving the educational environment."

Further, the recommendations contained in the Al response noted that "artificial intelligence
programming typically focuses on three cognitive skills: learning, reasoning, and self-correction.

Learning is the ability of artificial intelligence to learn from experience, data, and feedback.
Learning can take place using various machine learning methods, such as neural networks, decision
trees, clustering algorithms, etc. Learning can be either supervised or unsupervised.

Reasoning is the ability of artificial intelligence to use knowledge and logical rules to solve
problems and make decisions. Reasoning can involve the use of expert systems that use knowledge
from experts in a particular field to solve problems.

Self-correction is the ability of artificial intelligence to adjust its behavior and decisions
based on feedback received and its own mistakes. Self-correction can occur through user feedback,
analysis of results and optimization of behavior based on this information."

Al has found it possible to outline a number of cognitive skills relevant to the issue we have
raised. Recall that cognitive skills are skills that help us assimilate new information, understand the
world around us and interact with it. Cognitive skills are the mental processes that allow us to accept,
select, accumulate, process, create and restore information. That is why Al noted that the above-
mentioned "three cognitive skills interact with each other and allow artificial intelligence to achieve
high efficiency and improve its results as it gains new experience, i.e. engage in educational
analytics, including the processes of collecting, analyzing and interpreting data on learning and the
learning process in order to improve the quality of education and achieve better results students."”

According to Al, "the introduction of educational analytics into the educational process can
bring many practical advantages. One of the main advantages of educational analytics is to improve
the effectiveness of the educational process. Data analysis will help identify weaknesses in the
learning process, identify the most effective teaching methods, and identify students who need
additional support and assistance.

In addition, educational analytics can help in making more informed decisions in the
educational field. For example, based on student performance data, you can decide whether to
introduce additional courses or change the curriculum. Educational analytics can also help in
financial management of educational institutions. For example, data analysis can help determine the
most efficient use of budget funds and their allocation to various educational programs.

For the practical implementation of educational analytics, it is necessary to use specialized
software products that can process and analyze data. These products can be configured to
automatically collect and process data, as well as to provide visualization of data analysis results for
educational workers and students. However, the implementation of educational analytics also
requires certain resources from educational institutions, including the allocation of a budget for the



purchase of necessary equipment and software, as well as training staff to work with data and
software products of educational analytics.

Since the ultimate goal of our research is to build an economic and mathematical model that
allows us to link the sustainable development of educational processes with the stress resistance of
high school students, the authors decided to bother Al once again and turned to it with the fourth
question:

Question No. 4. What are the main stages of building economic and mathematical models of
sustainable development of educational processes in secondary schools?

Al response (quoted) "The construction of an economic and mathematical model for the
sustainable development of educational processes in secondary schools includes several stages. Here
is a general outline that can be used to build such a model.

Defining the goals and objectives of the model: Determine what you want to achieve with the
model and what specific aspects of the educational processes in high school are of interest to you. For
example, you may be interested in optimizing resource allocation, improving the quality of
education, or developing sustainable financial strategies.

Identification of variables: Identify key variables that will influence educational processes in
high school. Some of them may include the number of students, budget, teacher qualifications,
curricula, school year structure, etc.

Formulation of mathematical equations: describe the mathematical relationships between
variables. For example, you can use equations describing the relationship between the budget and the
amount of teaching materials, the level of teachers' pay and their qualifications, etc. Mathematical
models can be built on the basis of various methods, such as linear programming, differential
equations, stochastic models and others.

Data collection: To build a model, you will need information about current educational
processes in high school. This may include data on the budget, the number of students, academic
performance, the structure of the school year and other indicators that will be used in the model.

Calibration of the model: use the collected data to adjust the parameters of the model and
check its compliance with real educational processes. If the model does not meet expectations, make
the necessary adjustments.

Analysis of the results: analyze the obtained simulation results. Evaluate the impact of
variable changes on educational processes and make recommendations for optimizing these
processes.

Implementation of recommendations: based on the simulation results, develop a plan for the
implementation of recommendations and measures aimed at improving educational processes in
secondary schools."

Conclusion

It is important to note that building an economic and mathematical model for managing the
sustainable development of educational processes in secondary schools can be a difficult task
requiring expertise in economics, mathematics and education.
It is also recommended to consult with professionals and specialists who work. The author expresses
his deep gratitude to Al for the practical advice received, and we will try to bring them to life, as
much as possible.
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Hccnedosanue nanpagneno Ha KOMNIEKCHOE MOOETUPOBAHUE NPOYECCO8 ONMUMATLHO20 YNPAGLEHUS NO KPU-
mepuio MUHUMU3AYUYU Y4eOHOU DeOHOCmU, OCHOBAHHOE HA UHMeZPAYUY 00PA3068AMENbHBIX U KYIbMYPHbIX MEXAHU3-
Mmo6. Ha ocnose cmamucmuueckux oannvix Apmenuu u @uuisnouu 3a 2019-2023 20061 pazpabomana cucmema ypas-
HeHUll, ONUCLIBATOWUX OUHAMUKY KIIOUesblX noKasameneu: yuebHol 6eOHoCmu, oxeama 00pa308aHueM, 2eHOEPHOO
paspuiea, yupposusayuu, COOMHOWEHUS YHUMenb/yieHUK, 00UKOIbHOZ0 00PA306aHUSL, YUMAMENbCKOU AKMUBHOCMU
u kHueogvloayu. Ilpeonoscentuas mooens yuumoieaem 3QPexmvl COBMEeCHHO20 YCULEHUs OM 83aUMOOelicmeus oopa-
308aMENbHBIX U KYIbMYPHBIX MEXAHUZMOS, NO360AEN NPOSHOZUPOBAMb OUHAMUKY nokazameneti 0o 2030 200a u
onpeodensins ONMUMATbHbLE YAPAGIIOWUE 6030elicmaust 0151 O0CIMUICEHUS YETLeBbIX 3HAUEHUT NPU HATUYUL 6CeX Ne-
DEMEHHBIX U NAPAMEMPO8 CUCTNEMBbL.

Knrwueevle cnosa: yuebnas bednocmn, KyibmypHO-00pa308amenbhble NPOYEccyl, ONMUMATbHOE YNpasiie-
HUe, Yelu YCmoudueo20 paseumusi, yughposuzayust 06pazo08aHusl, KyIbmypo2eHe3 H08eOeHUsl.

BBenenue. BcemupHslil 6aHK omnpenenser yueOHyt0 OeJHOCTh KaKk HECITIOCOOHOCTh pedeHKa Ipo-
YUTaTh U TOHATH MPOCTOH pacckas B 10-meTHeM Bo3pacTe — mokaszarelb, KOTOPBIH MOXKeT nocturatsh 80%
B HEKOTOPBIX CTpPaHaX W, MO OIEHKaM, 3aTparuBaet 250 MHJUIMOHOB JieTell BO BCEM MHpPE. DTO HETaTUBHO
BJIMSICT HA MX Oyyle MepCcreKTHBbI, OMHOBPEMEHHO CHIXKas pocT pa3Butus crpad [1]. [poGiema mMu-
HUMH3AIIH YPOBHS y4eOHOW OETHOCTH - KOMIUIEKCHAS COIMAbHO-dKOHOMUYECKast mpobiiema, Tpedyro-
I1asi CHCTEMHOT'0 MEXANCIMIUTMHAPHOTO 10/1X0/1a [2]. CoBpeMeHHbIe TeHACHIUH III00aTbHOTO Pa3BUTHS
00IIIecTB MOTYEPKUBAIOT OIPENEISIONIYI0 POJIb 00pa30BaHUsl KaK KIFOYEBOTO MEXaHH3Ma COIMalIbHON
TpaHc(hopMaIMu U JOCTHKEHHS Lesiel ycToiunBoro passutus. Learning Poverty (YueOnast 6e1HOCTD) -
9TO KOMILICKCHBIH MMOKa3aTesb, KOTOPHIH BKIOYaeT B ceOst 1Ba kommoHenTa: Learning Deprivation - Or-
craBanue B 00yuenunu (uu "Jeduunt o0yuenus") - qons AeTel B MIKOJE, KOTOPbIE HE TOCTUTAIOT MUHH-
MaJIbHOTO YPOBHSI 3HaHUiA 110 uTeHuto, U Schooling Deprivation - OtcraBanue B 0XBaTe MIKOJILHBIM 00pa-
3oBanueM (win "Jledurur oxara oopazoBanuem") - 101 IETEH, KOTOPBIC HE MOCEIIAOT IIKOJY.

OO0paszoBaHue BBICTYNaeT 0a30BBIM MEXaHU3MOM JocTibkeHHs Lleneil ycToW4yMBOro pasBHTHS
(LIYP), BEIMOTHSISI MHOXKECTBEHHBIE collMaibHO-TpaHchopmarmonnsie pynknuu: LIYP 1 (JIukBunarms Hu-
IIETHI) - 00pa3oBaHUE — KIIOYEBOH CONMATBHBIN TU(T, TO3BOJISAIONINIA TPEOI0TIEBATH MEKITOKOJIEHIECKYIO
O0enHoCTh uepe3 GpopMupoBanue NpodecCHOHATFHBIX KOMIETEHIIMN U paclIupeHne SKOHOMUYECKUX BO3-
moskHoctel. [{YP 4 (KagecTBeHHOE 00pa3oBaHue) - HEMOCPEICTBEHHAS 1[€JTb, TPEAIOIIAraloIIas CO3JaHe
WHKITIO3UBHOH, CIPaBEeIINBON M BHICOKOKAUYECTBEHHON oOpaszoBarenbHOU cuctembl. LIYP 5 (I'emnepnoe
PaBEHCTBO) - 00pa30BaHUE BHICTYMAET MEXaHW3MOM IIPEO0JIEHHs TEeHIEPHBIX 0apbepoB, obecreunBas
PaBHBII TOCTYII K 3HAHUAM U npodeccuoHaidbHbIM TpaekTopusaM. LIYP 8 (Hocroitnas paboTta n 3KOHOMU-
YEeCKHUIl pocT) - mpodeccuoHanbHOe 00pazoBaHue (popMHUPYET YeT0OBEUECKUI KaluTal, HEOOXOAMMBIH ISt
WHHOBAITMOHHOTO pa3BUTHs SKoHOMHUKH. LIYP 10 (YMeHbIIcHIE HEPaBEHCTBA) - 00pa30BaHUE CO3ACT BO3-
MOYXHOCTH COLIMANBbHOW MOOMIIBHOCTH M HUBEJTHUPOBAHUS CTPYKTYPHBIX COLHAILHO-3KOHOMHUYECKUX pa3-
PBIBOB.

[IpoGiemMb! 1 AOCTIKEHUS B KyJIBTYPHO-00pa30BaTeNbHOM cpepe 1eEMOHCTPUPYIOT KOMIUIEKCHBIIN
xapaxTep 3TuX B3auMocBszeli ¢ LIYP: a)ypoBeHb y4ueOHOI OeAHOCTH HANPSIMYIO KOPPEIUPYET C BO3ZMOXK-
HOCTSIMH COLIMaJIbHOM MHTErpayy 1 5KOHOMHUUECKOH MOOMIIEHOCTH, SIBISISICH HHAUKATOPOM 3 (HEKTHBHO-
CTH 00pa30BaTEIHLHON MOJUTHKH, 0)I0IIS AeTel BHE IIKOJIBHON CHCTEMBI OTpaXkaeT He TOJIBKO 00pa3oBa-
TEJIbHBIC BOBMOXHOCTH, HO U COIMAIbHO-IKOHOMHUYECKHE Oaphepbl JOCTYyMa K 3HaHusM [3]; B)reHaepHbIit
pas3pbiB B 00pa30BaHUU MPEACTABISET cOO0M KOMIUIEKCHBIN MHANKATOP COLMAIILHOTO HEpaBEeHCTBA U TO-
TEHIIMANA YeIOBEYECKOT0 Pa3BUTHs [4]; r)kauecTBO 00pa3oBaTeIbHON HHPPACTPYKTYPHI BEICTYMACT MaTe-
pUANTBHBIM 0a3WCOM IS peasi3ariy 00pa30BaTEIFHOTO TIOTEHITHATA M TEXHOJIOTHIECKOTO Pa3BUTHSA [5];
II)YPOBEHb KBUTU(HUKAIIMN YIUTEICH ONpeeseT KauecTBO 00pa30BaTeIbHBIX HHTEPBEHIUH U MOTEHIIHAI
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TpaHCHOPMAIIHH COITHATBHBIX MPAKTHK [6]; €)I0CTYITHOCTh YICOHBIX MAaTEPHAJIOB SBIIACTCS KPUTHICCKAM
(dakTopoMm obecrieueHrs1 paBeHCTBA 00pa30BaTENLHBIX BO3MOKHOCTEH.

Craructuueckue nanaele Bcemuproro 6anka u Ctatuctuueckoro komutera Pecybnuku Apme-
Hus 32 2019-2023 1o IEMOHCTPHUPYIOT HEOOXOIUMOCTE Pa3pabOTKH KOMIUIEKCHOW MaTeMaTHIEeCKOH MO-
JIeTTH YIIpaBJIeHUs 00pa3oBaTeIbHOM cucTeMoi. Tekynmid ypoBeHb yueOHo! OeTHOCTH B APMEHHHU COCTaB-
asieT 26,4%, 4TO CyHIeCTBEHHO MPEBBIIIACT TOKA3aTeNIN Pa3BUTHIX cTpaH (Hanpumep, GunisHaus — 2.6%)
[7].

Anamu3 123 cTpaH Moka3bpIBacT YETKYIO KIIaCTEpH3aIliio yaeOHoW OeqHOCTH: 25 cTpaH ¢ MmoKasa-
tenem meHee 10%, 19 ctpan ¢ mokazarensmu 10-25%, 14 ctpan ¢ ypoBHeM 25-40% (BKiTIOUast ApMEHUIO)
u 65 cTpaH ¢ KpuTHueckuM ypoBHeM Bbie 40%. Apmenus ¢ mokazatenem 26,4% (mocieacTBus naHe-
MHH) HaXOJUTCS B TPETHEM KJIACTEPE, YTO OTpaXKaeT 3HAUUTENbHBIN OTEHIMAN A YIyUIIEeHUs [IPU CO-
XPaHCHUH TMTOJIOKUTEIBHON JUHAMHUKY CHIKEHUS ¢ 35% B 2015 romy.

Ieanro ucciaenoBaHus sBISETCA pa3padOTKa MOJIX0A0B U METOJIMKH, B TOM YHCIE MaTeMaTHye-
CKOW MOJIENH ONTHUMAJILHOTO YNpPaBJICHHS, O3BOJIAIONIEH KOJMYECTBEHHO ONUCATh TUHAMUKY 00pa3oBa-
TEBHOM CHCTEMBI U OTIPEACIUTH ONTUMAIIbHBIE YIPABIISAIONINE BO3AEHCTBHA TSI MUHUMHU3ALUN yueOHO
OenHOCTH.

CoBpeMeHHas MapajurMa COLUAIbHO-I)KOHOMUYECKOTO Pa3BUTHSI paccMaTpuBaeT 0Opa3oBaHUE
Kak 0a30BbI MEXaHU3M TPaHCGHOPMALIUH YEIOBEYECKOTO KauTala U COLUAIIbHOH MOOMIBHOCTU. DKOHO-
MHYECKOE pa3BUTHE FOCYIapCTBA HAMPSAMYIO KOPPEIHUPYET C YPOBHEM 00pa30BaHUs HACEIECHNUS yepes cie-
JOYIOLINE KITIOYEBBIE B3aMMOCBA3aHHBIE MEXaHU3MBI.

e Yenopeueckmuii kanutaja. O0pa3zoBaHue SBIAETCS NEPBUYHBIM HHCTPYMEHTOM HaKOIUICHUS MHINBU-
IyalbHBIX KOMIIETCHLIUH, 3HAHUI U HaBBIKOB, KOTOPbIE TPAHCHOPMHUPYIOTCS B SKOHOMHUYECKYIO MPOAYK-
tiBHOCTH [8]. CornacHo 3KCHEepTHBIM OIEHKAM, KaXK/IbIi OMOJHUTEIbHBIN IO 00y4eHHs YBEITHUNBACT
WHIMBUAYaJIbHBIN OTEHIHAT TpynoycTpoicTa 1010%.

e KyabTyporenes nosenenusi. O0pa3zoBarenbHbleé HHCTHTYTHl BBICTYIAIOT KIIOUEBBIM MEXaHH3MOM
colHanu3anyu, GopMHpPOBaHHUS IICHHOCTHBIX ycTaHOBOK [9,10], Mozesneii moBeJeHUs 1 COLMATBHBIX HOPM.
Uepe3 oOpa3oBaTeNnbHbIE MPAKTHKA HPOMCXOAUT HHTEPUOPHU3ALUSA KYJIbTYPHBIX NATTEPHOB, KOTODBIE
ONPEACIISIIOT CTPATErMy YdKOHOMHUUYECKON U COLIMAIbHON aJianTaluu.

o HHHOBanMOHHBIN MOTEeHIHAT. BHICOKOKBAIM(UIIMPOBAHHBINA YEIOBCUCCKUN KalMUTal SBISICTCS
JpaiiBEpOM TEXHOJOTMUYECKUX U COLMAIBbHBIX WHHOBALMH, YTO HEMOCPEACTBEHHO BIMSET HAa TEMIIBI 9KO-
HOMHYECKOTO Pa3BUTHSI U KOHKYPEHTOCIIOCOOHOCTh HALIMOHAILHON 3KOHOMHKH.

e CouuanpbHas unTerpanusi. O6pa3oBaHue BBICTYIIaeT MEXaHU3MOM BEPTHUKAJIbHOM COLIMAIBHON MO-
OMIIFHOCTH, HUBEJIMPOBAHUS CONMATHHOTO HEPABEHCTBA U CO3AAHUS PaBHBIX BO3MOXKHOCTEH IS pa3ind-
HBIX COLMANBHBIX rpyrm [11].

[Ipennoxxennas Moaenb 0a3upyeTcss Ha CUCTEMHOM IIOAX0E, KOTOPBI paccMaTpuBaeT o0pa3oBaHHE
HE KaK M30JIMPOBAHHBIA MPOIECC, a KaK KOMIUIEKC B3aMMOCBA3aHHBIX COIHAIBHBIX, YKOHOMUYECKUX U
KyJbTYPHBIX TPaKTHUK.

Metoaosiornyeckue ocHoBanus. Vccnenosanue 6a3upyercst Ha TECOPHU ONTHMAJIBHOTO YIIPaB-
nenns [loaTpsaruna [12], anantupoBaHHOH K crierupuke 00pa3oBaTeIbHO-KYJIBTYPHBIX CUCTEM, YTO 03~
BOJIIET (hOPMAIIM30BATh MPOIIECC YIPABJICHUS CHIDKEHUEM yueOHOM OeiHocTH. CTaTHCTUYECKONH OCHOBOM
ciyxat JanHele Apmennn U Ounnsaaany 3a 2019-2023 rozpl, a Takke pe3ybTaThl [NTOOATFHOTO aHAIN3a
123 crpaH, JeMOHCTPUPYIOIINE YETKYIO KJIaCTePHU3AIINIO ITOKa3aTeneld yueOHoi OeqHOCTH.

Cucrema (a30BBIX KOOPAMHAT BKIIOYAET BOCEMb KIIFOUEBBIX MOKa3aTesieil, BepupUIIMPOBAHHBIX
MEXIYHApOJHBIMH HCCllefoBaHusIME [13]: X4 - ypoBeHb yueOHol OemHOocTH (26.4% B 2023, 1eneBoii mo-
kazarenb 15% k 2030), X, - oxBat oOpazoanueM (90.8% B 2023, neneBoii nokazarens 95% k 2030), X3 -
reHJepHbIi pa3pbIB B oOpasoBanuu (4.6% B 2023, neneBoii nokaszareib 2% k 2030), X4 - nudpoBuzanms
oOpasoBanus (1:17.1 xomnbroTepoB Ha yuamnuxcs B 2023, neneBoit nokazarens 1:5 k 2030), X5 - COOTHO-
nieHue yuurtenb/yuaeHuk (12.7 yuenukoB Ha yumtens B 2023), X - AomkoisHOe obpasoBaHue (37.2%
oxpara B 2023, nieneBoii mokaszarens 70% k 2030), X, - ynTaTeNbCcKkas akTUBHOCTE (397.6 unTaTeneid Ha
1000 macenenus B 2023), Xg - kauroBbiAayda (15.6 kaur Ha ynrarens B 2023).

B kadecTBe ynpaBInsIomuX BO3IeHCTBUH onpeieNneHsbl: Uy - GuHaHCHpoBaHUE 00pa3oBaHus (TEKy-
mui ypoBeHb - 2.7% BBII), U, - kBanupukanms yuurene, Uz - HHOPaCTPyKTypHbIE HHBECTHLIUH, Uy -
COLMaNIbHBIE TIPOTPaMMBI, Us - TH(pOBU3aALHNS, Ug - KyJIbTYPHBIC Bayuepsl, U; - IPOrpaMMsbl yTeHusl. Bei6op
YIPaBISIOMIKX ITaApaMeTPOB 000CHOBAH MEKAYHAPOJHBIM OIIBITOM U OATBEP)KIAETCS] CTATUCTUYECKHU 3HA-
YUMBIMHU KOPPETSAILHUSIMHE C IEJIEBBIMU [TOKA3aTEIAMU.
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PazpaboTanHas MaTeMaTHYeCKass MOJIEITh IIPEICTABIAET COO0H CHCTEMY HEITMHEHHBIX auddepeH-
[IUAJIbHBIX YPAaBHEHUH, OMUCHIBAIONIUX B3aMMOCBS3b KIIIOYCBBIX I1aPaMeTPOB 00pa30BaTeIbHON CUCTEMBI:
dx,/dt = f(X1,X2,X7,X4,Xe,U1) - muHAMUKa yuebHoi 6emHocTH, dX,/dt = g(X2,X1,U1,Us) - M3MEHEHHE OXBaTa
obpazoBanueM, dxXs/dt = h(X3,X1,X2) - 9BONIONHUS TeHACPHOTO pa3pbiBa, dX,4/dt = p(X4,Us,U3,U;) - pa3BUTHE
udposusaiun, dxs/dt = q(Xs,U,) - TMHAMHUKA COOTHOIICHHUS YUUTEb/yueHUK, dX¢/dt = r(Xe,Uq,Us) - pocT
JIONIKOJIBHOTO 00pa3oBanust, dX,/dt = S(X;,Us,U;) - HK3MEHEHHE YNTATENBCKOM akTHBHOCTH UXg/dt = t(Xg,U7)
- IMHAMMKa KHUroBbLgaud, rae to <t < T, xi(to)=xXio, 1=1,2,...,8.

Ienenast pyHKIMSA MOIETH TIPEACTABIIACT COOON MHTETPATBHBIN KPUTSPU MUHHUMH3AITUN OTKJIO-
HEHHI OT LIEIEBBIX MMOKA3aTeNIeH C YUETOM 3aTpaT Ha YIIPaBJISIONIUE BO3ACHCTBYS:

J= I[ZWiXiZ + Xcu2 + Zkixiui]dt — min,
TJIe Wi - BeCOBbIC K03()(pUIIMEHTHI OTKIOHEHHH (ha30BBIX KOOPIUHAT, Ci - KOO UIMEHTHI 3aTpaT Ha yIpas-
nsrorme Bo3aencTus, ki - ko3 punreHTs B3auMOIEHCTBHSI COCTOSIHHSL CUCTEMBI U YIIPABIISIONINX BO3-
JIEUCTBUH.

B 3aBuCHMOCTH OT XapakTepa MOJEINPYEMBIX POIECCOB UCIIONB3YIOTCS Pa3IMYHbIE THITHI YPaB-
HEHWH: JIOTHCTHYECKHE - IS TporeccoB ¢ dpdexrom Hachimenus (yaeOHas OeIHOCTh, 0XBaT 0Opa3oBa-
HUEM), JIMHEWHO-JTOTapu(PMIIeCcKue - IS IPOIECCOB ¢ HEMTMHEHHON TMHAMIKON pa3BUTHS, SKCIIOHEHITHU-
AJBHBIC - I OBICTPO PAa3BUBAIOIIUXCS TEXHOJIOTHYECKUX MPOLIECCOB, MYJIbTHILTUKATHBHBIC - IS IPOIIEC-
COB C B3aMHBIM yCHIIEHHEM (DaKTOPOB.

Oco0eHHOCTBIO MOJIETH SIBJISIETCA YUeT CHHEPreTHIecKnx 3¢ (eKToB B3anMOAEHUCTBUS 00pa3oBa-
TENBHBIX U KYJIBTYPHBIX MEXaHU3MOB Uepe3 cuctemy ko3¢ GuiimeHToB ki, BO3MOKHOCTh TEPPUTOPUATBHOMN
aJanTauy Yepe3 CUCTEMY BECOBBIX KO3 (PHUIIMEHTOB Wi 1 MHOTO(aKTOPHBII OX01 K OlleHKe 3 peKTrB-
HOCTH YIIPaBIIAIONIUX BO3IEUCTBUNA, UTO MMO3BOJISIET TPOTHO3UPOBATH IMHAMUKY Moka3artesnei 1o 2030 roga
1 OIPENIENIATh ONTUMANIBHBIC YIPABJISIONINE BO3ACHCTBUS IS JOCTHIKECHHS 1IEJCBBIX 3HAUCHHUIA.

Copep:xkaTeibHAsi MHTepIpeTanusi ypaBHeHUM, ypaBHEHHE IMHAMUKU y4eOHOH OemaHOCTH
dx,/dt onpenmenseTcs ypoBHeM (pHUHAHCHpOBAaHUS 00pa3oBanus (U, ), YNTATETBCKOM aKTUBHOCTH (X7), IH}-
poBu3anuu 00pasoBanus (X4) U JOMIKOIBHOTO 00pa3oBanusi (Xe); ypaBHEHHE 0XBaTa 0Opa3oBanueM dX,/dt
YUUTBIBAECT TEKYIIMH YPOBEHb OXBaTa, BIMSHHE yueOHOW OEIHOCTH, colManbHbIe MporpaMmsl (Uyg), du-
HaHcupoBaHue (Up); ypaBHEHHE TeHIepHOTo pa3pbiBa UX3/dt 3aBHCHT OT TeKylIero ypoBHs pa3pbiBa, 00-
IIET0 YPOBHsI 00pa30BaHMsi, ypOBHs yueOHO# GeqHOCTH; AnHaMKKa upoBusaiin dX,/dt onpenensiercs
00BeMOM MHBECTHLINH B HHPPACTPYKTYpY (Us), oOmmmM rHaHCHpoBaHHEM (U1 ), TEKYIITUM YPOBHEM IH(]-
POBU3AIINH; U3MCHEHHE COOTHOIICHUS YUUTENb/y4eHUK dXs/dt 3aBHCUT OT IPOrpaMM MOBBINICHUS KBAJIH-
¢ukanum (Uz); pa3BUTHE JOLIKOIBHOTO 00pa3zoBaHus UXe/dt cBsi3aHo ¢ puHaHCcMpoBaHHeM (U;) U COLH-
aBHBIMU TIporpammami (Us); THHAMHKA YUTaTeIbCcKOM akTuBHOCTH [14,15] dX,/dt onpenensiercst Kyib-
TypHBIMHU Bayuepami (Ug) ¥ mporpaMmamu 4teHus (U;), YTO HalpsIMYIO BIUSET Ha pa3BUTHE METAaKOTHU-
THBHBIX HaBBIKOB [16]; kHuroBeinaya dXg/dt 3aBucuT OT mporpamm ureHus (U;).

YucneHHas napamMeTpu3alus Moienu TpeOyeT YTOYHEHUs! KOAQPUIMEHTOB Ha OCHOBE SMIIMpHYE-
CKMX AaHHbIX. [IpeBapUTEIbHbBIE OLIEHKH ITOKA3BIBAIOT HEJIMHEWHBIN XapaKTep B3aUMOCBS3€H, [1e MaJlble
HeJICHAIIPaBJICHHbIC BO3JICHCTBUS MOTYT CO3/IaBaTh 3HAUYUTEIIbLHBIC CUCTEMHBIE S(PPEKTHI.

KynbsTyporene3 n o0pasoBaTejibHbIe CTPATETHH B KOHTEKCTe yCTOHYMBOro paspurus. Co-
BpPEMEHHbIE MCCIEJOBAHMS B 00JIaCTH YCTOMYMBOTO Pa3BUTHA BCE yallle MOJUYEPKHUBAIOT ONPENEIISIONIYI0
PO KyJIBTYPHBIX (DaKTOPOB M KOTHUTHBHBIX MEXaHU3MOB B TPaHC(OPMAIMH COLIMATBHO-O9KOHOMHYECKHX
cucteM. Padotsr Capresina I'J1. u ip. [17] npeacraBistoT TeOpeTHYECKHUI OX0/] K ONITHMAIBHOMY YIIpaB-
JICHUIO KyJIbTYPOre€He30M NoBeaeHus Juist Joctikenus Leneit ycroitunBoro pazsutus OOH. ABTops! pas-
paboTany MaTeMaTHIECKyI0 MOZEIb, KOTOPAas MO3BOJISIET KOJIMYECTBEHHO OIIEHUTH BIHMSHHUE KYJIbTYPHBIX
NpPaKkTUK HA OCHOBE IICHHOCTEH Ha IWHAMUKY COLMAIBHBIX H3MEHEHHH yepe3 cucteMy auddepeHmanb-
HBIX YPaBHEHHH, OMUCHIBAIOLINX 3BOJIIOLHUIO KyJIbTYPHOTO KaIllUTaja, IIOBEICHUYECKUX ITaTTEPHOB U LIEH-
HOCTHBIX OpueHTannid. HoBM3HA MpenCTaBIEHHOTO TOAXO0/Aa 3aKiIoYaeTcs B (OpMalU3alliil MOHATHUS
"KyJIBTYPHOTO 3arpsi3HEHHUS" M CO3JaHMM WHCTPYMEHTApus JJI KOJWYECTBEHHOW OLIEHKH KYJIbTYpPHBIX
TpaHcopMauii. Mozenb YYUTBIBAET CIOKHBIE B3aMMOCBS3H MEKAY KyJIbTYpHBIMH KOJaMH, KOTHUTHB-
HBIMH CIIOCOOHOCTSAMU U JocTKeHHeM L[V P, uTo nmo3BosieT mepelTH OT AeKIapaTUBHOTO K HaAy4YHO 000C-
HOBaHHOMY YIIPaBJICHHUIO COIMOKYJIBTYpHBIMHU Mporeccamu. MccnenoBanue [18] pazsuBaeT 3TOT MOAX0A
MIPUMEHUTENBHO K YUTATEIbCKOW TI'PaMOTHOCTH, AEMOHCTPHpPYs, KaK ILEJeHANpaBIeHHOE YIpaBJieHUE
KYJIETYPHBIMU NPAKTHKaMU MOJKET CYIIECTBEHHO HMOBBICUTH KadeCTBO YeJIOBEUECKOro kamurana. Mccie-
noBaHue [19] BBISIBUIIO, YTO TaKKe apaMeTpsl, KaK AUCTAHIHS BIACTH, YPOBEHb HHIMBUIyaIn3Ma 1 n3oe-
raHve HeOIpPEeIeIeHHOCTH, OKa3bIBAIOT CYIIECTBEHHOE BIMSHHE HAa BO3MOXHOCTH peau3alluil Leiel
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YCTOWYHMBOTO Pa3BHUTHS Yepe3 MOAHATHE YPOBHA IM(poBu3anui. MonenupoBaHue M KOJIHMYECTBEHHBIN
aHaJIM3 BKIIIOYACT cUCTeMy Au(QepeHIMaTbHbIX YPABHCHUH, KOTOPHIC OMUCHIBAIOT JUHAMHUKY KYJIbTYp-
HOTO KaluTaja, MOBeICHYECKUX MAaTTEPHOB U LIEHHOCTHBIX OPUEHTAIIUN MPUMEHUTENBHO K Kax ol u3 17
IIYP [20]. TTpakTruecKast 3HAaUUMOCTb IPEICTaBIEHHBIX UCCIIEI0BAHUM 3aKITF0YAETCA B BOSMOKHOCTH pas-
paboTKH IieJIeHAPABICHHBIX HHTSPBEHIINM, YUUTHIBAIOIINX KyJIBTYPHBIH KOHTEKCT KOHKPETHBIX COIAATTh-
HBIX CUCTEM. ABTOPBI IPUXOMIST K BBIBOAY, UTO YCIIEIIHBIC CTPATETUN PA3BUTHUS TOJKHBI 0a3UPOBATHCS HA
IyOOKOM IMMOHMMAaHWH JIOKAJIBHBIX KYJIBTYPHBIX 0COOCHHOCTEH, a HE Ha YHHBEPCAIBHBIX IIA0JI0HAX.

OcoOBIii BKJIa/1 B TOHUMaHHE YSI3BUMOCTH CYIIECTBYIOIINX MTOIXOA0B K OIEHKE YCTOWYHBOTO Pa3-
BUTHS BHeceH B uccienoanuu Capresiaa I., TeBopksiaa P. u ap. [21]. ABTOpHI IOKA3bIBAIOT, YTO TEKYIIAs
METOMOJIOTHSl OLEHKHU YS3BUMOCTU LeJIed yCTOMYMBOIO Pa3BUTHUS MMEET CYIIECTBEHHBIE OrpaHUYCHUS,
0COOEHHO B KOHTEKCTE Pa3IMIHBIX T€OMOINTHIECKUX U COIIMOKYIBTYpHBIX peannii. HoBU3Ha ux momxoma
3aKJIIOYAETCsl B MIPEIIOAKEHUN paciiupuTh UHAEKC [{YP 3a cuer BKiIIOUEHH HOBBIX arperupoOBaHHbBIX UH-
JIUKATOPOB: KOHCTUTYIMOHHOW KOMIUTAEHTHOCTH, HAIMOHAIBHON O€30MacHOCTH U COIMOKYJIBTYPHBIX
(hakTOpOB. ABTOPHI BBISIBUIJIM, YTO B Pa3HBIX PETMOHAX CYIIECTBYIOT CYIIECTBEHHBIE PA3IINYHS B TPEHAAX
YCTOMYNBOTO Pa3BUTHS, KOTOPHIE HE YIABIMBAIOTCS CTAHAAPTHON METOOIOTHEH.

Heo0x01uMo0 O q49epKHYTh, UTO JOCTHXKEHUE LIEICH YCTONUUBOTO Pa3BUTHS HEPA3PhIBHO CBSA3aHO
C MPOLIECCOM IH(PPOBU3AIMHY U MOBBIIICHHEM YPOBHS IIU(PPOBOI TPaMOTHOCTH 001ecTBa B 1iesioM. Mccne-
nosanue, nposeaenHoe Capresiaom I.JL. ¢ komteramu [22], 1eMOHCTPHPYET, YTO B HAIllE BPEMsI YPOBEHb
JKU3HH CYIIECTBEHHO 3aBHUCUT OT CTEIICHH MU(PPOBU3AIINH, IIOCKOIBKY ITU(MPOBHIC MHHOBAIIUN U TEXHOJIO-
THYECKHE TPOIECCHl OXBATHIBAIOT BCE ACIEKTHI YEIIOBEYECKOHN aesTenbHOCTH. [lokazaTtens 1mudpoBoro
yposns xusau (Digital Quality of Life Index), sximrogarorumii B ce6s1 JOCTYITHOCTh HHTEPHETA, KAYECTBO
WHTEPHETA, JIEKTPOHHYI0 HHPPACTPYKTYPY, MIEKTPOHHOE yIPABICHUE M JJIEKTPOHHYIO 0E30TacHOCTB,
BBICTYTIA€T KJIIOYEBBIM IOKa3aTelIeM MOATOTOBICHHOCTH COLIMYMa K CTAOMIBHBIM MIepeMeHaM U pean3a-
WU LeNed YCTOWYHUBOTO Pa3BUTHSL.

Tabnuya

Cpasnumenvras mabauya noxkazameneil Apmenuu u Qunnsanouu na 2023 200 [23]
Tloka3zarenn ApMeHust POunagHans HcTounuk
VYuebHas 6eTHOCTb (X1) 26,4 % 2,6% World Bank Learning Poverty Brief
OxBaT 00pa3oBaHHEM (X5) 90.8% 99.1% World Bank Learning Poverty Brief
I'eHyiepHbIii pa3phiB (X3) 4.6% 0.4% World Bank Learning Poverty Brief
Hudposuzarms (X4) 1:17.1 1:3.2 OECD Education at a Glance
Vuurens/yaeHuK (Xs) 12.7 13.9 ARMSTAT
JomxkoneHoe o0pazoBaHue (X) 37.2% 89% UNESCO Institute for Statistics
YuraTenbckast akTHBHOCTD (X7) 397.6 821.4 ARMSTAT
KHuurosslaya (Xg) 15.6 32.8 ARMSTAT

Mexanu3mbl cOTMKeHHS MOKa3aTeed U IKOHOMHUYeCcKasi 3PPeKTUBHOCTL. AHAIN3 KOHBEP-
TeHIIUN 00pa30BaTeNbHBIX cUcTeM ApMeHWUN M OUHISIHIUH BBISBISET HECKOJIBKO Ba)KHBIX MEXaHHU3MOB
TpaHcopmaiun. B pamMkax (puHaHCOBOTO MeXaHU3Ma MPELyCMaTPUBACTCS yBETUUEHIE (PHHAHCHPOBAHMSI
obpazoBanus B % BBII, ueneBbie nHBeCTUIIMN B HHPPACTPYKTYPY, @ TAKXKE CO3/IaHHE CHCTEMBI TPAHTOB H
o0pazoBareibHbIX BaydepoB. CounanbHbie 3(QEKThl BBIPAXatOTCsl B CHUKEHUH JOJIM JeTeH, KOTOphIE HE
MOCEIIAIOT IIKOJIy ¥ HE YMEIOT YHTaTh, POCTE NMPOU3BOIUTEIBHOCTH TPy, YMEHBIICHUIO HU3JEPKEK U
YIIy4YIIEeHUH COLMATIbHON MHTErpaluy. DKOHOMUYECKui 3¢ dexT xapakrepusyercsa npupocrom BBII kak B
KPaTKOCPOYHOM, TaK U B CPEJHECPOUHOM IepHuojae. MexaHu3Mbl KyJIbTYPHOH KOHBEPTEHIIMH BKIIOYAIOT
POrpaMMbl KyJIbTYPHBIX BayuepoB C IIOCTENICHHBIM yBeJIHYCHNEM oxBaTa HaceneHus: B 2025-2026 romax
MOYKHO OXBaTUTh 25% Hacenenus, B 2026-2028 romax — 35%, a k 2030 roxy — 50%. Cuneprerudeckuii
3¢ QEeKT MposABIAETCS B TOM, YTO COBOKYNHBINA 3P QeKT 00pa30BaTeIbHBIX U KyJIbTYPHBIX MHTEPBEHIIMH
BBIIIIE M30IMPOBAHHBIX BO3JEHCTBUM, YTO 00eCIIeYMBaeT My JIbTHIUIMKATUBHBIN POCT YEJIOBEYECKOTO KaIlH-
tana. TeppuTopranbHas CTpaTerus MpelycMaTpUBAET JOMOJIHUTEIbHbIC, HaNPaBJICHHbBIC Ha BHIPABHUBA-
HHE 3 (PEeKTUBHOCTH B TOPOJICKOM U CETTLCKON MECTHOCTH, CO3[JaHNE PETHOHATILHBIX 00pa30BaTEeIbHbIX Xa-
00B U paszBuTHE MUPPOBOI HHPPACTPYKTYPHI.

KonmdecTBeHHBIC HHIUKATOPHI TpaHChOpManuH (Tadi.) MOTYT IEMOHCTPUPOBATh 3HAUNTEIHHBIC
M3MEHEHUs: yueOHas O€AHOCTh CHU3UTCS, OXBAT 00pa30BaHUEM YBEIUYUTCS, YNTATENbCKAsl aKTUBHOCTh
BO3pACTET, a MOKa3zaresib HuppoBu3anuu ymydmuTca. IIpu 3ToM ciiegyeT yuuThIBaTh CyIIECTBYIOLIHE
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PUCKH W OTPaHWYCHUS, BKIIOYAIOIINE HECTAOMIBLHOCTh OFOKETHOTO (PMHAHCHPOBAHHS, IeMorpadude-
ckuii ciaf (-14.7% nereii k 2030 roay), ”HGPACTPYKTYypHBIE OTPaHUYEHHS 1 HEOOXOJMMOCTH OOHOBIICHUS
80% IIKONBHBIX KOMIIBIOTEPOB.

BbiBoabl U pexkomenaanuu. [IposenenHoe nccaenoBaHne IeMOHCTPUPYeET 3P PEeKTHBHOCTH HHTE-
TPUPOBAHHOTO MOJX0/a K CHIYKEHUIO YueOHO# OSTHOCTH Yepe3 KOMILJICKCHOE YIIpaBJIeHUE 00pa30oBaTeib-
HBIMH W KyJIbTYPHBIMH MeXaHuW3MaMH. Pa3paOoTaHHasi MaTeMaTH4ecKash MOJENb MO3BOJSET KOJHYe-
CTBEHHO OIMCAaTh B3aUMOCBS3H MEX/IY Pa3IUYHBIMU aCTIEKTaMH 00pa30BaTeIbHO-KYJIbTYPHOU CUCTEMBI H
OTIPEIETNTh ONTHMAJIbHBIE TPACKTOPHH €€ Pa3BUTHA.

B xone uccnenoBanys ObUTH TIOTYYEHBI CICAYIONINE PE3YIbTATHI: B 00JIACTH TUHAMHAKHN yIeOHOM
0eIHOCTH TEKYyILIHH ypOBEeHb cocTaBisieT 26,4%, mpu 3TOM NpOTrHO3UpyeMblid ypoBeHb K 2030 roxy oxu-
naercst Ha otMeTke 15%. JlocTukeHre AAaHHOIO MOKA3aTelssl IUIaHUPYETCsl Yepe3 KOMIUIEKCHOE BO3ZCH-
CTBHE Ha 00pa3zoBaTeNbHbIE U KyJNbTypHBIE (PaKTOPBL. DTO HE IECCHMUCTHYECKOE MpeIBUAeHNE Ha (OHE
oueHku ['enepanbroro cekperaps OOH Anronny I'yreppura: “Tonpko 15% Lleneit ycToitunBoro pas3su-
TUS HaXOJATCS Ha MyTH K JTOCTHKEHHIO K HameueHHoMY cpoky 2030 roxa. LIYP HyxnatoTcst B cpouHOM
ctumyiupoBaand. Ctumyn LIYP - mman mo yBenmuenuro ¢puHaHCHpoBaHus U nHBecTUIMH B LIYP 1o xak
MuHEMYM 500 MIIITHAPIOB AOJIAPOB B TOA.”

Crpareruueckre HampaBiIeHHs TpaHC(HOPMAIIMH BKIFOYAIOT YBEIHYeHHE PHHAHCUPOBaHUS 00pa-
3oBanus 10 4.5% BBII, BHenpeHue cucteMbl KyJIbTyPHBIX BaydepoB ¢ oxBaToM 50% HaceneHus, pa3BuTue
MIPOrpaMM CTUMYJIMPOBAHUS YTEHHUS U MUPPOBU3AIINIO0 00PAa30BaTENBHOM Cpeibl.

MexxayHapoaHbII KOHTEKCT MOATBEPKAAET PEAIMCTUYHOCTD MMOCTaBICHHBIX LeNel: u3 123 ctpan
44 yxe TOCTUTIIN YPOBHS yaeOHOI OeJHOCTH HIDKE IeieBoro mokasareins Apmennn Ha 2030 roa. BpemeH-
Hoe yxymamenue mokasarens B 2020 roxy mo 27.2% cBsi3aHO ¢ BIUSHUEM ITAHIEMHAN W TPEOYET OTIOTHU-
TeJbHBIX KOMIIEHCALMOHHBIX Mep JJI1 BOCCTAHOBJICHHS MMO3UTUBHOIO TPEH/IA.

PexoMenpanum mo peanu3aiiu IpoOeKTa OXBaTHIBAIOT IISITh KITFOUEBBIX HAIIPABIICHUH. a) B cepe
WHCTHTYIIHOHAIBHBIX TPE0Opa30BaHM MPeIaraeTcs Co31aHNue MeXBEJOMCTBEHHOTO KOOPINHAIIHOHHOTO
coBeTa 1o 00pa3oBaHuMIO, pa3paboTKa JOATOCPOYHON HATMOHAIBEHON MPOrpaMMBbl Pa3BUTHSI 00pa30BaHMUs
Y BHEJPEHHE MEXaHH3MOB T'OCYJIapCTBEHHO-YaCTHOTO MApTHEPCTBA B 00pa3oBaHuM; 0) (MHAHCOBBIC Me-
XaHHU3MBI [TPElyCMAaTPUBAIOT TIOATAITHOE YBETHNUEHUE OFOKETHOTO (DMHAHCHPOBAHUS 00pa30BaHMsI, CO3/a-
HUE IeJICBBIX 00pa30BaTeIHHBIX (DOHIOB 1 pa3BUTHE TPAHTOBBIX M CTUIICHANATBHEIX IPOTpaMM; B) nH(Ppa-
CTPYKTYpHOE pa3BUTHE BKIIOYACT MOJICPHHU3AIMIO MaTepHalbHO-TEXHUYECKOW 0a3bl 0Opa3oBaTeNbHBIX
YUPEXKISHHA, CO3J]aHie PETHOHAIFHOTO 00pa30BaTeNbHOTO KiacTepa M pa3BuUTHE HU(POBOH 0Opa3oBa-
TeNbHON MH(PACTPYKTYPHI; T) B 00JaCTH KaJpOBOTO Pa3BUTH PEKOMEHIYETCS BHEIPEHHE CHCTEMBI He-
NPEPHIBHOTO IMOBBIIIEHNUS KBaTH(UKAIMKA MENaroroB, CO3JaHHE MEXaHW3MOB MPOQPECCHOHANBHON TOJ-
JEP)KKH MOJIOZIBIX CIHENMANUCTOB M pa3padoTKa MpOrpaMM METOAMYECKON MOJNEPKKU yUUTEJeH;
Il) COIIMOKYJIbTYpHBbIE HHTEPBEHIINY TPEAIIONATAIOT PeaIN3alio IPOTPaMM MOIIEPKKH YTECHHUS U KYJITb-
TYpHOTO Pa3BUTHS, CO3aHNE CHCTEMBI KyJIbTYPHBIX Bay4epoB M pa3BUTHE OMOIMOTEdHOH MH(ppacTpyK-
TYPHI.

HccnenoBanne nMeeT psii OTpaHUYSHHAN, BKITFOYAs TEPPUTOPHAIBLHYIO HEPAaBHOMEPHOCTh 00pa3o-
BaTENBHBIX BO3MOXKHOCTEH, leMorpadndecKkie BEI30BHI (IIPOTHO3UPYEMOE COKpAIleHre AETCKOTO Hacee-
HUSI), HEOOXOAMMOCTH aIalITAllUK MOJIEIH K PETHOHAILHBIM OCOOCHHOCTSIM M YTO MHOT'HE JJaHHBIC HE CO-
MOCTAaBUMBI 10 BPEMEHH.

Ho caMbiM OCHOBHBIM OTpaHUYEHHEM JIJIS TOCTHKEHHS YPOBHSI, HanpuMep, OUHIISTHANN WU JIpY-
THX Pa3BUTBIX CTPaH SBISETCS TOT (QAaKT, YTO STH CTPAHbI C OOJBIION CKOPOCTBHIO Pa3BUBAIOTCS caMH. Y
BCEX PAa3BUTHIX CTPaH, OyAb TO MPOTECTAHTCKUE CTPAHbI, €BPONEHCKIE KATOINIECKHUE CTPaHbl WIH SInoHMs,
IOsxnast Kopesi, Cunranyp, TaiiBaub u ['OHKOHT, Kak 0co0asi aAMUHHUCTpaTUBHAs eanHuiia Kuras (Ho He
cam Kwuraii uiu Poccust, uian ApreHTHHa), TEMIIBI POCTa Kak SKOHOMHKH, TaK U APYTruX nokasaresneit [[YP
OYCHb BBICOKHE. JTO CBS3aHO C TEM, YTO 3TH CTPaHBl YCIEIIHO PeOpPMHPOBAINA CBOU PEIUTHH, B
YaCTHOCTH, OTHOIIIEHHE K OeTHOCTH, O0raTcTBy, pabore u BpemeHu. Pepopma, HauaTast B KaTOJMIECKUX
ctpanax EBpormsr mocne Broporo Barnkanckoro cobopa, HHTEpIPETHPYET TPYA KaK MPOIecC caMoIo3Ha-
HUS U cCaMOCOBepIIeHCTBOBaHMs. CTpaHbl, B I3bIKaX KOTOPBIX HEBO3MOKHO COKPATUTh JTMYHOE MECTOUME-
HUE U3 NPEUIOKEHUs, UMEIOT Bhicokue nokazarenu BBIT u L[VP. IIpodeccop ncuxonoruu Ctandopa-
ckoro yHuBepcuteta Jlepa bopoauiku [24] cuutaet: “SI3bIK HEe TONBKO BIUAET HA TO, YTO MbI 3AIIOMHHACM,
HO U Ha TO, HACKOJIBKO JIETKO MBI MOKEM YCBauBaTh HOBbIE 3HaHUA. Hanpumep, unciurenbHbIe B HEKOTO-
PBIX A3BIKaX AearoT 0a30BYI0 JECATHUHYIO CTPYKTYpY OoJiee Mpo3pavyHoOi, YeM YUCIUTEIbHbIC B AHT TN~
CKOM. B KuTaliCKOM s13bIKE OTCYTCTBYIOT TaKHE CJIOKHBIE CIOBA, KaK "OJUHHAALATE" UK "TpUHAALATE';

nn

BMECTO 3TOTO HCIIOIL3YEeTCs Ooiee MOHATHAS cucTeMa "' ecATh-oauH", "aecaTh-Tpu' U T.11. JleTn, KoTopsie
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ydaT TakKHe SA3bIKH, ObICTpEe IOHUMAOT AECATHYHYIO CUCTEMY. AHAJIOTUYHO, €CIIH YUCIUTEIIbHBIE B S3bIKE
JJIMHHBIC UJIW CJIOXKHBIC, OTO 3aTPYAHACT 3allOMUHAHUE HOMCPOB TeJ'Ie(i)OHOB WJIN BBITIOJIHCHUEC paC‘-IéTOB B
yme”. JXKurenu ctpas, B sA3bIKe KOTOPBIX OyZyliee BpeMsi MOKHO BBIPa3UTh HHCTPYMEHTaMHU HACTOALIETO
BpPEMEHH, UMEIOT OOJIbIlIe HAKOIUICHWH, YeM XXHUTEJIU CTPaH, S3bIK KOTOPHIX BhIpa)kaeT Oynyliee BpeMms
TOJIbKO MHCTPYMEHTaAMU 6y):[y1uero BPEMCHU. CTpaHBI, HapoAbl KOTOPBIX UMCHOT UCTOPUUYCCKUEC TPABMBI,
MOKa3bIBAIOT HU3KHUI YPOBEHB TOBEPHS, UYTO YBEIHMUUBACT U3JEPIKKH, a TEM CaMbIM YMEHbIIAET 3 PEKTHB-
HOCTb Tpyza. EcTb KynbTypHBIE HOpMBI, 00ycOBIeHHbIEe kTuMaToM. Kiiumar He usmenuib. Ho MoxHO
MU3MEHUTH KYJbTYPHBIE KOJBI ITOBeAeHUs. Tpanchopmanus KyIbTYPHBIX LIEHHOCTEH - HOJITUH U IOCIEN0-
BaTENbHBIN Tporecc, TpeOylommid BpeMeHrd B pasHHIy nokojeHuid. C Apyroil CTOPOHBI, TaKOTO poia
TpaHcopMaLs TpedyeT YCHIIUii, 1eJeyCTPEMIICHHOCTH U MOCIe0BAaTeNbHOCTH ISl M3MEHEHHSI MHCTH-
TYLHOHAIBHON aMATH, €CIIH 3Ta NaMsITh POXKIAeT ACrPaAupYyIOIIne, a HE CTUMYJIMPYIOLINE U Pa3BUBAlO-
e CONNOKYJIbTYPHBIC KOABI.

IlepcnekTHBBI JaNBbHEHIMX HCCJIEAOBAHMI BKIIIOYAIOT A€TAIU3ALMIO [IApaMEeTPOB MOJIEINH, pa3-
pabOTKy MEXaHHU3MOB pean3alliy NPEAJ0KEHHBIX MEP U CO3AaHIE CUCTEMbl MOHUTOPHHTA U OLEHKH 3(-
(hexTHBHOCTH 00pa30BaTENbHBIX HHTEPBEHINI. BBUY TOTydeHNS TOCTOBEPHOI HH(OPMAIIH IO MHOTHM
(B TOM umcIIe TATEHTHBIM) TTapaMeTpaM y4eOHOlH OeTHOCTH 1enecoodpa3Ho NpuderaTh K APyruM IKazaM
UX U3MEPEHHi, B TOM YHCIIEe K HHCTPYMEHTAPHIO U METOIOJIOTHH, IPUMEHIEMBIM B 3a7jadyaxX Ha HEYETKUX
MHOXecTBax [25, 26].

3akaouenne. PazpaboTaHHas B MCCIETOBAaHUH METOJOJIOTHS ONTHMAILHOTO YIPABIEHUS KyJIb-
TypHO-00pa30BaTeNbHBIMH MPOLECCAMH MPEICTABISET CO00H 3PPEKTUBHBIA MHCTPYMEHT AJSl pEICHUS
npo0eMbl yueOHOM O€IHOCTH, YTO CO3BYYHO Pe3yIbTaTaM MOAEIMPOBAHMS M aHAIN30M MEXIIyHAPOAHOTO
OTIBITa B KOHTEKCTE TNI00AIBHBIX MOKa3aTenell yueOHoi O6emHocTr. Mcmonp30BaHne KOMIUIEKCHOTO TIOA-
X0Ja, YUUTBIBAIONIETO B3aUMOCBA3U MCKAY O6pa3OBaTeJ'II)HI>IMI/I " KYJbTYPHBIMHU MEXaHU3MaMU, IMO3BO-
JSIET TOCTHYb CHHEPTeTHYECKOro 3P deKTa IpH peann3aluyl yIpapsIomUX BO3AEHCTBUHI, 9TO OCOOEHHO
Ba)XKHO B YCJIOBUSIX OTPAHUYEHHOCTH PECYPCOB U HEOOXOANMOCTH MAaKCUMU3aLUH 3P (HEKTUBHOCTU UX HC-
IIOJIB30BaHUA.

[IpenioskeHHbIH TOAX0 K MOJETUPOBAHUIO, BKIIOYAIOUINN CUCTEMY YPAaBHEHUH IBU)KEHUS IIepe-
MEHHBIX COCTOSIHUS, 00€CIIeYMBaET BO3MOXKHOCTD KOJMUECTBEHHON OLCHKH 3()(PEeKTUBHOCTH pa3IMYHBIX
YHOpaBJIAIOIIUX BOS}ICﬁCTBI/Iﬁ U HUX ONTHUMAJBHOI'O COYUYCTAHUA I JOCTHKCHHA IICIICBBIX TMOKa3aTeIIeH.
Oco0y10 1IEHHOCTh MPECTaBISIET BO3MOXKHOCTh afanTalliid MOJIEIH K Pa3IUYHbIM COLMATbHO-IKOHOMHU-
YECKHM YCJIOBUSIM Y€pe3 CUCTEMY BECOBBIX KOA(P(QHULINEHTOB, YTO AeacT €€ IPUMEHUMON HE TOJIBKO VIS
ApMeHHH, HO ¥ JUTSI IPYTHX CTPaH, CTPEMSAIINXCS K MUHIMH3AINN ya9eOHO# OeTHOCTH.
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IIpunoxenue
Tabnuya I11. Kosguyuenmol, munvi 3a6ucumocmeni u ux 000CHO8aAHUE
IKoa¢puuuent Tun 3aBucumocT O0ocHoBaHHE Mertopn onpenesieHus
o OtpaxkaeT HENMHEHHOCTh COITHANBHBIX Maremaruueckoe
0,1 (yaeOHast 6eTHOCTB) Jloructmueckuit
TPOLIECCOB MOJICJTHPOBAHHUE
31 (puHaHCHpOBaHHE) JIunelnblit [IpsiMast IponOPLUOHAILHOCTD BIOXKeHUH | PerpeccuoHHbI aHamM3
1 (UuTaTenbcKas akTUBHOCTh) | Mynprunnukarus. |HenuHeilHoe BaMsHUE KyJIbTypHBIX IpakTuk| KoppensiuonHslii aHanu3
01 (undposusarus) OKCHOHEHIMaNbHbIH|  Yckopsironmiics 3 (GeKT TeXHOIOrHi TexHonornueckuii popcait
€1 (mouikospHOE 0Opa3oBanue)| Jlorapnpmuaecknit Dddext HacwIeHst 00pa30B.CUCTEM KoroprHslit ananus
k; (oxBar 0OpasoBaHuem) Jloructuueckuit OrpaHH4YeHHOCTh 00Pa30B. PECypcoB CraTHCTHY. MOJICIUPOBAHUE
M, (conranbHBIe TPOTPaMMBI) CreneHHOI Henunelinslii 23 dexT coumoiepxku CoLMOJIOT. UCCIIeIOBAHUS
r; (TeHIepHBIHA pa3phIB) JIuneiiHo-10rapudm. MHorogakTopHOe BIUSIHHE I'ennepHslii aHaTHM3
Tabnuya I12. Tlokazamenu yuebnoti beonocmu, depuyuma obyuenus u depuyuma oxeama obpazosanuem 6 123 cmpanax [26
Country Name Learning Poverty Learning Deprivation Schooling Deprivation
Albania 16.5 14.3 2.6
Argentina 59.1 58.9 0.5
Armenia 26.4/27.2 19.9 9.2
Australia 8.6 5.5 3.2
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Austria 13.3 2.4 11.1
Azerbaijan 23.3 19.2 5.0
Belgium 6.4 5.1 1.3
Brazil 46.9 45.6 2.4
Bulgaria 15.2 5.2 10.5
Canada 4.3 4.3 0.0
Chile 27.2 23.2 5.2
China 18.2 18.2 0.0
Croatia 45 2.5 2.0
Cuba 27.9 25.1 3.8
Cyprus 9.9 7.9 2.2
Czech Republic 13.8 3.0 11.2
Denmark 3.6 2.6 1.0
Egypt, Arab Rep 69.6 69.2 14
Finland 2.6 1.7 0.9
France 6.9 6.3 0.6
Georgia 15.3 13.5 2.0
Germany 14.4 5.5 9.4
Greece 1.7 5.5 2.3
Hong Kong SAR, China 4.2 1.4 2.8
Hungary 5.9 2.9 3.1
Iceland 9.3 6.8 2.7
India 56.1 53.7 5.1
Indonesia 52.8 49.4 6.8
Iran, Islamic Rep 35.2 35.1 0.2
Ireland 2.3 2.3 0.0
Israel 11.7 9.0 2.9
Italy 4.4 2.1 2.3
Japan 3.6 1.8 1.8
Jordan 62.5 50.0 25.1
Kazakhstan 2.2 1.9 0.3
Korea, Rep 3.2 0.8 2.5
Kuwait 51.1 49.4 3.4
Kyrgyz Republic 64.5 63.8 1.9
Latvia 4.0 0.8 3.2
Lithuania 3.0 2.7 0.3
Luxembourg 3.0 1.2 1.7
Macao SAR, China 5.6 2.4 3.2
Malaysia 42.0 41.7 0.5
Malta 28.0 26.8 1.5
Mexico 47.6 47.2 0.8
Moldova 11.0 8.7 2.5
Mongolia 39.5 38.1 2.3
Montenegro 27.1 24.7 3.1
Netherlands 2.3 1.3 1.0
New Zealand 11.4 10.0 15
North Macedonia 40.9 38.2 4.3
Norway 6.0 5.8 0.2
Poland 4.8 2.0 2.8
Portugal 6.0 3.0 3.1
Qatar 35.7 33.8 2.8
Romania 17.9 14.1 4.4
Russian Federation 3.5 0.9 2.7
Saudi Arabia 38.2 36.7 25
Serbia 9.8 8.2 1.8
Singapore 2.8 2.7 0.0
Slovak Republic 23.2 6.6 17.8
Slovenia 5.4 3.7 1.8
South Africa 78.9 77.9 4.4
Spain 4.5 3.4 1.1
Sweden 2.3 1.9 0.4
Thailand 23.4 21.9 1.9
Trinidad and Tobago 20.6 19.7 1.2
Tunisia 65.5 65.1 1.2
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Turkey 14.5 9.9 5.1
Ukraine 27.9 18.3 11.7
United Arab Emirates 32.8 32.4 0.6
United Kingdom 3.5 3.2 0.3
United States 4.3 3.9 0.4
Vietnam 18.1 18.1 0.0

HpI/IMe‘IaHI/Iel B Ta6.III/IIIe MpeaACTaBJICHBI BLI6OpOT-IHBIe CTpaHbI 110 MpU3HaAKaM U3BECTHOCTHU, pEIPE3CHTA-

THBHOCTHU 110 KOHTUHCHTAaM, 06]1[6171 HUCTOpHUU U COCCACTBA.

Tabnuya I13. Knacmepuwiii ananus yuebnou beonocmu 6 123 cmpanax

Kuacrep 1 (<10%) Kaacrep 2 (10-25%)| Kuaacrep 3 (25-40%) [Kaacrep 4 (>40%)
Kazaxcran 2.2 Anbanus 16.5 ApmeHns 27.2 Mannaiizus 42.0
pnanaus 2.3 Kuraii 18.2 U 27.2 Ypyrsaii 43.6
Hunepnauast 2.3 Pymbraus 17.9 Ky6a 27.9 [lepy 44.4
[IBerms 2.3 Boernam 18.1 Yxpauna 27.9 bpasunus 46.9
Dunngauausg 2.6 Tpununan 20.6 MaibTta 28.0 Mekcuka 47.6
Cunramyp 2.8 Asep0Oaiimpkan 23.3  |['abon 30.7 Bborceana 50.8
JIutsa 3.0 Taunann 23.4 baxpeiin 32.1 Kygeiit 51.1
SInouns 3.6 CioBakus 23.2 OAD 32.8 unonesus 52.8
anust 3.6 Kocra-Puxa 34.0 benunn 55.8
Poccus 3.5 Wpan 35.2 unns 56.1
Benukobpuranus 3.5 Karap 35.7 banrnangem 58.2
CILIA 4.3 Caynosckast ApaBus 38.2|Aprearuna 59.1

HpI/IMC‘{aHI/Iel B Ta6J'H/ILIC MMpeACTABJICHBI BLI60p0'{HI>Ie CTpaHbI U3 KAXKA0I'0 Kj1acTepa.
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W.U. Uwpwnhpnuywt

LU3NKL RUMPGFUSU UL LNUSULULENh KUUUSELUSNRU NRUNRULUUUL
U1LUSNh@3UuL LYURESU UL urruucuunhieu3nt 4NNPoLLME@USLEMrh
uunudJdurnruce

ZEnwgnuinuyenilp ofppyws o fppulwi b dowlnipughll gnpdplpughbph owwpduy Junwjupdwi
dwpbiunplulul dnplh dowlwbp nrun dbwlwh wgpunnnippul bjuqkgdwh byunnwlng Yugni b qupgugluh
yunnuwlakpph hundunnkpuinnid: 2019-2023 pyjwlpumbhbph Zuyuunwih b Splpmbnhuyh Jhdwlmgpulul unjjuybkph
hpfwl pu wlpjly F phplpkighuy hujuuwpnidibphg punlugus hunluliupg, npp djwpuwgpnid F hpdinulwb
gnigubipoliph phluudpliul nrun diwlwl wypunnneindt, Gppoyppub phopgplywénipmi s, qktmbpughl sknpywsp,
pYuyinugnid, nmumghy/wowlkpn  hwpupkpulgnipinil,  hwpnupypngulpul §ppnipnil,  phpkpgnnulub
wlhnpynipinil I gppkph ppowinunnieinil: Unwowplywué unplip hwoyh b wphnid ppwlui b Uowlnipughl
Ubprmahquubph  hnjuugnbgniprub  upbbpglnpl EpElwnmbkpp, pnyy Fowughu Jubjounbuly gnigubhoabph
phlnudplpul Upisl 2030 pyulubp b npnpky owwnpduy Junwjupiul wqpkgnipinibibpp phpwpiughl wpdbpakphi
hwubbynt hunfwp:

Unwtgpuyhti pwnbp. niumdiwlwl whppuunnipnil, owwhduy GJuwnwyupnid, drwnipulppulwi
gnpdplppughlp, vwpblunplulul dnplju/npnid, jugnil qupquglwl hyunnwakp, fppniyppul pyuyinugnid,
Juppugdh Urwnipuqlikq -

A.A. Martirosyan

MANAGEMENT OF CULTURAL AND EDUCATIONAL PROCESSES TO MINIMIZE
LEARNING POVERTY IN THE CONTEXT OF SUSTAINABLE DEVELOPMENT
GOALS

The research focuses on comprehensive modeling of optimal control processes based on learning poverty
minimization criterion, integrating educational and cultural mechanisms. Based on statistical data from Armenia
and Finland for 2019-2023, a system of equations was developed describing the dynamics of key indicators: learn-
ing poverty, educational coverage, gender gap, digitalization, teacher/student ratio, preschool education, reading
activity, and book lending. The proposed model takes into account the mutually reinforcing effects of interaction
between educational and cultural mechanisms, allows forecasting the dynamics of indicators until 2030 and deter-
mining optimal control actions to achieve target values, given all variables and system parameters.

Keywords: learning poverty, cultural and educational processes, optimal control, mathematical modeling,
sustainable development goals, digitalization of education, culture genesis.

MapTtupocsin ApMeH AKIJIecOBHY — IIpenojasareiib, Poccuticko-ApmsHckuii (CaBsHCKUIT) yHUBEp-
cutet, Uacturyr Menua, Pexmamer u Kuno, Kadenpa kpeatuBHBIX TexXHOIOTHI
Email: armen.martirosyan@rau.am
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ANALYSIS OF BANK CREDIT TIME SERIES
DOI: https://doi.org/10.64201/18290043-1eaa24-20

Present paper is devoted to studying the association between indicators assessing commercial bank’s
activities performance. The commercial bank’s time series of credits and deposits allowed to assess bank’s ability to
provide loans to customers. Taking into consideration the fluctuations of time series authors are presenting results
of time series spectral analysis. The argument related to the assessment of time series frequency allowed to assess
frequency distribution for the case of monthly data. To assess the stability of the time series, the regression model of
the time series of loans is given and the stability of the process of loans supply is analyzed.

Keywords: loan deposits, frequency, regression analyze, periodogram.

Introduction

The study of time series in astrophysics and geophysics has been known since the mid-19th century.
The studies conducted have shown! that all fluctuations of the observed time series had periodicity.
Examples of such time series are 11-year fluctuations of solar cycles or annual cycles of meteorological
series. The development of methods for studying fluctuations of time series made it possible to detect the
correct amplitude of the period and the period of the sinusoid, and on this basis to extract random
components of time series. Similar to the methods for studying time series developed in astronomy and
natural sciences, the Fourier transform has become firmly established in the field of studying economic and
financial time series and, on its basis, methods have been created for extracting random components of a
cyclical nature?. In the 1800s, many analysts believed that the observed time series would have large errors
and no significant peaks.

Slutsky, and a little later Daniel, independently discovered that the variance of a period has the same
value as the mean of that period. These fluctuations are usually uncorrelated for neighboring frequencies.

Later, thanks to the research of® the methods of spectral analysis were applied to economic time
series.

Based on the work [1] , A. Arakelyan, J. Mkhitaryan studied the spectral analysis of the time series
of inflation in the Republic of Armenia. The research was carried out according to the following logic: first,
a description of the time series of inflation in the Republic of Armenia was given, then the periodicity was
studied and the periods of the studied series were determined using the Schuster periodic method.

S. Tsarukyan and A. Arakelyan [2] determined the phases of the time series of fluctuations in
international gas prices using Schuster's periodic analysis [3].

Karapetyan, Shakhparyan and Arakelyan [4] conducted advertising modeling and spectral analysis
of market time series.

Data. The data studied are the time series of loans provided by a commercial bank and the time series
of interest repayments on the loan. The application of time series approaches allowed us to fit a model to
the data studied, which consists of the following components: "trend™ and "cycles". The selection of "slow",
"fast" and the addition of the "medium duration" component allowed us to interpret them as an assessment
of the role of the fact that the time series of loans provided by a commercial bank and the time series of
interest repayments on the loan consist of individual components. The main model. Changes in the form of
fluctuations, which are measured by monthly data, are presented in the form of the model given below.

Basic model. Changes in the form of fluctuations, which are measured by monthly data, are
presented in the form of the following model:

)
Xp = Zle ajsm(ei: + bj) + &. (1)
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The studied model allows to estimate the frequency power by the degree of influence on the output
variable. The consideration of the model shows that the data of the time series of loans provided by a
commercial bank and the time series of interest repayment on the loan consist of separate components that
have a spectrum. The representation of the model (1) using the autoregressive model allows to single out
the "slow", "fast" components and the "medium duration” component corresponding to a certain frequency.

Models of loans and loan repayment rates. The use of the autoregressive method allowed us to
present monthly fluctuations in the time series of commercial bank loans as follows (table 1):

C, =a,+a,cos(2zt/0.5)+a, cos(27t/25) +a,cos@a/7)+¢,, )

where C, - the volume of loans provided by the bank in t-th month.

Table 1
Bank's loans model*
Coefficients values t-student
a, 26985.6542 26985.6542
a, -26977.67228 -46.92341556
a, -54.59236516 -2.474907951
a, -15.73024 -2.723317
R2 0.9736012
F-stat 774.49047

*)The model developed by authors

The use of the frequency component allows us to identify the "slow", "fast” and "medium”
components, which represent the splitting of the bank's credit time series into three components. According
to Grender's frequency concept, we will consider the following frequency distribution for the case of
monthly data: Low frequences- from 0 to 27/30, fast frequencies from 7 /2 to 7. Il other frequencies

are in the remaining parts of the selected areas. Hence, the low frequency for model (2) is absent.
Frequences 2x/7 and 27/25 are in the mid-frequency range, and the frequency 27/0.5 is in the high frequency
region.

Estimation of the magnitude of responsibility of frequency components. Let us consider the
contribution of individual components to the output variable. Estimates of the responsibility of individual
frequencies are given in Table 2.

Table 2
Estimates of the responsibility of individual frequencies
cos(2 7 /0.5) | cos(2 7 /25) cos(2 7 I7)
-26977.672 | -54.5923652 -15.73024278
-26972.745 |  -39.8104032 14.16312868
4.92681666 | 14.78196198 29.89337146 49.6021501
Degree of
responsibility 0.09932668 | 0.298010509 0.602662816

Simple arithmetic showed that the highest frequence 277 /0.5 has lowest degree of responsibility,
while middle frequence 2 7 /7 has highest degree of responsibility. The amplitude of the coefficient of
cos(2 7z I7) equal to 15.73024 is less than the amplitude of the coefficient of cos(2 7z /0.5) which is equal to

26977.67228.

simultaneosly has highest degree of responsibility.
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Schuster periodogram of the credit time series. According to the results of studying the time
series and then extracting them from our data, the rest would be a random set of data. Schuster periodogram
is:

In(a)):% (Zn:xj cos%jj +[Zn:xjsin%ﬂjJ : ?3)
=t j=1

where X;, j = 1,n data of time series: If the data has a member with a period w, ,then | (w)- has a pick

in this point, and additional pick in w = wy + znﬂ (Grender.)
To determine the duration of the period, we apply the following Grender relationship.

jr 2«
=, 4)
m r
where | - is a point of pick; m - number of equally spaced points or number of shifts; r - duration of the

period.
Schuster's periodogram. The application of formula (3) and the estimates of the period duration are
shown in the graphical representation of the periodogram of the bank's credit time series Fig.

Periodogram after Shuster
8E+15
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6E+15
5E+15
4E+15
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0 5 10 15

Values of the peridogram

Points of picks

Fig. Schuster periodogram of the time series of loans

The number of equally spaced points or the number of shifts m = 12, the peak point j = 4. Hence,
the duration of the period is 6 months.

Stability of the time series of loans To assess the stability of the time series, we consider the
regression model of the time series of loans in the form:

C=a,+aC,+a,C, +¢. (%)
Model of authoregression is:

a2 al a0
0.980884 0.02764406 937501.2965
0.126484 0.127925131 2115312.829
0.995059 3535482.947 #N/A
6242.642 62 #N/A
1.56E+17 7.74978E+14 #N/A
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Therefore, the characteristic function will have the form:

A*—0.981+0.028=0.

The solution of the equation gives the following values for the eigenvalues 4,,4,, 4, =0.95,
A,0.029.

Since the eigenvalues are real, less than one in modulus, the time series of bank loans is stable and
has no fluctuations.

Conclusion

The study of time bank loans time series has been implemented in current paper. The periodogram
of loans bank time series allowed to analyze the siclecity and to assess duration of periods. We argue that
fluctuations of the observed time series had periodicity. The development models of studied fluctuations of
time series allowed to detect the correct amplitude of the period and the period of the sinusoid, and on this
basis to extract random components of time series.

We argue that given current models allow an extracting random components of a cyclical nature.

We deicovered case where middle frequence has coefficient less than highest frequence and
simultaneosly has highest degree of responsibility.
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Q.U Wjwuqyui, U4, Ujwiubujwt, U.9. Utwnhujwi,
<L Fwnunujui, U.L Unwpbjwu

AULULU3PL YUMrLU3PL duUULULULUL
cur£h 4dsrLNhonk@3NhL

Unyli hnpywdp bjhpiwés b wnlnpughl pubhh qnpénibbnyppull juninwpnpuluip qliwhunnng
gnighstph dpol junyp muni/inuuppnipruanp: Unlinpuyhl pudh Juplhbph b wubnbiph dunlulwughi
owpplpp pnyy ko nyky ghwhwnky hwdwnpnbbphl Juplbp wpudugpbin pubdh Gupnnpniyeniap: Zuogh
wnbhbiny Judwinuluyhll pwuppkph nunwanidbbpp, hkpplwlabpp bkphuyuginid kb dJudwinulughi
owppkph uwbinpuy JEynidnmppul wpyniapbbpp: dudwiwlughl swppkph hwdwhnulwbnipyul
qlunhunnuwl hkwn Juuyws thuunwplp pnyy kg gluhunnly hudwpnulubnipul pusfunidp wluwlub
wyjjuybkph plwypnid: Fudwwughl swpplph Juyniinipniap quwhuwwnbynt hunfup wpywé F Juplykph
dudwhwluyhl pwpph pkgpkupni Jnpkp b JEpyméyk; F Juplhbkph wpudunpdul  gnpdphpugh
Guyniiinipniiip:

Unwigpwhl pwnkp. Jupluyhll wijwbnilp, hwdwhnulubnipmnil, pkqpkupnl Jbpnidnipenid,
wupnyngpuid:

I''A. ABaran, M.K. ABanecsan, A.I'. ABeTucsiH,
I'.A. TaneBocsiH, A.A. ApakeJIsiH

AHAJIN3 BPEMEHHBIX PA1IOB
BAHKOBCKHUX KPEJIUTOB

Jannas paboma noceawena uzyYeHulo CeA3U MexHcOy NOKA3AMENAMY, OYSHUBAIOWUMU
aghgpexmusHocmes desmenvHocmMU KoMMepieckozo Oauka. Bpemennvie psaoer xpeoumos u deno3umos
KOMMEPHecKo2o OaHKA NO360MUNYU OYEHUMb CHOCOOHOCMb DAHKA Npe0oCmagiamy Kpeoumvl KAueHmam.
Ilpunumas 60 euumanue KoaeOAHUA 6PEMEHHBIX pPA008, 6 pabome NpPedcmasienvl pe3VibImamyl
CNEKMPATLHO20 AHAU3A BPEMEHHBIX PAO08. Apeymenmayus, céA3aHHA ¢ OYEHKOU Yacmombl 6PeMeHHbIX
PAO0B, NO360NUNA OYEHUMb pPACHpedeNeHue YaCmom O CIAVHAs edceMecAuHbIX Oaunvlx. J[na oyenxu
VCMOUMUBOCIU  BPEMEHHO20 PA0A NpUEOeHd pPecpecCUOHHASl MOOeNb 8PeMEHH020 pAda Kpeoumos u
NPOAHANUZUPOBANA YCMOTWYUBOCTL NPOYECCA NPEONONHCEH U KPEOUMO8.
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The research analyzes the deposit and credit policies of Armenian banks using a vector autoregressive
(VAR) approach, focusing on the interaction between deposits and loans. It identifies the importance of
understanding these mechanisms for enhancing banking efficiency and economic performance. The study
reviews existing literature, noting that previous works primarily utilized the VAR approach to explore monetary
policy effects in various contexts.
Ultimately, the findings aim to provide insights into the dynamics of deposits and loans, enabling banks to better
formulate their credit and deposit strategies.

Keywords: deposit mass, loans, vector autoregressive, policy, interaction.

1. Introduction

The deposit and credit policy of the banking system has a powerful impact on the efficiency of
both banks and the economy. Studying the interaction between deposits and loans provided by
commercial banks is important for a good understanding of the channels through which the deposit
and credit policy of the banking system develops.

It is known that an increase in the deposit size determines the level of loans provided by the
bank and can potentially affect the creditworthiness of banks.

Until now, the mechanism of deposit and credit activity in the banking system of Armenia as a
whole has not been studied quantitatively. According to Bernanke and Gertler (1995) [1], the
mechanism of deposit and credit activity remains a "black box" in the field of coordination of deposit
and credit policy of the banking system. Therefore, the use of empirical data corresponding to the
relationship between deposits and loans allows us to reveal the possible consequences and evaluate
the efficiency of banking activities.

In this paper, we consider the interaction between deposits and loans of commercial banks in
Armenia using the vector autoregressive (VAR) approach.

The VAR model allows us to determine the years during which the relationship between the
deposit mass and the mass of loans provided by the bank is positive.

2. Literature Review

A study of the literature devoted to the study of the efficiency of the banking system leads us to
the fact that it is necessary to consider many different channels and relationships between the deposit
and credit policies of banks. According to Mishkin [2], expansionary monetary policy (i.e. an increase
in the money supply) leads to a fall in the real interest rate due to the liquidity effect. It is shown that
an increase in spending causes a larger aggregate demand and an increase in economic output.

For example, according to the study by Mishkin [2], an increase in the money supply is the
reason for the fall in the domestic real interest rate. To obtain the possibility of quantitatively assessing
the effectiveness of a bank's activities, an analysis is based on empirical data corresponding to the
interaction between the deposit and credit policies of the banking system.

The work of Bernanke and Gertler [1] is devoted to studying the issue related to the
transmission mechanism in the United States. A particularly general approach to the study is carried
out in the work of Hsing [3], devoted to studying the monetary policy of Argentina. The work of Goh,
Chong and Yong [4] is devoted to studying the channels of bank lending in Malaysia. The features
of the money transmission mechanism in Jordan are devoted to the work of Sab and Khachatryan [5].
Note that the studies cited mainly use the VAR approach.
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3. Main model

As a result of bank lending, the money supply that can be used to continue providing loans
decreases. This necessitates assessing the relationship between variables corresponding to both loans and
both deposits. The proposed model allows assessing the relationship between the factors under study -
the volume of loans and the volume of deposits.

Denote

C, -size of credits providing by the bank at time t,

D, _size of deposits of the bank at time t.

Deposit- credit Vector autoregression model (VAR) model:

Ct=ao+ a1iDt1+ a2Dt2 + a3Cr1 + aaCr2 + &t (1)
Dt = bo+b1Dt1 + b2Dt-2 + b3Cr1 + baCra + yt. 2

Data set

As the organizations we considered Armenian commercial banks as follows:

Table 1
List of Armenian commercial banks
AEB AMIO ARARAT CONVERS EVOCA INECOBANK UNIBANK
1 2 3 4 5 6 7

Continuation of the Table 1

ACBA BYBLOS ARMSWISS ARDSHIN AMERIA

As the data we considered data of credit’s size and deposit’s size of banks given in Table 1.
Models (1) and (2) are given in the Table 2 per bank.
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VAR models of commercial banks deposits-credits

Table 2

Coef /t- AEB AMIO Ararat Converse Evoca INECO | UNIBANK
student
. LAJE+11/7 | 249618E+1 | 81568309 | 130653E+1 | 760933870 | 4.32E+11/ | 8.3148E+11/
0 11 1/3.9 776/362 | 1/4.23 50 /32.81 38.4 152
a, 2.20/2.39 -1.21-3.76 0338/ | 0225371 | 0035332 | 0.47/478 | 3.38/2.63
231
a, 197346 | 00089431 @ 00420 406473 | 0486219 | 32136 | 387/5.04
a, | 0599499 | 195378 | 01447 0761207 -o.ogz;/ 1L 18443 | -6171-358
a, 0.067/952 | 0102/404 | 048362 @ -041-315 | 00049304 o0 ;’39(%
. 0862 0628 0971513 | 091316975 | 099976113 | o, 085
494 3 1
- 2145 " 17.05216 | 525836205 | 104634774 .o 5 28
99 7 5
, 10490970008/ 258056E+1 = LOS83E | 1205126+l | L1SO04E+1 | S83E+ll/ | 1SGOL4E+L
0 236  1/5.87 +11/4.27 1/ 135 1/4.5 34.2 2/26.8
b | V2T g3 | 1smmar | osusea | ONTRE gooms anome
b, 0938 4083067 | 2761247 4001000 | 0681494 | 77537 | 6.949/3.84
b, 115153 | 2712730 | 83397y qo9ra56 | 000443 40708 | 1014128
ba 08342 | 099426 | 264242 | 1339388 | COP307 44343 | 107335
I 0.882 098985 | 0.951283 0910775 | 0.862 0.885
0.922620043
i 271 48.7859689 9.761:;748 5.961606750 |, o100 - -
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Continuation of the Table 2

Coef./t-student ACBA BYBLOS ARMSWIS ARDSHIN AMERIA
a, -1326121215/4.83 23157896/5.83 1391296/6.31 | -105917445/91 | -45238136/9.5
a, -56.02/8.78 0.877/3.87 -0.96/3.28 -0.27/12.5 -0.99/7.43
a, 121.3498065 1.387084184 0.14789433 0.148466622 0.1049/7.68
a, -5.99/3.88 -1.30/4.76 1.47/2.52 0.394/4.04 1.109/2.63
a, -61.35/2.07 -1.408/4.13 0.249/4.64 0.716/3.87 0.58/3.93
R’ 0.859 0.853 0.855 0.973 0.868
F 7.398 5.583 43.02 18.37 4.3043
b, -2887442012/2.37 -1667570/2.073 -1616289/3.54 | -236301057/3.12 | -217545911/2.31
b, -129/2.404 1,57/4.056 -0,735/3.22 -0,203/2.92 -1,36/3.77
b, 280.21/2.49 1.908/3.03 0.338/3.41 -0.0602/3.14 -0.524/3.41
b, -14.12/2.77 -2.029/3.13 1.509/3.137 0.748/3.02 2.09/3.473
D4 -142.8/2.19 -1.48/4.604 0.0063/3.703 0.908/2.64 0.776/3.71
R’ 0.875 0.973 0.984 0.998 0.876
F 7.349 9.173 128.90 305.49 5.53

The VAR models given in Table 2 determine the current and lagged values of loans and deposits. The
models allow us to study the dynamics of changes in time series of deposits and loans. Consequently, the
developed models make it possible to study the responses of one time series to shocks of another time series.
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4. Conclusion

The analysis performed in this work allowed to obtain an assessment of the relationship between
the volume of deposits and the volume of loans provided by the bank. The application of given VAR
models in banking activities will allow to obtain an estimate for the interest rate of both deposits and loans
provided by banks. The peculiarity of VAR models obtained in this work is that the models of banks
differ from each other and each bank must decide on a credit and deposit policy in accordance with the
volume of funds used by banks to provide loans.
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Present paper is devoted to studying the association between the results of industrial, agricultural output,
energy consumption, transport infrastructure development and carbon dioxide emissions for the countries Armenia,
Azerbaijan, Georgia, Iran and Turkey. It uses regional data covering a time period of 10 years, from 2014 to 2023.
The results of regression and panel analyzes allowed us to assess the dependence of carbon dioxide emissions on the
results of transport, energy, industry and agriculture activities. The paper substantiates a cause-and-effect
relationship between carbon emissions and economic growth. Increased electricity production, transport activities,
industry and agriculture growth leads to increased carbon dioxide emissions in both the short and long term. Based
on the findings, this study allows us to take actions aimed at adjustment of carbon emissions depending on transport,
agriculture, energy and industry activities growth.

Keywords: energy consumption, agriculture, transport, industry, CO: emission.

1. Introduction. This study is the beginning of the research in the direction of investigating the
dependence of carbon emissions from industrial, agricultural output, energy consumption and transport
infrastructure development. Researchers devoted to the study of carbon emissions show that reducing
carbon dioxide (CO:) emissions is mandatory, since a low-carbon economy contributes to sustainable
economic growth around the world according to the work [1]. Therefore, government regulation of carbon
emissions is a prerequisite for ensuring a low-carbon economy [2]. After the approval of countries' carbon
quotas, some countries initiated trading carbon quotas, as well as introducing carbon taxes [3] and CO:
emissions trading [4].

Present study comprehensively analyzes CO: emissions in relation to industrial, agricultural
output, energy consumption and transport infrastructure development. The study also provides answers to
the causes of carbon emissions and estimates of each economic sector for increasing carbon emissions. The
results obtained make it possible to apply models for the studied region and, on the basis of this, recommend
them for studying other regions of the world.

2. Literature review. The problem of studying the relationship between industrial, agricultural
output, energy consumption, export, and CO: has become one of the most widely studied problems over
the last decade, as the work [5] states. A significant number of studies allowed us to evaluate the impact of
indicators on carbon emissions and assess their negative impact on the ecosystem according to the works

6], [71

Current research is based on the following four approaches. The first direction studies the
relationship between energy consumption (EC) and economic growth (EG), is enormous and has been
extensively studied under a testable hypothesis (known as the conservation hypothesis) in the work [8]. The
second direction of approaches studies the relationship between economic growth and CO. emissions [9].
The third direction combines the previous two directions, analyzing the dynamic relationship between CO-
and Economic growth in a three-dimensional framework in the work [10], leading to mixed results. The
third direction, integrating additional variables into one model, is a growing area of research. The research
conducted in this article can be attributed to the third direction. This is justified by the fact that the authors
are studying the impact on carbon emissions due to the growth of transport, industry, agriculture, and energy
output. Industry, transport and agriculture output are as additional variables, especially for countries
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Armenia, Azerbaijan, Georgia, Iran and Turkey and demonstrate a significant relationship with CO-
emissions, and complements the study conducted in the works [7, 11].

In particular,the work [12] studied 18 Asian countries and found that CO- emissions increased due
to transport, economic growth. However, the work [13] analyzed similar findings that economic growth
and exports increased CO2 emissions in the case of 11 Asian countries. Akalpler and Hove in the work [14]
studied the problems of economic growth, imports, exports and their impact on the environment in India.
The purpose of this work was to establish a cause-and-effect relationship between the variables studied.
Therefore, the research conducted in this article makes a certain contribution to the field of studying the
cause-and-effect relationships between economic indicators and CO- emissions.

3. Data. To conduct the research, we used data on all variables obtained from the World Bank
Development Indicators. Data for all variables range from 2014 to 2023. Emissions are measured in Metric
Tons of Carbon Dioxide Emissions per capita and represent CO. emissions resulting from industrial,
agricultural output, energy consumption, transport infrastructure development.

4. Methodology. To explore the relationship between economic factors and CO. emission in
Armenia, Azerbaijan, Georgia, Iran and Turkey an approach based on the regression analysis and panel
analysis for countries has been implemented. In the first step the assessment of the impact of economic
variables on carbon dioxide emission has been implemented. As the second step the panel analysis of the
relationship between carbon emission and energy, transport, industry and agriculture output has been
assessed.

Present paper examines the impact of industrial, agricultural output, energy consumption, transport
infrastructure development on carbon dioxide emissions. The purpose of studying the given problem is to
fill the gap in ecosystem research in the context of economic and agricultural growth. The conducted studies
showed the presence of features of the influence of the noted factors for different countries and economies,
which became the reason for formulating the research problem of this work. We focus this gap through the
development of multivariate regression models by examining the impact of industrial, agricultural output,
energy consumption, transport infrastructure development on carbon dioxide emissions: As the group of
countries we studied countries as follows: Armenia, Azerbaijan, Georgia, Iran and Turkey. The developed
models allowed us to obtain point estimates of the increase in CO. emissions depending on the increase in
the values of factors used as independent variables.

5. Data used in the work. As the data we considered data as follows: industrial output, agricultural
output, energy consumption, transport infrastructure development and carbon dioxide emissions during the
period 2007-2014 . Data for the research are given in World Development Indicators.

6. Basic notations. Denote variables as follows:
GDP - Gross domestic product
AGRI - agricultural output
Transp- transport output
Energy - energy consumption
COs: - carbon dioxide emissions

7. Basic model. As the multiple regression model has been considered the model allowing to
assessing the impact of independent variables on the level of carbon dioxide emissions as follows:

CO,, =a,+a,GDP +a,AGRI, + a Transp, + a,Energy, )

8. Analysis of CO: emissions depending on factors. The model is given in Table 1.
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CO: emissions model (model features)

Table 1

Country uT uM U’ uc
Armenia 0.0147 8.4960E-29 0.0085 0.9915
Azerbaijan 0.0094 4.6993E-28 0.0126 0.9874
Georgia 0.0157 2.0877E-29 0.0028 0.9972
"a”’R';')"f‘miC 0.0072 0 0.0086 0.9914
Turkiye 0.0074 5.7257E-29 0.0057 0.9943
Total 0.1571 5.2822E-31 0.1088 0.8750

The results of modeling CO: emissions depending on changes in factors showed that the
coefficients of the regression equation (1) are positive and therefore the influence of increasing values of
independent variables has a positive effect on CO- growth.

9. Sensitivity analysis of CO: emissions depending on changing factors. The sensitivity analysis
of CO: emissions showed the following.

1. Changes in CO:. emissions depending on the growth of input factors are different for different
countries.

2. Regression coefficients ranked according to the degree of the impact on the carbon dioxide
emissions COs..

3. The ranking vectors of countries differ from each other, which makes it possible to explain the
noted differences based on a macroeconomic analysis.

10. Panel analysis. Panel data analysis in Table 2 produced estimates indicating a time-varying
relationship between input factors and CO. emissions for a group of counties: Armenia, Azerbaijan,
Georgia, Iran and Turkey. Panel analysis made it possible to rank factors depending on the degree of
influence on CO- emissions.

Table 2
CO: emissions model (coefficients)

Country Energy Industry Services Agriculture R"2 FSTAT
Armenia 428.8641 0.0005 -0.0003 0.0002 0.9665 50.5558
Azerbaijan 1739.9677 -8.9409E-05 0.0007 -0.0031 0.9509 33.9093
Georgia 503.0760 0.0009 0.0002 -0.0004 0.9890 157.2913
Iran, Islamic | 7178.1809 -0.0005 0.0018 -0.0005 0.9662 50.1006
Rep.

Turkiye 17482.6557 -0.0016 0.0016 -0.0018 0.9773 75.5110
Total -1132.8586 0.0007 -0.0008 0.0036 0.6414 24.5930
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Conclusion. This study attempts to empirically assess the relationship between carbon dioxide
emissions and the performance of transport, agriculture, industry and energy production and consumption
in countries such as Armenia, Azerbaijan, Georgia, Iran and Turkey. For this purpose, data from the
countries of the studied region, taken from World Bank Open Data were used. To conduct the research,
regression models and a panel analysis model were developed. Thus, a comparative analysis of the
influence of the studied variables on carbon dioxide emissions was carried out. Based on the proposed
regression analysis models, the cause-and-effect relationship between carbon dioxide emissions and
economic variables was determined.

Cross-country analysis implemented through the development of multiple regression models
assessing carbon dioxide emission CO: across the countries. There are large differences in how much the
impact of input factors changes on the level of carbon dioxide emission. Values of regression coefficients
based on the degree of CO. emissions ranked according to each country. We did coefficients ranking for
each country. Ranking vectors allow us to compare countries according to ranking vectors and assess the
difference between countries.

We argue that the approach implemented in this paper could be used for different groups of
countries all over the world. As a result we could compare countries according to the impact on carbon
dioxide emission.

We argue also that expanding the number of factors causing the increase of carbon dioxide emission
allows us to fill in the existing gap in the research of ecosystem sustainability and green house expansion.
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R.U. Twqupyuiu, L.N. Opnywt, U.L UWnwpbyw
UuohuUOLP GRUOLUNL TN UPSULESNRULENP SUMUOUCMrRULU3PL
Jd6rLNRONRE3NKL
(Cwpwywyht UnyYwu)

Unyli hnpywép bjhpyws b Zuywuwnmbnid, Upppkowinid, dpwumnmwinid, Ppuwinid b @nipphuynid
hwdwpnunl GEpphl wppniiph, gniquuninbuwiul wpnuppuiph wpunuppnyepul, Fikpghuyh uupundwd,
wnpwhuynmnuyhl Eipulunnigyudplbph qupquglul b wShnuppn: qugh wpnwbbnnidbbph gmgwlzﬁg‘lzlrpﬁ uhol:
Jungp niunidiiuuppnipyuin: Upl oqunuugnpdnid Funnwupuswopowbughl wnfjuyilp 10 unuph nlbngnippudp 2014-2023
pywlwibbbphl: (Megpkupuyh b wwblbjuyhl JEpnidnipinibbbph wpyniapbbpp Ukq pnyyy junwh quwhunnky wShnudip
Eplopupnh  wpunwbbunnmdibph  Juwfojwénipiniap  wpwbugnpnp,  Faobpglwnpl,  wppyniwpbpnippul b
gnyuunbinkunipyul  gnpénibknippul  wpyniliphbphg:  Znpywénid  hpdhun/npynid  Fo wopiwppnt  qugh
wpunwbbnnmdbbph b ninbuwlul wdh gundwunwhbunbwipuyhl Jugp: EEunputibpghugh wpuwgpnipjul,
wnpwhuynmnughll gnpénibknipul, wpyniwpkpnyepull o gniquuninnkunipyul wdp hwbqbginid F wduppen:
qugh wpunuwbbnmdbbph wijkjugduip piswyku Jupdwdwdlbn, wiybu b Eplupudwudibn hkpublupnid:
Unugyuwsé wpynilpblph hpdwh ypw ugu nmunidbwuppnipiniap pnyy juw dkq dhonghbp dEntuuplk;, npnip
mynué kb wSpuusth plopupnph wpnwbbnndtbph Soguumlwbp  Jupijud npubugnpnp, goiquininbungeyud,
Lakpglwnpluyh b wpynibwpkpniepul gnpénibknypyul wdhg:

Unwugpuypti pwnbp. Fakpghuyh uwwpnid, gniyunbnbuniemel, wpubuynpu, wpyntbwpbpnyemndb,
CO: wpunwbbunnidabp:

3.M. Kaszapsin, H.I1. Opasin, A.A. ApakeJsin
MEKCTPAHOBOM AHAJIN3 BEIGPOCOB YIJEKHCJIOTO I'A3A

(FO:xnblii KaBka3)

Hacmosiwyas cmamust NOCGAUEHA U3VUEHUIO 63AUMOCEI3U MeJICOY Pe3YIbIamami 6ai08020 GHYMpPeHHe20 NPooyKmd,
nPOU3600CMEOM 6 CENLCKOM X035lcmee, NompeOieHueM dHeP2UuL, pa3eumuem mpancnopmHol UHGpacmpyKkmypol u 6blopocamu
yenekucnoeo eaza onsi cmpan Apmenus, Asepbaiioscan, Ipyszus, HUpan u Typyus. Hcnonvzoeanvl pecuoHanvhvle OaHHble,
oxeamwisarowue nepuoo ¢ 10 gem: ¢ 2014 no 2023 200. Pezynomamvl pecpecCUOHHO20 U NAHENbHO2O AHATU308 NO3GOJIUIU HAM
OYeHUMsb  3a6UCUMOCTb  8bIOPOCOG  Y2NIeKUCI020 2a3d  OMm  Pe3Vibmamos O0esmeibHOCmU — MPaHCcnopmad, —dHEP2emuKu,
NPOMBIUIEHHOCMU U CEeNIbCKO2O X03stcmed. B dokymenme uznacaemcsi npudyuHHO-C1eOCMEEHHAs C6513b MEdNCOY 6blOpOCaMiL
VeeKUCI020 2a3d U IKOHOMUHeCKUM pocmom. Pocm npouzeodcmea snekmposnepeuul, mpaHcnopmHol O0esmeibHOCi,
APOMBIUIEHHOCIU U CEIbCKO20 XO3AUCMEA NPUBOOUM K YEEIUYEHUIO 8bIOPOCOS YIeKUCL020 2A3d KAK 8 KPAMKOCPOUHOU, MAK U 6
ooneocpounoll  nepcnekmuee. Ha ocnose pe3yrbmamos uccie008anus npeonpuHsmel  Oelucmeus, HANpasieHHvie Ha
KOPPEKMUPOBKY 6blOPOCO8 Y2NEKUCI020 2430 8 3AGUCUMOCTIL OM MPAHCROPMA, CENbCKO20 XO3AUCMEA, IHeP2emuKu U pocma
NPOMbBIUTEHHOU OesAMeNbHOCIU.
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Unyl hlnmuwgnunnipyull wyunnwlp «Clinwbpph jEhuunlulupnulh pupdpugdwil nignguwé buumunbbph»
(CYLNPL) Spuigph pwhwnnt plinubpphlph hhdlnulpml phmpugphsbbpp niumdbwuppnyeinial | hyuwuainp
ppunniip  vwnnwbugn  Ypw wqpnn  gopdnbhhkph  pugwhuynnidi m gpubg  wgnkgnippul - qhwhunnnidp:
Uppjnunnwlipnid - ppulpmbgws F CYLOPL Spugph swhwpnt  plnwbhphbph  ubqublununfnpnid ' Eplpuyy
Qquunbpugdwi  dkpnpny b pwgwhuyngws Eh Zuywunwbnid phnwhEol guuon o unwlogn:
hunJwbwlwbniypibp wyupdwbunnpny gnpénbbkpp nghunply dnpljunfnpdwl dpengny: Nrunidbwuppnipmibp
pugwhupnky F np CYRNPL hudwlupgh hwugbwlmbnipniip phpwpiughl phalsniyppul dbpfupugyudnipiui
wpmuny pbppuhwpnyg o CYRNRL pwhwnnibbph plinpniyppul hunlup Ghpuming dhonghbph dnuinmuplyjus
uwnmguwl GEphuypu dEpnubhqup, Juphnpliny qhpwlonnpkl phunwbhph unghuy-dngnyppugpulmi juqup, sh
wwwhmnid hyuwunwpnibbph spowinid wnpuwn plnwmbhpblph pupdp Gbpluyugyuénipnil: Unpljudnpdub
wpym bplkpp puguhupnky kb, np Gojwé dbjpubhqup Jepubupdub Guppp mip ' Gkiuwdwluppulh nigpulh
gnigshbph Gkpundwi b Jud ppubg [phpbkph dogpundwi hunfwp: 2w hlwpun/npnipinil unw pupdpuglly
LYLRNPU Spugph huugkwlwinipnibp b npuku wpnynibp, bl wpninbunfknngeonbp:

Unwugpuypli pwnbp. unghuywlwl wowlgnipnil, plnwbbkiul bywunbkp, dhonghbph dnnwpljus
uwnnignid, wppuwunnipnil, ubkqubbwunnpnid,  Ephpuy;  Qqwuwbpugnid, nghuwnpl  Jnplk;,  FinbandbEwnphl
Unpljun/npnid:

hvunph npwépp L wpnhwwunipyniup: Unghwjulwt wowlgnipjut hwdwlwupgp 22
unghwjujutt yuwonwwinipjutt hwdwlupgh YJuwpunpugnyt punugmghsutphg E Mhwnwljwub
dhuwbunwynplduts mbuwlnitthg wyt unghwjwljuw Wyuwrwnywbnipjui npnpunh Epypopy wdkiwljupbnp
Swuuughtl nuynuppnihb £ jkhuwpnowlughlt wyuwhnddwit nigndnn swjuubphg hbnn: Unghujuljwi
wewlgnipjul ninpunh wdkwdks dSpughpp  «Cunwuhph JEhuwdwupnulh pupdpugduit ninndus
tyuuwnibph spughply b (wpumhbn’ CYLNRL), npt niynws E Ephpnid wnpunnipyub ifuqkgdwip:
Yhktuwpnowljuyht hwdwlupgh htwn dkljuntn, CYLOPL-U wywhnynmd b whnwlwl unghujuljub
npwbudkpinibkph gpulohn twup, 2023p. -ht juqutinyg 2LU-h 0. 3, whnwlwh pnigkh swhiukph 1.3 b
unghwjuljub yuownwywiunipjub ninpnh swhiubkph 5 wnlnup (wn. 1):

Unniuwly 1
LYRNPU-pb nignwd whnwluwh Swhiukpn 2018-2023pp. plhpugpnid [1, 2]
2018 2019 2020 2021 2022 2023

CYLNPU-hu ninndus yhnwljub

suthaubp, . npurd 39,498 37,698 37,227 36,680 30,474 32,974

Plglpu, 2018-100 100.0 95.4 94.3 92.9 77.2 835
ZUU-h b, % 07 06 06 05 0.3 0.3
Mtnwlul pmgkh dwfautph 27 23 20 20 1.4 1.3

uuundudp, %

Nhnwlwb pmekh unghujuljwi
wunywintipjuit ninndusd 9.7 85 7.6 7.3 52 5.0
Swpuubiph tyundwdp, %

CYLNPU spughpp hhdugws k twajht «@wpnu» hwdwlupgh Ypw, npp uinbndyby kp 1994p. -hi:
Zhwnwquynid, 1998p. -ht junwdwpnipniup npnpnid | pugniul) phunwikjut tywunibph hadwlwpg
tbpnulim dwuhtl' «wipuygbnmpmind gnpsnn nwpuplnge tyuwunitph b hnjrhwunngmdubph
huwdwljupghg Ukl vhwubwlwb tyywunh hwdwlupgh wugubint b wpwybk] wtwwwhny pivnmwuhpubph
tjundudp hwugbwgpué  unghwjuluwb  wewlgnipjult  pwnupwlwimpnit  hpuljubwugtbnt
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tyuwnwlyny» [3]: 1999p. -hg htunin hwdwlwupgp dh puth whqud honpuwlbpuyydl) k gquhywibkng hp
hhdtwlwl uljgpniiptipp: Lkplughu CYLNRU Spughpp upquynpynud b «Nhnwljut btywuntbph
dwuht» 22 opklpny [4] b bywuwh wnbkupn] whnwlwt ppuduljut wewlgnipmit L wnpudwugpnid
wnwyl] wnpwwn punwbhpubphtt b jungkih nt mbnbuwwbu ny wjnhy phwlsnipyuipn: CYLNRL-
tywuwnh hpuynibp £ npudwunpmd «Cunwbhpubph wbwwywhnynipjut gowhwndwt hwdwlupgh» [5]
Uhongny, npt wininnujh dbkpnnny quuhwwnnd k épugpht nhdws ptnnwthptbph jiuwdwljwpnpulyp b
hudbdwunbng wyy ghwhwnwlwip npnowlh pugupdwyy skdh htin (nptt wdkt mwph hwunwndnd £
Jurwjupnipjut npnodwdp b tkpuynidu hwduwuwp Lt 28-h), juyugunid k pinwtthphtt tyuwunh
hpwyntuph mpudugpdu jud npu dkpddwt dwuhb npnonid:

Quuywé upwl, np 2018-2023pp. pupwgpnid wnpwwn punwuhpubph pwbwli wdk), wyjunthtinb
tuqly ' 2023p. —htt juqutiny 2018p. —h 92.5 winynup, CULNRL tyywunwnnt pinwbhplbph putwyp,
hlswhu twl Jkpohtkphu hwpwpkpulgmpniip wnypun pinwihpubph pubwyh thundudp byl
pupwgpnid wbpundte b own wybkih wpwg mEkdybkpny Bu tduqby: 2023p. —h npnipjudp  tyyuwunwnnt
puwnwbhpubp/ wnpun punwthpubp hwpwpbkpuygnipmiup juqdl] t pungudkup 51.4 winlnu, hull dkY
owhwnm puwnwithph unwguws wduwlub tywuwnp swsll) k Ukl wudh hwpyny wnpunnipjut vhoht
g6h punudkup 58.5 mnlnup (wy. 2):

Uniniuwmly 2
LYLNPU-p hyuwuwnmpn: phunwbhpllbph pyupwiwlp b wnpunniyeyul dwlwpnulh swpdp 2018-2023p;0.
phpugpnid [6-8]
2018 2019 2020 2021 2022 2023

Unpuunni pjut dwljupyul pun
wnpwwnnipjul thoht gbh, % puwljsnipju 235 26.4 27.0 26.5 24.8 23.7

pynid

Unpuwn plnwithpubph pwwl] pun
wnpunnipjult Uhoht gsh, quuthwnwljun*
blinkpu, 2018=100 100.0 111.8 110.2 107.0 95.7 92.5
CYLNPL tyyuunwnnt pinwthpukph

pYwpwiwl (nwptytpoh npnipejudp)™

150,222 | 167,895 | 165,485 | 160,665 | 143,796 | 138,976

97,601 | 91,302 | 92,012 | 87,267 | 76,874 | 71,468

binkpu, 2018=100 100.0 93.5 94.3 89.4 78.8 732
Lywunwnnt phnwthptkp/ wnpuwn
puwnwithpubp hwpwupkpulgnipmnil, % 65.0 54.4 55.6 54.3 53.5 51.4

Ut tyuunwnnt pirnwithph hwpyny
Uhohti mluwljul tuyywuwn/ UEY swthwhwu
wldh hwpyny wnpwwnnipjut dhohtt ghs
hwpwpbpulgnipiniy, %
* Quuwhwnwiuwhbbpp vnugyus ko 22 dpdwlugpulul Indhunkh nguhg ppuluinugyng «Shughi
wnhnkunyoniibbpp  JEhuwdwlupnulh wdpnpowgyws  hkwnwgnunnipnibabph»  wnjuyblph
sunbdwpubbbph JEppniénrppul hhdwl pu [7):
* Lkpunywé ki CYLNPU swhwnn hwlinhumgny ' plinwbblwb b unghuywlmt  Gwunn b Apunnwy
oqlinipinill unwgng plunuihpakpp:

73.6 71.2 70.5 65.1 59.3 58.5

CURNPU-h swhwpnt plinwbhplbph pnpnipmbp’ ghuws plnwbhpitph Jhbuwdwlupyulh
quwhunmut hpwlubugynid t dhgwqquihtt wpuwluhljuymnid juyh ogunugnpénid nikgnn dhengukph
Uninnwupldus uinniquu (Proxy Means Testing) dtpnnny [9, 10]: Uju dkpnnp hhduynud E pvnwthpkph
JEunwdwupnuyp dnnnwplnn gniguwuhoubph npnodwl, punwthph wbwwywhnynipjub Jpu npuig
niubigws wqpbkgnipjult  gnpdwihgutph  (Yohnutph) npnodwtt b phnwithph wbwwywhnynipjut
dwjuppulp  dnwnwplng  quuwhwnwlwih  (hwdnph) uvnwgdwt  Jpu: Ujuyhuh  dnnbkgnudp
hhdtwjunid hEugnud £ ndjuy Eppnud gnynieinit niikignn ndjuutiph hwjwpwgpdw dbjumthqdutph
Jpu: Opubu wnyhuhtt Zujwunwind Swowynd o 22 dhdwlugpuju Yndhnbkh Ynndhg
hpuwjwbwgynn «Stughtt ntnbkumpiniiubph jituwdwupqulh wdpnnougdus hbnwgnuinipmniutbpp»
(wjunthtwn’ SSUUZ), npnug dhongny hwdwlwpgh hhdtwnpdwt dwdwiwl npnpyby B punwhpubph
whwwywhnympjut hhdtwljwb gnpénuttpp, npuig wqpkgnipjut gnpswhgutpp b npytu wpmyniip
punwihph whiwwywhnympjut dujuppulp guwhwnng dhwynph hwydupyh pubwdlp:
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CYLNPU-ht ninnynn Upgngubph swjuuwjhtt wpnynibwbnnipjut wkuwblyniithg jupbnpdnud Eu
CYLNPL hwugbwlwinipnitt nt wpynibuybnnipmnitp, npnbp wuydwbwynpqus o Spwgph
owhwnniubph punpnipjut hwdwp Yhpunynng vhongubph dnnwupljus unniquut dbpnnny:

SSuU.Z wyjwjutph swbkdwpwuubph Ybpnwsnipniup Jyuynid E, np hwdwlupgh pungpydwi
uuwp CYRNPU-h iyyuunwnnt plunwihplitph pynid ny wnpun pinwbhpbph tkplujug]usnpmniip
Unnn 41 uwnlnu Lk (wy. 3): Uhlunyt dwdwbwl, phwlsmpjut wdbbwwnpuwn pyhunpih
ubpuyugusmipniup btywuwnwent  phwlpympjutt - pYynd  Juqund  E 59 wnlnu, Jdhuspbn
tywunwpnibph 9 mnlnup ptwsniput wdktwpwptltghly snppnpn b hhughpnpn pyptunhutphg

Upgyniuwly 3
Unpunnnipinilip CYLNPU pwhwnn pliinwihphlph pynid, 2023p.-pi [7]

Snynup CYULNPU-h
owhwnnt pinnwtthpubtph
pYynd
Ns mnpunukp 40.8
Unpuntibp puin wnpuinnipyub dhehti gsh (52,590 22 npuad) 59.2
Uy jpifid
Ouypuhbn wnpunibp pun wnpunmpjut wwupkiwght gsh (29,786 22
npud) 15.1

* Zupyuplyyws F[7]-p hpdwl Ypw: Unpunnniyeinilp hwpywplywd b uyuenpulul wgpbquinpg plunwbbui
bugununnp dkénipinip hwbkinig hkwnn, vw wypunnipni bl F wfupwl pinwbblul bygwan anwbugp:

Ujuyhuny, CYLNPUL-h phpwjup hwinhuwgnn wnpuwn pbwlsnipjut tjundwdp Spwugph
hwugbwljwunipiniup pupdp sk: Uhongubph Unnnupldws unniguwt Yhpwnyny dbkpnnp sh wyyuwhnynid
sowhwnnibph pingpuwh pupdp &gpuumpmit bt npybu wpymbp wnpunmpui Ypdunduh
wnbuwtlnithg pupdp wpynibwybnnipinii:

Uju wuwpuquynid CYLNPRUL-ht phunn puunwbhpubph whywpwinipmiip b punwbhpubph
wnpuinnipyub Jpw wqnnn gnpsnbikph JEpmsnipmiip’ Hynundtunphly dnpkjuynpdub gnpshpubpnd,
huhun wpnhwut G

Uju hbnwgnumppul tgunwlis £ w) wwpgl, pk CYLNRUL-ht gphuws plnwbhplbph
JEuuwdwupnuyh quuwhundwt tkpjuynidu Yhpurndnny dhengubph dnnnupldws unniquut dkpnnp
npp_ulhnollL &oqphwin E Uninupymud pnwithph Jtvwdwlupnulh mnhn swhnpnohsp Eyudnunbbpp, p)
hhzulhuho wqnbgmpjni ki mkinud pinwithph wwppbp pintpugphsibpp, Ghpuppuy Eyudnonbbkpp,
CYLNPL tyyuunwnnt (huknt hwjwbwlwinipyut pu:

Uppwnjwsé dEennp: Ukpjuwjugyny wyhwwnwipnid hpujuwiugws E CULNPUL-ht ghdws L
thwunwugpus plunwihpibph ubqubinunpnid’ kplpuy) Jruunbpugdui dkpngn b puguhwjungwus
kb Zuyuunwind pinwikjub tyuwun vnubuom hofwiuljuingpgnip guypdubu]npnng gnpsnutbpp’
nghunpl uUnphjuynpdwt  dhongny: Unphjudnpnudt  hpwluwbwgws E SPSS  Jhdwjugpuljui
Jtpnisnipniuubph thwpkph vhongny:

Unnbjwynpiwtu hwdwp oquwugnpédwé wndjujubpp: CULNBL-ht ghdws b hwunwgpus
punwbhpubph ubkqubbnwdnpnidt hppwlwbwugus b «Unpp»  unghwjuljut  Swnwynipniuubph
wkjuininghwljwl b hpugkiuwi  Ykunpnth CURORUL-md  2022p.-h  wwpkulqeh  pnippudp
thwunwgpyus b tyyuuwnwnnt 102,672 punwbhpubph wjjujubkpp sonbdwputh hhdwb pu: Lnghuwnply
Unnbip quwhwwndws £ 22 Thfwjugpuljut Yndhnbkh Ynnuhg 2023p.-ht SSGU.2-h vhgngny hnnwugnunws
5,184 puwnwthputph ndjuutph sonbkdwpwth hhdwb ypu:

Utqukunmwynpdwt wpmyniupubipp: Ujuwnh niibbwgny opjkunbtkph uks puqunipniip, CARNRUL-
ht ghudws U twunwgpws phnwbthputph ubqubnwgnpdwt hwdwp punpdl; B Gplypuyg
Jluunbpugdwut dbkpnnp [11]: Opuybku opfilpnitkph’ plunwihpukph Juunbpugdwt  swthwuhoubp
Jtpgyl] Eu puunwthpubph wiwywhnympjut quwhwndwt  hwdwlupgnid  tputg  niukgus
wiwwwhnympjub dhunjnpp' R (Re/0, 61.8), dhohlip' 31.5, unwlnupun phnnudp’ 7.05), husybu twb
plinwbihph unghwy-dnynipyugpujui pyny kg gniguihsukp, npnighg phniup junbgnphuwlub:
Juuwnbkpugdw hwdwp npytu hknuynpmipjut swth punpyby | ing-hujubuljuuljut (Log-liklehood)
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htnwynpmipiniup, hull Juunbpubph pdh wjundwn npnodwt wignphpdl oquunugnpst) L Squpgh
puykyut mEknkjundujut swhwihop (BIC): Guuunbpugdwt wignphpuhtt pnyjuwnpyt £ gphnwplby
pUn] dhtisk nwup Jhpotwul Jjuuntpbph diufnpnid” jiuunbpibph oyuhdw) putwlh ubthwlub
punpmipjudp: Upyniupnid CYLNPU-ht nphdws piunnwthpubpp vhwynpydby Bu Epbkp Jjuunbpubph dbe:

Unphjh quwhwndwi npuyh wdthnth pmpugphsp uhpmbwught suhh  gmgulhop (0.7
htwpwynp wdktwpwpdnp 1.0 vhwynphg), npt wpnwhwjnnud E Jhwdwdwbwly jjuunbtputph ubpph
hnunghunipnit nt wpunwpht hknbnpghunipniup, Jyuynid k np quuwhwndws jiuunbpugdw dngkh
npuljp pupdp k(uy. 1):

Cluster Quality

Poar Good

T T T
-1.0 -05 0o 05 10
Silhouette measure of cohesion and separation

Uy. 1. Gphpuyy jmumnbpugll giiuhunnywé unplyh phphwinip npugp GEplhupmgnidp upyn bnayhl suihh
gniguilihop Ufongny

Udun-jljuunbpugdutt  Gupgh  pugbuyywt suhwihph  wpdbpubpti ni thnthnjunipniip
punipwgpnud k. riwup httwpwynphg Epbkp Juuwnbkph pbnpdwt mpudwpwbinipniip: 2utwihoh
wpdbpp Wugnid  Jjuunbpubph pwbwlh wdh hbwn, Jupni] wilnid mubkbtwiny Epkphg wybtih
Jjwunkpttph pwbwyh nhypnid: Quthwithoh wpdtputph thnthnhnipjubt wpugnipmniup jupnty wulnid
E miubund Eppopg iuunbphg wdbih jljuunbpubph nphypnud (. 2):

Auto-Clustering Auto-Clustering
Schwarz's Bayesian Criterion (BIC) BIC Change

1000000 1

00,000 50,000

600,000 00,000

YValues
Walues

400000 450,000

i 2000

2000

Number of Clusters Number of Clusters

LY. 2. Uiinn-lpuumnkpugdwl Sjupgh puykupub suhwbpoh wpdkphbph pusfunidp  Eplipuy;
Jjuunkpugdwl qhwhunnyws unplbynid

Quuuwnbkpubph Jbpmnisnipmiip gnyg t wwihu, np wnwoht, wdktwithnpp Yuuwnbpnid
hudwhidpyws Lt whwywhnynipjutt  qguwhwndwt  huwdwjupgnid hwdbdwnwpup  wywhng
hwdwpyus pinwithpubpp, npuitg whuwywhngmpjui thehtt thwynpp' R = 12.53, kplypnpn, wdbiudbs
11]_u1umhp°u pungpynud E dhohtt wmuyywhnynipjui E‘umul‘uhphhphh npnlig hwdwp R = 29.8, hulj kppnpy
Juunbpp wlkbtwwbwywhny plunwihpibphtt R = 38.2: CURNPUL-nid ywuwnh hpumbp dknp
piptnt hwdwp whwwywhnynipjut Jhwynph vwhdwbwhtt okdp hwunwwnduws t 28 dhwynpp b
tywunwnn qgunumd kb wjt ptrnwtthpttipp, npng hwdwp R=28: Uju mbuwblyniihg, jluunbpubpnid
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bywunwnpnt phnwbhpubph tbpujugduénipmiup punhwinigp wndwdp hwdwywnuwuppwind k
npuignid wbwwwhnynipjutt Uhohtt Uhwynpubph dbdmipjup (wn. 4):

Uniniuwly 4
Rbun/npyws jjuuwnbphkpnid phngplyjws plinwbhphlph whugwhnydniprul dhunph phimpugphpsikpp
Cuwnwthpubph Snljnub Utwwywhnynipjut ‘Lyquunh hpuyniiip
pwbwlp puwnwuhputph Uhghtt vhunpp R | unwgué pinwbihplitiph
punhwinip pynud wnnljnup

Yuuuwnkp 1 5,940 5.8 12.5 0.0
Tuuwnkp 2 64,168 62.4 29.8 80.0
Yuuwnbp 3 32,564 31.7 38.2 98.5
Cunudkup 102,672 100.0 31.5 81.3

Unnphh nuunudbwuhpmpiniip Juymd £, np Juuunbpubph dbwdnpdwt Jpu wdbkbwdbs
wqplgnipiniut ki niukgl) punnwthph whwwywhnynipjut dhwdnpp, piinwithpnud Epkjawtkph putwyp,
punwihpnid Jhuuwpnowluyhtt tnuphph (64 b wybih wupkijut) wigudutph pwbwlp b ptnnwthpp
puwlwduyph whwp (wyu gmguihoubph Juplnpnipyub suthp Ubé E 0.5-hg 1.0 hinupwynphg): Pusujtu
Eplnud E uly.3-hg, piinwtthph Ejudnunubpp CYLNPL-ht ghdwé punwihpubph ubkqgduwiinuynpdut dke
ks  wowtwlnipmit skt miubghk;: Udbih uplnpdl] B punwbhph  wbunwdubph  unghwy-
dnnnippugpujut jupquiyhdwhh gmguhpubpp:

00 01 02 03 04 05 06 07 08 09 1.0

0-5 nmupklut Epkwttph pubuly 1.00

0.6

065 |G

5-18 mwupklub tpkluwttph pubwly

Yhktuwpnowluyht nwphph (64 b wykih mwupkljwi)
wunudubph pubwy
Cuinwbihph phwlnipyul Juyp Bplwlb, wy punup,
qjnin, juunbkgnphuljut hnthnpuuljut
Uduwlul thwunwgpjus Ejudnin piinwlihph Ukl

!

wtnuuh hwpny “
Ctuwnwlthph ptwlnipjut dwnpg, juwnbkgnphulju 0.43
thnthnjuwjut .

L. 3. Qquunkpllph dbun/npuwl hundwp oqunuugnpéyumds
gniguiihohbph upbnpnipyul suihp

Quuuwnbkpubph punipugphsibph wewdt] dwbpulphhn JEpnsnmipniup hhdtwgnpmd £ wyu
hwiuquuwpp: Udktwmwtwywhny punwthpubph jjuunbpnud piinwtthph wduwljut dhohtt Blwdninp
npu Uk winudh hwoyny wilkbwgusdpl £ wluwlwh 15,536 gpud: Uhwwwhnynipyut dhwynph
tjuquut hkwn Jjuunbpubpnid dhohtt Bjuuninubpt wdnid i, wdkbwwwywhny wnweht Yjuuwnbkpnid
hwutkiny dhohtinid wduwlwt 23,346 npwdh (wrn.5): Ujuniwdbuugihy, wnpunmpjut gétph hkwn
huwdbdwunnipniup Jyuynud , np pojnp bpbp jljuunbpubpnod £ dhohtt Bjudninp gusnp L unpunnipjui

unyuhull wwpkuwght gshg:

40



Ruun/npyws puuwnbphbpnid phpgplywd plunwbhpilph hhduwh panipugph

Unpniuwmly 5
hkpp

Unutgupun
Ctuwnwtihph plntpwignhy Uhghti R
Cunwthph whwwuwhnynipjut thwynp 12.5 7.26
~ | Cwnwbhpnud 0-5 nupbljwh pkhuwiitph putul 0.09 0.35
i)
§ Cunwthpnid 5-18 mwupkljwl kpkluwtknh pubiuly 0.32 0.74
DBT‘ Cunwthpnid Yruwpnowlughtt nuphph winwudtbph pubaly 0.27 0.51
Uduwljwi thuunugp]us judnin pinuthph Ukl whnudh hwpdny, npud 23.346 29699
Cunwthph whwwuwhnympjut thudnp 29.8 3.00
-, | Clunwbhpnut 0-5 wupbljwb kpkhuwbbph puil 0.26 056
% Chnwthpmu 5-18 mupklwi bpkjuwbbph pubul 1.14 1.08
% Cunwthpnid Yruwpnowljughtt nuphph winwudtbph pubaly 0.47 0.62
o \ 19,097 18,172
Uduwljutt hwunwgpus bjudnin punnwithph dkl winudh hwsyny, npud
Cunwuhph whwwywhnynipjut Uhwynp 38.2 3.41
Cuwnwthpnid 0-5 mwpbklwb Epkuwtph putwy 0.39 0.69
on
—Ig Cuwnwuhpnid 5-18 mwupklwt kpkjuwubph puwwy 1.47 1.32
% Cunwuhpnid JEuuwpnyujuyhtt tnuphph wunudubph putuly 0.36 0.35
fop
) 15,587 15,452
Uduwut huwunnwugpdus tjudnin punwthph dkl wigudh hwoyny, nppud

ubpluwyugyusnipnit

Uwluy, Juubpubph Yhnwhtt qunltph Jbpnisnipmnitp (W 4) Juynud k, np wnwght,
wlbbwwywhny Juunbpnud, npnbn tywunh hpuynip vnwugws punwbhpubp shub, dhoht
Ejudninibpp puduljut gpguws tu b yupnibwlnmud b ny nhyhl wpdtputp: Uju Juunbpnid hunuly
Jwy ponwihph wiwwgwhnymppub dhunoph b Ejwdnunbtbph dholt sh Gjundmd b ks

Ejuuniinttp niikgnn pnwtthpubpp:

y_PC_income

all_monthl

400000.00
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oo
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Rank

cluster
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nkl  wdbtwwbwywhny Juunbkph Ejudnintbph  hbkn hwdwngpbh

U4, Quuunmbpabpmd whwwywhnyniprul dhunpabph b phunwbhph JB) winudh huwpyng wduwlui

Ehun/ninbbph thnpnunupd Jungp
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Niunh, wihpudbonnipmib L wowewinid wydkh unpp  Jhpnst] whwwywhnynipju
guwhuwwndwb ukpjujhu hwdwlupgh, gnpény pwtwdbh Juwp phwlsnipjut Jhuuwdwlupnulh
punipwgphsubph hbv: Uw hpwjwbwgdl) E SSUUZ wjjujutph owbdwpwih hhdwt Jpw, npp
hwpwynpmipnitt £ nwhu thnjujuwywulgh] phnwihph twwunwent (hiknt hwiqudwipp’ ppw
unghw-dnnnypnugpuljut b jEuwdwlwppulh nnnuljh gniguthottph htwn:

Lnghunhl dnpGpuygnpdwt wpymupubpp: CURNPL  hwdwlupgn] tywuwn  unwbugn
hujutujunipyut Jpu ptnnwbthpubph unghwi-dnnnyppuqpujub b jiuvwdwlwpnulp punipugpnn
gnpdnuibph wgpbkgmpniup wupqbnt hwdwp quwhwwndl] L Epwupdbp nghunhl nhkgpbuhugh
Eyniindtwnphly Unnby (Binary Logit model) [12], npli nith hkwnlywy pighwbnip nbupp'

1
1 4+ e~ Bo+Bix1+B2x2++Brxk) '

P(Y = 1|X1,X2 "'Xk) =

npnbn Juhyw) hnthnuwlwip’ Y-b pigniinod pym wpdtp’ qpn b dbly: Ungbp guhwnnod b juifayug
thnhnuwluih dky wpdbph pigmibm wuplwbwlwi  hoduiujwimpmip jupus wiljuju
thnthnjuwljuitbph wipdbpubphg:

Uju hbnwgnuinipjutt hwdwwnbpunnid jujywy thnthnpuwjuip punipugpnid £ pnnwtthph
CYLNPU byywunwnnt (hikn hwiquidwlpp, hul Unglp qgiwhwnmd E gpu hwdwiwljwint pyndap

0, tpti-pypnwihpp bywunwnn sk,
Y= {1 ,  btphki-pg punwihpp btyuwunwnnt k:

SSUU.Z wjjujukph snbdwpwih puqiuphy unghwi-dnnnyppugpujut b jErwwdwupguyp
punipwqnnn gnpénutiiph phnwpynuip hwqkgpl) L wnniuwly 6-nid pipdws poyjuwnpbih b npuljjug
Unnkjh pinpnipjutp:

Ut Jyuynid E, np pninp quuwhwndws gnpswljhgubpp Jhdwjugpnpkt tpwmtmjuh Gu: Unnbjh
npuwh pimpwgphsp Luglytplsh ghnkpdhiwghugh gnpswlhgp 0581 &, husp yuynud Eunnbih pupap
npuljh dwuht: Znudbp-Ledbpbgh phunh wpynoibpubpp bu Jiuynd Bo juhguwy  thndhnjuwlwh
juwipunbudws wpdbpukph pwpdp npuh dwuht: Nmunph dnphh quuwhwwndwt  wpyniupubph
Jtpnisnipiniut wpdwbwhwuwn yunltp £ uwhu:

Unniuwl] 6
Unnbnud phngplyués whluwpn hnhnprupubbbpp, qwhunnyws gnpéwpghkpp b ppuibg Jhdwmlpmugpului
phnipugpfisilipp
Quwhwwn- | Unwb- | danh | Snpswuljgh e
Jusd nupn | Jpdw- | bpwbwluwgh-
gnpdwilhg, | otnnmud | YJwh | nipjnit (Sig.)
B
Uhisl 5 nupkljwt tpkjuwttph putwly (xi1) 0.855 0.012 | 54702 0.000 | 2.352
5-18 mwupklwt tpkuwubph pwtiuly (x2) 1.173 0.009 | 16051.7 0.000 | 3.233
Uhktuwpnowlwjhtt muphph winudubph -0.206 0.010 408.7 0.000 | 0.814
pwiwl] (x3)
Ut wunudh hwpynd mduwljute -0.014 0.0001 | 10001.4 0.000 | 0.986
Eljudniun™, 1000 npud (x4)
Cunwthph ptwdwnnipjub gnpdulhgp” (xs) 0.298 0.004 | 6861.8 0.000 | 1.348
Ukl wunuuh hwoynyd mluwlu -0.031 0.0002 | 22883.9 0.000 | 0.970
uyunnnuljub swhiukp™, 1000 npud (xs)
Unpbh wquun wimuwd 0.482 0.022 | 4350.8 0.000 | 4.404

* Whunlwpmpyul gnpSwilpgn hupyuplyws F npuylbu JE) wopiumnwipughll wnwphph whdh hwoyng dpish 18
wnwpkljul  Epkjnubkpph o GEhuwpnowlughl wwphph whdwhg pwiwl: ** Chnwbhph  Ejudnunbbpp b

vyuwnnpulul Swpiubpp JEpgyky B huwuwnp dkSnipinilp hkmughlinig hkwn, bpl pnwiahpp hywunmwnn:
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Ujuwihuny, guwhwngwé dnnbi mih htnbywy nkupp

P(Y = 1|x1,x2 x6) =

1

1 4 ¢—(0,482+0,855x1+1.173x,—0,206x3—0,014x4+0,298x5—0,031x)

Quwhwndws gnpsujhgubph bpnisnipmiup Juynid £, np dbwgus pugunpnn thnthnpowljutiubph
wqnkgnipiniip hwuwnwnnt (hitknt wwpuquynid

punwthpnid dhtgh 5 wnmwpbiut GpEluwttph pwbtwlh wydbjugnudp dkyng dbkdwgunid E
tyuwunwnnt (huknt hwjwbwjuwinieniup 135 tinjnuny,

punwihpnid 5-18 wwpkljwt bpkuwbbkph pwbwlhh wdbjugnudp dElnd dhdwgnd E
tywuwnwnm (huknt hwjuwiwjuiinipniup 223 winlnund,

jtuuwpnoujuyhtt  wmwphph wunuwdubph pwtwyh wydbjwugnidp dkiny thnppugumd E
tywunwnnm huknt hwutwuinipeniup 18.6 mnlnuny,

punwthph ptwdwpnipjut gnpsuljgh wykjugnidp Ukl vhwynpny dkdwugunid £ tywuwnwnnt
1hubknt hwjwiwlwunipniup 34.8 tinljnund,

puwnwuhph Ukl winuuh hwpyny wduwjub Ejudnunutph wép 1,000 npudny thnppugunid
tywuwnwnm (huknt hmjubwubinipniip 1.4 mnlnuny

puwnwthph dbly winuidh hwoyny wduwlub vywpnpulwt swhiukph wdp 1,000 npudny
thnppugunid £ btyywutnwnnt (huknt hwjwbhwlwinipiniup 3.1 mnlnuny :

Ujuwhuny, pbunwthph unghwij-dngnyppugpuju  punipwgphsttipt buybu  wyibh ks
wqpbkgnipnil niukt tyuwunwent (hubne hwuwbwljwinipyut ypu, pwt phnwithph Bjudninubpp b

uyunnuljut Swuubkpp, npnup pnwithph JEluwdwjupnpulh ningpuljh pinipwgphsubipt b

Gqpuljwgnipyniuutp

Ujuyhuny, ybpnusnipniiubph b dnpbjuynpdw wpyniupubph wdihntnudp hwtqbkgunmd E
htnlyw) kqpuiljugni pynitikph’

CYfLNPL hwdwlwupgh hwugbwlwinipmitip phpwjuughtt phwlpsmpjut pungpliyusnipjut
wnniiny gusp E punn wnpunnipyul wqquyht Uheht gsh wnpwn Eiyyuunwnnt piunwithpibph
59. 2 winlnup,

CYRNPL swhwnniubph punpnipjut hhdpnid pujus ptnnwithph whwwwhnynipjutt thudnpp
Alwnpynud £ ghpwljppnpbt pinwithph unghwy-dnnnyppuqpujut punipwqphsutiph hhdw
Ypuw, vhongubnh dnnnuplyus uinniquut tkpjuyhu dkluwmthqup punwihph jEiuwdwljupguljh
ninnuljh PhnLI&uquth]“_l‘ Ejudnunp plph Ednnwpynud,

punwihph  wbwwywhnynipjutt  dvhwynph hwywupyh pwbwdlp tywun uvnwbwnt
hujutuubnipniup jupdwt dke E nunid hhdtwuinid ptnnwuhpnd tpEowtkph pwtwlhg,
puwn npnud, dhtisl 5 mupbljwbibph puwtwly 1.6 wbiqud wydkih thnpp wqpbgnipinit niuh tyuun
unwbwnt hwjubwlwimpjut Jpu' 5-18 nupkljwbbtph hwdbdwn,

CYRNPL sowhwnpm (hubnt hwjutwluinipjut Jpu wdbbwhnpp wqpbgnipmitt nitku
plinwihph Jiwwdwlwpyulh nigquyh gnighsubpp’ Eyudninbbpb ne uwyunndp:

Uju bqpujugnipiniutbpp Juymd kb, np ptunnwtthpubiph wtwywhnynipjut quwhwndwb bkplughu
Ukuwmthquubtpp Ykpubwpdwh juphp mubh phpu phulsmput tjundudp CYLNRL hudwljupgh
hwugbwlwinipinit nt Spuqph Swhuwpynibwd buinipniip pupdpugubint tjunwnnudng:
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H.M. Ixp6amsin

CEIrMEHTAIIUA BEHE®UIIUAPOB ITPOI'PAMMBbI CEMEHHBIX IOCOBUIA U
IKOHOMETPUYECKOE MOJAEJINPOBAHUE UX OCHOBHbBIX
XAPAKTEPUCTHUK

Llenvio Oanno20 uccred08aHust SAGNAEMCS U3YYEHUE OCHOBHLIX XAPAKMEPUCMUK cemel-OeHehuyuapos
npoSpaMMbl CEMEUHbIX noCobuUll, eblasleHUe PAKMOPO8, GIULIOWUX HA NPABO NOJYYEHUS] NOCOOUS, U OYEHKA UX
6030eticmeusi. B npedcmasnennoli pabome ceemeHmayus cemell, 3apecUCmpuposaHublx 8 CUCHeMe NPoSPpaMMbl,
ocyujecmeniena ¢ UCHOAb306AHUEM Memooda O08YXIMAnHOU Kiacmepuzayuu, a Gaxmopul, onpeoensioujue
6EPOSIMHOCb NOJIYYEHUSI CEMEUHbIX NOCobUll 6 Apmenuu, 1 ux iusHUe GbIsIGNIEHbL NOCPEOCMEOM JIOSUCHUYECKO20
MoOenupoganusi. B pesynbmame uccied08aHus GbIACHUIOCH, YMO AOPECHOCHb CUCHEMbl NOCOOULL ¢ MOYKU 3PEHUs.
npedcmagneHHoCmu 8 Hell Yenesoll  2pynnel  HaceleHus npobnemamuuna. [eiticmseylowull  MeXaHusm
OpUEHMUPOBOUHOLU NPOBEPKU CPEOCME, UCNOb3YeMbIX OJi 0ombopa benepuyuapos, ¢ AKYeHMoM NPeUMyUjecmEeHHO
Ha coyuanbHo-0emozpaghuueckuii cocmas cembu, He obecneuusaem GblCOKOU NpeoCmagieHHOCmu OeOHbIX cemell
cpeou beneuyuapos. Pezynomamsi MOOenUposanus NOKA3AAU, YMO VKA3AHHLIL MEXAHUSM HYHCOaemcs 8
nepecmompe 0N 6KIIOYCHUS. NPIMbIX NOKA3amenet Yposus scusnu uluiu Koppekmuposku ux eecos. Omo oacm
603MONCHOCb NOBBICUNMb AOPECHOCMb U, KAK Cledcmaue, dQPGekmusHocmsy npospammol .

Knrouesvie cnosa: coyuanvhas nomows, cemeliHvle NOCOOUS, OPUEHMUPOBOUHAS NPOBEPKA CPEOCMS,
beoHocmov,  cecmenmayusi,  O8YXIMANHAS — KIACMEPU3AYUs,  JIO2UCMUYECKas. M0oO0elb,  IKOHOMEMPUHEeCcKoe
MoOenuposaHue.
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N.M. Jrbashyan

SEGMENTATION OF BENEFICIARIES OF THE FAMILY BENEFIT PROGRAM AND
THE ECONOMETRIC MODELING OF THEIR MAIN CHARACTERISTICS

The purpose of this research is to examine the main characteristics of families receiving family benefits, identify
factors influencing eligibility for receiving benefits, and assess their impact. The presented study segments families
registered in the family benefit program using a two-stage clustering method and identifies factors determining the
likelihood of receiving family benefits in Armenia through logistic regression model estimation. As a result of the
study, it became clear that the targeting of the family benefit system in terms of the representation of the target
population is challenging. The current method of proxy means testing used to select beneficiaries with an emphasis
primarily on the socio-demographic composition of the family, does not ensure high representation of poor families
among beneficiaries. The modeling results revealed that the current methodology for determining the family’s right
to receive family benefit needs to be revised to include direct indicators of living standards and/or adjust their weights.
This revision would enhance the targeting and, as a result, effectiveness of the program.

Keywords: social assistance, family benefits, proxy means test, poverty, segmentation, two-step clustering,

logistic model, econometric modeling.

2ppwyjwt Lwhpnthh Ujuppwph - Gplwth whnwlut hwdwjuwpwih nwtnkuwghnnpput b
junruwjupdut $ulnyunbnh nbnbuwghunumpui dbky dwptdwnhjuljut dopbjudnpiwt wdphnuh
nngkun, ntnbkuwghnmpjut phljuwsne
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In the Republic of Armenia (RoA), the water resources management system is considered to be one of the
most important sectors of the country's economy. The solution to problems related to the population's water supply
and irrigation of irrigable lands are due to its flexible management. Water is one of the most valuable resources in
our country, and it should be treated with the utmost care and precise targeting. In recent years, many projects have
been carried out on the development of the irrigation system, the most important of which are the projects on the
construction of reservoirs and the waste (used but not paid) water management. Despite all these, there are many
other challenges in the field. This article is dedicated to the problems of reducing the losses of water resources
(drinking and irrigation).

Keywords: water resources management, non-revenue water. water losses, cost-benefit analysis.

Introduction

The object of the research is the water resources system in RA and its components. The subject
of the study are the principles of water resources supply/management, economic-mathematical
methods, and models, which will be used to evaluate the advancement of the efficiency of water
resources supply and consumption with the help of system improvement. In the Republic of Armenia,
the water resources management system is considered one of the most important sectors of the
country's economy. The solution to problems related to the population's water supply and irrigation of
irrigable lands are due to their flexible management. Water is one of the most valuable resources in
our country, and it should be treated with the utmost care and precise targeting. "The main problem
set by us in the field of water resources is to strongly increase the efficiency of water resources
management, by which a proper response to the development in the agricultural sector, in particular,
to the gradual increase of agricultural irrigated lands, as well as to the increase in temperature and the
recorded decrease in precipitation caused by climate change, will be ensured”. Annex No. 1 of the
RoA Government's Decision No. 1902-L of 18.11.2021 on approving the program of activities on the
design and construction of 15 intended reservoirs by the RoA Government for the years 2021-2026.

The strategy for improving the financial sustainability of the irrigation sector states:

* increase in the efficiency of irrigation services, assurance in the continuity of service
provision, and the maintenance of accessibility;

» improvement of the financial viability and sustainability of irrigation water system
companies (water user companies and water receiving companies) by strengthening the
prerequisites for a transition to current cost recovery;

* maintaining and upgrading irrigation systems and infrastructure;

* increase in the effectiveness of the investment of state financial support provided to the
irrigation system.
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Research Goals

Non-revenue water (NRW) is the amount of water supplied by the water and sewerage utility
that does not generate revenue. This includes natural losses, such as leaks and physical damage to the
distribution system, as well as losses, such as stealing, illegal connections, or meter device
inaccuracies. The goal of water supply companies is to minimize the amount of NRW and to increase
the percentage of water that reaches the paying subscribers. [1-3].

This research aims to:

- Analyze the current state of available water resources in Armenia and estimate future risks based
on the reduction of available transboundary water resources in Armenia by listing necessary
measurements (investments and legal).

- Estimate necessary measurements (investments and legal) on reducing drinking and irrigation
water losses.

- Cost-benefit analysis of measurements mentioned above.

- All these aim to secure necessary water resources and reduce water losses to improve drinking
and irrigation water supply systems and service quality.

Suggested solutions for securing necessary water resources and reducing water losses to improve the
quality of drinking and irrigation water supply systems and services.

Materials and Methods

The research theory and methodology are based on the principles of water resources supply,
as well as on the results of economic studies, publications, and monographs related to the commercial,
investment, and financial optimal management and modeling, as well as RA laws, Government
decisions and trends and processes of RA economic development.

How to decrease the NRW in multi-apartment buildings/Armenia Case
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Calculation of Reduction of Non-revenue Water in Water and Wastewater Supplies on the example of
one multiapartment building.

The average cost of internal network reconstruction of drinking water in one apartment is 30,000
AMD.

For 12 apartments in one entrance of a multiapartment building, the cost is 360,000 AMD /12*30,000
AMD/.

For one entrance, the average cost of installation of the inter-floor water pipe and insulation and the
connection to the main water pipe in front of the entrance is 300,000 AMD.

The total is 660,000 AMD or 55,000 AMD per customer.

Yearly Average Non-Collected Revenue Calculation from the population from all
multiapartment buildings

Actual yearly figures for 2023 (www.psrc.am)
e Water input to the centralized water supply system of Veolia (utility) - 528.7 mIn m?.
e Sold water - 161.9 min m®,
e Water losses - 366.8 min m®/ 69.4%.
® Revenue & Collected amount - 31,334.1/29,907.1 mIn.AMD.
e R&C amount (population)-20,924.9/20,114.5 min. AMD.

e Actual Technical losses - 12.4 %.
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Non-Revenue water from population (multi app bld) - 57*0.67*20,924.9*0.6/(100-
69.4)=15,670 min. AMD.

Average yearly non-collected revenue is 15,670*0.96 = 15,043 min. AMD.

Cost-Benefit analysis

350,000 (#domestic customers )*55,000 AMD = 19,250 min. AMD;
19,250 min AMD/15,043 min. AMD = 1.3 years;

Within 10 years, by investing yearly 1,925 min. AMD, the utility can receive yearly 1,504
min AMD plus the accumulated benefit.

Name 1 2 3 4 5 6 7 8 9 10

Total Benefits

0 3,008,600 [4,512,9006,017,200{ 7,521,500 9,025,800 |10,530,100]12,034,400]13,538,700] 15,043,000

Total Costs 19250 | 19250 | 19,250 | 19250 | 19,250 | 19,250 | 19.250 | 19250 | 19,250 | 19,250
Net Cash Flow 419250 | 2,989,350 |4,493,650{5,097.950|7,502,250| 9,006,550 | 10,510,850{ 12,015,150 13,519,450{ 15,023,750
R=12% 10000] 08929 07972 o07118] 06355 05674 05066] 04523 04039 03606
NPV 119250 | 2,669,063 |3,582,310]4.269,222]4.767.816] 5,110,558 | 5,325,124 | 5435,084 | 5460279 | 5417.715

How to Decrease the NRW in Irrigation Sector

Implementation of contemporary technologies to decrease the amount of non-revenue water
in community distribution networks.

Implementation of legal, financial, and commercial reforms to decrease NRW.
Evaluation of necessary financial investments and redemption calculation.
Financial calculations and comparisons between different service companies.

Other steps.

Installation of a new internal network from PVC for an irrigation system for 1 ha:

Pipes (with installation) for 1 ha — 500 meter*$10 = $5,000 or 2 min. AMD. Plus the cost of
pumping is 10% and the water meter installation. In total 2.2 min. AMD.

Water supplied for | ha is10,000 m®/y, out of which only 4,000 m®/y reaches. The cost is
110,000-130,000 AMD. Water losses are 60%. There is no bookkeeping system. The
collection rate is below 40%.

After upgrading the new internal network water losses will be a maximum of 15%, which
means 4,706 m*/y will be supplied, and 4,000 m*/y will reach the customers. Around 5,300
m3/y of water will be saved.

The benefits are the introduction of a reliable bookkeeping system and a high collection rate.
Water supply will be scheduled which will ensure a high yield and extension of irrigable land
areas.
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Other Solutions

The merging of a water supply and wastewater company with an irrigation water supply
company can create a more efficient and integrated water management system. Such a merger offers
several potential benefits and challenges, which are important to consider in planning and execution.
Here's an overview:

Benefits of Merging
Integrated Water Management:

A unified company can manage all aspects of water supply, including drinking water, wastewater
treatment, and irrigation water. This can lead to better coordination, reduced wastage, and optimized
water use across sectors.

Cost Savings:

By consolidating administrative and operational functions, the merged company can reduce overhead
costs and increase operational efficiencies. Shared resources, such as infrastructure and personnel, can
also lower costs.

Improved Infrastructure:

Combining water and wastewater systems with irrigation infrastructure allows for better use of
existing resources. The new company could potentially repurpose wastewater (through recycling) for
irrigation, reducing the need for fresh water in agriculture.

Sustainability and Environmental Benefits:

Integrated management can lead to more sustainable water practices, such as reusing treated
wastewater for irrigation or creating better water conservation strategies for both urban and rural areas.
This approach can reduce pressure on natural water resources.

Improved Service Delivery:

The merger can provide a more seamless and equitable service to urban and rural areas, improving the
overall reliability of water and wastewater services. It can also allow the company to offer bundled
services (e.g. irrigation and drinking water) to farmers and households.

Regulatory Compliance and Strategic Planning:

A single organization might have an easier time coordinating efforts to meet regulatory standards and
long-term water conservation goals, as there will be a clearer overview of all water needs and supply
chains.

Depending on the existing infrastructure, the merged company might need to make significant
investments to ensure that the water distribution and wastewater systems work efficiently across both
urban and rural areas.

With the merging of the companies, there may be increased pressure to manage scarce water resources
efficiently. Climate change impacts, such as droughts or flooding, could complicate this further,
especially when balancing the needs of urban populations and agriculture.

Water Conservation Programs: Initiate programs that promote efficient water usage, such as
incentivizing low-water agricultural practices and urban water-saving strategies.
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Resilience and Sustainability: Focus on long-term water sustainability, especially in the context of
changing climate patterns and growing populations. Water reuse technologies, such as wastewater
treatment for agricultural use, could be an important part of this strategy.

There have been instances globally where water companies that manage different water types
(municipal and agricultural) have merged. For example: Singapore: The Public Utilities Board (PUB)
manages water supply, wastewater treatment, and stormwater, integrating urban water and irrigation
management.

California, USA: Some regions have explored merging urban and agricultural water management
entities to improve water use efficiency amid growing water scarcity.

In conclusion, merging a water supply and wastewater company with an irrigation water supply
company could result in significant benefits in terms of operational efficiency, sustainability, and
service delivery. However, careful planning, stakeholder engagement, and policy alignment are crucial
for overcoming the challenges associated with such a merger.

Conclusion

Merging a water supply and wastewater company with an irrigation water supply company could result
in significant operational efficiency, sustainability, and service delivery benefits. However, careful
planning, stakeholder engagement, and policy alignment are crucial for overcoming the challenges
associated with such a merger.

The fields of application are: agriculture/land use, irrigation, provision of Water and Wastewater
services, and flood, landslide, and drought management, aimed at increasing the efficiency of
processes and reducing losses and risks.

Theoretical and applied significance of the research

* Creation of a complete RoOA water resources management system, which will be
proposed to be implemented in the Water Committee of the Ministry of the Territorial
Administration and Infrastructure of the Republic of Armenia (WC of MTAI of the
RoA).

» Ensuring the full use of reliable data in the water supply system based on the use of
modern information processing methods for operational, diagnostic, repair, and
construction works.

* Representation of spatial data of main pipelines of the Water and Wastewater (W&W)
and Irrigation system using maps and technological schemes.

* Visualization of the interrelationship of W&W and Irrigation system objects through
maps and schemes.

* Obtaining information on the problem areas of the water supply system and irrigation
system.

» Consumption distribution study and forecasting.

* Water system asset management.
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Zuguwunwih Zwipuy Eunnyaniinid gpughl pkunipubbph Junwyupdwl hudwlupgp hudwpynid B
Epgpp nlinbumppul Jupbnpugnyl npnpnbkppg JEGp: Fhwlsnippul gpudunnwlupupdwl o npngljh
hnnlph npnguwl Al Juwygws uinpphkph nidnudp wuydwhun/npyws Fgpu Anih unwdupdun/p: Snipp
Ukp Eplhph wdklpwil pbumpuiakphg B o gpu Aln wlup Fjkpupbpdly wnubjugnyl pbwdpny b dogphn
phpuwpiunnpdundp: dkpohll wnuphabphl puquuphy Spugpkp ki ppulwinugyl; npnquwl hwdwlupgh
qupquguwll  mppnipudp, npnighg wdkhwgqpun/npp  gpwdpupbiph  Jupmgdwl b puhnabbkph
(oqunugnpdywid, puyg sydwpng) opkph Qunuwjupdwl Spugplbph ki Qhuwywé uyu wdkahh, nnpunid julb
puquuphy wy dwpunwhpubpbkp: Znpdwép njhpdws Foppuyhl phunmipubbph (udbne b npnguwi)
Unpniuinbbph nfuquwl fjuinhpbkphb:

Unwugpuypti punbip. Qpuypl phunipubbph Junwywpnid, ns Epudinughl gnip, opp §npniuwnbbp,
Swfunogniwn JEpinidnipnii:

T.A. Kapanersin

OCOBEHHOCTHU MOIEJUPOBAHUA ITPOBJIEM BE3OITACHOCTH
BOJHBIX PECYPCOB B PECIIYBJIMKE APMEHUA U BO3MO’KHBIE
IIYTHU PELHEHUSA

B Pecnybnuxe Apmenus cucmema ynpagieHus 600HbIMU PECypCamil CHUMAemcs: 00HOU U3 BANCHEUIUX
ompacneli sKOHOMUKY cmpanvl. Pewenue npobnem, ceA3aHHBIX ¢ B000CHADICEHUEM HACENEHUS U OPOULEHUEM
opouaemvix 3emens, 00yCl061eHO ee 2UOKUM ynpaeienuem. Booa saensemca 00HUM U3 CamMbIX YeHHBIX Pecypcos
6 Hawiell cmpane, U K Hell cledyem OMHOCUMbCA € MAKCUMANLHOU 3a00MOtl U MOYHLIM Yenegbim
UCnob308anueM. 3a nocneonue 200bl ObLIO Peanru308aHO MHONCECHEO NPOEKMO8 NO PA3GUINUID CUCHIEMbL
opoutenus, Haubonee aANCHbIMU U3 KOMOPBIX AGIAIOMCA NPOEKMbl NO CMPOUMENbCMEY B000XPAHUTUW U
Ynpaenenuio COPOCHLIMU (UCHOTIL3OBAHHBIMU, HO He OnlavenHnvbiMu) odamu. Hecmomps na smo, ¢ smoi
obracmu cywecmeyem MHodcecmso opyaux npobnem. Cmambvs nocesujena npodiemam coKpaujeHus nomepsb
B00HBIX pecypco8 (Numvesvix U OPOCUMENbHBIX).

Knrouesvie cnosa: ynpasnenue 6o0uvimu pecypcamu, HepenmabenvHas 600d, nomepu 800bl, AHAIU3
3ampam u 8v1200.

Karapetyan Tigran Aram - PhD Student, YSU, Faculty of Economics and Management
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wpwidinugyly Ei  snpu  whlhkph  GEwnkpp:  Quuupdl; Fohwdwpnulwinippul JEpnidnipinila: Ohyh
whhwyjwuwpnipyul gnpSulhghlpn oquuugnpdyky ki unnpkih wpdwbwhwyjunnnyeniip qwhunnkint hudup:
Unwpwpljly F judwnph Sujuybbph dudwiulughi pupph pnipmykh unnlyp:

Unwlgpungpti punbp. Fjkjnputibpghw, snihw, dudwbwluyhl owpp, wuppkpughp, $nipykh unpky:

Lbpwénipynit: Bikyunpwkitpghwh Judwnph swduwjibph tnnwnwinidupp quydwbwdnpnod
Et dhotunpny juquultpuynipjubt judnh wdp jud tjugbgnidp U httwpwynpnipnit Eu wnwjhu
qguwhwwnt] qunpy Juquuibpympjut  htnn  hwdwgnpswlgmpjut  wpynibwybnnipniup:
Ogqumugnpénid Eup wyu mippnipjudp juunwpjuws hbwnwgnunipmpibttph  dninbkgmidubpp, npntp
nuunmdbwuhpyl] Bo [1-4] hbnwgnuumpnibtbpnud: BiEjunpwkibpghwh qwdwnph dudwbtwljuyght
owipph yuppp tjupugpbint hwdwp Jhpwend Eup Eynundbnphly dngljudnpdwt dbpnngubpp, hsybu
twl htnwgnuynud | dudwbwlughtt owpph  ghtwdhly punypp:  Zwoyh wotbng dudwbwluyht
owippbinh wuppbkpuwt dnphjh Jupnigdwt Mwppbpugpbph b Snipgkh Jbpnisnipjut dkpnnutph
wpynibwybnnipniip, wpwowpynid  up  LiEyunpwtubpghuyh Judwnph dwdwbuwlughtt owpph
nunwintdikpt mumdtwuhpl) Yhpunking vyblunpwg JEpmsnipyub dkpnnp:

dipnusmpju  dbkpnrn:  Bikjwupwbtubpghugh  Jwdwnph  dhounppulwt - gnpéniubnipjui
wpyniupnid dkup pugwhwyntghtp, np dwdwbwluwyht pwpph Ypw wgnmd Bt wuppbpuub punype
niikignn gnpénuubpp, Yuwpws qunpnubph Jupphg, tpwtg hwdwgnpdwlgnipniup Jpdjwbg hbwn:
Ujuyhuny, Lkyupwtiubpghugh qudwnph dwdwbwluyhtt owppl nith mwnmwbinnuljut  punype:
Judwbwluyhtt pwppbiph wmwwnwinidibptl numdtwuhpbine hwdwp wwppkpugpbph  dbkpnnp
npulinpytg npytiu muwnwinidutph gpwhwndwt wpynibwdbn Enutwl: NMuppkpugnpkph
dbpnnh Yhpwndwt hwdwp LEjupwtubpghuyh qudwnph dudwtwlughtt puppp  ghunwpynud kup
hwfwppwjuinipjut mhpnypnid: Ujp tyquunulny dudwbwluyghtt puppp tkpuyugubint hwdwnp
oqunugnpdnid kup wuppbpuub dnrughwukpp (Ynuhintup b uhtintup): Ujuybu, bpwbwlbup

X, =0, +a,sin((27kt)/T) +a, cos(@At)/T) +a, sin((2zmt)/T) + ¢,, 1)
npnbkn X, - dwdwbwlughtt owppt k  Q,- wpkinh hujuwuwpndt £ @;,1=123 - dmpkh
gnpéwljhgutint kb, &, - wuwnwhwljwb vhuwgb k:

X, =a,sin((27kt) / T) + a, cos(@t) / T) + a, sin((2zmt) / T) + ¢,, )

npp Ynsynid £ puquuswith gduyht nbgpbuhw b quwhwnnd £ &y, 1 =1,2,3 $nipgkh gnpdwlyhgibpp:
Sjuyubph  Yhpmusmpni: Ejkjupwbtubpghuyh qudwnph dudwbwlughtt  owpph
nwwnwinidubph ntuntdbwuhpnipniup gnyg E wiwihu, np gpubtp wpwewbnid ku qgunprubph dhdjutg
htnn  hwdwgnpdwljgnipjut, husywhu twh wwhwbowplhh Swlwjubph dwdwbwluwhtt swpph
nwnwintdubph wuwndwnny: Nruniduwuhpydly) b dhetunpn juqdulbpynipjut Ynndhg gpuingdus 825
duddu pupwugpnd Etjunpwtubpghuyh Judwnph sdwwjubph dwdwbwluyhtt owppp: SYjujukph
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dudwbwluht puppp tkphuwyugdus k uly. 1-nud:
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Uy, 1. BjEunputabpghuyh Judwunph dudwiulughl puppp

NMuppkpwuqnph Ybpnidmpynih: Zwdwimlwinipniuutph wnwppkp wpdbpubiphtt
hwdwyuwinwupwing 1(f;) hinkiuhynipniuubph (Cniunbph wuppkpugph) [4] wpdbpikpp npyws
Eu ul. 2-nud:

SnLunbph wwppbpwahpp
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1E+17 Mhytph Yntpp

CnLuntph wwppbpwagph
huwnbuuhynrpjntuutpp

Uy 2. EjElnpultibpghuyh udwnph dunlubuluyhl pupph
Cntumnkph wuppkpughpp

EEyunpwtutpghuyh udwnph dudwtwluwyhtt pupph Sntuntinh wuppkpwuqnphp puntpwuqphsutpp
npyws ki wnnruwl 1-nud:
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Unniuwly 1

Ejkupwliabpghuyh Judwnph dudwbwluyhl pupph Cotunkph wuppkpugnph phnipugphsbbpp

Nhytph YEnkpp 10 19 31 36
NMuppbkpwopowth 12 6.32 5.71 3.33
wuppkpmpjul

wnbnnnipniip

dudbkpny

Zudwduyl uly. 2-nud npjws Cnrunbph wwppkpugph puntpwgphsubph welw Eu snpu whibp,
npnbg  hwdwywnwupmt  quiwhuwnl] ko Muppbpugpewih  wwppbpmipjut  nbnnmpntiubkp’
wpunwhwynjws dudtpny:

EEyunpwtitpghugh Jugwnph dudwbwluyghtt swpph $nipjth dninupynidp [4,5]

X; = 1507388 sin(mt/5) + 96179 cos(mt/35) + 13 sin(mwt/50) + &;: 3)

Unniuwly 2-mud tkpljuyugqus i dnnbjh Jhdwjugpuljut puntpugpbpp:

Unyniuwly 2
Unplyh Jhdwlugpuljmb phnipugnlpp
R? 0.7854
F 1459
n 825
k 3
n-k+1 | 823

Zwlwhwljwinmpyui  JEpoudmpmi: Ujdd  thnpdkup quwhwunb]  hwlwhwluintpjui
wnnlnuujhtt wmqpbkgnipmiipn: Unwudtwmgubtp gusp, dhohtt b pupdp hmdwppwjutnipnit: Uju nhupnid
ai, ay,az; hwdwp Ynitkbwbp wjuyhuh wnniruwy.

Ungynuwly 3

Zudwfuwlwinipyul nnhnuuyhl wenpngnyenibbhbpp

2w 2w 2w
a1 ? t az E t a3 % t

dy dp ds

D, D, Ds

Thunwnpykup wytyhuh ey, e;, €3, npnup vwhdwtynid Eu hknbjwy putwdling.
el:max(dl,Dl)—min(dl,Dl)’

e2=max(d2,D2)—min(d2_D2) ’
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€3=max(ds,D3)-min(ds D3)

Snijnuwyhtt wpunwgnnud vnwbwnt hwdwn ey, e,, e; wnwdhtt - wpwbdhtt pudwkp tpwg pninph
gnidwph Ypuw b Yniibiwtip innljnuuyhtt hwdwpuljuinipyut hbnlbyw) yunlbpp.

€1 €2 €3
———100%, —————100%, ——— 100%:
e; +e,+e; e;te,tes e; te,te;
Zudwiwwiwght JEpnsnipjut ghwhwnwlwbiubpp wpdus ko htnlbyuw) wynruwynud.
Ungniuwl 4

Zwdwpruliuyhl Jhpnidniprul quhunnwlmbabpp

t 1507388sin(pt/5) 9617909s(pt.35) 13sin(pt/50)
1 135052.9018 95792.20384 0.815863481
4 887573.5123 90052.28339 3.231364185
752520.6105 5739.920443 2.415500704
0.992426986 0.007569828 3.18557E-06
el e2 e3

Uyuwhuny, hwdwpwuinipnibubpp Jyupqudnpyki hbnlyjug §hpy pun wpyniaph Jpu
wqpbgnipjuipn:  Zwdwjwuinipnit 5-h  wqpbignipniup Uké b hwdwhwlwinipmt  35-h
wqpbgnipniihg:  Zwdwdswlwunipnit 35-h  wqpbgnipmitp Uk £ hwdwpwlwinipmit  50-h
wqnkgnipiniihg:

@1 h [4] wihwjwuwpmpniuttph ghwhwnwlwtbpp:

Zuquuwpnid 3)-h Bhjh gqnpswlhgutph pwbwdbbpp npduws Eu (4)-(8) pwhwdbbpnid, huly
gnpéwiljhgutph wpdbplibpp wyniuwly 2-nud:
Ut hwjwuwpnid niikgnn nkgpbuhnt Unpbjh quuhwndwt hwdwp ogunuugnpdynid L hbwnlyuyg

Jhdwjugpuljut gnpswljhgutpp’ R? -hty, F phuwnp, t plunp b wyj: Ujuyhuny, hwply L {hund npnoly
unnkih  Junnigusph  Logpuidwt tywwnwlwhwupdwpnipmnitp, hyybu bwb  quuwhwndws
gnpéwhgutph hdwuwnwynpubnmipniup: Unnkh quuhwnnidp twb jupudws £ wjbt byguwnwlhg, nph
hudwp wjt jupnigdws b Gutjpwnbudwubt tyunwulny juenigyus dnnbp ywhkwnp E hbtwpuwynphtu
niubtw juthiunbudwi hwdwp thnpp vnwiqupn vjuw) wy dwdwiwly, tpp Unynigkunh t phunt niuh
wyk h uplnp bywbwlnipnii: Uokp twl, np nkgptiuhnt hwdwuwpnudp upnn b hulk] Jhdwjugpnpk
owtwuyh, vwjuyt huhwnwghuyh wpyniupnid yupqynud £, np g sh Uninbktunid hpwljw ndjuyubkphte
Unphjwnpdwt pupugpmd yuwhwioynid t quuwhwwnt] hdhnwghuyh dhongny uUnwnwplnn Ynph b
dudwbwluyht owpph vhol hknwynpnipinip:
Zupntih  hdhnwghwh h&wlughp @jh withw]wuwpm pjui gnpsulhgp.

1 T
=D NIAR AN
U= \/T

= : 4)
1 u $\2 1 u ay\2 ‘
;Z(Y[) + ;Z(Yt)
t=1 t=1

Pusybu mbkulinud Eup, hwdwphsp hwdpuljunid k rms-h htin, vwjuyi U-h tnpdwdnpnidp qungnod
EO0-h b 1- h dhol:
Ly h (9) mthwjwuwpnipjub gnpswljhgp Yupkih k [5] Abwthnjpul) hbnlyuy Yepy.

%2«5 Y2 =Y ~Y')?+(0,~0,) +2(1- p)o,o,, 5)

56



—S —a

npwnkn Y ¥ dudwbwluyht pwpptph dhohtiutph ki, hu o, & o, vnwinupwn nEyhughwubkpl Eu
hudwywunwupwbwpup, b p-u Ynphjughwh gopswijhgh b @Bhh (4) wihwjwuwpnipjub
gnpdujhgp Jupkih £ ubpiuyugut] hbnlyw) hwdwdwuinipniaubph vhengny.

w_ (Y)Y
ST YA

(6)

S (O-s _O-a)2

WM Y

7)

c _ 2(1_p)2650a .
(1/T)Z(Yts _Yta)2

)

uM U ; ,U ¢ Ynsynid ku oinnudubph, Juphwghuyh b ynduphwghwih gpwhwnwlwuitp:

Bty h gnpdwhgubipp npjws bt wnjniuwl 5-nid:
Ungjnruwl 5

LEp " pdpunughnl Unplyhbph whhuwyunmpnipiul
gnpSulihghlph qiuhunnwlpmbilpp

Um 6.83423E-32
Us 0.03
Uc 0.97
Um+Us+Uc 1

Ujuyhuny, putih np

M
w) U -h wpdtpp thnpp £ 0.1-hg, wyu nwu Juowbwlhh, np welu L wuppbpuui dhohtknh
wnwppbpnipmnil: Zknbwpwp dnglp sybwnp k dogpuh:

S

p) Twphwghuwyh U™ -h wpdbpp thnpp &, htunbwpun dnnbip sutbnp E &pqpud:
Q) u¢ ynJuphwughwjh hwdwdwubinipiniip swhnd E wpduwsd dudwtwluyhtt pupph b hpdhnwugyus
dudwbwluyhtt owipph Ynpljugubnmipiniup, wyw nu tpwbwlnwd £, np ppuju b pdhnwgyuws Ynptph
nwwnwinidubpp hwdpuunud B b dngbp Sogpundwt uppp snith: Ujuyhuny, unwinid Eup wnyniuwly
5-nud mpjws hhwnwghnt Unnbjubkph gquowhwnwlwbbpt pun Bty h:

Upymiupibph  plbwpynud:  Zwdwdwgt  wwppbpugph  Jbpidmpput wpnymbph
biEyunpututpghwih qudwnph swjwiutph pwppp wwppkpufwb £ b wwppbpuppgwubkpl /ghlykpt/
niukl 12, 6.32, 5.71, 3.33 dud wnbnnnipmniuubp, hisp pugwhwjnt) Eup Sniunbph wquppbkpugnh hhdwt
Ypw: Zhut]tnd wwppbpulwh pingph Jpu’ wpwewplyyty k EEyuputitpghugh Judwnph sudujubkph
dudwbwluwht owpph dnipykh dnnkp, npp, hwdwdw)t tpywbwlwhnipyut quuhwnwuljuubph dnn k
hpuwlwb dudwbwjuyhti puppht:

Bonujugmpimt: Mwppkpugpuyptt ybpnwsnipjudp pugwhwyngl) £ np LEjuputubpghugh

Jwdwnph swdwjutph owppp yuppbkpwlwt £ b wuppkpuwopowuubpt /ghlyipt/ ik 12, 6.32, 5.71, 3.33
dwd nlinnnipnitbp:
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MOAEJHUPOBAHUME BPEMEHHOI'O PAJA OBBEMOB ITPOJAX
IJIEKTPOOHEPI'MU

Hccnedosanvl konedanusi 06vem08 npooasic KOMRAaHuu, pabomarowiell Ha polHKe S1eKMpoIHepeUl, a MaKice
OUHaMU4ecKas npupooa BPeMeHHO20 pAdd C UCNOAb308AHUEM MemOo008 IKOHOMEMPUUECKO20 MOOeIUPOBAHUSL.
Ipumenenvi cnekmput [Llycmepa, 6 pesynvmame 4e20 NOKA3AHO, YMO pPAO AGNAEMCA NEPUOOUYECKUM, U BblOeleHbl
yemvipe nukogvle mouxu. Ilposeden yacmommuwiu ananus. Koagpguyuenmeor nepasencmea Teiina ucnons308anucs 0
oyenxu Haoexchocmu mooenu. IIpednosicena mooenb pemMeHH020 psioa 00beM08 NPOOANC HA OCHOBE NPEOOPA30BAHUSL
Dypve.

Knioueeswvie cnosa: snekmposnepeus, pblHOK, 8peMeHHOoU psio, Cnekmpbl, Mooerb Pypuve.

R.G. Mashuryan, A.H. Arakelyan

MODELING THE TIME SERIES OF ELECTRICITY SALES VOLUMES

The fluctuations in sales volumes of a company operating in the electricity market and the dynamic nature
of the time series were studied using econometric modeling methods. Schuster spectra were applied, demonstrating
that the series is periodic, with four peak points identified. A frequency analysis was conducted. Theil's inequality
coefficients were used to assess the reliability of the model. A Fourier-based model for the time series of sales volumes
was proposed.

Keywords: electricity, market, time series, spectra, Fourier model.
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Udpnne wppnuphnid juyl fhpwenyenti niakl ppkniuyhl opnpulwl hunlwlpupglpp, npnbp Jhpuminid
ki pnipounupyu phpdw-gnunuywhwioh wupmhnyiul hundwp: Luih np 22-nid nmupwdwopowbiabpp pudwin/nid ko
wwp, sunhun/np b gmpn jhvuywiub qnnhbbph, pul Gnybhpul nwp gnnpbbpmd ddmwuip onph hwoyupluyghl
obpdmumpdwmbp gudp F-10°C-pg, niunp wihpudbow F jhpunky uwyighuh hudwlwpgbp, npnip wppiuwnnibwl ki
gudp gkplwunplmbikph wuydwbbbpnul: Znpyudnid phuwplyly o wuppbpulbbp, pk piswku wpnynbu]kn
nupdialy okpduyhl wyndwybph woluunmubipp gnipn jhduywlul yuydwbbbpnid:

Unwgpuypti punbp. obpduyhl wndyy, §ninkbuunnnp, JEpunhnpulwl gnpbwlhg, gninpohugnighs, npnuky
thwlub:

zZ-nud  ohtwpwpnipjut  qupqugdwip gniquhbn  qupquiund o twb  onjuyulut
hwpwpbpmipiniuubkpp, hugh hbnbwupny Zuywunwt tu tkpdnisynid hnqugdwt hwdwlwupgbph juyu
nbkuwlibp wibhutdwt b wikiupwil dudwbwlwlhg onh Yninhghntugduh hudwlupgbp: dwun t,
np nwhnuiuwyuiputph dbs dwup hwpdwpbgws sk 22 Jihtuwyuluwt wuwydwbtbkphtt: Zniuhuwght
opowliikpmd’ nlwy onnpuiljhstiph (uuyhin hudwljwpghp) wwhwbewpyp Wuqby E wuydwiw]np]us
ns puphiyyuun phuljjhdwjulut yquydwtubpny: Udnwip onh vhoht obpdwumhdwip Untnuynpuybu +
28°C L [1], hsp Unwn £ oyynhdwy Ynddnpuin yyuydwinbpht: fuwlljh ukipbpnud hnddnpin quydwiubp
wwwhnybnt btyuwwnwyny nlu) onnpuilhsutph oquugnpénidp munmbuwwbu wykh owhwitwn
hudbkdwnwé wy) mbuwlhh opnpuljdwt mknujuywputph:

22 unpuljunnig okuptpnid hhdtwlwunid 9kpnigdwit hwdwlupgp juqdultpyynud £ jEunpn-
twgywé duny, puyg wiugniduwghi opowbitkpnid, tpp hyntupuwyhtt Ynnuunpnonid niikgnn ukupbpt niukh
otnnigdwt Juphp b JEunpnbwlwi oknnigdwtt hwdwlwupgp phn Jhugqus sk, wthwpdwpnipniu k
wnwowunid phwlhsubiph opowunud: Zkwnbwpwp, onnpuljhsubtiph wdkwuyt Yhpunynn nbuwlubp wit
Unpbjubptt B, npnup Yupnn o wppuunb] twb obpduyhtt wndwyh pkdhuny: Ujuwhuny, tdwb
hwdwlupglp nknunplyng Yupkih b mst) dhwiquidhg kpym jnhp' ong opkiphtt ukipp hnyughty b
wigndwht opowtilikpnd’ wwpwguby: Uygkiht, wigndughti opewbmd ebpuwihlt wndwn] gkpmghip
Fubpquupnnitwybtn k:

Zuuwpuuwluwt  nwpwdpubpmd, npunbn Adpwip unyuwybu niubkp whnbh  obpduyht
wbowwnnmdukp, |njuwy opnpuljdwt hwdwlwupgtph Jhpwnnipmniut wyupw ) tyuwnwjuwhwupdwp sk
Llwl wwpuwspibpmd  hhutwlwind Yhpwndmd &o Jhinpnbwg]us onnpulyhsibp’ VRF, VRV
huwdwlupgbp: Uju hwdwlupgiptt niukt wybyhuh nwpuwnbuwlukp, npnbp Jupnpuinwd o
Uhwdwdwbuly nupphp ubpbpnd wyywhnyby U gknmignid, U hngugnud [2-4]:

Bplwtnud &dnwitip onh hwpdupluyht obpdwunhfwin -19°C L, npp gusp ko onnpuijhsutiph
wojuwnwpuwyhtt obpdwunhdwih unnnphtt vwhdwhg: Adnwtip |nw) onnpulhsutph oqunugnpsnidu
wjupwl b tywwnwlwhwpdwp sk Uju hadwljupgbph oquugnpénidp hwhighgunid b dwpgubnipjut
wykjugdwt b sSwnwynipyub dudjtnh tWuquub, pugh wyy htwnwnupd thwlubp (4-puy; thwlub)
uljunid £ woliwwnky ny (hwpdtp: QEpduyhtt yndwybph wpynibwybnnipmniip qquhnpbh tjugnd k
wpuwphit onh ohpdwunhdwih tjuquui hbwn: Vjwp 1-nud npusd | R134a, R410a dpkntutph hwdwp
JEpwihnjudwt gnpdulgh Yupunudp dhpwduyph obpdwunhfuithg, djungunp Yndypbunph hwdwp, Epp
nuntuvugdwb obipdwunhgup +45°C E:
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A
dbnwihnhuduwl gnpowlhglbp, COP, EER
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Upnwiehl onh W gnpnpzhwgdwl ghpdwumhwllibn, twaafto
e (le =={==(c e=ip=(0P e=@==[FR
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ebndw punwnpnnuwlnegndu, Y
I
o

Gnnpz2hwgneg hy, Ynunbbuwwnnph

[
o
d6nwihn fuduw gnpswlyhgltn, COP, EER

=]
o

-30/-38 -25/-33 -20/-28 -15/-23 -10/-18 -5/-13  ©/-8 5/-3 10/2
Upunwehu onh W gninpzhwgdwl gbpdwumnpdwllbn, twnefto

e=jlm=(le s=l==(c emiE=COP ==@==ffR

Ul 1. dEpunpnpudul gnpswulhgihlph Juijunidp wpunwphl onh
gnynpopugiul pkpumumnpdwmbiakphg

Qtpdwyhtt yndwh b vwnbwpwbwihtt dkpktwbbph wojpwwnwtpwyhtt ujqpniipubpp unyut ki,
wjuhlipl obpuwyht wnuwh wklupinipugpbphtt Jupkjh b swinpwiug kpmnistng uvwnbwpubughi
Ukptugh wohimwnwpn:

Qtpduwjhtt ywndwbph obpdwwpununpnpujuinipjub thnthnjunipmniaubptt hpujuwbwinwd tu
unyb duny, wuuw obpunipjut wnpniph mkuwlhg, vwluyt hwpl k ok, np oquyht obpdwunpmipng
ohpduyhtt yndykpt niubt woptwnwpuyhtt obpdwunmhgduubph wlbih Ubs dhowljuyp: Zujuunwh
wnwuppbp opowliubpnid onh ohpdwuwnhdwih pwgupdwl wnwybjugnyt b tuqugnyin wpdbpubpp
nwnuiynid ki -36°C-hg +43°C: Undwypbunph ubpssdwt dupnidp thnthnpuynid E juyt dhowjuyptipny, huly
Undwi £ugnidp dunwd k gpliptk wbthnthnju:

Zupl t bk, np obpuwghtt wynduyh wpnwugpnyuljwin pntip ijugqnid £ jupdws gnnpohugdul
ohpdwunhdwh (updwt) tjuquwl, putth np gninpoh vwrbwgbunp junnipmniup, ndypbunph dndwb
gnpduijhgp b mEkuwlwpup gpunupununpoquljuimipniiup tdugqnid Bu wyn nhupnud:

Otpuuyhtt wnuwh Ykpuhnjudwi gnpsulhgp npnoynid E htnljuy putwdlng p= (1 +¢) (1)
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Qtpduyhtt ynduh woptwwnwipp hwdwpynid £ wpynibwdbn, tpb okpduyht gnpswjhgp 4 = 3
[5-7]: LY. 1-hg Eplund E, np opowlju dhpwjuyph okpdwuwnhgwuh -12°C-hg gusp wpdbpubph nhupnid,
otpuuyhtt ynuuh owhwgnpénidp npununid | punpuhwnpnyg: Upwnwpht onh obpdwunh&with iduquutp
gqnigpupug tjugnid £ twb Yndwypkunph §nnuhg ogunugnnpéynn hqnpnipiniup: Uujuyg nu thwuwn sk, np
obpuuyhtt ynuwbkph dhongny obnnigdwt hpujubwugnidp hwdkdwwnwpwp Edut E unnwugynid: Showljw
dhowJuyph Ywd npuh ogh hwdbdwwnwpwp wykh gudp ohpdwunhfuwtibpnid obpduwghtt ynduyp quip-
gugunid E hwdbdwnwpwup gudp wprnwunpnnujuinipnit: Fugh wjg, gnipn duadwbujuhwnyusnid
wybkh kS E Yndwypkunph dwpdusnipiniup:

dhpnistiny onnpuljhsubiph woptwwnwipp, tpp hndugyny ubuph obipdwuwnmhdwiup pupdp k
opowryyunnn vhowduyph obpdwunmhfwiihg, mbutnd Eup, np nu wynpput b tyuunwluwhwpdwp st
Uythn onnpuijhsitbiph ogurnuugnpénidp ukiptiph onipgwnupju hnjugdwt tyyununy, yuydwbtwynpjus
E pugunuybu ontjumd hwdwwywwnwupiwt vwppuynpnudutph ny pudupup wnjumpudp b
dwuwdp ny &hpn dwubiwghinuwljut (nisnidutph vhongny:

Upuniwphtt onh +10°C b gwdp obpdwunhfwibph dwdwbwl Ywpbkh t hpwdwpdl] gpunp
unuglut wuybu §nyjuws wphbunwlwi Ukpnnitphg oguugnpsting ebpunipub phwljwi wignudp
pwpdn wnunkughwihg, wykih gubdp ynunkughuh:

Qnpstwluinud wyt Jupnn E hpulubugyl) wuppbp iqubalubpng, ophtwly’ oginugnpétyng
onuthnjunipjutt tkpwsdwt hwdwlwupg (ukiyuynid onh obpdwumhfwiun jupquynpymd £ ukpusdyng
onh pwbtwlny): dkpotpu juyt mwpwsnid ki gk vwnbwpwbwhtt hwdwljupgbpp, npnp ddnwip
oqunugnpdnid Lk dhowtljjuy gpunwlhpny (kphikt qihyn)) onpw: Gpp, obpunipjub thnpuwmbgnidu
hpuwjwbwgynid £ htnniyny, npunid qunuynn gkpdwhnpwbwlhynid: k. Eubpghwb swhuuynid E dhuy
wnuybknph b oguunhsutnh hwugnygubpnid, dhwdwdwbwl tpupnid L wdpnne hwdwlwpgh Yjuuph
wnlnnnipniup b hntuwhnipjnibp:

unphptt wdbih wbuwibh qupdiubne hwdwp ghunwplbiup onnpuiljhsh wopiwwmwipp JEpp
nhunwupldus yuydwbbpnud, tpp vwnkgynn dhpwduyph obpdwunhdwit wdkih pwpdp k£ npup onh
obpdwunh&withg [8,9]:

Uwntwgkinnh  hnupp gppnuly traajuth  dhony wpunwhwyunynid L hbnlyju;  hwjnth
Jwu]wdnt ppudp

Gxa =X Fy2x (Py — Pp) *
nputn F- pugyusph Yhunuih jupgwsph dwlbpbup, X- hnuph gnpswljhgp, p - gpunuinuph junm pyni i
E

Uyuughunt, dwihaup npnubjuhb wuppnd (Jughyup hogadulh) Yuheuws b kpln hogoulut
Ubkbnmipniuibinhg dupdwt wuljnildhg b vwntmghnh ppnnipniuhg:

QuUnwitip opowju Uhowjuyph okipdwunmhgdwh tJuquwip gnigpipug tugnid k Yninkiuwgdut
fuonudp (wohiwwnwipp hndugdwt nhdhunid): Uwm hwbgkginud £ fupdwt wiljdwmb dhdwgdwtp
plnupdwljdwi vwppudnpiwb Ypu, wyuhlipt' nhugh gninpohugnighs wykih phs uvupbwghinn E npdnud:

T

Py 3/\ 2

Po /

U 2. QEpduyhll wnuuygh wppuunnuiipp ppowlu dhounjuyph guidp okplwumpdwiabbph nkuypnid
(hapiwlwupgui/npyws nkdhd)
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Qnnpohwugnighsnid  uwntwgbinh  pwtwlh  hbknwqu  Wuqnudp hwbghgimd  E
nunkuvwnnpmd npu wykjugdwp, ukppht obpduhnjuuigdwt wpynitudbn dwlbpbuh tjuqduinp
b Ynungkuumgdw Lupdwt thnpp wght: Uhududwtwl tdugnid E twb Lupnidp ubpsddwt qsh Jpu (uy.
2): Ujuyhuny, juuhjyup jpnpnjuljh ypu updwt walnidp dkdwunid t: Fugh wyn, npnubjugynn htnniy
uwnbugklinh ghpuwnkgnidp hwigkgunid  Juwhpywp jungnyulh dhgngny hnuph wbjugdwip’
huunnipjutt wgh htwnbwupny, mbnh k ntubunod wjuybiu Ynsdus <<hwdwlupgh huiptwljupqudnpnud>>:
Puyyg mEnujujuupp gununid k phy wppynitwybn, puth np wpunwpht ogh ghpdwumpdwh tJuquut
htwnlwpny, gninpohwgnighst wdpnnonipjudp sh 1gynd, husp hwuglgunid k
gnuupuuppnyujuinipiut tuquui: Ny yulwu juplnp £ bwl, np uvwunhl) gpnh dudwbuy
ubipsddwt dugnudp Yupnn b wybh gudp {hub], pwt hwoqupluypup, b pywbu hwjnth E wdwb
wojuwnwpuyhtt nhdhdubpp wwnbwpwiuwghtt dbptuwubph hwdwp guwuluih sk, pwth np jninh
YbEpunundp Yndypbunp ndjupubnid k:

Uju phdhumd onnpuiljhsh wouwnwiph dwdwbwl, whwnp b junub) ny phk Yntinkiuwgdwi
ohpUmunpgwih, wy Yninkhuwgdub Py £uodwh dwuhb, puth np wji npnoynid E npnuby thulubnd b
funnnjuljwpwptpnud hpnpunih phdwnpoieyudp, wy ny ph opgwlju Uhgwwjph gbplwunhdwtng:

Zudwlupgh wigwndwb phypnmd wwntwgktnp gninpohwgnighshg juwhpup junnnduljh
thony JEpunununid k Ynunkiuwnnn, npuntn uyt vwunsnud k:

Ynuntluwwnnp
2 (E . 3
y
Undwynpbuunp mﬁ#ﬂﬁuﬂ
] Qninnpzhwignighy

4

UG.3. Quuyhpjup junpnywing wopiunng phpduyhl yndwyh ujubdw

dkpp owpunpushg hbnbnd £, np juyhpwp unngndung hwdwipjus hwdwljupgp (uy. 3)
gudp wppnibwdbnmpnit B gnigupbpnud opowljue dhpwduyph  gwdp  ohpdwumnh&wutkph
wuydwbubpnid:

Yuplnp hwiqudwip bt twb gnnpohwugnighsh ny pujupup wojuwnnitwlnipniup: Gpp
uguuupuui tjunwuenidubpny gnipn dudwbwljwhwnusnid onnpuljhsp hwybjju (hgpuynpynid
E, htsp Yupnn k hwtqkgub] hhnpudhjuyut hupdush b vmppuwynpldwt pwthwidwl, pp Eputulp
wnwpwunid k:

unhptt wybkih vwhmb E yméynud, Epp hwdwlwpgbpp hwdwipduws tu okpdwljupquynnphy
thwlwuny, Gpp oppwlw dhowduyph okipdwuwnmhgdwih whpwt wiljdwt phuypniud, gnnpohugdut
&upnudp upquynpymu E obpdwlupquiynphs thwlubh §hinwih jupjusph duljbipbuh disugdudp:

Cpouwju  dhowduypph okipdwuwnmhdwth npnowlh wpdbpubphg uljuws (uvwnbwpwbught
Ubkptwmttph hwdwp 0°C), ebpdwlupquynphs thwlwup pugynid L wdpnnonipjudp b opowlm
dhowJuynh okpdwunhdwth hilnwqu tdugnudp, hEnbwpwp wb Ynuinkiuwgdwt Luonidp, hwtgqbgunid
Eu tndwb dupdwb wiljdwbp, wjbybu, hsybu Juyppwp unnpndulng hwdwipjws vwntwpuiught
Ukptuyh nlwpnid:

Gpt hwdwljupgnid wnlw L hbnnil] vwpbwgkunh qduwjhtt punnihy, wmyw Yntunkuwnnph
«<htntnnid» wnknh sh niukunud, b hwdwlupgh wigwnynud L gusnp Lupdwt wnhsh nkikng;

Anpstwluwinid oguugnpéynid ki ogh hnjugdwdp Ynunbkiuwwnnpny ongllnduyplunpuyhte
uwntwpwbuhtt dbpkbhwbbpnud nughtiuugdwt dupdwtt ywhywidwt dh pwbh bpwbwlubp, bpp
opowyyunny dhowduynh onh okipdwuwmhdwiup gudp b (uw juplnp b vwptwpuught kpkuwttph
swhwgnpsdwl hwdwp): Ophtwl Ynbnkbuwnnph gbpdwhnuwigdwi dwltpbuh vh dwup hbngmly
uwnbwgktnnh  dhgngny nnnpbnyg: Uju pghuypnid obpdwihnwigdwt wppymbwdbn dwljkptup
uwnbwugktnh nnunid tjugnid E, b §ninkiuwgdut £apnudp dkdwtnid E [10, 11]:
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Lhpjunidu juyt nwpwsnid Eu uinwgl) hudbpunpughtt junwujupdwdp owpdhsubinp, npnup
pny kb nmwjhu vwhnt Yepyny thnhnjul) Ynigkiuwnnph onuinhsh wpugnipmip’ ppuitng huy
Jupquynpliny hnjwgunn onh hnupp b ntnktuugdwt Lupnidp:

UnluntGuuwwnnp

3 Innub U
TN o, e

YuwnwyjwpJuwl Jwinchultn

Ul.4. Unbnkinnugdwl Siodwl Jupguinpuundp pkpduyhl wynidyy
(ynankinnugnn qugh wpwl Ukpnnny)

Utup wnwewplly Eup Ynunkiuvmgdut dupdwt wuhwywidwb htnlbyjuy dkpngp (uly. 4), pun nph
nunbkuvwnnpnid Lupdwt ijuquut dudwtiuly, npnowlhh putwnipjudp synuntkiuwugnn quq mpynd £
gninpohwgnighs: UYntnwlytng Ynugkttuvwnnpnid, wyb dbkdwginmid bt guonidp ubthwljut wyupghuyg
fupdwt hwdwywwnwupwb, nph yuwndwn bt twub obpdwihnpwiugdwt wppymbwydbn dwibpbuh
tjugnudp: Uhltinyb dudwbwly dkdwiunid £ dupdwt wulnudp npnuby hrwljuth 4pw, npp pwdupup k
gninp2hwgnighs umunbtwgkinh tnpdw) nipdwb hwdwnp:

Ubp wpwowplus (mddwh  dudwiwl hwdwfupgp  puluqius E - Yndwypbunphg,
ynuntkivwinnphg, ppnuly thwlwihg, gnnpohwgnighshg, synugtiuwgnng wwntwgkinh puphg, d1
thwljuithg (unjkunhy hwljub), shnuigkituwgnn qugh hinwgdw gshg, hp ®3 thwljwuny, synunkiuwgnn
quqh wpdwi gdhg, hp @4 thuljuiny, htnwgynn ppwnunipnh hnqugdw gshg @2 thuljuny, Ynrnwlhy
pwphg uwntwgkinh gunupiut gshg, Ynunktuwnnpnid Lupdwt thnthnpunipnititiph wpdwqup-
dwb nEjudupdwi uwpphg:

Qtpdwhtt yndyb wohwnmd £ nuuwlu ghyny: Puptwjupquynpjus nkdhunud Lupnudp
ynuntbuwinnpnid, npp swthymd E nEjujupdwt hwmdwlwupgh Lupdwt nghsny, hwdwwuwnwupuwtinid
E vwhdwwshi: YUntinkuwwnnpp hnugng onh obpdmunhdwth qquh tuquut nhuypnid, ptuljunid
Eu Unugbvwgdwt upnudp b dupdwtt wulnudp pugwupdwlnn wwpph Jpw, hush wpmyniupnid
uwnbwgktinh vywnnidp b dbpbuugh vwnkgdwi hgnpnipntip unyuybu tugnud B Uju ghypnud,
ntjujupdwt uvwpph Lupdwtt mhshg unugdus wqnuipwth hhdwt Jpw, pwphg shnunkiiuwgnn quqh
npnowljh swhwpwdhu ®4-h dhongny nipynid |k uwuntimgbinh oppwimnmipjutt gudp Lupdw Ynnu:

Qynungkiuwugnn quqp uwnbwgkinh htn ubndymd t Yndwypbunpmd b dpymud £ plgh
nunttvwnnp b nmnwlynid: Unbpktuwnnpnd guponudp dkdwind B Ubdwinmd - dupdwlt
wnuwppbkpnipmniip tkpssdwt b Undw Ynnukph dholi: Uppynitupnid, vwntiwgknh hnupp pugupdwlnng
uwipph Uvhgngny dkswitinid t wywhntyn] whhpudbon gnuupuunpnuiwintpni:

Ununkuuwwnnpp hnqugung ogh okipdwunhdwih hbnwgu tuquut dudwwly, sinunkuuwgng
quqh hwgnpn dwutiwpwdhtt E nipynud vwnttwgbinh gpowinnipyniic:

Ununkiuwwnnpp hndugunn onh obipdwuwnmhdwh pwpdpugdwt dudwiwl synunkuuwgnn
uwntwgktnn Jekpugupddnd k pup:

AEjudupdwt vwpph gupdwt myhshg uvnwugus wqnuipwth hhdwt ypu @1-p hwljynud L,
pugynid E ®@2-p, b uwpbwgkinnp, npnul) thwljwihg htwnn, whghmd b syninkiuwgnn qugh pupny
uwnkgubing wyt: ®3 thwlwip jupd dudwbwulny pugdmd t b shnunkuwgnn quqh b gnnpoh
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uwnbwgktinh fpwntnipnh npnowlh puwtwl nknuthnpnud E puph dbe: Uju nhiwypnid Ynunkiuwnnnphg
pup UnJws umnbimghtnh gninpohubpp, shnuntuuwgnn qugh htn dhwuht, hinnjugynid Eu: duljuing
sinunkiiuwgnn quuqh pwphg uwrtwgbunp JEpunupddnd L vwntwpuughtt dbkpkuwgh onpu: duljut
®2-n thuljynud £ b pungynmid £ @1-p, mbnuljuwyutpt wpjawwnnid k tnpdw) nkdhuny: Onh obipdwuwnhgwth
htwnwqu pupdpugdudp ptipuguljungp Ypyuynud k:

Supju wnuwp dudwbwluwhwndwsnid, tpp onh hndugdwt ghpdwunhfwip puuljutiwswth
pupdnp L obpduyhtt wnuwyh phwluwintt wopiwwnwiph hwdwp, wdpnne synunktiuwgnn quqp
JEpununpddnud £ jnrnulhy pup, b nhjujupdwt vwppl whgwwnygnud k:

Unwowplyny nljudupdwi uvwppp Jupng L oqgunugnpéyt) vwpph htin dhwuht, npp dwutijh
jud wdpnnontpjudp wugwwnnid k §nunkiumnnpp uvwnkgunn onny hwpljunhp nynnnidp:

Swdp ohipdwunhdwmubpnid ndupwinid £ ynduypkunph pnqupldwt ypngbup: 8ninp pununid
b swhwquig dwsnighly, b Yndwynptunpp poquplynid £ «np»: Pugh wyn, gusp ohipdwunhduh nhupnid
minh uke dpknuh (niskihnipmitp dkdwtnid £, ntunp hugbhgus jnin-pptint jpuntinipnp Ynunwljynid £
ninh puuwlh dke: QEpduyhtt ynuwh popupyuut dudwibwl] vwntwgkunp Epnud £ puuwlnid, jninp

nuntntd Ewnftih phs dwénighl Yndwypkunpp Yupnn b pudabgby [12):

Uniwh Lhpooutwulh

Jwugnighy

Ep. mwupwgnighy nup puuwy

Ul.5. Sniph puuwlh HEjnpulul nnapwgnidp

Zujuunuinid oqnugnpéiwt hwdwp twppwnbudws pojnp opnpuijhsubpp whwnp b hughgus
1hukl jmnh pwuwlh wnmwpugnidny, npnup wynndwn Yhpuyny juopumnbkl Ynduypbunpp dhwgubinig
wnwy b puguuwljub okipdwunhdutubpnid wohiwwnkihu: ‘Lnp wpwnwnpynn onnpuhsubkph hwdwp vw
Jwpnn k (hubk] jupuntph dke tbkpjunnigdus oknnigdw nwpp (uly. 5): 3nmnipinii nitikgnn onnpuljhsttph
hwdwp Jupbih £ unwbwg Jkpp wujudp huphwokl byubwlyny:

- - owm1 qupiwh

-
N L 11manu11nn{J§

1 1 ]

L ' )

ninkiunnh
mupmul

L_Ynhinkhiunih
hEnwgiwh
haunnnijuyy

U.6. Unlpkiuunnh hknugdwl junpnyulh innupwgnid
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10.

11.

12.

Onnpuijdwt hwdwlwupgph owhwgnpddwb juunhputphg £ twb Ynugbiuwnp vuntgnudp, npp
0°C-hg gudp obipdwunhdwth nhuyypnid, tnyuhul jupd mupwsdnipinit wugubkinig Yunpnn Euwnsty, b bpk
hudwljupqt wpuwwnnid £ hnqugdw nkdhuny, wmyw Ynuntiuwnp Ypwthyh ukppht vhowduyp:

Uju unhpp jupnn knsyb hnugkiuwnp mupwgubing thhupndh pling (ul. 6), npp wybwp k1hth
gudp qupuwi nwly 9-12+ 0.1...0.15 ¢/ npudwgdny thjupnuh phjt wiginid E yjuundwub enygnduljh
vhony, npp dwnwynid E npybu dkniuhy b nbnunpyniud E jnugkiuwnh htpwgdwt jungnquljh dbe:
Onnpujhsh wpwwpht uwpph Uk mknunppynid L wunhfwbmjut jupquynpdwt thnjowplhs b utgnud
E yndypbunph uinigdw wnpninhg, npykuqh junnnjuyh tmwpwgnidp dhwiiw vwppht gniquihtin: @hh
ohpdwunh&wn sykwnp k ghipuquigh +80°C, npu hwdwp npynid | twb gbpdwunh&with nghs:

Udundunugdut dudwbiwuljhg dJdwlupnulp, phptnuht  okpdwithnpwbwlhsutph
hudwwnwupws oqunuugnpénidp, npp httwpwynpnipnit £ nwuhu iuqbkgut] vwntugbkinh b dhowtljjuy
hnJugnighs Wyniph ohpdwunhdwih nmwppbpnipnitp dhish 3...4 &, gmipn tpuwtwht mbnbuwybu
diniinmt hnugdwl oquwmgnpénidp, pniy] b wiwjhu (hwjuwnwp Junwhnipjudp junub] wnny
hnjugdwt hwlwlwpglph yepwsuniunh dwuht: Uhowuljjuy hndwgnighs ynipny (kphikt qihyng b wyih)
«kdwlr hndugdwt hwdwlwpgbpp hwnjuwbe jununnufiwhg o Zuywunwind  qpojhg pupdp
ohipdwunhfwipn wwhywibnt hwdwp (oquhnjunipinit, dpgiph wwnbkgnid), wwhbunwynpnid,
qupbkoph wktnnghwikp), pwih np okplwunhgwih nhdhdp jupnn Ewwhwywinl) fhu nuph wpwig
uwntwpwbwghtt Ukpktwgh owhwgnpsdwi:

Gqpulwgnipiniu

1. Swpwéwd Juuyhpup punnnduih hpundwi dbpnngp obpduyhtt yndybpnid npuh onh gudp
ohipdwunhfwbtnh ghwpnud phpnud b wijuntuwthbjh junnwiunbph(ubppht obpdwihnwigdwi
wpynibugbn dwltptuvh tuquuip b jntinktuwgdwt Lupdwt thnpp wsht, qninpohwgnighsh ny
pujupup wojuwnnibwlnipjuin):

2. Qtpduyphtt  wndwybph Yhpwpnidp  wpuwphtt  onh  gwdp ghpdwunmpfwnbph  phypnmd
tyunulwhwpdwp E pununud shntnkiuwgnng nunbwgbiinh dwuttwljh jhpundwb nhuypnud:

3. S8wdp ohpdwuwnhdwbttph nbuypnid obpduyhtt wndwyh wtjuowhwi wowwnwiph twuwnwlny,
wilfjuntuwthbih | jninh puwuwlh b §ntinktuwnh hkbpwgdwt ainnnduljh tmwpwugnidp:
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K.A. MoBcucsiH

AJAIITAIIUA PABOTBI TEIIJIOBOT'O HACOCA K
YCJIIOBHUSAM XOJIOAHOI'O KIIMMATA

Bo 6écem mupe wupoxo ucnonv3ylomces peonosvie cucmemvl KOHOUYUOHUPOBAHUA 8030YXA OiA KPY2lio20-
OuuHOo20 0becneyenus omonieHus u oxaasxcoenus. Ilockonvky pecuonvl PA pazoenenvl Ha meniyio, yMepeHHYIO U
XOIOOHYIO KIUMamuiecKkue 30Hbl U 0adxce 8 MenviX 30Hax paciemuas memnepamypa 6030yxa sumoti Hudxce -10 °C,
NO2MOMY He0OX0OUMO UCNONBL308AMb MAKUE CUCTNEMDI, KOTOpble Obliu Obl CNOCOOHBI padOMAmMbs 8 YCA0BUAX HUZKOU
memnepamypul. B cmamve paccmompensvl 6apuanmul, KAk 3aCmaguims meniogvle HAcocbl pabomams IhdexmueHno
8 YCIOBUAX XONOOHO20 KIUMama.

Kniouesvie cnoea: mennogoii macoc, KonoeHcamop, KodQ@uyuenm npeodpazoeanus, uUcnapumend,
OpoccenbHblill KIanaHx.

K.A. Movsisyan

ADAPTATION OF HEAT PUMP OPERATION
TO COLD CLIMATE CONDITIONS

Freon-based air conditioning systems are widely used throughout the world and are used to provide heating
and cooling year-round. Since the RA regions are divided into warm, temperate and cold climate zones and even into
warm zones, the design air temperature in winter is below -10 °C, so it is necessary to use such systems that can
operate at low temperatures. conditions. The article discusses options for making heat pumps work efficiently in cold
climates.

Keywords: heat pump, condenser, conversion factor, evapurator, back-pressure valve.

Unquhujwt Ywpbku Upnnp (22, p.Gpliwt) — &T2U0.2, 23UO wdphnl, wuyhpwin
karen.movsisyan1999@gmail.com
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Znpywénid mumdbwuppyly FZ2Z2-md quin/ng phwlkih vl okpdughl hupdwpunjbnnyepul JEpupkpyuyg
whglugyus hwpgwml wpynibphbph, sunpmdbkph hpdwl Jpuw okpduyhl hwupdwpun/bunyepul Gnp Unpkih
Junnignidp: Zbmugmnnippul hyuunal b Fakpunky nuppubuyug skpduunpdwbughl gpughbinnp npyku juplbnp
gnpéni piuuliph dhowjuypnid b owlly np ohpduyhl hupdwpuybnnippul ungly: Yepopbu owlijly F Lnppnpnh
Jubpnunbuyng wpdkph wnjphndpwlulb Gnpkph hudwppnippul Jkpnnny, npp hinupun/npnipinil Fnayha juny
uwnkndly akpphl dhouwnjuyph wupwdbnpkph ppulul wpdiph hkw I dkpunk; ppubp dupbdunhlulud dnplnd:
Uju unplip ghpluwumpdwmbuyhi quz‘]]zbilmﬁ b vnwbipumn wpynibudbn  gkpdwumpdwmbh hhdwl  Jpw
Jubpnunbunud F sEqnp pkplmumnpdwblp guphugny pp nkuwulh ke wnuphbp:

Unwigpuyhti pwnbp. obplwumpdwbuyhi gpunhbi, gkpdughl hupdwpu]bunieindd, ppulwi wpdip,
Jubnunbuyng wpdbp, shupupulub okpduphghlu, dupbdunplulul dnpljunpnid:

Lhpwbnipyniu

‘Ltippht dvhowduypmid phwhhsubph obpduwyhtt hwpdwpuwbnmpjui qqugnnnipniip jupeguws L
vhowJuyph wuydwtutphg (onh obpdwumhfwl, dhohtt smnwuquypuyht okipdwunhdui, onh supddwt
wpugnipnil, juntwynipmpit) b bpwbg  ynipwhnwbulmput  dwupnulhg: Swugkph
Juwuhwwnbtuynng wipdtph Unpbp jayunpbt Yhpurndnud E ptwlhsubph obpduyghtt hwpdwpuwybnnipiniup
juwipwnbubinmt hwdwp: dwuqbph dnplp Bupunpmd k np obpdughtt qqugnnnipniipn Juwhudws L
dwpduh obpduyht phntjwébnipiniihg, b nu tbkpjujugind b dwupbdwnhljuljut dngbing [1, 2]: Upu
Ungbp untnsyl] k obpdwjhtt hwpdwpwydbnnipjut Jkpwpkpu) hbnwgnunipnitiubph hhdwb dpu,
npnup hpwjuwtwugyb) B dwutwljhgubph htn thul) obpdught jupnpunnp yuydwbbpnud:

Ujuntwdkuuyuhy, nwuppkp tphpubpnid wiughugdws hnpdwupynidubpp gnyg b ndk), np jub-
huwntuynn wpdtph dnplip hwdwju ny wyupw dogphwn t ptwlhsubiph obpduyhtt hwpdwpuwy bnnipniup
Jwipwnbubint hwdwp hisybu jupnpunnp, wyiygbu b phulub dhewduyph wwydwbibpnid: Zknwgn-
nnnubpp junphmipny o wwhu dowll] dnnpbjubp, npnup hwwnntl] hwpdwpbgqus tu npnoywlh
nwpwswopeowih b Jihdwyuuwt wuydwiubph: Uw jupwinud b Zujuunwih ddbpughtt Yhdwnod
puwlhsubph hwdwp wybkh dogphwn obpduyhtt hwpdwpuwybnnipjut dnnbih dowljdut wuhpudtownnt-
pintup: Glukng wyn wbhpwdbonnipnithg wju hbnwgnuumpjut oppwtwljubpnid ntuntdtwuhpyty b
ghwhwwndl] t Jwijuwunbudngy wpdtph Jpuw hhdudws dnghjubph  hwdwywunwujupwinipniap
nhunwplynn nupwspubph hudwp:

®npp dwjuyny puwlbih nukpp, npnbn nputu obnnighy uwpp twhiunbugws L ghnnigdwt
dwpunlngubp, wibih hwuljus i nminnuhwjug obpdwunhwbwghtt gqpunhktunh Yupnty thothnjunt-
piniutkph, npp Jupnn t ddpwb wdhuubphtt hwiqkgub) onh okpunbph wthwjuwuwp okpdwunhgwip,
pwih np ny jhwpdlp onwihnumpiniip tjuqlguimd E nipnuwhwjug skpnwynpdwt hwjuuw-
puswthnipnibp [3]:

znyJuwsnid dowldl) k unp hwupdwpwdbnnipjut dnnk), npp okpdwunhdwiughtt gpunhtunp
Uhongny Jujpwwnbunud £ piwjhsutinh hwdwp hupdwpudtn obipdwunhgutp: Uju dngbjp unbndyt) k
wn hindhwlul qpubhljubph dkpnnh dhengny: Ukpnnh hhdpnid piljus k kpwswith Ynptph junpnignidp’
Eptip hhdtwlwut gnpénuutph dhol, npnup oquugnpdynmid Lt dwubtwlhgubph hwdwp skqnp
ohipdwunhfwh uvwhdwbdwt hwdwp: Um wwwppbpynd E Gplnt gnpénubph dhol qgdwjhtt Juuh
jurnigdwt wjwinulwt dnnkgnidhg: Uju dbpnnu puwpdty b pwth np htwpwynpnipnit £ tnwjhu
ttkpphtt Uhowjuyph kplypnpn gnpénip Yuwly hpulwh wpdbph (Ppuywi dhehtt ghwhwinwlwih) htwn’
wwwhnybkng wykih £ogphn juthownbunidubp:
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‘Upniptp b Ukpnnubp

Qtpdwyhtt hwpdwpwybnnipjut hnpdupnudubpp juwnwpyb) Bu 2023-2024pwe. hnjnbkdpkp, un-
JEUpkp wdhulikpht' Bplwb punupmd quing phwlkh wwbp: Thpohtiu Uky hwplwih , punjugus 3
ubklyulhg hynipuukiyuly, enhwiing, tgwpwl, uwithwiqniyg: Chinpnibt nith Uhoht vwljwpnulh okp-
dudbniumgnid, pninp thnpduwfut hwpgnidubpp, swihnidubpp ppuwljwbugyt] o hnipuubiyulnd,
nph swthtpp tbpjuyugdws ki wynruwl 1-nud:

Unniuwly 1
Zimpuukiyulh suhkp
Unwunwnh pupdpmpinih of 2,45
Uklyulh dwljbpbu’ 2 17,67
Inwh pugJudph dwlkpbu 2 1,89
Nuwnnthwbh dwljbpbu’ 2 4,56

Onpdwpjuut dwutiwlhhgutpp 30p qunuykghtt junhwtingh mwpwspnid, npuyjtkugh nunbwb 9kp-
dwmunhdwbwybu  skqnp, wyn pbpwgpnid  pnnphtt  dwbpwlipyhn  pugunpdkg  thnpdwupldut
pupwguljupgp, nphg htinnn tpwip nknuthnpytghtt hjnipuubkiyul b ujutghtt qpunyt] wropju wuuhy
qpununibipibpny  phpbpguimpit, $hpdtph ghumd U wyl:  Uwubwlhgubpht  wpjws  Ep
htuwpwynpnipni yuwwnnthw pughing, otnnighs uvwppuynpnidubph okpdwnynipiniup jupqupbpbjne
thnpdwpluwt nng pipugpnid: Gnpdwpljdui pipugpnid twutwlhgubpp wunwupiwitkghtt il hpkig
npyus hwpguowpbphtt b 15 pnyk pugpdhemdubpny gpuignid thu swthhs uwpplph gnigdnipubnp,
npnup mbnunpyusé thu dwubtwlhgutphg 30...40 zi/ hkpwnpnipjutt b hwwnwlhg 60 uzd pupdpnipju
Jpu Zhknwgnuuiwt hbwdwp wupphpupwp swihdb) B ubupmd onh wpwgnipniip, hwpwpkpuljui
juntwympiniup, onh okpdwuwmhdwip, Uhohtt dwnwqujpuyhtt ghpdwuwnhdwip, swthhy uwwpptph
gniguniipubpp thpluyugdus i wnniuwl] 2-nud: Qwithhs wwpptph gmgunitpubph hhdwb Jpw
hwoJuipyyt) Eu ogh obpdwunpfwinbpp 0,1 4 0,6 U, 1,144 1,7 /' pupdpnipjut Ypu: Zupdwpuy bnntpju
uwunnqulp b ASHRAE 55 uwnwbnupunh hwpgupbpphlip otpduyhtt qqugnpnipjut  dtpupbpjuyg
oquuugnpdyl] kit wju niumdbwuphpnipiund  [4,5]: Uwutwlhgubpp b Bu hpkug obpduyght
qqugnnnipiniip -3-hg 3-h dhol’ upupwisinip 15 pnyk phgdhenidng (-3 pun uwnp, 0-skqnp, +3-ywn
wnwp):

Uniniuwmly 2
Junipfs uwipplbph dpupughp
Fhanipughp Sunhhs uwpph Sunpuwln inppnijpe Qunpu/wl upuuy
wnkuwl
QbEpdwunhgdmith Lumisense INNOVA N/A +0.2°C
Jupqunphy 1221
Qbpuwswuth MMO0060 5—40°C +0.4°C
Qbpuwswth MMO0034 5—40°C +0.3°C
untwuswth MMO0037 —20 —50°C ta-td < 109: +0.59 [ud +0.054 7wz 109
ta-td <254: 1.0 Kor 0.1 § 7w
Onh hnuph wpwquswth MMO0038 0-10 u/y/ 10.06 U/
Onh otipd. ukiunp otipd. NTCU =50 —70°C +0.2°C
gqpunhbunh hwdwp
Qtpuwswth HOBO U8-001-08 —20 —70°C 10.49°C
Upyniupubp b phtuplnid

Uwuliljhgubph hwpgdwi hhudwt dpu skqnp obpdwunmhfwiup npnoyt) E gduyhtt nhgpliuhuygh
Uhongny b hwpduplubph wpyniupnid vnwgyty | 23,4 °C: Unwugjws shpdwunh&wip wbkih pupdp k,
pwlt unpluwnhjunbtpbthjuut hwunwpnepbipnid pws dhthdwy ukpuh onh ohpdwuwnhdwun
piwlih nwb hwdwp' 20...22°C: Luluplyty t twl, pk hiy wpyniupitp ki winugynd wy obpdught
hwplwpwybnmpjui ngkjubph hwpqupldui wpyniapnid. $highph jubjownbuynn wpdtph dnnby
skqnp gbpuwunhgwlp' 24,2°C Ujnuu dnglyibph hwdbdwnwlwi gpudhlp wunlybpdws oy, 1-nud [6,7]:
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Onpatipnid obipdwunmhgutiught gqpuunhbinp hwounpldty £ hwwnwlhg 0,12741,14 pupdpnipnii-
ubph hwdwp, wpyniupnid vnwgyk) £ 7,3 °C

Cunn Mhpunih Jhdwfugpujui juwh b juplinpnippub Jepmisnipyui’ wpnyniipnid wwpgyby
E, np obpdwunhdwtiwghtt qpunhbint wqnnid £ dhohtt hpujwt wpdtph thnthnunipjut ypw, ntunh wyu
wupudbnpp tkpundl) b hupdupudbnmpput dngbjh jupmgdwb dke’ oguugnpstiny Opnuwgh b
Orhtpuyh Ynnuhg Yhpumjws qduyht Ynph dbpnngp: Thpghtn tkpunnud b ipkp hwpuywihtph dhengny
Enwswth qpudhlhh juqdnd obpdughtt hwpdwpuybnnipmniut wybh jwy jubjupuwnbubint hwdwp
uly.2-5:

Zudbdwngl) ko juthiunbudw hhtq judugnyt dnpbjukp, npnup hhdJws tu tpkp Juplnp
hwpwswihbph Ypu: Zudbdwnyng dnpbjubph vnwinupun phnnudubpp tbpjuyugyus Eu vly.6-nid: Zudk-
dwwnynn Unpbjibptt mubkt qquihnptt thnpp uvnwtnupn sbnnud, tpp jutjpwntuynd £ dhpwduyph
skqnp okpuwuwnhgwin [8]:

Uunwgué wpynmibpubphg YJuwpnn Gup Gipunpbk, np Jupdws thnpdbph juunwupdwb
nwpwswopowithg okpduyhtt hwpdwpwybnnipyut  dnnkjukph  wpynibwdbnnipniip Yupnn L
thnthnjuyk], wjuy nwypnid 3-pr dnpbh wpynibwdbnnipniat wybkh pupdp B wyt jutjpounbul) |
UhowJuynh skqnp obpdwunh&wp kplnt nifjuyikph hhdwi Jpu:

Uju pupbjuynidp juplnp k pwith np skqnp obpdwunpfwiuh wykh &ogphn jutjpwntunidp
Jupnn bt twlub wqpbgnipmit niubbw) ohpmigdwt dwdwbwlwhwnwbmd tubkpghuyh wybh
wpyniiuykn oginugnpsuiw hwdwp wtjh hwpdupu]tn ekplwunh&w npnotyn hudwp:

Lnp wupuwwnGuynn wpdtp = Jwlhuwwnbuynn wndtp

0.95
2 09
=
h 085 /\
o , e —
2 os \/ \
3 \/
S 0.75
5 0
()
2 07
0.65
0.6 -
5 ) ] ] 5 =) e ) ] o
oy o 5 oy g o =) ~ ) d
o of of g o . o) g d g
=) o c o e ) o
=) ) ot o oy ol
i
Ul 1. Gubhunlaning wpdliph I wwwdbmupn plapdwd unyp Gliplpuguigling gpuudhly
e S Ug.2. LUl Enwpuh §nph
bpml{“:h:‘pflff—*——*'_"'_i_))_ H-‘ L ] TR J }IZIIL[LUU]UIUHUU/UUJZIZTgHLL[

2 [ T

NG ppulull wipdkph okpuwu-

wpSwinyhl gpunpkiunp I
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Uy.3. LGU2 krwpuih nph
Gl hunfunyunnwuprubibgnid
ppwlwl wpdbph obpuuu-
wmhdwbhughl gnunhlbinnh o
umpyklpnpy - plpdughl
qlunhunnwluih uholl

[P ST ~ T U~ SO

0.6

Ul 4. LGU3 Enusunh §nph
hunlwyunwupnubbgnid

ppulull wipdkph okpuuu-
whdwbhuyghl gnunhlbinh o
unipyklpnpy okpuuyhi

qlunhunnwluih uholl
R unlidwinwlwli wunln Lq.5_ LU+ lU?lUgllIl]I QHP]I
05 hwdwyunuwupnwbbgnid
ppulul wpdkph obkpuwu-
s wpdwbhuyghl gnunghlbinh i
umppklaly]  olpuduhl
1.5 quuhunnulwip Upol
26
35 24 245 35 o
L noas2 25 - Outipusni] sbdusunh it
0.84
0.83
0.82
0.81
3 0.8
8 079
§ 078
¢
g 0.77
§ 076
g 075
§ 0.74
S 073
0.72
0.71
0.7
L LSS 00% & & «x& 09?’ & &S Q@* 09(9 &
09‘,@ oﬁ-’q’ S > \gcg' N 99»09 & g:\;@ @&9’ N q’g,o‘

LY. 6. YU unplybbph vnwbmwpn pkyuwh Epwswh Gnpp hpdinjwé Jubjiunbujng skqgnp sbpilwunpdwbh b Swbgkph
qU-p hwdbdunnnipyudp
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Unniuwly 3
ZwwunnidhEph bowhwlnipintibbp

Gl Qnpw) QEpdwunhduth b untwynipjut juitjownbudnn wpdbp

QSQUU Qnpuy b Snyyngpudhly oipdmumhgmiibiph juthiwwnbuldnn wpdtp

QULRYU Qnpwy obpdwumh&wth b wpwnwpht ohipdwunhfwh ohpdwunhdwbttiph juthiwwnbuynn wpdbp

QUQUUUS Qnpuy ohpdwunhdwih b §nuunpnijghugh ehpdwunhdwh juthiwnbuyng wpdbpp unwinupun
wuydwbibpnid

QUEQUU Qnpwy obipdwunhdwih b Unwunupun EdEjunhy oipdwunhgdwh jutjpwnbuynn wpdtpp

L4Ul- LYU3 | Lwdpnpnih jutijpwnbuynn wpdtp 1-5

022994 U. Onh obpdwunhdwth b ohpdughtt gquugnymipjuitt gnpswiljgh Gwtthiwnbuynn wipdtp

QUUUL Qnpuyy ohipdwunhfwit b Ywthowwnbuynng wpdtph Unghjh quwhwnwlw

SQ2uu U, Snuynqpudhl obpdmwunhgwth b hwpwpbpuljui untwynipjut jutiwwnbtuynng wpdtp

ZIVEQUU Zupwpbpulwi pntu]niput b Ebkljnpyd Qbpuuiunhdwith juthiwnbkuynn wpdtp

Q22999 U Qnpwy ohpdwumh&wh b okpdwjhtt qqugnnnipjut gquwhwnwljuth jutjowwnbuynn wipdbp

huU Zupuwphkgynn Juithiwnbudnn wpdbp

uuuu Uunuwtngupun upynmibudbn oipdwjht juijpwnbuynn wpgniup

EQUU EdEnpy obipdwunhfwith juthiwnbuynn wpynitp

nal Cunuyiwsd Juhiwwnbuynn wpdbp

sul Qkgnp juwijumwnbuynny wpdtp

‘unp YU ‘Unp juijpwnbuynn wpdtp

20aUM Qtpduyht puyujidws ghwhwwnwlub vnwinupn yuydwbbbpnud

agY48) Qtpduyht puuytwd quuwhwnwlwi hwpdwpkgyus dhgwduypnid

qUQuUU Yutjpwwnbkuynn wpdtph quuhwwnwljut Usppuh unwiupunubpnyg

puueaU Cunquyijws uhiwnbkuynn vhohtt gquwhwwnwljut Ywunh Unnking

2Q Qtpdwumnhdwtiwghtt punhtin

Luu Lonbpnpnjh jujuwnbuynn wpdhp

Gqpulwgnipyniu

znjudnid ubpfuyugynud | pupljudqus dwupbdunhjuljui dogbjh douynwd, npp jupng E jub-

jpwnbul] dwpplutg okpduyhtt hwpdwpwybumpiniup  phwlbh  wikpnd:  Oquwgnpsyl; E
puquuuunhl Yoph nknunpdwb dkpagp hwodh webbng jubjuwnbuyng hpulub wpdkph Jpu
wqnnn jupbnp wupuwdbnpbpp: Lywwnwljt tp dnpbih Uk tkpunk] obpdwunhdwth qpunhtuwnn, npp
unynpupwnp winbkuynid £ hupdwpubnnipjut dnglubp unbindthu:

e Pupbjuydws wpynitp gnyg njws dwpbdwnhjuljuit dnpbhnud oguuugnpédynud Eu
ninnuhuwjug shpdwunhfwbughtt gpunphbunp b vnwinupn wpynibwdbn gkpdwunhdwin
npybu hnthnjuujut wupudtnp okipduwyhtt hwpdwpwybnnipniup juthunbubine hwdwp:

e Zhuwugnuunipjub nfju)utpny Lwdpnpnjh jutjuwntuynn wpdtph Unpljh vnwinupun sbnnudp
Juqunud k0,76, husp susht swthny thnpp E wy) dnpbjutph hin hwdbdwnws, uvujuyt jupnn k
Juijuwntuk) 0,2 °C-nd wykjh uwnp skqnp ghpdwunhdwi:

e Uunuwgws unphjt wybh twwwnwlwhwpdwp b oquugnpst] pupdp okpdwuwnhgwbught
gpunhbiin niubkgnn wwpwspubpnud, husp poy) juw punpl) skqnp obpdwunhdwth wydkh
&oqnhun wpdtp:

e Uunuwgdws unphjt wdbih tyuunuwljuhwpdwp b oquwgnpst otinnigdwmt dwpunlngubpny
otinnigynn ukiyuljubpnid, npuintn obpdwunhdwbuwghtt gqpunhtunh wpdtpp qquhnpku pupdnp

Ypulwunipyniu
1. &KCL 22-01-2024 «htuwpwpwliwt Yihdwjwpuinipmpiy Zujuunwuth Zwubipuybnngpput

shttwpupuwljut unpdbp. -259 ty:
2. Ken Parsons Human. Thermal Comfort, Boca Raton. - Florida, CRC Press, 2001.- 528 p.
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T.A. MaHyksiH

INPUMEHEHME MOJIEJIA TEIIJIOBOI'O KOM®OPTA C YYHETOM
TEMIIEPATYPHOI'O TPAAUMEHTA B YCJIOBUAX PECITYBJIMKU APMEHUSA

Pacemampueaemcst pazpabomka HO80U MOOeIU MENI0B020 KOMPOPMA HA OCHOBE Pe3YTIbMAMmos Onpoca U
usMepenutl, NpoGeOeHHbIX 8 cuiom odome 6 Apmenuu. ILlenv ucciedosanusi - GKIOUUMb GEPMUKAILHbII
memMnepamypHulil 2pAOUeHm KaK GANCHbLL (akmop 8 JHcuioll cpede u paspabomams HOGVIO MOOENb MenI08020
komghopma. Ilocnednss Ovina pazpabomana MemoooM COUemaHusi NOJUHOMUATLHBIX KPUBLIX NPOSHOZUPYEMbIX
3Hauenuil Jlagh6opo, ymo no3eonsiem yYCmanosumy C513b MedCOy PEalbHbIMU 3HAYEHUSMU NAPAMEmMpPO8 6HYMpPEHHel
Cpedbl U BKIIOYUMb UX 8 MAMEMAMUYecKylo Mooeib. Dma MoOelb HA OCHO8e MEMRepamypHo20 2paoueHma u
cmanoapmHoll dPhexmusHol memnepamypvl RPOSHO3UPYem HeumpaibHyio MmemMnepamypy, cmaHossicb nepeou 8
ceoem pode.

Knrouesvle cnosa: memnepamypuulii  epaduenm, mMeniosou Komgopm, @axmuyeckoe 3HaueHue,
npocHO3UpYyeMoe 3HAUeHUue, CMPOUMeNbHAs MePMOPUIUKA, MAMEMAMUYEcKoe MOOeIUPOBaHUe.

T.D. Manukyan

IMPLEMENTATION OF ATHERMAL COMFORT MODEL WITH TEMPERATURE
GRADIENT ADAPTATION IN THE CONDITIONS OF THE REPUBLIC OF ARMENIA

The development of a new thermal comfort model based on the results of a survey and measurements
conducted in a residential building in Armenia is examined. The aim of the study is to include the vertical temperature
gradient as an important factor in the residential environment and to develop a new thermal comfort model. This
model was developed using the Loughborough predicted value polynomial curve fitting method, which enables a
connection between the actual values of indoor environment parameters and incorporates them into a mathematical
model. This model predicts neutral temperature based on the temperature gradient and standard effective
temperature, becoming the first of its kind.

Keywords: temperature gradient, thermal comfort, actual value, predicted value, building thermal physics,
mathematical modeling.
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Qinplpduy okpduyhll yndwlpp (291) juyhnpkl §hpwnnyenil ki winugly pluallgh o hwnwpululub
ohtmipynibkpnid shnphp] hpkig pupdp Fabpguuupyn bunfknnippub b phuagwhywbwlwh pupdp gniguihobbph:
Znpywénid bkphugugyué F 2QN-akph qupqugnidibph gnulumbnippul nrunidinuuppnipintap: Spyws E 2L0-akph
wpfuunnuiliph ulqpnilipp, plvwku wl vl kphnipughl opkpnyg (UQLN), unnplkplmu opkpny (ULLN) I gknplpduy
(29Q1) okpduyhli wyndwykph dJwhpulwull Gjwpugpnuyenibp:  Chpgplyws ki nipgnuhuyug  qpoiinnughl
okplunpnpibnufpsbbpp  hwdwp  GEphuymdu  hwuwbbp wdkbhunwpudyws dnpljun/npnidibpp o gponilunp
obpilfughli  wpdwqubpdwl  pkunkph  dnpkibkpp Gkpuouy  okpdunpnpnmbtulnippul gnpdphpughkpp
hnpunnubgplph Gkpunid b gpumd: Mumdbwuppyly F wl Gop unnpbplppu opkpny obpduyghl wyndwyh (ULL70)
vwupll nmknkfunnynipinil, nph oqunugnpénid F hunnnil Jwnnigyudpny okpdunpnpnuinulhs, b GEplhujugynid B
QL1 -h upongny pknniguwl b Anjuglwl hunluljgyus diny wijlph pupdp Fakpguuupyni iwfkwnnipint i vunwiugnt
hinupun/npnipiniap: Lwl hwdwnnun wigpunupd E junwpydnid haly ghyyng 2970 -h Fabkpglunpl, nhnbuwlwi b
phuywhywiulul gniguihobbphb: Mupgyky b np @90 -h wkjubnnghwh jupny F oquugnpéyky pk uwnp, pk
nuwp nubhwlughl gninpblbpnid, b Fakpqupibugngnipyui Gkpnidp bowhwluyp

Unwgpughti puwnbp. Ephpuekpdughll Fakpghw, obpduyhl wnuy, qlnpkpduy gbpdunhnpuwbwlps,
Eakpquuupyni iufkwnnipnt i, phuyyuwhyywinipne i

Juynit  qupqugdui  nbnbuulubt  pwqUuyupnmippiip . gqupunugpmd b jupwiily
wpynitwybnnipiniip b nwghntiw) tubpghuwjh oqunuugnpénidp ohtinipinitiubpnid, npnup GYpnyuljut
Uhnipjut (GU) winud whwunipmpibiipnd hwighuwind Eu Eubipghwh hhdtwljuwt  uwywunnn:
Chunipniikptt niukt Eubpqupptuynnnipjut wdbiudts b swhuwpyniiwdbn ubpnudp: Pugh wyy,
niuntltwuppnipiniiibpp gnyg  tu wydl), np tubpghuwgh  pbwnuwdp obpunguyht quqkpp
wpunwibnnidubph WJuqbgdwt wdktwwpynitwdbn dbpngi

‘Lhipjuynidu obpduyht Eukipnghwyh oguunugnpénidp uqunid £ nubph b Yndnibiwyg ohinipniutph
tutpghwh wwhwbewpyh qpbipt 70%-p nwpusplitph gkpnigdwh b nup opudwnwljupupiui hudwp,
Uhlsptin hndugdwi Fubipghuyh ywhwiowplp mupbkgunwph wénud E: Zhdtwlwb Fubpghuygh vyyundw
b htnwgnunjué CO: wpnuwbbnnidubph Ypdwndwt hwdwp Yhnunnjh hwdwdwjtwgphtt hwutbino
byuwwnwlny, ywbkwnp t wowy undh Jkpwlwbqiynn Eubkpghuyh oquugnpénidp gnmipjnit niikgnn
ohunmipiniutiinh dnunnid:

Zwtwdn  Junkhph wwhywidwt b pluywbhywiuut  Wuwunwoenudubpng ks
htwpwynpnipnit L obpduyhtt yndybph htnwqu ogquuugnpddwn hwdwp tnp b gnjnipinit nittgnn
ohunipnittiph  obnmigdwtt b hnjugdwt  twwwnwlubphtt  Swnuybjp:  QbEpduypht  wyndybpp
httwpwynpnipnih kb nwhu oqunugnpst) opowlju dhowjuyyph obpunipiniup ogrnuljup obpdwunhfwiih
dujupnund, uwluyt ppuig wohwwnwipp wwhwbiend b EbEyunpwutubpghw [1-4]: Cpowlw
Upgwjuyph  tubpghwih pwbwlp®  Eres, npp {tpgymd £ gbpuwiht wndwtph Ynnuhg npubu
JEpuljuqiynn Eukpghw, whwup khwoqunpldh (1) pwbwdlng

Eres = Eu (1—#), )

npuntn Ev-u quwhwndws punhwinip oqunulup ¢bpduyhtt Eubpghwt E npp dwnwupupynd L
otpduyhtt wyndwbph Ynnuhg; SPF-p quuhwwndws ukqnuwghtt juwnwpnnquljut gnpénut E wyn obpduyhte
wnuybkph hwdwp:
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Apnitnnughtt obipduyhtt wndwbplt oguuugnpénid B gpnitinp npubu okipunipjutt wnpmip
wnwpwspubinh gkpnigdwt b hndugdwl, pisyybu bwb JEugunuyhtt mup opudwnujupupdwt hwdwp:
Q9N mktninghwt jupnn Ewnwewnlt) wykih pupdp Eubpquupngnitwybnnipinit onujhtt hndugdwt
hudbdwunwpup wjubnuiui onuyhtt hndugdwt hwdwluwupgbph hbtw, pwth np uwnnpgbniyw
dvhowJuyptt wwwhnymd t wybkh pwpdp okpdwuwnhdwt eobnnmigdwt hwdwp b wydbkh guwép
ohpdwunh&w hndugdw hudwp, hiyybu twl phy ohpdwunh&wiiughtt nuwnwinidubp Eu jhunwd, put
oppwiljm onh gobpUwuwmhdwup: Apnibnp npuybu ohpunmipjub wnpmip oquiwgnpskint qunuthwph
wnwohtt hwyntth gpupnudp huynwpkpdl) L 1912 pquljutht SYtguphuynid tipjws yunbnnud:
Ujuyphuny, @2N hwdwlwpgbph htn juydws hbnmwugnunnipmnibbp hpujubiwgynid Bu gpbpt by
nup: b uljqpuil, 2N wnkpuuninghuyhtt hbnnwppppnipiniup uljul] E wdl] Zmuhuughtt Udkphjuygnid b
Bypnuuwynid Gpypnpn hwdwoiwphuwjht wunbpuquhg hbnn b pwpnitwlyt) b dhtsh 1950-wljutibkph
uljhqpp, Epp quqt n1 twdph ogrnugnpénidp juyinpkt mwpwsyty ki npyku obinniguwt Junkjhpubp: Uy
dudwbwl hbnnwgnuinnubpt wpwewplty Eu FMN hwdwlwupgh ebpdwhwnnpyuwt hhdbwlwh wbwgh-
wnhl] mkunipniup, npp qupdl] £ hblnwqu ghqujtughtt Spugptph qupgqugdwi hhdp: @271 hwdw-
Jupgbph hwenpn wlwnhympjuu opowup uluytg Zmniuhuwghtt Udkphuynd b GYpnyuynid 1970-
wljwilkph ulqpht’ wpwehtt tun]puyhtt qiwdunihg htwnn, hhdtwwind thnpdwpupuljui hknwgn-
nmpjniuibph Jpu JEunpniwbwnyg: Zwenpny Epynt nuubwdjulubph pupugpmd dbs gwliptp Lu
gnpdunpyl] ninnuhuwjug pnpnswjhtt hwdwlupgbiph mbnuppdwt tnwbinupnh hwonwundw b
nhquyuh dkpnnutph dowljdwt hwdwp: Uhty opu @M hwdwlwupgtpp juyunpbt oginuugnpéynid ku phiw-
Jth b hwuwpwluwlwb ohuntpmittipnud: Updwtwgpyby B np dipghtt mnwuphubphtt @9M hwdwlwupgtph
nbnunpiut wdp supnitwupwp pupdpugl] Ewdpnne wowphnid, b mupbljut wép nmunwuignid £
10%-hg dhtsk 30%-p: Uju hnpJusp hhdtwuwinid tkpjujuginid £ @9M nkutuninghuwyh dwipudwul
gpuljut Jkpwbuynid, npp YEunpntwtnwd £ gpoiinught obpdwght yndwytiph hwdwlwpgbph ypu: vuju
uwhdwiynud B obpduyht yndwh wppnwnwiph uljgpniupn b Eubpquupynibwdtnnnipyniun [5]:

Qtpuuyhtt yndyp ehpdwnbkpuhjulwt vwppwynpmd b, npp hhdugws | hwljunupd Yunungh
ptpunphtwdhuljut ghljih dpu: LQEpdughtt yndup ebpunipniip nknuihnjunid E gusp obpdwunmhfut
niubgnn wnpmniphg nhwyh pupdp obipdwunhgwt niikgnn wnpmnip’ uyunking k. tubpghw:

Otpuwnpmipp Yupnn k (k] onp, hbgniyp, wnnpbplpju onipp, wpunwibknynn wwp enipp,
honp: Qbpdughtt wndwyh wpnugpus tukpighwt Jupnn b ugungl] phtumpemniubph obpnigdwi-
hnJugdwt, lmup opudwnwljupupdwt hwdwp:

Obpuuyhtt wnuwbpp Jupny b wpnwnpl] nupplp Bubpghugh wkuwlubp' k. Eobpghu,
dkjiwthljuljwt Eubpghw, obpdudbluiwthjuljwt tubpghw, ¢bpduyhtt Eubpghw, obpuwkikljinpuljui
Eubipghw: Qbnpbpduy otipduwjhtt yndwybpt niukt LEjupuut Ynduyptunp: 8wép obpdwunhguiihg
pupdp  obpdwunhfuih  wignip  obpuwjhtt wnuwymd mnbigymd E hbnlbjw;  wpngbulbpny
gninpohwugdwl, ubnddwl, §nunkivugdwt b pugupdwldwi: Npuybu okipdwlhp swnwmd E dpkntp
(uh.1):

Qtpduwyhtt wndwh wojuwwnwupp punipwuqpynid E wpnnibwybnnipjut gnpswligny (COP), npp
uwhdwiymd E npuybu unwgdws oquuljup wqpbgnpjut b npu hwdwp sSwhudws tubkpghugh
hwpwpbpulgnipmii.

znjugdutt nkdhunud obpduyhtt yndyp gopénud E ghon wytiygbiu, hywyhku JEunpnuwljut
onnpuiljhsp: BEubipghuyh wpynitwdbnnipjut gnpswjhgp (EER) udwt § COP-ht, puyg gnyyg E wwhu
hnjugdwt wpynitwdbnnipniup: EER-p, npp swihynid £ Btu/(Wh)-ny, uvwhdwiynid t hbwnlyug
pwtiwdling.

EER = 2, @
npinbn Q- ghpuuyht wnuwh hnjugdwh hgnpmpymut t swhqus pphumbwlwi  obpdught
Uhwnplkpny UkYy dwiumd (Btw/h), hul Pt ghpuwghtt wndwh qupnn hqnpuipmith b swws
Junntpny (W):
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wnpntphg Unduwphunp
o ==
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QEpdoght wndwh uljqpochpuhb ojubdow

Ul 1. LQEpduyhl yindwyh wopiunnuwliph ulqpniipuyhl upulidwi

Qtpdwyhtt wndwh wpynitwdbnnipyut gnpswjhgp hnjugdwt nhdhunid vwhdwiuymd E
hbEwnlju) putiwdling.

copP =

Qo
3.413 ’ 3)

npuntn 3.413 gqonpdwiihg L, npp thnpowplnud £ dwnnp thnpwlbpynid L pphunwbuut obpdughte
dhwynputph (Bru/h):

Qtpduyhtt yndyh ghlyih wpynibwybnnipjuin jupnn bu wqnbp hbnbyjuy gnpsntuubkpp.

1. EEyunpwukubpghugh nbnpuljut wpnwugpoipyut dkpogp:

U hudwi:

Qbtpuuyht ynuwh wkuwlp (gpoiunh jud onh wnpjnip):
Uwntwgkuwn:

Qbpuyghl ynuwh ywthp:

Untunwddwt pupwugpnid mg[ummulhphhph npulp:

thdmlhh wnuwbpp (hind b

on-or} inpuyh,

* gnip-on whwh,

* gpoilin-gnip nhugh,

¢ unnpglnbjw gpwht nhuh,

e wpbuyht tukipghwyny hwdwlgus inhuh:

dhpotipu gbnphpdw) okpduyhtt yndywljuwyuwbubpp (F2NY) wlbkih nt wdbkh UES nipwnpnipinit
gqpumu’ hpkug pupdp tubkpquupnpnibwdbnnippub b opgwlw dhowuyph hwdwp pupbiywun
1hubknt ounphhy: dbpujubquynny tubpghuyh wnpmipubpp, husyhuhp & wplp, pwdh, phndwuunwl,
hhnpnkutpghwt b gpnitnp Eubpghwt, wpnunpmd o gwsdp obpunguyhtt quqtph wpunwibnnidubp:
Uwnguptpuhg ubppl gpniinh okpdwunmhgdwip hwdbdwnwpwp Juynit b Zont wdkh miwp b ddnwb
Jkuht b wykjh vwep wipwh Jhuhb, pul pugopyu onp: Ntuwnh hnnh wpynibubn gkpum pjub wypyoip
E: @9NMY hwdwlupgp tkpunnid k bpkp hhdtwljwt punwngphs.

1. Qpniunh htin juy nitibgnn Bupuhwdwlupg:

2. Qtpduyht yndyh upwhwdwlwupg :

3.  Qhpunipjut puoidwl Eupwhwdwlupg:

QQNY -ubkpp ukpunnid Eu mwpplp hwdwljupgbph juyt mbuwuh, npnip Yupnn ki ogurnugnpsty
unnphplpyu ompp, hnnp Jud dwljbplnipuyghit onipp’ npugbu ghpunipjul wnpnip Jud pingmihs: Uju
hwdwlwpgtpp hhdtwwinid pudwynid tu tpkp Juwnbkgnphuygh.

1. Uwnpgbuniyu oph okpduyghtt ynduh hwdwlwupgbp (ULLM):

2. Uwlbkplhnipuyht oph obpduyhtt yndyh hwdwlwupglp (ULRLD):

3.  Gpniunp htn vhugqus okipdwjhtt ynuduh hwdwljupgbkp (F2N):

Uju nnuppbp hwdwlupgbph ujpidwnhl) wunybkpubpp gnigunpdus ku uly. 2-nud [6, 7]:

oUW
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Upnyniupubp L puiwpynud: @2AY-ikpp woptwnnid kb ppewlju dhow]uyph htin wuguhnmbym
dwpnip, wpynibwgbn b tubpqupnbuwng obnnigdwtt nt hndugdwt hwdwlwupgbip wdpnne nwpgu
hudwp: @QRY -ubpp oquuugnpdnid Lt wydbkih phs Lubkpghw, pwb wypuunpuipuihtt obnnigdwt b
hnjugdwt  hwdwlupgbpp’ byuunbn] wwhywibm  phwul phumpuibpp: Ypwbp Juplnp
nkutnnghw k' ppowlw dhow]uyphtt Juwuwlwp quqbph wpnuwbtnmdubpp hbswhu juppniught
nthopuhn (CO2), s6Upuyhti nhopuhn (SO2) b wgninh opuhnubtp (NOx), iuqlgubint hwdwn:

Qtpuuyhtt wndukpp, npnbp wohiwinnd ku bkyunputiutpghwyny, ophtiwly hhnpntutpghugh Yud
JEpuljuqiynn tubkpghwjh wnpmipubphg, tpwtwluihnpbt wykh o tduqbginid wpunwtknnidubpp,
pwi kpk fEjunpukitpghwt uvnwgynid £ wsuhg, twdphg jud ptujut quqh bEjunpuluwywittphg: CO:2
wpunwitnnmdubpp muppbp wnwetiwght Eubpghwyh wnpniptubph hwdwp wdthnthyws Bu wnnruwlnid:

Unniuwml
CO: wpunubknnidbEpp nnuppkp wnwebhuyhll Fakpghuyh wypmipakph hunfup
Zudwljupg EdEYunpynipinih CO2 wpunwtinnid CO2 wpunwinnid
nipupuiynip §<wnd jnipwpwtgnip §dwnd
Juntyhph huutwp [4g oquiljup
COz/ [4und] otipunipiniihg [§g COZ/
yelind]
1 Usntjuh jupuw 0.7 0.34 0.49
2 Phughtiny jupuw 0.8 0.28 0.35
3 Zbnnily quqh Jupuw 0.8 0.25 0.31
4 Puwljwt qugh Jupuw 0.8 0.19 0.24
5 On-onp mhuyh 21 2.5 0.47 0.19
6 Znn-onip QN 3.2 0.47 0.15

QQNY-ukpp oqunugnpémid ki Jhpuubquynn jud wpbught Bubpghu: dhpulubquyng
pununphsp  thnpumphtimd - hpduwwt  Junbjhpubph Yuphpubpp, npnup wypgbnt dudwbwly
wpununpnd - Eu obpungujhtt  quqbkph  wpnwbbnmdubp b byguwunnd  qnpwy mwpugdwbn:
dbpnidnipnit £ juunwpyl], npybtugqh quuwhwwungh @9NY hwdwlwupgbph punhwinip hwdwpdtp
wnwpwugdwt wqnbgnipmniip wy] ohpnigdwt b hndugdwbt hwdwlwpgbph hwibdun’ puwlbih,
hwuwpwljuljut b htunhwunnighniwyg pkiptpnud: Unphjudnpdw wpynipubpp gnyg o tiwghu, np
QQRU-utph Yhpwndwdp CO:2 wpnwibtnnidubph tjuglgnid Juqunud £ 15...70% husybu puwllh,
wjtybu b hwuwpuuljub skupbkpnud: @NYU-ubph dyniunipniup pny) b nwhu ogurnugnpst) gputp
phwlth b hwuwpwlulwi okuptpnid: CO2 wpnwubnnidubph nmbuwtlyniihg Jupbih £ utuunty, np
QQNY-ukpp dpgulgmd Eu Ynunktiumghnt Jupuwubkph htwn wjuyhuh Epypubpnwd, htswyhuhp Eu
QEpdwuhwt, Uhugyuy fuquynpmipniup b UUL-n: EiEjuputubpghwyh wénn dwuh htn dhwuht, npp
unwugymd E JEkpwluwbqynn wnpmnipubphg, obpdwjhtt ywndwybph wbnunpnudt wpnbt gnmipinia
nibkgnn okupipmd nunumd b wdbih nt wdkih qpuyghs wuppbpuly hbswhu hhdtwlwh tukpghugh
wwhuwbgh, wjtiytu £ CO2 wmpunutknnidubph hwdbdwwn:

Qhunkup, np F2NY hwdwlwpgbpp Jupnn Eu wdbh juy tubpghnhl gniguhoubp gnyg niwg wyt
Juypbkpnud, npntn skuiptiph okinnigdw b hnqugdw phnutpt wdpnne mwupdu pipwugpnid juyd hwjuuw-
pulpndus ki ghnpbpdw]  ehpluhnuwbulhsibpnd - bpjupudwdbn - gkpluhnuwbulnipyui
wuwndwnny: Uulujl, nwp Yihduny jud vwep §ihdwny nwupwuspubpnid wykjh owwn okupkp niukh
wihwjuwuwpulonus phnukp, npntp ghpulonnid i jud hndugdwb phnp, jud gbnnigdwt plnp:

Q2NMY hwdwlwpgh uljqpiwlut wpdbpp tduqkgutint b Jhwdwudwbtwl] hwdwljupgh 0O3Q-u
pupbjuybnt wypunpuup b jpugnighs obpudmpinit wynn jud Jjwiunn uwpph oquuugnpénidp, npp
Unsynud k hhppphn @9NMY (2321Y9) hwdwlupg [8].

duly ghljny F2NY hwdwlupgp (Y. 3) tkpjuyugunid £ wdkiwhwynih hwdwlgnidubpnhg dkhn:
Zhnnulyp Unynid £ Uh owpp mugnuihuwyug hnpugpkpm], npuntn obpdnipyniip fiuignud £ (hkpwugynid)’
hwdwywwnwupwbwpwp hinniyh okpdwunhgdwuh pupdpugdudp (hokigdwdp): Znpwtgph junpnipiniup
Juwjudwsé E bwpuwgshg, vwljuyt unynpupwp qunuynid £ 50...150 ¢ dhowljuypnid, hulj hnpugputph theol
hEnwynpmipniup juqunid £6...8 o
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Ul 3. Quily ghlyny 2919 hwdwlupg

Puswhu gnuyg t wpws upubdwynid, hnpwigpbikpp unynpupwp (gynd ku hwanly ynipnd’
otpUwthnppwbwynidp  htinnihg nbwh hnnp hbywnwgubine ' unnpgbniyw  opuwnwp  shpunbpp
wuwonwuwkint hwdwp: Zknniyp hbnn JEpunwnunid E okup, npintn obpduyhtt wndwbpp Jud Jubnwd
kb (hhnwgimd)  obpumpmbp  hnmught  ghljhg  huwdwyunuwupwiwpup — Gjwuqbgibing
(pupdpwugubiny) htinnilh okpdwuwnmhdwip: Swuljugws wwhh npny obpduyhtt wndwbp Jupnn tu
wojuwnk] gknnigdwt nkdhuny: Ujuyhuny, htwipwynp t Eukpghw wnbknuthnjul) okuph Ukl hwndushg
Umniup hinnijughtt ghljjh dhongny: dkpowybu, npny phypbpnid tyuunuljuhwpdwp b iwowgsty
bhhpphnuyhtt hwdwlwpgbp (22QMY), npubn jpugnighs ebpdwhbpwgunng Ywd ebpdwljjuihs E
wkjugynid’ ghnphpuw) sbpdwihnjuwbwljhsh Epljupnpntip §pgwntynt hwdwp:

Ulj. 4-nud inpjws Eu 10 hwmuwpuwlwljub mwpwspubph 10.5 4w hqnpmipjudp onip-orp tnhuh
otpduyhtt yndwbiph obpnigdwi b hndugdwt COP wpdtpubipp: Znqugdwu nidhunid dnuinpuyghtt hknnilh
obpUwunhgwip whwnp k (huh hwpunphiiu gusp” obpdughlt ynuwh Hikpquuwuenidp ifugkghbyn
hwdwpn: Uhtsplin obnnigdw ntdhunid Untinpuyht hinnihh obpdwunh&wup whwnp k1huh htwpwynphu

pwndn: -
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Ul 4. 10 hwuwpwiwwh nmupwdphbph 10.5 4w hgnpnipyudp gnip-on nhuh ohpduyhl yndwbph obpnigui I
hnjugdul COP wpdbpikpp
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Zwph wnlikyny, np hndugdw phetfuspibpp swwn wbjh dks ki, pub obnmguwip ginphpuug
obpduthnpuwtwlhsh Epupnipniut npngynid £ hnqugdw pintduspubiph hhdwt ypu: Gupwunpynud E,
np ohpduyhtt ynuyh hwdwp dntnpuyght hinnijh wnwykjugny poyjunpbh okpdwunhfwp juqunid
E 38 °C: Uhunyjjughwubtpp oquugnpéyk) tu obpduyhtt yndwh tubpquuuywnnidp jnipupwignip dwudh
hwdwp quwhwnbim tyunwlny 20 nwpfu swhwgnpsdwl pipwgpnid, b wyu wpyntipbtph hhuwi
Jpw hwoduplyty E dhohtt mupkjw Eukpquuyunnudp: Gpljupnipjut npnpdwt pduyghtt wpgnipubpp,
npnup wdthnthyws B wnniuuynid, ntumdwuhply Bu Eukpquuyundw, Yyutph ghlyih swhuubph b CO:2
wpunwbbnndubph dhpnsmpjut dhongny: Uju Jhpnusnipjutt hhdtwljut bqpuljugnipiniubkpp
thpjuyugus i htnljw) Yhpy  wwpblob  Bubpquuuywenid, ubph ghlh wpdbp, CO2- h
wpunwibknndubpn [9]:

Gqpuljwgnipyniu

ZnJudnid thplujugfus E NY nkubninghuh gpujwiim pjul twbpudwub ntuntdbwuhpndp
Jtunpniwtung ¥2NY hwdwlwupgbph b npputg Yhpuenipmniuubph Jpu: @MY -ukpp hwpdwp B
okupknh okinnigdmt b hnugdwt hwdwp b Jupnny o Juplnp ghp mubkbw) CO2 mpunwtbnnidubph
ujuqkgdwt Uke: dkpoht vh putth nwutwdjuljubph pupwugpnid ¥NY hwdwljupgbph Uks phyt wpnku
[uyunpkl Yhpunb Ewopiwphnd’ ptinphhy pupap wpnynia]knntpyub b opgwlju dhownjuyph hwdwp
pupbkuyuuwn hwnljuhoubph:

Q9NY -Ukpl mibkt gwdp swjuubp, puyg npny uvwhdwiwhuwymutbp Yuydus oph Uks hnuph
wwhwigh b hnpkph jugwtdwt htw, npnup wowewinid ki tunwdph qquih pwbwlnipniuttph
wuwndwnny: Lnp FNY hudwljupgbp niuk COP = 4 gnigutihy:

Ujuon wnlju ninnuhuwjug ghnphpdu) obpduthnpummjhsutph obpduhnuwulnipjut dnnbjubph
nt hnnh obpduyhtt wpdwquiph thopdwpydwi dnnljukpp hwdwwywphwl YEpwyng Jepubugyty Bu: Zonh
obpduyhtt wpdwquiph thnpdwpfuut dhongny mnpnuwhuyug gbnpbpdw) obpdwthnfumtmahsubnh
Epupnipnitp dhown E npnoynid, b juntuwthnid Eu jpugnighs Swijuubphg (wybkinpng onuiljutp, hnpkp,
g1hlny b wp): Fugh wyy, putwplyt) tu hhpphnujhtt @9MY hwdwlwpgbpp, npntp twhiwnbkujus ki
hnJugdwi jud ghnnigdwt gipuiljonnn wuhwgtbip niikgnn okupkph hwdwn:

Qtpduyhtt yndyny hwdwlgyus hndugdwb b gknnigdwt hwdwljupgh wbih wpynitwybn k, put
wjuinuljut hwdwlupgp, kpt npu ywwhwieutpn hwsdh bt wrtdnd twhiwgsdwi pupwgpnid:
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K.A. MoBcucsiH

HNCCIIEJOBAHUE IPUMEHEHMUMSA 'TEOTEPMAJIBHBIX TEIIJIOBBIX HACOCHBIX
CTAHIMU B CUCTEMAX OTOIVIEHUA U KOHAULIUOHUPOBAHUS 3JAHUU

Teomepmanvuvie mennogvle Hacocvl (I'TH) wupoko ucnons3yromcs 8 JHCUNbIX U 0OUWeCmEEeHHbIX 30AHUAX
011a200aps 8bICOKOU IHEP2OIPHEKMUBHOCMU U IKOIO2UHECKUM Xapakmepucmukam. B cmamve npeocmasnen 0630p
aumepamypul no passumuto [ TH. Onucanvl npunyunvt pabomer I'TH, a makdce 0anvl noopodOHvle onucausl
Men08bIX HACOCo8 Ha ocHoge nogepxHocmuuvix 600 (CBI'TH), noozemuuvix 600 (IIBI'TH) u ceomepmanvrvix (I'TH)
Hacocos. Ilpedcmasnensvi Haubonee pacnpoCMpaHeHHvle MeKywue MOoOeiu BePMUKAIbHBIX — SPYHMOBbLIX
Men1000MeHHUKO8 U MOOenU OJi Mecmo8 Meni08020 OMKIUKA SPYHMA, BKII0YASA NPOYeccyl MenioooMeHd 6HYmpu u
cHapyicu 6ypoguix ckeascun. Takoice paccmampugaemcs: UHGopmayus 0 HOBOM MENIOB0M HACOCEe HA OCHO8E
noosemuvix 600 ([IBI'TH), xomopvlii ucnonvsyem CneyuaibHo CRpOeKMUpOSaHHblll  Menio0OMeHHUK, U
npeocmagnend  603MONCHOCHb — OOCMUdICeHUst  60lee  BbICOKOU  IHEP2OIPDEKMUSHOCU ¢ NOMOUBIO
KOMOUHUposanno2o omonienus u oxaaxcoenusi ¢ I TH. Kpome mozo, kpamko paccmampugaromesi snepeemuyeckue,
9KOHOMuUUYecKkue u sKkono2uveckue noxazamenu I'TH ¢ samxnymuoim yuxiom. Ycemanoeneno, umo mexuonoeuu I'TH
MO2Ym UCNOIb308AMbCSL KAK 8 XOL0OHbIX, MAK U 8 2OPAYUX KIUMATNUYECKUX 30HAX €O 3HAYUMENbHbIM NOMEHYUATOM
OJ15 SKOHOMUU SHEPSULL.

Knrwoueevie cnosa:  ceomepmanvhas — dHepeus,  MeNN0GOU  HACOC,  SPYHMOBOU  MeNnI00OMeHHUK,
9Hep203hhexmusHoCmy, 3awuma oxKpyxcarouel cpeosl.

K.A. Movsisyan

STUDY OF THE APPLICATION OF GEOTHERMAL HEAT PUMP STATIONS IN BUILDING
HEATING AND COOLING SYSTEMS

Geothermal heat pumps (GHP) have been widely used in residential and public buildings due to their
high energy efficiency and environmental performance. This article presents a literature review on the
developments of GHPs. It provides the operating principle of GHPs, as well as detailed descriptions of
surface water-based (SWGHP), groundwater-based (GWGHP), and geothermal (GHP) heat pumps. The
most common current models for vertical ground heat exchangers and models for ground thermal response
tests are presented, including heat exchange processes inside and outside boreholes. Information on a new
groundwater-based heat pump (GWGHP) is also examined, which uses a specially designed heat
exchanger, and the possibility of achieving higher energy efficiency through combined heating and cooling
with GHP is presented. Additionally, a brief overview is given of the energy, economic, and environmental
performance of closed-loop GHPs. It has been found that GHP technology can be used in both cold and
hot climate zones, with significant energy-saving potential.

Keywords: geothermal energy, heat pump, ground heat exchanger, energy efficiency, environmental
protection.

Unydupujwt Ywpbu Upninh (22, p.Bplwl) - &C20.2, Q3UO wdphnt, wuyhpwbn

80



ISSN 1829-0043 BECTHUK MH)KEHEPHOM AKAJJEMUU APMEHHMHU (BUAA). 2024. T. 21, N1

YK 628.81/25 MAHIINMHOCTPOEHUE U METAJLUIYPI'USA

I'.I'. lexsn, A.B. I'eBopksin, U.P. Barnacapsin

K PACUETY NPOYHOCTHU U HECYIIENA CIIOCOBHOCTH
MAIIUHOCTPOUTEJIBHBIX U ABUAIIMOHHBIX KOHCTPYKTHUBHbBIX
SJIEMEHTOB U3 KOMIIO3ULIMOHHBIX MATEPUAJIOB

DOI: https://doi.org/10.64201/18290043-1eaa24-81

B HdCWlOﬂW@IZ pa6ome pacemampuearomcst 86blHOCAUBOCNTb, NPOYHOCMb U IHCECMKOCmb npu nepemeHHblx
YUKTTUHYECKUX HACPYIHCEHUAX KOHCMPYKMUBHbLX I1E€MEHMOE U3 KOMNOZUYUOHHBIX MAMepualoe Mautun u jiemamejlbHblx
annapamoe.

Knwuesvle cnosa: xomnosumuvie mamepuainisl, NPOYHOCMb, CUNOB0€ noJje, YCmaloCmHAas NPOYHOCMb,
BOJIOKHUCMblE XAPAKMEPUCMUKU.

Beenenue. 3agayaMy COBEPLICHCTBOBAHUS MAIIMHOCTPOUTENBHBIX U aBUALIMOHHBIX KOHCTPYKTHUB-
HBIX 3JIEMEHTOB SIBJISIOTCS MTOBBILIEHHE 0€30MaCHOCTH HKCITYyaTallMOHHON IPOYHOCTH U CHUKEHUE MAaCChI
KOHCTPYKIIH, TIOBBIIICHUE pECypca, CHUKEHIE CTOMMOCTH MTPOU3BOJICTBA, TEXHHYECKOTO 00CTY KHBaHUSI
U PEMOHTa, a TaKXe COKpalleHHE CpoKa pa3padOTKW M Mpou3BoAcTBa. OIHUM U3 MyTell pelieHHs
YKa3aHHBIX MpoOJeM SBIISETCS IIUPOKOE BHEAPEHHE HOBBIX BHJIIOB KOMIIO3UTHBIX MaTepuaioB (KM) B
OTBETCTBEHHbIC CHJIOBBIC KOHCTPYKInH [1-5].

[Mockonbky ycnemHoe BHeapeHrne KM B CHIIOBbIE KOHCTPYKIIMH HETOCPEICTBEHHO CBA3aHO C
CO3JJaHMEM PAaCUETHBIX METOIOB OLEHKH MX MPOYHOCTH M KECTKOCTH, TO MX aHaIu3 TpeOyeT 0coOBIX
MOJXOJIOB, OTIMYAIOIIMXCS OT TPAIUIMOHHBIX METOJIOB HCCIIECOBAHUS MPOYHOCTH H30TPOITHBIX
KOHCTpYKIMiA. OCHOBBI TEOPHHU pacueTa aHM30TPOIHBIX Tell ObIIH 3aJ0)KeHBI elle B padoTax CeH-BeHaHa,
I1.B. Bexrtepea, C.A. AmbGapuymsua, C.I'. Jlexnemkoro u np. IlpukiamHble MeTOAbI pacyera
aBrakoHCTpyKIui 3 KM ommcans! B padotax B.B. Bacunnera, I'.H. 3amyiner, B.M. AnapeeHko 1 MHOTHX
Jpyrux aBTopoB [4, 6, 7]. B pacyerax 60iiblioe BHUMaHKE yISJICHO BOIPOCaM MEXaHUKH paspyiueHus KM,
TEM HE MEHee BONPOC MX OAHO3HAYHOTO BBHIOOpA JI0 CHX IOP OCTACTCS! OTKPBITHIM.

B »sT0#i curyamum Ui 0OOCHOBAaHHOTO BBIOOpPAa TOrO MM HMHOTO KPUTEPHS HEOOXOIUMBI
JOTIOJTHUTENIbHBIE ~ PacUeTHO-IKCIICPUMEHTANIbHBIE HCCIICIOBAaHUSl TPUMEHUTEIHHO K KOHKPETHOH
KOHCTPYKIHH.

IToctanoBka 3agayum M MeTOAbl MccjeloBaHusl. B Hacrosimeil pabore paccMaTpuBaroTCs
BBIHOCJIMBOCTb, IPOYHOCTH M HKECTKOCTh KOHCTPYKTHBHBIX 3JIEMEHTOB MAIlIMH M JICTATEILHBIX alllapaToB
n3 KM npu nepeMeHHBIX UKINYECKUX HArpyKEeHUIX.

Tpamunuonusiii kputepuii PSC, mnpemioxenusiii B [2, 5, 8], npuMeHSIOT B OCHOBHOM ISt
npecKa3aHus NPOYHOCTH KOMIO3UTHBIX IutacThH (KIT) ¢ KpyribIM AIHHAPHYECKUM OTBepcTHeM. B [9,
10] npennoxxena HoBasg (MOJENb) METOAOJIOTHS - KPUTEPHH pa3pyIleHus I NpeJCcKa3aHus MPOYHOCTH
KOMMO3UTHBIX macTuH KII ¢ snnunTtudeckumMu  OTBEPCTHAMH, OOCECIEUMBAIOIIMK OYEHb TOYHBIC
Pe3yIbTaThI.

OJIHaKO 3TH KPUTEPUH HEJb3s HAMIPSIMYIO HCIIOIB30BATh JIIS TIPE/ICKa3aHusl POYHOCTH TUIACTHH U3
CJIOMCTBIX KOMITO3UTOB C EHTPAJIbHBIM HAKJIOHHBIM 3JUTUIITUYECKUM OTBEPCTHEM, TaK KaK OTCYTCTBYIOT
Hajuiexale yciaoBusi paspymenus [11]. Jlns mpeomoneHuss 3Toil mpoOiieMbl BBINOJIHEHA CEpHs

o o 0
ucnbITanuii pactsxennit KIT ¢ 1eHTpalbHBIM SJUIMIITHYECKMM OTBEPCTHEM C yIioM HakioHa 45° .
Paspyiienue o0pa3ioB MpU PACTSKCHUM HAYAIOCh B BEPXHEH WM HIDKHEH TOYKaX HAKJIOHHOTO

SJUIMITUYCECKOIO OTBEPCTUA C KOOpAUWHATAMHU Xi’yl nu XZ’ y2' OT 3TUX TOYEK nponuio pa3BUTHUC

pa3pylICHU.
Paccmotpen oOpasen, KOTOpPBI HMMEET LEHTPaJbHOC HAKIOHHOE JIUIMIITHYECKOE OTBEPCTHE C

pamuycoM Gombmiod TommmHel R u mupuHO W M momBepikeH paBHOMEpHOW aedopmanuu o,.

(0]
BrisicHunocs, uto paspyuenue KII ¢ eHTpaibHBIM JIIMITHYECKUIM OTBEPCTUEM C yITIOM HakinoHa 45
HACTYIIUT, KOTJa HANpsDKeHWe O Ha PACTAHYTOM [UaMeTpe d, mocturner mpemena mpodHocTH. ITO

YCJIOBHE UMEET BUT
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O-y(xvy)‘ =0, um O'y(lez)‘ =0p- 1)

XapakrepucTudeckas JuIHa o guameTpy simnca d, cormacuo [10] onpenensiercs SMIMpHYECKIM

(2R
dozKl-ﬁ . )
W
Kpurepuit KpuTHYECKOTO pacKpHITHSI O€peroB 30HBI IpeApa3pyLIeHus OyaeT
(v =¥)=i(u -u)|=0,, @3)

roe O, - XapaKTepHCTHKA CONPOTUBIEHHWsS MAaTephaja, BBI3BIBAIOIIETO TPEIIMHOOOpA3OBaHHE,

cm

a=x+dg a=X,—dy

COOTHOIICHUEM

omnpeenseTcs onbITHRIM myTeM [9-20]; (V+ -V ) - HOMHUHAJIbHASL COCTABJISIONIAs PACKPBIBAHUS (CBUTra)

OeperoB 30HBI IPeApPa3pyIICHIS.
Ecan mnmeercs OoaHa HpHMOHHHCﬁHaﬂ 30Ha OCJAa0JIEHHBIX MEKYACTUUHBIX CBA3E€H B COCTOSHHH
IUIACTUYECKOTO TEUEHHS IPU IMOCTOSHHOM HAMpPSKEHUH, TOTrJA KOMIIOHEHTBHI TEH30pa HamlpsDKEHUH

0,,0,,0,, W BeKTOpa nepemerueHnii U,V B IIIOCKOH 3a/ja4¢ TEOPUH YIPYTOCTH MOXKHO MPEACTABUTH C

MTOMOIIEI0 AaHATTUTHIECKUX (DYHKITHIA (p( Z)I/I dopmymnamu Komnocosa — Mycxumumsunu [4]:
(2)+Z2¢'(2)+w(2) =0, (2)+Zgy(2)+W,(2)(Z 5 L), 4)
Ko(2)-27(2)-7 (2) =+ [ Koo (2) -2 (2) -7 (2) ]
0
e K,u u K, 1, - ynpyrue nocrosHHble CBA3BIBAIOIIErO MaTephaga M BOJOKHA COOTBETCTBEHHO;
(o(Z) N4 ( Z) u @, (Z) W (Z) - aHaNUTHYeCKHe (PYHKIMHU IS CBA3YIOIIETO M BOJIOKHA COOTBETCTBEHHO.
Torma Ha Oeperax npSIMOIUHEHHON 30HBI MPEPA3PYICHHS OyZeM UMETh YCIOBUE
#(%)+8 (%) + X' (%) +v' (%) =0, ~i,,

rae X, - apdukc Touek NpsIMOyrobHON 30HBI Ipeapa3pyLECHUs; ¢(Z) = gD'(Z) N7/ ( Z) = W'(Z) .

AnanuTuyeckue QyHKIHH @, (Z) , OIMCBHIBAIOIIME HANPSHKEHHO-Ae()OPMHUPOBAHHOE COCTOSIHUE

BOJIOKHA, MIIIEM B BUJIE
goo(z):Zaka,wo(z):Zkak. (5)
k=1 k=1
O603HauuB neyio 4acth (1) uepes f, +if, u npurnmas, uro na xourype L gyukuus paznaraercs
B psaa Pypre, Oynem uMeTh

mm=iﬁw. (6)

n=—o0
Hcrnonp3yst METO/I CTETICHHBIX PSIOB C MOMOIIBI0 TpaHUYHBIX yeinoBuid (1), cootHomenwus (2) u (3)
MPUBEAEM K BUIY

Jlns HaxokaeHus: KoopuuueHtos 8, u 0, HEOOGXOAMMO PACCMOTPETh PELIEHHS 3a[1a4d TEOPUH

YIPYTOCTH IS CBA3ZYIOLIETO.
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C momompro QyHKIME @ (Z) u Yy, (Z) rmociie HEKOTOPHIX 3JIEMEHTApHBIX IpeoOpa3oBaHUi

rpaHUYHbIE YCIOBUS HAa KOHTYpeE L M03BONAT OThICKAaTh (YHKLIUH (D(Z) uy ( Z) .

Tako# MoaXo MO3BOJISIET POTHO3UPOBATH BOITPOC MOSIBIICHUSI TPEIIUH B MaTepHae CBA3YIOIIETO.
JJ1s 3TOTO HYXKHO 3a/1a4y JOMOJHHUTE KPUTEPUEM 3apOKICHUS TPEIIUH. B KauecTBe Takoro yCIoBHs
npuMeM aHajor Kputepus (2):

(v -7)=i(u -0,) =6, (k=23..N).

cm
Hcronp3ys momydeHHoe perieHune, MpeaeIbHbIC YCIOBH MOXKHO 3aIiCaTh B BUC

Voo (X¢) =8, (k=2,3..,N),

cm !
rac X - KOOpAHMHAaTa TOYKH IIpCApaspymICHus1, B KOTO OH 11 OHCXOOUT pa3pbiB MCKYACTUIHBIX CBA3EH
k

MaTepuana. OTH YCJIOBHUS IMO3BOJISIIOT HAaWTH TMapaMeTphl CBA3YIOIIETO, MPHU KOTOPBIX B KOMIIO3UTax
MOSIBJISIIOTCS TPEILLKHBI.

PesyanaTH OIIBITOB IMOKAa3bIBAIOT, YTO HA CTaAUU IMTPOCKTHPOBAHUA HCO6XO,ZII/IMO YUUTBIBATh cnyqaﬁ,
Korga B CBA3YIOIIEM MOI'YT BO3HUKHYTL IIOBPCKACHHA W TPCHIWHBL. CYIHGCTBYIOHII/IG METOJIbI
MPOYHOCTHOTO pacyeTra KOMIIO3UTa HWTHOPUPYIOT 3TO OOCTOSTENBCTBO. Takoe TMOJOXKEHHE [eiaeT
HEBO3MOXKHBIM TpoekTupoBaHue KM ¢ MHUHHMMalIbHOM MaTepuasoeMKOCThIO TNMPU TapaHTUPOBAHHOMU
HaAC)KHOCTU U JOJITI'OBEYHOCTH. B cBs3u ¢ 3THM HGOGXO,[[I/IMO IMPOBOAUTH HpCI[CJH:HI;IfI aHaJIN3 KPUTCPUCB
KM, 9T00BI yCTaHOBHUTH MIPE/IEbHBIC HATPY3KH, IPU KOTOPBIX MPOUCXOIUT TPEIIUHOOOPA30BAHHUE U POCT
TPEILIMH B CBS3YIOLLEM.

3akaouenne. Peanm3anus MONTYYeHHBIX Pe3yJIbTATOB IMMO3BOJIUT PEIIaTh NMPAKTUYECKH BaXKHBIE
3aJaud MpH OPOEKTUpoBaHMM H pacuere KM: yCTaHOBUTH AOMYCTHMBIH YPOBEHb AE()EKTHOCTH W
MaKCHMaJlbHOEe 3HadeHHe pabodeil Harpy3KH; OIEHHTh TapaHTUPOBAaHHBIA pECcypc; MPOBOAUTH BBHIOOD
MaTepuaia ¢ He0OX0IUMON TPEUMHOCTOUKOCTBIO.
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This paper examines the endurance, strength and rigidity under variable cyclic loading of structural elements
made from composite materials of machines and aircraft.
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Ghpwnjly F iwpihinid owljud dupbdunplulul dngkip [2], npp hiwpun/npnipindl Funwghu qliuuhunnky
plunpywé hpdbwlwl gmph ' ppph dwbpupbikph  unipnuuybnpmibp: Vkpllugugyws Fohulugunnwupuul
nunynpu;

Unwugpughti pwnbp. Jwpblwnpluluwl dnplky, hhdiwlwi nye, hunnlnipnil, dowldwi puwiwl,
vmbpuply:

Lbkpwénipynit: Uppjuwwnwbpp tdppdus k jupupunugpuiph hwgniunbkphtt Jepupkpnn dpwly-
Jwé dwpbdwnhlui uUnghh Jhpundwip, npp pny] Juw npnobnt hhdtwlwu yniph (Yhuwpppgw
gnpéyusp) nnljnuwjinipniup b punn wyg nnnuwjimput yuljdwt puppmipjut wunhdwup, twb
wpunwphtt thowjuyph htn dupdiup obpdwthnpumbiunipjut jupgquynpnudp hhdtwlw yyniph hhdwt
Jpw, supdmdubph wquuumipiniup, Ypdwt hwpdwpugbnnipiniip, hwgniunh onpupuwhwugkhnipemnt-
up, inpwdlnipjut hwdwyuwunwupwtbjhnipmniup b pupdnp vyurnqujut ywhwigwplp [1]:

Whwwnwuph twywwwlt | jhpunk) dbp douljws dwpkdunhjuluy dngkp, npny Jupkh
quwhunt] pnpyws hpdtwlwb ymph Yhuwppyu gqnpsdusph, wuwhwieynny wihpudton hun-
nipnibuttipn, twb pun npnodws mnjnuuyinmpjutp vnwbw] puynpw:

lvunph npwépp b dpnnhluwyh hpduwynpndp: Twptdwnhjulut dogbip poy) § uwhu
npnol] hwgniunh puppnipjutt wunhfwin b gmujugus pwtwlh ppgh mnlnuuyumpniup (wyy. 1)
[2]:

Unniuwly 1-md phpdws ku jhuwppnyu gnpdjwsph swthwtthoubpn:

Unniuwly 1
Yhuwppyw gnpdijwdph suhwippblp
Utijutmup Pupympyul Fuybtph Fpnp pununpnipinitip
wuwnhgwup pwtwyp
Uhish 30 % 30 % wity
I 120 47,5 10
11 130 18 31,5
11l 149,5 36,5 2,5
Yhuwppyu v 1695 8,5 25,5
qnpéudp A 189,5 31 50
VI 209,5 5 28
VII 2295 35,5 8,5
VIIT 2495 16,5 425

Uniptph hpdtwut hwnlimpmnibiubph pimpwugpbph owppnid wpwudhtt hwnnipniutbph
wowbwlmpniup wmwpptp b Opuwbtugh npnoygh, ph np hwnynipmitiubpp wbnp L hwodh wnbib
hwgniunh Wwmipkph punpdwt dwdwbwly, wihpwdbyn b punpl] upbnpugnyt punipwgpbpn:
Umpbph hwnlmpibubph pinipugpbph owppp X1, Xz, Xs,..,Xs, npp npnoynd b hwdwdwgh
hwgniunht tkpuyugynn wwhwbetbph, tbpjuyugynid k dwutwgbn-thnpdwugbnibkpht (1):

S{juy nhugpnid wyn hunnlynipynibbkph k'

X1 —dwpwljuyniunipinil,
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X2 — obpdwwnynipnil,
X3 —onuputhwgkihnipntl,
X4 —mdpnipnil,

Xs — pnppnunkhnipintl,

Xs - tunbkhnipintt,
X7 - dhwugnjugnid,
X8 - quugyus,

Xo - wipdtip,

Xi0- ppoybjhnipmii:
Cuwn tkpjuyugyus hwnlnipjnitubph juwnwpdb) £ tub yniph hwmnynipniaubph punipugptph
wunhdwtught guwhwwnnd, npp tbpuyugdus E wnniuwly 2-nid:

Unyniuwuly 2
Uniph hunnlnipinibibph pinipugpkph wunpdwbughh qlnuhunnnid
n
dnpaw- Uuwnhdwbwghtt quuwhwnwlubukpp Z R U Ti
qtwnttph -t
hwdwp-
ukpp Xi X2 X3 X Xs Xs X7 Xs | Xo| Xu
1 4 3 8 1 5 6 10 7 9 2
2 3 1 6 4 2 10 8 9 7 5
3 2 4 9 5 3 7 6 8 10 |1
4 1 5 10 2 4 8 6 7 19 |3 |
5 5 2 7 3 1 6 10 9 8 4
6 6 3 2 5 7 4 9 10 1 8
7 8 7 2 6 5 10 1 4 3 9
29 25 46 26 27 51 50 46 | 47 | 32
. 0.13 0.142 0.076 0.139 0.136 0.06 0.063 0.076 0.073 | 0.12
S?;n] 29 25 | - 26 27 | | | | e 32
7/ o 0.194 0213 | - 0.208 0203 | | | | - 0.18
O | 107 | 118 | - 115 112 | | e | e i 1
S-S -9.5 -13.5 75 -125 -115 125 115 75 | 85 | -65
(S - S)? 90.25 182.25 56.25 | 156.25| 132.25 156.25| 132.25 | 56.25 | 72.2| 42.25

1

LW om o I N o

R
‘" N
Ro

2|3 4
H B

HE N

¥ TOK

Ul. @npéyudph nuuynpn

xS — $)? =1076.5: (1)

Zudwdwjunipjuwh gnpdwljhg® W =0.26, S=38.5:

Mhpunth swthwbhpop® 112 = 16.38:

Quuwpdt] E hhdtwlwt  Wmph  hwnlnipmibubph
punipugntph wunhdwbuhtt qowhwwnnid b wyny hwnmpniututph b
dwbipuphbipnh nunynuuwjiinipyui hhdwb Jpuw vnwgyl) b gnpsjusph
htwnlyw] pwuynpnh yunlbpp ul.-nud:

Cuwn gnpéywsph vnwgué nwuynpunh tkpjuyugyty tu
hwnlmpnibikph gniguihoibkpp

1. Ququp - 62 % pnipy, 38 % uhwpni:
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Anpdywdph (uyunipmniin — 150 + 2 udt

L Enh putwlyp 10 z/- 120 htuphpl), 123 dhotwph;:
Qsuyhtt fpnnipniup - 510 ¢/~

Uwpwljuyniunipinit — 5000 wjwnnijun:
Qtpdwwnynipinit - 0.03 Yuw /(1) :

Udpnipnil — 745 U

Bpoytihnipnit - 24...30 %:

Lnppnunkihnipinit - 2500 yyunniywn:

WO NN

Gqpulwgnipyniuubp

1. Yuuwpdl; b hhdbwlwt  Wniph hwnlnpmitubph  punipwugptph wunhdwbugh
quuwhwwnnud:

2. Uy hwnynipniuubph hhdwt Jpu unnwgyl) £ qnpéywspp wwhwigynn wnininuwjunipjub
Jwuquny b gniguithplikpny (62% pnipr, 38% uhwipnt) 5000 wpunniywn, shpuwwnynipit 0,003 Ju/ucf,
wupnipmilt 745 U, pnppnunbjhmpintt’ 2500 wunygwn b ppoykihnipemnit’ 24. .. 30%, ukpluyjugjus
gnpéywsph hudlwyuwnuwupjuwt pwwnpnh wuwnlbpp:
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C.M. Orannucsi, A.C. Yaxaasin

INPUMEHEHUE MATEMATHYECKOM MOJIEJIH JJIsI ONPEAEJIEHUA
IMPOOEHTHOCTH BOJIOKOH OCHOBHOI'O MATEPHAJIA U31EJNHU

Peanuzosana panee paspabomannas mMameMamuieckdsi Mooeib, NO38ONAIOWAsS OYeHUMb NPOYEHMHOCb
8bIOPAHHO20 OCHOBHO20 MAMEPUANA - 60A0KOH wiepcmu. TIpedcmaesien coomeemcmayiowuil pannopm mranu.

Kniwouegvle cnoea: mamemamuueckasi MOOeib, OCHOGHOU Mamepuan, CcOUCMB0, CHocob obpabomku,
6010KHO.

S.M. Hovhannisyan, H.S. Chakhalyan

APPLICATION OF A MATHEMATICAL MODEL TO DETERMINE THE
PERCENTAGE OF FIBERS OF THE MAIN MATERIAL OF PRODUCTS

A previously developed mathematical model has been implemented, which allows to estimate the percentage
of the selected basic material-wool fibers in the corresponding tissue rapport is presented.
Keywords: mathematical model, basic material, properties, processing method, fiber.
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Obcyscoaromea ocobeHHocmu npoyecca GopMupo8anus CmMamucmuyeckux OaHHbIX NPU UCCTe008aHUU
aphexmusHOCU HOB020 NEKAPCMBEHHO20 NPENapama, Ha OCHOe 4Ye2o0 Npeodndeaemcs MHOOULA08bIl  Memoo
obpabomku >mux OauuwlX. Buauane npu manoii 6vibopke OaHHBIX NPeOna2aemcs NPUOTUNCEHHAS — OYeHKA
napamempos Henapamempuieckumy memooamu. IlapanienvHo co cOOpOM HOBLIX KIUHUYECKUX OAHHBIX
npogooumcsa npoyecc ymouHenus dmux oyenox. Ilapannenvno ¢ dopmuposanuem yOo61emeopUmenbHO2o
KOIU4ecmaa nposooumcs. nepexoo K Memooam Napamempuyeckoll CMAmucmuKy, 6 YACMHOCHU K Memooy
Cmulodenma. Ycempoticmeo npubnudicenus 00YCcio61eHo u3gieveHuemM MaKkCuManoHol UHGopmayuu u3 coOpaHHbIx
OQHHUBIX.

Kntouesvie cnosa: obpabomka cmamucmuyeckux OAHHLIX, HAOOP OCHOGHBIX UMU 2NAGHBIX OAHHYIX,
8bIO0PKA, MHO2OWA0BbIL MemOO 00pAbOMKU CMAMUCIMUYECKUX OAHHBIX, NAPAMEMpPUYecKas U Henapamempu-
YecKas CIMamucmuka.

B Hacrosmiee BpeMsi BO MHOTHX OTPACIISIX MEIUITMHBI YCIEIIHO HCTIOIB3YIOTCS MaTeMaTHIeCKIE
MeToabl u Mojenu. Cpean HUX 0CO00 BBIACISIOTCA METOAbl MaTemaruueckod craructuku (MC) [1].
U3BectHO, yTo MC MIMPOKO MPUMEHSETCS BO BCEX UCCIEAOBAaHUSX KIMHHUYECKON M MCCIIEI0BATENhCKON
MEIUITMHBI, OTHOCAIIUXCS K IMHPOKOMY KpyTry BOIPOCOB TIPHHATHS pEHICHWH B  OTpaciH
3[[paBOOXpaHEHUs, T.€. Be3[e, TIIe MMeeM JeJo cO cOOpOM AaHHBIX U MX 00paboTKol. B ximHMUYecKoi
MEJIMIIMHE Ha BCEX OCHOBHBIX 3Tanax, HauWHas OT NPOQUIAKTUKH, JUATHOCTUKU U BEACHUS JICUCOHOH
NIesITeTbHOCTH, BCE OCHOBHBIE 33/1a4M pelIaroTcs ¢ MoMmolibio 1 Ha ocHoBe MC. be3 mpeyBenmueHus
MO>XHO YTBEPXIaTh, UYTO MEIUITMHA BO BCEX CBOMX MEPOINPHUATHAX OoCHOBBIBaeTcs Ha MC. B mocnennee
Bpemst posib MC B MeaiMiMHE elie 0oJbIlie BO3pOocia B CBA3M C IMEPEX00M K KOHIEHIIHH "I0Ka3aTeIbHON
menunuael" (IM) - (evidence based medcine-EBM). JIM, kak W3BECTHO, MPEAINOIaracT HIMPOKOE
MpUMEHEHNE B TMPAaKTHUUECKOW MEIUIIMHE BBICOKOKAYECTBEHHBIX, CTPOTO JOKAa3aHHBIX JIeUeOHBIX
METOJIOB, BCECTOPOHHE MPOBEPEHHBIX 3 (EKTUBHBIX JIEKAPCTB, MpENapaToB U cpeiacts. llpu 3tom
npeanonaraeTcs, uto 3(pQeKT UCIoNb30BaHus MPEII0KCHHBIX CPEICTB MOATBEPIK/ICH HA OCHOBE €IMHBIX
METOJIOJIOTHYECKUX TPHUHIUIOB. Kak w3BeCTHO, OOBEKT W3YYCHUS MEIUIMHBI — YEJIOBEUCCKHIA
OpraHW3M, Pa3BUTHE U CYIICCTBOBAHHE KOTOPOTO ONPEICISETCS MHOTUMH Pa3HOOOpa3HBIMHU, YacTO
CIIy4allHBIMHM, TECHO TNEPCIUICTAIONIMMUCS MEXJIy CO0OW BHEIIHUMH W BHYTPSHHUMH (haKTopamu.
CoOOTBETCTBEHHO, SBICHHS W COOBITUS B OpraHM3Max CoAepkaT OOBEKTUBHO CYIIECTBYIOIINE
CIIy4alfHOCTH, a 3aHUMAFOIIIAsICSI IMH MEIUITMHCKAS ACSITCIIEHOCTD JOHKHA KAKUM-TO 00pa3oM YUUTHIBATh
3JIEMEHTHI HEONPEEICHHOCTH, CIOXHOCTH, MHOTOIPUYMHHOCTH, MPUCYIIHE CIy9alHOCTAM. Bce 3To
00yCIIOBIINBAaET HEOOXOAMMOCTh CO3JIaHUS CHEIHAaIbHBIX BEPOSTHOCTHO-CTATUCTHYECKAX METOJIOB IS
uX ydera u u3ydeHus. OTMETHM, 9TO 3aKOHOMEPHOCTH B TaKUX CpellaX 0OHAPYKUBAIOTCS TIPH OOJBITION
Macce HaOJIOJCHUN MOA00HBIX SBJICHUMN, IJI€ WHIUBUYyalbHbIC OCOOCHHOCTH OTCIBHBIX CIy4YacB Kak
Obl B3aMMHO KOMIICHCHPYIOT, a YCPECIHEHHBIH pe3yiapTaT JJs BCEH MacChl TPOSIBISAETCS Kak
oOHapyXuBaeMas 3aKOHOMEPHOCTbh. J[aHHOE 0OCTOATENFCTBO B 3HAYUTEIBHON Mepe SBISETCS MPUIMHON
JIOMUHUPOBaHUSI BEPOSATHOCTHOIO XapaKTepa B METOAAaX MEAUIMHBL 311eCh, B YaCTHOCTU B JICUCOHOMN
MPAKTHKE, BHICKA3bIBAHUS, BCSIKOTO THIA "TIPEAIIONIOKEHUS W/WIM yTBEpXKJEHUs" 1O CBOCU NPUPOAC
MUMEIOT BEPOSTHOCTHBIN XapakTep. VX mpaBAHBOCTh MOJABEPraeTCs KOJIMUECTBEHHOMY U3MEPEHHIO B BUIC
CTaTHCTUYECKON 3HadyuMmocTd. [lpum 3TOM HYXHO WMETh B BHIY, UYTO JaXXe CcaMmble HaJe)KHbIE
MIPEMOIOKEHUS BBICOKOW 3HAYMMOCTH XOTSI OBl C OYEHb MAaJOW BEPOSITHOCTHIO MOTYT OKa3aThCA
omuO04YHBIMH. 1 HA000POT, CTATUCTHYECKU MATO3HAYMMBIC TIPEIOI0KCHHS MOTYT OKa3aThCs BEPHBIMU
BOTIpEKH OXHWaaHusM. Ha mpakThke cuUWTaercs, 4YTO CTAaTHUCTUYECKH 3HAYMMOE BBICKAa3BIBAHUE
JIOCTATOYHO HAJCIKHO, BOCIPOU3BOIUMO, U MPEICTABICHHAS JJis Hac MH(OpMAIKsA BIIOJHE OXKHUIAaeMa,
"3aKoHOMepHA" M HE SBISAETCS PE3yJabTaToM ciaydaiHocTH. CTaTHCTHUYeCKas 3HAYUMOCTH OOBIYHO
BEIp2XKAaeTCs C MOMOIIbIO TaKk Ha3zbiBaeMoro P-3HadueHmsi. DTO TMOKAa3bIBaeT BEPOSITHOCTh TOTO, YTO
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o0cyXmaeMoe mpeanoJoKeHne He3aKOHOMEPHO M O0YCIIOBICHO CIIy9alHOCTHI0. CemoBaTensHO, YeM
MeHbIlle P-3HayeHWe, TeM MEHbIIE IIAHCOB, YTO IIOJIE3HBIE PE3YNIBTAaThl €CTh MPOCThIE CIEACTBUS
CIIy4alHOCTH. OTH BOINPOCHI SBIAIOTCA TPEIMETOM H3Y4YEHHS TEOPUH CTAaTUCTHUECKOTO BBIBOAA WM
WHIYKTUBHON CTaTUCTUKH. B mocnenHed, B OoTiaW4Me OT  "OMHMCATEIHHOW CTATUCTUKH", B KOTOPOWM
OTPaHMYUBAIOTCS TPENBAPUTENLHON 00paboTKOM COOpaHHBIX JaHHBIX, MPEUIAraloTCs METObI,
MO3BOJISIIONINE OOOCHOBAaHHO OOOOLIMTH W PACHPOCTPAHUTH BBIBOIBI, CACTAHHBIE HA OTPAaHMYCHHBIX
(akTax, Ha Ooiee MONHBIX, MAaCIITAOHBIX COBOKYIHOCTAX JAHHBIX. 3aMETHUM, YTO "MMEHHO C TaKOi
3amadeii” MOBCEAHEBHO CTANIKUBAIOTCS BO BPauyeOHOH JESITEIHHOCTH Bpadu- UCCIICIOBATENH U MPAKTHKH,
peanm3ytomnue BakHehmme npuHIUnel M. W moatomy MC, B wactHoctr VC, CTaHOBUTCS OTHUM W3
MIaBHBIX MHCTpyMeHTOB [IM. IlapannensHo ¢ oTMedeHHOH pacTymeil ponso MC g MenuuuHsl, B
gacTHOCTH [IM, B poccuiickoif W 3apyOeXKHOW JIUTepaType 4acTto, M He 0e3 OCHOBaHHS, BCTPEUYAIOTCS
MaTepualbl, B KOTOPBIX 3BydYaT TPEBOXKHBIE CHTHAJBI O HEKAYeCTBEHHOM, a TO M OMIMOOYHOM
npuMeHeHn MC B pa3HBIX OTpacisX MEIUIMHBI, B YaCTHOCTH B KapauoJoruu. B 3Tol cBs3u
3aCITy)KMBAIOT BHUMaHHs CTaThbH [2-4], B KOTOPBIX OILCHUBAETCS yPOBEHb 3(P(PEKTHBHOCTH MPUMEHEHUS
MC B xapamosoruu. B nmpuBeneHroM B [2] aHanm3e, ciemaHHOM Ha ocHoBe 460 omyOIMKOBAaHHBIX PadoT,
KOHCTAaTUpyeTCsl HU3KUH YpOBEHb HCIOJIb30BaHMA M OMUCaHMs cTaTUCTUKU. B [3] mpexacraBieHb
pesynbTaTel aHanmuza 150 crareli, omyOmukoBaHHeIXx B 1997-2013 rr. B xypnane “IlaTomorus
KpoBoOoOpamieHuss U Kapauoxupyprus”. IlpencraBiss naHHbIe aHanM3a, aBTOPaMH  IIPUBOISATCS
OTJIENbHBIE O0pa3Ibl XOPOIINX OMUCAHWKA W WCIONB30BAHMSA CTATUCTHKH, OJHAKO OTMEYAeTcs, 4To B
OomnpLiell yacTu cTaTeil HabJIOAANHNCH BeCbMa HEKOPPEKTHBIE ONMCAHUS CTATUCTUKY (HE JIyYIlle CUTYaIHsl
B 3amajHbIX cTpaHax [2]). Ham Hen3BecTHBI MOTHBBI aBTOPOB ATUX MyOJHKALMi, HO, YIUTHIBasi 00BEM
9TUX paboT (y aBTOPOB TaKHe CTaThd HCYUCISIFOTCS [IECATKAMHU), HUX I[eJCHAMPABICHHYIO
MPOAOJKUTENIBHOCTD CIEXEHH 3a MOAOOHBIMU MyOnuKanusaMu (15-1eTHuUM MHTepBas, yKa3aHHBIA B
3arnaBuM [3]), CTPOro KPUTHUYECKHH XapakTep, ¢ MOAPOOHON COPTHPOBKOM METOAMYECKHUX OIIMOOK,
MOXHO IPEIIOJIOKUTh, YTO OHM OBbUIM HAaleJeHbl Ha pe(OpMHpPOBAHHE MPOLECCOB IOATOTOBKH H
NEePENOATOTOBKH KaapOB, Y4EeOHBIX MHpOLIECCOB W/HiaM mporpamMm. He BHHKas riryOOKO B MOJOOHBIE
rno0anpHbBle NMPOOJIEMBI, HaMH CIejlaHa IONBITKA H3JI0KUTh HEKOTOpbIE HAIld COOOpaXKeHus,
MO3BOJIAIOLINE M30€XKaTh MHOTMX METOAMYECKHUX OIIMOOK, YKa3aHHbIX B [2-4], U MPOKOHTPOIMPOBATH
BECh JIOTMYECKHI XOJ CTaTHCTUYECKOTO aHaM3a B KIMHUYECKOH Kapauosoruu. OTMeTHM, YTO 3TH
co0oOpaXKeHUsI OCHOBaHBI Ha ydyeTe KJIMHHYECKOW criennduku cOopa m oOpaboTku gaHHbIX. CHavana
PaccMOTPUM BaKHBIC Ul CTaTUCTUKU Oa30Bble MOHATHS - COBOKyHHOCTH maHHbIX (Cll), renepanbHas
copokynmHocTs (I'C) m BeIOMpaemass coBokymHocTh (BeiOOpka BC). CJ| — wmHOXecTBeHHas 0a3a
uccienyeMblx OOJBbHBIX. B mzaeane mpeamonaraercs, 4yTo 3TOT HaOOp COBMNAgacT C THIIOTETHYECKUM
MOJHBIM Ha0OpOM BceX OONBHBIX, KOTOpble HaM Obl XoTenoch uccienoBaTtb. B MC 3Ta COBOKYIMHOCTb
umenyercs:i kak ['C. B OonbmimHCTBE OTpacneBbIX 3azau craTucTuueckoro anHanmsa ['C peanbHO
CYIIECTBYET B TPOMAIHBIX pa3Mepax, U3-3a Uero e¢ YNCIoBas 00padoTKa CTAHOBUTCS HEIIETIECOO0Pa3HOM.
B cBmu  stum B Meronet MC BHocuTcs ToOHsATHE BbIOOpPKM - BC, sBustomieiics HeOONBIION,
thopmupoBanHoii u3 I'C u ynobHol mms oOpabotku Habopa maHHbIX. [Ipu 3rom BC oOpasyercs Taxk,
YTOOBl €€ YHCIIOBBIE XapaKTePUCTUKH C TPHUEMIIEMOW TOYHOCTHIO COBHNANM C aHAJOTHYHBIMU
xapaktepuctukamu ['C (B cTaTHCTHKE 3TO CBOMCTBO Ha3bIBAETCSl PEIPE3eHTATUBHOCTHIO). B nurepartype
HIMPOKO OINHUCAHBl METOABl M cHocoObl opranm3anuu BeIOOpkH (BC) u3 mnepBonawansHOit ['C,
OTIpE/IETICHHS €T0 XapaKTePUCTHK ¥ Ha MX OCHOBE COOTBETCTBYIOIMUX oreHoK ['C.

B ciryuae knuHHYecKuX M 1a00paTOpHBIX UCCIe0BaHUM (Hampumep, nuzydeHue 3pdekTnBHOCTH
HOBOro (hapMaKoJOrMYECKOr0 MpenapaTa WM HOBOM NpOLEAYpbl Je4eHUs 3a00JeBaHUs) IaHHbBIC
00pa3yloTc W PErucTpUpPYIOTCS B MalblX KojM4yecTBaX. Takue o0O0bEMBbl JaHHBIX B CTAaTHCTHKE
UMEHYIOTCSI CIIEITHATBHBIM TEPMUHOM ‘‘Majias BEIOOpKa”. B KOHKpETHOM ciTydae cHadana GOpMHUPYIOTCS
OTJCNbHBIC Majble BHIOOPKH, U TOJBKO MOCHE JJIUTEIHHOTO BPEMEHU CKATUTUBAIOTCS OONbIINE OOBEMBI
JaHHBIX, KOTOpbIe MOTYT OBITh IpecTaBieHbl Kak I'C. Ota cnenuduueckas 0coOeHHOCTh HOPMHUPOBAHUS
(akTOB B KIMHMYECKHX HCCIIEAOBAHMUAX IUKTYET HEOOXOAMMOCTh OTKa3aTbCsi OT HCIONb3YeMOH B
kinaccuueckoir MC cxembl 00paboTKM HaHHBIX, rne u3 wumeromeiics “T'C Boigensercs BC”. B
o0cyxmaeMoM cilydae, rae BHawaje oOpasyrorcs BC kak “Manblie BBIOODKH” H TOJBKO IIOTOM CO
BpPEMEHEM M3 TaKHX “MaJibIX BRIOOPOK™ CKAIUIMBACTCS OCHOBHAsI COBOKYITHOCTH JaHHBIX, LIEJIeCO00pa3HO
MPUMEHATH MO3TANHYI0 cXeMy o0pabOTKM AaHHBIX. IIpu 3TOM Ha mepBOM 3Tame, BBUAY Ype3MEpHOM
MaJIOCTH JaHHBIX M OTCYTCTBUS KaKoH-THO0 anmpropHOH HHGOpManru 00 U3MEpIEMBIX MTOKa3aTeIx U UX
pacipeneneHusx, y100HO HCIOIb30BaHNE METOIOB U KPUTEPUEB HEeMlapaMeTpUUYecKol cTaTuCTHKH. Hike
HepedncIeHbl HEKOTOPhIE U3 HUX € YKa3aHUEM 3ajad Ul UX eJIeCO00pa3HOro UCIIOIb30BAHUS:
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- kputepuil 3HakoB (G) - MO3BOJISET YCTAHOBHUTH, MPOUCXOMUT JIM H3MEHEHHE MHTEPECYIOIIETo
UccIe10BaTelIs I0Ka3aTells B BHIOOPKE I10CIIe TOro WK MHOTO BO3AEHCTBUS;

- KpuTepuil BumkokcoHa - BBISBISICT, HACKOJIBKO MOJYYEHHBIH B BBIOOPKE CIOBUI MOKa3aTelis
3HAYUM;

- MHOTOQYHKIMOHAIILHBIN KpuTepuii duiiepa - mpuMeHsSeTCs A OUCHKH Pa3Hdyuid B JFOOBIX
JBYX BBIOOpKaXx (TpyHIax UCIBITYEMBIX);

- Kputepuii Pozenbayma - mpuMmeHsieTcs AJsl OLEHKM passinuuii MEXIy ABYMs BBIOOpKaMH IO
YPOBHIO U3y4acMOro IPU3HAKA;

- kputepuii ManHa-Yutau (U) - npeaHa3Ha4yeH Ui OLIEHKH Pa3jInyuil 10 yPOBHIO KaKOTr0-JIH00
npu3HaKa (1oKa3aresis), MOJYYSHHOTO B IByX pa3HbIX BEIOOpKaX.

AHanu3 W3MEHEHUs! U3y4aeMoro NMpH3HAKa 0]l BIMSHUEM KOHTPOJIUPYEMBIX YCJIOBUH yIOOHO
uccienosats kpurepuem [lupcona.

Ecnu Ha mepBoMm sTame oOpaOOTKH JaHHBIX MOHAJOOHMTCS H3yYEHHE CBSI3M MEXIy ABYMS H
Oonee mepeMEHHBIMH, TO JYYIIMM HHCTPYMEHTOM IJISi 3TOTO B YCIIOBHSAX MAajoro KOJIMYECTBA AaHHBIX
sBisieTcst K03 duimeHT panroBoit Koppensaun CrepMuHa.

[To mepe HakomJIeHUSI HOBBIX JaHHBIX, HA BTOPOM dTane 00paboTKH (MPH YHCICHHOCTH AaHHBIX
50 um Oomee, Korza MEAJCHHO BBIPUCOBBIBAETCS CHMMETPHUYHOE paclpelesieHue TaHHBIX, 3TO
MHUHMMQJIBHOE 4YHCJIO JaHHBIX M Hcnonb3oBaHus t-pacnpenenenust CTbhioAE€HTa) MOTYT OBITH
WCTOJIH30BAHBl CTATUCTHYECKHE pacueThl, OCHOBAHHbIE HAa MeTonax u Kpurepusx CteiogenTta. M Tompko
1oCJIe TOro, Kak oOliee KOMWYECTBO NAHHBIX OYIEeT MCUUCIATHCS COTHAMH, KOT/Ia YCTOMYHBO OyAyT
HaOMIONAaThesl CTaHIApTHBIE (QYHKIMU PACHpEAETCHUs Ul M3Y4aeMbIX IPU3HAKOB, HATYIUT Hayallo
TPETHEro 3Tama, ¥ MOXHO OyJeT mepelTr K MmapaMeTpruuecKuM METOAaM U “WU3BI€Yb MaKCHMAaIbHYIO
MHQOPMAIHNIO”, CKPHIBAIOLIYIOCS B COOpaHHBIX JaHHBIX.
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uLhLhLUUUUL JdErLNRONRE-3UL YhaULUS rULUL SY3ULLE P
ucuuuuvu <ursh vuuru

LRalnuplynid ko Gnp plpulynyeh wppynibhwdbnnyeyul mumdbwuppdul Jhdwlhugnulumlb ngjuyibph
dlbun/npuul phpugph wrwbdwhwwnnipnibabbpp, plish hpdwl Jpuw wpwewplynid b uyn nifjuybbph owldwi
puquupuy; Ukpny: Uhgenid thnppuphy nfjuyibph qupuquynid, wpwowplynid b hpdbwlul wupuwdbnpbph
Ununnunnp ghiwnhunnnid ny wwpwdknphl dkpnphkpmy: Gpbpulwi Gnp nyjuybbph hujupugpdwbp gniquihkn,
phpwimd b wyp qhwhuwnwlwbakph dHowndwl gnpéplpug: Syjuybbph pudjupup pwiwlakph dbun/npduin
qmigplpug unnwpynd F whgmd wuwpudbnphl Jhdwluwgpnipput dkpnpbbph, dwubunnpugku Uuynigkinh
Ukpnnh: Ununkguwl hupdwpnyeiniip wuydwbun/npyws Ehujupyws wnjjuyibphg wnwkjugnyl papnpulughugh
gnpquul byyuwwnwlny:

Unwtgpuypti punbp. Jhdwlugnulmb nfugbbph dowlnid, unguybbph hpdbwlul jud gpjuun/np
hunjupwéng, phupuwip, Jhdwlugnulml ngjuybbph puquupuy; wlnid, qupwdbuphl, ns gupudbnphl
Yhdwlwgnpnipini i

M.H. Hovakimyan, H.H. Hovakimyan

ON THE PROBLEM OF PROCESSING STATISTICAL DATA
OF CLINICAL ANALYSIS

The features of the process of generating statistical data for studying the effectiveness of a new drug are
discussed, on the basis of which a multi-stage method of processing these data is proposed. As a sufficient amount
of data is generated, a transition is made to parametric statistics methods, in particular to the Student's method. The
convenience of the approach is due to the purpose of extracting maximum information from the collected data:

Keywords: the process of statistical data, multi-stage method of processing, parametric statistics, non
parametric statistics, extracting information from the collected data.

OBakumsan Mapuam OranecoBHa — K.T.H., 3A0 “Menoorseaunenne N 2, Bpau-KapAHOIOT

OBakumsin Oranec ApyTIOHOBHY — K.T.H.,, JAOLEHT Kadeapsl “CHCTeM TeleKOMMYHHKaLUH~
Poccuiicko-ApMsIHCKOTO YHUBEPCUTETA
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YK 621.396. 67:621.371 HH®OPMATHUKA, DJIEKTPOHUKA U
HAYYHOE TIPUBOPOCTPOEHHE
9.C. bapxynapos, A.I'. Mukosin, A.M. Moscucsig, I'.O. Ilapruznaunsu, 3.C. Tarpopsu

BOCCTAHOBJIEHUE U YCOBEPIIEHCTBOBAHUE HAIIUOHAJIBHOI'O
ITAJIOHA I'21IN-0,25, BXOJAAIIEI'O B COCTAB AHTEHHOTI'O
HUCIIBITATEJBHOT'O CTEHJA DUC-1

DOI: https://doi.org/10.64201/18290043-1eaa24-92

Boccmanoenenue nayuonanvroco smanona I'OITH-0,25, npednaznaueHHoco Osi usMepeHus napamempos
anmenn ¢ paboyumu pazmepamu packpwieos om 0,1 0o 0,4 m 6 ouanazone wacmom 2,5...12 I'Ty (FOCT 8.191-76),
CMAno 3a6epuiaruuM 3manom pabom no OKOHYAMETbHOMY B0CCMAHOBNEHUIO SMANOHHO2O0 UCHLIMAMENbHO2O
cmenoa OHC-1, cosoannozo ¢ yenvio obecneyenuss eOUHCMBA, mpeOyemMol MOYHOCHU U O00CMO8EePHOCMU
usMepeHull Xapakmepucmux aHmeHHsvlX cucmem, exaouarowezo smanousvt 1 II1TH-0,25, I'DIIH-0,5 u I['DI1H-1.
Ilposeden pso usmepenuti ouazpamm HANPAGIEHHOCMU AHMEHH KOMNJIEKCd, NOOMEepHCOauux xopouiee
socnpoussedenue eOuHUYy ¢ 8bICOKOU MOYHOCBIO.

Kniouesvle cnoea: >manonvi, no6OpOMHbIL CMOJ, YCOSEPUIEHCMEO8AHIE, OUAPAMMA HANPAGIEHHOCTU,
socnpoussedenue.

OTaoHHbIH UCnbITaTenbHEIH cTenn DMC-1, Brirogaronuii HanuoHanbHeIe dTanonsl ['OIIH-0,25,
I'2I1I1-0,5 u I'OIIN-1, npeaHa3HaueHHBIA U1 U3MEPEHUS TapaMeTPOB aHTEHH C PabOYMMHU pazMepaMu
packpeiBoB oT 0,1 mo 0,4 » B mmamazone wactot 2,5...12 [Ty ('OCT 8.191-76 [1]), ot 0,4 mo 0,75 m B
nmuamnasone gactoT 8,2... 40 [Ty (I'OCT 8.413-81 [2]), ot 0,75 mo 1,5 m B amamazone gactot 2,5... 42
I'Ty ('OCT 8.193-76 [3]), Ob1 caan B akciutyaTamuio B 1976 romy. 3a Bpems dKCIUTyaTalluu
UCTIBITATENIFHBIA CTEHJ HE ycoBepieHCcTBoBajics, a mocie pacrnaga CCCP He wucmonb3oBajics M ObLT
(hakTHYeCKM 3aKOHCEPBUPOBaH. BoccTaHOBIIEHME ¥ YCOBEPIICHCTBOBaHHE pPabOTOCIIOCOOHOCTH
STAJOHHOTO HCIBITaTeNbHOTO cTeHna B 2016 romy W mpeamosaraio BOCCTAHOBICHHE MEXaHU3Ma H
SJEKTPUUYECKOM CXEeMbl MMOABEMHHKA AHTCHH II0 HAKJIOHHOM 3CTakaie K IOBOPOTHOMY CTONY,
AIIEKTPUYECKON CXEeMBbl YIIPAaBIIEHUS TIOBOPOTHBIM CTOJIOM B pPYYHOM U aBTOMAaTHYECKOM (OT
KOMITEIOTEpA) PEKUMaX, TEXHUIECKOE YCOBEPIICHCTBOBAHKE AaNMNapaTypHOW YaCcTH W MPOTPAMMHOTO
oOecrieueHusl ATAJIOHHOTO CTEHJIAa C TPUMEHEHHMEM YCTPOMCTB W mHporpamm OT Kommanuu National
Instruments (NI).

st BoccranoBnenust auteHH [DOIIM-1 u  ['DIIN-0,5 mpummioch 3aMEHUTH TSATH W MEXaHU3M
kpemieHus: obmywarenss [OIMM-0,5 W MeXaHWYeCKUM METOAOM OTBIOCTHPOBATH PACIHOJI0KEHUE
oOxyuareneit 00enx aHTEHH.

OTHOLIEHHE HATPSDKEH-
HOCTEHN MOJIsA

[en)

-40 -20 0 20 40
Yron B rpan.

Puc. Cpasnumenvnuie cpeonue ouazpammol nanpasnennocmu aument I OITH-0,254 u I 2ITH-0,25]]
92



st BoccranoBienns dtanoHa ['DI1M-0,25 Oputa oTpeMOHTHpOBaHA aHTeHHA-cBHaeTens [ DI1M-
0,25 M. [Tonp3ysicek Tem, uro anterHa [ O111-0,25 [ qyis pemoHTa ObUTa CHSITA C BBIITKU-CBUACTEIS U JJIS
OLICHKH CBOWCTB OTPEMOHTHUPOBaHHOW aHTeHHBI-cBHueTens [DIIM-0,25 ]I Osn mpoBeneH psA
CPaBHUTEIBHBIX M3MEpPEeHWH auarpamMMm HampasiaeHHoctd anteHH ['DI1M-0,25 A u I'DIIN-0,25 1, B
KaueCcTBE aHTEHHBI-M3IydaTens (CBUICTEN) MpUMEHsUIach aHTeHHa-cBuuerens [OIIM-1 JI. Anamus
MU3MEpEeHHBIX IuarpamMm HampaBieHHOcTH aHTeHH ['OIIM-0,25 A u I'OIIN-0,25 [ moka3an BBICOKYIO
UICHTUYIHOCTh dTUX aHTEHH, YTO OCOOCHHO BAXKHO IS M3MEPEHUs KOd(PPHUITMEHTa YCUIICHUS METOLOM
IBYX UJEHTUYHBIX aHTEHH (PUC.).

Takum o00pa3oM, ¢ BOCCTaHOBJIEHHEM aHTeHHoOro »dtajona [DOIIN-0,25 STAJOHHBIN
ucneITatensHbll crenn DMC-1, Brmovarommii Taxke 3tanonsl ['DIIN-0,5 u I'DI1U-1, k HacTosmemy
BPEMEHU MOJHOCTHIO BOCCTAHOBIICH.

Jluteparypa

1. TocynmapCTBEHHBIH CIEIHMATbHBIA 3TaJOH M TOCYAAPCTBEHHAs MOBEPOYHAs CXeMa Ul CPENCTB M3MEPEHHUH
IapaMeTpoB TOJSA HM3JIyYeHUS aHTEHHBIX CHCTEM C pabodmMmu pazmepamu packpsiBoB or 0,1 mo 0,4 M B
muamazoHe 9actot 2,5 ... 12 I'Ta. TOCT 8.191-76.-M.: 'ockomuter CCCP 1o crannapram, 1976.-5c.

2. TocymapcTBeHHBII CHELUaNbHBI JTAIOH W TOCYJAPCTBEHHAs MOBEPOYHAsl CXeMa JJIsl CPEICTB M3MEpPeHUI
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t.U. Pwpjuninupny, W.Q. Uhynywi, U.U. Unjuhujw,
q.<. Mwpnhquutyw, E.U. (Fugynpjui
EhU-1 ULSELU3PL PNraurfruuul USELY WURU P UBR USLNT URFU3hL
QUPULUNKE GENP-0,25 YEMULULSLNRUL BY YUSUMsELUSNrONRULC

Ugquypl sunhwin/niy QENP-0.25 JEpuwlwaginidp, npp Insgwés F 0,1 dpish 0.4 J wppuunnwbpughl pugyudp
nihkgnn whnkinubbph 2,5 - 12 ¥2g (ROUS 8.191-76) hwdwjunipiniabbkph wnppnypnid yqupudbupbph suhdwip,
QENP-0.25, QENP-0.5 I QENP-1 sunpuuininiphlpnp pp Uk Gkpunng EPU-1 sunhwininipuypll thnpdwpfuul uinkinh,
npp unkndyly F whnkhuyhlh hwdwlupgbph panipugnlph sunpnidikph dhwubwlwmbnippul, wwhwioyng
downnipiniibbph ni Amuuyhpnippull huyunwlng, JEpolulwi JEpulumbqinful wopiunnubplilph wijupunumlui
thnyl Ep:

Unwgpuyhti punbp. sunhwbdnipblp, wunndwl vknwl, Junwupkugnpénid, nippjuénipyub ghugnpudu,
Yhpwpuugpnid:

E.S. Barkhudarov, A.G. Mikoyan, A.M. Movsisyan, G.H. Partizpanyan, E.S. Tagvoryan
RESTORATION AND IMPROVEMENT OF THE NATIONAL STANDARD OF
THE GEPI1-0.25, WHICH IS PART OF THE ANTENNA TEST STAND JF THE EIS-1

Restoration of the national standard of GEPI-0,25, intended for measuring the parameters of antennas with
the working dimensions of the disclosure from 0,1 to 0,4m in the frequency range of 2,5...12 GHz (GOST 8.191-76),
was the final stage of work to finally restore the EIS-1 reference test stand including the standard GEPI-0,25,
GEPI-0,5 and GEPI-1created to ensure unity, required accuracy and reliability of measurements of the
characteristics of the antenna systems. A number of measurements of the directivity diagrams of the antennas of the
complex were carried out, confirming good reproduction of units with high accuracy.

Keywords: standards, turning table, improvement, directivity diagram, reproduction.

Bapxynapos Jpuect CeMeHOBHY — CcTapinuii Hay4uHblil paboTHuk (HOCM)
MukosiH Apmen ['eoprueBud — K.T.H., yueHblii-xpanurens (HOCM)
MoBcucsiH AHIpaHUK MHcaKkoBHY — cTapiinii Hay4dHblid paboTauk (HOCM)
Mapru3nansu ['eram OranecoBud — yueHsli-xpanurens (HOCM)
Tarpopsin Jan3a CTenaHoBHA — K.T.H., y4eHbli-xpanutens (HOCM)
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APAM AMASIKOBHUY APAKEJISIH
K 80 - IETHUIO CO AHA POXKAEHUA

JIoKTOp TeXHUYECKUX Hayk, npodeccop, neicTBu-
TenpHbIM uieH IMuxkeHepHol akazemMun ApMEHHH,
JEUCTBUTEIBHBIN 4WwieH MeXIyHapOAHOW HHKEHEPHOU
akagemun Apam AmasikoBud ApakensH Ooznee 50 ser
OCYLIECTBJISIET IIJIOJOTBOPHYIO IESITEIBHOCTb, T'OTOBUT
CIEIMAIMCTOB B 00JIACTU MPUKIAIHON MaTEeMaTUKH U ee
IIPWJIOKEHUH, @ TAK)KE€ CMEKHBIX HayK, YEM 3aCIy’KEHHO
3aBOEBaJl OOJIBIIYI0 M3BECTHOCTb W ABTOPUTET CpEAH
OTEUYECTBEHHBIX U 3apyOekHbBIX KOJIJIET.

A.A. ApaxensH pogwics B 1945 roxgy B ropoje
TOunmucu. B 1963 romy mnocTynuia Ha MaTeMaTHKO-
MexaHuueckuil ¢akynbreT EpeBaHckoro rocynapcrBeH-
Horo yuuBepcurera (Epl'Y). B 1967 romy Obun
koManaupoBaH B Jlenunrpaackuit (Caukrt-IlerepOypr-
CKHUI1) FOCYJapCTBEHHBIN YHUBEPCUTET JUIsl IPOJOLKEHHUS
yueObl. [lo pexomenmauuu Yuenoro cosera Epl'Y B 1968 rogy moctynusi B acmnupaHtypy
Borancnurensnoro nentpa Akagemun Hayk ApmsHckoit CCP (B AH ApmCCP) u EpI'Y u BHOBB
Ob11 KoMaHaupoBaH B Jlenunrpaackuii (Cankr-IlerepOyprekuii) rocyjapcTBEHHBIN YHUBEPCUTET,
KOTOpbId OkOHuUMI B 1971 rogy. B 1972 rony 3amurtui JuccepTalyio Ha COMCKAHUE YYEHOMH
CTEMeH! KaHauaaTta (U3NKO—MaTEeMaTHYECKUX HaykK, a B 1987 romy 3amuTuil JTOKTOPCKYIO
JUCCEPTALUIO 110 CIIELUATIBbHOCTU « Y IPABJIEHUE B TEXHUUECKUX CUCTEMAaxX» U «BpluncnurenbHbie
CUCTEMBI, KOMILIEKCHI M CETI.

Csoro TpynoByto npearenbHocTh A.A. ApakensH Havan B BI[ AH ApmMCCP u Epl'Y, a
3aTreM mnpoaosbkuil B HayuHo-mccnenoBaTeabCKOM TEXHOJIOTMYECKOM HWHCTHUTYTE MHUKPO-
anektponuku. B 1982 roxy on nepemen Ha padoty B BL] AH ApmCCP u Epl'Y, rae 3anuman
JIOJDKHOCTH OT 3aBEIYIOLIET0 CEKTOPOM U 3aBEIYIOIEro OTAEIOM JI0 3aMecTUTeNs qupekropa. C
1989 no 2003 rozasl 3aBegoBan Kadeapoil AITOPUTMHUYECKUX S3BIKOB U MPOTPaAMMHUPOBAHUS B
EpeBanckom mnomurexnuueckoM uHctutyTe (EpIIM). C 2003 roma mo 2023 roasl 3aHUMAl
JIOJDKHOCTB 3aBeAyIoliero kadeapoit MaremaTuyeckoro MoJeIMpoBaHus B SKOHOMUKE B EpI'Y.

[Tpodeccop A.A. ApakensiH OTIUYAETCS HE TOJIBKO BHICOKMM MPO(ECCHOHAU3MOM, HO U
YHHUKaJIbHBIMU CLIOCOOHOCTSIMH PYKOBOJHTENS. 3a BpeMs paOboThl B HAyUHO-HCCIIE0BATEIHCKOM
TE€XHOJIOTMYE€CKOM MHCTUTYTE MUKPOAIEKTPOHUKU ApaM AMasikOBUY BMECTE C PyKOBOJUMOU UM
IPYNIOil MOJIOJABIX HAay4YHBIX PaOOTHUKOB CO34ajl HAIpaBlIeHHE B OOJACTH MaTeMaTHYECKUX
METOJIOB MTPOEKTUPOBAHUS JUATIOTOBBIX HH(MOPMAIIMOHHBIX CUCTEM KOHTPOJIS TEXHOJIOTHYECKHX
IIPOLIECCOB  MUKPORJIEKTPOHUKH, YJOCTOMBIIEHCS NPECTHXKHOM [UIsl TOTO BPEMEHM IPEMUU
Jlennnckoro komcomonma CCCP B obmacth Hayku W TEXHHUKHU. JlampHewiee pa3BUTHE ITOTO
HAlpaBJICHUS] JIETJI0O B OCHOBY YCIICIIHOTO TPUMEHEHHUS pa3padOTaHHBIX METOIOB B
TEXHOJIOTUYECKUX MIPOIECCaX MUKPONIEKTPOHHOIO MPOU3BOACTBA. [0z ero pykoBoacTBOM ObLIH
3allMIIEHb] KaHAWJATCKUE TUCCEPTALMU 110 aBTOMAaTHU3allMM CUCTEM U METOJ0B TECTUPOBAHHUSA
U(POBBIX CXEM.
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On sBnsieTcst aBTopoM 6omnee 190 HayyHBIX paboOT, OMyOIMKOBAaHHBIX B OTEYECTBEHHOMN U
3apyOeKHOM TIeYaTH, ¥ MPUHUMAJT HETTOCPEICTBEHHOE yYacTHe B HayuHBIX KoHpepeHmmsx CIIIA,
Kananel, ABctpum, ['epmanum, Wuauu, BenuxkoOputanuu, @panuuu, Benrpum, JlatBum,
Bonrapuw, [Mopryramum, I'perun, O0bennHEHHBIX ApaOCKux OMUPATOB U benbruu.

OnHuM M3 BaKHBIX HANpaBICHUH €ro JIEATEeIbHOCTH SBISIETCS PYKOBOACTBO HAy4HO-
HCCIENOBATENBCKAMHI MEXKIYyHAPOAHBIMHU ITPOEKTAMH, B HACTHOCTH:

«[Iporpamma ooMeHa skoHOMECTamMH Mexay Apmenueit u CILIA» npu punancupoBanuu USIA;
«Pa3paboTka METOIOB MOHUTOPHHTA 3arpsI3HEHUS OKpYyKatoliel cpenbn» npu ¢punancupoBanun NATO;
«MexayHapoiHass MUTPAlUs U €€ BIMSHUE Ha PHIHOK TpyAa» MpH (UHaHCUpoBaHWUHM HarmoHambHOTO
Hayunoro ¢ponma SCOPES, lIsetinapus;
«Pa3paboTka TEXHOJOTMU M KOMIIBIOTEPHOW CHCTEMBI JJIsi OLIGHKH COCTOSHHS CETYAaTKH TJia3ay Ipu
(uHAHCMpPOBaHMK MeXIyHapoIHOTO Hay4YHO-TexHu4eckoro nenrpa (ISTC);
«IIporpamMmma oOMeHa CTyIeHTaMHd W HAYYHBIMH COTPYIHUKaMH MeXmy Apmenueit u EBpomeiickumu
YHHBEpCUTETaMm» Mpu (pruHaHCHpoBaHMH Erasmus;
«IIporpamma CHUHEPI'MA-3Hepronorpebiaeane u 3HEprodpGeKTUBHOCTE» NpH (UHAHCHPOBAHUHU
Munncrepcta oOpa3oBanus U Hayku I 'epmanuu;
«[lepexox OT TEOpPETHUECKH OPHEHTHpPOBaHHOro oOpasoBanuss K npaktuke-TOPAS» mpu
¢unancuposanun Erasmus.

Apam AmaskoBudY ObUI M30paH TEXHUYECKUM IpelcelaTesieM WIM CONpelceNaTeIeM CIEAyIOMUX
MEXYHAPOIHBIX KOH(EpEeHIINH:
Technical Chair International Conference “Advances in Computing, Control &
Telecommunications Technologies” ACT2010, Jakarta, Indonesia Dec.02-03, 2010;
Technical Chair, International Conference on Recent Trends in Information, Telecommunication
and Computing, India, March 12, 2010;
Technical Co-Chair Committee on Information Assurance & Intelligent Multimedia- Mobile
Communications.

VYuuTeiBas, YTO HampaBieHWE B 00JAaCTH pa3BUTHS METOJOB CO3JaHHMA CHUCTeM Ha 0ase
MHUKPO3JIEKTPOHHBIX YCTPOWCTB MMeeT mpukianHoe 3HadeHue, HIIO «Ilosucrop» Ha Oaze BI AH
ApMCCP um Epl'Y monm pykoBoactBom mpodeccopa A.A. ApakensHa OTKPBIIO COBMECTHYIO
7a00paToOpUI0 MO MPOSKTHPOBAHHWIO IWAIOTOBBIX WH(MOPMAIMOHHBIX CHUCTEM KOHTPOJSA, a TaKkKe
OCYWIECTBUJIO pa3paboTKy Ha 0a3e MHUKPONPOLECCOPOB HM3JICIUH MEAWIMHCKOTO Ha3HAuYCHHS.
Pe3ynbpTathl ero Hay4yHOH AEATENBHOCTH U CO3AaHHBIE UM METOJbI OBUIN BBICOKO OLICHEHBI CO CTOPOHBI
TaKUX MEXITyHApPOJHBIX Hay4dHbIX (oHI0B, Kak ISTC u NATO, u chirpainu onpeneNsonyo poib npu
MPUCYKACHUH TPAHTOB PYKOBOJMMOM UM IPyIIe HAYYHBIX COTPYJHUKOB 32 OPUTHHAIBHOCTH U HOBU3HY
MIPEIVIOKEHHBIX TMOAX0A0B. HekoTopele COTpYIHMKHM €ro KOMaHIbl, 3allUTHUBIINE KaHIUAATCKHE
JCCEpPTAIMY, MPONIIM MO KOHKYpCY W ObLIM MPUHATHI HAa paboTy B BEAYIIMX HAYYHBIX IIEHTpax
BenukoOpuranun, M3pawmns, Ascrpanuu, Kananet u CIIA, rae npomomkKuiyd pa3BHBaTh HAyYHEIC
HCCIIeIOBaHNUs, HAUYaThIe 110 TOCTAHOBKE M 0OOCHOBAHUIO CBOETO PYKOBOJHUTEIS.

B nepuon pykosoacTa ¢ 2003 mo 2023 roabl ¥ MOCIEIYIONIETO BpEMEHH, Oy Iydn mpodeccopom
kadeapsl Maremarnueckoro MojenupoBanus B skoHomuke Epl'Y, A.A. ApakelnsiH yCHemHo coderali 1
COYETAeT aKaJIeMHUYECKYIO NESITENbHOCTh C MOJATOTOBKOM HAyYHBIX KaApOB B OONACTH NMPUMEHEHHS B
9KOHOMHMKE pa3pabOTaHHBIX MM MeToJoB Teopuu uccienoBanusi omepauuii u Teopuu o0paboTku
BpPEMEHHBIX PSJIOB B 3KOHOMHUKE.

Apam AwmasikoBuY ApakeisH mpugacT OOJbIIOC 3HAYCHHWE IMOATOTOBKE HAYYHBIX KajJpOB U
CIIOCOOCTBYET TOMY, YTO HCIIOIb3yEMBbIE €r0 yUeHHUKaMU METOABI U Pa3BUBAaEMblE HayUHbIC HAIIPABIICHUS
MOJYYHJIM [IPU3HAHUE CO CTOPOHBI MEXIYHapOIHON Hay4yHOH OOLIECTBEHHOCTH. MOJIOJbIE WIEHBI €TO
KOMaH/IBI C IOCTOMHCTBOM PUHUMAIHU U TIPOJIOJDKAIOT IPUHIMATh YYacTHE B MEXKTyHAPOAHBIX (opyMax
u xoH(pepeHuusx. Pazpaborannsie mpodeccopoM A.A. ApakensHOM MeToAbl Teopuu HcclienoBaHUS
onepauuii 1 Teopuu 00paOOTKM BPEMEHHBIX DPSIOB B HKOHOMHUKE BHEIAPEHBI B Y4EOHBIH Mpolecc
@aKyJIbTeTa 5KOHOMUKHU U MeHekMeHTa Epl'Y.

Y4uTBIBas BAXKHOCTH MMPOM3BOJICTBA U IOTPEOJICHNS YJHEPTUH, & TAKXKE BIUSHHE YKOHOMUYECKOTO
pocTa Ha CTeTeHb BHIOPOCOB BpPEAHBIX BemlecTB B atMocdepy, B pamkax mporpammel CUHEPI'MA
npodeccop A.A. ApakesssH COBMECTHO CO CBOMMM YyYEHHKAMHU IPOBEJ MCCIIEIOBAHUS, MOCBSIICHHBIC
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M3YUYEHUIO0 TpoO0jeM TOBBIMICHUS S((DEKTUBHOCTH TOTPEOJICHUS W COCPEIKEHUS DHEPTETHICCKUX
pecypcos. [IpoBeeHHBIC HCCIEAOBAHMS SBIISIOTCS 3HAYUMBIMH KaK JUIsl ApMEHUH, TaK U JJIT MHPOBOI
SKOHOMUKH B TIEJIOM.

B TeyeHue mocCNeAHWX IIET, YYHTHIBAS HEOOXOJMMOCTh COTPYIHHYECCTBA W BOBICUCHHS B
OOIIIEeBPOIEHCKYI0 CUCTeMy 00pa3oBanusi, mnpodeccop A.A. ApakeissH NPUHUMAT Yyd4acTHe B
pealu3anuy MporpaMMBbI IIEPExXo/ia OT TEOPETHUECKH OPUESHTHPOBAHHOTO 00Pa30BaHUs K IPAKTUICCKOMY
MPUMEHEHHUIO Pe3ynbTaToB 00yueHus. OH OpraHU30Bal COBMECTHYIO pabOTy MO M3YYEHHIO MepPeIOBBIX
METO/IOB, IPUMEHSEMBIX B Pa3BUTHIX €BPOMCHCKUX YHUBEPCUTETAX, YTO OBUIO CHOPMYIHPOBAHO H
M3JI0KEHO B MOHOTpaduu, U3TaHHONH COBMECTHO C EBPONICHCKAMH  COaBTOPaMH.

Tlpesuouym HUnocenepnoti akademuu, unenvl MAA u peoaxyus Becmuuxa UAA nozopasisiom
100UNAPA ¢ OHEM POAHCOEHUSL U HCENAOm eMy HOBbIX MBOPYECKUX YCNEXO8.
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ARAM HMAYAK ARAKELYAN
THE 80TH ANNIVERSARY OF BIRTHDAY

Doctor of Technical Sciences, Professor, full member
of the Engineering Academy of Armenia, full member of the
International Engineering Academy Aram Arakelyan has been
carrying out fruitful scientific teaching activity for more than
50 years, training specialists in the field of applied mathematics
and its applications, as well as related areas, which has
deservedly earned him great fame and authority among
domestic and foreign colleagues.

A.A. Arakelyan was born in 1945 in Thilisi. In 1963 he
was addmitted to the Faculty of Mathematics and Mechanics of
the Yerevan State University (YSU). In 1967 he was sent to
Leningrad (Saint Petersburg) State University to continue his
studies. On the recommendation of the Academic Council of
YSU, in 1968 he entered the graduate school of the Computing
Center of the Academy of Sciences of the Armenian SSR (CC
AS of Arm. SSR) and YSU and was again sent to Leningrad
(Saint Petersburg) State University, from which he graduated
in 1971. In 1972 he defended his dissertation for the degree of candidate of physical and mathematical
sciences, and in 1987 he defended his doctoral dissertation in the specialty "Control in technical systems™
and "Computing systems, complexes and networks".

A.A. Arakelyan began his career at the Computing Center of the Academy of Sciences of the
Armenian SSR and Yerevan State University, and then continued at the Research Technological Institute
of Microelectronics. In 1982, he moved to work at the Computing Center of the Academy of Sciences of
the Armenian SSR and Yerevan State University, where he held positions from head of sector and head of
department to deputy director. From 1989 to 2003, he headed the Department of Algorithmic Languages
and Programming at the Yerevan Polytechnic Institute (YerPI). From 2003 to 2023, he held the position of
head of the Department of Mathematical Modeling in Economics at Yerevan State University.

Professor A.A. Arakelyan is distinguished scientist not only by his high professionalism, but also
by his unique leadership abilities. During his work at the Research Technological Institute of
Microelectronics, Aram Arakelyan, together with a group of young researchers led by him, created a
direction in the field of mathematical methods for designing dialog information systems for monitoring
technological processes in microelectronics, which was awarded the prestigious Lenin Komsomol Prize of
the USSR in Science and Technology at that time. Further development of this direction formed the basis
for the successful application of the developed methods in technological processes of microelectronic
production. Under his supervision, candidate dissertations on automation of systems and methods for
testing digital circuits were defended.

He is the author of more than 190 scientific papers published in domestic and foreign press, and
has directly participated in scientific conferences in the USA, Canada, Austria, Germany, India, Great
Britain, France, Hungary, Latvia, Bulgaria, Portugal, Greece, the United Arab Emirates and Belgium.

One of the important areas of his activity is the management of international research projects, in
particular:

() "Armenia-USA Economist Exchange Program™ funded by USIA;

(ii) Development of Environmental Nuclear Pollution Monitoring Methods” funded by NATO,;

(iii) "International Migration and its Impact on the Labor Market" funded by the National Science
Foundation SCOPES, Switzerland;

(iv) "Development of Technology and Computer System for Assessing the Health of the Retina™
funded by the International Science and Technology Center (ISTC);
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(v) "Student and Research Fellowship Exchange Program between Armenia and European
Universities” funded by Erasmus;

(vi) "SYNERGY-Energy Consumption and Energy Efficiency Program"” funded by the German
Ministry of Education and Science;

(vii) "Transition from Theory-Oriented Education to Practice-TOPAS" funded by Erasmus

Prof. A.Arakelyan was elected as Technical Chairman or Co-chairman of the following

International Conferences:
(i) “Advances in Computing, Control & Telecommunications Technologies”

ACT2010, Jakarta, Indonesia Dec.02-03, 2010;

(ii) International Conference on Recent Trends in Information, Telecommunication and
Computing, India, March 12, 2010;

(ili) Co-Chair Committee on Information Assurance & Intelligent Multimedia- Mobile
Communications.

Taking in the Considering that the direction in the field of development of methods for creating
systems based on microelectronic devices has applied significance, Scientific Industrial Company
"Pozistor" on the basis of the Computing Center of the Academy of Sciences of the Armenian SSR and
Yerevan State University under the leadership of Professor A.A. Arakelyan established a joint laboratory
for the design of dialog information control systems, as well development of medical products based on
microprocessors. The results of his scientific work and the methods he created were highly appreciated
by such international scientific foundations as International Science Technical Centre (ISTC) and NATO,
and played a decisive role in awarding grants to the group of researchers led by him for the originality
and novelty of the proposed approaches. Some employees of his team, who defended their PhD
dissertations, passed the competition and were hired by leading scientific centers in Great Britain, Israel,
Australia, Canada and the USA, where they continued to develop scientific research begun according to
the statement and justification of their leader.

During his leadership from 2003 to 2023 and subsequent years, as a professor of the Department
of Mathematical Modeling in Economics at YSU, professor Arakelyan successfully combined and
combines academic activity with the training of scientific personnel in the field of application in
economics of the methods of Operations Research Theory and Time Series Processing Theory in
Economics developed by him. Aram Arakelyan attaches great importance to the training of scientific
personnel and contributes to the fact that the methods used by his students and the scientific directions
developed have received recognition from the international scientific community. Young members of his
team have accepted and continue to take part in international forums and conferences with dignity. The
methods of Operations Research Theory and Time Series Processing Theory in Economics developed by
Professor Aram Arakelyan have been introduced into the educational process of the Faculty of Economics
and Management at YSU. Research papers of stuidents supervised by Professor Arakelyn are published
in present issue of the PROCEEDINGS OF ENGINEERING ACADEMY OF ARMENIA.

Considering the importance of energy production and consumption, as well as the impact of
economic growth on the level of emissions of harmful substances into the atmosphere, within the
framework of the SYNERGY program, Professor Arakelyan, together with his students, conducted
research on the study of problems of increasing the efficiency of consumption and saving energy
resources. The conducted research is significant both for Armenia and for the world economy as a whole.
Over the past years, considering the need for cooperation and involvement in the pan-European education
system, Professor Arakelyan took part in the implementation of the program of transition from
theoretically oriented education to the practical application of learning outcomes. He organized joint work
on the study of advanced methods used in developed European universities, which was formulated and
presented in a monograph published jointly with European co-authors.

The Presidium of the Engineering Academy, members of the 1AA and the editorial board
of the 1AA Bulletin congratulate the hero of the day on his birthday and wish him new creative
successes.
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qpulijwanieyuy guulp, npnid htinhtwlih(utinh) Uqquumbup U.X.-u jud woughY punp dLunpdnid | bold, 10
numwsuthny:  Swilunh £ gpuijwumput  gwamd  pungpilip 6-8 wuquiunidhg ny ulijh  wpnh
hpwinwpulnidatip:

Ut vinn @bippl mipgnud G0 hnnJuioh wbipjuyugdwd wduwehyp b niwpliphdp:

Stiputnh Jtpgnud, Gplnt vinn Ubippl hnnfudh mbpunh htivn shundpllunn Gpline wyp (Ggmiabipng anya dunyg
qniadnud £ hnnJuoh giuurdurup htinhbwlfh(utinh) G, Uqquunitp, hagJudh Jintmghpp U hurdwmninwghpp:

Ul wnn abippl vipdnid G4 hnnduwoh htinhtwlih(utiph) Uqquim(ulipn), Gumb, <ugpwimup, qhw,
wunhdwp, qhwn. Yngnidp, Juquulipynyeyut hwdwenn widuanudp (huljugqotipnid) U htinwfunuutinh
hwdwnpubipp:

<nnuiop wupunuwnhp gpuifunuynid b aipjuyugdnid b ptwquijuinh hugnuh duwtwqbinh Gnndhg, npp
dluipudmd | udpwgqpnipyu Wywljud dlwplinph hudwd uyg:

Snpfuioh  punhwanip owduip sybtivp b qlipwquagh 8 top: dnnnduionih dLwdnpnidp b hwdupnudp
htipunwgubtiint Guyunwlng htinhtwubpht wewewplynid £ iphy oguugnpotip hnnuwoh Jhpeht toh nupwnp:

d tipnhhpjw) wuwhwaeubinp pudupunliinig htivin hnnJuop * A4 $npdwnh Jpur, niugduo 2 ophuwlng b
gnuig 3.5 pnpdwmh  ujuduwewlnd wbpugugdnid £ dnpnfuionih - wunwujuw ot - pupunimuiph:
<nnuoh Jhpgtwliuy judpwgpnudp htipnuguliine wunulng wewewpliynid £ abipljugyuwgynn ophtwljulinhg
Uth mbpunp tiyugnli] 12 wwmwswthng b winntiph 1,5 hipwdnpnipjudp:

vdpwgpuwluy Junphnmipnt hpudniap muh wwhogwab] nipdhgwpwiwowa  punmuduwd unpdbipp,
qpdunnli] upupqmiawdy, §pudnn b hwopwhwyn Ynygebpp b Jopgtwliw fudpwqnply hngJuottipp: Tunphpnh
qnnuhg hpwnwpuwljdw shpug uwdnptiin ghupnd hngfuoh b ophwlp dand k udpugpnipymiunud:

hdpwgpwlwl funphnipn



MpaBuAa npeacmaBAeHuUss cmameu

Cmambu npeAcmaBAsiom Ha apMSHCKOM, PYCCKOM U aHrAUUCKOM fi3bikax. Wpudpmel: apMsHCKUU —
Sylfaen (pasmep 10), pycckud u aHrauuckuu - Times New Roman (pasmep 11) mexcmpouHbil
uHmepBaA — 1; dpopmam cmpaHuLbl — A4, pabouee noae - 165x252 mMm; noAs caesa — 25 MM, ceepxy — 20
MM, cnpaea — 20 MM, CHU3Y — 25 Mm.

B BepxHel cmpoke 1 — ro Aucma B AeBOM yray ykasbiaiom YA K coraacHo cmaHaapmy (MUHUMYM
6 uudp), a B npaBoM — pa3neA cOopHuKa 3arAaBHbiMu Byksamu (Bcs cmpoka — bold, pasmep 11).
CmpokoU Huxe, B cepeauHe, ykasbiBaemcs W.0. Pamuaus asmop(os) (cmpouHbiMu byksamu, bold,
pa3mep 11). Ha ABe cmpoKu Huxe — B cepeuHe, 3arAaBHbIMU Byksamu Ha3saHue cmamsu (bold, pasvep
12), ewe Ha 4Be CMPOKU HUXE — aHHOMAaLUsl Ha fA3blke cmambu C KAIOUEBbIMU cAoBamu (pa3svep 10,
Italic). Uepe3 aBe cmpoKku aaemcs OCHOBHOU mekcm cmambu. HoBas cmpoka aaemcs omcmynom — 10
MM.

$opMyAbl U MameMamuueckue BbipaxeHua odopmasiomes B Microsoft Equation, Italic, pasmep
77. DOPMyAbI NpeACMaBAfIOM Ha OMaeAbHOU CMpPOoKe, B cepeauHe, a Npu HeobxoauMocmu — Hymepyiom
B NpaBoOM yray moU xe CMPOKU, B ckobkax. [ pobHble BbipaxeHus peKoMeHayemcs odpopMumb B Buze
a/b uau ab™ u ucnoAb3oBamb CUMBOA eXp.

AumepamypHble UCMOUHUKU B MEKCME YKa3blBaloOMCsi NOCAE CMambu U NpeACMaBASIOMCH B
CKBO3HOU nocAezoBameAbHocmu: [11,[2], ...

Ha o4aHy cmpoKy HuXe daemcs Aama npeacmasAeHUs cmamsbu.

[.anee npuBoasimcs aHHOMaLUU 4a ABYX fi3blkaxX, HE COBNAaAatoLuX C A3blIkOM mekKcma.

Ha oaHy cmpoky Huxe aalomcs: Pamuaus, MM, OmuecmBo aBmopa(oB), yu. cmeneHb, 3BaHUE,
coKpaleHHoe Ha3BaHue opraHusauuu, rae pabomaem asmop, Ne meaedooHa.

Cmambs 0653ameAbHO peLeH3upyemcs U3BECMHbIM CNELUaAUCMOM UAU HayuHbIM pabomHUKOM
AaHHOU obAacmu U npeACmaBASEMCs Ha paccMOmpeHue pedakLUOHHOro cosema cbopHuka. Obwul
06b em cmambu He A0AXEH Npesblwams 8 cmp.

Cmambto, HaneuamaHHyio Ha doopmame A4, B 2 3K3eMnAgpax, a makxe Ha aucke chopmama 3,5,
NpeACMaBAsiom  OMBEMCMBEHHOMY  cekpemapio  cbopHuka. [As  obaerueHus  npouecca
OKOHUAMEALHOIO peaakmupoBaHUS PEKOMEHAYemcs O4AUH 3K3eMNASP CmambU Haneyamamb pa3Mepom
wpudpma 12 u MeXCMpPOUHbIM UHMepBaAoM 1,5.

PeaakLuoHHbIU coBeM umeem npaBo NPOU3BOAUMb OKOHUAMEAbHOE pedakmupoBaHue.

B cAyuae omkasa B onyBAUKOBaHUU OAUH 9K3EMNASP CMambu ocmaemcs B peaakLuu.

PesakLuoHHbIU coBem
Rules for presenting articles

The articles can be presented in Armenian, Russian and English. The fonts are for Armenian —
Sylfaen (font size 10), Russian and English — Times New Roman (font size 11); spacing — 1; page format
— A4, working field - 166x252 mm; the margins: left — 25 mm, top 20 mm, right — 2 mm, bottom 25 mm.

In the above line of the first page on the left angel UDC must be written, according to the standard
(minimum 6 digits), on the right angle — the section of the collection with capital letters (the whole line in
bold typeface size 11).

With a line below in the middle of the page — Name, Patronymic, Surname of the author(s) with
small letters in bold typeface (size 11).

Two lines below, in the centre of the page with capital letters — the title of the article (bold typeface,
size 12) and two lines below — the abstract in the language of the article with keywords (size 10, Italic).

Two lines below the main text of the article is given. The new line is given with indentation — 10 mm..

The formulas and mathematical expressions have the form of Microsoft Equation, lfalic, size 11.

The formulas are submitted on a separate line, and, if necessary, they must be numbered on the
right angle of the same line, in brackets. The fractions are recommended in the form a/b or ab™ and the
symbol exp must be used.

The references in the text are written after the article and submitted sequentially [1],[2]...

One line below the date of submitting the article is given.

Afterwards the abstracts in two languages not coinciding with the language of the text.

One line below are written: Surname, Name, Patronymic of the author(s), scientific degree, title,
the name of the organization in short, the working place of the author, the phone number.

The article should be reviewed by a well known specialist or scientific worker in the given field and
submitted for examining to the editorial board of the collection. The total volume of the article must not
exceed 8 pages.

The article must be typed by format A4, in two copies, as well as on a disk in format 3,5 and
submitted to the executive secretary of the collection. To facilitate the process of final editing, it is
recommended to type one copy with typeface 12 and in-between spacing 1,5.

The editorial board has the right to make the final editing.

In case of rejection to publish one copy of the article must be kept in the editorial office.

Editorial board
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