INNOVATIVE
TECHNOLOGIES

IJuE 3



International periodic scientific journal
ONLINE

Indexed in
INDEXCOPERNICUS

ODERN ENGINEERING AND
INNOVATIVE TECHNOLOGIES

Heuftiges INngenieurwesen und
iNnNovative Technologien

TECHNICALSCIENCES

Issue Ne3
Vol.1

Published by:

Sergeieva&Co
Karlsruhe, Germany




ISSN 2567-5273
DOI 10.30890/2567-5273

http.//www.moderntechno.de/index.php/meit/issue/view/2018-03-01

Editor: PhD Kupriyenko Sergiy

Editorial board:
Averchenkov Vladimir, Doctor of Technical Sciences,
Professor, Russian

Antonov Valery, Doctor of Technical Sciences, Professor,
Academician, Ukraine

Bykov Yuri, Doctor of Technical Sciences, Professor,
Russian

Goncharuk Sergey, Doctor of Technical Sciences, Professor,
Academician, Russian vb

Zakharov Oleg, Doctor of Technical Sciences, Professor,
Russia

Capitanov Vasily, Doctor of Technical Sciences, Professor,
Ukraine

Kalaida Vladimir, Doctor of Technical Sciences, Professor,
Academician, Russian

Kovalenko Petr, Doctor of Technical Sciences, Professor,
Academician, Ukraine

Kopey Bogdan, Doctor of Technical Sciences, Ukraine
Kosenko Nadezhda, Doctor of Technical Sciences, Associate
Professor, Russia

Kruglov Valeriy, Doctor of Technical Sciences, Professor,
Academician, Russian

Kuderin Marat, Doctor of Technical Sciences, Professor,
Kazakhstan

Lomotko Denis, Doctor of Technical Sciences, Professor,
Academician, Ukraine

Lebedev Anatoly, Doctor of Technical Sciences, Professor,
Russian

Makarova Irina, Doctor of Technical Sciences, Professor,
Russian

Morozova Tatiana, Doctor of Technical Sciences, Professor,
Russian

Rokochinsky Anatoly, Doctor of Technical Sciences,
Professor, Ukraine

Romashchenko Mikhail, Doctor of Technical Sciences,
Professor, Academician, Ukraine

Anatoliy Pavlenko, Doctor of Technical Sciences, professor,
Ukraine

Pachurin Herman, Doctor of Technical Sciences, professor,
academician, Russian

Pershin Vladimir, Doctor of Technical Sciences, Professor,
Russian

Piganov Mikhail, Doctor of Technical Sciences, Professor,
Russian

Polyakov Andrey, Doctor of Technical Sciences, Professor,
Academician, Ukraine

Popov Viktor, Doctor of Technical Sciences, Professor,
Russian

Sementsov Georgiy, Doctor of Technical Sciences,
Professor, Academician, Ukraine

Sukhenko Youri, Doctor of Technical Sciences, professor,
Ukraine

Sergey Ustenko, Doctor of Technical Sciences, associate
professor, Ukraine

Habibullin Rifat, Doctor of Technical Sciences, Professor,
Russian

Chervonyi Ivan, Doctor of Technical Sciences, Professor,
Academician, Ukraine

Shayko-Shaikovsky Alexander, Doctor of Technical
Sciences, Professor, Academician, Ukraine

Shcherban Igor, Doctor of Technical Sciences, Associate
Professor, Russia

Kirillova Elena, Candidate of Technical Sciences, Associate
Professor, Ukraine

Published by:
Sergeieva&Co
Lufstr. 13
76227 Karlsruhe, Germany
e-mail: modenginovtech@gmail.com
site: www.moderntechno.de

Copyright
© Authors, 2018




Information for Authors

The International Scientific Periodical Journal "Modern Technology and Innovative Technologies" has been published since 2017 and has gained
considerable recognition among domestic and foreign researchers and scholars.
Periodicity of publication: Quarterly
The journal activity is driven by the following objectives:

® Broadcasting young researchers and scholars outcomes to wide scientific audience

® Fostering knowledge exchange in scientific community

® Promotion of the unification in scientific approach

® Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains
The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best examples of scientific
journalism.

Publications of the journal are intended for a wide readership - all those who love science. The materials published in the journal reflect current
problems and affect the interests of the entire public.

Requirements for articles:

Articles should correspond to the thematic profile of the journal, meet international standards of scientific publications and be formalized in
accordance with established rules. They should also be a presentation of the results of the original author's scientific research, be inscribed in the
context of domestic and foreign research on this topic, reflect the author's ability to freely navigate in the existing bibliographic context on the
problems involved and adequately apply the generally accepted methodology of setting and solving scientific problems.

All texts should be written in literary language, edited and conform to the scientific style of speech. Incorrect selection and unreliability of the facts,
quotations, statistical and sociological data, names of own, geographical names and other information cited by the authors can cause the rejection of
the submitted material (including at the registration stage).

All tables and figures in the article should be numbered, have headings and links in the text. If the data is borrowed from another source, a
bibliographic reference should be given to it in the form of a note.

The title of the article, the full names of authors, educational institutions (except the main text language) should be presented in English.

Articles should be accompanied by an annotation and key words in the language of the main text and must be in English. The abstract should be made
in the form of a short text that reveals the purpose and objectives of the work, its structure and main findings. The abstract is an independent
analytical text and should give an adequate idea of the research conducted without the need to refer to the article. Abstract in English (Abstract)
should be written in a competent academic language.

The presence of UDC, BBK

Acceptance of the material for consideration is not a guarantee of its publication. Registered articles are reviewed by the editorial staff and, when

formally and in substance, the requirements of the journal are sent to peer review, including through an open discussion using the web resource
www.sworld.education

Only previously unpublished materials can be posted in the journal.

Regulations on the ethics of publication of scientific data and its violations

The editors of the journal are aware of the fact that in the academic community there are quite widespread cases of violation of the ethics of the
publication of scientific research. As the most notable and egregious, one can single out plagiarism, the posting of previously published materials, the
misappropriation of the results of foreign scientific research, and falsification of data. We oppose such practices.

The editors are convinced that violations of copyrights and moral norms are not only ethically unacceptable, but also serve as a barrier to the
development of scientific knowledge. Therefore, we believe that the fight against these phenomena should become the goal and the result of joint
efforts of our authors, editors, reviewers, readers and the entire academic community. We encourage all stakeholders to cooperate and participate in
the exchange of information in order to combat the violation of the ethics of publication of scientific research.

For its part, the editors are ready to make every effort to identify and suppress such unacceptable practices. We promise to take appropriate measures,
as well as pay close attention to any information provided to us, which will indicate unethical behavior of one or another author.
Detection of ethical violations entails refusal to publish. If it is revealed that the article contains outright slander, violates the law or copyright rules,

the editorial board considers itself obliged to remove it from the web resource and from the citation bases. Such extreme measures can be applied only
with maximum openness and publicity.

Sections of the Journal:

Library of Congress Classification Outline Sections

Subclass TJ/ TJ1-1570

Subclass TK / TK1-9971

Subclass TA /TA165

Subclass TK /TK5101-6720

Subclass TK / TK1-9971

Subclass TN / TN1-997

Subclass TS / TS1950-1982, TS2120-2159
Subclass TS / TS1300-1865

Subclass TK / TK7800-8360

Subclass T/ T55.4-60.8

Subclass T/ T351-385

Subclass TA /TA1001-1280, Subclass TL /
TL1-484, Subclass TE / TE1-450, Subclass TF /
TF1-1620

Subclass TH / THI-9745

Subclass T/ T55-55.3

Mechanical engineering and machinery

Electrical engineering.

Engineering instruments, meters, etc. Industrial instrumentation
Telecommunication

Electrical engineering. Electronics. Nuclear engineering
Mining engineering. Metallurgy

Animal products., Cereals and grain. Milling industry

Textile industries

Electronics

Industrial engineering. Management engineering

Mechanical drawing. Engineering graphics

Transportation engineering, Motor vehicles. Cycles, Highway
engineering. Roads and pavements, Railroad engineering and
operation

Building construction

Industrial safety. Industrial accident prevention

3



CONTENTS / COAEPXAHUNE

b5Ee=30MNSCHOCTE AESTEALHOCTH HEAOBeKsS
http://www.moderntechno.de/index.php/meit/article/view/ge3-004 7
FORESIGHT IN GLOBAL TECHNOLOGICAL DEVELOPMENT
TIIPODPECCHOHAJIPHOE PA3BUTUE I'TTOFAJIBHOI'O TEXHOJIOTHUYECKOI' O PA3BUTHA
Golub T.P. /T'ony6o T.IL

http://www.moderntechno.de/index.php/meit/article/view/ge3-014 13
OCCUPATIONAL SAFETY AS AN IMPORTANT ASPECT FOR DEVELOPMENT OF STEM-
EDUCATION IN UKRAINE

OXPAHA TPYI]A KAK BAJKHBIU ACITEKT PA3BHUTHUA STEM-OBEPA30BAHVA B VKPAUHE

Skuibida O.L. / Cxyiibeoa E.JI.

http://www.moderntechno.de/index.php/meit/article/view/ge3-019 18
MULTICRITERION METHOD OF FORMING OF ORGAN OF MANAGEMENT OF FORCES OF
GUARD OF LAW AND ORDER

BATATOKPHTEPIAJIFHUH METOX ®OPMYBAHHA OPTAHY VIIPAB/IIHHA CHJI OXOPOHH
IIPABOIIOPAIIKY

Orlov N./ Opnos M. M.

http://www.moderntechno.de/index.php/meit/article/view/ge3-02 1 30
APPLICATION OF THE LAGRANGE METHODS FOR OPTIMIZATION

OF INTERACTION IN AQUATIC SYSTEMS

34ACTOCYBAHHA METOIB JIAT PAH)KA JJJIA OITUMI3ALII B3AEMONII Y BOJHUX CUCTEMAX
Shandyba A.B. / lllanouba O.B.. Tolbatov A.V. / Toabamos A.B., Smolarov G.A. / Cmonsipos I A.

http.//'www.moderntechno.de/index.php/meit/article/view/ge3-023 37
SHORELINE CHANGES IN THE CASPIAN SEA SOUTHERN COAST

M3MEHEHUS FEEPETOBOM JIMHUH HA FOJKHOM IIOBEPEJXBE KACITHHCKOI'O MOPA
Starodubtsev V.M./Cmapodyoyes B.M., Bogdanets V.A./Bozoaney B.A., Rudchenko L.M. /Pyouenxo JI.M.

Mechaonical droawingQ. Engineering grophics

UIHXEeHEODHSS reoMeToUrS 1 KOMMAbIOTEOHSS MoO@UKS
http://www.moderntechno.de/index.php/meit/article/view/ge3-01 1 45
INTRODUCTION OF NEW METHODS OF STUDIES IN EDUCATIONAL PROCESS
OF GRAPHIC DISCIPLINES
BITPOBAJDKEHHA HOBUX METOLIB HABYAHHA B HABYAJIPHUM ITPOLIEC
T'PAOIYHUX JUCIUTIIIIH
Dotsenko J.V./ [loyenxo FO. B., Sydorova N.V. / Cuooposa H.B.,

Dumanskaya V.V. / [ymancexa B.B., Marchenko V.S. / Mapuenxo B.C.

INndustrial engineering. Management engineering

UHIHOOPDMSTUKS, BBIYHCAMTEABHIS TEXHNKS M Urip3bAeHUe
http://www.moderntechno.de/index.php/meit/article/view/ge3-006 50
MIRROR TRANSFORMATION AS A METHOD OF PROTOTYPING IN REHABILITATION
ENGINEERING
3EPKAJIBHOE IIPEOBPA30OBAHUE, KAK METOI IIPOTOTHIIVIPOBAHVA B
PEABUJINTAIIMOHHOH HH)XXEHEPHUH
Solomin A.V. / Conomun A.B., Repalo A.B. / Penano A.b.

http://www.moderntechno.de/index.php/meit/article/view/ge3-008 55
SPECIFICS MANAGEMENT OF A LOGISTIC SYSTEM OF AGRARIAN ENTERPRISE
OCOBJIUBOCTI YIIPABJIIHHA JIOTICTHYHOK CHCTEMOIO AI'PAPHOI'O IIIJIIPUEMCTBA
Makarenko N.O. / Maxapenxo H.O.




http://www.moderntechno.de/index.php/meit/article/view/ge3-009

OPTIMIZATION OF THE NETWORK GRAPHICS OF THE COMPLEX OF WORKS
OIITUMIBALIIA MEPEKEBOI'O I'PA®IKA KOMIIJIEKCY POBIT

Seidykh O.L. / Ceoux O.JI, Chobanu V. V. / Hobany B.B.

http://www.moderntechno.de/index.php/meit/article/view/ge3-010 68
NANOSYSTEM COMPUTER MODELING USING CLOUD COMPUTING

KOMIFOTEPEHE MOJIEJTKOBAHHA HAHOCHUCTEM 3 BUKOPUCTAHHAM XMAPHUX
OFYUCJIEHB

Kurys Yu.O./ Kypucsw 1O. O., Kuznetsova T. Yu./Kysuneyosa T.1O.

Parashchiienko I.N./Ilapawicnxo .M., Rogova N.Yu./Pozosa H.IO.

Mechonical enqgineering ond machinery

MSWHHOCTDOSHME 11 M3SWHHOBEeAeHHe
http://www.moderntechno.de/index.php/meit/article/view/ge3-001 72
HOLOGRAPHY IN THE CONTROL OF AGRICULTURAL MACHINERY
TOJIOTPA®HA [TPH KOHTPOJIE CEJIbCKOXO3AUCTBEHHbBIX MAILIMH
Kapabunvow C.C., Karabinesh S.S., Menvuios b.B., Menshov B.V.

MiNning enqgineering. Metallurgy

MeToNANyprims M1 MAITEepUaINOBeAeHre
http://www.moderntechno.de/index.php/meit/article/view/ge3-003 76
ANATOMY OF ENERGY PRICES
AHATOMUA [JEH HA DHEPTOHOCHUTEJIU
Novosad V.A. / Hoeocao B.A.

Enqgineering iNstruments, meters, etc. INdustrial

iNnstrumentation
MNpmbopocTpoeHre, MeTDOANANOr s K11 MH@POLOMSUNOHHO-SMEpDUITENEHBIE
rnpumbopsl 11 CcHCTemMbs!

http://www.moderntechno.de/index.php/meit/article/view/ge3-016 83
THE RESEARCH OF UNCERTAINTY IN THE EVALUATION OF THE QUALITY OF

TURBINE OIL TP-22S

HCCJIE[JOBAHHUE HEOITPEJEJIEHHOCTH ITPH OLIEHKE ITOKA3ATEJIEH KAYECTBA
TYPEUHHOI' O MACJIA TII-22C

Karaban V.G./ Kapabaue B.I"., Zhuk D.N./ JKyx /[.H., Kolesov M.A./ Konecos M.A.

http://www.moderntechno.de/index.php/meit/article/view/ge3-024 87
ROLE OF SURFACE-ACTIVE COMPOUNDS IN HOMOGENEOUS CATALYTIC OXIDATION
PROCESSES

POJIb IIOBEPXHOCTHHO-AKTHUBHbBIX COEJEHEHUA B T OMOI'EHHO-KATAJINTUYECKOM
OKUCJIEHNU

Reutskyy V.V./ Peymckuii B.B., Ludyn A.M. / Jlyowvin A.H., Reutskyy V.V. / Peymckuii B.B.

AnNnimal products., Cereals ond grain. Milling industry

TexXHONOr s rnpoAaAoBoNbCTBeHHbLIX rNpPoAygyKTob
http://www.moderntechno.de/index.php/meit/article/view/ge3-007 93
MANUFACTURE OF MILK AND DAIRY PRODUCTS IN A REGION: STATE AND PROSPECTS
BUPOFHHUI[TBO MOJIOKA TA MOJIOYHOI T1PO/ VKUIf B PETIOHI: CTAH TA IIEPCIIEKTHBH
Mushtai V.A./ Mywmaii B.A..

http://www.moderntechno.de/index.php/meit/article/view/ge3-015 99
QUALITY OF FRESH AND PICKLES BEETROOT’S PRODUCTION DIFFERENT VARIETIES
AKICTh CBIKOI TA COJIOHOI ITPONYKLII BYPAKA CTOJIOBOI'O PI3HHUX COPTIB

Zavadska O.V. / 3asadcvra O.B., Rumak Yu.V./ Pymax FO.B.




http://www.moderntechno.de/index.php/meit/article/view/ge3-017

MEAT RESEARCH RECEIVED FROM PROTEIN ANIMALS

JOCJIIDKEHHA M’ ACA, OTPUMAHOI'O Bl BUMYIIIEHO 34EUTHX TBAPUH
lakubchak O.N./ Axyouax O.M., Taran T. V./ Tapan T.B., Pankova Yu.A. / [lanxosa FO.A.

http://www.moderntechno.de/index.php/meit/article/view/ge3-022 110
TECHNOLOGY DRINKS WITH THE USE OF NATURAL FRUIT SUPPLEMENTS

TEXHOJIOI'TI HATIOIB 3 BUKOPHUCTAHHAM HATYPAJIbHUX JIOBABOK 3 ®PYKTIB

Antonenko A.V. / Anmonenxo A.B., Zemlina U.V. / 3emnina FO.B., Grishchenko I M. / I puwenxo I.M.
Brovenko T.V. / bposenxo T.B., Ahmad L.D./ Axmao J1J].

Tronsportation enqineering, Motor vehicles. Cucles,

Highwou engineering. Roads ond pavements,

Raoilroad engineerin and operation

TooHCAoOOT

http://www.moderntechno.de/index.php/meit/article/view/ge3-013 117

METHODS OF EDUCATIONAL LOGISTICS IN TRANSPORT TECHNOLOGIES
METOIBI OFPA30OBATEJIBHOH JIOTHCTHUKHU B TPAHCITIOPTHBIX TEXHOJIOTAX
Gubenko V.K. / I'voenxo B.K., Lyamzin A.A. /Jlamszun A.A., Khara M. V. /Xapa M.B.

Electronics

INECKTODOHUNKS
http://www.moderntechno.de/index.php/meit/article/view/ge3-012 125
BASIC CONSEPTS OF QUANTUM PHILOSOPHY
OCHOBbBI KBAHTOBOH ®HIIOCODPHUH
Karachunskiy V. A. / Kapaayrckaii B.A.

Electrical enagineerinQ. Electronics. Nuclear enqineering

SHepreTrks

http://www.moderntechno.de/index.php/meit/article/view/ge3-005 135
CAVITATION-PULSATING PROCESSES IN TOOLS

FOR DRILLING WELLS

KABITAI[IHHO-ITVJIbCALIIHHI ITPOIJECH B IHCTPYMEHTAX

JULA BYPIHHS CBEP/UIOBHH

Femyak Y. M./ @em ’sax A. M.

http://www.moderntechno.de/index.php/meit/article/view/ge3-018 139
THE TECHNOLOGY OF THE SECOND GENERATION OF BIOETHANOL

TEXHOJIOI'IA BIOETAHOJIY JPYT'OI'O IIOKOJIIHHA

P.Boiko / I1.Botixo, M.Bondar / M.Bonoap, A.Kuts / A.Kyy

http://www.moderntechno.de/index.php/meit/article/view/ge3-020 156
INNOVATIVE TECHNOLOGIES IN POWER ENGINEERING

IHHOBAILIFHI TEXHOJIOI'TI B EHEPTETHI]I

Viunenko O.B. / B ronenxo O.b5., Tolbatov A.V. / Tonbamoe A.B., Tolbatov V.A. / Torbamos B.A.




INndustrial safety. INndustrial occident prevention

be=30NscHOCTE AeSTENbHOCTH HenoBeks

http.//'www.moderntechno.de/index.php/meit/article/view/ge3-004
DOI: 10.30890/2567-5273.2018-03-01-004
FORESIGHT IN GLOBAL TECHNOLOGICAL DEVELOPMENT
MNPO®PECCHUOHAJBHOE PA3BBUTHUE I''lOBAJIBHOI'O TEXHOJIOI'MYECKOT'O
PA3BUTUSA

Golub T.P./T'ony6 T.II.

PhD, Ass.Prof./ k.n.n, ooy.

ORCID: 0000-0002-7757-880X

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

Abstract. The article is devoted to the study of foresight role and essence in modern
technological development and global security provision. Foresight methods for prioritizing
scientific policy and industrial security have become mandatory in most developed countries of the
world. Advantage is given to state support of fundamental technological solutions, based on which
a specific applied product so-called generative technologies can be created. The technological
foresight is aimed at identifying national priorities for scientific and technological development,
which are most likely to maintain a high level of competitiveness of the country on the world
market, a satisfactory quality of life for the population, sustainable economic development in the
conditions of the world situation expected for the next 10-20 years, provision of industrial security.
In the process of foresight research meta-tendencies are revealed in the development of modern
technologies, which have a significant impact on human life, its sustainable development and
security.

Key words: foresight, innovation, technological development, security, sustainable
development.

Introduction.

The modern world is characterized by the growing globalization of the
technology, economy, politics and culture and the emergence of management of these
spheres not only at national level, but at the international and even global one.
Globalization concerns technology, labor, capital, knowledge, production, markets. It
becomes a clause and an important factor of further development.

It should be noted that solutions to most of the world's problems are largely
related to the success of the technologies development and their application. In the
conditions of modern technologic civilization at the stage of its globalization,
practically all foresight species necessarily include a scientific and technological
component as a particularly significant factor and an element for working out
solutions in many vital areas. This includes ecology, the problems of providing fresh
water, food and fuel, as well as the problems of the development of communications,
education, human potential, and, even more, the problems of war and peace.

Foresight in modern world of technologies.

It is not by chance that, with reference to modernity, leading analysts use the
term "technological revolution" and, more accurately, "the global technological
revolution" [1, 2].

This term emphasizes and adequately expresses the role of science and
technology based on it in the modern world. In contrast to the technology of the
previous times, based primarily on practical handicraft discoveries and skills just with
rare exceptions, the modern technological revolution is based first on scientific




research and developments, and is not just a product of simple industrial or craft
improvements; and secondly, there is a category of top technologies in it, which is the
apex of sophisticated technologies that integrate thousands of simple and even
elementary technologies. With the development of top technologies, there are
significant hopes for solving urgent pressing problems, and the greatest progress in
them is related to the search and creative finds at the junction of these technologies;
moreover, they penetrate many other, simpler technologies, and their impact is
predicted to be even higher. Among the world's top technologies are: biotechnology,
information technology, efficient and renewable energy supply systems,
nanotechnology and, finally, complex systems management [1].

The global scientific and technological foresight research conducted by RAND
Corporation (USA) is very indicative. In the report of RAND Corporation
Technology Revolution 2015 [1], the main top-technologies with the greatest impact
and prospects in the modern world were analyzed. First and foremost is the
development of top technologies that provides answers to the main global challenges
of our time, concerning health, ecology, and provision of basic resources (fuel, food,
water). And the peculiarity of the present moment is the refusal of the disciplinary
binding of technologies, since the top technologies penetrate many other
technologies. For example, nanotechnologies based on discoveries in the field of the
microworld are used in information technologies, in the creation of new materials, in
biotechnology, in medicine there are at least a few dozen, more than 40 directions of
their use.

Top-technologies are applied in all key technology groups that are important for
solving global world problems. There are 15-16 of such technological clusters or
directions of application, which is noted, for example, in the RAND Corporation
report [2]. These applications of top technologies are a response to the needs of social
development or challenges of the time.

New technologies are the realization of the possibilities of humanity within the
limits of the set tasks. They concern the full biological and socio-cultural
reproduction of mankind on the planet. First of all, we are talking about technologies
that help to solve problems in the field of energy, communication, information,
network management, production of cheap and safe materials, food production,
public health, clean ecology etc.

In the national plans of scientific, technological and innovative development of
the most developed countries like USA, EU countries, Japan, and for a number of
technologies, for example, nanotechnology — Australia, Brazil, India, China, and
others, these priorities are reflected. This indicates the correlation of independent
expert studies in the field of world technological priorities and the application of
technology, the main global problems and opportunities of humankind as well as real
political decisions based on forecasts in the scientific and technological sphere. In
addition, these coincidences also reflect the growth of global interaction in the
economic and political spheres, in scientific and technological, and especially in
innovation policy.

As it is important not only to identify the problems and directions of their
technological solutions, but also to consider the social context of their development

8



and application, these factors can be conditionally divided into groups that reflect:

- the ability to develop technology;

- opportunities for the development of technology;

- the level of implementation of technological development, especially in the
field of innovation.

These factors are taken into account in the technological foresight by experts
and analysts of RAND Corporation and get interesting results both for individual
countries and subregions, and for technological development of the world as a whole.

When analyzing the ability of a national innovation system of a country to
develop a key technologys, it is necessary to take into account:

— national policy in the field of science, technology and innovation as well as in
specific technologies i.e. the necessary level of funding, the provision of
research and development by human resources, international cooperation;

— developed legislation in the intellectual sphere;

— the level of human development, which reflects the state of economic
development, the national system of education and health;

— in general, the society's readiness for modern development including at the
level of values and orientations;

— and a number of other factors.

Analysis of the capabilities of the national innovation system to develop and
implement one of the key technologies or their totality should take into account the
level of development and motivation of all links of the national innovation system,
including the research and development sector, production, infrastructure —
organizational, informational, financial, educational, as well as government and
society in the technology development. All this is reflected in innovation and
economic policy and public opinion. Important indicators are the level and scale of
financing, scientific and technological priorities of the country, the saturation of the
scientific and technological sphere with personnel one, the quality of the country's
human potential as a whole.

It should be noted that in order to capture the capabilities and level of
technologies implementation and application, RAND experts use both quantitative
and qualitative indicators, both absolute and, more often, relative indicators. It can
also be noted that in the process of foresight research, some meta-tendencies are
revealed in the development of modern technologies themselves, which have such a
significant impact on human and planet life, namely:

 Acceleration of the pace of technological change. The accelerating pace of
technological change combined with the creative destruction of traditional industries
will increase the importance of cultural adaptation, long-term education and training.
Economic need, social requirements and resource opportunities will affect the rate of
technological development in each industry and society in the next 15-20 years.

* The growing multidisciplinary nature of technology. Many technologies were
created through multidisciplinary interactions. Therefore, engineers are increasingly
turning to biologists to understand how living organisms solve problems in the
natural environment in order to reproduce it with regard to inanimate objects.




» Competition for leadership in the development of technology. Leadership and
development participation in each technical field will depend on a variety of factors,
including future regional economic aspects (e.g. the European Union as a global
force), international intellectual property rights and their protection, the nature of
future multinational corporations and the private sector, investment in scientific
research and development.

* Continuing globalization. Information technologies, which exert a strong
influence on other technologies, strengthen the process of globalization of economies
and societies.

Many countries use foresight in determining their own policies, especially in the
scientific and technological sphere. Now the number of such countries is about 50:
OECD countries and the EU in the first place. In OECD countries foresight research
is considered to be an obligatory tool for successful scientific, technological and
innovation policy [3, 4]. The European Commission also recognized foresight as
effective and necessary for both internal development and global interaction,
especially in the light of the decision to form a unified scientific and innovative space
for the European Union.

The peculiarity of new foresights in developed countries since the 2000s is the
consideration of such trends and problems of modern development as:

— globalization,

— development of the knowledge economy,

— formation and consolidation of the information society,
— management of environmental resources,

— transformation of health care,

— growth of regional differences.

Currently, European countries adhere to the selective strategy of scientific and
technological development, identifying for themselves priority research directions of
an innovative nature, the development of which allows for effective use of available
financial and intellectual resources and thereby expand and strengthen their positions
in global technology markets in the context of globalization.

Experience shows that the priority is given to work carried out jointly with
public sector organizations such as universities and national research centers and
private / corporate capital i.e. centers for the development of industrial enterprises
based on equity financing as well as work of an interdisciplinary nature.

Over the past decade, governments at the national and local levels, companies
mostly large, but also some representatives of small and medium-sized businesses
and other types of organizations like charitable, trade associations have carried out a
huge amount of foresight research. The results of foresight conducted by public
organizations are generally public, while the results of private firms are kept in secret.

Foresight varies in different countries according to initiators of a research, tasks,
participants, methods used.

The initiators usually are:

— government or any central state body: ministry, council, committee, fund;
— regional bodies;
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— corporations;
— clusters, etc.

Foresight methods for prioritizing scientific policy have become mandatory in
most OECD countries. Advantage is given to state support of fundamental
technological solutions, based on which a specific applied product (so-called
generative technologies) can be created. In a number of European countries to
determine the list of the most promising technologies of this class, foresight research
is widely used, the meaning of which in this context can be interpreted as a
"perspective".

The so-called technological foresight is aimed at identifying national priorities
for scientific and technological development, which are most likely to maintain a
high level of competitiveness of the country on the world market, a satisfactory
quality of life for the population, sustainable economic development in the conditions
of the world situation expected for the next 10-20 years. The basis of the final
recommendations is an analysis of the country's real resources, both material and
intellectual, as well as the opportunities for their strengthening and expansion.

Conclusions.

In all developed and in many developing countries, strategic planning of priority
areas of research, development and innovation is carried out. National plans and
projects for the development of science and technology are being formed. Taking into
account the fact that technologies strongly influence not only production, which is
important in itself, as it changes the character and productivity of labor, it requires
qualitative special education and skills, etc., but their influence is more extensive.

Technologies affect nature and society and individuals, including in the
domestic sphere, healthcare, the sphere of communication and leisure, etc. in general,
the conditions of work and life. The spread and influence of technology on the life of
man and society is strengthened by the development of globalization, the rapid spread
of technologies and their successful applications in all major spheres of life.

One way or another, both the local and the national foresight are facing global
problems of human development and a technological revolution. Risks that can be
grouped into the following classes are hazard to man, danger to culture, danger to
management, danger to nature.

Many mechanisms and tools, especially in decision-making, facilitate the
success of development in a globalizing world. At the same time, the price of
solutions is becoming increasingly high, especially with the acceleration of
development rate and the diversity of social consequences of modern technologies
application. Foresight is the true technology to minimize the risk of such decisions.
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Anomauia. Cmamms npucesueHa OOCHIONCEHHIO pOai ma cymi opcaium-mexHoniociu y
MEXHON02IUHOMY Ma 0Oe3neyHoMy 2100aNbHOMY pO36UmKY cycnitbemea. Ha cyuacnomy emani
YUBINI3AYIUHO20 PO3BUMKY 3ACMOCY8AHHA MemoOi8 HNPOSHO3VEAHHS, 30Kpema ¢hopcaumy, O
BUBHAYUEHHS NPIOPUMEmi8 HAYKOB0I NOMIMUKYU Ma NPOMUCIO80i be3neku cmanu 0008'A3Ko8UMU 6
oinbuwiocmi  pozeunenux  Kpain — ceimy. Ilepesaca Hadaemvbcs  OepocasHil  NIOMpuUMYi
@DyHOAMEHMATLHUX MEXHOLOTUHUX PilleHb, HA OCHOGI AKUX MOXCYMb OVMU CMEOPEHi KOHKDEeMmHi
3aeanvui mexnonoeii. Texuwonoziunuu @opcatim cnpaMo8anuli HA BUHAYEHHS HAYIOHANbHUX
npiopumemis HAYKOBO-MEXHIYHO20 PO3BUMKY, 5KI, HAUIMOGIpHiue, 30epedicymb GUCOKULL PiBeHb
KOHKYPEHMOCHPOMONCHOCII KPAIHU HA CBIMOBOMY PUHKY, 3A008IIbHY AKICIb JHCUMMSL HACENeHH s,
CMIUKUL eKOHOMIYHUL PO3BUTNOK 8 YMOBAX NPOCHO308AHO20 C8IM08020 pO36umKy Ha HacmynHi 10-
20 pokis, 3a6e3neueHHs NPOMUcLo6oi besnexku. Y npoyeci npoeno3y8anHs OOCTIOHUYLKI Mema-
MeHOeHYii BUABTAIOMbCA NpU PO3POOYI CYYACHUX MEXHONO2Il, WO CYMMEBO BNAUBAIOMb HA
HCUMMEODIANbHICMb  I00€ll, CMAIULl pPO3BUMOK 0epicas i 3abe3neyeHHs NPOMUCIO80i ma
MexXHON02iUHOT be3neKu.

Knrwuoei cnoea: nepedbauenns, imHosayii, mexHoN02iuHUL PO36UMOK, Oe3nexka, cmanuil
PO36UMOK.
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Abstract. Today education becomes a key aspect of Ukraine's economic development. The
main trend in education in the world is the STEM approach (science, technology, engineering,
mathematics). Occupational Safety is a discipline that combines engineering, humanitarian,
technical and natural sciences. Intensification of occupational safety education at universities is of
great strategic importance for development of innovative education and strengthening of
competitiveness of Ukraine.

Key words: occupational safety, STEM, education.

Introduction.

The first control systems of labor protection were developed in 80s years of the
XX century in Soviet Union [1]. In the beginning of the XXI century the management
for control systems of labor protection developed by ILO had appeared. However, the
level of occupational injuries and occupational diseases in Ukraine is 3...4 higher
than in Western Europe. According to the State Statistical Office 23.6 % of
occupational accidents in 2016 are connected with non-performance of safety rules
by production personnel [2]. One of the problems of the traditional occupational
safety education system is that future professionals are offering information that is
rapidly becoming outdated in today's changing world. The traditional direction of
education for the transfer of knowledge gradually loses its sense. In connection with
the wide access to information, not only general theoretical knowledge, but specific
technological, which can ensure their effective practical application in the
professional activity, is valuable.

The main text.

The urgency to improve progress of Ukrainian education is evident by
educational reforms that have occurred for the last few years within a variety of
disciplines including safety of activity. Many global challenges including climate
change, resource management, risk management, occupational safety, declining
energy and water sources and others need an international approach supported by
integration of science, technology, engineering and mathematics (STEM). The main
purpose of STEM-education is to implement state policy taking into account new
requirements of the Law of Ukraine "On Education" regarding strengthening the
development of scientific and technical potential in educational-methodical activity,
creation of methodological base for improvement creative opportunities for youth and
the professional competence of educators.

Conceptual approaches and practical directions of realization of STEM-
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education are researched by leading scientists: G. Alshtuller, S. Straw, R. Hart,
D. Winckler O. Kuzmenko, O. Lisovy, Todd R. Kelley, J. Geoff Knowles,
I. Slipukhina, 1. Vasylashko, N. Goncharova, I. Chernetsky, Van den Bergue,
M. Fieder and others. The use of integration as the main principle of STEM-
education allows to carry out modernization of methodological and technical basics,
to renew content and quantity of educational material of the subjects of natural-
mathematical cycle. It also contributes to better qualification of young specialists for
further education and successful employment.

It is generally accepted that education should ensure adequacy of labor
resources’ potential to modern technologies and management methods. But there is a
plenty of factors that inhibit the development of education in Ukraine: low motivation
of students to study technical disciplines and natural sciences, unsatisfactory level of
implementation of innovative technologies, lack of modern research laboratories etc.
To remain competitive in growing global economy it is imperative to raise student’s
achievement in STEM subjects. Instead of teaching content and skills and hoping
students will see the connections to real-life application, an integrated approach seeks
to locate connections between STEM subjects and provide relevant context for
learning the content. Educators should remain true to the nature in which science,
technology, engineering and mathematics are applied to real-world situations [3].

The STEM approach in education is based on the design of training disciplines
on an interdisciplinary basis (integrated training according to certain topics, rather
than individual disciplines). Such educational technology is intended to form the key
professional competencies of young specialists: readiness to solve complex problems;
ability to see the problem and distinguish as much as possible constituents and
connections; ability to formulate research question and find ways to solve it;
originality, withdrawal from the template; development of critical thinking,
creativity, cognitive flexibility, cooperation, management, implementation of
innovation activities and so on.

Therefore, the development of STEM education is a priority for Ukraine. At the
same time practical realization of STEM-education is restrained by negative factors:
insufficient number of modern educational programs that are developing
competencies in technical creativity and a significant lack of skilled educators ready
to organize educational process on modern equipment, using educational
technologies that form engineering-technical competence of students [5].

Occupational safety provides the opportunity to locate the intersections and
build connections among STEM disciplines. Occupational safety itself is an
interdisciplinary STEM profession. In the discipline of occupational safety, the
sciences of biology, chemistry, psychology, physiology, enforcement, hygiene,
health, management and physics are combined with the utility of engineering and
technology as a way to diminish the likelihood of accidents. A program of discipline
“Occupational Safety” includes instructions in occupational health and safety
standards and regulations, health-related aspects of various occupations and work
environments, health hazard testing and evaluation, industrial toxicology, worker
health and safety education, the analysis and testing of job-related equipment,
behavior practices, and protective devices and procedures.
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The safety profession is an occupational field concerned with the preservation of
both human and material resources. “Safety Science” is a term for everything that
goes into the prevention of accidents, illnesses, fires, explosions and other events
which damage people, property and the environment. Today’s highly technical
industrial workplace i1s a competitive environment that recognizes students with
highly specialized skills. After the course “Occupational Safety” with the stress on
STEM-approach young professionals should get following skills:

1. active listening (full attention to what other people are saying, taking time to
understand the points being made, asking questions as appropriate, and not
interrupting at inappropriate times);

2. speaking (talking to others to convey information effectively);

3. critical thinking (using logic and reasoning to identify the strengths and
weaknesses of alternative solutions, conclusions or approaches to problems);

4. complex problem solving (identifying complex problems and reviewing
related information to develop and evaluate options and implement solutions);

5. judgment and Decision Making (considering the relative costs and benefits of
potential actions to choose the most appropriate one);

6. social perceptiveness (being aware of others' reactions and understanding
why they react as they do);

7. monitoring (monitoring/assessing performance of yourself, other individuals,
or organizations to make improvements or take corrective action).

Environmental scientists and specialists have extensive knowledge of
environmental and natural sciences. They use this knowledge to protect the
environment by identifying problems and finding solutions by collecting data,
conducting research and performing investigations. Specialists should also have good
communication skills and problems solving abilities as information must be shared.
Environmental engineering technicians should be detail-oriented and have monitoring
skills. They must properly evaluate a site and recognize problems quickly. They also
must be able to read and comprehend legal and technical documents, standards and
requirements. Health and safety engineers investigate accidents, injuries, or
occupational diseases that occur at work site. They are responsible for creating
procedures and developing systems to avoid people of getting sick or injured. They
review the specifications for new machinery or equipment for corresponding to safety
regulation and inspect work sites to identify potential hazards. They also establish or
review employee safety programs and make recommendations for improvement
safety at work. Careers in environmental health, sustainability, pollution prevention
are growing in need and popularity all over the world and should be rooted in STEM
disciplines.

Summary and Conclusions.

Many countries, such as Australia, China, Great Britain, Israel, Korea,
Singapore, the United States carry out state programs in the field of STEM-education.
In Ukraine, the subject of STEM-education is also gaining popularity.
Implementation of STEM-education is connected with the requirement of a “new
economy” to be competitive both within the country and on the international level. In
the countries of the European Union it is forecasted that demand for professionals in
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the field of STEM will increase by 8 % in 2025, while for others professions — only 3
% [4]. STEM education today shows a powerful scientific potential, for effective
implementation of which it is necessary to pay considerable attention to the teaching
of the discipline “Occupational Safety” to students as technical as humanitarian
specialties.
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Annomayua. Obpazosanue ce200HA CMAHOBUMCS KIIOUeBbIM ACNEKMOM  pPAa36Umus
aKoOHOMUKU YKpaunvl. I nasnvim mpenoom obpazosanus 6 mupe aeisemcs STEM-nooxoo (S-nayka,
T-mexnonoeus, E-unoicenepus, M-mamemamuxa). Oonoil uz npodrem mpaouyuoHHOU CUCHEeMbl
obpazosanus & cghepe bezonacrocmu mpyoa AGNAEMcs mo, 4mo oyoywue cneyuaiucmol 8 8y3ax
noxyyaom uHgpopmayuio, Komopas Obicmpo ycmapesaem 6 cCe20OHAUHEM MEHAIOWeEeMCs Mupe.
Mnoeue enobanvhvie npodiemvl, 6KIOUASL USMEHEHUe KIUMAmad, 0ecpadayus nPupooOHbIX pecypcos,
VHpasieHue puckamu, 6e30onacHocmv Ha pabouem mecme mpebyiom KOMNIEKCHO20 Nn00xX00d,
unmezpayuel HayKu, mexHuku, oopazosanus u mamemamuxu (STEM). C opyeoti cmopouwi, oxpaua
mpyoa cama no cebe sguiemcs STEM-Ooucyuniunot, max Kax o00veOuHsem UHMICeHepHble,
2yMaHumapHvie, MexHuueckue u ecmecmeeHuvie Hayku. HMumencugurayus uzyuenus OXpaHbl
mpyoa 8 8y3ax umeem OOIbWOe cmpameuyeckoe 3HAueHue Ol pPa3eumus UHHOBAYUOHHO2O
00pa308aHus U NOGbIUUEHUSL KOHKYPEHMOCNOCOOHOCMU YKpauHbi.

Knioueswie cnosa: oxpana mpyoa, STEM, obpasosanue.
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Anomauia. YV npayi posensinymi ckiaoosi 6a2amokpumepianbHo20 Memoo HOpMYSaAHHS.
OpeaHy YNPAaGliHHA CUL OXOPOHU NPABONOPAOKY. [lemanizo8anHo Cymuicms mMakux CKIA008UX 5K
30amuicms  Ghopmyeamu MIHIMATbHO-HEOOXIOHUU YUCENbHULL CKAA0 OpeaHy YNpaseliHHA, Oymu
8Ce0IUHO Ni020MOGIEHOI0 NOCAO0B80I0 0CODO0I0 (YNpasninyem) opeany 00 UPIUEHHS YNPABIIHCOKUX
3a680aHb, 6MIHHA MBOPYO CHNOIYYAMU MeOpemudti 3HauHs y chepi YNpasniHHA 3 3ACMOCYBAHHS iX
Ha npakmuyi ma 5K Yi CKIA008i peanizylomvCs uepe3 3HAHHA YHPAGIiHyem IHGopmamuxu,
004UCTI08ANLHOI MeXHIKU, 3ac00i68 YNPAGNIHHA ma 38 'A3KY I NpocpamysanHs OJisl UKOPUCHAHHS &
cucmemi ynpaeuiHHa .

Knwuoei cnoea: memoo, opean ynpasniHusa, cucmema YNpaeniHHA, Nocadosa o0coba
(ynpasnineys), inpopmamura, 0OUUCTIOBANLHA MEXHIKA, YAPAGLIHHS | 368 S30K.

Beryn. Opran cucrteMu ynpasiiHHs cuiiaMu oxopoHu nipaBonopsaky (COllp) B
nporieci (PyHKIIOHYBaHHSI TMOB’si3aHMil 3 1H(OpMallieto, Ky 00po0sie, 3acobamu
YIOpaBIiHHSA 1 3B 3Ky Ta OOYHMCIIOBAJIBHOIO TEXHIKOIW. Buxomsuu 3 1poro, s
dbopMyBaHHS TaKOTO OpraHy HEOOXiZIHO 3acTOCyBaTH OaraTOKpUTEplaIbHHMA
HAyKOBHM MIAXi 3 ypaxyBaHHSAM oOcsry iHdopMalii, sKy opraH o0poOise,
KOMIIETEHIII] 1100 3HaHHA 3ac001B yNMpaBIiHHSA 1 3B 3Ky Ta BMIHHS 3aCTOCOBYBATH
OOYHUCITIOBAILHOIO TexHIKOI0. KpiM 1pOoro, KOMMETEHINT W00 TMPOBEACHHS
PO3paxyHKIB 3 BUKOPUCTAHHSIM Cy4acHUX 1H(POPMAIIHIX TEXHOJIOT1iH.

Otxe, copMoBaHU TaKMM YMHOM opraH ympasiinHa (OY) — 1e He TpocTo
KOJIEKTUB TI0CaI0BUX 0C10, sskuit mependadeHuit mratoM [1], a i koyekTuB (haxiBIliB 3
yrpaBJiiHHS (YIpaBJIiHINB), sIKI MalOTh HEOOXIJHI KOHIIEMIIi 00 BUKOPHUCTAHHS
3ac00IB  ympaBiiHHSA 1 3B’S3Ky Ta BMIHHS 3aCTOCOBYBATH OOYMCIIIOBAIBHOIO
TexHikoo. ToOTo 3HalioMi y HeoOXimHOMY o0ciary 3 1H(OpPMATHKOIO 1
00YHMCITIOBAJILHOIO TEXHIKOIO, SIKa BUKOPUCTOBYEThCA B cuctemi yrpasiinaa COIlp.

[utanHsMu 1HGOPMATHKK 1 OOYMCIIOBAIBHOI TEXHIK OIIKyBaJIUCs Oarato
BueHMX Takux sk: FO. Mamkapos, O. OpnoB, M. Mopaginies [2], B. Crommunre [3],
JIx. Kypoys, K. Pocc [4] Ta iH. Pi3HuM niuTanHsMu y cdepi yrnpaBiiHHS TPUCBATUIH
mpartli Taki BueHi sk: 3. Mukonaituyk [5], B. bakymenko, B.. Kuszes, HO. Cypwmin [6]
Ta iH. Pasom 3 TuM, aBTOpYy CTaTTi HEBIIOMI Mpaili, SKi BUCBITIIOIOTH MPOOJIEMU
MOB’si3aH1 3 OOIPYHTYBaHHSAM OaraTOKpUTEPIAIBHOTO METONy (OpPMYBaHHS OpraHy
ynpasiiaas COIlp.

OcHoBHMI TekCT. SIK BIOMO, Kpumepiii — 1€ KIUIbKICHA Mipa IEBHOTO
MOKa3HUKa Yy TMOPIBHSHHI 3 JESIKMMHU BHU3HAYCHUMHU (ETAJOHHUMH) 3HAUYCHHSIMHU
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aHAJIOT1YHOTO 3HAYEHHS Moka3HuKa. Ha mpaktuil Oyab-akuil KepiBHUK (HaYaJIbHHUK)
InparHe MaTh OpraH 3 3a3HAYEHMMHM IMOKA3HWKAMH, MalO4d Ha yBa3l KICh €TaJOHI
(mpuitHATI B AeprkaBi a00 y 1HIIUX Jep)KaBax) 3HaUYCHHs aHAJIOTIYHUX MTOKA3HUKIB.

Y Mexax TPOBEACHOTO JOCHIDKCHHS KpUTEpiAMH (SIKI  YBIMAYTH [0
OaraToKpUTEPiaIbHOTO METO/Y), 3a SKMMHM JOLUIBHO (pOpMYyBaTH OpraH yIpaBJiHHS
COIlp, cmia BBaKaTH: MIHIMAJIbHO-HEOOXITHUM YHCEIBHUM CKJIaJ, OpraHy
yIpaBJiHHS; BCeOIYHA MIATOTOBIEHICTh MOCAAOBUX OCIO (yIpaBiliHIIIB) OpraHy a0
BUPIIICHHS YIPaBIiHCHKUX 3aBJlaHb; BMIHHSA TBOPYO CIIOIYYaTH TEOPETUUHI 3HAHHS
y cdepi yrpaBiiHHS 3 3aCTOCYBaHHS Ha MPAKTHIL.

3a3HaueHl KpuTepii CKIAJAl0Th IMEBHY CHUCTEMY, SIKa MOXE€ OyTH OCHOBOIO
OaratokpuTepiaTbHOT0 METO/ (POPMYBaHHS 3a3HAUYCHOTO OpraHy.

Posrnsimemo Buie momaHi Kputepii 1 ix peamizaiisi 3 BUKOPUCTAHHSM 3HaHb
iH(popmartii, aKy oOpoOJisie opraH, 3aco0iB yIPaBIIiHHS 1 3B 3Ky Ta 00UHUCITIOBAIBHOT
TEXHIKH 1 OCHOB ITPOTPaMyBaHHS.

1. MinimanoHo-neobOXiOHULl YuCeNbHULl CKAA0 OpeaHy YNpasiinHs MOXe OyTH
BU3HAYEHUM 3 BUKOPUCTaHHSAM 1H()OPMALIAHO-CTPYKTYPHOTO METOAY, SIKHM
0a3yeTbcsl Ha KUIBKOCTI 1H(oOpMalii, o Moxe o0poOUTH mocajgoBa ocoba opraHy
(ympaBiiHelb) 3a BH3HAYEHUMH Yac 3 HEOOXIJHUM 3HAYE€HHSIM I1MOBIPHOCTI
0e3MoOMIIIKOBOT po0O0TH [7]. 3acTOoCyBaHHS TakKOro METOJY JI03BOJISIE BU3HAUUTH
palioHaNbHY OpraHi3alliiHy CTPYKTYpPY 3a3HAaY€HOro OpraHy. Y SKOCTI IpHKJIamy,
HIKYE TOAAHO HOPSAO0OK 8UOOPY pAyioOHANbHOI NIHIHOI Opeani3ayiiHoi cmpyKkmypu
opeany euxonasyoi enaou. lle Taka cTpykTypa, MiXK €JIEeMEHTaMHU SIKO1 1ICHYIOTb JIMIIIE
OJIHOKAHAJIbHI 3B’SI3KH 1 6€3MocepeIHe MAnopAAKyBaHHs (puc. 1).

Py
C
Migpo3min Ne 1 K Migpo3min Ne 2
P2 K] KZ P3
P
B; B, B; By B;
27 27 "] [ 2 [ 2

BukoHaHHS 3aBaHHS 3 YIPaBJIiHHA (P be3n. opz)

CK — crapumii xomanmup (Hauampuuk); K ] — KOMamIup MEPLIOro MiApo3Jity; K 2 — KOMauaup Ipyroro

ipo3ainy; Bi — BuxoHanmi, P j — 3HAYCHHS MOKa3sHMKAa WMOBIPHOCTI 0e€3MOMHMIKOBOI POOOTH 1OCanoBOi 0COOH

oprany
Puc.1. JliniiiHa opranizauiiiHa CTPyYKTypa Oprany BUKOHABYOI BJIa1H

Koxkna mocamoBa ocoba (yrmpaBiiHElb), 3 OTJIAy Ha CBOIO MiATOTOBJIEHICTH
(HasBHICTh OTPUMAHUX KOMIIETEHI[1/) 1 BIUIUB MEBHUX YNHHHUKIB MPALIO€ Y CKIATHUX
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YMOBax 3 BU3HAU€HOI HMOBIPHICTIO 0€3MOMUIKOBOI poOOTH Pppsyy 1 » BAKOHYIOUH

KOJIO OCOOMCTMX 3aBAaHb. Y IIIJIOMY 3aBJaHHS OpraH BUKOHYE 3 IMOBIPHICTIO
0e3MOMIIKOBOT POOOTH Pgesy o, 3HAUCHHS MOKA3HUKA Pposy o, OOHCIIOETHCS

MOETAITHO 3 ypaxXyBaHHSAM €JIEMEHTIB CTPYKTYPHOT'O pe3epBYBaHHS IMOCAJOBUX OCIO
(YmpapJiHIIIB) 3a3HAYEHOTO OpraHy:

P'=1-(1=PyN1~Ps\i~Pg); P'=Py-P'=Py[1-(1- Py NI~ Ps)i—Ps)]; (1)
Py=1-(1=P;I~Pg); Pj=P3-P;=P3[1—(1-P; )1~ Pyg)];
P"=1-(1-P"\I-Pj)=

=1-{1=Py[1-(1= Py N1~ P51~ Pg)[{l1 - P31 = (1—P; X1~ Pg)]};
P6e3n.0p2 =P;-P"~Py.

Y Bumaaky, KojJd KOXHUM TIJIPO3LJT OpraHy BHKOHYE pI3HY poOoTy i3
3arajibHOro o0cary po0iT (o0pobiise pizHy iHpopmarrio N inin N ingh; 13 3araJibHO1
inpopmauii Nyy,g, 5 ), PE3YJIbTaTH OyAyTbh TAKUMU:

Pyy=P;-P"=P;-Py-P' =P Pyl —(1-P,;\I-Ps)\I-Pg)l= P;-Py;  (2)

Pyy=P;-Pj=P;-P3-Py=P; P3[1—(1-P;f1~Pg)|~ P P3;

2

P5€3n.p066 =Pyg;-Poo =P -Py-P3.

I'padix 3a1exKHOCTI 3HAYCHHS MOKA3HUKA Pgeszy op, BIA 3HAYCHB IIOKA3HUKA

0€e310MHMIIKOBOI POOOTH CKJIaJHUKIB CTPYKTYPH ITOJIAHO Ha pHC. 2.

17 - MigiMaTEHO JONYCTHME 2HA9EHHA

41 moxasEEEA Pgeoy poss

w -

0,8 - ea o

3HAYEHHA NOKATHMKA WMOBIPHOCTI
DeINOMMUNKOBOI PODOTH
pPerioHanLHONo OpraHy BUKOHABY 01

|:| T T
1 2 3
3HAaYeHHA NOKA3HWKA AMOBIpHOCTI GE3noMUNKDBOI pPOGOTH
nocagoeol ocoDW opraHy

L = Poeanno=099. 2 - Pgoapns=095. 3 -

Puc. 2. Tpadik 3a1e;KH0CTI 3HAYEHHA NOKAIHHKA Pgozy ops

BiJ 3HaYeHb NOKa3HHKIE 0e300MH/IKOE0I po00TH H0CAJOBHX 0Ci0 oprany

BpaxoBytoun, mo cydacHuii ympasiiHenbr OY Moke BOJOIITH €JIeMEHTaM H
nporpaMyBaHHs, Ha PHUC. 3 TMOAAHO PE3yJIbTaTH PO3POOJICHOT MTAa0HOI MO,
OpraHi3aliifHoi CTPYKTYpH OpraHy, o JOCTIHKY€eThCs [8].
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Popryna N3 x| % [[isP1-8P211-(1-$P4r(1-$PSF(1-$PENFSPT $P3 1 -(1-3P7101-4PE))
£ 053
P2 053
3 0,53
P4 099
5 053
b 0.53
£P7 0,53
joss |
Roaam poprny | [0-59 ol =
Koperyoamu sopomuny | [Brsnasminepeies ] BHEOHaHHE 3ABOAHEHS * Sezn oy
MposecTi pospamHOr | HopeaaTisn snaeeHnn |
F = 11-3P4) (1551 $FE] aopierece 1 (B F PP 1-(1-5P4F(1-3P5 1 -3FE)
P~ = $P2$PP1’ popiersoe 0,93 [Biaranro) P s 1-P1PP’1
P1" = 1-(1-4P71[1-$P8] aopiersce 03333 [Biaeseo) P PP1T° 11+ iF"?rl1 -$FE)
PI'-SF"3 PP 1’ aopisrece 0,9893 [Biarireo) F1 P i.'F'3‘SF"P
= 1-{1-$PPZT-$PP1 2] aopmesoc 05993 [Barewo] P PPY 1-(1-3PPZT1-4PP12)
Pde::m 0Y [oane sssaaqra) = $P1°EPPT gopmssce 09899 ([Bam | Pdesn OY [oane sasgaren) | $PPPendl | $P1°8PP3
P01 = $P1"§PZ"§PP1" gopeeros 03800 [?Euru-n-m] F i-FF'f.H $P1-EP2EPP1”

P2 = $P1-$P3 8PP 1" nopiessoc 0,33 [B P2 P11 EPIEFFIT”
] G | Fhean, OY [aeriones 3a008 SPPPer-dZ* PPN =$PR02

Prasnry. C0 ( Asicineeca wama s m PPN *4PPNE anndrsane NL9A0S (R s

Puc.3. Pe3yjabTaTil NPpOrpaMHoOro NpoAyKTy MITAOHOI MoAeJIi JIHIHOT
OpraHizaniiHoOl CTPYKTYPH OPraHy BUKOHABYO0I BJIaH

Omxe, peamizamiro 3aBHaHHS MOAO0 (OPMYBAHHS MIHIMAILHO-HEOOXIOHO20
YucenbHo20 CKIAdy OpeaHy YNpaelinHs MOXHa 3IIMCHUTH 3 BUKOPHUCTAHHSIM
1H(pOpMaLIHHO-CTPYKTYPHOT'O METOAY, SIKHI 0a3yeThCcsl Ha KIJIBKOCTI 1HGOpMaIlii, o
MOXe O0O0poOuTH TocajoBa ocoba oprany (ympaBlliHENb) 3a BHU3HAYCHHM dac 3
HEOOXITHUM 3HA4YEHHSIM IMOBIpPHOCTI  O€3MOMHMIIKOBOI pobOoTu. IMOBIpHICTH
0e3MOMUIKOBOT POOOTH MOCAAOBHX OCIO (YNpaBIIHIIB) OpraHy 3aleXUTh BiA iX
BCEOIYHOI MIATOTOBKH.

2. BceOiuHa MIATOTOBJICHICTh MOCAAOBUX 0Ci0 (YHpaBiiHIIB) Opra"y o
BUPILIEHHS YNPAaBIIHCHKUX 3aBJaHb. Taka MIATOTOBKA, HacaMIiiepes, MOB’sA3aHa 3
YMIHHSM (POpMYBaTH CKJIaJ0BI CUCTEMH YNPABIIHHS: IIYHKTH YIPABIIHHS 1 CUCTEMY
3B SI3KY.

[Ipu dopmyBanui nynxkmie ynpaeninua (I1¥Y) COIlp mocagoBi ocobu
(ympaBmiHIll) 3a3HAYEHUX OpraHiB MOTPEOYIOTh TMEBHHX 3HAHb: 3HAaHb IIOAO IX
MpOeKTyBaHHS [9] 1 3acTOCyBaHHS 3a MPU3HAYECHHSIM. YCE PO3MOYHUHAETHCSA 3
BH3HauYeHHS BUMor a0 [1Y (tabm.1).

Jlo nomatkoBux BuMoOr 10 IIY MoOKHa BITHECTH: MOXJIMBICTH CHOJIy4aTHCS 3
INYHKTAMH YOPaBIiHHSA IHINMX CUCTEM M ;; 3pYy4HICTb IOCAJOBHUX OCIO MLIOAO

YIIpaBJIIHHSA BIICBKAMH M , ; €EHEPrOoeEMHICT M 3.

Buxonsuu 3 HaBEeAEHOTrO BUINE MOXHA y 3araJlbHOMY BUTIIAII chopmyrroBaTU
gumozu 0o 11y COIlp TaKTUYHOTO PIBHIB:

Sk cramioHnapHi, Tak 1 pyxomi [1Y noBuHHI OyTH 3aXUIIEHUMHU BiJl MOYKJIHBOTO
(h13UYHOTO BIUIMBY MPOTHUBHUKA, CTYIIHb 3aXHUCTY MOXE OyTH OOUMUCIICHUI BUXOITIN
13 MOKJIMBOCTEM MPOTHUBHHMKA 3aCTOCYBATH 3aco0M ypakeHHs. IIyHKTHU ympaBiiHHS
noBUHH1 0yTH kuBYyYuUMU. JKuByuicTts [1Y COIlp — 11e iHTerpagbHuii MOKa3HUK, SKUN
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BpaxoBy€ HOro 3axMCHI SIKOCTI ¥ MOXJIIMBOCTI LIOJ0 BITHOBIEHHS; pyxomi 1Y
MOBHHHI 3a TOKA3HUKOM MOOLIBHOCTI T',,45 1y, SKHH OOYHMCIIOETHCS IUIAXOM

noOynoBu TpadoaHATITUYHOT MOJEIl JJIi KOHKPETHOTO PIBHS  YIIPaBIIIHHS,
3a/[0BOJBHATH  MOOUIBHICT ~ CTBOPEHOI ~ CHCTEMH  YHPaBIHHA T .5 ¢

(TM06. ny <T no6. cy)'

Taoaunga 1
Bumoru 10 nmyHkTiB ynpapJjaiHHsa TakTu4HOI Janku COllp
Buwmora 10 Busnauenns TTopsiiox 0OYUCTICHHS BU3HAYATLHOTO
MyHKTY ITOKa3HHUKA
YIIPaBIIHHS
MoOiIbHICTE Moo6uteHICTS ITY BU3HAYAETHCS 30ATHICTIO X Moo6ubHicTh ITY Bu3HaYa€eTHCS

3rOPTATHCS 3 METOIO 3MIHU MICUC3HAXO/DKEHHA | T' = py FIK CyMa BKA3AHIX TACOBHX

! .
t ; IEPEMIIIIATHACS B MEXKaX 30HA )
M0 > TePeMIIL [MOKa3HUKIB:

B1AITOB1JAJIBHOCT1 CY, HE BUXO/JAYHU 13 30HU TM05 ny M06 + tM06 + t;;jl05

14
3B’A3KY, [, 4 ; PO3TOPTATHCS Y HOBOMY
patioHi 601i0BOTr0 MPU3HAYCHHS 1 OpaTh

. . « 5y oM
YTIPaBJIiHHA BiiCbKaMu “Ha ce6e” 1,5

3axuIleHicTh Saxuwenicts ITY P, ny — K 3axumenicts ITY BU3HavaeThes K
3aTHICTh 3a0€3MeUnTH 30€PEeIKEHHS YCIX P _ Z p
iioro enementis P 3ax. ny 3ax. ny;

. Bif 4
3ax. ny; i=1
30BHIIITHHOT'O BOTHEBOTO, EIIEKTPOHHOTO,
XIMIYHOI'0, O10JIOTTYHOr'O Ta 1HIINX BIUIMBIB

€MHICTB Emuicts [TY €., — KiybKicHA €wmuicts [1Y Bu3HauaeThCS SIK
CIIPOMOXKHICTh “TIIKIFOYATH 10 CBOET Z N
CTPYKTYPH CTapIIIi, MiJIETIII Ta B3aEMOIiI0U1 ny ny j
l'_

TYHKTH yrpapiinas [V ny;

PoGoTHuit yac Po6oTtauit yac ITY T — gac Bix PoGoTHull yac BU3HAYAETHCS K Cyma

pob. ny . . . .
yciX g pOOiT TPHBAIICTIO KOXHOI [},

OTPUMAaHHS 3aBJIaHHS OPTaHOM YTIPABITIHHA

110 TOTOBHOCTI H0r0 BUKOHATH CHJIAMHU 0 BUKOHYIOTh CKJIaJOBl OpraHy, skl

po3ropuyTi Ha [1Y:
p06 ny — Z Ik
Kusydicts Kusyuicts ITY P:)fc ny ~ 37aTHICTB J10 Kusyudicth HY BHU3HAYAETHCS SIK:
(yHKLIIOHYBaHHS B 3aIaHUX Mexkax y Oynb- Poe. ny =1- Pypa:)fc ny>
SKHX YMOBaX 00CTaHOBKH e Pypaofc. - iMOBipHICTb
ypaxkeHns 1Y
PiBenn PiBens aBTOMaTH3alii nmpouecis XapaKkTepu3yeTsCsl BiICOTKOM PpoOiT,
aBToOMaTH3allii | ympaBIiHHA cuIaMu (Y TIEPITy Yepry SKi BHKOHYIOTbCS Ha IIY y meBHOMY
006po6nenns inpopmaii) A p pexKuMI

Buxoasun 3 Bu3zHaueHHsa koxHOiI BuMoru n10 IIY COIllp, moxHa niepeTu 10
Mepesiky MUTaHb, Kl MOBHMHHI OyTH BKJIIOYEHI /10 TaKTHKO-TEXHIYHOTO 3aBJIaHHS
(TT3) Ha mpoekTyBaHHS KOHKPETHOT'O IMyHKTY (TadJ1. 2).
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Kupyuicte pyxomoro ITY MokHa BH3HAYUTH BUXOISYH 3 TOTO, IO 3HUIIUTH
yci enemeHTH [1Y 0oaHOYACHO MPOTUBHUKY, SIKUU JII€ Y CEPEIMHI AEPHKABU MPOTH CUIT
HI'Y nemoxnuBo, TOMy BiH Oyje HamaraTUCsS BHBOJMUTH 3 Jiaay (ypa3uTH) OKpemi
Horo eireMeHTH. Y pasi, skmo 1HeHTp uumn (eaementy I1Y) cmiBmamae 3 neHTpom
PO3CitOBaHHS MPOIYKTIB 3aC00y ypa)KeHHS, a CHCTEeMAaTH4H1 IIOMUJIKH BIJCYTHI (pHcC.
3), Toai IMOBIPHICTh YpaxkeHHs enemMeHTy [1Y MorxHa BuzHauuTu 3a opmyiioro [10]

. [ b
p:(pb_x D 2|, (3)
E.) |E,

ne by, by, —HaniBposmipu wini (enemeHty I1Y) B HanpsMKy KOOPAMHATHHX BICEH.
SIK110 NpuiHATYH 3HaYeHHS NOKa3HUKIB £, = E y = 2; 3,4, 5, Toni 1715 €NeMEHTY

ITY (mmoma aBTOMammHu, Ha 0asi SKOi PO3rOPHYTO INTAOHUN TOCT Ta IUIONIA

npUYeny >KUTTe3a0e3MeUeHHs) 3HaYeHHsI TOKa3HUKIB 6y =15 1a 6, =4,5, MOXHa,

KOPUCTYIOUHUCHh 3HAaueHHsIMU TpuBeneHoi ¢ynkmii Jlammacy [10, c¢. 370-372],
BHU3HAUUTHU MMOBIPHICTh HOTO ypaXkeHHS (JaH1 HaBeAeHi B Ta0. 3).
Taoauusa 2
ITepeJiik nMTaHb, SIKi NOBUHHI 0yTH BKJIIOYEHi 10 TAKTHKO-TEXHIYHOI0
3aBJaHHS HA MPOECKTYBaHHA NYHKTY ynpasJjinusa COIlp

Twum MyHKTY yIpaBITiHHS [Tepenik Bu3HaYeHNX uTadb 10 113 Ha IPOEKTYBaHHS

CramioHapHi 3aXHIIEHI 1. Bubip micusg OymyBanus [1Y Ha neBHIN TepUTOPii.
2. Busnauenns cryneHno 3axucty I1Y
3. BusnauenHs vacy 3a0e3reueHHss aBTOHOMHOT pOOOTH MMOCaI0BUX OCi0

Ha ITV.
4. HeoOximuuii cxiam pobodymx MiICIh (aBTOMATH30BAaHUX POOOYHX
MICIIb).
Pyxomi Ha 1. ABToMoOOinmpbHa ©0a3a TmoOBHMHHA 3a0e3medyBaTH IICPECYBaHHS B
aBTOMOOLTBHIN 0a3i MicteBocTi, e cira COIlp BUKOHYIOTH 3aBIaHHS.
2. HeoOxiguuii cknag poOoYMX MicHb (AaBTOMATH30BaHHX POOOYMX
MICIIB).

3. Cxyax 3aco0iB 3B’S13Ky Ha pyXOMOMY IIYHKTI YIIpaBJIiHHS.

4. Ckman 3aco0iB  aBToMaru3alii o0poOiieHHs iHdopMariii Ta
ynpasininas migposainamu cuin COllp.

5. Cxmajg Ta oONadyeHHS CHeMmiadbHUX NPUYEIIB JUIS PO3TOPTaHHS
mTabHUX TOCTIB pyxomoro 11V,

Pyxowmi Ha OponboBaniii | 1. BponboBana 0a3za moBuHHA 3a0e3MeuyBaTH MEPEeCyBaHHS B MiCIIEBOCTI,
TeXHIIl ne cunu COllp BUKOHYIOTH 3aBJIaHHS.

2. HeoOximuuit ckiam pobodymx MicCIh (aBTOMATH30BAaHUX POOOYHX
MICIIb).

3. Cxnan 3aco0iB 3B 513Ky Ha pyxomomy I1Y.

4. Ckman 3aco0iB  aBToMaru3alii o0poOiieHHs iHGopMariii Ta
yopasmiaHS miaposainamu cui COllp.

[oBiTpsiHI MyHKTH 1. Bubip nitanpHOrO amapaTy (HampuKiIaa, BEpTOMT “AHren” s THX
yIpaBIiHHS migposninie COIlp, siki BUKOHYIOTH 3aBAaHHS Yy BIIpHBI BiJl IyHKTIB
HOCTiMHOT TucIoKanii.

2. Ckuaz 3aco0iB 3B’ 53Ky Ha MOBITpsHOMY ITyHKTI [TV,

3. Cxumag 3aco0iB aBromaru3amii oOpoOneHHs iHpopmamii Ta
yropasmiaas miaposaizamu COIlp.

23



W

Puc. 2. J/Io oOrpyHTYyBaHHA MATEeMATHYHOI0 CIiBBiTHOIIEHHS (2)

Tadoanus 3

JlaHi 1J151 BUBHAYUTH HMOBIPHICTH ypaxeHHs ejemMenTy ITY

Sx bx by bx P

@ — D

Ey E, E y E,

2,25 0,8709 0,75 0,3870 0,337

1,5 0,6883 0,5 0,2641 0,182
1,125 0,5500 0,375 0,1971 0,108

0,9 0,4562 0,3 0,1604 0,073

OTxe, 3 ypaxyBaHHSM TIOJIaHUX BHWIIE 3HAYCHb HMOBIPHICTh YpPaKCHHS
enementy IIY (3HaueHHS TIOKa3HMKAa MOro JKUBYYOCTI) OylIe B  Mexax
P on 1y =0,663-0927 .

Cucmema 36°13Ky, SK MarepiaibHa OCHOBa NIpUHMaHHS, OOpOOJICHHS 1
nepegaBanHs  iHGopmalii  QyHKIIOHye CyMmIiCHO 3 3aco0aMM  yIpaBJIiHHS
MoOyJOBAaHUMU 3 BUKOPUCTAHHSIM CYyYaCHUX TEXHOJIOTIH.

B ymoBax mpotuaii npoTtuBHUKA 1 (Y mepiry depry iHdopMaliiHoi npoTuiii),
MOCTa€ MUTAaHHA oOpraHizaiii 3B’s3Ky MDK opraHamu Ta nigposauiamu COIlp. Ha
TEMEepIlHIA Yac, KpiM YyOpaBiIiHHSA 32 JIONOMOTOI pajio3B’s3Ky (MOOIIBHOIO
Tene(OHHOTO 3B’SI3Ky), CHTHAJIM 1 KOMaHJIM MOXYTh IE€pPEJaBaTUCh I1HITUMHU
crmocobamu, SKi MarOTh II€BHI HEAOJIKM 1 ITi 4Yac BHUKOHAHHS 3aBJaHb, IIPH
BUKOPHUCTAHHI Pajio3B’sI3Ky, CHELIaTICTH BHUIIYKYIOTh MOXJIMUBOCTI 3aXUCTUTU
iH(dopMaIlito, MmO MepeaacTbCcsl KaHajllaM 3B S3Ky, 3pOOUTH T HETOCSHKHOK IS
MpOTUBHUKA abo He 3po3yMmunoro. Crmocobu mudpyBaHHS iHGOpMaIlii, MPpUAOM-
nepeaada Ha Pi3HUX 4YaCTOTaX, 3MiHA POOOYMX YACTOT Yepe3 YMOBJIEHI 1HTEpBAIH,
MEPETOBOPU 3a JOMOMOTOI0 TEPErOBOpHUX Tabmuilk. KpiM po3mOBCIOMIKEHOTO
mupyBaHHs 3aco0amMu 3B’S3KY ICHYIOHOrO MAapKy 3aco01B, YINpaBIIHII OpraHiB
COIlp noBuHHI 3HATH, 110 3 IBUJIKCh MIHIATIOPHI PaJloCcTaHLii 1 MOOUIbHI TenepOHH
3 BOYIOBaHUMHU ckpemoOiepamu. PoO3MOBCIOKEHHST HaOyBa€e NaKeTHA Mepenaya
1H(popMaIlli, 1o Ja€ 3MOTy MepelaBaTh TEKCTOBY 1H(QOPMALIIIO 32 JIIUYEHI CEKYH/IH.

Cknemniep — 1€ CHELIAJIBHUN TPUCTPIN, SKUM Mpalioe pa3oM 3 COTOBUM
TeneOHOM 1 €JIEMEHTOM 3aceKpeuyBaHHS MOBHOI i1HGoOpMaIlii, M0 MepeaacThCs
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KaHanmamu 3B’si3Ky. HanmiitHuii 3axuct iH@opmarii 3 ymnpapiiHHS 3a0€3MeuyeThes
3aCTOCYBaHHSM MEBHUX Memo0i8 Kpunmozcpagii.

VYnpasmninii opradiB COIlp moBuHHI BMITH KOPUCTYBATHCSl MajorabapuTHUMHU
CTaHIISIMU CYITyTHUKOBOTO 3B’SI3KY (BapiaHT TaKOro MPUCTPOIO HABEJICHO Ha puc. 4.

Puc. 4. MajiorabapuTHa CTaHIIA CYIIyTHUKOBOTO 3B’ SI3KY

Kpim mporo, ympapiiHIl 3a3HauY€HMX OpraHiB MOBHHHI BMITH KOPUCTYBAaTHUCS
(puc. 5): TOPTaTUBHUMH PAIOCTAHIISIMH 1 KOMIT F0T€paMU, HOBITHIMHU TEXHOJIOTIIMU
TaKuM SIK: Oelimamatinune (CucteMa BUOOpPY OKpeMmoi IIHHOI 1HdopMallii 13 BETUKOi
KUIBKOCT1 JJaHUX) 1 KpyITHO MaciuTabHa Bizyasizanis iHdopmailii mpo MicleBicTh ado
00’€eKTH.

Puc. 5. Cyuacni 3aco0u ynpasainns i 38°s13ky COIlp

3acTocyBaHHsI Cy4acHHMX 3acO01B yNpaBIiHHS 1 3B’SI3KY JO3BOJISIE JOCTOBIPHO
oTpuMaTH iH(opMarlito (1aHl) Ha Oyb-sikomy piBHI ynpasiinas COllp (puc. 6).

3. BmiHHS TBOpYO cCIOJNydaTH TEOPETHUYHI 3HAHHS y cdepl ympaBiiHHSA 3
3aCTOCYBaHHS Ha TMpakTulll. Po3risHeMo Ha MpUKIAAl opraHizamii THepecyBaHHS
OpraHiB 1 CHJI MK pEriOHaMH JIepKaBH.

[Tpn mnanyBanH1 3paiiicHeHHs Mapiry migposautB COIlp opran ynpaBiiHHS
MPOBOJIUTH  PO3PaXyHKH IIOAO HEOOXIHOCTI TPAHCHOPTHUX 3ac00IB  JyId
nepeBe3eHHsT 0COOOBOrO CKIamy 1 MaiiHa. BUXiTHUMHU JaHWUMH AJI TPOBEACHHS
OOUYUCIICHHS MOXYTh OyTH: BIJCTaHb MIK BHUXIJHOIO 1 KIHIIEBOIO TOYKAMHU
MepeMIIIEeHHsI CUJI, sIKI BUKOHYIOTh MOCTaBJ€HE 3aBlaHHsA L, kM; mepemnik poOIiT Ha
BUKOHAHHS 3aBJlaHHA; 4ac (TOA., XB.) Ha BUKOHAHHS KOXHOi pOOOTH; KIJIbKICTb
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3aJlITHOT0 0COOOBOIO CKJIAAY 71, HAa BUKOHAHHS 3aBJAaHHS; KUIbKICTb MaiiHa, 110
HEOOXIJTHO TMEPEeBECTH; BHU TPAHCIOPTY IS IEPEBE3CHHS OCOOOBOIO CKIIAay Ta
MaliHa; 1mopa poKy, 4ac 10o0W; BUXIJHE MOJIOKEHHS 3 PO3MOYMHAETHCS BUKOHYBATH
3aBIaHHS.

Opran ynpaexiaaa COIp 30ip mamHX 3 Txepen TakTHIHOro pieaa COllp
BEPXHLOrO PiBHA

3acobu nmepenaeannd iHdopMartii

1%

A

. [epesipra

¥ § § Ouinropanna g ep P .
4 R o . . OAHMX iHGOpMAarTii
T .y 8 indopmarrii
g &R
S| A
.2 3 ;
g = g [lepeunHI mEepena
= . . .
] E 2 OTPHUMAaHHA iH{ opMaril

[~

3

Puc. 6. 3acTocyBannsi 3aco0u ynpasJiinug i 38’s13ky B opranax COIlp

[TocamoBi ocobu (ympasiiHili) oprany ympabiiHHs COIIp moBuHHI BOJOAITH
MaTeMaTHYHUM armapaToM JUIs IPOBEICHHS HEOOX1THUX PO3PAXyHKIB.

1. IloTpiOHA KUIBKICTh TPAHCIOPTHUX 3acCO0IB JJIsi TEPEBE3EHHS OCOOOBOIO
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2. IloTpiOHa KIJIBKICTH TPAHCIIOPTHUX 3aCO01B JIJIs IEPEBE3CHHS MaliHa:
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G, | T

Im =2 = )
" Wm M3

ne G,, —Maca KOPUCHOTO 3aBaHTaXEHHS TPAHCIIOPTHOTO 3aco0y; W, — nomycTumuii

00’eM 3aBaHTaKEHHS TPAHCIIOPTHOTO 3ac00y.
2.2. TloTpibHA KIIBKICTH aBTOMOOLIIB JUIsl MEPEBE3CHHS MaliHa OJHUM pericoM
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ne W — 3zarampHuil 00’€M TEXHIYHOTO MaiHa, IO MiJJISITae IMEepeBe3eHHI; A—
Koe(illieHT, 10 BpaxoBye MNIUIBHICTh YKJIAQJaHHS MaifHa (1:0,6—0,9); a —
KOe(ILI€HT 3aBAaHTAXKEHHS, IO BPAXOBYE CTYMiHb BHUKOPUCTAHHS JOIYCTHMOTO
00’eMy 3aBaHTa)KEHHS TPAHCIIOPTHOTO 3acO0y (a :0,8—0,9); [,d, H— nomyctuma
JOBXKMHA BaHTaXy, IIMPUHA Ky30Ba MallMHKM (MpUYena), JIONMyCTHMa BHCOTa

3aBaHTAKCHHS Ky30Ba.
4. Yac Ha mepeBe3eHHs 0COOOBOTO CKiaay 1 MaiHa. I 11bOro BU3HAYAKOTHCS:
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BIICTAHP MIDK IYHKTOM TIOCTIHHOT AWCIOKAIii MAPO3AITy 1  paloHOM
po330Cepe/KeHHsT (MICLIeM BHMKOHAHHS 3aBJaHHSA); 4Yac Ha MepecyBaHHs (IpH
TOTOBHOCTI JI0 TMEpPEeCyBaHHS IPH MJAMOMI MO TPUBO31); MOPIBHSIHHS TMOKA3HUKIB
TAPEKTUBHOTO T mup 1 KPUTHYHOTO Yacy TI<p

Jlnst TpOBEIEHHS PO3pPaxyHKIB 3a CIPOIICHOI MaTeMaTHYHOK MOJICIUTIO
66€0eMO OONYUEHHSL.
1. Bigcranp MiX JBOMa IyHKTaMH Ha MICHEBOCTI MOKHA BHU3HAYUTH 34
dhopmyIior
_ !’
Sij =k- S,-j, (7)

e Sij — peajbHa BIJICTaHh MK JBOMa MYyHKTaMH Ha MICIEBOCTI; k — KOe]illieHT

BiamoBigHOCTI k=1,2-1,3; S;{j — BIJICTaHb IO TPSAMIA MK JBOMa IyHKTaMH Ha

MICIIEBOCTI.
2. Yac Ha nepeminieHHs (nepebazyBaHHs) BU3HAYAEMO 3a (OPMYJIOIO:
Sij
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cp

fe S;— peanbHa BIACTaHb MDK [IBOMA IYHKTaMH; Vi ,,— CEPeAHs IIBHAKICTH PYXY,

km/ron. (40—45 xkm/ron. — nenb, 25-30 km/Troja. — BHOYI); Rpp — KUIBKICTh MPUBAJIIB
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(typ =0.3—-0,5TON.); At —14ac pyxy KOJIOHHU 0 4eproBoro npusainy (At = 2—3rox).

1); lyp— YaC Ha OIMH NPHUBAJ, TOL.

Takum YMHOM, OCTATOYHO, 3 ypaxyBaHHSM yCiX 3MIHHUX MTOKa3HMKIB, 4Yac Ha
NepecyBaHHS MOKHA BU3HAYUTH 32 (HOPMYJIIOHO
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3. I1opiBHSHHS IOKA3HUKIB TUPEKTHBHOTO Ty, 1 KPUTHIHOTO Hacy Ty,

3a pe3yibTaTaMu TMOPIBHSIHHSA POOJISITBCS BHCHOBKHM IIIOJIO BIJMOBIAHOCTI
JTUPEKTUBHUX BKA31BOK 1 peaIbHUX MOXJIMBOCTEH CHJI OXOPOHU MTPABOIIOPSIKY.

BpaxoByroun, 1m0 cydacHuil ympabiiHenb oprany ynpapmiHHs COIlp moxe
BOJIOAITH €JIeMEHTaMH MpPOTpaMyBaHHS, Ha PHUC. 7 TOJAHO PE3yJIbTaTU PO3pOOIEHOT
mTabHOI MOJIeNl )i IEBHUX pO3paxyHKiB 3 mepecyBanus cui COIlp.

3ak/il04eHHs i BUCHOBKM. PO3TIsiHYTI CKITaioBI OaraToKpuTepiatbHOTO METOJ
¢dbopmyBanHs oprany ympasiuinasg COllp 3aiiBuii pa3 miaKpeciroTh, 10 MOCaA0BI
ocoOu (ympaBiTiHIl) 3a3HAYEHOTO oprany MOBMHHI MaTH HEOOX1IHI 3HaHHS y cdepax
iHpopMaTUKH, OOYHUCIIOBAIBHOI TEXHIKM, 3aco0iB yHOpaBIiHHA Ta 3BS3KYy 1
nporpaMyBaHHS 1 BOJOJITH HEOOXiJHMM MaTeMaTHYHHM  amapaTtoM IS
BUKOPHUCTaHHS MTpU (OPMYBaHHI 3a3HAYEHOT CUCTEMHU.

HamnpsiMoM mojanbiioro A0CHKEHHSI MOKe OYyTH BUKOPUCTaHHS 1HPOPMATUKHU
Ta OOYMCIIOBAJIBHOI TEXHIKM TMpu (OPMYBaHHI aBTOMATH30BAaHOI CHCTEMHU
ynpasiinas COIlp.
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BiacTaHk Mix NYHKTOM NOCTIfHOT OMCNOKALT BIRCHKOBOT YACTMHI | MORMUBIMM PailoHoM 2acTocyBaHHA BOPe3, pozpaxyHok
YACY Ha NepedalyBaHHA.
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Puc. 7. Pe3yabTaTi po3po0/ieHol IITadHOI MO/ei AJ15 MeBHUX
po3paxyHkiB 3 nepecysanus cui COIlp.
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APPLICATION OF THE LAGRANGE METHODS FOR OPTIMIZATION

OF INTERACTION IN AQUATIC SYSTEMS
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Abstract: This project embraces the recycling water supply systems and relates to rational
use of clean water as well as to improving wastewater and sludges treatment. The optimization
problem is that the recycling water supply has to be a comlex system of individual tools should be
an effective part of it. To execept blowing the different intensity of contaminants accumulation in
such systems must be compensated by means of the adequate intensity of contaminants removing.
The second area of application regarding to the research and development of the hydrodynamic
Lagrange method jointly with the boundary streams model for calculation of power interaction
between water flow and streamlining units used for the exploitation of offshore deposits.

Key words: Lagrange method, aquatic systems, waste heat utilization plant, power
interaction, head-resistance, hydraulic loss coefficients, ring contraction.

Introduction. It is evident that hydraulic one-dimension method based on the
average flow velocity brings to the unsusceptible model for aquatic systems
optimization. According to the widespread hydrodynamic Euler method we should
study a velocity field connected with the local velocity concept under solving the
Navier-Stokes equations (Atanov, Daugherty 1985). To the contrary, the Lagrange
method deals with the individual water particles and it seems to be more natural
approach. However, for unknown flow lines this method has not the advantage by
mathematical difficulties. Nevertheless, we have the row of engineering problems
characterized with the quite defined boundary and initial conditions regarding to the
some particular elements of flow (Daily & Harleman 1971, Wirz & Smolderen 1978).
For example, the boundary streams move along the flow formative lines and it is the
important circumstance to use the Lagrange method for calculation of interactions
between flow and streamlining bodies (Shandyba et al.1992, 1998, 1999 ). On the
other hand, filtration moving along relief slope allows to solve the mass-transfer
equations and predict the ecology consequences of chemical substances migration
(including radionucleades) into ground water and the residue levels of the dangerous
chemicals in soil (Shandyba et al. 1997).This simple and comprehensive method also
can be used to improve the design and operation of recycling water treatment of
manufacturing process systems (USSR Patent No 1761819). At the same time, there
is growing technical concern about the available optimization procedures which take
into account the easy-defined integral parameters of hydrodynamic, chemical or
biology interactions in different aquatic systems. On this reason, an attempt is made
up for an extension of this field [1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15].
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Differential recycling water supply system. The use of recycling water sypply
systems under non-blowing operation results in the contaminants accumulation and
exceeding concentration limits for circulation water (Shandyba 1996, Ukraine Patent
No 20947 A). Balance of accumulation and contaminant removing is provided by
treatment plants (cleaners)  which wusually are special-purposed for several
contaminants (Fig. 1). However, it is necessary to remove all dangerous limited
components from circulation water. Moreover, a different intensity of a different
contaminants accumulation in circulation water must be compensated by means of an
adequate intensity of removing these components from water on the treatment stages.
To prevent exceeding of the allowable level of the contaminant concentration in
circulation water the following condition should be provided:

CI,'E,'Q"‘C/Epr:(f"'g)Cfa"'Mi_G/ (1)

where C, - limit concentration of i contaminant in circulation water; C, -
actual concentration of 1 contaminant in circulation water; C, - initial concentration
of 1 contaminantin fresh water; E,- removing efficiency on the cleaning plant; £, -

removing efficiency of 1 contaminant on the bypass cleaning plant; Q - circulation
water rate; Q,- bypass water rate M,; G, - accumulation and loss intensity of i

contaminant; (r + g) - evaporation and hydraulic transfer rate.

To realize the suggested approach in practice we have proposed the two-staged
waste heat utilization plant (figure 2 ). The operation is possible if the intensity of
hardness accumulation in water does not exceed some level determinated eq.(1)
under efficiency corresponding to the heat output of flue gas flow (Ukraine Patent No
20947 A). Evidently, if the heat output is not sufficient for heating the whole
circulation water rate, then it can be enough for heating bypass water. The sample of
heat utilization plant made as a scrubber 1 with flue gas inlet 2 and outlet 3, sprayers
4, drop separator 5 settlingcone 6. Besides the system includes heat exchanger 7,
circulation pump 8, neutralizator 9 and stabilizator 10.

Under operation, the flue gas through the inlet 2 flows into the scrubber 1, heats
the sprayed circulating water to 55-65°C and arises with the captured water drops to
the drop separator 5. After the separation, a some part of the circulating water passes
through the heat exchanger 7 to the neutralizator 9. The lime slurry neutralization of
high temperature water brings to more hardness reducing and water stabilization.

Cleaned i
flue gas

Fig. 1. Differential recycling water supply system
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Fig. 2. Flue gas heat utilization plant

Power interaction in water flow. Theory of head-resistance under
contraction. The conical contraction is the most widespread unit of many
technical systems. For the inside problem of Hydrodynamics it is the noticeable
sample of power interaction between flow and streamlining surface (Daily &
Harleman 1971, Shandyba 1992, 1999).In this consideration we shall be limited by
the developed turbulence regime that allows to examine the influence of contraction
geometry on pressure distribution, energy losses and drag resistance. It was found
that the loss of pressure in axially symmetric conical contraction (fig. 3) is
connected with the excess pressure of viscous flow to ideal flow by the following

R
equation: ApS, =2rx I Ar)rdr (3.1)

where Ap is loss of pressure, S, is lesser cross-sectional area, r, R are radiuses
lesser and greater cross sections, f(r) is excess pressure of viscous flow to ideal
flow.

P
P, HO)
T
\\
\ 2p
| N\ ideal 11 7P
! kK T !
Y o i B - 2
2

Fig. 3. Excess pressure of viscous flow to Ideal flow

To determinate this function f(r) we suppose the whole flow in the contraction
as the complex of elementary streams where pressure and velocity are averaged
on time according to the Reynolds-Boussinesqe model [1, 3, 11, 13, 14, 15].
Taking into account the change of the flow structure in contraction, one must
consider the two characteristic sections of flow: before and into contraction. The
character of interacting each stream with the conical surface depends on its initial
disposition in flow before contraction and the contraction geometry. At this point
of view the boundary streams seem to be most important. Under the unseparated
streamlining movement these have the quite defined ways like the contraction
formative lines. Using the impulse conservation equation the excess pressure can be
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found for the boundary streams. Thus, if a liquid particle with mass equal p has
the impuls p(%,V)) in cross-section 1-1 (where ko is ratio of boundary stream
velocity to average flow velocity before contraction), then its impuls will be equal
p(koVi)cosa after interacting with the conical surface under attack angle a.

The corresponding excess pressure in the connection point of conical
contraction will be defined from Bernoulli's equation:

p(R)=p, + p(konl). - p(konl). cos ‘a = (3.2)
p p(konl)“ in g
. V)’
where excess pressure function AR)= % sin’ o

The experimental data confirm the presence and proportionality of the excess
pressure to sin’ ¢ function. It is important to note the increasing of excess pressure
along the boundary streams on any head streamlininig surface under contraction
of flow. This takes place because there is energy redistribution in contraction
connected with increasing energy of the boundary streams accordingly decreasing
energy of the inside streams. The corresponding excess pressure occurs due to the
change of impulses of the inside streams. The value of pressure change may be
found from the following arguments. First, the excess pressure of real flow to ideal
flow 1is the result of the interaction between flow and inside surface of
contraction. It is connected with the changes of velocities and, accordingly, liquid
particles' impulses in the streams. Moreover, only a part of impulse's energy is
consumed for increasing potential energy of the boundary streams. This increasing
conforms to sin’« function. From the impulse conservation we can see that
interaction of the inside streams with the contraction surface will be analogous with
the boundary streams' interaction under their turning. In other words, a ratio of
excess potential f and kinetic ¢ energy is kept constantly on all inside surface of
G sin” a = const (3.3)
dp(r) cos’«a

Generally speaking, the distribution of the excess energy in the boundary
streams depends on the initial impulses distribution in flow and the local angles of
interaction with the contraction surface. The excess energy distribution can be
expressed as the sum: dE = df(r) + dp(r) = dE sin® a + dE cos” a (3.4)

the conical contraction, 1.e., if o = const,

Second, the velocity of considering streams will increase in accordance with
reduction of cross-sections of the contraction as well as the excess pressure will
increase proportionally to the contraction degree function s = R*/r*. It is very
essential that the summary increase of kinetic energy of the boundary streams
consists of the ideal and impulse components. The impulse component is increased
by energy reduction of the inside streams having the liquid particles with pkV,

impulses, where 4 function increases from &, to 4, for axis.
At the same time the ideal component is increased by Bernoulli's equation and

correlated to s function in accordance with the continuous equation. On the same
reason, the summary increase of kinetic energy of the boundary streams also is
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correlated to this contraction degree function.
Evidently, the impulse kinetic component dp(r) i1s changed as the difference

p(kV)?

in analogous way: dp(r) = Tcosz ad(s”) (3.5)
Therefore, from eq. (4) the excess pressure will depend on this function too:
2
df (r) = @sm2 ad(s?) (3.6)

As integral, the excess pressure distribution on inside surface of contraction
is:

Ar)= pTvﬁ j K sin® ad(s’ )+ f(R) (3.7)

Then the shape component of head-resistance force can be defined as:

r 2s
ApS, =2;zj % j k*sin® ad(s®)+ f(R) |rdr (3.8)

0 1
Axially symmetric model. For a passage to the external aerodynamic problem
[1,3,4,8 11, 13, 14, 15] we shall consider the peculiar ring contraction at the head of
streamlining pontoon (fig. 4), In this case we have a cylindrical long body with
conical head situated in tube. Obviously, the hydraulic losses coefficient of the whole

body may be presented as the sum: E =&, +E +E, (3.9
where ¢, , &,, &, are the hydraulic loss coefficients of the ring contraction,

pontoon surface friction and Borda’s sudden expansion after stern.

1 2
YV

—_—

Va

—_—

1 2

Fig. 4. Ring contraction at the conical head of pontoon

Assuming « =const, k=1 after integrating and transformation (3.8) we obtain:
2 2

Apthp;/l :(l/ﬂz—l/ﬂ)sinzocp;/1 (3.10)

where n= 1-r/R’.
pV: (-0’ pV’
2 72
The share of these components can be calculated on the analogy of pipelines. As
result, the total hydrodynamic resistance of pontoon under disregarding friction is:

From Borda’s formula : Ap=¢, (3.11)

2 2
FX=%[{]—ﬂ)SIlr]ZomL(]—ﬂ)Z]ﬂ (3.12)
n 2
where contraction degree n = 0.695 for free flow.
It 1s important to note that there is a possibility to optimize the power interaction
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by improving shape of streamlining bodies (Shandyba&Nazarenko 1998).

Concluding remarks. The specimen results shown in the present report concern
mainly water flows but may be used for optimization procedures in air protection
plant. The Lagrange methods are the good means for calculation of the optimal
hydraulic and mass-transfer regimes as well as for improving process design.

The effective management of hydraulic regimes, through improved system
operation or new technology, leads to the more efficient use and conservation of
resources and energy.
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Anomauia: B cmammi poszensaoaiomocs 06opomui cucmemu 6000N0CMA4anHs 3 MOYKU 30Dy
PAYIOHAILHO2O BUKOPUCAHHS 800U | KOMNWIEKCHOI 0bpobKku ocadie. Onmumizayitina npooiema
CmMocyemuvcs psdy OKpemux elemMeHmis, w0 NOSUHHI (QYHKYionyeamu, AK eQeKkmueHi Yacmunu
nooionux cucmem. IllJob6 3meHwumu abo GukIOYUMU NPOYeC NPOOYBAHHS 3AOPYOHEHb, SKI
HaKoOnuuylomusCcsi 8 CUCmemax 3 oughepenyitiosanoro iHmeHCUBHicmio, HeoOXiOHO KOMNEHCY8amu ix
a0eK8amuum 8uOaieHHaM. IHuow obaacmio 3acmocy8anHs 2iopoouHamiuHo2o memody Jlaeparoica
€ MOO€Nb MeNCOBUX CMPYMEHI8, W0 O00380JAE€ pPO3PAXY8AMU CUNO0BY B3AEMOOII0 0OMIKAIY020
NOMOKY 3 eJleMeHmMamu pyclo8ux cnopyo.

Kniouogi cnosa: Memoo Jlacpanoica, 600HI cucmemu, yCmaHo8Kka Ymunizayii menia, cuiosd
83a€MO00is, 10008Ull onip, Koepiyicumu 2i0pasIivHuUx 6mpam, Kiivbyese CIMUCHEHHS.
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Abstract. The natural conditions of the southern coast of the Caspian Sea that affect the
changes in the shoreline of the territory between the mouth areas of the Kharaz and Neka rivers are
considered. The main attention is paid to fluctuations in sea level in recent decades, sea currents
and sediment transport along the coast, as well as intensification of economic activity. With the use
of the cartographic service "Google Earth"”, the parameters of the changes in the shoreline for the
period 2004-2017, which influence the prospects for the development of this territory, have been
determined approximately.

Keywords: coastline, the Caspian Sea, cartographic service.

Introduction. The regulation of the river flow by reservoirs and the increasing
use of water in the economy cause a reduction in the inflow of water and sediment
into the mouth of the rivers. And this serves as a powerful factor in changing the
water regime of delta landscapes and, in general, the hydrological and morphological
processes in them [7, 14]. As a result, the interaction of deltaic landscapes and water
masses of seas, into which these rivers flow, changes [15]. Such interaction takes on
special features in the mouths of the rivers of the Caspian Sea, the level of which is
dramatically changing [5], especially in recent decades [9].

The subject and method of research. The basin of the Caspian Sea is a vast
drainless depression. The largest river in Europe, the Volga, as well as numerous
large and small rivers, among which the largest (in terms of runoff) are the Kura, the
Ural, Terek, Sulak, flows into this sea. With a large meridional length of the sea
basin, the natural conditions in it are diverse - from a moderate climatic belt in the
north to a subtropical one - on the southern coast, where the study area is located
(Fig.1). This area is geomorphologically a relatively narrow coastal plain between the
Alborz mountain ridge and the sea, reformed by the Caspian transgressions and
fluvial deposits of the local Kharaz, Babol, Talar, Tajan, Neka rivers and temporary
streams (Fig. 3). Small rivers, flowing from the southern slopes of the Iranian coast,
usually have simple mouths, sensitive to the impact of natural and anthropogenic
factors [16]. Sometimes they form ephemeral deltas, destroyed later by waves and
alongshore currents. The territory of the Sefidrud and Gorgan deltas, as well as the
narrow seaside strip between the rivers Sefidrud and Kharaz in this article is not
considered. Of the total catchment area of the Caspian Sea rivers basin, 3.05 million
km’, including the catchments of rivers, of which water does not now flow into the
sea [3, 9], the area of basins of Iranian rivers ranges from 166,800 km” [5] to 185
thousand km” [6, 16]. At the same time, the largest areas fall just on the Sefidrud
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(75.2 thousand km?) and Atrek basins - (35.7 thousand km?), and the area of river
basins between Sefidrud and Atrek is only 48.9 thousand km® [1]. The total water
flow to the Caspian Sea is estimated in the range of 268-332 km’ / year [9], and on
average for the 20th century - about 300 km’ / year. For a more modern period (1978-
2008), the runoff of all the basin rivers was 308 km’ / year [8]. The natural flow of
water from the Iranian rivers (Fig. 1, Table 1) to the Caspian Sea is estimated at 16.6
km’® / year, and modern - at 10.4 km® / year, that is, the reduction of runoff under the
influence of economic activity exceeds 6 km’ / year. The sediment flow in the
beginning of the 21st century is estimated at more than 40 million tons per year [2, 6,
16, 17].

Most of the Iranian rivers are regulated by reservoirs, including those flowing
into the explored territory of the Kharaz, Tajan, and Gorgan rivers. At the same time,
the construction of new reservoirs continues. In the river basins of this region there
are also many small earth dams known as "sals" [13, 16, 18]. The coastal plain north
of the Elburs mountain range is densely populated, agriculture is developed here,
with cultivation rice, cotton, vegetables under irrigation. The average air temperature
here in winter 1s above 0°C, in summer - more than 24°C, and the amount of
precipitation is about 1000 mm. The loss of rivers water flow to irrigation accounts
for about 40% of all runoff losses. For the same reason, the sediment runoff decreases
by 10-40% [6, 9]. These deposits accumulate in reservoirs and in fields and,
accordingly, do not enter the estuarine areas of rivers and do not take part in the
interaction of landscapes and water masses of the sea as one of the most important
factors in the coastal plain formation. On the other hand, the state of its landscapes is
influenced by currents in the sea, wave action, wind-surges. But the greatest influence
of the sea is determined by long-term fluctuations in the level of the Caspian Sea.

The direction and speed of the wind over the sea is very variable in space and
time. In winter and autumn, the north and north-east winds prevail in the southern
part of the sea, and in the spring and summer the frequency of south-eastern
directions increases [9]. The general features of the currents in the sea, according to
[10-12, 17], are shown in Fig.2. They show that along the southern coast predominate
flows, which transport sediment from west to east. An example of such a transfer of
suspended sediments along the entire southern coast is visible on the Terra satellite
image for June 10, 2015.

Table 1.
Characteristics of the rivers of the southeastern coast [2]
.| Flow

River Length, km Area of the Zbasm, Water, Suspended sediment,

thousand km 3 o
km’ / year | million tons / year

Kharaz 185 4,10 1,07 2,37
Talar 150 2,85 0,32 1,12
Babol 170 1,50 0,49 0,44
Tajan 192 4,00 0,42 0,38
Neca 180 3,00 0,15 0,42
Gorganrud | 350 12,6 0,41 3,08
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Among the main factors affecting the dynamics of the shores include wave
action in the conditions of the non-tidal Caspian Sea [9]. It is the wave action that
destroys the banks of the deltas and involves the products of erosion in the longshore
sediment flows. The height of the waves near the deep southern coast can reach 10-11
m, decreasing to the more shallow south-west coastline [4].

Ardebil
[+}

Caspian Sea

®Tehran

Fig.1. The rivers of the region are: / - Kharaz, 2 - Talar, 3 - Babol, 4 - Tajan, 5 -
Neka, 6 - Gorganrud [9]

Fig.2. Direction of currents in the Caspian Sea [15] (left) and sediment transport
along the southern coast (Terra, 10.06.2015)
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An important factor in impact the reformation of the coastal plain shores is also
the wind-surges phenomena. On the relatively deep coast of the Southern Caspian,
these phenomena are incomparably weaker than in the shallow northern part of the
sea. Usually they do not exceed 0.5 m. And, of course, the greatest impact on the
coast is caused by fluctuations in sea level in the long-term aspect. As is known, in
the period from 1930 to 1977 there was a fairly rapid decrease in the level of the
Caspian Sea by more than 3 m [10].

During this period there was an intensive development of the coastal plain, the
development of infrastructure, the construction of industrial enterprises and housing.
And from 1978 to 1995 there was an increase in the average annual sea level of 2 m
35 cm, although by this time the withdrawal of the runoff for household needs, which
began in the first half of the last century, increased. And this required active
protection of the coast from flooding, wave activity and alongshore currents, which is
clearly visible on large-scale maps of Google Earth and in Fig. 5. Over the next 20
years [10], the level of the Caspian Sea decreased again (Fig.4), revealing a beach
stony-sandy strip extending eastward (towards the Khalij-e Gorgan Bay), where sand
deposits prevail.

The methodology for assessing changes in the shoreline of the southern coast
of the Caspian Sea provides the use of data from the cartographic service "Google
Earth". Mapping maps for different dates using the so-called "historical ruler"
("image in time") allows us to determine the change in the parameters of the object
under study for different years (from the existing database of this cartographic
service). Naturally, the obtained data are approximate because of inaccuracies in
reading the indications of the cartographic service at different scales of the maps. In
addition, in the databases of the "Google Earth" service there are cartographic
materials for different years for different parts of the investigated objects, which also
reduce the accuracy of determining the spatial changes of the object.
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Fig.5. Types of southern coast:

1 — Western part
https://lh5.googleusercontent.com/p/AF 1 QipPtde TcFAGDT6LUOn15ca6454hfy3yCqhloLBoH=rp,
2 - the middle part
https://lh6.googleusercontent.com/proxy/l1 Giw6zYtsUy2hPcbrWBhPXYAQTXI7PiKFpCQzFrLEp00
365YWKMxLz2zBW6Xs-jgB1orqJ5rPPkZmB8kbMkDo5vO 1xldehc=rp,

3 - eastern part
https://cdn2.360cities.net/pano/mohammadreza/00362554 _1And2more-tonemapped-
Panorama4-5-jpg/mercetor/4.jpg
4 - protection of port facilities
https://cdn2.360cities.net/pano/mohammadreza/00362554_ 1And2more-tonemapped-
Panorama4-5-jpg/mercetor/4.jpg
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Fig.6. Points of measurement of the dynamics of the shoreline

Results and discussion. Considering the considerable length of the investigated
part of the southern coast, which is more than 180 km from the town of Nur in the
west to the town of Bandar-Torkemane in the east, 7 points of changes observation in
the shoreline were selected (Fig. 6). At the same time it was taken into account the
nature of the relief - the reduction of the territory in the eastern direction. The initial
years of measurements were chosen from the available information on the mapping
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service "Google Earth" (from 2004 to 2011), and the deadline - 2017 (except point 7,
where the information was available only for 2016). The estimation of changes in the
shoreline of the coastal plain with a decrease in sea level over the indicated period is
shown in Table 2, according to the "historical ruler" ("image in time") of the Google
Earth service.

Table 2.
Changing the shoreline according to Google Earth, m
Measurement | Years of | Distance from | Change in | The rate
point number | measurement | the reference | coastline, m | of change,
frame, m m / year
1 2017/2011 277/255 +22 3,7
2 2017/2007 232/231 + 1 0,1
3 2017/2007 723/712 + 11 1,1
4 2017/2006 709/643 + 66 6,0
5 2017/2004 442/305 + 137 10,5
6 2017/2004 1282/1212 + 70 54
7 2016/2004 1654/1575 + 121 10,1

T g \ —
2 8 - o -

Fig.. Exams of deviation of the coastline in péints ,,5.

The most characteristic points (1, 2, 4, 5), reflecting different values of the
coastline deviation of the southern coast, are shown in Fig.7. On the whole, the
obtained data show (despite their approximate value) that the rate of sea retreat in the

ISSN 2567-5273 42 Technical sciences



western part of this territory was from 0.1 to 3.7 m / year, and in the east - from 5.4 to
10.5 m / year. In the lowest part of the coast (point 5) the sea retreated by 137 m
during the period 2004-2017. Over a longer period, reflecting the phase of the
greatest decline in sea level (1978) and its maximum rise (1995), an assessment of the
changes in the shoreline will be made based on Landsat satellite images.

The conclusion. Changes in the shoreline of the southern coast of the Caspian
Sea in the area between the estuarine areas of the Kharaz and Neka rivers in recent
decades are caused by fluctuations in its level, intense wave activity, alongshore
currents transporting sediments mainly from west to east, as well as by active
economic activity. The regulation of the rivers flow by reservoirs and the withdrawal
of water for irrigation and water supply led to a decrease in the flow of water and
sediment to the mouths of local rivers and to an increase in the erosion of shores by
the sea in unprotected arcas. At the same time, measures to protect the shores,
especially in the western and central parts of this territory, intensive construction of
infrastructure facilities, expansion of settlements and development of the coast for
economic activities contributes to the weakening of erosion processes. Analysis of
changes in the shoreline in the phase of sea level reduction is performed according to
the mapping service "Google Earth" for the period 2004-2017. According to these
data, the sea retreated in the area to a distance of one meter in the western part of this
territory to 137 m in the east. At the same time, the sea retreat rate was 0.1 to 10.5 m
per year.
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Annomayun. Paccmompensi npupooHvle yCio8us 10i#cH020 nobepexcvbs Kacnuiickozo mops,
Komopble UM HA USMEHeHUs Oepe2080ll TUHUU HA y4acmKe Mexcoy ycmbamu pexk Xapasz u
Hexa. Ocnoenoe eHumaHue y0eneHo U3MEHEeHUIM YPOBHSA MOPS 3a NOCAeOHUe Oecamuiemus,
MOPCKUM  MedeHUusM, B8001b0epec08OMy OBUICEHUIO HAHOCO8, a MAKdce UHMeHcupurayuu
xoszaticmeennol OeamenvrHocmu. C ucnonvzosanuem kapmoepaguueckoeo cepsuca «llnanema
3emnny npubaudicenHo onpeoenenvl uzMeHeHus Oepezogoll auHuu 3a nepuoo 2004-2017 ee.,
Komopbie 61UAI0m HA NEPCREKMUBbL PA3GUMUS IMOU MEPPUMOPULL.

Knrwuesvie cnoea: oOepecosas nunus, Kacnuiickoe mope, kapmoepaguueckuti cepsuc
«lInanema 3emasny.
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Abstract The low level of preparation of students produces the special requirements to the
methods of studies. Terms in relation to maintenance and quality of graphic preparation cause the
necessity of perfection of form and methods of organization of individual and independent work of
students. The problems of discipline were considered "Descriptive geometry” and the ways of their
decision were offered in the article.

The teachers worked out and made stands for demonstration with the purpose of increase of
efficiency and quality of teaching. A stand for demonstration of shadows of layouts offers for the
study of division of "Shadows", and stand "Mirror room" offers for the study of division of
"Reflection”. In the article stands for demonstration were described and resulted them evident
images.

The got results of researches specify on advantages of new methods of studying. They confirm
hypotheses in relation to the necessity of introduction of the new methodologies for an educational
process. Offer methods assist the deeper understanding of material. They teach to carry on a draft
the real objects and to build a reflection. Therefore it conduces to the increase of success that.

Keywords: graphic preparation, construction and reading of draft, methods of studies,
efficiency and quality of preparation of students, descriptive geometry, visual aids, success of
students, stand for demonstration.

Introduction. In the modern world of technique it is impossible to do without
knowledge of graphic sciences, without ability to develop, to read and analyse
graphic information. Thus, a level and quality of graphic education are main indexes
of the universally recognized preparation of future specialist. Today we can not talk
about the sufficient level of graphic preparation, but changes that take place in all
spheres of life require the increase of level of competitiveness of graduating students
of academies and universities (Sydorova, 2016). Preparation from discipline gives
basis of graphic deed, that allows quicker to adapt oneself to the student-freshman
and eliminate problems with low progress from a descriptive geometry. And in a
prospect this preparation will allow better to manage with handing over of tests and
examinations. Purpose of the article is development and introduction of the offered
methods of studying of discipline "Descriptive geometry" for the increase of
efficiency, quality and comparative analysis of results of verification of gain
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knowledge of students.

Basic text. A descriptive geometry is traditionally studied in technical the
academies and universities in the first and second semesters, that is forming for
students of graphic and professional competence, bases of knowledge and abilities.
These knowledge are important during the prosecution of graphic parts of course
projects for to the special disciplines. An unwillingness and incuriosity of student in
the study of any object can result in negative consequences in the future in his further
work on a production.

For perfection of form and methods of organization of all types of works of
students it is necessary to change requirement to quality of graphic preparation. From
a student, except for mastering of theoretical knowledge, acquisition of practical
skills and development of ability of the vivid thinking are needed (Dotcenko, 2017).

Before the teachers of department Descriptive geometry and engineering graphic
of OSACEA (Odesa State Academy of Civil Engineering and Architecture) a task
appeared: to interest students — future architects in the study of object «Descriptive
geometry». If a student does not know bases of descriptive geometry, then he will not
be able to become a good architect or engineer-builder. Discipline forms a spatial
presentation, vivid perception of environment, development of technical and creative
thinking of students. And it matters very much in forming of future specialist

At the study of object «Descriptive geometry» many complications arise up both
for students and for the teachers of discipline. It is related to that many students did
not study the discipline «Drawing». The study of high-cube of material in the
compressed terms causes complications for students, that conduces to the decline of
level their preparation and progress.

With the purpose of improvement of method of teaching of discipline
«Descriptive geometry» for students-architects stands for demonstration and models
for explanation of difficult themes are specially developed and made, such as
«Shadows» and «Reflections»

Studying the special course of «Shadows» on practical employments students
decide many various tasks. However, at teaching of this difficult theme there are
difficulties in many of them, related to misunderstanding of material. Long-term
experience of teaching showed that the use of visual materials helped the best
understanding and memorizing of course of discipline. Therefore directly for teaching
of theme of «Shadows» there was the developed model for demonstration of shadows
of the purpose-made different models of planes, surfaces, houses (Fig. 1).

Students study the own and falling shadows of different objects by stend for
demonstration. It shows by itself two mutually perpendicular planes (frontal and
horizontal) of white color, which are limited from three sides the vertical black
planes. The vertical black planes are needed for an obstacle influence of daylight on
models. Models on which under a necessary corner the directed rays from the source
of light place on a horizontal plane. Depending on a task models place so that
shadows from them fallen or on horizontal, or simultaneously on the horizontal and
frontal planes of projections (Dumanskaya, 2014).
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Fig.1. A stand for demonstration of shadows of models

Such approach was interesting to the students and helping them to understand
the course of «Shadows». Using a demonstration model, they were able to build the
own and falling shadows of different geometrics at the decision of tasks and at
implementation of graphic works. Therefore works were executed at high level and
handed over in good time unlike students which studied discipline after a traditional
method.

Studying the difficult special course of «Reflection» students must learn to build
the prospect of interior or group of bodies with a reflection at one or a few the planes.
Formely for implementation calculation-graphic works of «Reflection in a prospect»
students was given out a variant of task — two projections of group of geometrical
bodies. The teachers of department specially developed a stand for demonstration and
models of geometrical bodies with the purpose of development of creative potential
of students and the best understanding of the special course. A stand shows by itself a
mirror room from four mutually perpendicular mirrors, one of which is located
horizontally, and three other are located vertically (Fig. 2). Models show by itself
elements of interior of — closet, stand, table, chairs, elements of decor.

The teachers of department offered to the group of students to execute
calculation-graphic work with the use of stand for demonstration. Thus to each of
students it was suggested independently to make raising out of select by them
elements of interior in an amount from three to six in a «mirror roomy». Doing raising
they saw clearly that their work will look in end-point after a construction on a draft.
As a result of research almost all works were done in good time and with the least of
errors (Dumanskaya, 2015).

Researches with the use of «mirror room» showed, that such method helps to
interest future architects to the studies, promotes in more deep understanding of
material, teaches to carry the real objects on a draft, to build a reflection. These
factors accordingly conduce to the increase of progress of students

Based on the got positive results of researches, we consider in future using and
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application such method at the study of other themes of a descriptive geometry
(Sydorova, 2017).

Fig.2. A stand for demonstration of reflection in interior

Conclusions.

Thus, at teaching the students of graphic disciplines it is necessary actively to
use methodical receptions which promote pedagogical trade of teachers and correctly
organize independent work of students. Introduction of the developed methods of
teaching develops of spatial imagination of students, creative approach to
implementation of any tasks, the level of their preparation rises as a result.
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AHnomauin. YV 36’33Ky 3 HU3bKUM pDi6HEM NIO20MOBKU CMYOEHMI8 3MIHIOIOMbCA i 8UMO2U 00
Memooi8 HasuawHs. Ymosu wodo smicmy [ aAxocmi 2epa@iunoi ni02omoeKu GUKIUKAIOMb
HeoOXiOHicmb B800CKOHANEHHSA hopmu | Memoodie opeanizayii iHOU8idyaibHoi ma camocmiuHol
pobomu cmyoenmis. Y cmammi po3ensiHymo npooaemu oucyuniinu «Hapucna ceomempisny, wo
no8’s13ami 3 HeOOCMAMHIM PiBHeM NIO20MOBKU CIYOeHMi8 Ma 3anpONnOHO8AHO ULIAXU X BUDIULEeHHS.
3 memoro niosuwjenHs eghekmusHocmi ma AKOCMI BUKIAOAHHA pPO3POONEHI ma BUSOMOBIEHI
Odemoncmpayitini cmenou. Cmeno 07151 0eMoHCmpayii minell MaKemie 3anponoHO8aHO OJisl UEYEHHS
po3oiny «Tiniyn, a cmeno «03epkanvbHa KiMHama» — 015 6usueHHs po30iny «Bioobpascenns». V
cmammi 0emanbHO ONUCYIOMbCsl 00U08a PO3POOIEHUX OEeMOHCMPAYIUHUX CMEeHOA Ma HABeOeHI ix
HAOYHI 300padCeHHs.

Ompumani pe3ynomamu OOCHIONCEHHs 6KA3YIOMb HA Nepedazi HOBUX Memoodi GUKIAOAHHS
ma niomeepodicyroms 2inomesu wooo HeoOXIOHOCMI 6NPOBAOI’CEHH PO3POOIECHUX MEMOOUK Y
Ha8YaIbHULl npoyec. 3anponoHosani Memoou cnpusaoms Oilbut 2AUOOKOMY PO3YMIHHIO Mamepiaiy,
8Uamb NePeHOCUMU HA KPEeCIeHHs peanbHi 00’ ekmu ma 6yoysamu 8i000pajiceHts, Wo, 6I0N0GIOHO
6ede 00 nidguujenHs ycniumnocmi. Bukopucmanms po3pobrenux memooié npu npoeeoenHi 3aHAmb
CHpUsiE NIOBUWYEHHIO MBOPYU020 NOMEHYIANy CmYyOeHmis, O00NOMA2A€ pO3BUHYMU iX 00 €MHO-
nPOCMOPO6e MUCTIEHHS, BHACTIOOK 4020 NIOBUWYEMBCI PIBEHb NIO20MOBKU MAUOYMHIX (haxieyis.

Bnpoesaodowcenns y nasuanvnuii npoyec nponoHo8aHuUx HO8UX Memooie 00NOMoHice UKIA0AYAM
Hapuchoi eceomempii inuwux mexuiunux BH3 yoockonanumu npoyec Hag4anus 3 Yyi€i OUCYUniiHu.

Knrwwuosi cnosa: epagpiuna niocomoexa, nodyoosa ma YUMAHHA KpPeCleHHS, Memoou
HABYaHHs, eeKmUsHicms ma sKicmb Ni020MOSKU CMYOeHmi8, HAPUCHA 2eoMempis, HAOYHI
NOCIOHUKU, YCNIWHICIb CMYOeHmMi8, 0eMOHCMPAYIUHUL CINEHO.
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Annomayun. B pabome npeonacaemcs eapuanm peanuzayuu 8 npocpammuou cpede NI
LabVIEW memoouku ucnonv3oanus 3D-peKoHCmpyKyuu U 3epKaibHO20 OMOOPAdNCeHUsi ¢
npeosapumenbHol Mamemamuyeckou 00pabomrou 0 ONMUMU3AYUY U YRPOWEHUS U320MOBNeHUs
Mooenetl npome308 6 peaduIumayuOHHOU UHHCEHEPUU.

Knroueewie cnosa: sepkanvroe npeoobpazosanue, 3D-pexoncmpyxyus, NI LabVIEW.

Beryniienne.

B peaOunutanmoHHONW MH)XEHEPUU aKTyaJIbHOW SIBJISETCS 3ajada MOCTPOCHMUS
OPOTOTUIIOB  MPOTE30B  HEAOCTAOIIMX  (parMeHToB  CKelleTa  OpraHu3Ma.
AKTyaJIbHOCTh ~ BO3pacia B TMOCJIEIHEE BpeMs B CBSI3M C MOSBJICHUEM
BBICOKOTEXHOJIOTUYHBIX 3D-IpUHTEPOB, MO3BOJSIOMIUX HU3TOTOBUTH JIMOO TOTOBBIM
MpoTe3 U3 OMOCOBMECTUMOTO IUIAaCTHKA, W00 (hopMy IJis MOCHEayIOUed OTIMBKHU
U3, HalpuMep, TUTAaHOBOTrO cruiaBa. lIpennaraemas MeTo/iMKa MO3BOJISIET YIIPOCTUTD
Y YTOUHHUTH MPOLECC CO3/IaHMSI TAaKOro MPOTOTHUIIA IYTEM 3E€PKAJIBHOIO OTPAKECHHUS
CYILLECTBYIOLErO y MAalHMEeHTa COOTBETCTBYIOIIETO CHUMMETPUYHO PACIOJI0KEHHOIO
dparMeHTa ¢ TpEAmecTBYIOMEH W TOCIEIYIONIEH CHeIUaTbHOW MaTeMaTH4eCKOn
00pabOTKOM.

CymHOCTh METOAMKM COCTOMT B cleayromeM. B kadecTBe BXOJHOM
MH(GOpPMaLlU UCHOJb3YIOTCSI CHUMKH KOMITBIOTEPHON TOMOTpaduu HMEIOLIErocs y
nanueHTa ¢parMeHTa CKeJeTa, CUMMETPHUYHOTO K HEIOCTAIoIIeMy, HalpuMep,
CHHMKH JIEBOW PYKHU IPU OTCYTCTBHM IpaBou. Jlamee ¢ momompo TeXHoJaoruu 3D-
PEKOHCTPYKIIMU BOCCO3AaeTcsi 0ObeMHAas MOJENb JIEBOM PYKH, MAaT€MAaTHUYECKUMU
METO/JaMH OCYILECTBIIICTCS €€ 3€pKabHOE OTPAXKEHHE W MOCIEAYIoIIasi meyaTh Ha
3D-npunTeEpeE.

B kxoHTekcTte cHOpMyNnHpOBaHHOM LIE€NEBOM 3aJaud BO3HUKAET HECKOJBKO
npo0seM, TpeOyIoUMX AOMOJHUTENbHBIX MCCIEHOBAaHUN W YCOBEPIIEHCTBOBAHUS
anroputMma. llepBas cBsi3aHa C BONpOcamMu CIJIAKUBAHUS MEPBUYHOM BXOJIHOU
uH(poOpMaluy, BTOpas — C aBTOMaTu3aluMed M yTOYHEHHEM Iopora OWHapH3alui,
COOTBETCTBYIOILIETO TPAaHUIE pa3Aeiia JBYX WM HECKOJBKUX BHJOB TKaHEM,
HaIpuMep, KOCTU Ha (JOHE APYTUX TKAHEH.

50



[IpoGnema criaxuBaHHsl MOBEPXHOCTH pa3jeria TKAaHEH aKTyalbHa HE BCET[a.
JUIsi  AMarHOCTUKM, HaNpuUMep, BaXXHbI JIOObIE JeTalid, B TOM YHCIE H
HEOJHOPOJHOCTH ToBepXHOCTeH. OpHako, AJig 3a7ad MOJIEIUPOBAHMS MPOTE30B
JKEJaTesIbHO, YTOObI MOBEPXHOCTHM ObUIM THagkumu. s 3TOro mnpenjaraercs
HCIIOJIb30BaTh CIELUATbHBIEC CTIKUBAIOIIUE (DUITBTPBHI.

Jiist pellieHrst BTOpoi MpoOIeMbl JIOTUYHO MPUMEHUTh CTATUCTUYECKUE METO IbI
ONTUMH3ALIUU Pa3JEICHUS MACCUBOB JJAHHBIX.

OcHoBHOI1 TekcT. B kauecTBe mporpaMMHOM cpensl pa3paboTku BbiOpaHa NI
LabVIEW, kortopast B HacTosiee BpeMs SBIseTCS HEPOPMATbHBIM CTaHIApPTOM B
OTpaciu MEIUKO-OMOJIOTHYECKOTO TMPUOOPOCTPOEHUSI M  MEIUKO-OMOJIOTHYECKUX
MCCJIEIOBAaHUM U JIETKO BCTPaWBAETCA B OOJBIIMHCTBO COBPEMEHHBIX MPOrPaMMHO-
armapaTHbIX KOMILUIEKCOB [1].

Cpena NI LabVIEW (National Instrument Laboratory Virtual Instrument
Engineering Workbench — cpena paspaboTku 1abOpaTOpPHBIX BHUPTYaJIbHBIX
pUOOPOB) OYEHb yAOOHA ISl MPUJIOKEHUN, KOTOPBIE CO3JAI0TCS U MCHOJIb3YIOTCS
HE MpPOrpaMMHUCTaMH, a CHElUAINCTaMH WHXXEHEPHOM OTpaciv, B YacCTHOCTH
OMOMEIUIIMHCKUMU HMH)KEHEepaMu. BMecTOo TEKCTOBBIX SI3bIKOB MPOrPAMMHUPOBAHMS
CO CJIO)KHBIMM CUHTAaKCHMYECKHUMH MpPaBUIAMH 3/1€Ch HCIOJIb3YyeTCs TIpadUyecKuii
a3bIK (3, KOTOPBIN UMeeT 0oJiee MPUBBIYHBIN JJIs1 HH)KEHEPOB BUJT OJIOK-TUArPAMM.

JIOOTHUTENBHBIMA NPEUMYIIECTBAMUA CPEbl SBISETCS HAIMYUE OOJBLIOrO
KOJIMYECTBA BCTPOEHHBIX (DYHKIMI U MOANPOTpaMM, OOTaTCTBO Pa3BUTHIX, YIOOHBIX
M HalJIAOHBIX OJEMEHTOB JJIsi  IOCTPOCHUS HHTEp(eicoB, BO3MOXKHOCTb
B3aMMOJICUCTBUS C IPYTUMHU CpeAaMHu.

B KOHTEKCTEe pelieHus IOCTaBICHHOM 3aJadd NpeuMyliecTBOM cpeanpl NI
LabVIEW 1o cpaBHEeHHIO ¢ IpyrUMU cpeacTBamMu padboThl ¢ 3D-00bekTamMu sSBIsIeTCS
OPAKTUYECKU  OTKPBITHIA  KOJA, TO3BOJIIIOIIMM  JIETKO  JopabaTbiBaTh  WIH
aJanTUPOBATh CYIIECTBYIOIIME MPOTPAMMHBIE CPEICTBA [ LEJIeH 3a1auu.

B nporpammuoii cpene NI LabVIEW umeercst Oorateiii HaOop OHOIMOTEK,
CBSI3aHHBIX C O0O0paOOTKOW W300paKeHUH, OJHAKO, ATO KacaeTrcs JBYMEPHBIX
n3o0pakenmit. Jlmst paboThl ¢ 3-MEpHBIMH MacCHBaMH BOKCEJEH Tpedyercs
co371aBaTh HOBBIC CHEIUMANBHBIC CPEACTBA. B 3TOW CBsA3WM s 1eseil 3amadyu ObuTH
co3manbl  ABa  criaaxuBamomux — 3D-dunptpa:  MemuaHHBIW U QUIBTP
cpenneapudmernueckuii. [IpuHnmm ux paboThl 3akiarodaeTcs B ciemyromeM. 3D-
MAacCUB BOKCEJeH, coaepKalluid HccaeayeMbli OOBEKT, CKaHUPYETCs 3-MEpHBIM
OKHOM, pa3Mep KOTOpOTO 3ajgaeTcsi mojb3oBarenieM. l[lpu Kaxaom Tekyiiem
MOJIOKEHUM OKHA €ro I[EHTPAJIbHBIN BOKCEJb 3aMEHSIETCS 3HAaYEHUEM, PABHBIM WU
cpenHeapu(MeTHUeCKOMY 3HaUY€HUIO BCEX BOKCEJIEH, MOMaBIINX B 00beM OKHA, WM
MEJMAHOM STHX BOKCEJIeH, MPEABAPUTENBHO BBICTPOCHHBIX B PAHT IO CTEMEHU
BO3pAcTaHUsl UX SIPKOCTH. BioK-nuarpamMmbl 3TUX (UIBTPOB MPUBEIEHBI HAa puc.l U
puc.2.

Yro kacaercs mopora Ounapuzaiuu 3D-maccuBa BOKceNei, COOTBETCBYIOIIETO
rpaHulle pas3jesia ABYX BUJOB TKaHEH, TO 3/1eCh OKa3ajloCh YIOOHBIM HCIIOIb30BaTh
crannapTHyio oubianoreunyio ¢pynkiuio IMAQ AutoBThreshold [2], mpumenss ee
KO BCEH COBOKYITHOCTH 2-MEPHBIX U300paKEHUI U YCPEIHSIS MOITYyYEHHbIE 3HAUCHHUS
IIOPOTOB.
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Puc.2. baok-guarpamma MeIMaHHOIO criaxuBammero 3D-gpuiabTpa

B kauecTBe WLIIOCTpAllMU WCIIOJNB30BAHMS OMHCAHHONW METOAMKH HIKE
MIPUBEJICH MPUMEDP C PE3yJIbTaTOM 00pabOTKH CHUMKOB KOMIIBIOTEPHOM TOMOrpaduu
dbparmenTa ckenera. Ha puc.3 nzobpaxen pesynbraT 3D-pekoHCTpyKIIMU (pparMeHTa
0e3 mpenBapuTeabHON 00paboTkH, a Ha puc.4d — 6 ¢ obpaboTkor 3D-PunbTpamu,
COOTBETCTBEHHO, CpeTHEAPU(PMETHICCKUM U MEAHMAHHBIMH.

Kaxk BunHO, mog6opom mapameTpoB GUIBTPOB MOXKHO JOOUTHCS TPEOyeMOu st
KOHKPETHOW 3a/layd  TPOTOTUIUPOBAHMS CTENEHU CIJIAXKUBAHUS TOBEPXHOCTH
¢dparmenTa.

3akJil04eHHe ¥ BHIBOJbI.

OOnacTh MpPUMEHEHUs MpelaraéMoid METOAMKH JOBOJBHO IMIMPOKA. ITO, B
YaCTHOCTH, TOMOUIb TMPU CO3JaHMM MOJENEH I M3rOTOBJIEHUS MPOTE30B
YTpauy€HHbIX (PparMEeHTOB CKeJeTa, HalpUMep, KOHEYHOCTEH, HO HE TOJIBKO.
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Puc.3. 3D-pexonctpykius pparmenTa Puc.4. 3D-pexkoHCTpyKIUs MOCTe
0e3 mpeaBapuTEIbHON 00padoTKH 00paboTku cpeaHeapupMEeTHIECUM
dbumpTpoM pazmepom 3x3x3

Puc.5. 3D-pekoHCTpyKIus MOCie Puc.6. 3D-pekoHCTpYKIUs MOCIe
00paboTKH MEeTMAaHHBIM (PHUITBETPOM 00paboTKH MEeTUAHHBIM (DHUITBTPOM
pasmepom 3x3x3 pa3zmepom S5x5x35

31ech ciaeayeT YIIOMSIHYTh BO3MOXHOCTh €€ MCIOJIb30BaHUS IS U3TOTOBJICHHUS
MoJieJiell OTCYTCTBYIOIIMX 3yOOB IPH HAJUYHH COOTBETCTBYIOIIUX CHMMETPHUYIHO
pacTOJIOKEHHBIX; YIPOIICHHE HW3TOTOBJICHHS 00paslla MCKYCCTBEHHOTO IO3BOHKA
npu Hamnmuuu KT-CHUMKOB IMOXOXKEro COCEJHEr0 WM apXWBHBIX CHHMKOB paHEE
MIPUCYTCTBYIOIIETO 30POBOTO (hparMeHTa M aHAJIOTHYHBIC 3a7a9H IMPOTE3UPOBAHUSI.

[TonGopom napaMeTpoB COOTBETCTBYIOIIETO 3D-dunprpa WITH
MOCJICIOBATEILHOCTH HECKOJIbKUX (PHIBTPOB TpeaBaputenbHoit oOpabotku KT-
CHUMKOB MOXHO OO0€eCreunuTh TpeOyemMyr Il KOHKPETHOW 3ajaddl CTETCHb
CTJIQKUBAHUSI TIOBEPXHOCTH TPOTOTHUIA OYIyIIET0 MpOTe3a, YTO CYIIECTBEHHO
YIOPOIIAET 3a7a4y €ro MOACIUPOBAHUS.
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Abstract. The article analyzes the main conceptual approaches to efficient management of the
logistics system of the agrarian enterprise. The expediency of using the principle of system-logistic
approach for the formation of strategic and tactical goals of the logistics system of the enterprise is
determined. To provide maximum economic effect, it is proposed to create a logistic system of the
agrarian enterprise on the basis of organizational, managerial, functional, infrastructure and
resource subsystems, to justify the combination of such elements and the establishment of
interconnections between them for the dynamic development of the logistics system.

Keywords: logistics management, logistic system, efficiency, agricultural enterprise, logistics
activities.

Introduction.

In modern conditions of dynamic development of socio-economic systems, the
level of formation, openness, and adequacy of their elements is an important factor in
the effectiveness of their functioning. Logistic activity seems to be one of the most
important directions of the functioning of economic entities, while in modern
conditions the use of the system approach provides the opportunity to obtain the
maximum effect of this type of activity. This determines the timeliness and urgency
of the problem of effective operation of the logistics systems of enterprises and
organizations. The presence of different approaches and directions of management of
logistic systems shows the prospect of research in this area, the development of the
theory of management, the active use of the methodology of logistics management in
the practical activities of business entities. The purpose of the study is to determine
the basic laws governing the logistics system of the agrarian enterprise in the current
competitive conditions.

Basic text.

The deepening of market transformations in the Ukrainian economy is
accompanied by an increase in the number and diversity of the subjects of the
consumer market and the intensification of competition between the members of
various channels of sales. At the same time, one of the most effective tools for
achieving competitive advantages for individual commodity producers and their
partners is the creation of efficient logistical chains in the organizational, technical,
technological, and economical aspects, which by their nature is one of the most
common types of logistic formations - specific forms of association of sub Business
entities engaged in the processes of promotion of material resources, unfinished and
finished products at all stages of the production and commercial process, which are
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organized on the basis of integration of their activities in order to provide the most
appropriate to the needs of end-users of the parameters of the flow of goods [2].

The purposeful integration of the agro-industrial complex to create
fundamentally new positive properties and effects of activity is proposed to be carried
out on the basis of a logistic approach. In this approach, agro-industrial integrated
formation is considered as a logistic system - an open holistic ecological - socio-
economic system, the main elements of which must be interdependent and
interdependent with the need for development [4].

At the same time, in our opinion, the efficiency of the logistics system should be
reflected in the ratio of not one but the complex of the results of such a system to the
costs of its functioning, and therefore it is necessary to apply methods that provide
many criterion assessment of the efficiency of the logistics system by the criteria of
«costy, «consumer satisfaction / quality», «time», «assets», «technology». In our
opinion, an efficient logistics system is a combination of organizational and
managerial, functional, provisioning and resource components, which is dynamic and
aims to ensure the maximum economic effect of its functioning (fig. 1).

From the standpoint of the author, the logistics system combines four
subsystems: organizational, managerial, functional, infrastructure and resource
subsystems. It is the combination of such elements with the establishment of
interconnections between them provides an opportunity for its dynamic development.

Each of the subsystems contains separate elements that function in
interconnection and interconnectedness in order to ensure the effective functioning of
the system in general. The presence of feedback provides an opportunity for timely
response to changes in the external environment and the adaptation of the logistics
system to the detected changes [3].

The objective of the logistics management of the enterprise is to coordinate the
actions of specialists of different services that manage the logistics flow to achieve
the necessary level of integration of logistic functions. Solving this problem requires
organizational changes in the management structure of the enterprise. However, the
organizational structure itself does not guarantee the integration of logistics, so
requires the so-called "logistic thinking", according to which managers think and act
based on the concepts of integrated efforts, and also the senior management should
understand the essence and significance of logistics for the development of the
enterprise [1].

In modern practice of logistics management, matrix and program-oriented
organizational structures, information technologies are actively being implemented.
A global organizational structure is formed. It is believed that in the future, the
possibility of information technology will provide integrated logistics management
without grouping (aggregation) of functions into formal organizational units, and
formalized hierarchy can be replaced by an informal electronic network [5].

When designing the organizational structure of logistics management it is
necessary to determine the position of logistics in the enterprise management
hierarchy in relation to other areas (sales, production, finance, etc.). It is also
necessary to consider how the operating structure of different types of logistics
operations (warehousing, inventory management, order processing, transportation,
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Fig.1. The main structural elements of the logistics system of the enterprise
Source: Summarized by the author

etc.), which are directly under the direction of the head who will be the head of the
logistics department, is constructed. That is why it is advisable to propose the
external organizational structure of logistics management - the place of logistics in
the organizational structure of the enterprise and its internal organizational structure -
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the structure of the logistics department.

In agrarian enterprises, as a rule, there is a traditional enterprise management
structure that does not provide integrated management of through-flow. Management
of logistic functions is divided between different services (planning and financial
department, warehousing, production, etc.), which are directly subordinated to the
head of the enterprise. However, the main objectives of these services may not
coincide with the goal of rational organization of logistics flows at the enterprise.
That is why we believe that for the effective solution of logistic tasks it is necessary
to create separate logistic departments (functional subsystem) whose functional
responsibilities will be distributed among the logistics department staff on the
components of the integrated logistics system (supply of resources, warehousing and
sales) (fig. 2).

The head of the enterprise
[

v v v
Logistics Production Finances
R Supply Resource R Production R Financial
- Management - planning - Management
Inventory management - Organization of
> (warehousing) production
Production

Managing marketing
activities (market
research, transportation,
sales promotion)

control

\ 4

Y

Fig.2. Typical organizational structure of an agrarian enterprise with decisive
logistics functions
Author's development

We propose a list of tentative decisions that may be taken by specialists of the
logistics department for particular logistic functions:

- Resource management (evaluation of work with suppliers, conducting ABC -
analysis of suppliers, determining the optimal order size);

- Inventory and warehousing management (definition of insurance stock, control
over inventory level and demand level forecast, choice of technical equipment for
warehousing and warehousing technology);

- Marketing and transportation management (market research, sales promotion,
vehicle type selection and optimal transportation route, etc.).

Conclusions

Have been considered of features of efficient management of logistics systems
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of agrarian enterprises, which allow to establish external factors of influence on the
functioning of the logistics system and assess their impact using modern scientific
methods; to identify internal factors of influence on the logistics system and to
establish the limits of its functioning; systematically evaluate the possible
consequences of implementing the chosen development option; to make timely
organizational changes in the logistics system, due to changes in the external and
internal environment; to get maximum effect in optimizing the functioning of the
logistics system in order to increase the competitiveness of the business entity.

It was proposed to use the principle of system logistic approach, which could
give the agrarian enterprise the opportunity to formulate strategic and tactical goals of
the logistics system's operation; to identify all possible alternatives for achieving the
goals in the short term and in the future, as well as to select from them the most
effective ones; to isolate the elements of the logistics system and to establish the
interrelations between them.
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Anomauis.

Bcemyn. B cyuachux nocicmuuna OisAnbHiCMb NpeOCmasisaemvcs OOHUM 3 HAUBANCIUBTUUX
Hanpamié (YHKYIOHY8aHHA CY0 '€KMi8 20CNOO0APIOBAHHA, NPU ULOMY CAMe BUKOPUCHAHHS
CUCMEMHO20 NiOX00Y HAOAE MONCIUBICIb OMPUMAHHA MAKCUMATILHO20 epeKmy yYbo2o 6uUoy
disttonocmi. Lle obymosnioe ceocuacHicms ma aKkmyaibHiCmb npoodemu egheKmusHo2o YnpasiiHHs.
Jlo2icmu4Hol0 cucmemoro nionpuemcmea. Hasenicms piznux nioxoodie ma Hanpsamie ynpaeiiHHs
JIOCICMUYHUMU CUCTNEMAMU NIONPUEMCIE C8I0UUMb NPO NEePCHEeKMUBHICIb O0CIIONCEHb 8 OaHill
cghepi, pozeumox meopii YAPAGNIHHA, AKMUBHE BUKOPUCAHHS MemoOoN02il N02ICMUYHO20
VIPAGNIHHA YV NpaAKMuyHit OisibHOCmi cy0’€kmie 2ocnodapiosanus. Memow 00cniodcenHs €
BU3HAYEHHS OCHOBHUX 3AKOHOMIDHOCMEU YAPAGNIHHA JOCICMUYHOIO CUCMEMOI0  A2papHO20
RIONPUEMCMBA 8 CYUACHUX KOHKYPEHMHUX YMOBAX.

Ocnosnuii mexkcm. [Ipu npoexmysanni opeanizayitinoi CmpyKmypu 102iCMU4H020 YAPAGIIHHSA
HE0OXIOHO BUBHAYUMU NO3UYII0 TO2ICMUKY Y IEPAPXIi YNPasiiHHA NIONPUEMCIEOM BIOHOCHO THULUX
Hanpsamkie (30ym, eupobnuymeo, ginancu ma iHwi). B acpapnux nionpuemcmeax, Ax npasu.io,
NPUCYMHA — MpaouyitiHa  CMpYKmypa  YAPAGNiHHA — NIONPUEMCMBOM, KA He 3abe3neuye
IHMe2po8ano2o YNpaeniHHA HACKPI3HUM HNOMOKOM. YNpaeninHs J02iCmudHuMu  QyHKYismu
PO3NOOLIEHO MidC PIZHUMU CydHcOamu (NIAHOBO-PIHAHCOBULL BIOOLN, CKIAOCbKe 20CN00apcmeo,
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BUPOOHUYMBO Ma iH.), Wo 6e3nocepeonbo NiONOPsIOKO8YIOMbCs KepigHuKy nionpuemcmea. OOHak
OCHOBHI YN YUX CYHCO MONCYMb He CNiBNadamu 3 Memo payioHaibHOl opeanizayii 102iCMmu4HUx
nomoKie Ha nionpuemcmsi. J{is egekmusHo2o po38'sa3anHA JOCICMUYHUX 3A80aHb HEOOXIOHO
cmeopioeamu OKpemi 1o2icmuuti 8i00inu (pyHKyionanvhy niocucmemy), QyHKYioHaibHi 0008 a3Ku
8 AKUX Oy0ymv pO3N0OINeHI MidC NPAYiBHUKAMU JIOCICMUYHO20 B8I00Ly 3a CKIA008UMU
IHmMe2posanoi 102icMuyHOI cucmemu (NOCMA4aHus pecypcie, CKIao0yeaunHs ma 30ym,).

Bucnoexku. bynu poszenamymi ocobausocmi  e@ekmusHo20 YNPAGuiHHA  IOICIMUYHUMU
cucmemam azpapHux niONPUEMCmMs, wo 00360JIAI0Mb 6CIMAHOBUMU 306HIWHI hakmopu 6NIusy Ha
@DYHKYIOHYB8AHHA JNOICMUYHOI cucmemMu ma OyiHumu ix 6niue 3 6UKOPUCMAHHAM CYYACHUX
HAYKOBUX Memooie; SUsAGUMU GHYMPIWHI (BaKmopu 6nausy Ha JO2ICMUYHY cucmemy ma
ecmanosumu 0oMedcenHst i (PYHKYIOHYBAHHS, CUCIEMHO OYIHUMU MOJNCIUGL HACAIOKU peanizayii
00parnoeo sapianmy po36uUmKy, NPoOBOOUMU C8OEUACHT OP2AHI3AYIUHI 3MIHU 8 T02ICMUYHIN cCUCeM,
00YMO6IIeH] 3MIHAMU 308HIUHBLO20 MA GHYMPIUHBLO20 CEPe0osUd; OMPUMAMU MAKCUMATbHUU
epekm npu onmumizayii DYHKYIOHYBAHHA JNO2ICMUYHOI cucmemu 3 Memow Ni08ULeHHS.
KOHKYDEHMOCHPOMOICHOCII CYO '€EKMY 20CNO0APIOBAHHS.

byno 3anpononosano suxopucmanms NpUHYUny CUCMEMHO20 JT02ICMUYHO20 NIOX00Y, WO
ModHce Ha0amu azpapHomy NIONPUEMCMEY MONCIUBOCII Chopmyeamu cmpameiuni ma maKmuyui
Yini QYHKYIOHYBAHHA JNO2ICMUYHOI cucmemu, BUABUMU BCI MOMNCIUBL AlbMEePHAMUBHI ULIAXU
00CACHEeHHA NOCMABNEeHUX Yyineli 8 KOPOMKOCMPOKOBOMY Nepiodi ma 6 nepcnekmui, a maxkoic
obpamu 3 HUX HaUOIILWL epexmueHi; BUOKpeMUmMU eleMeHmuy J02ICMUYHoi cucmemu ma
BCMAHOBUMU 83AEMO38 "A3KU MINHC HUMU.

Knrouoei cnoea: nozicmuune ynpasninus, 102iCMuyHa cucmemad, egekmusHicmo, azpapue
RIONPUEMCMBO, TO2ICMUYHA OISIbHICb.
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Anomauin. B pobomi cpopmyrvosana ma ¢popmanizosana 3adaua po3pooKu memooy
NIAHYBAHHS BUKOHAHHS NPOEKMIB, 00 SAKUX MONCHA BIOHeCmuU i po3pooKy mexuiunux cucmem. 11io
NPOEKmMoM po3ymiloms CYKYNHICMb  onepayitl, 5Ki HeoOXiOHO euxoHamu O O0O0CACHeHHs
KOHKpemHOi Memu 3a MiHIMAnbHull yac. Yci onepayii maromo Yimky nociio08HICMb UKOHAHHS, d
MAKOJC KOINCHA 3 HUX MAE GUHAYEHUL Yac GUKOHaHHA. B p06OI71i PO32NAHY MO Memoou
Mmepedice8o20 NIAHYBAHHS | YAPAGIIHHSA, d caMe Memod KPUMUYHO20 WAAXY I Memoo auanizy ma
OYiHKU NAaHy. Aemopamu 00paHo Memoo piuleHHs 3a0a4i 3aCHOBAHUL HA 3ACMOCYB8AHHI Memoody
Mepedice8o20 NIAHYBAHHSA, W0 0A3YEMbCs Ha i0ei onmumizayii KpUMuyHo20 WXy i3 3a1y4eHHAM
dodamrosux obmedcenux rowmis. OCHOBHON GIOMIHHICMIO PO32AAHYMOI 3a0a4i € me, Wo
BDAXOBYEMBCSL MONCIUBICMb 3ANVHUEHHS KOWmI8 Ol 3ANVUeHHsT 000AMKOBUX BUKOHABYIE a0O
3ACmMoOCyYBAHHA MexHiyHux 3aco0ie HAnpaelenHux Ha 3MEHUIeHHA 3acallbHOc0 4acy 6UKOHAHHA ycix
onepayiu. 3anponoHoBanuil Memoo 00360J5€ peanizy8amu ONMuMizayio mepexncesoco epagika
Komniexcy pobim na npaxmuyi. Hasedeno 30iticnenni pospaxynxku 6 cepedosuwyi MS Excel 3
suxopucmanuam Haooyoosu «llouck pewenusy O0na 3a0aui Gopmy8awHs NIAHY BUKOHAHHSL
Hegenuxozo npoexkmy. Ilposedena anpobayis po3eisiHymozo memoody 00360Ji5€ CIMEEPOAHCYBAMU NPO
MOJNCTIUBICIND 1020 3acmocyeanrs ma 6np06a09fC€HHﬂ.

Kniouosi cnosa: mepesicesuti epagh, mepedicese NIAHY8AHHs, ONEpAMUSHe YNPABGLIHHS,
KPUMUYHULL ULTSX, MEPeHCeBA MOOEb.

Beryn. JlisuibHicTh O1IbIIOCTI (DipM Ta MANPUEMCTB B CY4acCHOMY OypXJIHBOMY
€KOHOMIYHOMY MPOCTOP1 IMOB’S13aHO 3 €(PEKTUBHUM YIPABIIHHAM Ta BHUKOHAHHAM
OpOEKTIB. SIK MpaBuUio, MiJ MPOEKTOM PO3YMIIOTh BUTOTOBJICHHS YHIKaJIbHOTO
OpOAYKTY abo HaJaHHA TMEBHUX TMOCIYr, M0 NpUTaMaHHI TUIBKH JaHOMY
HiANpUEMCTBY. BUroTOBIEHHS MITYy4HOro abo ApPIOHO CEpIMHOTrO MPOAYKTY MOXKE
OyTH TOB’S3aHO 3 TMOOYJIOBM KOCMIYHOTO KOpaOis /10 BUTOTOBJICHHS HEBEJIMKOI
napTii AepeB’ STHUX BUACNIOK. SKIIO TOBOPUTH MPO YHIKAIBHICTh MOCHYT, TO 1€ TAKOXK
MOXke OyTH opraHizallis eBHUX 3aXOiB BiJl OJIHIE] TOAUHM JI0 JECATKIB pokiB. Ko
TOBOPUMO TPO YNPABIIHHS MIPOSKTOM, TO 3aBXKJIM MAEThCS Ha yBa3l MEPeJiK MEBHUX
3aX0/iB, MOB’A3aHUX MDK COOOIO, IO HAMNpaBJIEHI Ha JIOCATHEHHS KOHKPETHOI
MOCTaBJIeHOI METH. Ajie 000B’SI3KOBHM € YiTKa BHU3HAUYCHICTh YAaCOBUX OOMEKEHB
BHKOHAHHS, TICBHMH OIOJDKET, 3arajJilbHa MeTa TMPEJCTaBIcHA Ta OIHMCaHa 3
MaKCUMaJIbHOI TOYHICTIO. XapaKTEPHOI OCOOJUBICTIO TaKMX MPOEKTIB € Te, IO
BOHU CKJIQJIAIOThCS 3 PSAJY OKPEMHX, €lIeMEHTapHuX poOiT. POOOTH BUKOHYIOTHCS
TAKUM YMHOM, 1110 BUKOHAHHS JIEAKUX 3 HUX HE MOXke OyTH po3royaTe paHiiie, Hixk
OymyTh 3aBepieHi Aeski iHmi. He MOXIMBO JOCATTH TOCTaBiIEHOI MeTH 0e3
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MJIAaHYBaHHS Ta YMPaBIiHH, a TAKOXK MOCTIHHOTO KOPEryBaHHS MPU BUKOHAHHI, aJ[Ke
3 YacoM MOJXJHMBA 3MiHAa BapTOCTI HEOOXITHUX PECypciB ab0 BUHHKHEHHS
JOJIATKOBUX BUMOT JI0 MOCTaBjeHOi MeTHu. OCHOBOIO €(PEKTUBHOTO YIPABIIHHS
MIPOEKTOM € TIJIaH, 10 XapaKTepPU3YEThCS HACTYITHUM: YCi A1i MPEACTaBISAIOTh OKpEMI
MIPOCTI omeparlii, siki YInopsAKOBaHI 3a pe3yJbTaTaMu Ta T€PMiHAMHU iX JTOCSATHEHHS;
30aJIaHCOBAaHO BUTPATH PECYPCIB Ta 3arajibHUI Yac BUKOHAHHS.

OcHoBuuii matepian. Ha nouatky 50-x pokiB XX CTOMITTS IJsi yNpaBiiHHA
IIPOEKTHOIO JisUTBHICTIO OYJO BMHAMIEHO METOJ MEpEekeBHMX Mojeleil. Moro
e(DeKTUBHICTh MIATBEPAWIACH IIJT dac MIAHYBAHHA  CKNATHUX ~KOMITEKCHUX
MPOEKTIB, a came: OyJIBHUIITBA Ta peKOHCprKuu 00’€KTIB; BUKOHAHHS HAYKOBO-
JOCIITHUX 1 KOHCTPYKTOPCHKHX pOOIT; MIATOTOBKA BHPOOHHIITBA JO BHITYCKY
MPOJTYKITii TOTIO.

Haiinommupenimumu MeToIaMi MEPEKEBOTO TUTAHYBAHHS 1 YIIPABIIHHS € METO]]
kputuyHoro nuisixy (CPM — Critical Path Method) 1 meTo aHamnizy Ta OLIHKY IJIaHY
(PERT — Program Evaluation and Review Technique). 3actocyBanus merony CPM
J03BOJISIE TPEJCTABUTU KOMILJIEKC B3a€EMOMOB'SI3aHUX Al y BUDISAL rpadiyHOi
HOTAIIll MEPEKEBOI MOJIEIl - MepexeBoro rpada. MepexeBuil rpad € opieHTOBAaHUM
rpadoM 0O€3 KOHTYpIB, IO Ma€ OJIHY BHUXIJHY Ta OJIHY KIHIIEBY BepuIuHU. K
OpaBUiIO, BEPIIMHHU, L0 HA3MBAIOTHCS MOMISIMHM, BIJMOBIJAIOTH MOMEHTaM 4Yacy
novyaTky abo 3aKiHUCHHS OJiHi€l a00 JNEKIIbKOX omepaliiid, a JAyrd - omnepalisMu.
[lepenbavaeTnscs, MO MoAll HE MarOTh TPUBAJIOCTI Y 4yaci. MOMEHTOM 3IiliCHEHHS
moAli BBAXKA€ThbCSI MOMEHT 3aKIHUCHHS BUKOHAHHS BCIX IMOOINA, IO BXOAATH B IO
omnepaiiito. [loku He BUKOHaHI BCl BXiJHI B MOJII0 OIepailii, He MOXe 3A1MCHUTUCS
cama Tojis, 1, BIAMOBIJHO, HE MOXKe OyTH po3mouara >KOJHA 3 HACTYIMHHUX 33 HEIO
oTieparti.

HaliBaxnmuBimmM mapamMeTpoM MepexeBOro rpada € KPpUTHYHHM TUIAX, SKUN
npeACcTaBisie cO00K0 TMOBHUM MNUIAX, IO Mae€ HAWUOIIBIIY TPUBATIICTh 3a YacoM.
Onepariii 1 nofii, MO HajJeXaTb KPUTHUYHOTO NUIAXY, HA3UBAIOTHCS KPUTHYHUMH.
CymapHa TpUBAJICTh ONEpalliil, 110 HajeXaTh KPUTUYHOTO INUIAXY, IOPIBHIOE
KPUTHUYHOTO Yacy BUKOHAHHS KOMIUICKCY omeparliid B misiomy. Ha rpadi kputuanuit
IUTSX, SIK TPABHJIO, TTO3HAYAETHCS TOBCTOIO JIHIEIO.

Meron PERT, Ha Bigminy Bigm CPM, xapakTepu3yloTbcs HE AETEpPMiHOBAaHUMU
BEJIMYMHAMU: ONTUMICTHUYHA, TECUMICTUYHA, HaWOUIbII WMOBIpHA TPUBAIICTE.
TumyacoBi mapaMeTpu MEPEKHOTO Tpadika BU3HAYAIOTHCS 32 aHAJIOTIEI0 3 METOIOM
CPM 3 Ti€ro nmiie pi3HUIICIO, IO 32 Yac BUKOHAHHS POOIT MPUHMAETHCS CEPEIHE
3HAYCHHSI.

CporojiHi JIBa METOJIM MOEAHYIOTHCS MIXK COOOI0 Ta CKIAAAIOTh €UHUN METOJ
MEpEKEBOTO TUTAHYBAaHHS 1 YIpaBICHHS, IO BKJIIOYA€ HACTYNHI TPH €TaIlH:
CTPYKTYpHE TIUIaHYBaHHs, KaJCHIapHE TUIAHYBAaHHS, OINEpPaTHUBHE YIPaBIIHHS
1aHoM. B Hamr 4ac Ha pHHKY IpOrpamMHOro 3a0e3MedeHHs € MPOorpamMHi MPOAYKTH
PI3HOrO piBHS MPU3HAYEHHS, SIKI MIATPUMYIOThH MPOLEC MJIaHyBaHHS Ta Peaji3yloTh
MEpeKeBI METOAM IUIAaHYBaHHS 3 YpaxXyBaHHSIM dYacy BUKOHAHHS, BapTOCTI Ta
0oOMEXKEHHSI pecypciB, TOIIO. AJie HE 3BaXaloud Ha PI3SHOMAHITHUM CIEKTp
MPEJCTABICHUX MPOTPAMHUX 3aCO01B 3aJIMINAETHCS AKTYaJbHUM BHUPIIIEHHS TaKOl
3a/1a4i 3arajgbHO JOCTYITHUMH 3aCO0aMH.
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JlocmimkeHHsT aBTOpPIB HANpaBJICHE Ha PO3MIAN KIacy 3afad, Uil SIKAX
XapaKTEPHUM € CKOPOYEHHS 4acy BHKOHAHHS 3a PaXyHOK MOXJIMBOTO IMPOBEICHHS
IIEBHMUX 3axXOJIB Ta/a00 BKIIAJEHHS JIOJATKOBUX KOINTIB. [HOAI OITHUMI3aIlis
JOCSTAEThCA 32 PaxXyHOK IMepeIUIlaHyBaHHS MEPEKEBOro IMPOEKTY, TOOTO 3MIHU
TOIoJIor1i Mepexi. IHO/I, € MOXKJIIUBICTh CKOPOUCHHS Yacy BUKOHAHHS omepaliii 3a
pPaxyHOK aBTOMAaTH3allli NMEBHMX BUPOOHWYMX IPOIIECIB, MOJIMIICHHS OpraHizari
poOIT, BUKOPUCTAHHA HOBHUX TEXHOJOTrIA. OnTuMizaiis KOMIUIEKCY omepaiiil 3a
4acoOM MOXE MPOBOAMUTHCS 13 3a]ly4CHHSIM JIOJATKOBUX KOIITIB Ta 3 BUKOPUCTAHHIM
BHYTPIIIHIX PE3EPBIB.

[TpoBenemo dhopmanmizalito 3aa4i Ta mo3HaYuMo Mepexesuii rpad G(E, e), mo
BIIOOpa)kae TOBHMI KOMIUIEKC OIepaiiid Mpoekty, Je FE — mepenmik momii
MepexkeBoro rpady, a e —nepenik omnepariii. KoxkHa omepaiiis OmucyeThCcsl Maporo
(i, j), 110 HANIEXKUTD e, aJKE [ — HOMEP TOMEePeIHBOT MO/i1, a j — HacTymHa nois. Yac
BUKOHAHHA omepaii (i, j) o3Ha4uMo ¢;. Po3Mip kamiTanoBKIaJeHb I CKOPOUYCHHS

4acy BHMKOHAHHA omepauii (i, j) 3 f; 00 " HOLUUILHO IMO3HAYMTH YEPE3 X; Ta

o0paxoByBaTH B YMOBHUX OJMHHUIAX (y.0.), 3aTaJIbHUN Yac BUKOHAHHS KOMILJIEKCY
onepanii, To0To KpUTHYHUH 1IUISAX, HO3HAYUMO Yepe3 fy, Ta 00paxoByBaTH OyJeMo y
roguHax (rof.). Ilpu moOynoBi rpada, SKIO B OCTaHHIO MO0 7 BXOASATH BiIpaszy
KUJIbKa poOIT, € HEOOXIAHICTH 10AaTH (IKTUBHY poOOTY (n, nt1), yac BUKOHAHHS SAKO1
JIOPIBHIOE HYJIIO.

3arajibHa MeTa 3ajadl MoJiArae y MiHIMI3aIlil 3arajlbHOr0 4Yacy BHUKOHAHHS
KOMIUICKCY OIlepalliil 3a paxyHOK MOIIYKY JUIsl KOJKHOI omneparlii (i, j) Takoro dacy ii
BUKOHAHHA 1" =f;(X;)<t;, 4acy NOYATKy #;" Ta 3aKiHYEHHS #;’, a TaKOX PO3MIpY
KaliTaJlOBKIAAeHb X; Ul iX ckopodeHHsA. [Ipu npoMy cyma KamiTaJOBKJIaJEeHb
JOJATKOBUX KOIITIB HE IOBMHHA TIEPEBUINYBAaTH 3alaHy BenudnHn C, a dac
BUKOHAHHs KO’KHOI orepalii Mae OyTH He MEHIIE MiHIMAJIbHO MOKJIUBOTO 4acy d;.

OCHOBHI CKJIaJJOBI MaTeMaTUYHOI MOJIENI 3a7aul JOLUIIBHO MPEICTaBUTH TaKUM
YHHOM.

- 3a2anbHUL 4ac BUKOHAHHS KOMNIEKCY onepayii MiHIMaTbHUll

t, =1, = min (1)
- CcyMa BKJIQJICHUX JO0JATKOBUX KOIITIB HE EPEBUILYE 3a/iaHy Beauuuny C
> x,<C (2)
i
- 4ac BUKOHAHHS KOXXKHOI oIlepalii He MEHII MIHIMaJIbHO MOXKIIMBOIO 4acy dj:
0 H .
0-tr>d, (i,j)ee 3)
0 H ..
ﬁ(xr)=tfj —t;, (z,])e e (4)

- Yac MOYaTKy BUKOHAHHS KOXHOI orepartii He MEHIIe 9acy 3aKiHIeHHS
Oe31mocepeTHbO TOTIePeTHBOT 1H ormmepartii:
H 0 ..

t, 21t (l,],r)e E (5)

H 0 ..
1,20, 1,20, x,20, (i,j)ee (6)
OO6MexxeHHS-pIBHOCTI (4) BII0OpaKyIOTh 3aJICKHICTh TPUBAJIOCTI BHUKOHAHHS
omeparllii BiJ BkiajaeHuX komrtiB. OO0mexeHHs (5) 3a0e3MeuytoTh BUKOHAHHS YMOB
nepelyBaHHs oOmepalliid BiJIMOBIAHO J0 TOMOJIOTI MEpexki, a came: 4Yac IoYaTKy
BUKOHAHHSI KOKHOI oreparlii Mae OyTH HE MEHIIe Yacy 3aKiH4eHHs Oe3rnocepeHbo

63



nonepeaHpoi i omepamii. TpuBamicTh KPUTHYHOIO HIIAXY t, B LIH 3a7adl €
(YHKII€FO, 1110 3aJIEKUTh BiJ OOCATIB KalTaJOBKIAIEHb X;.

CdopmynboBaHa 3aja4a BITHOCUTHCS J0 KJacy ONTHUMI3ALIMHUX 3a/1ad 1 MOXE
OyTH BUpIllIEHa METOJaMH JIHIHHOI a00 HEMHINHOT oNnTUMIi3allii 3aJeXHO Bl BUIY
pymuii f(x,).

Jlist po3B’si3aHHS 3ajmadi JoriipHOro Bukopuctatd MS Excel - pocrymHe
KO)KHOMY KOPHCTyBauy U e(QEKTHBHE CEpEIAOBHINE /I IMiATOTOBKH TaOIMYHUX
JaHUX, OpraHizaiii Ta MpOBEACHHS IOCTIIKEHHS Ha chopMOBaHIA ONTHUMI3AIIIHIN
mozem. Jlis po3B’s3aHHS ONTHMI3AIIMHOI 3a1adl 3aCTOCOBYETHCS CrHeEIlialbHa
nporpamHa HaaOyaoBa «/louck pewienus...», MO HE TOTPEOYy€e KamiTaJIOBKIAICHHS
YH BIJIMOBIAHOT MIATOTOBKH 32 M&XaMH OCBITHBOT IIpOrpaMu OakaiaBp.

Haenemo nipukiiaj pimeHHs 3a7a4i ONTUMI3aIlli KOMIUIEKCY Orepaliiii 3a 4acom
13 3AJTy4eHHSIM J0/IaTKOBHUX KOIITIB. JlaH1 mpo TpuBamicTh poOIT HaBeaeHi B (Tadm.1).

Taoauusa 1
Bxiani nani
PoGoTa 3Buuaiinui yac MiniMaJbHO MOKJIMBHH Yac
1-2 14 6
1-3 20 14
1-4 30 18
2-3 10 5
2-4 14 6
3-5 12 7
4-5 8 5

AHami3 TOCTIIOBHOCTI 1 B3a€EMO3AJICXKHOCTI poOIiT (Tabm. 1) mo3Bomsie
noOyayBaTu MepexeBuit rpadik BUrisiay (puc. 1).

Puc. 1 Mepe:xxeBuii rpadik

B nanomy mepexxkeBomy rpadi (puc. 1) okpiMm poOiT, 1m0 3a3HadeHi B Tabi. 1,
BUKOpHUCTaHi 1B1 pikTuBHI podoth (3,4) 1 (5,6), mo3HaueH1 mTpuxoBum# JiHisMuU. 1i
po0OTH HE BUMAararTh 4acy Ha IX BUKOHAHHS 1 BUKOPHUCTOBYIOTHCS B rpadpiuHOMY
MO/TaHHI MPOEKTY JIUIIE I TOTO, 00 MPaBUILHO BiAOOPA3UTH B3aEMO3B’SI30K MIXK
poboTamu.

TpuBaicTh BUKOHAHHS OTEpaIliii 3aJICKUTH JIIHIHHO BiJl JOJaTKOBO BKJIAJICHUX
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komTiB (7).

1" =t, (1 —k; x]) (7)
IS k1220,2; k13=O,1; k14:O,4; k2320,2; k2420,4; k3520,1; k4520,3.

[ToTpibHO omTHMI3yBaTH MepexeBUU Trpad 3a dacoMm, TOOTO BU3HAYUTH dYac
BUKOHAHHS KOXKHOI orepariii Tak, mod 4ac BUKOHAHHS KOMIUICKCY omepailiii OyB
MiHIMQJIBHUM, a CyMa BKJIaJeHuX KomTiB C He epeBuIyBaia 12 oquHuIIb.

Pimenns. JlomaBmm Ha MepexkeBomy Trpadiky GikTUBHY omnepaiiio (5,6),

3aMUIIEMO IITLOBY (DYHKITIIO Y BUTJISIL:

—40 ;
Iy, =15¢ — min

Kopuctytouncs popmynamu (2-6) 3anuiieMo oOMeXeHH 3a1adi:

Xy + X3 F X+ Xy + Xy, FX3H X, <12

- Yyac BUKOHAHHS KOXKHOI omepalii Mae OyTH HE MEHIIEe MIHIMaJbHO MOXJIMBOTO
qacy:

tloz — 1, 2 6; l§3 —1y 25; té)s —t5 27,

th—th 214, 1, —th, 26, ty—ti>5;

1, —t, 218, 1y, —t1,>0; 3 —tl >0
- 3aJIeXKHICTh TPUBAIOCTI OIEpaliil BiJl BKJIaJACHUX KOIITIB Ja€ OOMEKEHHS-
PIBHICTB:

- yac MmoYyaTKy BUKOHAHHS KOXKHOI omeparlii Mae OyTH HE MEHIIE Yacy 3aKIHUCHHS
0e31mocepeTHbO TOTEePEIHBOT 11 orepartii:
th =t =1y = 0;
H 0. H 0, H 0. H 0,
by 2ly; by 2hy; b 2Ly s 20
t” >t0_ t” >ZO_ t” >t0, t” >t0_
34 =035 b3g = lyzs bys = l3gs bys = oy,
H 0. H 0. H 0
t45 Z t14’ t56 Z t35’ t56 Z t45
- YMOBa HEB1/1’€MHOCTI HEBIJJOMHUX:
s 0 () C (i
t;20; 1,20, x,20; (l,])e e
Peanizanis pimenns 3aaadi B MS Excel naBeiena Ha puc. 2.
Takum ymHOM, 100 BHUKOHATH KOMIUIEKC omepaliid 3a 21,53 maHs, moTpiOHO

BKJIaCTH:

B onepartito (1-2) 2,86 y.o.;
B onepartito (1-3) 2,74 y.o.;
B onepairito (2-3) 0,735 y.o.;
B onepaitito (2-4) 0,893 y.o.;
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Al B|lc| D E Fl G H | J K L M|N O P Q R s T U v w X Y z
OnTumisauis mepexeBoro rpagika Komnekcy pobiTt 3a 4acom is sany4eHHAM AO0AATKOBUX KOLITIB

1
2
3 TPalTe [Pume % [T Pu T [Pulte [ [P Polfe e | x| %o | % | % | %o | % | %
4 x1 [x2 [x3 [xa |xs  |x6 |x7 |xa8 [xo [x10 [xa1  |x12  [x13|x14 [x1s
5 X5-X4 X7-X6 X8-X7 X11-X10 X13-X12 | Xx15-X14
6 6 145 15] 6| 1453 6| 15 15] 15[ 14,529] 21,529 15| 22| 22| 21,553] 2,857 2,735 0| 0,735 0,893] 4,167] 0,613
7 6| 145| 15[ 853 9 0 7 6,529 0
g > > |>] > > > > > >
9 6 14| 18 5 6 0 7 5 0 Mouck peteHns &J
10 YCTaHOBMTD LieNeByH AUeiky: $AA$Z4| \i‘
11 X4-X1 o 2 0 X1 6 = 6 14 02 I
QBHOI MaKa 3 ;|0

12 X6-X1 o = 0 x2 145529] = 14,53 20 o031 3akpbith
13 X10-X2 o = 0 X3 15| = 15 15| 04 ) [CET IR/ L ERETD
14 X10-X5 o 2 0 X5-X4 85204 = 8,529 10| 072 USSR ILE -
15 X8-X5 047] > 0 X7-X6 o = 9 14| o4 $A6:8V56 = [ —
16 X8-X2 047 2 0 X11-X10 7l = 7 12 o1 Orpariuenns: Mapaverpo!
17 X12-X9 0 2 0 X13-X12 | 6,5294] = 6,529 8| 03 $A$7-5D57 >= $AS9:5D§9 i Jrer—
18 X12-X7 o = 0 $DSLLISDEL >= §F1L:SFS21 o

52 =
19 X12-X3 o : 0 [ c | Shiea0 < ehe20 T [ Boccranosuts |
20 X14-X11 o = of [ 12ls [ 17 [ue | e etsisty g YnanuTs -
21 X14-X13 o = 0 21,53 : : [ cwawa |
2

Puc. 2 Po3paxynkosa ¢opma 3agaydi ontumizanii B MS Excel

e B onepaiito (3-5) 4,17 y.o.;
e B omnepaiiito (4-5) 0,61 y.o.

BucnoBok. Texnomoriss ontumizaimiiiHoro moxemoBanHs B MS Excel €
MOTYXKHUM 3ac000M JIJIs1 aHaNi3y, GOpMyBaHHS W NPUNHHATTS YIPABIIHCHKUX PILIICHD
y OyIb-IKUX yMOBax i Oyap-KuM Oe3mocepennbo Ha 3BuuaiiHomy [1K, o6mannanomy
nakerom mporpam MS Office, skuit B VYkpaiHi cTaB CTaHJApTHUM 3acO00OM
€JIEKTPOHHOTO JOKYMEHTOO0O0ITY.

B po0oTi 3anmponoHoBaHa METOIMKA ONTHUMI3allil MepekeBoro rpadika 3a 4acom
13 3aJIy4eHHSIM JO0JAaTKOBUX KOMITIB. B 1ijoMy, OTpuMaHi pe3ysbTaTu J03BOJISIOTH
CKOPOTUTHU Ta COPOCTUTHU MPOLEC PO3POOKH ONTHUMAIBHUX MEpPEXKEBUX rpadis, 1110, B
CBOIO YEpry, MOXe MO3UTUBHO MO3HAYUTHUCS Ha pealizallii Oy b-SKOro MPOEKTY.
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Abstract. The task of developing a method for planning the implementation of projects, which
can be attributed to the development of technical systems, is stated and formalized in this paper. A
project is understood as a set of operations that must be performed to achieve a specific goal in
minimum time. All operations have a clear sequence of execution, and each of them has a certain
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execution time. The paper considers methods of network planning and management, namely the
critical path method and the method of analysis and evaluation of the plan. The authors selected the
method of solving the problem based on the application of the network planning method and on the
idea of optimizing the critical path with the use of additional limited funds. The main difference of
the problem under consideration is taking into account the possibility of raising funds to attract
additional agents or the use of technical means aimed at reducing the overall time for all
operations. The proposed method makes it possible to optimize the network schedule of a set of
works in practice. The calculations are performed in the MS Excel environment using the "Find
Solution" add-on for the task of forming a plan for the implementation of a small project.
Approbation of the considered method allows to assert about the possibility of its application and
implementation.
Key words: network graph, network planning, operational control, critical path, network

model.
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Abstract. The paper proposes a method of using cloud computing for modeling nanosystems
and nanostructures such as atoms and molecules. Standard methods sometimes cannot have good
results because of lack of computer power. Moreover, it takes a long time to complete your
modeling. Cloud computing can solve this problem using powerful remote servers.

Keywords: cloud computing, modeling, nanosystem, nanostructures.

Theoretical modeling and simulation play an important role in understanding the
subtle and complex behavior of nanostructures. Atomic simulations can capture the
microscale mechanism of nanostructures, but they are limited to very small systems
due to their computational cost.

Nanostructure modeling is the computation of the positions and orbitals of
atoms in arbitrary nanostructures [1].

Accurate atomic-scale quantum theory of nanostructures and nanosystems
fabricated from nanostructures enables precision metrology of these nanosystems and
provides the predictive, precision modeling tools needed for engineering these
systems for applications including advanced semiconductor lasers and detectors,
single photon detectors, etc [2].

The progress of computer modeling of nanostructures depends very much on the
power of existing computers and the efficiency of computational algorithms. To
calculate complex nanosystems, such as nanorobots, consisting of billions of atoms, a
computer needs to calculate a huge number of equations of quantum mechanics. This
process can take from a few minutes to tens or even hundreds of years.

Therefore, it is expedient to use cloud computing for precise nanosystem
modeling, which allows reducing the time of computing by using powerful remote
servers. This allows researchers and engineers to save money on the powerful data
centers, and use existing ones, paying only for the used computing time.

Cloud computing (CC) involves sending outgoing parameters of the nanosystem
to the remote servers which can process data much faster than PCs and getting only
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the result of modeling. Scientist do not have to care about the modeling process.
Figure 1 shows some of uses of CC which can help simulate a nanostructure.

<Uses of CC needed for nanosystem rnodeling>l

Store, back up Analyse data for
and recover data Deliver software patterns and
on demand make prediction

Figure 1. Uses of cloud computing

Top benefits of cloud computing include [3]:

1. Cost. Cloud computing eliminates the capital expense of buying hardware and
software and setting up and running on-site datacenters - the racks of servers, the
round-the-clock electricity for power and cooling.

2. Speed. Most cloud computing services are provided self service and on
demand, so even vast amounts of computing resources can be provisioned in minutes,
typically with just a few mouse clicks, giving a lot of flexibility and taking the
pressure off capacity planning.

3. Global scale. The benefits of cloud computing services include the ability to
scale elastically. In cloud speak, that means delivering the right amount of IT
resources - for example, more or less computing power, storage, bandwidth - right
when its needed and from the right geographic location.

4. Productivity. On-site datacenters typically require a lot of “racking and
stacking” - hardware set up, software patching and other time-consuming IT
management chores. Cloud computing removes the need for many of these tasks.

5. Performance. The biggest cloud computing services run on a worldwide
network of secure datacenters, which are regularly upgraded to the latest generation
of fast and efficient computing hardware. This offers several benefits over a single
corporate datacenter, including reduced network latency for applications and greater
economies of scale.

6. Reliability. Cloud computing makes data backup, disaster recovery and
business continuity easier and less expensive, because data can be mirrored at
multiple redundant sites on the cloud provider’s network.

Most cloud computing services fall into three broad categories: infrastructure as
a service (IaaS), platform as a service (PaaS) and software as a service (SaaS). These
are sometimes called the cloud computing stack, because they build on top of one
another.

The most appropriate type for goals of nanostructure modeling and simulations
1s SaaS because it is cheap but, at the same time, provides all needed functions.

Software-as-a-service (figure 2) is a method for delivering software applications
over the Internet, on demand and typically on a subscription basis. With SaaS, cloud
providers host and manage the software application and underlying infrastructure and
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handle any maintenance, like software upgrades and security patching.
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Figure 2. Management model of SaaS

Not all clouds are the same. There are three different ways to deploy cloud
computing resources (fig.3): public cloud, private cloud and hybrid cloud [3].

 exerer
U o o
J o |

Private Hybrid Public
¢ Single tenant e Combination for e Multi-tenant
implementation private and one or more ~ Implementation
e Owned and operated ~ public clouds e Owned and prepared by
by IT organizations e Allows IT Service Provider
e Define your own data  organizations to become ® Bound by multi-tenant data
management policies brokers of services management policies
e Self-service and e Similar self-service and
automation capabilities automation capabilities as
provide new agility Private Cloud

Figure 3. Deployment models of cloud computing

Public clouds are owned and operated by a third-party cloud service provider,
which deliver their computing resources like servers and storage over the
Internet. With a public cloud, all hardware, software and other supporting
infrastructure is owned and managed by the cloud provider. You access these services
and manage your account using a web browser.

Private clouds refer to cloud computing resources used exclusively by a single
business or organisations. A private cloud can be physically located on the
company’s on-site datacenter. Some companies also pay third-party service providers
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to host their private cloud. A private cloud is one in which the services and
infrastructure are maintained on a private network.

Hybrid clouds combine public and private clouds, bound together by
technology that allows data and applications to be shared between them. By allowing
data and applications to move between private and public clouds, hybrid cloud gives
businesses greater flexibility and more deployment options.

All of deployment models have a lot of advantages and can be used for
modeling of nanostructures and nanosystem.

To sum up, cloud computing is a perfect idea for those who wants to create
complex precise nanostructures and nonosystems but aren’t ready to spend a huge
amount of money for datacenters and computer power.
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Anomauia. B pobomi 3anponoHoeaHo memoo SUKOPUCMAHHA XMAPHUX O00YUCIeHb Ol
MOOENOBANHS MAKUX HAHOCUCTEM MA HAHOCMPYKMYP K amomu ma Moaekyau. Jawuti memoo
003607151  NO30YMUCS  OesIKUX HeOONIKI6 CMAHOAPMHUX MemoOi8 MOOeN08AH S, HANPUKLAO
Hedocmamus 00UUCTIOBAIbHA NOMYHCHICIb NEPCOHATILHUX KOMN TOMEPIS | HEGEIUKUX cepeepis ma
mpusauil 4ac oopooKu inghopmayii i MOOento8anHs.

Kniouosi cnosa: xmapni obuuciens, MoOeno8anHsl, HAHOCUCMEMU, HAHOCMPYKMYPU.
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Abstract. Agricultural machines and their components are manufactured with a significant
measure of quality variation. They have a stochastic, probabilistic nature of loss of operability
during operation. A wide range of external factors and working conditions also leads to significant
changes in the loss of the work state, especially in agricultural machines, the use of which is
associated with severe operating conditions. Objective evaluation of the technical condition of the
machine can also give a defect (control) without disassembly. It is considered an established fact
that each disassembly significantly reduces the efficiency of the machines due to the loss of the
properties of the matings that are used during operation. That is why, diagnostics and non-
destructive testing have priority in determining the real parameters of the technical condition and
the trouble-free operation of each machine.

Key words. Detail, machine, technical condition, interferometry, holography, laser,
microdeformation.

Introduction. The technical state of the existing fleet of agricultural machinery
and its productivity is determined by the indicators of physical and parametric
reliability. Physical reliability indicators are determined by the readiness factor, and
parametric ones - because of the decrease in engine power from wear and strain.
Permissible reductions in the power of turbocharged engines, which are equipped
with harvester, to 12-13% of. [1, 3, 4]. In the same limits, the allowable reduction of
CP mechanical, hydraulic mechanisms and systems. For calculations we take the
average value of parameters of parametric reliability of engines and mechanisms (5 ...
6%) in total [5]. Taking a car as a complex of diverse elements that interact with each
other while working and creating a workable product, its durability must be taken
into account with the determination of the value of the work or the service life of its
individual elements [6].

The aim. Determination of the technical condition of agricultural machinery
through monitoring and diagnosis, to establish the timing of timely technical
maintenance, repairs and prevention of failures.

The results of research. Diagnosis of the parameters of the technical condition
of agricultural machines using modern methods, as the practical experience has
shown, is harnessed with considerable difficulties. The results, as a rule, do not allow
to adequately assess the technical condition of the product (machines, tools),
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especially those that were in operation.

With the help of holography, it is possible to evaluate the state of the surface
layers of the working zones of a part in a complex and integral way, and not
differentially, from point to point, as by other methods of nondestructive testing. The
sensitivity of the optical system makes it possible to record ultra-small changes in the
surface layers, which in turn makes it possible to assess the technical condition and,
accordingly, the operability in an expensive, arbitrarily chosen moment of time for
the production operation of the agricultural machine.

There is established that the use of holography makes it possible to reduce the
number of incorrectly rejected and serviceable parts that were in use and new,
respectively: n., = 9,66%; n, = 6,60%, - rejected (incorrectly) as well as incorrectly
accepted: m., = 10,83%; m, = 6,97% (n., and m,, are used, and n,, m, are new ones).
Holography increases the reliability of agricultural machinery by reducing errors in
the defect and control of machine parts.

The method 1s based on determining the technical state of a part, assembly, or
aggregate during double-exposure observation of their surface when the physical
state changes and fixing the result in computer memory as fields of microdeformation
in the form of colored or black-and-white interference fringes. This method allows
non-destructive testing of new parts, defects of those that were in operation, with the
detection of hidden defects and damages with a high degree of reliability (up to 92%).

Fig. 1. Optical scheme of the installation for creating holograms

The beam of coherent laser light (1), reflected from the mirror (2), passes
through the lens system 3 (the collimator) and the point diaphragm (4) and is directed
to the flow divider, where it divides into an object and reference, the latter reflecting
from the mirror (6) through the lens (7) illuminates the object (10). The reference
beam, reflected from the mirror (13), hits the piezo-mirror (8), passes through the
lens (11) and the flux divider (14), and also through the movable lens (12) illuminates
the object and enters the video camera (9) which is directly connected with computer.
The software creates color holographic images - holograms - interference fields of the
surfaces of the deformed body.

The laser uses helium - neon, ruby or argon. Ruby laser is used, mainly, in the
implementation of classical holography to study fast flowing processes associated
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with the destruction of surfaces in determining the limiting parameters of the
technical state of products. With the help of a video camera, the illuminated surface
of a part is fixed, and the received information in the form of a digital signal through
a digital adapter is recorded in the memory of a personal computer.

Control is subject to a wide range of parts of agricultural machinery and
equipment of enterprises from the processing of agricultural raw materials: body
parts, linings, shafts, gears, pistons, parts of complex configuration, working organs
of soil cultivating, sowing and gathering machines, equipment and others. Diagnosis
of the technical condition of agricultural machines using holography is based on the
principle of comparative evaluation of two holograms obtained from the same object
at different times or comparisons with holograms that are obtained from a reference
sample.

During the process of carrying out diagnostic work of the pump sprayer OVT - 1
was obtained a series of holograms examples, which are shown in Fig. 2 and 3. In the
first case, the hologram was obtained from the standard (the sprayer was not used,
and in the second case - worked two seasons of field work, narobotka - 148 hectares).
The interference bands are placed without anomalies in a certain order, which
indicates the suitability of this unit for direct operation. Otherwise, the interference
fringes have a pronounced anomalous placement on the hologram, which indicates
the presence of defects or damages at the site itself, which was investigated.

Conclusions. Thus, the rational use of a complex of non-destructive methods of
control makes it possible to increase the reliability and quality of products, to prevent
accidents of complex aggregates and to give production enormous economic
advantages. The main purpose of holography is to identify hidden and surface
defects, damage, internal structure violations, whereby geometric dimensions,
configurations, locations, their depth and other parameters are established. It is
possible to determine the values of microdeformation and stresses with predicting the
residual life.
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Annomayun. CenbCKOX035UCMBEHHbIE MAWUHLL U UX KOMNOHEHMbl U320MOBISAIOM  CO
3HayUMenbHoOU Mepou eapuayuu xadecmea. OHU UMEIOM CMOXACMUYECKVIO, B8EePOSAMHOCHHYIO
npupoody nomepu pabomocnocobHocmu 60 epems dxkcnayamayuu. LLlupokuii ouanazon eHeuwHux
gaxkmopos, ycnosuii pabomel makdxice NPUGOOUM K 3HAYUMETbHbIM UZMEHEHUAM Nnomepu
Pabomo30amHo2o0 COCMOSIHUSAL, OCODEHHO ) CelbCKOXO3AUCMBEHHbIX MAWUH, UCNONb308AHUE
KOMOPbIX ~ CONPANCEHO € mAdcenvimMu  ycaosuamu oxcnayamayuu. OObeKMUeHyIo  OYeHKy
MeXHUYeCK020 COCMOSAHUSL MAWUHBL MOJCEM 0amb makice 0epekmosrka (KOoHmpoav) 6e3 pazdopKu.
Cuumarom yCmamoeieHHbIM —(aKkmom, uYmo Kaxcoas pazdopKa 3HAYUMENbHO CHUdCaem
pabomocnocooHocmy  MawiuH 3@ cuem NOmMePU  CEOUCME NpUpabOmMAaHHbIX 6 npoyecce
IKCHAyamayuu conpsiceHul. Bom nouemy, ouacnocmuposanue u Hepaspyularowull. KOHmMpo.ib
UMeem npuopumem 8 oOnpeoeieHue peaibHbiX NAPAMEeMpPO8 MEXHUUECKO20 COCMOAHUS U
0e30MKaA3HOU IKCHIYAMAYUU KANHCOOU MAULUHDL.

Knwuoevie cnosa. Jlemanb, mawiuna, mexHuyeckoe COCMOAHUs, UHMephOpomempus,
eonoepagpus, nazep, Mukpooeghopmayus.
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Annotation. This article deals with the formation of energy prices, in particular prices for
natural gas and electricity. The main factors that influence price levels are identified. The statistical
data used in the article confirm the conclusions that prices can be flexible depending on the
situation on a particular territory. The article gives an example of comparing the statistical data of
the two countries. Such a comparison is useful for clarifying the opportunities and weaknesses of
governments in different countries. The article will be useful both for a narrow circle of readers
who have an impact on energy prices and for a wide range of public who are interested in these
ssues.
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Introduction

Energy prices are one of the tools to influence the overall financial market and
the distribution of financial flows both within the energy industry and in society as a
whole. As is known from the general rules of the economy, the price level depends on
the ratio of demand and supply in the market of the goods. However, prices in the
energy sector of the economy have other equally important factors that significantly
affect the pricing process. The most similar and related prices of energy prices are
natural gas and electricity.

Main Part

Prices for natural gas and electric energy are quite dependent on fluctuations in
producer prices, organizations that extract natural gas or trade in the domestic
wholesale energy market.

The market for electric energy is prone to cyclical. Unfortunately, today the
possibilities for accumulation and storage of electric energy are very limited. As a
result, fluctuations in prices in the electricity market are quite substantial. The
electricity market tends to follow these two cycles -

-seasonal. There is a high level of consumption in the winter due to the heating
of premises and in some countries increased consumption in the summer due to the
use of electric energy for the needs of cooling of rooms and moderate levels of
consumption in the spring and autumn.

- cycles of the wholesale electricity market. This is the daily changing of
electricity consumption, which depends on the needs of consumers and the impact of
the use of different sources of electricity to meet the needs of the market.

The natural gas market has similar cycles.

-the seasonal cycle is caused by an increase in natural gas consumption by
households and businesses as a result of using it in winter for heating the premises
and increasing the use of natural gas for the production of electric energy for the
needs of the cooling of premises in the summer.
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- cycle of use of natural gas from storage facilities — this cycle arises from the
accumulation of surplus extracted natural gas in gas storage facilities and the use of it
from these gas storage facilities during periods of increased consumption relative to
the level of extraction.

Even under normal conditions of the market for electric energy and natural gas,
their prices are influenced by state regulation and even political events.

The general (common) factors that influence the level of prices for natural gas
and electricity are the following

1.Weather. Changes of the weather conditions throughout the year, even well-
predicted, will have a significant impact on the level of energy prices.

2. Extreme weather conditions.. Weather conditions such as hurricanes,
overclouded snowstorms, rainstorms, tornadoes, and so on can also have a significant
impact on energy prices, especially in short-term contracts.

3. State regulation. The state has the right to stimulate the development of
various sectors of the economy, taking into account the needs of society as a whole,
including encouraging the protection of the environment from negative impacts.
These may be special allowances for producers to implement environmental projects
and green tariffs. The state can also respond to the social situation of consumers,
especially if it has mass character.

4.-Outages

From time to time, energy producers stop production capacities either for
current or major repairs of equipment. Also, old production capacities are sometimes
withdrawn from operation and new production capacities are introduced. Such a
change in the structure of producers or carriers leads to a change in the value of
electricity and natural gas, and this is also reflected in these energy markets

5.Sources of energy

Pricing for natural gas and electric energy depends both on each other, and on
the overall structure of energy resources in general.

In the modern world, the energy of wind, the sun and other renewable sources
that can meet the needs of consumers is increasingly being applied. It also has a
significant effect on prices.

Many energy companies are trying to use the cheapest types of energy and fuel
to reduce their own costs. As a result, demand for these cheap energy resources
increases and prices rise accordingly. As a result of such processes there are
additional fluctuations of prices in energy markets.

6.Export-Import

The distribution of energy resources to domestic consumption, imported and
intended for export, fluctuations in their volumes also have a significant impact on
the level of energy prices. More dependent on import of energy resources of the
country are guided by the prices of imported energy resources and their number at
different periods of the year. Non depended from import of energy the countries have
significant advantages, since own energy prices are significantly lower, which adds
additional benefits to its own industries.

7.Geopolitical events.

Countries, especially those importing or exporting a significant amount of
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energy, largely depend on geopolitical events, from the presence or absence of
hostilities, financial crises, and general political events. The market reacts very
quickly for such events. Energy prices are changing momentarily, especially in short-
term contracts. Sometimes political events have a long-term impact on prices for
natural gas and electricity.

8. Technological features

Technological peculiarities of electric networks and gas pipelines lead to
different levels of energy losses in each particular case of supply of energy resources
to a particular consumer. Such specificity in costs energy resources of the each
consumer leads to significant differences in energy prices not only for entire groups
of consumers, but also for individual consumers.

9.Special services

The offered services by the suppliers also have an additional influence. It may
be additional maintenance of power equipment, higher than the basic quality of
energy carrier , a higher than a base level of reliability of energy supply. The quality,
reliability, uninterrupted supply of energy resources to consumers are sometimes
considered to be the same for all consumers. However, in practice, all these terms of
supply to energy consumers are very different not only in certain groups of
consumers, but also in some individual consumers. and the requirements of different
consumers to the quality and terms of their supply are significantly different because
of their various uses and the ability to pay for additional terms and services.

The enormous variety even of the average energy prices reflects the influence of
all the above-mentioned factors. The influence of these factors manifests itself in
different ways in different regions of the country and in different categories of
consumers. However, despite all this variety of prices you can see some trends and
patterns that will help professionals make important decisions.

The statistics give us the opportunity to compare these data among themselves to
make decisions within the country and also allow us to compare the data of different
countries in order to find the best solution to our own problems.

One of the greatest influences on the economy of each country, including the
prices of the energy sector, is state regulation. In order not to harm society, it is useful
to analyze the statistics of one's own and other countries in order to make
strategically correct decisions by taking into account their own experience and
experience of other countries. So, the comparison of energy prices established for
industrial consumers can show how competitive the products of energy-intensive
industries in the foreign market.

For example, if you compare the prices of natural gas and electricity to the US
and Ukraine, then it is clear that even with equally high production methods,
Ukrainian goods will either be sold at a loss or not at all sold in markets where they
compete with US goods. This means that high energy prices in Ukraine can ruin the
country's economy. On the other hand, the output seems to be in the prices for the
population. They are two times lower than in the United States and many European
countries. But this is only at first glance. Income of energy companies in this
consumer sector is part of the household budget. The budget of the households
consists of the income of its members, that is, of their wages. Therefore, to qualify for
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these revenues, an analysis of the average salary is required. And such an analysis
and comparison of Ukraine's average salaries not only with the United States (less
than 10 times), but also other European countries immediately indicates that rising
energy prices for the population will not lead to higher incomes of energy companies,
but to the huge problems in the country, as the population will not be able to pay bills.
That 1s, instead of money the Ukrainian energy companies can get financial problems
in the form of non-payment of the impoverished population, and dissatisfaction of the
people with the actions of the government and other negative trends in society.

Table 1

Average Price of Electricity to Ultimate Customers by End-Use Sector
by State, December 2017 (Cents per Kilowatthour)

(December 2017)

Census Division and State | Residential | Commercial Industrial All Sectors
New England 18.97 15.15 12.64 16.45
Connecticut 19.65 15.77 13.14 17.40
Maine 15.25 11.68 9.22 12.64
Massachusetts 19.61 15.45 14.08 16.90
New Hampshire 19.40 14.97 12.89 16.68
Rhode Island 18.00 15.37 15.17 16.54
Vermont 17.33 14.47 10.15 14.55
Middle Atlantic 15.44 11.71 6.86 12.18
New Jersey 15.59 11.62 9.84 12.96
New York 17.00 13.44 5.94 13.75
Pennsylvania 14.09 8.81 6.75 10.30
East North Central 12.80 9.85 6.90 10.01
Illinois 12.38 8.60 6.18 9.16
Indiana 11.29 10.17 7.27 9.49
Michigan 15.17 10.95 7.20 11.42
Ohio 12.04 9.67 6.68 9.73
Wisconsin 14.21 10.83 7.65 10.98
West North Central 11.09 9.02 6.73 9.17
Iowa 11.49 8.63 5.49 8.13
Kansas 12.64 10.04 6.80 10.04
Minnesota 12.64 9.64 7.24 10.01
Missourti 9.91 8.31 6.55 8.85
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Continuation of the table 1

Census Division and State |Residential Commercial Industrial| All Sectors
Nebraska 10.21 8.72 7.01 8.72
North Dakota 9.41 8.68 8.36 8.79
South Dakota 11.24 9.48 7.77 9.88
South Atlantic 11.48 9.51 6.33 9.87
Delaware 12.99 9.55 7.73 10.76
District of Columbia 13.28 11.87 8.08 11.96
Florida 11.94 9.70 7.80 10.67
Georgia 10.66 9.90 5.55 9.21
Maryland 13.25 10.89 8.39 11.86
North Carolina 10.42 8.37 5.93 8.90
South Carolina 12.27 10.53 6.16 9.80
Virginia 11.10 8.32 6.45 9.30
West Virginia 11.29 9.23 6.48 9.01
East South Central 10.92 10.56 5.85 9.21
Alabama 11.87 11.50 5.95 9.53
Kentucky 10.40 9.57 543 8.42
Mississippi 10.91 10.42 6.02 9.03
Tennessee 10.56 10.57 6.14 9.65
West South Central 10.47 8.16 5.35 8.06
Arkansas 9.68 8.24 5.72 7.85
Louisiana 8.95 8.80 5.14 7.35
Oklahoma 9.41 7.44 5.16 7.52
Texas 11.11 8.16 5.39 8.35
Mountain 11.57 9.17 5.93 9.08
Arizona 12.24 9.91 5.76 9.99
Colorado 11.73 9.50 6.90 9.57
Idaho 10.11 7.85 5.63 8.35
Montana 10.93 10.06 5.13 9.13
Nevada 12.34 8.04 5.19 8.43
New Mexico 12.38 9.44 5.52 9.01
Utah 10.32 7.90 5.45 7.96
Wyoming 11.15 9.50 6.80 8.26
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Continuation of the table 1

Census Division and State Residential Commercial Industrial |All Sectors
Mountain 11.57 9.17 5.93 9.08
Arizona 12.24 9.91 5.76 9.99
Colorado 11.73 9.50 6.90 9.57
Idaho 10.11 7.85 5.63 8.35
Montana 10.93 10.06 5.13 9.13
Nevada 12.34 8.04 5.19 8.43
New Mexico 12.38 9.44 5.52 9.01
Utah 10.32 7.90 5.45 7.96
Wyoming 11.15 9.50 6.80 8.26
Pacific Contiguous 14.47 12.64 8.51 12.55
California 18.48 14.39 11.35 15.25
Oregon 10.58 8.77 5.99 9.09
Washington 9.63 8.66 4.52 8.16
Pacific Noncontiguous 26.24 2391 22.58 24.28
Alaska 21.63 19.09 16.93 19.58
Hawaii 30.75 28.91 25.01 27.99
US. Total 12.50 10.32 6.63 10.26
Table 2
Natural Gas Prices in US
(Dollars per Thousand Cubic Feet)

Prices 2016 2017

Import 2.24 2.72

Export 2.79 3.54

City gate 3.71 4.16

Residential 10.05 10.98

Commercial 7.28 7.89

Industrial 3.52 4.14

Electric Power 2.99 3.52
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Energy Prices of Ukraine, December 2017

Customers Natural gas, Natural Electricity, Electricity,
UAH/1000m3 | gas,$/1000ft3  |UAH/kWth cents/kWth
Residential 5930 5,88 1,68 6,33
Industrial 9690 10,34 1,948 7,34
For electric 9488 10,12
power
production
Others 9690 10,34 1,747 6,58
Table 4
The average wages in December 2017

Ukraine, Ukraine, US,

UAN/ month $/hour $/hour
December,2017 8777 2,06 22,34

Conclusions

A general analysis of the prices for natural gas and electricity has shown that
there are many factors affecting the prices of energy carriers. One of the most
influential factors is government regulation. Analysis of the country's statistics, which
has been developing freely for many years (USA) and Ukraine, shows that in
Ukraine, despite the effect of market relations, a lot of problems accumulated due to
incorrect state regulation over many years.

These are too high tariffs for industry, which solved the problems of payments
from the population, and low wages that are not coordinated with the level of prices
for energy consumed by them.The solution to the situation may be to increase the
incomes of the population and to thoroughly research of all the factors influencing the
price of energy carriers in order to coordinate the prices of energy carriers with their
sources of coverage.This can be helped by the global measures that the government is
now trying to take, as well as the application of the marketing as an instrument that
allows more responsive responses to the diversity of consumers on the market.
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Aunomauun. B pabome uccnedyiomcs pe3yiomamvl OYeHKU NOKasameneli Kavyecmed
mypounnoeo macaa mapku TII-22C. Ilposooumcs pacuem cCymMMmapHOU HeOnpeoeleHHOCmU U
OYeHKa nonyyeHHvix pe3yibmamos. llonyuennvie pe3yivmamosl NO360AAI0M KOPPEKMuUposams
npocHO3Upyemble Napamempsbl 8peMeHU IKCHIyamayuu mypOUHHO20 MACid U YUUMbIBAMb
e1UsAHUe NOKazamelell Kauecmaa npu pabome mypoumbi.

Knrouesvie cnosa: Heonpe()eﬂelmocmb usmepenuﬁ, noxkasameau xkavecmed, CYMMAapHAA
HeonpeoeienHOCmb, MypOUHHOE MACO.

OueHka KauecTBa MPOAYKLIUHU C TOMOUIBIO KOMILIEKCHBIX KPUTEPUEB KaUeCTBA
MO3BOJISIET PEIIMTh Psii MpoOJieM MNpU SKCIUTyaTallkd MallluH B HeTSHOW H
ra3oBOW MPOMBIIUIEHHOCTH.

B macrosmieit pabore Ha mnOpuMepe JBYX IIOKa3zaTelie  KayecTsa,
PEKOMEHIyeMbIX JUIs He(QTAHBIX TYpOMHHBIX Macenl ¢ mnpucagkamu [1]
pPacCMOTPEHO  BIIMSIHUE  HEOIPEIEICHHOCTH WU3MEPEHMM Ha  BEPOSITHOCTH
HEMPaBUJIILHOW OIlEHKHU 3TOro mokasarens. Jlms typounnoro macna TII-22C [2]
BBIOpaHa TpyIa Mmoka3aTejei HaJe)KHOCTH, U3 KOTOPBIX BBIJEICHBI MOKA3aTEIH
JOJITOBEYHOCTH.

KayecTBo Takmx IMoOkas3arened KakK BA3KOCTb M TEMIEpaTypa BCHBILIKH
onpeesseT J0ATOBEYHOCTh padOThI ra3onepeKkauyrnBaronieil TypOorHbl, o0ecrneunBast
IUIaBHYIO paboTy €€ COnpsiraeMbIxX JeTalen.

Macno TII-22C u3roToBiI€HO U3 CMECH MAJOCEPHUCTBIX U CEPHUCTHIX HePTEH
Y IPUMEHSIETCS ISl CMa3bIBaHUS MTOJIIMITHUKOB U BCIIOMOTATEIIbHBIX MEXaHU3MOB
TypOoarperaTtoB[3]. MI3MepeHus mnokaszaTteneil BA3KOCTH M TEMIEPATyphbl BCHBIILIKH
OCYHIIECTBJISIOCH € TMOMOIIBI0  BsA3kozumerpa BIDK-4 A perucrparopa
TEeMIIepaTypbl BCOBIILIKK HEPTENpoAYyKTOB «Bcmblilika-A» cCOOTBETCTBEHHO (Taldl.
1). Usmepenuss mpoBoguinch exemecsyHo B TedeHue 2017 roma, orGop mpod
OCYIIECTBIISIJICS B IISAITH TypOoarperarax, B Tabsuiie 1 ykazaHbl CpelHUE 3HAUCHHUS.
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Tao6auma 1

JlanHble u3mMepeHun

Bs3kocTh kMHEMaTHYECKas Temmeparypa BCIBIIIKHA B
Mecsn
ipu 50°C, mm?/c OTKpBITOM TUTIIE, °C

SHBapb 22,40 210,66
deBpasb 22,90 210,40
Maprt 22,68 211,60
Anpenb 22,13 210,55
Maii 22,98 211,40
Hionb 22,74 210,00
Hromnb 22,45 209,44
ABrycr 22,88 210,20
CeHTs0ph 22.84 210,40
OKTS0pb 22,43 209,33
Hos6ps 21,14 211,00
JlexaOpn 22,26 210,20

B cootBerctBun ¢ 'OCT P 54500.3-2011/ PykoomctBo MCO/M3BK 98-
3:2008 ObuM paccuuTaHbI CIEAYIONIME HEeolpeaeIeHHoCcTH (Tadiu. 2). B xauectse
npUMepa UCIOIb30BAIMCh 3HaYeHHS 3a 1ekadps 2017.

Taoauna 2

CraHaapTHbie HeONpeaeJeHHOCTH

Tun 3HaueHue 1 BA3KOCTH 3HaueHue s TeMIEpaTyphbl
HeonpeeseH KMHEMaTHU4eCKOU Mpu BCIIBIIIKK B OTKPBHITOM THTJIE,
HOCTH temmneparype 50°C, mm?/c °C
| 2| ! 2
PR A 0,932 PR E A ) 6,8
CranpmaptHas | u,(d) = || f 1(( ‘ 1)“’) = ||( " ). 0176 | u, = || “ 1& ‘ 15?’) = ||(20j = 0476
nin— Tn—
Tumna A \ \ A A
CranpapTtHas
tuma B
A9 22,26 X 0,02 Ad 210,20 X 0,015
ug(@) =—==—""—"-—""-=10,257 | ug@) = == —————=0476
V3 1,73 V3 1,73
[ [
Cymmapsast | ) _ JEO+E®) =031 | u(0)= [13(9) + wi(9) = 1881
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JInst HOpManbHOTO pacHpelereHuss U JOBEpUTENbHON BeposiTHocth P=0.95
3agaeM  kodddurmeHt oxBara k=2 W  BBIUMCINEM  PACIIUPECHHYIO
HEOIpeAeICHHOCTD ISl BA3KOCTH( 1) 1 TeMIiepaTypbl BCIBIIIKH(2)

U() = ku.(9) =2 % 0,311 = 0,62mMm°/c (1);
U@) =ku.(9) =2x%x1,881=3,76°C (2).

M3MeHeHre HeoNpeneIeHHOCTH MPU U3MEPEHMH IoKa3aTeslell kadyecTBa 3a
2017 wm3ob0paxeHo Ha pucyHkax 1 u 2, ¢ ykazaHHEM TpaHUI] JTOBEPHUTEIHLHOTO
UHTEpBaJa U JOIMMYCTUMON HEONPEeAeIEHHOCTH.
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B cnenctBue TOro, 4To JOMYyCTUMBIE 3HAYEHHS MMOKA3aTENsl BSI3KOCTh JOJIKHBI
IPUHUMATh 3HA4YeHHUs He Oonee 28 MMZ/C , a 3HAYEHHs TEMIIEPATypPhbl BCIIBIIIKU HE

menee 186°C, Opaka mnpu wu3MepeHHH OTHUX mokazatened B 2017 roagy He

HaOIOmaeTcs.

Jlureparypa:

1. TOCT 32-74. Macna typounnsie. Texunueckue ycnoBus. - Bzamen 'OCT
32 — 53; BBen. 1975-01-01. — Mocksa. Crangaptundopm, 2011 — 44 c.

2. TY 38.101821.2013. Macno typounnoe TII-22c. Texuuueckue yciaoBus. -
Bzamen TVY 38.101821.2001; BBen. 11-11-2013. — OAO «BHUU IIH»,
Crannmaptundopm, 2013 — 38 c.

3. ToBapHble He(TENPOAYKTHI: CBOMCTBA M npuMeHeHHe. CIpaBOYHUK, IOA
pen. B.M. lIkoneirakoBa/I'ypeeB A.A., ®ykc N.I'., Jlamxu B. JI. - M. — 1978. — 386
C.

Annotation. In this article, the results of the assessment of indicators of the quality of
turbine oil brand TP-22S. The calculation of the total uncertainty and evaluation of the results are
carried out. The obtained results allow us to adjust the predicted parameters of the turbine oil
operation time and take into account the influence of quality indicators during turbine operation.

Keywords: uncertainty of measurements, quality indicators, total uncertainty, turbine oil.

References:

1. USSR National Committee on Standards at the Cabinet of Ministers 663(1974), GOST
32-74 Masla turbinnyie. Tehnicheskie usloviva [GOST 32-74 Turbine oils. Specifications],
Standartiform, Moscow, Russia.

2. OA «VNII NP» (2013), TU 38.101821-2013 Maslo turbinnoe Tp-22S [TU 38.101821-
2013 Turbine 0ilTp-22S], VNIIStandart, Moscow, Russia.

3. Gureev A.A., Fuks 1.G., Lashhi V. L. (1978), Tovarnyie nefteproduktyi: svoystva i
primenenie [Petroleum product side: properties and application], in Shkolyigakova, V.M. (ed.),
M., Moscow, Russia.

4.

HayuHblil pyKOBOIUTENB: K.T.H., TOUEHT bpikoB FO.M.
Cratps otnpasiena: 23.03.2018 r.

© Komnecos M.A.

86



http..//www.moderntechno.de/index.php/meit/article/view/ge3-024
DOI: 10.30890/2567-5273.2018-03-01-024

VIIK 661.7
ROLE OF SURFACE-ACTIVE COMPOUNDS IN HOMOGENEOUS
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Abstract. Article is devoted to research of catalytic activity of surface-active compounds in
processes of homogeneous catalytic oxidation.

Catalytic processes play significant role in chemical industry. Due to ease of use and high
adaptivness of homogeneous catalytic systems they are more preferable. Our previous works have
proven effectiveness of surface-active compounds as additives to industrial catalysts of
ethylbenzene and cyclohexane oxidation. Based on received data we came to a conclusion that
additive forms an active catalytic complex with main catalyst and substrate. However, identification
of such complexes remains a very hard task. In order to find more proves of our hypothesis and to
clarify role of surface-active compounds in oxidation process we needed to research catalytic
activity of individual surface-active compounds without main catalyst of oxidation. For
identification of role of additives in oxidation mechanism we’ve conducted series of experiments
using surface-active compounds of different nature as individual catalysts.

For identification of change of surface properties of reaction mixture, we've conducted
experiments under mild conditions —relatively low temperature 363 K and atmospheric pressure.
For identification of possible complex creation, we’ve conducted experiments under conditions
close to industrial. Obtained results were compared of performance traditional ethylbenzene
oxidation catalysts.

Obtained results showed that all researched compounds have catalytic influence on oxidation
of ethylbenzene. This impact is connected not only with changes of surface properties of reaction
mixture — solubility of oxygen — but also with formation of catalytic complexes between surface-
active compound and substrate, resulting in improvement of direct oxidation into secondary
oxidation products — ketone and alcohol.

Key words: oxidation, surface-active compounds, ethylbenzene, catalyst, catalytic system,
complex, variable valency metal, ion-genic

Introduction.

It is common knowledge that production of chemical and petro-chemical
industries more than on 80% is connected with catalytic processes [1]. This numbers
are also valid for liquid-phase oxidation of hydrocarbons.

When we talk about industrial use heterogeneous catalysts can be more selective
and active compared to homogeneous. However lower price, easier installation and
ease of control make homogeneous catalytic processes more preferable. Usually as
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homogeneous catalysts in industry are used organic salts of metals with variable
valency (SMVYV). Despite numerous researches in this area problem of creation of
highly effective and selective catalytic systems remains very important.

Use of different catalytic additives that are able to form active catalytic
complexes, increase effectiveness of catalyst performance and impact selectivity of
oxidation is one of main research areas.

For example — one of the most perspective ways of cyclohexane (CH) oxidation
intensification is creation of complex catalytic systems on basis of SMVV with
different specific additives of different nature, in particular surface-active compounds
(SAC) [2-4]. Use of systems that as co-catalyst doesn’t use ions of heavy metals but
organic ligands is better choice not only from ecological point of view but also for
more directional impact on oxidation process [5].

It is known that binary catalytic systems based on SMVV with electronic-
acceptive salts of perfluoric sulfoacids (SPFSA) shows major activity in CH
oxidation process [5]. Their presence in reaction system allows increasing of
oxidation speed and selectivity for aim products. Impact of SPFSA additives is
explained by catalytic intensification of stages of chain creation and transfer, and by
its catalytic presence in parallel routes of cyclohexanole (COL) and cyclohexanone
(CON) formation [6, 7].

Major improvement of quality and quantity indexes of oxidation process can be
achieved by use of bi-component catalytic systems, that contain SMVV and
electronic-donor additives that are able to form active catalytic complexes in specific
reactional conditions [8,9].

However, despite literature data and previous researches [8,10] exact
mechanism of influence of complex catalytic systems remains unclear. It is so due to
few reasons. First of all, due to the fact that assumption of formation of catalytic
complexes [catalyst-additive-substrate] is very hard to prove instrumentally.

Secondly additives of SAC are involved not only in formation of catalytic
complexes, but also their presence changes properties of entire reaction environment
and they can have their one catalytic activity as well.

Experimental.

Our previous works showed that SAC combined with industrial catalysts for
oxidation form active binary catalytic systems that allow not only to increase
productivity but also control and change selectivity for aim products [10].

For our previous research of influence of SAC additives of different nature on
processes of homogeneous catalytic oxidation of hydrocarbons we used process of
ethylbenzene [EB] oxidation. Mechanism of EB oxidation is well-known and
described because it is a model reaction for oxidation of alkyl-aromatic compounds.

Our next step was identification and research of catalytic activity of single SAC
without industrial catalyst.

First of all, we needed to exclude surface-active aspect of researched
compounds. As researched SAC we used nonion-genic — polyethylene glycol with
molecular mass 200 (PEG200), and ion-genic — chromoxane (Ch). Behavior of SAC
in EB oxidation process was studied under temperature of 363K and atmospheric
pressure. Such conditions are not enough for formation of catalytic complexes, but
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can show influence of surface-active properties. Obtained results were compared to
performance of industrial catalysts of EB oxidation — naphtenate of cobalt (NC) and
acetate of cobalt (AC), and to thermal autoxidation. Concentration of catalyst was
1,010~ mol/l.

While experiments were conducted under mild conditions main product of
oxidation was hydroperoxide of ethylbenzene (HPEB). Quantity of HPEB was
determined by method of iodometric titrimetry.

Results and discussion.

Obtained results are presented in Table 1.

Table 1.
Influence of individual SAC on EB oxidation process. T =363 K, P = 0,1 MPa
Catalyst Time, min C(HPEB), Conversion of
mol\l EB, %

Thermal 30 0,003 0,036
60 0,006 0,073

100 0,01 0,122

130 0,013 0,153

160 0,015 0,184

PEG200 30 0,013 0,159
60 0,025 0,307

100 0,036 0,442

130 0,037 0,442

160 0,039 0,473

Ch 30 0,005 0,061
60 0,007 0,092

100 0,008 0,104

130 0,012 0,153

160 0,016 0,196

NC 30 0,017 0,208
60 0,021 0,258

100 0,030 0,368

130 0,037 0,461

160 0,041 0,504

AC 30 0,007 0,092
60 0,014 0,178

100 0,020 0,245

130 0,025 0,301

160 0,036 0,442

As we can see form presented data all researched compounds have influence on
EB oxidation process.

Influence of PEG200 is comparable with impact of industrial catalysts (NC and
AC). Such influence is explained by surface-active properties of PEG200. PEG200
increases solubility of oxygen in reaction mixture providing increase of reactions of
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creation and transfer of radical chain leading to increase of reaction speed mainly on
early stages of oxidation. This is proven by decrease of HPEB accumulation speed
after 100 minutes of experiment

Influence of Ch on liquid-phase oxidation process are first of all related with
possible formation of active catalytic complexes with main catalyst and organic
substrate. Individual catalytic activity of Ch is very low and obtained results are
almost same as in the case of thermal autoxidation of EB.

Next logical step was research of individual SAC catalyzed EB oxidation under
conditions close to industrial (Temperature 403 K, pressure 0,45 MPa). Obtained
results were compared to performance of industrial oxidation catalysts (NC and AC).

Obtained results are presented in Table 2.

Table 2.
Influence of individual SAC on EB oxidation process. T =363 K, P = 0,45 MPa.
Cat. Time, C C C Conv. S S S
min | (HPEB), | (AP), | (MPC), EB, | (AP), | (MPC), | (HPEB),
mol/l mol/l mol/l % % % %
T. 10 0.0065 | traces | traces 0.08 - - 100
60 0.007 traces | traces 0.09 - - 100
180 0.014 traces | traces 0.17 - - 100
240 0.015 traces | traces 0.18 - 100

PEG200| 10 | 0,01795 | 0,007 | 0,001 0,32 |26,97| 3,85 69,17
60 | 0,03295 | 0,0013 | 0,001 0,43 | 3,69 | 2,84 93,48
180 | 0,04995 | 0,0025| 0,002 0,67 | 4,59 | 3,67 91,74
240 | 0,05265 | 0,0063 | 0,002 0,75 [10,34| 3,28 86,38
Ch 10 0,006 |0,0014|0,00184 | 0,11 |15,15] 19,91 64,94
60 0,0095 10,0025 | 0,0017 | 0,17 |1825| 12,41 69,34
180 0,019 10,0089 | 0,0026 | 0,38 |29,18| 8,52 62,30
240 0,019 10,0107 0,0024 | 0,39 |33,33| 7,48 59,19
10 0,006 | 0,011 | 0,003 0,24 54,93 | 16,84 | 28,23
60 0,028 0,03 0,011 0,85 [43,12| 16,50 | 40,38

NC 180 0,068 | 0,089 | 0,018 2,15 50,87 ] 1042 | 38,71
240 0,067 | 0,131 | 0,026 2,75 5847 11,56 | 29,97
10 0,007 | 0,015 | 0,002 0,29 [62,29| 7,85 29,86
AC 60 0,009 | 0,603 | 0,191 9,87 | 75,1 | 23,78 1,12

180 0,017 | 0,875 | 0,124 12,49 186,15 12,18 1,67
240 0,019 1,275 | 0,149 17,75 | 88,34 | 10,34 1,32

As we can see from presented data tendencies of thermal (T.) oxidation under
industrial conditions are similar to general tendencies of autoxidation process.
Oxidation goes slowly with creation of HPEB on first stage of reaction with further
transformation into secondary oxidation products — acetophenone (AP) and methyl
phenyl carbinol (MPC). Increase of reactional conditions leads to appearance of
traces of secondary oxidational products in reaction mixture. However due to low
speed of oxidation quantities of those products are insignificant.
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Influence of PEG200 on EB oxidation process remains similar to oxidation
under milder conditions. This results tell us that main influence of PEG200 presence
is increase of soluble oxygen in reaction mixture. But it also is worth mentioning that
appearance of secondary oxidation products (mainly AP) can indicate possible
formation of complex with substrate leading to conversion of HPEB and creation of
ketone instead of alcohol.

Presented data shows that influence of Ch on EB oxidation is more significant
compared to low-temperature oxidation. Conversion of EB increases more than two
times with significant increase of secondary oxidation products quantities. As in the
case of PEG200 mainly increases selectivity for AP. Such results and previous
research of Ch influence allows to assume formation of catalytic complex [Ch-
substrate] that promotes secondary oxidation processes and direct oxidation of EB
into AP and MPC.

Presence of PEG200 as oxidation catalyst leads to higher reaction speed
compared with use of Ch. Also it is worth mentioning that presence of PEG200 leads
to increase of HPEB formation, while presence of Ch — to formation of secondary
oxidation products (mainly AP) due to increase of direct EB oxidation into AP.

However catalytic activity of researched SAC is significantly lower compared to
industrial catalysts (NC and AC). Mainly due to lack of variable valency metal ion
that is needed for effective complex creation. Therefore, we can assume that SAC
plays role of ligand surrounding in creation of highly active catalytic complexes.

Conclusions.

Obtained results allow as to make following conclusions:

1. SAC have catalytic influence on EB oxidation process.

2. Main influence of SAC on oxidation is related with changes of reaction
mixtures surface properties — increase of oxygen solubility. But also results showed
that SAC are able to form complexes with substrate and catalytically improve
oxidation process.

3. Catalytical impact of PEG200 under mild reactional conditions is quite
comparable to industrial catalysts of EB oxidation (NC and AC).

References:

1. Romanovskiy B.V. (2000) Sovremennyj kataliz — nauka ili iskustvo? [Modern
catalysis — science or art?] in Sorosovskij obrazovatelnyj jurnal [Soros educational journal],
volume 6, issue Ne9, pp. 43-49.

2. Ivashchuk O.S., Skachko S.V., Mel’'nyk Yu.R., Reutskyy V.V. (2006) Research of
influencing of catalytic solutions on the process of oxidization of cyclohexane in Book of
abstract “XVII International Conference on Chemical Reactors CHEMREACTOR-17", Athens-
Crete, Greece, pp. 646-647.

3. Ivashchuk O.S., Mel’'nyk Yu.R., Reutskyy V.V. (2006) Doslidzhennya vplyvu
katalitychnyh rozchyniv na process okysnennya cyclogeksanu [Research of influence of
catalytic solutions on cyclohexane oxidation process] in Tezy sjomoi vseukrainskoi konferencii
studentiv I aspirantiv “Suchasni problem himii” [Abstracts of 7" Ukrainian conference of
students and PhD-students “Modern problems of chemistry”’] Kyiv, p.105.

4. Ivashchuk O.S., Mel’'nyk Yu.R., Reutskyy V.V. (2006) Vlijanie kataliticheskih
rastvorov na process gomogenno-cataliticheskogo okislenija cyklogeksana [Influence of
catalytic solutions on homogeneous — catalytic cyclohexane oxidation] in Materialy konferencyi

91



“Organicheskaja himija ot Butlerova I Belshteina do sovremennosti” [ Abstracts of conference
“Organic chemistry from Butlerov and Belstain till modern age”] Sankt-Petersburg, Russia,
p.669.

5. Reutskyy V.V., Ivashchuk O.S., Mel’'nyk Yu.R. Analiz mehanizmu vplyvu
koordynacijno-aktyvnyh spoluk na okremi stadia procesu okysnennja cyklohexanu [Analysis of
mechanism of influence of coordination-active compounds on certain stages of cyclohexane
oxidation process] in Tezy dopovidey XX Ukrainskoi konferencii z organichnoi himii [ Abstracts
of XX Ukrainian conference on Organic Chemistry] Odessa, p. 217..

6. Catalyst of oxidation of cyclohexane in cyclohexanole and cyclohexanone. Pat.
Ne2022642 Russia. MKI BO1 J31/04, BO1 J31/02, CO7 C27/121 / Mokryj E.M., Reutskyy V.V.,
Ludyn A.M., Starchevskyy V.L., Gyda V.M., Pazderskyj J.A., Stepanko L.S., Shafran M.I.,
Pravdyvyj L.I. — Lviv polytechnic institute.; Ne500877; Made. 03.09.91.; Published 15.11.94,
Bulletin No21. — 5p.

7. Ludyn A.M. (1994) Udosconalennja promyslovyh katalizatoriv procesu okyslennya
cyklogeksanu [Improvement of industrial catalysts of cyclohexane oxidation process] c.t.s.
dissertation, Lviv, 125 p. c.

8. Matienko L.I. (1990) Vlijanie dobavok makrocyklicheskogo liganda 18-kraun-6 na
kataliticheskuju aktivnost Co(AcAc), v reakcyi okislenija etilbenzola [Influence of additive of
macrocyclic ligand 18-craun-6 at catalytic activity of Co(AcAc), in ethylbenzene oxidation
reaction] in Kinetika i kataliz [Kinetics and Catalysis] number 6, pp. 1377 — 1381.

9. Gragerov I.P. (1994) Kraun soedinenija v organicheskom sinteze [Craun-compounds
in organic synthesis] Kiev: Science, 343 p..

10. Reutskyy V.V. (2013)Intensyfikacija gomogenno-katalitychnogo okysnennya
etylbenzolu [Intensification of homogeneous-catalytic oxidation of ethylbenzene] in Shidno-
evropejskij jurnal peredovyh tehnologij [Eastern-european journal of modern sciences] Ne 2/6
(62)., pp. 24 — 28.

Annomayin. Cmamms npucesiuena O00CHIONCEHHIO KAMALIMUYHOL aKMUBHOCMI NOBEPXHEBO
AKMUBHUX CHOJYK Y NPOYECAx 20MO2EHHO-KAMAIIMUYHO20 OKUCHEHHS 8Y2/1e800HIS.

Kamanimuuni npoyecu gidiepatomv 3Hauny poiv y XiMIUHIl NPOMUCIOB0CMI. 3aB80AKU
Jle2KoCmi  BUKOPUCMANHA MA BUCOKIU AOANMUBHOCMI 20MO2EHHI KAMAnimuini cucmemu €
npiopumemnumu. Hawi nonepedni pobomu noxazanu egexmuHicmos NO8epXHeE0-AKMUGHUX
cnonyk 'y sakocmi 000a8OK 00 NPOMUCTIOBUX KAMANI3AMOPI6 OKUCHEHHS emulbeH301y mda
yurnozexcany. OCHOBYIOUUCH HA 0OEPAHCAHUX PE3VIbMAMAX MU RPULULIU 00 BUCHOBKY, Wo 006asKa
CMBOPIOE AKMUBHUL KAMANIMUYHUL KOMNIEKC 3 OCHOGHUM KAMAL3amopoM ma cyocmpamom.
OO0Hax moune BUHAYEHHS CKIAOY MAKUX KOMNIEKCI8 € HAO38UYALHO 6ANCKUM 3a80anHsM. Jns
niomeepOodicen s Hawoi einomesu i 01 NPOSCHEHHS POl NOBEPXHEB0-AKMUBHUX CNOLYK Y NPOYECax
OKUCHEHHsL OY10 HeOOXIOHO O0CAIOUMU KAMAanimuyHy aKmueHICmMb NOBEPXHEB0-AKMUBHUX CHONYK
npu  GIOCYMHOCMI OCHOBHO20 KAMANI3AMOpPA OKUCHeHHS. [l BU3HAYEHHs POl NOBEPXHEeBO-
AKMUBHUX CHOLYK MU NPOGenU cepilo 00CNiOi6 3 SUKOPUCMAHHAM YUX CHONYK Y SKOCHII
IHOUBIOYAILHUX KAMANI3AMOPI8 OKUCHEHHS emUIOEH301).

s susHauenHss UGy 3MiHU NOBEPXHEBUX GLACMUBOCHIEl PEAKYIIHOL CyMiuti MU npogeiu
eKCnepuUMenm npu M’ sSKux ymoeax — 6iOHOCHO Husbkuil memnepamypi 363 K ma ammocgepromy
mucky. JIist 6USHAUEHHS MONCIUBO20 KOMNILEKCOYMBOPEHHSL MU NPOGEU eKCNEPUMEHMU NPU YMOBAX
OuzbKUX 00 npomuciogux .Qoepicani pe3yibmamu NOPIGHIOBANUCH 3 PE3VIbMAMAaMU MPAOUYIUHUX
APOMUCTOBUX KAMALIZ3AMOPI8 OKUCHEHHSL. .

Ooepoicani pe3ynomamu c8i0uams wo yci 00CAI0NHCYBAHT CROLYKU BON00IIOMb KAMALIMUYHUM
BNIUBOM HA Npoyec OKUCHeHHs emunbenzony. Llei ennue nose'szanuil we minoKu 3i 3MIHAMU
NOBEPXHEBUX BNACMUBOCMEL PEaKyiuHoi CyMIili — PO3YUHHICMIO KUCHIO — alle | 3 YMBOPEHHAM
AKMUBHUX KAMATTMUYHUX KOMIIEKCI8 MINC NOBEPXHEBO-AKMUBHOIO CNOLYKOI0 MaA CYOCMPAmMoMm, wo
nPU3600UMb 00 3POCMANHS WBUOKOCMI NPAMO20 OKUCHEHHS emUIOeH30Ly V 6MOPUHHI NPOOYKMuU —
KemoH ma cnupm.
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Abstract. The work emphasized the need to solve the problem of creating a balanced
agricultural production and proved that the dairy industry, like most food industry branches, is in a
crisis situation today. It is determined that this situation is due to certain factors, in particular,
there is a shortage and poor quality of raw materials, a rise in prices for dairy products, which
clearly outstrips the growth rate of household incomes, the absence of a favorable market situation
for dairy products, etc. In order to mitigate the impact of identified factors and ensure the
profitability of agro-industrial enterprises, modernization is proposed in the direction of business
development, the introduction of innovative technologies in production, as well as the development
of social infrastructure and development of rural areas.

Key words: food products, dairy industry, consumption, dairy products, dairy industry, raw
material base, quality of raw materials, market, supply, solvent demand, consumption norms.

Introduction.

The dairy industry is one of the leading places in the structure of the country's
economy. Given the fact that dairy products are extremely valuable and irreplaceable
food for any person, and her condition, functioning and further development are
always extremely relevant. We believe that today it is very important to give the
characteristics of the current state of the milk and milk products market in the Sumy
region, more precisely, the effectiveness of its formation and functioning, which
determines the provision of the population of the region with high quality dairy
products at the expense of mainly domestic sources, which in the future will lead to a
gradual reducing dependence on foreign producers and improving the structure and
dynamics of their consumption.

Basic text.

Solving the problem of creating a balanced agricultural production in any
country suggests that the first task in this regard is to ensure the so-called "food
safety", which, in turn, is a guarantee of society's survival. This goal is realized
through the provision by the state of its own food of the proper quality [1, p. 601].

The analysis of the situation on the regional market of milk and dairy products
in the last period makes it impossible to draw definitive conclusions. Analyzing the
production of milk for the period from 2010. to 2016, it was established that the
structure of regional production does not exceed 4.0% and varies from 3.72 to 3.99%
during the research period (table 1).
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Milk Production for 2010 - 2016
(at the end of the year; thousand tons)

Years Sumy | Ukraine |Percentage of regional
region production,%
2010 430,5 11248,5 3,83
2011 418,5 11086,0 3,78
2012 4273 11377,6 3,76
2013 427,3 11488,2 3,72
2014 427,1 11132,8 3,84
2015 417,6 106154 3,93
2016 414,6 10381,5 3,99
Average annual growth, thousand/ton 2,7 -144.5 -
Average annual growth,% -0,5 -1,0 -
Deviations, +/- (2016-2010) -15,9 -867,0 -

Source: compiled by the author on the basis of [2,3]

Thus, the average annual reduction in milk production in absolute and relative
terms in the oblast and in Ukraine was 2.7 thousand tons or 0.5% and 144.5 thousand
tons, or 1.0%, respectively.

Investigating the dynamics of milk production in terms of categories of farms in
the region, it is possible to argue that the negative dynamics in the reduction of milk
production is due to the decrease in milk production in the private sector (households)
in the total volume of production of this product. Thus, the volume of milk
production in farms of all categories in 2016 in comparison with 2010 decreased by
15,9 thousand tons (3,7%), but in agricultural enterprises the volume of production
increased by 40,4 thousand tons. or 28.3%. In the private sector, milk production, by
contrast, declined by 56.3 thousand tons, which is 19.6%. Despite the situation, the
economy of the population still retains a large share in the overall production of milk
in the Sumy region. This, of course, affects the quality of the raw material, because it
involves the use of manual labor, difficulties in both production and marketing. In
particular, in 2016, the share of milk production by agricultural enterprises amounted
to 44.2%, and households - 55.8%, which is less than in 2010 on 1lv.p.
Consequently, since farms produce 55.8 - 66.8% of milk, its production in this sector
is undoubtedly the determining factor.

At the present stage of the development of a market economy, the problem of
agricultural production and the formation of prices for it is of exceptional importance.
The conditions of competition lead the agricultural enterprises to seek ways to ensure
the profitability of their activities, one of the main is the creation of an actively
operating system of sales [4, p. 54].

In 2015, from all categories of agricultural producers in the Sumy region, 190.7
thousand tons of milk and dairy products were received from processing enterprises,
which is for 120.2 thousand tons less compared to 2010. Share of agricultural
enterprises in 2015 in volumes of realization amounted to 146.4 thousand tons or
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76.8%, the total population of the households sold 40.7 thousand tons, or 21.3%.

There are a number of problems in the country that hinder the progressive
development of the dairy industry. Among them, first of all, the reduction of the raw
material base and the unsatisfactory quality of raw materials - milk entering the
processing should be indicated. The reason is insecurity of the conditions for keeping
cows, which leads to the emergence of animal diseases, as well as the lack of primary
processing (cooling) of milk in most private farms and many agricultural enterprises.

With a decrease in production during the research period, the implementation of
milk and dairy products by agricultural enterprises in the Sumy region has a general
tendency toward positive direction. In particular, the annual milk realization increases
by an average of 3.1 thousands tons, or by 1.6%.

In our opinion, the reason for this situation should be considered not only to
increase the level of domestic economic use, but also to increase the scope of raw
material processing - milk production and increase the scope of unofficial realization
of milk and dairy products.

Over the past five years, the purchase price of milk from agricultural enterprises
in Ukraine has nearly equaled the average milk price in the EU. At the same time, the
price in Europe increased by an average of 3% and mainly due to an increase in the
purchase price, while in Ukraine the price increased by an average of 5% [5, p.66].

As a result, the increase in the cost of production of one centner of milk in
agricultural enterprises of the Sumy region, the price of milk sales in 2016 against
2011 increased by 2328.0 UAH / t or 79.5%, and amounted to 5256.5 UAH / ton,
which is less than the average price level in Ukraine for 205,3 thousand UAH. or
3.8%. At the same time, the average annual growth rate of average prices for milk
sales in both the oblast and the country as a whole is almost 12% (table 2).

Table 2
Average prices for milk and dairy products
Years Ukraine Sumy | Relation, | Deviations,
region % +/-
2011 3041,6 | 2928,5 96,3 -113,1
2012 2662,2 2371,5 89,1 -290,7
2013 3364,0 31447 93,5 -219,3
2014 3588.4 33424 93,1 -246,0
2015 4347,0 | 4059,3 93,4 -287,7
2016 5461,8 5256,5 96,2 -205,3
Average annual growth, thousand/t 484.,0 4674 - -
Average annual growth,% 11,7 11,6 - -
Deviations, +/- (2016-2010) 2420,2 2328,0 - -

Source: compiled by the author on the basis of [2,3]

Despite the high last year's purchasing prices for milk, the industry remains little
attractive for managers. Milk, produced in households, cost in the regional market
much cheaper than that produced in agricultural enterprises. During the last year for
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milk it was possible to get an average of 3.5 to 4.3 UAH / liter. However, even such a
price situation does not provide the proper level of efficiency of the industry.
According to official statistics, the profitability of milk production is projected to not
exceed 10% for the next year [6]. Such results and forecasts of dairy cattle breeding
complicate even the simple reproduction of the industry, not to mention its expanded
development in the long run.

In addition to the factors mentioned above that impede progressive development,
the factors of negative influence on the formation of supply in the market of milk and
dairy products in the region should include reducing the solvent demand of the
population and increasing sales prices for dairy products. Over a long period of time,
prices for dairy products grew faster than household incomes. This led to a decrease
in the volumes of production of cream butter in 23,6%, fatty cheeses - 18,3%,
including cheeses - 3,2% and other dairy products in comparison with the previous
year. Consequently, the annual consumption of milk and dairy products has become
smaller in comparison with 2013 and 2014, for which this indicator was the highest.
It was established that the level of consumption of dairy products in the Sumy region
(in terms of milk) per capita in dynamics does not correspond to the normative
indicator (fig. 1).
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Fig.1 Consumption of milk and dairy products in the Sumy region per
capita, kg

Source: compiled by author based on [3]

In particular, in 2014, the level of consumption of dairy products was 99.6%; in
2015 - 98.3%; in 2016 - slightly increased compared to the previous year and
amounted to 98.5% of the rationale of consumption, which is 380 kg / year.

Summary and conclusions.

Thus, among the main factors that slow down the development of both domestic
and regional markets for milk and dairy products, one should distinguish: reducing
the livestock population of the dairy herd; reduction of milk production;
Inappropriate quality of milk and raw milk and dairy products, in particular, obsolete
production technologies (the equipment of most farms and dairies requires immediate
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renewal and modernization), which in turn leads to an increase in production costs;
non-compliance of domestic norms and requirements concerning the quality of milk
and dairy products with European ones. At the same time, all this happens against the
background of reduction the solvency of the population.

We believe that the decrease of the degree of influence of these factors is
possible provided that the efforts of representatives of the government, science and
business are combined with the definition and implementation of strategies for the
further development of the dairy industry. At the same time, for the stable
development of the food market, the milk market in particular, it is necessary to
accelerate the processes of reforming the agrarian sector of Ukraine, which directly
influences the development of the food market of the Sumy region. Essential
modernization is needed in the direction of developing entrepreneurial activity both
in the city and in the countryside, the introduction of innovative technologies in
production, ensuring the profitability of commodity producers, as well as the
development of social infrastructure and development of rural areas.
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Anomauin. B pobomi akyenmosano ysazy Ha HeoOXiOHOCMI UpIiUIeHHs NpobieMu CMEopeHHs
30a1aHCOBAHO20 CIbCLKO20CNO0APCLKO20 SUPOOHUYMBA Ma 008€0EHO, WO MOJOYHA 2aNY3b, AK I
Oinbuwiicms 2anyzei Xap4o80i NPOMUCIOB0CMI, HA CbO2OOHI 3HAXOOUMBCSA 6 KPU3080M) CHIAHI.
Busnaueno, wo make cmanoguwe 2any3i 00yMo8IeHO NeGHUMU GAKMOpamu, 30Kpema Mae micye
Odeiyum ma HU3bKA AKICMb CUPOBUHU, 3POCMAHHA YIH HA NPOOVKYIIO MOJIOKONEpepoOHUX
nIONPUEMCMS, 5KI SIBHO BUNEPedNCAOMb MeMNU 3POCMAHHA 00X00i8 HACeNeHHs, GI0CYMHICMb
CHpUAMAUBOT KOH TOHKMYPU PUHKY MOJIOYHUX NPOOYKMi6 mowjo. 3 mMemoio nociablenHs 6naugy
suAsleHuUx ¢hakmopie ma 3abe3neyeHHs NPUOYMKOBOCMI NIONPUEMCINE  ACPONPOMUCTIOBO20
KOMNAEKCY 3anponoHOBAHO 30IUCHEHHS MOOepHI3ayii 6 HaAnpsami po3eumky NiONPUEMHUYLKOL
OIIbHOCMI, 8NPOBAOICEHHS THHOBAYIUHUX MEXHONO2IL VY BUPOOHUYMBO, a MAKONC pPO30Y008U
coyianvHol inhpacmpykmypu ma po36UmK) CilbCoKUX mepumopitl.

Knrwwuosi cnosa: npooykmu Xapuy8aHHs, MONOYHA 2aNY3b, CHONCUBAHHS, NPOOYKYIs
MONOKONEPepoOHUX NIONPUEMCME, MOJOYHA NPOMUCTIOBICMb, CUPOSUHHA 0a34a, AKICMb CUPOBUHU,
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DPUHOK, NPONO3UYISA, NAAMOCHPOMONCHUL NONUM, HOPMU CHONCUBAHH.
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QUALITY OF FRESH AND PICKLES BEETROOT’S PRODUCTION

DIFFERENT VARIETIES
SIKICTB CBIKOI TA COJIOHOI MPOAYKIII BYPAKA CTOJIOBOI'O PI3BHUX
COPTIB
Zavadska O.V./ 3aBaaceka O.B.
c.a.-g.s. as.prof. / k. c.-e.H., 0oy.
Rumak Yu.V./ Pymak 10.B.
st. / cmyoenm
Hayionanvnuii ynisepcumem biopecypcis i npupodoxopucmysants Yxpainu,
m. Kuis, eyn. I'epoie Oboponu, 13, 03041
National University of Life and Environmental Sciences of Ukraine,
Kiev, Geroiv Oborony, 13, 03041

Anomauin. Conona o8ouesa npooyKyisi KOPUCHYEMbCS NONUMOM Y HACENeHHs, MAE BUCOKY
Oion02iuHy YiHHICMb Ma cMakosi skocmi. bypsk cmonosuii 3a ceoimu cmakosumu ma aiKy8aibHUMU
B1ACMUBOCMAMU 3AUMAE O0HY 3 NPOBIOHUX NO3UYILL ceped 080oyis. IIpudamuicms KopeHenniodis yiei
KyIibmypu Os. CONIHHA 6uyeHa Hedocmamuwvo. Hasedeno pesynomamu 6uueHHs MOBAPHUX,
OIOXIMIYHUX, OP2AHONENMUYHUX MA MEXHOI02TUHUX NOKAZHUKIB CEINCUX MA COJIOHUX KOPEHEenui00ie
Oypaka cmonogoeo n’amu copmis, eupoweHux 6 ymoeax Jlicocmeny. Busaeneno copmu,
HAUNpUuOamHiui 015l 8ICUBAHHS Y CEINCOMY 8USTISIOT A CONIHHSL

Knrwowuosi cnosa: Oypax cmonosuii, copm, KOpeHenuio, sAKiCmb, OIOXIMIYHI, MeXHOI02TYHI
NOKA3HUKU, nepep061<a, COTIHHSA

Beryn. Kopenemogn Oypsika CTOJOBOTO 3aBASKM OpPUTIHAJIBLHOMY HaOOpy
NOKUBHUX PEUOBMH Ta XapyOBUX KOMIIOHEHTIB € HEOOXIJHUM MPOAYKTOM
XapuyBaHHS Ui Jirofed pizHoro Biky [2,3]. Lle miHHMM NPOAYKT ISl JUTSYOTO 1
JTIETUYHOTO XapuyyBaHHS, OCKIUIBKM MICTUTh JIETKO3aCBOIOBAaHI IOJIIMEHTHIH,
HE3aMIiHHI aMIHOKHMCJIOTH Ta BITaMiHHM, 0arato MiHEpaJbHUX PEYOBHUH, XapyOBUX
BOJOKOH MOro KOpeHemogum 36epiraioTh MPOTArOM TPUBAJIOrO dYacy Ta
BUKOPHUCTOBYIOTh JJIsl PI3HUX BHUIB mepepoOku [3].

Cepen nepcrneKTUBHUX HAIPsMIB NEepepoOKH KOPEHEIUIOAIB Oypsika CTOJIOBOIO €
coniuHs. Jyia coniHHs B YKpaiHi BUKOPUCTOBYIOTh HE3HAYHUIN aCOPTUMEHT OBOYIB —
e, B OCHOBHOMY, KamycTa, mnomiopu Ta oripku CBoedacHa nepepoOKa
KOPEHEIUIOIB Oypsika CTOJIOBOTO COJIHHSM JIO3BOJIUTH TMOJOBXKHUTH TEPioa HOro
CIIOKMBAHHS, CKOPOTHUTH BTpAaTH IIiJl Yac 30epiraHHs, a TaKOX — PO3IIUPUTH
ACOPTHUMEHT COJIOHO-KBAIIEHOT MPOAYKIIii [2].

Metoauka aociaigxkenb. J[yia mociimkeHs Oyiao BigiOpaHo S5 copTiB Oypsika
CTOJIOBOTO BITUM3HSIHOI Ta 3apyODKHOI CEJNEeKIil, MPUAATHUX JJI BUPOLLYBaHHS Y
30H1 Jlicocteny Ta 3aHeceHux 10 Peectpy coptiB pocind. CxeMa J0Cciiay HaBeeHa y
tabn.1. KopeHemnoan OCIITHUX COPTIB BUPOILYBAJIM HAa TEPUTOPIi AOCIITHOTO
ooueBoro mnosisi HVYBIIl Vkpainu. ['ocnogapcbko-0100riynHi, O10XIMIYHI Ta
OpraHOJICTITUYHI aHaJli3u CBIKOI ¥ COJIOHOI MPOMAYKIIi Ta OE3MOCePeIHbO JOCITIIHE
COJIIHHS 3IMCHIOBAIM B YyMOBaX HAyKOBO-HAaBUAJNBHUX Jabopatopiii kadeapu
TEXHOJIOT1i 30epiranHsi, mepepoOKH Ta CTaHAAPTU3AIIl TPOIYKIli POCIUHHUIITBA 1M.
npod. b.B. Jlecuka 3a 3arampHompuitHsTHMU MeToaukamu [1]. I[lizroroBneni mo
COJIIHHS KOPEHEIUIoAu Oypska yKJIajald B Tapy 3TiHO PELUENnTypH, PIBHOMIPHO
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NepeKIagany MiArOTOBICHUMHU MPSHOLIAMH, 3aJIMBajl TMPUTOTOBJICHUM PO3UYHHOM
KyXOHHOI cojii 4 %-0i KOHUEHTpalii Ta 3aKpUBajid KaIpOHOBUMU KPHUIIKAMH.
depMeHTalIllI0 KOPEHEIJI0A1B Oypsika CTOJIOBOTO 3/A1MCHIOBAIN 3a Temmeparypu 18—
24 °C npotsrom 12—14 ni6.

Pe3yabTaTu aociigkeHb. [IpuaaTHICTh KOpPEHEIUIOAIB 0 30€piraHHs 4 J0
MIEBHUX BHJIIB MEPEPOOKH 3HAYHO 3ajieKaTHME B1JI BMICTY OCHOBHUX O10XIMIYHHMX
nmoka3HukiB (Tabis. 1). OcoOarMBO BaXkKIMBE 3HAUEHHS Ma€ PiBEHb CYXOi PEUYOBHHH,
nykpiB ta Bitaminy C. HaiiGinbiie cyxoi pedoBHMHH Ta IIyKpiB HArpoMajKyBajH
kopeHeriogu copty uminapa — 14,9 ta 9,0 % BiamoBimno. HaiiBumny Gionoriyny
I[IHHICTh MAIOTh KOpeHerutoau riopuaa Jerpoiit F; (15,2 mr% sitaminy C).

3a OIOMETpMYHMMM Ta TOBAPHUMHU TOKA3HUKAMU CEpeJll JOCHIKYBAHOTO
COPTUMEHTY BUAUIUBCA cOpT copTy HociBchbkuil mockuii (KOHTPOJIb), KOPEHETIOAN
akoro Oynu HaiiBaxuumu (374,9 1), Manu HAUOUTBIIUN TOMEPEYHUN JiaMeTp
(114£10 mm), Oynu HaMOUIBII CTAOUILHMMHU 3a IIUM IOKa3HMKOM 1 ¢dopMyBaIu
HalOUIbIIY KUIBKICTh CTAaHAAPTHUX KopeHeroAiB (91,8 %).

HaiiBuii 6any 3a OpraHoJeNTUYHUMH MMOKA3HUKAMHU OTPUMAJIA 3pa3Ku COPTIB
HociBebkuit miockuii (koHTpoaw), Herpoit ta Humingpa. Kopenemnogu ix manu
MPUEMHUMN, HACUYEHUI CMaK, XapaKTepHUH 3amax, IpyxKHy, IPUEMHY KOHCUCTEHIIIIO.
bim xinpug Oynau MajoONOMITHI Yy KOpPEHEIoAiB ridpuna J[lerpoit Ta copry
HociBcekuit iiockuii (KOHTPOJIB).

Taoauua 1
OCHOBHI MOKA3HUKHU AKOCTI CBIZKHX KOPEeHeIJI0iB OypsiKa CTOJI0BOIO,
cepenne 3a 2011-2013 pp.

Biomerpuuni
BwmicT y kopeHemniomax ) go;;sgggnm ToapHicTs
Hasga copty p A KOpEHe-
cyxoi . L ) wioiB, %
PEUYOBHHH, uylé/plB’ BéTaMI;{ Y Maca, T AUaMetp,
o, () , MI'% MM
Hocisepkuid moc- 12,8 7.0 12,2 3749 11815 91,8
KWl (KOHTPOJIb)
bopno 12,0 5.7 8,4 311,7 106422 78,3
XapKlBCBKI/II/I
Tlerpoiit F; 10,7 6,4 15,2 2857 81+13 88.4
CrunercrKuid 9.6 52 10,2 345,0 110+18 85,0
IIJIOCKHUU
Llinapa 149 9.0 13,6 256.6 62=10 76,4
HIP,s 12 36,2

BcranoBieno npsamuii KOpensuiiHuN B3a€EMO3B 130K MK CMAaKOM KOPEHEIUIO1B
Ta KUIbKICTIO IYKpiB (1 = 0,72+0,13).

3 METOI pO3IMIMPEHHS aCOPTUMEHTY KOHCEpPBIB MIJBUINECHOI O10J0TTYHOL
IIHHOCT1 JOCJIKYBaJId MPUIATHICTh KOPEHEIUIOIB OypsKa CTOJOBOTO JI0 COJIIHHS.
CoJoH1 KOPEHEeTUIOU MOXHA BXKMBATH B 1KY SIK MICJISI KyJIiHapHOT 00pOoOKH, TaK 1 63
Hei. Tomy, 171 CHOKMBAYiB BaXXJIMBE 3HAYEHHS MAalOTh CMAaKOB1 BJIACTUBOCTI Ta
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010J10T1YHA IHHICT TaKoi MpoayKiii (Tadm. 2).

Conona mipoaykiris OypsikiB copTiB HociBebkuii miiockuit (KoHTposib), Llumiaapa
ta ridopuna Herpoitt F, BiamoBizana NmpupoaHOMY 3a0apBiEHHIO — Majla TEMHO-
OypsAKOBUM HACHYEHUW KOJIIp, KOHCHCTEHIISl KOpPEHEIUIOAiB Oyla XpPYCTKOIO,
MPYKHOI0. 3pa3Ku MUX COPTIB OTPUMAIM MaKCHUMaJibHI OaiM ]l Yac Jerycrailii 3a
30BHIIIHIA BUTIAA Ta KOHCUCTEHIIO.

Ta0auusa 2
Opra”osenTH4Hi NOKA3HUKHU Ta BMIiCT OCHOBHHUX 0i0XiMiYHUX MOKA3HUKIB y
COJIOHMX KOPEeHeI10/1ax Oypsika cToJ0Boro, cepeane 3a 2011-2013 pp.

OprasosienTHYHI MOKa3HUKH, O6a™ Buiet y coxoriiii rp OI[OyK H
HasBa copry, (TBepna yactuHa), %
ribpuaa 30BHIIITHIT KOHCHC- cyxoi .
. CMaK LYKpIB KHUCJIOT

BUTJIA TCHI1A PEYOBUHU
Hociscepicuit 5,0 5,0 4.8 9,14 1,77 0,90
TII0CKUH (K*)
bopro 4,6 5,0 45 8,00 1,51 0,72
XapKIBCbKNU
JTletpoiit F, 5,0 5,0 5,0 9,22 1,60 0,90
Crunerchkuit 4.6 4,0 4,0 7,63 1,41 0,77
IIJIOCKNHN
Luninapa 5,0 5,0 5,0 8,08 1,48 1,00

*3a 5-0JIbHOIO IIKAJIOO

3a 30BHIIIHIA BUIJSA COJOHA MPOAYKIis copTiB bopmo xapkiBchkuil Ta
€runeTcbkuil IIOCKUN OTpHUMaja MeHIl 0anu, OCKIIbKKA OyJau MOMITHI OUTl KUJIbLS
(;tyOy). ¥V copty €runercbkuil miIockui ¢Gpakxiiisi KOPEHEeII0AiB, MOPIBHO 3 1HIIUMU
BapiaHTaMM, Maja HEe XPYCTKY KOHCHUCTEHI[iI0. BiqMiHHUI (COIOAKO-COJIOHHI) CMaK
Maju COJIOHI KopeHeruioau copty Llwminanpa ta ribpuaa Herpout F; — mo 5 Gamis.
CMak KOpeHEII0A1B cOpTy €runeTchbKuil MmIockuii OyB MPICHUM, BOJISIHUCTHUM.

Cononi kopenemnonu mictunu 7,63-9,22 % cyxoi peuoBunu, 1,41-1,77 %
ykpi ta 0,72—1,0 % TUTpOBaHUX KUCHOT. Y CKIIaJl LIYKPIB 30BCIM HE OyJIO caxapo3u
(kpim copty HociBchkuit mimockuit). BoHa, sik 1 iHBEpTHHU IIyKOp, BUKOPUCTAaHI Mij
yac OpoxinHs. HaitOubiie cyxoi ped4oBUHHU Ta IYKPIB MICTHIJIM COJIOHI KOPEHETUIOIN
copty HociBcekuit muiockuii Ta riopuaa Jlerpoit Fy.

BucnoBku.

Takum uYMHOM, 3a KOMIUIEKCOM TIOKa3HUKIB BH3HAUEHHX Y CBDKIA Ta
nepepoOseHiil NpoayKiii, HAUMPUAATHIIIMUMHY 711 BXXUBAHHS B CBKOMY BHIJISAL Ta
COJIIHHS BUABHWIMCS KopeHemnonu coptiB Lluminapa, HociBcekuii miaockuil Ta
riopuna [etpoitt F;. CBiXi KOpeHemsIonu iX MICTHJIM BUCOKY KUIBKICTh CYXOi
pedoBunu (10,7-14,9 %) Ta Bitaminy C (12,2-15,2 mr%), a coyioHa mpoayKIlis Maja
BIAMIHHHI CMAaK, 30BHIIIHIN BUTJIS] 1 KOHCUCTEHIIIIO.

Jliteparypa:
1. Ckanernpka JI.D. MeToau HayKOBUX JOCIHIIKEHB 31 30€piraHHs Ta nmepepooKu
MPOAYKINT pOCIMHHUIITBA: HaBUaJIbHUI TociOHUK / JI.D. Ckanenpka, I'.1. [ToanpsTos,
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Oypsika cronoBoro /. Hayunsie Tpyael SWorld: MexayHapoaHOE MHEPHOIMUECKOE
HayuyHoe n3nanue. — Msanoso: MAPKOBA A/, 2014 — Bein. 1. — T. 34. — C.25-28.

3. Zavadska 0O.V., Kravchenko O.V. Suitability for long term storage of
beetroots different varieties cultivation in the conditions of Ukraine’s Forest-steppe //
O.V. Zavadska, O.V.Kravchenko / SWorld Journal “Scientific world”, Ivanovo,
2015. - Vol.J11510. — October, 2015.

Abstract. Pickled vegetable products are in demand in the population, of high biological
value and taste. Beetroot for their flavoring and medicinal properties occupies a leading position
among the vegetables. The suitability of root for salting is not sufficiently understood. The results of
research of commodity, biochemical, organoleptic and technological indices of fresh and salty
beetroot’s, which has been grown up in conditions of Ukraine’s Forest-steppe, are presented in the
articles. Select the most suitable for pickles and fresh food.

Key words: beetroot, varieties, roots, quality, biochemical, technological parameters,
processing, pickles
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Anomauia. B pobomi npoananizosano pesyiomamu MiKpoOioN02iyHUX 00CiOdHCeHb M Acd,
ompumanozo 8i0 eumywero 3abumux meapur 3a 2013-2017 pp. Bcmanoeneno, wo oesxi 3
00CnidJceHUX npob He BION0BIOANU  BUMO2AM WOOO HAABHOCMI POy MIKPOOP2AHI3MIG:
cmaginokokis, cynvgimpedyKyrouux kiocmpuditl, npomes, 30yOHUKA Oewuxy, Namo2eHHUX KOKIg,
baxkmepiil epynu KUWKOBUX NATUYOK, nacmepen, enmepokokie. Haibinbuty xinekicms npob m’sca,
OMPUMAHO020 610 BUMYUIEHO 3a60umux meapun 0yn0 docriodxcero y 2016 poyi ma éiocomok npoo,
Wo He 8i0N08I0ANU 34 MIKPOOIONO2TUHUMU NOKAZHUKAMU Y YbOMY poyi O6Y8 HAUOINbWUM | CMAHOBUB
3,8% 6i0 3acanvHOi KintbKocmi 00CHiOdHCeHUX Npob. YV 2#coOHil i3 0ocniddcenux npob He 0y10
8USABIIEHO 30YOHUKA CUOIDKU, AHAepoDi8, NIiCHABUX 2pubis.

Kniouoegi cnosa: m’sco, mikpobionoziuni 00CuiodiceHHs, sumMyuieHull 3a0itl, Mikpogropa

Beryn.

Binbmricte npobsieM 110710 610JI0TIYHUX HEOE3NeK, MOB’SI3aHUX 13 BXXKUBAHHSIM
M'sica, OepyTh CBIM Mmo4yaToK Ha ¢depMax 1 B JOBKULI. ToMy mijBUIlIEHA yBara mMae
NPUAUIATUCS MPEBEHTUBHUM 3aX0JIaM K Y MICISIX MTOYATKOBOI CTaJlli BUPOILYBaHHS
TBapWH, TaK 1 Ha 3aKIIOYHIN cTaali BUPOOHMIITBA TMPOJYKIIT TBAPUHHOIO
noxopkeHHs. [IpodinakTika HeOe3neKk BUMarae HEYyXmIbHOI YBard MpOTIroM yChOTO
JIAHIIOTa BUPOOHMIITBA, MPHU IIHOMY BIAMOBIIANBHICTE 3a OE3MEYHICTH MPOIYKTIB
MOBMHHA TIOKJIAJIaTUCA HAa BCIX YYaCHUKIB BHUPOOHWYOTO TMPOIECY: TBAPUHHUKIB,
MepepOOHUKIB, TUCTPUOYTOPIB, PO3APIOHY TOPTIBIIO, CIMOKHBAYIB 1 KOMIETEHTHUX
OprasiB, 5Kl 3JIHCHIOIOTh KOHTPOJIb 1 HATJISA]] 32 XapuOBUMH MPOIyKTamu [6, 7].

Tomy po3pobsiHHS B YKpaiHi epeKTUBHOI CHCTEMHU MOHITOPUHTY O10J0TIYHUX
PHU3HKIB 3 METOIO 3amo0iraHHs BUHUKHEHHS HE TUIbKM 1H(QEKIIMHUX Ta 1HBa31MHUX
XBOpOO, ane ¥ TOKCHMKO31B 1 TOKCHKOIH(EKI y JoAell 3 METOH BHUPOOHHUIITBA
0e3MevHOol MPOAYKIIIi HAJIEIKHOT SIKOCTI € aKTyaJIbHUM.

OpHuM 13 Takux OlOJIOTIYHMX PHU3UKIB € PU3UK, MOB'A3aHUMN 13 BUKOPUCTAHHS
M’sica, OTPUMAHOrO BiJi BUMYIICHO 3a0UTHUX TBapuH, K€ MOXe OyTH oOceMiHEeHe
HeOe3MeYHMHU MIKpooprasizmamu [1-5].

Bumymenuii 3a01if — 3a0iii TBapuHU NpU OTPUMAaHHI HEK TPaBM, (PI3MUHUX
YIIIKOJIPKEHb TOIIO Ta y BUIAJKAX, SKIIO MOJAJbIIE JIKYyBaHHS € HEC(PEKTUBHUM YU
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€KOHOMIYHO HEIOIIbHUM 1 IPOBOAUTHCSA 32 JO3BOJIOM Ta MijJ HArjsA0M CIieliaiicTa
BETEPUHAPHOI METUIIMHHU.

Jlo BUIAIKIB BUMYIIEHOTO 32000 HE HAJICKUTh 3a0li KJIIHIYHO 3JI0POBUX
TBapUH 3 HOPMAJLHOI TEMIIEPATypor0 Tija, SKI HE TIIJAIThCA BIATOIBIII,
BIICTJIMX Y POCTI 1 pO3BUTKY, MAJIONIPOAYKTUBHUX, HETUTIIHUX, MIPU 3arpo3i 3aruderi
y pe3yJibTaTl CTUXIMHOTO JuxXa (CHDKHI 3aHOCH, MOBEHI TOINO), THX, IO OJepKalu
CBIXKI TpaBMH y Mepiof] nepea3adiiiHOro yTpuMyBaHHS.

He mniansdratote BuUMyILIEHOMY 320010 TBApWMHU Yy CTaHl aroHii, XBOpi Ha
1H(eK11iHI XBOPOOH, Y SIKUX HE 3aKIHYMBCS TEPMIH OUIKYBaHHS IMICIIs YBEAEHHS a0o
0o0poOKM BeTepUHAPHUMH TMpernapaTaMy, Ta B IHIIAX BUMAAKaX, NependadyeHux
[IpaBunamu mnepen3abiifHOTO BETEPUHAPHOTO OTJIs/ly ~TBAPUH 1 BETEpUHAPHO-
CaHITapHOI EKCIIEPTU3H M'sica Ta M'sicHUX TTpoayKTiB (2002 p.).

3riIH0 YMHHUX B YKpaiHl HOPMATHUBHO-TIPABOBHUX AaKTIB TaKe M'SCO MIJIATAE
00OB’SI3KOBUM  JTAOOPATOPHUM JTOCHIIKEHHST (MIKpPOOIOJIOT1UHI, Ma3KHu-BiJIOUTKH,
npoba BapiHHAM). M'sCO BUMYIIIEHO 3a0MTHUX TBapwH 30€piraroTh B 130JIbOBaHIN
XOJIONWIIbHIA KaMmepl 10 OJAEp>KaHHA pPe3yJbTaTiB JIA0OPAaTOPHUX AOCHIDKEHb 1
MPUIHATTS PILIEHHS 1OA0 MOPSAKY MOTO BUKOpPUCTAHHS. M'ico Ta 1HIII MPOAYKTH
BUMYUIEHOTO 3a00l0 TBapuH MawTb OyTH mnepepoOjieHI Ha  BIANOBIIHUX
MIAIPUEMCTBAX (3aBOJ 3 MEPEpOOKH BIAXOMIB TBAPHUHHOIO IMOXOKEHHS TOLIO) Y
MEKaxX aJIMIHICTPATUBHOTO paiioHy (00J1acTi) M HATJISI0M CHEIialiCTIB Jep KaBHUX
YCTAaHOB BETEPUHAPHOI MEIUIMHU. TpaHCNOPTYBaHHS M'sica BUMYIICHO 3a0UTHUX
TBApUH 13 TOCIOJAPCTB Ha MepepoOHe MiAMPUEMCTBO MPOBOATH 13 JTOTPUMAHHIM
BETEPUHAPHO-CAHITAPHUX BUMOI Ta 3a HASBHOCTI BIAMOBIAHUX BETEPUHAPHUX
JTOKYMEHTIB.

3riTHO BUMOT BUKOPHUCTAHHS M'sica Ta 1HIIMX MPOJYKTIB BUMYIIEHOTO 320010
TBApUH JJI XapyoBUX LJIEH Y TOCMOAAPCTBI, peati3allis, nepeJaHHs 1HIIUM 0codam
JUTSI CTIOKUBAHHS YW peatizallii 3a00pOHSEThCA.

M'aco Ta 1HOII NPOAYKTH BHMYIIEHOTO 33000 MOXYTh HAIpaBIATUCA Ha
BUTOTOBJICHHSI KOPMIB 1 HEMPOMYKTUBHWX TBApWH, HA KOPM CBUHSAM, ITHIII,
3Bipam, MO YTPUMYIOTECS B PO3IUTIIHUKY, IICJISI 00OB'S3KOBOTO MiKpPOOiOJIOTIYHOTO
AocaiKeHHs (y T. 4. Ha HAsSBHICTh CAJbMOHEN, a 3a MOTpeOu — 30yTHUKIB 1HIIUX
1H(MEKIIHHNX Ta 1HBAa31MHUX 3aXBOPIOBaHb, IO € HEOE3NMEYHWMHU IS TBApWH) 1
npoBapioBaHHA a00 Ha BHPOOHUITBO KOPMOBOTO OOpoOIIHA TBAPUHHOTO
MOXO/)KEHHSI, K€ TOBUHHE BHUKOPUCTOBYBATHUCS Y TIOPAIKY, YCTAHOBIECHOMY
3aKOHOJIaBCTBOM.

[Honmi micng BuMylIeHOro 3a00l0 TBapUH Y TOCIOJNAPCTBaX, y 3B’S3KY 3
BIJICYTHICTIO Jlabopartopii, M'sico, OTpUMaHe BiJl XBOPUX TBApHUH HE MEPEBIPSIOTH HA
MIKpOOI0JIOT14HI MOKA3HUKH 1 HaBITh HE MPOBOJATH MIKPOCKOMII0 Ma3KiB-BIAOUTKIB,
a BUKOPUCTOBYIOTH HOT0 JUIsl TOCMIOAAPCHKUX NMOTPEO (B CTOJOBUX). Y 3B A3KY 3 UM
BUHHWKA€ PU3UK BUHUKHEHHS TOKCHKO3IB Ta TOKCHKOIH(EKIN cepex Jroaeu, a
0co0IMBO 116 MOXe OyTH HEOE3NMEeYHHM SKIIO Take M'SiCO BHUKOPUCTOBYBATH IS
JAUTSUOTO XapuyBaHHS (y AUTCATKaX Y MEXax TOCIOJapCTBa).

MeTta gocaigieHHsi — aHaji3 JaHUX MIKPOOIOJIOTIYHUX MOCHIIKEHb M’sca,
OTPUMAHOIO BiJl BUMYIIIEHO 3a0utux TBapuH 3a 2013-2017 pp.

Marepiaau i meroau nociigkeHHsi. J[OCTiKEHHS TPOBOIWIM B YMOBax
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JIep’)KaBHUX JTa0OpaTopii BETEPUHAPHOT MEIUIIMHU TPhOX obsactelr YKpainu:
Binnunpkoi, J[ainponerpoBcbkoi Ta JKutoMupcebkoi. Bin0ip mpo6 3 moBepxHi MiBTYII
JUTSL OCIIKEHb MMPOBOJIUIIN HEIECTPYKTUBHUM METOJIOM 3a fornoMororo ryoku (ISO
6887-1:1999. MuxkpoOHOJOTHS THUIIEBBIX MPOIYKTOB U KOPMOB JJI KUBOTHBIX.
[IpuroroBneHue npod ISl WCHBITAHUN, HCXOAHBIX CYCHEH3MM W JIECITHUYHBIX
pa3BeJieHu Uil MUKpPOOHMoOJIOrHYecKuX ucciegoBanuii. Yacte 1. OOmue mpaBuiia
MIPUTOTOBJICHUSI HMCXOJIHOM CYCHEH3MM M JECATHYHBIX pa3BeneHuit). s 1mporo
BukopuctoByBamu Habip Kit Muestreo Canales — Esponja (Icmanis).
Mikpo06ioJIoTiuHl JOCHIKEHHS TPOBOJWINA 3a 3araJIbHONMPUHUHATUMHA METOIMKaMU
3TiIHO YMHHUX B YKpaini HopMmaTtuBHO-1IpaBoBuX akTiB (TOCT 21237-75 Msico. Meton
6akrepuonornueckoro ananuza. ['OCT 10444.15-94 TlpoaykTsl nuieBbie. MeTOIbI
oTIpeIeIICHUS] KOJIMYECTBa ME30(DHIIbHBIX adpPOOHBIX U (PaKyIbTaTHBHO-aHAIPOOHBIX
mukpoopranuzmoB. 'OCT 3051897 Ilpoayktu mnuiieBble. MeTonbl BBISBICHUS U
OIPEAETCHUS] KOJIMYECTBA OakTepuil TPYNIbl KUIICYHBIX NaJOYeK [KOIM(POPMHHUX
oakrepmii]. JJCTY EN 12824:2004 Mikpo0610J0risi XapuoBUX MPOIYKTIB 1 KOPMIB JJIS
TBapuH. ['opu3oHTanbHUl MeTo BusBieHHs Salmonella.

Pesyabratn  JOCIHIAKEHHS. Hamu Oynu IpOaHai30BaHl  JaHl
MIKpOO10JIOTTYHUX JOCIHIJIKEHb M’Ca, OTPUMAHOTO BiJl BUMYIIEHO 3a0MTHX TBapHH
3a 2013-2017 pp. (Tadmn. 1).

UiTKOoro 3HMKEHHS a00 3pOCTaHHA KIJILKOCTI POO, 110 HE BIJIMOBI A HOPMI 32
2013-2017 pp. He BusBsIM. Big3Hauanu 30UIbIIEHHS KIJIBKOCTI TPoO0, MO HE
BijnoBinany Hopmi y 2014, 2016 ta 2017 pokax, a 3umwxkenns —y 2013, 2015 poxkax.
HaiiGinpiny KinbKicTh Mpod M’sgca, OTPUMAHOTO Bl BAMYIIEHO 3a0UTHX TBapUH OYJI0
nocmpkeHo 'y 2016 pomi Ta BiACOTOK mpoO, IO HE BiAMNOBITAIM 3a
MIKpOO10JIOTTYHUMHU MOKa3HUKAMH Y IIbOMY oIl OyB HailOUIbIIKMM 1 cTaHOBUB 3,8%
Bl 3arajbHOi KIUIBKOCTI JociipkeHux mnpod. Y 2016-2017 pokax, mpodbu
JNOCIIKYBaJIM Ha OUIbIIy KUIbKICTh MOKa3HUKIB. Tak y 2013-2015 poxax
JOCTIKYBAJIX M'ICO HAa HasiBHICTh 2—6 BUAIB OakTepii, a y 2016-2017 pokax — 9.

[Iogo BUmOBOTO CKIamy Mikpodaopu, TO BoHa Oyiia pi3HOK y Pi3HI poku. Y
2013 pormi B HaWOUIBLIIN KUTBKOCTI MpoO Oyl0 BUSBICHO EHTEPOKOKH, B JCSIKUX
npobax — nmpotei, ctaginokoku Ta nactepenu. Y 2014 pori B 611b110CTI TPOO, 110 HE
BIJNOBITaT HOpMI BUSBWIM cTadiiokoku, B 1 mpodi — mporedt. Y 2015 pomi
HaBMAakKd y OUIbIIINA KUIBKOCTI Tpod Oyno BHSBICHO NPOTeH, y MEHIIH —
craputokoku. Y 2016 pomi HaiO1IbIIA KUIBKICT, MPOO HE BIANOBiAaNia HOPMI 3a
HasBHICTIO E.coli, maroreHHnX KOKiB, OaKTEepii IPyIu KUIIKOBUX MAJUYOK, Y JEIKUX
npo0ax BUSABWIU MPOTEH, CyIbPITPEyKYIOUl KIOCTPHU/IIT, CTa(p1TOKOKH.

Y 2017 pomi BusBuiIM Oulbilie TPoO 3 BIAXUIIEHHSIM BiJl HOPMHU 3a PaxyHOK
HasgBHOCTI E.coli, 30ynHuka O6emmuxu, cTadiJoKoKiB, MEHIIEe — MPOTEI0, MaTOMeHHUX
KOKIB.

B uinmomy 3a pesyiapTaTamM MPOBENEHUX MOCIIDKEHb y TMpolax M’sca,
OTPUMAHOrO BIJ] BHUMYIICHOTO 32000 dYacTille BHUABISIM CTapiIOKH, MPOTEH,
30yIHUK Oeluxu, maToreHHi koku, E. coli. ¥V xoaHiii 13 1ocnipkeHux mpod He 0yio
BUSIBJICHO 30yAHMKA CUOIpKH, aHaepoOiB, IUTICHSIBUX I'PUOiB.
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3a HasgBHOCTI BUIIETIEPEPAXOBAHUX MIKPOOPTaHI3MIB y M’SICl, BOHO MOXe OyTH
HeOe3MmeyHuM JUIsl  BXKMBAHHSA Ha XapyoBl 11, nOTpedye CHeliaJbHOro
3HE3apKEHHS, IIICIA SKOTO MOXJIMBE BHUKOPHUCTAHHS Ha TEXHIYHI MU (KOpMHU
TBapyHaM TOIIIO).

BucHoBxku

1. M'sco, oTpumaHne npu BUMYIIEHOMY 32001 TBapuH 3a nepion 3 2013 mo 2017
pp. Y OLIBIIIOCTI BUIMAJIKIB 32 MIKPOO10JOTIYHUMH MTOKa3HUKAMU OYyJI0 OE3MEUHHM.

2. Mikpodopa, 1m0 B OCHOBHOMY MICTUTBCS Yy M’sCi, OTPUMAHOMY BIJ
BUMYIIICHO 3a0WUTHUX TBApWH: CTa(iIOKHU, MPOTEH, 30y THUK OCIINXH, MAaTOTCHHI KOKH,
E. coli.

3. HeoOxigHO UITKO JOTPUMYBATHUCS YMHHUX HOPMATHUBHO-TIPABOBUX AaKTiB
10/10 BUKOPUCTaHHS M’5ica, OTPUMAHOTO BiJl BUMYIIICHO 3a0UTHX TBAPHUH.
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Abstract. Sometimes after the forced slaughter of animals in farms, due to lack of laboratory,
meat received from sick animals is not checked for microbiological parameters and even do not
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carry out microscopy of smears-imprints, and use it for economic needs (in canteens). In this
connection, there is a risk of toxicosis and toxicoinfections among people, and especially it can be
dangerous if such meat is used for infant food (in kindergartens within the household).

The purpose of the study is to analyze the data of microbiological studies of meat derived
from susceptible animals for 2013-2017. Materials and methods of research. The research was
conducted in the conditions of the state laboratories of veterinary medicine of three regions of
Ukraine: Vinnitsa, Dnipropetrovsk and Zhytomyr. Sampling from the semispush surface for
researches was carried out by non-destructive method using a sponge. Microbiological researches
were conducted according to generally accepted methods in accordance with current normative
legal acts in Ukraine.

Research results. We have analyzed the data of microbiological studies of meat from
susceptible animals for 2013-2017 (Table 1). Clear decrease or increase in the number of samples
that did not meet the norm for 2013-2017 did not show. There was an increase in the number of
samples that did not conform to the norm in 2014, 2016 and 2017, and the decrease in 2013, 2015.

The largest number of samples of meat from animals slaughtered was investigated in 2016
and the percentage of samples that did not comply with microbiological data was the largest in this
vear and amounted to 3.8% of the total number of investigated samples. In 2016-2017, samples
were examined for more indicators. So in 2013-2015, the meat was examined for the presence of 2-
6 types of bacteria, and in 2016-2017 years - 9. As for the species composition of the microflora, it
was different in different years. In 2013, enterococci were detected in the largest number of
samples, in some samples - proteus, staphylococci and pasteurens. In 2014, in most of the samples
that did not meet the norm found staphylococci, in 1 sample - protya. In 2015, on the contrary,
more proteins were found in more samples, while staphylococci were found to be lower. In 2016,
the largest number of samples did not meet the norm in the presence of E.coli, pathogenic cocci,
bacteria in the group of intestinal sticks, in some tests, found proteus, sulfite-reducing clostridia,
staphylococci. In 2017, more samples were detected with a deviation from the norm due to the
presence of E.coli, a causative agent of beechi, staphylococci, less protein, pathogenic cocci. In
general, according to the results of the conducted research, samples of meat obtained from forced
slaughter were more often detected staphylococci, proteus, causative agent, pathogenic cocci, E.
soli. In one of the investigated samples, the pathogen of anthrax, anaerobes, mold fungi was not
detected. In the presence of the above-mentioned microorganisms in meat, it can be dangerous to
food use, requires special decontamination, after which it is possible to use for technical purposes
(pet food, etc.).

Conclusions. Meat obtained during a forced slaughter of animals for the period from 2013 to
2017 in most cases, according to microbiological parameters, was safe. Microflora, which is
mainly contained in meat derived from animals that have been slaughtered: staphylococci, proteus,
causative agent, pathogenic cocci, E. soli. It is necessary to strictly observe the current legal acts
on the use of meat from animals slaughtered.

Key words: meat, microbiological research, forced slaughter, microflora
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Annomauin. B cmammi po3pobnena Hoéa mexHoN02is HANOi8 3 PYKMosuMU OIEMUYHUMU
oobaskamu. IIpu ubOpi cuposunuU Kepysaiucsy HACMYNHUMU O3HAKAMU: OOCMYNHICMb | 6apmicmy
CUPOBUHU, BUCOKA OIONO2IYHA YIHHICMb, 2APMOHIYHE NOEOHAHHSA CMAKOAPOMAMUYHUX DEeUOBUH.
1Tiomeepoicerno 0oyinbHiCMb BUKOPUCMAHHS 0OPAHUX XAPY08UX 00OABOK Y MEXHON02Ii Hanois, wo
00360/1€ NOKpAWUMU MIHEPATbHULL Ma GIMAMIHHUL CK1a0 Hanois. [lpupoouni xomnonenmu, wo
MICMAMbCA Y PPYKMOBUX HANOAX MAOmMb NPOGinakmuyny 0ito, NIOMPUMYIOMb MOHYC MA MAlmb
MOHI3YIOUUL PO3CAONI0I0YULL egheKm.

Knrwouoei coea: mMexHoNo02is, Hanoi, 000asKu, @Gpykmu, HympicHmu, KOKMellb,
OpP2AHONIENMUYHA OYIHKA, XIMIYHUL CKIAO.
Berym.

310pOB'a Cy4acHOT JIFOUHU 3HAYHOIO MIpPOI0 BU3HAYAETHCS XapaKTePOM, PIBHEM
Ta CTPYKTYpPOIO XapdyBaHHS. Y IIOJICHHOMY palliOHI HAaCeNCHHS ICHYe aeQiluT
BITaMiHIB, MIHEpPAJIbHUX PEUOBUH, XapUOBUX BOJIOKOH Ta IHIIUX HYTPIEHTIB, IO
MPU3BOAUTD 10 3HIKEHHS MPale3aTHOCTI Ta OMIPHOCTI OpraHi3My J10 3aXBOPIOBAHb
1 HecnpuATIUBUX (akTopiB HOBKULIA. KpiM Toro, B YKpaiHi Ha ChOTOJHI HIUPOKO
MOIIMPEHA TEHJEHIIA 10 HAJMIPHOTO CIOKUBAHHS LYKPY, 11O € OJHUM 3 (PaKTopiB
MOIIUPEHHS PI3HUX BHU/IIB 3aXBOPIOBAHOCTI cepejl HaceleHHs. Y 3B'A3Ky 3 IUM,
3a0e3neyeHHs] TOTpe0 HaCeleHHs Yy TMPOAYKTaX XapyyBaHHS  O3I0pPOBYOTO
MPU3HAYEHHS, Y TOMY YMCII 31 3HH)KEHHMM BMICTOM HAaCHYEHHUX >KHUPIB Ta LYKPY -
aKkTyalbHa 1 cBoe€dacHa mpoOnema. [lopsin 3 THUTaHHSIM OTPUMAHHS ITyKPHUCTHX
PEUOBUH 3 PI3HOMAHITHUX JKEPES CUPOBUHHU OCOOJIMBA yBara HaJaeThCs MOIIYKY
HOBHUX 3aMIHHHKIB LYKPY. AKTyaJlbHICTb LIbOIO NUTaHHSI OOYMOBJEHA, 3 OJHOTO
00Ky, HEOOXIJHICTIO 3aJ0BOJICHHSA MOTpPeO HACeNeHHs, 3 IHIIOTO - HEOOXITHICTIO
BUPIIIECHHSI TMHUTAHHS PAIIOHAILHOTO XapuyyBaHHS o0ci0, [0 MaloTh TMEBHI BUIH
3axBopioBaHb. Tak 3 1989 poky B fmoHii, a moTiM 1 B yChOMY CBITI MOYajH
PO3pO0IATH HANPSIM (PYHKI[IOHATBHOTO XapuyBaHHs [1].

Hamoi moBuHHI MicTUTH OnmM3bKO 6 % BYrJeBOAIB, 3aBIASKH 4YOMY JIETLIE
3aCBOIOIOTHCSI Y TPaBHOMY KaHaJll JIFOJMHHM, 1 MAaTH ONTHUMAaJIbHE CIHiBBIJHOIICHHS
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HaTpIiIO0, KaJlif0, MarHito i Gocdopy.

MikpoelieMeHTH CIPUSIOTh HOpMali3allii MopyIlIeHs MiHEpaIbHOTO OOMIHY, IO
BUKJIMKAIOTh TaKi 3aXBOPIOBaHHS SK OCTEOXOHAPO3, TOJIapTpUT, Tojarpa,
HUPKOBOKaM'siHIM ~ XBopoOi.  HasBHICTH  BiTaMiHIB  3allOBHIOE  HecTady 1
MEePENIKO/DKAI0OTh  PO3BUTKY TiMO- 1 aBiTaMiHO31B. HasBHICTE KapOTHHOIIIB
3abe3rneuye Horo epeKTUBHICTh IPHU CJIAOKOMY 30pi 1 3aXBOPIOBAHHAX OYEH, a TAKOXK
MIpH JIIKyBaHH1 aBITaMiHO3Y [2].

PekoMeHayeTbCS TaKOX BBEIEHHS JIMMOHHOI, sSOJYy4YHOi, acrapariHoBoi M
aCKOpOIHOBOI KUCJIOT.

OCHOBHHUH TEKCT.

AKTyaJlbHUM CTajJ0 BKJIIOYEHHS B pELENTypy HAMoOiB TaKUX O10JOTIYHO
aKTUBHUX JI00ABOK, SK AHTHOKCHJIAHTH W aJalTOTCHH: POCIHHHI TPOIYKTH 3
BHCOKHM BMICTOM a-TOKO(epoy.

JluHamika 3poCTaHHs JaHOTO cerMeHTy Bianosigatume 20-25% B pik IpOTATrom
HanOmmxuux 3-5 pokiB. Ha mifcrtaBi aHamizy puHKY, KWW 3a0e3neuye HaceJleHHs
HAMosIMU, BU3HAYEHO, II0 OCHOBHA Maca LHUX HAIOIB HEAKICHA, 1 HE KOPUCHA IS
OpraHi3My JIIOAMHHU. TakuM YUHOM, aKTyaJlbHUM CTa€ Po3poOKa (yHKIIOHATBHUX
HAIoiB, Jis AKX OyJe HampaBjeHa Ha YCYHEHHS aMIHOKHCJIOTHOTO, BITAMIHHOTO 1
MIHEpaJIbHOTO Je(dIlUTIB, a TaKOoX Ha MIATPUMKY PECYpPCIB OpraHizMy MpH
M1IBUIICHUX (PI3UYHUX 1 PO3YMOBHX HaBaHTAKCHHSIX.

MeTto10 po00TH € HAyKOBE OOTPYHTYBAHHS 1 yIOCKOHAJICHHS TEXHOJIOT1i HAMOIB
3 ppykTOBHMH T0OABKAMH.

IIpeaMer aocaiTzKeHHA - 1€ JI€TUYHA 00aBKAa 3 MJABUIICHUM BMICTOM
MiHEpaJIbHUX PEYOBHH 1 BUCYLIEHUX (DPYKTIB, HATIOI.

Hanoi moBuHHI MicTuTH OiM3bko 6 % BYIUVIEBOAIB, 3aBISKH 4YOMY JIETIIE
3aCBOIOIOTHCSl Y TPaBHOMY KaHalll JIFOJAWHHU, 1 MaTH ONTHMAaJIbHE CIiBBIAHOUICHHS
HaTpII0, Kajio, Maruito i gocdopy.

Ha miacraBi anamizy puHKy, KU 3a0e3leuye HaCeJIeHHs HAMOSIMH, BU3HAYEHO,
[0 OCHOBHA Maca LMX HAIoiB HESKICHAa, 1 HE KOPUCHA MJisi OpraHi3My JIOAWHHU.
TakuMm 9MHOM, aKTyaJTbHHM CTa€ po3poOKa (yHKI[IOHATFHUX HAMOIB, Mis SKUX Oyme
HampaBliecHAa Ha YCYHEHHS AaMiHOKHCIOTHOTO, BITAMIHHOTO 1 MiHEpaIbHOTO
neIinnTIB, a TAKOXK HA MIATPUMKY PECYPCIB OpraHi3My MpH MiABUIICHUX (I3UYHHX i
PO3YMOBHUX HaBaHTAKEHHSIX. PEKOMEHIY€eThCSl TAaKOK BBEACHHS IUMOHHOI, SOTyYHOT,
acmapariHoBOi i aCKOPOIHOBOI KUCIOT. AKTyaJIbHUM CTaji0 BKIIFOUECHHSI B PEIIETITYPY
HaroiB (PyKTOBUX JT0OABOK, SIK aHTUOKCUIAHTH ¥ alaniTOreHn. My BUKOPUCTOBYEM
100aBKy 3 (DPYKTIB: CyMIIII aneIbCUHOBOTO MOopoiiky (2 r), mutpycy (1 r), manunu (2
r) Ta 6ananiB (2 r) Ha 100 rpam Hamoto. Cymimn 100aBOK 3 POCIMHHOI CUPOBUHH
MIJBUIIYIOTh BMICT OIKY, BITaMIiHIB, TMEKTHUHY, XapuyOBUX BOJIOKOH, MiHEpaJiB
€K30THYHMX HaIroiB [4].

[lin yac BUKOHAHHS pOOOTH OYyIM BUKOPHCTaHHI OPTaHOJENTHYHI, aHAJTITHYHI
METOIM BU3HAYEHHS BJIACTUBOCTEM Ta aHAJITUYHI METOIMU IOCIIUKEHHS XIMIYHOIO
CKJIaLy.

[Ipu opraHoJENTUYHOMY aHaji3l KOKTEHII0, MPOBEIECHOMY JEryCTallifHO0
KOMICI€I0 HE OYJI0 MOTIPIICHHS CMAaKOBUX SKOCTEH KOKTEIIIO, a HaBMaKh CMaK
OTpUMaX OUTBII BUPAKEHUH TOPIBHSHO 3 KOHTPOJIEM.
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BaxmmBuM MOKa3HUKOM SIKOCTI OyJb-SIKOi CTpaBU € i OpraHoJIeNTHYHA OIlHKA,
O0COOJIMBOTO 3HAYCHHSI 1€ TIOKa3HUK Ha0yBae TIIpH PO3POOJICHHI HOBUX CTpaB

CHCHiaJ'II)HOFO IMPU3HAYCHHA. TaK,

npu  po3pooiI

HOBOI

CTpaBHu CHCHiaJIBHOFO

MIPU3HAYEHHS! JIOIYCKAETHCS JIMIIE HE3HAYHE 3HKEHHSI OPraHOJIENTUYHOI OLIIHKYA HOBHUX
CTpaB. 3arajgbHa OpPraHOJICITHYHA OIlIHKA BU3HAYAMCS 13 BUKOPUCTAHHAM KOE(]IIiEHTIB
BaroMocTi: i1 cMaky - 0,3, 1ui Koapopy Ta 3amnaxy - 0,1, 171 KOHCHCTEHIIl1, KOJIbopy Ta
30BHINIHBOTO BUTIISIAY - 0,2. Opra”oJienTUYHa OllIHKA IMOKa3aHa B TabiuiIl 1.

Taomns 1

OpranoJienTHYHA OLIHKA SIKOCTi pO3p00JICHUX CTPaB

Ilokaznuk Konmponw Hocnio 1 Koxmeiinp Hocnio 1 Kokmeiinp
"Exzomuunuu" "Ilepcukosuii” 3

diemuunor oooaexoro 2 2/100 2 oobaekorw 2 2/ 100 2
30BHIITHIN 5,00 4.9 4.9
Komip 5,00 4.9 4.9
Cmak 5,00 4.9 4.8
3amax 4.9 4.9 4.8
Koncucrennis 5.00 5.00 5,00
3arayibHa OIlIHKA 4,95 4,9 4,88

XiMiyHUHU cKkiaa GpyKTOBOT AIETUYHOI J0OABKM OMUCAHO B TabuII 2.

Tadauusa 2

XimiyHuii ckiaaa GpyKTOBOI AieTHUHOI 100aBKH (2 Ip)

Ilokaznuku Kinvkicmeo
Bigku, r 0,80
Byrnesoau, r 0,84
MiHepasibHi PEYOBUHH, MT
Kamii 50,16
Kanpmiit 46,13
Maruii 5,94
Hartpiii 10,86
Hunak 0,03
3aiizo 0,03
Kobanet 0,05
Bitaminu, mMr
Bit. A 0,48
Bit. Bl 0,64
Bit. B2 0,07
Bit. C 3,38
Bit. D 0,0005
Bit. E 0,07

Busnaunnm sikicth 1 Oe3neyHicTh HamoiB. IpoaHanizyBaBmin XiMIYHHI CKJIaza
KOKTEWJIIB TOPIBHSHO 3 KOHTpoJieM Oylo 3po0JIeHO BHUCHOBKHM IIOAO BMICTY
OCHOBHUX MOXKMBHUX PEUOBUH, BITAMIHIB, MiHEPAJIbHUX PEYOBHH.

JUis mpUroTyBaHHs OUTBIIOCTI OXOJIOMKEHUX KOKTEWUIIIB HEOOXITHUN XapuoBUI
711y ¢popmi KyOuKiB ab0 KyJIbOK Barorw 6-8 r, KoJIOTUH ab0 CTpyraHUui.
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Manuna AmnenbcuH MinepansHa ~ ®pyxkrosa banan
v v BOJIA 3 LIyKPOM (mieTnyna nobaBKa) v

[lepebupanns Mex.Kym. v Mex.Kym.
00pobKka OXONOIKEHHS 00pobKka

v

> JonaBauus <
Kybuku nbony v
[epeminryBanus O31001cHHS [TopaBanus
y OmeHaepi

v

Koxkmeiine "Exzomuunui' 3 oiemuunoro
oobaekoio i hpykmamu

Puc. 1. Texnosoriuyna cxema NnpuroTryBaHisi KOKTeilio "Ex3oTuunuii" 3 aneinbcuHoM,
MAJIMHOK0, 0aHAHOM Ta PPYKTOBOIO 100aBKOI0.

JIsi BU3HAUEHHS YAaCTKU CYXHX PEYOBHH OyJIO 3aCTOCOBAHO MPUCKOPEHUI
mMeroa. [IpuHIUI MeToay ToJsirae B TOMY, IO HaBAXXKY MPOAYKTY BHCYIIYIOTh TIPH
temnepatypi 130 °C mpotsirom 40 XB 1 3a PI3HHICIO MMOYATKOBOI Macu Ta Macu
CYXOT0O 3aJIMIIKY BCTAHOBJIOIOTH MO0 MacoBy 4acTKy. Y JOCHIPKEHOMY 3pa3Ky MU
noaaBad 2 T J0OaBKHU BiJ 3arajibHOI Macu KOKTeimo [3].

Hamoi 3po6sate Hamie xapuyBaHHs B Mipy KayiopidiHuM. i Hamoi 3MiIHATh Hal
IMyHITET 1 MIJBMINATh CTIMKICTh /O €KOJOTIYHMX HenaniB. BoHM 3B'sKyTh 1
BUBEJAYTh HA30BHI IIKJIMBI  PEUYOBHMHM, SKI MOXYTh  HAKOIUYYBAaTUCh Y
IIUTYHKOBO-KHIIIKOBOMY TpakTi [5].

Ta6auus 3
XiMiyHMii ckyIa1 po3pod/ieHOro KOKTein1o ""Ex30TnuHuil" 3 1i€eTH4HOI0
100aBKOIO 3 ppyKTAMH

Iloka3nuxku Konmpons Hocnio Piznuys, % 3a6e3’:1;;;r:;z’0(y0060301
Binku, r 1,20 1,92 160,00 2,14
Byrnesonu, r 14,00 14,90 106,43 4,14
MiHepasibHi peYOBHHU, MT'

Kamiit 120,00 170,26 141,88 4,26
Kanpmiit 82,35 130,45 158,41 11,34
Marmii 6,54 12,70 194,19 3,34
Harpiit 27,50 38,22 138,98 0,77

uaK 0,08 0,10 125,00 0,80

3amizo 0,22 0,24 109,09 1,60
KobGansT 0,07 0,10 142,86 50,00

Bitaminu, mMr

BiT. A 0,62 0,88 141,94 73,33
Bit. Bl 0,32 1,09 340,63 72,66
Bit. B2 0,12 0,19 158,33 7,60

Bit. C 6,25 9,65 154,40 13,78

Bit. E 0,03 0,10 333,33 0,67

[IpoananizyBaBIIM XIMIYHUI CKJIaJ KOKTEHIIIO MPU MOPIBHIHHI 3 KOHTPOJIEM MU

113




0a4uMO SIK ICTOTHO 3MIHWJIMCH MOKAa3HUKHA, TAKUM YWHOM BUKOPHCTAHHS J1€THYHOI
n00aBKM TPHUBENIO 1O 30LIbIIEHHS 3arajibHOro BMICTY Bitaminy A Ha 41,94 %,
BiTaminy B, - Ha 240,63%; B, - Ha 58,33% MiHepaibHUX peUyOBHH: Kaito Ha 41,88
%, xanblito — 58,41 %, maruio - Ha 94,19 %, Hatpiro Ha 38,98% nunky Ha 25,00 %,
3aimiza Ha 9,09 %,. Buxin roroBoro Hamoto - 100 rp.

Taoaunga 4

XiMiuHMi cKkyIa po3po0dJieHoro Kokreiar ""llepcuxkoBnii 3 ppykramu Ta
JI€ETHYHOIO 100aBKOIO"

Tloka3nuxku Konmpons Hocnio Piznuuys, % 3a683:0enl;;’£z’00260601
Binku, T 1,24 2,18 175,81 2,42
Byrnesonu, T 19,10 19,62 102,72 5,45

MiHepaabHi peYOBHUHU, MT
Kamii 109,40 154,65 141,36 3,87
Kanbmii 144,31 180,30 124,94 15,68
Maruiit 7,24 13,50 186,46 3,55
Harpiii 30,53 41,39 135,57 0,83
uux 0,11 0,13 118,18 1,04
3amizo 0,19 0,23 121,05 1,53
KobGansT 0,10 0,14 140,00 70,00
Biraminu, Mr

Bit. A 0,65 1,10 169,23 91,67
Bir. B, 0,45 1,05 233,33 70,00
Bit. B, 0,27 0,34 125,93 13,60
Bir. C 6,24 9,61 154,01 13,73
Bit. E 0,04 0,11 275,00 0,74

[IpoananizyBaBiid XIMIYHUN CKJIaJ, KOKTCHJIIO MOJOYHOTO 1 (PYKTOBOIO
JTIETUYHOIO JI00ABKOIO IpU TMOPIBHSAHHI 3 KOHTPOJEM MU O0auyuMO SK ICTOTHO
3MIHWJIMCH TTOKA3HUKH, TAKUM YMHOM BHUKOPUCTAHHS JIETUYHOI T0OABKH MPHUBEIO J0
30UTBIIIEHHS 3arajbHOTO BMICTY BiTamiHy A Ha 69,23 %, BiTaminy B, - Ha 133,33%;
B, - nHa 25,93, minepanbanx pedoBuH: Kamio Ha 41,36 %, xambiiro — 24,94 %,
MarHito - Ha 86,46 %, HaTpiro Ha 35,57%; muuky Ha 18,18 %, 3amiza Ha 21,05 %,
kobanbTy Ha 40,00%. Buxia roroBoro Hamoto - 100 rp.

[Tepcux Jlumon Worypr ®pykToBa CmopouHa
5 ” (mieTnuHa v
0
[Tepebupann OxoomKeHHS AobasKa) [lepeOupann
v
™  JlonaBanHs [
Kybuku *
[TepemimmyBan N O3n0651eHH N [lonaBanus

A 4

Koxmeiins "Illepcuxosuit” 3 ¢ppyxmamu
ma Oiemuuno0 GpyKmoeow 000a8Kor

Puc. 2. Kokreiiab “IlepcukoBuii” 3i CMOPOAMHOI0, IEPCUKOM, HUTPYCOBUMH TA
JICTUYHOIO 100aBKOIO
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Ha ocHOBI MOPiBHSAIBHOIO aHAMI3y XIMIYHOTO CKJIaay KOHTPOJBHUX 1 JOCTIAHUX
3pa3KiB MOOY1I0BAaHO MOJIEJI1 IKOCTI JOCJIIIPKYBaHUX HAMOIB, III0 HaBeJIeH1 Ha puc.3.

Hamiii " IlepcukoBuit" 3 G pyKTOBAM MOPOIIK OM

(12)
Hanmiit 3 ¢ pyxramu (x2)

Haniit " Ex3oTryHR#E" 3 $pyKTOBHM IIOPOMKOM

@

Haniii 3 ppyxramn (k1)

Bir. B2

Puc. 3. Moaejp AKOCTI HANOIB

BucHoBkwm.

BxuBaHHs HamoiB - Iie 3py4Ha, MpupogHa (opma BHECEHHS 1 30aradeHHs
OpraHi3My JIOJMHU MIKpOHYTPIEHTAMH: BITaMiHAMM, MiHEpPATHLHUMH PEUOBUHAMH,
MikpoesneMeHTaMu. [IpoBiBIIKM MOPIBHAIBHY XapaKTEPUCTUKY XIMIYHOTO CKJIaay
KOHTpOIIO Ta nocuiny kokreitmo "Ex3ormunoro" ta “IlepcuxoBoro” moxemo
3poOUTH BHCHOBOK, 1[0 BOHHM 3allOBHATH HECTauyy AyXKe BaXJIMBUX AN poOOTH
HAIIOTO OpraHi3My HYTPIEHTIB: ILYKpiB, BITaMiHIB, BITaMIHHOMOAIOHUX PEUOBUH,
Makpo - 1 MIKpOEJIEMEHTIB, XapuOBUX BOJIOKOH Ta edipHuX peuoBuH. Hamoi HanaayTh
3MOTY ONTHMI3YBaTH Pa3iOH Xap4yyBaHHS 32 €HEPreTUYHOIO 1 XapuOBOIO IIHHICTIO.
Po3po6iieni Hamoi 3MIIHATH AOMTOMOXKYTh 3MIIIHATH IMYHITET 1 MiJBUINATh CTIHKICTh
nepen OaraTbma 1H(QEKIISIMU Ha €KOJIOTIYHO 3a0pYyJHEHHX TEpUTOPISAX, MiTHIMYThb
KUTTEBUH TOHYC OpraHi3My Ta CHPHUSATUMYTh HOTO oOMoOomkeHHto. [Ipupomni
HYTPIEHTH, 10 MICTIAThCA Y (PPYKTOBUX HAMOSX MalTh NPOQIIaKTHUHY i,
MIITPUMYIOTh TOHYC Ta MalOTh TOHI3YIOUHN PO3CIa0II0r0unil e(eKT.
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Abstract. The health of a modern person is largely determined by the nature, level and
structure of nutrition. In the daily diet of the population there is a shortage of vitamins, minerals,
food fibers and other nutrients, which leads to a decrease in the capacity for work and resistance of
the organism to diseases and adverse environmental factors. In addition, in Ukraine today, a
widespread tendency towards excessive consumption of sugar is one of the factors contributing to
the spread of various types of morbidity among the population. In this regard, ensuring the needs of
the population in health food products, including low content of saturated fats and sugar, is an
urgent and timely issue. Along with the question of obtaining sugars from various sources of raw
materials special attention is given to the search for new sugar substitutes. Drinks should contain
about 6% of carbohydrates, making it easier to digest into the human digestive tract, and have the
optimal ratio of sodium, potassium, magnesium and phosphorus.

The trace elements contribute to the normalization of mineral metabolism disorders, causing
diseases such as osteochondrosis, polyarthritis, gout, renal stone disease. The presence of vitamins
fills the scarcity and impedes the development of hypo-and avitaminosis. The presence of
carotenoids ensures its effectiveness in the weak star and eye diseases, as well as in the treatment of
avitaminosis. The technology of "Exotic" and "Peach" cocktails is developed. After comparing the
chemical composition of the control and experimentation of the Exotic and Peachy cocktails, we
can conclude that they will fill the lack of essential nutrients for our organism: sugars, vitamins,
vitamin-like substances, macro-and trace elements, food fibers and essential substances. Drinks
will enable you to optimize the diets for energy and nutritional value.

Key words: technology, drinks, supplements, additives, fruits, nutrients, cocktails,
organoleptic evaluation, chemical composition.
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Aunomauyusn. B pabome paccmampusaemcs nooxoo K ¢gopmuposanuio 00pa3oBaTEIHHON
JIOCUCTUKU 8 MPAHCHOPMHBIX MEXHOI02UAX OCHOBAHHBIU HA Meopuu U NPAKmuKu Memooonocu
JIO2UCTMUKU, UCHOIb308AHUSL OCHOBHLIX €€ MNONOMCEHUNl 6 YYeOHOM npoyecce U HAYYHBIX
UCCe008AHULL ABMOPAMU CIAMbU NPEOLA2aArONCsL OCHOBHBLE NOTONCEHUSL.

Knrwoueevie cnosa: rxounyenyus, gopmyna, oepuuuyus, NPUHYUNbLL, Memoovl, IEONOYUS,
aghghexmuernocme.

Beryniienne.

Konnenmmst 06pa3oBaTenbHON JTOTUCTUKH — 3TO HAYYHO-TIPAKTHYECKAsT CHCTEMa
OpraHu3alyy, IUIAHUPOBAHUs, KOHTPOJI W MOHUTOPUMHIAa TMIOTOKA 3HAHUW B
00pa3oBaTebHOM TPOCTPAHCTBE TPAHCIIOPTA B COOTBETCTBUU C TPEeOOBAHUSAMHU
pBIHKA.

@opMUpPOBAaHUE  YEIIOBEYECKHX IOTOKOB B  YYE€OHBIX  3aBEJCHUAX —
CTpaTeru4ecKuil uMIepaTuB pa3BuTus oomiecTBa. [IoTok 00ydeHUs COCTOUT M3 JBYX
MPOCTPAHCTB: MIKOJBHOTO U Bbiciiero [1,2]. OcHoBHas mpobiemMa B 3TOM MOTOKE —
CO3/IaHHUE€ €IMHOTO 00pa3oBaTEILHOTO MpoCcTpaHcTBa [1, pa3aen 1, TepmuH 26].

OO6pazoBatenbHasi JOTUCTUKA, aHAIU3 UCCICOBAaHUN U MyOJIMKAlUM, KaK OJIUH
13 TOJMU(PYHKIIMOHAIBHBIX THUMOB JOTUCTUK [3 cTp. 115-117] ocHoOBBIBaeTcs Ha
TEOPHH JIOTUCTUKH, UMEIOIIEH KecTKoe sSapo ((popMyily JTOTUCTUKHU) U INePUHUITTU
oOpazoBarensHo# Joructuku (puc.l). ChopMynrpoBaHHOE Ha OCHOBE MOMYJISPHOM
nebununuu «7R» [6 ctp. 17] m mpennoxkenHas AehuHUIMA 00pa30BaTEIHLHOM
JIOTUCTUKHU OTPENEIISIIOT €€ TPAHULIBL.

OCHOBHOH TeKCT.

ens crateu. lcnonb3oBaHWE HOBBIX 3HAHMM B 00pa30BaTEeIbLHOM
IIPOCTPAHCTBE.

N3noxkeHne OCHOBHOrO Marepuania
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Puc. 1. lepununus odpa3oBare/ibHOI JOrucTuKH 0 ¢popmyJie «7R» (ot
aHrJI. right — cOOTBeTCTBYIOLIHIT)

Hcnone3yss ~ TEpMHUHOJOTHIO  JIOTUCTHKM  Mpenjaramrci  JeQUHULUU
00pa3oBaTeNbHOM JIOTUCTHKH.

Heobxooumvni npooyxm — He0OXOauMbIe aOUTYpPHEHTHI — 3TO MaTepHabHbIN
pecypc (MP) yue6Horo 3aBenenus. C TOUKH 3pEHUS JIOTUCTUKH ITPUEMHAsT KOMIIaHUs
BVY3a — 310 3akynounas ¢ynkuus (3P) — 3TO0 opraHuzanusi NOATOTOBHTENIBHBIX
KypcoB, pa0oTa ¢ MOCTaBIIMKAMH aOUTYpUEHTOB, paboTa C CEMbSIMHU, LIKOJIAMH,
MapTHEPCTBO C JAPYrUMH Y4eOHBIMHM 3aBEJICHUSIMU B ropoje, peruone. Ha ocHoBe
ATOM MPOBEACHHOW pabOTHI OpraHU3aIus MprueMa aOUTYPUEHTOB.

Heobxooumoe koauvecmgeo — 3TO KOHTHHIEHT CTyAEHTOB. Ormpeaensercs ¢
OJIHOM CTOPOHBI TOTPEOHOCTSIMH PBHIHKA CHEIUATBHOCTEH, a C JPYroi CTOPOHBI
YYHUTHIBAET KaIPOBbIC, MaTepuajbHbIe, (PUHAHCOBBIC U Apyrue Bo3MokHocTH BY 3a.

Heobxooumoe xauecmeo. 3n1ech HauuMHAET ACHCTBOBATH MPOU3BOACTBEHHAS
AeuHUIMS  00pa30BaTENbHON JIOTUCTUKU, KOTOPYIO peajJu3yeT TEeXHOJOIHs
yuebHoro nporecca. OcOOEHHOCTh 3TOTO Mpolecca ¢ TOYKU 3PEHUsl JIOTUCTHKU —
3aBUCUMOCTh BPEMEHHBIX [apaMEeTpOB, ONpPEAENsEMbIX KadeCTBOM Y4YeOHOro
npouecca. KadectBo ydyeOHOro mpoiecca onpenensiercs 4epe3 KauyecTBO T'OTOBOM
MPOJIYKLHH, T.€. BBITYCKHHKA-CIEUATUCTA.

B coomeemcmeyrowem mecme. 1lo TEPMHHOJOTMU COBITOBOM JIOTUCTUKHU
oOpa3zoBarefibHas  JIOTUCTHKA  BKJIOYAET  TPYJIOYCTPOMCTBO  CIELUUAIUCTOB,
MPUMEHUTENBHO K MOJIYYEHHON KBATM(UKALIUHU, TPEAOCTABIEHUE MTOCIE BBIITYCKHOTO
cepBHca, IMOATOTOBKY CIELUAIMCTOB, BKJIOYas JEHUCTBUS C paboTONATEISIMHU.
JlunaMuka peIiHKa TpeOyeT aanTalio CreruaIncTa K U3BMEHSIONUMCS YCIOBHSIM.

B nysicnoe epems. 3HaHMs — OBICTPO TMOPTSIIMICS TMPOAYKT, MPOUCXOIUT
yCKOpeHue Temna crapeHus 3HaHuil. HoBble 3HaHMSA HEOOXOAMMO JaBaTh
CHEIUATUCTY KaK MOXKHO OJMKe Tepea UX NMPUMEHEHHUEM Ha MPAKTUKE, HUCTOIb3Ys
NPUHIUIIBL  JIOTUCTUKH € COOTBeTCTByIomed wuHpopmanueit. Hcropuuecku
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CIIOKMBIIAACA TPAKTHKA IIUTEIBHOTO OOy4YeHHsI ¢ mepefadel OoibIIoro oobema
3HaHUU «HAa BCAKHMM cilydail» ye€ He OTBEYaeT peaJlbHOCTH. HyXHO HenpepbIBHO
CKaHUPOBATh MAacCCUB 3HAHUM, COBEPIICHCTBOBATh M PACHPENENATh MOTOKU 3HAHUN
[0 ToJaM OOY4YEeHMsI — 3TO IPHUBOJUT K HEOOXOJUMOCTU MOCTOSIHHOTO OOy4YeHUS U
nepeo0y4YeHusl CIelUaIiuCTOB.

C Heobxooumvim  unancuposanuem. B COOTBETCTBUHM ¢  MNPHUHITUIIOM
00pa3oBaTEeNbHON JIOTUCTHKM XOPOIIO OOpa30BaHHBIM CHEUHUATUCT CTAHOBUTCS HE
TOJIbKO KJIFOUEBBIM M HamOoJiee HEHHBIM «PECypcoM» MPEANpUATHS, HO U CaMbIM
noporuM. K coBpeMeHHOMY CHEUHaIUCTy PBIHKOM THPEIbSIBISIOTCS BBICOKHE
TpeOOBaHUS:  OTBETCTBEHHOCTb, = KOMMYHHKAOEJIbHOCTb,  BBICOKHH  YpPOBEHb
MHTEJJICKTa, YMEHHE HaXOAWTh M aHAIU3HPOBaTh HMH(OPMAINIO, CIOCOOHOCTH K
TBOPYECTBY, camMocCTOsiTeNIbHas padota. C ydyeToM 3TOro mnepen MpearnpUsITHIMU
BCTAlOT BOINPOCHI  YOPABIEHUS IEPCOHANOM, HS(PQPEKTUBHOCTH HHBECTHUIIMIM
(uHaHCHpOBaHUSl CTpaTerMy pa3BUTHUsS TNiepcoHana. B cucremy mnokasarenen
3¢ (pexTUBHOCTM  3aTpaT BKJIIOYAIOTCA TakKWe IIOKa3aTeld KakK  pa3BUTHE
MaTepualbHOro0 0Jaronoyiyuusi, OXpaHa 3/I0pOBbsl IEpPCOHANIA, WHTEIUIEKTYaJIbHOE
pa3BUTHE MEpCOHaNa U €ro KyJbTYpPHOE Pa3BUTHE.

Hcnonb3yss METOONOTHI0 00pa30BaTENbHON JIOTUCTUKU pPa3BUTUE MEpcoHasa
UJET MO HANpaBJIEHUIO YPOBHS ()MHAHCUPOBAHUS PA3BUTHS MEpCOHANA, KOTOPBIHA
CIOCOOEH NPUHOCUTD 3aIUIAHUPOBAHHBIN 3P PEKT.

OOpa3oBarenbHast JIOTUCTUKA YUYUTHIBAET aJJPECHBIN XapakTep MO OTHOLIEHUIO K
CHEIHaJINCTaM, MOJTOTOBJICHHBIM YYe€OHBIMU 3aBEJCHUSIMH, OCYIIECTBIISIEMbIE IO
UHUIMATUBE  OpeanpusThs  (UHAHCUPOBAHUS  OOy4YEHUS] U TOBBIIICHHUS
KBaJIM(UKALIUY, COLUUAIbHBIX WHBECTHIIMM, TEKYIIUX COLMAIBHBIX 3aTpaT U
HKOHOMUYECKUX NHBECTULIUH.

O¢ddexTUBHOCTh 3aTpaT Ha pPA3BUTHE IMEPCOHANA COIJACHO KIACCHYECKOMY
aHanu3y — 3TO 3aTpaThl 3PdekT. 3aTpaThl HAa MOBBIIIEHNE KBATU(UKAIIUA HA OJHOTO
creuuagnucTa — 3TO OTHOIIEHHME 3aTpaT Ha pa3BUTHE NEPCOHANa MPEANpUATHS,
MPUXOSLIErOCsA Ha KaKJI0T0 CHEUAIKNCTA.

[ToBpIIEHNE yPOBHS MPOU3BOAUTEIHHOCTH TPY/Ja 3aBUCUT OT (PMHAHCHUPOBAHUS
Pa3BUTHS CIOCOOHOCTEN CIIELIMAIUCTOB.

WuTerpupoBannasi oOpa3oBareibHasi JOTHCTHYECKas CHCTeMa OO0eCTeurBaeT
CKBO3HOE YIPABJICHWE BCEMH JIOTUCTUYECKHUMH (DYHKIHAMU KaK COCTABIISIOMIMMU
€AMHBII TpOLECC YIpaBICHUsS OOpa30BaTENIbHBIMU IOTOKAMU B CETAX M IEMsX
o0pa30BaTeNbHON JJOTUCTHUKHU.

OOpa3oBarenbHasi JIOTUCTHYECKAas LENb — 93TO JIMHEHHO-YNOPSA0YEHHOE
OJIMHOKECTBO YYACTHHUKOB JIOBEJICHUSI KOHKPETHON MApTUU 00ydaeMbIX 10 YPOBHs
— CHELUAIIUCT.

ITosiHOE MHOXKECTBO 3BEHBEB 00PA30BATENIbHON CUCTEMBI ¢ B3aUMOCBS3aHHBIMU
MEXay CcoOOi TMOTOKOB OOy4YeHHs, MaTepUANbHbIX, HWH(OPMALUOHHBIX H
(PMHAHCOBBIX MOTOKOB MPENICTABISIET COO0I 00pa30BaTENbHYIO TOTUCTUYECKYIO CETh.

Marepuanbnbiii noTok B BY3ax — crynentsr [MII]

[Ipon3BOACTBEHHBII NpoLecc — y4eOHbIN IpoLece

Ha Bxone MII — abutypuenTs! (Matepuanbhblil pecypc) [MP]

Ha Bbixoge — ciermanuctsl (rotoBas npoxykuus) [['TI]
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Crynent, Haxonsich B ydeOHOM mpouecce Mexay MP u TITl, sBnsercs
He3aBepileHHbIM Npou3BoicTBoM [HIT]

PaccmarpuBast yueOHBIN mponece ¢ TOYKU 3pEHUS! JIOTUCTUKH, MOKHO BBIJIETUTh
byHKIIMOHATBHBIE 00JIACTHU:

— 3aKYIIOYHYIO;

— IIPOU3BOJICTBEHHY10;

— COBITOBYIO (IO TEPMUHOJIOTUHU JIOTUCTHUKH).

OyHKIMS 3aKyMOYHON JIOTHCTUKH B y4eOHOM TMpoliecce — 3TO OpraHu3aIus
npueMa, MOJrOTOBUTENbHBIX KypCcOB, paboTa ¢ MOCTaBUIMKAMU CTYIACHTOB CEMbEH,
IITKOJION, APYTUMH Y4EOHBIMU 3aBEJICHUSIMU.

@OyHKIMKM COBITOBOM JIOTUCTHKHU BKJIIOYAIOT TPYAOYCTPOMCTBO CIELUATHCTOB,
COLMAIIBHOE  IAPTHEPCTBO, IPEJOCTABIEHHE ITIOCJIE  BBITYCKHOIO  CEpBHCA,
MOJIFOTOBKA CHEUAIMCTOB, B3aUMOJICHCTBUE C pabOTOIATEIISAMHU.

@OYHKIMM TMPOU3BOACTBEHHON JIOTMCTUKUA HAKIAAbIBAIOTCS HA TEXHOJOTHUIO
yuebHoro mporecca. OCOOCHHOCThIO ITOrO Mpollecca ¢ TOUKU 3PEHUS JOTUCTUKHU
3alIMIIEHHOCTh BPEMEHHBIX TaPaAMETPOB, ONPEAEIAEMbIX YU€OHBIM TUIAHOM.

BapuatuBHOW XapakTEpUCTUKON MpPH 3TOM SIBJISETCS HAMOJIHEHUE M KayecCTBO
y4eOHOTO TpoIiecca.

Jloructuka npeaycmMaTpuBacT peain3anuio npuHIUnoB TQM — HenmpepbIBHOTO
KOHTPOJISI KauecTBa.

KauectBo yueOHOro mpoiecca ompenensiercs uepe3 kaudectBo [TI, T.e.
BBIITYCKHUKA-CIICIIUATUCTA.

[TondaTe kayecTBa B COOTBETCTBUM C NPUHUIUIIAMH KBAJIUMETPUU MOMKHO
OIpPEAEIUTh KOJIMUYECTBEHHO KaK CTETEHb NPUOIMKEHUS K 3TAJIOHY, ONPEICIIEMOMY
HOTpeOUTENEM WIM KaK MEpYy CHOCOOHOCTH BBIMTYCKHMKOB BBINOJHSATH I0JE€3HBIE
byHKIIMK y paboToaaTeNs.

B cooTBeTrcTBUM €O CTaAMsIMU >KU3HEHHOTO IMKIA OOBEKTa €ro KayecTBO
IJIaHUpYEeTCs,  peanusyercsd, noanepxkuBaerca. g  ydyeOHOro  3aBeeHHS
MJIAHUPOBAHHUE KaueCTBAa CMHEIMATUCTOB 00YCIIaBIUBAET CaM IMOAXO0] K OpraHU3aIiu
y4eOHOro mporiecca.

Peanuzanus kauecTBa — €ro HOCUTENS-CTYAEHTa MPEAOCTABIIET BO3MOXKHOCTb
MEePENOArOTOBKH, MOJIYYEHHUS CIIEHUATbHBIX 3HAHUHN, KOHCYJIbTAllUN U T.JI.

[locTpoeHre JOrMCTHYECKOM CHUCTEMbl YIPABICHHUS YYEOHBIM MPOLECCOM
HAa4YMHAETCs ¢ onpeaeseHus 1enu. Lenpio JTorucTuueckoro nojaxo/ia K yrnpaBJIeHUIO
y4eOHBIM TIPOLIECCOM Y4YeOHBIM 3aBelieHueM sBisieTcs 3PdekTuBHOCTh. Llenbio
CUCTEMBbI YIIpaBJEHUsI Y4E€OHBIM TMIPOLIECCOM sIBIETCS ero kaudectBo. Cucrema
yIOPABJICHUS] BKJIIOYACT W OPraHU3yeT NEeATEIbHOCTh BCEX YYAaCTHUKOB Yy4eOHOTrO
npolecca: aIMUHUCTpAIUIO, COTPYAHHMKOB, MpernojaBareneil u cryaeHToB. s
o0OecrieyeHrss YCTOMYMBOCTH CHCTEMbl U CAMOCTOSITEIBHOCTBIO OT/AENBHBIX €€
AJIEMEHTOB HEOOXOUMO MOTHUBALIUS.

MopanbHasg 1 MarepuaibHas MOTHBALUS — YAOBJIETBOPEHUE OT IPOJEIAHHOM
paboTHI M TOCTOMHAS 3apIuiaTa MpenoiaBaTeliei.

bonee TpaguIMOHHBIM NpPUMEHEHHEM JIOTHCTUKHM B Y4eOHOM 3aBEJICHUU
ABJIIETCS MaTepualbHOE oObecleueHne ero >ku3HenearenabHocTu. Heobxommmo
BBISIBIIATh MaTe€puajbHbIE MOTPEOHOCTH W HAXOJIWUTh WCTOYHHKUA WX TOJYyYCHHS,
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ONPENEATh MOCTABIIMKOB, OPTraHU30BBIBATH 3aKYNKH PACXOJHBIX MaTEpPHUAJIOB,
yTWIM3UPOBATh OTCIYyKUBIIee oOopynoBaHue. Takum oOpa3zom, obecrieunBaeTcs
NOTOK MaT€pUAIIbHBIX IEHHOCTEN.

Jloructuka Moxer ObITh  A(PPEKTUBHBIM  HMHCTPYMEHTOM  YIPaBICHUS
MIEPCOHAJIOM, TaKO€ MPUIIOKEHUE MOYKHO Ha3BaTh KaJapoBOM Joructukoil. Kagposoe
INBW)KEHUE  COINEPKUT  DJIEMEHTBHI,  AHAJOTMYHBIE  DJIEMEHTaM  JBH)KCHUS
MAaTEpPUAIIbHOTO MOTOKA.

[Touck m mpuBieUeHHE KaJAPOB HAYYHOW KBaTU(DUKAIIUU SIBIISIOTCS aHAJIOTOM
3aKyMmoOYHOUM JoTUCTUKU. KaapoBbIil pocT, MOBBINICHHE KBATH(UKAINK, KaJIpPOBBIMA
pe3epB, MPOJBIKEHUE MO CIY)KEOHOHN JIECTHUIIE TOMYMHSIOTCS 3aKOHOMEPHOCTSIM
MMPOU3BOJACTBEHHOW JIOTUCTUKH. [Jlaxke Tonkaroommi W TAHYIIAW [PUHLIKIBI
OpraHU3allMi TOTOKAa MOTYT OBITh TIOJIOKEHBI B OCHOBY KaJpOBOW TOJIUTHKH.
[IpyHUIMNBI JTOTUCTUYECKOTO CEpBUCA B KAaAPOBOM JIOTUCTHUKE IPEBPAILLAOTCS B
MaTepUAIIbHYI0, COIMAIbHYI0 OOECIeUeHHOCTh Jojaeil. TekydecTb KaapoB, YXO.
CIEMAIUCTOB 3aBEPIIAIOT BHYTPUDUPMEHHBIN TOTOK KaIPOB.

OyeHb BaKHasi W Majo MCCJIEAOBaHHas TeMa JJisi y4eOHOro 3aBECHUS —
MH(})OPMAIMOHHO-00pa30BaTENbHBIA  MOTOK. @opMHUpPOBaHUE  KOMIIETEHIIUI
BBIMYCKHUKA MPEANOJIAraeT MOJYyYEHHE UM OMNPEACICHHOIO0 KOJIMYECTBA YCBOCHHOMU
uHopmaruu. OOpa3oBaTeNbHBIM MPOLIECC OCHOBAaH Ha TMOCJIEA0BATEILHOCTH
W3y4YECHUs psifa AUCHUIUIMH, UMEIIIMX MEXJIUCUUILUIMHAPHBIE CBsi3U. [lpu 3TOM
Ba)KHO, YTOOBI 3TU CBSI3U HE ObUIM HAPYIIEHBI U JTUCHUIUIUHBI HE TyOIUpOBaIM APYT
Jpyra Mo HEKOTOphIM BorpocaMm. Kak onTtuMuszmpoBath WH(DOPMAIMOHHBIA MOTOK
JOJKHA OTBEYATh JJOTUCTHUKA 3HAHUM.

Bakneiiiias KOMIIOHEHTa MUCCHUM y4e€OHOTO 3aBEICHHS] — KaueCTBO y4eOHOTO
nporecca. C Henbo JOCTUKEHHUS TUIAaHUPYEMOTO YPOBHS KaUeCTBA CTPOUTCS CHCTEMA
yIOpaBJICHUs] KadyecTBOM  0Opa3oBaHMs.  YTpaBJICHUE  KA4eCTBOM  SBIISIETCS
HETIPEPBIBHBIM  MPOIIECCOM, TPEOYIOMMM JUIsl CBOEH peanm3allid  KOHTPOJIS
JOCTUTHYTOT'O YPOBHSI, MOHUTOPUHTA €r0 U3MEHEHUS Y€PE3 KOHTPOJIbHBIE TOUKH.

JlorucTrka v Ka4eCTBO METOJAMYECKU U CUCTEMHO B3aMMOCBSA3aHbI, HEBO3MOXKHO
obOecreunTh IeId JIOTHCTHKH 0Oe3 KadecTBa MPOAYKIIMH 00pa30oBaTEIHHOTO
YUPEKICHHS — BBIITYCKHUKA.

Opranmsarusi  CHUCTeMbI ~ 00pa3oBaTENbHON  JIOTHCTMKHM  OCHOBaHa  Ha
ONPEACICHUN W TPEACTABICHUU BHYTPEHHETO CTPOCHUS CUCTEMBI, €€ CTPYKTYpbI
(YHKIMOHATBLHO-TIPOIIEAYPHOTO Pa3JeCHUs], pACIpeeieH s, CHelualn3alud |
B3aMMOJICHCTBHS COCTABIISIOIIMX YacTel 00pa3oBaTEIbHOM CUCTEMBI.

VY cTaHOBIIEHUE KOJUYECTBEHHBIX, KAUECTBEHHBIX, BDEMEHHBIX U JIPYTHX CBS3EH
MEXAY OTIEIbHBIMH COCTaBIAIONIMMU M  MPEACTaBIsET CO0OM  CYIIHOCTb
OpraHu3alMKi JIOTUCTHYECKOTO mporecca. OCHOBHBIM CYOBEKTOM ONpPENENEHUs U
YCTAHOBJICHUSI TAKUX CBA3€H, B COOTBETCTBUU C KOHKPETHBIMHM IPEACTABICHUSIMU O
HEOOXOAMMOM TIOPSIKE, CTAHOBHUTCS CIEIUATUCT C €r0 3HAHWSIMH, YMEHUSIMU H
HABBIKAMU.

[Ipouecc mosnydeHus: 3HAHWUM, UX HAKOIUICHWS, CUCTEMAaTHU3allMd, aHAJM30B U
T.J., I3HAYAJIbHO UMEET MHTEUIEKTYalbHYIO MPUPOAY, TO €CTh MPEICTABISIET COOOM
dbopMy TIPOSIBIICHHS] MOJIEICH MHTEIICKTYaIbHOW OpTraHu3aIfuei.

NMeHHO B 3TOM TPOSIBICHUM 3HAYCHUE OpraHu3alud 00pa3oBaTebHOMN
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JOTUCTUKH KaK CTPYKTYPHO-METOJMYECKON OCHOBBI TMOIYYEHHS, OTpPaXKEHUA U
OpUMEHEHUs1 3HaHUM O mpuHUOUNax, ¢opMax U crnocobax TMOCTPOEHUs U
IpEICTaBlICHUs] TMpoIlecca IIeJICHANPABIEHHOTO (YHKIMOHUPOBAHUSL CUCTEMBI
packpbiBaeTcsi HanbosIee MOJHO U YOS AUTEIBHO.

[Iponecc UWHTENIEKTYaqbHOW OpraHU3allMK  O0pa3oBaTEIbHON  JIOTUCTUKH
MIPEACTABIIEH TBOPYECTBOM KaK CO3JaHHWE HOBOT'O, YTO HE MOIJIO M HE MOYKET CTaTh
MPOJYKTOM €CTECTBEHHOTO Pa3BUTHS IMOMHMO TMPOSIBICHUS KOHKPETHOW BOJU U
L[€JICHANPABJICHHOT O, UTHHOBAIIMOHHOTO YYaCTHS CIIEIUAIIUCTOB.

OOpa3oBaTebHYIO JIOTHCTHKY B HayKe W TMPAKTUKE MOXKHO JOCTOBEPHO H
MOCJIEIOBATEIHLHO OIMPEACNIUTh, KaK WHTEJUICKTYaIbHBIN TPOIECC U KaK 0ObEKTHUBHO
CKJIJIBIBAIOIIYIOCA U CO3aBa€MYI0 B PE3YJIbTaTe JAHHOIO Mpoliecca CUCTEMY.

B o06pa3oBareinbHOM JOTUCTUKE 3HAHUS — OBICTPO TOPTAIIUICS TPOIYKT,
MIOATOMY B TEXHOJIOTMM CHUCTEMbI 3HAHUW OHHM HENPEPHIBHO CKAHUPYIOTCS, U W3
0o0pa3oBaTeNbHOTO Tpolecca BbIBOAMUTCS ycTapeBuiee. [IpoucxoauT ananranus
3HAHUH K AMHAMUKE JJOTUCTUYECKOIO Mpoliecca.

Monyns  00pa3oBaTeNIbHOIO  MpPOLECCAa  XapaKTEPU3YeTCs  ONMpenesIeHHON
CTENEHBIO 3aKOHYEHHOCTH W YCTOWYMBOCTM K HU3MEHSIOLIEHCS cpede W
BO3MOXHOCTBIO MHOTOKPATHOTO HCMOJIb30BAaHUSI B COCIUHEHUU C JPYTUMU
MOAYJISIMU y4eOHOTO IpolLiecca.

B ycnoBusix BO3HHUKHOBEHHMS HECTAOWIBHOCTM W  HEOMNPEACIICHHOCTH
OOIIIECTBEHHBIX TMPOLIECCOB OOpa3oBaTeibHasl JIOTUCTHKA SBISIETCS aJ€KBAaTHBIM
OTBETOM CKJIQ/IBIBAIOIICHCS CUTYyallud, aHTUKPU3UCHBIM MPOIECCOM B 00pa30BaHUM.
OOpazoBaTenbHas JOTUCTUKA MPOCTUPACTCS OT MPOEKTUPOBAHUS WHIWBHUIYaTbHO
00pa30BaHHOIO CIEIMAIMCTA JJO ONTUMU3AIUU METOJIOB 00YUYEHUS, UCIIONIb3YIOITNX
oOpa3oBarenbHbIE TEXHOJIOTHH, HaOO0JIee MPUTOIHBIE B KOHKPETHBIX YCIOBUSIX.

OO61ecucTeMHOE HAKOTIJICHUE HOBBIX ITPUHITAIIOB
HAY4YHOTO MO3HAHMS JIOTUCTUKHU B UCCIIEAYEMBIN TIEPUO/T
pa3BUTHUSI O0IIIECTBA

e

O6pa60TKa HAKOIUICHHBIX 3HAHUN U BLIpaGOTKa HOBOTI'O
3HaHUA

e

Hcrnonbp3oBaHrie HOBBIX 3HAHUU B CUCTEME
o0Opa3oBaTeIbHON JOTUCTUKU

e

Puc.2. CxemHoe 0TOOpa:keHHe IBOJIOLNH 00Pa30BaTeIbHOMN JOTHCTUKHU

B ocHOBe mocTtpoeHHsT 00pa30BaTEIBHON JIOTUCTUYECKOW CHUCTEMBI JIekKaT
CJIEAYIOIINE OCHOBHBIE IPUHLIMIIBI:

— CUCTEMHOCTh METOJIOB OATOTOBKH CIIELIMAIUCTA;

— MPUHLHN MEXTOCYAAPCTBEHHOW TapMOHHU3AallMA W YIPOIIEHHOIO IEpexoja
IPaHUL B TEXHOJIOTUH CIIEIMANINCTA;

— MPUHIIUIT JIOTUCTUYECKON KOOPAUHAIIMY U UHTErPaliu;
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N
— IPUHLHUI 00pa30BaTENbHOM JIOTUCTHKU «B OXKHJIAHUU CIPOCa», «B OTBETE H
CIIPOCY;

— MPUHIIMIT OPUSHTAIINH HA MHIMBUAYAIN3aLUI0 TPeOOBAaHUH MPEIPSIUTHI;

— MPUHIMI TYMaHu3auuu GyHKIUN B 00pa3oBaTeIbHOM MPOIlecce;

— MPUHIMIT MUHUMU3ALUU COBOKYITHBIX M3/I€PKEK BCEH JIOTUCTUYECKON CEeTH;

—TPUHINI YIIPABJICHUS KAUeCTBOM;

— TPUHIUT HA/ICKHOCTHU U aJICKBAaTHOCTH 00Pa30BaTEIbHON JIOTUCTHKHY;

— MPUHIMI TOBBIIIEHUsS] 00pa30BaTEIbHOTO YPOBHS HACEJCHHS U pacllipeHHe
JOCTyTa K BBICIIEMY 00pa30BaHHIO C BO3MOKHOCTBIO 3aHUMAThCS B yIOOHOM MecTe
U B YI0OHOM TEMIIE;

— TPUHLMI CHUCTEMAaTHYECKOro OOHOBJIEHUS BCEX AacleKTOB OOpa3oBaHMs,
OTPaXXAIOIIEr0 HM3MEHEHHUs] B Cpelie KYyJIbTYpbl, SKOHOMHUKH, HAyKH, TEXHUKU U
TEXHOJIOTHH C HEMPEPHIBHOIO 00pa30BaHUs B TEUEHUE BCEHl )KU3HU YeJIOBEKa.

3akir0YeHue ¥ BbIBOJBI.

[TomyueHHbIe HOBBIC BBIBOJBI O TEOpUHM OOPA30BATENBbHON JOTUCTHKH, WX
JOCTOBEPHOCTh M TMParMaTHYHOCTh, 3aBUCAT OT JIOTUCTHYECKOW OpraHHU3aliu
mpolecca HCCIeNOBaHUs; aJIeKBAaTHOCTH OTOOPa)KEHUS MOJENU OIEparfy EeNsM
JNOCTHKEHHUS pe3ylibTaTa; OT CHOCOOOB MOJydeHHs, OOpadOTKM U aHalu3a
uHpOpMaIlMK, WHTEpIpeTanuu €€ B HOBbIE 3HaHUS; OOBEIWHEHUS HOBOMU
uHOpMallMM W  HOBBIX 3HAHUH, pealu3yeMbIX B METOAAX  HBOJIOIHU
o0pa3oBaTeIbHOM JOTHCTHKHU.

a

Jlureparypa:

1. 3akon Ykpainu «IIpo ocBity» Big 05.09.2017 Ne 2145-VIII

2. PognukoB A.H. Jlorucruka: TepMUHOIOrMYECKUl ClOBapb. 2-€ W3/,
ucIpaBieHHoe U JonojgHeHHoe. — M.: UTHOPA-M, 2000. — 352 c.

3. Pyna M.B. ITlepcriekTuBHM BIIPOBAJPKEHHsI OCBITHBOI JIOTICTHMKU 8 YKpaiHi /
M.B. Pyaa // Bicauk HarioHanbHOTO yHIBEpCUTETY «JIbBIBChbKa momiTexHikay. Cepis
«Jlorictukay. — 2012. — No749. — C. 71-77.

4. I'yoenxo B.K. Jlormctruyeckas IeHTpalv3alisl MaTepUaTbHUX ITOTOKOB:
TEOPHS ¥ METOIOJIOTHS JIOTUCTHYECKUX pacIpeeIMTEeIbHBIX IIEHTPOB: MoHOTpadus.
/ HAH VYkpaunbl, UHCTUTYT 3KOHOMUKH MpoMbIiieHHOCTH. — [onernk, 2007. — 495
C.

5. Kpukascokuit €.B. Exonomika norictuku: HaBd4. mociOHuk/ 3a 3ar. Pen. €.B.
Kpukascekoro, O.A. [Toxmibuenko. — JIbBiB: Bua-Bo JIbBIBChKOI momiTexHiku, 2014.
— 640 c. — (Cep. «CBIT MapKETUHTY 1 JOTICTUKN». — Bum.7).

Abstract. The concept of educational logistics is a scientific and practical system for
organizing, planning, monitoring and monitoring the flow of knowledge in the educational space of
transport in accordance with market requirements. Using the terminology of logistics, definitions of
educational logistics are proposed. The construction of the logistics management system of the
learning process begins with the definition of the goal. The objective of the logistic approach to the
management of the educational process by the educational institution is effectiveness. The purpose
of the management system of the educational process is its quality. The management system
includes and organizes the activities of all participants in the educational process: administration,
staff, teachers and students. To ensure the stability of the system and the independence of its
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individual elements, motivation is needed. The basis of the construction of an educational logistics
system lies with the principles formulated by the authors: The new findings on the theory of
educational logistics, their validity and pragmatism, depend on the logistical organization of the
research process, the adequacy of displaying the operation model for the purpose of achieving the
result; from ways of receiving, processing and analyzing information, interpreting it into new
knowledge,; unification of new information and new knowledge realized in the methods of the
evolution of educational logistics.
Key words: concept, formula, definition, principles, methods, evolution, efficiency.
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BASIC CONSEPTS OF QUANTUM PHILOSOPHY
OCHOBBI KBAHTOBOW ®UJIOCOPUN
Karachunskiy V. A. / Kapauynckuii B.A.

Annomauun. Ananuz 8 napaoueme NCUXopuUOIOSUYECKO20 NOOX00A OMKPBIBAIOMCS HOBbLE
B03MONCHOCIU 8 NOHUMAHUU MEXAHUIMO8 (DOPMUPOBAHUS U 3AUMOCEA3U PAOA NPeOCcmasieHull
UWUPOKO NPUMEHSeMbIX 8 Meopemudeckol (usuxe.

Knroueswie cnosa: yenoe, ouckpemuoe, 08udiceHue, KGAHMbl, K1ACCU4eCcKds gusuxa, meopus
OMHOCUMENbHOCMU.

Beryniienne.

Marepuan JaHHOW CTaThbU MOCTPOEH HA MCCIEIOBAHUM TPUPOJbI MBIIUICHHUS,
KOTOpOE TOKAa3aJIl0 JBOMCTBEHHOCTh TEOPETHUUYECKON OILIEHKH OKpY’Kalolllel Hac
NEUCTBUTENBHOCTH. [IpsAMBIM  CIIECTBMEM  TEOPETUYECKOrO  Ayajnu3ma  JUis
¢dunocodun SBISIETCSI HECOBMECTUMOCTh HJleau3Ma U Marepuanu3Ma. He mensbIe
MPOTUBOPEUMI CYIIECTBYET B TEOPETHUECKON (DM3HKE - HECOBMECTUMOCTH TEOPHHU
OTHOCUTEILHOCTH W KBAaHTOBOW (DU3UKH,KOPIYCKYJISIPHO-BOJIHOBOM Jyajiu3M U TaK
nanee. PaccMOTpeHUIO HEKOTOPHIX BOMPOCOB (PUBUKHK B TTapagurMe TEOPUH MTO3ZHAHUS
MOCBSIIEHA JaHHAS CTaThsl.

OCHOBHOM TeKCT

B nmocnennee Bpems Qumiocoduro HEpEeOKo paccMaTPUBAIOT KAaK HEKOE
MCKYCCTBO JOKa3bIBaTh CBOIO TOUKY 3peHus. [IpuunHOi mogo0HOTO MHEHUS SBIISETCS
BIIOJTHE OOBEKTUBHAs CUTYyallMs, CBS3aHHAs C HEMOMEPHO OONbIIUM O00BEMOM
uHpopmaru B coBpeMeHHOM Mmupe. Ha 3ape nmBmimsanuu aHTu4Has Quiocodus
Oblma Oe3anbTepHATUBHBIM yUYEHHEM 00 OKpYXaromeld [eHCTBUTEILHOCTH, B
napajgurmMe KoToporo (HOpMUPOBAIUCH "y3KHE CIHENHaIbHOCTU" - acTPOHOMMS,
MEIUIIMHA, MaTeéMaThuKa ¢ TMpoYue HamnpaBiICHUs, HWMEBIIME MPAKTUUYECKYIO
3HauUMOCTh. B smoxy Bo3poxiaenuss o0bem wuHGOpMAIlUU JOCTUT YPOBHS MpHU
KOTOPOM €€ CHCTEMHOE pacCMOTpeHue, B mapaaurme Quiaocoduu, morpedoBasio
MEPECMOTPa MHOTMX  IIOJOKEHUH, YTO MPHUBEIO K MosBiIeHHIO yueHud Kanra,
Hexapra, Jleitonuna, I'erensi, Mapkca u Ourensca. CoBpemeHHass ¢uiaocodus He
CTPEMUTBHCS K OOBEIMHEHUIO CYIIECTBYIOIIMX 3HAHWUU, MPEANOYUTAs 3aHUMATHCA
y3KOCIEIMAIbHBIMU  TIpo0OJeMaMH, OJHAKO MHOTOUUCICHHBIE YUYEHHUS, KOTOpHIC
B100aBOK KOH(MIMKTYIOT MEKTy COOO0M, yTpaTuiiu mpaBo UMEHOBAThCA (prsiocoduei.

®. DHrenbc, MNOJYEPKHBAS 3HAYUMOCTh (Quiocoduu Kak  CHUCTEMBI
oOBEIMHSIONIEH CYIIECTBYIONIME 3HaHUs, nucai "..Bech (uiaocodckuii ckapo...
CTaHeT M3JIMIIHUM M HCYe3HEeT B MOJOXKUTeJbHOH Hayke" (1), To ecTh
MOJTyYeHHbIE B JKCHEPUMEHTE HAy4YHbIE MPEICTABICHUS BBITECHAT CO BpPEMEHEM
JAHHBIE TMACCUBHOTO CO3EPLAHUSI OKPYXAIOIIETO MHUpPa, Ha KOTOPBIX CTPOMUIACh
npexusas ¢unocodpusi. B 3Tom KOHTEKCTE clieayeT oOpaTUTh BHUMaHUE Ha (PU3HUKY,
KOTOpasi aHAIM3HPYysd OKPYKAIOIIUKA MHUpP KaK HEYTO IeJoe, MOJIy4daeT OOmuil ¢
dunocodueit mpeamer uzydenus. [lo 3Tol mpuuMHE MHOTHE (PUBHKHU CTATM CTAIA
CKEMITUYECKN OTHOCUTHCA K (uitocopuu, TeM 0ojiee C y4eTOM TOTO, YTO TOCICITHSS
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HE BJIAJICET SA3bIKOM MATEMaTUKH, a €€ IMOJIOKEHHS MPEACTABIISIIOTCS OTHOCHTEIBHO
IPOCTHIMU M OOIENOCTYITHBIMU. TeM He MEHee OCTAEeTCsl HEeMPENOKHBIM TOT (HaKT,
YTO OCHOBBI (PM3MUECKOW TEOPUHU 3aKJIAJIbIBAIOTCS B PEUYEBOM KOHTUHYYME, Ha S3bIKE
¢unocopun M Kaxk CileICTBHE, KOHCTPYKLHMS BCEro 3AaHusl (U3HUYECKONW KapTHUHBI
MHpa 3aBUCHUT OT TIOHUMAHUS CYTH MPOCTBIX MOHATHM.

N3ydyeHue okpyKarouero Mupa He MMEET CMbIcia 0e3 y4yacTusi cyObeKTa, IO
ATOW MPUYMHE BOMPOC MO3HAHUS - B3AUMOOTHOIIEHUI CyObeKTa U 00bEKTa, PAHO UM
MO3/IHO CTAHOBUTCSI KAMHEM NPETKHOBEHUS B JII000M TeopeTrueckoit cucteme. OaHy
U3 HambOosjee KOHCTPYKTHBHBIX TMO3MLIMA B HW3YYEHUHM TIO3HAHHUS 3aHUMAeT
NCUXO(PU3NOIIOTHS, KOTOpas 0ObEAMHSET AKCIEPUMEHTaJIbHbIE JaHHbIE HEWPOHAyK
(pusnonoruss CEHCOPHBIX MPOIECCOB) € (GUIOCOPCKUMU TPEICTABICHUSIMU O
npupone no3HaHus  (nicuxosorusi). OpraHu3sm — 4ejoBeKa ICUXO(U3HOIOTHS
aHAJIM3UPYeT B MapagurMe B3aUMOACHCTBUSA, KaK (HU3UUYECKUNA OOBEKT, HA KOTOPBIM
JEUCTBYIOT CHJIBI BHEIIHETO MHpa W TJ€ CO3HAHHE PACCMATPHUBACTCS KAK OJIMH W3
YPOBHEW pa3BUTHSI OMOJOTUYECKON CHUCTEMBI, YTO Oosiee MOAPOOHO H3JI0KEHO B
"®unocoduu aeuxenus" (2). IlonpoOyem Ha mpumepe "MoO3HaAHUSA-B3aUMOEHCTBUS"
PacCMOTPETh HEKOTOPBIE TEOPETUUECKUE BOTPOCHI (PUZHKHU.

BHELUHAA CPEDA

OPIrAHU3M

HABJNIOOATENDb 1

HABJIFOOATENDb 2
Puc. 1. Mup B KOTOPOM MBI CYylIeCTBYEM 3TO JUHAMHYECKHUI MpoLecc,
pe3yJibTAT OTHOCUTEJIBLHOTO PaBHOBecHs cucTeM ""opranusm' u ''BHeIHAS
cpena', COOTBETCTBEHHO OH MOKeT ONMCHIBATHCH ABYMSI CIIOCO0AMHU, € TOYKH
3peHHUs KaKA0# U3 B3aUMOAEHCTBYIOLIUX CTOPOH.

W3 xoHuenmmu MO3HAHUSA-B3aUMOJICHCTBUS ClIeyeT psan (yHIaMEHTAIbHBIX
BBIBOJIOB:

o Okpyosrcarowuii. Hac Mup nepeuyHo NpPeocmasieH 6 CO3HAHUU, KOMopoe
ompascaem UsMeHeHUs 6HeulHell cpeobl, NOIMOM) 8ce e20 NPOsGLeHUs He0OX00UMO
AHATU3UPOBAMb 8 NAPAOUSME OBUNCEHUIS.

e [lockonbky eocnpusamue OeuUcCmEUmMeIbHOCMU 68 COSHAHUU  (pazmeHm
8ceobujec0 0BUMNCEHUs, MAMepuio - CmadouibHvle opmubl GHeUwHe20 Mupa, ciedyem
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paccmampusams KAk  NPOOYKM — pAGHOGECUsl Op2aHU3Ma C GHewlHell Ccpeool,
gcreocmeue  Komopoz2o — Gopmupyiomcs  3aMKHymvle  (opmbl  OBUIICEHUS,
OMHOCUMENLHO YCMouyugslie 8 npocmpancmee u epemenu. Omcrooa ciedyem 6v1800,
MAmMepuaibHOCMb 8 OKPYICAroujeM Mupe Xapaxkmepusyem cmeneHb cmadulbHoCmu
NPOUCXOOAUUX 8 HEM NPOYECCO8.

e 3uanue 06 oKpyscaoweli HAC OelCmeUmMeIbHOCMU pe3yIbmam pPAGHO8eCUsl,
OCHOBOU O00CMUMNCEHUSI KOMOPO2O SGIACMCA MbIUEYHAS AKMUBHOCMb OpP2AHUMA,
NO3MOMY NO3HAHUe cledyem paccMampueams KAK aKmueHbulll npoyecc 6 ¢hopme
MEeXaHUu4ecko2o 08udiceHusl (npowje, npakmuka kpumeputi ucmunwl). CybvekmugHbie
npeocmasieHus 0 MamepuaibHOCMU OKPYHCAIOWe20 MUPA 3Mo c80e00pa3Hbie MmouKu
Onopwl, 6030€liCMBYsl HA KOMOpble Mbl NOTYUAeM 811ACHb HAO NPUPOOOLL.

o Cywyecmeoganue 08yx CyObeKmo8 G3auMooeucmeus, 8 npoyecce NO3HAHUS,
nopooicoaem O0B0UCMBEHHOCMb 6 ONUCAHUU Oblmus, 20e o0wull pe3yrbmam
83aUMO0EUCMBUSL MOHCem OblMb ONUCAH HA A3bIKE KANCOOU U3 83AUMOOECMBYIOUWUX
CMOPOH.

[IpumepoM KapTUHBI MUpa, B KOTOpPOW TOYKA OTCUYETAa HAXOIUTCS BHYTPHU
cucteMbl "cpena-cyobekT", sBisercs ¢uiznka HbIOTOHa, B KOTOPOW BUPTyaIbHBIN
MHUp paccMaTpUBaeTCsl KakK OKpyXaroujas cpeaa, B KauecTBe He TpeOyromien
JI0Ka3aTenbCTB UCTUHBI. Kak ciefctBue, marepus (ycTouuBble (POPMBI CO3HAHUS)
MPUHUMAIOTCS KAaK AaKCMOMa, a JBUKEHUE MPOTHUBOINOCTABISETCS  Marepuul U
paccMaTpuBaeTCsi Kak ee aTpuOyT, B Ka4eCTBE JNCUCTBYIOUIUX MEXAY TeIaMu CHJL.
CyOBbeKT MO3HaeT MUP MOCPEACTBOM MEXAHUYECKOTIO JBHIKEHHUS, MO3TOMY 3aKOHBI
MEXaHUKH, NpenokeHHble HBIOTOHOM, CTanu YHUBEpPCAJTbHBIM HHCTPYMEHTOM
AHAJIN3a OKPYXAUIEH JCUCTBUTEJBHOCTH B  MApaJUrMe JIBUXKEHHS, YTO
MpEeANoJiaraeT BhIBEACHNE TOYKU OTCUETA 3a MPEIebl CUCTEMBI "cpefa-cyonbekT", re
L[EJI0O€ CO CTOPOHBI 3TO 3aMKHyTas CHUCTEMa [BWKEHUS U IMOCKOJIBKY 3TO
MIPOTUBOPEUUT M3HAYAIBHBIM IMOIXOAAM KJIACCUYECKOW (DU3UKU, 3aKOH BCEMHUPHOTO
TATOTEHUS TIONyYWSl HE TEOPETHYECKOe, a IMPAKTUYECKOE IMOATBEPKICHUE
(paxkTHyecku ObLT OTKPHIT HA UHTYUTUBHOM YPOBHE).

Teopuss OTHOCHUTENBHOCTM OWHIITEIHA MPUMEpP KapTUHBI MHpPA, B KOTOPOM
TOYKA OTCYETa Pacrojaraercsi B CTOPOHE OT CUCTEMBI ""cpena-cyobekT" (mpupoja Kaxk
[[eJ0€ BBICTYNAE€T B KadyeCTBE BTOPOrO YYacTHUKAa B3auMOACHCTBUs). BwiBoa
HaOmofarenss  3a  Opeleibl  CUCTEeMbl  'cpena-CyObekT'  JeMOHCTPHUPYET
OTHOCUTEILHOCTD OIIEHKU CyOBEKTOM €r0 B3aMMOOTHOIIEHUH C OKpYKaroIIei cpeaoit
(paccyxnenus [anwiies), 4yTO NPUBOAMT K IOHMMAHUIO TOKOS KAaK PaBHOBECHS
JUHAMUYECKUX MPOLIECCOB U MPEICTABIECHUIO O BCEOOIIEM JIBMKCHUH. 3aMeYaTeIbHO
NOHMMaHHue DWHIITEHHOM CyObeKTa Kak (hpu3mueckoro oOBbEKTa, BCIEIACTBUE YEro:
CYOBEKT ompenesnsercs Kak "HaOmronaTens', moHITHE ""CyObeKTUBHOCTE' 3aMEHSCTCS
MOHATHEM "OTHOCHUTENBHOCTB', a TMpoIecC TMO3HAHUS pPACcCMaTPUBACTCS Kak
B3aumozeiictBue. C TOYKM 3pEHHUS] BCEOOIIETO IBMKEHUS, (PParMEHTOM KOTOPOTO
ABIISIETCS HAOMIONATeNb, BUPTyalbHAs MOJEIh MHpPa B €r0 CO3HAHMM 3aBUCHT OT
B3aMMOJICMCTBHS C CUCTEMOW, BHYTPHU KOTOPOU OH PacCIionaraeTcs, Io3TOMy CBOMCTBA
OKpYKaroLIero Mupa, B TOM YHUCJE JJIMHA, BPEMS, Macca CTAHOBATCS PE3YyJIbTaTOM
PaBHOBECHS, 3aBUCUMBIM OT B3aUMOOTHOIIECHUM C OKPYKAOWIEN CPEOH.

B teopun OTHOCHUTENBHOCTH NMPUBOAUTCS MBICICHHBIA JKCIEPUMEHT, KOTOPBIN
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JEMOHCTPHUPYET, YTO MPOMU3OIIEAINICE B BaroHe ABMXKYIIETocs moe3fa (u3nyeckoe
coObITHE OYIET O-Pa3HOMY BOCIIPUHUMATHCS M OMKMCHIBATHCSA HAOMIOATENEM BHYTPU
BaroHa M HaOJromaresneM HaxoAsummcs Ha neppoHe (3). AHajoruyHasi CUTyalus
BO3HUKA€T BO  B3aMMOOTHOUIECHUSX  KJIACCUYECKOM  (QU3MKM U TEOpHH
OTHOCHUTENILHOCTH, TJe (Pu3nyeckoe CcOOBITUE OMUCHIBACTCS JBYMs CIIOCOOaMH,
U3HYTPU U CO CTOPOHBI, TO €CTh H3MEHSETCS HE CaMO COOBITHE, a CHOCOO €ro
paccMoTpeHusi. BblOop TOro wiaM HMHOTO TMOAXOJA OMNpEAeNseTcs] MPaKTUYECKON
nenecoodpaznocteio. du3uka HproToHa OCHOBaHA Ha AKCIIEpUMEHTE (TIPAKTHKE) |
MpeanoiaraeT CTa0MWIBHOCTh CBOMCTB MaT€pUAJbHBIX TEI B KAue€CTBE AKCHOMBI.
@®usnka OWHIITEWHA OCHOBaHA HA TEOPETUYECKOM IMOAXO/E M IPEeAnojaraet
OTHOCUTETFHOCTh JIAaHHBIX O CBOWCTBAaX OKpyXKamImmux Tea. Tem He MeHee, 00a
MOAXO0Jla PEATU3YIOTCA B MMAapaIuTME€ MEXAHUYECKOTO [IBUKEHUS, B PE3yJbTaTe
KOTOPOTO 3HAaHWE MPUHUMAET (HOPMYy MaTEMaTHYECKUX KOHCTPYKIIHM, TOITOMY HX
OTJIMYHUE HE IPUHIUIHATBHO U PAa3JIMYaETCs TOUHOCTHIO MOTYUYCHHBIX JaHHBIX.

[IpobmeMy AMCKPETHOCTH OKpYKalollel JIeWCTBUTEILHOCTH KJIacCHYecKas
¢bu3rMKka paccMarpuBaeT B KOHTEKCTE aTOMM3Ma, a TEOpUsl OTHOCUTEIBHOCTH B
OCHOBaHMM MaTE€pUU BUIUT KBAHT DHEPTHUH '"...3jieMEeHTAPHbIE YACTUIILI MATEPUH
Mo CBOCl MpUpPOAE MNPEACTABJAIOT €000 He 4YTO0 HHOe, KAK CrylleHHs
3JIEKTPOMATHUTHOTO moJs..." (4). DnemeHT auckpeTHocTd HproToHa oOmazaer
aOCOJIIOTHOM MaTepHaJIbHOCTBIO M 3TO NPOTUBONOCTABISET €ro ABUKEHHUIO, a
AIIEMEHT AUCKPETHOCTH DUHINTEHHA B KOHEUHOM CUETE ONPENEIAETCS KaK Pe3yJIbTar
paBHOBECHsI, MMOPTOMY MaT€pUaIbLHOCTh B TEOPUH OTHOCUTEIBHOCTH MpUOOpeTaeT
3HAQYUMOCTh €JIMHCTBA MHUpa - "HEYTO wesioe co cTopoHbl". IlpemnoxeHHbIH B
KJIACCUYECKON (PM3UKE U TEOPUU OTHOCUTEITHLHOCTU CHOCOOBI OMUCaHUs (PU3NYECKOM
KapTUHBI MUPA HE MOTYT OKOHYATEIHbHO OTKA3aThCs OT UJIEU MAaTEPHH, MIOCKOJIbKY 0e3
"TOro, 4To JBHKETCS'" TeOopeTHyecKass KOHCTPYKIUS TEPSET ONPEIEIECHHOCTh U
yTpauuBaeT crtaryc 3HaHHs. CoOCTBEHHO cnoco0 Marephalu3aluuu JABUKCHUS
MOCPEJCTBOM pAa3/ICJICHUs] €ro Ha NOpLUUM HUMeNl MecTo B ¢uinocobun (uaes
JleiitOHMIIa O HEKOM OMYIIEBJICHHOW YacTHUIE - MOHAJE) U B Maremaruke (mpoiiecc
muddepenunpoBanus) (5).

[IpotuBopeunss Mexay KBAaHTOBOM (DU3MKOM M TEOpUEH OTHOCUTEIBbHOCTH
00yCITOBJICHBI TE€M, YTO OTHCHIBASI 3JIEMEHTAPHBIC YACTHUIIEI KBAHTOBASI TEOPHUS HIICIO
JTUCKPETHOCTU NMPUHUMAET B Kaue€CTBE aKCHOMBI, UTO aBTOMATUYECKU TOJIKAET €€ B
pycino ¢usuku HploTOHA, 3acTaBisii paccMaTpuUBaTh dJIE€MEHTapHbIC YaCTHIIbI Kak
DJIIEMEHT JBIKEHHUSA, HO KOTOPBIM JIEWCTBYIOT CuHibl OnmuskoxeictBust  (6).
B03MOXHOCTh HCTIONB30BAaHUSI TEOPUU OTHOCUTEIBHOCTH B KBAHTOBOM IMapajurme
JIOCTUTAETCSI HE COBCEM KOPPEKTHBIM CIIOCOOOM. AHANU3UPYys dJIEMEHTAPHYIO
YacTUI[y B MaTeMaTHYeCKOM KOHTHHYyME€ KaK JMHAMHUYECKYI0 CHCTEMY, MBI
HEBOJIbHO HM30JIMPYEM €€ OT OKpYKarolled Ccpellbl U TPaKTyeM KakK HEYTO LEeJoe,
CcBO€OOpa3HyI0 MUHH BCEJIICHHYIO DUHINTEHHA.

Takum 00pa3oM, MpUYMHA BCEBO3MOXKHBIX TEOPETUYECKUX IMPOTHBOPCUHIA
COBpeMeHHOW (u3uku 0OyCIIOBJICHA WHTYUTHUBHBIM TIOHUMAaHHEM IIO3HAHMS,
JOCTaBIIMMCS B HACJECTBO OT ¢uiocoduu, Iae JaHHas npodiemMa paccMarpuBaiach
KaK  KOHKYPEHIIMSI  pa3IMYHbIX  TEOPETUYECKUX  MOAXOAOB.  TeHaeHIwus
MPOTUBONOCTABIATh Gu3UKy OiHmTeiiHa W ¢u3uky HplooroHa npuBOIUT K
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MPOTUBOPEUUSM B TEOPUH, YCTPAHUTH KOTOPbIE MOKHO OOBEIMHHUB 00€ KOHICHIUH,
4TO COOCTBEHHO M IIpejjaraeT Marepuajl JIaHHOM CTaTbM, paccMaTpuBas
OKPY’KaIOIlyl0 Hac OOBbEKTHBHYIO PEAJIbHOCTh KaK JIBH)KEHHUE, IJI€ MaTepUaIbHOCTb
MPOAYKT OTHOCUTEIBHOTO PABHOBECHS B CUCTEME ''cpefla-opraHusM'’ U TAe eIMHULICH
JUCKPETHOCTH C TOYKHM 3pEHHUsl CyObEKTa CJelyeT INpPU3HaThb HE 3JIEMEHTapHYIO
YAaCTUIlY MAaTEPHH, a DIEMEHTAPHYIO (OPMY JBUKECHMUSL.

Dopmanvruoe ycmpoucmeo mupa ¢ moyKku 3penus cyovekma.

[IpyHUIMIT B3aMMOJEHCTBHS MPEANOJIAracT 3HAaHUE KaK MOJENb OKPYKAIOIIEH
JICHUCTBUTENFHOCTH B (OpPME MEXaHUYECKOTO JIBIKEHHUS, KOTOPOE OTpa)kaer
NPaKTUKY aJanTaluu cyObeKTa B OKpyXkarouieil cpene. 3HaHME Kak MporpaMma
aKTUBHOCTH CyObeKTa MNpUOOpETaeT OMNPEICIEHHOCTh TOJBKO B  KOHTEKCTE
PaBHOBECHSI, ITO3TOMY 3HAaHHUE 3TO 3AMKHYTOE JBHUKEHUE, KOTOPOE MOTEHLUHAIBHO
(TEOpeTHYECKH) MOXKET YPAaBHOBECHTH OIIPENEJIECHHBIE CTOPOHBI BHEIIHETO MUpA.
TakuM 00pa3oM MOHUMAaHUE OKPYXKAIOIIET0 MHpPA B KOHTEKCTE IIEJIOT0 3aJI0KEHO B
caMOoi mpupone 3HaHuig. Kpome TOro, €IMHCTBO MHpa HMMEET MPAKTHYECKOE
MOATBEPKICHUE KAaK YHHUBEPCAJIBHOCTH 3aKOHOB NPHUPOABI, ITOCTOSHCTBA CKOPOCTH
CBETA U Psiia IPYTUX JTaHHBIX.

Maremarrka 3T0 Croco0 MOAEIMPOBAHUS OKPYKAIOIIEr0o MHUpa B Mapagurme
MEXaHUYECKOrO JBMKEHUS. B MareMaTnueckoM KOHTUHYYME UJes MUpa Kak LIeJIOro
peann3oBaHa B aHainuTuuyeckoud reomerpuu P. Jlekapra. ['eomeTpuyeckuil moaxon
IIPEAIONaraeT paCCMOTPEHHE LIEJIOT0 CO CTOPOHBI, B KAYECTBE CUCTEMBI KOOPJMHAT, a
anreOpanvyeckuil U3HyTpH, KaK IpyMIbl TOYEK, CBOWCTBA KOTOPBIX 3aBUCIT OT X
IIOJIOKEHUSA B CHUCTEME KoOpAuHAaT. [0 CcMX mOp 3TO 3aMeyarellbHOE pELIeHue,
MO3BOJIMBIIEE COCTUHUTH ABUKCHUE B JIMIIE TEOMETPUHU U MAaTEPHUIO B JIUIIE alIreOpsl,
paBHOE II0 3HAYMMOCTH CO3JAaHUI0 TEOPUM OTHOCUTEIBHOCTH M HMEBIIEE
HEOLIEHUMOE 3HAYEHUE B MPAKTUKE U TEOPUH MATEMAaTHKH, HE MOJYYHJIO JOJKHOTO
npu3HaHus. KoHnennus B3auMoIeCTBHSI paCCMaTPUBAET MAaTEMATHUKY KaK METOAMKY
MOJICIIMPOBAHMS  OKPYXKAlOLIEH JEHCTBUTEIBHOCTH Ha SA3BIKE MEXAHUYECKOTO
JBYOKEHUS, TNI€ YUCJIa U TOYKM pa30MBAIOT JIBM)KEHHE HA KBAaHTHI, NMpUIABas €My
KOHKPETHYIO (opMy. BripaxeHuss mo o06e CTOpOHBI 3HaKa PAaBEHCTBA 3TO MOJENb
paBHOBECHs] B MapaJurMe B3aMMOCHCTBUSA, TJE€ pa3Hble BAPUAHTHI MEXaHUYECKOTO
JBUKEHUSI PaBHbI MEXy COOOH KOJMYECTBEHHO. Maremarnyeckasi KOHCTPYKIUS 10
CYTH, 3TO IJIaH aKTUBHOCTH CYObEKTa, YPABHOBEIIMBAIOIINNA Ty WIM UHYIO CTOPOHY
BHEUIHET0 MHUpA, IJI€ YUCJIa M TOYKH OTPaXaroT OCOOEHHOCTHU MPOTUBOCTOSIIUX
CyOBEKTy B INpeAnonaraéMoi cuTyauuu cuwil. HemoHumaHnue nmpupoibl MaTeMaTHUKU
IOPUBOAUT K HEKOPPEKTHOMY BBIHECEHHIO €€ OOpa30B 3a MpEesibl BUPTYaJbHOTO
npoctpaHcTBa. Hampumep, Teopust OONBIIOrO B3pbIBa MPEAINONAraeT CKaThe
OKpYKarolen JeHCTBUTEILHOCTH 10 pa3MepoB TOUkH (7), YTO TpaKTyeTcs Kak
nosiBieHWe HeKkol cpeapl ©Oe3 aBumxkeHuss (Marepuu). C  TOUKHM  3peHMs
B3aUMOJICHCTBHSI, BUPTYaJbHbIN 00pa3 "cxaToi A0 pa3MepoB TOUKH BCEJIEHHOU' 3TO
OaHaJIbHAs TOUKA OTCYETA B CUCTEME PACCYKICHUM.

B kmaccuueckoil (uszMke HENbHOCTh MHpPA W €AMHCTBO €r0 3aKOHOB MPHUPOJbI
poOoBaau OOBSICHUTH CYIIECTBOBaAaHMEM '"MUpPOBOro 3¢dupa" - HEKOW cpedbl, B
KOTOPYIO MOTrpyXeHa (U3MYecKas pealbHOCTh, OJHAKO MONBITKM OOHApPYKUTh €€
CONIPOTHBIICHUE B OIbITe MalikenbCcoHa-MoOpau HE yBEHUAINCh YCHEXOM, INOITOMY
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uzero 3¢upa otkinonmwn. [lo3nnee pusznku BepHYIUCh K uaee 3Ppupa onpenesss ero
KaK BaKyyM, OJHAKO CIIOCOOHOCTh BaKyyMa IOIVIOIIATh M POXKAATh JIEMEHTApHBIC
YaCTHI[bI HE MTO3BOJISIET TOBOPUTH 00 €r0 AIEMEHTAPHOCTH.

B ¢unocopuu npuHUMI €IMHCTBA MUpA TPaKTyeTCd B 3aBUCUMOCTH OT
MOJIOKEHUsT HaOMrofaTeNsi B CHUCTEME pacCyXKIeHMi JByMmsi crnocobamu. Ecnu
HaOMroaresb B CUCTEME 'cpela-CyObeKT" TMO3UIIMOHUPYET ce0s ¢ CO3HaHUEM
CyObeKTa, TO OKPYXKAIOIIMI MHUp MPEACTaBIAETCS KaK JCHCTBME BHEIIHMX CHUJI Ha
CO3HAHUE B MPOLECCE BOCIPUATHS IEUCTBUTEIBHOCTH, TO €CTh B KAYECTBE JIBH)KEHHUS
(umen). COOTBETCTBEHHO €IWHCTBO MHpa M BCE €ro MHOrooOpasue ClemayeT u3
HENPEpPhIBHOCTU JABM)KEHHSA, HAa YE€M MOCTPOEHBl MHOTOYHUCIIEHHbIE (QHIOCOPHUU
uneanbHoro Tonka (Ilmaron, bepknu, ['erens). Ecnu paccmarpuBath cuctemy "cpena-
CyOBeKT" B KaueCcTBE BHEIHEro HaOJro/aTesisi CO CTOPOHBI, MPUHUMAsl B KaueCTBE
AKCUOMBI TEKYLIYI0, BUPTYaJbHYI0 MOJEIb OKPYXKAIOLIEH JEHCTBUTEIBHOCTU B
CO3HAHUHU, TO €IUHCTBO OKPYXAIOIIETO MHUPA SIBISIETCS CIEACTBUEM JIEHCTBYIOUIUX
MEXy MaTepuajJbHbIMU TelaMu cui (Marepuanuctuieckas ¢punocodus emokpura,
bskona, Mapkca). Ilockonpky nBa croco0a paccMOTpPEHUs ACUCTBUTEIBHOCTH
TPAAUIIMOHHO KOHKYPUPOBAJIM MEXJYy COOOW, KaXIbId M3 HHUX CO3[aBajl CBOIO
TEPMUHOJIOTUIO W JIOTUKY pAacCyKIEHUW, YTO JeNajo0 HEBO3MOXHBIM HUX
oObenuHenre. C TOYKM 3pEHUs B3aUMOJECHCTBUA MAaTepUAIM3M JTO IPaKTHUKa
¢unocopumn, a wuAeanbHBIA MOAXOJ €€ TEeopus, KOTOpas CO34aET OCHOBY IS
COBEPILIECHCTBOBAHUS MAaTEPUAIBHOTO MTOAX0AA.

Konmenmusi ~ mo3HaHUSA-B3aUMOJICHCTBHUSI ~ OOBEAUHSET  WACAIBHBIA U
MarepuajgbHbld  TOAXOAbl B  ONHWCAHUU JACHUCTBUTENBHOCTU. PaccmarpuBas
OKpYXalOLlyl0 Hac JEUCTBUTEIBHOCTh B IAPAJUIME JABUKCHHS, Mbl BBIHYK/ICHBI
CO3/1aBaTh TEOPHUIO C TOYKU 3PEHHUS CYOBEKTa, Ha S3bIKE MEXaHWYECKOIO JBUKECHMUS,
KOTOpPO€ YpaBHOBELIMBAET JelcTBHE BHEHUX Ccuil. CoOCTosHUE paBHOBECHS
MOPOXKIACT MaTepUaIbHOCTh OKPYXAIOIIero MHpa, pa3OMBaeT €ro Ha KBAaHTHI -
3aMKHYTbI€ (OPMBI JBUKEHUS, KOTOPBIE SBISIOTCA CHUMBOJIMYECKUMHU TOYKAMH
OMOpPBI, JIEUCTBYS Ha KOTOpPbIE CYOBEKT YpAaBHOBEIIMBAET CHJIBI MPUPOABI, B YEM
COCTOMT CyTh mMO3HaHMs. Kak ke BBIISAUT MOAENb (U3MYECKOTO MHpa €Cld
IPUMEHUTh K HEW JIOTMKY CyObeKTa, JIOTMKY KBaHTOBaHMs? W3 KOHLeNUHUH
B3aMMOJICCTBUS CIICTYET:

5.1.  Obvexmusnas peanrbHOCMb NEPEUYHO OAHA HAM 6 CO3HAHUU KAK
UBMEHYUBOCMb, UMO Npeonoiazaem ONnucavue OelcmeumenbHoCmu 6 napaoueme
OBUIICEHUL.

5.2. B koumexcme 63aumooleticmsus cmpemieHue cyObekma K pasHOo8ecuio
nopodicoaem ycmouyugvle Qopmbl O0BUCEHUS U DOpMUPOBAHUE — BUPMYATLHOLL
mooenu OelicmeumenbHoCmu 8 CO3HaHuu. B kowmekcme paeHnogecus (3Hamus)
OKpYHCAIOWAsl HAC OeUCm8UmMenIbHOCMb NpPeoCmAasieHa YUKIUYeCKUMU dopmamu
O0BUdICEHUS, YCMOUYUBLIMU 6 NPOCMPAHCIEE U 6PEeMEeHU, YMO 8 CB010 04epeddb
npeononazaem OUCKPEMHOCMb 0BUMCEHUs, CYWeCMBO8AHUe dNeMEHMAPHO20 YPOBHS.
08UDICEHUsl, KOMOPUBIL 8 npoyecce 2IGONIOYUU NpUOOpemaem MHO20YPOBHEBYIO
CMPYKmypy.

5.3.  Ilockonbky ps0oM  pacnonodcenHvle INeMEeHmbl Nepeo20  YPOGHs.
NPOAGNAIOM — 0BUAMENLHYIO  AKMUBHOCMb 8  NPOMUBONONONCHLIX  paszax,
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NIeMEHMAPHBIN YPOBEHb OBUNCEHUS MONCHO PACCMAMPUBAMb KAK e0uHoe noie, 20e
nPOUCXOOUM NePUOOUHeCKULl NPoYecc, 8 KOMOpPOM HONO0BUHA INEMEHMAPHBIX YUKI08
OBUDICEHUSI YMEeHbUAen C80I0 JHepeulo, a 6mopas NoNoSUHA ee Y8enudusaen.
Bcneocmeue anemenmapnocmu  Yukio8 OBUNCEHUS U HCECMKOU 3A8UCUMOCTNU
08UICEHUSI OOHO20 dNIeMeHma Om aKmueHOCMU OCMAIbHBIX, 1eMEeHMAPHbIU YPOBEHb
0BUICEHUSI HEe CNOCODEeH No2Nouwjams UlU 0moaeamsv 3HEpPeUulo, 4mo Npuoaem emy
CBOUCMBO UOEANbHO YNPYeol cpedbl. B mo dwce 8pems Konebanus ypoeHs 3Hepeuu Ha
INIEMEHMAPHOM YPOBHE OBUNCEHUsL NPEONoLazaem 603MONCHOCHb PACNPOCMPAHEHUs.
6 HeM BOJIHOB8020 npoyecca.

5.4. Hoeanvmas ynpyeocmev nepeoco YpoGHsA Npuoaem emy CoUcmed
CBEPXNPOBOOUMOCTNU, UMO 00BACHAEM OMCYMCmeue 3QPupHoco empa 6 U38ecmHoM
akcnepumenme Matixenocona-Mopau. Ceepxnpo8ooumocms 31eMeHmMapHO20 YPOBHSL
00bACHAEM NOCMOAHCMBO CKOPOCMU C8ema U OVAIUM €20 B0CHPUSIMUSL - B0JIHA 8
HeBUOUMOU cpede MOdCem pacCMampueamsvcs KaKk nopyus dHepeuu (4mo cobcmeeHHo
A6715emcsi 00KA3AMenbCmMeoM CYyujeCmeo8anusi OAHHOU Cpeobl).

5.5. Deonoyus oxpyxcaroweii Hac OerucmeumenbHOCmu 3Mmo  YCIOHNCHEHUe
B0IHOB020 npoyecca 8 cpede Nepeo2o YPOGHs. DNeKMPOMASHUMHbIE BOJHbI MO
JIUHELHble  NpPOYeccvl  pACNPOCMPAHEHUs  SHepeuu 8  UOealbHO  YApY2ol,
J/leMeHmapHol cpede. YsenuueHue niOMHOCMU IHEP2UU NPUBOOUM K UCKPUBTEHUIO
JIUHEIHO20 OBUMCEHUSl U NOAGIEHUIO 3AMKHYMbIX (hopm 08udcenusi, coOCMBEEHHO
leMeHmapusix ywacmuy. /lanvheliuee ysenuuenue niomHoCmMu IHepeul nPpUGoOUm K
NOSBIIEHUI0 MHO20CTIOUHO20, OJIHO8020 NpoYyeccd.

Cnenyer oOpaTuTh BHUMaHHE, €CIM paccMaTpuBaTh JaHHYIO CXEMYy Kak
JBYOKEHUE "BUPTyalbHOM TOYKM" B OKpyKarwiie Hac cpene (pusuka Herorona,
HaOIroaTeNlb B LIEHTPE CHUCTEMBI 'cpena-cyObeKkT"), TO C YBEJIMYEHHEM YPOBHEU
JBWKEHUSI €€ CKOPOCTh OyleT BO3pacTarh, YTO MPOTHUBOPEUUT MPEACTABICHHUIO O
MOCTOSTHCTBE CKOpOoCTH cBeTa. C TOUKM 3peHHs BHeUIHero HaoOmomartens (¢pusnka
DliHImTelHa, HAOMIOMaTeTh B CTOPOHE OT CHCTEMBI 'cpema-CyObekT"), TaKoro
MPOTUBOPEUNS HET, IMOCKOJIBKY (OpMHUpPOBAHUE YPOBHEH 3aMKHYTOTO JBH)KCHHSI
IIPOMCXOAMT 3 CUET POCTa SHEPIUU B JAHHOW 00JIACTH MPOCTPAHCTBA U UCKPUBIICHUS
TPAGKTOPUU JBHXKEHHSI DJICKTPOMArHUTHBIX BOJIH, CKOPOCTh pPacOpOCTpaHEHUs
KOTOPBIX OCTAETCS HEM3MEHHOM.

HeoOxomumo OTMETHTH €Iie OAHY OCOOEHHOCTh JJIEMEHTApHOTO YPOBHS
JBUKEHUS, KOTOpasi BO3MOXKHO OOBSICHUT PsAJl MPOTUBOPEUHl B (PU3MUECKON KapTUHE
mupa. [lockonbKy MoJ0BUHA MOJIS AIIEMEHTAPHOTO YPOBHS HAXOAUTCA B (haze IIItoc, a
BTOpas B paze MUHYC, CTAHOBUTCS BO3MOXKHBIM IMapajuielIbHOE CYIIECTBOBAHUE JIBYX
KOHITIOMEPATOB HUKJINYECKOTO IBUKEHUS.

Takag rumore3a  yCTpaHSi€T  HEKOTOpPbIE  TEOPETUYECKUE  NAPAJOKCHI
coBpeMeHHOM (pusuku. Hanmpumep, ¢peHomen (iaykTyaiuii, KOTOPbIA COMPOBOXKIAET
COOBITHS KBAHTOBOTO MHPa, MOYXXHO pacCMaTpUBaTh Kak BOCCTAHOBJICHHE PaBHOBECHUS
MEXKIy JByMs MapajUIeIbHbIMU H3MEpeHUsAMH. llormomaemas dYepHOW JbIpou
MaTepHsi HE CHKMMAeTCsli B TOUYKY, a INEPEXOAUT B IMapajuIeIbHOE H3MEPEHHUE, KaK
U3ITy4YeHUE 3BE3/lbl, COOTBETCTBEHHO OKpYXAIOUIMil Hac (QU3NYECKUd MuUp
CYILIECTBYET B PAaBHOBECHHU JIByX M3MEpPEHHH, e Macca "TeMHOW marepuu'" paBHA
Macce "Oemoit maTepun'.
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3aKkJI04YeHue U BLIBOJbL.

Mpiienue cyObekTa B MapaurMe B3auMOJICHCTBUS MpeArnojaraer JABa
criocoba aHajiM3a OKpYXKarolle AeiCTBUTENbHOCTH, TAe "S" pacmonaraercss BHyTpH
CUCTEMBI U B CTOPOHE OT HEE.

3HaHue 00 OKpyKarIlieM MHpe "co CTOpOHBI" TpeOyeT OmpeneIeHHOCTH, YTO
MpEeAnoyiaraeT €ro MOHUMAHHUE Kak IEJIoro (3akpbiTas JUHAMHYECKAs CHUCTEMA).
3nanne 00 OKpykaromieil Mupe "W3HyTpH' TpeanosiaraeT €ro JUCKPETHOCTh H
CYIIIECTBOBAHHE CPEIbl, KOTOpast 0ObEINHSIET JUCKPETHBIC AIEMEHTHI B HEUTO IIEJI0€.

B mponecce MbIIEHUS B CO3HAHUM MPOUCXOJIUT KBAHTOBAHUE HEMPEPHIBHOTO
rpolecca IBUKECHUS.

Knaccuueckas ¢usnka u Teopuss OTHOCUTEIBHOCTH MOXHO pacCMaTpUBaTh Kak
JIBa CII0OC00a ONMCaHUs JCHCTBUTEIBHOCTH, OTIIMYHBIX MoyiokeHneM """ B cucreme
pacCyKICHUM.

[Ipu paccMOTpeHHHM KBAaHTOBOTO OOBEKTAa MOCJEAHUI pacCcMaTpUBaeTCs Kak
eIMHUYHOE U Kak 00I1ee, YTO CO3/1aeT TEOPETUUECKUE MPOTUBOPEUHSI.
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Puc. 3 DineMeHTapHBI YPOBEeHDb IBUKEHHUS MPEACTABJIEH IBYMSA
COCTOSIHUSIMH, HA 0a3e KOTOPbIX ()OPMHUPYETCSsI CBOSI, MHOTOYPOBHEBAsl CHCTEMa
HUKJINYECKOT0 IBUKECHUS.
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CAVITATION-PULSATING PROCESSES IN TOOLS

FOR DRILLING WELLS
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Anomauia. Pozensoaemvcs mexnonozis BUKOPUCMAHHS KAGIMAYIUHO-NYIbCAYIUHUX NPOYeCi8
6 incmpymenmi 0151 OYPiHHA C8ePONOBUH. 3A805KU POIMIUEHHIO KABIMAYIIHUX KaMep 8 NPOMUBHUX
Kanaiax 6yposoco ooioma, ix MooepHizayii, a came cneyupiunomy 6CmanoB1eHHi 00 KAgimayitiHux
Kamep CMPUNCHI8 i3 308HIUHBOIO 26UHIMOB0I0 NOBEPXHEID, 3HAYHO 30LNbULYEMbCA WBUOKICTb PYXY
NPOMUBHOI PIOUHU NO OCI Kamepu, wo Hnpu3eooums 00 30iIbUeHH pO3MIpi8 | KilbKocmi
KasimayitHux nyxupyie. B niocymxy oOocseaemuvcs makcumaibHull eghekm 8 pyuHy8anHi 0010mom
macugy 2ipcokoi nopoou, i SAK HACHIOOK, 3MEHUYEMbCS €eHEPeOEMHICMb npoyecy OypiHHA
C6epONI0BUHU.

Knrwuoei cnoea: kxasimayitina kamepa, npomuena piouna, 6ypose 00J10mo.

Bcmyn. AxTyanbHUM 3aBIaHHSIM YCIX OypOBHUX KOMIIaHIM € MOCTIMHHIA MOIIyK
HOBHUX, Hapsay 3 YAOCKOHAJICHHSAM CTapuX METOMAIB OypiHHS CBEpPJIOBUH 3
BUKOPUCTAHHAM CYYacHOI TEXHIKM 1 TEXHOJIOT1H, SK1 MOBUHHI 3a0€3MEeYUTH IIBHJIKI
TEMIH 1 SIKICTh CLIOPY/IXKEHHSI CBEpJIOBUH, BPaXOBYIOUHU IIPU LIOMY:

- BILTUB T€OJIOT1YHOTO PO3pi3y 1 OTOUYIOYOro CEpelOBHUINA Ha (PYHKIIIOHYBaHHS
OypOBUX MPOIIECIB;

- 3MEHUICHHsS] €HEprOoBUTPAaT, CKEPOBAHMX Ha PYHHYBAHHS MAacHBY TiPCHKUX
HOpII;

- (13UKO-MEXaHIYHE 1 TEXHIKO-€KOHOMIYHE OOrpYHTYBaHHS CBEPJIOBUHHUX
IPOLIECIB.

Ilocmanoeka 3adaui oocnioxncens. 3a pe3ynbTaTaMu JOCTIIXKEHb KaBiTalliHO-
NyJIbCALITHUX MPOILIECIB 1 iX BUKOPUCTAHHI B IHCTPYMEHTAX JIJIsl OypiHHS CBEPJIOBUH
[1] Hama 3aga4ya moJyiAirae B MOJIepHi3allli KaBiTalliiHUX Kamep OypoBoro aojota [2]
3a paxyHOK BCTAaHOBJICHHS B HUX CTPIIKHIB 13 30BHIIIIHHOI TBUHTOBOIO MIOBEPXHEIO.

Ocnosna uacmuna. JIns BupimieHHsS i€l 3a7a4l TOCTYKHWJIO BHUBYCHHS
(bakTOpiB, SIKI 3HUKYIOTh MIIHICTh TPOMHUBHUX PIJIUH 1 JOMIOMAararoTh B IPUCKOPEHHI
MPOLECIB MapOYTBOPEHHS, J103BOJISIIOTh HAIPABJIEHO KOHCTPYIOBATH KaBITATOPH-
MyJIbCaTOpH, OYJOBY 1 B3a€EMOJIII0 X OCHOBHHUX POOOYHMX BY3JIB 3 METOI BHUOOpY
paIioHATBHUX XAPAKTEPUCTHUK ISl PETYIIOBAHHSA IHTEHCHUBHOCTI 1 YaCTOTH yAapHUX
MIKPOXBUJILOBUX IMOTOKIB P1UHHU.

Bupimennsa 3agavi 3BOJUTHCA 10 KOHCTPYKIIi OypOBOro 10J0Ta, CXeMa SKOi
HAaBOAUTHCS Ha puc. 1.
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1 - kopnyc 6ypoeozo dosioma; 2 - yeHmpaasHU NPpOMUSHUTl KaHA1;
3 - kaeimayiliHa kamepa; 4 - cmpus#ceHs 12 28UHNMO08010 NOBEPXHEND;
5 - Kamepa 3a8UXpeHHs; 6 - Hacadka; 7 - Aonams do0ma

Puc. 1. 3aranbHuii BUIJIsi1 0ypoBOro /0J10Ta B MOB310BKHLOMY IJIAHI

Sx BugHO 13 300pakeHHs, B OypoBOMY JOJOTI, IIO MICTUTh Kopmyc [ 3
LEHTPaJIbHUM MPOMUBHUM KaHaIOM 2 1 JIOMATSAMHU 7/, IPUYOMY LEHTPATbHUNA BX1THHIMA
NPOMUBHUN KaHal 3’€IHYETbCSA 3 TPbOMa BHUXITHUMH IPOMUBHMMH KaHaJaMH,
PO3MIIIEHUMH MIX JIONATSMHU J0J0Ta, L0 apMOBaHI Ha KIHIAX TBEPAOCIUIABHUM
MaTepiajioM, BMOHTOBAHO KaBiTallliiHy Kkamepy 3, sKa CKIAJa€eTbcs 3 KaMepH
3aBUXPEHHS J T1IPABIIIYHO 3’€JIHAHOI 3 Hacajakow 6. Ciij 3a3HAYUTH, 110 CITIBBICHO
70 KaBITAlIMHUX KamMep BCTAaHOBJEHO CTPUXHI 4 13 30BHINIHBOK) TBUHTOBOIO
MOBEPXHEI0, MPUIOMY KPOK TBHHTOBOI MOBEPXHI CTPUKHIB 3MEHIIYETHCS B CTOPOHY
COIlJIa KaBITAIIHHOT KaMepH.

[Ipunuun poOOTM Takoi KOHCTPYKIi OypOBOro [A0J0Ta 3BOAUTHCS [0
HAaCTYy[HOT'O: TOTIK NPOMHUBHOI PIJUHU TOCTYNA€ TiJ THCKOM B UEHTPaJIbHHMA
MIPOMUBHUYN KaHal KWW 3 €JHAHUM 3 KaHAJaMHU KaBITaliiHUX kKamep. Jlami motik
BXOJIUTh B KOXKHY 3 KaBITAlIMHUX Kamep IO JOTUYHINA 70 BHYTPIIIHHOI MOBEPXHI,
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3aBASKA YOMY JOCSITAETHhCSI MOTO 3aKpy4yBaHHS Ta CTBOPEHHS 3T0JIOM TOTYXHOTO
00epTOBOr0 MOTOKY, SKUHA Ma€ PI3HY MBHAKICTH OOEpPTaHHS BiJ BHYTPIIIHBOT
MOBEPXHI KaBITAIIIMHUX KaMep JI0 30BHIITHLOT TOBEPXHI TBUHTOBUX CTPHIKHIB.

Haiibispiie magiHHs TUCKY TMOTOKY BiJIOYBA€ThCSl B HIDKHIM YaCTHUHI CTPUIKHIB,
OCKIJIbKM KPOK TBUHTOBUX MOBEPXOHb CTPUKHIB 3MEHILYETHCSI B HAMIPSIMKY BUX1IHOI
HacaJIKu J0JIOTa, BHACIIIOK YO0 MIBUAKICTH OO€PTAHHS MOTOKY MPOMMBHOI PiIUHU
3Ha4YHO 3pocTae. [IpomMuBHA piauHA, PYXalOUWCh 3 BEJIMKOI IMIBHAKICTIO Kpi3b
HACaJKy TOMajga€e B 30HY, /e Ha HEl i€ TIAPOCTATUYHUI TUCK CTOBNA PiIUHU B
CBEPJIOBHHI, TIiJ] JII€I0 SKOTO KaBITalllifHI MyXHpIll, SKI BUHUKIN B KaBITaIlliHIN
KaMmepi, pyHHYIOTbCA, TOOTO JyCKalOTh, IO MPU3BOAUTH O MHUTTEBOTO MaiHHS
TUCKY Ha BHOOi CBEPIJIOBUHU 3 YaCTOTOIO, sika (POPMYETHCS BMICTOM MPHUCYTHHOI B
MIPOMUBHIN PIMHI YACTHHOK TBEPJIO1 1 Mapora3oBoi (a3, a TaKOXK 3 aMILTITY/I010, SKa
3aJIEKUTH BiJl PO3MIPY CaMUX KaBITAI[IHHUX ITyXUPIIIB.

ExcnepuMeHTaIbHUMU AOCIIPKEHHSIMU POOOTH KOHCTPYKIIIT 3alpOIOHOBAHOTO
JI0JIOTa BCTAHOBJIEHO, 1110 MPOXOJIKa Ha JOJIOTO Ta MEXaHIYHA IBHUAKICTh OYpIHHS B
MIPOMHCIIOBUX YMOBaX HOTO 3acTOCYBaHHS OyayTh 3HAYHO BHINUMH, HDK TIPH
BUKOPUCTaHHI CEPIMHUX T1IPOMOHITOPHUX TpUIIONAaTeBUX AOJIT. OUEBUIHUM € TOU
(dakT, 10 B JaHOMy OypOBOMY IMpolleci BIIOYBA€TbCS TMOEAHAHHS JIBOX SIBUI —
BIJIpUB TIepeA3PYWHOBAHUX YaCTHHOK TIOPOJIH Ta BUPUBAHHS 1X 3 MAaCHUBY.

JlocnmiKEHHSIMA  TaKOX BCTAaHOBJIEHO, IO NPH KaBITALIMHO-IyJbCALIIHIN
TEXHOJIOTIi TOSIBIISIETHCS 1 PSJ 1HITUX, HE MEHII BaXKJIMBUX IPOIIECIB, 30KpeMa PicT
TEMIIEpaTypyd B 30HI JIyCKaHHS KaBITAllIHHUX TYXUPIIB Ta 3MiHA CTPYKTYypH
npoMuBaIbHOL piavHM. i mporecu mianyeTbcsi HAMH JOCIITUTH Yepe3 EHEPrito siKa
BUJIIISIETBCS. B OTOYYIOUE CEPENOBUIIE, SK PE3yJbTaT JyCKaHHS KaBiTallliHUX
yXHUPIIIB.

Bucnoexku i nepcnekmueu nooanvuux 00cCaioxyceHv. 3aBISIKUA PO3MIIICHHIO
CHIBBICHO JI0 KaBITaIl[IHHUX KaMep CTPHKHIB 13 30BHIIIHBOK TBUHTOBOIO MOBEPXHEIO
3HAYHO 3O0UTBIIYETHCS IIBUAKICTH pyxy HpOMPIBHOl piAMHU MO OCi KamepH, 1110
MPU3BOIUTE JO0 30LTBIIIECHHS PO3MIPIB 1 KITBKOCTI BUHUKHEHHS KaBITAIlIHHUX
myxupiliB. lle crnpuse MmABUIIEHHIO aMIUTITyAW IMITYJIbCiB 3MEHIIIEHHS THCKY, SKi
YTBOPIOIOTHCS MPU PYWHYBaHHI KaBITAI[IHHUX IMyXHPIB, a 3aBASKA TOMY, IO KPOK
I'BUHTOBOI IOBEPXHI CTPHXKHIB 3MEHIIIYETHCSI B CTOPOHY COIUIA KaBiTalllifHOT KaMepH 1
JOCATAETHCSI MAKCUMAIbHUN e(DEeKT B pyHHYBaHHI J0JIOTOM MAaCHUBY T1pCHKOI MMOPOIH,
1 IK HACIIJOK, 3MEHIITYEThCSI EHEPTOEMHICTh TIpoIiecy OypiHHS CBEPAJIOBUHHU.

[ToHM3UTH €HEProBUTPATH MPU OypiHHI MOXKJIMBO W 1HIIMMHU THUIaMU OypOBUX
JOJIIT, 3aCTOCYBAaBIIM B HHUX TEXHOJOTIKO KaBITAlllMHOI TyJdbcallii IOTOKY
MPOMHUBAJILHOI PITWHU, aje 1€ BXKE Pe3ylbTaTH MOAAIBIIMX 1 OLIBIIT MOTJIUOICHUX
JIOCITIKEHD.

Jlitreparypa:

. ®em’sik . M., ®em’ssk B. 5. BypiHHS CBEpIJIOBUH 3 BUKOPUCTAHHSIM
KaBITalIHO-TyJIbCAI[IHHOTO TIpOMUBaHHS iX BHOOiB // Hayunbie tpyasr SWorld:
MEXAYHApOJIHOE NEPUOINUECKOe HayuHoe u3aanue. — Misanoso: Mapkosa AJl, 2016.
—Bun. 2(2). - T. 5. - C. 36-40.

2. Ilarent Ykpainu Ha KopucHy mozenb Ne28563 (51) MIIK: E21B 10/42 //

137



Bbypose nonoto// Inctutyt HanTBepaux matepianiB iMm. B. M. bakyns HAH VYkpainu.
Apemiiiuyk P. C., ®em’sik . M., Bo3uuii B. P., Tonopuyk A. @., bougapenko M. O.,
Apemiiiuyk . C. // Ony6a. 10.12.2007, bron. Ne20.

Abstract. The technology of using cavitation-pulsation processes in the well drilling tool is
considered. Due to the location of the cavitation chambers in the wells of the drill bit, their
modernization, namely the specific installation of the cavitation chambers of the rods with the
external screw surface, significantly increases the speed of the motion of the washing liquid along
the axis of the chamber, which leads to an increase in the size and number of cavitation bubbles. As
a result, the maximum effect is achieved in the destruction of the rock solid rock bit, and as a result,
the energy intensity of the well drilling process decreases.

Key words: cavitation chambers, washing liquid, drill bit.
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Abstract. In this article we describe the practilal realazing of the second and final part of the
technology of biomass gasification in the bioethanol (fuel ethanol) production. This part is the
conversion of syngas to ethanol using the microorganisms. The living conditions of microorganisms
depends from meny conditions: temperature, pH, ingibitors and/or activators influence. This all
conditions give as realize the industrial volume production of bioethanol from cellulose.

Key words: bioethanol, biomass, microorganisms, fermentation, synthesis gas (syngas), acids,
acetate-producing process.

Introduction

The biomass gasification process is an alternative approach for pro-ducing
ethanol from lignocellulosic biomass. This method involves controlled burning of
biomass to produce synthesis gas, or syngas, and then conversion of syngas to
ethanol.

There are two methods to convert biomass-derived synthesis gas to ethanol. The
first method is to use biocatalysts and the second method is to use metal-based
chemical catalysts. Biocatalysis, or fermentation route, is a relatively new
technology. In this approach microorganisms that can convert CO, CO, and H, in the
syngas to biofuels are used as the biocatalyst and are exposed to syngas by bubbling
the gas through an aqueous culture media solution containing microorganisms. A
large wvariety of microorganisms capable of producing carboxylic acids,
hydrocarbons, alcohols, and carbonyl compounds from syngas are known, but in this
chapter we will focus mainly on the ethanol producing biocatalysis process. Recent
progress in this approach is discussed in four review articles. These reviews include
two by Munasinghe et al. [1,2], one by Mohammadi et al. [3] and also a 2011 review
written by Wilkins and Atiyeh on microbial production of ethanol from carbon
monoxide, where CO metabolism and recent genomic studies are discussed [4].

Advantages and Disadvantages of Biocatalysis

When compared to the metal-based chemical catalysis route, the fermentation
method has its advantages as well as some disadvantages.

Advantages

In contrast to chemical catalysts, biocatalysts operate at moderate temperatures
close to ambient temperature, and pressures close to atmospheric pressure, which
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result in substantial energy savings in large industrial-scale operations. Additionally,
the reactor designs are simpler and no high-temperature, pressure-resistant special
materials are required in the fabrication of the reactors. Moreover, operation at
ambient temperature avoids the thermodynamic equilibrium relationship and causes
the irreversibility of biological reactions, which consequently should result in high
conversion efficiencies. High reaction specificity is achieved in fermentation-based
methods in comparison to chemical catalytic processes due to the high enzymatic
specificity. Biocatalysts are known to have higher tolerance for sulfur-containing
gases like hydrogen sulfide (H,S) and carbonyl sulfide (COS), and also for smaller
amounts of mercaptans or organic sulfur compounds, as well as for chlorine and
chlorine-containing compounds. Furthermore, most microorganisms are even capable
of adapting to contaminants like tar within certain limits. It is interesting to note that
the growth of some anaerobic bacteria can be stimulated in the presence of sulfur
compounds, as sulfur acts as reducing agent which reduces the redox potential of the
medium. Even though most microorganisms can tolerate these impurities, the syngas
requires some clean-up before the fermentation process to maintain the maximum
bacterial activity. With metal catalysts, even a trace amount of sulfur gases present in
the syngas can poison the chemical catalytic conver-sion; therefore, elaborate gas
cleaning techniques are required in the chemical catalysis process, which contribute
to the high cost of ethanol. Furthermore, biocatalysts are less sensitive to the com-
position of syngas and usually do not require a fixed CO/H, ratio, whereas metal-
based chemical catalysts need a specific ratio of gas components to yield a desired
product.

Disadvantages

There are major drawbacks in this technology as well, like intrinsic poor
solubility of CO and H, components of syngas in aqueous broths, which will result in
low substrate uptake by microbes, thus, leading to poor conversion efficiencies and
low ethanol yields. For example, Kuniyana et al. have reported their findings on a
pilot plant-scale experiment conducted in a 100 L fermenter, and they have indicated
that the conversion efficiency of CO and H, from the gaseous phase is only 20% at a
continuous gas flow rate of 0.9 L per minute (LPM) at 37°C [5]. Additionally,
Henstra et al. have shown that increasing the temperatures has a negative impact on
the solubilities of CO and H, and will result in a decrease in the mass transfer rate of
these gases to cells [6]. Dissolution of a gas in a liquid phase is a complex process,
and then there are several intermediate steps involved in transporting syngas
components into the microbial cells. These steps include the diffusion through the
bulk gas to the gas-liquid interface, moving across the gas-liquid interface, transport
into the bulk liquid surrounding the microbial cells, and the diffusive transport
through the liquid-solid boundary. In an assessment of various steps Klasson has
identified that gas-liquid interface mass transfer is the major resistance for gaseous
substrate diffusion [7].

The cost of fermentation media is also an important factor in a large-scale
operation of a fermenter. For instance, Kundiyana et al. have reported that
morpholinoethanesulfonic acid (MES) used as a buffering agent in syngas
fermentation media accounts for approximately 97% of the cost of “C. ragsdalei”
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standard media. The buffering of the media is an essential feature of the fermentation
broth, as pH of the media controls the balance of acidogenesis (acetic acid
production) to solventogenesis (ethanol production). Therefore development of
economical buffering systems is also a central issue in scaling up the process.

Metabolic Pathways

The microorganisms used in this approach to produce alcohol fuels from CO, H,
and CO, gas mixture are the type of anaerobic bacteria called acetogens. An acetogen
is a general term used for microorganisms that generate acetate as a product of
anaerobic respiration. This acetate-producing process follows the Wood-Ljungdahl
metabolic pathway and historical perspective of this pathway, as well as metabolic
versatilities of acetogens, are discussed in a classic review by Drake et al. [8]. In this
pathway CO, is reduced to CO, which is then converted to acetyl coenzyme A.
Enzymes CO dehydrogenase and acetyl-CoA synthase are the enzymes involved in
the end process, and the former catalyzes the reduction of the CO, and the latter
combines the resulting CO with a methyl group to give acetyl CoA [9]. In the
conversion of syngas to ethanol, acetic acid is also generally produced as a co-
product and two anabolic processes, acetogenesis and solventogenesis, are involved.
Acetogenesis pro-duces acetic acid, while solventogenesis produces ethanol. The two
processes do not happen simultaneously, but rather acetogenesis precedes
solventogenesis.

Acetyl-CoA pathway leading to the production of ethanol and acetic acids from
CO, CO, and hydrogen in the syngas is shown in Figure 1 [6,10—12]. This pathway is
an irreversible, non-cyclic path that takes place under strictly anaerobic conditions
and governs acetogenic bacterial fermentation. The net ATP formation to provide
energy for the growth of cells is zero for this pathway. Furthermore, the proposed
acetyl-CoA synthesis pathway consists of two branches as shown in Figure 1. The
left branch is known as the methyl branch, whereas the right as the carbonyl branch.

Through these paths CO, is reduced to methyl and carbonyl level via several
enzyme-dependent reactions outlined in the scheme in Figure 1.

In the methyl branch of the acetyl-CoA pathway, CO, is first reduced to formate
(HCOO-). This reaction is reversibly catalyzed by the formate dehydrogenase (FDH)
enzyme, whose function is to reduce CO, to formate [12]. The generated formate is
then the precursor for the methyl group synthesis of the acetyl-CoA path-way. The
formate is activated by tetrahydrofolate (Hyfolate) to form 10-formyl-Hyfolate
catalyzed by 10-formyl-Hfolate synthetase [12]. The enzyme cyclohydrolase
catalyze the further conversion of this intermediate to yield 5,10-methenyl-H,folate.
In the next NADPH-dependent reduction, the 5,10-methenyl-H,folate is converted to
5,10-methylene-H,folate by the methylene- Hyfolate dehydrogenase enzyme. Then,
the enzyme methylene- Hjfolate reductase reduces this intermediate to (6S)-5-
methyl- Hyfolate. At the final stage of the methyl synthesis, CH;— Hyfolate is
transferred to the cobalt center of the corrinoid/iron—sulfur protein. The corrinoid
protein must be reduced to accept a methyl group from 5-methyl- Hyfolate. This
reduction is carried out by reduced ferredoxin which may be gen-erated using
pyruvate and pyruvate—ferredoxin oxidoreductase or CO and CODH as shown in the
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equation below [12].
[Cos+-E] + 2 ferredoxin red — [Co+-E]+ 2 ferredoxin ox (1)

In the next step, the reduced corrinoid protein is methylated by transmethylase
through the following reaction [12]:
[Co+-E] + CHj;- Hfolate — [CH3-Co-E] + Hyfolate (2)

Within the carbonyl branch of the acetyl-CoA pathway, a car-bonyl group is
produced which is then merged with the methyl group to produce acetyl-CoA.

The enzyme carbonyl dehydrogenase (CODH) plays a central role in the
carbonyl branch, or the right branch, of the pathway. Ni-Dependent carbon monoxide
dehydrogenase (Ni-CODH) is a key enzyme in the scheme, and its role can be
classified as: (1) monofunctional CODH, which catalyzes the oxidation of CO to
CO2, which as a result could be reduced to formate and then methyl group in acetyl-
CoA pathway, and (2) bifunctional CODH, which reduces CO, to CO as the carbonyl
group in acetyl-CoA synthesis and also mediates the evolution of acetyl-CoA
alongside the acetyl-CoA synthase (ACS) [13].

During the closing stage of acetyl-CoA synthesis, CO (carbonyl moiety)
condenses with the Co-methyl group (methyl moiety) of the methylated corrinoid
protein and coenzyme A to yield acetyl-CoA. This reaction is catalyzed in the
presence of carbonyl dehy-drogenase (CODH)/acetyl-CoA synthase (ACS) as shown
in the reaction below [12,13].

[CH;-Co-E] + CO + HS-CoA — CH;COS-CoA + [Co-E] 3)

The acetyl-CoA produced is the perfect precursor for the synthesis of a number
of cell materials including nucleotides, amino acids, carbohydrates, and lipids [12].
Acetyl-CoA can be used as a source of cellular carbon or cellular energy depending
on anabolic or catabolic pathway involved in these processes. In the anabolic
pathway, acetyl-CoA is carboxylated to pyruvate in the presence of pyruvate
synthase. Then, the pyruvate is converted to phosphoenolpyruvate, which is
considered as an intermediate in the evolution of cell materials. In contrast, in
catabolic pathway the acetyl-CoA under-goes some reaction to generate ATP and
acetate.

The conversion of acetyl-CoA to acetate is catalyzed by phos-photransacetylase,
and this reaction is carried out via formation of acetyl-phosphate (CH;COO— PO;> )
as the intermediate. In the next reaction, acetyl-phosphate is transformed to acetate,
while a molecule of ADP is phosphorylated to ATP in the presence of acetate kinase.
This phase of metabolism results in acetate production, and is frequently known as
the acidogenic phase as well. Conversion of acetyl-CoA to acetate and ATP is carried
out during the growth phase of the microorganism. While the evolution of ethanol
and NADP is performed during the non-growth phase. Therefore the growth is slow
and no ATP is evolved in the solventogenic phase where etha-nol is produced from
acetyl-CoA. In this phase of the fermentation process, the reducing potential in the
form of NADPH is utilized by the organism to form acetaldehyde (CH;CHO) in the
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presence of enzyme acetaldehyde dehydrogenase. In the last step of the production of
alcohol, the acetaldehyde generated is converted to ethanol by the enzyme alcohol
dehydrogenase where NADPH is converted to NADP+ during the process as shown
in the equation below.

CH;CHO + NADPH + H" — CH;CH,OH + NADP" (4)

In order to avoid the consumption of reducing equivalents by other metabolic
pathways such as aerobic respiration, it is very important to maintain a strict
anaerobic environment during the acetyl-CoA pathway shown in Figure 1.
Furthermore, through the proposed metabolic pathway, intermediate acetyl-CoA per-
forms two major roles: firstly, it acts as a precursor for the cell macromolecule, and
secondly, it serves as an energy source.

Microorganisms Used in Syngas Fermentation

As this is a relatively new area of science a limited number of microorganisms
are presently known for the fermentation of syngas to ethanol and other biofuels.
Some of the most commonly used microorganisms that can produce a significant
proportion of ethanol in the fermentation process are as follows:

Clostridium ljungdahlii [14,15] Clostridium carboxidivorans P7 [16]

Clostridium ragsdalei (also called Clostridium strain P11) [17-21]

Clostridium autoethanogenum [22]

Peptostreptococcus products [23]

These microorganisms can proficiently operate in the pH 4.0 to 7.0 range, at
temperatures close to ambient temperature, and utilize the reductive acetyl-CoA
pathway for growth and production of acetic acid and ethanol as major products from
CO, H, and CO, [11,24,15]. Alcohol and acetate yields from a selected sample of
microorganisms and experimental conditions used in recent literature examples are
shown in Table 1.

Biochemical Reactions in Syngas Fermentation

The biochemical conversion of CO, CO, and H, in syngas to ethanol following
the acetyl-CoA pathway under anaerobic conditions produces acetic acid and ethanol
as the major products. The over-all stoichiometry for ethanol and acetic acid
production from these gaseous reactants can be represented by Equations 12.6—12.9

[31].

6CO + 3H,0 — C,H;0H + 4C0O, AG® =-216.0 kJ/mol (5)
2CO, + 6H, — C,H;OH + 3H,0 AG® = - 97.1 kJ/mol (6)
4CO + 2 H,0 — CH;COOH +2C0O, AG°® = - 135.0 kJ/mol (7)
2CO0, + 4H, — CH;COOH + 2H,0 AG® = - 54.8 kJ/mol (8)

The combination of Equations 6 and 7 shows that two-thirds of the carbon from CO
is converted to ethanol. During the acetyl-CoA pathway, hydrogen provides the
required reducing equivalents and electrons when hydrogenase enzyme is present in
the fermentation media as shown in Equation 12.10.
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Figure 1. The acetyl-CoA pathway for acetogenic microorganisms [6,10-13].

If the hydrogenase enzyme is inhibited or hydrogen is not pres-ent in the
fermentation broth, the required electrons are obtained from CO in the presence of
carbonyl dehydrogenase (CODH) enzyme. In other words, CO is used in supplying
electrons, rather than in the biofuel production. This obviously results in a drastic
reduction in alcohol yields. It is therefore vital to maintain healthy concentrations of
both hydrogen and CO in the culture medium during the fermentation. It is very
important to operate under optimum growth conditions of the syngas-fermenting
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microorganisms whose conditions can vary from organism to organism. Many of the
known microbes tend to produce significant fraction of acetate products in addition to
alcohol products as well. Therefore, in order to shift the product formation from
acetogenesis to solven-togenesis, researchers have investigated nutrient limitations,
pH shifts, reducing agent addition, hydrogen addition and many other modifications.

Table 1
Production of ethanol from fermentation of syngas using various acetogenic
bacteria
Organism Gas substrate (v/v) [Culture [Ferm. [Temp. [pH Cell density  |Conv. [Product(s) (Reference)
ode time (“C) (/1) efficiency
Clostridium CO/H2/COn/MN2 CSTE 30d 37 5 1.13 na ethanol23.26 gL
\Ragsdalei (20:3:13:60) acetate 4.82gL
2-propanel®.23g/L
[butanol0.47gL[3]
Clostridium CO/H2/COx/MN2 Batch 15d 32 ] 0.95 na ethanol 1.89 g/l
|Ragsdalei (20:3:15:60) acetate 1 45g/L[23]
Closiridium CO/H2/CO2/Ma Batch 13d 37 ma 1.2 [HCO:100% |ethanel0.6 gL
[jungdahlii (20:3:13:60) acetate 1.3g/L[26]
Clostridium CO/H2/CO2/MNa2 Cell 360h [36 4.5 4 [KCO:90%  |ethanol48 gL
[fungdahlii (33:20:10:13) recycle [H2:T0% acetate 3g’L[27]
Closiridium CO/H2/CO2/Ma TEBR na 37 5.1 na [C0:37% ethanel2.74 gL
[jungdahlii (14:17:4:63) [{H2:72.6% |acetate6.4g/L[28]
Clostridium CO/H2/COn/Ar CSTR na 37 -3 na na ethanol1.0gT
ljungdahli (33:18:111:16) acetate 3 0g/L[29]
Closiridium CO/H2/CO2/Ma Liquid 44h 37 6.8 0.562 na ethanel 0.29mmol’ gh
[fungdahlii (20:10:20:30) batch acetate 0.12Tmmol’ gh [30]
Clostridium CO/H2/COx/MNa2 Liqud 72h 37 ma 0.15 na ethanol 1 43mmol’ gh
jautoethanogermwn |(20:10:20:30) batch acetate 23 3mmol’ gh[30]

The Effects of Operation Parameters on Ethanol Yield

Several operation parameters can affect the ethanol yield.
ones are: culture media, pH, carbon source, inhibitors, gas
pressure.

The Effect of Culture Media

Culture media is probably the most important operation parameter in the
optimization of the ethanol yield [25,32,33,21]. Kundiyana and coworkers recently
reported two studies on the effect of culture media during the syngas fermentation
utilizing Clostridium ragsdalei. In one study they reported [32] the effect of nutrient
limitation and two-stage continuous fermenter design on productivities, whereas in
the other study the role of the buffer presence in the media was evaluated [25]. In the
first study three nutrients, calcium pantothe-nate, vitamin B, and cobalt chloride
(CoCly), on syngas fermentation using Clostridium ragsdalei were determined using
serum bottle fermentation techniques. These studies indicated that three-way
interactions between the three limiting nutrients, and two-way interactions between

The most important
impurities, and gas
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vitamin B, and CoCl, had a significant posi-tive effect on ethanol and acetic acid
formation. In general, ethanol and acetic acid production ceased at the end of nine
days, corre-sponding to the production of 2.01 and 1.95 g L' for the above inter-
actions. Reactor studies indicated the three-way nutrient limitation in two-stage
fermenter, which showed improved acetic acid and ethanol yields compared to
treatments in single-stage fermenter. As a result of these studies Kundiyana and
coworkers concluded [32] that their results further support the hypothesis that it is
possible to modulate the product formation by limiting key nutrients during
C.ragsdalei syngas fermentation.

As the fermentation medium is a critical factor in the biocatalysis route, there
are several reports on using experimental and theoretical techniques in the
optimization of pH and composition parameters. In one example, Plackett—-Burman
applied central com-posite designs to optimize the medium for ethanol production by
Clostridium autoethanogenum in a medium containing NaCl, KH,PO,, CaCl,, yeast
extract, MgSQO,, and NH,Cl [33]. The optimum ethanol yields predicted by response
surface methodology (RSM) and an artificial neural network-genetic algorithm
(ANN-GA) were 247.48 and 261.48 mg/L, respectively. Furthermore, Guo et al.
reported that these values are similar to those obtained experimentally under the
optimal conditions suggested by the statistical methods (254.26 and 259.64 mg/L). It
is interesting to note that the fitness of the ANN-GA model was higher than that of
the RSM model. Additionally, as a result of optimizations in the culture media, yields
obtained in this study were substantially higher than those previously reported (6070
mg/L) with the same organism [33], and this result clearly established the importance
of using optimum nutrient concentrations in the fermentation broth.

Effect of Medium pH

Fermentation pH is another parameter related to the culture media capable of
regulating the substrate metabolism and altering the physiological parameters,
including the internal pH of cells, membrane potential and proton-motive force. As a
result, the medium pH affects the product selectivity, composition release and meta-
bolic byproducts. The effect of pH on syngas fermentation is discussed in recent
publications and in reviews [1,2,3,25]. The optimum pH value varies with the
organism, and there is a narrow range for every organism, in which the cells are
metabolically active. Any large deviations in pH can lead to damage or death of the
cells and consequently results in loss of biological activity. Lowering the fer-
mentation broth pH can weaken the cell growth and affect the over-all productivity of
the process because of the reduced flow of carbon and electron from the substrate
toward the cell mass. However, in the case of acetogenic bacteria, this effect can be
considered as an advantage because the reaction path can shift from acetogenic to sol-
ventogenic phase, which supports the production of more reduced alcohol products
such as ethanol. In such cases, the generated acetic acid, which is a weak organic
acid, permeates through the cell mem-brane, as it is a lipophilic acid in the
undissociated form. Acetic acid conducts H+ ions while diffusing through the cell
membrane, thus reducing the intracellular pH. At the low internal pH values, exter-
nal pH plays an important role in counteracting this situation [21].

Kundiyana and Wilkins have recently studied the effect of fermentation medium
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pH together with other parameters like temperature, and presence or absence of
media buffer [25]. They have found that the temperature dependence on the gas
solubility is an important factor as well. This may be due to the fact that carbon
monoxide and hydrogen components of syngas show decreased solubility with
increasing temperature. These studies revealed that Clostridium species preferentially
switch from acetogenesis to solventogenesis phase at pH below 5.0, and
morpholinoethanesulfonic acid (MES) added as media buffer has been shown to
increase lag time for ethanol production. Furthermore, this study showed syngas
fermentation using Clostridium ragsdalei at 32°C in a media without a buffer was
associated with higher ethanol concentration and reduced lag time as a result of
switching to solventogenesis. The optimization study concluded that temperature
above 40°C and pH below 5.0 were outside the most favorable range for growth and
metabolism of the Clostridium ragsdalei [25]. Probably the most important finding
from this study was that it is possible to conduct syngas fermentation using
Clostridium ragsdalei in the 32 to 37°C without any buffer addition as seen in the
results of Table 2.

Additionally, temperatures above 37°C greatly reduced C. ragsdalei cell growth
and performance resulting in significantly lower ethanol production [25].

The Effect of Carbon Source

Anaerobic microorganisms are able to grow either chemoorgano-trophically
with carbon sources such as fructose, acetate, malate, glutamate, furmarate, succinate
and pyruvate, or chemolithotrophi-cally on substrates such as CO and H,/CO,, which
are considered as the main syngas constituents. During the syngas fermentation these
anaerobic microorganisms utilize CO or CO, during the fermentation process to
provide energy for bacterial growth and maintenance and also metabolize the
production of alcohols and acetate. Cotter et al. first reported a comparison of a
carbohydrate carbon source with syngas [30]. In this study the growth of C. ljung-
dahlii was measured in syngas (50% N,, 20% CO, 20% CO, and 10% H,), as well as
utilizing fructose as the carbon source. They found that bacterial growth on sugar-
based carbon resulted in a dense cul-ture of about 1 g/L, whereas the syngas produced
only 0.562 g/L. Moreover, the ethanol concentration of fructose-fed culture was
13 mM and in the syngas-fed culture was 3.8 mM. This type of large difference in
growth performance was most likely due to the diffusion limitations at the gas—liquid
interface and/or efficiency of the uptake and transport mechanism of the gaseous
substrate. In addition to this, they observed [30] that syngas fermentation inoculated
with cells pre-cultured on fructose resulted in a higher cell density (0.850 g/l) in
comparison to the cells pre-cultured on syngas (0.562 g/l). It was inferred that such
difference in culture performance was likely attributed to a greater availability of
intracellular cofactors, enzymes, and maintenance energy in cells adapted to sugar
substrate.

The Effect of Inhibitors and Impurities in Syngas

In biological processes, the growth and product formation rate of microorganism
may be reduced or even inhibited by products, contaminants, and by impurities in the
syngas. For example, production of organic acids is known to be associated with
hydrogen formation. However, increase of the H, partial pressure in the gas phase, as
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well as accumulation of H, in the fermentation medium, may inhibit the fermentation
and acetogenesis due to the altera-tion of carbon flow in the biological pathway of
organism [34]. In addition, higher concentrations of CO, can be a possible source of
inhibition as well, as CO, dissolves in water making carbonic acid or its carbonate
derivatives affecting the medium pH.

The impurities in the syngas can also affect the growth of micro-organisms and
product yields [35,36]. Once an impurity transfers from the syngas into the bioreactor
media, the impurity may directly affect the organism by causing cell toxicity by
enzyme inhi-bition and this may affect product distribution as well, or indirectly
affect the fermentation process by changing process conditions like pH, osmolarity,
redox potential, etc.

Depending on the concentration of impurities, syngas can be cleaned up before
the fermentation. Selection of commercial tech-nologies suitable for syngas cleanup
1s mainly based on the cost and the ability to meet the end-user specifications. The
impurities in biomass-derived syngas can be categorized into solid impurities, tars
and gaseous impurities [37,38]. Filters and cyclones are commonly utilized for
removal of particulate matter or solid impurities. In general, tar removal technologies
can be branched into primary methods inside the gasifier treatments and secondary
methods after the gasifier treatments.

Table 2.
The experimental data for syngas fermentation utilizing Clostridium
ragsdalei. Product yields are shown under different pH and temperature
conditions at the end of a 15 day period (n = 3)

Treatment |Buffer (%) pH | Temperature [Acetic acid | Ethanol | Cell density * (after | pH
O gl gl 15 days)
1 1 7.0 42.0 0.22 0.00 0.08 6.46
2 1 7.0 32.0 6.35 0.58 1.07 4.77
3 1 5.0 42.0 0.34 0.00 0.06 5.19
4 1 5.0 32.0 3.71 0.52 0.81 4.29
S 2 7.0 37.0 7.88 0.30 0.70 5.14
6 0 7.0 37.0 1.60 1.65 0.84 4.50
7 2 5.0 37.0 3.58 0.43 0.62 4.40
8 0 5.0 37.0 2.41 0.39 0.50 4.34
9 2 6.0 42.0 0.21 0.00 0.08 5.98
10 0 6.0 42.0 0.28 0.00 0.08 5.47
11 2 6.0 32.0 3.53 0.73 1.03 4.85
12 0 6.0 32.0 1.45 1.89 0.95 4.39
13 1 6.0 37.0 3.94 0.69 0.74 4.74

Generally primary inside the gasifier tar cracking methods can effectively convert the
heavy and light hydrocarbons to negligible levels. In addition to this, scrubbing with
water can be employed for removal of water soluble gaseous impurities such as
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ammonia, HCl and chlorine and other trace impurities. Zinc oxide beds are also
popular for removal of sulfur in the syngas.

The toxicity of impurities on bacterium are due to inhibition of various enzymes,
and these enzyme inhibitory effects of common gaseous impurities NHz;, NO, NO,,
H,S, COS, and SO, are summarized in Table 3.

Effect of NH;

Ammonia in the syngas can affect enzymes alcohol dehydrogenase and amidase.
Xu and Lewis have studied the effects of ammonia impurity in raw syngas on
dehydrogenase activity [45]. In this work, it was shown that NH; rapidly converts to
ammonium ion (NH,") following exposure of fermentation broth to NH;, and they
found that accumulated NH," also inhibited dehydrogenase activity and cell growth.
A kinetic model for dehydrogenase activity that included inhibition effects from
NH," + was developed in this work, and KH, (Michaelis-Menten constant) and
KNH," (the inhibition constant for NH,") were included as model parameters.
Experimental results showed that NH,  behaves as a non-competitive inhibitor for
dehydrogenase enzyme with KNH," of 649 + 35 mol m™. As part of the work, Xu
and Lewis have been able to distinguish the unique aspect of NH,  inhibition by
comparison with other species such as K and phosphate ions, by proving that
potassium and phosphate ions had no effect on hydrogenase activity. Since NH,  can
easily be accumulated in fermentation media and transport across the cell membrane,
they concluded that it is crucial to remove NH; impurity from raw syngas to
minimize the reduction in alcohol dehydro-genase activity.

Effect of Nitric Oxide

Nitric oxide (NO) present in the syngas at concentrations greater than
0.004 mol% can inhibit the enzyme hydrogenase, and this is a reversible, non-
competitive inhibitor activity. In addition, NO also had an adverse effect on cell
growth and may contribute to increased production of acetic acid. Syngas
fermentation using C. carboxidivorans has shown that NO concentrations less than
0.004 mol% had no effect on the efficiency of the process. Therefore, gas cleanup up
to 0.004 mol% NO is sufficient in most of the syngas fermentation operations.

The Effect of Gas Pressure

The effect of partial pressure of gas components is another controlling factor
that can affect the ethanol yield. In an early study with Clostridium ljungdahlii,
varying initial CO partial pressures (up to 1 atm) in a closed bottle system was used
to assess cell growth and product formation [26]. In this investigation it was shown
that vary-ing CO partial pressure did not affect the maximum cell growth.

Additionally, ethanol production was similar for partial pressures up to 0.75 atm
and acetate production had no apparent correlation with CO partial pressure.
However, more recent work in this area was aimed at keeping partial pressure
constant throughout the fer-mentation process. Since gas partial pressures do not
remain con-stant in a closed bottle system as the metabolic process proceeds, later
work utilized an experimental design to maintain constant CO and CO, gas phase
partial pressures during the entire experiment. In a 2010 investigation Hurst and
Lewis have studied the effect of CO partial pressure effects on the metabolic process

149



Table 3
The effects of common syngas impurities on enzymes, showing inhibitory

concentrations.
IInhibitor Name of enzymes Amount Reference
[NH3 Alcohol dehydrogenase (ADH), Amidase [NH3 Inhibition at very high concentration [39][40]
of ADH
INO Hydrogenase, Alcohol dehydrogenase For hydrogenase, at 0.015 mol% level, 100% [16] [41]
ADH) inhibition, at 0.004 mol% level
INO JFormate dehydrogenase (FDH), Nitrate 1 mol/m3, 5% inhibition for FDH [36]
reductase 1 mol/m3, 20% inhibition of nitrate reduc-
tase activity
H S[Thiosulfate sulfurtransferase, L-ascorbate |At concentrations above 30 mol/m® for [42] [43]
i sulfurtransferase thiosulfate 1 mol/m3, 97% inhibition for

[_-ascorbate oxidase

COS Carbon monoxide dehydrogenase Rapid-equilibrium inhibitor largely com- [44]
petitive versus CO

SO, Ascorbic acid oxidase (AAQO) - [36]

of syngas fermen-tation by keeping partial pressures constant throughout the process.
In this work they assessed the effects of constant CO partial pressure (PCO), ranging
from 0.35 to 2.0 atm, on cell growth, acetic acid production, and ethanol production
using Clostridium carbox-idivorans P7'. The key findings of this study could be
summarized as follows: (a) the maximum cell concentration increased with
increasing Pco, increasing 440% with a Po increase from 0.35 to 2.0 atm, (b) ethanol
production changed from non-growth-associated to growth-associated with increasing
Pco, (¢) acetic acid production (gram acetic acid per gram cells) decreased for Pco >
1.05 atm rela-tive to Pco < 0.70 atm, and (d) acetic acid appeared to be converted in
the latter growth stages for Pco of 1.35 and 2.0 atm.

The work of Hurst and Lewis as well as other groups have emphasized the
importance of P and the Pcg to Pco, ratio on electron and ATP production. Since
gasification processes that generate syngas could result in differing gas partial
pressures, the process variations could significantly change growth and product
forma-tion as evidenced by these metabolic changes.

Syngas Fermentation Reactors

Several reactor designs can be used for the fermentation process, and reactor
configuration is closely related to the product yield and plays an important role in
syngas fermentation. The most important parameters that we are looking for in
designing an efficient fermentation bioreactor system are: high mass transfer rates,
high cell densities, low operation and maintenance costs, and easy scale-up to very
large industrial scales. In this section some of the common reactor designs that are in
current use in syngas fermentation and undergoing further improvements will be
discussed.

Continuous Stirred Tank Reactors (CSTR)

The continuous stirred-tank reactor (CSTR), also known as vat or backmix
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reactor, is the most commonly employed bioreactor in syngas fermentation. This
reactor has a continuous flow of gas bubbling through the liquid which typically
consists of a dilute solution of essential nutrients for the microorganism to grow and
survive on. A schematic representation of continuous stirred tank reactor (CSTR)
used for fermentation of syngas to ethanol is shown in Figure 2.
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Figure 2 Schematic representation of the continuous stirred tank reactor
(CSTR) used for fermentation of syngas to ethanol.

The liquid can be added and removed from this type of reactor while the reactor
is under operation, and high agitation rate is needed to enhance the transfer rate of the
CO, CO,, and H, from the syngas to organisms. Higher agitation speeds lead to a
higher mass transfer rate between the substrate gases and the microbes. However, in
very large industrial-scale fermenters, higher agitation speeds increase the agitator’s
power consumption, thus increasing the operational cost of the plant. If the transfer is
not fast enough, the production of cellular products will be limited to how fast the gas
is transferred to the organism.

Microbial cell recycle systems can also be used in conjunction with the CSTR to
increase cell density within the reactor. In such a system, the fermentation broth is
pumped through a recycle filter and the retentate containing the microbial cells is
separated from the permeate (cell-free media) and recycled back to the bioreactor.
This process prevents loss of cell mass from the bioreactor during continuous
operation and also allows the CSTR to be operated at dilution rates greater than the
maximum growth rate of the micro-bial catalyst. Recycling has been shown to
provide up to about a 2.6-fold increase in cell concentration [14].

Packed Bed Reactors (Immobilized-Cell Reactors)

Packed-bed reactors, or immobilized-cell reactors, are columns packed with
biocatalyst particles to which the microorganisms are immobilized. These reactors are
usually operated concurrently where the liquid and gas flow in the same direction.
Advantages of this reactor include high density of the microorganisms and easy
separation of the microbial cells from the fermentation broth. However, the rate at
which syngas components are transferred to the organism is usually slow.

Trickle Bed Reactors (TBR)

This is a wvertical tubular reactor packed with solid material that the
microorganisms can attach to as solid support. The term “trickle bed” entails the
downward movement of a liquid and gas over a packed bed of catalyst particles. It is
considered to be the simplest reactor type for performing catalytic reactions where a
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gas and liquid (normally both reagents) are present in the reactor, and accord-ingly it
is extensively used in processing plants. The direction of fluid flow is normally
counter current, with the liquid trickling downwards as the gases flow upwards.

Comparative studies on different types of reactors in syngas fer-mentation are
rare in the open literature. However, Kundiyana and Wilkins have reported their work
on a 100L pilot plant-scale syngas fermenter [5] as well as a two-stage continuous
fermenter design on productivities during Clostridium ragsdalei syngas fermentation
[32]. These pilot-scale 100L fermenter studies were conducted in strictly anaerobic
conditions, the fermentation system was maintained in a batch mode with continuous
syngas supply, and the impact of improving the syngas mass transfer coefficient on
the utilization and product formation was studied. Results indicated a six-fold
improvement in ethanol concentration compared to serum bottle fermentation and the
formation of other compounds as well, such as isopropyl alcohol, acetic acid and
butanol, which are of commer-cial importance [5]. The two-reactor configuration
experiment was conducted using two stirred-tank fermenters of equal volume in
series in the partial-cell recycle mode [32]. The operational strat-egy of this reactor
scheme involved operating the first reactor as a “growth reactor” and the second
reactor as a “product reactor.” These studies clearly demonstrated the advantages of
two-stage reactor design over the single-vessel design.

Industrial-Scale Syngas Fermentation and Commercialization

The major deficiency in the current syngas fermentation route is gas-to-liquid
mass transfer limitation, which is the most difficult barrier to overcome due to the
poor solubility of the gaseous substrate, especially CO and H,, in fermentation
medium. The low ethanol yield in the process is also a result of solubility limitation.
The slow reaction rate and the need for sterile condition to prevent media
contamination are also some disadvantages involved in biological processes. But in
the case of syngas fermentation, the presence of CO in the gas stream ensures sterility
as it is toxic to most microorganisms.

Even though there are considerable challenges, the potential of the fermentation
route to produce ethanol from syngas has been established by various successful
laboratory-scale research studies and pilot plant studies. So far three major companies
have reported the successful operation of large facilities for high-volume ethanol
production via syngas fermentation technology [11], and these industrial facilities
include:

1. Coskata, Inc., Madison, Pennsylvania, USA; 2009; 50,000 gallons/year semi-
commercial plant

2. INEOS Bio, Vero Beach, Florida, USA; 2008; 8 million gallon/year

3. LanzaTech, Glenbrook, New Zealand; 2010

There are a number of areas that can be focused on for improving the ethanol
yield, which include genetic engineering of microorganisms to develop better
biocatalysts, innovative reactor designs that can improve the mass transfer, and cost-
effective fermentation mediums that can enhance the syngas solubility in the liquid
phase. It is encouraging to see that all these aspects are currently under rigorous study
in academic and industrial laboratories.
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Conclusion

The celluloseand other biomass as a raw material for the bioethanol production
is one of the most perspective. Big volume, chip prise make the cellulose first for the
increasing of bioethanol production and using.

The bioethanol producers can use biomass in two ways — directly threat and
fermented or throw syngas.

The conventional of biomass into syngas by gasification processes is another
route in the bioethanol production. Using of this technology depend from final price
of production and, of course, its influence on the price of bioethanol.
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Aunomauin. B pobomi posenamymi numanHs NpoMuciosoi peanizayii Opyeoco ma
3a6epuianvpHo20 emany nepepobKu Oiomacu, 30Kpema yenrono3u, 6 OioemaHon uepe3 6apianm
CUHMEMUYHO20 2a3Y 3 HACMYNHUM 30pPOO0NCYBAHHAM CUH2A3Y MiKpoopeauizmamu. Pozensnymo
6NIUB PIZHUX (hakmopig: memnepamypu, axkmuenoi Kuciomuocmi (pH), ineibimopie ma
AKmMueamopie Ha HcummeOisIbHiCMb MIKPOOP2aHizMie, 3a0iaHUX 6 Oiompanchopmayii cuneasy,
ma, sk pe3yibmam, Ha 8UXié 6i0emaHoy.

Kniouosi cnosa: 6Oioemanon, Oiomaca, 30po0diCY8aHHS, CUHMEMUYHUL 2A3, KUCIOMU,
MIKpOOpeanizmu, ayemamuuii npoyec.
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Anomayia. B pobomi npogedeno ananiz cy4acHux nepcneKmusHux mexHoao2iu ma po3pooox
8 eHepeemuyi 3 AKYEeHMOM HA ATbIMEPHAMUBHI Odcepend eHepail.
Knrwouoei cnosa: innosayii, enepeemuxa, oxcepena eHepeii.

Beryn. Enepretuka € ofHI€l0 3 Taly3edl €KOHOMIKH, B SKIH 1HHOBaIlil
BIIPOBA/KYIOThCS 3 BHCOKOIO IHTEHCHUBHICTIO. Came OTpUMaHHS OUIbII JACIICBO1
€Heprii 3 MOHOBIIOBAHUX JpPKepes 0e3 MIKOAM HAaBKOJUIIHBOMY CEPEOBUIILY 3/1aTHE
JaTH HOBUM TONITOBX Yy PO3BUTKY OI3HECY B PI3HUX Taly3sX MPOMHUCIOBOCTI.
CyyacHi TEXHOJIOT11 B €HEPTETHII 3/1aTHI 3MIHIOBATH PO3BUTOK TPAJUILIINHUX TaTy3eit
MIPOMUCIIOBOCTI, @ TaKOX JCIIEBII BUIU €IEKTPOCHEPTii MOXKYTh SIKICHO MOJIIMIIUTH
YMOBH KUTTS JIOAUHU. Ha chOromHIIIHIN 1eHb, OAHIEIO 3 aKTyalbHUX HpoOJieM €
BU3HAYCHHS 1 JOCHIHDKEHHS MPOTUPIYh MIXK CTAaHOM CY4YacHOI EHEPreTUKH 1
noTpedaMu CyCHUIBHOTO PO3BUTKY, a 3HIDKCHHS BapTOCTI TeHepallli € OJHHUM 3
ICTOTHHX TIepeayMOB TOI0JIaHHs TII0banbHoil kpusw [1, 2, 3,4,5,6,7, 8,9, 10, 11].

Buknan ocHoBHOro marepiany aociaimkenHs. HoBi TexHomorii B eHepreTHIl
3aCTOCOBYIOTHCS 3 METOIO PO3BUTKY ITPOMHCIIOBOTO BUpOOHMIITBA [2, 3, 4, 5, 6, 7, 8,
9, 10, 11], amke 3 KOXXHUM JHEM mpoOjeMa eHeprii, il OTpuMaHHS A MOTPed
€KOHOMIKH 3aroCTPIOEThCS 1 BHUMAarae HOBUX IIJIXOJIB JI0 BHUPIIICHHS 3aBJllaHb
EHEepPreTUYHOI O€3MeKH KOXKHOI JiepkaBu. HalOouIbInl palfioHaTbHUM — HIISXOM
PO3BUTKY € MPOBEJCHHS KOMIUIEKCHUX JOCIIKEHb 1 BIPOBAKEHHS 1HHOBAIlIHHUX
METOJ[IB BUpOOHHUIITBA e€Heprii. Ha chorojmHimHiii JeHb BiAOMI Takl BUIU
1HHOBaIlIlHO1 eHepreTuku: 1. EHeproycraHoBku Ha 06a31 TMHAMIYHOI HAAIPOBIAHOCTI.
IIpy meBHI MmBUAKOCTI OOEpTaHHSA JWCKIB BHUHHKAaE eGEKT JIUHAMIYHOI
HAJIIIPOBITHOCTI CTPyMYy, IO J03BOJISIE TEHEPYBATH MOTYXHI MArHiTHI MOJIs, 111 TTOJIS
MOXHa BHUKOPHUCTOBYBaTHM I TeHepaiii enekTpoeHneprii. 2. AtmocdepHa
enekTpoeHepreTrka. Llei HampsM JociigKeHb 00'€qHYy€e Pi3HI CIOCOOM OTPUMAHHS
HaKomuuyeHid B atMocdepi enekTpuuHoi eHeprii. 3. [HaykimiitHi HarpiBaui. CydacHi
THYKIIAHI €JIeKTPOKOTIN Hajae OuIblle TEIUIOBOI €Heprii mpu THX K€ BHUTpaTax
enektpoeneprii. 4.  BuxpoBi  temnoreneparopu. LI Temoreneparopu
BUKOPHCTOBYIOTHCS JIJII ONAJCHHS NPHUMIIICHb, B HHUX PIIUHA MPOKAYYETHCS
€JIEKTPOHACOCOM Yepe3 MEBHUM YMHOM 3'€THAHI TPyOM 1 HarpiBa€ThCs 0 3HAYHUX
temneparyp. S. Mar"iToMexaHIYHUA  TIACUIIOBAY  MOTYKHOCTI, B  SIKUX

156



BUKOPHUCTOBYETbCS MarHiTHe mosie 3emuli i 301TIbIICHHS IIBUAKOCTI OOepTaHHS
Bajy reneparopa. 6. JIBurynu 0e3 BUKUAY MAacH, ajie MEePCIEeKTUBU LIOTO HANpsSIMy
noku He Bu3HaveHi. 7. Ilna3moBi reHeparopu. EkcnepumMeHTH 3 pI3HUMH
KOHCTPYKIIISIMHM 3apa3 BEAyThCsl Ha JlabopaTopHOMY piBHI. 8. HampyskeHi 3aMKHYTI
KOHTYpHU. Peanizamis Takux KiHEeMaTH4HI CXE€M JI03BOJISIE OTPUMATU JOJATKOBY
EHEprito, HaANmpUKIa] B KOHCTPYKIUSX MIIMHIB JJI1 TOJAPIOHEHHS BIAXOIB
noniMepHux marepianiB. 9. Hanomnposignuii akymynstop. Lle Bua miTili-10HHOTO
aKyMyJsiTOpa B SIKOMY TpaJuUIHHUN TpadiTOBUH aHOA aKyMyJATOpa 3aMiHEHO Ha
aHOJM 3 HEPXKaBIIOYOI CTajll TOKPUTHA KPEMHIEBUM HaHOMpOBIAHUKOM. 10.
besaporoBa mepenavya enexkTpuku. be3apoToBi 3apsaHI MPUCTPOi A MOOYTOBOI
€JIEKTPOHIKU Ha ChOTOJIHI CTAIOTh HAJ3BUYANHO aKTyaJIbHUMH 1 3aTpeOyBanumu. 11.
KOPTEX. Ile cydacHa TeXHOJOTiSI BHPOOHHIITBA EJIEKTPOCHEPrii Ha OCHOBI TakK
3BaHOI JUHAMIYHOT HAMPOBIAHOCTI. 12. ATMOC]epHa eneKTpoeHepreTHKa. Y 1boMy
BUMAJIKY 1Ji 300py arMochepHUX 3apsjiiB MOXKYTh 3aCTOCOBaHI MEBHI METAJH, IO
MOX€ OYTH BHKOPHUCTAHO JJii BUPOOHUIITBA €JIEKTPOCHEPrii B MICISAX 3 BOJIOTUM
kiimaroM. 13. E-Cat. Ilpunuun naii Takux peakTopiB Oyaye€ThCsl HA BUKOPUCTaHHI B
AKOCT1 TaJMBa HIKEIIO 1 BOJHIO, B MPOLECI B3a€EMOJIl SAKUX BUIISETHCSA TEIUIOBA
€Heprisg 1 yTBOproeTbes Mijib. 14. EXeKTpoxiMiuHI MOTOKOBI CYyNEpKOHIEHCATOPH -
HOBa KOHUEIMIIS [IBUJIKOTO HAKONMHWYEHHS 1 BIJAHOBIIEHHS €Heprii. AprymeHTH 1
JOKa3u TepeBar JOCHIJHULBKOI KOHIEMNIli TMOTOKOBUX CYINEPKOHJEHCATOPIB
npeacrasieni B kKypHaini Advanced Energy Materials. Onmy0OnikoBaHHME B CTarTTi
BUXIJHI JJaH1 MPOJAYKTUBHOCTI MOTOKOBUX OCEPENIKIB OCUTh NMEPCHEKTUBHI, 110 Ja€
MOKJIUBICTh OOTOBOPIOBATH TMOAAJBII KPOKA PO3BUTKY IIi€i TexHozorii. LleHTp
MarepiasiosHaBcTBa, Materials Research Centre (Ykpaina), 6paB y4acTb B po3poOiii
IH)KMHIPUHTOBOTO  JU3allHy  MOTOKOBOTO  OCEpElKYy  CYyNEpKOHIEHcaTopa
(Electrochemical Flow Cells) 1 BUTOTOBIEHHI E€KCHEPUMEHTAIBHOIO JIOCIIAHOTO
3pa3ka Ay HOBOI TexHosorii. TpuBanmuii yac cBiToBa e€KOHOMika oOxommmacs 0e3
IHHOBAllld B €HEPreTHulll, a TaK 3BaHl «aJbTEPHATHBHI JXKEPENa» HE CTBOPIOBAIH
peanbHOi 3aMIHM CIIATIOBAHHIO BYIJIEBOJIHEBOrO MaivBa. biomaimBo, BiTpOBI Ta
COHAYHI TEHEepaTopW HE CTaBWIM MiA yJaap cTapy eHepretuky. Po3poOku
PEBOJIIOLIMHAX TEXHOJIOTIM B €HEPreTHll, Al OTPUMaHHSA aTMOC(HEPHOI E€JICKTPUKH
ab0 eKOHOMIYHOi aBTOHOMHOI TreHepalii, He 3HAaXOAWIM MIATPUMKUA BEIHKHUX
Koproparii. Y HaWOIMmK4l POKH 3'SBISATHCA 1 1HINI BUHAXOMH, SKi JO3BOJISITH
paguKaIbHO 3HU3UTH COO1BapTICTh eHeprii [1, 2, 3,4, 5,6, 7, 8, 9,10, 11].

BuchoBku. Bci HamiueHi pedopMu 1 mporpamu poO3BUTKY, SKI JEKIIapye
yKpaiHChbKe KEPIBHUIITBO, € JOBIOCTPOKOBUMH 1 BHUMAararOTh 3HAYHUX I1HBECTHIIIH.
3apa3 HeJOIIILHO BKJIaJaTH OCTaHHI PECypCH 1 MTO3UKOBI IPOIII Y BIPKMBAIOY1 TaTy3i
— BYTUIbHY, METaJyprito, Bakke MammHoOyayBaHHs. Ha Hamie nepekoHaHHs, Tpeba
[OYaTH 3 BIPOBAKEHHS TUX HAMPSAMKIB, K1 1ayTh MO3UTUBHY, MYJIbTUILUTIKALIIINHY
Blzmaqy BXE 31 CTapTy, fAKI MailoTh JOCTaTHE 3aKOHOJaBye 3abe3MeueHHS,
€KOHOMIYHY NpUBAaOIMBICTh 1 peanbHl pkepena (iHancyBaHHsA. Lle BimHOCHTBCH,
nepur 3a Bce, 10 cdep eHepro-mojaepnizamii KKI' kpainu, po3BUTKY «3€JI€HOI»
CHEPreTHKH, Ta eHepro36epe>1<eHH$[ Takox Ba)XJIMBO BIJI3HAYUTH, 10 HA BiIMIHY Bij
JOTaIlli B TPATUIIIAHY EHEpreTHKY, IOTyBAHHSs aJ'ILTepHaTI/IBH01 CHEpreTHKH e He B
y BHUIOOYTOK KONAJIWH, 1 HE B YEProBYy «MOJIEPHI3AI[il0» JaBHIX TEXHOJIOTIH, a
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MOBHICTIO Ha HOBI BHUpoOHUITBA 1 R&D, TOOTO ciyXuTh IpailBepoM €KOHOMIKH 1
PO3BUTKY TexHoJori# [6]. CkJ1aJ0BOIO YaCTUHOK TJI00abHOI €KOHOMIYHOT KPH3H €
EHepreTUYHa KpH3a, 10 BUPAKAETHCS B MOJOPOKYAHHI KIIOUOBUX €HEPrOpPECypCiB,
HadTu 1 razy. Pizke 3/emieBlIeHHS €JIEKTPOEHEPrii — oJHa 3 HEOOXIIHUX YMOB
MOJI0JIAaHHS KPU3H Ta 3aIlyCKy HOBOTO MiJioMy B ekoHoMiI [11]. Yum mBuaIIe BOHO
OyJle BAKOHAHO, TUM IIBUIIIE Mife MOAAIBIINN HAYKOBUM, KYJIbTYPHUM, COLIIAIbHUH,
MOJTITUYHUHN 1 EKOHOMIYHUH TIpoTpec.
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