{ z RS GIObaI ISSN 2413-1032
&

WORLD
SCIENCE

Multidisciplinary Scientific Edition




WORLD SCIENCE

Ne 3(55)
Vol.1, March 2020

DOI: https://doi.org/10.31435/rsglobal_ws

All articles are published in open-access and licensed under a Creative Commons Attribution 4.0 International
License (CC BY 4.0). Hence, authors retain copyright to the content of the articles.CC BY 4.0 License allows
content to be copied, adapted, displayed, distributed, re-published or otherwise re- used for any purpose
including for adaptation and commercial use provided the content is attributed. Detailed information at Creative
Commons site: https://creativecommons.org/licenses/by/4.0/

Publisher —
RS Global Sp. z 0.0.,

Warsaw, Poland
Numer KRS: 0000672864

REGON: 367026200
NIP: 5213776394

Publisher Office's address:
Dolna 17, lok. A_02
Warsaw, Poland,
00-773

Website: https://rsglobal.pl/
E-mail: editorial_office@rsglobal.pl
Tel: +4(822) 602 27 03

DOI: 10.31435/rsglobal_ws

OCLC Number: 1051262033
Publisher - RS Global Sp. z O.0.
Country — Poland

Format: Print and Electronic version
Frequency: monthly

Content type: Academic/Scholarly



WORLD SCIENCE

ISSN 2413-1032

CHIEF EDITOR

Laputyn Roman PhD in transport systems, Associate Professor, Department of Transport Systems and Road Safety,

National Transport University, Ukraine

EDITORIAL BOARD:

Nobanee Haitham Associate Professor of Finance,
Abu Dhabi University, United Arab Emirates

Almazari  Ahmad  Professor in  Financial
Management, King Saud University-Kingdom of Saudi
Arabia, Saudi Arabia

Lina Anastassova Full Professor in Marketing,
Burgas Free University, Bulgaria

Mikiashvili Nino Professor in Econometrics and
Macroeconomics, lvane Javakhishvili Thilisi State
University, Georgia

Alkhawaldeh Abdullah Professor in Financial
Philosophy, Hashemite University, Jordan
Mendebaev Toktamys Doctor of Technical

Sciences, Professor, LLP "Scientific innovation center
"Almas", Kazakhstan

Yakovenko Nataliya Professor, Doctor of

Geography, Ivanovo State University, Shuya

Mazbayev Ordenbek Doctor of Geographical
Sciences, Professor of Tourism, Eurasian National,
University named after L.N.Gumilev, Kazakhstan

Sentyabrev Nikolay Professor, Doctor of Sciences,
Volgograd State Academy of Physical Education, Russia

Ustenova Gulbaram Director of Education
Department of the Pharmacy, Doctor of Pharmaceutical
Science, Kazakh National Medical University name of
Asfendiyarov, Kazakhstan

Harlamova Julia Professor, Moscow State

University of Railway Transport, Russia

Kalinina  Irina  Professor of  Chair  of
Medicobiological Bases of Physical Culture and Sport,
Dr. Sci.Biol., FGBOU VPO Sibirsky State University of
Physical Culture and Sport, Russia

Imangazinov Sagit Director, Ph.D, Pavlodar
affiliated branch "SMU of Semei city", Kazakhstan

Dukhanina Irina Professor of Finance and
Investment Chair, Doctor of Sciences, Moscow State
Medical Dental University by A. |. Evdokimov of the
Ministry of health of the Russian Federation, Russian
Federation

Orehowskyi Wadym Head of the Department of
Social and Human Sciences, Economics and Law, Doctor of
Historical Sciences, Chernivtsi Trade-Economic Institute
Kyiv National Trade and Economic University, Ukraine

Peshcherov Georgy Professor, Moscow State

Regional University, Russia

Mustafin Muafik Professor, Doctor of Veterinary
Science, Kostanay State University named after
A. Baitursynov

Ovsyanik Olga Professor, Doctor of Psychological
Science, Moscow State Regional University, Russian
Federation

Suprun Elina Professor, Doctor of Medicine,
National University of Pharmacy, Ukraine

Kuzmenkov Sergey Professor at the Department of Physics
and Didactics of Physics, Candidate of Physico-mathematical
Sciences, Doctor of Pedagogic Sciences, Kherson State University

Safarov Mahmadali Doctor Technical Science, Professor
Academician Academia Science Republic of Tajikistan, National
Studies University "Moscow Power Institute” in Dushanbe

Omarova Vera Professor, Ph.D., Pavlodar State Pedagogical
Institute, Kazakhstan

Koziar Mykola Head of the Department, Doctor of
Pedagogical Sciences, National University of Water Management
and Nature Resources Use, Ukraine

Tatarintseva Nina Professor, Southern Federal University,
Russia

Sidorovich Marina Candidate of Biological Sciences, Doctor
of Pedagogical Sciences, Full Professor, Kherson State University

Polyakova Victoria Candidate of Pedagogical Sciences,
Vladimir Regional Institute for Educational Development Name
L. I. Novikova, Russia

Issakova Sabira Professor, Doctor of Philology, The
Aktyubinsk regional state university of K. Zhubanov, Kazakhstan

Kolesnikova Galina Professor, Institute  of

Management and Economics, Russia

Taganrog

Utebaliyeva Gulnara Doctor of Philological Science, Al-
Farabi Kazakh National University, Kazakhstan

Uzilevsky Gennady Dr. of Science, Ph.D., Russian Academy
of National Economy under the President of the Russian
Federation, Russian Federation

Krokhmal Nataliia Professor, Ph.D. in Philosophy, National
Pedagogical Dragomanov University, Ukraine

Chornyi Oleksii D.Sc. (Eng.), Professor,
Mykhailo Ostrohradskyi National University

Kremenchuk

Pilipenko Oleg Head of Machine Design Fundamentals
Department, Doctor of Technical Sciences, Chernigiv National
Technological University, Ukraine

Nyyazbekova Kulanda Candidate of pedagogical sciences,
Kazakhstan

Cheshmedzhieva Margarita Doctor of Law, South-West
University "Neofit Rilski", Bulgaria

Svetlana Peneva MD, dental prosthetics, Medical University
- Varna, Bulgaria

Rossikhin Vasiliy Full dr., Doctor of Legal Sciences,
National Law University named after Yaroslav the Wise, Ukraine

Pikhtirova Alina PhD in Veterinary science, Sumy national
agrarian university, Ukraine

Temirbekova Sulukhan Dr. Sc. of Biology, Professor,
Federal State Scientific Institution All-Russia Selection-
Technological Institute of Horticulture and Nursery, Russian
Federation

Tsymbaliuk Vitalii Professor, Doctor of Medicine, The State
Institution Romodanov Neurosurgery Institute National Academy
of Medical Sciences of Ukraine

2 M 3(55), Vol.1, March 2020

RS Global



WORLD SCIENCE ISSN 2413-1032

CONTENTS

ARCHITECTURE AND CONSTRUCTION

Andrii Bubela
THE METHODOLOGICAL BASIS OF DETERMINING THE OPERATION CONDITION
OF A ROAD FOR ITS TECHNICAL EXPERTISE . ..o e, 4

Olena Usichenko, Alina Kvatadze
ROAD-CLIMATE ZONING FOR WATER-THERMAL MODE REGULATION IN
TRANSPORT STRUCTURES . .. .o e e 8

Ckopoxoodoea A. B., Poouk A. C., /lanunenxo E. JI.
DOAKTOPGI, BJIMAIOIWE HA ®OPMHPOBAHUE PEKPEALIMOHHO-
O31I0POBUTEJIbHBIX KOMITJIEKCOB B YKPAUHE...... ..o, 13

ENGINEERING SCIENCES

Hooa 0. M., 3axopa O. B., Pazanosa O. IO.
PO3POBKA IHCTPYMEHTAJIbBHOI'O METOAY JOCIIX)KEHHS ®AKTYPU TKAHUHU 17

Tatiana Lysenko, Yuriy Morozov, Kyryll Kreitser, Evgeny Kozishkurt
USING THE SPH METHOD FOR MODELING THE CRYSTALLIZATION PROCESS
OF ALUMINUM ALL O Y Sttt e 26

COMPUTER SCIENCE

Canumoe Bazug I'acan oznot .
MOJEJIMPOBAHME JIMHI' BUCTUYECKOUW HEOITPEAEJIEHHOCTHU HA OCHOBE

Z-YMCEJI B CHCTEMAX MHOI'OKPUTEPHMAJIBHOI'O TIPUHATUS PELLIEHUM. ............. 34
ECOLOGY

Casuyk €. B. .

HOBI HAITPSIMKU BUKOPUCTAHHS BOJAHEBOI EHEPTETUKUA ¥

CYIHHOBY LY BAHHI. ... e 40

RS Global Me 3(55), Vol.1, March 2020 3



WORLD SCIENCE ISSN 2413-1032

ARCHITECTURE AND CONSTRUCTION

THE METHODOLOGICAL BASIS OF DETERMINING
THE OPERATION CONDITION OF A ROAD FOR ITS
TECHNICAL EXPERTISE

PhD, Associate Professor, Andrii Bubela

Ukraine, Kyiv, National Transport University;
Department of Transport Construction and Property Management

DOI: https://doi.org/10.31435/rsglobal_ws/31032020/6965

ARTICLE INFO ABSTRACT

Received: 14 January 2020 Carrying out a technical examination of a cost estimate of a section of a

Accepted: 10 March 2020 highway is based on its certain technical and functional state. Different

Published: 31 March 2020 methods are used to establish the operational state. The expert method
is the simplest, most affordable and, with strict adherence to the

KEYWORDS technique, provides high reliability. The essence of this method is the

hiah subjective consideration of situations from which one or more optimal

ghway,
operational condition, ones should be selected.

expert method,
monetary valuation.

Citation: Andrii Bubela. (2020) The Methodological Basis of Determining the Operation Condition of a Road
for Its Technical Expertise. World Science. 3(55), Vol.1. doi: 10.31435/rsglobal_ws/31032020/6965

Copyright: © 2020 Andrii Bubela. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Introduction. There is now a real need for an instrument through which the road industry can be
assessed. The existing methods of assessment of buildings and structures practically do not have practical
methods for solving this problem [1]. The assessment of the object of transport construction requires the
conversion of the qualitative state of the object into a quantitative estimate. This qualitative assessment is
based on the Qualimetry, the field of science, including the notion of quality indicators [2].

The main objective of the road condition assessment is to determine the range of groups and
levels of state indicators for a certain period of time. For example, the road model that is being
operated can be presented at three levels in two groups of indicators: Road maintenance and
construction, drainage and landscaping (Fig.1).

Various methods are used to establish operational condition: Experimental, numerical and
expert [2]. Of the three methods for determining the state of the assessment object, experimental and
numerical is reliable. In most practical cases, it is not possible to fully use the above-mentioned
methods in monetary valuation due to a number of objective circumstances. Therefore, an expert
method has been widely used to carry out this procedure. The expert method is based on the analysis
of the opinions of highly qualified experts.

The expert method is the simplest, most accessible and with strict adherence to the
methodology provides high reliability. The essence of this method consists in subjective consideration
of situations from which one or more optimal should be chosen. The higher the qualification of
experts, the higher the reliability of the evaluation.

The reliability of the results obtained is greatly enhanced if the assessment of the state of the
object is based on the opinions of some highly qualified experts. The processing of the results of the
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group examination provides a reasonable solution. On the basis of the method of expert evaluation it is
possible to define the nomenclature of indicators; to set weightlessness factors; to certify the state of
the object; to determine the best options of alternative solutions.

Level
0 | 1 | 2
Evenness By Py
Roughness By P,
Performance indicators Solidity B3 Ps3
Pis Width of the carriageway By Py
Cross slope Bs Psg
Ky
Road marking Bg Ps
Fencing B7 Py
Road construction, water drainage, Road signs Bg Pg
landscaping Stopping, landing sites and car pavilions Bg Py
Pis Landscaping B |Pio
Construction of surface drainage B11 | P
Water pipes By | P
Regulated structures Bz | P13

Fig. 1. The qualitative property model of the state is qualitative: K, — is a complex indicator of the
state of the evaluation object, P; is the value of the i-th indicator of the qualitative state of the
evaluation object, and B; is a level factor of the weight of the property.

The most common in the expert evaluation is the ranking method, in which the state of the
object is assessed by a number of properties that are located in the order of their advantage
N; > N, > N3, K, N,,. The assessment of each of them is based on the expected dependence expert
K; = f(N;, by). If the indicator N; is better than the N;,, indicator, it is awarded the highest rank
(degree). As a result of the pair comparison, it is possible to make the best series of properties.

The method of direct evaluation is used when comparing a number of properties and when
quantifying absolute indicators in a given interval. Based on the object status indicators, a certain
interval of numerical values is set, which must be evaluated. In this case, the expert should be a highly
qualified specialist in this field, specifically in road construction. Otherwise, there may be significant
errors in the expertise. For example, the condition of the road surface should be assessed according to
the measure of cracks. Objective evaluation by this method is possible only when the expert clearly
represents the physical essence, causes of cracks, as well as the influence of their sizes, shapes and
places of their concentration, conditions of work of the covering and road construction as a whole.

Thus, all methods of expert evaluation are based on the superiority of one property over
another. In more complex cases of evaluation, elements of the theory of quantitative measurements
should be applied — to quantify how much one property is more important than another.

The credibility of the expert assessment depends on the number of experts. In this connection,
the task arises of selecting a minimum number of specialists, which provide the greatest objectivity
and reliability of evaluation at the minimum cost of examination. The selection of experts depends on
their qualifications. Thus, when evaluating the same products of specialists with a higher degree of
argumentation, it is necessary about 3 times less than with a low one.

Research results. In view of these difficulties, the method of first-hand evaluation can be
simplified, and the quantitative evaluation by absolute criterion can be replaced by the absolute
criterion. The scale of qualitative assessments allows to take into account all degrees of difference.
The value range of this property is set to the equivalent number of points 1 ... n. The accuracy of the
quantitative evaluation of experts is set. The method of direct scoring is very convenient and should be
further widely used in determining the cost of road transport facilities, taking into account their
technical level and operational condition.

The most common problem that arises in expert evaluation is the determination of weighting
factors. One of the methods that are often used to calculate the weighting of a particular property is the

RS Global Me 3(55), Vol.1, March 2020 5



WORLD SCIENCE ISSN 2413-1032

cost, which is based on the assumption that there is a proportional relationship between the weight of
the property and the value [3]. However, when determining the condition of the road surface, for
example, it is very difficult to distribute the cost of increasing separately only equity, roughness,
durability, since during repairs these properties are improved simultaneously.

As a result of expert interviews, for example by questionnaire method, each of them receives
the initial data (assessment) in the table (table 1). In addition, the average estimate by experts of
general middle classes determines the group weight coefficients for each property of the object. The
coefficient of the i-th property of this group is determined by the formula:

1¢n
n2i=1Nij

= ®

RS
where N;; —i-th property, is evaluated j-th; m —number of parameters in the group; n —number of experts.

Each group must comply with the terms and conditions: Y;i%, B; = 1.

After a similar determination of the weighting factors for each group (Figure 1, Table 1), the
level factors of each property are calculated. For example, the importance of property 1, the road
surface plane, the complex assessment of the road area is calculated for level 0 (Fig. 1) as B; =
B14 - B7 , and the weight of the properties 9 (stop, landing sites and car pavilions) — B = B}s * Bg and
etc. for another properties. The results of the calculation of the weighty level factors are presented in
Table 1, it is necessary to observe the conditions: }; B; = 1 u B; < B;.

Table 1. Determination of weightlessness factors according to expert’s estimates

The The The

Assessment of experts group hti level
Object P Average Sum of weight weighting factor of

. . average factor of

properties estimate - factor of the
estimates the the ropert
112 |3 (4]5 indicator | PrOPerty
property weight

1 80 | 75 | 70 | 100 | 80 81 0,24 0,14
2 90 | 80 | 80 | 75 | 80 81 0,24 0,14
3 100 | 90 [ 95 [ 100 | 95 96 343 0,28 0,58 0,16
4 45 | 50 | 45 | 55 | K0 49 0,14 0,08
5 40 | 45 | 40 | 30 | 25 36 0,10 0,06
5 100 [100 [ 100 [ 100 [ 100 | 100 0,25 0,10
7 80 | 80 | 80 | 85 | 85 82 0,20 0,08
8 85 | 80 | 80 | 80 | 85 82 0,20 0,08
9 40 | 35 | 45 | 40 | 40 40 0,10 0,04
10 50 | 40 | 40 | 35 | 40 41 408 0,10 0,42 0,04
1 20202020 [ 25| 21 0,05 0,02
12 201 20 | 20 | 25 | 20 21 0,05 0,02
13 15 (25 |1 25| 20 | 20 21 0,05 0,02

Based on the results obtained, you can define a weighted average complex indicator:

K¢ = XiZ1 P " Bi. (2)
where P; — the value of the i-th indicator of the qualitative state of the object of evaluation, B; — the
level factor of the property weight.
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The mathematical model of the state of the road will look like this:

K, = 0,14(P, + P,) + 0,16P; + 0,08P, + 0,06P; + 0,1P, + 0,08(P, + Pg) +
+0,04(Py + Pyy) + 0,02(Pyy + Pyy + Py3). ©)

Some of the quality indicators are visually identified [2], others by appropriate measurements.
The value of the valuation of the road section is adjusted by a coefficient.

Conclusions. The method of expert evaluation is now particularly relevant. This is due to the
desire to take into account as many factors as possible affecting the operational condition of the road,
in particular, the water-thermal regime. The validity and ease of practical use of this method allows to
minimize the risks in errors of experts in carrying out technical expertise, provided that they are taken
into account the average assessment.
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Introduction. The need to improve road-climatic zoning and to develop recommendations on the
application of climatic characteristics and climatic zoning of the territory of Ukraine for road construction
is due to the fact that these issues were developed back in 70-80 years of the last century using data on
climatic conditions throughout the territory of the former USSR. Global climate change (warming) on the
planet has changed the amount of atmospheric humidity. As a consequence, the elements of the road
structure are subject to increased precipitation effects, which leads to a change of the whole structure water-
thermal regime (WTR). Moistening of the road structure is the main cause of destruction and deformation.
Approaches to the design of WTR regulation structures should vary according to the external influences
intensity. Drainage systems designing requires to updating, methodological regulation, taking into account
the modern meteorological information, and obtaining special meteorological values databases that are
estimated value in road construction elements designing procedure.

The problems of the recent years changes climatic factors influence on the road construction based
on meteorological data of the Lithuanian Hydrometeorological Service (LHS) were reflected in the climatic
zoning of the Republic of Lithuania territory in [1, 2]. The grouping of precipitation by their level using
statistical methods and based on cluster analysis for the Poland temperate climate is presented in [3].

The important role of clustering as a convenient and accurate method for data segmentation
and analytics has been analyzed in [4]. According to the cluster analysis algorithm, using a map of
different spatial data sets and software capabilities, a map with selected homogeneous hydrological
zones was constructed [5].

8 M 3(55), Vol.1, March 2020 RS Global
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Research results. Currently, the valid regulatory document setting the climatic parameters for the
design of civic, industrial buildings and structures, heating, ventilation, air conditioning, water supply, in
the planning and construction of urban and rural settlements is DSTU-N B V.1.1-27:2010. The available
data are insufficient for road-climatic zoning, as only average rainfall values are provided for regions.
However, soil and hydrological conditions and freezing depth are not taken into account, although it is one
of the most important climatic indicators in road climatology. In view of the above, the purpose of the
study was formulated: to develop a map of road and climatic zoning of the Ukraine territory under
conditions of wetting with atmospheric precipitation on the basis of climate zoning methods.

Zoning is a complex process as it takes into account not only the elements of climate, hydrology
and soil conditions. Road-climatic zoning of the Ukraine territory is enshrined in DBN B.2.3-4 2015
“Highways” and differentiates the norms of transport structures designing and construction. According to
landscape-geographical zoning, soil-hydrologic and wetting conditions, as well as experience of road
operation, the territory of Ukraine is divided into four climatic zones: northern, central, southern and
mountainous. It should be noted that the existing road-climate zoning reflects only the general dependence
of road design and construction on climate and most other natural conditions, and is therefore schematic. In
the process of road designing, it is important not to limit the general characteristics of the climatic
conditions obtained by assigning the area of the route to the relevant zone, but to study with sufficient detail
the climate elements according to the data of local meteorological stations.

In order to improve the normative support and to form the meteorological characteristics databases
for WTR regulation structure design needs the methods of meteorological information processing, existing
meteorological data were analyzed and generalized, the analysis and estimation of the statistical
meteorological information required volume were carried out. On the basis of the analysis, the collection of
statistical meteorological information for ten years at thirty-eight meteorological stations of Ukraine was
performed, and the obtained meteorological data sets were analyzed. Using the available calculation and
analytical system, the statistical processing of the obtained arrays of meteorological information was
performed. In the process of developing a methodology of climatic characteristics application for the
construction needs, the shortcomings of the calculation and analytical system (WTR) used for statistical
processing of meteorological information were identified. The calculation apparatus was brought to the
required level and the information base was updated.

Results and Discussion. Road-climatic zoning takes into account not only the natural and climatic
characteristic, but also the features of road construction and maintenance. The basis of road-climatic zoning
should be based on the distribution of heat and moisture - the wet-thermal regime of the terrain.

Based on collected data from meteorological stations (Askaniya-Nova, Berdyansk, Bila
Tserkva, Bolhrad, Vinnytsya, Dnipropetrovsk, Donetsk, Druzhba, Zhytomyr, Zaporizhia, Kerch, Kyiv,
Kirovohrad, Kovel, Lubny, Luhansk, Lutsk, Lviv, Melitopol, Mykolayiv, Mizhhirya, Ovruch, Odesa,
Pervomaysk, Poltava, Pryluky, Rivne, Simferopol, Sumy, Ternopil, Uzhhorod, Uman, Kharkiv,
Kherson, Khmelnytskyi, Cherkasy, Chernivtsi, Chernihiv) climatological characteristics of
precipitation, snow cover and air temperature were analyzed, tables of data on average and extreme
values were calculated and formed. By means of the calculation and analytical system "WTR" graphs
of temperature course for a ten-year period and periods of wet-thermal regime of road construction
have been developed. The snippet of the program window is shown in Fig. 1.

MOYATOK MOYATOK MOYATOK
MOYATOK
BECHAHOIO OCIHHbOIO . JUTHBOTO
3MMOBOIro Mepioa
PIK PO3PAXYHKOB | PO3PAXYHKOBOIO PO3PAXYHKOB
1 2 3 4 5 6 7 8 9 10 11 12 . | PO3PAXYHKOBOT | 3ame p3aHHA|
PO3PAXYHKY Oro neploAy - |NEPIOAY - nepexig Oro neeloay -
_ O neEPioAy - ,no6a .
Mepexiguepes] Temneparypn X KiHeup
npexig yepes -5
0 yepes +10 po3Mep3aHHA
2006 -82|-80|-17| 84 | 137|180 | 201 | 192 ] 146 | 86 [ 21 | 17 18.03.2006 10.10.2006 01.01.2006| 76| 26.04.2006)
2007 07|-65] 54| 725]170]197]202]27]138] 85]-01]-09 01.03.2007 08.10.2007| 09.02.2007 20| 22.03.2007
2008 -371-05| 36 |103] 170197202 20,7 | 138 ( 85 | -0,1 | -09 | 09.10.2008|- 0| 15.04.2008
2009 45| 30 1,3] 96 [141]192[206] 178|162 78 [ 40| -a5 | 07.10.2009]- 0 15.04.2009)
2010 2110 44 |05 91 | 171211243 234]139] 54| 63| -53 16.03.2010 28.09.2010) 17.12.2009 89| 21.04.2010
2011 -37]-78|-05| 90| 158202214 185) 140 66 | 17 | 13 17.03.2011 02.10.2011 14.12.2010 93 23.04.2011]
2012 -51]-119| 1,2 | 106 | 17,4 | 185 | 22,2 | 19,2 | 147 [ 88 [ 40 | -59 13.03.2012 12.10.2012 15.01.2012 58] 20.04.2012]
2013 55| -14|-30] 91184211 |198]189]124] 86| 58] -10 21.03.2013 05.10.2013| 13.12.2012 93| 20.04.2013
2014 -62|-14| 58| 96 | 167|174 |215] 198 | 136 [ 55 [ 12 | -27 21.03.2014] 28.09.2014] 09.01.2014] 71 09.04.2014}
2015 14|14 43 84151191 [198]205]164] 53] 36| 12| 03.10.2015[- 0 15.04.2015

Fig. 1. The results of the WTR periods calculation
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The tables of rainfall intensity and depth of soil freezing estimated values for different zones
of the road base were calculated and formed on the basis of the obtained data, (Fig. 2).
m fPl s,s?ml

MAXy
mep |T,, XB.|S, wnm|f, f d, m6ap T o¢cp) » XB.
Nenn] Pik |cepema |cymapma ;l::iii TeMmmeparyp |simmocEa | Jedimmt Paur Flag P3 465,6
KiBKicTh |TpEB&McTs | - |adoepxEl |BOTOTICTS [3070TOCTI
Zomiz  |omams, x. o TPYHTY NOBITPE  |MOBITPSA g
nepion

1| 2006 13 1392 53,7 3,25 78,25| 1,42552) 7| 1| 1] 1| 1| 1§ 90,54| 10,94| 10,94 95)
2] 2007 6 432 13,4 4 69,7]1,98546] 3| 5| 51 1| 1| 1} 36,49| 73,44 73,44 d0, mbap)|
3] 2008 0O 0 o o0 0 oo 5] 2,3915
41 2009 O of o o oOf 0 O 95] 1,3949
5| 2010 5 336 7,6 2,3 751 1,63901] 6| 6 o 1| 1| 1) 77,03| 89,06 89,09 T,,xB.
6| 2011 8 1008 19,2 4 67,8]2,10996 2| 2| 4 1| 1| 1Y 22,97| 26,56 57,81 5| 1380,3]
7| 2012 11 912 36 33 73,711,72371) 5| 3| 2 1] 1| 1] 63,51| 42,19 26,56 95' 171,69
B8 2013 3 576 22,9 13 70,31 1,94773) 4| 4| 31 1] 1| 50| 57,81| 42,19 S, mm
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Fig. 2. Calculation of precipitation regime of 5% security.

The results obtained were used for the climatic zoning of the Ukraine territory. Namely, a
cluster analysis tree was built based on the following indicators: average rainfall 5% security (mm),
average monthly temperature in July and average monthly temperature in January. Thus, the necessary
climate parameters used in the project practice are covered.

Considering convenience and testing of clustering [4, 5], for building a cluster tree the software
complex STATISTICA was used to construct the cluster tree. This software is intended for comprehensive
statistical analysis. The STATISTICA package implements procedures for data analysis, data management,
data retrieval and visualization. It implements the classic methods of cluster analysis, including k-means,
hierarchical clustering, and two-input joins. The data can come in the original form as well as in the form of
a matrix of distances between objects. Observations and variables can be clustered using different distance
measures (Euclidean, Euclidean square, Manhattan, Chebyshev, etc.) and different clustering rules (single,
complete, unweighted and weighted pairwise, group average, etc.).

In the case of road-climatic zoning, hierarchical clustering was used. At first, tree diagrams
may seem a bit confusing, but after some study they become more understandable. The chart starts
from the top (for a vertical dendrogram) with each weather station in its own cluster. When moving
down, the weather stations that "closely touch each other" unite and form clusters. Each chart
assembly shown in Figure 3, represents a combination of two or more clusters, the position of the
nodes on the vertical axis determines the distance at which the corresponding clusters were combined.

As a result of the construction of a cluster analysis tree according to the indicators of average
rainfall intensity 5% — the territory of Ukraine was divided into 3 groups. In group A with the highest
average precipitation intensity 5% (13-15mm) — Uman, Priluki, Poltava, Melitopol, Kovel,
Chernivtsi, Ternopil, Rivne, Lutsk, Chernigov, Ovruch, Lubny, Sumy, Druzhba.

Group B united such meteorological stations as Pervomaysk, Zaporizhia, Melitopol, Simferopol,
Kerch, Bolgrad, Kherson, Askania-Nova, Dnepr, Lviv. The average intensity of precipitation according
to their data is from 10 to 12 mm.

The group C includes meteorological stations on a low level of average intensity of
precipitation (6-10 mm), as Uzhgorod, Odessa, Nikolaev, Kirovograd, Kharkov, Lugansk, Donetsk,
Kiev, Vinnitsa, Khmelnitsky, Zhitomir and White Church.

38 stations of Ukraine were also selected for clustering according to the indices of specific
excess moisture entering the drainage structure. The analysis was performed in eight-dimensional
space. The main types of regions were identified (Fig. 5).

The results obtained in the STATISTICA software were entered as the source data in the GIS
Maplinfo software for building a road-climate map. As a result, the above-mentioned indicator was
divided into 5 zones, which are not evenly distributed. Their number varies depending on the
geographical location of the area (Fig. 6).
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Fig. 3. Cluster tree with average rainfall intensity of 5% security.

_— R
| - Y
| Keheme s m /1-'&1
5 % | a ‘ [t
/'. 3 Tl
a8 = [ Gitt = i
i - s ’ Z B
ey A ir Al . L]
LN
38 i o Meaironoms
0; Xepean iH' )
i 7
4§5

Fig. 4. Map of road-climatic zoning of the Ukraine territory by average rainfall indicators
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Fig. 5. Cluster tree in terms of specific excess water entering the drainage structure.
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Fig. 6. Map of road-climatic zoning of the Ukraine territory by the specific excess water entering the
drainage structure values

Conclusions. Cluster analysis refers to statistical and modeling software systems. Statistical packages
have advanced cluster analysis modules to use geographic information to divide objects into groups.

Clustering of territorial units is used for the tipization of the territory and modeling of system-
forming connections. On the basis of cluster analysis on the value of specific excess of water entering the
drainage structure, a map of road-climatic zoning of the territory of Ukraine was developed in the basis
of road clothes. According to the signs of moisture entering the drainage of the shallow construction of
the road construction, the territory of Ukraine is divided into 5 zones. On the map of zoning, zones with
different levels of total specific excess of water (infiltration and defrosting, from the lowest to the highest
level) are allocated. The distribution of zones takes into account both the geographical position of the
terrain, and the features of infiltration of atmospheric precipitation, the depth of soil frozen and moisture
accumulation in road structures of all technical categories.

On the basis of the result of the work performed — statistical processing and execution of
complex calculations, the "Directory of climatic characteristics and climatic zoning of the territory of
Ukraine for the regulation of water-heat regime in road construction™ was developed. Work is now under
way to develop an electronic database of indicators and to develop an improved accounting and
analytical system. The purpose of further work is to simplify the use of the obtained indicators and
automate the process of designing regulatory structures.
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BBenenue. [lonoxuTenbHbIE N3MEHEHHUS COMMAIBHO-DPKOHOMHUYECKONH 00CTAaHOBKE B YKpauHe,
MOCTETICHHOE YIIYYIIEHWE COIMALHOTO YPOBHS HACENCHUs yCHIMBAIOT MOTPEOHOCTH OOIIECTBa B
OTIIIXE, O3JIOPOBJICHWU W 3a00T€ O cBoeM 370poBbe. Haspema HEOOXOIUMOCTH B ONTHMU3AINH
NEATeTLHOCTH PEKPEAITMOHHBIX U 3/IPAaBOOXPAHUTEIHFHBIX OOBEKTOB B CTPAHE C IENIBIO TOBBITICHUS
Ka4yeCcTBa yCIIyT 03/I0POBJICHUS, peaOINTAIIMA U BOCCTAHOBUTEIBHOTO JICYCHUS JJ1s1 HACEIICHMSL.

[IpaButensCTBO YKpavHbl HAMETHIIO MACIITAOHBIC IUIAHBI 10 YIIydIIeHHIO (hoHIa OOBEKTOB
3MIPaBOOXPAHCHUSI M CTPOUTEIHCTBY HOBBIX MEIUITUHCKHUX, PEAOMIMTAMOHHBIX M PEKpearmoHHO-
O3JIOPOBUTEILHBIX OOBEKTOB B crpaHe. CerojHs HOBBIMH TPUOPUTECTHBIMH  HAIPABICHUSIMHU
TOCYAapCTBEHHOH COLMAILHOM MOJMTUKKY Y KPauHbI cTajia MpopHIaKTHIECKas MEIUIIMHA, Halle/ICHHAs Ha
YKpEIUIEHUE 30pOBbs TPAXKAAH, TOBBILICHUE JOCTYITHOCTH U KauecTBa MEAUIIMHCKON MOMOILY, pa3BUTHE
MEPBUYHOM  MENWIIMHCKONW  IOMOIIM,  BO3POXKICHWE  MPOQPHIAKTUYECKOTO  HAMpPAaBICHUS B
37IPaBOOXPAHEHUH M 00€ECIIEUEHIE HACEIEHHS BHICOKOTEXHOIOTMYHOM 030pOBUTEIBHOM TOMOIIBHO. [1]

3akoHonmarenbHas 0aza B cdepe 31IpaBOOXpaHEHUS OOHOBISETCS, BEIb CETOIHS COBPEMEHHOE
00IIIECTBO MPEIBSIBISET BHICOKHE TPEOOBAaHMS K MEIUIIMHCKAM M O3J0POBUTEIILHBIM 00bekTaM. OJHaKo
camH 3JIaHUsl YUPEKACHUH 3paBOOXPAaHEHUS U KyPOPTHO-CAaHATOPHOI'O JICUCHUS! OCTAIIUCH MIPEKHUMHU U B
OOJILIIMHCTBE CIIy4acB HE COOTBETCTBYIOT COBPEMEHHBIM TpeOoBaHusM. B To ke Bpems B
MEXIYHApOJIHON NPAaKTUKE UMEHHO BOCCTAHOBUTEJIbHASI MEIWIIMHA TPU3HAHA OJHUM U3 MPUOPUTETHBIX
HampaBJICHUN pa3BUTHs 3apaBooxpaHeHus. [2] Ocoboe MecTo B 3TOM CHCTEME 3aHUMAET PEKPEAIlnOHHO-
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03JJ0pOBHUTEJIbHASL TIOMOLIb, CIeHU(HUKOW KOTOPOH SBIISIETCS OKa3aHHWE YCIYT IO BOCCTAHOBJICHHIO
370pOBbsi Ha OCHOBE NPEHMYILECTBEHHOIO TPUMEHEHHS TPHPOIHBIX JiedeOHBIX (hakTopoB. B
COBPEMEHHOM TIOHMMAHUM  PEKPEallMOHHO-O30POBUTEIBHOE  YUPEKIEHHE IPEAHA3HAYCHO I
PacIIMPEHHOTO BOCHPOU3BOACTBA (DPM3UIECKHX, MHTEIUIEKTYaIbHBIX M SMOLMOHAIBHBIX CHJI YEJIOBEKA.

PesyabTaTbl wucciaenoBanmusi. [lom pekpeaumeit (nar. recreatio — BOCCTAHOBJICHHE)
MTOHUMAETCs] KOMILIEKC O30POBUTEIBHBIX MEPONIPUATHH, OCYIIECTBISIEMBIX C LENBI0 BOCCTAHOBICHHUS
HOPMAaJIbHOTO CaMOYYBCTBHS M Pa0OTOCHOCOOHOCTH 3J0POBOro, HO yTOMJIEHHOTO dYeloBeka. Kak
3JIEMEHT COLMAIBHON c(epbl, peKpealys CliocOOCTBYET HE TONBKO COXPAHEHHUIO 30pOBbs U paboueit
CIOCOOHOCTH, HO OTABIXYy UM YAOBJIETBOPEHUIO KyJIbTYpPHO-IIPOCBETUTENBHBIX IOTpeOHOCTEH
yenoBeka.[3] DTO MHOTOCIOXHBIA IMPOLECC, KOTOPBIH OCYIIECTBISICTCS, B CaMOM OOIIEM BHIEC, B
clenyromux (GopMax: 0310pOBUTEIIBHOIO OTIbIXA, TYPU3Ma, KYpOPTHO-CAHATOPHOTO JieueHust. OnHUM
U3 TyTeH YJOOBICTBOpEHHS NOTPEOHOCTEH HaceleHHs B O3JOPOBICHHUM W OTHABIXE SBISETCS
(dbopMHUpOBaHHNE PEKPEALMOHHBIX-0310POBUTEIIBHBIX KOMIIJIEKCOB.

B 3aBucumoctTM 0T (YHKIMOHAJIBHOTO HA3HAYEHUs, YPOBHA CHELMANM3ALUM U
MPEUMYIIECTBEHHOT'O Pa3BUTHSI TOTO WM MHOTO PEKPEAlMOHHOTO MOTEHIIMANA, BBIIEISIOT pa3IuuHble
THUIIBI PEKPEALIOHHO-030POBUTEIbHBIX OO BEKTOB!

- CAaHaTOPHO-KYPOPTHBIH (M0 (YHKIHMOHANBHBIM OCOOCGHHOCTSIM —TpenHa3zHadaeTcss s
CaHAaTOPHO-KYPOPTHOIO JIEYEHHUs] M BKIIOYAET B ceOs CIEeLMaTM3UPOBAHHBIE CAHATOPHO-JIeucOHBIC
OHOTPOUIBEHBIE U MHOTOIIPO(MIIbHBIE YIPEXKISHHUS);

- peabWIUTAIMOHHBIH (M0 (YHKIMOHAIBHBIM ~ OCOOCHHOCTSIM  IIpelHA3HAuYaeTCs IS
MEIUIUHCKOM M COLMAJIBHOM peabwinTaluy JIIOAEH ¢ WHBAIMAHOCTHIO, BOCCTAHOBIICHHUS MOCIIE
MEIUIMHCKOTO  BMELIAaTeNIbcTBA W TpPaBM, BKJIOYaeT B ce0s  cHenuali3upoOBaHHBIC
MHOTO(YHKIIMOHATIbHBIE OOBEKTHI);

- TYPUCTCKO-0310pPOBUTENBHBIN (IIpenHa3HavaeTcs 11 Pa3iINuHbIX BHIOB TYpU3Ma U OTAbIXA,
OCHOBHBIMH TPEANPUATHSAMH 3TOT0 KOMIUIEKCA SIBIAIOTCA J0Ma OTHAbIXa, TYPUCTCKHUE TOCTHHHIIBI,
0a3sl, areps);

- 03/IOpPOBHUTENBHBIA — OXOTHUYbE-PHIOOTIOBHBIN (TI0 ()YHKIIMOHATBHOMY Ha3HAYCHUIO CITY)KUT
JUTS OPTaHU3AIIMU CIIOPTHUBHOW OXOTHI U PHIOHOM JIOBJIM, €T0 OCHOBHBIC YUPEXK/ICHNU);

- KOMIUICKCHBIM (BKJIIO4YaeT B ce0s BCe WIM HECKOJNBKO BHJIOB PEKPEAIMOHHOW U
03[I0POBHUTEIILHOM JAEATETBHOCTH U COOTBETCTBYIOIINX €1 YUpex IeHUH o0CTy)uBaHus). [4]

Teopust 1 MpakTHKa IJIAHUPOBAHUS M pealn3allil PEKpealiOHHO-030POBUTEIIBHBIX OOBEKTOB
OXBAaTHIBACT IMPOKHH KOMIUIEKC COIMATBHBIX, (DYHKIIMOHATIBHBIX, CAHUTAPHO-TUTHEHIYECKHX, TEXHUKO-
SKOHOMHYECKHX M apXUTEKTYPHO-KOMIIO3UIIMOHHBIX 33124, KOTOPbIE B3aUMOCBSI3aHbI CO CTPOUTETHCTBOM
HOBBIX U PEKOHCTPYKIHEH CYIECTBYIOIIMX OOBEKTOB 3paBOOXpaHeHusL. [5]

OmuH u3 BaxHeHmuX (aKkTOpPOB, BIMSIONIMX HAa CTPOUTENBCTBO W  APXHTEKTYPY
PEKPEALMOHHO-03IOPOBUTENBHBIX YUPEXKICHUH, — TIOIUTUYECKOE M 3KOHOMHYECKOE COCTOSHUE
cTpaHbl. PeanbHoe yiydllieHHe YKOHOMUYECKOH CHTyalud U cephl 3paBOOXpaHEHUS B YKpauHe 3a
MOCNIEAHNE TOJBI  CIIOCOOCTBYET PAa3BUTHIO  PEKPEallMOHHO-03/I0POBUTENBHBIX  KOMILIEKCOB,
peaHuManry CYyLIECTBYIOLIEH MaTepHalbHO-TEXHUUECKOW 0a3bl OOBEKTOB 3ApaBOOXPAHEHHS U
pa3paboTKM aKTyaIbHBIX TPUPOAOOXPAHHBIX MEPOTIPUSTHIH.

Hemano BaxHBIM SBIsSIETCS TO, YTO PEKPEAMOHHO-TYPUCTHUYECKas WHAYCTPUS SBISAETCS
MIPUBJIEKATEIBHBIM HHCTPYMEHTOM JIJIsl 3KOHOMHUYECKOT0 pa3BUTUS MHOTHX cTpaH. Ha ceromnamHmii
JIEHb PEKPEaAIMOHHO-03/I0pOBUTEIBHBIA OM3HEC MOXKET CTAaTh U Y KpauHbBI BaXKHOU cpepoii pa3BuTHs
BHYTPEHHEH SKOHOMHKH, CIIOCOOHOH MPHUHOCHUTH A0XO0[, ONPEAEISTh 3aHATOCTh HACEICHHS U aKTHBHO
ITOTIOIHSTE OIOIKET.

CymecTBeHHBIM (PaKTOPOM, HETIOCPEACTBEHHO, BIMAIOLIMM HA (JOPMHUPOBAHUE PEKPEALIIOHHO-
03JIOPOBHUTENIBHBIX OOBEKTOB, SIBISIETCS aAeMorpaduueckass curyaqus B cTpane. K Hell oTHocsTCS
PETPOCIIEKTHBHBIE IIOKAa3aTelM 4YMCJICHHOCTHM HAceJNeHWs] BCEH CTpaHbl, CEMEHHBIH COCTaB,
XapaKTEePUCTUKA HACEIEHHS M0 COCTOSIHUIO 3/I0POBBSI M CIIOCOOHOCTH K CaMOOOCITY>KUBaHHUIO, THHAMUKA
POKIaeMOCTH, 3a00J1€BaeMOCTH U cMepTHOCTH. [6] TTIpu Bceil BaXKHOCTH SKOHOMHUYECKUX M COIMATBHBIX
¢axTopoB, aisi GOPMHUPOBAHMS M PA3BUTHS PEKPEALMOHHO-030POBUTEIBHBIX KOMIUIEKCOB, TJIaBHOE
MECTO 3aHMMAIOT OJaronpHsATHBIE MPUPOJHO-KIMMATUIECKUE yCIOBHA. VIMEHHO OHHM SIBJISIFOTCSI OTHOM
W3 OCHOBHBIX MaTEpHAIIBHBIX IIPEANIOCEUIOK PEKPEALN M 0310POBIICHHS.

VYkpanHa uMeeT OOJBIIOW pPEeKpeaunoHHBIH NOTeHUUand. Ilo COBOKYMHOCTH MPHUPOAHO-
KJIMMAaTHYECKUX COCTaBJIAIOLUIMX CaMbIMM OJAaroNpUSATHBIMU TEPPUTOPUSAMH Y KpauHbl SBIISIOTCS
Kpemm n permonel Kapmarckux rop, Tak € HMHTEPECHBIMH C TOYKHM 3pEHHS PEKPEallMOHHO-
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TYPUCTHYECKHX BO3MOXXHOCTEH MPEACTaBISAIOTCS PalOHBI OeperoB A30BCKOTO MODS, 3aKapriaThs,
Bonbiau u IlonraBmumnel. [7] Ykpanna obnamaeT BCeMHU HEOOXOMMMBIMU YCIOBHSMH JUIS Pa3BHTHS
PEKpeanrnoHHO-03IOPOBUTEIHHOI0 OM3HECa: YHUKAIBFHBIMU MPHPOIHO-TAHAIIAQTHBIMA ¥ UCTOPHKO-
KyJBTYPHBIMH OOBEKTaMHU.

Pa3menienne  pekpeallmoOHHO-03[JOPOBUTENBHBIX ~ KOMIUIEKCOB  3aBUCHUT OT  MECTHBIX
MIPUPOJHBIX pecypcoB W naHamadra Teppuropuu. IlpupogHo-KamMaTnyeckne 0COOEHHOCTH MecTa
CTPOUTENBCTBA OKa3bIBAIOT CYLIECTBEHHOE BIMSIHHME HAa apXUTEKTypy. K NMpUpoAHBIM BO3AEHCTBUAM B
MEPBYI0 OYEpENb OTHOCSATCS: TEMIEPATypHbIH, BIAKHOCTHBIA W BETPOBOM pPEXKHUMBI U T.O. [l
obecrievueHuns1 OIAroNpUATHBIX YKOJIOTHYECKUX YCIOBHU MPU CTPOUTEIHCTBE HEOOXOANMO YUHTHIBATH
naHgmadT, WHCOISALUOHHBIA PEXHM, TeMIepaTypHbIe MOKa3aTelld, TOCMOJCTBYIOIIEe HaIllpaBICHUE
BETPOB, YTO ITO3BOJIUT ONTHUMAIIBHO PacloiaraTh O3JOPOBHUTEIBHBIE OOBEKTHI, BCIIOMOTATEIbHBIE H
JKUITBIC 37]aHUs. DTH yCIIOBUS TOJKHBI YUUTHIBATHCS YK€ Ha YPOBHE Pa3pabOTKH reHepaIbHOTO MylaHa
PEKpeannoOHHO-03T0POBUTEIHHBIX OO BEKTOB.

BoBneuenne B pekpeanoOHHOE WCIOJNH30BAHWE paHEe HE TPOHYTHIX OJIaroMpUSTHBIX
COYETaHUH TPUPOJTHBIX PECYPCOB MOXKET CTaTh HE TOJBKO HCXOTHOH 0a30H HSKOHOMHYECKOTO
pa3BUTHUS HOBBIX TEPPUTOPHIL, HO M CYIIECTBEHHO MOBIHUATH Ha CIIEIUATH3AIHIO TABHO CIOKUBIIIHXCS
tepputopuii. Hapsay co cBoeoOpa3HOil, HEIOBTOPUMOM MPUPOI0H OOJIBIION MHTEPEC IS PEKpealuu
MIPEJICTABIAIOT TMAaMSATHUKH WCTOPWH, KYJIbTYpPHl M apXHTEKTyphl. B KauecTBe peKpeanroHHBIX
peCypcoB Iieiecoo0pa3HO paccMaTpUBaTh W 3THOrpaduyueckue OCOOCHHOCTH HACENCHHUS Y KpauHEI,
o0 afaromero caMoObITHON JyXOBHOH KyJBTYpOH.

BaxxHO mMoOHMMATh, YTO Nake MPHU BBICOKOW MPHUBIEKATEIBHOCTH MPHPOIHBIX PECypcoB 0e3
HaJIM4Ms KOMMYHHKALMi, CPENCTB CBS3HM, KOMMYHAJbHOM M TPaHCHOPTHOW WHQPACTPYKTYPHI,
MaMATHHUKOB KYJIBTYPbl U UCKYCCTBA PAa3BUTUC PCKpPCAllUM U TypuU3Ma HCBO3MOXHO. 3):[60]:» BaXXHbBIM
SBIISIETCS CBS3b PEKPEAIMOHHO-030POBUTENBHBIX OOBEKTOB C CYIIECTBYIOIIEH WHPPACTPYKTYPO U
pa3MeIICHUEM B CIIOKUBIICHCS ypOaHU3UPOBAHHOMW Cpeie.

K rpagmoctpoutensHbIM = (akTOpaM TPOEKTHUPOBAHUS PEKPEallMOHHO-03J0OPOBUTEIHHBIX
KOMIIJICKCOB OTHOCATCA: MECTO HaXO0XJCHUA, IMPONOpHUMHU W BCIWMYMHA YYaCTKa CTPOMUTECIILCTBA,
apXUTEKTypa OKpYy)Kalolleld 3acTpOWKH, TPaJOCTPOHUTENbHBIE OPHEHTHPHI, (YHKIHUOHAILHAS
HACBIIIEHHOCTh,  crerduka npupogHoro naHmmadra. [8] OCHOBHBIM  IJIAHUPOBOYHBIM
MEPOTIPHUIATHEM TI0 OXpaHe NPUPOJABI ABISETCS (YHKIMOHAIBHOE 30HHPOBAHHE TEPPUTOPHH, TPHU
KOTOPOM €€ OTJIeNbHbIE YYacTKH HY)XHO OTBOJAWUTH TMOJ pa3MyHble BUIBl HUCIOIH30BAHHUS B
COOTBCTCTBUU C UX MMPUPOJHBIMU OCO6GHHOCT$IMI/I (HJ’IOI{OpOI[HI)Ie 3C€MJIH, ICHHBIC JIaHIlHIa(i)TBI, 3EMJIN
yYA0OHBIE 1OJ] CTPOUTENILCTRO, U T.11.).

Tonpko B pe3ynbraTe aHaNM3a SKOHOMUYECKHX, COIHAIIBHBIX, MPUPOJTHO-KINMATHIECKUX H
IPajOCTPOUTEIBHBIX (DAKTOPOB MOTYT OBITH pa3pabOTaHbl MNPEAJIOKEHHUS [0 ONTUMAIbHOMY
pa3MENIeHNIO0 PEeKPearMOHHO-03J0POBUTENBHBIX KOMIUIEKCOB M WX OOBEMHO-TIPOCTPAHCTBEHHBIE U
(YHKIMOHATLHO-TUIAHUPOBOYHBIE PEIICHHS.

VYKpanHa MOXET Pa3BHTh CBOI SKOHOMHKY M TYPH3M, YIYYIIHTH chepy 3ApaBOOXpaHECHUS
MyTeM pa3padOTKH W CTPOUTENHCTBA YHUKAJIBHBIX apXHUTEKTYypPHO-TUIAHUPOBOYHBIX IPOEKTOB
MHOTO(QYHKIIMOHAJIBHBIX ~ PEKPEAIMOHHO-03I0POBUTEIBHBIX  KOMILJIEKCOB, OONaJalONIMX BCEMH
COBpPEMEHHBIMH TPeOOBAaHUAMH 110 KOM(POPTY U y100CTBaM.

BouiBoabl. Tpu BaXHEHIINX COIMABHBIX (aKTOpa — TPY/I, 370POBbE U OTIBIX HaceneHus. OHH
OTIPENIEITIOT KPYT KOHKPETHBIX 3a]1a4: CTPOUTEIHLCTBO YUPESKIICHHH, 00ECTICUNBAIOIINX OT/BIX, JICUCHHUE U
0370poBiIeHNe HaceseHus. Ha ceronusiinmii 1eHp YKpanHa Hy>KAaeTcsl B HOBBIX COBPEMEHHBIX 00BEKTax
3/IpaBOOXPAHEHUS] U PACKPBITUM CBOETO YHUKAJIHHOI'O PEKPEAIMOHHOrO MOTEHIMana. PekpealnoHHbIN
NOTEHIMAT YKPauHbl — 3TO €UHas CUCTeMa NPHPOIHO-KIMMATHYECKHX, J1e4eOHO-0310POBUTENBHBIX U
COIMABHO-KYJIBTYPHBIX TIOJICUCTEM, XapaKTEPH3YIOIMUXCS (PYHKIIMOHAILHON B3aMMOCBS3aHHOCTHIO U
TEpPUTOPUATIBHON IIEJIOCTHOCTBIO, KOTOpasi OyJeT pa3BHBAThCS, M COBEPIICHCTBOBATHCS Oyaromapst
CO3/IaHHIO PEKPEALIMOHHO-0310POBUTEIBHBIX OOBEKTOB.

CoBpeMEeHHBII peKpearnOHHO-03J0POBUTENBHBIA KOMIUIEKC — 3TO CHHEPIHs MPUPOTHOTO
MOTEHI[MAJIa, HOBEHIIMX pPEaOMIUTAIIMOHHBIX W MEIUIIMHCKUX TEXHOJOTUH, MpodeccuoHann3mMa
COTPYAHUKOB U HEMOBTOPHUMOCTHU APXUTEKTYPHBIX PEUICHUN. 3HAUMMOCTH MOCIEAHUX BBIXOIUT 3a
paMKH 3CTETUYECKOTO BOCHPHUATHS u KoMopTa. braromaps mpoayMaHHOMY MECTY PACIIONOKEHUS
3IaHMs, ero 00bEMHO-TUIAHMPOBOYHOMY peEIISHHIO, MU3aiiHy (acajoB M HHTEPHEPOB apXUTEKTypa
3TUX OOBEKTOB CYIIECTBEHHO BIHSET Ha (PH3UIECKOE COCTOSHUE U 3I0POBBE YEIOBEKA.
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[Ipu mpoeKTHPOBaHWN PEKPEAMOHHO-MEAUINHCKAX OOBEKTOB HEOOXOIUMO HCIOIH30BATh

MPUHIUIIBI KOJIOTO-CPEIOBOTO TMOJX0JIa, YUUTHIBATH PETrHOHAIBHBIC OCOOCHHOCTH JeMOorpaduu u
MPUPOTHO-KITUMATHYECKUX ~ YCIOBH, TpaJOCTPOUTENbHbIE W  apXWUTEKTypHbIe OCOOEHHOCTH,
9KOHOMHUYECKOE U CAHUTAPHO-TEXHUUECKOE COCTOSIHUS PETHOHA CTPOUTEIHCTRA.
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Beryn. Ilcuxodizionoriuauii BIUTUB OyJIOBH IMOBEPXOHB OY/Ib SIKHX MPEIMETIB BIIIIrPac BaXKIIUBY
pOJIb Y TIEPEOCMHUCIICHH] JIHCHOCTI Ta OIJHI OTOYYIOYMX JIIOJMHY CTPYKTYp, SIK HAaHOUIBII CYTTEBE Ta
3BUYHE JUT COpUAHATTS siBuile [1]. B3aeMo3B 5130k (hakTypy OBEpXHi Ta JTIOAMHU HAYKOBII B OCHOBHOMY
JIOCITIDKYIOTh y KOHTEKCTI Bi3yalIbHOI €CTETHKU 00’ €KTiB au3aiiHy [2,3]. [Ipu 1boMy TaKTWIBHI BiqUyTTS
BiJl XapakTepy MOBEPXHI MalOTh MEPIIOYEProBe 3HAUCHHS YIS JIIOAWHH, TaK K € JpKepesioM iHdopmaril
PO BJIACTHBOCTI NPEAMETIB 1 KEPIBHUIITBOM IS IUIAHYBAHHS, HANIPABIICHHS 1| BAKOHAHHS BJIACHUX Jiii [4].
Y CBOeMy MOBCSKIEHHOMY MWTTi JIOJUHA OUIbIIE BCHOTO CTHKAETHCS 3 TEKCTWIIEM Ta 3 BIIUYTTAM
TEKCTHJIbHUX MOBEPXOHb. TEKCTUIIbHI BUPOOW HE TUIBKU 3aJI0BOJNBHSIOTh YTUIITAPHI MOTPEOH JIFOJJHHH,
ane ¥ SIBISIOTBCS 3aCO00M 3aJIOBOJICHHSI €CTETHYHMX BUMOT, SIKi INPOSIBIBIIOTHCS B JIW3aiHI OJIATY,
inTep’epy Tomio [5]. 3 TekCTUIHHUX BHPOOIB HAWOINBIIMI BIUTMB Ma€ TKAHWHA, K OJWH 3 OCHOBHHX
MarepianiB 3 SKMX BUTOTOBISIIOTH OFAT. ToMy cydacHi CHOXKHBadi BCe OUIBLIOrO 3HAYCHHsS HANAIOTh
TaKTHJIHLHUM BiIYYTTSIM Ta 3arajIbHOMY CIPHHHSTTIO TIOBEPXHI TKAHWH, SIKa 00YMOBJICHA 1X (haKTyporo.

daxTypa NOBEpXHI TKAHWH XapaKTepPU3Y€EThCs PI3HOMAHITHUMHU (DaKTypHUMH eeMeHTamH [6], ski
NPECTaBIAIOTh COOOI0 PI3HOrO BUAY 1 PO3MIpY OMYKJIOCTI Ta HEPIBHOCTI penbedy, IO YTBOpEHi
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OCHOBHHMH 1 YTOKOBUMH IEPEKPHUTTSMH TEpeIIeTeHb, BUCTYAIOUMMH BOPCHHKAMH, AW3AHHEPCHKUMHU
eekTaMu 3 BOJIOKOH i HUTOK Ta HaBITh Ae()eKTaMH Pi3HOTO TIOXOMKCHHS (CHPOBUHHUMH, TTPSIHTEHIMH,
TKaIbkuMH). Taki XapakTepHI OCOOJMBOCTI TKAHOI ITOBEPXHI ONTHYHO Ta TAKTWILHO CIPHSIOTH
crien)ivHOMY CHPUIHSATTIO TEKCTUIIBHOTO BUpOOY [7], 1m0 BruiMBae Ha ¢i3uuHmi 1 nickuxodizionoriaauii
CTaH JIFOJIHH, €MOIIiil, yIIo100aHHs, HA OCHOBI YOTO B PEIITi PemT (OPMYIOTHCS MAPKETHHTOBI PIIIICHHS.
ToMy BUBYEHHS OyIOBH 1 BIACTHBOCTEH (hakTyp TKAHWH, JOCIIIPKCHHS 3aKOHOMIPHOCTEH yTBOpEHHS 1
B3a€MOBIUIMBY (aKTYpHHX EIIEMEHTIB € HEeOOXiIHOI yMOBOIO €(eKTHBHOCTI MPOBAKEHHS MPOLECIB
MPOEKTYBaHHS TKaHHUH, iX XyJ0KHBOTO O(OPMIICHHS, PO3POOKH ONTHMATLHUX TEXHOJIOTTYHUX MapaMeTpiB
TKaITBa, JOCATHEHHS BIAJIOi BIINOBIIHOCTI Marepially i MOZedi IIBEHHOro BHPOOy, IO CHPHSE
PO3UIUPEHHIO ACOPTUMEHTY TEKCTHIHFHUX BHPOOIB Ta 3a0€3MEUCHHI0 BUMOT CITOYKHUBAYIB.

BUTroTOBICHHS TEKCTUJIBHUX BHUPOOIB, $Ki BiJNOBIAAIOTh BHCOKMM BHUMOTaM Cy4YacHHUX
CIIOKMBAYiB, HEMOXKIMBO 0€3 KOMIUIEKCHOTO MiIXOAy M0 3abe3lmeueHHs TapMOHIHHOTO ITO€XHAHHS
CTPYKTYPH TEKCTHJIHLHOTO MaTepially i ii 30BHINIHBOTO TPOsiBY — (hakTypu. B 1boMy ceHCi mocrtae
HEOOXiZHICTh Y BU3HAYCHHI KUNBKICHUX 1 SIKICHUX MMOKa3HHUKIB (pakTyp TKaHWH, METOAU OLIHKHU SIKHX
Ha CHOTOJHIIIHIN JIeHb peati3yloTh, B OCHOBHOMY, Cy0’€KTUBHHMI opraHonentHyHuid minxin. Tomy
MTOCTA€E 3a/1aya po3pOOKH IHCTPYMEHTAIHFHOTO METOMY MOCTIKEHHS (GaKTyp TEKCTHILHUX MaTepialiB
JUIE OTPUMaHHS 00 €KTHBHOI OLIHKH (aKTypHOI MOBEPXHi, IO JO3BOJUTH OTPUMYBATH KUIbKiCHI
MOKa3HUKH PaKTyp, IKUMH MOXKHA OTIEPYBaTH Y Mpolecax AW3aiH-POEKTYBaHHS TKAHHH.

VY TEeXHOJOTisIX TKAIbKOTo BUPOOHHUIITBA 3HAHHA TPO BUIH 1 CIIOCOOM OTPUMAaHHS HEOOXiTHOT
(bakTypu TEKCTWIBHUX IIOJIOTE€H, L0 JIe)KaTh B OCHOBI XYyJOXHBOTO O(GOPMIIEHHS TEKCTHJIBHHX
BUPOOIB, 0a3yIOThCS HA TEXHOJOTIYHUX 3ac00aX MPOEKTYBaHHS HOBUX CTPYKTYp TKaHHH, IO SIKHX
HaJIe)KaTh KOJIP 1 YepryBaHHs HUTOK OCHOBH i yTOKY [8], cHpoBHHHHMIA CKJIaJ 1 CTPYKTYpa HUTOK, BUJT
neperuieTenns, mapamerpu Tkantsa [9]. KokeH TexHomoriunmii 3aci® peamizyeThes CYKYIHICTIO
METO/IB, IO MOEAHYIOTHCS TEBHUMH PETYJSTUBHUMH TPUHIMIAMH Ta BUKOPHUCTOBYIOTH OCHOBHI
HOJIOKEHHsT Teopil mpoektyBaHHs TkaHuH [10]. B OCHOBI KOXHOTO MeTOMy MOKIAACHO T, IO 32
CBOEIO MPHUPOAOI0 (haKTypa TKAaHMH € HaOOpOM BiTHOCHO MPOCTHUX CTPYKTYP, L0 MOBTOPIOIOTHCA 3a
JESIKUM crieliuiYHUM 3aKOHOM, TOOTO YKPYIMHEHO (pakTypy TKaHHMHU PO3TISIAIOTH SIK TEKCTYPY, Jie
€JIEMEHTAPHUMHU YaCTUHAMH € MEPEKPUTTSI HATOK OCHOBH Ta YTOKY, a 3aKOHOM — rneperuierenns [11].

Ha croronninmHiii jeHb, KON BHHUKAE HEOOXITHICTh OIIHKK XapakTepy (akTypHOI MOBEpXHi
TKaHUHH, B OCHOBHOMY BUKOPHCTOBYIOTBCSI OPTaHOJIEITHYHI METOAN JOCTIIKEHHS 32 IONIOMOTOF0 30POBHX
1 TAaKTWJILHUX aHaJIi3aTopiB, B Pe3yNIbTaTi 4OTrO BiIOOpaKEHHS! BEIMYMHH 1 PO3TAIIyBaHHS €IEMEHTapHUX
(haKTypHHX €IIEeMEHTIB TEKCTUIILHOI TIOBEPXHI CTBOPIOE Y CYKYITHOCTI Cy0’ €KTUBHE BpayKeHHS 1Mpo (PakTypy
B 11iiomy [12]. Jlo meBHOTO Yacy Takuii Cy0’ €KTUBHMI ITi/IXif] 33/I0BOJILHSB JIOCIIHHUKIB 1 BiJIIOBIIaB eTamy
PO3BUTKY TEKCTHJILHOTO BUPOOHHMIITBA. OpraHojenTHYHI METOM JIOCHKeHHs (akTypu TkanuH [13,14]
3aCTOCOBYBAINCH IPU BHBYEHHI BIUIMBY 3MiHM OCHOBHHX MapaMeTpiB 3alpaBKH TKAIbKOTO Bepcrara Ta
BTy TIEPETUICTEHHS B KOMOiHaIIi 3 KOJThbOPOM HUTOK Ha XyJ0KHE 0(DOPMIICHHS 1 30BHIIIHIN BUTIIST TKAHHH
HOBOTO aCOPTHMEHTY, II0 NPU TAKOMY MiIXOJi BHKIMKA€E HAIPALIOBAHHS BEIHKOI KUIBKOCTI JOCIIJHUX
3pasKiB i IMiIBHIILYE TPYAOEMHICT MPOIIECY POESKTYBAHHS TKAHHUH.

[leBHMIi ceHC Mae OpraHOJIENTHYHA OLIHKA (aKTypH TEKCTHIIO 3a JOIOMOTOI0 30POBOIO
CHOPUIHATTS MPH aHANi31 BIUIMBY OCOOJIMBOCTEH KOJIOPUCTUYHOTO BUPIILICHHS Ha TU3aiHH TEKCTHIBHUX
BUPOOIB [15,16]. Ante, K IpaBHUIIO, TAKUHA MiJX11 BHKOPUCTOBYETHCS TIPH HEOOXiTHOCTI IMiIKPECICHHS
BUPA3HOCTI TEKCTWIBHUX 00’ €KTIB MUITXOM HAHECEHHS Ha TKAHMHY 30BHINIHIX (aKTypHHUX eIEMEHTIB,
SKI CTBOPIOIOTHCSI 3 IHIIMX TEKCTWIBHUX MatepianiB. IIpm mpomy Tpeba 3a3Ha4MTH, IO y BCIX
BUTIAJIKaX BI3yaJIbHOTO JIOCTIDKEHHS OTPUMaHi pe3ylbTaTH 3aliekaTh BiJ] ONTUYHUX yMOB
NPOBE/ICHHS eKCIIEPUMEHTY 1 HOCSTh OMMUCOBHiA Xapaktep [12].

HocrimkeHHs GpakTypu TKaHUH 32 JOIMOMOTOI0 TaKTUJIBHOTO CIPHUHHSTTA TPOBOISTHCS HA OCHOBI
B3AEMOJIII IIKIpH JFOMWHH 3 TIOBEPXHEI0 TKAHWHHW 1 3aJIe)KaTh BiJl aHATOMIYHOI OCOOJIMBOCTI JIFOJAWHH
cnipuiiMati OyloBy TOBepxHi Ha aoTUK [17]. JlaHa MeTojquka MOXe BHUKOHYBATHCS JEKiTbKOMa
criocobamu [12], siKi MpeCTaBIsSIOTh COOOK TAKTWIILHUN aHaNi3 MOBEPXHI TKAHHHU MaJIBIIMH OJIHI€T a00
000X PYK NpH JOTHKAX 1 pyXax pi3HOTO HANpaBJICHHS, 3SMUHAHHI, CTUCKaHHi, OTJIa/KyBaHHi, CKJIaJlaHHI
abo PO3TATYBaHHI 3pa3Ka TKaHUHU. AJie 3pO3yMijo, II0 Ha pe3yJbTaT JOCTIDKCHHS B 3HAYHIM Mipi
BIUIMBAIOTH TICHXO0(]i310JI0r1YHI OCOOIMBOCTI JIFOJMHH 1 MPU IIbOMY HE BPaXOBYEThCS BILUIUB KOJILOPOBHX
eeKTiB B TKAaHMHAX Ha CTBOPEHHS CYLILHOTO BPaKEHHS PO (pakTypy MOBEpxXHi. Y HayKOBHUX BHUIAHHIX
MPEICTaBJIeH] TAKOXK 1HHOBALIIMHI PO3pOOKH Il BU3HAYCHHS (DAKTypH TKAaHHMH 3a JIOIMTOMOIOI0 IITYYHOTO
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THTENEKTy Ta BIpTyaslbHOI peansHOCTI [18-23]. Ane MouyTTs AOTUKY BHUSIBUIIOCH TOCHTH CKIaIHUM IS
aHayi3y 1 BIITBOPEHHS, IO TaJIbMy€ pOOOTY B IIbOMY HAIIPSIMKY.

IHCTpyMeEHTaNbHI METOAM AOCHIIKEHHS (aKTyp B OCHOBHOMY pPO3POOIIEHI ISl OIIHIOBaHHS
MOBEPXHI TEKCTUIFHUX BUPOOIB, SIKi MPOUIIIM MEBHI BUIM ONOPSHKEHHS 1 XyJ0KHBOTO OQOPMIICHHSI.
OCHOBHHM 3 HHUX € MIKpOCKOIIIYHMIA MeTOA [24], MpHHIMII il IKOTO 3aCHOBAHUM Ha aHAIi31 MOBEPXHI
30UTBIIEHOTO 300paKeHHSI TKAHWHH, IO JO3BOJISIE BU3HAYUTU XapakTep ii GakTypw 3a HACTYITHUMH
JAaHUMH: B3a€MHE PO3TallyBaHHS OCHOBHHX 1 YTOKOBHUX MEPEKPUTTIB, TOBIIMHA HUTOK, HAsBHICTH 1
XapakTep BOPCY, CIIONyYEHHS KOJIbOPY HHUTOK Ta iH. JlaHWii MeTon Mae HEMOJNKH, SIKi MOB’A3aHi 3
JBOBUMIPHUM 300pa)KEHHIM MOBEPXHI TKAHUHH Ta HASBHICTIO PI3HOTO PIiBHS 1 HAIIPSMKY OCBITJICHHS
i/ 9ac IPOBEJCHHS EKCIIEPUMEHTY.

Hns Toro, mo0 YHUKHYTH 3a3HaYEHHMX HEONIKIB, pO3pOOJIEHHH IHCTpPYMEHTaJbHUH METO.
JociimkeHHsT (QakTyp, B SKOMY 3a0€3MedyeTbcsi CTaJiCTh IHTEHCHBHOCTI 1 HAmpsAMy CBIiTJIOBOTO
MOTOKY 32 paXyHOK BHKOPHCTaHHS CIIemiadbHOI kKamepu [25-26]. ABTOp mocmimKye SKiCHI Ta KUTBKIiCHI
XapaKTePUCTUKHU (aKTyp, TaKi SK 30HU CBITJIOTIHBOBHX IEPEXOIiB, TEOMETPisl MPodisito HEPIBHOCTEH,
ane JOCHiKCHHS MPOBOAWIOCH Ha PI3HOMAHITHUX TOBEPXHSIX, SKI MalOTh TBEpIy HE3MiHHY
CTPYKTYPY, TaKHX SIK METaJ, IUIACTHK Tollo. OCTaHHIM 4acoM 3 SIBUJIMCH CHPOOH OIOCEPEIKOBAHOTO
OIlIHIOBaHHS (haKTypyd TKaHUHH 3a JOMOMOIOK METOMIB, SKi OCTIIKYIOTh XapakTep pelbedy
TEKCTUJIBHOI TMOBEPXHI a00 MOKa3HMKH ii MIOPCTKOCTI [27]. ¥ maHUX METOAaX BUKOPHCTOBYETHCS
YYTIMBHUH €IeMEHT, KU MepeMIlIyeThCs 10 TTOBEPXHI MaTepiany i 34UTy€e HOTro HEpiBHOCTI. Aje Ha
JaHW{ Yac Taki METOAM HE 3HAUIIIM IIUPOKOIO 3aCTOCYBAaHHS, TaK SIK KOHTAKT MDK CEHCOPOM i
MIOBEPXHEI0 MaTepiany 3MiHIOE JIiHiI0 HOTro penbedy, Mo 3HWKYE TOYHICTh OTPUMAHUX PE3YJIbTATIB.

TakuM arHOM, aHaJi3 HAYKOBOI JiTepaTypH JOBIB HEOOXiMHICTH 1 JOUIIBHICTD MPOJIOBKCHHS
poOOTH y HampsSMKY IOCHIDKEHb (DaKTypH TEKCTHIBHHUX MarepiagiB 3 METOI CTBOPCHHS
IHCTpYMEHTaJIbHUX METO/IB BU3HAUCHHS MOKA3HUKIB (DaKTypH Ta 3aCTOCYBaHHS IIMX IMMOKa3HHKIB y
npoliecax NPOSKTyBaHHS TKAHWH Ta POTHO3YBAHHS 1X BIIACTHBOCTEH.

Pe3yabTaTu gociaigkens. Bimomuii MeTos; BU3HA4eHHS (DaKTypH MOBEPXHI MaTepialliB, TAKUX
SK MeTall, IEpeBO, IUIACTHK, CKIO Touo [25,26], 3pa3Ku SKUX PO3MINIYIOThCS y CHeliaibHii Kamepi
JUIS BUKJIFOUEHHS BIUIMBY Ha HUX HAaBKOJIMIITHBOTO OCBiTICHHS. OCHOBHUU NPHUHIUN JTOCIIJKEHHS
(akTypu TOBEpPXOHb MarepialliB ToJsATrae y CTaTHUCTUYHIM 0OpoOIi pe3yibTaTiB OIHUTYBaHb
PECTIOHCHTIB, SIKI CHOCTEPITar0Th 00’€KT IOCIIPKEHHS Y KaMmepi Ta HaJarTh Cy0’€KTHBHY OIIHKY
(bakTypHiii TOBEpXHI MaTepiaixy y BHIJISII MOPIBHSUIBHUX XapaKTEPUCTUK HEPIBHOCTEH MOBepxHi [26].
Januii MeTox Mae 3HauHY OPraHOJIENTHYHY CKIAAOBY, IO € HOro OCHOBHUM HENOJIKOM. AHaii3
eTamiB TPOBEICHHS NOCTIHKEHHS (aKkTyp MarepiajiB 3a JOIMOMOIOI0 IJaHOTO METOLY JJ03BOJIUB
3pOOHUTH BHCHOBOK PO MOKJIMBICTH HOT'O BUKOPHUCTAHHS ISl TOCTIKeHHS (DaKkTyp TKaHWH, aje Tpu
YMOBI CyTT€BUX 3MiH. 3a OCHOBY OyJjia B3fTa iJiesl YCYHEHHS BIUIUBY 30BHIIIHBOI'O OCBITJIICHHS 1
CTBOPEHHSI OJHAKOBHX YMOB IIPOBEACHHS EKCIEPUMEHTY Yy BUIJISIII CTAIOTO PEXHMY OCBITICHHS
00’€KTy CIIOCTEPEXKEHHSI, B SIKOCTI SIKOT'O BUCTYTAE 3pa30K TKAHUHU.

s inest peanmizoBaHa HAyKOBISIMH Kadeqpu €KCIEepTH3H, TEXHOJOTI 1 AM3ailHy TEKCTHIIIO
XepCOHCHKOr0 HALIOHAIBHOTO TEXHIYHOTO YHIBEPCHTETY, SIKUMH PO3POOJIEHO IHCTPYMEHTaJIbHUN
MeTOoA AochiKeHHA ¢akTyp TkaHuH. JlaHuii MeTon ©0a3yeTbCsi HAa BHMKOPHUCTAaHHI CIELIaJbHOTO
ONTUYHOTO MPHCTPOI0 JIIS BH3HAYCHHS SKICHUX 1 KUIBKICHHX XapaKTepUCTHK (akTyp, SKUH
MPEJICTABNISIE COOOK OrJISM0BY KaMmepy y BHIUIAAI MNPSMOKYTHOTO MapalieNemnineay, o MiCTUTh
HACTYIHI MEXaHi3MM: MEXaHi3M 3MiHHM PEeXKUMY OCBITIEHHA Ta MeXaHi3M (ikcamii 300pakeHHs
TKaHWHH. [IpUHIUIIOBA cXeMa ONTHYHOIO MPHUCTPOIO ISt BHU3HAYEHHS XapaKTePHCTHK (akTyp
TpeJicTaBiIeHa Ha puc. 1.

MexaHi3M 3MIiHH PEXHUMY OCBITJIECHHS MpPEICTaBIL€ COOOI0 IUIAHKY 3 3 IMa3oM, B SKOMY
PO3MILIEHO JuKepeno cBiTia 2 (cBiTnonion). [lonoxkeHHs Mkepera CBiTia PeryaroeThesl TAKUM YHHOM,
100 3a0e3neunTy HeOOX1IHUI KyT HaXMily IMPOMEHIO CBITJIa JI0 IUIOIIMHYU 3pa3ka TkaHuHM. [1naHka 3
BCTaHOBJICHA BEPTHKAJIBHO HA O1UHI CTOPOHI OIIAA0BOI KaMepHu 5 Ta Aa€ MOXKIIUBICTD NEpeMillyBaTH
JDKEpeJIo CBiTJIa, 3MIHIOIOUM BiACTaHb BiJ 3pa3ka TKaHWHU 4, B Pe3yJibTaTi YOro 3MIHIOETHCS KYT
NaJIiHHS CBITJIOBOTO IMOTOKY Ha MOBEPXHIO 3pa3ka. 3pa30K TKAHWHH PO3TAIIOBYETHCS TOPHUIOHTAIBHO
BHHM3Y KaMepH HABIPOTH MeXaHi3My Gikcarlil 300pakeHHS TKaHUHH, SIKHH CKJIAA€ThCS 3 OTJISIOBOTO
BikHa 6 Ta BCTaHOBJICHOI B HbOMY (oTOKamepu |, IO 37iCHIOE (pPOHTAIBHE CIIOCTEPEKECHHS Ta
(bikcy€e OCBITIIEHY MOBEPXHIO TKAHWHH.
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Puc. 1. Cxema onmuunoco npucmpoio

B ocHOBy po0OTHM TOKJIA[CHHWI HACTYIHUN NPUHIMIL CBITIOBHM MOTIK 3 BiJMNOBIIHOIO
JIOBKMHOIO XBWJIi Ta IHTEHCHBHICTIO, III0 CTBOPIOETHCA y 3aKPUTOMY MPOCTOPi, HA SKUH HE BIUIMBAE
OTOYyIOYe 3MiHHE OCBITIICHHS, IMMaja€ Ha IMOBEPXHIO 3pa3ka TKAHWHU MiJ TEBHUM KYyTOM, a IOTIM
BiIOMBAETHCSA BiJ TOBEPXHI 3pa3ka TKAaHWHM, BU3HAYAIOUW JUISHKH PIi3HOIO 00’eMy Ta OJIUCKY.
®dakTypa TKaHWHH K TPUBHMIpHA (OpPMa CIIPUMMAETHCS 3aBISKU TPajamisaM 1 epexoaam BiJl OibII
OCBITJICHUX AUISHOK 0 MEHII OCBITJICHUX.

HocmimkeHnst (hakTypy TEKCTUIIFHUX MaTepialliB B OTIIIOBIHA Kamepi sBisge cOO0I0 KOMOIHAIIiO
TPUHAOMIB 1 cIIOCOOIB TSl BUSHAUCHHS BEJTMYMHN MiHIMAJIBHHX €JIEMEHTIB (DaKTypH MMOBEPXHi Ta IIUTBHOCTI
X posranryBaHHs. B sKOCTi enleMeHTIB (akTypu BHCTYIIAlOTh OJMHOYHI OCHOBHI 200 YTOKOBI MEPEKPUTTSL,
OCHOBHI a00 YTOKOBI TPOKWAKA 1 3aCTHIHM pi3HOI (GOpMH, NpiOHI eNeMEeHTH CKIAJHOTO PUCYHKY
TIepeIUIeTeHHS, TM3aiHepChKi e(peKTH HA OBEPXHi TKAHUHH Y BUTIISI IIETENb, BOPCY, OYKJIe TOIIO, a8 TAKOX
HEPIiBHOCTI TIOBEPXHi, YTBOPEHI B OIOPS/HKYBAILHOMY BHUPOOHUITBI. [Ipy 1IbOMYy Ha CTYIIiHB TpOSBY
eNIEMEHTIB ()aKTypH BIUIMBAE XYI0KHBO-KOJIOPHCTUYHE O(OPMIICHHS TKaHHHH [8, 13], sike MoXke Bi3yalabHO
ix migkpecmoBaty abo 00’eqHyBaTH. JJI1 OIIHKH eNeMEHTIB (GaKTyph OTPUMYIOTH 300payKeHHS TKAaHWHH
OpH Pi3HIA BiACTaHI Bi JpKepena CBiTJIA, IO BIUIMBAE HA XapakTep BIAOMTTS CBITJIa BiJl TOBEpPXHI,
CTBOPIOIOYH Pi3HI CBITJIOTIHROBI 30HHU B 3aJIEKHOCTI BiJl ocoOnmBoCTeit akTypu TKaHuH [28].

JlocnipkeHHs (akTyp TKaHWH, SK MPAaBUIIO, MPOBOAUTHCS TIPH JBOX IOJOXKEHHSX JDKepesa
ciTia (puc. 1): A — na Biacrani 40 MM (sikicHa oniHka ¢aktypu) Ta B — 180 MM (KijbKicHa OIliHKa
(baxTypH) BiJl 3pa3Ka TKAHUHH.

[Ipu momokeHHi Kepena cBitia Ha BifctaHi 40 MM Bif 3pa3ka BHU3HAYAKOTHCS SIKiCHI
xapakTepucTuku ¢axTypu. [lamiHHS KOCHMX MyYKiB CHPSMOBAaHOTO HACHYCHOTO CBITIIOBOTO MOTOKY
YTBOPIOE BHPAKEHI 30HM CBITJIOTIHBOBHX IEPEXOJiB, 110 BUHHUKAIOTh NPU Pi3HOMY BigOUTTI abo
MOTJIMHAHHI CBITJIOBOTO IOTOKY BiJl BHCTYIAIOUUX €JEMEHTIB (DakTyp i 3'SBIAIOTHCA CBITIOTIHBOBI
rpagarii (CBiTIIO, TiHb, BigONHCK, MiBTOH) [19, 29], sKi NETalbHO OKPECTIOIThH SIEMEHTH (haKTypH.
OriHKa 30H CBITJIOTIHOBUX MEPEXOJIiB JJO3BOJISIE BU3HAYUTU CTYIIHb MPOsBY (DakTypu Ha MOBEpXHI
TKaHUHHU (puc. 2). ko Ha 300pa)keHH] 3pa3ka TKAHMHU BUOKPEMIIIOIOTHCS BC1 30HU CBITJIIOTIHBOBUX
rpagauii, o00B’A3KOBO 3 BiIOJIMCKOM, TO TKaHWHA Mae ciabo BupaxeHny Qakrypy (puc. 2, a) i Taky
TKaHUHY 4YacTO Ha3MBaIOTh «HE(DaKTypHOIO TKAHWHOIO». TKAaHWHH 3 BHPAKEHOIW (aKTyporo
XapaKTepU3yIOTHCS KOHTPACTHUMH 30HAMH «CBITIIO-TiHBY» (pHC. 2, 0 1 pHC. 2, B).

[Ipu mosnoxxeHHI JpKeperia CBiTa Ha Biacrtani 180 MM Bij 3pa3ka, KOJIM KyT MaaiHHS IPOMEHIO
CBITJIa 301MIBIIYETHCS, YTBOPIOETHCS MAKCUMAIIbHE BiIOUTTS CBITJIOBOTO TOTOKY, HACHUYEHICTh OCBITJICHHS
3MEHIIYETHCS 1 €JIEMEHTH (PaKTypH CHPHUAMAIOTHCS SIK TUIACKI 300pa)kE€HHS, 10 JO3BOJISE OLIHIOBATH 1X
KUTBKICHI XapaKTepHCTUKH, a camMe pealibHI pO3MIpH, KUIBKICTh Ta IIUJIBHICTH po3TalryBaHHs. Ha
300pa’keHHI 3pa3Ka BiIMIYaloTh €JIeMEHTapHY AULIHKY IUomero St = Lt X Bf, Ha siKiif OyxyTh oLiHIOBaTH
po3mipu HepiBHOcTe# (prc. 3). Ilmomna miel AUISHKYA 3aJeKUTh BiJl PO3MIPIB €JIeMEHTIB (hakTypu: YuM
Oinpii (akTypHi €JIEeMEHTH, THM Oulbllie Po3Mip AUITHKA. B ymMOBaxX NaHOTrO €KCIIEPUMEHTY AOLIIBHO
o0HpaTH eNeMEeHTapHy AUIIHKY PO3MIpOM 5 X 5 CM, IO BCTAHOBJIEHO E€KCIIEPUMEHTAIHLHUM HUIIXOM. B
Mekax o0paHOl eJeMEHTapHOI JUITHKM BH3HAYAIOTH (HOpMY, MOBKMHY, IMUPUHY Ta B3acMHE
po3rtanryBaHHs eneMeHTIB (aktypu (puc. 4). [Tnoma enemeHTiB hakTypy po3paxoBY€EThCS Yepe3 CEPeIHE

3HAYEHHS 1X JOBXHUHH £ Ta MIMPUHH b 3a BiToMHUMH (HOPMyJIaMU T€OMETDIi.

20 M 3(55), Vol.1, March 2020 RS Global



WORLD SCIENCE ISSN 2413-1032

G+

Puc. 2. 3onu ceimnominbogux nepexooie Ha NOGEPXHI MKAHUH.
a) HeghakmypHa mMKAHUKA,; O, 8) MKAHUHU BUPANXCEHOT hakmypu

Puc. 3. Bubip dinsnxu 015 00CaioncenHs Puc. 4. Busnauenns pomipie
axmypu mxanHunu enemMenmis paxmypu

KinbkicHy OIHKY ()aKTypu TKaHWHH TPOMOHYETHCS TMPOBOAMTH IIISXOM PO3PaXyHKY
MOKa3HMKa — KoedilieHTa GakTypHOCTI.

KoedimienT ¢akTypHOCTI TKaHMHM — II€ TIOKa3HUK (aKTypH, SIKHA XapaKTepu3ye
CHIBBiIHOWIEHHS IUIOLI ONYKJIOi YaCTHHM NOBEpXHI (esieMeHTa (akTypu) N0 3arajbHOl IUIOLI
JUISTHKY, Ha SIKid JOCHIDKYEThCS (akTypa TKaHUHU. ToOTO Koe]imieHT QakTypHOCTI XapaKTepHus3ye
CTYIIHb MPOSIBY (HaKTypH TKAHWHH Ta PO3PaXOBYETHCS 32 GopMyIoro:

s.
K; ==--100 (1)
Sf
ne Sj — cepeliHe 3HAYCHHS ILIOLI CICMEHTIB (aKTypH, sKi PO3MILICHHI B MeXaX CIeMEHTapHOI

JUTITHKH,
Sf — TUTOIA JUISHKH, KA JTOCIIHKYEThCS.
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BcranoBmoBaty BicTaHb MiX 3pa3koM i Jxkepenom cBitina merme 40 M i 6inbire 180 mm He
JIOIITBHO 13-32 BUKPUBJICHHS ONTUYHOT KAPTHHKH, 10 JOBEICHO SKCIIEPUMEHTAIBHUAM IIUISIXOM.

OTpumMaHi 3a JOTOMOTOIO OTJIAIOBOI KaMeph 300pa)KeHHS IOBEPXHI 3pasKiB TKaHWH
00poOITIOIOTECS 3aco0aMu KoMl roTepHoi nporpamu Adobe Photoshop.

B skocti 00’ekTiB mOCHiKEeHHS 0OpaHi 3pa3kW TKaHWH PI3HOTO CHUPOBHUHHOTO CKIAAy 1
MEPETIeTeHHs], BHUTOTOBJICHI 3a TPagUIIMHAMH TEXHOJNOTISIMH, SIKi 3a BI3yaJIbHOIO OIIHKOIO
BiJTHOCSATHCS IO TKAHVH 3 PI3HOIO (PaKTypOIO.

PosrnsiHeMo mpuKIan IOCTIIKEHHS MOBEPXHI 3pa3Ka TKAHMHHM MOOYTOBOTO NpU3HAUCHHS,
SIKMI BUTOTOBIICHUI 3 0ABOBHSHUX HUTOK IMOJIOTHSHUM TIEPETUICTCHHSIM.

3pa3oKk TKaHWHU PO3MIIMIYETHCS B ONIANOBIM kamepi. Ha Bimcrami 40 MM Bim mkepena
OCBITJICHHSI OTPUMYIOTH 300pakeHHsI, Ha AKOMY (DiKCYIOTh HasBHICTh CYIUIBHOI CBITIIOTIHBOBOT 30HH,
mo Xapakrepmsye (akTypy NaHOi TKaHWHH SK TJIagKy. 3a JOMOMOTOI0 (POTO300paKeHHS 3pas3ka
TKaHWHU Ha BIICTaHI Bix mkeperna ocBiTIAeHHS 180 MM BiAMIYarOTh HASBHICTH IPiOHMX (aKTypHHUX
€JIEMEHTIB, IUILHO PO3TALIOBAHUX HA IUIOIIMHI, Ta BU3HAYAIOTH iX Po3Mip, cM:

s; =01-0,15=0,015

I1o1ma eneMeHTapHoOi IiISHKH S, Ha AKill OLiHIOEThCS (aKTypa TKAHMHH, CKIaaae 25 cm?,
Koedimient dakrypHOCTi BU3HaYaeThes 3a hopmynoro (1):

0,015
Kf = T 100 = 0,06

AHaoriyHo Koe(imieHT GakTypHOCTI po3pax0oBaHUU I PEIITH 3pa3KiB TKaHWH. Pe3ympraTi
JOCIIDKEHHS 3aHeceHi y Tabu. 1 y mopsiiky 301IblIeHHS 3HaUYeHHS KoedinieHTa pakTypHOCTI.

Tabmums 1. XapakrepucTHKa JOCHTIHKYBAaHUX 3pa3KiB TKAHUH Ta KoedilmieHT GpakTypHOCTI

JliniiiHa
LIUIBHICTH [Lroma
Ne CupoBUHHHH eJIeMeHTa Koedimient
HUTOK Ilepernerenns | Bun onopsiixeHHs .
3paska CKJIaJl HUTOK dbaxtypu, | daxrypHocri, Kt
(ocHOBa/ o2
YTOK), TEKC
1 2 3 4 5 6
1 rpyna
1 06aBoBHA 14/154 MOJIOTHO rnaakodapboBaHa 0,015 0,06
2 0OaBoBHA 20/20 CaTUH rnaakodapOboBaHa 0,06 0,24
3 BoBHa / noxiedip | 22 rp./20 capxa 1/3 OJTHOTOHHA 0,16 0,64
4 0aBoOBHA 34/34 ITIOJIOTHO HaYiCHUI BOpC 0,2 0,8
5 BOBHa 251736 peric HaYiCHUI BOpC 0,21 0,84
AKPHIT
6 6aBoBHA 15,4x2/36 pernc HauiCHUI BOpC 0,25 1
7 0OaBoBHA 18,5%2 /50 YTOKOBO= BEIbBETYBaHHS 0,25 1
BOPCOBE
8 6aBoBHa 20/18 catu AIPYKOBaHHH 0,42 1,68
PHCYHOK
9 0aBOBHA 36/36 IOJIOTHO APYKOBAHHIH 0,42 1,68
PHCYHOK
10 CHHTCTHHHITHI 16,52 /16,5 OCHOBO- MiJICTPUTaHHS BOPCY 0,49 1,96
[IOBK BOPCOBE
11 BOBHa / BICKO3a 31/31 IOJIOTHO MeJIaH)KeBa TKaHUHA 0,57 2,3
2 rpyna
12 0aBOBHA 20/29 capxa 2/1 rnaakodapOoBaHa 0,73 2,92
13 GasosHa / 36/ 34x2 poroxka 2/2 - 0,8 3,2
JIOH
14 0aBOBHA 25/25 MOJIOTHO ApYKOBAHIH 0,9 3,6
PHUCYHOK
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[IponopxeHHs Ta0umii 1.

1 2 3 4 5 6
15 0aBOBHA 50x3 /50 [IOJIOTHO BigOineHa TKaHWHA 1,18 4,7
16 CHH;‘;zﬁEH““ 18,5%2 /25%2 Kpert ragkopapGosana | 1,44 5,76
17 0aBoOBHA 25/25 IIOJIOTHO CTpOKaTa TKaHWHA 2,1 8,4
18 6aBoBHa 25/36 capxa 2/2 CTpOKaTa TKaHWHA 3,2 12,8
19 noxiedip 15,4%2/29 Kper ApyKOBaHuii 3,74 14,96
PHCYHOK
3 rpyna
20 | OcaBoBHa / NMaBcaH 50 /50 penbedHe CTpOKaTa TKaHWHA 3,75 15,0
21 GapoBHa 25x2 /36 | TCIEIRHCNO - 5,06 20,24
PHCYHKY
22 BOBHA / HITPOH 42x2/42x2 capxa 1/5 |MenaHxeBa TKaHHHA 52 20,8
araparHa
23 aKpuII 25/50 KOMOIHOBaHEe | CTpoKara TKaHMHA 55 22
24 6aBoBHA 25/72 MONIOTHO + riajakogapboBana 5,6 22,4
IpocBiTUACTE
. naMaHa
25 BOBHA / HITPOH 31x2/42 capxa rnaakodapOoBaHa 8 32
26 0OaBOBHA 42172 capxeBe ApyKOBaHHH 15,3 61,2
PHUCYHOK
27 0aBOBHA 18,5x2/84 KaKapaoBe - 19,36 77,44
(aconHa
28 BOBHa / JTaBCaH 22 /22 MIOJIOTHO ropyBaHHS 20,48 81,92
29 BOBHa / JIaBCaH 18,5/50 flamara CTpOKaTa TKaHWHA 225 90
capka

3a 3HaueHHsIM KoedillieHTa (akTypHOCTI TKAHHHU YMOBHO MOAUISIOTHCS Ha 3 rpymnu. [lepury
TPyIy CKJIagaloTh TKAHWHH, SKi MAIOTh CYIIbHY CBITJIOTIHBOBY 30HY 3 BiAOIHCKOM Ta Koe(]imieHT
¢akrypnocri Bix 0,01 mo 3. Lli TKaHUHY BiAPI3HAIOTHCS TIIAIKOIO 1 PIBHOIO MOBEPXHE0, BPIBHOBAXKEHI
32 CTPYKTYpOIO Ta BHUTOTOBIICHI ITEPEBAYKHO TOJOBHUMH MEPEIUIETEHHSAMH, TOMY MaloTh Clabo
BUpakeHy ¢aktypy. o miei rpynm BiTHOCATbCS TKAaHHHU 3 HAa4iCHUM BOPCOM, HASBHICTH SIKOTO
HiBEJIIOE MPOSBH (DaKTYPHOCTI.

TkaHvHM JApPYroi TPYNU XapaKTepPU3YIOThCS HASBHICTIO CBITJIOTIHBOBHX 30H «CBITJIO-
HAIIBTiHb-TiHbY», IOPCTKA 1 3ePHUCTA TIOBEPXHs SIKUX He nae Biabmucky. Koedimient daxrypHOCTi
3MIHIOETHCS Big 3 1o 15. Jlo HUX BigHOCSTHCS TKAHWHH, SKi BUTOTOBIICHI TOJOBHHMH, MOXITHUMU 1
KOMOIHOBaHUMH TIEPEIUIETEHHSAMH 3 HHTOK CEPEIHBOI Ta BEJNMKOI JIHIAHOI MUIBHOCTI, TOMY MarTh
OlbII BUpaxkeHi eneMeHTH QakTypu. Ha 30unbinenHs koedilieHTy GakTypHOCTI BIUIMBa€E HAsSBHICTb
JPYKOBAaHOT'O PUCYHKY.

Jo Tperboi TPYNM BIAHOCATHCS TKAHWHHU SIPKO BHpaKeHOi (akTypH, y SKHX HasBHI
CBITJIOTIHBOBI 30HU «CBITJIO-TiHB». Xapakrep (akTypH BilnoBigae koedinieHTy GakrypHOcTi Big 15 i
Oinbiie. BoHM BHUTrOTOBIIEHI IEpEBa)KHO KOMOIHOBAaHHMMHM IEPEIUICTCHHSIMH, a00 CKJIaJaloThCs 3
OCHOBHUX 1 YTOKOBMX HHTOK, SKi 3HAYHO BIJPI3HAIOTBECS CBOEK JIHIMHOI INUIBHICTIO, a0o iX
(hakTypHICTh MiKpecieHa TEXHOIOTISIMK OTIOPSIPKEHHSL.

Jleski 3pa3ku TKaHWH, SIKi BITHOCSATBCS JIO Pi3HUX (AKTYpHHUX TPYI, IO IpeJCTaBICHI Y
Tabn. 1, npeacrasiieHi Ha puc. 5.

BucHoBku. AHanmi3 HayKoBOi JiTepaTypH IIOKa3aB, IO Yy MPaKTULl TEKCTHIBHOTO
BUPOOHUIITBA B OCHOBHOMY BHKOPHUCTOBYIOTHCS OPTaHOJENTHYHI METOIW JOCHiKeHHS (akTyp
TKaHHUH, 110 Jal0Th CyO €KTHBHE BPa)KEHHS PO XapakTep (akTypHOI HMOBEPXHi, SIKE 3aJIeKUTh BiJ
ONTUYHUX YMOB MIPOBEICHHS EKCIIEPUMEHTY Ta (i310JIOTTYHUX 0COOIMBOCTEH TOCHITHHUKA.

Ha ocHOBI anamizy ICHYIOUOTO METOAY MAOCHIIKECHHS (aKTypH TBEPAUX ITOBEPXOHB
PO3pO0JICHUH IHCTPYMEHTANBHUN METOJ JOCHIHKCHHS (aKTypu TEKCTHUIBHHUX MaTepiaiiB, IIPHHIIUI
Iii SIKOTO TIPYHTYEThCS Ha OTPUMAaHHI ONTHYHOTO 300pa)kKeHHS IMOBEPXHI 3pa3Ka TKaHWHH, SKE
CTBOPIOETHCS ¥ 3aKPUTOMY IPOCTOPI 31 CTATUM PEKHAMOM OCBITICHHS, 3 MOMAJBINOI0 Bi3yalIbHOIO 1
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MaTeMaTHYHOI OOpOOKOI0 3pa3ka 3aco0aMM KOMII'IOTEPHOI MPOrpamu, L0 AO03BOJIE OLIHIOBATU
AKICHI 1 KITbKICHI XapaKTEePUCTUKHU (haKTypHOI TOBEPXHi.

Puc. 5. Ilpuxnaou ¢paxmyp mrkanuu:
a) mxkanunu 1 epynu; 6) mxanunu 2 epynu, 8) mxanuru 3 epynu

SkicHa oOIiHKa OTpUMaHUX 300pa)KCHb TIOBEpXHI TKAHWHM Ha OCHOBI aHalli3y 30H
CBITJIOTIHBOBHX TIEPEXOJIB A03BOJISIE ineHTH(DIKYBaTH ii PakTypHYy npuHanexHicTh. KinbkicHa ominka
JI03BOJISIE BU3HAYUTHU PO3MIpPH €JIE€MEHTIB (DaKTypH TKaHHHH, 1X KUIBKICTb 1 B3a€EMHE PO3TalLIyBaHHS.

Briepiie B sKOCTi KinbKicHOT OIIHKM ()aKTYypHOI MOBEPXHI TKAHMHU 3allPONIOHOBAHO BBECTH
MOKa3HUK (PakTypu — KoedimieHT GaKTypHOCTI, SKHW J03BOJISIE 00’ €KTUBHO OLIHUTH CTaH MOBEPXHi
TKaHUH 3 Pi3HUM CTyIeHeM nposiBy ¢axtypu. Ilpu 30inbmieHni 3HadeHHs KoedinienTa GakTypHOCTI
301IBIIYEThCS (PaKTYpHA BUPA3HICTh TKAHWHU 1 HABIAKH.

3acrocyBanHsi KoedilieHTy (akTypHOCTI B Tmpolecax IWU3alH-POSKTYBaHHA TKaHUH
JTIO3BOJIUTh TIPOTHO3YBATH 3OBHIMIHINA BUTISAA MalOyTHHOT TKAHWHH, IIiJBUINATH e€(EeKTUBHICTh
PO3paxyHKy TEXHOJIOTIYHMX MapaMeTpiB TKalUTBa Ta CHpPHUATAME 3a0e3MeUeHHI0 TapMOHIHHOTO
noeHaHHs (haKTypH TKAaHHHHU Ta MOJEII MBEHHOTO BUPOOY.
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Introduction. The modern foundry aims to produce high-quality competitive castings with a
minimum manufacturing cost. One way to solve this problem is to apply pressure, which plays a key
role in many special types of castings. The combination of advantages and disadvantages of the low-
pressure casting method is one of the most effective. When casting by this method, it is possible to
exert subsequent pressure on the crystallized casting [1,2].

Recent studies show that it is possible to regulate the properties of the finished casting already
at the initial stages of mold filling and crystallization. This allows you to significantly improve the
mechanical properties of the casting [3,4].

In the transition to new production technologies to avoid significant investment, it is necessary
to apply computer simulation at the design stage of the technological process. This solution allows you
to observe the processes that occur in the casting and to understand why there is a defect in this casting
with given specific technological parameters. Then there is the opportunity to offer effective
technological solutions that can be checked again using simulation [5].

The meshless method of smooth particles (SPH) is perfectly suitable for modeling casting
processes [6,7]. For its implementation, information on the connections between nodes is not required,
which avoids the difficulties associated with the construction of the mesh, as well as the need to track
inter-node communications at each time step [8].
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The SPH method allows one to more reliably simulate the processes of filling [9] and
crystallization [10], as well as considering latent heat released during melting and absorbed during
solidification.

Purpose of the research: the study of the influence of excess pressure on the crystallizing
casting of Ak7ch alloy during low-pressure casting. Simulation of filling a mold with an alloy
followed by crystallization under pressure using the SPH method.

Material and methods. The studies were carried out on prototypes in the form of plates made of
AKT7ch alloy obtained on a modernized low-pressure casting machine model U8261. After filling the chill
cavity with the melt, an excess pressure of 200-900 KPa was applied to the crystallizing sample (Fig. 1).
The chemical composition and dimensions of the test samples are presented in tables 1 and 2, respectively.

j A\\\I\W
\\\\\\\\\\\

Furnare

Supply of drie dfg-ﬁpr
compressed air

/

2

R,

CZZ
i

Furnace

Fig. 1. Scheme for obtaining prototypes
Table 1. Chemical composition in % of AK7ch alloy

Fe | Si| Mn Al Cu Pb Be Mg Zn Sn Impurities
up [6-| up 1(89.6- wup up up |0.2-| up up total 2 Ti+Zr<
to 15| 8 |to 0.5/938|to 0.2|to 0.05|to 0.1| 04 |to 0.3|to 0.01 0.15

Table 2. Dimensions of the prototypes

MNe of the prototype S, mm (thickness) B, mm (width) H, mm (height)
1 15 100 250
2 20 100 250
3 45 100 250
4 60 100 250

For numerical modeling of crystallization processes, it makes sense to use the particle method
(SPH — "Smooth Particle Hydrodynamics"), since the use of other approaches is associated with
significant technical or theoretical difficulties. The method can be implemented in a conservative
form, and its feature is a simple transition to the three-dimensional case.

The essence of this method is to approximate the formula [11,12,13,14]

a(x):IRa(x)cS(x—xi)dx (0.1)
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with the following chain of transformations. At the beginning we replace the generalized function
§(x) with an analytic function W (x—x;,h), which is called the smoothing kernel, and h-

smoothing radius. As a result, we get
a(x):jRa(x)W(x—xi,h)dx (0.2)
The kernel W (x—x;,h) must satisfy the conditions
[ W (xh)dx =11 W (x,h)—5>5(x).
In the works of Monaghan [11,12,13] it was proved that subject to these conditions, the
approximation provides the order O (hz).

The following transformation consists of replacing integration by summing over neighboring
particles:

m.a.
a(x)=> —2wW(x -x;,h) (0.3)
i Pj
Using this approximation significantly simplifies the calculation of the gradient of the field
function since it is enough to analytically differentiate the smoothing kernel, which will give

oa(x) ma, 8W(x —xj,h)
=3 ~ (0.4)
The equations of fluid motion in terms of SPH are written as follows.
Continuity equation
op, My W
L= p Y (v -y ) — 0.5
- p.;pj(. ,)axiﬂ (0.5)
Momentum equations
ove o GP oW
m,—-=> mm, 0-'2 =+ 1T | — (0.6)
o = P Pj o,

where i—the particle in question; N — the number of neighboring particles; m—weight;
Wij =W (xi =X, h)— interpolation kernel; As the interpolation kernel, choose

29,19, 5,

ol b OgrijSZ
-x;h)=e,43 8" 247 32 , L =X-X. (0.7)

ij i j
0 ri>2

Where «, takes the values %i d 315

and ——
7h? 2087h®

W (x,

for one, two, and three-dimensional space,

respectively.

dx* : )
h — smoothing length; v* = d'é o) :ijwii — density of the i— particle; IT; — artificial
i=1
viscosity [11]:
1, = 7 i — V) (% — % (0.8)
0 otherwise
Here
ho(vi—v,)(x=%) _ c+c. _  p+p 1
= u(l J)( i J)’ g =——2, p ="t hij:_(hi+hj) (0.9)

2 2 2

2
(% —x;) +0.01n
where C; and C; — the speed of sound at points i and j, respectively; a and b— artificial viscosity

coefficients.
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The introduction of artificial viscosity not only provides the necessary dispersion but also
prevents non-physical penetration for particles approaching each other.
The equation of state [11], which gives the relationship between the particle density and fluid

pressure, has the form:
r
P=P (ﬁJ -1
Po

where Po — pressure value; po — reference density; y =7for liquids or liquid metals;

7R _ 100V =¢?, V — maximum fluid velocity.

Po
In the SPH method, heat increment due to thermal conductivity is calculated as follows [12].
N 4m. kk. oW (|% = x;|.h)
=N (o)t 0.10
O 12:1: p; ki+k; ( - ) X 10
where Q,.; —an increase in heat per unit volume of the i— particle due to thermal conductivity,

ki, k; —the heat conductivity coefficients for the i-—and j—particle, respectively. T, , T, -

temperature of he i —and j — particle.
The heat transfer between the crystallizer and the molten metal can be calculated as follows

2 PN m m
Qui = —2h ”_Zw.k —t+t— (Ti -Ty )Wij (|Xi —Xk|,h) (0.12)
m; = P Px
The equation of the heat transfer process looks like this
du,
Pi at = Qi + Qi (0.12)

where u, — internal energy per unit volume of the | — particle.

Crystallization and shrinkage can be expressed as changes depending on temperature,
viscosity and density, respectively.

The simulation of the moving boundary of the contact of several phases in SPH is based on
particle interactions (Fig. 2).

Metal mold Solid phase Solid-liguid phase Liquid phase

The boundary solid-liguid phase - liquid phase

The boundary mold-solid phase The boundary solid phase - solid-liguid phase

Fig. 2. Moving interface between phases during the crystallization of aluminum alloy

To avoid this non-physical behavior, an interaction force like the Lennard-Jones repulsive
force is introduced, which is applied to particles from various materials at the interface when they
come together. This force is applied in pairs to particles along their common axis as follows [12].
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Fig. 3. Particle interaction at the phase boundary

B () | e
fy(r)= 0 {ru} [rijJ (Xij/rij) s (1.13)

0 r.>r
ij 0
where i and j numbers of particles belonging to different phases; D — parameter depending on the

square of the maximum speed; r; —distance between two particles;

—| [ hy " h; N 2 >
f,(r)= P [r_] {r_J (/5) /5 =1 (1.14)

ij ij

or

0 h; /1, <1
where D, n, n, — the parameters that are selected depending on the problem being solved.

Research results. The simulation was carried out in the ANSYS program, which was used to
fill the cast-iron chill with Ak7ch alloy using the meshless SPH method (Fig. 4).

Fig. 4. Modeling the process of filling the chill cavity

Modeling of the processes of filling and crystallization was carried out on prototype No. 1.
The experimental prototype filling time was 17.2 s, and the calculated time was 16.4 s. The error is
4.65%, which allows us to consider the results obtained accurately. The calculated filling time was
obtained during the simulation.
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Then, the solidification process was simulated with external pressure applied to the
crystallizing sample and without external pressure applied (Fig. 5.6).

-9.18
-852
-7.87
-7.21
- 6.56
-591
-5.24
-4.59
-393
-3.28
-2,62
-197
-1.62
- 141

e

Fig. 5. The time of solidification of the layers of the prototype without applying external pressure, s.

The total solidification time of the prototype without external pressure during crystallization
was 9.18 s, while with the application of an overpressure of 900 KPa it was 7.78 s, which is explained
by the presence of supercooling (Fig. 6).

-7.78

-7.22
. -6.63

-5.98
-527
-4.61
-4.02
-3.39
-2.84
-2.20
-1.57
-1.43
-1.36
-1.21

Fig. 6. The time of layer-by-layer solidification of the prototype with the application of external
pressure, S.
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The prototypes obtained using the technology described above were tested for strength (Fig. 8)
and Brinell hardness (Fig. 7).
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Hardness, HB
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70
68

66
0 10 20 30 40 50 60 70

Prototypes thickness, mm

—8—P =100 KlMa —@®—P =200KIa P =400 KMNa P =600 KlMNa —@—P =900 KlMa

Fig. 7. Change in AK7ch alloy hardness by thickness of casting from pressure during crystallization

Tests have shown that overpressure from 200 to 600 kPa slightly increases the hardness index,
while from 600 to 900 kPa there is a noticeable increase in tensile strength by 30% (DSTU
requirements > 60). When applying the pressure of 900 KPa, the tensile strength is equalized over the
entire thickness of the casting.

260

255 e———

—o—

230
225
0 10 20 30 40 50 60 70

Prototypes thickness, mm

—@—P =100 KMa —@®—P =200 KMa P =400 KMa P =600 KMNa —@®—P =900KIrla

Fig. 8 Changing the tensile strength of the AK7h alloy in the thickness of the prototype from the value
of pressure during crystallization
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A similar picture can be observed when measuring the tensile strength of samples with a
pressure value during crystallization of 600-900 kPa. The indicated mechanical property is increased
by 23% (DSTU requirements > 206).

Conclusions.

1. Simulation of the filling process using the SPH method has shown a high level of adequacy
and is applicable in foundry production.

2. Crystallization under excessive pressure reduces the solidification time of aluminum alloys
because of supercooling.

3. The use of excessive pressure during the crystallization of aluminum castings from the
Ak7ch alloy increases the mechanical properties by 20-30%.

4. Increasing the overpressure from 600 to 900 KPa significantly equalizes the distribution of
mechanical properties throughout the casting volume.
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Beenenmne. [Ipobnema npuHATHS pEIIEHUH B YCIOBHUSIX HEONPEICICHHOCTH M, B YaCTHOCTH,
JIMHIBUCTUYECKOW HEOIPENENICHHOCTH SIBIISETCS OAHOW W3 aKTyaJbHBIX B 0Omel mnpoOnemaTHke,
CBA3aHHOM ¢ ympaBineHneM. O4ueHb 4acTO NP PEIIeHNH 33Ja4 MPUHATHS PEIIeHU, MbI BHIHYKECHbI
JIOBOJILCTBOBATHCS TOJIBKO HMH(OpMaIneil, JOCTaBIIeMoil sKcrepTaMu B (opMe JTMHTBUCTUYECKHX
OLIEHOK. B 3TuX ycnoBusix pa3paboTka MopeJell MpUHSATHSA pelieHHHd TpeOyeT aJeKBaTHOro ydeTa
HEOTIPeIeTICHHOCTH MPHUCYIIEH JINHTBUCTHYECKUM OIIEHKaM.

OnauM u3 3PQPEKTUBHBIX METOJOB MOJICIHPOBAHMS JIMHTBUCTHUYECKON HEOIPE/IeICHHOCTH
ABJISIETCSl TOJAXOJ, OCHOBaHHBIM Ha HEYeTKHX MHOXecTBax. CymiecTByeT Oonblioe 4HCiIO padoT
MOCBSIIIEHHBIX MCIIOJIb30BAaHUIO KIACCHYECKON TEOPUH HEUETKHX MHOXKECTB U MOJyYHBIIETO Ha3BaHUE
fuzzy type-1. Drot momxox 6su1 ipemmoxen JI. 3ame B 1965 roay B padote [1]. B 1975 roxy JI. 3ane
OBl TIpemIoKeH Oosee OOMIMI TMOAXOJ, MONYyYMBIIMKM Ha3zBaHue fuzzy type-2 W TO3BOJSIONIUI
YUYUTBIBaTh HETOYHOCTh HANIMX 3HaHMW O (GyHKiuu npuHamiexHoctd [2]. C.Yen B 1985 ronmy
NPE/NIONKUIT KOHIICTIIIMIO aJbTepPHATHBHYIO fuzzy type-2 ¥ MOJyYUBINYIO Ha3BaHUE OOOOIEHHBIX
HeueTKuX MHoxecTB (generalized fuzzy set) m KoTopas Takxe TO3BOJISET YUECTh HETOUHBIX HAIIHX
3HaHu# 0 pyHkuK npuHamieskHoctu [3]. B 2011 roxy JI. 3ane npemioxkun KOHIENIMIO HeYeTKUX Z-
yrcen (z-numbers), MO3BOJISIIONIMKA TakkKe YYWUTHIBATH HETOYHOCTh HAIMX 3HAHUA O (QYHKIUH
IPUHAUIEKHOCTH HCIOJIB3Ysl COBMECTHO IOAXOJ C IO3ULIMNA TEOpUU BEPOATHOCTH U TEOPUHU
BO3MOKHOCTH [4]. KoHuenmws z-ymcen CBsi3aHa C TE€M, 4YTO OYCHb YacTO CTEICHb YBEPCHHOCTH
JKCIIepTa B OLIEHKE 3HAUYCHHWH Pa3IMYHBIX (PaKTOPOB BBIPAXKAECTCS B TEPMUHAX TEOPUU BEPOSTHOCTH
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(«Majo BEpOSTHO», OYCHb BEPOSTHOY», «HEBEPOATHON). JI. 3a/ie MPpeUI0kKII HCIOJIb30BATh IS ATOTO
HOBBI THIT HEYETKHUX JAHHBIX Z-YUCIA, COCTOSIINE W3 JIBYX HEUETKHX YHCEN, MEePBOE M3 KOTOPHIX
npescTaBiseT co00i HEUeTKYyIo OIEHKY (akTopa, BTOpOE CTENEHb YBEPCHHOCTH B 3TOH OIICHKE,
BBIPAKCHHYIO B TEPMUHAX TEOpUH BeposTHOCTH. JI. 3ame MpemayioKuil aarOpuTM  BBIOJTHEHHS
orepalnuii ¢ z-4uciIaMd Ha OCHOBE MpuHIHMMNA pacuupenus [4]. Bce ykazaHHbIC MOIXOIBI MIHPOKO
UCTIONIB3YIOTCS TPH  pa3paboTKe MoJeNiell TPWHITUS PENICHUS B YCIOBHSAX JIMHTBUCTHYECKON
HeomnpezeneHuocTd. [5-17]. B mamHOW paGoTe paccMaTpuBaeTCs MOJIXOM, OCHOBAaHHBIM Ha
NPUMEHEHUH HEYEeTKUX Z-uncen (z-numbers).

OcHOBHBIC IOHATHS.

B nmaHHO# cTaThe pacCMOTPEHBI BOMPOCH NMPUMEHEHHS HEUCTKHX Z-4Hcell (z-numbers) s
MOJICIIMPOBAHUS JIMHIBUCTHYECKOW HEOIPE/ICICHHOCTH B 3a/1a4aX MHOTOKPUTEPUAIBHOTO TPHHSATHS
pemrenuit — Multi-Criteria Decision Making (MCDM) [6]. PaccMOTpHM OCHOBHBIC TOHSATHS TCOPUH
HEYETKUX Z-YUCEl.

Onpenenenne: Heuerkoe Z-uncio.

HeueTkoe Z-4nCrIo TIPEICTaBIseT CO00H KOPTEX COCTOsIIeH u3 ABYX HeueTkux uncen Z= (A , B),
rie A — HedeTKoe YHCIIO, IPEACTABICHHOE SKCIIEPTOM JIsl OLIEHKH HCCIIeayeMOro (hakTopa;

B — HeueTkoe 4KCII0, OMUCHIBAIONIEE CTENEHb YBEPEHHOCTH B OIIEHKE DKCIIEPTa;

pa(x) Z = (A,B) 1(x)
F 3 F 3
1 1
i B
0 0 x
> X >
a; a, as Qy by by by by

Puc. 1. I'paguueckoe npedcmasnenue Heuemrkoeo z-4ucia

Onpenenenne. OGodIIenHoe HeueTKoe uncao. Hederkoe MHOXkecTBO A, ompe/eneHHoe Ha
YHHUBEPCAJIbHOM MHOXCCTBE BCHICCTBCHHBLIX YHCEII R, Ha3bIBACTCA O606HI€HHBIM HCYCTKHUM YHCIIOM,
eciu ero (QYHKIHS TPHHAUICKHOCTH 00J1a/IaeT CIESYIOINMH CBOHCTBAMU:

l. i R — [0,1] sBsieTcst HempepbIBHOM

. ui(x) = 0 mns Bcex x (—oo, a]u[d, ©)
Il uzi(x) crporo Bo3pacraet Ha [a, b] u cTporo yosiBaeT Ha [c, d]
\VA wi(x) =w, nasaBcex xelb,c], rnre0 <w <1

OG6o0IIenHoe HewyeTKoe TpameneuaanbHoe uucio A = (a,b,c,d,w) wumeer ¢yHKIHIO
IMPUHAIJIC)KHOCTU B BUC

0 x<a
xX—a <y <h
b—a a=x=
Ue(X) =< w b<x<c
x—c <y<d
d—c c=x=
0 x>d

3/1ech W UrpaeT poiib YPOBHS JOCTOBEPHOCTH HAIINX 3HAHWHN O (DYHKITUH ITPHHAIEKHOCTH.
PaccMoTpuM MOpSAOK  BBIMOJHEHUS apUQMETHUECKHX OmNepanuid Hajx 00O0OIEHHBIMU
HEUETKUMH TparenenfanbHeiMu unciamu. Janst 18a GTFN uncna A; u Ay:
A = (ay, by, c1,dq, we) Ay = (az, by, €3, d3, ;)
Cnowxenne. A; @ A, = (a; + ay, by + by, ¢; + ¢3,d; + dy; min(wy, w,))
Borunranue. A; © A, = (a; — ay, by — by, ¢ — ¢3,d; — dy; min(wy, wy))
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CkansipHoe YMHOKeHMe.
i =

@YHKIUSA PAHKAPOBAHMS
JUuist paH)KAPOBAHUS aJbTEPHATHB ObLI HUCIIOB30BAH IEHTPOUIHBIM METO, TPEIOKEHHBIN B
pab6ore [6]

(Aa, Ab, Ac, Ad; w) 1> 0
(Ad, Ac, Ab, Aa ;w) A< 0

dc—ab w c—b
@ -+ 3t @ro—w@+n
®ynkuus pamkuposanns R(4) = /%2 + 32
Ecm A; n A; na GTFN uucna, To umeem
(i) R(4;) > R(4;) Torma 4; > 4;
(ii)R(/L-) < R(Aj) torga 4; < Aj
(iii) R(A;) = R(4;) Torma 4; = 4;
Omnpenesienue: BeposiTHOCTh HEYETKOT0 COOBLITHS
BeposITHOCTBIO HEUETKOTrO COOBITHSI Ha3bIBACTCS BEIMYMHA ONPEICIsieMast Kak

P(A) = [ pa CORAGx
A
C IIOMOLIBIO 3TOT'O IMOHATUA YCTAHABIMBACTCA CBA3b MCXKAY KOMIIOHCHTAMU AuB.
Beluncnenus ¢ Z-yuciamMd MOTYT OBITh peajM30BaHbl MyTEM MPSMOTO HCHOJIB30BAHUS
NPUHIMIA paclipeHus 3aje, 4yTo TpeOyeT OueHb TPOMO3JKHX BBIYUCICHHH M KpalHe 3aTpyIHEHO
NIPY PEUICHUH CIIOXKHBIX MPUKIIAIHBIX 3a/1ad. AJIbTepHATUBHBINA MyTh — 3TO NMPeoOpa3oBaHKe Z-4ucel
B japyrue GopMmatsl, MOICPKUBAIONIME HEONPEICICHHOCTh (DYHKIMH NPUHAMICKHOCTH M JUIS
KOTOPBIX pa3pabOTaHbl aJrOPUTMbI BBHIUMCICHUI YMEPEHHON CIOXHOCTH. B pabote [7] mpemioxken
MeToz rpeoOpa3oBaHus Z-yrced B 0000UIeHHBIe HeueTkrue Yncia. @akTHYecKH CTENeHb YBEPEHHOCTH
B tpanchopMHUpyeTCsl B ypOBEHb HEUSTKOCTH (.

(3?5,375)=<a+b+c+d— )

L
Jus(x)dx
Hanee Z — uucno Tpanchopmupyercs: B 0000IIEHHOE HEYETKOE YHCIO (X, Uy (X))
Ha(x)
rF 3
A
1
@
Ax
0
> X
a, a, a; a

Puc 2. I'paghuneckoe npedcmasienue 0000WeHHO20 HeUemKo20 YUCA.

IMocTaHoBKa 3a1a4U U METO] pellIeHN.

[IpumeHeHne HEYETKMX Z-4Mcel PacCMOTPUM Ha MpUMeEpe 3aJadd BbIOOpA IOCTaBIIMKA
(supplier selection). Dta 3amaua ¢opmanuzyercss kak 3agada MCDM ¢ rpymmoBsIM METOIOM
npuHATHA pemennid. MiMeercs 3 moTeHIManbHbIX noctaBmmka A; (i = 1,2,3), nesTenbHOCTh KOTOPBIX
onuceiBaeTcsa 4 aTpuOyTamu:

C1- xauecTBO TOBapa, C, — hakTop pucka, C3 —ypoBeHb 0OcmyxuBanus, €, — MPpo(UIHL KOMIAHHH.

Taxxe umeercs 3 akeniepra Ej, (k = 1,2,3) ¢ COOTBETCTBYIOLIIMME BECOBBIME KO3 HUITMEHTaMH

A= (0.3 0.450.25)
s Bcex atpudyToB C; (i = 1,2,3,4) Takxe onpeiesieHbl BECOBbIE KO PHUINEHTHI BaXKHOCTH
w = (0.3 0.15 0.2 0.35)
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B tabnuie 1 npeacraBieHbl JUHTBUCTHUECKUAE TEPMbI, KOTOPBIC UCIOJIB3YIOTCS JIJISl OIICHKH
anpTepHaTHB pemeHnit — «Ouens HU3Kku» (VL), «Huskuity (L), «Cpenuauit» (M), «Breicokuin» (H),

«Ouenp Beicokmit»y (VH).

Tabmuna 1.
JIMHTBUCTHYECKHE TEPMBI DyHKIUS TPUHAICKHOCTH
¢dakTopa A Ua
Ouens Huskuii (VLK) (0,0.1,0.2.0.3)
Huszkuii (L) (0.1,0.3,0.45,0.7)
Cpemuuii (M) (0.4,0.5,0.7,0.8;)
Beicokuii (H) (0.5,0.6,0.75,0.85)
Ovuens Beicokuii (VH) (0.6,0.7,0.8,0.9)

JIMHTBUCTHYECKHE TEPMbI UCIIOJIB3YEMBIC JId OLCHKH CTCIICHU YBEPECHHOCTU NMPEACTABIICHBI B

Tadue 2.

Tabnuma 2.

JIuHrBHCTHYECKHE TEPMBI CTETIEHH YBEPEHHOCTH B

3HaueHUs PYHKIMU TPUHAIISKHOCTH Up

HeBo3mosxkno (impossible) IM

(0.0, 0.01, 0.02. 0.05)

Ouenb manoseposaTHo (Very unlikely) VU

(0.02, 0.15, 0.20, 0.25)

Bepostho (Likely) LK

(0.20, 0.30, 0.50, 0.65)

Ouens BepositHo (Very likely) VLK

(0.50, 0.60, 0.70, 0.80)

Onpenenennsiii (Certain) C

(0.70, 0.85, 0.95, 0.99)

BKCHepTBI, HCIOJIB3YS YKA3aHHBIC TCPMbI

BBIIIOJIHAKOT OLICHKY BCEX IMOTCHIHAJIBHBIX

MOCTABIIIUKOB 0 BCEM aTpUOyTaM M pe3yibTaThl MPeJICTaBICHbI B Tabnuiax 3-5

Ta0muua 3.

Cy C, Cs Cy
Aq (M,LK) (H,LK) (VH,VU) (VH,LK)
A, (H,LK) (M, VLK) (H, VU) (H,LK)
A (VH,VLK) VH (VU) (M,VLK) (H, VU)
Tabnuna 4.

Cy G Cs Ca
Ay (H,vU) (VH,LK) (H,vU) (H,LK)
A, (M,VLK) (H,LK) (VH,VLK) (VH,VU)
As (H,LK) (VH,VU) (M,VU) (VH,VLK)
Tabnuua 5.

Cy C, Cs Cy
Ay (M,VU) (H,LK) (H,vVU) (H,VLK)
A, (H,VLK) (VH,LK) (VH,VLK) (H,VU)
A (M,LK) (H,LK) (M, VU) (VH,VLK)
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PaccunTbiBaeM 3HaueHHE O JUTs1 Pa3IUYHBIX 3HAUCHUH CTETIEHH YBEPEHHOCTH
a(VU) =0.1
a(LK) =0.4
a(VLK) =0.6
a(VLK) =0.86
Jlamee BBINONHSAETCS arperamys yKa3aHHBIX pE3yJbTaToB II0 BCEM OKCIEpTaM ¢
HCTIOIb30BaHUEM (hOPMYJIBI
Tk 3 &y
Aij = eak:1(7bkAij )
[TpoBens pacuetsl B MS Excel monyunm ciepyromye pe3yibTaThl:
A, =1(0.46,0.57,0.75,0,86;0,1)
A, =(0.55,0.65,0.77, 0.87;0.4)
A3 =(0.53,0.63,0.77,0.87;0.1)
A4 =(0.53,0.63,0.77,0.87;0.4)
A,; =(0.46,0.56,0.73,0.83;0.4)
A,, = (0.50,0.60,0.75,0.85;0.4)
A,; =(0.57,0.67,0.79,0.89;0.1)
A,, =(0.55,0.65,0.77,0.87;0.1)
A5, =(0.73,0.79,0.87,0.92;0.1)
A5, =(0.58,0.68,0.79,0.89;0.1)
A5 = (0.40,0.50,0.70,0.80;0.1)
A5, = (0.57,0.67,0.79,0.89;0.1)
JlaHHBIE pe3yIbTaThl MOTYT OBITh NIPECTABICHBI B BH/E KOJUICKTUBHON MaTPHIIBI
A11A12A13A14
R={ Az1A22A23A,4
A31A32A33A3,
Ha crieryromieM mare BBITIOJHSETCS arperanus 1o aTpuoyTaM ¢ TOMOIIBI0 GopMyJIs!
A = O (04y))
B pesynbraTe nomydaem riobaibHble OIIEHKH ajJbTepHATUB (Talauma 6)

Tabnuua 6.

AnbTepHATHBEI GTFN 3HaueHus
Aq (0.51,0.61,0.76,0.87;0,1)
A, (0.52,0.62,0.76,0.86;0.1)
A (0.58,0.67,0.79,0.88;0,1)

JJ1s cpaBHEHUS aIbTEPHATUB UCTIONB3YS (DYHKITUIO paH)XKUPOBAHUS UMEEM:
Rank(A4,)=3.52> Rank(43)=3.49> Rank(4,)=3.45

Haunyumum siBasieTCst NOCTaBIIUK Aj.

BLIBOIIBI. B HaHHOﬁ CTaThe 6LIJ'Ia HCCJICAOBAaHa r[po6neMa TIOCTPOCHM MHOFOKpHTCpHaﬂBHOﬁ MOACIIUu
npunsitis perennii (MCDM) B ycoBHSIX JIMHIBUCTHYECKON HEONpEEIeHHOCTH. B KauecTBe MOjeny NpUHSATHS
peIHeHI/Iﬁ 6])1.]1& HMCII0JIb30BaHa MOJCIIb T'PYIIIIOBOIO INPUHATHA peIHCHI/Iﬁ, a B Ka4eCTBC MOJCIN HCONPCACICHHOCTH
HEUYETKHE Z-4YucJia. B Ka4yeCTBE TeCTOBOﬁ 3a1a4n 6I)IJ'Ia HCIIOJIb30BaHa 3a1a4a BI)I60pa IIOCTaBIIMWKa.
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Beryn. Mopcbka iHgycTpis mimidnuia A0 Takoi TOYKH CBOTO PO3BUTKY, KOJH BHOIp
MPABWJILHOTO INUISIXY TaK YW IHAKIIE MOB’sA3aHUMN 3 UMM JekapOoHi3anii. 30kpema, sIK BiJoMO, Ha
72-i1 cecii Komitety mo 3axucty Mopcbkoro cepenosuma (K3MC) MixHaponHoi MOpChKOi
opranizanii (IMO) npuiiHsB epBiCHY CTpaTerito 11010 3HWKEHHS PIBHS BUKHUIB TAPHUKOBHX Ia3iB 3
cynen (Pesomroriis MEPC.304 (72)).

VY 2015 poui PamxoBa xonBenuist OOH npo 3miHy kiimary npuiiasiia [lapuseky yroay 3
JIOBFOCTPOKOBOIO METOIO TMIATPUMKH 3pOCTaHHS TEMIIEpaTypH He Bulle HiX Ha 2 °C 1 mpogoBKeHHS
3yCHJIb 10 JOCSITHEHHA NMokasHuka 1,5 °C nuisixoM AocCsSrHeHHs 0ajaHCy MapHUKOBUX Ta3iB y Ipyrid
MOJIOBMHI LILOTO CTOJITTSL.

[TouaTkoBa cTpateris cnpsiMOBaHa Ha 30iIbIneHHS BHecKy IMO y rio0aibHi 3yCHIUISA 00
BUKUIB TAPHUKOBHX T'a3iB 3 CY/ICH, 3alHATUX y MIXXKHAPOJAHUX NEPEBE3CHHX, Ta BU3HAUCHHS [iH, AKi
CJIiJl BXKUTH B CEKTOPI MI>KHAPOTHHUX TIEPEBE3CHb.

[louyatkoBa crpareris IMO BkIO4Yae HAacCTyHHi PiBHI NparHeHb 3 KOHKPETHUMH LIAMHU
3HIKCHHS PiBHS BUKH/IIB MAPHUKOBUX Ta3iB 3 CYJCH JJIsl MDKHAPOAHUX MepeBe3eHsb [1]:

- IHTEHCUBHICTh BUKHUIIB BYIJICIFO CyJIHA CJiJl 3HMKYBATH LUISXOM peajizallil MmoJaiblIIuxX
eTariB KOHCTpyKTHBHOro koedinieHTa eneproedexrusnocti (KKEE) mist HoBux cynes;

- IHTCHCUBHICTh BHKHJIB BYIJICIIO 3 CYJEH, 3alHATHX Yy MDKHApOJHUX MOPCHKHX
NIEPEBE3EHHAX, CIIi/I 3HIKYBATH IUIAXOM 3HMKeHHsS BUKUAiIB CO2 HAa OIMHUIIIO TPAHCHIOPTHOI poOOTH
— B CEPEAHBOMY II0 MDKHAPOJHUX MOPCBKMX MepeBe3eHHsX — npuHaiiMHi Ha 40 % mo 2030 poky,
nparaydi 3ade3neunty nmokazHuk 70 % mo 2050 poky B nopiBHstHHI 3 2008 pokom;

- piBHI BUKH/IiB MAPHUKOBUX Ta3iB 3 CYACH, 3aJiTHUX MIXHAPOAHUX MOPCHKUX IEPEBE3CHHSIX,
MIOBUHEH JOCAITH MaKCUMyMY 1 IOYaTH 3HMKYBATHCS SIKOMOTa IIBMIIE 31 3HWKEHHSIM 3arajbHOro
piBHS MIOPIYHMX BHKHIB TMAapHUKOBHX Ta3iB, mMpuHaiiMHI, HAa 50 % (BpaxoByrouu 30ULTHIIEHHS
MOpPCBKHX TiepeBe3eHb) 10 2050 poky B mopiBHsHHI 3 2008 poxom. Takox 3 1 ciuns 2020 poky BMICT
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cipku (SOx) B manmBi He moBuHEH O0yTH Oinbie 0,5 % [2]. IlpeacTaBHUKY CyAHOIUIABHOI Taly3i Temep
JIaMalOTh TOJIOBY HAJ THM, SIK TOCATTH OCTAaBJICHUX LIJICH.

3po3yMmisio, 0 OCHOBHHU TSTap PO3pOOKH HOBOI CTpaTerii JEKHWTh Ha IUIeYaX iH)KEHEPIiB i
TEXHOJIOTIB, AKi MOBHHHI 3alpONOHYBAaTH PIllICHHS, MOKIWKaHi CKOPOTHTU piBeHb emicii CO2, s
40ro, WMOBIpPHO, 3HAIOONATHCS CYJHOBI IBUTYHH HOBHX OpPUTiHAJIBHUX NpOEKTiB. OYeBHIHO, IO
3MiHE B iHAyCTpii OyayTh pamukadpbHAMH. OJHAK KIFOYOBHM (AKTOPOM pyxXy B OiK 3HWKEHHS
BUKUIB € BAKOPUCTaHHS «YUCTUX) MaJIUB.

Cepen anbTepHaTHBHUX BUJIIB MTAJIMBA B TAHUI 9ac PO3TIIIAIOTECS: CKPAIUICHOTO MTPUPOTHUH Ta3
(CIIT'), ckpamnmennit ByriieBogueBuii ra3 (CBI'), meranomn, GiomanmuBo i Bomenb. IMO 3apa3 po3po0isie
konekc Oesneku (IGF Code) mns cyneH, 0 BUKOPHCTOBYIOTH Ta3 abo0 iHINI €KOJOTiYHI BHIOY TAJIMBA.
TpuBae poOoTa B 007aCTi BUKOPUCTaHHS METAHOIY i MAIWB 3 HU3BKOIO TeMIIepaTyporo 3aiiMaHHA. [
iHmmx BuAiB nanmuBa IGF Code moku He po3po0iseThes, 0 CyIHOBIACHUKAM HEO0OXiTHO B3ATH 10 YBary.

l'omoBHUMU TIepeBaraMy BOIHIO SIK MAJIMBa B JaHHK Yac € HEOOMEKEHI 3almach CHPOBHHU i
BiJICYTHICTh 200 MaJjia KiIbKICTh IIKiJJTMBUX PEUYOBUH Y BiATIPAIlbOBaHUX ra3ax.

CupoBuHHa 6a3za A1 OTPUMAaHHS BOJHIO MPAaKTHYHO HeoOMexkeHa. JloCHTh ckazaTH, IO Y
Bcecsirti 11e HalimommpeHImui e1eMeHT. Y BHUIIIA/I TIa3MHU BiH CTAHOBHUTH MaiKe IMOJIOBHHY MacH
Conns 1 GinbIIOCTI 3ipok. ['a3u MiXK30pSHOTO cepeoBHUINa 1 Ta30Bi TYMAaHHOCTI TaKOXK B OCHOBHOMY
CKJIA/IAlOTHCS 3 BOJHIO.

VY 3eMHill KOpi BMICT BOIHIO cTaHOBUTH | % 1o Maci, a y BoAi — HalnomupeHimii Ha 3emii
peuoBuHi — 11,19 % mo maci. OnHak BUTBHUE BOJCHD 3YCTPIiYa€ThCS BKpad PiKo i B MiHIMaTbHHX
KUTBKOCTSIX Y BYJIKAHIYHUX Ta 1HIMTUX MPUPOTHUX Ta3ax.

BozeHb € yHIKaIbHUM IMAJTMBOM, K€ BUJI0OYBAETHCS 3 BOJM 1 MICIIS 3TOPSHHS 3HOBY YTBOPIOE
BOIy. SIKIIO B SIKOCTI OKHCIIOBa4a 3aCTOCOBYBAaTH KHCEHb, TO €IUHMM IPOJYKTOM 3TOpsiHHS OyIie
JIMCTHIbOBaHA BoAa. IIpy BHKOpHCTaHHI MOBITPS O BOXM JONAIOTHCS OKCHIH a30Ty, BMICT SKHX
3aJIeKUTh BiJ KoedilieHTa HAUINIIKY TTOBITPSI.

Cepiio3Hi HEZOMIKK BOJHIO — BUCOKA Mu(y3iiiHa 3MaTHICTH 1 MIMPOKA 0OJIACTh 3aMHCTOCTI 1
BUOYXOBOCTI BOJHCBOKHMCHEBOI Ta30BOi CyMilll, ajie Ii HEJONIKHM BXKE HE € NPUYUHAMHM, IO
MEPENIKO/KAIOTH HOTO 3aCTOCYBAHHIO Ha TPAHCIIOPTI.

LikaBi TeHmeHIi crocTepirafoTecsi B cepi €HepreTMKH MOPCHKOTO TPAHCHOPTY, O€ IS
HIMPOKOTO BIPOBA/HKEHHS BOJTHEBUX MAJIMBHHUX €JIEMEHTIB BXKE JABHO CTBOPEHI MXKHAPO/IHI KOHCOPIYMH
ta Acomiarii — FellowSHIP, Fuel Cell Boat BV i Marine Hydrogen & Fuel Cell Association (MHFCA).

Ha nmanwmii MoMeHT Tno0anbHiI iHBECTHIII Y BOJHEBY CHEPreTHKY, 32 PI3HHMH OI[IHKaMH,
ctanoBIATH 0,85-1,4 Mupa €Bpo Ha PiK.

PezyabTaTu gocaimkenb. CboroHi BKe MOXKHA TOBOPUTH IIPO T€, IO BUKOPHUCTAHHS BOJHIO
niepectasio OyTH OIMHUYHIMH HOBATOPCHKUMHU IPOEKTaMH 1 CTAIO BIPOBAPKYBATUCh Y CYHOOY TyBaHHI.

«Energy Observer» — nepiunii B CBITi CyAHO-KaTaMapaH 31aTHUN BUPOOJISTH BOJHEBE MaJIHBO
y cebe Ha OopTy 3 Mopchkoi Boau. lle cmpaBxkHsS ekcliepUMeHTalbHA IUIaTGopMa, MeTa KOl
peallizyBaTH 1 IPOTECTYBaTH B PEAJIbHUX EKCTPEMalIbHUX YMOBaX HOBI TEXHOJOrIl 1O TeHepalii
BO/THIO 3 MOPCBHKOi BOJIH, TIPOIEMOHCTPYBABIIN TAKUM YHHOM MO>KJIMBICTD HOAAIBIIOTO 3aCTOCYBaHHS
1i€1 TEXHOJIOTIi B yChOMY CBITI.

Puc. 1. Kamamapan «Energy Observery [3].
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CynaHo sBnsie o000 KOJHINHINA TOHOYHUN Karep, Ha SKOMY CTBOPEHO aBTOHOMHE JDKEpEeio
OTPUMaHHsI BOAHIO, SIKUH € OCHOBHHM MAJIMBOM CyJHA, 3 MOPChKOi Boau. KpiM Toro B anbTepHaTHBHY
CHCTEMY TOCTAYaHHSA EHEPriclo cyaHa BXoaaTh 130 M? COHSYHMX maHened, aBi TypOiHH
BUKOPUCTOBYIOTh CHEPTil0 BITPY, a TAaKOX EJEKTPOABUTYHU 3 PEKylepaTuBHOW (yHKLi€l. Takum
YMHOM, CYAHO 3a0e3leyeHe MAeKiIbKOMa albTepPHATHMBHUMH 3aco0aMHM OTPUMAaHHS €Heprii, Mo
MIPUBOJISATH HOTO B pyX B PI3HUIA Yac JOOH i 3a Pi3HUX MOTOJHUX YMOB.

26 yeppHs 2017 poky «Energy Observer» nokunys ¢paniry3pkuii mopt Cen-Mayo 6e3 kparnii
BUKOITHOTO TaJlMBa Ha OOPTY 1 BiANIPaBHUBCS B KPYTOCBITHIO MOJOPOIK, siKa 3aBepmuthes B 2023 pomi. Y
Tporpami OAOPOXKi 3arTaHOBaHO BimBiayBaHH: 50 KpaiH, 31 101 3ynmuHKOIO B Pi3HUX TOYKaX 3€MHOI KyIIi.

Puc. 2. Mapwpym «Energy Observery, axuii nianyemocs npoimu 3 2017 no 2023 p. [3].

I'pyna xommaniit Compagnie Maritime Belge (CMB), mo ekcrtyarye OnM3bKO CTa CyIeH
pi3HOTO KJIacy, CTBOpHJIA MAacCaXKUPCHKHUI MMOPOM Ha CTUCHYTOMY BojHI. Katamapan oTpumaB Ha3By
«Hydrovilley. 1le nepime y cBiTi BogHEBE CyIHO, 0 oTprMaio ceprudikar Jlmoiina. XpemeHHs cyaHa
BiOysocs 29 nuctonazna 2017 poky.

Puc. 3. Illopom «Hydroville» [4].

Ha nouatkoBomy etami ekciutyaraiii cynHo Oyze nepeBo3uTH criiBpoOiTHHKIB komnanii CBM
Mmix Kpoitbexe i Auteeprnenom mo piutti Illensaa (Ecko), mo Bnamae B IliBHiune mope. Kommanis
CBM mnnaHye BHKOPHCTOBYBAaTH [JOCBiJ, OTpUMaHMH mNpH ekcruryaTauii mopoma Hydroville mms
HPOEKTYBaHHS Ta Oy/IBHUIITBA BOAHEBHUX CYJCH BEJIMKOTO TOHHAXY.

Iopom «Hydrovilley mpu3HadeHwid Ui BiANPAIFOBAHHS TEXHOJIOTIYHUX, CKCIUTyaTaliiHUX i
HOPMAaTUBHHUX IUTaHb, & TAKOX AEMOHCTpALii €KOJNOITYHUX Ta €KOHOMIYHHX MOXKJIMBOCTEH BOIHEBOTO
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MaJIBa B IMBUTBHOMY CYIOHOIIIABCTBI. OCKUIBKH BOJHEBE MAJHMBO MOKH HiSIK HE HOPMYETHCS PETICTPOM
Jnotina, ans npoekry «Hydrovilley Oyno HeoOXiTHO BUKOHATH KOMIUICKCHUH aHai3 PU3UKIB.

[Nacaxxnpcrka xabiHa mopoma (MiCTKIicTh 16 0cib) Moxke MaTi pizHy KOH(DITYpaIito: TpaHCIIOpTHA
(4x4), kiHOo3an (Kpicna pO3TOpHYTI B HAmNpsIMKY iH(opMauiifHoro mucruies) i KoHgepeHH-3an (Kpicna
BCTAQHOBJICHI HABKOJIO BEJIMKOTO CTONY). 3amis KOMQOpPTY IMacaXupiB CalOH Mae JOAATKOBUI
ITyMO3axHCT, Oe3komToBHUM «Wi-Fi», 3apsmHi mprcTpoi, 1Ba KOHAWIIIOHEPH, MiHIaTIOpHI KamOy3 i
raipioH. Ha kopmi mopoma € HeBenmka Bikpura nany6a. Exinax nopoma — 8i ocoou.

[Ipu npoexTyBanHi i OyIiBHUITBI TOpoMa OyB BUKOPHCTAaHUH JOCBIJ OTPUMAHHUNA MPU POOOTI
3 BOJHEBMMH MalllMHAMHW. 3arajbHa JOBXHHA KopaOms — 14 M; mmpuHa — 4,2 M; ocaaka — 0,65 M.
Kpeiicepcbka mBHAKICTE — TOpoMa 22 BysJla, MakcuManbHa — 27 By3niB. CropsipkeHa maca — 12
TOHH, BOJIOTOHHaXHICTh — 14 ToHH. 3amac BoaHIO 30epiracThcst B 12 KOMIO3UTHUX OanoHax 4 THITY
MictkicTio 250 1 koxeH mix TuckoM 200 atmocdep. PesepBHe au3enbHe nanuBo 30epiraeThCs B IBOX
Oaxax eMHICTIO 265 J1 KOXKEH.

ImxenepHO-KOHCTpYKTOpCchKkUM Miapo3aiiom Ulstein Design & Solutions BV, mo Bxoauts 1o
rpymu komnanid Ulstein (Hopseris) i po3poOHukoM mnanuBHUX enemeHTiB Nedstak BV
HiATOTOBJICHUH MPOEKT IMEPLIOr0 MOPCHKOIO CylnHa 3a0e3ledeHHs, sKe 3MOXe IpalioBaTH Ha
BOJTHEBOMY MAJUBI.

Puc. 4. Maxem cyona «Ulstein SX190 Zero Emission» [5].

Po3poOHMKM TIPOEKTy peanizyBaid KOHIEMINIO EKOJOTIYHOrO CyJHAa BIATOBITHO 0O
HemoaBHo omyoOikoBanoro cnucky DNV GL (Det Norske Veritas Germanischer Lloyd) n’stu
HaWOUIBII NMEPCIIEKTHBHUX aJbTEPHATUBHUX BHJIIB MAJIMBA ISl CYAHOIUIABCTBA, B IKOMY BOJCHBH OYyB
BU3HAHHUU ONITHMAIBHUM PIllIEHHSM 3 HYJIbOBUM PiBHEM BHKH/IIB.

Cynno 3a0e3neueHHst poOiT 3 MOHTaXy Mopcbkux ycranoBok «Ulstein SX190 Zero Emission» i
CHCTEMOI0 JMHaMiyHoro nosuuionyBaHHs (DP2) crane mepmmm mpoexktom Ulstein 3 BHKOpHCTaHHSM
BOJIHIO, 3 EHEPreTHYHOIO YCTAHOBKOIO Ha MAIMBHUX €JIeMeHTax, po3pobiennx kommanicto Nedstack BV.
Take cyqHo MoxHa Oyle BHKOPHCTOBYBATH B HAWpPi3HOMAHITHIIIMX POOOTaX HAa MOPCHKOMY ILENb(i.
Ileprre Take cyaHo, o0y aoBaHe 3a mpoektoM Ulstein Morke OyTH mepeaaHo B ekcrutyartaiio y 2022 potii.

Cynno npoekty «Ulstein SX190 Zero Emission» 31aTHe mpaifoBaTé A0 YOTHPHOX THIB B
PEeXrMi HyJIbOBHX BHKHIIB. Y MailOyTHHOMY, 3 PO3BUTKOM TE€XHOJIOTiH 30epiraHHsl BOJHIO 1 MAJIMBHUX
€JIEMEHTIB, TaKy €KOJIOIYHY eKCIUIyaTallilo MOXHa Oyjie 30UIBLIMTH 10 ABOX TIXHIB. [Ipu Okl
TPUBAIMX MOPCBHKHX MPOEKTaX CYAHO 3MOKE 3aIisITH 3BUYAlHY IN3ENb-CJIEKTPUIHY HPOITYJIHCUBHYIO
YCTaHOBKY, BHKOPHUCTOBYIOUH B SIKOCTI OYHKEPHOTO IMaMBa HU3bKOCIPUUCTHI TU3EIb.

Konmermist cyana «Ulstein SX190 Zero Emission» 3acHoBaHa Ha HasBHIN rmiatdopmi
«Ulstein SX190» i mae 3arajgbHy BCTaHOBJIEHY MOTYXXHICTb B 7,5 MBT, 3 sikux 2 MBT renepyerscs
NaJMBHUMH elieMeHTamu cuctemu sxuBieHas PEM (Polymer Electrolyte Membrane, Proton Exchange
Membrane), po3po6nenoi Nedstack, siki po3ramoBaHi B OKpeMOMYy, 2-My MAIIMHHOMY BiJCIKY.
ITamuBHI enemenT PEM miepeTBOPIOIOTE BOJIEHD 1 TIOBITPS B €JICKTPOSHEPTI0, TEIUIO 1 BOIY 1 B XOI1
MIpoIIeCy HE BUAUBIIOTH IIKiTMBIX BUKHUIIB.

[NanmuBHi enementn PEM BukopucroByBani B konuenuii «Ulstein SX190 Zero Emission»
3aIpaBIIIOTHCS BOJHEBUM IAJIMBOM 3 EMHOCTEH ITiJi THCKOM. BaHTa)kHO-pO3BaHTaKyBaJIbHI oneparii
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3 TaKUMH pe3epByapamMu 3 BOJHEM MIPOCTi 1 HE BUMAraroTh OyAb-IKOTO 0COOIMBOrO OONaTHAHHS, 110
BUKITIOYA€ HEOOX1IHICTh Y CTBOPESHHI JJOPOTOi iH(QPACTPYKTYpHU AJisi OYHKEPYBaHHS CYIHA.

€MHOCTI 3 BOTHEM MOXKYTh OyTH 3alpaBiieHi Ha Oy/Ib-sSIKOMY IiIIPUEMCTBI, € BUPOOIIETHCS
BOJICHb, 200 BOJHEM 3 TMOOIYHHMX HPOIYKTIB NMPOMHUCIOBOCTI a00 «3€JICHUM» BOJHEM, OTPUMAHUM
METO/IOM €JIEKTPOIi3Y, 0 pOOUTH TaKe CyIHO NPUAATHUM JJIsl BAKOPUCTAHHS 110 BCbOMY CBITY.

Y Himeuuuni B xoBTHI 2019 poky posmodany OymiBHHIITBO TEPIIOrO B CBiTI OyKcupa-
mroxaua «Elektray, skuii Oyne mpamioBaT Ha TiOpUIHOMY MPHUBOII 3 MaJMBHUX E€JIEMEHTIB 1
aKyMyJSTOpIiB [6].

Puc. 5. Maxem Oyxcupa-wmosxaua «Elektray [7].

Hose cymno «Elektra» BUKOPHCTOBYBaTHMYTb Uil DPIYKOBHX BAaHTaXOIEPEBE3EHb MIDK
Bbepninom 1 ['amOyprom, a Takoxx y camiit cronumi Himeuunnn. OpgHO4YacHO 3 OYyJIIBHUIITBOM CYIHA
CTBOPIOETHCS 1 HEOOXiHA 1 Hioro po6oTH iH(pacTpyKTypa.

Bykcup-mroBxau «Elektra» mae mricte makeriB 3 20 pesepByapiB BOOHIO Uil HaJIMBHHX
eneMeHTiB. BoHu micTath B 1iiomy 750 Kiorpamis BOAHIO i 3HaxoasaThcs mi Tuckom 500 Gap. Bykcup-
mrroBxau «Elektra» 6yne mosxuHoro npuoiusao 20 MeTpiB i mmpuHO0 8,5 MeTpa 3 ocaakoro 1,25 metpa.

3arajpbHa BapTICTh POOIT 31 CTBOpPEeHHs Oykcupa-imroBxada «Elektra» omiHroeTbes B 13 MIiIH
€BPO, IIPHU OMY 8 MIIH €BPO Ha MPOEKT BUALIMIO DenepanbHe MiHICTEPCTBO TPaHCHIOPTY 1 1udpoBoi
iHppacTpykrypu HimeuurnHu. ByqiBHMLITBO HOBOTO €KOJIOTIYHOrO OyKCHpa IJIaHYIOTH 3aBEPILUTH Y
IV kBaprani 2020 poky.

lNomnanaceka dipma Sinot Yacht Architecture & Design po3pobuina cynep’sixty «Aquay, sika
OyJe mpaifoBaTH Ha BOAHEBOMY NayivBi. MiHIaTIOpPHY MOJIENb SXTH BIEPIIE MOKa3aJlu Ha BUCTABIl B
Mownaxo B rpyasi 2019 poky. I[IpoekTyBaHHS SXTH 3aHHAI0 5 MicALIB.

Puc. 5. flxma «Aqua» [§].
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JlkepenoM eHeprii cTaHe pifkuii BoJeHb. Moro po3MicTsTh y ABOX 28-TOHHHX repMETHUHHX
pe3epByapax, oxonopkeHux 1o -253 °C. PesepByapu OyayTh BUIHI Yepe3 CKISTHY MaHENb 0111 OCHOBU
TBUHTOBHMX CXOHIB B LIEHTPI SIXTH. Y NaJIMBHUX €JIE€MEHTAaX BOJCHb Oyne 3MillyBaTHCA 3 KHCHEM, a
NOOIYHUM MIPOAYKTOM cTaHe Boja. [lanuBo Oyze »KUBUTH JBa ABUTYHU NOTYxHicTIo 1 MBT [9].

HoxwuHa sxTH «Aqua» — 112 metpis, mmpuna — 15,4 merpu. Ha n’sarunanyOGHomy cyaHi
3MOXYTh po3MicTuTHCs 14 rocteii i 31 wieH ekimaxy. SIXxTa MaTuMe TOJIOBHUH MaBiTbHOH, KaCKaIHUN
OaceiiH, Mice Ui BIIMOYMHKY Ha BIIKPUTOMY MOBITpi, BEPTOMITHUN MalgaHuuk, nBi VIP-katotu i
YOTHPH 3BUYAWHUX KalOTH. Bci HOMepn MatuMyTh BiKHA BiJ HiAJIOTH JO CTelNli B MiHIMaJiCTCBKOMY
SATIOHCHKOMY CTHJI.

«Aqua» 3MOXe pO3BUBATH MIBUIKICTH B 17 By3miB (O6unbie 30 kM/ron) i mpoxoauTu moHan 6
THCSY KM 0Oe3 mosampaBku. Yepe3 medinuT BOJHEBHX 3allpaBOK CYAHO Oyae ITOJATKOBO MaTH
PE3EPBHUN TU3EINbHUN IBUTYH.

Cynno Oyne moOymoBaHo Ha ToJutaHAcbKiii Bepdi Feadship, mo cmemianizyerbcs Ha
OyniBHUITBI cynep - i MerasxT. CyJqHO CIycTATh Ha Boay He padime 2024 poky.

VY 2019 porii €Bpocoro3 BUAUIMB 5 MJIH €BPO Ha peaizallito €BpoIeichKOro iHHOBAIIHOTO
npoekty FLAGSHIPS — ramyseBoro xoHcopuiymy misi ¢iHaHCyBaHHS OyNiBHHIITBA Ta BBEICHHS B
ekcruryataifiro B Hopserii Tta ®paHiii JBOX KOMEpPLIMHUX CYJISH 3 BOJHCBHUMH ITaJUBHUMHU
eneMeHTamu 3 Hy1b0BUM BHKUAOM [10]. Komrru, Buaineni ans npoektry FLAGSHIPS, 6ynmu HanaHi B
pamkax mporpamu €C 3 gociimkeHp Ta iHHOBaMii «I opu3ont 2020» B paMKax CHUTBHOTO MPOEKTY 3
BIIPOBAKCHHS €KOJIOTIYHOTO MaIMBa Ha OCHOBI BOJTHIO.

[Ipoekr FLAGSHIPS o00’emnye rpymy mapTHEpiB, MPOBIMHWUX TPEACTABHUKIB TaITy3i:
CYJHOBJIACHUKIB, TOCTa4YaJbHUKIB TEXHOJIOTi Ha MATMBHUX €JIEMEHTaX, PO3POOHUKIB yCTaHOBOK
eJIEKTPOXKUBJICHHS, (DaxXiBIIiB B 00JIACTi iHTErpallii Ta BUPOOHUIITBA, KOpabaeOy [iBHUKIB Ta iH.

Meta NmpoeKTy MOJsArae B TOMY, 00 ABUIYHH JBOX CYAEH MOIJIM IpAaIlOBAaTH Ha BOJHI,
OTPHMaHOMY 3 BiJJHOBIIOBaHUX jkepenl eHeprii. Lle M03BONHMTH He TUTBKM EKCIUTyaTyBaTd CyAHa 3
HYJFOBUM PIBHEM IIKiIJTUBUX BHKHUIIB, aJIe 1 CTBOPUTH MIIIHY OCHOBY JUIS TIOJANIBIIIOTO PO3MIHPEHHS
MICIIEBOTO €KOJIOTTYHOT0 MOPCHKOT'0 1 PIYKOBOT'O TPAHCIIOPTY.

BaxJIMBOO YaCTHHOIO MPOEKTY cTaHe BHOYIOBYBaHHS JOMOMIKHOI MEpexkKi 10 3a0e3MeYeHHIO
€BPOINENHCHKOrO MPOEKTY, L0 BKJIIOYAE ITOCTABKM BOAHEBOIO MHajHBa, MPOEKTYBAHHS 1 OyIiBHHILITBO
CYyJIeH, a TAaKOX 3HaHHS B 00JacTi HOPMAaTHUBHUX aKTiB.

[lepme cynno OymyBatumerscs B Jlioni (®panuis), npyre — B M. CraBanrep (Hopseris). Ha
Opaniy3pkiii Bepdi MoOyAyroTh OyKCHUp-IITOBXad Ha BOJAHI 1 MEpeAaHUil PIYKOBiH TpaHCIOPTHIN
kommanii Compagnie Fluvial de Transport (CFT). Bin Oyne excrutyaTyBaTHCSI KOMIIAHI€IO0 B SIKOCTI
JIOTIOMDKHOTO CyZHa Ha piumi PoHi.

Puc. 6. /lemoncmpayis 6 Jleoni-ye npocynsinkoge cyoHo, wjo npayroe sk cepgicke cyono na Poni [11].

VYV CraBanrepi pymiiiHa ycCTaHOBKa Ha BOAHEBOMY MAJMBI MpPU3HAYCHA I BaHTAaXoO-
nacakupceKoro nopoma (omeparop Norled), sikuit Oyzne 00cayroByBaTé MiclieBi TpPaHCIOPTHI MapIIpyTH.
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Puc. 7. Jlemoncmpayis Stavanger-nacasicupcokuii i agmomodinbHuil HOpoOM, Wo NPayioc K 4acmuna
Micyesoi mepedici epomadcvkozo mparncnopmy[11].

[TpoekT 3HAYHO 3HHM3UTH KalliTAlbHI BUTPATH HAa €HEPreTHYHI CHCTEMH MOPCHKHX ITAMBHHX
€JIEMEHTIB, BUKOPUCTOBYIOUH HOY-Xay 3 ICHYIOUMX 3aXOJIiB 3 iHTeTpallii 0eperoBux i MOPCHKHAX CHCTEM.

BopneBi cymHa mouHyTh mpamoBaTH nporsarom 2021 poky. Ilicma  18-micsaHOTO
JEMOHCTPALIfHOTO TIepiofy NPOEKTY BIACHUKH CYyAEH pPO3PaxOBYIOTh IATPHMYBaTH CyaHAa B
HOpPMAaJTbHI KOMEPIIHHIN eKCIUTyaTallii.

[Ipoekt Oyne CHiBIpaIlOBATH Ha IIUPOKIA OCHOBI JJIsi 3aBEPIICHHS HEOOXITHOI OIIHKH Ta
3aTBEP/KEHHS O€3MEeKH ISl IBOX CYJECH IUIIXOM 3aCTOCYBAaHHS Ta MOJANBINOI pO3POOKH iCHYIOUHX
TIPaBIIT 1 HOPM.

BucnoBku. Exonoriuni npoGneMu i 3pocTarodi I[iHM Ha MaJIMBO BEAYTh O HEOOXIIHOCTI
TIOLTYKY HOBUX pillleHb AJIsl CYAHOIUIABCTBA. AJIFTEpHATUB HE Tak O0arato. OJHHUM i3 aJbTePHATUBHUX
JOKepeNn eHeprii B CyJHOIUIaBCTBI MoXke OyTH BHUKOPHUCTaHHS BOIHIO. AJie € neski (akTtopwu, IIo
CTPUMYIOTh BITPOBAPKCHHS BOJHEBHUX TEXHOJIOT1H:

- OlIBII BUCOKA COOIBAPTICTD, HIXK y TPAIUIIHHUX JKEpell aJiBa;

- BIICYTHICTh BOJIHEBOT iHPPACTPYKTYpH;

- HEJIOCKOHAITI TEXHOJIOTIi 30epiraHHs BOAHIO;

- BIJICYTHICTb CTaH/IapTiB Oe31eKku, 30epiranHs, TPaHCIOPTYBaHHS, 3aCTOCYBaHHS TOIIIO.

BaxximBy ponib y CTaHOBJICHHI BOJHEBOI €HEPIeTHKH Biflirpae Mi>kKHapoIHa MOPChKa OpraHizariis
(IMO). Bona po3migae TanvMBHI €IeMEHTH SK YacTHHY MisUIbHOCTI miakomitery Opranizamii 3
KoHTelHepHux niepeBeseHb Carriage of Cargoes and Containers Sub-Committee, 3 HaMipoM BKJIFOYHUTH
HEeOoOXi HI ToJIoXKeHHsT B MixkHapomuuii Kozjexe Oe3neku it CyzieH, 10 BUKOPUCTOBYIOTh Ta3u Ta 1HIIE
HaJIMBO 3 HU3bKOK Temreparyporo 3aiimanns (Code of Safety for Ships using Gases or other Low —
flashpoint Fuels — IGF). Lle € Bax/iMBIM acrieKTOM IS PO3BUTKY BUKOPUCTAHHSI BOIHIO.
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