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Summary

Introduction. The global Covid-19 pandemic has identified new unpredictable
operating conditions for most civil aviation entities. It is established that the majority
of representatives of the world aviation business, including Ukraine, have shown
unpreparedness and inability to overcome the crisis, avoid bankruptcy and withstand
competition. Purpose. The purpose of the study is to theoretically substantiate the
technology of development and use of a business plan as an element of management
of Ukrainian airlines in a pandemic crisis. Results. It is specified that business
planning is a unified mechanism for managing activities in conditions of uncertainty.
It is proved that despite the requirements of practice, aspects of the application
of business planning as a management element are borrowed, not clearly defined
and not adapted to the conditions of Ukrainian airlines in a crisis. Under a market
economy, no enterprise can operate profitably without a carefully prepared plan. The
experience of organizing business in the field of civil aviation shows that the analysis
and planning of the organization is becoming increasingly important due to rapid
changes in the operating environment. Conclusions. It is proved that the business
plan, as the basis of airline management, allows to analyze all elements of the airline,
identify factors of negative impact, threats and opportunities, consider alternative
actions, predict financial results, which will optimize operation and minimize the
impact of the epidemic crisis.

Key words: airline, adaptive tools, business plan, competitiveness, intercontinental
integration, planning.
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Anomauisn

Bemyn. Ceimosa nanoemin Covid-19 eusnauuna uosi Henepedbayysani ymosu
disinbHocmi 051 Oinbutocmi cyb ekmis yuginbHoi agiayii. Bcmanosneno, uwo oOinvuiicms
NpeOCmasHUKI8 C8imo6o2o asiayitiHoco Oi3Hecy, 6 momy uucii Yxpainu, npossuiu
HEe20MOBHICMb MA HECNPOMOICHICMb NOOONAMU KPU3y, VHUKHYMU OAHKpYMCmed U
sumpumamu KoHKypenyio. Mema. Memoio Oocniodcenns € meopemuune 0OIpYHNY-
BaHMSI MEXHONO2IT PO3POOKU | GUKOPUCTNAHHS Oi3HEeC-NAaHY AK eNeMenmy YIPAGLiHHs
agiakomnauiamu Ykpainu ¢ ymoeax nandemiunoi kpusu. Pezynomamu. Konxpemu3so-
8aHO, WO DI3HeC-NIAHYBAHHSA € YHIQIKOBAHUM MEXAHIZMOM YNPAGNiHHA OIANIbHICIIO 8
ymosax HegusHayenocmi. [{06edeHo, wjo, He38adxcarouu Ha 6UMOSU NPAKMUKU, ACNEeKmU
3acmocyeants Oi3Hec-nAAHY8AHHS AK eeMeHmy YAPAGNIHHSA € 3aN03U4eHUMU, YiMKO He
BUBHAYEHUMU Ui He a0anmo8anuMu 00 yMos OIIbHOCMI asiakomnauniu Yxpainu 6 ymo-
sax kpusu. /loceio opeanizayii nionpuemMHuymea 8 2any3i YyusintbHoi agiayii ciouums,
Wo ananiz ma niany8aHHs OisibHOCMI opaanizayii Hadbysae 0edani OiNbLUL020 3HAYEHHS
V 36 A3KY 3i WBUOKUMU 3MIHAMU 6 cepedosuwyi Qynkyionysanus. Bucnoexu. [Josedeno,
o Oi3HeC-NIaH AK OCHO8A YNPABIIHHA AGIANIONPUEMCINBOM OAE 3MO2Y NPOAHANIZYEANU
6ci enemenmu OiIbHOCMI ABIAKOMNAHIL, BUSHAYUMU (DAKMOPU HE2AMUEHO20 BNIUBY),
3a2po3u Mma MONCIUBOCTI, PO32NAHYMU ANbMEPHAMUBHI eapianmu Oitl, CHPO2HO3Y8amu
Ginancosi pesyromamu, wjo 0acmev 3M02y ONMUMIZY8AMU YHKYIOHYBAHHA | MIHIMI3Y-
8amu CMyniHb NIUBY eni0eMiuHOl Kpusu.

Knrouosi cnosa: asiakomnanis, adanmugHuil iicmpymeHmapitl, Oi3Hec-niau, KOHKY-
PEHMOCNPOMONCHICIND, MIJICKOHMUHEHMAIbHA ITHMe2payis, NiaHy6aHHA.

Introduction and problem statement. The Covid-19 intercontinental pandemic
has led to the regulation of civil aviation in unpredictable and harsh conditions.
Since February 2020, and especially in the spring, airlines have significantly reduced
the number of flights, and some have even stopped flights. Due to quarantine, closures
and bans or restrictions on entry, the pandemic crisis has been the deepest for aviation
since World War II. In April 2020, the number of flights (compared to April 2019) in
the world fell by 80%, and in Europe — by 90% [1; 2].

It is established that the majority of representatives of the world aviation business,
including Ukraine, have shown unpreparedness and inability to overcome the crisis,
avoid bankruptcy and withstand competition. Only a small proportion of airlines have
the ability to operate, most, due to the lack of a clear mechanism for economic analysis,
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strategic management of planned activities, suffer from a sharp decline in air traffic, joint
operation of international airlines with foreign airlines with significant competition [3].

The decrease in traffic in early June 2020 led to the loss of airlines’ share of aircraft
fleet due to lack of funds to pay lease payments, losses revealed the inability of companies
to operate flights, pay salaries to employees [4].

A generalizing aspect of the identified problems of domestic airlines is the inability
to adapt to the requirements of the international aviation market, namely, in the absence
of a clear mechanism for economic analysis, planning and strategic management in
a crisis. Such shortcomings lead to the airline’s lack of a clear line of business in
the future, the impossibility of rational use of resources and the attraction of public
investment funds in order to improve operating conditions.

Examining the experience of global airlines, it should be noted that the formation
and development of a market economy in Ukraine in a pandemic requires fundamentally
new approaches to the organization of strategic business management of civil aviation,
special attention in this process is occupied by management using a business plan.

Analysis of recent research and publications. A significant number of scientific
works, in particular such well-known domestic and foreign scientists as V. Popov [5],
N. Danyk [6], O. Yaremenko [7], is devoted to theoretical and methodological aspects
of business planning of enterprises. The research of V. Kasyanchyk, E. Olesyuk [3],
E. Kosychenko [8] and others is devoted to the criteria of search for improvement
of the activity of subjects of civil aviation.

Given Ukraine's desire to integrate into European and global economic structures
and the need for domestic airlines to move to global standards of business management,
planning and crisis management, research on these issues and areas are becoming
particularly relevant.

However, despite the requirements of practice, aspects of business planning as
a management tool are borrowed, not clearly defined and not adapted to the conditions
of Ukrainian airlines in the crisis, which actualizes the essence of the problem within
the management of commercial aviation.

Formulation of the goals of the article. The purpose of the study is to theoretically
substantiate the technology of development and use of a business plan as a tool for
managing Ukrainian airlines in a global pandemic crisis. The objectives of the study
are presented in the substantiation of recommendations on the structure and content
of the airline’s business plan, which will be used as a planning and working document
in a pandemic crisis and uncertainty. The object of study is business planning as a tool
for managing aviation companies in a global pandemic crisis. The subject of research is
the theoretical principles and guidelines for business planning of enterprises, including
civil aviation.

Presenting main material. The dynamics of the global pandemic crisis and tough
conditions of competition in the civil aviation market have led to a crisis and the verge
of bankruptcy of a significant number of airlines. The study found that only some airlines
are able to operate effectively in the above conditions, others do not have effective anti-
crisis tools adapted to the specifics of the aviation industry, which would systematically
analyze the likelihood of bankruptcy and identify measures to avoid it.

In mid-April, the International Air Transport Association (IATA) published
a forecast of total airline losses of $ 314 billion, a 55% drop in turnover compared to
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2019. Airports Council International (ACI) estimates that the annual passenger traffic
in the world’s airports in 2020 will decrease by 38.1% (3.6 billion passengers), and in
2019 the industry will reach no earlier than the end of 2021 [4].

Given the desire of Ukraine to integrate into European and global economic structures
and the need for transition of domestic airlines to global standards of commercial,
planning and investment management, research on these issues and areas are becoming
particularly relevant.

Referring to the above, the study is devoted to find optimal ways to use the business
plan of civil aviation enterprises of Ukraine as a basic document of strategic management
in a pandemic crisis to improve business management in the context of intercontinental
integration.

The crisis caused by the global Covid-19 pandemic has identified new requirements
for the formation and development of a market economy in Ukraine, as well as
fundamentally new approaches to the management of airlines, special attention in this
process is planning and strategic management. Successful operation, results of work
and long-term viability of any enterprise depend on a continuous sequence of logical
decisions of managers. Each of these decisions ultimately has economic consequences
for the enterprise. In essence, the process of managing any enterprise is a series
of economic decisions [3].

In the general case, the business plan is made for external and internal purposes.
The external side of the business plan is designed to justify the confidence of investors
and creditors, to convince them of the potential of the company, the competence of its
employees, as well as the need to provide it with strategic and financial assistance. In
other words, the lack of a well-thought-out business plan, systematically adjusted to
changing conditions, is a significant shortcoming that reflects the weakness of the airline’s
management, accordingly, it ultimately complicates the opportunities to attract financial
resources and achieve long-term stability in a competitive environment.

In short, a business plan is a critical starting point and the basis of all planning
and executive activities of an aviation enterprise. This is the most important source
of accumulation of strategic information and a way of direct management influence on
the future position of the airline, which describes ways to achieve profitability.

In general, the financial, operational and investment policy of the aviation enterprise
must meet the directions and strategic goals set out in the business plan. The business
plan allows to solve business problems, provides an opportunity to make the right
and alternative decision. It includes the development of goals and objectives for
the airline for the future, assessment of the current state and trends of the industry,
strengths and weaknesses of the business, market analysis and customer information.
It assesses the resources needed to achieve the goals in a crisis and competition.

It is specified that the business plan of an aviation enterprise is a typical (unified)
design solution, which provides a scientifically sound assessment of possible in
this market segment of the final target economic, financial and other results (labor,
production, social, environmental) of the enterprise based on real production, investment,
organizational and logistical support.

The business plan is a permanent guiding document. It must be systematically
updated, it must be accompanied by the necessary changes, both related to the changes

10
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taking place within the firm and to the changes taking place in the target market, within
the national and even the world economy as a whole.

Thus, the business plan is a unified managerial tool that allows not only to plan
the airline's activities for all aspects of activities and alternatives, but also by updating
information and adjustments, adapts the company to change, wherewith minimizes
the impact of negative factors.

The results of business plan support contribute to the achievement of commercial
and functional results. Examples of external results of support include the image
and culture of the airline, relations with the external environment. The results of support
within the enterprise should be: staff motivation, friendly working atmosphere, proper
use of working time and optimal flow of information.

Therefore, when developing an airline business plan, as a control element in
unforeseen or crisis pandemic conditions, the following structure should be used, which
is presented in Figure 1.

The business plan of the airline as an element of management strategy is drawn
up for a 2-3 year period with a quarterly breakdown of the first year. Some indicators
are submitted monthly. In general, depending on the purpose and scope of the airlines
(other operators), business plans can be developed for a period of one year (quarterly
and monthly) to five years (or for the duration of the project).

Resume Section 1 “Civil aviation industry,
airline and its services”

Section 2 “Analysis and evaluation
of the airline’s activities”

Section 3 “Marketing research of the air
The structure of the transportation market: segmentation, consumers,
airline’s business plan competitors. Demand Forecasting”
as a management
element in a global Section 4 “Airline Marketing Plan:
pandemic Development Strategy, Pricing Strategy, Sales,
Advertising and Communication Policy”

Section 5 “Organizational plan of the airline:
structure, job responsibilities, salary fund,
labor productivity”

Section 6 “Production and technological plan
of the airline”

Section 7 “Investment plan, determining
the effectiveness of investment in the airline”

Section 8 “Airline Financial Plan”

Section “Risks and insurance”

Fig. 1. Unified structure of the business plan as a tool for airline management
Source: compiled by the author
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Depending on the purpose of compiling sections of the airline’s business plan can be
developed with varying degrees of specification.

But despite a number of the above methods of drawing up a business plan, they are
based on the main and mandatory sections that should be reflected in any business plan
of an international airline:

1) financial plan (profitability and profitability, loans, taxes, insurance);

2) marketing plan (competitors, consumers, prices, features of market promotion);

3) production plan (air transportation technology, aircraft fleet, production areas, staff).

Considering the above theoretical and methodological basis of business planning,
we can say that the business plan of foreign economic activity of the airline includes:

— defining the goals and objectives of the company in the short and long term;

— substantiation of the effectiveness of business plan development;

— assessment of the current state of the economy of a state;

— analysis and characterization of the market to penetrate and strengthen the market
position of the firm;

— analysis of the external business environment: geographical, demographic,
organizational and legal, political, economic, socio-cultural and other market conditions
of penetration in foreign territories;

— analysis of competitors, their strengths and weaknesses;

— analysis of the competitive position of the company (SWOT — analysis: Strengths /
Weaknesses — Opportunities / Threats);

— analysis and characterization of customers, their needs and demand.

When determining the optimal price for an air service, it should be borne in mind that
on the one hand the price should cover all the costs of the airline related to the provision
of services, on the other — the price must be competitive.

It is determined that the airline's business plan as an element of strategic management
should be made so that it is a model of the company in an epidemic crisis, which would
use all the developments of traditional planning of a particular market: business,
competition, marketing services, commercial and financial risk, financing strategies,
achieving break-even and the required level of profitability, quality customer service.

Conclusions and prospects for further research in this area. It is established that
the majority of representatives of the world aviation business, including Ukraine, have
shown unpreparedness and inability to overcome the consequences of the pandemic
crisis, avoid bankruptcy and withstand competition. It is specified that the development
of the market management system in Ukraine in a pandemic requires fundamentally new
approaches to the organization of strategic management of business activities of civil
aviation, special attention in this process is strategic management using a business plan.

It is determined that despite numerous studies on the economics of planning,
air transport management and foreign economic activity, the issues of strategic
management of civil aviation enterprises with the help of business planning elements
are insufficiently considered both at the theoretical and methodological levels. The
developed and presented structure of the business plan is a unified managerial tool that
allows not only to plan the activities of the airline for all aspects and alternatives, but also
by updating information and adjustments, adapts the company to change, minimizing
the impact of negative factors.
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It is proved that the business plan, as a basis of strategic management, allows
to analyze all elements of the airline, identify factors of negative impact, threats
and opportunities, consider alternatives, forecast financial results and determine
the amount of investment, which in turn will optimize the operation and minimize
the impact of the epidemic crisis.

Prospects for furtherresearch in this areaare the definition and justification of the principles
and methods of strategic management of civil aviation enterprises of Ukraine in accordance
with the aspects and requirements presented in the business plan.

10.
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Anomauisn

Bemyn. Tpancnopmui cucmemu ma inppacmpykmypa € 8anCau8uUMu el1eMeHmamu
exoHomiku kpainu. Mopcvki nopmu —ye 6opoma 6 0epaicagy i pywiina cuna 8 po3eumxy
enobanizayitinux npoyecis. Yxpaina mae genuxutl NOmeHyian y nopmosii 2any3i, ane it
He BUKOPUCTMOBYEMbCA HA NOBHY nomycnicmy. Lle o3nauae, wjo neobxiono sminiosamu
Memoou ynpasiinHs ma cioyeamu €eponeucokomy 00ceioy. OOur 3 0CmanHix mpeHois
Y Mopcbukil iHdycmpii — ye kracmepusayis. [1]ob eghexmusno euxopucmamu yeti HO8UL
nioxio, HeoOXIOHO 3PO3YMIMU CYMHICMb NOHAMMA MA 32000M U020 3ACOCO8Y8AMU.
Mema. Cmamms npucéauyemvca 00CIIONCEHHIO NOHAMb «KIACMEPY, «MPAHCHOpM-
HO-NI02ICMUYHUL KIAacmepy, 6UHAYEHHIO NOHAMM «NOPMOSUL Kiacmepy ma egex-
MUBHOCMI 11020 CMBOPEHHS. HA OCHOGI THOEKCY NpUeadIUBOCMi NOPMOBO20 Klacmepy,
ocKinbKu HUHI 8 YKpaini we ne cghopmosare ma Maniosuguere maxe saeuuye 8 HOPMosii
cepi. Pesynomamu. Y pobomi po32nsioaiomsvcst meopemuuni acnekmu noHsmy «Kiac-
mepy», «MPAHCROPMHO-TIO2ICMUYHUL KIACMEPy, «NOPMOGUL MPAHCHOPMHO-T02ICTNUY-
Huti kiacmepy. IIpoananizosano meopemuyHi 00CIIONCEHHA BIMUUSHAHUX Ma 3ap)Oidic-
HUX HAYKOBYI8, 6HACNIOOK Y020 BU3HAUEHO CHeYUDIuHi Xapakmepucmuku Kiacmepa.
Chopmynbosano nousmms «NOpmMoGUil Kiacmepy, Wo MONCHA SUKOPUCMOBY8AMU 6
NOOANLUUX OOCTIONCEHHAX NIOBUWEHHS KOHKYPEHMOCHPOMOICHOCTI MOPCHLKOT 2any3i
ma oKpemux npunopmosux pe2ionis. 3anponoHo8ano SUKOPUCMOBY8AmMY IHOEKC Npu-
6a0IUBOCE NOPMOBO20 KAACHEDA.

Bucnosku. Y pesynemami 0ocniodicenns 0yno usHaveHo, wjo Kiacmepusayis nop-
Moo 2any3i € nepcnekmusHUM mexanizmom ynpaeninusa. OcKinbKu KiacmepHe cepe-
008uLe CMBOPIOE THMEHCUBHUTL TMUCK i3 MEMOI0 BNPOBAONCEHHS. HOBOBEEOEHDb, 3d0e3-
neyye bazame 0xcepeno 8iONoGiOHUX [0ell | 3HUICYE 8apmMICb iX nepemeopeHHs Ha HO8I
npodykmu i nocayeu. Tum camum ye cnowykamume KOMHAHil, Wo 6X00amb 00 CKAAOY
Kracmepa, ingecmysamu KOwmu 8 inHo8ayii, a maxoic CHpusmuMme NOWUPEeHHIO 3HaHb
yepe3 eKOHOMIUHI aznomepayii, AKi CBOE 4ep2ot NIOBUYIOMb NPOOYKMUBHICIb MA
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cmeopioioms Ho8i npodykmu. Bcmanoeneno ocnoeny Konyenyilo KiacmepHoi meo-
pii — 6 pezynbmami 2eoepadiunol O1u3LKOCMi ma CniibH020 PO3MAULY8anHs, 6azamo
8U2I0 0117 eleMenmi8 Kiacmepy HAKONUYYEMbCA, WO MUM CAMUM CMBOPIOE 3HUNCEHHS
sumpam. byno cghopmyrbosano suznauenHs «nOPMo6o20 KAACmepy», wo 8idobpaicac
HOGIMHIO egheKmugHy (hopmy YAPAGIIHHA NOPMOGOIO THOPACMPYKMYPOIO i3 3A1)yYeH-
HAM 61a0U, Oi3HeCy ma HAYKOGUX YCMAHO8. 3anponoHo8aHo UKOPUCIO8Y8amMuU IHOEKC
npUBAdAUBOCI NOPMOBO2O KAACepa O 6USHAYEHHS e(heKMUBHOCHII 1l020 CIMBOPeH-
HA. Ilodanbuioro nepcnekmueor 00CIONCEHHA € BUSHAYEHHS Kaacuikayii nopmosux
Kaacmepie ma cneyuiu ix yHKyionyeanmsi.

Knwuosi cnosa: xnacmep, knacmepusayis, nopmoguil Kiacmep, MOPCbKUli HOpm,
anobanizayis, inmezpayis.

THEORETICAL APPROACHES TO THE DEFINITION OF “CLUSTER?”,
“TRANSPORT AND LOGISTICS CLUSTER”, “PORT CLUSTER”

0.1 Petrenko', M.O. PotapovskaZ
'Ph.D. in Economics, Associate Professor,
Head of the Department of Business Logistics and Transport Technologies,
State University of Infrastructure and Technologies, Kyiv, Ukraine,
ORCID: 0000-0002-1869-7999
Postgraduate Student at the Department of Business Logistics and Transport Technologies,
State University of Infrastructure and Technology, Kyiv, Ukraine,
ORCID: 0000-0001-6795-2469

Summary

Introduction. Transport systems and infrastructure are important elements of the
country s economy. Seaports are the gateway to the state and the driving force in
the development of globalization processes. Ukraine has great potential in the port
industry, but it is not used at full capacity. This means that it is necessary to change
management methods and follow european experience. One of the latest trends in the
maritime industry is clustering. To effectively use this new approach, it is necessary to
understand the sense of the concept and then apply it. Purpose. The article is addressed
to the definition of “port cluster”, because nowadays in Ukraine it is not formed and
sufficiently studied and the effectiveness of its formation based on the port cluster
attractiveness index, as today in Ukraine such a phenomenon in the port sector has not
been formed yet and remains insufficiently studied.

Results. The paper considers the theoretical aspects of the “cluster”, “transport
and logistics cluster”, “port transport and logistics cluster” concepts. Specific
characteristics of a cluster were defined with the analysis of the domestic and foreign
scientists’ theoretical research. The concept of “port cluster” was formulated and can
be used in further research in order to increase the competitiveness of the maritime
industry and individual port regions.

Conclusions. As a result of the study, it was determined that the clustering of the port
industry is a promising management mechanism. As the cluster environment intensively
stimulates the implementation of the innovations, it provides a rich source of relevant
ideas, and reduces the cost of transforming ideas into new products and services. Thus,
this will encourage companies which take part in the cluster to invest in innovations.
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1t will also promote knowledge through economic agglomerations, which in their turn
will increase productivity and will create new products. The basic concept of cluster
theory is established: because of geographical proximity and common location, many
benefits for the cluster members are accumulated and provide reduction in costs. The
definition of a “port cluster” was formulated, reflecting the latest effective form of port
infrastructure management with the involvement of government, business and scientific
institutions. It is proposed to use the attractiveness index of the port cluster. A further
perspective of the study is determination of the port clusters classification and the
specifics of their work.
Key words: cluster, clustering, port cluster, seaport, globalization, integration.

Beryn. [1o6anizaniiiti mpouecy Ta HayKOBO-TEXHIYHUEH IPOrpec MOTUBYIOTh BIIALY,
HAyKOBI OpraHi3allii Ta minmpueMcTBa IyKaTH HOBi (hOPMH iHTETpallil JUIsl JOCATHEHHS
KOHKYpEHTHUX repeBar. HuHi onHie0 3 eheKTHBHUX (OPM TaKOro CIIBPOOITHHIITBA
€ KJIacTepu3allis ekoHoMiku. B YkpaiHi 11e ToBOI HOBHH MiJXiJ, SKHH I[e MaJIo BUBUE-
HHH, 0COONHMBO y cdepi MOPTOBOI IHPPACTPYKTYPH.

Huni moptu Ykpainu MaroTh HE3aJIOBUILHUEN CTaH, JJIs IIOPTOBUX OINEpaTopiB Opa-
Ky€ MTOPTOBOT 1HPPACTPYKTYpH, TOMY HEOOXiTHO BH3HAYaTH HOBI METOAW YIIPABIIHHS
MOpTaMu JJIsl TiABUIIEHHS! KOHKYPEHTOCIIPOMOXKHOCTI, CTBOPEHHSI HEOOXiTHUX YMOB
JUISl BCIX YYaCHHUKIB PHHKY.

IlocTanoBka npodsemu. CBITOBHIA JOCB1 I TOKA3ye, 0 KJIACTEPHHUN MiAXi B yIIPaB-
JiHHI TOpPTaMU Ja€ TIO3UTHUBHUHN pe3ynbTar. Hanpukmaz, 1eil miaxix BAKOPUCTOBY€ETHCS
B mopty PorTepnam, mo Mae ofHI 3 HAWBHIMX MOKA3HUKIB BaHTaX000iry B €Bporri.
OjHaK HUHI HEOCTATHSA KIIbKICTh HAYKOBUX JOCIIIPKEHb BHUCBIT/IIOE KJIACTEPU3AIIII0
MTOPTOBOT ray3i, MO0 YHEMOXKIIUBIIIOE ITepeMaHHs IIIHHOTO 3apy0i>KHOTO TOCBiY.

AmHaJi3 oCTaHHIX J0caiKeHb i myosmikamiii. JlocaiHKeHHSIMA TEOPETHIHUX aCTIeK-
TiB MOHSATTS «KJIacTep» 3aiiManucs sk 3apyOixHi, Tak 1 BiTun3HsAHI BueHi. Cepen 3apyOix-
HUX HAyKOBIIIB JOCIIKYBaIM CYTh KJIacTepu3allii ekoHoMika A. Maprmran, M. Ioptep,
I1. de Jlanren, I1. Kpyrman, [Ix. Koprpaiit, X. Bonman, JI. Xinkami, [. [Tumunenko,
H. CemenoBa. Cepen BITUM3HSHUX JOCHIIMHUKIB BapTo 3a3HaunTd C. COKOJIEHKO,
B. Annpeesa T1a iH. IIpoTe mUTaHHS TEOPETHYHOTO BHU3HAYEHHS «IIOPTOBHUM KIilacTep»
He OyJH MOBHOIO MipOIO BHCBITIIEHI B HAyKOBil JiTEpaTypi, o i MOTpedye MoAaIbLUIoro
BUBUEHHSI.

@opmyaOBaHHS 1ijed cTaTTi. METOI CTATTI € aHaIi3 JIOCHTIKEHb TCOPETUIHUX
acIeKTiB KiacTepu3alii, popMy/toBaHHS BU3HAUEHHS MOHATTS «IOPTOBHH KiacTepy,
OIIIHKA JOLIIBHOCTI CTBOPSHHS IMOPTOBOTO KilacTepa.

3 omsiLy Ha METy OCHOBHMM 3aBJaHHSM JOCIIUKEHHS € BU3HaYeHHs (akTopis dop-
MYyBaHHS KJIACTEPHOTO MiAXOMY 10 YIPABIIHHS MiIPUEMCTBAMHU.

Bukaan ocuHoBHoro marepiany. CyyacHuii cTaH IOPTOBOI iHQPacTPYKTypH Xapak-
TEPU3YETHCS 3POCTAHHAM KIIBKOCTI MEPEeBI3HUKIB 1 301IbIICHASIM Ta0apuTiB CY/IEH,
a TAKOXX MPOTHUIIEIO0 3alliKaBIICHUMH CTOPOHAMH JI0 PO3UIMPEHHSI TIOPTIB 1 KOPCTKUM
JepXaBHUM PETYNIOBaHHAM. TOMY MOPTH TOTYIOTh CTpareriuHi Bianosigi. OgHuM i3
MOJXJIMBHX BapiaHTIB MOXKE€ CTaTH PO3BUTOK CTPATETIYHOTO MapTHEpCTBa abo Oyb-
aKoi opMu cmiBmpani, HanpUKIaA, Ki1acTepa, Mo MOrIo O J03BOIUTH iM OTPUMATH
onHy a00 KiJlbka KOHKYPEHTHHX IepeBar 3a paxyHOK aJlbTePHATHBHUX KOMOIHAIIiH
YHIKaJIbHUAX PECYPCiB.
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ABtOp KHHTH «PerioHanabHa KOHKypeHTOCTIpoMOXKHICTE» M. [Toptep [1] npomonye
Take (HOpMYITFOBAHHS KJIACTEPIB — «1I€ B3a€EMO3B’ 130K rally3¢ii, opraHisailii Ta yCTaHOBH,
IO TOTIOMAara€e BHOOPYMM OJIMHHUIISIM OTPUMATH PETiOHAbHY KOHKYPEHTHY ITepeBary.
[IpakTHyHe 3acTOCYBaHHS TakKoi KjacTepH3allii MOXKE CIIOCTEepIraTUCs B PI3HUX CEK-
TOpax, TaKUX SIK MPOrpaMHa iHXeHepis, a00, HAPHUKIIA, TepepoOHa POMHUCIIOBICTb.
Moperocnonapchbkuii KOMIUIEKC — JIOBOJII HOBA TalTy3b JUIsl KOHIICTIIT KJIacTepH3allii.

s BCTAaHOBJICHHS HAMpPsIMY JOCHIIPKCHHS HEOOXITHO BHU3HAYUTH crenudiuHi
XapaKTepPUCTHKN BH3HAYCHHs «Kiactepy». Kiacrepu — me rpynmu B3a€MOIIOB’sI3aHUX
MiAIPUEMCTB, TPOMAJICHKI Ta MPUBATHI acolliallii, opraHizailii CEeKTOpiB, 110 MalOTh YHi-
KaJbHY crierianizaiiito [2]. Kinactep — 11e CyKynHiCTh, 8 He CyTHICTh; BOHH CKJIaJIal0ThCS
3 OI3HEC-OIMHMIIb, ACOILIIalli{, AePKABHO-TIPUBATHUX Ta ICPKaBHUX opraHizaiii. OTxe,
BHYTPIIIHIO HEOHOPIIHICTH KIJIACTEPIB TAKOXK BapTO BpaxoByBaTH. Kiactepu 3a3Buyait
€ reorpaiyHO CKOHIICHTPOBAHMMHU OPTaHi3allisIMK Ta 00’ € THAHHSIMH.

Hayxosmi X. Bonman ta JI. XiHKaIli BU3HAYHJIH, 1110 KOMIIaHii, SKi BXOJIATh y KJac-
Tep, OTPUMYIOTh 3HA4YHI BUTOJM Ta KOHKYPEHTHI IepeBard, a y perioHax 3 e(ekTus-
HUMH KJIacTepamu Oyjie criocTepirarucs OuIbIn 3HaYHe eKOHOMIYHE 3pocTanHs [3].

Kinactepu opieHTOBaHI Ha €KOHOMIUHY CIIeIliaIizallito, OCKUIBKHY SAPOM KiacTepa
1 YIeHaMU KJIaCTePy € KOMEPI[IMHI OJUHUIII 1 acomiallii, SKi € YaCTUHOIO I[bOTO sIpa
a00 TicHO 3 HUM OB’ sA3aHi. [CHYIOTh pi3Hi i/1e1 KilacTepiB, cepel HUX € Ti, [0 BKIIO-
YaloTh OB NIMPOKI 3B SI3KH, a JEsAKl 30cepe/PKeHi Ha MibK(QipMOBUX BiIHOCHHAX
[4]. TI. KpyrmaH po3poOHB KOHIIEMIIi0 HOBOT €KOHOMIUHOI Teorpadii i 3asiBUB, 110
KIactepu GOPMYIOTBCS B Pe3yiabTaTi MPUUHATTS KOMIAHISIMH PillleHb MPO PO3Mi-
IICHHS MOPSJ OJUH 3 OJHUM 3 METOI CHPHUSHHS MIiABUIICHHIO Biggadi BiJ MacIi-
Taly 1 CKOpOUCHHsI BUTpAT Ha NEPEBE3CHHS TOBapiB y BCchoMy paiioni. KoprpaiiT
BH3HAYWB KJIACTEPH SIK TPYIy Taly3ed Ta B3a€MOMOB’s3aHI CKOHOMIYHI Cy0’ €KTH,
BKJIFOYAIOYH YCTAHOBH, SIKI pPO3TallOBaHi y BH3Hau€HOMY reorpadidyHoMy paiioHi,
SKa IPUHOCHUTD TOCHIICHY MPOAYKTHBHICTB 3aBJASIKK 1X B3a€MHIN ONM3BKOCTI, CITiB-
mpaiii Ta 38’ s3kax [5].

3a cnoBamu M. Iloptepa [1], B3aeM03B’s13aHi MiIPUEMCTBA 1 OpraHizalii B Tiil 4u
iHIIIH 00MacTi B MOEJHAHHI 31 CIUJIBHICTIO 1 B3a€MOJOIIOBHIOBAHICTIO TeorpadidHuX
KOPJIOHIB BU3HAYAIOTHCSA K KiacTepu. lle 00’ eaHaHHS BKIIIOYAa€ B3aEMOIIOB’ I3aHi Ii/I-
NPUEMCTBA, TaKi SIK MOCTa4YaJIbHUKHU TOCIYT, JIOTICTUYHI ONepaTopH, KIIEHTH, HAyKOBO-
JIOCITITHI OpraHi3amii B Iii ranxy3i, HaB4ajbHI 3aKJIaJ1 1 arCHTCTBA 3 MiJBUIICHHS KBa-
nigikamii. Kpim toro, M. Tloprep BU3HAYMB KJIACTEPH SIK COIialibHI Ta IHCTHUTYIIHHI
SIBUIIA, B SKMX TEXHOJIOTIUHI 3MiHHU Ta COLIAJIbHI MEPEXKI BIIINPAIOTh BAXKJIUBY POJIb.

[MpoMuciioBHii KilacTep MOXKHA OXapaKTepU3yBaTH SK TPYIy BUPOOHUYMX ITiJ-
NPUEMCTB 1 HEBUPOOHWYMX OpTraHi3aiii, JUIsl SIKUX WICHCTBO B KIIACTEPi € BAKIMBUM
3ac000M TOCHIJICHHS 1HAWBITYyaJIbHOI KOHKYPEHTOCTIPOMOXHOCTI [6]. HexomepriiiHi
oprasizariii BKJIIOUAIOTh MPOMHMCIIOBI acolliaiii, BHI[I HaBYaJbHI 3aKjIajad, 30KpeMa,
VHIBEPCHUTETH, 110 OepyTh YUaCTh y peatizallii crenialbHuX MPOMHUCIIOBHUX TPOrpam,
Jiep KaBHI YCTaHOBH IiIBUIICHHS KBaJidikarii, OpokepchKi MepexeBi CTPYKTYpH Ta iH.
L1i oprani3zariii y»e 4acTo BUSBJISIOTHCS HAHOLIBII BAKIMBUMHU JIAHKAMH B TOCSITHEHHI
KJactepamMu 0aKaHOTO YCITiXYy.

C. CoxoJeHKO 3a3Havae, MO BUSBUTH HA MPAKTHUI MEXi MPOMHUCIOBOTO KIacTepy
€ CKJIQJIHUM 3aBJIaHHSM, JJIs1 [IbOTO HEOOX1THO BU3HAYMTH LIl YTBOPEHHS KiacTtepa [6].
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Hanpuknan, mo perioHanbHHUX MPOMHUCIIOBHX KIJIACTEPIB BXOIATH IMiANPHEMCTBA, IO
CKOHIIGHTPOBAaHI reorpadiqHo BCEPEANHI PETiOHY.

I. [InnuneHko BU3HAYMB «KJIACTEPY SIK CKYITYCHHS HEe3aJIeKHUX (BipM, IO TOCTIHHO
KOHTaKTYIOTh MiX cOOOFO Ta MPAIIOI0Th B OJIHIH rary3i abo mifranysi, i rpyma KOMIaHiH,
10 HAIal0Th OCHOBHKUM (ipMaM cepBicHI ocayrH [7]. Takox HayKOBelb 3a3HAYHB, 110
KJIACTEP XapaKTePU3YEThCS MOCUICHHAM 1H(POPMALIMHUX MOTOKIB, OTKE, MTO3HAUYCHHS
MPOCTOTO TeorpadivHOTO CKYIMTYeHHS (PipM TEPMIHOM «KIIacTep) Oylle MOMUIKOIO.

H. CemeHoBa Bu3Hauyae «kjactep» SIK OMHY 3 €KOHOMIYHUX (opM, HIO CHpUSE
00’€JJTHaHHIO HEMaTepiaTbHUX aKTUBIB (OPM, Y TOMY YHCIII IHTEIEKTYyalIbHOTO, iHPOP-
MaIIiiHOT 0, JIFOJCHKOrO MOTEHIiamiB [§].

B. ®enoposa 3anponoHyBaa TIIyMauduTH MTOHSATTS «KJIACTEP» K CUCTEMY CITiBIIpalli,
IIUTFHO TIOB’SI3aHUX 1 TEPUTOPIaIbHO ONM3BKUX MiANMPUEMHUIIBKUX MEPEX Ta OpraHi-
3alliiHAX CTPYKTYpP (BUPOOHHWKIB, MOCTAYAILHUKIB, CIIOKUBAYIB, YPSIY, TPOMAJICHKHX,
HAyKOBHX Ta OCBITHIX YCTaHOB, 00’€KTiB iHQPACTPYKTYpH, TEXHOIApPKIB), 13 METOIO
oprasizaii, paioHaILHOTO BUKOPHUCTaHHS 1 HApOILIyBaHHS BHPOOHHIITBA MPOTYKIIii
CBITOBOTO piBHS (IHHOBaIiHOI cipsiMOBaHOCTI) [9].

«BupoOHuumii knacrepy, 3a BusHaueHHIM C. AHAPEEBOI, SBISE COOOI0 TPYIy €KO-
HOMIYHO TOB’s3aHUX (ipM, HIIUX IOPUANYHHUX OCIO Ta IHCTUTYTIB, IO 3HAXOMATHCS
B TEPUTOPiajbHIl OIU3BKOCTI Ta € HOBOIO €()EKTUBHOIO CUCTEMOO B3a€EMO/Iii, OCTIi-
HOTO JIJIOBOTO CITIIKYBaHHSI TEPUTOPiajbHO 1 €KOHOMIYHO CIIOPiJIHEHHX YYacHHUKIB
BUPOOHUYOTO MPOIECY 3apajd OTPUMAHHS KOXKHUM 13 HUX CYKYITHOTO CHHEPTETUIHOTO
KOMEPIIIHOTO pe3yibrary [9].

[pencrasieHi BUIlle BU3HAYCHHSI MIOHATTS TEPMiHa «KJIACTEP» AIOTh 3MOTY OKpec-
JIUTH 3arajibHi Ta CrenuQiuHi XapaKTepUCTUKH I1i€] KaTeropii, o CIIyryBaTUMYTh Opi-
€HTUPOM y BUOODI cTparerii cTBOpeHHs Kiactepa [9]:

— reorpagiuHa — KOHIIEHTPALlis MiIPUEMCTB B OJIHIN MiCIIEBOCTI;

— TOpH30HTAJFHA — KJIACTEP i3 MAMPUEMCTB KiIBKOX raly3ei;

— BepTHKaJbHA — KJACTep 13 CYMKHIMH eTanaMyd BUPOOHHUYOTO MPOIECY;

— JarepajbHa — €(peKT MacIITadyBaHHS NUISIXOB 00’ €THAHHS PI3HUX CEKTOPIB;

— TEXHOJIOTIYHA — KJIacTep i3 MiJIPHUEMCTB, SKI BAKOPHUCTOBYIOTh aHAJIOT1YHY TeX-
HOJIOTIIO;

— (OKyCHa — KOHIIEHTpAIIisl MiAMPHUEMCTB HABKOJIO OJTHOTO LICHTPY;

— sIKiCHa — aKIIEHT Ha CTBOPEHHI KJlacTepa JJisi PO3BUTKY iHHOBAIIii.

Hunst Toro, mo6 kiacrep QyHKIIOHYBaB €)eKTUBHO, HEOOXiTHO BU3HAYUTH MOJECTH
BUPOOHMYMX BiTHOCHH Ta BPaXOBYBaTH Pi3HOMaHITHI (haKTOpH, HAPUKIIA]], TEPUTOPI-
anbHa OJNW3BKICTh MiNPUEMCTB, Oi3HEC-TIPOIECH, JIOTICTHYHI MTOTOKH, BUKOPHCTAHHS
TEXHOJIOTiH. AJie caMe TepUTopiajabHa OJU3bKICTh BU3HAYAE MILHICTh 1 €(EKTUBHICTh
MOTHBOBAHOTO (DYHKI[IOHYBaHHS I[i€1 KOHKPETHOT KJIacTepHOI BAPOOHHYOT cucteMu [9].

JloMmiHyIOue CTaHOBHIIIE KJacTepa Ha PUHKY HE Ma€ HidOTO CIIJIBHOTO 3 MOHOIO-
niero, 60 KJlacTep — He Oprasizailis, a 0e3Ji4 opraHi3alliii, 10 3HaXOASITHCS MiXK COOO0F0
SIK Y BIIHOCHHAX Koormeparlii, Tak i B kKoHKypeHii [10].

MopchKi TTOPTH MaroTh TPOBITHY pOJb y TPaHCIOPTHIN iH(pacTpyKTypi KpaiHwu,
OCKIJIbKH BOHH 3a0€3Ne4yIOTh TPAHCIOPTHY HE3aJIEKHICTh, 30BHIIIHIO TOPTIBIIIO
Ta TPaH3UTHHU MoTeHmian YkpaiHu. [lopTy MoXHA TPUPIBHATH JO MICBKHX ario-
Mepaliif, TOMy 10 BOHM TaKOX € BKJIMBUMH eJleMeHTaMu (QopMyBaHHS reorpadii
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Ta eKOHOMikW Kpainu. [lopT Moke OyTH MOPIBHSHO crielnianizoBaHuii abo, HaBaKH,
nuBepcHu(iKOBaHUIA, 3aJIe)KHO BiJ| criemiamizalii Horo BaHTaKHUX TepMiHaiB. KoHKy-
PEHIIISI 32 BAHTAXKOIIOTOKH MIX MOPTaMH OJHIET KOJIOHIT BU3HAYAETHCS, TAKMM YHHOM,
Ha piBHI TepMmiHaniB [11]. OgHUM 3 HHUHINIHIX 00’€IHAaHb HABKOJO MOPCHKHMX MOPTIB
€ TPAHCTIOPTHO-JIOTICTUYHI KJIaCTEPH.

TpaHCHOPTHO-JIOTICTHYHI KJacTEepU — Taily3eBl KIacTepH, KiHIEBOK MPOAYKIIIEO
SKHUX € TPaHCIIOPTHO-JIOTICTUYHI MOCIYTM B BaHTaXXHOMY CEKTOpPI, MacaKUPCHKOMY
cekTopi abo 060x [10]. [TopToBi TpaHCITOPTHO-JIOTICTHYHI KIacTepH 3a3BU4ail hopmy-
I0ThCS HA OCHOBI MOPCBKHX MOPTIiB, 00 KJIACTEPIB MOPTIB, IHOAL JIO X CKJIay BXOASThH
PIYKOBI TOPTH, SIKi MAFOTh MOTYXHOCTI JJIsl 00CITyTOBYBaHHS MOPCHKUX cyaeH. ToOTo,
3 OIHOTO OOKY, 1€ TIOHATTS € JCIIO IIHUPIINM, OCKUTBKA MOXKE BKIIFOUATH B ceOe BKE
CTBOPEHI KJIaCTEPH, aJie 3 MO3MIIIT eJIeMEHTIB (CKJIaIHUKIB) KJIACTEPY — BY)KUMM, TOMY
IO Pe3yJBTaToOM JisUTBHOCTI € JIMIIIE TPAHCIIOPTHI omepariii. A BU3HauUCHHS «KJIacTep»
(dopmMye criBmparito He JHIIe 6i3Hecy Ta JepKaBHUX MIAMPUEMCTB, a il HAYKOBHUX yCTa-
HOB, 10 CTHMYJTIOBAaTHME BITPOBAKCHHSI IHHOBAIlIl Ta BUKOPUCTAHHS HAyKOBOTO ITiJ-
XOMy Y BeICHHI MisUTbHOCTI MiJIPUEMCTB.

Ha nymky aBTOpiB, IS MiIBUIICHHS ¢(DEKTUBHOCTI MisJILHOCTI MOPTIB HEOOX1THO
PO3IVISIIATH CHIBIPAIIO HE TUIBKK 3 Oi3HECOM, a 3 HAYKOBUMH YCTaHOBAMH, TPOMa/I-
CBKUMH OpraHi3allisiMH, MICIIEBUMH OpraHaM¥ Biaau Tolo. OCKiIIEKH MOPCHKHIA TTOPT
MOEJTHYE 111 JIAHKW HUHI, 3aB/ISKH KITaCTEPHOMY ITiJXOIy MOXXHA OTPUMATH CHHEPTeTHY-
HUI e(eKT I KOKHOTO 3 eJICMEHTIB KJlacTepa.

BpaxoByroun BuIllecKa3aHe Ta CBITOBHUI JIOCBiJ], aBTOpU cPOpMYBaIH Take BU3HA-
YeHHS: TIOPTOBOTO KJacTepa — Ie CYKYITHICTh reorpadiyHO CKOHIIEHTPOBAaHUX Jep-
JKABHHUX Ta MPHUBATHUX MiJANPHEMCTB, TPOMAJICBKHX OpraHialliii, HayKOBHX YCTaHOB
Ta OpraHiB BJajH, HEHTPOM SKHX € MOPCHKMIi TOPT. IXHA JisAIbHICTH CTHMYITIOE BIIPO-
Ba/KCHHS IHHOBAIliH, 8 TAKOXX Ma€ CHHEPTeTHYHHH e(eKT, MPUIOMY BCi MiNPHEMCTBA
BOJIHOUAC MOXKYTh KOHKYpPYBaTH Mix c00010. Takok oKpeMuii mopT MoXe CITiBIpaIto-
BaTH 3 HIIMM OPTOM CBOTO PETIOHY, IPH EOMY PO3MOAUISIOYN BaHTaKOIOTOKH.

s toro, 100 OIIHUTH TONMUIBHICTH CTBOPEHHS MOPTOBOTO KJIACTEpa, HEOOXI1IHO
chopMyBaTu CUCTEMY MMOKa3HUKIB e(heKTUBHOCTI. [IpOMOHY€EThCSI BIPOBAUTH 1HIEKC
NpUBabIMBOCTI IOPTOBOTO KiacTepa 3 METOI0 OIiHKH Horo edekruBHOCTI. [Toka3HUK
BKJIFOYAaTUME TaKi KIIIOUOBI chepHu:

1) momiTuka Ta HOpMaTUBHA 0a3a: B paMKax LbOTO KJIacTep icHye Ta jie. be3 moro-
MDKHOI Ta JIOTIOBHIOIOYOI MOJITHKH Ta HOPMATHBHOI 0a3u BeCh IOTEHIiall KiacTepa
JUTSL TIOCITYT BUCOKOTO Kitacy Oynie oomexxeHuid. DakTopu TakoK BKITFOYAIOTH €KOJIOTI1YHI
Ta KyJIBTYPHI €JIEMEHTH, sIKi OyIyTh 320X0UyBaTH €JIeMEHTH MOPTOBOTO KJlacTepa Ta ixX
po0ouy cuiTy MpaIloBaTh Kpare;

2) ynpaBiiHHS IHCTUTYHIHHOIO CTPYKTYpOIO KJacTepa, MO CKIAIAEThes 3 K Jep-
JKaBHHX, TaK 1 MPUBATHUX OpraHizalii. [HCTUTyIiiHA CTPYKTYpa, AKiii He BHCTayae
MoiH(GOPMOBAHOCTI, CIIJIKYBaHHS Ta CITIBIPAIli, HE 3MOXKE MAKCUMI3yBaTH €KOHOMIUHU I
e(eKT, SIKHii 32 CBOEIO CYTTIO € YACTHHOIO YCIINIHOTO MOPTOBOTO KJIACTEPa Ta BUCOKOT
SIKOCTI TIOCJIYT;

3) poboda cuna: HasBHICTb HAaBHYOK Ta PECypCiB JUIsl 3aJOBOJICHHS MOTOYHUX
Ta MaiOyTHIX TOTpPeO MOPTOBOrO KiacTepa Ul MOJANBIION0 PO3BUTKY i CTBOPEHHS
IHHOBAIII;
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4) nonatkoBi Ta (JiHAHCOBI IHCTPYMEHTH: BOHH CTUMYITIOIOTh YWICHCTBO, 3pOCTaHHS,
(iHaHCYBaHHS Ta CTBOPEHHS iHHOBAIIIN Yy MeKaX TOPTOBOTO KJIacTepa;

5) in¢pactpykrypa, ii HasSBHICTH Ta CTaH, a TAKOX TPAHCIOPTHA iH(pacTpyKTypa
Ta pyXOMUH CKIIaJI;

6) iHopMaIliiiHI TEXHOJOTI, 10 CTUMYJIIOIOTh BIPOBAKCHHS aBTOMAaTH3AaIlil BCIX
0i3HeC-TIPOIIECIB;

7) reorpadivHa (TepuTOpiasibHA) CKJIaI0Ba YacTUHA. BakmuBuMm is QyHKIIOHY-
BaHHS [TOPTOBOTO KJIacTepa € TEPUTOpialibHEe PO3MIIICHHS, HAsBHICTh TPAHCIOPTHUX
KOPHUJIIOpIB Ta ONM3BKICTh JO HHUX, PO3TAllyBaHHS BiJHOCHO 30BHILIHIX KOPJOHIB,
OJHM3BKICTB JI0 PHUHKIB 30yTY.

3anporoHoBaHa CTPYKTypa 1€ 3MOTY 3aIliKaBJICHUM CTOPOHAM KJIacTepa OIiHIOBaTH
Horo cyiabKi Ta CHIJIBbHI To3wuilii. [HIeKc MpUBaOIMBOCTI BKIIFOYAE CIUIBHI 1T B Kiac-
Tepi, SIKi BCTAHOBIIOIOTHCS CITUTBHOKO AisUTbHICTIO WIEHIB. BOHNM BUKOHYIOTHCS B PI3HUX
cepax (ToOTO CHiNIbHI IPOEKTH, TOCHTIIKSHHS, BAPOOHHUIITBO, TIOCIYTH TOIIO), MAKOYH
SIK KOPOTKOCTPOKOBY, TaK 1 JOBTOCTPOKOBY MEPCIIEKTHBY.

[{o crocyeThcst €PeKTUBHOCTI POOOTH MOPTOBOIO KjacTepa, TO HEOOXiTHO TaKOXK
BU3HAYHUTH KITFOUOBI CEKTOPH KJIACTEPA, SIKI MOXYTh OyTH TAKMMU: TTIOPTH, CY/ITHOIIIIABHI
JiHi1, areHTCTBa, CYTHOOYNIBHI Ta CYJHOPEMOHTHI 3aBOJIM, MOPChKe 00MNaHaHHs, OyH-
KEpyBaHHS, TOPTiBeNbHE OOCIYrOByBaHHS CYACH, MOCEPEIHUNTBO Ta (PpaxTyBaHHS
CyleH, Kiacu@ikalliifHi TOBapUCTBa, JIOTICTHKA, IOPWIWYHI IMOCIYTH, CTPaxXyBaHHS,
(hiHaHCH, OCBITA Ta HABYAHHS, TOCHIHKCHHS 1H(hOpMAIIfHUX TeXHOJIOTIH [12].

Inexc npuBabIMBOCTI CKIIANAETHCS 3 KIIBKOX 3BAXKCHUX CYOIHIEKCIB, sKi € BUMI-
PIOBaHMMU TOKa3HWKaMH eJIeMeHTIB knacrtepa. Llei minxin 3actocoByeThest CBITOBUM
0aHKOM JJTs1 OIiHKH epekTUBHOCTI JioricTuku. CyTh METOAy TOJIsATae B OararoBapiaHT-
HOCTI Ta Ma€ BUCOKUH PiBEHb HAIIMHOCTI, OCKUIbKH aHami3ye Ta popMysroe mpodiieMu
B yMOBaX HeBU3HaueHOCTI [13].

3aranbHe 3HAYCHHS 1HIIEKCY OOYHCITIOETHCS HAa OCHOBI JIalITOBAHOTO JIO0 3alpOIIo-
HOBaHOTrO piBHsHHSA Jlatiepom [14]:

IEnk = (3nadeHHs xkareropii iHpacTpykrypn)*W,+ (3HadeHHs Kareropii
¢inanciB)*W,+ (3naueHHs kareropii ynpaeninas)*W,+ (3HadeHHs kaTeropii pobo4oi
cn)*W,+ (3HaueHHs kareropii 3akoHOTBOpeHHs)* W+ (3HaueHHs KaTeropii iHpop-
MaIliifHuX TexHoJorii)* W+ (3HaueHHs Kareropii reorpadiunoi ckiagoBoi)* W, ne
W, — Bara Ko)xHOi Kareropii.

Koxken cybiHzeke Mae cBoe HOpMaTuBHE 3HaueHHs Bix 0 10 1, ToMy iHJeKc mpuBa-
OJIMBOCTI MOPTOBOTO KJIaCTepa 3HAXOAUThCS B Mexax Bija 0 10 5. YuM Oisbliie 3HAYCHHS,
TUM JOIUIBHIIIE (PYHKI[IOHYBaHHS IOPTOBOTO KJlacTepa.

ATrnomepartist Mixk pipMaMu Ta YiieHaMH KJlacTepa MoB si3aHa 31 3pUTiCTIO KilacTepa Ta Horo
3/IaTHICTIO JI0 3pocTaHHs. MeToiu YIpaBIliHHs Ta MOMIMPEHHS iH(pOpMAIlil MArOTh TO3UTHBHI
HACTIJIKM IIOZO 3allpOTIOHOBAHKX TTOCIYT, TOI SIK MOKIMBOCTI JIOCTI/PKEHb Ta PO3POOOK
BHCTYIIAIOTH CTUMYJIOM JIJIsSI iHHOBAI[iX y Kiactepi. Lle ofiHa 3 0CHOBHHX MPUYHH, YOMY JEsKi
KJIaCTepH MArOTh YCITIXH, a 1HIII, HABIIAKH, BiJICTAIOTh. 3PEILTO0, OCBITa € HA/I3BMYANHO BaX-
JIMBOO, IO JIA€ 3MOTy TIPUMHOXKYBATH 1i BIUTHB Ha 3arajlbHy PHBAOIUBICTh KIIACTEPA.

Sk BUIIHO, €EKTUBHICTD KJlacTepa B OCHOBHOMY 3aJIS)KUTh BiJl (PAKTOPIB, TAKHUX SIK
JIIOIU, CTPYKTYpa Ta nojiTuka [15]. i cucreMu 1ar0Th 3MOT'Y MOJIITHKAM BUKOPUCTOBY-
BaTu iHPPaCTPyKTypy, HOKPAIYIOUH 3araibHy e()eKTHBHICTb.
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BucnoBku. [IpoaHainizyBaBIy TeOPETHYHI aCTIEKTH KJIACTEpH3allii, MOKHA 3p0OUTH
BHCHOBKH, II0 YYaCHUKH KJIacTepa IOCATAIOTh BUIMX PIBHIB iHHOBAIlIH, HiXK ayTcaki-
nepu. KnacrepHe cepeloBHINE CTBOPIOE CHIIBHIIIMA THCK 13 METOI BIPOBAKCHHS
HOBOBBEZICHB, 3a0e3IIeuye Oarare HKepero BIAMOBIMHUX ieH 1 3HIKY€E BapTiCTh Iepe-
TBOPEHHS 1X Ha HOBI POAYKTH 1 mociyrd. [le cmonykarnme koMmaHii BKJIaaT KOIITH
B 3MIITHEHHS iHHOBAITIITHOTO ITOTEHITiaTy, CTBOPIOIOYH JOAATKOBE HATXHEHHS JJIS IHHO-
Balliif y KOMIIaHii-3aCHOBHUKA.

BcranoBuBIIM 0CHOBHY KOHIICIIIFO KJIACTEPHOI TEOPil, aKaIeMidHUH M AXi J0 TeO-
pii KITacTepiB y3arajJbHEHO Y TPHOX IMUPOKUX TEMax, a caMe:

1) ckJTamHUKH KJIacTepiB, IX MEXaHI3MH CITIBIIpAIli Ta TPOXYKTHBHICTB;

2) B3a€EMO3B’A30K MDK CKJIQJHUKAMH, 3aBISKA SKAM CTBOPIOIOTHCS IHHOBAITii
Ta 30UTBITY€ThCS KOHKYPEHTOCITPOMOXKHICTB;

3) 3arajpHE YIIpaBIiHHS, BUTOIN Ta PE3YJIBTAaTH MisUTBHOCTI KiIacTepa.

V pesynbrati reorpadigHoi OIM3BKOCTI Ta CIIUIBHOTO PO3TAllyBaHHs, 0araro 3 X
BHT1]] HAKOITUIYETRCS, IIT0 THM CAMHM CTBOPIOE HIKYI BUTpaTH Ha BXim 11 Gipm. Kowm-
TaHii CIIPHUAIOTH MOIMMMPEHHIO 3HaHb Yepe3 CKOHOMIUHI arjioMepartii, ki MiIBUIYIOTh
MIPOAYKTHBHICTE Ta CTBOPIOIOTH 1HHOBAIIIT.

BaxxnmueuM (akTopoM KiracTepu3zallii MOPTIB € KOHKYPEHINiS, 3a Ky 3MararoThCs
CydJacHi MOPCBKi TIOPTH, OO MaTH iHAMBIAyaIbHY YacTKy PHHKY Yy BiIITOBiTHIN Teo-
rpadii. [TommpenHs Ki1acTepHOi B3aEMOIIi TAKOXK TOITOMAarae MOPTOBHM TalTy3sM, Hay-
KOBUM OpTraHi3amisiM Ta yCTaHOBaM JOCSTTH CTIHKOTO PO3BUTKY Oi3HEC-CepemoBHIIa.
Xova KiacTepy MOPTIB BHIIAMAIOTH BUTITHUMH Ta aKTyaJdbHUMH, KOHIICTITYyalli3arlis
1oT0 pOOOTH IIIE € MUTAHHSIM 11 OOTOBOPEHHS 3aIliKaBJICHUX Y KJIacTepi JOCIITHUKIB.
CunepreTHdHANA €EeKT BiJl CTBOPEHHS TIOPTOBOTO KJIACTEPA OCATAETHCS 332 PaXyHOK
CITITFHOT METH BCiX YJacCHHUKIB 00’emHaHHA. [ly)Ke BaXJIMBUM Yy IOPTOBOMY KilacTepi
€ Te, MO Ie JONOMOXKE CYTHOOYIIBHO-CYTHOPEMOHTHUM 3aBOJIaM BU3HAYHTH CBOE
Miclie Ha puHKY YKpaiau. OCKITBKH HOMHAT IMTOPOPKYE MPOIIO3HINi0, Oye CTilKa CITiB-
pars M’k YKpaiHCbKUMH CyTHOILIABHUMH KOMITaHISIMH Ta CyTHOOYIIBHUMH 3aBOJaMH,
TYT BapTO 3a3HAYUTH, 0 O3 BTPYUYAHHS HAYKOBUX YCTAHOB Oy/e CKIIAJHO BTLTIOBATH
IHHOBAITIHI 1H)KEHEPHI TPOEKTH IS YKPATHCHKOTO PUHKY MOPCHKHUX TepeBe3eHb. | 11e
JIUTIIE OWH OiK BUTII BiJl CTBOPEHHS ITOPTOBOTO KJIacTepa.

Jns periony, me BiH Oyae CTBOPIOBATHCS, TAKOXK € CBOi NEpPEBard, OCKIIBKHA IS
CaMUX ITiIMTPHUEMCTB, IO MPAITIOIOTH Ha 0a3i OPTY, OyIyTh BUTiAHI SAKICHI aBTOMOOLTHHI
Ta 3aJTi3HAYHI CITOJIYYCHHS, a II¢ O03HaJae, M0 B IXHIX iHTepecax Oye MOKpallyBaTH
NUISIXW CIONy4YeHHs. J[7sl caMoro mopTty Iie 03Ha4aTHME 3aTy4eHHS HOBHX BaHTaXo-
MTOTOKIB, IMATPUMKA IHHOBAITIHHAX TEXHOJOTIYHUX MPOEKTIB MPEICTABHUKAMH Oi3HECY
Ta MICIIEBOi BJIaJH, a TAKOK MAaKCHUMaJIbHy SKCIUTyaTamio iHGOpMamiifHX MPOXYKTIiB
Y CBOTH HiSUTEHOCTI, TAKUX K «EIWHE BIKHOY, & B TICPCIIEKTHBI — CTBOPCHHS HOBHUX.

VY poboti Oyimo chopMyIrOBaHO BU3HAYCHHS TOHSTTS «IIOPTOBUH KiacTep), IIO
BiToOparkae HOBITHIO ePeKTUBHY (OpMy yIpaBIIiHHS TOPTOBOIO iHPPACTPYKTYPOIO i3
3aJly4eHHSM BIajH, Oi3HECY Ta HAYKOBUX YCTAHOB. 3apONOHOBAHO BHKOPHUCTOBYBATH
IHIEKC MPUBAOIIMBOCTI TIOPTOBOTO KJIacTepa AJIs OIIHKHU JOIIEHOCTI CTBOPEHHS TAKOTO
pomy 00’ e THAHHS B TTOPTOBIiH ramysi.

[TomanbIor0 MEePCIEKTUBOIO MTOCTIDKEHHS € BU3HAYCHHS KTacu(ikallii mopToBHX
KJIacTepiB Ta cuerudiku X GyHKITIOHYBaHHS.
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AKICTb OBCJIIYTOBYBAHHA ITACAXKUPIB
HA 3AJII3BHUYHOMY TPAHCIIOPTI
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Anomauisn

Bcmyn. YV 6azamvox pobomax 6yno eusHauweno, wo 3a1y4eHHs nacaicupie Ha okpe-
MUl 810 MPAHCHOPMY 3ANENCUMD 8I0 ACOPMUMEHNY HAOAHUX HUM NOCTYe, MOMY Ha
3ANIZHUYHOMY MPAHCROPMI BEIUKY Y6d2y NPUOINAOmMb NIOGUUEHHIO came SKOCmI ma
PIi3HO8UOY cepgicy obcayeogysanus nacaxcupie. Mema. L[s cmamms po3xkpueae cym-
HICMb NOHAMb NOCAY2U Y chepi NACANCUPCOKUX Nepese3eHb, cepeicy ma aKocmi, 8udie
cepaicy y cghepi nacaricupcoKux nepege3eHn, a came: 3a00801eHHsL CNOACUBLO20 NONUMY
nacadcupie Ha OCHOBHY NOCAY2Y, HAOAHHS NOCTYe, WO CYRPOBOOICYIOMb OCHOBHY NOCTY-
2y, RicAAnpoOaddcHull cepgic, iHgopmayitine 00CIye08y8ants ma hiHarcoge 0OCuy2o-
8Y6AHHS HAOAHHS VCIIAKUX 6APIAHMNIE ONIAMU OCHOBHOI NOCAY2U, CUCIEMA 3HUICOK
i ninve. Takooxc po3Kkpumi NOKA3HUKYU AKOCMI, SAKI 6NIUSAIOMb HA THMEpPecU NACAX*CU-
Pis, — ye pigens inghopmayilinozo 3a6e3neyetts, NOGHOMAa 3a00601eHHS NONUMY — KOM-
Gopmuicms 06CY208Y8aHHS HA BCIX eMANax Nepege3eHHsl, WEUOKICMb, C0EHACHICY
docmasku 6azadicy yu 6anmaicodbazaicy, 1oeo cXOPoHHicmy, be3nexa Ha GOK3AaNAX i
6 Noi30i Ul iH., 3PYYHICMb NACANCUPA 8 00PO3i; NOKAZHUKU KOMPOPMHOCHI — acopmu-
MeHm [ AKICMb 8I0N0GIOHUX ROCYE Y NONePeOHill i 000086ill Kacax, 008Ii0K08UX OpO, 8
noi30ax ma in.; 3py4Hicmb nepedys8ants nacaicupa y 60K3aIbHUX KOMIIEKCAx, CROCo-
Ou i 3pyuHicmo npuUOOAHHS RPOIZHUX OOKYMEHMIE, NOKAZHUKU WEUOKOCTI Md C80EYAC-
HOCMI; NOKA3HUKYU Oe3neKu mpaHCcnOPMHUX NOCTYe; NOKASHUKU 30epedcenis 300p0o8 s,
AHCUMMSL i MAUHA NACANHCUPI6 Nio uac noi30Ku i nepedy8anHs HA OK3ANAX, NOKAZHUKU
HAOTUHOCMI YYHKYIOHYBAHHS MPAHCHOPMHUX 3AC00I8 MA NOKAZHUKU NPOGhecilinol npu-
oamuocmi nepcoHany, wo xHaoac mpauwcnopmui nociyeu. Pesynemamu. byno eusna-
YeHo, Wo y cghepi nacaxiCupCoKux nepese3ens iCHyIOmy pisui 6UOU NOCIYe Ma PO32Jis-
HYMO AKICHI NOKA3HUKU, 10 AKUX 3A71eHcamsb UOip 6U0y mpaucnopmy ma 3a00680eHHs
iHmepecie nacascupis Ha 3ani3HuYHOMY mpancnopmi. Bucnosku. Y yiti cmammi euszna-
YeHo, Wo AKICMb 00CTY208Y8AHHSL RACAICUPIE € 20TI08HOI0 3A0AUEI0 KePIGHUYMBA 000
NOKPAWeHHsL NepesizH020 Npoyecy ma 0OHUM 3 OCHOBHUX (aKmopis, wo 8paxo8yoms y
npoyect GU3HAYEHHS Pe3yIbmMamueHOCI OIIbHOCHE NACANCUPCLKO20 KOMNAEKCY 3a1i3-
HUYHO20 MPAHCNOPIY.

Knwwuogi cnosa: nocnyza, axicms 06C1y208y8anHs, MPAHCROPM, CEPEIC, NACANHCUD-
CbKI nepege3eHHs, NOKAZHUKU AKOCTI.
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Summary

Introduction. In many works it was determined that the involvement of passengers in a
particular mode of transport depends on the range of services provided by them, so in rail
transport much attention is paid to improving the quality of passenger service and their
variety. Purpose. This article reveals the essence of the concepts of service in the field of
passenger transportation, service and quality, types of service in the field of passenger
transportation, namely: meeting consumer demand for basic services, providing services
accompanying the main service, after-sales service, information service and financial
services providing all kinds of payment options for the main service, a system of discounts
and benefits. Also disclosed quality indicators that affect the interests of passengers — are
the level of information support, completeness of demand — comfort of service at all stages
of transportation, speed, timeliness of luggage or baggage, its safety, security at stations
and trains, etc.; passenger comfort on the road; comfort indicators — the range and
quality of relevant services in the preliminary and daily cash desks, help desks, in trains,
etc.; convenience of stay of the passenger in station complexes; ways and convenience
of purchasing travel documents; indicators of speed and timeliness; safety indicators of
transport services, indicators of safety of life and property of passengers during the trip
and stay at the stations; indicators of reliability of operation of vehicles and indicators
of professional suitability of personnel providing transport services. Results. It was
determined that in the field of passenger transport there are different types of service
and considered the quality indicators on which depends the choice of mode of transport
and satisfaction of the interests of passengers on rail transport. Conclusions. This article
defines that the quality of passenger service is the main task of management to improve
the transportation process and one of the main factors that are taken into account when
determining the effectiveness of the passenger complex of railway transport.

Key words: service, quality of service, transport, service, passenger transportation,
quality indicators.

Beryn. YV macaxupchKuX MepeBe3eHHIX 3aTi3HUIN 3a3HAIOTh Jenaii OuTbIoi KOH-
KypeHIlii 3 00Ky aBTOMOOILIIBHOTO Ta aBiaIlifHOTO TPaHCHOPTY, OCKIJIBKK MOTPEOYIOTh
YIOCKOHAJICHHSI TEXHOJIOT1i opraHi3auii rnepeBe3eHb, TPAaHCHOPTHO-TOTICTUYHUX TEX-
HOJIOTiH, MOjIepHi3allii Ta po30yaoBH iHQPACTPYKTypH, OHOBIIEHHS PyXOMOTO CKIIAAy
Ta MiABHUINEHHS PiBHS CEPBICHOTO 0OCITYTOBYBaHHS MacaKupiB oo [8].

IMocTanoBka mpodiaemMu. BaxxnuBicTs cepiicy y cdepi macakupchbKux mepeBe3eHb
JUISL yTPUMaHHS [IOJIOXKEHHS Ha TPAHCIIOPTHOMY PUHKY Y1 3aBOIOBAHHS TOAATKOBUX HIlll
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Ha HBOMY IIOPIYHO 3pocTae. [1osSCHIOETRCS 1Ie 3arOCTPEHHSIM KOHKYPEHIIiT Ha Ha3Ba-
HOMY PHHKY. Y 3B’5I3Ky 3 IMM po0OTa YCiX BUIB TPAHCIIOPTY HAIliJIeHa Ha CIIOKUBaYa
iXHIX MOCNYT — MacaXxupa i AKICTh MOCIYT y cepBicHOMY moToli. OT YoMy OCTaHHIM
4acoM y cepi macakMpChbKUX IMEePEeBE3eHb 3 IBUJIAcCs HarajibHa MmoTpeda 371HCHIOBATH
KepyBaHHS Ha OCHOBI KOHIIETIIIIT JIOTICTHKH HE TUTBKHU MacaKUPOIIOTOKAMH, ajie i TOTo-
KaMH, 110 CYNPOBOKYIOTh IIEPEBE3CHHSI.

AHani3 ocraHHixX gochaimkens i myOuaikauii. [IpoGnemaMu ynpaBiiHHS SIKICTIO
MOCITYT y IPOILeCci 00CTyrOByBaHHS MMACAYKUPIB Ha 3aTI3HUYHOMY TPAHCIIOPTI 3aiiMaucs
BITUM3HSHI Ta 3apyOikHI HaykoBIi, Taki sik .M. AkceoHoB, }0.C. bapam, B.M. T'ana-
oypna, I'[I. Edityric, E.A. Onenina, M.B. Makapenko, O.1. Kaninigenko, ®.I1. Kou-
HeB, 0.®. Kynaes, b.M. Jlaniayc, B.1. ITaciunuk, H.O. [ToranoBuu, M.®. TpuxyHKOB,
K. Icukapa, K.M. Illepena, T.}O. Yapkina ta inmmi. [Ipote 11i 10CIiKeHHS TOTPEOYIOTh
MOIAJIBIIIOTO TTOTITUOICHHS.

@opmy/aOBaHHS UiJield cTarTi. Y CTarTi po3KpUBAETbCS BU3HAYEHHSI CYTHOCTI
nociyrH y cepi nacaXupChbKUX IMEePeBe3eHb Ta 3IMCHIOETHCS aHaIi3yBaHHS IOKA3HU-
KiB SIKOCTI 3 HaJaHHS MOCIIYT y MPOIIeCi 00CIyroByBaHHS MacaXUPIiB Ha 3aTI3HUYHOMY
TPaHCHIOPTI.

Buknaaa ocHoBHoro marepiajy. I[linnpreMcTBO MacakUPCHKOTO KOMIUIEKCY Ha
Oy/b-SIKOMY BHJIi TPAHCIIOPTY CTAa€ CTIMKOIO OpraHi3alliifHO-eKOHOMIYHOIO CHCTEMOIO,
SIKIIO HAJTArOJKEHUH 3B’ S130K MIXK KEPYBaHHSIM HOTO JOXOIaMH 1 HAIAaHHSM ITOCITYT Bifl-
MOBI/THO JIO BUMOT MACaKHPIB.

IMocnyra y chepi macaxupchbKUX MepeBe3eHb SIBJIE COO00 10 TIEBHOTO CIiBPOOIT-
HUKA MMacakUPChKOTro MiANpUeEMCTBa (TPyNHy CHiBpOOITHHUKIB), IO TPUHOCUTH KOPUCTh
nacaxupy. Pobora, moB’si3aHa 3 HaJlaHHSAM TIOCIIYT y Ipolieci 00CITyroByBaHHs raca-
JKHUPIB, TOOTO i3 33/IOBOJICHHSM IXHiX TOTped Ha BCiX eramax MOi3/IKH, HA3UBAETHCS
cepeicom [9]. Lle xoMIUIeKC MOCIYT, 0 POOJIATLCSA HA BOK3ajaX, y MOMEPEIHIX Kacax,
y MOT#A31 ¥ IHIIMX MICISIX, Jie 0OCITyTOBYIOTHCS MacaKUpH (ITijI 4ac 3aMOBJICHHSI MPO-
i3HOTO TOKyMEHTa, HOro 0QOpMIICHHS, BUa4l Pi3HOTO POy JTOBIJIOK, HAJaHHS Xap4uy-
BaHHS Ha BOK3aJIi UM B MOi3/i 1 T.1.) [6].

Vi mocyru, 1110 HaJIal0ThCS MacaKUpaM, MatoTh BapTiCHUI BUMIp [4].

[Toka3HuWK, IO BUpa)ka€e OIIHKY CEPBICY, — 1€ PiBEHb 3a0€3MEUeHHS CIIOKHBYOTO
TIOTTUTY.

O0’eKTaMu TPAaHCIIOPTHOTO CEPBICY € MacaxupH — Gi3uuHi 1 IOpuaMIHI 0c0o0H, 110
OpraHi3yloTh MOi3KH (MiIPUEMCTBA, OpraHizamii, GipMu Ta iH.).

[MacaxxupchbKe IiIprueMCTBO Mae Pi3Hi cepH isUTHOCTI, OCHOBHUMU 3 SIKUX € TaKi [3]:

— HaJIaHHS MOCIYT HA MMOYaTKOBOMY €Tarli TIOi3JKH (BUIada JIOBiJIKN);

— TpUHAOM 1 BUKOHaHHS 3aMOBJICHHS, OTPUMaHOTO B ycHil Qopmi mo Tenedony,
MUCBMOBO — MOIITOI0, OPOPMIICHHS MPOI3HUX JOKYMEHTIB, 0araxy 4i BaHTaXo0araxy
Ta iH.);

— HaJIaHHS MTOCIYT Y TOTATY (MPOJIaK KOHIUTEPCHKUX BUPOOIB, TPUIOM 3aMOBJICHB
Ha TPOi3HI JOKYMEHTH, TaKci, HaJaHHs Tele()OHHOTO 3B’sI3KY, BAKOHAHHS KCEPOKOIiN
1T 1.);

— KOMIIJIEKC IMOCITYT Ha OYATKOBIMH 1 Ha KIHIEBIH CTaHIIAX (TOCTYTH HOCIsI, HAIaHHS
NpUMIIIEHHS JUIs HapaJ, AIJIOBUX 3ycTpiuei, Bujavya Oaraxy 4 BaHTaKo0araxy, pu-
HOM 0COOMCTUX peucii Ha 30epexKeHHS 1 T. 11.).
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Po3pi3HsIOTH Taki BUAM CepBicy y cdepi macakupchbkux nepeseseHs (puc. 1) [7]:

1) 3a10BOJICHHSI CIOKUBYOTO TIOMHUTY MACAKUPIB HA OCHOBHY IOCIIYTY;

2) HaJaHHS TOCIYT, IO CYNPOBODKYIOTh OCHOBHY IOCIYTY, — II¢ Hadip IMOCIYT,
Ha/IaHUX TTaCa)XUPY 3 MOMEHTY HOTO 3BEpHEHHSI B JIOBIIKOBE OIOPO JI0 MOMEHTY TIOKYTTKH
MPOI3HOTO IOKYMEHTA;

3) micasmponaXHUH cepBic — 1€ Ti TOCIYTH, 0 HANAIOTHCS MACAKHUPY MICIIs TOTO,
SIK BIH OTPHMaB KBUTOK Ha TPOi3]l (JOCTaBKa TPAHCIOPTOM ITiIIPUEMCTBA HA BOK3aJ
nacakxmpa, a Takok Horo 0araxky v BaHTaxo0araxy i T.IL.).

Oprasizaliis mcsmpoAaXHOTO CEPBICY BKIIIOYAE TaKi OCHOBHI [Iil:

— BU3HAYCHHS BUMOT JIO MiCIISIPOIAYKHOTO 00CITYTOBYBaHHS ACaXKHPIB;

— BU3HAYCHHS MOCIYT, HEOOX1THUX Taca)XMpam IicIisi IPOAAXy OCHOBHOT IMOCITYTH
(acopTHMEHT MPOAYKTIB XapuyBaHHs, KOHIUTEPCHKUX BUPOOiB, HAIIOIB Y 3a1aX YeKaHHS
W y TIOTA31, Ha CTaHIIISX MPU3HAYCHHS 1 T.I1.);

— 3a0e3meveHHs HEOOX1THOIO MPOYKINE MPOBITHUKIB Ta TOPrOBI TOUKH, 110 3HA-
XOJSITBCSI Ha BOK3aJIaX;

— CTBOpPEHHS HEOOXiHOI 1HQPACTPYKTYpH Uil 0OCITYTOBYBaHHS MMACAKUPIB MiCIIS
MPOJAXy OCHOBHOI IOCIYTH;

— oprasi3zailisi KepyBaHHS pealizalliero moCyT;

4) iHdopmMarliiiHe 00CTYrOBYBaHHS — 1€ CYKYITHICTh iHPOPMAIIITHUX MOBiIOMJICHB,
HEOOXiIHUX MacaKUpy B MPOIeCi 3MiHCHEHHS IepeBe3eHHs (PO MUISX BiAMPaBICHHS,
PO MOCJYTH Ha BCIX eTanax MepeBe3eHHs Ta HeoOXiqHI BIAMOBIIHI TEXHIUHI 3acO0U
00poOKH 1 mepenadi iHpopmariii);

5) ¢inaHcOBe 00CIyroByBaHHS HaJaHHs YCUISKHMX BapiaHTIB OIUIaTH OCHOBHOL
MOCITYyTH, CUCTEMa 3HIKOK 1 MiJbT. Buan cepsicy y cdepi macaxupchbKux rnepeBe3eHb
MOYKHA XapaKTEePH3yBaTH BEITMKUM KOJIOM MOKAa3HHKIB, IOETHYBAHUX TAKUMH KPUTEPi-
SIMU: aCOPTHUMEHT 1 KiJIbKICTb, SIKICTb, Yac, [[iHa, Ha{IHHICTh HaJJaHHS TOCIYTH (HanpH-
KJIQJI, TapaHTis Ha MOKYIKY MPOi3HOTO JOKYMEHTa Ha 3alUTyBaHWU TOTSIT 1 Miclb
BIJIMIOBITHOT Kareropii, He0OXiTHOTO Yacy BiANPaBICHHS i KITBKOCTI MPOI3ZHUX JOKY-
MenTiB) [1; 7].

Buau cepricy y chepi macaxupchbKUX MepeBe3cHb

1. 3aI[OBOJ'I€HH$I CIIOKMBYOTI'O IIOTIUTY nacamnpiB Ha OCHOBHY IOCJIYTY

2. HapgaHHs nociyr, 10 CYIpPOBOKYIOTh OCHOBHY IOCIIYTY

3. IicnsmpoaakHUH cepBic

4. Inpopmartiiine 00CITyrOByBaHHS

5. dinaHcoBe 00CIYrOBYBaHHS HAJaHHS YCIISIKAX BapiaHTIB OTUIATH OCHOBHOT
MOCIYTH, CUCTEMA 3HUIKOK 1 ITJIBT

Puc. 1. Buou cepsicy y cghepi nacaxcupcokux nepeseseHs
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SIKiCTh TOPKA€eThCS OyIb-SKOTO MacaKUpa Ta BILIMBAE HA YMOBH MOT3/IKH.

Sk ekOHOMIYHA KaTeropisi MOHATTS «AKICTh» — Iie TIOPIBHSHA Mipa HasBHOCTI Biac-
TUBOCTEH, IO XapaKTepH3YIOTh MOXIIUBICTh 33JJ0BOJICHHSI BU3HAYCHUX MOTped maca-
JKUPIB 1 CTYIIHB BIJTIOBIHOCTI ITUX BJIACTUBOCTEH 3allUTaM OCTaHHIX.

[MuraHHs AKOCTI MACAKUPCHKUX MEPEBE3eHb K TaKi BUHHUKIIM ITOPIBHSIHO HETaBHO —
B MUHYJIOMY IPOOJIEMH SIKOCT1 CIIBBIIHOCHITHCS i3 CHCTEMOIO SIKICHUX ITOKAa3HUKIB Iepe-
Bi3HOTO TIporecy. JIo TaknX MOKa3HUKIB HAJICKATh:

— IIBHJIKICTB;

— CBO€YAacHa JJOCTABKa;

— CXOpOHHICTh Oaraxy 4u BaHTaK00araxy;

— HasBHICTH JIOJATKOBUX TOCIYT;

— YMOBH OITJIaTH NEPEBE3CHb 1 iH.

Binbm nommpeHi i MIUPOKO 3aCTOCOBYIOTHCS TOKA3HUKH SIKOCTI BAKOPUCTAHHS PyXO-
MOTO Toi3/1a i MOKa3HUKH PiBHS EKCIUTyaTaliiHoT poOOTH (IIPOMYKTUBHICTH PYXOMOTO
noizaa, piBeHb BUKOHAHH rpadiky pyxy i iH.) [5].

CTOCOBHO MacaXMPChKUX MEPEBE3CHb, A0 MOKA3HUKIB iX SKOCTI HEOOXiTHO MiaXO0-
JIUTH, TIO-TIepIIe, 3 MO3MIIiH, 0 IPYHTYIOThCS, HacaMIlepe]], Ha CIIOKHBYIN BapTOCTI
TpaHcHopTHOI nocnyru. [lo-apyre, B Mpoleci OIIHKHM SIKOCTI MACKUPCHKUX TepeBe-
3€Hb MOTPIOHO 3BaXKATH HA T€, 1110 CTUMYJIU i IBUIICHHS SAKOCTI (€KOHOMIYHA MPUPOJIA)
BUHHKAIOTH, SIKIIO MPOTIO3UIIil TPAHCIIOPTHUX TOCIYT Ha OKPEMHUX BHIAX TPAHCIOPTY
1 TPaHCIIOPTHIN CHCTEMIi 3arajioM IEpPEeBHIIYIOTH IOMUT i, HABIAKU, MPH XPOHIYHIN
HE3aJJ0BOJICHOCTI B MOMHUTI BIACYTHI 00’ €KTHBHI €KOHOMIUHI CTUMYJIH JUIS T ABUIIECHHS
SIKOCTI mepeBe3eHs) [1].

ToOTo npobiemMa sIKOCTi epeBe3eHb 00’ EKTUBHO Peali3yeThesl B yMOBaX KOHKYpPEH-
il pi3HUX BUJIIB TPAHCIIOPTY B PO3BHHYTHUX PUHKOBHX BiTHOCHHAX (TMpoOIeMa SKOCTI
CTa€ pealbHICTIO B YMOBaX 3pOCTaHHS KOHKYPEHIIii, KON «IIePEBI3HUKM» NOYNHAIOTh
«OOpOTHUCS» 32 TTAaCAKHPA).

PicT KOHKypeHIil MK BHJaMH TPAHCHOPTY Yy cdepi MacaKHUPChKUX NepeBE3CHb
BUMarae 3a0e3MedeHHsI BUCOKOI KOHKYPEHTO3aTHOCTI MOCIYT 3alli3HUIb Yy Wil cdepi
IismeHOCTI [2].

Ha ykpaiHChbKOMY PHHKY HAaCaXHPCHKHX MEPEeBE3EHB MPAIIOIOTh KiJIbKa BUJIIB TPaH-
CTIOPTY, 1, IKIIO TTaca)XKUpa He BIAIITOBYE PiBEHb 00CIYTOBYBaHHs, BiH Y Oy/Ib-SIKHUH Yac
MOJKE BiIJaTH TIepEBary iHIIOMY TPaHCIIOPTY.

Jlo TOKa3HMKIB SKOCTI, BiJI SIKUX 3aJIS)KUTHh 33J0BOJICHHS IHTEPECIB MacaxKHpiB,
Hanexkarb (puc. 2): piBeHb iH(pOPMAIIHHOTO 3a0e3IeueHHs, MOBHOTA 3aJ0BOJICHHS
MOMUTY — KOM(OPTHICTh OOCIyrOByBaHHS Ha BCiX €Tamax MEpPeBE3CHHs, IBUJKICTB,
CBOEYACHICTh JOCTaBKH Oaraky 4d BaHTaxoOaraxy, HMoro 30epekeHHs, Oe3reka Ha
BOK3aJIax i1 B 1MO13/i H iH.

Jlo moka3HHUKIB KOM(MOPTHOCTI 3apaxOBYIOTh ACOPTHMEHT i SIKICTh BiJIOBIIHUX
MOCIYT y TMONEPEHii i T000BiH Kacax, JOBIIKOBUX Ol0po, y moizaax Ta iH. el kom-
JIEKC MOKE MICTUTH Pi3HOMaHITHUI aCOPTUMEHT MOCTYT — BiJI MOKYIKH BCUSIKMX CITO-
JKUBYMX TOBapiB, MPOAYKTIB XapuyBaHHs, MoJirpadiuyHoi mpomykimii 10 moka3y Bije-
o(iTbMIB, TPAHCIALIT MY3HKH, MOXKJIMBOCTI 3aMOBIISITH Ha NUISXY MPSIMYyBaHHS pi3HI
nociyru 1 T.1. le TakoXk Mol MpUMIIIeHb, 0 NPUXOAITHCS HA OIHOTO Maca)Hpa,
YacToTa 1 AKICTh MPUOUPAHHS TPAHCIIOPTHHUX 3ac0O0iB i MPUMIILIEHb, CTaH TOCTUILHOT
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OUIM3HU, TeMmIeparypa MOBITPs B 3ajlax YEKaHHS W y BaroHax IOi37a, OCBITJICHHS,
JIOTTYCTHMI PiBHI IIyMy, piBHI BiOpaIlii 1 BOJIOTOCTI, CEPEIHE HATOBHEHHS 3a1y OYiKY-
BaHHS, MPUMIIIEHb KBUTKOBUX Kac Ta iH.

IMoka3HMKH SKOCTI, SIKi BIUIMBAIOThH HA THTEPECU MACAKUPIB

- piBeHb iH(pOpMaIIHHOTO 3a0€3ICUCHHS;

- MOKa3HUKH KOM(OPTHOCTI: ACOPTUMEHT 1 SIKICTh BiJ{IOBITHUX TTOCIIYT
y morepeiHiit i J00O0BiH KacaX, TOBIIKOBHUX OO, y MOi3aax Ta iH.;

- 3py‘lHiCTB r[epe6yBaHH$1 macaxvpa y BOK3aJIbHUX KOMIUICKCAX;

- crnocoOu i 3py4HicTh npuAOaHHs MMPOI3HUX JOKYMEHTIB;

- 3pyYHICTh macaxxupa B JOPO3i;

- ITOKa3HUKH IIBHAKOCTI Ta CBOEYACHOCTI;

- TIOKa3HMKHU 0e3MeKH TPAaHCHOPTHHUX MOCIYT:

* HaNlidHICTD (DYHKIIOHYBAaHHS TPAHCIOPTHUX 3aC00iB;

* mpodeciiiHa MPUIATHICTF BUKOHABIIIB TPAHCTIOPTHHX TTOCITYT;

TOTOBHICTh TPAHCHOPTHOTO 3ac00y U eKinaka /10 BUKOHAHHS KOHKPETHOTO
[IepEeBE3EHHS

*

- IOKa3HHUKH 30€pexeHHs 37J0pOB’ s, UTTS 1 MaliHa macaxKupiB
ITiJ] 9ac Moi3/1Ku i nepeOyBaHHs Ha BOK3aJax;

- MOKa3HHWKH HAAIWHOCTI (GYHKI[IOHYBaHHS TPAHCIIOPTHHUX 3aCO0iB;

- TIOKa3HHUKH NpoeciiHOI MPUIATHOCTI MEPCOHATY, IO HA/IAE
TPaHCIIOPTHI OCIYTU

Puc. 2. [loxaznuxu sixocmi, K 6nauU8arOms Ha IHMepecu nacaxdcupie

BukoHaHHS MOKa3HHUKa 3pyYHOCTI epeOyBaHHs MAacaXUPa y BOK3aJIbHUX KOMILICK-
cax noTpelye yI0CKOHAJICHHS BUMOT JI0 TPOEKTYBAHHS 1 OyIiBHUITBA (YM PEKOHCTPYK-
11iT) BOK3aJIbHUX KOMIUIEKCIB, TAKOXK yCTaTKyBaHHS BOK3AJIEHHUX IPUMIILICHB 3 ypaxyBaH-
HSIM CTBOPEHHS KOM(pOPTHHX YMOB NepeOyBaHHs Macakupa B HUX IO 1 MCIS MOI3KA
3 HaJJaHHSIM HOMY MOKJIMBOCTI IPHAOAHHS PI3HOTO HAOOPY CIIOKMBYUX TTOCIYT.

Po3risaroun mokazHUK «CHOCOOH 1 3py4HICTh MIPHUI0AHHS MPOI3HUX JOKYMEHTIBY,
TOJIOBHHM ITOKa3HMKOM € TapaHTOBAaHE 33J0BOJICHHS MEPEBI3HUKOM TOTped macaxupa
B OyJb-SIKMif MOMEHT 4acy 3 BUCOKHM pPiBHEM OOCITyTrOBYBaHHS, 3 OISy Ha MIDKHAPOI-
Hu# nocsif. 1106 oro BUKOHATH Ha BUCOKOMY PiBHI, HEOOXiAHO MO-iHIIOMY OymyBaTn
B3a€MHHHU MIXK «II€PEBI3HUKOM» 1 MOTEHIIHHUMH HacaXHUPaMH.

3py4HicTh Macakupa B AOpPO3i — Iel MOKA3HUK 3B’S3aHUN 13 TPUBAJICTIO Iepe-
OyBaHHS TacaXupa B J0PO3i, KAICHAAPHUM TEPiOIoM 3iMCHEHHS MOI3AKH 1 piBHEM
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cepsicy B noiznax. Bin mops i3 JBOMa MonepeHiMH € OMHUM 3 OCHOBHUX (hakTopis,
IO CIPUSIOTH MiIBUIIEHHIO KOHKYPEHTO3IaTHOCTI 3aTi3HUIb. HopManbHi yMOBU JUIst
BIJIIIOYMHKY B JIOPO3i MPSIMyBaHHS, OCKIJIBKH 1 BIJICYTHICTh Yepr i TapaHTisl MOKYIKA
NpOi3HUX JTOKYMEHTIB Ha BOK3aJlaX 3ajy4aloTh MacakupiB, GOPMYIOTH MO3UTUBHHN
IMIJDK 3a/113HUALD.

Bapro Maru Ha yBa3i, 0 MOHSATTS «CIIOKHUBYA BAPTICTH» TYT BUPAKAETHCS B TOMY,
10 TaCaKUP HAMPHUKIHII MOI3IKK Ma€ MOYyBaTH cebe 0aJbopuM, Mparie3aaTHUM 1 He
Jyke BTOMiIeHUM. Lle o3Havae, 1m0 3ajie’HO Bij (PaKTOpiB TPUBAJIOCTI MOTI3IAKY i TOpHU
POKY MaroTh CTBOpIOBarucs AudepeHiiiioBani KOMPOPTHI MOCTYTH ISl KOXKHOT KaTero-
pii macaxupiB, a IiHA HA HUX BapitoBatucs. L{g1 BUMOra cynepeunTbh eKOHOMIII «Iepe-
Bi3HUKIB» (iXHIM iHTEepecaM), OCKIIbKH JUdepeHiialis 3acodiB KoM(popTy BUMarae He
TIJIBKY JIOaTKOBUX IOT3/1B, ajie 1 pi3HOT IXHBOT KOMITO3HIIIT 3aJIe)KHO Bifl MONUTY, Hop-
MOBaHOTO Ha OCHOBI OOaKaHb MACaXHPIB.

[Moka3HWKOM MIBUAKOCTI € TPUBAJICTh TMOI3AKH, MOPIBHIOBaHA 3 TIOJILOTOM JIiTaKa,
9YacoM MOi3IKK aBTOOYCOM, piuKOBHM TpaHcropToM. LIIBUAKICTE MepemilneHHs 1 3pyd-
HICTB MepecajKi MacaXupiB Ha CTUKAX, y TOMY YHMCII i MK OKDEMHMH BUIaMH TpaH-
CTIOPTY, — BaXKJIMBI TOKA3HUKH SIKOCTi. Y 3B’S3Ky 3 IIMM BHHHKAa€ HEOOXITHICTH MpO-
€KTYBATH 1 CIIOPY/KYBATH TaKi MyHKTH TepecaKEHHsI, B IKAX MMACaXUpPH 3arpadanu O
MiHIMYM 4Yacy, HEpBiB Ta 3710pOB 4.

[Moka3HWKH CBOEYACHOCTI — IIe TOKa3HUKH 3a0€e3MeUeHHs pyXy TPAHCIOPTHHX 3aC0-
0iB BiJIOBIIHO JIO OTOJIOIICHOTO po3Kiamy uu rpadika pyxy. Llei mokasHUK OIiHIO-
€THCSI BIZICOTKOM TPAHCIIOPTHHX 3aCO01B, 1110 BiIPAaBISIOTHCS 1 MPUOyBalOYHX 33 PO3-
KJIaJIOM, a TaKOXK CepPeHIM 1 MaKCUMaJIbHUM 1HTEPBaJIOM PYXY.

[Moka3HuKHM O€3MEKH TPAHCIIOPTHUX MOCIYT MICTATh Y OOl TP TPYIIH:

— HaJAIHHICTH QYHKI[IOHYBaHHS TPAHCHIOPTHHUX 3aCO0IB;

— mpodeciiiHy MPUAATHICT, BUKOHABIIB TPAHCIIOPTHUX MOCTYT;

— TOTOBHICTh TPAHCIOPTHOTO 3ac00y i eKiNnaxxy 10 BUKOHAHHsI KOHKPETHOTO Iepe-
Be3eHHsI (YKOMIUICKTOBAHICTh EKillaXKy, HAsIBHICTh PATYBaJbHUX 3aCO01B, HOPMATUBHUX
JIOKYMEHTIB, 3a0€311e4UeHICTh MapIIPYTHUMHU KapTaMu, MIPaBUIIaMH MTOBEIHKH MTACaKH-
piB Ta iH.).

IMoka3uuku 30epeKeHHsI 370POB’S, MKHUTTA 1 MaiHa MAacaXUPIB MiJ Yac IMOI3AKU
1 mepeOyBaHHsI Ha BOK3aJIaX MalOTh 3a0e31euyBaTucs IUITXOM 000B’3KOBOTO 1 100po-
BIJIBHOTO CTpaxyBaHHS MAacaXHpiB, pyYHOI MOKIJIAXi, Oaraxy i BaHTaxko0araxy, CTBO-
PEHHSM BiJIIOBIIHUX YMOB, IO TAPAHTYIOTH OE3IeKy NepeBe3eHb | CXOPOHHICTh MaifHa.

[Macaxxupu JOBIPSIOTH BUILy TPAHCIOPTY CBOT IIHHOCTI, 1 iX IIKaBUTh, 00 BOHH
JIOCTABJISUTMCS HE TUILKU BUACHO, aJie 1 B IIUTOCTI 1 0€3 YIIKOMIKeHb. Ll moka3HuK oiri-
HIOETHCS BIJICOTKOM OaraxHux (BaHTa)KoOaraXXHWX) BiIpPaBJICHb, 10 MPUOYBAIOTH 10
MicIsl MpU3HAYCHHS (JI0 oJiepKyBada) B TEPMiH, 03 YIIKOIKEHb, PO3KPaJaHb, a TAKOX
Cepe/HIM PO3MIpOM 30HTKY, IO BiJIIKOIOBYETHCS BAPTICTIO YIIKOHPKEHOTO Oaraxy 4u
BaHTa)ko0araxy, 3ary0jaeHoro 0araxy (BaHTako0araxy).

[Moka3HukK HAIHOCTI (DYHKIIIOHYBaHHS TPAHCIIOPTHUX 3aCO0IB XapaKTepH3YIOTh
0e3BiIMOBHICTh iXHBOT POOOTH MPOTITrOM pelicy (000poTy Moi3Aa) 4u iHIIOTO 3aja-
HOTO Tepioay vacy (100a, Micsilb, KBapTal, pik). L{i moka3HUKY 3a1ekaTh Bi pecypcy
TPAHCIIOPTHOTO 3aco0y, TEPMiHy HOTo CiIy)kKOM. BOHHM MiATBEPIKYIOTHCS 3BITHUMHU
JOKYMEHTaMHU TPO eKCIUTyaTalliiHui pecypc TPaHCHOPTHHUX 3ac00iB, MO JIOMYCK iX

32



PO3BUTOK TPAHCIIOPTY
Ne 1(8), 2021

JI0 eKCIUTyarallii, 1o BiJIOMBAIOTh MIEPIOAMYHICTh KOHTPOJIIO TEXHIYHOTO CTaHy, Oe3Bij-
MOBHICTb pOOOTH, HAPOOITOK HA BiJIMOBIICHHS.

Jlo moka3HukiB mpodeciiHOl MPUAATHOCTI MEPCOHANy, IO HAJa€ TPAHCIOPTHI
MOCIYTH, HaJIeXKAaTh:

—  KOMITIETEHTHICTB;

— piBeHb KBatiQikarii;

— YMiHHS [IPAIIOBATHU 3 JIIOIbMH;

— CTax poOOTH Ha 00iliMaHiil Tocai;

— TMEepiOAMYHICTb MiJBUIICHHS KBaTi(hiKaIlii;

— KUTBKICTh OPYIIEHb MTOCAIOBUX IHCTPYKIIiN 32 BU3HAYCHHUI NIEPiof;

— 3HAHHSA BUMOT 1 3alIUTIB ACAXHPIB;

— yYMIiHHS 33JI0BOJILHATH BHMOTH 1 3aITUTH, MaHEpa CIJIKYBAaHHS 31 CIIOKHBaYaMH
MOCIYT;

— yYMIiHHS JOBECTH II€peBaru CBOiX MOCIYT 1 T.1.

YBa)KHICTB 1 J1100’ I3HICTH 00CIYTOBYIOYOT0 MEPCOHATY — I1e (PaKTOp, [0 HE BUMArae
JIO/IATKOBHX BUTPAT, ajie 3000B’s13y€ BITYM3HSIHUX TPAHCIOPTHHUKIB 3MiHIOBATH TICHXO-
JIOTII0 ¥ YIOCKOHAJIIOBATH €KOHOMIYHE MUCJICHHS [7].

BucHoBku. OTxe, Ha 3aTi3HUIIX YKpaiHu npo0ieMa siKoCTi 00CIyroByBaHHS mmaca-
JKUPIB Ma€ CTaTH OCHOBOKO ISl IEPEBI3ZHOTO MPOIIECY, MPUIOMY SKICTIO TOCIYT i CHC-
TEMOIO 1X peaizailii HeoOX1IHO BMiJIO KepyBaTH. [10sSICHIOEThCS 1€ TUM, IO TpodIeMa
SIKOCTI 3aiiMae 0coOJIMBE MicClle cepell 0araTboX €KOHOMIYHMX 1 COILIaJbHUX IHTaHb
1 € OTHMM 3 OCHOBHHX (DaKTOPIB, III0 BPAXOBYIOTh Y IPOIIECi BUPILICHHS 3a1a4i PO M-
BUILICHHSI CKOHOMIYHOT €()eKTHBHOCTI PE3YNIbTATIB AISIIBHOCTI MacaKHPCHKOTO KOMII-
JIEKCY.
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2

Anomauisn

Bcemyn. Tpancnopmua 2any3e € Hegi0 €EMHON YACMUHON PO3BUMK)Y HAYIOHANLHOL
eKoHoMiIKY Kpainu. /[na 3abe3neuenns ii Oesnepebilino2o QyHKyionysanHs ocobnusa yea-
2a Mae npuoiamuUcs mexHiuHil 3abe3neveHocmi 3anizHuuHo20 napky. Tomy easxciusum €
8NPOBAVIICEHHS 3aX0018, AKI CHPUAMUMYMb NOKPAWEHHIO eKCHILYAmayii pyxomMoeo cKiaoy.
Mema. ObrpynmyearHs 8NPOBAONCEHHS NPYHCHUX €leMEeHMI8 V HeCydi KOHCMpPYKYIi 6aH-
MANCHUX BU2OHI8 OsL 3MEHUICHHSL X OUHAMIYHOL HABAHMAICEHOCMI 6 eKCNyamayii.
Pezynomamu. /[n5 3vieHueHHs OUHAMIYHOL HABAHMANCEHOCE OCHOBHUX MUNIE BAHMANCHUX
8A20HIG 8 EKCIIIyAmayii 3anPONOHOBAHO BNPOBAONCEHHS 8 IX HeCyul KOHCIPYKYIL NPYHCHUX
enemMenmis. 3a paxyHoK onopy Cui Cyxo2o mepms Midc 6EPMUKATbHUMU YACIUHAMU 20pU-
B0HMANHUX TUCMIEB, NIO SIKUMU POIMIULYIOMBCSL NPYIICHI ellemenmu, ma cminok 1[1-nodionozo
npoinio 30IUCHIOEMbC IMEHUIEHHS OUHAMIYHOI HABAHMAIICEHOCME HECYYUX KOHCIPYKYIL
8a20mi8. /[151 00TPYHMYBAHHS 3ANPONOHOBAHO20 PIULEHHS NPOBEOEHO MAMEMAMUYHE MOOeTiO-
8aHHA. []11A Yb020 CKIAOEHO MAMEMAMUYH)Y MOOE/b, KA BPAXOBYE 8EPIMUKAIbHI NEpeMIUeHHsL
BA20HI6, U0 PYXAIOMBCS 8 NOPOICHLOMY CHIAHI CIMUKOB0I0 HepieHicmio. Poss’sizox mamema-
muunoi mooeni 30itichenuti y npospamtomy komnnexci MathCad. [locniooicenns npoeedeni
CMOCOBHO HALIOUIbUL NOWUPEHUX MUNIE BAHMANCHUX 8A20HI8 8 eKCHIYAmayii: Hanié8azoH,
Ba2OH-NIAMPOPMA, KpUmuil 6a2oH. Bcmarnosneno, wo 3anponoHoeani pitueHHs 0aroms 3Moey
IMEHUUMU OUHAMIYHY HABAHMANCEHICIb HECYUUX KOHCMPYKYIU 8420HI8 NOPIGHSHO 3 8420-
Hamu-npomomunamu: nanieeazon — 35%, eacon-nnameopma — 15%, kpumuii eazon — 20%.
Xio pyxy eaconie oyinoemucs sik «giominHuty. Bucnoexu. [Iposedeni docniosicenms cnpu-
SMUMYMb 3MEHUEHHIO GIMOMHOI MIYHOCIME HECYUUX KOHCMPYKYIU BA2OHI8, CIBOPEHHIO 8I0-
NOGIOHUX HANPAYWIOBAHb U000 NPOEKMYBAHHS IHHOBAYILHUX KOHCIPYKYIL 8420HI8, a MAKOHC
NIOBUUIEHHIO eQheKMUBHOCIE eKCIITYamayii 3ai3HUYHO20 MPAHCNOPIY.

Kntouosi cnosa: mpancnopmua mexauika, 6aHMaiCHUll 8a20H, HeCyia KOHCMpPYK-
Yisl, OUHAMIYHA HABAHMANCEHICINb, MOOETIOBANHH OUHAMIKU.

'Lli ocimipKeHHs IPOBEJICH] B paMKax HAyKOBOI TEMH MOJIOANX BueHNX «[HHOBAL[iliHI 3aca/iii CTBOPEHHSI pecypco-
30epiraloyux KOHCTPYKTUBIB BaroHiB IIUISXOM ypaxXyBaHHS YTOUYHCHHX IMHAMIYHHX HaBaHTAKEHb Ta (yHKIIOHAIbHO-
aIanTUBHUX (IICHI-KOHLICTTIBY, IKa BUKOHYETHCS KOILITOM JIepKaBHOTO OromkeTy Ykpainu 3 2020 p.

© ®omin O.B., JloBcbka A.O., 2021
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Summary

Introduction. The transport sector is an integral part of the development of the
national economy. To ensure its smooth operation, special attention should be paid
to the technical security of the railway fleet. Therefore, it is important to implement
measures that will improve the operation of rolling stock. Purpose. Rationale for the
introduction of elastic elements in the load-bearing structures of freight cars to reduce
their dynamic load in operation. Results. To reduce the dynamic load of the main types
of freight cars in operation, it is proposed to introduce elastic elements in their load-
bearing structures. Due to the resistance of dry friction forces between the vertical parts
of the horizontal sheets, under which the elastic elements are placed, and the walls of
the U-shaped profile, the dynamic load of the load-bearing structures of cars is reduced.
Mathematical modeling was performed to substantiate the proposed solution. To do this,
a mathematical model is developed that takes into account the vertical movements of
cars moving in the empty state by the butt roughness. The solution of the mathematical
model is made in the MathCad software package. Research has been conducted on the
most common types of freight cars in operation: gondola car, platform car, covered
car. It is established that the proposed solutions allow to reduce the dynamic load
of the load-bearing structures of cars in comparison with prototype cars.: gondola —
35%, platform car — 15%, covered car — 20%. The movement of cars is assessed as
“excellent”. Conclusions. The conducted researches will promote reduction of fatigue
strength of bearing designs of cars, creation of corresponding developments concerning
designing of innovative designs of cars, and also increase of efficiency of operation of
railway transport.

Key words: transport mechanics, freight car, load-bearing structure, dynamic
loading, dynamics modeling.

IMocranoBka mpodiemu. 3ade3nedeHHs] ePEKTUBHOI eKCIUTyaralii TpaHCHOPTHOI
ragysi MOXJIMBE 32 YMOBM HaAiiHOI Ta 37arofeHoi eKciuTyaramii oKkpeMux ii cKiaji-
HUKIB. Bizomo, 110 3ami3HUYHMIA TPAaHCHIOPT € OAHIEI0 3 KIIOYOBUX CKIIAJ0BHX YaCTHH
TPaHCHOPTHOI ramy3i. st yTpuMaHHS NiAepChbKUX MO3ULIH 3a1i3HUYHOTO TPAHCIIOPTY
Ba)XJIMBHUM € BITPOBAUKECHHS B EKCIUTyaTallil0 IHHOBALIHOTO PYyXOMOTO CKJIay.

JociimkeHHs CTaTUCTUYHUX JaHUX MOLIKOKEHb BAaroHiB 332 OCTaHHI POKU IAIOTh
3MOTy 3pOOHMTH BHUCHOBOK, II0 OJHHMM i3 HaHOUIBII MOLIKOMKYBAaHUX BY3JiB € HECYdi
KOHCTPYKUii BaroHis. Lle 3yMOBIEHO i€l0 HA HUX 3HAYHUX TUHAMIYHUX HABAHTAKEHb,
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1[0 BUHUKAIOTh B eKcIutyarailii. [IepiomnyHicTh 1ii TAKMX HaBaHTaXXEHb CIPUSE 3MCH-
IICHHIO BTOMHOT MIIIHOCTi HECYyYHX KOHCTPYKIIii BaroHiB, a OTKe, HE0OX1THOCTI ITPoBe-
JICHHSI TI03aINIAHOBUX BUJIIB PEMOHTY 200 BHUKJIIOYCHHS BarOHiB 3 iIHBEHTApHOTO MapKY.
VY 3B’s3Ky 3 IIIM BUHUKA€ HEOOX1IHICTh BIPOBAJIUTH 3aX0H OO0 3MEHIICHHS JUHA-
MIYHOT HAaBaHTa)KEHOCTI HECYYUX KOHCTPYKIIIH BaroHiB B €KCILTyarTalfii.

AHaJji3 ocTaHHIX AocTimkeHb i my6Jaikaniil. Bu3HaueHHs cTaTMYHOI MIIIHOCTI
Hecy4ol KOHCTPYKIii BaroHa cepii Zans BHCBITIIIOETBCs B poboti [1]. Po3paxyHok
3IifiCHEHHI 32 METOIOM CKiHYEHHX eneMeHTIiB y mporpami CosmosWorks. Otpumani
Pe3yNIbTaTH CHPUSTHMYTh CTBOPEHHIO OUIBII ONTUMATBHUX KOHCTPYKIIiK BaroHiB.

JocmipkeHHsT MIIIHOCTI €JIEMEHTIB PyXOMOTO CKJIa/ly Ha MPHUKIIAIi XpeOTOBHX 0aIOK
MPOBOAUTECS B poboTi [2]. HaBeneHuit mpukiax BUKOPUCTAHHS 3aPONIOHOBAHOTO ITijI-
XOJy 3aCBITYMB HOTO Mpale3aTHICTh Ta €(DEKTUBHICTh, @ TAKOXK MPABUJIBHICTD CIIPAMY-
BaHHS BIJMIOBITHUX HAyKOBO-IOCIIAHUX POOIT.

OnHak 3ax0/liB 100 3MEHINICHHS TUHAMIYHOI HABAHTA)KCHOCTI paMH BaroHa ILis-
XOM 3aCTOCYBaHHS PUHIINIIB MYTETH(YHKIIOHATBHOCTI 11 €IEMEHTIB y X poboTax
HE 3arpONOHOBaHO.

BusiBieHHS IpUYMH BUHUKHEHHS TPIIIUH y HECYYill KOHCTPYKIIi paMH BaroHa rpo-
BOJUTHCS B poOOTI [3], Ie ONMKMCY€ETHCSI METO/IONIOTIS, SIKa BUKOPUCTOBYETHCS JJISI BUSIB-
JICHHSI TPUYMH BUHUKHEHHS TPIIIMH MOOIU3Y 3BapIOBAIbHOTO 3’ €qHaHHs. Po3paxyHoK
MPOBEJICHUH CTOCOBHO paMH BaroHa Tty Sgmns. OnHak aBTopH 1i€l poOOTH 00OMex-
WIIHCS BUSIBJICHHSIM TIPUYUH BUHUKHEHHS TPIIIMH, a 3aXO/iB LIONO iX MOMepeKeHHS
B HECYYMX KOHCTPYKI[SIX IUISXOM BUKOPHCTAaHHS MYJIBTUMATEPIalIbHOTO MiAXOMy HE
3aIpOIIOHYBAJIH.

VY poboti [4] BHCBITIIIOIOTECS OCOOIMBOCTI MPOEKTYBAHHS, aHAJI3y Ta MPOEKTHOL
PO3pOOKH 3aTI3HUYHUX BArOHIB HOBOIO MTOKOJIHHS. J{OCIIIXKeHHS TPOBEACHI Jtst [Hiii-
cbKol 3ami3Humi. [Ipn nbOMy BHUKOPHCTaHI MiXHAPOJHI CTaHJIAPTH JJIsl PI3HUX YMOB
3aBaHTaXCHHS, JOTPUMAHHS ONTHMANBHUX Ta0bapuTiB BaroHiB tomo. OQHAK y Mpo-
LIeCi MPOEKTYBAHHSI IIUX KOHCTPYKIIiIH BArOHIB HE BPaXOBAHO 3aXOIB MO0 3MCHIIICHHS
BTOMHOT MIITHOCTi TIPH €KCILTyaTaliiHIX peKUMax HaBAHTAXKCHHSI.

OcoOJIMBOCTI BIOCKOHAJNEHHST HECYy4Oi KOHCTPYKII BAHTa)KHOTO BaroHa MIISXOM
BUKOPHCTAHHS aJIIOMIHIEBUX TaHENeH MPOBOAMTHCS B poloTi [5]. XapakTepucTUdHA
(yHKIIIS TIOIIYKY ONTUMAIbHOT KOMOIHAIT BU3HAUCHA MAKCUMAIbHUMH HAIPYKCHHIMHU
Ta 3MmimeHHsIMA. OHaK y poOOoTi He 3a3Ha4Y€HO, SIKUM YMHOM 3MEHIIYEThCS TMHAMIYHA
HaBaHTAXKEHICTh BarOHa 3 YpaxyBaHHSM BUKOPUCTAHHS 3allPOITOHOBAHUX TTAHEICH.

3axonu 11010 3MEHIIICHHS TUHAMIYHOT HABAHTAXKEHOCTI HECYUYHX KOHCTPYKIIii Baro-
HIiB MIpU KOMOIHOBaHUX IEPEBE3CHHIX 3alpONOHOBaHi B poborax [6; 7]. [Ipu npomy
MPOTIOHYETHCST BUKOPUCTAHHS MPYKHHUX, @ TAKOXK B’ S3KHX 3B’S3KIB MIXK OJMHHUISIMH
TPAaHCIOPTHHUX 3ac00iB KOMOiIHOBaHUX TepeBe3eHb. OHAK BIPOBAKCHHS MPYKHUX,
a TAKOX B’SI3KHX 3B’SI3KIB y HECYUi KOHCTPYKIIi BaroHiB JiIsi 3MEHIICHHS iX JUHAMIYHOT
HABaHTA)XEHOCTI B 3a3HaYE€HUX poOOTaX HE MPOBOAUTHCS.

Ha mincraBi ananizy mitepaTypHux pkepen [1—7] MoxxHa 3poOUTH BHCHOBOK, IIIO
JI0CI TMTAaHHSM 3MEHIICHHS IMHAMIYHOT HABAaHTa)XEHOCTI HECYYHX KOHCTPYKIIiil BaH-
Ta)KHUX BAaroHIiB [ITXOM BIPOBA/KCHHS MPYKUHHHUX €JIEMEHTIB Y HUX HE BUCBITIIIO-
Bajucs. lle BUKIIMKae HEOOXIMHICTh MPOBEACHHS BIAMOBIAHUX TOCIIPKEHb Y LIBOMY
HarpsMi.
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@DopMyJIIOBAHHS MeTH CTaTrTi. MeToro CTarTi € OOTpYHTYyBaHHS BIIPOBAKEHHS
MIPYKHUX €JIEMEHTIB Y HeCyYi KOHCTPYKIIii BaHT@KHUX BaroHiB IS 3MEHIIICHHS iX
JIMHAMIYHOT HABAHTKEHOCTI B eKCIUTyartaitii. J[7st JocsaTHeHHs 3a3Ha4eHOl METH BU3HA-
YeHi Taki 3aBIaHHs:

1) 3ampomnoHyBaTH KOHIIENTH OCHOBHUX HECYJIHX €IEMEHTIB Ky30BiB (paM) BaHTaX-
HHMX BaroHis;

2) MPOBECTH MaTeMaTHIHE MOJIEITIOBAHHS MWHAMIYHOI HABAaHTAXCHOCTI BaroHIB
3 ypaxyBaHHSIM 3alPOTIOHOBAHUX 3aXO0IIB;

3) mpoanaiizyBaTH pe3yabTaTH BU3HAYCHHS JMHAMITHOI HAaBaHTa)KEHOCTI BaroHiB i3
NPYKHAMH €JIEMEHTAMH B HECYUUX KOHCTPYKITISIX.

O06’€KTOM AOCIIHKCHHS € HECyJi KOHCTPYKITI BAHTQKHHUX BaroHiB.

IIpeameT mocmimkeHHS — AMHAMIYHA HABAHTAXKEHICTh HECYIMX KOHCTPYKINA BaH-
TKHUX BaroHiB.

Bukiang ocHOBHOTO MaTepiaJry. 3 METOIO 3MEHIIIEHHS TMHAMIYHOT HABAHTAXKCHOCTI
HECYYHX KOHCTPYKIIii BaroHiB Ta MiIBUIICHHS BTOMHOT MIITHOCTI ITPH €KCITTyaTaIliiHuX
peXuMax TPOMOHYETHCS BIPOBAHKCHHS B HAWOITBIN HABAaHTAXEHI €JIEMEHTH iX pam
MIPYKHUX 3B’ s13KiB. [1iIBUIIIEHHS BTOMHOT MIITHOCTI 3[{IHCHIOETHCS TIUITXOM 3MEHITICHHS
MUHAMIYHOI HaBaHTAKEHOCTI OCHOBHHMX HECYUYHX €JIEMEHTIB paM 3a paxyHOK OIopy
CHII CyXOTO TePTS MiXK BEPTUKATLHIMHU YaCTUHAMHU FTOPH30HTAIILHHUX JIUCTIB, 1T SIKUMA
PO3MIMIYIOTHECS TIPYXKHI €lIeMEHTH, Ta CTiHOK [I-momibHoro mpodimro. JlocmimKkeHHs
MPOBEIeHI CTOCOBHO HaIliBBaroHa, BaroHa-muratyopMu Ta KpuToro Barona (puc. 1).

o

LU

S

o Q‘%\\:‘"

i

o
T

]
]
]
f

o

\
R

™
e

|
X 0
PR

1
\:\\.'\.

T
)
0)

Puc. 1. Posmiugenns npyscuux eiemenmis 8 OCHOBHUX HeCYHUx eleMeHmax 6a2onia.

a) xpebmosa banka Hanigeacona, 6) noe3008uCHs OAIKA 006200431020 8A20HA-
naamgopmu, 8) xpebmosa daIKa KpUmMoz2o 8a2oHa

. .
/u

S

2

Sx mporoTunu BUOpaHWH HamiBBaroH moxeni 12-757, BaroH-turardopma Moei
13-7024, a Takox KpuTHii Barod mozaeini 11-217 (puc. 2).

PosMimmenHs npy>KHUX €JIEMEHTIB Y HECYINX KOHCTPYKITISX 3a3HAYCHUX THITIB Baro-
HIB HaBEIIEHO Ha pHC. 3.

[Ipu pOMY BpaxOBaHO, II0 BarOHH PYXalOThCSA B TMOPOXXHBOMY CTaHI CTHKOBOIO
HepiBHICTIO. JloCITiIKSHHS TIPOBEACH] B IUIOCKIi CHCTEMi KOOpIMHAT.

PiBHSHHS pyXy, SIKi ONMHUCYIOTH MEPEMIMIECHHS HECYINMX KOHCTPYKIIiii BaroHiB, TIpH
[BOMY MarOTh BUIJISII:
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Puc. 2. Jlocriosicysani munu 6aHmasicHux a2oHie:
a) naniesazon,; 6) 6acon-niam@opma, 8) Kpumuil 6a20H

6)

Puc. 3. Ilpocmopogi moOeni 6aHMANCHUX 8A2OHIG 3 NPYICHUMU eleMEHMAMU
6 HeCyuux KOHCMPYKYIAX: @) Hanieeazom, 6) 6a20H-naam@opma,; 6) Kpumuii 8a20H
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M1 ql +C1,1'Q1 +C1,z g, +C1,3 g,

=-F, -(sign(é.‘l)ﬂLsign(é.‘z)), )]

Mz qz +C2,1'Q1 +C2,2 q, +B2,2 'qz =

=F,, -sign(8, ) +k(n, +n,)+ B(n, +1,). @)

M3 qs +C3,1'q1 +C3,3 g, +B3,3 'q.3 =

=F,,-sign(8, )+ k(n, +n,)+ B, +1,). 3)

ne M, — inepuiiini KOe(iLiEHTH €JIEMEHTIB KOJMBAIbHOI CHCTEMH (Ky30B BaroHa
Ta JBi XOOBi YaCTHUHN); C,— XapakTepucTHKa MPYKHOCTI €JIEMEHTIB KOJIMBaJIbHOI
cucremu; B, — (yHKIiA pO3CirOBaHHs; a — IOJ0BMHA 0asH Bi3Ka; ¢, — y3arajbHeHi
KOOpIWHATH, IO BiANOBiAAaIOTh MOCTYNAJIBHOMY MEPEMIIICHHIO BiJHOCHO BEpTH-
KaJIbHO{ OCi, BiINIOB1IHO, Ky30Ba BaroHa, NepIIoro Ta APyroro Bi3ka; k — >KOPCTKICTh
Konii; f — koedimienT nemndipysanus; F,, — cuiaa abCONOTHOTO TEPTS B PECOp-
HOMY KOMILIEKTI; J, — aedopmalii IpyKHUX €IEMEHTIB PECOPHOTO Ii/BIIIYBaHHS;
n(t) — HepiBHOCTI KOii.

st oOrpyHTYBaHHS 3alIPOIIOHOBAHOTO PIiLlICHHS IPOBEIEHO MaTEMaTUYHE MOJEITIO-
BaHHA. Po3paxyHkoBa cxema HaBeeHa Ha puc. 4.

M,

n4(1) 3(t | 1n2(t) 1n:1(t)

Puc. 4. Po3paxynkosa cxema 6anmaicHo20 80a20HA
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3B’s130K Ky30Ba 3 XO/I0BOIO YACTHHOIO OITMCYBABCSI SIK TIOCITiIOBHE MPYKHE 3’ € THAHHS:
C= kb'(kT+kT) (4)
k, +(k, +k;)

CrukoBa HEpiBHICTh ONMCYBajacs nepiognyHo0 QyHKIiero [8]:

n(t)z%(l—coswt), &)

ne i — MOuHA HepiBHOCTI; (@ — YacTOoTa KOJMBAHb, SIKa BU3HAYAETHCA 32 (POPMYIIOI0
w=27V/L (V — mBUAKICTb pyXy BaroHa, L — TOBXXHUHA HEPIBHOCTI).

Po3B’s30k audepeHiaTbHIX PIBHSIHD PYXy 3HIACHEHHH Yy MPOTPaMHOMY KOMILTEKCI
MathCad [9—-11]. IlouaTkoBi niepeMilieHHs Ta MIBUIKOCTI IPHAHATI piBHUMH HyIro [12; 13]

0
0
0
Yo=| . (6)
0
0
Po3B’s130K Mozieni B mporpamuHoMy KoMimiekci MathCad Bu3HauaBcsl y BUTTISIL
_ v _
Vs
Ve
—Frp '(Sig”(81 ) + Sig”(sz )) —Coyn=Co»n=Cyy
Flt,y) = M, L)
Frp 'Sig”(31)+k(ﬂ1 +n2)+B(ﬁ1 +ﬁ2)_C2,1'y1 —Co =By, s
M,
Fip -Sign(82)+k(n3 +n4)+B(ﬁ3 +T']4)—C3,1-y1 =G5y = B35 Y
M,

Z =rkfixed(YO0, tn, tk, n, F).

ITpu upomy N=4),=4 Vs =43, Vs =q2, Vs z%’ Ye 243~

Pesynbrati po3paxyHKy HaBe/eHi Ha puc. 5—7.

MakcrumanbHe BEpTHKaJIbHE NPHCKOPEHHS Ky30Ba HAIIBBaroHa B MOPOXXHBOMY
craHi ctanoBuTh Omu3bko 1,8 m/c? (0,18 g). Xix BaroHa OI[iHIOETHCS K «BIAMIHHUID
[14; 15]. IIpu upoMy BUKOPUCTAHHS XpeOTOBOI OalKu 3 MPY>KHUMH €IIeMEHTaMH JIa€
3MOTY 3MEHIINTH TUHAMIYHY HaBaHTA)XECHICTh HaIliBBarOHA IMOPIBHSIHO 3 BATOHOM-IIPO-
TOTUIIOM Mailke Ha 35%.
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Puc. 5. Ilpuckopenns necy4oi KoncmpyKyii Hanieeazoxa 8 yeHmpi mac

2,0
NO
2 10
]
i 0 | | | | |
% KR-\ \\ \ - k\\‘\
E-1,0
=
-20 t, .

Puc. 6. IIpuckopenns necyuoi koncmpykyii eazona-niamgopmu 6 yenmpi mac

MakcumManbHe BepTHKaJIbHE IPUCKOPEHHS HECY40i KOHCTPYKIT BaroHa-1uiarhopMu
B TIOPOXXHBOMY CTaHi cTaHOBHUTH Onu3bKo 2,0 M/c? (0,2 g). 3 ypaxyBaHHSAM 3aIporio-
HOBAHOTO PIIIEHHS CTAa€ MOKJIMBUM 3HU3HUTH BEPTUKAJIbHI IPUCKOPEHHS, SK1 MIIOTh Ha
Hecy4y KOHCTPYKLit0 BaroHa-margopmu Ha 15% MopiBHAHO 3 BArOHOM-IIPOTOTHUIIOM.
Xi BaroHa OLIHIOETHCS SIK «BIAMIHHHI».

2,0
NO

; N

: i | z |
S 1N 11 O 1 R ] O 1
& 10 |
-2,0

t,c

Puc. 7. Ilpuckopenns necyuoi Kpumoeo 6azona 6 yenmpi mac
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MakcuMmanbHe BepTHKaJIbHE MPUCKOPEHHS HeCy4doi KOHCTPYKIN KPUTOTO BaroHa
B MMOPOKHBOMY CTaHi CTaHOBUTH Onu3bko 1,57 m/c? (0,16 g). 3 ypaxyBaHHIM 3aIpo-
MMOHOBAHOTO PIMICHHS CTAE MOXKJIIMBUM 3HWU3WUTH BEPTHKaJIbHI MPUCKOPECHHS, SIKi JIIOTh
Ha HECy4y KOHCTPYKIIIF0 KpUTOro BaroHa maiixke Ha 20%. Xim BaroHa OILIHIOETHCS SIK
«BIAMIHHUI.

OTxe, BIPOBaIXKEHHS MPYKHUX €JIEMEHTIB B HECY4i KOHCTPYKIIii BAHTaKHUX Baro-
HiB CIIpHUsi€ 3MEHIICHHIO X IMHAMIYHOT HaBaHTakeHOCTi Ha 20—35% TOPiBHSHO 3 THITO-
BHMH KOHCTPYKIIISIMU BaroHie (puc. 8).

N 3 -
= 0
= 2.5 35% 15%
w
T
5 2
&
2 1,5
)
=1
0,5
0
Haniaron = Baron-mnargopma Kpuruii Baron
# TUIIOBA KOHCTPYKIIis # yOCKOHAJIEHa KOHCTPYKLIiS

Puc. 8. Ilopieuanvnuii ananiz npuckopeHns Hecyuux KOHCMpPYKYiil 6a20HI6

Le cipusTMe 3MEHIIEHHIO BTOMHOI MIITHOCTI HECYYMX KOHCTPYKIIii BarOHIB, TTOJ0-
BXEHHIO CTPOKY X eKCILTyaTailii, SMEHIIIEHHIO BUTPAT Ha MO3aIJIaHOBI BUM PEMOHTIB,
a TaKoXX CTBOPEHHIO BiJIIIOBIIHWX HAaIpaIfoBaHb MO0 MPOEKTYBAaHHS iHHOBAIIHHAX
KOHCTPYKIII PyXOMOTO CKJIaJy.

BucHoBKH. 3a1TpOIOHOBaHO KOHIIETITH OCHOBHUX HECYYHX €JIEMEHTIB Ky30BiB (pam)
BaHTA)XHHUX BaroHiB. J{J1si 3SMEHIIIEHHA TMHAMIYHOT HABAHTAKEHOCTI HECYYHX KOHCTPYK-
il BaroHiB Ta ITiIBUIIICHHS BTOMHOI MIITHOCTI IPH €KCIUTyaTalifHAX PeKUMaX MPOTo-
HY€ETHCS BIPOBA/KCHHS B HAMOIBII HABAaHTAXKEHI €IEMEHTH 1X paM NPY>KHUX 3B’ SI3KiB.

[IpoBeneno MareMaTwdHE MOJIENIOBAHHS TUHAMIYHOI HABAaHTaXXCHOCTI BaroHiB
3 ypaxyBaHHSM 3allpONOHOBAHHX 3aX0/iB. JloCiiKeHHS 3/1iliCHEH] 32 yMOBH PyXy Baro-
HIB y TIOPOKHBOMY CTaHi CTUKOBOIO HEPiBHICTIO. BCcTaHOBJIEHO, 110 MaKCUMAaIIbHE BEP-
TUKaJIbHE MPUCKOPEHHS Ky30Ba HAIlIBBarOHA y MOPOKHEOMY CTaHI CTAHOBUTH OJHM3BHKO
1,8 m/c? (0,18 g), Barona-ruiarpopmu — 6mm3bko 2,0 m/c? (0,2 g), KpUTOro BaroHa —
ounusbko 1,57 m/c?.

[IpoananizoBaHo pe3ynbTaTH BU3HAYCHHS JAMHAMIYHOI HaBaHTa)KEHOCTI Baro-
HIiB 13 IPYy)KHUMH €JIEMEHTaMHU B HECYyYHX KOHCTPYKIisfX. Buxopucranus xpedToBoi
0aJIKu 3 MPYKHUMHU €JIEeMEHTaMH JIa€ 3MOTy 3MEHIIUTH AMHAMIYHY HaBaHTAXECHICTh
HaliBBaroHa MOPIBHSHO 3 BaroHOM-NPOTOTHUIOM Maiixe Ha 35%. BupoBamxeHHS
MIPY>XKHUX €JIIEMEHTIB y HECydy KOHCTPYKIIiF0 BaroHa-1iar(opMu gae 3MOTy 3HU3UTH
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BEpTUKaJbHI MPUCKOPEHHS, SIKi JiI0Th Ha Hel Ha 15% mopiBHSAHO 3 BarOHOM-TIPOTO-
TUTIOM. BUKOpHCTaHHS MPYKHUX €JIEMEHTIB Y HEeCy4ill KOHCTPYKIIT KPUTOTO BaroHa
JIO3BOJISIE 3MEHIIIUTH BEPTUKAIbHI IPUCKOPEHHS, SIKi JIIFOTh Ha HECy4y KOHCTPYKIIiO
BaroHa Maiixe Ha 20%.

[Mpn mojanmpmIMX JOCHIIPKEHHAX MHUTaHb BIPOBA/KCHHS MPYKHUX €JIEMEHTIB

y HeCcy4Yi KOHCTPYKIil BAHTa)XKHHX BaroHiB Ba)KIIMBUM € BU3HAYCHHS iXHHOT BTOMHOI
MIITHOCTI, a TaKOX MPOBEJCHHS EKCIIEPUMEHTAIBHUX NOCIipKeHb, OTpUMaHi pe3yiib-
TaTH CIPUATHMYTh CTBOPEHHIO IHHOBAIIMHUX KOHCTPYKIIH PYXOMOTO CKJIaJTy, @ TAKOK
MIiJBUINECHHIO ¢()eKTUBHOCTI €KCIUTyaTallil 3a1i3HUYHOTO TPAHCIIOPTY.
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Anomauisn

Bemyn. Heoonikom npedcmagienus iHOUKAMOPpHUX oiazpam y cucmemax MoHimo-
PUH2Y CMaHy 08UcyHi6 € NOOAHHA iX 3a 0onomoeor cnaavuis. Cmpykmypa noaiHomis,
AKUMU ONUCYIOMBCA JIAHKU CNILALIHIB, He 8I00UBAE 3aKOHOMIPHOCIEl MEPMOOUHAMIKY,
MexauiKu, XiMiuHoi KiHemuKu ma menionepeoadi, 3a AKumu 8i00y8aromuvcs 8i0nosio-
Hi npoyecu nio uac pobouoeo yuxay osueyna. Mema. Mema pobomu — 00rpynmysa-
muy CMpYKmypy GHATIMUYHO20 ONUCY THOUKAMOPHOL diaepamu 018 Manoooepmoso2o
ouzenvrozo osucyna (MOJ]) Ha ocho6i Kyckoso-HenepepsHux (yHKyill, po3pooumu
aneopuUmMM anpoxcuMayii IHOUKAmopHoi diaepamu KyCKo8o-HenepepaHoio (yHKYieo 3a
donomozoro incmpymenmie naxema DirectSearch. Pezynomamu. 31axo0oicents wucio-
BUX 3HAYEHb NAPAMEMPIE ANPOKCUMYIOUOT PYHKYIT 30TUCHIOEMbC WTSXOM PO38 S3AHHS
3a0ayi HeniHIUHOI YMOBHOI onmumizayii 3a 00NOMO200 Memoody CHNPSICEHUX HANPS-
Mig 3 opmozoHanvHum 3cygom. ObpobKa mecmosux exCnepumMeHmatbHUX 3a1eHCHOC-
metl NOKA3ANA MONCIUBICMb 3HAXOOHCEHHS 34 [HOUKAMOPHOIO 0iazpamor0 NOKA3HUKIE
Qizuunux ma ximivnux npoyecie pobouo2o yuxay ogueyua (na npuxiadi MO/]) i3 3a0o-
8i1bHOI0 Mmoynicmio. Bucnoexu. Anpoxcumayis inouxamopuux oiacpam KyCcKogo-Hene-
pepsHuMU PYHKYIAMU, 00 CKAAOY AKUX 6X00amb (DYHKYIL, wjo maioms Qisuunull ma
XiMIYHUU 3MiCT, 0A€ 3MO2Y NPOBOOUMU MEOPEeMUYHULL AHANI3 IKOCMI POOOYUX YUKTIE
08U2YHIB. 3aNponoHO8any 015l AanpOKCUMAayii IHOUKAMopHOI diazpamu yHKYII0 MOICHA
po32nA0amu K HANIGIOKATbHULL ANpOKCUMYIOUULL CIIALH, JIAHKU AKO20 MArOmb 21ao-
kicmo cmuxyeanns nopaoxy C,. Ii okpemi nanxu onucyromvcs ninitinumu Qynkyismi,
noaimponuumu QyHKyiamu, Qynxyicio, aka € mMoou@pikosanoio noxionoio 6io Qynkyii
Bibe, ¢ynxyiero, wo modenioe sumik 2asy 3 peseps8yapa 8 KpumuuHomy pesxcumi. Ilep-
CNeKmuBU nO0AIbLUUX 00CTIONCeHb NO8 SI3AHT 3 NIOBUWEHHAM MOYHOCE ANpOKCUMAyii
30 pAXyHOK 30i1blenHs KITbKOCMI IAHOK KYCKOBO-HenepepsHoi (yHKyil, wo 8ionoei-
0ae HAOAUIICEHHIO IHOUKAMOPHOT diazpamiu OiIbUIOTO KITbKICMIO NOTIMPONHUX KPUBUX.

© Binoycos €.B., Capuyk B.II., Tyayuenxo I'51., 2021
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L]e ceoeto uepeoio 3abe3neuye Oinbl A0eK8AMHUL ONUC THOUKAMOPHOT diazpamu Wiis-
XOM BUOLNEHHS IAHOK, HA AKUX MENIOEMHOCHE POOOYO20 MINA MOJNCHA 66AHCAMU CINA-
UMY aDO MAKUMU, WO 3MIHIOIOMbCA 34 NOTTHOMIATLHUMU 3A71eHCHOCHAMU.

Knrouosi cnosa: inouxamopna diazpama, nonimponti kpuei, ¢pynxyis Bibe, anpok-
cumayis.

ANALYTICAL DESCRIPTION OF INDICATOR DIAGRAMS
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Summary

Introduction. The disadvantage of presenting indicator diagrams in engine condition
monitoring systems is their representation using splines. The structure of polynomials,
which describe the links of splines, does not reflect the laws of thermodynamics,
mechanics, chemical kinetics and heat transfer, which are the corresponding processes
during the operating cycle of the engine. Purpose. To substantiate the structure of
the analytical description of the indicator diagram for a two-stroke diesel engine on
the basis of piecewise continuous functions. Develop an algorithm for approximating
the indicator diagram with a piecewise continuous function using the tools of the
DirectSearch package. Results. Finding the numerical values of the parameters of the
approximating function is carried out by solving the problem of nonlinear conditional
optimization using the method of conjugate directions with orthogonal shift. Processing
of test experimental dependences has shown the possibility of finding the indicators
of physical and chemical processes of the engine cycle (on the example of a two-
stroke diesel engine) with satisfactory accuracy according to the indicator diagram.
Conclusions. Approximation of indicator diagrams by piecewise continuous functions,
which include functions with physical and chemical content, allows for theoretical
analysis of the quality of engine cycles. The function proposed for the approximation
of the indicator diagram can be considered as a semi-local approximating spline,
the links of which have a smooth connection of the order of C,. Its individual links
are described by linear functions, polytropic functions, a function that is a modified
derivative of the Vibe function, a function that simulates gas leakage from the tank in
the critical mode. Prospects for further research are related to increasing the accuracy
of the approximation by increasing the number of units of the piecewise function, which
corresponds to the approximation of the indicator diagram with a larger number of
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polytropic curves. This, in turn, provides a more adequate description of the indicator
chart by highlighting the links on which the heat capacity of the working fluid can be
considered constant or varying in polynomial dependences.

Key words: indicator diagram, polytropic curves, Vibe function, approximation.

Beryn. [HoukatopHa jiarpamMa HaoO4YHO BiZJOOpaka€ OCHOBHI XapaKTEPHCTHKH
poboyoro nukiay ABWryHa. Bisyamizaliis iHIMKaTOpHUX diarpaM rnepeadadeHa B ycix
CY4YacHHX CUCTEMax JiarHOCTHKH JIBUTYHIB BHYTPILIHBOTO 3TOPSIHHS (30KpeMa, JBU-
ryHIB MOpchKuX cyaeH) [1; 10; 12; 18; 20]. Hampuxmaz, y cucremax J1iarHOCTYBaHHS:
EMOS ta Technical Diagnostic Laboratory [11], y criemianizoBaHOMY MakeTi porpam
AVL FIRE Bin xomnanii AVL (Advanced Simulation Technologies) [22; 25], B mpo-
rpamaomy moayai WPREMET, skuii mocradaerscsi pa3oM CHCTEMOK) ONTHMi3arlil
BropckyBauHs nammBa LEMAG PREMET® C [19]. [lo cknaxy mporpaMHOro 3ade3iie-
yeHHst Mopchkoro cumyiisatop Unitest Bxonuth Diesel Engine Tester, sikuii Takox BUKO-
HYe€ Bi3yai3alito iHIuKaTopHux niarpam [11; 24].

IMocTranoBka npo6aemu. CiTbHAM HEJIOTIKOM NPE/ICTaBICHHS 1HAUKATOPHUX Jlia-
rpaMm y IIHX CHCTeMax € IMOJaHHs iX 3a JAONoMororo cruraiiHiB. ®@opma rpadiky iHIM-
KaTOpHOI JliarpaMy BH3HAUAETLCSl B PE3YNIBTATI B3a€EMOJIIl Oararbox 3aKOHOMipHOCTEH
TEPMOJIMHAMIKH, MEXaHIKH, XIMIUHOI KIHETHUKH, Temonepeaadi [3]. Ane koedimieHTn
MOJIIHOMIB, 110 BUKOPUCTOBYIOTHCS JIJISl ONKCY JIAHOK CIUIAiHIB, HE HECYTh iHQopMaIii
PO XapaKTEPUCTUKU MPOLECIB CTHCKYBAaHHS, PO3IIMPEHHS, 3TOPSAHHS, TEIUIOOOMIHY,
SIKi BIZIOYBArOTHCS MiJl 9ac poO0YOro NUKITY JABHIYHA. TOMY TEOpPETHYHE JOCIHIPKEHHS
BILUIMBY OKpeMHX (DaKTOpiB Ha MOKA3HUKH POOOYOro MMKIY Ha MiJCTaBi CILIaHOBOT
IHTEPIOJIALIT IHAMKATOPHOI AiarpaMu HE BUSBJISIETHCS MOYKIIMBHM.

Otxe, akTyaJbHUM € JIOCHIKEHHST MOMKIIMBOCTEH aHATITHYHOTO ONKCY 1HJMKATOPHOT
Jiarpamu 3a JIOTIOMOT'OI0 PIBHSIHB CKJIaJICHHX KPUBHX, JIAHKU SIKUX BIANOBIIAIOTH (pazam
pobodoro nmukity auryna. CTpyKTypa IUX piBHSHB Ma€ BiIOWBATH 3ralyBaHi BUIIE 3aK0-
HOMIPHOCTI TEpPMOJIMHAMIKH, MEXaHIKH, XIMi9HOI KIHETHKH Ta TeTuIoTepe/Iadi.

OCKUIBKY 111 PIBHSHHS € HEMIHIHHUMH 1 TAKOX Harepe]] HEBIZIOMUMU, € KOOPHHATH
TOYOK CTHKYBaHHS JJAHOK CKJIAZICHOI KPUBOI, 1110 allPOKCUMY€E EKCIIEpUMEHTANIbHY 1HAN-
KaTOpHY Jliarpamy, TOMY 3a/la4a BCTAaHOBJICHHS YHACJIOBHUX 3Ha4YEHb MTapaMeTpiB PiBHIHb
€ CKJIaJIHOIO 3aJlauero OararonapaMeTpruyHOl HeTiHiHHOT yMOBHOT onThMizaiii. @opmy-
BaHHS aJTOPUTMIB i PO3B’A3aHHS HA IMiJICTaBl BUKOPUCTAHHI MOXKIIMBOCTEH CydacCHHX
CHCTEM KOMIT IOTEpHOI MaTeMaTHKHN Ma€ BEeJINKE MPUKIIaTHE 3HAYCHHS.

AHaJi3 ocTaHHIX AocTifKeHb 1 myGaikaniii. JIiHil cTucKyBaHHS Ta PO3MIMPEHHS
IHAMKATOPHOI liarpaMu HaHO1IbIII 4aCTO MOJIEIIOIOTh 3a JJOITOMOI'0I0 PIBHSIHB IOIITPOII
31 cTanuMu MOKa3HUKaMH cremneHiB [3, c. 92-93]. Hanpukman, momitpona CTHCHEHHS
OIUCYETHCS PIBHIHHSIM:

Ncomp

pla)=p,| —* ; )

ae p, — THCK poOOYOro Tijia Ha IMOYATKy NPOIECY CTHCHEHHSA; L, — IHTOMHH
06’eM poOOYOro Tisia B TOW K€ MOMEHT Yacy; 7, — CTaJUd IOKA3HHUK MONITPOIH;
p(a) Ta v(0) —NOTOYHI 3HAYCHHS THCKY Ta IATOMOTO 06’ €My POGOYOTO Tilla 3aJIeKHO
BiJl KyTa IIOBOPOTY KOJIIHYAaCTOIO BaJly.
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Cranuii moka3zHHWK cTyrneHst nofitpornu (1) € CyTTEBHM CHpOLICHHSM peasbHOi
3aJIS)KHOCTI TUCKY BiJl MUTOMOTO 00’€My poOO4YO0ro Tijia. 3aKOH 3MIiHU MOKa3HUKA CTY-
MICHS TIOJIITPOIU CTHCHEHHS (200 pO3IIUpPEHHS) B KOXKHOMY BHITJIKy MOXe OyTH BCTa-
HOBJICHWUH EKCIIEPHUMEHTAIBHO. Y JTepaTypi 3yCTpidaeThCsl y3aralbHEHHS (OpMYIH
(1) B 1BOX HampsMax. Y poOoTi [23] BUKOPUCTOBYETHCS TOJIITPOIA 3 TOKA3HHKOM CTY-
TICHS, SIKUI BUPAXKAETHCS MOJTIHOMOM TPETHOTO CTETICHSI.

Y po6oTi [6] 3amporoOHOBAHO BiIKPUTY IHIMKATOPHY AiarpaMy poOOYOro IHKIY
neuryHa Cripiiara po30uBaTy Ha 8 TUISTHOK, Ha KOXKHIH 3 SKUX JUTS allpOKCHMAITi1 BUKO-
PHUCTOBYBaTH IMOJITPOIHY 3aJISKHICTh 31 CTaJMMHU MOKa3HUKAMH CTeNeHiB. BiqHocHa
NoxuOKa HaOMKEHHS eKCIEPUMEHTAILHOI 1HJUKATOPHOI JAiarpam, sika JOCHiJKY-
€Tbesl B po0oTi [6], cTanoBHUTH 2,0%. ApOKCHMAITis Ti€l K 3aJIeKHOCTI 32 JIOTTIOMOTOI0
IIECTH MOCIIIJOBHUX MOJIITPOIT HiABUIIY€E TOXHOKY 110 3,3%.

BrnacHe niporiec 3ropsiHHS TaJTMBa MOJICIIOETHCS 3a ToroMororo GyHkii Bide [13].
VY pobori [17] ans MonentoBaHHsI MPOLECY 3rOPSHHS MAIWBa B JU3EIBHOMY JIBUTYHI
BUKOPHUCTOBYETHCS TTO/BiliHA (yHK1is Bibe.

VY pobGori [15] mns MojentoBaHHS 3aJIe)KHOCTI TUCKY Ha JIHIT CTUCKYBaHHS BHUKO-
PHUCTOBY€EThCS PIBHSHHS TOJIITPONH 31 CTAJIUM MOKAa3HUKOM CTyreHs. THUCK y mepion
3TOpSIHHS MANNBa P, TPONOHYETHCS OMUCYBATH 3AJICKHICTIO:

pComh :(1_fWiehe).pC0mp +fWiebe ‘pExp’

A Pc,y, — THCK Ha JIHIT CTUCKYBaHHS; pp, — TUCK Ha JIHII PO3LIMPECHHS;
Jwiese — GyHKLIS BiGe.

Ha mymky aBropiB crarti [15], moOynoBana HUMH MOIENh J0OpPE Y3TOIKYETHCS
3 eKCIIEPUMEHTAIbHUMU JaHUMU. 3 TAKUM TBEPIKCHHSM BaXKKO [TOTOAUTHCSA, OCKITIBKH
Ha IUISHKaX, SKi BiANOBiAAalOTh MEpioAy BiIAKPUTOrO CTaHy BHUITyCKHHMX OpTraHiB, Bif-
HOCHA 1oxuOka HaOmkeHHs csrae 45%.

VY Benukiii yacTuHI OMyOIIKOBAaHUX POOIT Ma€ Miciie anpoKCHUMAIlisl TUTBKH OKPEeMOi
YaCTHHU iHIMKATOPHOI liarpamu, sika I[ikaBUTh gociingauka [21]. Y poboti [ 7] Bukopuc-
TOBYETHCA TIOJIHOMiaNbHA apOKCHMAIlisl OKPEeMHX MIJISTHOK IHAMKATOPHOI Aiarpamu.
VY po6oTi [2] 3anporOHOBAaHO ISl AUISIHKH 1HAMKATOPHOI AlarpaMH B OKOJIi BEpXHBOI
MEPTBOi TOYKH BHKOPHCTOBYBATH JIHIHHY ampOKCHMAIlil0, a MBUAKICTh 3MiHH THCKY
B OKOJII Ti€l ) TOYKH — alPOKCUMYBaTH CHHYCOIIaJIbHOIO 3aJICKHICTIO.

[Hma yactrHa myOnikariiid, Ha sIKi CTUPAEThCS TaHe JOCIiIKEHHS, CTOCYEThCS pea-
Ji3alii MEeTOIB HENMHIHHOT YMOBHOI ONTUMI3allii B CUCTEMaxX KOMII' FOTePHOI MaTema-
tuku (CKM).

ABTOpaMu I IPOBEIEHHS TOCTiKeHb BUKoprucToByBaitacss CKM Maple ta cymic-
HUH 13 HEK MaKeT crherialbkHoro npusHadeHHs DirectSearch. Ampokcumariisi ekcrie-
pPUMEHTaNBHUX 3alie)kHOCTeW HemiHiianMu (yskmisMu B CKM Maple 3milicHroeTbes
3a mormomororo koMaHau NLPSolve makery Optimization abo xomanmu NonlinearFit
nakety Statistics. MeToan yMOBHOI HENiHIHHOI ONTHMI3aLii, IKi BUKOPUCTOBYIOTHCS
MpU BUKOHAHHI X KOMaHJ, po3poOieHi ¢axiBusamu kommnanii Numerical Algorithms
Group (NAG). Ha3Bani meToau € iTepaliiiHIMU 3a CBOEIO MPUPOAOIO, 1 BAMAraroTh Bil
KOpHUCTyBada BHOOPY MOYaTKOBOI Touku. Cepes IUX METOMIB TLTBKH OTUH OpPi€HTOBA-
HUW Ha pO3B’sI3aHHS TOBUIFHUX HEMHIMHIX 3a7a49 ONTUMI3aIlii 3 00MekeHHIMH a0 6e3
HHUX — METOJ [IOCIIiT0BHOTO KBaPAaTUYHOIO IPOTrPaMyBaHHS.
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Maker DirectSearch 3’sBuBcst y 2011 p. Y HpOMY peanizoBaHHll YHiBepCaIbHUI
meton ontumizanii CDOS (Conjugate Direction with Orthogonal Shift). Merox Buko-
PHUCTOBYE CTIpsKEHI HAPSIMKHU Pa3oM 3 OPTOrOHAJIBHUM 3CyBOM [8].

Oyukuis DataFit makery DirectSearch npu3HadeHa uisi 3HaXOMKCHHS TApaMeTPiB
(GyHKIII1, 32 JOMOMOTOIO SIKOi BHKOHY€ETBCSI allPOKCHMAITisl EKCTIEPUMEHTAIbHUX JTaHUX
[8]. Anpokcumartiss Moxxe OyTH 37iMiCHEHA OJHUM i3 BOCBMH METOJIB, SIKi BIIpi3HsI-
FOThCS (PYHKIIISIMU JIJIS1 OI[IHKU TOYHOCTI BUKOHYBAHOTO HAOIYOKEHHS. J1J1s1 po3B’si3aHHs
BJIACHE 3aj[a4 MiHiMi3allii MOXUOKHK HaOJMKEeHHs 3acTOCOByeThes MeTox CDOS.

®opmyawBaHHs 1ineii crarri. Mera poboTn — 0OTpyHTYBaTH CTPYKTYpY aHai-
TUYHOTO ONHUCY iHAMKaTopHOi miarpamu st MOJl Ha OCHOBI KyCKOBO-HENIEPEPBHUX
(GyHKIIIH, pO3POOUTH ANTOPUTM AIPOKCUMAIlii 1HIUKATOPHOI JiarpaMu KyCcKOBO-HeIe-
pepBHOIO (YHKIII€IO 32 JOMOMOTOK0 IHCTPYMEHTIB makera DirectSearch.

Buxuiag ocHoBHoOro marepiany. [Ins ampokcHMariil iHIUKATOPHOI KPHUBOI KyCKOBO-
HETICPEPBHOIO (PYHKITIEO PO3i0°€MO BifPi30K 3MiHM KyTa MOBOPOTY KOJIHYACTOrO Bajly
aefay,; oy +27] Ha vacTHHM, SIKi BINOBIZAKOTH (pasaM POGOUOrO LKMKITY ABOTAKTHOIO
JIM3EIIBHOTO JIBUTYHA: O, — KYyT IT0YaTKy MOHITOPUHTY THCKY; O, — KYT 3aKPHUTTS BUILYCKHOTO
KJIaliaHa; oL, — KyT [0YaTKy BUIMMOIO FOPIHHA NaJKBa; Ol; — KyT KIHI BUAMMOIO T'OPIHHSA
HaIMBA; O, — KyT BIIKPUTTS BUITyCKHOIO KJIAllaHa; OL; — KYT YCTaJICHHs THCKY B LIATIHIPI.

OueBuIHO, 110 MOHITOPUHT 3MiHU THUCKY IIOYMHAIOTHCSI B MOMEHT, KOJIU MPOIyBHE
BIKHO € BIAKPHUTUM Ta O, <0, <0, <0y <0, <0, + 27 .

Ha mimstai [oco; o, ] THUCK Yy KaMmepi 3TOpsTHHAS HAOMmKEHO OyZIeMO BBaYKATH ITOCTIHHIM:

pl(a)zKl’ (2)

ne o efay; o |; K, =const.

Jlo MOMeHTy 3aiiMaHHs CyMillli TIPOLIeC 3MIiHM THUCKY B HWTIHJIPI BBAXKAETHCSA IO~
TportHUM [3]. Sk BXe 3a3Ha4dayIoCs, peasbHUI MPOIeC CTHCHEHHS OMHCYETHCS ITOJi-
TPOITHOKO KPUBOKO 31 3MiHHUM MOKAa3HUKOM, SIKUH Ui cynHOBHX [IB3 3MiHIO€THCS Bif
3Ha4eHHs 1,5 Ha TOYaTKy CTUCHEHHA N0 3HaueHHS 1,1 y BepxHil «MepTBii» TOUIl
(BMT) [4]. V nepmiomy HabrkeHHI OyneMo BBaXKaTH, IO MOKA3HWUK CTYTIEHS MOJIi-
TPOIIM CTHCHEHHS /7 MOXKe OyTH OINMUCAHHWHA IMOJIiHOMIaJhbHOI 3aJIe)KHICTIO BiTHOCHO
MTOMOTO 00’ €My poO0oUoro TiNa U(OL) :

n(v(a))=> n, (U(OL))[, 3)

N
i=0

ae n, € R —mykani napamerpu; N — CTEHiHb IOJIiHOMA.
Toxi Ha minsHIl [ocl; ocz] 3aJIe)KHICTh THUCKY POOOYOro Tijia BiJ KyTa MOBOPOTY
KOJITHYACTOrO BaJIy MOXKE OyTH HaOJIMKEHA MOJIITPOITHOK (DYHKIIIEI0 BUITY:

NCompress (U( a ))

p(a)=p,| —* ; “4)
Ie p, Ta L, — TUCK Ta MUTOMUI 00’€M poOOUOro Tija B TOUL 3aKPUTTS BUITYCKHOTO

KJIATaHa; U(OL)=&'\|I(OL); \|I(OL)=1+ST_1(5(OL); € — CTyNiHb CTHCKyBAaHHS;
€
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cs(oc):(l-k%)—(cos(oco+n—a)+%\/1—kzsin2(a0+Tr—0t)j; A=r/L — BigHo-

HICHHS pajliycy KpUBOIINTIA O JOBKUHHM IIaTyHa L.

OyHKIIA G(O(.) € KIHeMaTHYHOIO (PYHKIIi€X0 X0y MopIHs. BoHa HaBeeHa y CKOpH-
TOBaHOMY BHIJISIII, IKUH 3a0€31euye BiAMMOBITHICTh BEPXHBOT «MEPTBOI» TOUKH 1HIUKA-
TOPHOI AlarpaMu KyTy IOBOPOTY KOJIIHYaCTOIO Bally oL =0, + T .

Jiist 30epexeHHsI 3arajJbHOTO IMiIX0Ly /10 [TO3HAYSHHS IIyKaHUX IapaMETPIB B alTPOK-
cumytouiil QpyHKIii 3a1exHicTs (4) mepenuIeMo y BUTIISIL:

ACompress ( v(a ))

®)

ne K,, K, € R — mykani mapamerpu; n(,mm(o(oc)) — HOJIIHOM BiJJHOCHO (yHKIIIi
v(a) 3 HeBinoMuUMH KoedillieHTaMH.

VY pobori 3, c. 112] BuBeeHa 3a1ekKHICTh THCKY POOOUYOTO Tijia B MEPiOJ] 3TOPSHHS
MajauBa, B SKiH 3adisiHI (GYHKIIIT 3a1€KaTh BiJl 9acy 3rOPSHHS ¢ € [O; tz] :

k B 1 qz k-1 dx (t) C
ps(1)=—= e[| 0 (1) == (1) + =, ()
A V(1) dv(t) v (1)
p : . ) ¢, ¢,
e k =—— — BIIHOIIIECHHS TEIUIOEMHOCTEH poOovoro Tina; A = T; ¢, — TEIIOEM-
C\)
HICTh POOOYOrO TiNla MPH MOCTIHHOMY 00’€Mi; ¢, — TEIIOEMHICTH POOOYOro TiNa mpu

HC .
G yHiBepcabHa Ta30Ba CTAla;
mons- K dvo(a)

KICTb 3TOpSIHHS NAJINBa 3a 00’ €MOM; ¢_ — 3arajibHa IIMTOMa BUKOPUCTAHA TEIJIOTA 3r0-
PSIHHSA IaIuBa.
Yacrka manmBa x, sika 3ropija 0 MOMEHTY 4acy f, OIIHCY€EThCS 3aIIEKHICTIO [3, . 49]

MOCTIHHOMY THCKY; R = 8.3 — IIBUJ-

m+l

x(t):l—exp C- ti , (7

z

Je m — TOKa3sHMK XapakTepy 3TOpsiHHS IalMBa; ! — 4ac 3TOPSHHS MaJluBa;
¢, — YMOBHA TPHBAJICTh 3ropsHHs nanusa; C = ln(l —X_); X, — 4acTKa IaiuBa, sKa
3ropijia o MOMEHTY NPAaKTHYHOTO 3aKiHUCHHS IPOLECY TOPiHHS.

Yac morke OyTH nepepaxoBaHHii 4epe3 KyT IOBOPOTY KOJIHYACTOTrO Bajy:

t=——*, (7)
Jie n — 9rciio 00epTiB KOJMIHYACTOrO By 3a CeKyHAY [3, ¢. 49].
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[Ticas mepexomy BiJ 4acoBOI 3MIHHOI ¢ J0 3MIHHOI KyTa IIOBOPOTY KOJIHYACTOIO
Bajly O 3aJICKHICTH (6) HAOyBa€e BUIIISLY:

dx(t) dx(a—-a,)
a bl a| %%
L ¢,
TOpiHHS TanuBa; p, Ta L, — THCK Ta MATOMHUI 06’€M POGOUOTO Tila HA MOYATKY MPO-
LECYy 3ropsAHHA IajinBa.
Ou4eBHIHO, 110 3HAYEHHS TUCKY B pOOOYOMY TiJli B IEPiojl 3rOPSIHHS MaJIMBa CKIIajia-

€ThCA 3 IBOX I[O,Z[aHKiB, SIKl BU3HAYAIOTHCS ABOMaA IMponecamu, 1o Biﬂ6yBaIOTBC$I OOJHO-
k

ae wy(o—o, ) = ; ¢, — KyT IIOBOPOTY KOJIHY4acTOrO Bally 3a 4yac

UJ’
v(a)
MUTOMOTO 00’€My Po0OOYOro Tija, TOOTO BU3HAYAETHCS (PI3MYHUMHU YNHHUKAMH POOO-
YOro LUKIY.

[epmuit noganok y popmymni (8) onucye A0AaTKOBUN THUCK, SKH BUHUKAE BHACII-
JIOK 3TOpsiHHS NanuBa. 3anucanuil y ¢opmyni (8) iHTerpan He OOUUCIIOETHCS aHai-
THYHO [3, c. 114].

3amponoHyemMo (opMyny Ul HOTo HaOMMKEHHS Ta MOKaXeMO i1 Ipare3naTHICTb
npu 00poO1Ii ekciepuMeHTaNbHUX JaHuX. OCKIUIBKHU Mepiojl 3ropsiHHS NaiBa € HETPH-
BaJIMM, 3aCTOCYEMO JIs1 HAOMMKEHHS TOCIiIKYBaHOTO 1HTerpaa GopMyiy IpSIMOKyT-
HUKIB, IPUYOMY BUKOPHUCTAEMO TUIBKH OAMH NPSIMOKYTHHK:

uacHo. Jlonanok p, - y popmymni (8) € MOTITPOMHOIO 3aTEKHICTIO TUCKY BiJl

]X‘(WH (a)'wo (0(—(12 ))d(x ~ ((x_(’“z)"lfki1 ((’v)'wo (OL—OLZ). ©)

[IpumycTuMicTh Takoro HaONWKEHHS MiATBEPIKYEThCS BioMuM (hakToM i3 Teopil
ropinus [3, ¢. 179], mo mBUAKICTS 3MiHU TUCKY NPONOPLiHHA TPUCKOPEHHIO 3TOPSHHSL.

Bupas mBuaKoCTi 3ropsHHS nmanuBa 3 ypaxyBaHHAM ¢opmynu (7) Ta 3poOJIeHuX
BHIIIE TIO3HAYCHb MA€ BUIIISA:

o-a, o-a,

-exp| C-

wy(a—a,)==C-(m+1)-¢, - p .

Tomi HabmMKeHe 3HAUYEHHS iHTerpana (9) 3amumersbes Tak:
o
k-1 -
I(w ((x)-wo(oc—az))doc ~
L5

k-1 m+1
WT{?).(Q_%)M S P

~-C-(m+1)-
( ) (PZ (pZ
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Tuck y pobouomy TiJli B mepioJt 3ropsiHHS MaJIWBa HAOIHIKCHO JJOPIBHIOE:

k-1 1 m+
p3((X)Z—TUia(Z—ijC(m+1)((X—a2) 1><
m+l1 L k (10)

OCKiNbKH 3HAYEHHSI OKPEMHUX MHOKHUKIB y JOOyTKaXx, sIKi IPUCYTHI B aHATITHYHUX
3aJIeKHOCTSIX, HE MOXKYTb OyTH BCTAHOBJICHI IPH alpOKCHMAIil eKCIIepUMEHTAIbHUX
3aJIeKHOCTE|, ToMy nepenumemo Gopmyiy (10) B HOBUX MO3HAUEHHSX:

B . k(v(a))
pi()r—(o—a,)"" -exp(K; (o —a,)"" |+ K, 5 ’ (b
(@) > (omen)™ e (aman )™ ) T

e K4:_%.§.%-C-(m+l); K5=%; K6:py; K7:U,v'

z z

VY ¢opmymi (11) cranuii mOKa3HUK MOJIITPONH & TAKOXK 3aMiHEHUH TONTIHOMiaIbHOIO
sanexcuictio k(v (o)) BianocHO muTOMOrO 06’ €My poGouoro Tina vL(e) aHanoriuHo
1o hopmymu (2).

Henonixom Habmmkenoi popmynu (11) € Te, mio nepmmid 1ogaHOK 00epTaeThCA Ha
HYJIb, TUIBKH, KOJH O —> 00 ;

. K m+l m+l
lim——-(a—a,) -exp([(5 (o—a,) )zO,
OCKIJIBKH 3a XiIMIYHUM 3MicToM 3afaui K <0.

Jnst 3a0e3medeHHss BUMOTH, IO B TOYILI O =0, IPOLEC 3rOpsHHS MaJnuBa 3aBep-
HIyeThesi 1 Horo Ge3nocepe/IHii BIUIMB HAa THCK y POOOUOMY Tilli TAKOXK, TOMHOKUMO

o . B .

nepmui gonaHok y ¢opmymi (11) Ha BI/Ipa3(OL3 —oc) *, B, €R. Il nis He mopyurye
BUMOT 70 (DYHKIIi1, III0 OMHCY€E MIBUAKICTH XIMIYHOT peakiiii, 30KkpemMa, iCHyBaHHS B Hel
MaKCHMyMY B TOULi Ha BiAPi3Ky [az; oc3] .

Takox A5 MOKpaIIeHHs anpoKcuManiiHuX BractuBocteil dynkuii (11) 3amianmMo

m+1 . o - o -
TOKa3HNK CTyICHs] MHOXHHKa (0L —0L,) Ha IOBUIbHUIL i HE IIOB’S3aHUH 3 IOKA3HHU-
. . m+1

KOM apryMeHTY eKCIoHeHIianbHoi PyHKuii exp(K; - (o —a,)

TakuM YMHOM, OTPUMYEMO TaKy MOJEIb JIJIsl OIMCY TUCKY B pOOOYOMY TiJi Mij yac
3TOPSIHHS MaJHBa:

K4
v(o)

ps(a)~
k(u(a)) (12)

xexp(st(oc—ocz)m+l)+K6
ae B, B,eR.
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AHAIIOTIYHO JI0 MPOIECy «YHUCTOTO» CTUCHEHHS ((opmyrna (4)) 3aeXHICTh TUCKY
po0OoYOro TiNia BiJl KyTa MOBOPOTY KOJIIHYACTOTO BAJTY ITiJ 4aC «YHUCTOr0» PO3IIUPECHHS
[o;5 @, ] Moske GyTi HaGmIKeHA IOMITPONHOK (PyHKIIEIO BULY:

Mepansion V(1))

Ie p, Ta L, — THUCK Ta MUTOMUI 00’€M poOOYOro Tina B TOULl 3aBEPILCHHS FOPiHHSA

nanusa; n,,, (v(c)) — noninom Bugy (3).
Bignosigna anpokcumytoua QyHKIisS Mae TaKy CTPYKTYpy:

N xpansion ( o(a ))

pi(e)=K,| 2= , (13)

ne Ky, K,, € R — 1mykaHi napaMeTpu; nF,(U((X)) — TMOJIIHOM BiZHOCHO (hyHKIIii
U(OL) 3 HEBiIOMUMU KoediLieHTaMu.

[Ticns BiIKpHUTTS BUILYCKHOTO KjanaHa 3MEHIICHHs THCKY B poOOYOMY Tijli mpoJo-
BXKYETBHCS 32 PaXyHOK PO3LIUPEHHS HOTo 00’ €My, a TaKOXK 3a PaxXyHOK BUTIKaHHS Ta30-
BOi cymimri. 3azada po3paxyHKy THCKY 3a TaKMX YMOB BiJIOBifae KJIacH4HId 3ajadi
TEpPMOAMHAMIKH IPO BUTIK rasy 3 pe3epByapa 3 00MEeKEeHUM 3MiHHUM 00’€MOM uepes
OTBIp 3MIHHOTO mepepi3y [5, ¢. 261-262]. Lla 3aga4ya 3BonuThes 10 HUdepeHiaIbHOTO
PIBHSHHS, SIKe MOXKe OyTH PO3B’si3aHe JIMIIE HAOMMKEHHMMH METONAMH, KOJIU BiJoMi
3aJIeKHOCTI 3MiHM 00’ €My pe3epByapa Ta IJIOLI Iepepi3y OTBOpY BUTOKY. Y TOM ke yac
MOTNEepeaAHil aHaji3 TUIIOBUX 1HAUKATOPHUX JiarpaM Ja€ 3MOry 3pOOMTH MPUIYLICHHS,
10 eKCIIEPUMEHTANIbHA 3aJIeKHICTh MOXe OyTH HaOMKeHa (QyHKIIEI0 BUAY:

K
()= 1o , 14
ps() (K“(oc—cx4)+1)Bs (1

ne K,,, K,,, B; € R — mykaHi napamerpu.

®opmyna (14) BianoBiiae CHPOIICHHSIM CTOCOBHO TOTO, IO 3MEHIICHHS THUCKY
B LWIIHAPI BHACTINOK PyXy THOPILIHA € CYyTTEBO MEHIIWUM IODPIBHSHO 31 3MEHIICHHIM
TUCKY BHACJIJOK BUTOKY T'a3iB, BUITYCKHHI KJIallaH BiAKPUBAETHCSI MUTTEBO, MAE MicCIIe
KPUTHYHUI PEXKUM BUTOKY rasiB. 3a (pi3udHUM 3MicTOM napameTp K, TOPiBHIOE TUCKY
po6oYoro TijIa B MOMEHT BiAIKPUTTS BUIyCKHOTO KJIaNlaHy, TOOTO KO oL =0, .

[Micns ycTaneHHs THCKY B HMTIHAPI Ha BIIPI3KY [as; o, + 27:] (dyHKIIIS, IO OTUCYE
HOro 3Ha4YeHHS, € KOHCTAHTOIO:

pe(a)=K,, (15)

IHpukaTtopHy KpuBy OyaeMo HaONMKYBaTH 3a JIOTIOMOTOIO KyCKOBO-HEINEepepBHOI
dbyHKIIT BHITY:
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S

(@

o

, OySosa;
, o, Sasony;

RS

2

a), o,<a<d,;

S

(
p(a)= E (16)
(
(

N

4

a), o,<a<aog;

3

5
(0

)
)
)
a), a;<as<ay;
)
)

, os<a<o,+2m

S|

6

ne pyskmii pi(a), i=1;6, 3anaoThcsa GOPMyIaMH B TOPSAKY 3POCTAHHS iHIEKCIB:
(2), (5), (12), (13), (14), (15).

[MepenbavyaeThcsi BUKOHAHHS BUMOTH IJIAJIKOCTI CTUKYBAHHS JJAHOK KYCKOBO-Herle-
pepBHOi Gyukmii (17) mopsnky C,.

TectoBuii mpukaan. 3a monomororo ¢yHKIi (16) Ta BCix 11 CKIIATHUKIB BUKOHA-
€MO aNmpOKCUMAITII0 IHIUKATOPHOI Jiarpam, sika HaBeaeHa B MoHorpadii [16, c. 17].
I'padiune 300pakeHHs iHIUKATOPHOI miarpamMu onudpoBaHe 3a TOTOMOTOI0 IIPOTpaMHu
Graph2Digit [14].

Ji1st 3HaXOIKEHHS YUCIIOBUX 3HAYECHD TapaMeTPiB alpoKcuMytodoi GpyHkitii (16) 3acto-
cyemo ¢yukmiro DataFit makery DirectSearch [8]. Ampokcumartist Moxe OyTH BUKOHaHA
OITHUM 13 BOCBMH METOJIIB, SIKi BIAPI3HAIOTHECSA (DYHKITISIME JUTS OIIIHKH TOYHOCTI BUKOHY-
BaHOTO HaONMkeHHs. J[J11 po3B’s3aHHS BIIaCHE 3a/1a4 MiHIMi3aIii MOXUOKH HaOIMKEHHS
3acTOCOBY€EThCS MeTox JdiHiHoro nomyky CDOS (Conjugate Direction with Orthogonal
Shift), sxwif BHKOPHUCTOBYE CIIPSHKEHI HAPSIMKA 3 OPTOTOHAJIEHUM 3CYBOM.

Sk BimOMO, po3B’sA3aHHS 3a7a4i HENHIHHOI ONITHMI3allii BUMarae 3aBIaHHS MoYaT-
KOBUX 3HaueHb NIYKaHHUX MapameTpiB. BkaxkeMo peKkoMeHaaIlil Juts iX BCTAHOBIICHHS.

Jlns BUKOHAHHS PO3PaxyHKIB T€OMETPUYHI MapaMeTpd KPHBOIIUITHO-IIATYHHOTO
MeXaHi3My 3amo3ndeHi 3 pobotu [9]. Ix BuKopucTaHHS 3yMOBIIeHe 36iromM Moei JBH-
TyHa, SIKHHA TOCITIIKYEThCSI B podoTax [16] Ta [9], a came AOCTIKYEThC CYTHOBHI
MO/ momeni 12K98MC Bupobuumrea ipmu MAN B&W.

[Touarkosi 3HaueHHs napamerpis K, K,, K, K;, K,, HaOIMKEHO BU3HAYAOThCS
3a IHAUKATOPHOIO JiarpaMoro, OCKiIbKA 0€3M0CePEeNHbO TOPIBHIOIOTH 3HAUYECHHIO THCKY
y BIIMIOBiTHI MOMEHTH POOOYOTO ITHKITY.

ITouaTkoBi 3HAYEHHS MapaMeTpiB o, , [ = 1,6 , TakOXK HAOIIKEHO BH3HAYAIOTHCS 32
IHIUKAaTOPHOIO iarpaMor0, OCKUTBKH BiAIOBIMAIOTH KyTaM ITOBOPOTY KOJIIHYACTOTO
BalTy, TIPY SIKAX TTOYNHAIOTHCS BiAMOBiAHI ha3u pododoro mporecy. JomiIbHO TOKIACTH
o, =0, To0TO BBaXKaTH, 0 CHHXPOHI3allis B IPOLIEC] IEPEXOY BiJ] €KCIIEPUMEHTAIIb-
HOT 3aJIe)KHOCTI TUCKY BiJ] 4acy JI0 3aJIEKHOCTI TUCKY Bifl KyTa IMTOBOPOTY KOJIIHIACTOTO
BaJry BinOymacs 6e3 MoXuooK.

[loyaTkoBi 3HAUCHHS MApaMETPiB MpPU CTApIINX CTEHCHSAX Y MOJTIHOMAaX n(u(oc))
JOLITBHO MOKJIACTH PIBHUMH HYINIO, IO BiANOBiZA€ YMOBI MONITPOIMHOCTI MpPOIECiB
«YHUCTOT0» CTHCKYBAaHHS Ta PO3LINPEHHS.

I3 MipkyBaHb XiMiUHOI KIHETHKH Ta 3p00JIEHUX BUILIE MPUITYLICHb TAKOX JOLIIBHO
nokinacty m=1, B, =m+1, B, =1.

[TouyaTKoBi 3HAUCHHS 1HIIMX HapaMmeTpiB HOTPeOyIOTh MOMEPEAHBOrO OOUMCIICHHS
3a (hopMyJaMu HaBEICHUMH 110 TEKCTY CTATTi 3 ypaxyBaHHSAM TUIIOBUX NOKA3HHUKIB JUIS
LBOTO JBUTYHA.
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Ha puc. 1 nmoka3zanuii pe3yyibTar anpoKCUMaIlil iIHAMKATOPHOI TiarpaMu MPH OLIHIT
MOXUOKU HAONMKEHHS B CepeIHbOMY KBajaparudHoMy. [ToxuOka anpokcumallii € MeH-
1010 3a 5%.

12000

4000 ~

2000

o e =

Puc. 1. Anpoxcumayis inoukamopuoi diaepamu 3anedxcuicmro (16)

3a eKcleprMEHTaJbHUMH AaHUMH 3 pHuc. 1 (iiteparypHe mxepeno [16]) orpu-
MaHi Taki KOOpAWHATH TPAaHUYHUX TOUOK (a3 poOOYOro UKy JBOTAKTHOIO AM3EIIb-
Horo jaBuryHa: o, =0,01 (pan); o, =111 (pan); o, =3,24 (pan); o, ~3,69 (pan);
o, #4,51 (pan); o, ~5,40 (pan).

BpaxoByroun rpomiznakicTe QYHKITIH, SKi BXOAATH A0 ckiany dopmynu (16), HaBe-
JIEMO JUTS TIPUKIIATy OTPUMaH| YHCIIOBI 3HaYeHHS KOe(iIlieHTiB YacTHHH 3 HUX. DyHK-
uist a3y cranoro THUCKY pl(oc) Mmae koediuieHt K| =~ 272,81. IloniTpona 4ucToro
crucHenHs p, (o) Mae koedimientn: K, ~311,79; K, ~1,42; N, ~—0,58; N, ~1,63.
Oyukis, mo onucye (azy BHIMMOTO 3TOPSHHS TajBa p3(oc), Mae koedimieHTu:
K,=121;K,~-6,59; K, ~9301,76; B, =1,13;B,~0,90; m=1,60; k=0,29.

BucHoBku. 3anpornoHoBaHa MoOAENb anpokcuMyrodoi (yHkuii (16), BKIrOYarouw
dhopmymu (2), (5), (12), (13), (14), (15), naec 3Mory 3a eKCriepUMEHTATBHUMHU TaHUMHU
3HAXOJMTH YaCTHHY MOKa3HHKIB (200 iX CIOJIy4eHb) TEPMOAMHAMIYHUX Ta XIMIYHHX
mporeciB poboYoro HUKITY ABUTYHA. 30KpEMa, BOHA JIO3BOJISAE 3HAXOOUTH KYTH MOBO-
pOTY KOJIHYACTOTO Baly, IPH SKUX BiAOYBaIOTHCS SKICHI 3MIHH B IepeOdiry mporeciB
pobouoro 1ukiny nBuryHa. ®@yskiito (16) MOKHA pO3IISAAATH SK HaIliBIOKAJIbHHIMA
aNpPOKCUMYIOUHUH CIUIAIH, JIAHKH SIKOTO MalOTh MIAKICTh CTUKYBaHHS MOpsaKy C,.

ITepcniekTHBH MOTABITHX JOCTIIKEHD ITOB’I3aHi 3 MiIBUINEHHSM TOYHOCTI alpoK-
cuMallii 3a paxyHOK 301JIbIIEHHS KIIBKOCTI JAaHOK KyCKOBO-HENEPEPBHOI (YHKIIIT, 1110
BiJNOBiAae HAOMMKCHHIO 1HOUKATOPHOI AiarpaMu OiNIbIIOI0 KiNBKICTIO MOJITPOIHUX
kpuBHX. lle cBo€ro yeproro 3abe3medye OITBIN aneKBaTHUN OIKC IHIWKATOPHOI Iia-
rpamMy IIISIXOM BUAUICHHS JIAHOK, Ha SIKUX TEIUIOEMHOCTI poOOYOTO Tijla MOYKHA BBa-
KaTH CTAIUMH a00 TAKMMHU, 110 3MIHIOIOTHCS 32 MOJTIHOMIaJIbHUMH 3aJI€KHOCTIMH.
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3anpornoHoBaHa 3aJIeKHICTh TAKOXK MOJKE BAKOPUCTOBYBATHCS B 3a][a9aX BU3HAUCHHS
THIOJIOKEHHS BEPXHBOT MEPTBOT TOUKH ITOPIIHS ITPU CHHXPOHI3AIi] eKCTIepUMEHTAIbHUX
JTAHWX, SIKi OTPHMAaHI il 4aC MOHITOPUHTY POOOYOTO MPOIECY AU3EIBHUX JIBUTYHIB.
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Summary

Introduction. The article deals with modern problems of the safety of navigation,
as well as the reasons for the increased accident rate of ships, taking into account
the influence of the human factor, the influence of these processes on the commercial
component of sea transportation. Purpose. This article is aimed at a comprehensive
analysis of the causes of emergencies at sea and finding effective ways to reduce
them, minimize the commercial risks of transportation by improving the management
of marine resources. A positive trend was revealed in terms of improving the safety
of all types of ships, a decrease in the number of lost ships, casualties and wounded
crew members in the period from 2014 to 2019. The main causes of emergencies are
analyzed on the basis of EMSA statistical data and it is established that the main cause
of increased accidents is the human factor. The classification of accidents caused by
the human factor is considered. Established international organizations dealing with
the safety of navigation and international conventions under which merchant vessels
are currently being inspected. Conclusions. In this article we show the dependence
of the safety of navigation on the competent management of marine resources, since
the influence of the human factor is undoubtedly the main reason for the creation of
emergency situations in the fleet, which leads to inevitable losses from the commercial
operation of ships. Advanced training of ship officers and coastal operators involved in
the ship § propulsion operations is a prerequisite for reducing accidents and increasing
the financial efficiency of the fleet.

Key words: safety of navigation, management of marine resources, human factor,
commercial operation of the vessel.
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Anomauin

Bemyn. Cmamms npucesuena cyuacuum npoonemam opeauizayii 6e3nexu mope-
NIABCMEBA, A MAKONC OCHOBHUM RPULUHAM NIOBULEHOT agapitiHOCMI cyOeH 3 Ypaxyean-
HAM GNIAUBY JIOOCHKO20 (DAKmMopy ma 1020 6naugy Ha KOMEpYiliHy CKIA008y 4acmu-
HY MOpcoKux nepesesens. Mema. L[ cmamms nayinena na @cebiunull ananiz npuyuH
BUHUKHEHHS A8apIUHUX cumyayill Ha Mopi i nowyx 0iceux 3acobié ujooo ix 3meHuLeH-
HS, MIHIMI3VIOUU KOMEPYIUHI PUSUKU MOPCLKUX NEePEBe3eHb, ULIAXOM YOOCKOHALEHHS
MeHeddcMeHmy MopcvKux pecypcie. Pesynomamu. byno eusgneno nosumueny ounami-
Ky CMOCOBHO NI0GULeHH sl Oe3NneKU YCIX 8UOI8 CYOeH, 3MEeHUEHHS. KiIbKICHUX NOKA3HUKIG
SHUKAUX CYOEH, 3a2Ubiux ma nopaneHux uieHie exinaxcy 6 nepioo iz 2014 no 2019 pp.
Ilpoananizoeano ocHo8Hi NpUYUHU BUHUKHEHHS AGAPIUHUX cUmMYyayiil HA OCHO8I cma-
MUCIUYHUX OAHUX, NPEOCMABLIEHUX MINCHAPOOHUM azenmcmeom European Maritime
Safety Agency, ma 6cman081eHO, WO OCHOBHOIO NPUHUHOIO NIOBULEHOI a8aAPIiHOCII
€ arocokull paxkmop. Posensanymo kiacughikayiro asapitl, siKi CHPUMUHEHT THOOCLKUM
Gaxmopom, ma 6UABNEHO IX 63AEMO36 SA30K. YCMAHOBIEHO MINCHAPOOHI OpeaHizayil,
AKI 3QUMAIOMbCA NUMAHHAMY 3a0e3neyents 6e3neKu CyOHONIA8CMEa ma MidCHAPOOHI
KOHBEeHYil, BIONOGIOHO 00 SIKUX HUHI NPOBOOUMbCSL ITHCHNEKIMYBAHHSL MOP2IBENbHUX CYOEH.
Bucnosku. Y yiti cmammi mu noxasyemo 3anedcHicmv Oe3neku cyOHORIAECmMEd 8i0
SPAMOMHO20 MEHEONCMEHMY MOPCHKUX PECYPCI8, MOMY W0 BNAUB THOOCLKO20 haKmopy,
0e3YM0BHO, € OCHOBHOI0 NPUYUHOIO CIMBOPEHHS ABAPItIHUX cumyayiil Ha hniomi, wo npu-
3600Uumb 00 HEMUHYYUX empam i3 60Ky Komepyiunoi excnayamayii cyoua. Iliosuwen-
Hs Keanighikayii cyoHosux oghiyepie ma bepe2osux onepamopis, AKi 3a0iaHi 8 pyXomMux
onepayisx cyoeH, € HeOOXIOHOI YMOBOKH CKOPOUEHb asapill ma niosuuyeHHs PiHancogoi
epexmusrnocmi pobomu ghnomy.

Knrouosi cnoea: Oesnexa cyOH0BOOIHHS, MEHEONCMEHM MOPCLKUX PeCYpCi8, J00-
CoKUll haxmop, Komepyitina excniyamayis cyoHa.
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Introduction. Overthe past decade international trade has been incessantly increasing.
At the same time the shipping is growing constantly intensifying human activity
at sea. Scientific achievement in the development of the shipping industry, in particular
the technical operation of modern ships, is aimed at reducing accidents and increasing
the commercial operation of the fleet. However, the issue of safety and trouble-free
operation of navigators is still actual today, since the number of accidents at sea is
practically not reduced, annually taking human lives, causing significant damage to
the global economy and harm to the environment.

Formulation of the problem. Every year there is an intensive increase in the tonnage
and operating speed of ships in the competition to improve the quality of transport and logistics
services. Ship management, primarily navigators, have to work in difficult, sometimes
extreme conditions, unquestioningly observing the conditions of the charter, without
violating the terms of delivery of the cargo and ensuring the proper quality of the cargo
transported on board the ship, and at the same time observing the conditions for ensuring
the safety of navigation in difficult meteorological conditions, as well as being in dangerous
navigation areas. All this affects the quality of the work carried out by navigators. Fatigue,
stress, conditions of deprivation, long-term contracts without the possibility of a timely sign-
off and other factors lead to inattention, loss of control and, as a consequence, to emergency
situations that affect the efficiency of the commercial operation of the vessel.

Analysis of recent research and publications. Analyzing the information data
of Ukrainian and foreign scientists, as well as industry experts regarding the safety
of navigation and its influence on the commercial operation of the vessel, it is noted
that the main reason for the increased accident rate of ships is the human factor. Such
scientists and specialists as V. Topalov, V. Snopkov, V. Prus, A. Malcev [4; 6-9],
specialists of international organizations for ensuring the safety of navigation were
engaged in the study of this issue in detail [1-3; 5; 10].

Formulation of the purposes of the article. The purpose of the article is to
analyze the safety of navigation and its impact on increasing the commercial operation
of'the vessel, identifying the reasons for the increased accident rate of ships, the influence
of the human factor on the safety of navigation, the role of marine resource management
in minimizing the accident rate on ships.

Presentation of the main material. EMSA (European Maritime Safety Agency) is
dedicated to the prevention of maritime accidents, water pollution from ships and loss
of life at sea by promoting the implementation of relevant the European Union (EU)
legislation. The main purposes and objectives of the agency are providing scientific
and technical support to the Member States and the European Commission for
the development of the EU legislation relating to safety at sea, protection, prevention
of pollution on ships and maritime transport; monitoring the implementation of the EU
legislation through controls and audits; improved cooperation with member states;
increasing the control of national competent authorities; rendering operational assistance
such as the development, management and maintenance of integrated maritime services
related to ships, monitoring and control of ships; performance of tasks of operational
readiness, detection and response in relation to pollution caused by ships and pollution
of the marine environment by oil and gas installations; at the request of the European
Commission, rendering of technical operational assistance to non-EU countries around
the corresponding sea basins [1].
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The European Marine Casualty Information Platform (EMCIP) is a centralized
database for the EU member states to store and analyze information on marine casualties
and incidents. EMCIP data is completed by the competent national authorities. It is this
data that forms the basis of the annual survey of marine accidents and incidents.

According to EMSA 2019 showed a positive trend in terms of improving the safety
of all types of vessels, with a decrease in the number of ships lost, casualties and injured
crew members. In 2019 3062 accidents were registered, the number of casualties decreased
by 200 people and 21 ships were wrecked. In total, during the period from 2014 to 2019,
320 accidents occurred, as a result of which 496 people died, of which 88.3% of the victims
were crew members. Analyzing the issue of the accident rate of cargo ships, it was revealed
that during the period of 2019, 1,382 cargo ships were involved in accidents or other
incidents, as a result of which only one cargo ship was lost [2].

Very serious
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63
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60
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948
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3350 Marine accidents

—

Fig. 1. Number of registered marine casualties and incidents as of 2020

The main causes of emergencies according to investigations by EMSA are erroneous
actions of the crew (human factor) (67%), equipment failures (24%), dangerous
substances (4%), weather conditions (3%), another ones (3%) (fig. 2).
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Fig. 2. Reasons for ship accidents according to EMSA data
for the period since 2014-2019 [3]
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Based on the data in fig. 2, it can be concluded that among the reasons for the accident
rate of ships in the prevailing majority, emergencies occur due to the human factor. First
of all, this refers to the mistakes of the command staff and port workers involved in
organizing the movement of ships, in particular pilot boats, tugs, traffic control services,
etc. The P&I Club of mutual insurance record about 73% of accidents due to the human
factor due to mistakes of navigators.

The most serious security breaches are considered cases when accidents lead to
maritime disasters such as shipwreck, loss of life and environmental problems. Almost
security always breaches also affect the commercial component of a vessel’s voyage. It
causes demurrage, untimely delivery of cargo (as a result the consignee may refuse from
the goods), complete or partial loss of the vessel and cargo, damage to cargo, penalties,
etc. All these factors, in most cases, are caused by the low qualification of the ship’s crew
and the inability to quickly and competently make managerial decisions in conditions
of increased risks with limited time. Human factor ship accidents can be contingently
classified as the following (fig. 3):

— navigational;

— technological;

— technical [4].
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Fig. 3. Classification of factors affecting the accident rate of ships [4]

Navigational accidents occur due to the incompetence of the command staff, lack
of appropriate experience and the ability to make quick and correct decisions in difficult
situations as the result collisions, groundings, ship hits against underwater obstacles,
storm damage are inevitable. All these situations entail large financial losses by shipping
companies and inevitably lead to the loss of commercial benefits of transportation.
For example, in 2020, a navigators’ mistake resulted in a Greek shipowner spending
$ 600,000 due to an error in plotting a Second Mate’s course, who did not notice fishing
farms on the chart in the area of China.

Technological accidents are associated with the cargo function of the vessel, in
particular: violation of the strength of the vessel’s hull, her devices, loss of stability,
cargo movement, fire, water flooding into the interior spaces, etc.

Technical accidents occur as a result of improper maintenance and operation
of the vessel, for example, the breakdown of ship mechanisms.
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For increasing the safety of navigation, international organizations are constantly
developing a system of measures to improve the safety and minimize the accident rate
of ships. In 1982 14 European countries adopted the Paris Memorandum of Understanding on
Port State Control (PSC) which was the first agreement on the control and safety of shipping.
In addition to the standard issues of ensuring the safety of navigation, the participating
countries have adopted a system for monitoring the safety of ships, through the interaction
of port authorities and international organizations, so that foreign merchant ships entering
the port or being at anchorage without any flag discrimination they sail.

The task of the PSC is to inspect the vessel in order to detect violations in the fulfilment
by the shipowners (operators) of the requirements of international conventions
and rules. For 2014-2019 PSC officers carried out about 20 thousand checks on ships
in ports of call, as a result of which 187 ships were detained to eliminate comments.
The dynamics of changes in the number of detentions of ships shows that the measures
taken by shipowners (operators) and crews are insufficient to ensure the safe operation
of ships. As a result, the number of detained vessels remains high. Statistics indicate that
most of the PSC comments are related to a violation of fire safety and amounts to 32%,
violation of the requirements for life-saving appliances — 24%, malfunction of auxiliary
machinery and ship engines — 17%, other reasons — 27% [5].

Fire safety
Other violation
27% 32%

. : k Violation of
mfllfunchoﬂ of requirements for
ship equipment life-saving

17% appliances
appliances

Fig. 4. The main reasons for the detention of ships in ports of call by PSC [5]

The analysis of statistical data made it possible to identify the following causal
relationship of factors that led to the detention of ships (fig. 5).
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Fig. 5. The causal relationship of factors that led to the detention of ships [6—9]

67



PO3BUTOK TPAHCIIOPTY
Ne 1(8), 2021

In order to develop cooperation between countries in the field of technical
supervision of ships and to ensure the safety of navigation the International
Association of Classification Societies (IACS) was created in 1968. The purpose
of'the association is to develop standards and rules for ensuring the safety of maritime
transport. The Association is the chief technical advisor to the International Maritime
Organization (IMO).

Nowadays merchant ships are inspected in accordance with international
conventions: the International Convention on Load Lines, 1966 (CLL-66) amended
by the 1988 Protocol; the International Convention for the Safety of Life at Sea,
1974 (SOLAS-74); the International Convention for the Prevention of Pollution from
Ships, 1973 as modified by the Protocol of 1978 (MARPOL-73/78); the International
Convention on Standards of Training, Certification and Watchkeeping for Seafarers,
1978 (STCW-78); Convention on the International Regulations for Preventing Collisions
at Sea, 1972 (COLREGs -72); the International Convention on Tonnage Measurement
of Ships, 1969 (TONNAGE- 69); International Labor Organization Convention
No. 147 on Minimum norms on merchant ships, 1976 (ILO-147) [10].

Ships operate in difficult meteorological conditions (storms, ice, fog, currents),
there are many complex structural elements, devices and instruments on board that can
fail for various reasons, the rules and regulations governing the management of ships
and their operation are imperfect and have significant limitations. But the most important
circumstance is that people work on ships, often not always competent and disciplined
enough, who commit rash acts and actions, make mistakes and blunders that entail
serious consequences. To eliminate the human factor it is not enough for the ship
and crew members to comply with all the norms and rules of international conventions
and classification societies. It is necessary that the qualifications of the crew members
correspond to the specialization of the vessel; it is advisable to hire a crew on the same
vessels all the time that will provide a better knowledge and understanding of the technical
condition of the vessel; since in most cases the ship’s crew is international, it is
necessary to eliminate the language barrier. For all the identified causes of accidents,
deeper and more systematic studies should be carried out aimed at reducing the factors
causing them.

Reducing emergency situations at sea, therefore, and minimizing the commercial
risks of transportation can be achieved with the help of a set of effective measures in
relation to the training of marine specialists by improving practical skills on specialized
simulators that imitate a workplace on a ship; strict obedience of international and national
regulations for the safe navigation of ships and transportation of passengers, prevention
and elimination of impacts from direct and concomitant causes of emergencies.

Conclusions. Thus ensuring the safety of navigation directly depends on
the competent management of marine resources, since the influence of the human factor
is, of course, the main reason for the creation of emergency situations on board that
leads to inevitable losses from the commercial operation of ships. Advanced training
of ship officers and coastal operators involved in the ship’s propulsion operations is
a prerequisite for reducing accidents and increasing the financial efficiency of the fleet.
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Anomauisn

Bcemyn. Y cmammi posensioaiomscst cyuachi npobnemu Oesnexu cyOHONIA6CMed, a
MAKOIC BUPIULYIOMbCSA NUMAHHA De3NeKU MOPEnIascmed, AKi CnpsamMoeani Ha 8CeOiuny
ni020MOBKY CYOHA Ma eKInaicy Oas NAABAHHSA 8 TbOO0BUX YMOBAX, 0COONUBOCI 2I0PO-
MEMeopoNociuHUX YMO8 MOPENIABCMEA KAHALAMU A308CHK020 MOPSL MA YMOBU GUHUK-
HEHHsl MaAK020 NPUPOOH020 ABUWA, 5K «160008a pikay. Memow cmammi ¢ ananiz
be3nexu CyOHOBOOIHHSA, BUABTIEHHS MONCIUBUX NPUYUH BUHUKHEHHS «1b00080I PIKuy,
07151 NOOANBLUIUX QOCTEOHCEHb T PO3POOKU GIONOBIOHUX 3AX0016 U000 3a0e3neyeHHst Oe3-
nexu CyOHONIA8CMEa KaHanamu A308cvkoeo Mopst 8 1b0008ili 00CMAaH08Yl, CIMEOPEHHS
cmanoapmy cucmemu, wjo 3abesneyye besneune naasanus cyoen. Cmanoapm cucmemu
Mae He minbKu 3abe3nevumu Oe3neune NiA6anHs, aie i nore2uumu 3a60AHH KOHM-
PO 20MOSHOCMI cyOHa 00 6uxody 6 mope. Pesynbmamu. Yeaza c6imosux Mopcokux
opeanizayiu, exniouarouu Mixcnapoony mopcoky opeanizayiro (IMO), bepezogy oxopo-
HY PO3GUHYMUX MOPCbKUX 0epaicas, acoyiayii hpaxmyeanbHUKis, CyOHOBIACHUKIS, K1d-
cugixayitini mosapucmea i nepedosi CyOHONIAGHI KOMRAHIL, 30CepeddceHo Ha Nidu-
wenHi Konmponio 3a 6e3nexoro Ha mopi. [Ipakmuxa mopeniagcmea kananamu A308¢cbKko20
MOP3L C8I0HUMb NPO YCKIAOHEHHS CYOHOBOOIHHSL 2I0POMEMEOPOLOTUHUMU YMOBAMU 8 YbOMY
pationi. OOHUM i3 MAKUX Gaxmopie € nosea «bo006oI PiKuy. Aemopamu 0ONYyCKacmocst
NPUNnYyWeHHs wooo NpUYUH nosieu «ib00080i pikuy. Bucnoexu. Taxum yurom, npoone-
Mu Hagieayitnoi Oe3nexu Maiomsv SUPIULYBAMUCS 8 KOMIIEKCI, 3 YPAXY8AHHAM b0OO-
BUX YCKIAOHEHb, WO 3YCMPIYAlOmMbCs 8 PAOHAX NIABAHHA 3 MEMOW NONEPedIICenHts
asapilinoi nebesnexu ma niosuwenns besnexu cyoHonnascmea. Pozensanymi moocauei
NPUYUHY BUHUKHEHHSL «Tb000B0I PIUKU» 8 CYOHONTIABHUX KAHANIAX MIIKOB0OH020 A306-
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Summary

Introduction. The article considers modern problems of navigation safety, and also
solves questions of safety of navigation which are directed on comprehensive preparation
of the vessel and crew for navigation in ice conditions; features of hydrometeorological
conditions of navigation through the channels of the Sea of Azov and conditions of
occurrence of such natural phenomenon as “ice river”. Purpose. The purpose of the
article is to analyze the safety of navigation, as well as to identify possible causes of the
“ice river”, for further research and development of appropriate measures to ensure
the safety of navigation in the navigable canals of the Sea of Azov in ice conditions.
As well as creating a standard system to ensure safe navigation of ships. The standard
of the system should not only ensure safe navigation, but also facilitate the task of
monitoring the readiness of the vessel to go to sea. Results. The attention of global
maritime organizations, including the International Maritime Organization (IMO),
the Coast Guard of Developed Maritime States, charterers’ associations, shipowners,
classification societies and leading shipping companies, is focused on enhancing
maritime safety controls. The practice of navigation through the canals of the Sea of
Azov indicates the difficulty of navigation by hydrometeorological conditions in this
area. One such factor is the emergence of a natural phenomenon called the “ice river”.
The authors make assumptions about the cause of the “ice river”. Conclusions. Thus,
the problems of navigation safety must be solved in a complex; taking into account the
ice complications encountered in the areas of navigation, in order to prevent accidents
and improve the safety of navigation. The possible causes of the “ice river” in the
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navigable canals of the shallow Sea of Azov require further theoretical and experimental
research to develop measures to ensure the safety of navigation in the ice environment
in this region.

Key words: safety of navigation, ice conditions, sea transport, ice river, Sea of Azov.

Beryn. CeiToBa mpakTHKa MOPCHKOTO CYTHOIUIABCTBA 3a3BHYail OIIHIOE Oe3IeKy
3QJIEKHO BiJl KIIGKICHHX Ta SAKICHMX YMHHHUKIB, a caMe BiJ CIIBBIIHOIIEHHS KIILKOCTI
TOHHAXKY 3 KUIbKICTIO aBapiiiHUX CUTYaIlil, SIKi HaJIeXKaTh JI0 IEBHOTO PaliOHy IIaBaHHSI.
[IpuitasiTo BBaXKaTH, MO CTaH OE3MEKH MOPEILIAaBCTBA HOPMAIBHHM, SKIO aBapiifHICTh
He iepeBuIrye 3% Bif 3araJpHOTO TOHHAXY. [HOMI MpH mepeBipkax BiACyTHICTH Oy Ha
KaHaJli OepyTh SIK BiICYTHICTh OyIb-siK01 O€3MeKH, X04a B JIbOJAOBHX YMOBaX MOJIOBUHY
Bcix OyiB 3a3BW4aif 3HIMAIOTH i3 METOIO X 30epekeHHs B Tiepion 1booBoi. [Ipu mpomy
Ge3rexa MOpENIaBaHHs He BBAKAETHCS MOPYIIEHOI0. 11 3a6e3meueHHs BeeThesl B yMO-
BaX JIbOJOBUX MIPOBOOK, JIOMAHCHKOT'O 1 PaIioNoKaliiHOro 00CIyroByBaHHS.

IlocTanoBka mpodsiemu. Ha Ge3meky MoperiaBcTBa CIIpsIMOBaHa ITiITOTOBKA CYIHA,
eKilaxy Juisl TUIAaBaHHS B JHOJOBUX YMOBax. SIk HeOE3MEYHUU PO3IIHIOETHCSA CTaH
3MEHIIeHHS ITHOWH BHACIHIJOK MPUPOIHUX 3aHOCIB. HeoOXimHO 3MEHITyBaTH OCaaKu
Npy 3MEHIICHHI TTMOWH Ha MiACTaBi MPOMIpiB, JIOIMAHCHKOI MPOBOJAKHU, TOTOKEHHS
3 YMOBaMH TJTMOWH i MIBUAKOCTI Cy/IHA 3a]UI1 YHUKHEHHS BEJIMKOTO MPOCiTaHHsl, PiBHS
MOpsI Ha 3aJaHUl MOMEHT — BCE€ II¢ HEC € YHHHHKOM CTBOPEHHS aBapiiiHOI CHTYyarii.
Ane 1oci BBOKAETHCS, 110 BOHA He 3a0e31eueHa 31 3SMEHIICHHSIM TIIMOWH.

AHaJti3 ocTaHHix Hociimkens i myomikaniii. Huri nmuranasaM TocTipKeHHS JTHO-
JIOBOTO PEXHUMY A30BCHKOTO MOPSI MPUCBSIUEHO 1Ty HU3KY poOit [1-4]. AHani3 1ux
POOIT oKa3ye, 10 MTUTAHHSIM PAaNTOBOTO BAHUKHEHHS TEiii, OB’ I3aHUX 3 YTBOPEHHSAM
«JTbOJIOBOI PIKW», HE TPUJIJICHO HaJle)KHOi yBaru. Bimomi mocmimkenHns [4] cTpyme-
HEBUX TIOTOKIB B APKTUYHUX MOPSX, TAKOXK HA3BaHUX «JIHOJOBA PiKay, aje Ii MOTOKU
OB’ s13aHi 3 alBEJIIHIOM TITHOWHHUX BOJ O OeperoBUX IPHITATB JIHOY.

@opMyTOBaHHA HiJell craTTi. MeToro crarti € aHami3 Oe3NeKu CyTHOBOJIHHS,
a TaKOXX BUSBIICHHS MOYUINBHUX MTPHYUH BUHUKHEHHS «JIHOIOBOI PiK¥, IS TIOAATBIIAX
JIOCITI/DKEHB 1 pO3pOOKH BIIMOBIIHUX 3aXO0JIB 100 3a0€3MeueHHs OC3MEeKH MIaBaHHS
0 CY/IHOTNIABHUX KaHajaX A30BCHKOTO MOPS B JIbOIOBiH OOCTaHOBIII.

Buknaa ocHoBHOro Marepiaay. Y MOpChKOMY pO3yMiHHI «Oe3reka» — Iie CTaH,
3a SIKOTO PU3UK 3arpo3d BUHUKHEHHS YIIKOIKEHHS eKimaxy abo 30MTOK 0OMeKeHU
JIOTTYCTHMHM PiBHEM 1 € OJTHIM 3 ACIEKTiB SIKOCTIi, Ka BKIIFOYAE I ITOTOBKY ITEPCOHATY
(HaBYaJIBHI Ta TPEHAKEPHI IEHTPH MiATOTOBKA MOPCHKHX CIIEIiaIICTIB), Tiaporpadiy-
HOTO 320€3MeYeHHS, TEXHIYHOTO OCHAIIIEHHS, JIOIMAHCHKI Ta PalioJIOKAIliifHI IPOBOAKU
(;rorMaHChKa city>k0a), ciyx0a perymoBaHHS pyXy CyAeH, TOIIYK 1 IOPSITyHOK, THOTIO-
IMOJICHHS TOLIO.

[TpramHN BUHUKHEHHS! MOPCHKHX aBapiil MPUITHITO 3apaXxoByBaTh 10 Cy0’ €KTHBHHUX
¢akTopis, a came:

— HeXTYBaHHS CY4aCHUMHU 3aXO[aMH O€3IeKH;

— mofackkui dakrop;

— HEJOTPUMAaHHS BUMOT HOPMAaTHBHO-IIPABOBUX JIOKYMEHTIB;

— H#3bKa npodecifino-kBamidikaimiifHa maroToBKa WIeHIB CyJ0BOTO EKIlTaxy;

— HEIOCTaTHIM KOHTPOJIb Ta ciladKa OpraHi3allis CyTHOBUM MEHEHKMEHTOM BaXTo-
BO1 CITYyXOW;
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— HaJaMipHa BTOMA €KiMaxky, BHACHIJOK HEPalliOHATBHOTO IUTaHYBaHHS pOOOYOro
Yacy Ta BiIMOYNHKY;

— BIACYTHICTb NOYYTTS BiAMOBINAIBHOCTI Y YJICHIB EKiMaXy.

AHaI3yI09M CTaTUCTUYHI JaHi OaraTopidHUX ITOCHTIKEHb, MOYKHA 3pOOUTH BUCHO-
BOK, IO aBapiiiHicTh B 3% 30epiraroTbcs MpakTHYHO B KOKHOMY peiici. Llelt Biaco-
TOK MOJKHA CTPUMYBAaTH Ha TAKOMY K PiBHi, HaBiTh 301IBIIYIOYH TOHHAXKHICTH IIISIXOM
BIIPOBA/KEHHsI CYyYaCHHX TEXHOJOTIH Ta MOCTIHHOTO MiABHIICHHS PIBHS ITiJrOTOBKH
TIepCOHAITY, [0 OOCIYTOBYE CYIHO SIK i3 OOKY eKinaxy, Tak i 3 00Ky OeperoBux Ciryxo.

Huni ocHOBHI JMOKyMeHTHM 3 O€3MeKH CyOHOIUTaBCTBA 3a3BHYail CIIpSMOBaHI Ha
MepeBipKy TOTOBHOCTI CyAHA 10 TUIaBaHHA. AJle, SIK MOKa3ye MPaKTUYHUN JOCBiM, LUX
3aX0JiB 3aMajio i HEOOXiTHO YIOCKOHAIIOBATH CHCTEMY TOKYMEHTAIBLHOTO CYIIPOBOIY
nepeBipku cyaeH. Hampukan, ekciepty, anamnizyrouu 3aruoens B 1986 pori 1/x «AnMi-
pan HaximoB» 6inst mucy J[000, 3p0o0OHiIn BUCHOBOK, IO Yepe3 Hexdalle CTaBIeHHS 710
CBOIX NPSIMHUX CITYKO0BUX 000B’s13kiB Ci1y>kOH peryJitoBaHHS PyXy CYACH IIPU3BEIIO JI0
3iTkHeHHs 3 T/X «[leTpo Bacesy.

IIpuknan 1/x «TuTaHiK» CBITIHTH, IO aBapii BAHUKAIOTH Yepe3 JIFOACHKHUNA (haKkTop
Ta HEPO3yMHI KOMEPIiiiHi iHTepecH. 3 METOIO MiIBUILEHHS e()EKTUBHOCTI KOMEPIIHHOT
eKCIITyaTalii CyaHa, a caMe CKOPOYEHHS 4Yacy Ha MEpeTHH ATIAHTHKH, SIK HACIiZOK
3MEHIIEHHS BapTOCTi, OyJI0 MPUIHATO PillIeHHS TMPOJIOKUTH CBill MapiipyT HebOe3ney-
HOIO 30HOIO Yepe3 MOXIIMBICTD OB aiicOepri. TakuM YMHOM, CyITHOBHUH MEHEHKMEHT
[IParHyB IPOJEMOHCTPYBATH MOXKJIMBOCTI HOBOI'O CY4aCHOI'O Cy[Ha, K€ HE MaJIO aHa-
JIOTiB Ha TOM Yac.

Sk cBimUaTh CTAaTUCTHYHI JaHi, OLIBIIICTh BEIMKOMACIITA0OHUX aBapil, sK i3 3aru-
Oeyutio Jrozel, Tak 1 3 po3MMBOM HAa(TONMPOAYKTIB, TPAIUISIOTHECS B aKBAaTOPii MOPTIB,
y BY3BKHX IPOXOAax a0o moomm3y y30epexoks, TOOTO caMe Ha JUISHKAax, sSKi go0pe
KOHTPOJIFOIOTHCS] TIOCTaMU CIIOCTEPEXEeHHS 1 ciayx0amMu aaMiHicTpamii moptiB. OTxe,
MOPCBHKHM aaMiHICTpaLisiM HOTPiOHO MPOBOAWTH TOAATKOBY MiATOTOBKY B IMTAHHI HE
TITBKHM TOTOBHOCTI CyJHA 3yCTPITH TOCTOWHO aBapiifHy CHTYyallifo, a i BKUBaHHI BiAIO-
BIJIHUX 3aXO/iB Ha Oepesi, 100 He JOMYyCTUTH HaBiramiiHux aBapii. CyyacHuii aHai3
roKasye, o Tiabku 20% aBapiitHUX MMOJiH HAJIEKUTH 10 MUTaHb HE3aJ0BLIbHOI OpraHi-
3ar1ii BaXTOBO1 CIIY»KOM Ha Cy/IHI 1 HOTO TEXHIYHOTO CTaHy, TOOTO 0 MUTaHb BUKOHAHHS
BuMor MKVYDB — moxexi, 3aru0ens mronei, BUXij i3 aay rojJoBHUX JABUTYHIB, BTpaTa
axops, po3nuB Hadtu. Pemra 80% — me Bumagku, Oe3mocepeqHpO MOB’sI3aHi 3 opra-
Hi3aiie O0eperoBoro 3a0e3neycHHs OE3MEYHOT0 TUIABAHHS CYJCH: HaBaJlu, 3iTKHECHHS,
MOCa/IKN Ha MUIHHY, HE3aJJ0BUTbHE OYKCHpHE 3a0e3eueHHs.

MoskHa HaBeCTH XapaKTepHUH NMpHUKIaj aBapiiHux mofii. Ilig wyac mBapTyBaHHS
CyIHa 1 HaBaJIi HOro Ha MpHYaJl OTpUMaHa podoiHa B 6opty. LlIBapTyBanHs 3a0e3mneuy-
BaJM OyKCHpH T KepiBHUIITBOM JoIMaHa mopTy. [lopTroBa Biamga, mMpoBiBIIK PO3CITi-
IyBaHHA, [TOKJIAJa MPOBUHY Ha KamiTaHa cynHa. PeTenpHMil He3aneXHUM aHai3 moxil
MOKa3aB, o0 OYKCHPH, «PO3ITHABIIM» CYAHO, HE 3MOIJIM MTOTACUTH HOTO iHEpIlio yepe3
HEIOCTaTHIO JIs1 iX MaHEeBPY OMepaliifHol CMyTH; HaBaJoM OOPTOM Ha KOPJIOH IIpHYay
Ha MIBUJIKOCTI BHIIEC AOMYCTHMOI CYIHO IPOTKHYJIO CBili OOPT NPUCTPOEM KPIiIUICHHS
MIPUYATBHOTO KpaHy; MpoOoiHu Moryio O He OyTH, AKOM TiAPOTEXHIKH AOTPUMYBAIINCS
TEXHIYHUX NPaBUJI KPIIUIEHHS BiIOIHHUX IPUCTPOIB.

Tomy € BCI TiJICTaBH MOKJIACTH BiIMIOBIJAIBHICTH 3a T€, [0 TPAITMIIOCS HE TUTLKH Ha
KepiBHHUKa MIBAPTOBHUX OIepalii, ajie 1 Ha TiApOTeXHIUHy CIIy>K0y MOpTy 1 KamiTaHa
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nopty. OJHI MOPYIIWIH TEXHOJOTII0 YCTAHOBKHU BiIOIHHUX MPUCTPOIB, 1HIII «Iepe-
DJSIHYJIMY» YMOBH IBapTyBaHHA. BincyTHicTh (aktuyHoi iHpOpMaIii mpo XBUIIO-
BaHHS Ha OEPEroBUX PEKOMEHJIOBAHMX NUISIXaX y3JIOBXK 3aXiJHOTO 1 cXigHOTO y30e-
pexokst HopHOTO MOpst MaliKe MOPIYHO MPU3BOAMTH JI0 3arudelti cyaeH 0OMeXeHOTO
pailoHy mIaBaHHS.

B Vkpaini, 3axonuBmuchk HeyxwibHUM BHKoHaHHSM COJIAC-74, MKVYB, «mon-
cbKOrO (haKTOPY», JIe B OCHOBHOMY WJEThCS PO OpraHi3allito CIy>kOH Ha Cy/Hi, yIIyc-
THJIM TOH (hakT, MO KpaiHa BTpaTHIIA MOTYKHUK (IIOT 1 TOJOBHUM HaJI0aHHSM 1 JKepe-
JIOM aBapidHOCTI € MOPTH 1 MpUOEepeKHA 30HA TUIABAHHS, SIKUM HEOOXiTHO MPUILIATH
0COOJIHMBY yBary uepes KOHIIGHTPAI[il0 OCHOBHUX HETaTHBHUX SIBUII, 10 BIUTUBAIOTH HA
Oe3reky MoperuiaBcTBa. Tak, HAPUKIAN, y TOCITIKEHHIX palioHy IMiJAXiTHOTO KaHATy
nopty Mapiynons 3a3HauaeThes: «<...>HaJ3BUYaiiHO BaXKJIMBE 3 MO3HUIT Oe3rmeku
MoOpeTyIaBaHHsI 1 30BCIM HE JTOCTIKEHE IPUPOJTHE SBHILE, SIKE CIIOCTEPIracThes B A30B-
ChKOMY MOpI, SIKE OTPUMAJIO Ha3By «JIb0OA0Ba pikay. [Ipo 11e sSiBullle HeMae KOIHUX Bi0-
MocTell y cydacHiil okeaHorpadiuHoi miteparypi. B ymoBax oOMexeHHsI MaHEBPEHOCTI
B KaHaJIi «JIb0JIOBA PiKa» € peajbHUM JPKEPESIoM HapiraiiiiHoi HeOesneku. lle sBuie
Yyepe3 MNpaKkTHYHY 3HAUYNIICTh BHMAra€e IMONANBIION0 JIETAIBHOTO JIOCIHIIKESHHSD).
3a BiIOMOCTSIMU, OTPUMAHUMHU BiJ] KaIliTaHIiB Cy/IeH 1 JOI[MaHiB, B akBaTopii TaraHpo3b-
KOi 3aTOKH, B PaiiOHi CYITHOIUIABHOTO KaHaly ByriibHOi raBaHi, panTtoBO BHHUKAIOTh
BIJIKPHUTI Tedii BOJAH 3 JbOAOM IMUPUHOK 10 100 M 31 MIBUIKICTIO CYMIPHOIO 3 PyXOM
Cy[lHa, Ha3BaHUMH «JIbOJIOBA pika». BoHa sk panToBO 3’SBISETHCA, TaK 1 panTOBO 3HU-
kae. Lle npupoaHe sBulle SBIIsIE COO00 aKTyaabHy MpoOIeMy 1o/0 3a0e3neucHHs 0e3-
MIEKU MOpPETUIaBaHHS 10 KaHajlaX A30BCHKOTO MOPSI B JIbOZIOBiM 00CTaHOBIII.

[MpakTrka MoOperaBcTBa KaHajlaMH A30BCHKOTO MOpS MOKa3ye, IO CYTHOBOIHHS
B IILOMY PaliOHI YCKJIQJHSETHCS TiZJPOMETEOPOIOTIYHUMH YMOBaMH, TaKUMH K TyMaH,
MOpO3, BiTep, Jpelid Tboy, 3MiHa HAIPSAMY Tedii, IIBUIKE HAMEP3aHHS JIbOY W 1HIII MpH-
ponHi daxropu. OJHUM 13 TaKUX (HAKTOPIB € MOSIBA «JTHOIOBOT PIKI).

B yMoBax «1b0710BOi piKi» Ha CYJHO BILTMBAE JIisl IIONIEPEYHOT TeUii, 1[0 MOXKE TPH-
3BECTH JI0 PANTOBOI HEKOHTPOJIBOBAHOT 3MiHU HANIPSIMY PYXY CY[HA Ta HABITh MOCAJIKA
foro Ha OpOBKY KaHAIy, YMM 3HAYHO 3HHKYIOTHCS KpUTEpii HaBiramiiiHoi HeOe3mekn
MOpeIJIaBCTBa Cy[CH KaHalaMu A30BChbKoro Mopsi. Jani JlepxxaBHoro mimpreMcTBa
«MapiymonbChKiii MOPCHKHH TOPTIBENBHUN MOPT» CBIIYATh MPO BHIAJAKH MOCAJIKU
Cy/ICH Ha MIJMHY B IEPioj JIbOJOBOI OOCTAHOBKHM Ha MiIXiJHOMY KaHaji ByrinbHol
raBaHi. CyqHa Oyno BujaBieHo Ha OpoBky Ha 7 kM Ta 11 kM. Uepes sIKiCTb IPYHTY,
a came 4epe3 Te, 10 BiH MOpiBHAHO M’sikuil. [1iq yac 3HAXOMKEHHS CyJAHA Ha MUTUHI
BOHO JIeIalli OTbIIe 3aHYPIOETHCS B IPYHT, IO MPHU3BOAUTH JIO JOJATKOBUX (BI3UUIHUX
Ta MaTepialbHUX TPYIHOLIIB, TIOB’sI3aHUX 31 3HIMAHHAM CyJHA 3 MiuHH [9].

Ha cynmHo, mo Oyno BuiaBieHo Ha OpOBKY KaHaITy, TifOTh CHJIM, Pi3HI 32 CBOIMH 3Ha-
YEeHHSIMH 1 HalIpsSIMaMH:

— JIisl 3yCHIIIS, SIKE PO3BUBAETHCS TUTMHOM <JTHOJOBOI PIUKH»;

— THCK Baru CyJHa Ha I'PyHT;

— yZIapu XBWJIi CHIJIBHO 3 JILOJIOBOI IIYTOI0;

— BIUIUB BITpa;

— TPOCiJIaHHA IPYHTY, BUKIIUKaHE TPOJAABIIOBAHHSIM HOTO CYJTHOM;

— 1HII CHJIH.
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3a3Buuall «JIbOJI0BA PiKa» (QOPMYEThCS 3a TAKUX YMOB: IOKPHUTTS JILOJAOBOTO
MoKpuBy TaraHpo3bKoi 3aTOKU Ta HOTO AocsraHHs mupotu 46°10'; HasBHICTH MIITHOTO
mpunas y3J0BX YChOTO JIbOJIOBOTO IMOKPUBY; TPUBANA Jisl MBHIYHO-CX1THHUX 1 CXIHUX
BiTpiB. JlOMyCKAa€THCS MPUITYIIEHHS, IO TPUYMHA TOSBH JILOJOBOI PIKU» 3aJICKHUTh
BiJ penbedy qHA, a came BiJl Kam STHHUCTUX TBepAuX mnopia. Lle cnpuanHeno ocoOnu-
BICTIO pO3TamlyBaHHs akBaropii A30Bchkoro mops Ha CximHO-€BpomnewchKild Iiat-
¢dopmi, Ckidebkiil TuMTI 1 cropyax ANBMIHCEKOTO MOKPOBHO-CKIIAYaCTOTO TOSCY
[10]. JocmimkeHHs MTOKa3ay, mo B A30BCHKOMY MOPIi THO CKJIaJJa€ThCSI B OCHOBHOMY
3 1Ty, SIKUH MEePEeXOANTh B KaM SHUCTI TIOPOJH, IO CTBOPIOE CIPSIMOBAHHUN PyX BOAH
MIXK BUCTyMaMu IuX mopix [6]. «CTpykTypa nopoau JAHa B paioHi y30epexxks A30B-
CBKOTI'O MOPS HE OJTHOPI/IHA, CIIOCTEPIralOThCs YMUCIICHHI CKUIN KaM’ SHUCTHX TBEPAUX
MIOPI I, 1110 TAKOX CTBOPIOE YMOBH ISl BAHUKHEHHS CIIPSIMOBAHUX ITiJTI THUX T€Uill po3-
DISIHYTUAX B po00Ti» [5]. JIbomoBHIA PeKUM MITKOBOJHOTO A30BCHKOTO MOpPSI BU3HAaua-
€TBCS B OCHOBHOMY PEKUMOM TEMIIEpaTypH TOBITpPS, HAMPSIMOM 1 CHJIOK BIiTPY Hal
aKBaTOPi€r0 MOpsi. Y CYKYITHOCTI BCi Il YNHHUKH 3yMOBITIOIOTh HaJ[3BUYaHO CKJIaTHY
KapTUHY MIiHJIHBOCTI JILOJJOBUX YMOB Y 4aci i mpoctopi [7]. 3a ofHi€to 3 Bepcild, mosiBa
«JTOJIOBOI PIiKM» TIOB’s3aHa 3 HASBHICTIO TEIJIOTO JDKEpesa 3JIUBHHX BOJ MiCHKOTO
KOJICKTOPY, 3aKiHUCHHS SIKOTO 3HAXOIUTHhCS B MEkax po3nissHyTol 3oHU [10]. Takoxk
MPUYMHOK0 BUHHUKHEHHS <JIOJIOBOI PIKM» CIYXKaTh MiA3€MHI PIUKH, sKi BIaJAOTh
B A30BCBKe MOpe B paiioHi ByrinbHoi raBaHi.

AmHani3 BciX YMHHHUKIB 1O0Ka3aB, 0 B paiioHi kaHaimy TaraHpo3pKa 3aTOKa IOKpUTa
JILOZIOM 1 CTOITh NMOBHMI MPHITIAl, KaHaJ TIOBHICTIO 3a0MBAETHCS IIYTOO JIO JIHA, B TOMY
YHCi 1 Mo Kpasx kKaHawy. [lin 4ac TpuBamnoi fAii BITpiB MiBHIYHO-CXITHOTO 1 CXiJTHOTO
HarnpsiMiB BUHUKAIOTh 3TiHHI Teuil, piBeHb MOPS 1 JHOJJOBOTO IMOKPOBY 3HAYHO 3HUKY-
€THCS Uepe3 3TiH BoAM 3 TaraHpo3bKoi 3aTOKH, IO BUKIIUKAE TIOSIBY B A30BCHKOMY MODi
TaK 3BaHOI «3BOPOTHOro Tedii» [8]. Teuis, csararoun 5-MeTpoBOi 1300aTH, MEPIOAUIHO
3MIHIOE HANpsIM Ha 3axiJ a00 MiBHIYHUI 3axiI.

A30BCBKHI MOpChKHH iHCTHTYT HarionansHoro yHiBepcuteTy «Ojecbkoi MOPCHKOT
akazieMii» B gociigHoMmy Oacelini kadenpu «Hagiraiist 1 ynpaBiaiHHS CyIHOM» IIPOBIB
JIOCITI/DKEHHS 1 JIOBIB 110 TEOpit0. Sk MOCHiguB A30BChKUN MOpPChKHi iHCTUTYT HY
«OMAY, «I1p0710Ba piKay, sSiKa PanToBO 3apOKYETHCS 1 3HUKAE, YCKIANHIOE Oe3MeKy
MOpEIJIaBaHHS 110 CYJHOIUIAaBHHX KaHajlaX MUTKOBOAHOTO A30BCHKOTO MOpS. YTBO-
PEHHSI OTIOJIOHKHU 3 TEUisIMH B KPIDKAHHX MacUBax, a TAaKOXK PAaNTOBHHA PO3PHUB JHOIY
MPU3BOIATH IO Horo posapoOneHHs. Ls oOcTaBuHa TakoX CHPUYMHSE HIBHJKE YTBO-
PEHHS «JIbOJIOBOI PiKM», 00 MaJli KpUTH MIBH/IIIE BTATYIOTHCS J0 HAPOCTAIOUOTO PYXY
3a)0piB [5]. 3a HAsIBHOCTI CYHIJIBHOTO KPYXKAHOTO MOKPOBY 1 31 301IBIIIEHHSIM Mapame-
Tpa HOro MIOPCTKOCTI 301IBIIYETHCS BITPOBUN KOSQIIiEHT Ipeidy Kpuru (3a paxyHOK
3MEHIIECHHS PO3MIpiB KPHUTH), 301IBIITYI0UN HOTO HIBHIKICTb.

BucHoBku. TakuM ynHOM, IPOOIEMH HABIraI[iiiHOT OS3MEeKH MAKOTh BUPIIIYBATHUCS
B KOMIUIEKCI, 3 ypaxyBaHHM JIbOJIOBOT 00CTaHOBKH, IO 3yCTPI4alOThCA B pallOHAaX TLia-
BaHHS, 3 METOIO TIONepEeIKEHHS aBapiifHOl HeOe3IeKH Ta MiIBUIICHHs Oe3MeKH CyIHO-
IUTaBCTBA. PO3MIISIHY T MOYKIIMBI IPHYUHHA BUHUKHEHHS «JIH0JI0OBOT PIYKH» B CYAHOTLIAB-
HUX KaHajlaX MUTKOBOJHOTO A30BCHKOTO MOpPsI BUMAararoTh IPOBEACHHS IMOJAIBIINX
TEOPETHUYHUX 1 EKCIICPUMEHTAIBHUX JIOCII/PKEHb Y HAMPsAMI PO3POOKU 3aXOJIiB IIOI0
3a0e3mnedeHHs 0e3MeKH MOPETIIAaBCTBA B JILOIOBII OOCTaHOBII B I[bOMY PETioHi.
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Anomauisn

Bcemyn. Jlockonanicmv konempykyii 6y0b-aK0i MAUIUHU 3A1eXCUMb 8i0 30AMHOC-
mi 30epicamu cmabiibHiCMb MEXHIYHOT XapaKmepucmuKy npomsacom ycbo2o nepiooy
excnayamayii. Ocobnusoco 3uavenHs ye Habysac 0as pyibosux Mauiun, 8id 30epeoicy-
BAHOCMI SIKUX 3ANIeHCUMb, 30KpeMa, be3neka mopeniascmea. Mema pobomu — ananis
nepcnexkmus YOOCKOHANEHHS BANCIIbHUX MEXAHI3MI6 PYIbO8UX MAUWUH HIYHHCEPHO2O0
MUny 3 mMouKy 30py NIOBUWEHHA CIPYKIMYPHOI OOCKOHAIOCMI MA 3HUNCEHHS HABAH-
maoicysarnocmi demarnei. Pesynomamu. Iloxkasano, wo esonoyis 8axcinbHO20 Mexamis-
MY DYIbOBUX MAWMUH NIYHHCEPHO20 MUNY 8i00Y8ANACH Y HANPAMI 3HUNMCEHHS KITbKOCMI
HaoauwKosux 36 ’s3kie. Mexanizm mawunu P-18 mae g = 26 naonuwkosux 36 s3Kis,
mexanizm I'PM YOOWON-MITSUBISHI YDFT-335-2 mae q = 20, mawunu HATLAPA
R4ST-1000 — g = 16. ITiosuwenns cmpykmyproi 0ockonanocmi mexanizmie I'PM 6io-
0y8an0Ch WAAXOM 3MIHU NPUSHAYEHHSl, KOHCMPYKYIL ma 32000M 8i0MO8U 8I0 HANPIM-
Hoi Oanku. ¥ mawuni P-18 ocHosHuM il npusHawenHsAM € pO36aHMAdiCeH sl NIyHIcepPd.
Ha necisny cnpomooicnicms danku 3HauHull 8NAUG MAE GETUYUHA 3A30DY 8 ii CNOTYyUYeH-
Hi 3 ONOPOI0 NIYHXCEPi8. 3a giocymuocmi 3a30py Hanpamua cnpuimae 92,3% nonepe-
Y020 Hasanmadicenus. Y pasi 1io2o 30inbutentss 00 0,25 Mm HanpsamMHa cnputimamume
soice 56,2% nonepeunoco HABAHMAdICEHHS, A 6 pa3l NOOAIbLULO2O 30IIbUIEHHS 3A30DY
00 0,50 mm cnputimae minoku 20% nonepeunozo Hasanmadicenns. IHwa koncmpykyis
IT'PM — YOOWON-MITSUBISHI YDFT-335-2 30epecna nanpsimuy sK eiemenm, o
VHEMOMNICTIUBTIOE NOBOPON NJIYHICEPI8 HABKONO GILACHOL OCI, iT scopcmiicmb docmam-
HA 07151 cnpusHamms maxkcumym 7% nonepeunozo nHasanmascents. Mawuna HATLAPA
R4ST-1000 306cim He micmums Hanpamuoi, moomo 100% nonepeunoco Hasanmasicem-
HA cnputiMaioms nayHxcepu. Tlokazano, wjo KintbKicms HAOIUUKOBUX 38 A3Ki6 ) Mexa-
HI3MI HOMUPUNTIYHIICEPHOL PYIbOBOI MAWMUHU MOJICHA 3MeHwumu 0o 6, wo o3navac
00CsI2He Hs 34 Kpumepiem MIHIMI3ayil ix KitbKocmi 2100a1bH020 ekcmpemymy napame-
mpis. Bucnosku. 3a kpumepismu cmpykmyproi 00CKOHAIOCMI Ma HABAHMANCEHOCNT
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NayHICEpPi6 nonepeunolo cuior, 3acmocosanuti y 6cix cyuacuux I'PM nnyuoceproeo
MUNY MaHSeHCHUU MeXaHizM 00CsAe eKCIMPeMyMy C8020 PO3GUMKY, MOMY NepCHeKmusa
niOBUWEHHS MEXHIUHO20 DIBHA DYIbOBUX MAWMUH NIYHHCEPHO20 MUNY ZHAXOOUMbCA 8
NJIOWUHI 3ACMOCYBAHHA THUIO020 TMUNY MEXAHI3MY Ol NepemeopeHHs HOCMYNAIbHO20
DYXY NAVHICEpi6 8 00epmanbHUull pyx pymMnes.

Kntouosi cnosa: pyivosa mawiuma, NIAYHIHCED, MEXAHI3M, HAOIUWKOSBI 38 A3KU,
HABAHMANCEHHS.
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Summary

Introduction. Any-type machine perfection depends on its ability to keep
technical characteristic stability during all operation period. It acquires particular
importance for steering gears, from which stability depends navigation safety.
Purpose. The article purpose is the analysis of the ram-type steering gears
lever mechanism improvement perspectives in the case of increasing structural
completeness and decreasing details loading. Results. It is shown that ram-
type steering gears evolution took place in the direction of reducing the number
of redundant connections. Steering gear P-18 mechanism has q = 26 redundant
connections, YOOWON-MITSUBISHI YDFT-335-2 steering gear mechanism —
q =20, HATLAPA R4ST-1000 steering gear mechanism — q = 16. Increasing steering
gears lever mechanisms structural completeness took place through changing
purpose, construction and than rejection of guide beam. In P-18 steering gear
guide beam main purpose was unloading plunger (ram) from transverse force from
tiller. Main influence on guide beam load capacity has size of gap between guide
beam and ram support. In gap absence guide beam taking 92.3% of transverse
force. When gap size is 0.25 mm, guide beam taking already 56.2% of transverse
force, and when gap size increasing to 0.5 mm — only 20%. Other steering gear
construction YOOWON-MITSUBISHI YDFT-335-2 save guide beam as element
which makes rams rotation around its own axe impossible. The guide beam rigidity
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is enough to take only 7% of transverse force. HATLAPA R4ST-1000 steering gear
has no guide beam that means that ram taking fully transverse force. It is shown
that redundant connections number in four-rams steering gear can be reduced to
q = 6, that means achievement by criteria of their minimization global parameters
extreme. Conclusions. By criteria of structural completeness and ram loading by
transverse force, using in all modern steering gears tangents-type lever-mechanism
reached its development extreme. That's why increasing technical level perspective
is in the area of using other type mechanism to transformation rams progressive
motion to tiller turn.
Key words: steering gears, ram, mechanism, redundant connections, load.

Beryn. JlockoHamicTh KOHCTpPYKINii Oynb-sSKOi MallWHU 3alIe)KHUTh Bifl 3MaTHOCTI
30epiraTu cTabiIbHICTh TEXHIYHOT XapaKTEPUCTUKU Ta pOOOYHX MapaMeTpiB MPOTATOM
YCHOTO TIepioay eKCInTyaTallii (30epexyBaHiCTh — OAUH i3 KpUTepiiB HamidHOCTI). Oco-
OnMBOTO 3HAUEHHA e HaOyBae JUISL Ul PYIbOBHX MAlIWH, Bi 30epeKyBaHOCTI SIKUX
3aJIeKHUTh, 30KpeMa, Oe3neka MoperiascTsa [1].

AHaJi3 HaAyKOBHX IOCJiI:KeHb i myOjikamiii. Y MammHax, MEXaHI3MU SIKUX
MICTATh HAJJIUIIKOBI 3B’S3KH, MPOTATOM EKCIulyarallii BifOyBaeThCs MEpepO3Io-
JIiJT HaBaHTa)XEHb MK JETaIsIMH, IO MPHU3BOIUTH MEPEBAHTAKCHHSA OIHHUX 1 PO3-
BAaHTAXXCHHA 1HIIMX, L€ TOACKYAM CHPUYUHSE 3MiIHY TEXHIYHOI XapaKTepUCTUKU
MaIlliHY, 301IbIIEHHS] B Hi MeXaHidHUX BTpaT. ToMmy moOymoBa MamuH 3 sIKHA-
MEHIIOI0 KiJbKICTIO HAAJWIIKOBUX 3B’SI3KIB Ta SKHAWMEHIIMMH HABAaHTAXXCHHSIMHU
JIeTael € akTyaJlbHUM 3aB/IaHHSM. BUKOHaHHIO IOCIIKEHB 32 KOXKHUM 13 BKa3aHUX
HaIpsAMiB Ma€ TepeyBaTH OIiHKA iX IEPCTIEKTUBHOCTI, OCKITBKY KOXKHIN TeXHITHIN
CHUCTEMI B MEXaxX KOXKHOTO NMPUHIUIY i BIaCTUBUN MIOOAIBHUI €KCTPEMyM Iapa-
MeTpiB [2], miCII TOCATHEHHS SIKOTO MOTPiOHUH mepeXia 10 HOBOTO MPHUHIHILY Iii.
BkazaHuMm HanpsMaM NpUCBSYEHA 3HAYHA KUIBKICTH POOIT, IO CTOCYIOTHCS MeETa-
JTypriiHUX, MiAHIMATHHO-TPAHCIIOPTHUX MAIIMH Ta €JIeMEHTIB iX mpuBoaiB [3—6],
YIOCKOHAJICHHIO KOHCTPYKIlii €IeMEHTIB CYJHOBUX PYIHOBHUX MAIIWH MPUCBIYCHO
JIeIIo MeHIIe yBaru [7], mo GopMye yMOBH JUIsl BUKOHAHHS TOAAJIBIITNX 10 CTiIKEHb.

@opMmyaoBaHHA 1ijeld cTarTti. MeToro poOOTH € aHalli3 MEePCHeKTHB YIO0CKOHA-
JICHHS! BXXUTbHUX MEXaHi3MiB PYITbOBHX MAIUH IUTYHXEPHOTO THITY 3 MO3MLIi IMiIBHU-
IICHHA CTPYKTYPHOI JIOCKOHAJIOCTI Ta 3HIKEHHS HABAHTAXKEHOCTI JIeTaew.

3aBaaHHs poOOTH:

— OWLIHUTH e(EKTHBHICTh POOOTH HANpPIMHOI Ok B PYJIbOBHX MallWHAX TUTyH-
JKEPHOTO THITY 3 ypaxXyBaHHSM €KCIUTyaTaliifHuX 0coONMMBOCTEH Ta 11 BIUIMB Ha CTPYK-
TYPHY TOCKOHAJICTh Ba)KIIbHOTO MEXaHi3My;

— BCTAaHOBHUTH PE3CPBH ITiIABUIICHHS CTPYKTYPHOI TOCKOHAIOCTI MEXaHI3MiB TLTYH-
xkepHux ['PM;

— BCTaHOBHTH PE3EPBH 3HW)KEHHS MONIEPEYHOT0 HaBaHTaXeHHS IUTyHxkepiB y [PM
13 TAHTEHCHUM MEXaHi3MOM.

Buxkaan ocHoBHOro marepiajy. Ha moyarkoBoMy eTari npoaHaiizyeMo CTPYKTYpY
BaXIJTLHOTO MEXaHi3My pyiboBoi MammHHN P-18 (puc. 1), Aka € OmgHI€0 3 KIIACHIHUX
KOHCTPYKIIIX 1 BUITycKaroThcs Bxke noHay 40 pokis. [Tokaxkemo B MexaHizMi miei [PM
HasBHICTH Ta MICIIE pO3TAIlyBaHHS HAJINIIKOBUX 3B’ A3KIB.
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Puc. 1. 3aeanvruii 6uo mexarnizmy pyivogoi mawiunu P-18

Jis  copolleHHsT PO3PaxyHKIB PO3MIAAATAUMEMO IIOJIOBHUHY il MeXaHi3My, IO
OB’ sI3aHa JIMILE 3 OJHKM i3 IUIYHXepiB (puc. 2). Y TakoMy BapiaHTi MEXaHi3M MiCTUTh
TPHU PyXoMi JIaHKH (7 = 3) — IJIYHXep 13 TOJIIBKOIO Ta OMOPOI0, 10 KOB3a€ 10 HAIPSIM-
HIH, pyMIIelib 1 XPECTOBUHY, IO CIIOJy4ae PYMIICNb 1 TONIBKY ILIyHXkepa. KiabKicTh
KiIHEMaTHYHUX Iap I1’ATOro Kjaacy cTaHoBuTh P; = 2 (Os, F;), KiIbKICTh KIHEMAaTUYHUX
nap yerBeproro kinacy P, =5 (4, B, C, E,, D,), KiHeMaTUYHHUX 1ap TPETHOIO, APYroro
Ta nepioro kiacie P; = P, = P, = 0.

3arajbHa KUIbKICTh KIHEMAaTHYHHUX TIap

CyMa pyXoMOCTell KiHEMaTHYHUX I1ap

f=1P,+ 2P, + 3P, + 4P, + 5P, = 1x2 + 2x5 + 3x0 + 4x0 + 5x0 = 12,  (2)

oo o

7

Puc. 2. Cmpyxmypua cxema mexarnizmy pyivogoi mawunu P-18

KinbkicTh HE3aJICKHUX 3aMKHEHUX KOHTYPIB MEeXaHi3My [8]
k=P-n=7-3=4, 3)
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[Mepmmii He3anexxHuit koHTyp Mexanismy — O;C,B,A,0;, npyruil KOHTYp —
0,C,D,E ,O;, Tpertiii koutyp — E,D,F;E,, aeTBepTuii KoHTYp — A, B FA,.
CryniHb pyxoMocTi MexaHi3My 3a GpopmMyrioro Boiins i Aranaciy

W=N->r=12-2+3+3+3)=1, 4)

e N = 12 — KiIbKIiCTh OMHOPYXOMHX KIHEMATHIHUX TIap, IO JTOPIBHIOE CYMi PyXOMOCTEH;
r,=2,r,=r;=r,=3 — paHTH OCEeH HEe3aJICKHNX KOHTYPIB.

KinpkicTh HaUTUITKOBUX 3B’ SI3KiB MeXaHi3My MamuHu P-18 3a dhopmymoro Comona-
Manumera [11]

Gopy =W +5P. +4P, +3P, + 2P, + F,—6n=14+5x2+4x54+3x0+2x0+0-6x3=13. (5)
KinpKicTh HaAIMIITKOBHX 3B’SI3KiB MeXaHI3MYy 3a (popmyoro O3o51ca
Gy = W+6k—f=1+6x4-12=13, (6)

TakuM 4YMHOM, KUIBKICTh HAJUIMIIKOBUX 3B’SI3KIB ¢ = (¢, = {¢,; =13. IlinrBepmkye
HaBeJIeH1 BUKJIAAKH 1 3aCTOCYBaHHI IOKOHTYpPHOTO MeTofy (Tadm. 1). 3aranoM y MexaHi3mi
I'PM P-18 xinbkicTh Oyme g = 26. Taka iX KUTBKICTh 3yMOBJI€HA HAsBHICTIO KIHEMATHYHHUX
nap HU3BKUX KJaciB. 3a3HAYMMO, 110 HAJJIMIIKOBI 3B’S3KU ¢, ¢4 ¢, YHEMOXIUBIIOIOTH
CaMOBCTAHOBJICHHS JIAHOK Y HaIlpsiMi OCi y, TOOTO B HAIPsIMi JTii IIOTIEPEYIHOI CHJIM Ha TUTyH-
ep. BuIbLIicTh HAJUTMIIKOBHX 3B’SI3KIB (q; — ¢;3) 3HAXOMUTBCS B TPETHOMY Ta YETBEPTOMY
KOHTYpax, BiJIMOBa BiJ| SKMX aJCKBaTHA 3MEHIIICHHIO KUTHKOCTI MUX 3B’s3KiB. HasBHICTH
IMX KOHTYPIB, 3riHO 3 BUPa3oM (3), Mae CBOIM JKEpPeJIoM 3aCTOCYBaHHS HANPSIMHOI 1 mapu
F5, mo mepesiac mornepeyHe HAaBaHTXKEHHS 3 INTyH)Kepa Ha HalpsIMHY, a TaKoK IIapHipa
D,. 3 nozuiiii poOOTH MeXaHi3My SIK CUCTEMH JIAHOK, HEOOXIHOCTI B IMX KiHEMATUYHHUX
napax HeMae, TIPOTe BOHH BILTHBAIOTh HA Mepeiady HABaHTXKESHHS B MPAIIOIOUil MaIIIHHI.
apnip D, motpiOeH amst yHUKHEHHS! BAHUKHEHHS B MiCLIi CHIOJTyYeHHSI XPECTOBHHH 1 IITyH-
’KEPHOT TOJNIBKH 30CEPEKEHOT0 3TMHAILHOTO MOMEHTY, 110 JOJATKOBO 3TMHATUME TLTyH-
xep. [1oBOpoTy MmiTyH>xepa HaBKOJIO BIACHOT OC1 MEPEIIKOKAE CIIOMYUESHHS PYMITENS 3 HUMH
muTiHAprIHOIO Tlaporo C,. HampsiMHa 3akiananachk y KOHCTpPyKIito I'PM st cipuiAHSTTS
YaCTHHH [TOBHOTO MOTIEPEYHOT0 HaBaHTa)XeHH: (7) 300Ky pyMmIIesIs, TOMY MOCTyIabHa rapa
F'; BUKOHaHa 3 PO3BUHEHUMH TUIACKHMH eJIeMEHTaMH.

Tabmung 1
3acTocyBaHHSI NOKOHTYPHOI0 MeTOAy A0 MexaHismy I'PM P-18
Kontyp [Tnacki pyxomocri f, Hemnnacki pyxomocri f,
05C,B,A4,0; L4 4 L4k
A L 84w A & 8
0,C,D,E,O; Gl
£ a g £ 2 0
ba to
EDFE, Fo o 0 0 o
o 44 [ N T
AB,F o a g 0 0
L 5A4 [T S T bor o k@
W=1,q=13
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OmiHKy e(eKTUBHOCTI POOOTH HANMpPSIMHOI SIK PO3BaHTAKYBaJIbHOTO EJIEMEHTY
B Takiit koHCTpyKLii ['PM, 3 ypaxyBaHHAM eKCIUTyaTalliiHIX 0COOIMBOCTEH, 3p0OUMO
BHUCHOBOK IIIISTXOM aHAJIi3y PO3MOALUTY HAaBAHTAXKEHHS MiXK IUTYHXEPOM Ta HAPSIMHOIO
i 9ac poOOTH MalIvHU.

Jnst 1poro po3mISTHEMO PO3paxyHKOBY CXeMy, MokazaHy Ha puc. 3. Ilomepeune
3YCHIUISL BU3HAYAETHCS CIIBBITHOIICHHIM

F,=F;sina.=M,sinocosa/(2H), (7

ne F, — KooBe 3yCHIIIs Ha PYMIIETi; o — KyT MepeKya ki cTepHa; M, — MOMEHT Ha pyM-
nesti (3 ypaxyBaHHSM TiIPOIMHAMIYHOTO OTOpPY MOBOPOTY CTEpPHA Ta BTPAT B OMOpax
Oanepa); H — BiZicTaHb MiXk OCsAMU Oajiepa Ta IIyHXepa.

Z Hanpamwa damwa
— L xera posnodiy

MONECEHHLY LT
E H 0
=,

£

A |3 %, % |

L 5, /T° - Vv 11/

Puc. 3. Pospaxynkoea cxema mexanizmy pynoogoi mawiunu P-18

Hani mpuiimaeMo Taki NpunyieHHs: JeOpMyBaHHS IUTYH)KEPiB Ta HAIPSIMHUX BiJl-
OyBaeTbCsl B MEXKaxX IpaHMLI MPYKHOCTI X MarepianiB, MK IUTYH)KEpaMH Ta BTYJIKaMU
HasBHI 3a30pH, L0 JAIOTh 3MOTY BBa)KaTH IUTYH)KEpU OalkaMH Ha IapHIpHUX OIopax
(3a30p BBaxkaemo piBHUM 2Z = 0,6 MM, 1110 JOMYCKAETHCS B eKCILTyarailii [9]), HanpsiMHa
€ OaITKOI0 13 JKOPCTKO 3aLIeMIICHUMH KiHISIMH, TUTYH)KEPH Ta HAIIPSAMH1 MAIOTh NOCTiHHUN
3a JIOBKMHOIO MOMEHT iHEpLii mepepi3y, MiX OIMOPOI0 IUIYHKEPiB Ta HAIIPSIMHOIO HasIB-
HUI 3230p (30UIBILEHHS SIKOTO B €KCILTyaTalii JOMyCKaeThCsl BUPOOHMKOM J10 BETUUMHH
Z,,= 0,25 MM, IpOTE peabHO B €KCILTyaTalii BiH Moe OyTH OiIbIInM).

3a HagBHOCTI 3a30pa Z,, B 1api 5 nonepevyHe HaBaHTAKEHHSA IIOYMHATUME CIIPUH-
MaTu TUIBKH IUTYHXKEP, MiCIs MPOTMHY SIKOTO Ha BEIWYMHY LBOTO 3a30pa, MOIEepeyHe
3YCUILISB HbOMY CAraTuMe Benuuunu £,,. Ilicis 3akpuTrs 3a30pa Z,, HanpsIMHa II04HE
CIpUIMaTH MOoNepeyHe HAaBAHTAXKEHHSI CYMICHO 3 IUIYH)KEPOM, YTBOPIOIOYH CTaTHYHO
HeBU3Ha4YeHy OanKoBy cuctemy. [Ipu nboMy IuTyHxep i HanpsiMHa 3a3HAIOTh y Pe3yJbTari
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Aedopmallii 0HAKOBUX HPOTUHIB J, = J,, IO CIPUYMHATECS 3YCUIUISAMM, BiANOBINHO,
F,, Ta F,. Yci Tpy 3rajaHux NpY»KHMX peakiii 300Ky IUTyH:Kepa Ta HalpsMHOI 3piBHO-
Ba)KyBaTUMYTh 30BHIITHE TIoNiepedHe 3ycuiuis (7), Tomi

{F, =F,+F,+F,;

5,=3,. (8

[porun ruryH»Xepa K NIapHIpHO orepToi OaNKH, IO MPAIOE B YMOBaX IMOB3I0BXK-
HBO-TIONIEPEYHOTO 3THHY, CTAHOBUTHME [ 8]
8,=8,,/(1-F,/Fy), (10)

1€ 0,, — TIPOTHH ILTyHKEPa K ABOXONOPHOI OAKU IPHU MONEPEYHOMY 3THHI Bl Aii TUIBKH
cum F,; F, — 0cboBa CUiIa, 10 CTHCKAE IUTyHKeP; F, — cuiia Bisepa uis mryrkepa.

F, =F cosa=M, cos’a/(2H); (11)\
F,, =n'EJ, | L}; (12)
L, =0,5L+ Higa, (13)

ae J, — MOMEHT iHepIIii HONEPEYHOTO NEPEPI3y MITyHkepa; £ — MOMYIb IPYKHOCTI Mare-
piany mTyH)Kepa Ta HalpsiIMHOT; L — BiZICTaHb MiX TiAPOIHIIiHAPaAMI.

Jns mamuan P-18 makcumansHUn MOMeHT ctaHoBUTh M, = 1000 kH-M, ToNOBHI
po3mipu MammaHA Taki: H = 600 mm, L = 1600 mm. HampsimMHY Ta 1miTyH)Xep BUTOTOBIIEHO
3i ctani (£ =2,1x10° MITa). [lnyHxep Mae KUTbIEBUA mepepi3 i3 30BHINIHIM 1 BHYTpill-
Him fiametpamu d, = 240 mm, d,; = 160 mm Ta MoMeHTOM iHepuii J, = 130690254 MM,
3a Takux nmapameTpiB (i a = 35°) ypaxyBaHHS MOB3IOBXHbBOTO 3THHY A€ MPHUPICT
nporuny aume 0,31% (6, = 1,00315,,). Tomy mam BpaxOBYeMO TiIbKH NOIEPEYHE
HaBaHTA)KEHHS IUTyHXXEpPiB, TOAL:

2
Z,,=F,(L-L) L /3EJ,L)=F,\,; (14)
2
8,=F,(L-L) L /(BEJ,L)=F,}\,; (15)
8,=F,(L-L) L/ (3EJ,')=F,\,, (16)

ae J, — MOMEHT iHepIii HONEPEYHOro NePEPi3y HAPIMHOI; A, Ta A, — NiHIHHI ITi11aTIH-
BOCTI IUTyHXXepa Ta HaPSIMHOI BiATIOBITHO.

KyToBwii 3a30p B omopi A B pasi nedopmariii mryrkepa 3apxan OyJe MeHIITNM, HiXK
B OTI0pi £, 1 CTAHOBUTHME

-0, (17)

ne 0,,.. = 27/l (I, = 240 noBxvHa TUTyHKEPHOI BTYJIKH ) — MAKCHMAJIBHO MOXKIIMBHI KyT
MOBOPOTY TUTYHXKEpa Y BTYIIII B MEXKaX JiaMeTPabHOTO 3a30py 2Z; 6, — KyT OBOPOTY
KIiHIIA TUTYH)Kepa B omopi 4.
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0,=(F, +F,)L(L/L-[L/ L]S) /(6EJ ). (18)

ITicna Bupaxenns sycunns F,, (15) gepes F, (16) i3 Bukopucranusam (9), mizacra-
HOBKH y (8), Ta BUKOHAHHS IIEPETBOPCHBb, OTPUMAEMO BHpa3 I OOYUCICHHS TOTIepe-
YHOTO HABaHTAKEHHS HANPSIMHOT

F,=(Fr, =2, )/ (%, +1,). (19)

3Binku Koe(ilieHT HaBaHTAXKEHHS HANPSMHOI, 10 XapaKTepusye e(eKTHBHICTH i1
po0O0TH 3 pO3BaHTAKEHHS IUTYHXKEpa, CTAHOBUTHME

K =F,|F, =(\,=Z, | F)/(x,+1,). (20)

Hanpsimuaa Oanka B mamuni P-18 mae aBoTaBpoBuil mepepi3 i3 BUPi3oM HOCepe-
uHi crinku (puc. 1) J, = 284981668 mm*. HapeneHi BUKIaaKy Jajiu 3MOTy moOyyBaTu
rpadiku (puc. 4) 3aJeKHOCTI MONEPEUHUX 3YCHIIb, IO JiIOTh Ha IUTYH)XKEP Ta HAlPSIMHY
(puc. 4, a), Ta xoediuienrta (20) HaBaHTa)XeHHA HanpsiMHOI (puc. 4, 6) BiJ BeIUMYHHU
3a30pa Z,,. I'padixku nobymoBaHo st KyTa NEPEKIANKU CTepHA o = 35° Ipy 11ii Makcu-
MaJIbHOTO MOMEHTY Ha pyMIIEITi.

Takum 4nHOM, 31 30LIBLIEHHAM 3a30py Z,, MK ONOPONO ILUTYH)XKEpa Ta HampsM-
HOIO €()EeKTUBHICTH (PYHKIIOHYBaHHS OCTaHHBOI 3MEHIIYETHCS. 3a BIICYTHOCTI 3a30pa
(Z,, = 0) (puc. 4, a) nanpsamua crnpuiivae 362 kH monepeyHoro HaBaHTaKeHHS,
a muryrmkep — aume 30 kH, a6o 7,7% (K, = 0,923). V pasi 30i1bIIEeHHS 3a30py 10
Z,,= 0,125 MM HaBaHTa)KeHH LTy HKepa 301nb1ryeThes B 3,4 pasu 1o 101 kH, a nanpsm-
HOi — 3MeHmyeTbes 10 291 xkH, To0To HanpsiMHa cnpuiimMatuMe 74,3% HaBaHTaKEHHS
(K, = 0,743). V pasi noganpuioro 361IbIMEHHS 3a30py 10 Benuuunu Z,, = 0,250 mm,
HanpsiMHa ctpuiiMarume 56,2% mnonepeynoro HapantaxenHs (K, = 0,562), abo 220 kH,
a TIyHxep — BinnoBigHo, 172 kH, uu 43,8%. HasBHICTh J01aTHHOTO KyTOBOTO 3a30pa
A6, B omiopi A (puc. 4, 6) CBiZYUTD PO NPABOMIPHICTb MPUITYLICHHS HPO IUTYHXED SIK
0anKy Ha MIapHIPHUX OMOpPAX.

1.0 - I T T T
. o \K 2 350 -\ Fy ~Fu ——Fp
+ £ 051 T g i F J
o 3 Ka 2 3 \ F I 1~
S S061 1 g 230 ’ 4
z 3 N = 200 4 .
i 2 049 \\ z 150 A
23 Af Z J,i/ ! ‘\n
“ 2029 o ™ g 100 -~ / ™~
S 504 / ’ 1
0.0 . E o= ————
0,000 0,125 0250 037% 05 0000 0,125 0250 0375 0,500
Ja10p Lpe, Mm Tazop Lpz, My
a) 0)

Puc. 4. I'paghix 3anesxcrocmi nonepeunux 3ycuns (a), koegiyieHma HaBaAHMANCEHHS
HanpsAMHoOL ma Kymoeo2o 3asopa 6 onopi A (6) 6i0 eeruuunu 3asopy Z,,
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OTxe, B ekcrutyarailii eekTHBHICTh (DYHKIIIOHYBaHHS HAIPSIMHOT 3 pPO3BAHTAKEHHS
IUTYH)Kepa BiJl TOMEPEYHOr0 3YCHIUISA 3aJICKUTh BiJl CTaHy CJIEMEHTIB KiHEMaTU4HOT
napu F; (puc. 2), 30KkpeMa, BEIMYUHH 3a30py Z,, MiXK HUMH, IO MiATBEPIKYE CTPYK-
TypHY HEIOCKOHaNICTh MexaHizmy ['PM P-18. 3MeHIIeHHs KiTbKOCTI HAJTUIIKOBUX
3B’SI3KIB MOXKHA JIOCSITTH IiJBUIICHHSAM KJIACy 3aCTOCOBAHUX Map, aje epeKTHUBHIIIC
3MEHIIEHHSM KITBKOCTi KOHTYPIB.

VY 6inpmr mizHix 'PM HanpsiMHa mo30ys1ack GyHKIT COpUHHSTTS OiIbIIOT YaCTHHH
MOTIEPEYHOr0 HaBaHTaXKCHHs Ha IuryHxkep. Tak, y Mamuai YOOWON-MITSUBISHI
YDFT-335-2 [10] nampsiMHa 311aTHa HEeCTH Jniie 5—7% HaBaHTa)KE€HHS, PEIITY CIIPHii-
Mae TuryHxep. Hatomicte HanpsiMHa HaOyna (yHKIIT yOesreueHHs MOBOPOTY ILTyH-
JKepiB HABKOJIO BiacHOi oci. 3aramom MexaHisMm ['PM YOOWON-MITSUBISHI
YDFT-335-2 mae g = 20 Ha/ITIMIIKOBUX 3B’ SI3KiB.

3 METO 3HIDKEHHSI KUTBKOCTI H/ITMIIKOBUX 3B’S3KIB y HACTYIHIM aHai30BaHii
mamai HATLAPA R4ST-1000 (puc. 5) HanpsimHa BificyTHS (TIOB3ZIOBXKHS OaJika €, aje
Ha Hil 3aKpiTUIEeHO BKa3iBHUK KyTa MEPeKIIaJKh) 1 3aCTOCOBaHI IMIIHIPUYHI TOB3YHH,
10 YTBOPIOIOTH Hapu B, Ta D, (puc. 6), sSiKi BUKJIIOYAOTh OBOPOT IUIYHKepa HaBKOJIO
BJIACHO{ OCI.

ey wr

Puc. 6. CmpyxkmypHa cxema mexarizmy pyiooeoi mawiunu HATLAPA R4ST-1000
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KinpkicTh KiHEMaTu4HUX Nap TyT craHoButh: Ps = 3 (Os, Cs, I5), P, = 4 (4, B,
E, D)), P; = P, = P, = 0, MexaHi3M MICTHTh YOTUPHU pyxoMi JaHku (n = 4). CTpyk-
TYPHHH aHaNi3 JJeMOHCTPYE, 110 He3aICKHUX KOHTYpiB Tpu — O5B,C;4,0;, OsD IE O,
CsB,D I;C;, cTyniHb pyXoMOCTi MexaHi3My W = 1, KUIbKiCTh HAJJIMIIKOBUX 3B’SI3KiB
B aHAJII30BaHOMY MEXaHi3Mi ¢.,, = ¢,; =8, a y BcboMy MexaHi3mi I PM ¢ = 16. [Tokon-
TypHUU MeTox (TabJ1. 2), AEMOHCTPYE, IO a0COITIOTHA O1IBITICTh HAITTUIITKOBHX 3B’ SI3KiB
(9; - g5) 3HAXOMUTHCA B YETBEPTOMY KOHTYDi, HASIBHICTE SKOTO 3yMOBJIEHA HAsSBHICTIO
map D, Ta I;, mpo HeoOXiAHICTh 3aCTOCYBAaHHS SIKUX CKa3aHO BHIIIC.

3HM3HUTH KUTHKICTh HAIIMIITKOBUX 3B’ SI3KiB MOYKHA 3MEHIIIUTH 3aCTOCYBAaHHSIM TUTYHIKE-
PpiB, SIKi BCTAHOBJICHI 3 EKCIICHTPUCHUTETOM e (MOKe OyTH Y BepTUKAIBHIN Y1 TOPU30HTAIb-
Hil TDIOIMIMHI) 17151 BUKITFOYECHHS iX TIOBOPOTY HABKOJIO BJIACHOT OCi, OTHOTO TIPHU3MATHIHOTO
MTOB3yHa (YTBOPIOE 3 TIA30M PYMITENS KiIHEMaTHIHy TIapy TPETHOTO KJIacy) BCTAHOBJICHOTO
MDK TUTyHKepamu Ha cepudrii onopi. Takum umHOM, MexaHi3M Marume n = 3, Ps = 1,
P,=2 P,=2 P, =P, =0, nBi pyxomocTi (W = 2) — OCHOBHY PyXOMICTh MEXaHi3My
1 MICIIEBy PYXOMICTh — ITOBOPOT ITOB3YHA HABKOJIO OcCi X. HeBa)kKKO OOUMCIIHTH, IO TaKHi
MEXaHi3M MaTuMe ¢ = 3, a YJOTHPHUIDTYH)KEpHA MAIIMHA 13 JBOX TAKUX MEXaHI3MIB MaTnuMe
q = 6 (y mammai P-18 g = 26!). Ilomanpie 3HWKEHHS KUTBKOCTI HATUIITKOBHX 3B’ SI3KiB 0¢3
BBEJIEHHS TONATKOBUX JIAHOK Ta KIHEMAaTHYHUX Tap € AOBOII CKITaIHUM.

Tabmurg 2
3acTocyBaHHsI IOKOHTYpHOro Metoxy a0 MexaHismy I'PM HATLAPA R4ST-1000
Kontyp [Tnacki pyxomocri f, Hemnnacki pyxomocTi f,
0.8,C.A,0s o4 bk

A B %’_T W A 5 0
O;D I;E 05 i' Hl
£ 0 £ 0 0

ta

CsB,D,ICs g @ @ g 9 @
te o {a e Vo V%
W=1,q=8

[epexomsun Bin cTpykTypu MexanismiB [PM 1o HaBaHTakeHOCTI iX aeTanew,
3a3HAau4MMO, 10 y BCIX KOHCTPYKLIsAX 3a0e3reueHe 3HaUHE MOTepeyHe HaBaHTAKECHHS
TUTYHXKEPiB, SKe MOXKHA OIIHUTH KOoe]illieHTOM 1X HaBaHTaXKEHHS KOJIOBOIO CHITOF0. Jliist
MaIllMH 13 HanpsMHOIO Bupas (21) mis Horo oOYMCIIEHHS HEBAXKKO OTPUMATH 3 BHUKO-
pucTanHaM criBBigHOIICHE (7), (8) Ta (19), a 1ns MammH, M0 HE MICTATh HAIPSMHOT,
F,=F),itomy K, = sina.

K, =F,/F=(ksina+Z, /F)/(h,+k,). (21)

To6to st o = 35° B mammai HATLAPA R4ST-1000 ta inmux ['PM 6e3 HaripsiMHO1, Ha
ITyHKep nepenacthes 57% konosoi e F, (K, = 0,573). HasBHiCTh HanpsMHOI 31aTHE
3MEHLIMTH LeH BiICOTOK — y MammHi P-18 nipu Z,, = 0 muryH>kep HaBaHTa)yeThbCs 3y CHII-
JIIM, 110 CTAHOBUTH ONM3BKO 4% Bit KooBoro (K, = 0,044), a mpy rpaHH4HO IOy CTUMOMY
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3a3opi Z,, = 0,25-25% Bin xonosoro sycunis (K, = 0,251), y pasi 30i1bIIeHHS 3a30py 10
BeMuMHA Z,, = 0,50 MM (10 IIIKOM peabHO B €KCILIyarallii), IUTHKep COpuiMaTime
Bxke 46% xomoporo 3ycuiuist (K, = 0,459). PisHuis Mk HaBaHTKEHHAM IUTyH)KEPIB IIOme-
peuHOIO cUIo B 57% KOJIOBOTO 3yCHILIsSl B MalIMHAX 0e3 HarpsMHOI 1 46% B MalmHaxX
13 HANPSIMHOKO 32 HAsSBHOCTI 3a30pa TaKOXK CBITYUTH Ha KOPUCTH BiJIMOBH BiJ] OCTAaHHKOI.
KpiM 1poro, muTaHHs 3HWKEHHS MTOTIEPEYHOTO HABAHTAKEHHS TUTYH)KEPIB IIISIXOM 30111~
HICHHS >KOPCTKOCTI HAmlpsIMHOI € MaJIONEPCIEKTUBHUM, OCKUIBKM OCHOBHHMI BIUIMB Ha
roriepeyHe HaBaHTakeHHA (7) MaroTh OCOOJMBOCTI CHIIOBOI B3a€EMOJIi1 JTaHOK 3aCTOCOBA-
Horo B cyyacHux ['PM TaHreHCHOTO BakinbHOTO MexaHi3My. Lle o3Hauae, o 3a KpurepieMm
HaBaHTAKEHOCTI TUTyHXEPiB MTOTIEPEYHIM 3y CHIIISIM KOHCTPYKITiSl MEXaHi3My TaHTEHCHOTO
THITy JOCSIIIA II00AbHOTO EKCTPEMYMY, TOMY pe3epB 3HM)KCHHS HABAHTAKEHOCTI TUTYH-
JKEpiB 3HAXOAUTHCS y TUIOIIMHI 32aCTOCYBaHHI 1HIIIOTO THUITY MEXaHI3MY /IS IIEPETBOPECHHS
MOCTYNAJIBHOTO PYyXy TUTYHXXEPIiB B 00epTOBHUIl pyX pyMIeIs.

BucHoBku. 3a paxyHOK BUKOHAHHSI IIPEJICTABICHNX Y POOOTI TEOPETHIHHX TOCIIHKEHb:

— TIOKa3aHOo, III0 €BOJTIOIS BAXKUTHHIX MEXaHI3MIB PYIIBOBHX MAIITMH ILTYH)KEPHOTO THITY
BinOyBaslach y HanpsMi 3HMKEHHS KUTBKOCTI HAIUTMIIKOBHX 3B’S3KiB. MexaHi3M MalliHA
P-18 mae ¢ = 26 HagmmmkoBHX 3B’s3KiB, MexaHi3M Outein cydacHoi [PM YOOWON-
MITSUBISHI YDFT-335-2 mae g = 20, manman HATLAPA R4ST-1000 — g = 16;

— TIOBMIIEHHS CTPYKTYpHOI JOCKOHaJoCTi MexaHi3miB I'PM BinOyBanoch HuIsIxoM
3MiHH TIPU3HAYCHHS, KOHCTPYKIIii Ta 3r0IOM Bi]MOBH Bijl HAITPSIMHOT Oankw. Tak, y MammHi
P-18 ocHOBHMM i IpH3HAYEHHSIM € PO3BaHTAKEHHSI IUTyHKepa. Ha HeciBHY CpoMOXKHICTb
HanpsIMHOI 3HAYHUI BIUIMB Ma€ BEJIMUMHA 3a30py B CIIOJyYEHHI OaJIKH Ta ONOPHU ILTyHXKe-
piB. Y pasi BiACyTHOCTI 3a30py HanpsMHa cripuiiMae 92,3% morepedHoro HaBaHTaKEHHSI.
V pasi oro 30utbmenHs 10 0,25 MM HampsiMHa cpuiAMaruMe Bxe 56,2% mornepeuHoro
HaBaHTA)XEHHS, a B pa3i MOJANBIIOro 30uUTkimeHHs 3a30py 10 0,50 MM HampsiMHa CHpHiA-
Mae Tinbku 20% monepedHoro HaBaHTaxkeHHs. [Hma xoHcTpykuis ['PM — YOOWON-
MITSUBISHI YDFT-335-2 36epermia HanpssMHY SK €JIEMEHT, IO JIHIIE YHEMOKITHBITIOE
MOBOPOT TUTYHKEPIB HABKOJIO BJIACHOT OCI, 11 JKOPCTKICTh JIOCTATHS JUTS CIIPUSHSTTS MAKCH-
MyM 7% nonepednoro HaBaHTaxeHHs. Mamuaa HATLAPA R4ST-1000 30BciM He MiCTUTB
HarpaMHoi, T00To 100% mornepeyHoro HaBaHTAXEHHS CIIPUIMAIOTh TUTYH)KEPH;

— TOKa3aHOo, U0 KUTBKICTh HaJUIMIIKOBUX 3B’ SI3KiB Y MEXaHi3Mi YOTHPHUILTYHKEPHOT
PY/THOBOI MAIlIMHA MOYKHA 3MEHIIUTH 0 6, 1110 03HAYa€ AOCITHEHHS 32 KPUTEPIEM MiHi-
Mizamii ix KiIbKOCTI I00aTbHOTO EKCTPEMYMY apaMeTpiB;

— 3 oDy Ha HU3BKY e(PeKTHBHICTH pOOOTH Ta, 3PEIITOI0, BiIMOBY Bijl HAIIPSIM-
HOT 3a KPUTEPIEM HABaHTAXXCHOCTI TUIYH)KEPIB IMOMEPEUYHOI CHIIOID, 3aCTOCOBaHUI
y cydyacHUX ['PM TaHreHCHHH MeXaHi3M JOCAT €KCTPEMyMYy CBOTO PO3BUTKY, TOMY
NEPCIEKTUBA 3HWKEHHS HABAaHTAKCHOCT] IIYH)KEPIB 3HAXOOUTHCS B ILIOLIMHI 3aCTO-
CYBaHHS iHIIOTO THITY MEXaHi3MYy Ul IEPETBOPEHHSI MOCTYNAJIBHOTO PYXY ILTYH)KEPiB
B 00EpTATIBHUN PyX PyMIIETIS.

Hanpsimu nogajabImux A0CTizKeHb:

— OIliHKa EHepPreTHYHOl eQeKTHBHOCTI MexaHizMmy ['PM minyHxkepHOro THITY
Ta BCTAHOBJICHHS HAPSAMIB 11 i ABUIIICHHS;

— pO3pOoOJICHHS KOHCTPYKTUBHUX cxeM ['PM i3 MmigBUIIEHUMU TEXHIKO-C€KOHOMIY-
HUMH Ta eKCIUTyaTaliiHUMU TIOKa3HUKAMU;

— PpO3pOOJICHHS OCHOB CTPYKTYPHO-TIApaMEeTPUIHOro cuHTe3y I'PM rmiyHxkepHOro
TUILY.
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Anomauisn

Bcmyn. Cucmemne Mooentoganis ma aHaniz Cmany NiOWUNHUKIE KPUBOWUNHO-UIAMYH-
HO20 MeXaHizmy Mooice 3HAYHO NOTRUUMU POYMIHHS MEXAHIZMY KOHMAKMHOL 63aEMO0IL
PoDOUUX NOBEPXOHL, NOG S3AHO20 3 OUHAMIYHUMU XAPAKMEPUCTIUKAMU, | € eheKmUBHUM
MEMOoOOM 07151 BUSHAUEHHS SPAHUYHUX 3HAYEHb eKCHTYAMAYIUHUX NOKA3HUKIG NIOWUNHUKIG
Koninuacmozo eany. Mema. Lls cmamms npucesiyena Mooent08anHio NOKA3HUKIE npayes-
OamMHOCMI MOMUNIE6020 NIOWUNHUKA dusenbrozo dgucyna Wartsila RT-flex82C y npocpam-
Homy cepedosuwyi GT-Suite npu pisHux 3HAUEHHAX eKCHAYAMAYIHUX 3a30pi8, W0 00NOMO-
J4ce B0OCKOHAIUMU TEOPI0 AHANIZY MAUeHHs RIOWUNHUKIE 08USYHA | MOdCe 3a0e3neyumu
OLnb NOBHY 00BIOK08Y 6A3Y 015 NPOEKMYBAHHSL WAMYHIE Ma NIOwWUnHuKie. Mooenosarms
BUKOHYBANIOCA I3 3ACMOCYBAHHAM NOKAZHUKIE MOMOPHO20 macaa kaacy 8 ‘askocmi SAE 30,
wo nodacmucs npu memnepamypi 318 K, ma mucxom 0,5 Mlla. Pesynemamu. Ompuma-
HO pe3ynemamu pooouux napamempis Yomupbox 6apianmie paoidibHO20 3a30py 8 nio-
wunnuxy 0,3, 0,4, 0,5 ma 0,6 mm. Ilidsuwennss 3HOCY CYRPOBOONCYEMBCA POCHIOM MAK-
CUMATILHO20 2I0POOUHAMIYHO20 MUCKY 8 MACTAHOMY npowapky, a came i3 9,44 Mlla oo
13,02 Mlla (40%), 3meHuieHHAM MOBWUHU 3MAULY8ATLHO20 wapy 3 65,3 mim 0o 63,0 mxm
(3,5%). Taxooic 30invuienHs 3a30py 3aKOHOMIPHO NPU3BOOUMb 00 3MEHUIEHHSL CEPEOHLOSO
Momenmy mepms -625,6 Hm 00 -468,1 H-m ma 3meHuyromocs gmpamu HOMyHCHOCHI
3 7,8 kBm 0o 6,3 kBm. Bionogiono, memnepamypa macia 6 niOWUNHUKY SHUNICYEMBCS 3
323,4 0o 318 K. Bucnoeku. ¥ yiii cmammi mMu nokazyemo, uwjo 30ibueHHs padiaibHo20
3a30py HPU3B00UMDb 00 NIOBUUYEHHSL BUMPAMU MACLA Yepe3 NIOWURHUK, U0 CBOEIO 4ep2oio
npu3eo0ums 00 nadinusa mucky. OCKibKU MamemMamuyna mMooens 0a3yemvcs Ha YMOGi
NOCMIUH020 MUCKY YUPKVIAYIIIHO20 MACIA, PO3PAX0BAHA CEPEOHS BUMPAmMa CMAHOBUMb
21,3, 28,6, 64,8 ma 102,8 n/x6 0nsa 0ocriosxcysanux eapianmie padianvHux 3a30pie. Modic-
Ha ckazamu, wo npaye30amuicms niOWunHuxa 3 padianrsuum 3asopom 0,6 mm 6yoe cknao-
HO 3a0e3neuumu 8HACTIOOK NAOIHHS 8 HbOMY MUCKY.

Knwwuoei cnosa: mooenro8anns, KpuSOWUNHO-WAMYHHUN MeXAHi3M, NIOWUNHUK,
KOMHYACTULL 841, MAUJEHHSL.

© Casuyk B.II., 3inyenko /1.0., Aximos O.B., 2021
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Summary

Introduction. Systematic modeling and analysis of the crankshaft bearings condition
can significantly improve the understanding of the mechanism of contact interaction of the
bearing surfaces and the crankshafi, related to dynamic characteristics and is an effective
method for determining performance limits for crankshaft bearings. Purpose. This article
is devoted to modeling the performance of the crank bearing of a diesel engine Wartsila
RT1ex82C in the sofiware environment GT-Suite at different values of operating clearances,
which will help improve the theory of lubrication of engine bearings and can provide a
more complete reference base for constructional design of connecting rods and bearings.
The simulation was performed using SAE 30 viscosity engine oil values supplied at a
temperature of 318 K and a pressure of 0,5 MPa. Results. The results of operating parameters
for four variants of radial clearance 0.3, 0.4, 0.5 and 0.6 mm in the bearing are obtained.
The increase in wear is accompanied by an increase in the maximum hydrodynamic pressure
in the oil layer, namely from 9.44 MPa to 13.02 MPa (40%), a decrease in the thickness of the
lubricating layer from 65.3 um to 63.0 um (3.5%). In addition, the increase of the clearance
naturally leads to a decrease in the average friction moment of -625.6 N m to -468.1 N m
and reduces power losses from 7.8 kW to 6.3 kW. Accordingly, the oil temperature in the
bearing decreases from 323.4 to 318 K. Conclusions. In this paper, we show that increasing
the radial clearance leads to an increase in oil flow through the bearing, which in turn leads
to a drop in pressure. Since the mathematical model is based on the condition of constant
pressure of circulating oil, the calculated average flow is 21.3, 28.6, 64.8 and 102.8 l/min
for the studied variants of radial clearances. We can say that the performance of a bearing
with a radial clearance of 0.6 mm will be difficult to ensure due to the pressure drop in it.

Key words: modeling, crank mechanism, bearing, crankshaft, lubrication.

Beryn Ta mocranoBka mpooOsaemu. CyuacHi cymHOoBI MO/ XapakTepu3yroThCs
IIMPOKUM Jialma30HOM EKCIUTyaTallifHMX HaBaHTa)XKeHb, SKi 3aJIeXaTh BiJ €KOHOMid-
HOI cUTyanii Ha pUHKY MOPCBKHX II€pPEeBE3CHb, TUITY Cy[IHA, KITIMAaTHYHUX YMOB. 3MiHa
pPEeXMMy HaBaHTA)XEHHS BITMBA€E HA yMOBH EKCIUTyaTallii AeTajaeil KpUBOIIUITHO-IITATyH-
Horo mexaHizmy (KILIM), 30kpema migImrMHUKIB KOJIIHIACTOTO BAITy.
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Hetani KIIIM € pecypcOBU3HAYHUMH, IO 3IIHCHIOIOTH BIUIUB HA JIOBIOBIYHICTb,
CKOHOMIYHICTh 1 0€3MeKy CyaHa 3arajoM. 3aMiHa KOJIHYACTOrO Bajy i IMiIIIMITHUKIB
cranoBuTh 20-25% BapTOCTi ABHTYHA, & 31€OUTBIIOTO 3aMiHa € EKOHOMIYHO HE/IOIIITh-
HO0. 3yCHJIIA 31 3HMKCHHS BTPAT Ha TEPTS HPU OJHOUYACHOMY ITiIBUIIICHHI 0€3BIMOB-
HOCTI CTalOTh JieNaii BaXIIUBIIIMMH JJIsl IBUTYHOOyMyBaHHS. ToMy cCHUCTEMHE MoJie-
JIOBaHHS Ta aHami3 crany migmmnHukie KIIM moke 3Ha4HO MONIMIIATH PO3yMiHHS
MeXaHi3My KOHTAaKTHOI B3aeMOJIii poOOYHX TOBEPXOHb, MOB’S3aHOTO 3 JHHAMIYHUMH
XapaKTePUCTHKAMH, 1 € e(EeKTUBHHM METOJIOM JUIsi BU3HAYCHHS T'PAaHMYHHUX 3HAYCHb
EKCIUTyaTaI[iiHIX OKa3HHUKIB MiIMUITHUKIB KOIIHYacTOro Bay [1].

AHaJi3 ocTaHHIX HocaimKeHb i myOuaikaniid. BuBdeHHIO TPHOONOTIYHMX XapakTe-
puctuk KIIIM npucesiueno Oe3mid myOmikarii, B IKKX B OCHOBHOMY BHCBITJIIOIOThH TaKi
MUTAHHS: JTOCTIHDKCHHS MAICHHS MiJANIMITHUKIB CUCTEMH KOJIIHYACTHI Bal — KOPIHHUMN
MIiAMIMUITHUK TIPH 3allyCKy JBUTYHA [2]; MOCITIKEHHs MAIllSHHS i IIUITHAKIB KOJIiHYaC-
TOTO Bajly MpW MPOTPiBaHHI JABUIYHA [3]; MOCHIIKEHHS (aKTOPIB BILIMBY HA MAICHHS
I AMIMITHUKIB KOJIIHYACTOro Baity [4]; onTuMi3allis MaIeHHS i JIIMITHAKIB KOJIIHYACTOTO
BaJTy [5]; MOPIBHSAHHS Pi3HUX BUJIIB IMITAI[IHHUX MOJICIICH MAIllSHHS ATyHHOTO ITiIIIHII-
HUKa [6]; MallleHHs] KOPIHHOTO MI/IIIMITHUKA IBUTYHA 3 TYPOOHAITYBOM [ 7]; JOCHIPKSHHS
TEPMOEJIACTOTIIPOTUHAMIYHOTO 3MIIIIAHOTO MAILICHHS KOPIHHOTO i IIIUITHAKA CYTHOBOTO
nBuryHa [8]; aHai3 MallleHHS KOPIHHOTO IMiANIMITHAKA CYTHOBOTO JIBUT'YHA B THUITOBHX
ymoBax ekcrutyaraiiii [9—10]. OqHak y HOTOYHHUX pO3POOKaX i TOCIIHKEHHSIX 3araJioM aHa-
J3YBAJINCS TUTHKU XapaKTEPUCTHKY MAlleHHs [IaTyHa 1 KOPIHHOTO MiIHUITHAKA B HOMi-
HAJTLHUX poO0YHX yMOBax. [Ipu akTHIHOMY BUKOPUCTaHHI JBUTYHA HOTO pOOOUHIi CTaH
MOCTIHHO 3MiHIOEThCs. OTIKE, IPOMIOHYETHCSI BUBUUTH TTOKAa3HUKHU TPALe3IaTHOCTI MOTH-
JICBOTO MIAIIMITHKUKA au3esibHOoro jpuryHa Wartsila RT-flex82C B mporpamuomMy cepe-
nosuii GT-Suite npu pi3HUX 3HAYCHHSAX SKCIUTyaTalliiHUX 3a30piB, IO JOTIOMOXE BJIO-
CKOHAJIUTH TEOPII0 aHaJi3y MAICHHS MiIIIUITHMAKIB JBUTYHA 1 MOXKe 3a0€3MeUUTH OLTbIIT
MOBHY JIOBIIKOBY 0a3y JijIs POEKTYBAHHS IIATYHIB Ta MiIIIHITHHUKIB,

®opmyawBanHs wijeii crarti. o podoTu € gociikeHHs MOKa3HHUKIB Tpa-
[E31aTHOCTI MOTHIIEBHX MINIUITHUKIB CYITHOBUX MaJI000EPTOBUX JBUTYHIB IPH PI3HUX
3HAUEHHAX CKCIUTyaTalllfHuX 3a30piB. TakUMU MOKa3HUKAMHU € MiHIMaJbHA TOBIIUHA
3MAallyBaJIbHOTO APy, PO3MOJI BETMYMHA TUCKY Maciia Ha MOBEPXHI MiINIMITHUKA;
TEeMIIepaTypa Macjia B MiAIIUIHUKY. J{0JaTKOBUMH MOKAa3HUKAMH, IO YMOXKJIHBIIOE
3MIACHEHHS OI[IHKK €()eKTUBHOCTI POOOTH MiANIMIIHMKA € MOMEHT TEpPTs Ta BTpara
MOTYKHOCTI B T IIIUITHHKY.

Buknan ocHoBHoro marepiasy. J[ns MojentoBaHHS TUHAMIYHAX CHJI TA HABaHTa-
YKECHBb Ha IT1 IIIATHAKH KOJITHYACTOTO BATy BUKOPUCTOBYEThCS 1a010H EngineCrank Train.
Jnst mporo BuKopucToBytoun BkiIaaky Cylinder Geometry 3amaeMo mapameTpH mokas-
Huka Crank-Slider Inertia Object, BukopuctoBytoun mabmon EngineCrankSlider
(puc. 1).

[pu upomy maca By3miB KIIIM rtaka:

— Maca nopuHs B 300pi Ta MTOKOM mopiHs 3543 xr;

— Maca KpernkorndHoro By3a i3 uepeBukamu 4919 kr;

— Maca IaTyHa B 300pi i3 BKJIaUIIIaMU CTaHOBUTH 6161 Kr.

[Noka3HWKH LEHTPY Mac Ta MOMEHTY iHepIii 00 HNEHTPY Mac y TUIOUIMHI PyXy
[IaTyHa 3HaXOAWMO, BUKOPHCTOBYIOUH TBEPJOTUIFHY MOJENb IIaTyHA, 10 BHKOHAHO
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B nporpamMHomy koMmruiekci SolidWorks (puc. 2). OTpumani pe3ynsraTd MOJCITIOBAHHS

MacOBMX BJIACTUBOCTEM IIATYyHA:
— BIJCTaHb B OCI HIDKHLOT FOJIOBKH IIATYHA JI0 LIEHTPY Macu 1475,54 mm;

— MOMEHT iHepuii B TUIONMHI OOEpTaHHs WIaTyHa BiTHOCHO UEHTPY
[ =9292985020,88 xr/mm’.

Macu
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Puc. 1. Ilpusnauenns napamempis pyxomux demanei KILIM osueyna
uepesz wabnon EngineCrankSlider

Puc. 2. Mooentosanns macosux noKazHUKie wamyHa
6 npozpamuomy komniaexci SolidWorks
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3arajbpHi NOKA3HUKH MOJEJi MOTHJIEBOI0 MiIIIHITHHKA
Po3paxyHKkoBa MOAENh IMiAMIUITHAKA TIPEACTaBIIeHa Ha PUC. 3.

S

CylPressRT-
Flex82C

HiPress-1 HiPress-2-1

ConBefring-1
i

—
AT

EngineCrankTrain-1

OutFlow-1

Puc. 3. Pospaxynxoga mooens Momunego20 nioumunHuxka

VY mpomeci MOIETIOBaHHS BUKOPHCTOBYBAJIHCH MOKA3HUKH CHCTEMH MaIlCHHS:

— [UPKyIALiiHe Macyo 3 iHgexcoM B’ s3kocti SAE 30;

— TeMImepaTypa Maciia Ha BxoAi B migmunHuk 318 K;

— THCK MacJja Ha Bxozal B migmumnauk 0,5 MITa.

i moxa3nuk 3MonenboBaHo enemeHTamu HiPress-1 Ta HiPress-2. 3nmBHY Mari-
cTpaib npeacrasieHo enemerTom OutFlow-1.

Taxox po3paxyHKH MPOBENEMO IS TPhOX BapiaHTIB eKCILTyaTallifHAX paialbHAX
3a30piB (puc. 4).

j Case Setup - "
Options Folders o]
ot : =
[ T E
-4;) = Lll . Sl” AJ m aﬂ Ll ! 21 7
Help  Tile 2nd  Append Insert Delete  Subassembly Add Add Super  Dielete Find
Setup Case Case(s) Case{s) Parameters Parameten(s) Parameter Parametes Parameter
B Main| 0 a1 (=
Parameter Unit Description Case 1 Case 2 Case 3 Case 4
Case OO Chivck B B0 Turm Case On [=1 [+ [~ ]
Case Label Uniqua Taxt for Plot Legends
RadClearense mm ~| PagiansHui zazop 0.3 04[] 0.5 0.6...
I OK I Cancel | Apply

Puc. 4. I[lpoexkm po3paxyuky
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Pe3yabraTi Moje1I0BaHHS POOOYMX MapaMeTPiB MOTHIEBOT0 MiJIIMITHUKA

IIpoBenene MonenroBaHHS Ha HOMIHAJIBHOMY PEKMMi HAaBaHTaKEHHS MOTHIIEBOTO
MIIITATHAKA, [0 Ma€ BEMWYMHHU pamianpHuX 3azopiB 0,3, 0,4, 0,5, Ta KpUTHIHUI
0,6 MM, TEMOHCTPYE€ TaKi pe3yJbTaTH:

— MakKcUMaJbHEe 3HAYCHHS THCKY, IO Ji€ Y BEPTUKAIbHIA TUTOMMHI (B3IOBXK Bici
nmuIiHApa), cranoButh 808,6 kH (puc. 5);

— MakKcuUMaJbHE 3HaYCHHS THCKY, IO i€ B TOPU30HTAIBHIHN IUIOMUHI (TICpIICH -
KyJISIPHO BiCl IMUTIHIIpa), CTaHOBUTH 273,9 kH;

— TpadivHi 3aIEKHOCTI PO3MOAUTY THCKY 3MallyBajJbHOTO Iapy 3a KyTOM ITOBO-
POTY KOJIIHYACTOTO BTy JEMOHCTPYIOTh MaKCHMaJIbHE HOTO 3HAUYEHHS B POOOTI 3 M-
IITUITHUKOM, TII0 Ma€ MaKCUMAJIBHHUH pO3paxyHKOBHH pasiansHuit 3a30p 0,6 MM Ta cTa-
HOBUTH 13,02 Mlla (puc. 6);

— TOJIOBHHH TOKAa3HWK TpaIe3JaTHOCTI — MiHIMajahbHa TOBITMHA 3MAaIyBaJbHOTO
mapy Moxke OyTH BH3HAUCHA 32 OTPHUMAHUMH TpadigHUMH 3aJICKHOCTSIMH PO3ITOILITY
TOBIITMHH 3MaIyBIBHOTO MIAPY BiJ KyTa MMOBOPOTY KoiHYACTOTO Bary (puc. 7). Odi-
KyBaHO HaWMEHIIIC 3HAYCHHS ITHOTO MMOKAa3HMKA MAa€ MiIIIAITHAK 13 HAHOUTBIITIM pajli-
anpHuM 3a30poM (0,6 MM) 63 MKM, a HaHOLTBIIIe 3HAYCHHS Ma€ I AMTUITHUK 13 pajIiaib-
HUM 3a30poMm 0,4 MM — 66,2 MKM;

1000 — =

BOPTHRLILMS 1AL

. | O AOLETR IR FL30SIMNES

Cama [AN)

~1%00 INTAKE COMPR 00 POWER EXHAUST IR0
Hix Tocy HIX

Kot tnmopory Ko ssraciorn sy [dag)

Puc. 5. Poznoodin cun, wjo oilome na Momunesuit RiOWUNHUK
V 8epMUKANbHIT MA 20PU30OHMANbHIT NIOUWUHAX

— MakcHMaJbHE Ta MiHIMaJlbHE 3HaueHHs TeMIepaTypy Maciia B MiAIUITHUKY MAOTh
BapiaHTH 3 pamianbHuM 3H0coM 0,3 MM — 324 K Ta 0,6 MM — 319,4 K BigmosinHo (puc. 8);

— MaKCHMAaJbHAH MOMEHT OMOpY B MiAIIWMHUKY CTaHOBHTH -920,8 H-M mns min-
MIUITHAKA 3 paxiadbHuM 3a30poM 0,3 MM, a Horo HaliMeHIIe 3Ha4YeHHS CTaHOBUTHh
760,4 H-M a1 miammmnHuKa 3 pagiaabHuM 3a3opoM 0,6 MM (puc. 9);

— 3HAYCHHS MaKCUMAaJbHHUX BTPAT MOTYXXHOCTI B MiIMIWITHUKY CTAaHOBUTH 15,3 kBT
JUTS T IIMITHAKA 13 pagia’dsHuM 3a30poM 0,3 MM, a HaliMEHIIII BTpaTu MOTY>KHOCTI cTa-
HOBJIATH 13,3 kBT 1u1s1 migmmnauka 3 pagiansHuM 3a3opoM 0,6 mum (puc. 10).
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3aIeXKHICTh BUTpAaTU HHpKyﬂﬂL{iﬁHOI‘O Macjia 4epes3 HiZ[H_H/IHHI/IK 3aJICKHO Bi}l KyTa

MOBOPOTY KOJIHYACTOTO Bajly HaBeAeHO Ha puc. 11.
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Puc. 11. 3anesxcnicmo sumpamu yupKyiayitino2o macia yepes niOWUunHUK 3a1ex4CHO

8i0 Kyma nogopomy KOAH4YACTNO20 8aY
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Pesynbrartu npx napameTpiB JUId BCiX BapiaHTIB pO3paxyHKY HaBeICHO B Ta0. 1.
Tabaums 1
Pe3yabTaTi po3paxyHKy po00yHX MOKA3ZHUKIB MOTHJIE€BOI0 MiJIINITHUKA

3HadeHHs paliaTbHOTO 3HOCY

TToxa3zHuk
03 | 04 | 05 | 06
MaxcumManbHe/cepeHe 3HaYSeHHS CHITH, 0 i€ Ha 808.6/214.6
MIAMUITHAK Y BEPTUKATIBbHIN TutontuHi, kKH > ’
MakcumanbHe/cepeIHe 3HAYECHHST CHJIH, 1[0 /i€ Ha 273.9/17.9

TiAMUITHAK Y TOPU3OHTAIBHIN 1utomuHi, KH

MakcumasbHe/cepeJHe 3HaYCHHST CEPEJHBOTO
X 2,63 /0,96
THCKY B 3MalllyBajibHOMY mapi, MIla

MaxkcuMasbHe/cepeHe 3HAYCHHS MAaKCHMAJIBHOTO 9,44 / 10,65/ | 11,85/ | 13,02/
TiAPOAMHAMIYHOTO THCKY Ha miammmHuk, MIla 3,27 3,59 3,85 4,17
MaxkcuMasbHe/MiHIMaIbHE 3HAYEHHS MOMEHTY -920,8/ | -868,2/ | -812,3/ | -760,4 /
TEpTs B MiIIUITHHUKY, H'M -625,6 -569,8 -515,0 -468,1
MaxkcumManbHe/cepeHe 3HaYCHHS BTPATH MOTYX- 15,3/ 14,6 / 13,9/ 13,3/
HOCTI B IiANIMITHUKY, KBT 7,8 7,3 6,7 6,3
MinimManpHa TOBITMHA 3MAITyBAJIFHOTO IApy, MKM 65,3 66,1 64,9 63,0
MaxkcuMasbHa/cepeHs TeMIIepaTypa 3MaIlyBaib- 324/ 3214/ | 320,1/ | 319,4/
Horo mapy, K 232,4 320,9 319,7 319
MakcuMaibHa/CepeHs BUTpaTa Macia, JI/XB 49,71 90,4/ 152,171 242,9/
P P ’ 21,3 28,6 64,8 102,8

BucnoBxku. [IpoBeneHo MoJientoBaHHS POOOUYNX MTapaMeTpiB MIATYHHUX MiAIIHITHU-
kiB MOJ[ Wartsila Sulzer RT-flex82C na pexumi 100% N, 11s 40TMpLOX BapiaHTiB
pamianpHOro 3a30py B migmmunauky 0,3, 0,4, 0,5 ta 0,6 MM.

[TigBuIIeHHS 3HOCY CYIPOBOIKYETHCS POCTOM MaKCHMAIBHOTO TiIPOAMHAMIYHOTO
THCKY B MacCIITHOMY TpoIapky, a came 3 9,44 Mlla mo 13,02 Mlla (40%), 3MeHIIeH-
HSAM TOBIIMHM 3MalllyBajJbHOIo mapy 3 65,3 MM 10 63,0 mxMm (3,5%). Takox 301/1b-
IICHHS 3a30PY 3aKOHOMIPHO MPHU3BOAUTH J0 3MEHIICHHS CEPEIHBOIO MOMEHTY TEpPTS
-625,6 H'™m mo -468,1 H-M Ta 3MEHIIYIOTbCS BTpaTH MOTYXXHOCTI 13 7,8 kBT 10 6,3 KBT.
BianosimgHo, Temreparypa mMaciia B IiIIIHITHAKY 3HIKYEThCS 13 323,4 mo 319,0 K.

301IbIIIeHHS paIiaTbHOTO 3a30py PU3BOAWTH IO TTiIBUIIIEHHS BUTPATH Macja depes ITiJi-
IIATHAK, [0 CBOEIO YEPTOF0 MPU3BOAUTS A0 MaAiHHAS THCKY. OCKUTPKH MaTeMaTiaHa MOJIENTh
0azyeThCsT Ha YMOBI TOCTIHHOTO THCKY IMPKYJBIIIHHOTO Macia, po3paxoBaHA CEpemHs
BUTpara cTaHoBUTh 21,3, 28,6, 64,8 Ta 102,8 1/XB 11 JOCIIHKYyBaHUX BapiaHTIB pajliaib-
HUX 3a30piB, 1110 TOBOPUTH MPO HEMOXKIIMBICTh 3a0€3MeYeHHS TPaIe31aTHOCTI i IIHITHIKA
13 pamianeHuM 3a30poM 0,6 MM, Yy poOOTI IBUTYHA HA YaCTKOBHX PEKUMaX HABAHTKSHHS 3
TBHHTOBHUMH XapaKTEPUCTUKAMU BaYKKOTO TBUHTA, BHACIIIJIOK Ma/IiHHS B HBOMY THUCKY.
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HOBI 3ACOBHY NIJIMMAHHSA 3ATOHYJIUX OB’EKTIB
TA KOHCTPYKIIH I3 BUKOPUCTAHHSM PIJTKOI'O A30TY

C.B. Tepauu'
IK.T.H., TOTICHT Kadeapu CyaHOOYIyBaHHs Ta PEMOHTY CYICH,
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Anomauisn

Tlpeocmasneni incenepti piuleH s BUKOPUCMARHSL PIOK020 a30MmY OJis 3aMOPONCY-
8aHHs 600U Y BIOCIKAX | YUCMEPHAX 3AMOHYIUX 00 €KMIB, A MAKONC IHIHCEHEPHUX CNO-
PYO, SIKL Oy wimy4Ho 3amonieri 071 ix niotuomy Ha nogepxuio. Texnonoeis moxce Oymu
4ACMKOBO 3ACMOCO8AHA 01 OOKYBAHHS GENUKUX CYOeH ab0 NOGHICMI0 UKOPUCMAHA
071 RIOUOMY i OOKYBAHHSA CePeOHbOMOHANCHUX | MATOMOHHANCHUX NIAGYUUX CHOPYO.
Ilpedcmasneni KOHCMPYKMUBHT cXeMu NRPONOHOBAHUX YCTNAHOBOK, d MAK CAMO QYHKYI-
OHANbHI | 2PAPIUHT 3ANeHCHOCMI NAPAMEMPIS b0y 8 3aMONICHUX BIOCIKAX 610 XapaxK-
MEPUCTHUK 308HIUHBO2O CEPedosUIa | NOMYICHOCHIT XONOOUTbHOL YCIMAHOBKUL.

s nidiepisy piokoeo azomy npu nepexoodi 1020 6 2a30n00iOHULL CMAaK Po3pPOOIEeHi
pexomendayii po3paxyHKy KpUO2EHHO20 2a3ughikamopa, AKull 4acmKko80 GUKOPUCTHOBYE
BHYMPIWHIO eHep2iio nepexody 800u 3 piokoco 00 meepdo2o (azosoeo cmany. 11io uac
KOMN 10MepHOo20 MOOE0BAHHS 008e0eHA MOJMCIUBICIb GUKOPUCANHS 00 47% menno-
mu (haz08020 nepemeopenus 800U 3a i0CYmMHOCI 0OMeP3aHHsL MeNI0 NepedasarbHUX
enemenmie 2azuixamopa.

Y npoyeci oocrioocennsn pospobneno xomn 'romepny mooenb NpOSHO3Y8AHHI MACU
b00Y npu be3nocepedHit nodaui pioko2o azomy MopcbKoi 600U i 3 ’CO8AHO, WO PIOKULL
asom MoxcHa nodasamu y 800y 00’ ekma, AKul nPooy8acmucs, i AKUO GUKOHY8amu 6io-
NOBIOHI MEXHIUHI YMOBU, N0 HA eleMEHMax 2a3u@ikamopa He Cmeoproeamume.

Piokuii azom € eghexmuenum, HEWKIONUSUM, [HEPMHUM 1e2KO 2a3u@iKyemvcs i
OO0HUM i3 Haudewesuux 3acodi6 cmeopents NO3UMUGHOL NIABYYOCHE 0I5l 3AMOHYIUX
006 ’exmig. Mooicymv 6ymu pizHi munu yCmaHo80K SUKOPUCMAHHS PIOKO20 azomy 075
CYOHONIOTUMATILHUX POOIM 3ANEIHCHO 80 KOHKPEMHUX NOCMAGIeHux 3a60ans. JIio, saxa
VMBOPIOEMbCSL HA MPYOONPOB00i-2a3uhixamopi, 3a2aiom He 6NIUBAE HA XIO CYOHONIO-
HIManbHO20 onepayii. Ak eexmusnuil 3acib nidiepigy pioko2o azomy 6 Kpio2eHHOMY
2a3UpiKamopi MOANCHA BUKOPUCTOBYEAMU 3A00PMHY 800y, BUKOPUCIOBYIOUU OIS YUX
yinei 00 47% mennomu ¢azo06020 nepexody 600u 3 piokoeo y meepouti CmaH.

YV 6ionosionux ymosax mooicha 6Geznocepeduvbo nooasamu pioKuil azom ) 600y
00 ’exma, AKUL NPOJYBACMbCS, HEXTYIOUU 3AMEP3AHHAM 600U | CHBOPEHHAM HA BUX00I
mpy6onposooy npoboxK i3 i1b00y.

Knrouosi cnosa: pioxuil azom, niotiiom 3amonyiux 00'ekmis, Kpuo2enHi mexHonozii.

© Tepauu C.B., 2021
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NEW METHODS OF LIFTING SUBSCRIBED OBJECTS AND STRUCTURES
WITH THE USING OF LIQUID NITROGEN

S.V. Terlych!
'Ph.D. in Technology, Associate Professor at the Department of Shipbuilding and Ship Repair,
Kherson Branch
of Admiral Makarov National University of Shipbuilding, Kherson, Ukraine,
ORCID ID: 0000-0002-6044-3087

Summary

Engineering solutions for the use of liquid nitrogen for freezing water in compartments
and tanks of sunken objects, as well as engineering structures that were artificially
flooded to rise to the surface, are presented. The technology can be partially applied
for docking of large ships or fully used for lifting and docking of medium and low-
tonnage floating structures. Structural diagrams of the proposed installations, as well
as functional and graphic dependences of ice parameters in flooded compartments on
the characteristics of the external environment and the capacity of the refrigeration unit
are presented. It was found that liquid nitrogen is safer, more efficient and economical
compared to similar substances such as hydrazine, air, gunpowder and various fuels.
The technologies of using liquid nitrogen using the heat of the environment and gasifying
it in the pipeline are considered.

To heat liquid nitrogen during its transition to the gaseous state, recommendations
for the calculation of a cryogenic gasifier have been developed, which partially uses
the internal energy of the transition of water from the liquid to the solid phase state.
Computer simulation has proven the possibility of using up to 47% of the heat of the
phase conversion of water in the absence of icing of the heat transfer elements of the
gasifier. The study developed a computer model for predicting the mass of ice during the
direct supply of liquid nitrogen to seawater and found that liquid nitrogen can be fed into
the water of the object being blown and if the appropriate technical conditions, the ice
on the gasifier elements is not will be created. Liquid nitrogen is an effective, harmless,
inert, easy to gasify and one of the cheapest means of creating positive buoyancy for
sunken objects.

There are various types of installations for the use of liquid nitrogen for ship
lifting, depending on the specific tasks. Ice, which is formed on the gas pipeline,
does not affect the course of the lifting operation. As an effective means of heating
liquid nitrogen in a cryogenic gasifier, seawater can be used, using for this purpose
up to 47% of the heat of the phase transition of water from liquid to solid state.
Under appropriate conditions, liquid nitrogen can be fed directly into the water of
the facility, which is purged by ignoring the freezing of water and the creation of ice
plugs at the outlet of the pipeline.

Key words: liquid nitrogen, lifting of sunken objects, cryogenic technologies.

Beryn. Bucoka aBapiiiHiCTb Cy[IeH Ta TEXHIYHUX 3aC00iB OCBOEHHS OKEaHy BUCYBA€E
aKTyallbHI 3a7a4i OUIyKY HOBUX €(peKTUBHHX 3aCO0IB CTBOPEHHS MMO3UTHUBHOI IJIaBY-
YOCTi Ha BEJIMKUX ruOuHax. Ha qHI MOpIB i MPUPOTHUX BOMONM 3HAXOAUTHCS BEITUKA
KiJIBKICTD 3aTOHYJMX 1 IITYYHO 3aTOIUICHUX 00’€KTiB, MUTAaHHA MiAHOMY SKHUX Jefaii
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YacTille po3rIsIAloThes B Ham aHi. [ Ykpainu HalO1TbII PoOIeMaTHYHUMH € TIPH-
OepexHi AiTHKH YOpHOTO 1 MEHIIO Mipol A30BCHKOTO MODIB, ajie Mie OiIbIIO
Miporo — 11e BogocxoBuina {uinpa ta [lisnenHoro byry. Piokuii azom € KpiopoayKTOM,
TOHA)KHE BUPOOHHIITBO SIKOTO OpPTaHI30BaHE Ha CIEIiai30BaHMX yCTAaHOBKaX i3 po3-
JUJICHHS TOBITPSI Ta MOCWJICHUM XJIQJOBUPOOHHYUM ITUKJIOM Ha OCHOBI BIJIICHTPOBHX
TypOoneranzaepis [1].

AHaJNi3 ocTaHHIX XoCaigxKeHb i myOsaikamiii. AHali3 Ccy4aCHHUX TEXHIYHUX
3ac001B CTBOPEHHS MO3UTHBHOI IJIABYYOCTI MiJABOJHUX 00 €KTIB JOBIB, 110 Mepe-
IyciM BOHHM 30pi€HTOBaHI Ha BUKOPHUCTAHHS CTHCIIOTO MOBITps. I3 MeTO 3aMiHH
CTHUCJIOTO TIOBITPS B pi3HI yacu OyinH JNOCTiJKEHI Ta 4aCTKOBO PEKOMEHJIOBaHi JI0
BHKOPHCTaHHS MOPOX, PiJIKi PAKETHI NAJIMBA, T1Apa3iH Ta iHIIi Ta30BHIIIAI0U] pedo-
BUHH Ta cyMimi. [Ipu npomy posrnsiayTo mpani b.T. Mapuntoka, M.®. Pynenko,
C.I. baxxunosa, FO.B. lllunynunoi, O.B. bapanenko, M.B. Yronsaukosoi, [.A Cka-
KyH Ta 1HIIMX aBTOPiB. 3arajoM MUTaHHS CTBOPECHHS CHJI TTO3UTHBHOI IIaBy4OCTI
Ha BEJIMKUX TIHOWHAX 3aJMIIAETHCS MPOOJIEMAaTHYHHM Ta OCTAaTOYHO HE BHUpilIe-
HuMm [1-3].

Sk ouH 13 MOKJIMBUX 3aXOJ[iB CTBOPCHHS MO3UTUBHOI IUIABYYOCTI aBTOP PO3-
[JIS71a€ MOXKITUBICTh BUKOPUCTAHHSI PiJIKOTO a30TY JUISI MiTHATTS CY/IeH, 1HITNX 3aTO-
HYNUX (3aTOMJICHUX ) IHKCHEPHUX CIIOPY/] Ta B CYIITHOPEMOHTHIH MPOMUCIIOBOCTI ITiJ1
4ac JIOKyBaHHS CyJeH.

@opmynawBaHHA Wijeil craTTi. MEeTO JOCHTIIKEHHS € MOPIBHAHHS TEXHIKO-
€KOHOMIYHHX BJIACTHBOCTEH ra30BUIUISIOUNX PEUOBUH (JIBTEPHATUBHUX CTHCIOMY
MOBITPIO), SIK MarepialliB JJisi CTBOPEHHS MO3WTUBHOI IJIaBYYOCTi; pO3POOJICHHS
YCTAaHOBKM Ta TEXHOJOTIi CyTHOMiAIAMaNbHUX POOIT Ha MPHKIAJi BUKOPUCTAHHS
PIIKOTO a30Ty, a TAaKOX yJOCKOHAJICHHS! TEXHOJOTIH CyIHOMAiiMaHHs 13 BUKOpPHUC-
TaHHSIM PiJKOa30THUX TEXHOJOTIMH.

Buxiang ocHoBHOro Martepiany. SIk BapiaHT 3ac00iB CTBOpPEHHS IMO3UTHBHOL
MUTaBYy4OCTI MOYKJIMBE BUKOPUCTAHHS B CYIHOIIJiHMaHHI piakoro a3oty. 3 1 M* a3oty
rycturoio 808 kr/M>, akuit 3HAXOAUTHCS TIpH TeMieparypi Minyc 196 °C ta 6apome-
tpuuHoMy THCKY (0,101 MITa), MoxkHa oTpumatu 646 m* rasy. [IpomucioBa KOIITOB-
HicTh 1 M* pigKoro a3oty ctaHoBUTh 6—8 TpH. [T03UTHBHI Ta HETaTHUBHI BIACTHBOCTI
a30Ty HaBEJECHO B TAOIHII.

I3 Tabauii 1 oueBUAHO, IO PIAKUI a30T BUTITHO BiPI3HAETHCS BiJl IHIINX 3aCO-
01B CTBOPCHHSI TIO3UTHUBHOI TUIABYYOCTI THM, 1[0 BiH HEUIKIUTUBUI Ta HE € BUOYXO-
HeOe3MeyHuM.

JJis BUpIIICHHS TIOCTABICHHUX 3aJ1ad JIOCIIPKEHHS OyJI0 MPOBEIECHO MOPIBHUIbHUN
aHaJi3 Mac-radapuTHUX, YaCOBUX Ta CKOHOMIYHHX XapaKTePUCTUK MOXKIIMBHUX YCTaHO-
BOK 13 BUKOPHCTAHHSIM IOBITPS, OJJHO- T2 JBOKOMIIOHEHTHHX PaKETHUX ITaJUB, TIOPO-
XOBUX TBEPIONAIIMBHUX Ta30T€HEPATOPIB, Ti{PAa3HHy Ta PiIKOTO a30Ty B MPOLECI MPO-
JIyBaHHSI yMOBHOTO MOHTOHY 00’ eMom 250 M* Ha ruOuHi 500 M.

I3 Tabnui 2 BUIHO, 10 YCTAHOBKH, SIKi BUKOPUCTOBYIOTH PiJIKUI a30T, OyIyTh MaTH
MacoBi moka3Huku B 1,5-3,0 paza Oinbliie, HiXK Ti, B SKHX BUKOPUCTOBYETHCS PAKETHE
MaNuBo, aje aemiesire ix y 15-30 pasiB. 3a piBHUX XapaKTEPUCTUK MOBITPSHHUX Ta a30T-
HUX YCTAaHOBOK Yac IMPOJIyBaHHS 3aTOHYIHUX (3aTOIUICHHX) O00’€KTiB PiJJKUM a30TOM
MpUONHM3HO Y 5 pa3iB MeHIIIE.
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Tabmaums 1
XapaKkTepUCTUKHU PEYOBUH /I CTBOPEHHS MO3UTUBHOI IJIABY40CTi
PeuoBuHa Ilo3nTHBHI sIKOCTI HerarusHi sixocti
TToBiTps — HEUIKiIMBe Ta Oe3IeyHe; — HAasABHICTH IIUIAHTIB JUIS TPOIY-
— BIJJHOCHO HEBEJIMKa IliHa BaHHS,
1 M 00’eMy, sIKHii TIPOTYBAETHCS; — BEJHUKI Mac-TadapuTHI MOKa3-
HHUK{ CUCTEMH IIPH BUKOPHCTAaHHI
0aJIoHIB;
— Yac npojayBaHHs 00’ €KTa MPOIo-
PILIHNI KiHIIEBOMY THCKY IOBi-
Tps B OaJIOHaX Ta NPOAYKTHBHOCTI
KOMIPECOPIiB CyTHA-PSTIBHAKA
JIBOKOMITOHEHTHI |— MOJJIMBICTh CTBOPEHHSI aBTO- - IPOJYKTH 3TOPSHHS TOKCHYHI;
paxeTHi NaJiMBa, |HOMHHX I'a30T€HEPaTOPiB BUCOKOI | — HEMOXKIIMBE IIUPOKE PETYIIIO-
TTOPOX MIPOIXYKTHBHOCTI; BaHHSI Yacy MPOAYBKHU 00’ €KTa;
— BIJICYTHICTb IIUIAHTIB JUIS TIPO- — BHCOKa KOIITOBHICTh | M* 06’ €My
JyBaHHS; MPOAYyBaHHS

— BHCOKa Ta30BUIUIAIOYA MOXK-
nuBicTh (1 M® IPOAYKTY BUALISE
1000-1200 m° razy)

INnppazun — MOJIMBICTH CTBOPEHHS aBTO- — TIPOAYKTH po3many BUOyxoHeOe3-
HOMHHMX I'a30reHepaTopiB Bucokoi | neuHi (1o 54% H.,);
MIPOIXYKTHBHOCTI; — IOBUAKICTH XiMIYHOI peakiii
— HEeBeJNHKi rabapuTi Ta BUCOKa HEpiBHOMIipHa;
razorenepaitist (1 m* rimpasuny — — TOKCUYHMHI;
1800 m* rasy) — HeoOXigHMH KaTalizarop;
— BHCOKa KOIITOBHICTH |1 M* 06’ €My
POy BaHHs
Pinknit azor — HEUIKIUIMBUH, Oe3IIeYHni — MOXJIMBICTB 3JI€€HIHHA 00IaI-
Ta IHePTHUH; HaHHS,
— HEBHCOKa KOIITOBHICTh — HENPOAYKTUBHI BUTPATH KPHO-
1 M* 06’ eMy TIpOTyBaHHS; TeHy IIPH 3aXO0JIO[KYBaHHI Ta mepe-
— MOJKJIMBICTh PETY/IIOBaHHS IIBHI- | 3apsiaill 00Ja HAHHS,
KOCTI MiZHOMY, KpeHy, Tu(epeHTy |— BiACYTHICTH BUCOKOHAIiPHUX
00’€eKTa; KPHOT€HHUX HACOCIB BUCOKOI IPO-

— MOXJIMBICTh CTBOPEHHS aBTOHOM- | IyKTUBHOCTI
HOTO ra30reHepaTopa B 3aHypEeHOMY
cocymi I’ 1oapa

st cTBOpEHHSI YCTaHOBOK MPOAYBAaHHS 3aTOHY/IMX (3aTOIJICHHX) 00’ €KTIB 13 BUKO-
PHCTAaHHSM DIJKOTO a30Ty Oy/lM MpoaHai30BaHiI CTBOPEHI MPOMHUCIOBICTIO 3acO0H
OTpUMaHHA, 30epiraHHs, TPaHCIOPTYBaHHSA, NepeKadyBaHHA Ta Tazugikamii piaKoro
a3oTy:

— OoTpuMaHHA — ycTaHoBKa Kok-Asx-Aprk-6 BUpOOHHUUICTIO 72 KI/TOJ P1IKOTO a30Ty,
sika Moxe repepoOioBary 22 000 mM* moBiTps;

— 30epiraHHs OTPUMaHOTO NPOAYKTY — pe3epByapu-cxosuiia PC-1400/5, mict-
kictio 1500 M°, mpu Brparax 0,035% npoxykry 3a 100y;

— TpaHcnopTyBaHHs: 3ami3Huneo — PLII-100/5, mictkictio 230 M°, mpu 1pomMy
Mmaca pigkoro azory — 1600 kr, a Brparu — 0,12% nponykry 3a 100y;

— PUI-100/5, mictkicTro 100 M?, mpu Brparax 0,12 npoxykry 3a 100y;

— razupikanii ['XK-25/16-200 mictkicTio 180 Kr 3a pigkum a30ToM i3 poOounM
THUCKOM Ha Buxomi razy 0,1-1,6 MI1a.
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Tabmuus 2

IMopiBHAHHS XapaKTePUCTHK PEYOBUH IJI5 MPOAYBAHHS MOHTOHY 00’ €MOM
250 m> Ha iuouHi 500 M

Hasenena . Ilina .
6 . HeoOxinna 1 3% 06° KormrrosHicTs Yac
Peuouna | SAPOOHMHICTE |\ 1o ca pevosumn M 00 EMY | ponyBaHHS | mposyBaHHS
1 a8 p . BAHHA pory pory )
poay )
3 KT [TOHTOHY, TPH ron
PEUOBHHU, M IpH
?6(;?11515; 3anexHo Bin | 246/141% Ge3
a KUTBKOCTI MacH Tpyoo- 2,80 1400 17
pATyBallb- GaJloHIB NPOBOIIB
HOTO Cy/HA)
KoMIbeco 246/37" 6e3
31<38 A-Zp 8,64 macu Tpy6o- 1,40 700 33
MIPOBOJIIB
g | T2 19,70 142/300" 35,0 17500 0,2
0
=
<
= | T-1 25,0 112/240* 76,0 38000 0,2
ITopoxoB.i
TBEpAO- 3anexHO Bif
TIAJIABHI 13,40 150/160" 167,0 83500 TUITY yCTaTKy-
ra3orete- BaHHs
paropu
Tapasin 30,0 96,8 170,0 85000 -
235/450" 6e3
Pinxwuii a3oT 10,60 MacH Tpyoo- 5,40 2700 2,65
MIPOBOJIIB

Y YUCCJIbHUKY — Maca pCUOBUHHU, B 3BHAMCHHUKY — Maca YCTAaTKyBaHHA

Ha pucynkax 1 Ta 2 nokaszaHo, BiJ{IIOBIIHO, 3aJIGKHOCTI Ta30BUALIAIOU MOXKIIUBOCTI
piakoro a3oty ais aianazony nmoud 100-1200 m ta 2000—10 000 m.
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Puc. 1. I'uzosuodinsioua 30amuicms 1 m* piokoeo azomy
3anedicHo 8i0 enubunu tiozo easugirxayii (100—1200 m)
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Puc. 2. T'azosuoinsioua 30amuicme 1 m* piokozo azomy
3aedHCHO 8i0 enubunu tozo easugirayii (2000—10 000 m)

3a HaBENCHUMH NAHUMHU BHIIHO, IO BXKE ICHYIOTh 3aCO0M OTpHUMaHHS, 30epiranHs
Ta TPAHCMOPTYBAaHHS PiAKOro a3ory. BojHouac 3aco0u Ta MPHCTPOI MepeKadyyBaHHS
Ta razudikarii He BiIMOBITAIOTHF HAYKOBOMY 3aBIaHHIO: Y pa3i BEIMKOI MACOBOI Imomadi
BOHU MalOTh MaJIMi Harlip abo HaBmaku [4—5].

YV nmochimkeHHI pO3IITHYTO TPH MOXIIMBHX BapiaHTH YCTAHOBOK IS Ta3udikarii
PIIKOTO a30Ty 3 METOIO CYHOPEMOHTY:

— mepmuit BapiaHT (puC. 3, a) — Ta3udiKaIisa piIKOTo a30Ty IPOXOIUTE Y TPyOOoTpo-
Bomi-razudikaTopi 3a MIITXOM CITiTyBaHHS, TEIUIOTOIO OTOYYIOYOi BOMIH;

— npyruit BapianT (puc. 3, 6) — piIKuii a30T ra3u(iKyeThCS y CIEMiaIbHOMY BOJIS-
HOMY Ta3u(iKaToOpi TEIUIOYTPUMAHHSIM BOIH, sIKa IMEPEKATYETHCS 0 Ta3udikaropy 1o
TpyOOTIPOBOTY B Ta30ITONIOHOMY CTaHi;

— TpeTii BapiaHT — PiAKUH a30T y cocyai [’ roapa 3aHyprOEThCS A0 MiCIIsl BEACHHS
poOIT Ta ra3u(iKyeThCS ¥ MPOTyBAEMOMY 00’ €Mi TEIUIOYTPUMAHHSIM BOJIH, STKA BUIAJIS-
€THCAL.

Po6GoTa ycTaHOBOK 3a MepuINM Ta APYruM BapianTaMu. [3 TpaHCIIOPTHOTO COCYITY
(mampuxonaz, PIII-100/5) pigkuit a30T 3a JOITOMOTOI0 KPHOTEHHOTO HACOCY (HAIIPHUKIIAL,
BK-110-65) a0 caMOIUTHBOM IIPH ITiIyBaHHI TPAHCTIOPTHOTO COCY/TY ITOJAETHCS B TETIIO-
130JIbOBaHy MOMMTUTOYHY EMHICTD 2, TIPH IIbOMY KJIallaH BEHTWIIAMII BiakpuTHid. [Ipormec
3aXO0JIO/DKYBaHHS Ta 3alIOBHIOBAHHS ITiIMUTOYHOI EMHOCTI KOHTPOJIOETHCS TEIUIOBHMI-
pIOBaJIbHUMU TipuiiafiamMu. [1icis 3am0OBHEHHS MiIMMTOYHOT EMHOCTI HACOC 3YMHHSAETHCS
a00 MIMUTYBaHHS 3 TPAHCIIOPTHOTO COCYIy NPHUITUHAEThCS. KpioreH 1o 3aToIIeHOro
00’€KTa TIOMAETHCS TIO0 TPYOOITPOBOMY-Ta3u(iKaTopy 4 MUISIXOM MPOMYTTS ITiIITHTOYHOL
€MHOCTI 2 TIOBITPSIM, SIKE TTOJIAETHCS OaJTOHaMU 3 TIOBITPsIM Brcokoro Tucky (I1BT) 1.

Jlns BUKITIOYEHHST YTBOPEHHS B TPyOONPOBOMI KPIKaHUX TPOOOK TPyOOIpOBOA-
rasudikaTop mepen Mmoaadeto 10 HHOTO KPIOTE€HY MPOMYBAETHCS IMOBITPAM. Y TOYIII
BHXOAY TpyOompoBomy-razudikaropa 4 1o 06’ emy, IKUH MPOITYyBAETHCS, HA TPyOOTIpO-
BOJIi BCTAHOBTIOETHCSI O€3TIOBOPOTHUM KJjlamaH 6, KU 3a1mo0irae MoTPaIusTHHIO BOIH
1o TpyOoTIpoBOmY.
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Puc. 3. Yemanoexa eazughixayii pioxoeo azomy
3a nepwium a) ma opyaum 6) sapianmamu easugikayii
1 — 6ason TBII; 2 — mignuTa BaJibHa €MHICTB; 3 — TpaHCIOPTHA LMCTEPHA; 4 — TPyOOIpPOBiN-
ra3udikarop; 5 — moHTOH; 6 — KianaH; 7 — ra3uikaTop; 8 — IUPKYIALIHHAN HacOC.

BiamiaHOO 0COONMMBICTIO YCTaHOBKH (pHC. 2, 0) Bifl yCTaHOBKH (pHC 2, a) € Te, 10
B Hill € KproreHHU# razudikarop 7. Y TpyOoImpoBogax razudikaropa KpioreH migirpi-
Ba€THCS TEIUIOM Ta YaCTKOBO MEPEOXOIOMKEHIH BOIOT0, SIKa IPOKAYY€ETHCS B MIKTPYO-
HOMY TIPOCTOPI IMUPKYIIAIIHHIM HACOCOM 8.

PoboTa ycTaHOBKHM 3a TpeTiM BapiaHTOM. JIJI1 IbOTO BUTIAIKy BUKOPHUCTOBYETHCS
130JIAITiiHA cHCTeMa 3 M IKUMH CTIHKaMH Ta YPIBHOBaXCHHSIM THCKY Ta30HATIOBHCHHS.
Ha rmu6uni kpioreH i3 cocyny [[’roapa HacocoM a00 caMOTOKOM (3a paxyHOK ITiJBH-
IEHHS TUCKY BHACIIIOK WOT0o HarpiBaHHs) ab0 IHITUM IMTOOYTHUKOM ITOMAETHCS 10
00’ eMy, KU TIPOIyBa€eThCs [6].

ITix gac po3mIsgaHHs MOXKIIMBHX YCTAHOBOK Ta3u(ikaTopiB HeBHPiIEHUMH MPO-
0JieMaMu 3aJTHIIVIIACE:

— 3a MepIINM BapiaHTOM — IPOTHO3YBaHHS MacH KPHTH, SIKa CTBOPIOETHCS B TPY0O-
npoBoi-razudikaropi 4;

— 3a IpyTUM BapiaHTOM — BiJICYyTHICTh METOIUKH PO3PAXyHKY KPiOT€HHO-BOIITHOTO
razudikaropa Ta GakT TOTO, MO HE BU3HAYCHO paIliOHAIbHE 3HAYCHHS TEIUIOBIIOOpPY
BiJI BO/IH, sIKa MIPOKAYyETHCS 10 Ta3udikaropy 7;

— 3a TpeTiM BapiaHTOM HE BH3HaueHa METONWKA MPOTHO3YBaHHS KPHTH, SKa YTBO-
pro€Thes Tia yac Oe3mocepeHpoi moadi pikoro a30Ty 0 BOAHM 00’ €MY, SIKHH TIPOAY-
Ba€THCA 3aJICKHO Bil TMOWHU 3aTOTICHOTO 00’ €KTa Ta IMapaMeTpPiB a30THOI yCTAaHOBKH.

i 3aga4i po3B’s3aHi aHATITUIHO Ta alpOOOBaHI MUIIXOM KOMIT FOTEPHOTO MOJIE-
MOBaHHA. Bu3HaueHO, MO KpuTra, SKa YTBOPIOETHCS Ha TPyOOIpoBOdi-razmdika-
Topi 4 (puc. 4), HE CTBOPIOE iICTOTHOTO BIUIMBY Ha pE3yJIbTAT CYIHOIIIiHMaIRHOI omiepa-
mii 3arajgom. Tak, HanpuKIaa, y BHOpaHUX apaMeTpax MOXKIIMBOI HATYPHO! YCTAHOBKH
3 momauero 10 m3/rox uepes 20 ToauH y MopcehbKii Bomi (miaeHicTs 1,025 T/M7) i3 TeM-
meparyporo 4°C crBoproerses 413 kr xpurn. I103WTHBHA MIAaBYYicTh ii CTAHOBUTHME
51 kr. 3ycwmis, sike HeoOXiTHe ISl PO3PUBY 3aIaHOTO TPyOOIpoBoAa-razudikaropa,
craHoButume 129-247 xH.
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B3aemo3B’s130k TeMmieparypu 3a00pTHOT BOIU Ta MapaMeTPiB KPUTH JOCITIHKEHO 32
3aJICIKHICTIO [6]

Jooo\p?

T.=273-TB-T' B, L

2a Bt+r )20
= (M
Tr:ﬁ_,_u(]"w_]*@),
21 A

ne T.— TeMiepaTypa cTiHKu TpyOonposony, °C;

T’ _ noxizsa npoiiio TeMmeparyp 3a KOOPAMHATOI TOBIIMHH KPUIH, SKa HAMOPO-
XKy€Tbcs Ha TpyOotpogin, °C;

T, — remmepatypa 3aboptHOi Boaw, °C;

T, — Temneparypa ($a30Boro nepexony Boau y kpury, °C;

A — KoeiIieHT TeTIONPOBITHOCTI BOJSHOI KPUTH TIPH TeMIlepartypi gpa3oBoro mnepe-
xoxy B kpury, Bt / (m-°C);

p — TYCTHHA KPUTH, KI/M°;

L — renmora ¢a3oBoro nepexony BoAH B Kpury, JIx;

a,, — KoeditieHT Termwtosingayi Bix Bonu, Bt / (M-°C);

a — Koe(DiIi€HT TeMITEPATyPOIIPOBITHOCTI, M?/C;

T — MOMEHT 4acy, CeK;

7, — THIKHUHA napaMeTp, M.

Jnst po3paxyHKy TOBIIMHHM IIapy KPHUTH, SKa HAMEp3HE 3 ypaxyBaHHIM 3aJI€KHOCTI
TEMIEPaTyPOIPOBITHOCTI BiJl TEMIIEpaTypH, Oyja BHKOPUCTaHA 3aJIEXKHICTD [7]
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Puc. 4. 3anesxcnicmo 3amopooicysanns kpueu Ha mpybonpoeoo-eazugikamop
i3 4acoM 3 YPaxy8aHHam ma 0e3 ypaxyeanHsl 3a1eHCHOCI MeMnepamyponpogioHoCmi
8i0 memnepamypu
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AHaJi3 OTpUMAaHHUX pe3yabTaTiB. J{J1s miIirpiBaHHs PiIKOTo a30Ty B Mepexo/Ii Horo
B Ta30MONIOHNHN cTaH PO3POOJICHO PEeKOMEHIAIl PO3paxyHKy KPUOTEHHOTO rasudika-
TOpA, IKWH YaCTKOBO BUKOPUCTOBYE BHYTPIIIHIO €HEPTi0 NEPEXOLy BOIHU 3 PIIKOTO 110
TBepaoro ¢azoBoro crany. [lix 4ac KOMIT' IOTEpPHOTO MOIETIOBAHHS JOBEICHO MOXKITH-
BiCTh BHUKOpUCTaHHS 10 47% Teruotu ($a3zoBOro NmepeTBOPEHHs BOAW 3a BiJCYTHOCTI
3JICICHIHHS TEILUIO MEPEJatouuX eJIEMEHTIB razudikaropa.

VY mporeci AocHiKeHHST pO3pO0JIEHO KOMIT IOTEPHY MOZENb MPOTHO3YBAaHHS MacH
KPHTH i1 9ac Oe3rmocepeIHpo1 mofadi piIkoro a30Ty 0 MOPCHKOi BOW Ta 3’ICOBaHO, IO
PIIKUiA 230T MOYKHA TIOJ]ABaTH Y BOAY 00’ €KTY, SIKUH MPOIYBAETHCS, T4, SIKIIO BUKOHYBaTH
BIAMIOBIIHI TEXHIYHI yMOBH, KpUra Ha eJleMeHTax ra3ugikaropa He CTBOPIOBATHMETHCSI.

BucnoBku. Pinkuii a30T € eeKTHBHUM, HEIIKIAIMBUM, IHEPTHUM, JIETKO rasugiky-
€THCS TA OJHUM 13 HaWCIIEBIINX 3aCO0IB CTBOPEHHSI ITO3UTHBHOI IIABYYOCTI IS 3aTO-
HymuX 00’ekTiB. MOXIIMBI PI3HOMAHITHI TUIM YCTaHOBOK BHKOPHCTAHHS PIJKOTO a30Ty
JUIS CYJHOIIIIMMaHHS 3aJI)KHO BiJi KOHKPETHUX IOCTaBJICHUX 3ajad. Kpura, sika yTBO-
PIOETHCS HA TPYOOIPOBOII-ra3udikaTopi, 3arajioM He BIUIMBAE HA XiJI CYHOMIJiHMaIbHOT
orrepartii. Ik eekTUBHMIA 3aci0 miAIrpiBaHHS PiIKOTO a30Ty B KPIOTeHHOMY Tra3uikaropi
MO)KHa BUKOPHCTOBYBAaTH 3a00pTHY BOZY, BUKOPHCTOBYIOUM /I IIOCTABJICHUX IIiJIeH 110
47% Tterotu GazoBOro Mepexoay BOAH 3 PIIKOTO Y TBEPAUA CTaH. 3a BiINOBITHUX YMOB
MO)kHa Oe3rmocepeIHbO OaBaTH PLAKKUH a30T y BOLY 00 €KTY, SIKHiA TPOAYBAETHCS, HEXTY-
104 3MEP3HEHHSM BOAM Ta CTBOPEHHSIM Ha BUXOZ1 TPyOOIPOBOLY MPOOOK i3 KPHUIH.
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Anomauin

Bcmyn. Ak ocnosna modens y npoyeci eupiuients 3a0ay ni08UeHHs eqheKmusHOCmi
excnyamayii cyoeH 3a36uyati GUKOPUCMOBYEMbCA MOOETb UIHAYEHHS 8aPMOCHIE JHCUM-
mego2o YyuKy cyoHa. Buxopucmanns yiei mooeni neobxiona 6 npoyeci upiuleHHs 3HA-
yHo20 Kona 3a0ay. OOHAK Y 36 53Ky i3 3HAUHOIO MPUBALICTNIO HCUMMEBO2O YUKTY HeBU-
3HAUeHICMb napamempis Mooeii 0yxce UCOKA, WO NPU3BO0UmMsb 00 3HAYHUX NOXUOOK Y
PO3PAXYHKY NOBHOI 8apmocmi. 3anposadaicere 00Cai0NCeHHS Hayiiene HA 800CKOHAEHH S
Mooeni gapmocmi dcummesoeo yuxay (KL cyona na ocrosi guxopucmants 6 Hiil Mmemo-
oonocii ynpagninnsa pusuxamu. Memoro 00cniodxcentHs € 800CKOHANCHHSA MOOei 6U3HA-
YeHHsL 8apMOCHI HCUMMEBO20 YUKILY CYOHA 30 PAXYHOK BNPOBAONCEHHS MeMOOi6 aHANi3y
pusuxis. Pezynemamu. Y pobomi 3anponoHo8ano supiuieHHs npobnemu, nog a3amoi iz
SHAYHUMU NOXUOKAMU 8 PO3PAXYHKY noHOI eéapmocmi JKL] uiisxom guxopucmants meo-
il pusuxie. OCHOBHOI MemO0 OYIHKYU PUBUKY € YAGLEHHSA HA OCHOBI 00 €EKMUBHUX C8i0-
yens iHgopmayii, HeobXiOHOI 0 NPULIHAMMS OOIPYHMOBAHO20 PierHs w000 Cnocobig
06podru puzuxy. Oyinka puzuxy modxce 6ymu 6UKOHAHA 3 PIZHUM CHIYNeHeM 2AUOUHU i
demanizayii 3 6UKOPUCMAHHAM 00HO20 a00 KIbKOX MemOoOi8 PI3HO20 PIGHS CKIAOHOCHIL
Dopma oyinku ma ii 6UXiOHI Oani Maome Oymu CYMICHI 3 KpUMeEPISIMU PUSUKY, 6CAHOG-
JleHUMU npu 8U3HaueHHi cghepu 3acmocysants. 11i0 uac 6ubopy memody oyinKu pusuxy
HEOOXIOHO 8PAX08Y8AMU, WO MEMO0 MA€ 8i0nogioamu bazamvom Kpumepisam. ¥ cmammi
p0o32nA0armsca 08a HIOX00U SUKOPUCMAHHA MeOPIi pU3UKIB: 6CIMAHOBNEHHS 3HAYEHHS
NPULIHAIMHO20 CYMAPHO20 PU3UKY ab0 uxopucmants memoody Moume-Kapno ona mparc-
GopmyeanHs HegUsHAUEHOCMI O 36UYALIHUX AHANIMUYHUX MoOenell ma PO3PAXYHKY
ILMOGIpHOCMEU, AKUO AHATIMUYHI MemoOu He MOXCymb Oymu euxopucmani. Bucnoexu.
Y pobomi 3anpononoeana mooenv eusHauenHs 6apmMocmi HCUMMEBO2O YUKTY CYOHA 3
VPAXy8aHHAM AHANIZY PUSUKIE, W0 6NAUBAIOMb HA 1T CKIAOHUKU.

Knrouoei cnosa: mooenv 6apmocmi HCUMMEBO20 YUKILY, RPULHAMHUL PUSUK, MEMOO
Mounme-Kapno.

© Wymuiao O.M., Poccomaxa O.1., Illaxos A.B., 2021
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Summary

Introduction. As a rule, the life cycle model is used for determining ship cost to
increase the operation efficiency. This model is necessary in solving a wide range of
issues. However, the uncertainty of the model parameters is very high due to the long
period of the lifecycle. It leads to significant errors in calculating the total cost. The
introduced article is aimed at improving the lifecycle cost (LCC) model of the vessel
based on the use of risk management methodology. The purpose of the research is
to improve the model of determining the lifecycle cost of vessels by means of the risk
analysis methods. Results. The solution associated with significant errors in calculating
the total cost of lifecycle by the risk theory has been highlighted. The risk assessment
is based on the objective evidence. This information finds the methods to handle the
risk. One or more methods of varying difficulty can be used to provide the detailed risk
assessment. The assessment form and its initial data must be compatible with the risk
criteria established in determining the scope. When choosing a risk assessment method,
keep in mind that the method must meet many criteria. In addition, two approaches of
using the risk theory have been analyzed. They are establishing the value of acceptable
total risk or using the Monte Carlo method to transform uncertainty for conventional
analytical models and calculating probabilities if analytical methods cannot be used.
Conclusions. The paper proposes the model for determining the cost of the ship lifecycle,
taking into account the analysis of risks that affect its components.

Key words: lifecycle cost model, acceptable risk, Monte Carlo method.

Beryn. CyuacHuii mepiof pO3BHTKY LUBLITI3ALIHHOTO CYyCIIIBCTBA XapaKTEPH3YE
nporiec iHpopMaTH3allii sk TaKui, M0 KapAUHAIBLHO 3MIHIOE KOHIICTIIIF0 MOJICITIOBAHHS
B IIPOIIECi MPOEKTYBAHHS TEXHIYHUX CUCTEM. Y CBITi CIIOCTEPIraeThes MOCTiHE 3pOC-
TaHHS CKJIaJIHOCTI TEXHIYHUX CHUCTEM, JO SKUX HaJISKUTh MOPCHKI Ta PIYKOBI Cy/HA.
Take ycKJIaJHEHHS B CYKYITHOCTI 3 TIOCTIHMM 3pOCTaHHSIM KOHKYpPEHIII Ha pUHKY
nepeBe3eHb POOUTH MPOIEC NMPUHHSTTS YIPABIIHCHKUX pillleHb MIONO YIPABIIHHS
KUTTEBUM LIUKIIOM Cy/IHA HEMOXJIMBUM 0O€3 po3poOKH afeKBaTHOT MOJIE BU3HAUECHHS
BapTOCTI JKUTTEBOTO LIUKITY CyIHA.

114



PO3BUTOK TPAHCIIOPTY
Ne 1(8), 2021

Bukopucranns 1iei Mozeni HeoOXiIHa B IPOIIeCi BUPILICHHS 3HAYHOTO KOJIa 3a/1au:

— TIPOEKTYBaHHSA Ta 10OY0Ba HOBOTO CY/IHA;

— ONTHUMI3allis TPUBAJIOCTI KUTTEBOTO IUKJTY J0 HOr0O YTHITI3allil;

— po3pobka crparerii TOP cyTHOBHX TEXHIYHUX 3aCO0IB Ta CYJIHOBUX KOHCTPYKIIIH;

— aHaJIi3 IOLUILHOCTI MPOBEACHHS MOJIEpHI3allii a00 nepeolnaHaHHs Cy/IHa.

3anpoBapkeHe JOCIIIKEHHST HaIliJIeHe Ha BJOCKOHAJICHHS MOJETI BapTOCTI JKUT-
teporo nukiy (JKL[) cymHa Ha OCHOBI BUKOPUCTAHHS B Hili METOZOJOII] YIIpaBIIiHHS
PHU3UKAMH.

AHaJi3 ocTaHHix nociiakens i myoaikaniii. HaBenena Bumie 3a1aqa 3HaXOIUTHCS
B IICHTPI yBaru (axiBIiB pi3HUX Tay3e 3HaHb BXKe JJOBOJII JIOBrHiA niepiof yacy [1-7].

Y po06ori [ 1] sik KOHIIEMIIIT 3aPOIIOHOBAHO, 10 Oy/Ib-sIKa CUCTEMa, HE3aJISKHO BiJ 11
MacmTaly i Buy, mpoxoauTh Bech cBiil XKL y cyBopiit mocmiqoBHOCTI, BiAMOBIIHO /10
BU3HAYCHOTO TIOPSIIIKY.

Heodinimis cranmapry BusHavae: XKL — 1ie eBoJIrOIist CHCTEMU, MPOYKIIiT, MOCITYTH,
MPO€EKTy abo HIIOTO 00’€KTa, CTBOPEHOTO pyKaMU JIFOAMHU, Bif ii 3ayMy JO MPHUITH-
HEHHS BUKOPUCTAHHS 32 IJIAHOBUM MPU3HAYCHHSIM.

B ocHOBI Maiike BCiX 3aIpOIIOHOBaHHX MOJENEH 1 METOIIB PO3paxyHKY BapTOCTI
JKI] TexHIYHUX CHCTEM 3HAXOAMUTHCS MPUHIMIT 3aJie, IKUH MOTepeIKaeE PO HECyMic-
HICTh TOYHOCTI MOJZEMI 31 CKIIAJHICTIO CUCTEMHU.

J.A. Kypciaum [3] cdopMynboBaHi OCHOBHI BHMOTH JI0 O3HAYEHHUX MOJIEIIEH, a came:

— oOMexeHa KUIbKiCTh 3MiHHUX 1 aKkTopiB;

— BIJICYTHICTh HEOOXIJHOCTI MOCTIMHOTO 30MpaHHsS BEJIUKOI KiJIBKOCTI BUXIJIHOT
iHpOpMaIii;

— BUKOPHUCTAHHS METOJIB JIIarHOCTYBaHHs, TOOTO 3MiHY BapTOCTI IPOIIICH y Yaci.

V 3aransHoMy BUAl BapTicTh JKII cynHa Zs cKagaeTbes 3 TAKMX JOJaHKiB [4]:

— BUTpaTH Ha NPOEKTYBaHHS 1 TOOYAOBY CyllHA, HOTO BBEJICHHS /10 €KCILTyaTaIlii Z;

— BUTpATH Ha NMATMBHO-MACTHJIBHI Marepianu Z;;

— BHUTpPATH Ha PEMOHT, 1[0 MICTATh BAPTICTh 3MIHHO-3aMTACHUX YaCTUH Zg ;

— eKcIUTyaraliifHi BUTpaTd (YTpUMaHHS eKilmaxy, 3a0e3medeHHs GyHKI[IOHyBaHHS
OKpEMHX eJIeMeHTIB cucteMu cyiHa) Cg;

— BHUTpATH Ha yTHJIi3allil0 HA MOMEHT BUBONY CyJHA 3 eKcIutyaraiii [4] Z,.

3 ypaxyBaHHSIM JMCKOHTYBaHHS aBTOpaMH [5] 3ampoIlOHOBaHA 3arajibHa (opmysia
PO3paxyHKy Zs:

+Z - +Z Z, |+ Zy (1)

1+k (1+k)T’

Z, Z+Z

=1 1+k

ne T —TuTaHOBHH Yac eKCIuTyaTarlii cyJHa (TOpH30HT TUIaHYBaHHS);

k — KOe(iIiEHT TUCKOHTYBAHHS;

I — xoedinient iHISII.

Bynp-sika 3amada ontuMizaliii BAKOPUCTAHHS CY/JJHA 1 MPOIIEC] TepeBe3eHHS BAHTAXKIB
(macaxupiB) BHpILIyeThCs NULIXOM MiHiMizamii Bupasy (1). OqHak ocHOBHa mpobiema
B TIpolieci 1i BUPIIICHHS € HACIIIKOM TPUBAJIOTO JKUTTEBOTO LUKITY Cy/IHA, IO TPH3BO-
JIATH JI0 3HAYHUX TIOXHOOK MPY BHPILIICHHI BUXITHAX TTapaMeTpiB MOJIeNi (3MiHa BapTOCTi
MATMBHO-MACTUIILHUX MarepialliB, KOJIMBAHHS PUHKY CYAHOPEMOHTHHX MOCIYT TOIIO).
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B ocranHi poku Taki IpoOieMH BHPIIIYIOTHCS HUISXOM 3aCTOCYBaHHs B ONTHMI3a-
MIHUX MOJIENISIX METOONOT1T Teopil pu3nkiB. [IpUHHATTS 1 BIPOBaKEHHST MIXKHAPO/I-
Hux crangaptis cepii [SO 31000 [6; 7] macTh 3MOTy 3HaYHO 30UTBIIMTH TOYHICT MPH
BUPIIICHH] 331241 ONTHMI3allil )XUTTEBOTO IUKJTY CKJIQJHUX TEXHIYHUX CUCTEM.

@opmyJaoBaHHS 1ijeil crarTi. METOI0 JNOCHIIKEHHST € BIOCKOHAJICHHS MOJENi
BU3HAYCHHSI BAPTOCTI KUTTEBOTO MUKy CYJHA HIISXOM BIIPOBA/KCHHS METOJIB aHa-
T3y pU3HUKIB.

Buxkiaaa ocHoBHOro marepiany. Y pi3HUX JIiTepaTypHHX JDKepeiax MOXKHa 3Ha-
WTH OLIbIIIE cTa BU3HAYEHb JNe(iHIil «pu3nk» [8—15]. OaHak HaMOIIbII YITKE 1 TOUHE
BU3HA4YCHHs HaBeneHo B CtaHaapTi [6]: «PU3HUK — Iie BILTUB HEBU3HAYCHOCTI HA METY».
3 nporo GopMysTrOBaHHSI MOXKHA BUAUTUTH FOJIOBHI O3HAKH PU3HUKY.

[Mo-nepie, pu3HKH BUHUKAIOTH TUTBKH B pa3i BAKOHAHHSI Oy/Ib-SIKUX IIIECTIPSIMOBA-
HUX Ji#. SIKI0 METO0 CYTHOIIJIAaBHOI KOMIIaHii HE € TOProBeIbHO-CKOHOMIYHI omepartii
3 IESKOIO JIEPIKaBOIO, TO CTaH (DIHAHCOBOT CUCTEMH Ii€1 KpaiHU HEe MOYKHA BBaXKaTH JKe-
penioM pu3uKy. |, HaBmaku, SKIIO MOTEHIIHKUN TOpT(eNb 3aMOBICHb MICTHTh CYMICHI
MIPOEKTH, 11 PAKTOP CTAE OIHUM 13 HAMOIIBII BAXKITHBHUX.

ITo-npyre, puU3uKOM BapTO BBAKATH ITOMAII0, KA MAa€ YiTKO BU3HAUCHI MPUYUHU
BUHHUKHEHHS 1 HEraTHBHI Haciiku. Tomy HeBipHUMH OyayTh TEpMiHH: BHPOOHUYHI
PH3HK, EKOJIOTIYHUI PU3HK TOIO. Taki XapaKTepUCTHKH MOXKYTh BUKOPHUCTOBYBATUCH
K knacuikaliiiHi 03HaKH, a He PU3UKH KOHKPETHOT OCOOH.

[Mo-TpeTe, pu3UK — e TOIA, sIKa MOXKE BiJJOyBaTHCS JIMIIIE 3 ISSTKOI0 HMOBIPHICTIO,
sIKa Ma€ He JOPIBHIOBATH HYITIO a00 OTUHHUIII.

[Mo-ueTBepTe, OyAb-IKN PU3HK BAPTO BBAXKATH CKOHOMIYHOIO Kateropieto. Tomy miz
Yac KUTBKICHOT OIIHKH PU3HK (R) YMCENbHO TOPIBHIOE NOOYTKY HMOBIPHOCTI HACTaHHS
pu3HKoBOi mofii (P) Ta BenmuunHi 30uTKIiB (U), SIKMX 3a3HA€ CyTHOBIACHUK BHACIIJIOK
HENOCITHEHHS Ti€l YU 1HIIOT IiJIi.

R=P-U, )

TakuM 4MHOM, SKIIO Oy/b-sKa AISUTbHICTh HalliJICHa Ha JocsarHeHHs N 1iiel, KoxHa
3 SIKUX XapaKTepU3yeThCs 3HaUeHHAMHU Py Ta U, BIAMOBIIHO, CYMapHUN PU3HK CTaHO-
BHUTHME:

N
R =>P Uy, 3)
n=l1

[lo-r’siTe, pu3MK — 1l KUTbKICHUN TMOKa3HHUK Mporecy, a He 00’ekra. Came ToMy
B MOJIENI OI[iIHKM BapTOCTi JKUTTEBOTO IIMKIY CYIHA BapTO BPaXOBYBaTH PU3WKU BCIX
MPOIIECiB, MO OyAyTh peaji3oBaHi CYyIHOM BITPOJOBXK MOBHOTO XHUTTEBOTO IUKIY abo
YaCTHHH, 110 aHAJ3ye€ThCA. 3 ypaxyBaHHIM TPUBAIOCTI IHUKIY KiTbKICTh BUKOHAHUX
MpOIIECiB Oy/ie MyKe BEIHMKOIO, 110 3HAYHO YCKIAIHIOE 3a7ady BU3HAYCHHS CyMapHOTO
PU3HUKY.

VY mpakTuili pu3HK-MEHEKMEHTY 3 YCHIXOM BHUKOPHCTOBYETHCS KOHIICTIIIIS TPH-
HWHSATHOTO PU3HKY, sIKa HaBeJieHa Ha puc. 1. {115 KoKHOTO 3 BUPOOHWYHX IIPOIIECiB BU3HA-
JaIOThCS EKCIIEPTHUM IUIIXOM (200 Ha 06a3i CTAaTUCTUIHUX JaHUX, KO TaKi €) PU3HKH
TIEPEBUITICHHS BUTPAT BiJl IJIAHOBOTO MOKa3HUKA R, R,, R;, ..., R, Ta IMMOPIBHIOIOTHCS
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3 IPUIHATHUM PU3UKOM R, 3aTBEPIHKCHUM JUIS LIbOTO BUPOOHUYOTO Tporecy. Bupoo-
HHUYI MPOLIECH, ISl IKUX BEJIMYMHA PU3UKY MEHIIIC MPUHAHATHOIO, MOKa3aHi Ha CXeMi
3€JICHUM KOJILOPOM, a Oiibliie — 4epBOHUM. JIOBKHHA CTPUIKK MPOMOPIiiiHA BeIHYHHI
pusuky. [IpeacraBiena Ha puc. 1 cxema Jae 3MOTy HA0YHO BU3HAYMTH HAWOIIBII Bpas-
JIUBI 3 MOMIsSTY MiHIMI3allil cyMapHUX BUTpAT.

Puc. 1. Puzuxu oxpemux npoyecie excniyamayii cyona
IDicepeno: enachi po3pobku agmopis

3 ypaxyBaHHSM BEJHKOi KUTBKOCTI ITPOILECIB 32 MOBHHUW MEPio] KUTTEBOTO LUKITY
Cy[AHA TaKWi METOH JOCHUTHh CKJIAIHO BIPOBAIMTH Ha mpaktumi. Kpim Toro, BIumB
OKpeMHuX (hakTopiB Ha BENMYMHY PU3UKY OKPEMHX IIPOIECiB MOXe OyTH cHpsiMoBa-
HHUM Y pi3HI CTOPOHH. Y NESKHX IpoIecax [e MOXKe MPHU3BECTH IO 3POCTAHHS BUTPAT,
aJie OJHOYaCHO 3MEHIIUTH BUTPATH Ha iHIII MPOLECH, IO HIBEIIOE€ CyMapHy BEIWYHHY
PH3HKY.

OCHOBHOIO METOIO OIIIHKM PU3UKY € YSBICHHS Ha OCHOBI 00 €KTHBHHX CBiJYCHb
iHdopMarlii, HeOOXiHOT I MPUHHATTS OOTPYHTOBAHOTO PINIEHHS IOIO CIOCO0iIB
00pOOKH pUBHKY.

Orminka pu3uKy 3a0e3neuye:

— PpO3yMiHHS TIOTEHIIMHWX HEOE3IeK i BIUIMBY iXHIX HACHIIKIB Ha IOCSTHEHHS
BCTAHOBJICHHX LIJICH CYJHOBJIACHOI KOMIAaHIT;

— oTpuMaHHs iH(popMaIllii, HeOOXiTHOI ISl IPUIHATTS PillleHb;

— po3yMiHHS HeOe3MeKH i 11 mkeperr;

— imeHTH]IKAIIO KIIOYOBUX YHHHHKIB, 10 (OPMYIOTh PU3HK, YPa3IHBHX MICIh
cynmHa i 11 cucrewm;
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— MOXITUBICTh TIOPIBHSHHS PU3UKY 3 PU3UKOM aJbTepPHATUBHUX TEXHOJIOTiH, METO-
B 1 IIPOTIECIB;

— 00MiH iH(opMaIli€ro PO PU3UK 1 HEBU3HAYEHOCTI;

— 1M OpMaIifo, HEOOXITHY TS paHXKUPYBAHHS PU3UKIB;

— 3aro0iraHHs HOBUX IHIIMACHTIB Ha OCHOBI JOCHIKEHHS HACIIAKIB 1HI[MEHTIB;

— BHOIp cr1oco0iB 00POOKHU PUBHKY;

— BIATIOBiAHICTH IPaBOBUM 1 000B’I3KOBHM BHMOTaM;

— oTpuMaHHi iHpopMarii, HeoOXiMHOT a1 OOTPYHTOBAHOTO PIllIEHHS TIPO TMPHIA-
HSTTS pPU3UKY BiJIOBIZHO JO BCTAHOBJICHUX KPUTEPIiB;

— OWLIHKY PU3HKY Ha BCiX CTaJisIX )KUTTEBOTO LUKILY CYJIHA.

VY pobori [7] HaBeneHo ToHa 30 METOMIB KUNBKICHOI OLIHKH PU3UKIB, SKi MOXHA
YMOBHO MOJIUIUTH HA YOTUPHU THITH:

— CTaTHCTHYHI;

— WMOBIPHICHO-CTaTHCTHYHI,

— TEOPeTHUKO-WMOBIpHICHI;

— ekcreptHi [8—10].

TeopeTHYHOI0 OCHOBOIO HMOBIPHICHUX MOJIENIeH BU3HAYCHHST PU3HKIB € TEOPist iMO-
BipHOCTEW Ta MMOBIpHICHE MoJeNoBaHHs. Ha mifcTtaBi po3poOIeHUX MaTeMaTUuIHUX
MojeNell eneMeHTiB cucteMu ME, TEXHONOTIYHUX TpoIeciB My, MmpoleciB 3HOMIY-
BaHHA M, clieHapiiB BUHUKHEHHS 1 PO3BUTKY aBapiiHUX CUTYaliil 3 ypaxyBaHHSIM PO
JFOACHKOTO (akTopa M .

M:f(ME;MTH;M3;Mﬂ<T))’ (4)

VY wiif Mozeni BHOCATHCS WMOBIpHICHI XapaKTEepUCTUKU 30BHINIHIX Ta BHYTPIIIHIX
¢axropis:

P:f(PE;PTH;P3;Pﬂ(T))’ (5)

3a pesynpraTaMu WMOBIpHICHOTO MOJENIOBaHHS BH3HAUAIOTHCS PO3MOILNT HMOBIip-
HOCTEW BUHUKHEHHs HEOE3MEeUHNX MOMid Ta MaTeMaTHYHE OUiKyBaHHs 30MTKIB y pasi
HacTaHHs Lux mnonin U.

Henonikom Takux MeTOIB € CKJIAAHICTD peaiizauii IMOBIpHOTO aHai3y, 0 POOUTH
HOTO BITPOBAKEHHS TOCUTh OOMEKECHHM.

CratucTu4Hi MEeTOM OyAYIOThCS Ha aHaJTi31 BEIMKMX MAaCUBIB CTATUCTUYHUX JIOCITi-
JOKEHb, 1110 TAKOXK pOOUTH IX HE 3aBXKIU MPUIHHITHUMHU.

HaiibinpIme mommpeHHst B OCTaHHI pOKH OTpHMalia MOMIEh OIMHKK PU3UKIB Ha Mij-
CTaBi aHaJIi3y HeOe3IeK, Bpa3IuBOCTEH 1 BTpaT.

3aranpHUN TIOPSAJOK BUKOPHCTAHHS TaKOi MONENI aHallizy pHU3HKIB mependadae
MOCIIJOBHAN aHai3 HeOe3IeK, AKi MOXKyTh BHHUKHYTH B CHCTEMI, BPa3JINBOCTEH cHcC-
TEMH III0JI0 BUSBICHUX HEOC3IIEK Ta aHaJI3 BTPAT BiJl HACTaHHS HEOE3IeK, 1110 peaisy-
Basuch [11; 12]

Ap = A, U App O Ay, (6)
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Ha puc. 2 HaBeneHa cTpyKTypHa cxeMa MOJIENI aHaJli3y pU3HUKiB, 16 BUKOPUCTOBY-
FOThCS TaKi O3HAYCHHS:

I1C — 11o9aTKOBHM CTaH CUCTEMH,

S, — clieHapili yCIINTHOTO JOCATHEHHS CUCTEMOIO CBOIX IILJICH;

KC, — GaxxaHuli KiHIIEBUH CTaH CUCTEMU;

S, — clieHapill yCIIITHOTO TOCATHEHHS CHCTEMOIO CBOIX IIiJIeH;

KC, — baxxaHunii KiHIIEeBUH CTaH CUCTEMU;

E, — niana3on BigxuieHHS Touku KC,, B MeKax SKOTO KiHIIEBI CTAaHH MOYKHA BBa-
AT JOMyCTUMHMU;

1C,, IC, — iHimitoroui HeOE3MEKH MTOIIT;

I'C,, I'C, — Tpann4Hi CTaHU CHCTCMHU;

S; (i=1, 2,..., N) — i-if cueHapii, 1110 peani3y€eThCs MiCis TPAHUYHOTO CTaHy,

KC, (=1, 2,..., N) — HejoIryCTUMHI KIiHIICBHI CTaH CHCTEMH, SIKW BIIOBIa€ cIie-
Hapito S;;

U (KC) (=1, 2,..., N) — BTparu, 1110 BiANOBIAatOTH KiHIIeBOMY cTaHy KC,.

Syt KCy —P{ U(KCy)
A St KCyy ){ U(KCy )
‘ ‘)‘ St KCyo U(KCy.0)
Swaat KC_\-J]»:- U(KCy.3) ]
S)'[: KCM U(KC“)
,-”[53443 KCy UKCyyy)
Sy KCy U(KC3)
S5 KG, U(KC,)
S KC, U(KC,)
An Agp Agr

Ananis nedesnex ANAanis ppassocTeil AHanis BTpar

Puc. 2. Mooenv ananizy pusuxie
IDicepeno: enachi po3pobku agmopis
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BpasnuBicTh cucTeMH XapaKTepU3y€eThCsl CYKYITHICTIO CLIEHAPIiB BUIIAJKOBHX ITOJIIH
1 IPUYMHHO-HACIIIKOBUX 3B’S3KIB JIMIIEC [IMMH MOJISIMH, TOOTO CTPYKTYPOIO CIieHap-
Horo rpaga cuctemu [13]. [Ipn oMy HapameTpaMu Bpa3iuBOCTI OyIyTh BUCTYNATH
YMOBHI HMOBIPHOCTI peai3aliii pi3HUX KiHI[CBUX CTaHIB CHCTEM, 110 BAHUKAIOTh Y MOJIi
IHIIIFOIOYOT MOIT TOTO YW HIIIOTO THITY Ta IHTCHCUBHOCTI. AHaJI3 Bpa3IUBOCTEH TpU-
MycKae JOCIDKSHHS MOCHTIIOBHOCTI MOAIT Ta MPUYMHHO-HACTIAKOBUX 3B’SI3KIB MIXkK
HUMM BiJ| 1HILIIOI0YOI 10 JOCATHEHHS CUCTEMOKO OJHOIO 3 KiHIIEBUX CTaHiB. [HIITUMU
CJIOBaMH, aHaJli3 BPa3jMBOCTEH sBIsi€ COOOIO JIeTalbHE BHUBUCHHS JepeBa CIICHApPIiB
CUCTEMH, 1110 BUBYAETHCS.

Tpaektopist S, y IpoCTOpi CTaHiB, IO OMUCYIOTh (DYHKIIIOHYBaHHS CHUCTEMHU BiJ
novatkoBoro crany [1C no 6axanoro KC, Mae Ha3By «clLieHapiil ycmixy». ¥ MOMEHTH
qacy t,, t,, ...,LyB CUCTEMI MOXYTh BiIOyTHCS iHiito04i1 nioxii I11,; I11,;.. 111, sixi 3naTHi
BIIXMJIUTH TPAEKTOPIIO BiJ KPUBOI S,, BKIIOUAIOUM MOCHTIIOBHICTh MOJIH, 1110 BiIO-
BiJIaIOTh CIieHapisMm S, S,, ..., Sy, AKi TaIOTh 3MOTY CUCTEMI TOCSATHYTH KIHIICBHX CTa-
HiB KC,, KC,, ..., KC,. KoxxeH KiHIIeBU CTaH, KpiM 0a)KaHOTO, PU3BOANUTH JI0 BTPAT
UWKC,). Takum 4MHOM, BTpATH — 11 PE3yJIBTAT 3MIHU CTaHy CUCTEMH y OiK, IKUW HE
JTO3BOJISIE OTPUMATH 3aIIAHOBAHY KiHIEBY TIOIFO.

3a HacJIiIKaMH MOCJIIIOBHOT OI[IHKK HEOe3IIeK, BPa3IUBOCTEH Ta BTPAT AJIs CHCTEMHU
MOYKHA BU3HAYUTU PIBCHb PU3UKY:

R=H-V-U, (7)

ne: H= {P[IIY1 |:P[a1,];..;P[IIT N]} — BEKTOp HeOe3NeK, KOMIIOHEHTaMH SIKOTO
€ IMOBIPHOCTI peaizallii iHIIIOI0YIX MOIIH;
V[P(KC1 \I11 )] — N-K — Marpuns Bpa3nuBOCTEH, KOMIIOHEHTH SIKOI BUABISAIOTH

co00r0 WMOBIPHOCTI peaizallii HeBaanux ctadiB KC; 32 yMOBH HaCTaHHS iHIIIIOIOYO0T
noxii /17
U ={U[KC,J;U[KC,];.. ;U[KCy]} —BekTop BIpAT, KOMIIOHEHTaMH SIKOTO € BeIH-

YHHHU 30MTKIB, 110 BiAmoBigawTh KinnesuM ctanom KC,, KC,, ..., KC,,.

Ominka pu3uKy MoXke OyTH BHUKOHAaHA 3 Pi3HUM CTyIEHEM TIIMOWHM 1 Aeramizamii
3 BUKOPHCTaHHSM OJHOTO a00 KiJIbKOX METOJIB Pi3HOTO piBHA ckiamHocTi. Dopma
OIIIHKY Ta 11 BUXiJHI JaHi MalOTh OyTH CyMiCHI 3 KPUTEPiSIMU PU3HKY, BCTAHOBJICHHUMHU
NpY BU3HA4YEHHI chepr 3aCTOCYBaHHSI.

Y mporieci BUOOpY METOY OIIHKH PH3HKY HEOOXiJTHO BpPaxoByBaTH, 110 METOJ] Ma€:

— BIANOBIAATH CUTYaIlil, 110 PO3MISAAAETHCSA B CYHOBJACHIM KOMIIaHii Ta OTOYYIO-
YOMY CEPEIOBHIIL;

— HaJaBaTu pe3yJabTatd B (OpMi, IO CIPHSIE MiIBUIICHHIO 00I3HAHOCTI MPO BUJ
PHU3HUKY 1 CITIOCOOU 1HOTO 00POOKH;

— 3a0e3meuyBaTd TPOCTEKYBAHICTh, BIITBOPIOBAHICTh 1 BepUQiKaIii0 TMpoIecy
1 pe3ynbTaris.

JlocBia y MPOBEICHHI TOCITIIKECHD 3 OI[IHKU PU3HUKIB IT1]1 4aC MOJICIIFOBAHHS BaAPTOCTI
JKUTTEBOTO IMKIIY CYyIHA MOKa3aB ¢(DeKTHBHICTh BUKOPUCTAHHS B IiH 3aa4i METOAY
Mounre-Kapio. Ileit MeTon 3a3Buuaii BUKOPUCTOBYIOTH JUIS OI[IHKH Jiana3oHy 3MiHH
PE3yNBTaTIB 1 BITHOCHOT YaCTOTH 3HAYEHb Y I[bOMY Jiama30Hi JJIs KUTBKICHUX BEJIUYHH,
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TaKUX SIK BAPTiCTh, TPUBAIIICTb, MPOAYKTHBHICTb, TIOMHT Ta iH. MOJETIOBAHHS METOIOM
MownTe-Kapio Mmoke OyTH BUKOPUCTAHO JJIS IBOX PI3HMX IIUICH:

— TpaHC(OpPMYBaHHSI HEBU3HAYCHOCTI JUIS 3BUYAHHUX aHATITUYHUX MOJCIICH;

— Ppo3paxyHKy HMOBIPHOCTEH, SKIIO aHAJITHIHI METOTH HE MOXKYTh OyTH BUKOPHC-
TaHi.

Bxiganmu maHuMu U MozienoBaHHS MeTtonoM Monte-Kapio € go0pe ompariso-
BaHa MOJIETb CUCTEMHU, iH(QOpMAITis TIPO TUI BXiTHUX JaHUX, JDKEpesia HeBU3HAYCHOCTI
1 HEOOX1IHMX BUXIIHHUX JTaHUX.

Bxiani gaHi Ta BiAMOBIAHY IM HEBU3HAYCHICTh PO3IVISAAIOTh Y BUIVISI BUITAIKOBUX
3MIHHUX 13 BiJIITOBITHUMH PO3MOALTIAMH 3MIHHUX (HOPMAJIbHUN, TPUKYTHHH, JToTapud-
MIYHHUH TOIIO).

[Ipornec BKITIOYaE Taki eramnu:

— BU3HAYCHHS MOJeNi ad0 aIropuTMmy, sSKi HalOITBII TOYHO OMUCYIOTh MOBEAIHKY
JIOCITI/PKYBAHOT CUCTEMU;

— Oararopa3oBe 3aCTOCYyBaHHSA MOJeJi 3 BUKOPHCTAHHSIM TeHeparopa BUMAIKOBHUX
qucen Uil OTPUMAaHHS BUXITHUX TaHWUX MOAeNi (MOACITIOBAaHHS CHCTEMH). 3a HeoO0-
X1THOCTI MOJIENTIOIOTh BILTUB HEBU3HAYEHOCTi. MOJIeNb 3amucyroTh Y (popMi piBHSHHS,
10 BHpaXka€e CIiBBITHOUICHHS MK BXiJHUMHU Ta BUX1JIHUMHU MapaMeTpaMu. 3HAYCHHS,
BiliOpaHi K BXiJHI JaHi, OTPUMYIOTh i3 BIAMOBIAHUX PO3MOALIIB WMOBIPHOCTEH, 110
XapaKTepU3yOTh HEBU3HAYCHOCTI TaHUX;

— 3a JIOTIOMOTOI0 KOMIT I0Tepa 0aratopa3oBO BUKOPHUCTOBYIOTH MOAECIHH (4acTo 0
10 000 pagziB) i3 pi3HIMH BXiTHUMHU JaHUMH 1 OTPUMYIOTh BUXiHI JaHi. BOHM MOXYTb
OyTH 00pOOIIeHi 3a JOTOMOTOI0 CTATUCTHYHUX METOIB JIJISi OTPHUMAaHHS OIIHOK Cepe/I-
HBOTO, CTAaHJJAPTHOTO BIIXWJICHHSI, JOBIPYHUX IHTEPBAJIiB.

[epeBaramu metony Monte-Kapiio € Taki:

— MeToJ MOXe OyTH aJIallTOBaHMIA 10 OY/b-SIKOTO PO3IMOILTY BXIJHUX JaHHUX, BKITIO-
Jal0uM eMITIPUYHI PO3TOALUIH, TTOOYIOBaHI Ha OCHOBI CITOCTEPEKECHD 3a BiIIOBITHIME
CUCTEMaMU;

— Mozeil NOPIBHSIHO MPOCTi Al poOOTH 1 MOXKYTh OyTH B pa3i moTpedu po3iu-
peHi;

— METOJI J03BOJISIE BpaXyBaTH Oy/Ib-sIKi JIiT, MOIT i B3a€MO3B’I3KM Mi>K HUMH, BKITIO-
YaIO04H TaKi, SIK YMOBHI 3aJICKHOCTI;

— s igeHTHdIKamii CHIFHUX 1 C1a0KUX BILTUBIB MOXe OyTH 3aCTOCOBAHHM aHAII3
Yy TJIUBOCTI;

— MOJIEINi € 3pO3yMIJIUMHU, a B3aEMO3B’ 130K MiXK BXOJIaMU 1 BUXOaMHU — ITPO30PUM;

— METOJI JIOIYCKAa€e 3aCTOCYBaHHS ¢()EKTUBHUX MOJIEICH JOCIIKCHHS 0araToKoM-
IMOHEHTHUX CUCTEM, TaKuX K Mepexa [letpi.

— METOJ JIa€ 3MOTY JOCATTH HEOOXiTHOT TOYHOCTI PEe3yiIbTaTiB.

Hepomixamu MeToxy € Taki:

— TOYHICTP PillleHb 3aJEKUTh B/l KUTBKOCTI iTepallii, sIKi MOXKYTh OyTH BUKOHAHI;

— MeToj mependavae, 1Mo HeBU3HAYCHICTh JAaHUX MOXKHA OTIMCATH BiJOMHUM PO3IIO-
JILTIOM;

— BEJIMKI 1 CKJIaJIHI MOJICJTI MOKYTh CTAHOBHMTHU TPYIHOIII JJ1s1 (paxiBIIiB i3 MOJICITIO-
BaHHS 1 YCKJIaIHIOBATH 3aJTyYeHHS 3aI[iKaBICHUX CTOPIiH;

— MeTof He MO)KE aJIleKBaTHO MOJIENIOBATH TO/Ii 3 Jy’e BICOKOIO abo Jyke HU3b-
KOFO MMOBIPHICTIO TTOSIBH, III0 OOMEKY€E HOTO 3aCTOCYBaHHS B MPOIEC aHAII3y PU3HKY.
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Sk mporpamue 3a0e3nedyeHHs peanizailii Mmetoay MonTe-Kapiio B ipoiieci CTBOpeHHs
1 peasizariii MoJie)li BU3HAUEHHS BaPTOCTI dKUTTEBOTO IIUKITY CyJHA HAMU MPOTIOHYEThCS
BUKOPUCTAHHS CHUCTEMH IMiTaliiiHOTO MojemtoBanHs AnylLogic, sike Mae rpadiune
Cepe/IOBHIIE KOPUCTYyBadya Ta Ja€ 3MOTY BHKOPHUCTOBYBAaTH MOBY Java ajsi po3poOku
Mmopeneid. KpiM Toro, mpoBeZicHHS IMITAIlIHOTO MOJICIIIOBAHHS T03BOJISIE BU3HAUNTH
OYiKyBaHy BapTiCTh JKUTTEBOTO IMKIIYy CYIHA SK MareMaTW4YHE OYiKYBaHHS BHIIaJKO-
BOI BENTMUMHH CyMapHUX BHTpAT. [Ipu 1[bOMy HeMae HEOOX1THOCTI aHali3yBaTH KOXKEH
(hakTOp PU3HMKY Ta WOTO BIUIMB Ha CyMapHi BUTPATH XHUTTEBOTO LUKIY OKpemo. s
BUPIILICHHS MPUKJIATHUX 33a]a4d MiHIMi3allii BUTpaT Ha BUKOHAHHS BCIiX MPOIIECIB KUT-
TEBOTO IIUKITY CYJTHA MOJKHA SIK IIUTLOBY (DYHKIIIFO BUKOPHUCTOBYBAaTH caMe MaTeMaTHYHE
OYIKYBaHHS CYMapHHX BUTPAT, a JIO CHCTEMU OOMEXEHb JIOaTH YMOBY MaKCHMAaIlbHO
JIOITyCTUMOTO 3HAYEHHS CEPEHBOTO KBaIPaTHYHOTO BIIXWICHHS 200 TUCTIePCii.

3a pe3ynabraraMu IMITaI[iHHOTO MOJICTFOBaHHSI OYJI0 TIOBEICHO, 10 BEJIMYMHA CyMap-
HOi BapTOCTI )KUTTEBOIO LMKIY CyaHa Zs HiANOPAIKOBYEThCS HOPMAIbHOMY 3aKOHY
pOo3n0iTYy 3 PYHKITIE IITBHOCTI PO3MOILTY:

1)~ ™ ®

ne M; — MaTeMaTH4He O4iKyBaHHS CyMapHUX BUTDAT;
0 — CepeTHbOKBaZpaTHiHE BiIXHUICHHS (pHcC. 3).
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Puc. 3. Po3nodin timogipnocmi eapmocmi Jcummeso2o yukiy cyoHd
Lbrcepeno: enachi po3pobku agmopis
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SKuIo raHoM nependadaeThesl OTPUMAaHHS CyMapHOT BAPTOCTI )KUTTEBOTO IUKITY Ha
piBHI Zy', TO pU3KMK HETOCITHEHHS IJTi MOYKe OYTH pO3paxoBaHuit 32 (OPMYIIOLO:

7 M3

J.e_zcz , 9)

—00

R=P(Zy 27 )=1- —

BucHoBku. Y poOoTi 3ampornoHOBaHa MOJENb BU3HAYCHHS BapTOCTI JKUTTEBOTO
LUKy CyAHA 3 YpaxyBaHHSIM aHaJli3y PU3HKIB, 10 BIUTMBAIOTh Ha 11 CKIIAJHUKH.
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Anomauisn

Bcemyn. [lepemun oopie Ha 00HOMY PiGHi 3a621C0U € 30100 NIOBULEHOT Hebe3neKU, oMY
mym yacmiwe mpanasiomscs JJT11. Y npoyeci npoexmysanns nepexpecmu He 3a624c0u 60a-
E€MbCSL NOBHOIO MIPOIO CHPOSHO3YBAMU THMEHCUBHICb PYXY HA HbOMY, KPiM MO20, 6elu-
YUHA THMEHCUBHOCMI 3 Yacom eKchniyamayii nepexpecms sminoemucs. Lle ceocto uepeoio
Mae 6e3nocepeoritl 6naue Ha Oe3nexy pyxy ma nponyckHy 30amHiCmb Yb020 Nepexpecs.
Mema — nioguwyenns be3nexu pyxy Ha Hepe2yllbO8aHOMY nepexpecmi 0opie 00HO20 pieHs 6
npoyeci 3minu opeanizayii dopodcrvozo pyxy. Pesynemamu. 3aoaueio oocniodicens Oyno
80ocKoHanenHs: nepexpecms dopie P41 ma P39, de wacmo cnocmepicaromubcst 00podic-
HbO-MPAHCNOPmMHI npueoou. J{ia 00CsAeHeHHs NOCMAGIeHOi Memu GUKOHAHO chocmepe-
JICEHHsL 3 THMEHCUBHICTIO PYXY HA nepexpecmi 8i0n0GiOHO 00 CIAHOAPIHUX MEMOOUK.
3a pesymvmamamu 06poOKU CIAMUCTHUYHUX OGHUX CHOCIEPEdCeHb NoOY008aAHO Kapmo-
2pamu iIHMEHCUBHOCI PyXy MPAHCNopny 075l iONOGIOHUX NEPIOJi8 NIKOBUX IHMEHCUBHOC-
meil. Busnaueno xoegiyienm nepisnomipnocmi inmencusHocmi pyxy npomsizom 0oou. Ilpo-
8€0€HO OYIHIOBAHHSL NOPIBHAHOI be3neKu pyxy nio 4ac nepemilyerHs mMpancnopmy OLISHKOKO
00pocu 3 po32nA0YBAHUM Hepexpecmsam Ha OCHOGI NIOCYMKO8020 Koepiyienma agapiliHoc-
mi. [{na nepemuny oopic P41 ma P39, wjo 3naxo0smucsi Ha 00HOMY pigHI, nOOYO08AHO cXe-
MY KOHGiKmHux mouok. 3a Koegiyichmom asapitinocmi, uwjo ionecenuii 0o 107 asmomo-
Oinie, sKi nepemMuHarOms Nepexpecmsl, BUSHAYEHO CMYNIiHb Hebe3NeKU Ybo2o Nepexpecmsl.

© Ba6iii M.B., lbons O.II., Kyusapa I.M., Yepniii B.O., 2021
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YV pobomi 3anpononoeano 3miHumu opeanizayiio OOPOANCHLO2O PYXY HA PO32TAYEAHOMY
nepexpecmi, 3acmocy8asuiu cxemy Kinbyeeo2o pyxy. /lna Hoeoi cxemu pyxy Ha nepexpecmi
BUKOHAHO AHATI3 IMOBIPHOT a8apitiHocmi, 0e CIAHO0BNIEHO 3HAYHE SHUNCEHHS MOXHCIUBOC-
meul eunuxnenns J{T11. Bucnoexu. 3a pe3ynomamamu 0ocniodtcenus 6azo8oi cxemu nepe-
Xpecms 6CMAHOBIEHO, W0 NIOCYMKO8ULL Koehiyichm asapitiHocmi 015 yici OUIsIHKU dopoau
(nepexpecms) cmanosums 63,3, wjo 6ionocumy ii 0o «dyoice Hebesneunoiy. Taxe 3nauen-
Hs Koeghiyienma 05 OUIAHKU O0poel, Wo NPOXoOUms Yepe3 nepexpecms Ha 00HOMY DI6HI,
8KA3YE HA 3MIHY OpeaHizayii 00podCcHbLO20 pyxy. I3 po3paxyuKy koegiyienma agapitinocmi
(K, =24,5), o sionecenuii 0o 107 asmomobinis, siki nepemunaroms nepexpecmsi, 6CmaHos-
JIEHO CTYNIHb Hebe3neKu Ybo2o nepexpecms — «0yoice Hebesneyrey. Takum yuHom, pesyib-
mamu 00CAIOHCEHHST BKA3YIOMb HA Me, Wo OLUISIHKA, Oe NPoxooums nepemun oopie P41 ma
P39 na oonomy pisnui, nompebye 3minu opeanizayii 00podxcHb020 pyxy uepes il nepenia-
HYBAHHSA. 3aNPONOHOBAHA CXeMa KpY208020 PYX)y Ha Nepexpecmi Mae nO3UMUGHUL eghekm.:
BMEHULYEMbCSL KibKiCmb KOHGuikmHuux mouok 3 32 0o 20, xoepiyienm asapiinocmi, wo
gionecenuii 0o 10" asmomobinis, sxi nepemunaioms nepexpecms, cmanosums K, =5,92.
3a maxux ymos docniodicysarne nepexpecms 66adCACMbCs «MA0 HEOEINEUHUM.

Knwuogi cnosa: nepezynvogane nepexpecms, koepiyicum asapiinocmi, KOHGQIK-
MHI MOYKU, IHMEHCUBHICIb PYX), De3nexa pyxy.

IMPROVING THE EFFICIENCY OF THE ROAD ORGANIZATION TRAFFIC
AT AN UNREGULATED CROSSROADS

ML.V. Babii', O.P. Tson?, .M. Kuchvara?, V.O. Chernii*
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Summary

Introduction. Crossroads at one level always are high risk areas that are why traffic
accidents there happen more frequently. During crossroads designing it is not always
possible properly predict traffic intensity on it, besides, value of the traffic intensity changes
with the time of crossroad exploitation. Therefore it has direct influence on driving safety
and bandwidth of this crossroad. A purpose is driving safety increasing at unregulated
crossroads of equal roads, during traffic organization change. Results. The task of researches
was existent crossroad of roads P41 and P39 improving, where traffic accidents happen
morve frequently as usual. 1o achieve that purpose traffic intensity observation by standard
methods was performed. As a result of observation statistic data analysis cartograms of
traffic intensity for the corresponding periods of peak intensities were built. Coefficient of
traffic intensity non-uniformity during the day was determined. Evaluation of relative traffic
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safety during driving on road section with examined crossroad was conducted based on the
final accident rate. For crossroad of equal roads of P41 and P39 scheme of conflict points
was built. Due to accident rate which is taken to 107 vehicles that cross this crossroad,
degree of this crossroad danger was determined. In the article it is proposed to change the
organization of traffic at this crossroad by applying the scheme of circular driving. For new
driving scheme on current crossroad analysis of probable traffic accident was conducted,
and we determined that traffic accident occurrence possibility significant reduced.

Conclusions. Due to results of base scheme crossroad research it is determine that
the final accident rate for current road section (crossroad) is 65.3 which mean it is “very
dangerous”. Such coefficient value for road section which is passes through crossroad
of equal roads indicates to change the traffic organization. From the calculation of
the accident rate (K, =24,5) that taken to 107 vehicles that pass this crossroad the
degree of this crossroad danger set on “very dangerous”. So results of researches
indicate that section where crossroad of roads P41 and P39 is requiring changes in
traffic organization through its redevelopment. Proposed scheme with circular driving
on crossroad is propose has positive effect: the number of conflict points reduced from
32 to 20; accident rate which is taken to 107 vehicles which pass current crossroad is
K, =5,92. With such conditions this crossroad is considered “little dangerous”.

Key words: unregulated crossroad, accident rate coefficient, conflict points, traffic
intensity, driving safety.

Beryn. Ilepetnn mopir Ha oJHOMY PiBHI 3aBXKIHM € 30HOIO IiIBHIIICHOI HEOE3MEKH,
TOMy TyT "acrtime Tparsitorbes ATII. YV npoieci mpoekTyBaHHS epexXpecTb HE 3aBKIH
BAAETHCSI IOBHOIO MIpPOIO CIIPOTHO3YBAaTH iHTEHCHUBHICT pyXy Ha HboMy. Cepel YNHHU-
KiB, 10 BIUIMBAIOTHh Ha Lieil Tporec, —3aTpeOyBaHICTh HANpPsMIB, AKi MPOXOAATH Yepe3
MepEeXpPecTsl, CTaH JOPOKHBOTO MOJIOTHA, PO3BUTOK BUPOOHHYOI (TOPriBeIbHOT UM 1HIIOT)
iHGPACTPYKTYpH, IPUMYCOBE CIIPAMYBaHHS TPAHCIIOPTHHX ITOTOKIB Uepe3 I1e TIEPeXpecTs,
10 BU3HAYAETHCS JTOPOKHIMU 3HAKAMH TOIIO. 3@ TAKUX YMOB 3MIHIOIOThHCS BUXIJHI JaHi,
MOPIBHSHO 3 MEPILONOYATKOBUMHM, HA OCHOBI SIKMX peali3yBald MPOEKT. ToMy B pasi
nepeizay KOHMIIKTHUX TOYOK Ta TPHUITYIICHHS BOIISIMU MOMUIOK 1 BuHMKatoTh JITII,
a 11e 03HaYae, 110 MOCTIHHO NOTPIOHO KOHTPOIIOBATH CUTYALII0 HA IEPEXPECTAX Ta B pasi
TOTpeOH IPOBOIUTH KOPUTYBAHHS OpTaHi3alii JOPOKHBOTO PyXy Ha HUX.

[ocranoBka mpo6jemn. Hemae HIYOro IiHHINIOTO 3a JIFOACBKE KHUTTA. Sk O
nad)oCHO L€ He 3ByYallo, aje, Ha )Kajlb, TPAIUIIETHCS TAK, 110 3 PI3HUX NPUYHUH Ta 00CTa-
BHMH BOHO BTPauacThCsl Ha «JI0po3i». Y mpoueci aHamizy npudyuH BuHuKHeHHS J[TTI
periony Oyno BUIiIEHO MaricTpajibHe IepexXpecTs Ha OAHOMY piBHi gopir P41 ta P39,
JUIS KOTO TOTPIOHO BUKOHATH OIIHKY YMOB PyXy NPH BHKOPHUCTaHHI Koe(illi€HTIB
aBapiiiHOCTI Ta 3a BUKOHAHMM aHaJIi30M MPOBECTH OOIPYHTYBaHHs 3MiHM OpraHizawii
JOPOKHBOTO PYXY 3 METOIO TTiABUIEHHS O€3IEKH.

AHaJi3 ocTaHHIX AocaimKeHb i myoOmikauiii. [TpoOnemy miIBUIEHHS MPOMYCKHOT
37IaTHOCTI TIepeXpecTh Ta 3HWKEHHs piBHs BUHUKHEHHs J] TT] 3annimaroTsest akTyaabHUMH
1 HuHI. ToMy TOCITiTHUKH TPOTIOHYIOTH CBOT BapiaHTH BUpilIeHHs mpoodieM [1-5]. Y mxe-
penax € Oararo iHdopmallii o0 BIOCKOHAJIIEHHS OpraHi3allil JOpOXKHBOTO pyXy. AJe
37e0UTBIIOT0 HaBEACH] PILlIEHHsI CTOCYIOTHCSI KOHKPETHOTO MepexXpecTs, sike QyHKIIOHYE
3a IHIUBITyaIbHUX YMOB Ta Ma€ CBOIO crielin(iky. BukoprucToByrour ofiHi i Ti cami 3axou
IIOJ0 BIOCKOHAJICHHS TIEPEXPECTh, B OJHOMY BUTIAJIKy MOJKHA CIIOCTEPIraTH MO3UTHBHY
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TEHJICHIIIIO MiABUIICHHS MPOIMYyCcKHOI 3matHocTi Ta 3HwkenHs JTII, a B iHmomy —
HaBmaky [6—8]. ToMy B mpolteci BUKOHAHHS TaKUX JOCIIKCHD iXHSI aBTEHTHIHICTH Oy/ie
BiZIOOpakaTHCsl y BAKOHAHUX CIIOCTEPEKEHHIX IHTEHCUBHOCTI TPAHCIIOPTHHUX MOTOKIB Ha
MepPEXPECTi, iX HANPsIMIB, yTBOPEHHS KUTBKOCTI KOH(IIKTHUX TOYOK i T.JI., & TAKOX Y MPH-
WHATT] IHIUBIAyaIbHAX PIlICHB IIIOI0 BAOCKOHAJICHHS IHOTO TIEPEXPECTsI.

®opmy/aoBaHHs Hijied crarti. [IpoBeneni nociiKeHHS MalOTh 32 METY ITiJBH-
muTH Oe3MeKy pyXy Ha HEperylbOBaHOMY MEepexXpecTi JAOpIr OIHOTO PiBHS 32 YMOBHU
3MIHHU OpraHi3allii JOpPOKHLOTO PYXY.

Buxkiaa ocnoBHoro marepiasy. s peanizauii nocraBieHoi MeTH poOOTH, MepII
3a Bce, IOTPiOHO MaTH JIOCTOBIPHI BUXiHI AaHi. Y mpoleci aHami3y pyxy Ha nepexpecrti
nopir P41 ta P39, mo nenonamnik M. TepHomons (pu BUi3Ai i3 ¢. bina), Oyio BUKOHaHO
CIIOCTEPEIKEHHS 3a HOTr0o iIHTCHCHUBHICTIO BiJIIOBIIHO JI0 cTaHAapTHUX MeTonuk [9; 10].
[Ticns 0OpoOKM OTPUMAHUX CTATHCTHYHHX JAHUX BUKOHAHUX CIIOCTEPEKEHH MOOYIO0-
BaHO KapTOTpaMH IHTEHCHBHOCTI PYXy TPAHCIIOPTY Ha MEPEeXpecTi ISl BiAIIOBITHUAX
TIePio/IiB MIKOBUX iHTEHCUBHOCTEM, puc. 1.

e

Puc. 1. Kapmoepama inmencugnocmi pyxy Ha nepexpecmi:
a — cnocmepedicennis pankosi (7:00—-10:00); 6 — oenni (11:00-14:00);
6 — eeuipni (15:00-18:00)
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[epmmM MOKa3HUKOM, SKHH XapaKTepU3ye 3aBaHTAXKCHICTh IBOTO Mepexpecrts,
€ koe(ilieHT HePIBHOMIPHOCTI IHTEHCUBHOCTI pyXy MpOTsAToM J100u. BiH BH3Ha4a€eThCs
3a cepellHiMU 3HAUCHHSMH 1HTEHCUBHOCTEW PyXy, 110 BU3HAYCHI B PAaHKOBHH (p), IeH-
HUi1 (0) Ta BewipHil () vac.

3anuiemo Bupas koedilieHTa HepiBHOMIPHOCTI BiITTOBITHO 710 Yacy 100U, Y TAKOMY
BUTIIAI [9]

3-N,

(p,0,6)

K =20 1
"N+ N, +N, M

fe N, — IHTEHCHBHICTb PyXy TPaHCIOPTY, LIO CHOCTEPIra€ThCsi B PAHKOBI TOAMHM,
N, =5016 asr./ron;

N, — iHTeHCUBHICTb PyXy BIeHb, N, =4553 aBr./rox;

N, — IHTEHCHBHICTb pyXy y BedipHiit uac, N, =6102 aBr./rox.

[MigcraBnstoun 3HaueHHs y Bupas (1), oTpumaemMo 3HaueHHS KoedillieHTa HepiBHO-

MIipHOCTI IHTEHCUBHOCTI pyXy MPOTATOM JOOH Ha repexpecTi. Pe3ynprar npencraBumo
y BUIVISLI Aiarpamu (puc. 2).

0,2

0

7:00-10:00 ’ — F
11:00-14:00 =
15:00-18:00

Puc. 2. 3nauennsa xoegpiyienma nepisnomipnocmi inmeHcugHoOCmi pyxy
npoms2om 00ou

3a oTpUMaHMMU 3HAUEHHAMH MOXKHA 3pOOUTH BUCHOBOK IIPO HE3HAUYHY HEpPiBHOMIp-
HICTh iHTEHCHBHOCTI PyXy Ha MepexpecTi MpoTsIroM podoyoro qus. ToOTO MOKa3HUKH
IHTEHCUBHOCTI PyXy TPaHCIOPTY, IO OTPUMaHi B PaHKOBHH, AEHHHI Ta BEUipHii yac,
MOXXHa BUKOPHCTOBYBAaTH K MapaMeTp IHTEHCUBHOCTI PyXy B KOH(IIKTYIOUMX TOUKAX
Ha I[bOMY MIEPEXPECTI.

HacTymHuM KpoKOM € OIiHIOBaHHS MOPIBHSHOI OE3MEKH pyXy B MPOIIECi mepeMi-
LICHHS TPAHCIIOPTY AUISIHKOIO TOPOTH 3 PO3IISAyBaHUM mepexpecTsM. [lepmm mokas-
HUKOM OyJie iICYMKOBUi1 Koe(illieHT aBapiitHOCTI, 1[0 BU3HAYAETHCS K TOOYTOK MUTO-
MuX KoeQilieHTiB. 3anumeMo Horo Bupas.
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18

Knioc = IZKI H (2)

ne K, — nutomi koedilientu apapiitHocTi BinHeceHi 10 10° aBToMoG6iniB Ha KiToMeTp
TIpH TIPOOITOBI Yepe3 AOCHTIKYBaHy TUITHKY JOPOTH, JI€ BPaxOBaHO TaKi IMapaMeTpH
BBy [9; 10]: IHTEHCHUBHICTh pPyXy; CKJIaJ IMOTOKY; IMHPHHA IPODKIHKOI JaCTHHH,
mBuakicani pexum; OJIP; oceimienns; tTun nepexpects; OJIP mepexpecTs; iHTEH-
CHBHICTP MIIIOXiTHOTO PYXy; BUANMICTh; HASBHICTH 3yIMUHOYHUX ITyHKTIB; IIITOXOMIB
Ha TIePEXPECTi; IMITOXOIB 1032 MePEeXPecTsaM; HAsIBHICTh TPOTyapiB; BETUIHHH YXU-
JIB JOPOTH; KPUBH3HA JIOPOKHHOTO IMOJIOTHA; TPAMBAaWHUX KOMNiH; CTaH JOPOXKHBOTO
nokputTs. L{i mapameTpy BU3HAYAIOTHCS MO0 €TAIIOHHOT JIITHKH JIOPOTH.

Jl1s BU3HAYEHHS TTiICYMKOBOTO KOE(iIli€EHTa aBapiitHOCTI TEPEeMHOKYEMO 3HAUCHHS
MMATOMHUX KOE(IIiE€HTIB, CKOPUCTABIIUCH 3aJIeXkKHICTIO (2). [IpraoMy, KO SKUHCH i3
mapaMeTpiB BIUIMBY BiICYyTHIHM, HAPUKJIa[ HEMA€E TPaMBaHUX KOJiH, TO MW MUTOMUI
KOE(IIIEHT Y pO3paxyHKy MpUAMaEMo 3a OquHUITIO. [1icis po3paxyHKy BCTAaHOBIICHO,
110 3HAYEHHS TTiJCYMKOBOTO Koe(imieHTa aBapifHOCTI TS i€l TUITHKY TOPOTH (TIepe-
XpecTs) CTAaHOBHTH 65,3, TOMY BOHA HAJICXKUTH J0 Iyke HeOe3neuHux. BinmosigHo 10
oyniBensHUX HOpM [10], Ha i MIISHIT TOPOTH, IO MPOXOAUTH Yepe3 MepexpecTs Ha
OITHOMY PiBHI, TOTPiOHO 3MIHUTH OPTaHI3aIlif0 TOPOKHBOTO PYXY.

Jpyrum 6a30BHM MTOKAa3HUKOM OE3MEKH PyXy € OIIHIOBaHHS Takoi Oe3meku 0e3rno-
cepenHbo Ha nepetrHi gopir P41 Ta P39, mo 3HaXomsThCs Ha OMHOMY PiBHI.

YV 1boMy BHUNAJAKY BKJIHBY POJIh BifiTpa€e IHTEHCHBHICTD PYXY BIAIMOBIIHO 0 HOTO
HaIPsIMiB, 110 YTBOPIOE TIEBHY KUTHKICTh KOH(TIKTHIX TOYOK BHACITIIOK 3JTUTTS YU PO3-
TalTy)KeHHS! TPAHCITOPTHUX TIOTOKIB.

Ha ocHOBI criocTepekeHb Ta CKIaJACHOI KapTorpaMH iHTEHCUBHOCTI pyxy (puc. 1)
moOyayeMo cxeMy KOHGUTIKTHHX TOYOK Ha mepeTuHi gopir P41 ta P39 (puc. 3).

3806

vl
o
s

N

3978 3929

Puc. 3. Cxema xonghnixmuux mowok na nepemuni oopie P41 ma P39
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Jis oniHKM O€3MeKH PyXy Ha IbOMY IEPEXPECTi CKOPUCTAEMOCS Koe(]ilieHTOM aBa-
piitHOCTI, 110 BigHecenwii 10 10’ aBTOMOGINIB, SIKi MEPETHHAIOTH 1€ TIEPEXPECTS

G-10"-K
K — pm’
“ (M+N)-25

ne G — piuHUWI MOKa3HUK WMOBipHOI KinbkocTi BuHUKHEHHs JITII Ha maHomy mepe-
XpecTi;

M — IHTEHCHBHICTb PYXY, ILI0 BU3Ha4Y€HA IS TOJIOBHOI jopord, M = 9559 aBr./noba;

N — IHTEHCHBHICTb PyXy AJIs ApyropsinHoi goporu, N =6112 aBr./no6a;

K, — Koe(ilieHT HEepIBHOMIPHOCTI IHTEHCHBHOCTI pyXy MpPOTSIOM pOKY,
K, =0,08.

Piynnii moka3Huk HMoBipHOI KijbkocTi BuHMKHEHHs JTII Oymemo BuM3Ha4yaT sk
CyMy NHMTOMHX MOKA3HUKIB ¢, U KOHKPETHOI KOHQIIKTHOT TOYKH

3

G=Y4, )

Jie ¢; — MMTOMI MOKa3HUKHU HMOBipHOrO BUHUKHEHHs JITII B /-Till KOHQUIKTHIN TOYLL;
n — KUIbKICTh KOHQIIKTHUX TOYOK Ha mepexpecti, n =232 (puc. 3).

3pO3yMiJIIM € Te, IO MiBUIIEHA IHTEHCUBHICTh PyXy B KOH(IIKTHIN TO4Ili TTOpO-
JoKy€ Oy WMOBipHicTh BUHUKHEHHS J{TTI.

[Nokazuuk ¥mMoBipHOTO BUHHMKHEHHS JTII B j-Tiii KOH(IIKTHIH TOYII MPOTATOM
TOAMHH BU3HAYAEMO 33 3aJICXKHICTIO [9]

qj.:Kj-Mj-Njﬁ.lo'Z )
pik
ne K, — MOKasHMK, W10 XapakTepusye IOPIBHAHY aBapiiHICTb B j-Tiii KOH(IIKTHIA
TOYIII;

M, N, — BeIM4YMHH IHTCHCHBHOCTEH PyXy TPAHCIIOPTY, SIKi EPETUHAOTHCS j-Tii
KOH(QUTIKTHI# TOYII TOJIOBHOI Ta APYTOPSIHOI AOPIT BiATIOBITHO.

Po3paxoBy€eMo 3HAaYEHHs! IMTOMUX IIOKA3HUKIB ¢; 3a BUPA3oM (5) BIANOBIAHO 10
YMOB pyXy Ha mepexpecti. Tomi Ha IX OCHOBI BU3HAYAEMO BEIIMYMHY PIYHOTO TTOKa3-
HHKa WMOBipHOI KinbkocTi BuHUKHEeHH [ TII 32 Bupasom (4). | B KiHIIEBOMY pe3yiib-
TaTi BCTAHOBJIIOEMO KOoedilieHT aBapiliHOCTI, sikuii nopiBHIoe K, =24,5. BianosinHo
1o HopM [9; 10] Take 3HaUYECHHS TOKAa3HWKA aBapiHHOCTI Ha MepexpecTi poOUTh HOro
HaJIS)KHIM JI0 KaTeropii «IyKe HeOe3meTH1».

Takum 9yMHOM, pe3yIbTaTH JOCIiIKEHHS BKa3ylOTh Ha Te€, MO AUISHKA, /e TPOXO-
muTh iepetuH nopir P41 ta P39 na omHoMy piBHI, HOTpeOy€e 3MiHU OpraHi3allii JopoxkK-
HBOTO pyXy uepes ii nepersiaHyBaHHs.

AHaI3yI09l MOXJIMBI BapiaHTH 3MiHU CXEMH PYXy TPaHCIOPTY Ha JaHOMY Iiepe-
XPECTi, MU TIMIITM BUCHOBKY, IO TYT JOIIILHO Oy/Ie BUKOPUCTATH CXEMY OpraHizamii
KUTBIIEBOTO PYXY.

1 IHTEHCHBHOCTI PyXy TPaHCIOPTY, IO CIIOCTEPITAETHCSA HA IOMY IIEPEXPECTI,
PEKOMEHIOBAaHO BHOMPATH diaMeTp IeHTpadbHOro ocTpiBka 30 M Ta 3a0e3meunuTH
IIBI TIOJIOCH IIJISi KPYyroBoro pyxy mo 6 M. Kpim Toro, moTpiOHO HAaHECTH PO3MITKY
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Ta BUKOHATH PO3/LTIOBAIBHI OCTPIBII /LISl KAHATILHOTO PYXy TPAHCIIOPTY, 3a0€3MeunTH
JIOCTaTHIO BUJUMICTh Ta IITYYHE OCBITJIICHHS B TEMHY TIOPY J00U.

HaBenemo cxemy KibLIEBOTO pyXy Ha MEpexpecTi Ta MpoaHali3yeEMO KiJIbKiCTh KOH-
(UTIKTHUX TOYOK 13 BiAMOBIHOIO IHTEHCUBHICTIO pyXy (puc. 4).

0

06

-
3

vl
O
)

N

Puc. 4. Cxema KoH@RIKMHUX MOUOK, WO GUHUKATOMb NIO YaC nepemuny
aemomoOibHUX 0opie i3 3aCMOCY8AHHAM KibYe8020 PYX)y

Bukonaemo aHaii3 aBapiifHOCTI B pa3i Mpoi3Ay LbOTO MEPEXPECTs 3 BAKOPUCTAHHIM
MPOTIOHOBAHOT CXEMH KIJIBLIEBOTO PYXy TUIBKHM 3a Koe]ilieHTOM aBapiiHOCTI Ha mepe-
xpecti K, .

VY mporeci aHanizy camoi cXxeMu Iepei3ny nepexpects NepIinM MO3UTHBHUM edek-
TOM € T€, 1[0 KUIBKICTh KOH(IIKTHUX TOYOK 3HU3MIacs 3 32 10 20.

Toni, BIMOBITHO, OTPUMAaHi 3MiHM MaTUMYTh BIUIMB HA BU3HAYCHHS IMUTOMUX KOe-
¢inienTiB iimoBipHoro BunukHeHHs JTII B j-Tiif KOH(MMIKTHIN TOYLI MPH KPYTOBOMY
pyci (puc. 4) IpoTAroM TOJVHH, SKi BH3HaYaeMo 3a 3ajexHicTio (5). Toni cymapHuid
piuHMN TIOKa3HUK WMOBIpHOI KinbkocTi BuHukHeHHs JITII (4) cranoButume G =2,9,
a koeimieHT aBapiitnocti (3), mo BigHecenuii 1o 107 aBTOMOGINIB, SKi IEPETHHAIOTH
e nnepexpects, craHoputuMme K, =5,92.

3icTaBisouM OTpUMaHe 3HAaueHHs KoedimieHTa aBapiiHOCTI (3) A7l MPONOHOBAHOT
CXEMH TIEPEXPECTs 3 KiJIbIIEBUM PYXOM 3 HOPMATUBHMMH 3HAYCHHIMHU [9], MOKHA KOH-
CTaTyBaTH, 1110 OPraHi3ailis KiIbIIEBOTO PyXy Ha IIEPEXpecTi Mae 3a0€3MeUUTH HOTO MOpPiB-
HSHY 0€3MeYHICTh. 3a TAKKX YMOB 1€ IEPEXPECTS BBAKAETHCSA «MaJI0 HEOE3MEUHUM).

BucnoBku. 3a pesynbrataMu JOCIHIIKEHHs 0a30BOT CXeMH EepeXpecTs] BCTAHOB-
JICHO, IO IMiICYMKOBHH KOe(illieHT aBapiiftHOCTI AJIsI €1 TUISHKN JOPOTH (TIepexpecTsi)
CTaHOBHUTH 65,3, 1110 poOUTH 11 «1yx)e HeOe3neuHow». Take 3HaueHHs KoedilieHTa s
JUISTHKY JOPOTH, 10 MPOXOANUTH Yepe3 MepexpecTs Ha OMHOMY PiBHi, BKa3ye Ha 3MiHY
oprasizariii JOpoKHBOTO PyXY.
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I3 po3paxyHKy Koediuienra asapiiinocti ( K, =24,5), mo signecenuii jo 107 aBro-
MOOLTIB, SIKi IEPETHHAIOTH ITEPEXPECTSI, BCTAHOBJICHO CTYIIHb HEOES3ITEKH TaKOTO Tepe-
XPecTs — «IIy’Ke HeOe3MeTHe).

Takum 9YMHOM, pe3yJbTaTH JOCIiIKEHHS BKa3ylOTh Ha Te€, MO AUISHKA, JIe TPOXO0-
muTh iepeTuH nopir P41 ta P39 na omHOMYy piBHI, HOTpeOy€e 3MIHU OpraHi3allii JopoxK-
HBOTO PYXy 4epe3 11 eperiaHyBaHHS.

3anponoHoBaHa cxeMa KPYroBOTO PyXy Ha MEPEXpecTi Mae IMO3UTUBHHHA €(EKT:
3MEHIIYETHCS KiTbKICTh KOHPIIKTHUX TOUOK 3 32 mo 20; koedillieHT aBapiifHOCTI, 1110
BisHecenuit 10 107 aBTOMOGLTIB, sIKi MEPETHHAKOTH IEPEXPECTS, CTaHOBUTEL K, =5,92 .
3a TakuX YMOB JIOCITIJDKYBaHe ITePeXpecTsi BBAXKAETHCS «MaI0 HeOS3ITeTHNM.
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Anomauisn

Bemyn. Yceniwnicme inghpacmpykmyprux 3ax00i6 8U3HAYAEMbCA YCRIWHICMIO pea-
Ai3ayii 8IONOBIOHUX NPOEKMIB. HABIMb O0YJice CBOEUACHI [ HEODXIOHI 3aX00U MOJICYMb
He Oymu 008edeHi 00 JI02iUH020 Kiys abo He 3abe3neyumu OmpumManHs HeooXioHo2o
pe3yibmamy, AKWo YAPAGIIHHA 8i0N0BIOHUMU THPACMPYKIMYPHUMU RPOEKMAMU 3011~
CHIOEMbCA HeHanexcHUM yurnom. Tomy 0ns 3abe3neuents ycniuHocmi ma eqpekmugHoc-
mi yiei kamezopii npoekmis HeobXiona 8iON0GIOHa meopemuyna 6asa sk NIOMPUMKU
npoyecis ynpaeninnsa. Dynoamenmom yiei meopemuynoi basu mae Oymu yimka ioeH-
mughikoeana cymuicme ma cneyu@ika ingppacmpykmyphux npoekmie y cghepi 600H020
mparncnopmy, 60 came ye 8usHauae cneyudiKy npoyecie ynpagninHa yumu NPOEKMamu.
Memoro Oocridxcenns € i0enmughikayisi OCHOBHUX 6U0I8 THHPACMPYKMYPHUX NPOEK-
mie y cghepi 600H020 MPAHCHOPMY | BCMAHOBNEHHS iX cneyugiku K 0CHO8U 05l PO3-
PpobKu mooenell i Memodis epekmugHozo ynpagninHa yumu npoekmamu. Pezynomamau.
Y yvomy oocnioocenni ioenmughixosano cymuicmo i cneyuixa ingppacmpykmyprux
NPOEKMI8 HA 800OHOMY MPAHCNOPMI. BusHaueHo N02iuHUll TaHYIONHCOK GNIUEY CINAHY |
napamempie yici ingppacmpykmypu na pizui napamempu mpaHcnopmHo2o 00ciyeo8y-
BAHHS | KOHKYDEHMOCHPOMOICHICMb MPAHCNOpmHoi cucmemu kpainu. Omoice, cman
ingpacmpyxmypu eusnauae be3nexy cyoOHONLABCMBA, YOPMYE 0OMENCEHHS HA POIMID
cyoeH (i, 6i0n0GIOHO, POIMIP BAHMANICHUX NAPMILL), A MAKOIC 3YMOBIIOE YAC Pelicy CyO-
Ha i 0ocmaexku eaumasicy. Takum wuHoMm, po38UMOK iHppacmpyKkmypu 600H020 MPaH-
cnopmy € HeoOXiOHUM YUHHUKOM NIO8ULEeHHS KOHKYPEHMOCNPOMONMCHOCHE HOpMie ma
epekmueHOCmi MOPCLKUX [ pIUKosux nepesesenv. Kpim moeo, po3sumox mexnonocii i
OisinbHiCcMb MIdICHApPOOHUX opeanizayiu (nanpuxiao, IMO) 3ymosnroroms Oinbut 6UCOK
suUMo2U 00 3abe3nedents be3neKu CyOHONIABCIEd, U0 MAKOMC 8i0OUBAEMbCA HA BUMO-
eax 0o ingpacmpyxmypu. Kpim moeo, ingppacmpykmypa 6001H020 mpauncnopmy niooa-
Ha He MINbKU «(MOPATbHOMYY» CIAPIHHIO, A 1l RPUPOOHOMY «3HOCY», NPUYOMY DLIbULOO
Mipoio, Hidic 8 iHwUX 8udie mpancnopmy. Lle nosAcHIOEMbC «A2pecusHicnioy» 00HO20

© Hemuyk O.0O., Bepemaka M.A., Onumenxo C.II., 2021
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cepedoguya i NPUPOOHUMU NpoYyecamu (HAnPUKIao, 3amymo8anHam Ona). Bcmanoee-
HO OCHOBHI 810U IHPPACMPYKIMYPHUX NPOEKMIB HA BOOHOMY MPAHCNOPMI: MOOepHi3a-
yisn 06’ ecxmis; 3amina 06’ cxkmis;, 8i0HOBAEeHHs 00 €KMIB, PO3GUMOK ICHYIOUUX 00 cKmis;
CMBOPeHHsL HOBUX 00 'ekmie. Busnaueno npooykmu inghpacmpykmyprux npoekmis — ye
00 ekmu iHghpacmpyxmypu, siKi abo cmeoproiomsbcs, abo 3MIHIOIOMbCs (I0HOGIEHHS,
3aMiHa, MOOepHizayis, po3sumox). Bcmanosneno yini i micito yiei kame2opii npoex-
mie. Bucnoseku. Ompumani pezyromamu € 0CH08010 0151 pO3POOKU Mooenell i Memoois
VAPAGNIHHA IHDPACMPYKIMYPHUMU NPOEKMAMU HA B00HOMY MPAHCROPMIL.

Kniwouoei cnosa: npodykm npoekmy, po3sumox iHghpacmpykmypu, mema ma Mmicis
NPOEKMY, MOOEPHI3aAYis, MPAHCNOPMHA CUCTNEMA.
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Summary

Introduction. The success of infrastructure measures is determined by the success of
the relevant projects: even extremely timely and necessary measures may not be brought
to a logical conclusion or may not ensure the desired result if the management of the
relevant infrastructure projects is not carried out properly. Therefore, to ensure the
success and effectiveness of this category of projects requires an appropriate theoretical
basis to support management processes. The foundation of this theoretical basis should
be identified nature and specificity of the infrastructure projects on water transport,
as this determines the specifics of the management processes of these projects.
The purpose of this study is to identify the main types of infrastructure projects on the
water transport and establish their specificity as a basis for the models and methods of
an effective project management. Results. This study identifies the nature and specifics of
infrastructure projects on water transport. The logical chain of influence of a condition
and parameters of the infrastructure on various parameters of transport service and
competitiveness of transport system of the country has been defined. Thus, the state of
the infrastructure determines the safety of navigation, forms restrictions on the ships
size, as well as sets the time of the ship s voyage and cargo delivery. The development
of water transport infrastructure is a necessary factor in increasing the competitiveness
of ports and the efficiency of sea and river transport. The development of technology
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and the activities of international organizations lead to higher requirements for the
safety of navigation, which also affects the requirements for infrastructure. In addition,
water transport infrastructure is subject not only to “moral” aging, but also to natural
“wear and tear”, and to a greater extent than in other transports. This is due to the
“aggressiveness” of the aquatic environment and natural processes. The main types of
infrastructure projects on water transport are established: modernization of facilities;
replacement of objects, restoration of objects, development of existing facilities;
creation of the new objects. The products of infrastructure projects are defined as
infrastructure objects that are either created or changed (restoration, replacement,
modernization, development). The goals and mission of this category of projects are set
as well. Conclusions. The obtained results form the basis for the further development of
models and methods of infrastructure project management on water transport.

Key words: project product, infrastructure development, project goal and mission,
modernization, transport system.

Beryn. BuytpitHborany3esa iHdpacTpykTypa € 000B’S3KOBOIO YMOBOKO IEpeMi-
IICHHS BAaHTAXIB 1 MAaCaKUPiB HA BOJHOMY TPAHCIOPTI 1 OMHMM 3 OCHOBHHX (DaKTOpiB
po3BuTKY ray3i [1]. Y pasi HemocTaTHbOTO PiBHSA il PO3BUTKY BiJI0yBa€THCS MOPYIICHHS
BiJITBOPIOBAJIBHOTO MPOIIECY 1 3HUYKEHHSI IIJIOBOT aKTUBHOCTI B Tally3siX, 110 0OCTYTOBY-
10ThCsI TpaHcopToM [2]. HaBmaku, focTtarHiil piBeHb PO3BUTKY iHOPACTPYKTYPH € UNH-
HUKOM 3pPOCTaHHSI BUPOOHMIITBA 1 TEXHIYHOTO MPOTPECY, 3HUKEHHS BUTPAT 1 3pOCTaHHS
MPOIYKTUBHOCTI TIpalli, IMiIBUINECHHS iHBECTUIIHOT aKTUBHOCTI Y BUpOOHHYiH cdepi
Ta BUPIIIEHHS HU3KU COIIAJIbHUX MPOOIEM.

IadpacTpykrypa TpaHcnopTy Mae 3abe3nedyBaTh HEOOXiIHI yMOBHU jisi €(DEeKTHB-
HOTO TPAaHCHOPTHOTO OOCITyTOBYBaHHS BAHTAXIB (MACaXXUPIB) SK Ha PErioHAILHOMY,
TaK 1 Ha HalllOHAJBHOMY PiBHAX. KpiM Toro, 3 ypaxyBaHHSIM BXJIHBOCTI TPAH3UTHUX
nepeBe3eHb [ EKOHOMIKM KpaiHu, TPaHCTIOPTHA iH(pacTpyKTypa Mae 3a0e3neuyBaTh
CTIPUSTIMBI YMOBH JUIS 3aJTyYCHHS TPAH3UTY. TakuM 4rHOM, iH(pacTpyKTypa BOJHOTO
TPaHCIIOPTY Mae 3abe3nedyBaTh HeOOXIqHI YMOBH JUIsl BiAMOBIAHOIO CErMEHTa Iepe-
BE3EHb Ha BCIX 3raJlaHuX PiBHSX.

Peamizaniisi 3axoiB, MOB’sI3aHUX 3 THPPACTPYKTYPOIO BOAHOTO TPAHCIOPTY, 3iM-
CHIOETBCSI 32 JOTIOMOTOFO BiJITIOBIJTHUX ITPOEKTIB.

IMocTanoBka mpodjeMu. YCHIMIHICTh iHQPACTPYKTYPHUX 3aXOJiB BHU3HAYAETHCS
YCHIMIHICTIO peaji3allii BiIIOBIIHUX MPOEKTIB: HABITh Jy)KE€ CBOEYACHI 1 HEOOXiIHI
3aX0/I1 MOXYTh HE OyTH JOBECHI J0 JIOTTYHOIO KiHI[S a00 He 3a0e3MeYnTH OTPUMAaHHS
HEOOXITHOTO pe3ylNbTaTy, SIKIIO YIPaBIiHHS BiAMOBIIHUME 1HQPACTPYKTYPHUMH MPO-
€KTaMHU 3JIMCHIOETCS HEHAJC)KHUM YHMHOM. ToMy Juis 3a0e3nedeHHs YCIiNIHOCTI
Ta e(DeKTUBHOCTI I1i€]l KaTeropii MPOEKTIB HEOOXiHA BIAIMOBIHA TeopeTHYHa 0a3a A
MiATPUMKH [TPOIIeciB ynpaBiinHs. @yHaaMeHTOM 1€l TeopeTHaHoT 6a3u Mae OyTH YiTKa
i1eHTH(IKOBaHA CYTHICTH Ta crienudika iHPpaCTPYKTYPHHUX MPOEKTIB y chepi BOAHOTO
TpaHCHOpTY, 00 came Iie BU3HAaUa€ crenn@iky MpoleciB ynpapIiHHS MU IPOEKTAMH.

AHani3 ocTaHHiX gochaimkensb i myOmikauniii. Teopis ynpaBIiHHS TPOEKTAMH
JOCUTH CTPIMKO PO3BHBAETHCS B OCTAHHE JCCATUPIYYS — 3’ SBISIFOTHCS HOBI KOHIICTIIIIT,
110 BiJIMIOBI1at0Th CHICIM (Il Cy4aCHOTO CBITY i OTOUCHHIO KOMITAHIH, SIKi peasli30ByOTh
pi3HOMaHITHI poekTH. HassBHAa MeTOMOIIOTS 30arauy€eThCcsi METOIAMHU 1 MOJICIIAMHU, SIKi
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JIAFOTh 3MOTY OOIPYHTOBAHO MPHUUMATH PillleHHS 3 TUX YW iHIIMX MUTaHb YIPaBIiHHS
npoekramu. [Ipu iboMy KoXKHa cdepa JAisUTEHOCTI Ma€ TIEBHY CenU(iKy, IO MTOPOKY€E
cnienu(ivHI MPOEKTH, IS YIPABIiHHS SKHMH TAKOXK pO3pOOIISETHCS BiIOBITHA TeOpe-
TiyHa 0a3a. Tak, MPOBOAATHCS JOCIIPKEHHS, SIKi TIOB’s13aHi 3 TPAHCIIOPTHUMH Ta JIOTiC-
TUYHUMH MpoeKTaMu [3—6], 1, mpupomHo, ocobnrBa yBara NpUAIISETECS B Cy4acCHUX
poborax iHpacTpyKTypHUM TpoekTam [7—13].

30KkpeMa, MUTaHHS [IHHOCTI iH(QPACTPYKTYPHUX MPOEKTIB PO3MISAAINCS B POOOTI
[8], me mocmiKyeThes BHECOK 1H(PPACTPYKTYPHOTO MPOEKTY B PO3BUTOK CYYaCHHX
COLIIOEKOHOMIYHHX cucTeM. Y pobotax [9; 10] mpomnoHyBanucsi METOIU YIPABIiHHS
4acoM iHQPACTPYKTypHHUX MPOEKTIB Ha 0a3i riOpUIHOI METOMONOTIT, IO MOEAHYE Kila-
CHUYHUI 1 HOBI MiZIXO/IK JTO 3A1MCHEHHS €TaIliB JXUTTEBOTO IUKITY MTPOEKTIB. YIIPABIIHHS
CTEHKXOJIepaMy LIUX MPOEKTIB AOCIKYBaIOCh ¥ podoTi [10].

[pote iHGpacTpyKTypHi TPOEKTH Y cepi BOAHOTO TPAHCTIOPTY B OCHOBHOMY PO3-
[JISIIAF0THCS 3 IO3MINIT TX BAKJTUBOCTI JIJIs perioHy abo kpainum [ 14—16], ane mei po3nis
HE CTOCY€ThCS NMUTaHb YIPABIIHHSA UMK NMPOEKTaMu. B okpemMux poboTax, 30Kpema,
[16], yBara nmpuainseTsCcs KUTTEBOMY IHKIY THPPACTPYKTYPH BOJHOTO TPAHCIIOPTY
1 HEOOX1THOCTI 11 MOJIepHI3allii. AJie IPU [IbOMY TaKe MOHSTTS, SK KUTTEBUU UK 1H(-
PacTpPyKTYpHOTO MPOEKTY y cdepi BOTHOTO TPAHCIIOPTY, HE 3HAXOAUTH BiJOOpaKEHHS
B CYYaCHMX JIOCIIIKCHHSX, TAK CaMO sIK 1 KJIaCHU(iKaIlis [IUX MPOEKTIB.

TakuM YMHOM, y pe3yNbTaTi aHalli3y JITepaTypHUX JKEepel 1 CydacHUX IyOIiKarlii
BapTO 3pOOMTH BUCHOBOK TPO T€, IO MUTaHHS YIPaBIiHHS IHOPACTPYKTypHUMH IPO-
€KTaMU y cdepi BOAHOTO TPAHCIIOPTY, MOYMHAIOUH 3 1IeHTU(iKaIi] X CyTHOCTI Ta cIie-
MUQIKH, € aKTyalbHUMH 3 ypaxXyBaHHSM BiJICYTHOCTI TEOPETHYHOI 0a3M i HasBHOCTI
3aIHTiB MPAKTHKH.

DopMyTOBaHHA Hijiell cTaTTi. MeTO0 JTOCTIKeHHS € ieHTH]IKAIlisI OCHOBHUX
BUJIIB 1HQPACTPYKTYPHUX MPOEKTIB y cepi BOMHOTO TPAHCIOPTY 1 BCTAHOBJIEHHS iX
cnenu@iky sIK OCHOBHU JUIsl po3poOKK Mojiesiel i MeToiB e(EeKTHBHOTO YIIPaBIiHHS
MU TIPOEKTAMH.

Bukiaa ocHoBHOro MmarepiaJy.

1. BB iHGpacTpyKTypH BOIXHOTO TPAHCIIOPTY HA CTAH TPAHCHOPTHOI CHCTEMH

AJNexBaTHHI CTaH TpaHCHOPTHOI 1H(pacTpykTypu 3abesredye NEBHHUN pPiBEHb
TPAHCIIOPTHOTO OOCIYTrOBYBaHHSI, BKIIIOYAIOYHM BapTICTh, Yac, AKICTh 1 Oe3meKy. A 11e
CBOEIO YEProl0 BiJIOMBAETHCS HA TPAH3UTHOMY MOTEHITIAI KpaiHU, KOHKYPEHTOCIPO-
MOXHOCTI TPAHCIIOPTHOI CUCTEMH (110, JIO pedi, € OAHUM i3 TIPIOPUTETHUX HAMPSMIB
Yy PO3BHUTKY TPaHCIOPTHO-IAOPOXKHBOTO KoMIuiekcy Ykpainu o 2030 poky), edek-
TUBHOCTI TPAHCIIOPTHOTO CEKTOpa 1 KOHKYPEHTOCIIPOMOXKHOCTI BITUM3HSIHUX TOBApiB
(3aBasiku MiHIMI3alii TPAHCTIOPTHUX BUTPAT i MOKIIMBOCTI BCTAHOBIICHHSI KOHKYPEH-
TOCIIPOMOKHUX IIiH).

Konkperusaniss Toro, ik iHQpacTpyKTypa BOJHOTO TPAHCHOPTY BIUIMBAa€E Ha
XapaKTepUCTUKH TPAHCIIOPTHOTO 0OCIyTOBYBaHHS, IIPeICTaBIeHO Ha puc. 1. OTxe,
iHQpacTpyKTypa BOJHOTO TPAHCHOPTY € 0a3010 JUIs 3IiHCHEHHS MOPCBHKOTO 1 pid-
KOBOTO CYJHOIUIABCTBA, B TOMY YMCJI y CKJIaJli IHTEpMOJIajibHUX nepeBe3eHb. CTaH
iHQpacTpyKTypH BU3HaYa€ OE3MEKy CYAHOIIABCTBA, POpMYy€e 0OMEKECHHS Ha PO3MIp
cyzneH (i, BIIMOBIJHO, pO3Mip BaHTaKHUX MapTiii), a TAKOXK 3yMOBIIOE Hac peicy
CyJHa i TOCTaBKH BaHTaXYy.

138



PO3BUTOK TPAHCIIOPTY
Ne 1(8), 2021

TakuM YUHOM, PO3BUTOK iHGPACTPYKTYPH BOJAHOTO TPAHCIIOPTY € HEOOXiTHUM YHH-
HUKOM ITiJIBUIIICHHS KOHKYPEHTOCIPOMOXHOCTI IMOPTIB Ta €(PEKTHUBHOCTI MOPCHKHX
1 piuYKOBHX MepeBe3eHb. KpiM TOro, pO3BUTOK TEXHOJIOTIH 1 TisSUIBHICT MIXKHAPOIHUX
opranizaiii (Hanpukiaa, IMO) 3yMOBITIO€ OLIbIII BUCOKI BAMOTH JI0 3a0e31eueHHs 0e3-
MEeKH CYJHOIUTABCTBA, IO TAKOXK BiJJOMBAETHCS HA BUMOTaX /0 iHPPACTPYKTYpPH.

TyT BapTO 3a3HAYUTH, 1[0 MOPCHKI/PIYKOBI MEPEBE3CHHS 3IIHCHIOIOTLCS B paMKax
JIOCTaBKH 3 BUKOPUCTAHHSIM K MIHIMyM JBOX BHIB TpaHCropTy. ToOTO Mopchke/pid-
KOBE MePEeBEe3CHHsI nependayace 10CTaBKy BaHTaXYy J10/3 IOPTY, HATPUKIIA, 3aTi3HUYHIM
a00 aBTOMOOITLHUM TPaHCHOPTOM. TOMY PO3BUTOK 1HGPACTPYKTYPH Ma€ BiOyBaTHCS
KOMITJIEKCHO, CHUCTEMHO OXOIUTIOIUH 1H(PPACTPYKTYpU CYMIKHHX BHUIIB TPaHCIOPTY:
301JIBIIIEHHS MPOITYCKHOT CIPOMOXKHOCTI ITOPTY 0€3 BiMIOBIIHOTO 301IbIIICHHSI TPOITYC-
KHOT 3IaTHOCTI MiJI’ 13HUX IIIAXIB / €CTakaa He 3a0e3MeunuTh HEOOXIiHI pe3ysbTaTh 3a
4acoM 1 SIKICTIO TPAHCTIOPTYBaHHS.

XapaKkTepucTuKu
HITI03iB

. o N XapakTepucTUKKH Mopcbknii mopT
PiuxoBnii mopt paKerep
L}

«BXOZY» B PIUKy

HOB}KI/IHH npu4aaB

I'mubunu y npuyanis

XapakTepucTUKH
JIOBKMHH I'mubunn y

. MiAXITHAX
. puvais -
npUYaia XapaKkTepucTuKu KaHAJIB
nennv

XapaKTCpHCTHKH HaBIraminHOTO

o0J1aiHaHHA
besneka JloManchbKe IIpoxomxenHs Peiinosa Po3mip
CYIHOILTABCTBA [IPOBEIEHHS ITIO31B 00poOKa CylIeH
v 7 v \i A
Yac peiicy N Bapricth N Burparu 3a N Butparu Ha
CylieH CYIHO3axo1y petic TAHCIOPTYBAHHS
KoHKypeHTOCITPOMOXHICTh TTOPTiB
\

KoHKypeHTOCIPOMOXKHICTh TPAHCIIOPTHOI CHCTEMH KpaiHH

Puc. 1. Bnaue cmany inghpacmpykmypu 600H020 mpancnopmy
Ha MpaHcnopmue 00C1y208Y6aHHS.
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AJe He TiNBKH PO3BUTOK 1HPPACTPYKTYPH BOIHOTO TPAHCIIOPTY HEOOXIMHWHA JUIs
MiJBUINECHHS ¢()EKTUBHOCTI CYJHOIUIABCTBA 1 JOCTABKH BaHTAXIB BOJHUM TPAaHCIIOP-
toM. Tak, iHpacTpyKTypa BOAHOTO TPAHCIIOPTY MiJNaHa HE TUTBKH «MOPATHLHOMY»
CTapiHHIO, a # MPUPOITHOMY «3HOCY», IPHUOMY OLNBIIOI0 MipOI0, HIJK B 1HITUX BUIIB
TpaHcHopty. Lle MosSCHIOETHCS «arpecUBHICTIO» BOAHOTO CEPEAOBHILIA 1 MPUPOAHUMHU
npouecaMy (HarpHKIa/l, 3aMyJIIOBaHHSIM JTHA).

CBO€I0 Yeproro OCHOBHI NEPEyMOBH PO3BHUTKY 1H(PPACTPYKTypH BOIHOTO TPAHCIIOPTY:
HayKOBO-TEXHI4HI IPOrpec, HOBI BUMOTH IOJIO 3a0e3IeueHHs Oe3NeKH CYIHOIIIABCTBA, He00-
X1THICTP I ABHIICHHS KOHKYPEHTOCITPOMOXKHOCTI TIOPTY 1 TPAH3UTHOI MPUBAOIIMBOCTI KpaiHu
i T. i mepemxymMoBH 3yMOBITIOIOTE HEOOXITHICT a00 3MiHM (MOZIEpHI3aIlis) YMHHOI iH(pa-
CTPYKTYypH, a0o il OHOBJIEHHSI (TOOTO 3aMiHM), a00 PO3IIMPEHHSI B YaCTHHI CTBOPEHHS HOBHX
00’€KTiB IHPPACTPYKTYPH B MIiCIISIX, JIE Lie CTaJI0 HeoOXiTHO 1 paHime Oyio BiacyTHe. Lli mepe-
JTyMOBH MaIOTB SIK 30BHIIIIHIH, TaK i BHYTPIILHIN XapakTep MI0A0 MiANPUEMCTB, IO 3iHCHIO-
I0Th YNIPABITIHHS 00’ €KTaMH iHPPACTPYKTYpH HA BOJHOMY TPAHCIIOPTI.

Sk panimie 3a3Havanocs, pO3BUTOK iHPPACTPYKTYPH Pi3HUX BUIIB TPAHCIIOPTY Ma€
BinOyBaTHCs Y3TOMXEHO, 3 ypaxyBaHHIM X cyMmixHOCTI. IIpy npoMy came po3BUTOK
nepeBe3eHb BOAHUM TPAHCIOPTOM (301NIbIIEHHS X 00CSTIB) € «IIOYaTKOBUM» JJISl PO3-
BUTKY «JOTHYHOI iIHPPACTPYKTYPH» CYMIKHHUX BHIIIB TPAHCIIOPTY: TaK, IPU 3pOCTaHHI
00csTiB MepeBe3eHb MOPCHKUM TPAaHCIIOPTOM 4epe3 KOHKPETHHI MOPT, BUHUKAE HE0O-
XiAHICTH 30UTBIIEHHS HE TUIBKH MPOMYCKHOI CIIPOMOKHOCTI MOPTY, a ¥ MPOMYyCKHOT
3IATHOCTI MPUJIEIIINX aBTO 1 3ali3HUYHAX NUIIXiB. Came ToMy 6araro mMUTaHb PO3BUTKY
1H(PaCTPYKTYypH TPAHCIIOPTY BUPIIITYIOTHCS i Y3TOMKYIOTECS Ha PiBHI JAEpPIKaBH.

2. CyTHicTb iHppPaCTPYKTYpPHUX NPOEKTIB HA BOAHOMY TPaHCHOPTi

IadpacTpykTypHi mpoexTn y cdepi BOIHOTO TPAHCIOPTY BiIMOBIAAIOTH CKIALy
iHppacTpykTypu (00’€KTiB 1HGPACTPYKTYpH) i MOB’s3aHi abo 3 a) MOAEpHi3aIliero
00’ekTiB; 0) 3aMiHOIO 00’€KTiB; B) BiJHOBIEHHSM 00’ €KTiB; T) PO3BUTKOM HAasSBHUX
00’€KTIB; T) CTBOPEHHSIM HOBHUX 00’ €KTiB (pHcC. 2).

«MopnepHizalis» OB’ A3aHa 3 «OCyYacHEHHSIM» 00’ €KTiB iHppacTpyKTypu. 30Kpema,
1€ MOJKE CTOCYBATHCS MEPEBaHTaKyBaJILHOTO, HABITalliHOTO i rixporpadivyHoro oona-
HaHHS, CHCTEM CHUTHAJII3aIlii.

«3amiHa» 00’eKTiB mependadae 3aMillleHHsS 3aKiHUYEHHS iXHBOTO TEPMIHY CITY)KOU
(200 TOMTKOPKEHNUX Y Pe3yINIbTaTi CTUXIMHUX JINX, aBapii 1 T.I1.) 0OJagHAHHS 1 CUCTEM
Ha aHAJIOTI4Hi 32 CBOIMH MapaMeTpaMHu (XapaKTepUCTHKAMU).

«BinHoBneHHM MOXe OyTH MOB’SA3aHO 3 PEMOHTOM O0JalHAHHS, BHOPSIKYBaHHIM
BOJHMX WIISAXiB, KaHAIB, peiiB 1 T.4. Hampuknan, npuponHe 3aMyinioBaHHs BUMarae
YUCTKH LUISAXIB.

«Po3BUTOK HasBHUX 00’ €KTiB» CHPSIMOBAHHMHA Ha 3MiHY XapakTepUCTHK 00’ €KTIiB
iHppacTpykrypu. Hampukian, mormmnONeHHs qHa y MpUYatiB, y KaHalax i T.I. JacTh
3MOTy MOpTaM HpuilMaTu cynHa Oinbinoro posmipy. IlonoBHeHHS mOpPTOQIOTY TakoXK
€ TIPUKJIAIOM PO3BUTKY iHPPACTPYKTYpH.

3a3HaunMO, 1110 MOJICPHI3allif0 MOYKHA PO3IVISIIATH SIK BApiaHT PO3BHUTKY iHYPACTPYK-
TYpH, 1 IPOMIOHOBAHHH MO HE € MPUHIMIIOBUM. THM He MEHIIle MOJICpHI3allisl Halle-
’KUTh BUKJIIOYHO 10 00JTaJHAHHS Ta TEXHIKU 1 HE 3aCTOCOBY€EThCS, HAIIPUKIIAJ, 10 BOJ-
HUX IUIIXiB. MOXHa CKa3aTH, [0 MOJAEPHi3allis € «ciabkor (OpPMOIO PO3BUTKY», IIIO
HE MiHs€ PUHIUITIOBO MTApaMETPIB i XapaKTepUCTHK 00’ eKTiB iHPpacTpykTypu. Tomy ii
MOYKHA PO3IIISAJATU K OCOOIMBUH BapiaHT MPOEKTIB, TIOB’A3aHUX 3 IHPPACTPYKTYPOIO.
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«CTBOpEeHHS HOBUX 00’ €KTIB» — IIe HAWIIMPIIUHA Nepellik MPOEKTIB Bil CTBOPEHHS
HOBHX iH(pOpMaiiHUX, HABIraiHHUX, TiAporpadiYHAX CUCTEM 10 Oy/TiBHUIITBA HOBOTO
mopTy abo KaHaiy.

BAPIAHTU PO3BUTKY IHOPACTPYKTYPU
BOJHOI'O TPAHCIIOPTY

ITosiBa HOBUX 00’ €KTIB

3amiHa 00’ €KTiB

Poszmmpenss ctpykTypu

SIxicHi 3MiHH 00’ €KTIB

N BingnoBiieHHS 00'€KTiB
> MonepHizanist 00'eKTiB
> P03BUTOK 00’ €KTiB

Puc. 2. Cymuicmo npoexmie po3eumxy inghpacmpykmypu 600H020 MPAHCHOPMY
AK peanizayis ii po36umxy

Bunineni 3axonu, ki MOXyTh OyTH Kiacu]ikoBaHi sK iHPACTPYKTYpHI MPOEKTH,
BIJIMTOBIAIOTH JIOTIiII CHUCTEMHOI MeTojoiorii. CucremMa — B IbOMY BHTAJKY iH(pa-
CTPYKTypa — ab0 nonosHwembca HoguMu enemenmamu (CTBOPEHHS HOBUX 00 €KTIiB
(TmobapHMIA acTekT), PO3BUTOK HASBHUX 00 €KTiB (JIOKANbHUN KUJTbKICHWUH acIeKT —
Ma€eThCs HAa yBa3i 30UMBIICHHAS Yrclia 00’ €KTiB HasIBHUX ITiICUCTEM, HAIPUKIA, Killb-
KIiCTB CyZieH TOPTOBOTO (IIOTY)), ab0 3a3Hac aKicHux 3min (MOJEPHI3aIlis, BiTHOBICHHS,
PO3BUTOK — IKiCHHH acmekT). Lle Bce € po3BUTKOM iH(PpaCcTPyKTypH 3arajiom.

3a3HauMMO, 10 PO3BUTOK Iependavac sIKiCHI 3MiHU CHCTEMH, SIKi € HACITiTKOM, TIepIIT
3a Bce, SAKICHUX 3MiH IiJICHCTEM a00 €JIeMEeHTIB (HalpuKiaa, MOTTUOICHHS THa Ois
pryaiiB abo B MiaXigHUX KaHaiax). KpiM Toro, po3BUTOK K HAOYTTS CHCTEMOIO HOBHX
SKOCTEH MOXKE HTH IO IIUIAXY «HAPOILYBaHHS KUTBKOCTI» — IIOSIBU HOBUX €JIEMEHTIB a00
migcucTeM. Y pe3ylbTari, HallpHUKIIa, 301bIIyEThCS IPOIYCKHA CIIPOMOXKHICTD TTOPTY.

«BigHOBICHHS» TaKO)K MOXKHA BBa)KaTH CBOEPITHUM PO3BUTKOM 1H(QPACTPYKTYpH,
00 3’SIBISIFOTBCS SKOCTI, SIKi OYJIM «BTpadeHi» B Pe3yNbTari Pi3HUX BIUIMBIB Ha 00’ €KTH.

Takum unHOM, yCi IepepaxoBaHi 3aX01 € PO3BUTKOM 1H(PACTPYKTYpH Ha BOJHOMY
TPaHCIIOPTI.
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3. Cnenndika inppacTpyKTypHHUX MPOEKTIB Ta iX 0CHOBHE MPU3HAYEHHSI

BinmiHHOIO 0COONMBICTIO OLIBIIOCTI iHPPACTPYKTYPHUX TPOEKTIB € BUCOKHN PiBEHB
IHBECTHITIMHUX BHUTPAT 1 3HAYHUI TEPMIH OKYITHOCTI (SIKIIIO TPO II€ TOPEIHO TOBOPHTH).
Amxke 6araro iHOPaCTPYKTYPHHUX MTPOEKTIB PEaTi30BYIOTHCS ISl BAKOHAHHS OCHOBHOT CYTi
OyIb-s1KO1 iIH(PACTPYKTYPH — TIOMIITIIICHHS SIKOCTI KUTTS B KpaiHi, i BOHH HE TIepen0avaroTh
eKoHOMIUHUH edekT y TpaaumitiHoMy ceHcl. Tak, OyIiBHHIITBO AOpir B YKpaiHi HUHI HE
TSITHE 32 COOOI0 OKPEMUI MIPOEKT «EKCTUTyaTallish» i OTpUMaHHS JOXOY Y BUIVISI IIATH 32
BUKOPHCTAHHS JOPOTH. X04Ja KOHIIECCIiTHI TPOEKTH, TIOB’s13aHi 3 iHPPaCTPyKTYPOIO, B TOMY
qucyi y cepi MOPCHKOTO TPAHCTIOPTY [3], 0OTOBOPIOIOTHCS BXKE HE OIIFH PIK.

TakuM 9rHOM, TIPY TIOTOYHHX TapaMeTpax 1 XapaKTepPHUCTHKAX iH(pacTpyKTypH BOI-
HOTO TPAHCIIOPTY 3a0e3MEeUyETHCS TIEBHUI PIBEHD TPAHCIIOPTHOTO OOCITyTOBYBAHHS Y TIPO-
TIeCi TOCTaBKW BaHTAKIiB BOAHUM TPAHCIIOPTOM, a II¢ BU3HAYa€ piBeHh KOHKYPEHTOCIIPO-
MOYXKHOCTI TPaHCITIOPTHOI CHCTEMH KpaiHW 3arajioM i piBeHb ii TPaH3UTHOTO ITOTEHITIAY.
Jns mocsrHeHHST HeoOXiqHOTO (0ayKaHOTO) PiBHS TPAH3UTHOTO MOTEHITIATY Ta KOHKYPEH-
TOCTIPOMOYKHOCTI TPAHCTIOPTHOI CHCTEMH CTaH iHPPaCTPYKTYpH Mae OyTH TIEBHOTO PiBHS,
JIOCSATHEHHS SIKOTO 1 € OCHOBHOIO METOI0 iH(PACTPYKTYPHUX TPOEKTiB. CBOEIO UEProro
3a0e3MeYeHHsT TICBHOTO PIiBHS TPAH3UTHOTO ITOTEHINATY Ta KOHKYPEHTOCIPOMOXXHOCTI
TPAHCIIOPTHOI CHCTEMHU (OPMYE CYTHICTH MiCii iHPpaCTPYKTYpPHUX TPOEKTIB (puc. 3).

3O0BHIIIHE CEPEJIOBUIIE
%
\2
Horounuii piBeHI{ _______________ S Heo0xinHuii piBeHb
TpaH3UTHOTO MOTCHLIATY TPaH3UTHOT'O TOTEHIiATY
KpaiHu Micis KpaiHu
/i\ iHpaCTPyKTYpHUX ,T\
- IPOCKTIB - -
TTorounuii piBeHb HeoOxinnuii piBeHb
KOHKYPEHTOCIIPOMOKHOCTI | — — — — — — A% o 5| KOHKYpPEHTOCHPOMOKHOCTI
TPAHCIOPTHIN CHCTEMH TPAHCHOPTHiil CHCTEMH
A A
TMoTounwit pisers HeoOxinnuii piBeHb
XAPAKTEPUCTHK = e e e e o o | e e e e e e > XapaKTEpHCTHK
TPaHCTIOPTHOrO . TPAaHCIIOPTHOTO
00CITyroByBaHHS IPH ) Mera OOCIYTOBYBAHHA pH
TIEPEBE3EHHAX BOJTHUM iHppaCTPyKTypHUX TIePEBE3CHHAX BOAHUM
TPAHCIIODTOM HIPOCKTIB TPAHCIIOPTOM
N A
! l
! I
! I
! 1
! I
! I
1 ¢ \"
1 . ’ Baxanuii craun
CH YUU P1BCHb 1 .
YIOUHH P IadpactpykTypHi indpactpykTypn
CTaHy MIPOEKTH
inppactpykrypu .
BHYTPIIIHE CEPEJJOBUIIE ¢

Puc. 3. Micis i yini ingppacmpyxmypuux npoekmis y cghepi 600H020 MPAHCNOPHLY

142



PO3BUTOK TPAHCIIOPTY
Ne 1(8), 2021

3 omIsily Ha BUIECKa3aHe, PO3BUTOK iH(PACTPYKTYpHU Ma€ 3A1HCHIOBATUCS 32 JIOTIO-
MOTOIO TTOCIIJIOBHOCTI TIPOEKTIB 1/a00 MporpaM poO3BUTKY, CIIPSIMOBAHUX Ha KOXKHOMY
eTarli Ha IOCSATHEHHS TICBHOTO PIBHS XapaKTePHCTHK iHPpacTpykTypH (puc. 4). Takum
YHHOM, PO3BUTOK 1H(PPACTPYKTYPH MAa€ SIBISATH COOOK0 «CIITyBaHHS» HEOOXiTHOMY
piBHIO ii cTany [17], BUXOS/UM 3 iHTEpECIB IEpKaBH Ha PI3HUX PIBHSX 1 B Pi3HUX acleK-
Tax, Mo OyJI0 oXapaKTepHU30BaHO paHilie. 3a3HAYUMO, 110 Ha puc. 4 1t GopMyIOThCS
Ha TMOMEPEIHLOMY €Tali PO3BUTKY W HE 00O0B’SI3KOBO 30irar0ThCsl 3 HEOOXITHHM PiB-
HEM cTaHy iH(pacTpyKkTypu. TakuM YWHOM, (paKTHYHA TPAEKTOPIS CTAHY 1 «IILTHOBAY»
MOXYTh He 30iratucsi. B pobori [17] Bka3yeTbes, 1m0 mofiOHI po30iKHOCTI B TIOCTa-
HOBIII IUJICH 1 HeOOXiTHOTO PiBHS BU3HAYAOTHCS:

1) HasBHICTIO HEOOXITHUX pecypciB;

2) HEMOXIIMBICTIO 3a0€3MEeYNTH BCTAHOBJICHUH SIK IIJIbOBE 3HAYCHHS HEOOXiTHUI
PIBEHB 3 OIVIsITY, HAITPUKIIA]I, HETAaTUBHUH BILTHB 30BHIIIHBOTO CEPEOBHUINA 1 T.II.

Ha >xanp, ane HaBiTh 32 MPUHIUIIOBOT HASBHOCTI PECYpCiB, MPIOPUTETHICTD THIIUX
MPOEKTIB (POpMy€E «3AIMIIKOBUI» MPUHIHMI ISl HEOOXITHHMX iHOPACTPYKTYpHUX
MIPOEKTIB.

IHTEPECH KPATHHM (EKOHOMIYHUI ACIIEKT, TPAHCIIOPTHUIA ACIIEKT,
BE3IIEKA TA OBOPOHO3JATHICTD)

Heobxionuii piseny cmany ingppacmpykmypu

. |
ToTounwmii piBenb \
crany }
|
|

iHhpacTpyKTYypH Merta

, -~ \
\
‘- T } IndpacrpyxrypHnit
\ \ s !
_______________ . | Tudpactpyxrypumii | | IHq)pa?l;lz)}:;TTypHHH | MPOCKT
i I
Merta _,7/? MPOCKT } }
"""""""" \ \
\
l l |
\ [ }
‘ ‘ YAC

Puc. 4. Konyenmyanvna mooens po3eumky in@pacmpykmypu

[linOuBaroun migCYyMOK, y3araJibHUMO creuugiky 1 CyTHICTb iH(QpacTpyKTypHHUX
MIPOEKTIB y cepi BOAHOTO TPaHCTIOPTY (pHC. 5).

Sk BiIOMO, IPOAYKTOM MPOEKTY HA3UBAETHCS BUPIO, SIKMI MOXKHA BUMIPATH 1 SIKUH
MOXe OyTH K KiHLIEBOIO JIAHKOIO BUPOOHHMYOTO JIAHIIOTa, TaK i eJeMeHToM. MokHa
CKa3aTu, 110 NPOAYKT MPOEKTY — Lie Oe3MocepeiHb0 TOH 00 €KT, SIKUA CTBOPIOETHCS
abo 3miHoeThest B npoekTi [10; 12]. Ha aymxy nocninuukiB [12], IpogyKT HNpOeKTY
3a0e3mneuye JOCATHEHHS METH MPOEKTY Ta 3HAXOOUTHCSA B MEXax YIPAaBIiHHS KOMaH-
J010 IIPOEKTY.
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MogepHizaliisi, CTBOPEHHS 1 PO3BUTOK 00'€KTIB

IHQPACTPYKTYPH BOIZHOTO TPAHCIIOPTY = =
o
S
=
CyrHicTb = &
" = g
.. NPOEKTIB > 3
Texniuni \ E ; =
. o > =
i HpoxyxkTnn S = g
ExoHomiuni <—  peauizanii NPOEKTIB 8 " H
= Q =
/ = = o
. . = m
ComuianbHi i S
Crenudika iHpPaCTPyKTYpHHX NIPOEKTIB
besmnexa i

Ha BOJHOMY TPAHCITOPTI .
A y1p p 000POHO3IATHICTh

KpaiHu
JepxaBHe /\ /
\

(iHaHCYBaHHS Yuacrs Mlcm. Konxypenrocmpo
AepKaBH NPOEKTIB R E
TPaHCIOPTHOI
HAeprxasHo- CHUCTEMHU
NIPUBATHE
IapTHEPCTBO besnexa
CYZAHOIIIIAaBCTBA

Puc. 5. Micis i yini ingppacmpyxmypuux npoekmis y cghepi 600H020 MPAHCNOPHLY

TakuM 9WHOM, MPOLYKTOM iH(PACTPYKTYpPHUX MPOEKTIB y cdepi BOAHOTO TpaH-
CHOPTY € 00’€KTH iH(PACTPYKTYPH, 5Ki a00 CTBOPIOIOTHCS, 00 3MIHIOIOTHCS (BiTHOB-
JICHHSI, 3aMiHa, MOJICPHi3allisi, PO3BUTOK).

BucnoBku. Y 1poMy AOCHiIKEHHI iJeHTU(IKOBAaHO CYTHICTh i cneuudika iH}-
pPacTpyKTYpHHUX NPOEKTIB Ha BOIXHOMY TPaHCHOPTi. BU3HAUEHO JOTIYHMN JAHIIOKOK
BIUIMBY CTaHy i mapaMmeTpiB wi€l iHPpacTpyKTypH Ha Pi3Hi MapaMeTpH TPAHCIIOPTHOTO
00CITyroByBaHHS i KOHKYPEHTOCIIPOMOXKHICTh TPAHCIIOPTHOI CUCTEMH KpaiHH.

BcranoBneHo ocHOBHI BUAHM iHQPACTPYKTYPHUX HMPOEKTIB HA BOOHOMY TPaHCIIOPTi:
MoJIepHi3ailis 00’€KTiB; 3aMiHa 00’€KTIB; BiJIHOBJICHHS 00’ €KTiB; PO3BHTOK HAsSBHHUX
00’€KTiB; CTBOpEHHsI HOBUX 00’€KTiB. BU3Ha4eHO MPOMYKTH iHPPACTPYKTYpPHUX MPO-
€KTIB — 11e 00’€KTH 1H(pacTPyKTypH, sIKi ad0 CTBOPIOIOTHCS, a00 3MIHIOIOThCA (Bif-
HOBJICHHS, 3aMiHa, MOJIEpHi3allisl, pO3BUTOK). BcTaHoBIeHO Wi 1 Micito 1i€i kaTeropii
MPOEKTIB.

OTtpuMaHi pe3ylbTaTH € OCHOBOIO JJISl PO3POOKH MoJesiell i METONIB ynpaBIiHHS
1HPPACTPYKTYPHUMH MPOEKTAMU Ha BOOHOMY TPaHCIOPTI.
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