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DEVELOPMENT OF SCIENTIFIC SCHOOL OF TRANSPORT
MECHANICS: ARTISTIC LEGACY OF YE. P. BLOKHIN

Purpose. Development of domestic and global transport science occurred due to the contributions of many scien-
tists and practicing engineers. The purpose of our study is the analysis of scientific documentary legacy of
YE. P. Blokhin, Doctor of Technical Sciences, Professor of Dnipropetrovsk National University of Railway Transport
named after Academician V. Lazaryan and identifying his place and role in the development of modern railway trans-
port. Methodology. Application of problem-chronological, comparative, descriptive historical methods of research,
systematization and analysis of scientific papers allowed the authors to submit the actual history of the railway trans-
port development (1950-2013) through the prism of YE. P. Blokhin scientific activity. We identified 6 main periods of
his scientific activity. Findings. It was found out that the overall intellectual plant of the scientist includes 555 scien-
tific papers (written personally and co-authored) in domestic and foreign publications on key issues of mechanics and
operation of railway rolling stock. Artistic legacy of YE. P. Blokhin includes monographs, articles, reports, patents,
author certificate, etc. It was found that the epistolary legacy of scientist, archive materials, his personal diaries, refer-
ence list of works of his students and followers are almost unexplored. Originality. Authors of the work for the first
time in the history of science and technology of Ukraine conducted a complex study of the scientific legacy of
YE. P. Blokhin in the context of railway transport. It is proved that the ideas, research, scientific works, implemented
projects, numerous students and followers of YE. P. Blokhin are important factors, confirming a significant contribu-
tion of the scientist to the global engineering and transport science. Practical value. The work can be used to create
historiographical papers and textbooks, to study the issues of formation and development of the scientific school for
transport mechanics and university science of Ukraine in the railway branch, in the course of lectures on the subjects
«History of railway transport development» and «Introduction to the professiony.

Keywords: YE. P. Blokhin; school of transport mechanics; railway transport; Dnipropetrovsk National Univer-
sity of Railway Transport; artistic legacy of scientist

Introduction It is written and said a lot on the role of
A year passed since the time when Yevgeniy personality in history. After all, the whole history

Petrovich Blokhin prematurcly passed away of mankind is a mosaic of personalities, their ac-
(01.05.1928-27.11.2012). He is a well-known tions, thoughts, dreams, desires, emotions and pas-
sions.

Scientists argue that the individuals "who
earlier, better, deeper and more fully aware of the
new needs of society development, the need to
change the existing conditions and more resolutely
fight for it, know how to find and point out the

scientist in the field of basic science and applied
transportation  research, practicing engineer,
educator, organizer and just extraordinary,
charismatic person. YE. P. Blokhin is a person
with a capital P, a man ready to act, bringing to the
life of surrounding people true values.
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forces, ways and means to carry out the tasks the
society, people and class should cope with" are
doing the fate of mankind [7, p. 641].

G. V. Plekhanov emphasized that the great man
stamps his individuality on the events, but it is not
his principal meaning. He is great "because he has
the features making him the most capable of
serving the great social needs of the time, which
arose under the influence of general and particular
causes" [14, p. 304].

Development of domestic and global transport
science at all stages occurred due to the
contributions of many scientists and practicing
engineers. A lot of memories of both their
contemporaries and modern researchers of the
history of science and technology of Ukraine are
devoted to the great people, outstanding scientists of
railway transport science, engineers, educators and
public persons [2, 5, 9, 13, 17, 18, 21, 22]. Among
them are N. A. Belelyubskiy, D. 1. Zhuravskiy,
S. D. Kareyshi, V. A. Lazaryan, M. L. Lipin,
P. P. Melnikov, V. N. Obraztsov, YE. O. Paton,
G. P. Perederiy, N. P. Petrov, S. P. Syromyatnikov.
At the same time, documentary scientific legacy of
such a vivid person in the history of transport
and scientific school of transport mechanics as
Ye. P. Blokhin is still improperly understood, in-
adequately appreciated and not brought to the con-
temporaries in full.

Purpose

Based on the above mentioned, the purpose of our
study is to analyze scientific documentary legacy of
YE. P. Blokhin, Doctor of Technical Sciences, Pro-
fessor of Dnipropetrovsk National University of
Railway Transport named after Academician
V. Lazaryan and identifying his place and role in the
development of modern railway transport.

Methodology

Application of problem-chronological,
comparative, descriptive historical methods of
research, systematization and analysis of scientific
papers allowed the authors to submit the actual
history of the development of railway transport
development (1950-2013) through the prism of
scientific activity of YE. P. Blokhin. Periodization
method made it possible to identify the basic stages
and their characteristics in the development of
railway transport of USSR and Ukraine, as well as

in the scientific activities of YE. P. Blokhin. Using
the analysis of historical situation, this method
makes it possible to identify the major milestones
of his scientific activity.

YE. P. Blokhin is a Doctor of Technical Sci-
ences, Professor, Member of the Academy of En-
gineering Sciences of Ukraine and Transport
Academy of Ukraine, Corresponding Member of
the International Engineering Academy, Honored
Worker of Higher School of the Ukrainian SSR,
winner of the State Prize of Ukraine in the field of
Science and Technology, winner of the Prize
named after Academician A. N. Dinnik, Honorary
Worker of Transport of Ukraine, Honorary Rail-
wayman of Ukraine [6, p. 83].

Nearly 30 years (1974-2002) YE. P. Blokhin
worked as an Academic Vice-Rector and the First
Vice-Rector of the Dnipropetrovsk Institute of
Railway Transport Engineers, which in 1993
received the status of university. First, as a Head of
the Chair of Theoretical Mechanics (1973-1983),
and then as a Head of the Chair of Structural Me-
chanics (1983-2011), Yevgeniy Petrovich also
headed a Research Laboratory of the Dynamics
and Strength of Railway Rolling Stock -
a reputable international scientific research center
on the movement mechanics theory of the body
and operation of rolling stock.

Professor Yevgeniy Petrovich Blokhin is iconic
personality in the domestic and world transport
science, so the interest to his research, scientific
and practical, engineering-educational and
organizational activities is increasing every day.
Multidimensionality and large scale of his actions
make one again carefully study his artistic legacy.

Scientific papers! The shelves are crammed
with books!

The shelves are helpless to retain the pressure
of his ideas!

He is absorbed in science and plunged into the
torrent of its emotions! [12, p. 36].

The disciple of Academician V. A. Lazaryan,
the founder of the School of Railway Transport
Mechanics, YE. P. Blokhin devoted most of his
scientific works to the key problems of mechanics
and rolling stock operation, traction and derailment
stability of the vehicles. It is this artistic capital
becomes a significant contribution to the global
transportation science and served as the starting
point for the works of researchers of many schools
and directions.
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Using the chronology of works of
YE. P. Blokhin for the period of 1954 to 2013 and
the stock of scientific and technical library of
DNURT, as well as the personal collection of the
scientist as the main source of bibliographic infor-
mation, it was found out that his general intellec-
tual documentary plant includes 555 publications
(personally written and co-authored) in domestic
and foreign publications. Among them are
4 monographs; 456 articles and reports published
in peer-reviewed journals and in proceedings of
scientific conferences. In addition, scientific works
of YE. P. Blokhin are presented by the following:

— patents and author certificates — 54;

— deposited manuscripts — 17,

— research reports (under scientific supervision
of YE. P. Blokhin) — 3;

— proceedings (edited by YE. P. Blokhin) — 11;

— textbooks — 5;

— methodological guidelines — 5.

More than 60 master’s and doctoral theses
were defended under scientific supervision of
YE. P. Blokhin.

Research of any period in the development of
railway transport science and technology suggest
the study of scientific works of people (scientists,
teachers, engineers), which are aimed to solve the
problems in the theory of rolling stock, operation
of communication routes, construction, energy
supply, economics, etc. as an integral component
of the study.

Structure analysis of the bibliographic array of
works of YE. P. Blokhin, age dynamics of
publication activity in his research activities
allowed the authors to divide the works (articles in
peer-reviewed journals and reports in the
proceedings of scientific conferences) of the
scientist to the following periods:

— 1954-1969 — 45 publications;

—1970-1979 — 68 publications;

— 1980-1989 — 94 publications;

—1990-1999 — 56 publications;

—2000-2009 — 157 publications;

—2010-2013 — 36 publications.

Generalization of some scientific research is
a series of monographs written by YE. P. Blokhin
with national and foreign colleagues and associates
«/luHamuka moe3na (HecTallMOHAPHBIE MPOIOJb-
HBIe Konebanus)» = «Dynamics of trains (transient
longitudinal oscillations)», «Pac4eTs! u ucnbITanus
TSKEJIOBEeCHBIX moe3noB» = «Calculations and tests

of heavy trainsy», «Kene3nbie moporu mupa B XXI
Beke» = «Railways in the world of XXI century»,
«Railway Wheelsets» [23]. These fundamental
works in conjunction with scientific articles, re-
ports, deposited manuscripts, patents and author
certificates are a kind of scientific chronicles of
step-by-step development of railway transport.

Let us study the given chronicles through the
prism of six periods in scientific activities of
YE. P. Blokhin.

50th - 60th of the XX century

It is the years of intensive expansion and
development of the USSR railways, increasing the
production of electric and diesel locomotives
termination of mainline locomotives production,
approval of the General Plan of Railway
Electrification. As a result, by the beginning of 1970,
over 106 sq km of railways (about 80% of their
length) had electric and diesel traction, performed
more than 95 % of total turnover. Basic performance
indicators of rail transport confirm the multiple
growth of traffic and turnover. Thus, the turnover in
1950 was equal to 602 billion of ton-kilometers, and
in 1970 - 2495; cargo transportations - 834 million
tons (1950) and 2896 (1970); passenger turnover -
88 billion of passenger km (1950) and 274 (1970),
the passenger transportations — 1.164 million (1950)
and 3864 (1970) [1, p. 103].

At the same time - this is the formative years of
YE. P. Blokhin as a scientist, a railway engineer,
university teacher, characterized by deep scientific
erudition and a variety of research interests,
extending far beyond the graduate of Mechanical
Faculty of Dnipropetrovsk Institute of Railway
Transport Engineers (DIIT). In 1958, at the age of
30 Yevgeniy Petrovich defended his Ph.D. thesis
"Studies of the impact of the train heterogeneity on
dynamic forces arising in the coupling gears during
start up" and obtained a rank of Associate
Professor.

In those years, the basic research interests of
Yevgeniy Petrovich included experimental and
theoretical studies of transient processes in trains
and in other distributed technical systems. It is he,
who was the first to consider the processes in
inhomogeneous in mass trains and in
inhomogeneous long frame structures.

Enthusiasm and intense rhythm of work of all
employees of the Department of Structural Me-
chanics and Branch Research Laboratory of
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the Dynamics and Strength of Railway Rolling
Stock (BRLDSRRS) under the leadership of
V. A. Lazaryan had made DIIT an innovator and
leader of the technical universities of USSR on the
application of computer technology in research
work.

Extraordinary performance, energy, non-
standard thinking of young scientist Yevgeniy
Blokhin, employee of the Department and
Laboratory, had been reflected in the period from
1954 to 1970 by 45 scientific publications in
journals and proceedings. Among them are the
following works: «O BINSHUN HEOJTHOPOTHOCTH
noe3jia Ha JUHAMHYECKHE YCHIIHS, BO3HHKAIOIIUC
B YIPSDKHBIX TPUOOpaxX MPH TPOTAHUH C MECTa» =
«On the influence of the train heterogeneity on
dynamic forces arising in the coupling gears during
start up» (1958), «MccnenoBanue ycwimii, BO3HU-
KalOIMX B TPY30BBIX IO€3/1aX, MPU BKIIOYCHUH
B HUX BOCBMHOCHBIX MOJyBaroHoB» = «Study of
the efforts arising in freight trains during inclusion
of eight-axle open-cars» (1963), «K Bompocy
0 BIIMSHAM XapaKTEPUCTUK CBSA3EH OTHOMEPHBIX
MEXaHMYECKHX CHCTEM Ha TMEPEeXOIHbIC PEHKHMEI
memwkeHuss» = «On the influence of the coupling
characteristics of one-dimensional mechanical
systems on the transitional modes of motiony
(1966), «HccnemoBanne ¢ momormmbio 9BM mpo-
[IECCOB TOPMOXKEHHUs T0e310B» = «Investigation of
train braking processes using computer» (1967),
«IIpumenenne DBM k uccrenoBaHUSAM MEPEXOI-
HBIX PEKUMOB JBIKCHHS TP IYyCKE B XOI» =
«The use of computers in research of transients
motion modes when starting-up» (1969), «Oxcme-
pUMEHTAJIbHBIC HCCIICAOBAHUS TPOJIOIBHBIX YCH-
JIMA B TPY30BBIX Moe3aax maccou 10 10Thic. TOHH
OpYU  TEPEXOAHBIX  PEXKHUMaxX  JBHKCHHUSIY =
«Experimental studies of longitudinal forces in
freight trains weighing up to 10 000 tons during
transient modes of motion» (1970), «BrnusHue He-
OIHOBPEMEHHOTO BKJIIOYEHHUS JIOKOMOTHBOB Ha
ycunus B ciBoeHHOM Toe3zie» = «Influence of non-
simultaneous locomotives switching on the efforts
in dual train» (1970) and others.

1970-1979

Technical reconstruction had made the Soviet
Union the world leader in terms of traffic and
performance of operational activity. A substantial
increase in the transportation volumes in 1970s had
led to a further significant increase in congestion of

10

railway track: from 29.0 million of gross ton-
km/km per year in 1970 to 34.6 million of gross
ton-km/km per year in 1980. During 1971-1980
the Soviet Union had been building more than
6100 km of new railways.

Scholars and practitioners of rail transport,
including the staff of DIIT, participated in the
preparation and implementation of a number of all-
union and branch programs, ensuring the creation
of technical equipment for mechanization of cargo
handling, loading-unloading operations, store
handling, the use of automation and remote
control, the development of more powerful and
advanced locomotives and cars. In the late 70s it
was started the mass introduction of advanced
technological processes and above all of heavy and
high-speed train motion.

Development of scientific and technical
progress in the Soviet Union was based on the
work of a well-developed system of scientific
research, design and engineering organizations in
the branch. One of them was the aforementioned
the Branch Research Laboratory of the Dynamics
and Strength of Rolling Stock created in DIIT in
1958 by Academician V. A. Lazaryan. It became a
reputable scientific center for the study of
longitudinal forces in the train during the processes
of motion and braking. In 1972, when he defended
his doctoral thesis «MccnemoBanus mepexoIHbIX
PEXKHMMOB JBIDKCHHUS TIOE€3/I0B C CYIECTBEHHO He-
JMHEHHBIMH MEXIyBarOHHBIMH COCIMHEHHAMI» =
«Studies of transients modes of train motion with
nonlinear coupling cables» and received the degree
of Doctor of Technical Sciences, YE. P. Blokhin
chaired BRLDSRRS.

Initiated by YE. P. Blokhin and with his direct
participation it was developed an original method
for assessing the strength of structural elements of
cars. Application of computer technology,
simulation of complex dynamic processes of
longitudinal nature that arise during the train start-
up contributed to the development of railway
equipment and technology.

Testing of the new railway technology by the
order of the Ministry of Communication Routes of
the USSR, making recommendations for design
organizations of the country, which were included
in the rules and regulations of railway construction,
the theoretical and practical studies of a number of
important dynamic processes occurring in heavy
composite trains distributed along the length are
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the workdays and holidays of the staff of scientists
under supervision of Professor YE. P. Blokhin.

The intensity of scientific activity of
YE. P. Blokhin from 1970 to 1979 indicated, for
example, the creation of 3 deposited manuscripts
and publication of 68 scientific papers. Among
them are: «/HTerpanbHas OLCHKA CBsI3eH B Moe3/1e
W ONpeleNeHNe MX MapaMeTpoB IO pe3yJbTaTam
HATYpHBIX HchbITaHui» = «Integral assessment of
communications in the train and determination of
their parameters according to results of field tests»
(1971), «Uro moKasajm OMBIT BOXKACHUS OOBEIU-
HEHHBIX moe31oB» = «What has shown the
experience of driving combined trains» (1972),
«IIpogonbHbie KONEOAHUS! HEIMHEWHBIX OJHOMEp-
HBIX CHCTEM IIPH BO3MYIIEHHSX, PACTIPOCTPAHSIIO-
mmxes BAOAL WX mmmHBY = «Longitudinal
oscillations of one-dimensional nonlinear systems
under perturbations propagating along their
length» (1973), «[IpumeHeHUE DIEKTPOHHOTO MO-
JETMPOBAHUSL K HCCICJOBAaHUIO ITUHAMHYECKUX
HPOLIECCOB B OOBEIMHEHHBIX T0€3/1aX ¢ aBTOMATH-
YEeCKU YMpaBIsEMBIMH BCIIOMOTATEIBHBIMH JIOKO-
MoTtuBamMH» = «Application of an electronic
simulation to the study of dynamic processes in the
combined trains with automatically controlled
auxiliary locomotives» (1975), «O HOBBIX HOpMax
CONPSDKEHMS DJIEMEHTOB TIPOAOIBHOTO TPOduIs
Kene3HbIx jopor» = «On the new standards of
elements coupling of the longitudinal profile of
railways» (1977), «O6 yTouHEeHHH MOJAETH MEKBa-
TOHHOTO TPY>KHHHO (PPUKIIHOHHOTO aMOPTH3aTOpa
yaapa» = «On the refinement of the model of inter-
vehicle friction spring shock absorber» (1979), etc.

1980-1989

In the 80 years of the XX century in the USSR
the operations on the use of carrying capacity of
railways and technical equipment of the transport
have been significantly strengthened.
Implementation of large-scale activities to develop
and implement intensive technologies of
transportation process, increasing and improving of
the level of use of industrial and scientific-
technological potential of the industry have been
particularly important in terms of traffic growth
and inadequate allocation of funds for the
development of the industry. As a result of the
success implementation of a set of measures to the
1988 the transportation performance of the USSR
railways had reached a record level: loading was

4115.6 million tons, turnover - 3924.8 billion ton-
km; transported 4395.9 million of passengers, and
passenger traffic has surpassed 400 billion of
passenger-km. Productivity of workers employed
in transportation had reached 2570 thousand of
ton-km and was 1.3 times higher than in 1980.
According to thee intensity of the wuse of
technology Soviet Railways had no equal in the
world. Average traffic density of railways was
several times higher than that of roads in the
U.S.A. and other developed countries.
Performance of freight car was several times
higher too. Railways of the country performed
more than 52% of freight turnover and about
a quarter of passenger turnover of all railways in
the world with the extent of about 12% of the
world railway network [8, p. 25].

In the context of tasks of advanced engineering
science of the time it was performed scientific
research of scientists, headed by Professor
YE. P. Blokhin (National Branch of the Interna-
tional Academy of Engineering, the Department of
Structural Mechanics of DIIT and BRLDSRRS).

The volume of scientific baggage of tireless
scientist in  this period (1980-1989) -
94 articles/reports, 2 monographs, 26 copyright
certificates, 13 deposited manuscripts show a com-
bination of extraordinary health, energy, scientific
gift, unique creativity and organizational skills of
YE. P. Blokhin. Content of these papers reflects all
the nuances of the theoretical and practical
developments and solutions of titanic activity of
Professor Blokhin and his colleagues. Among the
articles published in major periodicals are: «O6
YCTPOHCTBE COMPSDKCHUI Ha MepesioMax Mpoaoiib-
Horo mpoduna mytm» = «On the design of
couplings on the brake in grade o the track»
(1982), «O pacueTHBIX CXeMax 3JIEMEHTOB BarOHOB
KaK JIByMEPHBIX MEXaHHYECKHX CHUCTEM C Mepe-
MEHHBEIMH Tapamerpamm» = «On the calculation
schemes of car elements as two-dimensional
mechanical systems with variable parameters»
(1983), «O0 ombITax C TSHKEIOBECHBIMH II0€3/1a-
Mm» = «On the experiments with heavy trains»
(1984), «Auddepenumnansupie ypaBHEHHUS MpO-
CTPaHCTBEHHBIX KoJeOaHUN OJHOMEPHBIX MEXaHH-
YECKHX CHUCTEM C TIEPEMEHHBIMH MapaMeTpamm) =
«Differential equations of one-dimensional spatial
oscillations of one-dimensional mechanical
systems with variable parameters» (1984), «Mone-
JMPOBaHUE B3aUMOICHCTBHS 3BEHBCB Yepe3 IBY-
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mapHUPHYIO CBs13b» = «Modeling the interaction of
units through double-hinged connection» (1986),
«llenenanpaBiieHHOE JBIKEHHE >KEIE3HOIOPOXK-
Horo moi3ga» = «Purposeful movement of railway
train» (1987), «O CcOBEpIICHCTBOBAHUK BO3IIyXO-
pacripenienuTenell  aBTOTOPMO30B  TaCCAKUPCKUX
BaroHoB» = «On improving the diffusers of
automatic brakes for passenger cars» (1988), «Ma-
TEMaTH4eCKOe MOJAEIUPOBaHUE 00e3TrPyKUBAHUS
BaroHHbIX Tenexek» = «Mathematical modeling of
car bogy unloading» (1989), etc.

In the monograph «/lnHamuka moesna (Hecra-
OUOHApHBIE  NPOJOJbHBIE  KONeOaHUs)» =
«Dynamics of train (transient longitudinal
oscillations)» (1982) [4] devoted to V. A. Lazaryan
Yevgeniy Petrovich continued and developed
initiatives of the teacher in the area of transient
motion modes of railway rolling stock. The study
describes the mathematical models and algorithms
that allow with the accuracy acceptable for
engineering practice to determine (with respect to
existing and future operating conditions) the forces
acting on the cars in the train when starting-up,
braking, driving through brake in grade of the
track, as well as longitudinal forces arising from
the collisions of cars and couplings. The
monograph consisting of nine chapters and meant
for scientists, university professors, engineers and
designers, in a few months becomes a handbook
for mechanical transport workers all over the
USSR.

4 years later (1986) it was published the next
monograph of group of authors «Pac4etsl u ucmbi-
TaHUS TOKEIOBECHBIX Ioe3noB» = «Calculations
and tests of heavy trains» [16], in which
YE. P. Blokhin is one of the authors and the editor.
The work proposes application program package
«Train», created in Dnipropetrovsk Institute of
Railway Transport Engineers to determine the
dynamic loadings in heavy trains. The publication
describes the schemes of electronic models,
methodology for conducting experiments and
processing the results, as well as used equipment.
Using them one can solve the practical problems of
calculation and train testing related to the defini-
tion of longitudinal forces in the automatic coupler,
acceleration of cars and cargo during the transient
modes of motion (starting up, various modes of
braking, brake release, motion on the track with
brake in grade, collision of cars and couplings, in-
cluding the emergency).

12

1990-1999

The collapse of the USSR, the proclamation of
an independent sovereign state of Ukraine (1991)
and the reorganization of all sectors of the
economy took place against the backdrop of
significant adverse changes. Protracted period
(1990-2000) of adverse economic situation in the
country, decline in industrial and agricultural
production, falling of living standard of population
had led to decrease in demand for services of
transport companies (including the railway
transport). It was accompanied by a reduction in
freight and passenger traffic.

During this period Ukraine having large
transport capacity for the implementation of
interstate transit takes a course of integration into
the European and global transport systems. This
requires the creation and use of international
transport corridors, a clear definition of freight and
passenger traffic, the development of complex
technical and technological documentation, etc.
DIIT, despite the difficulties in universities in
Ukraine in the 90s of the twentieth century, was
able to maintain and strengthen its position in the
educational and scientific activities. 16 research
laboratories actively worked in the university,
significantly expanding the scope of research.

Among them, the staff of the Department of
Structural Mechanics and BRLDSRRS supervised
by YE. P. Blokhin took a special place solving
complex engineering tasks on the high professional
and theoretical levels, taking the lead in volumes
of contractual works. Their works on the
application of the automatic control system of
locomotives, suggestions for improvement the
brakes of cars and locomotives, the introduction of
new norms and standards in the design of railway
rolling stock became the most significant and (that
is very important) popular. YE. P. Blokhin
proposed to his colleagues to develop an original
method for estimating the strength of elements of
car design. Complex dynamic processes of the
longitudinal nature arising at the start of the trains
modeled by using computer technology
contributed to the development of railway
technology. Scientists have conducted studies of
the behavior of empty cars in heavy trains,
operation compatibility in one train of freight and
passenger cars, studies to assess the real efforts
that arise in heavy trains, locomotives behavior
research at different motion speeds on sections
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with different curvature. All this contributed not
only to the development of the theory of body
movement mechanics, but also gave specific
proposals for operation of rolling stock [15]. Scien-
tific research globality of the school of transport
mechanics founded by Academician V. A. Lazaryan,
was one of the reasons for the intensive develop-
ment of international scientific relations with uni-
versities, research institutes, enterprises of railway
transport in Russia, USA, France, Poland, Iran,
Hungary, Lithuania. Among the vivid representa-
tives of the school are: YE. P. Blokhin, S. 1. Ko-
nashenko, L. A. Manashkin, V. D. Danovitch,
M. L. Korotenko, O. M. Savchuk, V. F. Ushkalov,
A. N. Pshinko, S. V. Myamlin, V. A. Dzenzerskiy,
N. A. Radchenko, S. F. Redko, V. V. Skalozub,
V. L. Gorobets, I. G. Barbas, M. YE. Itin,
V. N. Zakharov, S. A. Kostritsa, S. G. Kryukov,
YE. L. Stambler, G. I. Bogomaz, A. M. Bondarev,
V. M. Mikhaylenko, V. A. Tatarinova, 1. V. Kli-
menko, A. I. Palamarenko, L. V. Ursulyak,
N. N. Khachapuridze, YE. V. Yuspina, O. L. Yan-
gulova, L. A. Neduzhaya, V. V. Zhishko and many
others, worked in DIIT, in the institutes of NAS of
Ukraine, academic structures of universities in
Ukraine and abroad.

A milestone event in the history of Ukraine is
an active participation of Professor YE. P. Blokhin
and his team to create the first Ukrainian mainline
electric locomotive. This work was highly
appreciated by the government — YE. P. Blokhin
was awarded by the State Prize of Ukraine in
Science and Technology (2002).

Atrtistic legacy of Yevgeniy Petrovich in this
period (1990-1999) was 8 author certificates and
patents, 56 published works. They are articles and
reports «K 00OCHOBaHHIO HOPM COIPSKCHUS dJie-
MEHTOB MPOJOJBHOTO MPOQHISA MyTH BBICOKOCKO-
pocTHbIX Marictpaneit» = «The validation of norms
of elements coupling of the longitudinal profile of
the track of the mainlines» (1991), «Maremaruue-
CKas MOJIeJb TMPOCTPAHCTBEHHBIX  KOJICOAHUI
MarucTpaJbHOrO TPY30BOTO  DJICKTPOBO3a» =
«A mathematical model of spatial oscillations of
mainline freight locomotive» (1996), «Tpenaxep
JUIE OOyYeHHsI MAIIMHUCTOB OE30TMACHBIM M 3KO-
HOMHUYHBIM CITI0CO0aM BOXKICHHUS IOE3JI0BY =
«Simulator for training the drivers safe and
economical driving of trains» (1997), «O nepeBo3-
K€ JKHUJIKOCTEH ¢ MOBBIIICHHOW MIIOTHOCTHIO B IIHC-
TepHaX, MPeTHa3HAYCHHBIX JUIS TEPEBO3KH CBET-

TeIX HedTermpoaykToB» = «On the transportation of
liquids with a higher density in tanks intended for
the transportation of light oil products» (1998),
«/luHamMHuueckue KadecTBa 3jekTpoBosza D1» =
«Dynamic qualities of electric locomotive DE1»
(1999), «OnTumanbHOE MPOEKTHPOBAHUE KOHCT-
PYKLUUI 3alIMTHl KEJIE3HOJOPOXKHBIX LUCTEPH OT
CBEPX-HOPMATUBHBIX IIPOAOJIBHBIX 3arpy30K» =
«Optimal design of structures protecting the
railway tanks from over regulatory longitudinal
loadings» (1999) and others.

2000-2009

In connection with the transition of Ukrainian
economics to market relations all enterprises in the
country are adapting to the new economic
conditions, including the railway transport. The
situation is complicated also by the economic crisis
in 2008-2009. Railway transport, as an industry,
providing transportation in the sphere of
production and directly dependent on it, is the most
sensitive to changes in the rapidly changing
external environment.

Thus, the decline in traffic volumes by railways
in summer of 2008 was a sign of problems as
a whole in the industry and in the financial sector
of Ukraine. These problems were observed after
three months. As a result, for example, in 2008 the
railway transported 3 % less of cargo than in 2007,
against the background of 3.5% growth as
compared to 2006. In 2009 the transportation of
goods decreased by 21.5 % as compared to 2008,
and the turnover by 23.7% (a decrease in road
transport turnover was 9.5%). Even despite the
tariff increase, their growth rates did not cover the
growth rates of prices for the corresponding
resources. In this regard, the income of the Ukrain-
ian railways from ordinary activities in 2009
amounted to 39.4 billion USD, which is only 1.2 %
more than in 2008, despite the fact that the rates
for cargo transportation in 2009 increased by
13.5% in the average for the country’s railways
[20, p. 18].

At the same time, transport scientists do not
reduce the rate of their own research and
developments. As a permanent member of
international scientific projects Knorr-Bremse
(Germany), Skoda and Dako (Czech Republic),
Westinghouse (USA), etc. YE. P. Blokhin at the
request of colleagues of the Silesian University of
Technology (Poland) becomes a co-author of the
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international collective monograph «Railway
Wheelsets»(2003), publishing the section «To the
issue of wear of wheels and rails» [23].

In the context of Ukraine’s integration into
European structures it is extremely important to
analyze the trends in the field of transport, pro-
jected by global community. The team of associ-
ates, among which are YE. P. Blokhin,
G. N. Kirpa, V. V. Korniyenko, A. N. Pshinko,
B. YE. Bodnar, S. V. Myamlin, V. N. Plakhotnik,
I. P. Korzhenevich initiated the detailed and
systematic study of the European experience with
the development of the railways providing
analytical predictions for the reform of the railway
transport of Ukraine in several directions:

— long freight transportations on international
transport corridors;

— high quality passenger service in specialized
corridors with increased motion speed;

— regional transport centered around the cities.

Particular attention in the study is paid to the
problem of "reconciliation" of transport with the
environment. It is proved that under modern
conditions the maximum transfer of transport from
the roads and airlines to the rails will help to
efficiently provide mobility of population with
minimal energy and environmental costs.

The results of these studies are presented in the
monograph of group of authors «Xene3nsie gopo-
ru mupa B XXI Beke» = «Railways of the world in
the twenty-first century» (2004) [11], among
which a special place belongs to Professor
YE. P. Blokhin.

After 5 years, a logical continuation of the
theme of trends analysis in the field of transport,
projected by global community becomes
a textbook of YE. P. Blokhin and A. N. Pshinko
«BbICOKOCKOPOCMHON HA3EMHBIL MPAHCHOPM MU-
pa» = «High Speed Ground Transport of the
World» (2009) [3]. In this textbook the scientists
analyze the development of foreign high-speed
railways, consider maglev transport systems for
high-speed ground transport.

The first decade of the 2000s was the most
information-intensive in terms of publication
activity of YE. P. Blokhin. Besides the above
mentioned works, the scientist is the author of
14 patents and 157 published papers in national
and international scientific journals and proceed-
ings. Here are some of them: «K Bompocy ycroii-
YUBOCTH JIBUXKCHUS JICTKOBECHBIX BaroHOB B CO-
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cTaBe TPY30BEIX MMoe3moB» = «On the stability of
motion of lightweight cars in the freight trains»
(2000), «OnpenencHrie TapaMETPOB TUTAHA JTUHUH
NpU OPraHu3alik CKOPOCTHOTO cOOOImeHus 3a-
nagHas EBpoma-JIeBoB» = «Defining the parame-
ters of organization of line plan of speed commu-
nication Western Europe-Lviv» (2000), «Bbibop
SHEPreTHYECKUX ONTHMAIBHBIX PEKUMOB BEICHHUS
noe3noB» = «Selection the optimum mode of train
driving» (2001), «O Monenu COMpPOTHBICHUS YC-
TAJIOCTH HECYIMX KOHCTPYKIMH TSTOBOTO IO~
BH)KHOTO COCTaBa JJisl OLEHKH HMX OCTAaTOYHOTO
pecypca» = «On a model of the fatigue resistance
of bearing structures of traction rolling stock to
assess their residual life» (2002), «IIporHo3upoBa-
HHUE HanboJee OMAaCHBIX PEKHUMOB XOJOBBIX HCIIBI-
TaHUM TOABIXKHOrO cocraBay = «Prediction of the
most dangerous modes of rolling stock trials»
(2003), «/lumamuka W TPOYHOCTH DJIEKTPOBO3A
tuna J1C3» = «Dynamics and strength of rail bus
of type DS3» (2004), «Meronudeckrne BOIPOCHI
JUHAMUYECKUX WCIBITAHUHA PEIbCOBOTO KOJec-
HOTO TpaHCOpTa Ha BHOPOOE30MacHOCTH) =
«Methodological issues of dynamic testing of rail
transport for vibration safety» (2005), «/lnnamuka
Y TIPOYHOCTH PENBCOBOT0 aBToOyca Tuma 620M»» =
«Dynamics and strength of the rail bus type 620m»
(2006), «IkciepuMeHTaIbHBIC JaHHBIC O BIUSHUAN
KOH(HTYpaluy MOBEPXHOCTH KaTaHHs KoJiec Tpy-
30BBIX BaroHOB Ha MX IWHaMuKy» = «Experimental
data on the effect of the configuration of the rolling
surface of car wheels on their dynamics» (2007),
«CoBpeMeHHBIC TPOOIIEMBI BOXKICHHUS II0€3/I0B
B YCJOBHSX OMNTOBOTO PHIHKA 3JICKTPOIHEPTHMY) =
«Modern problems of driving trains under condi-
tions of wholesale market for electrical energy»
(2008), «OnpeneneHre BO3MOXKHBIX MPUYUH CXOJa
IUCTEPH ¢ omacHeIM Tpy3om» = «ldentification of
possible causes of derailment of tanks with danger-
ous cargo» (2009), «OT marepuallbHOW TOYKHU 0
HENMHEWHOW MPOCTPAHCTBEHHOH MHOTOMAacCOBOM
Monmenu moizga» = «From the material point to
nonlinear spatial multimass model of the train»
(2009), etc.

2010-2013

Transport Strategy of Ukraine (2010), aimed
among other things on the railway reform
establishes the development of the railway sector
as one of the priorities of the country until 2020.
Implementation of this task involves the execution
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of the renovation of rolling stock, improvement of
technology of transportation organization and
infrastructure modernization.

Railway transport of Ukraine in 2011 sent
430.1 million of passengers (including transporta-
tion by commuter train), which is 0.7% more than
in 2010. Cargo transportation by railways in
comparison with 2010 increased by 8.2%, including
the goods shipping - by 8.6%. In 2012, freight
transportations by railroads were 97.5% of the total
in 2011, including goods shipping 97.3%. In
January-October 2013 freight transportations by
railroads were 95.4% of January-October 2012, the
goods shipping decreased by 1.8% [10].

At the same time, according to experts, today
the largest part of the rolling stock of Ukraine is
a fleet of freight cars, more than 60% of which is
operated on the verge of the period of service and
needs urgent update [19].

As a result of research, substantial rehabilitation of
infrastructure (including electrification, increasing the
radius of curves, relaying of the track, introduction of
the turnouts with continuous rolling surface) and the
introduction of new technologies, including the
development of models of high-speed trains and
construction of specialized lines since April 2012 in
Ukraine have been introduced high-speed train
motion. The first high-speed passenger train was
launched in July 2012 on a route "Kyiv-Kharkiv".

DNURT was directly involved in the project.
As part of the University Testing Center the
staffs of BRLDSRRS under the supervision of
YE. P. Blokhin were active participants of accep-
tance testing of high-speed electric trains of for-
eign production (firms Hyundai and Skoda), do-
mestic electric train EKrl (production of Krukov
carriage works) with a speed of 160 km/h, as well
as high-speed train of the company Tolgo with the
speed of 200 km/h.

Scientists continue to participate in activities to
harmonize regulations existing in Ukraine,
Customs Union and the European Union, on the
estimation of the supporting structures strength of
the rolling stock. Further studies to assess the
changes of physical and mechanical properties of
materials during the operation continue too. The
efforts in obtaining data on the spatial unevenness
of railway track using the responses of modern
track recording cars etc. were intensified.

During the period from 2010 to 2013 Yevgeniy
Petrovich until the last days of his life actively

working on new research projects registered
6 patents and created 36 publications.

Among his scientific articles are the following:
«O pos HaTYPHBIX MCIBITAHUH MPU OLIEHKE Kade-
CTBa TOJBM)KHOTO COCTaBa MKEJIE3HBIX JOpOr» =
«The role of field tests to assess the quality of
railway rolling stock» (2010), «Tenexku ZK1 mo-
JTyBaroHoB, moctpoeHHBIX B KHP» = «Bogies ZK1
of open cars built in China» (2012), «Pe3ynbrars
XOJIOBBIX JTMHAMHYECKUX HMCIBITAHUI TU3EIBHOIO
nmoe3na 630M mpoussoactBa AO PESA (Iloms-
ma)» = «The results of dynamic tests for diesel
train 630M of production of AO PESA (Poland)»
(2013), «O0 HKBHBaNEHTHOCTH KpHUTEpHEB 0e30-
MAacHOCTH OT CXOJa KOJIeca C PeIIbCOB IPH UCTIOIb-
30BaHMM HAIPABILIIONICH THOO0 OOKOBOW CHIIBD) =
«On the -equivalence of safety criteria of
derailment when using the guiding or lateral
forces» (2013), etc.

The ability to solve the difficult tasks, to imple-
ment the major projects involving groups of per-
formers (domestic and foreign scholars and experts
from industry and design bureaus) is specific for
scientific and practical activities of YE. P. Blokhin.

Since the 80s of the twentieth century
Yevgeniy Petrovich is actively engaged in the
work on the creation and organization of the
academic structures activities. Thus, on the basis of
DIIT it was organized the National Department of
the Public International Engineering Academy,
which included all the major industrial enterprises
and scientific organizations of Dnipropetrovsk
region. The National Office, of course, was headed
by Doctor of Technical Sciences, Professor
Blokhin YE. P. The scientist was also a member of
two other academies - the International Academy
of Transport and Transport Academy of Ukraine.
He took an active part in their development.

Since 1980 YE. P. Blokhin is the permanent
chairman and organizer of the All-Union scientific
conferences (since 1996 the international ones)
«[IpoGmemMbl ~ MEXaHMKH  KEJIe3HOZOPOIKHOTO
TpaHcnoptay = «Problems of Railway Transport
Mechanics», taking place on the basis of DIIT.
Conference participants are the scientists and
manufacturers from Belarus, Hungary, Germany,
Israel, India, Iran, Italy, Kazakhstan, Lithuania,
Netherlands, Poland, Russia, USA, Ukraine,
Croatia, Sweden, South Africa, France, etc.

The International Scientific-Practical Conference
«Pa3BuTHE IIKOJBI TPAHCIIOPTHOW MEXaHUKH» =
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«Development of school of transport mechanics»
(December 2013., DNURT) became the tribute of
the world scientific community to YE. P. Blokhin
as to the leader of the scientific school of transport
mechanics, who left a huge intellectual heritage in
the railway sector, hundreds of students and
continuers of his work. The Conference was
devoted to the 85th anniversary of the scientist.

Findings

Analysis of documentary scientific legacy of
YE. P. Blokhin, its systematization, periodization
for the purpose of constructing a logical statement
of the facts and ordering of the actual material,
suggest the following results:

1. General intellectual plant of scientist is 555
scientific papers (written by him personally and
co-authored) in domestic and foreign journals.
Most of them (456) — are the papers in a peer-
reviewed journals and reports in the proceedings of
scientific conferences (domestic and international).
In addition YE. B. Blokhin is the author of
4 monographs, 54 patents and copyright certifi-
cates, S5-textbooks. 17-deposited manuscripts,
under his editorship were published 11 proceedings
of scientific papers, etc. At the same time his
epistolary heritage, archival materials, personal
diaries, etc, remain unexplored.

2. There were identified the following mile-
stones of scientific activity, presented by his scien-
tific papers (articles in peer-reviewed journals
and reports at scientific conference proceedings):
1954-1969 - 45 works, 1970-1979 - 68 works,
1980-1989 - 94 works, 1990-1999 - 56 works,
2000-2009 - 157 works, 2010-2013. - 36 works.

3. The memories of his friends, colleagues,
students, associates and partners are the important
source for reconstructing the image and the artistic
legacy of outstanding scientist YE. P. Blokhin
(especially his human and professional qualities,
relationships with people that are not reflected in
official  documents).  Unfortunately, these
publications are still very few. In this regard it
should be noted the information publication
«IIpodeccop brmoxun Eprenuii [lerpopmu» (Cepist
«IIpodecopm  HllTy») «Professor Yevgeniy
Petrovich Blokhin» (Series «Professors of DIIT»),
published in 2013 by alma mater of the scientist -
Dnipropetrovsk National University of Railway
Transport named after Academician V. Lazaryan.
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4. The authors draw attention to the fact that
a huge number of domestic and foreign scientists in
their publications referenced (in the bibliography)
on research and developments of YE. P. Blokhin.
This should be a separate area of research of his
scientific work.

5. Published and unpublished works of the
scientist are aimed to solve some of the critical
issues of railway transport development. This, for
example, provision of driving the trains of
increased length, development and implementation
into operation of the traction rolling stock and
multiple unit (made by domestic companies),
implementation into operation of multiple unit
from foreign manufacturers (production companies
in Poland, the Czech Republic, South Korea), the
development of practical measures, methodologies
and current regulatory documentation to continue
the service of traction rolling stock and multiple
unit; commissioning activities to improve safety
performance and sustainability of freight rolling
stock; increasing the carrying capacity, etc.

6. Numerous scientific and engineering ideas of
YE. P. Blokhin presented in published and unpub-
lished writings, his enthusiasm, passing to all around
the scientists, who worked under his supervision,
who was with him in joint research and develop-
ments, extraordinary diligence and perseverance in
the implementation of projects, a large number of
disciples and followers allow us to tell about him as
about the person, who affected the development of
the domestic and global rail transport science.

Originality

Authors of the paper for the first time in the
history of science and technology of Ukraine
conducted a complex study of the scientific legacy
of YE. P. Blokhin in the context of railway transport
development. As a result of the study it was
determined the total number of scientific papers
(555), their content, as well as identifying the key
milestones of scientific activity, presented by his
scientific publications. It was proved the necessity
of studying his epistolary heritage, archival
materials, personal diaries, article bibliographies in
the works of his students and followers, etc.

Practical value

— Taking into account the fact that research of
YE. P. Blokhin was conducted in the context of
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engineering science of the 2nd half of the XX-early
XXI centuries, and most of his scientific works are
devoted to the key problems of the mechanics and
operation of railway rolling stock, we believe that
the material given in this article can be used:

— to prepare the general works on the history of
domestic railway transport and its separate
directions (train control, traction and derailment
stability of its cars from the track, etc.);

— during preparation of bibliography dedicated
to YE. P. Blokhin;

— during creation of a historiographical papers
and textbooks;

— in the new research on the history of
formation and development of the scientific school
of transport mechanics, as well as university
science of Ukraine in the railway industry;

— in the course of lectures on subjects "History
of the of railway transport development" and
"Introduction to the profession".

Conclusions

Academician of the three Academies, Professor
YE. P. Blokhin, as a rule was more deeply and
fully aware of the need for change and
development of the transport sector than others. He
was not only a "generator" of ideas and creative
scientific, and practical solutions. He, like a high-
speed locomotive, pointed the way and confidently
led the scientific and engineering community of
transport workers - mechanics.

YE. P. Blokhin was the person that influenced
the development of railway transport of Ukraine of
the 2nd half of the XX- early XXI centuries. And
at the same time, we can confidently assert that
there is a lack in personalities of such a scale and
the scientists of such level not only in our country
but also in the whole world of transport science.

Analysis of the literary scientific heritage of
YE. P. Blokhin, the definition of his place and role
in the development of modern railway transport
allow us to conclude:

1. A wide range of documentary scientific
works of YE. P. Blokhin, his quantitative (555
papers), specific (monographs, articles, reports,
patents, author certificates, etc.) and qualitative
content actually describe more than half a century
(1954-2013) in the development of railway
transport of Ukraine and the USSR.

2. Intelligent documentary heritage of the
scientist reflects one of his most important research

directions in the railway transport science - the
development of the theory of body movement
mechanics associated with the development,
reconstruction and maintenance of railway rolling
stock. Ideas, research, scientific  works,
implemented projects, numerous disciples and
followers of YE. P. Blokhin are the important
factors, confirming a significant contribution to the
global scientific engineering and transport science.

3. Taking into account that the epistolary
heritage of YE. P. Blokhin, archival materials, his
personal diaries, bibliography in the works of his
students and followers, etc. are almost unexplored,
the authors have reasonable cause to believe that
the historiography of life and work of YE. P.
Blokhin is only in the development stage and is
waiting for further research.
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PO3BUTOK HAYKOBOI HIKOJIU TPAHCIIOPTHOI MEXAHIKH:
TBOPYA CITAALIHWHA €. I1. BJIOXIHA

Merta. Po3BUTOK BITYM3HSIHOI i CBITOBOI TPAaHCIIOPTHOI HAYKHM Ha BCIX ii eTamax BinOyBaBCs 3aBISKH BarOMOMY
BHECKY 0e3Jiui BUCHHUX Ta iH)KEHEPiB-MPAKTHKIB. METOI0 HAIIOTO AOCIIIKEHHS € aHAi3 JOKyMEHTAIBHOI HAyKOBO1
cnaquan €. I1. broxina, JokTOpa TeXHIYHUX HayK, npodecopa JIHINpOneTpOBCHKOro HAILIOHABHOTO YHIBEpCUTE-
Ty 3aJI3HUYHOTO TPAHCHOPTY iMeHi akagemika B. JlasapsHa; BU3HaYeHHS HOTO MICIISI Ta POJIi B PO3BUTKY Cy4acCHOTO
3aJIi3HUYHOTO TpaHcnopty. MeToauka. 3acToCcyBaHHs MPOOJIEMHO-XPOHOJIOTTYHUX, MOPIBHSIIBHUX, OIMHCOBHUX 1CTO-
PUYHUX METOJIB IOCIIDKCHHS, CUCTEMAaTH3Aallisl Ta aHaJli3 HAYKOBHX IPAallb JO3BOJIMIN aBTOpaM MoAaTH (pakTHIHy
ICTOPII0 PO3BHUTKY 3asli3HUUHOTO TpaHcrnopTy (1950-2013 pp.) uepe3 npusmy HaykoBoi AisuibHOCTI €. I1. Brioxina.
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HAVYKA TA ITPOI'PEC TPAHCIIOPTY

Byno BuzineHo 6 0CHOBHUX MepioAiB HayKOBOI HisutbHOCTI BueHOTO. Pe3ysbTaTH. 3’5COBaHO, IO 3arajdbHUHN iHTE-
JeKTyalnbHUH Oara)k BYEHOTO CTAaHOBHTH 555 HayKoBuX poOIT (HamMcaHMX OCOOHMCTO Ta B CHiBaBTOPCTBI)
Y BITYM3HSHUX 1 3apyOLKHUX BHIAHHAX, IPUCBSUEHUX KIFOYOBUM MPOOJIeMaM MEXaHIKH Ta eKCIUTyaTallil pyXxoMoro
cKJany 3aii3HuIb. TBopuy cnannmuy €. I1. brnoxina ckinanaroTs MoHOrpadii, CTaTTi, AOMOBIII, MATCHTH, ABTOPCHKI
CBiJIOLITBa Ta IH 3’ﬂCOBaHO, o MHOPaKTUYHO HEBUBUCHHMHU 3aJIMIIAIOTHCA eHiCTOﬂﬂpHa criaaluHa BYCHOIO,
apxiBHI Marepiaiy, #oro ocoOUCTI MOJAEHHHUKH, OiOiiorpadivyHi CIMCKM B Ipansx HOro y4yHiB i IOCIiJIOBHHUKIB.
HaykoBa HoBH3HA. ABTOPH JaHOi poOOTH BIIEpIIe B icTOPil PO3BUTKY HAyKH i TEXHIKM YKpaiHU IPOBENN KOM-
TUIEKCHE JOCIi/DKeHHS HaykoBoi cnaquuan €. [1. bioxiHa B KOHTEKCTI pO3BUTKY 3alli3HUYHOTO TpaHcnopry. Jose-
JIeHO, 110 i71€i, TOCIiDKEHHS, HayKOBI ITpalli, peaji30BaHi MPOeKTH, YUCIICHH] yuHi Ta nocnigoBHuku €. I1. broxina
— BaroMi YMHHHUKH, IO IITBEPDKYIOTh 3HAYHHI BHECOK YYCHOTO B PO3BHTOK CBITOBOI IHXXKCHEPHOI TyMKH
i TpaHcmoptHoi Hayku. IIpakTHuHa 3HaumMicTb. JlaHa pobOoTra Moke OyTH BHKOpHCTaHAa TIPH CTBOpPEHHI
icTopiorpagivHuX Mpanp i HaBYATbHUX IMOCIOHUKIB; JOCTIHKEHH] TUTaHb CTAHOBIICHHS TA PO3BUTKY HAyKOBOI IIIKO-
JIM TPAHCIIOPTHOT MEXaHIKM W yHIBEPCUTETCHKOI HAYKH YKpaiHM B Tajy3i 3aJIi3HUYHOTO TPAHCIOPTY, Y KypcCi JIEKITiit
13 qucnuIutiH «IcTopis pO3BUTKY 3ali3HUYHOTO TPAHCHIOPTY» Ta «BCTyH 10 cHemiaabHOCTI.

Kniouosi cnosa: €. 1. brnoxin; HaykoBa IIKoJIa TPAHCIIOPTHOT MEXaHIKK; 3aTi3HUYHUNA TpaHCopT; JHinporer-
POBCHKHI HAaIliOHAJILHUNA YHIBEPCHUTET 3aJIi3HUYHOTO TPAHCIIOPTY; TBOPYA CHAIIINHA BICHOTO

C. B. MSIMJIMH'!, T. A. KOJIECHUKOBA '
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9I1. IouTa sergeymyamlin@gmail.com
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PA3BUTHUE HAYUYHOU IIKOJIBI TPAHCIIOPTHOM MEXAHUKH:
TBOPYECKOE HACJIEJAME E. I1. BIOXUHA

Hess. Pa3purne oTedecTBEHHONH W MUPOBOW TPAHCIIOPTHOM HAYKH Ha BCEX €€ ATalax IPOUCXOANIO Oraromaps
BECOMOMY BKJIaJly MHOXKECTBA yUEHBIX W HH)KCHEPOB-NPAKTUKOB. L{enpi0 HaIero mccieoBaHus SBISAETCS aHAIN3
JIoKyMeHTaiapHOTO HaydHoro Hacneaus E. I1. bioxwuHa, TOKTOpa TeXHHYECKHMX HayK, mpodeccopa JHEmponeTpoB-
CKOTO HAIlMOHAJIBHOTO YHHBEPCHUTETA XKEJIE3HOIOPOKHOTO TPaHCIOpPTa UMEHHU akajemuka B. JlazapsHa; onmpenene-
HHUE ero MecTa U POJIM B Pa3BUTHH COBPEMEHHOTI'0O XKeNe3HOIOPOKHOro TpaHcnopTa. Meroauka. [Ipumenenue mpo-
6ﬂeMHO-XpOHOHOFI/I‘ieCKI/IX, CPpaBHUTECJIbHBIX, OMMUCATCIIbHBIX UCTOPUYCCKHUX METOAOB HUCCII€AOBAaHUA, CUCTEMATHU3a-
LUsI M aHaJIM3 Hay4YHBIX TPY/JOB MO3BOJIMIIM aBTOpPaM IOJaTh (PaKTHIECKYIO HCTOPHUIO PAa3BUTHS XKEJIE3HOIOPOXKHOTO
tpancnopta (1950-2013 rr.) yepe3 npusmy HayuHoi nesrensHocTH E. I1. Broxuna. Beuti BeieneHsl 6 OCHOBHBIX
MIepHOIOB HAY4YHOHU JIESTENFHOCTH yueHoro. Pe3yabTaThl. BorsicHeHO, 4To OOLIMI MHTEIUIEKTYaIbHBIH Oarax yde-
HOTO COCTaBIISIET 555 HaydHBIX pa0OT (HANMCAHHBIX JTMYHO M B COABTOPCTBE) B OTEUECTBEHHBIX M 3apYOEKHBIX H3-
JTAHWSX, TIOCBSIIIEHHBIX KIIOYEBBIM MPOOIeMaM MEXaHUKHU M SKCIUTyaTallly MOIBIYKHOTO COCTABa YKEIIE3HBIX JIOPOT.
TBopueckoe Hacnmenue E. I1. BroxuHa cocTaBisiior MOHOTpaduu, CTaThH, AOKJIAIBI, TATEHTHI, aBTOPCKHUE CBHIIE-
TENbCTBA U Jp. BRIICHEHO, YTO MPaKTHYECKH HEN3YYEHHBIMHU OCTAIOTCS SMUCTOISIPHOE HACIEONE YUEHOTO, apXUB-
HBIE MaTepUallbl, €ro JIMYHbIE JHEBHUKH, OHMOIMOrpaduyecKkue CMCKH B TPyIaX €ro yYeHHKOB U IOCIe0BaTeNeH.
Hayuynasi HoBH3HA. ABTOpBI IaHHOH pabOThI BIEPBBIE B UICTOPHU PA3BUTHUS HAYKH W TEXHUKH YKpauHBI IIPOBEIIN
KOMILIEKCHOe HucciefnoBaHue HayuyHoro Hacienus E. II. bBroxumHa B KOHTEKCTE pa3BUTHS SKEIE3HOIOPOXKHOTO
TpaHcnopTa. /IokazaHo, 4TO UIEH, UCCIIENOBAHNS, HAYUHBbIE TPY/bl, PEAIN30BAHHBIE [IPOEKTHI, MHOIOUUCIICHHbIEC YYEHU-
ku u ocnenosateny E. I1. broxuna — Becomble (hakTopbl, HOATBEPSKIAIOIINE 3HAYNTEBHBIA BKJIa]] y4EHOTO B Pa3BUTHE
MHpPOBOW MH)KEHEPHOHM MBICIM W TpaHCIOpTHOM Hayku. IlpakTnyeckas 3HauumocTh. JlaHHas paboTta MOXeT OBITh
UCIIOJIb30BaHa IIPU CO3J[aHUH UCTOPHOTPA(PUIECKUX TPYIOB M yUeOHBIX OCOOHH; MCCIEA0BAaHNHN BOIPOCOB CTAHOB-
JICHUS ¥ Pa3BUTHUS HAYYHON IIKOJBI TPAHCIIOPTHON MEXaHUKH W YHHUBEPCUTETCKOW HAyKW YKpPaWHBI B OTPACIH JKe-
JIE3HOJOPOKHOTO TPAHCIOPTa, B Kypce IeKIUA 1o aucuuruimHaMm «VIcTopus pa3BHTHS IKEIE3HOIOPOKHOTO
TpaHCIIOpTa» U «BBeneHne B CeNUaNbHOCTEY.

Knrouesvie cnosa: E. I1. biioxuH; HayyHasl LIKOJIa TPAHCIOPTHOM MEXAaHUKH; YKEJIE3HOAOPOKHBIM TPaHCIIOPT;
JIHeTIpoTeTpOBCKHIA HAITMOHATBHBIN YHHBEPCHUTET JKEIE3HOIOPOKHOTO TPAHCIIOPTA; TBOPUECKOE HACIEIIE YISHOTO
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AHAJII3 CYYACHOTI'O CTAHY MNPUCTPOIB ABTOBJIOKYBAHHSI,
METOJAIB UOT'O OBCJYTI'OBYBAHHSA TA KOHTPOJIIO

MeTta. Po3poOka (hopmairi3oBaHOTO OMHCYy POOOTH CHCTEMH YHCIOBOIO KOZOBOTO aBTOOJIOKYBaHHS Ha OCHOBI
aHaN3y XapaKTepHHX BIAMOB CHCTEMH AaBTOOJOKYBaHHA Ta METOAWKH WHOTO TEXHIYHOTO OOCIyroByBaHHS.
Metoamnka. [ npoBeCHHS JOCIIIKEHb 0YJI0 BUKOPUCTAHO TCOPETUKO-aHATITHUHUI MeTo. PesyabTaTh. [Ipo-
aHaJII30BaHO XapaKTepHi BIIMOBU CHCTEM aBTOOJIOKYBaHHS, BUSBJICHO OCHOBHI MPUYMHM X BUHHKHEHHs. BcTaHOB-
JICHO, 110 OUTBIIICTH BiJMOB BHHHUKAa€ 4Yepe3 HELOCKOHAIICTh CHCTEMH TEXHI4HOro oOciyroByBaHHs. [Ipoanai-
30BaHO NepeBary Ta HEJOJIIKM iICHYIO4OI TeXHOJIOTil 00CIIyroByBaHHs aBTOOJIOKYBAHHS; BUSBJIEHO POOOTH, SIKI MO-
JKYTh OyTH aBTOMaTH30BaHi 3a JJONOMOT'0I0 3ac00iB TEXHIYHOTO J1arHOCTYBAHHS; IPOBEAEHO (hOopMati3oBaHui OIHC
CHCTEMH KOJIOBOTO aBTOOJIOKYBaHHS Y BUTIISAL rpadyy B mpocTopi cTaHiB cucteMu. HaykoBa HOBH3HA. 3aIpoIIOHO-
BaHO rpad CTaHIB CHCTEMH YHCIOBOTO KOIOBOTO aBTOOIIOKYBAaHHS, KOTPHHA ypaXx0oBY€e MOCTYIOBHH TIEPEXiJl CHCTEMH
BiJl CIIPAaBHOTO CTaHY A0 BTPATH IMPAaLe3JaTHOCTI, 0 JO3BOJISIE IPOBECTH CEJEKINI0 MiarHOCTUYHOI iH(opMariii 3a
SIKICHUIMH O3HaKaMd Ta 30UTIIMTH S(PEKTHBHICTH BIiIHOBIIOBAIBHHUX POOIT B pa3i BHHUKHEHHS HECHPaBHOCTI.
IpakTnyna 3Ha4uMicTh. OTprMaHi pe3ynbTaTu aHAJi3y ¥ 3ampOIIOHOBaHMUY Tpad CTaHIB MOXKYTh OyTH IOKJIaaeHI
B OCHOBY pO3pOOKM HOBHX 3acO0iB JiarHOCTYBAaHHS NMPHCTPOIB aBTOOJOKYBaHHS, IO, Y CBOIO YEPry, JO3BOIUTH
MIBUIINTH eEKTUBHICTH POOOTH Ta 0OCITyrOBYBaHHS PUCTPOIB aBTOOIOKYBAHHS 3aTaJIOM.

Kniouosi cnosa: aBTOOIIOKYBaHHS; BIIMOBM B pOOOTI; METOAM TEXHIYHOrO OOCIYroBYBaHHs; rpad cTaHiB;
TEXHIYHMH KOHTPOJIb; MOHITOPUHT; [IarHOCTYBaHHSI

Beryn JTO3BOJISTIOYMI BOTOHB, MOXE IPOJOBXKUTH PyX
3 0COOJIMBOIO YyBarow, MIBUAKICTIO HE Oiiblie
20 xm/rox [5, 7] Ta TOTOBHICTIO 3yTHHUTHUCS.

BpaxoBytoun, 1mo JTOBKHHA OJOK-TUISAHKH IIe-
perony Bapitoetbes Big 1 000 go 2 500 M, BigMoBH
B poOOTi MPUCTPOIB aBTOOJIOKYBaHHS Pi3KO Hera-
THBHO BIUIMBAIOTh Ha BUKOHAHHA Tpadiky pyxy
MOi3MiB, 30UIBIIYIOTH BHUTPATH EIEKTPOCHEPrii,
MIPHU3BOJIATH 0 HEraTUBHUX KOMEPIIIMHHUX Ta eKC-
IUTyaTamifHAX HACITiIKiB.

3abe3mneueHHs Oe3neKu pyXy IOi3iB MO 3ai3-
HUYHHUX TMEperoHax MOKIaJeHO Ha CUCTEMY aBTO-
OokyBaHHs. ABTOOJOKYBaHHS — II€ TEXHITHHA
3aci0 1HTEpPBAaJBLHOTO PETYJIOBAHHS PYyXY IOI3MiB
Ha TIEpPEeTOHi 32 CHTHAJlaMH TPOXiAHHUX CBITIO(PO-
piB. Ilpu BimMOBI Tig wac poboTu xoda 6 ommiel
CHUTHAJIBHOI YCTaHOBKH AaBTOOJOKYBaHHS MOi37
MOBHHEH 3YMWHUTHCA, BIiJIIyCTUTH aBTOTallbMa
i, SIKIIO 3a Ied Yac Ha CBITJIOGOpI HE 3’ SIBUTHCS
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3abe3nedeHHsT HAMIHHOCTI pOOOTH CHUCTEM aB-
TOOJIOKYBaHHS MOKJIaJICHO Ha CUCTEMY TEXHIYHOTO
obciyroyBanHss (TO), sike BUKOHYIOTh MpaLliBHU-
KH TOCIIOIapCTBa CHUTHAII3alii Ta 3B’SI3Ky 3TiTHO
3 BUMOTaMH 1HCTPYKIIiH [6, 9], SKi perIaMeHTYIOTh
TUTAHOBO-TTPO(UIAKTHYHUA METO 00CITyTOBYBaHHS
MPUCTPOIB aBTOONOKYBaHHSA. 3a [UM METOIOM
MIPUCTPOI aBTOOJIOKYBAaHHS TIEPEBIPAIOTHCS, 00CITy-
TOBYIOTHCSI Ta 3aMIHIOIOTHCS 31 BCTAHOBJICHOIO T1e-
PIOIMYHICTIO, IO HE A03BOJISIE OE3MepPepBHO KOHT-
POJIOBATH OCHOBHI MapaMeTPU CUTHAIBHOI yCTa-
HOBKH, 3QJIMIIA€ MOXJIUBOCTI IJI1 HESKICHOTO YH
(IKTUBHOTO BUKOHAHHA TEXHIYHOTO OOCIYTOBY-
BaHHS, II[0 MOE€ MPU3BOJUTH J0 BiIMOB B POOOTI
MPUCTPOIB aBTOOIOKYBaHHS.

[MigpuiieHHs: e(EeKTHBHOCTI 0OCIyrOBYBaHHS
aBTOOJIOKYBaHHS MOXITUBE 3a JIOMIOMOTOK BHKO-
pUCTaHHS 3aC00IB TEXHIYHOTO KOHTPOJIIO Ta MOHi-
TopuHry [1, 2].

ToMy akTyajdbHMM 3aBIaHHSM Ha ChOTOHI 3a-
JIMINAETHCS aHANI3 XapaKTEePHUX BiJMOB, IO BHHH-
KaroTh B MPOIIECi EKCINTyaTaIlii CHCTEM aBTOOJIOKY-
BaHHsI, aHaJi3 METOAIB O0OCIYroByBaHHS Ta TEXHi-
YHOTO KOHTPOJIIO CTaHY MPHUCTPOIB aBTOOJIOKYBAaH-
HS, 3 METOIO BUSBJICHHS IX ITepeBar i HEJOJIKIB Ta
MOCTAaHOBKM BHMOT JJIsI PO3POOKH HOBHX 3ac00iB
JIIarHOCTYBaHHS pOOOTH CUCTEM aBTOOJIOKYBaHHS.

MeTta

MeTtor poboTu € po3pobka GHopMai30BaHOTO
OMHUCY CHCTEMH YHCIOBOTO KOJOBOTO aBTOOJIOKY-
BaHHs (UKADB) y Burnsai rpadis craHiB Ha OCHOBI
BU3HAYECHHS XapaKTePHUX BIIIMOB CHCTEM aBTO-
OJIOKYBaHHS Ta aHAIi3y IepeBar i HelOJiKiB iCHY-
I0YMX METOMIB OOCIYyrOBYBaHHS, IO Ma€ CTaTH
OCHOBOIO ISl TTOJAJIBIIO] PO3POOKH CHCTEMH aB-
TOMAaTH30BaHOTO Oe3MepepBHOIO KOHTPOJIO Ta
nmiarHoctyBanHs YKAB.

MeTtoaunka

[onaneura po3poOka Oyne 3iMCHIOBATHCH 3a
JOMIOMOTO0 TEOPETUKO-aHATIITHIHOTO METOY.

Ananiz xapakmepuux 6ioM08 npucmpois aemo-
010Ky 8aAHHSL.

OCHOBHHMM KpUTEpIEM OIIHKH e(eKTHBHOCTI PO-
00TH OYIb-SIKOT CHCTEMH aBTOOJIOKYBAHHS € KUTBKICTh
BIJIMOB, 110 CTAJIUCh B CHCTEMI 3a IIEBHHUI MIEPIOJT Yacy.

Sk GauMMo 3 aHaNi3y CTATUCTHYHUX JNaHUX [3],
OJTHUM 13 HEHaNlIHHUX €JEeMEHTIB aBTOOJIOKYBaHHS

€ petikoBe koo (PK), 11e o0ymMoBItO€TECS CKITaa-
HICTIO 0OCITyrOBYBaHHSI €JIEMEHTIB peHKOBOT JiHi1,
AKi po3ocepekeHl B MPOCTOpi. binblricTs BiAMOB
PEMKOBOrO KOJla BHHUKAE 4epe3 3aMHUKaHHS 130-
JIFOFOYMX CTHUKIB Ta IHIIUX 130JALIHHUX €JIEMEHTIB
29 %, a TakoX yepe3 OOpUB CTUKOBHUX 3’ €IHYBadiB
20 %. HecnpaBHocTi, 1m0 MOB’s3aHi 3 MOpPYIIEH-
HSIM PETYJIIOBaHHSA PEHKOBOIO KOJa CTAaHOBISATH
12 % BumazakiB, 3aMUKaHHSI PEHKOBOI JiHIT uepes
€JIIEMEHTH BEpXHBOI OyIOBM KoOJIii Ta uepe3 30BHi-
IIHI egeMeHTH — 16 %, yepe3 HeclpaBHOCTI B ama-
patypi PK craetbes 10 % BigmoB. HecnpaBHocTi
i3onsiiiauX enemeHTiB mpuctpoiB PK Ta Hecnpa-
BHOCTI APOCENIFHUX MEPEMHYOK CTAHOBJATH 3 Ta
4 % BimnoBimHo. HecmpaBHOCTI depe3 BCTaHOB-
JICHHS HETUIIOBUX JPOCENBHUX IMEPEeMUYOK, 3HU-
JKEHHSI ONOopYy i30Jidmii OamacTy Ta 3a HEBCTaHOB-
JICHUX TPUYHH CKIAAAIOTh 10 2 % BiMOBIIHO BCiX
MOUIKOJPKEHb PEWKOBUX Kul. Posmomin mpuuun
BiJIMOB PEHKOBHX KiJI HaBEJICHI Ha puc. 1.

g 9 10
6 206 2% 2%

29%

2
20%

Puc. 1. Po3moain npuyrH BiAMOB PEHKOBHX Ki

B cucremi 4mCIOBOrO KOJOBOTO aBTOOJIOKY-
BaHHS CHUTHAJIBHUM CTPYMOM PEHKOBOTO KoOJja
€ KOJIOBaHUI CUTHaJl aBTOMaTUYHOI JIOKOMOTHUBHOT
cur"amzarii (AJIC). Ile 00yMOBHIIO BUKOPUCTaH-
HS B CHUCTEMi CKJIAIHUX MHQPYOYHX Ta JIemud-
PYIOUHX TPHCTPOIB, HIBUIKOMIIOYHX pelie, eleKT-
PONIITUYHUX KOHACHCATOPiB Ta miomiB. HamiitHa
poboTa i€l anapaTypy BUMAarae sSKiCHOTO TeXHIY-
HOT'O OOCITYTrOBYBaHHS y BU3HAUEHI Mepioau vacy.
Haiibinpima KinbKiCTh BiIMOB AeIH(pPYOYOi ara-
paTypy BUHUKA€E B HACTIOK BiIMOBH KOHACHCATO-
piB 58 % Ta mioniB 16,8 %, mopymeHHs 4acOBUX
Ta KOMYTALIMHUX MapaMeTpiB pelie BUKIUKAIOTH
13 % BigMoB. 30UTBIIEHHS TEPEXiHOTO OIOpPY
B LITETNICETILHUX PO3HIMAaX pelie BUKIHKATh 8,3 %
BiZ]MOB, Ha iHILI Ta HEBCTAHOBJICHI MPUYMHHU TPH-
nazae 3,9 % BigMOB NpUCTPOiB MM(PYBaHHS Ta
nemdpyBanHs aBToOMoKyBanHs [1]. Posmomin
OpUYMH BiZMOB mm(pyodoi Ta Aemudpyrouoi
amaparypu aBTOOJIOKYBaHHS HaBEACHO Ha pHC. 2.
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58%

Puc. 2. Po3noain npuunH BigMoB mudpyrouoi
Ta nemudpyrodoi anaparypu aBTOOJIOKYBaHHS

[lig yac aHanmizy NMpUYMH BUHUKHEHHS HECHpa-
BHOCTEH B CHCTEMax aBTOOJOKYBaHHS KEPiBHMLIT-
BOM 3aJIi3HHUII TPUHHATO PO3PI3HATH TaKi OCHOBHI
NPUYMHU BiIMOB aBTOOJIOKYBaHHs. 3arajbHi eKc-
TUTyaTaliifHi MpUYMHY, Ha AKi pUNagae OUTbIIICTD
BimMOB 86,5 %. 3 HHX Yepe3 HesKiCHe BHKOHAHHS
po0iT 3 TexHiuHOrO OOCHmyroByBaHHs 37,5 %, He-
BUKOHAaHHS CTpPOKiB mepeBipok 36 %, HeskicHy
MEPEeBIpKY B PEMOHTHO-TEXHOJOTIYHHUX MIiITHKAX
6,2 %, 3 BUHH TIOCTa4YaIbHUKIB 0OMagHanHs 12,8 %,
yepe3 CXEMHO-KOHCTPYKTWBHI Hemomiku 1,2 %,
MOPYIIEHHS MTPaBUJI BUKOHAHHS POOIT Ta MOXUOKU
MIpH X BUKOHAHHI BHKJIMKAIOTH 2,5 Ta 2,8 % ekc-
IUTyaTaliifHUX HeclpaBHOCTEH BiamosigHo. He-
3HAYHUM YMHOM BIUIMBAIOTH Ha POOOTY aBTOOINO-
KyBaHHSl BIUIMBU CTOPOHHIX oprasizaumii 1 % Ta
BIUIMB TPO30BHX 1 KOMYTaIliltHUX miepeHanpyr 2 %.
[MpuunHu BiAMOB, 10 HE OyJiM BCTaHOBIJEHI, 3a-
wmaroTe 10 % Big 3arajpHOI KIJIBKOCTI, 3 1HIIHX
MpUYUH cTaeTbesa 2 % BiIMOB B POOOTI MPUCTPOIB
aBTOOJIOKYBaHHS.

TakuM 4MHOM, OUIBIIICTEH BIAMOB CHCTEM aBTO-
OJIOKYBaHHS BUHHKA€E Yepe3 eKCILTyaTalliiftHi Hemo-
JKY, M0 MOXKYTh OYTH BHKIHKaHI HEJOCKOHAIiC-
TIO CUCTEMH TEXHIYHOTO OOCIyroByBaHHS, CKJal-
HICTIO BUKOHAHHS MIEPEBIPOK HA CUTHAJIBHUX yCTa-
HOBKax, SIKI PO3MIIICHI Ha 3HAYHIN BiJCTaHI Bix
eKCIUTyaTaliiiHO-PEeMOHTHHX LeXiB, HEIOCKOHAIIC-
TIO CUCTEMH KOHTPOJIIO 32 BUKOHAaHHIM pobit 3 TO
Ta IHIAMHA TpuduHaMU. JIJIS pO3yMiHHS TPUINH
eKCIUTyaTallliHUX BIJIMOB HEOOXIJIHO BHKOHATH
aHaJIi3 iCHYI04Oi TeXHOJIOril 00CIyroByBaHHS HpH-
CTpOiB aBTOOJOKYBaHHS.

Ananiz mexunonocii 06¢cny208y8anus npucmpois
a8moONOKY8aAHHS.

s 3abe3mneueHHs HamiiHOI Ta O6e3mepebiiHol
poOOTH CHCTEMHU YHCIIOBOTO KOJJOBOTO aBTOOJIOKY-

24

BanHa (UKADB) HeoOXximHe cucTteMaTHdHe 00CITy-
TOBYBaHHS Ta KOHTPOJIb NIApaMeTpPiB BCiX eJeMeH-
TiB CUCTEMH aBTOOJIOKYBaHH:. Bci poboTm 3 Tex-
HIYHOTO OOCIYrOBYBaHHS TPHUCTPOIB aBTOOJOKY-
BaHHS BHUKOHYIOTHCS 3TiTHO 3 BUMOTaMH IHCTPYK-
it [5—6] Ta IHIIMX HOPMATUBHUX JOKYMEHTIB.

Oco0mMBOCTI opranizaliii TeXHIYHOTO 00CITyTO-
ByBaHHA npucTpoiB CLIb Ha meperonax Ha BigMiHy
BiJl CTaHIII 3yMOBJICHI BEJIMKOI TEPUTOPIaAIbLHOIO
PO30CepeKEHICTIO MPUCTPOIB B3IOBXK JIiHIT 3aii3-
Huti. Le#t dakT mopsan 3 HepiBHOMIPHICTIO pO3MO-
JITy TIepcOHAITy 10 JiISHII, pi3HUM CTyIeHeM Ho-
r0 YKOMIUIEKTOBAHOCTI 1 pi3HOMaHITHUM XapakTe-
poM Tix’i3HUX JOpIr i 3aco0iB MepecyBaHHS BH-
3HAUa€ BIAMIHHOCTI y ¢opMax OpraHizallii Impari.
Jlns Takux JUISHOK MOXKJIMBI YOTHPH METOIU 00-
CIlyTOBYBaHHSI: METO]] MiCIIEBUX OpHras, KOMILICK-
CHUH, IIeHTpalli3oBaHWi 1 BaxtoBmi. [lepmri mBa
METO/IM 3aCTOCOBYIOTH, SIKIIO TIEPCOHAT MPOKUBAE
Ha TEPUTOpii, IO 3HAXOAUTHCA MOOIHM3Y MaJnX
CTaHIIiif; OCTaHHI J[Ba — 3a BiJICYTHOCTI XHUTJIa Tep-
COHAIy TOONHM3Yy MiISTHOK OOCIyroBYBaHHS a0o
HU3BKO1 YKOMIUICKTOBAHOCTI AinbHHULB. [Ipu 1160-
My IIiJ{ METOJIOM TE€XHIYHOTO OOCIyrOoBYBaHHS Ma-
€THCS HA yBa3l CYKYITHICTh TEXHOJIOTIYHHX Ta Op-
raHi3alifHUX MPaBUJ BUKOHAHHS OMNepalii TexHi-
YHOT0 00CIYrOBYBaHHS i peMOHTY. [yt mpucTpois
Cllb, sK mpaBWIO, 3aCTOCOBYIOTH TIEPIOTUTHE
TEXHIYHE OOCIYrOBYBaHHS, sIKe Mepeadadae BHKO-
HaHHS 3aBIAaHOT0 o0csry poOiT Yepe3 TOuHi iHTep-
BaJIM 4Yacy HE3aJEKHO BiJl TEXHIYHOTO CTaHy NpH-
CTPOiB aBTOOJIOKYBaHHS.

OCHOBHHM CHTHAJIBHUM TPUCTPOEM B CHUCTEMI
aBTOOJIOKYBaHHS € CBITIOQOpP, TOMY 3a0e3IedeH-
HIO HafiitHOI poOOTH Ta YiTKOi BUIUMOCTI MPOXif-
HUX CBITIOQOPIB MPUAINSETHCS 3HaYHA yBara. [le-
peBipka BUAUMOCTI CHUTHAJbHUX BOTHIB CBITIIO(O-
piB 3 KoIii BHUKOHYETHCS IMiCIs KOXXHOI 3aMiHU
namrt abo JIH30BOr0 KOMILIEKTY, ajie He Pifle Hixk
IBa pas3u Ha pik. [Ipy npoMy BiyabHO mepeBips-
€ThCA BIAMOBIIHICTH HAJBHOCTI BUAMMOCTI CHUTHA-
JBHUX MOKa3aHb TOTO BOTHIO, IKMH B IEBHUN MO-
MEHT TOPHUThH Ha CBITJIOQOPIi, BCTAHOBICHUM BUMO-
ram [8]. IlepeBipka BUIUMOCTI CUTHAILHUX BOTHIB
Ha TOJIOBHUX KOJISIX IIEPEroHiB 3 JIOKOMOTHUBA,
a TakoXX il JOKOMOTHBHOI CHUTHAaJI3aLii Ta BiaIo-
BITHOCTI MOKa3aHb KOJIHHOIO 1 JIOKOMOTHBHOTO
CBITIIO(OPIB BHKOHYETHCS CTapIIUM EIEKTPOMe-
XaHIKOM 1 MaITHHICTOM JIOKOMOTHBAa pa3 Ha Mi-
cslpb. IcHYIOTE JeKinbka TUIIB pobiT 3 00CITyroBy-
BaHHS TPOXiMHUX CBiTIO(OpiB, MmO TMOB’sA3aHI
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3 HEOOXIIHICTIO BUMIPY HANPYTH HA jamIax CBiT-
snodopa. /1o HUX BIAHOCSATHCS: BUMIPIOBaHHS Ha-
Npyry Ha JlaMIax CBITIIOQOpIB MpU AEHHOMY pe-
JKUM1 JKUBJICHHS, IO BUKOHYEThCS TIPH 3aMiHi
JIaMTI, ajie He PiJiie HiK OJWH pa3 Ha piK MpU BU-
KOPUCTaHHI OJTHOHUTKOBUX JIaMIT Ta OJUH pa3 Ha
JIBA POKH TIPH BUKOPHCTAaHHI JTBOHUTKOBUX JIAMIIL,
3 MOXKITUBICTIO TIEPEXOy Ha pPe3epBHY HHUTKY; BH-
MIpIOBaHHS HaNpyTrH Ha JIaMIax CBITIIOQOPIB MpH
aBapiiHOMY Ta HIYHOMY >XHBJICHHI Ta TepeBipka
Il cXeMH TOJBIHHOTO 3HW)KEHHS HAIIPYTH, SIKi BH-
KOHYIOTBbCS €JIEKTPOMEXaHIKOM Tepell BBEACHHSIM
NpUCTPOiB B eKciutyaranito. LlumMu mepeBipkamu
BCTaHOBITIOETHCS BIATIOBITHICTh MiXK (PaKTHYHOO
HaIIpyTOI0 Ha JIaMITi CBiTII0Ohopa Ta HOPMaMH.
BaxuBilmM eeMeHTOM 00CITyTOBYBaHHSI CHC-
TEMH TEXHIYHOTO OOCIYTOBYBaHHS CHUCTEMH aBTO-
OJIOKyBaHHSI € OOCITyTOBYBaHHS Ta TIepeBipka mapa-
MeTpiB anaparypu. [Ipu oOciyroByBaHHI MPUCTPOIB
aBTOOJIOKYBaHHSI BUHUKAIOTH JIBI OCHOBHI Ipooie-
mu. [lo-miepiiie, amaparypa aBTOONIOKYBaHHS po3Ta-
[IOBaHa B peJiedHuX madax Ha MeperoHax, TOMY
CJIEKTPOMEXaHIK Ma€ 3MOTy BHKOHATH IEPEBIPKY
JIe OCHOBHUX mapamertpiB. llo-mpyre, ckiamgna
CTPYKTypa TIPHCTPOiB, SKi BHKOPHUCTOBYIOTHCS
B CHCTEMi, IO 3yMOBIIIOE HEOOXIIHICTh MEPEBIPKH
0araTbOX MapameTpiB, SKi HEMOXKIMBO HEPEBIPUTH
Oe3nocepenHb0 HA CUTHANBHIN ycTaHOBIN. Tomy
00CITyroByBaHHS 3OMHHX TPUCTPOIB BUKOHYETHCS
B peMOHTHO-TexHonoriuHii aiasaui (PT) aucran-
il curHamizamii Ta 3B’s3Ky 3riHO 3 TpadikoM Iepi-
ONWYHOI TIepeBipku mpucTpoiB. Ilig gac mepeBipku
CTaHy TpPWJIAJIB 3BEPTAIOTh yBary Ha MOPYLICHHS
IIOCTI KOHTAKTIB, 1X 0OrOpaHHs, a AJsl BYTLIEHUX
KOHTAKTIB Ha HAsSBHICTH TPIIIWH, BUICPOWHU, BU-
MaJiHHSA TBUHTIB, FAOK a0o0 IHIIMX JeTaiel Bcepe-
JMHI perie, a TaKOXX MOMITHE OclabJIeHHS IXHBOTO
KpITUIeHHsA, TosiBa ipi a0o0 TUTICHSABH BCepeanHi
pere, MOpYIICHHS IIJIOCTI KOXKyXa, SIBHE TOPYIICH-
HS BCTAaHOBJICHOTO 3a30pY MK KOHTaKTaMu, oOMep-
3aHHS KOHTAKTiB peie, MOMIiTHE HEOJAHOYacHE 3a-
MUKaHHS 1 pPO3MHKAaHHS KOHTAKTiB, CITyJyBaHHS
1 IOTBOKH €JIEKTPOJITY, ENEKTPOJITUIHIX KOHICH-
caTopiB, MiATOpaHHs pe3UCTOpiB a00 0OMOTOK, KOH-
TaKTyBaHHS €JIEKTPUYHHX JIAHIIOTIB Yepe3 TOpKaH-
HSl CTPYMOHECYYMX YaCTHUH TPHJIaJiB, 3MEHIICHHS
3a30py MK HAKOHEUHHKaMH MOHTa)KHHX TPOBOJIIB,
HESKICHY TaiiKy, MOpPYIIEHHS CTPOKIB TEPEBIPKH,
BIJICYTHICTh €TUKETOK, TNTOMO a00 BiIOWTKIB Ha pe-
Je B MicusX, MpU3HAYeHUX Ui MIOMOYBaHHS Ta
JIOCTYITHUX JUIS 30BHIMIHBOTO ormsimy [11].

IlepeBipka cTaHy MPHITAIB 1 MITETICETBHUX PO3-
€TOK B ONAIIOBATBGHUX 1 HEONATIOBAJIBHUX TPHMi-
HICHHAX eNIEKTPOMEXaHiK BUKOHY€ pa3 Ha piK Orisi-
oM 3 0OKy MOHTaXy, a NMPUJIaAiB, 110 HPaLIOIOTh
B IMITyJTLCHOMY a00 ITUKIIYHOMY PEXHMIi, IBa Pa3u
Ha pik. s mrencensHUX pO3ETOK, BCTAHOBICHUX
B peneiiHuX madax, 30BHINIHIH OIS JOMOBHIOIOTh
BHMIpPOM 3JIMIITKOBOI HAIPYTH Ha CHTHAIGHUX, JIi-
HIHUX, KOJIIHUX peie 1 IX MOBTOPIoBaYaXx.

BuMipioBaHHs Hanmpyrd Ha EJIEKTPOJTITHYHHUX
KOHJIGHCATOpax 1 BUMPSAMIITYaX OJIOKIB gemudpa-
TOpa KOJOBOTO aBTOOJOKYBaHHS BUKOHYETHCS
€JIEKTPOMEXaHIKOM pa3 y KBapTajd. Bumipu Bcix
napameTpiB amapaTypd CHUTHAJIBHOI TOYKH BHKO-
HYIOTHCS Ha BUMIiPIOBAIBHIH ITaHETT.

CucreMa 4KCIOBOTO KOJIOBOTO aBTOOJIOKYBaH-
Hs TOOyTOBaHA TaKUM YHHOM, IO iH(opMaIlis mpo
CTaH TIONEPEIHIX OJOK-IMIJITHOK IepPeaacThes 10
peiikoBomy komy curHamamu AJIC, Tomy s BU-
KOHaHHS CBOiX OCHOBHHX (yHKLiH cuctema UYKADB
He noTpelye kabenpHuX niHil. [lonpu ne kabenbHI
JiHIi aBTOOJIOKYBaHHS BHKOHYIOTh BaXUIHBI (yHK-
uii mo 3a0e3MedYeHHI0 MOJBIHHOTO 3HIDKEHHS Ha-
Npyrd Ta JOUCIETYEPCHKOTO KOHTPOJIO MO JiHii
JCH-O/ICH, crioBimeHHs mMpo HAOMMKESHHS T013-
nma no cragmii mo ainii M-OU, MOXIHBICTE 3MiHH
HampsIMKy Ha mneperoni mo minii H-OH, ta xoHT-
POJIb HATIPSIMKY PYXy HPH YOTHPHUIIPOBOIHIN cXeMi
3MiHU HanpsMKy 1o Jinii K-OK.

B mpoueci oOciyroByBaHHs KaOenbHUX JiHiH
CTapIUil eNeKTPOMEXaHIK Ta eNeKTPOMEXaHiK
Clb 2 pa3u Ha pik BUKOHYIOTh BUMIPIOBaHHS BCiX
JKUIT Kabesro, y TOMY YHCIH1 3allacHUX, 00 3eMJIl
TIpH BUSBJICHHI 3HIDKEHHS OTOPY 130JAIi1 KOXKHOT
KUK Kalemro, B IepepaxyHKy Ha 1 KM JOBXUHH
MEHIIIE BCTAaHOBJICHHX HOPM, aje He HWXKYE
15 MOM, KOHTpOJb OMOpY 130JIALii BUKOHYETHCS
pa3 Ha Micsaus. [Ipu moxanbIIOMy 3HIKEHHI 130J15-
mii kabemro Menme 15 MOM Ha 1 KM JOBXHWHH II0-
BUHHI PEMOHTYBATHUCS MPOTITOM He Oinble 1’ sATH
0 3 MOMEHTY BUSBJICHHS 3aHIDKEHHS 130JIAIIi,
a 0 YCyHEHHS TPHYMH ITOIIKOJDKEHHS 130JIAIIis
TAKOTO KaOEem0 KOHTPONIOETHCS ENEKTPOMEXaHi-
KOM IoJHs [9].

AHani3 BIIMOB CHCTEMH 4YHCJIOBOIO KOJOBOTO
aBTOOJIOKYBaHHS II0Ka3ye, IO BEJIWKa KIUTBKICTbH
Bi]MOB CHCTEMH TNPHUXOJUTHCS HA €JICMEHTH pei-
KOBHUX KiJI, TOMY iX OOCIlyrOBYBaHHIO MPHIIISIETh-
cs1 oco0HBa yBara.

Oco6nuBicTIO 00OCITyrOBYBaHHSI PEHKOBHX KiJl
€ TIOJILT POOIT MiXK TIpalliBHUKaMU AUCTAHIIH KOJIii,
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CHUTHaJTi3aIli Ta 3B’sA3Ky, €HepromocradaHHsi. Ta-
KWW TO/IiN po0IT BUMarae 37aro/pkeHoi podoTH Ta
TiCHOT B3a€MOJIii MiXK COOOI0 TIEPCOHATY IHX Tif-
PO3ALITIB.

IlepeBipky cTaHy peHWKOBHX KiJI Ha IEperoHi
BUKOHYIOTH CITUTBHO €JIEKTPOMEXaHIK Ta JOPOXKHiiH
MaiicTep 4un Opuramup KoJii He pijire HiX pa3 Ha
MiCSIlb, TIPH IIEOMY IIEPEBIPSAIOTH CTaH CIIEMCHTIB
PEWKOBUX KiJl, HAAIWHICTD IXHIX KpIiIUIEeHb Ta Mpa-
BUJIBHICTh iXHIX BCTaHOBJICHHs, OCOOJNUBY yBary
MPUIUISIIOTh HAassBHOCTI PEUKOBUX 3’ €IHYBadiB.
Takoxx TepeBipsIETCA MPABUIIBHICTh 1 IHIUIBHICTH
3a3eMJIeHb, HasIBHICTh 3a30py MiX MiJOIIBOIO peid-
KH 1 OamacTtoMm, mepeBips€eThCs CTaH OanacTy i BO-
noBiaBoaiB. OMHUM i3 HEHAMIHHUX €JIEMEHTIB peii-
KOBOT'O KOJIa € 130JII0I0YHH CTHK, TOMY BUKOHYETh-
Cs BHMIpIOBaHHS TMapaMeTPiB YCiX 130JFOIOYHUX
CTHKIB Ha TeperoHi. Pa3 y kBapran emekTpomexa-
HIK BUKOHY€ BUMIPIOBAaHHS HaNpyrd Ha KOJIHHUX
pelie pedKoBUX Kill Ha meperoHi. Jlo Toro x Bumi-
PIOBaHHS BMKOHYIOTHCSI TAaKOX MicCIsI 3aKiHYCHHS
BHKOHAHHSI HOBUX pOOIT, IpH BBEACHHI MPUCTPOIB
B EKCIUTyaTallilo, 3aMiHU anapaTypu pelKoBHX KiJ,
a TaKOX IiCIIs X peryJtoBaHHs [6].

Crpym AJIC B peiikax Ha BXiTHOMY KIiHII peii-
KOBOT'O KOJIa 1 TPUBAJIICTD MEPIIOTO iHTEPBATy MiX

IMITYJIbCaMH KOJIOBOTO ITUKITY BUMIipPIOETHCS €IICKT-
pOMEXaHIKOM 1 EJNeKTPOMOHTEPOM pa3 Ha piK,
a TaKkoXX NP BU3HAYCHHI MpHYHMH 30010 B POOOTI
npuctpoiB AJIC, micns peryiroBaHHS IapaMeTpiB,
3aMiHA KOJOBOI amapaTypw PEHKOBOTO Koia i 3a
pesynbTataMu nepeBipku npuctpois AJIC Bumipro-
BaJIbHUM KOMILIEKCOM BaroHa-nadopatopii [10].
IlepeTnHu 3ai3HUYHAX KOMJiM 3 aBTOMOOIIb-
HUMH NUISIXaMH Ha OJHOMY DIiBHI 00JaTHYIOTBCS
NPUCTPOSMH aBTOMAaTHYHOI Mepei3Hoi curHamizamii
(AIIC). Ilix yac obcmyroByBanHs npucTtpoiB AIIC
MePEeBIPAETHCS CTaH aKyMyJATOpHOiI OaTapei 30B-
HIIIHIM OTJISIOM Ta HIJISIXOM BHMipIOBaHHS HaIlpy-
TH Ta IIUIBHOCTI €JEeKTPOIITYy, CTaH 1 B3aEMOJisd
YaCTUH €JIEKTPONPHUBOAA Ta €JIEKTPOABUTYHA, CTaH
KIHIIEBUX BHMHKAUIB 1 MOHTAXY EJICKTPONPHUBOJIA
aBTonIIarbayma, CTpyM €JIEeKTPOABUTYHA MpPHU HO-
pMaipHiIE poboTi Ta poboTi HAa (PpHUKIIIO, CIIpaB-
HICTb poOOTH 3BYKOBUX CHIHAJIB, BUAUMICTH Ta
YacTOTa MHTaHHS Tepei3sHux CcBiTIO(QOpiB, cTaH
IIMTKA YIPABJIiHHS Ta €JIEMEHTIB peHKOBOTO Koja
[4]. OcHOBHI poOOTH 3 TEXHIYHOTO OOCITyTOBYBaH-
HS TPHUCTPOIB aBTOONOKYBaHHS, IEPIOAUYHICTD
uX poOiIT Ta MOXKIIMBOCTI 1X BUKOHAHHS 3aco0aMu
TEXHIYHOTO MIarHOCTYyBaHHS 3BEACHO y Ta0m. 1.

Tabnuns 1

3axoau 3 TEXHIYHOI0 00CTYrOBYBAHHS NPHUCTPOIB ABTOOIOKYBAHHS

Buxonanns 3acobamu
[TyHkT . .. Bukonanus 3acobamu
. Omuc poboru ICHYI0401 TeXHOJIOT1i . .
1HCTPYKII11 TEXHIYHOI'O A1arHOCTYBAaHHSA
00CITyrOBYBaHHS
OO0ciyroByBaHHsI ITPOXiHUX CBITIO(OPIB
. . 1IH i M
8.1 IlepeBipka BUIUMOCTI CUTHAJIBHUX . .
L . BI3yaJIbHO HE piiie He BukoHyeThCS
ITI-0060 BOTHIB CBITJIO(OPIB 3 KOJIiT .
pas Ha pik
[epeBipka BUIUMOCTI CHTHATBHHUX JIOKOMOTHUBHUM MIPHUCTPO-
BOTHIB CBITJIOOPIB 3 TIOKOMOTHBA . €M KOHTPOITIO JIOKOMOTHB-
8.2 a TaKoX mii J'IOK?)M%TI/IBHOI cnrHani3’a HIHC Ta mammiicr HOT ngaﬂiz.auﬁ npu
LI11-0060 TAKO Ut I ! 32 pa3 Ha Micsb i Tp
Iii Ta BIAMOBIOHOCTI MMOKa3aHb KO- MIPOXOKEHHI Moi3/1a
HOTO 1 JIOKOMOTHBHOTO CBITJIO(OPIB 110 JiISHIN
BuMiproBaHHS HaIpyTH Ha JIaMIIax . [MocriftHO PUCTpOSIMH
8.6 ﬁ OXIIHUX CBri)T}ZIO(bo iB: ILTH y serasosren BUMI }OBaHH;E) 6e31r316 epB
[111-0060 pox . p1B: CTPOKH 3MIHH JIAMIT p pep
ITICIIS 3MIHU JIAMIT HUX BEJINYHH
8.7 Te came B aBapiiiHOMY Ta HIYHOMY ITpu BBOAI TPHUCTPOIB
: . Skuio € morpeda
[LIT-0060 pexumi B €KCILTyaTallito
8.8 . [pu BBOAI npucTpoOiB
) Te came B pexxumi [ICH . Sxmio € morpeda
[OLI-0060 p A B €KCILTyaTalio B P
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3akinueHHs Ttabdim. 1

Buxonanus 3acobamMu
ITyskr . .. Bukonanus 3acobamu
. Omnuc pobotu ICHY}0401 TeXHOJIOT1] . .
1HCTPYKI11 TCXHIYHOT'O A1arHOCTYBaHHSA
00CITyroByBaHHS
OO0ciyroByBaHHS anaparypH aBTOOJI0KyBaHHS
12.1 30BHIIIIHS TIEPEBIpKa CTaHy MPUIIAIIB [TH
PEBIp Y TIpHIazis, . He BukonyeThcs
[OLI-0060 LITENCENIbHUX PO3ETOK pa3 Ha pik
123 BumiproBaHHs HalIpyTH Ha €JIEKTPOJIi- TIH [MocTiiiHO pUCTPOSIMU
) TUYHUX KOHACHCATOPAaX i BUPAMIIIIAX BHUMIipIOBaHHS Oe3mepeps-
[LI-0060 e p P pa3 B KBapTal p pep
6mokiB memmdparopa HUX BEJINIHH
[epiognyna 3amiHa pene, OIOKIB . .
12.6 iHEI oi'zlana ATYDH 1 npx ne’ eBi KH’ IHC 1 IIH [Ipu BUSABJICHHI BiIXWICHB
III-0060 paryp peBIp 2 pa3u Ha pik mapameTpiB BiJ HOPMHU
xapakrepuctuk B PT]]
OO6cnyroByBaHHA KaOeTbHIX JIiHIH
TK 58 BumiproBanHs onopy i3ouisiiii HIHC i IIH 2 pa3u Ha Pa3 Ha neHs npucTposiMu
I{11-0042 BCIX XKHJI KaOeIro piK KOHTPOJIIO OOPY 13011111
OO6cnyroByBaHHS PEHKOBUX Kijl HA TIEPETOHI
[MocTiiiHNiA KOHTPOIIB
10.1 [TepeBipka pelKOBHUX Kil IIH i 16 3aMUKaHHS 130JTF0I0UUX
[OLI-0060 Ha MeperoHax pa3 Ha MicsIb CTHKIB Ta 4YaCOBUX
napametpiB koxy AJIC
103 BumiproBaHHs HanpyTH Ha KOJIHHIX 111 [MocriftHO IPUCTPOEM KOH-
) eJe Ta KOMWHUX mpuiMadax TpOJIIO Oe3mepepBHUX
[LI-0060 p . P pa3 Ha KBapTam P pep
PEHKOBHX KiJT nmapamMeTpiB
[Tix gac mpoi3ay noizaa
. . MPUCTPOSIMHA KOHTPOJIIO
10.7 BuMiproBaHHS KOJOBOTO CTPYyMY 1TH 1 IIIM PHCTP p
o . cur"any AJIC Ha 1okomo-
[LIT-0060 AJIC B peiikax pas Ha pik .
THUBI Ta YaCOBHX Mapamer-
piB xoxy AJIC
[TepeBipka aBToMaTH4HOI epei3HOi cUrHasizanmii
KomrutekcHe 00cayroByBaHHS . [ocriitHO PUCTPOSIMH
TK 45a MPUCTPOIB aBTOMaTI/I‘}IIHO'l'}l'IIe €i3HOi1 LH i IIHC KOHTPOJIIO 6ezne 2 BHHX
[I11-0042 PHCTPOIB 28T p pa3 Ha KBapTan p pep
CUTHAJIi3aMii 3 aBTonuIaroayMom mapaMeTpiB
Pa3 Ha meHs 3acobamu
[ITH pa3 Ha THXeHb Ha 5
. KOHTPOJIIO Oe3mepepBHUX
13.1 KommutexcHe 06¢ayroByBaHHS nepeiziax 3 aBTOO0yCHUM .
. . .. .. mapaMeTpiB Ta MPUCTPOEM
LII-0060 | i mepeBipka aii nprcTpoiB Ha nepei3nax | pyxom 0e3 aBTOMaTHYHO- .
KOHTPOJIIO aKyMYJISTOPHOT
r'0 KOHTPOJIIO .
Garapei

Ananiz MOJNCIUBUX CIAHIB CUCTHEMU YUCT08020
K0008020 a8moOI0KYEAHHA.

Sk 6aunmo 3 Tabu. 1, OinbIIiCTh (QYHKITIH 3 00-
CIIyTOBYBaHHS MPHUCTPOIB aBTOOJOKYBaHHS MOXK-
JIMBO aBTOMAaTH3yBaTH, BUKOPHCTOBYIOUH 3acO0U
TEXHIYHOI niarHOCTHKH. [1ix yac po3poOku miarHo-
CTUYHUX CHCTEM BHHWKa€ HEOOXiTHICTh BH3HA-
YEHHS KIHIIEBOI KIIBKOCTI CTaHIB, B SKMX MOJXKE
nepedyBaTy 00’ €KT IarHOCTYBaHHS.

3rigHO 3 KIACHYHOIO TEOPI€I0 AiarHOCTYBaHHS
HECTIPaBHUM OO’ €KT JTIarHOCTYBAaHHS BBAYKAETHCH,
SKIO OyAb-SKHI MapameTp, KU KOHTPOJFOETHC,
BUXOJIIUTH 32 MEXi BCTAHOBJIEHOI HOPMU; TTiJ] CIIPaB-
HUM 00’ €KTOM Ma€ThCs Ha yBa3i 00 €KT, SKUM BifIo-
Bif[a€ BCIM BUMOTaM, IO JIO HbOTO BHCYBAIOThCS 3Ti-
JTHO 3 HOPMAaTHBHO-TEXHITHOIO TOKyMeHTartiero [11].

[Ipu TakoMy migxo/i, HaBITh HAUMEHILIUI BUXI]
3 HOpMH OYyIb-SKOTO TapaMeTpa POOOTH CHCTEMH
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MOBMHEH HETaifHO BUSIBJISITUCS TiarHOCTUYHOIO CHC-
TEMOIO SIK BiJIMOBA, Ta CITOBIIIATH PO IIe 0OCTYTO-
BYIOUHI MIEpCOHAJ, BUMAararoul HeralHoro yCyHeH-
HSl BUSIBIICHOTO HEAONIKY. Y XO.i aHamizy pobotu
ICHYIOUMX JIarHOCTHYHUX cucteM [13] Oyio
3’5ICOBaHO, 1110 TAKUH MiAXia He € eekTuBHUM. Bu-
XOJISTIH 3 IHOTO, PO3POOHUKAMH CHCTEMH aBTOOJIO-
KyBaHHsI OyJIO 3aKJIa/ICHO MIEBHY Pi3HUIIO MIX 3Ha-
YeHHSIMH IapaMeTpiB, L0 BUMAarae HOPMaTHBHO-
TEXHIYHA JTOKYMEHTAIlisl, Ta 3HAYCHHSAMH, TPH SIKHX
cHucTeMa BTpavae CTabiIbHICTh poOoTH. BpaxoByto-
9y 111 haKkTH, MOXKHA CTBEPKYBaTH, IO iCHYE JIEKi-
JbKa CTaHiB B HECHPAaBHOI CHUCTEMH, SKi TOBHHHI
BUSIBIISITHCS JIarHOCTHYHOIO cuctemoro. [Ipu npomy
JiarHOCcTHYHA iH(opMallis, 10 TmepeaacTbes 10 00-
CI[yTOBYIOYOTO TIEpCOHAy, MOTpedye cemekuii 3a
KpHUTEpieM 11 TPUBOXKHOCTI, TOOTO HAOIMKEHHS T1a-
paMerpa, 10 KOHTPOJIOETHCS, 1O 3HAYCHHS, TPH
SKOMY CHUCTEMa MOKE BTPATUTH Mpale3JaTHICTb.

Ilix mpane3gaTHUM CTaHOM 00’ €KTa JAiarHOCTY-
BaHHS MA€ThCS HA yBa3l CTaH CHCTEMH, IIPH SIKOMY
BCl TIapaMmeTpy, IO BIUIMBAIOTH HA MOKIHBICTH
CHCTEMH BHKOHYBAaTH 3aaHi (DyHKIIii, 3HAXOASATh-
cs B Mexkax HopMmu. Komm cucrema € mpanesnart-
HOIO, TO BBOXKAETKLCS, IO BOHA (DYHKIIIOHYE B IITa-
THOMY pexumi [15-16].

[lin Hempane3gaTHUM CTaHOM MOKHA MaTH Ha
yBa3li MHOKHHY CTaHIB, TIPH SKUX OAWH 4H Oiiblie
OCHOBHHUX IapaMeTpiB BUHIIOB 3 HOPMH. AJie IIic-
T aHAi3y pOOOTH CHCTEMH aBTOOJIOKYBAaHHS BHU-
SBJICHO, L0 HE3HAYHE BiAXWJICHHS OZHOTO OCHOB-
HOT'O IapameTpa He NPU3BOIUTH 10 MOMEHTAJIBHOT
BTpaTH NpaIe31aTHOCTI CHCTEMH, TaKUM YHHOM
cUCTeMa JiarHOCTYBAaHHS MOXKE BH3HAYaTH IESKY
BIpOTiIHICTh BUHWUKHEHHSI BiIIMOBH 3aJIC)KHO BiJ
3HAYCHHs BiAXWJIEHHS OCHOBHOIO IMapamMeTpa Bix
HOpMH. TakoX B MHOXHHI HETIpale31aTHUX CTaHiB
HEOOXIZIHO BUIUIATH 3aXMCHHUH CTaH, MPH SIKOMY
cucreMa aBTOOJIOKYBaHHSI BUKOHYE (PYHKIIIIO OTo-
POKEHHS OJIOK-IAUISTHKY 3a CBITJIIOQOpPOM, Ta CTaH
HeOe3nevHoi BiAMOBH, IPU SKOMY CHCTEMa BTpa-
yae (pyHKIIit0 3a0e3nedeHHs Oe3MeKH pyXy MOi3IiB.

Buxonsuu 3 npoaHani3oBaHUX TaHUX, MOOYI0-
BaHO rpa¢) cTaHiB CUCTEMHU aBTOOJIOKYBaHHS y BU-
MIAAl Kojla 3 AMCKPETHUMM CTaHaMM Ta AUCKpPET-
HUM 4YacoM, SIKUi HaBelIeHO Ha pUcC. 3, e MpUHHATI
TaKi CKOPOYEHHS:

S1 — cTaH cucTeMH CIIpaBHHIA, BCl MapaMeTpH,
10 KOHTPOJIIOIOTHCS, B MEKaX HOPMH;

S2 — craH cuctemu mparie3naTHUH, aje xoda 0
OJIMH KOHTPOJBOBAHHI MapaMeTp BHHIIOB i3 HOp-
MU HECYTT€EBO;

28

S3 — cTraH cucTemMu Tpane3gaTHUMA, alie OJNH
9y OUTBINE TIapaMeTpiB PIi3KO BiIPI3HAIOTHCS Bif
HOPMH;

S4 — cucrema B TepeaBiIMOBHOMY CTaHi, X04a
0 oxuH mapaMeTp HaOIMKAETHCS 10 BITMOBH;

S5 — BigMoOBa x04a 6 OJHOTO €NEMEHTA, MPOTe
cUcTeMa TPOJOBKY€E BHUKOHYBaTH OCHOBHI CBOi
yHKwii;

S6 — cucrema Hempare3laTHa, 3HAXOIUTHCS
B 3aXHCHOMY CTaHi;

S7 — HaBMHCHE MOPYIICHHS TEXHOJOTi 00ciTy-
rOByBaHHS (II0 HE BUSBJICHO METOJAMH TEXHIYHO-
TO NTIarHOCTYBaHH);

S8 — B cucteMi € BiIMOBA, SIKA MOXE CTAHOBH-
TH HeOe3MeKy I pyXy MOi3iB.

Puc. 3. I'pad craHiB cucTeMu 9HCIOBOTO KOJOBOTO
aBTOOJIOKYBaHHS

[IpoananizyBaBiin HaBeneHWH rpad, MOXKHA
BCTAHOBUTU OCHOBHE 3aBJIaHHA [UI1 CUCTEMH TeX-
HIYHOTO AiarHOCTYBAaHHS CHCTEMH UYHCIOBOTO KO-
JIOBOTO aBTOOJOKYBaHHS: BHSBICHHS, B SKOMY
3 IepeiueHNX CTaHiB 3HAXOAUTHCS CHCTEMa aBTO-
OJIOKyBaHHSI.

[lpu npoMy 3aBmaHHS TEPEBIPKU CHPABHOCTI
CHUCTEMH TIOJIATAE Y BUSBJICHHI B 00’€KTI JiarHoC-
TyBaHHSA OYIIb-SKOi HECIPABHOCTI; CHCTEMa Jiar-
HOCTYBaHHSI [IOBUHHA BUSIBISITH cTaHU S2—S5.

JpyruM 3aBOaHHSAM NiarHOCTUYHOI CHCTEMH
€ BHSBJICHHS CTaHIB, II0 MOXYTh NPHU3BECTH IO
Hemparie3gaTHoro crany. llpm mepeBipmi mparte-
3IaTHOCTI, JIarHOCTMYHA CHCTeMa MOBHHHA BHUSB-
JSATH cTaHU S6 Ta S8 CHCTEMU aBTOOIOKYBaHHS.

TakvM YUHOM, 3alpPOIIOHOBAHWU Tpad CTaHIB
CHCTEMH YHCJIOBOTO KOJOBOTO aBTOOJIOKYBaHHS
MOJKe OyTH MOKJIaJeHNi B OCHOBY PO3pOOKH fiar-
HOCTHYHOI CUCTEMH 3 (DYHKII€I0 CesIeKLii JiarHoc-
THYHOT iHpOpMalii 3a 11 IKICHUMH OKa3HUKaMH.
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PesyabTatu

B pe3ynbrati aHamizy XapaKTepHUX BiIMOB, 110
BUHUKAaIOTh B mpoleci pobdoru cucremu YKAB,
3’SCOBAHO, IO OUIBIIICTh BIJIMOB CTA€ThCS 4epe3
eKCIUTyaTamiiHl MpUIMHA, 0 3YMOBJICHI HEIOC-
KOHAJTICTIO CUCTEMH TEXHIYHOTO 00CITyTOBYBaHHSI.

[IpoananizyBaBiy iCHyI04y IIaHOBO-IIpodina-
KTUYHY MOJIeNTb 00CTYTOBYBaHHS aBTOOJIOKYBaHHS,
MO>XKHA 3pOOWTH BHCHOBOK, ITI0 BCTAHOBJICHA TIEPi-
OIMYHICTh MEPEBIPOK Ta YMOBH iX MPOBEACHHS HE
JTO3BOJISIIOTh  BUYACHO BHSBIISATH TEPEABIAMOBHI
ctaau cuctemu UYKADB. 3MeHIIeHHSs IepioANIHOCTI
MEPEBIPOK TPH BCTAHOBJIEHIH MOaEINi 0OCITyTOBY-
BaHHS MPHU3BOJUTH JO 3HAYHOTO 301JbIIEHHS eKC-
TUTyaTalllifHAX BUTPAT Ta HE TapaHTYE MiABUINCHHS
SIKOCTI OOCIYrOBYBaHHS, II0 3YMOBJIIOE HEOOXIij-
HICTh BUKOPHCTAHHS aBTOMAaTH30BaHWX 3aco0iB
JIIarHOCTYBaHHS IIPUCTPOIB aBTOOIIOKYBaHHS.

3anmponoHoBaHuii rpad craHiB cuctemu UKAB
JTO3BOJISIE BpaxyBaTH CTYIIHb HAOIMKCHHS CHCTeE-
MU 0 Hempare3gaTtHoro crany. Lleii rpad moxe
OyTH BHKOPHCTaHUH Wi 4ac MOOYJIOBH CHCTEMU
TEXHIYHOTO J1arHOCTYBaHHS, IO JTO3BOJHTH BHKO-
HaTH TIOCTYTIOBHH TIepexXid BiX IIaHOBO-TIpodi-
JMAKTUYHOI MOAeNi OOCIyroByBaHHS /0O OOCIyTro-
BYBaHHS 3a (paKTUYHUM CTAaHOM IMPUCTPOIB aBTO-
OJIOKyBaHHS.

HaykoBa HOBHU3HA Ta NPAKTHYHA
3HAYMMICTH

B pe3ynbpTaTi BUKOHAaHOTO aHaNi3y BiIMOB CHC-
TEMH aBTOOJIOKYBaHHS Ta ICHYIOYOI ILJIaHOBO-
PO TAKTUIHOT CHCTEMH TEXHIYHOTO OOCIyTOBY-
BaHHs npuctpoiB YKADB Bu3HaueHo, 1110 noaibIie
CKOpPOYEHHSI TEPMiHIB MiX perjaMeHTHHMH Po0o-
TaMH TPU3BOJUTH 10 CYTTEBUX BHUTPAT, ajie HE Ta-
panTye 0e3BiAMOBHOI pOOOTH CHCTEM PETyIIIOBAH-
HS PyXy MOi31iB, SIKi € MOpPajJbHO 3acCTapiIUMH
B PO3BUTKY 3aJII3HHYHOI aBTOMATHKH Ha CHOTOJIHI.

Jst po3poOKM aBTOMATH30BaHOI CHCTEMHU 0€3-
MIEPEepPBHOTO KOHTPOJIO Ta miarHoctyBaHHI UKAB
3alpOMOHOBAaHO rpad CTaHIB aBTOOIOKYBaHHS,
SIKUA J103BOJISIE KOHTPOJIIOBATH MOCTYIIOBUM Tiepe-
XiJT CHCTEMH BiJ MOBHICTIO CIIPAaBHOTO CTaHY IO
BTPaTH Npale3laTHOCTI Ta aJeKBAaTHO pearyBaTH
Ha BUSIBJICHI B CHCTEMI HECITPaBHOCTI.

BucHoBkH

Ilicns aHami3y BiIMOB CHCTEMH YHCIOBOTO KO-
JIOBOTO aBTOOJIOKYBaHHS 3’SICOBAHO, IO MPH iCHY-

104ifl TEXHOJIOTIi 0OCIyrOBYBaHHS B MPOIIEC] EKC-
TUTyaTamnii BUHUKAE 3HAaYHA KUTBKICTH BiIMOB, SIKi
HETaTUBHO BIUIMBAIOTh HA IOKA3HUKU SIKOCTI PO-
0OTH IIIBHUIG 3aJII3HULL.

[lomanpmmii pO3BUTOK TEXHOJIOTIi OOCIYTOBY-
BaHHs mpuctpoiB UKADB Bumarae BmpoBamkeHHS
aBTOMATHU30BAaHUX CHUCTeM JiarHoctyBaHHs. [lig
gac po3poOKU TaKWX CHCTEM HEOOXiJHO BpPaxoBy-
BaTH, IO TTEPEXiJ BiJl CIIPaBHOTO JI0 HeIpare3aaT-
HOT'O CTaHy aBTOOJIOKYBaHHS BiIOYBa€ThCs TOCTY-
MOBO 1 MOYKHA BUJIUTUTH JCKLIbKA MEPEIBIIMOBHIX
CTaHIB CHCTEMH, SIKi MOTPeOYIOTh BiAIMOBIIHOT pea-
KIii 3 OOKy eKcIUTyaTaliiHOro Ta pPEMOHTHO-
BiJTHOBIIIOBAJILHOTO MepcoHany. Takuil mifxin 1o-
3BOJISIE TiABUIUTH €PEKTHBHICTh OOCITYTOBYBaHHS
CHCTEMH aBTOOJIOKYBaHHS Ta SIKICTh BiJHOBIIEHHS
CUCTEMH TIiCJISI BAHUKHEHHS BiJIMOBHU.
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AHAJIN3 COBPEMEHHOI'O COCTOsHUA YCTPOUCTB
ABTOBJIOKUPOBKHU, METOAOB EE OBCJIY KUBAHUSA
N KOHTPOJIA

Heas. Pa3zpaboTka GpopMaIm30BaHHOTO OIMMUCAHUS CHCTEMBI YHACIIOBOM KOJOBOM aBTOOJIOKMPOBKH HA OCHOBE aHa-
JIM3a XapakTepHBIX OTKAa30B CHCTEMBI aBTOOJIOKMPOBKM M METOIHMKH €€ TEXHHYECKOro OoOCITyKHBaHUS. MeToauka.
Jlna mpoBenieHns MccIe0BaHNH OBIT MCIIONB30BaH TEOPETUKO-aHANUTHIECKUi MeTo. Pe3yabTarhl. [Ipoanannsu-
POBaHBI XapaKTEPHBIE OTKA3bl CHCTEM aBTOOJIOKHPOBKH, OOHAPY)KEHBI OCHOBHBIC NMPHYMHBI UX BO3HUKHOBEHHS.
YcraHOBIIEHO, YTO OOJBLIMHCTBO OTKAa30B BO3HHMKAET M3-32 HECOBEPIIEHCTBA CUCTEMblI TEXHUYECKOTO OOCITYKHBa-
Hust. [Ipoananmu3upoBaHbl IPEHMMYLIECTBA M HEOCTATKU CYIIECTBYIOIIEH TEXHOJIOTUH OOCITY>KUBAHUSI aBTOOJIOKH-
POBKH; 00HApYyKEHBI pabOTHI, KOTOPHIE MOTYT OBITh aBTOMATH3UPOBAHEI C MIOMOIMIBIO CPEACTB TEXHHUYCSCKOTO JTHar-
HOCTHUPOBAHHUS; MPOBEACHO (OPMATM3OBAHHOE OIHMCAHHE CHUCTEMBI YHCIOBOW KOJOBOW aBTOOJOKUPOBKU B BHIC
rpada B mpoCTpaHCTBE cOCTOsHUIA cucTeMbl. Hayunas HoBu3HA. [IpenioxeH rpad) cOCTOSIHUN CHCTEMBI YUCIIOBON
KOJOBOW aBTOOJOKHPOBKH, YUUTHIBAIOIINI MOCTETICHHBIA MEPEX0]] CHCTEMBI OT MCIIPABHOTO COCTOSHUS K IOTEpe
paboTOCTIOCOOHOCTH, KOTOPHIN TTO3BOJISIET MPOBECTH CENIEKITUIO THArHOCTUIECKOW MHPOPMAIIUH 10 KaYeCTBEHHBIM
MpHU3HAKAM M YBENUIUTH d()(HEKTHBHOCTH BOCCTAHOBHUTENBHBIX pabOT B Cilydae BO3HHKHOBEHHUS HEHUCIIPABHOCTH.
IpakTnyeckass 3HaYUMOCTb. [loydeHHBIE pe3ynbTaThl aHAIN3a M MPEIIOKEHHBIN rpad) COCTOSHUN MOTYT OBITH
MIOJIOKEHBI B OCHOBY Pa3pabOTKH HOBBIX CPEICTB TUATHOCTHPOBAHUS YCTPOICTB aBTOOIOKHMPOBKH, YTO, B CBOIO
ouepenb, MO3BOJIMT MOBBICUTE 3(P(PEeKTHBHOCTH PabOTH M 00CTY)KHBaHUE YCTPOUCTB aBTOOJIOKHPOBKH B IICIIOM.

Kniouesvie cnosa: aBTOOTOKMPOBKA; OTKA3bI B pab0Te; METOBI TEXHUUECKOTO 00CTYKUBaHUS; Tpad COCTOSHHIA;
TEXHUYECKUH KOHTPOJIb; MOHUTOPHHT; THAarHOCTUPOBAHHE
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CURRENT STATE ANALYSIS OF AUTOMATIC BLOCK SYSTEM
DEVICES, METHODS OF ITS SERVICE AND MONITORING

Purpose. Development of formalized description of automatic block system of numerical code based on the
analysis of characteristic failures of automatic block system and procedure of its maintenance. Methodology. For
this research a theoretical and analytical methods have been used. Findings. Typical failures of the automatic block
systems were analyzed, as well as basic reasons of failure occur were found out. It was determined that majority of
failures occurs due to defects of the maintenance system. Advantages and disadvantages of the current service tech-
nology of automatic block system were analyzed. Works that can be automatized by means of technical diagnostics
were found out. Formal description of the numerical code of automatic block system as a graph in the state space of
the system was carried out. Originality. The state graph of the numerical code of automatic block system that takes
into account gradual transition from the serviceable condition to the loss of efficiency was offered. That allows se-
lecting diagnostic information according to attributes and increasing the effectiveness of recovery operations in the
case of a malfunction. Practical value. The obtained results of analysis and proposed the state graph can be used as
the basis for the development of new means of diagnosing devices for automatic block system, which in turn will
improve the efficiency and service of automatic block system devices in general.

Keywords: automatic block system; failures; methods of maintenance; state graph; technical control; monitoring;
diagnostics
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YIOCKOHAJIEHA METOJIUKA BUSHAUYEHHSI EKOHOMIYHOI
E®EKTUBHOCTI BYJIBHUIITBA TA EKCILTYATAIIII
BUCOKOIBUJAKICHOI MATICTPAJII B YKPAIHI

Merta. Po3poOuTi BIOCKOHAIEHY METOIUKY Ta c(hOpMyBaTH 3aXOH MO0 BH3HAYCHHS €KOHOMIYHOI AOILTEHO-
CTi BIpPOBADKEHHS BHUCOKOIIBHIKICHOTO PYXy 3 ypaxXyBaHHSAM JIOCBiAy EKCIUTyaTallii IMIBUAKICHUX IEpPEBE3CHb
B YKpaiHi, TepMiHY MMOI3AKH, KITBKOCTI 3yMIMHOK HAa MapIIPyTi, rpadika pyxXy BHCOKOIIBUIKICHUX TMO{3/1iB Ta IMOHUTY
Ha HUX. MeToauka. 3anmpornoHOBAaHO IMOCIIJOBHICTh BU3HAYEHHS JMOIIBHOCTI OpraHi3allii BUCOKOUIBHUIKICHOTO
pyxy B YKpaiHi, a1aliTOBaHy O PUHKOBHX YMOB. /laHa MeTo/IMKa BpaXxOBY€ PO3paxyHKH BapTOCTI BUCOKOIIBUAKIC-
Hoi Marictpani (BILIM), cranuiii, peMOHTHHX MiZpO3IUIIB i pyXoMoro ckiaay. JlociikeHo BUTpaTH Ha MepeBe3eH-
HS MACaXHPIB 32 JIOIIOMOTOI0 Map>KHMHAIBHOTO JOXOMy; IpOaHajli30BaHa AWHAaMiKa 3MIHM YHCTOTO JMUCKOHTHOTO
JIOXO/ly Ta TepMiHy OKYIHOCTI BHCOKOIIBHIKICHOI Marictpaii. PesyabratH. Y po0oTi po3poOieHO MeTOIUKY
KOMIUIEKCHOTO BH3HaueHHS e(eKTHBHOCTI OyHiBHMITBA Ta eKCIulyaTalii BHCOKOIIBHUAKICHMX TMOi3MiB i3
ypaxyBaHHSIM BapTOCTi iH()PACTPYKTYPH, PYyXOMOTO CKIaiy, BIUTUBY (DaKTOpIB 30BHIIIHBOTO CEpEOBHINA Ta iH.
HaykoBa HOBH3HA. 3anpoIIOHOBAHO HAYKOBUH MiAXi/ I[0JI0 BH3HAYCHHS €KOHOMIYHOI €()eKTUBHOCTI OyHiBHUIITBA
Ta ekcroryatanii BIIIM. Bin, Ha BiAMiHY BiJl iCHYIOYOTO, BKIIOYA€ BIOCKOHAJICHI IPUHIUIA BH3HAYCHHS KITBKOCTI
MepeBe3eHUX TMacaxupisB, BaprocTi OyamiBHuITBa BIIIM, 3akymiBenp pyXoMOro CKjaxy, ONTHMI3Y€ PO3paxyHKH
JIOXOJIiB T4 BUTPAT y KOHTEKCTI KOHKYPEHTHHX IepeBar i BIUIMBY 30BHILIHIX (paKTOPIB HA MISUIbHICTh KOMIIAHIT.
VY pospaxyHkax ymepine Oylo BpaxOBaHO TPAH3UTHUI MOTIK MAacaXwpiB, AKi MOAOpOXyIoTh i3 kpain CHJI Ha
BignmounHok y Kpum, perionn Opecu, JIbBoBa Ta Kapmar. YpaxyBaHHS BHIICHaBEISHHX O3HAK IIiJIBUILYE
OOIpYHTOBAHICTh YIPABIIHCHKUX PIllICHb 1100 3a0e3MeucHHs e(PeKTUBHOCTI (PYHKI[IOHYBAHHS BHCOKOIIBUIKICHUX
nepeBe3eHb. I[lpakTMyHa 3HAYMMicTh. 3alpoNOHOBaHI METOJHMKA Ta pe3yJbTaTh JOCIHIIKEHb J103BOJIMIIN
BHU3HAYHTH JOIUIBHICTS OYAiBHHIITBA B Y KpaiHi BUCOKOIIBHIKICHOI MariCTpati JUIS MBHIKOCTI PyXy MAaCaKUPCHKUX
noizaiB He MeHnre Hix 250 km/rox. Lle 103BoMTH MAaca)KUPCHKOMY BHCOKOIIBHIKICHOMY PYXY 3aifHSTH Ha TpaHC-
HOPTHOMY PUHKY YKpaiHH CBOIO HiIly.

Kniouosi cnosa: MBUAKICHUH Ta BUCOKOIIBUIKICHUN PYX; BUCOKOIIBHAKICHA MaricTpajib; KamiTalbHi BKJIaJIeH-
HS; IEpEBE3eHHS ; IHPpacTPyKTypa; TOXOAHU BiJ IIepeBe3eHb; BUTPATH; IPUOYTOK

Beryn MeToanKor0. OOCATH TIEpPEeBE3CHHS MACaAXUPIB MK
MicTaMu YKpaiHu s ¢ipMa BU3Ha4ala 3a J0IoMO-
TOI0 METONY «TSDKIHHS», CYTHICTh SIKOTO IOJISTaE
Yy TOMYy, IO KUIBKICTh MacaXHpiB y IIBHIKICHOMY
CIIOJIYICHHI BH3HAYAJIOCS TMIPSAMO IPOTOPINIHHO

[lepmri mporHO3HI PO3PaxyHKH EKOHOMIYHOT
JIOLUTBHOCTI TOOY/IOBM BHCOKOIIBUIKICHOI Maric-
Tpaii B YKpaiHi Oynu BUKOHaHI (QpaHIy3bKOr0 (i-
pmoro «SYSTRA» 3a 3arasbHO €BPOICHCHKOIO
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KUTBKOCTI MEIIKAHINB y MiCTaX, MiX SKHMH Be-
IYTBCSl PO3pPaxyHKH, Ta 3BOPOTHO IPOIOPIIHHO
BijicTaHl Mk nuMmu mictamu. [Ipu 11bomy He Oyi0
BpaxoOBaHO TPAH3UTHHIA MOTIK macaxwupis 3 Pocii Ta
kpain CH/I. IlpoGireMy BHWICOKOIIBHIKICHOTO PyXy
B YKpaiHi B pi3Hi YacW AOCIIIHKyBalH YKpaiHCHKI
BueHi Ta Qaxismi: Jukans B. JI. [5], Kipma I'. M.
[4], BocoB A. A. [4], KopxeneBuu 1. II. [8],
Bapam 1O. C. [1-3, 12], 'nennnit O. M. [14], Kip-
nina O. I'. [6], 3yoko A. II. [7], Yapkina T. IO.
[15-17] Ta dpany3ska pipma «SYSTRA». Buxo-
JS9W 3 3a/1a4 CTBOPEHHS BHCOKOIIBHJIKICHOI Me-
PEXi 3ai3HULB, TeorpadiqHOTO MOJIOKEHHS YKpa-
{HH, aAMIHICTPAaTUBHOTO PO3IOMALTY PErioHiB, PO3-
TalTyBaHHS MICT 1 €KOHOMIYHOI CHTYaIllii, (hpaHiry-
3pk010 (hipmoro «SYSTRA» Oyna 3anpormoHoBaHa
Mepeka BHCOKOLIBHIKICHUX Marictpaieil 3araib-
HOIO JOBXWHOIO Oinbie 3 Ttuc. kM [11], sxa 3Haii-
1ia miATPUMKY Y Kp3anizHui [7].

Meta

Po3pobutn ymockoHaneHy MeTOuKy 1 chopmy-
BaTH 3aXOJM II0JI0 BU3HAYEHHS €KOHOMIYHOI JOLi-
JIHOCTI BIIPOBAKEHHSI BUCOKOIIBUAKICHOTO PYXY
B YKpaiHi 3 ypaxyBaHHSIM JOCBily eKcCIDTyaTarlii
MIBUIKICHUX TIEPEBE3¢HD B YKpaiHi, TEpMiHy MOi31-
KU, KUTbKOCTI 3yIIMHOK Ha MapuipyTi, rpadika pyxy
BHCOKOIIBHUAKICHHUX TOT3/IiB Ta MOMUTY HA HUX.

MeTtoanka

Crnouatky aBTOpoM OyJI0 BUKOHAHO TEpPEBIPKY
MPOTHO3HOT KUTBKOCTI MacakupiB, Mo OyIayTh MO-
nopoxysaru o BIIIM 3a momomorow yaocKoHa-
JIEHOTO METOAWYHOTO Mmimxomxy. OTpuMani po3pa-
XYHKH OyJIO IOPIBHSHO 3 po3paxyHkamu JIHimpo-
METPOBCHKOTO HAI[IOHATHLHOTO YHIBEPCUTETY 3alli-
3HUYHOTO TpaHCIopTy imeHi B. JlazapsHa mis
TPHOX BapiaHTIB, SIKi BUSBHIIKMCS 3HAYHO 3aBHUIIIC-
HUMH, 1 TIBKH pe3ybTaTH MECHMICTHYHOTO Bapi-
aHTa Maibke CHiBMafaiu 3 po3paxyHKaMH aBTOpa.
[Mpu upoMy pyXJIMBICTH HaceleHHS B YKpaiHi 1o

BHCOKOIIBUAKICHIA MaricTpaii Oyne CTaHOBUTH —
0,53. Lle o3Hauae, 10 B cepeiHbOMY KOXXHHMUA Me-
mKaHenp Ykpainu Oyae pobutu 0,53 moi3nku Ha
piK y BHCOKOIIBHIKICHOMY CIONy4YeHHi. 3 IHMX
IPOTHO3HUX PO3PaxyHKIB BUIUIMBAE, IO TPETHUHA
HaceJIeHHs HaIlol kpainu yepe3 20 pokiB Oyze mo-
JOPOXKYBaTH BUCOKOIIBUIKICHUMH Oi3JaMH.

Pe3yabTarn

3a mijIcyMKOM JIOCTI/IKEHb OYJI0 BU3HAYECHO 3a-
rajgpHy piYHYy KiIBKICTh MACa)KUPIB, sIKa MICHs HO-
BHOro BBOomy BIIIM B ekcruryaTamiro CKiaje
24 748,2 THC. Ta po3paxoBaHa CepelHs NAbHICTh
noi3aku 520 kM. 3 ypaxyBaHHAM BKa3aHUX JaHMUX
JIOXiJ BiJ TMepeBe3eHHs MacaXupiB Oyjae CTaHOBH-
™ 10 063 608,05 MJH rpH.

BpaxoByroun Te, 10 3alpoNOHOBaHA aBTOPOM
TOTIOJIOTisI BUCOKOIIBUIKICHOT MaricTpalli MpaKTH-
9HO HE BiapizHseThes Big Tomoorii JJHY3T, Bap-
ticth OyniBaunTBa BIIIM Oyna po3paxoBana 3 Bu-

KOPUCTaHHSAM  JaHUX  (QpaHmy3pkoi  Qipmu
«SYSTRA» ta xoedimieHTa 3MiHH BETHYUHHA EBPO
(Tabm. 2).

KigpKicTh OQUHULG BUCOKOIIBUAKICHHUX IIOI3I1B
BU3HAYAJIOCS 3AJIEKHO BiJl MACAKUPOIOTOKY Ha KO-
JKHIM JUISHIT, pO3paxyHKOBOI BiICTaHI MiX KiHIIe-
BUMH CTaHIISIMH, CEpeJHbOI MIBHIKOCTI PyXy
3 ypaxyBaHHSIM 3yNUHOK, KITBKOCTI PEHCiB IIBUIKI-
CHUX TIOI3[IiB MPOTATOM JTOOH, CEPETHROI HaCEICHO-
CTi 1013712 HA JaHOMY HATPSIMKY Ta CyMapHOI KiJb-
KOCTi Micllb Y BaroHax. Po3paxyHKH KiJIbKOCTi MO-
i31iB 3BeieHO y Tabm. 3.

Po3paxyHOK KiTBKOCTI PEMOHTHHUX MiAPO3IiIiB
JUTSL 3aBOJICBKOTO Ta JICTIOBCHKOTO PEMOHTY BHCO-
KOMIBUJIKICHUX TIO13/[iB MPUHAMAIIOCS 3aJIEKHO BiJ
MaKCHUMAaJIBHOI KUTBKOCTI PyXOMOTO CKJIaAy, BHIIIB
3aBOJICBKOTO 1 JIEMIOBCHKOTO DPEMOHTY, TEPMiHY
MPOCTOIO TOI3/IB Y Pi3HUX BUAAX TEXHIYHOTO 00-
CIIyTOBYBaHHsI 1 pEMOHTY Ta IUKIIYHOCTI MOTpaIl-
JSIHHSL B PeMOHTH. BapTicTs peno Ta 3aBoay npu-
imanacs 3a ganuMu Gpipmu «SYSTRA».

Tabnuns 1

Piunmnii noxin Bix nepesesenns nacaxkupis no BIIM. icepeno: po3pobka aBTOpiB

KisIbKicTh macaxupo-km
3a pO3paxyHKOBHH PiK MPHU cepeHiit
IanbHOCTI moi3aku 661,84 kM,
THC.TIAC.-KM

Kinekicts
BiANIPaBICHUX
nacaxupis, THC. Tac.

JloxigHa ctaBka
3a 1 mac.-xm B TpH [10]

Piynnit noxin Bix mepeBe3eHHs
MacaxupiB, THC. TPH

247482 16379 411

0,785 12 857 837,64
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Tabnums 2

InBecTnnii B 0yA1iBHUIITBO Ta PEKOHCTPYKIIIO CTAHNLI HA BUCOKOIIBHAKICHIN MaricTpai.
Ilicepeno: [11] 3 1opoOKor0 aBTOPIB

Ne mop. Haszga po0it KinbkicTh 0IMHHIIB BapTi;JTHL; 2§§Hﬂui, 3aran;1;i ?;I:{ TicTe,
ByniBHHAIITBO HOBHX CTaHIIN y MiCTax
1 Kuis 1 2 200,00 2 200,00
2 JIbBiB 1 1 200,00 1 200,00
3 Xapkis 1 1 300,00 1 300,00
4 Cimodepornosp 1 1 100,00 1 100,00
Pa3zom 4 5 800,00
PexoHcTpykitist cTaHIii
1 Juinpornetposcebk, ouHernbk, Oneca 3 1 500,00 4 500,00
5 Ilonraga, hl\//llgg?;;ii,bﬂyraﬂcw, 4 465,00 1 860,00
Binnuis, XMenbHUIbKHMA, TepHOMIb,
3 Kpugwuii Pir, 3amopixoks, MeniTomnons, 7 368,57 2 580,00
XepcoH
Pazom 12 8 940,00
Tabnuns 3
InBecTHuii B 0yAiBHULIITBO BHCOKOIIBUAKICHOI MaricTpadi. [Jowcepeno: [11] 3 nopoOkoro aBTOpiB
No HaiimenyBaHHS TUISTHKH JloBxuHa 3aI;:§;LHHHgi}éﬁgﬁiglglsﬁrﬁi»
nop. IUISTHKH, KM
[TouaTox Kineun MJIH €BPO MJIH TPH
1 Kuis ITonraBa 310 1533,7 16 257,22
2 ITonraBa XapkiB 130 667,2 7072,32
3 ITonraBa JIHinmponeTpoBCchk 130 656,2 6 955,72
4 JlHImporeTpoBCchK JloHenpbk 220 1093,2 11 587,92
5 Jonerpk Jlyrancek 140 683,8 7 248,28
6 Jonenpk Mapiymonb 120 578.,6 6 133,16
7 JIHITpOIIeTPOBCHK Kpuswuii Pir 150 731,9 7 758,14
8 Kpwugwuii Pir MukomaiB 150 721,3 7 645,78
9 JIHITpOTIeTPOBCHK 3anopixoks 80 415,2 4401,12
10 3amopixoKs MeniTomnoib 110 537,9 5701,74
11 MemiTormnoinb Cimdepornonas 241 11434 12 120,04
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3akiHueHHsd Tabin. 3

Top. JUIAHKH, KM
[TouaTtox Kinens MJIH €BPO MJIH IPH
12 Kuis Bina Iepxsa 65 327,3 3 469,38
13 Bina Ilepksa Mukomais 340 1 648,1 17 469,86
14 MukomaiB Ougneca 120 605,6 6 419,36
15 MukonaiB XepcoH 60 297.9 3 157,74
16 XepcoH Cimdepornons 240 1176,7 12 473,02
17 bina IlepkBa Binnunng 130 667,1 7071,26
18 Binauis XMeTbHUIBKAH 110 564.,4 5 982,64
19 XMeIbHUIBKAH TepHoMiIB 105 511,4 5420,84
20 TepHoMLIB JIsBiB 120 613.5 6 503,1
Pa3om 3071 151744 160 848,64
Tabnuns 4
Po3paxyHok po6040ro napky BUCOKOIIBUAKICHUX MOi3AiB. /ocepeno. [11] 3 nopoOkoro aBTOpiB
IToyarkoBa 3 Kinnesa .KiHbKiCTB Bizncrans, Hac . EIGJLI;)KSE?; Kiﬂ.l.’ Ki.CTI’
cTatis ynuHKa 1 3ynuHka 2 cTamis BI/IIPABICHUX o y Iopo3i, PC moi3is,
Hacakupi., THC. roa 3a 7106y oL
Kuis TlonraBsa - XapkiB 1792,8 440,0 2,2 2,0 4,0
Kuis - - JH-chK 1 004,5 440,0 2,2 2,0 3,0
Kuis Ilonrasa JIH-CcBK 3amopixKs 1236,7 520,0 2,6 2,0 3,0
Kuis Ilonrasa JIH-CcBK JloHenpk 1 400,6 660,0 33 1,0 6,0
Kuis JIH-CBK JloHenpbk Jlyraucek 727,9 800,0 4,0 1,0 3,0
Kuis JIH-CBK JloHenpk Mapiymoiib 765,5 780,0 39 1,0 4,0
Kuis MukoJaiB XepcoH Cimdeporonn 2 848,2 705,0 35 2,0 6,0
Kuis MukoJaiB - Ouneca 1 049,6 525,0 2,6 2,0 3,0
Kwuis Binaumg | XMeIbHALBKUI JIbBIB 14325 530,0 2,7 2,0 3,0
JIH-CBK Ilonrasa - XapkiB 772,5 260,0 1,3 3,0 2,0
Hu-cex | Kpuswmii Pir|  Mukonais Ougneca 1 044,1 420,0 2,1 2,0 3,0
JloHenpk JH-CBbK Sanopixoks  |Cimdepornosb 20513 651,0 3,3 2,0 5,0
Jlyrancek | JloHeubk JIH-CBK JIbBiB 606,3 1330,0 6,7 1,0 3,0
XapkiB Tlonrasa Samopixokst | Cimbepormnob 1448,1 691,0 35 2,0 3,0
Xapkie | Kpuswmii Pir| Mukomais Ouneca 1051,6 680,0 34 2,0 3,0
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3akiHuyeHHs TabI. 4

.. Kinbkicts | .. .
. KinpkicTh . Yac . | KinbpkicTs
[TouarkoBa Kinnesa . Bincrans, . | obopotis .
. 3ynuHka 1 3ynuHka 2 . BIJIIPABICHUX Y 10po3i, MO1311B,
CTaHIIis CTaHIIis . KM PC
nacaxxupiB, TUC. ron sa ,[[06y on.
XapkiB Kuis TepHormijib JIbBiB 735,8 970,0 4.9 1,0 4,0
JIyrancek | 3amopixoks - Cimdepormons 326,8 791,0 4,0 1,0 2,0
Jlyrancek | JloHeubk MukoiaiB Ouneca 674,0 780,0 39 1,0 3,0
Samopixoks | Kpuswmii Pir|  Mukomnais Ougneca 553,0 500,0 2,5 2,0 2,0
3anopixoks | [lonraBa Binauis JIbBiB 377,1 1 050,0 53 1,0 2,0
Oneca - - Cimdepormons 577,1 420,0 2,1 2,0 2,0
Ouneca MukoJaiB Binauis JIbBiB 496,2 925,0 4,6 1,0 2,0
JIbBiB Binnuis Xepcon Cimdepormons 765,0 1105,0 5,5 1,0 4,0
XapkiB JloHenbk - Jlyrancek 1011,0 860,0 43 1,0 5,0
Pazom 24 748,2 16 833,0 - - 80,0
Tabnuus 5
InBecTHIii B OyAiBHANITBO JIeN0 Ta 3aBoOAY. /[oicepeno. [11] 3 10poOKoI0 aBTOPIB
KinbkicTh KinpkicTs OIUHALL Kinbkicth Bapricth peMOHTHOTO .
. . Hasa peMOHTHOTO . . CyMapHa BapTicTh,
BIJTIPaBIICHUX NOI3/1B 3 ypaxyBaH- . . PEMOHTHUX nizpo3niny 6e3 [1/1B,
Macaxupis, mac. HSIM pe3epBa, OJ. TIApO3 LY MiAPO3/iIB, O, MJIH TpH MITH TPH
3aBoJ 1 1123,14 1123,14
24 748.,2 84 Jemo 2 652,04 1 304,08
Pa3zom 3 - 2427,22

3araipHa BapTiCTh iHBECTHIIN y OY/IiIBHUIITBO BUCOKOIIBUAKICHOI MaricTpali po3paxoBaHa B TabI. 6.

Tabnuns 6

3araabHuii odcsr inBecTuii B OyaAiBHUITBO 00’ ekTiB BLILIM. /icepeno: po3pobka aBTOpiB

Kiﬂb;;zz;iisig{) ::;.eHHX IuBecTHuii y OyaiBHUITBO IuBecTuuii 6e3 I1/IB, MiH rpH
BIIIM 160 848,64
Cranmii 14 740,00
24 7482 PemMoHTHI mimpo3ainu 242722
Pyxommii cxian 17 808,00
Pa3zom 195 823,86

Burtpatu Ha nepeBe3eHHs MacaXupiB CIiJ po3-
paxoByBaTU IO OKPEMHUX €JIEMEHTaxX BHUTpaT 3a
MPUHLIUTIAME JesKuX crtated dopmu 103am mns
MAaCaXUPCHKUX TEPEBE3CHD 3 ypaxyBaHHSIM TaKUX

MMAXOMIB:

— amMopTHh3alliiiHi BifipaxyBaHHS BHU3HAYAINCS
Ha OCHOBI HOBOi MPOTHO3HOI BapTOCTi OyIiBHHILT-
Ba a0 I[iHM Ta HOPMATHUBHOTO CTPOKY CITyXKOU
okpemo s BILIM, craHItiif, peMOHTHOTO 3aBOIY,
BaroHHUX JI€NO0, PYXOMOTO CKIIaAy, PEMOHTHOTO
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yCTaTKyBaHHS Ta iHIIMX OCHOBHHX 3aco0iB. Bap-
TiCTh OyJIBHHUIITBA BU3HAYAIacs 3a JaHUMH (paH-
my3pkoi Qipmu «SYSTRA», amantoBaHUMH 110
yMOB YKpaiHH Ta 3 ypaxXyBaHHIM KypCY €BPO;

— BUTPATH Ha €JIEKTPOCHEPTIiI0 HA TATY TOI3IiB
PO3paxoBaHO 3a MACIOPTHHMHU JaHUMH PYyXOMOTO
CKJIamy;

— BUTPATH Ha PEMOHTHU MACAKHUPCHKUX IMOI3IIB
po3paxoBaHi (0e3 ypaxyBaHHs OIUIaTH Ipaili) 3a
nmannMu (paniyssroi ¢pipmu «SYSTRAR;

— BHUTpaTH Ha OOCIYrOBYBaHHS, YTPHMaHHS Ta
PEMOHT KOJIii, CTaHIIIi Ta PEMOHTHHUX MiAPO3.IiTiB
(Oe3 ypaxyBaHHS OIUIaTH Mpalli) po3paxoBaHi 3a
nmannmu ¢Gpaniy3skoi Gipmu «SYSTRAY, amganTo-

BaHMMH JI0 YMOB YKpaiHHU Ta 3 ypaxyBaHHIM Kyp-
Cy €BpO;

— BUTpATH Ha OIUIaTy mpaui npauiBaukis BIIM
Ta MAIIMHICTIB PyXOMOTO CKJaay HpuiMaucs 3a
nmaauMu ¢Gpany3bpkoi Gipmu «SYSTRAY 3 ypaxy-
BaHHSIM PiBHS OIUIATH Tpalli B YKpaiHi;

— HapaxyBaHHS Ha OIUIATy Mpaii POOITHHUKIB
BIIM po3paxoByBaiaucs BiIIOBIIHO 0 YKPaiHCh-
KOTO 3aKOHO/IaBCTBA,

— iHmI Ta 3aralbHOBUPOOHMYI BHUTpPATH IpH-
WMamucs 3a gaHUMU  (paHIy3bKoi  QipMu
«SYSTRA» 3a mpuHmmmamu, aganTOBAHUMH IO
yMOB YKpaiHH Ta 3 ypaxyBaHHSIM Kypcy €Bpo.

Tabnuus 7

Piuni BuTparTu Bin nepesesenns nacaxxupis no BIIM. /oicepeno: po3pobOka aBTOpiB

Piuni excruTyaraniiiHi BUTpaTH Ha yTPUMaHH, MJIH TPH
EnemenTu Butpar Pa3om, miH rpa
BILIM Ta cranmii P.eMOHT}.m.X Pyxomoro ckiany
MiApO3iTiB
MarepianpHi BUTpaTu 1202,70 146,23 1 348,93
Ormutata mpaiii 724,45 152,23 876,68
Hapaxysa a orIa arti 282,54 59,37 341,91
paxyBaHHS Ha OILIATy TIpall , 4,0 €Bpo abo , ,
AmoprH3aliiini BigpaxyBaHHs 2 327,68 42,4 rpH Ha 498,62 2 826,30
) 1 moi3mo-kM
IH1i BuTpaTH 112,34 17,02 129,36
Burpartu Ha TATY 1M01371B 0,00 81,34 81,34
3araJbHOBHPOOHNYI BUTPATH 931,23 750,00 1 681,23
YTpuMaHHsI Ta PEMOHT TOi3]1iB 0,00 839,46 0,00 839,46
Pazom 5 580,94 839,46 1704,81 8 125,21
=
: 2000 -
= 4 12027
5 100 931,23
E 1000 - 724,45
s 400
£ 500 - — 282,54 112,34
m 0 L} L} L} L} L} L} 1
= R ¥ A < < < S = =]
.22 £EEE <f =2 giEf 2 ;
S E g SES & =z E8 s = S 38z X H 2 E
s 2= F R = 85 =52 gz EE25¢2¢ ‘5 £ 3
2 EE55 - & E s %S & Z o= Eroz E g g e
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Puc. 1. YMOBHO-TIOCTiifHI BUTpaTH Ha IIEPEBE3EHHS IIACAKUPIB Y BUCOKOIIBU/IKICHOMY CITOJyYEHHI.
JDicepeno: po3poOKa aBTOpiB
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MartepiaabHi BUTpaTH PemonTTA Onuiata npaui

Ha eKCIIyaTanin 00CJTyroByBaHHS BIIM, cranniii Ta

BIIM ma cranuiii  pyxomoro ckJjany B PEMOHTHHX

JIeT0 Ta 3aBoji niaposninis

HapaxyBaHHSI Ha

Amopmi3aniiini 3arajbHoBUPOOHHYI  Buipam na mry

onJIaty npaui BiIpaXyBaHHS HA BHTPATH Ta iH i noizais

BIIM, cranuii Ta

peMoHTHI minpo3aim

Puc. 2. YMOBHO-3MiHHI BUTPATH Ha MIEPEBE3CHHS MACAXHUPIB Y BUCOKOIIBUAKICHOMY CHOTYYEHHI.
IDicepeno: po3poOka aBTOpiB

Cria ckazatd, 1110 B poOOTI HaBEIEHO METO/IH-
YHHMIA TIAXiJ 10 BU3HAYCHHS €(PEKTHBHOCTI BIIPO-
Ba/DKEHHSI BHCOKOIIBUAKICHOTO PYyXy B YKpaiHi,
a BapTICHI PO3paxyHKH — IS OLIBII peasbHOTO
BioOpaXkeHHS 1pOro migxoay. OcrarodHe 3Ha-
YeHHS eKCIUTyaTalliiHuX BUTpaAT OyJlle po3paxoBa-
HE ITiCIs YTOYHEHHS BapTOCTi OYIiBHUIITBA, yCTa-
TKYBaHHS Ta PyXOMOTO CKJIaJy.

€ KiJlbKa METOJiB, 32 IKUMH MOXKHA BU3HAUUTH
Ta TPOaHaNi3yBaTH €(EeKTUBHICTh MACAKUPCHKUX
nepeBe3eHb. Hinkde BUKOpHCTaHA KOHIEMINS Ma-
PKUHAIBHOTO JTOXOMY, sIKa I03BOJISIE OJHOYACHO
MpoaHalli3yBaTH CTPYKTYpy BUTpar. Jlns momais-
MUX JOCHIKeHb HeoOXimHO moOymyBaTH rpadik
0e330UTKOBOCTI MEepeBE3CHHSI IMaCaKUPIiB HA BUCO-
KOMIBHJIKICHIN MaricTpadi (puc. 1).

e MOXITHMBO TicCllsI BUKOPHUCTaHHS PO3PaxyH-
KOBHUX JIaHUX, SKI HaBeACHO B TaOJI. 7, s 6a30BO-
ro BapiaHTa MEepPEeBE3CHHS MAaCaXUPIB Ta MOALT BU-
TpaT Ha YMOBHO-TIOCTiHHI Ta yMOBHO-3MiHHi. [lo-
JaJbII JOCIIHKCHHS i€l Tpo0IeMH BUKOHYBAH-
CS Ha OCHOBI aHamizy HaHux Talm. 7, B sKiif
po3paxoBaHa cOOIBapTICTh MAaCAKUPCHKUX IEPeBe-
3eHb (puc. 1, 2).

Jlo yMOBHO-TIOCTIfHUX BUTpAT BiJHECEHI BHTpa-
TH, IO TIOB’s13aHi 3:

— MarepiaJlbHUMH BHUTpaTaMH Ha YTPUMaHHS
BIIM Ta cranmiif;

— YaCTKOBE YTPUMaHHAM PEMOHTHHX MTiIPO3ALTIB;

— OIJIATOIO Tpami MpaIiBHUKIB, MO 00CIyro-
BytoTh BIIIM Ta craHimii;

— HapaxyBaHHSIM Ha OIUIATy IMpaili IpailiBHH-
KiB, 110 00ciyroBytoTs BILIM Tta craHmii;

— {HIIUMU BUTpATaMH;

— aMOpTHU3aNIHHUME BimpaxyBaHHsMH Ha BIIIM
Ta CTaHIII;

— 3araJlbHOBUPOOHMYMMU BUTpPATaMH Ha YTpPH-
ManHs BIIM Ta cranmiil.

Jlo YMOBHO-TIOCTIfHUX BUTpAT BiJHECEHI BHTpa-
TH, IO TIOB’I3aHi 3:

— PEMOHTOM Ta OOCIyTOBYBaHHSM PYXOMOTO
CKJIa/y, IO 3aJICKUTh Bl MPOOITY MOI3/IiB;

— MaTepiaJIbHUMU BHUTpaTaMH Ha YTPUMaHHS
PYXOMOTO CKIIaIY;

— OTIATOIO TIpaIli TMpaIliBHUKIB, MO 0OCITyro-
BYIOTb PyXOMHUI CKJIaz;

— HapaxyBaHHSM Ha OIUIATy IIpaii IpaiiBHH-
KiB, III0 OOCITYTOBYIOTh PyXOMUH CKJIa;

— IHIIMMHU BUTpaTaMH;

— aMOPTH3AIIMHUMU BiIpaxyBaHHSIMH Ha pPYy-
XOMUH CKIIaJT;

— 3araJTbHOBUPOOHMYMMH BUTpPATaMH Ha YTpPH-
MaHHS PyXOMOTO CKJIaJy;

— BUTpaTaMH Ha PyX TMOI3/iB.

Jlns momanpIuX JOCHiIKEeHh HEOOXITHO BHKO-
HATW aHalli3 «3aTpaTH — o0CAT MisUIBHOCTI — IpH-
OyTok», Ans yoro modymyeMo rpadix 6e330uTKO-
BOCTI IMAacaXUPCHKUX IEPEBE3CHHb Y BUCOKOIIBH/I-
KICHOMY CIIOJIYYC€HHI 3a TpaBHIaMH TpadidHOTro
BU3HAUYCHHS Map>KUHAIBHOTO 1oxoxay (puc. 3).

[lepenbavaerbes, 1m0 aHAII3 3ICHIOETBCS B Me-
Kax pENEBAaHTHOTO Jiala3oHy, B SIKOMY 3arajibHa
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CyMa YMOBHO-TIOCTIHHMX BHTpaT 3aJIUIIAETHCS HE
3MIHHOIO, a ()YHKIIi YMOBHO-3MIHHUX BUTpAT, pea-
JIBHOTO J0XOAY Ta Map)KUHAIBHOTO JIOXOAY € JIHiH-
HUMH 3aJIeKHO BiJl 00csTy TiepeBe3eHb. llpu cyrre-
BOMY 30UTBITICHHI KiJTBKOCTI PyXOMOTO CKJIamy ISt
MepeBe3cHHs MacaXUpiB Tpebda BUKOHYBATH aHai3
BUTpAT y HOBOMY PEJICBAHTHOMY Jlialta3oHi 3 iHIIH-
MU TTIOKa3HUKaMH 3MIHHHX Ta ITOCTIHHIX BHTPAT.

Ha ropusoHTabHINA OCi HAHOCUMO 3HAYCHHS Ta-
CaXMPCHKUX TIEPEBE3CHb B IMAC.-KM JUIA TIEBHOTO
po3paxyHkoBoro poky (12 808 700 Tuc. mac.-km).
3 1iei Touku OyIyeMo Bropy Bipi30K MapayieibHO
BEPTHKAIILHIN OCi, 3HAYEHHS SIKOTO JIOPiBHIOE TIO-
criitaum Butparam — 5 980 940 tuc. rpH. IloTim
yropy IOJAaEMO BiZIPi30K, 3HAUCHHS SKOTO JOPiB-
HIOE 3MiHHUM BUTparam — 2 144 270 tuc. rpH. [lo-
OyIOoBaHW TaKUM YHHOM 3arajbHHUH BiAPI30K J0-
pIBHIOE BHUTpaTaM Bill TIEPEBE3CHHS IMACAXKHUPIB
y po3paxyHkoBomy poui — 8 125 210 THc. rpH.
Yepes 110 TOUKY Ta TOYKY HEPETHUHY JiHii MOCTiH-
HUX BHTpaT 3 BEPTUKAIHHOKO BiCCIO MPOBOAMMO
JHIIO 3aralbHUX BUTpAT (KUPHUH IMyHKTHp). SIK-
110 MPOBECTH 3 TOUYKH HYJb Ha TIOYAaTKy KOOPAWHAT
MpsIMY J0 TOYKH, 1110 JIOPiBHIOE 3HAUEHHIO JOXOIIB
Bl TIEpEBE3EHHS MACAXHPIB Yy PO3PaXyHKOBOMY
pomi (12 808 700 Tmc. TpH), TO OTPUMAEMO Ha iX
MEPEeTUHI TOYKY O0€330MTKOBOCTI, TOOTO TOUYKY,

‘ 3oHa IpHdYTKY

A ~ .. . A
‘ VMOBHA MHIA J0X0y BT IEpeBeseHb WH

B SKili BETMYMHA TOXOMIB Bill TIEPEBE3CHb TOPiB-
HIOE 3HAYCHHIO BEJIMYMHM 3arajibHuX BUTpaT (T0-
3HAYCHA KUTBIIEM).

3 puc. 3 BUILTMBAE, IO MACaKUPCHKI TepeBe-
3¢HHS Y BUCOKOIIBHIKICHOMY CITOJIYYCHHI, po3pa-
XOBaHi 3a MONepeNHiMH JTaHUMHU, OyAyTh MPHOYT-
KOBUMH HAaBiTh TPH TEPEBE3CHHAX HUXKYE HIK
16 379 411 trc. mac.-kM. Aje oCTaTo4HiI po3paxy-
HKJ MOJKHA OyJie BU3HAYMTH MiJ Yac yTOYHCHHS:

— IUIaHy BHCOKOLIBHIKICHOI Marictpaini, ii mo-
BXKHHHM Ta KiITBKOCTI €CTaKa;

— BapTOCTI 3eMiIi, 0 Oy/e BiaBeaeHa mia Oymi-
BHUIITBO;

— BaprTocTi OyaiBHUITBA yCiX 00’ exTiB BIIIM;

— BUTpAT Ha eKCIUTyaTallito, yTpUMaHHSI Ta pe-
MOHT PYyXOMOTO CKJIaIy, 3aJeKHO BiJl TEXHIYHUX
rapaMeTpiB Moi3AiB, Mo OyIyTh MpuAOaHi sl BU-
kopuctanHds Ha BIIIM;

— TEXHIYHMX yMOB Ha MIJKIIOYEHHS 00 €KTiB
BIIIM 10 TennoBux, eNEKTPUYHUX, KaHAII3AMIHHNX,
BOJIOTIOCTaYaIbHIX MEPEeX Ta IHIIMX KOMYHIKaITiH.

BxazaHi yTOYHEHHSI CyTTE€BO BIUIMBAIOTH Ha Be-
JUYMHY YMOBHO-3MIHHUX Ta YMOBHO-TIOCTIHHHMX
BUTpAT, 0coOMMBO Ha ocTanHi. [lomanbiii pospa-
XYHKH BH3HAYCHHS ¢(EKTUBHOCTI OYIIIBHHIITBA Ta
excrutyaTanii BIIIM ciifi BUAKOHYBaTH 3a eTarnamMu
OyAiBHHULITBA Ta ITyCKOBUMH KOMILIEKcaMH (pHc. 4).

}_

Moxomi — 12 808,70

}7

JliHiA 3aTAMBHIIX BUTPAT

‘ Touka be330HTROBOCTI

Joxon Ta BHTPATH B11 MepeBeseHb, MIH IDH

‘ JoHa 0HTKIB

| SmiHHi BrTpati— 2 144,27 ‘

Fwommm

‘ JliHiA MOCTIHIIX BUTPaT ‘

\{ IMocttn Brrpati — 5 980,94 ‘

Yy

O

-
»

16 379 411 ‘ ‘ O@csar nepepezeHs, THC. MAC.-KM ‘

Puc. 3. I'padik 6e330UTKOBOCTI MACAKUPCHKUX MEPEBE3CHb 3 BUKOPUCTAHHSIM MapKUHAIBLHOTO J0XO.Y.
IDicepeno: po3pobka aBTOpiB
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Kuie Xapkis
0\ 1 /0

—
Ilontaea -y

3

HoHeIpK
JTHIITP OTIE TP OB CBK 7
‘—o
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13
Kepeon

Omeca

Cinidpeporrons

Puc. 4. Cxema erannocti 6yaiBHMIITBa AinbHUIE BILIM. /[orcepeno: po3poOka aBToOpiB

BucoxomBuIKiCHHN pyX Ha OKpEMHUX MiTHHU-
1ax BIIM mounHae misiTH Micis 3aKiHYEHHS Tep-
MiHy OOKaTKM 3aJi3HHYHHX KON Ta PyXOMOTO
CKJIaay. 3 MbOTO MOMEHTY MPOTHO3YIOTHCS TOXOU
Ta BUTPATH BiJl NIEPEBE3eHb 3 ypaxyBaHHSIM HOCTY-
MOBOT'O HAPOIIYBaHHS MACaXXUPOIOTOKY, pallioHa-
JFHOTO BUKOPHUCTaHHS PYyXOMOTO CKJIaTy Ta ONTH-
MaJbHOI OpraHizarii pyxy.

ByniBHAIITBO BHCOKOMIBHAKICHOT Marictpai
IUTAHYETBCS TMPOTATOM 15 POKIB 1 HMOYHMHAETHCS
3 micta KueBa 1o XapkoBa, o oOIrpyHTOBaHO Ma-
KCUMaJIbHUM [aca)XUPOMOTOKOM, MOTY>KHICTIO Oy-
IIBENFHUX OpraHizaiiii Ta po3TanryBaHHIM pPeMO-
HTHHX MiAPO3.I1TiB.

Jami tutanyetscsi OymiBHHIITBO Ta BIIPOBa-
JUKeHHST B ekcinryaramiro BIIIM miBpenHoro Ha-
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OPSIMKY 3 BKJIIOYCHHSM /0 HBOTO TAKHX MICT, SIK
JuinponeTpoBcrK, 3amopixoks, Memitomnons Ta
Cim¢epormonb, 10 Ja€ 3MOTY B MOAANBLUIOMY BBEC-
TH B eKCIUTyaTamilo AOHeUbKHi HampsMok ([o-
HelbK, JIyrancek Ta Mapiymosns).

Taxkum ynaOM 10 BIIIM OyayTh BKIIIOYEHI CXi-
IHI Ta LEHTpalbHI paiioHM YKpaiHH, a TaKoX
KpuMcekuit miBocTpiB. lle 103BONUTE OXOMHTH
HIBUJKICHIM pPyXOM HaHOiJbII HaceleHi 00yacTi

Ta KypOpTH, a SK HACIIIOK MiABHUIIUTH €()EKTHB-
HICTH OYAIBHHITBA T4 CKOPOTHTH TEPMiH OKYITHO-
CTI BUCOKOWIBHIKiICHOI Marictpani. Ilicias umporo
MMOYNHAETHCS OYyNIBHUIITBO MATICTpai y 3aXiTHHX
perioHax Ykpaiam B HampsaMmky mo JIrBoBa, mapa-
nenbHOro xony 3 Kuepa mo Cimdepomnons ta apy-
roro MIMPOTHOTO Xoay 3 JIHimpomeTpoBCchKa 10
Onecu. 3a 11i€r0 cXeMOI0 TTOOYTOBaHI OKPEMi JTiJThb-
uui BILM, iuBecTuilii, ki HaBeIeHO Ha puC. 4.

Tabnuns 8

Po3paxyHok 3araiabpHux inBecTuuid Ha OyaiBHunTBo BIIIM, MuH rpH. [Jorcepeno: po3poOka aBTOPiB

= = .

2 = | £ s ° - <E | =3

= | 8 5 =} SE ) gE E = = 2t

S s g5 = EE a g 5 clE E 32

= o 3 g ) 5 =) 2 [<N=| s s = E =

> Z == B n = o E s 5 B 3 o s -

S = = 3 S "o = - R = R

E = = .2 o Z 2 = E g 5 B a2 EE

> g X H = g 2 < g = S8 £ 2

£ | g S 2 £m 2 £ 2 g E2 g g

> 2 E > B 8 ° M = 2 S 2

= =6 & = @ E &
1,2 1 Kuis—ITonraBa 310 | 16257,7 4 848,0 | 2665,0 | 652,0 |20422,7
2 2 ITontaBa—XapkiB 130 | 7072,3 4 848,0 1.300,0 - 9220,3
3 3 | HonraBa—/IninponerpoBcek | 130 | 6 9557 4 848.0 1 500,0 - 9303,7
3 4 | duinponerpoBchk—3amopiokst| 80 4401,1 3 636,0 368.,6 - 5405,7
4,5 5 3anopixoks—MeTiTonob 110 | 5701,7 0 - 368,6 — 6070,3
4,5 6 | Menitonons—Cimdpepomnons | 241 |12 120,0 4 848,0 1 100,0 - 14 068,0
6 7 | HainponerpoBcbk—/Jorenpk | 220 | 11 587,9 6 1272,0 | 1500,0 — 14 3599
8 Jouneupk—JIyrancbk 140 | 72483 3 636,0 465,0 1123,1 | 94724
7 9 JoHenpk—Mapiymnonib 120 | 61332 4 848,0 465,0 — 7 446,2
8 10 Kuis—bina I{epksa 65 34694 0 - - - 34694
8,9 | 10 Bina IlepkBa—Muxkoais 340 |17 469,9 6 1272,0 | 465,0 - 19 206,9
10 11 MukosnaiB—XepcoH 60 3157,7 2 4240 368,6 652,0 | 4602,3
10 12 Muxkonais—Opneca 120 | 6419,4 6 1272,0 | 1500,0 - 91914
11 13 Xepcor—Cimpepononb 240 |12473,0 10 2120,0 - - 14 593,0
12 14 bina IlepkBa—Binnurs 130 | 7071,3 2 4240 368,6 - 7 863.9
12 14 | Binauns—XMenbHALBLKUI 110 | 5982,6 2 4240 368,6 - 67752
13 15 | Xmenpauipkuii—Tepraomias | 105 | 5420,8 2 424.0 368,6 - 62134
13,141 16 Tepuomnins—JIbBiB 120 | 6 503,1 10 2120,0 | 1200,0 — 9 823,1
14 17 | duinporrerpoBcbk—Kpuewmii Pir| 150 | 7 758,1 6 12720 368,6 - 9 398,7
15 18 Kpuewnii Pir-Mukosais 150 | 7645,8 6 1272,0 - — 8917,8
Bceboro 3071 | 160 849 84 17 808 | 14 740,0 | 2427,2 | 195 824
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Tabnuns 9

Po3paxyHok ekoHOMIYHNX NOKa3HUKIB ¢pyHKkuionyBanHs BIIIM 3a okpeMHMH HANIPSMKAMM IIiCJIs1 BBOAY
B eKCIUIyaTanilo, MJIIH I'pH. [orcepeno: po3podKa aBTOPIB

Q
<
® = ‘=
= T s < T % .
P T .. =9 %] w =~ = I = >
S E = £ SEd| 8§ 5 = g | £&| 5| S&| Ex | 8¢
= 2 : 5 SES| B = | | & |FE| E|FE| 88| £¢
= 2 =l Z E g = A 5 |25 " Bl 2 | E 5
e 22| & Za
=
1, | Kuie-Tlommasa— | o ¢ | 4400 | 6169 | 3913 | 225.6 | 42,9 | 33.8 | 1489 | 1361 | 744
XapkiB
3 | Kuis-Tlommasa— 1 600 5| 4400 | 3456 | 2192 | 1264 | 240 | 190 834 | 763 | 417
JIHInponeTpoBCchK
4 KuiB=Jla-cok— |} 53071 5200 | 5029 | 319.0 | 183.9 | 34.9 | 27.6 | 1214 | 1110 | 607
3anopixoks
KuiB—/{H-cbK—
5,6 3anopixoKsi— — - 0,0 0,0 0,0 0,0 | 0,0 0,0 0,0 0,0
Cimdepomnons
7 Kuis=Jl-cok— | 4 450 6| 6600 | 722.0 | 458.6 | 2643 | 502 | 39.6 | 174.5 | 1595 | 872

JloHenpk
8 Kuis—JIyrancek 7279 800,0 | 4554 | 288,9 | 166,5 | 31,6 | 25,0 | 109,9 | 100,5 54,9
9 KuiB—Mapiymosn 765,5 780,0 | 4669 |296,2 | 170,7 | 32,4 | 25,6 | 112,7 | 103,0 56,3

1110i3 Kuis—Cimdeporions | 2 848,2 | 705,0 | 15702 | 996,1 | 574,2 |109,1| 86,1 | 378,9 | 346,5 | 189,5
12 Kuiz—Opeca 10496 | 5250 | 430,9 | 273.4 | 157.6 | 29,9 | 23.6 | 1040 | 95.1 | 52,0
1514i6 Kui—JTbBiB 14325 | 530,0 | 593,7 | 3766 | 217.1 | 41,2 | 32,6 | 1433 | 1310 | 71.6
3 [ AWIIPONCTPOBCHK— | 2on 5 | 9600 | 1571 | 996 | 574 | 109 | 8.6 | 37.9 | 347 | 19,0
XapkiB
17,18 HH‘HP‘(’)“;GTCP;BCBK‘ 1044,1 | 4200 | 3429 | 2175| 1254 | 23,8 | 188 | 82.8 | 757 | 414
56,7 Honenpk— 20513 | 651,0 | 10443 | 662,4 | 381,8 | 72,5 | 57,3 | 252,0 | 2304 | 126,0
Cimdepornosp

16 Jlyrancek—JIpBiB 606,3 | 1330,0| 630,6 | 400,0 | 230,6 | 43,8 | 34,6 | 152,2 | 139,1 76,1

XapkiB—
Cimopeporosp

12 Xapkis—Ogeca 1051,6 | 680,0 | 559,2 | 354,7 | 204,5 | 38,8 | 30,7 | 135,0 | 1234 | 67,5
16 XapkiB—JIbBiB 735,8 | 970,0 | 558,1 | 354,1 | 204,1 | 38,8 | 30,6 | 134,7 | 1232 | 67,3

5,6 1448,1 | 691,0 | 782,5 | 496,44 | 286,1 | 54,4 | 42,9 | 188,8 | 172,77 | 94,4

JIyrancek—
Cimdepomnons

12 Jlyrancek—Opeca | 674,0 | 780,0 | 411,1 | 260,8 | 150,3 | 28,6 | 22,5 | 99,2 90,7 49,6

17 326,8 | 791,0 | 202,1 | 128,2 | 73,9 | 14,0 | 11,1 | 48,8 44,6 24,4
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3akiHuyeHHs TabI. 9

Q
<
=® = =
; T ST = « = }g B S
S B 2 2 22 g E % & g | 2&| 2| 5&| Ez | 5¢
o = ¢ g E&8| & S = E |S2E| B | 25| 28| 8¢
= 2 5 Z 5 E X @ = |2 E| & | g | BX
= =3 A <&
=
17 | 3anopisoks—Omeca | 553,0 | 500,0 | 216,22 | 1372 | 79,1 | 150 | 11,9 | 522 | 47,7 | 26,1
16 | 3anopixoks—JIssis | 377,1 |1050,0 | 309,6 | 1964 | 1132 | 21,5 | 17,0 | 74,7 | 683 | 374
12,13 _ Oneca- 5771 | 4200 | 189,5 | 1202 | 693 | 132|104 | 457 | 418 | 22,9
Cimdeporons

16 Oneca—JTbBiB 4962 | 9250 | 358,9 [227,7| 1312 | 24,9 | 19,7 | 86,6 | 792 | 4373

16  JlbBiB— 765,0 |1105,0| 661,0 | 419,3 | 241,7 | 45,9 | 36,3 | 159,5 | 1459 | 79,8
Cimodeporosb

8 Xapkie—JIyrancek | 1011,0 | 860,0 | 679,9 | 431,3 | 248,6 | 47,2 | 37,3 | 164,1 | 150,0 | 82,0
Bceboro 24 748,2116 833,0(12 808,7|8 125,2| 4 683,5 | 889,9 | 702,5|3 091,1| 2 826,3 | 1 545,5

Tabnuns 10

IpomixkHi po3paxyHKH YMCTOr0 JUCKOHTHOIO 0X0Y 32 OKPEeMHMH HANPAMKAMH MicJIsl BBOAY
B excniryaTaniio BIIIM, mun rpu. /[ocepeno: po3poOka aBTopiB

2 BeJlI/I‘{I/IHa eKOHOMi'{HHX CKJIaJIOBUX, MJIH rpH

5 : -

M = = = = = gl

S & £ = 8 g g g 8 55 ! = £ El=

= ElY X @ S & 2 > T o = = E 5 E

8 T 5 29 2= E & E g = g5 = g

= < s & =2 & ge s S 3 2 53

” S@= 2 s .2 g N X2 =

= &3 < A 3 = R 2
N4 =

1 Kuis—ITonTasa 0,0 0,0 0,0 204227 | —20422,7 | 0,893 |- 182375

2 Kuiz—Xapkis 6169 | 3913 | 136,1 92203 | —9011,7 | 0,797 | -71823

3 |KuiBJlHINponeTpoBeEK, | 50) 5 | 3yg e | 1110 | 147094 |- 145394 | 0712 |- 103520

XapkiB—/IH-CbK
4 Knis—3anopixoks 502,9 | 3190 | 111,0 60703 | —59003 | 0,636 |—37526
Kuis—Cim¢peponons,
5 M 23527 | 14925 | 5192 | 140680 | —13272,6 | 0567 |—75256
Xapkis—Cimdepornois
6 Kuig—JloHewrx, 17672 | 1121,0 | 389,9 | 143599 | -137624 | 0,507 |-6977,5
Houenpk—Cimdeporonn
KuiB—JIyrancek,
7 Kuis-Mapiynone, 18043 | 11444 | 3981 | 169186 | —16308,4 | 0452 |—73714
XapkiB—JIyraHcek,
Jlyrancek—Cimdeponosnb
8 ‘ 0,0 0,0 0,0 106763 | —10676,3 | 0,404 |—43132
Kuis—Cimpepornosb
9 0,0 0.0 0,0 12000,0 | —12000,0 | 0,361 | —4332,0
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3akiHuends tabn. 10

2 Bennqm{a eKOHOMi‘IHI/IX CKJIaJOBHUX, MJIH FpH
= ; =
M % F k= T = g = = =
= S =g 5 = 2 2 2 £ g
2 5 2 g a2 s & 2> = = == £ =
'S = = g e B = g8 E g = S5 = £
= = e & =3 g & s 3) o = =
e NE 8 i3 | S 5 - g
& H < B =S
Kuis—Opeca,
10 Xapxis-Oneca, 1590,7 | 1009,3 | 351,0 | 13793,7 | —13256,1 | 0322 |—4268,5
Opneca—Cimdeporons,
JIyrancek—Opneca
11 KutisJTsbis, - - - 145930 | —14593,0 | 0287 |—-41882
12 Jlyrancex—JIbBis, - - - 14639,1 | —14639,1 | 0257 |-37622
XapkiB—JIbBiB,
13 Oneca—JIbBiB, - - - 16036,5 | —16036,5 | 0,229 |-3672,4
14 esis-Cimpeponons | 5 ¢0) 6 | 1777.8 | 6184 | 93987 | —84511 | 0205 | 17325
JH-cek—Opeca,
15 3anopixkki-Oneca, 868,7 | 551,1 | 191,6 | 89178 | —8624,1 | 0,183 |—1578.2
3anopixoks—MeiTonob
Pazom 12808,7 | 8125,2 | 2826,3 | 195824,3 |—191493,7| 0,163 |-31213,5
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Poku 6yniBHunTBa Ta excruryatanii BIIM

Puc. 5. luramMika 3MiHE YUCTOTO JUCKOHTHOTO TOXOy Ta BU3HAYCHHS TEPMiHY OKYITHOCTI BUCOKOIIBHIKICHOL
Maricrpadii. [oicepeno: po3podka aBTOPIB

VY Tabn. 6 HaBeneHi pO3paxyHKH 3araibHUX iH-
BECTHIIIH Ha OyNiBHUITBO KOJIiH, CTaHIHM, peMOH-
THHUX JIETO, 3aBOAY Ta 3aKyMiBIIO PyXOMOTO CKJa-
Iy 10 OKPEMHX POKax Ta ITyCKOBHX KOMILIEKCAX,
IO TO3BOJIUTH B MOJATBIIOMY BU3HAYMTH BEITHMYH-
HY YHCTOTO JTUCKOHTHOTO JTOXOY.

B Tabn. 10 HaBeneHi NPOMDKHI PO3pPaxXyHKH
YUCTOTO TUCKOHTHOTO OXOAY 332 OKPEeMHMH Ha-
npsimkamu BIIIM, siki HEOOXigHI 111 BU3HAUCHHS
3aranpHOTO YJIJ| HakOomMYeHUM TMiACYMKOM 3a
15 poxkiB.
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ExonoMmiuHi Noka3HMKH POOOTH BHCOKOMIBHAKICHOI KOMIIAHIl, mic/d 3aKiHYeHHSs

oyniBauurea BIIIM, MmaH rpH. /[orcepeno: po3poOka aBTOpiB

Tabaums 11

Bennunna eKoHOMIYHMX CKJIaJ0OBUX, MJIH I'PH
HanpsiMok kypcyBanHs Hoxomn Bin | Excrutyarauiitni | Amoprusaniiini Uncrnit goxia
nepeBe3eHb BUTpaTH BlIpaxyBaHHS

Kuis—Xapkis 616,9 391,3 136,1 208.6

Kuis—/lHinponerpoBchbk, XapkiB—/[H-Cbk 502,7 318,8 111,0 170,0

Kuis—3amopixoxs 502,9 319,0 111,0 170,0

Kuis—Cimpepormnonb, XapkiB—Cimpepomnonn 23527 1492,5 519,2 795.,4

Kuis—/loneurk, Jlonenpk—Cimdepomnonsb 17672 1121,0 389,9 597,5

Kuip—Jlyranci, Kuis-Mapiymons, 1 804,3 11444 398,1 610,2
Xapxki—JIyraucek, Jlyrancek—Cimbeporosb

KuiB—Opeca, Xapkis—Ogpeca,
Opneca—Cimdeporons, Jlyrancek—Oneca 1590,7 1009,3 351.0 >37.6
Kuis—JIsBiB, HyrgHCLKiJILBl.B, Xapkis—JIbBiB, 2 802,6 1777.8 618.4 947.6
Opneca—JIbBiB, JIbBiB—CiMepomnonb
HuinpornerpoBcbk—Opeca, 3anopixoks—Oneca, R68.7 5511 191.6 2937
3anmopixoka—MeniTornob ’ ’ ’ ’
Pazom 12 808,7 8125,2 2 826,3 4330,6

3a pe3ynbraTaMH JOCHIKCHb, SKI OyJIM HaBe-
JICH1 BUIIIE, ISl KO)KHOTO POKY OYJIIBHUIITBA BUCO-
KOMIBHJIKICHOT Marictpajii Ha puc. 5 300pakeHo
rpadik 3mian YJIJ| Tta Tepmin oxymrocTi BIIM,
IO CTAaHOBUTH 55 pokiB. [l Kpamoro CupuitHAT-
T4 rpadika Ha PUCYHKY MPOITYIIEHO Trepio mMix 20
Ta 55 pokamu 3 modarky OymiBHHUIITBAa BILIM. Ta-
KWW 3HAYHUNA TEpMIH OKYITHOCTI BHCOKOIIBHJKIC-
HOI MaricTpaii MOsCHIOETbCS Ty’Ke BEIUKOIO Bap-
TicTio OymiBamnTBa BIIIM Ta pyxoMmoro ckmanmy.
B Toi1 e yac cuij cka3zaTH, IO TisUILHICTE BHCO-
KOIIBHJIKICHOT ~KOMITIaHii Oyae mnpuOyTKOBOIO,
ockinbku 3a 14 pokiB ekcruryaranii BIIIM Oyne
HaKOIMMYICHO MPUOYTOK Yy po3Mipi 4 683,5 MITH TpH.
[MigBumuTy edeKTHBHICTh QYHKIIOHYBaHHS BHUCO-
KOMIBHUJIKICHOT KOMITaHii MOYKHa 32 paXyHOK BHKO-
PUCTaHHS BITYM3HAHOTO PYXOMOTO CKJIaay, SKHA
B YKpaiHi Oyae BupoOnstu KprokiBcbkuii BaroHo-
OyniBHUIT 3aBOj, Ta 30LIBIIEHHS KiTBKOCTI Iaca-
JKUPIB, AKi OyIyTh TiepeBe3eHi micug 15 poky exc-
ruryaranii BILIM.

He MoxHa B mepin pokd eKciiTyaTawii BHCO-
KOMIBHUJIKICHOT KOMIIaHil MiABUIyBaTH Tapupu Ha
MIEPEBE3CHHS TACAKHUPIB, OCKUTBKH BOHH OYIyTh
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MIEPEBUIIYBaTH BapTICTh KBUTKIB Ha JiTaK. YiKe
3apa3 B YKpaiHi BapTiCThb NEPEBE3CHHS MACaKHUPIB
y mBuakicHux mnoizmax Hyundai Rotem wixk
KueBom Ta JIHIIpONETPOBCHKOM IOPIBHIOE BapTO-
CTI KBUTKIB Ha JyitTak Mixk Kuesom Ta Bymanemrom
(mami smmaEs 2013 poky). Ilicas 3akiHUeHHS
OyIiBHUIITBA BHCOKOIIBHIKICHOT MaricTpaji dYuc-
TUH 10X11 mopiyHo ctanoButUME 4 330,6 MJTH TpH.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTD

Hamu 3anporoHoBaHO HayKOBWH MiAxia LIOAO
BU3HAYCHHS €KOHOMIYHOI e()eKTUBHOCTI OYyiBHHII-
TBa Ta €KCIUTyaTallii BHCOKOIIBUIKICHUX MaricTpa-
JIe, SKUH Ha BIIMIHY BiJ] iCHYIOUOTO BKIJIIOYAE YJI0-
CKOHAJICHI MPHUHIUIKA BU3HAYCHHS KIILKOCTI mepe-
BE3CHUX TacaXupiB, BapTocTi OymiBamMITBa BIIIM,
KUTBKOCTI OJMHUIP PYXOMOTO CKIIay, ONTHMI3ye
PO3paxyHKH JOXOJIB Ta BUTPAT B KOHTEKCTi KOHKY-
PCHTHUX TlepeBar Ta BIUIMBY 30BHIIIHIX (akTopiB
Ha MisUTbHICTH KoMITaHii. Ha ocHOBI Bka3zaHOTO Hay-
KOBOTO MIJIXOJy PO3pOOJIEHO yIOCKOHAICHY METO-
UKy BU3HA4YCHHA e(EeKTUBHOCTI OyAiBHHLTBA BHU-
COKOIIBH/IKICHOT MaricTpaii B YKpaiHi.
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BucHoBku

CraTTs MPUCBSYCHA PO3POOI[ METOJAUKH IIOJI0
BU3HAYCHHS ¢(DEKTUBHOCTI BIPOBA/KCHHS B Y Kpa-
THi BUCOKOIIBUIKICHHX IMOI3IiB. Buxoasuu 3 BU-
KOHAHOTO aHaJli3y, MOKHa KOHCTAaTyBaTH:

1. YIockoHAIEHO METOAWYHMI MiAXix 1010
PO3paxyHKy NEpCHEeKTHBHUX OOCATIB TepeBe3eHb
10 BHICOKOIIBUIKICHIH MAaricTpaii, SKHH CYTTEBO
BIZIPI3HSETBCS BiJI €BPOIEHCHKOTO, 3alporoHOBa-
HOro (paHity3pkor0 kommnaHiero «SYSTRAY, ocki-
JBKU JT03BOJISAE JOAATKOBO BpaxyBaTH TPaH3UTHHUN
MOTIK TacaXupiB dvepe3 YKpaiHy, pO3MOIUINTH
MacaXXHpiB MO OKPEMHUX IUIBHHLSAX MPOIMOPLIHHO
KUTBKOCTI HACEJICHHIO MICT, II0 BXOJAATH y BHCO-
KOIIBUIKICHY Marictpaib, 3 YpaXyBaHHIM cepe-
HBOI PYXJIMBOCTI HACEJICHHSI, TEPMiHY IOi3IKH Ta
KoedilieHTa, M0 JOJAaTKOBO BPaXOBYE YacTOTY
MOT3[IKK TMACAKUPIB HA 3aMaHii MITBHUII 3aJIeHKHO
Bil TpHU3HAYEHHS (BiIps/KEHHs, Iepecajka Ha
JiTaK, BiAIMMOYMHOK Ta iH.).

2. 3amporoHOBaHO HAYKOBHUH MiXiJl MIOAO BU-
3HAYCHHS €KOHOMIYHOI e()eKTHBHOCTI OYyNiBHHIIT-
Ba Ta EKCIUTyaTalii BUCOKOUIBHIKICHUX MaricTpa-
Tel, SKUU Ha BiIMIHY Bifl iCHYIOUOTO BKIIOYAE
YIOCKOHAJICHI TMPUHIIANIA BU3HAYEHHS KIJTBKOCTI
MEePEeBE3CHUX MacaXHpiB, BapTOCTI OyAiBHUIITBA
BIIM, oauHMIB PYXOMOTO CKJIagy, ONTHMI3ye
pO3paxyHKH JOXOJiB Ta BUTPAT B KOHTEKCTiI KOH-
KypEeHTHHX IepeBar Ta BIUIMBY 30BHIIIHIX (aKTo-
piB Ha AiAIBHICTH KOMMaHii. BpaxyBaHHs BHIEHA-
BEJICHUX IIOJIOKEHb MiABHUILYE OOIPYHTOBaHICTh
VIIPABIIHCHKUX PIIICHH M0N0 3a0e3meueHHs edek-
TUBHOCTI (PYHKIIIOHYBaHHS BHCOKOIIBUIAKICHUX
TIepPEeBE3CHb.
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YCOBEPHIEHCTBOBAHHAA METOJAUKA OIIPEJAEJIEHUSA
9KOHOMUYECKOM Y®P®EKTUBHOCTU CTPOUTEJBCTBA
1 DKCILTYATAIIMA BBICOKOCKOPOCTHOM MATHUCTPAJIA
B YKPAUHE

Hean. Pa3zpaborath ycOBEpUIICHCTBOBAHHYI0 METOAMKY M C(HOPMYJINPOBATH MEPONPHSITHS, KacarolIuecs
OIIpeJIeTICHNs] SKOHOMUYECKOH 3()(EeKTHBHOCTH OpPraHM3allil BBICOKOCKOPOCTHOTO JIBMDKEHHSI C YYETOM OIIbITa
SKCIITyaTallid CKOPOCTHBIX IIEPEBO30K B YKpaWHE, MPOJIODKUTENIBHOCTH MOE3AKH, KOJIMYECTBA OCTAHOBOK Ha
Mapupyre, rpaduka ABHKEHHsI BHICOKOCKOPOCTHBIX MOE3/I0B U CIIpoca Ha 3T nepeBo3ku. Meromuka. [Ipeanoxena
MIOCJIEIOBATEILHOCTD OMNPENENICHNs [IEJIECO00Pa3HOCTH OPraHM3allui BBICOKOCKOPOCTHOTO ABWKEHHS B YKpauHe,
alalilTUpOBaHHAasA K PBIHOYHBIM YCJIOBHSAM. IlaHHaﬂ METOAMKA YUUTBIBACT paCdY€Tbl CTOMMOCTU BbICOKOCKOpOCTHOﬁ
Maructpamu (BCM), craHnmii, peMOHTHBIX TOJpa3[elieHHid W MOJBIKHOTO cocTaBa. lccieqoBaHsl pacxonsl Ha
MEPEeBO3KU MTACCAKHUPOB C MOMOIIBI0 MAPKUHAJIBHOTO J0X0/a; U3y4eHa AWHAMHMKa M3MEHEHHs YHCTOrO JAUCKOHTH-
poBaHHOTO IoXo0na U cpoka okymaemMoctd BCM. Pesyabstathl. B pabote paspaboraHa MeToImKa KOMILIEKCHOTO
OIpPEACICHUA 3(1)(1)GKTI/IBHOCTI/I CTPOUTECJILCTBA U 3KCIUTyaTallu BBICOKOCKOPOCTHBIX MOE3/10B C YYETOM CTOMMOCTU
MH(PaACTPYKTYpHI, MOJBIKHOTO COCTaBa, BIMSIHUS (DakTOpoB BHEIIHEH cpensl u Ap. Hayunasi HoBu3Ha. [Ipenso-
’KEH Hay4HbI MOAXOJ, KaCaIOIIMICS ONpeaeIeHUs] SKOHOMUYECKOH 3((EKTUBHOCTH CTPOUTENBCTBA U IKCILTyaTa-
nun BCM. OH, B oT/iM4Me OT CYLIECTBYIOIIETO, BKIIOYAET YCOBEPIICHCTBOBAHHbIE IPUHIIMIIBI ONPEAENIEHHs KOJIU-
YEeCTBA MEPEBE3EHHBIX MACCAXKNUPOB, CTOUMOCTH CTpouTenscTBa BCM, npuoOpeTeHust MOABUKHOTO COCTaBa, ONTH-
MH3HPYET pacuyeTsl T0OXOJ0B U PACX0JIOB B KOHTEKCTE KOHKYPEHTHBIX ITPEUMYILECTB U BIMSHUS BHEIIHUX (PaKTOPOB
Ha JEATENbHOCTh KOMIIAaHMM. B pacuerax BIEpBbIE YUYMTBHIBACTCS TPAH3UTHBIH MOTOK I1aCCaXKHPOB,
otnpasistomuxcs u3 crpad CHI™ Ha otneix B Kpsim, Kapnater, Onecckuii u JIbBOBCKHE PETHOHBL. YUET yYKa3aHHBIX
(akTOpoB MOBBIIAET OOOCHOBAHHOCTH YNPABICHYECKUX DPEIICHHH, Kacaromuxcs obecredeHus 3PGeKTHBHOCTH
(hYHKIIMOHMPOBAHHS BBICOKOCKOPOCTHBIX IepeBo3oK. IIpakTmdyeckast 3HaummocTh. [IpennoxeHHas MeTOAMKa
U Pe3yNbTaThl UCCIICIOBAHUH MTO3BOIMIIN ONPEACIUTH [IEJIECO00PA3HOCTh CTPOUTENBCTBA B YKPAaHHE BBICOKOCKOPOCT-
HOI MarucTpaly Jyisi CKOPOCTH ABM)KEHUS MTACCAKUPCKUX 0€3/10B He MeHbIe 250 KkM/49ac. ITO HO3BOJIUT MacCaXHp-
CKOMY BBICOKOCKOPOCTHOMY JBW)KEHHUIO 3aHSTh CBOIO HUIILY HA TPAHCIIOPTHOM PBIHKE Y KPauHbI.

Kniouesvie cnosa: ckopocTHOE U BEBICOKOCKOPOCTHOE JIBUKEHUE; BBICOKOCKOPOCTHAs! MarucTpallb, KalUTalbHbIE
BJIO>KEHHMS; TIEPEBO3KH; HHPPACTPYKTYpa; JOXOABI OT MIEPEBO30K; 3aTPAThI; IPHOBLIL
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IMPROVED METHOD OF DETERMINATION OF ECONOMIC
EFFICIENCY OF CONSTRUCTION AND OPERATION OF HIGH
SPEED MAINLINE IN UKRAINE

Purpose. To develop an advanced methodology and formulate the measures concerning the definition of eco-
nomic efficiency of high-speed movement organization taking into account the operating experience of rapid trans-
portations in Ukraine, travel time, number of stops on the route, schedule and the demand for these transportations.
Methodology. The economic feasibility for appropriateness of high-speed movement organization in Ukraine is an
investment project, which involves step-by-step money investment to the construction. To solve such problems one
uses net present value, which UZ or newly created companies can get during the project realization and after its
completion. Findings. On the basis of obtained studies one can state that the methodology of complex determination
of construction efficiency and high-speed passenger trains operation taking into account the cost of infrastructure,
rolling stock, impact of environmental factors, etc. was developed in the article. Originality. We propose a scien-
tific approach to determine the economic efficiency of the construction and high-speed main lines operation. This
approach, unlike the existing one, includes the improved principles of determining the passenger traffic, the cost of
high-speed mainline construction, the number of rolling stock; optimizes income and expenditure calculations in the
context of competitive advantages and impact of the external factors on the company. For the first time it was taken
into account the transit flow of passengers departing from CIS countries to the vacation in the Crimea, the Carpathi-
ans, Odessa and Lviv regions. The account of these factors increases the feasibility of administrative decisions con-
cerning ensuring the efficiency of high-speed traffic functioning. Practical value. The proposed methodology and
the research results allowed determining the construction reasonability of high-speed mainline for the passenger
trains with a speed at least 250 km/h in Ukraine. This will allow the high-speed passenger traffic to occupy its niche
in the transport market of Ukraine.

Keywords: high-speed traffic; high-speed main line; capital investments; transportations; infrastructure; trans-
portation income; expenses; profit
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STRATEGIC IMPACT OF MOBILITY ON ORGANIZATIONS

Purpose. The current rapid social and economic developments show mobility as the most important factor of
economic growth, social and cultural progress. Mobile technology has undergone a sea change over the past ten
years. The evolution of mobility is about creating better ways to change the world. It will increasingly shape our
lives and thinking in ways we cannot fully anticipate. Mobile revolution is a global reality which creates new oppor-
tunities and challenges for all companies in the world. Methodology. Proposed methodological approach is based
on a comprehensive assessment of the strategic impact of mobility on the organization as a major tool to improve
competitiveness and efficiency of the company. During the research have been used both qualitative and quantitative
methods. As a result, the article provides bridges between the field of mobility, organization science, information
systems, and certain aspects of philosophy. Findings. This research provides a glimpse into the fast-evolving world
of mobile technology and maybe even faster evolving world of organizations. The research is designed to under-
stand the strategic impact of mobility on organizations, and evaluate the benefits of integration of these new tech-
nologies into the company. The research comprised of an extensive literature review, observation of existing prac-
tices, and semi-structured interviews geared toward understanding the strategic impact of mobility on organization
and its employees. Originality. The research findings suggest three main strategic implications of mobility: improve
working process; increase internal communication and knowledge sharing; and enhance sales and marketing effec-
tiveness. Practical value. The use of mobile technology and it impact on organizational change and strategy, stabil-
ity and development of competitive advantage allow the company to ensure the effectiveness of its business. Mobil-
ity can dramatically transform the company by finding their feet in almost every sector and it has a profound impact
on both customers as well as employees. Mobility solutions are growing across business portfolios of company and
driving by the need to increase productivity. They improve decision making, with increased near real-time access
through mobile channels that help to improve internal employee interaction, customer collaboration, network build-
ing and information sharing.

Keyword: mobility; mobile technology; mobile applications; mobile devices; strategic impact organizational
value; intangible benefit; enterprise mobility; constant connectivity

Introduction infrastructure, but also have begun playing a key
role in virtualizing and accelerating the business
and thus transforming the entire enterprise and its
ecosystem.

Bellotti and Bly (1996) indicate that mobility is
very important for communication and for use of
common resources. It facilitates awareness and
informal cooperation, and creates new looks, abili-
ties and knowledge. Mobility is highlighted as one
of the key means of stabilizing and keeping up the
company activity.

The strategic importance of mobility cannot be
underestimated. Mobile technology becomes a
fundamental player in all levels of the organiza-
tion. This fast development of technologies can
radically change the capabilities of information
systems and opening new possibilities for business.
Therefore, we believe that this new phenomenon
needs to be better understood and analyzed.

Game-changing mobile technology is a key for
modern computer-based information systems that
can revolutionize business in the future. This status
quo is not surprising. Mobility is all around us. It
has penetrated into every aspect of our work and
life. More and more companies implement and
incorporate the latest technology into their opera-
tions to enhance or balance their business demands
and opportunities, and to increase their productiv-
ity and profitability.

Mobility is gaining importance and popularity
in organizations (Andersen et al., 2003). It is
changing the way businesses operate and people
work, and how information systems support busi-
ness processes, decision-making and competitive
advantage. They not only have become an ex-
pected component of the information technology
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Purpose

New technology is a critical resource for creat-
ing organizational value. It has the potential to
dramatically change the nature of products, proc-
esses, companies, industries, and even competition
itself. Therefore, we can sight that these technolo-
gies serve as powerful strategic marketing tools for
organizations.

Organizations must often consider both the costs
and benefits of implementing new technology in the
workplace. Costs and benefits can be either tangible
or intangible. The tangible benefits are those bene-
fits that can be measured and quantified in financial
terms, such as cost savings (Mukhopadhyay et al.,
1995), productivity (Hitt and Brynjolfsson, 1996),
market share (Banker and Kauffman, 1988; Barua et
al., 1995), and profitability (Jarvenpaa and Ives,
1990; Brown et al., 1995). While the intangible
benefits on business processes and relationships
include better customer satisfaction that are not so
easily measured (Quinn and Baily, 1994; Anderson
et al., 2003). The article focuses on studying intan-
gible benefits of mobility to illustrate their strategic
impact on the organization.

The world has entered a new age defined by en-
terprise mobility and constant connectivity. To ac-
celerate business processes and increase productiv-
ity, it is necessary to mobilize the enterprise — ena-
bling the employees and customers to transact
business at any time, from anywhere, on any de-
vice. To obtain the greatest business benefits from
this technology, the organization should use a more
individualized approach that enables workers to
achieve the optimal connectivity state.

As has been previously reported, mobility is
one of the most important market and technologi-
cal trend within information and communication
technology. It changes and improves many aspects
of economy, lifestyle and culture. This technology
is transforming how companies “do business” and
how they interact with employees, customers, and
suppliers.

Today, almost every company uses at least one
mobile application or device, which means they
increase organizational expectations for connec-
tivity to work “anywhere, anytime”. And that’s
why it is hard to imagine life without the conven-
ience and efficiencies of mobile technologies.

However, mobility also changes the traditional
spatial and temporal boundaries between work and

52

non-work, resulting in more permeable boundaries
in which work is completed during personal time
and non-work is conducted on-line during working
hours. Added to this, some argue that mobility has
become an expression of human desire to expand
power and control over our circumstances and to
mold the world around us to suit our individual and
collective needs. Thus, it is not so much the mobile
capabilities of technology that are changing the
way we work, but the capacity for ubiquitous and
constant connectivity.

Mobility is exploding for one simple and pow-
erful reason — it makes our personal and profes-
sional lives more convenient and efficient.
Equipped with powerful mobile devices and com-
pelling applications, mobile workers are enabling a
wave of disruptive innovation that’s transforming
how business is run. Employees are purchasing
mobile devices and requesting access to enterprise-
information systems. Consumers, meanwhile, ex-
pect 24-hour customer experiences and detailed
product information at their fingertips.

From an organizational perspective, mobility
enables users to engage with customers, suppliers
and colleagues at any time and from anywhere. This
technology thus appears to offer “organizational
nirvana” where executives can manage their work to
make better use of downtime and increase their
availability, with the promise of increased value and
productivity for the company. For IT leaders, as
SAP, the challenges are not only to respond to the
growth in new technology capabilities, but also user
demands for organizational support to enable them
to “use technology on a more continual, natural,
dynamic and often invisible basis.”

Methodology

The methodology used in the article begins
with the study from various books and papers
around mobility, connectivity and design of infor-
mation system. As the aim of this research is to
study the strategic and organizational impact of
mobility, a qualitative approach was regarded as
most appropriate, since the main research problem
involves lots of data that cannot be quantified.
Thus, in the article has been used qualitative inves-
tigation techniques including literature review, ob-
servation of existing practices, and semi-structured
interviews.
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Findings

The global objective for mobility is to maxi-
mize the overall benefits to the organization. Dur-
ing this research has been identified five main ob-
jectives — maximize customer service, maximize
company image, maximize employee satisfaction,
maximize efficiency, and maximize effectiveness.
According to the research, these objectives are the
fundamental reasons for implementing and adapt-
ing mobility in organization (Fig. 1).

Maximize
customer
service

Maximize
company
image

L Maximize
Maximize -
efficiency o ploy i

E satisfaction

Fig. 1. Main Objectives

Maximize
effectiveness

The first main objective identified is to maxi-
mize customer service, which is one of the key
strategic focuses of the organization. Equipped
with mobile devices, employees are able to have
access to product information and the Internet
whenever the need arises. They can verify or
search for information easily at the customers’
sites and answer questions on the spot, and also
learn their comments, complaints and suggestions
regarding the company’s products. Thus, they can
be more responsive to customers in responding to
their questions, handling their requests, and follow-
ing up with customers. These allow them to pro-
vide better customer service. This finding is in line
with the literature discussed in the theoretical part
where improved customer service quality is found
to be one of the main intangible benefits brought
about by technologies. Also, Jarvenpaa et al.
(2003) discuss this benefit. He argues that mobility
can provide users with more “freedom” and new
methods to interact with customers that allow them
to serve customers better.

The second main objective is to enhance com-
pany image. The use of new and innovative IT is
important as IT can play a role in “producing new
knowledge dissemination platform.” Providing
mobility can help the organization to be more con-

fident and knowledgeable, and to provide the most
innovative, flexible and powerful products/services
for its customers. In addition, using of mobile
technology allow employees to be more well-
informed about the products that can enhance their
professional image, which in turn improves the
image of the company. That is also very important.

According to our research, the maximization of
employees’ satisfaction is one of the key drivers of
the company’s decision to apply this new technol-
ogy. Mobility allows employees to utilize their
time better (e.g., reduce “slack” or “dead” time),
and to communicate and cooperate with their col-
leagues more easily and readily. Thus, employee’s
satisfaction, performance and productivity can sig-
nificantly increase. It was surprisingly for us, be-
cause in the research literature has not been cited
such benefits of mobility.

Other mains reasons for deploying mobility are
the maximization of efficiency and effectiveness of
organization. With the help of mobile devices, em-
ployees can be more well-informed about the com-
pany’s products, which allow them to do their job
better. For example, utilizing the multi-media fea-
tures provided by SAP, employees can improve the
quality and effectiveness of company’s products
demonstrations for customers. Also, efficiency im-
provements can be obtained by carrying out their
job-related tasks in a timelier manner. As Sarker
and Wells (2003) argue, “mobility means effi-
ciency”. With this new technology, employees are
able to “fill” their time, meaning that they can
carry out their daily tasks between appointments
and scheduled activities, and during any “slack” or
“dead time.” Thereby, their work efficiency will
significantly improved. Moreover, mobility can be
a great tool to help employees carry out their job
quicker and better, which is in line with the find-
ings reported by Bakos and Treacy (1986).

Thus, mobility allow companies to "do busi-
ness" in ways that are radically different from
what’s done today. Mobilization affects people in a
number of ways. It affects the way people work
and interact with each other, and also on their per-
formance and productivity. Mobility allows people
to work actually anywhere and anytime with ac-
cess to the same resources that they have in the
office. That means employees can have more
flexible timetable and perform their work as
needed, on demand. In such an environment, em-
ployees can be more easily rewarded based on pro-
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ductivity, and thus management’s focus will move
from monitoring attendance to evaluating results —
from activity to productivity. This, we think, is the
most important points.

With this technology, employees become more
independent of physical location, this allow them
to interact with their colleagues and customers
anywhere and anytime.

Mobility allows employees to maximize the ef-
fectiveness of personal and corporate information
management, to speed up the communication proc-
esses, and to perfect decision making when for
working in meetings were examples given by inter-
viewees to illustrate the ways in which the mobility
enhanced their job performance.

To summarize, the main objectives identified
during the research show that mobility can be used
as a way to better achieve company strategies. In
our future research, we would like to support this
assertion by examples from companies in different
industries.

Originality and practical value

As discussed previously, during the research
we found five main objectives that contribute to
the general objective of maximizing the company’s
benefits of using mobility. The key drivers for or-
ganization to adopt mobility are to “increase effi-
ciency” and “provide better customer satisfac-
tion”, which are two main measurements of com-
petitive advantages (Sethi and King, 1994).

We want to demonstrate the strategic impacts
of mobility on the organization using relationships
between these main objectives. Thus, we identified
three main strategic implications of mobility that
can help to reinforce and achieve company strategy

(Fig. 2).

Enhance gajes
andmarlketing
effectiveness

areage
mternal
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Imyprove )
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Fig. 2. Main Strategic Implications of Mobility

(1) Improve working process

According to Kohli and Devara (2004), infor-
mation technologies are generally deployed to help
improve and rationalize business processes. Mobile
technology and mobility are not exclusion. As
well, with features such as wireless connection and
mobility of devices, mobility provides “real-time
availability of information” and “Internet access at
anytime, anywhere”. Today, for companies all over
the world the information is a key source of com-
petitive advantage, and in this way these features
are particularly important when “information is
transforming the nature of competition” (Porter
and Millar, 1985).

Based on our research, we suggest that mobility
can help the organization to improve the working
process by enabling activities to be carried out in
real-time (such as real time response to customers’
queries, and ability to submit customers’ product
requests on the spot), and to streamline the process
by removing redundant procedures (such as by in-
putting and updating data/information at source,
and enabling electronic recording of customer
feedback while interacting with customers).

(2) Increase internal communication and
knowledge sharing

One of the purposes of using mobile strategy is
to facilitate communication. Mobility can help to
strengthen interpersonal relationships and increase
flexibility in coordination (Jarvenpaa et al., 2003).
It provides a new medium and channel for com-
munication and knowledge sharing. In our case,
the use of mobility software solutions has made it
easier for employees to transfer or share informa-
tion with one another and enabled them to commu-
nicate and collaborate better. As mentioned above,
satisfying employee demand has been one of the
key drivers for the adoption of mobility.

(3) Enhance sales and marketing effectiveness

Schlosser (2002) discusses in his research the
innovative ways of using technologies. And he
approves that these technologies are always shaped
by individual needs as users adapted their message
contexts, social etiquette, self-impressions, and
ways of doing business. The use of mobility can
help to shape the company’s image with “prestige”
and to be “leading edge” (Schlosser, 2002).

Hence, mobility can be used as a sales and
marketing tool to enhance company image and to
give customers the impression that the company is
at the “cutting edge”.
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This article provides bridges between the field
of mobility, organization science, information sys-
tems, and certain aspects of philosophy.

Throughout our research more and more we are
coming to the conclusion that mobility is an excit-
ing prospect to consider. The spread of this tech-
nology will revolutionize the way companies "do
business". To understand the big picture and all the
possibilities, it’s worth imagining this future state
in some detail, and considering the individual im-
pacts that mobility will likely have.

Mobility can transform organization by finding
their feet in almost every sector and it has a pro-
found impact on both customers as well as em-
ployees. This technology is growing across busi-
ness portfolios of company and driving by the need
to increase productivity. It improves decision mak-
ing, with increased near real-time access through
mobile channels that help to improve internal em-
ployee interaction, customer collaboration, net-
work building and information sharing.

Conclusions

Realizing the importance of enterprise mobility
as a strategic priority, any organization should cer-
tainly empower its business processes with the en-
terprise-wide deployment of mobile applications.
As predicts SAP Business Analyst: “Mobility
Solutions have the potential to fundamentally
transform organization, its business chain and
markets. We think that only when location
constraints will be obliterated and when mobility
will become the key endpoint, company will be
able to clarify their vision for the future”.

“Companies that embrace mobility solutions
will see improvements in productivity and opera-
tional efficiency that were unimaginable only a
few years ago. Today, mobility can’t be seen as a
luxury anymore, it’s a necessity”, Head of Busi-
ness Transformation Services, SAP).

Many companies all over the world are already
using mobile applications and devices to deliver
increased customer satisfaction and performance;
for these companies the future is already here.

“Mobility creates value by allowing mobile
access to contextually-relevant information so
front-line workers can make informed decisions in
their daily interaction with customers, partners and
suppliers”, Head of Business Transformation Ser-
vices, SAP).
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CTPATETMYECKOE BJIMAHUE MOBUJIBHOCTH
HA OPTAHU3 AN

Hean. CoBpeMEHHOE MUPOBOE SKOHOMHUYECKOE Pa3BUTHE CTPAH M Pa3BUTHE OOIIECTBA CBHUACTEILCTBYIOT O MO-
OMIILHOCTH KakK HauboJiee BaXXHOM (haKTOPE IKOHOMUYECKOT'O POCTa KYJIbTYPHOTO M OOIIECTBEHHOTO mporpecca. 3a
IIOCJICAHUEC JCCATH JICT MO6I/LH])HI)I€ TEXHOJIOI'U HO)IBepFJ'll/IC]) Kap[ll/lHaHI)HblM N3MCHCHUAM. PaSBI/ITI/le MO6I/IJ'I])H0—
CTH SIBIISICTCS TOJMYKOM K CO3JaHHI0 0ojee 3(P(PEKTHBHBIX COCOOOB M3MEHEHHsS Mupa. JlaHHas TeXHOJOTHs OyneT
Bce Oonee u Oosiee GopMUPOBATH HAITY KU3Hb U MBIIUICHHE TAKHM 00pa30M, KOTOPBIM B HACTOSIIEE BPEMsl MBI HE
MOJKEM B TIOJTHOW Mepe TpeaBuIeTh. MOOMIbHAS PEBOIIONHS SBISETCS INTOOATEHON PeaTbHOCTBIO0, KOTOPAst CO3/1aeT
HOBBIE BO3MOXXHOCTH W TIPOOJIEMBI I KOMIIAaHWHA BO BcéM Mupe. Mertommka. [IpemiokeHHBI METOIMYESCKHUA
MOJIXOJ OCHOBBIBAETCS HAa KOMIUIEKCHOW OIIEHKE CTPATETHYECKOTO BIHSHUS MOOMIBHOCTH Ha OPTaHH3aIHI0 Kak
OCHOBHOTO MHCTPYMEHTA TIOBHIIICHUS KOHKYPEHTOCIIOCOOHOCTH U 3P (PEKTHBHOCTH NEATEIFHOCTH. B Xoz1e anammsa
OBLIH MCIIOJIF30BAHBI KAUECTBEHHBIC W KOJIMYECTBEHHBIE METOABI OLleHKH. Kak pe3yipTaT, JaHHas CTaThs BKIIOYACT
aHaJIM3 B3aMMOCBSI3U Mex1y chepoil MOOHILHOCTH, TEOpHeil OpraHU3aly 1 HEKOTOPBIMH acniektamu (uiiocoduu.
PesyabTaTel. [IpencraBieHHOe HUCCIEIOBaHUE IaeT BO3MOXHOCTh 3arjisIHYTh B OBICTPO Pa3BUBAIOLIUICS MHUP
MOOMJIBHBIX TEXHOJIOTHI M, BO3MOXKHO, JTaKe B ellle 0ojiee ObICTPBIi MUP pa3BUTHsI opraHu3anuid. VccienoBaTesns-
CKHE pa3p8.60TKI/l IIO3BOJIAKOT IIOHSTH CTpaTeFl/I'-IeCKOC BIIUAHUC MO6I/IJ1])HOCTI/I Ha opraHmaumo U OLICHUTH HpeI/lMy-
IIECTBA MHTETPAIlM HOBBIX TEXHOJIOTUH B KOMMaHUIO. VccrnenoBanue BKIFOYAeT OOIIMPHEIN JIMTEpATYPHBIA aHa-
JU3, HAOIOJCHUE CYIIECTBYIONICH NMPAKTUKU M MOJYCTPYKTYPHPOBAHHBIC HHTEPBBIO, OPHCHTUPOBAHHKIC HA ITOHU-
MaHHE CTPATETHYECKOr0 BO3ICHCTBHS MOOIIBHOCTH HA OpraHU3auio U e coTpyaHukoB. Hayunasi HoBu3HAa. Pe-
3yJNBTaThl MCCIENOBAaHUS IO3BOJISIOT HAM BBIIEIUTH TPH OCHOBHBIC CTPATETHUECKHE WMILTHKAIIMA MOOMIBHOCTH:
yIIydIneHne pabodero mporecca; yBeInueHne BHyTpeHHeH KOMMYHHKAITUN M OOMEHa 3HAHUSAMH, a TaKoKe MOBBIIIe-
HHUE TPONAXH U MapKeTHHToBOH 3¢ dekruBHOCTH. [IpakTHYECKas 3HAYUMOCTB. Vcronp30BaHNe MOOMIBHBIX TEX-
HO-JIOTWH, MX BJIMSHHE HA OpTraHU3AI[MOHHBIC M3MEHEHHS M PEATH3AIMI0 CTpaTernd (HOpMHUPOBAHMsI, 00eCTICUEHHS
YCTOWYHMBOCTH M Pa3BUTHSI KOHKYPEHTHBIX MPEUMYIIECTB MO3BOJISIET KOMIIAHUU oOecrednTh d(PPEKTUBHOCTh UX
OuzHeca. MoOOMIBHOCTh CIOCOOHA KAapAWHAILHO TPaHCHOPMHUPOBATh KaXKABIH CEKTOp KOMIIAHHMH M HUMETh
3HAYUTEJIbHOE BIMSIHUE KaK Ha CTPYKTYpy OpraHU3allMM, TaK U Ha €€ COTPYAHUKOB. JlaHHAs MHHOBALIMOHHAS TeX-
HOJIOTUsA yCOBepU_leHCTByeT npouecc le/IHﬂTl/Iﬂ pelﬂeHHﬁ, aciast ero JIOCTyHH])lM B peaJ'II)HOM BpeMeHl/l qepes MO-
OWJIbHBIE KaHaJIbl, KOTOPBIE TIOMOTAIOT YJIyUIINTh BHYTPEHHHE B3aUMOACHCTBUSI MEKAY COTPYIHUKAMH, COTPYIHH-
94eCTBO C KIMEHTaMH, CO3[[aHue ceTell 1 00MeH HH(popMaIueH.

Kniouesvie cnosea: MOOWILHOCTD; MOOMIIbHBIC TEXHOJIOTHH; MOOMIIbHBIC MPIJIOKCHHS, MOOMIBHBIC YCTPOHCTBA;
CTpaTequecxoe BJIMAHUC, OpFaHI/l3aLll/IOHHble LHCHHOCTH, HeMaTepI/laﬂbeIe BBII'OJIbI; MO6I/IJ'IbHOCTI> Hpe)alI/lHTI/IH;
HETpephIBHAS CBA3b
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CTPATETI'TYHUH BIIJIMB MOBLJILHOCTI HA OPTAHI3AIIIL

Meta. CydacHuii CBITOBHII €KOHOMIUYHHUII PO3BUTOK KpaiH Ta PO3BUTOK CYCHUIBCTBA CBiAYaTh PO MOOLTBHICTH
SK HaMBaXJIMBILIMK (AKTOP €KOHOMIYHOTO 3POCTaHHS, KYJIBTYPHOrO M CyCHUIBHOTO MPOrpecy. 3a OCTaHHI JecATh
POKiB MOOLIBHI TEXHOJOTIT 3a3HAIM KapJUHAILHUX 3MiH. PO3BUTOK MOOUIBHOCTI € IOIITOBXOM JI0 CTBOPEHHS
OiTbII e)eKTHBHUX CIIOCOOIB 3MIHEHHSI CBITY. 3a3HaYeHa TEXHOJIOTIs Oy/e Bce OuIbIne i OuIbINe (popMyBaTH Halle
JKUTTSI Ta MUCIICHHSI TaKMM YMHOM, SIKMH y JTaHWH 4ac MU HE MOXKEMO HOBHOIO Miporo mnependauntu. MobinbpHa
PEBOJIIOLIS € TII00AIFHOIO PEANBHICTIO, KA CTBOPIOE HOBI MOXIIMBOCTI M MPOOJIEMH JJIsi KOMIIaHIH y BCbOMY CBITI.
MeToanka. 3anporOHOBAHUH METOIMYHHMH MiAXiJ IPYHTYETHCS HAa KOMIUIEKCHIH OLIHII CTPATEriyHOro BIUIMBY
MOOLTHHOCTI Ha OpraHi3aIlifo SK OCHOBHOTO iHCTPYMEHTY IiJIBHIICHHS KOHKYPEHTOCIPOMOXKHOCTI i e(eKTUBHOCTI
IISUTBHOCTI MANpUEMCTBA. Y XOHAi aHamuily OyliM BHKOPHCTaHI SKICHI Ta KUIBKICHI METOAM OIliHIOBaHHA. Sk
pe3ynbTaT, JaHa CTATTs BKIIOYAE aHAJi3 B3a€EMO3B’SI3Ky MK cheporo MOOLITBHOCTI, TEOPi€r0 opraHi3amii i JesKuMu
acriektamu Qinocodii. PesyabraTu. IIpencraieHe A0CHiHKEHHS Ja€ MOXIHMBICTh 3aryISIHYTH Y CBIT MOOUIBHHX
TEXHOJIOTIH, SIKUI IIBUIKO PO3BUBAETHCS, 1, MOXKIIMBO, HABITh y II€ OUTBII IIBHAKUI CBIT PO3BUTKY OpraHi3amii.
JlocaimHUIBbKI po3pOOKH TO3BOJSIOTH 3PO3YyMITH CTPATEriuHUM BIUTUB MOOUTBHOCTI Ha OpraHi3aliio Ta OI[IHUTH
nepeBaru iHTerpaiii HOBUX TEXHOJOTH y KoMIaHito. JIOCHiDKeHHs BKIIIOYA€E 3arajibHUE JIITEpaTypHUN aHais3,
CHOCTEPEKEHHs ICHYIOYOI MPAKTUKHU i HaMiBCTPYKTYpPOBaHI iHTEPB’10, OPIEHTOBAaHI Ha 3pO3YMIHHS CTPATETIYHOTO
BIUIMBY MOOLIBHOCTI Ha oprasizanito Ta ii poOitHukiB. HaykoBa HoBH3HA. Pe3ynbTaTté mOCHiKEHHS JO3BOJISIOTH
HaM BHIUIMTH TPH OCHOBHI CTpaTeriyHi iMIUTIKalii MOOUIBHOCTI: IMOJIMIIEHHS poOOYOro Impouecy, 30iIbLIIeHHS
BHYTPIIIHIX KOMYHIKaIlii Ta 0OMiHy 3HaHHSMHM, a TaKOX MiJIBUIIEHHS NPOJaX 1 MAapKETHHIOBOi €(EeKTUBHOCTI.
[pakTnyna 3HaunMicTh. BukoprcTaHHS MOOUTBHMX TEXHOJOTiH, a TaKOX iX BIUIMB HAa OpraHi3amiiHI 3MiHH
i peamizamito crparerii (opMmyBaHHS, 3a0€3MEUCHHS CTIMKOCTI Ta PO3BUTKY KOHKYPEHTHHX IIEpeBar, IO3BOJISE
KoMMaHii 3a0e3neunT ePeKTUBHICTh iX Oi3Hecy. MOOITBHICTH 37aTHA KapIWHAIBHO TPaHC(HOPMYBATH KOXKCH
CEeKTOp KOMIaHIi W MaTW BEIMYE3HWH BIUIMB SIK HA CTPYKTYpYy oOprasisamii, Tak 1 Ha ii cmiBpoOiTHHKIB. [laHa
IHHOBAIlIfHa TEXHOJIOTiS MOKPAIINUTh MPOLEC HMPUHHATTSA pilieHb, POOJITIM HOTO IOCTYIHUM Yy peajbHOMY dYaci
4yepe3 MOOIUTbHI KaHaH, SIKi TOIMOMAraroTh HOMIIIIATA BHYTPIIIHIO B32EMOZIII0 MK CIiBPOOITHUKAaMH, CITIBIIPALIO
3 KJIIEHTaMH, CTBOPEHHS MepeX i 00OMiH iHpopMalliero.

Knrouogi crnosa: MoOIMbHICTH; MOOLIBHI TEXHOJIOTi(; MOOUNBHI TOAATKH; MOOIIBHI MPUCTPOi; CTpaTeridHHMA
BIUIMB; OPraHi3alliiiHi MIHHOCTI; HEeMaTepialbHI BUTOAM; MOOLIBHICTD MIANMPHEMCTBA; OC3MIEPEPBHUN 3B SI30K
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MPOBJEMA EKOHOMIUHOI BE3IIEKA B CYUACHHUX
MAKPO- TA MIKPOKOHIEITIIAX

Merta. BaxxmuBrMu CKIIaIOBUMU OE3IIEKH B IIJIOMY € €KOHOMIUHA Oe3Ieka il 3a0e3meueH sl BiIIIOBIIHIX HaIliOHa-
JBHUX IHTEepeciB AepxaBu. Bee 11e TiCHO 1MOB’s3aHO 3 €KOHOMIYHOIO €PEKTHBHICTIO (DYHKLIOHYBaHHS OCIIOaPCHKUX
00’€KTIB, 3 EKOHOMIYHOIO HE3aJIeXKHICTIO, CTa0UIBHICTIO Ta Oe3neKoro cycniiberBa. OKpiM TOro, eKOHOMIvHa Oe3reka
€ CKJIaJOBOI0 HaliOHANBHOI Oe3mekw, ii (yHZaMEHTOM 1 MarepialbHOIO OCHOBOW. [Ipobimema 3abe3medeHHs
E€KOHOMIYHOi Oe3IeKH B CYJ9aCHHX YMOBaX Ha MIKPO- Ta MaKpOpIiBHAX MOTpeOye BH3HAYEHHS OCHOBHUX HAIPAMIB il
¢dopmyBaHHsI. Metoamka. [l IDOCSATHEHHS TOCTABICHOI METH OOIPYHTOBAHO OCHOBHI HAmpsMKd (POpMYyBaHHS
MeXaHi3My 3a0e3medeHHs Oe3leKd €KOHOMIYHOI CHCTEMH, 30KpeMa — Ha MakpopiBHi. PesyabTatn. ExoHoMmiuHa
Oesmeka € Takuid cTaH (QYHKLIOHYBaHHS €KOHOMIKH JIEp)KaBH, B SIKOMY HACTYIA€ MOPSIOK PIBHOBArd y BHU3HAYEHHX
OpraHi3aLiifHO-IPaBOBHX HOpPMAax Ha 3acajax CYCIUIBHOrO XWTTA. lle HopmH, sIKi CTBOpIOE IeprkaBa, 1 3acaigu
CHIBICHYBaHHS, SKi II€PelarOThCi 3 TIOKOJIIHHSA B IOKOJiHHs. [IpoaHamizoBaHO CydacHWil cTaH 3a0e3MeueHHs
€KOHOMIYHOI Oe3MeKH Ha Makpo- Ta MIKpOpiBHX. Bu3HaueHO crcTeMy MOKa3HUKIB, KOTPI MOXKYTh OyTH BUKOPHUCTaHI
MIPH OIIIHIII CTAHY CUCTEMH eKOHOMIYHOT Oe3neku. HaykoBa HoBu3HA. CHopMyITbOBAHO MOJIOKEHHSI, 110 CTOCYFOTHCS
HEeoOXiIHMX 3MiH Y IOJITHII eKOHOMIYHOI O€3MeKH JiepkaBy. 3arpoIIOHOBAHO CHCTEMY TTOKa3HUKIB, SIKI MOXYTh OyTH
BUKOPUCTaHI IIpY OLIHII CTaHy CHCTEMH €KOHOMIuHOi Oe3neku. IlpakTuyna 3HaumMmicTh. Bukopucranus
3aIIPOIIOHOBAHOI CHCTEMH IOKa3HUKIB CTaHy EKOHOMIYHOI O€3NeKH JI03BOJMTH DPO3LIMPUTH TEPEIiK BaKIMBHX
(axTopiB, 10 BIUIMBAIOTH Ha il CTaH Ta JAIOTh 3MOTY BH3HAYUTH OCHOBHI HaNpsMu 1i (hopMyBaHHS.

Kniouosi crosa: exoHOMiuHa Oe31eKa; IepKaBHE PETYIIIOBAHHS; HalllOHAIbHA EKOHOMIKa

Ma€e TEHJEHITII0 0 MPOAOBXKEHHSA. BueHi mporHo-
3yIOTh, II0 HACHIAKH IIi€l KpHU3W IOJCTBO OyIe
BiuyBaTH 1ie sikHaimentie 50 pokis. [Ipo 1e cBi-
¥aTh Ti BUTPATH, SKi PO3BMHEHI KpaiHW BHECIH
3 METOI0 MOKPUTTS Ii€1 KPHU3H, ajie BOHH Ha ChOTO-
IHI CTaHOBNATH He Oimpmie 1 % Big moTpiGHOTO.
’Komna kpaina cBITY HOKHM 10 He 37aTHA (Hi3UYHO
JIO0 TIOKPUTTS BUTPAT Y 3B SA3KY 3 KpU3010 [6].
OcTaHHIMH pOKaMH 3 MpolecamMu riodanizamii

Beryn

SkicTh (DYHKIIOHYBaHHS TOCTIONAPCTBa Y KpaiHH
3aJISKUTH BiJ] PIBHS PO3BUTKY ii MaKpOEKOHOMIUHOI
Ta MIKPOEKOHOMIUHOI cucteM. MexaHi3m 3abe3rie-
YeHHS €KOHOMIYHOI Oe3mekn YKpaiH! yCKIIaIHIOETh-
Csl IOETHAHHSM BHYTPILIHIX (TPYJHOLII TepeXiHOTO
Tepiofy), Ta 30BHIMIHIX (TIPOTHUPIYUs MPOIECY TIIO-
Oasizartii) mpobnem. ToMy mHTaHHS E€KOHOMITHOL

0e3meKn € OHUM 13 HalaKTyal bHIINX. BusBieHHS
3arpo3 Oe3neKku Ta OOTPYyHTYBaHHA LUBAXIB iX HEHT-
pamizamii IpeACTaBISIEThCSA 3arabHOMETOIOJOT Y-
HUM IMIIEPaTHBOM PO3BUTKY BITYM3HSIHHUX CKOHOMi-
YHUX JIOCHI/PKEHB TI0 BCIX 3HAYMMUX HAIPSMKAX.

3 TOYKH 30py YMOB TapMOHIHHOTO PO3BUTKY
VYkpainu exoHOMiuHa Oe3reka O3Hayae, Mepil 3a
Bce, TOOyAOBY 100poOyTY OepkaBu. A 1ie, HacaM-
nepen, nependadae 3a0e3rneueHHsT MaKpo- Ta MiK-
pO- piBHA €KOHOMIYHOTO PO3BUTKY. Ha modarky
XXI cTOmITTA JIFOACTBO BXKE HE MOXE CIIOIBATHUCS
Ha piBHOBary B eKOHOMIYHOMY PO3BHUTKY Hi Ha CBi-
TOBOMY piBHI, Hi Ha €BpONEHCHKOMY, Hi Ha piBHI
JIepKaBH, Hi Ha piBHI OKpeMoro rpomansHuHa. Jlo
LOTO MpU3Beia rinodanbHa (iHaHCOBA KpHU3a, SKa

mpoOjeMa eKOHOMIYHOI Oe3IMeKH IMPUBEPTAE BCE
OlBIy yBary BITUM3HSHHX 1 3apyOiKHUX ITOCHTIJI-
HukiB. [Ipo 1e cBiquuTh 3pocTatoya KijgbKiCTh Hay-
KOBHX ITyOJtikamii, MoHorpadiii i cTaTei, a Takox
aHaji3 pI3HOMAaHITHUX EKOHOMIYHUX MpOOJIeM.
3HaYHUM BHECKOM Yy PO3BHUTOK T€OPii €eKOHOMIUHO]
Oesmeku € mpami JI. AGankina, O. Aped’eBoi,
O. bapanoscekoro, B. Teits, C. Adoniesa,
I. bormanosa, 5. Xamino, M. €pmomrenka, A. Ko-
nocoBa, B. MyHnrisina, €. OnelinukoBa, B. Ilanb-
koBa, B. CenuaroBa, B. YekmaproBa. Okpemi
IMATAHHS 3 EKOHOMIYHOI O€3IIEKH, BUCBITIIOBAIUCS
y nmocmimkenHsx H. Bamekina, M. [I3mieBa,
A. VYpcyma, A. CymommaroBa, H. CaBiHCHKOI,
10. Crpenpuenko, B. fpoukina Ta iHIIMX aBTOPIB.

© L. I. Pexyn, 2014

59



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro

HAI[lOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOrO TpaHcmopty, 2014, Ne 1 (49)

EKOHOMIKA TA VIIPABJIIHHA

Merta

Meroro 11i€l CTATTi € BUCBITICHHS MPOOIEeMHU
€KOHOMIYHOI Oe3MeKH Y Cy4acHUX MaKpOEKOHOMi-
YHUAX KOHIICTIISX Ta MONIYK HUISAXiB (hOpMyBaHHS
MeXaHI3My 3a0e3leueHHsT Oe3Mekn EKOHOMITHOL
CHCTEMH, 30KpeMa Ha MaKpOPIiBHI.

MeTtoauka

g mocArHeHHs MocTaBlieHOi METH OOIPYHTO-
BaHO OCHOBHI HampsAMKH (opMyBaHHS MeXaHi3MY
3a0e3nedeHHs Oe3MeKn eKOHOMIYHOI CHCTEMH, 30-
KpeMa Ha MakpOpiBHi.

PesyabTaTtu

Exonomiuna Oe3neka € Takuii cTaH (HyHKITO-
HYBaHHS CKOHOMIKH JICP)KaBH, B SIKOMY HACTYIIA€
MOPSIIOK PIBHOBAru y BU3HAUCHHUX OpraHizaliitHo-
MpPaBOBHX HOpPMax Ha 3acafax CyCHIIBHOTO KHTTSI.
Ile HOpMHU, SIKI CTBOPIOE AeprkaBa, 3acaid CITiBic-
HYBaHHS, sIKi MEPEAAIOThCS 3 MOKOJIHHA B TMOKO-
ninns. [IpoananizoBaHo cydacHuid craH 3abesme-
YeHHS GKOHOMIYHOi Oe3Ilekn Ha Makpo Ta MIKpO
piBHsX. Bu3HaueHO cHcTeMy TOKa3HHKIB, SKi MO-
JKYTh OyTH BHKOPHUCTaHi IiJ Yac OLiHIOBaHHS CTa-
HY CHCTEMH €KOHOMIYHOI Oe3IeKH.

Po3BuToK cycmiascTBa 1 3a6e3medeHHs 100po-
OyTy HOTO 4IIeHIB CyTTEBO 3aJEKUTh BiJ OE3MEKU
iX MisSUTBHOCTI, BiJl YMOB, 32 SIKUX 151 Oe3IeKa 3iii-
CHIOETBCS. AJle ZiepikaBa i CyCIiJIbCTBO HE € OJTHUM
mimuM. JlepkaBa — 1€ TUIBKH YacTHHA CYCHIIBCT-
Ba. Tomy iHOmi Oe3meka JepkaBU MOXKe OyTH 3a-
OesmedyeHa, a eKOHOMiuHa Oe3leKa CYCHiLCTBA
3a0e3revYeHa HeJJOCTaTHRO.

BaximBoro ckiiaoBoro 0e3meKku € eKOHOMidHa
Oe3reka, 1 3a0e3meUeHHs BiANOBIIHUX HAaI[lOHAJIb-
HUX iHTepeciB AepkaBu. Bee 11e TicHO MOB’A3aHO i3
EKOHOMIYHOI e(EeKTUBHICTIO  (DYHKIIOHYBaHHS
TOCTIONapChKUX 00’€KTIB, 3 €KOHOMIYHOIO He3alle-
JKHICTIO, CTaOIBHICTIO Ta OE3MEKOI CYCIIbCTBA.
OxpiM TOro, €KOHOMiYHA Oe3leKa € CKIaIOoBOIO
HaIllOHAIBHOI Oe3reku, 11 GyHIaMEeHTOM i MaTepi-
ANBHOIO OCHOBOIO.

Etumornoriuno TepMmiH «Oe3meka» MOXOIUTh
BiJl TpeIl. «BOJOIITH CHUTyaliewo». B iHO3eMHIH
JiTepaTypi EKOHOMIYHY O€3IeKy ITiIIpHEMCTBA
TPUHHITO XapaKTEPU3YyBATH TMOHITTIM «ecosecenty
(economic security of enterprise).

MeTo0JIOTIYHO MOHATTI «EKOHOMIYHa Oe3re-
Ka» BHCBITJIIOEThCS BUYCHUMH HacamIiepes 3 Io-
HATTS «HamioHabHa Oesreka». OcTaHHE Mae Qo-
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pMarizoBaHe BH3HA4YEHHS Yy CXBalieHOMY Bepxos-
Hoto Pamoro VYkpaimm y uepmHi 2003 p. 3akoHi
«IIpo ocHOBHM HaliOHANBHOI Oe3meKH YKpaiHm».
3o0kpemMa, y cT. 1 3a3HaueHOro 3aKOHY HalliOHAJIb-
Ha 0e3IeKa pO3IILIIAETHCS SIK 3aXUIICHICTh JKUTTE-
BO BQXIIMBUX IHTEPECIB JIIOJUHH 1 TPOMaJISHUHA,
CYCIUIBCTBA 1 JepiKaBH, 3a SIKOi 3a0e3MeUyIOThCS
CTAMMl PO3BUTOK CYCIJIbCTBA, CBOE€YACHE BHUSB-
JIEHHS, HEUTpaizalis peaJbHUX 1 TOTEHIIHHUX
3arpo3 HaI[iOHAJBHUM IHTEepecaM i 3amo0iraHHs iM.
3aKoH TakoX BH3HA4Ya€ OCHOBHI cepH HalioHa-
TbHOT OE€3IeKU: 30BHINTHBOIIONITHYHA, JIEPKaBHOI
Oesrieku, BilicbKOBa, OE3MEKH IEeP’KaBHOTO KOPIIO-
Hy YKpaiHu, BHYTPIIIHBOIIONITHYHA, €KOHOMIYHA,
couianbHa, TyMaHiTapHa, €KOJOriuHa, iHQopma-
1ifiHa. BigmTOBXyOYKMCH Bijl WX MIpKyBaHb, BUe-
Hi HaMararTbCs JaTH BU3HAUYEHHSI MOHATTIO «EKO-
HOMiuHa Oe3meka». Xoua ¥ iCHYIOTh y Pi3HHX aB-
TOPiB CYTT€BI pO301XKHOCTI y HOTO TPaKTyBaHHI.

3BepHEHHS IO OCHOBHHX 3acall €KOHOMIYHOi
HaYKH, sIKa HaJa€ MOXIIUBICTh OTPUMATH pi3HOMa-
HITHI BU3HAYCHHSI EKOHOMIYHO1 O€3MeKU CYCIiIbC-
TBa Ta JepXKaBW, METOAM ii 3a0e3MeveHHs, a0
3MOTYy BHOKPEMHUTH Ha OCHOBI ILIIOpalli3My 3ara-
JbHY TYMKY, SIKa PO3TOPTAETHCS MEPEBAKHO Y TIJI0-
IIMHI 3 1BOMa HOIIOCAMH.

Ha mepmomy moJiroci morsiay, sSKi BHCBITITIO-
I0Th MaKpOKOHIIENITYyaJIbHI TMOJOKEHHSI EKOHOMIY-
HOi Oesmneku. Hacammepen BU3HAYa€THCH, IO €KO-
HOMIYHa Oe3reKa Jep:kaBd B yMOBaxX HOBOI coIlia-
JIHO-€KOHOMIYHOI  JiMCHOCTI TICHO IIOB’si3aHa
3 EKOHOMIYHOIO CHCTEMOIO, SIKy Ha3WBaIOTh COLia-
JHOIO, PUHKOBOIO, €EKOHOMIKOIO (SIK 3 TOUKH 30py
ii dopmyBanH:, Tak i peanizarii). He3paxkaroun Ha
Oinpine, Hixk 20 pOKiB EPETBOPEHb y HaIIil Kpai-
Hi, KOHCTUTYLiHHI ITOJIO)KEHHS €KOHOMIYHOTO yCT-
poro YkpaiHu HpHUBEpTarOTh M0 cebe yBary Oara-
ThOX EKOHOMICTIB. JIesiKi BUCHOBKH CXOISATHCS 10
TOTO, 110 MM BHUOpain HalOiIbI eheKTUBHY MO-
JIeNTb eKOHOMIYHO1 cucTteMu. He3nanHs ii cyTHOCTI
YacTo € MPUYUHOI0 IOMHJIKOBUX TEOPETUYHUX 1H-
TepIpeTaniid i Hemopo3yMiHb B €eKOHOMIYHIN MOJTi-
THUI, HEOOTPYHTOBAHMUX OLIHOK peamiit. Taka cu-
Tyalis € I0OKa30oM TOro, L0 Cy4yacHa JAepkaBa He-
JOCTaTHBO CIPOMOXKHA JI0 PO3YMHOTO MEpepo3Io-
Iy BIacHUX MPUPOAHUX 1 BUPOOHMUYUX pecypCiB,
JI0 CTUMYJIIOBAHHS, PEryJIIOBaHHS Ta CIIPaBeIBOI
JepKaBHOI MIITPUMKH. BpaxoByrouu Taky cutya-
1ito, cucTeMa 3abe3nevyeHHs] HalliOHANbHOI eKOHO-
MIYHOI Oe3MeKHu y BITYM3HSHINA HaIliOHATBHIHN COIli-
aJTbHO-CKOHOMIUHIN MIMCHOCTI TIOB’sI3aHA 13 BUDI-

© L. I. Pexyn, 2014



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro

HAI[lOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOrO TpaHcmopty, 2014, Ne 1 (49)

EKOHOMIKA TA VIIPABJIIHHA

IICEHHSAM TPaBOBUX, EKOHOMIYHHX Ta IIPaBOOXO-
POHHUX 3aBJaHb, 13 3aXUCTOM EKOHOMIUHHUX IHTE-
peciB i mpaB AepkaBH, Cy0’ €KTIB €eKOHOMIUHOT JTis-
JTBHOCTI — MiINPHUEMCTB, OpraHizaimii, (i3uIHIX
oci6. Tomy Bkpaii HeoOXimHOIO € (HOpPMyBaHHS
BIATIOBIAHOT MOJITUKH €KOHOMIYHOI O€3IeKH, IO
nependayae po3poOKy il KOHIEIIii, MPOeKTYBaHHS
Ta peaizartito.

OxkpiM TOTO, B ACSIKHX KOHIICHIISIX 3a3HAYAETh-
csl, [0 MAKPOEKOHOMIYHI KpH3U HemepenoadyBaHi,
ajle BOHM IUIIHI, OCKUIBKM KOKHAa €KOHOMIiYHa
KpHU3a 3HMIIYE T€, 0 EKOHOMIUHO ceOe BiKe Bij-
JKHJIO, 1 Ha MOro Haciigkax (OpMYyIOTbCs OiIbII
MPOTrPECUBHI €KOHOMIYHI mpouecu. Tomy mpobie-
Ma EKOHOMIYHOI O€3IeKH IEBHIM YHHOM € HaIy-
MaHO0, MITy4HO!0. ['0JI0BHI BUMOTH, IO BUCYBa-
IOTHCS 0 MAaKPOEKOHOMIYHOI CHCTEMH, 116 BUMOTH
THYYKOCTi, TUHAMIYHOCTI 1 aJanTUBHOCTI, 34aTHO-
CT1 TONIATH KPHU3M Y KOPOTKI TEPMiHH. AJIe sIK came
3a0e3MeYUTH THYYKICTh, JUHAMIYHICTD 1 aJanTuB-
HICTB, ITPO IIe BUEHI HE 3a3HAYAIOTH.

Ha immomy moJiioci 1ymMoKk 00’€KTHBHO BH-
3HAETHCSA HEOOXIAHICT, EKOHOMIYHOI Oe3meKu. Alre
aBTOpHU CIHPAIOTHCS 3e0LMbIIOro Ha abCTPaKTHO
JeKJIapaTHBHI BU3HAYCHHS €KOHOMIYHOI OE3IeKH,
3 SIKUX Ba)KKO 3pO3yMiTH, K BOHa Mae OyTu 3a0e3-
MeYeHa 3a MEBHUX YMOB. SIKIO IMpoaHalli3yBaTH
BH3HAYCHHS €KOHOMIYHOI O€31eKH OiIbIT IMHUPOKO,
TO €KOHOMiuHa Oe3meKa SK KUTTEBE SBUIIEC MAE
BUXOJIUTH i3 TIEBHOI MeTo0JI0Tii. Byib-sikuit mpo-
1eC B MPHUPOJI, CYCHIIBHOMY XKHUTTI MOXE PO3TJIs-
JATUCS K TIPOIEC YIPABIIHHS 1 CaMOYIIpaBIiHHS.
SKII0  MIKPOSKOHOMIYHI CHCTEMH  PO3IJIAAaTh
3 TOYKM 30py TeOpii YIpaBliHHSA, TO B Hid BBO-
TIATHCS TIOHATTS MOBHOI (hyHKIII ynpaBiiHHA. Bo-
Ha BKJIIOYae B cebec BUSABIEHHS MPoOJIeM, IO
BIUIMBAIOTh HA TCUXOJIOTII0 YIPaBIIHIS, [IICTIOK-
JaJaHHs Mo A0 i€l mpobnemu, GopMyBaHHS KOH-
LeMIii yrpaBIiHHS, SKa JT03BOJSE JOCATTH MOCTa-
BJIICHHX IIJICH, BOPOBAKESHHS KOHIICIIIIIT y KHUTTH,
KOHTPOIIb 32 MPOILECOM YMPaBIiHHSA, IMOIIYyK pe-
CypCIB IJIs1 JOCATHEHHS TIOCTABIICHUX ITiICH.

Takuii MiAXiJg € 3aralbHUM, YHIBepCaJbHUM
1 3aCTOCOBYETBCS [0 TEXHIYHHUX CHUCTEM, COIliallb-
HUX CHCTEM, 1, 30KpeMa, 10 EKOHOMIYHHUX CHCTEM.

3abe3neyeHHs] €KOHOMIUHOI Oe3MeKkHu B 3aralib-
HOMY BUIJIAAI MOTpedye sSKICHOI eKOHOMIYHOi Hay-
KH{, BIITBOPEHHS YIPABIiHCHKOTO KOPIYCY — YAHO-
BHUKIB Oi3HECY, MEHEIDKEpiB, YAHOBHHKIB Ha AEp-
JKaBHI OCHOBiI 3 METOIO 3IIMCHEHHs YNpaBIiHHS
E€KOHOMIKOI0 Ha HayKOBHX 3acajiaX. AMepHUKaHCh-

kuii BueHW J[kxoH ['enOpeit omuH i3 HeOaraTbox
nependaunB kpuzy 2008 poky, xoua BiH BU3HABaB,
110 JKOJHY KpHU3Y Nepea0aunuTy HEMOKIIMBO. Y CBO-
iif Tiparyi BUEHMIA MpoaHaji3yBaB CTaH €KOHOMIYHOI
HayKH, Ha3BaBIIN ii «EKOHOMIKOI HEBHHHOTO 00-
MaHy». ABTOp BBaXkae, 0 KOJU HIETHCS PO CBO-
0oxy BUOOpY Ha «BUILHOMY PUHKY», TO CITOKHBAad
BHUSABIIIETHCS TAKWM JK€ 00 €KTOM MAaHIITYJIAIINA 3a
JOTIOMOTOF0 PEKJIAaMH 1 MapKeTHHTY, IO CTBOPIO-
I0Th IITYYHUH MOMNT, K 1 BHOOpElb Ha MONITHYHUX
BrHOOpax. CITO)KMBa4YeM YIIPABIIIOTH PEKJIaMHI OF0-
JUKETH, a TOMUT Ha PHHKY KOHTPOJIOE MEHEDK-
MeHT. Asne Oyab-sKi CIpoOW MOCTABUTH TiJ CYMHIB
cBOOOMY BHOOpPY CHOKHMBaya BUKIWKA€E THIBHHUN
ocyn oQIiIifHOr0 E€KOHOMIYHOTO CITIBTOBapHCTBA,
OCKITBKU PYyHHYE cakpaibHy (HOpMYIy «IIOMUT MO-
POKYE MPOMO3HMILIIO», KA CTBEPIXKYE TMepeBary
CIIO’KMBaYa B CYCITUTBCTBI CIIOKHMBAHHS. 3 TIPHUBOY
PO3YMHOTO CHOKHMBAHHS CYCIUILCTBOM Yy [ enOpeii-
Ta TEX € BEJMKI CyMHIBH [2].

TTOHATTSI «eKOHOMIYHA Oe3MeKay 3 MPAKTUIHOT
TOYKH 30py BKJIIOYAE y cebe Te, MO BiTHOCUTHCS
JI0 Cy4acHOi €KOHOMIKH — peHTa0enbHICTh BUPOO-
HUYHX CHCTEM, 3a0e3leueHHs CTIHKOCTi, peHTale-
JLHOCTI MPOTATOM TIEBHOTO Yacy. 3Ba)KalOuH Ha Te,
10, OCHOBOIO TOCIIOJIAPIOBAHHS KPaiHU € TIPUPOI-
HE cepeloBHIle, BiAMOBITHO Aerpajalis MpUpPOI-
HOTO CEpeIOBHUIIA MOCTA0III0E eKOHOMIUHY Oe3re-
Ky. JloHenaBHa eKOHOMIUHA HayKa HE BpaXxOByBasa
HACJIIKIB aHTPOMOTeHHOTO BIUIMBY Ha CTaH Ha-
BKOJIMIIIHROTO CEPEIOBHUIINA 1 MPU BU3HAYCHHI €KO-
HOMIYHOI €(eKTHBHOCTI HOBHX TEXHOJIOTiH, TIpO-
[ECiB, yCTAaTKyBaHHS, BAPOOHHIITB JOTPHUMYBAITUCH
KOHIIeMii MaKCUMallbHOTO TPHOYTKY 3a MiHiMa-
TeHUX BUTpAT [13].

S, 3aropyil 3a3Hadae, MO 3TOBKHUBAHHS €KO-
HOMIYHUM TPUHLIUNIOM HPUPOJOKOPHUCTYBaHHS
CIPUYMHHIIO XiMidHe, (i3uvHe, paJioakTHBHE 3a-
OpyIHEHHS! HABKOJIMIIHBOTO CEPEAOBUINA, IO HaJl-
3BHYallHO HETaTHBHO BIUIMHYJIO Ha JIIOJIEH, Ha po-
CIIMHHUY 1 TBApUHHUH CBIT. 3pOCTa€ KiNBKICTh BU-
KB 3a0pyJHIOIOYNX PEYOBHH B HABKOJHIITHE
cepenoBuie i BigxomiB. TiUIbKU Ha MiAMPUEMCTBAX
VYxpaiau oOcsT BiIXOiB, Mi SKUMU 3aiHATO OJIHU-
3pk0 200 THC. Ta pOJIOYMX 3€Mellb, MEPEBUIILYE
10 MapJ T, 301TBITYFOYUCH NIOPIYHO TPUOIM3HO Ha
1 mupa T. B mponecu cycmiibHOro BUPOOHHITBA
HIOPIYHO 3anydaeThes A0 1,5 MIpA T MPUPOAHUX
CHPOBHHHHX PeCcypciB. BHCHaXyIOThCS HEBiTHOB-
JIOBaJIbHI CUPOBUHHI PECypCH, 30UIBIIY€ETHCS TEX-
HOTEHHE HAaBaHTa)XCHHS 1 OE3KOHTPOJbHA XiMiza-
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ITis 3eMeNb, MTOCIITIOIOTECS €PO3iiHI TPOIIEeCH, M0
MPU3BOJIUTH JI0 MPHCKOPEHOI Jerpanaiii rpyHTiB,
3HIKEHHS X poatouocti [3]. OkpiM TOro, Ha €KOo-
HOMIiUHY Oe3IleKy BIUTMBA€ CTaH 370POB’s, OCBITa,
3MIATHICTH JIO PO3BUTKY HACEJCHHS.

ExoHOMIYHA TEpeoIliHKa I[IHHOCTEH, SIK CIEIH-
¢ivHa QopMa TEOPETHKO-TIPAKTHYHOTO CTaBJICHHS
IO MIACHOCTI, TICHXOJIOTIYHO TPAaBMYIOTH JTIOIUHY,
CIIOTBOPIOIOYH 11 BHYTPIIIHIHM CBIT, CTBOPIOIOTH He-
CIpHUATINBI YMOBH (HOpMyBaHHS 1 pearizawii gyxo-
BHOTO TIOTEHIlIATy TPOMaJsiH. 3a TaKUX YMOB CTBO-
puTH e(peKTUBHY €KOHOMIKY ITpobiemariyHo [12].

Cepen MDKHapOJHUX MiAXOMIB KIACUYHUM
MIPHUKIIAZIOM BH3HAYEHHS MEBHUX (PaKTOPIB €KOHO-
MigHOI O€3IeKH MOXe CIIyryBath | obanbHMA 1H-
JIEKC KOHKYPEHTOCIIPOMOYKHOCTI, SIKHi pO3paxoBy-
etbest BeecBitHiM Exonomiuanm ®opymom (The
Global Competitiveness Report, World Economic
Forum). 3okpema, B HhOMY 3a3HadeHO, 1m0 y 2012
poui micns TpuBanoi eKOHOMIUHOI Kpu3u YKpaiHa
3HaXOMUTHCS Ha 73-My Micli iHIEKCy Tio0anbHOT
KOHKYPEHTOCIIPOMOIKHOCTI. Y TIEepeNiKy mpooiem,
II0 HE [JO3BOJSIIOTH E€(QEKTHBHO PO3BHBATHUCS
Yxpaini, Taki:

1. Po3Butok iHcTHTYIIH — 132-Te Mictie 3 144
KpaiH, MPakTUYHO YCi CKJIAJOBI TOKA3HWKH JUIs
Jep>KaBHOTO ceKkTopa (IIpaBa BIACHOCTI, HEL1IbOBE
BHKOPUCTAHHS OIO/DKETHUX KOIITIB, ITOBipa TPo-
MaJICBKOCTI JI0 MOJITHKIB, Xabapi Ta HeopMabHi
TUIaTeXKi, HE3aNeXHICTh CYAOBOi CHCTEMH, (aBo-
PUTH3M Y PIlICHHSX YHHOBHHKIB, TSTap aaMiHICT-
PaTUBHOTO PETYJIIOBaHHS, €(EKTUBHICTh MPABOBOL
CHCTEMH Yy BPETYJIIOBaHHI CyNepevyoK, MPO30piCTh
MIOJIITUKU JIeP>KOPTaHiB, HAAIWHICTE poOOTH Tpa-
BOOXOPOHHUX OpTaHiB Ta IHIII) i TSI IPHBATHOTO
cexTopa (KOpIopaTHBHA €THKA, PIBEHb CTAHAAPTIB
ayauTy Ta 3BITHOCTI, €(EKTHBHICTH KOPIOPATHB-
HOTO KEpIBHUIITBA, 3aXHCT iHTEPECiB MiHOpUTap-
HUX aKLIOHEpiB, HAMIWHICTh 3aXUCTy IHBECTOPIB)
HAOJIMKEHI JI0 BKa3aHOTO CEPEIHBOTO.

2.V po3BHUTKY iHPpaCTPyKTypu — 65-Te Miclie;
HaWTIpIAi TOKAa3HUK: CTaH mopir — 137-me micre.

3. Y pO3BUTKYy CHCTEMH OXOpPOHH 3JI0pPOB’S
1 MOYaTKOBOI OCBiTH (62-Te MicIle) HaKTipIIi MmoKa-
3HUKH: po3noBcropkeHHs BIJI — 109-te, Tpusa-
JCTh KUTTS — 94-Te, 3aXBOPIOBAHHS TYOEPKYJIIbO-
30M — 92-Te, OXOIUICHHSI MOYaTKOBOIO OCBITOIO —
90-te Mmicre.

4. V pO3BHTKY BHIIOI OCBITH 1 TpodeciiHOTO
HaBYaHHsA (47-Me MicIle) HaWripi TOKa3HUKU:
AKIiCTh mIKia Oi3Hecy — 117-Te Micue, MmiIBUIICHHS
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kBamdikamii mepconany — 106-Te, HOCTYMHICTH
JIOCTITHUAIILKKUX TIOCIIYT 1 HAaBYaHHA 98-Me Miclie.

5. Y po3BUTKY €(QEeKTHBHOCTI PHUHKY TOBapiB
(117-Te Miciie) OCHOBHOIO CKJIQZOBOIO € KOHKYpE-
HTHICTh (IHTCHCHUBHICTh KOHKYPEHIIi1 Ha BHYTpIII-
HBOMY PHHKY, CTYIIiHb MOHOTIOJI3aIlii pHHKY, ede-
KTUBHICTh AHTHMOHOIIOJIBHOI TIOJIITHKH, BIIJIMB
OIMOJATKYBaHHS, KUIBKICTh NMPOLEAYp Ta 4ac, He-
oOXimgHWH [UIS BIAKPUTTS Oi3HeCy, TOProBEJbHI
0ap’epu, MUTHI Tapu(u TOIIO).

6. Y po3BUTKY e(heKTHBHOCTI PUHKY TIpaili, 10
Ma€ B I[IJIOMY HENOTaHWH MOKa3HUK 62-re Micllg,
BHKJIMKA€E 3aHETIOKOEHHS 13 1-111e MicIie Mo BUTOKY
KBaM(piKOBaHUX KaApiB, 1 TaKe JK MICIIE IS TTOKa-
3HHMKa — «CTaBKa Ha TpodeciifHe ynpaBIiHH», Ta
111-te micne 3a noka3zHukoM «CriBIparns y BiHO-
CHHAX IMpaliBHUK-TIPALEAABEIbY.

7. Y po3BuTKy ¢iHaHcOBOTO pUHKY (114-Te Mi-
CIle) OCOONHMBE 3aHETMOKOEHHS BHUKIHKae 142-re
Miclie B TMOKa3HHUKY «HaniifHicTh 6aHKiB». JlocTy-
mHicTh (hiHaHCOBHUX TochyT — 113-Te Micre, oTpu-
MaHHS (piHAHCYBaHHS Ha BHYTPIIIHROMY (OHIO-
BOMY PHHKY — 129-Te, MOCTYNHICTb BEHUYPHOTO
Kamitany — 106-Te, perynroBanHs (pOHIOBOTO PUH-
Ky — 124-te. PO3BHTOK TEXHOJOTIYHOTO pIiBHS
(81-me Mmiclie) BKIIFOYAE TEXHOJOTIUHY aJanToBa-
HiCcTh — 93-T€ MicIie, a TaKOXK MPsMi iHO3EeMHI iHBe-
cturlii Ta mepemada texHoyorii — 109-te micie.
PiBerp po3BuTKy O0i3Hec-miporecie (91-e wmicre)
3aiiMae Micue HIKYe 3a CepelHE BHACHIJOK HU3b-
KAX TOKa3HMKIB: pIBEHb pO3BUTKY Oi3Hec-
KJjacrepiB — 127-me, mpupoaa KOHKYPEHTHOI epe-
Bar — 109-Te, TOTOBHICTh JIeJIETyBaTH MOBHOBA-
xenas — 118-te micre [8].

TakyM YMHOM, MOHATTA €KOHOMIYHOI Oe3meKu
B IIMPOKOMY CMHUCIHI mependadae BKIIOYEHHS
B KOMIUIEKC KPHTEPIiB TPHOX TPYIL.

[epma rpyma kputepiiB xapakTepusye Oio-
c(hepHO-CKOJIOTIUHI aCIeKTH EKOHOMIYHOI Oe3rie-
ku. lle orpumanHs moctoBipHOi iH(opMarii npo
CTaH HAaBKOJIUIIHBOIO CEPEJOBHUINA, BUKOHAHHS
BHMOT' 3aKOHOJIABCTBA i HOPMAaTUBIB y cdepi 0Xxo-
POHH HaBKOJMIIHBOTO cepenosuiia. /lo 00’exTiB
BUpOOHNYIO0I OiocdepHo-eKonoriyHoi Oe3nekn Ha-
JIeKaTh:

— IPUPOJIHI pecypcH;

— JDKeperna BUKHIIB 3a0pyAHIOIOUMX PEUOBHUH
B aTMOC(epHE MOBITPS — CTAIlIOHAPHI 1 IEpeCyBHi;

— JoKepella YTBOPEHHS BiIXOMiB BUPOOHHUIITBA
[9, c.22].
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Cran 6iocthepHo-eKkooTigHOT Oe3rmekn YKpai-
HHU y cdepl MOBOKEHHS 3 BiX0JaMH BUPOOHHIIT-
Ba 1 CIIOKMBAHHS PETIIAMEHTY€ETHCS:

1. Koncrutyuiero VYkpaiHu, NOpuAHATIH Ha
m’saTiid cecii BepxoBHoi Pagm Ykpainu 28 depBHA
1996 p., B sKiif 4iTKO 3a3HAYCHO, IO MOPAT i3 3a-
XUCTOM CYBEPEHITETY 1 TepHTOPialdbHOI IITICHOCTI
VYkpaian, HaWBOKIUBIMUMH (QYHKIIISIME JTeP>KaBH
€ 3a0e3neueHHs il eKOHOMIYHOT Ta iH(opMaiiHoT
oe3neku (ct. 17) [4].

2. 3akoHoMm VYkpainu Bim 19 uepsus 2003 p.
«[Ipo ocHOBM HaLiOHANTBbHOI Oe3meku YKpaiHuy,
B SIKOMY BH3HAUECHO TaKi MOHATTS, K «HalliOHAIbHA
Oesmekay, «HAIlOHATBHI IHTEpeCH», «3arpo3u Halli-
OHANBHIN Oe3Meli»; OKPECICHO IPaBOBY OCHOBY
HAI[IOHAJIBHOI Oe3meKu, 00’ €KTH HaI[lOHAJIBHOI Oe3-
TIEKH, cepest IKuX 1 ekoHoMivHa Oesreka [10].

3. Crpareris HarioHampHOT Oe3mekn YKpaiHu
(12.02.2007p.), B sKiii BH3HA4YEHO MPHHIIUIIH,
NPIOPUTETHI WiJi, 3aBJaHHS Ta MeXaHi3MH 3a0e3-
TIEYCHHS )KUTTEBO BAXKIMBUX IHTEPECIB 0COOH, Cy-
CITITLCTBA 1 JIEP’KaBH Bij 30BHIMIHIX 1 BHYTPINTHIX
3arpo3; KOHKPETU30BaHO 3acaay MOJITUKU AepiKa-
BU y cdepl HamioOHATHEHOI OE3MEeKH, B TOMY YHCIi
o010 3a0e3MeUYeHHs IPUHHATOTO PiBHS €KOHOMIY-
Hoi Oe3neku [11].

4. Haxa3z MiHicTepcTBa €KOHOMIKH YKpaiHH
Bix 2 6epesnst 2007 p. Ne 60, y sskoMy BH3HAYCHO
cnennivHUi MOHATIHHWN amapatr 3 BUKOPUCTaH-
HSIM HEBJIACTUBHUX KIACHYHIM E€KOHOMIuHill HayIi
TEPMiHIB: «EKOHOMIUHa Oe3IleKa», «3arpo3d eKo-
HOMIUHIN Oe3meri», «kpuTepii eKoHOMiuHOI 0e3-
MKW, «IHAMKATOPH €KOHOMIUHOT Oe3MeKu» TOIIO.
[{um HakazoMm Oyio 3aTBep/pkeHO Metoamka pos-
paxyHKy piBHS €KOHOMIYHOi Oe3mekn YKpaiHw,
sKa 3apa3 BUKOPUCTOBYEThCS MiHICTEpPCTBOM €KO-
HOMIKM YKpaiHu AJs po3paxyHKY PiBHS €KOHOMi-
yHOi Oe3meku 3a 10 cdepamMu Ta iHTErpasbHOTO
1HIEKCY EKOHOMIYHOT Oe3neku Ykpainu [9].

Peauii cycniibHOTO XKUTTS CBiYaTh PO TE, 1110
MIOTPUMAaHHS 3aKOHOJIABCTBA HE 3aBXKIH TapaHTYE
Oesreky Oi3HECy, HE CIIPHUAE 3pOCTAHHIO KAITiTalliB.
UYepe3 KOPCTKI YMOBH OTPUMAHHS «KOPOTKHX)
KPEINTIB IepeBakHa KiJIbKICTh APIOHUX 1 CepeTHixX
MIIIPUEMITIB OPIEHTYIOTH CBiff 0i3HEC B OCHOBHO-
My Ha OTpMMAHHsS MHUTTEBOi BHMTOIM. IX He myxke
XBHJIIOE MOXKJIMBICTH CTBOPEHHS IMEPCIEKTHBHUX
PHUHKIB [5].

Jpyra rpyna kputepiiB eKOHOMIYHOI Oe3meKn
e — geMorpadiyHi acmeKkTH — KUIBKICThb 1 SIKICTb
HaceneHHs. Ha cboromHi aepkaBa i GizHec modwn-

HAIOTh PEaTi30BYyBaTH IPOTPaMU HEIEPEPBHOTO
KOPIIOPaTUBHOT'O HABYAHHS, CIIPSIMOBaHI Ha MiAro-
TOBKY KBasli()iKOBaHMX KaJpiB AJsl iHHOBAIiiHOI
eKOHOMIKH. AJDKe HaBYaHHS, CHPSMOBAHE TiJTbKH
Ha Tlepeaady 3HaHb, B CyJacCHOMY CBITI CTae He-
e(eKTHBHUM, SKIIO TPU [[bLOMY HE PO3BHBAIOTHCS
31aTHICTH (haxXiBIS OPIEHTYBATUCS Y CKIIAAHHUX BH-
POOHHYUX CHUTYAIlisX, BUPINITYBATH MIBUIKO 1 AKic-
HO sIK TpamuIlifiHi, TaK 1 HECTaHIApPTHI 3aBIaHHI.
3HaHHs OCHOB 3aKOHOJIABCTBA, BMiHHS KOPHCTYBa-
THCS HOPMAaTHBHUMH aKTaMH Ta HOPMaTHUBHO-
TEXHIYHOI JIOKYMEHTAI[IEI0 ICTOTHO BIUIMBAa€E Ha
SIKICTP IMiJITOTOBKY (haXiBIliB-eKOHOMICTIB. [ pymoro
YKpalHCBKMX BUYEHHX Oymu po3poOieHi 3acaau
edexTuBHOI opraHizarlii O0e3MeKn MepcoHaTy Iif-
MPUEMCTBA, HOTO KamiTany Ta MaiHa, a TaKoX KO-
MepuiiHuX iHTepeciB [1].

Aute 11pOTO IIIe HE JOCTaTHBO, 100 HAa3BaTH CH-
Tyarliio 3 EKOHOMIYHOIO Oe3meKoro Oi3Hecy B YKpa-
i ycninmHo. CoIlialibHI HACTIAKK €KOHOMIYHHX
pedopM BHUSBHINCS Y TOTIPIICHHI YMOB YKHTTEisA-
JBEHOCTI TPOMaIsH YKpaiHd, Y TMOPYIICHHI YMOB
npani Ta BiANOYMHKY BHUPOOHHYOTO MOTEHIiATy
JIOJMHHU, BTPAaTH poOOYOro 4vacy depe3 XBOpOOH
TOIIO.

Tpetsa rpyna KputepiiB €eKOHOMIUHOI Oe3MeKH
XapaKkTepHu3ye BIacHE €KOHOMiuHy Oe3meky y BY-
3pKOMY cMuCHi. Peanii cBiguarh, Ko 3ade3meqy-
€TBbCSI EKOHOMiYHa Oe3reKa B IIMPOKOMY CMHUCIHI,
TO 3a0e3meuyeThcsi EKOHOMIUHA Oe3leKa i B BY3b-
KoMy cMucii. Skmo 3a0e3nedyeThcsi eKOHOMIUHA
OesIeka TiITBKA Y BY3bKOMY CMHCIII, TO Y TITHPOKO-
My CMHCII eKOHOMiuHa Oe3neka He 3a0e3nedyeTh-
cst. CyCHilbCTBO MOXKE BHUSIBUTHCS Ha LUISAXY IO
KaracTpodu.

BinpmiicTh €KOHOMIYHO PpO3BHHYTUX KpaiH
CHPSMOBYIOTH TOJIITUKY B iHTEpecax MpOBiIHUX
¢ipM CBOIX KpaiH i TpaHCHAIIOHAIEHUX KOpIIOpa-
uiii. Ane B Ykpaini npoOiema 3abe3redeHHs eKo-
HOMIYHOT O€3MeKH YCKIAJHIOETCSA MMOEIHAHHIM
BHYTPIIIHIX (TTOB’SA3aHUX 13 CTAHOBJICHHSM JIepiKa-
BH) Ta 30BHINIHIX (MOB’S3aHUX 13 MPOTHPITISIMH
nporiecy riodanizanii) mpobiem [7].

Sk 6aunMo, eKOHOMIYHA Oe3IleKa € TaKUi CTaH
(YHKIIOHYBaHHS CKOHOMIKH JEp)KaBH, B SKOMY
HACTyTIa€ MOPS/IOK PIBHOBArd y BU3HAYCHUX OpTa-
Hi3aI[ifHO-TTPaBOBMX HOpPMax Ha 3acafax CyCHiJb-
Horo HTTA. lle HOpMmH, SIKi CTBOpPIOE Iepikama,
3acany CIiBICHYBaHHS, SKi HepemaroThes 3 IMOKO-
niHp B mokodiHHA. CyCHisIbCTBO 3MiHIOETHCS, 1 TO-
My 3acagd 3 YacoM KapAWHAIBHO TpaHchopmy-
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FOTBCS, 110 YK€ HEMOKOITh CcycmiibeTBO. Kopyr-
11is1, Jka00a 10 HaXXKMBH Ta 1HIN HEraTHUBHI CYCITi-
JIbHI MPOSIBY 3aBAXKAIOTH TIOJIOJAHHIO KPHU3H.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

CdopMyIb0BaHO TIOJOKEHHS, IO CTOCYIOTHCS
HEOOX1THUX 3MiH Y TOJITHIII €KOHOMIYHOI Oe3MeKn
Jep’kaBu. 3allpoOIIOHOBAHO CHCTEMY TIOKa3HUKIB,
SKI MOXYTh OyTH BUKOPHUCTaHi il 4ac OI[IHIOBaH-
HS CTaHy CHCTEMH €KOHOMIuHOi Oe3neku. Bukopu-
CTaHHS 3aMPONOHOBAHOI CHCTEMH MOKA3HUKIB CTa-
HY EKOHOMIYHOI O€3MeKH J03BOJHUTH PO3IIUPUTH
nepeltik BaXKIMBUX (aKTOPiB, IO BILUIMBAIOTH HA ii
CTaH Ta Jal0Th 3MOTY BU3HAYUTH OCHOBHI HAMPM-
Ku i1 popMyBaHHS.

BucHoBku

TakuMm 9UHOM, MH POOMMO BHUCHOBOK, IO €KO-
HOMIYHa Oe3Ieka — I1e 3JaTHICTh JepikaBu 3a0e3-
MICYUTH CBOIO TOJITHKY — IIO0AIbHY, 30BHIIIHIO,
BHYTPIIIHIO — EKOHOMIYHO BciMa HEOOXiTHUMH
MPOAYKTaMH Ta MPHUPOJHUMH OlaramMul Ha OCHOBI
BJIACHOTO €KOHOMIYHOT'O TIOTEHITIATy Yy B3ae€MOJii
3 IHO3eMHHMH TOCTIOAAPCHKUME Cy0’ €KTaMH.

CyTTeBa HEBH3HAUYEHICTh CTaHy COIIaIBHO-
E€KOHOMIYHHX CHCTeM YKpaiHW YCKIIaIHIOE MPOIeC
MOJICTIOBAHHS CTAaHIB E€KOHOMIYHOI  Oe3leKH,
a, omke, 1 ix mocmimkeHHs. CyTTeBi OOMEKEHHS
y IOCTiPKEHHSIX CKJIaa€ HeJOCTaTHS 0a3a OCHOB-
HUX MapaMeTpiB cucTeMu. Pa3oM i3 THM, eKOHOMi-
YHa CHTyalis B YKpaiHi, 0cOOIMBOCTI €KOHOMiY-
HOTO PO3BUTKY Tally3eil 1 MiANPUEMCTB JAUKTYIOTh
HEOOXITHICTh MOTJIMOICHOTO0 BUBUCHHS IPOOIEMH
E€KOHOMIYHOI O€3MeKH.

3pocratoya poib €KOHOMIYHOI O€3MeKH ITiIpH-
€MCTBa TIOTpeOy€ aIeKBAaTHOTO EKOHOMIYHOTO iH-
CTPYMEHTApIt0, 10 J03BOJISE OUTBIT €()EeKTUBHO BU-
KOPHCTOBYBATH HAKONTMYEHUH HAYKOBHI MOTEHIIiAI.

HayxoBi 3acagm BITYM3HSHOTO pETYJIOBaHHS
E€KOHOMIYHOI Oe3nmeKr MaroTh OyTH BKIIIOYCHUMH
0 KOHCTUTYLIHHOTO MpaBa, a TaKoX N0 peryo-
BaHHS aJIMiHICTPaTUBHOTO, TOcTomapchkoro (¢i-
HAHCOBOTO, OOHKETHOTO, BaJIOTHOTO, MHUTHOTO,
MOaTKOBOr0, OAHKIBCHKOTO, CTPaxOBOTO, MOPCH-
KOTO, TIpHAYOTO, TOPTiBEITHLHOT0) TpaBa.

B xomrmiekci mux OKpeciIeHNX MPaBOBUX TEM MYy-
ciaTh OyTH, TIEpII 3a BCE, Ti MOJIOKEHHS, IO CTOCY-
I0ThCS HEOOXITHUX 3MIH y TIONITHIIl SKOHOMIYHOT
Oesrexu. BoHM CTOCYFOTHCS TaKMX YMHHHKIB, a caMe:

— IiJIeH: pO3MHUPEHHS PiBHA €KOHOMIYHOI CBO-
00U LUIAXOM 3HMKEHHS IOJATKIB 1 OOMEXKEHHS
MEPepO3NOALTy TPUOYTKIB, CKOPOUYCHHS OOJDKET-
HOTO JediluTy i HOTO BIPOBAIKCHHS B CTaH TPH-
Bajioi pIBHOBArW; peaiizarlii Tim0okux pedopwm,
a TaKOX TIOJIIIICHHS YMOB TOCIIOIapIOBaHHST,;

— KapIWHAJIBHUX 3MiH B €KOHOMiuHill cdepi:
pedopMu B Makpo- Ta MIKpOCKOHOMII i JepikaB-
HUX (QiHaHcax; peOpMH TOAATKOBOI 1 MEHCIHHOT
CHCTEM Ta OXOPOHH 370POB’S; COLialbHI pedopMu
1 pUHKY TIpatli; peopMu AepKaBHOI agMiHiCTparlii
1 (ickanbpHOI JAeLEHTpaNi3allil; MOMIMIICHHS YMOB
Juist Oi3HecCy;

— YMHHUKIB ()OPMyBaHHS €KOHOMIYHOI Oe3re-
KH: CKOPOYCHHS TIepepOo3MONiTy, IHTerpamii eKo-
HOMIYHOI 1 TOJITHYHOI B MEXaxX MIDKHApPOIHOTO
CHiBpPOOITHHUIITBA, MAKPOEKOHOMIUHOI cTabimi3aii,
(icKaJIbHOT KOHCOJMimaIii, TOMipKOBaHOCTI y Ofo-
JOKETHUX BUTpaTax (piBHOMPABHO BiJHOCHO Jep-
JKaBHHUX Ta MiANPUEMHUIBKUX 1HCTUTYIIH), pecT-
PYKTypwu3alii Ta mpuBaTH3alii B OaHKIBCBKil cde-
pi, mpuBaTu3amii iHPPACTPYKTYpH B KOMYHAITBbHIH
cdepi, 3amydeHHS CTpATETiYHUX IHBECTOPIB JIO
MiAIPUEMCTB, IEPETYJIIAIis MiH 1 BKIIIOUSHHS He3a-
JEKHUX 1HCTUTYIIIA PETYJAIiHHOrO HarIsAIy, BHU-
pillieHHS MPOOJIEMH CTapiHHS HACEJICHHS LUISXOM
NEeHCIHHNX pedopM, eNacTUYHICTh PUHKIB (0c00-
JIUBO PUHKY TIpalli); peopMHy B MOJATKOBIN cdepi
(MaroTh OYTH IpsMi, IPUPOIHI, ePeKTUBHI i crpa-
Be[Bi); (opMyBaHHS MOTHBYIOYOi COLIAIBHOI
CHUCTEeMH, SIKa CHpsSMOBaHAa Ha THX, XTO ii JiHiCHO
moTpedye.
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"Kag. «Dumanc! 1 5KoHOMEIECKas 6e30IMaCHOCTE», JIHEMPOIIETPOBCKHI HAMOHATBHBIA YHHBEPCHTET XKCIC3HOTOPOKHOTO
TpaHCIOpTa UMeHH akanemuka Jlasapsna, yn. JlazapsHa, 2, [lnenponerpoBek, Ykpauna, 49010, ten. +38 (056) 373 15 04,
1. moura rekun_i@mail.ru.

MPOBJEMA SKOHOMHUYECKOM BE3OITACHOCTH
B COBPEMEHHBIX MAKPO- U MUKPO KOHIEIIIUAX

Heab. BakHbIMU COCTABISIFOIIMMHU 0€30IIACHOCTH B LIEJIOM SIBJISIFOTCSI DKOHOMHYECKasi 0€30MacHOCTh U olecrie-
YEeHHE COOTBETCTBYIOUIMX HAIMOHAIBHBIX HHTEPECOB roCylapcTBa. Bee 3TO TECHO CBSI3aHO ¢ 9KOHOMHUHYECKOW 3¢-
(eKTHBHOCTHIO (DYHKIIMOHMPOBAHUS XO3SIMCTBEHHBIX OOBEKTOB, C YKOHOMHYECKOW HE3aBHCHMOCTBIO, CTAaOMIIBHO-
CThI0 M Oe3omacHOCThI0 oOmiecTBa. Kpome Toro, skoHOMH4eckasi 0€30MacHOCTh SIBJISIETCSl COCTABISIONICH HAlMo-
HAJIBHOW 0e30MacHOCTH, e¢ (YHIAMEHTOM M MaTepUaIbHOW OCHOBOW. IIpoOiema obecricucHHs 3KOHOMHUYECKOI
0€3011acCHOCTH B COBPEMEHHBIX YCJIOBHUSIX HA MUKpPO- U MaKpOYPOBHSIX TPEOYyeT ONpe/ieieHHsi OCHOBHBIX HarpaBJe-
Huii ee GopmupoBanus. Meroauka. J[ss JOCTHKEHHS MOCTABICHHON e 000CHOBAHBI OCHOBHBIE HANpPaBICHUS
(dbopMupoBaHust MexaHu3Ma obecrieueHus: 0€30MaCHOCTH YKOHOMUYECKON CUCTEMBI, B YaCTHOCTH — Ha MaKpOYPOB-
He. Pe3yabTaThl. DKOHOMUYECKas] OE30MACHOCTh SIBISIETCS TAKUM COCTOSHHEM (PYHKIIMOHHUPOBAHHS SKOHOMHKHU
roCy/IapCTBa, B KOTOPOM HACTYIAET MOPSJOK PABHOBECHS B OMPE/IEICHHBIX OPraHU3aIlMOHHO-TIPABOBBIX HOPMaX Ha
OCHOBE OOILECTBEHHOW MKHM3HU. DTO HOPMBI, KOTOPHIE CO3[AECT TOCYAAapCTBO W MPHHIMIBI COCYIIECTBOBAHUS,
KOTOpBIE TIePeIatoTcsl U3 MOKOJICHHs B TIOKoJieHue. [IpoaHan3npoBaHO COBPEMEHHOE COCTOSIHUE 00eCTieueHH s IKO-
HOMHYECKOI 0€3011aCHOCTH Ha MaKpo- U MUKpOypoBHsx. OmnpesiesieHa cucTeMa rokasareneil, KOTopble MOI'yT ObITh
UCIIONIb30BaHbl MPU OLEHKE COCTOSHHUA cucTeMbl OezomacHoctu. Hayunas HoBu3Ha. CdopmyTHUpOBaHbI
MOJIOXKCHHUSI, KACAIONIHUECsS HEOOXOMUMBIX HU3MCHEHHH B IMOJUTHKE JKOHOMHYECKON O€30MacHOCTH TrOCyapCTBa.
IIpemiokeHa cucTeMa IOKas3areled, KOTOpPbIE MOIYT OBITh HCIIOJIb30BAaHBI IMPH OICHKE COCTOSHHS CHCTEMBI
6e3onacHocTu. IIpakTHYeckasi 3HAYUMOCTB. VICnonb30BaHUE TPEIIOKEHHOW CHCTEMBI MOKa3aTesieil COCTOSIHUS
9KOHOMHUYECKON 0€30MaCHOCTH TO3BOJIUT PACIHIMPUTH MEPEYeHb BAXKHBIX (DAKTOPOB, BIUSIONIMX HA €€ COCTOSHHE
Y TO3BOJISIIOIINX ONPEICIUTh OCHOBHBIE HAMIPABJICHHS e€ ()OPMUPOBAHUSL.

Kniouegvie cnosa: s3xoHOMHUYECKasi 6€3011aCHOCTh; TOCYIapPCTBEHHOE PETYJIMPOBAHUE; HALIMOHAJIbHASL KOHOMHKA
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ECONOMIC SAFETY PROBLEM IN MODERN MACRO AND MICRO
CONCEPTS

Purpose. Security is an important component of economic security and the guaranteeing of appropriate na-
tional interests in the state. All these things are closely related to the economic efficiency of operations of eco-
nomic entities, with economic independence, stability and security of a society. In addition, economic security is
a part of national security, its foundation and material basis. The problem of economic security in modern condi-
tions at the micro and macro levels requires determining the main directions of its formation. Methodology. To
achieve this goal, basic directions of a security mechanism of the economic system, in particular on the macro
level were grounded. Findings. Economic security is such state of the state economy operation in which the order
of equilibrium occurred in certain organizational and legal norms on the basis of social life. These regulations are
created be the state, principles of coexistence, which are transmitted from generation to generation. The current
state of economic security guaranteeing at the macro and micro levels was analyzed. The system of indicators
that can be used in the assessment of the security system was determined. Originality. Propositions concerning
necessary changes in the policy of economic security in a state were formulated. The system of indicators, which
can be used in the assessment of the security system was offered. Practical value. Using of the proposed system
of economic security indicators will expand the list of important factors affecting on its status and allow us de-
termining the main directions of its formation.

Keywords: economic security; government regulation; national economy
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OCHOBHI BUMOI'M TA IPUHLIUIIN CTBOPEHHA BOPTOBHUX
CUCTEM JIAT'HOCTYBAHHS TIOKOMOTHUBIB

Merta. OOrpyHTyBaHHSI OCHOBHHX ITPUHLIUIIIB T00Y0BH OOPTOBUX CHUCTEM JiarHOCTYBAHHS JIOKOMOTHBIB Ta BUOIp
BHCOKOIIPOJAYKTHBHOTO ¥ HaxiiiHoro iHTepdeiicy 1yt oOMiHy iH(oOpMalielo OOPTOBHX CHUCTEM [IarHOCTYBAaHHSI.
Mertonuka. 3ajaya OTpUMaHHS JIOCTOBIPHOI Ta ajekBaTHOI iH(OpMalii MPO TEXHIYHUH CTAH TEXHIYHOTO 00’€KTY
BUPIIIYETBCS 3 BUKOPUCTAHHSIM 1 JIOTPMMAaHHSIM OCHOBHHMX NpHHIMMIB cydacHMX EOM. PesyabTatn. OGpaHo
BUCOKONPOAYKTHBHUK 1 HamiiHM{ iHTepdelc st OOMiHy IOBIIOMJICHHSIMH MDK pI3HMMH OJIOKaMH CHCTEM
yrpaBiiHHA i OOPTOBHX CHCTEM [iarHOCTYBAaHHS, BJIACTHBOCTSMH SKOTO € HEOOXiTHA BHCOKA IMIBHIKICTH OOMIHY,
BHCOKA BipOTiTHICTh 1 HU3BKHIA PiBEHb OMIIIOK Tiepenadi iHnpopmartii. HaykoBa HoBuzHa. CHopMynp0BaHO OCHOBHI
MPUHIMITN TO0YA0BH OOPTOBHX CHCTEM JIarHOCTYBAaHHS JIOKOMOTHBIB, TOTPUMAHHS SIKMX 3a0€3M€UNTh HAKOTIMUYEHHS
JIOCTOBIpHOI Ta ajekBaTHOI iH(OpMAIli PO TEXHIUYHUK CTaH, 1110 HEOOXiJHa I opraHizailii Horo o0CIyroByBaHHS
1 pemonty. Ilpaktnuna 3HayumicTb. CHpOeKTOBaHE 3 BHKOPHCTAaHHSAM BHKJIQJICHUX BHUMOT Ta MPHHIHUIIB
JUarHOoCTHYHEe oOnajHaHHg Oy/Ae BIUIMBATH HA TEXHIYHMHA CTaH JIOKOMOTHBA, IIiIBUICHHS WMOBIPHOCTI HOTO
0e3BiZIMOBHOT pOOOTH, NMPOJYKTUBHICTH Tpalli JIOKOMOTHBHHX Ta PEMOHTHHX Opuran. BrpoBaipkeHHs OOpTOBHX
1 CTallloOHapHUX CHCTEM JIarHOCTYBAHHS JIOKOMOTHBIB I03BOJIUTH CYTTEBO BJIOCKOHAIWUTH CHCTEMY IX YTPUMAaHHS
W onTHMI3yBaTH BUTPATH Ha MPOBEAEHHS TexHiqHoro o0cimyroByBanHs (TO) Ta morounux pemonrtis (I1P). Kpim nporo,
HaKOIMYEeHA 32 JOIOMOror0 OOpTOBHX KOMIUIEKCIB iH(oOpMalis Npo 3MiHY AiarHOCTHYHUX HapamerpiB Oyne
BUKOPUCTOBYBATUCS JJIsI CTBOPEHHSI MaTeMaTHYHNX MOJENeH, 110, Y CBOIO Yepry, JA03BOJIMTh OPTraHi3yBaTH CHCTEMY
YTPUMAaHHS Ta IPOTHO3YBATH TEXHIYHHUI CTaH JJOKOMOTHUBIB.

Knrouosi crosa: niarHOCTYBaHHS; TEXHIYHHH CTaH; AlarHOCTHYHE 001aiHaHHs; OOPTOBI CHCTEMH J1IarHOCTYBaHHS

Beryn BaJIOCTI MPOCTOI0 HA IUIAHOBHX BHUIAX PEMOHTY,
3aCTOCYBaHHS IHTEICKTYyaJlbHUX CHCTEM JiarHOC-
TyBaHHsI, a TaKOXK (DOPMyBaHHSI Ta BIIPOBAKCHHS
CEepBICHOI CHCTEMH OOCITYTOBYBaHHS TATOBOTO PY-
XOMOTO CKJIay.

Pe3epBoM MiBHUINCHHS HAAIHHOCTI JOKOMOTH-
BiB € TepexiA BiJ IUIaHOBO-MOIMEPEIKYBaIbHOTO
00CITyTOBYBaHHS 1 PEMOHTY OO OOCIyTOBYBaHHS
1 PEMOHTY 3 ypaxyBaHHSM JIHCHOTO TEXHIYHOTO
cTany. Bukopucranus uiei crparerii oOciryroBy-
BaHHs JIOKOMOTHBIB BHMAra€e MIMpOKOTO 3acTOCy-
BaHHS 3aCO0IB 1 METO/IiB aBTOMaTH30BaHOTO KOHT-
POJIIO 1 IIarHOCTYBaHHA. Y 3B’S3KYy 3 IIUM BHHUKAE
HeoOXimHicTh 3a0e3leYeHHs TaKoi BJIACTUBOCTI

IMoganpmre ymOCKOHANECHHS Ta  ITiBHIICHHS
e(eKTHBHOCTI 3ai3HUYHOTO TPAHCIIOPTY MOXKITUBE
Ha OCHOBI BIPOBA/UKEHHS JIOCSTHEHb HAyKOBO-
TEXHIYHOTO TPOTPecy i, B MEPITy Yepry, 3a paxy-
HOK YJIOCKOHAJICHHSI TeXHIYHHMX 3aco0iB Ta iH(ppa-
CTPYKTYpH 3aJi3HUYHOTO TPAHCIOPTY Ta 3MEH-
IIEHHS IIKI[UIMBOTO BIUIMBY Ha HABKOJIMIIHE Cepe-
nosuiie. Cepenl 3aBiaHb, sSIKi HEOOXiIHO BUpINIy-
BaTH B TMEpLIy 4Yepry, € 3HIDKCHHA BHUTpaT Ha
TEeXHIYHE OOCIYrOBYBaHHS i PEMOHT 3a PaxyHOK
TIOJTIIMIIIEHHST TTOKAa3HUKIB HAIIHOCTI 1 PEMOHTO-
NPUAATHOCTI, 3MEHIICHHSI TPYAOMICTKOCTI 1 TpH-
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JIOKOMOTHBA Ta HOI'O CUCTEM, SIKa A03BOJIsIA O 10-
CTOBIPHO BHU3HAYUTH HOTO TEXHIYHMH CTaH 3 MiHi-
MaJIbHUMHU BUTpaTaMH.

BnpoBamkeHHss 60PTOBUX 1 CTAIliOHAPHHUX CHC-
TEM J1arHOCTYBaHHS JIOKOMOTHUBIB JJO3BOJIUTH CYT-
TEBO YAOCKOHAIUTH CUCTEMY iX YTPUMAaHHS Ta OIl-
TUMIi3yBaTH BUTPaTH Ha HPOBEICHHS TEXHIYHOTO
obcmyroByBanHs (TO) Ta TOTOYHMX pPEMOHTIB
(ITP). J1ast HakOMM4YEHHS 1 BUKOPUCTAHHS JiarHoc-
THYHOI iH(pOpMaLii Ha 3aI3HUIMX YKpaiHu AaBHO
Ha3piia HeoOXimHICTh cTBOpeHHs LleHTpy KomIute-
KCHOT'O JIIarHOCTYBaHHS JIOKOMOTHBIB. OCHOBHOIO
3a7]ayer0 TaKOTo LEHTPY € CTBOPEHHSI CUCTEMH MO-
HITOPHUHTY TE€XHIYHOTO CTaHy KO>KHOTO JIOKOMOTH-
Ba, III0 B MIEPCIICKTUBI JO3BOJUTH B MacmTabdi pea-
JHHOTO Yacy OIIHIOBATH TEXHIYHUH CTaH JIOKOMO-
THBa Ta MPOTHO3yBaTH Horo 3MiHy. HeoOxiaHicTh
CTBOPEHHSI Takoi CTPYKTypuU 3YyMOBJICHA JIOCIi-
JOKEHHSIMH B HAIpsIMKY CTBOPCHHS IHTEIEKTYallb-
HUX JIOKOMOTHUBIB. AIapaTHO-IPOrpaMHi 3aco0H
TaKoTro JIOKOMOTHBA IOBUHHI 3a0e3nedyBaTH iH-
TeporepadeNIbHICTh 32 PaXyHOK CyMICHOCTI BiaIo-
BIJHUX KOMaHJ, IIO IOCTYNAalOTh Ha JIOKOMOTHB
mig yac pyxy i 3 JJokomotuBa B LleHTp KomIIeKc-
HOTO JiarHOCTYBaHHS s 30epiraHHs B CTaHIAPT-
HUX OJiokax mam’sTi iH(OpMAaIliHHO-00YHCITIO-
BaJIbHOI CUCTEMH.

B pesynbTaTi aHamizy CTPYKTYp CHCTEM aBTO-
MaTH30BaHOTO KOHTPOJIO 1 MJiarHOCTYBaHHS Ha
JIOKOMOTHBAX, fAKi CTBOPIOIOTbCA B  YKpaiHi,
3’5ICOBAHO, 110 €JMHOTO MiAX0Ly Ta BUMOT 10 Oop-
TOBHX Ta CTAIllOHAPHUX CHUCTEM JiarHOCTYBAHHSI
JIOKOMOTHBIB He cTBOpeHO. OKpemi po3poOKH
B I[LOMY HANpsIMKy BHUPIIIYIOTh JIOKaJIbHI MpooIte-
MH 1 He TIepen0avyaroTh KOMIUIEKCHOTO ITiIX0Iy IO
CTBOpEHHS OOPTOBUX 1 CTAllIOHAPHUX CHCTEM Jiar-
HocTyBaHHs. Ha 47 3acigaHHi paau mo 3ami3HuY-
HoMy TpaHcmopty kpain CHJI i bantuku 3arBep-
JUKEHI OCHOBHI TPUHIIMIH Ta KPHUTEPii TEXHIYHUX
BUMOT' JI0 TEXHIYHHX 3aCO0iB IJs1 BUKOPUCTAHHS
Ha komii 1 520. [IpomoHyeThCsl y KOHCTPYKIIT ene-
KTpOBO3a TEPEI0AYUTH CHCTEMY MiarHOCTYBaHHSI,
sIKa TIOBUHHA 3a0€3MeTyBaTH:

— aBTOMATHUYHHUI KOHTPOJb TEXHIYHOTO CTaHy
OCHOBHOT'O OOJaJHAHHS €JNeKTPOBO3a Ta HAaJaHHS
MaIlUHICTy iH(pOpMAaIl 32 JONOMOIOK JUCILIES,
BCTaHOBJICHOTO B KaOiHi IOKOMOTHBA;

— Oe3nepepBHUN KOHTPOJIb KPUTUYHUX 3HAYEHb
rapaMeTpiB OCHOBHHX arperaTiB Ta CHCTEM 3 iHIH-
Kalliero BUXOMY X 3a JOMYCTHUMI MeXi 1 aBapiiiHe
aBTOMAaTHYHE IX BIOKIIOUCHHA (3 ypaxyBaHHIM

3abe3nedeHHs Oe3leku pyxy) abo 3MiHA pexUMY
po6oTH (HApUKIIA, 3SMEHIIICHHS CHIIN TATH);

— iH(opMalio Tpo NEPEBUILEHHS TOMYCTUMHUX
napaMeTpiB, sIKi TOBHHHI BHJABaTHCS Ha TUCILICH
aBTOMAaTHYHO, a iH(GOpPMAINI0 MPO TMOTOYHI 3Ha-
YeHHS MapaMeTpiB, IO KOHTPOJIOIOTHCS — 3a BU-
KITUKOM MalllMHICTa (TIepeltiK mapaMeTpiB YTOUHIO-
€THCSI 3aMOBHHUKOM);

— peecTpalliro Ta 30epeKeHHs 3HaYeHb KOHTPO-
JHOBAHUX TapaMeTpiB, SIKi MEPEeBUILYIOTH JOMYyC-
THMI 3HAYEHHS;

— nirecnpsiMoBaHe iHQOPMYBaHHS MallMHICTa
JIOKOMOTHBA MPO MOMWJIKH a00 (yHKIIOHaJIbHI
00MeXeHHS JIOKOMOTHBA 3 MOXKIIUBICTIO OTPHMaH-
HS TIPUYHH Ta 3aXO0/IB IOJI0 iX YCYHEHHS;

— iH(pOpMyBaHHS PEMOHTHOTO TEPCOHATY IPO
TIOITKO/DKEHHS TATOBOTO PYXOMOTO CKJamy M-
XOM Bi3yamizamii MmomepeaHix MOBiTOMIICHb depe3
cepBicHI iHTepdelich Ha TUpWiIagax yIpaBIliHHSI
€JIEKTPOTIPUBOJIOM 1 MEPETBOPIOBaYa AOMOMIKHUX
MeXaHi3MiB;

— CTBOPEHHS CHCTEMH MOHITOPHUHTY TEXHIUHO-
ro CTaHy, IO J03BOJsiE B MaclTabi peajbHOro
4yacy OIIHFOBaTH CTaH JIOKOMOTHBA Ta IPOTHO3YBa-
TH HOTO 3MiHY.

BukoHaHu#i aHaji3 NpakTUKH CTBOPEHHS OOp-
TOBUX CUCTEM MAIMH CBiTYUTH IMPO JOIIBHICTH
MOAUTEHHST QYHKITIH OopTOBOi cUcTeMH Ha iH(DOP-
MalliiiHe 3a0e3MeUeHHs] Ta IIOJICTHICHHST (QYHKIiH
yIpaBJIiHHS MallMHICTa i 30BHILIHBOTO A1arHOCTHU-
YHOTO OOJNIaJHAHHA B JIOKOMOTHBHHX [IEIO, IO
JTO3BOJISIE OIIHIOBATH TEXHIYHWH CTaH JIOKOMOTHBA
Ta BU3Ha4YaTH o0csru nposeneHas TO i [1P.

Meta

OOrpyHTYBaHHS OCHOBHHX MPHHITUIIB IOOY-
JOBU OOPTOBUX CHCTEM [[iarHOCTYBaHHS JIOKOMO-
THUBIB Ta BUOiIp BUCOKONIPOAYKTUBHOTO 1 HAAIITHOTO
inTepdeticy ans obminy iHpopmariero OOpTOBHX
CUCTEM J1arHOCTYBaHHS.

MeTtoauka

BuxonanHs 1i€i 3a/aqi BUPIIIyETbCS BUKOPHC-
TaHHAM BUMIPIOBAIBHO-I1arHOCTUYHUX CHUCTEM,
noOyJJOBaHUX 3 BHUKOPHCTaHHSM cydacHHX EOM,
AKI CTBOpPEHI 3 NOTPHUMAHHSIM TaKUX OCHOBHHX
MIPUHITUIIIB:

1. [IpyHOMO AOCTATHOCTI periiaMeHTye BHOIp
MiHIMaJbHOT KiJIKOCTI JaTYMKIB BTOPHHHHUX IPO-
IeciB, IO CYNPOBOKYIOTH POOOTYy arperaTiB
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1 CHCTEM JIOKOMOTHBA Ta TEXHOJOTIYHOI CHCTEMHU
B IIJIOMY 1 3a0€3MeUyI0Th CIIOCTEPEKEHHS 3a HOTOo
TeXHIYHUM craHoM. Clix 3ayBakWTH, IO TpHU
[IOMY BHXIJIHUH CUTHAJ JaTYMKa MOXKHA TpeicTa-
BHTH B IIHPOKOMY Jiama3oHi aMINIITyJ i 9acToT
3 MOCIIJIOBHOIO 00poOKOI0 (BUSABJICHHS, (DUIBTpa-
s, JiHEepi3almis, KOPEeKIlisl aMIUTTyAHO-(Pa30BHX
XapakTEePHUCTHK Ta iH.). JliarHOCTYBaHHS arperarisB
1 cHCTeM JIOKOMOTHBa 0a3yeThCsl Ha BHUMIpi MHO-
JKUHY TICPBUHHUX JIarHOCTHYHUX O3HAK, M0 Xapa-
KTepU3yITh iX po0OTy (THUCK, Temreparypa, BiO-
patisi, BUTpaTa najiuBa (eJIeKTpOeHeprii), yacTora
oOepTaHHs Ta iHIINI) 3 BCTAHOBJICHHSM BiIOBII-
HUX 3B’S3KIiB 3 OC3TIYYI0 TEXHIYHUX CTaHIB (IHC-
OayraHc, HECTPABHOCTI IMiIIIUITHUKIB, 3aCMIYCHHS
¢ineTpiB Ta iHme). [Ipu mboMy Clif 3ayBaKuTH,
o Ut 3a0e3nedeHHs] JOCTOBIPHOCTI Ta TIHOWHU
JiarHo3y HeoOXimHOo 30iIbIMyBaTH KUIBKICTH Jiar-
HOCTHYHHMX O3HaK: a00 3a paxyHOK 30UTbIICHHS
KIJIBKOCTI JTaTYUKiB, a00 3a paxyHOK 30ibIICHHS
KUTBKOCTI O3HaK, SKi OTPUMYIOTh 3a JOTIOMOTOIO
OJTHOTO JTATYHKA.

2. Hpuaimn iHGOpMaTHBHOI NOBHOTH, IO Bi-
noOpakae OOMEKEHICTh HAINX 3HaHb B HABKOJIH-
IITHLOMY CEPEIOBHII 1 B 3araJIbHOMY BHUTJISAII MO-
ke OyTH BU3HAYCHUH TaKuM 4uHOM [1], 1o 13 cre-
KTpY CUTHaJy MiCNs BUIAJICHHS 3 HBOTO KpiM Jiar-
HOCTHYHHX O3HAK, SKi OMHCYIOTh CTaH 00’ €KTa
BIZIOMMM CIIOCOOOM, BHIUISETHCS 3AIMIIKOBUM
«ITyMy, SIKHH MOYXE BUKOPHCTOBYBATHCS IUIs Jiar-
HOCTyBaHHs. Pe3ynbTaTh 0araThbOX eKCIIEpHMEH-
TaTbHUX JTOCHIKEHD TIarHOCTYBaHHS MAaIlWH CBi-
UaTh, 10 B OLIBIIOCTI BUIAAKIB CHCTEMAa O3HAK,
SKa BKJIIOYAE XapPaKTEPUCTHKU «IIYMy», Maibke
OpTOTOHATbHA, TOOTO «IIyM» MIHCHO BimoOpakae
HU3KY HEBpaxoBaHUX ()AaKTOPIB TEXHIYHOTO CTaHY
y BIIOMHX JiarHOCTHYHHMX O3HaKax (HampuKiam,
3aimaHHs Ta 3aTUPAaHHSA B MIAMIUIHUKAX 1 YIIiTb-
HIOBa4YaXx).

3. [puHIMN iHBapiaHTHOCTI perJiaMEeHTY€ BH-
Oip 1 CenmexIito TakWX AiarHOCTUYHUX O3HAaK, SKi
IHBapiaHTHI J0 KOHCTPYKIii MamuHH i (opmu
3B’SI3Ky 3 MapaMeTpaMu ii TeXHIYHOro cTaHy [6],
1o 3a0e3revdye BUKOPUCTAaHHS IIBHIKAX PAHTOBHUX
mporenyp 0e3 eTaJOHHOTO NiarHOCTYBaHHSA 1 TIPO-
THO3YBaHHS PECypCy MaIlIVH.

4. IlpuHIMI caMOJIIarHOCTYBaHHS BCiX BHMi-
pIOBaJbHUX Ta YIPABISIOYMX KaHANIB iHQOpMa-
niHO-miarnocTraHoi cuctemu (IJ1C) 3abesmeuye
JIETKE BIPOBA/DKEHHS CUCTEMH B CKCILTyaTallito,
MPOCTOTY OOCIYTrOBYBaHHS 1 PEMOHTY OKPEMHX

70

KaHaJliB, BHCOKY METPOJIOTIUHY 1 (hYHKIIIOHAb-
HICTb CHCTEMH, 11 BUKHUBAHICTb 1 IPUCTOCOBAHICTD
JI0 TIOCTIHHO 3MiHHUX yMOB BHpoOHuNTBa. [IpuH-
nun camojiarHocryBanHs B IJIC peamizyernscs
HUISIXOM I10J1adi CHelialbHUX CTUMYJIIOIOUYUX CHTI-
HaJIiB B KaHAIM JATYHKIB 1 KOMIT IOTEPHOTO aHalli-
3y IIUX CUTHAJIB HA BUXO/Ii ITiCJsI BiJIOBITHUX II€-
pPETBOPIOBAYIB.

5. IIpyHIMO CTPYKTYPHOI THYYKOCTI 1 Imporpa-
MOBaHOCTi 3a0e3Mneduye pealizalilo ONTHMAaNTbHOL
napanensHo-mocigoBHoi crpykrypu [JC, BHXO-
JITYM 13 KPUTEPit0 HEOOXIAHOT MIBUAKOIIT TIPU Mi-
HiMaJbHIH BapTOCTI.

6. [IpuHIMI KopeKwii HelIeaJlbHOCTI BHUMIPIO-
BaJIbHUX TPAKTIB OOYMCIIOBAIbHUMHU METOJAMH Ha
EOM - HemiHIHHOCTI JaT4YMKiB, aMILIITYHO-
(hazoBux XapaKTePUCTUK MOTOJ[)KYBaJIbHO-
MIEPETBOPIOIOYHX TPAKTIB Ta iHIIIE.

7. [puHIMO apy>KHOCTI iHTepdeiica npyu Mak-
cUMabHUX oOcsrax, o 3ade3mneuye BHU3HAYCHHS
OIIepaTopoM CTaHy JIOKOMOTHBA B I[UIOMY 3 MOHi-
TOpa 1 OTPUMAHHS BKa3iBKM Ha Tomambmti mii. Ilei
NPUHLMI 3a0e3leuye BigoOpaXKeHHS CTaHy JIOKO-
MOTHBA Ta HOTO BIACTUBOCTEH K B aBTOMATUIHOMY
PEXHMI, TaK 1 B PEKAMI YIIPaBITiHHS MAITHHICTOM.

8. Hpunun GaraTopiBHEBOI opraHizaiii 3a0e3-
nevye poOOTy 3 CUCTEMOIO JIiarHOCTyBaHHs (axis-
IiB Pi3HKUX PiBHIB KBaMiQiKkaIii i BiAMOBIMaTbHOCTI.
Ha mepumiomy piBHi, Hampukian, cucrema iHhop-
MY€ MpO CTaH JIOKOMOTHBA i HOro BY3iiB IIOAO
TOTOBHOCTI /0 ekcrutyaramii. Ha apyromy piBHI
3 BUKOPHCTAHHSIM MEHIO Ta yIPABIIHHS OIIIiISIMH
MOYKHAa OTPHUMATH iH(OpPMAIliI0 PO TPEHIH IPO-
1IECiB, pe3yJIbTAaTH aHATi3y CUTHAJIB Ta iHIIE.

Pe3yabTarn

Ilix yac cTBOpeHHsI OOPTOBUX CHUCTEM JIOKOMO-
TUBIB CIIii MaTH Ha yBa3i, IO B CHCTEMax YIpaB-
JIHHSA Ta aBTOMAaTHKU CyYacHHX JIOKOMOTHUBIB BHU-
KOPUCTOBYEThCS 0arato MiKpOIPOIIECOPHUX CHC-
teMm (cucremu aBtoBeneHHs, CAYT, KJIVHB Ta in-
i) i3 3aCTOCYBaHHSAM Pi3HOTO THUIY IAaTYUKiB Ta
MIiKPOIIPOIIECOPHHUX MTPUCTPOIB.

Bunukae notpe6a y BHOOpi BUCOKONPOIYKTHU-
BHOTO 1 HajiitHOTO iHTepdeiicy s 0OMiHY IMOBi-
MOMIICHHSAMH MDK pi3HUMH OJIOKAMH CHCTEM
yIpaBJIiHHS 1 OOPTOBHX CHCTEM JiarHOCTYBaHHSI.
Jns edexTrBHOT poOOTH LMX CHCTEM HEOOXimHa
BHCOKa INBHIKICTh OOMiHY, BHCOKa BipOTiIHICTh
1 HU3BKUH piBEHb OMIJIOK TIepenadi indopmarii.
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Ha cporozmi, icHye Maca MEpeKEBHUX TEXHOJIO-
rii. CydacHi Mepexi 3a0e3reuyroTh 00CITyroByBaH-
HSl BEJMKOrO Jiama3oHy aOOHEHTIB, TiIHY ILBHI-
KIiCTh TIepeaayi JaHuX 1 BiNOBIAAOTh HU3MI 1HITNX
BUMOT, OJTHAK JJIsI BAKOPUCTAHHA Ha 3aJI3HUYHOMY
TPaHCIIOPTI MiJXOSTh JIMIIE HedaraTo 3 HUX.

PosrnssHeMo kinbka croco6iB oprasizarii B3a-
e€Mo/Tii a0OHEHTIB HANOUIBIN TOMMUPEHUX MEPEK.

B 1eit wac HalOUIBII TOMYNApHA Y CBITI Mepe-
xa Ethernet. Ii nommpenicts 3ymoBmoeTses BuCO-
KHM piBHEM CTaHJapTU3alii i yHiQikamii By3IiB.
Opnak cnmin 3a3HauuTH, M0 Mepexka Ethernet He
BiZIPI3HAETHCS HI BUCOKUMH XapaKTEPUCTHKAMH, Hi
ONTHMAaJIbHUMH aNTOPUTMAMH i 3aCTOCOBYBATH il
Ha PyXOMOMY CKJIaJli B YMOBaxX eKCIUTyaTaIlii MOX-
Ha, TUTPKYA MPUUAHSBINN 3aX0JH MO0 3aXHUCTy iH-
(hopmartii Big CIOTBOPEHHSI.

Ha Bigminy Bix Ethernet mepexa Token-Ring mo-
Ope BUTpUMY€E BEJHMKE HABaHTAXKCHHS, 3a0e3redye
MIBUKUA JOCTYN 1 BENMKY iHTEHCHBHICTH OOMiHY.
Jo wemonikie Token-Ring MoxHa BiHECTH BHCOKY
BapTICTh yCTAaTKyBaHHS, HEIOCTaTHIO THYYKICTh
KOH(Irypaii i HU3bKy NepenIKo103aXUIIEHICTb [7].

3apa3 Bce Oliblle MOMIMPIOIOTHCA ONTOBOJIO-
KOHHI Mepexxi. HaiibimpIn BiToMOr0 3 HAX € Mepexa
FDDI, sika Mae Benuki rnepeBarst MOPiBHAHHO 3 yci-
Ma pO3INISTHYTHMH paHilie Mmepexamu. Lle BHcoka
MEPENTKOI03aXHINEHICTh,  XOpOIlla  TalbBaHIYHA
PO3B’si3ka A0OHEHTIB 1 BUCOKA INBUKICTh Tepenayi
nanux. Ha xanb, 3acrocyBanus mepexxi FDDI ans
o0nagHaHHs OOPTOBUX CHUCTEM € HEpalliOHAThHUM
yepe3 BUCOKY BapTiCTh amapaTypy.

B 11eit yac 38’530k Midk OOPTOBUMH JaTYUKaMHU
1 mpucTpossMu 00poOKHM iH(opMamii B OOpTOBHX
TPAHCIIOPTHHUX 1 MPOMHUCIIOBUX Mepexkax 3MiHCHIO-
€TBCS 3a JIOTIOMOTOI0 BIJKPUTOTO MEPEKEBOTO
nporokony CANopen (Controller Area Network)
[11]. BuGip 3yMOBIEHHI XOPOIIMMH XapaKTepHUC-
TUKaMH, BICOKOIO MEPEIIKOI03aXHUIIEHICTIO, MOX-
JIMBICTIO PO3BHUTKY 1 BITHOCHOIO POCTOTOIO peali-
3amii. OcHoBHOI0O pucoro npoTtokory CANopen,
IO JO3BOJISIE 3aCTOCOBYBAaTH HOTO HAa PYXOMOMY
CKJaji, €, Ha BiAMIHY Bij iHIIHNX iHTepdeiiciB, MO-
JKJIMBICTH MPAIIOBATH HA OCHOBI TEXHIKH PO3IIOJi-
JIEHUX TIOBiOMIIeHb. [HpOpMaIltis, epenana B Me-
peXi, JOCTyMHA JUIS IPUHOMY OYJIb-SIKHM BY3JIOM
CHUCTEMH, SIKWH, BUKOPUCTOBYIOUH (iIbTp, HpH-
fiMae pimeHHs Ipo 0O6poOKy abo irHOpyBaHHS TO-
BimomiieHHs. [lepenmada MOBIMOMIICHHS B MEpPEXi
CAN mMoxe OyTH iHiniHoBaHa OyAb-SKUM BY3JIOM
Mepexi (mpuHIun OaraToMaicTepHOi KOHpIrypa-

1Tii) TIpW BUIBHIN IHMHI, BY3JIH MOXYTh OOMiHIOBa-
TUCs iH(popMamier Mixk co0or0. Bei By3nu MaroTh
piBHI TpaBa Ha TOYATOK INepeladi MpH BUIBHIH
UIMHI, TOMYy Tiepefaya Moxe OyTH po3modaTta ofl-
HOYACHO JICKiJbKOMa By3iamu. Taka cxema JoCTy-
My rapaHTy€e B KOXXEH MOMEHT 4acy Inepenady Io-
BiJTOMJICHHSI 3 HAWBHIIIUM TPIOPUTETOM 1 HAUOLITBIIT
e(eKTHBHE BUKOPUCTAHHS ISl ILOTO MPOIYCKHOT
3MATHOCTI IIUHH.

Y mpoTokoi nepeadaveHi IIMPOKi MOKITHBOCTI
JCTCKTYBAHHS TMOMUJIOK 1 MEXaHi3MH 3HWKCHHS
KIJIbKOCTI MOMUIIOK. OIHUM 3 HaWOUIBII BasKIIMBUX
IHCTPYMCHTIB BHUSIBJICHHS TIOMHIIOK € BiJICTC)KEHHS
piBHSL CHUTHaNy B TepeJaHuX By3JoMm Oitax. Bix-
MiHHICTh BUMIPSTHOTO PiBHS BiJ TOTO, 110 OYyB IIpH
nocuii, ikcyerses sik nomuika. [1ix yac indop-
Mallii mpo BUHUKHEHHS MOMUJIKH TIepe/iaHe MOBi-
OMJICHHSI 3HUIINYEThCS. Y KOXKHOMY KOHTpOJIEpi
iHTepdelicy € MUWIBHUK Tepeadi i npuiiomy 1o-
BiJIOMJICHb PO MOMMUJIKH, IO 3a0e3Meduye sKHa-
MIBUIITY 1308110 By31a, SIKHiA BiZIMOBUB, 1 JO3BO-
JIT€ CTBOPHUTH TOCKOHAINK MEXaHi3M YIIpaBITiHHSI
Mepexero AT 3axXKCTy ii Big 300iB.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

CdopmynboBaHi OCHOBHI MPUHIIMIIK TO0YIOBH
OOpTOBHX CHCTEM [IiarHOCTYBaHHsI JIOKOMOTHBIB,
JOTPHMAHHS SKHX 3a0€3MeYNTh HAKOIMYCHHS JIO-
CTOBIpHOT Ta ajiekBaTHOI iH(opMmamii mpo TexHiy-
HUHM cTaH, HEOOXIiqHOI JJs oprasizaiii Horo o00-
CIIyroByBaHHs Ta peMoHTy. OOrpyHTOBaHO BHOIp
BHCOKOIIPOIYKTHBHOTO 1 HajiitHOro iHTepdeicy
Uit OOMIHY TIOBIIOMIICHHSIMA M Pi3HHMH OJIO-
KaM{ CHCTEM YTPaBIIHHA i OOPTOBUX CHCTEM Jlia-
THOCTYBAHHSI.

BucHoBku

CrpoekToBaHe 3 BUKOPUCTaHHSM BHIINECBUKIIA-
JICHNX BAMOT Ta MPUHIUMIB AlarHOCTUYHE 00JMajI-
HAHHS CIPUATUME IMOKPAICHHIO TEXHIYHOTO CTaHy
JIOKOMOTHBA, TiIBUIIICHHIO HAIIHOCTI Ta eeKTH-
BHOCTI #oro poboru. Kpim Toro, HakommueHa 3a
JIOTIOMOT'OI0  OOPTOBMX KOMIUICKCIB iH(MOpMaIIis
Npo 3MiHY JiarHOCTUYHUX TapaMmeTpiB Oy/e BHKO-
PHCTOBYBATHCS /i1 CTBOPECHHS MAaTEMAaTUYHUX
MOJIeNIeH, MO, B CBOIO Yepry, JO3BOJIUTH OpraHizy-
BaTH CUCTEMY YTPUMAaHHS Ta MPOTHO3YBaTH TEXHi-
YHHI CTaH JOKOMOTUBIB.
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OCHOBHBIE TPEBOBAHUSA U TPUHIUIIBI CO3/IAHUA BOPTOBBIX
CUCTEM JUATHOCTHUKH JIOKOMOTHUBOB

Heab. O60cHOBaHNE OCHOBHBIX IPUHIIMIIOB IIOCTPOCHUSI OOPTOBBIX CHCTEM JHATHOCTHPOBAHUS JIOKOMOTHBOB
1 BBEIOOP BBICOKOIIPOM3BOIUTEIHHOTO W HAJIKHOTO HHTepdeiica st ooMeHa nHpopManueli OOPTOBBIX CHCTEM -
arHoctupoBaHus. MeToauka. 3amada MONYYCHUS JTOCTOBEPHOW M aJeKBaTHON WHGOPMAIUH O TEXHHYECKOM CO-
CTOSIHUM TEXHHYECKOTO OO0BEKTa pemaercs C HCIOIb30BaHHEM M COOJIOACHHEM OCHOBHBIX IPUHIIUIIOB
coBpeMeHHbIX OBM. PesynbraTrhl. BoiOpaH BbICOKONPOW3BOIUTENBHBII M HaleKHbIH uHTEp(deiic mis oOMeHa
COOOIICHUAMU MEXIYy pPAa3IUYHBIMA OJIOKAMH CHCTEM YIpaBICHUS M OOPTOBBIX CHCTEM IHArHOCTHPOBAHUS,
CBOWCTBaMHM KOTOPOTO SIBJISIETCS HEOOXOQMMas BBICOKAs CKOPOCTh OOMEHa, BBICOKas BEPOSTHOCTb M HU3KUH
ypoBeHb omnOok nepeaaun uHpopmanuu. Hayunast HopusHa. ChopMynupoBaHbl OCHOBHBIE TIPHHIMITBI IOCTPOE-
HUsI OOPTOBBIX CHCTEM JUArHOCTHPOBAHUS JIOKOMOTHBOB, COOJIIOZIEHHUE KOTOPBIX OOECHEYUT HAKOILIEHHE J0CTO-
BEPHOW M aJIeKBaTHON MH(OpMAIUU O TEXHHIECKOM COCTOSIHUH, HEOOXOIMMOM /ISl OPraHn3alii €ro o0CiTy>K1Ba-
HUs 1 peMoHTa. [IpakTHYeckasi 3HAYNMOCTh. CIPOEKTHPOBAHHOE C MCIOJIB30BaHUEM H3JI0KEHHBIX TPeOOBaHMI
W TIPUHIMIIOB THArHOCTHYECKOe 000pyaoBaHKe OyleT BIHMATh HA TEXHUYECKOE COCTOSIHUE JIOKOMOTHBA, MOBBIIIE-
HHE BEPOATHOCTH €ro 0e30TKa3HOW padoTHI, MPOU3BOAUTEIFHOCTE TPYyJda JIOKOMOTHBHBIX W PEMOHTHBIX OpHTa.
BHenpenne OOpPTOBBIX W CTAllMOHAPHBIX CHCTEM JHATHOCTHPOBAHHS JIOKOMOTHBOB IIO3BOJIUT CYIIECTBEHHO
YCOBEpIICHCTBOBATh CHUCTEMY HX COICpP)KaHUS M ONTHMH3HPOBATH PAcCXOAbl HAa TPOBEICHHE TEXHUYECKOTO
obciyxuBanus (TO) u texynmx pemonToB (TP). Kpome 3Toro, HakoruieHHast ¢ TOMOIIBIO OOPTOBBIX KOMILIEKCOB
nHpopManus 00 N3MEHEHNN AUarHOCTHYECKUX apaMeTpPoB OyJeT HCIOIB30BATHCS JJIS CO3/aHMS MaTeMAaTHIeCKUX
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MOHeHCﬁ, 9TO, B CBOIO O4Y€PEAb, IMO3BOJIUT OPraHU30BaTh CUCTEMY COACPIKAHUA U MPOTHO3ZHUPOBATH TEXHUYECCKOEC
COCTOAHHUEC JIOKOMOTHBOB.

Knioueswvie cnosa: JUAarHoCTUPOBAHUEC, TEXHUYCCKOEC COCTOAHHE; NUATIHOCTHYCCKOC O60py,Z[OBaHI/Ie; 60pTOBHe
CUCTEMbI JUAIrHOCTUPOBAHUSA

YE. B. BODNAR'"

"Dep. «Locomotives», Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan,
Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 67 62, e-mail melnar78@gmail.com

BASIC REQUIREMENTS AND PRINCIPLES OF CREATION ONBOARD
DIAGNOSTIC SYSTEMS OF LOCOMOTIVES

Purpose. Justification of the basic principles of construction on-board diagnostic systems locomotive and
choose from high-performance and reliable interface for the exchange of information on-board diagnostic systems.
Methodology. Problem of getting correct and adequate information about the technical state of the technical object
is solved with the use and compliance of the fundamental principles of modern computers. Findings. High-
performance and reliable interface to exchange messages between different units of management systems and on-
board diagnostic systems was selected. Properties which are required high data rate, high reliability and low error
rate of information transfer. Originality. The main principles of building on-board diagnostic systems which ensure
compliance locomotives accumulation of accurate and adequate information about the technical condition which is
necessary to organize its maintenance and repair were formulated. Practical value. Diagnostic equipment designed
with use of requirements set forth above and principles will affect the technical condition of the engine, increasing
the likelihood of uptime, productivity and locomotive repair teams. The introduction of on-board diagnostic systems
and stationary locomotives will significantly improve the system and optimize their maintenance costs of mainte-
nance and repairs. Besides, information about diagnostic parameters changing accumulated with the aim of airborne
systems will be used in order to create mathematical models that, in turn, will organize a system of maintenance and
predict the technical condition of locomotives.

Keywords: diagnosis; technical condition; diagnostic equipment; onboard diagnostic systems
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COBEPHIEHCTBOBAHHME METOJ10B CTUMYJIMPOBAHUA
OTNPABUTEJbCKON MAPIIPYTU3ALIUU
HA KEJIE3HOAOPOKHOM TPAHCIIOPTE

Lenb. Lenbro cTaThi sSBISETCS OLECHKA PACXOIOB, MEpepacipeieNiieMbIX B CUCTEME «IPy300TIIPABUTENb—KENIC3HAS
JIOpOra—Tpy30I0JydaTeNb NpU MapIIPYTH3ALKK SKEIE3HOIOPOKHBIX MEPEBO30K U pa3paboTKa METONOB TapuU(pHOro
CTHUMYJIUPOBAHHUS TPY300TIPaBUTENCH K (POPMUPOBAHHIO OTIIPABUTEIBCKUX MapIIpyToB. MeToauka. C moMOLIBI0 METO-
JIOB 9KOHOMHKO-MAaTeMaTHYECKOTO aHAIIM3a B CTAThe MCCICIOBAHO PACIIPE/ISICHHE PACXOI0B MEXKIY Pa3IMYHBIMU yda-
CTHHKAMH IIEPEBO30YHOIO MPOIECCa B YCIOBUSX (POPMHUPOBAHHS OTIIPABUTEIILCKUX MapIupyToB. Pesyabrarbl. Jlis
BHE/IPEHHUSI METOJIOB TAPU(HOTO CTUMYJIUPOBAHUSI OTIIPABUTEIHCKON MAPIIPYTH3AIMU U COXPAHEHHUS! CYIIECTBYOLICH
CTPYKTYpHI Tapuda MpemIokKeHo npeaycMoTpetrs B «COopHIKe Tapru(oB HA MEPEBO3KY IPY30B JKEIE3HOAOPOKHBIM
TPaHCHOPTOM YKpauHbI» CKUAKY JUIsl OTHPABUTENBCKHX MAapIIpyToB, IU((GEPEHINPOBAHHYIO OT PaCcCTOSHHS
niepeBo3ok. Takke MpeyiokeHa HOBasi METOIMKA ONpPEeIeHHs] BETMUMHBI COOPOB sl TT0Jlau U YOOPKH BaroHOB Ha
MOABE3AHBIC IYTU IMOC3JAHBIMU JIOKOMOTHBAMU. Hayqﬂaﬂ HoBH3HA. B PE3YJIbTATC BBIIOJIHECHHBIX l/ICCﬂeZlOBaHI/lﬁ
NPEIUIOKEH HOBBIH METOJ onpezaeneHns 3(h(HeKTUBHOCTH OTIPABUTENLCKOM MapIIpyTH3aLHH, KOTOPBIi, B OTIMYHE OT
CYLECTBYIOIIETO, YYUTHIBACT HAJMYUE PA3THMYHBIX HHTEPECOB Y OTIACIBHBIX YYaCTHHKOB MEPEBO30YHOrO MpOLEcca.
[MonydeHa 3aBUCUMOCTh TOMPABOYHBIX KOI(POULMEHTOB K Tapudy s MEepPeBO30K IPY30B B COOCTBEHHBIX BaroHax
OPSIMBIMA OTIPABUTEIBCKHMH MApIIPYTaMH OT PACcCTOSHUS MEepeBO30K. Peanmnzanus naHHBIX KO3(hQHUIHEHTOB obec-
neynT npubImkeHne tapuda Ha HKEIC3HOJOPOIKHBIC MEPEBO3KH K CeOECTOMMOCTH MepeBo3okK. [IpemioxkeH MeTon
OIpe/ieNicHus] CTaBKH COOpPOB Ha Mojady W yOOpKYy BaroHOB HA MOJbE3IHBIC IMYTH MOE3AHBIMHU JIOKOMOTHBAMH.
Ipakrnueckas 3HaunMocTh. Co3nanue B YKpauHe CUCTEMbI TAPU(BHBIX CKUIOK HA MEPEBO3KY IPY30B OTIIPABUTEIb-
CKMMH MaplIpyTaMy COOTBETCTBYET MHUPOBO# MPAKTHKE U MO3BOJISIET MPHOIM3UTH Tapu() K peaibHOW ce0eCTOMMOCTH
nepeBo3ok. Takoii miar, ¢ OfHOM CTOPOHBI, CO3/IaCT CTUMYJIbI K MHBECTHIIMM YaCTHBIX CPEJICTB B Pa3BUTHE MH(pa-
CTPYKTYpbl M MaHEBPOBBIX CPEICTB MOJbE3IHBIX MyTEH, a C JAPYroil — MO3BOJIUT 3aKPEHHTh rPY300TIpaBHUTECH 3a
JKCJIC3HBIMU JOpOraMm U OCTAHOBUTL UX OTTOK Ha aJIbTCPHATHUBHBIC BUAbI TPAHCIIOPTA.

Kniouegvie cnosa: MaplIpyTHbIE OTIIPABKH; JKENE3HOJOPOXKHBIE Tapu(bl; CKUIKH; MOABE3IHbIE ITyTH; MOAa4Ya-
yOopKa BaroHOB

BBenenne xKenesHomopoxHou cetu [15]. Tak, ecnmu oTmpas-
JICHHE TPY30B Ha CETU OCYILIECTBIISIETCA NPEUMY-
IIECTBEHHO TIOJIBATOHHBIMHM OTIPABKAMH, TO 3TO
TpeOyeT pa3BUTHS TEXHHUYCCKOTO OCHAIICHHUS Ma-
TUCTPAJbHBIX TEXHUYECKUX CTAHIMM BHYTPU CETH
C LENbIO ONTUMAJIbHON OpraHu3alyyd BaroHOIOTO-
KoB. [Ipu 3TOM 3a cueT KOHLIEHTpAIUU yIpaBiICHUA
MPOIYCKHONH  CIOCOOHOCTBIO  HH(PACTPYKTYPHI,
MapKOM JIOKOMOTHBOB M BaroHOB MOYKHO JOCTHTI-
HYTh 3HAYHUTEIHHOTO CHWXKECHHA CpefHei cele-
CTOMMOCTH TIEPEBO3KH TPy30B Ha cetH. OmHAKO

OnHOM M3 OCTPBIX MPOOJIEM MArHCTPaTbHOTO
KEJIe3HOJAOPOKHOTO TpaHCIOpTa YKpauHbI Ha CO-
BPEMECHHOM JTarie SIBJISETCS OTCYTCTBHE B YKp3a-
JIU3HBIIM CPEJICTB HA OOHOBIICHHE €€ MaTepUaIb-
HO-TeXHUYeCcKOH 0a3pl [10]. DTO mpuBOAMT K poOC-
Ty ce0eCTOMMOCTH IEePEBO30K, OTTOKY KIIMEHTOB
Ha JIbTEPHATUBHBIC BUJIbI TPAHCIIOPTA, CHIYKCHHIO
00BbEMOB TIEPEBO30K M, KaK CIEICTBHE, JalbHEH-
[IeMy TIOBBIIICHUIO CEe0ECTOMMOCTH IIEPEBO30K.

BO3MOXXHBIM MyTeM pelieHus JaHHOH MpOOIeMbI
MOJKET OBITh MPUBJICYCHUE YACTHOTO KaluTama s
OOHOBJICHHUST MaTEPHATLHO-TEXHUICCKOM 0a3bl xKe-
JIE3HOJOPOKHOTO TPAHCIIOPTA.

Heo0x0auMo 0TMETUTh, YTO CIIOCOOBI OpTaHU-
3alliU JKENEe3HOAOPOKHBIX MEPEBO30K IMpeIycMar-
pUBaIOT OOBEKTHBHBIC TPeOOBaHUS K CTPYKTYype

00ecneunTh MHTEPEC YaCTHBIX MHBECTOPOB K (hu-
HAHCHPOBAHHUIO OTPACIH MPHU TAKOW MOJIENH BECh-
Ma 3aTPpyAHUTCIIBHO, TaK KaK IOBJIMATH Ha cebe-
CTOMMOCTH TIEPEBO3KH JUIS OTIENBHOTO TPYy300T-
MPaBUTEIIS JOCTATOYHO CIOXHO. AJIbTEpHATUBHBIN
BApUAHT MPEACTABISAIOT >KEJIC3HOAOPOKHBIE CETH,
OpHEHTHPOBAaHHbIE Ha OOpalieHue OTIpPaBUTEINb-
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CKHX MapmpyToB. B aToM ciydae 3a c4eT KOHIICH-
TpalMy TEXHUYECKUX OTepanuid B TEPMHUHAIBHBIX
MYHKTaX CYIIECTBEHHO YIPOLIAIOTCS TPeOOBaHHUS
K OCHAICHHUIO EIIE3HOJOPOXKHOM ceTH o00Iero
IIOJIB30BaHUS. y‘II/ITLIBaH, YTO 3apOXIACHUEC U II0-
rameHue TPY30HO0TOKOB MPEUMYIIECTBEHHO IpO-
WUCXOAWT Ha IYTSAX HEOOIIETO MOJB30BaHUS, TO,
NIPY pa3BUTHU OTIIPABUTEIILCKONW MapIIpyTH3ALUH,
COOCTBEHHHKH TMPEANPHUITHNA MOTSHIIHAILHO HUMe-
0T CTUMYJIBI K Pa3BUTHIO HH(PACTPYKTYpPHI U Ma-
HEBPOBBIX CPEJACTB MOIBE3IHBIX MyTEH C LENbIO
CHIDKEHUS ce0EeCTOMMOCTH TIEPEBO30K.

B uenoM ornpaBuTenbcKas MaplIpyTU3aLUs
SIBIISIETCS TIIMPOKO KCIIOJIb3YEMBIM METOJOM Opra-
HU3AIMK NepeBO30K Kak B YKpawHe, Tak U 3a py-
oexom [1, 2, 6, 13, 14]. bnaronaps mapupyTtu3za-
u 00ecIIeYnBaeTCsl yCKOPEHHe 000poTa BaroHoB,
YMCHBIIICHUE TepepaboTKH BaroHOB Ha TEXHHYE-
CKHX CTaHIUAX, COKpAIeHHE CPOKOB JIOCTaBKHU
rpy30B. Opranu3aiys mepeBo3oK rpy30B OTIPaBH-
TEJIbCKUMH MaplIpyTaMH 3aTparuBaeT HWHTEPECH
Tpy300THpaBUTENIEH, Tpy3omojydaresed u mnepe-
BO3YHKOB. HpI/I OTOM YJIYUHICHHUE HCIIOJIB30BaHUA
JKEJNE3HOAOPOKHON HHMPACTPYKTYPHI U TSITOBOTO
MOJIBMKHOTO COCTaBa BBI3BIBAET HEOOXOIMMOCTH
YBEIUYEHHUS TOTPY30-pasTPy30uHBIX MOIIHOCTEH
U TyTeBOM €MKOCTH Y TPYy300TIIpaBUTENIEH U Tpy-
sonosydaresied. Ilepexon YkpauHbel K pBIHOYHOM
SKOHOMHKE, TPOIECCHl JEMOHOIONIU3AINN KeTe3-
HOJIOPO’KHOM OTPAaciy BBI3BIBAIOT HEOOXOIMMOCTh
COBEpILEHCTBOBAHUSI HOPMATHBHOM 0a3bl, peryJu-
pymooIell  OTIPaBUTENBCKYI0  MapHIPyTHU3ALHIO.
Pemenue 3aau CTUMYJIUPOBAHUA OTHPABUTECIIb-
CKOIl MapIIpyTH3aIMA MOXKET OBITh IOCTUTHYTO 32
cyeT pa3paboTku Tapu(PHOW CHUCTEMBI, TIO3BOJISIO-
el co3raBaTh TPAHCHOPTHBIE MPOAYKTHL B COOT-
BETCTBUH C TPEOOBAHUSAMHU OTAEIHHBIX KIMEHTOB
1 o0ecreuuTh MPUOIMKEHHE KEJIe3HOA0POKHOTO
Tapuda K peaabHOi ceOeCTOMMOCTH IEPEBO3OK.

ean

Lens craThy — OIIEHKA pacxoJ0B, epepactpere-
JSIEMBIX B CHUCTEME «TPY300TIPABUTEIIb-KEIE3HASL
JIOpOra-rpy30noiydaTesby IMpH  MapIIpyTH3ALUH
JKEJIe3HOIOPOXKHBIX MEPEBO30K M pa3paboTKa METo-
JI0B Tapu(HOTO CTHMYJIMPOBAHMS IPY300THpPABUTE-
et K pOpMHUPOBAHMIO OTIIPABUTEIBCKIX MapILIPYTOB.

MeTtoaunka

O (heKkTHBHOCTD OTHPABUTENBCKON MapHIpyTH-
3allUM B HACTOAIIEEe BPeMs OLIEHMBAETCA B COOT-

76

BEeTCTBUH C «VHCTPYKTUBHBIMH yKa3aHUSIMH II0
OpraHM3aly BarOHOIIOTOKOB Ha eNe3HBIX J0PO-
rax YkpauHsl» [4]. B COOTBETCTBUM C NaHHBIMHU
YKa3aHUSMU IS BKIIOYCHHS B IUIAH MapIIpyTH3a-
[IUU OTAETBFHONW KOPPECTIOHACHILIMHU TPY30B JOIHKHO
BBITOJHATHCS YCIOBUE TOTO, YTO AONOTHUTEIbHBIE
pacxonmbl Ha OpPraHU3aIMI0 MapIIPYTOB B CpaBHE-
HUU C HEMapIIPYTHBIM OTIIPABICHUEM Ha CTAHIIMU
norpysku AE, ¥ BHIpy3sku AE,, HE IOIDKHEI

IPEBBIIIATh YKOHOMHHU B IIyTH CienoBaHus AES, .
DTO yCIOBUE MPEICTABISAETCS BEIPAKECHUEM

Cl1
AE +AE <AE .

CyMMapHasi 5KOHOMUS B IyTH CIICJIOBAHUS OTI-
penensercs o hopmyie

AE! =( L+t +t§'f)NenH +Ne;,p,2r,

rue Ztaw — CyMMapHasi 5JKOHOMHsI IIPUBEICHHBIX

BaroHO-4acoB TIPU CIIEJIOBAHWU MapIIpyTa depe3
COPTHPOBOYHBIE, YIACTKOBBIE U TPY30BBI€ CTaHIIUU

L o4ymLyB

6e3 nepepaboTKy, Bar.-4; ¢ ', ;. —KOHOMHUS Bpe-
MEHU Ha Y4YaCTKE IOIPY3KHU U BBITPY3KHU IIPOMEXKY-
TOYHBIX CTAHIMH COOTBETCTBEHHO; N — Maplipy-

TU3MPYEMBIH BaroHONOTOK, Bar.; €,; — PacXxojHas

CTaBKa 3a OJWH BaroHo-yac JJis BaroHa, KOTOPBI
BKJIIOYEH B MaplIpyT C Yy4e€TOM BHIAa TIpy3a,

IpH/Bar.-4; e,y — CpeAHeceTeBas pacXoiHasi CTaB-
Ka 3a OJUH BaroHoO-yac, IpH/Bar.-4; Zr — CyM-

MapHbIii  3KBHBAJICHT MEpepabOTKH  BaroHOB
U TeperernKky JIOKOMOTHBOB Ha BCEX CTAHIIMAX,
KOTOpBIC MapIIpyT Mpocieayer 0e3 rnepepadoTKH,
Bar.-d.

JlomoTHUTEIbHBIE PACXOAbl HA CTAHIMAX MO-
TPY3KH U BBITPY3KH OMPEIEIIAIOTCS M0 (hopMyIaM

AE, =At Ne, u AE , = At Ne,,

rae At , At, — IOTIONHHATENBHBIE IPOCTON HA CTaH-
LUAX TOTPY3KHM U BBITPY3KH B CPaBHEHHMH C He-
MapHIPYTU3UPOBAHHON OpraHU3alliedl BaroHOIO-
TOKOB COOTBETCTBEHHO, Bar.-.

JlononHUTENbHBI TPOCTON HA CTAHLMUAX TIO-
IPY3KHU IIPY MApUIPYTU3ALHUH, B CPABHEHUH C HEMAp-
HIPYTU3UPOBAHHOM IOTPY3KOMH, OIpeersIeTcs Kak
At =(tr =, ) 157,

I 3K
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rae t,t, — CpeIHMil IPOCTON BaroHa Ha IMOAb-
€3[IHOM ITyTH ¥ CTAQHIIUM HPUMBIKAHHS B IIPU Map-

LIPYTHOM M HEMApUIPYTHOM IIOIpy3KE COOTBETCT-
BEHHO, Bar.-4; f,’ — SKOHOMHUs IPHBEICHHBIX Ba-

TOHO-4acoB, KOTOpasi oOpa3yercsi Ha CTaHLUH
MPUMBIKAHUS TIPU TPOIYCKE MapIipyTa, IOTpy-
KEHHOTO Ha TOJBE3THOM IYTH 3a CUET UCKIFOUe-
HUSl COPTHPOBKHU IMOCTYHAIOIMINX Tepeaad BaroHOB
Y U3MEHEHWsl 3aTpaT BPEMEHHU Ha 1moaady-yoOopKy,
Bar.-d.

Heo0xommuMo OTMETHTE, 4TO B OCHOBY METOJIU-
KU, TpUBEJACHHON B [4] moJ0’keHa METOAMKA, W3-
noxxeHHast B [3], koTopas Oblna pa3paboTaHa BO
BpemeHa Coerckoro Coroza jisi ycloBHH (yHK-
UOHUPOBAHUS TUIAHOBOH SKOHOMHKH M JKCILTya-
TalUil €IUHOTO WHBEHTAPHOTO IMapKa TPYy30BBIX
BaroHOB. YYHUTHIBAsA, 4YTO M JKEJIE3HOIOPOKHASI
WHPPaACTPYKTypa, U TOJBIKHOH COCTaB B TO Bpe-
MsI HAXOJWJIUCh B OJHOH COOCTBEHHOCTH, TO 3(h-
(heKTHBHOCTH MapIIPyTH3AINH (DAKTHIECKH OCHO-
BbIBaJlaCh HA MHHUMH3AIUU COOCTBEHHBIX PacXo-
JIOB JKEJE3HOJOPOKHBIX OPOT Ui BBINOJIHEHUS

MIEPEBO3KH.
C mepexomoM YKpaWHBI K PBHIHOYHOH DKOHO-
MUKE, VCIOBUS pPabOTBl  KEIIE3HOJAOPOKHOTO

TPAaHCIIOPTa U €ro B3aUMOJCHUCTBHS C KJIMCHTAMH
CYLIECTBEHHO WM3MEHWINCh. OCHOBHbBIC NpeNIpu-
ATUSA-KITUCHTBI  KEJE3HOAOPOKHOTO TPaHCIOpTa
B KoHue 1990-x nayane 2000-x rogoB ObUIM TpH-
BaTH3MPOBaHbl M B HACTOsILEE BpeMsi OHM U HUX
MOJbE3THBIE IYyTH HAXOIATCSI B YacTHOH coOCT-
BeHHOCTH. C 1enplo CTaOMIBHOTO O0ecreueHHs
NOTPY3KH TOPOXKHUMH BaroHaMH KpYIIHBIE TPY30-
OTIPABHUTENN JTHOO TPHOOpeTr COOCTBEHHBIN Ba-
TOHHBIM TapK, J100 TONB3YIOTCS yCIyraMu Hesa-
BUCHMBIX OIIEPaTOPOB TI'PY30BBIX BaroHoB. llpu
3TOM, BO MHOTHX CIlIy4asx, COOCTBEHHbIE BarOHBI
JIBUXKYTCSl MO0 3aKOJBIIOBAaHHBIM MapuIpyTaM, 00-
CITy>KMBasi OTHOTO TPY300TIPABUTETIS.

B 3THX ycnoBusX mis pasHbIX yYacTHUKOB ITe-
PEBO30YHOTO TMPOIIecca MMEIOT MECTO pa3HbIe YCIIO-
BUSL 9 (PEKTUBHOCTH MapLIPYTH3aLUH TEPEBO30K
[2]. B obmiem ciryuae, 3¢ ¢GeKTHBHOCTE MapIIpyTH-
3aIM1 IEPEBO30K MOJKET OBITh IIPEACTABIICHA KAK

E, =Aney, —EX"tK >0
E, =Nep > r+E +E +E, +E, +K, >0
E]‘l‘[ = —E]f:_?n i_ KFH 2 0

rne £, E — DKOHOMHSA PacxoloB IPy300T-

ro’> “TKA’ “Trn

mpaBUTCIIA, JKeJIe3HOH A0POru U rpy30mnoayvarceia
COOTBCTCTBCHHO, An — COKpaIll€HueC SKCIlTyaTa-
OUOHHOTO IIapKa Ipy30BbIX BaroHOB, 3aHCﬁCTBO-
BAaHHOI'O IJid NEPEBO30K, IO CPAaBHCHHIO C OTIPAaB-
JICHUEM HEMApIIPYTHU3WUPOBAHHOI'O BAroHOIIOTOKA,

EX", EX’" — NONONHWUTENBHBIC TPUBEICHHBIC pac-

XOIBI TPY300TIPaBUTENIEH U TPy30II0ydaTenei, CBs-
3aHHBIE C BBITOJIHEHWEM Ha MX TOIBE3HBIX ITyTIX
HavYaJIbHBIX W KOHEYHBIX OIeparyii mo (GopmMupoBa-
HUIO U TOTAIlICHUIO MOE3I0MOTOKOB COOTBETCTBEH-
HO; E_, £, — COKpalleHHEe 3KCIUIyaTallHOHHBIX pac-
XOZIOB CTaHITMHA MPUMBIKAHUS K ITOBbE3IHBIM Iy TSIM
TIOTPY3KU H BBITPY3KH B CBS3U C IEPEHOCOM BHIITONI-
HEHMsI HA4YaJdbHBIX U KOHEUHBIX OIEpanuii Ha MOIb-
€3HBbIC ITYTH, a TAKXKC NCKIIFOYCHHUSA HOIla‘II/I-YGOpKI/I
BaroOHOB MaHEBPOBBIMH JIOKOMOTHBAMH COOTBETCT-
BeHHO; E ., E — COKpAICHHIE SKCILTyaTalHOHHBIX

PacXoOB JKENE3HBIX JOPOr B CBA3U C OTCYTCTBHEM
NIEPEBO3KHM BAaroHOB HA y4YacTKaxX, NPHMBIKAFOLIMX
K CTAHIUAM HOTPY3KU U BBITPY3KHU, B COOPHBIX, BbI-
BO3HBIX, IEPEAATOUHBIX MOE31aX COOTBETCTBEHHO.

K., K,.,K, — KOMIEHCAalUd Yy4YaCTHHU-

o’ KA 2
Ka/y4acTHUKY MEepPeBO30YHOTO Tporiecca (Tpy300T-
MIPaBUTEISI, JKEIE3HONH MOPOTH, TPY30IMOIydaTes
COOTBETCTBEHHO) JTOTIOJHUTENBHBIX  PacXooB,
CBSI3aHHBIX C MapLIpyTHU3alMeil MepeBO30K.

B cinyuae ecnu xommnencamuun K, K

TO KT 2 Km
paBHBI HYJIO, TO OTHPAaBUTENIbCKAs MapIIpyTH3a-
sl [EPEeBO30K OJHO3HAYHO IPUBOJUT K IKOHO-
MHH 3KCIUTyaTallHOHHBIX PACXOA0B JKEJIE3HBIX JA0-
POT ¥ YBENWYEHHUIO HKCIUTYyaTallMOHHBIX PacXOl0B
rpy3omnonyydarens. BennunHa 5KOHOMHM pacxoloB
TPy300TIIPABUTENS] MOXXET HMETh KakK IIOJIOXKHU-
TeNbHOE, TaK U OTPHULIATENIBHOE 3HAUCHHE.

Bompoc xommeHcanuu JOMONHUTENbHBIX pac-
XOJIOB I'Py30I0Iy4aTelll0 Pelaercs 3a c4eT Ipy30-
OTIIPAaBUTENS, yTEM YMEHBLICHUS! CTOUMOCTH IPY-
3a MO0 YBEJINYCHUS] CTOUMOCTH €ro NMepepadoTKH.

1 KoMIeHcay JOMOMTHUTENBHBIX PAacX0I0B
Tpy300TIIPAaBUTENSIM, CBA3aHHBIX C (pOpMHUpPOBaHU-
€M OTIPAaBUTEIbCKUX MapLIPYTOB, >KEJIE3HBIE HO-
POTH pa3iIMYHBIX CTPaH BBOAST AUQ(HEepeHINAINIO
Ipy30BBIX Tapu(]poB MO0 yCTaHABIHUBAIOT CKUIKU
k Ttapudam. Tak B Poccuiickort Denepanun
B Ilpeiickypante 10-01 [8] mpegycMmoTpeHsl mo-
HIDKaIoIue Ko3QQHUIUEHTH K Tpy30BoMYy Tapudy,
IuddepeHIIUpoBaHHbBIE B 3aBHCUMOCTH OT pac-
CTOSTHUS TIEPEBO30K M BHIa MapIipyTa (Tadm. 1).
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Tabnuna 1

ITonpaBounbie KO3 PUUUEHTHI K TAPUQY 1/
MapLIPYTHBIX 0THPaBoOK B Poccuiickoii ®@enepanun

Paccrosiaue nepeBo3oK, KM
Bun
MapIIpyTOB o 501- 1001- | Cssime
500 1 000 2 000 2 000
[Ipsimbie 0,85 0,89 0,92 0,95
B pacmemenne | 0,90 0,92 0,95 0,97

C npyroit croponsl, PXX]I npenocrasnsier yc-
JYTH TPY300TIPABUTENSAM 10 (OPMHPOBAHHIO OT-
MIPAaBUTEIBCKUX MapIIPYTOB HAa COOCTBEHHOW HWH-
pactpyxrype [7].

B CIIIA ctumynupoBaHue rpy300TIpaBUTENEH
K (hOPMHPOBAaHUIO OTIPABUTENHCKUX MapLIPyTOB
TaKKe IPOU3BOAUTCS 3a CUeT TapU(HOH MOIUTHU-
kd. llpm 3TOM 17 TOBaroHHBIX, T'PYMIOBBIX
U MapLIpyTHBIX OTIIPABOK YCTaHOBJIEHBI pa3HbIE
tapudsl. B wacTtHOCTH, cHWXeHHe Tapuda Ha re-
PEBO3KY 3TaHOJA MapIIPYTHBIMH OTIPaBKaMH CO-
craBisieT 26,4-27,6 % [13]. Bennuuna ckugok npu
NepeBO3Kax yrisi, pyAbl, MUHEPATBHBIX yI00pEHHH
cocraisier 2040 %. Eme Oonpmux 3HaueHUi
CKUJIKA COCTaBIIAET AJIsl 3€PHOBBIX I'PYy30B, I1€ PH
NepeBO3Kax MapIIPyTHBIMH OTIIPaBKaMy OHa Ipe-
Beimaet 50 % [16].

B VYkpaumne ecth onbIT npuMeHeHus audge-
peHumanyu TapudoB A NEPEBO30K IPy30B Map-
HIpyTaMH B BHJE CHELUAIBHBIX K03(duiueHtosn
k CoopHuky tapudos (cMm. Hanpumep [9]), onHako
B Hacrosiiee BpeMsi Hu quddepeHumanus Tapuda
B 3aBHCHUMOCTH OT BHJA OTIPAaBKH, HU IOHIKAO-
mue KodQQUUUEHTH A1 MapLIPYTHBIX OTIPaBOK
He mpuMeHstoTcs. [loaToMy CcTHMYIOB K COBep-
LIEHCTBOBAaHMIO TEXHUUYECKOI'O OCHALIEHUS UL
(GOopMHPOBaHHS MapIIPYTOB TI'PY300TIPaBUTEIN
U TPy30M0IydaTeldr HE UMEIOT, a CTApEHHUE OCHOB-
HBIX CpEICTB JKEJIE3HBIX JOpOT W TOBBIIIEHUE
CTOMMOCTH He(TENPOAYKTOB NPHUBOAUT K YBEIU-
YEHHUIO ce0ECTONMOCTH MEPEBO30K.

B aT0ii CBA3M Ha OCHOBaHMHM METOJOB SKOHO-
MHUKO-MAaT€MaTHYECKOTr0  aHajn3a HeoO0XOAUMO
BBINOJIHUTE HUCCIIEAOBAaHUE BIMSIHUS MapLIpyTH3a-
UM Ha Ce0ECTOMMOCTh >KEJIE3HOJOPOXKHBIX Iepe-
BO30OK M pa3paboTaTh METOAbl KOMIICHCALUH JO-
MOJTHUTENBHBIX PAaCcX00B IPY300TIPABUTENSIM IIPU
OpraHU3ally MapIIpyTOB.

B mHacrosmee BpeMs pacxoIpl MO TI'PY30BBIM
MepeBO3KaM pa3ZiefloTCs Ha B YacTH: NepBast U3
HUX KOMIIEHCHPYETCS 3a CHET TPY30BBIX Tapu(os,
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a BTOpasi — 3a CUeT JIOMOJHHUTENBHBIX IJIaT, COOpOB
n cBoOOmHBIX Tapudos. Ilpu 3ToM Tapud mmeer
MapaMeTPUUYECKYI0 OPMY U MPEACTABISACTCS KaK

C=A+B+]-P) L,

rae A — arperupoBaHHasi pacXxo/iHas CTaBKa 3a Ha-
YaJbHbIE U KOHEYHBIE ONEPALNH 3a OTIPAaBKY, I'PH;
B, /I — arperupoBaHHBIE PAacXOJHbIE CTaBKH 3a
JIBUKEHUYECKYIO OINEPALNIO, 32 OTIIPABKO-KM U T-KM
COOTBETCTBEHHO, I'pH; P — Macca ormpasku; L —
paccTosiHUE MEePEBO3KH.

CTOMMOCTh HadaJbHOM M KOHEYHOHM Omeparuu
IpU TEpPEeBO3KE TI'Py30B B COOCTBEHHBIX BaroHax
3arpy3koit 1o 72,5 T B coorBercTBHHu ¢ [11] ompe-
JIesgeTcs Kak

A =406,99274+30,14761 k, ,

a CTOMMOCTH JBMKCHUECCKOW OTIEpaIiH KaK

B+J1-P=(5,65778+0,4191 k, +
(D

rae k, — k03(hGUIUEHT, KOTOPbIH KOPPEKTUPYET

+(0,02201+0,00163 ,) P) k,

CTOMMOCTbH TIE€PEBO3KH B 3aBHCHUMOCTH OT HHTEH-
CHBHOCTH TPY30BBIX omepanuid; k — kodddurm-
€HT, KOTOPBII KOpPpeKTUpyeT CTOMMOCTH 3a JIBU-
JKEHYECKYI0 OIepalMi0 B 3aBHCHUMOCTH OT pac-
CTOSIHUS TIEPEBO3KH.

Pacnipenenenue 3aTpar, CBA3aHHBIX C MEPEBO3-
KOH TPYy30B, MO HUCTOYHHUKAM IOKPBITHS MEXKIY
HAYaJIhbHO-KOHEYHOW W JIBIKEHUYECKOU OIlepainus-
MU BBHITIOJHSETCS ONOCPENOBAaHO HAa OCHOBAaHWHU
CPaBHCHHUS BaroHO-4acoOB TMPOCTOSI TPAH3UTHBIX
W MECTHBIX BaroHOB. YUUTHIBas, 4T0o K03(pdumn-
eHTHI K COOpHUKY Tapu]oB yCTaHABIMBAIOTCS
OJIMHAKOBBIMU Ha BECh Tapu(, TO MOXKHO CIIENATh
BBIBOJI, YTO OTO JIEJICHUE SBJISCTCA YCIOBHBIM
Y UCTIONB3YeTCS UCKITIOUUTENHHO IS BHYTPEHHETO
nepepacrpeie’eHnus MOCTYNAONX CPEICTB MEXK-
Iy 7KeJIe3HBIMHU JI0POTaMH.

3HAYUTENHFHBIM HEJOCTATKOM CYIIECTBYIOIIEH
CTPYKTYpHl Tapu(a Ha KeIe3HOIOPOKHBIE Tepe-
BO3KH I'PY30B SBISIETCSA TO, YTO MPHU OILIaTe Tapu-
¢da Tpy300TIpaBUTENs MPUOOPETAET y KeINe3HOM
JIOPOTH KOMIUIEKC yCIYT, [leHa KOTOPOTO SIBIISIETCS
HEU3MEHHOU, a (DaKTUYECKHH COCTaB ATHX YCIYyT
MOYET CYIIECTBEHHO BapbUPOBATHCS B 3aBHCHUMO-
CTH OT MeCTHBIX ycioBui. [loaToMy HampaBieHu-
€M COBEpIIEHCTBOBAaHUS TapH(a MOXKET OBITh CO-
KpallleHUe PacXxoJI0B, OTHOCUMBIX Ha Tapud u yBe-
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JUYEeHUE KOIMYECTBAa JOIMONHUTENBHBIX IUIAT
u cbopoB. B pesynbrare mocturaercsi He TOJBKO
BO3MOXXKHOCTh MPHOJIMKEHUS] CTOMMOCTH IIE€PEBO3-
KH K €€ peasbHOl ce0eCTOMMOCTH, HO U aBTOMAaTH-
YecKH 00ecrednBaeTcsl pacmupenesieHne IOoCTy-
MAKOIIUX CPEICTB Ha MOApA3AeTCHUS JKEIE3HBIX
JIOPOT, BBITIONHSIONINX JOMOIHUTENFHBIE 00BEMBI
pabotel. OgHuM W3 Hambojee aKTyalbHBIX Ha-
MpaBJICHUN pEIIeHUsT [aHHOW 3aJayu SBISETCA
OTIPABUTEILCKAs MapIIPyTH3AIIHSL.

BenmuunHa 3KOHOMHH PacXOJOB KeNe3HOH 10-
pOTH TP MapHIPYTU3aIMK TEPEBO30K BKIIOYAET
HKOHOMHIO Ha HadalbHBIX omepauusx (ecnu ¢op-
MHUPOBaHUE OTIIPABUTEIHCKOTO MAapIIPyTa MPOU3-
BOJUTCS Ha ITyTH HEOOIIEro IMOJIE30BAHMS), IKO-
HOMHIO Ha KOHEYHBIX Omepanusax (B ciydae, eciu
MOTalIeHue OTIIPABUTEIBCKOTO MapIIpyTa MPOU3-
BOJHUTCS Ha ITyTH HEOOIETo IMOJIb30BAHMS) M IKO-
HOMUIO, BOHUKAIOIIYIO B TYTH CJICIOBaHUS H3-32
WCKIIIOYEHHUSI TepepabOTKU BaroHOB M HCIOJbB30-
BaHUS IMOE3JI0B 0oJee JAOpOrux Kareropuii (coop-
HBIX, BBIBO3HBIX, II€PENAaTOYHBIX) Ha HAYaIbHOM
Y KOHEYHOM 3Tamnax MepeBO3KH.

B 00mieM k Ha4anbHO-KOHEYHBIM OTEPaIisiM OT-
HOCSITCS TAaKHE BUIIBI pabOT U YCITyT:

— yBeJOMJIEHHE O TPHOBITHH TIpy3a W IMojaue
TPYKEHBIX WM TOPOXHHUX BaroHOB Ha JKEIE3HO-
JIOPOKHBIE IyTH HEOOIIEero IIOJb30BaHUS WA
K (hpoHTaM TOTPY3KH (BHITPY3KH) Ha MecTax 00-
IIETO MOJIb30BAHUS;

— BBITIOJTHEHUE TPUEMO-CAATOYHBIX OMeparuit
(ocMOTp W mepemada BaroHOB B TEXHHYECKOM
Y KOMMEpPYECKOM OTHOIIEHHH);

— IMOATPYNIHMPOBKA BaroHOB IS MMOAA4YM MO
MOTPY3Ky (BBITPY3KY) OIpPENeIeCHHBIM T'PYy300T-
MpaBUTEISIM (TPY30MOIydaTeasiM) U MOATOTOBKA
WX K M0/1ayue;

— TPUEM K OTIIPABIICHUIO (BKJIIOUYAs MPOBEPKY
MPaBUILHOCTH MOTPY3KH M KPEIUICHHs TPy30B Ha
OTKPBITOM TMOJBMKHOM COCTaBe) U BblJaua TPy30B,
a Taxke ohopMIICHHE TIEPEBO30YHBIX JTOKYMEHTOB
YKEJIE3HOJIOPOKHOM CTaHIIUEH;

— MaHeBpoBas paboTra 1o pachopMUPOBAHUIO
MOE3/I0B PA3ITUYHBIX KaTeropuil (MapHIpyTHBIX, TIe-
PENaTOYHBIX, BRIBO3HBIX, COOPHBIX ), IPHUOBIBIITNX Ha
JKEJIC3HOIOPOXKHBIE CTaHIMK TIOTPY3KH, BBITPY3KH,
M0 NpeIHA3HAaYEHHUIO BarOHOB M IPY30B, a TAKXKE T10
(OpMHPOBaHUIO HA IKEJIE3HOAOPOKHOW CTaHIIMU
OTIIPABJICHNUS TIOE3/I0B PA3THIHBIX KaTETOPHIA;

— MaHeBpoBas paboTa mo moxaye (yOopke) mo-
POXKHUX U TPY)KEHBIX BArOHOB Ha (C) BBICTABOYHBIC

(mpreMo-cIaTovHbIe) MyTH, MPUHAICKAIINE JKe-
JIE3HOW TOpOTe M PacIloNOKEHHBIE B MpeIesax xKe-
JIE3HOIOPOKHOU CTAHIIUU;

— MaHeBpoBas paboTa mo moxaye (yoopke) mo-
POXXKHUX W TPYKEHBIX BaroHOB B MeCTa OOIIEro
TIOJIE30BAHUS JKEJIE3HOJOPOXKHBIX CTAHIIHI;

— Pacxo[Ibl 1O COJCPNKAHUIO M OOCITYKUBAHUIO
3IaHUN, COOPYKCHH, 000PYIOBAHUS M MHBEHTAPS
X03sicTBa TPY30BOH M KOMMepYecKoh padoThI
U XO35CTBa IEPEBO30K;

— pacxo[bl 10 COJEPIKAHUIO TEXHOJIOTUIECKUX
HEHTPOB M0 00paboTKe MEPEeBO30YHBIX IOKYyMEH-
TOB;

— pacxompl TIO aMOPTHU3ALHHU, COIEPKAHUIO
U PEMOHTY CTAHIIMOHHBIX IyTeH (0e3 xKene3Homo-
POKHBIX TyTei HeoOIIero mOJb30BaHUS), YCT-
POWCTB CHUTHANM3AIINHN U CBSI3U, & TAKXKE PACXOIbI
0 TIPHEMY M OTIPABJICHUIO MTOE3/I0B Ha JKEJIe3HO-
JIOPOKHBIX CTaHIMAX, paboTe MOE3THBIX JIOKOMO-
TUBOB, WX aMOPTH3AIlMH, COJCPXKAHHUIO W KallH-
TaTbHOMY PEMOHTY.

B To xe Bpems mpu popMHpOBaHWW MapuIpy-
TOB Ha MOJBE3AHBIX MYTAX JKEJIE3HOH Topore B BO
MHOTHX CIIy4asX CIIaeTcsl TOTOBBIA IO€3], OTBe-
garomuii TpedoBanusaMm [1TD, u maxke ¢ 3amoiHEH-
HOM BO3IyXOM TOPMO3HOI MarmcTpaibpio, a 37a-
HUSI, TN pa3MeIarTcs paOOTHUKH KeJIe3HBIX J0-
por, HaxomiTcs Ha OajaHCe TPOMBIIUICHHBIX
MpeanpuaTuii. AHaJOTHYHAs CUTYyaIlHs CKJIaJbIBa-
€TCSl ¥ MpU MOTALUICHUU MapIIpPyTOB Ha MOIbE3-
HBIX MyTSAX. B Takux ycClIOBUSAX CTOMMOCTH yCIyT
1 paboT, BBHIMOJTHAEMBIX XEJIE3HOW TOPOTOH, MPH
OTNPaBUTENBCKON MapIIPyTHU3alUUd MOXKET OBITh
CYIIECTBEHHO MEHBIIIEH M COCTaBIAThH MOPSIKA
15-20 % crommocTH Ha4abHO-KOHEUHBIX OIepa-
Ui, TIPEyCMOTPEHHBIX TapU(OM.

[TosToMy B KayecTBe 0a30BBIX pPacxoJOB Ke-
JIE3HOW JOPOTH JNOJDKHBI OBITH MPUHSATHI PACXOIBI,
KOrJla OTTpaBjeHHE M MOTallleHHE I0e3A0MO0TOKa
BBITIOJHSCTCS Ha MOIBE3AHBIX MYTAX. Pacxombl
JKEJIE3HBIX JIOPOT, CBSI3aHHBIC C HWCIOJIh30BAaHHEM
Uit (opMHUPOBAaHWS W TIOTANICHHUS OTIPaBUTENb-
CKHX MapUIPYTOB HHPPACTPYKTYPHI U MAHEBPOBBIX
CPEICTB MarvuCTPaIbHBIX CTAHIIWHA, JOJDKHBI B3HU-
MaTbCs B BHJE JONOJHUTEIBHBIX IJIaT. B dTOM
CBS3M B YKpauHe J0JDKHa ObITh pa3zpaboraHa «Me-
TOZMKA OIpENENeHNs] CTaBOK JOTOBOPHOM IIATHI
3a (opMHpOBaHHWE TPSIMBIX OTHPABUTEIHCKUX
MapIIpyTOB Ha MyTSAX OOIIETO IMOIb30BAHUM.

OKOHOMHUS B MYTHU Cleq0BaHUS E., BO3HHUKAET
B CBSI3W C HCKJIIOUEHUEM TMepepaboTKH BaroHOB
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U IEpeleNKu MOe3JHBIX JOKOMOTHBOB, a TaKXKe
B CBS3M C MCKIIIOUYEHHEM HCIIOIB30BaHMS COOPHBIX,
BBIBO3HBIX, MIEPEAATOUHBIX MTOE€370B Ha Ha4yalbHOM
Y KOHEYHOM 3Tare mepeBo3ku. CpemHee Komue-
CTBO IEpepabdOTOK BArOHOB B IIyTH CJIEJOBAHMS
3aBHCHUT OT pACCTOSHHUS TEPEeBO30K L M MOXET
OBITH ONpeeNIeHO U3 BBIPAKEHUI

Lz
= ieﬂep’ LT = T

p
nep L (2)

p 9
\ S

— KOJIHMYCCTBO nepepa60TOK TPAH3UTHBIX

rae z,,

BaroHoB Ha CE€TH B TOJ; Z}’IS — BaroHo-

KHJIOMETPHI Tpo0Oera Tpy30BBIX BaroHOB B TOJ;
€,ep — PACXO/IHAS CTABKa, CBSI3aHHAs C mepepadoT-

KOM OJIHOTO BaroHa ¢ y4eTOM pPacXoJOB Ha mepe-
LEMKY MOE3IHBIX JIOKOMOTHBOB.

Bemnunnsl z, ), Zns » €y B (2) TaKKe MOTYT

OBITh YCTAaHOBIIEHBI HA OCHOBAaHWH JaHHBIX OTpac-
JIEBOM CTAaTUCTUKH MO pe3yJibTaTaM aHaiu3a Jes-
TEJIPHOCTH YKP3aJIU3HBILIK B MPEAIIECTBYIOLINUN

nepuoyi. 3Ha4CHUSA €, , L, MOTYT yTBepKIAThCs

U MyONUKOBATHCS COBMECTHO € KO3(QHIUEHTAMH
k COopHUKY TapudoOB.

VYder ynopoxaHusi epeBO3KM BaroHOB Ha Ha-
YaJbHOM W KOHEYHOM 3Tamlax JIBM)KEHYECKOW olle-
patu B (1) ocymiecTBisieTcs ¢ MOMOIIBIO KO3(-
¢durnmenTa k, KOTOPHIA NPUHUMAET 3HAYCHUS OT
1,138 mna paccrosuuit 1o 160 km mo 0,902 s
paccrostHuil cBbimie 2 090 kM. YuuThiBas, 4TO
CTOMMOCTH II€PEBO3KHM BaroHOB B IPSAMBIX OTIpa-
BUTEIBCKUX MapUipyTax SBISETCS NPAKTHYECKH
TaKOW e, KaK ¥ B CKBO3HBIX MOE3/ax, TO yJIOpO-
JKaHWEe IBMKCHYECKOH OINepaluy Ha HavYadbHOM
Y KOHEYHOM JTarlax He MPOUCXOINT, U MPH pacue-
T€ CTOMMOCTH D3TOW ONEpaluy JODKEH IpHMe-
HATHCS MHHUMANBHEIH Kod(durment k = 0,902.

3a momauy u yOOpKy BaroHOB Ha >KEJIE3HOMIO-
POXHBIEC IyTH HEOOIETO MOJIb30BaHUS B3UMACTCS
cOop, cTaBKa KOTOPOTO OMpPEAETSIETCS KaK

M=TI,N, 3)

rae II, — craBka cOopa 3a OAUH BBIXOJ JOKOMOTH-
Ba Ha eJIe3HOAOPOKHBIN MyTh HEOOIIETO MOIb30-
BaHMS B 3aBUCHMOCTH OT PACCTOSHUS MOAAYH
U yOOpKH BaroHoB B 00a KoHIA; NN, — cpenHecy-
TOYHOE KOJMYECTBO BBIXOJOB JIOKOMOTHBA Ha Ke-
JI€3HOJOPO>KHBIH MyTh HEOOIIETO MOTb30BAHUS.

80

IIpu sToM craBka cbopa II, ycranaBnupaercs

3a OJWH BBIXOJ JIOKOMOTHBA Ha YKEJIE3HOJIOPOK-
HBII TYTh HEOOIEro MOJIh30BAHUS B 3aBUCUMOCTH
OT pacCTOSHUSI MOJaYl W YOOPKH BaroHoB B 00a
KOHIIa U OTIpefienisieTcs mo Gpopmyiie

l
I, =| =+1¢, |e

B JTYM
VM

R, “

rae [, — pacCTOsHME MOJaYM M yOOPKH BAaroHOB

B 00a KOHIA; V,, — CPEIHSSI CKOPOCTh NepeaBHKe-
HHSI JIOKOMOTHBA C TPYIION BarOHOB C YYETOM TIPO-
CTOEB MPH MEPECCUCHNUH TIIABHBIX IMyTEH, OCTAHOBOK
Yy CTPEJIOYHBIX TEPEBOJOB M CTAHIMOHHBIX CUTHA-
JIOB U T.IL; f,, — Cpe/Hee BpeMs MaHEBPOBOW pabo-

M
ThI JIOKOMOTHBA, BBITIOIHAEMON B IpOLIECCE MOIA4U
1 yOOpKH BaroHoB (paccTaHOBKa MOAABAacMBIX Ba-
TOHOB TI0 MECTaM TOTPY3KH W BEITPY3KH, yOopka
BarOHOB C MECT IOTPY3KH M BBIIPY3KH, MOJada Ba-
TOHOB Ha BECHI U MO JO3UPOBKY, YOOpKa 3THX Ba-
TOHOB C BECOB U IIOCJI€ JO3UPOBKH); €, — PacXou-

Has CTaBKa 3a JIOKOMOTHBO-4aC MaHEBPOBOW pabo-
ThI; R — KO3Q(PHUIUEHT PEHTA0CILHOCTH.

®aktuuecku B [11] m1s ompeneneHus BelIUYU-
HBI CTaBKH cOopa 3a mojady u yOOpKY HCIIONB3Y-
€TCs 3aBUCUMOCTD

= f{,, Ny,

rae N, — CyTOYHBIIl BaroHOOOOPOT HOABE3AHOTO
Iy TH.

Ilpu »TOM pacueTHbIE 3HAUEHUS BBIPAXKEHUU
(3) u (4) ocHOBBHIBAIOTCS Ha CpEIHECETEBBIX JaH-
HBIX W HE YYNUTHIBAIOT KOHKPETHBIE YCIOBUS pado-
THl TIOABE3AHBIX IyTed. Hambonpmmx 3HaueHU
3TO HECOOTBETCTBUE JOCTUTAET B TeX Ciyyasx,
KOTJIa BAaroHbl OTIPABISIOTCS W TPHOBIBAIOT Ha
MOABE3IHBIE MYTH C TOE3IHBIMU JIOKOMOTHBAMH.
[Ipu 5TOM CTOMMOCTH NEPEMEIIECHUs BarOHOB Ma-
HEBPOBBIMH JIOKOMOTHBaMH 0Oojiee 4eM B 12 pa3
MPEBBIIIAET CTOMMOCTh  JIOKOMOTHUBHOM  TSTH
B JBHXKeHUeckoi omepanuu (1) (mpu crommocTH
JIOKOMOTHUBHOM cocrasisaomeir 30 % or o0men
CTOMMOCTH YCITyT MarucTpalibHOW HH(PPACTPYKTY-
PBI U TIOKOMOTHBHOH TATH). KpoMe Toro, HUKakux
JTOTIOJTHUTEIIBHBIX OIEpaIluii, YYUTHIBAeMbIX B (4)
JIEMEHTOM /,,, IOKOMOTUBBI JKEJIE3HOU IOPOTH He
BBITIOJTHSIIOT.

i Toro, 4TOOBI CTUMYJIHPOBATH IPY300TIpa-
BUTENEH K yAJTUHEHUIO W AJIEKTPUPHUKAINH TIpre-
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MOOTIIPABOYHBIX IIyTeH HEOOINEro IO0JIb30BAHUS
C Imenplo0 O0ecHeYeHUs BO3MOXKHOCTH IIpHUeMa
Y OTIpaBJICHUsI TOJTHOCOCTABHBIX MOE310B, cOOp 3a
nogayy U yOOpKy BaroHOB Ha 3THU HOIbE3JHbIC
IIyTH JOKOMOTHBAMH JKEJIE3HOM AOpOru 1enecooo-
pa3HO OMpeNeNsTh KaKk yBEJIWYeHHE JIOKOMOTHB-
HOW cocTaBisIoNIei B Tapude

l

I o),
I (L)

n(y) ~

rac ZHH — pacCTOsAHUC Hp06era Moe3aAHOI0 JIOKOMO-

THBa TIO EJIE3HOJOPOKHOMY TMyTH HEOOIIEero
nosib3oBanus; C(L) — tapud 3a nepeBo3Ky rpy3oB

JKCJIC3HBIM JOporamM O6HI€FO IMOJIb30BaHU Ha pac-
CTOSAHHUC L; kn — 01 JIOKOMOTHBHOM COCTaB-

JSIONIEH B CTOMMOCTH YCIYT MarucTpajibHOW HMH-
(bpacTpyKTypbl U JOKOMOTUBHOM TATH.

Pe3yabTaTthl

Jlnst BHEAPEHUST METOJI0B Tapr(PHOTO CTUMYIIH-
POBaHUS OTIPABUTEIBCKON MapIIPyTH3AMU U CO-
XpaHEHUs] CYMIECTBYIOIIEH CTPYKTyphl Tapuda
B COopHHKe Tapu(oB MOXKET OBITH MpPEeayCcMOTpe-
Ha CKUKa, U PepeHIMPOBaHHAs OT PACCTOSHHS
nepeBo3ok. OpUEHTHPOBOYHBIE 3HAUCHHS CKHUJIOK
UL TPY300TIIPaBUTENEH MpU MEpeBO3Kax Ipy30B
B YACTHBIX BaroHax MPSIMBIMH OTIIPABUTEIbCKUMHU
MapupyTamu, GOpMHPOBAHUE M TOTAIICHHE KOTO-
PBIX MPOUCXOJUT Ha IMYTSIX HEOoOLIero Mmojb30Ba-
HUSI, IPUBEICHO B Ta0I. 2.

Pacuer crommocTH TOmAUN-yOOpPKM BaroHOB
MOE3THBIMH JIOKOMOTHBAMH, HCXOJAS M3 PaccTosi-
HUS TIEPEBO3KH, MO3BOJNUT YMEHBILIUTH MJaTy 3a
3Ty ONepaluio B 5-8 pa3 M co3gacT peaibHbIC
CTUMYJIBI JUISi COOCTBEHHHKOB K MHBECTHPOBAHHMIO
CPEACTB B pa3BUTHE MOABE3AHBIX MyTEH.

Tabnuma 2

ITonpaBounbie KO3 PUUUEHTHI K TAPUQY 1/
NepeBo30K IPy30B B COOCTBEHHBIX BArOHAX
NPAMBIMH O0THPABUTEIbCKUMH MapUIPyTaMHU

Mo | 161- | 321- | 501- | 701- | 1001- | Csbiume
160 | 320 500 | 700 | 1000 | 1500 1500
0,64 | 0,77 | 0,83 | 0,87 | 0,9 0,92 0,95

B Hacrosimee BpeMsi ypOBEHb MapLIpyTH3ALMN
MepeBo30K B YKpauHe cocTasisieT okoio 40 %. Uc-
HOJIB30BAHUE MPEIUIOKEHHBIX METOJIOB CTUMYJIHPO-
BaHUS OTIPABHUTEIHCKONH MAapIIpYTH3AINH II03BO-

JUT, C OXHOM CTOPOHBI, TPUBICYh WHBECTHIINN
B JKEJIE3HOIOPOKHBINA TPAHCIIOPT ¥ CHU3UTH Pacxo-
bl B JIOTHCTHYECKUX IEMSIX TIOCTaBKH TPY30B,
a ¢ Ipyroil CTOPOHBI — 3aKPENUTh TPY300TIPABUTE-
Jiel 3a JKeNe3HOJOPOKHBIM TPAHCIIOPTOM. Xapak-
TEp TPY30MOTOKOB, MEPEBO3UMBIX KEIE3HOOPOXK-
HBIM TPAaHCIOPTOM YKpaWHBI, TIO3BOIISIET JOBECTH
YPOBEHb MapIIpyTHU3aIlH ITEPEBO30K /0 TOKa3aTe-
neii CILA, rae oH cocrapiser okoso 60 %.
OnekTpuuKanus MOAX0I0B U YIJIUHEHUE TyTeH
JUTS. BOBMOYKHOCTH OTIIPABJICHUS ¢ HUX U MpHeMa Ha
IMPOMBIINUICHHBIC  MNPEANPUATHA  TOJTHOCOCTAaBHBIX
MOE37I0B TIO3BOJIUT COKPATUTh HCIOJIb30BaHHE Ma-
HEBPOBBIX JIOKOMOTHBOB Y KP3QJIM3HBINN, H3HOC
Mapka KOTOPBIX TpeBhImaeT 96 %, a Takke CHU3UTH
noTpedIeHNe UMIIOPTHBIX He(TETIPOLYKTOB.

Hayuynasi HOBU3HA U MPpaKTHYecKast
3HAYUMOCTh

B pesynbrare BBIIIOJIHEHHBIX HCCIEA0BAHUN
MPEJUIOKEH HOBBIM METOJ ompeaeiacHus 3PQek-
TUBHOCTH OTIPaBUTEIBCKONH MapIIpyTH3AIUH, KO-
TOPBIHA, B OTIIMYNE OT CYIIECTBYIOIIETO, YIUTHIBAET
HaJU4Ue pa3IUuIHbIX HHTEPECOB Y OTACIbHBIX y4a-
CTHHKOB TIepeB0304YHOr0 mporecca. [lomydeHa 3a-
BHCHMOCTEH TIOTIPABOYHBIX KOI(PPHUITUEHTOB K Ta-
pudy U1 IEPEeBO30K IPY30B B COOCTBEHHBIX Baro-
Hax NPSMBIMA OTIPABUTEIBCKUMHU MapIIpyTaMU
OT PacCTOSIHHS TEPEBO30K, KOTOpas oOecrednBaeT
npubmmKkeHre Ttapuda Ha KeJIe3HOAOPOXKHBIC Iie-
PEBO3KH K cebecToMMOCTH nepeBo3ok. [Ipennoxken
METOJ ONpeJeNieHUs] CTaBKH COOpPOB Ha TMoJady
1 yOOpKy BaroHOB Ha IMOJBE3IHBIE MyTH TOE3.I-
HBIMH JIOKOMOTHBaMH.

BoIBOaBI

D¢ GheKTUBHBIM METOAOM CHIDKCHHUS PAacXo0B
B JIOTUCTUYCCKHUX LCIIAX IMMOCTAaBKU I'PY30B ABJIACT-
Csl OTHpaBUTEIbCKAas MapLIPYTU3alMs MEPEBO30K
rpy30B. Co3manue cuctemMbl Tapu(HBIX CKUAOK Ha
IIEPEBO3KY I'PYy30B OTIPABUTEIHCKUMHA MaplIpyTa-
MU B YKpauHE COOTBETCTBYET MHUPOBOW NPaKTHKE
Y TIO3BOJISIET MPHOIHM3UTH Tapud K peanbHoil cede-
CTOMMOCTH TIepeBO30K. Tako# 1mar, ¢ OJlHOM CTO-
POHEBI, CO3OAaCT CTUMYJIbI K MHBCCTUIIMM YaCTHBLIX
CPEICTB B pa3BUTHE UHPPACTPYKTYpPHI U MaHEBPO-
BBIX CPEJICTB MOABE3HBIX MyTeH, C APYyro — mo-
3BOJIUT 3aKPEMHUTh TPY300THpPABUTEICH 3a XKeJes-
HOJOPOXKHBIMHU JIOPOTaMH M OCTaHOBHUTH MX OTTOK
Ha aJIbTepHATHUBHBIE BUIBI TPAHCIIOPTA.
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YAOCKOHAJIEHHSI METOAIB CTUMYJIIOBAHHSI
BIAZITIPABHUIIbKOI MAPIIPYTU3AIII HA 3AJIIBHUYHOMY
TPAHCIIOPTI

Meta. MeTOr0 CTaTTi € OIliHKAa BUTPAT, SKi MEPEPO3NOAUIIOTECS B CUCTEMI «BAHTAXKOBIAMPaBHUK—3aJi3HUTIS—
BaHT)KOOAEPXKYBau» IIPH MapUIpyTH3alii 3ali3HWYHUX IIepeBe3eHb, 1 po3poOKka MeTomiB TapudHOTro
CTHMYJIIOBaHHS BaHTaKOBIAMPABHUKIB 10 (OpMYyBaHHS BiANpPaBHUIBKUX MapmipyTiB. MeToauka. 3a JOMOMOTOI0
METOJIiB €KOHOMIKO-MaTeMaTHYHOI'0 aHali3y B CTATTi JOCHIKEHO PO3MOJUI BUTPAT MK PI3HUMH YYaCHHKaMHU
MEPEBI3HOTO MpPOIeCy B yMOBax ()OPMyBaHHS BiANpPaBHUIBKHX MapmpyTiB. PesyabTaTtu. [[ns BIpoBamKeHHS Me-
TOIIB Tapu(HOTO CTUMYJIOBAHHS BiJIIPaBHUIBKOT MapuIpyTH3amii Ta 30epeKeHHs iCHYI04O1 CTPYKTypH Tapudy
B «30ipHUKY TapudiB Ha TMEpeBE3CHHsS BaHTaXIB 3ali3HUYHUM TPAHCIIOPTOM YKpaiHM» 3alpONOHOBAHO
nepen0aYuTH 3HIDKKY JUISL BIAIIPaBHULIBKMX MapuIpyTiB, Au(epeHLidoBaHy BiJ BiJcCTaHi IepeBe3eHb. Takox
3alPONOHOBaHA HOBAa METOJMKA BU3HAYCHHS BEJIMYMHW 300piB I mMojadi ¥ mpuOMpaHHS BaroHiB Ha MiA'i3HI
HULSIXM MO013HUMH JIoKoMoTHMBaMu. HaykoBa HoOBM3HA. Y pe3ynbTaTi BUKOHAaHHX JOCII/DKEHBb 3aIlPONOHOBAHO
HOBUI MeTOJ] BH3HaueHHsS e()EeKTHBHOCTI BIANMPAaBHHUIILKOI MapLIpyTH3alil, SIKMH, Ha BIAMIHY BiI ICHYIOHYOTO,
BpaxOBY€ HasBHICTh pI3HMX IHTEpeciB B OKPEMHX YYaCHHKIB IepeBi3HOro mporuecy. OnepikaHo 3aJeKHICTh
MOMPAaBOYHUX KOe(ILie€HTIB 10 Tapudy Ha MepeBe3eHHs BAHTAXKIB Y BIACHMX BaroHax MPSIMUMH BiIIPaBHULLKIMHU
MapIIpyTaMH BiJl BiIcTaHI nmepeBe3eHb. Peanizanis BianoBigHuXx koedinieHTiB 3a0e3ne4nTh HabMKeHHs Tapudy Ha
3aJi3HUYHI TepeBe3eHHS A0 CcOoOIBapTOCTI TepeBe3eHb. 3allpOIIOHOBAHO METOJN BH3HAYCHHS CTaBKH 300piB Ha
noJiayy Ta 3a0MpaHHs BaroHiB Ha MiA'i3HI Koxii moi3HMMH JokoMoTuBaMu. IIpakTHuHa 3HaYnMicTh. CTBOpPEHHS
B YKpaiHi CHCTEeMH TapHU(PHHUX 3HIKOK Ha TMEPEeBE3CHHS BaHTAXIB BiANPABHUIFKAMH MapIIpyTaMU BiAIOBimae
CBITOBIIl mpakTHLi ¥ 103BOJIsIE HAOMM3UTH Tapud 10 peanbHOI coOiBapToCTi nepeBe3eHb. Takuil KpoK, 3 OJHOTO
OOKy, CTBOPUTH CTHMYIIN JUIS iHBECTHIIII IPUBATHUX KOIITIB Y PO3BUTOK IHPPACTPYKTYPH Ta MAaHEBPOBHX 3aCO0iB
i i3HAX KOJIiH, @ 3 1HIIOTO — JO3BOJIUThH 3aKPIMTUTH BaHTAXKOBIIIPABHUKIB 32 3QJII3HUIIMH U 3yMMUHUTH 1X BIATIK
Ha albTePHATHBHI BUIHU TPAHCIIOPTY.

Kniouosi cnosa: mMapuipyTHi BiIIpaBKH; 3ai3HUYHI Tapudu; 3HWKKM; MiA'T3HI KOMil; Hopava-npuOMpaHHs
BaroHiB

A. 1. VERLANY

" «Transinvestservice» Ltd., Chapayev St., 50, vlg. Vizyrka, 67543, Odessa region, Ukraine, 67543, tel. +38 (0482) 30 07 24,
e-mail averlan@tis.ua

STIMULATION METHODS IMPROVEMENT OF EXIT ROUTE
ON RAILWAY TRANSPORT

Purpose. The purpose of the article is to assess the costs, which are redistributed in the system «ship-
per—railroad—consignee» during routing of rail transportation and the development of tariff simulation methods of
shippers to the exit routes formation. Methodology. Using economic and mathematical analysis the distribution of
costs among the various participants of transportation process during the exit routes formation is investigated in the
article. Findings. For implementation of the tariff simulation methods of exit routes and retention of the existing
tariff structure it is proposed to provide in the «Tariff catalogue for freight transportation by railway transport of
Ukraine» the discount, differentiated from haulage distance. A new method for determining the fees amount for cars
supply and removal on approach tracks by train locomotives was also offered. Originality. As a result of the re-
search a new method for determination of the exit rout efficiency that, unlike the existing one, takes into account the
various interests of the individual participants in the transportation process was proposed. The dependence of the
correction factors to the tariff for freight transportation in their own cars by direct exit routes from distance haulage
was obtained. Implementation of these coefficients provides an approximation of railway tariffs to the traffic han-
dling costs. A method for determination the rate of fees for cars supply and removal on approach tracks by train lo-
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comotives was offered. Practical value. In Ukraine creation of the tariff discounts system for freight transportation
by exit routes consistent with international practice and allows bringing the tariff to the real traffic handling cost.
This change on the one hand will provide stimulation for private capital investments in infrastructure development
and shunting means of approach tracks, on the other — it will fix the shippers to the railroads and stop their outflow
for alternative modes of transport.

Keywords: block train shipment; railroad tariff; discount, approach rack; cars supply and removal
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SJIEKTPOAUHAMMKA MEPEJAYU U IOTEPD DJEKTPODHEPI UU
B YCTPOMUCTBAX CUCTEM DJIEKTPUUECKOM TAT'U

Henn. Teopernyeckoe OOOCHOBaHHE «IIOJEBOrO» (Ha OCHOBE JJIEKTPOMATHHTHOIO MOJIS) MOAXOJA K Iepenade
1 00pa30BaHMIO MOTEPh JIEKTPOIHEPTHH B YCTPOMCTBAX CHUCTEM TATOBOTO BJIEKTPOCHAOKEHUS M DIIEKTPOIIOABHIKHOTO
cocraBa. Meromuka. cnombs30BaHbl METOABI TEOPUU IEKTPOMATHUTHOTO MOJSA U, B YACTHOCTH, TEOPHUs U NPAKTHUKA
nepegayn JIeKTPOMAarHUTHON SHEPIHU Ha OCHOBE MOHATHS BekTopa [IoMHTHHra U 2JIEMEHTOB TEOPHU PACIIPOCTPAHEHMUS,
OTpaKEHUS U NPENOMIIEHUs] IIOCKUX JIEKTPOMArHUTHBIX BOJH. Pe3ynbTaThl. BhINONHEHB! TEOpETHUECKUE UCCIEN0BA-
HUS TIEPEAAUM TEKTPOMArHUTHOW SHEPTUX OT TATOBOM IOJCTAHIMN [0 SJIEKTPOIIOABIKHOTO COCTaBa MO ANIIEKTPUKY
(BO3myXYy), OKpY’KAaIOIIEMy TSATOBYIO CETh (MEXTy KOHTAKTHBIM IIPOBOIOM M PEIbCoM). IIpemoxkeHo cTpaTrermdecKu
KOHCTPYHPOBAaTh «IPH3EMHUCTHIE)» (HEBBICOKHE) THIBI JICKTPOIOIBIKHOTO cocTaBa. OLEHEHB! COCTABIIIOMINE MOTOKA
3NIEKTPO3IHEPTUH CKBO3b KPBIIITY JIEKTPOTIOABIKHOTO COCTaBa M €ro JIOOOBYIO YaCTh Ky30Ba, YTO MO3BOJIMIIO JJOCTOBEPHO
OLICHUTh aKTUBHBIE OTEPU MOLIHOCTH B CHCTEME 3JIEKTPOTIrH. JJJIsi KOMIIEHCAMK PEakTUBHON MOIIHOCTH, OTpeOsie-
MOI1 3JIEKTPONOABIKHBIM COCTABOM U OOYCJIOBJIEHHOH CTOSYMMH BOJIHAMH, HPEATIOKEHO (JUIS TallleHHs MOCICIHUX)
€O3/1aBaTh M TIOMEIIATh TIepe]] AIEKTPOIIOIBIKHBIM COCTaBOM CJIOH ONpeIeN€HHOM cpebl C HEOOXOMMMBIMU MapaMeTpa-
mu. Hayuynasi HoBu3Ha. BriepBrie npeasioskeH «11oeBoiy MPUHIMIT aHAIN3a NIepeadn MIEKTPOIHEPIHH 1 BO3HUKHOBE-
Hus €€ N0TEPhb B CUCTEMAX NIEKTPUUECKOH TATU. Y CTAaHOBJIEHBI 3aKOHOMEPHOCTH JIBUYKEHUS IIOTOKOB JJIEKTPOMArHUTHOU
SHEPTHH Yepe3 KPBIIly U JIOOOBYIO 4acTh Ky30Ba 3JIEKTPONOABIKHOTO cocTasa. [IpakTuyeckast 3HauMMocTh. [lomyue-
HO BBIp@)KCHHE a0COMIOTHOM BelM4MHBI BekTopa [ToiHTHHTa B TOUKAX AMAJIEKTPHKA (BO3/1yXa) MEXITy KOHTAKTHBIM IIpO-
BOZIOM M PENBCOM, INO3BOJISIOLIECE OLCHUTh HAWOOJBIIYIO IJIOTHOCTh SHEPTHH, INEpPElaBacMOil B €IMHUILy BPEMEHH,
1 CIIPOTHO3MPOBATh OCHOBHBIEC Ta0apuUTHBIE pa3Mephl €AMHHIBI IEKTPOHOIBIKHOTO COCTaBa. UNCIIEHHO OIIEHEHBI 3HEp-
TETHYECKUE TTOKA3aTeNN KPBIIIM Ky30Ba AJIEKTPOIOABIKHOIO COCTABa, Yepe3 KOTOPYIO MPOHMKAIOT 3JIEKTPOMarHUTHbIE
BOJIHBI [IPH TIEPEHOCE ANEKTPOSHEPTHHL.

Kniouegvie cnosa: 3meKTpo3Heprus; mepenada; morepu; BeKTop [IoHHTHHra; KOHTaKTHBIE MPOBOJA; PEJIBCHI;
JIEKTPOIIOJBIDKHON COCTAB; 3JIEKTPOMATHUTHBIE BOJHBI

BBenenue Jla, OCHOBBIBAIOIIETOCSI HA TEOPUU DIEKTpOMAr-
HuTHOrO ToJis. Ilo HameMy MHCHHWIO, MMCHHO 3TO
SIBJISIETCA €/1Ba JIM HE OCHOBHOM NMPUYUHON HemocC-
TATOYHOT'O OOBSICHEHHUS XOJia psijia MPOIECCOB WIN
CYIIECTBYIONUX (HAaKTOB B 3JICKTPOIHEPIeTHUKE.
VIMeHHO «IeMHOW» MOJX0/l CY>KaeT, OrpaHuYUBAET
BO3MOKHOCTH HAyYHOTO YIIPaBICHHS JHEpreTHYe-
CKHMHU Tporieccamu. B 3ToM 1utane MHOTOE HEOOh-
SCHIMO, Hampumep, B TpolieMe «yTEeUKH», T.e.
MOTEPH AIEKTPOIHEPTUN B CUCTEMAX DIIEKTPOTSTH,

CymiecTByomye Hay4dHble MMyOJIUKAIuU, B KO-
TOPBIX H3JIATaloTCsi pe3yJIbTaThl HCCIEJOBaHUN
AJIEKTPOIHEPTETUYECKUX TIPOIIECCOB B CHCTEMax
ANEKTPUYECKON TATH, Oa3MpyIOTCS Ha «IIETTHOM
MOJIX0JIe», T.€. Ha TEOPHH JIMHEHHBIX W HEJIHHEH-
HBIX JIEKTPUYECKUX U MarHUTHBIX LENeH, XOTs, 10
CYIIECTBY, BCE€ OJJIEKTPOMArHWTHBIE W JIIEKTPO-
SHEepreTUYecKhe MPOIeCcChl PU UX IMOJIHOM H Jie-
TaJlbHOM H3yYEHUH TPEOYIOT «IIOJIEBOTr0» IMOAXO-
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0 4YeM CBHUCTENbCTBYET Pa3HUIA MTOKa3aHUHU cUeT-
YUKOB OJIEKTPOIHEPTHH TATOBBIX IMOJCTAHIIAN
(TIM) u onextpomoasmxHoro cocrasa (JIIC).
OTUM TIOTEPsAM JaKe JaHO Ha3BaHHE — «YCJIIOBHEIC
MOTEPH» W OHU TUPEKTHBHO HOpMUpyloTcs [ 'mas-
HBIM YTIpaBJICHHEM JIOKOMOTHBHOTO XO3SHCTBa
Ykpzanussasiiy. Y xo1s psg aBTopoB [4] mbITaroT-
cs1 000CHOBATh MPUYHMHBI MOSBICHUS U U3MECHEHUS
3THX TOTepbh, OJAHAKO, [0 HAIIEeMy MHEHHIO, HC-
MOJIb3YEMbIE I apTyMEHTHI SIBISIFOTCS HEyOemn-
TeNbHBIMU. He HCKITI0YeHO, 4TO M JOTOJIHHUTEb-
HbIe (HETIPOU3BOIUTENBHBIC) TOTEPU IIECKTPOIHEP-
TUH B TOACHUCTEMAaX dJICKTPUYECKOW Tsru [7, 8]
MOTYT TIONyYUTh OoJiee yOeauTenpHoe, YeM CyIlie-
CTBYIOLIEE, OOBSICHEHHE.

W, HakoHel, TTITaBHOE B 00OCHOBAaHUHU BBIIIICH3-
noxkeHHOTo. COTNIacHO OCHOBaM TEOPETHYECKOU
ANEKTPOTEXHUKH, DJICKTPOMATHUTHAs  JHEPTHUs
(3MEKTPO3HEPTHUs) TIepeaaeTcss OT UCTOYHHUKA (Ts-
TOBOW TTOJCTAHIINN) K TIOTPEOUTEIIO (IIIEKTPOTION-
BIDKHOMY COCTaBy) HE IO TMpoBojaaM (T.e. HE IO
ANEKTPUYECKON IIeTH), a 10 UAIEKTPUKY (BO3MY-
Xy) Mexnay (¥ 3a) IpOBOJAMH M OHA TIEPEHOCUTCS
HE TOKOM, a DJIEKTPOMAarHUTHBIM IIOJIEM, T.€. dJEK-
TPOMAarHUTHBIMH BOJIHAMH.

B 310l cBs3u aBTOp pabOTHl HM3NIaraeT CBOE
MHEHHE O pse DJIEKTPOIHEPTETHYECKHX BOIIPO-
COB, KacarolINXCs Mepelayd YHEPTUH B CHCTEMax
ANEKTPUIECKOl TArH. JJIT 3TOro BCIOMHHUM, 4YTO,
KaK U3BECTHO U3 TCOPETUYCCKOU DIICKTPOTCXHUKH,
KOJIMYECTBEHHO U 110 HANpaBlICHUIO Tepeaada
AIEKTPOIHEPTUN (3aMETHM, W HWHQPOPMAIIAN) TI0
TMUDIIEKTPUKY XapakTtepusyercs BekTopoM IloitH-

tanra 17 [2, 10, 12]:
ﬁ:[ﬁ ﬁ} (1)

rae E u H — BEKTOpBl HaIpsHKEHHOCTEH
3NEKTPUYECKOI0 M MATHUTHOrO NOJEH B TOYKaX
nuanexTpuka. Hanpasnenue Bexkropa /7, T.e. Ha-
MpaBJICHUE NEPEMEILIEHUS 3JIEKTPOIHEPTUH B JaH-
HOH TOYKE, COBMAAAET ¢ MOCTYMATEIbHBIM JIBUXKE-
HUEM TIPaBOXOJOBOIO BHHTA IpPH BpAIlEHUHU CHC-
Tembl BeKTOpoB E —H oOT BekTopa E K BEKTOPY

H B CTOPOHY MEHBIIETO YIJIa MEXAY HUMU.

ean

Teopernueckoe 00OCHOBaHHWE Ipollecca Tepe-
maud W o0pa3oBaHUS MOTEPh DJICKTPOIHEPTHU
B YCTPOMCTBAaX CHCTEM 3JICKTPUICCKOTO TPAHCIIOP-

Ta Ha OCHOBE TEOPHUU AJIEKTPOMATHUTHOIO IOJIS,
C HCIIOJIb30BAaHUEM H3BECTHOI'O IOHSTHSI BEKTOpA
IloiinTUHTa. YHCIIEHHAs OLIEHKA MOTOKOB 3JIEKTPO-
SHEpPruM, MOCTYMAIIIE OT TATOBOM MOACTAHUWU
W BXOJAIEH B 3JIEKTPOIOJBUKHONW COCTAaB yepes
METaJNIMYECKUE YaCTH €ro Ky30Ba, YTO IMO3BOJUT
JIOCTOBEPHO OINPENEIUTh aKTUBHBIE MMOTEPU MOLI-
HOCTHU B YCTPOMCTBaxX CUCTEMBI 3JIEKTPOTSATH.

MeToauka OleHKH OTPAXKCHHBIX U
NpPeJIOMJICHBIX 3JICKTPOMATrHUTHBIX BOJIH

Kax u3BectHO [3, 5], ecnum miIockas CHHYCOH-
JTATEHO W3MEHSIONIAsICS DIIEKTPOMArHUTHAS BOJTHA,
IBIDKyLIasica B cpene 1 ¢ mapaMmerpamu €,,, W,,

¥, BCTpPEYaeT Ha CBOEM ITyTH HOBEPXHOCTb JPYTroil
cpensl 2 ¢ mapamMeTpamMu €, M, , Y, U 3Ta BOJHA
nazaer (majarolnas BOJIHA, MMEIOINAsl HalpsDKEH-
HOCTH Em, Em) MIEPIEHANKYIIPHO TPaHUIE

cpel, TO OHa YacTH4YHO oTpaxaerca E ., H

oT

¢ KOOQUIHCHTOM OTPaXKEHHS P

Z,—7Z
P, = ﬁ 2)
nu HpI/I 3TOM
E,., 3)
H =Py Hyy» (4)

a YaCTHYHO TPOHUKAET (MTPOXOMUT, TIPEITOMIISICTCSI)

E,, H,,,=1,42 H,, B 1pyryio cpeny 2 ¢ koa¢-

(uumrenTom npoxoxaeHus (upenomnenus) I7,,,

OMpeaACIACMbIM:
— I BOJIH HAIIPSKEHHOCTU JJICKTPUYCCKOT'O
I1OJIA IO BBIPAXKCHUTIO

of =25, 5)
—1mp Zz +Z1
IIPU ATOM
L
E,=p E.; (6)

—np —
a JUTs BOJIH HANPSHKEHHOCTH MArHUTHOTO IOJISI O
hopmyiie
ol = 27,
- - b
—1np Zz +Z1

(7
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IIpX 3TOM

Hy=p) Hy, @®)
riae Zl, Zz — B 00wmem Cllyda€ KOMILIEKCHBIE

BOJIHOBBIC COIPOTHUBJICHUSA CPCA 1 n 2, ornpeae-
JIAEMBIC:
— JJIA AUBJICKTPHUKOB KaK

=[5 ©)

SIBIISTIONICHCS BETMYNHOMN BEIIECTBECHHOI,
— 14 IPOBOJSLIEN CPEBI IO BHIPAKEHUIO

7 _ O, e‘i450

Znpos.cp. — ’

Y

(10)

rae o=2mf — yrioBas 4acTOTa CHHYCOUIAIBHO

M3MEHSIOUIUXCS HAMPSDKEHUS W TOKa, CO3MAIOIIMX
AJNIEKTPOMArHUTHOE ITOJIE (BOJHBEI).

W3 Beipaxkenuit (2), (9) u (10) BeITEKAeT, YTO,
eciu cpensl 1 1 2 IMEIOT OTMHAKOBEIE TTapaMeTpPhI,
TO OTpaXeHHas BOJHA OTCYTCTBYeT U B Cpele
1 uMeeT MeCTO TONBLKO MAJaKoIas BONHA, & B Cpe-
Iie 2 — TONBKO TIpeIOMIICHHAS.

HesaBucumo OT yrna majeHus Najarolei BoJI-
HBI Ha TpaHUIly pasfena cpe 1 u 2, mpenomiicHHas

BOJIHA PACIPOCTPAHETCS B IPOBOJIAIIEH cpesie, BO-
MIEPBBIX, BCETJIa B HAPABJICHUH HOPMATIHM K IpaHH-
1Ie pasjienia cpejl ¥, BO-BTOPBIX, 3Ta BOJIHA 3aTyXaeT
Ha TIyOuHE O , ONIPEAEISIEMOH 1O BHIPAKEHHIO

5= |—2 (11)

wY2ua2

W, HakoHell, moclieaHEee 3aMEYaHHE. TaK Kak
BOJTHBI, OTPaXKasch, HE M3MCHSIIOT OCEH BEKTOPOB,
a TOJIBKO MOTYT M3MEHSTh UX 3HAK, TO BMECTO CO-

OTBCETCTBYIOIIUX BCKTOPOB E u ﬂ MOXHO pac-
CMAaTpUuBaTh UX BEKTOPHLIC MOAYJIN.

PesyJsibTaTthl

Tlomok snepeuu 6 8030yxe MedHcOy KOHMAKM-
HOU Cembvlo U pebCOM.

PaccmoTpum mepenady 31eKTPOIHEPTUU OT TH-
roBoii moxactannmu A0 JIIC mo dunepHoit 30HE
C OAHOCTOPOHHUM NHUTAHUEM IMOCTOSIHHBIM TOKOM
1, ¢ namboliee pacnpOCTPAHEHHON KOHTAKTHOM
nmoaBeckort 2M® — 100 + A185 u pemscom P65

(puc. 1).

1T

4 KoHTakTHbI! TpoBOJ
n

[
JudjexTpux LR

TII

\/

SIIC

() (D()
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DJIeKTPOMAarHUTHOE TIOJIE B MUAJICKTPHKE (BO3-
ZyXe), OKpYy’KarollleM KOHTaKTHYIO CETh, OIMCHIBA-
eTcsl CUCTEMON ypaBHeHUH [2]:

rotH =0, (12)
rotE =0, (13)
divB=0, (14)
divD = dive \[E =0, (15)
B=p,H, (16)
D=¢,E, (17)
E=—gradV . (18)

VYpasuenue (13) cBUIETENBCTBYET O TOM, UTO
UIEKTPUYECKOE I10JI€ B BO3yXe O€3BUXPEBOE, T.C.
MOTEHIIHAIBHOE, U TTI03TOMY CIPaBEJINBO ypaBHE-
Hue (18). IlpuHAB, 9TO mUAINMEKTpHUECKas cpena
OJlHOpOoAHas, T.e. €, =const, u noxacrasus (18)

B (15), momyuum ypaBuenue Jlarmnaca

2 2
a’zvgde—a V+8 12/+6 Iz/
o oy Oz

0, (19)

KOTOpPOMY TIOTYHMHSICTCS TOoTeHwan V (x, y, z)
B KaXJIOW TOUKE AMDJICKTPUKA TATOBON CETH CHC-
Tembl. B mepBom mpuOnmkeHun OyneM CUUTATh,
YTO MOTEHINAN } U3MEHSETCS TOIBKO B 3aBUCUMO-
CTH OT KOOPAMHATHI X, T.€. OT KOHTAKTHOW ITO/IBEC-
K1 710 pensca (puc. 1), toraa (19) ynpocrures:

d*V(x)

=0 (20)

Pemennie ypaBHenust (20) BO3MOKHO NpH 3a-
NAHHBIX TPAHUYHBIX YCIOBHAX. TakuM YCIOBHEM
SBJISIETCS PABEHCTBO KacaTENbHBIX COCTABIISFOLIMX
HaMpsHKEHHOCTH dJieKTpudeckoro momst (puc. 1):

E E2t Cocrapmsromas E2t B NIPOBOJHUKE MO-
KET OBITH OIPeJIEIeHa N3 N3BECTHOTO BBIPAKEHHMS:

e J — IUIOTHOCTh TOKa B KOHTaKTHOM CCTU; Yy —

yAeTbHast 3JIeKTPOIPOBOJHOCTh MaTepHasa CeTH.

Hanpumep, ¢punepHblii TOK Ipu OTHOM IMOE3]IE,
BEIOMBIM 3JeKTpoBo3oM [ID1, He mnpeBbllIaeT
1=2000 A, a nonepedyHoe C€YCHUE DKBUBAJICHT-

HOW KOHTakTHOH monBecku 2M® — 100 + A185
MOJKET OBITh HAalIEHO COrIacHo [6] Kak

S, =2 100+§—308 82 Mm>

b

=308,82-10°°
1 2000
S 308 308.82-10°

6,48- 1061y2.

[IpunsB BeauuuHy 7Y [UI1 MEOU PAaBHYIO

Torma: J =—

5,8-107 C%, HaXOUM, 4TO
6,48-10°

-7 B -

"= 5810 0,112 K/{ B Toxe Bpems HOp

MaJibHass COCTaBJIANOIIAA HANMPAKECHHOCTU El

n

B JIMDJIEKTPUKE Eln>% (puc. 1), T.x. Ione B 1u-

JJIEKTPUKE HEOJHOPOJHOEC W Hauboliee CHIIbHOE
OKOJIO TIPOBOJIOB mozBecku. [IpuHsB /7 Makcu-
MaibHBIM (cornacHo [1TD), naxoqum:

3300
_ B
E,) g =4853 44

b

CrenoBarebHoO,
0,112%, MeHblIe E,, B 4,3.10° paza. Cneno-

BaTCJIbHO, IIpU PACUYCTC OJJICKTPUYCCKOI'O II0JIA

E,,, paBHoe FE, mu paBHOE

B BO3yX€ BOKPYT MMOABECCKHU COCTaBJ’ISIIOH.IefI Elt

MOKHO TMpeHeOpedb W MOJIb30BATHCS TPAHHYHBIM
YCJIOBHEM DJIEKTPOCTATHKH, T.€. YCIOBHEM OSKBH-
HOTEHIMAILHOCTH TTOBEPXHOCTH MPOBOIHUKA. [Ipu
9TOM YCJOBHH BBINIOJHUM pPELICHUE YpaBHEHHS
(20):

dV(x)
dx

V(x)=C, x+C,,

21

rae C; u C, — IOCTOSHHBIC HHTETPUPOBAHUS.
Cornacao puc. 1, mpu x=0 V=U, a npu

x=h; V=0.Tormau3 (21) umeem:
V(ix=0)=U=C, 0+C,,1e. C,=U".
OpnnospemenHo: V(x=h)=0=C, h+U,

orkyna C, =——

Torma okoHYATEILHO UMEEM:

V(x) = —%x+ U, (22)
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a HaIpPsHKEHHOCTb B BO3yX€ MEXKAY KOHTAKTHOM
IIOABECKOM U PEIBCOM
v U
E(x)=-gradV(x)=——=—.
dx h

HanpsokeHHOCTh MArHMTHOTO TIONS  Haiiziem,
MOJIB3YSICh  3aKOHOM TIONHOTO TOKa (puc. 1)

2 >

(23)

H-2nry,=1 ¢ y4eroM TOro, 4ro r, = x+4
UMeeM

I
an(x+40)

rae d — IuaMmeTp SKBUBAJICHTHOrO MPOBOJA MOJ-
BECKHU.

[Ipy nanpHEWIIEM SHEPreTHYECKOM aHaJM3e
y4TeM, 4TO K HampsbkeHHoctu H(x), ompemensie-

H(x)= (24)

Moit o opmyiie (24) ¥ CO31aHHOW DKBHUBAJICHT-
HBIM MPOBOJIOM KOHTAaKTHOW TMOJBECKH, CIEIyET
MpHOABUTh COCTABISIONIYI0, CO3JAaHHYIO TOKOM
B penbCax; BBIPAXXEHUS AJI1 pe3ylbTUPYIOLIEH Ha-
MPSDKEHHOCTU B JII00OM TOYKe (ABYXIPOBOIHON
JIMHUHM 3JICKTPOIIepPeiad) MOKHO HAHUTH, HAIIpUMED,
B[1].

IToncraBus (23) u (24) B (1), momyuyaem B mep-
BOM TIpuOIIKeHnH (6e3 yuera H , co3maBaeMoM
TOKOM B peJbCe) BBIpaKEHHE a0CONIOTHOW BeH-

yuHbl BekTopa IloiiHTHHra Il B Toukax JUDJICK-
TpHKa (BO3[IyXa) MEXIy KOHTAKTHOH IMOABECKOU
U PEIHCOM:
Ul
)= —— .
21 h(x+ %)

B Toukax 1, 2, 3 u 4 (puc. 1) Bektop H Ha-
HpaBJICH 3a IIOCKOCTD JICTA, a HAIPaBJICHUE BEK-

(25)

Topa E Takoe, Kak IMoKa3aHO Ha puc. 1; mpu 3ToM
E, packiaapiBaeTcs Ha JIBE COCTABIIAIOIINE: Kaca-

TeNbHYyI0 E,, ¥ HOpManbHYIO E,, K IIOBEPXHOCTH
nposoja. Torma, yduThIBasg H3I0KEHHOE BBIIIE

MpaBwio HampaejieHus BekTtopa IloiiHtunra I7,
MOJKHO CJIeJIaTh CIIEAYIOIIHE BEIBOIBI (puc. 1).
1. B Touke 3, T.e. B cpemHEl 9acTH MPOCTpPaH-

CTBa TATOBOM CETH BEKTOp I/, T.e. MIOTOK JHEP-
TUH, TOTHOCTHIO HampasieH ot TII go OIIC.

2. B Touke 4 cocraBmsaromas E,, U BEKTOp

H,, cormacHo (1), oOycioBiuBaoT 0Opa3oBaHuUE

90

cocrapisitomer Bekropa IloiHTHHTA 174t , KOTO-
pBIi TaKke€ MMEET HaNpaBICHHE K Harpyske
(3IIC).

3. Tawxe B T. 4 cocrapnsiomas E,, u H, 06-

pa3syloT HOPMaJIbHYIO COCTaBiomyo I, , Ha-

MPaBIEHHYI0 W3 IUIJICKTPUKA (BO3ayXa) B MpO-
BOJHUK. Ha TpaHHIe ¢ MPOBOJAHUKOM MaJaroiias

U3 BO3JyXa DJIEKTpOMarHuTHas BoiHa (£, ,H,)

YaCTUYHO OTPAKACTCA OT IOBEPXHOCTH IIPOBOJA,
a YaCTHYHO TPOXOJUT (IIPEOMIISIETCS) B HETO;
OTIpEIENIUM OTPAKEHHYIO BOJIHY.

Jns Bo3ayxa, siBisitorerocs cpenoi 1, BomaHo-
BO€ CONPOTHUBIICHHE PaBHO:

47107

W = 376,7 Om

Cpenoil 2 sBnsieTcst NpoBOJsAIIAs Cpesla — SKBU-
BAJICHTHBIN IPOBOJ KOHTaKTHOH cetu
2M® — 100 + A185. Cedenme »3TOro TIPOBOAA,
HaiiienHoe BhIme, papHo 308,82:10° M°. TIpu sTOM
JuaMeTp mpoBoja cocTaBUT 19,83 MM, ynenbHas
3IIEKTPONPOBOIHOCTD

if) ZY')K.np. :570'107 C% ,a MU, :1,0 .

OunepHbli TOK SBISAETCS BBIIPSMICHHBIM,
IIECTU- WJIM JIBEHAJALATHUIYJIbCHPYIOIINM; B HEM
npeobmanarot rapmoaukd oT 300 o 2 400 I'm. To-
r71a BOJHOBOE CONPOTHBJICHUE MaTephala SKBHUBa-
JIEHTHOTO MPoBoJa, coriacHo (10), OyaeT paBHO

21-2000-1-4m-107
5-107
=177,6-107 -&/* Om.

Z,=

OmpenenuM Kod(DPUITMEHT OTpakeHHS Ha Tpa-
HUIIC «BO3QYX — HNOBEPXHOCTH IIPOBOJa» 110 BBIpA-
KeHuro (2):

177,6-107 - ~376,7

p = — -1.
o2 177.6-107 -/ +376,7

Torma, cormacHo (3) u (4), HaNPsHKEHHOCTH
T0JIs1 OTPA’KEHHOW BOJIHBI:

E ~ _Erml 5

—orl

H

==orl

v

nal *
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To ecTp, OTpakeHHas! BOJIHA TTOYTH ITOJTHOCTHIO
OTpaXkasich, MEHSIET 3HaK y BeKTopa E .

KoaddummenTsr mpenomieHus, corimacao (5)
u (7), cocTaBsT:

_ 450
of - 2:177,6-107 - &/®
Emp2 T 7 jas"

" 177,6-107 -/ +376,7

~0,94-107 /%"

s 2.376,7
w2 177.6-107 -/ +376,7

~20.

HecmoTpst Ha monryueHHble 3HadeHUsT kK03 du-
LMEHTa P, , YaCThb NAfAOIEH BOJIHbBI IPETOMIIS-

ercs u npoxoaut coryacHo (11) B mpoBoj Ha Ty-
ouny 0 :

4,11 MM — cuHycouJajgbHas BOJHA YaCTOTHI
300 I'n;

1,45 MM — cuHyCOMIATbHAs BOJHA YacCTOTHI
2400 I'n.

Takum 00pa3oM, PKBUBAJICHTHBINA MPOBOJ IHA-
MerpoM d =19,83 MM KOHTaKTHOH TOJBECKH SIB-
JIIETCSl «HEMPOHUIIAEMBIM» IS BOJIHBI; OHA 3aTy-
xaeT Ha rayoune 1,45...4,11 mm. DHeprus >Toi
BOJIHBI PAacXOJlyeTcs Ha TEIUIOBBIE IOTEPU B IIPO-
BOJIC, BO3HMKAIOIIKE MPHU MPOTEKAHUU B HeM (u-
JIEPHOTO TOKA.

4. CormacHo (25), HamOobIIas ILIOTHOCTH
ANIEKTPOSHEPTHH B €IWHUILy BPEMEHHU TepeIaeTcs
B IPOCTPAHCTBE MaJlbIX 3HaueHuil x (cM. puc. 1),
TO €CTh B MPOCTPAHCTBE BOKPYT IMPOBOJOB KOH-
TaKTHOM CETH U peibca.

MoKHO TIOKa3aTh, YTO TAKOE K€ COCTOSHUE 110
HANPaBICHUIO  DJICKTPOIHEPIMH  HaOIFOIaeTCs
U B TMPOCTPAHCTBE BHINIE KOHTAKTHOH CETH,
¥ B TOJPETHCOBOM OCHOBAHHH C 3€MIICH; TOJIBKO

3HaueHus BekTopa I/ OyIyT ApyrHe, yUMTHIBAS
HEOJHOPOJHOCTh BCEH TSATOBOM CETH.

Y4uuThIBas BBIIEH3IOKEHHOE M BBIPAKEHHUE
(25), MOXHO BBICKA3aTh CICHYIONINE CTPAaTETHYIC-
CKHe€ TPEeNJIOKEHHs] OTHOCUTEIHHO YCTPOMCTB CHC-
TeM onekTpuueckod Taru. CormacHo  (25),
C YMCHBLICHUEM BEJIMYHUHEI /1, T.€. C YMECHBLICHUEM
paccTosHUS MEXAY KOHTAKTHBIM IPOBOJOM M TO-
JIOBKOH peJbca, BO3pacTaeT IUIOTHOCTh 3JIEKTPO-
sHepruu, nepenasaemoit ot TII k IIIC. CornacHo
nre, h,, =6,8m, a h,, =5"75m. Cnenosa-
TEJILHO, B MPOEKTHPYEMBIX CHCTEMAaX JJIEKTPOTATH
1eNecoo0pa3Ho yMEHbLIATh A, a COOTBETCTBEHHO
KOHCTPYHPOBATh HEBBICOKHE «IIPU3EMUCTHIE» (HO,

BeposTHO, ymimHeHHBIe) THmBI OIIC. B aTom
NPEAJIOKCHHN HET HHYEero HEOOBIYHOTO, €CIH
y4ecTb, YTO OJHMM W3 BaKHEWIIMX TOKa3zaTeneH
TEXHHYECKOTO TIPOrpecca B HACTOSIEe BPEMs SB-
JsieTCs YMEHBIIIEHHE MPOCTPAHCTBA, 3aHUMAEeMOT 0
3JIEKTPOMArHUTHBIM ycTpoiictBoM [9, 13], Beas
HEJapoM co37aroTcsi MUKpoOBM, MHKpOMaIIUHBI
(preKkTprYecKre), Pa3IMIHOTIO PO/Ia MUKpPOAIIapa-
THI ¥ TIp. B sHepreTuueckoMm ruiaHe Ui perieHus
YKa3aHHBIX YCTPOWCTB IIeJIecO00pa3HO BBECTH KO-
3G UIMEHT WCIOIB30BaHMUS KOHCTPYKIIMOHHOTO

IMPpOCTpaHCTBA M :
Hmin
n= /7 ’

0<n<l.

(26)

Tlomox anekmposHepauu cK803b 6600 & Kpbvlue
u coocmeenno kpviuty IIIC.

W3 oOmero moTtoka >IEKTPOIHEPTHH, ITTOCTY-
natomeit (Hecymuit BomHamu) Kk OIIC u3 Bo3mymi-
HOTO TPOCTPAHCTBA TATOBOM CETH MOXHO BBIJIC-
JUTh JBa MOTOKA: OCHOBHOM W BTOPOCTEIICHHBII.
OCHOBHOIl — TIOTOK 3HEPruH, IPeICTaBIAIOMINI
CYILIECTBEHHO HAaWOOJIBINYIO YaCTh SHEPTHUH, TIOTY-
yaemoil OIIC. OH KOHUEHTPUPYETCS BOKPYI IpPO-
BOJIOB TSTOBOW CETH W TIOCTYIIAeT B JJIEKTPO00O-
PyZIOBaHKME BBICOKOBOJILTHOW KaMephl 4epe3 Kpbl-
[IEBOH TPOXOJHON H30JATOP, T.€. IMOBEPXHOCTH
KphIma (puc. 2), H 4epe3 HIKHIOI YacTh KaMephl
U3 TPOCTpPAHCTBAa BOKPYT penbca. Bropoctenen-
HBIA — ATO MOTOK JIESKTPOIHEPTHH, HECYIIHIA BOJI-
HaMH, KOTOpbIe TalaloT Ha JIOOOBYIO YacTh Ky30Ba
OIIC, cocrosiyio, B CBOIO OYepeab, U3 METAILIH-
YECKOW U TUAJICKTPUUSCKOM (CTEKIIO KaOWHBI) Yac-
Te#t (puc. 2). [lns manpHelmero aHanm3a (coriac-
HO pHC. 2) JaauM CIEAYIONIyI0 HyMeparuio cpei,
B KOTOPBIX PaclpOCTPAHSIOTCS BOJHBI, HECS JJIeK-
TPOIHEPTHIO:

1 — BO3MyX BOKPYT IIPOBOJIOB (M pelibca) TATO-
BOM CeTH;

2 — 3KBUBAJICHTHBIN TIPOBO/I K.C.;

3 — peibc;

4 — M30ATOP KPBIIIEBOH IIPOXOTHOM;

5 — MeTaJll KpBbIIy;

6 — BO3/IyX B BEICOKOBOJIbTHOH Kamepe;

7 — CTEKJIO KaOMHBI;

8 — MeTayuInyeckas 4acTb.
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»

(veran)
IR
1

O
v
2

=

gcmmo)

[

> 8 (meTanjn)

(dpapdop)

(meTanm)

BricokoBonmbTHAsE Kamepa
(BO31YX)

N\ &

S T T TR .

Llp

(meTamn)

Puc. 2

BHauase paccMOTpUM OCHOBHOM MOTOK, B KO-
TOPOM MOYKHO BBIJICIHUTDH CIEIYIONIHE COCTABIISIO-
e BekTopa [lofiHTHHra, Hecylue 3TOT TOTOK
(puc. 2).

1. I'maBHEIIT BEKTOp (0,5 Hm), COOTBETCT-

BYIOIIUN TUIOTHOCTU TOTOKA DHEPTUU, MOCTYIAI0-
el B DJIEMEHTHI CWIOBOU Tiarosoit nemu DIIC
(B BBICOKOBOJIBTHYIO Kamepy) depe3 IMPOXOTHOU

KpbileBoii (apdoposblit m3omsaTop. dns aHanmza
9JIEKTPOMArHUTHBIX BOJIH, HeCcymux [1

i

U TIPEJIOM-

ompene-

UM K03 PHUITUEHTBI OTPaKCHIS Poita

TeHuA p . Ha TPAHHIE «BO3MYX 1 — dapdop 4».

4
JIs MaeanbHBIX JUAIEKTPHKOB, KAKHMHI MPHHIMA-
em Bosayx (g,,=1,0) u dapdpop (e, =6,0),

dopmyiet (2) u (5) ans P,, M P, YTpOIAIOTCS:

e Vi
SRS S P

o 2en 24
np4 \/a_i_\/a \/I-i-\/g

Cnenosarensro: £, =—0,42E ,;

2 e =1,42.

H
pnp4 -
Srl + 8)‘4

=0,58.

92

H,,.,=—(0,42H,)=0,42 H,,

nal >

E,, =058 E,;
H,,=142H,, .

Kak BuauM, 4YacThb 3HEPIUH OTPAXKaeTCs OT
n3onsaTopa. YtoObl 3Ta 4acTh OblIIa MUHHMATLHOM,
HEOOXOJUMO 3TOT H30JATOp IoAdupath ¢ ¢,

6mmskoii k €, =1,0.

Bropas nomosuna I/, (puc. 2) mocrymaer

B BBICOKOBOJIbTHYIO Kamepy OIIC u3 mpocTpaHcT-
Ba BOKpYT penbca (T.e. «cHH3y» OIIC). Pacmpo-
CTpaHEHHUE BOJH B 3TOM IIPOCTPAHCTBE U NEpeaady
0 HEMY 3JIEKTpOdHepruu Tpedyer Oosiee T1y0oKo-
ro aHaln3a, KOTOPBIM 3/1eCh MOKa YTO HE NPHUBO-

JTATCSL.
2. Bekrop mownocty (Ilointunra) 17,
HUKAOMUK B MeTaummdeckyro Kpeimry OIIC

po-

CKBO3b €€ MOBEPXHOCTH (puc. 2). BexTop ﬁKp Ha-
IpaBjeH M0 HOpPMaU K IOBEpXHOCTU. Martepuan
KPBILIN — JIUCTOBAsi KOHCTPYKLIMOHHASA CTalb TOJI-
muHOM 2 MM ¢ mapamerpamu: y=7-10° C%;
p, =1000.

9HeKTpOMaI‘HI/ITHI>Ie TapMOHUYCCKUEC BOJIHBI
pa3IMyYHBIX YacTOT, Majiasi U3 BO3Ayxa / Ha TpaHu-
Iy C TOBEPXHOCTBIO METAUIMYECKOW KPBIIKA 5
(puc. 2), 9acTUIHO OTPAXKAIOTCSA, a YACTUIHO TIPO-
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HUKAIOT B METaJI KPBIIIHA, TOCTENEHHO 3aTyXas
U OJTHOBPEMEHHO O0YCJIOBIHMBAs MOTEPH 3JIEKTPO-
SHEPryU B METAJIE KPBIIIIH.

BonHOBOE conpoTHBIEHNE METaIlIa KPBIIK £ ,

HaiineHHoe 1o BeIpakeHuto (10) misa f= 2 400 I,
164,4-10°¢/* Om, a Bozmyxa
—Z,=376,70Om. IloacraBuB Z, u Zs B (2), no-
JydaeM KOX(QQHUIUEHT OTpakeHUs BOJIH OT IIO-
BEPXHOCTH KpBbIIIK P,..s ¥—1, a moxcrasus B (5)

COCTaBJIACT

- KO3 GUITUSHT MIPEIIOMIICHHS

pnp15z0,87~10_56j450. I'mybuna J;, Ha Kakylo

mpoHHKaeT BojiHa yactoTon 2 400 I'm, cocTtaBmsier
0,128 mmM, gactotoit 600 I't — 0,246 MM, a gacTo-
Toii 50 I'mt — 0,85 mMm. CraemoBarensHO, T.K. TOMI-
IIFMHAa CTAJbHOTO JIUCTa KPBIIIA paBHa 2 MM,
a Oy, =0,85 MM, To MeTaul KpbIM SBIAETCSA

«HETPOHULIAEMBIM» IS BOJH, T.K. BOJIHA 3aTyXaeT
MIOJIHOCTBIO, HE AOXOAS JO MPOTHBOIOJIOKHON TO-
BEPXHOCTU. JTO 3HAYMT, YTO METAJUIMUECKUH JIUCT
KPBIIIK MOKHO paccMaTpuBaTh Kak OECKOHEYHO
TOJICTBIM JIUCT WX KaK OECKOHEYHOE 3JIEKTPOIPO-
BOJSAIIEE IOJYIPOCTPAHCTBO, MOIIHOCTb, PACCEH-
BaeMasl B KOTOpOM, paBHa BekTopy [loliHTHHTra Ha

NOBEPXHOCTH (JIMCTA) KPbIK [1, , yMHOKCHHOMY
Ha 9TY NOBEPXHOCTH S, ;.

Kommuexcuerit Bekrop IloitHTHHTa Ha TIOBEpX-
HOCTH JIUCTA OTIpeAesIeTcs BoIpakeHuem [9]:

I =(1+j)\/%HT§’S, (27)
€TI0 aKTHUBHas COCTAaBJIAIOIIAS
m,=a, % H% (28)
TAKXXC PCAKTUBHAA COCTABJIAOIAA
m,=a, (”2—*; HTZS (29)

riae as cram o, =1,4, a,=0,85; H, — am-

IUIMTyJJa TapMOHMYECKOW HAaNpsHKEHHOCTH Mar-
HHMTHOIO I10JI Ha PACCMATPUBAEMOMN TIOBEPXHOCTH.
Paccuuraem H, g 1 OJHON TapMOHHUKM 4Yac-

totoii f =600 I'm (ans 12-mymbcupytromiero To-

Ka); BeIM4YuHa /1,¢ A1 OJHOM PTOW rapMOHHMKH

COCTaBWIA 955’5% . Torma, moncraBuB B (28)

u (29) HeoOXoaMMbIC BEIMYUHBI M TapaMeTphl
CTaJIBHOTO JIUCTA KPBILIH, OJIy4HM:

— MOTEPU AKTUBHOIH MOILHOCTH OT OAHOM rap-
MOHUKU Ha €IUHMIly IIOBEPXHOCTH Kpwplmu [/,

paBubl 371,6 Byz ;
M

—  moTpebieHue

1,-225,6 P/
M

[TonHas MOBEPXHOCTH KPBIIIM OJHOM CEKLUU

DIIC (31eKTPOBO3a) COCTABMIAET ~ 50 M?, MpUMeM

3a BEIMYMHY «CPEIHEAKTHUBHOID IOBEPXHOCTH

peaKTI/IBHOI‘/'I MOIITHOCTH

SKp ~25 m* . Toraa moaHbIe notepu: P=9,3 kBT,
a 0 =5,64 kBap,
§ =12,25 xBA . Ilpu 3TOM 3HEpreTUvecKue MmoKa-

IIOJIHasA MOIIIHOCTB

3aTelld, COTJIACHO U3BECTHBIX BbIpaxkeHu# [3], co-
CcTaBWIN:  KOX(PGUIIMEHT  MOIIHOCTH  KPBITITH
A=0,76, kodDPUITHMEHT PEAKTUBHON MOITHOCTH
tgdp=0,61.

Ilomox snepeuu, nadarowell Ha 1060810 YaACMb
Ky3084.

DNEeKTPOMarHuTHBIE BOJIHBI, PaCIpPOCTPaHSIIO-
IIFecs B CPEeIHEH 4acTH BO3AYITHOTO MPOCTPAHCT-
Ba | MeXIy KOHTAKTHOH CEThIO U PEIbCOM, Taja-
I0T Ha JIOOOBYIO YacTh Ky30Ba, COCTOSIIYIO U3
CTEKJIa U METAITMICCKON (HIDKHEH) Jactu (puc. 2,
7u8).

JloboBoe cCTEKIO WMEET TONIMHMHY 15 MM
u g, =5,5.10 (npumem 9,0). Ha rpanune «Bo3-

nyX, 1 — cTexIo, 7» BOJHBI YaCTUYHO OTPaKAIOTCS
¢ k03¢ punmenTOM

T cog R
orl7 \/a+\/; \/I+\/§ L]

a YaCTUYHO MPCIOMIIAOTCSA C KOB(I)(I)I/IL[I/IGHTOM

2Je, 21

E
pl’I = = = 0,5 .
7 e, +4/e,, T+
Torma E, =—0,5E,,,; E,;; =—0,5E, ;.

Merammdeckas 9acTh J000BOM (HIDKHEH) dac-
TH Ky30Ba DIIC ckoHCTpyHpoBaHa M3 JUCTOB KOH-
CTPYKLMOHHOM cTanu TonmuHoM 7 mMm. W moaro-
My, TIOJJOOHO METaJuTy KPpBIIIN, TAaKXKe «HETPOHU-
maemMa» JUIsl 3JIEKTPOMAarHWTHBIX BOMH. U Takke,
KaK B KpbIIlle, YacTh BOJHBI, IPOHHUKAs B METaI,
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Oymer co3maBarh motepu MomHOocTH [10], ompene-
nsieMble 1o popmynam (27)—(29). Ins ux Haxox-
JICHUsI HEOOXOJMMO 3HAaHWUE aMIUIUTY] TapMOHHUK
HAMpsHKEHHOCTH MarHuTHOro mons H,g y (Ha)

IOBEPXHOCTHU METaJUTNIECKON YacTHh Ky30Ba, KO-
TOPBIC 3ACChH MTOKA YTO HEC NPUBOAATCH.

Hayuynasi HOBU3HA M IpaKTHYecKast
3HAYUMOCTh

BriepBbie npe/iokeH U TEOPETUYECKH 000CHO-
BaH «IIOJICBOI» (Ha OCHOBE TEOPHH DIIEKTpOMATr-
HUATHOTO TIOJISI) TIOMXON OOBSICHEHHS IIPOIIECCOB
nepesadd U 00pa3oBaHUSI TIOTEPh AIEKTPUIECKOMH
SHEPruu B YCTPOWCTBAX CHUCTEM TATOBOIO 3JIEK-
TPOCHAOKEHUS] W JIEKTPOIOABIKHOTO COCTaBa.
IMomxon Gaszupyercs Ha TMOHATHUSX PacIpOCTpaHe-
HUS, OTPKEHUSA U MPEIOMICHUS 3JIEKTPOMAarHUT-
HBIX BOJIH, SHEPTE€TUYECKON XapaKTEepPUCTUKOM KO-
TOpBIX siBisieTca BekTop I[lolHTHHTA. YCcTaHOBIe-
HBI 3aKOHOMEPHOCTH JIBM)KEHHUS TIOTOKOB IIEKTPO-
SHEPIrUd OT TATCOBOM TMOACTAHLUUU K TATOBBIM
3NIEKTPOJIBUTATENSIM AJIEKTPOIIOABHKHOTO COCTaBa
Yyepe3 KPHIITy U JIOOOBYIO 9acTh Ky30Ba.

[lomydeHsl dHCICHHBIE 3HAYEHUS BEKTOpa
[ToitHTHHTa B pa3aUYHBIX TOYKAX KaHAJIOB mepea-
qu 3HGpI’HI71, IMMO3BOJIUBIIMEC OLCHUTH IMOTEPHU aK-
TUBHOW U PEaKTUBHON SHEPIUU B METAITUYECKUX
YacTsAX KPBIIH U J000BOH dacTH. UncneHHbIe pe-
3yJIBTaThl MO3BOJISIIOT CTPATETHYECKH PEKOMEH]IO-
BaThb pa3p363TI>IBaTI) " MPOU3BOAUTH HOBBLIC THIIBI
AJIEKTPOTIOIBIXKHOTO COCTaBa — HEBBICOKHE, KIIPH-
3eMUCTBIC» (HO, BEPOSTHO, YJ/UIMHEHHBIE) W TPU
3TOM HECKOJBKO YMEHBIIATh PACCTOSHUE OT KOH-
TaKTHOTO TTPOBOAA JI0 TOJIOBKH PeIbCa.

BoIBOaBI

1. «IloneBoit» (Ha OCHOBE TEOPHHU BIEKTpOMAr-
HUTHOTO TIOJIST) TIOAX0J K 000CHOBaHUIO MEpeaayn
U 00pa30BaHUIO IMOTEPh 3JIEKTPOIHEPTHUH B YCT-
poiicTBax CHUCTEM ODJICKTPUYECKON TATU SBISIETCS
Oonee GpyHAaMEHTaNbHBIM, U MO3TOMY OoJiee J0cC-
TOBEPHBIM, YE€M CYLIECTBYIOUINE «IEMHBIE» (Ha
OCHOBaHMH TEOPHH 3JIEKTPUYECKHUX Ierei) mpuH-
IUITBI TAKOTO aHAJIN3A.

2. I1oTOKM 3JEKTPOMarHUTHOM HEPTHH TOCTY-
MAalT OT TATOBOW TOJACTaHIMHU 1O 3JEKTPOIOJ-
BIDKHOTO COCTaBa, IO BO3AYXY MEXTY KOHTAKT-
HBIM TIPOBOJIOM M pEIbCOM, BXOIS B BBICOKO-
BOJIbTHYIO KaMepy W Jajiee B TATOBBIC JBUTATEIH
Yepe3 YacTH KPBIIIX 1 JTIOOOBBIE YacTH Ky30Ba.

94

3. DneKTpoMarHUTHBIE BOJHBI MAJAIOT U3 JH-
JMeKTpUKa (BO3/Ayxa) Ha MOBEPXHOCTh IPOBOJIS-
el (MeTaJuIn4ecKoii) cpelibl, IOATOMY B ITUAJICK-
TpUKe 00pa3yIOTCsl CTOSYME BOJIHBI, OOYCJIOBIH-
BaOIME€ PEaKTUBHYIO MOIIHOCTb, T.K. IOCIEIHSSA
SIBJISIETCSL XapaKTEPUCTUKON cTosiuux BoJH. Ilo-
9TOMY [JIs1 KOMIIEHCAIlMH PEaKTUBHONW MOIIHOCTH
HEOOXOOMMO TalleHHE YKa3aHHBIX BOJH IIyTeM
o0Opa3oBaHMsl IEpesi UIEKTPOIOABUAKHBIM COCTa-
BOM CJIOSI OIIPEJCNICHHOW Cpeabl ¢ HE0OXOIUMBIMH
apaMeTpaMu.
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EJJEKTPOJJUHAMIKA ITEPEJIAUI TA BTPAT EJJEKTPOEHEPITI
B IPUCTPOSAX CUCTEM EJEKTPUYHOI TATH

Meta. TeoperuuHe OOTpYyHTYBaHHs «II0JHOBOr0» (Ha OCHOBI €JIEKTPOMArHiTHOIO ITOJII) MiAXOAYy 0 Iepenadi
I YTBOpEHHS BTPAT €JIEKTPOEHEPTii B MPUCTPOSIX CUCTEM TATOBOTO EJIEKTPOIIOCTAYaHHS Ta €IEKTPOPYXOMOTrO CKIIALY.
Metonuka. Bukopucrano Meromu Teopii eNeKTpOMarHiTHOTO MOJs Ta, 30KpeMa, Teopis W IpakTuKa repenadi
€JIEKTPOMATHITHOI €Heprii Ha OCHOBiI IOHATTS BekTopa I[lOHHTIHra Ta €JIEeMEeHTIB Teopii PO3MOBCIOIKCHHS,
BII3EpPKATICHHS ¥ 3aJIOMJICHHS IUIOCKUX €IEKTPOMArHITHUX XBHJIb. Pe3yabTaTn. BukoHaHo TeopeTnuHi 1OCTiDKEHHS
nepenadi eneKTPOMArHiTHOI €Hepril BiJ TATOBOI MiICTaHIIi A0 €IEKTPOPYXOMOTO CKIALy HieJIeKTPUKOM (TIOBITPSIM),
II0 OTOYY€E TATOBY Mepexy (MK KOHTAKTHHM IPOBOJIOM 1 peiKoi0). 3ampOIIOHOBAHO CTPATETIYHO KOHCTPYIOBATH
«TpHU3EeMHUCT» (HEBUCOKI) THIIH EIEKTPOPYXOMOTro ckiany. OLiHeHO CKIIaJ0Bi HOTOKY €IeKTPOCHEPrii Kpi3b 1ax eyeK-
TPOPYXOMOI'O CKJIaay Ta HOro JIOOOBY YacTHHY Ky30Ba, IO JO3BOJMJIO JOCTOBIPDHO OLIHWTH AaKTHBHI BTpaTH
MOTYXHOCTI B CUCTEMI eNIeKTPOTSrH. J[jis KoMIeHcallil peakTHBHOI MOTY>KHOCTI, CIIOKUBAHOI EJIEKTPOPYXOMHM CKJIa-
JIOM i1 00yMOBJIEHOIO CTOSTYMMH XBHJISIMH, 3alIPONIOHOBAHO (JIUIsl TACiHHSI OCTaHHIX) CTBOPIOBATH Ta PO3MIIILYBaTH Iie-
pell eEeKTPOPYXOMHM CKJIJIOM IIap MEBHOTO CEpEeloBHUINa 3 HeoOXimHMMH napamerpamu. HaykoBa HoBM3HA. Yniep-
IIe 3alpOIIOHOBAHO «IIOJBbOBUIT» NMPUHLMII aHANI3y Iepenadi eJEeKTPOeHeprili i BHHUKHEHHS i BTpaT y cHCTeMax
@JIEKTPUYHOI TATH. BcTaHOBIIEHO 3aKOHOMIPHOCTI PyXY HOTOKIB €JIEKTPOMArHiTHOI eHeprii uepes Jax 1 I0O0BY YacTH-
Hy Ky30Ba ejeKkTpopyxomoro ckiamy. IIpakTtnyna 3naummicTb. OTprMaHO BHpa3 aOCOMIOTHOI BEIMYMHM BEKTOpa
[NotiHTiHTa B TOYKAX MieNEKTPHKA (OBITPs) MK KOHTAKTHUM IIPOBOJIOM 1 PEHKOI0, IO TO3BOJISIE OIIHUTH HAMOLIBITY
TYCTHHY €HEprii, ImepeaBaHy B OJAWHHMIIIO Yacy, Ta CIPOTHO3YBaTH OCHOBHI Ta0apHUTHI PO3MIpH OIMHHII €IEKTPOpY-
XOMOTO CKJIaJy. YHCeIbHO OLIHEHO €HEePreTHyHI MOKAa3HUKHU 1aXy Ky30Ba €IIEKTPOPYXOMOTO CKIIay, Yepe3 sKuil mpo-
HUKAIOTh €JICKTPOMAarHiTHI XBHJI1 IIPH TIEPEHECEHH] eJIEKTPOSHEPTii.

Kniouosi crosa: enexrpoenepris; nepenada; BTpatu; BekTop [IoWHTIHra; KOHTaKTHI OPOTH; PEUKH; EIEKTPOpY-
XOMHH CKJIaJ; eEKTPOMAarHiTHI XBUJI1
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ELECTRODYNAMICS OF TRANSMISSION AND LOSSES OF POWER
IN THE DEVICES OF ELECTRIC TRACTION SYSTEMS

Purpose. Theoretical justification of the "field" approach (based on electromagnetic field) to the transmission and
losses of power in the devices of traction power supply systems and electric rolling stock. Methodology. The methods
of electromagnetic field theory and, in particular, the theory and practice of electromagnetic energy transmission based
on the concept of the Poynting vector and elements of the theory of propagation, reflection and refraction of plane elec-
tromagnetic waves were used. Findings. Theoretical studies of electromagnetic energy transmission from the traction
substation to the electric rolling stock through dielectric (air) surrounding traction network: between the contact wire
and the rail were carried out. It is proposed strategic designing "squat" (low) types of electric rolling stock. The
components of electric energy flow through the roof of electric rolling stock and its frontal part of the body were esti-
mated. This allows reliable etimating active power losses in electric traction system. To compensate the reactive power
consumed by electric rolling stock, which is conditioned by standing waves, it is proposed (for extinction of the the
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last) to develop and put in front of electric rolling stock the layer of particular environment with the necessary
parameters. Originality. The "field" principle of the power transmission analysis and its losses arising in electric trac-
tion system was first proposed. The laws of motion of electromagnetic energy flows through the roof and the frontal
part of the body of electric rolling stock were established. Practical value. An expression of the absolute value of the
Poynting vector in the points of dielectric (air) between the contact wire and the rail was obtained. This allows assess-
ing the highest density of energy, which is transferred to the time unit and predicting the main dimensions of the unit of
electric rolling stock. The energy indices of the roof of electric rolling stock, through which penetrate the electromag-
netic waves during energy transferring were numerically evaluated.

Keywords: electric energy; transmission; losses; Poynting vector; contact wires; rails; electric rolling stock; elec-
tromagnetic waves
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THE INFLUENCE MECHANISM OF FERRITE GRAIN SIZE ON
STRENGTH STRESS AT THE FATIGUE OF LOW-CARBON STEEL

Purpose. Explanation of the influence mechanism of ferrite grain size on the fatigue strength of low-carbon
steel. Methodology. Material for research is the low-carbon steel with 0.1% of carbon contnent. The different size
of ferrite grain was obtained due to varying the degree of cold plastic deformation and temperature of annealing.
The estimation of grain size was conducted using methodologies of quantitative metallography. The microstructure
of metal was investigated under a light microscope with increase up to 1 500 times. As a fatigue response the fatigue
strength of metal — a maximal value of load amplitude with endless endurance limit of specimen was used. Fatigue
tests were carried out using the test machine «Saturn-10», at the symmetric cycle of alternating bend loading.
Findings. On the basis of research the dependence for fatigue strength of low-carbon steel, which is based on an
additive contribution from hardening of solid solution by the atoms of carbon, boundary of the ferrite grain and
amount of mobile dislocations was obtained. It was established that as the grainy structure of low-carbon steel
enlarges, the influence of grain size on the fatigue strength level is reduced. For the sizes of grains more than
100 mcm, basic influence on fatigue strength begins to pass to the solid solution hardening, which is determined by
the state of solid solution of introduction. Originality. From the analysis of the obtained dependences it ensues that
with the increase of ferrite grain size the required amount of mobile dislocations for maintenance of conditions for
spreading plastic deformation becomes less dependent from the scheme of metal loading. Practical value. The ob-
tained results present certain practical interest when developing of recommendations, directed on the increase of
resource of products work from low-carbon steels in the conditions of cyclic loading. Estimation of separate contri-
bution of the studied processes of structural changes with fatigue load allows one to choose a rational solution — to
use the hardening effect from the ferrite alloying or to change the grain size of ferrite.

Keywords: ferrite; grain size; fatigue strength; solid solution; carbon

Introduction Taking into account the heterogeneity of strain
distribution, especially in the initial stages of plas-
tic flow of unidirectional loading in the metal vol-
umes near to the grain boundaries will increasingly
occur the processes of accumulation of crystal
structure defects.

Under cyclic loading the magnitude of cycle de-
formation, the temperature [2] and the dislocations
ability to nonconservative movement [3] will to
some extent determine the processes, which cause

In the process of loading the ferrite grain size
determines most of the properties of single-phase
alloys and carbon steels [1]. Gradual accumulation
of defects in crystalline structure and their localiza-
tion during cyclic loading can lead (in certain mi-
crovolumes of metallic material) to the forming of
the breakdown sites, as in the case of unidirec-
tional static deformation.
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the metal hardening. In this case, the rate of disloca-
tions accumulation and the beginning of formation
of substructure units, such as fragment walls and
dislocation cellular structure in some ferrites, which
are favorably oriented with respect to the actual
stresses, can be considered as the beginning of the
incubation period of the metal destruction process.

One of the known mechanisms explaining the
process of microcrack initiation [10] is based on
the initiation of breakdown site resulting from the
step forming in the place of slip band emergence
on the sample surface under the cyclic loading.
Subsequent recombination of dislocations leads to
the irreversible deformations in the specified place
on the metal surface. Therefore, it is safe to assume
that the gradual accumulation to the maximum
permissible concentration of structural defects near
the steps, is one of the main reasons leading to the
microcracks initiation and the subsequent loading
conditions determine the rate of its growth.

There is a sufficient quantity of the experimen-
tal results, which indicate the dependence of fa-
tigue processes development in the metal materials
from the grain size. This situation is often caused
by the lack of accounting of structural change
processes in the metal internal structure under cy-
clic loading, as compared to the conditions of static
unidirectional deformation.

Purpose

The work purpose is to explain the influence
mechanism of ferrite grain size on the fatigue
strength of low-carbon steel.

Methodology

Material for research was the low-carbon steel
with 0.1% of carbon content. The different size of
ferrite grain was obtained due to varying the de-
gree of cold plastic deformation and temperature of
annealing. The estimation of grain size was con-
ducted using methodologies of quantitative metal-
lography [4]. The microstructure of metal was in-
vestigated under a light microscope with increase
up to 1500 times. As a fatigue response the maxi-
mum value of load amplitude (o_, ) when reaching
the conditions of unlimited specimen endurance
was used. Fatigue tests were carried out using the
test machine «Saturn-10», at the symmetric cycle
of alternating bend loading.

98

Findings

Behavior analysis of the single-phase alloys
under loading showed that only in some cases the
polycrystalline strength according to absolute val-
ues is approaching to the quarter of the theoretical
strength of a perfect crystal [1, 10]. On the other
hand, the strength property level of metal in the
grain boundaries reaches the values of the same
order with the metal within grains [14]. On the ba-
sis of above mentioned, the origin and distribution
of dislocations according to crystallographic slip
systems, could be the determining factor during
metal loading in the region of small plastic defor-
mations. Moreover, the internal structure of the
grain boundary itself and the inevitable presence of
impurity atoms of implementation can make a def-
inite contribution to the changing nature of the
grain size influence.

Conditions of unidirectional static loading the
reduction of the grain size of the low-carbon steel
is accompanied by the increase in resistance value
of microplastic deformation ( 5, ), which is the part

of the deformation curve equation [15]:
c=0,+Ke", €))

where K - is the constant value, & — is true strain,
m — is power index. As the yield stress (o, ) the

value o, obeys to the Hall-Petch dependence [5]
(Fig. 1):
!
0y =0;+k,d ?, )

G,, MPa

200
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100
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0 T T 1
0 5 10 15
1

d 2, mm>

Fig. 1. Execution of the relation (2) for the value
o, of low-carbon steel
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where ©.

1

line lattice, value &, — determines the influence of

— is the friction stress of ferrite crystal-

grain boundaries, d — is the ferrite grain size.

Taking into account that in the initial stages of
cyclic loading of dislocation displacement one is
limited by the volume of ferrite grain of low-
carbon steel, the state of solid solution should have
some influence (if not the main one) on the process
of microcracks initiation. On the other hand, the
end of the incubation stage of microcrack growth is
most often associated with the intersection of the
first angular grain boundary [3, 10]. On the basis
of the above mentioned, starting from the specified
moment (the accelerated growth stage) the process
of fatigue crack propagation becomes dependent
on the presence of the ferrite grain boundaries [17].

As a result of cyclic loading of the investigated
steel with different ferrite grain size the fatigue
strength values (oc_, ) were obtained. Dependence

!

o6, =f(d ?) is shown in Fig. 2.

According to external characters the change
c_, from ferrite grain size (Fig. 2) is subject to a

similar dependence (2):
1
o =0,+k,d 2, 3)

where o, and k'y are the constants, similar to the

corresponding characteristics of equation (2).

c_,,MPa

O T T T T 1
0 2 4 6 8 10

1
d 2, mm™

Fig. 2. Dependence c_, on the ferrite grain size
of low-carbon steel
As a result, the graphical solution of the equa-
1
tion o_, = f(d ?) the values c;. and k'y were ob-

tained, which are respectively equal to 90MPa and
12.5N/mm™”. Taking into account that the stress

o, naturally should characterize the resistance to

dislocation displacement within the ferrite grain
(friction stress of the crystalline lattice), the level
90MPa is much higher than the known values of
the specified characteristics. Indeed, according to
numerous studies [1, 10, 12, 16], the friction stress
of the iron crystalline lattice is 8—17MPa, and tak-
ing into account that the ferrite is a solid interstitial
solution the body-centered cubic lattice of the iron
contains about 12MPa of carbon atoms [5].

For the conditions of unidirectional loading of
investigated steel values of the equation constants

(2) were determined. They are correspondingly
3

equaled: o, =50MPa and k, =10N/mm? (Fig. 1).

Comparative analysis of the obtained characteris-
tics shows that for o, the difference is 38MPa,

which is explained by the hardening effects be-
cause of the presence of a certain concentration of
carbon atoms in the ferrite lattice [1, 2].

Under cyclic loading, the specified difference is
equaled to 78MPa (90MPa—12MPa). Thus, the ob-

served increase of the magnitude G; during fatigue

can be first of all associated with more efficient
blocking of reciprocating dislocations by carbon
atoms. Confirmation of this phenomenon may be
possibility increase of multiple dislocation slip on
different crystallographic systems. For the crystal-
line lattice of body-centered cubic type the disloca-
tion displacement is possible according to three
crystallographic slip systems {110}, {112) and
{123}, at <111> [9]. On the basis of the above men-
tioned it is safe to assume that under cyclic loading
of low carbon steel, the reversible dislocation dis-
placement is accompanied not only by annihilation,
but also by the transition into the other slip systems
[1, 13]. In this case, the possibility of dislocations
blocking by carbon atoms should increase. Conse-

quently, the value G;- can be written as:
o, =0, +A, (4)

where A — is the value of solid-solution ferrite
strengthening in reverse loading.

Another characteristic — k'y to a lesser extent
differs from the value &, which once again points

to the role of influence of the ferrite grain bounda-
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ries on the development of fatigue fracture of low-
carbon steel.

After conversion of ratio (3) similar to that per-
formed for (2) [2], it becomes possible to evaluate
the stress (o,) required for dislocation displace-

ment from their source to the grain boundaries:
i
o, =—-, (%)
1 2 \/7

where / — is the distance of dislocations source
from the ferrite grain boundaries. Considering that
! in general can take values from O (the source of
dislocations are the angular ferrite grain boundaries
[1, 2]) to /=d (intragranular source location), we

take the average value / =% .

Then the ratio (5) should be rewritten:

— Yy
%= ha (6)

During the formal application of the values o,
calculated according to (6), for the same values d
against the corresponding values o_, it is found
out an unambiguous relationship with a sufficiently
high correlation coefficient (Fig. 3).

Analysis of absolute values shows that the
value o, several times less than o_,. At the same
time, the rougher grain structure of the metal, the
greater the difference between these characteris-
tics.

Considering the total contribution to the value
6_, from o,, A and o, the difference should be
atributed to the metal hardening from the

c,, MPa

100

80

60

40

20
'
0 T T T T 1
0 50 100 150 200 250

c_;, MPa

Fig. 3. Mutual change of o, and o,

100

interaction of mobile dislocations with the blocked
by carbon atoms dislocations (c,). Changing o,

from the ferrite grain size is represented in Fig. 4.
Based on this dependence (Fig. 4), one can es-
timate the value o, using the well-known relation

[13]:
o, =apbyp, (7)

where o — is a coefficient, which takes the values
from 0.1 to 1.0, pu — is the shear modulus, b — is

the Burgers vector and p — is the density of mobile
dislocations.

o,,MPa

35

30
25 /
20

15

10 /
5
0

Fig. 4. Influence of ferrite grain size on the value o,

Considering the observed components in gen-
eral terms the value of the fatigue strength of low-
carbon steel may be written as:

'

k
6,=0,+A+—==+apub 8
| T tom Jp ©)

After substitution into (8) of a=0.6 (the average
value of interval 0.1-1.0), p=8.2-10"MPa (for

carbon steel), »=2.48-10"mm (for ferrite), the
experimental values 6_,, o, and A the values p
were calculated.

The obtained values p represent the density of

mobile dislocations, which is necessary for main-
taining the conditions of plastic deformation prop-
agation for a loading cycle. Fig. 5 shows the de-
pendence of this characteristic (p) from the ferrite

grain size of low-carbon steel under cyclic loading.

© 1. A. Vakulenko, S. V. Proydak, 2014



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro

HAI[lOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOrO TpaHcmopty, 2014, Ne 1 (49)

MATEPIABHABCTBO

p, x10°mm™

80

. /
. /

20
0 / |

Fig. 5. Influence of ferrite grain size on p
of low-carbon steel
Comparative analysis of p with similar charac-

teristics of investigated steel (Fig. 6) for the condi-
tions of static strain (p, ) showed that as the size of

ferrite grain increases the difference between them
decreases. Thus, for the ferrite grain size d =

15.6-16mem: p=7.5-10°mm™, pl:107mm72;
for d = 22-24mem: p=2.9-10°mm>,
p,=4-10°mm™~ and for d = 115-120mcm:
p=44-100mm™, p, =4.2-10°mm .

Py, x10°mm™

[ WS Y]
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Fig. 6. Influence of ferrite grain size on p,
of low-carbon steel

The obtained results show that with increase of
ferrite grain size the required amount of mobile
dislocations, to maintain the conditions of propaga-
tion of plastic deformation becomes less dependent

on metal loading scheme. Analysis of the equation
is the confirmation of the above mentioned (8).
Thus, as the grain structure of the low carbon steel
coarsens the influence of grain size on the level of
the fatigue strength decreases. For the grain sizes
greater than 100 mcm, the main influence on the
values G_, transits to the solid solution hardening,

that is determined by the concentration of carbon
atoms in the ferrite, i.e. by the value o, from the
ratio (4).

Originality and practical value

The analysis of obtained dependencies shows
that as the ferrite grain size increases the required
amount of mobile dislocations to maintain the con-
ditions of plastic deformation propagation becomes
less dependent on the metal loading scheme. The
obtained results are of particular interest in the de-
velopment of practical recommendations aimed at
improving the operation life of the products of
low-carbon steels under cyclic loading. Evaluation
of separate contribution of structural components
at certain stages of fatigue loading development,
allows one to choose a rational solution — to use
the hardening effect of changes in the state of solid
solution of low-carbon steel or vary ferrite grain
size.

Conclusions

1. The analysis shows that the level of fatigue
strength of low-carbon steel is determined by the
additive contribution from the condition of solid
solution, ferrite grain size and hardening, caused
by the interaction of blocked and mobile disloca-
tions.

2. As the ferrite grain size increases the re-
quired amount of mobile dislocations to maintain
the conditions of plastic deformation propagation
becomes less dependent on the metal loading
scheme.

3. Coarsening of the ferrite structure is accom-
panied by decrease in the contribution of grain
boundaries and increase of the role of solid solu-
tion hardening in improving fatigue strength.
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MEXAHUW3M BJIMAHUA PASMEPA 3EPHA ®EPPUTA
HA YCTAJIOCTHYIO IPOYHOCTH HU3KOVYIJIEPOJUCTOMN CTAJIH

Hean. O0bscHEHNE MEXaHN3Ma BIMSHUS pa3Mepa 3epHa (eppuTa Ha yCTAIOCTHYIO IIPOYHOCTh HU3KOYTIEPOAH-
cToii cranu. Meroauka. MarepuanoMm Uit HCCIEOBAHNS CIIY)KWIA HU3KOYTJIEPOANCTAS CTAIb C COAEPKAHUEM YTI-
nepoza 0,1 %. Paznuunbli pasmep 3epHa (eppuTa NOITydald 3a cHET BAPbUPOBAHUS CTEIICHBIO XOJOAHON IJIACTH-
4eCKOH JeopManuy U TemMnepaTypor oTkura. OneHKy BeIMYMHBI 3€pHA MPOBOIMIIM, UCIIONb3YsI METOJUKH KOJIH-
YeCTBEHHON MeTautorpagui. MHKpOCTPYKTYpy MeTajlla HCCIIEeIOBAIN IO/ CBETOBBIM MUKPOCKOIIOM IPH YBeIHYe-
HusxX 1o 1 500 pa3. B xauecTBe XapaKTEpUCTHKH YCTAJIOCTH HCIIOIb30BAIN YCTAJOCTHYIO MPOYHOCTh METallla —
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MaKCHMaJIbHOE 3HAUYEHHE aMIUIUTY/Ibl HAPYKEHUs IpU OECKOHEYHO# BBIHOCIMBOCTH 0Opa3sua. McnbiTanus Ha yc-
TAJIOCTh OCYLIECTBISUIA Ha HCIbITaTeNIbHOM Maiuae «CaTtypH-10» IpU CUMMETPHUYHOM IHKIIE 3HAKOTIEPEMEHHOT'O
HarpyskeHus: u3rnoom. PesyabraTsl. Ha 0ocHOBe IpOBeAEHHBIX UCCIIEIOBAHUH TOJyUeHa 3aBUCUMOCTb ISl yCTallO-
CTHOHM IPOYHOCTH HU3KOYTJIICPOJUCTON CTaIM, KOTOpas OCHOBaHA Ha aJ/TATUBHOM BKJIAZIC OT YIPOYHEHHS TBEPIOTO
pacTBopa aToMaMHM YIJiepoja, rpaHull 3epHa (heppuTa U KOJIMUYEeCTBa MOJBIXHBIX JHUCIOKanuii. B padore ycraHoB-
JICHO, YTO M0 MEPE YKPYITHCHHUS 36PHUCTOM CTPYKTYPhl HU3KOYTJICPOAUCTON CTAIH BIUSHHUE pa3Mepa 3epHa Ha ypo-
BEHb YCTAJIOCTHON MPOYHOCTH CHIDKaercs. [Ipu pasmepax 3epeH O6osee 100 MKM OCHOBHOE BIIMSIHUC HA YCTaJOCT-
HYIO MPOYHOCTh HAYMHACT MEPEXOUTH K TBEPJIO PACTBOPHOMY YIIPOYHEHUIO, ONPEACIIEMOMY COCTOSTHUEM TBEPIO-
ro pactBopa BHenpeHus. Hayunast HoBu3Ha. 13 aHanm3a MOJYYCHHBIX 3aBUCUMOCTEH CIEAYET, YTO C POCTOM pa3-
Mepa 3epHa ¢eppuTa TpeOyeMoe KONMYECTBO TOJBWIKHBIX AHMCIOKALUA JUIsi MOAACPKAHUS  YCIOBUH
pacnpocTpaHeHusl ITACTUIECKON AeOpMaIMy CTAHOBUTCS B MEHbIIICH CTEICHHU 3aBUCHMBIM OT CXEMbI HATPYIKCHUS
metaia. [IpakTuyeckast 3Ha4MMOCTD. [{oy4eHHbIe Pe3yJIbTaThl MPEACTABISIOT IPAKTHYECKUN HHTEPEC MPU Pa3-
paboTKe peKoMeHJalHii, HANpaBICHHBIX Ha MOBBIIICHHE pecypca paboThl U3AENUN C HU3KOYIJIEPOAUCTOM CcTanu
B YCJIOBHSIX LIUKJIMYECKOTO HarpyxeHus. OLeHKa pa3aesbHOro BKIaaa OT PACCMOTPEHHBIX IPOLECCOB CTPYKTYPHBIX
M3MEHEHHI Ha OINpPEJEJICHHBIX JTalax Pa3BUTHSl YCTAJOCTHOI'O HArPYXKEHUsI MO3BOJIUT BBHIOPATH ONTHMAaJIbHOE pe-
IICHUE — MCII0JIb30BaTh AP GEKT YIPOUHCHHUS OT JISTHPOBaHUs Gepputa MO0 YMEHBIIIUTE pa3Mep €ro 3epHa.
Kniouegvie cnosa: dhepput; pasmMep 3epHa; yCTAIOCTHASI IPOYHOCTD; TBEPABIH PACTBOP; YIIepPOa
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MEXAHI3M BILUIMBY PO3MIPY 3EPHA ®EPUTY HA MIIIHICTDb
ITPU BTOMI HU3BKOBYIJVIEHEBOI CTAJII

Mera. [losicHeHHSI MeXaHi3My BIUTUBY PO3Mipy 3epHa (epUTy Ha MIIHICTh IIPH BTOMI HU3BKO BYTJICIIEBOI CTAaJIi.
MeToauka. Marepianom A7t JOCHIIKEHHS CIyryBajla HU3bKO BYTJIELeBa CcTaib 13 BMicToM Byraewto 0,1 %. Pisunit
po3Mip 3epHa (GepuTy OTpUMYBaIM 32 paXyHOK BapilOBaHHS CTYIIEHEM XOJIOAHOI IUIaCTHYHOI AedopMaii i Temre-
parypoto Bianany. OLiHKY BEIWYMHH 3€pHa IPOBOJMWIIN, BUKOPHCTOBYIOUM METOJAWKH KUIbKICHOT MeTajorpadii.
MIiKpOCTpyKTypy MeTally JOCIiPKYBaJIH IIiJ] CBITIIOBUM MIKPOCKONOM Ipu 30iunbmieHHsx 10 1 500 paszis. B sikocti
XapaKTEePUCTHKN BTOMH BHKOPHCTOBYBAJIM MEXY MIITHOCTI IIPU BTOMI METaly — MaKCUMaJIbHE 3HAYE€HHS aMILUIITy 1
HaBaHTAXXCHHS NP HEOOMEXEHI BUTPHUBAJIOCTI 3pa3Ky. BunpoOyBaHHS Ha BTOMY 3AiHCHIOBaIN Ha BHIIPOOYBab-
Hit MammHi «CarypH-10» MpH CHMETpUYHOMY IMKJI 3HAKO3MIHHOTO HaBaHTaXXeHHs BUTMHOM. Pesyabratnm. Ha
OCHOBI TIPOBENICHHUX JOCIIIKEHh OTPUMaHA 3aJISKHICTh IS MEXKi MIITHOCTI TIPH BTOMi HU3BKOBYTJIEIIEBOI CTaJi, sKa
3aCHOBaHA Ha aJUTHBHOMY BKJIA[i BiJ 3MIIIHEHHS TBEPIOTO PO3UMHY aTOMaMH BYTJICIIO, MEX 3epHa (peputy i Kijb-
KOCTi PYXJIMBHUX IUCIIOKAIii. ¥ poOOTi BCTAHOBIICHO, IO B Mipy YKPYHIHEHHS 3epHHUCTOI CTPYKTYPH HU3BKOBYTIIE-
LEBOI CTali BIUIMB PO3MIpy 3epHa Ha PiBeHb MEXI MII[HOCTI IIPU BTOMI 3HIDKYEThCs. [Ipu po3Mipi 3epeH Oinblie
100 MKM OCHOBHHWH BIJTMB Ha MIIHICTh MPU BTOMI MOYMHAE TMEPEXOTUTH O TBEPAO PO3ZUMHHOTO 3MIITHEHHS, IO
BU3HAYAETHCS CTAHOM TBEPJOTO PO3YMHY BHpoBakeHHs. HaykoBa HOBH3HA. 3 aHANII3y OTPUMaHUX 3aJIS)KHOCTEH
BUILTUBAE, 1110 31 30UIBILIEHHSAM PO3Mipy 3epHa (hepuTy HEOOXiHA KUIBKICTh PYXJIMBHX JAWCIOKAIIH U MiATPUMKH
YMOB TOIIUPEHHS TUIACTHYHOI AedopMallii cTae MEHIIOI MipOI0 3aJIE)KHOIO BiJl CXEMH HABaHTAKEHHS METaly.
IMpakTHyna 3HaYnMicTb. OTpUMaHi pe3ysbTaTH CTAHOBIATH NEBHUN NMPAaKTHYHUH iHTEpEC MpU po3podli pekome-
H/IAIiH, SKi CIPsIMOBaHI Ha MiBUILEHHS pecypcy poOOTH BUPOOIB i3 HU3BKOBYIJICIIEBUX CTAJICH B yMOBax LIUKJIIY-
HOro HaBaHTaXeHHs. OIiHKa PO3/IIBHOIO BHECKY BiJl PO3IIISIHYTHUX MPOLECIB CTPYKTYPHHX 3MiH Ha IIEBHUX eTamax
PO3BUTKY BTOMHOTO HaBaHTAXEHHS JI03BOJIUTH OOPAaTH ONTHMAJIBHE PILIEHHS — BUKOPHUCTOBYBATH €(PEKT 3MIIHCHHS
BiJl JleryBaHHA (epuTy a60 3MEHIITUTH PO3Mip HOro 3epHa.

Kniouosi crosa: deput; po3mip 3epHa; MILHICTb IPH BTOMI; TBEpAUH PO3UYHH; BYTJIELb
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OBOCHOBAHME OIIEHKHU U BBIBOPA KHHEMATHUYECKHUX
U TPUBOJIOT'TYECKUX XAPAKTEPUCTUK CUCTEMBI
«IIECTEPHS-3YBUYATAS PEMKA» CTAHOB XOJIOJHOM
IPOKATKU TPYB

Lenb. B npouecce paboTsl cTaHoB X000HO# npokatku TpyO (XIIT) BpaieHHe BajKOB OCYLIECTBISETCS C MOMO-
IIBIO BEAYIHX LIECTEPECH, HAXOAIINXCS B 3ALCIUICHUM C HEMOJBH)KHBIMU 3y0UaThIMU PEHKAMH, YTO COMPOBOXKIACTCS
Pa3MYHBIME TPUOOTIOrHIeCKUMU Jedexrtamu. M30exath NeheKTOB BO3MOXKHO MPH JAETATBHOM UCCICIOBaHUH U 000CHO-
BaHHUM BBIOOpA, a TAKKE OLCHKE KMHEMATHYECKUX U TPUOOJIOTHYSCKHX XapaKTEPHCTHK CHCTEMBI «ILIECTEPHS — 3yOUaTast
peiika». Meroauka. VI3HOC IPOUCXOMNUT KaK CIEACTBHE MOBBILICHHOTO TPSHHS U 3aBHCHUT OT TBEPAOCTH MaTepuaia, u3
KOTOPOTO HM3TOTOBJICHBI IIECTEPHU W 3yOuaThle peiikd, MX TepMUdYecKoll 00paOOTKH, MPaBIIIFHOCTH TOI0Opa CMAa3KH,
HEZI0CTaTOYHOI YMCTOTHI Maciia 1 HECBOSBPEMEHHOM €ro CMEHBI, IIeperpys3Ku nepefadn 1 Apyrux daxropos. [ oneH-
KU U3HOCA 3yOLIOB TPHOOJIOTHYECKOH Maphl «IecTepHs — 3yOuarast peiika» crana XIIT Bocnonb3yemesi cucteMoit aud-
(hepeHIMAIBHBIX YPAaBHEHHI IEPBOIO MOPSIKA, PelIasi KOTOPYIO NPH 3aJaHHBIX YCIOBHAX, MOKHO MOJIYYHUTh COOTHOILIE-
HUS JUI1 KAHEMATHYeCKMX M TPHUOOJOIMYECKHX mMapameTpoB. Pe3yabTaThbl. [lodydeHsl COOTHOLICHHS VS
JIOJITOBEYHOCTH, H3HOCA, CKOPOCTH CKOJNBKCHHUSI, JIMHBI JIHHHH KOHTAKTa TPHOOJIOTHYECKOW MAaphl «IIECTEPHS —
3yOuaras peiika». OHM 00ECIEUMBAIOT BBHICOKHE IIOKAa3aTeM M3HOCOCTOMKOCTH, AONTOBEYHOCTU CHUCTEMBI IPH MHUHHU-
MAJBHOM BeCe U ra0apuTHBIX pasMepax KOHCTPYKIMH, YTO SBJIACTCS BAXKHBIM (DAKTOPOM sl TIOBBILICHHUSI TIPOTyKTHBHO-
cri craHoB XIIT. HayyHasi HOBH3HA. AHANM3 MOJNYYCHHBIX COOTHOIICHUH I JOJIOBEYHOCTH, U3HOCA, CKOPOCTH
CKOJIB)KCHHS, JUTMHBI JIMHUK KOHTAKTa TPHOOJIOTMYECKOM Maphl «IIecTepHs — 3yOuaras peiika» Mo3BoJiseT BEIOUPATh UL
cranoB XIIT miecTepHy ¢ KOHCTPYKTHBHBIMHU TTapaMETPaMH, ONITUMAIIBHO yJOBJICTBOPSIOIMMHI TEXHOJIOTHYECKHE YCIIO-
Busg npokatkd. I[IpakTHyeckasi 3HAYMMOCTb. AHAIUTHYSCKOE ONPENCNCHUE CKOPOCTH  CKOJBXEHHS UL
TPHUOOTIOTUYECKOH TMaphl JeTaeT BO3MOXKHBIM KOPPEKTUPOBAHUE TEXHOJIOTHYECKOTo Tporiecca ctanoB XIIT u BHeceHMe
KOHCTPYKTHBHBIX U3MEHEHUH B CHCTEMY «IIECTEPHS — 3yOUaTast peiikay ¢ IeNbI0 YBEINYECHHS €€ H3HOCOCTOMKOCTH.

Knrouesvie crosa. mectepHs; 3y04aTble peHkn; H3HOC; XOJIOAHAs IPOKATKA; KOHTAKT

Beenenne B mpomecce paboThl B CHUCTEME «IIECTEPHS —
3yOuaTas peiika» o0pa3yrTCs pa3luvHbIe JedeK-
Thl. Yale BCEro MMHU OKAa3bIBAETCS U3HOC U MO-
JIOMKa 3yObeB, pexe — TPEHIMHBI B 000]Ie mecTep-
HU, pelike u crynuue [12; 7]. MI3HOC MOXeT mpo-
UCXOAWUTh paBHOMEpPHO (IMHEHHBIN) U pe3Ko (WH-
TEHCUBHBIN).

[IpenenpHO NMOMYyCTHUMBIA H3HOC 3yObEB IO
TONIIMHE (CUYHTAas M0 AYyre HAYaIbHOW OKPYIKHO-
cti) cocrasisier 10-30 % ot Tommuus! 3y6a [11].
ITo mocTm>xeHMM yKa3aHHOTO NPEAEIBHOIO AOIyC-
THMOTO W3HOCAa pelKW W IIEeCTepHU HEO0OXOIUMO
3aMEHUTb.

OOHUM W3 OCHOBHBIX CITIOCOOOB M3TOTOBICHHS
TOHKOCTEHHBIX OE3IIOBHBIX TPYO MallbIX W CpeIl-
HUX pasMEpoOB HABJIAETCA XOJOJHasd IIPOKaTKa,
ocyImiecTBisieMass Ha CHeNHadbHBIX cTaHax. CraH
xonogHon mpokatku TpyO (XIIT) cocrout m3 pa-
Oouell KJIeTH, TJIABHOTO TIPUBOJA, MEXaHU3MOB
MoJa4l W TIOBOpOTa TPyO, CHCTEMBI CMa3KH
u ynpasnenus. [ns cranoB XIIT xapakTepHbl BO3-
BPAaTHO-TIOCTYTATeNIbHbIEC BIKEHHsT pabodel KIleTh
TIPY HETIOJBIKHOM COCTOSTHUH 3aroToBKH. [Ipn aToM
OCYIIECTBIISICTCS. MUHIUMAJILHO BO3MOXHOE JaBJICHHC
MeTaljla Ha BaJIKH, PABHOMEPHBI WM3HOC WHCTpY-

MEHTa 10 JJIMHE Py4bsi, a TaKKe MOCTOSIHCTBO YIIPY-
roii medopmaru pabodeil CHCTEMbI MO JUIMHE PYy-
ybs. BpaleHue BankoB OCYIIECTBISICTCS C IIOMO-
IIBI0 BEAYIIMX IIECTEPEH, HaXOMAIIMXCS B 3aLerie-
HHU C HETOJBIXKHBIMH 3y0UaThIMU peHKaMu.

He3aBucuMo oT creneHn u3Hoca 3yObeB peilku
WIN IIECTEPHU NOJDKHBI OBITH HEMEMJICHHO 3aMe-
HEeHBI (MM OTPEMOHTHPOBAHKI), ecnu [13]:

a) y OCHOBaHHS OJHOTO U3 3yObeB OOHApYKH-
BAEeTCsl OJJHA WJIM HECKOJIBKO TPEIINH;
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0) Tutommanb paboueii MOBEPXHOCTH 3y0ObEB, 1MO-
BpPEXK/ICHHA  YCTAJIOCTHBIM  PacKpalldBaHUEM,
npesbimaer 30 % paboueld moBepxHOCTH 3y0a,
a rnyOMHa SIMOK pPAacKpallMBaHUS IPEBOCXOIUT
10 % TommuHs! 3y0a.

Bonpockl OlLIEHKH TEXHHYECKOTO COCTOSHHS
3yOuaThlX mepenady MOAPOOHO paccMaTPUBAIUCDH
B paborax [2; 3; 8]. OgHako aBTOPHI CBOH HCCIIE-
JIOBaHMA TPOBOJMIN 0e3 ydeTa TPHUOOIOTHIECKUX
0coOeHHOCTel B3aMMOACHCTBUS 3yObeB map.

Hean

Lens paboTel — 000CHOBaHHE BBIOOpa KOHCT-
PYKTUBHBIX TapaMeTpPOB CHUCTEMBI «IIECTEPHS —
3yOuartas peiika» W OICHKa ee KHHEeMaTHYECKUX
U TPUOOJIOTHIECKUX XapaKTEPUCTHUK.

MeTtoanka

JluHelHpli U3HOC MPOUCXOAUT KAK CIIEICTBUE
MOBBIIIICHHOTO TPEHUS W 3aBHCHT OT TBEPIOCTH
MaTepuaa, u3 KOTOPOro M3rOTOBJICHBI IIECTEPHH,
WX TEPMUYECKOW 00paOOTKH, MPaBUIBHOCTH IMOJ-
Oopa cMasku, HEIOCTATOYHOM YHCTOTHI Macia
1 HECBOEBPEMEHHOI CMEHBI ero, Meperpy3KH Iie-
penaun [4—6]. JINHEHHBIH U3HOC SBISIETCS PE3yJib-
TaTOM IUIOXOTO MOHT&Xa W TPH MPaBHIBLHOU
cbopke (CTporoM COOJTIOICHUH paauaIbHOTO 3a30-
pa) oObUHO OTCYTCTBYeT. OIHAKO paauabHEIN
3a30p B 3yObsIX MOXKET M3MCHHUTHCS TaK¥KEe BCICI-
CTBHE HM3HOCAa MOMMMIHUKOB. W mpm 3TOM BO3-
MOYKHO KaK yBEJIHYCHHE PaJHANBHOIO 3a30pa, TaK
U €T0 YMCHbIIICHHE.

WHTeHCHBHBIN WM3HOC 3yOheB MOTYT BHI3BaTh
ciemyrone mpuarHE [1]:

a) HeIOCTaTOYHAas WJIM HEMpaBWIIbHAS IoJavya
Macyia, KOrjla OHO He TIOCTYyIaeT B 3alleluIeHue
1 He 3aXBaThIBAeTCs 3yObsIMU;

0) Hamuume B Maclie OOJBIIOro0 KOJWYECTBA
(6omee 0,5 %) MexaHMUECKUX MPUMECEH;

B) IPUMEHEHNE Maciia HeJJOCTATOYHON BSI3KOCTH;

r') YMEHbIIIeHHE O0KOBOTO 3a30pa MEXIy 3yOb-
SIMU COTIPSKCHUH, BCIICACTBHE YETO YBEIUYMBACT-
Csl TPEHUE MEXITy HUMH;

Il) HaJTM9¥e Ha TOJOBKaxX 3yObeB OCTPOH KPOM-
K{, CIOCOOCTBYIOIIEH pa3pylIeHUIO U yIAICHHUIO
¢ paboYmX MOBEPXHOCTEN MaCIISTHOW TIJICHKH,

€) HeoCTaTOYHasl TIOBEPXHOCTh KaCaHUS MEeX-
Iy 3aleTUISIFOIIUMUCS 3yObSMHU BCIICICTBUE TEpe-
KOCa BaJIOB M HEMPABHILHOI'O M3TOTOBJICHUS IIIEC-
TEpeH;

106

) HEIOCTaTo4Has TBEPAOCTb IOBEPXHOCTH
3yObeB.

J1st oLeHKN H3HOCa 3yOLIOB TPHOOIOrHYECKOi
mapel «mecTepHs-3yOdarass peiika» crana XIIT
BOCITOJIE3YEMCSI CHCTEMO# IMHEHHBIX auddepeH-
UATBHBIX YpaBHeHUH [9]:

1 dhy

®,(1)=Lk=12, 1
5 2 ()

rae h, — NUHEHHBIM W3HOC MaTepuana; ¢ — Ipo-
JIOJDKUTETBHOCTh TPOIIECCa W3HAIIUBAHUS, V —
CKOPOCTh CKOJIBKEHUS; T — yJelIbHas Cuiia Tpe-
Husa; @D, (t) — uHTerpanpHas (QyHKIUS H3HOCO-

CTOMKOCTH MaTepHalioB B MPUHATON Mape TPEeHUs
TIpH 33J]aHHBIX YCJIOBUAX TPEHUS;, k — HyMeparus
JJIEMEHTOB TPUOOCUCTEMBI.

VYaenpHas cuia TpeHHs OINpenessieTcs 1Mo 3aKo-
Hy Kynona:

=f-p, 2

re p — KOHTaKkTHoe naBieHue; [ — xoddpdumn-

€HT TPEHUS CKOJIbKEHMUS.
Tak Kak Ui HW3TOTOBIEHWs IIECTEPEH pac-
cMarpuBaemMoil cucremsl XIIT ucnons3yrores ma-
TepHaJbl C BEICOKOM MPOYHOCTHIO, TO AJIS AIIPOK-
CHUMAIIMH UCCIIEAYEeMBIX 3HAUYCHUI (PyHKINU H3HO-
COCTOMKOCTH UCTIONIb3YyeTCst cooTHOMIeHue [11]:

GDk(r):Ck(%)’”u 3)

rae C,, m, — HmapaMeTpbl U3HOCOCTOMKOCTH MaTe-
pHasoB; T, — Ipeel MPOYHOCTH MaTepHasa Ha Cpes.
Cornacuo runotese Tpecka-Cen-Benana [9]:

c
_ %02

ket “4)
rle G,, — YCIOBHBIN Npelen YynpyrocTu Hccle-

JlyeMOT0 MaTepuaia Mpu pacTsKEHUU.
Cornacho [10]:

Gy, =0,70,,

Ile G, — Ipelen IPOYHOCTU MaTepuaia IpH pac-
TSOKEHUH.

OKCepUMEHTaJIbHbIE ~ 3HAaueHHs  (QyHKIUH
®,(t) and pa3snUuUHBIX YPOBHEH HArpys3ku j

(j=1,2,3..) onpenenstorcs o hopMmyIe:
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Dy(z) =2 )

J
rae L — IyTb TPeHHsl; /i, — JIMHEHHbI H3HOC TPH-

0oornveckoil mapel, ONpeneNsieMblii WX MHUKpPO-
METPUPOBAHUEM MU MO YCTaHOBJICHHOMY Macco-
BOMY HM3HOCY.

Paznenss nepemennsie B (1), ¢ yuerom (3), mo-
Jy4aem:

my
Ck Ts

i
IIWMW
y o

t:

(6)
* (V3 o
rac hk — 3alaHHbIM NOITYCTUMBIN U3HOC.

PesyabTaTtsl

Jst TpOOIOTHIECKOM CHCTEMBI «IIIECTEPHS —
3yOuaTas pelika» NMpUHUMAaeM, 4TO YIeJbHas CHJia
TpeHHS T W KOHTAaKTHOE NAaBJICHHWE p OCTAIOTCA

MIOCTOSIHHBIMM TIpY M3HaIMBaHuu. Torna ypasHe-
Hue (6) IPUHUMAET BU/I:

C (t.\™
@:J{i . 7)

v T

Bripaxxenue (7) onpenenser (GyHKIHIO TOJTO-
BEYHOCTH TPUOOIOTMYECKON Maphl «IIECTEPHSA —
3yOuatas pefika». U3 (7) momydaem BhIpakeHUE
JUTSE QYHKITUU H3HOCA TPUOOIOTHYECKON MaphI:

™y
Vi [ T

h =
kaﬂ:

®)

s

g onpeneneHns MaKCUMaIIBHOTO KOHTaKTHO-
TO JIaBJ€HUA B - TOYKe 3alETVICHUS UCHOJb3Y-
etcsa ¢popmyna ['epua:

pjmjn:0548 - (9)

rae £ — Momyns ynpyrocTu marepuana; [ —
MUHUMAaJIbHAS UIMHA KOHTAKTHBIX JIMHUN B 3allell-
JICHUW; p; — NPHUBEICHHBIA PagnyC KPHBU3HBI

npoduiei 3y0I[0B B HOPMAIBHOM CEYCHUH; N —
HOpMaJIbHasI IPUJIOKEHHAs Harpy3Ka.
Cornacho [10]:

_2P1j Py
j - >

Pyt Do

(10)

TAe py;, P,; — KpuUBH3HA Npoduis 3yOLoB, cOOT-

BETCTBEHHO, IIECTEPHU U PEUKH.
KpuBuznsl npoduieii 3y0110B BEIYUCISIOTCS 110
bopmynam:

Py =1; tgloy;to Aty ;

DPaj =1y, 18 Oy,

TAe 7#;, F,; — PACCTOAHMS OT LEHTPA OCHOBAHHS

J
3y0Olla JI0 pacCMaTpUBaeMO# j-H TOYKHM KOHTaKTa

MEeCTCpHU U peﬁKH COOTBCTCTBCHHO, alj’ aZj -

yIJBl HakiIoOHa 3yOIOB K TOPU3OHTAIFHOW OCH
B j-# TOUKE IIECTEPHU U PEUKH COOTBETCTBEHHO;
® — yII0Bas CKOPOCTh IIeCTepHH; At — Bpems Ie-
pemenieHus: mpoduis 3yOla U3 TOYKH HAYAITEHOTO
KOHTAaKTa B j -I0 pacCMaTpUBAEMYIO TOUKY.

Hus n;, ny;

HOIICHUSA:

HUMCKOT MECTO CJIEAYIOIUEC COOT-

;=1 cosa;

_ 2 2
r2j _\/aw+l/ij -2 a, I/i_/ COS(OL—OLU) 5

TZe ¥ — paanuyc IECTepHH; O — YTOJl 3aleTUICHUs;
a,, — IPUBEJICHHOE NePeIaTOUYHOE YHCIIO.

Jns a,, IMeeT MECTO COOTHOLIEHHUE:
_z+z

w 4

m

a

rae z,, z, — YUCIO 3yOIOB IIECTePHHU U PEHKH CO-
OTBETCTBEHHO; M — MOJYJIb 3aLlEIUICHHUS.

CKOpOCTh CKONBXEHHS B j - TOUKE KOHTAKTa
BBIYHCIISIETCS IO PopMyJIe:

7.
- L
v, =l—0—=(1; = n;) tg(o,; + ©At —0)| .
7y
J
HpI/I 3TOM JJIMHA JIMHUNW KOHTAKTa HAXOJUTCS
o popmyre:

I=b (s, ~1+n,), (11)

rae b, — mMpHHA LIECTepHU; €, , 1, — Koddu-
[UEHTHl TOPLEBOrO M TMOIIArOBOTO MEPEKPBITHS
IIECTEPHH COOTBETCTBEHHO.

[MpuBenennsie B (11) KOIPPHUIMEHTHI BBHIYKC-
JISTIOTCS 110 (hopMYyJIaMm:
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t+1t, e y p 21 CITMCOK HCITIOJIb30OBAHHBIX
o t N Z 0 NCTOYHHNKOB
1. AmngpeiikuB, A. E. OueHka KOHTaKTHOTO B3aUMO-
e = r? —rlz —rsino; e, = 2 —r22 , (12) JNEHCTBUS  TpyIWIUXCS  Jerajied  MammH — /

rae r, v, — MakKCUMaJIbHOE PACCTOSIHHUC OT LICHTPA

OCHOBaHUS 3y0Ila 10 BO3MOXKHOW TOYKU KOHTAKTa
IIECTEPHU U PEHKU COOTBETCTBEHHO.
C yuaerom (12), (11) mpuHUMAaeT BUI;

[2_ 2 : [2_ 2
—_ —_ + —
I=b, ri—nR —rsmno+or\r--r S, |(3)

2nr/z

Oynkmus (13) Oymer mpuHUMAThL HaUMEHBITIEE
3HAUCHUE NpH 1} —> ¥, ¥, —> ¥, YTO MO3BOJISET BbI-

OMpaTh IWECTEPHHU C YUETOM 3THX YCIOBHH.

Hayuynasi HOBU3HA U paKTHYecKasi
3HAYUMOCTh

AHanu3 TMOJIy4YeHHBIX COOTHOLIEHWH IS JIOJI-
TOBEYHOCTH, U3HOCA, CKOPOCTH CKOJIBKEHHUS, U~
Hbl JIMHMM KOHTAaKTa TPUOOJOIMYECKOH Iapsl
«IecTepHsl — 3ybuaras peifka» MO3BOJSAIOT BhIOU-
path st ctaHoB XIIT miectepHu ¢ KOHCTPYKTHUB-
HBIMH [apaMeTpaMH, ONTUMAJIBHO YIOBIETBO-
PAIONIMMH TEXHOJIOTUYECKHE YCIOBUS MPOKATKH.
IIpu »>TOM o0O0ecmeunBalOTCI HM3HOCOCTOMKOCTD,
JIOJITOBEYHOCTh CHCTEMBI IPU MUHHMAIBHOM BECE
U TabapUTHBIX pa3Mepax KOHCTPYKLHH, YTO SIBIIS-
eTcs BaKHBIM (PaKTOPOM JJISl TIOBBILICHUS TPOAYK-
TuBHOCTU cTaHOB XIIT. Ananutuueckoe ompene-
JICHHE CKOPOCTH CKOJBXEHHUS Ui TpuOosiorude-
CKOIl mapbl JeaeT BO3MOXKHBIM KOPPEKTHPOBATh
TexHosornueckud nponecc craHos XIIT u BHO-
CUTb KOHCTPYKTHBHBIE HW3MEHEHHsS B CHUCTEMY
«ecTepHs — 3y0uartas peiika» C Lebl0 yBeIude-
HUS €€ U3HOCOCTOMKOCTH.

BoIBOaBI

1. BmepBeie mocTpoeHa MaTeMaTHYecKas Mo-
JIeJTh TPUOOJOTUYECKON CHCTEMBI «IIECTepHA —
3yOuaras peiika» KOHTaKTa 3yObeB C CHCTEMOM.

2. IlpoBeneH aHamu3 MapaMeTPOB CHUCTEMBI
«ImecTepHsl — 3yOdaras peiika» W MOJy4eHBl aHa-
JUTUYECKUE 3aBUCHUMOCTH IS JOJITOBEYHOCTH,
W3HOCA, CKOPOCTH CKOJBXCHUS, JUIHHBI JINHUU
KOHTaKTa TPUOOJIOTHIECKON Maphl.
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OBIPYHTYBAHHS OIIIHKA TA BUGOPY KIHEMATHYHUX
I TPUBOJIOITYHUX XAPAKTEPUCTUK CUCTEMMU «ILIECTIPHSI-
3YBUYACTA PEHKA» CTAHIB XOJIOJHOI IPOKATKHU TPYBb

Meta. Y mporeci poboTu craHiB xosonHoi mpokatku TpyO (XIIT) oOepraHHs BajKiB 3HIMCHIOETHCS 32
JIOTIOMOTOI0 BEAYyYMX ILIECTipeHb, SIKI 3HAXOIATHCS B 3aUEIUICHHI 3 HEPYXOMHMH 3yO4acTMMHU peHKamHu, Lo
CYIIPOBO/IKYETHCSI PI3HUMH TPHOOJOTIYHUMH JedeKTaMu. YHHUKHYTH Ae(EeKTiB MOXIMBO IIiJl Yac JEeTalbHOTrO
JIOCHI/DKEHHSI Ta OOIPYHTYBaHHsS BHOOpY W OLIHKM KiHEMAaTHMYHHUX 1 TPHOOJOTIYHUX XapaKTEPUCTHUK CHCTEMH
«mecTipHs — 3yOuacra pelikay. Meroanka. Cripaiio-BaHHsI BUHUKAE SIK HACIIIIOK ITIJIBUILIEHOTO TEPTS U 3aJEKHUTh
BiJl MIITHOCTiI MaTepiaiy, 3 SKOTO BHTOTOBJICHI IIECTIpHI Ta 3y04acTi pelkd, iX TepMidHOI 0OpOOKH, IPaBHUIEHOTO
BHOOPY MacTmia, HOTo HEAOCTaTHBOI YUCTOTH a00 HECBOEYACHOI 3aMiHH, NIEpEHABAHTAKEHHS IIepeadi Ta iHIINX
¢axTopiB. i OIIHKH CHpAIlOBaHHS 3YOLIB TPHUOOJIOTIYHOI Mapw «miecTipHA — 3y0Ouacra peiika» crana XIIT
pPO3TISIHEMO cHCTeMy AW(EepeHIliabHIX PIBHAHB IMEPIIOr0 MOPAAKY, PO3B’S3YIOUH AKY 3a 3aJaHHMH YMOBaMHU
MOJKJIMBO OJIEpKaTH CIIiBBIIHOUICHHS AJS KiHEMAaTHYHHX 1 TpuOosoridvHnx mapamerpi. PesyabtaTtu. OTprMaHo
CHIBBITHOIIECHHS AJIS1 JOBIOBIYHOCTI, CIIPAIIOBAHHS, IIBUAKOCTI KOB3aHHA, JOBKUHH JIiHiI KOHTAKTy TPHOOIOTIi4HOT
Mapy «IIeCTipHs — 3yOuacra pelika». BoHM 3a0e3medyroTh BHCOKI MMOKA3HHUKH 3HOCOCTIHKOCTI, JOBIOBIYHOCTI
CHCTEMH TP MiHIMaJIBHIA Ba3i Ta rabapuTHUX po3Mipax KOHCTPYKLII, IO € BaXIMBUM (PAKTOPOM VISl 3pOCTAHHS
npoayktuBHOCcTi ctaHiB XIIT. HaykoBa HoBHM3HA. AHaji3 OTPUMAHUX CIIBBIIHONICHb JJIsi JOBTOBIYHOCTI,
CIpaIOBaHHS, IIBUKOCTI KOB3aHHSI, IOBXHHH JIiHI1 KOHTAaKTy TPHUOOJIOTIYHOT MapH «IIECTipHs — 3yO4acTta peiika»
no3Bousie obupatu [yt ctaHiB XIIT mecTipHi 3 KOHCTPYKTHBHUMH MapaMeTpaMHu, SKi ONTUMAIBHO 3a/I0BOJIBHAIOTH
TEXHOJOTiYHI yMOBHM IpokaTtku. IIpakTHMyHa 3HAYMMicTh. AHAQJIITHYHE BU3HAYCHHS INBUJIKOCTI KOB3aHHS
TpHUOOJIOTIYHOI Mapy Ja€ MOKIJIMBICTH KOPEryBaTH TEeXHOJOTIYHUH mponec cTaHiB XIIT i BHOCUTH KOHCTPYKTHUBHI
3MiHH B CHCTEMY «IIECTipHS — 3y04acTa peiika) 3 MeTOr0 30UTbIIeHHS i 3HOCOCTIHKOCTI.

Kniouosi crosa: mectipHs; 3y04acTa peiika; CripalloBaHHsI; XOJIOHA MPOKATKa; KOHTAaKT
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RATIONALE OF THE EVALUATION AND SELECTION OF
KINEMATIC AND TRIBOLOGICAL CHARACTERISTICS OF THE
SYSTEM «PINION — GEAR RACK» OF COLD-PILGERING MILLS

Purpose. During operation of cold-pilgering mills rotation of the shafts is carried out by means of pinion gears
being in meshing with stationary gear racks, which is accompanied by various tribological defects, that can be
avoided during the detailed investigation and justification of selection and evaluation of kinematic and tribological
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characteristics of the system "pinion - gear rack". Methodology. Runout occurs as a consequence of increased fric-
tion and depends on the material hardness of which pinions and toothed racks are manufactured, their thermal treat-
ment, selection of correct lubrication, insufficient oil purity and its untimely change, gears overload and other fac-
tors. To assess the runout of tribological pair cogs "pinion - gear rack" of the cold-pilgering mills we will use a sys-
tem of differential equations of the first order. Using the solution of this system under the given conditions, it is pos-
sible to obtain relations for kinematic and tribological parameters. Findings. Relations for the durability, runout,
sliding speed, and length of the line of the tribological pair "pinion - gear rack" contact are obtained. They provide
high indicators of runout and durability of the system with minimum weight and overall dimensions of the design,
which is an important factor to increase efficiency of cold-pilgering mills. Originality. The analysis of the relations,
which was obtained to identify durability, wear, sliding speed, and the length of the line of the tribological pair "pin-
ion - gear rack" contact allows you to choose for cold-pilgering mills special pinions with the design parameters,
which optimally satisfy the technological conditions of rolling. Practical value. Analytical determination of the slip
velocity for tribological pair makes it possible to adjust the technical process of cold-pilgering mills and to make
constructive changes in the system of "pinion - gear rack" in order to increase its wear resistance.
Keywords: pinion; gear rack; runout; cold rolling; contact
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MOIEJIOBAHHSA 3ATAY TPAHCIIOPTY
TA EKOHOMIKHA
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KOMIIVIEKCHE OLIHIOBAHHSA CTAHY TA SAKOCTI
®YHKIIOHYBAHHS 3AJIIBHUYHUX CTAHIIHA

Merta. Po3poOka HOBHX Ta YIOCKOHAJCHHS ICHYIOUMX METOIB OIIHIOBAHHS CTaHY W SKOCTI (yHKIIIOHyBaHHS
3aJi3HUYHUX CTAHIIN JJI MiIBUIIEHHS eeKTHBHOCTI iXHBhO1 poboTtn. MeToauka. Y mporieci JOCTiKEHHS BUKOPH-
CTOBYBAIIUCS 3aCO0H JIOKAIBHOTO, TPOTHOCTUYHOTO, arPETOBAHOTO Ta IHTEPAKTHBHOTO aHANI3IB CTaHY, a TAKOX KO-
cTi (pyHKITIOHYBaHHS €JEMEHTIB CTaHMIWHOI iH(ppPacTpyKTypHu i 0OpoOKHM moi3niB Ha CTaHIAX. JIOKambHI OIiHKH
OZIEP)KYIOTBCS HAa OCHOBI Pe3yJbTaTiB IUIAHOBUX 1 MO3aIUTaHOBHX OTIAniB. Ha ocHOBI Habopy JOKaTbHUX OLIHOK
OyIyIOThCSI arperoBaHi OIIHKHM Pi3HOTO CTYNEHS 3arajJbHOCTi. MeToX IHTepaKTUBHOTO OIiHIOBAaHHS IPYHTYETHCS Ha
aHani3zi JoTpuMaHHs Tpadika pyxXy moizaiB. Meroa NMPOrHOCTUYHOrO aHaji3y BUKOPHUCTOBYE IEPEAICTOPIIO OLIHOK,
OJIepKaHKX IIiJ] Yac Mmonepeanix onidis. Pe3yabTaT. BHACTIIOK MPOBEACHUX JOCIIIKEHb 3aPOMOHOBAHO KOM-
TUICKCHUH AeTePMIHICTHYHHNA IMiJXi/] O OLIHIOBAHHS CTAHIIIHOIO rocroaapcTBa Ykp3amizuuili. Lle# miaxin 103B0-
JIsi€ BCTAHOBUTH JIOCTaTHHO HMOBHY M 00’€KTHBHY KapTHUHY CTaHy, SIKOCTI (yHKLIOHYBaHHS Ta B3aeMOJii 00’ €KTiB
cTaHIiiHOTrO rocnoxapcTBa. HaykoBa HOBM3HA. YJOCKOHAJICHO ICHYIOUMI METOJ OLIHIOBaHHS €JIEMEHTIB CTaH-
uiitHoi iH(ppacTpyKTypH. 3alpONOHOBAHUN METOJ IHTEpaKTUBHOTO OI[IHIOBaHHS JIO3BOJISE 3JiICHIOBAaTH Oe3nepeps-
HUI MOHITOPHHT SIKOCTi ()YHKITIOHYBaHHS CTaHIIii MK TUNTAHOBHMH OTiisiiamy. IIpakTHYHA 3HAYMMICTh. 3amporoHo-
BaHy METOIUKY KOMILJICKCHOI'O OLIIHFOBaHHS MOXKHA 3aCTOCOBYBATH JI0 CTPYKTYPHHX OJIMHHIE CTAHLIHHOIO TOCHO-
JapcTBa pi3HOTO piBHA iepapxii. Po3pobiene nporpaMue 3a0e3neueHHs T03BOJISE OEPATUBHO OPIEHTYBATHCA B pe-
3yJbTaTax OLIHIOBAHHS Ta JIOKAJi3yBaTH BUSABJICHI HEIOIIKH.

Kntouosi cnoea: cranmiiiHe TOCHOAAPCTBO; AKICTh (DYHKIIOHYBaHHS; OLIHIOBAaHHS, IMPOTHO3YBAaHHS, arperamis;
Oe3rnepepBHAN MOHITOPHHT

Beryn moizmiB [1, 10], edexTrBHA OpraHi3allis BaroHOIIO-
TOKIB [2] Tomo. HaBejeHi HampsMKH JOCIIIKEHb
CTPSIMOBaHI Ha MOKPAIIEHHSI OCHOBHUX KiTBKICHUX
(HaBaHTa)XCHHS 1 BHBAHTaXXCHHS BaroHiB, BaHTa-
XK000ir, macaxxupooOir [6, 14]) Ta saxicHux (Tpodir
BaroHiB, MOi31iB, JOKOMOTHBIB [16]) ekcmryaTa-
mianx mokasuukis 3TC.

HesagoBinpuuii cTaH 3ami3HMYHOI KOJIii, CTaH-
uiiiHo1 iHppacTpykTypu abo moi3xa, HesiKicHa po-
00Ta TPalliBHUKIB 3aJi3HUIII B KPalOMYy BHITAIKy
MOXXYTh CIIPUYMHHUTH BiIXWJICHHS Bij rpadika py-
Xy TOi3AiB. Y TipIIOMy BHUMAAKy HaBeleHI BHIIE

3amizanmyna TpancnoptHa cucrema (3TC)
VYkpainu 3a0e3neuye 0au3pk0 S50 % ycix BaHTax-
HUX Ta TACAKUPCHKHX IEPEBE3CHb TEPUTOPIEID
kpainu [10]. V Toii xe yac Maiibke MOIOBHHA Bil-
MpaBJIcHb MPUOYBAE y MYHKTH MPU3HAYCHHS 13 3a-
TpUMKOI0. TOMy aKkTyalbHUM € TNPOBEICHHS J0-
CIJIKCHb, CIIPSMOBAHUX Ha MiJABUINCHHS e()EKTH-
BHOCTI (¢yHkiionyBanHs 3TC. OcHOBHUMHU Ha-
MpsIMKaMH  TaKUX JIOCHIPKEHb € po3poOka Ta
YIOCKOHAJICHHST TEXHOJIOTIYHUX TPOTICCIB 3aTi3HU-
YHUX cTaHMii [1, 3, 7], ontumizauis rpadika pyxy
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00CTaBHHH, SIKIIO HE KOXKHA 30KpeMa, TO Yy CyKYII-
HOCTi, MOXYTb CTaTH NPUYMHOIO 3ATi3HUYHOI aBa-
pii. ToMy 3Ha4Ha yBara IpHOUIIETHCSA OIIHIOBAH-
HIO CTaHy Ta SKOCTi (PYHKI[IOHYBaHHS OCHOBHHX
00’€KTiB 3ali3HMLI, a TAKOXK HEMEPEepBHOMY MOHi-
TOPUHTY TIpolieciB, ski BigOyBatoThcs y 3TC,
3 METOIO 3armo0iraHHs aBapiHUX CHTYaIlid Ta Io-
KpareHHs edekTuBHOCTI ii podoTu [3, 12, 13, 16,
17, 19].

Merta

Ha cporogmi s KOHTpoOmiO craHy 0O’ €KTIB
cranuiitnoro rocmogapcrea (CI') BukopucToBy-
IOThCS Bi3yalIbHI OIVISAJM Ta CIICLiadi30BaHa TEXHi-
ka [5]. Bigxunenns Bix rpadika pyxy noiznuiB ¢ik-
cytoTecsi B iH(opmamiiiHux cucremax Y3, ki
3MIACHIOIOTH BiOip, 0OpoOKY Ta Bi3yamizallito iH-
dopmamii mpo ¢yskmionyBanHsa 00’ekTiB 3TC.
[IpoTe yepe3 BiACYTHICTH aBTOMATH30BaHUX 3aCO-
0iB aHamizy wiei iH(opMmaii, OLIHIOBaHHS Pe3yJib-
TaTiB POOOTH CTAHIIIT 3arajoM € cy0’ €KTHUBHUM.

VY miit cTaTTi MPOTIOHYETHCS KOMITICKCHHUM JIe-
TepMIHICTHYHHNA Tiaxing mo omiHroBaHHA CIT V3,
SIKUH TIOJISITae y MOETHAHHI TPOIIeTyp JOKAIBLHOTO,
MPOrHOCTHYHOTO, arperoBaHOr0 Ta IHTEPAKTHUBHO-
TO OI[iHIOBaHHS OCHOBHUX WOTO CTPYKTYpPHHX
OJIMHUIIL Ha BCiX piBHsX iepapxii. Le#t minxix mo-
3BOJSIE  BCTAHOBHTH  JIOCTaTHRO TOBHY Ta
00’€KTHBHY KapTHHY CTaHy, SKOCTI (YHKIIOHY-
BaHHS Ta B3aeMoii 00’ ektiB CI' 3 MeTor0 TIogaITB-
I0TO TiABHIIEHHS e()eKTUBHOCTI IXHBOI pOOOTH.

MeTtoauka

Opranizartiss pyxy O3B Ha 3aJIi3HUII TEPIIT
32 BCE 3aJIEKUTHh BiJ 37aro/HKeHOro (yHKIIOHY-
BaHHs cTaHliiHOTO rocroxapctea (CI') 3aramom ta
poboTu KoxkHO{ okpeMoi cTanmii. Jlo ckiaxy craH-
MIHHOTO TOCTOMapCcTBa YKP3ali3HHI BXOMISITH
1 498 cranmii Ta 129 Bok3ame [10]. 3ami3HUYHI
CTaHIlii 32 CBOIM MPU3HAYCHHSM TOJUISIOTHCS Ha
MacaXMPChKi, BaHTAXKHI, COPTYBaJIbHI, AUTBHHYHI
1 IPOMDXKHI Ta, 3aJeKHO BiJl 00CATY 1 CKIIATHOCTI
BUKOHAHHS TACaKUPCHKUX, BAaHTAKHUX 1 TEXHIid-
HUX oOIlepauiid, MOXyTb OyTH MO3aKIacCHUMH abo
Matu 1-5 kmac [9]. Benuki craniiii, 4acTka SIKUX
y 3arajibHii CTPYKTYpi 3aTi3HUIN HE TEPEBHIILYE
10 %, € ckmaganmu cucreMamu (CC), CKIaT0BHMH
AKHX MOXYTh OyTH CTaHILIi BCiX MepepaxoBaHHX
BHUIIC BUJIB, a HAOIp peanizoBaHUX (PYHKIIIH — pi3-
HOpITHUM Ta YHCIECHHUM. 3arajioM KO)KHa BEIHKa

CTaHIlis TOTpPeOye CaMOCTIMHOIO TOCIIiIKEHHS.
3 morsaAy aHamizy SKOCTI (PYHKITIOHYBAaHHS CHC-
TEMH 3arajioM cTocoBHO Takux 00’ektiB 3TC mo-
LTBHO OYAyBaTH OKpEMi METOJMKH KOMILJIEKCHOTO
OIIIHIOBaHHA. MM X 30CEpemIuMOCs Ha CTaHIIISIX
2-5 xjacy, SiKi € TMPOMDKHHMH Ha 3alli3HWYHHUX
JMHIgX Ta ckiagaTs noHany 90 % CI' V3. OcHoB-
HOIO (DYHKIJIEIO CTaHIIi 2—5 Kiacy € 3a0e3neueHHs
HagiiHOTO, O€3mepediiHOTO PyXy Ta 00pOOKH ITOo-
i31iB, sIKi TPOXOMATH Yepe3 Hel 3TriHO 3 BCTAHOB-
neHuM rpadikoM. Peamizauis wiei ¢pyHkuii Bu3Ha-
Ya€eThCs CTAHOM iHPPACTPYKTYpH CTaHIIii Ta opra-
Hi3aIli€l0 TEXHOJOTIYHOTO TPOIleCy il podoTH, sSKa
MPSIMO YW OITOCEPEIKOBAHO BiJl I[LOTO CTaHY 3aJIe-
KUTh.

CraHInis € BIIKPUTOIO CHCTEMOIO, Ha SIKY BILUIH-
BalOTh BHYTpIIIHI (CTaH 00’ €KTiB iHPPACTPYKTYpH,
OpraHizauis TeXHOJIOTIYHOTO MPOLECy) Ta 30BHIMI-
Hi (poOoTa IHIMUX CTaHIH, CTaH MIKCTaHIIHHUX
MIePETOHIB, YYTIMBICTh Tpadika pyxy IOI3IIB 10
MaJIUX 3aTPUMOK TOIIO) YNHHHUKH. YacTUHA 3 HUX
Ma€ BWITAJKOBUI XapakTep, IHII MOXYTh OyTH
perynsapHuME. MeTa 1[bOT0 IOCIIIKEHHS MOJIsATae
y BUSIBJICHHI PeTyJISIpHUX (PAaKTOpIB, sSKi HETAaTHBHO
BIUIMBAIOTh Ha poOOTY CTaHLIii.

OmiHIOBaHHS CTaHIli BUKOHYETHCS 3a PE3yiIb-
TaTaMu IUTAHOBHX OTJISAIB Ta HEMEPEPBHOTO MOHi-
TopuHry ii poboru. Ilig uwac mIaHoBOrO OrsAYy
Hacamriepesl 3AIHCHIOETHCS JIOKaJIbHE OI[iHIOBaHHS
CTaHy BCiX 00’€KTiB iHPpaCTPyKTypH CTaHIIii, O-
TiM — miponecy ii QYHKIIOHYBaHHS, TOOTO SIKOCTI
00poOKHM TOi3/iB, AKi Yepe3 II0 CTaHII MPOXo-
1Th. OmiHKa 1HPPACTPYKTYPHU € TEPIIOISPTOBOIO,
OCKIJIbKHM HE3aJIOBIIBHUN CTaH OKPEeMHUX 11 eleMeH-
TiB MOK€ HE J03BOJIUTU SKICHO BUKOHYBATH OIIe-
pariii 3 moiznamu.

OnepxaHHs YHACTIIOK OCTAaHHBOTO TIAHOBOTO
JOCIIKEHHS BIAMIHHUX BiJ HEraTUBHHUX OLIHOK
CTaHy Ta SKOCTI POOOTH CTaHIIi 30BCiM HE O3Ha-
Yae, M0 BOHU 30€peXyThCS TAKHUMH XK 10 HACTYTI-
HOTO orsiny. ToMy Ui BiICTEKEHHS MOKJIHBOCTI
Mepexoy CTaHy iHQPACTPYKTYpH depe3 «Iopir
Oe3mekny» [17] Ta morepeKeHHS HETaTUBHUX TEH-
JeHIiH y poOOoTi CTaHWIl B MPOLeAypy OLiHIOBAHHS
HEOOXiZHO BKIIIOYATH MPUHAHMHI KOPOTKOCTPOKO-
B IPOTHOCTHYHHIA aHAIi3 MOBEAIHKH 11 OI[iHOK.

KinpKicTh JTOKAJIBHUX Ta MPOTHOCTUYHHUX OITi-
HOK CTaHy Ta mpouecy (yHKIiOHyBaHHS CTaHIIi
MOJXE CATaTH THCSY ONWHUIG. J[1s1 ormepaTuBHOTO
OTIpaITIOBaHHS BHCHOBKIB OITIHIOBAaHHS MU BHKOPH-
CTOBYEMO MPOIIEAYPH arperaiii Ta 3aco0M HHU3Xija-
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HOTO aHaJi3y yIs JIOKajizamii 00’ €KTiB, SKi ofep-
JKaJIy HEraTUBHI YX OJIM3BKI 10 HUX OLIHKU.

HenepepBHuii MOHITOPHHT pOOOTH CTaHLii BU-
KOHYEThCS IUISIXOM MOCTIHHOTO aHami3y IOTpH-
MaHHs Tpadika pyxy HOi3miB, sSKi 00pOOISIOTHCS
Ha Hil. [le mae MOXKIUBICTH 3MIMCHIOBATH OIOCE-
penKoBaHUWH, aie IOCTaTHhO 1HQOPMATHBHUHU Ta
OTICPAaTUBHUM KOHTPOJb 3a pPOOOTOI0 CTaHIIIi.
VY noenHaHHI METOH JIOKAIBHOTO, TPOTrHOCTHYHO-
ro, arperoBaHoOro Ta iIHTEPAKTUBHOTO OLIHIOBAHHS
YTBOPIOIOTH METOJIUKY CHCTEMHOTO KOMITJIEKCHOTO
aHaji3y craHy, SKOCTi (YHKIIOHYBaHHs CTaHIIi Ta
ii B3aemopmii 3 iHmMu 06’ extamu 3TC.

Oyintoganusi cmany cmanyitinoi iHgpacmpyx-
mypu. Sk TpuKNazn, po3risHeMO iHPPACTPYKTYpY
npoMixkHOi craHiii CuxiB 4-ro xiacy JIbBiBChKOT
3ammizHuI. CxeMa 11iel cranIii 300paskeHa Ha puc. 1.
Bona Bkiouae Taki 00’€KTH, SIK KOJIHHHNA PO3BU-
Tok (1-10), HaBaHTa)XyBaJbHO-PO3BAHTAXYBaJIbHI
npuctpoi (12), macaxupcrki npumitierHs (11) ta
miatdopmu (13—14) Tomo. BuzHauanpHOIO CKia-
JIOBOIO 1H(PACTPYKTypH, sKa 3abe3reuye peaniza-
it0 OCHOBHOI PyHKIIi cTaHMii € ii KOMHHUN PO3-
BHUTOK. J[711 HOTO OIIHIOBaHHS BUKOPHUCTAEMO Me-
TOJIUKY, 3aIIPOIIOHOBaHY B po0oTi [12].

Komitiauii po3BUTOK CTaHIii D € CYKYIHICTIO

KOJIH pi3HOTO TpH3HAYCHHS: D = {Dl.}fil. Ha cra-
Hli CuxiB 10 MHOXHHH [ HalleXaTh TOJIOBHA
komist (D;), HaBaHTaXyBaJbHO-BUBAHTAXKyBaJlbHA

(D,),
(D;—D,), nix’i3Ha xomig ( Dy ) Ta BIOBIIOIOYI Ty-

KOJTist MpUMaTbHO-BIAPABOYHI KOl

nuku (D,, D,,). Koxny 3 koniii D, po36uBaemo

Ha eJIeMEHTapHI NiJISTHKU DAj , jJ=LN,, i=1LN,

1
SK1 BiIPI3HSIOTBCS CBOIMU IMPOCTOPOBHMH, KOHC-
TPYKTHBHUMH Ta iHIIUMH OCOONHMBOCTAMHM 1 pO3.Ii-
JIeHI CTPUIOYHMMH NEepeBOJaMH, NepexoiamMH, Ie-
peizmaMu Toro. 3a IMMH 03HaKaMH TOJIOBHA KOJTis
cranmii CuxiB MNOIUISETECA HA TPU IUITHKU
(muB. puc. 1): kpusa (D, ), npsaima ( D, , ) Ta KpuBa

(D, ;). 3aranom KouniifHui pO3BUTOK wLi€i cTaHLil

cKIamaeThest i3 34 eneMeHTapHUX MUISTHOK, SKi
MaloTh pi3HE MPHU3HAYCHHS, KaTeropii i BiApi3HA-
I0ThCSl BCTAHOBJICHMMH HOPMAaTHBaMH CBOE€i 0y/10-
BU Ta MaKCHMAaJbHO JOMYyCTUMUMH BiAXWICHHSAMU
Bix HUX [9, 15].

KoxHa 13 elleMeHTapHUX IUISTHOK CKIIAIa€ThCs
13 BU3HAYECHOT0 HA0OpPY KOMITOHEHT, TaKUX SIK Pei-

114

KM, Imnany, 0anacT, 3eMJsIHE MOJ0THO Towlo. Jlns
KOXKHO{ 13 IIMX KOMIOHEHT (QopMyeThcs Habip Xxa-
PaKTEepPHCTHK, sIKi OMUCYIOTH ixHil craH. [lo3Ha-

k

’j(x)}kK;f , x€[0,X, ;] — HalGip xapakre-

quMo {f;

PHUCTHK €JIeMEHTapHOI ALIAHKU D, Ix X.. — nos-

i,j

— obnacTh AOMyCTH-

k
fi(x), sika

OynoBu

KUHA JUISTHKHY; Fik/[O,Xi i

MHUX 3HAUCHb XapaKTCPHUCTHUKU

BU3HAYA€THCA CTaHAapTaMu KOJ'Ii'l',

k=LK, ,, j=LN;, i=1LN. Y npoueci nocmi-

JDKeHHS HaMu Oyno BuzineHo monax 40 xapakre-
PUCTHK CTaHy KOJIii 1 BU3Ha4eHO 4 OCHOBHI THITH
TXHBOT MOBEIIHKYU Ta BUIIIALY 00NACTi JOMYCTHMHUX
3HaueHsb [12].

Puc. 1. Cxema craunii Cuxis

[Mpuanmn moOynoBH alNrOpUTMIB JIOKAIBHOTO
OLIIHIOBaHHS MPOLIIOCTPYEMO Ha TPUKIALl aHaTi3y
MOBEIHKH XapaKTepUCTHKH f(x), sKa OmHcye

B3a€MHE BEpPTHKaJbHE PO3MIIIEHHS pEeHOK Ha [i-
asgHUl D, , mij yac pyXy Hoizaa 3 MaKCUMaabHUMHU

JUTS 11i€i OUIAHKHM IIBUAKICTIO 1 Baroro. Jlms miei
XapaKTePUCTUKU 00JacTh JOMYCTUMHUX 3HAUYCHb

mMae BUNAA  G={f(x):  foom <SS (X)) fras
x€[0,X,]1}, 1€ [ =5 MM — MakCMMAaJIbHO 10-

ITyCTUME BIIXWICHHS XapaKTepucTuku f(x) Bifm il

HOPMAaTUBHOTO 3HaueHHA f, . =0 MM. 3HaueHH

norm
f(x) BU3HAYAKOTH IiJ] Yac OISy KOJii BarOHOM-

JIe(PEKTOCKOIOM.
BBaxkaemo (muB. puc. 2), 110 MOBEIiHKa XapaK-
TEPUCTUKH € «BIAMIHHOIO», AKIO f(X)= f, >

xe[0,X,,]. Hinobnacre (f,,,,,Y], ne 3Ha4EHHS
vy =2 MM oOpaHe 3TiTHO 3 BUCHOBKAMH CKCIIEPTIB,

BIIMIOBiIa€  TOBEMIHII  «HOOpe», Migo0JIacTh
(V> fax] — TIOBenIHII «3a70BiIBbHOY». SIKIIO 3HAa-

4yeHHA f(X) HEpeBUIIYIOTb BEIUYUHY f, .., TO
MOBE/[IHKA XapaKTEPUCTHKH BBaXAEThCS «HE3aJ10-
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BUIBHOIO». 3pO3yMijo, IO MoBeaiHka f(x) Ha
IUIAHII KoJtil BU3HAYaeThes 3a 11 HallOUIBIIUM Bifj-
XWISHHSIM Biji HOpMmatuBy. Ha puc. 2 Takox 30-
Opaxeno (nmiHii 1-3) Tpu BapiaHTH MOBEMIHKH Xa-
PaKTEPUCTUKHU Ha €JIEMEHTAPHIN JUISHIII.

s oIiHIOBaHHS JTOCIIPKYBAHOI XapaKTepHc-
TUKU OyJIeMO BHUKOPHCTOBYBATH JBa mimxonau. [le-
pmwii 13 HUX (QopMye yTOUHEHY OalbHY OIIHKY
ec, (f) Ha miacraBi aHaNi3y BENWYMHH MaKCHMa-
nmeHUX 30ypens f(x), x€[0,X] Ha enemeHTapHIN
JIJISIHIN, & came: BBa)XAeEMO, 110 3HAYCHHS e, ( )
JTIOPIBHIOE:

5, AKILO ”f(x)”co[o,)(] = foorm’

4+ (y-|f (X)||CO[O, W)V

KO [ < |f (x)||cn[0, <V

34 (Sonax — ||f(x)||co[ojx])/(fmax -7,
Akttt Y <[ L, 0.1y S Sonax'

2, 9KWo f, <|f (x)"Co[o,X]'

Hpyruit miaxin dopMye YTOUHEHY OalbHY OIIi-
HKy e, (/) Ha miicTaBl aHam3y MacoBOCTi 30y-

peHb f(x) Ha enmeMeHTapHil HiNSHIN, a caMe: BBa-

Kaemo, o 3HaueHHs ¢; (f) IopiBHIOE:
5, 10 [ £, .0 = Frorm'
4+ (VX =[f )/ VX
KO o <[ S (X)) SV
34 U =INX =1 Ao ) o =
WX,

AKIIO Yy < ”f(x)”CO[O,X] < f;nax )

2, Km0 f, <[/ (x)"Co[OJ(]‘

Hapa owminok e (f)=3,05, ¢, (f)=3,94

03Hayae, 110 B3JIOBXK OOpaHOi elleMEeHTapHOI Jiss-
HKMA € JIMIIE TOYKOBI MICIS, J¢ 3Ha4YeHHs f(x)

€ OJMM3BKUMH JI0 JOITYCTUMHUX MeX. Taki HeOiKH
MOYKHA YCYHYTH 32 JJOTIOMOTOI0 HE3HAYHOTO JIOKa-
JBHOTO PEMOHTY (AMB. puc. 2, miHis 1). Y Toit xe
Jac mapa OWiHOK e (f)=3,01, ¢, (f)=3,02

CBIMYUTH, IO CTaH AUISHKH 3 OTJIATYy Ha JOCHi-
JDKYBaHy XapaKTEPUCTHUKY € OJM3bKUM 10 KpH-
TUYHOTO 1 BOHa MOTpeOye CEpHO3HOTO PEMOHTY

(nuB. puc. 2, ninis 2). Ilapa ouinok eq, (f)=3,95,
e, (f)=3,90 o3Hayae, m10 CTaH OUISHKH 3 OTJISAY

Ha JOCHTIDKyBaHy XapaKTEPHUCTUKY € OIM3BLKHM 0
«nobporoy» (auB. puc. 2, minis 3). Tobto, modymo-
BaHI HAMHU OLIHKU JAal0Th JOCTaTHHO KOHKDETHY,
OOTrpyHTOBaHy Ta 3pO3yMLIy MEpeciyHOMY KOpHC-
TyBady iH(pOPMAIIiIO IPH TOCIIHKEHH]I CTaHy KOJIi.

PosrnsHyTrii BUIlE MPUHLIKI MOOYAOBH YTOY-
HEHHMX OLIIHOK MOXXHa JIEKO aJanTyBaTH A0 OLi-
HIOBaHHS BCiX XapaKTEPUCTHK EJIEMEHTIB KOJIHHO-
rO PO3BUTKY Ta iHIIUX OO0 €KTiB iH(pacTpyKTypH
cranmii [11].

AHanoriuHo OyIyIOTbCS YTOYHEHI OI[iHKH
ec (f), e, (f) mst nepoi MoX1iAHOI XapaKTepuc-

TiKA f(X), AKi JAIOTh 3MOTY TIPOaHAai3yBaTH JH-

HaMiKy 3MiHM CTaHy KOJii B3IOBX €JIeMEHTapHOI
mingaka. OcrIorya JUHAMIKA 3a3BHYail CBifg-
YUTh TPO 3HIDKEHHS KOM(OPTHOCTI Ta Oe3MeKH
PYXy HOi3IiB, 0COONMBO Mia 4ac 30UIbIIEHHS iX-
HBOT IIBUIKOCTI.

S(x)g

-r:u'.ns

f”D?"HJ

Puc. 2. [Ipuknaan NOBEOIHKN XapaKTEPUCTHK
elleMEeHTapHOI AiTSHKY Komii (Bigpi3kn x,, i=1,8,
BIIIIOBIIAIOTh PeHKAM JITHKH)

KopoTkocTpokoBe mporHo3yBaHHS c(hopMOBa-
HUX BHIIE OI[IHOK XapaKTEPUCTUK EJICMEHTapHOI
IUISHKH 3JIIHCHIOEMO 32 JIOTIOMOTOI0 TaKOTO €KCT-
panosiiHoTo anroputMy. Hexait {e,},L:1 , L>2,
— TEePeIICTOpis OIIHOK, OACpKAaHUX ITiJl Jac Ipo-
BEJCHHS TMOMNEPEJHIX IUIAHOBUX  JIOCIIIKEHBb
B MoMmeHTH uacy t, €[0,7], [/=1,L. Ilo3Hauumo

{@,(t)}_, cucTeMy TiHiiiHO-He3aNeKHUX (DYHKITIH,
Bm3HaYeHNX Ha mpoMikky [0,7]. [ToObymyemo dy-

L
HKIIiIO e(?) =Za,(p, (t), me {a,},L:1 — BEKTOp Koe-
=1

¢imieHTiB, SAKi  BU3HAYAIOTBCI 3 YMOBH
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m=1,L. Tomi mporHO30BaHE

L
Zal(pl(tm) =€,
1=1

3HA4YCHHA OI_IiHKI/I XApPAKTCPUCTUKU B MOMCHT tL+l .
HAIIpUKJIIaA, HACTYIIHOTO INNIAHOBOI'O OIJIAAYy OTpHU-

L
MY€EMO 13 CIIBBIJHOIIECHHS e(tL+1)=Za,(pl(tL+l).
=
Sk 1 npu ozmeprKaHHI HE3aJOBIIHLHOTO BUCHOBKY 32
pe3ysbTaTaMu OISRy, TaK 1 NPH HEraTHBHOMY
MPOTHO31 TIOBEIIHKN XapaKTEPUCTHUKH, CIIi1 BU3HA-
YUTU [ii, AKi AaayTh MOXKIUBICTh 3aMO0ITTH HOTO
pearbHOMY BTLICHHIO.
Axmo xo4a 6 oxHa i3 ouiHok €., (f), e, (f),

e, (f), e, (f)e «He3a/0BIIBHOIOY, TO y3araibHe-

HY OIIHKY 33/1aHO1 XapaKTEPUCTUKHU TEK BBAKAEMO
«HE3aJI0BIIbHOIO». B iHIIOMY BUNaIKy y3arajibHe-
Ha OIliHKA ITOBEIIHKH XapaKTEePUCTHKH f(x) BH-

3HAYAETHCS 32 (POpMyIT0I0
E(f)=(pc,ec, (/) +pcec (f)+p e, )+
+pp e, (NAPe, +Pc, +Pr, +P1) > (1)

ne Pc,> P> Pr, > P, — BaroBi KoeilieHTH, SKi

BU3HAYAIOTh MPIOPUTETHICTh MapaMeTpiB OIiHKH
XapaKTePUCTUKHU.

I1ix wac mporpaMHoi peaizallii pe3yIbTaTi OIli-
HIOBaHHSI XapaKTEPUCTHK €JIEMEHTAPHOI UISHKA
BimoOpakaloThcsl Ha Jiarpami, 300pakeHiil Ha puc.
3. Tyt k — 3arampHa KUTBKICTh XapaKTEPUCTHK [ii-
JITHKH, 3alITPUXOBAaHUI CTOBIIEIh JliarpaMu BifIo-
BiJJa€ KUTbKOCTI XapaKTEPUCTHK, SIKi HE OIIHIOBa-
JIUCh, a 1HII CTOBIIII — XapaKTEPUCTUKAM, ITIIIOTHC-
JIOBa YacTUHA YTOYHEHUX OAaJIbHUX OIIHOK SIKHX
JTIOPIBHIOE BiATIOBITHOMY 3Ha4€HHIO OCi a0CIIUC.

Kirammanas KypcopoM Ha CTOBIIII JiarpamMu Cy-
MPOBOJIKYETHCST BiIOOpayKeHHSM TalJHIll Xapak-
TEPUCTUK, IIJIOUYNCIIOBA YACTHHA OIIHKH SKHX Ma€
BIJIITOBITHE 3HAYCHHS (IUB. Tabd. 1). SIKmmo oriHka
HaOyBae 3Ha4YeHHS OibINe, HOK 2, TO B TaOJIHII
HaBOJIUTHCH 11 KOHKPETHE 3HAUCHHS.

KiikaHHS KypcopoM Ha Ha3Bi XapaKTepUCTHKU
y Ta0nWii CYMpOBOIKYETHCS BiTOOpaKeHHIM
rpadika i moBeninku Ha (oHi 001acTi HOMyCTHU-
MUX 3HAu€Hb Ha CJIEMEHTAPHIN AUISHIN, CXeMaTh-
gHE 300pa)KeHHS SKOT'0 HaBeICHO Ha puC. 2.

Ilpu ¢opmyBaHHI y3araabHEHOI OUIHKK E,

eleMeHTapHOI JUIsHKM D, ;  ClIijt BpaxoByBaTH

116

peanbHy KUIBKICTh OIIHEHWX XapaKTePUCTHK. To-
My 3Ha4YeHHs E, ; 00uMCIoemo 3a GopMyIioio

Kf’j K‘-’j
E =280, E)I 2800 @)
k=1 k=1

e E( flk/) — OLIHKAa XapaKTepUCTUKU flkl (x),
oZiepKaHa 3a CHiBBiAHOIIEHHAM BUrLy (1), pll.‘, ;

— BaroBi KOe(ilieHTH, SKi BU3HAYAIOTH TIPIOPUTET-
HICTb XapaKTEePUCTHK JUIsHKH D, ;

k .
v 0, sxm1o fi,j HE OI[IHIOBAJIACK,
ij

1, sIK1Io flkj OI[IHIOBAJIACh,

K

1) _

8 ,>0,k=LK,,, j=LN,,i=L,N.
1

i,j° i
k=

Tabnuns 1

IepeJik xapakTepUCTUK AJISTHKH T'OJIOBHOT KOJTil
cTaHii i3 3a/10BUILHUMU OI[IHKAMU

Ne XapakTepucTuka Ominka
7 Hedexr peiiku 3 11iBOi CTOpOHU 3,44
16 | Bixcranp Mi>k CTUKOBHMH IITTIaJIaMHU 3,89
21 3acmiueHHs Oanacty (pakuissMu 3,27
ounbme 1 MM
23 BinxuiaeHHs BUCOTHUX ITO3HAYOK 3,59
0Cl 3eMJISHOTO IOJI0THA

Cranuin Cuxia: ainAxka ronosHoi konii D,

Puc. 3. [liarpama po3moiny XapakTepuCTHK AUISTHKA
TOJIOBHOT KOJTIi CTAHIIIT 32 3HAUCHHSIMH OIIIHOK

Pigenb C; ; MOKPHUTTS OLHKaMH €JIEMEHTapHO]

AUHKA D, ;, IKUH BPaxOBy€ HE JIMLIC KUIBKICTH
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OITIHEHUX XapaKTEPHUCTHK, a 1 iX MPIOPUTETHICTD,
BU3HAYAEMO 34 CIIIBBIIHOIIEHHAM

C, A—IOO%XZSUp”/ZP,,, 3)

TOOTO TIpU OJHAKOBIM KIJBKOCTI OI[iIHEHHX Xapak-
TEPUCTHK, PIBEHb IOKPUTTS OIlIHKaMH OyIe BHU-
UM JIJIs1 HA0OPY XapaKTePUCTUK 3 BUIIUM CyMap-
HUM npioputeToM. OJiep)KaBIIM TaAKUM YHHOM Ha-
Oip OIIIHOK eJIeMEHTapHUX iJISHOK, BU3HAYAEMO
arperoBaHy OLiHKY Koiii D, Ta piBeHb ii HOKpPUTTS

OLIIHKAMH:
E; = Zp,, /Zp,,, @)
Ci= Zp” /Zp,,, (5)
Ae p;; — BaroBi KoeQiui€eHTH, sKi BU3HAYAIOTH

NPIOPUTETHICTD JUISHOK D, i J= LN, xomi D,,

i=1,N.

Ha migcrai HaOopy OLIHOK yCiX KOJii BU3Ha-
YaEMO arperoBaHy OINIHKY KOJIHHOTO pPO3BUTKY
CTaHI1 Ta piBeHb 11 MOKPUTTS OI[IHKAMH 3aTrajioM:

N N
E=2pE ) pi. (6)
i=1 i=1

N N
szpici /zpi > (7
i1 i1

ae p; BaroBi Koe(imi€eHTH, SKi BU3HAYAIOTH

HpIOPUTETHICTD KONill D, , i =1, N, cTaHMii.

KopoTkocTpokoBe = NpOTHO3yBaHHS  CTaHy
OKpeMuX 00’€KTiB iHQPACTPYKTYpH CTaHIIi 31iic-
HIOEMO METOJIOM €KCTPaNoJsiuii, BAKOPUCTOBYIOUH
MIEPEICTOPII0 OIIHOK XapaKTePUCTUK ii eleMeH-
TiB, OTpUMaHHWX 3a cmiBBigHOmEeHHIME (1)—(5).
JIOBrocTpoKOBe TMPOTHO3YBaHHS BHKOHYEMO, BU-
KOPUCTOBYIOUM amapaT 4dacoBux psaiB [11]. Pe-
3yJIBTaTU NMPOrHO3YBAHHS J03BOJIIOTH Ilependaya-
TH TIOTCHIIIHI PU3UKH, MaTepialibHi Ta (iHAHCOBI
BUTpaTH, HEOOXimHI 1 iX ycyHeHHs1 a0 BYacHOI
PO iTaKTHKH.

Oyiniosanns saxocmi QOYHKYIOHYBAHHA CMAHYIL.
OdyeBHIHO, IO BIAMIHHHI CTaH 1HPPACTPYKTypH

3arajoM He TapaHTy€ BUCOKOi e(eKTUBHOCTI pobo-
TH cTaHIii. 3abe3neYe s CTaHII€0 HAIIMHOro Ta
0e3meyHoro pyxy NOi3MiB 3riHO 3 BHU3HAYCHUM
rpadikoM 3aJeKuTh BiJ e(eKTUBHOCTI BUKOHAHHS
omepariii, mependadeHNX TEXHOJOTIIHUM TIpOIle-
COM POOOTH CTaHIII.

3arpuMKa Mmoi3na, sika BUHHMKIA BHACTIIOK He-
3aI0BITEHOI pOOOTH OJHIET CTaHIIil, HA IHIIIN CTa-
HIIIT MOXKe CIPUYMHUTH BIIXWICHHS Bia rpadika
PYXy BKE€ KUIBKOX MOi3AiB. 3 MOAANBIIUM PYXOM
[UX TOi3/1iB BiOXWJIEHHA Bij rpadika MOXKYTH 3pO-
CTH HACTIBKH, L0 1€ MpHU3Bene A0 CEpHO3HUX
300iB y poOOTi OKpeMmuX JiHill. 3aTpuMka moi3aa
Ha CTaHIIii MOXe OyTH CIIpHYMHEHa TaKUMH 00CTa-
BHHAMH, K HE3aJOBUIBHHIA CTaH iHOPACTPYKTypH
craHIii, Hee(eKTHBHA OpraHizamis ii poOOTH,
HE3aJIOBUTbHUI  CTaH MOI37a, HEMOXJIUBICTh
BiTIpaBICHHS O13/1a y 3B’ SI3KY 3 THUM, III0 HACTYTI-
HUM y HampsIMKy pyXy MIDKCTaHIIWHHWHA Ieperin
3aiimMaroTh iHIII noizau tomo. Cepen mepepaxosa-
HUX BUINE OOCTaBHH JIMIIE TepIila Ta Apyra CTo-
CYIOThCS  Oe3mocepelHhO  OpraHizamii  podoTh
CTaHIIii.

OmuiHtoBaHHS AKOCTi (PYHKIIIOHYBaHHS CTaHIIii
3MIACHIOETHCS HAa OCHOBI TOPIBHSHHSA PEaThHOTO
yacy omepaiild, 0 BUKOHYIOTBCS 3 TOI370M, i3
HOPMAaTUBHHM 4YacOM, BCTaHOBJICHUM TEXHOJIOT14-
HUM TIpotiecoM ii po6oTu. OCHOBHOIO METOIO TaKo-
TO OLIHIOBaHHS € BHU3HAYCHHS YMHHUKIB, SIKi TIPH-
3BOJATH JI0 BiIXWJIEHB Bij rpadika pyxy. OCKinbKH
YacTHHA OTepalliil i3 Moi3aMi BUKOHYEThCS mapa-
JIENTbHO, TO 3aTPUMKA OJIHI€T 3 HUX MOKE HE BIUIU-
HyTH Ha rpadik pyxy noizga. [Ipote mocriiiHi 3a-
TPUMKH Y BUKOHaHHI OKPEMHX OIIepalliii CBiT4aTh
PO HEIOJIIKM Y POOOTI CTAHITIi.

[Tosnaunmo ¢, — yac nmpuOyTTs moizna P Ha

cranniro C 3rimHO 3 Tpadikom; — peanbHUi

n
yac foro mpudyTTs; tj — Yac BiJIpaBICHHS MM013/1a
) ) . Cp

P 3i crannii C 3rigHo 3 rpadikom; t7 — peains-
Huit yac #oro Bimmpasnenns. Hexait O ={0,}) —
MHOJKHHA OTepallii, siKi HeoOXiTHO BUKOHATH HaJ
noizgoM P ua craduii C 3rigHo 3 TCXHOJ‘IOFi‘{HI/IM
nporecom ii poborn, Oy ={0,, L0y}

MIIMHOXUHHA OTEpallii, HKi HeO6XIILHO BHUKOHYBa-
TA  TOCHIJIOBHO,  HANpUKIAA  BiJYCIICHHS-

1
0, cO, Y N =N.

i=1

MMPUYCTIIICHHS Bal"OHiB,
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HixmHoxuHy omepauiit O , sKi IOBHHHI BHKO-

HYBaTHUCS TOCIIIOBHO, Hajalli HA3MBATUMEMO IIO-
CHIJOBHICTIO omepaniii. Omepamii 3 pi3HUX MiI-
MHOUH O, , i=117, gKi MICTATh MPUHAKMHI IO

OJTHOMY €JIEMEHTY, MOXKYTh BHUKOHYBAaTHCS Mapa-
JIeTbHO, HANPUKIAJ BHCAJAKA-TOCAIKa MacaKUpiB
Ta BHAava-mpuiioM momTH. Onepanii HpuOYyTTS
noizna P nHa cranuito C Ta ioro BiAmpaBieHHS 3i
cTaHii BKJIFOYaTUMEMO B MOCHIIOBHICTE O N, » SIKY

BBa)XKaTUMEMO OCHOBHO. Hanpuknan, nis noizna,
SIKUH TIPOXOIUTH Yepe3 CTaHIliio 0e3 3yIuHKH, 10-
crmigoBHicte O y, BKIIOYAaTHME B cebe omeparii

NpuOyTTS, MPOXOKEHHSI Yepe3 CTaHII0 Ta Bif-
npasneHHs. Orxe, MHOkHHA O He Moxe OyTu
NopoXHBOI. [IpUpoaHO, MO CYKyNMHOCTI orlepa-
Iif, sKi BUKOHYIOTBhCA 3 TOi3laMU Pi3HUX THUIIB
(BaHTQXXHUMH, TACAKUPCHKUMH, TPUMICBKUMU

TOI0) HA CTAHIIAX Pi3HUX KATEropii MOXKYTh CYT-
N+l

TeBO BiapizHaTucs. [Tosnaunmo t° ={t°(0,)},  »
ne t°(0,) — yac BUKOHaHHs omepauii O, 3rigHO
3 rpadixom; ™" = {T™" (0}, t™(0,) — mi-
HIMAJIBHO JOMYCTHMHI Yac BHKOHAHHS OIepallii
0,: v =" (0% -

BukoHaHHs onepauii O, . [TosHaunmo Ty =t — 1,

n

(0,) — peanpHuii 4ac

— yac o0poOku moizga P Ha cranmii C 3rigHO
3 rpadikom; T, ;"Ci" — MiHIMaJbHO IOMyCTUMHIA Yac
00po6ku moizga P Ha craHmii C , akuit nepemda-
yae BHUKOHAHHS BCIX HEOOXIAHMX OIepalliii;
Tl =t! —t! — peanbhuit yac 0OpoOku noizga P
Ha ctaHMii C . [lpupoaHnm € 0OMeKeHHS

Teh< > t(0,)<Tj, i=L1.

ny,ny,...,N;

OuiHIoBaHHS SKOCTI pOOOTH CTaHIliI TOBHHHO
BHKOHYBaTHCS 0O€3 BpaxyBaHHS IIONEPEOHIX 3a-
TPUMOK TI0i3/1a, SIKi CTANIMCS 3a HE3aJISKHUX BiJl
i€l cTaHLil TPUYUH.

IMo3Haunmo ™ (0, )= Z ™0,),
ny,ny ..., N;

(0y)= D (0,), (0,)= Y T(0,).
n iy .., N; ny iy .., N;

Beaxaemo, mo oninka ep-(0, ) SIKOCTI BUKOHAH-
Hsl TIOCIiIOBHOCTI omnepaniii O, peanpHOi 06p06-

k¥ moizna P Ha ctanmii C DOpIBHIOE:

118

5, akmo 7 (0y)= ™" Oy);

44 (7(0,) -7 (0, N/IE™ (0, )=7°(0y)),
sxio ™ (0 ) <77(0,)<7°(0y);

34" (O0y)—Tp) (T (0 )~ Tc)

(0 ) <t?(0Oy ) <Tpe;

SIKIIIO

2, sxmo (0 ) >Tpe, i=L1.

Jns 3HaXOJKEHHs OLIHKU ep-(0,) AKOCTI BH-
KOHAHHS OKpeMoi omepauii 3 mocainoBHocTi O,

BUKOPHCTOBYEMO aHAJIOTIUHUH minxia. Beaxkaemo,
mo ep-(0,) DOpPIBHIOE:

5, axmo 17(0,)=1t""(0,);

4+(t"(0,) =T (0,)/(T™(0,) -7 (0,)),
axmo ™" (0,) <17 (0,)<1°(0,) ;

3+(t7(0,) = Tpc) (v (O,) = Tpe) s
(0,): ©°(0,)<7"(0,)<Tic, 0,0, ;

2, sxmwo 17(0,):7"(0y)>Tp, O,€0y,
n=LN, i=11.

1
OcraHHI 7Bl OI[IHKM O3HAYalOTh, II0 TPHUBA-
micte onepauii O, €0, € Takow, II0 Yac BUKO-

SIKIIIO

HaHHA nocnigoBHocTi O, Moxxe HaOIU3UTHUCS 10

qacy 7, ab0 MepeBHIIUTH H0ro.
3arajioM nepeposnojil 4acy BUKOHAHHSA OKpe-
MHX OIlepalliii B Mexkax nociuigoBHocti O, Moxe

3MIHIOBATHCh Ta 3aJISKATH BiJl peasbHOT TPHBAIOC-
Ti KOXKHOI 3 HUX. TaK, KUTBKICTh MacaKupiB MpUMi-
CBKUX TMOI3/IB MiJ{ Yac MOCAJKH-BUCAIKU MOXKE
3MIHIOBaTHCh 3alIe)KHO BiJl CE30HY, IHS TIKHS
(poGouwmii abo BUXiJHUIT), yacy Ta HANPSIMKY PyXy
noizna, mo npubysae, Tomo. OmHaK, SKIIO Ha CTa-
Hiii C mpu oOpoOIli MEeBHOTO THITY TOi3/1iB BUKO-
HaHHS OKpEeMOi orepariii peryJsipHO OIlIHIOEThCS
«HE33/IOBUIBHO», TO CIHiJ TIPOBECTH pETeNbHHI
aHami3 mpuuuH (HOPMYBaHHS TaKOTO BHCHOBKY.
Hanpuxnan, mpuduHAME HU3BKOT OI[IHKH BHKO-
HaHHS ONepaliii BiMYCIUICHHSI-NPUYCIUICHHS MO-
XKyTh OYTH HEAOCTATHICTh YW MOTAHWUN TEXHITHHIMA
CTaH MaHEBpPOBHX 3ac00iB a00 HHU3bKa KBamidika-
Iisl TIepCOHANy, a JUIs OMepalliid MocaaKu-BUCAIKH
MMacaXupiB — HE3aJOBUTHHUN CTaH abo TOBKHHA
MOCaIKOBUX TIATHOPM.

Skicte 00poOku moizna P Ha cranuii C BH-
3HA4Ya€MO 32 CITiBBiTHOIIEHHSIM

© J. O. Monimyxk, 2014
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)i I
Epc = ZpiePc(ONl )/zpi > (8)
i=1 i=1

Je p; — BaroBi Koe(ili€eHTH, SKI BH3HAYAIOTh

HPIOPUTETHICTh TIOCTIOBHOCTI omepanii O, ,

i=1,/. Pe3ynpTratd Takoro OIIHIOBaHHS TOTIOMO-
XKyTh yAOCKOHAIHWTH Tpadik pyXy moi3zga Ta mpo-
1IeC HOro 00pOOKH, CKOPOTHBIIY YH IMOJIOBKHUBIIN
yac iioro nepeOyBaHHs Ha CTaHII.

3BHUaiHO, AKICTh 00pOOKH Toi3na P He Moxe
BH3HAYATH SKICTH POOOTH CTaHIN{ 3arajiom, OCKi-
JIbKY HOT0 3aTpUMKa MOKe OyTH BUKIMKaHA He3a-
JIeKHUMU BiJ cTaHIii oOcTaBuHaMH. Binbir o0rpy-
HTOBaHHU BHCHOBOK MH MOXeMO c(hopMyBaTH Ha
MiZICTaBl aHaji3y MpoIecy OOCIyrOBYBaHHS IOT3-
IiB mig yac K TECTOBUX JOCHIIKEHb, SIKi BUKOHY-
BaIKCh MPOTATOM MEPioay MIAHOBOTO OTJISAAY PO-
6otu cranuii. Hexail 7, — MiHiManbHUH mepiox
qacy, SIKHi BpaxoBYye€ LUKIIYHICTh pyXy moizma P
yepe3 craniito C . OmiHUMO AKicTh HOro 0OpOOKH
nporsiroM K nepioaiB 7, 3a CHiBBIIHOIIEHHAM

K
Efc :ZE;C/K >

k=1

)

e Ef;c — OILIIHKA SKOCTI 00poOKHM moizma P mifg

vac k-ro nepiony 7,, k=1,K , obuncneHa 3a cmis-

BigHOIIEHHSM (8). 3a3HAYMMO, IO EKCTPAIIOJISIIIs
Ha MiACTaBi 3HAHHS TMEpenicTopii 3Ha4YeHb MOCHi-

JIOBHOCTI OWIHOK Ep., OJIEp/KaHuUX Mij 9ac Tore-

penHIX TUIAaHOBHX JOCHTIKEHb, JO3BOJISE TPOTHO-
3yBaTH AKicTh 0OPOOKH OKPEeMOro Toi3a Ha KOpo-
TKOCTPOKOBY IEPCHEKTHBY, a 3aCTOCYBaHHS ara-
paty 4YacoBUX PsIIiB — Ha JOBTOCTPOKOBY. SIKIIO
BHACIIIZIOK IIOTO CITOCTEPITAEThCS 3HIKECHHS OIli-
HOK, TO LI¢ MOXX€ CBIAYMTH HE JIMILIE MPO MOTrip-
IIeHHS SKOCTI poOOTH CTaHIlii, ajge W mpo Morip-
HICHHS CTaHy CKJaJy MOoi3/ia, IO HEPiJKO Tparuis-
€TBCSl y BUIMAJKY MPUMICHKUX MMACAKUPCHKUX TMO13-
JUB.

o pk _ gpkyM
Hexait P* ={P/}

j=1 — CYKYIHICTb NOI31iB, SKi

NpoXozsaTh 3a k-ii mepion 7, dyepes cranuio C,
E

k
PiC

OLliHKAa SKOCTI 00poOkM moi3na ij ,
j=LM, k =1,_K. OmiHKa SKOCTI 00pOOKH CYKy-

ITHOCTI IIOT3/iB P* 0GuncroeThes 3a CIIIBBIIHO-
HIEHHAM

M M
Epic ijEpfc/sz ’
Jj=1 Jj=1
e p; — BaroBi Koe(ili€HTH, sSKi BHU3HAYAIOTH

npiopuTeTHICTh TOi3Aa P, j=1,M . Ananoriusi

y3arajbHEHI BUCHOBKH MOYKHA OEp:KaTH s TI0-
CJIITOBHOCTI Omepallid HaJi 1moi3aMi OKPEMUX TH-

miB i3 cykymrocti P¥, a Takox, y pasi morpeGm,
JUIE KOHKPETHUX oIepariiii Haj noizgamu. SKicTh
(yHKIIIOHYBaHHSA CTaHIii mpoTsroM K TepioiB
T;,, mix 4ac SKUX TPUBAJIO IJIAHOBE JOCIHIKCHHS,
BU3HAYa€MO 34 CIIIBBIIHOLIEHHAM

K
Epe=) E, /K. (10)
k=1

3mauenns Ep. 103BONAE 3pOGHTH TOCTATHBO

OOTpYHTOBaHWH BHUCHOBOK TPO €(DEKTHUBHICTH PO-
6otu cranmii. Oninky Burisagy (8) moxHa Gopmy-
BaTH JJIl OKPeMHUX KaTeropiil moizais. Excrparno-
JIAIIS Ha MACTaBi 3HAHHS TEPemicTOpil 3HAYCHB

nocytinoBHOCTi Ep. , OflepaHuX Tijl Hac momepe-

JHIX TUIAHOBHUX JOCIIIKEHB, J03BOJISAC 31HCHIOBA-
TH MPOTHOCTHUYHHMH aHaNi3 SIKOCTi pOoOOTH CTaHIi
Ha KOPOTKOCTPOKOBY TMEpPCIEKTUBY 3arajioM Ta
JIOKaJTi3yBaTH MPOOJIEMHI MICIl B 00poOIIi EeBHUX
KaTeropiit moi3is.

Inmepaxmusne oyin6anHs pobomu Cmanyii.
3a3Buuail IJIaHOB1 OMVISLAM CTAaHLII Ta BIAIIOBIIHUN
aHaii3 pe3yspTariB ii poOOTH poO3HECeHi B dHaci.
Tomy 3amoOBUTEHI BHUCHOBKH, OJEpXaHI IIiJ dYac
OCTaHHBOI'O JIOCII/DKEHHS MOXYTh 3MIHHTHCS [0
HACTYIHOr'O OIJIsAY, a cTaH abo sAKicTh (yHKIiO-
HyBaHHS CTaHIII MOXYTh HEPETHYTH «IOpir 0es-
nexu». OTxe, Yyepe3 HU3KY MPUYHH [ed crocid He
JIO3BOJISIE BYACHO BUSBISTH HENOJIKH, SIKI BUHU-
KaloTh «1103a miaHomy». Croco0om, SIKHid 1a€ MOXK-
JIUBICTH 3IIMCHIOBATH OIMOCEPEIKOBAHUM, aje J0-
CTaTHbO 1H(QOPMATHBHUU Ta ONEPATHBHUN KOHT-
poib,  MIHIMI3yIOYM  TIPH  [OMY  BIUIUB
cy0’exTuBHOTO (DaKTOpa, € HENMEPEPBHUMA MOHITO-
pPHUHT JOTpUMaHHs Tpadika pyxXy moi3ais, siKi mpo-
XOJISITh 4epe3 cTaHIliro. Mu OyaemMo 31iHCHIOBATH
HOro NUIAXOM aHami3y B3a€EMOJil Takux 00’ €KTiB
3TC, sax moi3x 1 cranmis. CaM MeToJ OLIIHIOBaHHS
Ha3MBaTUMEMO  IHTEPaKTUBHUM  (BiJl  aHIL
«interaction» — B3a€MOIisI).
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Hexait uepes cranuito C 3a mepiox 7 mpoxo-

. . . _ M
AuTh CyKynHicts noizais P ={P;}_, . [losnaunmo

yepe3 £ yac oOCIyroByBaHHs moisna P, Ha cTa-

Hiii C 3rigHO 3 rpadikom; tj’"““ — MiHIMAJIBHO
JOMyCTUMHK 4ac Horo oOCiIyroByBaHHs Ha Iiif

CTaHIIii, SKUI1 HE CTBOPIOE PU3UKIB JIJIS TIOJAITBIIO-

ro pyxy; &;”

— peanpHHH 4Yac OOCIyroByBaHHS
noisna; ¢7° — vac, 3a AKui noi3x P, mpoxomuTh
HACTYMHUH MO IUIAXY CIIiyBaHHS MiXCTaHIIHHUHA

— MIHIMaJIBHO

: . : . 4n,min
IEPET1H 3r1IHO 3 Fpa(l)lKOM, tj

IOTTYCTUMHKA Jac HOTO MPOXOKEHHS (Jac MpoXo-
JOKCHHSI 3 MAKCUMAJIbHOK) BCTAHOBJICHOO IIBHJIKi-

CTIO) IUM neperoHoM, j =1,M . Hexaii 7, — nepi-
on TpuBamictio T° 3 mopsakoBuM HOMepoMm K,
k=LK, TX =KT°. Bynemo BBaxkaTH, 110 OIiHKA
e(P,,T;) sxocri obciayroByBauHs mnoisga P, Ha

cranuii C 3a nepion 7, IOpPIBHIOE:
— Z;’,mm
CHUMAaJIbHO KOMIICHCYE TIOMepEIHI 3aTPUMKHU PYyXY;
TYyT 1 Hamajgi KOMIICHCAIsl 3aTPUMOK JOIILThHA
1 BUNpaBJaHa JWIle B TOMY BUIAJKY, KOJH BOHA
HE CTBOPIOE HE3PYYHOCTEH, HE 3HUXKYE SIKOCTI 00-
CIIyTOBYBaHHS Ta HE CIPUYHHSE 3arpo3 JJis maca-
JKHUPiB a00 BaHTaXIB,

(57 = 1) ™ 197, o 167 € (1™,

5, axwmo 77 , TOOTO Yac CTOSIHKH MakK-

£7°], TOOTO 4Yac CTOSHKM YACTKOBO KOMIIEHCY€E

MTOTIEPETHI 3ATPUMKH PYXY;

34 ((57 1T =M — ST  — ™), sxmo

157 € (157,157 + (17 =17,

noi3a Ha CTaHUil MOKHa KOMIIEHCYBaTH Ha Ha-
CTYITHOMY TeperoHi 3aBIsKkud Oe3nmevyHoMYy 30111b-
LIEHHIO IIBUJIKOCTI;

2, SKILO t;’p < t]c/z + (t}“ _

TOOTO  3aTPUMKY

n,min
g
TPUMKY Ha CTaHHﬁ HEMOXJIMBO KOMIICHCYBAaTU Ha

), TOOTO 3a-

HACTYITHOMY mieperoHi, j=1,M .

3p0o3yMiJio, IO OIiHKA 3aTPUMKH OKPEMOTO I10-
i3ma Ha cTaHil He MOXe OYTH BH3HAYAIBHUM TIO-
Ka3HUKOM ii cTaHy abo SKOCTI (pyHKITIOHYBaHHS.
Binbm oOrpyHTOBaHNH BUCHOBOK MOKHA 3POOHTH,
OIIHIOIYH 3aTPUMKH OJTHOTO YH CYKYITHOCTI IO13-
IIiB, SIKI TMIPOXOMSTHh 4Yepe3 CTaHII0 MPOTITrOM 3a-

120

nasoro nepioxy wacy TX (Tmwxmens, micsup, kBa-
pTai, pik Tommo). Taki OIiHKK Jar0Th MOXIIMBICTh
MIpUHANMHI 9aCTKOBO JIOKAJi3yBaTH NMPUIMHHU He-
JOMIKIB y 11 QyHKIIOHYBaHHI.

O1iHKy cTaHIii 32 pe3yibTaTaMu MPOXOJKEH-
HSI CYKYIIHOCTI IOI3AIB {P, }1]‘.4: , TIPOTATOM mepiomy

T, BM3HAYAE€MO 3a CIIBBIIHOIIECHHAM
M M
Ep(T,)= ZpP,e(}?j?n)/ZpP, )
j=1 Jj=1

e {ij }I/M= | — BEKTOp BaroBux Koe(ilieHTiB, fKi

BH3HAYAIOTh MPIOPUTETHICTH MOI3/IiB i3 CYKYITHOCTI
{P, }ZJM: , - O6unciuBmn £, (7)) s KOKHOTO 13 k

MepiofiB, OJEPKUMO TOCIIOBHICTh OIlIHOK. AHa-
JIi3 €T MOCITIOBHOCTI TO3BOJISIE BHUSIBIATH IHKIIi-
YHi 3MiHH SKOCTi 00CIyroBYBaHHs MOi3/iB Ha CTa-
HII.

OmiaKy poOOTH CTaHIlil 3a pe3yJbTaTaMHu IIPo-
XOJKEHHSI CYKYMHOCTI 1moi3aiBe P mpoTsrom yaco-

Boro intepsamy TX Busmauaemo 3a cmiBBimHO-
IICHHSM

K
Ey(T*) =Y E(T)/K .

k=1

I3 nocmigosauM 30inbmieHnsM TX  sHauenns
IUX OI[IHOK JIO3BOJIAIOTH BIJICTEXKYBaTH TPEHJ Ta
OUHAMIKY 3MiHH SIKOCTi OOCIIyroByBaHHS IOI3/iB

Ha craHuii. Slkmo ouinka e(P,,T %Y o6cmyrosy-
BaHHA 0131a Pj Ha ctannii C 3a mepion T K 3Ha-

gHO MeHma Bifl Ep(TX), To MoxHa 3po6uTH BH-

CHOBOK TIPO HAsIBHICTb HEIONIKIB y rpadiky pyxy
LBOr0 Noi3za.

Bincrexxyroun nuHaMiKy MOBEIIHKHA arperona-
HUX OIIIHOK YCiX pIBHIB, 13 TOCIITOBHUM 301i1b-
IIEHHAM 3HadeHHs 7 MH MOXEMO BH3HAYATH
TPEeHAH 3MIHM CTaHy Ta SKOCTi (PyHKIIOHYBaHHS
crannii. Ilpu HpOMy KOPOTKOCTPOKOBE HMPOTHO3Y-
BaHHS, OJIepKaHe BHACIIJIOK €KCTPAIOJIAIil OLIHOK
Ha IJCTaBi BIAOMOI TMepemicTopii iXHiX 3HAYCHD,
Jla€ MOXITUBICTb 3aBYaCHO BHUSIBUTH MOJJIUBICTD
Mepexoy y HalOMmK4iil epCrneKTHBI depe3 «Io-
pir 6e3mekn», a, OTXKe, OpraHi3allis poOOTH CTaHIII{
noTpedye Mo3ariaHOBOTO JOCIIKEHHS Ta BiIO-
BiHMX Aiii. JIOBrOCTPOKOBE MPOTHO3YBaHHS, 311H-
CHEHE 3a JIONIOMOTOI0 arnapary 4acoBHX PsIiB, JIO-
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3BOJISIE BIJICTE)KYBaTH CE30HHI 3MiHHM y (yHKITIO-
HYBaHHI cTaHIIi Ta 3amo0iraT HEraTHBHUM TEH-
JEeHLIsAM Y 11 poOOoTi.

3 NpOXOMKEHHSAM TOi31a 1o JiHil #oro 3aTpu-
MKH MOXKYTb ITOCJTiZIOBHO HAaKOITMIyBaTHUCH 1 KOM-
neHcyBatuch. OlliHKa poOOTH CTaHINl 3aJICKUTh,
30KpeMa, Bij 1l 3MaTHOCTI KOMIIEHCYBaTH TOIepe-
ITHI BiAXWJICHHS Bix rpadiky pyXy moizna. Yucens-
HO KIJIBKICTh KOMIICHCAIIIN Ta 3yCHILIS CTaHIIT JJIst
ix peamizanii BimoOpaxaroTbcsi APOOOBUMH YaCTH-
HaMH OLIHOK e(F;,T} ), sIKi IePEeBUILYIOTh 3HAYCH-

ug 4. Tak, omiHka e(Pj,Tk):4,68 O3HaYae, 10
poGora 1o obciayroByBaHHIO moi3ga P, mij yac

nepiongy 7, Oyina mpoBeneHa JOCTATHBO €(EKTUB-

HO, OCKUIBKM Ha CTaHIil He JIMIe y BU3HAYEHI Te-
pPMiHM BUKOHQJIM BCi Omepalii Haj HUM, aje
i KoMmmeHcyBanmu monepenHi 3arpumku. OJHaK,
BenmmunHa kKoMmrreHcartii (0,68) o3nagae, mo 11i 3a-
TPUMKHU OYJIH JOCTaTHHO CYTTEBUMH. SIKIIO K 3HA-
yenns e(P;,7;) <4, TO KOMIEHCAUis 3aTPUMKH

TaK0X BH3HAYAETHCS POOOBOIO YACTUHOIO OLIIHKH
1 MOXe 3MIMCHIOBATUCS Ha HACTYITHOMY IO IIIAXY
CHiyBaHHsI MIKCTaHLIHHOMY TEperoHi 3aBIsIKH
30UIBIIEHHIO IMIBUAKOCTI IIOI34a, IO HE 3aBXKIH
€ MOXIIMBHM i3-3a CTaHy Moi3aa ado Kouii Ha mepe-
roHi. SIKmo Juis CyKymHOCTI MOi37iB, SKi MPOXO-
JITh IO JTiHii TIpoOTAroM wacoBoro imTepamy X
3aTPUMKHU 3arajioM KOMIICHCYIOTBCS Ha CTaHIIifX,
TO IIe € ONOCEPEIKOBAaHNM, X04a i JOCTaTHBO II0-
Ka30BUM CBITUEHHSIM CTaHy Toi3fa abo craHy Ko-
7l Ha MDKCTaHIIWHKUX MeperoHax. 3 iHmoro OoKy,
AKIIO 3aTPUMKH 3arajioM KOMIIEHCYIOTbCA Ha Iie-
peroHax, TO 1€ € CBiTYEHHSM CTaHy iH(pacTpPyK-
Typu abo epeKTUBHOCTI poOOTH craHmid. Ko
K y3araJibHEHa OIliHKa KOMIICHCAIlil, sika € CBij-
YeHHSM X MacoBOCTI, € HW)KYOI0, HIXK arperoBaHa
orinka 00’ektiB 3TC, siKi yTBOPIOIOTH JIiHIIO, TO
MOYKHA 3pOOUTH OOIPYHTOBaHUH BUCHOBOK TIPO T€,
IO BCTaHOBJICHMH Ha Hill Tpadik pyxy mnoi3zis
€ HEONTHMAJILHUM a00 YyTIMBHUM 10 MalluX Bij-
XWJICHB Bij rpadika.

PesyabTaTtn

31ifiCHUBIIM KOMIUIEKCHE OIIIHIOBAHHS KOXHOI
13 CTaHITIH, AKi pO3TaINIoBaHi HA JiHIT PETyIIPHOTO
PYXy Moi3aiB, MU MOXKEMO BH3HAYUTU Ti 00 €KTH
CT, sixi moTpeOyIOTh MepIIoYeproBoi MoAepHi3arii
CBOTO CTaHy, OpTaHi3allii TeXHOJOTIYHOTO TIPOIIECy

a00 yJIOCKOHAJICHHS BCTAHOBJICHOTO Tpadika pyxy
noi3aiB. [lociiJOBHO TPOBIBIIM arperoBaHe OIli-
HIOBaHHSI CTaHI[IHHOTO TOCHOJApCTBA BiJJIUIKIB,
TUCTaHIIN, TUPEKIii, perioHAIbHUX 3aJli3HUIb Ta
3TC 3arajom, MH MOKEMO BH3HAUYUTH MOTEHIIIHI
PU3MKH 1 HEOOXIiIHI JUIs 1X TONEPE/PKEHHS MaTepi-
anbHI Ta (PiHAHCOBI pecypcH.

HaykoBa HOBHU3HA Ta NPAKTHYHA
3HAYUMICTh

VY poboTi 3amporOHOBaHO YOOCKOHAJEHHS ic-
HYIOUOTO METOJly OLIHIOBAHHS EJIEMCHTIB CTaH-
uiiHoi iHgpacTpykTypu. BHKOHaHE BHACHiIOK
IUTAHOBUX 1 TIO3aIJIAHOBUX OIJISAJIB OI[IHIOBAaHHS
CTaHy Ta SKOCTI (PyHKIIOHYBaHHS CTaHIIii J0O3BO-
Jisle BU3HAYUTH HEIONIKH Yy 1i poOOTI Ta HamaTh
peKOMeHaIii 3 yJIOCKOHaJICHHS TEXHOJOTIYHOTO
nporecy abo JOYKOMIUICKTYBaHHS CTaHI[IITHOTO
rocrofapcTBa HEOOXITHUMH TEXHIYHMMH 3aco0a-
MH Ta NEpCOHAIOM. MiX TUIAHOBUMH OTJISIaMH
HeTlepepBHUI MOHITOPHHT SKOCTI ()YHKLIOHYBaHHS
CTaHI1 3IIICHIOEThCA 32 JOMIOMOTOI0 METOAY iH-
TEPaKTUBHOTO OIIHIOBAHHSI.

3amponoHOBaHy METOAMKY KOMIUIEKCHOTO OLli-
HIOBAaHHS MOXHA 3aCTOCOBYBATH 10 CTPYKTYPHHX
OJIMHUIIb CTAHIIIHHOTO TOCIOIAPCTBA PI3HOTO PiB-
Hs1 iepapxii. Po3po0OiieHe mporpamue 3a0e3neueHHs
JI03BOJISIE ONIEPATHBHO OPIEHTYBATHUCS Y PE3yJbTa-
Tax OIIHIOBAHHS Ta JIOKAJi3yBaTH BHSIBJICHI HEIO-
JKH.

BucHosxku

Y po6oTi 3aNpONOHOBAHO METOJUKY KOMILJICK-
CHOTO OIIIHIOBaHHS 3aJi3HMYHUX cTaHuid. [lig gac
TUTAHOBUX OTJISIIIB  BUKOPUCTOBYIOTHCS METOH
JIOKAJBHOTO Ta arperoBaHOro OI[IHIOBAHHS CTaHY
CTaHIitHOT 1HPPACTPYKTYPH 1 AKOCTI (QYHKIIIOHY-
BaHHsS CTaHIlil. 3alporOHOBAaHUI METOJ| IHTEepaK-
TUBHOTO OLIHIOBAHHS IPYHTYEThCS Ha aHajii3i Jo-
TpUMaHHA Tpadika pyxy MOi3iB 1 JO3BOJISIE 3iiC-
HIOBaTH HEMEPEPBHUI MOHITOPUHT SIKOCT1 (YHKIIi-
OHYBaHHS CTaHLil MiXX TJIAHOBUMHM orisiiamu. s
3aro0iraHHsl MOXIIMBAX PU3WKIB Ha IiJICTaBi TO-
CITIIOBHOCTI OITIHOK, OJCpKaHUX IIiJ] Jac IToIepe-
JHIX OTJISIAIB, BUKOPUCTOBYETHCSI METO]I MPOTHOC-
TUYHOTO aHai3y.
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KOMIVIEKCHOE OHEHUBAHUE COCTOSIHUA U KAYECTBA
OYHKIIMOHNPOBAHMUA KEJIE3HOJOPOXHBIX CTAHIIUU

He.]'lb. Pa3pa60TKa HOBBIX M COBEPHICHCTBOBAHUE CYHICCTBYIOIIUX METOAOB OLICHKU COCTOSHHS W KadeCTBa

(YHKIMOHUPOBAHHMS JKEJIE3HOJJOPOXKHBIX CTAHIMN VISl TTOBBINIEHNs 3G PEeKTHBHOCTH nX paboTthl. MeTtoauka. B npo-
1ecce MCCIEA0BaHUS UCTIONB30BAINCH CPEACTBA JIOKAIBHOTO, IPOTHOCTUIECKOT0, arPEerHPOBAHHOTO M HHTEPAKTHBHO-
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MOJEJITOBAHHA 3AJAY TPAHCIIOPTY TA EKOHOMIKH

TO aHaJIN30B COCTOSIHUS, a TAKKE KauecTBa (PYHKIMOHUPOBAHHMS JIIEMEHTOB CTAaHI[MOHHON MH(PPACTPYKTYphl U 00pa-
OOTKH TOe3/10B Ha CTaHIMAX. JIOKaIbHBIE OIEHKH IOJYYaloTCd HAa OCHOBE PE3yJBTAaTOB IUTAHOBBIX M BHEIUIAHOBBIX
ocMoTpoB. Ha ocHOBe Habopa JTOKABHBIX OIIEHOK CTPOSITCS arpernpOBaHHbBIE OIEHKU Pa3TMYHON CTETIeHH OOIIHOCTH.
MeTo/1 UHTEPAaKTHUBHOTO OIICHUBAHMS OCHOBBIBACTCS HA aHAIM3E COOJIIOZCHHS rpaduka IBIKCHHS MOE30B. MeTox
MPOTHOCTUYECKOTO aHAIM3a HCIOJb3yeT MPEIBICTOPUIO OICHOK, MOJYYEHHBIX BO BpEMs MPEABILIYHIMX O0030DOB.
PesyabTartel. BenenctBue NmpoBelEeHHBIX HUCCIENOBAaHUN IMPEAJIOKEH KOMIUIEKCHBIM JETEPMUHUCTUUECKHM TOIXO[
K OIICHKE CTAHIIMOHHOTO XO35ICTBA YKP3aIH3HBIIU. DTOT IOIXO0/1 TIO3BOJISET YCTAHOBUTH JJOCTATOYHO MOJIHYO U 00b-
EKTHBHYIO KapTUHY COCTOSHHS, KauecTBa ()yHKIIMOHUPOBAHHUS M B3aUMOJICHCTBUS 00BEKTOB CTAHIIMOHHOTO XO35HCTBA.
Hayuynas HOBU3HA. YCOBEpIICHCTBOBAH CYIIECTBYIOIIUIA METOJ] OICHKH 3JIEMEHTOB CTAHIIMOHHON HH(PACTPYKTYPHL
[IpennoxeHHbI METOJT UHTEPAKTUBHOIO OLICHUBAHUSI MO3BOJISIET OCYLIECTBIIATh HENPEPHIBHBI MOHUTOPUHI KAauyecTBa
(hyHKIIMOHUPOBAHMS CTAHIIMK MEX[IY IUITAHOBBIMH ocMoTpaMu. IIpakTudeckasi 3HAYUMMOCTh. [IpeioxkeHHyI0 METOIH-
Ky KOMIUIEKCHOM OLIEHKH MOXHO IPUMEHSTh K CTPYKTYPHBIM €IMHMLAM CTAHLIMOHHOI'O XO3SICTBa pa3HOI'0 YPOBHS He-
papxmu. PazpabotanHoe mporpaMMHOE 0OOecHedeHHe TI03BOJISIET ONEPAaTHBHO OPUEHTHPOBATHCSA B PE3YJIbTaTaX OLCHKU
M JIOKAJIN30BaTh BHISIBJICHHBIC HEJOCTATKH.

Kniouesvie cnosa: CTaHIIMOHHOE XO3AHCTBO; KayecTBO (YHKIMOHHPOBAHHS, OIICHWBAaHHE, NMPOTHO3WPOBAHMUE;
arperauusi; HermpepbIBHbI MOHUTOPUHT

D. O. POLISHCHUK !

1"Separated Department «Information and Computer Center», State Territorial-Sectoral Association «Lviv Railway,
Hoholia St, 1, Lviv, Ukraine, 79000, +38 (063) 879 96 11, e-mail d_pole@mail.ru

COMPLEX EVALUATION OF THE STATE AND QUALITY
OF RAILWAY STATION OPERATING

Purpose. Improvement of existing methods for evaluation of condition and functioning quality of railway sta-
tions and development of the new ones in order to improve operation of railway stations. Methodology. During re-
search the local, prognostic, aggregated and interactive analyses of condition and functioning quality of station in-
frastructure elements and train processing at the stations were applied. Local evaluations are obtained as the result of
scheduled and off-schedule surveys. On the basis of local evaluations, aggregated evaluations of different generali-
zation level are applied. Method for interactive evaluation is based on the analysis of compliance with train
tables. Method of prognostic analysis applies the prehistory of evaluations obtained during previous surveys.
Findings. Resulting from researches held, the complex determinative approach was proposed for evaluation of sta-
tion sector of Ukrainian Railways. This approach allows determining comprehensive and objective notion about
station, functioning quality and interaction between objects of station sector. Originality. Existing method for sta-
tion infrastructure elements evaluation was improved. Proposed method for interactive evaluation allows performing
continuous observation of station functioning quality between scheduled surveys. Practical value. Proposed meth-
odology for complex evaluation may be applied to structural units of station sector of different hierarchy levels.
Software developed allows navigating promptly over evaluation results and localizing drawbacks discovered.

Keywords: station sector; functioning quality; evaluation; prognostication; aggregation; continuous monitoring
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OBOCHOBAHMUME CIIOCOBOB CHU/XKEHUSA SQHEPI'OITIOTPEBJIEHU A
HOABECHbBIX KAHATHbBIX JOPOTI'

Hean. ®opmupoBaHre peKOMEHAAIMH 110 PalMOHAIFHOMY IMPO(QHIMPOBAHUIO IMOJBECHBIX KaHATHBIX JOpOT
¢ ydeToM sHeprocOepexxenus. Meroanka. B xauecTBe KpuUTepHsi 3HEpronoTpeOieHHs NpUHATA yAeNbHas MOII-
HOCTh MpPHBOJA KaK OTHOLICHHE MOTPeOIsieMOld MOIIHOCTH K IPOIYCKHOH crnocoOHOCTH popord. Lluki
HepeMelIeHHs] BATOHOB OBLI YCIIOBHO Pa3zielieH Ha TPH dTalla, XapaKTePHBIMUA OCOOSHHOCTSAMH KaXKIOTO U3 KOTOPBIX
SBJSUINCh KHHEMAaTHYECKHE MapaMeTpbl JOpOry. Y lielbHas MOIIHOCTh JUIsl BCETO LUKIA ONpeelisiiach Kak CyMMa
COOTBETCTBYIOIIMX BEIMYMH IO 3TamaMm JBikeHHA. Pe3dyiabTartbl. [IpoBeneHHBIE HCCIENOBaHHUS IMOKA3AHM, YTO
ylenbHas MOLIHOCTh NPUBOAA HE 3aBUCHT OT KMHEMATHYECKHX IapaMeTpoB aoporu. IlpenensHoe 3HaueHue
yIEeNbHONH MOIIHOCTH IIPUBOJA HE 3aBHCUT OT AIMHBI Aopord. C yBeIMYeHHEM BMECTUMOCTH BaroHOB BIIMSHUE
JUIMHBI TIPOJIETa Ha YAENbHYI0 MOIIHOCTH CHiKaercs. J[ist Jopor OoJbIoW AJIMHBI PEKOMEHIIYETCS BBINOJIHATH
1oJ00p BBICOT ONOpP B COOTBETCTBMHM C OCOOCHHOCTAMH peibeda st obecrieueHHnss MUHHUMAIBHO BO3MOXKHBIX
YKJIOHOB TIpOJIeToB. [{enecooOpa3HbIM SIBISIETCS HCIOIb30BaHNE BArOHOB OOJIBIION BMECTUMOCTH IIPH COOPYKEHUU
JIOPOTH Ha MECTHOCTH, peibe() KOTOPOIl XapaKTepu3yeTcs CyIIeCTBEHHBIMHU TIEperalaMy BEICOT. [IJTHHHBIE TIPOJIETH
CJIE/TyeT BBINOJIHATH KaK MOXKHO 00JIee MOJIOTMMH, IIPEOI0JIeBas eperabl BBICOT 32 CUET MPOJIETOB MaJIOH JUTHHBI.
Hayunas HoBu3Ha. CHopMyIHpoBaH HOBBIA KPUTEPHIl OLIGHKH SHEPronoTpeOIeHHs IOABECHBIX KaHATHBIX JIOPOT.
IIpakTHyeckass 3HAYUMOCTD. VICIIOIb30BaHNE MONYYEHHBIX PE3YJBTaTOB U CHOPMYIHPOBAHHBIX PEKOMEHIALUHA
TIO3BOJIUT pa3pabaThiBaTh IPOESKTHI IIOJBECHBIX KAHATHBIX AOPOT C MOHKEHHBIM YHEPTrONOTPEOICHUEM.

Knrwouesvle cnosa: TOABECHBIE KaHATHBIE JOPOTH; SHEPronoTpedieHHe; JHEeprocOepeKeHue; HPHBOIBI;
mapaMeTpsI IPOPUILI

Brenenue KAMHU MCTOYHHKAMH SIBIISIOTCS BOJIA, BETEP, COJH-
1€, SHEPTHIO KOTOPHIX NMPEeoOpa3yIoT B dJEKTpHUE-
CKYIO.

DIIEKTPOIHEPTHIO MTUPOKO MPUMEHSIOT B OBITY,
Ha MPEANPUITUAX Pa3IMYHBIX OTpaciieH, 1o MuTa-
eTCs 3JIECKTPOTPAHCHOPT (TpamBau, TPOJLICHOYCHI,
JIOKOMOTHBBI ), IPUBOJIBI TIOIbEMHO-TPAHCIIOPTHBIX
U JPYyTUX MaIllliH, B YaCTHOCTH MPHUBOJIBI MOJIBEC-
HBIX KaHaTHBIX nopor (ITKJT).

C KaXAbIM I'0OJOM YMCHBIIAIOTCA 3allaCbl IpH-
poaHoro rasa u Hedtu. COOTBETCTBEHHO, LieHa Ha
9TH PECypCHl PacTeT, YTO COMPOBONKAACTCS MOBBI-
HIEHUEM CTOMMOCTH  IIEPEBO30K  I1aCCaKUPOB
u rpy3oB. [loaTomy ceifuac B momckax Oonee Ie-
IIEBOTO BUJAA TOIIMBA CTPOST HOBBIE yCTaHOBKH,
nepepabaThIBAIONINEe pPACTEHHs Ha OHOTOILIMBO,
UINYT albTEPHATUBHBIE MCTOYHHUKHU dHepruu. Ta-
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PasButne un BHenapeHue pecypcocOeperarommx
TEXHOJIOTHH BCETJ]a CUNTAIOCh OJTHOM M3 Haubosee
MPUOPUTETHBIX 33ja4, PEIIACMbIX Kak Ha 3Tare
MPOEKTUPOBAHUS, TAK U B MPOIECCE IKCILTyaTalluu
TEeXHHUKH. VI3 IpUBENEHHOTO BHIIIE BHIHO, YTO Ha
CCTOMHAILIHUM JIeHb SHEPIHsl SBISICTCS KpUTHUC-
CKAM pecypcoM, MO3TOMYy pa3zpaboTka croco0oB
CHIDKEHHUSI DHEpPronoTpeOIeHns SBIIETCS BechMa
aKTyaJIbHOU 3a1a4eil.

Uccnenoanusm crioco6oB ymyurienus 1K/ 3a
CYeT M3MEHEHUS WX KOHCTPYKIMH TOCBSAIICH Iie-
et psag padot [1-4, 12]. PesynbraTel Takux uc-
CJeI0OBaHUN PEaM30BaHbl B MPOEKTaX JOPOT, IKC-
TUTYyaTHPYEMBIX B KaUeCTBE CPEJCTB MaCCaKUPCKO-
ro (Kak KypOpTHOTO, TaK ¥ TOPOJICKOTO) TPaHCIIOP-
Ta [6, 7, 8]. B mpyrux paborax paccMaTpHUBaIOTCS
BO3MOXKHOCTH TIOBBIIICHUST TOYHOCTH PacdeTOB
IIK]] 3a cuer yBenm4eHHsI KoamdecTBa (haKTOPOB,
KOTOpBIE TEM HJIW WHBIM 00pa30oM BIHUSIOT HA Ha-
JIS)KHOCTh U 0€30IMAaCHOCTh IKCIUTyaranui [5, 9, 10,
11, 13—18]. OgHako B HUX HE 3aTParuBalOTCs BO-
MPOCH CHIKeHUs 3HepromoTpediaeHus I[IKI 3a
CYET YJIYYIICHUS WX TEXHUKO-D)KOHOMHUYECKUX Xa-
PaKTEpUCTHK.

ean

Ilens paboTel — popMupoBaHUE PEKOMEH AT
M0 palMOHATBHOMY HMPO(HUIMPOBAHHIO MTOABECHBIX
KaHaTHBIX JOPOr C YYETOM 3HEProcOepeKeHUs.
Jnst MOCTYKEHHs TTOCTaBICHHOW LIend HeoO0Xomau-
MO PELINTh TaKue 3a/1a4u:

1) BBIOOp W 0OOCHOBaHWE KPHUTEPHUS OICHKH
SHEPTrONOTPEOIICHNS;

2) OlLIeHKa BIUSHUS Pa3IMYHBIX I1apamMeTpoOB
JOPOTH Ha ee SHepronoTpedieHue;

3) obocHOBaHWE CITOCOOOB CHIDKCHHS YHEPIo-
notpednerust [TK/I.

MeTtoauka

OHepronoTpebieHne KaHATHOM JAOPOTH MOXKET
OBITH OLIEHEHO MO BEJIMYMHE YAETbHOW MOIIHOCTH
MpHUBOAA

P Pt

f=w=ltn- 1
I (1)

rae P, — norpebnsemas MOIHOCTD npuBoaa; I1 —

MPOITyCKHAas CIOCOOHOCTH IOPOTH; ¢ — MPOJOIIKHU-
TENbHOCTh LMKJIA TPAHCHOPTHPOBKU; N — BMe-
CTHMOCTh BaroHa.
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Bennunaa P, XapakTepusyeT pealbHOe II0-
TpeOJICHHE IJIEKTPOIHEPIHU M ONPEACNSETCS 110
bopmyne

p=" ?)
n

rae W — OKpyXKHOE YCWIIMe MPHBOJA; V — CKO-
POCTb ABWXKEHHS BaroHa; 1 — Kod(pQHUUUEHT Mo-

JIE3HOTO JEHCTBUS IPUBOA.

lukn TpaHCIOPTUPOBKH COCTOUT U3 HECKOJIb-
KHX JTaroB: JBI)KEHUE BAaroHa B Ipeneiax CTaH-
IIUU, Pa3rOH/TOPMOXKEHUE BaroHa BO3JI€ CTAHIIUH
1 OTI0p, JBMKEHUE BaroHa B mpoiete. PaccMoTpum
ocobennoctu sHepronorpedmenns [1KJ] mHa kax-
JIOM U3 3TAIoOB OTJCIBHO.

1. Jlsuogicenue eacona 8 npedenax CMAHYUU.
B mpenenax craHIMu BaroH JBHIXKETCS paBHOMEp-
HO CO CKOPOCTBIO V,, IIpeojoiieBas MyTh s, (IJIu-
Ha CTaHIMOHHBIX ITyTEH), MOATOMY MPOIOIKHU-
TENBHOCTH IBUKCHUS HA TAHHOM JTarre

(=20 3)

C

Yo

[oTpebnsiemast MOIIHOCTB cornacHO (opmyoie (2)
o vo
Bo=——" 4)
n

rae W, — OKpy)XHOEe yCHJINe MPUBOJA NPH JIBHIKE-
HHH BaroHa B Ipejiesiax CTaHIUH.

Torna yaenabHas MOIIHOCTb NMPUBOJA MPU JIBU-
JKEHMM BaroHa B IIPEAENIaxX CTaHLIUU

k _Bot. Wy (5)
= —t=——
N nnN
Kak BuamM, maHHas BeIWYHMHA HE 3aBHCHT OT
CKOPOCTH JIBU)KCHUS BaroHa.

2. PCZS’ZOH/I’I’IOPMODK’GHM@ 8U20HA 60371€ CMAaH-
Lﬂ/lﬁ u onop. Ilocne BbIXOJla CO CTaHLIMM BAroH pas-
TOHACTCA, U3MCEHSSI CBOIO CKOPOCTH OT V, A0 V —
CKOPOCTHU YCTAHOBUBIICTOCA NBUXKCHUSA B IIPOJICTE.

[ToaToMy TPOAOIKUTENFHOCTE Pa3TrOHA/TOPMOKeE-
HUS BaroHa

b = ; (6)

rlle @ — yCKOPEHHE Pa3rOHA/TOPMOXKEHHS.
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[oTtpebnsiemMast MOIITHOCT coritacHO (popmyie (2)

P _ VVp/T vcp — VVp/T (V+VO)

np/T n zn

; (7

rae W, — OKpyXKHOE ycuine MpHBOAA B MEPHOX
PasroHa/TOPMOXKCHHUsI BarOHa; V,, — CPEJHSIS CKO-

POCTb IBH)KEHUS BaroHa.
Torna yaenbHas MOUTHOCTh IPUBOAA B MIEPUOJ
pa3roHa/TOPMOXKCHHSI BarOHA

ko = Pl'[p/T tp/T _ W;)/T sp/T ]
p/t s ( )
N nnN

(22
rae S, —(v -V, ) /2a — IyTh pa3roHa/TOpMOKe-

HUA BaroHa.

OTMeTI/IM, 4YTO yAClbHasd MOUIHOCTH IIPpUBOAA
Ha JAHHOM 3Tall€ 3aBUCUT OT CKOPOCTU ABUKCHUSA
BaroHa JIMIIb KOCBCHHO.

3. Jsusicenue eacona 6 nponeme. JIBUxKEHUE
BaroHa B IIPOJIeTe MPOUCXOIUT C TOCTOSAHHOM (yc-
TAQHOBUBILIEHCS) CKOPOCTBIO V ; TIPU 3TOM NPEOJIO-
JIeBaeTCs MyThb S, PABHBIH CyMMApHOU IJIMHE Ka-
Hata B mpoisiere L. Takum oOpa3zom, NpoJOIIKHU-
TENBHOCTH JBUKCHUS

r =2 9)
A%

[oTpebnsiemMast MOIIHOCTB cornacHo (opmyoe (2)

P :Wyv

ny >

n

(10)

rae W, — OKpy»XHOe yCUiie NPUBOJA [PH ABHXKC-

HUU BaroHa B MPOJIETE.
Tornma ynenpHass MOIIHOCTh NIPUBOAA TIPH JIBU-
’KEHWUHU BaroHa B MPOJIETE
PHy t Wy s
ky == (11)
N nnN

Kak BuauM, naHHas BeJIMYMHA HE 3aBHCUT OT
CKOPOCTH JBI)KEHUS BaroHa.

CymMupysi 3HaueHHs YIEIbHOH MOIIHOCTH
MPUBOJIA 10 3TaNaM JBUKEHHS BaroHa, MOIYyYHM:

k:kc+kp/T+ky+kp/T+kc:

Spie FWysy, + W,

1
= _N(VVOSO +W, p/TSp/T + VVOSO ) =

p/T
n

L
=—(wds. (12)
NNy

W3 Beipakenmst (12) cimeayer, 9To yaenmbHas
MOIIHOCTh MOXET OBITh ONpeeicHa KaK IUIOIIA/h
(Gurypbl, OrpaHHYEHHON IMATPAMMON OKPYIKHBIX
YCHUIIMHA MPHUBOJA KaK (DYHKIMU MEpeMeleHUs Ba-
TOHAa M OCBIO abCIUCC € Y4eTOM BMECTUMOCTH Ba-
TOHOB ¥ KO3(pHIIMEHTa MOJE3HOr0 NECHCTBYS TPHU-
Boma. Takxke BHIUM, YTO YJeIbHAs MOIIHOCTh
MPUBOJIa HE 3aBHCHUT OT €r0 KHHEMATUYECKUX Ia-
pamMeTpoB (CKOPOCTH, YCKOPEHUS).

Pe3yabTarthl

PaccMmoTpuM BiusHHME Pa3THYHBIX MapaMeTPOB
JIOPOTH Ha YAETbHYIO MOLTHOCTh MPHUBOJA Ha MPH-
Mmepe naccaxupekoit [IK/] (puc. 1) ¢ Takumu 6a3o-
BBIMU XapaKTEPUCTUKAMHU:

A \
/ B

Puc. 1. Cxema IIK/I:

1 — BaroH; 2 — TATOBBIN KaHaT; 3 — HECYIIMI KaHaT; 4 — onopa

— mHa mpojeta [ =200 M;
— YTOJI HaKJIOHA XOp/bl pojieta =15°;

— JIMaMeTphl KaHaToB: Hecymiero — 47 MM; Ts-
rosoro — 21 mm;

— Bec mycToro BaroHa — 1,8 T;

— BMECTUMOCTb BaroHa — 40 yen.;

— K03 (HUIMEHT TOJIE3HOTO JIEHCTBUS TIPUBOIA
n=0,8.

B uccnenoBanusx, pe3yabTaThl KOTOPBIX MPEJ-
CTaBJICHBI HIDKE, 3TH XapaKTEPUCTHKH W3MEHSIOT-
Cs B ONpPECICHHBIX JHUAala30Hax ¢ IeJIbI0 aHaIu3a
WX BIUSHUS HA yICIBHYIO MOITHOCTh IIPUBOJIA.

3aBUCHMOCTP YAECITHHONW MOITHOCTH TIPUBOAA OT
BMECTHMOCTH BaroHoB (pucC. 2) MMEET XapakTep
TUIEepOOoIIbI, CTpeMsIIelcs K MUHUMAIbHO JTOCTHU-
JKUMOMY 3HAUCHUIO

ki = lim k(N). (13)

N—ow
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ner — 100 m ]
- 200 m
—— 300 m b
-- 400 u

Puc. 2. 3aBucuMocTh yIAeTHON MOIIHOCTH IPUBOJA k
(kBt-c/uen.) oT BMeCTUMOCTH BaroHoB N (4elr.)
MIPH Pa3IUIHBIX 3HAUYEHUAX JUTMHBI TIpoJieTa [ (M)

HccnenoBanus mokasainy, 4TO BEIMYMHA K.
HE 3aBUCHT OT JJIMHBI MPOJIETa, @ IPU MAIbIX JJTH-
Hax IpoJieTa BIMSHHE BMECTUMOCTH BAaroHOB Ha
BENMYMHY k CHWXaeTcs. Buaum, dro ¢ yBenmuue-
HHEM BMECTHMOCTU BaroHOB BIJIMSTHUE [UIMHBI IIPO-
JIeTa Ha yJEeIbHYI0 MOIIIHOCTh CHI)KAETCH.
Hwxnioro rpanuny N, [Iuana3oHa BMECTH-
MOCTH BaroHa MOXXHO ONPEACIUTh U3 YCIOBHS
CHIDKEHHSI Pa3HOCTH TOKa3aTened k mJsl cMex-
HBIX 3HA4eHUH N , KOTOpBIE MU3MEHSIOTCA C Olpe-
JeJICHHBIM TraroM (Hampumep, AN =1 maccaxkwup).
[lpy yBenmMueHHH KOJIMYECTBA MACCAKUPOB B Ba-
rome or 0 7o N, THPOHCXOAUT CTPEMUTEIBHOE
CHIDKCHHE YIENbHOM MOIIHOCTH, a 3HAuuT,
U yIeNnbHBIX 3Heproszarpar. BeiOpaB ycimoBue or-
paHUYeHUs] BMECTUMOCTH BaroHa (HampuMmep:
JanbHenIIee yBeInueHUE KOJIMUYECTBA MacCaKUPOB
NPUBOJIUT K CHIDKEHHUIO MOKa3aTest K MeHee, yeM
Ha 5 % OT mpenesbHO OOCTHXKUMOIO 3HAYCHHS
ki )» MOKHO COCTaBUTh PEKOMEHIALIMU K BEIOOPY

BMECTUMOCTH BAaroHoOB B 3aBHCHMOCTH OT JJIMHBI
MPOJIETA, UCXO/IS U3 YCIIOBUS CHUXKCHUS yIENbHBIX
dHepro3arpar.

Hanee paccMOTpuUM BIMSIHHE YIJla HaKJIOHA
xopasl iposieta 3 (puc. 3).

B cnyuae, xorna =0, BMECTUMOCTh BaroHOB

HE BJIMSET Ha yAEIbHYIO MOIIHOCTh MpHuBOja. Ta-
KAM 00pa3oMm, Ui JOpOr OOJNBILON JUIMHBI, PaLKo-
HAJIBHBIMM ~ CJIEAYET CUUTAaTh TOPU30HTAJIbHbIC
MPOJIETHI, KOTOPBIE JIOCTHTAIOTCSA MyTeM I0A00pa
BBICOT OIIOpP B COOTBETCTBUHM C NEPENATaMH BBICOT
penbeda B MecTax UX YCTAaHOBKH.

U3 puc. 3 caenyer, 4To ¢ yBEIUYEHUEM BMe-
CTUMOCTH BaroHOB BIJIMSHUE YTJIa HAKJIOHA XOPHAbI
nposieta cHkaercsi. CremoBaTelbHO, MOXKHO pe-
KOMEH/IOBaTh HCIIOJIb30BAaHUE BAarOHOB OOJIBIION

128

BMECTHUMOCTH TIPH COOPY)KEHHH IOPOTH Ha MECT-
HOCTH, penbed) KOTOpOH XapaKTepHusyercs cylile-
CTBEHHBIMU TEpPENalaMu BBICOT.

o T T

— 10 naccaxupos
sk ----- 20 maccaxupoB
— — 30 naccaxupoB
—-— 40 naccaxupos

Puc. 3. 3aBucuMocTs yIeTbHON MOIIHOCTH IPUBOJIA Kk
(xBt-c/gen.) ot yriia HaKIOHA XOp.IBI ipoiieTa B (pam)
NP Pa3InuHbIX 3HAYSHUSIX BMECTUMOCTH
BaroHoB N (dei.)

3aBUCUMOCTD yJI€JIbHOH MOIIHOCTH OT JUIMHBI
nposieta (puc. 4) umeet TUHEHHBIN Xxapakrep. [Ipu
B=0 mmHa mpornera MoOYTH HE BIHSET HAa BENHU-
YUHY Kk , CIeJOBaTeNbHO, AJIHHHBIE MPOJIETHI Clie-
OyeT BBIIOJNHATH KAaK MOXKHO OoJiee IOJIOTHMH,
MIPEOA0NIEBas Mepenansl BEICOT 3a CYET MPOJIETOB
MaJIoi JIJIMHLI.

08 T T T

k "
Lo BEEES
0s T BEUTPEEE

--- 30° PP

04r L -

D= I o

200 400 600
i

Puc. 4. 3aBucuMocTs yIeTbHON MOIIHOCTH IPUBOJIA k
(xBt-c/gen.) oT mmHBI nporneTa / (M) TIpH pa3THIHBIX
3HAYCHUSX yTiIa HAKJIOHA XOPHHI mposeta 3 (rpam)

Hayuynasi HOBU3HA M IpaKTHYecKast
3HAYUMOCTh

CdhopmynaupoBaH HOBBI KpUTEPH OLCHKH
SHEpPronoTpeOIeHNS MOIBECHBIX KaHATHBIX AOPOT.

Hcrnonp3oBaHue TMONYYEHHBIX  PE3YJIHTATOB
U cPOPMYJIUPOBAHHBIX PEKOMEHAALUI TO3BOJIUT
pa3pabaThiBaTh MPOEKTHl TOIBECHBIX KaHATHBIX
JIOPOT C TIOHIDKEHHBIM YHEPTOTIOTPEOICHEM.

BriBoabI

PaccMoTpeB Bce mapameTpsl, KOTOPBIE BIUSIOT HA
sHepromnoTpedenre [1K/], MOXHO cemaTh BRIBOIBI:
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— yZeNbHas MOIIHOCTh IIPUBOJIA HE 3aBUCHUT OT
KnHeMaTHueckux napamerpos [1K/];

— TpeAeNbHOE 3HAUYE€HUE YJENBbHOW MOIIHOCTH
HE 3aBHCHUT OT JJIMHBI IPOJIETA;

— C yBEJIMUEHHEM BMECTUMOCTU BaroHOB BIIHS-
HUE JUIMHBI TIpoJieTa Ha YIENbHYI0 MOIHOCTh
CHIKaeTCsl.

Ha ocHOBaHMHM TONyY€HHBIX pe3yJIbTATOB
MOXHO C(HOPMYJIHMPOBaTh PEKOMEHAAIMH IO pa-
LMOHAJIbHOMY IpoekTupoBanuto ITK/I:

— Uil JOopor OOJNBIION JUTMHBI PEKOMEHIYETCs
BBITOJTHATE MOJ00P BBICOT ONOP B COOTBETCTBUH
¢ ocobeHHOCTAMU penbeda it obecrieyeHus: Mu-
HUMaJIbHO BO3MOKHBIX YKJIOHOB IIPOJIETOB;

— PEKOMEHAYeTCS HCIOJIb30BaHUE BaroHOB
0OJNBIION BMECTHMOCTH TPU COOPY>KEHHH JIOPOTH
Ha MECTHOCTH, pelibed) KOTOpOH XapaKTeph3yeTcCs
CYLIECTBEHHBIMHU I€penagaMu BbICOT;

— JJUHHBIE TPOJIETHI CIEAyeT BBIMOIHATH Kak
MOXHO OoJiee MOJIOTHMMH, MPEeoaosIeBas Mepemnaibl
BBICOT 3 CUET MPOJIETOB MaJIOH JUIMHBIL.
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OBIPYHTYBAHHS CITIOCOBIB 3HUKEHHSI EHEPTOCITIOKUBAHHSI
HIABICHUX KAHATHHX JOPIT

Meta. ®opmyBaHHS peKOMEHAALH 00 palioOHAIFHOTO NpodiToBaHHs MiJIBICHUX KaHATHUX JOPIT 13 ypaxy-
BaHHsAM eHeproz0epexeHHs. Meroanka. SIKk KpuTepii eHEeprocloXMBaHHS Oyja NMPUHHIATA MHTOMA IOTY>KHICTh
NIPUBOJY, KA € BIAHOLICHHSIM CIIO)KHBAHOI MOTYXHOCTI JI0 MPOITYCKHOI 37aTHOCTI Aopord. LMK mepemimieHHs
BaroHiB OyJI0O YMOBHO IMOJIICHO Ha TPH €TalH, KOXKHOMY 3 SKHX BJIACTHBI ITEBHI KIHEMaTHYHI XapaKTEPUCTHKH JI0-
poru. [luroMa MOTYXHICTH Ui BCHOTO LMKIY BH3HAuYajacs SK CyMma BiANOBIIHHX BEIMYUH 3a €TallaMH PYyXYy.
PesyasTaTn. [IpoBeneHi HoCTiKeHAS TOKA3aIH, 0 TUTOMA MTOTYKHICTh MIPUBOAY HE 3aJI€KUThH BiJ] KIHEMaTHIHUX
napaMerTpiB JOporu. I'paHnYHe 3HA4YEHHSA NUTOMOI IOTYXKHOCTI NPUBOAY HE 3aJIeKHUTh BiJ MOBXKHHH JOPOTH.
31 30UIBIICHHSAM MICTKOCTI BaroHiB BIUIMB JOBXWHHU NPOTOHY Ha MUTOMY MOTYXKHICTH 3MeHIIyeThcs. s mopir
BEJIMKOT JIOBXKUHU PEKOMEHJYETHCSI BUKOHYBATH Mif0Ip BHUCOT OMOP BIAMOBIAHO J0 0COONMBOCTEH penbedy s
3a0e3nedeH s MiHIMaJIbHO MOXJIMBUX YXWIIIB MPOTOHIB. J[OLIIBHMM € BUKOPHCTaHHSI BaroHiB BEJIMKOI MICTKOCTI
i/l Yac CHOPYIUKEHHS JIOPOTM Ha MICLEBOCTI, PENbe] SIKOi XapaKTepu3yeThCsl 3HAUHUMU Niepenaiaamu BUcoT. J{oBri
MIPOTOHY CJIiJl BAKOHYBATH SIKOMOTa MOJIOTIIMMH, J0JIAI0YH TIepernagy BUCOT 32 PaXyHOK ITPOTOHIB MaJIoi JIOBKUHU.
HaykoBa noBu3zHa. ChopMyIb0BaHO HOBHH KpHTEpiil OLIHKM E€HEProCIOKMBAHHS IiJBICHUX KaHATHUX JOPIr.
IIpakTHyHa 3HAYNMicTh. BUKOpPHCTaHHS OTpUMaHUX pe3yibTaTiB Ta c(hOPMYJILOBAHMX PEKOMEHAALIH JT03BOJIUTH
PO3POOIIATH MIPOSKTH MiIBICHUX KAHATHHUX JIOPIT 31 3HIKEHUM €HEeProCIIOKHBAHHSM.

Kniouosi cnosa: miiBicHI KaHAaTHI JOPOTH; SHEPrOCIIOKUBAaHHS; eHEPro30epeKeHHs; IPUBOJIU; TapaMeTpH Ipo-
oo
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SUBSTANTIATION OF WAYS OF DECREASE IN POWER
CONSUMPTION OF ROPEWAYS

Purpose. Formation of recommendations about rational profiling of ropeways taking into account energy sav-
ing. Methodology. As criterion of power consumption the specific power of the drive as the relation of power con-
sumption to ropeway carrying capacity is accepted. The cycle of movement of cars was conditionally divided into
three stages, characteristics of each one were kinematic parameters of the ropeway. Specific power for all cycle was
determined as the sum of the corresponding values by movement stages. Findings. The conducted researches
showed that the specific power of the drive doesn't depend on kinematic parameters of the ropeway. Limit value of
specific power of the drive doesn't depend on road length. With increase in capacity of cars influence of length of
flight on specific power are decreased. For big length ropeways it is recommended to carry out selection of heights
of supports according to features of a relief for providing minimum possible gradient of spans. Use of high-capacity
cars is expedient at a ropeway construction on the district which relief is characterized by essential height differ-
ences. Long spans should be carried out as much as possible acclivous, overcoming height differences via small
length spans. Originality. The new criterion of estimation of power consumption of ropeways was formulated.
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Practical value. The use of the received results and the formulated recommendations will allow designing ropeways
with the lowered power consumption.
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Keywords: ropeways; power consumption; energy saving; drives; profile parameters
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PO3POBKA 3AXOIIB I3 IOKPAIIIEHHSA ITIOKA3HUKIB MIIHHOCTI
HECYYUX KOHCTPYKIINA I'OJIOBHUX BAI'OHIB JU3EJIb-IIOI3/11B
AP1A HA HIJCTABI BUKOHAHUX EKCIIEPUMEHTAJIBHO-
TEOPETHUYHHUX POBIT

Meta. MeToro poO0TH € BU3HAYEHHS Hallpy>KeHO-1e(OPMOBAHOTO CTaHy HECYUHMX KOHCTPYKLIH Ky30Ba rOJIOBHOTO
BaroHa Ta By3Ja Iepeadi TATOBOTO 3yCHIUIS, SIKE MOXE CTBOPIOBATUCH Y HEIITATHUX CHTYAMIsX IiJ] 4yac eKcIUTyararlii.
HeobxinHOO € Tako po3poOKa 3ax0/IiB, CIPSIMOBAaHUX Ha TIOKPAIIEHHS HAIPYKeHO-1e(pOPMOBAHOTO CTaHy BKa3aHUX
eneMeHTiB. MeTtoauka. 1 JOCATHEHHS MOCTAaBICHOI METH IPH BHUKOHAHHI poOOTH OylO TPOBEHIECHO EKCIIe-
pUMEHTaNTbHE BU3HAYEHHS 3yCHIIb 1 PIBHIB HANPY)KeHb Y HAHOUTBII HABAaHTA)KEHUX €JIEMEHTAX HECYINX KOHCTPYKIIIH,
a TaKkoX y By3/ax mepenadi TATH. Po3pobieHo po3paxyHKOBI MOJENi Ui MPOBEACHHS TEOPETHIHOTO BU3HAYCHHS
piBHIB HampykeHb i 3ycwib. PesynabTratu. Ha mimctaBi aHamizy OTpUMaHHMX pPE3yJbTaTiB PO3PAaXyHKIB BHUSBIICHO
HalKpamyi BapiaHTH MOZEpHi3alii, ki OyaM 3aKjIageHi B OCHOBY IPOIIO3WIIH, CIPSIMOBAHMX HAa MOKPAIICHHS
nokasHukiB MinHocti. HaykoBa HoBu3HA. Ha mincraBi eKCiepUMEHTANBHUX Ta TEOPETUYHHX JOCITIIKEHb BUKOHAHO
HAYKOBE CYIPOBOKCHHS POOIT i3 PO3pOOKH 3aXO0jiB MOJCPHI3aIlil 3 MOKPAIICHHS MMOKA3HUKIB MIIIHOCTI HECYYHX
KOHCTPYKLIiH rOJIOBHUX BaroHiB au3einb-1oi3aiB JIP1A. lpaktnuna 3HaunMicTh. Po3po0iieHo TexHiYHe pillleHHs, 10
MICTUTh 33aXOJH, sIKi MAalOTh BUKOHYBATHUCH IIiJI Yac €KCILTyaTallii JU3eIb-TI0I3/iB yKa3aHoi cepil. TexHiuHe pilmeHHs
HaJaHo crieniajictaM YKp3ali3HHILI ISl O3HAHOMIICHHS Ta BIPOBA/DKEHHS 3alIPOIIOHOBAHHMX 3aXOiB 13 MOKPAIEHHS
MOKa3HUKIB MIITHOCTI.

Kniouosi cnosa: Ky30BH BaroHiB; TOJOBHI BaroHHW; PO3pPaxyHKOBI MOJIEIN; TEOPETHUHI PO3PAXyYHKH; AU3EIhb-
moizau JIP1A; MOTOpHI Bi3KH; MOKa3HUKH MIITHOCTI

Beryn PO3pOOUTH 3aX0JH, SIKI CIIPUSIIN O MPOIOBKECHHIO
TepMiHy iX ciaykO0m mo 45 pokiB. B 3BiTax poOiT
BiJ[3HAYAJIOCA, IO TiJ Yac eKcIUTyaTallii Oyiu 3a-
(ikcoBaHi BUIAJAKH: YTBOPEHHS TPIIIMH B OalKax
LEHTPAIBHOTO MiJBIIIIYBaHHS B MICIAX MPUBAPIO-
BaHHS ONOp CTaKaHIB MNPYKUHHUX KOMIUICKTIB;
HAasBHICTh 3aJIUIIKOBUX AcGopMaIlii B CepemHii
YacTHHI Npodiato THa HUX Oanok, AKi € pe3ysbTa-
TOM HagMIpHUX nedopMalliii Bij 3TWHAHHS; 371aM

Ilix gac ekcruryaTariii qu3enb-noizmiB JAP1A Ha
3aTi3HULAX YKpaiHW BUHHKIA HEOOXigHICTH y Ha-
YKOBO-IIOCTITHUX po0O0TaX, CIPSIMOBAaHUX Ha MPO-
JIOBXKCHHSI TEPMiHy iX eKcIUTyaTarii, mpu3Ha4YeHO-
ro 3aBoOM-BUpoOHuKOM [1, 2, 10]. 3micT ux po-
0iT — BHU3HAYEHHS PECypcy HECYUHMX KOHCTPYKIIiH
paM Bi3KiB, paM Ky30BiB. | Ha mizcTaBi oTpuMaHHX
pe3ynbTaTiB BHKOHAHMX poOiT HeoOXimHO Oyio
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NPY>KUH OIOP LEHTPAJIBHOTO MiJBIIIyBaHHS; YTBO-
pPEeHHS TPIIIMH HABKOJO OIOPH NPHETHAHHSA [0
Ky30Ba TATOBUX MOBiAKiB. KpiM mporo, mpoTsirom
eKCIUTyaTalii Anu3enb-Noi3aiB 3a3HadyeHoi cepii Ta-
KO OyJIM BUSBIICHI 371aMH TIO3/IOBXHIX OaJIOK IMiji-
JIOTH Ky30Ba TOJIOBHOTO BaroHa B 30HI iX HpHIIS-
ra"es g0 TamOypiB. JlocBix excrutyarartii mokasas,
IO MiJ] 9ac pyXy AM3elb-T0i3/IiB aHoi cepil 30y-
JOKYIOTBCSL KOJIMBaHHS BaroHiB y BepTHKaJbHIA Ta
TOPU3OHTANBHIA TONEpeYHid IUIONMHAX 3 BHUCO-
KAMH aMIUTiTyAaMu. HaciigkoM TakuxX KOJIMBaHb
€ TepeTIacHU BUXIJ 3 JIay aMOpPTH3aTopiB (Ta-
CHUTEJIIB) TIONMEPEYHUX KOJMBAaHb Ta KOJMBaHb 0iu-
HOT'O BiIHOCY, Kl CHPUSIOTH CTBOPEHHIO BUCOKHX
PIBHIB HANpy>KCHb B BUILE 323HAUCHHUX CJIEMEHTaX.

Meta

Merolo pobOTH € BH3HAYCHHS HAIPYKEHO-
ne(hOpPMOBAHOTO CTaHY HECYYHX KOHCTPYKLIH Ky30-
Ba TOJIOBHOTO BaroHa Ta BYy3Ja Iepeiadi TATOBOTO
3yCHJUISL, SIKE MOXKE CTBOPIOBATHUCH B HEIITATHHX
CHUTYyaIlisIX TiJ 9ac eKCIUTyarTarlii, a TAKOXK po3pooKa
3aXO[IiB, CIIPSIMOBAHHX HA TOKPALICHHS HampyXe-
HO-Z1e()OPMOBAHOTO CTaHy BKa3aHUX €JIEMEHTIB.

MeTtoanka

Jnst nocsirHeHHS TMOCTaBiIeHOI METH MiA yac
BUKOHAHHS POOOTH OyJO €KCIIEPHMEHTAIBHO BHU-
3HaYeHO 3yCHJUISA Ta PiBHI HANPYXKEHb y HAHOIIbII
HABaHTAXKEHUX €JIEMEHTAaX HECY4YHX KOHCTPYKLIH,
a TaKkoX y BYy3Jax Mepedayi TArH; po3poOIeHO
pO3paxyHKOBI MOZENI Ta MPOBEICHI TEOPETUIHI
pO3paxyHKH 3 BH3HAUYCHHs PIBHIB HalpyXeHb Ta
3yCHIIb.

PesyabTarn

Ha puc.1 300paxeHo 3aranbHU BUIJISAI JIH-
3enb-noizaa JIP1A.

[lig yac BukoHaHHs wiei poOoTH OynM MpHUHHS-
Ti IO yBaru KOHCTPYKTHBHI OCOOJHMBOCTI Ky30Ba
TOJIOBHOTO BaroHa mausenb-moizga JAP1A [4, 6, 9,
10] ta pesympTaTé OOCTEXEHb TEXHIYHOTO CTaHY
HOro HECyYMX KOHCTPYKITii.

[ig 4ac moOyIOBM PO3PaxyHKOBHX MOJENEH
[8] Ta ckiHueHHO-eneMeHTHHX cxeM [3, 5] cmix
BPaxoOBYyBaTH, LIO:

— Ky30Ba BaroHiB CyHiJIbHOMETalleBi 3BapHOI
Hecy4oi KOHCTPYKIIT;

— pamMa Ky30Ba 0e3 XpeOTOBOI OanKu CKIagaeThes
3 IBOX KOHCOJIbHUX YacTHH, 3 €IHAHUX IO3JOBKHi-

MU OayKkaMu, Ta HaOOpy TIONEPEYHNX eJIeMEHTIB;

— KOHCOJIbHI YacTHHU 3i0paHo 3i 3BapHUX 0a-
JIOK 3aMKHYTOTO Tlepepizy Ta THYTHUX Npodiis;

— TOTIepPEYHi e1eMEHTH paMH MOTOPHOIO Baro-
Ha BUKOHAaHI 31 IIBeJepa;

— TO3/I0BXHI OaJKH paMu CKJIaJaloThCs 3 THY-
TOrO mIBeJepa, KyTHUKA Ta AiadparMu, OOIIUTHX
3IFHYTHMH HECYYHMH JINCTaMH;

— Jax, OiYHI Ta TOPIEBI CTIHKH CKJIaJalOThCs
3 KapKaca Ta JIUCTIB OOIIUBKH.

TR

Puc. 1. Jocaimuuit nusens-noizn JJP1A 3aB. Ne 272

Hwuxye na puc. 2—7 HaBeAeHO BUIU 3pYyHHOBA-
HHUX €JIEMEHTIB Ta €JEMEHTIB 3 KOpO3iHHHMHU IIO-
HIKO/PKCHHAMH HECY4YHMX KOHCTPYKIiH I'0JIOBHOTO
BaroHa.

Puc. 2-5. 3nam rHyTOTO MIBETIEpa TA TONEPEINH
B MICIIi IPUEIHAHHS 10 OIYHUX CTIHOK, a TAKOXK MiCIIs
CTBOPCHHS TPIIIHH Y JINCTaX OOIIUBKU
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I3 puc. 2—7 BumHO, IO 33 TEPMiH eKCILTyaTarlil
(33 poku) Hecydi KOHCTPYKIIT Ky30Ba T'OJIOBHOTO
BaroHa OTPUMAaJIM CYTTEBI KOPO3iliHI MOIIKOIKEH-
Hi. BHacmiok 3MEHIICHHS TOBIIMHHU EIIEMEHTIB
HECYyYMX KOHCTPYKIH, Ta CTBOPEHHS BEIHKUX
CTaTUYHUX, @ TaKOX JAWHAMIYHMX HaBaHTaKEHb
TP KOJIMBAHHSX TaJOMyBaHHS Ta OiYHOI XUTaBUII
BiOyJToCs pyHHYBaHHS BKa3aHUX €JIEMEHTIB.

JRE

Puc. 6-7. Buan Kopo3iifHIX MOIMIKOIKEHb HECYUIX
KOHCTPYKIIii, OOIIMBKY Ky30Ba Ta MiCI[b 3aKPIILJICHHS
By3JIa IIepesiadi TAr0BOro 3yCHILLI

AHaji3 BIUITMBY aMIUTITYJ Ta YacTOTH 3MIiHU
Hanpy>KeHb Ha BTOMHI BJIaCTUBOCTiI CTUKOBUX 3Ba-
PHUX BY3JiB, PO3BHTKY TPIIIVH, BiIMOB Ta mpodi-
JAKTUKY pyHHYBaHb HaBeAcHi y podorax [11-13].

Jlis  BUKOHAHHS TEOPETUYHHMX JOCIIIKEHBb
3 BU3HAUCHHS HANPYKEHOCTI HECYYUX KOHCTPYK-
Iiif Ky30Ba TOJIOBHOTO BaroHa Ta BY3Ia Iepemadi
TATOBOT'O 3YCHJUIS HEOOXiHO OYJI0 EeKCIepUMEH-
TaJlbHO BU3HAYUTH HABAHTAXKCHICTh IUX EJICMCH-
TiB [1]. Hmkue Ha puc. 8 HaBeAEHO BUAM MiCIb
pO3TalIyBaHHA MPHUCTPOIB Ui BUMIPIOBAHHS 3Y-
CHJIb Ta MOMEHTIB, IO TEPENaloThCs J0 Ky30Ba
TOJIOBHOTO BaroHa.

Puc. 8. Micus po3ranryBaHHsI BUMipIOBaIbHUX
IIPUCTPOIB

Jnst Habopy CTATHCTHYHHMX AaHUX TUHAMIYHOT
HaBaHTAKEHOCTI MiJl 4ac pyxy MO CTPIJIOYHUX IIe-
peBoaax, KPUBUX PI3HUX padiyciB, CTHKOBHUX HEpi-
BHOCTSIX Ta iHIIKUX QaKTOpiB OyJI0 3MiHCHEHO MOi3-
JKy 3a HarpsiMkoM Ilonrasa—Jlo3oBa—Ilonrasa.

[lig wac mpoBeaeHHsT 0OPOOKH pe3yNbTaTiB BU-
mpoOyBaHb Aiama30oHN IIBHIKOCTEH PyXy YMOBHO
nomisuiucss Ha inTepBamu 0-15, 16-30, 31-45,

46-60, 61-75 1 76-90 xm/ron. [lpu mpomy s
KOXKHOTO TIPOIIECY, IO PEECTPYBABCA, MiICYMKOBA
TPUBANICTh peecTpalii ckiagana He MeHm 180 c.
3a BumipsHUMH nedopMalisMu y T3l mepemadi
TATOBOT'O 3yCHIUISL BiJl MOTOPHOTO Bi3Ka JI0 Ky30Ba
TOJIOBHOTO BaroHa OyJiM BH3HAuY€HI MMO3JJOBXKHI 3y-
CHUIA Ta 3THHAIBHI MOMEHTH y BEPTHKAIBHIM
1 TOpM3OHTANBHIM MOMEpeYHid IUIONMHAX, a 3a
BUMIDSHUMH TIEPEMIIIEHHAMH — 3YCHIUISA, IO
CKJIaiaiM JMHAMIYHI JOOABKU BEPTUKAIBHHUX 3Y-
CHJIb Y LICHTPAIbHOMY MiJBIIIyBaHHi.

B pesynbTaTi aHamizy eKcrepuMeHTAIBHUX J0-
CJTiJP)KEHb OTPHUMAHO TaKe:

— HaOLIpIIa BEIMYMHA 3THHAIIBHOTO MOMEHTY
M, nmocsirae 0,66 kHM mig yac pyxy B KpUBUX [i-
JpHULEX Komli. Big mii Takoi BeJIMYHMHH 3rUHAIIL-
HOTO MOMEHTY B HIKHIX Ta BEpXHIX BOJOKHaX Ts-
TH Tlepeaadi 3yCHIUIs CTBOPIOIOTHCS HAIPY KEHHS
Ha piBHi 38,3 Mlla;

— 3THHAJIBHUNA MOMEHT, IO JIi€ B TOPH30HTANb-
Hill TUIOIIMHI TiA 4Yac pyXy B KPHBHX JOCSTae
0,6 kHwm, a mo crpinounux nepepogax — 0,65 kHwm.
Taki 3Ha4eHHS MOMEHTIB CTBOPIOIOTH y TA31 Iepe-
Jladi 3yCHIIIS HaHOUIBII HOpMalbHI HANPY)KEHHS
34,8 Ta 37,7 MIla BianoBigHO;

— Mig yac pyxy OU3eNb-TMoi3Aa B MPSMHUX Haii-
OuTpIT piBHI 3yCHIIb B TA31, IO TIEPEIAE TATOBE
3yCHJLIS BiJ Bi3ka 70 Ky3oBa Fr, mocsrators 25 kH
npu mBuAKocTi 80 km/ron. Ilpu pyxoBi B KpuBHX
HapOUTpIIa BEMWYMHA ITHOTO 3YyCHIIIA CKIIAJae
42 xH npu mBuakocti pyxy 30 km/ron.

Jisa BU3HauYeHHs HaWOLTBIINX 3HAaYeHbh HOpMa-
JMHHUX HAMpyXeHb B Ts31 Iepenadi TATOBOTO 3Y-
cwIsl OyJO0 MPUHHATO PEXUM TATH B KPUBUX 31
mBHAKICTIO 50 KM/TOJI, KOJM 3rHHaIbHI MOMEHTH
y BepTHKaIbHIH M, Ta M; ropu3oHTanbHIi IJI0-
MHAX 1OopiBHIOIOTH 0,6 kKHM, a Tsrose 3ycuins Fr
nopiBHioe 38 kH. Haiibinbiie HopMasbHe Hampy-
JKEHHS B IbOMY BHIIAAKY IOPIBHIOE

£y

—+WL./M23 +M?, =52,9 MIla .

A z

max

Y OeHTpambHOMY IMiABINTYBaHHI TEHICHITISA
3MIHIOBAHHS [IWHAMIYHHX J00ABOK HANOIIBIINX
BEPTUKANBHUX CUI (), 3aJIe)KHO BiJ MIBUAKOCTI
PYXy € IpUOIH3HO TaKO X, SIK 1 3ycunb N Ta Fr.
HaiiGinemmi 3HauenHs 3ycuns (50 xH) 3apeectpo-
BaHI INPH MBHIKOCTI pyxy 50 KM/TOn B KPHBHUX
IUISTHKaX KOJIii, a 1O CTPUIOYHMUX IEepeBoJax —
52 xH mpu mBuakocrti pyxy 40 km/rox. [lpu takux
HAWOUIBIINX 3HAYEHHAX IWHAMIYHHX CKJIAIOBHUX
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3yCHJIb KOEQIIlieHT AWHAMIKA M [EHTPaIbHOTO
MiIBINTYBAaHHS JOPIBHIOE

0, _ %2
0, 1472
cm >
TOOTO TIepeBUINye HOpMaTUBHE 3Ha4eHHs [7]. He-
00XIJHO 3a3HAYWTH, IO MJIS TOJIOBHUX BaroHiB
nmusenb-noi3aie AP1A, 3 skuMu paHillie BUKOHYBa-
mu BunpoOyBanHs crerianicty JJTHY3Ty 3a yuac-
TIO aBTOPiB, B OKPEMHUX BHIIaJKaX KOeQillieHTH
OUHAMIKH Yy  HEHTpaJbHOMY  MiABIilTyBaHHI
JOCATAIN 3HAYEHb Oinbie Hixk 0,5.

3apeecTpoBaHi MiJ dYac MOCHIIHHUX IOI3J0K
HaWOUTBIIN 3HAYCHHS 3YCHIIb, IO TEPEIAIOTHCS 10
Ky30Ba B LIEHTPAJILHOMY MiABIIIYBaHHI Ta y BY3Ji
nepegadi  TATOBOTO  3yCWUISL  Bi  TOBiAKa
MOTOPHOTO Bi3Ka, JaJli BHUKOPHUCTOBYBAIHUCH JUIS
BUKOHAHHSI YUCIIOBHUX PO3PaXyHKIB 3 BHU3HAUCHHS
HANpy>XKeHO-Ic)OPMOBAHOTO  CTaHy  HECYYHX
KOHCTPYKIIill Ky30Ba Ta By3Ja Iepeaadi 10 Ky30Ba
TATOBOTO 3yCHJILIS.

Jlis BUKOHAHHS 4YHCIIOBHX pO3PaxyHKIB 3a
MeromgoM  ckimdeHHuUX  enmeMeHTiB  (MCKE)
3 BHW3HAYCHHS piBHIB HANpPYyXCHb B EIIEMEHTaxX
Hecy4rX KOHCTPYKLIH Ky30Ba Ta By3ia mnepeaadi
TATOBOTO 3yCHJUIA JIO Ky30Ba TOJIOBHOT'O BaroHa
Bi MOTOpPHOrO Bi3ka Oymu  po3pobieHi
PO3paxyHKOBI CKIHYCHHO-CJIEMEHTHI CXeMHu
(mozemi) [3, 5, 8].

Sk pe3ynbTaT po3paxyHKiB Ha puc. 9 HaBeIeHO
HaIpyKeHO-1e()OPMOBAHHN CTaH €JIEMEHTIB HECy-
YMX KOHCTPYKII Ky30Ba TOJIOBHOIO BaroHa
TU3eNb-TI013/1a, 0 BUHWKA€E BHACIHINOK Mii TUHA-
MIYHHUX HABAaHTOKEHD Y BEPTUKAIBHIHN TUTOIIHHI.

0,353,

min  0.00E+00
B ©.00Et00

B 2-60E+03
H 5-53E+03
5.53E+03

Puc. 9. Hanpy»xeno-nedhopMoBaHuii CTaH Ky30Ba
TOJIOBHOTO BaroHa

HaiiOinpmi piBHI HampyeHb CTBOPIOIOTHCS
B HECYYMX KOHCTPYKUISIX MIKBIKOHHHX IEPEropo-
JIOK Ta gocsararoTsb 55,3 MIIa.

Ha puc. 10 HaBeneHo emopy HampyXKeHb, SKi
YTBOPIOIOTHCSL B €lleMEHTax pamu Ky3oBa. Haii0i-

JBII PiBHI HANPYXEHb YTBOPIOIOTHCA Y OIYHUX
eIIEMEHTaX HECYyYMX KOHCTPYKLIH pamMH Ky30Ba.
TpimuHa Ta 37aMu €JIeMEHTIB KOHCTPYKILIH pamMu
Ky30Ba, SIKI HaBeJEHO Ha puc. 1-4, yTBOpMIHCS
y IIUX MICIISIX.

[yt T T

Puc. 10. Emtopa po3noiny HanpyXeHb B eleMEHTax
paMu Ky30Ba

Jdnst oTpuMaHHs OLIBII AETAILHOTO aHaizy
Hampy>XeHO-1eQOPMOBAHOTO CTaHy OiuHOI Oanku
Oyno po3poOJeHO pO3paxyHKOBY CKiHUEHHO-
eJIeMEHTHY CXeMy, sKa CKiamanacs i3 30UTbImeHol
KUTBKOCTI CKiIHUECHHHX eJieMeHTiB. L1 cxema HaBe-
neHa Ha puc. 11, a pe3ynpTaTH po3paxyHKIiB — Ha
puc. 12.

Puc. 11. Po3paxyHkoBa cxema 0i4HOT OaJIKu
13 301IBIIEHOI0 KIJILKICTIO CKIHUEHHUX €JIEMEHTIB

Puc. 12. HanpyxeHo-nedopMoBaHmii cTaH 019HOL
0aJIKy TOJIOBHOT'O BaroHa B paioHi 11 CIMpaHHs Ha Bi30K

3 aHamizy HaBeAcHHWX pe3ynbTariB (puc. 12)
0aurMo, 1110 HAWOIIBII HANIPY>KEHHsI y OiYHIN CTi-
HII CTBOPIOIOTBCS B MicUAX MepeAadi HaBaHTa-
JKeHb BiJl By3IiB cnimpaHHs. HaitOinbimi 3HaYeHHS
Hanpy>keHb gocsaraoTts 29,2 Mlla.

Ha puc. 13 300paxeno micus 3 HAHOUTBIINME
PiBHSIMU HaIpy>KeHb, SKi YTBOPIOIOTHCS Y MIXKBi-
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KOHHHX ITIEPEropoJKax Ta Ha Jaxy HaJl TaMOypoM
B MiCIli Mepexo/ay BijJ CaJOHY MMacakupiB 10 dac-
THHM Ky30Ba, B SIKid pO3TaliOBaHO IU3EIb-
TeHepaToOpHa YCTaHOBKA.

min 0. 00E+00
H ©.00E+00

B ©5.40E:03
B 7.67E+03
max  7.67E+03

Puc. 13. Micns 3 HalOUTBIIUMU PIBHAMYU HaIPy>KeHb
y MDKBIKOHHHX HIEPETOPOJIKaX Ta Ha 1axy

3 puc. 13 Gaunmo, 110 Y BUMAAKaX YTBOPEHHS
KPUTUYHUX PIBHIB KOPO3IHHUX IOIIKOJKEHb He-
CyYHX KOHCTPYKIIIH Y MIDKBIKOHHHX IEPEeropoaKax
Ta Ha JAaxy HaHOLIbLI Hampy)XeHHS OOCTaloTh
76,7 MIla. Kopo3iliHe MOIIKOIKEHHS TPU3BEIO 10
3pOCTaHHs HaWO1MbIINX HanpyxeHb Ha 38,7 %.

s 3MeHIIeHHs PiBHIB HaNpyXeHb 3ampoIio-
HOBaHO BUKOHATH MOJIEpHi3alilo, TOOTO IPOBECTH
3MIIIHEHHSI KOHCTPYKIIii, sike Oy/ne CIpHuaTH 3MeH-
MIEHHIO PiBHIB HAWOIIBIMX HampykeHb. Ilim gac
MOCWJICHHSI HECYYUX KOHCTPYKIIH OyJI0 pO3risHY-
TO JIeKinbKa BapianTiB. OUH 3 BapiaHTiB MOJEpHi-
3amii HaBenmeHo Ha puc. 14. Ha puc. 15 mHaBenmeHo
pe3ysibTaTH PO3PaxyHKIB 3 BpaxyBaHHSIM IIiJCH-
JICHHS! HECy4MX KOHCTPYKUii OiyHOi cTinku. Haid-
OLIBII HANIPYXEHHS B I[bOMY BHITAJKYy JTOCATAIOTh
21,7 MIla.

=025 cm. =025 cmr.

=025 cmr.

Puc. 14. MonepHi3auisi cTiiok 614HOT CTIHU Ky30Ba
(30BHIIIHS O0OIIMBKA Ky30Ba 3HH3Y)

nin 0.00E+00
B o0.ooE:00

VA

Puc. 15. HampysxeHo-nedopmoBanuii cran 619HOT
OaJIKy Ticisl BAKOHAHHS MOJICPHI3aIii

3aragpbHUN BHTJLA MOJEII MOJEPHI30BaHOI Oi-
gHOi OaJIKM HaBeIeHO Ha puc. 16. Po3paxyHku Ha-
npy>KeHO-1e(OPMOBAHOTO CTaHy Oi4HOT OaiKu
TOJIOBHOTO BaroHa MOKAa3aJid, IO BIIPOBA[KEHHS
3aIpOITIOHOBAHOTO BapiaHTa MOJIEpHi3allii mpuBeIe
JI0 3MEHIIICHHsT HalOUTbIINX HanpysKeHb Ha 25,7 %.

LT T TR AT
LI i r’m“mmm

AL AR AR AR
(RSN R RN

Puc. 16. Ilincunenns 6iunoi 6anku (miacuiIowgi pedpa
BUIJICHO CBITJIHUM KOJIBOPOM)

Kopucryrounce METOAMKOI Ta MPOrpaMHUM
KOMIIJIEKCOM TBEPAOTIIFHOTO MOJENIOBaHHS, OyII0
CTBOpEHO Mofeni  (parMeHTiB  KOHCTPYKIIiH
Ky30BHOI YaCTHHH B 30HI pO3TAallyBaHHSA BYy3/a
nepeaadi TArOBOTO 3ycwiuid. Burisn iiei momeni
Ta CKIHYCHHO-EJIEMEHTHA pPO3paXxyHKOBa CXeMa
HaBezeHo Ha puc. 17.
a — ~

Puc. 17. Mogensb (a) Ta cCKiHIeHHO-eJIeMEHTHA
po3paxyHKoBa cxeMa (6) ¢pparMeHTa KOHCTPYKIIii
Ky30Ba rOJIOBHOT'O BaroHa B MICIIi pO3TalTyBaHHSI

By3J1a IIepesiadi TAr0BOro 3yCHILLI

Po3paxyHkoBa CKiHYEHHO-EJIEMEHTHAa CXeMa
UL BUAUIEHOTO (parMeHTa KOHCTPYKILil y 0a3o-
BOMY BapiaHTi ckiagaeThbest 3 229 117 ckiHueHHUX
ejeMeHTIB Ta Mae 436 179 By3iB.

[Tig yac mpoBeneHHS po3paxyHKIB 3 BU3HAYCH-
HS PIBHIB HaNpyXeHb B €JIEeMEHTaX HECy4nX KOHC-
TPYKI Ky30Ba Ta y BY3J]i Mepeadi TATOBOTO 3y-
CHJUISL MOJIEITIFOBABCS PEKUM TATH. B 1ibomy BuIIa-
JIKy JI0 By3Jia Tiepeiadi TAroBOro 3yCHIUIA Bix Oa-
KH [EHTPAThHOTO MiBIITyBaHHS MOTOPHOTO Bi3Ka
JI0 KPOHIITEHHY Ky30Ba TOJIOBHOTO BaroHa HpH-
KJIaJJaJIMCs 3TMHAIBHI MOMEHTH, IO Ji0Th Y TOpPH-
30HTAJbHIA Ta BEPTHUKAIBHIM MIOLMIMHAX, & TAKOXK
HO3ZIOBKHE TATOBE 3yCHIUIA, SIKI OyJM 3apeecTpo-
BaHi y pociigHid moi3ami. L{i BenuyuHM qOpiBHIO-
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Bay M, = 0,65 xHwm, Mg = 0,66 xHwm, Fr =42 xH.

Ha puc. 18 HaBeneHO Mmosie pO3MOiTY HAIPy-
JKeHb JUIS aHali30BaHOTO ()parMeHTa KOHCTPYKIUIil
y 0a3oBoMy BapiaHTi, TOOTO y BapiaHTi BUTOTOB-
JIEHHS TTiIPUEMCTBA BUPOOHHKA.

w

Puc. 18. Tlone po3moniny HampykeHb B 30HI iepeaadi
TATOBOTO 3yCHIUIA y 0a30BOMY BapiaHTi KOHCTPYKIIii

Buxonsun 3 anamizy pesyibratiB (puc. 18) Oa-
YUMO, 1110 B MiCIli TPUMHUKAHHS MTONIEPEYHOTO IIIBE-
Jepa 10 MO3AO0BXKHBOI OajKu HANpY>KeHHs JOpiB-
HIoOI0TH 85 MIla. B micui nmpuegHaHHs omopHOi
YaCTHHU KPOHINTEHHA JI0 MO3J0BXKHBOI OalKu Ha-
npykeHHs nopiBHIOIOTE 77 Mlla, a B micui mepe-
X0y HaxWJIeHOI YyacTMHM Oi4HOi MOBEpXHI KPOH-
LITEMHY A0 HOro OMOpHOI YaCTUHU HAIPY>KEHHS
nocsiratots 90 MIla (e micue € KOHIIGHTPaTOpOM
Hanpy>KeHb).

3 MeTol0 MOKpamleHHs HanpyXeHo-aedopmo-
BaHOTO CTaHy OyJIO PO3MIISTHYTO JEKijbKa BapiaH-
TiB MiJICHJICHHS HECYYHUX KOHCTPYKIIIH.

Ha puc. 19 naBeneno mozens pparmenra KoHC-
TPYKII{ 3 MiICHIEHHM ii HAKIIAJKO¥0, SKa BCTaHO-
BIIIOETHCS HA BEPXHINM MONHYI MO30BXKHBOI Oal-
KU 3 IIMPUHOIO0 B MEXaxX TEXHOJIOTIl 3aBaplOBAaHHS
Ta [IUPUHY OJIMYKY LIBEJIEPA.

Puc. 19. ITincrieHHs HAKIIaIKOIO

B mpomy BuMaaky po3paxyHKOBa CKiHUEHHO-
eJIEMEHTHA cxeMa ckiagacTtecs 3 231 382 ckinue-
HUX eleMeHTIB Ta Mae 439 704 By3iiB.

Ha puc. 20 HaBeneHo mose po3moaiTy Harpy-
JKeHb TIPW BapiaHTi MiJICWIICHHs HaKiIaaKor Qpar-
MEHTa KOHCTPYKIIi.

Puc. 20. ITone po3moniny HampyXeHb Y BapiaHTi
MHiICWIEHHS HAKJIAIKO0

Buxonsun 3 anamizy pesynsraris (puc. 20) mpu
BapiaHTI MiJACUJICHHS HAKJIAJIKOI B MICI MPUMHU-
KaHHs TIONEPEYHOro IIBeiepa A0 MO3J0BXKHBOI
Oanku, Harpy»keHHs AopiBHIOWOTE 66 MIla. B mic-
i TIPUETHAHHS OMOPHOI YaCTHHU KPOHIITEWHA JI0
MO3/I0BKHBOT OaNKu HampyXEeHHS IOPiBHIOIOTH
66 Mlla, a B micui nepexoqy HaXWJIEHOI YaCTHHU
O0iyHOi MOBEpXHI KpOHINTEHHA 0 HOTo OIMOPHOL
YaCTHHU HampyskeHHs nocsraioTs 80 MIla.

Ha puc. 21 HaBeneHo mMojenb Ta ii CKIHUEHHO-
eJIeMEHTHa PO3paxyHKOBa cxema (parMeHTa KOHC-
TPYKIUii 3 BapiaHTOM MiJCHIIOBAaHHS, B SKOMY JIO-
JaTKOBO JI0 HAKJIaIKH Ha BEPXHiH MONMYLI MO370-
BXXHBOT OAJIKH IPOMOHYETHCSI BCTAHOBUTH B IUIa-
CTHHHU KyTHHUKOBOI popmu. LI cxema ckimamaeTbes
3234 548 enemeHTiB Ta 3 444 394 By3iB.

6 S

Puc. 21. ITigcuiieHHs HAKIAIKOK Ta INIACTHHAMU
KyTHHKOBOI (hopMmu:
a — MOoaCb, 6 — CKiH‘IeHHO-eJ’IeMeHTHa PO3paxyHKOBa CX€Ma

Ha puc. 22 HaBeneHO MoJsie pO3MOiTY HAIpPy-
JKEHb, sIKe OTPUMAHO IiJ Yac YKCIOBOTO MOJEIIO-
BaHHS HABaHTAXXEHOCTI BKa3aHOTO (parMeHTa
KOHCTPYKII1 TIPH PyXOBi OU3ENb-TIOI3/1a B PEKUMI
TATH, B SIKif MIPU MiJCUIIIOBaHHI TOJATKOBO A0 Ha-
KJIQJIKK Ha BEPXHIN MOJHMYI[ MO3IOBXKHBOI Oaiku
MPOTIOHYETHCS BCTAHOBUTH JBI TUIACTHHU KYyTHH-
KOBOi ()OpMH Ta HAKJIAAKy Ha BEPXHIM MOIHYII
y BYy3Ji NpHEIHAHHS TMOIMEPEYHOro IIBENepa 0
MO3/I0BXKHBOI OAITKH.
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Puc. 22. [one po3noniny Hanpy eHb [P MiJCHICHHI
HaKJIaJIKOIO MO30BKHBOI OAITKH Ta TIOTIEPEYHOTO IIBE-
Jiepa y MicIli Horo MpueIHaHHS 10 TIO3[0BXHBOT 0aJIKK

B Takomy BapiaHTI MiJICHJICHHS BHSIBICHO, IO
y Micli NpHEAHAHHS MOMEPEYHOro WLIBejiepa Ha-
npy>keHHs 3Mmenmunucs a0 38 Mlla, a Hixye Ha-
KJIAIKA IBejepa Ha TO3JO0BXHIM Oanmi Hampy-
JKEHHs1 JIOPIBHIOIOTH 56—66 MITa.

Y BHIaAKy MOAAaTKOBOTO MiJCHUJICHHS IIHOTO
BapiaHTa MOJEpHi3amii MUIIXOM YCTaHOBJIIOBAHHS
HAKJIAJOK Ha OIYHIf CTIHII IO3J0BXHBLOI OalIKH
y BHIIEC BKa3aHUX MICLSAX HAMpY>KEHHS JOPiBHIO-
oth 33 MIla ta 33—40 MIla BiamoBiIHO.

HaykoBa HOBHU3HA Ta NPAKTHYHA
3HAYUMICTh

[1ix wac mpoBeneHHs TOCIiKEHb:

— BU3HAYEHO 3a JOTOMOTOI0 BHMipIOBAaTHHHUX
NPUCTPOIB Ta PO3pOOJIEHOI METOIAWKH B YMOBax
ekcrutyatamii amzens-noiznis JIP1A 3ycws, sxi
MepesaroThC T0 Ky30Ba TOJIOBHOTO BaroHa Bif
BY3JIiB CIIUPaHHsS Ky30Ba Ha MOTOpHI Bi3KH, a Ta-
KOX 3YCWJIIS Ta MOMEHTH, IIO NEpPEeNaloThCs JI0
Ky30Ba BaroHa BijJ HaJPECOPHOI OAIKH MOTOPHOTO
BI3Ka;

— 3 METOK0 IMOKPAIICHHS MOKA3HUKIB MII[HOCTI
OIYHMX CTIHOK Ky30Ba T'OJIOBHOTO BaroHa, B SIKHX
MaKkCHMalbHE KOPO3iifHE MOIIKOIKEHHS MPHU3BO-
IUTH 10 3pOCTaHHS HaWOUIBIIMX HANpYXKEHb Ha
38,7 %, 3amporoHOBaHO BapiaHT MOJEPHIi3AIil
[UITXOM YCTaHOBJICHHS JIOAaTKOBOTO KyTHHKA, 110
Ha/a€ MOXKJIMBICTh 3MEHIIUTH HaHOiLIbIII Hampy-
»keHHs Ha 25,7 %;

— OTpPUMaHO HampyKeHO-Ie(OpPMOBaHUI CTaH
0a30BOTO BapiaHTa KOHCTPYKIIii Ta BU3HAYCHI Haii-
OiMpINI HATNpY>KEHHS, 0 CTBOPIOIOTHCS Y MicCIIi
MPUMUKAHHS TIOTIEPEYHOTO MIBENIepa IO MO30BXK-
HBOI OaNKu Ta mopiBHIOTH 73—75 MIla. B mici
MPUENHAHHA ONOPHOI YAaCTHHM KPOHIUTEHHA [0
MO3/I0BXKHBOI OaTKW HANPY>KEHHS JIOPIBHIOIOTh

73—75 Mlla, a B MicIli TIepexoay HAXWJICHOI Jac-
TUHH O19HOI MMOBEPXHI KPOHIITEWHA 10 HOro Ormo-
pHOI yacTWHU HampykeHHs npocsratote 104 Mlla
(1Ie MicIie € KOHIIEHTPATOPOM HAIIPYKEHb );

— BHKOHAaHI pO3paxyHKH BapiaHTa IiJICHICHHS
HECy4rMX KOHCTPYKII Ky30Ba B MicCIli mepeaadi
TATOBOI'O 3YCHJUIA BiJI MOTOPHOTO Bi3Ka, B SIKOMY
BCTAHOBJIIOIOTHCS JIBI TUTACTHHU KyTHHUKOBOI (op-
MU 1 HaKJIaJIKa Ha BEPXHIN MOJUYIIl Y BY3JIi MPUE-
HaHHS TMONEPEYHOro wiBejepa A0 IO3A0BXKHBOI
Oanmky, a TaKOXX HAKJIAAKW Ha 1 OiYHY CTiHKY.
3a mMM BapiaHTOM MiJCHIIOBaHHS B PeE3yJbTaTi
aHaJi3y po3paxyHKiB BHSBJICHO, IO Y MICIi IpH-
€IHAHHSA MOIEPEYHOro IIBeJiepa HaNpyKEeHHs 3Me-
auumics 10 38 MIla ta no 33 MlIla, a HmK4e Ha-
KJIQJKU IIBejepa Ha TMO3MOBXKHIA Oaii Hampy-
JKEHHs JTOpiBHIOIOTH 56—66 MIla ta 33-40 Mlla
BIJIITOBITHO.

TakuMm YMHOM, 3aIPOTIOHOBAHI BapiaHTH MoO/Ie-
pHi3auii HECYYHX KOHCTPYKILIH Ky30Ba T'OJIOBHOTO
BaroHa nusenb-noizaa APl A cnpusioTs CyTTeBOMY
MOKPAILICHHIO HANPYXEHOro CTaHy HOro Hecydux
KOHCTPYKIIiH.

Po3po6iieni BapiaHTH MOAEpHi3allii Ta TeXHid-
HE pIIIeHHs 100 X BIPOBAPKEHHS HAIAHO CIie-
miamicraM YKp3adi3Huili. BrnpoBamkeHHs UX MO-
JepHizaliii Oyne CHpUSITH MOJOBXKEHHIO TEPMiHY
eKcIuTyaTarii Ta 3a0e3MeueHHI0 TIepeBe3eHb Taca-
JKUPIB Ha HEEeNeKTPU(PIKOBAHUX AUTBHHLISX 3aii3-
HULb YKpaiHU IO MOMEHTY 3aMiHM TaKUX JU3eIb-
MOi3/iB Ha HOBI OJMHUIII MOTOPBAaroHHOTO PYXO-
MOTO CKJIafy.

BucHoBkH

Ha mincraBi oTpuMaHHMX pe3yJibTaTiB OCIi-
JDKEHB MOKHA 3pOOUTH TaKi BUCHOBKH:

— 3 METOI0 3a0e3meucHHs 0e3MeYHOl eKCIIya-
Talii HeCyuYuX KOHCTPYKLIH TOJIOBHUX BaroHiB Au-
3enb-1m0i31iB JIP1A B MexkaxX MOIOBXKEHOTO TEPMi-
Hy eKCIuTyartallii HeoOXiIHO TiJ 4yac MpPOBEACHHS
ITP3 abo KP BuKOHYBaTH migCcHUJICHHS OIYHHMX CTi-
HOK 3a CX€MaMH, HaBeJACHUMM Ha puc. 14, 16 ta
BY3JIiB TIepeladi TATOBOTO 3yCHIIIS 3a CXEMOIO
(puc. 21);

— BIIPOBAKEHHS 3aXOiB MOJepHi3allii OCHOB-
HUX HECYYHMX KOHCTPYKIIIH Ky30Ba Ta BY3JIB Iepe-
Jladi TATOBOT'O 3YCHILIS Mijl 4aC BUKOHAHHS PEMOH-
TiB y 00’emi I1P3 abo KP Oyne cnpustu mokpa-
IICHHIO TIOKa3HWKIB MIIIHOCTI Ta CTaHy Oe3NeKu
PYXy IH3ENb-TI0I3/IIB 3a3HaUeHOT cepii.
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PA3PABOTKA MEPOIIPUATHUM IO YJIYUYILIEHUIO IOKA3ATEJIEHA
MPOYHOCTHU HECYIIIUX KOHCTPYKINI I'OJIOBHBIX BATOHOB
JAU3EJIb-IIOE310B /IP1A HA OCHOBAHHWH BBIITOJIHEHHBIX
IKCIIEPUMEHTAJIBHO-TEOPETUYECKHUX PABOT

Heab. Llensro paGoTHl SBISETCS OMNpeNesieHHE HANpPsHKEHHO-Ie(POPMHPOBAHHOTO COCTOSHUS HECYIIHX KOH-
CTPYKLMI Ky30Ba FOJOBHOI'O BaroHa U y3jia Iepefayd TArOBOIO YCUJIUS, KOTOPBIE MOTYT CO3/1aBaTbCs B HELUTATHBIX
CHUTYyalMsIX BO BpeMs dKCIUTyaTard. HeoOxomuMol SBISIETCS TakKe pa3padoTKa MEPONPHTHI, HalpaBICHHBIX Ha
yIIydlIeHHe HaNpsDKeHHO-1e(OPMHUPOBAHHOTO COCTOSIHMS YKa3aHHBIX 3j1eMeHToB. MeToauka. J{is nocTikeHus 1o-
CTaBJICHHOM II€JIM NIPY BBINOJIHEHUH paOOThI ObLIIO NPOBENIEHO IKCIEPUMEHTAIIBHOE ONPEEICHNE YCHIIUNA U yPOBHEH
HanpspKeHui B HanOoJiee Harpy KEHHbIX JIEMEHTaX HECYIIUX KOHCTPYKIMH, a TakKe B y3/ax nepeaadu Taru. Paspa-
0oTaHbl pacyeTHbIE MOJENM JUIS NPOBEICHUS TEOPETHUYECKOTO OIpENENIeHUs YPOBHEH HANpsDKEHHH W YCHIIMH.
PesyabTaTsl. Ha ocHOBaHMM aHanmu3a MOJyYEHHBIX PE3yJIbTATOB PacUeTOB BBISBJIECHBI HAWITYUIINE BApUAHTHI MOJIEP-
HU3AIWH, KOTOPBIE OBLIH 32JI0’KEHBI B OCHOBY IMPEJIOKCHUH, HAITPABICHHBIX HA YIYYIICHUE [TOKa3aTeIel IPOYHOCTH.
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Hayunas HoBu3HA. Ha OCHOBaHMM SKCIIEPMMEHTAJIBHBIX W TEOPETUUECKUX HCCIICIOBAaHUH BBIIIOJIHEHO HAYYHOE CO-
MPOBOXIIEHUE padOT MO pa3pabOTKe MEPONPHUATHI MOAECPHHU3ALMN U YIy4IICHHIO MOKa3aTeNeld MPOYHOCTH HECYIHX
KOHCTPYKIIMH TOJIOBHBIX BaroHOoB mu3enei-roe3nos JP1A. IlpakTuyeckas 3Ha4UMOCTh. PazpaboTaHo TexHIMYECKOE
pelIeHHe C MEPONPUSITUSIMHU, KOTOPBIE JIOJDKHBI BBIIONHATHCS BO BPEMs SKCILUTyaTalliM JU3€JIb-MI0€3/10B YKa3aHHOU
cepun. TeXHHUECKOE PEIIEHNE MPEOCTaBICHO CIEUAINCTaM Y KP3aIU3HBILN A1 O3HAKOMIICHHS U BHEIPEHHUS TIpea-
JIO>)KEHHBIX MEPOIIPUSATHH 110 yITy4IICHUIO OKa3aTeIeH TPOYHOCTH.

Kniouesvie cnosa: Ky30Bbl BarOHOB; I'OJIOBHBIE BaroHbI; paCUeTHHIE MOJEIH; TEOPETUYECKHUE PACUEThl; AU3eib-
noe3aa /IP1A; MOTOpHBIE TENEKKH; TOKa3aTeIN MPOUYHOCTH
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DEVELOPING MEASURES TO IMPROVE STRENGTH INDICES OF
SUPPORTING STRUCTURES FOR HEAD CARS OF DIESEL TRAINS
DR1A ON THE BASIS OF EXPERIMENTAL-AND-THEORETICAL
WORKS

Purpose. The objective is to determine the stress-strain state of supporting structures of the head car body and
the traction transmission unit, which can be created in the operation of emergency situations, and to develop the
measures aimed at improving the stress-strain state of these elements. Methodology. In order to achieve this objec-
tive, in performing the work an experimental determination of efforts and stress levels in the most loaded elements
of supporting structures as well as the traction transmission units was conducted; design models for the theoretical
determination of stress and effort levels were developed. Findings. Based on the analysis of the calculation results
the best options for the upgrades, which have been put into the basis of proposals aimed at improving the strength
indices, were revealed. Originality. Based on the experimental and theoretical studies, scientific monitoring of de-
velopment works on modernization and improvement of strength indices of supporting structures of head cars of
diesel trains DR1A was performed. Practical value. The technical solution to the measures, which are to be carried
out beyond the limits of assigned operation lifetime for diesel train of the series specified was developed and trans-
ferred to the Ukrzaliznytsia experts to introduce the proposed measures on improving the strength indices.

Keywords: bodies of cars; head cars; calculation models; theoretical calculations; diesel trains DR1A; motor bo-
gies; strength indices

REFERENCES

1. Bondarev O.M., Yagoda D.O., Skoblenko V.M. Eksperymentalno-teoretychna otsinka pokaznykiv mitsnosti
balok tsentralnoho pidvishuvannia dyzel-poizdiv DR1A [Experimental-and-theoretical evaluation of strength
indices of the central suspension beams of diesel trains]. Visnyk Dnipropetrovskoho natsionalnoho univer-
sytetu zaliznychnoho transportu [Bulletin of Dniproperovsk National University of Railway Transport], 2011,
issue 37, pp. 7-19.

2. Gorobets V.L., Bondarev O.M., Skoblenko V.M. Analiz ekspluatatsiinoi narobky nesuchykh konstruktsii ruk-
homoho skladu v zadachakh prodovzhennia terminu yoho ekspluatatsii [Analysis of accrued operating time of
supporting structures of rolling stock in problems of prolongation its operation life]. Visnyk Dnipropet-
rovskoho natsionalnoho universytetu zaliznychnoho transportu [Bulletin of Dniproperovsk National Univer-
sity of Railway Transport], 2010, issue 35, pp. 10-16.

3.  Dashchenko A.F., Lazareva D.V., Suryaninov N. G. ANSYS v zadachakh inzhenernoy mekhaniki [ANSYS in
problems of engineering mechanics]. Odessa, Astroprint Publ., 2007. 488 p.

4.  Lerner B.M., Kovalev N.P., Lebedev V.P., Kuryatnikov A.A. Dizel — poyezda. Ustroystvo, remont, eksplua-
tatsiya [Diesel trains. Installation, repair, operation]. Moscow, Transport Publ., 1982. 279 p.

5. Zenkevich O.M. Metod konechnykh elementov v tekhnike [Finite elements method in engineering]. Moscow,
Mir Publ., 1975. 542 p.

© O. M. bounnapes, B. JI. T'opoberp, . O. Sroxa, O. O. bonnapes, 2014

140



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJli3HUYHOr0 TpaHcmnopty, 2014, Ne 1 (49)

[IPOMHUCJIOBUIA TPAHCITOPT

6. Mikhaylenko A.A. Dizel-poyezda tipa DR A [Diesel trains of type DR]. Moscow, Transport Publ., 1990.
337 p.

7. Normy rashcheta i otsenki prochnosti nesushchikh elementov i dinamicheskikh kachestv ekipazhnoy chasti
motorvagonnogo podvyzhnogo sostava zheleznykh dorog MPS RF kolei 1520 mm [Norms for calculating and
assessing the strength of bearing elements and dynamic qualities of the motor-car-wagon rolling stock of
Railways of the MPS, Russian Federation of track gauge 1,520 mm]. Moscow, VNIIZhT Publ., 1997. 147 p.

8. Potemkin A. Tverdotelnoye modelirovaniye v sisteme KOMPAS-3D (+CD-ROM) [Solid modeling in
KOMPAS-3D]. Saint Petersburg, BKhV-Peterburg Publ., 2004. 512 p.

9. Rakov V.A. Lokomotivy i motor-vagonnyy podvizhnoy sostav zheleznykh dorog Sovetskogo Soyuza (1976-
1985 gg.) [Locomotives and motor-car rolling stock of the Soviet Union railways (1976-1985)]. Moscow,
Transport Publ., 1990. 238 p.

10. Rozrobka rekomendatsii po pidvyshchenniu terminu ekspluatatsii dyzel-poizdiv D1, DRI na pidstavi prove-
dennia eksperymentalno-analitychnykh robity, Noee DR 0199U000049 [Development of recommendations to
improve the operation life of diesel trains D1, DR1 on the basis of experimental and analytical work, No. DR
0199U000049]. Dnipropetrovsk, 1999. 157 p.

11. Boyer Howard E. Metals Handbook, 8" edition. Volume 10: Failure Analysis and Prevention. Fatigue Fail-
ures. American Society for Metals Publ., 1975. 604 p.

12. Yoshida S., Innagaki N., Kanao M. Effect of size and frequency on fatigue properties of SM50B butt welded
jointro. Journal Welding Society, 1978, no. 9, pp. 5-10.

13. Mitsui Y., Kurobane Y., Harada K., Konomi M. Fatigue crack growth behaviours at the toe of fillet welded
joints under plane bending load. / Journal of the Japan Welding Society, 1983, no. 3, pp. 58-65.

Cmamms pexomenoogana 0o nyonikayii k.m.x., ooy. A. JI. Ilyrapiero (Yrpaina); k.m.n, ooy. O. /[. Kakos-
cokum (Yrpaina)

Hanitirura mo peakosterii 15.09.2012
[pwuitaara no apyky 28.11.2013

© O. M. bounnapes, B. JI. T'opoberp, . O. Sroxa, O. O. bonnapes, 2014

141



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[lOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOrO TpaHcmopty, 2014, Ne 1 (49)

PYXOMMMH CKJIAJ 3AJII3HUILLD I TSATA TOI3/11B

YK 629.463.027.35:629.018

H. 5. MAHKEBUY'"

000 «'CKBB um. B. M. By6noBay, . Mammnoctpourenei, 1, r. Mapuynons, Ykpausa, 87535, ten. +38 (0629) 51 86 43,
3I1. mouTa bubnov(@azovmash.com

JAUHAMHUKA I'PY30BbIX BAT'OHOB HA TEJIEZKKAX MOJEJIA
18-1711 C PABHOU KOHCTPYKIIMEHN KJIMHBEB PECCOPHOI'O
ITOJABEIIIMBAHUA

Heasn. IIpoBecTn aHanu3 pe3ynbTaTOB HCCIENOBAaHMSA AMHAMHUYECKHX IIOKa3aTeNed IOoyBaroHa MOJENId
12-1704-04 c oceBoil Harpy3koi 23,5 Tc Ha Tenexkax monenu 18-1750 u nByx momyBaroHoB mozenu 12-1905
¢ oceBOl Harpyskoii 25 Tc. OMH U3 yKa3aHHBIX NOJyBaroHOB 000pyIoBaH TenexkaMu mozaenu 18-1711 ¢ dppukim-
OHHBIMH KJIMHBSIMH PECCOPHOTO ITO/IBEIIMUBAHUS IPOCTPAHCTBEHHONW (POPMBI C YBEJIIMUEHHBIM YIJIOM HakJIOHa K I'o-
PH3OHTAIN JMHHUM TEPECceYeHUs] KOHTAKTHBIX IMOBEPXHOCTEH MEXIy KIMHOM M HaJpeccopHod Oankoi. [pyroi
nosyBaroH mojenu 12-1905 obopynoBaH Tese)XKaMH TOH K€ MOAENH, Ha KOTOPHIX YCTaHOBJICHBI ()PUKIIMOHHBIE
KIIMHBS C TUIOCKOH (hopMOI KOHTaKTHOM IMTOBEPXHOCTH, MMEIOIIEH yroil HaKJIOHA, KaK y kiuHa Tenexku 18-100. Ha
OCHOBaHMH TIOJNyYEHHBIX PE3yJbTATOB aBTOP IPEIIOJaracT CAeNaTh BBIBOIBI O [EJIECO00pa3HOCTH YHH(UKAINU
KOHCTPYKIIUU HaapeccopHo Oanku Tenexxku moxenu 18-1711 ¢ tenexkoit mogenu 18-100 mo ¢opmMe KOHTAKTHBIX
MOBEPXHOCTEN C 3IIEMEHTAMHU PECCOPHOro noasemuBanys. Meroauka. MccnenoBanue JUHaMUYECKUX MTOKa3aTeen
BaroHOB BBINOJHJIOCH NPH MPOBEICHUH XOAOBBIX AMHAMUYECKHX HCHBITAHUM HATypHBIX OOpa3oB TPY30BBIX
BaroHOB B OIBITHOM IOE37I€ B COCTaBE JABYX JIOKOMOTHBOB, BarOHa-1a00paTOPUH U TPEX MOIYyBArOHOB YKa3aHHBIX
Mmojeneid. PesyabTarsl. OCHOBHBIE pe3yJbTaThl TUHAMHYECKUX HCCIIEIOBAaHUI IMPEACTAaBIICHbI B BHJIE I'paUKOB
3aBUCUMOCTH JUHaAMHWYCCKUX MoKaszarejaed oT CKOPOCTH [JABWIKCHHUA OSKCICPUMCHTAJIBHOI'O IO0€3ga W CBU-
JIETEIECTBYIOT O TOM, YTO HCCIIEAYyEMbIE ITOJIyBaroHbl MMEIOT YAOBJICTBOPUTEIbHBIE TUHAMHYECKUE ITOKA3aTeIIH.
ITpu >TOoM nMHAMHUUYECKHE IOKA3aTeNH IOJyBaroHa Ha Tenexkkax monenu 18-1711, oOopynoBaHHBIX KIMHBSIMH
IUTOCKOM (OpMBI, B OOJBLIMHCTBE CIIy4yaeB JIydlle, 4yeM y ApPYrux mnosyBaroHoB. Hayunasi HoBu3Ha. [ToxydeHs!
pe3ynbTaThl HCCIICAOBAHWA BaroHOB Ha TeNeXkax wmoxenu 18-1711, mo3BoNsIOMmHE OLEHUTH 3aBHCHMOCTh
JUHAMWYECKUX TI0Ka3aTelell BaroHa OT [apaMeTpoB KOHCTPYKUIUHM (PUKIMOHHBIX KIMHBEB PECCOPHOTO
moBeIMBaHus Tenexxkn. IIpakTudeckass 3Ha4MMOCTh. JIuThle meranu Tenexku monmenu 18-1711 ¢ oceBoit Ha-
Ipy3Koil 25 TC MOryT OBITh HCIIOJIB30BAaHBI B KA4ECTBE 3aMEHbI BBILICIIINX W3 CTPOS AETalel TENeXKH MOJIENN
18-100 u ee ananoros.

Kniouegvie cnosa: nuHaMuKa BaroHa; JUHAMUYECKHE HCIIBITAHUS; BarOH-3TAIOH; OCeBas HAarpy3ka; QPUKIHMOH-
HbI€ KIIMHBS; YHU(DUKALWS KOHCTPYKIHN

Brenenue BaroHOB HOBOTO ITOKOJICHUSI C YBEJIMUYEHHOW oOce-
BOW HArpy3Kou.

BMecTe ¢ TeM OJIHUM U3 OCHOBHBIX MPUHIIUITOB
MPOCKTUPOBAHUS SIBIISIETCS Iieliecoo0pa3Hasl yHU-
(uKaIus KOHCTPYKIIUU MyTeM NMPUMCHECHUS CTaH-
JApTHBIX M TUIIOBBIX JeTanei [5].

I/I3yquHe MHPOBOT'O OIIbITa CO3AaHUA XOJ0BBIX
yacTel I'py30BBIX BaroHOB MMEET Ba)XKHOE 3Hade-
HUE TIPH CO3JJaHWH OTEYECTBEHHBIX pa3paboToK [2,
10, 13, 17-20].

B nocnennee BpeMs Ha CeTH JKENE3HBIX IOPOT
kojen 1520 MM HauaTa 3KCIUTyaTalys TPY30BBIX
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PYXOMMI CKJIAJ] 3AJII3HULIB I TATA TIOI3/1B

Pa3paboTka ¥ mIMPOKOE OCBOCHWE CEPHHHOTO
MPOU3BOACTBa YHU(DHUIIMPOBAHHBIX JETallel Tele-
J)KEK C pa3HOW OCEBOM HAarpy3Koll NaeT BO3MOX-
HOCTh  TPEANPUATHIM-U3TOTOBUTEISIM  MEHBIIIE
3aBHCETh OT KOHBIOHKTYPHI pbiHKa. OJTHOBpEMEH-
HO VJOBJIECTBOPATH MOTPESOHOCTH BaroHOCTPOU-
TENBHBIX M BarOHOPEMOHTHBIX TMPEANPHUITHN
B KOMIUIEKTYIOIIMX IJISI XOJOBBIX YacTell BaroHOB
KaKk HOBOM KOHCTPYKIHH (C OCEBOH Harpy3Koif
25 Tc), TaK ¥ BarOHOB C OCEBOI Harpy3kou 23,5 Tc,
CepUIHOE MTPOM3BOJCTBO KOTOPHIX MPOJIOIIKAETCS,
a CJICTIOBATENIBHO, YUUTHIBAS CPOKU UX JKCILTyaTa-
1y (32 roga) moTpeOHOCTh B 3aIIaCHBIX KOMILICK-
TYIOIIMX JJISI UX XOJOBBIX YACTed MOXKET coXpa-
HUTCS B TeueHue Ommkaimmx 40-50 mer. Tak xe
MOSIBIISIETCS. BO3MOKHOCTH COKPATUTh Pacxoibl Ha
coJlep)KaHUe IPOW3BOIACTBEHHOTO W PEMOHTHOTO
o0opymoBaHus, 00ECTICYNTh PEMOHTOIIPUTOTHOCTD
U B3aMMO3aMCHIEMOCTh JeTalied W Y3II0B, UTO
B CBOIO OU€pEab MOXKET COKPATUTh BpEeMs pEMOHTa
Y TIPOCTOS BarOHOB I10 MTPUYMHE OTCYTCTBUS HEOO-
XOJTUMBIX 3aITaCHBIX YacTeil.

Tenexxka moxenu 18-1711 ¢ oceBoit Harpy3koi
25 TC yXe Mpomuia HeOOXOAUMBIA KOMIUIEKC HC-
MBITAaHUN W MMeeT cepTU(UKAT Ha W3TOTOBICHUE
onbiTHOM maptum [1, 14-16]. JlanHas Temexka
o0opy/oBaHa yHH(DHUIIMPOBAHHOW C TEICIKKOH
18-100 GoxoOBO¥ paMoii U Tiepe] HaYaIOM ITOIKOH-
TPOJIGHOM 3KCIUTyaTaIlliu TEJEKKH HOBOTO ITOKO-
JieHHs ObUTa MOCTABIICHA 33Jla4a OIpPEJEIUTh BO3-
MOKHOCTh YHU(HUKAIMKM €€ HaJpecCOPHOU Oaiku
C TENEKKAMH MPEIBITYIIETO TTOKOICHHUSI.

Pe3ynbTaThl TPOBEAEHHBIX MPEABAPUTEIHHBIX
CPaBHHUTENBHBIX WCIBITAHUN TI0 BO3JCHCTBHIO Ha
MyTh JBYX TOJyBaroHOB, 00OPYIOBAHHBIX TEIEXkK-
kamu Mmoxenu 18-1711 ¢ pa3HON KOHCTPYKIHEH
KIIMHOBOM CUCTEMBI, M BaroHa-3TajoHa (TI01yBaro-
Ha mozenu 12-1704-04) Ha Tenmexkkax C xapakre-
PUCTUKAMH, AaHAJOTHYHBIMA TEJICKKU MOJIETH
18-100 [6, 9], ¥ moKa3anmM BO3MOXXHOCTH TaKOM
yHubukammu [1].

Tak KaK AMHAMUYECKHE XapaKTEPUCTHKH XOJI0-
BBIX YacTed IMOABM)XHOTO COCTaBa >KEJIC3HBIX [0-
POT HampsSIMyIO BIMSIOT Ha 0€30MacHy0 3KCILTya-
TaIMIO TOE37I0B B Pa3HBIX pPEeKMMax 3arpy3Kd Ba-
TOHOB M BO BCEM JIMAITa30HE CKOPOCTEH WX JIBUXKE-
HUS, TO TPpU TMPOBEACHUU  KOHTPOJIBHBIX
WCTIBITAaHUH TI0 BO3/ICHCTBUIO HA MYTh YKa3aHHBIX
BaroHOB, JTOTIOJIHUTENIbHO OBLIN TPOBENEHBI XO0-
BBIC IMHAMHUYECKHUE HUCIIBITAHUS BarOHOB B IpyXke-
HOM peXnMe.

ean

[TosnydeHue MaHHBIX AMHAMHUYECKHX IOKa3aTre-
JIeH, TOATBEPKIAIONINX BO3MOXHOCTh yHH(]HKA-
UM KOHCTPYKIIMHM TIOBEPXHOCTEH KOHTAKTa HaJ-
PECCOPHOI OajKu C JETalIMH PECCOPHOTrO IMOJBE-
HIuBaHus Tenexku moxenu 18-100.

MeTtoaunka

UccnegoBanne AWHAMHYSCKHX MOKa3aTelei
BaroHoB B pr)I(eHOM pe>1<1/IMe BBIITOJIHAJINCH HpI/I
MPOBEICHUU XOJOBBIX TUHAMUYECKUX HCIBITAHUMA
HATYPHBIX O0pPAa3IOB T'PY30BBIX BaroHOB B OIIBIT-
HOM TIO€3/I€ B COCTaBe BYX JIOKOMOTHBOB, BaroHa-
71a00paTOPUU U TPEX MOTYBArOHOB YKa3aHHBIX MO-
neneld. VcmbiTaHus TPOBENEHBI B COOTBETCTBHU
C JCUCTBYIOIIMMH HOPMATHBHBIMH JOKYMECHTAMH
[5, 11].

PesyabTaTtsl

B cratbe mpencraBieHBl pe3yibTaThl CPaBHU-
TEJIBHBIX XOJOBBIX TWHAMHYECKUX MCIBITAaHUH MMO-
myBarona mozaenu 12-1704-04 ¢ oceBoi Harpy3Koit
23,5 na tenexkax 18-1750 Tc u ABYX MOITyBaroHOB
Mojenu 12-1905 ¢ oceBoil Harpy3koit 25 Tc, OJIUH
U3 KOTOpBIX 00OpYIOBaH TENEeKKaMU MOIEIH
18-1711 ¢ ppUKIMOHHBIMHU KIIMHBSIMH PECCOPHOTO
MOJBEIINBAHUS IPOCTPAHCTBEHHON (hOPMBI C yBe-
JMYEHHBIM YIJIOM HaKJIOHA K TOPHU30HTAIN JHMHUU
MepecevyeHnss KOHTAKTHBIX IOBEPXHOCTEH MeEXIy
KJIIMHOM W HaJpeccopHou Oamkoit (puc. 1, a) [8],
Ipyroil momyBaron mozenu 12-1905 obopymoBan
TEJeKKaMU TOH K€ MOJENH, Ha KOTOPOH yCTaHOB-
JeHbl (PPUKIMOHHBIE KIUHBS C IUIOCKOH (hopMoit
KOHTaKTHOW MOBEPXHOCTH, UMEIOIIEN yroi HaKJIO-
Ha Kak y kinuHa Tenexku 18-100. Kinun ¢ nmimockoit
(hopMOif KOHTAaKTHOH MOBEPXHOCTH U MOIUMEPHOM
HAaKJIAJKONH YCTaHABJIMBACTCA B TENEKKY MOJICIH
18-100 mpu ee moxepHu3anuu 1o npoekry C03.04
(puc. 1, 6) [3, 4].

a

e

Puc. 1. O6muii BUI KIMHBEEB PECCOPHOTO
IOIBEIINBAHNS TeJexek Moaenn 18-1711
MPOCTPAHCTBEHHOM (@) U TIOCKOH (6) hopMbI
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KoaddunrenT BepTrKaIbHON THHAMUKHE HEOOPECCOPEHHBIX YacTell BaroHoB (ctopoHa 1)

0,9

0,8 4
0,7 4
0,6 1

0,5 1

Ka1

0,4 1

0,3 1
0,2 4

0,1 4

0

30 40 50 60 70 80 90

CKopocTb, KM/Y

Koaddunmenr BepTukaibHON TMHAMUKN HEOOPECCOPEHHBIX YacTeil BaroHOB (CTOpoHa 2)

0,9 T T T T T
0.8 1 l l l l l
I I I I I
0,74 ---—----- |- === === 4= == —————==-== H—-—— == ===
I I I I I
06 1 l l l l l
I I I I I
3 %] : : : : :
0,4 1 | | l l -
ey S i
0,3 9 | |
I I I I I
I I I I I
024---—-—-—-—-- |———————= 4= - m————— == 4= ===
I I I I I
011 l l l l l
I I I I I
0 g T T T T
30 40 50 60 70 80 90

CKopocTb, KM/4

PamuBIe cHIIBI B TOTISX 0CeBOM HATPY30K (K03 OUIIEHT TOPU3OHTAIBHON JHHAMUKH )

0,4 T T T 1
0,35 4 | | | |
0,3 1
0,25 9

0,2 1

Hp/Po

0,15 4

0,14

0,05 1

30

CkopocTb, KM/Y

——18-1750 (aTanoH) —#-18-1711 (NPOCTPaHCTBEHHbIV KIUH)
—4—18-1711 (NNOCKUN KNWH) —=—HopmaTtuBHoe 3HayeHne

Puc. 2. JlunamMmuyeckue nokazaTesid UCCIIelyeMbIX BATOHOB B KpUBOil paauycom 350 m
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KoaddunrenT BepTrKaIbHON THHAMUKHE HEOOPECCOPEHHBIX YyacTell BaroHoB (cTopoHa 1)
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Puc. 3. luraMudeckre TOKa3aTeln HCCIeIyeMBIX BATOHOB B KPUBOM pagmycoM 650 M
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KoaddunrenT BepTrKaIbHON THHAMUKHE HEOOPECCOPEHHBIX YacTell BaroHoB (ctopoHa 1)
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Pe3ynbTaTthl MCTIBITAHWI BaroHOB TIpE/ICTaBIIe-
HBI B BUJIE€ TPAQUKOB 3aBHCHMOCTH OCHOBHBIX TIO-
Kazarejeil KauecTBa Xo0lla OT CKOPOCTU ABIKEHUS
(puc. 2—4). AHanM3 NMOMYYEHHBIX JTAHHBIX MOKAa3bl-
BaeT, YTO AMHAMUYECKHUE XapaKTCPUCTUKH TMOTyBa-
TOHOB Ha Tenexkax 18-1711 ¢ pa3HOH KOHCTpYyK-
el KIIMHA W BaroHa-dTaJIOHa B TPYKEHOM PEXH-
Me, TPU JBIXKCHUH C PA3IUYHBIMU CKOPOCTIMHU
BIUTOTH JI0 KOHCTPYKIIMOHHOM, B KPUBBIX y4acTKaxX
MyTH ¥ TIO CTPEJIOYHBIM TIEPEBOAAM, COOTBETCTBY-
10T TpeboBanusMm [ 14, 15].

Tax npy JBIKEHUH 110 KPUBBIM ydacTKaM ITyTH
MUTHAMHIYECKHE IOKa3aTeNd IOJyBarOHOB Ha Te-
nexkax mozaenu 18-1711 B cpenneM Ha 25...30 %
Jydine, 4eM y BaroHa-stanosa. IIpu sTom mokasa-
TEJU MOJIyBaroHa Ha Tenexkkax mojenu 18-1711
¢ wiockuM kiauHOM Ha 10...15 % nyumre, wem
y TOJIyBaroHa Ha TEJIEKKaX TOW XK€ MOJEIH, HO
C IPOCTPAHCTBEHHBIM KITHHOM.

JuHaMuyeckue IMOKa3aTeNnd IOJyBaroHOB Ha
Tenexxkax Mmopened 18-1711 m Barona-sTanoHa
B TPY’KEHOM PEXHUME TP IBIKEHHUH IO CTPEIOoU-
HBIM TIEPEBOJIaM TIPUMEPHO OJTUHAKOBEI.

Hayuynast HOBU3HA ¥ mpaKTHYeCKasi
3HAYUMOCTh

ITonyyeHsl IUHAMUYECKHE XapaKTCPUCTUKU
TPYy30BbIX BaroHOB Ha Teyexkax mojenu 18-1711
C pa3HOM KOHCTPYKLUMEH KIMHOBBIX TacUTeNeil
KoJIeOaHMi, KOTOpBIE ITOATBEPKIAIOT BO3MOXK-
HOCTh VHU(DHKAIIMN HAIPECCOPHOU OAJIKM TEJIeK-
KM YKa3aHHOM Mojenu ¢ Tenexkoit mogenu 18-100
B YaCTH KOHTAKTHBIX ITOBEPXHOCTEH C AIIeMEHTaMHU
PECCOPHOTO TIO/IBEIITUBAHUS.

JIutele neranu Teaexku monenu 18-1711 mon-
HOCTBIO YHHU(MUIIUPOBAHHBIC 110 CBOUM IPHUCOCIH-
HUTEIBHBIM pa3MepaM C TENeKKAMU HpPeblIyIIe-
T'O TIOKOJICHUSI M MOTYT OBITh HCITOIb30BaHBI B Ka-
YECTBE 3aMEHBI BHIMICAIIUM U3 CTPOS JIETAsIM
Tenekku Moaenu 18-100 u ee aHAIOTOB.

BriBoabI

1. Pe3ynbTarhl CpaBHUTENBHBIX HCIBITAHUIMA
MOKa3bIBAIOT, YTO BCE HCCIEJOBAHHBIC BarOHEI
0071a1a10T yAOBICTBOPUTEIHFHBIMA TUHAMUYECKHU-
MU KaueCTBaMU.

2. MakcumanbHas yHUPHUKAIHS IeTajaeH u y3-
JIOB WX XOJOBBIX YacTe M Ky30BOB C BaroHaMu
MPEIBIIYIIET0 TOKOJIeHUs 00ecrevnBaeT UX pe-
MOHTOIPHUTOAHOCTh Ha CYIIECTBYIOIIeH wuH(ppa-
CTPYKTYpE JKeJE3HbIX Jopor Koneu 1 520 mm.

3. Jlns obecrneuenuss 0€30MACHOCTH JBHIKCHUS
IIPH TIPOU3BOJICTBE M PEMOHTE BaroOHOB HOBOT'O I10-
KOJICHUS, Y3JIbI U JIETAI KOTOPOTO YHU(DHUIIUPOBA-
Hbl C BaroHaMHu MPEIBIAYIIETr0 MOKOJICHUs, HEO0O-
XOIMMO HCKJITIOYUTH BO3MOXKHOCTH «OOpaTHOM»
3aMEHBI, T.€. yCTAHOBKM Ha BaroH HOBOTO IMOKOJIe-
HHUS J€Talel ycTapeBLIed KOHCTpPYKUUHU. s 3To-
ro CYIIECTBYET MHOXXECTBO METOJIOB KOHTPOJIS,
HaIlpuMep JIOTHYECKUNA KOHTPOJIb depe3 mHpopMa-
[IMOHHO-aHAIUTUYECKYI0 CHCTEMY BBIUYHCIHTENb-
HBIX LEHTPOB KEJIE3HBIX JOPOT.

4. J1nst HaAPEeCCOPHOM OanKh TENEKKHA MOJICIH
18-1711 mpobmema «oOpaTHOW» 3aMEHBI HE SBIIS-
eTCsl aKTyaJbHOHM, TaK KaK yBEIIMYCHHBIH B COOT-
BETCTBUM C JACUCTBYIOIIMMH HOPMATHUBHBIMHU JO-
KYMEHTaMU JUAMETP €€ MOAISITHUKA OOJbIIe, YeM
Yy TeJIeKEK C 0CEBOM Harpy3koit 23,5 Tc.
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JANHAMIKA BAHTAKHUX BAT'OHIB HA BI3KAX MOJEJII 18-1711
I3 PI3HOIO KOHCTPYKIIC€TIO KJIMHIB PECOPHOI'O ITII/IBIITYBAHHA

Merta. [IpoBecTu aHaii3 pe3ynbTariB JOCHIIKEHHS AMHAMIYHUX ITOKa3HMKIB MiBBarona mojeni 12-1704-04
3 OCLOBHMM HaBaHTaXKeHHsAM 23,5 Tc Ha Bizkax moxeni 18-1750 ta nsox miBBarois mozeni 12-1905. Omgun i3
BKa3aHMUX IIBBAaroHiB oOjagHaHui Bizkamu mozeni 18-1711 i3 GppUKUiHHUMU KIMHAMH PECOPHOTO MiBINIYBaHHS
pocTopoBoi (opmH 31 301IBLIIEHUM KYTOM HaxWily IO TOPU3OHTAJ JIiHIT IepeTHHY KOHTAKTHHX HMOBEPXOHb MiX
KIIMHOM Ta HaJpecOpHOI0 Oankoro. [Hmmii miBBaron moxeni 12-1905 obmagHaHuil Bi3KaMU Ti€l ) MOJEINI, Ha SKUX
BCTAHOBJICHI KJIMHHU 3 IUIACKOIO0 (DOPMOIO, IO MArOTh KyT Haxwily, aHaJoriyHui Bi3ky mozemi 18-100 ta fioro
aHanmoraMm. Ha mizncTaBi oTpEMaHUX pe3yNbTaTiB aBTOp IDIAHYE 3pOOWTH BHCHOBKH OO AOMUIBHOCTI yHiikamii
KOHCTPYKIIi HaapecopHoi Oamku Bizka Mmomem 18-1711 i3 Biskom mopmemi 18-100 3a ¢opMoro KOHTaKTHHUX
MTOBEPXOHb 3 CIIEMEHTaMHU PECOPHOTO MiaBimryBaHHSI. MeToguka. J{oChHiKeHAS TUHAMIYHUX TOKA3HUKIB BaroHiB
BiZOyBaJlocsT TpH BUKOHAHHI XOJOBHX JUHAMIYHHX BHIIPOOYyBaHb HATYpPHHX 3pa3KiB BaHTAKHHX BaroHiB
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y IOCTIAHOMY TIOTS3i, IO CKJIQAaBCSA 3 JBOX JIOKOMOTHBIB, BaroHa-1adoparopii Ta TpbOX MOCITiIHUX MiBBaroHiB
ykazaHux moxeined. PesyabraTn. OCHOBHI pe3ynbTaTH AWHAMIYHUX TOCTIKEHb MPEICTaBIIeH] y BUTIAAL rpadikiB
3aJIeKHOCTI TMHAMIYHHX MMOKa3HHUKIB BiJ MIBUAKOCTI PyXy €KCIIEPUMEHTAJIBHOTO I0i3/1a i CBiAYaTh Mpo Te, IO BCi
JIOCITIZIHI TIBBaroHH MaroTh 3aJIOBUIbHI JWHAMI4HI IMOKa3HUKU. [Ipy 1bOMy JUHAMIiYHI MOKAa3HUKH IiBBaroHa Ha
Biskax momem 18-1711, mo obnaaHaHi KIMHAMH IUTackoi GopMH, y OLIBIIOCTI BUOAMKIB Kpallli, HIX B IHIIAX
niBBaroHie. HaykoBa HoBu3Ha. OTpUMaHO pe3yIbTaTH JOCHTIHKEHb BAHTAKHUX BAarOHIB, sIKi JIO3BOJISIOThH OLIIHUTH
3aJIEXKHICTh JMHAMIYHUX TIOKa3HWKIB BaroHa BiJ MNapaMeTpiB KOHCTPYKUIl (pHUKUIHHMX KIMHIB pPECOPHOTO
migBimryBanHs Biska. [IpakTmuyHa 3HaumMicTh. JIuTi merani Bizka moneni 18-1711 3 0ChOBMM HaBaHTaKCHHSIM
25 Tc MOKYTh OYTH BUKOPHCTaHI B SIKOCTI 3aMiHU JieTanel Bi3ka Mozeni 18-100 Ta ii ananoris, 1o BUHIUIM 3 ay.

Kniouosi crosa: nuHamika BaroHa; IMHaMiYHI BUIIPOOYBaHHS; BaroH-€TaJIOH; OCbOBE HABaHTaKEHHS; PPUKIIHHI
KJIMHY; YHI(IKAIis KOHCTPYKIIN

N. B. MANKEVYCH'"

"LTD «GSKBYV named after V. M. Bubnov», Mashinostroiteley Sq, 1, Mariupol, Ukraine, 87535, tel. +38 (0629) 51 86 43,
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DYNAMICS OF FREIGHT CARS ON BOGIES MODEL 18-1711 WITH
DIFFERENT WEDGE DESIGNS OF SPRING SUSPENSION

Purpose. To analyze the results of the study of dynamic parameters of a gondola car, model 12-1704-04 with axle
load 23.5 ton in bogies, models 18-1750 and two gondola cars, model 12-1905 with axial load of 25 ton, one of which
is equipped with bogies, model 18-1711 with friction wedges of spring suspension with spatial form with increased
angle to the horizontal line of intersection of the contact surfaces between the wedge and bolster. The other gondola
car, model 12-1905 is equipped with bogies of the same model on which the friction wedges fitted with a flat form of
contact surface. It has an angle of inclination like a wedge of bogie, model 18-100. On the basis of the obtained results
to draw conclusions about the feasibility of unification design bogie bolster, model 18-1711 with bogie, model 18-100
by contact surfaces with elements of spring suspension. Methodology. Research on dynamic performance of cars was
performed during running dynamic tests of specimens of freight cars in experimental train consisting of two locomo-
tives, a laboratory, and three gondola cars of the above mentioned models. Findings. Main results of dynamic studies
are presented as graphs of indicators on the speed of the train and the experimental evidence that the freight gondola
cars on bogies, model 18-1711 with flat-shaped wedges, in most cases are better than the others. Originality. Research
results of cars on bogies, model 18-1711 were obtained. They let assess the dependence of the dynamic performance of
the car from the design of the friction wedges of spring suspension. Practical value. Cast parts of bogie, model
18-1711 with 25 ton axle load can be used as a replacement of defective parts of bogie, model 18-100 and its analogs.

Keywords: dynamics of the railcar; the dynamic tests; the axle load; friction wedges; bolster; unification struc-
tures
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PAIIIOHAJIIBALIA KOHCTPYKIII OIIOPHUX IPUCTPOIB
BATI'OHIB-UUCTEPH JIA PITIKUX BAHTAKIB

MeTta. Y10cKOHaJIeHHSI KOHCTPYKIi BaroHiB-IIMCTEpH JJIsl TIEPEBE3EHHS PIAKUX BaHTAXIB 32 PaxyHOK HOBHX
TEXHIYHMX pilICHh KOHCOJbHUX ONOPHUX MPUCTPOIB 1 3HMKEHHS iX MarepianoemMHocTi. MeTtoauka. [y BUpiieHHS
MIOCTABJICHO] 3aa4i BUKOHAHO JOCIIPKEHHS IS TIOIIYKY ONTHMAJIbHOI KOHCTPYKIIi omopHOTo npucTtporo. Ha mep-
oMy erarti 3poOJeHo MmaTeHTHO-Oi0miorpadiuamii aHalli3 TEXHIYHUX pIlIeHb, BHUABICHO IEPEBAard W HETONIKH
KOHCTPYKIIi{, a TAKOXK 3aIPOMIOHOBAHO HOBI iX BapiaHTH, BU3HAUCHA Halle(eKTHBHIMIA 3 HIUX. Ha HacTynmHOMY erarri
JUT BU3HAYEHHS i1 ONTHUMAaJIbHHUX TapaMeTpiB CKIaAeHO (PyHKIIIO Iijii, BBeIeHO OOMEKEHHS; OTPUMAHO alpOKCH-
Mariro GyHKIOiH ot Ta 0OMexkeHpb y BUIIILAL oJliHOMiB. Ha TpeThoMy eTami 3alpOIOHOBAaHO YHCEIbHY Peati3amio
onTuMizaiii QyHKIIT Ta BU3HAYEHO ONTHMAIIBHI MapaMeTpy KOHCTPYKLii rpadidyanm meronom. PesynbsraTu meToniB
crniBnanu. PesyabraTn. Cepes 3anpornoHOBaHNX BapiaHTIB BU3HAUEHO HAHOLIbII e()eKTUBHY KOHCTPYKIIO OIIOPHO-
TO MPUCTPOIO, BU3HAUEHO HOrO ONTUMAalIbHI reoMeTpuyuHi po3Mipu. HaykoBa HoBu3Ha. BukoHaHO MaTteMaTHYHUI
OIMC 3a/1a4i ONTUMI3aLifHOTO NMPOEKTYBaHHS 32 KPUTEPiEM MiHIMAIbHOI MaTepialoEMHOCTI OIOPHOTO MPUCTPOIO
BaroHa-IMCTEPHHU Ta BUKOPUCTAHO HOTO IS YIOCKOHAJIEHHs KOHCTpyKii. Jyist BUpimeHHs 3a1a4i onTUMi3amiiHoro
NIPOEKTYBaHHsI BUKOPHUCTAHO YUCENbHUH Ta rpadiunuii meroqu. IIpakTuuna 3Hauynmicts. Po3pobieHo pospaxyH-
KOBI CKiHUEHHO-EJIEMEHTHI MOJEJi BaroHa-IHUCTEPHH 3 PI3HUMH KOHCTPYKTUBHHUMH BHUKOHAHHSMH KOHCOJBHUX
OTIOPHUX MIPUCTPOIB, sAKi qamu 3mory ouinuta HJIC kKoHCTpyKIIii.

Kniouosi cnosa: BaroHU-LMCTEpHU; KOTEJ; KOHCOJBHUM ONOPHUM NPHUCTPii; BaHTa)KOIIAHOMHICTB; MiAKpiI-
JIOIOYHIA €IEMEHT; eKBiBaJICHTHE HAIPY KEHHS; QYHKIIiS MiJIi; y3araTbHeHa MaTeMaTHIHa MOJIENb

Beryn Merta

Baronu-mucrepHu € OgHUM 3 MacOBUX THITIB
3aIII3HUYHOTO PYXOMOTO CKIJIamy, SKi yCIIIIHO 3a-
CTOCOBYIOTBCS ISl TIEPEBE3CHHS HAIMBHHUX, MHJIO-
MONMIOHMX, TBEpAHYYMX BaHTaxiB 1 rasiB. Haii-
OUTHIII TTOTIMPEHUMH € HaPTOOCH3W-HOBI IHCTEP-
HU. YMOBHU eKCIUTyaTalii TpaHCIIOPTHHX 3aco0iB
BUCYBAIOTh MiJBUIIEHI BUMOTH JI0 MIIIHOCTI iCHY-
FOUMX 1 HOBUX KOHCTPYKITIH IIUCTEPH.

Hocnimkenns [2, 6] cBiq4aTh, 10 HAMPYKEHHS
3YMOBIICHI €0 OMOPHOTO THUCKY, CKJIAJAI0Th
70...90 % Big MakCUMalbHUX HalpyKeHb, SIKI BH-
HUKAIOTh B KOTJI IIUCTEPHA. YTIPOIOBXK TPUBAIOTO
yacy ekcrutyatamii Ha(TOOCH3MHOBHX ITUCTEPH
Oynu BuUsBIEHI HaWOULTBII crnabki wmicug B ix
KOHCTPYKIIii y BHTJISIAI BiJIMOB, TOB’SI3aHUX 3 Te-
yeo 1 gedopMaiiero KOTIIB, TpIlIMHAMH B elle-
MEHTax pamu Ta iH. Sk 300pakeHO Ha puc. 1,
HECTPaBHOCTI, MTOB’s[3aHi 3 TEYEI0 KOTJIA B OMOPHiH
30HI, ckianarTh 45,5 % BiA yCIX MOIIKOIKEHb
Barona [15, 16, 18].

Mertoto poOOTH € YIOCKOHAJICHHS KOHCTPYKITi1
BaroHiB-IIUCTEPH IS TICPEBE3CHHS PITKUX BaHTa-
JKIB 32 paxyHOK HOBHX TE€XHIYHUX PIllIeHb KOHCO-
JBHUX OTMOPHUX MPHUCTPOIB 1 3HMKEHHS 1X MaTepi-
AJI0EMHOCTI.

MeTtoanka

B 1me#t yac B KOHCTPYKIlii BaroHiB IPaKTUIHO
MTOBHICTIO BHUKOPHUCTAaHUH TPOCTip TabapuTy II0
IMIMPUHI Ta BUCOTI, TOMY NOJaIbIle 301IbIIECHHS
00’eMy Ky30Ba MOXIMBO JIMIIE 33 PaXyHOK 3017Tb-
HIEHHS HOT0 JOBXXWHH, L0 MPU3BOAUTH A0 3017b-
HICHHS Tapy BaroHa Ta JO 3MCHIIEHHS BaHTaXOIIi-
MHAOMHOCTI TIpH 30€pekKeHHI OCHOBOTO HaBaHTa-
KEHHS

pP<qm,-T; P<q,L-T, (D

Je P — BaHTaXOMiJHOMHICTb BaroHa; ¢, — JOIycC-
THME€ OCbOBE HABAHTAXXCHHS BaroHa; m, — Kilb-
KICTb Oceil BaroHa; 7 — Tapa BaroHa; ¢, — JOIycC-

THUMC IIOTOHHC HAaBaHTAXCHHA BaroHa, L-— JTOBXKHU-
Ha BaroHa 110 oCax 34CIIJICHHA.
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a
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M TK

16 25 53 62
KamOp HICTePH

4]

. Orp
go_mI
80 @ gH
70 O nn
60
50 - Dnp
40
30 Bon
20 Dc3
Eimr |7 acn

16 25 53 62
Kamdp WIcTepH

Puc. 1. Po3nozinieHHs MOUIKOAXKEHb 32 TUITAMH ISl KaliOpiB:

a — BCl IOIIKO/KCHHS; 6 — Te4a KOTJa; Ap — OyIb-sKa HEKOHKPETH30BaHA HECTIPABHICTh; Kp — HECIIPABHICTh KPHUILKH;
CII — HECIIPABHICTH 3JIMBHOTO MPUOOPY; Xp — HECHIPaBHICTh XpeOTOBOI Oaky; TK — Oyb-Ka Teda KOTJa; Ip — Teda B 30H1
TOPJIOBHHH; T€Ya B 30HI THUIIA; JIIT — Te4a B 30HI (haCOHHHMX Jiar; Ip — Oy 1b-sIka HEKOHKPETH30BaHa Te4a;

OIl — Te4a B OIOPHIH 30Hi; C3, CII — Teua B 30Hi 3IMBHOI0 IPHCTPOIO Ta IPH HOro HECIIPABHOCTI

Ockinbku g ,m, =const, ¢g,L =const, Tomy
rojanplile 30UIbIIEHHS BAaHTAXOMIAWOMHOCTI MO-
JKJIMBE JIUILE 32 PaXyHOK 3MEHILIECHHS Tapu BaroHa.

BHeceHHSIM KOHCTPYKTHUBHHMX 3MiH, SIKi CHps-
MOBaHi Ha MEPEPO3MOALT HABAaHTAKEHb Ta HAIpPY-
JKEHb B HEOE3MEYHNX 30HAX, MOXKE OYTH JOCATHY-
TUll eeKT 3HMKEHHS MaKCUMaJbHUX HampyXeHb,
a 3a PaxXyHOK LIbOTO i 3HIKEHHS METATIOEMHOCTI.

VY 3B’S3KY 3 UM JOCHTh €(EKTUBHHM 3aCO00M
3MCHIIICHHS KOHIIEHTPAIlii HAIIPYKEHb Y HAWOLIBIIT
Halpy>XEeHUX 30HaX OOOJOHKOBMX KOHCTPYKIIii
€ 3aCTOCYBaHHS PI3HOTO pPOAY IiAKPIMIIOI0YNX
eneMeHTIB. 1le MOSICHIOETHCS BHCOKOIO 3MIHHICTIO
JIOKaJIBHOTO I'PAaHUYHOTO €(eKTy Ta BUIMHHUCTOTO
CTaHy y B3aeMOii OOOJIOHKH 1 ITiIKPITUTFOIOYOTO
€IIEMEHTa, sIKa Jla€ MEeBHI MOXKIHMBOCTI Ui mepe-
PO3IOITY MiCLIEBHX HaIpy>keHb [10].

Jlst BuUpilIeHHS MTOCTaBJICHOI 3a/1a4i BUKOHAHO
JOCHIDKEHHS 3 MOLIYKY ONTUMAaIbHOT KOHCTPYKLIT
onopHoro npuctporo. Ha mepmomy erami BUKOHA-
HO TATEHTHO-010iorpadiuyamii aHal3 TEXHIYHUX
pitens [7, 9], BUABIEHO TiepeBaru i HEAONIKU Ta
3allpOMIOHOBAHO HOBi BapiaHTH KOHCTPYKMii [11].
Ha ocHoBi gocsiny [1, 12, 13] no6ymosani CEM
BaroHiB-IIUCTEPH 3 Pi3HUMHU KOHCTPYKITISIMH OTIOP-
HHUX IIPUCTPOIB.

KonconpHa omopa mepmioro BapiaHTa 300pa-
JkeHa Ha puc. 2. OnopHi eneMenTd | MiIKpimieHo
nmiapparmamu 2 i pedbpamu xxopctrocti 3. Jiadpa-
T™MH 2 CIIONy4YeHi MiXK COOO0 MOXUIMMH JTUCTAMHU
4 1 BCTaHOBIICHI Ha IIKBOPHEBOMY JIMCTI 5.

BapiaHT 2 omopHoi KOHCTPYKIIi 300pakeHo Ha
puc. 3. Tyt onopHi enemenTu 1 miakpimieHo giad-
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parMamu 2, siki po3TalioBaHi y370BX TBIpHOI KOT-
Ja, i COUPAIOThCS HA MIKBOPHEBHUH JUCT 3. Y 1iit
CXeMi MOAOBXKHI AiapparmMu 2 CIolydeHi MiX CO-
000 CTEPKHIMU.

Puc. 2. Cxema KOHCONBHOTO OTIOPHOTO MPUCTPOIO
(BapianT 1):
1 — onopuuii enement; 2 — aiagparma; 3 — pedpo
JKOPCTKOCTI; 4 — HOXHUITHIA JTUCT

Puc. 3. Cxema KOHCONBHOTO OMIOPHOTO MIPUCTPOIO
(BapiaHT 2):
1 — onopHi enemenTy; 2 — niadgparma; 3 — DIKBOPHEBUH JHCT

BingMmiHHOIO OCOONMUBICTIO MEpUIMX IBOX Bapia-
HTIiB € BiJICYTHICTh YiTKO BHPaXCHOI IIKBOPHEBOI
Oankwu.
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Puc. 4. Cxema KOHCOJIbHOTO OTIOPHOTO MIPUCTPOIO
(BapianT 3):
1 — mxBopHeBa Gaika; 2 — ONOpHHIA eneMeHT; 3 — niadgparma

Tperiii BapianT 300paxeHo Ha puc. 4. Y HbOMY
30epeskeHa MIKBOpHEBa Oanka 1, a mepenada HaBa-
HTa)XEHHS Ha Hel BiJl KOTJIa 3MiHCHIOETHCS dYepe3
OTIOPHI eJIeMEeHTH 2 1 TOJOBXKHI Jiadparmu 3, 110
migkpimoloTe  ix. Mk coboro  miadparmu
3’€IHYIOTHCS CTEPKHEBUMH €JIEMEHTaMU.

VY npyroMmy i TpeThOMY BapiaHTax MiAKPIIIIIO-
104l TIOJIOBXHI AiadparMu BUKOHAHO Y BHIJISAIL

JKOPCTKOCTI Y3[IOBXXK CEpeaHBOi IMOBEPXHI JHCTa
BOHM BHKOHaHi 3 TO)paMu.

Po3paxyHOK IUCTEpH 3 Pi3HUMH KOHCTPYKTHB-
HUMH BHUKOHAHHSIMH KOHCOJBHUX ONOp 3AIHCHIO-
BaBCS HA OJIMH BHJ| CTATUYHOTO HABAHTAXKCHHS —
CyMiCHa Jisl Bard PiIMHY 1 BIAaCHOI Bard KOHCTPY-
kuii. PesynpTatm po3paxyHKy BiZoOpakarOThCs
Yy BHIIIA[I TIOJIIB €KBIBaJIEHTHUX HANpy>KeHb, PO3-
paxoBaHUX 3a CHEPreTUYHOIO TCOPIEFD MIIHOCTI.

[lopiBHSHHS OTpPHMaHHX pPO3PAaXyHKOBHX [a-
HHUX 3I1MCHIOBAIIOCS 3 KOHCTPYKLIEI paMHOI LKC-
TEPHU, 10 BUKOPUCTOBYETHCS HA CHOTOJIHI.

B xopi anamizy pe3ynbTaTiB po3paxyHKiB Oyiio
BUSIBJICHO, IO JUIA TEPILOro BapiaHTa MaKCUMallb-
Hi Halpy»XeHHA B OTOPHIi 30Hi ckmanu 28,5 Mlla,
o Ha 15 % MeHIe NOPIBHSHO 3 ICHYFOUOI0 KOHC-
Tpykuiero. Takoxx Mae Micue 3MEHIICHHS IUIOLI
Iii MaKCUMaITbHUX Hamlpy>keHb (puc. 5).

3a pe3ynbraTaMd OOYMCIIEHb UIS JPYroro
1 TPETHOTO BapiaHTIB BUSIBJICHO, IO 3HAYCHHS Ma-
KCUMAaJIbHOTO €KBIBaJEHTHOI'O HaNpYXXEHHS 3MEH-
mryetsest Ha 13 % (puc. 6).

JIMCTIB TpamneuieBUIHOTO KOHTYpY. s 3HMKeHHS

[ I [
% 3 11 135 198 A4l B3

a)

Puc. 5. ExBiBasieHTHI Hanpy»XeHHs BiJ| il Baru OpyTTO KOHCTPYKLIi:
a — 3aTPOIIOHOBaHa KOHCTPYKILis (BapiaHT 1); 6 — iCHyro4a KOHCTPYKIIist

— ' ! ‘ ' —
" i I s 0 W B 7 i 5 18 n ] ] [

st

T
+ T

Puc. 6. ExBiBanieHTHI Hanpy»XeHHs Bif Jii Baru OpyTTO KOHCTPYKIIT:
a — 3ampoNOHOBaHa KOHCTPYKIis (BapiaHT 3); 6 — iCHyl04a KOHCTPYKIIis
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BukoHaHi po3paxyHKH OIOPHUX MPHUCTPOIB J0-
3BOJIIIOTh 3POOUTH BHUCHOBOK, IO BUXOIAYHU 13
3HAUYEHb EKBIBAJICHTHUX HAaNpyXeHb HaHOUIbII
e(eKTUBHIIMM € Tepimid BapiadT [14], s HbOTO
(GYHKITS METH Ta OOMEXEHHS Ma€ BUTIIS;

yIoap B IIUCTEPHI IPHU EKCTPEMaJbHOMY 3Ha4deHHI
no3oBxkHboi cumu 3,5 MH. [Jonycrumi Hampy-
JKEHHS B paMi Ta KOTJI IIMCTepHH sl | po3paxyHKo-

BOTO pexxuMy cKazaiots [6]=0,9 6, =265,5 MIla.

m"Po" (X) — min

}eﬂxeﬂ

ﬂz{tl,tz,t3,a

A, ={l‘1, L,45,a

ne /[ — obracTb MOXKIMBHUX pillieHb, siKa (opMy-
€THCSl TPAHUIISIMU BapifOBaHHS CKJIaIOBUX BEKTOPA

3MIHHUX TapameTpiB X ; /[, — o0JlacTh JOIyCTH-
MEX pimreHs; m'“’ — Maca CydYacHOI KOHCTpPYKILi
OTIOPHOTO TPHUCTPOI0 YOTHPUBICHOI 3aTi3HUYHOI
UUCTEPHH; &, t,, {; — TOBIIMHU BEPTHKAJILHOT JTia-
(¢parMu, HKHLOTO Ta TOPIIEBOI'O JIMCTIB BiAIMOBI-
JTHO; g — UIMPUHA 3alpPONOHOBAHOI KOHCTPYKIii

porn
pam

por
GKOT

Y3OBXK TBIPHOI KOTJIa IUCTEPHH; G
MaKCHMaJlbHI €KBIBaJCHTHI HampyXeHHS, SIKi BU-

HUKAIOTh B OIIOPi Ta OMOPHil 30HI KOTJIA 3aIpoIIo-

icH
pam >

1CH

Gyor — MaKCHMallbHI

HOBaHOi KOHCTPYKIIi; ©
€KBIBAJICHTHI HANPYKE€HHS, SIKi BUHUKAIOTh B OTIO-
pl Ta omopHIN 30HI KOTJA iICHYIOYOi KOHCTPYKIIIi;

[ Opan ]> [ Oyor ] — HOTyCTHMI HANpyKeHHS B pami Ta

KOTJII IUCTEPHH.

Hus mocnimkenas HJIC koHCTpyKIii 3 pisHUMEU
TEOMETPUIHUMH PO3MipaMy TIPUHHATI Taki HaBaH-
Ta)XXCHHS: Bara OpyTTO BaroHa 3 ypaxyBaHHSIM KO-
e(ilieHTa BEPTUKAILHOI JTUHAMIKH; TiApaBIIYHUN

> Ypam =

6 mm<t; <14 mm; 6 um<t, <14 ymm; 6 um<t; <14 mm; 200 um<a<500 mm } (2)
npon _ick . _mpon __ick . _mpon __icn . .
m™" < o <o, S[Gw‘], O <Gy [ Oor |; 6 Mn<ty <14 (3)
6 Mm<t, <14 mm; 6 mm<t; <14 mm; 200 mm<a<500 mm H

3 ypaxyBaHHSM BHXiIHUX HaHux (2) ckiaja-
€ThCSl MATEMATUYHUHN IIJIaH, SKUH Ma€e BIANOBIAHY
MaTpHLIO IUlaHyBaHHA. Ha i ocHOBI ckiagaeThCs
OpPTOTOHAJBLHUIA MaTEMATHUYHHUM IJIaH JPYroro Io-
PAOKY IUIS YOTUPHOX KEPOBAHHUX 3MIHHHUX, IO Ba-
PiIOIOTHCS Ha TPHOX piBHIX [3, 4, 8, 17, 19, 20].

/i KO)KHOTO pEeXHMMY MaTeMaTHYHOTO TUTaHY
3 BUKOPHUCTaHHSIM PO3pPaxyHKOBOI MOJIENi BaroHa-
IUCTEPHU OOYMCITIOIOTHCS 3HAUEHHS TOKA3HHMKIB,
10 KOHTPOJIIOIOTHCS — Maca OMOPHOTO HPUCTPOIO,

10 TIPOTIOHYEThC m'™™" , MaKCUMallbHi eKBiBale-

HTHI Hanpy>KeHHS, SKi BHHUKAIOTh B OTIOPi Ta OTO-

porn
pam

pon
KOT

PHiil 30HI KOTJIa HOBOT KOHCTPYKIIIi — G c

npor

3 BUKOPHUCTAHHsAM OTPUMAHUX 3HAUCHb m 5

nporn
pam °

oI

Y KOT

c BHUKOHYETBHCS IX alpOKCHMAIlisl y BH-

TJISITL TIOJTIHOMIB IPYTOTO CTYTICHS.

Hwxde HaBeneHO y3arajdbHEHI MaTeMaTH4HI
MoJieNi Ui KOHTPOJILOBAaHHUX TOKAa3HHKIB Y Jiiic-
HHX BEJIMYMHAX 3MIHHHX:

m"™" =0,026+30 315,15¢, -3 282,851, +11,566 £, + 0,455 a —96 661,109 tl2 +

+98 763,982 t; —1143,356 ¢; —1,547 a* — 929,864 t,t, —1 719,577 t,t, —

-2 601,336 t,a +1459,122 t,t; + 21 759,325 t,a—11 001,238 t;a 4)
G won = +28 3kr;
cgg;;“ =2445,633-32106,203 £, +14 160,405 ¢, —343 557,841, — 528,629 a —1893 377,319 tlz -
-931753,335 t22 +1313209 324 t32 —834,011 a* -2 445828413 tt, +522 987,688 tt; +
+40 050,0 #,a +359 903,70 ¢,¢; + 60 560,647 t,a +10 833,942 t,a 4)
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O upon = +17,7 Mlla;

pam

o = 81,464 +2 948,819 1, —2 984,917 t, +1 790,687 t, +100,661 a + 2 556,003 ¢ +

KOT

+24 780,923 £; —20 093,994 £; —137,495 a” +16 967,531 t,t, — 64 729,459 t,t, —
~5 238,180 t,a — 34 549,856 t,t, +5 401,132 t,a — 552,842 t,a  (6)

G o =17,5 Mlla.

BenuunHu cepelHbOKBAPAaTUYHUX BIIXWICHb 10 MiHIMI3YETHCS, @ f3 Ta ¢ 3TMINAINCS MTPAKTHY-
JUTSE OTPUMAHHX y3arajlbHEHNX MaTeMaTHYHUX MO-  HO HeaMminHuMH: f; = 0,01 M, @ = 0,3 m. Lle mano
Jlesied CBiaYaTh Mpo iX afeKBAaTHICTD 1 MPUAATHICTh  MOXIIMBICTH NMPH (HIKCOBAHMX 3HAYCHHSIX X3 Ta X4
JUISl BUKOPUCTAHHS B MOJAIBIINX JOCTI/DKESHHSIX  3BECTH 3ajady JO ONTHMI3allii JBOX HMapaMeTpiB X;
3 BU3HAYCHHS T€OMETPUYHUX MapaMeTpiB OMOPHO- Ta X;. 3 TOYHICTIO 10 3 % OTpuMaHi 3HauCHHS
ro MPUCTPOIO BArOHA-LIUCTEPHHU. t;=0,0114 M, £, = 0,0094 M, ipu LBLOMY

JI PO3B’sI3aHHs 3a7aui ontumizarii (5) BUKO- nport _ - PO - PO _

Hos p it vizarii (5) m™" =405 kr; oihe" =260 MIla; oyby" =110 Mlla.
pucroByBaBca meton Hennepa-Mina. Ines merony . .

. . [Ipu BimomMux 3HaYEHHSAX JBOX IapaMeTpiB 3 Ta
MoJIsITae y TIOPIBHSAHHI 3HaYeHb (hyHKIIT B n+/ Be-

. . a s onTUMI3alii #; Ta f; MOXHAa CKOPHUCTATUCS
PLIMHAX CUMILIEKCY Ta MEPEMIILEHH] TOYOK CHMII- U it 2 p
. rpagiuruM MeTogoM. J[Is 1BOro 3a JOMOMOT:
JIeKCY y HANPSIMKY ONTHMAIBHOI TOYKH 3a IOMO- P b CTOAOM. [ 15010 33 J0NOMOroio

. AV OTPUMAaHMX anpoKcuManid Oymu odumcneni GpyHk-
MOTOI0 ITepaliiiHoi npoueaypu [5].
. e _TIPON por nport PR
CriouaTKy, pH Pi3HHX MOYATKOBUX 3HaueHHsx W Oy, Oy ,m ' Ha citii 100x100 ta mo0y-
napaMeTpiB, IPOBOAMIIACH ONTHMI3allis BCIX YOTH-  nopami i3omiuii wux yHKuiii (puc. 7).
prox mapametpis. [Ipu oMy mepiui aBa mapame-
TPH 3MIHIOBAIKCS, JAIOYX Pi3HI 3HAYSHHS QYHKIIIT,

tb M B C
0,014 \. /\,' % 7 / "‘". \ ,\"’
LA\ / A\ A
)y {7 740N
A N\ N
0,012 ' - \ 4 7 i i : ,b'_ n)305100.\ ;\"
- . ¥ o ry R npon _
(o2 Yjpfé[&' \ ) P pa\/t' A O-Kom f (tl’tZ)
i e R A N wor _ g 4 )
=320 /" . an \ | \ L AV T T T Gpa,w B 1’72

0,01 |\ Aai— } Y -
2P R AN A
g\ 1A L e W = i)
v . . s \ PARY
\ .

. e . T\
. ,\ \ 1 "’9(90*-’,.»' \ : \&\ \ O06aacTh JOMYCTUMUX
/ W : \

0,008\ ] e o - \ = pimens ABC
) O ?72 mxéo -~ | N \ \ ,,"\
D | .~ : M
R— i Y6 |\ X
A LA LA
A e ",' L X \ t2, M
0,006 0,008 0,01 0,012 0,014

Puc. 7. I'padik BU3HAUYECHHSI ONTHMAIBHUX MTApaMeTPiB KOHCTPYKIIiT OMOPHOTO MPUCTPOIO BarOHA-ITUCTEPHA
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Amnamizyroun rpadik (auB. puc. 7) BHIHO,
0 ONTHMAaJbHHUMH € IapaMeTpu B ToOYIli A:
t;=0,0116 m ta £, = 0,0095 m. [Tomyk, 110 3xitic-
HIOBaBCS B 00JIaCTi JOMYyCTUMHX pimieHb [l,, 1aB
MOJKJIMBICTD SIK ONTUMaJIbHI BU3HAYMTHU TaKl BeJIU-
yyMHU napamerpis: f, =12 mm; ¢, =10 mm. Take

pilleHHA  OOTPYHTOBY€TbCS  BCTAHOBJICHUMH
I'OCT 19903-74 HOopMaTHBHUMHU 3HAYEHHSIMH JIU-
CcTOBOTO TpoKaty (6 = 4 mm; 4,5 MM; 5 MM; 6 MM;
7 mm; 8 Mm; 9 Mm; 10 Mm; 12 MM ...) i TEXHOJIOTI-
YHUMH OCOOJMBOCTSIMH BUTOTOBJIEHHS ONOPHOTO
MPUCTPOI0 BaroHa-NUCTEPHH. SIK BUAHO, pe3yiib-
TaTW ONTHUMI3aIii, SKi OTpUMaHI JBOMa CIocoda-
MU, nyxke Onm3bki. [lpn Oinmbmmid KigbKOCTI 3MiH-
HUX 3pYy4Hille KOPHCTYBAaTHUCS YHCIOBUM METO-
JIOM.

Maca KOHCTPYKIIii OIIOPHOTO IIPHCTPOIO IPH
ONTHMAJIbHUX 3HAYeHHsAX f; =12 MM, £, =10 mwm,

t3 =10 MM, a = 0,3 M craHoButh m™" =415 kT,
o Ha 13 % MeHIe MOPIBHSIHO 3 ICHYFOUOI0 KOHC-
TPYKITI€TO.

PesysbTarn

Cepen 3amponOHOBaHUX BapiaHTIB KOHCTPYK-
TUBHHX PIllIeHb KOHCOJBHUX OTMOPHUX IMPUCTPOIB
KOTJa BaroHA-IIUCTEPHH HAHOUTBII e(PEKTHBHUM
€ TepIIrii BapiaHT. 3HalIeH] ONTUMAalIbHI TeOMeT-
PHUYHI PO3MIpH CKJIaJOBUX Li€] KOHCTPYKLIi.

HaykoBa HOBHU3HA Ta NPAKTHYHA
3HAYMMICTH

3ampornoHOBaHi HOBI KOHCTPYKTHBHI pilLICHHS
KOHCOJIbHUX OIOPHUX MPHUCTPOIB KOTJIA IIHUCTEPHH.
UncenbHO TOCIIHKEHO BIUITMB HOBOi KOHCTPYKIIIT
Ha HJIC Barona-uuctepHu.

BukoHaHO MaTeMaTHYHUI OINMKC 3aja4i OIMTUMI-
3al[ifHOTO MPOEKTYBaHHS 32 KPUTEPIEM MiHIMallb-
HOI MaTepiaJloEMHOCTI OTIOPHOTO MPHUCTPOIO Baro-
Ha-IIUCTEPHA Ta BHKOPHCTAHO HOTO ISl YJIOCKO-
HAJICHHS KOHCTPYKIIii.

Jlis BUpIIeHHS 33724l ONTHMI3alliitHOTO MPo-
eKTYBaHHS 3a KPHUTEpiEM MiHIMAIBHOI MaTepialo-
€MHOCTI OIOPHOTO TPHUCTPOIO BaroHa-IUCTEPHU
BUKOPHCTAHO YKCEIbHUI Ta rpadiuHuil METOIN.

BucHoBkH

1. IIpoaHanizoBaHO OCOOJIMBOCTI PO3BUTKY
KOHCTPYKTHBHHX CXEM BITUM3HSHUX 1 3apyOiKHUX
UCTEPH, BHUKOHAHO MaTEHTHO-010iorpadiuHmii
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aHaJi3 TEeXHIYHUX pillleHb ONOPHHUX MPHCTPOIB, BU-
SIBJICHO TIepeBard i Hemoiiku. OOTpyHTOBAHO HATIpsI-
MKH YIOCKOHAJICHHS KOHCTPYKLii OHOpHOTo IpH-
CTPOIO IIUCTEPHH.

2. Po3pobneHo po3paxyHKOBI CKiHYEHHO-
EJIEMEHTHI MOJeNli BaroHa-IIMUCTEPHH 3 PI3HUMHU
KOHCTPYKTUBHUMH  BHKOHAHHSMHU  KOHCOJBHHX
OTIOPHHUX TIPUCTPOIB, SAKi Jdagyl 3MOTY OIIIHUTH
H/IC xoHCTpYKITi.

3. 3a pe3ysbTaTaMu pO3paxyHKiB BUSABJICHO, 10
3aIlpOITIOHOBaHI BapiaHTU € JIOCUTh €(DEKTUBHUMHU,
OCKITBKH 3HIKYIOTHCS MAaKCHMAaJIbHI HaNpy>KeHHS
B 00OJIOHIII KOTJIa IIUCTEpHH. B mepiromy BapiaHTi
Ha TIOJIOBHHY 3MEHIIYETHCS ILIOMIA Jii MaKCHMa-
JTHHUX HampyXeHb. B 1BOX iHIIMX — HampyKeHHs
MPUOJU3HO PIBHOMIPHO PO3MOIISIOTECS HABKOJIO
omopu. Y BapianTax 2 i 3 miakpimmoroui giagpar-
MU € AyXe XOPCTKHUMH, TOMy HEOOXiHO Ha HHX
BCTAHOBJIIOBATH TIPY>KHI €JIEMEHTH, SKi OYyIyTh
CIpuiiMaTH BCE HABaHTAXCHHs BiJ KoTja. Takox
MOJKHa BUKOPHUCTOBYBaTU TOQPH B KOHCTPYKTHB-
HOMY BUKOHAaHHI IUX miadparM [Uisi 3HIDKEHHS
JKOPCTKOCTI.
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PAIIMOHAJIN3AIIMA KOHCTPYKIIUM OITOPHBIX YCTPONCTB
BAT'OHOB-IIUCTEPH JIUIA KNJIKHUX I'PY30B

Henab. YcoBeplIEHCTBOBaHUE KOHCTPYKLMM BAarOHOB-LIACTEPH AJIA IIEPEBO3KU KUJIKHUX I'PY30B 334 CUET HOBBIX
TEXHUYECKUX PELICHUNM KOHCOJIBHBIX OIOPHBIX YCTPOMCTB M CHWXKEHUS HUX MaTepuanoeMkocTd. Meroguka. /s
pelleHus] IIOCTABJICHHOM 3aJaud BBIIOJIHEHBl UCCIIEIAOBAaHUS AJI IIOMCKA ONTHMAJIBHOM KOHCTPYKLUM OIOPHOIO
ycrpoiictBa. Ha mepBoM 3tare BHINOIHEH MAaTeHTHO-ONOIMOrpaduecKuii aHaiIu3 TEXHUIECKUX PEIeHHH, BBISBICHBI
NPEeUMYIECTBA M HEIOCTATKH KOHCTPYKLMH, a TakKe IPEeIO’KEHbl HOBBIE MX BAapHaHTHI; OlpejesieHa Haubosee
s¢dexTrBHAsS KOHCTPYKIMS cpeny HUX. Ha ciemyromem srtare Ui OnpeeneHnsl €e ONTUMAIBHBIX 1apaMeTpoB CO-
cTaBiieHa (DYyHKIMS LIENTH, BBEACHBI OTPAHMUYCHHS; ITOMyYeHa annpoKcuManys (GpyHKIMH [eau M OTpaHUYeHUH B BUIIE
nonmHOMOB. Ha TperseM sTame mpeuiokeHa JMCIICHHas peain3alis ONTHMHU3ALNK (QYHKIMH W ONPEACICHBI ONTH-
MaJbHBIE NapaMeTpbl KOHCTPYKIMHU rpaduueckuM MeTonoM. Pesymbratsl MeTon0B coBnanu. PesyabTarbl. Cpenun
NPEIIOKEHHBIX BapHaHTOB OIpeaesieHa Hanbosee G GpeKTUBHAS KOHCTPYKIHS ONOPHOTO YCTPOHCTBA, IOTy4YeHbI ero
ONTUMAaNbHBIE TeomMeTpudeckue pasMepbl. Hayynasi HOBH3HA. BBINOIHEHO MaTeMAaTHYECKOE OIMCAHUE 3aa4du
ONTUMU3ALMOHHOIO IPOEKTUPOBAHUSI 110 KPUTEPUO MUHUMAJILHOW MaT€pUaIOEMKOCTH OIIOPHOIO YCTPOICTBA BarOHa-
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LUCTEPHBI M MCIIOJIb30BaHO AJISl YCOBEPIIECHCTBOBAHUS KOHCTpYyKUMM. [l pelueHus 3ajadyd ONTUMHU3ALMOHHOIO
MPOEKTUPOBAHUSI MCIIOJIb30BAHbI YMCICHHBIN W rpaduueckuit meronpl. IlpakTHyeckas 3HAYMMOCTb. Pa3paboraHbl
pacueTHbIE KOHEYHO-JIEMEHTHBIE MOJEIM BarOHA-LIMCTEPHBI C PA3IMYHBIMH KOHCTPYKTUBHBIMU MCIIOJIHEHUSIMU
KOHCOJIBHBIX OTMOPHBIX YCTPOUCTB, KOTOpbIE M03BOJHIHN olleHuTh HJIC koHCTpyKITUH.

Kniouesvie cnosa: BaroHBI-ITUCTEPHBI; KOTEJ; KOHCOIBHOE OIMIOPHOE YCTPOMCTBO; IPy30II0IBEMHOCTD; TIOAKPEI-
JISIFOLLHIA DJIEMEHT; SKBUBAJICHTHOE HaIpshKEeHHE; GYHKIMS e, 00001IeHHas MaTeMaTHYecKas MOJIENb

M. V. PAVLIUCHENKOV""

"Dep. «Building Mechanic and Hydraulic», Ukrainian State Academy of Railway Transport, Feuerbach Sq., 7, Kharkiv,
Ukraine, 61500, tel. +38 (057) 730 10 70, e-mail misha 83@ukr.net

STRUCTURE RATIONALIZATION OF TANK CARS SUPPORT DE-
VICES FOR FLUIDS

Purpose. Improvement of fluid tank cars structure due to development of new tank bracket support structures
and their materials consumption decrease. Methodology. The investigations to search the optimal design of the sup-
port structure were conducted in order to solve such problem. At the first stage patent and bibliographic analysis of
technical solutions was done, the advantages and disadvantages were revealed and new design options were pro-
posed, the most efficient design was determined. The next step is objective function making for determining its op-
timal parameters, imposition of restrictions, acquisition of objective function approximation and restrictions in the
form of polynomials. At the third stage numerical implementation of function optimization was proposed, optimal
design parameters were determined with graphical method. Results methods have coincided. Findings. The
most efficient design of support structure was determined; its optimum geometrical dimensions were described.
Originality. The author provides the mathematical formulation of optimal design of tank car supports using the
minimum materials consumption criteria. The graphic and numerical methods were used during the investigations.
Practical value. The author proposed the finite-element models of tank car with different design execution of
bracket support structures, which allow estimating the VAT of structure.

Keywords: tanks cars; barrel; bracket support structure; vehicle capacity; supporting element; reduced stress; ob-
jective function; generic mathematical model
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CPABHUTEJIbHBIN AHAJIN3 MOJEJIEN )KEJE3HOJOPOXKHBIX
HATI'PY30K C14 1 LM71 JIAA BAJIOYHbBIX MOCTOB

Ienn. B craTtee BBITOMHEH aHAIN3 KEITE3HOAOPOXKHOM Harpy3ku LM71 ¢ mensio ee mpuMeHEeHHs] B HAIMOHAIBHBIX
MpOEKTax OaJIOUHBIX JKEIE3HOJOPOXKHBIX MOCTOB. Llenbro rccaenoBanus ABISETCS TapMOHHU3ALNMS HAIIMOHAIBHBIX HOPM
MPOEKTHPOBaHUs MCKYCCTBEHHBIX COOpPYXEHWH C eBporeiickumu cranpapramu (EBpoxopamu). Meroguka. B pabote
HCTIONB3YIOTCSl aHATUTUYECKHE METO/Bl pacueTa MOCTOB (METOAMKA JIMHUM BIMSHUS), MAaTPUUIHBINA aHAIN3 U KOMIIBIO-
TepHoe TporpammupoBanue. Pesyabrarsl. [Tapamerpbl HarpsbkeHHO-1€pOPMUPOBAHHOTO COCTOSTHUS OAJIOUHBIX JKee3-
HOJOPOXKHBIX MOCTOB IOA Bo3zekcTBueM Harpy3ok C14 u LM71 umeror onpeneneHnsle oranuusi. CTeneHb 3TUX OTIH-
Y1if 3aBUCHT OT JUTMHBI M MaTepuraa IpOoJIETHBIX CTPOSHHI, a TAaKke OT OCOOEHHOCTEH ONpeeNIeH!s TMHAMUYECKHX KO-
s¢pdunmrentos. [TomyueHHbIe B paboTe 3aBUCHMOCTH CIIElyeT YUUTHIBATh IIPY UCIIOJIb30BaHUH HALIMOHAIBHBIX HOPM IIpO-
eKTUPOBaHMS WM TapMOHHM3MPOBAHHBIX ¢ EBpokomamu cranmaproB. B nmanpHeHmmMX HMCCIEZOBaHWSX IUIAHUPYETCS
OTIPE/ICIUTh COOTHOIMICHNS Mexkay Harpyskor C14 u momemssmu SW, HSLM ¢ y4eToM pa3snudHBIX TUHAMAYECKHX (-
(hexTOB M cCKOpoCTH IBIXeHHUA noe3noB. Hayunasi HoBu3Ha. [IpencraBienHsle B paboTe pe3yabTarhl, B YaCTHOCTH Ia-
paMeTphl HaNPSHKEHHO-1€()OPMIPOBAHHOTO COCTOSIHHS IIPOJIETHOTO CTPOSHHUSI MOCTA € YYETOM COOTBETCTBYIOLIMX AMHA-
MHYECKHX K03((PUIMEHTOB, NOMy4deHb! BliepBble. IIpakTHUyeckas 3HAYUMOCTh. Pe3ybTaThl HCCIEI0BAaHUSI HCTIOIb30-
BaHbl IpH pazpaborke HarponansHoro npusioxkeHust k HaponansHomy crangapty Ykpaunsl JICTY-H B EN 1991-
2:2010. EBpokon 1.Hacts 2. «[Toaskabie Harpy3ku Ha MocTbDy (EN 1991-2:2003).

Kniouegvie cnoea: xene3HOJOPOKHBIE MOCTBI; OaJO4YHBIE MOCTHI; JKEJIE3HOAOPOKHAS HATPY3Ka; TUHAMHUECKUI
K03(h(ULIMEHT; HAIMOHAJIbHBIE CTAaHIAPTHI Y KpauHbl; caHnTapHble HopMbl 1 ipasuiia; [OCT; CHull

Beenenne HOpPMAaTHUBHBIX JOKyMEHTOB (Hampumep [2]) U Ha
OCHOBE TapMOHU3HPOBaHHBIX ¢ EBpokonamu ctan-

PazBuTHe HanMOHANBFHOW HOPMATHUBHOW 0a3bl
nmapTos [4, 5, 6].

YKpauHsl HEpa3phIBHO CBS3aHO C €BPOHMHTETPAIIH-
OHHBIMHU IIpOoHECCaMM, B TOM YUCJIC C BHCAPCHUCM
EBPOIEHCKUX HOPM NPOEKTHpOBaHHS — EBpoko-
IIOB. EBPOKOIBI TIPEACTABIAIOT COOOH CBOJIBI Ipa-

ean

OtMmeruM, yto B CHI' HanumoHalbHBIE HOPMBI

BHJI, COUYETAIOIIME OINBIT MPOCKTUPOBAHUS CTPOU-
TEIbHBIX KOHCTPYKLHH, 3JaHUM U COOPYXKEHUHI
MHOTUX cTpaH EBponsl (Anrmmu, ['epmanum,
O®pannuu ¥ Ap.). Ha nanHbIil MOMEHT B YKpanHe
MIPOEKTUPOBAHUE  CTPOUTENBHBIX KOHCTPYKLUH
JOMyCTUMO BECTH N0 OJHOW M3 JBYX albTEpHa-
TUBHBIX CXEM — Ha OCHOBE HAaIlMOHAJIBHOHW Oa3bl

160

MIPOEKTUPOBAHUS MOCTOB [2, 8] 110 OoJbITieit yacTh
ocHoBanbl Ha CHull 2.05.03-84* [9] u cymiect-
BEHHO OTJIMYAIOTCA OT eBponenckux. IIpouecc
TapMOHH3AIMY CTAaHIAPTOB COCTOMT HE TOJBKO
B UX S3bIKOBOW aJanTallid, HO TaKXe B yUeTe pa3-
JIMYHBIX TAPaMETPOB U (HaKTOPOB, CIEIU(DUISCKIX
JUTS. TAHHOM TEPPUTOPHH: T€OJIOTHUYECKUX, TUAPO-
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JIOTUYECKUX, MOTOJHBIX YCJIOBUH, 3KCIUIyaTUpye-
MOH TeXHUKH, 00OPYIOBaHUS, CTPOUTENBHBIX Ma-
TepuanoB M mp. [IpuMeHHTENBHO K KEIe3HOJO-
POKHBIM MOCTaM, OJTHUM M3 KIIFOUEBBIX BOIPOCOB
BHeApeHus: EBpokosoB B YKpauHe SBJISETCS BO-
MpOC yd4eTa KeJNe3HOIOPOKHBIX Harpyszok, obpa-
HIAIONIUXCS HA JKEJNE3HBIX JOpOrax C IIHPUHOU
kojeu 1 520 mm.

Henbto naHHOW pabOTHI SIBISETCS CpaBHEHUE
rapaMeTpoB HanpsLKEHHO-e(OPMUPOBAHHOTO
COCTOSIHHSI, KOTOpPBIE BO3HUKAIOT B 3JIEMEHTaxX
MOCTOBBIX KOHCTPYKLIMH, OT BO3JEHCTBUSI Harpy-
30k o cxemam LM71 [5]u C14 [2, 9].

MeTtoaunka

JoxymeHT [S5] permaMeHTHpYET OIpeaciieHre
JKEJIe3HOAOPOKHON HArpy3Kd CO CTaHIapTHOU
U IIMPOKOH KoJjieel eBPOIEHCKUX Marucrpaiei,
KpOME€ Y3KOKOJEHHBIX JIOpor, JHHUN TpamBad,
TOPHBIX 3y0uaThiX (yHUKyNepoB. B pazmene 6 [5]
yKa3aHo, 4TO B OOIIEM cllyyae MpH MPOEKTHPOBa-
HUU JKEIIE3HOIOPOKHBIX MOCTOB CIIEIYET yYUTHI-
BaTh HE TOJIBKO BECOBBIE XapPaKTEPUCTHKHU IOJ-
BH)KHOTO COCTaBa, HO TaKXe €ro ITUHAMUKY, IIeH-
TPOOEXKHBIE CHWIIBI, yapbl KOJEC, TATOBBIE U TOP-
MO3HBIE VCWIHS, a’poAumHaMHudeckue 3S(OQEKTH.
Bcero B EBpokone 1991-2 mpencraBieHbl 4eThIpe
MOJIEIU KEJIe3HOIOPOKHBIX Harpy3ok: LM71, SW,
nmopoxHu moe3n, HSLM. JKemesnomoposkaast Ha-
rpy3ka LM71 monenupyeT Bo3aeiicTBre HOpMaslb-
HOTO JKEJIE3HOJOPOKHOTO TPaHCIOpTa Ha MOCTHI
MIpH JBW)KEHWUU TI0 MAaruCTPaNbHBIM JTUHHSM. JTa
Harpy3ka SIBJISIETCS CTaTUYEeCKOH W TPEICTaBIIIET
co00i KOMOMHAILIMIO PAaBHOMEPHO pacIpelesicH-
HOM Harpy3ku HHTEHCUBHOCTBIO ¢, =80 kH/M

U YeTeIpex cocpenoTodeHHux cun O, =250 kH

Vi
(puc. 1). B Tepmunonorun EBpokonoB 3T HOpMma-
TUBHBIC 3HAUYEHHsS MMEIOT Ha3BaHME «XapaKTepu-
CTHUYECKHX.

i Qﬂ.‘ Qrk Qrk Q\'k i
0.8 16 16 16 0.8

Puc. 1. Moznens xene3sHo1opoxxHoit Harpy3ku LM71
(EBpokop 1)

JlmuHa paBHOMEPHO pacrpeielIieHHON HAarpy3KH
IMIPUHUMACTCA B 3aBUCUMOCTU OT [JIMHBI 3arpy-
JKaeMOW KOHCTPYKIIMH JUIsS JJOCTHKECHUS Haubosee
HEeOJIaronpUATHOrO BO3JCHCTBHS HA COOPYXKCHHE.
Crenyst [5], tTuHAMHUYECKOE BO3JICHCTBHE ITOIBHXK-

HOT'O COCTaBa YYWUTHIBACTCA JTUHAMUYECKUM KO3(-
¢unmentom (pakropom) @ . [Ipennonaraercs, 4To
ko3 PurmenT @ yuuTHIBAET TMHAMUYECKOE YBe-
JMYCHUE HANPSHKCHUH W aMIUIMTY[ KoyieOaHUi
KOHCTPYKLMM, HO HE YUYUTHIBAET SIBJICHUSA DPE30-
HaHca. HemocpencTBeHHO B pacyerax JUHAMHUYeE-
ckuil Ko3(h(QUIMEHT yuuThIBaeTCs B BUIe Kodhdu-
nuenra @, mnu @, , B 3aBUCUMOCTH OT TEXHUYE-

CKOTO COCTOSIHHSI JKEJI€3HONOPOXKHBIX IyTeH, I0
KOTOPBIM IPENOIaraeTcs JBUKEHNE TI0e3/10B:

D, =i+0,82; L00<®, <1,67;
JLy —0,2
2,16 )
O, =———+0,73; 1,00< D, <2,00,
Ly —0,2
rne L, — pacueTHas IJIMHA KOHCTPYKTHBHOIO

3IIEMEHTA, M.
Koadduuuent @, (1) ucnonesyercsa B pacue-

TaX, €CIM TEXHUYECKOE OOCITy)XHBaHHE KEIe3HO-
JIOPOXKHOTO TIYTH MPOBOJUTCS JTOCTATOYHO YaCTO
1 KaueCTBeHHO. [Ipu OOBIYHOM KadecTBe IKCILIya-
Taluu B pacueT BBoAUTCA Koddduuuent O,. Ot-

MetuM, 49to B HopMmax CHI' [2, 5, 7] munamude-
ckuit K03((UIMEHT 3aBUCHT OT THIIA U MaTepHania
MPOCKTUPYEMOH KOHCTpYKIMHU. Tak, mmsg Oanouy-
HBIX KEJIE300€TOHHBIX ITIPOJICTHBIX CTPOSHHH JKe-
JIE3HOJOPOKHBIX MOCTOB JWHAMUYecKud k03ddu-
UEHT onpeaesieTcs no Gopmyne

1+p=1+10/(20+2), ©)

rae A — JJIMHA 3arpy’KeHUs JIMHUW BIIMSHUS Bpe-
MEHHOH Harpy3Kkou, M.

[Ipoanamm3upyeM 3HaAYEHUS TUHAMUYECKAX KO-
a¢durmenToB mo HopMmaMm [2, 5, 8]. Kak BumHO M3
puc. 2, 3HaUYeHHs] AMHAMUYECKHX Kod(duimeHTos
1+ W U1 TIPOJNETHBIX CTPOCHWH IUTMHON 10 9 M

(kaKk TIpaBHIIO, TUTUTHRIX) TIpuMepHO B 1,1...1,4 pasza
HWXKE COOTBETCTBYHOIMX 3HadeHuid @D . s mpo-
JICTHBIX CTPOCHUH JUHON 9...18 M (KaK IUTUTHBIX,
TaKk ¥ 0ano4yHpIX) KodpduuueHt 1+ BbImE KO-
sppumenta O uIst ciydas 0OBIYHOTO OOCITYKHU-
BaHMs JKEJIE3HOJOPOKHOrO MyTH. B cimyuae Gonee
KauyeCTBEHHOTO OOCITYXHBaHUSA IMyTH K03pduim-
eHT @ mpessimaer 1+ npumepso B 1,1 paza qis

MPOJICTHBIX CTPOCHUN AJTMHON 9 M U MOYTH IKCIIO-
HEHIIMAJIhHO MPUOIMKASTCSA K 3HAYCHHIO 1+ [ 10

pacueTHON JyuHBI 18 M. [l MpPONETHBIX CTpoe-
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oy mmuHOM 18...33 M quHamMuYeckuit ko3 dum-
eHT |+ BO Bcex chyyasx mpeBbimmaeT O

B 1,1...1,3 paza.

Puc. 2. I'padpuku nuHamMudeckux koddduipenros @ ,
1+ B 3aBHCHMOCTH OT Pac4eTHO! [JIUHBI [

Kpome munammdeckoro koddduirenTa, eBpo-
MeHUCcKre HOPMbI IPOEKTUPOBAHUSI MOCTOB [5] per-
JaMEHTHPYIOT TakKe BBOAWUTH B pacyeT Kod3ddu-
IIUEHT O, (MEHBIIE WU OOJBINE SAMHHUIIBI), C TIO0-
MOII[BI0 KOTOPOTO OCYIIECTBIISIETCS TEepexoi OT
«XapaKTepUCTHYECKOW» HArpy3KH K «Kiaccuu-
LHUPOBAHHOW»:

a=0,75;0,83;0,91;1,00;1,21; 1,33; 1,46. (3)

Taxxe B TOKyMeHTe [5] yka3bpIBaeTcs, 4TO IS
MEXIYHApOIHBIX JKEIE3HOAOPOKHBIX JIMHUM, CO-
rnacHo HanuoHanbHOMY NPHIIOKEHHIO, PEKOMEH-
nIyeTcst mpuHuMaTh o >1. C 1enpo onpenencHus
BEJIMUYUHBl O JUIS JKEJIE3HBIX JOpOT YKpauHbl,
MPOBENIEM CEPHI0 TECTOBBIX PacyeToOB IO ONpene-
JICHUIO TapaMeTpoB  HaNpsLKEHHO-Ie(OpMHUPO-
BAaHHOTO COCTOSIHUSI OAJIOYHBIX MPOJIETHBIX CTpOe-
HUH KeJIe3HOAOPOKHBIX MOCTOB.

Q'L'A' Q‘L'&' Q\'k Q\'k

vk gvk
m 0.8 16 L6 16 0.8 T
L r A 1 h 4 k4 -
. 0,51 i 0,51 n
X1 X» X Xa Xz Xe
“““-—h_____J _i_.-w- ——
LD ERE A

Puc. 3. K onpeneseHno u3rubaroiero MOMEHTa
oT Harpy3ku LM71

Mopnens LM71 npennonaraer OoJbliie BapuaH-
TOB M KOMOWHALIM{ pacloiOKEHHsl HAarpy3Kd Ha
MIPOJIETHOM CTPOEHHH MOCTa, ueM mMojens Cl4.

PaccmoTpum mporiecc ABMXKEHUS HArpys3Kd
LM71 no mponeTHOMY CTpoeHur0 Mocta. B mo-

162

MEHT Hadyalia BIKEHUS, IpaBas 4acTh paBHOMEp-
HO paclpeie/IeHHON Harpys3ku ¢, 3arpy3uT Becb

IIpoJICT, a AaJIe€ Ha MOCTY IMOCJICAOBATCIIBHO 6y2[yT
MOABJIATHCA COCPECAOTOUYCHHBIC CUJIbI ka " BTOpasd

Y4acTh pacipeaeNeHHoN Harpy3ku (puc. 3).

PesyabTartsl

Puc. 4. I'padmkn MakCUMaTbHBIX U3THOAONITUX
MOMEHTOB B ITPOJIETHBIX CTPOSHUSAX UTMHOH 6, 12, 18,
24,27, 33 m ot Harpy3ku LM71

Ha puc. 4 moka3aHbl KpHBBIC, OTpa)karollue
W3MEHEHUSI W3rHOAIOIIero MOMEHTa B CEUYCHHSX
Pa3pe3HBIX MPOJIETHBIX CTPOSHUI Pa3HOW IJTHHBI
ot Harpy3ku LMT71. IlpumeHsass K MOJy4YEHHBIM
KpPUBBIM (DYHKIMIO TIOMCKAa MaKCHMyMa, IOJIyYHM
KPHUBYIO MaKCUMAJIbHBIX H3THOAIONIMX MOMEHTOB
JUIT BCETrO JMAala3oHa paccMaTPHUBACMBIX [UTHH
NPOJIETHBIX CTPOCHHH, KOTOPYIO TaKkKe CpPaBHHM
C aHAJNOTMYHON KpHBOii oT Harpy3ku C14 (puc. 5).

Mr.

1,46 LM71
C14

M71

Puc. 5. MakcuManbHble U3rH0arommue MOMEHTEI
B IIPOJIETHBIX CTPOeHUsIX AMuHOM 0...33 M 0T Harpy3ok
Cl14,LM71

Kak BupHO M3 puc. 5, KelNe3HOAOPOXKHAS Ha-
rpy3ka C14 mpuBOIUT K TIOSBIICHUIO B PacdeTHOM
CXeMe I/I3FI/I63IOIHI/IX MOMCHTOB, IPEBBIIIAOIINX
MOMEHTHI oT Harpy3ku LM71 npumepno B 1,5 pasza
(TyHKTHpHAsS KpWBas COOTBETCTBYeT Koddhdwuim-
euty o =1,46). Takum o0pazoM, 3Ty BEIHUNHY

MOXXHO pacCMAaTpuBaThb KaK PEKOMCEHAYEMOC 3Ha-
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yeHue koddduuuenta o A mepexojaa OT Xapak-
TepucTrdeckoil Harpy3ku LM71 k knaccupuuupo-
BaHHOW Harpyske OT MOJBHMXKHOI'O COCTaBa Ha JKe-
JIE3HBIX Joporax YKpaunsl, cornacHo Harmonans-
HOMY HpUJIOKEHHUo [S]:

o=1,46. ()

Yd4er COOTBETCTBYIONIMX JUHAMHYECKUX KO-
sppumentoB @ [3]u 1+ [2, 8, 9] He oka3bIBa-

eT TPHUHIMITHATIBHOTO BIHMSHHS Ha COOTHOIICHHE
MEKOY I/I3FI/I6aIOHII/IMPI MOMCHTAMH OT Harpy3oK
C14, LM71 (puc. 6).

M

14

M71

2

Puc. 6. MakcumanbHbIe H3THOAOTIE MOMEHTHI
B IIPOJIETHBIX CTpOeHUAX AMuHOH 0...33 M OoT Harpy3ox
C14, LM71 ¢ yueToMm nuHaMHYECKHX KO3()(HUIIHEHTOB

Hayunas HOBU3HA M MpaKTHYeCKas
3HAYHMOCTh

HccnenoBanuio BIMSHMS HA MOCTBI Pa3IUYHBIX
THIIOB Harpy30K TaKkKe IMOCBSIIECHBI paboTsI [1, 3,
7, 10—15]. Pe3ynpTaThl CpaBHMTEIBHOIO aHaIHM3a
Harpy3ok C14 u LM71, uzno>xeHHble B HACTOSIIEH
CTaThe, yuTeHbl Ipu pa3paborke HannonansHOro
MIPUJIOKEHHST K TapMOHU3MpOBaHHOMY ¢ EBpoko-
JaMH{ CTaHAapTy [5] v myOIUKYyIOTCS BIEPBBIC.

BoIBOaBI

ITapameTpsl HampsKeHHO-IS()OPMUPOBAHHOTO
COCTOSIHHSI OaJIOUHBIX JKEJIE3HOAOPOKHBIX MOCTOB
oA BoznercTBueM Harpy3ok Cl4 u LM71 umerot
onpenencHAble oTHUnsA. CTENeHb ATUX OTIUIHIMA
3aBUCHUT OT JTMHBI M MaTepuaia MpOoJETHBIX CTPO-
€HUi1, a TaK)Ke OT OCOOSHHOCTEH OIpeNeeH s Tu-
HaMu4deckux kodddumuentos. [loaydenHsie B pa-
00Te 3aBHCHMOCTH CJIEIyeT YYWUTHIBATH IMpPH HC-
MOJIb30BAaHUH HAIIMOHAILHBIX HOPM MPOEKTUPOBA-
HUS ¥ TapMOHHM3MPOBaHHBEIX C EBpokomamu
CTaHIapTOB.

B nanpHelmux uccCieI0BaHUAX IUIaHUPYETCA
OTIpEeACTTUTh COOTHOILICHHUS MeXy Harpy3koit C14
n mozemsimu SW, HSLM c¢ yderoM pa3iauuHBIX
JUHAMHUYECKUX 3P (HEKTOB U CKOPOCTH JIBHXKCHHS
I10€3/10B.
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MOPIBHAJbHUN AHAJII3 MOJEJIEHN 3AJII3HUUHUX
HABAHTAKEHbB C14 TA LM71 JIJIs1 BAJIKOBUX MOCTIB

Meta. VY craTTi BHKOHAaHO aHali3 3ali3HUYHOrO HaBaHTaxeHHs LM71 i3 Merolo #Horo 3actocyBaHHs
B HAI[IOHAIBHUX MPOCKTaX OAaJIKOBHX 3aJIi3HUYHHUX MOCTIB. METOI JOCHI/KCHHS € TapMOHi3allisi HaI[iOHATBHUX
HOPM TNPOEKTYBaHHs IUTYYHUX CIIOPYJ 3 €BpoOIleiicbkkuMH craHaapramu (€Bpokonamu). Mertoanka. Y poOGori
BUKOPHCTOBYIOTHCSI aHAJITH4HI METOJM PO3PaXyHKy MOCTIB (METOAMKAa JIiHIM BIUIMBY), MaTpUYHHMN aHAII3 Ta
KOMIT'IOTepHe nporpamyBaHHs. Pesyabratu. [lapamerpu HampyxeHo-nedopMoBaHOTO CTaHy OakKOBHX
3aJi3HUYHUX MOCTIB IIiJ] BIUIMBOM HaBaHTaxenb Cl4 ta LM71 Marote meBHI BimMmiHHOCTI. CTymiHb LHX
BiIMIHHOCTEH 3aJIe)KUTh BiJ JOBXXUHH i Marepially IpOTOHOBUX OYyIOB, a TaKOX BiJl 0COOIMBOCTEH BH3HAUCHHS
TUHaMigHEX KoedimieHTiB. OTpuMaHi B poOOTi 3aJIe)KHOCTI CITiJ] YpaxOBYBATH IIiJI Yac BUKOPUCTAHHS HAIliOHATBHUX
HOpPM TIPOCKTYBAaHHS Ta TapMOHI30BaHHX i3 €BPOKOJaMHU CTaHAAPTIB. Y IMOAATBINIUX AOCHTIIHKEHHIX IUIAHYETHCS
BHU3HAYNTH CIIBBiIHOMmIEHHS MK HaBaHTaxeHHIM Cl4 i momemamun SW, HSLM 3 ypaxyBaHHSAM IMHAMI9HUX
edekTiB 1 mBHIKOCTI pyxy moiznis. HaykoBa noBu3Ha. [IpencrasieHi B poOoTi pe3ysbraTu, 30KpemMa napamerpu
HaTpy>kKeHO-1e(hOpMOBAHOTO CTaHy INPOTOHOBOI OyJOBH MOCTa 3 ypaxyBaHHAM BIAMOBITHUX TUHAMIYHHX KO-
ediuieHTiB, orpumani Briepuie. [lpakTuuHa 3HaUMMicTh. Pe3ynbraTu 1ociipkeHHsT BAKOPUCTAHI I1iJ] Yac po3poOKu
HauionansHoro nonarka no Hauionansraoro cranaapry Ykpaiau JICTY-H b EN 1991-2:2010. €Bpokon 1. Yactuna 2.
«Pyxomi HaBaHTaxeHHs Ha MocTi» (EN 1991-2:2003).

Kiouosi cnosa: 3amizHn4HI MOCTH; 0aJIKOBI MOCTH; 3aJIi3HUYHE HABAHTAXKCHHS; JMHAMIYHUN KOCQIIIEHT; HAIli-
OHaNBHI cTaHJapTu YKpainu; canitapHi Hopmu 1 npasuina; JJCTY; CHill
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COMPARATIVE ANALYSIS OF MODELS OF RAILWAY LOADS C14
AND LM71 FOR GIRDER BRIDGES

Purpose. The article analyzes the railway load LM71 for the purpose of its application in national design pro-
jects of the railway girder bridges. Purpose of the article is harmonization of national design codes of enginnering
structures with the European standards (Eurocodes). Methodology. Analytical calculation methods (influence lines),
the matrix analysis and computer programming are used in the article. Findings. Deflected mode parameters of the
railway bridges under the influence of loads C14 and LM71 have certain differences. The extent of these differences
depends on length, material of drift structures and also on dynamic coefficients. These dependences should be con-
sidered in national design codes and in harmonized with Eurocodes standards. In the further researches relationships
between load C14 and models SW, HSLM taking into account various dynamic effects and trains speed is planned
to determine. Originality. The presented results, in particular deflected mode parameters (including loads with dy-
namic coefficients), obtained for the first time. Practical value. Results of research are used in National Annex to
the National Standard of Ukraine NSTU-N EN 1991-2:2010. Eurocode 1. Actions on structures. Part 2. Traffic loads
on bridges (EN 1991-2:2003).

Keywords: railway bridges; beam bridges; railway load; dynamic coefficient; national standards of Ukraine;
sanitary norms and rules; GOST; SNR
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— Binoryk abo peuensis — no 6 000 3HakiB 3 npobimaMu (1o 2 c.).

Marepian HanaeTwses y dopMari A4, BpaxosyrodH Tabnuli, imfocTpatlii, cMcok BUKOpHCTaHUX mkepen. CtaTTi,
Oinblui 32 06cATOM, MOXKYTb OyTH MPUIHATI 0 PO3INIAAY HA MiACTaBi pilUeHHSA peaKOJeTil.

Yeara! JKypHa/i roTycThCcfl 10 eKcnepTH3M B HAyKOBOMeTpHYHill 6a3i aaHux SciVerse Scopus. 13 wum dak-
TOM TIOB’I3aHMI PAI HEOOXITHWUX BHMOT, a caMe: HASBHICTbL aBTOPCHKMX PO3MIMPEHUX i CTPYKTYPOBAHUX pe3toMe
(pedepariB — abstracts), y T.9. aHTTICbKOI0 MOBOFO, PeUIEH3iH, IPUCTATEHNX CITHCKIB JIITEPaTypH B POMaHCbKOMY
andasiri TomO.

Pexomenayemo CKOpHCTaTHCH NpaBHIAMH ao odopMIIeHHSA cratefi KYpHaTy:
http://library.diit.edu.ua/HTMLs/scientists/Vumogu/Vumogu.pdf.

JL1s 3pa4i cTaTTi X0 APYKY aBTOpY/aBTOpaM HeoOXigHO:

1. s enexrponHoi indopmauil chopMysaTu Bei MaTepianu B n’ATH gaitiax:

—  INepuwmii — i3 TeKCTOM CTaTTi Ta aHOTaUiit 3 KMHOYOBUMH clioBaMu. Hassa ¢aitmy — npizBumie Ta iHiwi-
aly aBTopa (TepmIoro CriBaBTopa) TaTHHCEKUMHU JIiTepaMu, Hanpukiax: Ivanov_II_stattia.doc.

— Jpyruit — 3 po3MWpeHAMH BiIOMOCTAMH PO aBTOpa/aBTOpiB (Npi3BHUINE, iM’s, M0 6aTLKOBi; Mocana;
HayKOBHI CTYTiHb;, yiUeHe 3BaHHA;, Micue poboTH abo HaBuaHHA; ajpeca eNeKTPOHHOI TOINTH; HOMEPH
KOHTakTHUX TenedoniB). Hasma daiimy — Ivanov_II_vidomosti.doc.

—  Tperiii — peuensis (Bimckanosana). Haspa daitmy — Ivanov Il recenziia.jpg.

—  Yerneprnit — ExcrieprHuit BUcHOBOK (BinckaHOBaHWI, ckNamaeThes Y BiMbHil dopmi). Hazpa daibmy —
[vanov_II vysnovok.jpg.

— Il’srnit — Jlivewsivianit qoroBip (Bigckanosauuii). Ha3sa daiinty — Ivanov_II dogovir.jpg. TekcT no-
rosopy: http://library.diit.edu.ua/HTMLs/scientists/Vumoguw/license.doc.

2. s apyxosanol indopmauii. Jlo penakiiii HagatoTECA 0COOUCTO abo HaICHIAKOTHCA MOLITOK TaKi MaTepia-
Jgu: 1) mBa JpyKoBaHMX NMPUMIPHUKH pYKOITUCY 3 ITiATTMCaM# BCiX CTiBaBTOPIB Ha OCTaHHbOMY apKywi po0oTH;
2) opwrinan JliueHsiiiHoro noroBopy 3 miarMcaMy BCiX CNiBaBTOPiB; 3) OpHUTiHAN €KCTIEPTHOTO BUCHOBKY; 4) peko-
MeHIaLifA 10 OPYKY 3a MiANMCOM BiINOBigansHOro peaakropa po3miny (s cnispobitaukis JHY3T).

BianmosizanbHicTs 3a 3MicT cTaTTi, NPaBHALHICTH, TOYHICTH i KOPeKTHICTh LHUTYBAHHA, TOCH/AHL
Ta MepeKiajy MOKJIaJa€TLCA Ha aBTOPIB.

OcTaTouHe pilueHHA Wodo ny6ikauil yXBaroe peaakuifiHa KoJieris ’KypHay.
CrarTTi, BiaxneHi peaaknifinolo xoJieri€io, NoBepTaTLCS ABTOPaM AJIA A00NPalloBaHHA.

LIanoBHi aBTOpPH, 3anpouryemMo A0 cniBpoGiTHULTBA!

3 nuTaHb onyG.liKyBaHHA 3BepTaiiTecs 10 peAakuil xKypHaay 3a aJpecolo:
HaykoBo-TexHiyna 6ibnioteka (ava. 166),
JHInponeTpoBCchbKHIA HaLllOHATLHAR YHIBEPCHTET 3aTi3HWYHOTO TPAaHCTIOPTY iMeHi akageMika B. Jlasapsna,
BYyJ. JlazapsaHa, 2,
M. JIHIMponeTpoBCEK,
VYxpaina,
49010
e-mail: visnik@diit.edu.ua
Anpeca cality xypHany: http://stp.diit.edu.ua/
3 nHTaHL NpUAGaHHSA NPUMIPHHKIB KypHaATY TestedoHyfiTe 32 Homepom (056) 776 90 59 I'pinacosa A. B.,
(056) 371 15 71 Mupropoacbka A. L.
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22__
_5.'.'.'.'.'1 TpaHcnopTy iMeHi akagemika B. Jlazapsina

JuinponeTpoBChLKUIl HaUiOHANBHUH YHIBEPCUTET 3a1i3HHYHOTO TPAHCMOPTY iMeHi akazemika B. Jla-
3apsiHa Bejie MATOTOBKY JOKTOPAHTIB Ta aclipaHTiB 3a paxyHOK KowTiB Jlep:kaBHoro OropkeTy Ykpaiku
— 3a JIep>KaBHUM 3aMOBJIEHHAM — 32 TAKUMH CMELianbHOCTAMHE:

JOKTOPAHTYPA
Ne CreuiayibHICTB Hudp
1 | TeopetuHi ocHOBH iH(hOPMaTHKHU Ta KiGepHETHKH 01.05.01
2 | VYnparginnga npoekraMu i nporpaMaMu 05.13.22
3 | 3anizHu4Ha KoJlid 05.22.06
4 | Pyxomuii cknaa 3ajmi3HMIE i TATa M013iB 05.22.07
5 | EnextporpaHcniopT 05.22.09
6 | ExcnmyaTalis Ta peMOHT 3ac00iB TpaHCTIOPTY 05.22.20
7 | ByaisensHi KOHCTPYKILT, Oy AiBAi Ta CTIOPY AN 05.23.01
8 | ByaisenbHi MaTepiany Ta BUPOOH 05.23.05

Ha nigcraBi yroa, 1o yKiaJalTbcA 3 JOKTOPAHTOM i KEPIBHHKOM BMLUOIO HABYAIbHOIO 3aKiany, A0
JOKTOPaHTYpH TIPUIMAaIOThCS MPOMAISHH YKpaiHW, KaHAWAATH HAayK, U0 MalOTh HAYKOBi JOCATHEHHSA B
obOpaHiit ramysi.

CTpok HaBYaHHA 3 POKH.
BeTynmHBKM 10 JOKTOPAHTYpPH NMOJAIOTE:

3a5BY Ha iM’S peKTopa,

KOTIiIO TepINoT CTOPiHKY MacriopTa,

0COOMCTHIA TMCTOK 3 00Ky KaJpiB 3 HOTOKAPTKOIO, AKHIA 3aCBiIYEHO BifAiJIOM KaJpiB 3a Mi-
CLEM OCHOBHOi poboTH,

BUTAT 3 TPYAOBOI KHHKKH,

IOBiAKY 3 Oyxrarrepii nmpo 3apobiTHy niaTHro,

3acBiTYEHyY KOMilO IAHIUIOMA MO 3aKiHYEHHs BHUIOr0 HAaBYAJIbHOrO 3awkiafy i3 3a3HaYeHHAM
onlepxkaHoi kBanidikauii creuianicra,

KOMilo AUIJIOMa KaHAWAaTa Hayk,

KOITiFO aTecTaTa MOLIEHTA, C.H.C. 32 iX HafBHOCTI,

PO3rOpHYTHIA MJIaH AOKTOPCLKOI AUcepTaLil,

CIINCOK Oy O1iKOBaHWX HaYKOBHX TIpalib Ta BHHAXO/IiB,

MeJIMYHY JIOBiJIKY TIPO CTaH 310poB’A 3a hopMoto Ne 286-y,

inenTHUdikaLiitHui koA,

olHy oTOKApTKY po3MipoM 3x4.

ACITIIPAHTYPA
Ne CrieuianbHicTh Hudp
1 [ dizwka TBepaorO TiNa 01.04.07
2 | TeopeTruHi OCHOBU iHHOPMATUKH Ta KiOEPHETUKHT 01.05.01
3 | MaremarudHe MoJIeNtOBaHHA Ta OOUUCTIOBAJIbHI METOOU 01.05.02
4 | Heopraniusa ximis 02.00.01
5 | YnpaBjiHHA IPOEKTaMH i MporpaMaMHt 05.13.22
6 | TexHiuHa Terodi3rka Ta MPOMHUCIIOBA TEILIOEHEPreTHKA 05.14.06
7 | 3anizHidHA KoJTid 05.22.06
8 | Pyxomuif ciutasl 3ay1i3HULG | TATA MOI30IB 05.22.07
9 | EnexTpoTpaHcnopt 05.22.09
10 | Excruryarauisi Ta peMOHT 3ac0o0iB TpaHCHOPTY 05.22.20
11 | OcHoBH i dyHIaMeHTH 05.23.02
12 | ByaiBenbHi KOHCTPYKIii, OYiBIi Ta cOpy.aIn 05.23.01
13 | ByaiBensHi MaTepianu Ta BUpoou 05.23.05
14 | TexHonoris Ta opraHizauisi TPOMHUCIOBOrO Ta LUBIIbHOro 6YAIBHULITBA 05.23.08
15 | ExoHoMika Ta ynpaBiiHHA MiANPUEMCTBAMMU (32 BUIAMH €KOHOMIYHOT MisSJILHOCTI) 08.00.04
16 | Ictopis dinocodii 09.00.05
17 | ExonorigHa 6e3neka 21.06.01
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Ha niacraBi yroa, mo ykiagarOTbesi 3 acnipaHTOM i KEPiBHMKOM BHMIIOIO HaBYalbHOrO 3akKiiamy, A0
acMipaHTy pM NIpriiMaloTbes rpoMalsiHi YKpaiHH, iKi MaloTh BUILY OCBITY i kBaiidikaliio cneuianicra.
CTpok HaBYaHHS B aclipaHTypi 3 BiApHBOM BiJ BUpOOHMLUTBA — 3 pokH, 6e3 BiApUBY Bij BUpOOHMLITBA
— 4 pokn.
Ocodu, JormyuieHi A0 BCTyNHHX ICIIMTIB y aclipaHTypy, CKJIafal0Th TPA iCIIUTH 3a NPOrpaMor0 BULLO-
ro HaBYaTbHOTO 3aKIady:
—  CcReuiaibHy OAUCLMILIIHY,
— dinocodiro,
— 1HO3E€MHy MOBY.
3a KOHCYTbTalliAMH 3BEPTATHCA HA BiANOBIXHiI KadeapH YHIBEpCUTETY.
Oco0u, 110 BCTYNarTh 40 aclipaHTypH, TOJAIOTh:
— 3aABY Ha IM’f PEKTODA,
— IMCBEMOBHIH BHUCHOBOK Tepei0ayyBaHOTO HAyKOBOT'O KEPiBHWUKA MPO MOXJTUBICTh HaBYaHHA B
acmipaHTypi,
— PpeKOMeHAaliro BYEHOi paJH BULLOrO HAaBYAIBLHOTO 3aKJiady 10 BCTYIYy B aclipaHTypy (1is
BUITY CKHUKIB ITOTOYHOI'O POKY),
—  KOMIilo Nepuoi cTOPiHKY NMacnopra,
—  0COOHCTHIT TUCTOK 3 OOJTIKY KajpiB 3 GOTOKAPTKOKO, AKHH 3aCBIAUEHO BiAiJIOM KaJpiB 32 Mi-
CLieM OCHOBHOI poboTH,
—  BUTAT 3 TPYAOBO1 KHHKKH,
— HOOBIJKY Npo 3apoliTHY IJIaTHIO,
— 3acBigveHy KOTIiFO AUIIIIOMA TIPO 3aKiHYeHHS BHIIOTO HABYAIBHOTO 3aKJIady,
— TOCBIYEHHSA MPO CKIaJaHH] KAHAMAATCHKUX ICMUTIB (3a IX HAABHOCTI),
— CIMCOK Omy6JiKOBaHUX HAYKOBMIX Mpaub Ta BUHaXxoXiB ado pedepar 3 oOpaHOI HayKOBOI
creliaIbHOCTI 3 pelLeH3i€ro nepeadavyyBaHOro Hay KOBOro KEpiBHHUKaA,
— MEAWYHY JOBIAKY TIpO CTaH 340poB’A 3a popmoro Ne 286-y,
—  iAeHTU]IKATIAHNIT KO,
— OIHy ¢oTokapTKy po3MipoM 3x4.

IIpmiioM 1oxyMenTiB g0 JoKkTOpaHTYpH Ta acnipasTyps 3 01.09 o 30.09 mopiano.
BerynHi iciut 1o acnipantypu 3 10.10 mo 30.10 mopiuHo.
ITouatok 3aHsTE 3 01.12 mopivyHo.

3a ingpopmayicro r36epmamuca;
JHInponeTpoBCcbKHI HalliOHANBLHHH YHIBEPCUTET 3alli3HUYHOI O TPaHCMOPTY,
ByJn. JlazapsHa, 2,
M. J{HIMpoTme TpoBChK,
VYkpaina,
49010.
Ten. : (056) 373-15-44 — pexrop, npo@. [Tminbko Onekcanap MukonaioBuY, NpuUHMaNbLHA;
(056) 373-15-29 — npopekTOp 3 HayKoBO1 poOoTH, npod. Mamuin Cepriii BitanilioBuy;
(056) 373-15-63 — 3aBigyroua acnipaHTypolo Ta JOKTopaHTyporo JlaxHoBa IpnHa AnartoniiBHa,
KiMH. 320).

Indopmanin npo cnenianxizoBani Bueni pagn yHiBepcHTETY

B yHiBepcureTi Tipalioe TpU Clelliani3oBaHi BUeHi paay I3 3aXUCTY JOKTOPCHKUX Ta KaHIHWAATChb-
KMX JUCEPTaUiii 3a CrieliaJIbHOCTAMMU:

- /1 08.820.01 — 3anizHnyHa konis (05.22.06) Ta enexrporpancrniopt (05.22.09); 05.22.12 — npo-
MHCJIOBHI TPaHCMOPT.

- J108.820.02 — pyxomHii ckiapn 3a1i3HBLb Ta TaAra noisaiB (05.22.07) i excrutyarauis Ta peMOHT
3acobiB TpaHcnopty (05.22.20); TpancriopTHi cucteMH (05.22.01);

- K08.820.03 — ekoHOMIiKa Ta YNpaBJIiHHSA MTANPHEMCTBAMH (3a BHIAMH €KOHOMIYHOT HisJTLHOCTI).
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