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APPLICATION OF FOURIER TRANSFORM
AND WAVELET DECOMPOSITION FOR DECODING
THE CONTINUOUS AUTOMATIC LOCOMOTIVE SIGNALING CODE

Purpose. The existing system of automatic locomotive signaling (ALS) was developed at the end of the last cen-
tury. This system uses the principle of a numerical code which is implemented on the basis of relay engineering, and
therefore, it is exposed to various types of interferences. Over the years, the system has been upgraded several times,
but the causes of faults and failures in its operation are still the subject of research. It is known that the frequency
and the phase modulation of signal has a higher interference immunity as compared to the amplitude modulation.
Therefore, the purpose of the article is to study the possibility of using the frequency methods such as Fourier series
expansion and wavelet decomposition to extract the informational component of the received code from ALS sig-
nals under the action of various types of interferences. Methodology. One can extract the information unavailable in
time representation of the signal using the signal studies in the frequency domain. The wavelet decomposition has
been used for this purpose. This makes it possible to represent the local characteristics of the signal and to provide
time-frequency decomposition in two spaces at the same time. Due to the high accuracy of the signal representation
it is possible to analyze the time localization of spectral components and eliminate interference components even in
the case of coincidence of interference frequency with the signal carrier frequency. Findings. To compare informa-
tivity of the methods of Fourier expansion and wavelet decomposition it was studied the reference and noisy signal
of green fire code using the software package MATLAB. Detailed analysis of the obtained spectral characteristics
showed that the wavelet decomposition provides a more correct decoding of the signal. Originality. Replacing the
electromagnetic relays in the ALS system by microprocessor hardware involves the use of some mathematical tool
for decoding, in order to obtain more information about the code. More often than not, as a mathematical tool, the
classical Fourier decomposition is used. But because of a number of drawbacks in this method, it was suggested to
use the wavelet decomposition, which has a number of advantages and accounts the disadvantages of the Fourier
transform. Practical value. The presented method of code signal research can be the basis for developing dynamic
model of the ALS receiver and decoder using digital processing module, which will enable to increase the reliability
and accuracy of extraction of the code information component.

Key words: automatic locomotive signaling; Fourier transform; wavelet decomposition; interference immunity;
amplitude modulation; shift; scale; time-frequency domain
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Introduction

The existing system of automatic locomotive
signaling of continuous action (ALSC) has been
developed and started to operate more than 40
years ago. It was built using electromagnetic relay
with a numeric code, and has significant disadvan-
tages in spite of a series of upgrades.

The disadvantages of the system include: the
limited informative value (three code dispatches
and five signal indications on locomotive light-
signal); indications of the locomotive light-signal
do not reflect the speed limit of passing of traffic
guide lights and station lights, depending on the
length of the block section and the required speed
limit on it; low reliability of locomotive devices is
due to the coding by amplitude modulated signal,
which has low interference immunity. It is sub-
jected to changes in the duration of the pulses and
pauses, which causes failures when applying the
codes for a locomotive. The system can receive
codes from the next track. It is impossible to use it
on the high-speed sections because of the low in-
formation content and large inertia [2, 24].

ALSC signaling occurs in specific conditions,
peculiar only to this system. Firstly, the signal in
each track circuit is transmitted only from its own
source and its level in the rails continuously in-
creasing as the train moves. Secondly, the locomo-
tive transition from the one track circuit to another
is accompanied by a short interruption in the track
signal reception and a dramatic decrease of signal
current in the rails. In addition, track circuits, con-
necting the moving locomotive with the signal
transmitter are simultaneously used both in the au-
to-lock system and on the electrified railways to
pass the reverse traction current. The sources of
harmonic interferences are the traction substations
and the networks of direct and alternating current,
as well as the traction drive of locomotive. This
particularly applies to electric drives with asyn-
chronous traction motors widely used in recent
years [8].

The problems of protection from the main
sources of interference at the railway transport,
which lead to failures in the operation of signaling
and communication equipment, their research and
identification, were considered in numerous scien-
tific studies, but they are still relevant [23].

It is known that the amplitude modulation
which is used in ALSC for transmission of numeric

code combination has low interference immunity
as compared to the frequency and phase one. This
is explained by the so-called passive pauses, i.e.
the lack of signals in the pauses. As a result, upon
the receipt of code combination the total signal
energy in a cycle is proportional to the ratio of the
total duration of all pulses and the duration of code
combination. Thus, the difference in energy level
of different ALSC codes is from 6 to 11 dB.

Applicable coding principle also has some dis-
advantages, which do not allow the use of well-
known schemes for constructing an optimal re-
ceiver. Discrete signal transmission theory is based
on the concept of a symbol having a predetermined
duration, frequency, and it is not applied to code
combinations of the ALSC system. Consequently,
it is impossible to use the systems of clock and
frame synchronizations, pulse distortion equalizers.
For this reason, the interference immunity is re-
duced almost by 6 dB.

Another factor influencing the interference
immunity of ALSC receivers is the signal degrada-
tion associated with the carrier frequency. As
a rule, filter systems of data transmission in the
signals should contain at least eight periods of car-
rier for each symbol. The exception is the systems
with the minimum phase modulation types, oper-
able with a signal/interference ratio at least 20 dB,
which cannot be achieved in the channel ALSC.
The pulse duration «RY» transmitter KPT-5 is
about 0.23 seconds. When a carrier frequency of
25 Hz in a pulse will be at least six periods. The
amount of signal degradation in this case is 0.8, i.e.
its capacity is reduced by 2 dB.

The amount of losses of the interference immu-
nity of the system is 14 dB. Accordingly, the error
probability is increased tenfold as compared to the
optimal receiver.

The analysis shows that in ALSC system espe-
cially at a frequency of 25 Hz it in principle impos-
sible to obtain high interference immunity [7].

In addition, the railway lines almost always
have a longitudinal traction current asymmetry that
arises, for example, when breaking the wire rail-
bonds or when connecting to one of the rails the
earthings of traffic lights supports, masts, and other
metal constructions. Therefore, with the electric
traction the track transformer core is magnetized
by the traction current. During the train movement
the current value is changing, and the parasitic
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modulation of signal current by the traction one
takes place. In connection with this the increase in
signal current is not always effective and some-
times it results in increase of ALSC failures. It
should be noted that with the advent of more pow-
erful locomotives, this phenomenon has become
even more pronounced [19, 20].

Purpose

In view of the above mentioned the work is
aimed to study the possibility of using the fre-
quency methods (Fourier transform and wavelet
decomposition) to increase the reliability and
credibility of extraction the informational compo-
nent of the received code from amplitude-
modulated ALSC signals under the action of vari-
ous types of interferences. The implementation of
this research in the future may be the basis for the
development of a new receiver of the ALSC sys-
tem with improved interference immunity.

Methodology

In the existing ALSC system the principle of
operation of decoding devices is based on the anal-
ysis of amplitude and time characteristics of the
received signal. Information value is the number of
pulses in the signal, and the protective one is a
long interval at the end of the code. On this basis,
shortening or lengthening pulses and intervals, fill-
ing the long interval or numerical distortions can
lead to incorrect reception of the code [3, 6].

Often the information, which is not noticeable
in the time representation of the signal, is shown in
its frequency representation. Using the Fourier
transform (FT) one can study the noisy ALSC code
signal comprising interferences from various
sources. With the use of FT, a signal is decom-
posed into elementary harmonic vibrations with
different frequencies and all the necessary proper-
ties and formulas are expressed using one basis
function exp(jof) or two real functions sin(®¢) and
cos(wt). This gives the spectral information about
the signal and describes its behavior in the fre-
quency domain [16, 17, 21, 22].

The Fourier transform is described by the for-
mula:

f()= icn exp(int).

in which the basis function is:
exp(it) = cost +isint,

As a result of the ALSC signal decomposition it
is obtained the basic carrier frequency 25, 50 or 75
Hz (depending on the type of track circuits) and
interference frequency. Based on the method of
correlation reception according to spectral feature
in the amplitude-frequency dependence appropriate
ALSC codes can be recognized. But it should be
noted that the FT makes it possible to determine
the frequency content of the signals, but one can-
not determine at what time point there is one or
another frequency. This makes the method of spec-
tral analysis unusable for processing of noisy non-
periodic signals containing interferences, for which
the value of occurrence time is of paramount im-
portance. Moreover, the interferences coinciding in
frequency with the desired signal will be decoded
as the code elements, which in turn may lead to
incorrect representation of signal indication on lo-
comotive traffic light.

In case of decoding the ALSC code signal
a significant information load carries the temporal
localization of the spectral components and the
corresponding time-frequency signal representa-
tion, which can be implemented using the wavelet
decomposition (WD). As compared to the signal
decomposition in Fourier series the wavelets can
represent local features of the signal much more
accurately and to provide a two-dimensional scan,
in which the frequency and the coordinates are re-
garded as independent variables. This makes it
possible to analyze the signal in two spaces at the
same time.

The wavelet decomposition is described by the
formula:

0

f()= Z W i (1),

Jsk=—n

with arbitrary parameters of basis function (which
is also called the mother wavelet) — scaling factor j,
and the shift parameter k:

v (0 =ld Pyt =K/ j),

In addition to Fourier transform one can use for
signal processing the Short Time Fourier Trans-
form, which is the time, frequency and amplitude
function. However, considering the «Heisenberg
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Uncertainty Principle», this method of processing
does not give the opportunity to measure the fre-
quency and time with high accuracy. In turn, the
wavelet decomposition makes it possible to reduce
the influence of «Heisenberg uncertainty principle»
on the obtained time-frequency representation of the
signal, where the shift of mother wavelet can be
considered as the time elapsed from the time t=0
(since it shows the wavelet location in time), and the
scale is the quantity inverse to the frequency.

By analyzing the time intervals equal to the du-
ration of pulses and frequency components con-
tained in it, it is possible to fix the presence of the
corresponding code. At this the interference fre-
quency appearing outside the time pulse intervals,
even repeating the basic carrier frequency will not
carry a critical information load, which in turn will
prevent erroneous decryption of the code [4, 12, 14].

Findings

Firstly, it was taken the signal containing in-
formation on a green signal indication (G code),
without interferences, obtained in the actual oper-

sig (5566291 ral, Fs=44100)

015

ating conditions (Fig. 1). Using the MATLAB pro-
grams let us carry out the Fourier transform (Fig.
2) [9, 10, 11] on this signal. Analyzing the Fig. 2,
we can see the maximum amplitude surge is at the
frequency of 50 Hz and the signal current harmon-
ics is at the frequencies multiples of 50. Since this
signal has the correct amplitude and time parame-
ters, we accept it as a reference.

Further we expand this signal by continuous
one-dimensional wavelet decomposition with the
help of MATLAB pack (Fig. 3), using the Daube-
chies wavelet with a center frequency of 0.7143
Hz.

In the first field is the amplitude-time charac-
teristic of the signal, in the second field is the
wavelet spectrum in which using the color grada-
tion are shown:

e the minimal frequencies, which are
present in the signal using dark brown
color;
maximal frequencies (in this case 50
Hz) that are present in the signal using
the milky white color.
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. 2. The spectral composition of green fire code
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It can be seen that the entire period of time in-
terval of the code G pulse is filled with the maxi-
mal frequency (50 Hz). Time intervals of pauses
are not sharp; the signal frequency is reduced and
gradually comes to zero. This informs that the sig-
nal current in these sections (almost black sections
of the spectrum) disappeared.

As in the case of Fourier transform, the wavelet
function is characterized by coefficients. But in
this case, we are talking about the scale factors
(scale), which are visualized in the third field of
the Fig. 3. Local maxima of these coefficients are
in the fourth field of the Figures. If we draw an
analogy with the time-frequency dependency, then

the scale will be the reverse value to the frequency,
since the small scales correspond to the upper fre-
quencies of the analyzed signal, and the large
scales — to the lower frequencies.

This dependence is easy to trace in the Fig. 4.
Here on the scale of the range 1-97 pulses and
pauses of green code are clearly visible, and on the
scale of the range 129-577 pauses are filled with
tapered continuous graph of dark brown color. This
indicates the presence of low-frequency interfer-
ences, which are not essential for decoding the
code almost in the entire time interval of the signal
current presence [15].

ARSI Bonsl DO = 52001

Tune realization
of signal

o

Hi

The wavelet
spectium

l

Ty

Tk Cosleibats - Cilurabn mede ind - by biale < abt

1

710 77

Fale i rerm b b

Couticionty Ling - (a8 B seain s 11 Srwguarcys DOH)

Coefficients
on the given scale

15 ] % ] 5

Lot Wanma Lies

Local maxima
of coefficients

Fig. 3. The spectral composition of green fire code
in continuous one-dimensional wavelet decomposition
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Fig. 4. Time-frequency dependence of green fire code
during continuous one-dimensional wavelet decomposition
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The Fig. 5 shows noisy signal in comparison with Let us apply continuous one-dimensional wave-
the reference one, which contains information about let decomposition with the help of MATLAB
green signal indication (G code) obtained under real —package (Fig. 7) to the one period of G code using
operating conditions. The figure shows that there is the Daubechies wavelet as in the first example. In
high amplitude of interference, the time of occur- this Figure it is clearly seen that the first pause of
rence of which coincides with the time slot of the G the G code is filled by the interferences, which co-
code intervals, resulting in their considerable distor- incide with the carrier frequency of 50 Hz (white-
tions. Using MATLAB let us carry out the Fourier milky color of the verticals). Having the ability to
transform on this signal (Fig. 6). Analyzing the Fig- monitor the frequency, which is not localized in
ure 6, it can be noted that some part of interferences time, the interference data may cause incorrect de-
has significant spikes at higher frequencies of 380, cryption of the code. Wavelet analysis gives the
620, 1020 Hz, which cannot result in erroneous de- possibility to track the presence of the carrier fre-
coding of code, and the other part of interferences quency in relation to the time of existence of the
coincides with the carrier frequency of 50 Hz, which  spectral component that enables more correct sig-
could have a fundamental importance to identify the nal decoding.
boundaries of the intervals and pauses.

sig3 (31034951 real, Fs=44100)
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Fig. 5. The green light code containing significant interferences
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Fig. 6. The spectral composition of the green light code
containing significant interferences
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Fig. 7. Time-frequency dependence of green fire code
with interferences during continuous one-dimensional wavelet transformation

Originality and practical value

Upgrading existing ALSC system involves re-
placing relay by the microprocessor hardware,
which has a huge number of advantages. In turn,
the digital processing of the received code signal
increases reliability that reduces the number of
failures in the system operation.

Digital processing of the signal involves the use
of a mathematical tool to convert the signal in or-
der to obtain more information about it, which is
not available in its original form. Among many
well-known signal transformations, such as the
Short Time Fourier Transform, Wigner transform
and others, the most popular is the classical Fourier
transform. By Fourier series expansion of the sig-
nal one can determine the value of amplitude and
phase both of the studied signal and the interfer-
ences, affecting the work of ALSC devices, as well
as the distribution density of probability of the
code signals, interferences and their statistical
characteristics [1, 5, 13]. But there are some disad-
vantages of this analysis:

— the limited informative value of the nonsta-
tionary signal analysis and the fact that it is almost
impossible to analyze their peculiarities (breaks,
steps, peaks, etc.), since their «dissipation» in the
entire frequency range of the spectrum takes place;

— representation of the global information
about the frequencies of the studied signal and the
lack of representation of the local signal properties

with rapid temporal changes in its spectral compo-
sition.

Therefore, it is necessary a mathematical opti-
mal signal processing method that can take into
account these drawbacks. In this article the wavelet
decomposition is considered as a possible alterna-
tive, which has all the advantages of Fourier trans-
forms, but it has a number of advantages:

— wavelet bases can be well localized in both
frequency and time;

— wavelet bases can be represented by variety
of basic functions, the properties of which are fo-
cused on the solution of various problems.

This article WD is used to analyze the ALSC
signal code, the expansion of the reference and the
noisy G code followed by conclusions about the
peculiarities of this expansion is carried out. Based
on the above mentioned method of the code signal
study one can develop a dynamic model of receiver
and ALSC decoder, in which the module of digital
signal processing applying the wavelet decomposi-
tion will be used. This will increase the interfer-
ence immunity of the locomotive ALSC devices as
a whole.

Conclusions

Sending messages about the signals of track
traffic lights or the block sections vacancy using
the ALSC to the moving locomotive is carried out
by electrical signals which are transmitted along
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the rails and are perceived by the locomotive re-
ceiver. The messages during transmission are sub-
jected to distortions that may occur when convert-
ing a message during transmission or reception and
under the influence of interferences.

Considerable part of interferences may enter
the frequency range of the useful signal component
and lead to failures in the ALSC operation. Signal
decoding and analyzing it in the amplitude-
frequency domain, which can be carried out using
the FT does not provide comprehensive informa-
tion about the received code. Information on the

signal local features can be obtained by expanding
it in the time-frequency domain using WD.

However, wavelet analysis cannot always sub-
stitute the Fourier analysis. Many theorems of
wavelet analysis are proved by Fourier expansions.
Thus, these two types of analysis are rather com-
plementary than mutually exclusive. Improvement
of decoding principles by using modern technical
devices and methods of digital signal processing
are promising for the development of ALSC re-
ceiver with high reliability of noisy signals recep-
tion [18].
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3ACTOCYBAHH IEPETBOPEHHA ®YP°€ )
I BEUBJIET-IEPETBOPEHHSA JJIA JEHIN®PAILII KOAY AJICH

Mera. [cHyrOUa crcTeMa aBTOMaTHIHOI TOKOMOTHBHOI curHamizaiii (AJIC) Oyna po3poOiieHa B KiHIII MUHYJIOTO
CTOMITTA. Y HaHif CHCTEMi BUKOPHUCTOBYETHCS MPUHIIHUIT YUCIOBOTO KOy, pealli3oBaHui Ha 0a3i peneiHoi TeXHIKH,
y 3B’S3KY 3 UMM BOHA CXWJIbHA JI0 BIUTMBY PI3HUX IMEPENIKO]. 3a MUHYJII POKH CHCTeMa Oyjia HEOJTHOPA30BO MOJIEp-
HI30BaHa, ajie MPUYMHU 300iB Ta BiIMOB y i poOOTI, sIK 1 paHillle, 3aJIHIIAI0THCS IPEIMETOM JI0CHTipKeHb. Binomo,
10 YacTOTHA 1 pa30Ba MOAYIIALIS CUTHATY Ma€ BUIIY 3aBaJOCTIHKICTh y MOPIBHAHHI 3 aMIUTITYJHOIO MOIYJIAIIETO.
Tomy B poGoTi OyJia mocTapjaeHa MeTa — JOCIIIMTH MOKJIMBICTh 3aCTOCYBAaHHSI YaCTOTHHX METOJIIB, TAKUX SIK PO3-
ki1aganHs B pag Oyp’e ta BeliBieT-nepeTBopeHHs i BuitydeHHs i3 curHainiB AJIC indopmaniiiHoi ckiaaqoBoi nmpo
MPUHAHATHIA KOJ B yMOBax [ii pi3HuUX mepemikon. Meroauka. 3a JOMOMOTOK JOCIHIPKEHHsI CUTHAIY B YaCTOTHIH
o0J1acTi MOYKHa BUTATTH iHQOpMaIlifo, HEJOCTYIIHY B THMYAaCOBOMY IOJaHHI curHaiy. s miei Mmetu Oyjo BUKOpH-
CTaHO BEHBJICT-NIEPETBOPEHHS, SIKE Ja€ MOXJIMBICTh TIPEJCTABIATH JIOKAJbHI  OCOONMBOCTI  CHTHAITY
Ta 3a0e3nevuyBaTH YaCTOTHO-YaCOBE PO3KIIAIAHHS Bijpa3y B JBOX IPOCTOPaX. 3aBISKH BUCOKIH TOYHOCTI IIPEACTAaB-
JICHHS CHUTHANY 3 SABJSETHCS MOXIIMBICTH aHATI3yBaTH THMYACOBY JIOKAII3aIlil0 CIEKTPATHHUX KOMITOHEHTIB 1 BHU-
KITIOYHTH CKJIQJOBI MEPEIIKO], HaBiTh y pa3i 30iry 4acTOTH NMEPELIKOIH 3 YacTOTOK curHaiy. Pesyasrartm. [lns
MOPIBHSAHHS 1HPOPMATUBHOCTI METOIB po3kiaganHsi Dyp’e Ta BeiBIET-IepeTBOPEHHS OYIIO JOCITIIHKEHO 3a JI0TIO0-
Mororo nporpamHoro nakety MATLAB eranonHmMii Ta 3alryMJIEHHHH CHTHAN KOAY 3€J€HOr0 BOTHIO. JlokmamHuit
aHaJIi3 OTPUMAHHX CHEKTPAILHUX XapaKTePUCTHUK IOKa3aB, L0 BEHBIICT-NIEPETBOPEHH A€ OUIbII KOPEKTHY NELIH-
¢pauito curnany. HaykoBa HoBu3Ha. 3aMiHa ellekTpoMarHiTHuX peine B cucteMi AJIC Ha MiKpOINpoliecopHy ana-
parypy nepezndayae 3acTOCYBaHHs OyJb-SIKOTO MaTEeMaTHYHOIO 1HCTPYMEHTY sl JAemn(pyBaHHS KOLY 3 METOIO
OTpPHUMaHHS PO HBOTO J0AaTKOBOI iH(popmauii. Haituacrime, sk MaTeMaTHYHUI IHCTPYMEHT, BUKOPUCTOBYETHCS
KJlacu4He repeTBopeHHs Pyp’e. Ale, B CHIly HasiBHOCTI PsAy HEIOJIKIB B JaHOMY MeETOJi, OyJ0 3alpornoHOBAaHO
BUKOPHCTOBYBATH BEUBIIET-IICPETBOPEHHS, SIKE Ma€ psij IepeBar i BpaxoBye HENONIKM nepeTBopeHHs Dyp’e.
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ABTOMATH30BAHI CUCTEMU YIIPABJIIHHS HA TPAHCIIOPTI

IIpakTHyHa 3HaYMMicTh. HaBeneHuii MeTon OCIKEHHS KOZOBOTO CUTHALY MOXKHA ITOKJIACTH B OCHOBY pO3p00-
KM ArHamigHOi Moferni npuitmada i gemmudpaTtopa AJIC i3 BUKOpUCTaHHAM MOIyIsl mH(POBOI 0OPOOKH, IO IaCTh
MOXITMBICTb MIABUIINTH HAIIIHICTh Ta JOCTOBIPHICT BUITyUeHHs iH(QOpMaLiHOT CKIIaJ0BOT KOLY.

Kniouosi crnoea: aBTomMaTniHa JJOKOMOTHBHA CUTHaII3allist; nepeTBopeHHs: Oyp’e; BeilBleT-nepeTBOPEHHS; 3aBa-
JOCTINKICTh; aMILTITYTHA MOTYJIAIIS; 3PYIICHH; MAcCIITad; YaCTOTHO-TUMYACOBA 00JIACTh
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INPUMEHEHMUE ITPEOBPA3OBAHUSI ®YPBE
N BEUBJIET-IIPEOBPA3OBAHMUA /A JEHINPPALINU KOJA AJICH

Heanb. CyuwecTByomas cucreMa aBTOMaTH4ecKoW JIOKOMOTHBHOM curHanmzauuu (AJIC) Obuia paspaboraHa
B KOHIIE ITPOLUIOTO BeKa. B NMaHHOH cucTeMe MCIoiib3yeTcs NPHUHIMIT YHCIOBOTO KOJa, peaM30BaHHBIA Ha 0aze
peneiiHOl TEXHUKH, B CBSI3M C Y€M OHA MOJBEP)KCHA BIMSHMIO PAa3IMYHBIX ITOMEX. 3a MPOMICAINE TOJbI CHCTEMA
ObUTa HEOTHOKPATHO MOJICPHU3NPOBAHA, HO PHYMHEI COOEB M OTKA30B B €€ paboTe MO-IIPeKHEMY OCTArOTCs Ipea-
METOM HccieoBaHni. M3BecTHO, yTo yacToTHas M (pa3oBasi MOAYJISINS CUTHAJIA UMEET 00Jiee BBICOKYIO MTOMEXO-
YCTOWYHMBOCTh B CPAaBHEHUM C aMIUTUTYIHON Moxyisinuei. [Tostomy B pabore Obla mocTaBieHa Ielb — UCCIIEN0-
BaThb BO3MOKHOCTH TNPHMEHEHHMS YacTOTHBIX METOJOB, TaKMX Kak pasnoxkenne B psg Dypre u BeiiBier-
npeobpasoBanue as u3BieueHus U3 curHainoB AJIC nHGOPMAMOHHON COCTABIAIOMIEH O MPUHUMAEMOM KOJE B
YCIOBUSIX NIEMCTBHUA pa3inn4HbIX nomex. Meroanka. C MOMOIIBIO HCCIEA0BAHUS CHTHAJIa B YacTOTHOH oGsacTu
MO>KHO HM3BJIe4b MH(OPMALUIO, HEJOCTYIIHYIO BO BPEMEHHOM IIpe[CTaBlIeHHH curHaina. J{ns 3Toit nenu Obuio Hc-
MOJIb30BaHO BEWBIIET-IIPe0Opa3oBaHie, KOTOPOE AeT BO3MOXKHOCTD ITPEACTABIISATH JOKAIbHbIE OCOOEHHOCTH CHI'Ha-
Ja 1 00ecreYrBaTh YaCTOTHO-BPEMEHHOE Pa3JIoKEHHe cpa3y B IByX MPOCTpaHCTBax. biaaroaaps BHICOKOI TOUHOCTH
MIPEJCTAaBIICHNS CUTHAJA MOSBISIETCS BOZMOKHOCTh aHAJM3UPOBATh BPEMEHHYIO JIOKAIU3ALUIO CIIEKTPaIbHBIX KOM-
MOHEHT U UCKIIIOYUTh COCTABIIAIOLIME MTOMEX, JaXKe B CIydae COBIAJCHUS YaCTOThI MOMEXM C HECylled 4acTOTOM
curHaia. Pesyabrarel. [l cpaBHeHUs HMH(GOPMATHBHOCTH METONOB pasioxeHus Pypbe u BeiBuer-
npeoOpa3oBaHus OBUT MCCIIEA0BaH C IOMOIIBIO MporpaMMuoro nakera MATLAB aTanoHHBIH 1 3allyMJIEHHBIH CUT-
HaJl Kojia 3eseHoro orus. [1oapoOHbIi aHaN3 MOMYYEHHBIX CIIEKTPABHBIX XapaKTEPUCTHK MOKa3all, YTO BEHBIET-
npeoOpa3oBaHue AaeT 0ojee KOPPEKTHYIO femudpannio curaana. HayyHass HOBU3HA. 3aMeHa 31€KTPOMArHUTHBIX
pene B cucteme AJIC Ha MUKpPOIIPOLIECCOPHYIO ammapaTypy MpearoiaracT MIpUMEHEHHE KaKoro-JInbo MaTeMaTH4e-
CKOTO MHCTPYMEHTA AJIsl IeMu(panni Koaa ¢ HEIbio MOMYYeHUsI O HEM JONONHUTENbHON nHpopmaruu. Yame Bee-
ro, KaKk MaTeMaTUIECKUI HHCTPYMEHT, UCTIONb3yeTcs Kiaccuieckoe npeodpasosanne Pypoe. Ho, B cuimy Hamuuaus
psifa HEZOCTATKOB B JAHHOM METOJIE, OBbIJIO MPEIOKEHO HCIIOIb30BaTh BEWBIET-IPe00pa3oBaHue, KOTOPOE HMEET
P MPEUMYILECTB U yYUTHIBaeT HemocTaTku npeobpazoBanus Dypwe. [IpakTuueckas 3HaunMoctsb. [IpuBenen-
HBII METOJ UCCIIEJOBAaHMSI KOJJOBOTO CHTHAIa MOKHO I0JI0XKUTh B OCHOBY pa3pabOTKH IMHAMUYECKON MOJIENH TIPH-
eMmHuKa 1 gAemudpatopa AJIC ¢ ucnonb3oBaHueM MOy [U(PPOBOIT 00PabOTKH, YTO TACT BO3ZMOKHOCTH MTOBBICUTH
HaJIe)KHOCTh U JOCTOBEPHOCTH M3BJICUCHHS] MH()OPMAIIMOHHONW COCTaBIIAIONIEH KOAa.

Kniouesvie  cnosa: aBromarmyeckas JIOKOMOTMBHAs CUTHaIW3anus; npeoOpazoBanne @Pypwe; BeiBieT-
peoOpa3zoBaHne; TOMEX0YCTONYMBOCTD; aMIUTUTYIHASI MOTYJISIIS; CIIBUT; MacIlITad; 4aCTOTHO-BpEMEHHast 001acTh
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PACYET JUHAMUMKHU 3ATPSI3HEHUS IPUMATUCTPAJIBHOM
TEPPUTOPHUU ITPU TIEPEBO3KE YTI'JIA

Heas. Hayganas pabora mpeamomnaraet pa3padotky 3D urcieHHOI MOeIH IS POTHO3a 3arps3HEeHIs aTMOC(hephI
TIPY TPAHCIIOPTHUPOBKE CHIITYyYHX TPY30B B JKEIE3HOAOPOKHOM BaroHe. MeToauka. [y peneHns mocTaBiIeHHON 3a1a-
Y1 pa3paboTaHa TpeXMepHasl YMCICHHAs MOJENb, OCHOBAHHAS Ha NMPHMEHEHWH YPAaBHEHHMS IMEpPEHOCA MBUIEBBIX 3a-
rpsi3HEHUI B aTMOC(hEpHOM BO3/IyXe MOJ| ACHCTBHEM BeTpa U atMochepHoii TypOyneHTHO# auddysun. s uuncnen-
HOTO MHTETPHUPOBAHUSI MOACIUPYIOIIET0 YpPaBHEHMS MEPEeHOCAa MBUIM HCIOIb30BaIacCh HESBHAs PA3HOCTHAS CXEMa.
[Tpu nocTpoeHn pa3HOCTHOW CXEMBI OCYILECTBISIETCS PEIBAPUTEIBHOE PACIICTUICHUE UCXOHOTO YPaBHEHHUS Iepe-
HOCa Ha IOCJIe/IOBATeNIbHOCTD PEIICHUs TpeX ypaBHeHHH. [lepBoe U3 HUX yYMTBIBAET MEPEHOC MBUTH MO TPACKTOPHSIM,
BTOPOE YpPaBHCHUE — MIEPSHOC MBUTH IO JACHCTBHEM aTMOC(hepHOI TypOyneHTHOU muddy3un, a TpeThe YpaBHCHHUE —
M3MEHEHUE KOHIIEHTPAIMH ITbUIM B aTMOC(EPHOM BO3JyX€ 3a CUET ee IMUCCHU M3 BaroHOB. Hen3BecTHoe 3HaueHHE
KOHIICHTPALMH 3arpsI3HATEINS Ha KaXK/IOM IIare paclleIUIeHHs! ONpeiessieTcs 10 SIBHOM cxeme — MeToxy OeryIiero cue-
Ta, 4TO OOECHeYrBaeT IPOCTYIO YHCIEHHYIO pealn3allio YpaBHEHUH pacuieruieHus. PaspaboTranHast YncieHHas Mo-
JIeTlb COCTaBIISIET OCHOBY CHEIHAIN3HMPOBAHHON KOMIIBIOTEPHOH IporpaMMmbl. Ha ocHOBE MOCTPOCHHOW YMCIEHHON
MOJIEJH TIPOBE/ICH BHIYMCIUTEIBHBIN SKCIIEPUMEHT TI0 OLICHKE YPOBHSI 3arpsA3HEHIs aTMoc(eps! Ha KeIe3HOTOPOKHOM
CTaHIIMM TIPH JIBIDKCHUN cOCTaBa Cc yrieM. PesyiabTarbl. Pazpaborana 3D 4ncnenHas Moaesnb, KOTOpask OTHOCHUTCS K
Kinaccy «screening models». JlaHHas MO#eNb YYUTBHIBaCT OCHOBHBIC (hM3HMUEcKUe (DaKTOPHI, BIMAIOLIME Ha IPOLECC
paccenBaHMs TBUIEBBIX 3arpsa3HEHHI B aTMoc(epe IpH TPaHCIOPTUPOBKe yrin. [IpenyokeHHas YuCIeHHAs MOACIb
TpeOyeT HEeOONBIINX 3aTpaT KOMIIBIOTEPHOTO BPEMEHM IIPU NMPAKTHYECKOH peann3aliy Ha KOMIBIOTEpax Mallod U
CpeIHeil MOIITHOCTH. JTa MOJIEIb MOXKET MCIOJIB30BaThCS ISl ONIEPATHBHBIX PACUETOB JIMHAMMKH 3arpsi3HEHHs aTMO-
cepHOro Bo3/yxa NpH MEPEBO3KE YIJIS JKEJIEC3HOAOPOKHBIM TPAHCIOPTOM. BBIIIOIIHEHBI pacueThl 10 OIpeIeNICHUI0
KOHIIGHTPAIMHY 3arpsisHUTENs U (OpMUPOBAHMIO 30HBI 3arpsi3HeHus Ha cranimu Enugu. [IpencraBneHsl pe3ynbTaThl
(hM3UYIECKOTO SKCIIEPHMEHTA, O3BOJIIONINE PEKOMEHI0BATh MPUMEHEHHE JIOTIONHUTENLHBIX OOPTOB ClieIMaIbHON
(opMBI JUIT MUHMMH3ALMK BBIHOCA YTOJIBHOW NMBUIM M3 mosyBaroHoB. Hayunasi HoBH3Ha. ABTOpamu cosgaHa 3D
YHCIICHHAs] MOJIENIb, TTO3BOJIIONIAsl YYECTh CYIIECTBEHHbIE (DHM3MUECKHEe (PaKTOpBhI, BIMSIONIME HA IIPOLECC paccenBa-
HUA BN B aTMocgepe. Mozenb MO3BOJIIET PACCUUTHIBATH (POPMHUPOBAHHUE 30H 3arpsi3HEHMS NPH IMEPEBO3KE YIS
JKEJTIE3HOOPOXKHBIM TpaHcropToM. IIpakTnyeckass 3HaYMMOCThb. PaccMorpena sddexTrBHAs YnCIEHHAs MOZAENTb
Kiacca «screening models» Ui SKcIpecc-pacyeTa ypoBHS 3arpsi3HEHUsT aTMOC(Epsl IPH TPAHCTIOPTHPOBKE YIS XKe-
JIE3HOAOPOXKHBIM TPaHCIOPTOM. Mozieslb MOKET OBITh MPUMEHEHA NPU Pa3pabOTKE MEPOIPUSITHHA MO OXpaHE OKpy-
KAIOILEH CpeJIbl IPU AKCILTyaTaIUH JKEJIE3HOIOPOKHOTO TpaHcnopTa. [IpeanoskeHHas MOAENb O3BOJISIET OIIEPATUBHO
paccunrats 3D nepeHoc nbuIM B aTMOC(EPHOM BO3ILyXeE.

Kniouegvie cnoga: 3arpsisHeHHE aTMOC()EpBI; XKEIE3HOI0POXKHBIN TPAHCIIOPT; IIEPEBO3KA YIJIS; YHCIEHHOE MOJIE-
JIMPOBaHME
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BBenenune

TpancnoptupoBka yriisi B Hurepun ocymiectsis-
eTcsl HKEJIC3HOJOPOKHBIM TpaHcmopToM (puc. 1), mo-
CKOJIbKY CTpaHa MMEET JOCTaTOYHO XOPOIIO pa3BU-
TYIO CeTh JKelle3HBIX Jopor. OmHako, TPaHCIOPTH-
POBKa yIJIs OCYIIECTBIAETCS B MONyBaroHax, BCIE-
CTBHE Y€ro MPOUCXOAMT BBIHOC YIOJILHOHM MBUTH [6,
12, 14]. IIpu TakoM BBIHOCE YTOJIBHOM IBIIH TIPOFC-
XOIWUT WHTEHCHBHOE 3arpsi3HEHHE TPAaHCIIOPTHOTO
KOpHIOpa U MpUJIETaroleil TEppUTOpHH.

Puc. 1. [lepeBo3ka yriis B Hurepuu
Fig. 1. Transportation of coal in Nigeria

Oco0eHHO oImaceH TaKoW MpOoIece 3arps3HECHNUS,
KOT/Ia COCTaB MPOXOAMT Yepe3 KeIe3HOJOPOKHEIC
cTaHuu (puc. 2), BOMHM3HU CEMUTEOHBIX 30H WU 110
TEPPUTOPUH TTPOMBINIICHHBIX 00heKkTOB [13, 15]. B
9TOW CBS3M BO3HMKAET BaXKHAs 3aj1a4a IO MPOTHO-
3MPOBAHUIO WHTEHCUBHOCTU 3arpsi3HEHUs] TpaHC-
MOPTHOTO KOPHIOPAa M MPUMAruCTPANbHOW TEppH-
TOpHUH Tpu TiepeBo3ke yrid [13, 16, 17].

200,00(m
- .r .

Puc. 2. XKenesnomoposxnas cranmmsa Enugu (Hurepus):
1 — mecTo «BXOJa» coCTaBa C YIJIEM B paCUCTHYIO 00I1acTh

Fig. 2. Railway station Enugu (Nigeria):
1 — «entry» point of the train with coal
into the computational region

AHanu3 JIUTepaTypHBIX HCTOYHUKOB, IIOCBS-
HICHHBIX 3TOM mpoOieMe, MoKasall, 4To JUIsl Mpo-
THO3MPOBaHMS TpoLiecca 3arpsA3HEHUs BO3AYLIHON
cpensl ucnoib3yercs moaens I'aycea [3, 5, 8], pe-
anm3oBaHHas B Bune koga «KAERMODy [10]. dan-
HBIH MakeT MporpaMM MO3BOJISET PAacCUUTATh 3a-
IPSA3HEHHE OKpY’Karolleil cpenbl B MPUOINKEHUH
«MOCTOSIHHO ACUCTBYIOIIMIA TOYEUHBIA HCTOUHHK.
Mogens 'aycca siBisercst 3pQeKTUBHBIM HHCTPY-
MEHTOM OLIEHKH YPOBHS 3arps3HEHHs BO3TYLIHON
cpelpl, HO HE YUUTHIBaeT MPO(UIb CKOPOCTH BET-
pa, IBM)KEHHE HCTOYHUKA sMuccud. [Ipumenenue
CFD mopneneii ans perieHus 3Toi 3anaun Tpedyer
UCIIOJIB30BaHMSl MOIIHBIX KOMIIBIOTEPOB U 3HAUU-
TEJIBHBIX 3aTpaT BPEMEHH Ha IOIy4eHHE MPOrHO3-
HBIX JAHHBIX. B 3TON CBS3M, Ba)XKHO OTMETUTH, YTO
aKTyaJIbHOM 3a/aueil sipisiercst pa3pabotka dddek-
TUBHBIX YHCIJICHHBIX MOJENeH, MO3BOJLIIONUINX yUH-
TBHIBaTh OCHOBHBIC (hU3MUeCKUe (DAKTOPBI, BSOS
Ha (hopMUpOBaHUE 30HBI 3arps3HEHUS B TPAHCIIOPT-
HOM KOpHIOpEe MNpH ABIKEHHH COCTaBa C YITIEM
U pa3paboTKa METONOB N0 MHMHMMH3ALMU BBIHOCA
YTOJIBHOM MBUTH U3 MOyBaroHos [4, 6, 16].

Hean

Ilenmsto maHHOW pabOTHI SBIAETCS pa3pabOTKa
3D yucieHHOW MOJENH s MPOTHO3a YPOBHS 3a-
TpSI3HEHHUS aTMOC(Epbl MPH 3MHCCUU IBUIEBBIX
3arpsa3HeHnid W3 TOodyBaroHOB. CTaBUTCS 3a7ada
CO3JIaHHs MOJETIH, KOTopas Mo3BoJIsiia Obl YUHUTHI-
BaTh OCHOBHEIC (u3nyeckue (HakTophl paccenBa-
HUS THUIM B aTMocdepe, ABIKEHHE HCTOYHHKA
SMHUCCHH (COCTaB C yTieM) U MPHU 3TOM Tpebopaia
OBl MaJIbIX 3aTpaT KOMIBIOTEPHOTO BpPEMEHH INPHU
MPAKTHUYECKOW peanu3anu (3Ta MOJENb TPYIIIbI
«screening modelsy).

Mamemamuueckas moodensv. IIporHo3 ypoBHs
3arpsi3HEHHs aTMoc(epbl NPU BBIHOCE IBUIEBBIX
3arpsi3HEHU W3 TMOJyBaroHa OCYIIECTBIIIETCS Ha
0a3e (hyHIAMEHTAJILHOTO ypaBHEHHUS Maccolepe-
Hoca[l,2,7,9, 11]:

0C ouC ovC 0(w-w,)C

o ox Oy oz

POOR- =), )

rae C — KOHIIEHTpAIUS 3aTrPSA3HAONIETO BEIIECTBA
(TBIIEBOM  3arps3HUTENH); U,V,Ww — KOMITOHEHTHI

=div(ugradC )+
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EKOJIOTIS1 HA TPAHCTIOPTI
BEKTOpa  CKOPOCTHM  BO3JYIIHOTO  TOTOKA;
u:(ux M, ,},lz) — ko3 dunuenTsl arMochepHOi

TypOynentHoi nuddyszun; ( — HHTEHCUBHOCTD
BBIOpOCA 3arpsI3HUTENS OT «HACHINNY B TIOJIyBaro-
He; S(x—xi)S(y—yi)B(z—zi) — nenbTa-QpyHKuus u-
paka; X,,y;,z; — KOOpAUHATHI HCTOYHUKA BBIOPOCA;

Wg — CKOPOCTH I'PaBUTALIMOHHOT'O OCE€AaHMs TIbIIN,

t — BpeMsl.

IlocTaHoBKa KpaeBbIX YCJIOBUH g JAHHOTO
ypaBHEeHHUs1 paccMoTpeHa B paborax [1, 2, 7, 9].
OTMeTHM, YTO KOOPAMHATHI MCTOYHUKA SMHUCCHH
(TTOITyBaroHoOB C yTJIeM) 3aBHCAT OT BpeMeHH. |a-
KM 00pa3oM, ¢ MOMOIMIBIO 3aJlaHHs 3aBHCUMOCTH
x=f1 (t),y,: 1 (t) MOKHO MOJEIUPOBATh H3MEHEHUS

MOJIO’KEHUSI BATOHOB B PACYETHOM OOJIACTH C Te4e-
HUEM BPEMEHH, TO €CTh MOJEINPOBATh IBMKEHUE
cocTaBa C yriiem.

B pa3zpaboraHHON YMCICHHOW MOJEIH WUCIOb-
3YIOTCSl CIEQYIOIIHNE 3aBUCUMOCTH JUISA 3a/laHus
npoduisl BeTpa U BEPTUKAILHOIO KO3(duIimeHTa
atMochepHoi nuddysuu 3, 5]:

4 m
u=, = M=k —
Z Z

S ==k, (2)

TZle #; — CKOPOCTh BETpa Ha BBICOTE Z; (MIPUHHUMA-
ercs z=10m); k=0,2; k,=0,1; p=0,16; m=1.

Yucnennoe pewienue. J{si 9UCIEHHOTO WHTET-
pupoBanus ypaBHeHuUs (1) HCTIONB3yIOTCS HESIBHBIC
pasHocTHbIe cxemsbl [1, 2, 9, 11]. [IpeaBapurensuo
JTAHHOE ypaBHEHHE pacuieruisiercs Ha nuddepen-
[IHATBHOM YPOBHE Ha IIOCJIEJOBATEIHHOCTH Clle-
JIYIOIUX YPABHEHU:

ﬁClauCI(?vCﬁ(W—Wg)CIG
ot ox o oz

2 2, &), of, 20,2, 20
o ol “ax S o\ e )
ac

o =20 (- (1)l

TlepBoe ypaBHEHHE TaHHOUW CHCTEMbI ONHUCHIBA-
€T TIEPEeHOC TBUIH M0 TpaeKTopusM. Bropoe ypas-
HEHHE OIMKCHIBACT TEPEHOC IMBUIA 3a CYET aTMO-
cthepnoit Typoynentaort auddys3un. Tperbe ypas-
HCHUEC YYHUTHIBACT U3MCHCHHNC KOHIICHTpPAUWU IIbI-
Ju B aTMOC(EpHOM BO3AyXE IO JCHCTBHEM

c=0,

HCTOYHUKOB SMHUCCUH (BBIHOC IBUIM W3 IIOJyBaro-
HOB). YncieHHOE MHTErpUpOBAaHHE ITHX YpaBHE-
HUU BBINIOJIHSIETCS HA NPSMOYTOJIBHOM Pa3HOCTHOU
ceTke. [y 9MCcIeHHOro MHTErPUPOBAaHUs TIEPBOTO
YPaBHEHUS 3TOM CHCTEMBI HUCIOIB3YETCs MOIepe-
MEHHO-TPEyTOJIbHAsl HEesBHAs pa3HOCTHAs CXeMa.
g 4MCIeHHOr0 MHTErpupoOBaHUs BTOPOTO ypaB-
HEHHUs] JaHHOW CHCTEMBI HCIOJIB3YETCS METON
CYMMapHOW anmpokcumanuu. [ 4ucieHHoro
MHTETPUPOBAHUS TPETHETO YPABHEHUS HCIIONb3Y-
eTcsi MeTox Diepa.

[Ipumensiemas HesBHAs MIOTIEPEMEHHO-
TpeyrojibHas pa3HOCTHAas CXeMa CTPOUTHCS TaKUM
00pa3oM, 4TOOBI Ha Ka)KAOM ILIare pacIieruIeHHs
HEU3BECTHOE 3HAYCHUE KOHLECHTPAIWH IBUIM OII-
peneNsioch 1Mo sSBHOM cxeMe Oerymiero cueta [1,
2]. OT0 MO3BOJIAET MOTYYUTh MIPOCTBIE PEKYPPEHT-
HBIE COOTHOILEHMS, KOTOpBIE YIOOHBI I IIPO-
rpaMmupoBaHus. Jlis MporpaMMHON pean3anuu
pa3paboTaHHOW YHCIEHHONH MOJAEIH WCIOJIb30Ball-
cs1 FORTRAN. Coznan ciennanu3upoBaHHBIA KOJ
«Coal Dust Emission».

st mpoBeieHNs pacueToB Ha 6aze 3TOro Koja
HEOOXOIUMO 3a/1aTh:

1. Knmacc ycToi#amBOCTH aTMOC]EpHI.

2. IIpoduns ckopocTy BeTpa.

3. CkopoCTh ABMKEHHUS COCTaBa, HaIlpaBlICHHUE
JIBUKCHHS.

4. IHTeHCUBHOCTH BBIZICJICHUS MBIUTH OT HACHI-
U B MOJTyBaroHe.

OtmetnM, uto BpeMd pacdera 3D 3amaum u 3a-
JTaud MacCOIIEPEHOCA COCTaBIIET MOpAIKa 6 Cex.
Takum ob6pa3zom, pa3paOOTaHHBIN KOJ MO3BOJIIET
OBICTPO NPOBOAUTH CEPUHHBIEC PAacUETHl B TEUCHHUE
OJHOT'O pabodvero JHs.

Pe3syabTaTthl

IIpumep mpakTUUECKOro MCHOJIB30BAHUS pa3pa-
ooranHoro koxa «Coal Dust Emission» mokaszan HuU-
xe. PaccmarpuBaiicst mporecc JBUKEHHUSI cOcTaBa C
yIJIEM Ha KeJIe3HOAopokHOM cTaHimu Enugu (Hu-
repust). CTaBuiach 3aja4a Mo OIpEIeICHUI0 WHTEH-
CUBHOCTH 3arpsi3HEHHs TPAHCIIOPTHOIO KOpHIOopa
MpY BXOXKJIEHUM COCTaBa C yrjiem Ha craHuuto. Ha
puc. 2 (mo3unus 1) mokazaHa TOYKa «BXOJ[@» COCTaBa
Ha cTtaHuuio. CTpenkoi, Ha JaHHOM PUCYHKe, MOKa-
3aHO HallpaBJICHUE ABHXECHUS COCTABA.

Ha mocnenmyrommx pucyHkKax IOKa3zaHa 30HA
MBUIEBOTO 3arpsi3HeHus (ypoBeHb z = 1,7 M) ans
Pa3IM4YHBIX MOMEHTOB BPEMEHU.
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Puc. 3. 30Ha nBUTIEBOTO 3arpA3HEHUS
Ha craniu Enugu (1= 15 ¢)

Fig. 3. Dust-polluted zone
at the Enugu station (¢ = 15 sec.)

Puc. 4. 3oHa mBIIIEBOTO 3arpsI3HEHUSA
Ha craniuu Enugu (¢ =37 ¢)

Fig. 4. Dust-polluted zone
at the Enugu station (¢ =37 sec.)

Kax BUAHO U3 MpENCTaBIECHHBIX PUCYHKOB, IIPH
IBIDKEHHH cocTaBa (opMHUpyeTcs: oOIMpHas 30Ha
MBUIEBOTO 3arpsA3HEHUS. DTO 3HAYUT, YTO TOJ BIH-
SIHUE UCTOYHHMKA YMUCCHHM IbUIM MONAAA0T padoT-
HUK{ CTaHIIMM — MOHTEpHI MyTH, CIEMIUKH, CUT-
HQJIACTBI U T.A. TakXke OYEeBHJHO, YTO IMBUIEBOE
3arpsI3HEHNE MOJKET NIPOHUKHYTh BHYTPh BaroHOB,
HaXOASAIUXCA PAIOM COCTaBOB. B 3TOM CBS3U BO3-
HUKaeT BaXkHas 3ajada 10 MHUHUMH3AIMH BBIHOCA
YTOJIBHOM TBUIM W3 MosyBaroHos. Hmxke paccmar-
pUBaeTCs HOBBIM MOAXOA K PELICHUIO ATOW 3a/1a4u.

Pabouas cunomesza. JIns MUHUMH3AIUU BBIHO-
ca YroibHOW NIBIIM W3 IMOJIyBaroHa Npeanaraercs
OCYIIECTBUTh TEOMETPHYECKOE BO3NCHCTBUE Ha
BO3IyIIHBIN MMOTOK, KOTOPBI 00TEKaET MOJTyBaroH
¢ Tpy3oM yris. [ 3Toro pekoMeHayeTcsl ycTaHo-
BUTHb Ha MOJYBaroH IONOJHUTENBHBIE OOpTa crie-
OUaNbHOM (QOpMBI, HampuMep, Kak IOKa3aHo Ha
puc. 5 (OopT THMna «BHYTpEeHHee KpbuUIo»). s

000CHOBaHUS, MPENTOKEHHOW KOHCTPYKIMH OOp-
Ta, NPOBEAEM PACCYXKICHHA C MCIIOJIb30BAHUEM
METO/IOB CHUCTEMHOTrO aHanm3a. s sTod 1enu
paccMOTpPUM BMIIUPUYECKYIO 3aBUCHMOCTBH IS
OLIGHKM MHTEHCHUBHOCTH TBUICBBLACICHUS OT IIO-
BEPXHOCTH YIJI B IIOJyBaroHe. OTa 3aBUCUMOCTb
uMmeer Buf [6]:

2
O=p,51(0,108372 % 4

Pos

+0,170372032170-03546)10 1,  (3)
g

rae 0 — HoTepu yriis PH TPaHCHIOPTUPOBKE; P —

IUIOTHOCTh BO31yXa; Fpy CKOpOCTh BO31yXa

BOIM3M 00TEeKaeMoil moBepxHocTH; S — ILIOMIAAb
HOBEPXHOCTH, U3 KOTOPOW BBIIYBAeTCs Ipys; ! —
MMPOAOJDKUTCIIBHOCTEL IIPOLECCAa BbIAYBAHUA I'py3a,
pos — OOBEMHAs Macca Ipys3a; d — CpeJHHH 1Ha-

METp YacTHIl TPy3a; g — YCKOpPEHHE CBOOOIHOTO
HaJeHUs; j, — yCKOPEHUE BEPTUKAIBHBIX KoJeOa-

HUI BaroHa;  — BIAYKHOCTb BO3/yXa.
3aBUCUMOCTH (3) IOCTATOYHO «IIOJIHOY» YUYHUTHI-
BaeT Te (haKTOpbI, KOTOPhIE ONPEHCISIOT HMHTEH-
CHBHOCTb AMHCCHH IBUIN OT HOBEPXHOCTH Tpy3a.
OTO &aeT HaMm OMNpENeNICHHBIH K704 K PEIICHHIO
3aJaud — eciIu HeoOXO0ANMO M3MEHUTHh MHTCHCHUB-
HOCTh NBUIEBBIIEICHUS, HAJ0 «BO3JIEHCTBOBATHY
Ha KOHKDPETHBIM (aKTOp, YBEIUYHTH €ro WM
YMCHBIINTH B 3aBUCHMOCTH OT TOT0, C KAKUM 3Ha-
KOM «IUTIOC» WIIM «MHHYC» BXOAMT B dopmyiy (3)
3T0T (akrop. Hampumep, eciam M3MEHHTH BIax-
HOCTh Tpy3a (mapamerp o) U €€ yBEJIUYUTb, TO
MHTCHCUBHOCTh TIBIJIEBBIJCICHUS — YMEHBIIUTCH,
Tak Kak B ¢opmyiy (3) IaHHBIH mapaMeTp BXOIUT
CO 3HaKOM «MHUHYC». Ha mpakTuke Takoil momxon
peanu3yeTcs IMyTeM MoJady BOJBI HAa TIOBEPXHOCTD
rpy3a mepen ero OTHpPaBKOW, TO €CTh IyTeM YB-
JaXKHEHUsl YIJs. AHAJOTHMYHO paccykaas, Mbl
NPUXOJUM K BBIBOJIY, YTO €CIIM YMEHBIIHUTH CKO-
POCTb BO3AYLIHOIO MOTOKAa V BOmM3M oOTekae-

MOW TIOBEPXHOCTH (JIOKaJbHas CKOPOCTH), TO
MOYKHO YMEHBIINUTh HMHTCHCUBHOCTh IBLIEBBIIEIIC-
Hus. [losToMy, At MUHUMH3AIMH HHTEHCUBHOCTH
MBUICBBIICICHUSI TP TIEpeBO3Ke YIJs, Oynem
«BO3JCHCTBOBAaTH» Ha ATOT mapameTp. Bozaeict-
BUE OyJIeM NMPOBOJUTH B HAINPaBICHWUH yMEHBIIIE-
Hud napamerpa V. Hampumep, Takoe Bo3neuct-
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BHUE€ MOXHO OCYHIECTBUTH I'€OMETPUICCKUM ITYyTEM
— TO €CTb, KaK YKa3bIBaJIOCh BbLIIIC, NMPHUMCHUTH
I[OHOJ'IHHTCJ'H:HBIfI 60pT C «BHYTPCHHHUM KPBLUIOM»

(puc. 5).

el

.

Puc. 5. JlomomHUTENBHBIA OOPT THITA
«BHYTPEHHEE KPBLIO»:
1 — nuHMA TOKa

Fig. 5. Additional board
of «inner wingy type:
1 — stream line

IIpu uCnoaB30BaHUM TAKOW KOHCTPYKLMH IIPO-
HUCXOOUT YIJIMHCHUC JIMHUH TOKa JaCTUll BO3ayXxa,
BXOJAIIMX BHYTPH MOJyBaroHa, a 3Ha4UT — MPOUC-
XOJMT JIOKaJIbHOE YMEHBIIEHUE CKOPOCTH V BO3-

JQYUTHOTO TIOTOKa. TO ecTh pu MPUMEHEHUH TaKo-
ro 6opTa MPOUCXOANUT ceoMempuieckoe BO3IEHCT-
BUE Ha BO3IYILIHBIHI MTOTOK.

Js moaTBepKAeHUST paboded THUITOTE3hI OBLT
npoBelieH (PU3NUECKUI SKCIIEPUMEHT B JlabopaTo-
pun kadenpsr «mapaBiIMKa W BOAOCHAOKEHHE)
JIHemponeTpoBCKOro HAalMOHAIBHOTO YHHUBEPCHU-
TeTa KEeJEe3HOJOPOKHOTO TPAHCIOPTAa UMECHHU aKa-
nemuka B. Jlazapsna. Pesynbrarsl (uznueckoro
9KCIEPUMEHTA MIPEICTABICHBI HIKE.

Ha puc. 6 npencrasieHbl pe3ysbTaThl JKcIie-
PUMEHTa IO OIIEHKE pa3MEpOB 30HBI 3arps3HEHUS,
€CII HMCIIOJIb3YETCs TOIyBaroH 0e3 JAOMOJIHUTENb-
HBIX OOPTOB C «IIANKOH Ipy3a».

Kak BunmHO 13 puc. 6, Bo3ie noixyBarona chop-
MHUpOBajiach OOIIMpHAsl 30HA 3arps3HEHUs, IJTUHA
KOTOPOW COCTaBIsieT OoJiee YETHIpEeX «KaTUOPOBY.
Buano, 4To mpousomien BBIHOC Pa3IUYHBIX (pak-
uuii yris. bonee kpynHble Gpakiuu ocenu BOIU3H
BaroHa.

JlaHHBIN 3KCTIEPUMEHT MOJATBEPKIAET, UTO MPU
UCIIOJIb30BAHUM TIOJYBAaroHOB 0e3 JOTOJIHUTEINb-
HBIX 00pTOB, hopMupyeTcs OONbIIIas 30Ha 3arps3-
HEHHUs B TPAHCIIOPTHOM KOPHUAOPE U 3a €ro mperne-
JIaMH.

PR

Puc. 6. 30Ha 3arpsi3HeHUs IPU OTCYTCTBUU
JIOTIOJTHUTEIILHBIX OOPTOB
Ha MOJIEJIH MOJTyBaroHa:
1 — Mozenb BaroHa; 2 — «IIarka rpysa;
3 — 30Ha 3arpsI3HEHUS

Fig. 6. Pollution zone in the absence of additional
boards at the model of gondola car:
1 — model of the car; 2 — «cargo cap»; 3 — pollution zone

Ha puc. 7 nokazana MoJeiib IOJIyBaroHa ¢ Jo-
NOJHUTENIFHBIMU  OOpTaMH THNA «BHYTPEHHEE
KpBIJIO», @ Ha PUC. 8 TPEACTaBIEHBI PE3yJIbTaThl
JKCIIEPUMEHTA II0 OLICHKE 30HbI 3arpsA3HEHUs 3a
TaKUM I0JyBarOHOM.

Puc. 7. Monens nonyBarosa
C JIOTIOTHUTENIFHBIMU OOpTaMH THIIA

«BHYTPEHHEE KPBUIO»:
1 — «BHyTpEHHEE KPbIO»

Fig. 7. Gondola car model
with additional boards,
type «inner wingy:

1 — «inner wing»
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Hayunas HOBH3HA M MpaKTHYeCKasi
3HAYUMOCTD
Co3pgana 3D uuciaeHHass MOZECIb, IO3BOJIAIONIAL
pacCUMTHIBATh JUHAMUKY 3arps3HEHUS BO3IYIITHON
T CpeIbl IPU IBIKEHUH KEIIE3HOTOPOKHOTO COCTaBa

B !
R _—/\\\\

T

Puc. 8. 3oHa 3arps3HeHus Npu UCIOIB30BAHUU
JIOTIOJTHUTEJIBHBIX OOPTOB THIIA
«BHYTPEHHEE KPBUIO»:

1 — Mozenp BaroHa; 2 — 30Ha 3arpsa3HEHHS

Fig. 8. Pollution zone at additional boards usage,
type «inner wingy:
1 —the car model; 2 — pollution zone

Kak Bugno w3 puc. 8, ¢opmupyromascs 30Ha
3arpsi3HEHHS 3HAYUTEJIbHO MEHbBIIE Kak IO IUIO-
agd, Tak ¥ [0 MHTEHCHBHOCTH. Takke BUIHO,
YTO B OTJIMYHME OT TPEABIIYIIEro BapHaHTa (TO
€CTb BaroH 0e3 JOMOJHHUTEIBHBIX OOpPTOB), 31€Ch
IPOU30IIET BBIHOC, B OCHOBHOM, MEJIKUX (paKLuil
YTJISL.

Takum o00pa3oM, pe3ydbTaThl IMPOBEACHHBIX
9KCIIEPUMEHTOB HOATBEPKAAIOT BBIABHHYTYIO pa-
004yI0 TUIIOTE3Y O BO3MOKHOM MUHHMH3AIINN BBI-
HOCa YTOJBbHOM IBUTM W3 TOJyBaroHa 3a CUET HC-
NOJIb30BAaHMUS  JONOJHUTENBHBIX OOPTOB  THUIMA
«BHYTPEHHEE KPBLIO».

c yrem. [lpennokeHHas Mojenb JaeT BO3MOXK-
HOCTh TIPM MOJICIMPOBAHUN YYECTh HambOoyee Cy-
IMeCTBeHHBIC (Pr3udeckre (HaKTOphI, BIUSIIONTNC HA
MPOLIECC PAacCerBaHUsl IBUIEBBIX 3arpsA3HEHUI
B atMocepe.

OCOo0EHHOCTBIO TPEAJIOKEHHON YHCIEHHON MO-
JeTH SIBIISICTCSl MCIIONIb30BaHWE CTaHNAPTHOW HC-
xoaHoU nH(popManuy, OBICTPOTA B MOTYUYESHHH pac-
YEeTHBIX JAaHHBIX U YIAO0OCTBO aHAlM3a MOJy4aeMbIX
pe3yIbTaTOB POTHO3A.

Jns MuUHUMU3aIMKU TIpolecca BbIHOCA YTOJIBHOMN
MBUTA W3 TIOMyBaroHa TPEIJIOKEHO HCIIONh30BaTh
JIOTIOTHUTENBHBIE 0OpTa THIA «BHYTPEHHEE KPBLIOY.

[IpeacraBnensl pe3ynbTaThl (U3MYECKOTO IKC-
nepuMeHTa, MNoATBepXkaaromme 3(pQexTHBHOCTD
TaKOTO TOAXO/IA.

BriBoabI

PaccmoTtpena sddextuBnas 3D uncnenHast Mo-
JieNib, KOTOpas OTHOCHUTCS K KJaccy «screening
models» ms pacueTa TUHAMUKH 3arpsS3HCHUS aT-
Moc(hepbl IPH MEPEBO3KE YIS KEIE3HOIOPOKHBIM
TpaHCHOPTOM. Mozenb TO3BONAET PacCUUTATh
IIPOLIECC 3arpsAi3HEHHUsA aTMOC(EPHOro BO3AyXa C
Y4eTOM METEOCUTYallul, CKOPOCTH JBHKEHHS CO-
CTaBa, HHTCHCUBHOCTH IbIJICBBIACICHUSI.

[anbHeilliee  COBEPILICHCTBOBAHHWE  MOJECIU
CJIEZIyeT TPOBOJMTH B HAMPABICHUH WX Pa3BUTHSI
JUTSL pacdeTra adpoANHAMHUKH OOTEKaHHUs COCTaBa Ha
6aze ypasaenuii HaBbe-CTOKCca U ypaBHEeHHH Mac-
colepeHoca.
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PO3PAXYHOK TUHAMIKH 3ABPYTHEHHS1 MNPUMATICTPAJIbHOI
TEPUTOPII II/I YAC NTEPEBE3EHHS BYT'IVLJIA

Meta. HaykoBa po6ota mependadae po3podky 3D umcensHOI MOJeNi s MPOoTHO3Y 3a0pyIHEHHST aTMOoCchepu
MIPH TPAHCIOPTYBAaHHI CHIIYYHX BaHTAXIB y 3ali3HUYHOMY BaroHi. Meroauka. [y BUpiIeHHS [TOCTABJICHOI 3a/1a4i
pO3pobsIeHa TPUBUMIpPHA YKCEJIbHA MOJIENb, 3aCHOBaHa Ha 3aCTOCYBaHHI PIBHSHHS NEPEHOCY MHJIOBUX 3a0pyIHEHb
B arMoc(epHOMY TOBITpI IiJ Ji€r0 BITpy Ta atMocdepHoi TypOysaeHTHOT qudys3ii. s yucenbHOro iHTerpyBaHHs
MOJICTIFOFOUOTO PIBHSHHS TPAHCIIOPTY MUIJTy BUKOPUCTOBYBAJIacs HesiBHA pisHUIIEeBa cxema. [Ipu nmoOynoBi pisHule-
BOI CXEMH 3IIHCHIOETHCS MONEpeTHE PO3IIEIIIEHHS] BUXIHOTO PIBHSHHS IIEPEHOCY Ha MOCIITOBHICTh PO3B’SI3aHHS
TPHOX piBHSAHB. [lepie 3 HUX BpaxoBYe MEPEHECEHHS MHITY M0 TPAEKTOPIAX, APyre PiBHSIHHS — MEPEHECEHHS MY
mig  giero  atMocdepHoi  TypOysieHTHOi amdysii, a Tpere PpIBHAHHA — 3MiHa KOHIEHTpauii MWy
B aTMOC(EpHOMY TIOBITPi 332 PaxXyHOK ii emicii 3 BaroHiB. HeBizome 3HaUeHHS KOHIICHTpAIIii 3a0pyIHIOBaYa Ha KOXK-
HOMY KpOIli pO3LICINICHHS BH3HAYA€THCS 3a SBHOIO CXEMOK0 — METOXY OKY4oro paxyHKy, IO 3a0e3ledye IpocTy
YHCeIbHY peaii3allifo PiBHSIHb po3mIeIuieHHS. Po3po0iieHa drcenbHa MOJAETh CTAHOBUTH OCHOBY CIEIiali30BaHOI
KoM toTepHOi nporpamu. Ha ocHOBI moOy1oBaHOT YMCENBHOI MOJIENi MPOBEIEHO OOYHNCITIOBAIEHUN €KCIIEPUMEHT
IO OINHIII piBHA 3a0pyTHEHHS aTMOC(epH Ha 3aNi3HWYHIA CTaHII M Jac pyXy motsara 3 ByruuisiMm. PesyabTaTm.
Po3pobneno 3D uucensHy Mozenb, SIKa BITHOCUTRCS 0 Kiacy «screning models». Jlana Moaens BpaxoBy€e OCHOBHI
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¢i3nuHi pakTOpH, IO BINIMBAIOTH HA MPOIIEC PO3CIIOBaHHS MUJIOBHX 3a0pyIHEHB B aTMOC(epi P TPAHCIOPTYBaH-
Hi Byrinis. 3amporoHOBaHA YHCEIbHA MOJETh BUMAarae HEBEIHKNX BUTPAT KOMII IOTEPHOTO 4Yacy NpH MPaKTHYHIHA
peaiizariii Ha KOMIT I0Tepax MaJiol Ta cepeaHbOi MOTY>KHOCTI. Ll Moens Moke BUKOPHUCTOBYBATHCS ISl OTIEPAaTHB-
HUX PO3pPaxyHKIB JUHAMIKH 3a0pyJHEHHsI aTMOC(EPHOTro MOBITPS MPU NEepeBE3eHHI BYTLLIS 3a1i3HUYHUM TPAHCIIO-
proM. BukoHaHo po3paxyHKH 110 BU3HAUEHHIO KOHLEHTpAllil 3a0py/IHIOBa4Ya Ta (opMyBaHHIO 30HHM 3a0pyIHEHHS Ha
cranuii Enugu. Ipencrasieni pedynapraT (i3H4HOTO €KCIIEPUMEHTY, 10 J03BOJISIIOTH PEKOMEH IyBaTH 3aCTOCYBaH-
HS JOAaTKOBHUX OOpTIB cmemianbHOI (GopMH JuId MiHIMI3alii BHHOCY BYTUIBHOTO TIMJIy 3 HalliBBaroHis.
HayxoBa HoBu3Ha. ABTOpamu cTBOpeHa 3D uucensHa MOJIeNb, 10 A03BOJISIE€ BpaxyBaTH icToTHI QiznyHi dhakTopHy,
10 BIUTMBAIOTh Ha IPOILEC PO3CiIOBaHHA MUy B arMocdepi. Mozens 103BoJisie po3paxoByBaTH (OPMYBaHHS 30H
3a0pyAHEHHS TIPH MEPEeBE3CHHI BYTULI 3ali3HUYHAM TpaHcropToM. IlpakTuyHa 3HaunMicTh. PosrisiHyTa edek-
THBHA YHCEIbHA MOJENb Kiacy «screening models» 1t ekcnipec-po3paxyHKy piBHs 3a0pyAHEHHs atMocdepu npH
TPaHCMOPTYBaHHI BYTUUISA 3ai3HHYHUM TpaHCIOPTOM. Mofenb Moxe OyTH 3aCTOCOBaHa TP po3poOIli 3aX0MdiB i3
OXOpPOHH HaBKOJIMIIIHBOTO CEPENOBHINA NP eKCIUTyaTalil 3ali3HHYHOT0 TPaHCHIOPTY. 3alpONOHOBaHA MOAEIB JO-
3BOJISIE OTIEPATUBHO po3paxyBatu 3D mepeHeceHHs MuTy B aTMOC(HEpHOMY IOBITPI.
Kniouogi cnosa: 3a0pyaHeHHs arMochepy; 3aTi3HIYHHI TPAHCTIOPT; EPEBE3CHHS BYT1IIIS; YHCEIIbHE MOJICIIFOBAHHS
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CALCULATION OF POLLUTION DYNAMICS NEAR RAILWAY
TERRITORY DURING COAL TRANSPORTATION

Purpose. The article is aimed to develop 3D numerical model for the prediction of atmospheric pollution during
transportation of bulk cargo in the railway car. Methodology. To solve this problem, it was developed three-
dimensional numerical model, based on the use of the transport equation of dust pollution in the air by the wind and
atmospheric turbulent diffusion. For the numerical integration of the simulating equation of the dust transport the
implicit difference scheme was used. When constructing a difference scheme, it was carried out prior splitting of the
original transport equation into the sequence of solutions of three equations. The first of them takes into account the
transport of dust in paths, the second equation — dust transport under the influence of atmospheric turbulent diffu-
sion, and the third equation — change of the dust concentration in the air due to its emissions from the cars. Un-
known value of the pollutant concentration at every step of splitting is determined by the explicit scheme — the
method of running account, which provides a simple numerical implementation of splitting equations. The devel-
oped numerical model is the basis for specialized computer program. On the basis of the constructed numerical
model we carried out a computational experiment to assess the level of air pollution at the railway station during the
motion of train with coal. Findings. Authors developed 3D numerical model, which belongs to the class of «screen-
ing models». This model takes into account the main physical factors affecting the process of dispersion of dust pol-
lution in the atmosphere during coal transportation. The proposed numerical model requires low cost of computer
time in the practical implementation on small and medium-power computers. This model can be used for rapid cal-
culations of the dynamics of air pollution when transporting coal by rail. Calculations to determine the pollutant
concentration and formation of the contamination zone at Enugu station were performed. The results of physical
experiment, allow us to recommend the use of additional specially shaped boards to minimize the removal of coal
dust from gondola cars. Originality. It was created 3D numerical model that makes it possible to take into account
significant physical factors that influence the process of dust dispersion in the atmosphere. The model allows calcu-
lating the formation of pollution zones during transportation of coal by rail. Practical value. The effective numeri-
cal model of the class «screening models» for rapid calculation of the level of air pollution from coal transport by
rail was considered. The model can be applied in the development of environmental protection measures in the op-
eration of rail transport. The proposed model allows you to quickly calculate the 3D transfer of dust in the air.

Keywords: air pollution; railway transport; coal transportation; numerical simulation
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ECONOMIC AND LEGAL GROUNDS FOR INVESTMENT
IN DEVELOPMENT OF TRANSPORT INFRASTRUCTURE

Purpose. In Ukraine, as in many countries of the world, transport is one of the most fundamental sectors of the
national economy, important part of the industrial and social spheres. But in the conditions of industry reforming
there are problems of investing in development of rail transport. So the work is devoted to the grounds of potentially
available sources of investment in infrastructure of railway transport of Ukraine. The work stresses the importance
of the problem of attracting foreign investment in the economy, highlights the proposals to solve this problem.
Methodology. To solve the problems of this class the work presents the proposed methods of analysis, synthesis and
comparison, deduction, induction, logic and abstraction. It becomes necessary to search for and study of new con-
ceptual approaches to organization of investment processes at railway transport enterprises, appropriate management
and financial decisions and schemes of railway infrastructure development. Findings. The paper shows ways to op-
timize investment for modernization and technical re-equipment of the transport complex of Ukraine. It proposes the
ways of attracting capital of investors for development of transport infrastructure: 1) compliance with European
laws and regulations; 2) reforming of the tax system of Ukraine; 3) combating corruption in the country; 4) imple-
mentation of public-private partnership tools into the mechanism of state regulation of investment processes; 5) cre-
ating a favorable investment climate for implementation of rail transport infrastructure projects; 6) creating a system
of compensation to investors; 7) guarantees of transport infrastructure investment protection. Originality. The work
offers the sources of investment for development of railway infrastructure in Ukraine, which should include: state
budget funds, use of targeted loans and leasing. The main direction of the state policy concerning infrastructure
should be a gradual transition of activity in creation and operation of infrastructure facilities from a spending unit
(that is a burden for the state) to efficient business through public-private partnerships. Practical value. Using these
results will ensure the confidence of potential investors to invest in the development of transport infrastructure with
income security.

Keywords: transport infrastructure; investment; investment activities; government regulation; rail transport

Introduction lates economic growth in the region, territories,
and in the long run creates the effect which reduces
transportation costs as a whole, the economy
shows certain indicators of growth and, conse-
quently, the quality of life in general is improved.
The problem of disparity between development
of rail transport and its infrastructure and the needs
of the economy in recent years has significantly
deteriorated. Modernization and development of

Worldwide specialists, scholars and transport
industry experts confirm that the investment in in-
frastructure and their increase is effective, effi-
cient, proven by many countries, as well as reliable
means of stimulating economic growth in the
country. Investment in transport infrastructure de-
velopment, in the short term, creates new jobs and
solves social problems, in the medium term stimu-
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railway transport requires significant investments
and the issues related to decision-making, prepara-
tion and execution are especially difficult. Al-
though the main problem is access to investment
resources (budget funds, access to foreign re-
sources, ability to start charging for rail transporta-
tion infrastructure, ability to attract private capital),
the analysis shows that improvements can take
place through diversification of investments in de-
velopment of railway transport.

Purpose

Today, the development of railway transport in-
frastructure is a prerequisite for Ukraine’s integra-
tion into the global transport space. World experi-
ence shows that investment in railway transporta-
tion infrastructure, despite high capital intensity
and long payback periods, may be of interest to
private investors as «long-term money» instru-
ments provided the guaranteed acceptable (esti-
mated) level of profitability.

The dynamic development of rail transport
generates a multiplier effect in key sectors of the
Ukrainian economy. Thus, one of the key instru-
ments of economic stabilization of Ukraine could
become investments in large infrastructure projects
of rail transport. Implementation of such projects,
on the one hand, will increase national wealth, and
on the other hand, will form the real foundation for
economic modernization, i.e. the transition to an
innovative development path.

The purpose of this article is grounds of poten-
tially available sources of investment in infrastruc-
ture of railway transport of Ukraine. The work
stresses the importance of the problem of attracting
foreign investment in the economy, highlights the
proposals to solve this problem.

Methodology

To achieve this goal there are proposed meth-
ods of analysis, synthesis and comparison, deduc-
tion, induction, logic and abstraction. It becomes
necessary to search for and study of new concep-
tual approaches to organization of investment proc-
esses at railway transport enterprises, appropriate
management and financial decisions and schemes
of railway infrastructure development.

Problems of sustainable development of rail
transport of Ukraine, effective management and
development of its infrastructure in terms of scarce

investment resources are highlighted in the re-
searches of such leading scientists of Ukraine, as:
I. M. Aksonov [1], A. H. Iliashenko [4],
M. Makarenko, M. Tsvietov [6], Yu. Ye. Pash-
chenko, O. I. Nykyforuk [8], D. Preiher, O. Sob-
kevych, O. Yemelianov [9, 10], Ye. Sych, V. Il-
chuk [11], N. I. Bohomolova [2], V. L. Dykan,
S. P. Loza [3], S. A. Starykh, T. S. Sulakshyn [12]
and others. Despite the considerable amount of
research, today there is no single approach to the
priorities of the financial provision of railway in-
frastructure. There are unresolved problems of
finding reliable sources of investment, develop-
ment of effective mechanisms for financing rail
transport, which requires further research of theory
and practice of regulation of investment processes
in Ukraine.

Findings

Accelerated economic development of Ukraine
is possible only in case of efficient use of transport
infrastructure as a major component of the national
transport system and its dynamic development,
especially in terms of potential for our country to
become a member of WTO, adoption by the Gov-
ernment of Ukraine the financial obligations to the
IMF, World Bank and EBRD, implementation of
the FTA with the European Free Trade Association
(EFTA). In this connection it is necessary to de-
velop and implement an effective strategy for the
development of the transport industry of the coun-
try, primarily on the basis of finding innovative
model of infrastructure restructuring intended for
extension of public relations and acceleration of
material flows. This requires fulfilment of the
country’s transport system potential by upgrading
the rolling stock, road and rail network branching
off, eliminating of disparities of national network
in relation to international transport corridors and
eliminating of obstacles and barriers to the move-
ment of transnational freight flows, renewal of na-
tional shipping by sea and river fleet, updating and
strengthening of the air force fleet, including by
means of attracting home-produced aircrafts, ex-
pansion of regulatory and contractual framework
and the geographic structure of transportation.

The purpose of Ukrainian transport integration
into the EU transport service market is the state’s
striving to ensure the development of exports
of transport services, to improve the use of
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transit potential, the competitiveness of domestic
transport in the international transport service mar-
ket [1].

Solving problems of improving the quality of
transportation process management in terms of
entry into the global transport system should be
brought to the international standards of transport
infrastructure, which requires significant capital
investment from various sources of funding into
the modernization of equipment and the purchase
of rolling stock [15, 17].

Improved quality of transport services and effi-
ciency transportation will ensure investment in
transport, which will improve the economic situa-
tion in the country; that is why the legal issues of
investment activity, using marketing approach,
play a crucial role at the current stage of develop-
ment of market relations [4].

The relations between cargo owner and trans-
port operator during conducting domestic and in-
ternational cargo transportation are regulated by
the laws and regulations that constitute the legal
basis.

Organization of international transportation is
regulated by interstate agreements where there is
a wide range of participants in the transportation
process, regulation of relationship between states
on the use of international transport routes and ve-
hicles, the procedure of establishing interstate rela-
tions while transporting the goods [8].

The components of the international arrange-
ment are conventions and agreements, which in-
clude the general activity principles of individual
transport means, organization of international
transportation, commercial conditions of freight
and passenger transportation, fares, freight rates for
the transport and handling of goods, conditions of
overload, storage and transportation of high-
security freight, environmental pollution and its
prevention, as well as other organizational, techni-
cal, commercial and legal issues. Implementation
of international transportation is controlled in vari-
ous international transport organizations.

In recent years, the role of foreign investment
in the economic development of the countries has
been growing. For Ukraine, as for any young state
that intends to stabilize its economy and to gradu-
ally gain its rightful place on the world stage, the
topical issue is attracting foreign investment.

The investment policy is directed on the safe
operation of transport and promotes increasing of
the technical level of the production base, formed
in accordance with transport structures, which dif-
fer in terms of their development and competitive-
ness at the domestic and foreign markets and are
divided into companies with sufficient technical
and economic potential, capable of to develop in-
dependently and improve their own funds to cover
expenses that are not reimbursed with published
tariffs [6].

Attracting foreign investment is for many years
a priority task of Ukraine’s economy that in terms
of economic crisis requires special attention from
the state. Today the situation that has developed
with the investment attractiveness of Ukraine could
be better.

Investment activity should be developed by
means of the investment sources in the form of
issuance of securities of development and con-
struction of transportation facilities, use of own
sources of transport enterprises for the purchase of
shares of transport engineering companies. Here-
with it is necessary to ensure the efficiency of in-
vestments through their implementation on a com-
petitive basis. Improved investment can be
achieved through the use of leasing for replace-
ment and renewal of vehicle fleet and industrial
equipment [9].

The practice of developed countries shows the
crucial role of investment in solving marketing
problems, indicating the importance and necessity
of detailed study of investment activities and rela-
tions arising in the course of their conducting in
Ukraine [16].

The current strategy is to find an investor for
whom there are created the appropriate conditions
of repurchase of property complex or buyout of
a strategic enterprise and to focus on industrial in-
vestor who produces, performs works or provides
services similar to those of the undertaking privat-
ized. According to experts, such investors may be-
come mainly foreign multinational structures or
ventures with participation of domestic and foreign
capital [10, 11].

Today Ukraine has the sufficient legal frame-
work that is the basis for the implementation of
strategic directions of development of the national
transportation system in the medium term, namely
Transport Strategy of Ukraine till 2020, Strategy of
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Development of Railway Transport till 2020, Ma-
rine Doctrine till 2035, Strategy of Development of
Domestic Aircraft Industry till 2020, Concept of
the State Target Program of Airport Development
till 2020 and other applicable regulations [13, 14].

The existing legislative acts in Ukraine set the
special mode of investment, stipulate that entities
that implement investment projects are exempt
from import duty and VAT at the time of import
into Ukraine of equipment, materials, etc. for in-
vestment projects; exempt fully or partially from
the income tax, obtained from implementation of
investment projects [2, 3].

Given the importance of foreign investment and
the need to harmonize Ukrainian legislation and
the legislation of countries — potential investors,
this legal relationship may be regulated both by
domestic (national) law and international agree-
ments.

Originality and practical value

One of the tasks of modernization of Ukraine’s
economy is creating favourable conditions and real
opportunities for the development of the economic
potential of railway transport of Ukraine on the
basis of intensive development of its infrastructure.

Enhanced use of external and internal invest-
ment resources will accelerate structural transfor-
mation in the rail industry and contribute to the
implementation of strategic projects to upgrade
infrastructure and ensure high quality standards of
rail service in Ukraine.

The work offers the sources of investment for
development of railway infrastructure in Ukraine,
which should include: state budget funds, use of
targeted loans and leasing. The main direction of
the state policy concerning infrastructure should be
a gradual transition of activity in creation and op-
eration of infrastructure facilities from a spending

unit that is a burden for the state to efficient busi-
ness through public-private partnerships.

Public-private partnership is an effective finan-
cial mechanism for development of railway infra-
structure, which will lead not only to moderniza-
tion and updating of the material and technical fa-
cilities, improving of volume and quality of work,
but also will promote investment processes in
Ukraine, creating the most powerful launch to the
development of related industries.

Using these results will ensure the confidence
of potential investors to invest in the development
of transport infrastructure with income security.

Conclusions

Ensuring effective demand for transport, cost-
effective operation of rail transport in conditions of
economic crisis and active inflation in the country
requires huge efforts.

The presented ways of optimizing investment
activities and their legal support show that a crucial
role in attracting investor capital for upgrading and
modernization of the transport sector is played by
knowledge of legislation in the field of foreign and
domestic relationships that will allow carrying out
the investment policy in the legal field. This will
ensure the confidence of future investors in the
process of investment in transport infrastructure
development with income security.

Herewith the mechanism for investment in
railway infrastructure upgrading in Ukraine must
include (in addition to commonly recognized
transport infrastructure financing sources): the
state budget funds, the use of targeted loans to ac-
celerate the resolution of issues relating to bottle-
necks, in particular, the use of such sources as the
issue of debt securities; project and mezzanine fi-
nancing, syndicated loans and leasing.
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EKOHOMIKO-IIPABOBE OBIPYHTYBAHHS IHBECTHUIIIN
Y PO3BUTOK TPAHCIIOPTHOI IH®OPACTPYKTYPHU

Merta. B YkpaiHi, sk i B 6aratbox KpaiHax CBITY, TPaHCIIOPT € OJHI€IO 3 HAHOUIBII I'PYHTOBHUX Tajy3eil Halio-
HAJIbHOT €KOHOMIKH, BaXITUBIIIO CKJIaJ0BOI0 YaCTHHOI BUPOOHMUOT Ta colianbHol cdepu. Alie B yMoBax pedop-
MYBaHHs Taly31 iICHYIOTh IPOOJIEMH IHBECTYBaHHS B PO3BHTOK ITiJIIPHEMCTB 3Ti3HHYHOTO TpaHCIIOPTy. ToMy Hay-
KOoBa po0oTa MpUCBSYCHA OOIPYHTYBAHHIO MMOTEHIIHHO JOCTYIHUX JPKEPEN 1HBECTYBaHHS B PO3BUTOK 1HQPACTPyK-
TYpH 3aJ1i3HUYHOTO TPAHCHOPTY YKpaiHu. 3ayBakeHO Ha BayKJIMBOCTI MPOOJIEMHU 3aTy4eHHs iHO3EMHHX 1HBECTHIIN
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B €KOHOMIKY, BUCBITJICHO IPOIIO3HIIIT MO0 po3B’si3aHHsA 1€l npobnemu. MeTtoamuka. /[yt BUpilIEHHS 33124 TaKOTO
KJIacy B pOOOTi 3aIpOIIOHOBAHO 3aCTOCYBAaTH METOAM aHaJi3y, CHHTE3y Ta MOPIBHAHHS, AEIYKIii, iHIYKIIii, JOTiKH
Ta abcTparyBaHHs. AJUKe CTalOTh HEOOXiJHUMH MOLIYK 1 JOCHIPKCHHS! HOBUX KOHLENTYalbHHUX MiIXO0/IB MIONO0 Op-
rafgizamii iHBeCTHUIIHMX MpOIECiB Ha MiANPHEMCTBAX 3aJII3HUYHOTO TPAHCIOPTY, BiATOBIAHUX YIIPaBIiHCHKUX,
(hiHaHCOBUX pIlIEHb Ta CXEM PO3BUTKY IH(PPACTPYKTYypH 3aJi3HUYHOTO TpaHcnopry. Pesyabratn. Y poboTi HaBe-
JICHO IUTIXM ONTHMIi3allii iIHBECTUIIITHOT MiSTPHOCTI U MOZEPHi3alii Ta TEXHIYHOTO MEePEOCHANICHHS TPAaHCIOPT-
HOTO KOMITIEKCY YKpaiHH. 3alpolloHOBAHO IIISIXH 3JIy4eHHS KalliTajiB iHBECTOPIB y PO3BUTOK TPAHCHIOPTHOI 1H-
¢dpactpykTypH: 1) BiIOBIIHICT €BPONEHCEKMM HOPMATHBHO-IIPABOBUM aKTaM; 2) pehopMyBaHHS TOAATKOBOI CHC-
TeMH YKpainu; 3) 1moJioJaHHs KOpynuii y KpaiHi; 4) BIpoBa/UKEHHs IHCTPYMEHTIB J€p’KaBHO-IIPUBATHOTO MapTHEP-
CTBA y MeXaHi3Mi JEp)KaBHOI'O pEryNIOBAHHS I1HBECTHUIIIMHMUX WPOIECiB; S5) CTBOPEHHS CHPHUATINBOTO
IHBECTHLIHHOTO KJIIMaTy Ui peamizauii iHppacTpyKTypHHX IIPOEKTIB 3aJli3HUYHOTO TPAHCIOPTY; 6) CTBOPEHHS
CHCTEMH BIIIIKOAYyBaHHSA 30MTKIB iHBeCTOpaM; 7) HaJaHHSA TapaHTii 3aXUCTY IHBECTHIIIH y PO3BUTOK TPAHCIOPTHOI
iHppacTpykTypu. HaykoBa HOBH3HA. 3anpONIOHOBAHO JHKEpesia IHBECTYBaHHs B PO3BUTOK 3aJi3HUYHOI iH(ppacTpy-
KTypHY B YKpaiHi, SIKHI Ma€ BKIIIOYATH: KOIITH JEPKABHOTO OIOKETY, BAKOPUCTAHHS IIIFOBUX MO3MK, JIi3uHT. Oc-
HOBHHUM HalpsIMOM JI€p>KaBHOT MOJIITHKH 11010 iHPPACTPYKTYPH OBUHEH CTaTH IOCTYIIOBHI MEpexi AisIIbHOCTI 31
CTBOPCHHSA 1 eKcIuTyararlii 00’ eKTiB iHQpacTpyKTypH 3 BUTPATHOI chepu (IO € TATapeM A AepKaBh) — B e(heKTH-
BHUI Oi3HEC Ha OCHOBI JIEp)KaBHO-IIPUBATHOTO napTHepcTBa. IpakTH4Ha 3HAYNMIicTh. BUKopucTanHs HaBeneHUX
pe3yIbTATIB TO3BOIHUTH 3a0€3MEUNTH IOBIpY MaiOyTHIX iHBECTOPIB A0 BKIAJCHHS KOIITIB y PO3BUTOK iH(QPACTPyK-
TYPH TPAHCIIOPTY 3 TapaHTI€l0 O/IePXKaHHs 3apO0JICHUX MPHOYTKIB.

Knouosi cnosa: TpancoptHa iHQpaCTPYKTypa; iHBECTHIIIT; iIHBECTHUIIIIHA isSUTBHICTD; Aep:KaBHE PETYIIOBAHHS,
3aJI3HUYHUI TPaHCTIOPT
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3KOHOMMKO-IIPABOBOE OBOCHOBAHUE MHBECTUIIU
B PA3BBUTUE TPAHCHHOPTHOU UH®PACTPYKTYPBI

Heab. B Ykpaute, kak ¥ BO MHOTHX CTpaHaX MHpa, TPAHCIOPT SIBJISIETCS OJHOM M3 Haubonee PyHIaMEHTallb-
HBIX OTpaciieil HallMOHAJILHON YKOHOMUKH, BR)KHOH COCTaBHOM 4acThIO IPOW3BOJICTBEHHOM M COLMAIIBHOM Cephl.
Ho B ycnoBusx pedopMupoBaHHS OTpaciy CYILECTBYIOT NPOOJIEMbl MHBECTUPOBAHUS B PA3BUTHE NPEINPUATHIA
JKEJIE3HOIOPOKHOTO TpaHcmopTa. [ToaroMy paboTa mocBsieHa 000CHOBaHHIO MOTEHINAIBHO JOCTYITHBIX HCTOYHH-
KOB MHBECTUPOBAHUS B Pa3BUTHUE JKEIE3HOAOPOKHOTO TPAHCTIOPTa YKpauHbl. OTMeUeHa BaXXHOCTb IPOOIJIEMBI IPH-
BJIEYCHUS] WHOCTPAHHBIX MHBECTHIMH B 3KOHOMHMKY, OCBEIIEHBI INPEIJIONKEHHs JUIS PEIIeHUS STOH INpOOJIEeMBI.
Metoauka. /s pemeHus 3a7ad Takoro Kjiacca B paboTe NMPEJIOKEHO HMCIONb30BaTh METOJbI aHAIN3a, CHHTE3a
W CpaBHEHUS, NEIyKIUH, HHYKIUH, JJOTUKA 1 a0CTparupoBaHus. Benb cTaHOBUTCS HEOOXOIMMBIM ITOHUCK U HCCIIe-
JIOBaHHME HOBBIX KOHIICTITYaIbHBIX ITOJIXOJIOB KAacaTeIbHO OPraHM3alNH MHBECTHIIMOHHBIX ITPOIECCOB Ha MPEATPH-
ATHUSX JKEJIE3HOAOPOIKHOTO TPAHCIIOPTA, COOTBETCTBYIOLIMX YIPABICHYECKUX, (PUHAHCOBBIX PELICHUH U CXEM pas-
BUTHS HHPPACTPYKTYPHI JKEJIE3HOAOPOKHOTO TpaHCcTopTa. Pe3yabTaThl. B paboTe mpuBeneHBI MyTH ONTHMHU3AINN
WMHBECTHLMOHHON JIEATEILHOCTH Ul MOJICPHU3AIMU U TEXHUYECKOTO IEPEOCHAIEHUS] TPAHCIIOPTHOTO KOMILIEKCA
Yxpaunsl. [IpeioskeHbl MyTH NPUBJICYEHUS KATUTAIOB HHBECTOPOB B Pa3BUTHE TPAHCHOPTHON MH(PACTPYKTYpHI:
1) cooTBETCTBHE EBPOICHCKUM HOPMATHBHO-IIPABOBBIM aKTaM; 2) pe)OpMHUPOBaHUE HAJIOTOBOW CHCTEMBI Y KDaHHBI;
3) npeonosieHne KOPPYMIUHK B CTpaHe; 4) BHEAPEHHE HHCTPYMEHTOB TOCYAapPCTBEHHO-YAaCTHOTO ApTHEPCTBA B Me-
XaHU3ME rOCYAapCTBEHHOTO PEryJIMPOBAaHUsI HHBECTUIIMOHHBIX MPOIECCOB; 5) co3/laHne OJIaronpUsITHOIO HHBECTH-
IIMOHHOTO KJIMMata JUIsl pean3aliy MHQPACTPYKTYPHBIX MTPOESKTOB KEIE3HOIOPOKHOTO TPAHCIIOPTa; 6) co3maHne
CHCTEMbI BO3MEIIECHHS YOBITKOB MHBECTOpaM; 7) MpPEAOCTaBIICHHE TapaHTUH 3alllMThl WHBECTHLUA B pa3BUTHE
TpaHCTIOpTHOW MH(pacTpykTypbl. HayuHast HoBu3Ha. [Ipe/utoskeHbl NCTOYHUKY MHBECTUPOBAHUS B Pa3BUTHE XKe-
JIE3HOJIOPOKHON MHPPACTPYKTYpPHI B YKpanHE, KOTOPbIE JOJDKHBI BKJIIOYATh: CPEICTBA TOCYJapCTBEHHOTO OrOIKE-
Ta, UCIIOJIL30BAHMS LENEBBIX 3aiiMOB, JTM3MHT. OCHOBHBIM HAlpaBJICHUEM T'OCY/AApPCTBEHHOHN MOJUTHUKH B OTHOILIE-
HUM MHQPACTPYKTYPHI JOJDKEH CTaTh IMOCTENEHHBIH MEPEeX0/ AeSTEIBHOCTH 110 CO3JIaHUI0 M IKCIUTyaTaluu 00beK-
TOB HH(GPACTPYKTYPHI C pacxoqHOH cepsl (YT ABIsIeTCS OpeMeHeM i TocyaapcTBa) — B 3 (eKkTHBHBIN OU3HEC
Ha OCHOBE TOCYyJIapCTBEHHO-4acTHOro naprTHepcTBa. [lpakTHyeckasi 3HAYNMOCTB. lcnonb30BaHue NMPUBEIEHHBIX
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PE3yJIbTaTOB MO3BOJIHUT 00ECIEUHNTh JOBEpHE OYAyINX HHBECTOPOB K BIIOKEHHUIO CPEJICTB B pa3BUTHE HHPPACTPYK-
TYpBI TPAHCIIOPTA C TAPAHTHEN MOIYUIECHUs 3apab0TaHHBIX T0X0/0B.

Kniouesvle crosa: TpaHCHOpTHas WHPPACTPYKTypa; MHBECTUIMN; WHBECTHLMOHHAS JESTEILHOCTh; TOCYAapCT-
BEHHOE PEryJIMPOBaHHE; )KEJIE3HOJOPOKHBII TPAaHCIIOPT
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REFORMING AND RESTRUCTURING UKRZALIZNYTSIA:
A CRUCIAL TASK FOR UKRAINIAN REFORMERS

Purpose. This article examines options available for Ukraine as the country considers proposals to reform and
restructure Ukrzaliznytsia. Methodology. The basic restructuring options observed internationally are presented,
and the literature concerning their impacts and effectiveness is reviewed. Findings. The creation of competition
among freight train companies has been found to improve system performance, but the EU policy prescription of
complete vertical separation may not be required in order to achieve this. The Americas-style policy of horizontal
separation has also been found to improve system performance, and may be more appropriate for a country as large
as Ukraine and a railway as dependent on freight operations as Ukrzaliznytsia. Originality. Most of the literature on
railways restructuring focuses on vertical separation or third party access, while the focus here is on a policy option
arguably more appropriate to Ukraine. Practical value. Ukraine’s economy is dependent on the efficient shipment
of bulk commodities such as coal, iron ore, steel, and grains — commodities that travel most economically over long
distances by rail. The successful reform and restructuring of Ukrzaliznytsia will be a crucial part of Ukrainian eco-

nomic reforms going forward.

Keywords: Ukrzaliznytsia; railways; reform; restructuring; vertical separation; horizontal separation; competi-

tion; investment

Introduction

If the Ukrainian economy is to be successfully
restructured going forward, a restructured railway
system will have to be part of the picture.
Ukraine’s economy depends on the production and
sale of a number of bulk commodities, including
coal, iron ore, steel, and agricultural products, that
require shipment by rail in order to reach both do-
mestic and export markets economically.

The Ukrainian Railway — Ukrzaliznytsia, UZ —
was formed as a joint stock company in 2015 from
what had been six separate regional railways, each
with a good deal of autonomy. UZ suffers from ag-
ing locomotives and rolling stock as well as
a badly depreciated infrastructure that causes traffic
bottlenecks at crucial locations. An important first
step in creating a viable railway going forward will
be to find ways to attract investment into the sys-
tem. Given competing demands on government re-
sources, the international experience suggests that
this will likely have to focus on private sector par-
ticipation. Attracting private sector participation, in
turn, will likely require a restructuring strategy that
relies on market forces and competition rather than
government decision makers to direct strategy and
operations into the future.

In this paper we first discuss in more detail the
crucial role that UZ plays in the Ukrainian econ-
omy. We follow with a survey of the world experi-
ence with railways restructuring: a large number of
countries have already undertaken the task of con-
verting aging government-owned monopoly rail-
ways into more dynamic and competitive transport
enterprises, and their experience in very diverse
settings may have important lessons to offer. We
then examine the current state of rail reform plans
in Ukraine. We conclude with discussions of an
alternative path forward that seems most likely to
be successful in Ukraine, based on both the experi-
ence elsewhere and the country’s current situation.

Purpose

The purpose of this article is to examine the op-
tions available for Ukraine as the country considers
proposals to reform and restructure Ukrzaliznytsia.

Methodology

For this purpose, we begin with a more detailed
discussion of the crucial role that Uzrzaliznytsia
plays in the economy of Ukraine. We follow with
a review of the current literature regarding the in-
ternational experience with railway costs and with
different railway reform models.
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Ukrainian Railways and the Ukrainian Econ-
omy. Ukraine’s economy is based on the produc-
tion of bulk commodities that generally travel most
economically by rail — especially given the rela-
tively poor condition of the country’s road and
highway system [3, 4, 8, 51]. Ukraine is among the
top ten world producers of iron ore, steel, coking
coal, wheat, corn, and sunflower oil. Coal (both
utility and coking) is the leading commodity car-
ried by rail, making up about
a fourth of annual volume; steel, iron ore, and re-
lated products make up another quarter; and grains
and building materials make up a good portion of
the rest. Container traffic has a small but growing
presence, especially as  transit traffic.
A good deal of the freight traffic originates in the
east, including coal from the Donbas, iron ore and
steel from the Kryvbas, and import and transit traf-
fic from the Russian Federation.

The railway itself is the fourteenth largest in the
world in track-km and the sixth most densely oper-
ated (as measured by ton-kilometers plus passenger
kilometers per track-km). It is a freight-dominant
railway, carrying the seventh highest total of ton-
km of freight in the world (and not far behind Ka-
zakhstan for sixth place). On the other hand, com-
pared with the railways of other medium to large
countries, UZ also carry a large number of passen-
gers — around twenty percent of traffic, a consid-
erably greater percentage than the Russian and Ka-
zakh railways, for example. The combination of
export traffic and transit traffic makes up 59 per-
cent of the freight tonnage [9]; a significant portion
of this has been freight originating in Russia and
ultimately departing from Ukraine either by rail to
the west (especially to Poland, the Slovak Repub-
lic, and Hungary) or by sea to the south (especially
via greater Odessa).

As noted above, UZ was formed in 2015 from
the six regional railways that had survived
Ukraine’s declaration of independence from the
USSR in 1991, each of which had enjoyed a good
deal of autonomy: the Donets Railway, the Lviv
Railway, the Odessa Railway, the Southern Rail-
way (Kharkiv), the Southwestern Railway (Kyiv),
and the Near-Dnipro Railway (Dnipropetrovsk).
(See Fig. 1.) The Donets, Near-Dnipro, and Odessa
had traditionally been the most heavily used and
the most important for freight, given their locations
centered on coal mining (Donets), iron ore and
steel production (Near-Dnipro), and port activities

(Odessa). Before the formation of JSC UZ in 2014,
both international lenders and local reformers had
expressed frustration at the inability of the central
government and/or railway administration to im-
pose more effective centralized control on these
regional lines.

UZ freight tariffs are set on the same basis that
was used when the Ukrainian railways were a part
of Soviet Railways: on the old tariff book Tariff
10-01. As in Russia, Tariff 10-01 separates freight
tariffs into three broad classes of commodities that
may be roughly categorized as raw materials, in-
termediate goods, and final products:

— Class I commodities include coal, ores, tim-
ber, and construction materials such as sand, stone,
and concrete.

— Class II includes oil, grain, fertilizers, food,
and a broad collection of intermediate goods.

— Class III contains finished chemicals and metals,
machinery, and most finished manufactured goods.

Individual tariffs in each category are then de-
termined using a declining scale for distance of
haul and adjusting for shipment size and charges
for loading and unloading. The overall rationale
behind the tariff structure is basically twofold: to
encourage long-distance shipments at affordable
rates, and to charge for shipping each commodity
no more than a target percentage of its delivered
price [22, 39].

Like many railways around the world, UZ is
required to cross-subsidize loss-making passenger
operations from the profits of its freight operations
[5]. Also like many railways around the world, this
requirement to cross-subsidize passenger opera-
tions has made it more difficult for the railway to
devote sufficient resources to the maintenance of
current equipment and the acquisition of new
equipment [2]. Worse, weak corporate governance
at UZ has led to a procurement system character-
ized by low quality inputs purchased at high cost
[10]. Even more importantly, large, politically influ-
ential shippers pay preferential tariffs that at best
cover only direct costs [11, 45]. The result is that the
locomotive and rolling stock parks are heavily depre-
ciated and generally in poor operating condition;
likewise, the track infrastructure is heavily depreci-
ated and exhibits costly bottlenecks in several regions
of the country [10, 11, 12]. A high priority going
forward will be a reform plan that is able to attract
large flows of investment into infrastructure, locomo-
tives, and rolling stock [2, 6, 7].
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Fig. 1. Six Ukrainian Railways

The World Experience with Railways Restruc-
turing. The decades of the 1990°s and the 2000’s
were everywhere periods of neoliberal reform and
privatization strategies in general and in the rail-
ways sector in particular [19]. As in other infra-
structure sectors, railways reforms around the
world have tended to focus both on the introduc-
tion of private-sector participation and on the pos-
sibilities for the creation of competition in the con-
text of what has been traditionally considered a
natural monopoly. Also as in other infrastructure
sectors, economists around the world have tended
to favor the structural separation of going concerns
as a sort of default option — as the generally pre-
ferred method of restructuring to create competi-
tion among users of a network. It has only been
recently that much scholarly attention has been
paid to the potentially negative cost implications of
this policy in industries as diverse as railways,
electricity, telecommunications, and water [40, 41,
46, 55].

A great deal of the policy debate regarding
railways restructuring has concerned the possible
creation of competition among multiple train-
operating companies over a monopoly track infra-

structure. With this possibility has come the ques-
tion of whether such competition would be more
effective in the presence of complete «vertical sep-
aration» between infrastructure and train opera-
tions, or whether a less drastic «third party access»
regime — under which the incumbent UZ would
remain vertically integrated but would be required
to provide infrastructure access to independent
train-operating companies under regulated terms
and conditions — would be sufficient to support the
introduction of competition, perhaps accompanied
by some kind of «accounting separation» of the
incumbent with the creation of an overall holding
company. Although Britain’s pioneering experi-
ence with complete vertical separation is generally
considered a cautionary tale, the competition direc-
torate of the European Community continues to
push member countries in that direction.

As an alternative, minority voices in the debate
have called for the creation of competition among
multiple vertically integrated railway enterprises —
a strategy sometimes termed «horizontal separa-
tion» to contrast it with «vertical separation» [7,
41]. Under such a strategy, each railway enterprise
runs trains on only the infrastructure that it con-
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trols, but shippers hope to enjoy either «parallel
competition» — competing railway lines serving the
same origin-destination pairs, as is common in the
United States and Canada — or «geographic compe-
tition» — competing railway lines radiating out
from common points, as in Mexico and Argentina.
Fig. 2 shows a stylized version of the Mexican
railway system as it was restructured in the 1990’s,
with three vertically integrated companies compet-
ing mostly to carry freight in multiple directions
between Mexico City and different ports and US
gateways.

One notably successful aspect of the implemen-
tation of the horizontal separation model has been
the attraction of private investments into these rail
systems, initially in the form of bids for multi-
decade franchise rights, and subsequently in the
form of investments in to the infrastructure, loco-
motives, and rolling stock of the newly created
vertically integrated railways. In both Brazil and
Mexico, for example, the governments required the
controlling rights of each franchise to be held by

domestic investors, but encouraged the participa-
tion of international investors. Table 1 shows the
winning bids for the franchise rights that resulted
from the franchising in the two countries and the
lengths of the principal railways. I calculate that
the ten franchised freight railways average just
over 4000 track-km in length, and that the average
winning bid was US$95,700 per track-km, in late
1990’s USS.

Furthermore, in the fifteen years following the
restructuring in Mexico, private investments into
the system totaled over US$6 billion — more than
double the amount required and pledged by the
consortia that won the [53].

As the railways reform debate has progressed
and different options have been pursued in differ-
ent countries, there come to be greater appreciation
of the possibility that different reform strategies
might be appropriate in different countries and en-
vironments. There has in many cases also come to
be a differentiation in the strategic options pursued
for freight and passenger operations [27].

Piedras Negras

Fig. 2. Geographic competition: the restructured Mexican railways
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Table 1

Values of winning bids for Brazilian and Mexican rail concessions. Source: Campos (2001);
Villa and Sacristan-Roy (2013); author’s calculations.

Date of Length (track-km) Winning bid (US$ million, at contemporane-

Concession ous exchange rates)
Mexico
Northeast 1997 4296 $1 400
Southeast 1998 1484 $322
Pacific-Northwest 1998 8 454 $527
Brazil
Oeste 1996 1621 $61.2
Centro-Leste 1996 7 080 $310.7
Sudeste 1996 1674 $871.5
Tereza Cristina 1997 164 $16.5
Sul 1997 6 586 $193.4
Nordeste 1998 4534 $13.1
Paulista 1999 4236 $123.7
Totals 40,129 $3 839
Average 4013 $384
Average omitting Tereza 4441 $425
Cristina
Average US$/km $95,700
Average US$/km, omitting $95,600
Tereza Cristina

Britain is a good example. As mentioned, that
country has been one of the pioneers in the crea-
tion of competition in railways. Originally the fo-
cus was on complete vertical separation and the
creation of competition among multiple independ-
ent train-operating companies in both the freight
and passenger areas. However, eventually it came
to be widely believed that in an era of both wide-
spread automobile ownership and discount airlines,
passenger rail was dependent on government sub-
sidies simply to survive. In that case on-track pas-
senger rail competition was not sustainable, and
the focus of policy moved to the creation of com-
petition for monopoly franchises to control particu-
lar regional passenger rail operations in the tradi-
tion of Chadwick [16] and Demsetz [23].

On the other hand, on the freight side the intro-
duction of on-track competition has led to vigorous

duopoly competition between the old English,
Welsh, and Scottish Railway (EWS, now a sub-
sidiary of the German rail freight company DB
Schenker) and Freightliner [36]. More generally,
around the world, freight-dominant railway sys-
tems pay their own way without large-scale gov-
ernment subsidies, and in fact generally earn prof-
its, pay taxes, and cross-subsidize passenger opera-
tions.

Empirical efforts to evaluate systematically the
outcomes of the recent spate of railways reforms
around the world, and especially to isolate the rela-
tive performance of different reform models, have
been hampered by problems of data availability
and quality, the short time period involved since
reforms have been implemented, differences
among railways sectors in different countries, and
the possible endogeneity of reforms — both the re-
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form decision itself and the reform path chosen.
The best and most recent studies suggest that most
reform efforts have led to improved efficiency,
though in addition to possible endogeneity one
possible explanation here is simply that increased
attention to industry structure and efficiency by
itself leads to improvements. Among the more spe-
cific findings:

— Where competition has been created among
multiple train-operating companies (TOC’s) — so-
called «above-the-rail» competition — for passen-
ger operations, the European experience suggests
that generally fares have been reduced and services
have improved, but costs have increased, presuma-
bly reflecting the sacrifice of firm-level economies
of density of operations [36, 37, 48].

— Where competition has been created above-
the-rail for freight, the European experience has
been more conspicuously successful, with incum-
bents in several countries rapidly losing market
share to more nimble entrants [20, 24, 31].

— In general, reforms that have allowed addi-
tional TOC’s to use the infrastructure have been
found to increase operational efficiency as meas-
ured by data envelope analysis and stochastic pro-
duction frontiers [21, 29, 49]. However, it is not at
all certain that complete vertical separation is more
conducive to the introduction of competition or to
increased efficiency than is a third party access
model, perhaps structured around accounting sepa-
ration of the incumbent [35, 49].

— The alternative strategy of horizontal separa-
tion of freight railways — the creation of multiple
competing vertically integrated freight railways —
has in several cases succeeded in attracting a great
deal of private investment into previously mori-
bund state operated railways and diverted signifi-
cant levels of traffic from road back to rail, to the
benefit of shippers, the broader economy, and the
environment [15, 25, 32, 52, 53].

— The vertical separation and third-party access
models have mostly been applied in small-to-
medium sized countries in Europe where passenger
operations dominate the railways business. The
horizontal separation model has mostly been ap-
plied in larger countries in the Americas where
freight operations dominate the railways business —
though some smaller Latin American countries
have followed this strategy as well, including Co-
lombia, Peru, and Uruguay [32, 41].

Of course any discussion of the restructuring of

existing railway enterprises raises the issue of the
structure of railway costs. This is an issue that has
been much examined in the empirical literature,
though there are inevitably differences in results
based on samples, assumptions, and techniques.
We may summarize the discussion regarding three
important aspects of railway cost functions as fol-
lows:

— It seems by now well established that there
are economies of vertical integration in railways,
and thus that complete vertical separation increases
transactions costs and operating costs — though the
magnitude of increase is very much in dispute.
Vertical separation seems to increase costs more
than otherwise a) in rail systems that are very
densely operated, and b) in rail systems with a high
proportion of freight traffic vis-a-vis passenger
[27, 35]. The former likely reflects straightforward
advantages of intrafirm rather than intrafirm coor-
dination of operations, while the latter likely re-
flects the greater track wear caused by heavy
freight trains, and the difficulty of getting the inter-
firm incentives set just right to address that prob-
lem [44].

— Economies of scale, as measured by system
size, seem to be exhausted at relatively moderate
scales of operation. Savignat and Nash [50] report
a consensus in the literature that only relatively
small railways operate at a level of unexhausted
economies of system size, and Wilson [54] finds
that at the mean of his sample, US class I railways
are operating with slight diseconomies of system
size. The results of Bitzan [13] suggest a flattening
of the cost curve for system size at around 5 000
miles, while Chapin and Schmidt [17] also find
a flattening of the cost curve, but at about twice
that mileage level. More recently, Christensen As-
sociates [18] conclude that all the major U.S. rail-
ways are operating in a range of constant returns to
scale, and have been for many years. Note that the
average size of the concessions granted in Brazil
and Mexico was in the 4000-4500 track-km range
(Table 1).

— It appears, on the other hand, that economies
of scale as measured by density of operations per-
sist in more railway settings. Econometric studies
have generally found that most existing freight
railways are operating at levels where economies
of density are not yet exhausted; this is the conclu-
sion of a review of the literature by Savignat and
Nash [50] and of studies of US class I railways by
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Wilson [54], Ivaldi and McCullough [29], and Bit-
zan [13]. Only recently has Christensen Associates
[18] concluded that the major U.S. railways have
likely exhausted all available economies of den-
sity, which is consistent with widespread reports of
congestion and the difficulty of securing service on
the major lines.

Findings

Ukraine by now has a long history of an-
nounced plans for restructuring the Ukrainian
Railways, but unfortunately very little record of
actually implementing changes [1]. Governments
introduced detailed reform plans in 2006, then
again in 2009, and then again in 2011, with the
2011 plan looking very much like the Russian
plan: three stages of reforms, beginning with the
creation of a single joint stock company Ukrzal-
iznytsia and the separation of the operating and
regulatory functions of the existing railways, mov-
ing through the spin-off of noncore activities, the
elimination of the requirement that freight opera-
tions cross-subsidize passenger operations, and the
freeing of tariffs for goods enjoying a «competitive
transport market», and concluding by 2019 with a
system of «equal access to the infrastructure facili-
ties for all economic entities». Thus far the crea-
tion of JSC UZ has been the only significant result
of the reform plans.

Since there were apparently no plans in
Ukraine (again as in Russia) to separate control of
the incumbent infrastructure from the incumbent
locomotives and train operation, the broad plan just
described sounded like it might refer to an eventual
third party access regime, with independent carri-
ers owning their own locomotives and running
their own trains over the UZ infrastructure. In fact,
however, in both Ukraine and Russia one stated
goal of the reforms was to allow privately owned
and operated passenger trains, but not — or at least
not mentioned — freight trains [42].

All this changed in 2015, as the Infrastructure
Ministry under Andriy Pyvovarsky introduced leg-
islation, enacted by the Rada, that would «corpora-
tize» but not «privatize» JSC UZ while allowing
entry into the market by independent train operat-
ing companies carrying either passengers or
freight. UZ as the infrastructure operator would be
required to provide non-discriminatory access to
the infrastructure under a regulated set of tariffs,

which would be monitored and regulated by a Na-
tional Commission on Transport Regulation. That
new commission would also regulate some passen-
ger and freight tariffs, but others would be freed.
An infrastructure maintenance and investment fund
would be created through a specified component of
both shipper tariffs and access charges.

In other words, Ukraine has taken the first steps
toward emulating the European rail restructuring
model of third-party access (though not full verti-
cal separation) regimes for both passenger and
freight, with UZ continuing to operate its own
trains in competition with independent TOC’s.

This reform model clearly has the potential to
stimulate significant improvements vis-a-vis the
UZ status quo. As noted above, third-party, inde-
pendent freight TOC’s have offered quite effective
competition to incumbent, vertically integrated
TOC’s in a number of European countries — begin-
ning in the east in Poland and Romania, but gradu-
ally moving west, especially as German incumbent
DB and French incumbent SNCF have begun of-
fering services in other countries. Particularly in
Eastern Europe, some of the new TOC’s entering
into freight service have been large shippers of
bulk freight integrating backward into transport
operations in order to create alternatives for ship-
ping both their inputs and their outputs. The result
has been new investments not only in rolling stock
but also in locomotives, as well as increased op-
tions and improved service for shippers, thus
strongly supporting economic growth.

It seems likely that a number of large Ukrainian
shippers would be candidates for backward vertical
integration into TOC’s in order to improve the
quality of their own logistics (or to obtain better
service from UZ by threatening to do so), includ-
ing the agribusinesses Kernel and Nibulon and coal
miner and electricity generator DTEK. Similarly,
based on their past and current strategies, one
would expect not only Germany’s DB and
France’s SNCF but also Poland’s PKP and, in a
hoped-for peaceful future, Russia’s RZhD to be
interested in extending their train operations into
Ukraine, if given the opportunity.

The appearance of independent passenger
TOC’s seems less likely, though certainly not im-
possible. As noted above, in most countries pas-
senger rail services would not survive without sub-
sidies from either governments or freight opera-
tions, so the likelihood of the entry of a second
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passenger TOC into the market to offer competi-
tion to a (presumably government-subsidized) UZ
passenger TOC seems not high. An exception
might be at the high end of the market; in Russia,
for example, two high quality TOC’s have entered
the popular Moscow-St. Petersburg market to offer
high end service at unregulated rates [28, 34].

What about resources for investment into the
infrastructure? This is where the international ex-
perience with the third party access reform model
has been less conspicuously successful. As noted
above, the Ukrainian plan calls for the formation
and segregation of an investment fund that would
be financed through a specified component of both
shipper tariffs and access charges. If this mecha-
nism works as intended, it could solve the common
problem of the difficulty of funding state-owned
railway infrastructure. However, based on world-
wide experience, one may justifiably harbor doubts
that both UZ management and the government will
be able to show the discipline to use such a (poten-
tially) large pot of funds for their intended pur-
poses only [2, 41].

A sober prediction may be that the current
Ukrainian reform plan may be quite successful in
encouraging private investment in rolling stock and
locomotives and in creating competition for freight
railroad haulage and perhaps even passenger rail-
road service, but ultimately a disappointment in
encouraging and protecting the infrastructure in-
vestments required for the successful operation of
a modern, heavily used freight railway. Since, as
noted at the beginning of this paper, this issue is
likely to be a crucial one for the future effective-
ness of UZ in contributing to Ukrainian economic
reform and growth, this may be a serious drawback
to the adoption of this reform model in Ukraine.

And this in turn may argue for consideration of
an alternative reform plan: a Mexican-style divi-
sion of the entire UZ enterprise into two or three
independent, vertically integrated railway compa-
nies, competing for the business of shippers mostly
at points commonly served but perhaps over some
parallel lines as well. This option has been seri-
ously discussed, though so far rejected, as a reform
plan for RZhD in Russia [26], and it would appear
to hold a number of attractions for Ukraine as well
— though a number of complications as well. Fig. 3
shows one published version of a Russian scenario.

The main advantages of such a plan are
straightforward to list: the creation of competition

for shippers, the maintaining of economies of ver-
tical integration, and the likely willingness of pri-
vate investors to offer significant bids for long-
term franchise fees and, upon winning a franchise,
to invest significant amounts into the maintenance
and upgrading of their new railway infrastructures.
As noted above, for the 10 railways franchised in
the late 1990’s in Brazil and Mexico, the winning
bid was almost US$100,000 per track-km. The In-
ternational Transport Forum calculates that just
under 50 percent of the substantial investments
made by the two largest Mexican concessionaires
between 2007 and 2012 were allocated to track
infrastructure — about US§1 billion total over that
six-year period [38].

The most important points for originating traf-
fic on UZ are the coal mining areas around Do-
netsk in the east and the iron ore and steel making
areas around Dnipropetrovsk and Kryvyi Rih in the
center-east. The port area around Odessa both orig-
inates and terminates a good deal of Black Sea
freight. Generally, the heaviest freight flows go (or
have gone until recently) directly between the Rus-
sian border, through the Donbas and the Kryvbas,
and either to the Odessa port area in the south, to
Kyiv in the center north, or to the western border
crossings with Hungary, the Slovak Republic, and
Poland.

Thus in the same way that both published sce-
narios for horizontal separation in the Russian
railways begin with the notion of geographic com-
petition based on multiple railways serving the
coal-producing Kuzbas from different directions
[26, 47], a promising basis for horizontal competi-
tion in the Ukrainian railways in a hoped-for
peaceful future could be the creation of an east-
facing railway connecting shippers originating
coal, iron ore, and/or steel products with border
crossings of the Russian Federation. RZhD would
likely be one of several bidders for the franchise
rights for this «Eastern Ukrainian Railway».

At the western termination points of this East-
ern Ukrainian Railway, the track infrastructure
serving multiple shippers could be jointly con-
trolled — as it is in Mexico — by the railway com-
panies competing to carry freight in both directions
as well as either the regional or federal government
and/or the most important shippers themselves.
From those points at the western termination of the
Eastern Ukrainian Railway, either one or two addi-
tional railway enterprises could be created. The
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map on the Fig. 4 adds two independent railways
heading west from the coal and steel regions, with
shippers at Kharkiv enjoying geographic competi-
tion from three railways heading in three different
directions, shippers at Kyiv, Odessa, and points in
the Donbas and Kryvbas served by two railways,

and both eastern and western borders served as
well by two railways. Both large domestic shippers
and foreign railway companies like Deutsche
Bahn, PKP, and SNCF are potential bidders for the
long-term franchise rights to such railways [43].

Analysis of the Feasibility to Divide the Single Business Entity (Russian RailwaysJSC) into Several Vertically

Integrated Companies (VICs) Competing among Themselves

\)

Northemn VIC Work distribution among VICs:
1. Northern VIC
anunzpad ) g “ ﬂ .
48

Focused on the Kuzbass — Northwest flow, participates in forming and
advancing the North — South flow in its service range. Competes with the
Southem VIC when relocating the Centre — Volga Region — Ural Mountains
flow. and probably competes for part of the Kuzbass — Centre flow.

el N e »g,P Northern VIC

tﬂg«e ‘aped

okl T Focused on the Kuzbass — Azov-Black Sea Traffic Centre and North — South
~ 5 '(, o flows, maintains the Centre — West flow, competes with the Northem VIC
when relocating the Centre — Volga Region flows, and also probably for part
of the Kuzbass — Centre flow.

Eastern VIC

f_, ) ,.'_ :
y

TA-IYR,

Focused on the work with the Kuzbass — Far East Traffic Centre cargo
flow, forms and sends the Kuzbass — Northwest and Kuzbass — Azov-
Black Sea Traffic Centre flows to the Northem and Southem VICs.

A

>

—

Eastem VIC

transportation with the use ofits infrastructure.

Each VIC services customers located in its region of activity and performs the domestic and international freight

Fig. 3. One plan for a horizontally separated Russian railways system, from the Institute
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Fig. 4. One possible plan for three competing, horizontally separated railways in Ukraine
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Obviously, however, much more work would
have to be done to actually craft three (for exam-
ple) potentially coherent railway enterprises from
the overall national network.

Originality and Practical Value

For now, at least, Ukraine labors under the sig-
nificant burden of active hostilities in its eastern
region at the same time as politicians, activists, and
analysts work to create and implement economic
reforms that would successfully create a dynamic
and productive market economy. At a time when
even the overall outlines of the future Ukrainian
economy are uncertain, the railways are not at the
top of many lists for attention. Yet Ukraine’s
economy of resource extraction, heavy industry,
and agriculture promises to be dependent the exis-
tence of a reliable railway system for quite a long
time, and a successful effort to get railway reforms
right would be an important step in that direction.

To date, the European experience with vertical
separation and third-party access regimes has ap-
peared to enjoy considerably greater influence in
the Ukrainian railways reform debates (and the
Russian, and the Kazakh) than has the North and
South American experience with horizontal separa-
tion. This is probably unfortunate, since the size of
the country as well as the dominance of freight in
its railway operations arguably makes the latter
experience more directly applicable, and more
likely to be adaptable in a straightforward manner
to the Ukrainian context. In particular, if the coun-
try continues along the basic path of the European
railways reform agenda, it is likely to achieve the
same results: increased private investment in roll-

ing stock, but continued dependence on the unreli-
able state budget for funding for both locomotives
and infrastructure.

Conclusions

As conclusion I have argued here that the North
and South American experience suggests that
a country like Ukraine could use the horizontal
separation strategy to carve two or three independ-
ent, vertically integrated freight railways from the
existing system, railways of a size that has been
shown to be viable in Brazil and Mexico, and that
in a hoped-for peaceful future, international inves-
tors would likely be willing to bid large amounts
for control rights to railway franchises so created
as well as to then spend large amounts of their own
capital to upgrade the competing regional railways.
I have argued that the principal advantages of such
a reform strategy are the creation of rail competi-
tion at multiple locations, the preservation of econ-
omies of vertical integration, and the likely elimi-
nation of the need for the Ukrainian railways to
remain in the lengthy queue for government re-
sources to upgrade and maintain the rolling stock,
locomotives, and infrastructure.

Whether such a scenario is in fact the optimal
path for the Ukrainian railways going forward is
a question that clearly merits much deeper exami-
nation. The stakes at issue suggest that a simple
decision to follow the previously adopted Russian-
style reform plan may lock out the potential for
much more promising options, and for a more dy-
namic and vibrant railway to support Ukrainian
economic growth.
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PE®OPMYBAHHA TA PECTPYKTYPU3AIIA YKP3AJII3HUILL:
KJIOYOBE 3ABJIAHHS JIJIS1 YKPAIHCBKUX PE®@OPMATOPIB

Mera. VY maHiii cTaTTi pO3TIIAOAIOThCA BapiaHTH peOpMyBaHHSA Ta PECTPYKTYpHU3allil YKp3ami3HHII, TOCTYIHI
s Ykpaian. MeToauka. HaBeneHi OCHOBHI BapiaHTH PeCTPYKTYpH3allii, OTPIMaHI MIISIXOM aHANI3Y JiTepaTypHIX
JOKEpeI, sIKi CTOCYIOThCS MDKHApPOJHOTO JIOCBiAYy pedopMyBaHHS 3aii3HUYHOTO Tpancnoprty. Pesyiabratu. CTBO-
PEHHS KOHKYPEHIIii cepel] BAHTAXKHUX 3ai3HUYHUX KOMITaHIH MOMIMIITY€ MPOIYKTUBHICTh CUCTEMH, ajie TOCATHEHHS
BKa3aHOTO pE3y/lbTaTy HE BHMara€ B yciX BHUMNamkax peamizanii momituku €C CTOCOBHO MOBHOTO BEPTHKAIBHOTO
PO3MOTY JISUTBHOCTI 3ali3HUIb. ByJI0 BCTaHOBJIEHO, IO MOJITHKA TOPU30HTAIBHOTO PO3MOALTLY, SIKa 3aCTOCOBY-
erbest Ha 3aizHuLsIX CILIA, Takox crpuse MiBUIIEHHIO MPOXYKTUBHOCTI CHCTEMH 1 MOXe OyTH Oiibll e(eKTHB-
HOIO JIJIsl KpaTHHM TaKoro po3Mipy, Sk YKpaiHa Ta Juis Takoi 3ali3HUYHOI KOMITaHii, sk YKp3ani3Huus (KoTpa nepesa-
JKHO 3aJICKUTH BiJl BAHTaXHUX 1epeBe3eHb). HaykoBa HoBu3Ha. Bennka yacTuHa siTepaTypH i3 pecTpyKTypH3anii
3aJIi3HUIb 30Cepe/DKEHa Ha BEPTHKAJIBHOMY PO3IOiI abo JOCTYIy TpETiX CTOpiH, y TOW Yac sk B AaHiil poOoTi
(oKyC 3HaXOIUTHCS Ha TOMY BapiaHTi IIOJNITHKM, SKHH, MOMIJIMBO, OUIBII MiAXOAWTH JUIi YKpaiHu.
[pakTnuna 3HaynMicTs. ExoHOMIKa YKpaiHU 3aJeXUTh BiJ e(EKTUBHOIO TPAHCIIOPTYBAHHS HABaJbHHX BaHTa-
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XKIB, TAKUX SIK BYTLDIS, 3aJli3HA pyAa, CTallb, 3¢PHO — TOBapiB, SIKi Ha JaieKi BiAcTaHi HAWOLIBII €eKOHOMIYHO BHTIM-
HillIe TIePEBO3UTH 3a]i3HUICI0. Y crilHe peopMyBaHHS Ta PECTPYKTypHU3allisl YKp3ami3HULI Oyae BaXKITUBOIO Yac-
THHOIO MaiOyTHIX YKPaiHCBKUX EKOHOMIYHUX pedopM.

Knrouoei crosa: Yxp3anizHULS; 3ai3HALI; peOpMyBaHHS; PECTPYKTYPH3aLlisl; BEPTUKAIbHUN PO3IIOILT; TOPH-
30HTAJBHUN PO3MOJILT; KOHKYPEHIIis; IHBECTHIIIT

P. IUTTMAH"

I*MHHI/ICTepCTBO FOctrumn CIIA, AHTHTPECTOBCKHIT OT/IeI, IPyIITa SKOHOMHUYECKOH sxcreptssl, 450 5 St., NW, No. 9004,
Washington, DC, 20530, USA, Ten. +1 (202) 307 63 67, sn1. mouta Russell.Pittman@usdoj.gov, ORCID 0000-0001-9498-0561

PE®OPMUPOBAHUE U PECTPYKTYPU3ALIUA YKP3AJ/IM3HBILIN:
KJIFOYEBOE 3ATAHHUE JJ11 YKPAUHCKUX PE®@OPMATOPOB

Heab. B nanHo# crarthe paccMaTpUBAIOTCS BapUaHThl peOpMHUPOBAHHS M PECTPYKTYPU3ALMU Y KP3aIU3HBILH,
JocTynHele st Ykpaunsl. Meroauka. [IpuBeeHbl OCHOBHBIE BapUAHTBI PECTPYKTYPU3ALUH, IOJYyUCHHBIE ITyTEM
aHaJIM3a JINTePaTypPHBIX CTOYHUKOB, KACAIOIMINXCSl MEXIyHApOHOTO OIbITa pePOPMUPOBAHHS KEIE3HOJOPOKHOTO
TpaHcnopTa. Pe3ysbTaThl. B0 yCcTaHOBIEHO, YTO CO3JaHUE KOHKYPEHLIUU CPEAU IPY30BBIX XKEIE3HOJOPOXKHBIX
KOMITAaHHUH yJTydIIaeT MPOU3BOIUTEIBHOCTh CHCTEMBI, HO TOCTHXXECHUE YKA3aHHOTO pe3ynbTara He TpeOyeT BO BCEeX
ciydasx peanuzauy nomnTHkd EC B OTHOIICHHWH MOJTHOTO BEPTHUKAJIBHOTO PACTIPENCIICHNS IESTEIbHOCTH KEe3-
HBIX JIOpPOT. BBIIO ycTaHOBIIEHO, YTO MOJIMTHKA TOPU30OHTAIBHOTO pacIpeAeiIeHHs], KOTopas MPUMEHIETCSl Ha XKe-
ne3nsix poporax CIIIA, takxke COCOOCTBYET MOBBIMICHUIO NMPOU3BOAUTENFHOCTH CHCTEMBI U MOXKET OBITH Ooiee
3¢ exTUBHON TSI CTpaHBI TAKOTO pa3Mepa, Kak YKpanHa W IS TAKOW JKEJIEe3HOJIO0POKHOW KOMITaHUH, KaK YKp3a-
JU3HBILA (KOTOpasi B OCHOBHOM 3aBHCHT OT TPy30BbIX NepeBo3ok). HayuHass HoBu3Ha. borbmas qacTs muTepaTypsl
[0 PECTPYKTYPHU3AIMH KEJIE3HBIX AOPOT COCPEOTOUEHA HAa BEPTUKAJIBHOM pACHpeAeiIeHUN WIN AOCTYIE TPEThUX
CTOpPOH, B TO BpeMsl KaK B AaHHOIl paboTe (OKyC HaXOJUTCS HA TOM BapUaHTE IOJUTHUKHU, KOTOPBIH, BO3MOXKHO, 00-
jee moxxoauT ais YkpauHbl. IlpakTudeckasi 3HAYMMOCThb. DKOHOMHUKA YKpawHbI 3aBHCUT OT 3((EeKTHBHON
TPAHCHOPTUPOBKM HABAJIOYHBIX IPY30B, TAKUX KaK yroJib, XKele3Has pyAa, cTalb, 36pHO — TOBApOB, KOTOpBIE Ha
JIaNIbHHAE PAacCTOSIHUS HanboJjiee SKOHOMUYECKH BBITOHEE IIEPEBO3UTD I10 XKeJIe3HOH jtopore. YcremHoe pedopmu-
pOBaHME M pECTPYKTypHU3auusi YKp3aIU3HBIIN Oy/leT BaXXHOH 4acThio OyIyIIMX yKPaMHCKHX 3KOHOMHYECKHX pe-
thopm.

Kniouesvle cnosa: YKp3aJdu3HBILS; KeJ€3HbIE JOPOTH; pedOpPMHUPOBAHHE; PECTPYKTypHU3alus; BEPTHKaJIbHOE
pacnpeseneHre; TOpU30HTAIBHOE PACIpeieNICHUEe; KOHKYPEHLUS; THBECTHIIUU
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3ACTOCYBAHHSA PET'TOHAJIBHUX BITHOBJIFOBAJIbHUX
BIOPECYPCIB VIS POBOTU CUCTEMMU TEIIVIOITIOCTAYAHHA

Meta. ¥V gocrnijpkeHHI HE0OXiJHO NMpoaHai3yBaTH MOJIMBICTb Ta YMOBH 3a0e3nedeHHst epekTHBHOI poOOTH
CHCTEM TEIJIONOCTaYaHHsI IIPU MEePEX0Al YaCTKH TEIIOreHEPYIOYHX MMOTY)KHOCTel Ha OionanuBo. B sikocti Gionanu-
Ba IPOIIOHYETHCS 3aCTOCOBYBATH COJIOMY 3JIaKOBHX KYJBTYp, SIKI IIMPOKO PO3MOBCIO/PKEeHI B [IpHaHINIpOBCEKOMY
perioHi. ['o10BHOIO MeTOI0 pOOOTH € HAyKOBHH NMPOPaxyHOK MOKJIMBOCTI Ta BapTOCTI KOHKPETHHUX 3aXOJiB IS Ta-
Koro rnepexony. s mpukiaxy OepeTbesi KOTENbHS KOMIAKTHOTO MicTedka JIHIMpONeTpOBCHKOTO HaliOHAIBEHOTO
VHIBEpCUTETY 3alli3HUYHOTO TPaHCIOPTY iMeHi akamemika B. Jlazapsaa (AHY3T), mo crmoxuBae NMpUpPOTHUIA ra3.
Metoauka. B poboti nmpoBenieHo aHaii3 3aKOHOJaBYOI 0a31 YKpaiHH, [0 CTUMYJIIOE 3aCTOCYBAHHS BiJHOBJIIOBAJb-
HUX JDKEpEN B SIKOCTI MajyBa, a TAKOXK 3pO0JIEHO aHali3 MEXaHI3MIB CTUMYJIIOBAHHS Ta PO3BUTKY I[bOTO HAMPSIMKY.
Takok BU3HAYAIOTHCS MOXKIUBOCTI IIpuAHITPOBCHKOTO perioHy moao 3abe3rnedeHHs] OTPUMaHHS Ta MMOCTAaBOK CO-
JOMHU [UISI POOOTH KOTENbHI. AHAI3yIOThCS BapTICHI MOKAa3HUKH MEPeBe3eHb BAHTAXIB MO TEpUTOpii YKpaiHu
B 2016 pori, sKi 3a5mexath BiJ BiACTaHI Ta po3Mipy BaHTaXiBOK. Lli MOKa3HMKH, a TAaKOK MOKA3HHUKH, 1[0 TTOB’s[3aHi
3 KYMHIBJICIO COJIOMH, PO3TJISLIAIOTHCS CYMICHO 3 CHEPreTHYHUMHU MOXKJIMBOCTSIMHU 11 3aCTOCYBaHHS B SKOCTI MaJIMBA.
PesyabraTu. [Ipu icHyrounx B Ykpaini (craHom Ha 2016 pik) NpoJyKTUBHOCTI 36PHOBUX Y CIJIbCBKOMY TOCHOAAPC-
TBI Ta BapTICHUX MOKAa3HHUKIB y rajly3i epeBe3eHb, MEPEBEICHHS YaCTKH MMOTY>KHOCTEH Ha BiJHOBJIIOBaJIbHE MaJHMBO
€ TIOCUTh peHTabeNbHUM. BapTicTh 0AMHMII TETIIOBOI NOTYKHOCTI IPH IbOMY MO>Ke OyTH 3HIMIKEHA B YOTHUPHU pasu.
HayxoBa HOoBHM3Ha. Briepiie 3anmpornoHoOBaHO BHKOPHCTOBYBaTH HOBI KOMIUIEKCHI MiAXOIM JUIS OIIHKH BapTOCTI
OJIMHUIII TTOTY>KHOCTI TETIOBOI KOTEJIbHI ITPU NEePeX0/i Ha 3aCTOCYBaHHS BiJIHOBIIOBAJIBHUX JDKEpeIl eHeprii. ABTO-
paMu TaKOX 3alpOIIOHOBaHA HOBA JIOTICTUKA JOCTaBKH IMX IKEpesT 0 MICI iX 3acTOCyBaHHA. 3 TEXHIYHOI Ta Bap-
TICHOI CTOpIH BHW3HAYCHO ONTHMAJIbHHUN MOPAIOK TOTYXXHOCTI IMEepeBOAy Ha HOBI BiJHOBIIOBAJbHI JDKepela
eHeprii y KOHKPETHOMY pETiOHi, B 3aJeKHOCTI BiJf CTPYKTYpPH TOCIBHHX IUIOIMIMH Ta iX MPOAYKTUBHOCTI.
IpakTnyHa 3HaYUMicTh. BBeIeHHS 3aIpOITOHOBAHMX PIllIEHb Ta MiAXOAIB 10 3a0€3MMeYeHHS MOTYKHOCTI KOTEIbHI
BiTHOBJIIOBAJIbHUMH JKEPEIaMi €Heprii MOXyTh OyTH peaji3oBaHi IPH BiTHOCHO HEBEIHWKHUX KalliTaJOBKJIAICHHIX
Ta MOXYTh JJATH 3HAYHUI1 EKOHOMIYHUIT e(eKT.

Kniouoei crosa: 6GiopecypcH; 3ropsiHHSA COJIOMH; CUCTeMa TEIUIO- Ta raps4oro BOAONOCTaYaHHs; TEIJIOB] BTPaTy;
TETUJIOBUIT PeXHUM; TEIIOTBOPHA 3/1aTHICTh; BapTICTh IIEPEBE3CHHS; BIIHOBIIIOBAJIBbHI JKepesa eHepril

Beryn (10 mapa. M) ife Ha TEMIONOCTAYAHHS MiAIPHEM-
cteamu JKKI, a mpomucIoBiCTP BHKOPHCTOBYE
37 % (20 mapa. M°). CucTeMa LEHTPaTi30BaHOrO
TEIJIOIOCTAaYaHHI B YKpaiHi € JOCUTh PO3BUHE-
Hoto. 3a manumu 2013 poxy o0csAr CrOKHBaHHS
TEIUTOBOI eHeprii B YKpaiHi cTaHOBHB MOpsaKy 237
MiH. MBT-ron. BupoOHuiTBO TeruioBoi eHeprii
Uil 3a0e3medyeHHs] MOTped CEeKTOpiB eKOHOMIYHOT
TSUTPHOCTI Ta HAceleHHs YKpaiHW 3IiHCHIOETHCS
CHCTEMaM{ LEHTPali30BaHOI0 TEIUIONOCTAYaHHS,
[0 OXOILIIOIOTH 013bk0 60% CIOXKUBaAYiB, 1 CHC-

Ha cporognimHiii 1eHh OCHOBHUM €HEPrOHOCI-
€M B KpaiHi 3aiumaeTbes npuponuuii ras (34,8 %
3arajJbHOTO TEPBHHHOIO TOCTayaHHsS EHeprii
(3IIIE)), na apyromy wmicui Byriuis (34,6 %), xo-
Ya TeHJICHITIEI0 OCTAaHHIX KUTBKOX POKIB € 3HM)KEH-
HSl CIIO’KUBAHHS Ta3y Ta 30UIbIIEHHS BUKOPUCTAH-
H Byrimwist Ta Oiomacu. brmuseko TpetnHHM 3a-
rajpbHOr0 00cAry mnpupoxHoro razy — 31 %
(16 Mupa. M’) — CIIOXKHBA€ETHCS HACETeHHAM, 19 %
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TeMaMd 1HIMBIIyaJbHOTO TEIJIONOCTaYaHHsA. 3a
nmaanmu MiHictepctBa PerionansHOoro Po3BHTKY,
BynisaunrBa Ta JXutioBo-KomyHamsHOTO TOCITO-
JapCTBa 3arajioM Mo YKpaiHi eKcIuryaTyeTbest 35
424 KOTeJeHb CyMapHOIO TEIJIOBOIO TMOTY>KHICTIO
136 982 MBT. Ha ra3y nparttoBaiio 24 564, Ha pin-
komy nanuBi — 333, Ha TBepmomy nayimsi — 9 781.
AJe 3 piHaHCOBHUX, a TAKOXK MOJNITHYHUX YHHHHKIB
B YKpaiHi MOTPiOHO CKOPOUYYBATH BUTPATU TPaJIH-
miHOTO ManuBa. Kpim Toro Hamo Opaté 10 yBarm
Maii0yTHe 3aKiHYeHHS LMX BUAIB nanuBa. Lle cmo-
HyKa€ Ha HEOOXIiJHICTh IMOIIYKYy 3ac00iB Ta TeXHi-
YHMX pillleHb U1 3aCTOCYBAaHHS BIJHOBIIOBAJIBHUX
BUJIB manuBa [7]. 3 pi3HUX BHIIB BiIHOBIIIOBAJIb-
HOI €HepreTUKW AJISl OTPUMAaHHS TEIUIOBOI eHeprii
B OCIHHI{ Ta 3UMOBHY TIepion HaWOLIBII MpUBad-
JIUBUM BUIJISIae OloeHepris, sKa OTPUMYEThCS
3 OiopecypciB, IO MIOPIYHO BiJHOBIIOIOTHCS y BU-
TISAl POCIIMH Ta y BUIJISAL MEPEpOOKH MPOIYKTIB
CITBCBKOTO TocmomapcTBa. B Ykpaini Ha BigHOB-
JMOBATBHUX BUAaX nanusa B 2013porri mpairoBaiio
2 535 xorenens # Oyno cnoxwuro 1 433 tHc. T H.€.
TEIIOBOi eHeprii BuUpoOeHoi 3 Oiomacu. 3TimHO
HarionanpHoro Iuiany il 3 BIAHOBJIIOBAJIBHOT
eHepreTuku Ha mepiox 10 2020 poky mrpo mudpy
wianyerbes miasummty 10 4000 tuc. T H.e. Dak-
TUYHE CIIO)KMBAHHS TEIUIOBOI eHeprii B cHCTeMi
KKI" Ykpainu 3a 2013 p. cknagae 112 mna. MB1-
ron, y T.4. HaceJeHHo — 64 muH. MBT-roa, Ha xo-
MyHaJIBHO-TI0O0YyTOBI moTpedu — 25,4 M. MBT-
roj, Ha BUpoOHUYi otpedu — 13,5 mmH. MBT-rog,
iHIIMM mignpuemctBam — 8,7minH. MBT-roa. Cepe-
ITHI BTpaTH TEIUIOBOI €HEepTii CKiIamamu OJU3hKO
14,3 %. OcobnuBa yBara 10 I[bOTO BUJY BiJIHOB-
JIOBAJILHOI €HEeprii MOSCHIOETbCS TUMH OOCTaBHU-
HaM|, 10 B 0araThOX BHUIAJAKaX IMepexiy BiJ Tpa-
MUTIIHHAX BUIIB MTaJUBa HA ajdbTCPHATHUBHI HE I10O-
TpeOye 3HAUHUX KamiTalbHUX BUTpaT. ToOTO muis-
XOM TimOOpYy BIAMOBITHUX PEXHUMIB TOPIHHS
OiomamBa MOJKJIMBO 3aCTOCOBYBATH BXKE iCHYIOUE
oOjasHaHHS.

Meta

B 11iit po6OTi BUBYAETHCS MUTAaHHS BUPOOHUIIT-
Ba CHEPTii JJis KOTeJeH 3 OioMacu, sika BUPOOJIs-
erbesi B JlHinpoBcbkomy perioni. OcoOnuBa yBara
NPUCBSYEHA BHM3HAYCHHIO ILIJIbOBUX IOKAa3HMKIB
€KOHOMIYHOI JOIUTFHOCTI peai3allii Takoro mpoe-
KTy Ta ONTUMAaJIbHUX 00CATIB BUPOOHUIITBA TEILIO-
BO1 eHeprii 3 OiopecypciB Ta MOKIMBOCTI 3a0e3rie-

YEHHsA KOTENbHOI MajJUMBHOIO CHUPOBUHOK. Takuii
MiXi] BiNOBiIa€ HAI[IOHATBHUM ILIaHAM, €Hepre-
TAYHIN CTpaTerii mepkaBu IMOA0 301TBIICHHS Jac-
TKHM BiJTHOBJIIOBAJIbHUX JDKEPES CHEPrii B eHepre-
TUYHOMY OaslaHci KpaiHW Ta IJIaHy 3aXOJiB 3 iMII-
nemenTartii JlupektuBu €Bpomneiicbkoro Ilapmame-
Hty ta Pagu 2009/28/€C Bim 23 keitas 2009 p.
II0JI0 CTUMYJIFOBaHHS BUKOPUCTAHHSI BiTHOBIIOBa-
JMBHUX JKEPET eHeprii.

V 1mi€l cTaTTi PO3TIATAETHCS KOHKPETHA MOXK-
JIUBICTH MEPEXO/y Ha CIIOKMBaHHS OlomayvBa Jis
YaCTKH TMOTYXXHOCTEH KOTEIbHIM Ha MPHPOIHOMY
ra3i J{HIMpomeTpOBCHKOTO HAIIOHAJILHOTO YHIBEp-
CHUTETY 3aJlI3HUYHOTO TPAHCIIOPTY IMEHI aKkaJeMika
B. JIazapsina. OCHOBHI BUXiJHI JIaHi i€l KOTEIBHOT
mpecTaBieHi y Taom. 1.

Tabnuns 1

OcHOBHI NOKa3HUKH /11 KOoTeabHoi [{ninponer-
POBCBHKOT0 HAI[IOHAJILHOTO
YHiBepcUTeTY 3a1i3HUYHOr0 TPAHCIIOPTY
imeni akagemika B. Jlazapsana

Table 1

Basic indicators for the boiler house of Dnipropet-
rovsk National University of Railway Transport
named after Academician V. Lazaryan

Ha3Ba mignpuemcTaa,
Ha 0a3i SIKOTO MJIaHYIOTh
pearizyBaTH MPOEKT

JlHinponeTpoBCHKHiA
HaIllOHAJILHUAHN YHIBEpPCH-
TET 3aJI3HUYHOTO TPaHC-

MopTy iMeHi akajeMika
B.JIazapsna

Anpeca MalijlaHYMKa M. JIHIMpOTIeTPOBCHK,

By:. JlazapsiHa, 6yn. 2
KopoTtxkwuii onuc mmomanxku | 3aranbHa mioma 24 ra

ITinkmrouenns rerm. HaBa- | 19,7 I'kan/ron.

utaxxensst OIT/T'BII

3aranbHe piune BupoOHun- | 23 630,831
TBO T.e. ['kai.

Yactka po3noainy crioxu- | 43/51/6

BadgiB. %

Hac/010K/KOMepIT

OuikyBaHa BCTaHOBJICHA 7 558 Ket
MOTY>KHICTh KOTJIA Ha 6io-

nanesi

Bun OyniBHUIITBA : HO- PEKOHCTPYKITis
BE€/PEKOHCTPYKLIS

[T1aHoBwMiA BU OiomanuBa | arpomeneTH
OuiKkyBaHa cxeMa JIOTICTUKH | ABTOTPaHCIOPTOM
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3akiHnueHHs Tabdi. 1

HasBa mignpuemMcTa, Ha 6a3i
SIKOTO IJIaHYIOTh peaji3yBaTi

JIHImpOoneTpOBCHKHIA
HaliOHABHUI YHIBEpCH-

HPOEKT TET 3aJ1i3HUYHOTO TPAHC-
MopTy iMeHi akaseMika
B.JIazapsina
HasBHicTb 3py4HuX 5 GaniB

mig’ 3aanx noraxis. Omi-
HITb Bijg 1 10 5 OaniB

HasBHiCTh TepuTOpii mis
OyIiBHHIITBA BUTPATHUX
CKJIa/IiB TIAJIUBI, OPi€EHTO-
BaHa IJI0IIa, ra

MiHiMaibHa BiACTaHb 4O
KHTIIOBOI 3a0y/10B, Opi€H-
TOBAHO

OuikyBaHi opraHi3aliifHo-
TEXHIYHI pilIeHHS

KinekicTh crio’KHBauiB
3BelicHa (OPIEHTOBAHO)

Cranom Ha 01.02.2015
THC.9OJL.

3aranpHa moTpeda y Tem-
noBi# eneprii (I'kan/pik) B
— Ha ONAJICHHA

— Ha rapsie BoI0IocCTa-
yanus (I'TIB)

3 HUX 3a0e3Meuy€eThes 3a-
BJISIKU TICHTPAII30BAHOMY
TEIUIONOCTaYaHHIo.
I'kan/pix:

— ONAJICHHS
—I'BII

KinbKicTh KOTEIEHD
LIEHTPaJIi30BaHOTO TEILIO-
[TOCTaYaHHs, IIT.

OpienroBaHa yacTka Oara-
TOMOBEpX0BOi 3a0y10BH, %

OpieHTOBaHA YacTKa 1HH-
BiJlyaJIbHOTO OnayneHHs, %

CekTop poOOTH KOTEIbHI

Bapricte nmpupogHOTO
B 2015 p. cranoBumna 9 600

[IpuMinIeHHs TTOIECIO
0,04 ra

Binkpura miomanaka 1
ra

150-170 m.

PexoncTpykuis ctapoi
KOTEINBHI s TeHepa-

1ii TermI0Bo1 eHeprii 3

6iomacu

4 000

23 630,831

14 780,781
8 850,349

23 630,831

14 780,781

8 850,349

1

65 %

35%

BromxerHa cepa

rasy Ans KOTeNbHi
rpH. 32 1 THC. KY0. M

3 [I1IB. KorenbHs obnamHaHa KOMEPUIHHUMU BY3-
JIOM OOJIKY 3 KOPEKTOPOM BHTPATHU Ta3y MO THCKY
Ta TemrepaTrypi, BcraHoBileHuM 1o I'PIl. Buma-
JICHHS| IUMOBHX Ta3iB MPOXOIUTH 3a JOIIOMOTOO
NPUPOAHOI TSATH AUMOBOIO TPYOOIO 3 LIETTH AiaMe-
TpoM 1500 MM (Ha HaWBWINIA TOYII), BHCOTOIO
45 M, BcTaHoBjeHy Ounbiie 40 pokiB Tomy. Ha ko-
TeJIbHI HasBHUI BY30J OOJIKY BiAMyIIEHOI TerJIo-
Boi eHeprii. [Ipore, 31 cTOpoHU CrioKUBaHHS 00ITi-
Ky HeMae.

3HOILIEHICTh TEIUIOBUX MEPEX IO MiAIpPUEMCT-
BY NMPU3BOAMTH 10 BUCOKHX BTpPAT TEILIOBOI eHEp-
rii Ta HAAMIPHOTO CIIOXWUBAHHSAM EJICKTPUIHOL
eHeprii. TemoBi BTpaTu 3 BUTOKOM BOJH 3 TPy0O-
MPOBOJIB 1 BTPaTH TeIJia 3a PaxyHOK OXOJIOKEH-
HS BOAW B TPYOOINPOBOAAX CKIAJAIOTH OJM3BKO
12 %, xo4a 11l JaHi MPEICTaBISAIOThCS 3aHMKCHU-
MU, a ToyHa nuppa Moxxe OyTH BCTAHOBJIEHA NPH
BIIPOBAKEHHI TIOBHOTO OOJIIKY TeIjla y CIIOKHBa-
4iB. [IuTOME CIIO’KMBaHHS €JIEKTPOCHEPTII CKIIamae
omu3pko 10 kBr-ron/T'kan (Biamymeny). [lepemnik
OCHOBHOTO OOJNaJHAHHS, AKEe € B KOTEJbHi, HaBe-
JieHe B Ta0. 2.

Tabnuusa2

Iepenik 0ocHOBHOTO 00/J1aTHAHHS KOTeJIbHi

Table 2
Main boiler house equipment list
Temnorene- | Tum, map- | Iloty- | Beegen- | KK,
pytoue 06- Ka KOTJIa | XKHICTb HA B %
JIaTHAHHS , 'kan eKCILTY-
aTario
Koren Ne'1 | KBI-6.5- 6,5 - 90
(poGouwmir) 150
Korea Ne 2 | KBI'-6.5- 6,5 - 89
(B pe3epsi) 150
Koren Ne 3 KBI'-4- 4 - 91
(Ha koHCe- 150
pBarii)
Koten Ne 4 E-1/9 1 - 85
(poGounit)
Koten Ne 5 E-1/9 1 - 85
(poGoumir)
Koten Ne 6 E-1/9 1 - 85
(pe3eps-
HUK)
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Posmonin TemioTu Mo KaTeropisiM CIOKUBaYiB
JUIA KOTEJIbHI HaBeIeHO B Ta0II. 3.

I'padix posmominy BUPOOKH TEIUIOBOI E€HEpTil
JUTSL KOTeJbHI 1o Micsism 2015 poky HaBeACHO Ha
puc. 1.

Tabnuns 3
Po3noain TenyoTu no kareropisiM cno:kuBaviB
Table 3

Heat distribution by categories of consumers

Kateropis On. 2013 2014 2015
CIIOXKHMBAYiB (rutan)
Hacenen- I'kan/ron 1,874 1,874 2,278
HS
bromxker- I'kan/ron 2,231 2,231 2,525
HUX yCTa-
HOB
THmumx I'kan/rox | 0,058 0,058 0,079
CIIOKUBa-
4iB
BCBHOI'O 4,163 4,163 4,882
=
4000 3606 :
_— I 2968 e
2000
} 1103 954
1000 594 615
9 4 = - ‘T‘ ’T‘% l‘.ﬂz 1I1 ’T‘ .n| 3 ]
& =~ F £ 5 ¢ B g g €

Puc. 1. Piunmif ruraH mocTayaHHS TETUIOBOI CHEPTii
kortenbHi (2015), I'kan

Fig. 1. Annual plan for heat energy supply
of the boiler house (2015), Geal

MeTtoanka

TemyoBa eHeprist OyZe BBaKaTHCS Takolo, IO
OTpUMaHa 3 JOTPUMAHHIM KPUTEPIiB CTAIOrO PO3-
BHUTKY, KOJIU ii BUPOOHHUIITBO BKIIFOYATHME €KOJIO-
TIYHMH Ta colianbHUM (akTOpH Ta MiHIMiZyBaTUMe
CBill BIUIMB MPOTSITOM CBOTO JKUTTEBOTO LUKITY IO
BChOMY JIAHITIOTY MOCTAYaHHS MO BiIHONICHHIO JI0
COITIATPHO-EKOHOMIYHOTO OTOUYeHHS. JlupekTuBa
€BpomapiaMeHTy 3 BiJIHOBIIOBAJIBHUX JDKEPEI
eneprii 2009/28/EC BuzHayae Ta poOUTH 000OB’513-
KOBHMH JIJIs1 JOTpUMaHHS Kputepii cranocti. Ko-
Miciero Oy po3poOIieHi Ta peKOMEHI0BaH1 CXeMH
CTAJIOCTI JUIs JaHWX BUAIB OiomMacu, a KpaiHu-

YJICHW Hapasi B MpoLeci 3almpoBaKeHHs HallioHa-
JTBHUX KpUTEpiiB cranocti Oiomacu. Cepen KpuTe-
piiB cTayocTi A TBepAoi OioMacH, MO BHKOPHC-
TOBYEThCS JJIi BHPOOHUIITBA TEIJIOBOI eHeprii
B KOTENbHIN MOXKHA PO3TIISAaTH HACTYITHI:

1) ckopoueHHS BUKHIIB TAPHUKOBUX Ta3iB MPH
BIIPOBKCHHI 0i0CHEPreTUYHUX TEXHOJIOTiH Ma-
I0Th CTaHOBUTH He MeHme 35 % y MOpiBHSHHI
3 aHAJOTIYHUM BUKOPHCTAHHSIM BHKOIHMX MaJHB,
3 1 ciyasg 2017 p. e menme 50 %, 3 1 ciuns
2018 p. He menme 60 % nns ycTaHOBOK, BBEJICHUX
B ekcruryatamito 3 01.01.2017. Lei kpurepiit Bu-
KOHYETHCS, OCKUTBKH CKOPOYCHHS BUKHIIB TTapHH-
KOBHX Ta3iB HPOTATOM BCHOTO KHTTEBOTO ITHKITY
TEXHOJIOT1] BUPOOHUIITBA TEIUIOBOI eHeprii i3
arpobiomMacu (arpomeneT) CTaHOBUTH OJIM3BKO
88-92 % (manuii Noka3HUK OYB PO3pPaxOBaHMM IS
KOTEJIbHOI YCTaHOBKHM MEHILOi MOTY>KHOCTI Ta s
YMOB YKpaiHu.

2) BUCOKa €(PEeKTUBHICTH MPOIECY BUPOOHHUIIT-
Ba TEIUIOBOI eHeprii 13 Oiomacu. Lleit kpurepiit Bu-
KOHYETBhCS, OCKUIBKH KOTENbHS Ha arpobiomaci
XapakTepu3yeThes ¢EKTUBHICTIO HA PiBHI HE HU-
xue 85 %.

3) couianbHmii eeKT, 10 MOB’I3aHUH 31 CTBO-
PEHHSIM HOBHX poOoumx Mmicip. Llel kpurepiit Bu-
KOHYETBCS — BBEJICHHSI B €KCIUTyaTallilo KOTeIbHi
Ha Oiomaci 3 BupoOHunTBOM 1 I'BT'ron Temnosoi
eHeprii cTBoproe 1,6 poOoOYMX MicCIlb B T.4. Ha CY-
MDKHUX pHHKaX. TakuM YHHOM, OYIKYETHCS, IO
peaitizailisi MPOEKTY NpPU3BEIE 0 CTBOPEHHS 5—6
HOBHX JOAAaTKOBHX POOOYMX MiCIb y MOPIBHSHHI
i3 6a30Bo0 cuTyamiero (06e3 JaHIiora JOTICTHKH,
1Ie OKpPEeMHUH CEKTOp BUPOOHHIITBA OiomaiuBa, TYT
PO3TIISAAETHCS JIMIIE PUPOCT POOOUYHMX MICIbh Ha
KOTeNbHI— J[KePEITi TETUIOBOI eHeprii).

B poboti mpoanamizoBaHO 3aKOHOIABUy 0a3za
CTOCOBHO BiJIHOBIIIOBAHOI EHEPreTUKU YKpaiHu,
B TOMY 4YHCJII B CEKTOpi OioeHepreTWKH. 3aKoH
Vkpaian «IIpo ampTepHaTHBHI BUIU TanwBay [6]
BU3HAYa€ MPaBOBi, COIlaJIbHI, EKOHOMIYHI, €KOJIO-
riuHi Ta oprasizauifiHi 3acagu BUpOOHHUTBA (BU-
MOOYTKY) 1 BUKOPHCTaHHS ajlbTEPHATUBHUX BHJIIB
nanuBa. B 3akoHni «[Ipo anbrepHaTHBHI BUIU Ia-
JMBa» JAE€ThCS BU3HAUYEHHS OCHOBHHX MOHSAThH
B CcekTopi OioeHepreTwku: Oiomaca, Oiomanmso,
Oioras, BUpOOHHK OiomanuBa, TBepAe 0i0maIuBoO Ta
in. Tak, 3riHO 3aKOHY: OioMaca — 0i0JIOTIYHO Bij-
HOBJIIOBAJIbHA PEYOBHHA OPraHIYHOTO IMOXOJKEH-
HA, IO 3a3Hae Oi0JOTIYHOTO pOo3KiIamy (BiIXOIu
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CIIBCBKOTO TOCHOAapcTBa (POCIMHHUITBA 1 TBa-
PHMHHHMIITBA), JIICOBOTO T'OCIIOJAPCTBA Ta TEXHOJO-
TIYHO TTOB’S3aHMUX 3 HUM Tally3ell MMPOMHCIOBOCTI,
a TaKoX OpraHiyHa YacTHHA MPOMHCIOBUX Ta IO-
OyroBux BimxoniB. Bioyoriuni Buau manuea (0io-
MajJBO) — TBEPJE, PiKe Ta Ta30BE MAJIMBO, BUTO-
TOBJIEHE 3 010JIOTYHO BiJHOBIIOBAJILHOT CHPOBUHH
(Giomacwm), sike MO>K€ BHKOPUCTOBYBATHUCS, SIK Ma-
JUBO 200 KOMIIOHEHT 1HIITUX BUJIIB MaJUBA.

B po0oTi po3riasHyTO MEXaHi3MH CTHMYJIO-
BaHHS Ta PO3BUTKY BiJHOBIIOBAIBHUX JDKEpe
eHeprii, Taki,AK HemonaBHo npuitHara [loctanoBa
KMY Ne 293 Bix 09.07.2014 «IIpo ctuMyroBaHHS
3aMIlleHHsI IPUPOAHOIO ra3y y cdepi Terionocra-
YaHHS», M0 Habupae umHHOCcTI 3 01.10.2014 [9].
VY pasi BUpOOHMIITBA TEIUIOBOi €HEprii JJs Hace-
JICHHSl PI3HUI MK TapupoM Ha BUPOOHHIITBO
TEIJIOBOT €Heprii Ha TeIUIOTeHEepYIOYNX yCTaHOB-
KaxX (KpiM TEIUIOCIEKTPOLCHTpPANIEH, TEIIOeNeKT-
POCTaHIIIH i aTOMHUX €JICKTPOCTAHIIIN) 3 BUKOPHC-
TaHHSM OyJb-fKUX BHJIIB MaJMBa Ta CHEPrii (3a
BHUHSATKOM TIPUPOIHOTO Ta3y) i TapudoM Ha BHPO-
OHHIITBO TEILIOBOI €Heprii /Il MoTped HaceIeHHs
Ha 3a3HAYCHUX TEIUIOTEHEPYIOUHX YCTAaHOBKAaX
3 BHKOPHUCTaHHSAM OyAb-SKMX BHIIB TaluBa Ta
eHeprii (3a BUHATKOM IPHPOJIHOTO Ta3y) IiJIATae
KOMIICHCallii 3 Jep:kaBHOro OromkeTy. OpraHam
MICIIEBOTO  CaMOBPSAYBaHHS  PEKOMEHIYEThCS
CIIPUATH peai3aiii iHBECTUI[IHUX TMPOEKTIiB BU-
pPOOHHIITBA TEIUIOBOI €HEprii 3 BUKOPHUCTAHHIM
Oyab-SIKUX BUJIB MAJIMBA Ta €HEPTii (32 BHHATKOM
MPUPOAHOTO Ta3y), B TOMY YHCII 3 BiTHOBIIOBaHUX
mkepen eHeprii. Takox BaxumBoro € [loctanoBa
KMYVY Ne 453 Big 10.09.2014 «IIpo ctumytoBaHHS
3aMillleHHs] IPUPOIAHOTO Tra3y Mija 4ac BUPOOHHIIT-
Ba TEIUIOBOI €Heprii /Uis yCTaHOB Ta OpraHi3allii,
o (hiHAHCYIOTHCA 3 JEP’KaBHOTO i MICIIeBOTO Of0-
mketiB» [8]. 3rimHo wiei IlocraHoBu, Tapud Ha
BUPOOHMIITBO TEIUIOBOI €Heprii A OFOHKETHHX
YCTAaHOB Ta OpTraHi3allii Ha TeIJIOTeHEPYIOUNX
ycranoBkax (kpim TEL[, TEC i AEC) 3 Bukopuc-
TaHHAM Oynab-SKUX BHUIIB HajuBa Ta eHeprii (3a
BUHATKOM IIPUPOJTHOTO Ta3y) BCTAHOBIIOETHCS HA
piBHI Hito4oro Tapudy Ha BHPOOHHLTBO TETLIOBOT
eHeprii s OrOJUKETHHX YCTaHOB Ta OpraHizamii
3 BUKOPHCTAHHIM MPUPOTHOTO Ta3y Ta Ieperisia-
€TBCSA Yy pasi 3MiHM TPAaHUYHOTO PIiBHS IIIHA Ha
MPUPOJHUH Ta3, M0 BUKOPUCTOBYETHCS JJIsl BUPO-
OHMIITBA TEIIOBOI eHeprii ajs OIKeTHUX ycTa-
HOB Ta opragizaiii. Opranu MiCIIEBOTO CaMOBpS-

OyBaHHS MAalOTh CHPUATH peati3auii iHBeCTHLil-
HUX TIPOEKTIB 3 BHPOOHUIITBA TEIUIOBOi e€Hepril
3 BHUKOPUCTAaHHSAM OyIb-SKHX BHJIIB ITajJuBa Ta
eHeprii (3a BUHSATKOM NPHUPOJTHOTO ra3y), B TOMY
YyuCci 3 BiZHOBIIOBaHMX kepen eHeprii. [locra-
HOBa HaOmpae urMHHOCTI 3 1 xoBTHA 2014 p. Ta mie
1o 1 xostas 2019 poky.

B Vkpaini po3pobieHo psa BaXIUBHX IPO-
rpaM/CTpaTerii CTOCOBHO TPIOPUTETHUH HANpsM-
KiB po3BuTKy cextopy BJIE. [eski 3 HUX € mitoun-
MM, 1HII 3HAXOIATHCS B cTaTyci nmpoekty. EHepre-
TUYHA cTpareris Ykpainu Ha nepiox mo 2030 poky
(2013) . B Crparerii 3a3Ha4eHo, Mo YKpaiHa Mae
3HAYHUI MOTEHIIa)l PO3BUTKY OioeHepreTuku. Jist
HIMPOKOTO0 KOMEPLIHHOTO BUKOPHCTAaHHA HalOmu-
JKYUMH POKaMH JOLIIBHO BIPOBAIKYBAaTH TEXHO-
Jorii cramoBaHHs 0ioMacH B KOTJAX 1 TEXHOJOTIT
300py ¥ yTuitizanii 6iorasy Ha MOJITOHaX TBEPAMX
MoOyTOBUX BiAXOIIIB, OCKUIBKH IIi TEXHOJIOTII ITOKH
mo Haiikparie po3poOneni. [loTenriiina BcTaHOB-
JIeHa TIOTYXKHICTh y CErMEHTI 010€HEPTeTHKN MOXKE
cranoButH 10-15 I'BT TemmnoBux # 1-1,5 I'Bt ene-
KTpUIHUX. 3aTBeprkeHo HarioHanpHWN TUTaH miid
3 BIJHOBJIIOBAHOI €HEpreTHKHM Ha repion mo 2020
poky. [lman mifi Oymo po3poOJICHO HA BUKOHAHHS
VYxpaiHoto ii 3000B’s13aHb K uineHa EHepreTndHo-
ro CroiBroBapuctsa. ['0loBHa MeTa JOKyMEHTY —
nocsrty B 2020 poui 11% wacTku eHeprii, BUupoO-
JIeHO1 3 BIJHOBIIOBAHUX [DKEPET, y 3arajlbHOMY
KiHIIEBOMY €HEProCIOKMBaHHI KpaiHW. 3TigHO
npoekry [lmamy niii, y 2020 poui Ha omaieH-
H$1/0XOJOMKEeHHS Oyie BUKOPUCTOBYBATHCS 4 MITH.
T H.e. 6ioMacH, B TOMY YHCII TBepmol — 3,9 MITH. T
H.e., Oiorasy — 0,1 muiH. T H.e. BcTaHoBNeHa MOTY-
JKHICT O0’€KTIB €NEKTPOCHEPreTUKM Ha Oiomaci
cranosutume y 2020 poui 530 MBrT (1,1% 3arans-
HOTO 00CSATY BHPOOHHMIITBA), B TOMY YHCJII Ha TBE-
paiii 6iomaci — 400 MBrT, nHa 6ioraszi — 130 MBT.

PesyabTarn

IlutaHHAM €KOHOMIi TPaAHMIIMHUX pPECypcCiB
B JIHY3T mpunmarots Benmuke 3HadeHHs [4, 10].
B wi€ei po6oTi nmpoaHanizoBaHO MOXKJIMBOCTI Iepe-
BOJIy YaCTKH TOTYXKHOCTEH JUIsi TeHeparlil Teruio-
BO1 eHeprii Ha OionaymBo. [Ipu aHami3zi nepeBoay
Opanmch 70 yBaru CydYacHi MiJXOIU CTOCOBHO
e(heKTUBHOCTI CUCTEM TEIUIONOCTadaHHs [5], a Ta-
KOX ix TepmomomepHm3amii [2]. OmiHKa TaKoro
nepexoay MPOBOAWIACEH BIAMOBIIHO CYYacHHM ITi-
nxonaMm no mworo [1,3]. Bpamuce Takox mo yBaru
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MOYJIMBI 3MIHH TEXHIYHUX XapaKTEPUCTHK oOman-
HaHHSI Tpu poOOTI Ha HOBOMY BHUII TalMBa
[11-14]. Iicns 3poGieHoro aHamizy OyJo 3ampo-
TOHOBAHO ISl CTIAIOBAaHHS OioMacu Mo BCTaHOBU-
TH CHEIiaNbHI KOTIW, IS KOTPUX B KOTENBHIN
JAHY3T € BimpHi Micus . [lepmre BitbHE Miciie —
npubnmmu3Ho 10x7M (ToTeHIliiiHe Miclie SIS KOTIiB
Ha OioMaci) po3TamoBaHO Ha MEPIIOMY MOBEPCi, Ta
npyre 15x7 M Ha apyromy moBepci. Bucora mep-
1IOTO MOBEpXy 8 M, Apyroro — 4 M. besnocepenHpo
JI0 KOTeJIbHI IpUMHUKae OyIiBIs, sIKi 3apa3 BUKOPHU-
CTOBYIOTKCS, SIK JTaboparopii. Kopucua mmoma i€t
OymiBiTi CKIIagae BiAMOBIZHO 10 TeHIUIaHy 860 M°.
Hocrtyn mo wiei OyaiBiai Bif mia’i3HUX HUIAXIB Bi-
JBHUH, TOMY BOHA i€aNbHO MiAXOIUTH Ul Opra-
Hizamii ckimaxy OiomanuBa as 6ioMacoBOi KOTEIb-
Hi. Bifgcrans 10 HaHOJMKYOTO KHUTIOBOTO OYAHMH-
Ky (11-TM moBepxoBa KUTIOBHHA JiM) BiJ rpaHULi
KOTENbHI ckiaamae Omu3bpko 170 m.

PexoHCTpYKINS KOTEIBHI 3 TEepeBECHHSIM Ha
Oiomacy YaCTHHH MOTY>KHOCTEH 3 BUKOPUCTAHHIM
icHyro4oi OyniBIli TEXHIYHO IOBHICTIO MOXIIVBA.
Jlns mporo € BCi HEOOXimHI TEpeIyMOBH, a CaMe:
BiJIbHE MiCIle Y KOTeINbHiH, HAasBHICTh iH(pacTpyK-
TypH Y KOTeNbHIN, HasBHICTH OYIiBN Mif CKJIaZX
OiomanmBa y Oe3nocepenHiit OIM3BKOCTI 10 KOTe-
npHI (5 M), HasBHICTH BUIBHHX 1 IIPOCTOPHX
i 13HUX OUISXIB I MaHeBpYy OyIb-IKOTO aBTO-
TPAHCIIOPTY, HASBHICTh TOYKH MiJKIIOYEHHS 0
eJIeKTpOMepeXi, TMMOBOI TPyOH, HAasIBHICTH HaBa-
HTaxxeHHss Ha ['BII BiiTKy (4acTKOBO) i B3HMKY,
ToOTO peKOHCTPYKLis KOTEIbHI 3 MepeBeACHHIM
Ha 0iloMacy YacCTHHH IMOTY>KHOCTEH 3 BUKOPUCTaH-
HSIM icHyto4oi OyIiBJI TEXHIYHO MOBHICTIO MOX-
nuBa. (YaCTKOBO) i B3UMKY, JOPOTUH «OHOIKET-
HUW» TPUPOTHUN Ta3, mo Oyae 3aMillyBaTHCA.
Y OyaiBmi icHYI04YOi KOTENBbHI JOCTATHBO MIiCIIS
(10x5x8 M) nmias BCTaHOBJICHHS OIHOIO KOTJIA Ha
6iomaci motyxHictio 10 3,0-3,5 MBTT abo mBox
koTiaiB o 1,5-1,75 MBtt. Jlnsg misoro Tpeba 3xiii-
CHHUTH JIEMOHTaX 1 TICPEHECEHHS ICHYIOYOTO JO-
MOMIXKHOTO O0JIaJHaHHS (HACOCIB, TEMJIOOOMiHHU-
kiB, XBO, Tomo). B3arani koTenbHs BiIpi3HAIOTH-
Csl HEUIUIbHUM DO3MIIIEHHAM iCHYIOYOTo 00Jaj-
HaHHS ycepenuHi OyaiBii, TOMy OiTbII KOMIIAKTHE
PO3MIIIEHHsT TOMOMDKHOI iH(pacTpyKTypu 3a0e3-
HEeYUTh JOCTAaTHBO MicLsl I HOTYXKHOCTI [0
3,5 MBrT Ha Giomaci. Sk Oyzae mokazaHo aali, on-
THMAJIBHOIO TIOTYKHICTIO KOTJIa Ha 6ioMaci MOKHa
BBa)kaTH Jiana3oH Oinbuie 2 MBr. Takuii nianazon

MOTY>KHOCTI Takok J00pe Y3roJKyeThCs i3 mpoc-
TOPOM, HasBHUM Y KOTeIIbHI Ta y TOCIIOAAPCHKiN
OymiBIIi U CKJIaay: 3a rabapuramu. Sk 3a3HaYEHO
BUIIIE, Ta30Ba KOTEJIbHs MOXe OyJe 4acTKOBO pe-
KOHCTpyiHOBaHa JjIsl CiajlfoBaHHs Oiomacu Ta Oyne
samumatucs y BrmacHocTi JHVY3T. IloTyXHICTH
oOnamHaHHs Ha OiomanuBi Oyjae ckimagatu abo
2x1,5 MBT (1 xoten na I'BIl, inmmii — Ha omajieH-
H), abo 1 xoten 1,2 MBtr (Ha I'BII), 2-# xoTem —
2 MBrtr (Ha omaneHHs). OawH Ta30BHH KOTEN
KBTI'-6,5 ta koten KBI'-4,0 3anmumatotbcst B poOOTi
JUTSL OTIaJICHHS B HAHOUTBII XOJIOAHUHN MepioJ] pOKy
(CiYeHB-TIOTHI) IMapajelibHO 3 KOTIIOM Ha OioMaci.
Hpyruii razoBuit koren KBI'-6,5 3anmumaerbcs
B pesepsi. J[Boe 3 Tpbox ra3osi kotaiB E-1/9 mpo-
TIOBXKYIOTh MoKpuBatu moTpedu I'BII B onamosa-
JIHUH MepioJ Ta B Ti MICAI JIiTa, KOJIM KOTJIM Ha
Oiomaci He MpalBaTUMYTh. 3a BiACYTHOCTI HaBa-
HTa)XEHHS OIAJICHHS, OJUH 3 KOTJIIB Ha Oiomaci
MEePEKITIOYAEThCS Ha 3adesredeHHs ToTped. Sk
1 paHinre, mianyetbes 3abesneaysaru 100 % 1inmo-
piuHy TOTpedy CIIOKMBaYiB B TEIJIOBi eHeprii
st motpe6 omaneHds ta I'BIL. O6mik BigmymeHol
TEIIOBOT €HEPTii 3 KOTeJbHI IJIaHy€EThCS 3I1HCHIO-
BaTH HAa OCHOBI MOKa3HUKIB MPHJIA/IiB aBTOMATHY-
HOTO O0ITIKY.

HaykoBa HOBM3HA Ta MPaKTUYHA
3HAYUMICTH

Pecypcu comomu 3 JIHIMPOBCHKOTO PETiOHY, SIK
MajBa BU3HAYAIOTHCS 3 OJHOTO OOKY TEIJIOTBOP-
HOIO 3JIATHICTIO 1i, a 3 JPyroro KiJIbKiCTIO caMoi
COJOMH KOJO MicId il CHOXHMBAHHS, SK IaJuBa.
TemnoTBopHA 34aTHICTH COJIOMH Pi3HUX BHIIB Ha-
JlaHa B TaOI. 4.

Tabnuna 4

TenjioTBOpPHA 31aTHICTH ¢/X Bixxoais

Table 4
Heating value of agricultural wastes
Bupg ¢/x otxonos TemnoTBOpHA 31aTHICTH, M/[X/KT
[Tmennyna comoma 17-18
PamncoBa conoma 16-17
Kykypynza 18
JHpeBecuna 18,5

st po3paxyHKy MOKJIMBOI KUTBKOCTI 310paHoi
coloMH TOTPiIOHO BpaxoOBYBaTH BPOXKAWHICTH
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nireHuni. BiAMOBIAHO CTATHCTUYHHMM NAHUM I
JIHIIPOBCHKOTO PETiOHY KiJBKICTh COJIOMH 3 OJTHO-
ro TekTapy mo maci 0yme mopisatoBatm 0,8—1 Bif
BpOKalHOCTI muieHuIi. Po30ixkHICTE TOB’s3aHa
3 COPTOM Ta TEXHOJIOTi€0 300pkH. B momanbmmx
po3paxyHKax MH OyJIeMO 3aCTOCOBYBaTH HaWHWK-
yuii koedimient 0,8. Jlns JIHinponeTpoBChKoi 00-
jmacTi 63 % 3alHATI MOCIBHMMH IuTomamu. lle
cknanae s periony 1 968 tuc ra. Yactka 3epHO-
BHX CTaHOBUTH 55 % BiJl 3arayibHOI TUIOIIH Mif TIO-
CIBHUMH KyJIbTypaMH. Bynemo BBaxkaTu BpoOKaid-
HICTh MIIEHUII 1 SIMeHI0 B cepenabomy 30 IeHT-
HepiB 3 ra. bymemo BBaxkatn korenbHIO JIHY3Ta,
SK IEHTP JOCTABKH COJIOMHU 30Y[Ib SIKOTO HANPSMY.
OCKiNbKH KOTENIbHAa PO3TalloBaHa B LIEHTPI MicTa
Juinpo, To OyaemMo BBaXkaTH, IO BOKPYT Hel iCHYe
KpyroBa IuIomuHa paaiycoM 10 km, 3 sikoi conoma
He 30upaerbes. [lonepenHi migpaxyHKH MoKas3aiy,
[0 BOHA TIOBUHHA 30MPaTHCS 3 KUTBIS MiXK BHYT-
pimHIM pagiycom 10 kM Ta 30BHImHIM 20 KM, SK
MOKa3aHo Ha puc. 2.
R

Puc. 2. Cxema 300py cOOMH 17151 KOTEIBHOL
Fig. 2. Scheme of straw collection for the boiler house

Toxi moreHIfifina KiIBKICTh COJIOMH B TOHAX,
Ky MOXXHA OTPHMATH JJIsi KOTEIbHIN 3 TUIOIII pa-
nmiycom R (ue BigcTaHb 300py Ta JOCTaBKH COJIO-
MH) MOXKHA TIpaxyBaTH IO CIiBBiIHOLIICHHIO:

20
M(R)= jo,63-o,55-1nKR-dR, (1)
10
ne I — BpoXKaiiHICTh 3epHOBUX, K — KoedillieHT,

SIKM{ BU3HAYAE JIONIO COJIOMH, III0 MOXHA 3aCTOCO-
ByBaTH JUIs ONajeHHsS. BiH mpUOIU3HO TOPIBHIOE

0,5. Inma comoMa 3acCTOCOBYETHCS, SIK KOPM IS
CKOTA.

Pe3ynbraTy minpaxyHOK MacH 3i0paHOil COJOMU
1o criBBiHOIICHHIO (1) HaBeaeHo Ha puc. 3.

40000/
30000

20000/

Maca conomu, T

10000 ;

14 16
BipcTaHHe 3Gopy, KM

Puc. 3. MoxnuBa KibKiCTb 310paHoi cooMu
Oinst micta J{Himpa

Fig. 3. Possible number of collected straw
near Dnipro city

MosiBa MOTYKHICTh KOTENBHOI TIpH Oe3rre-
pepBHOI POOOTI HA MPOTH3i ONMATIOBAJILHOTO CE30-
Hy, sikuil popiBHroe 180 mHIB i sIKy 37aTHa 3a0e3-
meuuTH 3i0paHa Ours JlHinpa 3 pi3HOI TUIOMIMHH
conoma nipu KK/ TELL =0,82, TeruioTBopHiit 31at1-
Hocti conomu 17 MJXK/kr HaBeneHa Ha puc. 4.

MoTykHICTL KoTenksHoT, MBT

.1.5. .1.3. .2.[)

T
BincTaHb 360py CONOMM, KM

Puc. 4. Moxuusi noryxuocti TELL, sika npaitoe
Ha 310paHoi Oust J{Hinpa conomi:
1 — motyxHictb koTia KBI'-4-159 (4.64MBrT);
2 — notyxHictb korina KBI'-6.5-150 (7.54MBT);
3 — cymapHa NOoTyXHicTh KoTenbHoi (22,87MBT)

Fig. 4. Available power of thermal station,
which is operated using the straw
collected near Dnipro
1 —boiler power KVG-4-159 (4.64MWt);

2 — boiler power KVG-6.5-150 (7.54MWt);
3 — total boiler house power (22,87MWt)

Kpankamu 1, 2, 3 BU3Ha4alOTh MOTYXHICTH OC-
HOBHMX arperartiB KOTEJbHOI Ta CaMOi KOTEJBHOI,
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a TaKoX HEOOXimHWU i iX poOoTH paaiyc 300py
comomu. 3 rpadika BHIHO, IO JJIS TOTO MO0 3a-
OesreunTn Oe3mepepBHY poOOTY BCi€l KOTENbHI
JIHY3Ta Ha npoTs3i ONaIIOBAJILHOTO CE30HY I10-
TpiOHO 30MpaTH cojomy B paaiyci He Oinbmr 18 kM.
[Ipu mepexoxi Ha OiomaMBO MOTPIOHO BpaxoOBYyBa-
TH HE TUIBKH HOTO BapTiCTh, a TAKOXX BAapTICTH Iie-
pEBE3CHb.

BapricTts nepeBe3eHs o YKpaiHi 3aJIeKUTh Bix
BiJICTaHI IepeBe3eHH. SIKIIO ampOKCUMYBATH JIaHi
pi3HUX (ipM BIIHOCHO BapTOCTi OJHOTO TOHHOKH-
nometpa B 2016 poli KBaApaTHIHOIO 3aJIEXKHICTIO,
TO MU OyZIeMO MaTH CITiBBiHOIICHHS (2).

S(R)=3,53214-0,0114295R +

+0,0000160748R>.  (2)

Jns JMHIHHOT 3aJIeKHOCTI MAaEMO CITiBBITHO-
MIEHHS BapTICTh OJHOTO TOHOKMIoMeTpa st 2016

POKYy

S(R)=3,39517—0,0077453R, 3)
ne R — BigcTaHb JOCTaBKH BaHTaXy, SIKHUM B L€l
poOoTi € comoma, mio 3i0paHa Ha Ii€i BiJCTaHi.
ToMmy B HacTymHHX CITIBBIIHOIIEHHSAX R IOpiB-
HIOE TAKOX BiJICTaHi 300py COJIOMHU.

OO0poOKka CTaTUCTUYHUX JAaHUX MO BapTOCTI
OMHOTO TOHOKWIOMeTpa it 2016 poxy mis -
HEHHOM Ta KBAaJpaTUYHOI 3aJIEKHOCTEH HaBEeAcHA
Ha puc. 5.

L
=
T
1

[
tn
T

1

~~

200

g
=1
T

BapTicTeNepeEe3aeHHA, TPH /! TEM

50 100 150
BigcTaHe NepeEe3eHHA, KM

=]

Puc. 5. Cepenust BapTiCTh nepeBe3eHb BAHTAXKY
st Ykpaiau B 2016 porri

Fig. 5. Average cost of cargo transportations
in Ukraine in 2016

Cama BapTicTh COJIOMH sl YKpalHH CKiIajae
miny Bix 500 rpu mo 1 500 rpu 3a ToHy. L{f0 como-
My MOTPIOHO TaKOXK JOCTABUTHU 10 KOTeJabHOI. Tosi

Tpeba OpaTu 0 yBaru TaKOX BapTiCTh JOCTaBKU
COJIOMH JUTSI KOTENbHOI. 3arainbHy BapTiCTh COJIOMHU
MO>KHA TIIPaxyBaTH SIK CyMy KYTIBJIi Ta JTOCTaBKH
10 CIIBBIIHOLIEHHIO:

Sy =Sc-M(R)+ [ M(R)S(R)-dR, (4)

ne S, — cyMapHa BapTiCTh KYILUIEHOI Ta I0CTaBIe-
HOI COJIOMH, I'pH., S, — BapTIiCTb KYIIBIi COJOMH,
rpH. S (R) — BapTICTh JOCTaBKH COJIOMHU B 3aJICK-
HOCTI Bij BijacraHi, rpH, M (R) — Maca 310paHoi

COJIOMHU B 3aJIeKHOCTI BiJ pajiyca 300py, T.

Po3paxyHOK BUTpar Ha KyIBIIO Ta JOCTAaBKY
COJIOMH IO KOTENbHI 0 CHiBBiIHOIICHHIO (4) Ha-
BEJIEHO Ha puc. 0.

4X1DT_| T T T T ]

(i) a2
4 4
— .
(=) =
-4 -4

—
E
—
=
-4
T
1

BapTicTbconomMu, rpH

14 16
BigcTaHe OOCTABKK, KM

10 12 18 20

Puc. 6. BapTicts mocraBku 3i0paHoi comoMu
3 BpaXyBaHHSIM BapTOCTI KYIIiBIIi

Fig. 6. Shipping cost of collected straw
with account the cost of purchase

byna Takox mpopaxoBaHa BapTiCTh OIHOTO
MBT noTy>XHOCTiI KOTEJIbHI B 3aJIe)KHOCTI BiJ BiJl-
cTaHi 300py,I0 MOXHA BBaKAaTHU TaKOX 1 Big MO-
TYKHOCTI camoi KOTeNbHi. Po3paxyHOK 3milicHIO-
BaBCsl 110 CIIIBBIIHOIIEHHIO:

_MR)rf

S =—,

1,5, v

ne M (R) — maca 3i6paHoi conomu, » — TEILIOTBO-

pHa 3maTHicTE conomu,l7 MJx/kr, — KKJI xoTte-
16H01,0,82, 7, — TpUBATiCTh ONANIOBAIBLHOIO Ce-

30Hy, 180 nib, S, — BapTiCTh KyMiBII Ta JOCTABKH

comomu. Pe3ynbTaté po3paxyHKy IO CHIiBBiJHO-
meHHro (5) HaBeneHi Ha puc. 7.
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1.11944 x 10°
1.11942 x 108
1.11940 x 108
1.11938 x 10°
1.11936 x 108

BapTicteMBTBrp

1.11934 x 10°

10 12 14 16 18 20
BiacraHHb  36opy , kM

Puc. 7. Baprictb otHOro MBT NOTYHOCTI KOTEJbHI
B 3aJIGKHOCTI BiJl BificTaHi 300py

Fig. 7. Cost of one MWt of boiler house power
depending on the distance of collection

Hdns mopiBHSAHHSA BapTicTe oxHoro MBT Ha
MPOTS3i OMAOBAILHOTO CE30HY JIJIS Ta3y MO0 IliHi
9 600rpuser 3a 1000 M’ Oyme HOpiBHIOBATH

4,48-10° tpuBen. To6To mpuOIM3HO B YOTHUPHU
pasu TopoxKYe.

BucnoBxku

Takum umaom Ha mpukiani JAHY3Ta icaye
MOXKJIMBICTD TIEPEBOJY YAacCTKH HOTY)XHOCTEH KO-
TesieHb JIHIMPOBCHKOTO PErioHy Ha 3aCTOCYBaHHS
OlonanuBa B SKOCTI manmbHOro. Ilpm icHyroYoMy
CTaHi peyeil BIJHOCHO coOiBapToCcTed KymiBIi Ta
nepeBe3eHb OiomaiuB cOOIBapTICTh OAHIET riraka-
Jopii Oyae NPUONM3HO B YOTHUPHU pa3i HUKUIN
B TIOPIBHSHHI C 3aCTOCYBaHHSM IPHUPOITHOTO Tazy
B SIKOCTI TanbHOTO. HerarnBHumu dakropamu mnpu
3aCTOCYBaHHI B SIKOCTIi MaJbHOTO COJIOMH € JIOCUTb
BEJIMKA IUIOLIMHA TiJl CKJIaJ MajJbHOTO Ta BEJIHMKA
KOpo3ifiHa aKTHBHICTh MTUMOBHX Ta3iB, sIKi CTBO-
PIOIOTBCSL TIPH TIaJiHHI COJIOMHU. 3arajibHUM HEZIO-
JKOM NI yCiX BHJIB OiomanuBa € HEOOXiAHICTh
nepe0yI0BH KOTIIIB TOJI. KOHKPETHHH THN Oiora-
yuBa. lle moTpebye 3HauHMX KomitiB. OIHAK OKYTI-
HICTb MpU 3aCTOCYBaHHI OiomanuMB  CKJazgae
3-5 pokis.
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NCITIOJIB30OBAHUE PETMTOHAJIBHBIX BO3OBHOBJISIEMBIX
BUOPECYPCOB JUIs1 PABOTBI CUCTEMBI TEIIVIOCHABXKEHUSA

Heas. B uccnenoBanny He0OXOANMO MPOAHAIM3UPOBATE BO3MOXKHOCTH M yCIOBHUs obecnieueHns 3¢ ekTuBHOM
paboTHI CHCTEM TETIOCHAOKEHHMS IPU TIEPEXO0AE YaCTH TEIUIOTCHEPUPYIOLINX MOITHOCTEH Ha 6noTommBo. B kave-
CTBe OMOTOIUIMBA Npe/IaraeTcs NPHMEHSTh COJOMY 3JIAKOBBIX KYJIBTYpP, KOTOpPBIE IIMPOKO pPAaCIPOCTPAHEHBI
B IlpuanenpoBckoM permoHe. I aBHOI 1enbi0 pabOTHI SBISIETCS HAYyYHBIA NMPOCYET BOSMOXKHOCTH M CTOMMOCTH
KOHKPETHBIX MEPONIPUATHI IJIsl Takoro nepexoga. Kak mpumep OepeTcs KoTenbHasi KOMIIAKTHOTO ropoaka JlHemnpo-
METPOBCKOTO HAIMOHAJIBHOTO YHHUBEPCHUTETA KEJIE3HOJOPOKHOTO TpAHCIOpTa MMEHHM akaaemuka B. JlazapsHa
(AHYXT), norpebasitomiast npupoansiii ra3. Meroauka. B pabore mpoBe/ieH aHanu3 3aKOHOJATENIbHON 0a3bl YK-
panHbl, KOTOpas CTUMYJIUPYET MPUMCHCHHUC B0306HOBHHCMI)IX HUCTOYHHUKOB B KAaUCCTBC TOIIJIMBA, 4 TAKXC CACJIaH
aHaJIn3 MEXaHU3MOB CTUMYJIMPOBAHUA U PAa3BUTUA 3TOI'0 HallpaBJICHU. Taxoxe OIMpPCACIIAIOTCA BO3MOXHOCTHU HpI/I-
JTHETIPOBCKOTO PETHOHA 0 00ECIIEYESHUIO MTOYYEHHSI U IIOCTABOK COJIOMBI [UIsl pa00ThI KOTEIbHON. AHAIM3UPYIOTCS
CTOMMOCTHBIE IIOKA3aTeNIH NEPEBO30K IPY30B MO TeppuTopun Ykpaussl B 2016 roxy, KOTOpbIE 3aBUCST OT paccTos-
HUS ¥ pa3Mepa Ipy30BHKOB. OTHU MOKa3aTelH, a TaKXkKe 0Ka3aTelu, CBSI3aHHbIE C MOKYNKON COJIOMBI, pacCMaTpUBa-
IOTCSI COBMECTHO C SHEPIreTHYECKMMH BO3MOXKHOCTSIMH €€ NPHMEHEHHs B KadecTBe TorunBa. PesyibTartsl. Ilpn
CYIIECTBYIOIUX B YKpanHe (110 cocTosHUIo Ha 2016 TOx) MPOU3BOAUTEIFHOCTH 3€PHOBBIX B CEITBCKOM XO3SHCTBE
M CTOMMOCTHBIX TOKa3aTeled B 00JacTH MEpeBO30K, IIEPEBOJL JOJIM MOIIHOCTEH Ha OMOTOIUIMBO SBISIETCS JIOCTa-
TOYHO peHTadenbHbIM. CTOMMOCTD €IMHUIIBI TEIUIOBOM MOIHOCTH MPU 3TOM MOJKET OBITh CHIDKEHA B UETBIPE pasa.
Hayuynasi HoBU3Ha. BriepBble NpeyIoKEHO UCIIOIb30BaTh HOBBIE KOMIIIEKCHBIE MOAXOBI ISl OLIEHKH CTOMMOCTH
CAWHHUIIBI MOIITHOCTHU TEIJIOBOM KOTEIbHOMU Ipu nepexonec €€ Ha MpUMEHCHUEC BOSO6HOBH51€MI)IX HNCTOYHUKOB 3HEP-
TuH. ABTOpaMI/I TaKKE MPEIJI0KCHA HOBAA JIOTUCTUKA JOCTABKU 3TUX UCTOYHUKOB K MECTY UX NIPUMCHCHUA. C tex-
HUYECKOH U CTOMMOCTHOW CTOPOH OIpEeZesieH ONTUMAaJIbHBIN MOPS/I0OK MOLIHOCTEH MepeBo/ia Ha HOBbIE BO30OOHOB-
JIieMble MCTOYHHMKM PHEPrUU B KOHKPETHOM PETUOHE, B 3aBUCHUMOCTH OT CTPYKTYphl MOCEBHBIX IUIOMAAEH U HX
npoaykTuBHOCTH. [IpakTHYeckasi 3HAYMMOCTh. BBelieHne nmpeaaraeMblX pelIeHUH M MOAX0A0B K 00€CIeUeHUIO
MOIIHOCTEH KOTEIbHOW BO30OHOBISIEMBIMH MCTOYHHKAMH SHEPTUHM MOTYT OBITh PEealn30BaHBbl PU OTHOCHTEIHLHO
HEOOJBIINX KATUTAIOBIOKECHUSIX W MOTYT 1aTh 3HAUYNTEIbHBIN SKOHOMUYECKUH 3 deKT.

Knrouegvie cnosa: Guopecypchbl; CropaHue COJIOMBI; CUCTeMa TEIUIO- U TOPA4ero BOJOCHAOMKEHMS; TEIUIOBbIE
TIOTEpH; TEIIOBOH PEKHM; TETUIOTBOPHAsI CIIOCOOHOCTD; CTOMMOCTb TIEPEBO3KHM; BO30OHOBIISIEMblE HCTOYHHKH SHEPTHU
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USING REGIONAL RENEWABLE ENERGY RESOURSES
FOR HEATING SUPPLY SYSTEMS

Purpose. The study analyzes the possibility and conditions for the effective operation of heating systems during
the transition of the heat-generating capacity to biofuels energy. The straw of cereal crops, which are prevailing in
Dnipro region, is used for this. The main purpose is scientific calculation of opportunities and cost of specific meas-
ures for such a transition. As an example it was taken the boiler-room of campus at Dnipropetrovsk National
University of Railway Transport named after Academician V. Lazaryan (DNURT) that consumes natural gas.
Methodology. The work analyzes the legislative base of Ukraine, which promotes the using of renewable energy
sources as fuel, as well as the incentive mechanisms for the development of this trend. The paper identifies opportu-
nities of Prydniprovsk region to ensure straw supply for the boiler-room. Cost parameters of cargo transportation on
the territory of Ukraine in 2016, which depend on the distance and the size of the trucks, are analysed. These indica-
tors, as well as indicators related to its purchase, are considered together with energy potential of using the straw as
fuel. Findings. With existing in Ukraine (as of 2016) the grain yielding capacity in the agriculture and cost indica-
tors in the field of transportations, the transition of capacity share to biofuel is sufficiently profitable. The thermal
power unit cost can be reduced fourfold. Originality. For the first time it is proposed to use the new integrated ap-
proaches to assess the cost of thermal power unit boiler with its transition to the use of renewable energy sources.
The authors also proposed a new logistics delivery of these sources to the place of their application. From a techni-
cal and cost points of view it was determined the optimal order of capacity transfer for new renewable sources of
energy in a given region depending on the structure of areas under crops and their productivity. Originality. The
introduction of the proposed solutions and approaches to capacity boiler renewable energy sources can be realized
with a relatively small investment and can provide significant economic benefits.

Keywords: biological resources; straw combustion; heat and hot water supply; heat loss; thermal regime; calorific
value; transportation costs; renewable energy
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AHAJIN3 UCNTOJIb30BAHUA METO10B IIPUHATHUS PEHIEHUAM
B IPOEKTHOM MEHE/[’KMEHTE

Heanb. B pamkax HayuHoW pa®oThl HE00X0aMMO: 1) IPOBECTH aHAIU3 CYLIECTBYIOUIMX METOJIOB IPUHSTHS pe-
HIeHUH; 2) AaTh XapaKTepUCTHKY KaXJIOMy M3 BHIOB METOJOB, KOTOPbIE MMEIOT MPAaKTHYECKOe MPUMEHEHHUE
B TEOPHH YIIPABIECHUS MTPOEKTaMU; 3) pa3AeIUTh MPECTaBICHHbIE METO/IbI HA CMBICIIOBBIC TPYIILL;, 4) ONpeAenTh,
KaKHe U3 3TUX TPYII METOAOB CICAYET UCHOJB30BATh ISl IPUHATHS PEUICHUI B IPOSKTHOM MEHEIKMEHTE B TPEX
ClIydasx: a) Korja 0ObeKTOM SBIISIETCS IPOEKT; 0) KOraa 0OBEKTOM BEICTYITAET IPOTPaMMa; B) KOTJa OOBEKTOM BEI-
crynaet noprdenb npoektoB. Meroauka. B paboTte mpoBomiics cpaBHUTEIbHBII aHANIN3 CYLECTBYIOLIMX METOAOB
NPUHATHS PELICHUH, a TakKe U3ydalach BOZMOXKHOCTh HX NPUMEHEHHS JUIS PAa3HBIX OOBEKTOB YIPaBICHHS IPOCKT-
HOro MeHemkepa. PesyabraThl. [1o utoram aHaimsa Bce METObI OBUTH Pa3IeNICHbI Ha IBE KATETOpUH: (OpMajbHbIC
U JIOTHKO-MHTYHTHBHBIE (He(opMalbHbIe). BbUIO onpeneneHo, Kakue METOIbl OAWHAKOBO Lieleco00pasHo MmpuMe-
HATH JUI BCEX OOBEKTOB YNPABIICHHUS MPOSKTHOTO MEHEIKepa, a UCIOIB30BAHNE KaKMX METOJI0OB OymayT Headdek-
THBHO JUIS TOTO WJIM HHOTO O00BbEeKTa. AHAIM3 IOKa3al, YTO HEKOTOPHIE METOMBI MPUHATHS PEICHHH HE MOAXOAAT
JUISL MCTIONB30BAHMS IIPU YIIPABICHUH ONpeeleHHBIM 00beKTOM. 113 3TOro aenaercst BHIBOA O HEOOXOIUMOCTH HX
YCOBEpIIECHCTBOBAHMS U aJIalTAIIMU K ONpeesiecHHOMY 00beKTy yrnpasienus. Hayunast HoBusna. [Tonyunio nanb-
Helilllee pa3BUTHE OIPE/eIICHUE POOJIEMbI IPUHSATHS PELICHUH B YIIPABJICHUH IIPOEKTaMH, a TaK)Ke MPOBEJICH aHa-
JIU3 IPUMEHEHHS Pa3IMUHBIX METOJIOB MPHUHSATHS PEIIeHUH A TpeX 0OBEKTOB YIPABICHUS: MPOEKTa, IPOrpaMMbI
u noprdens. [IpakTHueckas 3HAYMMOCTb. [IpUHSITHE PELICHUH B YIPABICHUN MPOCKTAMU HAIPSMYIO BIUSET HA TOT
Ppe3yJIbTarT, KOTOPBIA OKHUIAeTCs MOMyurTh. KauecTBo NPUHIMAEMBbIX PEILCHHUH, B CBOKO O4YEPEib, 3aBHCHT OT MPABHIILHO
BBIOPAaHHOTO METO/Ia B 3aJIaHHBIX OOCTOSTENBCTBAX. PEKOMEHIyeMoe B CTaThe YCOBEPIICHCTBOBAHHE ONPEICICHHBIX
METOJIOB ITO3BOJIMT POSKTHOMY MEHEDKepy NPHHUMATh OoJee KayeCTBEHHOE U 3 (EKTUBHOE pEILCHHE.

Knrouesvle crosa: NpuHATHE PEIICHUIT; TPOSKTHBIA MEHE/DKEP; IPOESKT; MPOrpamMmMa; noptdensb

Beenenne 3¢ (eKTHBHOCTD BBITONHEHUS TpoekTa. MmenHO
3TH pEUIeHUs MPUHUMAET HEMOCPEACTBEHHO PYKO-
BOJIUTENH (MEHEKEP) TPOCKTOB, U OHU HAIPSMYIO
BIUSIOT HAa JOCTHKEHUE IIOCTABJICHHBIX LEeH
npoekTta. [IpuueM MpPOEKTHBIA MEHEIKEP BBIHYXK-
JICH TPUHUMATh PENICHUS MOCTOSHHO: Ha JI00OM
(haze )KM3HEHHOTO NHKJIA MPOEKTa TpeOyeTcs Mpu-
HATHE ONPEICICHHBIX YIIPaBICHUYECKUX PEILICHUN.

[Ipu »TOM clienyeT OTMETUTh aBTOPOB, KOTO-
pblE BHECIM CYILIECTBEHHBI BKJAJ B pELICHUE
sToit mpobnemsl: BeprakoBa FO. B., Kononenko
. B., Mupommanuenko 1O. O. u 1.1.

CoBpeMEHHOE pa3BHTHE IKEIE3HOJIOPOKHOTO
TpPaHCIIOPTa HEBO3MOXHO MpPEICTaBUTh Oe3 mpu-
MEHEHHUI MPOEKTHBIX MOIXOJ0B K €ro yrpanie-
HUt0. B psame maydHbeIx pabort [5, 8, 10] aBropamm
paccMaTpuBarOTCs TMPOOJIEMBI Pa3BUTHS JTAHHOM
oTpacid W TMPEIIaraloTcs METOJbl  PEIICHHS
B paMKaX TEOPHH YIIPABJICHUS MIPOCKTAMHU H TOPT-
(bensIMHu MPOEKTOB.

Crnenyer OTMETHTB, YTO B MpoOIEcCce ympaBiie-
HUS TPOEKTOM B cdepe IKEIEe3HOTOPOKHOTO
TpaHCIIOpTa MPUHUMACTCA MHOKECTBO PA3JIMYHBIX
pemenuii. Bece 9TH penieHns MOKHO YCIOBHO pas-
JIeMUTh Ha JBe rpynmel. [lepBas rpymnma — 3To pe-

Hean

LIEHUs], CBSI3aHHBIE C TEKYIMMM BOIIPOCAaMHU U He
CBS3aHHBIE C XOJOM peanu3aluy IpoekTa (Hampu-
Mep, ¢ JTUYHBIMM HHTEpPEcaMu IepcoHala MpoeK-
Ta). Bropas rpynmna — 3To pemeHus, BIUAOIINE Ha

Lenp paboTsl — ompe/esieHue aileKBaTHBIX Me-
TOJIOB MIPUHSTHS PEIICHUH B PA3IMIHBIX 00BEKTaxX
YIpaBJIeHUS TPOEKTHOTO MEHEKePa.
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MeTtoanka

IIpoananu3upyemM CyIIECTBYIOIIHE
MPUHATHUS YIIPABICHUYECKUX PEIICHUM.

1. DKcnepTHBIE METOABI — MO3BOJISIFOT MPOTHO-
3UpOBaTh W OIICHUBATH PE3YJIbTAThl JEUCTBUM, OC-
HOBBIBASCh HA MPOTHO3aX CHEIHAIUCTOB. Jpyrumu
CJIOBaMH, yTIpaBlIeHUYECKoe perieHne (GpopMupyercs
MHEHHEM OOJIBIIIMHCTBA JKCIEPTOB (I, UMETO-
III¥E OTIBIT M 3HAHUS B OIIPENICIICHHON cepe).

2. MeTon aHKETHpPOBAaHUS — IO3BOJISIET IPHU-
HATh pEIIeHHEe Ha OCHOBE aHajm3a COOPaHHBIX
MHEHUH PECIIOHAEHTOB.

3. JInarHOCTUYECKUI METOJ] — C IIOMOIIBIO HETO
MOXHO IPOTHO3UPOBATh BEPOSTHBIE OTKIOHEHHUS
OT IUIaHA MyTEM OMNpPEICIICHUS U aHAJIW3a MpU3Ha-
KOB, XapaKTePU3YIOIIHUX COCTOSTHUE CUCTEMBL.

4. Metonpl 3KOHOMUYECKOTo aHaiu3a. K mero-
JlaM SKOHOMHYECKOT'0 aHaJIN3a OTHOCAT: OOIIEIKO-
HOMHUYECKHUE, CTATUCTUYECKHE M MATEMAaTHUECKHE
METO/bI, KOTOPHIE MO3BOJISIOT UCCIAEAOBATh U OIH-
CaTh XO3SUCTBEHHYIO JEATENbHOCTh OPraHU3aLHU
B €€ pa3BUTUM. J[aHHBIE METOJbl MCHOJb3YIOTCA
JUISE  TIPOTHO3UPOBAHUS (DUHAHCOBBIX TIOTOKOB,
OLICHKU BEPOSITHOCTU PUCKA U T.[I.

5. ®akTOpHBIN aHAIN3 — TPEICTABISAET COOOM
KOMITJIEKCHOE ¥ CHCTEMHOE U3YUCHHUE W U3MEPECHHE
BIUSHYSI (DAKTOPOB HA BEIMYUHY PE3YJIbTATUBHBIX
nokazaresied. YNpaBiIeHYECKOE pEeIlIeHHe MPUHU-
MaeTcs B 3aBHUCHMOCTH OT THIIA IPHUMEHSEMOTO
(hakTOpPHOTO aHamM3a: JICTEPMUHHPOBAHHOTO, CTO-
XaCTHYECKOTO, MPSMOTO, 00paTHOTO, OJHOCTYICH-
4aToro, MHOTOCTYIIEHYaTOro, CTaTWUYHOIO, JWHA-
MUYHOTO, PETPOCTIEKTUBHOTO TN TIEPCIIEKTUBHOTO.

6. MeTon 1lenHbIX MOACTAHOBOK — OAMH U3 Me-
TO/OB pemeHus 3afad (pakTOpHOTO aHAIM3a, OI-
pPEeACNAIONNA BIUSHUE OTIACTBHBIX (DaKTOPOB Ha
M3MEHEHHE BEIUYUHBI PE3yJIbTATUBHOTO IOKa3a-
TeJsl MyTeM MOCTENIeHHON 3aMeHbI 0a3UCHOMN BEJH-
YHHBI KaXJI0T0 (aKTOPHOTO MOKa3aTess B 00beMe
pe3yNIbTaTUBHOTO TOKa3aTesis Ha (PaKTHUCCKYIO
B OTUETHOM IIEPUOJE.

7. Teopus wurp. Ilo3BonsgeT pa3paboTaTh peko-
MEHJAIIMK 110 PalMOHAIBHOMY 00pa3y neilcTBUit
YYaCTHUKOB KOH(IIMKTA MyTEeM CO3/IaHUs MaTeMa-
THYECKOH MomenH, (GopManm3yrome coaepika-
TETFHOE OMHCAHNE CUTYaIlM¥ CTOJKHOBEHHS MHTE-
pecos. IIpuMeHrMa 111 Bcex BUIOB pEIICHUM, ec-
JI1 Ha UX MPUHATUE BIUAIOT APYrue IeHCTBYIOLIUE
Jauua.

METOJIbI

8. OnTnManpHOE JHHEWHOE MPOTPaMMEPOBA-
Hue. Mojenu ONTUMalbHOIO JIMHEHHOIO Ipo-
IrpaMMHUpPOBaHUs TO3BOJSIOT HAalTH Takoe AOMyc-
TUMOE pelIeHue (IUaH) 3afayu, Ipd KOTOPOM Lie-
neBas (YHKUUS JOCTUTaeT dKCTpeMyMa. MOXHO
MPUMEHATh B TpOIlEccax YIpPaBIeHHUS BpPEMEHEM,
CTOMMOCTBIO, PECYPCAMU IIPOEKTA.

9. OyHKIMOHAIBHO-CTOMMOCTHOM aHAIN3 —
UCHOJB3yeTCs JIsl OLIEHKH PEaJbHOW CTOMMOCTH
NPOAYKTa OE30THOCHTENBHO K OpPraHU3allMOHHOM
CTpYKType opranuzanuu. [logxonuT aAns NpuHATUSL
peleHuil B mporieccax yNpaBiIeHHUS CTOMMOCTBIO
MIPOEKTA.

10. dakrorpaduveckne METOJBI — DKCTPAIO-
JALWs, WHTEPIONALNSA, TPEHI-aHAIN3; OCHOBAHBI
Ha JKCTpanoJsinuu B Oynyliee TeHICHLUWH, 3aKo-
HOMEpPHOCTEN pa3BUTHA KOTOPBIX B IPOLUIOM
U HACTOSIIEM XOpOIIO M3BECTHHL lIpHMeHsIOTCS
B YIIpaBJICHUU BPEMEHEM, CTOMMOCTBIO U PUCKaMHU
MIPOEKTA.

11. Meron ananuza uepapxuu. Martemaruue-
CKHH MHCTPYMEHT CHUCTEMHOTO IOIXOAA K CIIOX-
HBIM MIpo0JeMaM NPUHATHA pelieHHH. DTOT METOA
MO3BOJIIECT MOHATHBIM M PalMOHANBHBIM 00pa3oM
CTPYKTYpUPOBATh CIOKHYIO IPOoOJIeMy IPHHATHSA
pelieHuil B BHUJE UEPapXUHM, CPAaBHUTH U BBINOJ-
HUTh KOJINYECTBEHHYIO OLIEHKY aJbTEPHATUBHBIX
BapHAHTOB PEIICHHUS.

12. MeToa MHOTOMEpPHOTO UIKAIWPOBAHUS —
METO/ SIBJSIETCS] allbTepHATUBON (PaKTOPHOTO aHa-
mu3a. OH BH3yanM3UpyeT [aHHBIE C IOMOIIBIO
PacroNoXeHH TOYEK, COOTBETCTBYIOIUX H3ydac-
MBIM (LIKaTHPYEMbIM) 0OBEKTaM, B MPOCTPAHCTBE
MEHBIIENH Pa3MEpPHOCTH, Y€M IPOCTPAaHCTBO IpHU-
3HAKOB OOBEKTOB.

13. JIluarpamma McakaBel — rpad)udecku H30-
OpakaeT B3aHMMOCBSI3b MEXAY peliaeMoi mpobie-
MOW U NPUYMHAMH, BIHMAIOIUMYU HA €€ BO3HUKHO-
BeHHE. [IpuMeHseTcs NpU NPUHATUU PELICHUM
B IIpOIIECCE YIPABIEHNUS KaUECTBOM.

14. MeTtoa nocTpoeHus: HepapXUueCcKon CTpyK-
Typsl pabOT — TMO3BOJIAET Pa30UTh MPOEKT Ha CO-
CTaBHBIE YacTH U YCTAHOBHUTb HEPAPXUUECKU
CTPYKTYpUpOBaHHOE pacipenenerue padort. [lon-
XOJWT JIJIsl MPUHATHS PEIICHUH B MPOLECce yIpaB-
JIEHUsI BpEMEHEM IPOeKTa U ero pecypcaMu.

15. CeteBble Tpaduku — HCHONB3YIOTCS IS
B3aMMOCBSI3M BO BPEMEHM KaJICHIAPHBIX IUIAHOB
o IMpoekTy. MXx mnpumeHeHue 1enecoo0pa3Ho
B IIpOLIECCE YNPABICHNS BPEMEHEM IPOEKTA.
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16. quarpamma ['anTa — cronbuaTas guarpam-
Ma, WUTIOCTPHUPYIOIIas IIaHbl, rpaduku paboT mo
MIPOEKTY.

17. T'ucrorpamma pecypcoB — HIpPHUMEHSETCS
JUTST WLTIOCTPAIlMU TTOTPEOHOCTH, HCIIONH30BAHUS
Y HAJIM4HS PECYPCOB IPOEKTA.

18. Kelic-meTon — mo3BOJIIET MOJYyYHUTh Hau-
Jydllee peuieHUEe U3 BCEX BO3MOXKHBIX, NPEIIO-
JKEHHBIX B TPOIECCEe aHaJM3a ONpeAeNIeHHON pe-
aJbHON CUTYallUH.

19. Meroa MO3roBoro mrypMa — Ipeanonaraet
BBICKa3bIBaHHE OOJIBIIOTO KOJIWYECTBA BApHUAHTOB
pelIeHni 1 BEIOOP U3 HUX CaMOTO JIy4IIero.

20. MeTon accoumanui U aHaJIOTUA — COCTOUT
B HCHOJb30BAHUU ACCOLMATUBHOIO MBIIUICHUS
Ye0BeKa, KOTOPOE IO3BOJIIET €My COIOCTaBISATh
WCCIIEIyeMbIil TPOLIECC C MOJOOHBIMH, IJISI TeHe-
paluy HOBBIX WJIEN U MIPUHATHS PEIICHUI.

21. MeToa MHTEpPaKTUBHOTO IUIAHUPOBAHHUS —
MIOMOTaeT ONPEACIUTHCS C ACHCTBUAMH, HEOOXO-
JUMBIMHU ISl MOJIYYEHUS >KEeJaeMOro pe3yjbTaTa
B Oymymem. VHTepakTHBHOE IUTaHMPOBaHUE IIO-
3BOJISIET OBICTPO M aJCKBaTHO pearupoBaTh Ha Ta-
KHE U3MEHEHUS, KOTOPblE HEBO3MOXXHO KOHTPOIH-
pOBaTk.

22. Meton benbuHa — 3TO TECT, IMO3BOJISIONINNA
ONpeAETUTh, KaKyl0 UMEHHO POJIb UTPAET TOT WU
WHOW 4JIeH KoMmaHAbl TIpoekTa. Kcnonb3yercs
B YIIPABJICHUH KOMaHJI0M NPOEKTA.

23. Jloruko-ctpykTypHbeid moxxox (JICIT) —
JNEMOHCTPUPYET JIOTHUKY pealu3alid IMPOECKTOB
U [IPOrpaMM 3a cYeT IPEICTABICHUS UX KIFOUEBbIX
KOMIIOHEHTOB B JJAKOHUYHOM H TIOCJIEZIOBATEIHFHOM
BUJIE.

24, IlpuunHHO-CTIEACTBEHHBIA aHAJIN3 — IT03BO-
JISeT IUIAaHUPOBATh U3MEHEHHS U yiydlleHus Oia-
rojaps HaXOXICHUIO MPUYUHHO-CIEACTBEHHBIX
CBsI3€H MEXY YCIOBUSMHU M COOBITHSMH. TO ecTh
OTIpEJICIINB IPUUNHBI TPOOIIEM, MOKHO IPUHUMATD
pelIeHnss 0 TOM, Kakue JAEHCTBUS MOTPeOYIoTCs
JUISL UX PEILCHUS.

25. Meroa [NEKOMIIO3MLIMM — 3aKJIIOYaeTCs
B pasJiesieHHH OOJBIION 3a/1aud Ha PsJi MEHBLINX,
BO3MOXHO U B3aMMOCBSI3aHHBIX 3a1ad, AJ yOpo-
LICHUS TOJYYEHUS YIPABIECHYECKOTO PEILICHUS.

Ecaun ¢ Meromamu NpUHATUS PELICHHH, HC-
NOJBb3YyEMBIMH B NPOEKTaxX Bce Ooliee-MeHee Io-
HSTHO, TO KaKue M3 dTUX METOOB IEIeCO00pa3HO
UCIIOJIB30BAaTh JJIsl IPHUHATHS YIPaBICHUYECKUX
pelIeHull pU pealn3aluy IporpamMMbl MM MOPT-
tdenst mpoexktoB? Benp mporpamma u moprtdens

MIPOEKTOB MPEAONAraloT yIpaBiIeHne HECKOIbKH-
MU npoekTamu. [Ipudyem B moprdene HeoOX0aAUMO
OJIHOBPEMEHHO YIIPaBJISITh Pa3IUYHBIMU MPOCKTA-
MU, HE 3aBUCALINMH JPYT OT JpyTa.

B nanHO# cTaThe MPOBOAMUTCS aHAIU3 MpPUMeE-
HAEMBIX B YIIPaBIIEHUH MPOEKTaMH METOJOB IIpH-
HATHS YIIPABICHYECKUX PEIISHUH 1 Ope/eNnseTcs,
KaKhe W3 HUX HMEET CMBICI HCIOJIh30BATh IS
MPUHATUS PELIEHUI NpU YIPaBICHUM IPOECKTOM,
MPOrpaMMOii WK IOPTQENIeM IPOCKTa.

PesyabTatsl

Bce MeToapl, ykazaHHbBIE BBIIIE, MBI pa3ieIHiIn
HA JBE TIpynnbl: QOpMalbHBIE H  JIOTHUKO-
WHTYUTUBHBIE (HedopmanbHbIe). B wutore Obina
nmosrydeHa T1abi. 1. 3meck 3HaK «+» O3HAYaeT To,
YTO METOJI MOXKHO HCIIOJIb30BATh JUIsl OTIpeJesICH-
HOTO0 OOBEKTa YIpaBIeHUs; 3HAK «+/—» — B Ompe-
JICICHHBIX CHTYaIllUsIX METOJ MOXHO HCIOJIb30-
BaTh, «—» — METOJ HelenecooOpa3Ho MPUMEHSThH
JUTSL TAHHOTO O0BEKTa yIPABICHUS.

W3 tabn. 1 BUAHO, 4TO HE BCE TPYIIIBI METOIOB
OIMHAKOBO TOAXONAT IUIA TPHUHITHS peHIeHUH
B MPOEKTaX, MporpaMmax u mopTdensx. Toabko
JUIIb YKOHOMUKO-MaTeMaTHIECKUE METOIBl U Me-
TOJBI, OCHOBaHHbIE HAa CTHMYJHPOBAaHWU TBOpUE-
CKOW aKTUBHOCTH, B I[EJIOM MOYXHO TIPUMEHSITH JUIsI
Pa3IM4YHBIX OOBEKTOB YIPABICHUS MPOEKTHOTO.
Takue MeTo/Abl, KaK aHaJIU3 UepapXuil U METOJbI,
OCHOBaHHBIE Ha JIOTHYECKOM MBILIUICHHHU, TPEOYIOT
YCOBEPLICHCTBOBAHUS JUTS MIPUMEHEHUS
B IIPOEKTAaX.

OtMernM, 49TO TpadUIecKHe METOIBI Herlele-
c000pa3HO WCIIONB30BATh NPU TPUHATHH YIpPaB-
JIEHYECKUX pelIeHWH B IMporpaMMax M IMpOeKTax,
rae, Kak ObUTO CKa3aHO BBIMIE, HYXXHO YIIPaBISATh
HECKOJBKHMHU IPOEKTaMH, YTO 3HAYUTEIBHO YC-
JOXHAET rpaduyeckoe NpeacTaBlieHHe O0beKTa
ynpaenenus. [IpuMeHeHre METOA0B, OCHOBaHHBIX
Ha JIOTUYECKOM MBIIIJICHUH, JUIS TIPUHATHUS YIIPaB-
JICHYECKUX PEHICHUH B MOPTQENX MPOEKTOB TaK-
)K€ COTPSDKEHO C OMNPEACTICHHBIMH TPYIHOCTSIMHU.
Ecmu, k mpumepy, B moptderne coaepKuTcs Aecsr-
KU MPOEKTOB, TO OAHWUM JIOTHYECKUM MyTEM MpH-
HSATH yIIpaBJIeHYECKOe pelnieHne OyaeT J0CTaTOYHO
CIIO)KHO, J1a ¥ CTENEHb €r0 aJeKBaTHOCTH MOXKET
OBITH HEBBICOKOM.
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Tabnuma 1
AHAJIN3 UCTIOJIb30BAHUSI METO0B NPUHSATHSA pPellleHUii B IPOEKTHOM MeHe:KMeHTe
Table 1
Analysis of the existing techniques of management decision-making
I'pynnst Mertozbl NpUHSTUSL IopsinkoBblit O0nacTh NpUMEHEHUS OOBeKT ynpaBieHHs
METO/OB YIPABJICHYECKUX HOMEp COOTBET- Meroza [POEKTHOTO MEHEKepa
pelieHui CTBYIOILIUX METO- o .
Hos > g 5 2
8 & T3
g |5 | B8
= ==
®dopmaibHbIE DKCHEepPTHBIE 1-3 VYmpasnenue Bpeme- + + +/—
meronsl [1, 6, 7] HEM, CTOUMOCTBIO,
pecypcamu, Kayect-
BOM H PHCKaMHU
OKOHOMUKO- 4-10 VYpasnenue Bpeme- + + +
MaTeMaTH9IeCKue HEM, CTOUMOCTBIO,
MeTOJHI 3, 5, 12] pe3ynpTaTaMu B
TEYeHHUE KUIHEHHO-
TO ITUKJIa TIPOCKTA,
OIICHKa U IJIAHUPO-
BaHHE PUCKOB
Amnanunza uepapxuit | 11 YipasieHue uHTe- +/— + +
[4] rpauuen
I'paduaeckue 12-17 [TmanupoBanme + - -
MeTozm! [9] BpPEMEHH, PECYPCOB,
CTOMMOCTH
Jloruxo- OcHOBaHHBIE HA 18-22 Br16op cocrasa + + +
WHTYUTHBHBIA | CTUMYJIHPOBAHUHU opTders IPOEKTOB,
(aeopmains- TBOPYECKOI aKTHB- pa3paboTka KOH-
HBIi1) Hoctm [11, 13] LENIHH, TUTAaHUPO-
BaHHE PECYpPCOB
OcHOBaHHBIE 23-25 Ouenka 3¢ pexTus- +/— + -
Ha JIOTHYECKOM HOCTH, MOHUTOPHUHT
MBIILIEHUH [2] TIPOEKTOB, MJIaHUPO-
BaHME U3MEHEHUHI

Hayqﬂaﬂ HOBHU3HA U NMPaKTHYECKasA
3HAYUMOCTDH

TIpoananu3upoBaB METOIbI MPUHATHSA PELICHUN
C TOYKH 3peHHs 00BEKTa YIpaBieHHUs MPOEKTHOTO
MEHE/Kepa, Ha KOTOPBI OHHM HalpaBJICHBI, OBLIO
BBISIBIIEHO, YTO HE BCE METOMBI OJMHAKOBO IMOJIXO-
AT 7Sl pasTUdHBIX 00bekToB. Tak, K mpumepy,
rpaduyeckre METOAbl U METOJbI, OCHOBaHHBIC Ha
JIOTUYECKOM MBIIIIIEHUH, HE TO3BOJIAT MPOEKTHO-
My MEHeKepy NPUHATh KaueCTBEHHOE peIIeHHe,
€CIIM OH yTpaBisieT opTdeneM IpoeKToB.

B cBsi3u ¢ 3TUM, METO/BI TAKOTO THITA TPEOYIOT
ajlanTanyy K MTPUMEHEHHUIO B MOPTQENsIX, a TakKe
B IIpOrpamMMax IpOEeKTOB.

BriBoabI

1. B craTee mpoaHanu3upoBaHbl U3BECTHHIE Me-
TOABI TPUHSATHS PEIICHUH, HCIIONb3yeMbIe B TEO-
pUH yTIpaBIEHUS ITPOSKTAMH.

2.1lpennoxkeHo pasfeneHue BCEX BBILIEYKa-
3aHHBIX METOJIOB Ha JIB€ OCHOBHBIE TPYIIIIHL,
a TaKXKe TPHUBEJCHA OIEHKA BO3MOXXHOCTH WX
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MIPUMEHEHUS ISl TOTO WJIM WHOTO OOBEKTa yIpaB-  HATHS PEIICHUH B YIIPaBIEHUH MPOEKTaMH JOJDKEH

JIEHUST MEHEeKepa. OBITh HampaBJIeH Ha YCOBEPIICHCTBOBaHHE CyIIle-
3. BeisiBieHO, YTO HE BCE METOABl OJUHAKOBO  CTBYIOIIMX METOJOB MNPUMEHUTEIBHO K pa3iiny-
MOJIXOJIAT JUTSl BCEX OOBEKTOB YIIPaBIICHUS. HBIM 00BEKTaM YITpaBICHUS.

4.B COOTBETCTBHHU C BBIIIECKA3aHHBIM BEKTOP
JMATBHEHIINX HMCCIIeOBAaHUN TPOOIIEMAaTUKH TIPHU-
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Merta. B pamkax HaykoBOi po0OOTH HeoOXimHO: 1) BUKOHATH aHAaJi3 iCHYIOUMX METOJIB MPUUHATTS PillleHb;
2) 1aTu XapaKTEePUCTUKY KOXXHOMY 3 BHIIIB METOIB, SIKi MalOTh MPAKTUIHE 3aCTOCYBAHHS B TEOPIi yIpaBIiHHS MPO-
eKTaMH; 3) PO3AUTUTH HaBEJEHI METOIN Ha CMHUCIIOBI TPpyIH; 4) BUSHAYUTH, SKi 3 IIUX TPYH METOJIB CJIiJl BAKOPHC-
TOBYBAaTH Ui TPUHHATTS PIICHh Yy NPOSKTHOMY MEHEDKMEHTI B TPhOX BHIANKAX: a) KOJIU 00’ €KTOM
€ TPOEKT; 0) Koiu 00’€KTOM BHCTYNA€ Mporpama; B) Koiu 00’€KTOM BHCTyMae noprtdelns npoekrtis. MeToanka.
VY pob60Ti BUKOHYBABCS MOPIBHAJILHUI aHAII3 ICHYIOUHX METO/IB MPUAHATTS PillleHb, a TAKOK BUBYAIACS MOXKIIH-
BICTh iX 3aCTOCYBaHHS [UISl Pi3HMX 00 €KTiB YNpaBJIiHHA NPOEKTHOro MeHemkepa. PesyapraTn. 3a migcymMkamu
aHaJizy BCi MeTonu Oyin pO3IiJicHI Ha JBi KaTeropii: (popManbHi Ta JIOTiIKO-iHTYITHBHI (HedopManbHi). byno Bu-
3HAYCHO, SKi METOJIM OJHAKOBO JIOILUIHHO 3aCTOCOBYBATH JUIA BCIX 00’ €KTIB YNpPaBIiHHS MPOSKTHOTO MEHEIXKepa,
a BUKOPHUCTAHHS SIKUX METOMIB OyJie Hee()eKTUBHE JIJISl TOTO YW IHIIOro 00’ €KTa. AHAII3 MOKa3aB, MO JEIKi METOIN
MPUMHATTS PillicHb HE MIIXOIATh JISI BHKOPUCTAHHS MPU YIIPaBJIiHHI IEBHUM 00’ €KTOM. 3 LILOI'O POOUTHCS BUCHO-
BOK PO HEOOXIAHICTH 1X yJIOCKOHAJICHHS Ta aJamTallii 10 MeBHOro 00’ ekTa ynpasminag. HaykoBa HoBu3na. Jlicra-
JI0 TIOJABIINKA PO3BUTOK BUPIIICHHS MPOOJEeMU MPUUHATTS PillIeHb B YIIPABIiHHI TPOEKTaMH, a TAaKOXK MPOBEJACHO
aHaJli3 3aCTOCYBaHHS PI3HMX METOJIIB IMPHHHATTSA pIllIeHb IJIS TPbOX 00’ €KTIB YIpaBJiHHS: IIPOEKTY, MPOrpaMu
i moptdensa. IlpakTuuHa 3HaYMMicTh. [IpUAHATTSA pillicHh B YIPABIiHHI MPOEKTAMH O€3[I0CEPEIHBO BIUIMBAE HA
TOW PEe3yJbTaT, SIKUI O4YiKyeThCsS OTpUMATH. SIKICTh MPUUHATUX PILIEHBb, B CBOIO YEpPry, 3aJIEKHUTh BiJl MPaBUIBLHO
00paHOTO METOAY B 3a7aHuMX OOCTaBMHAX. PeKOMEHIOBaHE B CTATTI YAOCKOHAJCHHS NMEBHUX METOJIB J03BOJIUTH
MPOEKTHOMY MEHEDKePY pUiiMaTh OLIbII sKicHE Ta e(peKTUBHE PillICHHS.

Kniouosi croea: mpuiHATTS pillicHb; MPOSKTHHIA MEHEDKEP; MPOCKT; Mporpama; noprdeiisb
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ANALYSIS ON THE USAGE OF DECISION-MAKING METHODS IN
PROJECT MANAGEMENT

Purpose. The scientific paper is aimed: 1) to analyze the existing decision-making methods; 2) to character-
ize each type of the methods that have practical application in the project management theory; 3) to divide the pre-
sented methods into the sense groups; 4) to determine which of these groups should be used for decision-making in
project management in three cases: a) when the object is a project; b) when the object is a program; c¢) when the ob-
ject is a project portfolio. Methodology. It was carried out a comparative analysis of the existing decision-making
methods, as well as it was studied the possibility of their use for different controlled objects of project manager.
Findings. As a result of the analysis all of the methods have been divided into two categories: formal and logical-
intuitive (informal) ones. It was determined which methods are equally appropriate to apply for all controlled ob-
jects of project manager, and which methods will not be effective for a particular object. The analysis showed that
some of the decision-making methods are not suitable for use in the management of the certain object. It is con-
cluded that they should be improved and adapted to the specific object of management. Originality. Solution of the
problem of decision-making in project management was further developed, as well as it was analyzed the applica-
tion of different decision-making methods for three controlled objects: project, program and portfolio.
Practical value. Decision-making in project management has a direct influence on the result, which is expected to re-
ceive. The quality of decisions, in turn, depends on the correct method chosen in the given circumstances. The recom-
mended improvement of certain methods will allow the project manager to make better and more efficient solution.

Keywords: decision making; project manager; project; program; portfolio
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OOPMAJIIBALIA ITAPAMETPA HATIPYKEHOCTI AISAJIBHOCTI
MAIIUHICTA TJOKOMOTHUBA HA OCHOBI
EPITOHOMIYHOI MOJEJII

Meta. KitouoBum (akTopom, HIO BIUIUBAE Ha Oe3MeKy pyXy Ta SKicTh POOOTH epraTHYHOl CHCTEMH «IIOi3[I-
MAILIHICT», € HAPYXEHICTh pOOOTH JIOKOMOTHUBHOI Opuranu. Mera HaykoBol poOoTH — (opMaltizallisi MOKa3HUKa
HATPY>KEHOCTI MisJIbHOCTI MalluHicTa JIOKoMOTHBa. MeToauka. OMHIEI0 3 XapaKTCPUCTUK HAIPYKEHOCTI POOOTH
MAIIMHICTa € PI3HML MK YacoM, BiJIBEZICHUM Ha BHKOHAaHHs 3aBJaHH:], i HEOOXiJHUM yacoM (30BHIIIHII pe3epB
abo nedimur vyacy). BuzHaueHi MHOKHHHU CYTTEBHX Ta HECYTTEBHX OIlEepalliil Tpy KepyBaHHI JOKOMOTHBOM Y Pi3HHX
MOI3HUX CHUTYaIlisIX. BUKOpPHUCTOBYIOUM METOM HEUITKOI JIOTiKH, MTOHATTS «CYTTEBICTH OIEpallil KepyBaHHS JJOKOMO-
THUBOMY IIPEJICTABICHO Y BUIIISAAI HAOOPY JIHIBICTUYHUX 3MIHHUX. 711 BU3HAueHHS (QYHKIII NPUHAIEKHOCTI eJe-
MEHTIB MHOXXHUHH «CYTTEBICTh OIepamii KepyBaHHs JOKOMOTHBOM» BUKOPHUCTAHO METOJ eKCIEepTHHX OLiHOK. Koe-
(hirieHT YacoBOI HANPYKEHOCTI MPENCTaBICHUN Y BUTIIAAI HewiTKoro yncna L-R-tumy. PesyasTaTn. BectanoBneHna
BEJIMYMHA BiTHOCHOI KiJIBKOCTI OMepaIiiii KepyBaHHS JIOKOMOTHBOM 3TiTHO PO3MOILTY 3a MapaMeTPpOM «CYTTEBICTh
omepamii». /i1 Bu3Ha4eHHS HaWOUIBII HANPY>KEHOTO PEXHUMY pOOOTH MAIIMHICTA IPOBEACHO PAaH)KyBaHHS PEXKH-
MiB pyXy 3a HapamMeTpoM BiJHOCHOI KiJBKOCTI CYTTE€BHX oOmeparliii kepyBaHHS. HaWOiMbII BaXKUMH peXKHMaMHU
€: «IepeIIKoa MOoTepey», «PyX y HECIPUSITINBUX HMOTOJHUX YMOBAX» Ta «BIANPABICHHS 31 CTAHIIT Ha MEperiHy.
HayxoBa HoBu3Ha. BBe/ieHHsI BETMUMHN «yMOBHA CYTTEBICTh BUKOHAHHS OIEpaLlii» J03BOJIMIO OLIBII SKICHO ONH-
caTy YMOBH BeJICHHs 1oi3na. B poOoTi BIiepiue npecTaBlieHO BU3HAUYEHHS HANPY)KEHOCTI pOOOTH MallHMHICTa JIo-
KOMOTHBA y BUIIISl YHIMOJAIBHOTO HEYITKOTO YHCIIA, IO J03BOJHTH B MOJAIBIIOMY BUKOPUCTATH METOIM TEOpil
MITYYHOT'O IHTEJIEKTY ISl MOJICJIIOBAHHS isUIBHOCT]I MAIIMHICTa JJOKOMOTHBA Ta PO3POOKH IHTENEKTYIbHUX CUCTEM
kepyBaHHs. [IpakTHYHA 3HAYNMiCTb. ABTOpaMH OTpPUMaHa MOKJIMBICTh O€3110CEPEAHBO BpaxyBaTH TaKUi BaXKIIH-
BUIl SIKICHUH NOKa3HUK, SIK «HANpPY)XEHICTh pOOOTH MAIIMHICTa» B CHCTEMaxX aBTOBEJICHHS Ta KOHTPOJIIO Oe3reKu
pyXy. PanxyBaHHS IMOT3HUX CUTYaLil Ta KEPYIOUUX ONeEpaliil J03BoJIsE OOIPYHTYBATH MOPSIOK BUKOHAHHS KEPYIO-
YUX Jil pU YIOCKOHAJICHHI alTOPUTMIB POOOTH CHCTEM BEICHHS ITOT3/IiB.

Kniouosi crosa: epratndna cuctemMa; HaIlpy>KeHICTh poO0TH ornepaTopa; MalluHICT JIOKOMOTHBA; Oe3IeKa pyxy

Beryn TaTOM LBOTO CTAJIO 3HAYHE 3HUIKEHHS KIJIBKOCTI
aBapiil Ta IHIUICHTIB K Ha BITYM3HSIHUX, TaK 1 HA
3aKOPJOHHHUX 3ali3HULAX. OJHAK TMOBHICTIO BHU-
KITFOUNTH HeOE3MeuHi Ta aBapiiiHi CHTYyaIlii MOKH
o He BAanocs. [xepernaMu HeOE3MEKH, KPiM py-
XOMOTO CKJIaay, OONaJHaHHA Ta iX TEXHIYHOTO

3abe3nedeHHs] OC3MEeKN PyXy € OJHHM 3 TOJIO-
BHUX 3aBJaHb 3ai3HAYHUKIB. B [bOMy Hampsmky
MOCTIHHO peali3yeThCsl BEUKA KiIBKICTh 3aXOiB
Ta BUKOHYEThCSI 0araTto HayKoBHX mpaib. Pe3yib-
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CTaHy 3aJIMIIAE€THCS TAKOXK JTIOACHKHMA akTop. Tak
3a naHuMu [12] Ha 3a7i3HULAX €BPOCOIO3Y TIJIBKH
3a 2014-2015 pik 3aruHyno abo cepio3HO TpaB-
MOBAHO OlNbIIE JABOX THCSY JIIOJCH. 3HAYHA JOJIS
TPAHCIIOPTHUX TMO/i TOB’si3aHa 3 HEHAJIC)KHUM
BHKOHAHHSIM TIPAIliBHUKAMHU CBOIX 00OB’sI3KiB. 30-
Kpema 3a ganuMu Ykp3amizauii [10] i3 3aranbHoOl
KUTBKOCTI TPaHCHOPTHHX ToMiH, 471 Bunamox (abo
70 %) moB’s13aH1 3 BIUIUBOM <JTFOJICHKOT0Y» YHHHHU-
Ka. 3a MOpYIICHHS BUMOT HOPMATHBHHX JIOKYMEH-
TiB 3 TUTaHb Oe3neku pyxy 3a 2014 pik Oyio mpu-
TATHYTO J0 BiAmoBimambHOCTI 2 709 mpalliBHUKIB,
13 HAX 3BUTBHEHO 3 3aiiMaHux mocan — 49. Edexru-
BHMM IUISIXOM TIOKpAIIEHHS OE3MeKH Ta SKOCTi
MEPeBE3eHb, 3 OJTHOTO OOKY, € PO3pOOKa PyXOMOTO
CKIIaay 3 TIOKpaIlCHHUMH XapakTepuctukamu [1],
a 3 IHIIOrO — BIPOBA/KCHHS aBTOMATH30BAHUX
CHUCTEM KEpyBaHHS PYXOM, IO pPEeali30BaHO 30K-
pema ¢ipmamu Bombardier [9] ta Alstom [8]. Aue
YacTWHA 3 IUX BHUIAJKIB TOB’sS3aHa 13 3HAYHUM
cuX0(]i310JIOTIYHIM HaBaHTAKEHHSM, SKE BiIUy-
BalOTh B IPOIIECi POOOTH MPAMIBHUKA 3aJT13HUYHO-
ro TPaHCIIOPTY, IO KEPYKTh Ta OPraHi30BYIOTh
pyx moizmiB [2, 4]. OmiHka Ta MONIYK NIISAXiB 3HU-
JKEHHSI [IbOTO HABAHTAXKCHHS € MPIOPUTETHUM 3a-
BIAHHSIM, IO JTO3BOJIUTH 3HAYHO CKOPOTHUTH BILJINB
JIIOACHKOTO (DakTopa Ha Oe3NeKy pyxy.

Meta

OmauM 3 KITIOYOBUX (DakTOpiB, MO BILUTMBAE HA
Oe3neky pyxy Ta Ha SKICTh poOOTH epraTU4HOI
CHUCTEMH «IIO13[I-MaITUHICT», € HANpPYKEHICTh PO-
0otu nokoMOTHUBHOI Opuranu [3]. MeTa 11i€l po6o-
TH: MeTa (hopMati3yBaTH MOKa3HUK HANpPy>KEHOCTI
IISUTBHOCTI MAaIllMHICTa JIOKOMOTHBA. [ mocsr-
HEeHHs ii METH iCHye€ KilbKa METOZIB aHaji3y Iis-
JBHOCTI  JIIOMWUHHU:  y3arallbHEHO-CTPYKTYPHHM,
oTepaliitHO-IICUXOJIOTIYHUN, METOJ] CTATUCTUYHO-
TO eTaJoHa, JIoTiko-iHpopmamiiHui i T. 1. [5, 13].
BukopucTOBYIOTBCS TaKOX TpPU THUIHM MOJENIEH
MOBEAIHKHA JIOOUHU: KOTHITHBHI MOJEN, MOJIENI
Teopii ynpaBIiHHs, MepexeBi Mozeni 3amad. Bu-
KOPHCTAEMO OJIMH 3 MOJKJIMBHX aHAJIITHYHHUX Me-
TOIIB — METOJ MaTEMaTHYHOIO MOJIEIIOBAHHS if-
TeHOCTI [7]. B OCHOBY Takoro MOJAEIIOBaHHS B IIiit
poOOTi MmoKINaieHa ifiess BUKOPUCTAHHS METONY K-
cHepTHHUX OIiHOK [11] Ta ememenTiB MeToxy MoH-
te-Kapno ans imiTanii iMOBipHICHO-4aCOBUX Xapa-
KTEPUCTHUK JisSUTBHOCTI ONIEPaTOPIB.

MeTtoanka

VY 3arasibHOMY BUNAJKy 4ac BUKOHAHHS OKpe-
MOI orepartii CKJIagaeTbCs 3 IBOX CKIAIOBHX:
=Ty +1,

i ip

ne T, — 4Yac OCHOBHOI [IisUIBHOCTI omeparopa

1

BcepenuHi i -oi omeparii; 7,

;y — dac pesepBy Bce-

penuHi i -0i omeparii.
Yac pesepBy T, HE € MOKa3sHUKOM iH/MBiTya-

JBHUX SKOCTEH MallMHiCTa i XapakTepu3ye KOHK-
PETHY TEXHIYHY peali3allifd CUCTEMH «IIJIUHA —
MaIlliHa)», BUPOOHWYY OOCTAHOBKY B 30HI BHKO-
HaHHs poboTH i T. A. ToMy MOKHa BBaKaTH, IIO
T, =const st KOXHOI i -0i omeparii. Jac ocHOB-

HOI AisnbHOCTI [} , , HaBIOAKW, XapaKTepHU3ye iH-

!

TUBIAyaldbHI SKOCTI OMEpaTopiB, CTYyHiHb iX 00i-
3HAHOCTI 1 T. J. 1 PO3MOAUICHUNA 3a CKOPOYCHHUM
HOpPMaJIbHUM 3aKOHOM. Bech BUOip omepariii paH-
JKY€ThCS Ha omeparlii cyTTeBi i HecyTTeBi. CyTTeBa
omeparlisi — orepariisi, HeAoJAepKaHHA K01 TpH-
3BOJIUTH A0 3pHBY BChoro 3aBaaHHs. Ormeparis,
HEBHKOHAHHA 200 MPOITYCK K01 HEe MPU3BOAUTH 110
3pUBY 3aBIaHHS, a JIMIIE TIOTIpIIye KiHIIEBUN
e(eKT, HaNpUKIaJ TOUHICTh, HA3UBAETHCS HECYT-
TeBOKO. Pi3HMIIS Mik YacoM, BiIBEICHUM Ha BHUKO-
HaHHS 3aBJaHHS, i HEOOXiHUM — 30BHIIIHIN pe-
3epB abo medimur gacy. CymapHHMA dac BCIX He-
CYTTEBHX Olepalliil € BHYTpPilIHIM pe3epBoM. [Ipu
nedinuTi yacy MalIMHICT MOXKE XepTBYBaTH Hakd-
OMOKIUMH, y TIOPSAKY CIiAyBaHHS, HECYTTEBUMHU
ormepamisMu. SIKIIO 3rasHUil 9ac HaJ0IyXKyeThCs,
MAaIUHICT TIPUCTYTA€ 10 BUKOHAHHS BCIX HACTYII-
HUX OTiepalliii 0e3 BUHATKY.

HeoOxigHo BU3HAYMTH MHOXHWHH CYTTEBUX Ta
HECYTTEBUX OIEpaliii MpH KepyBaHHI JIOKOMOTHU-
BoM. [lozHaummo X<omeparis KepyBaHHS> SIK
MHOKHMHY BCIX OTIeparliii KepyBaHHS JIOKOMOTHBOM.
3 1ocBigy eKcIuTyarallii JIOKOMOTHBIB MAIlUHICT
BUKOHYE MiJ] Yyac KepyBaHHs IMOi3[OM TaKi OCHOBHI
omneparii (Ul KepyBaHHS TEIUIOBO3OM): X, — Iepe-
BEJICHHS IITypBATy KOHTPOJIEpa Ha BHIIY MO3HUIIIO;
X, — IepeBeJcHHs ITypBaly KOHTPOJIepa Ha HUX-
4y TO3MILI0; X; — NEPEBEACHHS ITypBally KOHTPO-
Jepa Ha HyJIbOBY MO3HULII0; X, — II€PEeBEICHHS Kpa-
Ha MalluHicTa B moyioxkeHHs «Ciry0oBe ranbmy-
BaHHS»; X; — IIEPEBEACHHS KpaHa MaIlINHICTA B IO-
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JIOXKCHHA «EKCTpeHe raJlbMyBaHHD», X, — IIEPCBC-

JICHHSI KpaHa MallliHicTa B TMoioxeHHs «llepexpu-
BaHHS TJIbMIBHOT MaricTpaii 3 KUBJICHHAM»; X, —

nepeBe/IcHHsI KpaHa MalldHICTa B MOi3HE TOJIOKEH-
HS; X; — NEPEBENEHHs KpaHa MAIlUHICTA B I10JI0-

KeHHs «Biamyck rambm»; X, — MOAABaHHA MiCKY

il KOJICHI Mapy JOKOMOTHBA; X, — IOJaBaHH:

CUTHAJy; X,, — HE BUKOHAHHS HISKUX MiH.

3 PO3TIITHYTOTO TIEPEITiKy orepallii BUIHO, 1110
HEMOXKJIMBO OJIHO3HAYHO BH3HAYUTHU JIesIKi orepa-
il K «cyTTeBi» abo «HecyTTeBi». Hampuxiazn
«IEepeBEeICHHsT MTYpBally KOHTpOJEepa Ha BUIILY
MTO3HUIII0» B YMOBAaX, KOJH JIOKOMOTHB ifie¢ 3 TOi3-
JOM 31 MIBHIKICTIO 3HaYHO OUIBIIOI0, HK po3pa-
XyHKOBY (Ha 20 xM/rof i OinbIIe), Tonepexy Jer-
kvt ipoisth KoITii 6€3 BETUKHUX CITYCKiB Ta ITiIiHo-
MIB, MAIIMHICT 3HA€, II0 HACTYyNHI JBI OJIOK-
JUISTHKY BUTBHI — B I[ill CUTYyaIlii mepeBeleHHs KO-
HTpOJIepa Ha BUIIY MO3UIIIIO € ONEPaIli€lo, MO MO-
’KHAa BHMKOHATH HeraiHo, abo BifgkigacTd ii BHKO-
HaHHS Ha Jeskud Yac (Ha po3cyn MarmHicTta). |
gke O pilleHHS HE TPHUHHSAB MAaIIWHICT, 1€ He
BIUIMHE CYTTEBO Ha 0e3MeKy pyxy Ta Ha BHTpATy
MaJIbHOTO 32 MOI3JIKY.

Ane po3riasHeMo iHIIY MOi3HYy curyamiro. Jlo-
KOMOTHB BeJle 10131 MaKCUMaJIbHOI MacH 31 IIBH/I-
KicTIO, ONU3BKIN 0 pO3PaxyHKOBOI, MOMEpery po-
3TAIIOBAHUI TAaK 3BAHHUM «KIHETUYHUI IT1IIHOM))
(110 TIPOXOIUTHCS TIOI3IOM 32 PaXxyHOK 3amacy Ki-
HETWYHOI eHeprii, Mo 3a0e3MedyeTbes IiABHIIe-
HOIO IIBUJKICTIO). B mbpomy BHIaaxy omnepartis
«IepeBeIeHHsT MTYpBally KOHTpOJepa Ha BUIILY
MO3UIIII0» € KPUTUYHO BAXKIWUBOIO, TOMY IIO TpH
HEBHKOHAHHI 11 (MOXJIMBO JEKUTbKA pa3iB IMiAPs)
moi3 He Habepe MOTPiOHOI MBHIKOCTI IS TOJO-
JIAHHS TIHOMY, IO TIOTIepeay, i MOKEe BUHUKHYTH
TpaHCIIOPTHA TOMisl: 3yIUHKA IMOi3/1a Ha TIEPETOH.
KpiM Toro MoknuBHHA BUXII 3 Jlagy abo ITOIIKO-
JOKEHHS TATOBHX EJIEKTPOJBUTYHIB B PE3yJbTaTi
TeperpiBaHHs.

OTxe, poOMMO BHUCHOBOK, IO CTYIiHBb CYTT€-
BOCTI Omepaliii 3 KepyBaHHs JIOKOMOTHBOM 3aJie-
JKUTh BiJl JIeIKUX YMOB BeleHHS moizna. lle Bu-
KJINKa€ HEOOXITHICTh pO3pOOKH TEOPETUYHOTO 00-
IPYHTYBaHHS TOHSATTS CYTTEBOCTI omeparlid 3 Ke-
PYBaHHS JIOKOMOTHBOM.

BukopucToByloun METOMW HEYITKOI JIOTIiKH,
MOJJAMO TIOHSITTSI «CYTTEBICTh Omepalii KepyBaHHs
JIOKOMOTHBOM» SIK HaOip JiHTBICTUYHUX 3MiHHHX
(Tabm. 1).

Tabnuns 1

3HaYeHHA MHOKMHHU Z<CYTT€BicTh omepauii
KepyBaHHs JJOKOMOTHBOM>

Table 1

The value of the set Z <importance of locomotive
management operation>

[lo3nayenns
CIICMCHTA 3HaYeHHS €JIEMEHTa MHOXKHUHU
MHOXHWHHA
z, «CyTTeBa»
zZ, «YMOBHO CYyTT€Ba
z, «HecytreBay

Tabnums 2

3nayeHHst MHO:kMHH C< NMOI3HA CUTyalis™>

Table 2
The value of set C < a train situation>
ITo3nauenns
CJIEMCHTa 3HaYCHHS CJIeMEHTa MHOXUHHI
MHOXXHWHHA
q <<BiL[HpaBJ'IeHHSI.3i cTaHuil
Ha Ieperin»
¢, «Pyx mijg 3eneHUi HA TTIHOMY
c; «Pyx mijg 3eneHnit Ha CITyCK»
Cs «Pyx mizg xoBTHII HA TiAHOM»
Cs «Pyx mix ®KOBTHIA Ha CITyCK»
Cs «Pyx mix yepBOHUIT HA TiAHOM»
c7 «Pyx miji 4epBOHMI Ha CITyCK»
cs «PyX 10 cTaHLIITHUM KOMisSIM»
Cy «Pyx pesepBom»
C1o «Pyx y HeCcipuATINBUX
TIOTOHUX YMOBaX»
cn «[lepemikona nonepeay»
cn «[IpuOyTTs Ha CTaHIIIO»

3HAueHHS z, = YMOBHO CyTT€Ba» TPAKTY€EThCS
SIK Taka orepallisi KepyBaHHs, 110 B IaHUH MOMEHT
gacy He € CyTTEBOIO, aJie TIPH 3MiHi 0i3HOi oOcTa-
HOBKH BOHAa CTa€ JIOCTOBIpHO cyTTeBo0. [Tpomixk-
HE 3HAa4EHHs z, BBEJEHO Ul OLIBINOI THYYKOCTI
BUKOpUCTaHHS MHOXHHHU Z. Takox moTpiOHO BBe-
CTH HOBY MHOXHWHY C<Ioi3Ha cHUTyallis>, mo Xa-

doi 10.15802/stp2017/93960

72

© O. M. T'opobuenko, A. O. AHTOHOBHY, 2017



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchKkoro

HAaI[IOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOTr0 Tpancmopty, 2017, Ne 1 (67)

EKCIUIYATALLA TA PEMOHT 3ACOBIB TPAHCIIOPTY

paKTepu3ye MOTOYHY CHUTYAIlil0, B SKI MaIIMHICT
npuiiMae pilleHHS Ha BUKOHaHHS Tiei abo iHIIOf
omeparii kepyBaHHI. B pe3ynbrari aHamizy ymoB
pOOOTH JIOKOMOTUBHUX Opuraj noBHa MHOXHHA C
npezacTaBieHa B Tabd. 2.

Jis Bu3HaueHHs (PyHKIII TPUHAIEKHOCTI elre-
MEHTIB MHOKUHH Z BHKOPHCTaHO METOJ €KCIIepT-

BIICHI TaOmwmIli. 3aBJaHHSIM MAIIWHICTIB, [0 BH-
CTyNalnu SIK EKCIEPTH, OyJ0 OIIHUTU KOXHY
oTIeparlio 3 MHOKUHHU X 3a CTyIEHEM ii BIUIUBY HA
pe3ysbTaT KepyBaHHS B 3aJaHiid MOT3HIN CUTYyaIlil 3
MHOxkHHU C. IToTpiGHO OyJi0 MO3HAYUTH TiNBKH
OJTUH €JIEMEHT MHOXHHHU Z JJIsl KOXKHOTO eJIeMEHTA
MHOXXWHH X. 3BEIeHI pe3yiabTaTH JOCIiIKCHHS

HUX oUiHOK. ONUTyBaHHS BUKOHaHE cepel 56 Ma- Uil [epmHX YOTHPHOX CHTyalid HaBeleHi
IIMHICTIB JJOKOMOTHBA. [[J1s1 OMUTYBaHHS MiAroTo- Yy Taou. 3.
Tabnuns 3
3BegeHa TabdanUs Pe3yabTATIB eKCIIEPTHOTO OLiHIOBAHHS
Table 3
Summary of expert evaluation results
Oneparii kepyBaHHs JOKOMOTHBOM I C; =«Biampanenns 3i cTaHLii Ha IEPEron»
Z X1 X3 X3 X4 X5 X6 X7 Xg X9 X10 X11
Z 55 54 54 42 56 56 56 56 50 45 50
Z) 1 2 2 13 6 11 4
73 1 2
Omneparii kepyBaHHs JOKOMOTUBOM I C, =«PyX mij 3enennii Ha migiom»
Z X1 X2 X3 X4 X5 X6 X7 Xg X9 X10 Xi1
Z 42 40 55 55 56 56 55 55 1
7 12 15 1 1 1 1 14 21 2
Z3 2 1 41 35 54
Oneparii kepyBaHHs JOKOMOTUBOM I C; =«PyX mij 3enenuii Ha cyck»
Z X1 X2 X3 X4 X5 Xg X7 Xg X9 X10 X11
Z 2 1 4 56 56 56 56 50 2
7 1 1 48 6 13 10 5
Z3 53 54 4 43 46 49
Onepalii kepyBaHHs JOKOMOTUBOM 111 C,4 =«PyX mij sxoBTHi Ha migfdom»
Z X1 X3 X3 X4 X5 X6 X7 Xg X9 X10 X11
Z 51 52 55 56 56 56 55 55 52
Z) 5 4 1 1 1 3 47 4
73 53 9
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[ToBepraroynch 10 MOJETIOBAHHS isIIbHOCTI
MaIIMHICTA JUIS KOXXHOI orepailii, BU3HAYAEThCS
koedimienT gyacoBoi HampykeHocTi. B [5] meit ko-
e(ILiEHT BUPAXKAETHCS SIK

n
Z T 1B, =1
__ I=i+l
= (1)
y i3atp
Ae S; — KoeQIUiEHT YacOBOi HANPYKEHOCTI i -i
n
omeparii j-i peamizanmii; Z T; |B1 =1 — yac, He-
I=i+1
o0XiHMH Ha BUKOHAHHS pemTH (Tmicns i-oi) cyT-
TEBUX omepauiii; B, — iHaeKkc cyTTeBocTi (B =1 —
omepauis cyrreBa; B=0 — necyrresa); T, — wac,

BiIBeICHWI Ha BUKOHAHHS BCHOTO 3aBJaHHS (dac
wukiy); 7., — PealbHO BUTPAYCHHH 4ac Ha BH-
KOHaHHS omnepatii g0 (i+1)-oi B j-i peamizarlii;
n — 3araJibHa KUTBKICTH OTIepallii y JaHii 3amadi;
i — 3MiHHA HOMepa ormepallii, 0 MOJIEITIOEThCS; j
— HOMeEp pealtizailii anropuTmy.

Jlnst misITbHOCTI MaIlMHICTA JIOKOMOTHBA BHIIIE
OOIpyHTOBaHO BBEJICHHS B IHICKC CYTTEBOCTI B
(B,=1 omnepauis cyrrepa; B, =0 — HecyTTeBa) mpo-
MiKHOT Benumaman B=0,5 — omeparliss yMOBHO CyT-
TeBa. BHKOPHUCTOBYIOUM TIO3HAYEHHSI, MPHUHSATI
B OIIMCI KepyBaHHs IOI370M, Ha MiAcCTaBi BHpa3zy
(1) 3anmumemo Bupa3

2 T |B=1 X T, |B=05
= J = i€
e — i+1 + , (2)
! T; - 736,3an 7—;4 -T X;3aTp

ne S

Xi€j

— Koe(]iLieHT 4acoBOI HANPYKEHOCTI X;-i

omepauii B ¢;-y pexuMi pyxy; Z T.,|B=1-

I=x;

Yyac, HEOOXiAHWH Ha BUKOHAHHS pemTd (micis

n
x;-0f) cyTTeBMX omepaniif; ). T, |B,=0,5
I=x;,

4ac, HeOOX1JHUI Ha BUKOHAHHSA pewmrTu (micis Xx;-
of) YMOBHO CyTT€BHUX ollepaliil; B, — iHAEKc CyT-
teBocTi (B, =1 omepauis cyrreBa; B, =0,5 — ome-
pauis yMOBHO cytreBa; B, =0 — HecyrreBa); T, —

yac, BiJBEJACHUI Ha BHKOHAHHS BCHOTO 3aBIaHHS

(vac nukiy); T, — peanbHO BUTPAaYCHUI yac Ha

13aTp

BUKOHAHHS omepauii 10 Xx,,,

-0i B peXHMi PyXy

¢;5 J - 3MiHHa HOMEpa PeKUMY PYyXy Moi3za.
Posrnsimaroun mporiec BUKOHAHHS — OMEparliif

MAITMHICTOM JIOKOMOTHBA, MOXXHa 3pOOWUTH BH-

CHOBOK, IO yac 7,. BHUKOHaHHs omepauii x, B
i

pexuM1 pyxy c I € BCJIMYMHOKO 1HAUBIAYAJIbHOIO

JUISL KOYKHOI JTIOMHY. 3aJIeKHUTh Bil TaKuX (haKTo-
piB, sK Ncuxo(i3i0NOTiYHUN CTaH JIOAWHH, CTaH
OTOYYIOUOTO CEPEAOBHINA, SIKICTh HABYAHHS, YMO-
BH BeACHHS Moi3aa Ta iH. lle poOuTh BU3HAYCHHS
TOYHOT BeTMuMHM T -~ JlyKe CKJIAHHM 3aBJIaH-

HaM. Tomy npononyerbes posrasanatd 7, . K He-
=

YiTKYy BETUYHHY, IO TO3BOJHUTH BPaxXyBaTH HU3KY
HaBeJICHUX HEBU3HAUEHOCTEH.

Buxonsun 3 CyTHOCTI BEIIMYMHH Yacy BHKO-
HaHHS onepauii x; B pexumi pyxy ¢; T, noza-

J e,

MO ii y BUIJISAI YHIMOAATBHOTO HEUITKOTO YHCIa
L-R-tumy: T, (1., o, B,), ne £, — Mona Hedi-
TKOTO 4MCJa «4ac BUKOHAHHSA omepauii», a, >0,
B, >0 — niBuif Ta npaBuii KoediLieHTH HEUITKOCTI

BenmunHu 7., . Toxi Bupas (2) MaTume Takuil BU-
=

TSI
n
Z (txl-cj ’at’Bt)|Bl =1
Sx-c = [ +
o 7;4 _Tx,-3an
n
Z (thc/ ’ath)|Bl = 0,5
+ I=x;,
T:; - Tx‘san

Takum 4rHOM, KOE(]IIIEHT YacOBOi HAmNpyIKe-
HOCTI TakKoX MEPEeTBOPIOETHCSI B HEYITKE YHUCIIO
L-R-tuny. Omyckaroud BioMi IepeTBOpeHHS [6],
3alUIIEMO OCTAaTOYHUI pe3yJbTaT BHU3HAYEHHS
Sx,-cj y HEHiTKi# dopmi

Z (txic/ ’atﬂBt)|Bl =1

S Lo ,B.)= +
( X“C/ S BS) 7—;4 _T

X;3a1p

> (b, 0,:B|B = 0.5
+ I=x;, ’
T,-T,

X;3aTp
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n

o, = Y o,lB =1+ Z o,|B =0,5,

I=x;, T=x;,
n n
Bs = Z Bti|Bl =1+ Z Bti|B1 =0,5.
I=xy 1=,

ne o, 3 — miBuii Ta npaBuii KoeilieHTH HEYITKOCTI
BIANOBIIHUX HEYITKHUX BEJIWYHUH; 7:4 — yac, BigBe-

JIEHUI Ha BUKOHAHHSI BCHOTO 3aBIaHHS (Yac IUKIY);
B, —iHOexc cyTTeBOCTI onepartii.

PesyabTaTn

BukopucranHs METO/Iy €KCIEepPTHHX OI[IHOK J0-
3BOJIM/IO BCTAHOBHUTH, IO BIJHOCHA KIJIBKICTH OIIE-
pauiii kepyBaHHS JIOKOMOTUBOM 3TiIHO 3 PO3MOJIi-
JIOM 3a mapameTpoM Z ckianae —z1=76 %, z,=11 %,
Z3=13 %.

st BU3HaueHHs HalOUTbI HANPYKEHOTO PEeXKH-
My poOOTH MaIlrHICTa MPOBEIEMO PAHKYBaHHS pe-
)kuMiB pyxy C 3a mapaMeTpoM BiJHOCHOI KUJIbKOCTI
CyTTeBUX omepauiii kepyBanHs (puc. 1). HaiitOinpir
BOXKAMHU pekuMaMH € ¢;; = «[lepemkona momnepe-
Iy», cio = «PyX y HECHIPUSTIMBHX TIOTOJHUX YMO-

Bax» Ta ¢ = «BianpaBneHHs 3i CTaHIIiT HA TIEPETiHy.
0 ‘ ‘ ‘ ‘ | | | | | | I I
cll ¢10 ¢l c¢12 ¢c7 c6 ¢4 5

c2 8 9 3
Pexum pyxy

B(z1)

1

0

Do

0

o™

0

ES

0

o

Puc. 1. PamxyBaHHsI pexHUMIB pyXy
33 IOKa3HUKOM z, € Z

Fig. 1. Ranking of movement modes according
toindexz; €Z

Jlyist BU3HAYCHHS HAWOLIBII CYTTEBUX KEPYHOUMX
omeparliii mpoBeneMo paHXyBaHHS iX 3a IMOKa3HU-
KOM BIZJHOCHOI KIJTBKOCTI Z; «CyTT€Ba» (puc. 2).

TakuM YMHOM MO>KHa CKa3aTH, LI0 BCi onepaii
3 KepyBaHHS rajlbMaMu € HAHOIbII CYyTTEBUMH Y
MOPIBHSIHHI 3 1HITUMH JJIS BCiX PEKHUMIB BEICHHS
rnoizza.

B(z1)

0,1
0,08
0,06

0 |||||IIIII

0,04
0,02
x7

x4 x3 x11 x2 x1 x10 x9

Kepyrova onepauin

x5 x6 x8

Puc. 2. PamxyBaHHs KepyOuuXx orepartin
33 IOKa3HUKOM z, € Z

Fig. 2. Ranking of control operations according
toindexz; €Z

Takox 10 pe3yNbTaTiB JOCIIIKEHHS HAICKHUTh
po3pobiieHa (opMma TMPEACTaBICHHS MapaMeTpa
HaNpy>KeHOCTI pOOOTH MaIlMHICTa JIOKOMOTHBA,
IO 3aJIeKHTh BiJ] HEUITKUX MapaMeTpiB dacy Ha
BUKOHAHHS CYTTEBHX Ta YMOBHO CYTTEBUX OIlepa-
il KepyBaHHS MOi3/10M.

HayxoBa HOBH3Ha Ta MIpaKTHYHA
3HAYMMICTh

BBeneHHs BEIMYWHU «YMOBHA CYTTEBICTH BU-
KOHaHHSI OIepariii» J03BOJIMIO OibII SKICHO OIH-
caTy yMOBM BeleHHs moi3na. B po0Gori Brepiie
HABEJICHO BH3HAUYCHHS HAIPYXKEHOCTI POOOTH Ma-
IIMHICTA JOKOMOTHBA y BUIJISAI YHIMOJAIBHOIO
HEYITKOTO YHWCJA, IO JO3BOJIUTH B MOAAIBIIOMY
BUKOPHCTAaTH METOJU TEOPil MITYYHOTO IHTENCKTY
IS MOJEIOBAHHSA MISJIBHOCTI MAIIMHICTA JIOKO-
MOTHBa Ta pO3POOKH IHTENEKTYalbHUX CHCTEM
KepyBaHHs. [IpakTM4HA 3HAYYIIICTH OTPUMAHUX
pe3yIbTATIB TMOJATaE Y MOXKIMBOCTI Oe3rocepe-
HbO BpaxyBaTH TaKWi BaKIIMBHH SIKICHHHA ITOKa3-
HUK, SK «HAaIPYXEHICTb POOOTH MaIIuHICTa»
B CHCTEMax aBTOBEJICHHS Ta KOHTPOIIO Oe3meKu
pyxy. PamxyBaHHS TMOI3HUX CHUTyaliid Ta Kepyro-
YUX Omepaliid 03BoJsie OOIPYHTYBATH MOPSIOK
BUKOHAHH] KEpPyHYHMX i TpU YIOCKOHAJICHHI
ITOPUTMIB pOOOTH CUCTEM BEIEHHS MOT3iB.

BucHoBxku

1. Ha ocHOBiI MeTOIly €KCHEpTHHUX OLIHOK PO3-
poOIIeHO TIOPSAZOK BHU3HAYEHHS HAMPY>KEHOCTI po-
0oTu MamuHicTa B Till 4u iHmIK cutyanii. Busna-
4yeHo (opMy 3400yTTs 3HaHb Y BUIVIALI TaOMuIi 3
JTAHVMH TIPO TIOi3HI CHUTYyaIlii Ta CyTTEBICTh KEPYIO-
YUX PillICHb.
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2. AHani3 poOOTH MAIIUHICTIB JJOKOMOTHBA JI0-
3BOJIMB BH3HAYUTU TEPETiK OCHOBHHUX CHTYyaLii
IpH KepyBaHHI JIOKOMOTHBOM. PamkyBaHHS iX 3a
MOKa3HUKOM CYTTEBOCTI KEPYIOUUX Omepallid 10-
3BOJIWJIO OOTPYHTYBaTH Ta BU3HAYUTH HaAKOLIBII
HeOe3neuHi cuTyanii, B SKHX IepeBakHa Oilb-
IICTh KEPYIOYHNX pIlIeHb € cyTTeBUMHA. [lo Takmx
curyauiii BigHeceHo «llepemkona momnepeny»,
«PyX y HecnpHUsTAMBHX HOTOZHUX YMOBax», «Bix-
TIpaBIIEHHS 31 CTaHIii Ha IEPETOHY.

3.BBeficHHS BENMYMHU «yMOBHa CYTTEBICTH
BUKOHAHHS OMepallii» T03BOJWIO OUIBII SKICHO
OTHCATH YMOBH Ta BpaxyBaTH BiMiHHOCTI Mpoiie-
Cy KepyBaHHsI MOi3JI0M BiJl KEpYIOYHX IPOIECiB
B iHIIMX ramy3sx. B moganbimoMy MOXIJIMBO BEJU-
YMHY «YMOBHA CYTTE€BICTb BHUKOHAHHS OIepamii»

neTanizyBaTH Ta po30WTH Ha JEKUTbKAa Tpajalii,
IO J03BOJIUTH OUIBII SIKICHO CIIPOrHO3YBaTH HAc-
JAKY pillieHb 3 KePYBaHHS MOI30M (pIIIeHHs, 0
NPUAHATI JIIOJUHOI0, ab0 THTEJIEKTYaJIbHOK CHC-
TEMOI0). AJi€ 11e OTPeOy€e BUKOHAHHS JJOJATKOBHX
JIOCTiKEHb pOOOTH JJOKOMOTUBHUX OpHTal.

4. InTenekTyainizamis KepyrUnX MPOIECIB B pi-
3HUX Taly3siX TNOTpedye po3poOIsTH HOBI MiAXOH
[0 iHTeprpeTauii BXiTHUX HapaMmeTpiB. B poboti
BIIEpIIIe HABEACHO BH3HAYEHHS HAMPY>KEHOCTI PO-
00TH MaIIMHICTa JIOKOMOTHBA Y BHTJIIII YHIMOAA-
JILHOTO HEYITKOTO YHCIa, IO JO03BOJIUTH B TOfA-
JMBIIOMY BUKOPUCTATH METOAW TEOpii IITYYHOTO
IHTEJICKTY ISl MOJCIIOBAaHHS MisUIbHOCTI MalllKHi-
CTa JIOKOMOTHBA Ta PO3POOKH IHTEICKTYaTbHHUX
CHUCTEM KepyBaHHS MOI30M.
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OOPMAJINBAIUA ITAPAMETPA HAIIPA’KEHHOCTHA
AESATEJIbHOCTHA MAIINHUCTA JTJOKOMOTHUBA
HA OCHOBE 3PTOHOMMNYECKOU MOJEJIN

Hean. KiroueBbIM (GakTopoM, BIUSIONIMM Ha O€30IIaCHOCTD JIBIKCHMS U Ka4eCTBO PabOTHI IpraTHUECcKOi cHc-
TEMBI «II0€3-MaLIMHNUCT», SIBJIACTCS HAIIPSHKEHHOCTH PaOOThI JIOKOMOTHBHOHN Opuraznsl. Llens pabotsl — dopmanu-
3anusl TOKa3aTeNs HalpsDKEHHOCTH AESTEIbHOCTH MAIIMHUCTA JIOKOMOTHBA. MeToanka. OHON U3 XapaKTepUCTHK
HAINpsDKEHHOCTH paboThl MAIIMHKCTA SBJISETCS pa3HUIA MEXKIy BPEMEHEM, OTBEJICHHBIM Ha BBIIIOJIHEHHE 3a/laHN,
Y HEoOXOIMMBIM BpeMeHeM (BHEIIHUI pe3epB WK JeGuuuT BpeMeHH). OnpeaeneHbl MHOXKECTBA CYIECTBEHHBIX
1 HECYILECTBEHHBIX OMNEpalfil MpHU yNpaBIeHUH JOKOMOTHBOM B Pa3IMYHBIX MOE3MHBIX CUTyalusx. Mcmomis3ys
METO/Ibl HEUETKOM JIOTHKH, MOHATHE «CYIIECTBEHHOCTh OIEpalH YIPaBICHUS JTOKOMOTHBOM)» MPEACTABICHO B BU-
Jie Habopa JIMHTBUCTUYECKHX MepeMeHHBIX. [[iis onpeneneHus GyHKIMN NPUHAIICKHOCTH JIEMEHTOB MHOXKECTBA
«CYIIECTBEHHOCTD OIEPAIMH YIPABJICHUS JIOKOMOTHBOM» HCIOJIB30BaH METO]I IKCIIEPTHHIX olleHOK. Koaddurment
BPEMEHHOW HANpsDKEHHOCTH MPEACTABIICH B BUIE HEUeTKOro uncia L-R-tuna. Pe3yjabTaThl. YcTaHOBIEHA BEIHIH-
Ha OTHOCHTEJIFHOTO KOJIMYECTBA ONEPALMH YHPABICHHS JIOKOMOTHBOM COTJIACHO PACHpEACICHHUIO IO Mapamerpy
«CYIIECTBEHHOCTH onepanum». [ onpenenenns HanOosee HaNpspKeHHOTO PeXMMa padoThl MalllMHUCTA POBEIE-
HO PaHXWPOBAaHUE DPEXKHMMOB JBIDKCHUS MO MapaMeTpy OTHOCHTEIBLHOTO KOJIMYECTBA CYIIECCTBEHHBIX OIEpaluit
ynpasinenusi. Haubomnee TsKenbIMU pexXUMaMH SIBISIOTCS «IIOMEXa CIIEPEAN», «IBIKCHNE B HEONArONPHUATHBIX I10-
TOHBIX YCIOBHUAX» U «OTIPABICHHUE CO CTAaHIMHU Ha neperon». HayyHass HoBM3HA. BBeneHue BeMUMHBI «yCIIOB-
Hasl CyIIECTBEHHOCTD BBITIOJIHEHHUS OIIEpaLMiy» MMO3BOIWIO 00JIee KaueCTBEHHO ONUCATh YCIOBUS BEJCHUs moe3/a. B
paboTe BIiepBbIE MPEACTABICHO ONpPEIEJICHNE HANPSDKEHHOCTH PabOThl MAIIMHUCTA JIOKOMOTHBA B BHUJIE YHHMO-
JTAJIBHOTO HEUETKOTO YHCIIA, YTO TO3BOJIUT B JajibHEHIIIEM HCIIONb30BaTh METO/BI TEOPUH UCKYCCTBEHHOI'O MHTEI-
JIeKTa JUIS MOJAENMPOBAHUS NESITEJFHOCTH MAIIMHKUCTa JOKOMOTHBA M Pa3pabOTKN HMHTEIUICKTYaJbHBIX CHCTEM
ynpasieHus. IIpakTndeckass 3Ha4YMMOCTh. [lomyueHa BO3MOXKHOCTB HEMOCPEACTBEHHO Y4YECThb TaKOW BayKHBIN
Ka4eCTBEHHBII I0Ka3aTeNb, KaKk «HAIPsHKEHHOCTb pabOThl MAIIMHHUCTa» B CUCTEMaX aBTOBEJCHUS U KOHTPOJIS 0e3-
OTIACHOCTH JIBIDKCHMS. PamkKMpoBaHME MOE3JHBIX CHTYAlMd M YIPABISIOMMX OIEpalyii 1MO3BOISIET 000CHOBATH
TIOPSIIOK BBITIOJHEHMST YHPABJISIOMNX JEHCTBUHA TPH COBEPIICHCTBOBAHMH alTOPHUTMOB pabOTHI CHCTEM BEICHUS
TT0E3/I0B.

Kniouesvie cnosa: spratudeckas CHCTEMa; HANPsDKCHHOCTh pabOTHI OnepaTropa; MallMHUCT JIOKOMOTHBA; 0€30-
MACHOCTH JBIDKCHUS

0. M. HOROBCHENKO'", A. 0. ANTONOVYCH?

"Dep. «Maintenance and Repair of Rolling Stock», Ukraine State University of Railway Transport, Feierbakh Sq., 7,
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FORMALIZATION OF LOCOMOTIVE DRIVER ACTIVITY TENSION
INDICATOR BASED ON THE ERGONOMIC MODEL

Purpose. A key factor contributing to the safety and quality of ergatic system "train-driver" is the intensity of the
locomotive crew’s work. The aim of this work is formalization of locomotive driver activity tension indicator.
Methodology. One of the characteristics of driver activity tension is the difference between the time allotted to com-
plete the task, and the necessary (external reserve or deficiency time). The sets of major and minor operations in the
management of the train locomotive in different train situations were identified. Using the methods of fuzzy logic, the
concept of "materiality of the operation of the locomotive control" is presented in the form of a set of linguistic vari-
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ables. To determine the function membership of the elements of the set "the importance of the operation of the locomo-
tive control" the method of expert evaluations was used. Coefficient of temporary tension is presented in the form of
fuzzy number L-R-type. Findings. It was found the value of the relative number of operations of locomotive control
according to the distribution using the parameter of operation "importance". To determine the most tensioned mode of
the driver ranking the traffic condition according to the parameter of relative amounts of the important management
operations was conducted. The most difficult modes are the "front hindrance", "movement in unfavorable weather con-
ditions" and "departure from the station to the running line". Originality. The introduction of the value "conventional
importance of the operation" allowed us to more accurately describe the terms of train driving. For the first time the
work presents determination of tension of the driver’s work in the form of a unimodal fuzzy number, which will make
it possible to use the methods of the theory of artificial intelligence to simulate activity of the locomotive driver and
develop intelligent control systems. Practical value. There were obtained the opportunity to consider such an impor-
tant quality indicator, as "the tension of the driver’s work" in systems of automatic train control and traffic safety.
Ranking the onboard situations and control operations enables us to justify the order of management action for the im-
provement of the algorithms of system operation of train driving.
Keywords: ergatic system; intensity of the operator; locomotive engineer; traffic safety
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INIABUINEHHA MIDKPEMOHTHOI'O PECYPCY BI3KIB
BAHTA’KHUX BAI'OHIB.
MOJAEJIb 'EOMETPII 3HOCY HNIAIPATHUKA

Merta. Y HayKoBiif poOOTi HE0OXimHO: 1) MpoaHami3yBaTH TEXHIYHHHA CTaH BAaHTA)KHUX BATrOHIB Ta TEXHOJIOTIUHI
METOIH, III0 3aCTOCOBYIOTHCS IIPH PEMOHTI; 2) BCTAHOBUTH MOKJIMBI IIISIXU IS MIABHUIEHHS PECypCy Bi3KiB BaH-
TQXHAX BaroHiB, 3) pO3pOOWTH MaTeMaTHYHy MOJETh /IS ONHCAaHHA TeOMeTpii 3HOCY BHXiJAHOI TOBEpXHi
AN STHUKA HaJpecOpHOi OalKM Bi3Ka Ha BIAMOBIJHOMY JXMTTEBOMY LIMKII BaHTaXHOro BaroHa. Merommuka. /s
BUPINICHHS KOMIUIEKCHOT 3a/a4l MiABUIIEHHS MIKPEMOHTHOIO PECypCy Bi3KiB BaHTQ)KHHX BAaroHIiB OyJI0 BUKOpHC-
TAHO METOJAU CHHTE3y, aHali3y Ta CUCTEMHOro mixxoxmy. KpiM TOro, BUKOPHCTOBYEThCS amapaT MaTeMaTH4HOTO
MOJICTIIOBaHHS, (Di3UKM TBEPJOTO Tijia, TEOpil TepTs Ta 3HOWIEHHS TBepAux Tii. PesyabraTm. [IpoBenenuii aHamni3
TEXHIYHOTO CTaHy BaHTQ)KHHX BaroHiB Mokasas, 110 10 15 % HecnpaBHOCTell npunasae Ha Bisku. OKpeMuM eneme-
HTOM BIi3Ka, 1110 PEMOHTY€ThCSI, € HajpecopHa Oanka. [Ipu 1boMy HaiyacTimie BiJHOBIIOETbCS MiAI SITHUK. 3HOC
A ITHAKA BiZOyBa€eThCS HEPIBHOMIPHO, a TEXHOJIOTIYHI METO/IH, IO 3aCTOCOBYIOTHCS NP PEMOHTI, HE JTO3BOIIS-
10T 3a0€3MCUUTH PIBHOMIPHHHN 3HOC, Yepe3 M0 BUHUKAE HeOOXiTHICTh Y Iepea9acHOMY peMoHTi. OIHUM i3 CIToco-
0iB TABHINECHHS pecypcy MM SATHUKA MiJ 9ac PEMOHTY € 3aCTOCYBaHHS HAIUIABJICHHS YW HANWIIIOBAHHSI, ale i3
3a0e3MedeHHsIM TUCKPETHOI MIITHOCT] Ta 3HOCOCTIMKOCTI y IMO3A0BKHBOMY Ta ITOTIEPEYHOMY HAIPSIMKaX BiOBIIHO
JIo oci BaroHa. /{51 BCTAaHOBJIEHHS MEX PO3MOUICHHS BiJHOBIIOBAHOTO MaTepiaily 0 AiaMeTpy Mmign sTHHKa Oyio
PO3TIISIHYTO BTOMHHU TIPOILIEC 3HOCY I Yac B3a€MOJii 3 IT'SITHUKOM Ta OIMHCAHO T'€OMETPII0 MOBEPXHI 3HOCY
mian’atHuka. HaykoBa HoBH3HA. Y po0oTi Oyiio MpoaHa i30BaHO TEXHIYHWIl CTaH Bi3KiB BaHTa)XHHMX BAaroHIB 3a
KpuTepieM 3Hocy. [lokazaHo, 110 JTUHaMiKa HECIIPaBHOCTEH BI3KiB Mae MO3UTHBHHMI Xapakrtep. Kpim Toro, 3HauHe
MICIIe cepe JIeTaliel, 0 PEeMOHTYIOThCS, 3aiiMae HaJpecopHa Oaiika, OCOOMMBHM 1 HABAaHTAXKCHUM MICIEM SKOT
€ i’ STHUK. {711 onrcaHHs TeoMeTpii 3HOCY BIIeplie 3apOIIOHOBAHO MaTeMaTHYHY MOJIENb BU3HAYEHHS BUXiTHOT
MOBEPXHI MMM ITHUKA Ha BiJNOBIIHOMY JKUTTEBOMY IHKIII Bi3Ka BAaHTXXHOro BaroHa. IIpakTHYHA 3HAYUMICTb.
PesynbTatit poOOTH TO3BOJIIIOTH YCTAHOBUTH T'€OMETPII0 MOBEPXHI 3HOCY MiAN ATHUKA HaJAPECOPHOI OAKH Bi3Ka
MIPH B3aEMOI 3 IT’ITHUKOM BaHTa)KHOTO BaroHa 3 MO3MIii MPOTiKaHHS BTOMHOTO 3HOCY, TOOTO, 32 KPUTEPiEM Mill-
HOCTI.

Kniouosi cnosa: BaHTaXHI BaroHW; Bi3KHM;, MDKPEMOHTHHH TpoOir; reoMeTpis 3HOCY; HaapecopHa Oanka;
TEXHOJIOTIYHI METOIH

Beryn «YKpaiHCchKa 3aJli3HUIS 3HATHOIO MipOIO BILTHBAE
TEXHIYHWH CTaH BaHTAXXHOTO BaroHHOTO TOCIIO-
mapctea [4, 7, 8]. Hud WiABHINEHHS TEXHIKO-
€KOHOMIYHHMX ITOKa3HHWKIB OCTaHHIM YacoM po3-
TIIAAETHCS MOYIIMBICTD 30UIBIICHHS MIXKPEMOHT-
HUX MpOOIriB BaHTQKHUX BaroHiB 0e3 3HMKEHHS
piBHs Oe3meku pyxy moi3miB. [locarHeHHS Takoi
METH MOXKJIUBE Ha OCHOBI BUKOPHCTaHHS JIBOX IIi-
nmxoxiB. [epmmit — nmoB’si3aHuii 3 pO3POOKOID HO-
BUX 3pa3KiB BaHTOKHOTO PYXOMOTO CKIIafdy 3i 30i-
JBIICHAM MIKPEMOHTHHM TPOOIroM Ta BUTOTOB-
JIEHHSM HOBHX OKPEMHUX E€JIEMEHTIB ISl BaroHIiB,
IO eKCILUTYaTYIOThCS, HAIPUKIIA[, Bi3KiB Ta KOJiC-

3ai3HUYHHN TPAHCIIOPT Y BCHOMY CBITI 3aiiMae
3HAUHY 4YacTHHY PHHKY TIIOCIYT, $IKi ITOB’s3aHi
3 Oprasizamiero Ta 3a0e3MCYCHHSIM IEPEBI3HOTO
nporecy [4—6, 8—11]. ['0noBHUM 3aBIaHHSIM 3aJ1i3-
HHULb € TiABUIICHHS PiBHS O€3MeKu pyxXy MOI3fiB,
Ha SKy BIUIMBAaIOTH HANiWHICTh i OE3BiAMOBHICTH
pYXOMOTo CKJIajy, JiHIA elleKkTporepenad Ta
3B’SI3KY, IPUCTPOIB OJIOKYBaHHs, CTaH 1 Mpodiib
KOJTii.

Ha Oesmeky pyxXy TMOi3miB Ta TEXHIKO-
€KOHOMIUHI MOKa3HUKHU nepeBizHoi podotn y [TAT
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HUX Tap 3 MiABHIICHUMH (Di3MKO-MEXaHIYHUMH Ta
TPUOOTEXHIYHAMH BJIACTHBOCTAMH. Jlpyruit
MOB’sI3aHUM 13 3aCTOCYBAaHHSIM HOBHX, OB ede-
KTUBHUX, TEXHOJIOTIl PEeMOHTY BaHTa)XHHX Baro-
HiB, MO 3a0e3MeYy0Th HEOOXiTHE ITiABUIICHHS
MIIHICHUX Ta 3HOCOCTIMKHX BJIACTUBOCTEH ICHYIO-
YUX EKCIUTyaTOBaHMX 3pa3KiB AJs 301TbIICHHS iX
MDXPEMOHTHOTO MPOOiTy.

[Tepmmii BapiaHT, MifiCHO, € HAWHEOOXTHIIITNM,
ockinpky Oinbaie 80 % excrTyaToBaHOTO BaHTax-
HOTO PYXOMOTO CKJIaTy € MOpPAbHO 3HOIICHHM.
Are, BpaxoByHOUHM HasBHI (DiHAHCOBI pecypcH,
IMAT «YxpaiHchKa 3ai3HHLD) HE Ma€ MOXKIIMBOC-
Ti OJIHOYACHO 3aMIHHUTH JCKIJIbKa THUCSY 3pa3KiB
BaroHHOI TEXHIKH, IO €KCIUTYyaTy€eThCs 1 SKil Mpo-
JTIOBXKEHO TEPMIH CIY>KOH, OCKIJIBKHU IS I[bOIO HE-
00XiHO 3a]y4aTH BaJIOTHI KPEAWTH Ta JI3WHIOBI
KOH IOKTYpPH.

Ha meit wac, 3 ypaxyBaHHSIM €KOHOMIYHOTO
cTany YkpaiHu, qpyruil HanpsM € HalOuIbII Tpu-
WHSATHUM, OCKIUIBKH HE MOTpedye 3alrydeHHs 3Had-
HUX (hiHaHcoBHUX BKIageHb i [IAT «Ykpainceka
3aTI3HHLS.

Ha ocHoBi 3BitiB [TAT «VYkp3amizHumi» mpo
cTa" Oe3NeKH pyXy Ha 3ali3HHIAX YKpainu Oyio
BUKOHAHO aHaJli3 HECHpPaBHOCTEW BaHTAKHHUX Ba-
TOHIB, IO MpPH3BENM [0 TPAHCHOPTHUX MOLIH
y 2013-2015 pp. Cnix 3a3Ha4MTH, IO HECTIPABHO-
CTi Bi3KiB BaHTQ)XHUX BAaroHiB MAarOTh MO3UTHBHY
nmuHamiky — Bin 7 % y 2013 poui g0 15 % y 2015
poli BiJ 3arajibHOI KIJBKOCTI BIJMOB BaroHiB.
Y 2014 p. BimOynoce 30impmenHs Ha 10 %,
a B 2015 p. — Ha 45,5 % MOPIBHSAHO 3 MONEPETHIM
poxowm [4, 7].

Kpim Toro, Oinbire 80 % Bi3KiB BaHTa)KHHUX Ba-
TOHIB € MOpaJIbHO Ta (PI3UYHO 3HOMICHUMH, IO 3
KOXKHUM TMOJANBIINM POKOM eKcIuryaramii Oyne
MPU3BOJIUTH 10 HAKOMUYEHHS Ne()eKTiB B METall 3
YTBOPEHHSIM TPIIIMH Yepe3 3HIKEHHS BTOMITIOBA-
HOI MIIHOCTI, a TaKOXX MPU3BOJAUTH A0 PaNTOBUX
BiIMOB BaroHiB [4—6, 8—14].

B 1eit yac ekcrutyarariisi BATOHHOTO TIapKy BiJl-
OyBaeTbCsl B YMOBaXx IiJBUILICHOIO BUKOPUCTAHHS
BaHTaXXOIIIOMHOCTI BaroHa i BUCOKHUX IIBHJIKO-
cTeit pyxy. B pesynbrari HaBiTh MpHU pyci Ha Tps-
MOJTIHIMHUX AUISHKaX — CHJIa 1HEpIlii Jocarae 3Ha-
YeHb, 110 JOCTATHI JJIS BIIPHUBY II’SITHUKIB Bij TO-
BEpXHIi miamn sTHUKA [4].

IIpu oOCTeKEHHSIX HAAPECOPHHUX OaloK BCTa-
HOBJICHO [4, 6], 10 TIMOMHA 3HOCIB OMOPHUX TIO-

BEPXOHb I ATHHUKIB, YIIOPHUX ITOBEPXOHb 30B-
HINTHIX 1 BHYTPIMHIX OypTiB pi3ko 3pocia. 3a3Ha-
YeHE BiOYBAEThCS MPU IIABUILECHHI IHTEHCUBHOC-
Ti TIEPEMIICHb I’ ITHUKIB BIHOCHO MifAI ITHUKIB.
JlomaTkoBuii BIIMB BiAOyBa€ThCS MPU KPOMOTHO-
My OONHpaHHi IT’ITHUKIB HA I ATHUKH i HACTY-
MHUH 1X BiTHOCHUH MOBOPOT MiJ Yac MPOXOJKCH-
HSl KPUBHX, IIO B PE3yJIBTATI MPU3BOAMUTE 0 MaK-
CHMajbHOI TIUOWMHH 3HOCY OIIOPHOI ITOBEPXHIi
i ATHUKIB, IHTEHCUBHICTh TaKOTO 3HOCY MOXKE
ckiamaTt 10 1 MM B pik.

B ekcmuryarariii BaHTa)XHMX BaroHiB BimOyBa-
€TbCS. HEPIBHOMIpPHUH 3HOC I STHHKA, IO
OB’ sI3aHMIA 3 THTCHCUBHICTIO MPOXOJKECHHS Baro-
HIiB 10 KpWBHX Koumii manoro paxiyca [4, 8]. Ilpu
IIbOMY BiZIOyBa€ThCSA HEPIBHOMIPHE 301IbIICHHS
HABaHTaXEHb Y BI3Ky BAaHTXKHOTO BaroHa (po3Ba-
HTa)XEHHS OJHOTO OYKCOBOrO BYy3Jla, HaaMipHE
30UTBITICHHST HABAHTAKCHHS Ha TTPOTHIICKHIHN OYK-
COBUX BY30JI TOIIIO).

Meta

IIpoanamizyBaTyi TEXHIYHHHA CTaH BaHTaKHHX
BaroHiB Ta TEXHOJOTIYHI METOIH, IO 3aCTOCOBY-
IOTBCSI i 4Yac PEMOHTY. BcTaHOBUTH MOXXIIHBI
NUISAXY TS TIBUIICHHS Pecypcy Bi3KiB BaHTaX-
HUX BaroHiB. Po3poOHWTH MareMaTWyHy MOAEb
JUTSL OTIMCAHHSI TeOMETPii 3HOCY BUXiJHOT MOBEPXHi
i ATHUKA HAAPECOPHOI OaNKy Bi3Ka Ha BiATOBI-
JTHOMY XKHTTE€BOMY IIMKJII BAHTQ)KHOTO BaroHa.

MeTtoauka

Pecypc miamn’siTHMKa MOXKHA MiABUILUTH 32 pa-
XYHOK 3aCTOCYBaHHs CTajJed 3 INOJINIIEHUMU Me-
XaHIYHUMH BJIaCTUBOCTSIMH. AHaji3 YMOB PoOOTH
1 pe3ynbTaTiB eKcIlyaTalii HaJApecOpHHUX OaJoK
Bi3KiB BaHTQ)XHHX BaroHiB 3 HHU3bKOJETOBAHUX
craneit mapok 20IJI, 20DJI i 20I'DJI, uro BimHO-
CATH 10 epUTO-NEePIITHOTO Kiacy, mokasas [4, 8],
IO IIi JIeTalli mpu poOOTi B yMOBaX CyXOro TepTs i
HasIBHOCTI BUCOKUX KOHTAKTHUX 1 ylapHUX HaBaH-
TakKeHb MAIOTh HU3bKY 3HOCOCTIHKICTh NPH iHTEH-
CHUBHOCTI 3HOCY po0ounx moBepxoHb 1,2-2.0 MM
Ha 100 THC. KM TIPOOIry.

3acToCcyBaHHS Ha 3aJI3HHYHOMY TPAHCIOPTI
MaJIOBYTJIEIEBUX 1 HHU3BbKOJETOBAaHMX 3BapIOBaJIb-
HUX MaTepiajiB 3a0e3neuye MiXKpEeMOHTHUN Tpooir
BIIPEMOHTOBAHUX JeTalield ychoro B 160 THC. KM,
o BiAmoBigae 2 pokaMm ekcrutyarauii [4, 8]. Je-

doi 10.15802/stp2017/92533

80

© JI. A. Mypansn, . O. ITogockoHoB, 2017



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

Hayxa ta nporpec tTpancnopry. Bicauk /IHIinponeTpoBchKoro

HAL[{OHAJIIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2017, Ne 1 (67)

EKCIUTIYATALIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

TaJb 32 BECb TEPMiH CIIYXOW MiIJA€TECS PEMOHTY
HartaBieHHEsIM 10 10 pazis. [Ipu mopidHii moTpe-
01 B peMOHTI BaHTaXHUX BaroHiB B 100 THC. onu-
HUIb BUTPATH 3aTi3HUYHOTO TPAHCIIOPTY HA Bij-
HOBJICHHS JINTUX JeTaJieil BAHTaXHUX BaroHiB 00-
YHCITIOETBCSI  MIJBbSIpAaMU  TPUBEHb. 3MEHIINTH
3HOC POOOYMX MOBEPXOHb JUTUX JeTajell BaroHiB
Hamaraiucs B octaHHi 10-15 pokiB 3a paxyHOK
3aCTOCYBaHHS pI3HHX CIIOCOOIB ITOBEPXHEBOTO
3MILHEHHS 1 yCTAHOBKU MPOKJIAIOK 31 3HOCOCTIH-
koi crami [4, 8]. JocBix 3acTocyBaHHA 00’€MHO-
MMOBEPXHEBOTO TapTyBaHHS, EJIEKTPO-IMITYIbCHOT
00pOoOKH, THAYKIIHHOTO, IJIa3MOBO-TIOPOIIIKOBOTO,
JTyrOBOT'O HAILJIABJICHHS BHCOKOJIETOBAHUM JPOTOM
(hepuTOo-MapTEeHCUTHOTO KJIACcy JINTUX JeTaleil Ba-
TOHIB 1 BCTAHOBJICHHSIM HA HUX 3HOCOCTIHKHX eJie-
MeHTiB 31 crami 30XI'CA mnokaszaB [4, 8], mo Ha
CBOTOJTHI HE iCHY€ yHIBEpCalIbHOTO, €()eKTHBHOTO
1 HAMIHOTO 3aXUCTy BiIl 3HOCY TpH TepTi. Hass-
HICTh y/JIapHUX HaBaHTa)XCHb B 30HI KOHTAKTY Jie-
Tajel HaAPECOPHOi 0K HE JTO3BOIIMIIO 3aCTOCY-
BaTH MaTrepiaiy BHCOKOI TBEPIOCTi, SKUM BJIACTH-
Ba MiBUILEHA KPUXKICTh.

VY Bumazaky 301TbLICHHS MiIXXPEMOHTHOTO MpO-
0iry eKCIUTyaTOBaHHX BAaHT)KHUX BAarOHiB BUHUKAE
HEOOXiZHICTh Yy MiJABHUINEHHI (i3MKO-MEXaHIYHUX
Ta TPUOOTEXHIYHUX BIACTUBOCTEH OCHOBHHUX Jie-
Tajel Bi3Ka, TAaKUX SK: HaJpecopHa Oanka i OidHi
pamu. Crin 3a3HAYMTH, [0 TIPU BiAUEIIIICHHI BaH-
TaXHUX BaroHiB B IOTOYHUN PEMOHT — TMOHAJ
20 % TakuX BiTYeIUICHb MMOB’S3aHI 3 HATHOPMATH-
BHOIO BEJIIMYMHOIO 3HOCY B3a€EMOJIIOYMX IIOBEP-
XOHBb TepT, o B 1,2—1,5 pa3y nepeBuIye rpaHu-
yHO jgonyctumi 3HaueHHs [4]. [licns BUKOHAHOTO
peMoHTy y moHax 15 % BaHTaXHHUX BaroHiB He
3a0e3MeuyeThCSl PETIIAMEHTOBAHUNA HOPMAaTHBHHIMA
npo6ir B 120 tuc. kM. [lig yac peMOHTY BaHTax-
HUX BaroHis moHan 80% cKIIagoBUX JeTalieil Bij-
HOBJIIOIOTBCS TEXHOJIOTIYHUMHE MeTonamHu [1, 4, 8]:
HaIUTaBJICHHSIM a00 HANWIIOBaHHIM 1, y pasi mo-
TpeOH, B KOMIUIEKCI 3 MeEXaHI4HOI OOpOOKOIO.
[Ipu BHKOpHCTAaHHI IUX TEXHOJIOTIYHHX METOIIB
JUIL PEMOHTY JeTalieil Bi3ka He 3a0e3ledyeThes
BEJIMYMHA HOPMATUBHO BCTAHOBJICHOTO MIKPEMO-
HTHOTO TpoOiry, a 3HaueHHS pecypcy CKIaaae
65—75 % Bix pecypcy HOBHX 3pa3KiB.

Husbka sSKiCTh 32CTOCOBYBaHUX TEXHOJIOTIYHHX
METO/IB BIJHOBJIEHHS BCiX, a OCOOJMBO HaBaHTa-
KEHHX, JeTajel Bi3ka BaHTAXKHOTO BaroHa € rojo-
BHOIO TPUYHMHOIO IiJBMIIEHOI IHTEHCHBHOCTI iX

3Hocy [4, 8, 14], mo, B CBOIO Uepry, 4epe3 MOKIU-
By BTpary IMpare3faTHOro CTaHy [eTalieil Bi3Kka
MPU3BOJINTH 10 3HIKCHHSI O€3MEKU pyXy IOI3/iB
Ta 30inplIeHHS (PIHAHCOBMX BHUTPAT, HEOOXiTHHX
IUUIST BUKOHAHHS TT03aIIAHOBHX PEMOHTIB Bi3KiB.
3aBaHHs, IO MOJISTAE y 3a0e3eYeHHI HopMa-
TUBHO BCT@HOBJIEHOTO MDKPEMOHTHOTO TpoOiry
BaHTa)XHOTO BaroHa 3 BHKOPHCTaHHSIM TEXHOJIIOTi-
YHUX METOMIB IiIBUMICHHS (Hi3UKO-MEXaHITHHUX
Ta TPUOOTEXHIYHUX BIIACTUBOCTEH CKJIaJOBUX Je-
Tajel Bi3Ka € aKTyaJbHUM, BUPIIIEHHS SKOTO IO-
BHHHO TPYHTYBaTHCh Ha 3aCTOCYBaHHI CydYacHUHX,
OibIn epeKTUBHUX, METOax 3abe3redeHHst Heoo-
X1JIHOTO PIiBHS 3HOCOCTIMKOCTI i MIITHOCTI BiJTHOB-
JIIOBAaHUX JIeTaJlell Bi3ka BaHTXKHOTO BaroHa.

Ilin dac  ekcrulyaTamiMHUX  JOCITIIKEHBb
MiAN’ ITHUKIB  BUMIpIOBAJMCh AiaMeTpu: 3a TIO-
JTIOBKHIM HAaIpPsIMKOM MIOAO BaroHa — miametp D,
Ta MONEPEYHUM HaNpsIMKoM — aiametp D, (puc. 1).

Puc. 1. Micus Bumipy
JiaMeTpiB mian’ STHUKA

Fig. 1. Places of measuring
the center pad diameters

PesyabTatn

Bukonanuii aHaymi3 eKCIUIyaTalifHUX 3HOCIB
I’ATHUKIB 1 WA ITHUKIB ITOKa3as, IO 3a IIO-
JTIOBXKHIM HampsMKOM IIOJI0 BaroHa, aiamerpu D,
SIK IIAN° ITHUKA, TaK 1 I’ ITHUKA 3MIHIOIOThECA 1HTE-
HCHBHiIIE, HIX D,, TOOTO B MONEPEYHOMY HAIIPSAM-
Ky BaroHa (BinOyBaeTbcs oBamizanist). Ockibku D,
> D,, TO HEOOXiAHICTb PpEMOHTy JeTalei
IT'ITHUKOBHUX BY3JiB Oyae BHU3HAYATHCH 3HOCOM
niametpiB D.

OCHOBHI pe3yJbTaTH 3HOCIB I’ ITHUKOBHUX BY3-
JIB Ta IPOTHO3HI MPOOIrM BaHTAXHUX BaroHiB Ha-
BeeHi B Ta0. 1.
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Taonums 1
Y3araabHeHi JaHi IpPo 3HOCH II’AITHUKOBHUX BY3JIiB
Table 1
Summary data on wear of center plate arrangements
Cepenus . IIporuo3ui npoodiru, THC. KM
. . BumiproBanHs . .
IHTCHCHUBHICTD . HopmaTuBHi rpannysi
Bennunnu micns 137,7 3a CTaTUCTUYHO MaKCHMallb-
3HOCY, 3Ha4YCHHs, MM .. 3a MaTeMaTHYHUM
4 THUC. KM, MM HHMM / MiHIMaJIbHUM 3HA4YCH- .
Mmm/10" kM M OY1KYBaHHAM
iamer
’H. , p 0,308 3054 308 170 240
140’ ITHUKA
iamer
Miametp 0,076 298 294 252 745
I’ ITHUKA
3 JgaHuxX TaONMI BHWIUIMBAa€E, IO 3HOC JlJis BCTAaHOBJICHHS MEX PO3IOJIIICHHS BiJHOB-

i ITHUKA BiMOYBAEThCSl 3HAYHO 1HTCHCHBHIIIIE,
HIX 3HOC 1’sATHHUKIB. lle migTBep/pKyeThes 1 pe-
3yJbTaTaMi BUMIpIB Micis mpoOiry BaroHiB MOHAA
137,7 tuc. kM. HaiiGinpmmii BUMipsaHuil niametp
mian’ sTHuka craHoBuB 305,4 MM, TOOTO BeJIMYMHA
3HOCY JopiBHIOE 5,4 MM, abo 1,8 %, Tomi Sk Haii-
MEHIINH BHUMIpSHUN JiaMeTp I SITHUKIB CKJIaB
298 MM, TOOTO 3HOC CTAHOBHTH 2 MM, 260 0,67 %.

[IporHo3ni ekcruryaTaniHi npoOirm, o re-
pendadaroTh MOSBY TEPHIMX O3HAK TPAHUYHOTO
3HOCY MalOTh TaKi 3HAYCHHS:

— 3a mign’ sTHukaMu — 170 Trc. Ku;

— 3a II'SITHUKaM# — 252 THC. KM.

MaremaTtnyHe OYiKyBaHHS TPaHUYHOTO 3Ha-
YeHHS JiaMeTpPiB T ATHHUKIB CIIOCTEPITAETHCS
npu npodiry B 240 THC. KM, TOAL 5K 32 JiaMeTpOM
I’ ITHUKIB — TIpX TIpo0iry B 745 Tuc. kM.

ITopiBHSHO 3 CTAPOTHIIOBUMH Bi3KaMu MOJ. 18-
100, iHTEHCHBHICTh 3HOCY MWIiJAI SITHUKIB HIDKYE
BBivi. [IpoTe, 3HOCOCTIMKICTh MiAN ITHUKIB BAPTO
i BUIIYBaTH, 00 TapaHTOBaHO 3a0e3MEYNTH pe-
cypc B 300 THC. KM — JI0 MEPUIOTO JEMNOBCHKOIO
PEMOHTY.

OmgauM i3 cmoco0iB  MiIBUINEHHS pecypcy
IO ITHUKIB MM 9ac PEMOHTY € 3aCTOCYBAaHHS
HAIUTaBJICHHS YW HAIWIIOBaHHs, ane i3 3abe3rie-
YEHHSM JMCKPETHOI MIIHOCTI Ta 3HOCOCTIMKOCTI
Yy TIO3IOBXHBOMY Ta IIONEPEYHOMY HaIpsIMKax
BIJIIOBITHO 110 Oci BaroHa. [Ipu 1[bOMy, MOBEPXHS
B HampsMKy JiamMerpa D, TiAmn’ sTHUKA TOBUHHA
BITHOBJIFOBATUCEH OUIBII MIIHUM T4 3HOCOCTIMKHAM
MarepiajioM, a HOBEPXHs B HANPAMKY aiamerpa D,
— MEHII MII[HUM.

JOBAHOTO Marepially Ha JiaMeTpi A ATHUKA
HEOOXITHO PO3IJITHYTH BTOMHHU IPOIEC 3HOCY
M7 yac B3aeMoii 3 II’ITHUKOM 1 OIIUCATH I'€OMET-
Pilo IOBEPXHI 3HOCY Mi/I THHUKA.

Posrasaemo 3MiHYy bhopmu mepepizy
M ATHUKA 3 MAaTEMAaTUYHOI TOYKH 30Dy, Bpaxy-
BaBIIIM HANPYXEHO-Ie(OPMOBaHUN cTaH PoOOUOT
nmosepxHi [1-3]. nsg mporo cmpsimyemo Bicb OX
B3I0BXX BaHTaXHOTO BaroHa, a OY i OZ — y B3ae-
MHO-TICPIICHANKYJIIPHUX HANpPsSMKax IMepepizy Ba-
roHa (puc. 2).

To/i KOOpAMHATH TOYOK MMOBEPXHI MiAM ITHUKA
BiJIIOBITHO JIO PHC. 2 BU3HAYUMO 33 BUPA3aMH:

x=f(y,z,cl)i«/B(y,z,cl); D
yzf(x,z,cz)iJB(x,z,cz); 2)
sz(x,y,c3)i\/B(x,y,c3); 3)

ne f(y.z,q), f(x.z.6), f(xy.c;) — bynxui,
10 XapaKTepu3yIOTh Je(opMallito CTUCKY B Mepe-
pizax X0V, XOZ, YOZ ninn’siTHHKa, 1O Big0y-
BAaIOThCS B MPOIIECi eKCIIIyaTallii; ¢y, ¢, €3 — KOHC-

(bopMH i\/B(yaZ:cl):

J_r\/B(x,z,cz) , J_r\/B(x, »,c;) — J€BlaTOpHI 4acTH-

TaHTH MIOBEPXHi,;

HU TeH30pa nedopMarliiii, o BiAMOBIAAIOTH 3a TO-
BEPXHEBY 3MIiHY I ATHHUKA, a i KOPEHEM PO3-
MillleHI (YHKIII TEepeMIllIeHHs TOYOK I1 ITHHKA
BiTHOCHO TIiAI THUKA y BiJIMOBIHUX HampsSMKax

PYXY.
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Puc. 2. 3mina ¢popmu mian’ iTHUKA

Fig. 2. Reshape of center pad

Caix BiZMITHUTH PO BIICYTHICTH hakTopa yacy
B piBHSHHAX (1-3), TOOTO 32 AOMOMOTOIO IUX PiB-
HSIHb MOKHA OTIMCATH TPAEKTOPIIO PyXy TOUYOK TO-
BepXHI mian’ ssTHUKA. JI7s BU3HAYEHHS 3MIIEHHS
TOYOK 3 OIOPHOT MOBEPXHI Ha 3HOIIECHY TOBEPXHIO
HEOOX1THO PO3KIIACTH IIi piBHIHHSA B psanx Teitmopa
1 OOMEXHTHUCh MOXIJIHUMH MEpUIOTO MOPSIKY,
OCKIUTbKM BUILMI MOpAIOK He Oynae 3ailficHIOBaTH
CYTTEBOTO BIUIMBY Ha HampyXeHo-Ae(opMoBaHUit
CTaH I ATHUKA.

Hedopmariiro MaTepiany mian’sTHAKA y BifIno-
BIJIHINM TOYIl MOYKHA BU3HAYUTH IMOJOBXKEHHAM a00
CTHUCKYBaHHSM JIIHITHOTO HAaBaHTaXXEHOTO €JICMCH-
Ta MOBEPXHi, 110 MPOXOIUTH Yepe3 10 ToUKy. Ko-
OpJVHATH TAaKOTO0 HABAHTAXCHOTO €JIEMEHTa II0
BiJTHOIIICHHIO /IO BiJIMOBIMHOI TOYKK OYIyTH IOpi-
BHIOBaTH [2, 3]:

dx=pl; dy=pm; dz=pn, 4

Jie p — pajilyC HAaBAaHTaXEHOTO eNeMeHTa; [, m, n —
CIIPAMOBYIOY1 KOCHHYCH, 1110 BiTOOPaKyIOTh YMO-
BU HABaHTAXKEHHS TEPTSIM.

BusHaunTH 3MIIIEHHS Uy, U,, U, HABAHTAKEHOTO
eJeMeHTa B TpoIleci pyxy B3moBxk oceii OX, OV,
OZ nix yac nedopmarliii MOKHa Ha OCHOBI TaKHMX
BUPAa3iB:

:a_dy+_d L e oA
oy NVACR-AY 8y
+_pn ff(y, . 5)
0z '\/f(y’Z9cl)
za_d +_d +MZO_APZ+
ST 0z f(x,z,¢c,) Ox
pod s o
82 f(x,z,¢;)
:a_d +_d +M—8_Ap +
ox Oy f(x,y,¢;) Ox
pod e o
™" e

B mportieci TepTs Ta 3HOLIYBaHHS pajliyc HaBa-
HTa)XEHOTO eJIeMEHTa I ITHUKa OyJie 3MiHIOBa-
THCH BIJIMIOBITHO JI0 BUPA3y:

1+ — au
Bx
0
+m’ uy +nt—= Ou; z +
Oz
pir=p -(8)
+Iim —x ]
+nl£ j 8142
82 Oy

BignocHa medopmartiss HaBaHTaXKEHOTO elieMe-
HTa TiAN ATHAKA TPU TEPTI JJIS BiAMOBITHUX OCEH
cranoBuTh [1-3]:

0
W gy Dog Mg i ()
ox y  »
% %_ .6MX+E)MZ_ )
oy x Y oz oox ¥
0
ﬂJr% y (10)
oz oy 7

Bianoriano no 3akona I'yka [2], TeH30pHu ne-
¢dopmaiil i Hanmpy>KeHb MO>KHA MOJATH ISl 3ara-
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JIbHOT'O BUIIAAKY B TAKOMY BI/IFJ'IXI[iZ

G, =AO+2ue ;
c, =AO+2ue ;
c,=AO+2ue ;
(11)
TyZ :M,sz;
TZX :M’YZX;
Txy :“’YX}”

ac 6., © o, — HOpMaJ'ILHi HAIIPpY>XCHHA HABaH-

y? vz
TaXEHOI'0 €JIEMEHTa M ITHUKA B3JIOBXK OCeH
KOOpIWHAT; A, L — IpyXHi cTam Jlame HaBaHTa-

JKCHOI'o €JICMCHTA Hi,Z[H’SITHI/IKa;

ou
O=¢, +¢, +¢g, =%+—y Ou; ;
ox Oy Oz
Tyys Tzxs Ty, — JJOTHYHI HANIPY>KEHHS;
ou, Ou, Ou, Ou,
’sz=_+_’ ’sz: + ’
oy Oz 0z Ox
Ou ,  Ou
’ny =—" . °
ox Oy

Slkmo ocranHiO cuctemy piBHSHB (11) migcra-
BUTH Y PIBHSIHHS PIBHOBAru, TO OTPUMAEMO:

oc, Ot, ot
+—+ +x=0
ox Oy 0z
0 ot, O
O T Tz . (12)
oy Ox Oz
ot
acsz+arZX+ 2 +2z=0
0z Ox Oy

[Ticns mepeTBOpeHb i CHPOIIEHb, CUCTEMA PiB-
HsHB (12) HaOyne BUTIATY:

(k+u)(aa—® +uViu +x=0
2
(7»+},t) (Z_G) +uV2uv+y:O (13)
iy )
(k+u)(aa—® +uViu_+z=0,
Z
2 2 2
ne V¥ = % + % +% — oneparop Jlannaca.
x® Oy z

Po3p’si3ytoun cucremy audepeHmiaTbHuX piB-
HaHb (13) M1 BiAMOBIMHWUX ITOYaTKOBHX yYMOB 3
BpaxyBaHHSIM OIOPHOTO CTaHy MM’ ATHUKA MOXK-
Ha BU3HAUUTHU 3HAUEHHS 3MIILEHD Uy, Uy, U, 3 BUKO-
pucTaHHAIM BUpas3iB (5-7), a miciIs — BU3HAYUTH
TeOMETPI0 MOBEPXHI mian sTHUKa (Bupasu (1-3))
Ha BIJIIMOBIHOMY >KUTTEBOMY IUKJII BaHTaXHOTO
BaroHa.

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYUMICTh

Y pobori Oyno mpoaHalli30BaHO TEXHIYHUH
CTaH Bi3KIB BaHTAKHHUX BaroHIiB 3a KPUTEPIEM 3HO-
cy. [lokasaHo, 110 IMHAMiKa HECTIPABHOCTEH Bi3KiB
Mae TO3WTHBHHMK Xapaktep. Kpim Toro, 3HauHe
Miclle cepel PEeMOHTYEMHUX JeTajeld 3alimae Ha-
JpecopHa 0ajika, 0COOJUBUM 1 HABAHTAXKCHUM Mi-
cieM sKkoi € mian aTHuK. [ onrcaHHs reoMeTpii
3HOCY BIIEpLIE 3aIPOINOHOBAHO MaTeMaTHYHY MO-
Ieab I BU3HAUCHHS  BHUXITHOI  TOBEpXHIi
M ATHAKA HA BiJIOBIIHOMY »XHTTEBOMY LUK
Bi3Ka BAaHTAKHOT'O BaroHa.

Pesynpratn pobOTH 103BOJISIIOTH YCTaHOBUTH
TeOMETPII0 OBEPXHI 3HOCY MiAIN ITHAKA HaIPECo-
pHOI OanKky Bi3Ka MPH B3a€MOAIL 3 I’ ITHUKOM BaH-
T@)XHOTO BaroHa 3 IMO3HULIi MPOTIKaHHS BTOMHOTO
3HOCY, TOOTO 3a KPUTEPIEM MIIIHOCTI.

BucnoBxku

BukoHaHUI aHAaNi3 TEXHIYHOTO CTaHY BaHTAX-
HUX BaroHiB MoOKa3as, o 10 15 % HecmpaBHOCTEH
npunanae Ha Bi3ku. OKpeMUM eJNEeMEHTOM Bi3Ka,
IO PEMOHTYEThCA, € HaapecopHa Oaika. [Ipu mpo-
My HaW4acTiIlle BiTHOBIIOETHCS i ITHUK. 3HOC
MiA ITHAKA BiIOYBAETHCS HEPIBHOMIPHO, a TeX-
HOJIOTIYHI METOJIM, IO 3aCTOCOBYIOTHCS IIiJ] 4Yac
PEMOHTY, HE JO3BOJISIOTH 3a0€3MeYUTH PiBHOMIp-
HUW 3HOC, Yepe3 IO BUHUKAE HEOOXITHICTh y Tie-
penuacHoMy peMoHTi. OHUM i3 cOcoO0iB TIiIBH-
IICHHS Pecypcy MWiAN SITHHUKIB IiJ 4Yac PEMOHTY
€ 3aCTOCYBAaHHS HAIUIABIICHHS YW HAIWIIOBAaHHS,
ane 13 3a0e3ledeHHsIM JMCKPETHOI MIIHOCTI Ta
3HOCOCTIHKOCTI y TIO3JIOBXXHBOMY Ta IOTIEPEUHOMY
HampsMKax BiAMOBIAHO Mo oci BaroHa. Jlns Bcra-
HOBJICHHSI MEX PpO3IMOIJICHHSI BiJHOBIIOBAHOTO
Martepiay 1o AiaMeTpy MmiAn SITHUKa OyJ0 po3ris-
HYTO BTOMHHU MpOIEC 3HOCY TiJ 4Yac B3a€MOii
3 I’ATHUKOM 1 OITMCAHO T€OMETPII0 TIOBEPXHi 3HO-
cy mian’atHuka. [Ipu npomy OyIo 3ampornoHOBaHO
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MaTeMaTH4YHy MOJENb JJIs BH3HAYCHHS BHXIJHOI  JKHUTTEBOMY ITHKJII Bi3Ka BAHTAXXHOTO BaroHa.
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Heas. B mayunoii pabore HeoOXxommMo: 1) mpoaHaIM3HPOBATH TEXHHYECKOE COCTOSHHE TPY30BBIX BaroHOB
U TEXHOJOTHYCCKHE METOBI, MPUMEHSIECMBIC TIPH PEMOHTE; 2) YCTAHOBUTH BO3MOXKHBIC IyTH JUIS MOBBIIICHUS pe-
cypca TeleXeK TPy30BBIX BaroHOB; 3) pa3paboTaTh MaTeMaTHYECKYyI0 MOZENb U OMMCAHWS TeOMETPHU H3HOCa
HCXOJIHOW MMOBEPXHOCTHU MOJISITHUKA HAIPECCOPHON OATKU TEICKKHA HA COOTBETCTBYIONIEM XH3HCHHOM LIUKJIC TPY-
30BOro BaroHa. Meroauka. [ pemenns KOMIUIEKCHOW 3a/1addl TOBBIIICHUS MEXPEMOHTHOTO pecypca TeIekKeK
TPY30BBIX BarOHOB OBLIM MCIOIB30BaHBI METOBI CHHTE3a, aHAJIN3a U CHCTEMHOTO 1moaxoaa. Kpome Toro, ucnomin3y-
€TCsl arnmapaT MaTeMaTHYeCKOT0 MOJEIMPOBAaHU, (PU3UKK TBEPAOTO Teja, TEOPHH TPEHHS W M3HOCA TBEPHABIX TEIl.
Pe3yabTatsl. [IpoBeeHHbIN aHaIN3 TEXHUUYECKOTO COCTOSIHUSI TPY30BBIX BaroHOB Mokaszaj, 4To A0 15 % Heuc-
MIPAaBHOCTEH MPUXOIUTCS Ha TENekKKH. OTACTHHBIM IEMEHTOM PEMOHTHPYEMOW TENICKKH SBISICTCS HAaIpeccopHast
Oanka. [Ipu 3TOM uale BCEro BOCCTAHABIMBACTCS MOAMATHHK. V3HOC MOMISATHHKA MPOUCXOIUT HEPaBHOMEPHO,
a TeXHOJIOTUYECKHE METOJIbI, IPUMEHSIEMBIC TIPH PEMOHTE, HE TIO3BOJISIFOT 00SCIIEYNTh PaBHOMEPHBIN W3HOC, M3-32
94ero BO3HUKACT HEOOXOIUMOCTh B MPEKACBPEMEHHOM peMoHTe. OJHMM M3 CIOCOOOB MOBBIIICHUS pecypca Mo/I-
MISTHHUKA TIPA PEMOHTE ABIISCTCS MIPUMEHEHNE HAIUIABKU MITH HABUICHHS, HO ¢ 00ecrieueHreM AUCKPETHOM MPOYHO-
CTH M U3HOCOCTOMKOCTH B MPOJIOJHLHOM U TONEPEYHOM HAIPaBJICHUSIX COOTBETCTBEHHO OCH BaroHa. [[ist ycTaHoB-
JICHHUS TPaHMI pacHpeielICHHs BO30OHOBIIEMOTO MaTepralia 110 JHaMeTpy MOAMATHUKA OBLTH PacCMOTPEHBI yCTa-
JIOCTHBIN MIPOIECC U3HOCA MPH B3aMMOJICHCTBUH C MATHUKOM M ONKCAHO T€OMETPUIO TOBEPXHOCTH U3HOCA MOJTIST-
Huka. Hayynas HoBH3HA. B paboTe OBIIO IPOaHATH3UPOBAHO TEXHUIECKOE COCTOSTHUE TEICKEK TPY30BBIX BATOHOB
mo Kpurepuro uzHoca. [lokazaHo, 4TO JUHAMHKA HEUCIIPABHOCTEH TENEKEeK MMEET MOJOKUTENIBbHBIN XapakTep.
Kpome Toro, 3HaUMTENFHOE MECTO CpeIM PEMOHTHPYEMBIX IeTalieil 3aHMMaeT HaJpeccopHas Oaika, 0COOCHHBIM
Y Harpy>K€HHbIM MECTOM KOTOPOU SIBJIsSIETCS MOAMSTHUK. [[Jis omucaHusi reOMETpUM M3HOCA BIIEPBBIC MPEJIOKEeHa
MaTeMaTHIecKasi MOJCNb OIPECIICHIs] UCXOAHOH ITOBEPXHOCTH TMOMIMSTHHKA HA COOTBETCTBYIOUIEM JXH3HCHHOM
IIUKJIC TEJICKKHU TPy30BOro BaroHa. IlpakTHyeckasi 3HAYMMOCTB. Pe3ynbTaThl paOOTHI MO3BOJSIOT YCTAHOBUTH
TEOMETPHIO MMOBEPXHOCTH M3HOCA TOANATHUKA HAJAPECCOPHOW OANKW TEJEeKKU MPH B3aUMOICHCTBUH C MSATHHKOM
IPy30BOT0 BaroHa ¢ MO3uIUU MPOTEKaHUs YCTAIOCTHOTO U3HOCA, TO €CTh, IO KPUTEPUIO POUYHOCTH.

Kniouesvie cnosa: Tpy30BbIE BAarOHBI, TEJCKKH; MEKPEMOHTHBIH MpoOer; reoMeTphs HW3HOCA;, HaIpecCopHas
0aJjika; TEXHOJOTHYECKUE METOIbI
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IMPROVING TBO OF FREIGHT CAR BOGIES.
GEOMETRY MODEL OF CENTER PAD WEAR

Purpose. The scientific work is aimed to: 1) analyze the technical condition of freight cars and technological
methods used in the repair; 2) identify possible ways to improve resource of freight car bogies; 3) develop a mathe-
matical model to describe the wear geometry of the original surface of bogie center pad at the corresponding life
cycle of a freight car. Methodology. In order to solve the problem complex of increasing TBO of freight car bogies
the methods for the synthesis, analysis and systematic approach were used. In addition, the use of mathematical
modeling unit, solid state physics, the theory of friction and wear of solids. Findings. The analysis of the technical
condition of freight cars has shown that up to 15% of the faults falls on the bogies. A separate element of the re-
paired bogie is a bolster. At this the center pad is recovered most often. The center pad wear is uneven and the tech-
nological methods used for the repair, do not allow providing uniform wear due to which there is a need in prema-
ture repairs. One of the ways to improve the center pad resource during repair is the application of welding or sput-
tering deposition, but with providing discrete strength and durability in the longitudinal and transverse directions of
the car axis, respectively. In order to establish the boundaries of the distribution of renewable material along the
center pad diameter it was considered the fatigue wear process in cooperation with center plate and described the
geometry of the surface of the center pad wear. Originality. Technical condition of freight car bogies according to
wear criterion was analyzed in the paper. It is shown that the dynamics of bogie faults has a positive character. In
addition, a significant place among the repaired parts takes the bolster, and a special loaded place is the center pad.
To describe the geometry of wear for the first time a mathematical model for determining the initial surface of the
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center pad in the relevant life cycle of freight car bogie was proposed. Practical value. The results allow us to estab-
lish the geometry of the wear surface bolster center pad when interacting with center plate of freight car from a posi-
tion of occurrence of fatigue wear, that is, on the strength criterion.

10.

11.

12.

13.

14.

Keywords: freight cars; bogies; TBO; wear geometry; bolster; technological methods
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HEPCIIEKTUBHU NNOJIIIINEHHA TEXHIYHOI'O CTAHY
BAIOHHOI'O MAPKY HA 3AJIIBHUILISAAX YKPATHU

Meta. OnHi€lo 3 OCHOBHHX YMOB e(DeKTHBHOI Ta SIKICHOI OpraHizauii 3aJi3HHYHUX IEPEBE3CHb € HASBHICTH CY-
YaCcHOro BaroHHOro mapky. OJHaKk aHaii3 TEXHIYHOIO CTaHy CBiJUUTh NPO HOTO 3HAYHHUN MOpanbHUl Ta (i3uuHuit
3HOC. OCHOBHOIO METOIO CTATTi € MOUIYK MOXIIMBUX IUIAXIB MONIMIICHHS TEXHIYHOrO CTaHy iCHYFOUOTr0 BarOHHOT'O
MapKy Ha 3ali3HUIAX YKpainn. Metoauka. [CHYIOUMid cTaH 3ali3HUYHOTO TPAHCIIOPTY HE y BCHOMY BilNOBiTa€e
CyJaCHHM BUMOTaM. 3a OCTaHHI JECATHPIYYsS OHOBIICHHS OCHOBHHX (OHIIB 3a0e3edyBaioch, B OCHOBHOMY, 3a
paxyHOK BJIaCHMX KOIUTIB 3aJIi3HUNb Ta 3aJ0BOJBHSUIO MOTPeOy B KamiTAIBHUX IHBECTHLISAX Jume Ha 5-6 %.
Bonnouac, ¢akTudHO 3 4acy He3aJeXKHOCTI YKpaiHH, TeMIN 3pOCTaHHS LiH Ha MPOIYKIIIO, SKa CHOXXHUBAETHCS
3aI3HULAMH, TIePEBUIIYBAaJId TEMIH 3pOCTaHHS Tapu(iB Ha NMEpPEBE3CHHs, 10 HE NaBaJI0 3MOI'M OHOBIIOBATH Ta
MOJIMITYBATH TEXHIYHUIA CTaH PyXOMOTO CKIany B HeoOXimHOMYy o0cs3i. PesyabTaTu. [IpoBeneno anaiiz BaHTax-
HOTO BaroHHOTO NMapKy yKpaiHCBKUX 3ajli3HMIlb, SIKHH ITOKa3aB HE3aJOBUIbHHUI CTaH BaroHiB. 3aii3HUYHA Taly3b
CHOTOJHI TIpAIO€ 33 CTAPUMH IMPHUHIMIAMH, SIKI HE BiAMOBINAIOTH CY4aCHHM CBITOBHM TCHJCHI[SIM OpraHizarlii
poOOTH  3aJI3HUYHOTO TPAHCIOPTY, 3YMOBJIIOIOTH Hee(EeKTHBHICTh 11 (YHKIIOHYBaHHS Ta, CTPUMYIOUH
HaJXO/XKCHHS B rajly3b IHBECTHIiH, YCKJIATHIOIOTh MOAAIBIIMNA PO3BUTOK Ta CIIBPOOITHULTBO 3 MPUBATHUMH
koMnaHisiMu. HemoctatHe (iHaHCyBaHHS, HEIOCKOHAIA CHCTEMa PEMOHTY Ta TEXHIYHOrO OOCIYrOBYBaHHS Iab-
MYIOTh PO3BUTOK Taiys3i, 3HIKYIOTh KOHKYPEHTO3IATHICTh 3ali3HUYHOTO TpaHcnopTy Ykpainu. OmHak pearizaiis
PO3MOYATHX CTPATETiYHUX HAPSAMKIB PO3BUTKY TPaHCIOPTHOI ramy3i, Meperisil BKa3aHHX CTPUMYKOUHX (akTopiB
Ta BHKOPHCTaHHS MJOCBiAy IIEPElOBUX KpalH CBITY MO3BOJISTH BHBECTH 3aJi3HWYHHH TPAHCIOPT i3 KPH3H.
HaykoBa HOBHM3HA. ABTOpaMH HaBeICHMI KOMIUIEKCHUI PO3IJIS] MHUTAaHb LIOAO YIOCKOHAJCHHS CHCTEMH YTPH-
MaHHs BaroHiB MPH MOJOBXKEHHI TEPMiHy ciIykO0u iX ekcruryararii. IlpakTuuna 3HauumicTb. JJocmimkeni Ta 3a-
IPONIOHOBAHI MOK/IMBI HIIAXH IOJIIIIEHHS TEXHIYHOTO CTaHy BalOHHOTO MAapKy, 33 PaXyHOK YOTO BIACTHCS JIOCHT-
TH TIOJIOBXKEHHS TEPMiHY eKCIUTyarallii BaroHiB Ta ONTHMI3yBaTH BUTPATH Ha MPOBEJCHHS TEXHIYHOTO OOCIYroBY-
BaHHs, IETIOBCHKUX Ta KaIliTalbHUX PEMOHTIB.

Kniouosi crosa: TexHiUHUH cTaH; TEPMiH eKCIUTyaTallii; BATOHHIH MapK; PEMOHT; TEXHIYHE OOCITyTrOBYBaHHS

Beryn cnopty — TpyOonpoBigHuM. [lepeBo3siTbes 3ami3-
HUISIMH THUCSIYi HallMEHYBaHb HaWpi3HOMaHIiTHi-
MUX BaHTAXIB. 3aTi3HUIHUN TPaHCIIOPT TaK caMmo,
AK 100yBHa, 00pOOHA MPOMUCIIOBICTh 200 CITBCHKE
TOCIIO/IaPCTBO, TATy3b MAaTePiaIbHOr0 BUPOOHUIIT-
Ba. [Ipu mepeBe3eHHSIX BaHTaXiB HOTO MPOMYKIIi-
€10 € TepeMilleHHs] MaTepiaJbHUX LIHHOCTEeH (TO-
BapiB, BaHTaXiB), a BUPOOHHULTBO OyIb-sIKOi MpO-
IYKIii BBaXKAEThCS 3aBEpIICHWM, KOJIH BOHA B
CXOPOHHOCTI JOCTaBJIeHAa B MYHKTH CIIOKWBaHHS,
[I0 HEMOJKJIMBO SIKICHO BUKOHATH 0€3 CIIPaBHOTO
pyxomoro cknany [2, 3].

3ai3HUYHUN TPAHCIIOPT € OJHIEI0 3 BasKIMBUX
0a30BUX raixy3eil eKOHOMIKM YKpainu, 3a0e3redye
ii BHYTpiIHI Ta 30BHIIIHI  TPaHCIOPTHO-
E€KOHOMIUHI 3B’SI3KM 1 TMOTpeOM  HaceleHHs
y mnepeBe3eHHAX. DYHKIIOHYBaHHS 3alTi3HUYHOTO
TPAHCIOPTY, SK YaCTUHU €JUHOI TPaHCIOPTHOI
CHUCTEMH  KpaiHHM,  CHOpHs€  TapMOHIYHOMY
(YHKIIIOHYBaHHIO BCiX Trairy3eii BUpPOOHHIITBA,
COITIAIBHOMY 1 €KOHOMIYHOMY PpO3BHTKY Ta
3MIITHEHHIO 000pOHO3IATHOCTI JepIKaBH,
MDXXHApPOJITHOMY CITIBpOOITHUIITBY Y KpaiHH.

Jist YKpaiHu 3ali3HHYHAN TPaHCIOPT — Mpio-

o . Meta
PUTETHUH y NepeBe3eHHX BaHTaxiB. [loro yactka

Ha TPaHCIOPTHOMY pHUHKY ckiangae maibxe 84 %
yCiX mepeBe3eHb 0e3 ypaxyBaHHS OOCSTiB TpaHC-
MOPTYBaHHS BaHTaXIB crielM(iyHUM BUIOM TpaH-

OpHi€0 3 OCHOBHUX NPUYHMH TaJiHHS OOCSTIB
BAaHTAXXKHHUX IIEPEBE3CHb € KPU30BHH CTaH E€KOHO-
MIKH 1 Hacamrepea MPOMHUCIOBOCTI. B cTpykTypi
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BaHTa)XHUX 3aNi3HUYHUX TepeBe3eHb nmoHazn 60 %
NpUnanae Ha MacoBi BaHTaXi, SKi TPaHCIOPTY-
I0ThCSl BEJIMKMMH TIAPTiSIMU HA 3HAYHI BiJICTaHi —
Byrims (23,2 %), pyna (17,3 %), Oynmarepianu
(12 %), xoxc (2,5 %), 3epHO 1 TPOAYKTH TOMEITY
(5,1 %) rta inmi. Pazom 3 TuM, mamgiHHS OOCSTIB
MepeBe3eHb 3HAYHOKO MipOI0 TIOB’S3aHO i3 CTAaHOM
1H(PACTPYKTYPH Ta pyXOMOTO CKIIaTy 3ai3HHIHO-
rO TPaHCIOPTY, SIKI HE JO3BOJSIOTH JOCTABISTH
BaHTaXi LIBHJIKO, BYacHO Ta O6e3 BTpaT. Crocrepi-
raeTbcs AeinuT BaHTAKHUX BaroHiB, ki BUOyBa-
I0Th 3 eKCIUIyaTallil MBHUIIIE, HIK ICHYE MOMKIIH-
BICTh 3aKyIOBYBAaTH HOBi oxuHHLI. BHacmigok vo-
rO IOCTa€ HEOOXIAHICTh Y TMOIIYKY MOKJIHBHX
IUIAXIB MOJIIIIIEHHS TEXHIYHOTO CTaHy BarOHHOTO
NapKy Ha 3aTi3HUISX YKpainu [7].

MeTtoauka

BigHoBIIeHHS pyXoMoro ckiamy u iHdpacTpyk-
TypH BHKOHYETHCS IyKe€ TMOBUIBHO. Y TMIICYMKY
e (akT HeraTMBHO BIUIMBAE Ha O€3MEKy pyXy,
MPHU3BOUTH 10 CKOPOYEHHS MIKPEMOHTHHX CTPO-
KiB 1, SK pe3yJNbTaT, M0 3HIKCHHS IIBHIKOCTI
1 MOXJIMBOCTI O€3Me4HOT TOCTaBKM BaHTaxiB. [ o-
JIOBHOIO TIPUYWHOIO TaKOi CHUTYyallii € HeAOCTaTHIN
piBeHb (hiHAHCYBaHHS, IO TPU3BOIUTE 10 Aehilln-
Ty KalliTaJOBKJIaJeHb y BiJHOBJICHHSI OCHOBHHX
¢doHAIB 3aMi3HMLI ¥ 3aKyMmiBII0 HOBOTO PYyXOMOTO
CKIIaTy SIK BaroHiB, TaK i IOKOMOTHBIB.

Amnati3z e(eKTHBHOCTI PyXOMOT'0 CKJIaAy YKpaiH-
CBKHX 3aJi3HHLb CBITYNTH HE JIMIIE NPO 3HOC, aje
W mpo Te, MmO BiH € TEXHIYHO, KOHCTPYKTHBHO
1 MOpPAJTbHO 3aCTapiTuii, OCKUIBKH OCHOBHA YaCTH-
Ha BaroHiB MoOyj0BaHa 3TiJHO 3 TEXHIYHUMU BU-
moramu 60-70-X pokiB.

Hampuknan, [TAT «Ykp3ami3HHUIS» CHOTOIHI
HECTPOMOYKHA TIOBHICTIO 3a0e3MeuyBaTH MONUT Ha
BaroHH JJisl 3aBaHT)XKEHHS Ta IIEPEBE3CHHS MOTPi-
OHMX TiaIpUeEMCTBaM OOCATIB BaHTaXIB, i Ieil He-
3aJI0BOJICHHH TOIMUT CKIIAJIa€ THUCSYY BaroHiB HIO-
no6u. IleBHa yacTHHA LBOTO MApKy MOCTIHHO Tie-
pebyBae y pemoHTi. Benmka KinbKiCTh OIMHHIIb
BAaroHHOT'0 BaHTAXHOTO TMApKy (IIe MepeBakHO IIi-
BBaroHW, IIEMEHTOBO3W, MIHEPaJOBO3H) 3HAXO-
JIUTHCSL Y TaK 3BaHOMY JOBTOCTPOKOBOMY BiJICTOf,
TOOTO HE EKCIUIyaTyeThCS HacaMIiepes 3 TEXHid-
HUX Ta OpraHizaliifHux mpuduH. IX 3amyueHHs mo
AaKTUBHOTO O0OpOTY BMUMarae peMoHTY (MOJIEpHi-
3amii), y TOMy YHCIIi 32 paXyHOK BaHTa)KOBIIACHH-
KiB (mIepemnbadaeThcs, MO i POOOTH BUKOHYBATH-

MYTh IIIPUEMCTBA «YKpP3adi3HUIN») Ta 3 HACTY-
MTHUM TIepEelIaBaHHsM B OPEHIy THM, XTO (iHaHCY-
BaTHME PEMOHTHI POOOTH.

CranoM Ha 1 nunHa 2015 poxy mapk BaHTax-
HUX BaroHiB «YKp3ami3Huili» cranosus 110,5 Tuc.
BaHTAKHUX BaroHiB, 3 HUX — 50 THC. MiBBaroHiB.
CepenHili 3HOC MapKy BaHTKHUX BaroHiB «YKp-
3amizHUI» ckiaB 90,2 %, y ToMy 4HCIIi MBBaroHiB
— 89 %. BiamoBigHO, HarambHOIO MOTPEOOIO CTae
3a0e3MeyYeHHs] MiANPHEMCTB «YKp3aJi3HHLI» HO-
BHAM PYXOMUM CKIIJIOM, TIEPEBAKHO ITiBBArOHAMH.

3rigHo 3 KoMIIIEKCHOO MPOrpamMoi0 OHOBJICH-
HSl 3QJII3HUYHOTO PYXOMOTO CKlaxy YKpaiHu Ha
2008-2020 pp., 3arBepmxeHOr MiHiCTEpCTBOM
TpaHCIIOPTY Ta 3B’sA3Ky Ykpainu Bixg 14.10.2008 p.
Ne 1259, 3a HaiOmWx4i 1°ATh POKIB HEOOXITHO
Oyxo npundaru 31570 BaHTaXXKHUX BaroHiB, y TOMY
gucm 18 200 miBBaroHis [1].

ExcrutyaTaitist 3actapijioro pyxoMoro Ckjiazmy
€ EKOHOMIYHO HEBUT1JIHOIO, BEJIC /IO 3HAYHOTO TIiJI-
BUIIICHHS BapTOCTI PEMOHTHUX POOIT, 3HIKEHHS
SIKOCT1 Ta O€3MeKH TMepeBe3eHb, TOMY IapK pyXo-
MOTO CKJIaJy 3ajJi3HHLb NOTpeOye He JHIIE OHOB-
JICHHSI, a 3aMiHU Ha CyYaCHHA, OUTBII JOCKOHAIINH.

IIpote ciix 3a3HAYMTH, IO Y 3B SI3KY 31 CKIaI-
HOI EKOHOMIYHOI) CHTYaIli€l0 Ta OOMEKEHICTIO
¢inancoBux xomrTis 3a nepion 3 2007 mo 2014 po-
ki Oyio mpuadaHo Ta MoOyIOBaHO IS BIACHUX
norped Ha MiJIPUEMCTBAX, IIAMOPSIKOBAHUX
«YKp3anizHuIiy», aunie 6 373 BaHTaXHUX BaroHH,
a ¢inancoBuMu TuraHamu Ha 2015 pik 3akymiBis
BaHTQXHUX BaroHiB y3araii He Oyia mepemdavcHa.

3 METOI0 BHM3HAUCHHS HAIPSIMKIB ITOJAIBIIOTO
PO3BUTKY Ta (YHKIIOHYBaHHA TPAHCIOPTHOTO
CEeKTOpa eKOHOMIKM  YKpaiHH, pO3IIUpEeHHS
MDKHapOJHUX TPAHCHOPTHUX 3B’SI3KiB, edek-
TUBHOTO BUKOPHCTaHHA TPAH3UTHOTO MOTEHLIaITy
KpaiHH, BOPOBA/DKEHHS CTPYKTYpPHHX pedopM Ha
TpaHcnopti, KabGinerom MinictpiB  Ykpainu
3aTBepkeHo TpaHcOpTHY cTparerito YKpainu Ha
niepiog mo 2020 poky [11].

Bracnimok cutyartii, sika ckianacs, 6€3ymuHHO
BiZOyBa€eThCcs 30UTBIIEHHS KIIBKOCTI BaHTaKHUX
BaroHiB, $Ki HAaONM3WIUCS JO HOPMATHBHOTO
CTPOKY eKcIuTyaTarlii abo JoCsATIH HOTO.

PesyabTaTtu

TepMmin ciykOu BaroHa 3ajJeXWTh, 3 OJHOTO
0OKYy, BiJl iIHTEHCUBHOCTI €KCIDTyaTallii, a 3 iHIIIOro
— BiJ IEPIOUIHOCTI Ta OOCATIB BiTHOBIIOBAIEHUX
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poOiIT IpH TEXHIYHOMY O0OCIYTOBYBaHHI Ta pEMOH-
Ti (TOP).

IcHyIOTP IBa MOCTINOBHUX TEPIOAU <OKHTTS»
BaroHa:

— TIepioJl HOPMAJTLHOI eKCILTyaTarlii, IPOTATOM
AKOTO €(peKTUBHICTh POOOTH KOHCTPYKIIH PiBHO-
MIpHO 3MEHIIYETHCS 3 IUIMHOM 4acy;

— TIepioJl cTapiHHsA, KOJMU He MPUCKOPEHEe Ta-
JHHSA €(EKTHBHOCTI.

B nepion crapiHHS iHTEHCUBHO 301TbIIYIOTHCS
KITBKICTh Bi]MOB €JIEMEHTIB KOHCTpPYKIIi, TpuBa-
JicTh mepeOyBaHHSI B HENpale3aTHOMY CTaHi Ta
MPOCTOI0 y MOTOYHHMX PEMOHTAaX, 3POCTAE PU3HK
aBapiii 1 karactpod. TuM caMuM TEeXHIYHUI CTaH
BaroHa IIBUAKO HAOIMKAETHCS 10 TPAHMYHOTO.

Jnst BiTHOBJIEHHS pecypcy, IMiIBUILCHHS €KO-
HOMIYHOI e(DeKTHBHOCTI Ta Oe3MeKH KOHCTPYKIIiH
B CHCTEMi eKCIUTyaTarlii BaHTa)XHHX BaroHiB Tie-
pendayeHo BUKOHAHHS PEMOHTIB BEJIMKOTO 00CsTYy
(IeMOBCHKUX Ta KamiTadbHHX). IX MepiogMuHiCTh
BiJIIOBITHO IO TIPUIHATOI HA 3aJI3HUYHOMY TpPaH-
CITOPTi CTpaTeTii ITaHyEeThCS B daci. ToMy oOTpyH-
TyBaHHS TEPMiHIB (HEPIOAMYHOCTI) BUKOHAHHS
PEMOHTIB BEJIMKOTO 00’€My € B)XJIMBUM 3aBJIaH-
HAM. 3a JTOIOMOTOI0 ONTHMI3aIlii MiXPEeMOHTHHUX
nepioJiiB, 3 OMHOTO OOKY, BiIOyBa€ThCSl YHUKHEHHSI
3aBUIICHHS HEOOXiAHWX BHUTpPAT Ha YTPUMaHHA
BaroHiB, a 3 1HIIIOTO — IO MOXJIMBOCTI HE IOy CKa-
€TBCSL Pi3Ke 3HIDKEHHS e(EeKTHBHOCTI PoOOTH Ba-
roHa («BUpOOIICHHSY), ioro Oe3mexw,
a TaKOX Mepexoy KOHCTPYKIIT B TPaHUYHHI CTaH,
KOJIU i BITHOBJIEHHS CTa€ HEMOXXJIMBUM a00 HEZO-
LUIBHUM.

[TiToMi BUTpaTH Ha aMOPTH3ALLIEO
BAPTOCTI BaroHa

Tepmin cinyx6u Barona, L

Puc. 1. [TuTomi BUTpaTH Ha aMOPTHU3AIIII0 BAPTOCTi Ba-
rOHA 3aJICKHO BiJl TEPMIiHY CITYKOU

Fig. 1. Specific expenses for car cost amortization,
depending on lifetime

ToMmy mmanyBaHHS TEPMiHY CIIy’)kOM BaroHa Ta
BU3HAUeHHs napamertpiB cuctemu TOP € exunum
3aBJaHHSAM 1, KpiM TOrO, BUMara€ €KOHOMIYHOTO
0oOTpyHTYBaHHA. Sk EKOHOMIYHHMIA KpHUTEpidl i
gac OOTPYHTYBaHHS ONTHUMAaJIbHOI IEPiOAMIHOCTI
PEMOHTIB BEJIIMKOTO 00CSTY BUKOPHUCTOBYIOTH Ma-
TEeMaTUYHUH BHpa3 COOIBAPTOCTI OJAWHUII TPOIY-
KIii, OJep’)KyBaHOI 3 JOMOMOTOI0 PO3TIISHYTOTO
BUpoOy. CTOCOBHO BaroHa — Ii¢ co0iBapTiCTh OJU-
HuLi npodiry (podotu) — COII Barona. Ha Biaminy
BiJl CITPOIIEHOT METOJMKHU ONTHMI3allii HOPMaTHB-
Horo TepMiny ciyx6u nerani COII peanxpHOTO Ba-
roHa Ma€ OUTBIIY KUTBKICTh CKIIaJOBUX.

B COII Barona Mo)XHa BWAUTUTH JIBI TPYIH
cknagoBux. Ilepma — ne BUTpaTé Ha yTpUMaHHSI
BaroHa, To0TO BHTPAaTH BaroHHOTO TOCIIO/IAPCTBA,
AKi 3aJle)aTh BiJ] TEXHIYHOTO CTaHy BaroHa, BiKy
(po6iry) i #oro 1inu. J[o HUX HaJIeKaTh:

— IUTOMI BHUTpPaTH Ha aMopTH3alliio (IoBep-
HEHHs1) BapTOCTi NMpUAOAaHOTO BaroHa (amMopTH3a-
ifHI BiApaxyBaHH:);

— mutomi BuTpatn Ha KP;

— nuToMi BUTpatu Ha JIP;

— THUTOMi BUTPATH HA TEXHIYHE 00CIyroByBaH-
HS 1 PEMOHT.

Jpyra ckiamoBa — Ii¢ TUTOMI BUTPATH IHIIMX
ciy:k0 (JOKOMOTHBHOI, LUISIXOBOI, CIYy>KOU PYyXY,
€HEepromocTadyaHHs, cIIy’)KOW CUTHaJi3aIlii, 1eHTpa-
mizanii, 6J0KyBaHHs, 3B’S3KY 1 1H.), HEOOXiAHI IS
BUKOHAHHSI [lepeBe3eHHs (poOOTH BaroHOM).

ITo 3akiHYeHHI HA3HAYEHOTO TEPMIHY CITyKOU
BaroHa HaKOMUYCHHX 3ac00iB Ma€e OyTH JOCTAaTHBO
JUTSL KYITIBJII HOBOTO BaroHa aHaJOT 4yHOi KOHCTPY-
kmii. Po3aMip amopTu3aniiHuX BipaxyBaHb 3a3BU-
9Jail BU3HAYaI0Th, BUXOJUH 3 €UHOIO BCTAHOBIIE-
HOT'O HOPMATHUBHOI'O TEPMIiHY CIy»OW, SIKWH st
MiBBaroHIB CTAHOBHUTH [EPEBaXHO Bixg 22 10
32 pokiB. OfgHaK ONTHUMAalbHE 3HAYEHHS TEPMiHY
cityx0u (TOIIYK SKOTO € LIJUTI0 ONTUMI3aIlii) MOXKe
HE CHiBMagaTy 3 HOpMaTuBHUM. ToMy po3Mip Bif-
paxyBaHb Ha aMOPTH3allil0 HEOOXiTHO BHU3HAYATH
3 ypaxyBaHHSIM BapTOCTi BaroHa Ta po3paxoBaHOI0
TEPMiHY CITyKOH.

[lig yac BU3HAYEHHS TEPMiHY aMOPTH3AIIHHAX
BiJ[paXyBaHb OJAATKOBO BPAaXOBYIOThH 3aTpaTH, SKi
HEOOXiZIHI Ha PO3MOJIJI Ta HACTYIHY YTHII3allifo
BiJIIPallbOBaHOT KOHCTPYKIIIi.

3anuIKoBa BapTICTh CKJIANAETHCS 3 BapTOCTI
JeTaneu, By3JiB, arperaris, sIKi MO’KHAa ITOBTOPHO
BUKOPUCTOBYBATH MiJ 4ac PEMOHTY iHIIMUX Baro-
HiB, a TaKOX BapTiCTh MaTepiajiB, M0 MPHUAATHI
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JUIE BTOPHHHOTO BHKOPUCTAHHS (HATPUKIAJ, Me-
TamoOpyXTy).

MatemaTuyHUi BUpa3 JUIsl BU3HAYCHHS MUTO-
MHUX BHTpaT Ha aMOpPTHU3aIlil0 BapTOCTI BaroHa
3aJIEXKHO BiJT HOTO TEPMiHY CITY>KOM Ma€ BHTJIS

fQ — V+(Q1_Q2),

3 @)

ne V — BapricTh Barona; (J; — OAHOPA30Bi 3aTpaTH
Ha PO3JIN Ta yTHIi3alilo BaroHa; O, — oJHOpPa3oBi
JIOXOJIM BiJi CIUCAHHS BaroHa; [ — TEpMiH CIIyKOH,
SIKMI HeOOX1IHO BU3HAYUTH.

Jnsa suxonanHss KP motpiGHI omHOpa3oBi Bu-
TpaTH, pO3Mip SKUX 33 CBOEI0 BEIMUUHOIO, SIK IIpa-
BWJIO, 3iCTaBJICHUH 3 BapTicTio BaroHa. L{i BUuTpaTu
TaK camo, sIK 1 BUTpaTH Ha KYMiBJIIO HOBOTO Baro-
Ha, ITOBEPTAIOTh B MPOIECi eKCIUTyaTallii 3a paxy-
Hok BKimoueHHs B COIl amopTu3aniifHux BiIpaxy-
Banb Ha KP. 3a3Buyaii 11i BipaxyBaHHs 3aKiana-
I0Th SIK PIBHOBENWKI BEeNWYMHUA (HE 3MIHIOBaHI
y 9aci), BUXOASYH 3 HOPMATUBHOI BAPTOCTI PEMOH-
Ty Ta periaMeHTOBaHO! BEIMYMHHU IPOAOBKEHHS
TepMiHy cayx0Ou micns pemonty. [lpm Takomy
CITPOIIIEHOMY ITiJTXOJIi HE BPaXOBYIOTHCS (DaKTHUIHI
BUTpATH Ha PEMOHTH Ta (PaKTUYHI TEPMIHM CITyXK-
Ou BaroniB. B milicHocTi BuTpatn Ha KP 3miHro-
IOTBCSI BiI OIHOTO PEMOHTY A0 iHILOTO, IIO 3aJie-

HTh BiJl CTYIIEHs 3HOCY BaroHa Ha MOMEHT I10Ya-
TKYy PEMOHTY Ta 00’€My HEOOXiJIHUX BiJHOBIIOBA-
JBHUX POOIT. JlOCHIIKEHO, 110 BapTICTh JIPYroro
KP BanTaxkHoro BaroHa B 2-3 pa3u HEpPEBUILYE
BapTicTh mepmioro. KpiM Toro, Moxe BiIpi3HATHCH
CTYIIIHb BIJIHOBIICHHS pECypcy BaroHa IpH peMOH-
Ti, SIKWA BU3HAYAE BEJIMYMHY 3aIJIAHOBAHOTO IIPO-
OBXKCHHS TEPMiHY CIIy>KOM (HACTYITHOTO IHKITY).
Tomy, mpu onTHMi3alii MiKPEMOHTHUX IIE€PiOAiB
(puc. 2), nukniB Ta Tepminy ciayx6u B COIIl He
MOYKHA 3aKJIaJaTd MOCTiHY BEIMYMHY aMOpPTH3a-
idHUX BimpaxyBanb Ha KP, sika He 3aJeKUTh BifJ
(haKTHYHOTO TEPMiHY CITy>KOM BaroHa.

Posmip nuromux utpar Ha KP, sixi BKitoueHi
B COII pobGoTu BaroHa, BU3HAYMMO B MeXKaxX KOX-
HOTO 3 PEMOHTHHX IHHKJIB aHAJOTiYHO MUTOMHM
BUATpaTaM Ha aMOPTH3aIlilo, SIK BiAHOMICHHS (ak-
TnuHuX BUTpaT Ha KP 10 owikyBaHOI TpHBaIOCTI
HACTYITHOTO PEMOHTHOT'O IIUKITY

— RKPi o)
fKPi L 2 ( )
i+1
pe R~ — sutpatu Ha i-it KP; L, — TpuBanicts

(i+1)-ro peMOHTHOTO ITUKITY.

HopmaTHBHHI TepMiH ciryxkOH - 22 pokn

210 160
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Puc. 2. HopmaTuBHi Mi>KpeMOHTHI IIEpi0/in MMiBBAarOHiB:
a —moaens 12-132; 6 — mogens 12-196-01

Fig. 2. Regulatory overhaul intervals of gondola cars:
a —model 12-132; b — model 12-196-01

doi 10.15802/stp2017/93162

© O. B. Ilonomapesnxo, 2017

91



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchKkoro

HAaI[IOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOTr0 Tpancmopty, 2017, Ne 1 (67)

EKCIUIYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

Butparn ma KP MaroTh OyTy mmoBepHEHI MpoTS-
rOM HACTYIHOT'O Nepioay ePEeKTUBHOI eKCIUTyaTa-
uii Barona o HactynHoro I1P, To6To HacTymHOrO
peMoHTHOTO TWKIy. Ha puc. 3 HaBemeHO 3MeH-
IIEHHS BUTPAT y TMEPIIOMY PEMOHTHOMY LUK
(rpuBanicte LI), muromi BuTpatu Ha KP nopis-
HIOIOTh 0, OCKUTBKM BHKOPHCTOBYETHCS peECypc,
3aKTaicHUH TPU BUTOTOBJICHHI BaroHa. Yum Oi-
JbIIe TepMiH ekcruryaranii a0 HactynHoro KP,
TAM MEHIIIC BEIMYHMHA aMOPTHU3aIlifHUX Biapaxy-
BaHb MPOTSITOM IIbOTO IHKITY.
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ol
9 =
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Puc. 3. 3mMiHM BUTpAT Ha KaIliTaJbHUI PEMOHT
Ha PI3HUX LUKIIaX:
a — IATOM1 BUTPATH 3aJI€KHO BiJl TPHBAIOCTI PEMOHTHOTO
[UKITY; 6 — Cepe/IHI TUTOMI BUTPATH
3aJIeXKHO BiJ TEPMiHY CITy>KOH:
1 — 3miHa mutomux BuTpaT Ha KP B mepioMy 1ukiii;
2 — 3mina nuromux Butpat Ha KP y npyromy mmki;
3 — 3mina nuromux Butpar Ha KP y Tpersomy muxii;
4 — 3miHa nuToMuX BUTpaT Ha KP y yeTBepTOMy IHKIIi;
5 — 3MiHa cepeHiX MUTOMHX BUTpaT Ha KP

Fig. 3. Changes in overhaul expenses
in different cycles:

a — specific costs depending on the duration of the repair
cycle; b — average specific costs depending on lifetime:
1 — specific costs changing for OR in the first cycle;

2 — specific costs changing for OR in the second cycle;
3 — specific costs changing for OR in the third cycle;
4 — specific costs changing for OR in the fourth cycle;
5 — change of average specific costs for OR

PosrnsHeMO, SK 3MIHIOIOTBCS CEPeIHI IMHTOMI
BUTPATH 3aJIE)KHO BiJl TEPMiHY CIyKOH BaroHa.

SKmo i BaroHa He IUIaHYBAaTH BHUKOHAaHHS
KP, To B IbOMy BHIIAJIKy CEpeHi MUTOMI BHTPATH
Ha KP piBHi 0, He3aJIe’KHO BiJ] TPHBAIOCTI TEPMIiHY
ciy0u. SIKIIo 3amiaHyBaTH BHKOHAHHS OJHOTO
KP, Toni cepenni nmuromi Burpatn Ha KP OyayTh
BU3HAYATHCSA, SK BiJHONICHHS KaIliTaIbHUX BKJIA-
nedb Ha KP 10 BemuuHM TepMiHy ciyx0u (cyma-
PHOI TPHUBAIOCTI MEPLIOTO LUKIY Ta 3aIlIaHOBaHO-
ro vacy poOOTHM BaroHa ITiCIsI PEMOHTY, TOOTO
JIPYTOTO ITUKITY)

R
L +x)=——, €[0,L,), 3
S (L +X) I +x x€l[0,L,) 3)

1

ne Rgp; — BuTpatu Ha BukOHaHHS 1-ro KP; x —
TPHUBAIIICTH JPYTOTO PEMOHTHOTO LWKIY; L; — TpH-
BaJIICTh MEPIIOr0 PEMOHTHOTO LHUKIY; L;+X — Tep-
MiH CITy>kOH Barosa.

I'padik cepemHix MATOMHX BUTPAT Ha BHKO-
HauHs KP 3ajiexHO Bim TepMiHy Ciy)xOW BaroHa
(puc. 3, 6) Mae KiHIIEBI PO3PHBU Ha TPAHHULAX pe-
MOHTHHUX IHUKIIB. BennmunHa po3puBy MpOIOpIIiii-
Ha BuTpataM Ha Bignosigauii KP. Kpim Toro, mpu
301IBIIEHH] KUTBKOCTI PEMOHTHUX IUKIIIB BEITHYH-
Ha cepenHix mutoMmux BUTpaT Ha KP 3pocrae, He-
3BaKAIOYM HA 30UTBITICHHS TEPMIiHY CITYKOH.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYMMICTB

KoMruiekcHO po3riissHyTO MUTaHHS, IO CTOCY-
IOThCS YJIOCKOHAJICHHSI CUCTEMH YTPHUMAaHHS Baro-
HiB IIPU MOJIOBKEHHI TEPMiHY CIy)Ou iX excurya-
tarii. JlocmipkeHi Ta 3ampONOHOBAaHI MOXKIIUBI
NUISIXU TTOJIMIIEHHS] TEXHIYHOTO CTaHy BaHTaXKHO-
0 BaroHHOTO MapKy, 32 PaXyHOK 4YOTO BJAacCThCs
JIOCATTH MOJIOBXKEHHS TEPMiHY eKCIUTyartalii Baro-
HIB Ta ONTHMIi3aIlii BUTPAT Ha BUKOHAHHS TEXHIU-
HOT0 00CIYrOBYBaHHS, JCTIOBCHKUX 1 KaIiTATBHUX
PEMOHTIB.

BucHoBku

3HayHa YacTHHA BAroHHOIO MapKy eKCIUTyary-
€ThCSI 32 MEKaMU HOPMATHUBHOI'O TEPMIHY CITykOH,
a00 HaOMIKaEeThCA A0 HBOTO. SIK HACTINOK, CyTTE-
BO TIOTIPIIY€EThCS Oe3Ieka, eKOHOMIYHA e()eKTHB-
HICTh 3aJII3HUYHOTO TPAHCIOPTY, 3POCTAE Pecyp-
COMICTKICTh TIEpeBe3€Hb 1 TPaHCHOPTHI BUTPATH
EeKOHOMIKH YKpainu. 30UTbIIeHHS CO0IBapTOCTI
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MIePEBE3CHh BUKIIMKAE IMIIBUINEHHS TPAHCIOPTHUX  peali3allil po3MoYaTHX CTpPATEridHuX HapsMiB
TapuQiB, MO 3HAYHO 3HWKYE KOHKYPEHTOCIIPOMO-  PO3BUTKY  TPaHCIOPTHOI  ramysi,  Heperism
JKHICTh 3QJII3HUYHOTO TPAHCIIOPTY Ha TPAHCIOPT- BKAa3aHUX CTPUMYIOUMX (akTopiB Ta  BHKO-
HOMY pWHKY. Uepe3 HEJOCTaTHE OHOBJICHHS iCHY-  PHCTaHHA JOCBiy TEpelOBUX KpaiH  CBiTy
I0Y0TO BaroHHOTO MapKy HOBUMH OJMHUISIMA PYy-  JO3BOJIATH BHBECTH 3ali3HHYHHNA  TPAHCIIOPT
XOMOT'O CKJIally Ta HEJOCKOHATy CUCTEMYy PEMOH- 3 KpHU3H.
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INEPCHHEKTUBBI YIYUIIEHUSA TEXHUYECKOI'O COCTOAHUA
BAT'OHHOI'O ITAPKA HA KEJIE3HBIX TOPOI'AX YKPANHBI

Heab. OaHUM 13 OCHOBHBIX YCIIOBHUi 2 (DEeKTUBHOI 1 KaUeCTBEHHOH OpraHU3alMH JKeJIe3HOAOPOKHBIX IEPEBO30K
ABJIACTCS] HAJIMYHME COBPEMEHHOIO BarOHHOTO Napka. OHAKO aHaIN3 TEXHUIECKOTO COCTOSHUS CBUJICTENILCTBYET O €TI0
3HAUUTENIBHOM MOpAJIbHOM M (pu3mdeckoM u3Hoce. OCHOBHOM IIENBIO CTaThbH SIBJISIETCSI MOMCK BO3MOXHBIX ITyTeH
YIAydmI€eHUud TEXHUYCCKOTI'0 COCTOAHUA CYIECTBYIOIIEIO BAarOHHOT'O IapKa Ha KEJIE3HBIX 10porax praI/IH]:.I. MeTO)IH-
ka. CyllecTBYIOIIEe COCTOSIHIE JKEJIE3HOAOPOKHOTO TPAHCIIOPTa HE BO BCEM OTBEYAET COBPEMEHHBIM TPEOOBAHUSIM.
3a mocsenHUe JecATHIETHsT OOHOBJICHHE OCHOBHBIX (DOHIIOB OOECIIEUMBANOCh, B OCHOBHOM, 3a CUET COOCTBEHHBIX
CPEJICTB JKEJIE3HBIX JOPOT M yJOBJICTBOPSUIO MOTPEOHOCTh B KAlMTAIBHBIX MHBECTULMAX JIMIIL Ha 5—6 %. Bmecre ¢
TeM, (paKTHYEeCKH CO BPEMEHN HE3aBHCHMOCTH YKpPaWHBI, TEMIIbl pOCTa IIeH Ha MPOJYKIMIO, KOTOpasl MOTpedisercs
JKEJIE3HBIMHU JI0POTaMH, TIPEBBIIAN TEMITHl POcTa Tapu(OB Ha MEPEBO3KH, YTO HE MO3BOJIIIO OOHOBIISATH U YJIydIlaTh
TEXHUYECKOE COCTOSHHE IOBIDKHOTO COCTaBa B HEoOXomumoM oObeme. Pesyibrathl. [IpoBeneH aHanus rpy3oBoro
BaroHHOTO TMapKa YKPaHMHCKHX JKEJIE3HBIX JOPOT, KOTOPBIH MOKa3all HEYJOBJICTBOPUTEIBHOE COCTOSTHHE BaroHoB. JKe-
JIE3HOZOPOXKHASL OTPACHIb CETOAHS PabOTaeT MO CTAPhIM MPUHIUIAM, KOTOPHIC HE COOTBETCTBYIOT COBPEMEHHBIM MH-
POBBIM TEHICHIMSAM OPTaHM3aIK pabOoTHI JKEIe3HOIOPOKHOTO TPAHCIIOPTa, OOYCIOBIMBAIOT HEd()(HEKTHBHOCTE €€
(DYHKIIMOHMPOBAHUA U, CAEPKUBAs MPUTOK B OTPACIb MHBECTHLIUH, 3aTPyAHSIIOT JalbHEHIEEe Pa3BUTHE U COTPYAHH-
YECTBO C YAaCTHBIMU KOMIAHUsIMU. HenocTaTtouHoe ¢rHaHCHpOBaHNE, HECOBEPILCHHAs CUCTEMA PEMOHTA M TEXHHYE-
CKOT0 OOCITY>KUBaHHsI TOPMO3SIT Pa3BUTHE, CHIKAIOT KOHKYPEHTOCIIOCOOHOCTh JKEJIE3HOJIOPOKHOTO TPaHCHOpTa YK-
paunbl. OJIHAKO pean3allusl HAuYaThIX CTPATETHUECKUX HAIpPaBICHUN Pa3BUTHS TPAHCIIOPTHOW OTpaciu, MEPecMOTp
YKa3aHHbIX CACPKUBAIOIINX ¢)aKTOpOB 1 UCIIOJIb30BAHUE OIIbITa NEPEAOBBIX CTPAaH MHUPaA MO3BOJIAT BBIBECTU KEJIEC3HO-
JIOPO>KHBIN TpaHCHOPT n3 Kpu3uca. Hayunast HOBH3HA. ABTOpaMU PHBEAECHO KOMIUIEKCHOE PACCMOTPEHUE BOIIPOCOB
TI0 COBEPILICHCTBOBAHUIO CHCTEMBI COJIEPKaHHsl BarOHOB IIPH ITPOJUICHUH CPOKa CIIyKObI MX dKcIuTyaranuy. IlpakTu-
Yyeckasi 3HAYUMOCTh. VcciaenoBaHbl U PEUIOKEHB! BO3MOXKHBIC IyTH YIYYIICHHS TEXHUYECKOTO COCTOSIHUSI BaroH-
HOTO TapKa, 3a CYET Yero yJacTCs TOCTHYb NPOAJICHHS CPOKa SKCIUTyaTalliy BarOHOB M ONTHUMM3AIMK 3aTpaT Ha Ipo-
BEJICHNE TEXHMYECKOTO 00CITY>KUBAHHS, JETIOBCKHUX M KalINTAIBHBIX PEMOHTOB.

Kniouesvle cnosa: TeXHMYECKOE COCTOSIHME, CPOK AKCIUTyaTallMd; BarOHHBIN IApK; PEMOHT; TEXHHYECKOE 00-
CITy’KHBaHHUE

0. V. PONOMARENKO"

"Dep. «Exploitation and Repair of Rolling Stock», Ukrainian State University of Railway Transport, Feierbakh Sq., 7,
Kharkiv, Ukraine, 61050, tel. +38 (057) 730 19 99, e-mail errsl @mail.ua, ORCID 0000-0002-9608-8849

THE PROSPECTS FOR IMPROVING THE TECHNICAL STATE
OF ROLLING STOCK ON THE RAILWAYS OF UKRAINE

Purpose. One of the main conditions of the effective and high-quality organization of rail hauling is availability
of modern rolling stock. However, the analysis of technical condition confirms its considerable moral and physical
deterioration. The main purpose of the article is search of possible ways of improvement of technical condition of
the existing car fleet on the railroads of Ukraine. Methodology. The current state of a rail transport not fully meets
the modern requirements. For the last decades updating of fixed assets has been provided generally at the expense of
own means of the railroads and satisfied the need for capital investments only for 5-6 percent. At the same time,
actually since declaration of independence of Ukraine the price growth rates for the products consumed by the rail-
roads exceeded the fare growth rates that did not allow to update in necessary amount and to improve technical con-
dition of the rolling stock. Findings. The article presents the analysis of freight rolling stock of Ukrainian Railways,
which showed unsatisfactory condition of the cars. The railway industry today works on the old principles, which do
not correspond to the modern world trends in organization of work of railway transport, contribute to the ineffi-
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ciency of its functioning and impede further development, constraining the inflow of investment to this industry,
hamper cooperation with private companies. Insufficient funding and imperfect system of repair and maintenance
inhibit the development and reduce the competitiveness of railway transport of Ukraine. However, the implementa-
tion of strategic directions of development of the transport sector, a review of the above constraints and using the
experience of advanced countries will steer the rail transport out of the crisis. Originality. The authors presented
comprehensive consideration of issues to improve the car maintenance system while extending the life of their op-
eration. Practical value. Possible ways to improve the technical condition of rolling stock were researched and pro-
posed. This will allow extending the car lifetime and optimizing the costs of maintenance, depot and major repairs.
Keywords: technical state; lifetime; car park; repair; maintenance
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BUBIP PALIIOHAJIBHUX ITAPAMETPIB
HOMIHAJIBHOI'O PEKUMY EJIEKTPOBO3IB

Merta. Ha 3amizHuIX YKpaiHu eKCIUTyaTyIOThCS JIOKOMOTHBH, SIKi IK MOPAJIBHO, TaK i ¢izndHo 3actapini. Tomy
Ut 3a0e3MeYeHHsT KOHKYPEHTOCTIPOMOXKHOCTI 3aIi3HHYHHUX TepeBe3eHh HEOOXITHO OHOBIIOBATH JIOKOMOTHBHHI
MapK i, B IEpIIy 4epry, MapK eIeKTPOBO3iB, OCKUTBKU eNeKTprU(iKOBaHI 3alli3HUII 320€3MeUyIOTh MepeBaXKHy dac-
TUHY MACKUPCHKUX Ta BaHTAKHHUX IepeBe3eHb. B 3B’S3Ky 3 MM OCOOIMBY aKTyaJbHICTh HaOyBaroTh 3a/1avi BH-
3HAUCHHS ONTHUMAIBHHX IapaMeTpiB HOMIHAJIBHOTO PEXKUMY €IeKTPOPYXOMOro Ckiaxy. MeToro poOoTH € po3risin
0co0JIMBOCTEN PO3B’sI3aHHS 3a3HAYCHUX 3a]a4 CTOCOBHO eJIeKTpOBO3iB. MeToauka. SIKIo JomyCTHTH, 10 IpaHny-
Hi 3HAQUEHHSI CWJIM TATH €JIEKTPOBO3a BU3HAYAIOTHCS 32 YMOBaMH 34EIUICHHS KoJieca 3 PEHKOI0, TO MOTYXHICTh HO-
MIHAJILHOT'O PEXKHMY MOYKHA MPEACTABUTH K JOOYTOK HOMIHAJIBHOT MIBUAKOCTI PyXY, PO3PaxyHKOBOrO KoediieHTa
3UCIUICHHS, MaCH COCTaBa MOi3/1a Ta KOe]Iilie€HTIB, SIKi SABISIOTH COOOI0 BiTHOIICHHS PO3PaxXyHKOBOI (ITyCKOBOT) CH-
JIM TATH JI0 CHJIM TSTYM HOMIHAJIBHOTO PEXHUMY Ta BiIHOLICHHS MacH JIOKOMOTHBA JI0 MacH cocraBa. OCKUIBKM Maca
COCTaBa € BEJIMYMHOIO HE MOCTIHHOIO, TO Y PealbHUX YMOBAX 3aBXKIM ICHY€ Ha/IMIIKOBA MOTYXKHICTh JIOKOMOTHB-
HOTO TapKy, HEOOXITHOTO [T OCBOEHHS 33JaHOTO 00’ €My TepeBe3eHb. SHIDKESHHS HAITUIIKOBOT MOTYKHOCTI MAPKyY
MO)KHa OTPUMATH 32 PaxXyHOK BBEJICHHS B SKCILTyaTAaI[lF0 JOKOMOTHUBIB Pi3HOI MOTYKHOCTI, NPU3HAYCHUX JUIS BO-
JiHHS TOT31iB Pi3HOT MacH, NPH IIbOMY 3pOCTa€ MOBHOTA BUKOPUCTAHHS IOTYXKHOCTI, ajieé BUHUKAIOTH TPYIHOLI
migdopy JTOKOMOTHBIB LIS MOi3/1iB y eKcIuTyaTalii. B poOoTi HaBeneHO METOANKY pO3paxyHKy ONTHMAbHUX 3Ha-
YeHb TMOTY)KHOCTI, IMIBHIKOCTI Ta CHJIM TSITM HOMiHAIBbHOTO pexkuMmy. IIpuBeneHo mareMaTHYHI MOJENi B3aeMO-
3B 43Ky KPAaTHOCTI TSTH, HAJIUIIKOBOI MOTY>KHOCTI W MOTY>KHOCTI TATOBOTO Monyiis. PesyabraTn. JloBeneHo, mo
MOTYXHICTh TATOBOTO MOAYJISl, CyMapHa MOTPiOHa MOTYXHICTh NMapKy i HaJUTHIIOK L€l MOTY>XHOCTI B a0CONMIOTHUX
OJIMHUIIX MPOMOPLIiHI IBUAKOCTI HOMIHAIBHOTO pexXUMYy. J[iIsl 3HIKEHHS! CyMapHOi NOTYKHOCTI IapKy NpPU BH-
00pi ONTUMAIBHOT MOTY>KHOCTI HOMIHAJILHOTO PEXUMY TSATOBOTO MOJYJIS CJiJI MPUHHATH B PO3PaXyHOK IIBUIKICTh
HOMIHaJIbHOTO PEXXNUMY, BU3HAYCHY 32 YMOBH MiHIMi3allil BUTpaTH eIeKTPOeHeprii Ha TAry, TOOTO HaliMeHIIe 3Ha-
YeHHsI, 110 3a0e3redye MOXKIIMBICTh peattizalii 3ajaHoi X00BOi MIBUIKOCTI pyXy i HEOOXIZHOTO ISl YMOB €KCILTY-
aTauii piBHs pe3epByBaHHS NOTy)HOCTi. HaykoBa HOBH3HA. YHIKaJIbHICTH pOOOTH TONISATAE Y po3po01ii yHidikoBa-
HOT'O QJITOPUTMY BU3HAYCHHS ONTHMAJIBHUX 3HAYCHb ITapaMeTPiB HOMIHAIBHOTO PEKUMY IACAKUPCHKHX, BAHTaX-
HUX Ta BaHTKOIMACAKUPCHKHUX eeKTpoBo3iB. [IpakTHYHa 3HAYNMMIicTh. ABTOpaMH BH3HAUYCHA MiHIMI3aIlisl BUTpAT
MIPU BUTOTOBJICHHI, MpUAOaHHI Ta YTPUMaHHI €IeKTPOBO3iB, MapaMeTpH HOMIHAIBFHOTO PEXXHUMY SKHX PO3paxoBaHi
3riIHO HaBeIEHOT METOUKH.

Knouosi crosa: enexTpoBo3; MATOMA CHJIA TATH; MIBUJIIKICTH; KPATHICTh TATM; HA/UIMIIKOBA MOTYXKHICTh; BUTpaTa
€HEeprii; TATOBUI MOJIYyJIb; 3aKOH PO3IOILTY
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EJIEKTPUYHHUIA TPAHCITOPT

Beryn

CrapiHHS JIOKOMOTHBHOT'O TMapKy 3ajli3HHIb
VYkpainu Bumarae ioro onoBieHHs [8, 10]. Ha-
cammepes], CKa3aHe CTOCYEThCS EIEKTPOPYXOMOTO
CKJIa/ly, OCKUIBKH TepeBakHa YaCTHHA BAHTAKHHUX
1 MacaKUpChbKUX TIEPEBE3CHb NPHUITATAE HA ENCKT-
pudikoBaHi NINSTHKU 3aTi3HUII.

HaiiBasknmuBimm eKCIUTyaTaIlidiHi  XapaKTepHC-
THUKH €JIEKTPOBO3IB 1 €JIEKTPOIOi3/aiB, 0 IKUX Ha-
JeKaTh TMapaMeTpd PO3PaxyHKOBOTO (BaHTaXHi
€JIEKTPOBO3H) 1 IYCKOBOTO (TMacaXUPChKi eNeKTPO-
BO3U Ta EJEKTPOIOI3N) PEKUMIB, BU3HAYAIOTHCS
napamMeTpaMi HOMIHAJIBHOTO PEXHMY TATOBOTO
npuBoja (MOTyHICTh Tru N, 1 cuna tsiru F

a00 HOTYKHICTb TATU ¥ IIBUAKICTH pyxy v, ). Ca-

M€ Ha3BaHI MapaMeTpu HOMIHAIBHOTO PEXHMY
BHU3HAYAIOTHCS B TIEPIIY YepTry MPHU CKIaJaHHI TeX-
HIYHUX BUMOT Ha HOBHH TATOBUH €IEKTPOPYXOMHIA
CKJanI.

Meta

BuzHaueHHs mapamMeTpiB HOMIHAJIBLHOTO PEXKH-
MY € OCHOBHOIO METOIO TaK 3BaHUX 3aa4 TATOBOTO
3abe3neueHHs. OcoOIMBOCTI pO3B’s3aHHS 3a3Ha-
YEHHUX 3a]a4 CTOCOBHO EIEKTPOBO3iB pPO3IJsija-
FOTHCS B IIiH CTaTTI.

MeTtoauka

SIKII0 BUXOIUTH 13 NPUIYIIEHHS, 0 TPAHUYHI
3HAYCHHS PO3PaXyHKOBOI (BaHTaXHI €IICKTPOBO3H)
1 mycKkoBoi (TTacaXUPChKi eNEKTPOBO3U) CHITU TATH
BU3HAYAIOTHCSI 32 YMOBAaMHU 34YCIUICHHsS Koyeca 3
PEeHKOI0, TO MOTY>KHICTh HOMIHAJIBHOTO PEXHMY

MOYKHA ITOJaTH 5K [6]
kBT,

(1

ne 2,725 — koedilienT, o y3roaxKye po3MipHOCTI

N, =2,725k, "k, ,m.0

H?

BUMIPY (DI3MUHUX BEITUUUH (9,81/3,6 =2,725); kf

— KoeiIlieHT, M0 € BITHOIICHHSM PO3paXyHKOBOL
(TTyCKOBO1) CHJIM TSTH IO CHJIM TSATH HOMIHAJIBHOTO
pexumy [1]; k, — KoediuieHT, sKUi JOPIBHIOE Bi-
JTHOIICHHIO MacH JIOKOMOTHBA JI0 MacH COCTaBa;
V., — B3HAYCHHS PO3PAaXyHKOBOro KoedimieHra
3YeIJICHHS! TIPU PO3PaxyHKOBIH (IIyCKOBiH) mBHA-
KOCTi; m_, —Maca cocTaBa Hoi3/a, T.

Koedirient k, BU3HAYa€TBCS BUpa3aMH [5, 6]:

— BaHTaXXHI CJICKTPOBO3U

"

W, +i
kp = £ T NG (2)
1000y, —(w, +1,)
— MaCaKUPCHKi EIEKTPOBO3N
w, +i+102(1+7v,)a
o ( YC) )i} (3)

k, = : ,
1000y, —| w, +i+102(1+7,)a, |

e i, — pO3paxyHKOBHH MiIiioM, %o; w:) — OCHOB-
HUI TUTOMUH OIip PyXy COCTaBa, MPH PO3PaxyH-
KOBili (myckoBiii) mBuakocti, H/xH (krc/T) [14];
w(') — OCHOBHUI MUTOMHUIA OITip PyXY JIOKOMOTHBA B
peXUMi TATH, TPH PO3PAXyHKOBIH (ITyCKOBIi)
mBuakocti, H/xH (krc/T) [2]; a, — MakcuMalbHe

n
NPUCKOPEHHS, peayi3oBaHe INpPH ITyCKOBiH MIBHI-
KOCTI, M/C%; | — BE/TMYMHA YXIUITy, Ha SIKOMY BifOy-
BA€ThCA IMyCK, %o; 1+7y, 1 1+7y, — koedinieHTH
iHepiii 00epTOBUX YACTHH COCTaBa W JIOKOMOTHBA
BiZIIIOBiAHO.

VY HaBeseHy ¢GopMyly SK apryMEHT BXOIUTb
Maca cocraBa m,. Y 3B’S3Ky 3 LM, y peaJbHUX

yMOBaxX 3aBXIH ICHYE HAIJIAIIKOBA TOTYXHICTH
JIOKOMOTHBHOTO MAapKy, HEOOXiTHOTO JJIi OCBOEH-
HS 33J]aHOTO 00’€My TIEPEBE3CHb SIK Y BAaHTAXHO-
My, TaK 1 y TaCaKUPCHKOMY PYCi, TOSCHIOEThCS 11e
takuM. He3Bakaroum Ha Te, 1O rpadikoM pyxy
MOI3MiB 1l KOKHOTO HANPSIMKY PYXY BCTaHOBIIE-
HO HOPMHU MAaCH BaHTKHHX IOT3/iB, 3aBXKIH Ma-
I0Th MICIle 3HAYHI BiIXHMJIEHHS iX BiJl HODMOBAaHOTO
3Ha4yeHHs. HaBiTh y BHIAJKy BUKOHAHHS, POTUK-
TOBAaHOTO MPArHCHHSM IOBHOTO BUKOPUCTAHHS
MOTY>KHOCTI TSTOBHX 3aCO0IB i KOPHCHOT JIOBKUHH
NpUAMaNbHO-BIIIPABHUX KOJIM CTaHIH IMpaBuiIa
(dhopMyBaHHS, KOJH BaHTaXHI MOI3IH MOBUHHI 0y-
TH ab0 MOBHOCOCTABHHUMH, 20O MOBHOBarOBHMHU.
3a3HaueHl BiXWIECHHS MAacH BaHTAXXHUX IOI311IB
BiJl HOPMOBaHOTO 3HAYCHHSI MOSCHIOIOTHCS HEMU-
HYYHUMH KOJIMBAHHSIMH IOI3HOTO TOTOHHOI'O HaBa-
HTa@XEHHs, 110 3yMOBIICHO, ¥ CBOIO Yepry, CIelu-
(hiKOIO BaHTaXKIB, SIKi TIEPEBO3ATHCS Ha ITiH JTiHiI.

TakyM 4YMHOM, Maca BaHTAXKHHUX TMOI3MIB Ha
KOHKPETHOMY HAMpPSMKY € BEJIMYMHA BUIMAJKOBA.
Ile mpuBOAUTH O TOTO, IO MPU BU3HAYCHHI TO-
TY>KHOCTI JIOKOMOTHBA 3 YMOBH BEJICHHS IOI3/iB
HOPMOBAHOI MacH €KCILTyaTOBaHHI Mapk Oyje Ma-
TH 3Ha4YHy HAUIMIIKOBY TOTYXHICTh MOPIBHSIHO
3 MMOTPiOHOIO.
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Ha 3amizaunsgx Ykpainu B 1ielf 9ac i B mepcrek-
TUBI OyIyTh 00epTaTUCs MacaKUPChKi MOi3IU pi3-
HUX IIBUAKICHUX KaTeropid i cocTaBHOCTI (3apas3
COCTaBHICTh TIOI3/1iB PI3HOTO TMpH3HAYEHHS KOIH-
BaeThes Bif 3 10 24 BaroHiB) [5]. Bukopucranus
y MacaKUPCHKOMY PYCi €JIeKTPOBO3a OJHOTO THITY
JUTS BEJICHHS TIOI3/IiB YCiX IIBHIKICHUX KaTeropii
1 Oyap-sIKOi COCTaBHOCTI 3yMOBUTH 3HA4YHy Haj-
JIMIIKOBY MOTYKHICTH MApKY.

HapnumkoBa moTyXHICTh JIOKOMOTUBHOTO TIa-
PKy HEraTHMBHO IIO3HAYa€ThCS HAa EKOHOMIYHHMX
MOKa3HUKaX MEPEeBi3HOTO MpOoIecy, TOMY MO MpH-
3BOJIUTH A0 3POCTAaHHS BUTpAT Ha MPHUIOAHHS JIO-
KOMOTHBIB, @ TaKOX BHUTpPAT, 3yMOBJICHHUX IIiJIBU-
IICHOIO0 BUTPATOIO €JIEKTPOCHEPTii Ha TATY MOI3ZiB
1 yTpUMaHHSIM TATOBUX 3ac00iB 3 HaJIMIIKOBOIO
MOTY>KHICTIO.

3HIKEHHS] HAJUIMIIKOBOI MOTY)KHOCTI TapKy
MOYKHA OTPUMATH 3a PaXyHOK YBEACHHS B €KCILTY-
aTalilo JJOKOMOTHBIB Pi3HOT HOTYXHOCTI, MPHU3HA-
YeHHWX JUIA BOJIHHS MOI3AiB pi3HOi Macu. Takum
YHHOM, BHHUKAE 33/1a4a BU3HAYCHHS ONTUMAaIIbHO-
T'0 TIOTYXHICHOTO PAAY €JIEKTPOBO3iB.

31 301BIIIEHASAM KUTBKOCTI Tpajalliil moTy»XHO-
CTI 3pocCTae MOBHOTa BUKOPHCTAHHS MOTYXKHOCTI
JIOKOMOTHBHOT'O TIapKy, ajleé BUHUKAIOTh TPYIHOLI
mig0opy JOKOMOTHBIB JUIsi TOi3/iB pPi3HOI Macu
B EKCIUTyaTallii. 3aCTOCOBYBaTH JIOKOMOTHUBH pi3-
HUX THITIB Ha OJIHIH 1 Til camiil AUISHII BKpal He-
3py4YHO B CKCIUTyartallii i Hal4acTillle HEBUTIIHO
€KOHOMIYHO, TOMY LI0 HPH IOMY IOTipUIYIOThCS
MOKAa3HUKYA BUKOPHCTAHHS JJOKOMOTHBHOTO MapKy.
3 TeXHIKO-€KOHOMIYHHUX 1 eKCIUTyaTaliiH1X 03H-
il TPUHHATHE BUKOPUCTAHHS JIOKOMOTHBIB OJTHO-
ro abo, y KpaiiHbOMY BUTIa/IKy, ABOX ThMiB [11].

OueBuAHO, HAHOIIBII NPUHHIATHUM € 3aCTOCY-
BaHHsSI OJHOTHITHUX TSITOBHX MOIYJIB [7], 3 SIKMX
MOKHa (OPMYBATH TATOBI 34eny HEOOXiTHOI TO-
Ty>KHOCTi. O/IHaK 1 B IbOMY BHMAAKY 301IbIICHHS
qHcIa MOLYJIiB y 34erni ( Hagasi el mokasHuk Oy-
JIEMO IMEHYBaTH KPATHICTIO TATH) MPHU3BOIUTH IO
MOTIPITICHHS TTOKA3HMUKIB EKCIUTyaTaIliiHOT pOOOTH.
ToMy siK OJIMH 3 MTOKA3HUKIB ONTUMI3aIlil AOIIITBHO
NPUHHSITU 3HAYCHHS KPaTHOCTI TATH.

Cka3zaHuM BHIIE TOSCHIOETHCS BHOIp B [6] mIpu
BU3HAUEHHI MapaMeTpiB HOMIHAIBHOTO PEXUMY
€JIEKTPOBO31B TAKMX MOKAa3HUKIB ONTUMAaJIbHOCTI:

— BUTpaTa eJeKTpOeHeprii Ha 3ificHeHHs Iie-
peBE3CHb, 3a YMOBH 3a0€3MEUYCHHS MOXIIUBOCTI
peaizauii 3ajaHuX 3HA4YEHb Yacy X0y HOi3[iB;

— HEJOBHKOPHUCTaHy (HAUIMIIKOBY) TOTYX-
HICTh JIOKOMOTHBHOT'O TIAPKY;

— CepelHE 3HAYCHHS KPAaTHOCTI TATH, HEOOXiJ-
HE IS 3MIMCHEHHSI TIEPEBE3CHb Ha 3alaHii JIiHii
a0o TOJIITOHI TATH.

[Ipu BuKOpHCTaHHI HA3BAaHHUX BHIIE MOKA3HUKIB
onTUMi3amii pO3rIIsHYTa 3ajJada I BaHTAXKHHUX
€JICKTPOBO3iB MOXe OyTH chopMyITpOBaHA TaK: IS
3aJ]laHUX 3aKOHIB PO3MOAUTY MacH TOi3/IiB Ha IMOi3-
JIO-TISTHKAX, 10 YTBOPIOIOTh JaHHA MOJITOH TATH,
HEOOX1/THO 3HAWTH TaKe 3HaYeHHS MOTY>KHOCTI TH-
TOBOTO MOJYJSI 1 MIBUAKOCTI PyXy HOMiHAJBHOTO
pexxuMy, o0 3a0€3MEYUTH OCBOEHHS 3aJ]aHOTO
o0csATy TmepeBe3eHbh NPU MiHIMANBHIA CyMapHil
HAJUIAIITKOBIM TIOTY>KHOCTI 1HBEHTApHOTO TIApKYy,
MiHIMaJIbHIA KPaTHOCTI TSTH Ta MPU MiHIMaIbHIH
BUTPATI EIEKTPOCHEPTii Ha TATY MOI3IIB.

3amavya moBHHHA OyTH pO3B’si3aHa MPH BUKO-
HaHHI YMOBH peai3allii 3aJlaHoi X0J0BOT IIBUIKO-
CTI pyXy NOI3NIB AJisl pealbHUX XapaKTePUCTHUK
MO3OBKHKOTO0 TIPOodiTt0 Komi ¥ Iifounx oOMme-
KCHb MAaKCHUMAaJIbHOI IIBHJKOCTI PYXy BaHTaXKHHX
MOT3/I1B.

Hasenene ¢opMymroBaHHS 3a7adi MO0 BU3HA-
YeHHS ONTUMAaJIbHUX IapaMeTpiB HOMIHAIHHOTO
PEKUMY TATOBOTO MOJYJIS CIIPABEIJIUBE U JIJIS BH-
MaJKy MacaXXHPChKOTO €JIEKTPOBO3a, SKIIO YMOBHU
pO3B’s3aHHSA 3a7adi JOMOBHUTH BUMOTOIO 3a0€3-
[IEYEHHS PO3rOHY I0i3/1a 11 TOCSATHEHHS KOHCTPYK-
[IAHOT MIBUIKOCTI P MPUCKOPEHHAX 3a/1aHOi Be-
JTUYWHU.

Y BUKJIAQACHIH BHUINEC TOCTAHOBIIl PO3TIIAHYTA
3ajaya HaJeXHUTh J0 KIAcy 3ajad BEKTOPHOI OIl-
TUMI3allii i3 KUTBKICTIO TTOKa3HUKIB, SKa TOPIBHIOE
TPHOM.

B 3amauax BEKTOPHOI onTHUMI3alii 3 KiJIBKICTIO
MOKa3HUKIB OUTBINE IBOX CYTTEBO YCKIIAJHIOETHCS
MpoIeAypa alTOpUTMi3alii po3B’SA3Ky, aHalizy
W iHTepmpeTamii OTpUMaHHMX pe3ynbTariB [3].
3 METOI MONIYKY MOXKIUBUX IIIISAXIB CHPOINEHHS
PO3B’sI3aHHS PO3TIITHYTOT 3aj]adi, yCTAaHOBUMO B3a-
€MO3B’S[30K MMOKa3HUKIB ONTUMAIBHOCTI i1 Tapame-
TpiB ontumi3zaitii. J{ias BU3HAYCHOCTI, HIDKYE Oyie
PO3TISAATHCS JTUTIIE BAHTAKHAN PyX.

Hexaii, sx 3a3Bud4aii, mpu po3B’s3aHHI MOmI0-
HOTO THUITy 3a/ay, 3aJlaHO: THUIl BaroHiB, 3 SKHUX
c(hopMOBaHHI COCTAB; BiJICOTKOBE CITiBBiJHOIIICH-
HSl BaroHiB KOKHOTO THIY B CKJIaJli; CTATHYHE Ha-
BaHTa)XCHHS Ha Bich BaroHiB. Toxi KoedilieHTt kp

€ (yHKuUi€ro WBHAKOCTI v, , MAHOMY i, Ta, KpiM
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TOTO, 3aJIKUTH BiJ TUILy TSATOBOTO IPHUBOJA W Xa-
PaKTEpPUCTUK MEXaHIYHOI YaCTUHH, OCKUIbKU
OCTaHHI BU3HAYaIOTh 3AJIEKHICTh PO3PAXyHKOBOTO
KoedillieHTa 3YeTUIeHHs, a TaK0X CHJIH OMOpY Py-
xy. [Ipu nupomy, sk BurumBae 3 (1), HeoOXimHA HO-
MiHaJbHA TOTYXXHICTh €JIEKTPOBO3a IJIsl BEACHHS
MO13/1iB 3aaHOi MacH Ha KOHKPETHIN AiISHII, TOO-
TO TPU BIJOMOMY PO3PaxyHKOBOMY MimiOMi, BH-
3HAYacTbCAd BEIMYHHOIO HOMIHAJIBHOI IIBHUIKOCTI
1 Macor COCTaBa.

[IpoananisyeMo B3a€MO3B’ 30K IapameTpiB
HOMIHAJILHOTO PEXHUMY €JIEKTPOBO3a I BHUTpATH
enekTpoeneprii Ha Tsry [12, 13].

Butparta enextpoeneprii Ha TiIry B Bt-rox
(6e3 BpaxyBaHHSI BUTpAT Ha BJACHI MOTPEeOH) BH-
3HAYUMO SIK

1 | L)y 4)

A=——
3,6-10° 7 n(s)

ne . — cuna taryu, H; s — Biacrass, kM; 1 — Koe-
(bimieHT KOPUCHOI i €IeKTPOBO3a.
IInToma BUTpara enekTpoeHeprii y BT-roa/T-km
3rimHO 3 [9]
A

m (s, —s,)-107"

Je m, — Maca moiga, T; S,, S, — KOOpIUHATH
NUIAXY, BIANOBITHO HA MOYATKy Ta y KIHI[ iJISH-

KH, M, a00

0= 2725 [ 50y G
5=, 1 (s)

ne f.(s) —muroma cuna Tsiru B H/kH (xre/T).

Sx BumHO 3 BUpa3y (5), BUTpaTa €IEKTPOCHEP-
ril Ui JaHOT MIISHKU € (DYHKIIEI0 KepyBaHHS T10-
i3mom £, (s), sIKa MO>Ke IPUHMATH 3HAUYCHHS

0< £,(0) < £, (0),

ne f.(v) —rpaHuuHa TAroBa XapaKTepUCTUKA.

KoopauHatu rpaHu4HOI TATOBOi XapakTepuc-
TUKHU BU3HAYAIOTHCA K

fi(@) =min{ 7, () f;(©)}, (6)

e fm(v) Ta ]TB(U) — JIUISHKY TPAaHUYHOI TATOBOI

XapaKTEPUCTUKH, 3YMOBJICHI OOMEXKCHHSIMH CHJIU
TATH BIAMOBIAHO MO 3YEIUICHHIO W JOMYCTUMOMY
CTyIIeHI0 TocnabneHHs 30ymkenHs [15] (ans Ts-

TOBUX JIBUTYHIB IOCTiifHOTO cTpyM™my). B [6] HaBe-
JICHO, 10 KOJH MOTYXXKHICTh HOMIHAJIBHOTO PEXH-
My €JIEKTPOBO3a BH3HAUYAETHCS 32 YMOBHU peali3a-
1ii Ha pPO3PaxXyHKOBOMY MiIHOMI MaKCHMAaIIbHO
MOJKJIMBOTO 3HAYEHHS! CHJIM TATU IO 3YEIJICHHIO,
TO KOOPAUHATH I'PAHUYHOI TSATOBOI XapaKTEPUCTH-
K{ PO3PaxOBYIOTHCS SIK

_ 10°k vy (v)
_ prK .
Jeen(0) ok

b

3
-ttt L p( 2 )
(1+kp) kamin UH

Ha mincrasi (6) ta (7) MOXHA 3pOOUTH BHCHO-
BOK, 110 KOOPAMHATH I'PAHUYHOI TATOBOI XapakTe-
PHUCTHKHM HE 3ajieKaTh BiJl MacHd COCTaBa Ta OJHO-
3HAYHO BH3HAYAIOTHCS LIBUIAKICTIO HOMiHAJIBHOTO
pexumy. OTxe, 3a IHIIMX PIBHHX yMOB MUTOMA
BUTpaTa €JIEKTPUYHOI EHEePrii Ta MOXKIIMBI PEKUMH
KEpYyBaHHS TATOI0 TAKOXX BH3HAYAIOTHCS OOPaHUM
3HAYCHHSM ITBUIKOCTI HOMIHAIBHOTO PEXKHUMY.

AHaui3 [6] nokasag, 110 MO0 BUTpaTax €JIEKTPO-
€Heprii Ha TATY B MEPEeBaXKHIN OUTBIIIOCTI BUNIA/IKIB
Ul €JIEKTPOBO3iB 3 PEKyNEepPaTUBHUM TaJlbMyBaH-
HSIM OJNIM3BKHM 10 ONTHMAJIBHOTO € KEpYBaHHS I10
mBuakoAii. Tomy 3 mo3uiiit MiHiMi3aIii eHepro-
BUTpAT HA TATY MOi31iB JOLINBHO MPUHHATH Ha-
MEHIIE 3HA4YEHHS MIBUIKOCTI HOMIHAJIBHOIO pe-
KHUMY O, , TIpH SIKOMY 3a0e3leuyeThesl pealtizallis

3a1aHo1 X0J0BOI IBUAKOCTI i 3a0e3MeuyeThes He-
0o0XimHE B yMOBaxX eKCINTyaTamii pe3epBYBaHHS
TATOBOI IOTYKHOCTI.

Marematu4Hi MOJIelTi B3a€EMO3B’ 13Ky KPaTHOCTI
TSITU )y , HAQJUIMIIKOBOI MOTYXHOCTI y, W mapa-

MeTpa ONTUMi3alii, TOOTO MOTYKHOCTi TSTOBOTO
MOJYJIsI, MOXKYTh OYTH OTpHUMaHi B TaKWH crocio.

Hexaii st KOXKHOI 3 AUISTHOK oOepTaHHS JIo-
KOMOTHBIB 3aJ1aHO:

— BaHTaXOIIOTOKHU (BaHTa)KOHAIPY>KEHICTB)
JUISL TAPHOTO 1 HEMapHOTO HAIIPSMKIB PYXY;

— XapaKTEePUCTUKHU MO3J0BKHBOTO MTPOYLITIO;

— 3aKOH PO3MOJLTY MacH MOi3iB.

[lpn nepepaxoBaHMX BHILNE BUXIAHUX JIaHUX
pO3B’s3aHHS 3a7ma4i MOXKe OYTH BHKOHAHO B TaKiit
MOCITiIOBHOCTI.

Bignosigao mo ¢opmynu (1) Ha miacrasi na-
HHX, [0 XapaKTepH3YIOTh PO3MOIII MacH TOI3/iB
IUISL KOXKHOT j-1 MIJITHKYM ¥ 3a7aHoi MBHAKOCTI HO-
MiHaJBHOTO PEXUMY, MOKHA BU3HAYUTH PO3MOILT
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noTpiGHOI moTyx)HOCTI TAru  f;(¢) . Binzxaunwmo,

0 TYT 1 HIKYE 3apajyl CIPOIICHHS 3aIliCiB 3MiH-
Hy N, Oymemo nosnayarn vepes /. Hexail a;

i bj — BIAMOBIZHO HaiMeHIEe 1 HaOUIbIIE 3HA-

YeHHS MOTPiOHOI MOTYKHOCTI TATOBOTO 34emy, He-
00ximHOT Juis 3a0e3MeyeHHs] TMepeBe3eHb Ha j-id
JJTSTHIT.
SIKIIIO TTOTYKHICTE TATOBOTO MOIYJIS JOPIBHIOE

X, TO MiHIMaJbHE i MaKCUMaJlbHEe 3HAYEHHs KpaT-
HOCTI TATH, HEOOXiIHI 171 BEJCHHSA IOI3/[iB HA j-ii
IUTISTHIT, TOPIBHIOBATHMYTD BiITOBITHO

% +1; s, = L4z,

X X

e KBa,[[paTHi AYXKKH O3HAYAKOTh onepaui}o B3ATTA
I_[iJ'IOT YaCTUHHU 4YMUClia, 4 BEINYHNHA

1, sKIIO bj /x;tuiHOMy YHUCITY;

0, sKIIo bj /xzuiJIOMy YHCITy.

[Ipu 3amaHoMy po3mofmimi HWMOBipHOCTEH TO-
TpiOHOI MOTYXHOCTI f;(¢) HA/UIMIIKOBA MOTYX-

HICTb y); 1 KPaTHICTb TATH Yy, BU3HAYAIOTHCS SIK

k=s kx

yy=2, | Ua=t)f@)as;

k=r (k-1)x

k=s kx

yg=2k [ f@a, k=rs (8

k=r  (k-1)x
3a3HauMMoO, 10 B HaBEIEHHWX BHpas3ax 3apaiu
CKOpPOYCHHSI 3aIMCIB 1HIEKCH j Tpu 7, s ¥ f(¢)

OITYTIEHO.
Mix mokasHUKaMH y, H Y, ICHye IpOCTHH

B3aeM03B’s130k. Hacnpasni, mogasmmu y, 3a (8) sk

k=s kx k=s kx
yy=a)k [ f@di=3 [ o @dr. )
k=r  (k-1)x k=r (k-1)x

MIPUXOINMO IO CITiBBiTHOIIECHHS
(10)

Jie m, — MaTeMaTU4He O4YiKyBaHHs MOTPIOHOI HO-

YN =XV —my,

TYKHOCTiI HOMIHAIBHOTO PEXKHIMY.
OTpumaHi BUpa3u CIpaBeIUIMBi AJsl BCIX 3Ha-
yeHb x> 0.

Bupazu (8) i (10) 103BOJIAIOTH BH3HAYHUTH TI0-
Ka3HMKKA OINTHUMI3amil Ui KOMKHOI [IJISHKH, IO
BXOJIUTh y 30HY OOCIYroBYBaHHS JIOKOMOTHBIB
JTAHOTO JIeT0 (IOPOTH, PETiOHY 1 T. 1.), 1 IOTIM ce-
penHi 3HaYeHHS HAJIMINTKOBOI MOTYXKHOCTI JIOKO-
MOTHBIB 1 KPaTHOCTI TSATH JJIs MOJIITOHA 3 po3pa-
XYHKY Ha OAUH 1oi3x [7].

BcTraHOBUMO B3a€MO3B’A30K V), , Vi 1 HIBUJ-
KOCTI HOMIHAJIbHOTO PEKUMY €JIEKTPOBO3a T, .

Hexaii 3axoH po3nofinry noTpiOHOT MOTYKHOCTI
HOMIHAIIBHOTO pexuMy f'(¢) BiamoBigae AesKoMy
(ikcoBaHOMY 3HAYEHHIO IIBUAKOCTI HOMiHAIBHOTO
pexumy v, . BeranoBumo 3akoH posmoniny mo-
TpiOHOT MOTYXKHOCTI JUI iHINOI, BiIMIHHOI BiJ 3a-
JaHOl,  IIBHIKOCTI  HOMIHAJIBHOTO  PEXUMY
Uy =k, Uy, ipu 0 <k, <00,

3rigno 3 (1) moTpiOHA TMOTYXHICTh €JIEKTPOBO-
3a, sKa BIAMOBIJA€ MMEBHiM Maci cOCTaBa, MPOIOp-
IifHAa MIBHIKOCTI HOMIHANBHOTO peXuMy. Tomy
copMyIbOBaHa BUIIE 3a1ada 3BOJUTHCS 1O BH-
3HAYEHHS 3aKOHY PO3IMOJITY BHIAIKOBOI BEJTHYH-
HH

x,=k,x (abo t,=kyt), (11)

Je x,  x — MOTY’KHOCTI HOMIHAJIbHOTO PEXHUMY

TATOBOTO MOJYJISI TP IIBUJKOCTSX HOMiHAJIBHOTO
pexumy v, Ta v, , T06TO:

x, =N, |

v

x=N,

Uy =kyUyg H

U=V *

SAx Bigomo [4], 3akoH posmoaury (YHKIT
y=0(t) BUIAIKOBOI BEIMYUHM { 13 LIUIBHICTIO
po3moairy f(¢) BU3HAYAETHCS SIK

F) =)', (12)

ne y(y) — dynkuis, 3BopotHa QyHKIii @(¢), T0O-
To t=y(y); Vw'(y) — Momynb moxigHOi (QyHKITiT
v().

VY Hamomy Bumaaky QYHKIIS f, BHIAaJKOBOL

BEJIMYWHM { 13 IUIBHICTIO po3noiny f(¢) 3a 3mic-

TOM 3aJla4i MpHUiMae TUTbKYA TO3UTHBHI 3HAYEHHS
1 € MOHOTOHHO 3POCTar040r0. TOMy BiIITOBITHO 10
(12) mryxanuii 3aK0H pO3MOALTY BU3HAYAETHCS SIK

1 (¢,
fv(tv)—k—vf = F (13)

4
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Haiimenime # HaiOiNbIIe 3HAYEHHS MOTPiOHOT
MOTYKHOCT1 JIJIsl IIIBUIKOCTI HOMIHAJIBHOTO PEXKHU-
My U, JOPIBHIOIOTH BiANOBIIHO:

A=k,a; B=kyp. (14)

A MaTeMaTH4YHE O4YiKyBaHHS MOTPiOHOI MOTYKHOC-
Ti HOMIHAJIBHOTO peXHMy, siK BurumBae 3 (11)
1 BiIOMOi TeopeMH IMpOo MaTeMaTHYHE OYiKyBaHHS
JiHIAHOT (GYHKITI BUITaIKOBUX BEITUYHH, TOPIBHIOE

m, =k, m,. (15)
I[lpy  IBHOKOCTI  HOMIHABHOTO  PEXKHUMY
U, # U,y KPATHICTb TSATH CKIIAZC
k=s k%
Vo= 2k [ £, (16)
k=r (k-Dx,
3HaueHHS MIHIMAIbHOT 7 1 MaKCHMAIbHOI

s kparHocTi TarH B (16) i (8) omHakomi. JlilicHO,
WL U, # Uy OynemMo Matu

A

r=—|+1;, s=|—|+z

Xy Xy

a 3 ypaxyBanssaM (14) 1 (11)
A_a B
xU

xU

2

= | >

a .
X

SAxmio B (16) BBecTH 3rimHo 3 (11) 3MiHHY

1 BpaxyBaTH, o df, = k,dt, T0 Bupa3 miJ iHTerpa-
710M B (16) IPUBOANUTHCS IO BUTIISTY

1 (¢
— f| - |k, dt = f(t)dt.
kz,f i )k @

I'panuui iHTErpyBaHHs:

tv IOCZJ .
tv:]ocv :k—: k lex,

v v

t, (k=Dx,

ty=(k-1)x, k, k

v

BEpXH £, =1

HIDKHS f, = t| =(k-1x.

Bukonana 3amina 3MiHHHX, SIK HEBa)KKO Oauu-
TH, TIOKa3ye, o Bupasu (8) i (16) naroTh 0OMHAKOBI
CepelHi 3HAueHHS Y, . OTXkKe, KUIBKICTb TSITOBUX
MOJIYJIiB y 34elli JJIsi BEJCHHS MOi3/iB 3aJIaHOi Ba-

TH, TOOTO KPaTHICTh TATH, HE 3QJIC)KUTH BiJl BEIH-
YUHH IIBUAKOCTI HOMIHAIBHOT'O PEKUMY.
HajymimkoBa TOTYXHICTE TATH AN U, # Uy,

K MoxkHa Oauutu 3 (10), BpaxoByrouu (15), mopi-
BHIOE

(7)

Yo =XV =M,
abo

YNo :kvyN'

Pe3yabTaTn

OTxe, NOTYXKHICTh TATOBOTO MOAYJS X, CyMa-
pHa MOTPiOHA MOTYXHICTH JIOKOMOTHBHOTO TIApPKy
1 HaJUIMIIOK ITi€T MOTYHOCTI B a0COIFOTHUX OJIH-
HHULSX ), NPONOPLIiKHI IBUAKOCTI HOMIHAJIBHOTO
PEXUMY D, .

TakuM YUHOM, 3 TOYKH 30py 3HIDKEHHS Cymap-
HOI MOTY>KHOCTI MapkKy npu BHOOpi ONTHManbHOL
MMOTY>KHOCTI HOMIHAJIBHOTO PEXHUMY TSITOBOTO MO-
IyJsl CIiJ TIPUHHSATH B PO3PaxyHKH IIBHIKICTb
HOMIHAJILHOTO PEXHUMY, BU3HAUEHY 3 YMOBH MiHi-
Mi3amii BUTpaTH eNeKTpoeHeprii Ha Tiry (Hal-
MEHIIIe 3Ha4€HHs U, , 0 3a0e3Meuye MOXKIUBICT
peadizauii 3a1aH0i X010BOT MIBUIKOCTI PyXy U He-
00X1THOTO [Tl yMOB €KCIUTyaTallii piBHS pe3epBy-
BaHHS MTOTY>KHOCTI).

3 BUKJIAJCHOTO  BHIIE BUIUIMBAE, IO
pO3B’si3aHHs 3aJadi BH3HAYCHHS ONTHUMAJbHUX
rmapaMeTpiB HOMIHAJLHOTO PEXUMY TATOBOTO MO-
IyJis1, cQOpMyITLOBaHOI BHIIE SIK 3a/1a4i BEKTOPHOT
onTHUMI3alii 13 TphOMa MOKa3HUKAMH, MOYHA 3BeC-
TH JI0 PO3B’SI3aHHA ABOX CaMOCTIHHUX 3a/1a4:

— BHU3HAYEHHsS ILIBUIKOCTI HOMIHQJIBHOIO pe-
JKUMY 3 YMOBH peaini3zauii 3aganoi XxoqoBoi HIBHI-
KOCTi pyXy NpY MiHIMallbHIH BUTpATi €lIeKTpOCHe-
prii Ha TATY TOI3/iB;

— BUOIp MOTY>KHOCTI HOMIHAJIBHOTO PEXUMY
TATOBOT'O MOAYJIA, TIPH 3alaHOMY 3HAYEHHI LIBH[I-
KOCTI LLOTO PEKUMY, 3 YMOBH MiHiMi3allii KpaTHO-
CTi TATH ¥ HAJTUIIKOBOI MOTYXHOCTI MOTPiOHOTO
€JIEKTPOBO3HOTO IMApKY.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

HaykoBa HOBu3HA moJjsrae y po3poOii yHigi-
KOBAHOTO AJTOPUTMY BU3HAUCHHS ONTHMATBHUX
3HAUCHb IMapaMeTPiB HOMIHAIBHOTO PEXKUMY Ta-

doi 10.15802/stp2017/92615

©T. K. I'erbman, C. JI. Mapixyua, 2017

101



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

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAILliOHAJIBHOTO YHIBEPCUTETY 3alli3HMYHOro TpaHcnopty, 2017, Ne 1 (67)

EJIEKTPUYHHUIA TPAHCITOPT

CKUPCHKUX, BAHT@KHUX Ta BAHTAXKO-NIACAKHP-
CBKHUX €JICKTPOBO3iB.

Burpatn xomrTiB mpu moOyAOBI 4M 3aKyIiBii
HOBHX €JIEKTPOBO3iB, HapamMeTpl HOMIHAJILHOTO
peXUMy SKUX OOpaHO BIiANOBIAHO JO HaBEICHOL
METOJUKH, OyAyTh MiHIMAJIbHUMH, TaKOXX MiHIMa-
JHHUMH OyIyTh BUTPATH Ha X yTPUMaHHS.

BucHoBku

OTtpumaHi pe3yJbTaTH JO3BOJSIIOTH CYTTEBO
CHOPOCTUTH TNOOYZOBY alNrOPUTMY MOLIYKY ONTHU-

MaJbHUX TapaMeTpiB HOMIHAJIBHOTO pPEXUMY Ta-
CaXHMPCHKUX Ta BAaHTWKHUX CJICKTPOBO3IB Ta J0-
3BOJISIFOTH HAOYHO IHTEPIIPETYBAaTH pPE3yJIbTaTH
PO3B’sI3aHHSI 3a/1a4 TATOBOTO 3a0€3MeUeHHS.

Koxna i3 3a3HaueHUX 3amaqd MoXKe OyTH po3-
JITHyTa B KJaci 3a7a4 BEKTOPHOI ONMTHUMI3amii i3
JIBOMa TIOKa3HHKamMu. MOXIWBI [DSIXH  iX
PO3B’SI3Ky BHKJIAJEHO B [6, 7].
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BbIBOP PAITMOHAJIBHBIX TAPAMETPOB HOMHWHAJIBHOI'O
PEXUMA 3JEKTPOBO30OB

Hean. Ha sxene3HbIXx noporax YKpauHbl SKCIUTyaTHPYIOTCS JIOKOMOTHBBI, KOTOpbIE KaK MOpPaJbHO, TaK
n ¢usndeckn ycrapenu. Iloaromy s obecriedyeHns: KOHKYPEHTOCIIOCOOHOCTH KEJIE3HOIOPOKHBIX TTEPEBO30K He-
00X0IMMO OOHOBIIATH JIOKOMOTHBHBIM HapK M, B IEPBYIO OYEPEb, ITAPK IICKTPOBO30B, ITOCKOJIBKY 3IEKTPH(UIN-
POBaHHBIE KEJE3HBIE AOPOTH OOECIEUYMBAIOT NPEOOTANAIONIYI0 YacTh MACCAKUPCKUX M TPY30BBIX IIEPEBO3OK.
B cBs13u ¢ 3THM 0c00YI0 aKTyanbHOCTh IPHOOPETAIOT 3a/1a4M ONPEAEICHNS ONTUMAIBHBIX TaApaMETPOB HOMUHAIb-
HOTO PEXHMa 3JIEKTPOIOABMKHOTO COCTaBa. Llenbio paboTh! SBIsSETCS PACCMOTPEHNE OCOOEHHOCTEH peIIeHNs yKa-
3aHHBIX 33/1a4 OTHOCHTEJIBHO 3JEKTpOB030B. MeToauka. Ecnu 1omycTuTh, YTO NpeeabHbIE 3HAUCHUS CUIIBI TSTH
3JIEKTPOBO3a OINPEIEISIFOTCS M0 YCJIOBHSAM CLEIIEHHs KOJECca C PENIbCOM, TO MOIIHOCTh HOMHHAIBHOTO PEKHMa
MOYKHO TMPEACTaBHUTh, KaK IPOU3BEICHHE HOMUHAJIBHOW CKOPOCTH JIBMKEHUS, PACUETHOT0 KO3 (uIMeHTa clerie-
HHS, Macchl COCTaBa rnoesjaa u KodpuIeHToB, KOTOpbIE MPEACTABISIOT cOO0H OTHOIIEHHE PACUETHOH (ITyCKOBOI)
CHJIBI TSITM K CHJIE TSTM HOMHHAJIBHOTO PEXHMMa M OTHOLICHHE MAacChl JIOKOMOTHBA K Macce cocTaBa. IIocKonbKy
Macca COCTaBa SIBISICTCS BEIMYMHON HE ITOCTOSHHOHM, TO B PEAIbHBIX YCIOBHSX BCET/a CYHIECTBYET M30BITOUHAs
MOIIIHOCTh JIOKOMOTHBHOTO TapKa, He0OXO0MMOT0 JUIsi OCBOCHHUS 3aJaHHOro 00beMa nepeBo3ok. CHIKeHHe H30bI-
TOYHOM MOIIHOCTH MapKa MOXKHO ITOJYYHTb 33 CUET BBEICHMS B KCIUIyaTaIHIO JJOKOMOTHBOB Pa3HOH MOIIHOCTH,
MpeAHa3HAYCHHBIX JUIS BOXKACHUS IT0€3/10B Pa3HOM MacChl, IIPH 3TOM BO3PACTAET ITOJHOTA MCHOIb30BAHUS MOIIHO-
CTH, HO BO3HHKAIOT TPYAHOCTH 11000pa JOKOMOTHBOB AJIsI TOE3/I0B B 3KCILTyaTanuu. B paboTe npusenena Meroau-
Ka pacueTa ONTUMAaJbHBIX 3HAYEHHH MOIIHOCTH, CKOPOCTH M CHJIBI TSITM HOMUHAJIBHOTO pexxuma. IIpuBeneHs ma-
TEMaTHYECKHE MOJIETM B3aMMOCBSI3M KPAaTHOCTH TATH, M30BITOYHON MOIIHOCTH M MOIIHOCTH TSITOBOTO MOJIYJISL.
PesyabTarsl. J[oka3aHO, YTO MOIIHOCTH TATOBOIO MOAYJISl, CyMMapHasl MOTpeOHAas MOIIHOCTh HapKa M H3JIHIIEK
9TOI MOILIHOCTH B a0COJIIOTHBIX €IMHUIAX MPONOPLUUOHAIBHBI CKOPOCTH HOMHHAIBHOTO pekuma. J{Jst CHIbKeHus
CYMMapHO# MOLIHOCTH TapkKa IpH BbIOOPE ONTHMAIbHONW MOIIHOCTH HOMHMHAIIBHOTO PEXHMMa TATOBOIO MOYJIS
HYXKHO MPHUHATH B pacyeT CKOPOCTh HOMHHAIBHOTO PEXHMMa, ONPECNICHHYIO0 U3 YCIOBHM MUHUMM3ALMU pacxoja
9JIEKTPOIHEPTUH Ha TATY, TO €CTh HaUMEHbIee 3HaYeHHE, KOTOpoe 00ecreunBacT BO3MOXKHOCTh peaM3alliy 3a-
JTAaHHOW XOJOBOM CKOPOCTH IIBMDKCHHS M HEOOXOJMMOTO JUIsS YCIOBHI DKCIUTyaTallMd YpPOBHSI PE3€pPBHPOBAHMUS
MmomHocTH. Hay4ynasi HOBM3HA. YHUKaJIbHOCTh pabOThI COCTOMT B pa3pabOTKe YHH(UIIMPOBAHHOTO AJrOPUTMA
OTIpEIeTICHNS] ONTHMAIBHBIX 3HAUYCHWH NapaMeTpOB HOMHUHAJIBHOTO PEXMMa MAaCCaKUPCKHX, TPY30BBIX M Ipy30Iac-
CaKUPCKHUX 3IIEKTpoB030B. IIpakTHyeckasi 3HAYMMOCTb. ABTOpPaMHU OIpeAeiIcHa MHUHUMH3AIMSA PAcXomOB NIPH
M3TOTOBJICHHUH, TPUOOPETCHUH U COAEPKAHUH IIEKTPOBO30B, ITAPAMETPHI HOMHHAIBHOTO PEXMMa KOTOPBIX PacCUH-
TaHbI COTJIACHO MPUBEIEHHON METOHKE.

Kniouesvie crnosa: 3neKTpoBo3; yaenabHas CHIA TATH; CKOPOCTh; KPATHOCTh TATH; M30BITOYHAST MOIHOCTB; PACXO/
9HEPIUH; TATOBBIM MOJIYIIb; 3aKOH paclpeeIeHNs
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Purpose. The railways of Ukraine have been operated the locomotives, which are both morally and physically
obsolete. Therefore, to ensure the competitiveness of rail transport it is necessary to update the locomotive fleet, and
first of all the fleet of electric locomotives, because electrified railways provide the greater part of passenger and
freight traffic. In this connection it is of special importance to determine the optimum parameters of the nominal
mode of electric rolling stock. The purpose of the work is to examine the features of solution of these problems with
respect to electric locomotives. Methodology. Assuming that the limit values of traction force are determined by the
conditions of wheel-rail grip, then the power of the nominal mode can be represented as the product of rated speed,
estimated friction coefficient, train weight and the coefficients that represent the ratio of the estimated (starting) val-
ue of traction force to value of traction force the nominal mode and the ratio of the mass of the locomotive to the
train weight. Since the mass of the train is not a constant value, there is always a surplus power of the locomotive
fleet required for the mastering of a predetermined volume of transportations. Reduced overcapacity of the locomo-
tive fleet can be achieved by introduction of the locomotives of different power, designed for driving trains of dif-
ferent weight that will result in increased completeness of the power use but also in difficulty in selecting of loco-
motives for trains in operation. The paper shows the method of calculating the optimum values of power, speed and
traction force of the nominal mode. It presents the mathematical model of the relationship of traction rate, excessive
capacity and power of the traction unit. Findings. It is proved that the power of the traction unit, the total fleet pow-
er requirement and the excess of power in absolute units are proportional to the speed of the nominal mode. To re-
duce the total power of the fleet when selecting the optimum power of the traction unit it is necessary to take into
consideration the speed of the nominal mode, defined by the condition of minimization of power consumption for
traction, i.e. the smallest value that enables the implementation of the given running speed and the power redun-
dancy level required for operation. Originality. It consists in the development of a unified algorithm for determining
the optimal parameter values of the nominal mode of passenger, freight and freight-passenger electric locomotives.
Practical value. The authors determined the minimization costs during production, acquisition and maintenance of
electric locomotives, whose nominal mode parameters are designed according to the above procedure.

Keywords: electric locomotive; specific traction force; speed; traction multiplicity; excess power; energy
consumption; the traction unit; distribution law
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ANIMTPOKCUMAIIASI YHUBEPCAJIbHOU MAT'HUTHOM
XAPAKTEPUCTHUKU JJISI MOJEJINPOBAHUSA
TSTOBBIX DJIEKTPUUYECKUX MAIIIUH

Lesan. B HayuHoii paboTe mpeanoaracTcs mojyduTh aHATUTHIECKOS BBIPAKEHIE, OMMCHIBAIOIICE YHUBEPCAIb-
HYI0 MarHUTHYIO XapaKTEpUCTHKY M Jalollee BO3MOXHOCTb yUUTBIBATh Pa3MarHUYMBAIOLIEE NEHCTBUE pEaKIUU
AKopsi. A Ha 06aze yHHBEpCAIbHONH MarHUTHOW XapaKTEPUCTHKH HEOOXO0ANMO TOJIyYUTh YHUBEPCAIBHBIC BEIPXKCHHUS
JUIsl MHAYKTUBHBIX IApaMETPOB TATOBBIX AJIEKTPUYECKUX MAIIUH MOCTOSHHOIO U MyJIbCUPYIOLIET0 TOKOB. MeToaun-
Ka. YHHUBepcalbHas MarHUTHas Xapaktepuctuka (YMX) npeacraBisier co00i 3aBUCIMOCTh B OTHOCUTEIBHBIX €IH-
HHUIIAX MarHUTHOTO TIOTOKa OT MarHuToABmKYyIer cribl (MZIC) oOmotku Bo3Oy)aeHus. Tak kak YMX moctpoeHa
JUISL MaIlIvH, padOTAIOMIMX MO HAarpy3KoH, CIIeZ0BaTeNbHO, HA CAMOM JIeie OHa MPEACTABISET CO00I 3aBUCHMOCTh 1
ot MJIC obmotku Bo3Oyxaenus, u or MJIC peakmuu sikops. s pacdera 3JIeKTPOMEXaHUIECKUX XapaKTEPUCTHK
IIPU HEU3MEHHOM BO30YXXICHHH MOXKHO IIOJI30BAaThCA OJHUM M3 H3BECTHBIX BBIPAKCHUH, aNNpPOKCHMHUPYIOIINX
YMX. OpHako npHu MOAEIUPOBAHUH PAOOTHI TSTOBOTO 3JIEKTPOABUTATENSI B IIMPOKOM JIHANa30HE U3MEHEHHS BO3-
Oy>kIeHUsI HEOOXOMMO BBIpaXKEHHE, B KOTOPOM IPUCYTCTBYeT BTOpas nepemenHas B Buje MJIC peakuuu sxopsi.
Takoe BeIpaXeHUE TaK)Ke HEOOXOAMMO JUIsl ONpeesieHHs HHAYKTUBHBIX TIAPaMETPOB TATOBOTO AJIEKTPOBUTATEINs,
B OOJIBILION CTENeHH 3aBUCAIIMX OT TOKa. BripaxkeHue uia anmpokcuManud YMX ¢ AByMs HepeMEHHBIMH MOYKHO
MOJTyYUTh MyTEM aHaIN3a PAacHpeeNICHUss MarHUTHOTO MOJIL B BO3AYILIHOM 3a30p€ Ha PacueTHOH MOJIIOCHOU AayTe.
PesyabTaThl. ABTOPOM MOJTyYEHO BhIpask€HHE Ul annpokcuManun Y MX, KoTopoe 3aBUCHUT OT JBYX INEPEMEHHBIX:
M/IC Bo30yxnenns u MJIC peakuuu sikops. [t KOHKPETHOTO pexuMa ocliabiIeHust BO30YKIESHUsI BO3MOXHO TIpe-
00pa3zoBaHUe TAaHHOTO BEIPaKEHUS B (DYHKIUIO OJJHOM IMEPEMEHHOHN, HalpuMep, ToKa sIKops. Takke B KadecTBe ap-
rymeHTa MokeT BoicTynatb MJIC oOmoTtku Bo30Oyxneans. Hayunass HoBu3Ha. [[ns ammpokcumanuu YMX mpen-
JIOKE€HA METO/MKA, MO3BOJIIOIIAs] BBECTH B alIIPOKCHMHUPYIOIIEE BBIPAXKEHHE BTOPYIO NepeMeHHyto B Buae M/IC
peaknun sikops. IIpakTHyeckasi 3HAYUMOCTh. VIMest B HATMUUH CKOPOCTHYIO XapaKTEPUCTUKY MM KO3 GHUIUCHT
HACBILICHUS] JAHHOTO TATOBOTO 3JEKTPOJIBUTaTENsl, MOXKHO OIPEAEINTh €r0 MHAYKTHBHBIC NMAapaMeTPbl B KOHKPET-
HOM peXUMe pabOoThl WK MOJY4YUTh NX 3aBUCUMOCTb OT TOKOB OOMOTOK JIJIsl JIFOOOTO peXuma paboThI.

Kniouegvie cnosa: yHuBepcanpHas MarHUTHAsl XapaKTEPUCTHKA; alIIPOKCUMAIINS; TSTOBBIA 3JIEKTPOABUIATENb;
WHIyKTUBHbIE TApaMETPBHI

BBenenue BBIMIOJTHSIOT TIOCNIE OmpenesieHus Kod(pUIreHTa
HACBHIIICHUS B HOMHHAJIBHOM pexnuMe. Taxxke, mpu
WU3BECTHOM KOA(DPUITMEHTE HACHIIICHUS CYIIECT-
BYIOIIMX MAIIWH, MOKHO TOCTPOUTh MX MarHuT-
HYIO XapaKTEpPHCTHKY 0e3 HCIIOJIb30BaHUs CKOPO-
CTHOM XapaKTEPHUCTHUKH.

B HacTos1miee Bpems, Ipy MIUPOKOM HCIIONIB30-
BaHuu OBM 175 npoekTupoBaHUS U MOAEIUPOBa-
HUSl DJIEKTPUYECKHX MAalliH, BO3HHKAaeT 3ajada
B mpeicTaBiieHnn YMX B BUJE€ aHAIUTHYECKOTO
BEIpaKeHUs [5, 6]. Bo Bcex aHATUTHYIECKUX BBIpa-
JKEHUSX, MPEICTaBICHHBIX B [5], B KauecTBe apry-
MEHTa aIpOKCUMUPYIOUeH (pyHKIHNH BBICTyTaeT
tosibko MJIC oOMoTKM BO30Y)aeHus. Takoi moji-
XOJ SBJISIETCSl OYEHDb yIOOHBIM, €CIIH OMUCHhIBaeMast

B npakTuke NpOEKTUPOBAHUS TITOBBIX DSJIEK-
TPOJBUraTeNel MOCTOSHHOIO M IyJbCHUPYIOLIETO
TOKa IITUPOKO UCIOJB3yeTcs TaK Ha3bIBaeMasi yHH-
BepcalbHas MarHuTHas Xapakrepuctuka (YMX)
[13]. Ona mpencraBisieT coOOH 3aBUCUMOCTh Mar-
HUTHOTO TIOTOKAa OT MAarHUTOJABMXKYIIEH CHIIBI
(MAC) oOMOTKH BO30YKACHUS B OTHOCHUTEIBHBIX
eanHUIax (0.€.) U UCIONB3YeTCs ISl OCTPOSHUS
MAarHUTHOM XapaKTEPUCTUKHU MPOEKTHUPYEeMOW Ma-
IIMHBI B a0COJIOTHBIX €AMHUIAX. MarHuTHas Xa-
paKTepHUCTHKa, B CBOIO OdYependb, SBISAETCS 0a30-
BOM, ONpenendroniell Bce OCTalbHbIE 3JIEKTPOMeE-
xaHn4yeckue xapakrepuctuku [15, 17-21]. Ilo-
CTPOCHHUE MArHUTHOM XapakTepucTHKu o YMX
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TakoW (YHKIIMEH XapaKTEPHCTHKA HCIIONb3yEeTCS
JUISL PAacuYe€TOB WJIM MOCIUPOBAHHUS TOJBKO MpPHU
3amaHHOM Kod(dumenTe ocnabiaeHust BO30yxe-
Hus. OHAKO, IS TONyYeHUS BBIPAKEHUS, OIH-
CBIBAIOIIETO0 HM3MEHEHHE MAarHUTHOIO IIOTOKa BO
BCEM [Mama3oHe W3MEHEHHMS TOKa JBHUIaTells
U CTeNeHH ocla0lieHus1 BO30YyKIeHHsI, HEOOX0aH-
MO ammpokcuMupoBaTh ¥YMX (yHKIHEH, 3aBHUCS-
mieit 1 ot MJIC o6moTku Bo30YyxaeHust 1 ot MJIC
peaKIuu sIKopsi.

Heanb

[lomyunTs BBIpaXEHHE I aINPOKCUMAIUH
YMX, koropoe yuutsiBaeT BiusHue MJIC peak-
WU SIKOPSI JJIsL BCETO IHana3oHa M3MEHEHHsS CTe-
meHn ocnabienust Bo30yxacHus. PazpaboraTs me-
TOJUKY TPUMEHEHHsI JaHHOTO BBIPAXKCHUS IS
ompeAeNeHrs] HHAYKTUBHBIX ITapaMeTpoOB CYIIEeCT-
BYIOIIMX MAIIIMH TPH H3BECTHOM Kod(hdurmeHTe
HACBIIICHHUS.

MeTtoauka

[Ipomecc pa3paOOTKH METONWKH AJIs OIpese-
JIeHWsI WHAYKTHBHBIX I1apaMeTPOB MAIIMHBI TI0
YMX pa3genum Ha HECKOJIBKO 3TaroB:

1. BeiBo BBIpaskeHUS A1 OCHOBHOTO MarHUT-
HOTO TOTOKA MAIIFHBI C YYeTOM pa3MarHHYHBaio-
LIEr0 IEUCTBUS PEAKIIUU SAKOPA.

2. BoiBo OOMIMX BBIPAKEHUHA JJIT WHIYKTUB-
HBIX TTApaMETPOB JJIEKTPOIBUTATEIS.

3.Onpenenenne WHAYKTUBHBIX IapaMeTpoOB
3JIEKTPOJIBUTATENS C YUETOM PEAKIIMU SIKOPSL.

4. Annpokcumanuss YMX BbeIpakeHUEM AJis
OCHOBHOTO MarHMTHOTO MTOTOKA.

5. Onpenenenue Ha 6a3e alMPOKCUMHUPYIOIIETO
BeIpaxkeHHs 111 YMX yHUBepcalmbHBIX (OpMYI
JUTST WHOYKTHBHBIX ITapaMeTpoB MamuHbl (Oymer
PacCMOTPEHO B CIICTYIONINX paboTax).

1. Bb1600 6vipadicenusi 01151 OCHOBHO20 MA2HUM-
HO20 NOMOKA MAWIUHbL C Y4emoM pazmMazHuyu-
saiouje2o Oeticmeus peaxyuu saxops. Kak uzBect-
HO, peaKIys SKOpsS MallMHbI IOCTOSHHOTO TOKa —
3TO SIBJICHUE, MPEJICTABIAIONIee COO0N HAIOXKEHUE
MarHATHOTO TIOJSI, CO37aBaeMOTr0 OOMOTKOW SKO-
psi, Ha OCHOBHO€ MarHuTHoe moje. [Ipu yBennye-
HuM Toka skopst (MJIC peakiuu sikopsi) MPOUCXO-
JIUT UCKa)XKEHHE OCHOBHOTO MarHUTHOTO MOTOKA M,
Kak CIEICTBHeE, ero yMmeHblneHue. s onpenene-

HUSI UCTMHHOI'O MAarHUTHOI'O IIOTOKAa IO/ Harpys-
KO CyIIeCTBYET psii MeToNuK [3, 4, 7,9, 14].

B ¢ynmaMeHTanpHBIX paboTax IO TEOpUH
aneKkTpudeckux MamwuH [4, 7, 9] omucana rpadu-
yecKas METOAMKA OIPENesIEHHs] OCHOBHOIO Mar-
HUTHOT'O MOTOKAa B MAllIMHE O]l Harpy3kou. B pa-
oore [15] ommcansl rpadudeckne U rpadoaHan-
TUYECKHE METOJUKH, Hauboyiee IIUPOKO INpHUMe-
HSIOMIMECST TIPU  TPOCKTUPOBAHHU  TATOBBIX
aNeKTpoMalinH. HecMoTpss Ha CBOIO MPOCTOTY,
rpaguueckue M rpadoaHaATUTUICCKUE METOIUKH
HE YJOBJICTBOPSIOT TpPEOOBAHUSM, TNpEABSBIIsIC-
MBIM K HUM TIPH MOJETUPOBAHUH DIIEKTPUUECKUX
MaiuH. ['1aBHOEe TpeOoBaHHE — 3TO BO3MOKHOCTD
OINpENICJIEHUs] COIVIACHO BBIOPAaHHOH METOJUKE
AHAJTMTUYECKOTO BBIPAYKEHHUSI, OITMCHIBAIOIIETO U3-
MEHEHHUS] OCHOBHOI'O MarHUTHOT'O ITOTOKAa BO BCEM
nmuamnazone m3MeHeHuss MJIC oOMoOTkH BO30YkKIIe-
HUS U peakuuu skops. HawOornee TMONHO STOMY
TpeOOBaHHUIO COOTBETCTBYET METOIMKA, OMUCAHHAS
B [3].

3amaueii, pemaemoit B padore [3], ObLIO TTONY-
YeHWE Ha OCHOBE H3BECTHBIX (PYHKIM, OMHUCHI-
BAIOIIMX KPUBYIO HaMarHWYMBAHUS, BBIPAKEHUS,
B KOTOpOM OblIa OBI BTOpas IepeMeHHas, Mpei-
crapisitomas coboit MJIC peakiuu sikopsi. B ko-
HEYHOM CYeTe, TaKoe BBIPAXKCHUE JacT BO3MOXK-
HOCTb OINPENEeNTh 3HAYEHHE MarHUTHOIO IOTOKa
pH 000 cTeneHu ociadieHus BO30yKISHHS.

B kauectBe 0a30BOro BBIpaKEHUs sl TAHHOM
METOAUKNA MOXXHO HCIOJIb30BaTh XapakTEPUCTHUKY

HaMarHW4YMBaHUA MamuHel O, (Fe) WA IIEPEXOJ-

HYIO XapaKTEPUCTUKY BS(FSZ). XapakTepucTuKa

HAMarHHYMBAaHUS MAIIWHBI TPEJCTaBIsIeT COOOit
3aBUCUMOCTh OCHOBHOI'O MAarHuMTHOI'O IIOTOKa OT
MJIC obmoTtku Bo3Oy:xzaeHus F,, onpeneneHnas us

ombITa Xonocroro xoma. llepexomnas xapaxrepu-
CTHKa MPEJCTABISIET CO00H 3aBUCUMOCTh MHYKIIUH
B BO3JYIIIHOM 3a30p€ OT CYMMBbI MMajCHUN MarHut-
HOTO HAmpsDKEHUs B 3a30pe W B 3yOIIOBOM cJioe
skops MamHbl Ej, . 3aMeTHM, uTO HCHONIB30BaHUE

MIEPEXOTHOW XapaKTepUCTUKH BECbMa 3aTpyJHH-
TENBHO, TaK KaK YIS TIOTY4YCHHUS €€ aHATUTUIECKOTO
BBIpaKEHHSI HEOOXOIMMO aIPOKCUMHUPOBATH:

— COOCTBEHHO MEPEXOIHYIO0 XaPaKTEPUCTHKY,

— KpPHBYIO HaMarHWYWBaHUs 3yOILIOBOTO CIIOS
MAIIUHBI U SpMa SIKOPS,

— KpPHWBYI0O HAMarHWYUBAHUS CTAJIBHOTO IJUTHS
0CTOBA MAaIllMHBI U TJIABHBIX MOJIOCOB, YTO, B CBOIO
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oudepeslb, BHOCUT JIOTIOIHHUTEIBHYIO MOTPEUTHOCTh
B pPacyeTsl.

ITosToMy mnpu MOAETUPOBAHUHU IPEANIOUTH-
TEIBHO HCITOJIb30BaTh XapaKTePUCTUKY HaMarHH-

YrBaHWUsA MamuHbl D, (Fg) .

JlJis anmpokcUMAaIui XapaKTePUCTHUKU Hamar-
HUYHMBAaHUS MOXHO BOCIOJB30BaThCS OJHOW W3
CYIIECTBYIOIIUX MaTEMaTHYECKUX MOJeNeld Kpu-
BbIX HamarHuuuBaHus [1, 2, 11, 12]. B kauecTtBe
anmpOKCUMHUPYIOMIETO  BBIPAKEHUS  BO3bMEM
(GYHKIUIO apKTaHreHca, Kak OJHY W3 (QYHKIUH,
HauboJiee TOYHO ONMHMCHIBAIONIYI0 KPUBYIO Hamar-
arauBanus [11]. JlanHas GyHKINS W3BECTHA B JIH-
Teparype kak ¢opmyna [peiidyca. [ns xapakre-
PUCTHKY HAMarHWYMBAHHUS OHA UMEET BHT

D, (Fg)zplarctg(sz’,)vLmFg, (D

rae p;, Py, P; — KOIPPUIMEHTHl annpoKCHMa-
uun; F, — MJIC 06MOTKH BO30YKIECHUS.

IIpu Harpyske, OCHOBHOM MarHMTHBIN IIOTOK
3aBUcHT Takke u oT MJIC peakiuu skopsi, JeiCT-
BYIOIIEH B MpefeslaX PaCUETHOTO IMOIIOCHOTO JIe-
JIeHUA

« 1 N

“~ 224D,

Iy s )

rae i, — TOK sKops, A. 31eck U B JalbHeHIeM
HPEe/IoaraeTcs, 4To TOK KOps, B 0OILIEM ClIydae,
3aBHCHT OT BPEMEHHM, I0ITOMY 00O3HAYaeTcs Ma-
JeHbKOM OyKBOH; by — pacueTHOE MOJIOCHOE Jie-
aenue; N — 4ucjI0 MPOBOJAHMKOB OOMOTKH SKODS;
D, — nuametp AKops, M; a — YMCIIO Iap napai-
JIENBHBIX BETBEH OOMOTKH SKOPSI.

Unensl B BeIpaxeHuu (3), crosimue nepen i,
NPEJCTABIAIOT cO00i KOHCTPYKTHBHBIE IapaMeT-
PBI JIEKTPUYECKON MAIIMHBI U ABJIAIOTCS KOHCTaH-
tamu. [loatomy, ux ymoOHO OyaeT 0003HAYMTH
Yepe3 W, — UHCIO BUTKOB OOMOTKH SKOpSI, TIPH-

XO4AIUXCA Ha OAHO PACUCTHOC IMOJIFOCHOC [CJIC-
HHUEC

N
2aD

a

*

W l
2 (3

a b

tak kak MJIC npencraBisier co0oii IpoU3BEACHNE
YHUCJIa BUTKOB KaTYIIKHU Ha TOK, MPOTEKAIOIIUN 1O
Hell. Beeast nanHoe o0o3HaueHue, BeipakeHue (3)
NPUHUMAET BUJ

*

F =w,i,. 4

CornacHo [3] /11 OCHOBHOT'O MarHMTHOTO TIO-
*
TOKa C YYETOM pPeaKluH sKkops F,, nmeeMm

F,+F,,

qndq(Eg,Fa’;)=% [ ®,(F)ar. (5

aq F,-F,

IToncrasmsis Beipaxkenue (1) B Beipakenue (5),

* *
obosnauus uepes F=F -F, u F=F+F,,

IIOJIy4a€M BBIPAXKCHUC IJI4 OCHOBHOI'O MAarHuTHOI'O
IIOTOKAa B MalllMHE, pa60TaIOH.IeI71 o1 Harpy31<0171

o, (F,.F,)= ;;j* [ Farctg(p,F) -
aq
Lo PiF;

—Farct F)—
1 g(pz 1) 2p, 1+p§F12

+psF,. (6)

Bripaxenue (6) maer BO3MOXHOCTH OIpee-
JIUTh UCTHHHBIA MarHUTHBIA MOTOK B MaIllUHE O]
HArpy3Ko#, pacrionaras TOJBKO XapaKTepUCTUKOM
HaMarHWYMBAaHHUSA MAaLINHBI (XapaKTepUCTHKON XO-
JIOCTOTO X0J1a).

2. Bv1600 obwux evipasicenuili 0nisi UHOYKMUG-
HbIX napamempos dnekmpoosucamens. Vimes BbI-
paKeHHe IS OCHOBHOT'O MArHUTHOTO TMOTOKA MPH
M000i Harpy3Ke, MOSIBISIETCS. BOBMOXKHOCTB OIpe-
JICJICHUS WHAYKTUBHBIX TapaMETPOB MaIllUHbBI
B JTUHAMUYECKOM PEXUME, HAIpUMep Tpu padote
€€ B KBa3uCTAallUOHAPHOM PEKUME IIPU IMUTAHUU OT
HUMITYJICHOTO UCTOYHWKA HanpspkeHus. J[ist momy-
YEeHUS TAaHHBIX 3aBHCUMOCTEH HEOOXOIMMO 3alIlu-
caTh YpaBHEHUE OJIIEKTPOMATHUTHOTO COCTOSHUS
HEKOMIICHCHPOBAHHOTO TATOBOTO 3JIEKTPOJIBHTa-
TeJsl TIOCIISIOBATEILHOTO BO30YKIeHUs 0e3 ydeTa
BJIMSIHUSI BUXPEBBIX TOKOB

d(ipB) di,
L667+(Lac + Ly +1L,) -+
4
+ a¥, + Ty +i,(DR, +
dt
+i, (1) (R, + R,) +e(®,.0)+ AU, =u(t), (7)

rae i,(f) — Tok ooMoTkH sKOps; i () =i, ()P —
TOK 0OMOTKH BO30YKJEHHUS, i€ [3 — CTENeHb OC-
nabnenust Bo3OyxneHus. J[ns aBuratenei mocTo-
SIHHOI'O TOKa Be[[}mm;l], JUI ABUraTesell IIyJb-

cupyromero Toka B € [Bn; B <D]; Prax BCE-
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I71a MEHbIIE €JUHMIIBI BCIEJICTBUE HAJMYUS II0-
CTOSHHO BKJIFOYEHHOTO HIYHTUPYIOLIETO CONpO-
THBJEHMsA. B uacTHOM ciyyae, Juii ABurarenei
HOCTOSIHHOTO TOKa, pu B=1, 7 (¢)=i,(?); u(t) —
HaIlps>KEHUE HWCTOYHHKA IMUTAHUA. HpI/I IMUTaHUH
JBUTaTeNs MOCTOSIHHBIM TOKOM
u(t)=U,,, =const, a Mpu NUTAaHUU HCTOYHUKOM

MMITyJIbCHOTO HAmpshkeHust ¢ nepuogom T =1/ f

Y BPEMEHEM HMITyJIbCA 1, :

0<t<t;

(t) UMCWI
u =
0 t,<t<T.

e(dD dq,(o) — JJ1C Bpamenus (npotuBo-3/1C),

3aBHCALas OT OCHOBHOT'O MAarHMTHOTO IOTOKa
1 YTJIOBOM CKOPOCTH BpallleHUs SIKOpS,

e(®,,,0)=cd,, (F, F,, )o;
Ra’RO’Re

AKOps, JIONOJIHUTENBHBIX IOJTIOCOB M OOMOTKH
BO30yxaenus; L, ,L, ,L, . — MHIyKTUBHOCTH pac-

— AKTUBHBIC COMNPOTUBIICHUA 00MOTOK:

ac
cestHus 0OMOTOK: SAKOPs, OOMOJHUTCIIBHBIX ITOJIHO-
COB H 06MOTKI/I B036y)KIleHI/IH; L() — I/IHI[yKTI/IB-

HOCTh JIOTIOJIHUTEIILHOTO TIONI0ca (TaK Kak Mar-
HUTHAsE CHCTEMa IOMOJHUTEIHFHOTO IIONI0CA BBI-
MOJIHEHA HEHACHIIEHHON, TO MOXHO CYUTATh €ro
WHAYKTUBHOCTD TOCTOSIHHOW B pabodyeM Iuaraso-
HE TOKOB japurarens); AU, — majeHue Hanpsoke-

HUA Ha HICTKax, ¥ \Pg — IHOTOKOCHCILUICHUA OT

aq’
OCHOBHOI'0O MarHMTHOTO TOTOKa OOMOTOK SIKOpS U
BO30YKACHUS AJIs1 BCEX MOIOCOB [3]

\PB zzpweq)dq (F;’Fat]); (8)
2w F,+F,,
V=" m" [ (F=F)o,(F)ar, ©)

ag  F,-F,,

IJie p — YHMCJIO Tap TOJIOCOB; W, — YHUCIIO BUTKOB
00MOTKH BO30YXKIeHMs; W', — YUCIO BUTKOB 00-

MOTKH K0P, MPUXOAAIIUCCA Ha OJUH IMOJIOC (OI[-
HO ITOJIFOCHOEC JCJIICHUC T)

w', =N/8ap .
B coorsercreun ¢ [3] Boipaxenus d¥,, /dt

udv, / dt MOTyT OBITH TIPEICTaBICHBI B BHIIC:

¥y ¥y di, 0¥ di,

. ——%; (10)
dt oi, dt 0i, dt
d¥, oY, di, N oY, di, ‘ (11
dt oi, dt 0i, dt
CornacHO  OmpeAeNeHuI0  MHAYKTHUBHOCTH

Y B3aUMHOW WMHIYKTUBHOCTH [8] 4acTHBIC MPOU3-
BOJIHEIE 110 TOKY B BeIpaskeHUsX (10) u (11) MmoxxHO
0003HaYNTh

a; =L, (FFry)s (12)

ag: =M, (F,.F,): (13)

a;’ c= M, (F.F): (14)

a;' ~L,(F.E,), (15)

rae L, (Eg,F:;), L, (F;,F:q) — WHAYKTUBHOCTH

OOMOTOK SIKOpsl M BO30YKIEHUS; Mafg(Fﬁ,Faq),

.
M,_, (F;,Faq) — B3aUMHBIC MHIYKTUBHOCTH MEX-

Iy SKOpeM U OOMOTKOH BO3OYKACHHUS M MEXAY
00MOTKOI BO30YXICHUS U SIKOPEM.

O4eBHUIHO, YTO BCICACTBUE HEIIMHEHHOM 3aBU-
CHMOCTH OCHOBHOT'O MarHMTHOTO mmoToka oT MJIC
OOMOTKM  BO3OYXKICHHSI M  PEaKIUH  SKOPS

.
D, (Fg,Faq ) , HHIYKTUBHBIE [1TAPAMETPhI MAlIMHEI,

omnpeercHHbIe B BhIpakeHUsx (12—15), Takxke sB-
JITFOTCST HeIMHEWHO 3aBUCUMBIMU OT 3THX MJIC.

3. Onpedenenue UHOYKMUBHBIX NAPAMEMPOS
anekmpooguzamens ¢ yuemom peaxyuu saxops. I1o-
TOKOCIIETUICHHE KAaTyIIKH ¢ TOKOM MOKHO OTIpeJie-
JUTh HE TOJBKO KaK NMPOMU3BEICHUE TOKA HAa HH-
IYKTHBHOCTH, HO U KaK MPOW3BEJCHHUE YKCIa BUT-
KOB Ha MAarHUTHBIM MOTOK, CUEIUVICHHBIA ¢ KaTyll-
ko# [8]. Taxoil moaxoa UCTIONB3YETCS MPU BHIBOJIE
BeIpaxkeHndd (8), (9). Tak kak B BoIpakeHHH (6)
B KadecTBe apryMeHTOB Hucmoyib3oBansl MJIC, To
WHJAYKTUBHBIC MapaMeTphbl YA00HEe BhIPA3UTh Ye-
pe3 mpou3BOAHYIO mnoTokocHemieHud mno MJC
SKOpSL U 0OMOTKH BO30yxkmeHus. [y 3Toro BeIpa-
skeHust (12—15) mOMHOXHM U pa3fenuM Ha YHCio
BUTKOB COOTBETCTBYIOIIUX 00MOTOK, o MJIC ko-
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TOpBIX OepeTcs MPOU3BOJHASA. YUUTHIBAsI 3TO, BBI-
pakeHus ISl UHAYKTUBHBIX TapaMETPOB 3JIEKTPO-
neuratens (12—15) npumyT BUA

L, (F, Fpy)=2pwix

*

F8+Faq
. (F=F,)®,(F)dF
aq)dq(Fe’F;q) FJ‘F ’
- 7 ; (16)
oF, E;
M (F F*) 2pw', w,
a— 82" a *)
q 2F:1q
E,+F,
o| [ (F-F)o,(F)dF
F,-FE,
X — : ; 17)
oF,,

oD, (F, Fyy) s
oF, '

aq

M, (F.Fpy)=2pW,w,

,00,,(F,.F,)
OF, '

8

L,(F,.Fyy)=2pw; (19)

IloxcraBisst BeIpakeHHe (6) B BBIpAKEHUS
(16—19) u yuuTsIBasi, 4To

Ma—e (F;’Faq) :MS—}I (F ’F;lq) [3]5

MOJYyYUM OKOHYATEIbHBIA BHUJ BBIPAXKEHUN I
WHJYKTUBHBIX MAPaMETPOB ANIEKTPOABUTATEIS

Laq (F;; ’Fa*q) =2pw'i><

pF -1
zsz;lq
12 arctg(sz2 ) ——

X —*2 X —
p.F, | \arctg(p,F) 3
F,

6

oF

aq

(18)

1+ piF}
1+ piF?

M, ,(FuFoy)=M, (F.F,)=

==2pww', p12 X
aq
arctg( )—arctg(p,F))-
1+p2 ; (19)
l+p
L, (F;,F:q)=2pw: X
X ; (al‘Ctg(szz)—arctg(szi))+p3 (22)

aq

3nech HEOOXOAMMO OOpAaTHUTh BHUMAaHHE Ha
¢m3udeckoe 000CHOBaHHE TAKOTO HWHIYKTHBHOTO
napaMeTrpa, Kak B3auMHasi UHAYKTUBHOCTb MGy
0OMOTKOW BO30YXKICHUS U OOMOTKOH sIKOps

M,_, (F;,F:q). JUI1 3TOro Hy’>KHO OIpENEIuTh

CTEeTleHb MAarHUTHOW CBSI3U STHX 0OMOTOK. OHa
BhIpakaeTcs uepe3 koddduuent cassu [10]

K — 6—a

Ha pwuc. 1 moctpoena 3aBUCUMOCTD K03 (DHITH-
€HTa CBS3UM OT TOKa Uil TATOBOTO JBHUTATEIs
PT-511.

Kax BumHO 13 puc. 1, 3HaueHne ko3¢ dhunrenTa
CBSI3U TP MAJIIX TOKaX OTHOCHTEJILHO HEBEJIHKO,
YTO COIIACOBBIBAETCS C (PU3MYECKHMH Tpolecca-
MU NPU BO3HUKHOBEHUU peakuuu sxops [4, 7, 9].
[Mpu Takux TOKax ciabo MPOSBISETCS HACBIICHUE
MarHUTONPOBO/IA, W pEaKIHs SIKOPS OKa3bIBaeT
B OCHOBHOM TOJIbKO HCKa)KaloIllee BO3ICHCTBHE Ha
MarHUTHBIA TTOTOK. [Ipm Tokax, OMM3KMX K Haco-
BOMY, KOO(QQHIIMEHT CBSI3U IOCTUTAET MaKCUMyMa.
OTO CBSI3aHHO C TE€M, YTO Kpail MoJroca, moJ KOTo-
PBIM TIPOUCXOMIUT YBEIMUEHHE WHAYKIIUW, HACHI-
LIAETCs, a IPOTUBOIIOJIOKHBIN Kpail BCE €I1le HaXo-
JIUTCS Ha HEHACHIIIEHHOM yYacTKe KPHBOM Hamar-
HUYMBaHUA. TakuM o00pa3oM, yBeIHMUEHHE Mar-
HUTHOTO MTOTOKA TOJT HACBIIIIEHHBIM KpaeM MOJoca
NPOMCXOAUT HE B TaKOW K€ CTENEHH, KaK ero
YMEHBIIIEHUE TI0/I TPOTUBOIIOJIIOKHEIM KpaeM. DTO
obOycnaBnuBaeT HamboJiee CHIHLHOE YMCHBIICHHE
MarHUTHOTO TIOTOKa OTHOCHUTENFHO XapaKTepUCTH-
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KM HaMarHW4uMBaHUs XojocToro xoja. Ilpu mainb-
HEHIIeM YBEJIMYCHUH TOKOB 00a Kpasi ToJIroca OKa-
3bIBAIOTCSl HACBHILIEHHBIMHU, YTO BBI3bIBAET YMEHb-
LICHUE Pa3HOCTU MHAYKUUH, B CBS3H C YEM, pEaK-
LUs SIKOpSL OKa3bIBaeT MEHbBIIEE pa3MarHU4YMBalo-
Iee BIUSIHHE Ha OCHOBHOW MATrHMTHBIA IIOTOK.
CrnencTBreM 3TOTO, SBISIETCS YMEHBIIEHHE KOd(h-
¢dunreHTa cBs3u.

0,25
K
0,2

0,15
0,1

0,05

0] 100

200

300 400 500

Ie; Ia, A

Puc. 1. 3aBucumocTb K03 QUIIEHTa CBI3U
OT TOKa BO30Y>KACHHS U TOKA STKOPS

Fig.1. Dependence of coupling coefficient on excita-
tion and armature current

Taxke w3 puc. 1 BHmHO, 9TO KOIPPHUIIUEHT
CBs3H MOXKET NOCTUT'aTh CYIIECTBCHHBIX 3HAYCHUH.
[To3ToMy, HECMOTpPS HA OTHOCHTEIBHO MAIYIO Be-

o *
JAUYKMHY a0CONIOTHBIX 3HaYeHU M, _, (F;,F;q) , IO

*
CPaBHEHHIO C L, (Fe,Faq) JAHHBIM IIapaMETPOM HE

clienyeT npeHedperaTb, 0COOCHHO B Cilydyae 0ciad-
JICHUs1 BO30YKICHUS, KOTJIa JIJIsl HICTOYHHUKA MUTA-

*
HUS BEIMYUHA LG(F;,Faq) OKa3BIBACTCSA CYIIECT-

BEHHO CHMKEHA, a JEHCTBHE peakiuu SKOps Mpo-
SBJISIETCS] CUJIbHEE.

4. Annpoxcumayus YMX svipasicenuem ons oc-
HOBHO20 MazHumHo2o nomoxa. Kak npasuio,
B CIIPAaBOYHOM JINTEpAType HE MPUBOAUTCS Xapak-

TEPUCTUKA HaMarHWM4YuBaHWs MamuHBI D, (FR)
Hawnbomee pacmnpocTpaHeHHBIMH ITaHHBIMH SIBJIS-
IOTCSI CKOPOCTHBIE XapaKTEPUCTHUKU TSTOBBIX IBU-
rarenen V(Iu) [14] 1 KOO PUIMEHT HACBHIIICHHS

B 4acOBOM pexume k, [16].

st KaXXIol KOHKPETHOW MAaIlMHbI, UCHOJb3YS
CKOPOCTHYIO XapaKTepUCTUKY TIPH KOHKPETHOM
cTereHn ociabieHust Bo3Oyxxaenus (OB), MoxHO
OTIpeAeTUTh OCHOBHOM MAarHWTHBIA IMOTOK W TIO-

CTPOUTHh MarHUTHYIO XapaKTEPUCTHUKY IO/ HATPy3-
o *
kot @, (Fg,Faq ) Takyro e XapaKTepUCTHKY

MOKHO MOCTPOUTh, UCcnoJb3ys YMX mnpu uzBect-
HOM Koaddunuenre HacbimeHus [13, 15], Boc-
MOJTF30BABIINCH OAHON W3 aNMPOKCUMHUPYIOIIIX
¢byHkumii [5].

Kak yxe 0bII0 cKa3aHO, HA OCHOBHOUW MarHmur-
HBIH ITOTOK OKa3bIBaeT BIMSAHHE He Toubko MJC
00MOTKH BO30YxaeHuMs, a Takke 1 MJIC peakiuu
sIKOpsl, yMeHbIIasg ero. CienoBaTenbHO, BbIpaxe-
HUE, alMPOKCUMHUPYIOIIee MarHUTHYIO XapaKTepu-
CTHKY MalluHBI MIpU omnpenesneHHol crenenn OB
(wmu YMX), Oyzner naBaTh CYIICCTBEHHYIO IIO-
TPEIIHOCTh TpU JIOOBIX npyrux crenenax OB.
UTo0b!I yCTpaHUTH 3Ty NOTPEITHOCTH, B AlIPOKCH-
MUpYIOlIee BbIpaKeHHEe HEOOXOJWMO BBECTHU elle
onHy nepeMeHHylo B Buae MJIC peakuuu siKOps.
J71s1 5TOTO MOYKHO MCIIOJIE30BATh BRIpaKEHHE (5).

s popmyns [petidyca annpokcuMupyroiee
BEIpaKEeHHE UMeeT BUJ popmMysl (6).

UTo0Bl TPOBEPUTH aqeKBAaTHOCTH TaKOTO pe-
HICHUs, HEOOXOJMMO OIICHUTH CTENEHb PacxXoxe-
HUsS Mexxny YMX, 3agaHHOl TaOJIMYHO W aIllpoK-
cuMmalmell ee BeIpakeHHeM (6), a TakXe paccyu-
TaTh XapaKTePUCTHKH PEATbHO CYIIECTBYIOIINX
MAIlIMH B COOTBETCTBUM C ONMMCAHHON METOAUKOM.

Tak xak YMX, mo cyTu, sBnsercs pyHKImei
OJHOU TIEPEMEHHOM, BBITIONHATH CpPaBHEHUE yH00-
HO, TpuBens (6) Taxke K (QYHKIUK OIAHOH mepe-
MEHHOU, HanpuMep, Toka skopsi. BeiOop Toka sko-
psS B KauecTBE apryMeHTa OOyCIIOBIIEH OOJbIIen
HaTJISIAHOCTBIO TTOJTYYEeHHBIX pe3ylbTaToB. B ciy-
yae BbIOOpa B kayecTBe aprymenta MJIC oOMoTKH
BO30YXKICHUS, pe3ybTaT OyIeT TaKou ke, OJTHAKO
MIPOIIECC pacyeTa XapaKTEPUCTUK TpeOyeT HEKOTO-
PBIX NOSICHEHUIA.

B cBs3u ¢ 5THM, BBINOJHUM NPeoOpa3oBaHUs
B BoIpaxxeHnu (6). Tak kak MIC o6mMoTkH BO30Yy-
JKIACHHUA M PEaKUUU SKOPS SBJISIOTCS IpPOHU3BEIe-
HUEM TOKOB, MPOTEKAIOIIUX [0 3TUM OOMOTKaM,
HA YHCJIO UX BUTKOB, 2 TOK 0OMOTKH BO30YKIEHUS
MOJKET OBITh BBIp@KEH, KaK IMPOW3BEICHHE TOKa
SAKOpS Ha CTeleHb oclabieHus Bo30yxaenus. Ta-
KHM 00pa3oM, TOSBIISIETCS] BO3MOXKHOCTD Ipeodpa-
30BaTh BBIPAXKEHHE JII OCHOBHOTO MAarHHUTHOTO
MOTOKa M3 (QYHKIMH IBYX TEPEMEHHBIX B (PYHK-
M0 OJHOW MEepeMEHHON MpH 3aJaHHOW CTemneHH
ocnabieHus BO30YKICHHS.

. . * *,
Ecm F, =iw,=ipw, n F, =w,,, Torna

a
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u F,, npucyrctBytonwe B (6), mpeoOpa3yroTcs K BULY

F=F,—F, =iw,—wji,=i,(Bw,-w,); (23)

* . * . *
Fy=F,+Fy =i Bw,+wi, =i, (Bw,+w,);  (24)
YuuteBas (23) u (24), pu 3a7aHHON CTENIEHU
ocnabieHust Bo30Oy»XAeHHs, BblpaxkeHue (6) B OT-
HOCHUTEJbHBIX eIUHULAX TPUHUMACT BUJ

(qu (ia ) - -

* ,
2w,

X

i, (Bws +w, )arctg X
x| x( pod, (Bw, +w, )) =1, (B, —w; )%

><a1rctg(p2 (Bw w))

2

| (B )

1+ 3 (7, (B, - wi )

2 +p3ian6' =
w

(ng + WZ )arctg X
:T X(sza (ng +w, ))—(ng _WZ)X
xarctg(pzfa (ng - W: )) - (25)

1 . 1+p2( (Bw +w))2

2pii, 1+ p? (fa (ng - W, ))2

+ pBiaBWs

rae @, ¥ i, — OCHOBHOW MarHUTHBIH IOTOK U TOK

SIKOPSI MAIIIUHBI B OTHOCHUTENIBHBIX EAMHULIAX.

Kak moka3bpiBaeT OMBIT TACOBOTO 3JIEKTpOMA-
HIMHOCTPOCHHUSI, OTHOIICHHUE YUCIIa BUTKOB OOMOT-
KH SIKOpS B OOMOTKH BO30YykIeHHsS (0.5.B.) JJs
Pa3IMYHBIX MAIUH TPEACTABIACT COOOH 3Haue-
HMSI, JOBOJLHO OJIM3KO KOJIEOJIIONIMECS OTHOCH-
TEJIBHOIO KaKOTO-TO CpeAHero uwucia. [lpuuem,
OHO Pa3JIMYHO JJIS KOMICHCHPOBAHHBIX U HEKOM-
MCHCUPOBAHHBIX MAIIUH BCIEACTBHE OOJBINETO
YKciia BUTKOB OOMOTKH BO30YXJICHHUS y TOCICI-

HUX. B coOTBeTCTBUMU ¢ 3THM BhIpakeHue (25)
*

MOXKHO YIPOCTHTb, M30aBUBIIMCH OT W, IIyTeM

BBIHECEHMS B BBIpaxkeHusax (23) u (24) w, 3a

CKOOKH ¥ 3aMEHOM 0.5.B. UX CPETHUM YHCIIOM.

CpemauM YHUCIOM 0.51.B. JUISI HEKOMIICHCHPO-
BaHHBIX MammH siBasiercss 0,316. Torma Beipaxe-
Hue (25) npuHUMaeT BUJ;

arctg x

(i)d (;a)_% [ "

— —
2p21awa

+p3iaBW6 =

1
£11 0,316

x(pziawe(B+0,316))—

(B—0,316)arctg x

(B+0 316)arctg><

0,316
x( pyi,w, (B—0,316)) -

1
——~*11’1><
2p2iawa

1+ p2 (i,w, (B+0,316))’
1+ p2 (,w, (B—0.,316))°

(26)

+ pSiaBW(f'

BunHo, uto B BeIpakeHHH (26) B ciiaraemMom,
coneprkamieM Jjorapudm, He yAanoch n30aBUTHCS

.
or w,. OfHaKo, KaK MOKAa3aJld PacyeThbl BhIpayKe-

HUs (26) 1715 pa3HBIX MAIllWH, 3HAYCHHSI CIaraeMo-
ro

L 1+ p2 (7w, (B+0,316))’
——1In —
2w, | 1+ p2 (i, (B-0,316))

OCTar0TCs OJMHAKOBBIMHU BO BCEM aHAIIa30HC 3HaA-
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geHuit Toka. ClemoBaTeNbHO, KKIBIA pa3 IpH
*
pacueTre XapakTepUCTHK 1o YMX, y4eT w, B BBI-

pakeHuH (27) MOKHO HE MPOU3BOAUTH. i1 aTOTO
JOCTaTOYHO IONYyYUTh KOI(DOUIMEHT anmpoKcu-
Malluu p, AJs 10001 CyIIECTBYIOMIEH HEKOMIIEH-

CHPOBAaHHOW MAITMHBI W TIOJCTaBUTH ero B (27)
BMECTE C YHCJIOM BUTKOB OOMOTKU BO30YXICHUS
sToit mammubl. Hanmpumep, nns asuratens PT-51/1
p, =—0,088, w, =68, a MIPOU3BEICHUE
2p,w, =—3,342.

Pacuer xapakrepuctuk TOJ] mo BbIpakeHHIO
(26), a Taxxe, MpUMEHEHHE €ro JJs pacdera Xa-
PaKTEepUCTHK KOMITEHCHPOBAaHHBIX MalnH Oyaer
paccMOTpeHo B mocieAyrmux padborax. Tam xe
B TOCIEAYIONMX paborax OyIyT paccMOTPEHBI
MPUMEpPBI pacueTa XapaKTepUCTHK, B CIydae eclid
aprymeHToM B (25) ssisercs MJIC oOMOTKH BO3-
Oy>KIOeHusl.

PesyabTartsl

[lorydeHo BeIpakeHHE [JIs1 aNMMIPOKCHMAIIUU
YMX KOTOpO€ 3aBHCHT OT JBYX IE€PEMEHHBIX:
MJIC Bo30yxnenuss u MJIC peakuuu sikopsi. Jlis
KOHKPETHOTO pPeXHMa OCIabJIeHNUs BO30YKICHUS
BO3MOXXHO TpeoOpa3oBaHUE JAAHHOTO BBIPAKEHUS
B (DYHKIIMIO OJTHOW TEPEMEHHOMN, HampuMmep, TOKa

akopsi. Taxxke, B KadyecTBE apryMeHTa, MOXET BbI-
crynarb M/IC 0OMOTKH BO30YKICHUSI.

Hayqﬂaﬂ HOBHU3HA U MPaKTHYECKasA
3HAYUMOCTDH

Hns annpoxcumanuu YMX mpeajiokeHa Me-
TOJIWKA, IO3BOJIAIONIAS BBECTH B aNPOKCHUMHU-
pyIoliee BEIpaKeHHE BTOPYIO MEPEMEHHYIO B BUJIC
MJC peakmuu skops. Takum oOpazom, Ha 0ase
OJIHOTO aANPOKCUMUPYIOIIETO BHIPAKEHUS MOXKET
OBITh TMOJYYCHO CEMEHCTBO XapaKTEPUCTHK IPU
MO00H CTereHn 0cnalIeHns BO30YKISHUSI.

BriBoabl

[IpennoxeHHas METOAMKA TO3BOJSET OIpeEle-
JISITh OCHOBHOM MAarHUTHBIN MOTOK TSATOBOTO JJICK-
tpomBurarens (TD/]) mwis nroboi cTemeHn ocirad-
JeHusi BO30yKAEHUs, pacrioyiaras MarHUTHOW Xa-
PAKTEPUCTUKONW XOJOCTOrO XOAa WM, B ClIydac
ncronb3oBanuss YMX, Toiapko Ko3(dumeHTOM
HACBIIICHHUA MAallWHBI. TanKe, IHOABJIACTCA BO3-
MOXHOCTh OTPEACIUTh WHAYKTUBHBIC MapaMeTphl
MAaIllUHBl B BUJE AHATUTUYCCKUX (DYHKIHHA, 4TO
YI00HO JUTS MOJICIIMPOBAHHUS PA3IMYHBIX PEKHMOB
paboter TO/I.
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AIMPOKCHUMALIS YHIBEPCAJIBHOI MATHITHOI
XAPAKTEPUCTHUKMU JUISI MOJEJIOBAHHSI
TSATOBUX EJJEKTPUUHUX MAIIIUH

MeTa. Y HaykoBili poOoTi nepeabdadaeTbCsi OTPUMATH aHAIITHYHUN BUPA3, IO OMKUCYE YHIBEPCAIbHY MarHiTHY
XapaKTEpPUCTHKY Ta Ja€ MOXJIMBICTh BPaxOBYBaTH pO3MarHiuyrody Jiro peaxuii sikops. A Ha 0a3i yHiBepcaJbHOI
MarHiTHOi XapaKTepPUCTUKN HEOOXiTHO OTPUMATH YHiBepcalbHI BUPA3H /Il IHAYKTHBHUX MapaMeTPiB TATOBHX eJle-
KTPUYHUX MAIIWH IOCTIHHOTO Ta IyJbCyrouoro crpymiB. Meroamka. YHiBepcalbHa MarHiTHa XapaKTEpUCTHKA
(YMX) sBrsie co0O010 3aJIeKHICTD yV BIIHOCHHUX OIMHHUIIIX MAarHiTHOTO MOTOKY Bin MarHiTopymiiHoi crmm (MPC)
obMoTkm 30ymxerHHs. Tak sk YMX moOyaoBaHa AJisl MaIIyH, 10 MPAMIOIOTH il HABAHTAKSCHHAM, OTXKE, HACTIpaBi
BOHA SBIIsIE cO0O0I0 3anexkHicTh 1 Bigm MPC oOMoTtku 30ymxenHs, i Big MPC peakii sikops. {1t po3paxyHKy eleKT-
POMEXaHIYHUX XapaKTEPHCTUK IIPH HE3MIHHOMY 30Yy/DKEHHI MOYKHA KOPUCTYBATHCS OJHUM i3 BiIOMHX BHPa3iB, arl-
poxcumyrounx YMX. OmHak npu MOJENOBaHHI poOOTH TATOBOTO €IEKTPOABHIYHA B ITUPOKOMY [iama3oHi 3MiHU
30yIKeHHSI HEeOOXiHUI BHpa3, B AKOMY IPHUCYTHS Apyra 3MminHa y BUriai MPC peakuii sikops. Takuii Bupa3 ta-
KOX HEOOXIZAHWI IJIsi BU3HAUCHHS IHAYKTHBHUX IapaMeTpiB TATOBOTO €JIEKTPOJBUTYHA, Y BEIUKII MIpi 3aJIe)KHIX
Big ctpymy. Bupas mist anpoxcumanii YMX 3 1BoMa 3MIHHUMH MOXKHa OTPUMATH IIUIIXOM aHaIi3y pO3IOJiTy Mar-
HITHOTO TI0JIS1 B TIOBITPSTHOMY 3a30pi Ha pO3paxyHKOBIH MOJOCHIN 1y3i. Pe3yabTaTn. ABTOpOM OTpHMaHUH BHpa3
Jutst anpokcuManii YMX, sikuit 3a5exxuThb Bif 1Box 3MinHuX: MPC nopymennst i MPC peakuii sikopst. {1 KOHKpeT-
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HOTO PEeKUMY OCIa0IeHHs 30yIKeHHS MOMJIMBO MEPETBOPEHHS FOTO BHUPa3y B (YHKIIIO OXHi€I 3MiHHOI, HAIpH-
KJIaJ1, CTpyMy sikops. Takox B SIKOCTi aprymeHTy Moke Buctynatu MPC o6moTku 30ymkennas. HaykoBa HoOBU3HA.
s anpoxcumartii YMX 3anporoHOBaHa METOJIMKA, 110 T03BOJISIE BBECTH B allPOKCUMYIOUMH BHpa3 IpyTy 3MIHHY Y
Burisigi MPC peakiiii sikopsi. [IpakTuuHa 3HaYMMicTh. Marouyu B HasIBHOCTI MIBUKICHY XapaKTEPUCTUKY abo Koe-
(hillieHT HACHYCHHS JAHOTO TSATOBOT'O CICKTPOBUIYHA, MOYKHA BU3HAYUTH MOT0 IHAYKTHBHI IapaMEeTPH B KOHKPET-
HOMY peXXuMi poOoTH abo OTpUMATH iX 3aJI€XKHICT BiJl CTPYMIB 0OMOTOK 1Sl OY/Ib-SIKOT'O PEXKUMY POOOTH.

Kniouosi cnosa: yHiBepcajabHa MarHiTHa XapakTepUCTHKA; allpOKCUMALlis; TATOBUH €IeKTPOJIBUTYH; IHAYKTHBHI
napameTpu

A. YU. DRUBETSKYI"

"Dep. «Electric Rolling Stock of Railways», Dnipropetrovsk National University of Railway Transport named
after Academician V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 31,
e-mail drubetskiy@mail.ru, ORCID 0000-0001-5691-0925

APPROXIMATION OF UNIVERSAL MAGNETIC CHARACTERISTIC
FOR MODELLING ELECTRIC TRACTION MACHINES

Purpose. The scientific work is aimed to obtain an analytic expression describing universal magnetic character-
istic and enabling to take into account the demagnetizing effect of the armature. On the basis of the universal mag-
netic characteristics one need to obtain universal expressions for inductive parameters of electric traction machines
of direct and pulsating currents. Methodology. A universal magnetic characteristic (UMC) is the dependence of the
relative units of the magnetic flux on the magnetomotive force (MMF) of the excitation winding. Since MMF was
built for machines operating under load, therefore, in fact it is a dependency on the MMF and on the MMF of the
armature reaction. For the calculation of electromechanical characteristics at constant excitation one can use one of
the well-known expressions approximating the UMC. However, during modeling the electric traction engine opera-
tion in wide ranges of excitation change it is necessary the expression, in which there is a second variable in the
form of MMF of the anchor reaction. Such an expression is also necessary to determine the inductive parameters of
electric traction engine, to a large extent dependent on the current. The expression for the approximation of the
UMC with two variables can be obtained by analyzing the magnetic field distribution in the air gap at the calculated
pole arc. Findings. The author obtained expression for approximation of the UMC, which depends on two variables:
MMF of excitation and MMF of armature reaction. For a particular mode of excitation weakening it is possible to
convert the expression into the function of one variable, for example, the anchor current. Also, the MMF of excita-
tion winding can be the argument. Originality. For the UMC approximation it was proposed a methodology that
makes it possible to record into approximating expression the second variable in the form of the anchor reaction
MMF. Practical value. Due to the presence of speed characteristic or saturation ratio of this electric traction engine,
one can determine its inductive parameters in a particular operation mode or to obtain their dependencies on the
winding currents for all modes of operation.

Keywords: universal magnetic characteristics; approximation; electric traction engine; inductive parameters
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FORECASTING OF PASSENGER TRAFFIC UPON
IMPLEMENTATION OF HIGH-SPEED RUNNING

Purpose. Forecasting of passenger traffic flows in the future is an essential and integral part of the complex process
of designing of high-speed network (HSN). HSN direction and its parameters are determined by the volume of passen-
ger traffic, the estimated value of which depends on the economic performance of the country, as well as the material
status of citizens living in HSN concentration area, transport mobility of population, development of competing modes
of transport and so on. The purpose of this work is to analyse the existing methods of passenger traffic forecasting, to
evaluate errors of the existing models concerning determination of traffic volumes and to specify the scientific ap-
proach to the development of high-speed rail transport in Ukraine. Methodology. The existing forecasting methods are
reduced to the following ones: Delphi approach, extrapolation method, factor and correlation analysis, simulation
method. The method described in this paper is based on scientific approaches such as analysis — a comprehensive and
detailed study of various aspects of the known forecasting methods, comparing of existing methods for establishing
differences and similarities, as well as deduction — use of general knowledge to get the new particular one. Thus, the
unified indicators determined for the country as a whole, such as gross domestic product, national income, total popula-
tion and others cannot be used to forecast the traffic flow on specific areas of HSN construction. Therefore, it is neces-
sary to move from the overall forecast to traffic volume forecast on particular direction. Findings. The conclusions are
derived from the analysis of different approaches and methods of passenger flow forecasting. It is proposed to create
typical techniques of traffic flow forecasting using modern mathematical methods that would allow avoiding unreason-
able decisions and shortening project development time. The resulting recommendations will help in the efficiency of
design decisions, as well as will determine the quality of the project in whole and the feasibility of its implementation
in particular. Originality. The scientific approaches to forecasting the passenger traffic volume in HSN agglomeration
area were further developed. The HSN feasibility study criteria system was updated; this system takes into account
passenger transit flows through Ukraine, the population of the cities covered by the high-speed network, mobility of
population and other factors. Practical value. The data obtained by authors can be used to justify the concept of high-
speed rail transport development in Ukraine, to create a high-speed network and to phase HSN construction.

Keywords: high-speed running; high-speed network; passenger traffic volume; passenger traffic flow; forecast-
ing methods; economic efficiency

Introduction provided for HSN construction must have certain
socio-economic characteristics. The total popula-
tion of HSN concentration area must be at least 20-
25 million people, and the overall total passenger

The foreign studies on the efficiency analysis
of high-speed network projects performed in dif-
ferent countries state that the transport corridor
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traffic flow (in both directions), formed in this
transport corridor prior to the start of HSN opera-
tion, shall be not less than 5.6 million passengers
per year [17].

Significant factors that determine the success of
HSN projects are economic indicators of develop-
ment of the country and the specific areas of trans-
port corridors, as well as financial situation of the
citizens who live in HSN concentration area. One
of the economic criteria that characterize the finan-
cial situation of citizens is gross domestic product
(GDP). If the value of GDP is divided by popula-
tion size, we will get the index represented in Fig.
1. Yet this average index for a country does not
determine the feasibility of implementing high-
speed transport. For example, in China, it is the
lowest — 5.4 million dollars per person, but the
country’s success in HSN construction is impres-
sive.

usa | : ' ' | l49.7
United Kingdom | : : | 33

France | : : | 2.2
Spain | : l | 33.3
Japan | |425

Eu | | 31.8
china [T7] 54

° ° 2 '] [ 50 50

GDP, min. USD/person

Fig. 1. Gross domestic product, per person

Thus, the HSN project efficiency must be as-
sessed, first, in light of the financial situation of the
citizens living in HSN concentration area, sec-
ondly, based on GRP indicator, which is calculated
by subtracting from the total gross product (GDP)
the volume of its intermediate consumption and
which fully characterizes the economic activity of
the city or region. Using statistics on this indicator
one can predict the potential for economic devel-
opment, and accordingly determine the possibility
of the construction and operating conditions of fu-
ture HSN network sections [9].

In Ukraine GRP is calculated using the mixed
method i.e. part of the data is accumulated by re-
gional statistical agencies and transferred to the
centre and other part is collected by the State Sta-
tistics Committee and other economy sectors.

The relationship of the passenger traffic volume
with the above mentioned factors allows predicting

the prospective passenger flow and evaluating effi-
ciency of introduction of high speed traffic in
a particular direction.

The distribution of passenger traffic by mode of
transport takes place on a market basis, depending
on the cost of the trip, travel time, geographical
availability of transport infrastructure and other
factors. As a result, zones of efficient use of differ-
ent transport means are formed. At the junctions of
these areas there is competition between transport
modes (interspecific competition) [15]. In addition,
there is intraspecific competition (competition be-
tween individual companies representing the same
mode of transport).

Dependence published by the International Un-
ion of Railways [17] and clarified with a number
of additional data is shown in Fig. 2. It shows the
current distribution of passenger flows between the
air transport and HSN based on travel time by rail.

100,
\. Tokyo - Osaka 515 km
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Fig. 2. Distribution of passenger traffic flow
between high-speed rail and air transport

One of the important principles of ideology,
which is laid in the assessment of options for the
distribution of traffic, is based on forming of pas-
senger flows and velocity of the passenger, not of
the rolling stock [17].

Today there are a lot of research works that as-
sess and consider the ways of further development
of the trans-European high-speed rail network. One
of these projects is NGT (Next Generation Train)
developed by eight institutes of the German Air
and Space Centre (DLR) [13]. The basic idea of
NGT is to determine the operating domain of HSN
in Europe, designed for a new generation of trains
(NGT) with the speed of 400 km/h. The network
model covers most of European countries, includ-
ing Turkey.
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The project NGT investigated the reference di-
rection Paris-Vienna, the model of which is ex-
tended to the entire European Union, with recom-
mendations for further adjustments. The basic
components and criteria of the model included
economic centres (cities), direct rail connections,
train traffic frequency and travel time. Herewith
traffic volumes and density of population of cities
were calculated and regional preferences of pas-
sengers by transport means and others were taken
into account. The resulting transport model al-
lowed forming the recommended operating domain
of the network of new railway lines, proving feasi-
bility of HSN construction for the speed of 400
km/h in Central Europe.

Purpose

The question is: will this European transport
model work in other circumstances and in other
countries, such as Ukraine? Obviously, in this case,
one must take into account an individual approach
to solving a complex of tasks.

The purpose of this work is to analyse the exist-
ing methods of passenger traffic forecasting, to
evaluate errors of the existing models concerning
determination of traffic volumes and to specify the
scientific approach to the development of high-
speed rail transport in Ukraine.

Methodology

HSN operating domain being the object of
study can be presented as a set of peaks and links
between these peaks. In their turn, the peaks are
cities (metropolitan areas) that are key links in the
network [3].

Both the peaks and the links between them
have their own indices or evaluation criteria (so-
cial, economic, political, tourism, transport, etc.).
For example, social criteria include population
size, life expectancy, health conditions or pollution
of the environment. Socio-economic factors deter-
mine the location of the so-called «strong points»,
including the intermediate ones, through which or
near which HSN must pass.

Economic indicators are as follows: level of
welfare, income per capita, gross regional product.
Political relations are determined by the location of
urban administrative centres, with their status and
popularity (conducting of cultural events, confer-
ences, sport competitions), etc. Travel links in-

clude business, cultural, recreational and other
trips. Transport links are characterized by the pres-
ence or absence of certain means of transport by
directions (road, rail, air, etc.), the mobility of the
population, passenger traffic flow (transit and do-
mestic), etc.

Within the large stations and units, particularly
terminals, the high-speed network route should be
connected to the network with other modes of
transport: urban, commuter and air transport. Re-
sults of approvals from government and business
entities may require changing the position of the
line, even at the next stages of design.

When examining the operating domain for fu-
ture HSN it is appropriate to consider the destina-
tions that already have rail lines. Transport streams
at these directions are the most intense [14]. Thus,
the presence of the railway is one of the criteria for
determining the areas for potential high-speed
trains.

With a view to selecting of HSN feasibility
study criteria assess for a specific region it is nec-
essary to conduct deep investigation of the above
factors, to develop appropriate methods of deci-
sion-making. A step in this direction is the classifi-
cation of the main criteria for determining HSN
destinations, specified in [10], Fig. 3.

The first group of criteria describes the ag-
glomeration which tends to projected HSN. Stable
growth and tendency of indices to the maximum
possible values will ensure favourable environment
for construction and in the future for operation of
HSN.

The second group of criteria describes the tech-
nical and economic potential of destinations of the
prospective HSN. The line length varies usually
from 400 to 900 km for the purpose of being com-
petitive with air service. [15, 16] The HSN con-
struction cost depends on the line length and on the
complexity of construction conditions. According to
international estimates the average cost of 1 km of
high-speed network is about 25 million Euro [18].

Forecasting of passenger traffic flows in the fu-
ture is an essential and integral part of the complex
process of designing of HSN. HSN direction and its
parameters are determined by the volume of pas-
senger traffic. Therefore, the methods for determin-
ing the latter are subject to analysis and refinement.
Also it should be noted that increasing of passenger
traffic flow will enhance the overall economic effect
of the introduction of high-speed traffic.
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Many scientific papers are dedicated to fore-
casting of passenger flows. Deep analysis of dif-
ferent models and approaches is presented in [11].
It is appropriate to quote the saying by prof. M. V.
Pravdin of this work: «So far, the passenger rail
transport forecasting has been neglected, as a result
there is no sufficiently strong justification for de-
velopment of passenger high-speed transport...». It
was written more than thirty years ago, but has not
lost relevance today.

The existing forecasting methods are reduced to
the following ones: Delphi approach, extrapolation
method, factor and correlation analysis and state
and event simulation method.

The first attempts to use mathematical methods
appeared in the late nineteenth century, when
A. Wellington (USA) and E. Lille (Austria-
Hungary) attempted to establish a mathematical
relationship between traffic size, population of cor-
responding points and distance between them. Lat-
er modifications of this model were proposed,
which were called «gravity» [11].

These models are based on the assertion that
there is transport «attraction» between two large
settlements, which is directly proportional to the
product of the population of these settlements and
inversely proportional to the distance between
them in degree 3

P-P

I.=o. - (1)
ij U
i

where [1; — flow from point i to point j;F, P, —
population size respectively at the points i, j;L;
— distance between two points; o; — proportional-

ity factor; 3 — constant value.

Slightly adjusted dependence was proposed by
M.I. Zahordan and F.P. Kravets:

P-P,
, =a, ——~. )

U g L2
Jji

HSN feasibility study criteria

HSN agglomeration evaluation

System of evaluation criteria

criteria system

Passenger traffic volume in domestic service, min.
L peopls

t | Population in agglomeration area_min. people

Passenger traffic volume in international service,
mln. peopls

—— GEP value in agelomeration, min. people

— Population transport mobility

of HSN technical and
economic potential

Availability and accessibility of rail traffic,

HSN length, km

Travel time for passenger. hours

HSN construction costs and pace

Tariffs for passenger transportation

Fig. 3. Classification of the main criteria to determine promising areas of HSN construction
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They believed that the number of passengers is
directly proportional to the product of population
of two settlements and inversely proportional to
the square of the distance between them.

In these models it is still difficult to determine
the proportionality factor a; for long-range condi-

tions, since the factor changes significantly over
time. Thus, calculated on the basis of statistical
data on passenger correspondence between indi-
vidual points the factor ranged from 0.001 to
0.475. This is due to the effect of the statistical law
of passenger behaviour that can be formulated as
follows: to overcome the distance x from the point
of view of a passenger it takes some reasonable
time, which is associated with scientific and tech-
nological progress in transportation. Mathemati-
cally the law can be written as

T __—q(1), 3)

where v(x, t) — speed, which depends on the dis-

tance of travel and technological progress (rolling
stock, infrastructure) and is taken into account

through the time factor 7; a(¢) — constant value.

For example, if the average time to overcome
the distance of 100 km by high speed train TGV
POS climbing 35 %o slope is 30 min., then to over-
come 1000 km the time increases not by ten, but 9
times, and on the gradient-free sections — 8 times.

The main disadvantage of this model is the high
sensitivity to errors while calculating the value o,

and inability to verify the reliability of the fore-
casted model.

A number of studies attempted to overcome
some of these disadvantages of «gravity» models.
In particular, they examined such factors as gross
domestic product, national income and others. The
linear model was proposed for forecasting, the de-
fining parameters included national income, total
population, urban and rural population. As shown
above (see Fig. 1) the generalized parameters set
for the country as a whole cannot be used to fore-
cast the traffic flow in specific directions.

It should be noted that the models developed as
«gravity» ones have found wide application. So,
with the participation of experts of SYSTRA
Company (France) in 2002 there were investigated
the prerequisites for implementation of high-speed

trains in Ukraine, identified possible routes for
high-speed rail lines based on passenger traffic
volume forecasting [12].

Passenger traffic volume was calculated ac-
cording to the formula

P, P
1)

where &, —model coefficient.

F=k, @)

The formula (4) shows that the passenger traf-
fic volume F,, between two final destinations A4

and B depends on the number of people living in
final destinations P,,P,, frequency of trips f,

length of the route L, i and duration of trip by
high-speed train 7, between the cities 4 and B.

Analysis of formulae (1) and (2) shows that
they do not take into account transit passenger
flow, which is advisable to transfer partially to
high-speed connection. In addition, the consultant
of SYSTRA does not reveal the real dependence,
included in the denominator of the formula (4).

Conditions for major transit passenger flows
are created due to vectors of modern relations of
Ukraine with the EU, Belarus, the Baltic States,
Central Asia and the Caucasus [8]. In this case,
a special place is the study of population transport
mobility index. It is believed to be the average
number of trips per capita per year by all modes of
transport, particularly by rail. In the rail transport
segment the mobility factor is determined by the
ratio of number of passengers transported by rail
per year P to the average annual population of the
region N , served by this rail:

P
kmob = F . (5)
Findings

The authors analysed the dynamics, trends of
passenger traffic and calculated the mobility indi-
ces by the formula (5) (Table 1). The forecasted
population in 2020 is adopted according to JSC
«Ukrzaliznytsia» [1] and the number of outgoing
passengers — according to [5].

As the table 1 shows, the calculated long-

distance traffic index k”

mob

differs significantly by

rail (regions) and ranges from 0.9 to 2.28; it is in
average 1.5 trips per year.
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Unlike the formula (4), used by SYSTRA, the
work [2] presents the formula to calculate the fore-
casted passenger traffic volume, which takes into
account passenger transit flows through Ukraine
and the population in the cities covered by the
high-speed network:

(P +T,)-(P+Tp) kP

mob

FAB:2 'kz'kadd- (6)

Brusy + T sy
where F,, — forecasted annual number of passen-

gers between two cities 4 and B,. ths people;
P,, P, —population of the cities 4 and B accord-
ingly, ths people; 7',, T, — transit passenger flow
through station 4 and reverse movement from sta-
tion B, ths people; P, — total number of people
at all stations of high-speed network, ths people;
T,y — transit passenger flow through all stations

of high-speed network, ths people; k7, —

mob

population mobility in Ukraine on HSN, share; £,
— coefficient taking into account travel time of pas-
sengers on a given section according to the average
length of the trip — 4 hours, which varies from 0.75
to 1.25, share; k,, — coefficient additionally tak-

ing into account frequency of passenger’s travel on
a given section (business trip, change to the air-
plane, vacation, tourism), which varies from 0.75
to 0.9 for the regional cities with population of up
to 600 thousand and the cities of Kriviy Rig, Meli-
topol and Mariupol, 0.9 — 1.1 for the regional cities
with population of up to 600-1000 thousand and
the cities of Lviv and Kharkiv, 1.3 — 1.5 for the
cities of Kyiv, Simferopol and Odessa.

The coefficient £, takes into account the travel

time of passengers between specific cities and sig-
nificantly affects the demand for HSN. For exam-
ple, travel time from Lviv to Simferopol will be
about 6 hours. At the same time, travel time be-
tween Kyiv and Dnipropetrovsk will be reduced to
two hours. Because of this difference in time the
demand for the use of high-speed network can vary
by almost in half. These data are recorded in
France and other European countries. Experience
in operating speed trains in Ukraine in 2013
showed that demand for passenger transportation
between Kharkiv and Kyiv 1.5 times higher than
that between Donetsk and Kyiv as the difference in
travel time is 1.5 hours.

Table 1

Population mobility in long distance rail traffic

Number of resi- Passengers transported, Mobility factor
Railways dents in the terri- ths people
tory, total long distance traffic 1 ) dist raffi
ths people overa ong distance trallic

Ukraine 42 400 448 436 62 519 10.58 1.47

Lviv 8493 65 223 9133 7.68 1.08
Pivdenno-

Zakhidna 8 882 139 116 20263 15.66 2.28
(Southwestern)

Pivdenna 4769 69 430 8091 14.56 1.70
(Southern)

gf]ye‘;pg’gl;krz) 7125 77 836 11311 10.92 1.59
Odessa 6 894 34 580 8021 5.02 1.16
Donetsk 6 329 62 252 5699 9.84 0.90
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However, the factor k7, that determines the

population mobility needs clarifying because mo-
bility in different regions is different.

In addition, the formula (6) is not without
drawbacks. Let us consider a specific example.
Fig. 4 shows two variants for high-speed lines be-
tween Kyiv and Lviv. The population that lives in
urban areas (thousand people) is shown in the dia-
gram. Transit is adopted the same for both variants
— 50 thousand people per year. The results by the
formula (6), i.e. the projected number of passen-
gers, are as follows: in case of the northern variant
— 1 million people a year, the southern variant —
850 thousand people a year, that is not logical as
the overall population at all the stations of high-
speed network in southern variant is bigger and the
passenger traffic flow is smaller. So the formula
(6) does not include cases where the transit pas-
senger flow has a significant share.

Ternopil

Khmelnyts kyi

Fig. 4. Variants for high-speed
network
with population of cities

Currently, the most developed are extrapolation
methods, involving transfer of the trends observed
in the past into the future. This approach is possi-
ble due to the inertia properties of different proc-
esses.

Transport mobility of the population can be
characterized either by number of trips per capita
per year (mobility factor) or by the average number
of passenger-kilometres per inhabitant per year —
use of passenger transport services by one resident.

Volume of passenger traffic is calculated using
the mobility index that takes into account the fre-
quency of trips per year per inhabitant of the re-
lated area.

Getting of qualitatively new effect in the fore-
casting practice is associated with the use of factor
and correlation analysis. So, to check the relation
of population incomes with mobility index the
work [9] presents the correlation analysis, the re-
sults of which revealed that there is quite close de-

pendence of the mobility index on the value of dis-
posable real incomes of the population.

The authors also believe that the most general-
ized and complete definition of transport mobility
should be considered not the number of trips re-

gardless the travel distance, but passenger-
kilometres per capita, i.e.
kpkm _ Z(pl lz) (7)

mob
N

where ) (p,-1;) — passenger traffic flow of rail-

ways, mln pass.-km.

To compare trends in transport mobility and in-
comes, Fig. 5 and 6 show the results obtained in
[7], and Table 2 and Fig. 7 — calculations per-
formed before the year 2015. Column 5 shows the
population mobility indices, calculated by the for-
mula (7).

One of the most accurate ways to assess the
economic development of the state is considered
gross domestic product (GDP), and for population
the real income is that cited in statistics as nominal
one (reproduced at current prices of this year —
c. 6) and real one (adjusted for inflation — c. 7).

The performed correlation and regression anal-
ysis showed that the correlation coefficient be-
tween them is 7,,,=0.882. The linear regression

equation, which allows calculating the average

standard value of mobility (£?%") on the value of

disposable real income per capita (D), is as fol-
lows:

kP =1046.6 +0.00876 - D, (8)

mob

where the regression coefficient 0.00876 represents
more or less uniform chain growth of mobility in
arithmetic progression. This means that the change
in disposable real income per capita by 1 UAH
increases rail transport mobility by 8.76 pass.-km
per person. The authors of the work [9] believe that
the revealed tendencies (Equation 8) can allow
forecasting the disposable real incomes and mobil-
ity per person. Their forecast for 2015 is as fol-
lows: mobility per capita — 1242 pass.-km, dispos-
able real income per capita — 20.9 thousand UAH.
Comparison with factual data for 2015 showed that
neither the first nor the second index was not con-
firmed: mobility per capita made 835 pass.-km,
and the real income - about 24 thousand
UAH/person.
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Table 2

Calculation of transport (by railways) mobility of the population

Years | Passenger traffic | Total income f | Population size | Population mo- | Nominal income | Real incomes,

flow population, in Ukraine, bility, UAH/ per per- UAH/ per per-

of railways, mln miln UAH people pas.- km / per son son
pass.-km person
2000 51 800 128 736 49 430 1 048 2 631 2180
2001 52700 157 996 48 923 1 088 3261 2 490
2002 50 400 185073 48 457 1040 3855 2938
2003 52200 215672 48 004 1 087 4529 3400
2004 51 800 274 241 47 622 1 088 5800 4 468
2005 52400 381 404 47 281 1108 8127 6332
2006 53 400 472 061 46 930 1135 10 120 71771
2007 53400 623 289 46 646 1145 13 362 10 126
2008 53225 845 641 46 373 1148 18 326 13716
2009 48 327 894 286 46 053 1 049 19 454 14 091
2010 50240 1101 175 45 870 1 095 24 006 17 285
2011 50569 1266 753 45 693 1107 27723 19 683
2012 49 203 1457 864 45 577 1 080 31987 22711
2013 48 876 1548 733 45 483 1075 34 051 23 836
2014 37 065 1516768 43 722 848 34 691 24 284
2015 35913 1 520 000 43 000 835 35349 24 037
10 —13|642x ]26240' ‘ 1 | ; o f [ ' ! /(
g 150 ¢ ‘y_ R? =0.867 —— : § 12.0 iyﬂ:gi;oo‘t;:—rosl[ k}/
- | 1145 1148 2 100 T
£ 1 ; 1108 1 /‘q"
g 7087 1088 g5 80 -
g 1050 =g~ 22 60 s
B8 4000 1040 [ _ oE T4l
2 < 40 e
| = .
55 e%0 24 20 zlz% 2'3—31:
2% o0 | 002 | |
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Years Years
Fig. 5. Transport mobility of the population Fig. 6. Real income of the population
between 2000 and 2008 between 2000 and 2008
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This can be explained by the following (see
Fig. 5 and 7): transport mobility of the population
had been increasing by the year 2008, but has de-
creased in the following years. At the same time,
the dynamic of growth of disposable income of the
population was positive.

In Ukraine, the first step to improve the quality
of transport services was the introduction of rapid
trains (Intersiti+ trains): since May 15, 2012 on the
section Kyiv — Kharkiv, Kyiv — Lviv, Kyiv — Do-
netsk; since November 11, 2012 the high-speed
train was introduced on the section Kyiv — Dni-
propetrovsk, and since May 2013 this route was
extended to Zaporizhzhia; in 2014 the following
high-speed directions were opened: Kyiv — Odesa,
Kyiv — Ternopil, Darnytsia — Truskavets.

- o

et .

——y
112 t+ 79703
= 0.6425

- —_—

2008 2009 2010 2011 miz 2013 2014 2015
Years

i L

Population transport mobility,

pass.-kmiperson

Fig. 7. Transport mobility of the population
between 2008 and 2015

The main purpose of new HSN is to provide
large volumes of passenger traffic between two or
more regional cities and their agglomeration areas
with minimal time loss by passengers. The in-
volvement of large settlements to the chosen direc-
tion of HSN is determined by the amount of pas-
senger traffic and revenues from the operation.

Future HSN concentration areas in Ukraine
[12], including the following cities and economic
and tourist centres:

— Kyiv (capital of Ukraine) and the Kyiv re-
gion, Kyiv has about 2.9 million inhabitants;

— Regions of Kharkiv and Poltava, Ukrainian
cities with about 2.0 million inhabitants;

— Dnipropetrovsk (now Dnipro), Dniprodzerz-
hinsk (now Kamianske), Zaporizhzhia and Kryvyi
Rih — about 3 million inhabitants;

— Donbas, economic activity in large cities
such as Donetsk (about 1 million inhabitants), Lu-
hansk (500 thousand inhabitants), Mariupol (about
500 thousand inhabitants), etc.

Tourist regions — Odesa (over 1 million people)
Mykolaiv (500 thousand people), Kherson (300
thousand people), Sevastopol and Simferopol
(about 700 thousand people).

West Region. Lviv has 730 thousand residents,
while in the region — more than 2.5 million inhabi-
tants.

Zakarpattia region is located on the edge of
Western Ukraine immediately adjacent to 4 coun-
tries: Poland, Slovakia, Hungary and Romania.
Zakarpattia, as of 2015 there are more than 250
resorts of different concepts and sightseeing sites
of tourism and recreation.

Ukraine is among the countries with high popu-
lation density (79 people per 1 km?). This is a fair-
ly high rate, indicating a generally favourable liv-
ing conditions and high level of territory develop-
ment. For comparison, the population density in
Russia per 1 km’® is 8.4 persons, in Republic of
Belarus — 47.9 persons, in Kazakhstan — 5.4 per-
sons.

When performing the forecasting calculations
by directions of international transport corridors
one can use the model of forecasting passenger
traffic needs tried and tested within the framework
of TACIS involving the companies EPV Euro-
projrktVerkehr (Germany) SGTE (England),
HyprotransTOY (Russia), Transmark (England),
Transpolis (Ukraine) [5].

This forecasting model, given the high uncer-
tainty of the general economics and sociological
position of the concentration area, uses statistic
data and opinion of the experts, namely of the In-
ternational Centre for Policy Studies (Soros Foun-
dation).

Based on forecast data, it is estimated that in
Ukraine in 2035 — 2040 about 130 million passen-
gers will use the high-speed network annually.
These traffic volumes correspond to an annual
turnover of 54 billion pass.-km. One of the possi-
ble schemes of HSN development in Ukraine is
shown in Fig. 8.
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Fig. 8. The recommended variant of HSN

Originality and practical value

This work further developed the scientific ap-
proaches to forecasting the passenger traffic vol-
ume in HSN agglomeration area. The HSN feasi-
bility study criteria system was updated; this sys-
tem takes into account passenger transit flows
through Ukraine, the population of the cities cov-
ered by the high-speed network, mobility of popu-
lation and other factors.

The obtained data can be used to justify the
concept of high-speed rail transport development
in Ukraine, to create a high-speed network and to
phase HSN construction.

Conclusions

Based on the analysis of the studies we can
make the following conclusions:

1.To determine the rational routes of high-
speed rail lines based on forecasted passenger traf-
fic volume the widespread use is gained by «grav-
ity» mathematical models based on the assumption
that the strength of the interaction of cities and re-
gions adjacent to the forecasted HSN is propor-
tional to the product of qualitative and quantitative
indices of the regions and inversely proportional to

the distance between the cities. These mathemati-
cal models are widely used in regional analysis,
during the study of expert and import relationships
between regions, but should be adjusted on the ba-
sis of economic development, regional business
activity, population mobility factor, the value of
which may vary considerably depending on the
growth of income, speed, comfort and service pro-
vided by high-speed transport.

2. Economic integration in the European Union
can increase the flow of passengers in the interna-
tional traffic, and the implementation of the Euro-
pean high-speed network expansion program in
Eastern Europe and CIS will allow the railways of
Ukraine to become integrated in the high-speed
network of Europe. The Ukrainian routes of high-
speed rail lines proposed by SYSTRA (France) in
2002 based on forecasted passenger traffic volume
do not take into account the transit flow through
Ukraine and the passenger mobility factor. Thus,
the proposed network topology and HSN construc-
tion phasing require correction.

3.From the analysis of different approaches
and techniques it follows that passenger flow fore-
casting requires development and use of advanced
mathematical techniques, creation of common
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methods of traffic flow forecasting, which will al-
low to prevent unreasonable decisions and shorten
project development period.

4. The studies show that to attract passengers
on the distance of up to 600-800 km the lowest
limit is the maximum speed of 250 km/h, at which

travel time will not exceed 4 hours. Based on the
fact that the average ratio between the route and
the maximum speed is 0.7-0.85, it is necessary
to ensure the maximum speed at the level of
300-350 km/h.
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IMPOTHO3YBAHHS ITACAXKUPCBKUX IEPEBE3EHD
IPU BIPOBA/’KEHHI BUCOKOIIBUAKICHOI'O PYXY NOI3/IIB

Merta. [IporHo3zyBaHHsS NacaXKHPCHKUX TPAHCHOPTHHX IIOTOKIB HAa IIEPCHEKTHBY € HaWBajJIMBIIIOI W He-
BiJI’€MHOIO YaCTHHOIO CKJIaJHOTO IPOIeCYy NMPOEKTYBaHHS BHCOKOMIBHIKICHMX Marictpaneir (BILIM). Hampsimox
BIIIM Ta ii mapaMeTpu BU3HAYAIOTHCS 0OCATaMU NMACAXUPCHKUX MEPEBE3€Hb, IPOTHO30BAHA BEIMUNHA SKUX 3aje-
JKUTH BiJ] EKOHOMIYHMX TTOKa3HMKIB PO3BUTKY KpPAaiHM, a TAKOX BiJ MaTepialbHOrO CTAaHOBHINA T'POMAJISH, SIKi IPO-
JKHUBAIOTH Y 30H1 TsoKiHHSA BILIM, TpaHCTIOPTHOI pyXJIMBOCTI HACEJICHHS, PO3BUTKY KOHKYPYIOUHMX BH/IB TPAHCIIOPTY
Tomo. MeToro maHoi poOOTH € aHaNi3 ICHYIOUHX METO/IiB IPOTHO3YBAaHHS MacaXUPCHKUX MEPEBE3CHbB, OI[iHKA TOXH-
OOK iICHYIOUMX MOJIENEH 100 BU3HAUCHHS 00CATIB IIepeBe3eHb Ta YTOYHEHHS HAyKOBUX IIIXOMIB 10 OOTPYHTYBaH-
HS TOUIJTBHOCTI PO3BUTKY B YKpaiHi BUCOKOIIBUAKICHOTO 3aJi3HUYHOTO TpaHcmopTy. MeToauka. IcHyrodi MeToan
MPOTHO3YBAHHS 3BOJAATHCS JIO TAKMX: METOIU CKCICPTHHUX OLIHOK, METOJIM €KCTPAIOJIALlii, (paKTOPHOTO 1 Kopes-
IIHOTO aHali3y, METOIU MOJIC/IIOBaHHSA. MeToAMKa, BHUKJIAZCHA B JlaHiil poOO0Ti, 0a3yeThCs HAa TaKUX HAYKOBUX
MixoJax, SK: aHaji3 — BceOIUHE 1 JIETaabHEe BUBYCHHS PI3HHUX ACIICKTIB BIJOMHUX METOMIB IMPOTHO3YBAHHS; MOPIB-
HSTHHSI ICHYIOYHX METOJIB JJIsl BCTAHOBJICHHS BiIMIHHOCTI Ta MOMIOHOCTI; @ TAKOX Ha JCAYKIlii — BHKOPHCTaHHI 3a-
rajJbHUX 3HAHB JJIsI OTPUMaHHS HOBHX NMPUBATHUX. Tak, y3arajJbHeHI MOKa3HUKH, BCTAHOBJICHI JUI KpaiHH B IIJIOMY,
Taki SK BaJIOBUH BHYTPILIHIM MPOIYKT, HAIOHATHHUN HOXIJl, 3arajbHA YHACENBbHICTh HACCIICHHS Ta iH. HE MOXKYTh
OyTH BUKOpHCTaHI JJIsl TIPOTHO3YBaHHS MAacaXUPOMOTOKY Ha KOHKPETHHX HampsMkax OyamiBaunrea BIIIM. Otxe,
BiJl 3araJIbHOTO MPOTHO3Y HEOOXIHO IMEPEXOAUTH O MPOTHO3YBAHHS OOCATIB IepeBE3eHh HA KOHKPETHOMY Harps-
MKy. Pe3yjbTaTu. 3po0ieHi BHCHOBKH BUIUIMBAIOTH 13 aHANI3y PI3HUX MiIXOIB Ta METOAWK MPOTHO3YBaHHSA I1aca-
KHUPOIIOTOKIB. 3alpOIIOHOBAHO CTBOPIOBATH THIIOBI METOIWMKH HPOTHO3YBAaHHS TPAaHCIOPTHUX MOTOKIB HAa OCHOBI
Cy4aCHHX MAaTeMAaTHYHHUX METOJIB, IO AACTh MOXJINBICTh MONEPEANTH HEOOTPYHTOBAHI PIllICHHS W CKOPOTHUTH Tep-
MiHH po3poOKu mpoekTiB. OTpuMaHi B poOOTi peKoMeH/alii CIPUATUMYTh €()EeKTUBHOCTI IPOESKTHHUX PIllIeHb, BH-
3HA4YaTHUMYTh SKICTh IPOEKTY B I[IOMY Ta JOLUIBHICTH Horo peaiizauii 3okpema. HaykoBa HoBu3na. HaOymnu mo-
JTAJIBIIIOTO PO3BUTKY HAYKOBI MiIXOAM J0 MPOTHO3YBaHHS OOCSTIB MAaCaKUPChKUX MMEPEBE3CHb Y 30HI arjioMepalii,
mo 1soxie 1o BIIIM. JloroBHeHa crcTemMa KpUTEPIiB OLIHKK JOUUIBHOCTI copymkenHs BIIIM, sika BpaxoBye TpaH-
3WUTHI MIOTOKH MACAXXHPIB Yepe3 TEPUTOPi0 YKpaiHH, YHCENBHICTh HACEICHHS B MICTaX, OXOIUICHUX BHCOKOILIBHU/IKI-
CHOIO MeperKero, MOOUTBHICTh HacesieHHs Ta iH. ¢akropu. [IpakTnyna 3HaunMicTh. OTpUMaHi aBTOpamMHy JjaHi Mo-
JKyTh OYTH BHKOPHCTaHI [T OOTpYHTYBaHHS KOHIICTIIIIi PO3BUTKY BHCOKOIIBUAKICHOTO 3alli3HHYHOTO TPAHCIIOPTY B
VYkpaini, hopMyBaHHSI MepeKi BUCOKOIIBUAKICHAX MaricTpalieil Ta BCTAHOBIICHHS eTariB OyaiBHuITBAa BIIIM.

Kniouosi cnosa: BHUCOKOIIBHIKICHUM pyX TOI3/iB; BHCOKOIIBHJKICHI Marictpani; oOCSIr mHacaXHpChbKUX
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IMPOTHO3NUPOBAHUE NACCAKUPCKUX ITEPEBO3OK ITIPU
BHEAPEHHUHU BBICOKOCKOPOCTHOI'O ABMKXEHMUS ITOE310B

Heab. IIporHo3upoBaHHE NACCAKUPCKUX TPAHCIOPTHBIX IOTOKOB HAa MEPCHEKTHUBY €CTh BaKHEHWIIEH H
HEOTBEMJIEMOH YacThIO CKJIaBIBAIOIIETOCS TpOIiecca MPOSKTHPOBAHUS BBICOKOCKOPOCTHBIX MarucTpaneii (BCM).
Hanpasnenne BCM u ee mapamerpbl ONpeAeNsOTCS OOBEMaMH IACCAKUPCKUX IEPEBO30K, MPOTHO3UpPYyeMast
BEJIMYMHA KOTOPBIX 3aBHCHUT OT DKOHOMHMYECKHMX IIOKa3aTeNed DPa3sBUTUS CTPaHbl, a TAKKe OT MAaTE€PHAIbHOTO
MOJIOKEHHS TPa’kAaH, KOTOPbIE MPOXKHBAIOT B 30HE TAroTeHHss BCM, TpaHCHOPTHOH NMOJBMXHOCTH HAceNeHHS,
pa3BUTHs KOHKYPHPYIOIIUX BHIOB TpaHCHOpTa u T.1. Llenpro HaHHOW pabOThI SIBJISACTCS aHAIU3 CYIICCTBYIOIIMX
METOJIOB IIPOTHO3MPOBAHMSA IAaCCaXMPCKUX MEPEBO30K, OLEHKAa IOrPEHIHOCTEH CYyLIECTBYIOMIUX MoOAeeH
OTHOCHUTENIFHO ~OIpelelieHHsT O0OBbEMOB TIEPEBO30K ¥ YTOYHEHHE HAYYHBIX TMOJXOJOB K OOOCHOBaHHUIO
1eNIeco00pa3sHOCTH Pa3BUTHA B YKpaWHE BBICOKOCKOPOCTHOTO JKEJIE3HOJOPOKHOTO TpaHcmopra. MeTtoamka.
CyIecTByIoIe METOAbl INPOTHO3HPOBAHUS CBOAATCS K TaKUM: METOAbl OSKCHEPTHBIX OLIEHOK, METOMAbI
SKCTPAIOJSIINY, (PAKTOPHOTO M KOPPEISILIMOHHOTO aHajli3a, METO/Ibl MOJCIUPOBaHUs. MeToanKa, 3JI0KEeHHas B
JaHHOW paboTe, Oa3upyeTcs Ha TAKUX HAYYHBIX MOAXOZAX, KaK: aHaIN3 — BCECTOPOHHEE M JCTAIBHOE M3yUCHHE
Pa3HBIX aCMEKTOB U3BECTHBIX METOJOB IMPOTHO3MPOBAHUS; CPABHEHHE CYIIECTBYIOIUX METOJOB JUIsl YCTAHOBJICHUS
OTJIMYMSA M CXOJICTBA; @ TAK)KE Ha ACAYKIMU — HCIOIb30BaHNH OOIIMX 3HAHWH JUIS TIOJTyYCHUS! HOBBIX YAaCTHBIX. Tak,
0000IIICHHBIE TTOKA3aTeN!, YCTAHOBJICHHbIE JJIs1 CTPAHBbI B II€JI0M, TAKHE KaK BAJIOBOM BHYTPEHHUH MPOAYKT, HALINO-
HaJIbHBIM J10XOJ, 00I11asi YMCIEHHOCTh HACETICHUS U AP. HE MOTYT OBITh MCIOIB30BAHBI Ul IPOTHO3UPOBAHNUS Mac-
Ca)XUPOIIOTOKA Ha KOHKPETHBIX HampaBieHusx crpourenbctBa BCM. Takum o0Opazom, OoT 00miero mporxHosa
HEOOXOZMMO TEePEXOUTh K MPOTHO3UPOBAHUIO 00BEMOB IEPEBO30K HA KOHKPETHOM HampaBiieHUU. Pe3yabTaThl.
CJIGJ'IS.HHI)IE BBIBO/IbI BBITCKAIOT U3 aHAJIM3a pa3HbIX MOAXOAOB U METOAUK IMPOTrHO3MPOBAHUA MACCAKUPOIIOTOKOB.
IIpennoxxeHo co3naBaTh TUINOBYI0 METOAUKY MPOTHO3MPOBAHMS TPAHCHOPTHHIX NOTOKOB HA OCHOBE COBPEMEHHBIX
MaTeMaTHYeCKUX METO/0B, KOTOpas JAacT BO3MOXKHOCTH IPEIyNpeJuTh HEOOOCHOBAHHBIE PEUICHUS U COKPATHTh
CpOKH pa3paboTKH MmpoekToB. [loyueHHble B paboTe peKoMeHAaIK Oy/IyT OKa3bIBaTh coneicTBre 3P deKTHBHOCTH
MIPOEKTHBIX PEIICHUH, ONpeAeNATh KAUeCTBO MIPOEKTA B IIEIOM U IEIIECO00PAa3HOCTh €ro pealn3alii B YaCTHOCTH.
Hayuynasi HoBum3Ha. [IpmoOpenm nanpHeiliiee pa3BUTHE HAy4YHbIE IOIXOABI K MPOTHO3UPOBAHHIO OOBEMOB
MacCaXUPCKUX TIEPEBO30K B 30HE arjioMepanuy, koropas tsaroreer kK BCM. JlomonHeHa cuctemMa KpUTEpHEB OLIEHKH
nenecoobpasHoctu coopyxeHuss BCM, KoTopast y4uTBIBaCT TPAH3UTHBIC MOTOKH MACCAXHUPOB YEPE3 TEPPUTOPHUIO
VYKpauHbl, YUCICHHOCTh HACEJICHHUS B TOPO/IaX, OXBAYEHHbBIX BBICOKOCKOPOCTHOM CEThIO, MOOMIIBHOCTD HACENICHHS U
np. daxropsl. [IpakTuyeckasi 3HaUMMoOCTb. [lomydeHHbIE HaHHBIE MOTYT OBITH HMCIIOJIB30BAHBI AJIsI 00OCHOBaHMS
KOHLICMIIMK Pa3BUTUSI BBICOKOCKOPOCTHOT'O JKEJIE3HOAOPOXKHOTO TPaHCIOpTa B YKpaumHe, (OPMHUPOBAHUS CETH
BBICOKOCKOPOCTHBIX MarucTpaieil 1 ycTaHOBJICHHUS 3TaNoB cTpouTenscTsa BCM.

Kniouegvie cnosa: BBICOKOCKOPOCTHOE JBHDKEHHE IIO€310B; BBICOKOCKOPOCTHBIE MarucTpaiu; o00beM
MACCAXUPCKUX TEPEBO30K; MACCAKUPOOOOPOT; METO Il POTHO3UPOBAHUS; SIKOHOMUYECKast 3P PEKTUBHOCTh
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ITPOBJIEMBI BBISABJIEHUA IIVIAI'MATA 1 AHAJIN3
NHCTPYMEHTAJIBHOI'O NTIPOI'PAMMHOI'O OBECIIEYEHUSA
JJIA UX PEHHEHU A

Heab. [lanHOe Mccaeq0BaHKE HANIPABIICHO Ha: 1) OMpe/ielieHne MOHATHS «IUIarnaTa» B TeKcTax Ha (opMalbHbIX
M E€CTECTBEHHBIX SI3bIKaX, MOCTPOSHHE TAKCOHOMHHM IUIAaruara; 2) BbISBICHHE OCHOBHBIX IMPOOJIeM OOHapyKeHUs
Iularvara rnpH MCHOJIb30BaHUM aBTOMATH3MPOBAHHBIX CPE/ICTB MX PELICHUs]; 3) aHAIM3 U CUCTEMaTU3alnI0 HHPOP-
MaIliH, TOJYYCHHOW B X07e 0030pa, TECTUPOBAHUSA U aHaIHM3a PabOThI CYIIECCTBYIOIIMX CHCTEM OOHApY)KCHUS 3a-
uMcTBOBaHMi. MeTomauka. /[y BbIABICHUS TPEOOBAaHUM K MPOrPAMMHOMY OOECIICYCHHUIO MO OOHAPYIKCHHUIO ILa-
ruara IpUMEHSIOTCS METO/bl aHaIn3a HOPMATHBHOW JIOKYMEHTALUM (3aKOHOJAATEIbHOW 0a3bl) M KOHKYPEHTHOTO
nHCTpyMeHTapus. sl npoBepkH TpeOOBaHUN HMCIOJIB3YIOTCS METO/IBI TECTHPOBaHUs U 0030pa unrepgeiicos GUI.
PesyabTaTnl. B pabore paccMOTpeHO MOHSTHE «IIIarvaTa», BOIIPOCHI €ro pacHpoCTpaHeHHs M Kiacch]uKaimu.
BeinonHeH 0030p CYIIECTBYIOIIUX CHCTEM BBISBICHHS IUIarHaTa: HACTOJBHBIX MPUIOKEHUN M OHJIANH-PECYpCOB.
Boienenbl ux (pyHKIHOHATBHBIX XapaKTEPUCTUKH, OMPEAeIeHbl (popMaThl BXOJHBIX U BBIXOJHBIX JaHHBIX H Orpa-
HUYCHUS HA HUX, OCOOCHHOCTH HACTPOWKH M IOCTyra. BhimonHeHa aeTanu3aius TpeOOBaHUN K PaCCMOTPEHHBIM
cucremam. Hay4yHasi HOBH3HA. ABTOpaMH HPEIUIOKEHO JIOMOJHEHHE K CYIICCTBYIOIIUM HEPapXUUECKUM CXeMam
TAKCOHOMHHM IUIarMara. BBIMONHEH aHaiM3 CYIIECTBYIOMIMX CHCTEM C TOYKM 3peHust (YHKIMOHAJIBHOCTH
Y BO3MOXKHOCTH HCIIONIb30BaHUs ISl OONbINX 00beMoB faHHbIX. [IpakTHYeckas 3HaunMocThb. [IpakTuieckas 3Ha-
YUMOCTb OIPEIEISeTCs] IUPOTON MPOOJIEMBI TUIaruaTa B pa3inyHblX chepax. B YkpauHe pasBuBaercsi 3aKoHO/a-
TesibHast 6a3a it OOpHObI C IMJIArHaToM, YTO TpeOyeT akTHBHOTO PElLIeHHs 3a/a4u pa3padOTKH, COBEPLICHCTBOBAHUS
M BHEJIPCHHUSI COOTBETCTBYIOIIEro nporpamMmmuoro obecneuenus (I10). lanHas pabota ClocOOCTBYET PEIICHHUIO YKa-
3aHHBIX 3a1ad. O030p CyIIECTBYIONIMX MPOTrpaMM-aHTHUILIATHATOB, a TaKXKe M3y4YeHHE M HCCIIeIOBaHHE ONbITa B
9TOH 00J1aCTH, YTOUHEHNE MOHITHS «IJIaruaTa», CTPaTeTHH €ro BBISIBICHHUS MO3BOJISIET OoJiee MOJTHO chOpMYITHpO-
BaTh TPeOOBaHUs K (PYHKIHOHAIBHBIM XapaKTEPUCTHKAaM, BXOJHBIM M BBIXOJHBIM JaHHBIM paspabarsiBacmoro 110,
a TaKkXkKe BbIABUTH 0COOEHHOCTH paboThl 1og00HOro I10. B cTarhe cenan akieHT Ha OCOOCHHOCTH PEIICHUS 3a/1a4u
BBISIBJICHUSI 3aMMCTBOBaHHI B aKaJIeMHUYECKOU cperie.

Kniouesvle cnoga: mnaruat;, TakKCOHOMHUS TJIArHAaTa; 3aMMCTBOBaHHE ()PArMEHTOB; CHCTEMbI OOHAPYKEHHS TL1a-
ruara
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BBenenune

VHTEHCUBHOCTh pa3BUTHS BCeX oTpacieil o0-
IIECTBEHHOT'O MPOU3BOJCTBA, a TaKXKe CPEACTB MX
MH(OPMALTMOHHON MONIEPIKKHU NPUBOIAT K PE3KO-
My pOCTy 00BEMOB HH(GOPMAIMH, B TOM YHCIIC
MPEICTABICHHON B TEKCTOBOM BHae. OmHOW u3
3agay 00pabOTKH TEKCTOB SIBJISETCS UX CHHTAKCHU-
YEeCKOEe U CEMaHTUYECKOE CPAaBHEHME C LIEINIBIO BbI-
SIBIIEHUS] 3aMMCTBOBaHUH.

Pemienuto  naHHOW mpoOJieMBI  MOCBALICHO
MHOXECTBO paboT B NMPaBOi M aKaIeMUYECKOH OT-
pacisx [4, 20, 24], a Takxke B chepe uHpopMaIm-
OHHBIX TeXHOJOTHH [3, 15, 22].

[Ipobnema BBISBIEHUS IUIarHaTa yCJIOXHEHA
MHOXECTBOM BAapUAaHTOB OIPENENCHUS IOHATHS
IUIarpaTta B pa3HbIX KOHTekcrax. «llmarmar — akr
B3STHUS PYKOIIMCEH IPYroro 4eaoBeKa U BbIAAYH UX
KaKk CBOM COOCTBEHHBbIE. MOILICHHUYECTBO TECHO
CBA3aHHOE C TOJIETIKOM M MUPATCTBOM Ha MpPaKTH-
Ke, KaKk MpaBWiIo, B HapylIeHHE 3aKoHa 00 aBTOp-
ckux mnpasax» [14]. CornacHo 3akoHY YKpauHBbI
«IIpo aBTOpPCHKE TIPaBO Ta CYMiKHI IIpaBay pelak-
min ot 13.01.16 «mnariaT — ONPHIIOAHEHHS
(omyOuiKyBaHHS), TIOBHICTIO a00 YacTKOBO, YYKO-
ro TBOPY Mia iMEHEM 0cOoOH, SKa HE € aBTOPOM
BOTO TBOpPY...». Ha ceromus cymiectByeT psn
00BEKTOB, OXpaHIEMbIX aBTOPCKUM IPaBOM: JIHTE-
patypHble IPOU3BEICHUS PA3INYHOrO >KaHpa, BbI-
CTYIIJICHUS, JIEKIIUH, TPOU3BEACHUS HMCKYCCTBa,
MIPOM3BOAHBIE TPOU3BEACHUSA, a TaKXKe «Ipyrue
npousBeneHus» [11, 13], onpenenensl HeoxpaHse-
Mble 00BekTHl [9]. CremeHb NPONU3BOTHOCTH
U crneuuduKa NPOU3BEACHUS Tpedyer 0coboro
BHUMAaHUSI U TOAXOJOB AJISI PELICHUS 3aJaqd OIl-
penesneHuM Iularuata. B HacTosimee Bpems moiy-
YaeT Bce OONBIIYIO MPAKTUKY pEIIeHne 3TOU 3a/a-
gy ¢ nomoubio IT-TexHonmoruid, chokycupoBaH-
HBIX Ha BBIABJICHUE MPEXIE BCEro TEKCTOBBIX 3a-
MMCTBOBAaHHMH,  KOTOpBIE  HMEIOT  IIHPOKOE
pacmpoctpaneHue B cdepe Hayku, oOpa3oBaHHHU,
npoecCHOHAIBHON  ESITENbHOCTH, OCOOCHHO
B CMU [10]. B Takux ciaydasx mpuUMEHSETCS Tep-
MUH «u1argat». B manHoi pabore MOHATHE «ILUIa-
THaT» HCIIONB3yeTcsl B Oosee MIMPOKUX CEMaHTH-
YECKMX Ipefenax, 4YeM paMKd HOPMAaTHBHO-
3aKOHOJATENIbHOM 0asbl, YTO SBIAETCS TPaIHIIU-
OHHBIM i1 cepbl pa3paboTKH NPOrPaMMHOTO
obecnieuenus. Ilox mmarnatom OyneM MOHMMATb
HaJIM4ue B TEKCTOBBIX M MHBIX JOKyMEHTax (par-
MEHTOB, 3aMMCTBOBAHHBIX C Pa3JIMYHBIX UCTOYHH-

KOB 0€3 yKazaHWs WX aBTOpa W/WIH C HapyIIeHHU-
MU IIpaBUJI HUTUPOBAHMA.

Cy1iecTByIOT pa3Hble MOAXOMBI JUIS €ro KIac-
cu(pUKalUU: 10 TEXHUYECKUM CPEIICTBAM MAaCKH-
POBKH, TI0O 00BEMY, CTEIIEHH MacKUpoOBKH [21, 23],
cthepe ucnonmpzoBanums [10].

OnHOM U3 aKTyaJbHBIX MPOOJIEM SBISIETCS YCT-
paHeHWEe TIOCNIENCTBHM MACKHPOBKHM IUTarmara.
B cBsa3u ¢ atum BBIJACISOT TAKUE TUIIBI IJIarvarta
[23]: AOCTIOBHBIN; CKPBITHIA IUTATHAT C MOMOIIBIO
nepedpa3upoBaHus; CKPHITHIA IUIarHaT C IOMO-
b0 TEXHUYCCKUX TPIOKOB, HCIIOJIB3YIOIINUX HE-
JIOCTaTKU CYIIECTBYIOIIMX CUCTEM aHTHUILIATHATA,
YMBIIIUIGHHOE HETOYHOE KCIIOJIb30BaHUE CCHUIOK;
<OKeCTKMM Tularuat» — THUIN Iularuara, KOTOPBIH
0COOEHHO TSKEJIO BEISBIISTS.

Hns cryneHdecknx pabOT XapaKTepHBI TakKue
BHIHI TUTaruara [ 14]:

— TEKCTYAJIbHBIC IJIaruaThl: 3TOT THUII IIarvuarta
0OBIYHO JIeNIaeTCs CTYJACHTAaMH WM HCCIIeI0BaTe-
JSIMU B HayYHBIX YUPEXKICHUSX, TNI€ TOKYMEHTHI
SIBJISTIOTCSL  MACHTHYHBIMH WJIM THUITHYHBIME IS
MCXOJHBIX JIOKYMEHTOB, JIOKJIAJIOB, 3CCE€ HAayYHBIX
paboT u Au3aifHEPCKOTO HCKYCCTBA,

— IUTardaT HWCXOIHOTO KOJa KOMITBIOTEPHBIX
mporpamMm: TAaKXXC  HCIIOJIB3YETCA CTYACHTaMU
B YHUBEPCUTETAX, TJ€ CTYJCHTHI MBITAIOTCS CIATh
KOITHIO TTOJTHOTO MJIM YacTel MCXOTHOTO KOona, Ha-
MUCAaHHOT'O KEM-TO IPYTUM, Kak CBOH COOCTBEH-
HBIN.

Takum 00pa3oM, ompeneseHrue TOHSATHS ILIa-
ruata HEOJHO3HAYHO, UMEET MHOTO (HOpPMYIHpPO-
BOK M BKJIIFOYAaCT MHOXXECTBO PA3JIMYHBIX ACIICKTOB.

Hean

OCHOBHOU TIENBI0 JTaHHOW pPabOTHI SABISACTCS
IMOCTPOCHUE TAaKCOHOMHWHU BHUIOB IlJlarvara, BbISAB-
JICHWE OCHOBHBIX NPOOJIEeM B 3ajauax OOHapyxe-
HUSl TUTarMaTa W HCIIONIb30BaHUM aBTOMAaTHU3HPO-
BAaHHBIX CPEACTB IJId UX PCHICHUA, a TAKXKC aHaIu3
U CHCTEMAaTHU3WpOBaHUE HH(OpPMANUU, MONTYyYCH-
HOW B Xofe 0030pa, TECTUPOBAHUS U aHAIHM3a pa-
OOTHI CYIIECTBYIONINX CHCTEM OOHApYXCHHUS 3a-
HMMCTBOBaHHM.

MeTtoauka

Jlns BIABIICHHS TpeOOBaHUN K MPOTPAMMHOMY
00eCIeUeHUI0 TI0 BBISABJICHHUIO IjlardaTa MpHMe-
HSFOTCS METOJIbI aHAJIM3a HOPMATHUBHOM JIOKYMEH-
Tanuu (3aKOHOJATEeNhbHON 0a3bl) M KOHKYPEHTHBIX
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MPOAYKTOB, a TaKK€ METOJ aHalIu3a M YEPHOTO
suuka. s npoBepky TpeOOBaHUM HCTIONB3YIOTCS
MeToAbl TecTupoBanus 1 063opa GUIL.

PesyabTatsl

B pabote paccMoTpeHO MOHSATHE TUTaruara, Bo-
MPOCHI €r0 PaCIpPOCTPAHEHUS M KiacCH(HKAIHU.
BremonHen 0030p CyIIECTBYIOIIUX CHCTEM BBISB-
JIEHWsI TUIarMaTa: HACTOJBHBIX NMPHIOKEHUH W OH-
JaitH-pecypcoB. BhiienaeHbl uX (QyHKIMOHAIbHBIC
XapaKTePUCTUKH, OIPEIEICHbI (OPMAThI BXOIHBIX
Y BBIXO/IHBIX JJAaHHBIX M OTPaHUYEHUS HA HUX, OCO-
OCHHOCTHM HACTpOIKU. BbimonHeHa AeTanu3aius
TpeOOBaHMIA K PACCMOTPEHHBIM CHCTEMaM.

Taxconomusa nraeuama. TakCOHOMUS TIaruara
MPENONAaraT BBIICICHUS Pa3IMYHBIX €r0 YpOB-
Hell mo Tumy (BUAy Marepuana, puc. 1), cIoxHO-
CTH U MYTSAM ero peanuzanud. Kaxaeii Tum padot
(cTymeHdeckas, WCCIIEMIOBATEIBCKAs) MOXKET CO-
Jiep>KaTh 3aMMCTBOBAHUS TaKHe, KaK IUTAThI Tep-
BOMCTOYHUKA, CCBUIKM Ha PE3yJIbTaThl JKCIEPHU-
MeHTOB W anpoOaruii. [lpaBunsHOE odopmireHne
MOOOHBIX BCTABOK SBIISIETCS HOPMAIBHOW TIpak-
TUKOH B Hay4dHO-OOpa3oBarenbHOW cdepe, Ipe-
HeOpekKeHNnEe HUMH — IJIaruaToM.

Inaeuam

QuUHaMUYecKoe
.’.“)’(}'5}){.‘.)!(‘6!:‘ e

gloeo

Puc. 1. ®opMbl IIpeicTaBICHUS MATEPUAIIOB,
MOABEPracMbiX 3aMMCTBOBAHUIO

| mexkcm |

|({1'OHO ”f.r;eoépa.u('em:e |

Fig. 1. The forms of presentation materials subjected
to borrow

YMBIIUICHHOE HETOYHOE HCIOJIb30BAHHE CChI-
JIOK SIBJISIETCSl OJTHUM W3 CIIOCOOOB, MTPHMEHSIEMBIX
TP BBHITIONIHEHUH YYeOHbIX 3amaHuil. CTyAeHTHI
MOTYT HCIIOJIb30BaTh HEMPABUJIBHBIC W HETOUHBIC
IIUTATBI, IPOSBIISISE HECIOCOOHOCTh OIPECITUTD ITH-
THPYEMBIH TEKCT ¢ HEOOXOIUMOU TOYHOCTHIO. Me-
TOJBI TAKOT'O TUIIA TUTarMaTa BKIIIOUYaloT B ceOs [23]:

— ofecrieueHre MOANEIBHON CCBUIKH, TO €CTh
BBIyMaHHOH CCBHUIKH, KOTOPOH HE CYIIECTBYIOT,
M, CIEJOBaTeIbHO, HEBO3MOXXHO IIHTHPOBAThH
Y TEKCT CCBUIKU TOYHO;

— TPEJOCTaBJICHUE IIOKHBIX CCBUIOK: CCBIIKA
CYIIECTBYET, HO MaTepuai Mo Hel He COOTBETCT-
BYET IIPUBEIEHHOMY B paboTe;

— HCIIOJIb30BAHUE «3a0BITHIX» WM aHHYJIHPO-
BAHHBIX CCBIJIOK HA UCTOYHUKU: IIO6aBJ]eHI/Ie ourar
WIH CKOOOK, HO HempejacTaBleHHe HWH(OpMaruu
O CCBUIKE Ha UCTOYHHUKH.

Ilmaruar MoKeT OBITH ITOJHBIM M YaCTHYHBIM
B 3aBHCHUMOCTH OT HpO]_[eHTa 3aUMCTBOBAHHBIX
¢parmenToB. Knaccudukanus miaruara mpes-
craBjeHa B Ta0i. 1.

Tabnuna 1
XapakTepucTuka njaruara
Table 1

Characteristics of plagiarism

ITpuznak 3HayeHue
O0bem [MonHbrit
YacTuyHbIi
Konugecto Onun IIpocroi miaruar
HUCTOYHUKOB
Msoro CroxHBIH Maruat
CTpyKTypHBIit 00630p
HUCTOYHUK
IlocranoBka 3anauu
OcHOBHas 4acTb
ITpumepst
BriBozb! (pe3yabTaThl)
HemnpepoiBrocts | CrutomHoi
®parMeHTapHbIN

Crenenp BaxHo- | HackonmbKoO 3aMMCTBOBaHHBIN
CTH (hparMeHT BakKeH IS TaHHOTO
JIOKyMEHTa (TeKCTa)

Hamnune n3me-
HEHHI

OTCYTCTBYIOT

Hcrmonp3oBaHbl «MaCKHUpPOBOY-
HBIC TPIOKI

IlepeBon Ha Apyroii SA3bIK

IlepecranoBka ¢pa3 u/unu apy-
rux pparMeHToB

ITonHbBIN TUIarHAT MOXKET OBITH KIIACCUMUITUPO-
BaH Kak MpocToi u cinoxueid. K mepBomy Tumy
MOKHO OTHECTH TMOJyYeHHE TICEBJI0 OPUTHHAIBHO-
ro TEKCTa Ha OCHOBE OJHOTO JOKYMEHTa: MaHUITY-
JAUMA C TaKUM JOKYMEHTOM MHHHUMAJbHBI
1 He TPeOYIOT CI0KHOTO MHTEIUIEKTYaIbHOTO TPY-
Jla, ¥ OTYACTH MOTYT OBITh PEaTM30BaHbI 110 CPe-
CTBaM OHJIAITH-CEPBHUCOB MM KOMITBIOTEPHEIX TIPO-
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rpamM. CIIOKHBIN IIIarWaTr, XapakTePHU3yIONTHICS
HaJIMYUEM HECKOJILKUX HMCTOYHUKOB, IpEArojiara-
et Ooee CIOXKHYIO paboTy, CBA3aHHYIO HE TOJIBKO
C TIOMCKOM MaTepHalioB, HO M TpeOyeT MOHNMaHue
MPEIMETHON 00JIACTH HCXOTHBIX TEKCTOB.

MackupoBaHue 1iaruara, Wil Tak 3BaHbId Ja-
TEHTHBIN IUTaruar, sSBISETCS aKTyaJlbHBIM BOIIPO-
COM HE TOJIbKO B cepe oOpazoBaHms, HO W HH-
(OpPMALIMOHHBIX TEXHOJIOTHH, TaKk Kak psii Mpo-
rpaMM, HalpaBJICHHBIX HA BBISBICHHS 3aUMCTBO-
BaHWH, HE WMEIOT CTOMPOIEHTHON 3amuThl OT
naHHOW mpoOiemsl. [lapannensHo ¢ mporpamma-
MU-aHTUIUIaTHaTaMU pa3pabaThiBalOTCS aHTHUILIA-
THATHI-KWJUIEPBI, HAIIPaBJIICHHbIE HA COKPBHITHA 3a-
MMCTBOBAaHHH B aBTOMaTHIECKOM PEXKHME.

K npremaM MacKUpOBKH MOYKHO OTHECTH:

— HCIOJB30BaHNE CUMBOJIOB C Pa3HOM KOAWPOB-
Ko#t [23]: 3aMeHa KUPHIDIMYECKUX CHMBOJIOB ITOXO-
JKUMHU 110 HAITMCAHUIO JJATUHCKUMH CHMBOJIaMU,

— BCTaBKa B TEKCT HEMEUYaTHBIX CHMBOJIOB,
B TOM 4YHCIE M00aBJICHHE MOCIEeN0BaTENFHOCTEH
13 IBYX | 0oJiee poOeIioB;

— nomyueHus — opgorpaduueckux
C OIpEeNIeIIeHHON BEPOATHOCTEIO;

— WU3MEHEHHE perucTpa (M3MEHEHHE OOJBIIHIX
OyKB Ha MaJyble 1 HA00OPOT);

— 1o0aBieHUE MyCTHIX a03alleB U 3aMEHA CHM-
BoJIa ab3ara Ha CHMBOJI pa3pbiBa CTPOKH;

— 3aMEHA COKpAllleHWH eAVHUI] U3MEPEHMs Ha
WX IOJIHBIC Ha3BaHUs ¥ HA00OPOT;

— 3aMeHa nudp WX HAUMEHOBAaHHEM IPOIIU-
CBIO.

HpI/I OIICHKE TCKCTa Ha IliarumatT MOXXHO BbIJC-
JUTh Takue 3agadu (Tabil. 2): ompejiereHue THIa
JIOKYMEHTa TI0 S3BIKYy; OIpelNeNieHHe YpOBHSA, Ha
KOTOpOM OyJIeT BECTUCh IIOMCK 3aUMCTBOBAHUM;
OTIpeIeIICHHSI JICKCHYSCKUX KOHCTPYKIIUH, HA YPOB-
HE KOTOPBIX OyJeT BECTHCH IMOWCK 3aUMCTBOBAHUM;
MpOBEpKa Ha YHUKAJIBHOCTD; aHAIN3 PE3yJIbTaTOB.

TekcT MOXeT ObITh HAITUCAaH Ha €CTECTBCHHOM
S3bIKe WM (POPMATTM30BAaHHOM, a TaKXKe COJIep-
*aTh (pparMeHTsI 000X THMOB (Tabmd. 3). [IpoBep-
Ka TEKCTOB Ha €CTECTBEHHOM SI3bIKE TPEAIOaraet
y4eT TaKuX ero ocoOeHHOCTeH:

— HECTPOTHH MOPSAIOK CIIOB B MPEIOKECHHM;

— HaJIMYHUC MHOI'O3HA4YHBIX CJIOB, CHHOHHMOB,
OMOHUMOB;

— M3MEHEHHS TOPs/IKa CIOB MOXET MPUBOJINUTH
K N3MEHEHUIO CMBICIIa BEICKa3bIBAHUH;

— JBOJIIOIMS S3bIKA.

OIINOO0K

Tabnuna 2
JTanbl 00HApYKeHH IIaruaTa

Table 2
Stages of plagiarism detection

Oran OCHOBHBIE XapaKTEPUCTUKH

OmnpeneneHne THIA
JIOKyMEHTa

ESl, popmanbHEIA S3BIK,
cMmech (Tubpu)

CHHTaKCHYECKHH, CEMaHTH-
YEeCKHA, THOPUTHBINA

OmnpeneneHne ypoBHS

CnoBa, CJIOBOCOYETAHHS,
npeanoxenus (ppassl, ad-
3al1bl)

Ornpenenenue mac-
mrada

IIpoBepka Ha yHU-
KaJIbHOCTb

O0beM, IUTHPOBaHKE, TIEpe-
ceueHue GparMeHToB,
CTPYKTYPHBIH HCTOYHHK,
Ba)XHOCTH (hparMeHra

AHanu3 pe3yiIbTaToB

Tabnuma 3

Tunsl 10KYyMeHTOB
Table 3
Document Types

JloKkyMeHTBI IIpumepsr

W3 nanus CMU

EcTecTBEeHHOS3BIKOBEIC

Xya. nut-pa

DopMalIbHOA3BIKOBbIE Mar. BBIKIAJIKU
IIporpamMmsbl
UML-mopenu

npouee

CMelranHeIe JOKYMCH-
ThI

TexHuueckast TuTepaTypa
[Toco6ust, MoHOTpaduu
Huccepranuu

UepTexku U KOHCTPYKTOP-
CKasi JOKyMEHTaIHs

YueOHbIe paboTHI

Hoxymenrarus k [10

OO0muMu poOIeMaMu SBISFOTCS:

— ONpeJieJIecHue «TPaHWI» UIAOMATHYSCKHX
CJIVIHHIL;

— M3MEHEHHS 3HAKOB MPEMUHAHHUS MOXET MPH-
BOJUTH K M3MEHEHWI0 cMmbicia (pasbl («Ka3HHUTH
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HEJb3s TIOMUIIOBATHY ).

Psn si3p1k0B, o00HBIX uml [25], umerot rpa-
(UUecKyl0 MHTEpIIPETalMio B BHIEC I'€OMETpHYE-
CKUX (QUTYp; pacro3HaHHUS CUMBOJIOB B (OopMyrax
TaKkKe SIBIBICTCS MpoOJieMoli (YacTUYHO OHA 00y-
CIIOBJICHA pa3muyusiMd (HOPMATOB PEAAKTOPOB
dhopmyn).

AHanmu3 pe3ynbTaTOB MOXET OBITh BBINOJIHEH
M0 HECKOJBKUM KpHTepusiM (Tabn. 2), ucxons w3
xapaktepucTuk riuaruata (tadm 1). [lo oObemy
TUTaruaT MOXeT OBITh €IWHUM, IeIbIM (parMeH-
TOM, @ MOKET OBITh BHIOOPOYHBIMH (OTIEIBHBIMH,
paspo3HEHHBIMH) YacTAMH JoKyMmeHTa. [lo mpu-
HAJIS)KHOCTH TEKCT MOXeT OBITh: CBOW (B TOM
YUCIIE CaMOITUTHPOBAHUE), OOICH3BECTHERIC BEIIH
(HanmpuMep, HapOIHOE TBOPYECTBO, MpaBHIIA SI3bI-
Ka), 9yKOM.

LutnpoBaHue MOXeT ObITh CTOPOHHHX HCTOY-
HUKOB U aBTOPCKOE (CaMOLUTHPOBAHHE).

[To mpuHAIJIEKHOCTH K CTPYKTYpHOMY HCTOY-
HUKY (hparMeHTHl MOTYT OBITh CIPAaBOYHBIMH HITH
TEOPETHUECKUMH CBEJICHUSIMHU (HarmpuMmep, B 1abo-
paTtopHBIX paboTax CTYAEHTOB), OCHOBHBIM TEK-
CcTOM, 0030pOM aHAaJIOTOB, IUTEPATYpPHI, (pparmMeH-
TaMH, KOTOPBIE JOTMONHSAIOT KapTHHY WIH BHOCAT
SICHOCTh B JalbHeumii tekct. Ilocnennue Moryt
OBITh JJOITyCTUMBIMHU JIMITh B OTJCIBHBIX pa3jeiiax
JIOKyMeHTa (Hampumep, B JAOKTOPCKOHM IuiccepTa-
un). [To BaXXHOCTH 3aMMCTBOBaHHBIE ()parMeHTHI
MOTYT I[epefaBaThb OCHOBHBIC MBICIH, @ MOTYT
BCIIOMOTATEIbHBIE JJIEMEHTHl paboTsl (mepude-
pUIO): TIpUMEpHI pEmIeHHs 3anad, IpUMephl Ha-
yajabHbIX yclioBui U T.i. Ilo konu4yecTBy HCTOY-
HUKOB (PparMEeHTHl MOTYT OBITh MOHO- M TOJH3a-
MMCTBOBAHHBIMHL.

Cucmembl obnapyscenusa nnasuama. Ha ceroqus
CYIIECTBYET Psifi HPOrpamMM (HACTOJBHBIX MPUIIOXKE-
HUI ¥ OHJIAH-CEPBUCOB), MO3BOJISIOMINX BBISBISATH
3alIMCTBOBAHHUSI TEKCTOB Ha E€CTECTBEHHOM SI3BIKE
W Ha s3bIKax nporpaMMupoBanust. Cpeny HUX oorie-
ro Ha3HaueHus: Etxt Antu mariar, Advego Plagia-
tus, Double Content Finder (DCFinder), Praide
Unique Content Analyser 2, Copyscape, istio.com
U Apyrue. A Takke CHeNUaM3UPOBaHHBIE — JUIS
WCTIONB30BaHMs B By3ax: Anti-Plagiarism [6],
nakeT «Antumaruat. BY3», «Plagiarism» [12],
strikeplagiarism.com,  unplag.com.  Onmcanuro
Y CPaBHEHHWIO PA3JIMYHBIX CUCTEM aHTHUILDIATHATA T10-
CBSIIICHO psixt pador [5, 15, 19].

PaccmoTpeno 27 pecypcoB 1O OOHapy:KEHHIO
TUIaruaTa: OHJAHH W HACTOJIBHBIE IPHIIOKEHUS

C pa3IMYHBIMHA THIAMH 0a3 JaHHBIX HCXOJHBIX
TekcToB (puc. 2). Jlanee mpuBeneH MepeveHb pe-
CYpCOB:

1.eTXT Antumiaruar [1, 3, 5]

2. Advego Plagiatus [3, 5]

3. Double Content Finder [3, 5, 18]

4. Praide Unique Content Analyser II [5]

5. Viper [5]

6. ITnarmata.HET [5]

7. Duplichecker [5]

8. PaperRater [5]

9. Anti-Plagiarism [6]

10. strikeplagiarism.com [33]

11. Plagiarisma.Net [5, 26]

12. PlagiarismChecker [5, 27]

13. Plagium [5, 28]

14. PlagTracker [5, 31]

15. SeeSources [5]

16. PlagScan [5, 30]

17. Plagiarism Detector [5, 29]

18. 3ammuTa YHUKaJIbHOCTH KOHTEHTA [5]

19. FindCopy [3, 5]

20. Docol©c [5, 17]

21. Grammarly [5]

22. Textru[5, 7]

23. Awtumnaruat py [3, 5, 8]

24. Copyscape [10, 16]

25. Miratools [3]

26. smallSeoTools.com/plagiarismChecker
(32]

27. unplag.com [34].

B pesynwrate anammsa [3, 5-8, 10, 16, 17, 26—
34] ObM chopMyIUpPOBaHBI TPEOOBaHHUS K BXO-
HBIM W BBIXOJHBIM  JAHHBIM  MPOTPaMM-
AHTHUIUIATMaToOB, a TaKke HX (QYHKIHUOHATIBHBIM
XapakTtepucTiukaMm. HemocpeacTBenHass paboTa
C pecypcoM HauWHaeTcs C MoJAa4y JOKYMEHTa Ha
MPOBEPKY, KOTOpasi MOXET OBbITh OCYIIECTBIICHA
TaKUMU CTII0CO0aMHu:

— url caiiTa, KOHTEHT KOTOPOTO HEOOXOIUMO
npoBeputh (pecypewt 14, 7, 11, 12, 13, 16, 24, 25,
26);

— otmenwHBIA daiin (1-4, 7, 28, 11, 13, 16, 17,
20, 27);

— maker Qaitnos (1, 25), HECKOIBKO JOKYMEH-
TOB OJTHUM Zip-apXuBoM (16);

— TIPOBEPSAEMBI TEKCT BBOAMTCSA B CIICI[UAIIb-
HyI0 3kpaHHy0 popmy (1, 3,4, 7, 8, 11-14, 17, 22,
26, 27).

doi 10.15802/stp2017/94034

© B. 1. lllunxkapenxo, E. C. Kyponsrauk, 2017

135



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchKkoro

HAaI[IOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOTr0 Tpancmopty, 2017, Ne 1 (67)

IHOOPMALIMHO-KOMYHIKALIIMHI TEXHOJIOT'Ti TA MATEMATUYHE MOJIEJTIOBAHHS

Hcenoassyeman BJT

Joxansnas u__
2nodarsHas
26%

1hobansnan
74%
Tun pecypca
____ Hacmonsnoe
: o NPLUIONCEHIE
Ouaaiin + 18%

Hacmonenoe

Hadempotiva i
15%

4%

Ounaiin-cepauc
63%

Puc. 2. Ananmus pecypcos
Fig. 2. Resource analysis

Pe3ynbratel paboThI MO0 0OHAPYKEHUIO TIIaTHa-
Ta MPEICTABIIAIOTCS CICIYIOIINM 00pa3oM:

— 3KpaHHas (opMa C BBIJCICHHUEM 3aUMCTBO-
BaHHBIX QparmenToB (1, 2, 16, 17, 22-25);

— coxpanenue otdera B pdf-¢opmare (16, 26,
27), B doc (1, 16), rtf (5);

— COXpaHEHHE OT4YeTa O IMPOBEpPKE B JIMYHOM
akkayHre (20, 27);

— OTMpaBKa OTYETa O MPOBEPKE MO IIEKTPOH-
Ho#t mouTe (20).

ITo pe3ynbraTam paboOThI CUCTEMa-aHTHIIIIATHAT
(dopMHpYeT OT4ET, B KOTOPOM MOTYT OBITH Hpea-
CTaBJICHBI TAKKE JIAHHBIC:

— CITMCOK MCTOYHHKOB 3auMCTBOBaHUsA (1-5, 8,
11, 14, 16, 22, 23, 26);

— o0mui npolieHT iaruara B pabdore (14, 16,
23, 24, 26);

— yKa3zaHuWs Ha (parMeHThHl, TA¢ HEOOXOIMMO
0(OPMHUTH TEKCT KaK I[UTATy W MOCTABUTh CCHUIKY
Ha UCTOYHUK (14);

— mporneHT yHukamsHocTH (1, 3, 5, 8, 11, 22,
25, 26);

— TIpOBepsAEMBIii TEKCT (26);

— cOoOOIIeHHe 0 HAIMYUe Tutaruata (8);

— ob6weM BBenmeHHOTO Tekera (11, 22, 24);

— KOJHMYECTBO COBIAJICHUI HA NCTOYHUK (16).

OCHOBHBIMH  (D)YHKIIMOHAJIHBIMH ~ XapaKTepPH-
CTHKaMH SBIISTFOTCS:

— CpaBHEHHE TEKCTOB C 0a30il (BBIMOJHSIOT
BCE);

— CpaBHEHHE TEKCTOB OIMH K OTHOMY (TEKCTHI
MIPEIOCTABISET MoNIb30BaTelb) (13, 24, 27) wiu 1o
url (7, 24);

— JIOCIIOBHOE CpPaBHEHHE W OIPEEIICHUE CMBI-
COBBIX coBmaneHui (1);

— (opmMupoBaHHUE oT4eTa o rJiarua-
Te/yHUKAILHOCTU (BCE C pa3HOM CTENEHBIO JeTa-
JIN3ALIHHN);

— 3aMeHa JaTUHCKHX CHMBOJIOB Ha KHUPHJUIN-
Yyeckue (€CJIM eCTh TAKOTO BHJIa MACKUPOBKa) (6);

— NPEIOCTaBICHUS CBEACHHH O IuIaruare
C Kakoro-imbo calTa eXECHENeNbHO WIH eXeMe-
csauno (7);

— MpoBepKa I'PAaMMATHKH, MPABOMHUCAHUS WIN
CTUJIICTUKU BCTPOCHHBIM JIMTEPATYPHBIM pPeEJaK-
TopoM (8);

— ONOBEILIEHHE MOoJb30BaTeNsl (IO DIEKTPOH-
HOM MOYTe) O TUIaruaTe ero TeKcToB (12);

— CO3/1aHUe aKKayHTOB Hay4YHbBIX YUPEXKICHHH,
uHCTUTYTOB (13);

— HacTpoiika rmapamerpos mposepku (1, 4, 25, 11);

— 3aIIUTa OT MPOBEPKH MYCTHIX JOKYMEHTOB (9);

— nouck mo 0Oa3zam Google Scholar, Google
Books (11).

Taxoke TPeToCTaBIIeTCS BO3MOXKHOCTh BBI-
MOJTHUTh HACTPOHMKY MapaMeTpoB MPOBEPKH pado-
ThI (CPaBHEHUS):

— 3a/laHle CAlTOB, C KOTOPHIMU HE BBITIONHATH
cpaBHeHUE (25);

— 3aJlaHye MapaMeTrpa «pasmepa BbiOOpkm» (1,
27);

— HaJW4HMe Pa3HbIX YpOBHEH MPOBEPKH: OObIY-
Hasi, dKcrpece, riyookas (1).

— YCTaHOBKa «mopora yHuKambHocTI» (1);

— BBIOOp MOMCKOBOW MammuHsI (4, 11).

PaccMoTpuM BO3MOYKHOCTH CHUCTEM, HMEIOIINX
BHenpeHus [6, 8, 33].
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Cucrema Anti-Plagiarism (Ykpauna) [6] ¢ 2008
pa3pabaThiBajach Kak OTKphITas cuctema, a ¢ 2010
BHeZlpeHa B XMENbHHULIKOM HAI[MOHAIBHOM YHH-
Bepcutere. OcCOOCHHOCTAMU SBISIFOTCS:

— npoBepka TekctoB Ha ESA u AT1;

— TIOJJICPIKKA JIOKAJIBLHOU U rI100abHON 0a3bl;

— TpOBepKa rpaMMaTHYECKUX OIINOOK;

— 3alMTa OT J00aBJIEHHS CMMBOJIOB, J00aBJIe-
HUS WIM W3MEHEHHS IYHKTYyallMOHHBIX 3HAKOB,
W3MEHEHUS TIUTEPAIBHOTO COCTABA;

— 3aIKTa OT MPOBEPKH ITyCTHIX JOKYMEHTOB.

«Antumiaruat. BY3» sBisieTcst 4acThio mpo-
exkta komnanuu Forecsys (Poccust), mpemocras-
TISIONIEN OHTalH cepBHC antiplagiat.ru. OcobeHHo-
CTBIO 3TOTO ITaKeTa SBISAETCA:

— TekcToBas 0a3a MPOJYKTa, BKIFOYAIONIas Ma-
TepHaibl, KOTOpble OBUITM COOpPaHBI B pYHETE,
a TaKXKe JOTIOJHHUTENbHBIE HCTOYHHKH, BKITFOYAs
METOJIUYECKYIO JINTEPATypy M CTYyJEHYECKHe pa-
00TbI mponuibix Jer. Takum obpasom, BY3 umeer
BO3MOXKHOCTh BECTH COOCTBEHHYIO 0a3y OpHUTH-
HaJBHBIX padoT, KOTOpasi OyIeT MOCTOSHHO Hapa-
UIUBATHCS,

— TpU HWCTMOJB30BAaHUH TPOIYKTa MperoaaBa-
TeJIeM BO3MOXHO OIEHMBAHHA PabOTHL, KOTOpas
ObLJ1a MPOBEPEHA;

— paborta B paMKax OpraHM3alllOHHO-IITATHON
CTPYKTYpBI y9€OHOTO 3aBEJEHISI, a TAKXKe HaJIHIne
Pa3IMYHBIX TUIIOB TOJIb30BATENEN C pa3iIMYHBIMU
npaBaMH (TIperojaBaTein, MeHeIKepsl Kadeap,
aJIMHHHACTPATOPHI);

— BO3MOXHOCTh ydYeTa pe3yJbTaToB padOTHI
B CTaTUCTUYCCKUX JTaHHBIX 3aBeAeHus [1];

— HaJlM4He JTIOKaIbHOW U MHTepHeT-Bepcuu aa-
eT OoJpIe BO3MOXKHOCTH JIJISi MHTETPAINH TPO-
IYKTa B CYIIECTBYIOIIUE B Y4eOHOM 3aBEACHUH
WHPOPMAITHOHHBIE CUCTEMBI.

K HemocraTkaM MOXHO OTHECTH TaKHE OCO-
OEHHOCTH MPOAYKTA:

— CTYACHTBl HE SBJAIOTCS MOJIb30BATEIAMU
nmanHoro nakera ([1]), mapopmanus o HUX UCIIONb-
3yeTcsl TOJIBKO /IS IIEPCOHATM3AINN PadoT;

— BCs paboTa 1o 3arpy3ke paboT (U MOMOJHe-
Hus 0a3), MPOBEPKU MX JIOXKHUTCS Ha TperoiaBare-
TIeH, TSl TTIOTOoJTHeHHsT 0a3bl MCTIONB3YETCs CIEIH-
allbHBIM TUI TIOJb30BaTENCH;

— HE MPEeIyCMOTPEHO BEJEHHME CTATUCTHKHU IO
OTJIENBHOM TUCITUILTHHE.

Ha cerognst monp30BaTensiMu JAaHHOTO TPOAYK-
ta sBusercs BAK Poccun, I'ocynapcTBeHHBIN
yHUBepcuTeT — Bricmias mkona skoHomukn (I'Y-

BIID), MoCKOBCKHIA WHCTHUTYT 3KOHOMHKH, Me-
HekMeHTa U npaBa (MUOMII), MockoBckwuii ro-
POACKOH MCHXOJOro-MeAarornieckuii yHUBEPCH-
tet (MMIIII), Hmxkeropoackuii TocymapcTBEHHBIN
yauBepcuteT (HHI'Y) u np.

Strikeplagiarism.com — cucrema aHTHILIaruara
CTyleH4YecKkux pabot, pazpaboranHas B [lombire.
Nwmeer psx Takux ocodennocrei [33]:

— mHTerpupyercss ¢ CucteMamu YIpaBJICHUS
o0yuenuem (LMS) n nogxirouaercs k Moodle;

— TPEAOCTaBIACT MOAPOOHBIA OTYET MOJO0US
CO CIHCKOM MCTOYHUKOB 3aMMCTBOBAHUH;

— uMeer QyHKUUO «TpeBokKHOrO CHrHajIa»
JUtst 0003HAUEHUS TOTBITOK MTOMEIIaTh aHAJTN3y Ha
HaJIM4He [1aruaTa;

— BBITNOJIHSAET CpPaBHEHHE C pecypcamH TJo-
OanpHOI cetn MHTEpHET 1 0a301 JaHHBIX yUPEK-
nenus i BY3a;

— BBISBIISIET CXOJICTBA C IOMOIIBIO aJTOPHT-
MOB, OCHOBaHHBIX Ha aHaju3e N-rpamm, JUHTBHUC-
TUYECKHUI aHaju3; MOCTOSHHO COBEPIICHCTBYETCS
MTOMCKOBBIM alTOPUTM W TIPEIyCMOTPEHA ajarTa-
sl AJITOPUTMOB OOHApYKEHHS K crennuke mpo-
BepSEMBIX JOKYMEHTOB;

— BBITIOJIHAET aHAJN3 HA MHOTUX A3BIKAX;

— MPEeNIOCTaBIISIET BO3MOXKHOCTh JTOOABIISATH J0-
KyMEHTHI B 0a3y JaHHbIX BY3a u npucoeuHUTHCS
K MeXBY30BCKOW mporpamMmme oOMeHa Oazammu
JIAHHBIX.

PaccmoTpenHbIe pecypchl UMEIOT Psii OTpaHu-
YeHWW, KOTOpBIE SIBISIOTCS TPEMATCTBHEM IS
MaccoBOTO BHEIPEHHWs, HallpuMep, B By3ax,
a IMEHHO:

— OTCYTCTBUE MOIICPNKKU WIH CTagusl TECTH-
poBaHUsA, WIW TPOOJIEMBI C MOCTymoM (HE Hai-
JICH/HE OTBEYACT);

— OrpaHHMYeHUs M0 00bEMY IPOBEPSIEMBIX TEK-
CTOB W YaCTOTE 3aIlPOCOB;

— JUTHTENbHAsI TPOBEPKa JJOKYMEHTA;

— JUIA TIOJIHOLIEHHOH paboThl HE0OXOoAUM Ipe-
MUyM-aKKayHT;

— OTCYTCTBHE MOAPOOHOTO OTUETA,

— OTCYTCTBUS TIOAJEPKKH PYCCKOTO W/UITU YK-
PaMHCKOTO S3BIKOB.

Jns texamdeckux BY30B akTyanapHBI Takke
ciemyroliee IpooIeMEbI:

— OOJBIIMHCTBO pecypcoB paboTalOT TONBKO
C €CTeCTBEHHOS3BIKOBBIMH TEKCTAMH;

— 00paboTKa TONBKO TEKCTOB (HET 00pabOTKH
n300paxeHuH, GopMys U IPOYEro).
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HayuyHasi HOBH3HA M IpaKTHYeCcKasi
3HAYUMOCTh

[IpenyoxxkeHo OOMOIHEHUE CYLIECTBYIONINX He-
papXUYeCcKuX CXeM TAaKCOHOMHHM Iularuara. Bbl-
MOJTHEH aHaJHN3 CYIICCTBYIOIIUX CHUCTEM C TOYKH
3peHusl (YHKIUOHAILHOCTH U BO3MOXKHOCTH HC-
MOJb30BaHUS JJsI OONBIINX OOBEMOB JAHHBIX.
[MpakTuyeckass 3HAYUMOCTL OTPEACISIETCS] IHPO-
TOW MpOONEeMBbI IUIarMata B pa3InYHbBIX cdepax.
B VYkpaune pa3BuBaercsi 3akoHOAaTenbHas Oasa
U OOPBOBI C TUTATHATOM, YTO TPeOyeT aKTHBHOTO
peuieHust 3afad pa3pabOTKH, YCOBEPIIEHCTBOBA-
HUSl U BHEAPEHHS COOTBETCTBYIOILETO MPOTrpaMM-
Horo obecrieuenus (I10). Jlannas pabora croco0-
CTBYET pEIIeHUI0 YKa3aHHBIX 3amad. O030p cyie-
CTBYIOUIMX TPOTrpaMM-aHTHUILIATHATOB, a TaKKe
M3yuYeHHe M HCCIIEIOBAHUE OMBITA B 3TOI 001aCcTH
W YTOYHEHUE MOHATHS IUIaruarta, CTPaTerHH €ro
BBISIBIICHHS TTO3BOJISIET O0Jiee MOJTHO CHOPMYITHPO-
BaTh TpeOOBaHMs K (YHKIMOHAIBHBIM XapaKTepu-

CTUKaM, BXOJIHBIM M BBEIXOIHBIM JaHHBIM pa3pada-
teiBaeMoro I1O, a Takke BBIIBUTHL OCOOEHHOCTH
pabotsl momooHoro I10. B crathe cnenaH akieHT
Ha OCOOCHHOCTH PEIIeHHs 3a]a4d BBISIBICHHS 3a-
MMCTBOBAaHMM B Cpelieé BBICIIUX TEXHUYECKHUX
Y4IEOHBIX 3aBEICHUI.

BriBoabI

Omnpenenenue MOHATHE IJIaruaTa SBISETCS Of-
HUM U3 OCHOBHBIX 3TanoB B (JOPMHPOBaHUH Tpe-
OoBaHMil K cucTeMaM OOHapy»keHus Iaruata. Ero
ompezeNeHne, a TaKke Kiaccu(uKanus BHIOB
IJIarvaTa sIBJSIETCSl Ba)KHOM COCTABJISIOLICH IIpU
¢dopmupoBaHNH TpeOOBaHHUH K (DYHKIMOHAJIHHBIM
XapaKTEePUCTUKAM COOTBETCTBYIOIIETO MPOTPAMM-
Horo obecnedenus (I10). O630p u TecTHpOBaHHE
KOHKYPEHTHBIX TPOJIYKTOB IO3BOJHIHM BBIICIUTD
ocHOBHBIEe TpeboBaHus k 10, a Taxxe psg qormon-
HUTENBHBIX, KOTOPHIE SIBISIOTCS TOJIE3HBIMHU B 3a-
BUCHMOCTH OT obnactu npumeHenus [10.
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IMPOBJIEMHU BUABJIEHHS IIJIATTATY TA AHAJII3
IHCTPYMEHTAJIBHOI'O IPOI'PAMHOTI'O 3ABE3IIEYEHHSA
JJIA IX BUPIHHEHHA

Mera. JlaHe mochiKeHHS CHOpsMOBaHE Ha: 1) BH3HAYCHHS IMOHATTS «IUIAriaTy» B TEKCTaxX Ha (HOpPMaIbHUX
1 IPUPOTHUX MOBAX, IMOOYIOBa TAaKCOHOMIi IIariaTy; 2) BCTAHOBJICHHS OCHOBHUX MpOOJIEM BUSIBICHHS IUIATiaTy
1 BUKOpPHCTaHHS aBTOMAaTH30BaHUX 3acO0iB iX BHpilIeHHs; 3) aHami3 Ta cucTeMaTu3allito iHdopMmariii, oTpuManoi y
XOJIi OTJIAMy, TECTYBAaHHS 1 aHAI3y POOOTH ICHYIOUHMX CHCTEM BUSBJICHHS 3amo3udeHs. Mertoauka. s gopmyiio-
BaHHS BEMOT JI0 IPOTPaMHOT0 3a0€3MeUeHHs 3 BUSBIICHHS ILIAriaTy 3aCTOCOBYIOTHCS METOIU aHaJi3y HOPMaTHBHOT
JIOKyMeHTallii (3aK0HOaBY0i 06a3M) 1 KOHKYPEHTHOTO iHCTpyMeHTapiro. {1 mepeBipku BUMOT BHKOPHCTOBYIOTHCS
METOIU TecTyBaHHs Ta orysiay iHTepdeiiciB GUIL. PesyabTaTu. Y poOOTI pO3IIISTHYTO MOHSATTS «IUIAriaTy», IIMTaHHs
Horo mommpeHHs Ta kiacudikaiii. BUkoHaHO OIJIs/ ICHYIOYMX CHCTEM BHSIBJICHHSI IUIAriaTy: HACTIUIBHUX JOAATKIB
Ta OHJIaWH-pecypciB. BuaineHo iX QyHKIIOHANBHI XapaKTEpPUCTUKH, BU3HAa4YeH] (hOpMaTH BXiJHHUX Ta BUXIIHHUX Ja-
HHUX 1 0OMEXEeHHS Ha HUX, OCOOJIMBOCTI HAJAIITYyBaHHS 1 HOcTyny. BukoHana neraizariist BUMOT 10 PO3TIISTHYTHX
cucreM. HaykoBa HOBH3HA. ABTOpaMH 3alpOITIOHOBAHO JIOTIOBHEHHS 10 ICHYIOUHX I€papXidyHUX CXEM TaKCOHOMIl
rutariaty. BukoHaHO aHaii3 iCHYIOUMX CHCTEM i3 TOUKH 30py (DyHKIIOHAIBHOCTI Ta MOKJIMBOCTI BUKOPUCTAHHS JUIs
BEJIUKHX 00csATiB jaHuX. IIpakTuyHa 3HaummicTh. [IpakTHyHa 3HAYMMICTh BH3HAYAETHCS IIUPOTOIO MPOOIEMHU
wrariaty B pisHuX cepax. B YkpaiHi po3BuBaeThCcs 3akoHOAaBua 0as3a I OOpOTHOM 3 IDIariaToM, IO BUMAarae
aKTUBHOT'O BHPIIIEHHS 3aBIaHb pO3pOOKH, BJOCKOHAJICHHS Ta BIIPOBAKEHHS BiATIOBIAHOTO TPOTpaMHOro 3abe3re-
yerHsa ([13). lana poboTa crpusie BHpIIEHHIO 3a3HAa4eHUX 3aBAaHb. OTJAN iICHYIOUMX NpOrpaM-aHTHILIAriaTiB, a
TaKO)X BUBYEHHS 1 TOCII/DKCHHS JOCBiY B WM Taiy3i, yTOYHEHHS MOHATTS «IUIariaTy», CTpaTerii HOro BUSBICHHS
JI03BOJISIE  OLIBLI  TIOBHO  CQOPMYJIIOBATH  BUMOTHM A0  (YHKUIOHAJbHUX  XapaKTEPUCTHK,  BXIIHHX
1 BUXIJJHUX JIaHUX po3poOitoBanoro [13, a Takox BUSBUTH 0cOOIMBOCTI poboTH nonioHoro I13. YV craTti 3podiieHo
AKIIEHT HA OCOOJIMBOCTI BUPIIICHHS 3aBaHHS BUSBJICHHS 3aM03UYCHb B aKaIEMIYHOMY CEPEIOBHIIIL.

Kniouosi crosa: nnariat; TakCOHOMIsI TUIariaTy; 3aro3u4eHHs pparMeHTiB; CUCTEMHU BUSBJICHHS IUIariaTy
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PLAGIARISM DETECTION PROBLEMS AND ANALYSIS SOFTWARE
TOOLS FOR ITS SOLVE

Purpose. This study is aimed at: 1) the definition of plagiarism in texts on formal and natural languages, build-
ing a taxonomy of plagiarism; 2) identify major problems of plagiarism detection when using automated tools to
solve them; 3) Analysis and systematization of information obtained during the review, testing and analysis of exist-
ing detection systems. Methodology. To identify the requirements of the software to detect plagiarism apply meth-
ods of analysis of normative documentation (legislative base) and competitive tools. To check the requirements of
the testing methods used and GUI interfaces review. Findings. The paper considers the concept of plagiarism issues
of proliferation and classification. A review of existing systems to identify plagiarism: desktop applications, and
online resources. Highlighting their functional characteristics, determine the format of the input and output data and
constraints on them, customization features and access. Drill down system requirements is made. Originality. The
authors proposed schemes complement the existing hierarchical taxonomy of plagiarism. Analysis of existing sys-
tems is done in terms of functionality and possibilities for use of large amounts of data. Practical value. The practi-
cal significance is determined by the breadth of the problem of plagiarism in various fields. In Ukraine, develops the
legal framework for the fight against plagiarism, which requires the active solution development tasks, improvement
and delivery of relevant software (PO). This work contributes to the solution of these problems. Review of existing
programs, Anti-plagiarism, as well as study and research experience in the field and update the concept of plagia-
rism, the strategy allows it to identify more fully articulate to the functional performance requirements, the input and
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output of the developed software, as well as to identify the features of such software. The article focuses on the fea-
tures of solving the problem of identification of borrowing in an academic environment.
Keywords: plagiarism; taxonomy of plagiarism; borrowing fragments; plagiarism detection system
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SIKICHUH AHAJII3 3AJIEZKHOCTI IOTYXKHOCTI IPUBOIY
CTPIMKOBOI'O I'OPU3OHTAJBHO-IIOXHJIOI'O KOHBEEPA
BI MOI'O BUXI/THUX ITAPAMETPIB

Meta. OfHHAM 13 OCHOBHHX €JIEMCHTIB CTPIYKOBHX KOHBEEPIB € mpuBia. J[Js aHali3y BIUIMBY MPOEKTHHX Mapa-
METpPIB Ha BEJIMYMHY MOTY>KHOCTI MPUBOJY HEOOXiJHO MPOBECTH PO3PaxyHKH 3a CTAHIAPTHUMH METOIMKAMH, SIKi
BUKJIaJieHI B cydyacHill TexHiyHild JirepaTypi. OCHOBHMMH NPOEKTHHMH IapaMeTpaMu CTPIYKOBOTO KOHBEEpa
€ TUI BaHTaXY, IPOEKTHA IPOAYKTHBHICTb, TCOMETPUYHI PO3MIpH JUITHOK Ta KOH}Iryparist Tpacu B nitomy. Ocob-
JIMBICTIO PO3paxyHKIB CTPIYKOBOTO KOHBEEpPA, B ITOPIBHIHHI 3 €JIeBATOpaMH, € 3aJI€XKHICTh IIMPUHU HOTO CTPIUKU
BiJI IPOIYKTHBHOCTI, KyTa HaXWIy MUISHKH Ta THILy BaHTaXy. B cTarTi, 11 BpaxyBaHHs LbOro (akTy IpH po3pa-
XYHKaX, He0O0XiTHO TTOOYIyBaTH 3aJIe)KHICTh IMUPHUHH CTPIUKA BiJl y3araJlbHCHOTO ITapaMeTpy, SKHi BPaXOBY€E 3MiHY
NPOSKTHUX HapaMmeTpiB. [Jis BU3HAUCHHS 3arajbHOI 3aKOHOMIPHOCTI 3MiHH BEJIMYMHH MOTYXHOCTI PUBOIY CTPid-
KOBOT'O KOHBEEpA MPH BapilOBaHHI HOT0 MPOSKTHUX HapaMeTpiB B cTaTTi HeOOXinHO MOOyAyBaTH BiAMOBinHI rpadi-
YHI 3aJIeKHOCTI 3 ypaxXyBaHHAM CTaHIAPTHUX PO3MIpiB Ta mapaMeTpiB cTpidok. MeToauka. Y poOoTi po3risiiaeTs-
Csl CTPIUKOBUI KOHBEEP i3 TBOMA MIITHKAMH: MMOXWJIOK Ta TOPH30HTaIbHO. [IpoBoauThCS AeTanbHUil aHam3 3a-
JI©KHOCTI IIUPUHU CTPIYKU KOHBEEPA Ta NOTYKHOCTI HOT0 IPUBO/Y BiJl TUIY BaHTaXy, IPOEKTHOI MPOILYKTUBHOCTI,
TeOMETPUYHHX PO3MIpIB Ta KOH(DIryparii Tpack KOHBeEpa, BUKOPHCTOBYIOUYH BiATOBIHI TapaMeTPUyHI 3aJIeKHOCTI,
sk 100yI0BaHI aBTOpamMH B monepenHix podorax. PesyabraTu. /s CTPIYKOBMX KOHBEEPIB PO3IJISIHYTOTO THILY
no0ysoBaHO rpadiyHi 3aJIeXKHOCTI MHPHHU CTPIYKH BiJ| ITapaMeTpy, 0 XapaKTepU3ye MPOEKTHY MPOIYKTUBHICTh
Ta KyT HaXWiIy AUBIHKA TPacH, a TAKOX — BiJl TPOIXYKTUBHOCTI NPU (hiKCOBAaHOMY KYTi HaXWily. 3 ypaxyBaHHIM 3Mi-
HH OIMPUHU CTPIYKH NP 3POCTaHHI BEJIMYMHU MPOEKTHOI MPOIYKTUBHOCTI IOOYMOBaHO TpadivdHi 3aJIe)KHOCTI I10-
TYXKHOCTI IIPUBOJLY BiJ] IPOJYKTHBHOCTI Ta KyTa HaXmiIy Moxwioi ninsHku. HaykoBa HOBH3HA. ABTOpaMU BIIepILe
moOyI0BaHi 3arajbHi 3aJeKHOCTI IMTUPHUHHU CTPIYKU Ta TMOTY>KHOCTI MPHUBOIY KOHBEEPA 3 ABOMA MUISHKAMU (ITOXH-
JOI0 Ta TOPWU3OHTAIBHOIO)  BiJl MPOSKTHHX  MapaMeTpiB Ta  moOyAoBaHi  BIAMOBiAHI  Tpadiku.
IpakTuyna 3HaYUMicTb. Bukopucranus noOyaoBaHuX rpadiuHUX 3aJIe)KHOCTEH MOTYKHOCTI MPHUBOAY CTPIUKO-
BHX KOHBEEPIB i3 MOXIIO Ta TOPH30HTAIBHOIO IUITHKAMH BiJl TPOSKTHUX MapaMeTpiB Aa€ MOKIHUBICTh IIBHIKOTO

doi 10.15802/stp2017/94036 © B. M. Boromas, M. B. Bopenko, 1. B. Heuai, O. I1. CeBepun, 2017

143



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

Hayxka ta nporpec Tpancnopty. BicHuk J[HInponeTpoBCEKOro

HAILliOHAJIBHOTO YHIBEPCUTETY 3alli3HMYHOro TpaHcnopty, 2017, Ne 1 (67)

HETPAJIALIIAHI BUIU TPAHCITIOPTY. MAILIMHUA TA MEXAHI3MU

BU3HAYEHHS NPHUOJIM3HOTO 3HAUCHHS MOTYKHOCTI IPHBOJY Ha CTaAii IPOSKTYyBaHHS, a TAKOXK BU3HAYUTH 3aTrJIbHUI
XapakTep 3MiHU i1 BeTMYNHN IIPY BapilOBaHHI MPOEKTHUX MapaMeTpiB.
Knrouoei crosa: KoHBeep; CTpivKa; MPUBIJ; MOTYXHICTh; TPOAYKTUBHICTB; KYT HAXUITY

Beryn

Mamuan 6e3nepepBHOTO TPAHCHOPTY BigHO-
CSTh 10 TPAHCIOPTYIOUMX MAIIUH, SIKi € BayKJIUBU-
MH €JIEMEHTaMH B Tajly3i TPaHCHOPTHOIO Ta IPO-
MUCJIOBOTO OyIiBHUIITBA. BOHM BUKOPHCTOBYIOTH-
ci ganma  iHTeHcu(ikamii  HaBaHTa)XyBaJbHO-
pPO3BaHTAXYBAIBHUX POOIT y OaratboX BHUPOOHU-
yux mpomecax. Ha#Oinpll NOMMPEHUM THIIOM
MalluH Oe3MepepBHOTO TPAHCIOPTY € CTPIYKOBi
KOHBEEpH. SK BiIOMO, CTPIYKOBHMH KOHBEEPAMH
€ MaIuHU Oe3nepepBHOi Mii, OCHOBHUM e€JIeMCH-
TOM SIKMX € TMPOTyMOBaHa BEPTHUKAIbHO 3aMKHYTa
CTpiuka, IO OTWHAa€ KiHIEeBi OapabaHu, OIWH
3 SIKUX, K IPaBWIO, € IPUBOAHUM, 1HIIUHI — HATA-
»kHUM. CTpIUKOBI KOHBEEPHU IyKE HIMPOKO 3aCTO-
COBYIOTBCS Ha MiANPHEMCTBAX XIMIUHOI, MeTalyp-
riffHO1, MAaMMHOOYMiBHOI MPOMHCIIOBOCTI, Y BHUPO-
OHMITBI Oy/AiBEIbHUX MAaTepiaiiB, TPAHCIIOPTHOMY
Ta MPOMHCIOBOMY OYyIiBHHILITBI, Ha Byrie3oarady-
BaJbHUX (adpukax [12].

OcHOBHUMH TIyOJTiKaIisiIMH, SKi OMUACYIOTH Oy-
JIOBY, KOHCTPYKTHBHI OCOOJIMBOCTI, SKCILTyaTalliii-
Hi Ta pO3paxyHKOBI MapamMeTpy Cy4acHHX MAallUH
OesmepepBHOro TpaHcmopty € [1, 5-15]. Amnamis
nmyOuTiKaliil mokasye, 1o Jjisi BA3HAYCHHS ImapamMe-
TpiB IPUBOJY KOHBEEPA, 30KpeMa HOro MoTyKHOC-
Ti, MOTPIOHO BHWKOHATH MAETaIbHHUHA PO3PAXYHOK
foro enementiB. [lopsioK BUKOHAHHS TaKHX PO3-
paxyHKiB JIeTAIbHO ONKCaHui B poborax [7, 8, 9].
Ane icHyIOTh pOOOTH, B SIKUX HaBeIEHI CKOpOUYEHi
ITOPUTMH  PO3PAXYHKY BEJIMYMHH MOTY>KHOCTI
MPUBOAY MaIIuH Oe3MepepBHOro TpaHCIoOpTy. B
po0ori [2] aBTOpH MOOYMyBaId aHATITHYHI 3aJIeXK-
HOCTI MTOTYKHOCTI MIPUBOTY €JIeBaTOPIB.
B poGoTi [3] 3amponoHOBaHO aJrOPUTM MPHCKO-
PEHOr0 PO3paxyHKy BEUYMHH MOTY>KHOCTI CTpiu-
KOBOTI'O €JIEBATOPY IPH 3aJ1aHUX MPOCKTHUX Xapak-
Tepuctukax. PobOota [4] mpucBsidueHa MOOYIOBI
3aJIeKHOCTI MOTY>KHOCTI CTPIYKOBUX KOHBEEPIB Bif
Horo mpoexkTtHux BennuuH. OcoOnMBicTIO po3pa-
XYHKY CTPIYKOBHX KOHBEEPIB MOPIBHSHO 3 €JeBa-
TOpaMH € Te, IO MapaMeTPH CTPIUYKH MalOTh 33]10-
BOJNBHATH HE TIBKA YMOBI MIIHOCTi, ane
i yMOBi 3a0e3ledeHHs 3aJaHOi MPOAYKTHUBHOCTI.
Le#t dakT merio yckiiaaHioe oi0H1 JOCITIIHKESHHS.

Merta

Mertoro poboTu € rpadidHuil aHami3 3aJeKHOC-
Ti TOTYXHOCTI TPHBOJY CTPIYKOBOTO KOHBEEpa
3 MOXWJIOK Ta TOPU3OHTAIBHOK IUISHKAMHU Bif
MPOEKTHOT POJYKTUBHOCTI, KyTa HaXWIy IMOXUIOL
YaCTHHU TPacu MpH (PiKCOBAHUX THITI BaHTaXy Ta
TEeOMETPUYHHUX IIapaMeTpax KOHBEEpPA, a TAKOXK
TOCTIDKEHHS.  3aJISKHOCTI  HEOOXITHOI IIUPHUHHU
CTPIYKH BiJ] TPOEKTHHUX MapaMeTpiB KOHBEEPA.

MeTtoauka

Sk BimOMO, OCHOBHUMH IapaMeTpaMmH, IO
BIUIMBAIOTh HA BEJIMYMHY HOTYXXHOCTI MPUBOLY
CTPIYKOBOTO KOHBEEPA, €: THUI BAHTAXY, HEOOXiTHA
MPOMYyKTUBHICTh, BHCOTA IMIIHOMY Ta IOBKHHA
TPaHCIOPTYBaHHS BaHTaXy, HEOOXijHAa KOHQIry-
palisi Tpacu TPAHCIOPTYBaHHS BaHTaXy, yMOBHU
pobotu KoHBeepa. Po3paxyHkoBa cxemMa KOHBeepa
HaBeJleHa Ha puc. 1.

3a anHasnoriero 3 [4], BUXiTHUMU JaHUMU JUIS
MPOEKTHOTO PO3PaXyHKY CTPIYKOBOTO TPAHCIIOP-
Tepa pO3TITHYTOI KOHCTPYKIIii € HACTYIIHI:

— TPaHCIOPTOBAaHWI MaTepial;

— TPOIYKTHUBHICTh KOHBEEPA;

— BUCOTa ab0 KyT HaxXWiIy MOXWIOI YaCTUHU
KoHBeepa H abo P BiamoBigHO;

— JIOBXWHH BIJPi3KiB Ta pajiyca KOHBEepa:
Ly, Ly Lsg> Lisg s Ley> Log, Ry M.

T.

Puc. 1. CtpiukoBuii KOHBE€Ep:
a — po3paxyHKOBa CXeMa; 6 — JiarpaMa HaTATy CTPIuKH

Fig. 1. Band conveyer:
a — design scheme; b — diagram of band tension

Jis 3pydYHOCTI Y TOJANBIIOMY JTOCIIIKEHHI
BU3HAYAEMO, [0 Ha KOHBEEPI BUKOPUCTOBYIOTHCS
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K0JI00YaTi TPUPOIUKOBI OTOPH 3 KYyTOM HAXHITY
OokoBux ponukiB 20° Ha poOoUiii TN Ta PIIOBI
MIPSIMi POTTUKOOTIOPH — HA XOJIOCTIH TLIIII.

BpaxoByroun mani ta6n. 8.1 ta 8.2 3 [9], a Ta-
Ko Tabi. 1 3 [4] HaBegemo B Taba. 1 OCHOBHI Bia-
CTMBOCTI BaHTaXKiB, K1 HEOOXI1IHI JIJIs I10JaJIbIINX
PO3paxyHKiB.

3HavyeHHs IBHIKOCTI PyXy CTpidukdu B Tabi. |
MOpaxoBaHi, K CepelHE B 3a/JaHOMY Jiara3zoHi
MOYIIMBUX 3HAUEHb IS IAHOTO BAHTAXKY.

Hlupuna crpiuku, HeoOXigHa Ui 3a0e3neucH-
HS 33/1aHOi MPOAYKTUBHOCTI /I, BU3HAYAETHCS 32
dhopmyIoro:

17
k.kypv

B >11 +0,05 |, (1)

ne k. — xoe(iieHT IO IONEPEYHOTO Iepepizy
marepiany Ha crpiuui (tabn. 1); k; — Koediuier,

SIKUH BPaxOBY€E 3MEHIIIEHHS TUIOIII TTepepi3zy Mare-
piany Ha cTpiulli BHACHIZOK HOT0 YacTKOBOTO 3CHU-
naHHs B OiK, MPOTUJICKHUN HANIPSIMKY pyXy (CTOp.
403, [9]); p — HacuIHA MIUILHICTH TPAaHCIIOPTOBA-
HOTO MaTepiany (tabm. 1), T/Mm’.

ITopaxoBaHe 3HAYCHHS NIMPUHU CTPIYKH OKPY-
TJIFOETHCS JI0 HAHOMMK4Joro OLIBIIOro 3i cTaHmap-

THOTO psimy mupuHu cTpiuku: 400; 500; 650; 800;
1 000, 1 200 mMm.

Jnst 3py4HOCTI MOAANBIIMX JOCTIIKEHb 3pO-
OuMo nesiki anreOpaiuHi MEpeTBOPEHHS y BUpasi
(1). Ilicnsg HUX MaeMO:

k,pv(0,91B, —0,05)" > )

mfl ~

JIns OMHO3HAYHOI'O BHU3HAYEHHS HEOOXimHOI
IIMPUHY, siKa 3a0e3leuye MPOCKTHY MPOJTyKTHB-
HICTh KOHBE€Epa, MOTPIOHO, MI00 CIiBBiIHOIICHHS
H/kﬁ HaJIe)KAJIO JISIKOMY Jiala30Hy 3HAYCHb.

Taxki gianmazonu HaBeneHi B Ta0. 2 [4]. SIk Bimomo
3 ¢opmynu (2), 3HaYCHHS BeTWYMHU [], / ks 3ane-

JKUTh BIJl IIHPUHU CTPIUKH, TUITY BaHTAXy Ta IpPH-
HHATOT IIUTBHOCTI Marepiaixy BaHTaxy. | paHu4Hi
3HauYeHHS Jliara30HiB HaBeJeHl y Tabm. 2 Ta mopa-
XOBaHI I BIAMOBITHUX TPaHWUYHUX 3HAYCHBb
HIJIbHOCTI Martepiany. Hanpuknanm, s micky Ta
mupuHA cTpidku B =400 MM miama3oH 3MiHH
IY/kB =84,3-99,4, npu upomy 84,3 Biamomimae

mineHOCTi micky 1,4 T/M°, a 99,4 — miinbHOCTI Mic-
ky 1,65 1/M°. TIpuKiag BUKOPHCTAaHHS JAHHX
TalII. 2 AeTanbHO OMUCAHMIA B POOOTI [4].

Tabaums 1

HIBUAKICTH PYXy CTPiYKH Ta BJIACTHBOCTI BAHTAXKIB

Table 1

Rate of movement of band and properties of loads

I[IiIII.)HiCTL Koedimgiear IBHAKICTE pyXy CTPIYKH, M/C, IPH IIUPHHI, MM
Hacumnii anrasi matepiaiy p, k 400 500 ta 650 | 800-1200 | 1200— | 1800-
/™ " 1 600 2000
ITicox 1,4-1,65 470 1,3 1,5 2,6 33 5,5
Topd 0,33-0,4 550 1,3 1,5 2,6 33 5,5
3emis 1,1-1,6 470 1,3 1,5 2,6 33 5,5
I'pagiit 1,5-1,9 470 1,1 1,3 1,8 2,6 3,6
Kaminns 1,8-2,2 550 - 1,3 1,3 1,8 2,6
Byrims 0,8-1,0 470 1,1 1,3 1,4 1,8 -
IlemenT 1,0-1,8 470 - 1,1 1,0 - —
[e6inp 1,3-1,8 550 1,1 1,3 1,8 2,6 3,6
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Tabnums 2

Jianazonu 3Ha4eHb cniBBiqHOWeHHs [/ / kB , IKi BIINIOBIZa10Th THIIy BAHTAXKY TA INMPHHI CTPIYKH

Table 2

Ranges of values of correlation /7 / kB corresponding to the type of load and band width

. . . Jlianmazonu 3HaueHpb criBBignomenus 17 / k, , T/ron, py MWMpHHI CTPiYKH,
. . [inpHiCTH MaTepiaIy
Hacunni BanTaxi p.T N MM
400 500 650
MCOK 1,4-1,65 84,3-99.,4 161,9—-190,8 289,4-341,1
Top(h 0,33-0,4 23,3-28,2 44,6-54,1 79,8-96,7
3eMJIS 1,1-1,6 66,3-96,4 127,2-185 227,4-330,7
rpaBiid 1,5-1,9 76,5-96,9 150,3-190,4 268,7-340,4
KaMiHHS 1,8-2,2 — 211,1-258 377,3-461,2
BYTLILIS 0,8-1,0 40,8-51 80,2—-100,2 143,3-179,1
HEMEHT 1,0-1,8 — 84,8-152,6 151,6-272,8
me0iHb 1,3-1,8 77,6-107,4 152,5-211,1 272,6-377,4

3akiHueHHsa Tabdi. 2

End of table 2

Hacmi sarax H_[iJIBHi;TBTIZZ;fepiaHy Jliana3oHu 3HaYEHb CliBBigHomenHs 17, / k; , T/ron, mpy WMpHHI CTPIIKK, MM
’ 800 1 000 1200
Ticox 1,4-1,65 786,5-926,9 1265,3-1491,3 2 357,6-2778,6
Topd 0,33-0,4 216,9-262,9 349-423 650,3-788,3
3emis 1,1-1,6 617,9-898,8 994,2—1 446,1 1 852,4-2694,4
I'pasiit 1,5-1,9 583,3-738,9 938,5-1 188,8 1 990,2-2520,9
Kaminus 1,8-2,2 591,6-723,1 951,9-1 163,4 1934,8-2364,8
Byrinns 0,8-1,0 242-302,5 389,4-486,7 734,88-918,6
LlemeHT 1,0-1,8 216,1-388,9 347,6-625,7 -
[1e6inb 1,3-1,8 591,6-819,2 951,9-1318 2018,5-2794,8

JUt1 BU3HAYEHHSI TTapaMeTPUIHOI 3aIeKHOCTI T10-
TY’>KHOCTI TIPHBOJY BiJl IPOEKTHHUX TapaMeTpiB y po-
60T1i [4] po30MTO KOHTYp TSTOBOTO OpPraHy KOHBeepa
Ha MPSIMOJTIHIHHI Ta KPUBOJIHIMHI TUITHKY (puc. 1, a),
Ta JUIS OJANTBILIOT0 PO3PAXyHKY BUKOPHUCTAHO METOJ
TSTOBOTO PO3paxyHKy MO KOHTYpY. 1 BU3HAYEHOCTI
NPUIHATO NPHBI KOHBEEPA 3 OJHUM BeIydnM Oapa-
OaHoM, KyT oOxBaty sikoro y =180°. IloBepxHs Oa-

pabana (yrepoBaHa rymoro. TakuM YHMHOM, TATOBHIA
(haxTOp KOHBE€Epa BIAMOBIMHO 10 Tabm. 3 [4] 3a mpu-

HHATHX pHITyIeHs Oyae e’ =3,52.

3aJIe)KHICTh TUTOMOI Barv MaTepialy Ha CTpid-
i Bii IIMPUHU CTPIYKH Ta TPOJYKTUBHOCTI KOHBeE-
€pa HaBe/ieHi B Ta0. 3.

JInst BU3HAUEHOCT] Y MOJAIBIINX PO3paXxyHKaxX
MPUAHATO SIK pOoOOUYMil OpraH CTPiYKOBOTO KOHBEE-
pa CTpiuKy KOHBeepHY TyMoBoTKaHMHHY 32 'OCT
20-85 BKHIJI-150, mexa MiItHOCTI MPOKIIAZOK SKOT
Ha pospus S, =150 H/mm. Kpim Toro, Beroau nani

OyzeMo BBakKaTH, IO YMOBH pOOOTH KOHBE€pa
BakKki ab0 JIy>ke BaXkki, TOOTO KOeQillieHT omopy
pyxy crpiuku w=0,03.
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KOHBE€Epa BiJ MPOCKTHUX MapaMeTpiB moOya0BaHi
Ta 00rpyHTOBaHI B poOOTI [4]. Taki 3amexHOCTI
HaBeJeHl B Ta0I. 5.

3aJIe)KHICTh 3HAYCHHS JIIHIHHOI Bard CTPIYKH
BiJl KUIBKOCTI MPOKJIAJIOK Ta MIMPHHU CTPIYKH Ha-
BeneHo B Ta0m. 4 [4].

AHaTITHYHI 3a€KHOCTI MOTYXHOCTI TPUBOILY

Tabnums 3
3anexuicTh NUTOMOI Baru marepiany ¢, Ha cTpivmi
Bi/l IIMPUHHU CTPIYKH Ta MPOAYKTHUBHOCTI KOHBeEpa
Table 3
Dependence of specific gravity of material g, at the band on the band width and conveyer
productivity
Hacunni BanTaxi Hlnpisia CTpietkit, M
400 500 Ta 650 800-1 200 1 200-21 600 1 800-2 000
[Ticox 2,1411 1,8511 1,0711 0,84171 0,517
Topd 2,1411 1,8511 1,0711 0,84171 0,517
3emis 2,1411 1,8511 1,0711 0,84171 0,517
I'pasiit 2,5311 2,14171 1,5411 1,0711 0,7711
Kaminus - 2,141 2,141 1,5411 1,0711
Byrimns 2,5311 2,1411 1,9811 1,5411 -
IlemenT — 2,5311 2,7811 — -
[e6inp 2,5311 2,141 1,5411 1,0711 0,7711
Tabnuns 4
Jliniifina Bara cTpiuok
Table 4
Linear weight of bands
Mupuna cTpiuku Jliniiina Bara cTpiuku JliniitHa Bara cTpiuku JliniiiHa Bara cTpiuku JliniitHa Bara cTpiuku
B, MM npu i =3, H/M npu i =4, H/m npu i =5, H/™M npu i =6, H/™m
400 51,2 57,6 64 70,4
500 64 72 80 88
650 83,2 93,6 104 114,4
800 102,4 115,2 128 140,8
1 000 128 144 160 176
1200 153,6 172,8 192 211,2
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YcraHoB/IIOBaHA NOTYKHICTH PUBOIY

Calculation drive power

Tabaums 5

Table 5

Py HpH IIIBHOCTI BaHTaxy P, H/M

Mupuna
CTPTHKH, MM no 1 /™ 1-2 /™’ Binsme mixk 2 /M
1 2 3 4
1y
400 0 92)6‘475/?31;0;‘?(6;?_ Lo | [M(1.08€7-0.92)"/833.30(¢” | [v(1,08¢7-0,92)e"/833 3n(e”
e [0.033 gLt ~1.08¢")] [0.033 gLt | <108 ¢")][0.033 (Lt
+(Lsq+ Lsg)cosP+32,3(Lse- ;(L;4-+ éssL)C(/)SB*)%é,?]E[:v 2(1;34 +BL5L6)C/OSB;‘3023735(:4L56'
. war -L34)sinB+Log/e™*)+0,7(L.+ -L34)sinB+Lyg/e™*)+0, r T
s st oot | 306 (Lol €+ | +Lart3.08 (LastLao/ €
+qu(Lss (0.03cosprsin) | Lo (003c0spsinB) ot g (so (.03cospsin)
+0,03L75/ €"*)] 03L7g/ €™)] J03Lsg/ )]
500 [V(1,08¢7-0,92)¢"/833,3n(¢"~ | [v(1,08¢7-0,92)¢"*/833 31" - |[v(1,08¢-0,92)¢" /833 3n (" -
-1,08 €"] [0,033 q.(L,+ -1,08 €"] [0,033 q.(L,+ 1,08 €"%] [0,033 go(Li+
+(Lag+ Lss)cosP+32,3(Lse- +(Lag+ Lss)cosp+32,3(Lse- F+(Lsa+ Lss)cosP+32,3(Lss-
-L34)Sil'lB+L7g/€wa)+0,8 1 (Lr+ -L34)sinB+L78/eW“)+O,87(LF + -L34)SinB+L7g/€wa)+0,94(L1~ +
+L341+2,82 (LsetLyg/ €"))+ +L34+2,84 (LsetLyg/ €"))+ +L34+2,82 (LsgtL7g/ €"))+
+ ¢, (Lse (0,03cosp+sinf) + ¢, (Lse (0,03cosp+sinf) + ¢, (Lse (0,03cosp+sinf)
+0,03L78/ ewa)] +0,03L78/ ewa)] +0,03L78/ ew“)]
650 [W(1,08¢-0,92)¢"%/833 3n(¢" - | [W(1,08¢-0,92)¢"*/833,3n(¢” - |[W(1,08¢-0,92)¢"%/833 3n(e" -
1,08 ¢"%)] [0,033 go(Lit 21,08 €"] [0,033 g(Ly+ 1,08 €"%] [0,033 go(Lit
+(L3g+ Lsg)cosP+32,3(Lse- +(L3g+ Lsg)cosP+32,3(Lse- +(L3g+ Lsg)cosP+32,3(Lse- -
La)SiBHLag/e )1, 23(Lit | -Lyg)sinptLoge™ 1 31(Lot | Lys)sintLogle™)+1.43(L,+
+L34+2,18 (LsgtLrg/ "))+ FL34+2,2 (LsstLyg/ €"))+ L34 +2,2(Lset Log/ €"))+
+ ¢, (Ls6 (0,03cosp+sinf) + ¢, (Ls6 (0,03cosp+sinf) + ¢, (Ls6 (0,03cosp+sinf)
+0,03L1g/ €] +0,03L1g/ €] +0,03L1g/ €]
800 [V(1,08¢7-0,92)¢" /833 3n(¢" - | [v(1,08¢-0,92)¢"*/833 3n(e" - |[W(1,08¢7-0,92)"*/833 3n(¢"" --
1,08 ¢"%)] [0,033 go(Li+ -1,08 €")] [0,033 q(L,+ 1,08 €"%] [0,033 go(Li+
(L34 + Lsg)cosP+32,3(Lse- +(Lag+ Lsg)cosP+32,3(Lse- +(Las+ Lsg)cosP+32,3(Lse-
-L34)SinB+L78/eW“)+2, 1 5(Lr+ -L34)SinB+L78/€W{1)+2,3 1 (Ll- + -L34)Sin[3+L7g/eW“)+2,5 1 (Lr +
+L341+2,2 (LsgtLqg/ €*))+ +L341+2,2 (LsgtLqg/ €*))+ +L341+2,2 (LsgtLqg/ €*™))+
+ ¢, (Lse (0,03cosp+sinf) + ¢, (Lse (0,03cosp+sinf) + ¢, (Lse (0,03cosp+sinf)
+0,03L1g/ €] +0,03L1g/ €] +0,03L1g/ €]
1000 |[v(1,08¢7-0,92)e"/833,3n(¢" - | [v(1,08¢-0,92)¢"*/833 3n(e" - |[W(1,08¢7-0,92)"*/833 3n(¢"" --
1,08 ¢"%)] [0,033 go(Let 21,08 €"] [0,033 q(Ly+ 1,08 €"%] [0,033 go(Lit
F(Lag+ Lsg)cosP+32,3(Lse- F(Lag+ Lsg)cosP+32,3(Lse- +(Lag+ Lsg)cosP+32,3(Lse-
-L34)SinB+L7g/€wa)+2,75(Lr+ -L34)SiHB+L78/€wa)+2,98(L1- + -L34)SinB+L7g/€wa)+3,25(Lr +
+L34+2,1 (LsstLag/ ™)+ +L34+2,1 (LsetLag/ ™)+ FL34+2,1 (LsetLag/ €"))+
+ qu (L56 (0703COSB+SinB) + qn (L56 (0,03COSB+SiHB) + qn (L56 (0,03COSB+SiHB)
+0,03L78/ ew")] +0,03L78/ ew")] +0,03L78/ ewa)]
1200 |[v(1,08¢7-0,92)€"*/833 3n(e" - | [v(1,08¢7-0,92)e"*/833 3n(e" - |[W(1,08¢7-0,92)€" /833 3 (¢ --

1,08 ¢")] [0,033 (Lt
+(L34 + L56)COSB+32,3(L56-
-L34)sinB+L7g/eW“)+3 ,1 3(Lr+
+L341+2,14 (L56+L78/ ew"))+
+ ¢, (Lss (0,03cosP+sinf)
+0,03L g/ )]

21,08 €"%)] [0,033 qu(Ly+
+(L34 + L56)COSB+32,3(L56-
-L34)SiHB+L73/€Wa)+3 939(Lr +
+L341+2,14 (L56+L78/ ew"))+
+ ¢, (Ls (0,03cosP+sinf)
+0,03L1g/ €]

1,08 €")] [0,033 go(Li+
+(L34 + L56)COSB+32,3(L56-
—L34)sinB+L7g/ew“)+3,7(Lr +
+L341+2,14 (L56+L78/ ew"))+

+ ¢, (Ls (0,03cosP+sinf)

+0,03L1g/ €"%)]
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Pe3yabTaTn

Bukonaemo rpadiynnii aHai3 BIUNTUBY MPOEKT-
HUX TMapaMeTpiB TOPU30HTAIBHO-TIOXUIIOTO CTPid-
KOBOTO KOHBeepa (puc. 1) mjis TpaHCHOPTYBaHHS
3eMJTi Ha TIOTYKHICTh HEOOX1THOTO MMPHUBOY.

BuxinHi maHi IS TOCHTIDKEHHS MPUIAMEMO Ta-
Ki:

— TPaHCTIOPTOBAaHHUI MaTepia — 3eMIIS;

— mWiabHICTE p=1,6 /M

— TIPOAYKTHBHICTh KOHBeepa I1 =40 m’/rox =
64 t/ronx;

— BHCOTa MigioMy BaHTaxy H =6,5 m;
JoexuHa L. =371 m;
BIAPI3KU TpacH L, =Ly =15,02 ™,
L =L,=21,02m, L, =16,08 ™M, Ly =2,67 M,
R =6 m.

3a ymoBu, mo H =65 m 1a L =16,08 M,

— Tpaca KOHBE€pa:

BHU3HAYAEMO KYT HAXHIYy MOXHJIOI YACTHHU KOHBE-
epa:

B= arctgi=arctg 6,5 ~22°.
L 16,08

3a gomomororo Taba. 5 (c. 403, [9]) maemo:
=0,76.

BusHauaeMo 3Ha4YEHHS CITIBBIIHOIIECHHS IY/kB

ky

3a ymoBu I7 =64 t/romTa p=1,6 T/™:
H/kB=64/O,76=84,2<96,4.

3a Tabm. 2 mnpuiiMaeMO 3HAYCHHS IMAPUHHU
CTpIuKHM Ui 3a0€3MeueHHs] HEOOXITHOI MPOEKTHOT
MPOTYyKTUBHOCTI KoHBeepa B =400 mm. 3a Tadm. 1
JUISL BaHTaXy (3eMils]) OOMpaeMo MIBHIKICTh PyXy
cTpiuku v=1,3 m/c.

I'padiuna 3aJ1eKHICTh IMUPUHHA CTPIUKHU IS 3a-
Oe3nedeHHsT HeO0OXiTHOT MPOSKTHOI MPOTyKTUBHO-
CTI KOHBE€Epa BiJl 3HAYCHHSI CTIiBBiAHOIIECHHS [] / kﬁ

TIpU BAHTAXY — 3eMIIA 3i miTbHiCTIO p=1,6 T/M
300pa’keHa Ha puc. 2.

I'padiuna 3a51eKHICTh IUPUHHA CTPIUKHU AT 3a-
Oe3nedeHHsT HEOOXiMHOT MPOEKTHOI MPOTyKTUBHO-
CTi KOHBEEpa BiJl 3HAYCHHS MPOMYKTHBHOCTI [/
Opyd KyTl HaxXwily TOXHJIOI JUISHKA KOHBeepa
B=22" ta BignosinHomy k; =0,76 mpu BaHTaxy
— 3emus 3i mineHicTIO p=1,6 T/M® 306paxkeHa Ha
puc. 3.

B, MM
1,200
1,000
800-
600
ADD_||||||||||||||||||||||||||
0 500 1000 1500 2000 2500
IY/k[3 , T/TO1

Puc. 2. T'padiuna 3a51€XKHICTh ITUPUHU CTPIYKH
Juisl 3a0e3neYeHHs] HeOOX1IHOT IPOEKTHOT
NPOJyKTUBHOCTI KOHBEEpa
BiJ 3HAYE€HHS cHiBBigHOLIEHHS [], / kB

Fig. 2. Graphical dependence of band width to pro-
vide the necessary project productivity on the value of

the ratio /7 / kﬁ

B, nmva

1 200
1 000
a0
BO0
400
LN I e s s s B s |
0 S0 1000 1500 2000
II, T'Toxg

Puc. 3. I'padpiuna 3a51eXXHICTb IUPUHN CTPIUKH
Jutsl 3a0e3neyeHHs] HeOOXi/IHOT IPOEKTHOT
MPOJyKTUBHOCTI KOHBE€EPA Bijl 3HAUCHHS IIPOAYKTHB-

wocti 17 mpu B=22° ta p=1,6 /™’

Fig. 3. Graphical dependence of band width to
provide the necessary project productivity of conveyer
on the value of performance IT at f§ =22°
and p=1,6 t/m’
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Bigmosigno no B =400 mm 3 Tabn. 3 oOupae-
MO BIJITIOBITHY 3aJICKHICTh IMUTOMOI Baru MaTepia-
Jy Ha CTpivIl BiA MPOIYKTUBHOCTI KOHBEEpa
q, =2,1411 H/™m.

[IpuiimaeMo KiNBKiCTh TPOKJIAAOK CTPIUKH
i=4 ra BignoBigny mmpuHy B=400 MM 3a
tabun. 4 ii niniiiny Bary ¢g. =57,6 H/m.

IIpu L, =2,67 M, R =6 M BU3HA4YaEMO KyT
0o0xBaTy cTpiukor Oartapei posukoornop 3a (hop-
MYJIOIO:

Ly 2,67
R, 6

=0,445 pan = 25,5°.

st 3a3HadueHux ymoB, ToOOTO B =400 MM,
p=1,6 /™ (3emns), g, = 2,141 H/m, B=22° Ta
33/IaHAX TE€OMETPUYHHX PO3Mipax AUITHOK KOHBeepa
rpadiyHa 3aJeXHICTh YCTAHOBIIOBAHOI MOTYKHOC-
Ti TIPUBOAY KOHBEEPA BiJ BEIUYHHH IPOCKTHOI
MPOJYKTHBHOCTI 300paxkeHa Ha puc. 4. [liamazon
3MiHU NPOXYKTUBHOCTI mpuiiHsaTuit [0, 73,3], ocki-
JBKU TIPY 1HIIOMY 3MIHHTBCS MIUPUHA CTPIYKU Ta
BIJIIOBITHO MapaMeTpUyHa 3aJIeKHICTh MOTYKHOC-
Ti IPUBOJY BiJ MPOILYKTHBHOCTI.

P kBT

0 10 20 30 40 50 60 70
II, T'rog
Puc. 4. I'padivna 3a51€XKHICTS TOTYKHOCTI IPHBOIY
BiJI IPOSKTHOI MPOIYKTHBHOCTI KOHBeepa [1
npu B=22"ta p=1,6 /™’
Fig. 4. Graphic dependence of drive power
on the project productivity of conveyor 7
at p=22"and p=1,6 t/m’

AHaITHIHA 3aJIEKHICTh YCTAaHOBJIIOBAHOI II0-
TY>KHOCTI TIPHBOJY KOHBEEpA BiJl BEJIWYHHHU TIpOE-
KTHOI MPOAYKTUBHOCTI NPH BHUILE3a3HAYEHUX YMO-
BaX Mae€ BUTIIS:

P=0,02911+0,47.

s 3a3HadeHnx ymoB, TOOTO B =400 MM,
p=16 /™  (3ems), q,=2,1411  H/m,
Il =64 T/rox Ta 3amaHUX TEOMETPHYHHMX PO3MIpax
TIITHOK KOHBeepa rpadiuHa 3aIeXKHICTh YCTAHOB-
JIFOBaHOI MOTY>KHOCTI NPHBOIY KOHBEEPA Bifl BEJH-
YMHM KyTa HAaxwWly TOXWIOl JUUISHKH KOHBeepa [
300pakeHa Ha puc. 5. Jliarma3oH 3MiHM KyTa Haxuiy
B mpuiiasaTwii [0, 7/6], OCKUTEKA MPH HIIOMY 3Mi-
HUTHCS [IMPHHA CTPIYKA Ta BiATIOBIAHO MapameTpH-
YHA 3aIEXKHICTh MOTY>KHOCTI MPUBOIY BiJl MPOIYK-
THUBHOCTI T4 KyTa HAXUITY.

P, kBT

0.0 0.1 0z 0.3 0.4 045

B, pan.
Puc. 5. I'padivna 3a51eKHICTS TOTYKHOCTI IPHBOIY
BiJI KyTa HaXMJIy HOXMJIOl IUISTHKM KOHBeepa [3
npu I7 =64 t/ronta p=1,6 /™’

Fig. 5. Graphical dependence of drive power
on the angle of the inclined conveyor section 3

at [1=64 t/hand p=1,6 t/m’

AHanmiTHYHa 3aJIEKHICTh YCTAaHOBIIOBAHOI TO-
TY>KHOCT] IPUBOJY KOHBEEpA BiJ KyTa Haxuiy IO-
XWJIOi JiNSTHKY KOHBeepa [ MpH BHIE3a3HAYCHUX

YMOBax Ma€ BUTTIAO:

P=0,238cosP+4,11sinp+0,534.

Js po3yMiHHSA XapakTepy 3MiHH TOTY>KHOCTI
BiJl KyTa [} HaBenmemo 1ei ke rpadik, ane Ha Oi-
JIBIIOMY Jiama3oHi 3MiHu KyTa 3, To0To [0, 27].

Baunmo, 1110 Taka 3aJIeKHICTh SIBJISE COOOIO CH-
Hycoiny 3 ammiiTyaoro 4,11, sika 3cyHyTa o Bep-
tukani Ha 0,872. Aje HaBeleHa Ha puc. 6 3alex-
HICTh BiIIOBiga€ AIMCHOCTI JIMIIIE HA BiZIPi3Ky 3Mi-
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HH KyTa Haxuy 3 [0, w/6].

_F, kBT

B, pan

Puc. 6. I'padpiuna 3a51€XXHICTh TTOTY>KHOCTI IPUBOY
BiJl KyTa HaXHJIy HOXHJIOT IUISIHKK KOHBeepa 3

npu I1 =64 1/ronta p=1,6 T/™°

Fig. 6. Graphical dependence of drive power
on the angle of the inclined conveyor section f

at I7=64 thand p=1,6 t/m’

HaBenemo rpagiuHy 3alleXXHICTh YCTaHOBIIIO-
BaHOI TIOTYXHOCTI PUBOJY KOHBEEpA Bij 3HAYCH-
HSl TIPOEKTHOI MPOXYKTHBHOCTI KOHBEEpa 3aaHoi
KoH(]irypamii Ta TEOMETPHYHHX pO3Mipax HOTro
JUISTHOK 3 ypaxyBaHHAM 3MiHHM IIMPUHH CTPIYKH Ta
BiJIIOBITHUX T¥ MIBUIKOCTI PyXy CTPIYKH, TUTOMOT
Bard CTPiYKH Ta MMUTOMOI Barv BaHTaXy Ha CTPIdIIi
MpU JOCATHEHHI 3HA4YeHHsS MPOIYKTHBHOCTI [0
TPaHUYHOTO B Ta0J. 2. YMOBH POOOTH — BaXKi.

g 3a3HayeHux ymoB, T00TO p=1,6 ™ (3e-

Mist), B =22° Bu3HAUMMO 3a Ta0. 2 Ta 5 aHATITHYHI

3aJIC)KHOCTI YCTAaHOBJIIOBAHOT MOTY)KHOCTI IIPUBOY
KOHBEEPA BiJl 3HAUCHHS MPOSKTHOI MPOJTyKTUBHOC-
Ti KOHBE€Epa Ta MEXi iX JIiif:

P=0,02911+0,47 npu I1 (0, 73.3];
P=0,02517+0,571 mpu 11 €(73.3, 140.6];
P=0,02511+0,732 npu 11 € (140.6, 251.3];
P=0,01417+1,061 pu I1 €(251.3, 683.1];
P=0,01411+1,326 npu 11 <(683.1, 1099];
P=0,01111+1,56 pu 11 € (1099, 2047.7].

BinmoBigHa HaBenmeHWM aHANITUIHUM 3aJI€XK-
HOCTAM TpadiyHa 3aJIe)KHICTh YCTaHOBJIFOBAHOT
MOTY>KHOCTI TIPUBOAY KOHBEEpPA BiJl BEIUYMHU
MPOEKTHOI ~ TMPOAYKTHBHOCTI  Ha  JIianasoHi
[0, 2047,7] T/ron 300paxeHa Ha puc. 7.

P, kBr #

o am am B0 1] a0 A0 4 1 VED zpm

11, v/rog
Puc. 7. I'padiuna 3a51€XKHICTh TOTY>KHOCT] PUBOY
BiJl ITPOEKTHOI IPOJYKTHBHOCTI KOHBeepa 7

npu B=22" ta p=1,6 /™’

Fig. 7. Graphic dependence of drive power on
the project performance of conveyor 17

at =22° and p=1,6 t/m’

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYUMICTh

BukonaHo MOCHTiMKEHHS 3aJeKHOCTI IMHPUHU
CTpIYKH KOHBEEpa BiJl y3aralbHEHOTo Iapamerpy,
SKUH BPaxOBY€ MPOEKTHY NMPOAYKTHUBHICTH KOHBE-
€pa Ta KyT HaXwWiy WOTO TOXWIOI MUITHKH. Jljis
KOHKPETHOTO THITy BaHTAaXy Ta KyTa HaXWIly AiJs-
HKUA KOHBeepa moOyioBaHO rpadiyHy 3ajexKHICTh
HIMPUHYU CTPIYKH BiJ MPOIYKTUBHOCTI mpH (pikco-
BaHMX IHIMX MPOCKTHHUX MTapaMeTpiB.

BukoHaHO SIKICHUH aHai3 3aJ€XKHOCTI MOTYX-
HOCTI NPUBOIY CTPIYKOBHX TPAHCIOPTEPIB 3 IO-
XWJIOK Ta TOPH3OHTAIBHOIO IUITHKAMH (B TOMY
YHCTi 1 3 ypaxyBaHHSM 3MiHHM IMUPWHH CTPIYKH)
BiJl IPOEKTHOI MPOAYKTUBHOCTI, KyTa Haxmiy IO-
XWUJI0i YacTHHU TIpH (PIKCOBAHUX TECOMETPHUHUX
po3Mipax Ta KoH]iryparii Tpacu KOHBeEpa, YMOB
po0OTH, a TAKOXK 3 YpaxyBaHHSIM CTaHIAPTHHUX PO-
3MipiB Ta mapameTpiB CTpidoK, ponukoonop. Ilo-
Oy0BaHi BiNOBITHI TpadivHi 3aJeKHOCTI.
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BukopucranHas moOyI0BaHUX 3aJICKHOCTEH ae
MOYJIMBICTh BU3HAYUTU 3aralibHU XapakTep 3Mi-
HU TIOTYXXKHOCTiI NPHUBOAY IPH BapilOBaHHI TaKUX
napameTpiB, fK NPOAYKTHUBHICT Ta KyT HaxHiLy
TJISTHKA KOHBE€Epa.

3anpornoHoBaHi 3aJeKHOCTI MOXYTh OyTH BH-
KOPHUCTaHi Ul BU3HAYCHHS palioHaJbHOI MOTYX-
HOCTI IPUBOAY KOHBEEPA NMPHU KOHKPETHUX IIPOCK-
THHX JIaHHX.

BucnoBxu

JAnst cTPIYKOBHX TPaHCIIOPTEPIB 3 MOXUIOK Ta
TOPU30HTAIBHOK NUISTHKAMU TOOYA0BaHO Tpadiu-
HY 3QJICKHICTh HEOOXiAHOI MIMPHUHU CTPIYKH Bif
NPOEKTHUX MapaMeTPiB: THITY BaHTaXYy, MPOCKTHOT
MPOTYKTUBHOCTI, TEOMETPHYHUX PO3MIPIiB Ta KOH-
¢irypanii Tpacu konBeepa. [loOynoBaHa 3anex-
HICTh J]a€ MOXUIMBICTh IIBUIKO OTPHUMYBATH HEOO-
XiTHY IMUAPUHY CTPIYKHA MPH BiTOMHUX IMPOCKTHHX
JAHUX. 3a pe3ysbTaTaMH AOCHTIKEHb M00yI0BaHO

rpadigHi 3aN€KHOCTI MOTYKHOCTI TMPHUBOAY KOH-
BeEpa BiJl MPOAYKTUBHOCTI 3 ypaxyBaHHIM 3MiHH
HIMPUHU CTPIYKW TIpH 11 3pOCTaHHi, a TaKOXK — Bij
KyTa Haxwily IUISSHKH Tpacu KoHBeepa. BcraHos-
JIeHO, 10 (PYHKITiSA 3MIiHW BEJIMYWHU ITOTY>KHOCTI
KOHBEEpa B MPOEKTHOI MPOAYKTUBHOCTI (TIpU
(ikcoBaHMX IHIIMX THapaMeTpax) € JIHIHHOI Ta
MOHOTOHHO 3pPOCTAal0Y0I0 Ha AUISHKAX IMOCTIHHOL
IIMPUHHI CTPIUKH, a 3aJI€KHICTh BEIMIHHHA TOTYXK-
HOCTI KOHBe€pa BiJ HOro KyTa Haxuiy (mpu Qikco-
BaHUX IHIIWUX TIapaMeTpax) € HEeNiHIHHOIO, CUHY-
COINaIBHOIO.

Taxki 3a1€KHOCTI JAIOTH MOXKJIMBICTH BCTaHO-
BUTH 3arajlbHy 3aKOHOMIPHICTH BiAIOBIIHUX 3a-
JIEKHOCTEH Ta OTPUMYBAaTH HEOOXigHE 3HAYCHHS
MOTY>KHOCTI IPUBOAY 13 BpaxyBaHHAM TUIY Ta (i-
3UKO-MEXaHIYHUX BIIACTHBOCTEH BaHTaXiB, BENH-
YMHU BUCOTH MiOMY, IOBKHHHM TPAaHCIIOPTYBaH-
HSl Ta IPOEKTHOI MPOTyKTHBHOCTI.
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KAYECTBEHHBIN AHAJIU3 3ABUCUMOCTHU MOIIIHOCTH
MMPUBOJA JIEHTOYHOI'O 'OPU30OHTAJIBHO-HAKJIOHHOI'O
KOHBEMEPA OT EI'O UCXOJHBIX IAPAMETPOB

Ienb. OqHUM U3 OCHOBHBIX 3JIEMEHTOB JIGHTOYHBIX KOHBEHEPOB sIBIIs€TCS MPUBOJ. [l aHanu3a BIUSHUS IPO-
EKTHBIX ITapaMeTPOB Ha BEJIMYMHY MOIIHOCTH MPUBOJA HEOOXOIMMO MPOBECTH PAcUETHI 110 CTAHIAPTHBIM METOIH-
KaM, M3JI0)KEHHBIM B COBPEMEHHON TEXHNYECKOH mTeparype. OCHOBHBIMH ITPOEKTHBIMH ITapaMETPaMH JIEHTOYHOTO
KOHBeHepa SBIIOTCS: TUI TPy3a, IPOEKTHAs MPOU3BOANTEIHHOCT, TEOMETPHUECKHE PA3MEPhl YIaCTKOB U KOH(H-
rypamnus Tpaccsl B iesioM. OCOOEHHOCTBIO PACUYETOB JEHTOYHOTO KOHBEHEPa, 110 CPAaBHEHHIO C 3JI€BATOPAMH, SIBIIS-
eTcs 3aBHCUMOCTD IIMPUHBI €T0 JICHTHI OT IPOU3BOJUTENILHOCTH, YIJIa HAKJIOHA y4acTKa U THMA Ipy3a. B cratbe 1
ydera 3Toro (hakra Ipu pacderax HEOOXOAMMO IOCTPOUTH 3aBHCHMOCTDH IIMPHHBI JIGHTHI OT 000OIEHHOro mapa-
MeTpa, KOTOPBII Yy4NTHIBACT U3MECHEHNE MPOEKTHBIX MapaMeTpoB. s ompeneneHust oOuied 3aKOHOMEPHOCTH H3-
MEHEHHS BEJIMYMHBI MOIITHOCTH MIPUBO/IA JICHTOYHOTO KOHBeMepa NMpH BapbUPOBAHUU €r0 MPOEKTHBIX apaMeTPOB B
CTaThe HEOOXOJMMO ITOCTPOUTH COOTBETCTBYIOIINE TpaduuecKre 3aBUCHMOCTH C YUETOM CTaHJapTHBIX pa3MepoB U
napameTpoB JieHT. MeToauka. B pabore paccMaTpuBaeTcst ICHTOYHBI KOHBEHEp C JIByMsl y4acTKaMH: HAKJIIOHHBIM
U TOPU3OHTAIBHBIM. [IpoBOIUTCA NeTaNbHBINA aHAIU3 3aBUCUMOCTU LIMPHUHBI JEHTHl KOHBEHEpa U MOIHOCTH €ro
MIPUBOJA OT THIIA TPy3a, NPOEKTHOH NMPOMU3BOAUTEIBHOCTH, TEOMETPUYECKIX Pa3MEpOB M KOH(QUIypaluu Tpacchl
KOHBeHepa, MCHOIb3Ysl COOTBETCTBYIOIINE MapaMETPUUECKHE 3aBHCUMOCTH, TIOCTPOCHHBIE aBTOPAMH B IIPEAbBILY-
mux pabdorax. Pe3yabTarsl. [y TeHTOUHBIX KOHBEHEPOB PACCMAaTPUBAEMOTO THIIA TIOCTPOCHBI IpaUIeCKue 3aBH-
CHMOCTH MIMPUHBI JEHTHI OT TapaMeTpa, XapaKTEPHU3YIOUIETO MPOSKTHYIO MPON3BOIUTEIBHOCTh M YTOJl HAKIOHA
y4acTKa TPacchl, a TaKKe — OT NMPOM3BOAUTEIHHOCTH HPH (UKCHPOBAHHOM yrie HakiIoHAa. C y4eToM H3MEHEHUs
IIUPHUHBI JICHTHl NPU POCTE BEIMYMHBI NIPOSKTHOW MPOM3BOJUTENBHOCTH NOCTPOCHBI TPadUIecKHe 3aBUCHMOCTH
MOIIHOCTH IIPUBOJA OT IMPOU3BOJUTEIEHOCTU | yTJIa HAKIOHA HAKIOHHOTO yuacTka. HayyHasi HoBu3Ha. ABTOpaMu
BIIEPBBIC ITOCTPOCHBI OOIIME 3aBUCHMOCTH IIUPUHBI JICHTHl U MOIIHOCTH NPUBOJA KOHBeiiepa ¢ IByMsl y4acTKaMu
(HaKJIOHHOM M TOPU3OHTAJILHOM) OT MPOEKTHBIX MapaMeTPOB M NPHUBEICHBI COOTBeTCTBYIOIMUE rpaduku. [IpakTn-
Yyeckasi 3HAUYMMOCTb. Vcrosp30BaHne NOCTPOSHHBIX Tpad)MuecKuX 3aBUCUMOCTEH MOIIHOCTH MPUBOJA JIEHTOYHBIX
KOHBEHEPOB C HAKJIOHHBIM U TOPH30HTAIBHBIM YYaCTKaMH OT IPOEKTHBIX NapaMeTPOB JTaeT BOZMOXHOCTh OBICTPOTO
orpe/ieNIeHns] TPUOIN3NTEIBHOTO 3HAYEHHSI MOIITHOCTH NPUBOJIA HA CTAJMU POCKTUPOBAHMSI, @ TAK)KE ONPEICIUTh
001 XapakTep N3MEHEHUS €€ BEJIMYHHBI IIPH BapbUPOBAHUH IPOEKTHBIX ITapaMeTpOB.

Knrouesvie cnosa: xoHBelep; IeHTa; MPUBOA; MOLHOCTh; IPOU3BOAUTENBHOCTD; YIOJI HAKIOHA
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QUALITATIVE ANALYSIS OF DEPENDENCE OF DRIVE POWER
HORIZONTAL-INCLINED BELT CONVEYOR ON ITS INITIAL
PARAMETERS

Purpose. One of the main elements of band conveyors is a drive. To analyze the effect of design parameters on
the drive power it is necessary to carry out the calculations according to standard procedures outlined in the current
technical literature. The main design parameters of the band conveyor are: the type of cargo, project performance,
the geometric dimensions of sections and track configuration as a whole. The feature of band conveyor calculation
as compared to the elevators is the dependence of the band width on its performance, the inclination angle and the
type of cargo. In the article for the account of this fact during calculations it is necessary to construct the dependence
of the band width on the generalized parameter, which takes into account change in the design parameters. To de-
termine the general pattern of changing the value of band conveyor drive power when varying its design parameters
in the article it is necessary to construct the corresponding graphic dependences taking into account the standard
sizes and bands parameters. Methodology. We consider the band conveyor with two sections: the inclined and hori-
zontal one. It is conducted a detailed analysis of dependence of the conveyor band width and its drive power on the
type of cargo, project performance, geometric dimensions and configuration of the conveyor track, using the appro-
priate parameter dependences constructed by the authors in previous papers. Findings. For band conveyors of this
type there were constructed the graphics dependences of the band width on the parameter characterizing the project
performance and the inclination angle of the track section, and on the performance at a fixed angle of inclination.
Taking into account the changes in the band width with an increase in the value of project performance the graph
dependences of drive power on the productivity and the inclination angle of the inclined section were built. Origi-
nality. For the first time there were built the general dependences of the conveyor band width and the drive power
with two sections (inclined and horizontal) on the design parameters and there were presented the corresponding
graphs. Practical value. Use of the built graphic dependences of drive power of band conveyors with the inclined
and horizontal sections on the design parameters makes it possible to quickly determine the approximate value of
drive power at the design stage, and to determine the general change nature of its value while varying the design
parameters.

Keywords: conveyer; band; drive; power; productivity; inclination angle
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OIIPEJAEJTEHUE KOHCTPYKTUBHBIX IIAPAMETPOB
IMAPHUPHO-COYJIEHEHHBIX CTPEJOBBIX CUCTEM
IHHOPTAJIBHBIX KPAHOB

Hens. B uccnenoBannn HeoOxoxumo: 1) chopMUpoBaTE MacCCHB I'€OMETPUUYECKUX, BECOBBIX M BapbHPYEMBIX
JAHHBIX JUIS aBTOMAaTU3MPOBAHHOTO CHHTE3a IAPHUPHO-COWIEHEHHBIX CTPEIIOBBIX CHUCTEM; 2) pa3paboTaTe METOIH-
Ky pacyeTa M ONpENEICHUS PALMOHAIBHBIX KOHCTPYKTHBHBIX IIApaMETPOB INAPHUPHO-COWIEHEHHBIX CTPENIOBBIX
CUCTEM B 3aBHCUMOCTH OT OCHOBHBIX TEXHHUYECKHMX IapaMETpOB MOPTAIBHOTO KpaHa (MaKCHMAaJIbHBIN
Y MUHUMaJIbHBIA pabo4ue BBUIETHI CTPEJbI, BHICOTA MOIbEMa Ipy3a, 3HAUCHUE 3aJHETr0 rabdapuTa, rpy30HOAbEM-
HOCTh KpaHa); 3) MpOBECTH N3y4YEHUE aJE€KBAaTHOCTH METOAMKH Ha KOMITBIOTEPHBIX MOJEINSX MOPTAIBHBIX KPAHOB.
Metoauka. [ onpenencHus KHUHEMaTHUECKUX XapaKTEPUCTUK KaXJIOro 3B€HA IIApPHUPHO-COWIEHEHHOH cTpeno-
BOW CHCTEMBI (CTpelnbl, X000Ta, OTTSDKKH, POTHBOBECA, TPy3a) pa3padoTaHa AMHAMHUYECKAs U MaTeMaTHIecKas Mo-
JIeNIN, KOTOPBIE MO3BOJSAIOT ONKCATh ABMKEHHE IIAPHUPHO-COUICHEHHON CTPEIOBOM CUCTEMBI IIPU MU3MEHEHHUH BBI-
neTa cTpensl. BriepBele mpeiokeHa METOIMKA pacdeTa U ONpeeNIeHHs pallMOHAIbHBIX KOHCTPYKTHBHBIX IIapaMeT-
POB HIAPHUPHO-COWIEHEHHBIX CTPENIOBBIX CUCTEM B 3aBUCUMOCTH OT TEXHUYECKUX MApaMETPOB MOPTAILHOIO KpaHa.
Pe3yabTarsl. C NOMOIIBIO MaTEMAaTHYECKOTO MOJCIHMPOBAHNS HAyYHO OOOCHOBAHA IIEIECO00Pa3HOCTh HCIIOIB30-
BaHUs NPEAJIOKEHHON METOIUKHU OINPEENIEHIs] KOHCTPYKTHBHBIX MapaMETPOB MAPHUPHO-COWIEHEHHBIX CTPENOBBIX
cucteM. Pa3paboTaHHbIN MTaKeT FEOMETPHUUECKHX, BECOBBIX M BAPbUPYEMBIX JAaHHBIX MTO3BOJIET YIPOCTHUTH MPOLIECC
MOATOTOBUTEINIBHBIX PACUETOB IEpe] aBTOMATU3UPOBAHHBIM CUHTE30M M ONTUMU3HPOBATH KOHCTPYKILMIO IIAPHUP-
HO-COWJICHEHHOU CTPEJIOBOM CUCTEMbI MOPTANbHBIX KpaHoB. HayyHass HoBM3HA. BriepBbie IIpeaiokeHa METOAMKA
pacdera napameTpu4ecKuX JaHHbIX, KOTOPBIE O3BOJIAIOT ONPEACIIUTh PALIMOHAIBHBIE KOHCTPYKTUBHBIC [TapaMETPhI
IIAPHUPHO-COWICHEHHON CTPENOBOI cucTeMbl. Pa3paboTaHbl JOKaIbHBIE POTPAaMMBI JJIsI KOMIIEKCHOTO ONTHMH-
3aI[IOHHOTO CHHTE3a, MO3BOJIAIONINE BBHINOJHUTH OTOOP HAWIYYIIEro BapHaHTa KOHCTPYKIHMH OJXHOBPEMEHHO IO
HECKOJIbKUM KPHUTEpHUSIM KadecTBa W (YHKIMOHAIBHBIM orpaHnueHusM. IIpakTuyeckasi 3Haummoctsb. [Ipemio-
JKEeHHasI METOANKA pacueTa KOHCTPYKTHUBHBIX ITAPAMETPOB MOXKET OBITh CHOIBb30BaHa IIPH MPOSKTHPOBAHUH HOBBIX
U MOJIEPHU3ALMH CYIECTBYIOIIMX NOPTAIbHBIX KPAHOB C MIAPHUPHO-COUJICHEHHBIMU CTPEJIOBBIMU CHCTEMAMH, YTO,
B CBOIO OY€pe/b, CHU3UT MaTEPHATIOEMKOCTb M YHEPIONOTpeOIeHEe KPaHOB.

Knrouesvie cnosa: mopTanbHbBIA KpaH; IIAPHUPHO-COWICHEHHAs CTPENOBas CHCTEMA; CUHTE3; METOJ pacydera;
KOHCTPYKTUBHBIE TApaMETPBI; IUHAMHYECKAs: MOJIENb; MaTEMaTHIECKast MOAEIb

Beenenne Ha CTPYKTYpHOI cxeme IIapHUPHO-
COUIEHEHHOW CTPENIOBOM CHCTEMBI INOPTAIBHOTO
KpaHa (puc. 1) yka3aHbl 3BeHbs, T€OMETPUYECKUE,
BECOBBIE M BapbUpyEMbIE MapaMETPbl KOTOPBIX
HEOOXOAMMBI I Hayajla aBTOMAaTH3MPOBAHHOTO
CHUHTE3a CTPEIOBOM CHCTEMBI U ypaBHOBEIINBAIO-
mero ycrpoicrsa. K HuM otHocaTCA: L, — JUIMHA

3amaya OmpelneneHus pa3MepoB MIAPHUPHO-
COUWICHEHHOU CTpPENOBOM CUCTEMBI SBIISETCS BaXK-
HBIM 3TallOM IPOEKTUPOBAHUS IIOPTAIIBHOIO KpaHa.

Hns pemienus 3ToM 3amaud MpejIoKEeHbl pas-
nuyHble oaxoAasl [1, 9, 2—4, 14-18], ognako HH
OIMH W3 HHUX HE NTaeT PEKOMEHIAIUH 10 BBIOOPY
reOMETPUYECKHUX, BECOBBIX M BapbUPyEMbLIX Iapa- xobora; L — jumHa KOHTpX00oTa;, L, — IinHa
MCTpPOB YPaBHOBEIIEHHOM HIApHUPHO-  cTpenbl; L, — JUIMHA OTTSDKKH; f, — BBICOTA X000-
COYJIEHEHHOM CTPENIOBOM CUCTEMBI Ha HayaJbHBIX

Ta, lC — pacCTOAHUE OT OCH CTPCJbI 10 OCH IIap-
cTagusiax pacdera.

HUpa KPCIJICHUA TATHU, on — TOpHU3OHTAJIbHAdA
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KOOpAWMHATA KPETUICHUS OTTSHKKH OT OCH MIapHHpa
crpenel Oy; Y, — BepTUKalbHAas KOOpAUHATA Kpe-
IUICHUS. OTTSDKKM OT ocu ImapHupa crpensl Oy

L., — MUHUMAaJIbHBIA BBUIET CTpensl; L . — Mak-

CHUMAJIbHBIN BBLIET CTpPCIIbI; R3 — OpCACIIbHOC 3HaA-

YCHHUC BCIWYMUHBI 3aJHCTO ra6apHTa; o — yroi
HaKJIOHa CTPEJIbI; P — YI'0JI OTKIIOHCHUS I'PY30BOI0

kanara; G, — Bec crpensl; G, — Bec X000Ta;
0.5G, — nonosuna Beca oTTsKKU; G — BEC Mpo-
THBOBeca; O — Bec Ipy3a; [, — JUIMHA MEpeIHEro
ieda KOpOMBICHa; [/ — JUIMHA TATH MPOTHUBOBECA;

[ — pacCToAHUEC IO BEPTHUKAJIU OT OCH KadaHUA
CTPEJIbl 10 OCH KadYaHUs KOPOMBICJIA, h — BBICOTa
KOpOMEICJIA.

[P

Lmax | Rs

Puc. 1. [llapaupHO-CcOUIEHEHHAs CTPEIOBas CUCTEMA
noptansHoro kpana KIIIT 16(20)-36-10,5

Fig. 1. Articulated jib system of portal crane KPP 16
(20) -36-10,5

ean

Llenpro TaHHBIX HCCIENOBAHUHN SIBISETCS OIpe-
JleJIeHUEe palUOHANbHBIX KOHCTPYKTHBHBIX Hapa-
METPOB LIAPHUPHO-COYJIEHEHHOW CTPEIOBOM CHC-
TEMBI MOPTAILHOTO KpaHa M (OpMHPOBAHHE Mac-
CHBa T€OMETPUUYECKUX, BECOBBIX U BapbUPYEMbIX
JIaHHBIX U aBTOMAaTU3UPOBAHHOIO cHHTE3a. J[i1s
JIOCTHIKECHMSI LIEJIM B UCCIEA0BAHUU MIPENYCMOTpE-
HO: 1) pa3paboTarh TUHAMHYECKYIO U MaTeMaTh-
YECKYI0 MOJIENH, IO3BOJIIOIINE OMMCATh IBUXKE-
HHE IAPHUPHO-COWICHEHHOW CTPEJIOBOM CUCTEMBI
NpY U3MEHEHUH BbLIETA; 2) pa3paboTaTh METONUKY
pacuera U OomnpeAesieHUus paluOHANbHBIX KOHCTPYK-
TUBHBIX IapaMeTpoB IIAPHUPHO-COUIECHEHHOU

CTpEJNIOBOH CHCTEMbI B 3aBUCHMOCTH OT TEXHUYe-
CKHUX [apaMeTPOB IMOPTAJILHOTO KpaHa (MaKCH-
MaJIbHBII U MUHUMAIILHBIA pa00YHe BBLICTHI CTPe-
JbI, BBICOTA TOJbEMa Tpy3a, 3HAUCHHE 3aJHETO
rabapura, Tpy30II0AbEMHOCTh KpaHa); 3) U3y4IHTh
AZICKBATHOCTbL ME€TOJUKHW Ha KOMIIBIOTCPHBIX MO-
JIENAX TOPTATbHBIX KPAHOB.

MeToauka

Jnst mpoBeseHUs] TEOPETHUECKUX HCCIe0Ba-
HUM, HAMPaBJICHHBIX HA COBEPIICHCTBOBAHUE MPO-
necca MPOCKTHPOBAHWS M CHHTE3a IIapHUPHO-
COWJICHEHHOW CTPEJIOBOW CHCTEMBI, pa3paboTaHa
JTIMHAMHYECKask MOJIEIb (puc. 2).

1. Paspabomxa Ounamuueckoil mooeau uap-
HUPHO-COYLEHEHHOU CMPenoGoll Cucmemvl Hop-
ManbHo2o Kpaua. JInHaMudeckas MOJeNb Xapak-
TEPU3YETCS TCOMETPUYCCKUMH U HHEPIUOHHBIMH
napameTpamu.

3a OCHOBY B3$ITa CTpPEJIOBas CHCTEMa, TPY30BOH
KaHaT B KOTOPOU MPOXOIUT MapaslieIbHO HKECTKOM
OTTSIKKE.

Puc. 2. lunamudeckast MOJEIb
LIAPHUPHO-COUWIEHEHHOH CTPENIOBOM CHCTEMBI

IIOPTAJILHOTO KpaHa:
1 — crpena; 2 — x000T; 3 — OTTSIKKA;
4 — KOPOMBICIIO C IPOTHBOBECOM;
5 — npuBOJ MEXaHNW3Ma U3MEHEHHs BbUIETa; 6 — IPpy3

Fig. 2. Dynamic model of articulated jib system of
portal crane:
1—jib, 2 —arm, 3 — jib tie,
4 — rocker with a counterweight,
5 — drive of luffing mechanism 6 — load

K nepBoii rpynne otHocAT: L, — JuInHa X000Ta;

L. — nnvHa KOHTpXo0oTa; L, — JUIMHA CTpEINBI;

KX
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L, — nnuHa oTTskku; H; — BBICOTA IOABEMA IPY-
3a; M — BbICOTa IoABEca Ipy3a; R, — BenuuuHa

3aJHero TrabapuTa; O — YIJOBas KOOpAHWHATA
CTpEINbI; P — YroJl OTKJIOHEHHS TPY30BOT0 KaHATa

OT BEPTUKAIU; )y, V,, V3 — BEPTUKAIbHbBIE KOOp-

IUHATHl [IEHTPOB TSDKECTH CTPENbl, X000Ta, Mpo-
TUBOBECA; X;, X, — T'OPU30HTAIIbHbIE KOOPAUHATEI

LIEHTPOB TSKECTH IPy3a M X000Ta; X; — FOPU30H-
TajlbHas KOOpAHMHATa ocu Oioka xoborta; @, ¢,,
¢, 9, — YIJIOBBIE KOOPAMHATHI POTOPA 3IEKTPO-

JBUTaTeIs MEXAHU3Ma U3MEHEHUS BBIIETA CTPEIILI,
x000Ta, OTTSKKM M IPOTHBOBeca; L. — MHHU-

MaJIBHBIA BBUIET CTpENbl; L — MaKCHUMAaJIbHBIN

max

BBUIET CTpenbl. K MHEPIMOHHBIM MMapamMeTpaM OT-
HOCSIT: m,, m,, M,, M,, M — MacChl CTPEIIbI, XO-
bora B cOOpe ¢ KOHTPXOOOTOM, OTTSDKKH, MPOTH-
BOBeca W rpysa; J, J,, J,, J;, J, — MOMEHTEHI
WHEPUIUU OTHOCUTENFHO COOCTBEHHBIX OCed Bpa-
HICHUS POTOpA DJEKTPOJBUraTelsl MeXaHU3Ma H3-
MEHCHHMSI BBUIETA, CTPEIIbI, X000Ta, OTTSHKKH, MPO-
THUBOBECA.

2. Paspabomka mamemamuueckou moodenu
WAPHUPHO-COYIEHEHHOU  CIPENIOBoll  CUCTNEeMbl
NnOpmManbHo20 Kpana. BXopHble NaHHBIE MaTeMa-
THYECKOH MOJENH, HUCXOAs W3 PEKOMEHIAluil
[5, 6], MOTYT cOCTOSITHh W3 €€ KHHEMAaTUYEeCKOM
CXEMBI, TCOMETPUU MACC M XaPaKTEPUCTHUK IHKIIA
NBUKEeHHUS. BXOMHBIMH NTaHHBIMU SBIISIOTCS T1apa-
METpbl [IAPHUPHO-COUWJICHEHHOW CTPEIoBOM cHC-
TEMbI U TO3HUIMOHHBIC KPUTCPUHU; MAKCHUMAaIbHBIC
3HAYEHHsI CKOPOCTEH M YCKOPEHUH 3BEHBEB, TIIaB-
HBIX BEKTOPOB W TJIABHBIX MOMEHTOB CHJI HHEPIINH.

H3MeHeHne TON0XKEHHUsI CTpeNbl MPHBOAUT K
W3MEHEHUIO TIOJI0KEHUH JPYTUX 3BEHBEB, KOTOPHIE
OIIPEAENAIOTCS KOOPANHATAMU X000Ta — @,, V,;

OTTSDKKH — @5 ; IPOTHBOBECA — @, ; IPy3a — X;. 3a

CYeT CHJI MHEPIMU M COOCTBEHHOTO Beca Tpy3 He
TOJIEKO W3MEHSET CBOE IOJIOKEHHE, KOTOPOEe OIl-
penensiercss TOPU30HTaIbHON KOOPAUHATON M BBI-
COTOI1 mo/iBeca rpy3a, HO M COBEpINaeT KojaeOaHus
B BEPTHKAIBHOM IUIOCKOCTH, OMpEeNsseMoe KOop-
JIUHATOU P .

Hnst cocraBneHust 0000IEHHBIX TUQQepeHLn-
QIBHBIX YPaBHEHHH IBHKEHHS TUHAMHYECKOH MO-
JIeNd IIapHUPHO-COUJIEHEHHON CTPEIOBOM cHCTe-
MBI HCIONIB3yeM YypaBHEHHs JlarpaHka BTOpOToO
pona.

d or oT

@iy, o
oa

d oT oT ’

ay
op P

rIe ¢t — BpeMs; o, p — 0000IIEHHbIE KOOPAWHATEI
cucrembl, O, , O, — 0000IIEHHBIE CUJIBI, COOTBET-

CTByIOIIMC KOOpAWMHATAM O, P, T — KuHeTHYe-

CKasl DHEPI'Usl CUCTEMBI.

Kunernueckas SHEPTHUs IapHUPHO-
COWIEHEHHON CTPENOBON CUCTEMBI CKJIaJbIBAETCS
Y3 KUHETHYECKOW DHEPruu MPHBOJA MEXaHU3Ma
u3MeHenus Bbuieta T, , ctpensl 1, xobora T,

oTTsDKKU T, , mpotuBoBeca 1p;, rpy3a 1.

YrioBbl€ U JIMHENMHBIE CKOPOCTH 3BEHBEB ILIAP-
HHUPHO-COWJICHEHHOUW CTPEIOBOM CUCTEMBI CBS3aHbI
¢ OOOOIIEHHBIMH KOOpPAMHATAMU M CKOPOCTSIMHU
3aBHUCHUMOCTSIMH:

- o0, - 09, - 09y
=0 Py =0 gy =0
i oo’ ? oo’ oo
00, | - S Ox, - -0y,
= a—, X, = a—’ = a—’
P oo ? oo, 72 oa.

do.” da. " do.” Do Ba.” do
nepeady ABMKEHUS TIEPBOTO MOPSIKA.

O0mmii  MOMEHT  HMHEpPIMH  IMapHUPHO-
COUWICHEHHOW CTPEJIOBOM CHCTEMBI 0e3 ydera Tpy-
3a:

2 2
J, = J(%j +J,+J, [%) +
oo oo

s BeUucieHns: 0000IIEHHBIX CHIT TPUAA UM
CHUCTEeMe BO3MOXKHOE TiepemMenienne oo > 0,
B pe3yJbTaTe MOIYUUM:

o X — X, OX

=ML 4+mgL 23

Qu oo & H oo
_ X=X
Qp__mgT:
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rae M — MOMEHT Ha Bally dJIEKTPOABUTATENS MPH-
BOJIa MEXaHM3Ma M3MEHEHHUS BbLIETa; g — yCKOpe-
HHUE CBOOOHOTO MaJeHUs.

B pesynmprare mnpeoOpa3oBaHWN TMOIYYEHO
middepeHnransHOe ypaBHEHHE IBIDKECHUS IImap-
HUPHO-COYJIEHEHHOM CTPEIOBOM CUCTEMBI NPU U3-
MeHeHuH BblIeTa [6—8, 10]

Tt iy g 00 =% O
2 oo oo H oo
N X =X
mxy =-mg—_1+—,
1 g I%;

3. Memoouka pacuema u onpedenenue payuo-
HALHBIX KOHCMPYKMUBHBIX NAPAMEMPO8 WAPHUD-
HO-CcOYlleHeHHOl cmpenogou cucmemvl. Ortpene-
JISTFOIIUMH UCXOJHBIMH MapaMeTpaMu, HMEIOIIUMHE
KOHCUYHBIC 3HAYCHUS MPH MPOCKTHPOBAHUU IIOP-
TaJbHOTO KpaHa, ABIAIOTCA: L . — MUHUMAJIbHBINA

BBUIET CTpenbl, L — MAaKCHUMAJILHBIA BBIIET

max

CTpPCIIbI; R, - IpeaACJIbHOC 3HAUYCHUC BCIIMYHHBI

3

3aaAHEr0 ra6apHTa; HH — BBICOTA IIOABEMaA Ipy3a.

OTH mapaMeTphl 3aJaroTcs 3aKa34uuKOM JIMOO Ha-
3HAYAIOTCS UCXO U3 TPeOOBAaHUHN K TEXHUICCKOM
XapaKTePUCTHUKE KOHKPETHOTO KpaHa.

3HaYeHWSIMH BCEX OCTANBHBIX I1apaMeTpPOB
00BIYHO HEOOXOMUMO 3aJaBaThCsl B KadecTBE
BXOOHBIX OAaHHBIX IJIA BBIIIOJIHCHUA pacucTa, CHUH-
T€3a W ONTHMHU3ALUU MIAPHUPHO—COUWICHEHHOU
cTpenoBoil cuctembl. KonmuecTBo 3TUX Heompee-
JICHHBIX ITapaMCTPOB U OUAIIA30H UX BO3MOKHBIX
T€OMETPUYECCKMX 3HAYCHUN JIOCTATOYHO BEIUKH,
YTO 3aTpyaHSAET paboOTy W MPUBOJUT K OOIBIIOMY
YHUCITy BAPUAHTOB BBIYUCIICHUI.

Panee [11-13] aBTOpamMu BEIBEJEHBI MaTeMa-
TUYECKHE 3aBUCUMOCTH MEXIy 3aJaHHBIMH OC-
HOBHBIMH XapaKTEPUCTUKAaMH MOPTAIBHBIX KPAHOB
1 3HAYCHHUAMH HCONPCACIICHHBIX IMapaMETpPoOB, KO-
TOPBIC MO3BOJISIFOT 3HAYUTEIBHO COKPATUTh YHCIIO
TaKHUX ITapaMeTPOB.

Pacger BBITONHSETCS AaBTOMATHYECKH B IIPO-
rpamme MathCAD, B pe3ynbraTe KOTOPOToO MOJy-
YaeM MacCHB T€OMETPHUYECKUX ITapaMeTpOB Imap-
HUPHO-COUJICHEHHOU CTpEJIoBO CHUCTEMBI
(puc. 3).

HccnenoBanue mokaszano, 4To MpU OJUHAKOBOM
3HaYeHWH TPY30MOIBEMHOCTH ¥ MaKCHMAaJIbHOTO
BbIJICTA JIHWHBI 3BCHLECB HlapHHpHO—CO‘IJIeHeHHOﬁ
CTPEJIOBOM CHCTEMBI 3HAYMTEIBHO OTIHYAIOTCS
[12].

OKCIIepIMEHTaIbHO yCTaHOBJIEHO, YTO Y Kpa-
HOB OIMHAKOBOW TPy30MOIBEMHOCTH YCpPEIHCH-
HBIC BECa OJHOTO MOTOHHOTO METPa CTPENbl, X000-
Ta, OTTSKKM MPUMEPHO OJIMHAKOBBL. JTO JaeT
BO3MOYKHOCTh TPWHSTH JUIMHBI CTpENbI, X000Ta
M OTTSDKKH B KaueCTBE OCHOBHEIX XapaKTEPUCTUK
JUTSL OTIPENICTICHUS BECOBBIX MapaMEeTPOB JIPYTHX
3BE€HbEB CTPEJIOBOM CHCTEMBI.

D-Zd &RAY ¥&

max 5.5 max 2.2

min 3.204. min 1.1,
3 "

03 04 08 08 o7 0.05 0.08 0.07 0.8
0349 ay.4p 0.3 0.1 a2l o

i | {paees hoas
v

®
7
o
s

ing.84, A.16.min

01 018 02 .25 03
o A3 Uot 03,

o 02 0.4
01z a1 03

max{Lot(Le, Lx Xo, Yo ))= 18.4
min(Let (Le, Lx Xe_Ys))= 21.6

Puc. 3. Onpenenenrie reoMeTpUUECKUX TapaMeTPOB
LIAPHUPHO-COWIEHEHHON CTPENIOBOM CUCTEMBI
B nporpamme MathCAD

Fig. 3. Determination of geometrical parameters
of the articulated jib system in MathCAD program

Ha ocHoge 06pa60TaHHLIX CTaTUCTUYCCKUX
JaHHBIX U3YYCHHBIX IMOPTAJIBHBIX KPAaHOB ITOJIy4de-
HbI 3HAYC€HUA BE€Ca ¢ OAHOI'0 IIOTOHHOI'O METpa

3BEHBEB IIAPHUPHO-COUWICHEHHOW CTPEIOBOM cuC-
TeMbl (Tabn. 1) W paccMOTpeHa ero B3aMMOCBS3b
C HOMHHQJIBHOH TPy30MOIBEMHOCTBIO  KpaHa
q=/(Q).

OKCIEpUMEHTAILHO YCTaHOBJICHHBIC 3HAUCHHUS
YCPEIHEHHOr0 Beca 1 MOTOHHOrO METpa KayKAOTo
3JIEMEHTa B 3aBUCHMOCTH OT TPY30IMObEMHOCTH
KpaHa ONKCHIBAIOTCS PAa3HBIMHU aHAJTUTHYCCKUMHU
3aBUCHUMOCTSIMH, OTpE/AEIeHUE KOTOPHIX BBIMOJ-
HEHO METOJIOM ammpokcuMmarmu. [Touck ammpok-
CUMHUPYIOMHX (GYHKIANA, MaKCHUMAaJbHO TIPHUOIH-
KECHHBIX K OKCIIEPUMEHTAJILHBIM JIAaHHBIM, OCYIIIe-
CTBIIEH mocpeacTBoM mporpaMmmel MS Excel meto-
JIOM HaUMEHBIINX KBaJ[PATOB.
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B pesymprare yCTaHOBJIEHO, YTO 3aBUCH-
MOCTb ¢ = f((Q)) nAns cTpenbl HAWIydlIuM o0pa-
30M OIIUCHIBAETCS JIUHEHHOU ¢byHKUUMEH
q=316,99+9,920 ; nna xobota — KBaapaTHu-

HOM  QyHkumeit ¢ =-113,21+27,350-0,207;
UL OTTSDKKM —  KBaJlpaTHYHOM  (yHKIuei
g =41,03+5,450-0,0490" .

Tab6numa 1

Bec 1 moroHHoro MeTpa 3;1eMeHTOB
IIAPHUPHO—COWIEHEHHOI CTPeJIOBOI CHCTEMBI

Table 1

Weight of 1 long meter
of the articulated jib system elements

Tu kpasa 0, m Bec 1 m.m. anementos LICC
Crpena Xobor OTTsDKKa

Anb0ar- 20 388 287 130
poc 404 291 117
Mapxk-25 25 689 505 163
Coxon 32 479 393 147
A3osen 713 725 160
Mapk-36 36 689 515 168
Kongnop 40 834 618 183

Mapk-40 789 710 198
Mapk-45 735 740 191

Omnpenenenue ycpeIHEHHOTo Beca | MOrOHHOTO
MeTpa CTpesibl, X000Ta U OTTSHKKH BO3MOXKHO MPH
HCITOJIE30BAaHNH TIOCTPOCHHBIX TpadukoB (puc. 4),
YTO TO3BOJISIET PACCUUTATh MPOTHO3UPYEMBI Bec
KQXXJIOTO 3BEHA MIAPHUPHO—COUWICHEHHOW CTpeso-
BOW CHCTEMBI, KT

mc:“.S.L.q’

rae U — K03 UIHUEHT, YIUTHIBAIOMINA OTKJIOHE-
HUE OT TEOPETHUUECKOM ONTUMAIIbHOW QOpMBI; S —
KOA(PGUIMECHT, YYUTHIBAIOIIUNA TPOYHOCTH Mate-
puana; L — 1yiMHa 3B€HA CTPEJIOBOM CUCTEMBI; g —
Bec | MOTOHHOTO METpa 3BEHA CTPEJIOBON CHUCTE-
MBI,

B peanbHOIl KOHCTPYKIIMH KpaHa BO3MOXKHOCTH
BapbUpPOBAHUS IMMapaMeTpaMu OYE€Hb OrPAHUYEHBI.
M3MeHeHne HEKOTOPBIX HapaMeTpoB BOOOIIE He-
BO3MOJKHO, TaK KaK 3TO BBI30BET 3HAYHUTEIHHBIC
KOHCTPYKTHBHBIC UI3MCHCHUA KpaHa.

B kadecTBe BapbUPYyEeMbIX HapaMETPOB HPUHS-
Thl JJIMHBI 3BEHLEB, 3HAUYCHUS KOTOPBIX CYIIECT-
BEHHO BJIMSIIOT Ha OOIIyI0 KOMIIOHOBKY W Marte-
PHATIOEMKOCTh  IMMAPHUPHO-COUJICHEHHOH CTpeso-
BOH cUCTeMHI (pHcC. 5).

B pesynbrare omnpepeneH MacCHB Bapbu-
pyeMbIX mapaMeTpoB (Tabnl. 2) W HcciemnoBaHO
BIUSHUE KOOPJMHATHI kK W KOOPAMHATHI /[ Ha 00-
HICTIPUHATBIC KPUTEPHUHM OIICHKH KadecTBa Iiap-
HUPHO—COUJICHEHHOW CTPEJIOBOM CHUCTEMBI: He-
YPaBHOBEIICHHOCTh CHUCTEMBI, BEC IMPOTHBOBECA,
MOKa3aTelId TPYy30BOTO U CTPEJIOBOTO HEYpaBHO-
BEIICHHBIX MOMEHTOB.

y=315,3925+29,926322%
R2=0.547

——Incnepumentanchoie
pakHpe Beca 1 nmeTpens

Paculinisie aanrsie seca 1
nACTREAD

pacipepencuuui vec, q, ur/imn
& 2
g 8

y=-113,21+27,359x-0,202x*2
800 R2=0,845327

600 1
v
500
1
400

300 /

200

—+—JucrapumeTa T
Asnweie Beca 1 n.m.xofota

PacusTrole davineie 86ca 1
nm.xobora

PACN POASH BHHBIA BEC, g, Hr/mn

20 25 32 3% a0 50

Tovsonoasémuocs, QLT

¥=41,031+5,4532-0,049x"2
250 R2=0.6185

ABHMsie BECH 1 1M, OTTAMKM

Pacueruie gavnsse seca 1
n.M.OTTRMGAM

;
- T 1 ‘ [FEE—

pacnpegeninmi Be<, q, ki/mn

0 5 EX 3 40 30

T PY30N0MBEMHOCTS, QLT

Puc. 4. I'paduxu 3aBucumoctu ¢=f(Q)
JUIS CTpelsl, X000Ta M OTTSIKKH

Fig. 4. Dependency graphs of g=f(Q) for jib,
arm and jib tie
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Puc. 5. Cxema mapHUpHO-COUJIEHEHHON CTPEIOBON
CHCTEMBI C YKa3aHUEM BapbUPYEMbIX 1apaMeTPOB:
b — paccTosHE OT OCH KauaHus CTPEJIbI IO MECTA KPETUIEHHUSI

TATH IPOTUBOBECA; [, — MIIMHA IEPeIHEro mieda KOPOMbICTa;

[} — JUMHA TArK IPOTHBOBECA; k — PaccTOsHKE
10 TOPU30HTAIIU OT OCH Ka4aHUs CTPEIIbL 10 OCU KauaHUs
KOpoMbICHa; [ — pacCTOsHUE [0 BEPTUKAIU OT OCH KAYaHHs

CTpEJIBI 10 OCH KaYaHHs KOPOMBICIA; /I — BBICOTA KOPOMBICIA

Fig. 5. Diagram of the articulated jib system with indi-
cation of variable parameters:
b — distance from jib trunnion to counter-jib tie mounting
place; [ —length of front rocker arm; /. —length
of counter-jib tie; k& — horizontal distance from jib trunnion
to rocker trunnion; / — vertical distance from jib trunnion
to rocker trunnion; 4 — rocker height

Tabnuma 2

Maccus BapbUPYEMBIX MapaMeTpoOB

Table 2
Array of variable parameters
ITapamerp 3HaveHue
Munumym Maxkcumym
[ ,™ 3,1 3,6
I, M 8,1 9,0
h,m 0,5 0,8
k,m 4,54 5,53
l,m 11,854 12,84
Gy, KT 21 500 27 000

JlaHHbIE HCCIEeA0BAHUS IOKA3ANIN:

1. OnTuManeHbele 3HaYEHHA Ha3BaHHBIX KpHUTeE-
pueB Ka4decTBa JIOCTUTAIOTCSA IIpH
k=4,63 m,/=11,94 m.

2. YMEHbIIATh 3HAYCHHS MApaMETPOB BO3MOXK-
HO OTHOCHUTEJBHO ONTUMAIBbHBIX 3HAUCHUH k U /
He Oonee, yem Ha 0,1 M. JlampHeilimee yMeHbIIe-
HUE HEJIOIMYCTHUMO IO OIPaHHYCHUSM YIJIa 3aXx0jia
MpOTHUBOBECa W  o0ecmedeHuss CcoOMpaeMoCTH
W TOJBMXHOCTH 3BCHBHECB CTPEIOBOM CHCTEMEI
" CUCTEMbI YPABHOBCIINBAHMS.

3. 3menenne mapamerpa [/ B HanOobIIei
CTCIICHH BJIMSET HA KAuyeCTBO YpPaBHOBEIIMBAHMUSI
CUCTEMBI (HEYPAaBHOBEIICHHOCTh CHUCTEMBI, BEC
MPOTHUBOBECA, TIOKA3ATEI TPY30BOTO U CTPEIOBO-
T0 HEypaBHOBEIICHHBIX MOMEHTOB).

4. XapakTep W3MEHEHHUS HEYPaBHOBEIICHHOTO
MOMEHT2 B  ONTUMHU3UPOBAHHOM  BapHaHTE
(k=4,63 M,/=11,94 M) NOJHOCTBIO OTBEYACT

BCEM TPeOOBaHUSIM K CHCTEME yPaBHOBEIINBAHHS.
5.1lpu yMmeHbIIeHUN TapameTpoB k wu [ He-
YpaBHOBEIIEHHBII MOMEHT MO 3HaKy (HampaBie-
HUIO) COOTBETCTBYET HOPMATHBHBIM 3HAYCHUSM,
HO TIPOIIEHT HEypPaBHOBEIIEHHOCTH YyBEIUYHBACT-
cs. [lpu yBenmuenun napametrpoB k u [ Heypas-
HOBEIIIEHHBIA MOMEHT B 30HE MUHHMAJLHOTO BBI-
JieTa TPUHUMAeT HEeXelaTellbHyl0 HalpaBJeH-
HOCTB, BBI3BIBAIOIIYI0 OMACHOCTh 3aIPOKUIBIBAHUS
CTpeJbl, a HEYpaBHOBEIIEHHOCTH focTuraer 23 %.

4. DkcnepumenmanbHvle Uccie0o8anue adek-
B8AMHOCMU NPEONIONHCEHHOU MEMOOUKU HA KOMNbIO-
MEPHLIX MOOENAX NOPMATLHBIX KpaHos. BrimonHe-
Ha arpoOarvs MpeIIoKeHHOro MeToaa (hopMupo-
BaHUS MaccHBa TE€OMETPHYECKHUX IapaMeTpoB
HIAPHUPHO-COYWICHEHHOW  CTPEJIOBOM  CHCTEMBI
MPUMEHUTENFHO K KpaHaM, KOMIIOHOBKa KOTOPBIX
obecrieunBaeT COOMPACMOCTh U TTOJBUKHOCTH 3BE-
HBEB CTPEJIOBON CHCTEMBI U YPAaBHOBEIINBAIOLIETO
ycTpoiicTsa (Tadm. 3).

Merona ¢opMupoBaHus 3HaYECHUI BECOBBIX IIa-
pameTpoB sl MPOTpaMMBbl CHHTE3a [IAPHUPHO-
COUWICHEHHOW CTPENIOBOM CHUCTEMBI MPOBEPEH ITy-
TEM CpPaBHUTEIIFHOTO aHaJM3a C BECOBBIMH Tapa-
METpaMH KpPaHOB, XapaKTEepPHU3YIOIIUXCS OTHO-
CUTEIbHO  HEOONBIION  MaTepHasoeMKOCTHIO
(Tabm. 4).

CpaBHUTENBHBI aHAN3 TOATBEPXKIACT Tpa-
BUJIBHOCTh TPUHATOTO METO/a ONpeAesieHHsl oc-
HOBHBIX T€OMETPHYECKHX U BECOBBIX IapaMeTpPOB
JUIsl CHHTE3a LIapHUPHO-COWIEHEHHOH CTPEIOBOI
CUCTEMBI U TOKa3bIBAET, YTO BEC 3BEHHEB M3y4YEH-
HBIX KPaHOB 3aBBIIIEH.
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Tabnuma 3

AHa/IN3 reoMeTpHYeCKHX MapaMeTpPoB
IIAPHUPHO-COYJICHCHHOM
CTPeJIOBOM CHCTEMbI

Table 3

Analysis of geometrical parameters
of the articulated jib system

Tun xpana IToxa3zarenu
Mapk-25 L, =27,44m
L =16,3m
L. =57Tw™m
L =21,8Mm
Asosern L, =2735m
L =15m
L, =48m
L, =213m
Mapxk-40 L. =26,04m
L =11,93m
L. =432m
L, =20,6 M
IIpumeuaHnue: pe3yJbTaThl pacuyera:
L, =23.272m, L =115.16Mm, L =3.2..56M,

L,=18.4..21,6 m; orknoHeHus ot pacuera: 0,88 %,
1,87%, 1,78% , 0,92 %.
Tabnuma 4

AHau3 BeCOBBIX NapaMeTPOB
IIAPHUPHO-COYJICHEHHOM CTPEJIOBOM CHCTEMBI

Table 4
Analysis of weight parameters
of the articulated jib system
Pesynbratsel Mogenu nopTanbHbIX OTxJ0He-
pacuera KPaHOB HHE OT pac-
Anbbatpoc aera, %
G, =21415xr G, =20 000 xr 7%
G, =11557 kr G, =14425«kr 20 %
G,=4303kr G, =4340xr 1%

OxonuyaHue taba. 4

End of Table 4

Pesynbratsl Mogenu nopTajibHbIX OTxJI0He-
pacdeta KpaHOB HHE OT pac-
Mapk-25 uera, %
G, =21415«r G, =26985kr 7%
G, =11557 kr G, =19190 xr 20 %
G, =4303kr G, =5910 kr 1%
PesyabTartsl

C moMomnIpi0 KOMIBIOTEPHOTO MOAETHPOBAHUS
HayyHO 00OCHOBaHa A(PQPEKTUBHOCTb METOIUKH
OIIpECNICHHs] PAIMOHAIBHBIX KOHCTPYKTHBHBIX
HapaMeTpoB MIAPHUPHO-COWICHEHHBIX CTPETOBBIX
cucreM. Pa3paboTaHHBIH MakeT TeOMETPHUYECKHX,
BECOBBIX M BapbUPYEMBIX MapamMeTpOB IMO3BOJISET
VOPOCTUTh  TPOILECC  TOJTOTOBKH  HCXOJHBIX
JAHHBIX TIepe]l aBTOMAaTU3UPOBAHHBIM CHHTE30M
Y, B KOHEYHOM CYeTe, ONTUMHU3UPOBATh KOHCTPYK-
LUI0 IIaPHUPHO-COYJICHEHHOM CTPEJIOBOM CHCTe-
MBI TIOPTAIBEHBIX KPaHOB.

Hayqﬂaﬂ HOBHU3HA U NMPAKTHUYECKasA
SHAYUMOCTH

BriepBhle mpemiokeHa METOIMKA pacuera Ia-
paMeTpUYeCKHUX JaHHBIX, KOTOpas JaeT BO3MOJXK-
HOCTh OMNPEICATh PAllMOHATBHBIC KOHCTPYKTHB-
HbIC TTAPaMETPhI IMAPHUPHO-COWICHEHHBIX CTPEIIO-
BBIX CHCTEM MOPTAIBHBIX KpaHOB. Pa3paboTaHbI
JIOKAJbHBIC MPOTPAMMBI 1T KOMITJICKCHOTO OTITH-
MHU3ALMOHHOIO CHHTE3d, IIO3BOJIAIOIINAE BBINOJ-
HUTH OTOOP HAWIYHYIIEro BapuaHTa KOHCTPYKIHH
OJHOBPEMEHHO 110 HECKOJBKUM KPHTEPHUSM Kaue-
CTBa M (DYHKIIMOHAIHLHBIM OTPAHUYICHHSIM.

IpeanoskeHHass METOANKA OMPEICICHUS PaIlHo-
HAJBHBIX KOHCTPYKTHBHBIX ITapaMETPOB MOXKET HC-
MOJTB30BAThCS TIPH MPOCKTUPOBAHUN HOBBIX M MO-
JEPHHU3AIMN  CYHIECTBYIOIIUX  MIAPHUPHO-COUIIE-
HEHHBIX CTPEJIOBBIX CHCTEM, YTO, B CBOKO OYEpE/b,
OyzZer cnocoOCTBOBATh CHUXKEHHIO MaTepUaOeM-
KOCTH M SHEPrornoTpeOIeHHs MOPTATbHBIX KPAHOB.

BpiBoaBI

B pabote mpexacraBiieH YNPOUICHHBIA METOJ
OIpEe/ICIICHHS] UCXOJHBIX JaHHBIX JJIsl aBTOMATU3U-
pPOBaHHOI'O pacyeTa, CHHTE3a M ONTUMHU3ALUH
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MIAPHUPHO-COUYJIEHEHHON  CTPENIOBOM  CHUCTEMBI.
MeTton He TpeOyeT CHEelHaIbHOIO MPOrPaMMHOIO
obOecrniedeHus1, Tak Kak pa3paOOTKH BBIMOIHEHBI Ha
0a3e MPOCTHIX, PaCIPOCTPAHEHHBIX MporpamMm MS
Excel ra MathCAD.

ABTOpaMI/I BBITNTOJIHCH aHAJIU3 BJIMAHUSA BapbH-
PYEMBIX MTapaMeTpoB Ha OOIIETPUHATHIC KPUTEPUN
OIICHKM KadecTBa MIAPHUPHO-COUWICHEHHOU CTpe-
JIOBOM CHCTEMBI: HCYPaBHOBCHICHHOCTb CHUCTCMBI,

BEC MPOTHUBOBECA, MMOKA3aTEeNM TPY30BOTO M CTpe-
JIOBOTO HEYPaBHOBEIIICHHBIX MOMEHTOB.

C moMoIpl0 KOMITBIOTEPHOTO MOJICIIMPOBAHUS
BBIITOJIHEHA amnpoOanusi TpPEeIIoKeHHON METOAUKU
pacdyera KOHCTPYKTHBHBIX MapaMeTpOB IIApHUPHO-
COWICHEHHBIX CTPEIOBBIX CHUCTEM MPUMEHUTEIHHO
K KpaHaM, KOMIIOHOBKa KOTOPBIX 00eCredrBaeT Co-
OMPaEMOCTh ¥ TIOJIBIDKHOCTE 3BEHBEB BCEX CHCTEM.
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BU3HAYEHHSA KOHCTPYKTUBHUX ITAPAMETPIB
IMAPHIPHO-3YJIEHOBAHUX CTPIVIOBUX CUCTEM
IHHOPTAJ/IbHUX KPAHIB

Merta. Y pociijukeHHI HeoOXigHO: 1) copMyBaTH MacuB r€OMETPUYHHX, BarOBUX Ta BapiiiOBaHMX NAHMX IS
ABTOMAaTHU30BAaHOI'0 CHHTE3y INAPHIPHO-3WICHOBAHMX CTPUIOBUX CHCTEM; 2) PO3POOUTH METOIVKY PO3PaxXyHKY
i BH3HAYCHHS paliOHAJBHUX KOHCTPYKTUBHUX IIapaMeTpiB MIapHIPHO-3WICHOBAaHMUX CTPUIOBUX CHCTEM
B 3aJICKHOCTI BiJl OCHOBHHX TEXHIYHHX MapaMeTpiB MOPTATHHOTO KpaHa (MakCHMaJbHUH 1 MiHIMAIBHUA PoOOdUi
BWIBOTH CTPUIM, BHCOTa MigHOMY BaHTaXy, 3HA4YCHHSA 3aJHBOTO TabapHTy, BaHTAXOIIAMOMHICTH KpaHa);
3) mpoBecTH BHBUYEHHS aIeKBAaTHOCTI METOAWKH Ha KOMI'TOTEPHHX MOJAEISIX MOpTaTbHUX KpaHiB. Meromamka. J{ist
BH3HAYCHHS KIHEMaTHYHUX XapaKTEPHCTHK KOXHOI JIAHKH MIAPHIPHO-3WICHOBAHOI CTPLIOBOI CHCTEMH (CTPisH, XO-
00Ta, BIATATHEHHS, IPOTUBATH, BAaHTaXYy) PO3pOOJICHI JMHAMIYHA Ta MaTeMaTHYHa MOJIEN, SIKi JO3BOJISIOTH ONUCa-
TH PyX IIapHIPHO-3WICHOBAHOI CTPLIOBOT CUCTEMH INPH 3MiHI BHJIBOTY CTpiiu. Briepiie 3ampornoHoBaHO METOJUKY
PO3paxyHKy 1 BU3HAYEHHsI PalliOHaJIbHUX KOHCTPYKTHBHHUX MapaMeTpiB IapHIpPHO-3WIEHOBAHUX CTPUIOBUX CHCTEM
B 3aJISKHOCTI BiJl TEXHIYHUX IapaMeTpiB MOPTAIBHOTO KpaHa. Pe3yabTaTn. 3a 1OOMOrol MareMaTudyHOrO MoJe-
JIFOBaHHS HAyKOBO OOIPYHTOBAHO JIOULIBHICTE BUKOPHCTAHHS 3alPOIIOHOBAHOT METOANKN BU3HAYCHHS KOHCTPYKTH-
BHUX I1apaMeTpiB MapHIPHO-3WICHOBAaHMUX CTPUIOBUX cuCTeM. Po3poOieHui akeT reoMeTpUIHIX, BaroBuX 1 Bapi-
HOBaHMX JaHHUX JIO3BOJISIE CIIPOCTHTH MPOLEC MiATOTOBYMX PO3PAXyHKIB IEepe] aBTOMAaTH30BaHHM CHHTE30M Ta OIl-
TUMI3yBaTH KOHCTPYKIIO MIApHIPHO-3WICHOBAHOI CTPIOBOI CHCTEMH IMOpPTANbHUX KpaHiB. HaykoBa HOBHU3HA.
Bnepuie 3anpornoHOBaHO METOIMKY PO3PaxyHKY NapaMeTPUYHHUX JaHHX, SIKi JO3BOJIAIOTH BH3HAYUTH PALliOHANbHI
KOHCTPYKTHBHI NMapaMeTpy IMAapHIPHO-3WICHOBAHOI CTPiIOBOI cucTeMu. Po3pobieHo IoKaimbHi MporpaMu Jjsi KOM-
TUIEKCHOTO ONTHMI3alifHOTO CHHTE3Y, SIKi JO3BOJISATH BUKOHATH BifOip HAMKpaIIoro BapiaHTy KOHCTPYKIIi oJHOYA-
CHO 3a KUIbKOMa KPHUTEPIsIMH SKOCTI Ta (QYHKIIOHATBHUMHU oOMexeHHsIMU. [IpakTHYHa 3HAYMMIicTb. 3anpOIIOHO-
BaHa METOJMKA PO3PaxyHKYy KOHCTPYKTHBHHUX IapaMeTpiB Moxe OyTH BHKOpHCTaHa NpW NPOEKTYBAaHHI HOBUX Ta
MOJICpHi3allil ICHyIOUMX TOPTAIBHUX KPaHiB i3 MIaPHIPHO-3YJICHOBAHUMH CTPLIIOBUMH CHCTEMaMH, 1110, B CBOIO 4ep-
Ty, 3HU3UTh MaTepialloOEMHICTh Ta €HEPTrOCIIOKUBAHHS KPaHiB.

Kniouogi cnosa: MOpTaNbHUM KpaH; IIApHIPHO-3WICHOBAHA CTPLIOBA CHUCTEMA; CHHTE3; METOJl PO3PaxXyHKY;
KOHCTPYKTHBHI [TapaMeTpH; TMHaMIuHa MOJIejIb; MaTeMaTHuHa MO/IeIb
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DETERMINATION OF DESIGN PARAMETERS
OF ARTICULATED JIB SYSTEMS OF PORTAL CRANE

Purpose. The study involves: 1) formation of an array of geometry, weight and variable data for the automated
synthesis of articulated jib systems; 2) development of methodology of calculation and determination of rational
design parameters of the articulated jib systems, depending on the main technical parameters of the portal crane
(maximum and minimum working radius, cargo lift height, tail radius value, carrying capacity of crane); 3) conduct-
ing of the study of the methodology adequacy on computer portal crane models. Methodology. To determine the
kinematic characteristics of each link of the articulated jib system (boom, arm, jib tie, counterweight, load) we de-
veloped a dynamic and mathematical models that allow us to describe the movement of the articulated jib system
when luffing. For the first time the technique of calculation and determination of rational design parameters of the
articulated jib systems depending on the technical parameters of the portal crane. Findings. The conducted mathe-
matical modeling allowed scientifically proving the usefulness of the proposed methodology for determining the
design parameters of the articulated jib systems. The designed package of geometry, weight and variable data helps
to simplify the process of preparatory calculations before the automated synthesis and to optimize the design of the
articulated jib systems of portal cranes. Originality. For the first time the work proposes the technique for calcula-
tion of the parametric data that allow us to determine the rational design parameters of the articulated jib system.
There are developed local programs for the integrated optimization synthesis that make it possible to select the best
design option simultaneously by several quality criteria and functional constraints. Practical value. The proposed
method of calculating the design parameters can be used in the design of new and modernization of existing portal
cranes with the articulated jib systems, which, in turn, will reduce the material and energy consumption of the
cranes.

Keywords: portal crane; articulated jib system; synthesis; calculation method; design parameters; dynamic mod-
el; mathematical model
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YIOCKOHAJIEHHS HECYYOI KOHCTPYKIIIT
BATI'OHA-IIVIAT®OPMMU JJIA IIIABUINEHHA EOEKTUBHOCTI
KOHTEMHEPHUX IIEPEBE3EHb

Mera. JlaHe mocimiKeHHS CIpSMOBaHE HA YIOCKOHAJICHHS HECY4Oi KOHCTPYKIIl BaroHa-IUIaTGOPMH JUIS M-
BUILCHHS e()eKTUBHOCTI KOHTEHHEpHUX nepeBe3eHb. Meroauka. 11 NOCATHEHHS 3a3Ha4eHOT METH MPOBECH] J10-
CIII[DKEHHSI MIIHOCTI YHiBEpCAIBHOTO BaroHy-taTgopmu mozeni 13-401, Bu3HadeHI pe3epBH MIIHOCTI HECYUHX
€JIEMEHTIB HOro KOHCTPYKIIil Ta 3alpONOHOBAaHI OiJbII ONTHMANbHI, 3 TOYKH 30py MiHIMAJIIBHOI MaTepiaJOeEMHOCTI,
npodini BUKOHAHHS OCHOBHHUX ITOB3JOBXKHIX 0anok pamu. [IpaBuibHICTh IPUAHATHX PIllleHb MiATBEPIKEHO po3pa-
XYHKaMH HeCy4oi KOHCTPYKIii BaroHa-1miar¢)opMy Ha MiIHICTh (I[P OCHOBHUX EKCIUTyaTalIiHUX peKMMaxX HaBaH-
Ta)KEHHs1) Ta BTOMY — 3 ypaxyBaHHsAM 6a3u BUIpoOyBanb 10’ rmkmiB. 1 MOMKITMBOCTI 3aKpilIeHHs] KOHTEHHEpiB
Ha paMi BaroHa-ruiaT)OpMH MPOIOHYETHCS OCHAIIEHHS HOro BiIKUJAHUMHU (DITHHTOBHMH YIIOpaMH, IO JA03BOJHTH
3nilicHioBaTH niepeBe3eHHs 20-tu Ta 40-(hyTOBHX KOHTEIHEPIB. 3 METOIO IiABUIIECHHS €()eKTUBHOCTI KOHTEHHEPHUX
NepeBe3CHb y HANPSAMKY MDKHApOJHHX TPAHCHOPTHHUX KOPHIOPIB, SKi IPOXOMAATH Yepe3 TEPUTOpil0 YKpaiHW, Ha
0a3i yocKOHaNeHOi KOHCTPYKIII BaroHa-margopmu po3po0ieHo BaroH-matdopMy 3uieHoBaHOTO THy. IIpoBe-
JICHe MaTeMaTHYHEe MOJEIIOBAaHHS JMHAMIYHOI HAaBaHTa)XXEHOCTI BaroHa-IuiaTGpopMH 3 KOHTCHHEpaMH, PO3MilllCHHU-
MH Ha HbOMY (IBa KoHTelHepu Tumoposmipy 1CC) mpu ekcIuryaTamifHHX pekMMaxX HaBaHTaKeHHS. BuzHadeHO
MaKCHUMaJIbHI TIPUCKOPEHHS, SKi IIIOTh Ha HECydy KOHCTPYKIIiIO, Ta BPaxOBaHO iX YHCENIbHI 3HAYCHHS IPH
KOMIT FOTEPHOMY MOJIEITIOBaHHI MIIIHOCTI BaroHa-raTgopMu 3ujieHoBaHoro tumy. PesyabraTu. Po3pobneno Hecy-
4y KOHCTPYKIiIO0 BaroHa-miat¢opMu 34JI€HOBAHOTO THITy Ha 0a3i yHiBepcaqbHOrO BaroHa-muatdopmu. OTpumMano
YTOUHEHI BeJIMYMHU JUMHAMIYHUX HABaHTAXKEHb, SIKI IIIOTh Ha HECY4Yy KOHCTPYKIIiI0 BaroHa-ruatrGopMu 34JeHOBa-
HOTO THITy 3 KOHTeHepaMu, pO3MILlIECHUMH Ha HbOMY TIpH €KCILUTyaTalliiHUX pe)knMax HaBaHTaXEHHsI, Ta BU3HaYe-
HO MaKCHMaJIbHI €KBIBaJICHTHI HalpYXXCHHS B Hecydill KOHCTPYKUil BaroHa-ruiatopmu. HaykoBa HoBH3HA. 3a-
MPOMOHOBAHO MaTEMaTH4YHY MOJIENb MEepEeMIllleHb BaroHa-IuiaT(pOpMU 34JICHOBAHOTO THUITY 3 KOHTEHHEpamH, po3-
MIIIEHUMH HAa HBOMY IIPH €KCIUTyaTaliifHUX pexXxuMax HaBaHTaXeHHs. Po3pobieHo MoJienb MIilHOCTI Hecyqoi KOHC-
TPYKLii BaroHa-marGopMH 34ICHOBAHOTO THITy, CTBOPEHOro Ha 0a3l YHIBepCalbHOI'O BaroHa-IuIaTGOpPMHU.
IIpakTHuna 3HaYNMicTh. Pe3ynbTaTé MpoBeEHUX JOCIIDKEHb MOXKYTh BUKOPHCTOBYBATHCS TIPH MPOEKTYBaHHI
BaroHiB-TIATGOPM 3UICHOBAHOTO THUITY I 3a0e3MedeHHs iX MIIIHOCTI IPH KOMOIHOBAaHHX TIEPCBE3CHHAX.

Kniouosi cnoea: BaroH-ruiatdopma 3WIEHOBAHOTO THILy; HeCyda KOHCTPYKIiS; ONTHMi3alis; AWHAMIKa; Mill-
HICTh; MOJICITFOBAHHS; HABAHTA)XCHICTh KOHCTPYKIIii; KOMOiHOBaHI MIepeBe3eHH

Beryn OpHuMH 3 HalOLTBII TIEPCTIEKTUBHIX HA CHOTOIHI €
KOHTEHHEPHI MEPEeBE3CHHSI, 110 3YMOBJICHO MOOLIb-
HICTIO KOHTEiHepa, K TpaHCHOpTHOTO 3aco0y. Ile-
peBe3eHHS KOHTEHHEPIB 3ai3HHIICIO 3[IHCHIOETHCS
31e0LIBIIOrO Ha BaroHax-1iaTgopmax.

[puckopeni Temnu iHTerpanii Ykpainu B cucte-
My MDKHapOJHUX TPAHCIIOPTHHUX KOPHIOPIB BHKJIU-
KalOTh HEOOXITHICTh CTBOPEHHS Ta BBEACHHS B €KC-
TUTyaTalifo KOMOIHOBaHMX TPAHCIIOPTHUX CHCTEM.
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s 3a0esnieyeHHS €EKTUBHOCTI TEPEBI3HOTO
Tporiecy HeoOXiTHUMHE € pO3pO0Ka Ta BIIPOBA[KEH-
HS Y EKCIUTyaTarlif0 BaroHiB-IIaTopM HOBOTO TIO-
KOJIIHHSA 3 TOKPAICHUMH TEXHIKO-CKOHOMIYHUMU
nokasHukamu. Lle 3yMOBHIIO CTBOPEHHS Ta BBE/ICHHS
B CKCIUTyaTallil0 BaroHiB-TUIATPOPM 3WICHOBAHOTO
TUITY, SIKi B)K€ HE MEepIINi PiK YCHIIIHO eKCIUTyary-
I0TBCS Ha 3aJTI3HULISAX Y KpaiHu.

BigmosigHo no IlocranoBu KaGinery MinicTpiB
VYxpaiau Ne 1390-2009-m Big 16.12.2009 «IIpo 3a-
TBeppKeHHs JlepykaBHOT IIUTOBOI mporpamu pedop-
MyBaHHS 3aJi3HWYHOTO TpaHcropty Ha 2010-2019
POKI», METOIO KO € PO3BUTOK KOHKYPEHTHOTO Ce-
pelOBHUINlA HA PUHKY 3ali3HMYHUX IOCIYT, MiIBH-
IIeHHS! e(peKTUBHOCTI HOro (DyHKI[IOHyBaHHS, a Ta-
KOX 3aI0BOJICHHS IOTPe0 HaI[iOHAJBHOI €KOHOMIKH
Ta HACEJICHHS B NEPEBE3CHHSX, HEOOXIJHUM € CTBO-
PEHHSL PYXOMOT'O CKJIaJy HOBOTO TOKOJIHHS 3 TiJ-
BUIIEHIMH TEXHIKO-€KOHOMIYHUMH MOKa3HUKaMH, a
TaKO’)XK KOMOIHOBaHHX CHCTEM TPAHCIIOPTY, IO 3a-
0e3meunTh MiZBUIICHHS 00’€MIB MEpeBE3eHb BaHTA-
JKIB Yepe3 MiKHAPO/IHI TPaHCIIOPTHI KOPUIOPH.

HenocrarHiit piBeHs MONOBHEHHS BAarOHHOTO T1a-
PKy YKp3aJi3HUIIi 32 OCTaHHI POKU 3yMOBIIIOE HEO0-
XiTHICTh BIPOBAJDKCHHS B EKCILTyaTallil0 HOBUX Te-
XHIYHUX pIillleHp WIONO YIOCKOHAJEHHS HECydnx
KOHCTPYKIIi Ky30BIB BaroHiB Jjisi 3iHCHEHHS I10-
TpeO y HEepeBe3eHHAX 3aBIaHOI HOMCHKIIATYPHU BaH-
TaXiB.

[luTaHHS TPOEKTYBaHHS PYXOMOTO  CKJIamy
JUISL TIEPEBE3CHHS BEJTMKOBArOBUX BaHTaXKIB PO3IJIS-
HyTi y [23]. JdocmikeHHsT AMHAMIKA Ta MIllHOCTI
3MIACHEHO 3a JOMOMOTOI0 CYYacHHMX 3aco0iB Ipo-
rpamHoro  3abesmedenHss ~ ProMechanica  Ta
CosmosWorks. Ilpu mpoekTyBaHHI Hecy4oi KOHC-
TPYKIii TpaHCTIOPTEPY BHUKOHAHO JTOCHIPKEHHS IIO0-
JI0O MOXITUBOCTI HOTO BHKOHAHHS 3 PI3HOTHITHUX Ma-
Tepiaiis.

KoHcTpykmiiiHi 0co0MMBOCTI BaroHa st iHTEp-
MOJIBHUX TIEPEBE3CHDb PO3MIIIHYTI y [24]. Baron
Mae MOHIKEHY CepelIHIO YacTHHY, a HasBHICTH 000-
POTHOI YaCTUHU J]a€ MOXKIIMBICTh 3/IiICHIOBATH 3aBa-
HT2)XCHHS/BUBAaHTQ)KEHHS aBTOTEXHIKM Ha/3 HBOTO
CaMOKaTOM.

[MuTanHs yIOCKOHAJICHHST KOMOIHOBAaHUX TEpEeBE-
36Hb, 30KpeMa  KOHTEWHEpHHX,  PO3TJISHYTI
y [16], me BUKOHAHO aHANi3 OCOOIMBOCTEH KpiIlJICH-
Hi  KOHTEHHEpIB  Ha  BaroHax-iaropmax.
3 METO IMABUINEHHS TEXHIKO-€KOHOMIUYHHUX ITOKa3-
HUKIB BaroHiB IPH TIEPEBE3CHHI KOHTEHHEPIB pi3HO-

IO THUIIOPO3MIpy OOIPYHTYBaHO YIOCKOHAJICHHS
KOHCTPYKIIiii JOBro0a3HMX BaroHiB-IIaTGOpM Ta
BaroHiB-IDIaTHOpM 39ICHOBAHOTO THITY LIS ITHX TIe-
peBE3CHb.

[opiBHsIBHUI aHaNi3 BUTPAT Ha OBHUH >KUTTE-
Buit ik 80-yToBOTO BaroHa-mIaTGopMu Ta Baro-
Ha-TJIaTQOPMHU 3WICHOBAHOTO TUITY HaBeAeHUH y [5].
BukoHaHi AOCTIDKEHHS JO3BOJIMIM OOIPYHTYBaTH
JIOIITBHICTh ~ BUKOPHCTaHHS  BaroHiB-TDIaTGOpM
34JIEHOBAHOTO THITY B €KCILTyaTallii.

JocmimkeHHsT HABAHTa)KCHOCTI Ta JJOBMOBIYHOCTI
S3AII3HUYHUX EKIMMaXKiB METOLAMH JUHAMIKA CUCTEM
TiJ BUKOHYEThCS y [25]. Po3risiHyTa MeTromuka BH-
KOpHUCTaHa TPHU JOCTI/DKEHHI JMHAMIYHOI HaBaHTa-
JKEHOCTI Ta BTOMHOI JIOBI'OBIYHOCTI pamMu JOBro0as-
HOTO BaroHa-ruiaTQOpMH sl TIepeBe3eHHsT KOHTEH-
HepiB.

AHani3 KOHCTPYKLii BaroHa-miaTopMu HOBOTO
nokoliHas HaBeneHui y [30]. OcobmuBicTio BaroHa-
m1aThOpMH € MOXKIUBICTD PETYIIOBAHHSI KOPHUCHOT
JNOBKUHU 3aJICKHO Bl ra0dapuTiB BaHTaXKy, SIKHH
MIPEPEBO3ATh.

BaxmiBo 3a3HaunTH, M0 y PO3TIBIHYTHX MPAIX
HE TPUAUISETHCS yBarW MOCHTIDKCHHIO JTUHAMIYHOT
HaBaHTaKEHOCTI BaroHiB MpH EKCIUTyaTaliliHuX pe-
JKUMaX.

JocmipKkeHHsT MIITHOCTI BaroHa-1oiaTopMu 1pu
CTaTW4HI Ta [MHAMIYHIA HABAaHTAXXEHOCTI MOro
KOHCTPYKIIi HaBeneHi y [29], nmpu 1ibOMy BHKOpPHC-
TaHl eKCIIEpUMEHTAIbHI METOIN, 30KpEMa — EJICKT-
PHYHOTO TEH30METPYBaHHSI.

HocnmipkeHHsT  TUHAMIKKM  BaroHa-1aTgopMu
3 BHKOPHCTaHHSM METOMIB MYJIGTUTLIA HaBEACHI y
[27]. Po3paxyHOK BHKOHaHWII CTOCOBHO BaroHa-
mwiathopMu 3 0OEPTOBOIO CEPEAHBOI YACTHHOIO
B CEpCIOBMINI IpOrpaMHOro 3adesmeucHHs MSC
Adams. PiBHsHHSA pyXy BaroHa-rmiatgopmu chop-
MYJIbOBaHi B a0COJMIOTHHX KOOpAMHATAX 3 BHUKOPHC-
TaHHsIM Metony Jlarpamxka I pomy.

JlocmimkeHHs NHHAMIKH 3ali3HAYHOTO BaroHa 3
BIIKDUTOIO 3aBaHTAXKYBAIBHOIO IIIATQOPMOIO HaBe-
neHi B [28]. Po3paxyHOK BHKOHAHUI y cepemoBHILI
nporpamaoro 3abesnedenHss MSC Adams. [lpu
IIBOMY JOCJTI/PKSHHS CTIHKOCTI MPOTH MEPEKUIaHHS
BaroHa 3J1MCHIOBAJIOCS MPU HOr0 BIMCYBaHHI y KpHU-
By pajiycoMm 250 M 3 ypaxXyBaHHSM pi3HOI IIBHUIKO-
CTi pyXy.

[TuTanHs MOZETIOBaHHS MIITHOCTI HECY4Oi KOHC-
TPYKIii BaroHa-miaTpopMu B 3a3HAYCHUX PoOOTax
HE PO3TIISHYTI.
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Oco0IMBOCTI JOCTIMKEHHS JUHAMIYHUX SIKOCTEM
34JICHOBAaHOTO BaroHa-maropMu Ha MaTeMaTHIHNX
MOJIEJISIX Po3risimatoTees y [21]. B crarti HaBemeHi
OLlIHKa BJACHUX (POpPM KOJIWBAHb Ta CTIHKOCTI He-
30ypeHOro pyxy, MOCHiPKCHHS TUHAMIYHUX SKOCTEH
Ha HENHIAHIK MOJeni 34JICHOBAaHOTO BaroHa-
wiatdopmu. [Ipu 1bOMY AOCTIHKEHHIO THHAMIYHUX
oco0nuBoCTel BaroHa-ruiaTopmu npu | pospaxyH-
KOBOMY PEXKHMi, SK BHUIQJIKy HAHOUIBIIOI HABaHTa-
JKEHOCTI KOHCTPYKIIii B €KCIUTyaTarlii, yBaru He Tpu-
TIISETHCSL.

[NomimmmeHHsT TEXHIYHNX XapaKTEPUCTHK CEKITii-
HOTO BaroHa-maTGoOpMH MUIIXOM yIOCKOHAJICHHS
Horo KoHCTpykuii HaBeneHi y [7]. B poGoti HaBo-
IATbCS MaTEMATHYHI MOIEN, SIKI JTO3BOJSIOTH BHU-
3HAYUTH TUHAMIYHI 1 MIIHICHI XapaKTEPUCTUKU Ba-
roHa-miarpopMu 3wieHoBaHOro Tuly. OTpuMmani
TEOPETUYHI PO3PaXyHKH ITiATBEPKEH] IILIIXOM eKC-
MEpUMEHTAIBHIX JIOCHI/PKEHb MIIHOCTI BaroHa-
1aThOPMH.

[lpn upoMy B poOOTI HE BHUKOHYETBCS IOCTi-
JOKEHHS TIPUCKOpPEHb, SK CKIIA0BOi JAMHAMIYHOTO
HABaHTAXCHHS BaroHa-1oIaTOpMH TIPH Jii TOB3I0-
BXHIX CWJI Ha WOro HeCcydy KOHCTPYKIIIO
B YMOBaX €KCIUTyaTalliiHUX HABAHTAXKCHb.

JlocmipkeHHs. TTPOCTOPOBUX KOJIMBaHb BaroHa-
wiarOopMH 3 JIOBIOMIPHHM BaHTaKEM IIPU PYCi 110
3aIII3HUYHIA KOJii 31 CTUKOBUMH Ta TapMOHIMHUMH
HEPIBHOCTSIMH y TOPH3OHTAIBHIA Ta BEPTUKAIBHII
IUIOMMHAX HaBeneHi y [2]. Omuc KoarBaHb MEXaHid-
HOI CHCTEMH 3[IiIICHeHHUI IIIIAXOM CKJIaIaHHS CHCTe-
MH 3 IBaJUATH TruepeHIianbHUX PiBHSHB.

Oco0mmBocTi  AWHAMIKKH — BaroHa-tuatGopMu
3 HECUMETPHUYHO-PO3MIIICHUM BaHTaXEM BIJTHOCHO
pamu po3risiHyTI y [8]. MexaniuHa cucrema, 1o
3MIHCHIOE KOJMBAJILHHUH TIpOLeC, BKIOUae 12 TBep-
mux Tl Po3B’sBaHHsA cucTeMu auepeHITiaTbHIX
PIBHSIHB 3JIIICHEHO 3a JIOIOMOTOI0 METOay Anamca—
Bamdopra.

VY posrIsHYTHX poO0Tax HE MPUAUIIETHCS yBara
JIOCITIJDKCHHIO TUHAMIKKM BaroHa-ruiaT(opmu, 3aBaH-
TaXXEHOI KOHTEWHEPAMH.

JlocmipkeHHs. TIPOCTOPOBUX KOJIMBaHb BaroHa-
wiatdopmu HaBomAThCs y [12]. Baron-muiar-gopma
pa3oM 3 KOHTEHHepaMH pO3IJIsaaBcs SK NpyxkHa Oa-
JKa 3 JUCKPETHO PO3MIIEHHMH 30CepeKEHUMHU
MacamH, III0 OMUPAETHCS Ha Bi3ku. [Ipu mpoMy BHKO-
HyBaJIacsl OIiHKA BIUIMBY Ha XOJIOBI SKOCTI eKimaa
BarW KOHTEWHEpiB, IO pO3MIIIEHI Ha BaroHi-
m1aThopmi.

BaxnnBo 3a3Ha4NTH, IO NMTaHHA yIOCKOHAIEH-
HS  HECyuoi KOHCTPYKUil  BaroHa-ruiaropMu
3 METOIO TiIBHUINEHHS ¢(PEeKTUBHOCTI KOHTCHHEPHUX
nepeBe3eHb y CTaTTi He PO3IIISAAI0THCSL.

BuzHavyeHHs1 MHAMIYHUX XapaKTEPHCTHK KOMOi-
HOBAaHUX O3B BUKOHYeThCs y [9]. Ilpm 1meomy
yBary 30CepeIDKeHO Ha JOCTI/PKeHHI KOJMBaHb Ba-
TOHIB-IUCTEPH, IO EKCIUTyaTyIOThCS B HAaIpPSMKY
«Cxin-3axim». B pobOTi BUKOHYETBCS MaTeMaTHYHE
MOJICJTIOBAHHS PYXy HEOMHOPIIHOTO TIOi3aa TpH Pi3-
HHX SKCIUTyaTallifHAX peKUMax.

JlocmipKeHH 0 THAMIKH BaroHiB-TuiaTdopm, sK
OJTHOTO 3 HAHOLIBII TIOMMPEHUX THITIB BaroHiB IPH
KOMOIHOBaHUX IEPEBE3CHHIX, B POOOTI yBark He
TPUITSETHCS.

JlocmipKeHHs. o0 TOUUTFHOCTI 3aCTOCYBaHHS
KPYIJIUX TpyO SIK €JIEeMEHTIB HECYYHX CHCTEM 3ali3-
HUYHUX BaroHiB-muiaTdopm HaBezeHi y [22]. Ha min-
CTaBl BUKOHAHMX TEOPETUYHHX AOCITIIKEHb Hampy-
YKEHO-TIEOPMOBAHOTO CTaHy HECY4oi KOHCTPYKITT
BaroHa-1u1aTdopmu moneni 13-401 BuzHaveHi pesep-
B MILIHOCT] HOTO CKJIaJOBHX Ta 3allPOIIOHOBAHO BHU-
KOPHCTAHHS SIK HECYYIHX €JIEMEHTIB paMH TPyO KpyT-
soro miepepizy [19]. JlocmimkeHHS IMHAMIKUA YI0-
CKOHaJIEHOT HeCY40i KOHCTPYKLi BaroHa-1miargopMu
B pOoOOTi HE BUKOHYETHCSL.

JocmimkeHHs: JUHAMIYHOT HABaHTaKEHHOCTI Ba-
roHa-TIaTGOPMHU TPHU MaHEBPOBOMY CITiBYAapsHHI
HaBegieHi y [15]. OTpumMaHO BeNWYMHY TPUCKOPEHb,
SIKi JIFOTh Ha BaroH-TUIaTOpMy Ta KOHTCHHEPH TIPH
BIICYTHOCTI TIepeMillleHb (ITUHTIB BITHOCHO (iTHH-
TOBHUX YIOpIB, & TaKOX MPH iX MOMIMBUX IEpeMi-
IIEHHSX.

OOrpyHTYBaHHs JIOLIBHOCTI EKCILTyaTallii Baro-
HIB-TIaTGOPM IJIsl IEpEeBE3CHHS KOHTEHHEPIB, Y To-
My YHCJi KOHTEHHEpIB-IIMCTEPH, MOOYIOBU 3aBOAY
«Tpancmann» (Pocis) 3a3nadene y [26]. KorcTpykitist
BaroHa-miaTgopMu Mae BaHTAXKOMIAWOMHICTE 73
TOHHU Ta MOXKE 3IIMCHIOBATU TEPEBE3CHHS KOHTEH-
HepiB Taropo3mipy 1CC, 1C, a takox 1CX.

JocmipreHHsT MITHOCTI Hecy4oi KOHCTPYKIIT Ba-
roHa-TIaThOpPMH B 3a3HAUEHUX POOOTaX HE BUKOHY-
€TBCSL.

[MuranHs 100 YIOCKOHAIEHHS HeCcydol KOHC-
TPYyKUii BaroHa-miaTGopMu 3 MeTO0 3a0e3MeueHHs
HaJIITHOCTI 3aKpilUIeHHs] BiJHOCHO TMAayOH 3alTi3HU-
YHOTO TIOPOMY PO3TIIIHAIOTECS Yy [6]. KoHCcTpyKIiiHi
0COONMMBOCTI  HECydoi ~ KOHCTPYKIii  BaroHa-
aTGOpMH JTO3BOJISIOTH 3a0€3MEYUTH CTIHKICTh KO-
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HTEIHEepIB NP MepeBe3eHHI Ha 3ali3HUYHHX TI0pO-
Max 3 ypaxyBaHHSIM BEJIUKHX KYTiB KpPEHY.

Oco0mmBOCTI PO3POOKH MIBUAKICHOTO 34JICHOBA-
HOTO BaroHa-riarpopMu JUisl TepeBe3eHHsS KOHTEH-
HepiB HaBeneHi y [14]. [IpuitHATI TexXHIYHI pilIeHHS
MIPH TIPOCKTYBaHHI BaroHa-TUIATQOPMHU JTO3BOJISTIOThH
3IIACHIOBAaTH OJHOYACHE TEPEBE3CHHS HA HBbOMY
nBox 40- abo 45-¢pyToBHX KOHTEHHEPIB UM YOTUPHOX
20-¢yToBHUX.

MopnenmoBaHHsT ~ MIITHOCTI  paMH  BaroHa-
mwiathopMH 3 ypaxyBaHHSIM PO3MIILICHHS Ha Hill aB-
TOMOOLITFHOTO HAIIBIPHYEITy BUKOHYEThC y [3]. Y
pOOOTI 3aIlPOTIOHOBAHO PO3PaXyHKOBY CXEMYy, SKa
JIO3BOJISIE OTPUMATH YTOYHEHI 3HAYCHHS HAIPY>KeHb
y HeCy4ill KOHCTPYKIii BaroHa-IiaTgopMu.

B posrisiHyTHX po0OTax He MPUALIIETHCS YBaru
JIOCITI/DKCHHIO JMHAMIKMA BaroHa-ruiaTopmu  mpu
EKCILTyaTallii Bi/IHOCHO PEUKOBHX KOJIIi.

Meta

Mertoro JIoCHiKeHb, SKI HaBeleHI B CTaTTi,
€ YIOCKOHAIEHHA HeCy4yoi KOHCTPYKINi BaroHa-
mwiaTGopMu 3 METOI0 TIIBHUINEHHS e(PEeKTUBHOCTI
KOHTEMHEpHUX TepeBe3eHb. JJis JOCATHEHHS TocTa-
BJIEHOT METY BU3HAYEHI TAKi 3aBAaHHS:

1. BukoHati JOCTIDKEHHS MIIHOCTI BaroHa-
mwiatgopmu mMozeni 13-401 mpu ekcrumyarariifHiux
peKUMax HaBaHTAKCHHS Ta ONTHMi3yBaTH €IEMEHTH
HOoro Hecy4oi KOHCTPYKLIi 3 METOIO 3MEHILICHHSI Ma-
TEpPiaJIOEMHOCTI.

2. JlocmiguTy JUHAMIYHI OCOOJHBOCTI BaroHa-
iaThOpMH 34JICHOBAHOTO THUITY TIPH EKCILTyaTaIlii-
HHX PeKUMaxX HaBaHTAKECHHSI.

3. BukoHaTH JOCHTIPKEHHS MIITHOCTI yIOCKOHA-
JIGHOT HEeCcydoi KOHCTPYKIii BaroHa-ruaTdopMu
34JICHOBaHOTO THITY.

Metoauka

Jns migBuIeHHs eQEeKTUBHOCTI KOHTEHHEPHUX
MepeBe3eHb 3ATI3HMYHAM TPAHCIIOPTOM 3HANIILTH
BUKOPUCTaHHS BaroHU-IUIATGOPMH  34JIEHOBAHOTO
TUIY, 5K JO3BOJISIOTH 30UTHIIUTH KOPUCHE 3aBaHTa-
JKEeHHsI BaroHa KoHTeliHepamu. B Ykpaini Bimommuit
JIOCBIJT PO3POOKKM Ta YCIHIIIHOI €KCIUTyaTaIlil TaKhux
BaroHiB, ajic iX BUPOOHUIITBO BUMAara€ 3HAYHUX Ka-
MITATbHUX BKIIAJIEHb. TOMY TIPOTIOHYETHCS CTBOPEH-
HS KOHCTPYKIIi 34WICHOBAHOTO BaroHa-ImiaThopMu
Ha 0a3i yHiBepcaIbHOT 0.

3 METOI CTBOPEHHS BaroHa-IuaTGopMu 34IeHO-
BaHOTO THITY JUTS ITepeBEe3eHHs KOHTEHHEPIB 5K MPo-
ToTMN OOpaHuii BaroH-ruiardopma mozem 13-401,
BUpOOHULTBA JIHINPOA3EPKUHCHKOTO BaroHOOY/iB-
HOTO 3aBofy (puc. 1).

Jns BU3HAa4YeHHs PE3epBIB MIIIHOCTI OCHOBHHX
HECYYHUX CJICMEHTIB paMM BaroHa-1iaTOpMHU BHKO-
HaHWH PO3paxyHOK 3 BHUKOPHUCTAHHSM METOIY CKiH-
YCHHUX CJIEMEHTIB B CEPEIOBHII IPOTPAMHOTO 3a-
oesneuenns CosmosWorks [1, 20], moOyaoBa mpoc-
TopoBoi Mogzeni 3xificheHa B SolidWorks (Bepcis
2015). Ilpu mpoMy BpaxoBaHO, 110 BaroH-1miatdGopma
3aBaHT)XECHUH JBOMa KOHTEHHEpaMH THITOPO3MIpY
1CC.

Pesynprati po3paxyHKIB JO3BOJMIMA OTPUMATH
BEJIMYMHM MAaKCHUMAIbHUX CKBIBAJICHTHUX Harpy-
*eHb (Tabi. 1) Ta BU3HAYUTH ONTHUMAIBHUN 3 TOYKU
30py MiHIMaNbHOI MaTepialoEMHOCTI MPOQiTh IT0-
B3IIOBXKHBOI O0aKu pamu — mBotaBp Ne 27a. Hecyda
KOHCTpPYKIisi BaroHa-ruiargpopmu Mozenmi 13-401 3
ypaxyBaHHSM 3aXO[iB IOJO YJOCKOHAJICHHS HaBe-
JieHa Ha puc. 2. [Ipu npoMy Tapa HECy4oi KOHCTPYK-
il BaroHa-margopmu MeHmia Ha 12 % mopiBHSIHO 3
MPOTOTHUIIOM.

Puc. 1. IIpocTopoBa Momens HeCy4d0i KOHCTPYKIIii BaroHa-maTgopmu moaemni 13-401

Fig. 1. The spatial model of supporting structure of the platform car model 13-401
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Tabnuns 1
IMoxa3Huku MiLHOCTI Hecy4oi KOHCTPYKIii BaroHa-njaatgopmu moaesi 13-401
MPH eKCIUTYaTANIHUX pesKUMaxX HABAHTAKEHHS
Table 1
Strength indicators of supporting structure of the platform car model 13-401
under operating conditions of load
Pexxum HaBaHTa)xKeHHA
IMoka3HKK MiHOCTI Ip.p. I p.p.
Vap CrucHeHHS PuBok— VYnap- PuBok—
PO3TATHCHHA CTHCHCHHA PO3TATHCHHA
Hanpysxennsi, MITa 306 282,7 242.8 2240 230,8
[epemimeHHs B By3nax, MM 7,6 7,6 7,6 78,2 6.8
Hedopmanii 2,4-107 2,3-107° 2,4-107 3,3-10° 5,67-107

Jnst 3akpiluieHHS KOHTEHHEpIB Ha Hecydii
KOHCTPYKLII BaroHa-ruiaTopMu IMpOIOHY€ETHCS
BCTAHOBJICHHS Ha HBOTO BIAKMIHUX (PITHHTOBHX
YIOPIB.

Puc. 2. Hecyua KoHCTpYKIIist BaroHa-1maatopMu
mozeni 13-401 3 ypaxyBaHHSIM 3aXO7IiB
10710 yIOCKOHAICHHSA

Fig. 2. The supporting structure of the platform car
model 13-401 considering improvement measures

IIpaBuUbHICTE TPUHHATHX pIMIEHh MiATBEP-
JOKEHO TCOPETHYHUMH PO3paxyHKaMy Ha MIIHICTb.

3 MeTor0 3abe3medeHHs] BTOMHOI MIITHOCTI MpH
0a3i BUNpPOOYBaHBb 107 nuKiiB 3ailicHEHO MTiacH-
JICHHSI PO(1ITIO MOB3/IOBXHBOT OAJTKH HAKJIaIKaAMU
(puc. 3).

Jis migBUIEHHS KOHTEHHEPOMICTKOCTI YIO-
CKOHajJeHoi  Hecydoi  KOHCTPYKIIi  BaroHa-
iaTpopMa TPOMOHYETHCS CTBOPEHHS Ha ii 0asi
BaroHa-1miaTGopMH 34JICHOBAHOTO TUMY (pHC. 4).

Jns mocmipkeHHsT JUHAMIYHOI HABAHTAXKEHOCTI
BaroHa-miaT(hopMHu 34JICHOBAHOTO THUITy BUKOPHC-
TaHO MaTeMaTU4YHy Mojienb, HaBeaeHy y [17], nme

BUKOHYETHCSI BU3HAYCHHS NMPUCKOPEHb KOHTEHHE-
pa-IIMCTEPHHU, PO3MIIIEHOTO Ha BaroHi-muathopMi
IpH il Ha HHOTO MOB3J0BXHBOI CHJIM Bijl BaroHa-
Ooiixa.

| mifcHII0104a HaKIa/IKa

Puc. 3. Ilepepi3 0OCHOBHOT MTOB3A0BKHBOT OAIKH paMu
BaroHa-1aT(GopMH 34JICHOBAHOTO THITY

Fig. 3. Cut of the main longitudinal beam of the plat-
form car frame of articulated type

[Ipu upoMy U1 BUBHAYCHHS TPUCKOPEHD He-
Cy40i KOHCTPYKIIii BaroHa-turatGopmu, sk CKJia-
JIOBOI il MMHAMIYHOTO HaBaHTAKEHHS, 11 MOJIEIE
JOOTIpanboBaHa IUIIXOM YpaxyBaHHS NepeMillleHb
JTIBOX CEKITiii BaroHa-TUIaTQOPMHU TIPH €KCIUTyaTa-
IHAX pe)KMMax HaBaHTaXeHHs. Takox B Hil
CKacOBaHi NPy KHi 3B’S13KM MK KOHTEHHEpaMH Ta
HECYYOI0 KOHCTPYKITI€I0 BaroHa-IuiaTGopMu, 1o
3YMOBJICHO MEHIIIOIO JOBKHUHOIO CEKIIil, CTBOPEHOL
Ha 0a3i TUMIOBOTO BaroHa-IuIaTpopmu Mozemi 13-
401 nopiBHSAHO 3 JOBroOa3HUM BaroHOM-
mI1aThOpMOI0, AMHAMIKA SKOTO TOCIIIKyBaIacs y
[17].

Sk nmocmimkyBaHa MoAelb KOHTeiHepa oOpa-
HUH yHIBepcanbHUH KOHTeiHep Trmopo3Mipy 1CC.
KonreiiHep po3risiHyTHil MK HpHUKpiIlieHa Maca
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BIJTHOCHO paMu BaroHa-miatgopmu. ToOTo, KOH-
TeHHep TOBHICTIO MOBTOPIOE TPAEKTOPIIO IEPEMi-
IMeHHS BaroHa-tuiatGopmu. 3B'I30K MK PaMoro
BaroHa-mmaTGopMu Ta (QITHHTaMU KOHTEiHepa
IMITYBaBCS SIK )KOPCTKUH.

JocmimkeHHss KOJMWBaHb BaroHa-TuIaTGopMu
3 KOHTEHHEepaMu 3IiHCHIOBAIOCS Y TOB3JI0BXKHBO-
BEpTUKANbHIH MomuHi. Baron-mardopma 3 KoH-
TeilHepaMu PO3IIIAHYTUH Yy BUIVIAAI IUIOCKOI PO3-
PaxXyHKOBOI CXEMH.

[lpu cxnamaHHi MaTeMaTHYHOI MOJeNi Bpaxo-
BaHO, II0 KOXKHA CEKLisl BaroHa-miaTGopMu Mae
BJIACHUH CTYIICHb BUTBHOCTI, OCKITBKA KOHCTPYK-
iAHI 0COOJIMBOCTI TPHUCTPOIO 3WICHYBAaHHS J0-
3BOJISIIOTH 3/IHCHIOBATH iX MEPEMILICHHS Yy Mpoc-
Topi [4, 11].

Cxema nii IIOB3MOBXHBOI CHIM HA BaroH-
w1aThopMy 3WICHOBAHOTO THUITYy 3 KOHTEHHEpamu,
PO3MIIIEHUMH Ha HOMY IIPH BiJICYTHOCTI MOKIJIH-
BHX TepeMileHb (ITUHTIB BiTHOCHO (DITHHTOBUX
YIOpiB HaBeJleHa Ha pucC. 5.

1’7f71 (X.Hﬂl _jéﬂﬂz)+Mnﬂ1h¢Hﬂl =P,, (1)

ne My, Maca-OpyTTo i-0i CeKlii BaroHa-

miardopmu; M,, — Maca HeCydoi KOHCTpPYKLii
i-oi cekuii BaroHa-matgopmu; P, — BeIUYMHA

MTOB3IOBKHBOI CHJIH, IO i€ Ha aBTO3YETT;
L @pn, + Mg h (jénﬂl — X1, ) -
—8P M g h=1Fpp (sign AP —sign AP ) +
(kA - A ), ()
e
Ai = Zn, _Z'(Pnﬂ, > Aiz = Znn, +Z'(Pnﬂ, >

I,, — MOMEHT iHepuii i-0i cekuii Barosa-
1

riatopmu; / — monoBuHA 0a3u CeKIii BaroHa-
wiathopmu; F,— abCONIOTHE 3HAYEHHS CHJIHU CY-

XOro TepTS y PEeCOPHOMY KOMIUIEKTI; k,, k, — XKo-

PCTKICTh TPYXHH PECOPHUX KOMIUICKTIB BI3KiB
BaroHa-maTgopmu (Bizok mozeni 18-100);

. 1 11
M g, Zpg, = b AT Ry AT -

—Fp (sign A —sign AP ), )

" (5617/71 =X, )+ (m; -z, )(ﬁ’nﬂl =0, “4)

Jie m, —Maca KOHTEeHHepa; z,, — BUCOTa LIEHTPY
Baru KOHTeHHepa;

1@y +(mi'zci)x
"(5517/7l _jéﬂﬂz)_g(mi 'Zci)(Pnﬂl =0, (5

ne [ -

1
x[’ (‘Pi’ Z[
MIIICHHS CEKI[ili BaroHa-miaTGopMU BIIHOCHO
BIAMOBIJHUX OCEWH;

MOMEHT IHEpIlii i-T0 KOHTEHHepa;

— KOOpIWHATH, IO BHU3HAYAIOTH IEpe-

m-Zy, = 0 (6)
My, (5517/1l — X, ) + M ph®py, =0, (7)
117/72 '(pnﬂz "']‘417/12}1(3"‘17/7l _5517/72)_
=8P 1, M 1127 =
=I-FTP(signA1”ﬂ2 —signAgﬂz)+
+l(k1 'Alnﬂz —k, ‘Aémz ), 8)
M g, Zp, =k A+ ey A -
-Fp (sign AIIMZ —sign Agﬂz ), )]

(10)

mf(jéﬂﬂl _jéﬂﬂz)"'(mi 'Zci)(pnﬂz =0,
Ii~(ﬁ)nﬂ2 +(mi-zci)><
%(¥, ~ ¥, )~ & (M, 2, )0z, =0, (11)

(12)

BenvunHa MOB3IOBXKHBOI CHITH, IO Ji€ Ha He-
Cydy KOHCTPYKIIif0 BaroHa-tuiatGopmu, IpuiHsITa
piHoto 2,5 MH [18]. Po3B’s13aHHs qudepeHitianb-
HUX pIBHSIHb 3AIHCHEHO 3a JOMOMOTOI0 METOIY
Pynre-KyTra B cepemoBHIIi MpOrpaMHOro 3abes-
neyerds MathCad [10, 13].

Pesynpratn mocmimkeHb JO3BONWIM 3POOUTH
BHUCHOBOK, 1[0 MIPUCKOPEHHS, SIKI PUXOAATHCS Ha
HECydy KOHCTPYKITito TepIoi 3 00Ky Iii CHITH CeK-
il BaroHa-ruIaTGOpMH  CKIAAalTh 36,4 M/c?,
a gpyroi — Omumzpko 37 w/c* (puc. O).

m;-Zpg =0.
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Puc. 4. Baron-ruatdopMa 34JI€HOBaHOTO THITY

Fig. 4. Platform car of articulated type
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Puc. 5. Cxema i MOB3I0BKHBOT CHIIM Ha BaroH-1UIATGOPMY 34JICHOBAHOTO TUITY
3 KOHTEIHEpaMH, PO3MIIIIEHUMH Ha HbOMY

Fig. 5. Scheme of the longitudinal forces effect on the platform car of articulated type with containers placed on it

YucnoBi 3HaYeHHS! MPUCKOPEHbB, SKi JIIOTh Ha
Hecy4y KOHCTPYKI[IO BaroHa-miatopMu 34iieHo-
BaHOTO THITy 3 KOHTEHHEpaMu, PO3MIIICHUMH Ha
HBOMY TP CKCIUTyaTalliiHUX peXUMax HaBaHTa-
JKEHHSI BUKOPHICTaHI MPH JOCTIHKEHHI MIIHOCTI
HECyd4oi KOHCTPYKIlii, SK CKJIaJ0Bi JUHAMIYHOTO
HaBaHTKEHHS, 110 JiI0Th HA Hel.

Hnst IOCIIIKEHHS MIIHOCTI BaroHa-
m1aTGOpPMH 3WICHOBAHOTO THITY BHKOHAHHU PO3-
PaxyHOK 3a METOJIOM CKIHYCHHUX eJeMeHTIB. [Ipu
CKJIaJIaHHI CKIHUEHHO-CIIEMEHTHOT MOJIEJIi BUKOPH-
CTaHi MPOCTOPOBI i30MapaMeTpUyHi TeTpaeapH,
ONTHMAalbHA KUIBKICTh SKMX BH3HAa4YeHA 3a JIOTO-
MOTOI0 TpadoaHaTITHIHOTO METOAY .

IIpn 1pOMYy KiNBKICTh BY3JTIB CITKH CKJaja
140551, emementiB — 421841. MakcuMaapHUI po-
3Mip enleMeHTy AopiBHioe 203,45 MM, MiHIMaTbHUN

— 40,7 mMm. MiHIMaIbHA KITBKICTE €JIEMEHTIB B KO-
7 cknana 9, crhiBBiHOMIEHHS 301UTBIIEHHS PO3Mi-
piB enemeHTiB y citii — 1,7. MakcuManbHe CIiB-
BinHOIIeHHS GOKiB — 1,06-10° , BiZCOTOK eneMeH-
TiB 31 CIIBBIOHOIIEHHSAM OOKIB MEHIIE HDK 3 —
11,2, 0oinpiie Hixk 10 — 35,2.

CxeMy HaBaHTaXEHHS HeCydoi KOHCTPYKIIii
BaroHa-mwiaTpopMu  34ICHOBAHOTO THUIY IIpH
I po3paxyHKOBOMY pexXuMi (PHBOK—PO3TATHEHHS)
HaBeJeHO Ha puc. 7.

IIpu cxmagaHHi MOAeNi MIITHOCTI BPaxOBaHO,
IO Ha HECY4Yy KOHCTPYKI[iI0 BaroHa-miatdopmu,
KpiM MOB3JI0BXXHBOI CHIM P, , IiI0Th BepPTUKAIbHI
3yCHJUISL Y 30Hax OOMUpaHHA KOHTEHHEpiB Ha (¢i-
TUHIOBI ynopu P, .

Mopenbs HE BpaxOBY€ MOXIIHBI TEpEMIillICHHS
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(biTHHTIB KOHTEHHEpiB BiTHOCHO (ITHHIOBMX YMO- MEpeMillleHHS CEeKLii BaroHa-matopMu mpu mii
piB BaroHa-miatopMu, a TaKoXX MOXMJIIMBI KyTOBI  IOB3/IOBKHBOT CHJIH.

a—a g5 o0—b Ly
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o o
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Puc. 6. IlpuckopenHs, siki 1it0Th Ha HECY4y KOHCTPYKLIIO BaroHa-1uiaTGopMu 34JIEHOBAHOTO THITY
3 KOHTCHHEPAaMH, PO3MILIICHUMHU Ha HhOMY IIpH | pO3paxyHKOBOMY pexXKMi (PO3TATHCHHS—PUBOK):
a —nepia 3 00Ky Jii TOB30BXKHBOI CHIIN CEKIIisl BaroHa-1u1aTdopma; 6 — KOHTeHHep, pO3MIIICHUH Ha TepIrii

3 OOKy JIil MOB3/IOBKHBOI CHIJIM CEKIIil BaroHa-IathopMu; 6 — Apyra 3 0Ky il OB3IOBKHBOT CHIIH CEKI[is
BaroHa-1uiath)opma; 2 — KOHTeitHep, pO3MillleHHi Ha APYTil 3 00Ky Ail TOB3OBXHBOT CHIIH

cekuii BaroHa-miaTgopmu

Fig. 6. The acceleration acting on the platform car of articulated type with containers placed on it during
design conditions (stretching—jerk):
a — the first platform car from the side of action of the longitudinal force; b) a container placed on the first platform
car from the side of longitudinal force action; c) a second platform car from the side of action of the longitudinal
force; g) a container placed on the second platform car from the side of longitudinal force action

3aKpirUleHHs. MOZENi 3IIMCHIOBANIOCS Y 30HAX  3HAYCHHSM MEXi MinHOCTI G, =490 MIla Ta me-
oOnupaHHA paMH Ha BI3KHM, a TakoX 3a A i pymmocti o, =345 MITa [18].
yIop aBTo3ueny (yAap—CTUCHEHH:S) abo mepenHiit
(pO3TATHEHHS—PUBOK) Ipyroro 3 OOKy nii moB3a0-
B)KHBOI CHUTH CEKIIil BaroHa-tratgopmu.

Sx wMatepian Hecy4oi KOHCTPYKIi Barosa-
wiatpopMu BUKopHcTaHO ctanb Mapku 0912C 3i

Pesynbratn po3paxyHKiB Hecydoi KOHCTPYKIUil
BaroHa-miaTGopMu 34ICHOBAaHOTO TuUly npu I po-
3paxyHKOBOMY PE&XHMi (PHUBOK—PO3TATHCHHS) Ha-
BezieHi Ha puc. 8—10, a yncenbHI 3HAYEHHS MMOKAa3-
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HUKIB MIIHOCTI IPY OCHOBHHUX PEKUMaxX HaBaHTa-
JKEHHS y Ta0u. 2.

3 Taba. 2 BUAHO, 110 HaOLIbIIa BeJUYMHA Ha-
MPYKEeHb BUHHUKAE TIPH | pO3paxyHKOBOMY PEKUMI
(pPMBOK—pPO3TATHEHHS), 30CEpeKeHa B 30HI B3ae-
MO IMBOPHEBOI Oamku 3 XpeOTOBOIO Ta CKIIAgac
omm3pko 330 Mlla (puc. 5), ale HE MEpPEBHUIYE

JOMyCTUME 3HauY€HHS, MaKCUMAaJIbHI MepeMilleHHs
B KOHCTPYKIIii BUHUKAIOTh ¥ CepPeNHii YaCTHHI Oc-
HOBHUX IIOB3/IOBXKHIX 0ajloK paMM Ta CKJIaJaloTh
64,5 mm (puc. 6), nedopmariii B KOHCTpPYKIIii cTa-
HoOBIIATH 2,026-107 (puc. 7).

Tab6un. 2.

IToxa3HuKH MilTHOCTI Hecy40i KOHCTPYKIII BAroHa-1mJaT(opMH 34J1eHOBAHOI0 THITY IPU eKCIIyaTaLiii-
HHX Pe:XKMMAaX HABAHTAKeHHS

Table 2

Strength indicators of the supporting structure of the platform car of articulated type under operating
conditions of load

Pexxum HaBaHTa)KEHHS
TToka3HuK MIHOCTI
CTUCHEHHS PuBOK—pO3TATHEHHS VY nap—cTucHeHHs PuBOK—pO3TATHEHHS
I'p-p.) d'p-p) (II'p.p.) (1I'p.p.)
Hampyxenns, MIla 310,5 329,8 302,5 312,8
[epemimeHHs B By371ax, MM 66,1 64,5 64,2 64,5
Hedopmarii 2,015-107 2,026-1072 2,012-1072 2,024-1072

Puc. 7. Cxema HaBaHTa)XEHHs HECY4Oi KOHCTPYKIIT BaroHa-miarhopMu 34JICHOBAHOTO TUITY
npu | po3paxyHKOBOMY pekiMi (PUBOK—PO3TSATHEHHS)

Fig. 7. Load scheme of the supporting structure of the platform car of articulated type at the I design conditions
(jerk-stretching)
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wian Mises [Mim~2]
3.298e+008
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. 2.475e+008

. 2.201e+008
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. B.302e+007
5.561e+007
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Puc. 8. Hanpy>xeHwii cTaH HeCy401 KOHCTPYKIIii BaroHa-1miaT(GopMu 34ICHOBAHOTO THITY
mpu | po3paxyHKOBOMY pekuMi (PUBOK—PO3TATHEHHS)

Fig. 8. Stress state of supporting structure of the platform car of articulated type at the I design conditions
(jerk-stretching)

IJRE S [rnimn)

6.447e+001
5.909e+001
5.372e+001
4.835e+001
4,293e+001
3.760e+001
3.223e+001
2.686e+001
2.149e+001
1612e+001
1.074e+001

5.372e+000

Lonoe-030

Puc. 9. TlepemiienHs B By3/1aXx HECy40i KOHCTPYKI] BaroHa-miar¢opMu 34JI€HOBAHOTO THITY
npu | po3paxyHKOBOMY peKiMi (PHBOK—PO3TSATHEHHS)

Fig. 9. Displacement in the nodes of supporting structure of the platform car of articulated type at the I design condi-
tions (jerk-stretching)
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Puc. 10. ledopmanii B Hecyuiii KOHCTPYKILii BaroHa-11aTGOpMH 34JI€HOBAHOTO THITY
mpu | po3paxyHKOBOMY pekuMi (PUBOK—PO3TATHEHHS)

Fig. 10. Deformations in the supporting structure of the platform car of articulated type at the I design conditions
(jerk-stretching)

Pesyabrarn

Po3pobmeno Hecydy KOHCTPYKITiIO BaroHa-
m1atGopMHu 34ICHOBAHOTO TUIY Ha 0a3i yHiBepca-
JILHOTO BaroHa-1IaTQOpMH.

OTprMaHO YTOYHEHI BEJIMYWHHU JWHAMIYHUX
HABaHTAKEHb, SKI JIIOTh Ha HECY4y KOHCTPYKIIIIO
BaroHa-mwiaThopMHu 34JICHOBAHOTO TUIY 3 KOHTEH-
HEpaMH, PO3MIIICHIMH Ha HbOMY IIPHU €KCILTyaTa-
MIHHUX PeKUMaX HAaBAaHTAIKCHHS.

Bu3naueHO MakcUMallbHI CKBIBaJICHTHI Ha-
MpYXKEHHA  HEeCy4doi  KOHCTPYKIi  BaroHa-
mIaThOpMHU 3WICHOBAHOTO THILY MPH Jii eKCIuTya-
TalIHHUX HAaBAHTAXKEHbD.

HaykoBa HOBH3HA Ta MPAKTUYHA
3HAYUMICThH

1. 3ampornoHoBaHO MaTeMaTHYHy MOJETh Iie-
peMilleHb BaroHa-1aTGOpPMH 3WICHOBAHOTO THITY
3 KOHTEHHepaMH, PO3MIIICHUMH Ha HbOMY IMpH
EKCIUTyaTallifHUX peXUMaxX HaBaHTKEHHS.

2. Po3pobieno Mozenb MiIHOCTI Hecydoi KOHC-
TPYKIii BaroHa-miaatGopMu 34JICHOBAHOTO THIY,
CTBOpPEHOTO Ha 0a3i yHIBEpcalbHOTO BaroHa-
TIaTOPMH.

Pesynbratn mpoBeneHHX OOCHIIKEHb MOXKYTb
BUKOPUCTOBYBATHCS TMPH TPOCKTYBaHHI BaroHiB-

wIaThopM 34JICHOBAHOTO THITY JUIs 3a0e3MeucHHS
iX MIITHOCTI MpX KOMOIHOBaHUX ITEPEBE3CHHSIX.

BucHoBkH

Ha mnixcraBl BUKOHAHUX JOCHIIKEHb MOJKHA
3pOOWTH HACTYITHI BUCHOBKH:

1. BuUKOHAHO [OCIIUKEHHA MIHOCTI BaroHa-
iatdopmu Moaeni 13-401 mpu ekcruryataniiftHux
pPEKUMAax HABAHTAKCHHS Ta ONTHUMI30BAHO eleMe-
HTH WOTO HEeCy4oi KOHCTPYKIIii 3 METOIO0 3MEHITICH-
Hsl MaTepianoeMHocTi. [Ipu nboMy BpaxoBaHO, IO
BaroH-matpopMa 3aBaHTAXKEHUI JBOMAa KOHTEH-
Hepamu Ttunopo3mipy 1CC. BusBieHO pe3epBH
MIITHOCTI €JIEMEHTIB HEeCyuoi KOHCTPYKIIii BaroHa-
w1aThOpMH Ta BU3HAYEHO HAWOUIBII ONTHUMAaJbHI
3 TOYKM 30pYy MiHIMaJbHOI MaTepialOEMHOCTI
npodim iX BUKOHAHHS.

Jis mipBuimeHHs e(eKTUBHOCTI eKCILTyaTarlil
YAOCKOHANIEHOT KOHCTPYKIIi BaroHa-miathopMu
MIPOTIOHYEThCSI CTBOPEHHS Ha #oro 0a3i BaronHa-
1aTGOpPMHU 34WICHOBAHOI'O THITY.

2. JlocmimKkeHo AUHAMIYHI OCOOJMBOCTI Baro-
Ha-TIaTGOPMH 3WICHOBAHOTO THITY NPH EKCILIya-
TaIifHUX pPeXUMaxX HaBaHTakeHHs. OTpuMani pe-
3yJlbTaTH BUKOPHCTaHI MPU MOJEIIOBaHHI MiLlHOC-
Ti HeCy4oi KOHCTPYKIii BaroHa-tuiaThopMu 3dJie-
HOBaHOT'O THITY.
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3. BukoHaHO HOCTIMXEHHS MIIHOCTI YIOCKO- BukoHaHi JOCHiIKEHHS CHPUATUMYTH CTBO-

HaJICHOi Hecy4ol KOHCTpPYKILii BaroHa-riuaropMd  pPEHHIO BaroHiB-IIATGOPM 3YICHOBAHOTO THITY
34JICHOBAHOTO THUMY. [Ipy IbOMY BCTAaHOBJICHO, IO JUIS TICPEBE3CHHS KOHTEHHEPIB Ta IIiBUINECHHIO
MaKCHMaJbHI eKBIBAJICHTHI HANPYXEHHS B HECy4iii  e()eKTUBHOCTI KOMOIHOBAaHOTO TPaHCIIOPTY B Ha-
KOHCTPYKLUi1 HE IEPEBHUIIYIOTh IOMYCTUMI. NPSMKY MIKHapOJAHUX TPAHCIIOPTHUX KOPHUIOPIB.
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YCOBEPHIEHCTBOBAHME HECYIIIEA KOHCTPYKIIUA
BAT'OHA-IIVIAT®OPMBbI UIAA HIOBBIINEHUA DPPEKTUBHOCTHU
KOHTEMHEPHBIX ITIEPEBO30OK

Hean. J[laHHOE WCCIIEOBAaHUE HANpPaBICHO HA YCOBEPIICHCTBOBAHME HECYNIEH KOHCTPYKLMHM BaroHa-
w1aThOpMBbl I MOBBIICHHS 3(P(HEKTUBHOCTH KOHTEHHEPHBIX mepeBo3oK. Meroauka. s NOCTIKEHHS MOCTaB-
JICHHOH 11T TPOBEJICHBI MCCIEIOBAHUS IPOYHOCTH YHUBEPCAIBHOTO BaroHa-maTgopmel Mogenu 13-401, onpene-
JIEHBI PE3EPBBI MPOYHOCTH HECYIINX 3JIEMEHTOB €r0 KOHCTPYKLUH U MPEATI0KEHBI 00Jice ONTUMAJIbHBIE, C TOUKU
3pEHUs] MUHUMAaJIbHOW MaTepHalOeMKOCTH, TPOQUIH BHIMOIHEHUS] OCHOBHBIX MPOJOJIBHBIX Oanok pamsl. [IpaBuib-
HOCTh NPHHATHIX PELICHHH MOJTBEpIKIeHa pacdeTaMH Hecylled KOHCTPYKIMH BaroHa-IuiaTOpMbl Ha TPOYHOCTH
(IIpM OCHOBHBIX SKCILTyaTalHOHHBIX PEKUMAX HAIPYKEHHS) M yCTATIOCTh — C yUeToM 6a3bl HcIbITanuit 107 uKioB.
JIy1st BOBMOXHOCTH 3aKpeIUIeHHs KOHTEHHEPOB Ha paMe BaroHa-1uiaT(opMbl IpeuiaraeTcs OCHAIIeHUE ero OTKU/-
HBIMH (PUTHHTOBBIMH YIOPaMH, YTO HO3BOJIMT OCYIIECTBIATH NepeBo3Ky 20-tu n 40-dyroBeix koHTeitHepoB. C 1e-
JIbI0 TIOBBIIIEHHS 3()(DEeKTUBHOCTH KOHTEHHEPHBIX MEPEBO30K B HAIIPABIEHUN MEXYHApOJIHBIX TPAHCIIOPTHBIX KO-
PHUIIOPOB, KOTOPBIC TIPOXOAAT Yepe3 TEPPUTOPHIO YKpPanHbI, Ha 0a3e yCOBEPIIEHCTBOBAHHON KOHCTPYKIIMH BaroHa-
aTGopMbl pa3paboTaH BaroH-MIaTGOpMa COWICHEHHOTO THIA. BBINONHEHO MaTeMaTH4ecKoe MOJCIMPOBAHHE
JMHAMHYECKOH HarpykKeHHOCTH BaroHa-IaT(opMbl C KOHTEHHEpaMH, Pa3MEIICHHBIMH Ha HEM (/1Ba KOHTEiHepa
tunopasmepa 1CC) npu 3KCIDTyaTalMOHHBIX peXuMax HarpyxeHus. OmnpenereHsl MaKCUMalbHbIE YCKOPEHHUs, KO-
TOpBIE JEHCTBYIOT HA HECYIIYIO KOHCTPYKIIHMIO, M YYTCHBI MX YHCIICHHBIEC 3HAYCHUS TIPH KOMITBIOTEPHOM MOJEIHPO-
BaHMM MPOYHOCTU BaroHa-miaatopMbl cowieHEHHOTro THra. Pe3yabrarhl. PazpaboraHa Hecyiiass KOHCTPYKIHUS
BaroHa-1yat(popMbl COYICHEHHOTO THNA Ha 0a3e YHHMBEPCAJbHOrO BaroHa-miargopmsel. [lomyueHbl yTOUHEHHBIE
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BEJIMYMHBI JUHAMHYECKAX Harpy30K, KOTOpbIE JIEHCTBYIOT Ha HECYIIYI0 KOHCTPYKIHIO BaroHa-1uiaTopMbl codie-
HEHHOTO THIIa C KOHTEHHEpaMH, pa3MEIIEHHBIMH Ha HEM IIpH SKCIUIyaTallMOHHBIX pPEXHMax Harpy>KeHus,
W OIpeJeyieHbl MaKCHUMalbHbIE JKBUBAJCHTHHIC HANPSDKEHWS B HECylleld KOHCTPYKIMH BaroHa-IIaT(OpPMBL
Hayunas HoBu3Ha. [Ipe/uioskeHa MaTemMaTHyeckas MOAEb EPEeMEIIEHUH BaroHa-1u1aTOpMbl COYJICHEHHOTO THITA
C KOHTEIfHEepaMH, pa3MEIIEHHBIMI Ha HEM IPH SKCIUTYaTAlMOHHBIX PEeXHUMaxX HarpyKeHHsl HECyIIeil KOHCTPYKIIHH.
PazpaboTana MoJenb MPOYHOCTH HECYIIEH KOHCTPYKIMH BaroHa-IaT(OpMbl COWICHEHHOTO THIA, CO3IaHHOTO Ha
0ase yHHBepcaJbHOIro BaroHa-ruiaTopmel. IlpakTuyeckasi 3HAUMMOCTb. Pe3ynbTaTel IPOBEACHHBIX HCCIIEN0Ba-
HUHA MOTYT HCIIOJIb30BAaThCA NPH NMPOCKTHPOBAHWU BarOHOB-IUIAT(OPM COUICHEHHOTO THUIA JUIl OOECTEUYEeHUs MX
MPOYHOCTH NMPU KOMOMHHPOBAHHBIX NTEPEBO3KAX.

Kniouegvie cnosa: BaroH-miaatgopMa COWICHEHHOTO THIA; HECYINash KOHCTPYKIMS; ONTUMM3AINS; ANHAMUKA,
MPOYHOCTB; MOJIEINPOBAHNUE; HATPYKEHHOCTh KOHCTPYKINH; KOMOMHNPOBAHHBIE IEPEBO3KU

A. O. LOVSKA"

1*Dep. «Carsy, Ukrainian State University of Railway Transport, Feierbakh Sq., 7, Kharkiv, Ukraine, 61500,
tel. +38 (057) 730 10 35, e-mail alyonalovskaya.vagons@gmail.com, ORCID 0000-0002-8604-1764

IMPROVEMENT OF THE SUPPORTING STRUCTURE
OF PLATFORM CAR FOR HIGHER EFFICIENCY
OF CONTAINER TRANSPORTATIONS

Purpose. The article is aimed to improve supporting structures of the platform car to increase the efficiency of
container transportations. Methodology. In order to achieve the objective, the strength investigations of the univer-
sal platform car of the model 13-401 were conducted, strength reserves of the supporting elements were defined,
and more optimal profiles of basic longitudinal beams of the frame in terms of the minimum material capacity were
proposed. Decision correctness was confirmed by the strength calculation of the platform car supporting structure at
basic loading operational modes and fatigue taking into account the research database of 107 cycles. It has been
proposed to equip a platform car with swing fitting stops for fastening containers on the frame, which allows trans-
portation of 20ft and 40ft containers. In order to improve container transportation efficiency along international
transport corridors running through Ukraine, a platform car of articulated type has been designed on the base of the
improved platform car structure. The mathematical simulation of dynamic loads of the platform car with containers
(two 1CC containers) at operational loading modes has been carried out, the maximum accelerations influencing the
support structure have been defined, and their multiple values have been considered in computer simulation of the
strength of the platform car of articulated type. Findings. The support structure of the platform car of articulated
type on the basis of the standard platform car has been developed. Refined values of dynamic loads influencing
supporting structure the platform car of articulated type with containers at operational loading modes have been
obtained; the maximum equivalent stresses in the platform car support structure have been defined. Originality
and practical value. A mathematical model of displacements for a platform car of articulated type with containers
at operational loading modes of supporting structure has been proposed. The strength model of the supporting struc-
ture for the platform car of articulated type based on the standard platform car has been developed. Results of the
research can be used in designing of platform cars of articulated type to provide their strength at mixed transporta-
tions.

Keywords: a platform car of articulated d type; supporting structure; optimization; dynamics; strength; simula-
tion; structure loading; mixed transportations
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THREE-ELEMENT BOGIE SIDE FRAME STRENGTH

Purpose. To evaluate the effect of different loads on the stress-strain state of the freight car bogie side frame, as
well as to evaluate the distribution of the stress fields in the design of the freight car bogie side frame supported
through the horizontal surface and through the horizontal and inclined surfaces of the pedestal opening. Methodol-
ogy. A volumetric finite element model of the side frame of ZK-1 bogie of the freight car was designed. The forces
under the current regulatory documentation for theoretical research were applied to the model, the stress arising in
the model elements were determined. The static tests of ZK-1 bogie side frame were conducted; they allowed de-
termining the stresses in the key points of the frame under the action of forces in accordance with the existing pro-
cedure of static tests of the freight car bogie side frame. To check the quality of the finite element model we deter-
mined the stress in the model under the action of forces corresponding to the static requirements. The corresponding
coefficients were determined to match the stress obtained through theoretical studies and static tests. The results
of theoretical and experimental studies of stress for dangerous sections of the side frame design were compared.
Findings. The regulatory documentation for carrying out experimental research of the side frame strength does not
fully take into account the load acting on the frame during its operation and that provided while assessing the side
frame strength theoretically. The strength evaluation of the side frame by the results of field tests only does not give
a complete picture of the distribution of stress fields, as the provided sensor installation points do not cover most of
the design elements with possible stress concentration. Originality. The loads applied to the side frame during theo-
retical and experimental studies were compared to the loads acting during operation. The impact of use of inclined
surfaces in the pedestal box opening was evaluated. Practical value. The obtained results allow the more accurate
assessment of the three-piece bogie side frame strength, as well as allow you to choose the more preferred method of
side frame support in the axle box.

Keywords: side frame; three-piece bogie; strength; test; calculation; support

Introduction between the values of the existing loads can be
compensated by appropriate co-coefficients, it is
much more complicated to compensate the differ-
ence in places of load application, which leads to
difficulties in comparing the results of experimen-
tal and theoretical studies.

Development of Ukrzaliznytsia rolling stock
and that of the CIS countries in recent years is
aimed at increasing the efficiency of cars, not only
due to speeding up [6], but also due to their higher
carrying capacity by increasing the axle load from
23.5 ton/axle to 25 tons/axle [ 4, 5, 13, 18].

Increased weight of transported cargo results in
the need to strengthen the construction of the car
body and undercarriage [1]. At the same time, the
increase in car gross mass, along with the constant
influence of static load, constantly acting on the
bogie from the side of body and cargo, results in

The strength of new and upgraded designs of
car elements is assessed using the experimental
and theoretical studies. Each car element must pass
these two stages, and for each of them there are
developed regulations governing the load to be
applied to the object during theoretical and ex-
perimental studies [3, 7, 8, 10].

For freight car three-piece bogie side frame
such documents are «Regulations for calculation
and design of cars of 1520mm gauge railways of
Ministry of Railways (non-self-propelled)» [8] for
theoretical studies and «Bolsters and cast side
frames of four-wheel bogie of freight cars for 1520
mm track. Methods of static strength tests» [7] for
the experimental ones.

However, the loads under which the stress-
strain state of the side frame is studied during theo-

retical and experimental studies differ in both val-
ue and place of application. And if the difference

increased dynamic component, which occurs dur-
ing car movement on the main tracks. That leads to
the need for additional structural reinforcement of
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the bogie and its side frame as one of the elements
[11].

An alternative to increased strength of bogie
components is reduced dynamic effects on the bogie
during movement. This effect is achieved in various
ways, such as: the use of a bilinear spring suspen-
sion at the central core stage, the improvement of
friction pairs in the friction wedge-type shock ab-
sorber, installation of additional connections be-
tween the bogie side frames, etc. [2, 12, 15, 16, 17].

One of the ways to reduce the dynamic compo-
nent of the load acting on the side frame is to in-
stall the second suspension stage between bogie
side frame and the wheelset axle box. This assem-
bly is set with an elastic spring element, polyure-
thane, rubber or rubber-metal gasket. This element
can receive and transmit further both exclusively
vertical forces and vertical and horizontal forces.

If to take up the first ones, the horizontal sup-
port surfaces in the pedestal opening of the bogie
side frame are enough, then to transmit the hori-
zontal forces, it is necessary to provide for the
presence of the elastic element between the vertical
support surfaces. Realizing such a support way it is
necessary to prevent from elastic element falling
out of the space between the vertical support sur-
faces, by means of its additional fastening, which
leads to complicated construction in the place of
interaction of side frame and axle box. An alterna-
tive is to set the elastic elements on inclined sur-
faces for taking up the vertical and horizontal loads
by one and the same elastic element. For this pur-
pose, it is necessary to provide for appropriate
support surfaces both of the axle box housing and
in the pedestal opening or to use adapters. The sec-
ond way is not effective, although it leads to in-
creased side frame unification, but the presence of
additional elements results in reduced work space
in the pedestal opening and sizes of the elastic gas-
ket.

The transition from boxes to the cassette type
bearings and the axle box adapters allows aban-
doning the unified box housing and applying axle
box adapters with different surfaces for side frame
supporting.

The need for inclined support surfaces in the
pedestal opening also involves changes in the bo-
gie side frame, and transfer of the horizontal loads
or most of them through the upper member of the
pedestal opening leads to the redistribution of

stresses in the side frame and the need of strength-
ening in the places not critical for frames with sep-
arate load transfer.

Purpose

The purpose of the work is to evaluate the ef-
fect of different loads on the stress-strain state of
the freight car bogie side frame, as well as to eval-
uate the distribution of the stress fields in the de-
sign of the freight car bogie side frame supported
through the horizontal surface and through the hor-
izontal and inclined surfaces of the pedestal open-
ing.

Methodology

The study was conducted for the side frame of
the three-piece bogie of ZK-1 model made in Chi-
na.

ZK-1 bogie side frame has the construction typ-
ical for three-piece bogie side frames — it consists
of upper, lower, diagonal members and 2 columns.
Support on wheelsets is through pedestal openings,
the upper surface of which is 2-pitch with a hori-
zontal platform in the middle. The central opening
of the side frame houses a set of 9 2-row suspen-
sion springs. The friction shock absorber plates are
mounted on the inner surface.

To evaluate the stress-strain state of the side
frame the finite element model is developed. There
are applied solid 10-unit elements with a character-
istic edge size of 10 mm. Dimensions of the ele-
ments vary in model volume and decrease in the
places of openings, radius transitions and other
potential stress raisers. The element size is chosen
so that its further change would have no effect on
the calculation results. The modelling process first
created the three-dimensional geometrical model
(Fig. 1), which was automatically divided into
three-dimensional finite elements (Fig. 2). The re-
sulting finite element model of the bogie has
664,705 elements, 1,789,864 units and 5,369,592
degrees of freedom.

For model material, the following values of the
elastic constants of the material are assumed:
Young’s modulus £ = 210 GPa, Poisson’s ratio
v=0.27.

The calculation was performed in accordance
with the «Regulations...» [8], which state that the
bogie side frame is subjected to the combination of
vertical, side and longitudinal loads.
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Fig. 1. Geometric model of ZK-1 bogie side frame

Fig. 2. Detail of the finite element model
of ZK-1 bogie side frame

Vertical loads are as follows:

— Vertical static load,

— Vertical dynamic load,

— Vertical contribution of longitudinal inertia
force of the car,

— Vertical contribution of braking force,

— Vertical contribution of forces of inertia in
the curve and wind pressure strength.

Side loads are as follows:

— Wind pressure forces and centrifugal force
during the passage curved track sections,

— Transverse component of longitudinal quasi-
static force,

— Frame force.

Longitudinal loads are as follows:

— Bogie mass inertia force,

— Brake force,

— Thrust force of friction wedges.

These loads are grouped in six variants of load-
ing that correspond to:

a)the forces acting on the car during its colli-
sion with the train when breaking-up from a hump;

b)the forces acting on the car in the middle of
the train with braked front cars and not braked,
approaching from the rear cars;

c) the forces acting on the last car moving with
the design speed in the train during adjusting brak-
ing at the beginning of the curved section;

d)the forces acting on the last car moving with
the design speed in the train during adjusting brak-
ing at the straight track section;

e)the forces acting on the car moving with the
design speed in the train during adjusting braking
in a curve, with braked front cars and not braked,
approaching from the rear cars;

f) the forces acting on the car moving with the
design speed in the train during adjusting braking
in a curve.

The I design mode corresponds to the variants
of loading ¢ and b, Il — ¢ ... f.

Table 1 shows the values and points of origin
of the maximum stress in the bogie side frame.

Table 1
The maximum stresses in the bogie side frame, MPa
Variant -
of load- Point of origin Limit | Calculated
. values value
ing

Lower angles of the

a central spring open- 250 240
ing
Vertical support

b surface of the pedes- 250 235
tal opening
Lower angles of the

c central spring open- 140 132
ing
Vertical support

d surface of the pedes- 140 137
tal opening
Vertical support

e surface of the pedes- 140 139
tal opening
Lower angles of the

f central spring open- 140 131
ing

This side frame also underwent the complex of
static strength tests according to [7]. Tests were
carried out on the territory of Qiqihar Railway
Rolling Stock Co. Ltd. (PRC) on the testing ma-
chine ZDM 200Pu.

During the tests, the stresses occurring at the
control points of the side frame due to five loading

doi 10.15802/stp2017/92535

© O. A. Shykunov, 2017

185



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchKkoro

HAaI[IOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOTr0 Tpancmopty, 2017, Ne 1 (67)

PYXOMUI CKJIAJL I TSTA TIOT3/1IB

schemes were registered. For the side frames of the
cars with 245 kN axle load there are the following
values of the test loads and the places of their ap-
plication:

1 — vertical load of 490 kN uniformly applied
to support places of the central group springs;

2 — horizontal load of 147 kN applied on the
outer side of the frame to one of the columns of the
central spring opening;

3 — horizontal loads of 73.5 kN each applied on
the outer side of the frame to both columns of the
central spring opening;

4 — horizontal loads of 122 kN each applied to
the friction plates of the central spring opening;

5 — horizontal loads of 66 kN each applied to
the vertical surfaces of the pedestal opening.

To check the adequacy of the finite element
model of the real side frame, the calculations were
conducted, in which the finite element model was
subjected to the loads similar to the experimental
ones, and the calculation resulting stresses were
compared with those obtained during the tests [14].
Figure 3 shows the control sections and the sensor
installation location during the test.
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Fig. 3. Layout of strain sensors for static tests

Comparison of calculation and test results for
some check points is given in Table 2.

As can be seen from Table 2 the results of theo-
retical studies are in good agreement with the test
results, indicating the adequacy of the finite ele-
ment model and the real side frame.

To compare the results of theoretical studies
according to the «Regulations...» [8] and the ex-
periment according to the method [7], there were
calculated the correlation coefficients of the loads
applied during testing and load combinations
that act on the side frame according to the «Regu-
lations...». These coefficients are presented in
Table 3.

Table 2

Stresses in check points during testing
and theoretical modelling

Stresses during loading by scheme, MPa
Section-point
1 2

-54.23 -42.73
0-2

-47.73 -44.46

-48.10 44.83
0-02

-49.80 40.66

-81.83 -99.67
I-2

-86.59 -125.93

-73.80 -43.03
r-2

-97.82 -59.88

94.23 -0.57
III-2

108.34 23.34

68.43 -15.47
-2

109.69 16.40

93.00 8.23
1r-02

115.24 -16.99

-72.30 -10.70
VIIP-1

-70.25 -14.47

31.50 -164.40
IX-1

44.59 -112.94

22.23 103.60
I1X-01

67.82 165.31

100.10 17.87
X-02

105.53 15.69
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End of table 2 Table 4 shows the stresses obtained at the check
 oadi N points during the theoretical study of stress-strain
Section- Stresses during loading by scheme, MPa state of the side frame according to the «Regula-
point 3 4 5 tions...» (denominator) and the ones resulting from
conversion of the test results, taking into account the
0-2 ~41.13 -22.17 -0.30 coefficients of Table 3 (numerator).
-26.13 -21.26 -0.60 Table 3
38.7 21.83 -0.70 Load ratio during theoretical
0-02 3.8 19.79 0.53 and experimental studies of the side frame
o -57.50 24.83 323 _— Total force
- anan Vertical Trans- .
-53.00 30.29 -2.61 ofload- | gresson |  verse Thrust | Longitu-
ing lower force on force of dinal
-67.77 21.90 0.60 wedges stress
-2 member | columns
-61.66 35.38 0.74 a 0.91 0 036 | 124
12 -8:50 -3.37 2340 b 0.46 1.44 0.21 0.89
1.85 -4.50 24.81 ¢ 089 | 023 | 035 | 035
-2 -1143 247 0.07 d 0.77 0.81 0.31 0.74
11.94 463 0.01 e 0.80 0.81 0.32 0.74
. -3.2 Nl
r-02 373 323 0.10 f 0.80 0.81 0.32 0
-12.52 -4.46 0.01
Table 4
VIIT-1 -20.67 -30.00 0.03
- Stresses in check points during
-18.41 -29.97 0.06 theoretical modelling and test result conversion
IX-1 -132.20 9.23 -0.73 Section- Stresses during loading by scheme, MPa
-54.39 11.05 -0.87 point a b c
84.83 11.53 -0.97 1 2 3 4
1X-01
84.93 11.07 -1.00 02 -42.00 -80.01 -50.19
.00 17.10 -0.70 -0.13 -31.04 -53.26 -40.06
9.42 -1.33 0.14 0.00 -37.02 37.47 -26.49
Note: The numerator shows the values obtained from -33.53 20.26 -30.40
the tests, the denominator — those from theoretical studies. -69.88 -118.44 78.66
The use gf the coefficients shown ig Table 3 a'l- I-2 -69.82 -114.42 -80.50
lows converting the stresses obtained during the static
test to compare them with the results of theoretical I -58.84 -126.75 -73.56
studies by the formula: -62.40 -120.37 -86.33
o, =2 ko) - 113.84 51.46 89.01
where o, — stresses obtained during the static tests 59.87 18.25 83.99
by the j-th loading scheme, MPa; kl.j — coefficient 61.67 14.80 57.41
.. . . 1r-2
taking into account the ratio of the forces applied by 96.42 42.74 95.40
the j-th loading scheme of the static tests and the 7 -
. . . . . 83.87 4791 82.54
th variant of loading of the theoretical studies; i — 1r:-02
variant of loading during theoretical studies, i =1, 2, 101.50 60.87 102.22
... ,0; j —loading scheme for static tests, /=1, 3, 4, 5.
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Continuation table 4

Section- Stresses during loading by scheme, MPa
point a b ¢
1 2 3 4
-76.62 -69.63 -79.56
VIII’-1
-65.16 -57.51 -68.07
31.13 -174.64 0.33
IX-1
45.69 -78.17 -33.83
23.18 134.16 43.12
1X-01
68.29 161.82 85.80
55.45 10.85 51.24
X-02
90.45 30.18 86.21
End of table 4
Section- Stresses during loading by scheme, MPa
point d e f
1 5 6 7
02 -68.25 -69.66 -69.43
-49.19 -50.80 -53.78
0.73 -0.63 -0.11
0-02
-9.32 -11.05 -13.98
2 -104.01 -106.25 -103.85
-103.14 -106.17 -105.69
- -104.24 -106.24 -106.68
) -108.12 -111.52 -120.42
81.60 84.65 67.29
111-2
57.22 61.55 84.53
42.44 44.66 44.61
11’-2
79.68 84.08 85.56
73.32 76.31 76.24
111°-02
90.36 94.96 96.52
-81.34 -84.05 -84.08
VIII’-1
-68.11 -71.04 -73.77
-80.70 -79.30 -78.76
I1X-1
-42.58 -42.47 -41.59
88.60 89.31 90.03
1X-01
127.45 130.21 129.57
36.77 38.78 38.76
X-02
67.41 71.53 71.88

Note: The numerator shows the values obtained
from conversion of the test results, the denominator —
the results of theoretical studies.

As can be seen from Table 4 between the re-
sults of theoretical studies and the converted re-
sults of the experiment there is the large enough,
sometimes more than 100%, discrepancy. For ex-
ample, at III-2 section for the variants of loading a
and b the experimental-converted stresses exceed
the theoretical ones by 1.9 and 2.8 times, while for
the variant of loading ¢ they are almost equal. For
the section III’-2, located symmetrically in relation
to the vertical transverse plane, under the same
variants of loading the experimental-converted
stresses are 1.5 and 2.9 times below the theoretical
ones. At the same time there are no significant dif-
ferences between the sections under the action of
individual components of the test load (see Table
2). This is due to the fact that the variants of load-
ing a and b correspond to the I-calculation mode
and the longitudinal load, taken into account in
theoretical studies, is high enough for these vari-
ants. Simulation of action of bogie mass inertia
force and brake force is not provided by the tests.
When these forces are applied to one of the friction
plate surfaces, the side frame thrusts against one
pedestal opening with its inner vertical surface,
while with its external surface in the other opening
[9]. This causes not symmetrical loading of the
side frame and leads to redistribution of stresses in
the structure. It is not correct to replace the action
of these forces with the test results when subjected
to thrust loads in the central and the pedestal open-
ing, since during such loadings the side frame sec-
tion between the column and the pedestal opening
practically does not work because there is no ten-
sile or compressive load on it.

Also, the stress field distribution analysis revealed
that the sensor location points on the bogie side frame
given in [7] even though located in the most loaded
sections, however, they often do not provide a com-
plete picture of the maximum stress values arising in
these sections. The stresses occurring in the check
section or near it may exceed two or more times the
value at the sensor location point (Fig. 4).

To compare the stress distribution in the side
frames with different support in axle box openings,
we modelled also the side frame supported in axle
box only through the horizontal surfaces similar to
the bogie 18-100.

doi 10.15802/stp2017/92535

188

© O. A. Shykunov, 2017



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchKkoro

HAaI[IOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOTr0 Tpancmopty, 2017, Ne 1 (67)

PYXOMUI CKJIAJL I TSTA TIOT3/1IB

B 44001
E02+001
£ 554001
51540017
4 T3+001
4 304001
AETH00
344¢D}1i'-
301001
25RO
2 15+001—
1 monm-—_
1. 294001
B AR000—

A 4 +000—
A58008 |

Fig. 4. Stress distribution in the cross section 0
on the side frame upper member:

A — sensor installation location (~34.4 MPa);
B — areas with high stress (64.4 MPa)

Besides, the volume model was created for this
side frame; it is shown in Figure 4, as well as the
finite element model (Fig. 5). The solid 10-unit
elements with a characteristic edge size of 10 mm
were used. The resulting finite element model of
the bogie has 812,400 elements 1,290,310 units
and 3,870,930 degrees of freedom.

Fig. 5. Geometrical model of the bogie side frame
with horizontal support surfaces

Fig. 6. Detail of finite element model of the bogie
side frame with support surfaces

Comparison of stress distribution in the side
frames was carried out under the action of vertical
load only, which corresponded to the first variant
of loading during the test — 490 kN load, applied
evenly to the spring support places of the central
spring group, as this load contributes the major
component into the stress-strain state of the side
frame.

Comparison of stresses in the side frames is
shown in Table 5.

Table 5

Stresses in the side frame elements
during the action of vertical load of 490 kN

) Stresses in side frame, MPa
Section
ZK-1 analogue 18-100
Interior angle
of pedestal 121 173
opening
Process 139 156
window
Lower angle
of central 245 225
spring opening
Lower member 139 191

The presence of ramps in the section of
transition from the inclined member to the upper
member of the pedestal opening increased the
cross-sectional area near the interior angle of the
axle box opening, thus reducing the stress on this
section. Also, it reduced stress in the area of
process window and lower member, but increased
their value in the lower angle of the central spring
opening.

Findings

The strength evaluation of the three-piece bogie
side frame when modelling loads during the field
tests according to [7] does not consider in full the
total load acting on the frame during its operation
and provided for theoretical evaluation of the side
frame strength [8].

The strength evaluation of the side frame by the
results of field tests only does not give a complete
picture of the distribution of stress fields, as the
provided sensor installation points according to [7]
do not cover most of the design elements with pos-
sible stress concentration.
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Application of the inclined support surfaces in
axle box opening reduces stress in its interior an-
gle.

Originality and practical value

The loads applied to the side frame during theo-
retical and experimental studies were compared to
the loads acting during operation.

For the first time the impact of use of inclined
surfaces in the pedestal box opening was evalu-
ated.

The obtained results allow the more accurate
assessment of the three-piece bogie side frame
strength, as well as allow you to choose the more
preferred method of side frame support in the axle
box.

Conclusions

The documentation regulating the loads, which
must be withstood by the side frames of freight car
bogies, does not fully take into account the loads
occurring during the car operation.

It is necessary to define more precisely the
forces, acting in accordance with applicable regu-
latory documents, applied to the three-piece bogie
side frame during the strength tests.

The strength evaluation of the side frame by the
results of field tests only does not give a complete
picture of the distribution of stress fields in the
structure.

Inclined surfaces in axle box opening in the ar-
ea of interior angle are more preferable than the
horizontal ones.
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0. A. LIMKYHOB""

"Kag. «Baronu ta Baronue rocrogapctsoy, JIHiIponeTpoBChKiil HAiOHATBHIN YHIBEPCUTET 3a/Ii3HIYHOTO
TpaHcnopTy imMeHi akagemika B. Jlazapsina, Byn. Jlazapsina, 2, {uinpo, Ykpaiuna, 49010, ten. +38 (056) 373 15 04,
ein. morura tri_s@ua.fm, ORCID 0000-0002-8256-2634

MIIHICTb BIYHOI PAMU TPHLOXEJEMEHTHOTI'O BI3KA

Mera. Y HayKkoBii poOOTi mependavaeThCst OLIHUTH BILIMB PI3HUX HaBaHTAXXEHb HA HANPYKeHO-Ie(OopMOBaHUI
cTaH O61YHOT paMy Bi3Ka BaHTQ)KHOTO BaroHa, a TaK0Xk PO3MOLJ ITOJIIB HAIIPY>KEHb y KOHCTPYKIIi 614HOi paMu Bi3Ka
BaHTAXXHOT'O BaroHa, IO CITUPAETHCS Yepe3 rOPU30HTANBHI TIOBEPXHI, Ta Yepe3 FOPU30HTANIBHI i HMOXMI NOBEpXHi
mienermHoro otopy. Meronuka. Po3pobiera 06’ eMHa CKiHICHHO-EIEMEHTHA MOJIeNb Oi19HOT pamu Bizka ZK-1 Ban-
Ta)XHOTO BaroHa. J{o Mopesi MpUKIajeHi CHIH BiAIOBITHO A0 YHHHOI HOPMATHBHOI TOKYMEHTAIii Ha TEOPETHYHI
JIOCTI/KeHHSI, BU3HAUCH] HAIPY>KEHHSI, [II0 BUHUKAIOTh B elleMeHTax Mojeini. [IpoBeneHo craTiudHi BUNPOOYBaHHS
6iunoi pamu Bizka Mozeni ZK-1, mpu SKuX BU3HAYEHI HAIPY>KEHHS, [0 BUHUKAIOTH y KIIIOYOBUX TOYKAX PaMH IPH
T CHIT 3T1THO 3 ICHYIOYOI0 METOMKOIO CTAaTUYHHUX BUITPOOYBaHb OIYHUX paM Bi3KiB BaHTa)KHUX BaroHis. [lyis nepe-
BIpKHM SKOCTiI CKIHYCHHO-CJICMEHTHOI MO/JIeJIi BU3HAUCHA HAmpyra B Hii MpH Jii CHJI, BIIIOBITHUX CTATUYHUM BH-
npoOyBaHHAM. J{J1s1 y3rO/PKeHHS Hanpy)XeHb, OTPUMaHUX NPU TEOPETHYHUX JIOCII/PKEHHSX, 1 CTATUYHUX BHITPOOY-
BaHb BHM3HAUCHI BiqNOBiAHI KoediuieHTH. [IpoBeieHO MOPIBHIHHS Pe3yJIbTaTiB TEOPETHYHHUX Ta EKCIIEPUMEHTAb-
HUX JIOCII/PKEHb HaNpy)KeHb y KOHCTPYKIii O14HOT paMu Juts 11 HeOe3neuHux nepetuHiB. PesyabraTn. HopmarueHa
JIOKyMEHTAIlisl Ha IPOBEAEHHS eKCIEPHUMEHTAIBHUX JIOCIIPKEHb MIITHOCTI OIYHNX paM He BPaXxOBYE IIOBHOIO MipOIO
HaBaHTaXCHHS, IO JIFOTH Ha paMy MifA 9ac i eKcITyaTalii, Ta mependadeHy TCOPESTHYHUM IIITXOM MIIHICTh Oid-
HUX paM. OmiHKa MIITHOCTI OIYHHUX paM 3a pe3yinbTaTaMH TiIbKH HATYPHHUX BUIPOOYBaHB HE A€ MOBHOI KapTHHH
PO3TOiTy OB HAMIPY>KeHB, 00 TIepeadadeHi MiCIIsl BCTAHOBIICHHSI TaTYMKIB HE OXOILTIOIOTH O1NTBIIIOCTI €TIEMEHTIB
KOHCTPYKIIii, e MOXKJIMBa KOHIIEHTpAIlis HarpyxeHb. HaykoBa HOBM3HA. ABTOPOM IIPOBEICHO MTOPIBHIHHS HaBaH-
Ta)XCHb, 10 MPHUKJIAAAIOTECSA 10 OIYHOT paMH IIPH TEOPETUYHHX Ta SKCIEPHUMEHTAIBHUX JOCIIKEHHX, 13 HaBaH-
Ta)KeHHSIMH, 110 AIIOTH B eKCILTyaTalil. Bu3HaueHa omiHKa BIUIMBY 3aCTOCYBaHHS IOXMIHMX ITOBEPXOHb y OYKCOBHX
otrBopax. [IpakTuyHa 3HauYMMicTh. OTpUMaHi pe3yIbTaTH J03BOJIAIOTH OLIbII TOYHO OILIIHIOBATH MIIHICTH OI4HOT
paMu TpbOXEJIEMEHTHOTO Bi3Ka, a TAKOK BHOpATH Kpaliuii crocid cnimpanHs 014HOT paMu B OYKCOBHUX BY3J1aX.

Kniouosi crosa: 6iuna pama; TppOXEIEMEHTHHN Bi30K; MIIHICTh; BUNPOOYBAaHHS; PO3PaXyHOK; CUPAHHS
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PYXOMUI CKJIAJL I TSTA TIOT3/1IB

Heab. B HayuHO#l pabore mpeanoyiaracTcsi OLICHUTH BIMSHUE pPa3MYHBIX HAarpy30K Ha HaIlpsHKEHHO-
JeOpMUPOBAHHOE COCTOSIHUE OOKOBOII pambl TEJIEKKH IPy30BOrO BaroHa, a TaKKe paclpesielieHHe MoJiei Harps-
KEHUH B KOHCTPYKIIMH OOKOBOI paMbl TEJISKKH TPy30BOr0 BaroHa C OMMPaHHEM Yepe3 TOPU30HTAIbHBIC TIOBEPXHO-
CTH, U Yepe3 FOPU30HTANILHBIE M HAKJIOHHBIE TIOBEPXHOCTH YENIOCTHOrO npoema. Meroauka. Paspaborana oobeM-
Hasi KOHEYHO-DJIEMEHTHAsI MOJIeNIb OOKOBO pamsbl Tenexkn ZK-1 rpy3oBoro Barona. K Moneny npuitoskeHsl CHIIBI
COIACHO JIEHCTBYIOIIEH HOPMATHBHOHM JOKYMEHTAllUM Ha TEOPETHUYECKHE HCCIEJOBAHUS, ONpPEIEICHbl HaIpshKe-
HUS, BOSHUKAIOIIHE B dJIEMEHTaX Mojaenn. [IpoBeIeHBI cTaTHYeCKUe UCTIBITAHNS OOKOBOW PaMBI TEIEKKH MOIEITH
ZK-1, npu KOTOPBIX OINpEAETeHbl HAPSDKEHUS, BOZHUKAIOIINE B KJIFOUEBBIX TOUYKAX paMbl MPU ACUCTBUU CHUJI CO-
TJIACHO CYIIECTBYIOMICH METOAMKE CTATHYCCKUX HCHBITAHWH OOKOBBIX paM Telle)KeK Tpy30BOro BaroHa. J[is mpo-
BEPKHU KAauecTBa KOHEYHO-3JIEMEHTHOM MOJIENM ONPEIEIICHbl HANpSIKEHUS B HEMl MpU ACHCTBUM CUJI, COOTBETCT-
BYIOLMX CTaTMUECKUM UCHBITAaHUAM. /(15 cornacoBaHMs HaNpsHKEHUH, IONYYEHHBIX IIPU TEOPETUUECKUX HCCIEN0-
BaHMSX U CTATHYECKUX HCIBITAHUSIX, OMPENeNICHbl COOTBETCTBYOIME Kod(duiuenTsl. [IpoBeeHo cpaBHEHUE pe-
3yJIBTATOB TEOPETUUECKUX U IKCIIEPUMEHTAJIBHBIX UCCICAOBAHNI HAIIPSHKEHUH B KOHCTPYKIUH OOKOBOW pambl JUIst
ee omacHbIX ceueHUd. PedyabTaThl. HopMaTuBHAs TOKyMEHTalMs Ha NMPOBEACHUE 3KCIIEPUMEHTATIBHBIX UCCIIEN0-
BaHUl MPOYHOCTH OOKOBBIX paM HE YUUTHIBACT B MOJHON MEpe 3arpy3KH, JCUCTBYIONIHE HA paMy BO BpPEeMs €€ JKC-
TUTyaTaluy, ¥ IpeTyCMOTPEHHYIO TEOPETHYECKUM MyTeM IPOYHOCTh OOKOBOM pambl. OneHKa MpOYHOCTH OOKOBOM
pambl IO pe3yabTaTaM TOJIBKO HATYpHBIX MCHBITAHMH HE AaeT MOJHOM KapTHHBI paclpeaeieHus NoJael Hampsxke-
HUM, TaK KaK MPeIyCMOTPEHHBIC MECTa YCTAHOBKH JATYMKOB HE OXBATHIBAIOT OOJBIIMHCTBA JIEMEHTOB KOHCTPYK-
LMY C BO3MOXKHOH KOHIEHTpanuei Hanpsokenuil. Hayunast HoBU3HA. ABTOPOM NPOBENEHO CPaBHEHUE HArpys3o0K,
MPUKIIAABIBAEMBIX K OOKOBOW pame NP TEOPETHYCCKUX M AKCHEPUMEHTANBHBIX HCCICIOBAHUAX, C HArpy3KaMH,
JICHCTBYIOINMH B SKCIUTyaTanuy. J{aHa OlleHKa BIMSHUS IPUMECHEHUS HAKIIOHHBIX IOBEPXHOCTEH B OyKCOBOM IIPO-
eme. [IpakTuyeckasi 3HaYUMOCTb. [loyyeHHBIE pPe3yNbTaThl MO3BOJISAIOT 00Jiee TOYHO OIEHWBATH MPOYHOCTH 0O-
KOBOW paMbl TPEX3IEMEHTHOH TEIEeKKH, a TAK)KE BO3MOXKHOCTH BEIOpaTh 0oJiee MPEAIOYTHTEIBHBIA CIT0CO0 ommpa-
HUsI OOKOBOI pambl B OYKCOBOM Yy3II€.

Knioueswvie cnosa: 60xoBas pama; TpexXdIEMEHTHAs TENEXKKa; MPOYHOCTH; UCTIBITAHNS; PAcUeT; ONUpaHue
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