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DETERMINING ZONES OF CHEMICAL POLLUTION IN THE CITIES
AND ASSESSMENT OF CHRONIC DISEASES RISKS

Purpose. The scientific paper is aimed at creating a methodology of chemical pollution zones in the territories
of industrial cities and accounting the possibility of assessing the risks of chronic diseases. Methodology. The
method of numerical calculation of nitrogen dioxide concentration in atmospheric air is based on the solution of
three-dimensional impurity transfer equations, which directly comes from a permanently stationary source (industri-
al enterprise) and a linearly distributed source (highway). The method takes into account the process of chemical
transformation of impurities and photolysis in the atmosphere. The numerical model is based on the splitting of
model equations and their solution using an implicit difference scheme. Findings. The created software allows con-
ducting computational experiments to calculate the areas of atmospheric air pollution with nitrogen dioxide, taking
into account the interaction of impurities coming from various types of pollution sources and meteorological para
meters. On the basis of the obtained field of nitrogen dioxide concentration, an assessment of the change in the risk
of chronic intoxication associated with atmospheric air pollution with nitrogen dioxide over 50 years was carried out.
Originality. For the first time the regularities of changes in the level of atmospheric air pollution with nitrogen
dioxide have been established with due regard to the mutual influence of emissions from the industrial enterprise
and highway and their chemical transformation in the atmosphere. The risk of chronic intoxication has been calcu-
lated and its changes have been analyzed with due regard to the interaction of emissions from the industrial enter-
prise and highway, it leads up to 10% of risk increasing. Practical value. Authors developed a mathematical model
and method of numerical calculation. Software created on their base allows obtaining quickly quantitative results
necessary in developing the system for monitoring the man-made loaded regions of the city. The obtained patterns
of impurities dispersion allow us to estimate the levels of pollution in urban areas of the city by emissions from in-
dustrial enterprises and highways. Accounting of the mutual impact of emissions and the calculation of risks of in-
toxication allows solving environmental problems arising in the development of transport strategy in cities.

Keywords: industrial enterprise; highway; dispersion of impurities; chemical interaction; risk of disease

Introduction stationary sources, which tend to be sustainably
reduced.

For mobile sources of pollution (cars) are char-
acterized: by high rates of growth in the number of
cars compared with an increase in the number of
stationary sources; their spatial distribution; close
proximity to residential areas; higher toxicity of
vehicle emissions compared to stationary sources;
low location of the source of pollution from the
earth's surface, as a result of which the exhaust

The atmospheric air of the territories in large
cities contains a large amount of anthropogenic
impurities: emissions from industrial enterprises,
motor vehicles, mini-boiler houses, products of
fuel combustion and waste incineration. These im-
purities are characterized by a constant presence in
space, inhomogeneity and uneven distribution. The
growth of motor vehicles retains its leadership in
urban air pollution, in contrast to emissions from
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gases of automobiles accumulate in the breathing
zone of people and are dispersed more slowly by
wind compared to industrial emissions. These fea-
tures lead to the fact that motor transport creates
extensive zones with a steady excess of air pollu-
tion standards in cities.

The constant increase in emissions of nitrogen
oxides into the air is also connected: with the de-
velopment of motor transport, tendency of more
complete use of fuel, which leads to an increase in
NOx emissions with increasing temperature at

more efficient engine operation; with an increase
in the speed of the motor transport, as a result of
which NOx grows nonlinearly. In this regard, an-
thropogenic pollution of atmospheric air with ni-
trogen oxides takes on a critical character in indus-
trial densely populated cities with a large network
of highways.

According to the data of the environmental
passport of Dnipro city, the main stationary indus-
trial sources of air pollution with NOx emissions
include several city enterprises (Table 1).

Table 1
The NOx emissions of the main enterprises of the city
Total NOx To the total er-rlw—i(')sstih:ngozsaelzt-
Name of the property emissions, object emis-
tyear sions. % tlement) of the
' object, %
Prydniprovska TEPS 15 399.971 18.7 84.3
PC «Dnipro Metallurgical 4003.362 37 622
Complex»
PLC «Dnipro Metallurgical Plant» 1 066,608 11.9 5.8
PC «Interpipe Nyzhnodniprovskyi
Tube Rolling Plant» 431.807 286 24
PLC «Dnipro Coke Chemical 413.750 327 41
Plant»

Analysis of the data of the Central Statistical
Office in the Dnipro region showed that the total
amount of NOx emissions from all stationary
sources of pollution in the Dnipro city was about
50.000 tons, and from all types of vehicles about
20.000 tons in 2017.

The peculiarity of air pollution in industrial cit-
ies is that there is an interdependence of emissions
from various types of sources. The most typical
situation is the interaction of emissions from indus-
trial enterprises with emissions from motorways
(Fig. 1). The assessment of the pollution level tak-
ing into account the emissions interaction is rather
difficult task, both from a mathematical point of
view and in numerical implementation. The com-
plexity is due to the need to solve the three-
dimensional mass transfer equations for impurities
that enter the atmosphere from various types of
pollution sources, as well as the need to take into
account the processes of chemical transformation

of impurities in the atmosphere.

When solving this class of problems, studies
are carried out to find changes in the concentration
in the atmospheric air of impurities received either
from stationary sources or from mobile ones with
or without consideration of the process of their
chemical transformation in the atmosphere [2].

Fig. 1. Scheme of emissions influence:
1 — industrial facility; 2 — the highway;
3 — zone of mutual influence of emissions from 1 and 2
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Both abroad and in Ukraine, calculations are
carried out on the basis of empirical or analytical
models or on the basis of numerical models of
software packages [10-15]. In these works, a num-
ber of factors affecting the state of the atmospheric
air of the city are considered; effective methods for
reducing the man-made load are proposed. Ma-
thematical modelling of the space-time distribution
of pollutants from a power plant, which is per-
formed in the FlexPDE software package, is stud-
ied in [11]. The efficiency of a system for model-
ing air pollution and human exposure was esti-
mated on the base of the geographical information
system AirGIS [7]. The effect of emission sources
on environmental pollution PM_s [8, 14] has been
considered. Background pollution represents the
lowest levels of air pollution to which people are
constantly exposed, but few studies have focused
on modeling this type of pollution [9].

However, the question of the mutual influence
of impurities from industrial emissions and high-
ways, while taking into account their chemical
transformation in the atmosphere, remains relevant.

In industrial cities, the forecast of risks for the
population is of great importance. Risk assessment
in case of technogenic accidents is the subject of
works by V. . Golinko, L. V. Drannikova,
V. F. Stoetsky [3], works on risk analysis in case
of systematic air pollution with hazardous chemi-
cals are dealt with by V. V. Menshikova,
A. A. Shvyryaeva, T. B. Zakharova [5], chemical
transformation  processes are described in
H. T. Overman [13]. Obviously, where there is an
interaction of impurities of various types of
sources (Fig. 1, zone 3), the risk of the disease in-
creases even more, since the residents of this re-
gion may not suspect that they are in the zone of
influence of several sources of air pollution. You
can identify zones on the city map and assess pos-
sible risks using mathematical modeling methods.
This issue is also important from the point of view
of the monitoring system of technologically loaded
regions.

Metallurgy is one of the most important sectors
of the economy, as it allows other industries to de-
velop. PC «lInterpipe Nyzhnodniprovskyi Tube
Rolling Plant» is the largest manufacturer and sup-
plier of steel pipes for various purposes; the pro-
ducts of this plant are supplied to 50 countries of
the world, characterized by high reliability and

durability. However, this company has a techno-
logical impact on the air, it is among the environ-
mentally-unsafe objects located in the city.

The emissions of nitrogen oxides from «Inter-
pipe Nyzhnodniprovskyi Tube Rolling Plant» are
considered, which, according to statistical data,
amount to 437.807 tons/year (Table 1). This indus-
trial enterprise occupies an intermediate position
among other enterprises of the city in terms of NOx
emissions, which allows evaluating the mutual in-
fluence of emissions from this enterprise and the
nearby highway with certain traffic intensity.

Purpose

The main purpose of this research is to develop
a mathematical method of numerical calculation
for estimating the concentration of impurities in
the atmospheric air of a city with the mutual influ-
ence of emissions from an industrial enterprise and
vehicle emissions taking into account their chemi-
cal transformations in the atmosphere and meteoro-
logical parameters, on the base of three-
dimensional transport equations. On the basis of
the received field of NOx concentrations, it should
carry out an assessment of the risks of chronic in-
toxication of the population living in the area af-
fected by the selected sources of pollution.

Methodology

When a vehicle is moving and when it is idling,
various kinds of pollutants enter the air, which
undergo a transformation under the influence of
sunlight. Let us consider the main chemical
reactions occurring in atmospheric air between
nitrogen oxide NO, nitrogen dioxide NO, and

ozone O, :

NO, +h,——NO+0, 1)
0+0, >0, 2
NO +0,—%—NO, +0,, 3)

Only the main three reactions (1) — (3) are tak-
en into account, since to calculate the chemical
transformation of emissions in the atmosphere, it is
necessary to know the rates of their chemical reac-
tions, which are determined experimentally. They
were studied in papers [12-13].
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To calculate the level of air pollution by these
pollutants, it is necessary at the first stage to solve
the transport equations for each impurity in the
atmosphere:

aINO] _ u[NO] _av[NO] ow[NO] _

ot OX oy oz
0 a[NO] 0 a[NO]
—&(ux P —)+ ay(M Y ———)+
o, 0[NO]
+§(uz oz )+

+Quod(X —X%)3(Y — ¥5)3(2 - 2;) ; (4)
dINO,] ou[NO, ] . oV[NO, ] . ow[NO, ] _

ot OX oy 0z
3 G[NO ] 0 G[NOZ]
—&(ux ax )+ay(u Y —)
o, O[NG,]
J’_E(“z 82 )+

+Qno,8(X —X)3(Y = ¥o)8(z — 2,) ; (5)
o0s] , ou[O,] . v[0;] . ow[O,] _

ot ox oy oz
[0] 0[O ]
8X(lle N ay(uy & )+
o, 0[0]
+E(”’z = ), (6)

where Q, is the intensity of NO emission from
the industrial enterprise or transport, Qo is the

intensity of NO, emission from an industrial en-
terprise or from motor transport; u, v, w — compo-

nents of the wind speed vector; p=(u,,u,,u,) —

turbulent diffusion coefficients; X,,Y,,z, — coor-
dinates of the emission source of the pollutant (in-
dustrial plant or highway);
S3(X—x,) d(y—Y,) 8(z—z,) — Dirac delta func-
tion, which is used to simulate the release of a pol-
lutant. The values of diffusion coefficients are cal-
culated using the formulas: p,=(0,1+1)-U,

u,=(0,1+1)-U, where U is the wind speed,

m
n, = k[ij , Where z is the height above the level
4

of Earth, z, is the height where the wind speed is
U, m=1, k=0,2 [4, 6].

At the second stage, it is necessary to calculate
the chemical transformation of impurities. The
process of chemical transformation is calculated on
the basis of dependencies:

¥=—kl[NO] [03]+‘]N02[N02]’ (7)
%z-kl[m] [0;]-Jyo, [NO,],  (8)
5] ey osatie). @

Chemical reactions and photolysis are interre-
lated in the atmosphere. The photolysis rate

JNOZ,[S'l] and  reaction rate  constant

k,, [ppb?s™], depending on temperature, are de-
termined by expressions:

Jno, =8,14-107°(0,97674+8,37-107* -

(T —273,15) ++4,5173-10° - (T - 273,15)?), (10)

k, =44,05-10" exp(—@)

(11)

Nitrogen dioxide decomposes to produce nitric
oxide, and latter is oxidized by ozone. As a result
of the series of consecutive reactions, one molecule
of nitric oxide contributes to the destruction of an
average of 10 ozone molecules. NO, is more toxic

than NO. The scale of NO transformation is
10 km per 1 hour, and NO, — 100-200 km per 2

days. To assess the level of air pollution with ni-
trogen dioxide, taking into account the mutual in-
fluence of emissions from industrial enterprises
and the highway, it is necessary to solve equations
(7) — (9) together. The setting of boundary condi-
tions for solving the transport equations is consid-
ered in the works of Marchuk G.I., Samarsky A.A.

As you know, risk is a category of market
economy, which is a multi-dimensional concept.
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Risk classification is carried out depending on the
main reason for the occurrence of risks: natural,
man-made, environmental, commercial. From the
point of view of applying the concept of risk in its
analysis and management of technological safety,
important categories are: individual, potential terri-
torial, social, collective risks.

To describe the risk of chronic intoxication (in-
cluding the risk of cancer) associated with air pol-
lution, a linear-exponential model is often used [1].

B
R, =1-exp —0,174-( ¢ ] -t1,(12)
p

MPC,, - K

where Rp is the risk, C is the concentration of

a substance that has an impact over time t; B —

coefficient taking into account the particular toxic
properties of substances; MPC,q — maximum per-
missible daily average concentration of the chemi-
cal substance in the air of populated areas, mg/m?®,
This concentration should not have a direct or indi-
rect adverse effect on a person with indefinite inha-
lation (years). Nitrogen oxides are moderately haz-
ardous substances, they have the 3rd hazard class.
Recommended by Alymov V. T., Tarasova N. P.
for calculating risk parameter values: B=1,

K,=4,5.

For the numerical solution of the impurity
transfer equation (4) — (6) with respect to the
highway and the industrial facility, an implicit dif-
ference scheme is used. The essence of this scheme
is that the model equations are split into equations
of a simpler form. At each step of splitting, the
unknown values of the concentrations of nitric
oxide NO, nitrogen dioxide NO, and ozone O,

are calculated using the running account method
[2, 4, 6]. In each difference cell to calculate the
process of chemical transformation, i.e. to solve
equations (7) — (9), the Euler method is used. The
process of modeling air pollution NO, NO,, O,

is reduced to a sequential solution at each time step
of equations (4) — (6) and (7) — (9).

As a result of mathematical and numerical
modeling, the computer program «Transfor-
mation» was developed to conduct computational
experiments. Performing calculations using this
program is based on the following information:
wind speed and direction; the state of the atmos-

phere; coordinates of pollution sources (industrial
facility and motorway); emission intensity of the
pollutant; chemical transformation factors; factors
included in the model, according to risk assess-
ment.

According to the Dnieper Region Weather Ar-
chive, the average direction of the wind directions
for the year is the eastern direction (from where it
blows) is 15 %.

Findings

The industrial facility PC «Interpipe Nyzhnod-
niprovskyi Tube Rolling Planty, the NO, emission

intensity of which is Q=14,076 g/s, and the Slo-
bozhansky Avenue highway, which is located in
710 meters from the emission sources (pipes) of
the enterprise, are considered. The intensity of the
movement of vehicles on the considered section of
the road is 300 auto/min with eight straight lines,
the relative number of cars per 1 m of the highway
is 0,45 auto/m, with NOx emissions per 1m
Qa=0,012 g/s.

The size of the computational area is 3,5 km by
1,2km, the wind speed from the east was
U =7 m/s. The isolines of NO, concentration are
shown at the level of z=12 m.

Calculations were made to estimate the level of
concentration NO, in the atmospheric air, taking

into account the impurity only from an industrial
enterprise (Fig. 2). In the zone of pollution fall:
plant territory — 90 %, Stoletov St. — 80 %, Bazhov
St. and Voyennaya St. — 70 %, lzumrudnaya St.
and Sapernaya St. — 60 %, Karazin St. and
Lugovskaya St. — 50 %, Rostovskaya St. and
Tramwaynaya St. — 40 %, Proskurovskaya St. and
Lesya Ukrainka St. — 30 %, Svetlaya St. and
Radistov St. — 20 %, Yaselnaya St. and Manuylov-
sky Avenue — 10 %, Karun St. — 5 %.

Fig. 3 shows the zone of pollution, which is
formed under the influence of the highway. The
following streets in the zone of pollution: Bazhov
St. and Voyennaya St. — 80 %, lzumrudnaya St.
and Sapernaya St. — 70%, Karazin St. and
Lugovskaya St. — 60 %, Rostovskaya St. and
Tramwaynaya St. — 40 %, Proskurovskaya St. and
Lesya Ukrainka — 30 %, Svetlaya St. and Radistov
St. — 10-20 %, Yaselnaya St. — 5 %.

Fig. 4 shows the zone of pollution, taking into
account the mutual influence of emissions from an

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/159508

© M. M. Biliaiev, T. I. Rusakova, 2019

11


http://creativecommons.org/licenses/by/4.0/

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

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponerpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 1 (79)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

industrial enterprise and the highway. Starting
from the first source (plant), a plume of pollution is
drawn along the direction of movement of air
masses, the percentage of impurities gradually de-
creases. Having reached the highway, the NO,

concentration begins to increase again, as the
plume of pollution from the second source, taking
into account the principle of superposition, is su-
perimposed on the one that is already present in the
atmospheric air, the NO, concentration of impuri-

ties and the pollution zone increases. The concen-
tration of nitrogen dioxide varies according to this
dependence: the territory of the plant — 90 %,
Stoletov St. — 80 %, Bazhov St. and Voyennaya St.
— 80-90 %, lzumrudnaya St. and Sapernaya St. —
70 %, Karazin St. and Lugovskaya St. — 60 %,
Rostovskaya St. and Tramwaynaya St. — 50 %,
Proskurovskaya St. and Lesya Ukrainka St. —
40 %, Svetlaya St. and Radistov St. — 30 %,
Yaselnaya St. and Manuylovsky Avenue — 20 %,

+ E %\
s 5 S v %

Fig. 2. Nitrogen dioxide pollution zone,
one source of pollution — industrial enterprise

Fig. 3. Nitrogen dioxide pollution zone,
one source of pollution — highway

Yan, % § m %\

Fig. 4. Nitrogen dioxide pollution zone,
two sources of pollution — industrial
enterprise and highway.

Fig. 24 show the concentration values, which
are presented as a percentage of the maximum
concentration at this time  t=52,5 min:
Cmax=0,0928 mg/m?® (Fig. 2) — NOx emissions are
taken into account only from an industrial enter-
prise Cmax=0.0359 mg/m? (Fig. 3) — NOx emissions
are taken into account only from the highway,
Cmax=0,1279 mg/m® (Fig. 4) — emissions from two
pollution sources are taken into account.

The found impurity concentration field allowed
us to estimate the change in the risk of chronic in-
toxication associated with atmospheric air pollu-
tion with nitrogen dioxide over 50 years (Fig. 5).
The calculation of the risk of chronic diseases was
carried out according to model (12), the calculation
was considered the concentration of nitrogen diox-
ide. The risk calculation was performed for points
located at a distance of about 30 m from the high-
way.

1

L YT ]
risk 2]. ll"n"‘ ™ i-o"""""..“
E:S ..._ll " - L L
i... u'-"'l
0.6 o L
2 ‘. .’,v
- -
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0.2 +—*
: -
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Fig. 5. Changes in the risk of chronic intoxication with
nitrogen dioxide:
1 — without taking into account emission highway;
2 —taking into account emissions highway
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Fig. 5 shows that the mutual influence NO,

emissions from highway and plant lead to the in-
creasing of the chronic diseases risk by 10 %.
Thus, it is necessary to develop measures to reduce
the risk of disease in this area.

Originality and practical value

For the first time in the paper:

1. The patterns of changing the level of atmos-
pheric air pollution with nitrogen dioxide were es-
tablished, taking into account one point source of
pollution — an industrial enterprise and one linear
source of pollution — a highway. A qualitative pic-
ture of the field of nitrogen dioxide concentration
was obtained taking into account the mutual influ-
ence of emissions from an industrial enterprise, the
highway and their chemical transformation in the
atmosphere.

2. The risk of chronic intoxication has been cal-
culated and its changes have been analyzed taking
into account the interaction of emissions from an
industrial enterprise and the highway, it has been
shown that this leads to an increase in risk of 10 %.

3. A mathematical method was developed for
numerical calculation of the pollutant concentra-
tion field taking into account the interaction of
emissions of various types of pollution sources.
Based on it, software has been created that allows
to quickly obtain quantitative results necessary in
developing a system for monitoring man-made
loaded regions of the city.

The obtained patterns of dispersion of impuri-
ties allow us to estimate the levels of pollution of
the city’s territory by emissions from industrial

enterprises and highways. Accounting for the mu-
tual influence of emissions and the calculation of
risks of intoxication allows solving environmental
problems arising in the development of transport
strategy in cities and assessing the level of intoxi-
cation of workers of the external auction, whose
working areas are located in the zone of influence
of several pollution sources.

Conclusions

As a result of research, the following results
were obtained:

— a mathematical method was developed for
the numerical calculation of the concentration of
impurities in the atmosphere on the basis of three-
dimensional mass transfer equations;

— the method allows to calculate the concentra-
tion level separately for a permanently operating
point source of pollution or for a linearly distrib
uted source of pollution, and taking into account
their mutual influence;

— software was developed to carry out compu-
tational experiments on the calculation of nitrogen
dioxide pollution zones for a single pollution
source - an industrial enterprise or a highway, tak-
ing into account two sources of admixture;

— the developed method allows to carry out an
assessment of the risk of chronic intoxication asso-
ciated with atmospheric air pollution with nitrogen
dioxide for 50 years based on the calculated con-
centration field.

The development perspective of this direction
is the creation of a model that takes into account
the leakage of impurities into the buildings.
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BUABJEHHS 30H XIMIYHOT'O 3ABPYJTHEHHS B MICTAX 1
OIIHKA PU3UKIB XPOHIYHUX 3AXBOPIOBAHb

Mera. HaykoBa po6oTa Mae 3a METy CTBOPESHHSI METOI0JIOT1] BUSIBJIICHHS 30H XIMIYHOTO 3a0pyIHCHHS HA TEpPH-
TOPISIX IPOMUCIIOBHX MICT 1 BpaXyBaHHs MOXJIMBOCTI OIL[IHKH PU3UKIB XPOHIYHUX 3aXBOpIOBaHb. MeToanka. Meron
YHCENILHOTO PO3PaxyHKY KOHLEHTpALil JIOKCHIY a30Ty B aTMoc(epHOMY MOBITPi 0a3yeThcs Ha BUPIIICHHI TPUBH-
MIpHUX DPIBHSIHb NEPEHOCY AOMIIIKH, sKa O€3110CepeIHbO HAIXOUTh BiJ] TIOCTIHHO AiF0YOr0 CTAlliOHAPHOTO JKEepe-
na (IPOMHUCIIOBOTO TIAMPUEMCTBA) 1 JIIHIHHO PO3MOIICHOTO JKepena (aBToMarictpaii). MeToauka BpaxoBye Tpo-
Iec XiMIYHOTO MepEeTBOPEHHS JOMIIIKU 1 GoTomi3y B aTMocdepi. UncenbHa MOAETh IPYHTYETHCS Ha PO3IMICTUICHHI
MOJIETIbHUX PIBHSAHB 1 IX PO3B’sI3aHHI 32 JOIIOMOT'OI0 HEsBHOI pi3HMIEBOI cxeMu. PedyabTarn. CTBOpeHo mporpam-
He 3a0e3MedeHHs], 110 J03BOJISIE IPOBOJIUTH OOUHMCITIOBAIbHI EKCIIEPUMEHTH 3 PO3paxyHKy 30H 3a0py/IHEHHS aTMOC-
(epHOTO MOBITPS TIOKCHUAOM a30Ty 3 ypaxXyBaHHSAM B3a€MOBIUIMBY AOMIIIKH, IO HAIXOIWUTH BiJl Pi3HHUX THIIIB JDKE-
pen 3a0pyHEeHHSs, 3 ypaxyBaHHIM METEOpOJIOTiYHNX NapaMeTpiB. Ha ocHOBI 0TpuMaHOTO 1MoJisi KOHIIEHTpaii Ji0K-
CHIy a30Ty IPOBEJICHA OIliHKA 3MiHU PU3UKY XPOHIUYHOI IHTOKCHKAIi{, TOB’A3aHOTO 13 3a0pyAHEHHSIM aTMOC(epHO-
TO MOBITPSI TIOKCHUAOM a30Ty mpotsaroMm 50 pokis. HaykoBa HoOBU3HA. YTiepiie BCTAHOBJICHO 3aKOHOMIPHOCTI 3MiHH
piBHS 3a0pyOHEHHS AaTMOC(QEpPHOTO TOBITPS TIOKCHAOM a30Ty 3 YpaxyBaHHSAM B3a€EMOBIUIMBY BHKHIIB
MIPOMHUCIIOBOTO MiIPUEMCTBA i aBTOMAricTpalii i iX XiMiYHOTO mepeTBOpeHHs B aTMocdepi. BukoHaHOo po3paxyHOK
PU3UKY XpOHIYHOi IHTOKCHKaIlli ¥ MpOBEIEeHO aHami3 MOro 3MiHM 3 YpaxyBaHHSIM B3a€EMOBIUIUBY BHKHJIIB
IIPOMHCIIOBOTO TIIIPUEMCTBA ¥ aBTOMAricTpali, IMOKa3aHo, IO Il NPU3BOJWUTH JI0 3pOocTaHHs pu3uky Ha 10 %.
IIpakTuuna 3HaunmicTb. Po3pobiieHa MaTeMaTHuHa MOJIEINb 1 METOJIMKA YUCEIBHOIO PO3PaXyHKY, CTBOpPEHE Ha iX
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OCHOBI TIporpamHe 3a0e3MeUYeHHs JO3BOJISIOTh ONEPATHBHO OTPUMYBATH KUNBKICHI pe3ynbTaTd, HEOOXimHI mifj yac
PO3pPOOKH CHCTEMH MOHITOPUHIY TEXHOT'€HHO HaBaHTAXXEHUX perioHiB Micta. OTpHMaHi 3aKOHOMIPHOCTI pO3Cito-
BaHHS TOMIIIKH JTO3BOJISAIOTH OIIIHUTH PiBHI 3a0pyAHEHHS ypOaHi30BaHUX TEPUTOPINA MiCTa BUKAAAMHU IPOMUCIOBHX
MiATPHEMCTB 1 aBTOMaricTpaineif. OOMiK B3a€MOBIUIMBY BHKHIIB i pO3paxyHOK PH3HKIB IHTOKCHKAIIi TO3BOJISE BU-
pilIyBaTH €KOJIOTIUHI 3a/1a4i, 10 BHHUKAIOTH IIiJ1 9ac pO3pPOOKH TPAaHCHIOPTHOI CTpaTerii B MicTax.

Knrouosi crosa: mpoMuCIioBe TATIPHEMCTBO; aBTOMATriCTpaib; PO3CiFOBaHHS TOMIIIKH; XiMiYHA B3a€EMOZIS; PHU-
3UK 3aXBOPIOBAHHS

H. H. BEJISEBY, T. I. PYCAKOBA?®"

MKad. «uapasnuka u BOJ0CHA0XeHHE», JIHUMPOBCKHIT HAMOHATBHEIH YHABEPCUTET HKEJIE3HOAOPOKHOTO TPAHCTIOPTA HMEHH
akazgemuka B. Jlazapsna, yn. Jlazapsna, 2, [launpo, Ykpauna, 49010, Ten. +38 (056) 273 15 09,

11 moyta water.supply.treatment@gmail.com, ORCID 0000-0002-1531-7882

Z’Kad. «AdpOoruapoMexaHtKa U SHEPrOMAacCONEPEHOCy, JIHUIPOBCKUI HALMOHAILHBINA yHuBepcuTeT uMenu O. [onuapa,
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ORCID 0000-0001-5526-3578

BBISIBJIEHUE 30H XUMHNYECKOI'O 3ATI'PASHEHUSA B I'OPOJAX U
OLIEHKA PUCKOB XPOHUYECKHUX 3ABOJIEBAHUI

Heanb. Hayanast paboTa cBOCH 1eTbI0 HMEET CO3/1aHUE METOOJIOTHH BBISIBICHHUS 30H XUMHYECKOTO 3arpsi3HEHHS
Ha TEPPUTOPHIX IPOMBIIUICHHBIX T'OPOJOB M y4YET BO3MOXHOCTH OLIEHKH DPHUCKOB XPOHHYECKHX 3a00JICBaHHMI.
Metoauka. MeToJ YHCIEHHOTO pacdyeTa KOHLIEHTPAIMH ANOKCHAA a30Ta B aTMOC(EPHOM BO3IyXE OCHOBBIBACTCS
Ha pEIICHNH TPEXMEPHBIX YpaBHEHHH IEepeHoca NMPHUMECH, KOTOpas HEMOCPEACTBEHHO IOCTYIAET OT IOCTOSIHHO
JIEUCTBYIOIIETO CTAIIIOHAPHOTO MCTOYHHKA (TIPOMBIIUICHHOTO MPEANPHUATHS) U JTMHEHHO paclpeieNieHHOT0 HCTOU-
HHKa (aBTOMarucTpanu). MeTouka y4uThIBaeT MPOLECC XUMUYECKOW TpaHcdopMaluy npuMecH u GoTonusa B atT-
Mochepe. UncneHHas MOJIeTIb OCHOBBIBACTCS HAa PACIICIUICHUH MOJICTIBHBIX YPABHEHUH U UX PELICHUH C TIOMOILBIO
HESIBHOM Pa3HOCTHO# cxembl. Pe3yiabTaThl. Co31aHO MPOrpaMMHOE 00ECIIEUYCHHE, TIO3BOJISIONICE TPOBOJANUTE BhI-
YHUCIINUTEIIbHBIE IKCIIEPUMEHTHI 10 PacdeTy 30H 3arpsi3HEHHs aTMOC(EpHOro BO3/1yXa JTUOKCHJIIOM a30Ta C YY4ETOM
B3aMMOBIIUSHUS [IPUMECH, TIOCTYHAIOIIEH OT Pa3InYHOrO TUIIA UCTOYHHUKOB 3arpsi3HEHHUS, C YIETOM METEOPOJIOTH-
YecKHUX IapameTpoB. Ha ocHOBeE MOTy4eHHOT0 MO KOHIIEHTPAlluy AMOKCH/IA a30Ta MIPOBEACHA OLIEHKA U3MEHEHUS
pHCKa XPOHMYECKOW MHTOKCHKAIMHM, CBA3AHHOTO C 3arpsA3HEHHEM aTMOC(EpPHOro BO3/1yXa JHOKCHIOM a30Ta Ha
npotsbkeHnn 50 ner. Hayynas HoBu3Ha. BriepBble yCTaHOBJIEHBI 3aKOHOMEPHOCTH M3MEHEHHUS! YPOBHS 3arpsi3He-
HUSI aTMOC(EPHOT0 BO3IyXa JUOKCHJIOM a30Ta C YUE€TOM B3aUMOBIINSHHS BHIOPOCOB IIPOMBIIIIIIEHHOTO MPEATIPUATHS
W aBTOMAarucTpajd W UX XUMHYECKOH TpaHchopmaimu B aTMocdepe. BrinmonHeH pacder prucka XpOHHYECKOH HH-
TOKCHKAIIMU U TIPOBE/ICH aHAJIN3 €r0 M3MEHEHHUS C YYeTOM B3aUMOBIIMSHHUS BBIOPOCOB NMPOMBIIUICHHOTO MTPEATIPH -
TUS U aBTOMarucTpaliy, MOKa3aHo, YTO 3TO NMPHUBOAMT K pocTy pucka Ha 10 %. IIpakTnyeckasi 3HAaYUMOCTh. Pa3-
paboTaHHas MaTeMaTHUYeCKas MOJENb M METOAMKA YUCIECHHOTO pacyeTa, CO3JaHHOE Ha MX OCHOBE IPOTrpaMMHOE
obecrieyeHne MO3BOJIAIOT ONEPATUBHO MOTY4YaTh KOJIMYECTBEHHBIE PE3yIbTaThl, HEOOXOJUMBIE B pa3paboTKe cucTe-
MBI MOHHTOPHUHIAa TEXHOT€HHO Harpy>XeHHBIX PErHOHOB roposa. IlosydeHHbIe 3aKOHOMEPHOCTH PACCEUBAHUS MPHU-
MECH TT03BOJIAIOT OLIEHUTh YPOBHH 3arpsi3HEHUSI YpPOAHN3UPOBAHHBIX TEPPUTOPHUIT TOPOIa BEIOPOCAMH MPOMBIIIIEH-
HBIX TIPEANIPUATHII 1 aBTOMAarucTpaie. Yder B3auMOBIHSIHNSA BEIOPOCOB U PacdeT PUCKOB MHTOKCHKAIIMU MO3BOIA-
€T peIaTh HKOJIOTHUECKHE 3a/1a4H1, BO3HUKAIOIIUE PU pa3paboTKke TPaHCHIOPTHOM CTPaTEeruyu B ropoJiax.

Kniouegvie cnosa: MpoMBIIUICHHOE TPEIIIPUATHE; aBTOMAriucTpallb; pacCCEMBAHUE NMPUMECH; XUMHIECKOE B3au-
MOJICHCTBHE; PHCK 3a00JICBaHUS
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JOCJAILIXKEHHS BILUTUBY XIMIYHOTI'O CKJAJY KOHCTPYKIIIA
BUCOKOBOJIBTHHMX KIJI HA BUHUKHEHHSA ITOXEK HA
JIJOKOMOTHUBAX

Meta. PobGota cipsiMmoBaHa Ha BUSIBJICHHS BIUIMBY HEBIIMOBIZHOCTI XIMIYHOTO CKJIaay KOHCTPYKIIH BUCOKOBO-
JBTHUX KiJT HA MEXaHi3M BUHUKHCHHS TOXexki Ha okoMoTuBi BJI-80kx. Meroauka. I1ix yac qociikKeHHs 3pa3KiB
MarepialiB KOHTAKTHHX 3aTHCKadiB 3aCTOCOBaHI Makpo- Ta MIKPOCTPYKTYPHHi, (paxkrorpadiyHuii, aHaIiTHIHUI
aHaii3u. Pe3yabTaTn. AHATITUYHUIA aHal3 CTaHy JeTaliel 1aB 3MOTY BUSBUTH NIEPBUHHI IPUYUHU 3aliMaHHs Tpa-
HCOpMaTOPHOTO Macja ¥ MOJANIBIIOrO MOBHOTO BHUTOPSHHS CEKLIl eJEeKTPOBO3Yy. YCTAaHOBJIECHO, IIO 3pYyHHOBaHI
KOHTaKTHI 3aTHUCKaul MaJId TaKHH XIMIYHHUI CKJIaJ, 10 HE BiAIOBiJa€ KOHCTPYKTOPCHKO-TEXHIYHIH JOKYMCHTAIIIT.
VYTBOpeHa mix 4ac pyHHyBaHHs 3aTHCKa4yiB KOHTAKTIB Ayra MK KpasMH MAaKpOTPIIIMH HE MPU3BEJa 10 BIIKIIOYCH-
HSI OCHOBHOTO BHCOKOBOJIFTHOTO PEJ€, & BHACIINOK BEJIMKOI IOTYKHOCTI CIIPHsUIA 3arOPSIHHIO BEJIIMKOTO 00’€My
TpaHcopMaTOpHOTO Macia, SIKe 3HaXOJMIOCS 3HMU3Y 3aTHUCKAYiB KOHTAKTiB. Take 3aropsiHHS MOXKE TAaKOXX BHHHK-
HYTH BHACIIZOK MMociabiIeHHs Bif BiOparii 3’€JHaHb CHJIIOBOTO KOJa JIOKOMOTHBA. IlomepeanTty moAiOHI BHUIIAAKH
3arOpsSHHA MOXXKHAa 3a JONOMOTOI0 IICHTH(]IKAIil KPUTHYHHX TEeMIIepaTyp HarpiBaHHA KOHTAKTiB BHCOKO-
BOJIbTHOI KaMepH, KOHTAaKTOPHOI i pe3uCTOpHOI Trpym Uil HEralHOro yKpimieHHs a0o 3aMiHM 3’€IHaHHS.
HaykoBa HoBHM3HA. Y pOOOTI 3aCTOCOBAHO KOMILICKCHHM aHATITUYHUN 1 TEXHIYHUI MiAXIA 10 BUABJICHHS MPHUYNUH
BUHUKHEHHSI MTOXeXi Ha enekrpoBo3i BJI-80k. Onineno TMHOBHI MeXaHI3M BUHHKHEHHS IOKEX] i MaKCUMaJbHY Ki-
JIBKICTH (haKTOPIB, SIKI MOIIIM BIUIMHYTH Ha NepeuacHe pylHyBaHHs 3aTHCKa4iB KOHTAKTIB. [lokazaHo, 1110 CYKYIHICTh
(akTOpiB, sSIKI HEraTHBHO BIUIMHYJHM Ha €KCIUTyaTalliliHi XapaKTEepUCTHKU 3aTUCKAYiB KOHTAKTIB, OJJHOYACHO JOCSTIIa
TaK 3BaHOI «KPUTHYHOI MACH» BHACIIIOK HArpiBaHHS O3HAUCHHUX NC(PEKTHUX JeTayeil. YTPOBaKCHHS J0JaTKOBUX
(axTOpiB CUrHaMI3aMii MPO HAJHOPMOBE HATPIBAHHS JOCTIHKEHHUX Ta IHIINX BKJIMBHX JIeTaNeH 1 KOHCTPYKIIH JIOKO-
MOTHBIB JIO3BOJIUTH TTOTIEPEAUTH BUHHUKHEHHS ITOKEX, BYACHO iEHTH(IKYyBaTH HEBIANOBIIHICT XIMIYHOTO CKJIAIY
Jieranell KOHCTPYKTOPChKO-TeXHIYHIM JOKyMEHTAIlil, a TaKoXX BUSIBIATH 3a30pH B 3’€IHAHHSIX EIEKTPUUHUX KU, SKi
BUHHKITH a00 BHACTIIOK HEJOCTATHHOTO 3aTATyBaHHSA, a00 ocralieHHs 3’€IHaHb Y MpoIleci BiOparlii mix 9ac pyxy Jo-
koMoTHBiB. [IpakTHYHA 3HAYMMICTb. 3aIPOINIOHOBAHA JI0JATKOBA CUTHAI3ALSA CIIPUITHME 30€PEKEHHIO HE TIIbKU
mapky JToKOMOTHBIB [TAT «YKp3ami3HHII», a i )KUTTS Ta 3T0POB’s MPaIliBHUKIB JIOKOMOTHBHHX OpHTal.

Kniouosi cnosa: enextporo3 BJI-80k; 3aTrckaui KOHTAKTIB; TpaHC(OPMATOPHE MacIIo; NepeAYacHe pyHHyBaHHS;
MOXKeXKa, XIMIYHUHI CKJIA; IIKIJIUBI JOMIIIKA

Beryn JKaBHUX CTAHJAPTIB 100 XIMIYHOIO CKJIAAY IMX
netaneit [11].

SIKIo nqomarty 10 LBbOro HEHAIEKHUI CTaH 3ali-
3HWYHUX KOJIiH y Halli{ KpaiHi, 0 CHpUsi€ yTBO-
PEHHIO 3HAYHMX BiOpalliil y KOHCTPYKILisIX, MOYXHA
BIICBHCHO TOBOPUTH PO THUIIOBMI MEXaHI3M BUHH-
KHEHHS IOK€EK Ha JIOKOMOTHBaX. BiH OB’ s13aHMii 13
MoCTa0JIeHHSIM KOHTAKTIB i BUHUKHEHHSM JyTH Ha
IUITHKAaX YTBOPEHHS MIKpo- a00 MaKpOIIUIHH
B €JEKTpHUYHOMY Koui. | 1e ayxe HeOe3lmeyHo He
JIMIIE JUTSE POKaMH BUKOPUCTOBYBAHOT'O IMApPKy JIO-
KOMOTHBIB, @ W ISl HOBHX, IMIOWHO 3aKyIUICHUX
TTAT «Ykp3ami3HuIsh» JokoMoTuBiB Gipmu General

Binpimicte  TeXHOTeHHMX aBapii y  CBITI
MOB’S13aHO 13 3aCTOCYBaHHSIM Yy KOHCTPYKLIAX Ta
JeTasix HesKiCHOro meranmy abo MeTany HeHale-
xkHoro turty [1, 3]. Te xx came MOKHa CKa3aTH Mpo
MaTepiaiii, SKi 3aCTOCOBYIOTh Ha 3alli3HUYHOMY
TPaHCHOPTi, y TOMY 4YHCIi Ha HaWBaKIMBILIMX
1 HaAWBIANOBIJAIBHINMMX AUITHKAX EJICKTPUYHUX
K1JI TSTOBOTO PyXOMOTO CKIIafy.

Ha »anb, 3HOIIEHICTh JIOKOMOTUBHOTO MapKy
VYkpainu, gepinur geraneld il eKCILTyaTOBaHOTO
0sn3pko 40 POKIB PyXOMOT'O CKJIay MPH3BOIUTH
JI0 HEHAJISKHOTO CTaBIICHHS JI0 JOTPUMAaHHS Jep-
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Electric Transportation [11]. Tyt HeOe3neka BUILTH-
Ba€ 3 TOTO, IO BiOpallii, sIKi B poLieci epecyBaHHsI
MO HAIIUX KOJNiSX BUHUKATUMYTh Y IIUX JIOKOMOTH-
BaX, MOXYTb YTBOPIOBATH 3a30pH B KpIIUICHHAX
CIICMCHTIB CJICKTPUYHUX KiJI. YTBOpPEHI MIKpO-
W Makpo3a30pyd B KPIIDICHHAX CIEKTPUIHUX Kil
CTIPHUSIOTh BUHUKHEHHIO CNICKTPUYHOI IYTH, SKa Y
CBOIO Uepry MiAirpiBae marepiai KpilJieHb crioyart-
Ky Ha MOMIpHY TeMIeparypy, a OTiM CIpusie Horo
PO3IUIABIICHHIO, HABITh SIKIO KPIIICHHS BHTOTOB-
JIeHI 3 HAJISKHOTO THITy ciuiaBy [1, 3, 8-16].

3anna 30epekeHHs MaTepialbHUX LiHHOCTEH,
BapTICTh SIKUX, JO Pedi, CTAHOBUTH JCCATKH MiJlb-
WOHIB TPUBEHb, a TAKOX YHHKHCHHS JIOJICHKHX
KEpPTB BIJl TOXEX, 5Ki, 3a cratuctukoro [IAT
«YKp3aTi3HUILD, 31COUTBIIOr0 BUHUKAKOTh YHACII-
JOK Jii eNneKTpu4HOi Iayrd, JIHImpomeTpoBCHKUiA
HAI[IOHAFHUN YHIBEPCHUTET 3aTI3HIYHOTO TPAHCIIO-
pTy iMmeHi akamemika B. Jlazapsna (JJHY3T) mpo-
MOHYE CHUCTEMY NPOTHIOXKEKHOI curHamizamii. s
CHCTEMa JIO3BOJIE 3aBYACHO TOMEPETUTH BUHUK-
HEHHS TIOXKEX YHACTIIOK JTii eeKTPUIHOI AyTH.

Merta

OCHOBHOIO METOIO JIOCIHI/PKCHHS € BUSBICHHS
MEeXaHi3My BUHUKHEHHS IOXEXi Ha eJNeKTPOBO3i
BJI-80K, mpuuuHOI0 5KOI cTana HEBiAMOBIAHICTH
XIMIYHOTO CKJIaJly KOHTaKTHUX 3aTHUCKadiB BHCO-
KOBOJITHOT KaMEpH.

MeTtoauka

Jiist nocsiTHeHHs 3a3Ha4eHoi MeTH OyIo mpoBe-
JEHO:

— imeHTudikamito (pa3oBUX 1 CTPYKTYpPHHX
CKJIQJIOBUX Y HAQJIaHUX 3pa3Kax marepialliB KOHTaK-
THHX 3aTHCKayiB;

— JIOCIIJDKEHHSI PO3MIpiB YacToK i 00’€MHOro
BIJICOTKa CTPYKTYPHHX CKJIQJIOBHX MaTepiany 3pa-
3KiB, @ TAKOXK HOTO CTPYKTYPHOI OJHOPIHOCTI Ma-
TepialliB KOHTAKTHUX 3aTUCKAYiB.

3i 3pa3kiB MaTepialy KOHTaKTHHUX 3aTHCKadiB
enektpoBoza BJI-80K Oymm BuroromieHi uutidwu,
SKi TPaBWIX B COJISAHIM KUCIIOTI [UIsl BUSIBJICHHS Mi-
KPOCTPYKTYpH.

MiKpOoCTpYKTypHHI Ta MIKPOPEHTIC€HOCIICKT-
pALHUIA aHAJI3U MTPOBEJICHO 32 JIOTIOMOTOI0 pacT-
POBOTO €IeKTPOHHOTO Mikpockomna JSM-64901LV
¢ipmu JEOL (Amownis) 3 eHepromucrepciiHIM

crekrpomerpoM INCA Penta FETx3 (OXFORD
Instruments) Ta mNEePCOHAIBHMM KOMIT FOTEPOM
y pexumi npuckoproanoi Hampyru 10-20 kB, cu-
T eNeKTpuIHOro cTpyMy 3x10-10 A, 36inbIieHH]
x80...x11 000 3a xoHTpacty y BropuHHUX (SEI)
i Bimobpaxxenux (BEI) enekrponax.

PesyabTaru

Hocmimkeni 3aTuckadi 6yro BUTOTOBIIEHO 3 JIa-
TyHeil. Cepea MiIHUX CIUIaBiB JIaTyHi 3aCTOCOBY-
I0ThCSl HaWOUIbII Hpoko. CTPYKTypy ¥ BiacTu-
BOCTI JTaTyHe# BU3Ha4Jae aiarpama ctany Cu—Zn.

VY cucremi Cu—Zn BigOyBaroThCs 5 MEPUTEKTH-
YHHUX TIEPETBOPEHbB, Y PE3YNIbTaT] IKUX BUHUKAIOTh
5 ¢az: 9, B, v, € N. Po3unHHICT IMHKY B MiAl Ay-
JK€ BEJIMKAa U BUSBISIE HE3BUYAKMHY TEMIIEpaTypHY
3aJIeKHICT: 31 3HIKEHHIM TEMIIEPaTypH PO3UHH-
HicTh 3pocTae 1 ckiamae 32,5 % 3a 905 °C,
36 % —3a 600 °C i 39 % — 3a KiMHATHOI TeMIiepa-
Typu. 3a Temneparypu O6muspko 400 °C pozumH-
HICTh IUHKY B MiJli pi3KO Majae.

CrilikicTh mpoMiKHUX (a3 B, ¥, € BU3HAYAIOT
ixHi enexTpoHHi KoHIeHTpanii. Tak, B — TBepanit
po3uuH Ha 06a3i conyku CuZn XapaKTepH3YEThCsS
eJIEKTPOHHOIO KoHIeHTpariero 3/2. Ilpum mpomy
CJIEKTPOHHY KOHIIEHTPAIIF0 BU3HAYAIOTh, SIK Bil-
HOIICHHS  KUTBKOCTI  BaJGHTHHX  EJIEKTPOHIB
y CIONyIi JO KiJIbKOCTI aTOMIB CIOJIYKH, TOOTO
y crionryti CuZn 11e BiTHOIIIEHHS CTAaHOBUTH 3/2.

VYnopsinkoBane po3TalryBaHHs aToMiB
[B-po3unHy 30epiraeThcs JMIIE 3a TEMIEpaTyp, He
Bunux 454...468 °C[5, 6, 7].

Po3ristHeMO MIKpOCTPYKTYPHHME CKIIaJ 3pa3ska,
1110 3pyiHOBaHMi po3TpickyBaHHsM (puc. 1). ¥V ma-
TPHIIi O.-TBepIOTO po3urHy (puc. 1, cnekrpu 7, 8, 9)
no0IM3y 30HH PO3TPICKYBAHHS MO TPAHUIAX 3EPeH
K o-(as3u, Tak i Benukux (Oinbire HiK 30 MKM)
BKITIOYEHB 3aI1130-KpeMHieBoi (pasu (puc. 1, criektpu
4, 5, 6) po3TalllOBaHi JIETKOIUIaBKI CBUHIIEBI €BTEK-
TuKH (puc. 1, cnexrpu 1, 2, 3), 110 MaroTh, 3aJI€KHO
BiJI KOHIICHTpALl CBUHIIO, TEMIIEPATypy IUIaBJICH-
Hs Big 325 °C B pasi BMicTy cBuHIIO 92,5 % (Mac)
10 954 °C 3a #ioro meHIol KoHIeHTpauii [5, 6, 7].
BpaxoBytoun, 110 CBHHEIb Ta 0JIOBO MAIOTh BEJIHKY
CXUJIBHICTB JIO JIIKBAIIi, IK KOHIICHTPAL[iiHI rpajie-
HTH CBHHIIEBUX Ta OJIOB’SHHCTHX BKJIIOYCHB, TaK
i Tomorpadist iX pO3MOiIEHHS] BUKIIOYHO MO I'pa-
HULSIX 3epeH abo ¢a3 cBiayaTh MpO MOXKIMBICTH

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/158183

18

© B. B. Kosanenko, 2019


http://creativecommons.org/licenses/by/4.0/

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

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HaL[iOHAJIIBHOTO YHIBEPCHUTETY 3aJIi3HUYHOr0 TpaHcnopty, 2019, Ne 1 (79)

EKOJIOI'A TA IIPOMUCJIOBA BE3IIEKA

MOYaTKy MiAIIaBIECHHS BXE 32 TEeMIIEpaTyp, ONu3b-
kux g0 400 °C, i HasBHICTh 30HH KPHXKOCTI
B o-cruagiB B inTepani 300—700 °C [5, 6, 7]. Lle
TaKOX € OHIEIO 3 MPUIHNH HU3BKOT KOPO3IHHOI CTiMi-
KOCTI B HAIIPY>KEHOMY CTaHi 3a3HAYCHUX CIUIaBIB.

Bix’emHi 3Ha4YCHHS KOHIICHTpAIl CIIEMEHTIB
B IHTETPOBAHOMY CHEKTpIi MOSCHIOIOTHCSA THUM, IIO
BOHH HIDKYI 32 ()OHOBHIA PIBESHB, BUZHAUCHHI TPHIIAIIOM.

o rpaHuUIsIX 3epeH TaKOXK HasiBHI OJIOB’STHUCTI
eBTekTOinM (puc. 2, cuektpu 1, 2, 3). Ix ToBmMHA
craHoBuTh 20 MkM, a nomxkuHa 100 mMxM. O-dasza
B EBTEKTOINI O + O mpeacTaBlieHa KPHUXKUM
3’eqHanHaM Cu31Sn8, 1m0 Mae OJIAKMTHUH KOJIp.
HasBHicTF TIOMIOHOTO XIMIYHOTO CKIIAAY CIIPHSE
BUHHMKHEHHIO PO30CEPEKEHO] YCaJO4YHOI PaKOBU-
HU. Temmeparypa €BTEKTOIIHOIO IEPETBOPECHHS
nopiBHioe 520 °C [5, 6, 7].

[To6nu3y eBTekToima (puc. 2) HasBHa 30Ha
3 TIJBHINEHOI0 KOHIIEHTPAIIEI0 MUII Ky, OJOBa,
3aji3a, HiKeMo, KPEMHII0, CBUHIIIO (pHUC. 2, CIIEKT-
pu4,Ss, 6).

Pozmonin XiMiYHHUX €JEMEHTIB y CTPYKTYpi
3pa3Ka JIaTyHi, IO pO3TPICKaBCA, HABEICHO Ha
puc. 3. I3 HBOrO BUIHO, IO 3aJTi30-KPEMHIEBI
BKITIOYEHHS [0 TPAaHUINX O-TBEPAOTO PO3YHHY
JIOPIBHIOIOTH Yy JiaMeTpi MakcumyM 10 MKM i J0-
JTATKOBO MICTSITh KHUCEHb.

SneKTpor10e wIoLpaxenue 1

Cre-l Arlsi| P | s |Mn|Fe|Ni|culzn|As|sel|sn|Pb
-0,03(5,13|-0,13|-1,19|-0,24| 16,4 (1,04| 24,4 | 3,71 | 0,2 |0,26 |-0,06|50,52
0,111,14/-0,01(-0,42|0,06 | 1,17 |0,13|55,23|11,13|-0,08(-0,07| 0,03 |31,56
0,16 (0,86(0,03|-0,28|0,03| 0,67 |0,38|65,35(14,31|0,47 |0,36| 0,2 |17,46
0,07 [14,3/0,08(0,03|0,05| 78,7 (3,32 2,96 | 1,04 |-0,32|-0,05| 0,1 |-0,27
-0,14(14,7)0,02(0,01|0,24177,96(3,68| 3,13 | 0,91 |-0,13|-0,44/0,12|-0,06
-0,06|16,7(-0,05|-0,03| 0,2 |74,05|3,32| 4,56 | 1,38 |-0,18}-0,19|0,11| 0,19
0,141,07/0,08(0,03|0,01 | 0,44 |0,09(79,05|18,09|0,29 (0,34 | 0,4 |-0,01

7
k=]

Cre-
KTp

Al Sn | Pb

0,071,64(0,07|-0,01{0,03|0,09|0,1|73,73|15,44| 0,13 0,04 | 8,29 | 0,38

0,15]1,65{0,0210,04{0,03|0,17)0,171,42|14,36/0,16 [ 0,34 |11,49|0,09

0,011,510,09-0,09| -0,1 |-0,08(0,21| 73,3 |15,18|-0,04|-0,16{10,18|-0,01

0,15(1,8|0,04]-0,02|0,05|0,23|0,46|78,34|17,01|0,19]|0,29| 1,26 | 0,2

0,04|1,66| 0,1 |-0,04|-0,04{0,11|0,43|78,62/17,5]0,13]0,18| 1,2 0,12

0,0111,88/-0,04/-0,01{0,02|0,23|0,35|78,47|17,42|0,25|0,07 | 1,17 | 0,18

0,110,98/0,08-0,01{0,06 | 0,25 [0,39|79,37(18,39|0,08]0,17| 0 [0,12

-0,01{1,15-0,07|0,02| 0 |0,58]0,1|79,2]17,86{0,11{0,06|0,31 |0,68

OOV |WIN| =

0,16] 1 |-0,05/0,14]0,04|0,33|0,13|79,66|17,74/0,38|0,13| 0,2 |0,14

0,060,92/0,07/0,02]-0,11{ 0,81 |0,32[79,84]| 17,4 {0,03|0,12|0,45| 0,08

OO |N|O|O| B [WIN| -

0,19| 1 |-0,02/0,01]0,08] 0,56 |0,33|78,82|17,39/0,52| 0,4 |0,32]0,42

Puc. 1. MikpocTpykTypa # ha3oBuii XiMidHUH CKiIaz
Marepiairy po3TpiCKaHOTro 3pa3Ka
KOHTaKTHOTO 3aTHCKaya

Fig. 1. Microstructure and phase chemical composition
of the material of the cracked sample
of the contact clamp

Puc. 2. MikpocTpykTypa it Qa3oBuii XiMITHHN CKIAL
MaTepiary po3TPiCKaHOTO 3pa3Ka
KOHTaKTHOTO 3aTHCKaya

Fig. 2. Microstructure and phase chemical composition
of the material of the cracked sample
of the contact clamp

EOMEm A Hanowerne

3 a0

Folkal FEa1
Puc. 3. Po3nofin XiMi4HHX €JIEMEHTIB y MiKPOCTPYK-
Typi CIUIaBY pO3TPiCKAHOTO KOHTAKTHOT'O 3aTHCKa4a

Fig. 3. Distribution of chemical elements in the alloy
microstructure of the cracked contact clamp
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Bussieni 3ami30-KpeMHi€BI BKIIOUCHHS HAsBHI
Oe3rmocepeTHb0 B 001acTi 3apOKEHHS TPIIIMHI
(puc. 4), mo n03BoJIsIE 3pOOUTH BHCHOBOK MO T,
10 BOHH OYJIM OHI€I0 3 IPHYUH PO3TPICKYBaHHS.

AT

% TR i LTI

30MKm ' 3neKTpoHHoe 1

Al| Si| P | S |[Mn|Fe|Ni|Cul|Zn|[As|Se[Sn| Pb

Crie
KTp

0,17 0,33 |-0,13|-1,57|-0,01| 0,18 |0,18/25,73| 3,88 |0,16(0,15|0,18(70,75

N

0 |19,83|0,22|0,01| 0,3 |61,63| 3 [12,05]| 2,94 |0,19(0,02|0,11| -0,3

0,2 {0,74|-0,12/0,11|0,04| 0,17 |0,06|74,84|21,11| 0,1 |0,14{0,59| 2,01

-0,01| 1,09 (-0,03/0,04|0,03| 0,5 | 0,3 |78,63|18,42|0,51|0,05/0,43| 0,05

L2 I I~ N OV ]

0,12 1,09 |-0,01|-0,02|-0,02| 0,29 |0,29|78,08/|18,67| 0,3 |0,28|0,39| 0,54

Puc. 4. MikpocTpyKTypa 3pa3ka KOHTaKTHOTO
3aTHCKaya B 00J1aCTi pO3TPICKYBaHHS

Fig. 4. Microstructure of the contact clamp sample in
the cracking region

IMopaneimii aHami3 €BTEKTOITHUX BKIIOYCHB,
SKi OTOYYIOTh 3alli30-KPEMHi€Bi, TOKa3ye Ha-
SIBHICTh Y HUX cerperaiiii ¢pocdopy, siki pazom i3
KPEMHIEBUMH BKJIFOUEHHSIMA HaWOUIBII iCTOTHO
3HIKYIOTh EJICKTPONPOBIIHICT CIutaBy (puc. 5).
V cepeauHi 3a1i30-KpPeMHIEBUX BKIIFOUCHD (pHC. 5)
MOKHa TO0AYUTH OKCHJIHY CKJIAJ0BY. A KHCEHb
HAJIEXKUTh [0 YWClia HAWOLIBII  IIKIUIMBUX
JIOMIIIIOK, $IKI CYTTEBO 3HWXKYIOTH MEXaHIdHi
1 TEXHOJIOTIYHI BJIACTHBOCTI JIATYHI.

TakuM YHHOM, PO3TPICKAHUH 3Pa30K KOHTAKTHOIO
3aTHCKa4a He BifIOBIIa€ KOHCTPYKTOPCHKO-TEXHIUHIN
JIOKYMEHTAIIIi HE JIMIIE 3a XIMIYHUM, a U 3a CTPYK-
TypHHM CTaHOM, IO B OCHOBHOMY € HACIliJIKOM
JMKBAIIMHUX TMPOLECIB Tix dYac KpuUcTaizarlii
cmiaBy. L{poMy cripuisie HassBHICTh YCiX HaHOLIbII
IIKIJUIMBUX JAOMIIIOK (CBUHIIIO, CIPKU 1 KHMCHIO) Ta
Benuka (Oinpme HiK 2,6 %) cymapHa KiIbKICTb
€JIEMEHTIB, 10 HAWOUIBII CXHIbHI 10 JHKBAIl —
0JIOBa M KPEMHII0, 32 MaKCHMaJIbHOTO 3HAYCHHS
uiei cymu B cranaapti — 0,5 %. O3HadeHi enemMeH-
TU_YTBOPIOIOTh JIETKOIUIABKI €BTEKTHUKH i EBTEK-

TOIMW, MO0 PO3TAMOBYIOTECS IO  TPAHHIIX
O-TBEPJOT0 PO3YMHY U 3HWXKYIOTH (Di3HKO-
MEXaHIYHI W TEXHOJIOTiYHI XapaKTePUCTHUKU CILIa-
By. KpiM TOro, momaTKoBUM HETaTHBHUM (aKTo-
pOM € 3a0pyIOHEHICTh CIUIaBy TJIO0YJISIPHUMHU
3aJ1i30-KPEMHIEBIMH  BKIIFOUCHHSIMH, CeTperarii
SIKHX CIIOCTEPITalOThCS B O0JIACTAX 3apOKCHHS
TPIlIUH.

Fekal

Curat

F it Inka

Puc. 5. Po3noin XiMIiYHHUX €JIE€MEHTIB Ha TPAHHUII
KPHUCTAJIB O-TBEPIOTO POIUHHY

Fig. 5. Distribution of chemical elements on the bounda-
ry of crystals of the a-solid solution

Po3riissHEeMO  MIKpPOCTPYKTYpY — OIUIABJICHOTO
3pa3Ka KOHTaKTHOTO 3aTHcKaya (puc. 6). 3 pucyH-
Ky BHIHO, IO MIKPOCTPYKTypa IpeJCTaBlicHa
O-TBEPIUM PO3YMHOM (CIeKTp 1), BKIFOUCHHSIMH
cBuHIeBOI (pasu  (cmektpu 2, 3), 3ami3o-
KPEMHIEBUMH BKJIFOUCHHSIMU (criekTp 5) i obua-
CTsIMU criibHOTO pocty (az o + B' (cmektp 4).
Lleii crutaB HEe MICTHTh BEIMKHUX CBTEKTHYHHX Ta
eBTEKTOITHUX (Da3 MO rPAHMILIX 3€PEH, IO CHpUsE
(hopMyBaHHIO OUTBII OJJHOPITHOT CTPYKTYpH. AJie
HE BHKJFOYCHO, IO [0 OIUIABJICHHS BOHHU OyiH
NPUCYTHI B JOCHIIKYBaHOMY 3pa3Ky, aje B pe-
3yJbTaTi BUIIAPIOBAHHS W MOMEPEHBOr0 PO3ILIAB-
JICHHSI 3HUKJIU 31 CTPYKTYPH CILIABY.
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Al | Si| P | S MnfFe|[Ni|Cu|lZn|As|Se|Sn|Pb

Tp

1 |-0,04|-0,09{-0,06{0,080,14| 0,18 | 0,24 |62,07|37,48|-0,01{-0,09{0,03 | 0,07
2 |0,06]0,14 |-0,07) -0,8 |0,01] 0,01 |-0,01{27,98|18,31|0,24 | 0,41 |-0,22|53,93
3 [0,01]0,03-0,04/-0,6{0,1[0,11]0,11 {43,43|26,29|-0,05|-0,31/0,05|30,87
4

5

6

7

0,22|0,1410,02{0,05/0,07 0,03 | 0,2 |56,25|42,33|0,04[-0,1 /0,48 0,26
-0,06/10,28|2,66| 0 |[2,74/60,42|0,23|12,51| 8,91 |-0,16|-0,35|-0,34| 3,16
0,15/-0,01| 0 [0,03/0,01| 0,3 [0,0962,08/37,19|0,04|-0,17/0,05] 0,23
0,17/ 0,05 |-0,03}-0,09/0,08| 0,09 | 0,13 62,36| 37,1 |-0,23] 0,08 | 0,02 0,26

Puc. 6. MikpocTpykTypa i da3oBuil XiMiuHUIT CKiIa]
OILIABJICHOTO 3pa3Ka KOHTAKTHOTO 3aTHCKa4a

Fig. 6. Microstructure and phase chemical composition
of the molten sample of the contact clamp

Inentudikanito kpynHux, 1o 10 MkM, 3amiszo-
KPEMHI€BUX BKIIIOYEHb Ta IHIIMX ()a30BUX CKJIAZO0-
BUX TMPEICTaBICHO Ha puc. 7. 3ali30-KpeMHi€BI
BKJIIOYEHHS, HE3ICKHO Bil pO3Mipy, MaroTh
CHPUATIUBY 00J]acTh PO3TALIYBAaHHS B CEpeluHi
3€peH O-TBEPJOr0 PO3YMHY, L0 IHOINEPEaKae po-
3BUTOK TPILI[UH MMOOJIU3Y WX BKIIOUEHb.

S
DnekTpoHHoe usoGpaxerme 1

Al| Si | P| S [Mn|Fe |[Ni|Cu|Zn|As|Se|Sn|Pb

0,21(12,98(0,08 {0,02 |0,94(80,45(0,53| 2,59 | 2,35 (0,07 [-0,02| 0,1 -0,29

0,04(13,21(0,14 -0,07|0,92(80,73(0,17| 2,22 | 2,63 |-0,19|-0,18(0,08( 0,29

0,16|-0,03|0,04|0,04 (0,12| 0,19 |0,27|61,54(36,99|0,37 {0,35| 0 [-0,04

0,2 0,08 |-0,04|-0,01/0,11f 0,1 |0,13|53,66(45,16|0,25|0,12|0,14|0,12

1
2
3
4 10,04/0,03]-0,02] 0 0,09/ 0,2 |0,26|60,71|38,71|0,19|-0,06(0,14|-0,29
5
6

0,03/ 0,04 0,06|0,05|0,07| 0,05 |0,12/53,93|45,33| 0,16 |-0,14/0,17| 0,13

Puc. 7. MikpocTpyKTypa 3pa3ka KOHTAaKTHOTO
3aTHUCKayda OIUTaBIICHOTO

Fig. 7. Microstructure of the molten sample
of the contact clamp

Ha puc. 8 mpencraBieHO MIKPOCTPYKTYpY
CIUIaBy, IO OIUIABJICHHUN. I3 HBOTO BUIHO, LIO 3€p-
Ha O-TBEPJOTO PO3YMHY CKIaAaroTh 50 00’ eMHHX
BIJICOTKIB, a cymim o + ' ¢a3, sika 3aiiMae moji0-
HUH 00’ €M, CIpHsIE TiIBUIEHHIO MIITHOCTI CIIJIaBy.
V cmiaBi HassBHA HE3HAYHA KUIBKICTH OJIOBA, TOMY
OJIOB’STHUCTI €BTEKTOII¥ TMOBHICTIO BiACyTHi. Po3-
Mip 3epeH He mepeBuirye 50 MKM.

TaxkuM 4MHOM, PO3IUIABICHUH 3pa30K KOHTAKT-
HOTO 3aTHCKaya Ma€ OUIbII OIHOPIIHY CTPYKTYpPY
3 OUTBIIOID KIMBKICTIO ¥  po3MipoM  3ami3o-
KPEMHI€BUX BKJIIOYEHB, SKi PO3TAIllOBaHi B cepe-
IMHI 3€peH O-TBEPAOTO PO3YMHY Ta MEHIIOIO
MipOI0 BIUIMBAIOTh Ha (i3UKO-XiIMIYHI XapakTepu-
CTHKH CIUIaBy. AJie 3araJlbHUi BMICT IIHHKY 3HU-
Kye Temmeparypy IiaeieHHs 1po 902 °C [5]
1 copusie MPOXOMKEHHIO HU3KU NEPETBOPEHB IIif
Yyac HarpiBaHHS CIUIaBy, IO JOAATKOBO IiABHIIYE
CJIIEKTPUYHHUN OMip 1 HarpiBae CIiaB y Mporeci
eKCIUTyaTallii.

BnekTpoHHoe u: 1

400mKm

Crexktp| Al [ Si| P | S {Mn|Fe|[Ni| Cu | Zn [As| Se [Sn| Pb
3 0,16{0,03(0,04/|0,04]0,12|0,19(0,27(61,54|36,990,37| 0,35 | 0 |(-0,04
4 0,04(0,03(0,02| 0 |0,09|0,2 |0,26{60,71|38,71|0,19|-0,06(0,14(-0,29
5 0,2 |0,08/0,04|0,01/0,11{ 0,1 |0,13|53,66{45,16|0,25|0,12 |0,14]| 0,12

Puc. 8. MikpocTpyKTypa i XiMiYHU CKIaj
OILIABJICHOTO 3pa3Ka KOHTAKTHOTO 3aTHCKa4a

Fig. 8. Microstructure and chemical composition of the
molten sample of the contact clamp

st monepekeHHs] BAHUKHEHHS TIOXKEXK Y pe-
3ynbTaTi Ail eNeKTPUYHOI IYyrd B EJIEKTPUYHUX
KOJIaX JIOKOMOTHBIB, 30KpeMa B 3pyHHOBaHOMY
noxxexero  enekrpoosi  BJI-80K, uinmpomer-
POBCHKHH HalliOHAJbHUN YHIBEPCUTET 3aJli3HUYHO-
ro TpaHCHOPTY iMeHi akangemika B. JlazapsiHa mpo-
MOHYE 3aCTOCYBAaTH CHCTEMY 3amoOiKHOI CHT-
HaJsTi3ali 3a BinacHuM nateHToM Ykpainu [8]. Cur-
HaJIi3yBaHHA INIpO  3pPOCTaHHS  TeMIEpaTypu
3’€JHaHb EJEeKTPUYHMX KT BHINE 332 BU3HAYCHY
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KPUTUYHY BEIMYUHY, JIO3BOJSIE  TIOTICPEAUTH
BHUIIAJKHA TOXKEX, Kl € HAaWOUIbII MacOBHMH Ha
JIOKOMOTHBaX YKPaiHCHKUX 3aJIi3HHIIb.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYMMICTh

Jnst monepeKeHHsl pyHHYBaHHS KOHTaKTHHUX
3aTUCKa4iB i BUHUKHEHHS MOXKEX1 Ha JIOKOMOTH-
Bax Ha paHHIX CTaJisfX PO3BUTKY HECTPABHOCTEH,
aBTOD 1€l poOOTH ymepiie MPONOHYy€E BIPOBAAUTH
JIOJTATKOBI CHTHAJIbHI i KOHTPOJIBHI CUCTEMH.

[IpoBeneHi AOCTIIKEHHS MO3BOJISIOTH PEKO-
MEHAYBaTH y PErJIaMEeHTHI POOOTH 3 TEXHIYHOTO
JiarHOCTYBaHHS TATOBOTO PYXOMOTO CKIafy, IS
NPOJOBXKEHHS CTPOKY ioro ekcruryatamii [9, 10],
OJTHOPA30BO BHECTH [OJIATKOBI POOOTH 3 miarHO-
CTYBaHHS TEMIIEPATypHOTO CTaHy KOHTAaKTOPHOI
i pe3ucTopHOi rpyn. YKazaHi 3aX0/i1 TOTIOMOXKYTh
MOTIEPEINTH TIepeTIacHUN BHXiJ JIOKOMOTHBIB i3
Jany, a TAKOK BUHUKHEHHSI TOKEX.

BucHoBxku

1.V poboTi mpoBeAeHO TEOPETUYHWH, HOpMa-
TUBHO-TEXHIUYHUH, Bi3yallbHUH, MeTanorpadidHuii,
MIKpPOCTPYKTYpHHIA, MIKPOPEHTTEHOCTIEKTPaIbHH,
CHEKTPAIbHUN Ta PEHTICHOCIIEKTPAIbHAN aHaTi3H
MOLIKO/DKEHUX 3pa3KiB KOHTaKTHHMX 3aTHCKauiB,
a TaKOXK aHalli3 CTaHy EJEKTPUYHOI CXEMH eJeK-
TPOBO3a Ha MOXKJIUBICTh BAHUKHEHHS MTOKEXKI.

2. JlocnmimpKeHHsT XIMIYHOTO CKJIay 3pa3KiB Imo-
Kazayno, IO JKOJCH i3 3aCTOCOBAaHUX Y BHUTOTOB-
JICHHI ~KOHTAKTHUX 3aTUCKadiB CIUIaBiB  HE
BIJIMTOBiTa€ BUMOTaM TEXHIYHOI JOKYMEHTAIIi].

3. MiKpOCTpYKTYpHUH 1 MIKPOPEHTIEHOCTICK-
TpaJbHUH aHaJi3u JO3BOJIWIM iICHTU(IKYBATH
CTPYKTYPHI CKJIaJIOBi CIUIaBiB i BUSBUTU 3HAYHY
3a0pyIHEHICTh PO3TPICKAHOTO CIIABY IITKiJ[IMBH-
MU JIOMIIIKaMu (CBUHIEM, CIPKOIO, KHCHEM) 1 Be-
mukumua (o 10 MKM) THOOYISpHUMH  3aii30-
KPEMHIEBUMH BKJIIOYEHHSMH, 1[0 MIiCTSATH KUCEHb.

4. HeBinmoBigHICTh XIMIYHOTO CKIIAy KOH-
TaKTHHUX 3aTHUCKauiB TEXHIYHIH KOHCTPYKTOPCBHKil
JOKYMEHTAIll MOYe€ CHPUYMHHUTH SK He3arlaHo-
BaHE CHpAIlOBaHHA OJIOKY Iu(EepeHIIHHNX pele
BP/] Ha BimkiIrOUeHHS CTPYMY B MpPOIIECI eKCILTya-
Talii eJIeKTPOBO3iB, 110 MOXKE CTBOPHUTHU aBapiiiHy
CUTYAIlII0 Ha 3aJII3HUYHOMY TPaHCIIOPTI, TaK i cTa-
TH IPUYMHOI0 BUHUKHEHHS TTOKEK] Ha IEKTPOBO-
3ax. Yce BUIIE3raJlaHe HalpsMy BIUTUBAaE Ha Oe3-
MeKy pyXy TOi3MiB, y BUMNAAKY HEBiIIOBITHOCTI
YUHHAM HOPMaM SIKOCTi MOKE CTaTH MPUYUHOIO K
TEXHOTEHHOI aBapii, Tak 1 3arubem mogel Ha
TpaHcnopti. ToMy cucTeMa 3aXHCTy €JEKTPUIHUX
JAHIIOTIB TATOBOTO PYXOMOTO CKIJIaay, 3amporo-
HoBaHa M 3amarenroBana JIHY3T, Biamosigae
HaraJbHUM TEXHIYHMM TOTpebaM 3ali3HUYHOTO

TPaHCIIOPTY.
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NCCIEAOBAHUE BJIUAHUA XUMHNYECKOI'O COCTABA
KOHCTPYKIIMH BLICOKOBOJIbTHBIX IIENIEN HA
BO3HUKHOBEHHUE ITOKAPOB HA JIOKOMOTHBAX

Hens. PaboTa HampaBieHa Ha BBISIBIICHHUE BIMSHUS HECOOTBETCTBHS XMMHICCKOTO COCTaBa KOHCTPYKIIUN BBICO-
KOBOJIbTHBIX KPYrOB Ha MEXaHM3M BO3HHMKHOBEHMsI moxkapa Ha JokoMoTuBe BJI-80x. Meroamka. Bo Bpems
HCCIICIOBAaHMS OO0pa3lOB MAaTEepHaIOB KOHTAKTHBIX 3aKUMOB TIPHIMEHEHBI MaKpo- U MHKPOCTPYKTYPHBIH,
(dpakrorpaduyecKuii, aHATUTUICCKUN aHAIH3bl. Pe3ybTaThl, AHATUTHYCCKHIA aHATU3 JeTalICi TO3BOJINIT BBISBUTh
MEPBUYHBIC MPUYUHBI BO3rOpaHMs TPAaHC(HOPMATOPHOIO Macjia M IMOCIACIYIONIEr0 IMOJIHOTO BBITOPAHUS CEKI[HH
3JIEKTPOBO3a. Y CTAHOBJIEHO, YTO Pa3pyIICHHbIE KOHTAKTHBIE 3aKUMbl UMEIHM TaKOW XMMHUYECKHH COCTaB, KOTOPBIH
HE COOTBETCTBYET KOHCTPYKTOPCKO-TEXHUYECKOW MOoKyMmeHTanuu. OOpazoBaHHAs IPU Pa3pylICHUH 32KUMOB KOH-
TaKTOB JIyra MEXIy KpasMd MakKpOTpEIIMH HE TpHBelia K OTKIIIOUYEHUIO OCHOBHOT'O BBICOKOBOJBTHOTO pelie,
a BCJEJCTBHE OOJBIION MOIIHOCTH CIOCOOCTBOBANIa BO3TOPAaHUIO OOJBIIOrO 00BeMa TpaHCHOPMATOPHOTO Macia,
KOTOPOE HAXOJWJIOCh CHU3Y 3a)KMMOB KOHTAKTOB. Takoe BO3rOpaHUE MOXKET TakXKe BO3HHUKHYTH BCIEJICTBUE
ocnalJeHus OT BUOpAIMK COCIUHCHHI CHJIOBOM IIeNH JIOKOMOTHBA. [IpeaynpeanTs mogo0HbIe CIIy4an BO3TOPAHHUS
MOXKHO C MOMOIIBI0 HICHTH()HUKAINU KPUTUYCCKHX TEMIIEpaTyp HarpeBa KOHTAaKTOB BBICOKOBOJIBTHON KaMeEpHI,
KOHTaKTOPHOM M  PE3UCTOPHOW TIpymm Juis HEMEMJIEHHOTO YKpeIUIEHUSI WM 3aMEHbl  COEIUHEHUS.
Hayunasi HoBu3Ha. B paboTe mpuMEHEH KOMIUICKCHBIH aHATUTHYCCKUNA M TEXHUYECKHU TOAXOJ K BBISBICHUIO
TIPUYMH BO3HUKHOBEHUS TIoXKapa Ha ayektpoBode BJI-80kx. OnieHeH TUIMUYHBIN MeXaHW3M BO3HHKHOBEHHS IOXKapa
U MaKCHUMAaJIbHOE KOJIMYECTBO (PAKTOPOB, KOTOPHIE MOTJIHM TOBIHMATh Ha MPEXKIEBPEMEHHOE pa3pylleHHe 3a)KUMOB
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KOHTaKTOB. [I0Ka3aHO, 9TO COBOKYIHOCTH (JaKTOPOB, KOTOPHIE HETATUBHO MOBIIMSIN HA SKCIUTYyaTAlMOHHBIE XapaK-
TEPUCTUKH 3aKMMOB KOHTaKTOB, OJHOBPEMEHHO JOCTHUIVIA TaK Ha3bIBAGMOHW  «KPUTHYECKOH MaccChl»
B pe3yNbTaTe HarpeBa yKa3aHHBIX AE(EKTHBIX AeTancil. BHeapeHHe NOMONHUTENBHBIX (PAaKTOPOB CHUTHAIU3ALNI
0 CBEPXYpPOYHOM HArpeBe HCCIECIOBAHHBIX M APYTMX BAXKHBIX JETAJCH W KOHCTPYKIHMH JIOKOMOTHBOB ITO3BOJIUT
MPeAYNPENUTs BOSHUKHOBEHHE MT0KapOB, BOBPEMs HICHTH(UIINPOBATh HECOOTBETCTBHE XMMUIECKOTO COCTaBa Je-
Taneid KOHCTPYKTOPCKO-TEXHUYECKOH NOKYMEHTAIUH, a TaKKe BBIABIATH 3a30pPbl B COCTUHEHUSX DJIEKTPUUYECKUX
Lernei, BOZHUKIIUE JINOO BCIIEACTBHE HEJOCTATOYHOM 3aTsDKKH, JIMOO OCIablieHnsl COSAMHEHUH B mpoliecce BUOpa-
LIUU BO BpeMs JIBI)KEHUS TOKOMOTHBOB. IIpakTHyeckas 3HaUMMOCTb. [IpennoskeHHas NONOTHUTENbHAS CUTHAIIN-
3anus OyJgeT CrnocoOCTBOBAaTh COXPAHEHHIO HE TOJNBKO Tapka JIOKOMOTHBOB OAQO «YKp3alu3HBIISL», HO
W JKU3HU M 37I0POBbsI pA0OOTHUKOB JIOKOMOTHBHBIX OpHUrai.

Knrouesvie crosa: 3nextpoBo3 BJI-80k; 3aXMMBI KOHTAaKTOB; TpaHC(POPMATOPHOE MAcCIO; MPEKICBPEMEHHOE
paspylIeHHe; T0XKap; XUMHIECKNI COCTaB; BPEAHbIC IPHMECH

V. V. KOVALENKOY

“Dep. «Life Safety», Dnipro National University of Railway Transport named after Academician V. Lazaryan, Lazaryan St., 2,
Dnipro, Ukraine, 49010, tel. +38 (050) 489 07 72, e-mail kovalenkovv@upp.diit.edu.ua, ORCID 0000-0002-1196-7730

INFLUENCE RESEARCH OF CHEMICAL COMPOSITION OF HIGH-
VOLTAGE CIRCUIT DESIGNS ON THE FIRE BREAK-OUT AT THE
LOCOMOTIVES

Purpose. The work is aimed at identifying the influence of the incompatibility of chemical composition of the
high-voltage circuits designs on the mechanism of fire break-out at the VL-80k locomotive. Methodology. Macro-
and microstructural, fractographic, analytical analyses were applied during the research of the samples of contact
clamps materials. Findings. Analytical analysis of the parts of electric locomotive made it possible to identify the
primary causes of circuit-breaker oil ignition followed by a complete burnout of the locomotive section. It was es-
tablished that the destroyed contact clamps had a chemical composition that does not meet the requirements of de-
sign and technical documentation. The arc formed between the edges of macro-cracks during the destruction of the
contact clamps did not lead to the disconnection of the main high-voltage relay, and due to the high power contrib-
uted to the ignition of a large amount of circuit-breaker oil, which was located below the contact clamps. Such igni-
tion may also occur as a result of the weakening of the locomotive power circuit caused by the vibration. One can
prevent such cases of ignition by identifying critical heating temperatures of the contacts of high-voltage cabinet,
contactor and resistor groups to immediately strengthen or replace the connection. Originality. A comprehensive
analytical and technical approach was applied in identifying the causes of fire at the VL-80k electric locomotive.
A typical fire break-out mechanism and a maximum number of factors that could affect the premature destruction of
the contact clamps were investigated. It is shown that a set of factors that negatively affected the performance char-
acteristics of the contact clamps, simultaneously reached the so-called "critical mass" as a result of heating of these
defective parts. The introduction of additional signaling factors for supercritical heating of the investigated and other
important parts and designs of locomotives will prevent fires at the locomotives. It will help timely to identify the
inconsistency of the chemical composition of the parts of the design and technical documentation, as well as to find
out the gaps in the electrical connections that were formed either due to the insufficient tightening, or due to the
weakening of connections in the process of vibration during the movement of locomotives. Practical value. The
proposed additional signaling will contribute not only to the preservation of the locomotive fleet of Ukrzaliznytsia
0JSC, but also to the rescue of locomotive brigades.

Keywords: electric locomotive VL-80Kk; contact clamps; circuit-breaker oil; premature destruction; fire; chemical
composition; harmful impurities
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POJIb OBHOBJIEHUS ONTEPAIITMOHHOM CUCTEMDbI B
OIITUMMU3AIINA PABOTHI )KEJIE3HOJOPOXHOU CTAHIIUN

Hens. OcHOBHOH TeNbI0 pabOTHI ABISIETCS MOBBIIICHHE Y(PPEKTUBHOCTH pabOTHI CTaHINH [ OMeNb myTeM BHE-
peHusl aBTOMaTU3UPOBAHHON CHCTEMBI KOMMeEpUYeckoro ocMoTpa noe3noB u BaronoB (ACKO IIB), a taxxe paspa-
00TKa BapHaHTOB ONTHMHU3AIMU PAOOTHI JKEIE3HOJOPOKHOM cTaHIMK B LesioM. Metoauka. B xozne uccienoBanust
MPUMEHEHbl METOJbl HAYYHOTO IMOWCKA, CTaTHCTHYECKOTO aHajHu3a, CUHTE3a, JJIEMEHTHl TEOPHU MOJIECIUPOBAHUS
CUCTEM IJIA U3YUYCHUA UCPAPXUYCCKUX CTPYKTYP, BOSHUKAIOMINUX MTPU ONPEACICHUN MPUINHHO-CJICACTBCHHBIX CBA-
3eil B BBIABJICHUM HEOJIAronpusTHBIX (akTopoB paboThl cTaHimu. Pesynbrarbl. KitoueBas poib cCOpTHPOBOYHBIX
CTaHIMH B JKCIUTyaTAI[HOHHOW paboTe OOBSICHSACTCS BBIMOJHCHUEM OCHOBHON PabOTHI MO (hOPMHPOBAHUIO U pac-
(OpMHUPOBAHHUIO MTOE3/I0B, OT KOTOPOH B 3HAYUTEIHHOM CTETICHHN 3aBUCHUT HEOOXOIUMBIH MapK BarOHOB UISL BBITION-
HEHHS 33JaHHOTO 00beMa IepPeBO30K, CKOPOCTh TOCTABKU TPY30BBIX OTHpaBOK. [lo3ToMy paboTa COPTHPOBOUHBIX
CTaHIWH OKa3bIBACT CYIICCTBCHHOE BIMSHUC HA PACXOJBI JKEJIE3HBIX TOPOT, KAYeCTBO TPAHCIIOPTHOTO OOCITY)KUBa-
HUSI, YIOBJICTBOPEHHUE CIIPOca Ha MEPEeBO3KU U MOXO0ABI oTpaciu. ClenoBaTeNbHO, TOBHIIICHHE Y3PPEKTHBHOCTH pa-
OOTBI COPTUPOBOYHBIX CTAHITUI CIIOCOOCTBYET MOCTHKEHUIO ONTHMATBHBIX SKCILTYaTAIIHOHHBIX H YKOHOMHYECKIX
moKazaresell I OTPacid B [EJOM. PacCMOTpEHBI IMyTH ONTHUMH3ANKN PaOOTHl CTAHIIUH, OTPEICICHb HHHOBAIIU-
OHHBIC ITYTU COBEPIICHCTBOBAHUA TEXHOJOTHUYCCKOTO MMpoLecca COpTHpOBO‘-IHOf/'I CTaHIMHU B LICJIOM, BBIABJICHA IpaK-
THYECKas 3HAYMMOCTh OOHOBJICHHS CYIISCTBYIOIICH OMEPAIMOHHON CHUCTEMBI, €€ 11e1eco00pasHocTh U 3 (HeKTUB-
HOCTB, paccuuTaH jJoructuueckuit apdext ot BHeaperusa cucremsl ACKO IIB nmytem neranbHOro u3ydeHus e€ pa-
60TI)I, BBISABJICHUA NPEUMYIECTB U HEJOCTATKOB. Hay'{}[aﬁ HoBu3Ha. Ha ocHOBaHun N3YUYCHUSA METOAUYCCKUX HC-
TOYHHMKOB M Hay4yHbIX pa3pabOTOK B OOJIACTH TEXHOJIOTHYECKHX OCOOEHHOCTEl M COBEpIIEHCTBOBAHMS PabOTHI
IPY30BBIX CTAHIMA Ha METOAMYECKOM YPOBHE ONpEACNICHBl OCHOBHBIC HAIMPABICHHUS ONTHMH3AINAN pabOTHI COPTH-
POBOYHO¥ cTaHIUH ['OMens, SBIAIONIHecs HanOoIee MepCeKTUBHBIMU. OTpeeNieHbl i CTPYKTYPHPOBAHBI TIPUIH-
HBI, BIUSIONINE Ha POCTOW BarOHOB HAa COPTHPOBOYHOW CTAHINU, U C(POPMUPOBAHBI COOTBETCTBYIOIINE OPTaHU3a-
[UOHHBIE MEPONPHUATHS I yMeHbIIeHUs npoctos. IlpakTudeckasi 3HaYMMOCTh. [IpOBEICHHOE aHAIUTHYECKOE
HCCIICIOBAHNE U TIPEIIOKCHHBIC ITyTH PEICHUS BBIIBICHHBIX IIPOOJIEM TIO3BOJIAT YCOBEPIIIEHCTBOBATH TEXHOIOTHIO
1 TIOBBICUTH Ka4e€CTBO KOMMEPYECKOTO OCMOTpa, CO3/1aTh OE30MAaCHBIe YCIOBHUS U YIIYYIIHTh OXPaHy TpyJda MpHEM-
IIMKOB TI0E3/I0B, a TAK)KE OyIyT CIIOCOOCTBOBATh MOBBIMICHHIO 3(P(PEKTUBHOCTH PAOOTHI PACCMOTPEHHOMN JKEJIE3HO-
JIOPOKHOM CTaHIMH B TEXHOJOTUYECKOM M 3KOHOMHYECKOM ILIaHe.

Kniouesvie crosa: craHums; OCHOBHBIE CPEJICTBA; ONEpPALMOHHAsI CHCTEMa; KOMMEpYecKasi HEMCIIPaBHOCTD; OIl-
TUMH3aALUA

Beenenue TpaHcropToM 0OmIero monbp3oBaHus [4]. SBmssce
OCHOBOI CHCTEMBI TpaHCIIOpTa, >KEJe3Has aopora
00J1aiaeT Ype3BbIYaiHO Ba)KHBIM SKOHOMHYECKUM,
TIOJIMTHYCCKHM, O60pOHHI)IM 1 COIMAJIBHBIM 3HA4YeC-
HueM. OOBEKTHI TPAHCTIOPTHOW MH(PPACTPYKTYPHI —

XKenesnonopoxxHslii TpaHcopT B PecryOinuke
Benapyce 3aHnMaeT 3HaunTenbHOEe MecTo. OH oCy-
miecteisier 6onee 80 % oObema rpy30BbIX U MOPSI-
ka 50 % macca)kupcKuxX MEpEeBO30K, BBITOIHIEMBIX

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/159508 © O. A. Xonockuna, FO. B. Marromikoa, 2019

26


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-2254-9638
https://orcid.org/0000-0003-2254-9638

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

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponerpoBcskoro

HaL[iOHAJIIBHOTO YHIBEPCHUTETY 3aJIi3HUYHOr0 TpaHcnopty, 2019, Ne 1 (79)

EKOHOMIKA TA VITPABJIIHHA

3TO JKENE3HOIOPOKHBIE ITyTH OOLIETO MOJIB30BAHMS,
KEJIe3HOJOPOXKHBIE CTaHLMM, B TOM YHCJIE BOK3a-
JIBl; YCTPOICTBA KENE3HOLOPOKHOTO IEKTPOCHAO-
YKEHHUs, CeTH CBSI3U, CUCTEMBl CUTHAJIM3AllH, LIEH-
Tpanu3allud © OJOKUPOBKH, HH(POPMAIIMOHHBIE
KOMIUIEKCHI, CHCTEMa YIPAaBJICHUS ABI)KEHHEM IIO-
€3710B, OOBEKTHI M CUCTEMBI BOJAOCHAOKEHUS U BO-
JOOTBEJICHUS], WHBIE KallUTalbHbIE CTpoeHHs (37a-
HUS, COOpPYXKEHHS), yCTpOiicTBa M 00OpYIOBaHHE,
HETIOCPEICTBEHHO IpeJHa3HaueHHbIE Il olecrie-
YEeHUs NEepEeBO30YHOrO Ipollecca Ha JKEIEe3HONO-
POKHOM TPAHCIIOPTE OOIIETO MOJIB30BAHMSI.

OrpomHas poiib B HEPEBO30YHOM IIpOLECCE
NpUHALJIC)KUT COPTUPOBOYHBIM CTaHOHUAM, OT
YCTOHYMBON pa0OThl KOTOPBIX 3aBUCHUT JIEATEINIb-
HOCTh JKEJI€3HOAOPOKHBIX HampasieHuid u berno-
pycckoii xxene3noit goporu B nenom. Okono 70 %
BpEMEHH cBoero 000poTa BAaroH HaXOJUTCS Ha
CTaHLMIX, U UMEHHO Ha HHUX HMMEIOTCS OCHOBHBIE
pe3epBbl COKpalleHus: 000poTa BaroHOB, CBOEBpE-
MEHHOTO M Ka4eCTBEHHOTO 00ECTIeYCHHUs! TEepeBO-
30k [1, 6, 7, 9].

BwmecTe ¢ TeM Ha ceromHAIIHUN AEHb TPYAHO
MPEICTaBUTh KaKyro-1u00 cdepy HapOJHOTO XO-
3qiicTBa 0€3 HCIONBb30BaHUS WH(POPMALMOHHBIX
TexHosoruil. He siBisieTca UCKIIOYEHUEM U JKEJIE3-
Hasi JOpora — CIEeLUaTU3UPOBAHHOE IPOIPAMMHOE
o0ecriedeHne HCHOIb3YeTcs U MPH OpraHU3alUH
JBIDKEHHS I0€3]10B, U TPH OCYIIECTBICHUH Ma-
HEBPOBOH PabOTHI, pEMOHTOB U T. 1. PaccmoTpum
MECTO OTEPAIMOHHON CHCTEMBI B PadOTe CTaHIIUH
Ha NpUMEpE BHEKJIACCHOW JIBYXCTOPOHHEW COpTH-
poBOUHOM cTaHuMU ['OMenb, Ha KOTOPOW BHEApEHa
aBTOMATHU3MPOBaHHAs CHCTEMa KOMMEPYECKOro
ocMoTpa noe3n1oB 1 BaroHoB (ACKO IIB).

Hean

OCHOBHO# 1IEJTBIO PAOOTHI SBIISIETCS TTOBBIIIICHUE
3¢ GEKTUBHOCTH Pa0OTHI CTaHIUU [oMenb myTeMm
BHE/IPEHUSI aBTOMATHU3MPOBAHHOM CHCTEMBI KOM-
MEpYECKOro ocMoTpa mnoe3noB u Baronos (ACKO
[1B), a Takxke pa3paboTKa BapHaHTOB ONITUMH3ALINU
paboThI XKeNe3HOJOPOKHOM CTaHINH B IIETIOM.

MeTtoanka

B xone uccnenoBaHMs TPUMEHEHBI METOBI
Hay4qHOIO0 IIOHCKA, CTaTUCTHYECKOIO aHalu3a,
CHUHTE3a, 3JIEMEHTHl TEOPUH MOJICIMPOBAHUS CH-
CTEM JUIsl W3Y4YEHHUS HEPAPXUUECKUX CTPYKTYP,

BO3HUKAWOIIUX TPU ONPEIEICHUN TNPUIUHHO-
CJICZICTBEHHBIX CBS3el B BBISBICHUH HEOJIAromnpu-
SITHBIX (paKTOPOB PabOTHI CTAHITHH.

PesyabTarhl

Crannus ['omens siBiseTCs] BHEKJIACCHOM IBYX-
CTOPOHHEN COPTUPOBOYHOM CTaHIMEH M MpeaHa-
3HadeHa I pachopmMupoBaHus u GOPMUPOBAHUS
IPY30BBIX MOE3[0B, ONEpanuil Mo MX KoMMepue-
CKOMY U TEXHHYECKOMY OOCITYXHBAHHIO, MOMATO-
TOBKH TPY30BBIX BarOHOB TOJ] TIOTPY3KY, TPY30BBIX
omepauuii ¢ BaroHamu, (OPMHPOBAHHUS U 0OCIY-
KUBAHUSI TOE3M0B ISl MEPEBO3KH IMACCAXKUPOB:
MEXIYHAPOJHBIX, MEXPETHOHAIBHOTO ¥ PETHo-
HabHOTO coobmennid. C UeNnblo  BBISBICHUS
W YCTpaHEHHUS KOMMEPUYECKHUX HEUCIpPaBHOCTEH,
YTPOKaIOMINX 0€30MaCHOCTH JBIDKEHUS MOE3/I0B U
COXPAaHHOCTH TEPEBO3UMBIX TPY30B, HCIOIB3YIOT
myHKTH KomMmepueckoro ocmoTpa (IIKO), Ha ko-
TOPBIX TPOU3BOAAT OCMOTP TPY30BBIX MOE3/IO0B,
BArOHOB U KOHTEHHEPOB. B CBS3U ¢ 3TUM Ba)KHBIM
9IIEMEHTOM Pa0OTHl CTAHIMHU SIBISIETCS oOecrieye-
HUe TpeOyeMoro YypOBHS HCIOJb30BaHUS HH(DOp-
MaIlMOHHBIX TEXHOJIOTHH W COOTBETCTBYIOIIHMX
MPOTPAMMHBIX MPOAYKTOB. DTO HAIJISITHO MOXKHO
paccMoTpeTh Ha MpHUMEpe MYHKTOB KOMMEPUYECKO-
o OCMOTpa MOE3/10B, BATOHOB U KOHTEHHEPOB. X
CO3/Ial0T Ha BXOJHBIX ITOTPAHUYHBIX TIEPEAATOY-
HBIX CTaHIMSAX beaopycckoil >Kejle3HOH JTOpOru
Y Ha TEXHWYECKUX CTAHIUAX €€ OTAENCHUN TaKuM
o0pa3om, 9T0o0bI OBIT 0OECIIeYeH OCMOTp BCEX TO-
CTYNAOIMX ¥ OTMPABISEMBIX T0€37I0B, BarOHOB
1 KOHTEHHEPOB.

Jis  coBepIIEHCTBOBaHMS ~ XO3SIIICTBOBAaHUS
COPTHUPOBOYHOW CTaHIIUH PEATU3YIOT MEPOIpPHUS-
TUSI, HalpaBJICHHbIE HA CHW)KEHUE IMPOCTOS Baro-
HOB (TpaH3UTHBIX C TepepabOTKOM), MOCKOIBKY
MPOCTOM BaroHa — 3TO OCHOBHOHM HWHTErpajbHbII
IoKa3areib paboThl CTAHIUH.

Ha puc. 1 B Buzne nuarpammsl McukaBel npen-
CTaBJICHbI IPUYHMHBI, BIUSIONINE HA TPOCTON Baro-
HOB Ha COPTHPOBOYHON CTAHIIHH.

Ananmu3 paboThl COPTHPOBOYHOW CTaHIMH TIO-
Ka3bIBaeT, 4YTO NPOCTOW BaroHOB OOYCIIOBIIEH
B OCHOBHOM JIByMs TNPUYMHAMHU: HEMPOU3BOIH-
TEJILHBIMU TIOTEPSIMA U HECOBEPIIIEHCTBOM TEXHO-
JIOTHYECKOT0 Tporecca. TakuM o0pa3oM, BOZMOX-
HBI JIBa TIYTU ONTUMHU3AIIHA PAaOOTHI:
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1)cBeneHre K MHHUMYMY HENPOU3BOIUTEIb-
HOTO TIPOCTOS BarOHOB;

2)BHEIpEHNE WHHOBAIIMOHHBIX TEXHOJOTHH,
HaIpaBJICHHBIX Ha COBEPIICHCTBOBAHHE TEXHOJO-

TUYECKOr0 IIPOLecca COPTUPOBOYHOM CTAHIIUU B
LIEJTIOM.

Oxunganue Tpynoseie
TEXHOJIOTHIECKHX OTIe- pecypcl
paumit
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CTaB Imoe3/ia P TpyAa

UV
»

Osxunanue pacopMupoOBaHHs

noesza OTIPAaBJICHUS

»
»

OjKHaHHe TIePECTaHOBKU U3
COPTHPOBOYHOTO TapKa B HapK

&
«

HeyxoMnnekToBaHHOCTD

OskuaHue TeXHUYECKOiT 00paboT-
KH COCTaBa

vX

O’xuiaHue JIOKOMOTHBA U JIOKOMOTHB-
HOU Opuragsl

»

R

Huskas sdppexrus-
HOCTB IJTAaHUPOBAHUS

W3HOC TOKOMOTUBHOTO IapKa

mTaTa
g
\ ¥
HesddexruBras moTuBarus
nepcoHana
>
HenocraTouHslii ypoBeHb
KBaIM(UKAINH [IepCOHANIA
> IIpocroit
>4

BaroHoB

OTCYTCTBI/IC CpE€ACTB MEXa-

HH3aIlMi 1 aBTOMaTU3alluu

[

»
>

HeynosnerBopurensHas opra-
HU3allMs BHYTPUCTAHIIMOHHBIX

OTCyTCTBHE MOHHTO-

MMOTOKOB MH()OpMALIUHI
pHHra IIPOLECcCOB

P
<«

»

[
>

Jleuut TOKOMOTHBOB

«BpaxneoHoCcTh» MapI-
PYTOB IIpHeMa U OTIIPaB-

OTCyTCTBYE PEMOHTHOM Ga3bl JICHns
JIOKOMOTHBOB
7 7
Cucrema ObecrieueHne TATOBBIM Henocrarounas texHu-
YIpaBJICHUS MOABH)KHBIM COCTaBOM 1eCKast OCHaICHHOCTb

Puc. 1. Iunarpamma VcukaBbl: IPUYUHBI IPOCTOSI BATOHOB
Ha COPTUPOBOYHOMN CTaHIIUH

Fig. 1. Ishikawa Chart: causes of car detention
at the marshalling yard

B Ttabm. 1 m 2 mokazaHO, YTO CIIOCOOCTBYET
BO3HUKHOBEHHIO HEMPOU3BOAUTENBHBIX 3aTpaT, U
MIEPEYUCIIEHbl OpPTaHMU3ALMOHHBIE MEPOIPHSTHUS,
HaIpaBJICHHBIE Ha CHMKEHHE HEMPOM3BOIUTEINb-
HBIX TIOTEPHh COPTUPOBOYHON CTAHIINU.

CooTBeTcTBYIOLIAas Mepapxuieckas CTPYKTypa
(puc. 2) mo3BosIe€T HAIMIATHO MPEACTaBUTH Iepe-
YeHb OpPraHM3allMOHHBIX MEp, HEOOXOIUMBIX JUIS
ycTpaHeHHs HeOnaronpuaTHbIX (pakTopos, crHo-
COOCTBYIOIIMX BO3HUKHOBEHHIO HEMPOU3BOJIU-
TEJILHBIX ITPOCTOEB HA COPTHPOBOYHOM CTAHITHH.
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Tabnuna 1

HawuGoJiee 3HaunMBbIe GaKTOPBI,
o0ycJaBJnBaloIIe NPOCTOii BATOHOB HA CTAHIIUM

Table 1

The most significant options causing a car detention at the station

IIpu4uHe! IpocTOs ®DaxTopsl

HepaBHOMepHOCTH IPUOBITHS MOE30B B pachopMUpoBa-
Haxkormienne BaroHoB Ha COCTaB 1O- P P P A p (b pMHP

e3ma D1 HUE, HCBBICOKOE KOJMUYECTBO OE3/I0B, MPHUOBIBAIOIINX B
pacopmupoBaHue
Oxunanue pachopMHPOBAHUS CO- 2 HepaBHOMEPHOCTH MPUOBITHS TOC3/I0B, 3aHATOCTh IMyTEH B
craBa COPTHPOBOYHOM TapKe
OsKugaHue IepecTaHOBKH U3 COPTH-
HesrmonHenne rpaduka ABIKEHUS TOE3I0B, TEXHOJIOTHYE-
POBOYHOTO TapKa B apK OTIPAaBIIC- ®3
CKHE OKHA Ha TIeperOHax
HUS
Oxuganre oOpabOTKH B ITapKe IIPU-
A p eva P P D4 OTCyTCTBHE HAIEKAIIETO IITaTa paOOTHUKOB
Osxuyianue 00pabOTKH B apKe OT-
D5 OTCcyTCTBHE HaJIeXKAIIero mraTta paboTHUKOB

MpaBJICHUS

HeynoBneTBOpUTEIEHOE BIMOJHCHHE TpadrKa JBHKCHHS
D6 MOE3/10B, TEXHOJIOIMYECKHE OKHA, HEPAaBHOMEPHOCTh pado-
THI CTAHIUH y3Ja

HecBoeBpemeHHOE IPHOBITHE B MapK
npuemMa

Hey,E[OBJIeTBOpI/ITeHLHaH pa60Ta JAUCIICTUCPCKOrO alnapara,

O)I(I/I,HaHI/IC JIOKOMOTHBA B ITIAPKE OT-
o7 HCYAOBJICTBOPUTCIIBHOC TEXHUYCCKOC COCTOAHUEC JIOKOMO-

MpaBJICHUS
THUBHOTO IapKa
Tabnuma 2
OpraHu3anuoHHbIe MEPONIPUATHS M0 CHUKEHU IO HENMPOU3BOAUTEIbHBIX MOTEPH
Table 2
Organizational measures to reduce unproductive losses
ITpuuuHbl npocTOs OpraHu3allMOHHbIE MEPbI
HakoIIeHye BATOHOB HA COCTAB M1 [TepecmoTp ruiana GopMUPOBaHHS TIOE3/I0B
noesna M2 Brinonsenue rpaguka JBHKEHHS TOE30B
M3 ABTOMaTH3aIMsI COPTUPOBOYHBIX MPOIECCOB
Oxwunanue pachopmMupoBaHus
A pacopmup M2 BerinonHenue rpaduka JBIKEHHUS T0E3/10B
cocTaBa
M4 ABTOMAaTH3aIUs ABM)KCHUS MaHEBPOBBIX IOKOMOTHBOB
M5 ConeprxaHue B HOpMe JJOKOMOTHBHOTO MapKa
Oxuanue epecTaHOBKH U3 COPTH-
POBOYHOrO Mapka M2 BrimonHeHue rpaduka ABIKESHHUS TTOE3/10B
B MIAPK OTIIPABJICHUS
M4 ABTOMAaTH3AIHS IBIKEHUST MAaHEBPOBBIX JJOKOMOTHBOB
Oxwunanre oopaboTKu
M6 BBeaenne cuctemsl 3EKTPOHHOTO TOKYMEHTO000pOTa
B MapKe npuema
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I[Mpoagonxenue Tabm. 2

Continuation of Table 2

IIpuunne! npocTos

OpraHu3anMOHHBIE MEPbI

Osxumanne 00pabOTKH B MapKe MpH-

ova M6 Baenenne crcTeMBl 3JIEKTPOHHOTO JOKYMEHTO000pOTa
Osxuyanue 00padoTKH
M6 BBeznenue cucTeMbl 3JIEKTPOHHOTO JOKYMEHTO000pOTa
B IIapKe OTIPaBIICHUS
HecBOeBpEMEHHOE PHOBITHE B NIapK M2 Brinonnenue rpaduka JBIKEHHUS 1T0E3]10B

pueMa M7

ABTOMaTI/I?,aIII/IH IJIaHUPOBAaHUA pa6OTI)I CTaHLIUK Yy3ja

M8

CTpOI/ITeJ'H)CTBO ITYHKTa TEXHUYCCKOTO OCMOTpa JIOKOMOTH-

BOB Ha CTaHIINH

OuaHue JOKOMOTHBA
B [IapKe OTIIPABJICHUS M9

Briiaua 10KOMOTHBOB O] O€3/1a B UCIIPABHOM COCTOSIHUU

M10

ViydimeHue kadecTBa paboThl JUCIETYEPCKOTO allnapaTa

CHMKEHHUE POCTOsl BarOHOB

(O] D2 @3

D4

®5 D6 o7

Puc. 2. Uepapxudeckas ctpykrypa «lLleib — akTopbl — OpraHn3aliMOHHbIE MEPhI»

Fig. 2. Hierarchical structure «Purpose — options — organizational measures»

JpyruM HampaBleHHEM TOBBIIICHUS dPQex-
TUBHOCTH PabOTbl COPTUPOBOYHONW CTaHLWM SIBIIS-
eTcs BHEIPEHHWE MHHOBALMH C IIETbI0 COBEPILEH-
CTBOBaHMS TEXHOJOTHMYECKOTO IpoIecca B LEJIOM
[2, 3,5, 10, 12].

VHHOBallMOHHBIMK TIPEATIOKECHUSIMHE, pean3a-
UL KOTOPBIX OyJIET CIIOCOOCTBOBATH JabHEHUIIIe-
My TEXHHYECKOMY Pa3BHTHIO COPTHPOBOYHOM
CTaHIMH U MOBBIIEHUIO 3 dexkTuBHOCTH ee PyHK-
LHUOHUPOBAHUS, SABIISIFOTCS:

— IMOCTOSIHHOE COBEPIIEHCTBOBAHUE OpraHM3a-
LHUOHHBIX U TEXHUYECKHX MEPONPHUITHH, Halpas-

JICHHBIX Ha YJYYIICHUE 3KCIUTyaTallHOHHBIX IOKa-
3aresiedt paboThI CTAHIIUH;

— MOCTOSIHHOE YBEIIMYEHHE KoJruecTBa (op-
MHUPOBaHHUS IOE3/I0B JallbHUX Ha3HAYCHUH, CO-
KpallleHUe Mepepad0TKA BarOHOB Ha COPTHPOBOY-
HBIX TOPKaXx;

— TIOBBIIIEHUE BECAa W JJIMHBI IPY30BBIX IOE3-
JIOB JIJIs 5KOHOMHH DHEPIropecypCcoB Ha TATY MOE3-
HOB;

— pasBute HMH()OPMAIMOHHOTO OOeCTeUYeHUs
nepeBo3ouHoro mporecca (cucremsl JMCITAPK,
ACOVYII u ngp.) ¢ monmHOW aBTOMAaTW3alUed WH-
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(hOpMaIMOHHOTO 00ECIICYCHUsT JUCIIETYCPCKOTO
amnmapara A OpraHu3anuu Oosee TOYHOIo Iuia-
HUPOBAHUS U KOHTPOJIS 33 BBIIOJIHEHHEM IIJIAHOB
MOTPY3KH, BBITPY3KH, MOAXOAOM M HaJUYUEM Ba-
TOHOB Ha CTaHLMUSX U MOJBE3AHBIX MYTIX B peallb-
HOM BPEMECHH;

— YAJIMHEHHE IPUEeMO-OTIIPABOYHBIX IyTeH oc-
HOBHBIX TEXHUYECKUX CTaHLIUI;

— COBEpIIECHCTBOBAaHUE TEXHOJIOIMU MECTHOU
pa0OoThl, HaNpaBIEHHONH Ha MOJIY4YEHHUE MAaKCHU-
MalbHOU 3((EeKTUBHOCTH MEPEBO30YHOTO MpoIec-
ca UCXO/s U3 COOTHOLICHUS HAJTMYMsI TEXHUIECKUX
CPEICTB K 00heMaM BBITIOTHAEMON padOTHI;

— YeTKasi OpraHu3alus IIAHUPOBaHUS PabOTHI
CTaHIHH.

Eme ogHuM MHHOBallMOHHBIM HOAXOJOM SIBIISI-
eTcd NPHUMEHEHHE METOJa COBEPLICHCTBOBAHUS
MaHEBpPOBO pabOThl KPYMHBIX COPTHPOBOYHBIX
CTaHLMH, B OCHOBE KOTOPOTO JICKHUT NPUHLIHUI Ka-
YECTBEHHOH MOATOTOBKM W HOBBIIIEHUS KBaIH(U-
Kalli¥ OTepPaTUBHOTO TepPCOHaa B YCIOBUIX BHp-
TyaJlbHOM peanbHOCTH. Peanmuzanus JaHHOTO
NPUHLMIIA TO3BOJIAET TOBBICUTH O€30MacHOCTb
MIPOM3BOJCTBEHHBIX IIPOLECCOB Ha JKEJIEe3HOJO-
PO’KHOM TPAHCIOPTE 3a CueT OOydeHUs pabOTHH-
KOB COPTHPOBOYHBIX CTaHLUI C HMCIOJIb30BaHUEM
TPEHAXXEPOB TOPOYHOIO0 KOMIUIEKCa, Oa3upyro-
IIMXCSI Ha TPEXMEPHOM ayANOBH3YaIbHOM MOJie-
JIMPOBAHUM.

OKkoHOMHUYECKHH 3G (GEKT OT BHEIPEHUS Tpe-
Ha)kepa CBs3aH C MOBBHIIICHUEM YPOBHS KBaIU(DU-
KallMOHHOM MOATOTOBKH ONEPATUBHOTO MEpcoHaa
ropkd. Ero ucnonp3oBaHume BeleT K CHIKEHHIO
BEPOSITHOCTH BO3HHMKHOBEHHUSI aBApUMHBIX CHUTYa-
LU ¥ cly4aeB MPOU3BOJCTBEHHOTO Opaka.

JIOTIOITHUTENBHBIA YKOHOMHYECKAN 3PPEKT OT
BHE/IPEHUSI TPEHaXEpa COCTOMT B COKpAIICHUH
MOTEPh, CBS3aHHBIX C MOBPEKICHUEM BAarOHOB
W HaXOMSIIUXCS B HUX T'PY30B, MPOCTOEM I0E3]I0B
B OXHJAHUK pacGOpMHUPOBAHHUS, CXOAOM MOIBIXK-
HOTO COCTaBa, MOBPEXIEHIUEM BEPXHEr0 CTPOCHUS
MmyTel Topo4yHON ropiaoBuHbEL. Kpome Toro, moBsl-
LIaeTCsl HAIEKHOCTh ()YHKIIMOHUPOBAHUS CUCTEMBI
pacopMupoBaHus U, KaK CIEACTBUE, YBEIUYNBA-
€TCsl yPOBEHb DKOJIOTHYECKON O€30TIaCHOCTH.

OnHUM U3 COBPEMEHHBIX KOMIUIEKCOB BBISBIIE-
HUs KoMmMmepdeckux HeucrpaBHoctell Ha IIKO,
MO3BOJISIFOIUX MPOU3BOJIUTE OCMOTpP BaroHOB JIU-
CTaHI[MOHHO, SIBIISIETCS aBTOMATH3UPOBAaHHAS CH-
CTeEMa KOMMEpPUYECKOro OCMOTpa NMOE3J0B U Baro-

HoB (ACKO IIB). Ceituac ACKO IIB — 3T0 KOM-
IDIEKC YCTPOMCTB, TpeTHa3HAUYEHHBIX [Tl BH3Y-
ATBHOTO KOHTPOJISI ¥ PETHCTPAIlMHA COCTOSHUS T10-
€3/10B, BarOHOB M TI'Py30B B IIpOIECcCE ABMKEHUS,
BHU3YaJIbHOTO KOHTPOJISI KaueCcTBa KPEIJIEHUS Tpy-
30B, KOHTPOJSA COOONECHUS TabapUTHOCTH II0-
TPY3KH, VIIyYIIeHUs YCIOBUN TPyAa M TOBBIIICHUS
YPOBHS JIMYHOI 0e30macHOCTH pabOTHUKOB, 3aHs-
TBIX OCMOTPOM BaroHOB.

Cucrema ACKO IIB mpexacraBmser coboit
ANIEKTPOHHBIE TabapUTHBIE BOPOTA, OCHAIIEHHEIC
CHCTEMOH TEJICBU3MOHHOTO KOHTPOJS (BUACOKA-
mepamu). Cucrema oOecCIedrMBaeT BBIIOTHECHUE
3aJlad M0 OCMOTpPY BaroHOB M KOHTEHHEpOB Ha
MpeIMeT MPaBWIBHOCTH 3arpy3Kd M COXPaHHOCTHU
TPY30B, a TaKXe BBISABISECT OT/ACIbHBIC HEHUCIPaB-
HOCTH BaroHoB. B mporecce ocMoTpa BaroH (Imo-
€371) IPOXOAMUT Yepe3 DJIEKTPOHHBIE BOpOTa Ha
ckopoctu 10 40 xM/4. 3o0pakeHrne aBTOMaTH4e-
CKHU TIepefaéTcsl onepaTopy MyHKTa KOMMEPYECKO-
ro OCMOTpa, KOTOPBIA 00padaThIBaET, pacredaThi-
BaeT W mnepena€r ero npuéminuky. [Ipum monxone
rmoe3aa ASKYpPHBIA IO CTaHIWHU TepenaeT wH)Op-
Malyio 10 MPSIMOW TeneOHHOW WM TapKOBOH
TPOMKOTOBOPSIIEH CBA3M OnepaTopy (MpUEMILUKY
moe31oB) o moaxone moesna k cucreme ACKO I1B
C yKa3aHHWEeM HOMEpa M MHJEKCa Moe3/1a, HANMEHO-
BaHUS TEpPEeroHa, ¢ KOTOPOro MPOU3BOASAT IPHUEM,
BpEMEHH NPUOBITHS U HOMEpa IyTH, Ha KOTOPBIH
ero npuHumaroT. Oneparop ACKO IIB BBogut
MOJTYYeHHYI0 HH(OpMAIHIO O IO0e3lle B CHUCTEMY
ACKO IIB.

VYkazaHHasg cucTteMa MOXeT paboTaTh B aBTO-
MaTH4eCKOM peXHMe TpuemMa WHGOPMAIUH O CO-
CTaBe M3 JIOKAIBHOW CEeTH CTaHIMH. B Heil cobio-
JIEHNE TPaHWI] Ta0apUTHOCTH KOHTPOIHPYETCS
C TIOMOIIBIO JIYYE€BBIX WH(PAKPACHBIX JATINKOB.
JlaTuvky 3aKperuieHbl Ha HECylledl KOHCTPYKLMHU
U PACIIOJIOKEHBI TAKUM 00pa3oM, 4To MH(ppakpac-
HbIE JTy4d (POPMHPYIOT TPaHUILYy 30HBI Ta0apPUTHO-
cti. Ecnu kakoi-mu00 mpeaMer BBICTyIAeT 3a
YCTaHOBJIEHHBIE TPAaHUIBI, TO OH IEpEeKPHIBAET
nH(ppakpacHsiii ayd. [Ipu stom natauk Gopmupy-
€T TPEBOXKHOE H3BELIEHHE, KOTOPOE C IMOMOIIbIO
000pynoBaHM Mepefavyy CUTHAIOB IepelaeTcs Ha
aBTOMaTH3WpoBaHHOe pabouee wmecto [IKO
U oToOpakaeTcs Ha KOMITBIOTEDHOM MOHHTOpE
orepaTopa B BHJIE KPACHOTO OTpe3Ka JIMHUH, 000-
3HAYAIOMIeH COOTBETCTBYIONIYIO 30HY Herabapur-
Hoctd. DakT HerabapuTHOCTH PETHCTPUPYIOT
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B JKypHajie COOBITHH ¢ (UKcalueil MOpSIKOBOTO
HOMEpa BaroHa, B KOTOPOM OHa OOHapyXeHa.

OmnuceiBaemas cucTeMa IIPeJOCTaBIsIeT OIepa-
TOpPY BO3MOXKHOCTH BU3YaJIbHOTO KOHTPOJISI COCTO-
SIHUSI KPBILI, OOPTOB BaroHOB MOJABHHOTO COCTa-
Ba, BEPXHUX JIOKOB LIUCTEPH, & TAKXKE KPEIUICHUS
IPy30B Ha OTKPBITBIX BaroHax B pPEaJlbHOM Mac-
mrabe BpeMEHH NP MPOXOKACHUHU COCTaBa 4epes
rabaputHble BopoTa. s aToro Ha Hecymieil KoH-
CTPYKLMHU 3aKPEIJICHbl TEIEeKaMepbl, HaIpaBJICH-
HbIE Ha BaroH C TpeX CTOPOH: CIpaBa, cleBa
u cBepxy. OraenbHas deTBepTas TeleKamepa
YCTaHOBJIEHA C TENbI0 (HOPMUPOBAHUS H300paxe-
HUS JIFOKOB IMCTEpH. Tenmexkamepbl (OPMUPYIOT
BUACOM300paKEHUS, KOTOPBIE C MIOMOIIBI0 000pY-
JOBaHMs Nepeiadyl CUTHAJIOB IOCTYMAIOT HA aBTO-
MaTHU3UPOBaHHOE paboyee MECTO M 0TOOpaKaIOTCs
Ha KOMITBIOTEPHOM MOHHTOpE Komiuiekca. OmHo-
BPEMEHHO C 3TUM B aBTOMAaTHYECKOM pEXUME
MPOU3BOJUTCS PETUCTpalMs BHIEOU300paskeHHH,
MO3BOJISIONIAS TTOCIIE TIPOXOXKAEHHUs cOCTaBa B 3a-
MCIJICHHOM PCKUME BBINIOJIHUTL aHAJIW3 IPOIICa-
mero cocraBa. Perucrparusi Buaeon3oOpakeHUN
MPOM3BOJUTCS HA KECTKUH TUCK CETEBOI'O XPaHH-
Junia JaHHBIX CUCTEMBI.

Jns obecrieueHust BUICOHAONIOCHUS B TEMHOE
BpeMs CyTOK HEOOXOUMO 00€CIIeUNTh OCBEIICHNE
BaroHa. st TOH 1ieJIM Ha HECYIEW KOHCTPYKIUU
3aKpeIyIeHbl IISITh MPOXKEKTOPOB, OCBELIAIONINE
BaroH C TPEX CTOPOH: CJIeBa, CIpaBa U CBEPXY.
BxittoueHne mpokeKTOpoB MPOUCXOIUT aBTOMATHU-
YECKU IMPU CHHKXCHHU YPOBHA CCTCCTBCHHOI'O
OCBEIIECHUS] HIWXKE YCTAaHOBJIEHHOro mopora. Pe-
3yJIBTaTbl OCMOTpPA COCTOSIHUSI BarOHOB M TPY30B
C MOMOIIBI0 AaBTOMAaTHYECKUX CPEACTB 00pabaThl-
Barorcad Ha [I9BM omnepatopa u nepenaroTcst Ha
[19BM mpuemmuka B Bujae coodmenus. CooOrie-
HUE COCTOHT W3 OFHOM CIIYyKEOHOW M HECKOJIbKHX
WHPOPMAIIMOHHBIX (pa3.

[Ipuemiiuk mOE370B, MOIY4YMB HH(POPMALHIO
O 3aperucTpUpPOBAHHBIX ABTOMATHYECKUMH CpEl-
CTBaMH KOMMEPUYECKUX HEHCIPABHOCTAX, 0Opada-
ThIBaeT €€ U (HOpMHUPYET COOOILEHHE B AaBTOMATH-
3UPOBAaHHYIO CHCTEMY YIpaBJICHUS CTaHLUH
0 HAJIMYUH HErabapUTHBIX IPY30B U HEHCIIPABHBIX
B KOMMEPUYECKOM OTHOLICHWH BaroHaxX B MPUOBIB-
meM moesne. [lanHoe coolmieHHe MO KOMaHge
MPUEMINUKA TOE3/I0B TepesiaeTcsi CpeACTBaMH
ACY craHnmy Ha aBTOMaTHU3MpOBaHHOE pabodce
MECTO CTaHIMOHHOI'O TEXHOJOI'MYECKOTO IIEHTPA,

IJie 0 pe3y/ibTaTax OCMOTpPa BaroHOB B KOMMEpUe-
CKOM OTHOIIIEHHMH AaBTOMAaTHYECKH BBIIAETCS Ha
rmevyatb WH(OpMaIus B BHIAE CHPABKH C OTMETKON
0 3ampeTe CTaBUTh BaroH B moe3na. Crapmuii ore-
patop CTII, nonay4yuB crpaBKy, BHOCUT HEOOXO-
JTUMBbIE€ KOPPEKTUPOBKH B COPTUPOBOYHBIN JTHCTOK.
ManeBpoBbIf AUCIIETYEP COBMECTHO CO CTapIIUM
[0 CMEHE NPHUEMIIMKOM II0€3JI0B Ha OCHOBAaHUHU
3TOW WMHGpOPMANWK NPHHUMAET perieHue o0 OoT-
[IEMTKe BaroHa WM IMPOITyCKe €ro M0 Ha3HAuYEHHUIO
C YCTpaHEHHEM KOMMEpYeCcKoro Opaka B TMapke
OTIIPABJICHUSI.

Bce BhIABNIEHHBIE KOMMEpPUYECKHE HEHCIIPaBHO-
¢t 0hOPMITAIOT akToM 001iel hopmer (. T'V-23)
coracHo IIpaBuia KOMMEPYECKOTO OCMOTpa IOe3-
JIOB ¥ BaTOHOB.

ACKO I1B SIBJISIETCSI POrpaMMHO-
TEXHUYECKUM KOMILUIEKCOM CPEJICTB aBTOMAaTH3a-
M B COCTaBe IMYHKTa KOMMEPYECKOTO0 OCMOTpA,
IBIKYIIETOCS TPY30BOTO ITOABHIKHOTO COCTaBa
U HaXOMAAIIUXCS Ha HEM TPY30B U KOHTCHHEPOB
C mocieayrImuM coopoMm, 00pabOTKOM, XpaHCHHU-
€M W JOKYMEHTHPOBAHHEM pPEe3yJIbTHUPYIOMIEH WH-
(dopMaluu 0 KOMMEPUYECKOM COCTOSIHUM BaroHOB
U TPY30B M Iepeliaycii e¢ B aBTOMAaTU3UPOBAHHYIO
CUCTEMY OTEPAaTUBHOTO YIPABICHHSI IEPEBO3KAM.

OnpenenuTs CPOK OKYIMaeMOCTH U SKOHOMHYE-
ckuil 3(h(deKT OT BHEAPEHHS STOr0 MPOrpPaMMHOTO
MIPOJYKTa CJIO)KHO, TaK KaK OCHOBHBIMH IEIISIMU
peaNu3anuy TaKoro TPOEKTa SBISIOTCSA CIETYF0-
e:

— obecrieueHure (GpyHKIUH TIepeaTOYHON CTaH-
MU 10 OPraHMW3aldd KOMMEPUYECKOTO OCMOTpa
II0€3/10B U BAarOHOB B YCIIOBHSIX 3JIEKTPU(PUKAIIHIH;

— yJydYIlIEHUE YCJAOBHMH TpyJa U TOBBIIICHUE
TEXHHUKH JINYHON 0e30macHOCTH paOOTHHKOB, CBS-
3aHHBIX C OMEPANUsIMHU IO BBITOJHEHUIO KOMMEp-
YECKOr0 OCMOTpPA, C BBIBOJOM HMX M3 OIACHOW 30-
HBI.

OpHako clemyeT OTMETHTh, YTO TEXHUYECKHE
CPEJIICTBA KOHTPOJIS SBJISIOTCS BCIIOMOTaTeIbHBIMU
MPU  OCYIIECTBJICHUA KOMMEPUYECKOTO OCMOTDA,
U 3aKIIOYeHHE O pe3yibTraraXx KOMMEpPYECKOTo
OCMOTpa JIOJDKHO TPUHHMATHCS KOMIUIEKCHO.
Takxke HEMaJOBa)KHO, YTO YCTAHOBKA ITOJIHOILICH-
HoM cucrembl ACKO IIB, Bkiiodaromei Bce KOM-
IJICKTHI BO3MOXXHOTO 000pyIOBaHUS, TpeOyeT 3Ha-
YUTENbHBIX KalUTAJIbHBIX BiOKeHWil. [loaTomy, ¢
y4eTOM MECTHBIX YCJIOBUH Ha craHiusax bemopyc-
CKOI1 JKeTIe3HOM TOPOTH, B MIEPBYIO O4Yepe/Ih Ha T0-
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TPAaHUYHBIX HEepelaTOYHBIX CTaHIHUAX, €CTh HE0O-
XOAMMOCTh MO3TAITHOTO BHEAPEHHS COBPEMEHHBIX
TEXHUYECKUX CPEICTB M MOJAEPHU3ALUH HMEIOo-
muxcsi, 0e3 BIOXKeHHs OONbIINX OOBEMOB HHBE-
CTHLIMOHHBIX pecypcoB. Tak, Hampumep, HCIOIb-
30BaHME INPOMBILIUICHHBIX TEIEBU3MOHHBIX YyCTa-
HOBOK Ha CTaHUMAX (OPMHPOBAHUS IIOE370B,
B MYHKTaX CMEHBI MOE3IHBIX JIOKOMOTHBOB, JIOKO-
MOTHUBHBIX OpUraj W IepeJadd BaroHOB C OJHOM
JOPOTU Ha IPYTYIO MO3BOJHUT COKPAaTHTh MEKOIIe-
palMOHHBIE TIEPEPBIBBI, CBSI3aHHBIE C OCMOTPOM
COCTaBOB, MOBBICUT MPOHM3BOAMTEIHLHOCTH TPY.a,
a TaKkke 0e30MacHOCTh OOCIIY>KHBAIOILETrO IEpPCo-
Hasa. TeleKoHTPOJb MO3BOJHUT YIyYIIUTh Kade-
CTBO KOMMEPUYECKOI0 OCMOTpa MOE3[0B, YMEHb-
LIMTh BPEeMs IIPOCTOSI BarOHOB Ha CTAHLMSAX U yBe-
JMYHTH MPOIYCKHYI0 criocobnocth ITKO [11, 13].
Takum o6pa3oM, OyneT JOCTUTHYT 3HAYUTEIbHBIN
noructuueckuit dpdexr. Kpome Toro, mcmomb3o-
BaHHUE TEJIEYCTAHOBOK CHU3UT 00BbEM MaHEBPOBBIX
paboT, yAyYIIUT YCIOBHSA TpyAa HPUEMIIUKOB
[IKO u 1NO3BOJUT COKpaTuTh IUTAT PabOTHUKOB
MYHKTOB KOMMEpYECKOro ocMorpa. Takxke Tese-
KOHTPOJIb, COBMEIICHHBIH C BHIEO3aMUCHIO, ACT
BO3MOXKHOCTb JOKYMEHTAJILHO (PUKCHPOBATH KOM-
MEpPYECKOE COCTOSHHE NMPHUOBIBAIOIIMX M OTIpaB-
JsieMbIX 1moe30B. s ocMOTpa COCTOSHHSI Kperl-
JICHHSI TPY30B Ha OTKPHITOM IOJBHKHOM COCTaBe,
MPOBEPKH MCIIPABHOCTH KPBILI BarOHOB M KOHTEH-
HEPOB, COCTOSIHUSI BEPXHHUX 3arpy304HBIX JIIOKOB
BaroHOB M IIMCTEPH MPUMEHSIIOT CMOTPOBBIE BBHIII-
KH, 000py/IOBaHHbIC TeNeQOHHON U PaHOCBI3bIO.
[Ipy HanMYMKM CMOTPOBBIX BBILIEK KOMMEPUYECKHUI
OCMOTp TO€34a OCYIIECTBIISIIOT PUEMILUKH,
HaxXoJsIIMECs HA HUX. B mepcrekTBe CMOTPOBEIE
BBILIKM TaKk€ MOTYT OBITH OOOpYHOBaHbI yKa3aH-
HBIMH TE€JIEyCTaHOBKAMHU.

Jna mpoBepku rabaputa MOrpy3KH Ha OTKpPBI-
TOM TIOJIBUYKHOM COCTaBe HEOOXOJMMO YCTaHABIIH-
BaTh rabapuTHBIE BOPOTA C 3JIEKTPOHHBIM JUCTaH-
IIUOHHBIM KOHTpOJIeM. MecTo ycTaHOBKH rabapur-
HBIX BOPOT M CTallMOHAPHBIX CMOTPOBBIX BBIIICK
B BHJE KalUTAJIBHBIX COOPYKEHHH OINpPEIestoT
B 3aBUCHMOCTH OT MECTHBIX YCJOBHH C y4eTOM
HEOOXOUMOCTH TIOJHOTO W CBOCBPEMEHHOrO 00-
Hapy>KeHU KOMMEPUYECKUX HEUCIIPAaBHOCTEM.

B3aMeH cTanmoHapHBIX CMOTPOBBIX BBILIEK Ha
INIKO benopycckoii xene3Hoi J0poru, 0COOCHHO
PACIIONIOKEHHBIX Ha TMOTPAHUYHBIX TEePeNIaTOTHBIX
CTaHIMSX, LeJecCOo00pa3HO NPHMEHEHHE CMOTpPO-

BBIX BBIIIEK B BHJIC OOpEHICYCHHBIX MeETajinye-
CKUX KOHCTPYKLHUI CO CMOTPOBBIMH IIJIOIIATKaAMU
C Orpax<I€HHEM W HMCTOYHHKAMHU OCBELICHUS; UX
Ha3bIBAIOT MEPEHOCHBIMH CMOTPOBBIMHU BBIIIKAMHU,
MOCKOJIBKY TP HEOOXOJMMOCTH OHHU MOTYT OBITbH
[IEPEHECEHBI  YCTAHOBJICHBI B APYTOM MECTE.

Takum o00pa3oM, BHEOPEHHE COBPEMEHHBIX
TEXHUYECKUX CPEICTB Ha CTaHUUAX benopycckoii
KEJIe3HON JOpOru Uil aBTOMAaTHYECKOI'O BbISBIIE-
HUSI KOMMEPUYECKMX OpakoB B II0€3/1aX M BaroHax
MO3BOJIUT  yCOBEPIICHCTBOBaTb  TEXHOJIOTHIO
U TOBBICUTH KadeCTBO KOMMEPUYECKOI'O OCMOTPa,
co3/1aTh O€30MacHbIC YCIOBUS U YIyULIUTh OXPaHy
Tpyada IMPpUEMIIHUKOB IIOC3A0B, a4 TAKKE OIITHUMU3U-
pOBaTh MTATHYIO YUCIEHHOCTH paboTHHKOB [1KO.

Heob6xomumo oTMeTUTH 1 TO, UTO 3P PeKTUBHASL
JeSITeNLHOCTD JIF000H OpraHu3alui (B TOM YHCIe
n benopycckoit jkene3Hoi JOpOrH) B 3HAUMTEINb-
HOM Mepe 3aBHUCUT OT IUTATHOW YHUCIEHHOCTH €&
pabOTHUKOB, a TaKXe PalMOHAIBHOTO HCIOJIB30-
BaHUs TPYIOBBIX PECYPCOB.

Bennumnna 3arpy3kud CMOTpPOBBIX Opuraj mpu-
EMILUKOB 3aBHCUT OT Pa3MEpPOB IBM)KECHUS IOE3-
J0B, YCTaHOBHCHHOfI TEXHOJIOTMU BBbIIIOJIHCHUA
paboT, 0cOOEHHOCTEH IMyTEBOTO Pa3BUTUS U TEX-
HHYECKOH ocHamenHocTu cranuuii [8]. Koaddu-
LUEHT 3arpy3KH ONPEIeNstoT 1o GopmyIe:

_T3+TOT

k3
720

-100, @
rae 7, — 3aTpaThl BPEMEHHM CMOTPOBBIX Opurajn
MPUEMINUKOB TOE370B HA KOMMEPUECKUI 0CMOTP,
MuH; T,; — BpeMs Ha OTABIX U JINYHBIE HAJI00HO-
cti (cocraBiser 10 % OT MPONOIKUTENTHHOCTH
cMmeHbl); 720 — MpOJ0IKUTENIEHOCTh CMEHBI, MUH.
3arpaTbl BpeMEHH 1, MOXHO PacCuUTaTh IO

dhopmyuie:

Qucxoms N Tog
T,= or 2
3 730 @)

rae Q,cxonp — NOHIWKAOMKN KOdDPUIIMEHT, yuu-

THIBAIOIIINI CHWXKEHHE 3aTpaT BPEMEHU Ha OCMOTP
MOEe3/I0B BBHUIy HCHOib30BaHusa cucteMbl ACKO
[1B (mpuanMaetcst paBabM 0,7 Ha OCHOBE aHAN3a
JaHHBIX cTaHIMU P®, Ha KOTOPBIX yKe€ 3KCILTya-
tupyercsi ACKO I1B); N — konmuuecTBo ocMaTpu-

mexH

oy — TEXHO-

Bac€MBbIX ITOC30B 3a 1o, IIOC310B,
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JIOTUYECKOE BpEMs Ha OCMOTpP OJHOIO IOe3fa,
MuH; 730 — KOJIMYECTBO CMEH B TOIy.

CornacHo CTaTUCTHYECKUM JAaHHBIM CTaHLMH
I'omens 3a 2016 rox, umeem:

— MpHUOBITHE IMOE3I0B B YETHOM HAIPaBICHUU
(m3 XKnobmna wu KanwmHKOBHYEH) cOCTaBISIET
2 966 110€e3110B;

— OTIpaBJIEHHE TOE3[0B B YETHOM HalpaBie-
Huu (Ha YHedy, baxmau u UepHUTOB) cocTaBiser
2 253 moesna;

— MpUOBITHE TOE3[0B B HEUYETHOM HampaBie-
HuK (13 YHeun, baxmaya n YepHurosa) cocraBiisi-
et 1 954 noe3na;

— OTHpaBJieHHE IOE37I0B B HEUETHOM Hampas-
neanu (Ha JKimobwH n KanmuHKoBHYM) cocTaBiseT
2 822 noesna;

— NpUOBITHE M OTIpPABICHHUE IEPENATOYHBIX
Y BBIBO3HBIX IO€3/I0B MO cTaHUWHU ['omens B yer-
HOM HamnpaBJICHUH COCTABISET 4 865 M0Oe310B;

— NpUOBITHE M OTNpPABJICHHUE IEPENAaTOYHBIX
Y BBIBO3HBIX I0O€370B IO cTaHIMMU ['oMenb B He-
YEeTHOM HaIlpaBJIeHUH cocTaBisgeT 5 471 moesn.

B cooTBercTBHM C TE€XHOJOTHMYECKHM MpOIEC-
COM CTaHIMM ['oMenb TeXHOJIOrHuecKkoe BpeMs Ha
OCMOTp I0€371a 0 MPHUOBITHIO cocTaBiseT 80 MuUH,
no otrmpasieHuto — 40 MuH, BpeMsi Ha OCMOTp Iie-
PenaTOYHOro WM BBIBO3HOTO IO€34a KakK MO Ipu-
OBITHIO, TaK U 1O OTNpaBiieHuto — 40 MUH.

[loncraBuB HeoOXoaMMbIE 3HaYEHUS B (HOPMY-
ay (2), MOXHO paccuuTaTh 3aTpaTbl BPEMEHHU
CMOTPOBBIX OpHUTaj MPUEMIIUKOB, 3aTPaulBaEMBbIX
Ha OCMOTp IOE3/I0B B YETHON W HEYETHOM CHUCTe-
Max craHuu l'omens 3a cMeHy. OHH COCTaBST:
B UETHOM HampaBieHHH — 618 MUH, B HEUETHOM
Hanpasienun — 604 munH. Torma ucxons u3 dop-
My1el (1) 3arpy3ka cMOTpOBO# OpHUTajbsl COCTABUT
96 1 94 % cOOTBETCTBEHHO.

3navyeHus K03(Q(OUIMEHTOB 3arpy3KH OJM3KH
K eIMHUIIE, TaK KaK B pacueTax MPUHUMAJIOCh, YTO
OCMOTPOM T0€370B B 00€MX CHCTEMax CTaHLUH
3aHsaTO MO 1 Opurame mpueMnukoB. OUYEBHUIHO,
YTO JaHHBIA BapuaHT Hempuemiem. Iloatomy ne-
Jecoo0pa3HO Kak Ha YETHOM, Tak M Ha HEYETHOH
CHUCTEMax NpHUBJIEKATh Uil OCMOTpA MOE3A0B 10 2
OpUra/ibl NPUEMIIIUKOB ITOE3/I0B, TOT/Ia PACUETHBIH
KO3 PUIMEHT UX 3arpy3KH B CMEHY COCTAaBUT HE
6onee 50 %.

Ha naHHBII MOMEHT IO CYyLIECTBYIOIIEH TeX-
HOJIOTUM KOMMEPYECKHH OCMOTp IOE370B IMPOU3-
BOJST Ha CTaHUMU ['oMenb 1o 4ETHOM cucreMe —

2 Opuraapl TPUEMIIUKOB, YTO SBJSETCS ONTHU-
ManbHBEIM BapuanToM (l-1 Opmrama pabotaeT
C TI0e3/IaMH B TIapKe TIprema, 2-s1 Opuramga — B cop-
TUPOBOYHO-OTIIPAaBOYHOM TapKe); Ha cTanuuu [o-
MelNb [0 HeYETHOW cucTeMe — 3 Opuraiabl mpHeM-
mmkoB (1-s 6purama paboraer ¢ MOe3MaMH B IapKe
npuObITHS  «A», 2-1 Opuraga — B IIPHUEMO-
oTnpaBouHOM napke «by», 3-1 Opuraza — B copTu-
POBOYHO-OTIPABOYHOM mapke «C»).

B cootBercTtBUM ¢ KapTamMu-poTorpaduIMu
pabouero Bpemenu B mapke mpuema (I1I1) u cop-
TUpOBOUHO-0TIIpaBouyHOM mapke (COII) na cran-
uuu ['omens no uétHoil W 'omenp mo HEYETHOM
cucreMe K03(pQUIMEHT 3arpy3Ku CMOTPOBBIX OpH-
raji MpUEMIIHUKOB Moe3a0B B nepuoy 18.09.2017—
22.09.2017 cocraBui: B «IIIl — I'omens uérHas
cucremay — 43 %, B «COII — I'omenp 4é€THas cH-
crema» — 28 %, B «A — I'omenp HedéTHAsT CHUCTe-
Ma» — 66 %, B «b — 'omens HeuéTHAS cucTeMay —
39 %, B «C — I'oMenb HeueTHas cuctema» — 33 %0.
[lony4yeHnnsle maHHBIE TPUOIM3UTEIHEHO COOTBET-
CTBYIOT paccuuTaHHbIM 110 (opmyne (1) u cocras-
nsttot ot 30 1o 70 %.

Kak BUIHO W3 pacyeToB, NMpU OOBEAMHEHUH
IBYX OpuUraj MprUeMIIUKOB MOE370B, paboTalonmx
B «b (meuérnas cucrema)» u «C (HeuéTHas CUCTe-
Ma)», B OJHY, MX CyMMapHas 3arpy3ka COCTABHT
72 %, 0JHaKO CIieyeT Y4eCTh, YTO:

1)cymmapro mapku «b» u «C» BKIIOYAIOT
26 myTel, a 3HaYUT NPUEMIIUKAM [OE3[I0B HYXKHO
MIPE0JI0NIeBaTh 3HAUYNUTEIHHBIC PACCTOSHUS TIPH T1e-
pexojie OT OJIHOTO T0e3/Ia K APYTOMY;

2)B COPTHPOBOYHO-OTIIPABOYHOM IIAPKE MPO-
M3BOJIAT 3HAYHUTENBHYI0 MaHEBPOBYIO padoTy (Ie-
pPECTaHOBKY BaroHOB, OC)KHBaHHE COCTABOB, PO-
CIyCK W T. I.), B pe3yJbTaTe KOTOPOH MEepexo
C OJTHOTO ITyTH Ha BTOPOW MOXKET OBITH BPEMEHHO
HEBO3MOXKEH;

3)B COOTBETCTBUH CO CHeU(pUKOi padboThI
B TMPUEMO-OTIPABOYHBIA Tapk «b» mpuHUMAaIOT
0O0JIBIIOE KOJIMYECTBO TAK HA3BIBAEMBIX «ITPSIMBIX)
moe3/10B (OTHpaBIIEMBIX CO CTaHIUKM Oe3 MpoIyc-
Ka BaroHOB 4Yepe3 COPTUPOBOYHYKD TOPKY
C yMeHbIICHHEM / yBEJIMYCHHEM YHCIa BaroHOB
nin 0e3 Hero), KOTopble TpeOYyIoT OmnepaTHBHON
paboThl, YTO B cy4ae CryIIEHHOTO MOAX0a Moe3-
JIOB MOXKET BBI3BaTh 3HAYMTEJIbHBIE IPOCTOU H JIa-
JKe CPBIB HUTEH rpaduKa JBIKEHHS TI0E3/10B;

4)B HEYETHOW CHUCTEME MapK MPHUOBITUS «A»
HAXOJUTCS Ha 3HAUYMUTENILHOM YJAJIeHUH OT PacIo-
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JIOKEHHBIX MapauieabHo mapkoB «b» u  «Cy,
K TOMY K€ MEXIy HMMH PacCIOJIOKEHA COPTUPO-
BOYHas TOpPKa, YTO JeJaeT HEBO3MOXKHBIM, HAIIPU-
Mep, mpoxoAd u3 mapka «A» B mapk «b» mpu po-
CIIyCKE COCTaBa, a CIJIEIOBATENIbHO, MPU IMPOCTOE
Opuragpl W3 TMapka «A» OHa JaJeKo He Bceraa
CMOXET TOMOYbh C OCMOTPOM MOE€370B B MapKax
«b» nan «C».

W3 BbILIEIEPEYUCIEHHOTO CIAEAYET, YTO CYIle-
CTBYIOIIlEE HYHCJIO OpWrax MPUEMIINKOB TOE3/I0B
o HEeYE€THOM cucTeMe cTaHuuu ['omMens B Koaude-
CTBE TPEX SABIISIETCSA ONTUMAJIbHBIM.

Hay4yHast HOBU3HA ¥ NpaKTHYecKast
3HAYUMOCTh

Crnenyer OTMETUTh, YTO B COBPEMEHHOM MHUPE
MIPaKTHUYECKU II00asi AEATeIHHOCTh YeNOBeKa CO-
MIPOBOXKIIAETCSI HE TMPOCTO HUCIOJIH30BAHHEM TEX-
HUYECKUX CPEJCTB, HO M NMPUMCHCHUEM aJICKBaT-
HOTO TporpamMMmHoOro obecrieuenns. Konewno, xe-
JIE3HOIOPOKHBIN TPAHCTIOPT HE SIBISIETCS MCKIFO-
yenueM. [lo  pesynpTaTam  HCCleOBaHUSA
MPAaKTUYECKOW  JEATEIbHOCTU  COPTUPOBOYHOMU
CTaHIINY, a TAKXKE HAa OCHOBAHHH CYIIECTBYIOIINX
U YXKE HCIOJb3YEMbIX MPOrPaMMHBIX PECYPCOB,
METOJIMYCCKUX W HAy4YHBIX pa3pabOTOK B 00nacTu
TEXHOJOTHYECKUX OCOOCHHOCTEH W COBEpIICH-
CTBOBaHUS pabOTHI TPY30BBIX CTAHIIMN HA METOJHU-
YEeCKOM YPOBHE OIpe/ieJIeHbl OCHOBHBIE HarpasJe-
HUS ONTUMU3AIUN PabOTBl COPTHPOBOYHON CTaH-
nuu ['omens. Hanbonee nepcnekTHBHBIM, TIO MHe-
HUIO aBTOPOB, SIBJISICTCSI MIPUMEHEHHUE
MHHOBAIIMOHHOTO TIOJIX0/1a, B YaCTHOCTH, PAa3BUTHC
MH(OPMAITMOHHOTO 00ecredeHusl MepeBO30YHOTO
Tpoliecca MoCPeCTBOM BHEJPEHUS M UCTIOIH30Ba-
Husa cuctembl ACKO I1B (u mp.). DTO 1MO3BOIUT
MTOJTHOCTBI0 aBTOMATH3UPOBATh MHPOPMAIIOHHOE
obecriedyeHne TUCTIETYEPCKOTO armapara Uit op-
raHu3aiuu 00Jiee TOYHOTO IUIAHUPOBAHMS W KOH-

TPOJIL 3a BBHIMOJHEHWEM IUIAHOB MOTPY3KH, BHI-
TPy3KH, TTOJIXOJ0OM W HAIWYHEM BaroHOB Ha CTaH-
OUSAX U TOABE3IHBIX MyTAX B PEaTbHOM BPEMEHHU.
Takke Ha METOAMYECKOM YpPOBHE OIpEACTCHBI
U CTPYKTYPUPOBaHbI TMPUYUHBI, BIUSIIOLUIUE Ha
MPOCTON BaroHOB Ha COPTUPOBOYHOW CTaHIIWH,
1 chOpMyITUPOBAHBI COOTBETCTBYIOIINE UM Opra-
HU3AIIMOHHBIE MEPOIPUSATHS I yYMEHBIICHUS
MIPOCTOA.

Pe3ynpraThl BBIMMOTHEHHOTO aHAIUTHYIECKOTO
WCCIICIOBaHUS U COPMYIMPOBAHHBIC IYTEM pe-
IICHHUS BBISBJICHHBIX MTPOOJIEM MO3BOJISAT HE TOJIBKO
YCOBEPIICHCTBOBATh TEXHOJOTHIO W MOBBICUTH Ka-
YecTBO KOMMEpPUECKOr0 OCMOTpa, HO M CO3/aTh
Oe3omacHble YCIOBHS W YIYUYIIUTh OXpaHy TpyAa
MIPUEMIITUKOB TIOE3/I0B.

BriBoabI

Ha ocHoBaHuU BBIIIECKa3aHHOTO MOXKHO CJie-
JaTh BBIBOJ O TOM, 4TO Ojarofapsi BHEIPEHUIO
ACKO IIB na crannuu ['omens OyaeT HOCTHTHYT
3HAYUTEIBHBIA JIOTUCTUYCCKU 3ddekT 3a cuer
YMEHBILIEHUS] BpEMEHH MPOCTOsI BATOHOB M YBEIH-
yeHwus rpomryckHoi cnocobnoctr I[1KO. Ha ocHoBe
aHaJM3a JAaHHBIX CTAHLUH COMpPENENbHBIX TOCY-
JIapCTB, Ha KOTOPBIX yke 3kciuryaTupyercs ACKO
[IB, cHumxeHue 3aTpaT BPEMEHH Ha OCMOTp IOE3-
noB MoxkeT pgocturath 70 %. CremoBaTeiabHO,
BHenpenne ACKO IIB na cramuu ["'omens mo3Bo-
JUT COKPAaTUTh TEXHOJIOTHYECKOE BpeMs Ha
OCMOTp I0€3/1a M0 MPHUOBITHIO 10 24 MUH, 1O OT-
MIpaBJIEHUIO — 70 12 MHH, BpeMsa Ha OCMOTp Tepe-
JATOYHOTO WJIM BBIBOZHOTO I0€3]1a KaK 10 MPHOBI-
THIO, TaK ¥ MO OTIPABJICHUIO — TaKkke 10 12 MuH.
Kpowme Toro, manHas cucrema Oyner crnocoOCTBO-
BaTh TMOBBINICHUIO Y(PQEKTUBHOCTH PabOTHI pac-
CMOTPEHHOH KEJIe3HOAOPOKHOW CTaHLUUU Kak
B TEXHOJOTWYECKOM, TaK M B HKOHOMHUYECKOM
IJIaHe.
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POJIb OHOBJIEHHS OINEPAIIIMHOI CHCTEMHY B OIITUMI3AIIIT
POBOTH 3AJI3HUYHOI CTAHIIII

Meta. OCHOBHOIO METO0 POOOTH € MiABHIIEHHS e)EeKTUBHOCTI pOOOTH cTaHIiT ['OMeb HIISIXOM BIIPOBAKEHHS
aBTOMAaTH30BaHOI CHCTEMH KoMepliiHoro orisiay noi3ais i BaroniB (ACKO I1IB), a Takox po3poOka BapiaHTIB OII-
TUMi3aLii poOOTH 3ai3HMYHOT cTaHuil B LijioMmy. MeTtoanka. B Xozi 1ocii/pkeHHs 3aCTOCOBAHO METOJIM HAYKOBOTO
MOUIYKY, CTATUCTHUYHOTO aHaji3y, CHHTE3y, €JEMEHTH Teopii MOJEIIOBAHHS CHUCTEM JUIS BUBUEHHS i€papXidyHUX
CTPYKTYD, IO BHHUKAIOTh NIPY BU3HAUYEHHI MIPHYMHHO-HACTIIKOBUX 3B’ A3KIB Y BUSABJICHHI HECIIPUATINBUX (PaKTOPiB
pobotu craniii. Pe3yabraTn. KitouoBa posib COpTyBaJbHUX CTAHINH B €KCIUTyaTAIiiHIA POOOTI MOSICHIOETHCS BU-
KOHaHHSM OCHOBHOI po0OOTH 10 ()OPMYBaHHIO Ta pOo3(OpPMYyBaHHIO MOI3/IB, BiJl K0T y 3HaUHIN Mipi 3aJIS)KUTH HEOO-
XiJHUH TapK BaroHiB JJIsl BAKOHAHHS 33JaHOTO 00CSTy NepeBe3eHb, MBUAKICTD IOCTABKH BAHTAXXHUX BIANPABIICHb.
Tomy poboTta COpTyBaNbHUX CTAaHLIH Ma€ CYTTEBHI BIUIMB Ha BUTPATH 3aJli3HUIIb, SIKICTh TPAHCIIOPTHOTO 0OCIYTO-
BYBaHHsI, 33JI0BOJICHHS MOITUTY HA TIEPEBE3eHHs i 1oX0oau ranysi. OTxe, MiABHIIEHHS e(eKTHBHOCTI poOOTH COpPTY-
BIBHHUX CTaHIIM CIIpUSi€ NOCSITHEHHIO ONTHUMAJIBHUX EKCIUTyaTalliHHUX Ta €KOHOMIYHHX MOKa3HHUKIB JUIS raiysi
B I[IOMY. PO3MIITHYTO NUIIXH ONTHMI3aIlil poOOTH CTaHIIii, BU3HAYCHI IHHOBAIIIHI IIUIAXH BIOCKOHAJICHHS TEXHOJIOTi-
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YHOTO TPOLIECY COPTYBJIbHOI CTaHIIii B LIJIOMY, BHSBJICHA ITPAKTUYHA 3HAYMMICTh OHOBJICHHS ICHYIOYOT OnepariiHol
cucTeMH, ii JOIIIBHICTD 1 eEeKTHBHICTh, PO3paxoBaHMH JIOTiCTHYHUI edekT Bix BrpoBakeHHs cuctemu ACKO I1B
LIIIXOM JIETAJIbHOTO BUBYEHHS 1i poOOTH, BHSBIICHHS repeBar Ta HenonikiB. HaykoBa HoBM3Ha. Ha mincraBi Bu-
BYEHHSI METOJMYHMX JDKEPeN i HayKOBUX PO3POOOK B 00JACTI TEXHOJOTIYHHUX OCOOJIMBOCTEH Ta BIOCKOHAJIECHHS
poOOTH BaHTAKHUX CTAHIIN HA METOAWYHOMY PiBHI BU3HAUEHI OCHOBHI HAIPSIMKH ONTHUMI3allii poO0oTH copTyBajb-
Hoi ctaHmii ['omens, AKi € HAWOLIBIN NEPCIEeKTUBHUMU. BU3HAUeHI W CTPYKTYpOBaHI MPUYNHM, 10 BIUIMBAIOTH Ha
MIPOCTii BarOHIB Ha COPTYBaJIbHII CTaHIIil, Ta chopMOBaHi BiINOBITHI OpraHi3amiifHi 3aX0I¥ I 3MEHIIICHHS MIPOC-
toro. [IpakTuyna 3HauuMicTb. [IpoBeneHe aHaMiTHYHE JOCTIMHKEHHS Ta 3alPOIIOHOBAHI MIISXH BHUPIMICHHS BUSAB-
JICHUX TPOOJIEM JT03BOJIATH YIOCKOHAIUTH TEXHOJIOTIIO H MIABUIIUTH SIKICTh KOMEPIIIHHOTO OTJISIY, CTBOPHTH Oe3-
MIeYHI YMOBH 1 MOJIIIIMTH OXOPOHY Hpalli NPUHMaIbHUKIB TOI3/1iB, @ TAKOX CIPHUATHUMYTD MiJBHIIEHHIO e€pEeKTHB-
HOCT1 poOOTH PO3MIITHYTOT 3aJ1I3HUYHOT CTaHII] y TEXHOJIOTIYHOMY Ta €KOHOMIYHOMY IUIaHi.
Kniouosi crosa: cranuis; ocHOBHI 3aco0u; onepariiifHa cucreMa; KoMepliiHa HeCIIPaBHICTh; ONTHMi3allis
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THE ROLE OF OPERATING SYSTEM UPGRADE IN OPTIMIZING THE
OPERATION OF THE RAILWAY STATION

Purpose. This article is aimed at increasing the efficiency of the Gomel station by introducing an automated sys-
tem for the commercial inspection of trains and cars (ASCI TC), as well as, developing the options for optimizing
the operation of a railway station as a whole. Methodology. In the course of the study, the methods of scientific
search, statistical analysis, synthesis, and elements of the theory of system modelling were used to study the hierar-
chical structures that arise in determining causal relationships in identifying adverse factors of the station.
Findings. The key role of the marshalling yards in operational work is explained by the fact that they perform the
main work in composition and breaking-up of trains, on which the required fleet of cars for performing a given vol-
ume of traffic, the speed of delivery of cargo shipments largely depends. Therefore, the work of the marshalling
yards has a significant impact on the expenditures of railways, the quality of transport services, on meeting the de-
mand for transportation and industry revenues. Consequently, increasing the efficiency of the marshalling plants
contributes to the achievement of optimal operational and economic indicators for the industry as a whole. In the
course of the study, authors considered the ways to optimize the station's work, determined the innovative ways to
improve the technological process of the sorting station as a whole, identified the practical significance of updating
the existing operating system for the station, its feasibility and efficiency, and calculated the logistical effect of the
ASCI TC implementation through a detailed study of its operation, identifying its advantages and disadvantages.
Originality. Based on the study of methodical sources and scientific developments in the field of technological fea-
tures and improvement of the work of freight stations, the main directions for optimizing the operation of the Gomel
marshalling yard are identified at the methodological level, which are the most promising measures. The reasons
affecting the idle time of cars at the marshalling yard were identified and structured, as well as appropriate organiza-
tional measures were formed to reduce downtime. Practical value. Conducted analytical research and proposed
solutions of identified problems will improve the technology and increase the quality of commercial inspection, cre-
ate safe working conditions and improve the occupational safety of train pickers, and will also contribute to increas-
ing the efficiency of the railway station under inspection, both technologically and economically.

Keywords: station; fixed assets; operating system; commercial malfunction; optimization
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ESTIMATION OF THE TIME OF THE VESSEL'S ARRIVAL AT PORT

Purpose. The paper aims at the assessment of the probability of the vessel’s arrival at the port at a specified time
interval considering the different combination of the voyage charter-party (C/P) terms and their wordings.
Methodology. The structure of the vessel's time in port was formed considering the C/P terms and their wordings.
The time intervals for which it is actual to estimate the time of arrival were defined on the basis of the theory of
transport processes and systems. The normal distribution law was used to estimate the probability of a vessel's arrival
at a port at a specified time interval. Findings. The probability of the vessels arrival at the port of loading in the C/P
in question was searched in three most actual situations: 1) the vessel's opening date is known; 2) the vessel's arrival
to the port of discharging on previous C/P is known and 3) the vessels position on the passage to the port of
discharging in previous voyage is known. For these three situation were estimate the probability of the duration of
the time elements from the opening point and present position points to the port of loading in the C/P in question far
as the C/P terms indicate the beginning and the duration of the laytime. Originality. For the first time the vessel's
time in port was structured considering the C/P terms and their possible wordings, their impact on the time in port
was determined, and the probability of wvessel's arrival at specified time intervals was searched.
Practical value. The obtained results can be used in voyage planning (during fixing the C/P and further voyage
performance) by estimation the duration of the time in port considering the C/P terms and wordings of the beginning
and duration of laytime and time of the vessel's arrival.

Keywords: vessel's voyage; vessel's time in port; voyage charter-party; voyage planning

Introduction

The vessel's time en route largely determines
the duration of the passage between ports of
loading and discharging and both with the voyage
charter-party (C/P) terms on laytime (its beginning
and duration) it does the total voyage time. This
time, in its turn, is a basis for calculation of voyage
expenses and that’s why it influences the
efficiency of the voyage. For the shipowner, who
carries the cargo under the voyage C/P, the issues
of determining the time of the voyage are therefore
of fundamental importance. But the most part of
researches dedicated to the voyage planning
implies the problem of the time en route indicating
the slow steaming as an important factor of the
voyage efficiency [6, 7, 8, 10, 11, 14, 15]. But the

time en route is only the part of the total voyage
time and it is no use of searching it just without the
time in port as far as time en route (probably the
vessel's speed on passage) determines the time of
the vessel's arrival to the port for cargo handling.
On the other hand, the duration of time in port
depends on the appropriate terms of the C/P.

Purpose

The purpose of this study is the assessment of
the probability of the vessel’s arrival at the port at
a specified time interval, considering the C/P terms
and their wordings, which is quite important both
for negotiations before the C/P fixture and for
voyage time planning and ensuring the voyage
efficiency when performing the voyage. In order to
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achieve the purpose the following objectives are to
be realized: definition of the impact of the
appropriate C/P terms and their wordings on the
structure and duration of the vessel’s time in port;
determination the situations, that are of practical
importance for assessing the probability of the
vessel arriving at a port at a specified time interval,
and obtaining the appropriate calculation formulas;
conducting statistical studies confirming the
validity of using the normal distribution law for the
elements of the voyage time in the processes of
estimating the probability of a ship arriving at
a port at a specified time interval.

Methodology

The definition of the impact of the appropriate
C/P terms on the structure and the duration of the
vessel’s time in port was based on the analysis of
the wording of the C/P terms and decomposition of
the time in port depending on the possible
combinations of the wordings of these terms. The
determining of time intervals, for which it is
expedient to determine the probability of the
vessel’s arrival at the ports of cargo handling, was
formed on the main principles of the theory of
transport processes and systems. The estimates of
the probability of a vessel arriving at a port at
a specified time interval were carried out taking
into account the properties of the normal
distribution law for the elements of the voyage
time, the validity of which is confirmed by
statistical studies.

Findings

General issues regarding the C/P terms which
determine the duration of cargo handling and
appropriate vessel's time in port are stipulated in [1,
2, 3,5 7,9 12, 13, 16-18]. These terms are the
loading and discharging rates, terms on Notice of
Readiness (NOR) tendering/accepting, including or
excluding Sundays and Holidays in laytime days,
Sunday time duration as itself. The initial point for
time in port calculations is NOR terms — is how it’s
tendering/accepting stipulated in the C/P. There are
two main variants: 1) NOR can be tendered whether
the vessel in berth or not, whether in free pratique or
not, whether in berth or not (www) or 2) NOR can
be tendered after the port formalities on arrival, i.e.
after the vessel’s berthing. Rather important are

wordings regarding the time of NOR tendering, i.e.
there may be terms in C/P according to which NOR
can be tendered only during office hours. That in
fact will take some time waiting the office hours if
the vessel arrives on day off. Table 1 shows the
structure of the vessel's time in port considering the
different wordings of C/P terms. As one can see, the
C/P terms determining the duration of the elements
of the time in port largely depends on the day of the
week and time of arrival (before noon of after
noon). For instance, when tendering NOR words in
C/P as to be given on getting «free pratique», the
waiting time t,, to tender NOR will be longer if the

vessel arrives before noon (b. n.) on day off (w/e)
compared with the vessel’s arrival early in the
morning on the first working day (w. d.). Similarly,
the time between tendering/accepting of NOR will
be less if the vessel arrives before noon on working
day than if she arrives, for instance, the same day
but closer to noon. If NOR can be tendered on www
terms, the formalities take place during the «grace»
period between tendering of NOR and the beginning
of cargo handling. The impact of the terms that
include/exclude Sundays and holidays as laytime is
obvious. But the moment of the vessel’s arrival is
also important here — the vessel which arrived on
Friday evening, for instance, will spend more time
in port if the C/P fixed on SHEX terms than on
SHinc.

Thus, even under the same C/P terms, which
have a varying impact on the duration of time in
port, actual duration of the time in port varies and
is determined by the time of arrival of the vessel at
the port. The decisive factors are:

1)The arrival of the vessel at the port before
noon (b. n.) or afternoon (a. n.) which for NOR
terms determines the initial point for ty.;

2)The vessels staying in port during Sundays
and holidays which (under SHEXx in the C/P)
determines the tg, .

For estimating with reasonable certainty the
possible structure and duration of time in port, the
carrier must first assess the probability of the
vessel’s arrival at the port for cargo handling on
a particular day or even within the specified time
interval of a particular day. And this, in turn,
depends on the duration of the vessel’s previous
voyage and the duration of the vessel’s passage
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from the last port of call (port of loading) to the
port of loading (discharging).

Thus, the estimation of the vessel’s time in port
is based on a preliminary estimation of the duration

of the previous voyage and the vessel’s passage to
the port of loading/the duration of loading and
passage to the port of discharging.

Table 1
Structure of vessel's time in port considering on combination
of C/P terms and wordings
Combinations of Waiting NOR Formalities Cargo Sundays and Formalities
C/P terms determining time t,, acceptance time t; handling | Holidays toy time t;
the vessel's time in port time tyor (arrival) time tey (departure)
; - tyor incl ty | tyorinc t; ten tsy ts
w.d. : -
W an. _ tyor incl ty | tyorinc t; toy tsy ts
+ SHEX b.n. _ tyor incl t; | tyogrincl t; tey ts,, t
wle : -
an. - tyor incl t; | tyogrincl t; ton ts,, ty
b.n. - tyor incl ty | tyogrincl t; ton - ts
w.d. : -
W an. - tyor incl ty | tyorincl t; ton - ts
SHinc b.n. _ tyorincl ty | tyogincl t; tey - Ly
wle : -
an. - tyorincl ty | tyorincl t; ten - ts
b.n. - thor t; ten t t;
w.d.
free a.n. Ly tnor ty tey tsy Ly
pratique
+ SHEX b.n. Ly tnor Uy ten bk b
wie
a.n. Ly tnor L ten Ly Ly
b.n. - tyor ty tey - t;
w.d.
fr.ee a.n. tW tNOR t f tCH - t f
pratique
+ SHInc b.n. t, thor t tey - Uy
wie
a.n. tW tNOR t f tCH - t f

Mathematically, these temporal characteristics
are continually variable, and it is possible to
estimate the probabilities of one or another range
of their values given 1) knowledge of the type and
parameters of the distribution law of the above-
mentioned durations of voyage time elements;
2) the availability of reliable information on the
present position of the vessel.

A C/P is fixed usually both during the end of
cargo handling and the vessel's opening, and much
earlier. With significant time intervals between the
barging the C/P terms and the planned beginning
of the voyage, the assessing with a sufficient
degree of certainty of the indicated elements of
time is noted to be meaningless (and in this

situation one can only rely on average data). So we
consider three situations, in which it makes
practical sense to assess the probability of
a particular duration of the elements of the vessel’s
time in port (fig. 1):

1) reliable information on the vessel's opening
is known and it is required to estimate the
probability of the vessel’s passage to the port of
loading t, ;

2) reliable information is known about the
arrival of the vessel at the port of discharging in
the previous C/P and it is required to estimate the
probability of the duration of the vessel’s time in
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port of discharging in the previous voyage and the
vessel’s passage to the port of loading t ;

3)reliable information about the position of the
vessel on the passage to the port of discharging in
the previous C/P is known and it is required to
estimate the probability of the duration of the
vessel’s passage to the port of discharging, the
vessel’s time in the port of discharging in the

previous voyage and the vessel’s passage to the
port of loading t .

The identified above practical situations

determine three versions of the problem of
estimating the probability of the vessel arriving at

the port of loading in the time interval (t,,t,) The
assessment takes place at points A, B, C.

J‘I time

/

Fig. 1. Three situations, which are of practical sense to assess
the probability of a duration the voyage time elements

It seems appropriate, the solution to this
problem is associated with the determination of
deterministic and probabilistic components in the
structure oft,,t,, t; and further evaluation of the
probabilities of a certain range of values for the
second component. This approach is taken as the
basis for this study.

To authors opinion, the following formal

descriptions for t,,t/,t. are fair:

vty v

L
tV:=+AtV’ 1

v 1)
where L— the passage length (miles), V — the
average speed of the vessel on passage between
ports, varies between allowable speeds of the
vessel (miles/day).

. L . S .
In this case v is a deterministic value; At, is

a random component of the time intervalt,. The
sense At, — the additional time, which is formed

under the impact of a variety of factors of different
nature (in particular, these issues were considered
in [4]), for example:

1)weather conditions that lead to the need to
reduce the average speed at the transition or
increase the length of the passage (changes in the
route);

2)the need to wait in queue when passing
channels, straits (in particular, the Bosporus).
It should be noted that the expectation of the
passage of the Bosporus by vessels is an important
problem, especially in winter due to weather
conditions.

Authors express t; as follows

Q

DR

=ty +,=

(2)

+Atgy, +%+Atv :

where tg, =Mi+AtCH — the vessel's time in port
DR

of discharging in the previous voyage (days);
Q — cargo discharged (VN); Myz— discharging
rates  (MT/vessel/day); At,,— a random
component of the time in port of discharging in the
previous voyage which occurs, for instance, as
uncertainties in the duration of the formalities
procedure (days).
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t; formalized by authors as

*

* L *
ty=t,+t, = Vi +At,+

Q

*

« L x .
where tV=v+AtV — the time en route to the port

of discharging in the previous voyage (days); L —
voyage distance (miles), At,— a random
component of the time en route (days), takes place
being influenced by factors similar to At,

Thus, the assessment of the probability of the
vessel’s arrival at the port for the three situations
and the time points of the A, B, C assessment

DR

L
+Atey +v+Atv (3
P(t,<t, <t,) 4)
P(t, <t, <t,) (5)
P(t, <t] <t,) (6)

where (t,,t,) - the set time interval.
Considering the presence in the structure of t,,
t/,t7 deterministic and random components

vty

comes to (4)-(6): (4)-(6) are equivalent, respectively, to the
following expressions:
L L
P| t,-= <At, <t,-—= 7
(1 Y, v 2 Vj ( )
P| t,- Q -ismvmtmstz- Q i (8)
Mpr V Mpr V

+L . +U
p(tl- QLM py st < -0 -L_Lj ©

MDR \ DR Vv

In turn the problem of defining (7)-(9) is
reduced to the problem of determining

P(t'<At, <t"), (10)
P(t' <At,+Atg, <t"), (12)
P(t' < At, +Ate, +AL, <t"), (12)

where t' and t” are formed after the transformation
of the constraints in (7)-(9) considering the
deterministic components in the structure of t,,t!

vty
”
.

Thus, to calculate (10)-(12), it is necessary to
know the type and parameters of the distribution
laws of random components in the constraint
structure of the elements of the voyage time.

In studies of the probabilistic nature of the
voyage time and its elements (for instance, [4]) the
authors substantiate the validity of using the
normal distribution law for the mathematical
description of their behavior, in particular, the time
en route and time in port. The authors [4] studied

statistical data on the operation of bulk-carriers of
up to 25000 tons of deadweight in the Black Sea-
Mediterranean region. At the same time, the study
was not connected with the total duration of the
time en route or time in port, but with the study of
their individual components (the time required to
complete the formalities in the ports, the waiting
time for the vessels starting the lay time), which
essentially determine the probabilistic nature of the
consolidated elements of the voyage time.

This conclusion is valid considering the fact
that the speed of the vessel V and the cargo
handling rates M, for example, are not random
values, but are formed as a result of the
«purposefuly actions of the Master and the
stevedoring company, respectively. In this case,
due to, for example, weather conditions, the Master
may be forced to slow steaming for a certain
period of time, which is just a part of the At, or

At, random component of the time en route.
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In particular, as a result of statistical studies of
the time of port formalities (that is, in essence
At!)), the hypothesis about the normal distribution

law of this quantity was confirmed with a
sufficient degree of reliability. Fig. 2 shows the
result of testing the hypothesis of the normal
distribution law of waiting time for the beginning

of the laytime. Also, as a result of studies of the
vessel's time waiting for the beginning of the
counting of the lay time, the validity of using the

normal distribution law for At, was verified
(fig. 3).

“Wariable: port form alities and custom s clearance, D istribution: Nermal
Chi-Square test= 0,67719,df= 1 (adjusted}, p = 0,41058

4l 4
3 — .
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=
c
7
=]
£ 2 7
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=
g _
0 \
35 40 45 50 55 60 &5 70 75 &0 25 90 95 100 105 11,0 11,5120 1258
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Fig. 2. The results of testing the hypothesis of the normal distribution law
of waiting time for the beginning of the counting of the laytime
Wariable: waiting for the beginning of the lay time, Distribution: Normal
Chi-Square test = 0,82288, df = 2 {adjusted) , p =0,73230
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Fig. 3. The results of testing the hypothesis of the normal distribution law for At:
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According to the obtained results, the p-value
significantly exceeds 0.05 (usually the accepted
level for testing hypotheses), therefore, the
analyzed data do not contradict the normal

distribution law. The following quantile-quantile
graphs (Fig. 4) also provide visual confirmation
that the data under consideration do not contradict
the normal distribution law.

Quantile-Quantile Plot of port formalities and customs clearance

Distribution: Normal

port formalities and customs clearance = 8,3667+1,6459*x

0,01

0,05 0,10 0,25

0,50 0,75 0,90 0,95 0,99

Observed Value

-2,5 2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0 2,5
Theoretical Quantile
Quantile-Quantile Plot of waiting for the beginning of the lay time
Distribution: Normal
waiting for the beginning of the lay time = 6,1+1,6575*x
0,01 0,05 0,10 0,25 0,50 0,75 0,90 0,95 0,99
10 — . T T T . . T
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>
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Theoretical Quantile

Fig. 4. Quantile-quantile graphs for normal distribution law and searched statistical sample

The homogeneity of the initial information is
noted to be important for the «purity» of statistical
studies. Therefore, to obtain reliable information
on the distribution law parameters, it is necessary

to systemize the source data (for example, by
navigation regions, by season of work (summer,
winter, autumn-spring), by countries of ports of
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call) since in fact the behavior At,, At,, At, is
differentiated depending on the above factors.
Thus, the legitimacy of using the properties of
the normal distribution law for the numerical
estimate (10)-(12) is substantiated. Knowing the

parameters of the laws of the distribution of
random variables At, , At,, , At, :

(M 0, ) (13)

(Mag, Oy ). (14)

(15)

(M «,0 *j,
Atv Atv

M Aty

v

mathematical

where va , M

Aoy

expectations, standard

c c G .-
Aty Moy AC

\

deviations of the random value At,, Ate,, At,

considering their independence and the properties
of the composition of normal values authors obtain
equivalent to (10)-(12) expressions (16)-(18)

t"-M,, t-M,,
P(t'<At, <t")=0 L -0 v, (16)

O, O,

t"-(l\/lA M, ) t'-(MA M, )
P(L'< At +Atgy <t7)=0| — G || v L, (17)
\lomv Oy \jcmv Oy
( ) t”_(MA‘v +MA‘CH M, j tl_(MA‘v +MA‘CH M, j
P(t' <tg, +At, <t")=D vz - Y
2 | 2 2 2 | 2 2 : (18)
\/ O, Oy +6At: \/ O, "Ourgy, +6At:

2

where ®(x)= 24t is a Laplas function.

1 7-
—— e
2y,

If estimated at time points A, B, or C (Fig. 1)
the probability of a vessel arriving at a port at a
specified time interval is less than a specified value

0<p” <1, that is, it does not hold, respectively

P(t'<t,<t")>p or (19)
P(t'<tg, <t")=p’ or (20)
P(t'<t, +g, +t, <t")2p’ (21)

SO next, the time in port of loading under the C/P in
question should be estimated, taking into account
arrivals after the set time interval, and this
becomes the basis for the ship-owner to insist on
certain C/P terms regarding the time in port or
freight rate in order to ensure the required level of
the voyage efficiency.

As noted above, the time of arrival of the vessel
at the port of loading under the C/P in question
affects the structure and duration of the vessels
time in port, which naturally has a further effect on
the time of arrival of the vessel at the port of
discharging, which in turn affects the structure and
duration of the time in the port of discharging
(Fig. 5).

Thus, after conclusions on the basis of (19)-
(21) on the time of arrival of the vessel at the port
of loading, conclusions can be made regarding the
vessel’s time in port under loading t, , as well as
the probability of the vessel’s arrival at the port of
discharging at different time intervals (Fig. 5),
which also provides information on the probability
of the time under discharging t,, considering the

time of the vessel’s passage t' .

The basis of these conclusions is the reasoning
and formulas similar to those presented above,
regarding the time of arrival of the vessel at the

port of loading. Similarly, in the structure, t, ,tj\',

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/158478

46

© S. P. Onyshchenko, Y. A. Koskina, 2019


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/158478

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponerpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro TpaHcmnopty, 2019, Ne 1 (79)

EKCIUTYATAIIS TA PEMOHT 3ACOBIB TPAHCIIOPTY

ty, random components can be distinguished and,

using the information on the parameters of their
distribution laws, for a given probability, the
calculated values of the elements of the voyage
time for the C/P in question are obtained. In
particular, in [4], an approach to estimating a
possible increase in time en route and time in port
using the VAR method is presented and one can

components in the structure t, ,t),t, and get their
total values.
So it becomes possible to estimate the duration

of the voyage under the C/P in question:
tey =t ' +p (22)

that in turn becomes the basis for evaluating the
time-charter equivalent, as an indicator of the

take into account the influence of random o
efficiency of a voyage.
R T R >l
—e . L @ L >
F—é )'l I Pn_,_l )
S (@) (1) (45)

Pt <t, <t)7)

Fig. 5. The impact of the time of arrival of the vessel at the port of loading
at the time of arrival at the port of discharging in terms of «probabilities»

At the same time, this assessment will largely
correspond to the practice of the shipping business,
since in (18) the elements of the vessel's time in
port consider the specific structure and duration
depending on a) the C/P terms and their wordings;
b) the probability estimations of the vessel’s arrival
at the port of loading.

Originality and practical value

The authors have formed the structure of the
vessel’s time in port, based on the terms of the C/P
and their possible wordings, and established their
influence on the duration of the vessel’s time in the
ports under cargo handling. The estimation of the
probability of the vessel’s arrival at the ports of
loading and discharging at certain time intervals
has been completed considering the laytime terms
stipulated in the C/P, based on the current position

of the vessel. The obtained results can be used in
the practice of shipping companies in order to plan
the work of vessels on the carriage of goods, as
well as to ensure the effectiveness of the voyage
both at the negotiation on fixing and during the
voyage on the already fixed C/P.

Conclusions

To ensure the effective organization and
operation of the fleet for the carriage of goods, it is
important to estimate the time required to carry out
voyages. The results presented in this paper allow
us to solve tasks related to the operation of a vessel
on the terms of the voyage C/P, according to the
estimation of duration of the vessels time in port
under cargo handling, based on the terms and
wordings in the C/P.
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OIIHKA YACY IIPUBYTTA CYJHA B IIOPT

Mera. Crartst npucBsiYeHa OLIHII BIPOTAHOCTI NpUOYTTA CyZHAa B HOPT Yy IEBHI YacoBl IHTEpBaH
3 ypaxyBaHHSIM pi3HHX KOMOiHamiii ymoB peficoBoi uyaprep-maptii (Y/II) Ta 11X QOpMyIOBaHb.
Metoauka. ChopMOBaHO CTPYKTYpPY CTOSIHKOBOTO Hacy CyJHa B MOpPTY 3a pe3ynbraramu anaiizy ymoB Y/II ta ix
¢dopmyntoBanb. YacoBi iHTepBany, sIKi MOBHHHI aKTyaJbHO OLIHIOBATH Yac HPUOYTTS CyaHa, Oynu BHU3HA4YEHI Ha
IZCTaBl MMOJIOKEHb TEOpPii TPAHCIIOPTHHUX IMPOIECiB i cucTeM. [ OLIHKK BipOTiZHOCTI MPUOYTTS CyOHA B IOPT
y TI€BHI 9acOBi iHTEPBaJIN BUKOPHCTAaHO HOPMAaJIbHUH 3aKOH po3noairy. Pe3yabTaTu. BiporimHicts mpuOyTTs cyaHa
B mopT 3a posrmsHyroro Y/II nocmimkeHa Ui TPhOX HAWOUTBIN aKTyalnbHHX CHTyamid: 1) Bigomoro
€ Jara «BIOKPHUTTS» CyOHA; 2) BIIOMHM € Yac IpHUOYTTS CyZHA B HOPT PO3BaHTaKEHHS 3a momnepexnboro Y/IT,
3) BiZIOMOIO € TIO3WIIIA CyJHA HA TEPEXOii 3 TOPTY PO3BAHTaKCHHs 3a MOMEPEIHIM daprepoM. s IMX TPHOX
cUTYyarlii Oyso OLiHEeHO BipOTiAHICTh TPUBAIOCTI €IEMEHTIB Yacy BiJ JaTH «BIAKPUTTS» U IMOTOYHOI MO3UIII CyIHA
JI0 TIOPTY 3aBaHTaxeHHs 3a po3risiHyToto U/I1, ockinbku ymoBu U/I1 BH3HAuaroTh MOYATOK 1 TPUBAIICTH CTAIii.
HaykoBa HOBHM3Ha. Ymeple CTOSHKOBHH Yac CTPYKTYpOBaHO 3 ypaxyBaHHAM ymoB Y/II Ta X MOXIMBHX
(opMyJIIOBaHb, YCTAHOBIICHO iX BIUIMB Ha CTOSHKOBHM 4Yac 1 JIOCII/PKEHO BIPOTiJHICTH HMPUOYTTS CyAHA B IIEBHI
yacoBi inTepBanu. IlpakTuyna 3HauumicTb. OTpUMaHi pe3ysibTaTd MOXKHa BHUKOPHCTATH TiJl Yac IUIAHyBaHHS
peiicy (mig yac nepeMoBHH 11070 ykiaganHs Y/I1 i momanpIoro BUKOHAHHS peiicy) 3a paXyHOK OLIIHKH TPHUBAJIOCTI
CTOSHKOBOTO Hacy, 3 ypaxyBaHHSAM yMOB Ta ¢opmyiroBanb Y/I1 mono mouarky W TpuBanocTi craiii W uacy
mpuOYTTS CyIHA.

Knrouosi crosa: pelic cyiHa; CTOSHKOBHH 4Yac; peiicoBa yapTep-napTis; IUIaHyBaHHS percy
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OLEHKA BPEMEHU INPUBBITUA CY/ITHA B ITIOPT

Henb. CtaThs MOCBAIIEHA OIICHKE BEPOSTHOCTH NPHOBITHA CyAHA B TNOPT B ONpEAEICHHBIE BPEMEHHBIC
HHTEPBAIIBI C Y4ETOM pa3IHYHBIX KOMOMHAIMM yClloBHii peiicoBoii uaprep-naprtud (U/I1) u ux ¢GopMyIHpOBOK.
Mertoanka. ChopMupoBaHa CTPYKTypa CTOSTHOYHOTO BPEMEHH CyIHA B TIOPTY MO pe3yibTaTaM aHaIH3a YCIOBHUIM
YWII u ux popmynupoBok. BpeMeHHBIE WHTEpPBAIBI, KOTOPHIE JOJDKHBI aKTyalbHO OLCHHBATH BPEMs IMPHOBITHSL
cymHa, OBLIH YCTaHOBIICHBI HAa OCHOBAaHHH ITOJIOKCHHUN TEOPHH TPAHCIIOPTHBIX IPOIECCOB W CUCTEM. [ OIeHKH
BEPOSATHOCTH NPUOBITHS CyJHA B TIOPT B OIpE/ciCHHbIC BPEMEHHBIC HHTEPBAJBI HCIIOIB30BaH HOPMAJBHBIN 3aKOH
pacupeneneHus. Pe3yabrarhl. BeposTHOCTE MPHUOBITHS CyIHA B TIOPT MOTPY3KH MO paccMarpuaeMoit Y/I1 u3ydena
JUTSL TpeX Hamboliee aKTyalbHBIX CHTyaldid: 1) M3BECTHA JaTa «OTKPBITHSI» CY/AHA; 2) M3BECTHO BPEMsl MPHOBITHS
Cy[IHa B TIOPT BBITPY3KHU 10 mpeasiaymemy Y/I1; 3) u3BecTHa Mo3UIMS CyIHA Ha MEpeXoje U3 MopTa BHITPY3KH IO
mpesaymeMy daprepy. s 3THX Tpex CHUTyaluil Obula OIleHEHA BEPOATHOCTH MPOJOJDKHTEIBHOCTH 3JIEMEHTOB
BPEMEHHU OT AAThl «OTKPBITUS» M TEKYILEH MO3UIIMU JI0 TOpTa MOTpy3KHu 1o paccMarpuaeMoi Y/II, T. k. ycnoBus
Y/II ompenenstoT Havalo U MPOJODKUTENBHOCTh cranuu. HayuyHast HoBM3Ha. BriepBele CTOSHOUHOE Bpems
CTPYKTYpHpPOBaHO ¢ y4eroM ycioBuii Y/Il m MX BO3MOXKHBIX ()OPMYJIMPOBOK, YCTAHOBJICHO HX BIIMSIHAE Ha
CTOSIHOYHOE BpeMsi M HCCIEIOBaHAa BEPOATHOCTh MPHUOBITHS CYIOHA B OIpPEICIICHHBIC BPEMEHHBIC WHTEPBAIIBL.
[pakTuyeckasi 3HAYNMOCTb. [loTydeHHBIE Pe3ylbTaThl MOTYT OBITH WCHOJB30BAaHBI B IUIAHUPOBAHWUHU pelica
(B mpouecce mneperoBopoB 1o 3akirodeHnto Y/I1 um mocnenyromiero BBIOJHEHHS peiica) 3a CUET OLECHKH
NIPOJIOJDKUTENFHOCTH  CTOSSHOYHOTO  BpEMEHHM, ¢ YydeToM ycioBud W ¢opmyiupoBok Y/ mo Havamy
Y TIPOJIOJDKUTEIFHOCTH CTAIMU ¥ BPEMEHH NMPUOBITHS CYIHA.

Kntouegule crosa: peiic cyqHa; CTOSHOYHOE BpeMs, peiicoBas yapTep-napTus; IIIaHUPOBaHHE pelica

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/158478 © S. P. Onyshchenko, Y. A. Koskina, 2019

49


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/158478
mailto:onyshenko@gmail.com
mailto:yuliia.koskina@ukr.net

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayka Ta nporpec Tpancrnopty. BicHuk J{HIIpOneTpoBCbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro TpaHcmnopty, 2019, Ne 1 (79)

EKCIUTYATAIIS TA PEMOHT 3ACOBIB TPAHCIIOPTY

11.

12.

13.

14,

15.

16.

17.

18.

REFERENCES

Lapkin, O. I, Onyshenko, S. P., & Koskina, Y. O. (2017). Teoriia i praktyka frakhtovykh operatsii:
monohrafiia. Odesa: Kupriienko S. V. (in Ukrainian)

Nikolaeva, L. (2004). Kommercheskaya ehkspluatatsiya sudna. Odessa: Feniks. (in Russian)

Onyshchenko, S. P., & Koskina, Y. O. (2015). Research of the effect of terms and conditions of an offer on
successful conclusion of the freight transaction. Eastern-European Journal of Enterprise Technologies,
6(3(78), 25-32. doi: 10.15587/1729-4061.2015.55738 (in Ukrainian)

Onishchenko, S. P., & Vishnevskaya, O. D. (2016). Assessment method for deviation of the work's results for
vessel under the influence of risk factors. Bulletin of NTU «KhPl». Series: Mechanical-technological systems
and complexes, 7(1179), 25-32. (in Russian)

Davies, D. (2014). Commencement of Laytime. London: Informa Law from Routledge.
doi: 10.4324/9780203714973 (in English)

Devanney, J. W. (2010). The Impact of Bunker Price on VLCC Spot Rates. Retrieved from
http://www.cdtx.org/pub/vicc_rates.pdf (in English)

Fagerholt, K., & Ronen, D. (2013). Bulk ship routing and scheduling: solving practical problems may provide
better results. Maritime Policy & Management, 40(1), 48-64. doi: 10.1080/03088839.2012.744481 (in English)
Kim, J.-G., Kim, H.-J.,, & Lee, P. T.-W. (2014). Optimizing ship speed to minimize fuel consumption.
Transportation Letters, 6(3), 109-117. doi: 10.1179/1942787514y.0000000016 (in English)

Lopez, N. J. (1992). Bes Chartering and Shipping Terms. London: Baker & Howard Ltd. (in English)

Walther, L., Rizvanolli, A., Wendebourg, M., & Jahn, C. (2016). Modeling and Optimization Algorithms in
Ship Weather Routing. International Journal of e-Navigation and Maritime Economy, 4, 31-45.
doi: 10.1016/j.enavi.2016.06.004 (in English)

Norstad, I., Fagerholt, K., & Laporte, G. (2011). Tramp ship routing and scheduling with speed optimization.
Transportation Research. Part C: Emerging Technologies, 19(5), 853-865. doi: 10.1016/j.trc.2010.05.001 (in
English)

Pagonis, T. (2009). Chartering practice handbook. Athens: Dimelos Publications. (in English)

Plomaritou, E., & Papadopoulos, A. (2017). Shipbrokering and Chartering Practice. London: Infroma Law
from Routledge. (in English)

Psaraftis, H. N., & Kontovas, C. A. (2014). Ship speed optimization: Concepts, models and combined speed-
routing scenarios.  Transportation Research. Part C: Emerging Technologies, 44, 52-69.
doi: 10.1016/j.trc.2014.03.001 (in English)

Ronen, D. (1982). The Effect of Oil Price on the Optimal Speed of Ships. The Journal of the Operational
Research Society, 33(11), 1035-1040. doi: 10.2307/2581518 (in English)

Schofield, J. (2015). Laytime and Demurrage. London: Informa Law from Routledge.
doi: 10.4324/9781315689470 (in English)

Tsoudis, G. N. (2015). The Shipbroker's Working Knowledge: Dry Cargo Chartering in Practice. London:
AKAKIA Publications. (in English)

Cooke, J., Young, T., Ashcroft, M., Taylor, A., Kimball, J., Martowski, D., ... Sturley, M. (2014). Voyage
Charters. London: Informa Law from Routledge. (in English)

Received: Sep. 10, 2018
Accepted: Jan. 18, 2019

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/158478 © S. P. Onyshchenko, Y. A. Koskina, 2019

50


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/158478
https://www.goodreads.com/author/show/2474829.Donald_Davies
http://www.c4tx.org/pub/vlcc_rates.pdf
https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=George+N+Tsoudis&search-alias=books&field-author=George+N+Tsoudis&sort=relevancerank

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

Hayxka Ta nporpec TpancrnopTy. BicHux J[HinponeTpoBcskoro
HaLliOHAJBHOTO YHIBEPCHTETY 3alli3HHYHOTO TpaHcnopTy, 2019, Ne 1 (79)

SAJIIBHUYHA KOJIISA TA ABTOMOBIJIBHI TOPOI'!

VK 625.112:625.033.3

M. B. KYPT'AH?, 1. M. KYPT'AH?", M. 10. BPAYKHUKS, J1. J1. KOBAJIbCbKUIT*

Kad. «IIpoexTyBaHHs i 6YTiBHAITBO JOPir», J{HIMPOBCHKHI HAIIOHATEHUI YHIBEPCUTET 3aTi3HUYHOTO TPAHCTIOPTY iMEHi aKa-
nemika B. Jlazapsina, Byi1. Jlazapsina, 2, Juinpo, Ykpaina, 49010, Ten. +38 (056) 373 15 48, en. nomra kunibor@gmail.com,
ORCID 0000-0002-8182-7709

Z*Kad. «Komis Ta xosiiine rocrnoaapcTso», JHINpOBChKMIi HAIOHATBHHUI YHIBEPCHTET 3ali3HUYHOIO TPAHCIIOPTY iMEHi aKase-
Mmika B. Jlazapsiaa, Byn. Jlazapsia, 2, Jlninpo, Ykpaina, 49010, Ten. +38 (056) 373 15 42, en. nomra kurhan.d@gmail.com,
ORCID 0000-0002-9448-5269

SKa¢. «Komnis Ta koJiliHe rocnoaapcTso», JHINpOBChKUIA HAllIOHAIBHUN YHIBEPCHTET 3ali3HUYHOIO TPAHCIIOPTY IMEHi aKaaeMi-
ka B. Jlazapsina, Byi. Jlazapsina, 2, Juinpo, Ykpaina, 49010, ten. +38 (056) 373 15 42, ein. momrra Xpunkxxx@gmail.com,
ORCID 0000-0003-0670-8475

“Kag. «Kois Ta KomniifHe TocrnofapcTBoy», JJHINPOBCHKHIT HAIliOHABHHII YHIBEPCUTET 3aJ1i3HMYHOTO TPAHCTIOPTY iMEHi aKaIeMi-
ka B. Jlazapsina, Byi. Jlazapsina, 2, Jlninpo, Ykpaina, 49010, ten. +38 (056) 373 15 42, ein. nomrra kvalskyid@gmail.com,
ORCID 0000-0002-0247-2074

OCOBJINBOCTI HAIIPYKEHO-IE®OPMOBAHOI'O CTAHY
CYMIIIEHOI 3AJII3BHUYHOI KOJIII

Meta. MOXIHBOCTI 3aJi3HUYHOTO TPaHCIIOPTY JJIs OpraHizalii mepeBe3eHb MK Aep)kaBaMu €BpPONEHCHKOTO
Coro3y # YKpaiHH BUKOPUCTOBYIOTh HE MOBHOIO MIpOIO, OCKUJIBKH € HHU3Ka TEXHIYHUX HECYMICHOCTEH TpaHCIOPT-
HHUX CHUCTEM, a CaMe: HIMPUHA KOJIii, XapaKTePUCTHKH PyXOMOTO CKJIajy, Halpyra B KOHTaKTHIH Mepexi, rabaputu
touo. OHUM i3 BapiaHTIB OopraHizaiii TpaHCIOPTYBaHHs BaHTAXIB y MIKHAPOJHOMY CIIOJYUEHHI € BUKOPHCTAHHS
cymimenoi komii 1 435/1 520 mm. MeToro 1i€i po6OTH € aHai3 0COOIUBOCTEN HANpPYKEHO-1e(hOPMOBAHOTO CTAHY
CyMIIIeHOT KOHCTPYKIIT KOJIii, TIepIll 3a Bce 3MiH Yy pOOOTI MiAMIITaIbHOT OCHOBH BHACIHIOK 3aCTOCYBAaHHS CITCIliallb-
HOT KOHCTPYKLIi 3aJ1i300€TOHHOI IIMaId 3 0OJHOYACHHM KPIIUICHHAM YOTHPHOX PEHKOBHX HHTOK. Meroguka. s
BHU3HAYCHHS HANPYKEHb y 0allaCTHOMY IIapi IniJ| mmajamMu O0yro oOpaHO MPOCTOPOBY MOAETHh AMHAMIYHUX aedop-
MaIliif 3aJIi3HAYHOT KOJIii Ha OCHOBI Teopil Mpy>KHOCTI. PO3rIsHYTO pyX IO 3aJIi3HUYHINA KOJil 3BUYaifHOT KOHCTPYK-
uii (31 mmanxamu [1-1-1), B39TOI sIK €TaJIOH, 1 IO KOJIT IS CYyMIIIEHOTO PYXY, BIAMIHHOI BiJl €TaJIOHHOI 3aCTOCYBaH-
HsaM mmnan tuny HI2C-1. OcHOBHI pe3ynbTaTH pO3paxyHKIB CKJIANINM MAaTPULI HANpPYKeHb Y MiJIINalbHIi OCHOBI.
Pe3yabraTn. AHani3 pe3ynbTaTiB MOAEIIOBaHHS HANPY)KEHb Y Mi/IINIaJIbHIA OCHOBI CyMIlIIEHOT KOJIIT He TMoKa3aB ix
301IIbILIEHHS 32 a0CONIOTHUMU 3HAYECHHSIMH, ajie BUSBUB LIMKJIIYHY 3MIHY MOKJIMBUX HAIpSMKIB JieBialii 4acTok 0a-
JIaCTy 3a HasBHOCTI MEPeIyMOB O BUHHUKHEHHs HENPYXXKHUX jAedopmaliiii y OanactHoMy mapi. Takuii HanpyxeHo-
nedopMoBaHHil CTaH IMiANINAIBHOI OCHOBH, y CBOKO Yepry, MOXKE IPU3BECTH JO BUHUKHEHHS JeopMaliii y nmnanax
1 MOTIipIIEHHsI 3araabHoi reoMeTpii koiil. HaykoBa HoBH3HA. Y poOOTI HAOYJIU MOJANBIIOrO PO3BUTKY 3a/1a4i MO-
JICTFOBAHHS B3a€MOJIi KOJIIT i PyXOMOTO CKIIaJy, 30KpeMa Uil BU3HAUYCHHS HaIPyKEeHO-1e(pOpMOBAHOTO CTaHy ITi-
JmnanbHoi ocHOBH cyminieHoi kouii. [lpakTuuna 3HaunMicTs. OTpUMaHi pe3ynbTaTd MOXYTb OyTH BUKOPHUCTaHI
i1 4ac BM3HAYEHHS TEPMiHIB PEMOHTHHX POOIT JUI AUITHOK 3 CYMIIIEHOIO KOHCTPYKII€I0 KOJii, 0OTpyHTYBaHHS
HEOOXiTHOTO piBHS YIIUIGHEHHS ©Oamacty ¥ JOLIIBHOCTI 3acTOCYBaHHS TeOpemlToKk abo cHemialbHUX
3B’SI3yBaJIbHUX PEUOBHH.

Knrouosi cnosa: MixHapOJIHI 3aTi3HHYHI IEPEBE3CHHS;, 3aIi3HIYHA KOJIisl; CyMillleHa KOJIisl; IIUpUHA KOJIii; B3a-
€MOJTisl KOJIiT i pyXOMOTO CKJIaay; 6amact
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Beryn

3aBAsiKu CBOEMY TeorpadpivHOMY MOJOKEHHIO
Ta pO3BHUHEHIN TpaHCIOPTHIN 1HPpacTpyKTYypi YK-
paiHa Mae 3HaYHMH MOTEHIIian y pO3BUTKY BaHTa-
XKHHX IIepEeBE3CHb, 30KpeMa B MDXHAPOIHOMY CIIO-
JMy4eHH] K KpaiHa-TpaH3UTEp y JOTICTHIHOMY Jia-
HIIOTY TOBapooOMiHy Mix A3i€to Ta €BpOIoL0.

ExoHomika YkpaiHu 3a1eKuTh BiJl €EKTUBHO-
IO TPAaHCIOPTYBAaHHs HABAJIOYHUX 1 HACUIIHUX Ba-
HTaXIB, TaKWX SK BYTUUIL, 3ali3Ha pyJa, CTallb,
3€pHO, a IX Ha JaJieKi BiJICTaHi HAHOUIBII BUTiTHO
TIEPEBO3UTH 3aJII3HALICIO. Y CIIIIHE peopMyBaHHS
Ta PecTPYKTypu3amis YKp3aJi3HUIl Oyae BaXKITH-
BOIO YaCTHHOIO MaHOYTHIX YKpPaiHCBKHX €KOHOMi-
yHUX pedopm [16].

Yrozaa npo acomiariito Mixk YkpaiHowo Ta €Bpo-
neiicekuM Cotro3om [9], HamionaneHa TpaHcmopT-
Ha cTpareris Ykpainu Ha nepiox g0 2030 poky [7]
BH3HAYAIOTh HAIPSIME TOJIMIICHHS SIKOCTI TpaHC-
MOPTHUX TOCIHYT, NepeadadaroTh HAOIMKEHHS pi-
BHS iX HaJaHHS ¥ PO3BUTKY iHQPACTPYKTYypH MO
€BPONENCHKUX CTaHAAPTIB, IMiJBUIICHHS PIiBHI
Oe3meky Ta 3MEHILEHHS HEraTUBHOTO BIUIMBY Ha
JOBKIJUIAL.

Peanizanisn Ctparerii J03BOJIUTH OTPUMATH BU-
COKOTEXHOJIOTIYHY TPaHCIIOPTHY CHUCTEMY, B SAKii
Oyze po30yIoBaHa KJIFOYOBA TPAHCIIOPTHA MEpeka
(core network) i 3abesmeuena ii ekcriyarariiina
CYMIiCHICTh (iHTEpOIepaOeNbHICTh) i3 MYyIBTHMO-
JATBHOI0 MDKHAPOJHOI W TpaHC’ €BPONEHCHKOIO
TpancnoptHoo Mepexeto TEN-T, y tomy wywmcni
3a;mizHU4YHOI Mepexero komii 1435 mm. Hacnmig-
KOM CTaHyTb MacOBi PETYJIApHI NepeBe3eHHs KOH-
TeHHEpIB Ta IHIIMX BaHTaXIiB MYJbTHMOAATBHAM
TPAHCIOPTOM, 30KpeMa W y TPaH3UTHOMY CHOJY-
4yeHHi €Bpona — A3isl.

[Mpuennanas YkpaiHu 10 MIKHapOJHUX KOH-
BEHIIIH y rajy3i 3aJi3HWYHOIO TPAHCIOPTY CTBO-
PIO€ MepeayMOBH JUIS CHPOLICHHS IIEPEBIPKU BaH-
TaXXiB Ha KOPAOHAX, 110, Y CBOIO YEPTy, JO3BOJISIE
MPUCKOPUTH JIOCTABKY 1 B IIUIOMY BUHTH Ha OLIbII
SKICHUH piBeHb CHIJILHOI poOOTH.

Hapasi MoIMBOCTI 3a1i3HUYHOTO TPAHCHIOPTY
JUIsL OpraHi3aiiii rnmepeBe3eHb MK JepkaBamu €B-
pometicekoro Coro3y i YKpaiHu BUKOPHCTOBYIOTH
HE TOBHOIO MIpOI0, OCKIJIbKM € HHU3Ka TEXHIYHHX
HECYMICHOCTEH TpPaHCIIOPTHUX CHCTEM, a caMe:
NIMPHUHA KOJIiT, XapaKTEPUCTHKH PYyXOMOTO CKJIaay,
Hampyra B KOHTaKTHIH Mepexi, rabapuTd TOIIO
[13].

Jo Hamoro 3axiHOTO KOPAOHY e KOJis
1520 MM, a B €Bpomi — 1 435 mM. Ykpaina He mie-
pIma neprxaBa, SKii TOBOJUTHCS BHPIIIYBATH IPO-
OJleMy CYMICHOCTI JBOX TEXHIYHHUX PETJIAMEHTIB
[3, 10, 20]. Tak, y po6orti [3] 3p0o6sieHO BUCHOBOK,
IO BIPOBA/DKEHHS IHTEPMOJAIBHHUX IEPEBE3CHD
3 Ykpainu 10 €C A03BOJUTH CKOPOTUTH BUTPATH
Ha JIOTICTUKY TPaHCHOPTYBAaHHS BAaHTaXIiB 3aii3-
HUILICI0, 3MEHIINTH JDKEpeNna PU3HUKY IUIIXOM BH-
KOPHCTaHHS OibI 0€3MeYHOro TPaHCIOPTY, 3HU-
3UTH BTPATH i MOIIKO)KEHHS BaHTAXiB, MPHCKO-
puTH 00ir 00OPOTHOTO KaITiTaly, MiIBUIIATH ede-
KTUBHICTh BarOHHOTO MapKy, CTBOPUTH CIIPUSATIIH-
Bi YMOBH UIsl KOPHCTYBayiB 3aJIi3HWYHUX TPaHC-
MOPTHHX ITOCIYT.

AHaii3 cioco0iB oprasi3arii TpaHCIOPTYBaHHS
BaHTaXIB y MDXXKHAPOJAHOMY CIIOJIyYeHHI 3 KpaiHa-
Mu €BpoCoIO3y IMOKa3zaB, IO peaiizaiii MOXyTh
miisraty taki Bapiantu [14]:

— MEpeBaHTAKCHHS BaHTAXIB, y TOMY 4YHCIi
B KOHTEWHepax, 13 pyXOMOro CKIaay Kouii
1 520 MM Ha pyxommii ckian koumii 1 435 mw;

— 3aMiHa BI3KIB y MyHKTax IEPECTAHOBKH Ba-
TOHIB MiJ] Yac Tepexoy CTUKIB KOJIii pi3HOTO cTa-
HAAPTY;

— 3aCTOCYBaHHS  CIICIIaJbHOTO  PYyXOMOTO
CKJIay, 00JalHAaHOTO Bi3KaMH 3 PO3CYBHUMH KO-
JICHAMH TTapaMHu;

— nponxoxkenHsa komi 1 520 MM Bixg KopmoHiB
VYkpainu Ha TepuTopito €Bpony;

— npoxorxeHHs komii 1435 MM Big KOpIOHIB
€Bponu Ha TepuTopito YKpainu,

— BUKOPHCTaHHS CyMilIeHOi
1 435/1 520 mm.

[Tig "yac posrisgaHHs OCTAaHHBOTO 3 HABEJIEHUX
BapiaHTIB OJHUM i3 NMPIOPUTETHUX MPOEKTIB MOXKE
OyTu eBpokoiist »Cyxuii mopt» (Moctuceka — Po-
natudi). [Ipoekt nependayae poO3BUTOK 3ajli3HUY-
HOI 1H(pacTpyKTypu 3 OYIiBHHUIITBA CYMIIIEHOT
komii 14351 1520 MM Ha ginesHUII Moctucbka-1
— Pomaruui JIbBiBchKOT 0OsacTi. OpieHTOBHA Bap-
TicTh npoekTy — 11 mMiH eBpo. Tepmin peanizawmii —
2020-2022 poku. HinsHka 3amizHu4uHOi Koutii Moc-
TUChKa — JIBBIB BXOJIUTH 10 KpUTCHKOrO MiXKHapo-
nHOro TpaHcmoptHoro kopumopy Ne 3 (Bepmin —
Bpounas — JIeBiB — KuiB). Lst ninsHka aBokosiid-
Ha, 3 mHMpuHOo0 Komii 1 520 mM. OxHa 3 KO cy-
MimeHa 3 komieo 1435 mm, 10 90-x pokiB — 10
cranmii Pomatmui (mpoTspkHicTh 42 KM), Ha el
gac — 110 ct. Moctuceka-1 (puc. 1).

Kol
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Mepem
Puc. 1. 3anizununa ainsaka [lepemunuis — JIbBiB
Fig. 1. The railroad section Przemys| — Lviv

[IpuknagoM BUKOPHCTaHHA CYMIIEHOI KOJIii
€ mibkaapoauuit mpoekt «Rail Baltica», peamizosa-
HUH Big nepkaBHOTO KOopaoHy Jlutsu it [lompmii go
Kaynaca. Ha minsumi 3amizuuii «Rail Baltica» go-
BxHHOIO 120 kM Oyna mpokjazeHa HOBa KOJisl €B-
porelickkoro ctaHmapry (mmpuHow 1435 mm),
a Mopy4 i3 HEK OHOBJICHA 3aJII3HUYHA JIiHIS 3 IIH-
puHoro komii 1 520 mM. Ha HOBIl Tpaci ykiIaaeHo
233 KM HOBUX pEHOK HJs KON IMUPHUHOIO
1435 i 1520 MM, BKIIIOYAIOUW MApKHA KONIA Ha
CTaHIIiSIX, OHOBJICHO 1H(PACTPYKTYPY 3aTi3HUYHUX
IHKEHEpHUX MEpeX, DPEKOHCTPYHOBAaHO CTaHIIl

(puc. 2).

Puc. 2. CymiiieHa KoJIist Ha AUISHIT
HIstrokait —Mormkasa [17]

Fig. 2. The dual gauge
on the Shiashtokay-Mozkawa section [17]

VY xoBTHI 2015 poky Oyno 3aBepmieHO yKia-
JIaHHS TePIIOi TUISTHKH 3ali3HuIl, a 13 17 4epBHs
2016 poky po3MoYaTo perysipHe MacaKHPCHKE
cnonyueHHst 3 Kaynaca (JlutBa) nmo bimocroka
(ITostpma).

[MpuBabmuBuM Mir ©OWM CTaTH TPOEKT 3i
3’€¢IHAHHS SK MIHIMYM JIBOX MiJITHOK KOMOiHOBa-
HO{ KOJii 3 MOJaNbIIMM CTBOPEHHSIM 1HTEPMOJalIb-
Horo xa0y. Hampukian, MoxHa Oyino 06 moeaHatu
€BpOTIEHChKOI0 KOJieto MykadeBo Ta MocTuChbka
(6mm3bko 300 kM), moOyayBaBmy y JIbBOBI Benu-

kil mepeBaniounuidt xab. [IpupomHo, 1o Takoro
pony TUTAaHW BUMAraloTh 3aTy9€HHS 1HO3EeMHHX iH-
BECTHLIH.

SckpaBuM 3pa3koM Xaly MOXKeE CITy>KUTH CIIO-
Baupkuii TepmiHan «/{oOpa», skuii i3 2008 poky
nepe0yBa€e B TOBTOCTPOKOBIH OpEH/II Y pOCIHCHKO-
ro BAT «Tpanckonteiinepy». Came 3aBASKH pOCiii-
CHKHM 1HBECTHIIISIM 1 BaHTa)KaM TEPMiHAJ Bijirpae
KJIIOYOBY POJIb Y PO3BUTKY KOHTEHHEPHUX IIE€peBe-
3eHp Ha V eBpokopuaopi (Itamis — CroBenis —
VYropmuna — CnoBayunHa — Ykpaina — Pocis).

VYkpaina Mae moaiOHOTOo poay TepMmiHan y 3a-
kapmnatti. e B 1998 pomi B Yomi Oyno cTBOpeHO
tepminan «Kapnatu», BHpPOOHWYI TMOTYKHOCTI
SIKOTO 3HAXOZAThCS O By3NOBOi cTaHmii baTko-
Bo. O/1HaK BiH SIBHO MPOTPAE CBOEMY CIIOBAIIBKOMY
KOHKYPEHTY 1 BUMAarae rmojaiblioro po3BHTKY.

Kpim Toro, VYkpaima # [lonpma wmormu
0 00’emHATH 3yCHUIUISA Y CTBOPEHHI CHIUIBHOTO iHTE-
PMOJIAIBHOTO TEPMiHATY 3 TEPEBAJIKH BAHTAXKIB
1 3a0€3[eYnTy TaKUM YMHOM HaIIMHUM BaHTaXKO-
ITOTOKOM CBOi KoMOiHOBaHi (y Bunaaky [lompmmi —
IIUPOKOKOJIiIHI) 3ai3HUYHI JiHi1.

Croromni Ha JIbBIBCBKilM 3ami3HMII cymapHa
noBxuHa cymimenoi komii (1 520 1 1 435 mm) cra-
HOBUTB O13bK0 150 kM (puc. 3).

Puc. 3. JlinsiHka cymimieHol peikoBoi KoJIii
152011435mm

Fig. 3. The section of the dual rail gauge is
1520 and 1 435 mm

Meta

3BakarouM Ha BUINEBUKIAJCHE, METOKO IIi€i po-
00T € aHaji3 OcOOJMBOCTEH  HaNpyKeHO-
neopMOBaHOIO CTaHy CyMIIICHOI KOHCTpPYKIIii
KoJIii, IIepl 3a Bce 3MiH Y poOOTI HiIIMIIaabHOT
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OCHOBHM BHACTIJIOK 3aCTOCYBaHHS CIelialbHOI
KOHCTPYKIIii 3a1i300€TOHHOT MITIaNH 3 OAHOYACHUM
KPIIJIEHHSM YOTHPHOX PEHKOBUX HUTOK.

MeToauka

OpHUM 3 OCHOBHUX HEJIOJIKIB CYyMIMIEHOT KOl
€ Te, 10 BOHA MOTpedye po3B’SI30K 1 00X0MIB PO3-
JINBHUX TYHKTIB Yepe3 HEOOXiJHICTh YKIIAJaHHS
CTpUIOYHMX TmepeBoAiB HopManbHOI (1520 Mm)
i eBponeticekoi (1 435 MM) KoIIiii, 110 TIPHU3BOIUTE
JI0 3HIDKCHHS IIBUAKOCTI pyXy MOi3MiB MiJ Hac
MPOXOKCHHS CTAHIIIH.

3apa3 y gdochimHIA ekcrumyararii mepeOyBae
crpimounuii nepesin JH-410 tumy UIC60 mapku
1/11 xkomii 1435 mm, Ha &epeB’sHUX Opycax,
3 XpECTOBMHOIO 3 NMPHBAPHUMHU PEHKOBUMH 3aKiH-
yeHHssMHA. OcOOJIMBOCTI KOHCTPYKIIii: TOJOBXKEH1
THYYKi TOCTPSIKM OBXKUHOIO 12 115 MM i3 xoper-
KUM 3allleMJICHHSIM y KOpEeHi; KpUBOJIHIHHUK roc-
TPAK JOTHYHOTO THUIy 3 PaalycoM KPHBU3HH
300 M, 110 MmoJINIIy€e YMOBH BIIUCYBAaHHS PyXOMO-
T0o CKJIaJy; PO3piIKeHa emopa Mali; XpecTOBHHA-
MOHOOJIOK 13 TIPUBapHUMHU PEUKOBHMH 3aKiHUCH-
HAMH, 10 BHUKIIOYAa€ YTBOPEHHSA Je(eKTiB
AY.12.5, 1y .22.51 J1C10.1.

Crpinounuit nepesin npoekty Ju-410 yknane-
HO y TpaBHi 2005 poky Ha I romosHiit xomii cT. Ko-
CUHH perioHanbHOI ¢inmii «JIpBiBChKaA 3aTi3HHI

(puc. 4).

Puc. 4. Ilo npsmomy HanpsiMKy Kodist 1 435 mm,
1o 6okoBomy — 1 520 mm

Fig. 4. In the forward direction the track is 1 435 mm,
in the side one — 1 520 mm

VY Bepecni 2017 poky CcTpiIOYHHH TepeBig
mpoekty [{H-410 Gymo oOcTekeHO i BCTAHOBIEHO
HACTYIIHE! BaHTa)KOHATPY)KEHICTh -
0,05 muH T-KM Op./KM 32 piK, MPOMYIIEHNI TOHHAX
— 8,9 MiH T-KM Op./KM 32 piK, IBUJAKICTh PYXY IO
mpsIMOMYy HampsMKy 60 km/rox, o OOKOBOMY —
25 xm/rop.

Jo cTuky paMHUX PEHOK CTPIIOYHOTO MEepPeBo-
Iy TpUMHKAOTh peiikn tumy P50, mo 3amgHbOTO
CTHKY XPECTOBMHHU — pelku tumy P65. ¥V 3B’s3ky
3 THM, L0 CyMillleHa KOJis BKJIaJeHa Ha 3aizo0e-
TOHHHX IIMajax Juia 3a0e3rnedeHHs il piBHOMPYX-
HOCTi, HEOOXiTHO TEPeHTH M0 YKJIaJaHHS TaKuX
CTPLIOYHUX TEPEBOAIB Ha 3a1i300€TOHHUX Opycax.

VY mucromazni 2001 poky Ha minsHI batpoBo —
Kocuan (2-11-mit kM) Oyi0 yKIIageHO CyMIIeHY
Kouito, a B 6epe3ni 2004 poxy MOKIafeHo PeHKoBi
wiiti [1]. YV BepecHi 2017 poky KonieoOcTexyBa-
meHa craHmis [IC-1 ¢imi /3] nposema obcTe-
JKEHHS JUISHKYA CYMIIIEHOI 3aJIi3HUYHOI KOJIii Ha
3amizobetonnnx mmanax 2C-1  mgoBkuHOIO
2 850 MM Ta nipyxHUM cKpirmeHas M tumy KITT-5.

Mmamm HI2C-1 MaroTe crierianbHy KOHCTPYK-
IO, IO J1a€ 3MOTYy OOMUpPaHHSA YOTUPHOM PEHKO-
BHUM HUTKaM, puc. 5. Takuii TUI 1IMan peKoOMeH10-
BaHO «TexHIYHIMH BUMOTaMH 10 KOHCTPYKIIi 3a-
nmizo0eToHHMX mman cymimenoi komii 1520 mm
i 1435 mm», mo 3arBepmkeHi komiciero OCXK]]
(Opranu3zanusi COTPYAHHYECTBA HKEIE3HBIX JIOPOT)
[8].

B Vkpaini mmanu II2C-1 Buroromnse [TAT
«KopocTeHCchkHll 3aBOJ 3aJ1i300€TOHHUX IIIIAI»,
IO CIEMiai3yeThcss Ha BUTOTOBIIEHHI 3alizo0e-
TOHHUX TOMEpPEAHbO-HANPYKEHUX MMai i OpyciB
CTPUTOYHUX TIEPEBOIB JUIS 3AUTI3HUYHOT Kouii [4].

, 1520 ,
- |

1435
2850

Puc. 5. 3amizo6eronna mmana [112C-1 s cymimeHoi
KOHCTPYKIIi Kouii

Fig. 5. Reinforced sleeper II12C-1 for the dual gauge
structure

XapakTepucThKa OOCTEKEHOI MUISHKHA KOJil
3BesieHa B Ta0. 1.
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Tabnuus 1

XapakTepuCcTHKA JUJISIHKH cyMillleHol
3a1i3HUYHOI KOl

Table 1
Characteristics of the section
of the dual railway gauge
Mupuna IIponymennit IBuaxicTs,
KOJIi1, MM TOHHAX, MITH KM/TOZL
TOHH OpYTTO (mac./BaHT.)
1520 77,9 80/70
1435 15,75 80/80

VY xomi oOcTeXeHHS BCTaHOBIICGHO HACTYITHE:
BIJICTaHb MIXK OCAMH IIMaj 3HAXOIUTHCSA B Jiara-
30H1 630—700 MM, mUpUHA KOJIT — Yy MeXax JOMy-
CKiB, YTOHY TUTITEHl 0€3CTUKOBOI KOJii IO BCiX 4O-
TAPHOX HUTKAX HA JaHii JIISHII HEMAE.

3rifHO0 31 CIOCTEPEKCHHSIMU 33 CYMIIICHOIO
KOJIi€r0, HAa OKpeMHX MisSHKaX Ha mmanax [2C-1
Yy 30HI aHKEpIiB CIOCTEPITalOThCS TPIIIUHU SK Ha
xoumii 1 435 MM, Tak 1 Ha komi 1 520 MM, 110 MOKe
MPU3BECTH IO BUXO/Y 3 Ja[ly HINaIH Ta HACTYITHUX
po3naniB BepxHKOI OymoBH Komii. BinmbmiicTs Tpi-
IIUH Y 30H1 aHKEPIB IIMAaIK CIIOCTEPIraJnuch Ha KO-
mii 1 435 mm. BusiBneni nedekTHI Mmaaud MarTh
Pi3HHI XapaKTep MOIIKOIKEHB: y 30HI BHYTPIITHIX
ankepiBe komii 1435 wmm (puc. 6, a), mMo3mOBKHI
TPIIMHKA Ha TOpUAX Inman (puc. 6, 6), Mo3M0BXKHI
TPIIMHU BiJ TOPIS IINAl y MJPEHKOBii 30HI
(puc. 6, 6), TO3IOBXKHI TPIIIMHH BiJ] 30HU aHKepa
10 Topiis mmnan (puc. 6, ).

TpimmHM B 30HI aHKEPIiB MIMan Ha CyMilleHii
KOJIT y 3B’SI3Ky 3 MaJOI0 BaHTa)KOHAIPYKECHICTIO
HE MAalOTh JAMHAMIYHOTO PO3BHTKY N BHHUKAIOThH
YHACHIJIOK HEKOMIUIEKCHOTO BHITPABJICHHS KOJIii.
SIKIO BUTIpaBICHHS CYMILIEHOI KOJIii MPOBOISTH
MAaIIMHHUM crmoco0oM o koii 1 520 MM, a koo
1 435 MM He BUTIPABIISIFOTH, TO TPILIMHU B 30HI aH-
KepiB BUHHMKAIOTh HA IITANax B 30HI aHKepiB KoJil
1435 mM. SIKIIO BUMIPABISTH MallWHAMH KOO
1 435 mm, TO TpIIIMHK y 30HI aHKEPIB BUHHKAIOThH
Ha mmanax [2C-1 Ha komii 1 520 MM (Ha BHYTpI-
IIHIA YacTHHI INIajid, IiJ Yac HaBaHTa)XKEHL Ha
komito 1 520 MM mmana mparioe Ha 371am, 3 HOJbO-
BOi cropoHH Imanu komis 1 520 MM mpaiitoe sik
KOHCOJIb).

Jnst  momnepemKeHHs BUHUKHEHHS —TPIIIUH
1 371aMiB IIMaj] Ha CyMIIIEHIN KOJii peKoMEeH0Ba-
HO TEPEerNITHYTH TOPSJIOK TPAaHCIOPTYBaHHS Ta

BKJIQIaHHS PEUKO-IINaTbHOT PEIIiTKU 31 MManiaMu
s cymimenoi komii tumy II2C-1 momxkwHOIO
2 850 MM 1 TEXHOJIOTi0 BHIIpaBiIeHHs Komii 1 435
11520 mm.

Jlo HemoIIKIB MOTPIOHO BITHECTH TaKOXK KOHC-
TPYKIIO 3a711300€TOHHUX IITIAM 1, SIK HACTIJOK, Te-
XHOJIOTII0 YTPUMaHHS BEpXHBOI OylOBH 3a HepiB-
HOMIPHOTO 3aBaHTa)KEHHsI HOPMAJILHOI 1 €BpOTEH-
CbKOI KOJiH, 110 HNPU3BOAUTH A0 BUXOLY 3 Jany
mman (puc. 6, 0, 6, e).

Hns anamizy HamgiiiHOCTI poOOTH i CTpOKiB
eKCIDTyaTalii 3a1i300eTOHHUX AN iCHY€E JeKilb-
ka migxomiB [2, 6]. ¥V pisHHX eKcIuTyaTamidiHuX
yMoBax iH(opmalis npo xapakrep ix podortu Oa-
3yeThcst Ha Teopil HapiitHOCTi. Ha ocHOBI maHmX
o0CTeXXeHHS 3al1i300eTOHHMX mman [6] Oymu BcTa-
HOBJICHI 3aJIe)KHOCTI HACTaHHS HENPUAATHOCTI
W 3arajibHi ypakeHHs IIman JedeKTaMu 3aJIeHKHO
BiJl €KCILTyaTaI[ifHIX YMOB — OChOBE HaBaHTaXKEH-
Hsl, piuHi MepeBe3eHHs, paaiycu KpuBux. Kpim ro-
JIOBHHX (DaKTOPIB — CHIIOBUX, YpPaxOBaHO TaKOX
(hakTop Hacy mepeOyBaHHS MITIAN Y KOJIii, IPUPOJI-
HI Ta KJIIMAaTUYHI BIUIMBH — KUJIBKICTH IIUKIIB 3a-
MOpPOXKYBaHHSI-PO3Mep3aHHs, KOPO3iHHOTO BILUIUBY
Ta iH.

Po6ota mman 3anexuTh He TUTBKH Oe3mocepe-
IHBO BiJl HABAHTAKEHHS Ha HUX, a ¥ B 3HAYHIN Mi-
Pl BU3HAYAETHCSA KOHTAKTOM i3 Gamactom [15]. s
BH3HAUYEHHS HANpPYXEHb Yy MiAMMNANGHIA OCHOBI
Oyi0 00paHO TPOCTOPOBY MOJENb IWHAMIYHHUX
nedopmariiii 3ai3HUYHOT KOJIiT Ha OCHOBI Teopil
npyxHocri [5].

VY Mozeni BHKOpUCTaHa MPOCTOPOBAa CUCTEMA
KOOpJMHAT, Y SIKId 3aji3HUYHA KOJIisl 3ajlaHa SIK
Habip 00’€KTiB, SIKi MalOTh TEOMETPUYHI PO3MIpH
Ta (i3muni BractuBocTi. Ii OCHOBY ckmamae ommc
HaTPYXEHO-eOPMOBAHOTO CTaHy MiJAPEHKOBOT
OCHOBH, JI0 SIKOTO MPHUKJIaJICH] CHJIH, IO III0Th Ha
oropu Bix mporuny pedku. Lli cunm BU3HAuYaIOTH
y Tpoleci MOJENIOBAHHS SIK CIIOJyYEHHS, IO
OB’ sI3y€ MPOTHH PEHKK U JedopMalliro mijpeiko-
BO1 ocHOBU. KonBaHHS peliky, sika CIUpaeTbes Ha
OIIOpH, BU3HAYAKOTh 3 YMOBHU il B3a€MHOI0O IIPOrU-
HY 3 MiJJPEeHKOBOI0 OCHOBOIO B MICISIX OIOP Bif
CWJI, IO MEPeJarOThCS Ha IIi ONMOPH BiJ pEHKH.
B 00’ektax migpeiikoBOoi OCHOBM BHHUKAKOTH Ha-
MpYXEHHsI, PPOHT TOMIMPEHHS SKUX 3MIHIOETHCS
B 4Yaci. 30Ha il HampyXeHb OOMEXeHa IMOBEpPX-
HE0, SIKY MOYKHA OITMCATH MHOKHHOIO BEKTOPIB. IX
MOJIOKEHHSI BH3HAYa€ IIBUAKICT IOMIMPEHHS
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B JIOBUIBHOMY HampsIMKY, SIKa 3aJIeKUTh Bif Iore-
peYHOi Ta TMO3JOBXKHBOI HIBHIKOCTI PYXy XBHIIb
y PEYOBHHI 3 3aJJaHUM MOJyJIeM mpyxxHocti FOHra,
koedinienTom [lyaccona ¥ miinbHiCTIO. 13 KOXKHUM
YacOBMM KPOKOM 30Ha Jii HampyXeHb 3011bITy-
€ThCS, TIOJUISAIOYN TMiIPEHKOBY OCHOBY Ha YMOBHI
cerMeHTU. Ko)KeH Takuil CerMeHT CKIaJaeThbes 3
OKPEMHUX €JIEMEHTIB — MPOCTPY, OOMEXEHOro YOo-
THpMa CyMiKHUMH BekTtopamu. CymapHi JaHi 1o

6-Db

KOXXHOMY 00’€KTy CKIIQJarTh iH(OpMaIio Mpo
Hampy)XeHHd CTaH cerMedra. Skmo mixg dac
PO3B’sI3aHHS TAKUX PIBHSIHB 3’ ICOBYETHCS, IO BEK-
TOp BUXOAMTH 3a MEXi 00’ekTa (NEpPEexXoquTh 0
HACTYITHOTO), HOTO TapaMeTpu KOperyroTh. /[uHa-
MivHa aedopmMaliis cerMeHTa MmianopsaKoBaHa CH-
cTeMi audepeHIiatbHUX PiBHAHB. 1i pO3B 30K BU-
3Havae HampyxeHHs (gedopmanii) Oyap-sKoi Tou-
KM MAPEHKOBOro mpoctopy [5].

6—C

Puc. 6. PyitHyBaHHS 3a111300€ TOHHUX TN Y CyMiLeHIH KoIii:
a — TPILMHY B 30HI BHYTPIIIHIX aHKEPIB; 6 — MO3/0BXHI TPIIMHN Ha TOPLSX LA,
6 — TMO3/JOBXKHI TPIIIMHYU B HiPEHKOBI 30HI; 2 — MTO3/I0BXKHI TPILLIMHHM BiJl 30HH aHKepa A0 TOPLS LA,
0 — BUXIiJ i3 naay (30BHILIHI pyHHYBaHHS); € — BUXiJ i3 Taxy (BHYTPIlIHI pyHHYBaHHS)

Fig. 6. Destruction of reinforced sleepers in a dual gauge:
a — cracks in the zone of internal anchors; b — longitudinal cracks on the ends of sleepers;
¢ — longitudinal cracks in the under-sleeper base; d — longitudinal cracks from the anchor
to the end of the sleepers; e — out of order (external destruction); f — out of order (internal destruction)
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PesyiabTarn

Byno po3risHyTO pyX mMacaKMpChbKOTO BaroHa
IO 3aJi3HUYHINA KOJIi1 3BUYaifHOI KOHCTPYKIIii, B34-
TOI K €TaJOH JUIi MOJAJbIIOrO aHaji3y: pedKu
P65, 3amizoberonni mmamu I111-1-1, meOeHeBui
Oamact ToBmmHOI0 60 cM. Y HaBeAeHHX IPHKIa-
nax wMoaynb gedopmarnii  Oamacty  ckiagae
200 MIla, 3emnsHoro nojotHa — 35 MIla, o Big-
MOBiIa€ 3arajlbHOMY MOAYIIO MPYXHOCTI Tiapeii-
KOBOi OCHOBHM 3a3HAa4€HO1 KOHCTPYKIi1 3aJ1i3HUYHOT
kouii Ha piBai 50 MIla — npuitHsTe 3HAYCHHS IS
OLIBIIIOCTI TUTIOBHX PO3pPaxyHKIB 3ali3HUYHOI KO-
i1 Ha MIIHICTH; BETMYUHY CHIIH, IO JTi€ BiJ peHKn
Ha onopy, oTpuMano Ha piBai 30 kH.

AHaNorigHo OyJO0 PO3TISIHYTO KOHCTPYKIIIO
KOJil JJI1 CyMIIIeHOro pyXy, BiAMIHHOI Bix era-
JIOHHOI 3acTocyBaHHAM mmmnan tumry H12C-1.

OCHOBHI pe3yNbTaTh PO3PaxyHKiB CKIIAIN MaT-
pUIll HalpyXeHb y MiJIINaTbHIH OCHOBI Ha MO-
MEHT PO3TalllyBaHHS KoJieca B mepepi3i AociigHol
mmanu (puc. 7-9). Takuii miaxix qae MOKIHUBICT
MpOaHaJi3yBaTy 3HAUYEHHS MaKCHMAJIBHHUX Harpy-
’KEHb, IX TOMMPEHHS 1 3aTyXaHHS SK MO JOBXKHHI
HIMaH, Tak i mo rubuHi (y 6anacTi, y 3eMIsTHOMY
MOJIOTHI Ta B MiCIAX MEepeXo/iB Mixk Imapamu). Pe-
3yJbTaTH, HaBeIeHI Ha puc. /-9, OXOIUTIOIOTH 2 M
npocTopy B3AOBXK mmand i 1,1 M mig mmanoro
(0,6 m 6anaCTy 1 0,5 M 3eMJISTHOTO TTOJIOTHA).

100
90
b - &l
’ 70
60
{50
40
130
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Taubuia nig wnanoio, w (y)

2 15 - 05 0 05 1
Bigcras 6ia oci wnam, u (x)

Puc. 7. Ilommpenns Hanpy»xeHs mif mimanoto 111-1-1
(3BMuaiiHa KOHCTPYKIis Kodii 3 mupuHoto 1 520 Mm)

Fig. 7. Distribution of stresses under the sleepers I1I-1-1
(ordinary construction of the track, width of 1 520 mm)

[Iponec HakonmueHHs nedopmaliii 0anacTHOTo
HIapy miJl 4ac MPOXO/KEHHS MOI3A1B MOKHA MO~
JUTHA Ha 7ABI (a3u: mepma BigOyBaeThbes Bipaszy
MICJIS BBEJACHHS AUISHKA B €KCIUIyaTallilo K CTa-
Olmizamist Komii Imicisl YKIaJaHHS 3aBISKU YIIUTb-
HEHHIO CTPYKTYpH Oanacty; Jnpyra (CyTTEBO IOBi-
TBHINIA) — TPUBAE BECh MOJAIBIINN TEPMIH €KC-

IuTyatamnii 3a paxyHOK 0araTOLMKIIIYHOTO HaBaH-
T@XEHHA, NOTPAIULIHHS 3a0pyAHIOBAdiB, IIOSBU
BIZICTYIIIB Y TeoMeTpii koii Tomo. CroroaHi icHye
0arato METOIWK, IO OMHCYIOTH MPOIEC HAKOIH-
geHHs nmedopmariiii Big KUTBKOCTI ITHMKJIIB HaBaH-
TaXeHb 1 HU3KHW iHmMMX (akTopis. Haitgacrimnre Bu-
KOPUCTOBYIOTh Jorapu¢miuHi abo eKcroHeHIia-
JIBHI 3aJI€KHOCTI, sIKi OynM oTpuMaHi B X0l J1abo-
paTopHHUX 1 HAaTypHUX BHIIPOOYBaHb. JleTampHUI
OIJIA[ TaKMX METOAUK 3poOJIeHO, HANPHUKIAL,
y po6ori [21]. [Torryk HOBHX i BIOCKOHAICHHS Ha-
SIBHUX MOJENEH TpuBae ¥ 3apa3. Cepell HOBHX Ha-
MPSAMKIB MOXXHA BKa3aTH MiJIXOIH, SKi 0a3yIOThCS
Ha eHTpomii cuctemu [5].
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Puc. 8. [Tommpenns Hanpy>keHs i mmnanoro [12C-1
(cymimieHa KOHCTpyKIist, pyXx mo kouii 1 520 mm)

Fig. 8. Distribution of stresses under the sleepers
[I2C-1 (combined construction,
movement along the track 1 520 mm)
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Puc. 9. [TommpenHs Hanpy>keHs i mmanoro [12C-1
(cymimeHa KOHCTPYKIIis, pyX 1o koiii 1 435 mm)

Fig. 9. Distribution of stresses under
the sleepers I112C-1 (combined structure, movement
along the track 1 435 mm)

Takoxx po3BUBAIOTHCS i METOM JIAOOPATOPHUX
nocmipkens poboru 6amacty [11, 12, 18, 19].
VY mpami [12] npoBeneHo aHaii3 OGIIBIIOCTI Cydac-
HUX MiAXOJIB 100 Ja00opaTOpHOi OLIHKU Hampy-
KEHOTO CTaHy W BHUYEPIIaHHS pecypcy poOOTH Iiie-
OeHIo.
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HaBeneHi B 1uX TMparsix TOCHIHKEHHS, SK TIpa-
BHJIO, CIIPSIMOBaHI Ha omuc Apyroi ¢asu pobotu
OanacTHOrO mIapy. YpaxoBYIOUH, L0 MPU LBOMY
PO3TIAAAIOTHCS 3HAYHI MTPOMIKKH 49acy, SIKHM BijI-
MOBIAAfOTh 0araTONMKIIIYHI HaBaHTAXEHHS, CyTTeE-
Ba JIeTai3allis CUII 1 MOIMUpeHHs X nii 3aiiBa. Ox-
HaK AJIs1 HOPiBHSAHHS poOOTH OanacTy mix 4ac pyxy
0 Pi3HIA MHPHUHI CyMilIeHoi KoJii Takoro miaxo-
Iy HEJOCTaTHBO.

VY 1poMy AOCIHiIKEH] 32 OCHOBY B3$5ITa MaTPHUILIS
Hampy)XeHb y MiAMMAanbHI OCHOBI. Y Pi3HUX TOY-
Kax BUHUKAIOTh pi3Hi HaIpy>KeHHS
(muB. puc. 7-9), MO TPU3BOAUTH O YTBOPCHHS
B Oanacti 30H i3 pizHUM TUCKOM. [Ipumyckaemo Ti-
moTe3y, 110 JeBiallis YacToK OanacTy (ska ocoOu-
BO XapakTepHa ajs nepioi ¢asu nedopmariii) Oy-
Jie MaTH MPiOPUTETHI HAMPSIMKHA B 30HY 3 MEHIIU-

MH HAIpyKCHHSMU Oy . Tomi mis okpemMoi TOUKH

HiAMIaTEHOTO TPOCTOPY (X; y) HanpsIMOK JIeBi-

amii Qy OyIeMo BU3HAYATH TaK:

min{o; \o,, } > a,;
ie[x-1x+1]; (1)
ie[y-Ly+1].

Po3paxyHky BHKOHaHI 10 TOBXKHHI mmany ( X )
1 rmOuHI mwapy mj mig mmnanow (Y ) 3 KpokoMm

10 cm i3 TouHicTIO 45°. Pe3ynbTatu po3paxyHKiB
mokazani Ha puc. 10, ¢ ansg mmamm 1-1-1 (mmpu-
Ha kxomi 1520 wmm) i Ha puc, 10, 6 s mmanu
I2C-1 (i3 cymimenoro komiero 1 520/1 435 mm)
BIAIIOBITHO.

WIK|N|[=|=| | ||| |||~ 7 tINIRIR [l | ||| == 7|~
0| IN NN x| N|N| 2|2 7|~ PINIXIXNIXNIN[ | N[N A~ 7|~
KRNI NI AN B N IV BV RV AV RV B S I AV PININIXNIRIR [ A NN 22| 72|~
6-b
- V A :

0[] | X ||| x| |72 | X X[ X| > |2 2|2 || 4= 2] | oo o] 2| | x| %] 7
20 [ X e [ e [N s g D 7 [ I [ I [ D e o IR s o o (2 7
NN I AR A B R A A A N N N R R R R R N A A R

Puc. 10. OcHoBHI HanpsiMKH AeBianii 6anacty Ha riaubuni 10-30 cM Bi migoniBu mmnanm:
a — mig mnanoro 11-1-1; 6 — mix mmanoro [2C-1 (ms koumii 1 435 MM moka3aHi TUTBKA
y BUMajKax Bij’eMHoOCTi Bix kouii 1 520 mm)

Fig. 10. The main directions of ballast deviation at a depth of 10-30 cm from the sleeper sole:
a — under the sleeper 111-1-1; b — under the sleeper I112C-1
(for a 1 435 mm track shown only in cases of distance from the track of 1 520 mm)

Jus mmanu 111-1-1 gesiamist 6amacty mMae moc-
TiHI HaNmpsIMKH, CUMETPHUYHI BiJHOCHO NpHUKIa-
JAHHS HABAaHTAXEHHS 1 MO MOBXKHUHI mmmanu. lle
CHpHUs€ IIBHAKOMY 3aBEpIICHHIO mepioi ¢as3u

crabimizauii # poOoTi OamacTHOro mapy B ApYrii
¢a3i B sIKOCT1, HAOMIKEHIH 10 IPY>KHOI.

[ig mmanoro II2C-1 crocTepiraeMo acUMeT-
pHUYHE PO3MOJIICHHS HANpSMKIB JieBialii Oanacty
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JUIST KO)KHOTO 3 BapiaHTIB eKcIulyartamii (pyx 1o
kouii 1520 i 1435 mM) 32 paxyHOK SIK HECHMeET-
PUYHOCTI KOHCTPYKIIIi IITIAJIK, TaK 1 HECUMETPUI-
HOCTI TIpUKJIaJaHHs HaBaHTaXeHHA. Kpim Toro,
i 9ac pyxy MO Pi3HIH MUPHUHI KOMii 3MIHIOEThCS
1 HampsSIMOK JeBiarlil, y JesSKUX 30HaX — B OCHOB-
HOMY B Tepepizax oOmMpaHHS PeHOK — HAIPSMOK
MOJKe 3MiHIOBAaTHCH Oiblle HixXK Ha 90° abo HaBiTH
Ha MpoTHICKHUH. HameBHo, 3a mOCTaTHROTO # pi-
BHOMIPHOTO MEPBUHHOTO YIIUTBHEHHS! 0anacTHOTO
mIapy 1e He € MPUYUHOIO AT YCKJIAAHEHHS POOOTH
KOJIii, 0COOJIMBO BPaxOBYIOYH BiJIHOCHO HEBEIHKI
3HAUCHHS 3arajbHUX HampyxeHb (auB. puc. 8-9).
OpHak 3a HasSBHOCTI BIIXWICHb B YIIUIbHEHHI 0a-
JACTy LIe CTa€ CYTTEBUM (PaKTOPOM, KUK MPH3BO-
TUTH 10 301bIIIeHHS Yacy mepimoi ¢a3u crabdimiza-
1ii ¥ 3pocTaHHS 1HTEHCHBHOCTI HAKONMYECHHS 3a-
JUIIKOBHUX jAedopMaiiil Mmifi 4ac MoJajbIloi eKc-
mryatamii. Takwii  HampykeHO-IedopMOBaHHUN
CTaH MiAMINATGHOI OCHOBH, Y CBOIO HEPTry, MOXKeE
MPU3BECTH /10 BUHUKHEHHS Aedopmaliil y mmanrax
1 TIOTIpIIIeHHS 3araibHOT reoMeTpii Kodii.

Ha minmcraBi oTpuMaHuX pe3ynbTaTiB MOXKHA
PEKOMEHIyBaTH YIIUIBHIOBaTH 0anacT i BUKOPHC-
TOBYBAaTH JOJATKOBI 3aco0W Ui IOJIIIICHHS
CTIMKOCTI, Taki SK TEOpeHNTKH abo crerianbHi
3B’sI3yBaJIbHI PEUOBHHH.

HaykoBa HOBU3HA Ta PAKTHYHA
3HAYUMICTh

VY pob6oTi HaO0ynu MOAAIBIIOrO PO3BUTKY 3aa-
Yl MOJICJIIOBaHHS B3aeMOJii Koyii H pyXxomoro
CKJIQIy, 30KpeMa JUIi BH3HAYCHHS HAaIpy>KeHO-
nehOpMOBAHOTO CTaHY IiJIIIAIBHOI OCHOBH CY-
MileHol Kouii.

OTtpumaHi pe3ynbTaTd MOXYTh OyTH BUKOpHC-
TaHi i 9ac BU3HAYCHHS TEPMIiHIB PEMOHTHUX PO-
OIT 151 AUISTHOK CYMIIIEHOT KOHCTPYKIIiT Kotii, 00-
IPYHTYBaHHSI HEOOXiHOTO piBHS YIIiNbHEHHs Oa-
JACTy ¥ JOUITBHOCTI 3aCTOCYBaHHS TEOPEIIITOK
a0o cremiagbHIX 3B’ A3YBAIBHUX PEYOBHH.

BucHoBku

OpHuM 13 3ac00IB PO3B’sI3aHHS 33/1aui 3aJTi3HU-
YHOTO CHOy4YeHHS YKpaiHu 3 Jep)kaBaMu, SIKi BU-
KOPHCTOBYIOTh €BPONEHUCHKY IIMPUHY KOIIii, € Cy-
MillleHa KOHCTPYKIis 3aJ1i3HUYHOI MUstHKY. Lle mo-
3BOJISIE 3a0€3MEYNTH MPOITYCK TMOI3/IB 13 BArOHAMHU
€BPOMEICHhKOi KOl B TMMOMHY KpaiHW IS moja-
JBIIOTO TIEPEBAHTAXKECHHS HAa BY3JIOBHX CTaHIIISAX
1 BUKJIFOUa€ HaJMipHE HABAaHTKEHHS HA MPUKOP-
JOHHI cTaHMii.

OCOONMBICTIO KOHCTPYKI CYMIIIEHOT KOl
€ 3aCTOCYBaHHS CICLIAJIBHUX 3aJli300€TOHHUX
mman (tumy [2C-1), sxi maroTe 3MOTry ofgHOYAC-
HOTO PO3TallyBaHHS YOTHPHOX HUTOK PEHoK 3 op-
TaHi3ali€elo pyxy Mo Kojisx mupuHoro 1435 i
1 520 MM Ha OHOMY 3aJTI3HUYHOMY TOJIOTHI.

AcuMeTpis B HaBaHTaKEHHI TaKoOi IIITaJH 1, K
HACIZIOK, acCUMETpis B TMOJANBIIOMY IOIIUPEHHI
HamNpy>XeHb y WiAmmaibHid OCHOBI (QopMmye Ha-
pyXeHo-1eopMOBaHy POOOTY CyMII[eHOi KOHC-
TPYKIii, sika BiAPI3HIETHCS BiJl pOOOTH 3BHYAIHOT
KOJTii Ha 3aJ1i300€TOHHUX MINanax.

AHai3 pe3ynbTaTiB MOJICITIOBAHHS HANpPY)KEHb
y TiAMManbHIi OCHOBI CyMIIIEHOT KOdii He ToKa-
3aB iX 301IbIIEHHS 32 aOCOMOTHHUMH 3HAYCHHSIMHU,
ayie BUSIBUB IIUKJIIYHY 3MiHY MOKJIMBHX HANPSIMKiB
JeBiariii 4acTok 0anacty 3a HasBHOCTI MEPEeIyMOB
JI0 BUHUKHEHHS HEMpPYKHUX Jedopmarliiii y Oanac-
THOMY TIapi.
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OCOBEHHOCTHU HAIIPA’)KEHHO-AE®@OPMHUPOBAHHOI'O
COCTOAHUA COBMEINEHHOI'O XKEJIESBHOAOPOKHOI'O ITYTH

Heab. Bo3MOXKXHOCTH KeJI€3HOIOPOKHOTO TPAHCIOPTA I OpraHM3allMK MEPEeBO30K MeXAy cTpaHamu EBpo-
niefickoro Coro3a 1 YKpauHbl HUCTIONB3YIOT HE B MOJHON Mepe, MOCKOJBKY CYIIECTBYET PSAJl TEXHHUECKUX Pa3Inuuit
TPAHCIIOPTHBIX CHCTEM, & UMEHHO: IIUPHUHA KOJIEH, XapaKTePUCTUKHU MOJBIKHOTO COCTaBa, HAMPSHKCHHE B KOHTAKT-
HOW ceTH, TabapuTsl U T. 1. OQUH U3 BapHAHTOB OpPTaHU3AINK TPAHCIIOPTHPOBAHUS TPY30B B MEXKIYHAPOIHOM CO-
0O0IIEHUN — 3TO HUCMOJIb30BaHUe coBMenieHHo# komen 1 435/1 520 mM. Llenb nanHO# paboOThI — aHAIU3 0COOCHHO-
CTel HanpsHKeHHO-Ae()OpPMUPOBAHHOTO COCTOSIHHS COBMEIICHHON KOHCTPYKIIUH ITYyTH, B TIEPBYIO OYepeIb H3MCHE-
HUIl B paboTe MOIIIMANEHOW OCHOBBI BCIICACTBHE HCIIONB30BAaHMS CHCIHATBHON KOHCTPYKIHHU JKEIe300€TOHHOM
IIITagbl ¢ OJHOBPEMEHHBIM KPEIICHHEM YeTHIPEX PelbCOBBIX HUTeH. Meroguka. s ompeneneHus HampspKeHUH
B TOAIITIAIFHONH OCHOBE OBLIO BEIOPAHO MPOCTPAHCTBCHHYIO MOJIENb THHAMUYICCKHUX Je(QOpMAaIii 5KeJIe3HOI0PO K-
HOTO MyTH HAa OCHOBE TCOPUH YNMPYroCTH. PacCMOTPEHO ABHMKCHUE IO JKEJIC3HOAOPOKHOMY IMYTH OOBIYHOW KOH-
crpykiuu (co mmanamu [11-1-1), TpruHATOMY B Ka4eCTBE STAJOHHOTO, ¥ MO IyTH JJIsi COBMEIIEHHOTO IBHKEHHUS, KO-
TOPBIN OTIIMYAETCS OT 3TajoHa ucrnojr3oBanueM mman tuna [112C-1. OcHOBHBIE pe3ysbTaThl PACUETOB COCTABUIH
MaTpUIlBl HAPSHKEHUH B MOJIINANBEHON ocHOBE. Pe3yabTarhl. AHAMN3 pe3yabTaToOB MOJICINPOBAHNS HANPSDKEHUH
B TOIIINAIHHOM OCHOBE COBMEIIIEHHOTO MyTH HE TIOKA3aJl MX YBEIMUYEHUS MO0 aOCOTIOTHBIM 3HAUYEHUSM, HO BBISBUI
OUKITHYECKIe W3MEHEHHUS BO3MOJKHBIX HAIPABJICHUH JIEBHAIMH YacTHUI] Oaiiacta TpU HAJTHMYUH TIPEIPACIIONOKEH-
HOCTH K BO3HUKHOBEHHIO HEYNPYTHX AedopMmarmii B bammacTHoM cioe. Takoe HanpsbkeHHO-AehopMUpOBaHHOE CO-
CTOSIHUE TIOJIITAIIEHOW OCHOBEI, B CBOIO OUYepelb, MOKET ITPUBECTH K MOSBICHUIO JeQOpManuii B Mmanax u yxy.I-
IICHUIO 00mIel reomerpun mytd. Hayunasi HoBu3HA. B paborte momydmim qanpHeHIee pa3BUTHE 3aJaqd MOJICIH-
pOBaHMS B3aUMOJCHCTBUS WYTH W TMOJBIKHOTO COCTaBa, B YACTHOCTH [UIA OIPEACICHUS HAaINpPsHKEHHO-
Ie(OPMHUPOBAHHOT'O COCTOSIHUS TTOIIIMTATEHON OCHOBHEI COBMeEIIeHHOTO TyTH. [IpakTnyeckasi 3HaunMocTsb. [loiry-
YEHHBIE PE3yJbTaThl MOTYT OBITh UCIOJB30BaHBI JUISI OMpEaeTeHNs] CPOKOB PEMOHTHBIX pabOT Ha y4acTKax C COB-
MEIIEHHONH KOHCTPYKIIMEH IMyTH, 00OCHOBaHUSI HEOOXOIMMOW CTENEeHH YIUIOTHeHMs OaacTta, 1eiecooOpa3HoCcTH
MIPUMEHEHUS TE€OPENIETOK WM CIEIHATBbHBIX CBA3BIBAIOIINX MaTEPHAIIOB.

Knouesvie cnosa: MexayHapOJHBIC )KETIE3HOAOPOKHBIE TTEPEBO3KH; KEJIE3HOAOPOKHBIH MYyTh; COBMEIIEHHBIN
MyTh; IIUPHUHA TyTH; B3aUMOICHCTBHE IYTH U TOBIKHOTO COCTaBa; bamiact
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FEATURES OF STRESS-STRAIN STATE OF THE DUAL RAILWAY
GAUGE

Purpose. The possibilities of railway transport for organizing transportation between the countries of the Euro-
pean Union and Ukraine are not fully utilized, since there are a number of technical differences in transport systems,
namely: wheel gauge, characteristics of rolling stock, voltage in the contact network, dimensions, etc. One of the op-
tions in the organization of goods transportation in international traffic is the use of 1.435/1.520 mm dual gauge.
The purpose of this study is to analyze the features of the stress-strain state of the combined construction of the
track, first of all the changes in the operation of the under-sleeper base due to the use of a special design of rein-
forced concrete sleepers with simultaneous fastening of four rails. Methodology. To determine the stresses in the
under-sleeper base, a spatial model of dynamic deformations of the railway track was chosen based on the elasticity
theory. The movement on a railway track of a conventional construction (with sleepers II11-1-1), accepted as a refer-
ence one, and along the track for combined movement, which differs from a standard using sleepers of type [112C-1,
was considered. The main results of the calculations were the matrix of stresses in the under-sleeper base.
Findings. The analysis of the results of the stresses simulation in the under-sleeper base of the dual gauge did not
show their increase in absolute values, but revealed cyclical changes in the possible directions in deviation of ballast
particles if there is a propensity for the occurrence of inelastic deformations in the ballast layer. Such a stress-strain
state of the under-sleeper base, in turn, can lead to the appearance of deformations in the sleepers and the deteriora-
tion of the overall track geometry. Originality. The tasks of simulation got the further development of the track and
rolling stock interaction, in particular to determine the stress-strain state of the under-sleeper base of the dual gauge.
Practical value. The obtained results can be used to determine the timing of repair work on the sections with a
combined track construction, justify the necessary degree of ballast consolidation, the feasibility of using the ge-
ogrids or special bonding materials.

Keywords: international rail transportation; railway track; dual gauge; railroad gage; track and rolling stock in-
teraction; ballast
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UNIFIED DIGITAL INFRASTRUCTURE OF THE MODERN SCIENTIFIC
LIBRARY ON THE BASIS OF WEB TECHNOLOGIES

Purpose. Digitization, expansion of the scientific library infomedia and its integration into the global digital
space require the creation of a full-fledged, multifunctional Web-oriented ecosystem. The work is aimed at
researching rational ways and implementation of separate tools within the framework of an interactive library
information system on the basis of Web-technologies, which includes a single APl gateway (library site) and
combines separate library management systems (LMS). Methodology. The research was conducted on the basis of
the Scientific and Technical Library of the Dnipro National University of Railway Transport named after
Academician V. Lazaryan (DNURT). We analysed the structure and condition of the existing out-of-dated library
information system, based on the technologies of breaking up separate subsystems into separate services. We
considered the possibilities and peculiarities of the transition to a single interactive system with the help of a central
Web-application, which combines scattered services. This system is integrated into the system of «IRBIS-64» LMS
(although any LMS can be used). Attention is focused on the reliability and protection of user data from
unauthorized access. Findings. The ways, means and peculiarities of the transition to a full-fledged, multifunctional
Web-oriented ecosystem of the DNURT library are explored. The system has its own API-based interface, which
allows it to be easily scalable, thanks to the use of the current framework on the basis of Laravel — OctoberCMS.
The system has an administrator and user panel. A subsystem — the DB «Publication Profile of University Science»
— has been developed to provide the necessary functionality for plugins and applications: 1) for synchronization with
Scopus, Web of Science, Google Scholar — in Pyhton language; 2) for automated reporting — in C# language for
Windows. Originality. The researchers analysed the possibilities and suggested optimal and effective solutions for
creating an interactive information system of the library based on Web-technologies, which includes a single API
gateway (library site) and combines separate library automation systems. It is proved that the application of the
increased level of abstraction using specialized PHP-frameworks and ORM instead of pure SQL allows the
developer to focus on the development of a rather complex and at the same time a simple system from the point of
view of development, which is sufficiently effective in the absence of time and material resources in the scientific
libraries of Ukraine. The performed researches allow to assert about the partial implementation of the «Library 2.0»
paradigm requirements in the library of DNURT. Practical value. The offered interactive information system of the
scientific library allows to practically abandon the cumbersome and morally outdated IRBIS 64 system in the issues
of service for readers (there is an opportunity even to execute orders of printed literature in a personal account, like
in user accounts of modern courier services). The developed software that synchronizes with IRBIS in the C#
language allows to upload data from the IRBIS LMS to any modern open-source LMS in the future. Realization of
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possibilities of the subsystem «Publication Profile of University Science» will allow receiving a statistically reliable
picture of the publication activity and influence of scientists, departments, university as a whole.

Keywords: library interactive information system; university library; Scientific and Technical Library of
DNURT; OctoberCMS; Laravel; PostgreSql; LMS; API Gateway; Web-application; electronic catalogue; scientist

profile

Introduction

Today, in scientific libraries, the development of
digital infrastructure and networking, the high level
of information services for learning and research is a
prerequisite for fulfilling their mission — promoting
the creation, preservation and dissemination of
knowledge. This is the result of the choice and
implementation of the strategy of digitization of
educational and research activities of universities.

In a situation where the world of science and
education becomes more global, and the
development of the Internet allows searching for
any information in a few clicks anywhere in the
world, there are being developed the university
digital transformation programs. Such
a transformation is, in general, a cultural and
organizational change in HEI, based on the
implementation of IT solutions. Herewith, digital
services of scientific libraries are among the main
services, which considerably facilitate the life of
students, scientific-pedagogical workers and
scientists in the modern university. [5].

According to the Law of Ukraine «On Libraries
and Library Services» [7] Ukrainian citizens have
the right to library services, which may include the
form of remote telecommunication services as well.

Today, it is no longer possible to preserve
knowledge in ordinary printed books and
understand library service only as circulation of
literature. Digital services of scientific libraries are
multi-vector and multifunctional [5]. And this
involves the availability of sophisticated search
and storage systems for libraries that can filter and
find the right information in a matter of seconds.

Creating such systems requires the search and
research of methods for distributing the computing
server resources between clients. For such systems,
the primary problem is to work at peak loads.
When creating such systems, an important factor is
the response time from the server, which often
depends on the level of software optimization.

The data storage and retrieval system can mean
absolutely any client-server system. When

designing and developing a data storage and
retrieval system, it is important to rely on the
existing experience of creating such systems.

In the course of digital transformation, the
library is being integrated with the research division,
the publishing department, IT-structures of the HEI
[4]. This allows, for example, solving an extremely
important task — the creation and support of a digital
publishing profile of the university and individual
scientists. Obtaining from such system of the
information about scientific publishing activities of
each scientist, department, and institution
significantly simplifies the formation of various
levels of reporting and the presentation of the
research activity of the institution in the WWW.

At the same time since the beginning of the
XXI century, the use of library management
systems (LMS) has become widespread in
Ukraine. These systems replace the mostly
traditional library processes with the automate
ones, starting from acquisition and ending with
a variety of user services (LIBER, IRBIS, UFD /
Library, Aleph, MARC-SQL, etc.). The main
element of any LMS is the electronic catalogue
(EC). However, none of the LMS versions that
serve Ukrainian libraries does not meet the current
standards and level of information systems
development, as well as in view of emergence of
fundamentally new library services.

Digitization, the expansion of the library
information environment and its integration into the
global digital space require the creation of a full-
fledged multifunctional Web-oriented ecosystem.

Purpose

Taking into account the aforementioned, the
authors intend to explore the rational ways and
realize the implementation of individual tools
within the framework of an interactive information
system of the scientific library based on Web-
technologies, which includes a single API gateway
and combines separate library automation systems.
Particular attention will be paid to the analysis of
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the solutions of the project «Publication Profile of
University Science» — an interactive information
and analytical system for obtaining a statistically
reliable picture of the publication activity and
influence of scientists, departments, the university
as a whole.

A new Web-oriented scientific library system
with a central Web-based application (library site)
should provide opportunities for:

— Search for publications by title, author's
name and surname, academic year, year of
publication, keywords, etc.;

— Search for authors and display of their author
IDs/profiles: Scopus Author ID, ResearcherlD,
ORCID, Google Scholar Citations;

— Implementation of automated electronic
reporting by scientific publications of individual
scientists, departments, the university as a whole;

— Integration into IRBIS LMS in order to
synchronize the user databases and literature;

— Creation and processing of applications for
the circulation of printed materials;

— Downloading literature in electronic form;

— Collection of statistics relating to library
reader usage of the service for the library
management [16].

Methodology

Analysis of the research and publications.
The tendencies of recent years show that the multi-
year  corporate  design  paradigm,  where
a separate application-service (often without
communication and integration with other
corporate services) was created for solving
individual business tasks, recedes into the past
[12]. Today we are talking about distributed Web-
oriented systems, which allow combining
previously separate services into a single system
using a central Web-application with a single
unified API-interface. This solution allows us to
get a flexible distributed, easily scalable system,
constantly replenished with a new functional and
able to withstand a high load [1], that is, it contains
all the features of the Library 2.0, which works in
a state of «constant beta» [3] (constantly evolving).

Of course, one of the most widely used LMSs,
such as Koha, Absotheque Unicode, Ruslan, OPAC-
Global, MAPK-SQL, IRBIS and others, can be used
to create a full-fledged Web-oriented ecosystem of

a modern library. Such systems are, in the vast
majority, closed commercial products and/or require
substantial development by programmers for the
tasks previously stated by the authors. Of course, in
the conditions when a university library has been
using a certain morally obsolete and closed LMS
(for example, IRBIS) for decades and there is no
money for an army of highly skilled developers,
there is a problem of alternative solutions, which in
the long run will allow to «get off the needle» of the
closed LMS [2].

In the context of this study, our attention is
focused on the automation technologies, which
allows to receive and analyze the state of publishing
activities of higher education institutions and
academic institutions, including its scientific metrics
[16].

The research methodology. The study was
conducted on the basis of the Scientific and
Technical Library of the Dnipro National
University of Railway Transport named after
Academician V. Lazaryan (DNURT).

Fig. 1 shows the old structural diagram of the
automation services of the Scientific and Technical
Library of DNURT till 2017. The system was split
into 3 databases with three different interfaces:

— Website;

— electronic catalogue IRBIS LMS 64 (Web
IRBIS);

— scientist publication profile [1].

Within the framework of the article, taking into
account the information in Fig. 1, the issue of
integrating other existing services of the DNURT
library, such as the eaDNURT repository on
DSpace, the Open Journal System (0JS)
publishing systems, Open Monograph Press
(OMP), the Open Conference System (OCS), is not
raised. So far, these systems remain separate
services.

As can be seen from Fig. 1 separate library
services are implemented on a variety of data base
management system (DBMS). For example,
MYSQL - on the site, IRBIS LMS 64 — does not
have a separate relational database, while the
scientist profile system was implemented by
a separate stand-alone windows-application using
the Firebird DBMS.
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Fig. 1. Initial structural diagram of the library
services of DNURT

To create a unified library system, it is
necessary to completely abandon the old structure.
The new structural diagram of the Web-oriented
library system of DNURT with the central Web-
application (library Website) is shown in Fig. 2 [6].
The Website, electronic catalogue and scientist
publication profile were merged into a single
system to which the IRBIS LMS was connected
through the C#-program synchronizer, Android
application and Telegram bot. All other
subsystems shown in Fig. 2 perform an exchange
between themselves through a centralized node
(site) using a single specially developed API-
interface.

PostgreSQL IRBIS

Website
Electronic
catalogue |[<—>

Scientist profile
I C#

P ST

¢ Internet Browser

Telegram

Fig. 2. Current structural diagram of distributed
Web-oriented library system of DNURT

In the future, the structure of the electronic
library system of DNURT may be released from
dependence on IRBIS LMS with the aim of
switching to a modern open-source LMS or even
developing the own LMS with full migration of
data entered into IRBIS LMS due to the developed
C#-application for uploading user data and
literature.

The platform for a scientific and technical
library can be developed in any programming
language using any frameworks and libraries that
meet the specified project requirements and
implementation deadlines.

Because the system is being developed for use
in the Web space, the primary goal is to secure and
protect user data from unauthorized access. To
achieve this, it was decided to use the Web
framework written in PHP version 7.0 (at the time
the system was created and run), and the version of
PHP 7.2 (at the moment).

Thanks to the use of the Web-based framework,
it is possible to avoid many common mistakes in
the system protection and to shorten the system
development time.

There are many system security threats on the
Internet. System security is possible with the
integrated achievement of many parameters using
various technologies. The main threats to which
our system is opposed:

- Password cracking protection;

- Traffic interception protection;

- Protection against SQL Injection, XSS and
CSRF.

For password cracking protection, it is
obligatory to set limits on the number of
authorization attempts, and then to block the user's
activity for 15 minutes. All user passwords are
encrypted using the AES-256-CBC encryption
algorithm and stored as a hash. Due to this it is
impossible to know the real user password.

You must be ready for any danger. That is why
a special Telegram-bot was developed, which
sends a message to the system administrator in
case of unforeseen mistakes during work of any
system element. This solution allows you to track
any activity that resulted in an error. An example
of such a message is shown in Fig. 3
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You have new exception on
https://library.diit.edu.ualuk/catalog/book/339

Exception class: October\Raim\Exception\applicationException
Date and Time: 2018-12-05 17:40:07
Code: 0

File: svarfwwni/siterhtml/plugins/library/catalog/components/
CatalogSingle.php

Line: 158
Error: Invalid token!
IP; 46.98.84.164
i User Agent: Mozilla/5.0 (Windows NT 10.0; Wing4: x64)

1 ApplewebKit/537.36 (KHTML, like Gecko) Chrome/69.0.3497.100
Safari/537.36 OPR/56.0.3051.116

library.diit.edu.ua
YNalWTYBaHHA Ta eKCNAYaTauia 3anisHAYHOT KoNil
[3NeKTPOHHBIA pecypc] MeTO. BKAZIBKM A0 BMKOHAHHA KYpCo...

| e
Fig. 3. Example of a Telegram-bot message about
suspicious activity on the site

A traffic interception attack can be classified as
a «Man in the Middlex» attack (MITM) [10, 17]. In
MITM, the hacker redirects traffic between the
user and the communication gateway. The most
common type of hacking is the distribution of free
Wi-Fi. To protect against this type of attack, it was
decided to use an SSL cryptographic protocol that
uses asymmetric cryptography to authenticate
exchange keys, symmetric encryption to keep
confidentiality, message authentication codes for
message integrity. For automatic redirecting the
readers from http to https, special software was
developed.

Now Web-applications are very popular because
of their user-friendly environment and the rapid
reception of any information in the Internet, but
Web-applications are subject to a lot of threats.
CSREF attack is one of the serious threats to Web-
applications [17], which is based on vulnerabilities
present in the normal Web-query and HTTP
response. The vulnerability is difficult to detect, but
nevertheless, it is present in most existing Web-
applications.

Some users are able to use SQL injection to
interfere with database security by executing an
SQL query. They pass a SQL subquery in the
password field instead of the password to get
a confirmation [11].

In general, to protect the system from SQL
injection, XSS and CSRF, a fairly rigid validation
system for input data from users has been set up

that does not permit the addition of arbitrary data
to the database. In addition to this, the system
blocks all queries that go not through a single entry
point. All paths in the system are set by the
developer, and therefore the system does not have
hypothetical «backdoorsy.

Since PHP programing language has been
chosen as the working environment, it is necessary
to choose a framework that works with this
language. Before choosing a framework, the
possibility of creating a project on pure PHP was
taken into account. This approach involves writing
the entire logic of the application from scratch,
except for cases where the required functionality
has already been implemented in some Composer
package. Basically, writing a new service in PHP is
reduced to the ability to install turnkey packages,
with their further integration among each other (the
same as offered by different frameworks). The
development «from scratch» has not been taken
into account due to the short terms of development
and limited human resources. When choosing
a framework, priority was given to the universality,
speed and size of the community.

The authors considered three common PHP-
frameworks — Phalcon, Laravel, OctoberCMS [6,
18, 20].

Phalcon is one of the fastest PHP frameworks
written in C programming language. Extensions on
Zephir/C are loaded together with PHP once, when
you start the Web-server daemon. The classes and
functions provided by the extension are ready for
use in any application. The code is compiled and
not interpreted because it is already compiled for
a particular platform and processor. Phalcon,
thanks to its low-level architecture and
optimization, provides the least load on the MVC-
applications. But in general, the framework has:
a very scanty documentation, even in English; it
requires hosting suitable for a special PHP
extension; a small community of developers.

Laravel is a free open source Web-framework
intended for development using the MVC
architectural model. Laravel is released under the
MIT license. The source code of the project is
placed on the GitHub. The advantages include:
open source code, written in PHP; good
documentation, great community; regular updates;
a large number of implemented functions;
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availability of ORM and Collection. The
disadvantages include: a completely clear
framework, without a basic functional; creation of
a large number of migrations with constant
database modification; no option to quickly clear
the list of migrations.

OctoberCMS is a  Canadian-Australian
development. System developers: Alexey Bobkov —
UX designer from Canada and Samuel Georges —
PHP programmer from Australia. Beginning of
development — 2013. The system is based on the
Laravel Web-framework, over which the shell has
been written for the rapid creation of Web-
applications. OctoberCMS allows to quickly create
a dynamic Web-application. This system works at
a very high level of abstraction, which allows for
a minimum amount of errors and concentrating the
developer’s attention on the set task, and not on the
task of the application micro-architecture. If
necessary, you can use all the features of the lower
levels of software that underlie the system. These
include Symfony Framework and Laravel
Framework [20].

By default, the OctoberCMS admin panel is
capable of performing the following functions:

Control of administrator accounts, the sharing
of access rights for administrators and for groups
of administrators separately;

- Management and setting up connection to
postal services;

- Personalization of the control panel;

- Template settings;

- Viewing site query logs.

The advantages include: the system is based on

Laravel (with all the advantages and
disadvantages); constant core system security
updates;  high-quality  documentation, large

community; ready admin panel with lots of forms
and widgets for quick creation of a functional; the
project has its own structure and architecture,
different from Laravel; there is an opportunity to
independently create and delete migration; the
possibility of expanding the functionality by means
of events; there is no basic functionality for the
user of the site part; flexibility: the database query
caching algorithm can be written from scratch; the
way to compress photos — may be inherited and

redefined by the model, which allows to downscale
the photo during loading.

The disadvantages include: Laravel version
updating once every 2 years; many little drawbacks
when creating large, supported projects (for
example, the sequence of performed migrations
when expanding the functionality with an
additional plugin, indicating the dependencies of
the plugins); difficulty to create own form-widgets
due to a fairly high degree of abstraction.

Thus, the analysis showed that the best option
for the implementation of the interactive
information system of the scientific and technical
library of DNURT is OctoberCMS, which was
taken as a basis.

Many Web-applications use databases for
permanent data storage, and the use of Object
Relational Mapping (ORM) [14, 15] is a common
way of developing such Web applications that are
supported by the database. Unfortunately, the
development of efficient applications for ORM is
difficult, since the structure of ORM hides the
basic generations and execution of database
queries. This problem becomes more and more
serious as applications require processing of more
and more stable data [13, 19].

The work of ORM consists in sequential calling
of methods of the model, for which the database
query is built. In this case, only the input
parameters of the methods are inserted, without
writing the SQL-code itself. Fig. 4 shows a class
hierarchy for constructing SQL queries.

Model <§>" >~ <§> Eloquent

)
|

.

[N
>

SQL

[}
\J

b <@

Iy
Database

Fig. 4. Inheritance structure of model classes for
OctoberCMS (Laravel)

The researchers conducted experiments, during
which 4 major operations (create, select, update,
delete) were checked over 1000 entries. The tests
were conducted for ORM and SQL queries. Figure
5 shows the graphical representation of the results.
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Fig. 5. Graphical comparison of query processing time in different databases

Despite all the advantages of ORM, there is one
important thing: it only forms the SQL query and
in no way saves the developer from possible errors.
The OctoberCMS system allows deploying to
a variety of environments: in the process of
development, one can use MySQL, and during
implementation — PostgreSQL (which was applied
in the library of DNURT). For example, let us
consider the following ORM queries:

$data = AuthorModel: where(‘name’, ‘ILIKE’,
“%{$name} %) ->get();

When this ORM-query is executed on an
embedded system, an unknown operator 'ILIKE'
error occurs because the operator belongs
exclusively to MySQL.

PostgreSQL was taken as a database for the
system. Despite the lower speed of work in
comparison with MySQL, it is used by many high-
capacity systems in the world [14, 15], and
therefore (in the system development perspective)
will become a more reliable solution. Unlike
MySQL, PostgreSQL operates with data through
transactions, which provides additional reliability.
One of the reasons for this is that the Web-server
already has PostgreSQL, which was used by the
DSpace system.

Before you start developing a Web-system, you
need to design a database. This step allows to
avoid many problems in the future.

Findings

The Scientific and Technical Library of
DNURT uses IRBIS-64 LMS. For many years it
has gathered a large database of readers. Therefore,
all of them had to be transferred to the new system.

Given this, there was created a database structure,
shown in Fig. 6.

The structure of the database part responsible
for users is as follows:

— zombie — table of user data that has been
transferred from IRBIS LMS. This includes just
the user registration data, which gives the library
readers an opportunity to register on the site and to
access the electronic catalogue (for the purpose of
ordering literature and access to full texts) and the
scientist account (publication profile, including the
research metrics);

— user — table with the readers who have
registered on the site. To register, a user must
specify his or her name, surname and number of
the reader's ticket, then these data are checked
against the data from the Zombie table, and if such
a user is found, then the information is entered in
the User, and the reader is deleted from Zombie.
Here there is the basic information about/for
readers, including setting up notifications about the
arrival of literature at the circulation point.

— throttle — table that records unsuccessful
authorization attempts and blocks possible
attempts to crack passwords. Blocking takes place
at the client's IP address when exceeding the
maximum number of authorization attempts in the
system. Time stamps are stored for the most recent
unsuccessful authorization attempts, upon the
expiry of which the records are deleted and the
reader has new authorization attempts. Entries are
deleted on schedule by a standard CRON-
scheduler (the server runs under the Ubuntu Server
0S).

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/160434

70

© 1. A. Kliushnyk, T. O. Kolesnykova, O. S. Shapoval, 2019


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

' Hayka Ta IpOTpec TPaHCIOpTy. BicHuk JIHIMPONETpOBCHKOrO
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HMYHOTrO TpaHcmopry, 2019, Ne 1 (79)

IHOOPMAIIMHO-KOMYHIKAIIMHI TEXHOJIOT'TT TA MATEMATUYHE MOJIEJTIOBAHH S

1dNNQ jo \Cm._Q_l_ |edluyds | pue J1J1ualds syl JO aseqelep wia1sAs uolyewojul sAldeIs1ul |yl JO ainidnils ‘9 "B14

«
(SE)UYHOY A 3weu
INIP!
A Youeiq [
-«
(SE)ywHIMY A 3NjER
INIP!

7 «
A promhsy [ 7

NI pripueig
NI P00
4 Upueiqsey3pooq [

P
H dIVLSIWLL ¥ pjepdn
AW LSINILIE pE=s
* _ (SE)elvHOHYA SME1S
7 aee Ew_s‘,mu_ NI pripueiqpt H
paomADy w.z_ & e NI pr3o0qg
= R Rt NI pi1msn
INIP!
S A =pio [
(St)uvHDUwA UBIS Joyine
(SETuYHD WY A Jayd
(5t)uv HDUVA S2ided
ANIANIL 2P 3|geus s| i
INIANIL PeojUMop 3247s!
BN h
(5 JHYHDNY A 3weL U L pITiRsn
) (sEnhomA e | - NI pIopeoq B>
(SEYHYHIUY A PR LNIP! 1
(G )M A 234 A peopmop [
(St} uvHOUY A Jwey
(SE)UYHOUYA Ww
NI piAloDme
INIP!
«
= R NI tpdspTisau
H ANTIYBUTISaU
ANTY3MIsau
« S NI puRed
(k) UvHOHY A Bwey A1 pradiyogne (k)uvHDHYA BN
INrp ANt priotpne (SH)UVHOHY A 3weu
A Joyne [ . w.z_ pipoq LNIP!
Aonsespreall | 4 hobmes [

Jouere) yiHHodoRLT

(SEYdvHOEY A 3pod” plomssed Esal

«
(SE)UYHIYA Sweuns
(SE)UVHIUY A F ey
(St)aw HDRYA wbo|
INIP!
A aIquioz [

dWYLSIWILIE P3P

AW LSTWIL URaS 352
dVLISAWLL UiBe[ 352
AWVLSIWILIE pRRARR
dWYLS3WIL ¥ pajepdn

I 15IWILIE pRjEan
(Sk)uvHIEY A SuoissIwad
(5 JwHOUY A 3posuoneAgoe

(SE)HYHINY A 2poT 3sisiad
ANIANLL PRH2ARIE S|
(56)dv HDYYA Uogedyou
(Gt)uvHOYY A piomssed
(SE)UTHY A lPWS
(St) e HDOwA WiBo|
(SE)ewHOuYA Sweuns
(SE)UVHIUY A Fwey

H

dl LS3WIL 1€ pauueq
LNIANLL puLeqst

ANIP!

s@sn [

Y 153WIL 18 papuadsns

INIANIL papuadsns st

WY LSAWILIE IdWRRETI|

LN dwape
(SE) UV HDHYA ssuppe di
NI piJasn
INIP!
R0 [

|hELit

P
dWYLSIWLL ¥ pjepdn
I LSIMILIE pRjean

Y

<

<

(SE)UYHOUY A 3weu

dIVLSAWLL ¥ pjepdn
diY LSIMILIE pajean
(SETYWHDYY A SWeLLoys

+ 1
LnzprAane; (SE)UHOUY A 3weu
INIP! NI
uoISIAIpgNS [ A Kynoey [
-«
dIYL53WIL ¥ pajepdn
AW LSIWILIE peas
(SH)uvHOUY A Jwey
INIP!
A [PAS| BOUBIDS [ i
P
A dWYLSIWLL ¥ pjepdn
« IV LSIWILIE pRREan

dWVISIWIL 3 papepdn
AWV LSINILIE pRERn
(SE)UYHDYUYA 236G
(SE)uvHOUYA uoneziuebio
(GE)uYHOMY A BLET Pl
(Gt)uwHOW A eIl
(SEYUVHDEYA SWeUsauyey
(GE)dvHOUY A BUs~ 3 wewns
(SE)UVHIUY A DUS 3weu
(S)UVHIUY A F ey
(5t avHOWY A P 240
(SE) UV HDYYA JUnod~30ps0M
(SEYe HDHWA JUnos™30pTs5
(553HYHDUYA JUN0I308738
(Sk)dd HOHYA SOV
(SEIIVHDHY A J=joyast Ty
(5t)uv HDUVA sndadsTy
(5E)uvHOUY A PP sOM
(SEJVHOUY A PIsO
(St JdwHIMY A pIs

NI prna3uans

LNI piaweL”33usis

ANIpITAgUNod

LNI Pl uoishipgns

NI Pl uogisod Joyne

NI P J3sn
INIP!

A Joyine [

(Sk)uvHIEY A 3weu
INIP!
A DWEU 20UNDS m

|

«

<

NI pi uonegnd
NI P dopne

4 Uoneoqnd sey soyne m

dWY1S3WLL ¥ pjepdn

AWy LSTWILIE pREan

t H (56 )4VHDHY A 2WeULoys
(SE)UVHIUY A F ey

INIP!
Aqunood [

dIYL53MIL 1 pajepdn
dl L5318 AR
(SE)uHIHY A 3Weu

ANI P!

4 uonisodoyine [

dWYL53MIL ¥ pjepdn
AWV LSINILIE pReRn
(St)uv HDYWA Aloysodal uiTs)
(SE)UVHOUYA Jeak uogpa
(St)HYHOMY A F2qunu” jeuinol
(SE)uYHDUYA BaAT3 uspese
(G} UYHDYWA USHETTSL
(St JuvHOUY A 10p
(SE)uvHD Y A uopdiosap
(SE)UVHIUY A Fwey
(SEYUVHOUYA PIsom
(5S¢ JdwHDHYA PI2S

NI prraBenbie|

NI pluonipa
INIP!

A uonedgnd [

-«
dWY1S3MIL ¥ pTjepdn
IV 1SIWILIE pRjean
(5t JdvHOUY A BUlUT Uss|
(SE)UVHD MY A JundUss|
(SE)evHOY A UGS

«

dWYLS3WIL ¥ pa1zpdn
AWV LSINILIE PR
(5 UVHOUY A 2WeU Li0Us

A

(SE)UVHIUY A Fweu
NI P!
abenbuej [

L, T

<

i

Y 1SIWLL 38 payepdn

AWV LSTNILIE pEan

(SE)uVHONYA 3weu
NI P!

4 QP e0URNS [

<

H

ANIPI g 32u3ps
NI Pl uonp

4 QpTR2URSTSEYUOWIPD [

ANIANLL P3M3IA3IT5|
INIANIL PUOHEUISIUIS!
(SE)HwHIMY A (23S
(SEYHYHIMY A 3US
(G} HDYwWA Jaysignd
(SE)UVHOUY A J3umo
(56 )RVHOUY A WeULioys
(SE)HVHIUY A F ey

NI pIAgunod

NI piadA"uonpa
INIP!

A uomipa [

«

dIWYLSIWIL I8 paepdn
diWY LS3WIL I pajean

(SEIMVHONY A 2Weu Loys

(SE)UVHOUY A Jwed
ANIP!
adAy uomipe m

1me oAU 1Eo3EH

Creative Commons Attribution 4.0 International

doi: 10.15802/stp2019/160434

© 1. A. Kliushnyk, T. O. Kolesnykova, O. S. Shapoval, 2019

71


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponerpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO TpaHcnopty, 2019, Ne 1 (79)

[HOOPMALIMHO-KOMYHIKALIIHI TEXHOJIOI'Ti TA MATEMATUYHE MOJIEJTFOBAHHSI

The part of the database responsible for the
electronic catalogue consists of the following
database tables:

— User — information about registered readers;

— Book — full information about all the books
in the electronic catalogue;

— Author — information about the authors;

— Keywords;

— Category — category for electronic resources;

— Order — list of book orders in the library;

— Branch — binding of a book or order to
a specific circulation point in a library;

— Book_has_author — a connecting table
between editions and authors;
— Book_has_branch — a connecting table

between editions and circulation points;

— Book_has_keyword — a connecting table
between editions and keywords.

The structure of the DB, which is responsible
for the university scientist publication profile with
the structure of the readers database, consists of the
following database tables:

— Author — full author information, including
the H-index from Google Scholar, Scopus, Web of
Science;

— Edition — full information about the edition;

— Author_position;

— Country;
— Science_db —list of scientific databases;
— Edition_has_science_db - information on

publication of the edition in international scientific
databases;

— Publication — scientific publications;

— Language — publishing languages;

— Edition_type;

— Science_name — academic ranks of scientists;

— Science_level — academic degrees of
scientists;

— Subdivision — list of university subdivisions;

— Faculty — list of university faculties.

Interactive library information system is
a system created for the Scientific and Technical
Library of DNURT. This system is integrated into
the system of IRBIS LMS. It has its own API-
interface, which allows it to be easily scaled,
thanks to the use of the modern Laravel-based

framework — OctoberCMS. The system has an
administrator and user panel.

Admin panel options (partially shown in
Figure 7):
— Existing integration of e-catalogue and

readers with IRBIS LMS;

— Displaying a complete list of readers;

— Order table: Graphical representation of real-
time order statistics. Ability to change the status of
orders, the literature circulation point;

— Publications:  publications  about new
achievements, holidays and news. Notifications to
readers about public events. Publication category
breakdowns. Creating static pages from admin
panel;

— Scientist publication profile: full information
about the scientific work of the university in recent
years. The profile includes: titles of editions,
publications, types of publications, authors and
their positions, countries, languages, faculties and
subdivisions, academic degrees, academic ranks,
information on the availability of publications in
international databases, etc. Reports for the
Ministry of Education and Science and the
departments of DNURT are formed in a separate
windows-application,  which  executes  the
formation of reports in MS Excel format;

— Online dictionary of scientific terms and
transport  words: directions of translation:
Ukrainian-English and Russian-English, as well as
English-Ukrainian and English-Russian;

— Surveys: the possibility of conducting
surveys among the library readers;

— Statistics collection: total number of readers
per month and total monthly growth. Display of
statistics of orders and downloads of scientific
literature by months, total by months and growth
by months. Ability to export data as *.csv file for
further submission of information to the rector's
office;

— Multilingualism:  ability to specify an
unlimited number of languages for the translation
of the site content;

— The electronic catalogue of literature is
absent in the admin panel because it is
automatically synchronized with the IRBIS LMS.
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Fig. 7. Admin panel:
a — management of the university publication profile; b — management of online ordering of paper literature

Options of the client part (partially shown in
Figure 8):

— Display of the latest publications and the full
list;

— Search in electronic catalogue of the library
by name, author, year, keyword and category;

— Search of scientific terms and words in the
online dictionary, by 4 directions: Ukrainian-
English,  English-Ukrainian,  Russian-English,
English-Russian;

— University  profile, with filtration by
bibliographic description, First name, Last name,
ID of scientometric databases, year of publication.

Subsystem «Publication Profile of University
Sciencey (in the general interactive library system) is
created based on PHP-framework with open source
OctoberCMS. To ensure the required functionality,
the authors created necessary plugins — (API-
interface plugin, publication profile plugin, e-
library plugin). Separately for synchronization with
Scopus, Web of Science, Google Scholar the
program in Pyhton language was created. To
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ensure reporting, the program in C# language for any, the authors tested the one on MySQL and
Windows was written (with possible porting on POSTGRESQL, stability in others is not
Linux). Database for storing data can be virtually guaranteed.
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Fig. 8. Client part of the system:
a — electronic catalogue; b — university publication profile
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Originality and practical value

The authors researched the rational ways and
provided the implementation of individual tools
within the interactive information system of the
scientific library on the basis of Web-technologies,
which contains a single APl gateway combining
separate library automation systems. The research
has shown that the use of advanced levels of
abstraction with the use of specialized PHP-
frameworks and ORM instead of pure SQL allows
the developer to focus on the development of
a rather complex and yet simple system from the
point of view of development, which is sufficiently
effective in Ukrainian scientific libraries in terms
of the lack of time and material resources. But the
increase in abstraction may result in errors, for
example, when using different types of DBMS at
the developer and the working server. The offered
interactive information system allows to practically
abandon the cumbersome and morally outdated
IRBIS 64 system in the issues of service for
readers (there is an opportunity even to execute
orders of printed literature in a personal account,
like in user accounts of modern courier services).
The developed software that synchronizes with
IRBIS in the C# language allows to unload data
from the IRBIS LMS to any modern open-source
LMS in the future.

We conducted the analysis of solutions of the
project «Publication Profile of University Science»
— an informational-analytical subsystem of the
interactive information system of the scientific
library. Realization of possibilities of this
subsystem will allow receiving a statistically
reliable picture of the publication activity and
influence of scientists, departments, university as
a whole. It also benefits from the created software
for generating automated reports on scientists’
publication activities.

The research results can also be used to solve
the system cyber security problems.

Conclusions

The digitalization of the educational and
research activities of universities contributes to the
great transformations in their scientific libraries.

University communities should have not only the
ability to receive literature in print or electronic
form, but also to use convenient and reliable
library digital services to create, accumulate,
preserve, manage, analyze and reuse scientific and
educational resources (including open ones).

In the context of promoting high quality higher
education, the university scientific library should
create its own information space, integrated into
the external space of education and science,
provide access to it and make effective use of its
opportunities [9].

The solution to these problems can be
facilitated by the creation of an interactive
information system of university libraries on the
basis of Web-technologies, which includes
a single API-gateway combining separate library
automation systems. This approach made it
possible to create an easy-scalable and cross-
platform system. Individual subsystems, which are
united through a centralized gateway (library site)
and through the API-interface, perform the
following functions:

— Search for publications by title, author's
name and surname, academic Yyear, year of
publication, keywords, etc.;

— Search for authors and display of their author
IDs/profiles: Scopus Author ID, ResearcherlD,
ORCID, Google Scholar Citations;

— Implementation of automated electronic
reporting by scientific publications of individual
scientists, departments, the university as a whole;

— Integration into IRBIS LMS in order to
synchronize the user databases and literature;

— Creation and processing of applications for
the circulation of printed materials;

— Downloading literature in electronic form;

— Collection of statistics relating to library
reader usage of the service for the library
management.

The unified digital infrastructure of the modern
scientific library on the basis of Web-technologies,
which already has an implementation in the
scientific and technical library of DNURT, allows
to assert about the partial fulfillment of the
requirements for the paradigm «Library 2.0» [8].
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€JIMHA HU®POBA IHOPACTPYKTYPA CYYACHOI HAYKOBOI
BIBJIIOTEKHW HA OCHOBI WEB-TEXHOJIOI'TH

Mera. Lludposizamis, po3mupeHas iHQOPMAIIITHOTO CepeloBHIa HAYKOBOi OIOTIOTEKHM Ta HOTO IHTErparis
B rto0anbHUH 1I(POBHI POCTip TOTPEOYIOTH CTBOPEHHS MOBHOLIHHOI OaraToyHKIioHaIBEHOI Web-opieHToBaHOT
exocrcreMu. Po0Oora crpsiMoBaHa Ha JOCIIDKEHHS palliOHANBHMX LUISIXIB Ta peaiizallilo OKpeMHX 3aco0iB
y pamKax iHTepakTuBHOI iH(opmaIliiiHoi cucremu 0i0miOTeKH Ha OCHOBI Web-TexHOMOTIH, 1110 MICTHTh y COOi
enuanii API-numo3 (caidT 0i0nioTekH) Ta MOENHYE OKpeMi aBTOMaTH30BaHi Oi0mioTeuHi iHpopMmauiliHi cucTemMu
(ABIC). Meroaunka. JlocmipkeHHsT NPOBOOMIOCH Ha 0a3l HayKOBO-TeXHIYHOI 0i0Omiorexku JIHIMPOBCHKOTO
HAIliOHAIILHOTO YHIBEPCUTETY 3aJIi3HUYHOTO TPAHCIOPTY iMeHi akaiemika B. Jlazapsua (JJHY3T). [IpoananizoBaHo
CTPYKTYpPY Ta CTaH ICHYIHOYOi MoOpajbHO 3acrapinoi iHpopmauiitHoi cucremu 0i0JiOoTeKH, 3aCHOBaHOI Ha
TEXHOJIOTISAX TOAUICHHS IMiJCHCTEM Ha OKpeMi CepBiCH. PO3IIITHYTO MOXKIMBOCTI Ta OCOONHBOCTI MEPEXOny IO
€IMHOT 1HTEPaKTHBHOI CHCTEMH 3a JOIOMOTOI0 IEHTpaidbHOro Web-nomaTky, MO TOEJHYE PO3pi3HEHi cepBicH.
Bomna inrerposana B cuctemy ABIC IPBIC 64 (ane moxxe O0ytu BukopucraHa Oyap-sika ABIC). YBary 3ocepemxeHo
Ha HaJIHOCTI Ta 3aX¥CTi JaHUX KOPHUCTYBAYiB BiJl HECAHKI[IOHOBAHOTO NocTymy. Pe3yiabTaTu. [JocmimkeH] IIsxy,
3aco0M Ta OCOONMBOCTI Iepexoqy IO MOBHOWIHHOI OaraTto(yHKIIOHaNBEHOI Web-OpieHTOBaHOI eKOCHCTEMHU
6i6moTexn JJHY3T. Cucrema nepenbadae BracHuin API-inTepdeiic, oo mo3Bossie ii 1erko MacmtaOyBaTu 3aBIsSKA
3aCTOCYBAaHHIO Cy4acHOTO (peiiMBopky Ha 0a3i Laravel — OctoberCMS. Cucrema mMae maHenab aaMiHicTpaTopa Ta
kopuctyBada. Po3pobneno mincucremy bJl «IlyGmikamiiftHnii mpodins yHIBEPCUTETCHKOT HAYKNY, IS 3a0€3eUeHHS
HeoOXigHOTO (DYHKITIOHATY SKOT CTBOPEHI IUIariHu Ta mporpamu: 1) mis cuaxpoHizatii 31 Scopus, Web of Science,
Google Scholar — na mogi Pyhton; 2) aiust popmyBanHs aBToMaTH30BaHOI 3BiTHOCTI — Ha MOBi C# 11 OC Windows.
HaykoBa HoBH3Ha. J[oCHiZHWKaMHU TNpOaHATI30BaHI MOXKJIMBOCTI W 3allpOIOHOBaHI ONTHUMAaJbHI Ta e(QEeKTHBHI
pillIeHHs 31 CTBOPEHHS iHTepaKTUBHOI iH(opMariiiHoi cuctemu 610sioTeKkH Ha OcHOBI Web-TeXHOIIOTIH, 1110 MICTHTh
B cob0i emuHnit APl-mimo3 (caiT 06i0nioTekn) Ta MOeaHye OKpeMi Oi0IioTedHI aBTOMATH30BaHI CHCTEMH.
JloBeneHo, 1[I0  3acTOCYBaHHsS — IIJABMINEHOTO pIiBHS  a0CTpakiii 3 BHKOPHUCTAHHAM  CIICL[iali30BaHUX
PHP-dpeiimBopkiB Ta Texnonorii ORM 3amicts umcroro SQL no3Bomsie 3ocepeanTHcss Ha po3poOIi JIOBOII
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ckimanaHoi 3a (QYHKUISIMM M BOAHOYAC NPOCTOI 3 TOYKU 30pY PO3POOKM CHUCTEMH, L0 3a OpakoM dYacy Ta
MaTepialbHUX PECYpCiB y HayKoBHX 0i0mioTekax YKpaiHM € JOCHTh e(peKTUBHMM. BUKOHaHI JOCHIKCHHS
JTO3BOJISIFOTH CTBEPKYBATHU PO YacTKOBY peanizaiito B 6i0mioteni JJHY3T Bumor no napaaurmu «biomioreka 2.0».
[pakTuyHa 3HaYMMicTh. 3alpPONOHOBaHAa IHTEpaKTHBHA iH(OpMaIliiiHa cucTeMa HayKOBOi OiOJIOTEKM TO3BOJIIE
MPaKTUYHO BiJMOBUTHCH BiA 3acTOCyBaHHS TpoMi3nkoi @ MopambHO 3actapimoi cucremu IPBIC 64 s
00CITyroByBaHHS YWTA4iB (HasBHA MOXXJIMBICTh BHKOHAHHS 3aMOBJICHHS APYKOBAHOI JITEPaTypH 3 OCOOHMCTOTO
kabiHery). Po3pobnene mporpamHe 3abe3nedeHHs, ke BHKOHye cuHXpoHizamito 3 IPBIC moBoro C#, mo3Bosse
B MaiibyrHhOMy mpoBectd BuBaHTakeHHS maHuX 3 ABIC IPBIC nmo Oymp-skoi cydacHoi ABIC i3 BigkpuTUMm
BUXiTHUM KomoM. Peamizamis moximBocTed migcucreMu «[lyOmikamifHuUE TpoQine yHIBEpCHTETCHKOI HAYKH»
JIO3BOJIUTH OTPUMYBATU CTATHCTHYHO JOCTOBIPHY KapTHHY ITyOJiKaliifHOT aKTHBHOCTI Ta BIJTMBOBOCTI HAYKOBIIIB,
Kadenp, yHIBEpCUTETY B LIJIOMY.

Kniouosi cnosa: iutepakTHBHA iHpOpManiiiHa cucrtema OibmioTekn; O0iOIioTeKa YHIBEPCHUTETYy; HayKOBO-
texniyna 6idmioreka JJHY3T; OctoberCMS; Laravel; PostgreSql; ABIC; API-turo3; Web-101aToK; eneKTpOHHUN
KaTaJor; HayKOBHUi Podijb yueHOTo
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EJVUHAS IU®POBAS HHOPACTPYKTYPA COBPEMEHHOM
HAYYHOH BUBJIMOTEKH HA OCHOBE WEB-TEXHOJIOT UiA

Henn. Iludposusamus, pacimpeHne HHGOPMAIMOHHOW CpEAbl HAYYHOH OMONMOTEKM M €€ WHTErpaIfusl
B riobampHOEe 1HM(POBOE MPOCTPAHCTBO  TPEOYIOT CO3MAHUS  IOJHOLEHHOH  MHOTO(YHKIIMOHAJIBHON
Web-opuentupoBannoii skocucTeMbl. PaboTa HampaBlicHa HAa MCCIICIOBAHUE PAIIMOHATBHBIX MyTeH W PEATH3aAIUI0
OTHCNBHBIX CPEACTB B paMKax HMHTEPAKTUBHOW HH(GOPMAIIMOHHOM CHCTEMbl OHONHMOTEKM Ha OCHOBE
Web-rexHomoruii, koTopass comepkutr B cebe emunbiii APl-1umio3 (cadT OHONHOTEKH) U COYETaeT OTHCIBHBIC
aBTOMAaTH3UpPOBaHHBIE OMONHOTeUHBle uWHpopMannonHeie cucteMbl (ABMC). Meroanka. HccienoBanue
poBOAMIIOCE Ha 0a3e HAay4YHO-TEXHMUYECKOH OnOMmoTekn JIHWIPOBCKOTO HAIMOHAIGHOTO YHHBEPCHUTETa
KEIE3HOJOPOKHOTO TpaHcrmopTa mMeHH akanemuka B. Jlazapsaa (JJHYXXT). IlpoanamusmpoBaHa CTpYKTypa
U COCTOSIHHE CYIIECTBYIOIIEH MOpaibHO ycTapeBlled HH(pOpMannoOHHOH cucTeMbl OMOIMOTEKH, OCHOBAaHHOW Ha
TEXHOJIOTHUSIX JICJICHHS TIO/ICCTEM Ha OTAEIbHBIE CEPBUCHL. PaccMOTpEeHBI BOZMOXHOCTH U OCOOEHHOCTH Iepexo/ia K
eIMHON WHTEpaKTUBHOW CHCTEME C IIOMOLIBI0 LeHTpainbHoro Web-mpumoxeHus, coderaroliero paspo3HEHHbIE
cepBucel. OHa umHTerpupoBana B cucreMy ABUC WPBUC 64 (Ho MoxxeT ObITh mcmonp3oBaHa nobas ABUC).
BHumanme cocpe1oToueHO Ha HAaJSKHOCTH H 3allUTe JaHHBIX MOJIh30BaTeNIei OT HECAHKIIMOHUPOBAHHOTO JIOCTYTIA.
PesyabTaTsl. VccrienoBaHsl MyTH, CpeACTBa U OCOOEHHOCTH Mepexojia K MOJHOLEHHOH MHOTO(YHKIIMOHAIBHON
Web-opuentupoBannoit  skocucreme Oubmmorekn JHYXKT. Cucrema upemycMarpuBaeT COOCTBEHHBINH
API-unTtepdeiic, MO3BOAIONIMKA €€ JErKO MacIITaOUPOBaTh OJiaroaapsi MPUMEHEHHIO COBPEMEHHOTO (peiiMBOpKa
Ha Gase Laravel — OctoberCMS. Cucrema wMeer mNaHed b aJAMUHHCTparopa M IOJib30BaTels. Paspaborana
noacucrema b/l «[lyOnnkanuoHHBIH Npoduilb YHHBEPCUTETCKOM HayKu», JUIl OOecred4eHHs HeoO0XOIMMOro
(byHKLIHOHANA KOTOPOil CO3[aHBI IUIArMHBI M mporpammbl: 1) mis cuHxponum3auuu co Scopus, Web of Science,
Google Scholar — na s3p1ke Pyhton; 2) anst popmupoBaHHs aBTOMATU3UPOBAHHOM OTYeTHOCTH — Ha si3bike C # ais
Windows. Hayunasi HoBu3Ha. VccrenoBatensiMu NpoaHaIH3HupOBaHbl BO3MOXKHOCTH M IPEUI0KEHbBI ONTHMAaJbHBIC
1 3¢ ¢eKTUBHBIE PENICHHs] MO CO3AaHHI0 WHTEPAKTMBHOW HMH(OPMAIMOHHOW CHCTEMBI OMOJIMOTEKM HAa OCHOBE
Web-rexuomoruit, kotopast comepkutr B cebe emunbii APl-1umio3 (caiT OGHONHOTEKH) M COYETAeT OTHACIbHBIC
O6uOIMOTEeYHbIE aBTOMATH3MPOBAHHBIE CHCTEMBI. J[0Ka3aHO, YTO MPUMEHEHHE MOBBIMICHHOTO YPOBHS abCTpaKIuu
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C HCIOJb30BaHWEM creuuanu3upoBaHHblx PHP-dpeiimBopkoB u TtexHomormn ORM Bmecto uymctoro SQL
MIO3BOJISIET COCPEIOTOYNTHCS HA Pa3pabOTKe JOBOJIBHO CI0XKHON MO (YHKIMSAM U OJHOBPEMEHHO MPOCTOH C TOYKH
3peHus pa3pabOTKH CUCTEMBI, YTO 32 HEMMEHHMEM BPEMEHH U MaTepUajJbHBIX PECYpCOB B Hay4YHBIX OMOIMOTEKax
VKpauHBl SBISETCA JIOCTATOYHO J(PQEKTUBHBIM. DBBINMOTHEHHBIE WCCIEIOBAaHMSA IO3BOJIIOT  YTBEPXKIATh
0 wdacthuHOW peammzanuu B OmbOmmoreke JHYXT TpebGoBanmii k mapaamrme «bubmmoreka 2.0».
IIpakTHyeckass 3HaYUMOCTb. [IpeanoxeHHas MHTEPAKTUBHAS MH(POPMAIMOHHAS CHCTEMa HAyYHOW OMOIMOTEKH
MTO3BOJISICT MPAKTHYCCKH OTKA3aThCs OT IPUMEHEHHUS TPOMO3AKOH M MopansHO ycrapeBmieit cuctembl UPBUC 64
Uil OOCTy)XMBaHUSI 4YUTaTeNeH (TMPUCYTCTBYET BO3MOXKHOCTH BBINOJMHEHUS 3aKa3za IE€YaTHOW JMTEpaTypsl U3
TmgHOTO KabmHera). PazpaboranHoe mporpammHoe oOecrieuenue, cuaxponmupymomeecs ¢ MPBUC Ha s3pike CH,
MO3BOJISIET B Oy TylieM npoBecTH BhIrpy3Ky AaHHbIX 13 ABVIC UPBUC B mobyto coBpemennyto ABVIC ¢ oTKpBITBIM
UCXOJHBIM KOJIOM. Peammzaumsi Bo3moskHOcTe# moacucteMsl «l[lyOiuKannoHHBIH NPOGUIb YHHBEPCHUTETCKOM
HayKH» I03BOJIMT IOJy4aTh CTAaTUCTUYECKH JOCTOBEPHYIO KApPTUHY ITyONMKAIlMOHHOW aKTUBHOCTH WM BIIMSHHS
YUYEHBIX, Kaeap, YHUBEPCUTETA B IIEJIOM.

Kniouegvie cnosa: wHTEpakTHBHAs HMH(QOPMAIMOHHAs CUCTeMa OHMOIMOTEKH; OMOIMOTEKa YHHBEPCHUTETA;
Hay4HO-TexHuueckas Oubmmoreka JIHYIXKT; OctoberCMS; Laravel; PostgreSql; ABUC; API-uwo3;
Web-nipunoxeHue; 3eKTPOHHBIA KaTalor; Hay4HbIH MPOQUIb yY4EHOTO
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PACHPEJAEJEHHASA TUHAMHNYECKASA PDE-MO/EJIb
IMPOT'PAMMHOTI'O YIIPABJIEHHUS 3ATPY3KOM .
TEXHOJOI'MYECKOI'O OBOPYIOBAHMSA ITPOU3BOACTBEHHOU
JIMHUUN

Leab. B pabore HEOOXOANMO PaccCMOTPETh NMPOCKTUPOBAHUE CHUCTEMBI YNPABICHHUS MapaMeTpaMyu HMpPOU3BOJI-
CTBEHHOH JMHUU JUIs NPEANPUATHA C MOTOYHBIM METOAOM OpraHu3aluu mpousBoicTBa. Meroauka. [Ipousson-
CTBEHHAs JMHUS NPEANPHUATHS ¢ HOTOYHBIM METOAOM OPraHW3alMU MPOU3BOACTBA — 3TO CIIOKHAs TUHAMHYECKAsS
pacnpeneneHHas cucTeMa. TeXHOJIOTHYECKUI MapHIpyT M3TOTOBIEHHS M3JENHS U1 MHOTUX COBPEMEHHBIX MPE-
HIPHUATUI COOEPKUT HECKOJIBKO COTEH TEXHOJIOTMYECKHX ONEPALMi, B MEKONEPALUOHHOM 3afelie KaXI0W U3 KOTO-
PBIX coliepyKaTcs THICSYM W3AEIHH, 0XKUAAIOIINX 00pa0boTKy. TexHoIorn4eckue MapiupyThl pa3HbIX JAeTajei 0HO-
ro BHJA U3JIENIHI MepecekaroTcs. OTO NPUBOIUT K TOMY, UTO pacHpeseseHue NpeIMEeTOB Tpyda BJOJIb TEXHOJIOT U-
YEeCKOro MaplipyTa OKa3blBaeT 3HAUUTEJIBHOE BIMSHHE Ha IIPOMYCKHYIO CIIOCOOHOCTH NMPOU3BOJACTBEHHOW JIMHMU.
Jlyist omMcaHusl TaKMX CHUCTEM BBEIEH HOBBIM Kiace Mojenedl mpousBojacTBeHHbIX nuauil (PDE-model). Moaenu
3TOr0 Kjlacca UCMOJIb3YIOT YPaBHEHHS B YACTHBIX IIPOM3BOJIHBIX JAJIS ONMCAHMS NTOBEICHUS MOTOKOBBIX MTapaMEeTpPOB
IIPOU3BOJICTBEHHOM NMHUU. B manHOM cTathe moctpoeHa PDE-Monens mpon3BOACTBEHHON JIMHUY, TOTOKOBBIE ITa-
paMeTpsl KOTOPOH 3aBHCAT OT BEIMYMHBI KOA(PQHUIMEHTA 3arpy3KH TEXHOJIOTHYECKOTO 000PYIOBaHUS AT KaXKI0H
onepaunu. PesysbTarbl. ABTOpBI MOJNYyYHIIM ONTHMANBHOE YIPABICHHE IOTOKOBBIMU IMapaMeTpaMH MpPOH3BOJI-
CTBEHHOI JINHUHU, B OCHOBY KOTOPOTO TIOJIOKEH alNT'OPUTM U3MEHEHHS KO3(h(HUIIMEHTa 3arpy3KH TEXHOIOTHIECKOTO
000pyOoBaHUs IPOU3BOACTBEHHON THHUM. B KadecTBe 6a30BOr0 HOPMATUBHOTO pexnMa (DyHKIIMOHHPOBAHHUS I10-
TOYHOH JIMHUM PAacCMOTPEH OAHOCMEHHBIN pekKuM padoThl. st MonenupoBaHusl pabOThl TEXHOJIOTHYECKOTO 000-
PYZAOBaHUs TOCIEe CMEHbI HCIIOJIb30BaHa 0000meHHas GyHkuus Jupaka. Hayunast HOBU3HA 3aKItovaeTcsi B paspa-
00TKEe MeTOoJ]a MPOSKTHUPOBAHUS CUCTEM YIIPABICHHS IapaMeTpaMM IPOHU3BOJACTBEHHOM JMHUH MPEIIPUSITHH C IT0-
TOYHBIM METOAOM OpTaHHU3allM{ MPOHM3BOJCTBA, OCHOBaHHOTO Ha PDE-momenn oOvexTa ympaBieHHA. ABTOPHI
MIPEUIOKUINA METOJ TIOCTPOSHHUSI ONTUMAIBHOTO YNPABICHHUS NapaMeTpaMH MOTOYHOHN JIMHUU 4epe3 yIpaBieHHE
K03(h(ULIMEHTOM 3arpy3KH TEXHOJIOTHYECKOTro 000pynoBaHus. [Ipy MpOeKTHPOBAaHUU CUCTEMBI YIIPABJICHUSI IIOTOY-
Hasi JIMHMA TIPEACTaBIC€HAa JIUHAMHUYECKOH CHCTEMOM C pachlpeleleHHBIMH IOTOKOBBIMH IapaMeTpaMH.
IpakTnyeckas 3HAYUMOCTB. [IpennoxKeHHBI METOJ IPOEKTUPOBAHUSI CUCTEMBI YIIPABICHHUS NOTOKOBBIMHU Tapa-
METpaMH TPOU3BOJICTBCHHON JIMHUM MOXET OBITh IOJIOXKEH B OCHOBY NPOEKTHPOBAHMS BHICOKO3()(EKTHBHBIX CH-
CTEM YIPABICHHS MOTOKOBBIMU MapaMeTpaMy MPOU3BOJACTBA AJIS MPEANPUATHHA 110 U3TOTOBIEHHIO NOIYIPOBOJHU-
KOBOH ITPOJIyKIIMH aBTOMOOMIIBHON OTpaciIH.

Kniouesvie cnosa: xouseliep; nponsBojcTBeHHas iuHUA; PDE-Moznens mpou3BOACTBA; CHCTEMbI YIpaBlICHUS
MIPOU3BOJICTBOM; HE3aBEPIIEHHOE IPOU3BOACTBO; MACCOBOE MTPOU3BOJICTBO

0)o0opynoBaHue, HEOOXOIUMOE JIJIsl BBIMTOJIHE-
Berymiienue HUS OTEpaliy, MapamMeTpbl ero padoThl M CXema
paccTaHOBKHY;

B)CBOICTBa NpeaMeTra Tpyla M 3aKOHBI Iepe-
HOCa PecypcoB Ha MPEAMETH TPyla B pPe3yibTaTe
BO3AEUCTBHS 000PYIOBAHMUSL.

[penmnonaraercs, YTO TEXHOJOTHS MPOU3BOJI-
CTBa 3a BpEMA IMPOU3BOJACTBECHHOI'O HHUKJIAa HE ME-
HSIETCA, T. €. MapaMeTpbl, XapaKTEePU3YIOIIUe Orie-

Ha motodHol JIMHUH TIpeAnpHATUS TpeOyeTcs
00paboTaTh MapTUIO M3JENUH 332 MPOU3BOJICTBEH-
HBIN UK MUHUMAJIBHON IPOJOJIKUTENBHOCTH [8].
JI1st TEXHOJIOTHYECKOTO TTpoIiecca ONpe/IeICHb:

a) MOCIIEI0BATEILHOCTD OTIEpaIlii U UX TEXHO-
JIOTUYECKUE MTapaMeTPhl;
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pamuio, OCTalTCS HEW3MEHHbIMU. [Ipomomku-
TENBHOCTh CMEHBI 33J]aHa, COCTABIISIET BOCEMb Ya-
coB. CokpallleHHe JIUTEITBHOCTH MPOU3BOCTBEH-
HOTO IHUKJIA BO3MOXHO 3a CUET U3MEHCHHS PSIKUMA
3arpy3kd  o0OpyZoBaHHs. BenwuwHy 3arpysku
o0opymoBaHus TIpH 00pabOTKE MAPTHH H3IETUI
OyaeM XapakTepu3oBaTh Kod((UIIMEHTOM CMEH-
HOCTH paboThl 00OpYIOBaHHS B TEUCHHE CYTOK

Sm. [lonmaraem, 4To CTOMMOCTh OJHOTO 4aca pa-
00TBI 000PYIOBAHUS SIBIAETCS PA3HON IS KaXI0H
ofepalvii U 3aBUCHT OT BpeMeHU CyToK. [loToko-
BBIMU TapaMeTpaMyd MOJICNH YIPaBISIEMOro IMpo-
W3BOJICTBEHHOTO Iporiecca B JIBYXMOMEHTHOM
OIMMCaHUU ABJISAIOTCA MCEKONCPALIMOHHBIC 3alCIIbl,

XapaKTePU3YIOLIMECs] IUIOTHOCTBIO [ ;(]0 (t,S),

W TEMII IBW)XEHHUS MPEAMETOB TPyZAa [ )(]l (t,S)

o TexHoJormyeckomy mapmpyty [1, 9, 10, 11].
Hﬂﬂ OImrCaHuA TMOBCACHUA IMOTOKOBLIX IMapaMCTPOB
B MPOCTPAHCTBE U BPEMEHU HCIIOIB3yeM OJHOMEp-

HOE KOOPIHMHATHOE MPOCTPAHCTBO (t,S) [2, 6].
Koopauuata S ompezmensieT MeCTo IpeaMeTa Tpyaa
B TEXHOJIOTUYECKOM MapiiupyTe. BBemneHHOE OHO-
MEpHOE KOOPJMHATHOE MPOCTPAHCTBO (t,S) o3-

BOJISIET MTOCTPOUTH KOMIAKTHBIE, KAYECTBEHHO 000-
3pHMBIE MOJICITU YIPABJICHUS MapamMeTpaMy IOTOY-
Holi nmHMH. PazoObem koopaumHatHyrO ock 0S Ha

ompeskn AS, €[S,,,S,,]. Koopmumarst S

m-1
n Sm XapaKTepI/By}OT Ha4yaJI0 U OKOHYaHHUE M -OU
m=1.M.

aro S, =0, §,, =S,, rme S; — cebecronmocts

OIlepaLuy, IIpyu »sTOM mDONaraem,

npoxykuuu. Ilycts dynknua Z, (t, Sm) orpenes-

€T CTOMMOCTb CBEPXHOPMATHBHBIX 3aTpaT pecyp-
COB, HEOOXOAMMBIX JJIsI UCIIOJB30BaHUS JIONOIHU-
TEIIBHOTO 000PYIOBaHUsI B TEUEHHE OJHOTO Yaca Ha
m-oii  omepauud.  3aBUCUMOCTb  (YHKIMH

Z, (t,Sm) OT BpPEMEHM IMOJpa3yMeBaeT TO, YTO

B TEYCHHE IPOW3BOACTBEHHOI'O IHKJIA CTOMMOCTBH
CBEpXHOPMATHUBHBIX 3aTpaT pPEecypcoB, HEOOXO/u-
MBIX JJIs1 BBIIIOJHEHHS ONepanyy Ha JOTOJHUTEIb-
HOM OOOpYZOBaHUH, MOKET MEHSTHCS BO BPEMEHHU.
ITox Mcnosnp30BaHNEM JOMOIHHUTEIBHOTO 000pYHO-
BaHUS [TOHMMAeM HCIIOIB30BaHHUE PE3EPBHOIO 000-
pyzaoBaHus TpeOyeMoe BpeMsl I OCHOBHOTO 000-
pY/ZOBaHUs B JONOJHUTENLHOE BpeMs (kodddurm-

ent cmennocta K, < 3) [5]. OnHum 13 noaxonos,

MO3BOJISIIOIIAM ~ CHHXPOHU3UPOBATh  MPOU3BOAU-
TEIFHOCTh 00PabOTKH TPEAMETOB TPYIa HA PAa3HBIX
OTIepaIusiX MOTOYHOW JIMHWH, SBJSIETCS MCIOIB30-
BaHHE OCHOBHOTO OOOpYJIOBaHHS B JOMOJHHUTEIb-
HOE€ BpeMsI MEXy OCHOBHBIMH TEXHOJOTHYECKHMHU
cMeHamu (ympaBieHne Kod(pHIMeHTOM CMEHHO-
CTH TEXHOJOTMYECKOTO O0OpYyIOBaHMS AJS 3adaH-
HOW TEXHOJOrM4YecKoi oneparuu). Eciu B kauecTBe
OCH BpPEMEHH IPOCTPAHCTBA COCTOSIHWI BHIOPATh
oTpaboTaHHOE 00OPYJOBAaHHUEM BpEMs MPH OJHOC-
MEHHOM pEeXUME paboThl, TO COCTOSIHHE 3a/ICJIOB
B T€UCHHE MTPOMEKYTKA MEKIY MOMEHTOM OKOHYA-
HUSI CMEHBI M HA9aJIOM JPyTroi CMEHBI B CIIyYae MC-
MOJIb30BAHUSI OCHOBHOTO O0OPYIOBaHHS B TCUCHHUE
BTOPOH M TPEThEH CMEHBI OyJeT MEHSTHCS CKauKO-
00pa3HO Ha BeNUYMHY O0OpaOOTaHHBIX W3IEIUI
B TEUECHUE BTOPOH U TPETHEN CMEHBI.

BBeneM mioTHOCTH paciipesieieHns CTOUMOCTH
CBEPXHOPMATHBHBIX 3aTpPaT TEXHOJIOTHYECKHX pe-
CYpCOB, TpeOyeMBIX I BBINOJIHCHHS pabOT Ha
JOTIOJTHATEIEHOM 000pYyJJOBaHUM B TCUCHHE Yaca,
JUTST TEXHOJIOTHYECKOTO MapIIpyTa Ha HHTEpBaJe

[0, Sd] (puc. 1):

Sy

[ o (ts)ds=z(ts,);

S
Sy M Sm M
[o,(t.5)ds =) [ o,(t,5)ds =) z(t.S,)
0 m=1g m=1

m-1

Beenem ¢ynkmuo W (t,S), XapaKTepU3yIo-
myro paboTy JONOJHHUTEILHOTO 000pYI0BaHUS
(OCHOBHOTO 00OPYIOBaHHUsA BO BTOPYIO WM Tpe-
TBIO CcMeHy, koaddumuent cmennoctn K, >1).

Onpenenum

TW§ (t,S)dt

L’}

KaK KOJIMYECTBO OTPaOOTAHHBIX JOMOIHUTEIHLHBIM
obopynoBaHueM (pacIioIOKEHHBIM B OKPECTHOCTH
KOOPJIMHATHI S TEXHOJOTHYECKOTO MaplipyTa) 4a-

COB 3a IIPOMEXyTOK BpemeHn At=(t, —t,). B pe-
3yNbTaTe BKJIFOYEHHS JIOTIOJHUTENLHOTO 060py/10-

BaHHUS, 00ECIEeUNBAIONIETO 00padOTKYy MPEIMETOB
TpyJda BO BTOPYIO U TPETHKO CMCHY C TEMIIOM, pPaB-
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HbIM TEMIy pa0OThl OCHOBHOTO OOOpPYIOBaHUS
[ Z]lw (t,S), 0oOmUii TEMIT IBIKEHUS IPEAMETOB

TpyJa B TOYKE TEXHOJOTHYECKOIO MaplipyTa
C KOOpPAMHATOM S yBenuMuuBaeTCs Ha BEIUYUHY

[Z]lw (t,S)-W;(t,S). 3a Bpemst At=(t,—t;) pa-
OOTBI JIOMOJHUTEIBHOTO OOOPYIOBaHUS Yepe3
TOUYKY TEXHOJIOTUYECKOTO MapuipyTa ¢ KOOpIHHA-

TOH S TIPOHIET MOMOJHUTEIHHBIA ITOTOK TpeaMe-
TOB TPYJla OOIIMM KOJIMYECTBOM

[[7],, (t.5)-W, (t,S)dt

eauHul. CTOMMOCTh CBEpXHOPMATHUBHBIX 3aTpar,
HEOOXOMUMBIX IIJIsl oOecriedyeHus] paboThl JIOMOJI-
HUTEJIBHOTO 00OPYIOBaHMS, PACIIOJIIOKEHHOTO Ha

yuactke AS, €[S, ;,S,] u ucnomssyemoro s
BBINIOJIHEHHMsT M -0 OIEpaluy 3a UIUTEIBHOCTD
IPOM3BOJICTBEHHOTO MK T, , ONpesenseM HHTe-

rpajoM:

de Tws(t,s)-wz (t,S)dSdt .

0 Smfl

O6mas croumocts C, CBEpXHOPMATHBHBIX
3aTpaT TEXHOJIOIMYECKUX PECYPCOB 3a BPEMs IIPO-

W3BOJICTBEHHOIO LIMKJNA T, MOXET OBITh paccuu-

TaHa Kak:
Ty Sq
Coo (Ty)= [ [W;(t.S) @, (1,5 )dsdt.
00

Hean

[MocTpoenne cuctembl yrnpaBlieHHsS TOTOKOBbI-
MH TapamMeTpaMH HPOU3BOICTBEHHON JIMHUH, KO-
Topass Oa3mpyercs Ha YIpaBIeHUH KOd(hUIHCH-
TOM CMEHHOCTH (PYHKIIMOHHPOBAHHS TEXHOJOTH-
YECKOro 000pyI0BaHUs.

MeTtoanka

IIpou3BoACTBEHHAs JUHUS NPEANPUATHS C TIO-
TOYHBIM METOJIOM OpraHHU3alUu IPOU3BOACTBA
paccMOTpeHa Kak AVMHAMMUYECKas pacupelercHHas
cucteMa. TeXHOJIOTHYECKUI MapLIpyT MU3rOTOBIIE-
HUS U3JEIUs JUIs MHOTMX COBPEMEHHBIX IIPENIIpHU-
SITUA COJIEPIKUT HECKOJIBKO COTEH TEXHOJIOTHYe-

CKHX OIepalui, B MEXOIEpPalMOHHOM 3afelie
KaXJ0¥ U3 KOTOPBIX COJEPIKATCS THICAYU HU3ACIHM,
oxumaromux ~ o0paborky.  TexHomormueckue
MapIIpyThl pa3HbIX JETaJeH OJHOrO BUJA U3EIUN
[IEPECceKaroTCs. JTO NMPUBOAMT K TOMY, 4TO pac-
IpefeseHue NPeIMEeTOB TPyAa BAOJb TEXHOJIOTHU-
YECKOT0 MapuIpyTa OKa3bIBa€T 3HAUYUTENBHOE BIIH-
SSHUE Ha TMPOMYCKHYIO CIIOCOOHOCTH MPOU3BOJ-
CTBECHHOM JMHMH. JUJIA ONUCAHMS TAKUX CHCTEM
BBEJICH HOBBIN KJlacC MOJeNel MPON3BOACTBEHHBIX
muanii (PDE-model). Mogenu sTtoro kmacca wuc-
MOJIb3YIOT YPAaBHEHHS B YACTHBIX IMPOU3BOIHBIX
IUIsl OIIMCAHMSI TIOBEAECHUS TIOTOKOBBIX IapaMETPOB
MIPOU3BOACTBEHHOW NUHUU. B NaHHOH cTaThe IO-
ctpoeHa PDE-Monens mpou3BOICTBEHHOM JIMHHM,
MIOTOKOBBIE MapaMeTpPhl KOTOPOH 3aBHUCAT OT BEJU-
YHHBI KO PUIUEHTA 3arpy3KH TEXHOIOTHIECKOTO
o0opymoBaHUs ISl Kaxaou omeparuu. s omwu-
CaHUsl pacHpeleiICHHOW NTUHAMUYECKOH CHUCTEMBI
ucnonb3zoBana PDE-moxens motounoit nunaum |1,
9-14]. Ilpu 5TOM pacCMOTpEH B KauecTBe 6a30BOro
pexxuma (QYHKIMOHMPOBAHUS OJHOCMEHHBIH pe-
UM PabOThl IPOU3BOACTBEHHOTO MPEAPHITHUS.

PesyabTarsl

HapaMeprI JIMHUUW [JIs1 HCOPCPBIBHOTO IMOTOY-
HOTO MPOM3BOJCTBA C JOCTATOYHO OOJBILIUM KO-
JIMYECTBOM OIEPAllUil yIOBJIECTBOPSIOT CHUCTEME
0aaHCOBBIX YPaBHEHUIA:

oL (t5) ol (1)
ot oS

[Z]l(t’s)z[;(]ly/(t’s)'

HopmarusHeni temn | I]lr// (t,S) oGpabGorku

=0, )

MIPEIMETOB TpyJa Ul MOTOYHON JIMHHUH SIBIISETCS
3aIaHHBIM B KAQXKJOM TOYKE TEXHOJIOIMYECKOrO
MapuipyTa U JJIs1 KaKI0ro MoMeHTa BpemeHu. Ila-
paMerpaMu MOJENIN YIPABISIEMOIO IIPOU3BOJ-
CTBEHHOTO IIpOIiecca B JBYXMOMEHTHOM OIIMCAHUU
SIBISIFOTCSI MEKOIIEPALIMOHHBIE 33JI€JIbI, XapaKTepHU-

sytomme 1iotHocThio [ ¥] (t,S) pacnpenenerus

npeamMeTOB Tpyada TCXHOJIOI'MYECCKOI'O

MapuipyTa, ¥ WX TEMIl JBHKEHHUSI [ ;(]l (t,S) [8].

BJIOJb

VpaBlieHne BEIMUMHOH TOTOKOBBIX NAapaMeTPOB
[x],(t.S), [x],(t.S) ocymecTBusiem myrem pe-
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IyJMpOBaHHs MECTAa BKIIOYEHHMS B TEXHOJOTHYE-
CKOM MapHIpyTe JONOJIHUTENLHOTO 000py10BaHUsA
U JUIMTENBHOCTH €ro BKJIIOYEHHs (M3MEHEHHE KO-
dpdunmenta cMeHHOCTH  (QYHKIIMOHMPOBAHMS
TeXHOJornaeckoro odopynosanns, Kg, >1).

o, (t, S) s,
2 (15, )= -[ o.(1.5)dS

Suaa

z(.S,)

z t, S,
Zt‘(I’Sl) C( ) B

S
=S

S S, S

m

Puc. 1. IlnoTHOCTE pacnpenenenus @, (t, S)
Fig. 1. Distribution density , (t,S)

VYnpasnsromast QyHKIHs

Us (1.8) =W, (1.5)

ONpEAENsAeT BEIUYHHY JUINTEIBHOCTH BKJIFOUEHUS
JOTIOJTHUTENILHOTO 000pYyJOBaHUs B YKa3aHHOM
MECTE TEXHOJIOTMYECKOIO MapIIpyTa ¢ KOOpAHHA-
TOi S B MOMeHT Bpemenu t=t,, rae t; — Bpems

oKkoHYaHWs ( -0i cmeHbl ((=12,3...). UnaTepBan

TUTAHUPOBAHUS JIJISl pacCMaTpUBAEMON JIMHUU pa-
BEH MHTEPBANY MPOTSHKEHHOCTH TPeX CMeH (CyTo-
YHBI MHTEPBAJ IUIAHUPOBAHUS) TPH OJHOCMEH-
HOM peXHMe PabOThl OCHOBHOTO O0OpYHOBAaHUSL.
B kauecTBe NOMOIHUTENBHOTO HCIOJIB30BAHO OC-
HOBHOe oOopyznoBanue Kg, >1, oOpabarsiBaroniee
npesMETHl TpyJa BO BTOPYIO U TPETHIO CMEHY

C TEMIIOM [Z]lu/ (t, S) .
Tosenerne mapamerpos [ 7] (t,S), [] (t.S)

MIOTOYHOH JIMHUM OTrPAHUYEHO HAYAJIbHBIMHU YCIIO-
BUSIMH PacCIIpEAEIeHUsl IPEAMETOB Tpyla M0 TEX-
HOJIOTUYECKOMY MapUIpyTy U LIEJIbIO YIIPaBIEHUS:

[l]o (O’S):[l]oo (S)’
[)(]O(Td’s)z[jf]md (S)’

a TaKKe TpaHUYHBIMU YCIOBUSMH, OIpPEACIIIO-
IIMMH [TOCTYIUIEHUE CO CKJIaJIa CHIPhsI, MATEPHUAIOB
Ha TMEPBYIO OMEPANNI0 M BBIXOJ TOTOBOH MPOAYK-
LMY C HOCJIETHEN ONEpalnn:

[x](t,0) =[x]os @),
[x).(t,0) =[x]s ().

B oTcyrcTBHE BKIIIOUEHHS IOMOJHUTENHHOTO
obopynosanms mapamerpsr [ 7] (t,S), [x],(t.S),
[ Z]lu/ (t,S) B MOMCHT 1, OKOHYaHUs ( -Oi CMCHEI

u Havana ((+1)-oii CMEHBI SBISAIOTCS HENPEPhIB-

HBIMH (QYHKIMSIMA BpeMeHH !t C HeNmpephIBHBIMU
MIPOU3BOAHBIMU N -TO NOPSJIKA:

[Z]o(tqf’s):[l]o(tqws)’

" [(tS) Ly (45)
ot" ot"

[Z]l(tQ—'S):[Z]l(tw’S)’

0" [l]l(tq*’s) _ 0" [Z]l(thr'S)
at" A

[, (t-8) =L 2L, (8. S).

o"[x], (tq—’s) _ o"[x],, (tq“S)
at" at" '

O6osunavenns t,_ u t;, o3Hagaior, 9T0 PyHK-

win [7,(05), [} (t.5). [2], (1.5) pacoan-

pHUBarOT B OECKOHEYHO MaJlOl OKPECTHOCTH ClieBa
u crpasa ot ;. [Tomaraem, 9T0 HOpMaTHBHbIC I1a-
paMeTpbl, XapakTepU3YIOLIME OIEpalfi0 B Tede-
HHE NPOM3BOJCTBEHHOIO IMKIA Ty, OCTaKTCA

HEU3MCHHBIMH BO BPEMCHHU, T. €.:

[l]ly/ (t's):[x]lq (S) .

[IpuHuMas 3TO BO BHUMaHHE, CHCTEMa ypaBHe-
Huit (1) MOXKET OBITH MPOMHTEIPUPOBAHA!

o[x],(8)

[, (t.8)=[x],(0.8)-———t.
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[1]1(t’s)=[l]1y/(t’S)Z[l]lq(S)' (2)

Puc. 2 nemoHCTpUpYeT yBeNINYEHUE INIOTHOCTH
MEXOIIEPALIMOHHBIX 33/I€JI0B JUIsl TEXHOJOTHUYe-
CKOIl M -0#i omepanuy B T€UEHUE MPOAOIKUTEND-
HOCTH LWKNa Ty U1 Cily4as, KOTrJa OTCYTCTBYET
BKJIIOYEHHE [JOIOJHUTEIIBHOIO O0OpYyAOBaHUSA BO
BTOPYIO U TPETHIO CMEHY IIpU

o[x],,(S)
0S

<0.

S=Sp

[Tpu sTOoM Temn 06pabOTKK NeTanei Ha TEXHO-
JIOTHYECKON omeparnuyd OyleM CYUTaTh IMOCTOSH-
HBIM B TeueHue BpeMeHH (puc. 3). CpenHss Beiu-
YMHA CYTOYHOTO TEMIla MOXET OBITh H3MEHEHa
B 3aBUCUMOCTH OT 3Ha4YeHHsI KO3 QUIMCHTA
CMEHHOCTH  TEXHOJOTHYECKOTO  000pYIOBaHHUAL.
3HaueHne BpeMEeHM 1, COOTBETCTBYET BPEMEHH

OKOHYaHUs BBINOJIHEHUS paboT B ( -0 CMEHY IIpH

OJTHOCMEHHOM peXXUMe paboThl OCHOBHOTO 000pY-
noBaHus (POJOJKUTEIBHOCT Pab0oUeii CMEHBI):

Aty =(t, —t,4) =8 (1),

KonnyectBo ~ MeXomepalMOHHBIX — 3aJI€JI0B
B MOMEHT BPEMEHH, COOTBETCTBYIOLINN OKOHYAHHIO
padoT B (-0 CMEHy, PaBHO HX KOJIMYECTBY Ha

Hadaio padot (q +1) -oii cMmenbl (2) (puc. 2).

lei(e.s,,)

(2 05)=12),00.9) - 1)

Ar, = (tq -1, )= 8(uac)

1

o 1 t, t, i

1

Puc. 2. BenmnunHa MIOTHOCTH [;(]O (t, S) 6e3

BKIIKOUYCHUSA JOIIOJIHUTCIIBHOTO o60pyz103aH1/m

Fig. 2. The value of the density [ 7], (t,S) without
involvement of the additional equipment

[x](.S,)

[X]1(tvS)=[l]1w (I,S)z [X]lq(S)

o ¢ tttQ

1

Puc. 3. Bennunna temmna [ ;(]1 (t, S) 0e3 BKIIFOYECHUS

JOIOIHUTENEHOTO 000pyA0BAHHSA

Fig. 3. The value of the rate [ ¥ ], (t,S) without
involving the additional equipment

VYBenuueHue co BpEMEHEM IUIOTHOCTH MeEXKoIepa-
LUOHHBIX 3a[€JI0B NPUBEIET K MEPEIIOTHCHUIO EM-
KOCTH MCKOIICPAINOHHOTO HAKOIIUTEIIA, HaXOOA-
HIETOCsl B TOYKE TEXHOJIOTHYECKOTO MapIupyTa,
OIPEEIEHHON KOOpAUHATON S),, U B KOHEYHOM
UTOTE, K MEPENoJTHCHUIO HAKOIUTENEH Ha yJacTKe
[0,S,,] Texmonormueckoro mapmpyra ¢ nocuesy-

FOIIEH OCTaHOBKOW MPOU3BOJICTBEHHON JIMHUU.
JeTtanpHO ycnoBHS BO3HWKHOBEHHsI IIpoIiecca
TIEPETIOTHEHUST HAKOTIUTENe 1 MCCIIeI0BAHUE IBO-

JIFOIIUA €TO PAa3BUTUA I y4aCTKa [O,Sm] TEXHO-

JIOTHYECKOTO MapInpyTa u3noxeno B [2, 7, 10, 13].

Hnst obecnieuenus GecriepeboitHON padoTHI TO-
TOYHOW JIMHUM HEOOXOJMMO CHUHXPOHHU3HPOBAThH
TeMn 00pabOTKU MPEIMETOB TPy/Aa Ha OTAEIbHBIX
orepanusax B Mpeaeiiax HHTepBajia BPEMEHH Me-

K1y Havyanom o -oil u Hayanom tg,,-0i paboueit

cMeHbl. OJHUM M3 PacHpOCTPAHEHHBIX METOOB
CUHXPOHHU3AIINU TPOU3BOJICTBEHHON JTMHHUH B TIpe-
nenax wHTepBana 1-i, 2-i U 3-ii CMEHBI SBISICTCS
yCIIOBHE

t
1 q

t-t, [ 1], ()t =
a9 alt,

t
1 q
ST [ [x],, (t.S,,)dt = const,
q a1t
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OTPE/ICTISIONICe PABEHCTBO CYTOYHBIX TEMIIOB 00-
pabOTKK M3MENUH HAa CMEXHBIX TEXHOJIOTHUECKHX
OTIepaIusX JJIsl pa3HbIX 3HAYEHUI BpEeMEHU MPOU-
3BOJICTBEHHOT'O ITHKJIA.

Homomnmanm ypasaenus (1) ynpasmsromeid QyH-

KLIUen U5(t,S) :

A (18) ALS)
ot 0S

o([#],4(5)-U

oS
U, (t,S) =W, (t,S)=W(t,S)-5(t-t,),

5(t, s)) "

t, =8-q(uac), W(tq,S)S8(uaC),

OTIPENEISIIONICH JIINTENBHOCTH BKIIIOYEHUST 000-
PYIOBaHHS B MO3ULIMU S B MOMEHT BPEMEHH Me-

Ky OKOHYaHWeM (-0if M HauanmoMm (q+1)-oii
cmensl (=12,3...).

VYnpaBneHue NOTOKOBBIMH IapaMeTpaMu OCy-
LIECTBIIEMOE B Pe3yJIbTaTe UCIONb30BaHUS AOMO-
JHHUTENBHOTO O0OPYAOBaHUS B MOMEHT BpPEMEHH

t, Mex1y OKOHYaHHEM ( -Oif CMEHBI U HAYaloM

(q+1)-0if CMEHBI, ONpEAENEHO dUepe3 JeNbTa-
¢bynkuio upaka o (t —tq ) [3, 4].

VYpaBHEHHE [UIsI U3MEHEHUS IUIOTHOCTH MEXKO-
MEepaOHHBIX 33]1e7I0B (3) MOXeT OBITh POUHTET-
PHPOBAHO IO BPEMEHU:

(5.5 o[x],(8)

=[], (0.5)- 2

D&M (9) @

ra¢ MOMCHTBI BPEMCHH IIOIIOJIHCHUS MEXKOIICpa-
OMWOHHBIX 3aJICJI0OB IMOTOYHOM JIMHUH

O<t <ty <..<ty <ty <..<t <7 (9)

NpU MIPOJIOJDKUTEIEHOCTH PAOOTHI JIOTIOIHHUTEIb-
HOTO 000PYAOBaHHUS

W (t,S).W

t
MoMeHTbI BpEeMEHW TMOMONHEHUS ¢ W JUId-
TENBHOCTh PA0OTHI JOMOJHUTEILHOTO 000PY/I0Ba-

(,5), W (t;,S ), W (1, S ) ()

aus W (tq . S) <8(4) 3aBHCAT OT BHIOOpA yIpaBiie-

Hus. O0Iee KOJMYECTBO MPEAMETOB Tpyda B Me-
KOTEPAILIMOHHOM 3a7ieJie TEXHOJIOTUIECKOH ornepa-
L1, OrpaHUYEHHOM KOOpAWHATaMHu
TEXHOJIOTHYECKOr0 Mapmpyra S, ; ¥ S, eCcTb

BEJIMYMHA.

S)_[Z]o (O,S))dS -
= _([l]lq (Sm ) - [Z]m (Sm—l))z_ -
2k (80) Wt 80) =L (S a) W (1),

rae J.([;(]O(T,S)—[;(]O(O,S))ds (wT.) — U3Me-

S,

k

m-1

HEHHe 3ajiesla M -0 omeparuu 3a Bpems 7 (4);
[ ;(]lq (Sp1)7 (WT.) — KOIMYECTBO MNPEAMETOB
TpyJa, KOTOPOE MOCTYIMIO Ha M -yIO OIEpaIuio
¢ (m—1)-oii 3a Bpems 7 (1); [;(]lq (Sp)7 (wr.) —
KOJIMYECTBO TMPEAMETOB TpyHa, KOTOPOE YILIO
¢ M-oif onepanuu Ha (m +l) -y10 3a Bpems 7 (4);
[ Z]lq (Spe )W (tqum-1) (WT.) — KOIMYECTBO
NpeJIMETOB TPy/Aa, KOTOPOE MOCTYIHIO HAa M -yio
onepamuio ¢ (M—1)-oii B pesysnbrare paGoThl J0-
MOJIHUTEIBHOTO 000PY/IOBaHHs B TE€YCHHE BpeMe-
au W (tq,Sm_l) MEXy Ha4ajioM (| -0if U HadaJIoM

(q +1) -Oi CMCHBI, [Z]m (Sm )W (tq , Sm) (mt.) —

KOJHMYECTBO TIPEAMETOB TpyAa, KOTOPOE YILIO
C Mm-oif omepauuyd Ha (m +1) -yI0 B pe3yJbTaTe
PpaboThI TOTIOHHUTENBHOTO 000pYIOBaHUS B TeUe-

HHE BPEMEHU W(tq,Sm) (4) Mexay HadaioM

(| -Oi ¥ HayaJIoM (q +1) -0l CMEHBI.
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[x],@.s,)
|
——“'—-—
.-—-‘/
/
/‘/ t
LI 2 tz rq tqﬂ tQ

Puc. 4. BenuunHa mI10THOCTH [Z]o (t, S) npu

BKIIFOUCHHUH JOIIOJTHHUTCIIBHOI'O O60py,HOBaHI/I$I

Fig. 4. The value of the density [ x|, (t,S) involving
the additional equipment

lhe.s,)

AV[X]Jq (Sm)' Us (rl’Sm)
/ [x),(5.)-Us(,.5,)

/
0 7 tz tq tq+l tQ

Puc. 5. Bennuuna temmna [;(]1 (t, S) IPU BKIIOYEHUH

JOIIOJTHUTCIIBHOT'O O60py,Z[OBaHI/I$I

Fig. 5. The value of the rate [ ¥ ], (t,S) involving the
additional equipment

Ha puc. 4 u 5 npeacraBieHo NOBEACHUE MOTO-
KOBBIX IapaMETPOB IpPHU HAIMYUU YIPABISIOLIUX
BO3/ICHCTBHIA, KOTOPbIE 00CCIICYMBAIOTCS BKIIIOYEC-
HUEM WM BBIKIIFOUEHHEM JIOIIOJHHUTEILHOIO 000-
pynoarus. llokazaHsl  pa3peiBBl  (PYHKIHH

[;(]0 (t,S) B MOMCEHTBl BpemeHu ;. PaspbiB
¢byHKIIIH [ Z]o (t,S), COOTBETCTBYIOIIUNA BEJIHU-
anHe | ;(]lq(S)W (tq,S), orpenensercss paboToi
000pyTOBaHHS

JOIIOJTHUTCIIBHOI'O Ipon3BOaN-

TEIbHOCTBIO [ ;(]lq (t,S), BKJIFOYCHHOTO MEOXAy 1

U t,, CMCHOI /s 06pabOTKH IPEAMETOM Tpyaa
Ha Bpems W (tq . S) .

B 10cTaTOYHO 06IIEM BUJIE 331a4a OCTPOCHHS
ONTHMAJBHOH MPOrPaMMBbI JUIS YHPABIEHUS MOTO-
KOBBIMH TapaMeTpaMn [Z]o (t,S), [z]l(t,S) npu
HICTIONB30BAHNN JIOTIONHUTEIBHOTO 000PYI0BAHHUS

MOXKET OBITh C(OpPMYyTHPOBaHA CIEAYIONIMM 00pa-
30M:  ONpPEJCTUTh  COCTOSHUE  MMapaMeTpPOB

[;(]0 (r, S) eG,, [;(]1 (r, S) €G, and KaxI0i TOY-
ki S e[0,Sy] mMapmpyra B TeueHHe mpoMeEKyTKa
te [O,Td ]

U, (t,S)eG, mIMTEnBHOCTBIO PaGOTHI IOMOINHH-

BpEeMEHHU npu yIpaBiIeHUH

TEJILHOT'O 000PY/I0BaHUS

U, (t,S) =W, (t,S)=W(t,S)-5(t-t,),

t, =8-q(uac),
JOCTABIISIOIINX MHHAMYM (DYHKIOHAITY
Ty Sq
Cor(Ty) = | [W;(1,8)-, (1,8 )dSdt —min, (5)
00

pu U depeHIINATBHBIX CBI3IX

oLy (1) Ay (8) _ollzLa(8)-Vs (1))
ot 0S 0S

IIpU OIrpaHUYUCHUAX BAOJIb TPACKTOPHUHU Ha (1)33OBBIG

NepEeMEHHBIE [ ;(]0 (t,S), OTIpEJICJIEHHbIE E€MKO-

CTBIO HAKOITUTEJIEN

0<[x],(t:5).[x],(t.5) =[x (5).

IIpU OTPaHUYEHHSAX BIOIL TPACKTOPHUH Ha YIIpaB-
JIeHue [6]

t,+0.5At,

0< J U(s('[,S)dtﬁugG (S)=8 (a/cmena), (6)
t,-0.5At,

At, —>0, 0<U,(t,S),

Ha4vaJIbHBIX YCJIIOBUAX

[2],(0.8) <[], (S),

KOHCYHOM COCTOSHHH (I.[eJ'IL ynpaBJ’ICHI/IH)
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[Z]o (Td’S)S[Z]OTd (S)

1 I'paHUYHBIX YCJIOBHUAX

[Z]1 (t,O) = [l]m 0),
[Z]l(t’sd ) :[l]lq (Sd )’

rae t,=8-0q — Bpems OKOHYaHHs (| -0i paboueit
CMEHBI; O (t —tq) — nmenbra pyHKIMA. YTpaBieHue

OCYHICCTBIIICTCA B HHTEPBAJIC BPEMEHU MEXKIAY
CMCHaAMHU

O<t <ty..<ty..<ty, At, >0.

Yupasnenne Uy (t,S) cremyer moHMMath Kak

HEKOTOPBINA UMITYJIbC, ABJISIOLIANCS UAeaTn3auren
JIOCTATOYHO OOJIBIIIOrN0 MO BEIWNYHUHE OOBIYHOI'O
yIpaBIeHHs B TEYCHHE CMEHBI, COCPEIOTOUYESHHOTO
B OKpeCTHOCTH TOYKHU t, [3]. 3Hauenue dyHkumuun

U, (t,S) B MOMEHT BPEMEHH ¢ 3a/[aeT KOIMYECTBO

4acoB pabOTHI JOTOJHUTEIHHOTO 00OPYIOBAHUS
B MECTE TEXHOJOTMYEeCKOr0 MapuipyTa ¢ KOOp.Iu-
Hatoi S. YcnoBue (6) IA pa3HBIX YYacTKOB
MapuipyTa 3anucaHo B MPEANOJI0KEHUH TOTO, YTO
JUTATETBHOCTh PabOTHl JTOMOJIHUTEIHHOTO 000py-
AO0BaHHg HE MOXKCET IMPCBBINIATE JJIUTCIBHOCTU
TEXHOJIOTMYECKOW CMEHBI, PABHOM BOCBMH 4acaM.

Temn 006paboTKM NpeaMETOB TPyla BAOJb TEX-
HOJIOTHYECKOTO MapILIpyTa ecTh 3aJaHHas (QyHK-
s

(2], =[x],(S)

OT KoopauHatbl S. Temn OBMXEHUA NPEIMETOB
Tpyzaa

[Z]l (t,O) = [Z]lq (0)’

MOCTYNAaroUIUX B BUAC 3aroTOBOK ChIPbSA U MaTCPU-
AJIOB Ha MMOTOYHYIO JIMHUIO, U TEMIT

[Z]l (t’Sd ) :[l]lq (Sd )

TOTOBBIX JETalel, BBIXOAMNX C MOCTEeIHEH Ore-
pamuy, HE 3aBUCAT OT BPEMEHH, COIIACOBaHBI
C TUIAHOM CHa0>KEHUS TPOU3BOJICTBEHHOI'O Y4acT-
Ka CBIPhEM U IIJIAHOM OTTPY30K T'OTOBOM MPOAYK-
nmu. Oyaknuonan (5) ompeaenseT KpUTEpHAd Ka-

YEeCTBa YIPaBJICHUSI MOTOKOBBIMH MapaMEeTpaMH 3a
BpeMsl NPOMU3BOJICTBEHHOIO LUKJIA T4, OTpaXkaer

CBEPXHOPMATUBHBIE 3aTpaThl 10 BCEM TEXHOJOTH-
YECKHUM OTIepalusM, CBSI3aHHBIM C HCIOJIb30BaHU-
€M JIOMOIHUTENHHOro obopynoBaHus. IIpu sTom
MIPeIoIaraeTcsi, 9T0 CTOMMOCTD Yaca paboThI J0-
MIOJIHUTEIILHOTO 000PY/IOBaHUS 3a/laHa Pa3HOM s
KKIOW OIlepanuyd M 3aBUCHT OT BPEMEHH, OIpe-

neneHa QyHkuuer o, (t,S). Ilpu onpenencHuu

ONTUMAJIBHON IMPOTrpaMMBbl YIPABICHUS CUUTAEM,
YTO MHTEPBAIbI MEXKIY CMEHAMH MIPUMBIKAIOT APYT
k apyry. IIpeanonaraem, uTo OCHOBHOE 00OpYyHO-
BaHHWE B TeUeHHE paboduell cMeHBI paboTaeT Helpe-
peiBHO. [[1s1 obecrieueHnss yciaOBHH HETPEPHIBHO-
CTH TIOTOKa TPEAMETOB TpyJa IO TEXHOJOTHYe-
CKOMY MapLipyTy

[){]OG(S)Z[}(]O(LS)ZO,

ymnpaBieHue paboTol JOMOTHUTEIHLHOTO 000py/I0-
BaHUsl HEOOXOJMMO MPOU3BOAMTH TAKUM 00pa3oM,

4T0OBI B TEUEHUE CMEHBI B MHTEpBae t [tq ,tqﬂ]

OCHOBHOE  oOopymoBaHWe  (YHKIIHOHHUPOBAIO
HernpepsiBHO. CTporoe paBeHCTBO

[Z]OG (S)E[Z]o (t.S)

[x],(t.5)=0,

COOTBETCTBYIOIIIEE 3AIIOJIHEHUIO IIpeIMETaMU TPY-
Jla HAKOIUTEJNSI ¥ OIYCTOLICHHUIO €T0, JIOMyCKaeTCsl
TOJILKO B MHTEPBaJIe BPEMEHH

At

q Atq
te tq—T,tq'i‘T , Atq—>0

[IpounrerprpoBaB ypaBHeHUs OanaHca B yKa-
3aHHOM MHTEpPBajle BPEMEHH, TIOIyUUM:

0
e [ [2],(8)Us (LS )t
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YTO IO3BOJIACT 3alUCaTh YCIOBHUE HEAOIMYCTUMOCTH
NEPCIIOIHEHUA MEXKOIICPALIMOHHOTIO HAKOITUTEIIA

24 (6)- L2 1y s - P,

2 j: 2], (S)U, (1, S)t=0

bWy

" yCJIOBUC HCOOIMYCTUMOCTU OIIYCTOUICHHUA MCKO-
NEPATUOHHOI'O0 HAKOIIUTEIA

At 0[x],(8)
t 9 g|__"1at ‘g
[Z]O q 2 85
At

tg+t——
o 2
= [ [x],(8)us(tS)t=0.
At
Iq_Tq

Oyuxums [ 7], (tq,S) onpejieieT pacrpee-

JIGHWE TPEIMETOB TpyAa IO TEXHOJIOTHUYECKOMY

MapuipyTy B MOMEHT BpeMeHH t=t,, cooTBer-

CTBYIOLIMI Hayally (-Od CMEHbl. YIIPABJICHHE
0] 5(1‘,8) IpU OrpaHWYEeHUsIX Ha (Da3oBbIE mepe-

MEHHBIE W TIpH OTrpaHUYEHHUSIX Ha YIpaBJICHUE,
o0ecreurBaeT JOCTHKCHHE 1ICJIU YIIPABJICHUS MTPU
MHHHUMAaJIFHOM 3HAa4eHUHW HHTErpana (5) u mpu 3a-
TMaHHBIX AuQQepeHIMaTbHbIX CBS3SX, SBISAETCS
ONTUMABHON TPOTPaMMO Il MOTOKOBBIX Tapa-
METPOB MPOMU3BOJICTBEHHOHN JIMHUU. B OoTCyTCTBHE
ylopaBleHusl ypaBHeHWe cBsizeli umeer Bupn (1).
W3meHeHne koindecTBa TMpEeAMETOB Tpylda Ha
y4acTKe IMOTOYHOH JIMHWUU B TpEleiax oOleparuu
BO3MOXKHO TOJIBKO 3a CYET MOCTYIUICHHUS MpeaMe-
TOB TpyJa C NPEAbIAYIIeH orepanuu U yXoaa uX
Ha TIOCJICAYIOIIYIO B pe3yJbTaTe TeXHOJIOTNIEeCKOM
o0Opabotku. Ciaraemoe

o([2),4(5) U (1))

oS ’

coniepkaiiee ympasienne U §(t,S) , UTpaeT poib

HMCTOYHMKA WU CTOKA [1] mpemMeToB Tpyma B pac-
CMaTpUBaeMOM 3JIeMEeHTe o0beMa (Pa3oBOroO IMpPo-
cTpaHcTBa. HauanpHbIe yCIOBUS W 1ENb YIpaBiie-

HUS ONPEAEIAIOT paclpeieieHue MPeIMeToB Tpy-
Jla IO MapuIpyTy B HaydaJbHbIM MU KOHEYHBIM MO-
MEHT BPEMEHH.

Hay4yHasi HOBU3HA U MpaKTHYeCKast
3HAYUMOCTh

Hayunas HOBM3HA 3akitodaercsi B pa3paboTKe
METOJIa NMPOEKTHPOBAHUS CHCTEM YIIpPaBIECHUA Ma-
pameTpaMu MPOU3BOACTBEHHON JIMHUU IpeaIpHsi-
THM C MOTOYHBIM METOAOM OPTaHU3alMU IIPOU3-
BOJCTBa, ocHOBaHHOM Ha PDE-momenm o0ObekTa
YIpaBICHMUSL.

IIpu sTOM O00OBEKT ymHpaBieHUs — MPOU3BOI-
CTBEHHAsl [TIOTOYHAsI JIMHUS, IPEACTaBICH TUHAMU-
YECKOM CHCTEMOH C pacIpelelcHHBIMU I1apaMeT-
paMu BIOJIb TEXHOJIOTHYECKOro mapupyra. Onru-
MaJbHOE YIpaBJIECHHE IapaMeTpaMd MOTOYHOMH
JIMHUM WIIETCS B BHUJE CYNEPNO3UUUNA JeNbTa
(GyHKUIUH.

IIpennoxeHHbld METOJ NPOCKTUPOBAHUSA CH-
CTCMbl YIHPAaBJICHHA IIOTOKOBBIMHU ITapaMETpaMH
HpOI/I3BOI[CTBCHHOI‘/'I JIMHUU MOJKET OBITH MOJIOKEH
B OCHOBY IPOEKTHPOBAHUS BBICOKOA(P(HEKTUBHBIX
CHCTEM YIPABJICHHUS IOTOKOBBIMH IapaMeTpamMu
MIPOU3BOACTBA JUIsl NPEANPUATHA IO U3TOTOBIIE-
HHUIO HOJIprOBOI[HHKOBOfI MNpOAYKIIMM aBTOMO-
OMIIEHOM OTpaCIIH.

BriBoabI

JIIMTENbHOCTE TIPOM3BOJCTBEHHOIO IMKNA Ty

00pabOTKM MNapTUM NPEAMETOB TpyAa MOXKHO
pa3duTh Ha TPU XapaKTepHBIE YacTH:
T, — NPOMEKYTOK BPEMEHH MEXIy COOBbITUS-

MU, Koryia Obuta HayaTa 00paboTKa MEPBOTrO Mpe-
MeTa Tpy/Ja Ha NepBOi ONepanuy u 3aKOHYEeHa 00-
paboTka mepBOro mpeaMeTa Tpylla Ha TOCIeaHeH
ornepanyy (HeCTalMOHAPHBIA PEKUM PabOTHI T10-
TOYHOU JIMHHH);

Tcm — IPOMEXYTOK BPEMEHH MEXKIY COOBITHS-

MH, KOrja ObUla 3aKOHYeHa 00paboTKa MEPBOIO
mpeaMera TpyAa Ha MOoCieHeH onepariu 1 Hava-
Ta 00paboTKa MOCJIETHETO0 TpenMera Tpyna Ha
IIEPBOI1 OIlepanuy;

Ty — IpOMEXyTOK BPEMEHH MEXKIY COOBITHS-

m

MU, Korja Obuta Hayata 00pabOTKa MOCIEIHEro
peaMeTa Tpyjia Ha MepBOU onepalii U 3aKoHYe-
Ha 00paboTKa MOCIEAHETo MpeAMeTa Tpyaa Ha To-
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clenHel omepanuy (HECTAllMOHAPHBIA PEXUM pa-
OOTHI IOTOYHOM JTHUH):

Ty =Ty +Tem + Tk @)

B TtedyeHue npomexyTka BpeMeHH T, OCy-

IIECTBIIIETCS 3alOJIHEHUE BCEX TEXHOJIOTMYECKHX
MTO3UINA TTOTOYHOW JIMHWUYW TTOCTYMUBIINMHA Ha 00-
paboTKy mpenmeramu Tpyaa K -oii MapTUH, 4TO
MIPUBOJUT K MEPEXOTHOMY HECTAI[HOHAPHOMY pe-
KuUMy (yHKIIMOHUpOBaHUsS. Eciu Mpou3BOACTBEH-

Has JIMHUS 0OpabaThIBaeT MPeabIAyILyIO (k—l) -
VIO NapTHIO U3AEIMH, TO BpeMs MEPEXOAHOro Ie-
puona T, uisf K -oif mapTUH MOXKET ObITh OLICHEHO
BEJIMYUHON

M
Tin(k-1) " > N gy <Th <
m=1

M M
< z-max,(k—l)z Nm,(k—l) + zfm,(kfl) ’ (8)
m=1 m=1

TAC  Tp 1 s dexkTrBHOE Bpemsi 00pabOTKH

npeavera tpyna (K —1)-oif maprum wsmenuii Ha

m-oii onepauun (M=1.M), Nm’(k_l) — KoJHYe-

ctBo mpeameroB Tpyaa (K —1)-oif mapruu B m-om
MEXOIIEepPallMOHHOM HaKOIUTEIE.

st CHHXpOHU3UPOBAHHOW MPOU3BOICTBEHHOU
JMHUM IPOMEKYTOK BPEMEHH T, MPUHMMAeT MHU-
HUMaJIbHOE 3HaYE€HUE, PABHOE

M
Th = o) Z No e - (9)
m=1

[Nocne 3amonHeHNs BCeX TEXHOIOTMYECKUX T0-
3HIUH MOCTYMUBIIMMHU Ha 00pabOTKy MpeaMeTaMu
Tpyna K-off mapTum NpOM3BOACTBEHHAS JIMHHS
MOeT QYHKIIMOHHPOBATh KaK B YCTAHOBUBIIEMCS,
TaK W B IEPEXOJHOM PEXHME, YTO ONpPEIeIIsIeTCs
3aJlaHHBIM M3MEHEHHEM BO BPEMEHH TemIia oOpa-
OOTKM TMpPEAMETOB TpyJa Ha Pa3HbIX OMNEpalHsX.
ITpomexxyTok BpeMeHH T, XapakTepusyeT TpeOy-

€MOC BpEMA MNEPEXOAHOI0 HECTAIMOHAPHOI'0 Ipo-

1ecca i OCBOOOXKICHHS MPOU3BOJICTBCHHOMN JIH-
HAW OT m3aenuid k-odf mapTwuu, MOXKET OBITH BBI-
gucieH 1o ¢opmyie (8).

JlBmkeHne mepBoro mpeaMmera Tpynaa oOpada-
ThIBaeMOK K -0l mapTHH OTpaHHYCHO IBHKCHHEM
npenmera Tpyxa npexsiaymeit (k —1)-oif mapriu
n3nenuid. J{ns yMEHBIICHUS BPEMEHU TIEPEX0THOTO
pexuMa T, HEoOXOIUMO YCKOPUTH 00pabOTKy
n3nenui npenpiayneil naptuu. Jns nuHui, yno-
BJICTBOPAIOIINX yCJI0BUIO Ty >>T,,, 3aTpaTtaMu Ha
YIpaBIeHHE B 3TOT MPOMEXYTOK BPEMEHH MOXHO
npenedpeus. Eciu npomexyTok BpemeHu T, m0-
CTaTO4YHO BCJIMK HJIK 3aTpaThbl Ha YIIPABJICHUM II0-
TOKOBBIMU IIapaMeTpaMH B IIPOMEKYTKE T, Cy-
IIECTBEHHBI, TO IS COKPALICHHSI BPEMEHH TPOU3-
BOJICTBEHHOTO IMKJIA -~ ¢ HEOOXOIUMO YIIpaBJICHUE
Ha onepanuiax, Ha KOTOPBIX HAXOAATCA MPEAMCThI
TpyAa npeamecTByomei naptuu. OcBoOOXKaeHNE
00opymoOBaHUS IS MCCIETyeMO apTHH JeTalei
COKpaIllaeT JIMTEeNbHOCTh T, . Bompoc o HeoOxo-

JUMOCTH YIpaBJICHUA B TCUYCHHC BpEMCHU

te[0,T,] ompenensiercs ycnosuem (7) mpu z0-

MIOJTHUTENIBHBIX YPaBHEHUSIX M HEPABEHCTBAX BHIA
(5).

HocTuxenne mNpOU3BOJCTBEHHON CHCTEMOU
C HayaJbHBIM paclpe/ielieHHeM TPEIMETOB Tpya
[7]0(S) mo TexHomormueckoMy MapHpyTy MHO-
TOYHOW JIMHUM 32 BpPEMsl MPOAOJDKUTEIBHOCTH
HPOHM3BOACTBEHHOIO IMKJIA T, KOHEYHOTO COCTO-

STHUS [ ;(]OTd (S) MOXET OBITh pEaTM30BaHO MHO-

KECTBOM CIIOCOOOB, KKl U3 KOTOPBIX MMEHY-
eTCsl TPOrpaMMOM ymHpapieHHs. B TEeXHHYECKUX
3ajlauax  yOpaBJCHHS COCTOSHHEM IPOHM3BOJI-
CTBEHHOW JIMHUHM BO3HHMKAET BOMPOC O HAXOXKIE-
HUM HauOoJIee ONTUMAIBHON MPOTPAMMBbI UCTIONb-
30BaHMsl PECYPCOB (ONMTUMAIBHOTO YHPABICHHS).
Martemariueckoe OTpaKeHHEe 3TOro (hakra coCTo-
UT B TOM, YTO YIpPaBJICHUE MapaMeTpaMu MOTOY-
HOIl JINHUHM JIOJDKHO OBITh BBIOPAHO W3 YCIOBHS
MUHHMYyMa HHTerpana (5).
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PO3MOAIJIEHA JMHAMIYHA PDE-MOJEJIb TIPOTPAMHOT O
KEPYBAHHS 3ABAHTAKEHHSIMHA TEXHOJIOTTYHOI'O
OBJIAJTHAHHSI BUPOBHUYOI JITHIT

Meta. ¥V po6oTi HEOOXiTHO PO3IIISTHYTH HPOEKTYBaHHS CUCTEMH YIPaBJIiHHS MapaMeTpaMu BUPOOHWYOT JIiHiT
JUTSL T IIPHEMCTBA 3 TIOTOKOBUM METOJIOM OpraHizauii BupoOHunTea. Meroanka. BupoOHuya JiHis minprHeMcTBa 3
IIOTOKOBMM METOJIOM OpraHizaiii BUpOOHMIITBA — 1€ CKJIa/lHa JIMHAMi4Ha po3mnojiieHa cucteMa. TexHOJIoridHui
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LIUISIX BUTOTOBJICHHS MPOAYKIIT U1t 0araTboX Cy4acHUX MiJIPHEMCTB MICTHTh KiJbKa COT€Hb TEXHOJIOTIYHHX OIIe-
pauiii, B MKomepauiifHoMy pe3epBi KOXHOI 3 SKHX € THCSYi MPOJYKTIB, 0 YEKaroTh Ha 00poOKy. TexHomoriuHi
MapIIpyTH Pi3HUX JIeTajied OJHOTO BUAY BHPOOIB MepeTHHAIOTHCS. 1le mpU3BOANUTH IO TOTO, IO PO3MOILT IpeaMe-
TiB TIpami y3ZO0BX TEXHOJOTIYHOTO MapIIPyTy 3HAYHO BIUIMBA€E HA TMPOIYCKHY 3MaTHICTH BHPOOHWMYOI miHii. s
OMHCY TaKWX CHCTEM BBEICHHWU HOBHI Kilac Mojeneli BupoOnuunx niHiit (PDE-model). Mogeni miporo kitacy BHKO-
PHUCTOBYIOTH PIBHSHHS B YaCTWHHHX IIOXiTHHUX U ONHKCY MOBEIIHKH IMOTOKOBHX ITapaMeTpiB BHUPOOHMWYOI JIiHil.
VY wmi#i cratti nodynoana PDE-mozxens BupoOHUYOI TTiHIT, TOTOKOBI apaMeTpH SAKOI 3aJIe)KaTh BiJl BEIMUNHHI KOeE-
¢ilieHTa 3aBaHTa)KCHHSI TEXHOJIOTTYHOTO 0OJNaJHaHHS AJsl KOXKHOI omnepatii. Pe3yabraTn. ABTOpU OTpUMaH OII-
TUMaJbHE YIPaBJIiHHSA NOTOKOBUMH IIapaMeTpaMu BUPOOHHUYOI JiHii, B OCHOBY IOKJIaJICHO JIITOPUTM 3MiHU Koedi-
I[I€HTa 3aBaHTAXKCHHS TEXHOJIOTIYHOTO 00JaHAHHS BUPOOHMYOT JiHil. SIk 0a30BHiT HOPMATHBHUN PEKUM (HYHKIIIO-
HYBaHHS IIOTOKOBOI JiHIi PO3IJISIHYTO OAHO3MIHHUM peskuM podoTn. HaykoBa HOBM3HA nonsrae B po3poOii MeTo-
JIy TPOEKTyBaHHs CHUCTEM YIPpaBJIiHHA MapamMeTpaMH BHPOOHHMYOI JiHIi MIANPUEMCTB i3 HMOTOKOBHM METOJOM
oprasizauii BUpoOHMITBA, 3acHOBaHOTO HAa PDE-Moneni 06’exTa ynpaBiiHHSI. ABTOPH 3alpoNOHYBallll METOJ I10-
OyIOBH ONITUMAIIFHOTO YIPABIIHHS ITapaMeTpaMH ITOTOKOBOI JIiHIT Yepe3 ymnpaBIiHHSA Koe(illieHTOM 3aBaHTaXCHHS
TEXHOJIOTiYHOTO 00ManHaHHs. [1ix 9ac mpoeKTyBaHHS CHCTEMH YIIPaBIIHHS ITOTOKOBA JIiHIS MPEICTaBIcHA JUHAMI-
YHOIO PO3MOJiNeHO cuctemMoro. IIpakTHyHa 3HAYMMIicTh. 3ampoONOHOBaHUH METOA MPOSKTYBAHHS CHCTEMH YII-
paBIiHHA IOTOKOBHMH HapaMeTpaMH BHPOOHWYOI JIiHIT MOke OyTH IOKJIAJCHO B OCHOBY HPOCKTYBaHHS BHCOKOE-
(DEKTHBHUX CHCTEM YIPAaBJIiHHSA IOTOKOBHMH MapaMeTpaMy BUPOOHULITBA ISl MIAPHUEMCTB i3 BUTOTOBJICHHS Harli-
BIIPOBITHUKOBOI MPOAYKIIii aBTOMOOLIEHOT TalTy3i.

Knrouosi cnosa: xouseep; BupoOHnya JiHis; PDE-Monens BUpOOHHUITBA; CUCTEMH YIPABIiHHS BUPOOHHIITBOM;
He3aBepllIeHe BUPOOHHUIITBO; MacoBe BUPOOHHUIITBO
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DISTRIBUTED DYNAMIC PDE-MODEL OF PROGRAM CONTROL BY
UTILIZATION OF THE TECHNOLOGICAL EQUIPMENT OF
PRODUCTION LINE

Purpose. The article is aimed at designing a control system for the parameters of a production line for an enter-
prise with a straight flow method of organizing production. Methodology. The production line at the enterprise with
a straight flow method of organizing production is a complex dynamic distributed system. The flow route for manu-
facturing a product for many modern enterprises contains several hundreds of technological operations, in the inter-
operating reserve each of which there are thousands of products waiting to be processed. The flow routes of differ-
ent parts of the same type of products intersect (re-entrant manufacturing systems). This leads to the fact that the
distribution of subjects of labor along the technological route has a significant impact on the throughput capacity of
the production line. To describe such systems, a new class of production line models (PDE-model) has been intro-
duced. To describe the behavior of the flow parameters of the production line, a production line model containing
partial differential equations (PDE-model) was used. The PDE-model of the production line is built in the article, the
flow parameters of which depend on the value of utilization rate of the technological equipment for each operation.
Findings. The authors obtained the optimal control of the flow parameters of the production line, which is based on
the algorithm for changing the utilization rate of the technological equipment of the production line. The single-shift
working time pattern is considered as a basic regulatory treatment of the production line operation. To simulate the
work of technological equipment after the shift, the generalized Dirac function was used. Originality consists in the
development of a method for designing control systems for the parameters of the production line of enterprises with
a straight flow method of organizing production based on the PDE-model of the control object. The authors pro-
posed a method for constructing an optimal control of the parameters of the production line through the control of
the utilization rate of the technological equipment. When designing a control system, the production line is repre-
sented by a dynamic system with distributed flow parameters. Practical value. The proposed method for designing
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a control system for the flow parameters of a production line can be used as the basis for designing highly efficient
production flow control systems for enterprises manufacturing semiconductor products of the automobile industry.

Keywords: conveyor; production line; PDE-model of production; production control systems; unfinished pro-

duction; mass production
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SOFTENING OF HARDENED MEDIUM-CARBON STEEL DURING
HEATING

Purpose. The work is aimed to clarify the softening mechanism during the heating of martensite hardened
carbon steel, which is of practical importance, especially in the development of the production technology of rolled
products with different levels of hardening. Methodology. The samples after martensite hardening were tempered at
the temperatures of 300-500°C. The microstructure was investigated under the electron microscope. Thin foils were
made using the Bolman and tweezer methods in chlorous-acetic solution and Morris reagent. Phase distortions of
crystalline lattice were determined by the methods of X-ray structural analysis, using the diffractometer. The cold-
worked layer of metal after grinding was removed by electrolytic dissolution. Tensile strength brake of the metal
was determined using the tensile diagrams of samples using the Instron type machine. Microhardness was measured
using the PMT-3 device with indentation load 0.49 N. Findings. When heating the hardened steel to a temperature
of 300°C, the softening effect is mainly related to the rate of reduction of the accumulated as a result of martensitic
transformation, density of the crystalline structure defects. The total result is caused by the development of
dislocations recombination and strengthening because of the emergence of additional number of cementite particles
during the martensitic crystals decomposition. Starting from the heating temperatures of 400°C and above, the
development of polygonization processes in the ferrite is accompanied by the emergence of additional sub-
boundaries, which enhance the effect of metal strengthening. With increase in the heating temperature of the
hardened steel, the level of strength properties is determined by the progressive softening from the decrease in
carbon atoms saturation degree of the solid solution, dislocations density and increase in the size of cementite
particles over the effect of strengthening from hindering of mobile dislocations by carbon atoms and the emergence
of additional sub-boundaries. Originality. For the tempering temperature of 300-400°C, the absence of the phase
distortion change indicates the emergence of additional factor in strengthening the metal from the formation of sub-
boundaries and the dispersion strengthening from the carbide particles. Practical value. The given explanation of the
mechanism of structural transformations in the process of tempering in the average temperature range of the hardened
carbon steel can be used to optimize the technology of thermal strengthening of rolled metal.

Keywords: microstructure; martensite; cementite; sub-boundaries; hardening; softening
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Introduction

During the thermal hardening using the heat of
rolling heating [2, 4, 10], in the elements of
products of large sections a gradient of structures is
formed, which correspond to certain values of the
strength characteristics [1, 9, 11]. The observed
structural inhomogeneity is caused by the
cumulative effect of the development of phase
transformation processes with different nature of
influence on the properties. Thus, the achieved
level of metal hardening is proportional to the
speed of accelerated cooling, which decreases as
the distance from the cooled rolling surface
increases [5]. At the same time, the heating
temperature of the metal will increase when
approaching the central volumes [1, 4]. For the
detailed analysis, the continuous nature of the
structure change across the section of the rolled
product, depending on the distance from the
cooling surface, can be conditionally divided into
separate volumes with corresponding structure and
ability to work hardening [3]. Based on the above-
mentioned, the changes in the nature of behaviour
when loading the specified volumes of metal will
be similar to the influence of the temperature of
individual heating when tempering the hardened
steel [1]. Takin into account the additive nature of
influence of the dispersion and morphology of the
structural components on the general level of
carbon steel hardening [3], the formation of certain
gradient of structures across the rolled product
section should be considered as one of the
directions of technology optimization to achieve
the required structural state and the level of
strength characteristics [1, 3, 5].

Purpose

The work is aimed to clarify the mechanism of
softening during the heating of the hardened
medium-carbon steel in the average temperature
range.

Methodology

The fragments of the railway wheel set axis
made of carbon steel with the concentration of
chemical elements: 0.41% C, 0.36% Si, 0.61% Mn,
0.0022% S, 0.015% P served as a material for the
research. The plates 2 mm thick, 20 mm wide and

250 mm long were the test samples. The samples
were austenitized at temperatures higher than Ac,

followed by forced cooling in a water tank. After
hardening, the samples were subjected to
tempering at temperatures of 300-500°C during
1 h. The heating was carried out in the SNOL
electric furnace — 1.6.2.5.1/11-1Z. The temperature
was controlled by the  chromel-alumel
thermocouple and DC potentiometer. The
microstructure of the samples was studied under
electron microscope at accelerating voltage of 100
kV. Thin foils for the research under electron
microscope were made using the Bolman and
tweezer methods in chlorous-acetic electrolyte and
Morris reagent. During the manufacture of the
objects for X-ray studies, the cold-worked layer of
metal, after making the polished sections were
removed by dissolution in the chlorous-acetic
electrolyte. The phase distortions of crystalline

lattice (A% ), where a is the ferrite lattice

parameter, were determined by the methods of X-
ray structural analysis using the DRON-2.0
diffractometer at scintillation registration of

reflexes, in monochromatic CuK, radiation, at

room temperature. The error in the determination
A% was up to 5%. Tensile strength brake of the

metal was evaluated under tension using the Instron
type machine, at room temperature and deformation

rate of 10 °s™'. As a characteristic of the strength
of metal microvolumes, the microhardness was
used, which was measured using the PMT-3 device
with indentation load 0.49 N.

Findings

The level of the values of tensile strength break
of the studied steel after hardening and tempering
at the temperatures of 300-500°C corresponded to
the known experimental data for the steels with
similar chemical composition [1, 5, 7]. As the
tempering temperature increases, well-defined
structural changes, detected starting from the
temperatures of 200-250°C, correspond to the
progressive metal softening [3, 9]. Indeed, as
shown in the works [6, 8] for carbon steels with
a carbon content of about 0.4%, the temperature of
the beginning of martensitic transformation is
about 300°C. This temperature should be enough
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to start the emission of cementite particles from the
solid solution during the formation of the
martensitic crystal itself. Thus, depending on the
temperature of the end of forced cooling,
a different combination in the development of the
processes of hardening and softening in steel,
determines the final level of strength properties.

The effect of hardening from the ordering of
carbon atoms in the crystalline lattice of the
martensitic crystal [6] and quenching aging [2, 10],
when tempering at 300°C, is almost completely
suppressed by the progressive metal softening
(Fig. 1, a).

Indeed, for steels with medium carbon content,
the degree of supersaturation of the solid solution
achieved during the martensite hardening
determines the resource of maintaining the
increased metal strength after heating to certain
temperatures. Based on this, it is safe to believe that
for the studied steel after hardening, the effect from
reducing the tetragonality degree of the ferrite
crystalline lattice (martensitic crystal) during low-
temperature tempering can be to some extent
compensated by the increasing role of quenching
aging processes [2, 10]. However, already after
heating of hardened steel, starting from 300°C, the
monotonous nature of the decrease in strength
characteristics indicates
a definite excess of softening effect over hardening
(Fig. 1, a). A qualitatively different nature of the
dependence on tempering temperature is observed
for the value of the phase distortions (Fig. 1, b).
A comparative analysis of the absolute values of
these characteristics, depending on the structural
state of the metal, showed that as a result of
tempering at 400°C, the H, reduction reaches

about 40-43%, and for A% up to 20% of

relatively hardened state. After tempering at 500°C,
the values of the corresponding characteristics are
58 and 30%, respectively. Thus, the observed
differences in the nature of changes of H  and A%

at tempering up to 400°C (Fig. 1) can be associated
only with different sensitivity to sub-structural
changes during tempering of the hardened steel. It is
hoped that the analysis of the microstructure of
hardened steel after tempering at 400°C made it
possible to explain the nature of change of A% :
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Fig. 1. Influence of tempering temperature
on micro hardness («) and micro distortions
(b) of the hardened steel

The microstructure presented in Fig. 2, a
corresponds to the hardened state, and in Fig. 2, b
to the state after tempering at
a temperature of 400°C. The detected sections of
the lath martensite with a high dislocation density
(Fig. 2, a) indicate the development of austenite
transformation according to a shear mechanism.
The laths width is generally up to 1 micron.

At sufficiently careful study, in separate
martensitic crystals, simultaneously with thin twins
(designation 1), stroked randomly oriented
cementite emissions of high dispersity (designation
2) were found, Fig. 2, a. Analysis of the results [2,
8] indicates that the emergence of the observed
emissions of the carbide phase is in fact caused by
the development of the decomposition processes of
martensitic crystals, which are formed at
a relatively high transformation temperature.
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Fig. 2. Microstructure of steel after hardening
(@) and tempering at 400°C (b)

As compared to H o the absence of the

decrease A% indicates the complex change in the

ratio in the development of the softening and
hardening processes of the metal. In the first
approximation, the hardening effect is provided by
the simultaneous influence of the formation of
additional interfaces in the ferrite (sub-boundaries)
and dispersion hardening from the emitted carbide
particles (Fig. 2, b). Considering the influence of
cementite particles on the hardening effect
separately, it should be noted that in addition to the
carbide particles formed during steel hardening,
the influence from the emitted particles even when
tempering of the hardened steel is added. As

follows from the works [6, 8], simultaneously with
the emission of the dispersed particles during
tempering, the processes of spheroidization and
coalescence for the particles that are formed during
martensitic transformation receive a certain
acceleration. Thus, the expected total hardening
effect from the dispersed particles of cementite,
which are formed as a result of tempering, will in
fact be somewhat reduced. However, in fact, based
on a comparative analysis of the microstructure
(Fig. 2), no evidence of the existence of carbide
particles with markedly increased sizes was found.
At a sufficiently careful study of the structure, the
particles of cementite located at the sub-boundaries
(formed during tempering) and in the internal
volumes of the former martensitic crystals
(hardening precipitation) (Fig. 2, b, designation 1)
have almost identical diameters. On the basis of
the known results of the study, the permanence of
particle sizes is explained by the cyclical nature of
the change in the stages of particles growth, when
they are located at the grain boundaries due to the
dissolving particles located inside of the grain.
Thus, despite the fact that at heating temperatures

up to 400° C, the process of carbon atoms emission
from the tetragonal insertion positions is almost
completed, as evidenced by the decrease in the
blurring of reflections in  microdiffraction
photographs and the broadening of x-ray
interferences [2, 6]. The insufficient acceleration of
cementite coalescence is one of the reasons for a
certain decrease in the rate of steel softening. The
presence of unessential anomaly on the
monotonous course of the curve H , (Fig. 1, a)

confirms these positions.

With a further increase in tempering
temperature, the sub-structural changes observed at
400°C receive additional acceleration. As follows
from the microstructure analysis (Fig. 3), the
heating to 500°C is already sufficient for the
beginning of the formation of the sections with
almost equiaxial subgrains in the hardened steel.
(Fig. 3, a, designation 1). At the same time, there
are volumes in the metal in which the formation of
sub-boundaries is just beginning (Fig. 3, a,
designation 2).

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/160163

© I. O. Vakulenko, S. V. Proidak, L. I. Vakulenko, N. A. Grischenko, 2019

97


http://creativecommons.org/licenses/by/4.0/

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

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HaL[iOHAJIIBHOTO YHIBEPCHUTETY 3aJIi3HUYHOr0 TpaHcnopty, 2019, Ne 1 (79)

MATEPIAJIO3HABCTBO

Fig. 3. Microstructure of steel after hardening
and tempering at 500°C

Based on this, the differences in the conditions
for the beginning of spheroidization and
coalescence processes of cementite particles in the
metal microvolumes are one of the reasons for the
formation of a certain sub-structural heterogeneity.
In microvolumes in which a significant amount of
finely dispersed carbide particles have been
preserved, the polygonization processes are
significantly inhibited, as evidenced by the
increased dislocation density (Fig. 3, a, designation
3). In contrast, in the sections with more intensive
polygonization development, the dislocations
redistribution leads to the improvement of sub-
boundaries, the purification of the internal volumes
of fragmented martensitic crystals from unbound
dislocations (Fig. 3, b, designation 4). Considering

that the additional formation of sub-boundaries and
the emission of cementite particles by the nature of
their influence are related to hardening, these
phenomena should slow down the development of
softening processes with increasing the tempering
temperature. From the analysis of the results, it
follows that the cumulative effect of softening
during tempering of hardened steel from the solid
solution decomposition, reducing the dislocation
density and the coalescence of carbide particles
exceeds the hardening from the interaction of
dislocations with carbon atoms, the formation of
additional sub-boundaries and the hardening from
cementite particles of various dispersity.

Originality and practical value

During the research it was for the first time
established that for the tempering temperatures of
300-400°C, the absence of phase distortions
change indicates the emergence of additional factor
in the metal hardening from the formation of sub-
boundaries and the dispersion hardening from
carbide particles.

The given explanation of the mechanism of
structural transformations in the process of
tempering in the average temperature range of the
hardened carbon steel can be used to optimize the
technology of thermal hardening of rolled
products.

Conclusions

1. During the tempering of hardened steel in the
temperature range of 300-500°C, the effect of
softening from the solid solution decomposition,
the reduction of dislocation density and the
coalescence of carbide particles exceeds hardening
from the dislocations interaction with carbon
atoms, the formation of additional sub-boundaries
and dispersion hardening from cementite particles.

2. The dependence of the value of the phase
distortion indicates the development of complex
structural changes during the tempering of 300-
400°C in hardened steel with the opposite nature of
influence on the strength properties.
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SHEMIIIHEHHAA T YAC HAT'PIBAHHSI 3ATAPTOBAHOI
CEPEJHBOBYIJVIEHEBOI CTAJII

era. 000TI HEOOXIAHO IMPOBECTH YTOYHEHHS MEXaHI3My MOM IKIIEHHS IIPW HArpiBl 3araproBaHoi Ha
M VY pob 6 y y ’

MapTEHCHT BYIJELEBOi CTalli, IO Ma€ BAXJIMBE IPAKTUYHE 3HAYEHHS, OCOOJMBO MPH PO3POOIN TEXHOJOTil
BHPOOHHMIITBA TPOKATy 3 PI3HHUM piBHeM 3MinHeHHS. Mertoamka. 3pa3Ku MmiciIs TrapTyBaHHS Ha MapTCHCUT
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Biamyckanu npu temneparypax 300-500°C. MikpocTpyKTypy AOCIIKYBaJld IiJ €JIEKTPOHHUM MiKPOCKOIIOM.
@onbru BUTOTOBISIIM MeToJaMK bojbMaHa 1 MiHIETY, B XJIOPHO-OLITOBOMY pO34YHMHI W peakTtuBi Moppica.
BuxpuBieHHs Ipyroro poAy KPHCTAIIYHOI PELIITKM BH3HAYalHW 33 METOAWKAMH PEHTT€HIBCBKOTO CTPYKTYpPHOI'O
aHaNizy 3 BHKOPHCTaHHAM auppakToMeTrpa. Hakiemanmii mmmap wMeramy [micas UOTiYBaHHS BHIAISUIIH
CJIeKTPOITHIHUM PO3YMHEHHSAM. THMYacoBHA omip pyHHYBaHHIO BH3HAYal M 3 JiarpaM PO3TATaHHS 3pa3KiB Ha
MammHi iy «[HCTpoH». MIKpOTBEpIiCTh BUMIPIOBANN 3 BUKOpUCTAaHHAM npuiany [IMT-3, 3 HaBaHTa)keHHSIM Ha
napentop 0,49 H. PesyasraTn. [Ipu HarpiBanui go temmeparypu 300 °C 3araproBaHoi cTaii eeKT mom’ aKIeHHS
OB’ SI3aHUIl 3 TEMIIOM 3HIKEHHsI HAKOIIMYEHOI B pe3yJbTaTi MapTEHCUTHOTO IEPETBOPEHHS IMUIBHOCTI Ae(eKTiB
KpuctaimiyHoi OymoBu. CymapHuWil pe3ynbrarT o0OyMOBICHHII PO3BUTKOM peKoMOiHamii Juciokamid Ta
MIOM’SIKIIICHHSIM BiJl TIOSIBH JI0IaTKOBUX YaCTHHOK LIEMEHTHUTY NPH PO3IMaji MapTEeHCUTHHUX KpucTaiiB. [lounHaroun
Bix Ttemmepatyp HarpiBy 400 °C i Buime, pO3BHTOK NPOLECIB MOJIroHi3alii y ¢epuri CyNpOBOIKYETHCS
BUHUKHCHHSM JOJaTKOBUX CYOMEX, SIKi MiJICHIIIOIOTh e(EKT 3MII[HCHHSA METaly. 3 IiJBUIICHHSIM TEMIICPaTypH
HarpiBy 3arapToBaHOi CTayi PiBeHb MIIIHOCTI BJIACTHMBOCTEH BH3HAYA€THCS NPOIPECYIOUMM IOM’ SKIICHHSIM Bij
3HIDKCHHS CTYNCHS NEePeCHYCHHS aTOMaMM BYIJICLIO TBEPAOrO PO3YMHY, T'YCTHHH INHUCJIOKAId 1 301IbLICHHS
PO3Mipy YaCTHHOK LIEMEHTHUTY HaJl e(peKTOM 3MIil[HEHHS BiJ raJJbMyBaHHsS PYXOMUX JUCIIOKALiil aTOMaMH BYTJICLIO
Ta BHHUKHCHHA NonmaTkoBux cyOmexxk. HaykoBa nHoBu3ua. [ Temmeparyp Bimmycky 300—400 °C BiacyTHicTh
3MiHH CIIOTBOPEHB JPYTOTO POAY CBIAYUTH IPO MOSBY MOJATKOBOTO (hakTOpa B 3MIITHCHHI METaly Bix GopMyBaHHS
cyOMex 1 mucriepciiHOro 3MIIHEHHS Bix KapOimHux dacTHHOK. IlpakTmuHa 3HaumMicTh. HaBeneHe mosicHEHHS
MEXaHI3My CTPYKTYPHHX [EpETBOPEHb B MpOILeci BiAMYCKY B CEpeIHbOMY IHTEpBaJi TEMIIEpaTyp 3arapTOBaHOI
BYTJIEIIEBOT CTaJIl MOYKe OYTH BUKOPUCTAHO JUIS ONTHMI3allii TEXHOJIOTI] TEpMIYHOTO 3MILHEHHS ITPOKATY.
Kiouosi croea: MIKpOCTPYKTYpa; MApTEHCHT; IIEMEHTHT; CYOMEXKi; rapTyBaHHS; TOM’ SIKIIICHHS
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PA3YIPOUYHEHUE ITPU HAT'PEBE 3AKAJIEHHOM
CPEJHEYIJIEPOJUCTOM CTAJIA

Hean. B pabore HE0OX0IMMO MPOBECTH YTOUYHEHHWE MEXAaHH3Ma Pa3yNpPOUYHEHMS NMPU HArpeBe 3aKaJeHHOH Ha
MapTEeHCHUT YIJIEPOAMCTOW CTaJld, YTO HMEET Ba)KHOE IIPAaKTHYECKOEe 3HAa4YeHWE, OCOOEHHO NpH pa3pabdoTKe
TEXHOJIOTHH IIPOM3BOJICTBA MpPOKAaTa C pa3HbIM ypoBHEM ympouHeHus. Meroamka. OOpasnbl mociie 3aKajikd Ha
MapTeHcuT ortnyckanu npu  temneparypax 300-500°C. MUKpOCTPYKTYpY HCCIENOBAIM IO/ AJIEKTPOHHBIM
MHUKpocKoroM. Pobru U3roTaBIuBaId MeTOJaMU boilbMaHa 1 MUHIIETA, B XJIOPHO-YKCYCHOM PacTBOpPE U peaKTHBE
Moppuca. MckakeHHss BTOPOrO poja KPUCTAJUIMYECKOM PEHIeTKH OMpPEeNeNsUId 10 METOIUKaM PEHTI€HOBCKOTO
CTPYKTYpPHOTO aHANIU3a, C MUCIOJIb30BaHHEM udpakToMeTpa. HaknemaHHBIN cloif MeTaula mocnie IutMQoBaHHSA
yIAJsUIU 3JIEKTPOIUTHYECKUM PacTBOpeHHeM. BpeMeHHOe COMPOTUBIICHNE Pa3pYIICHUIO ONPEAEISUI U3 AUarpaMm
pacTsokeHHs OOpa3loB TPH HCIBITAaHUSIX Ha MamuHe Ttnma «MHCTpoH». MHUKpPOTBEPIOCT H3MEPSIH
¢ ucnosszoBanueM npudopa [IMT-3, ¢ Harpy3koit Ha uHznentop 0,49 H. Pesyasrtarsl. [Ipn narpese mo 300°C
3aKaJleHHOW cTanu 3(QQEeKT pa3ynpovyHEHHs CBA3aH C TEMIIOM CHIDKEHHS HAaKOIUIEHHOW B pe3ylibTaTe
MapTEHCUTHOTO TNPEBPAICHUSI IUIOTHOCTH Je(eKTOB KpUCTAUIMYEeCKoro crpoeHus. CyMMapHbBI pe3yiabTaT
00yCJIOBIIEH pa3BUTHEM DPEKOMOMHAIMU AMCIIOKALMI M yNPOYHEHHWEM OT IOSIBJIECHUS JOIOJHHUTEIBHBIX YacTHIL
LIEMEHTHTA NPY pacliajie MapTeHCUTHBIX KprcTauioB. Haunnas ot remneparyp 400°C u BbllIe, pa3BUTHE IPOLIECCOB
TIOJIMTOHM3AIMH B (peppHUTEe COMPOBOXKIAETCS BOZHUKHOBEHHUEM JIONOJHUTENBHBIX CyOrpaHull, KOTOPbIE yCHUIINBAIOT
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s dext ynpounenust Metaiuia. C pocToM TeMIeparyphbl HarpeBa 3aKaJeHHOW CTalli YPOBEHb IIPOYHOCTHBIX CBOMCTB
OTIpEJIETISIETCST POTPECCUPYIONIMM pasylpOYHEHHEM OT CHIDKCHMsl CTENEHHM IPECHILICHUS aTOMaMH yriiepoja
TBEpPIOTO pacTBOpa, IUIOTHOCTH IHCIOKAIMI M yBENIWYCHUS pa3Mepa 4YacTHI LEeMEHTUTa Hax 3ddexTom
YIIPOYHEHHSI OT TOPMOXKCHHUS MOABMIKHBIX NHUCIOKAIMH aTOMaMH yriepoJa W BO3HUKHOBEHHS JOIOJHHTEIBHBIX
cyorpannn. Hayunas HoBu3Ha. J[[ns Ttemmeparyp ormycka 300400 °C  oTcyTcTBHE = H3MEHEHHS
BEJIMYMHBI MCKKEHHUII BTOPOTO POJa CBUICTENILCTBYET O IOSBJICHUH JIONOJHHUTEIBHOTO (hakTOpa B YIPOUYHEHHH
Meraula 0T (OPMUpPOBaHMSA CyOrpaHHMI] ¥  IUCHEPCHOHHOTO YHPOYHEHUS OT KapOMAHBIX  YacTHIL
IIpakTuyeckass 3HaYUMOCTh. [IpHBeneHHOE OOBSCHEHHE MEXaHM3Ma CTPYKTYpPHBIX IMpEBpallleHHH B Iporecce
OTIIyCKa B CpPEeIHEM HHTEpBaje TeMIIEpaTyp 3aKaJICHHOW YIJIEpPOJUCTON CTald MOXET OBITh HCIIOJBb30BaHO IS
ONITUMU3AIMY TEXHOJIOTUU TEPMHYECKOTO YIIPOUYHEHUs IIPOKaTa.
Kniouegvie cnoea: MUKpOCTPYKTYpa; MapTEHCHUT; LIEMEHTHT; CyOrpaHUIIbl; 3aKajKa; pa3ylnpoYHeHNE
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ANALYTICAL DETERMINATION OF THE REDUCED ROTATIONAL
RESISTANCE COEFFICIENT OF THE CONSTRUCTION MACHINE
SLEWING GEAR

Purpose. Designhing new models of construction machines is closely related to the development of slewing gear,
and that, in turn, has a drive whose power and dimensions depend on the rotational resistance and the reduced fric-
tion coefficient in the units. The absence of analytical dependencies for determining the reduced coefficient of fric-
tion for the rotation of construction machines, first, restricts the designer’s ability to select materials, and secondly,
does not allow the adoption of optimal design solutions. Therefore, the purpose of the article is to find analytical
solutions to determine the rotational resistance in the slewing gear of construction machines, which allows project-
ing more advanced gears and machines in general. Existing techniques are based on empirical dependencies and
experimental coefficients that reduce the accuracy of calculations, increase the size and cost of work. It is proposed
to improve the accuracy and simplify the process of determining the rotational resistance and the magnitude of the
reduced rotational resistance coefficient of the building tower cranes. Methodology. The set objectives can be
achieved by means of analytical dependencies for determination of rolling friction coefficients over linear and point
contacts. This will enable to find the more accurate value of the resistance coefficient, and the constructor during the
calculations to take targeted measures to reduce it, using the mechanical constants of materials of the units and their
geometric parameters. The calculation is based on Hertz contact deformation theory and the body point plane mo-
tion theory. Findings. The obtained dependencies will allow analytically to find the resistance of rolling resistance
of rollers in construction machines with fixed and rotating pillars, with circular rotary devices, as well as in ball and
roller slewing rings. The calculated values of the rotational resistance coefficients for some types of mechanisms
give similar values with those recommended, while for others they significantly differ and require their refinement in
reference values. Originality of the work consists in the use of analytical dependences for determining the reduced
coefficient of the rotational resistance over linear and point contacts using Hertz contact deformation theory and Tabor
partial analytic dependencies theory. Practical value. The obtained dependencies will allow to design new types of
slewing gear units of the construction machines and to reveal the additional rotational resistances.

Keywords: construction machine; resistance; rotation; turn; slewing ring; rail; rolling friction

Introduction b) with a rotating pillar: consists of a pillar
connected to the revolving portion of the construc-
tion tower crane;

c¢) with a circular flat or tapered rail consisting
of a series of conical or cylindrical rollers, which
come in contact with two rails on the revolving and

There are the following types of slewing gears
(SG) of the construction machines:

a) with a fixed pillar consisting of an upper
support with a thrust and radial bearings;
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non-revolving portions of the construction crane;

g) with a slewing ring: consists of ball or roller
single-row or multi-row structures (full-slewing
and part-slewing excavators, motor graders).

One of the main causes of rotational resistance
is rolling resistance [12, 13]. There are many stud-
ies and suggestions for its definition, but all of
them are either inaccurate, like Reynolds's asser-
tion that rolling resistance is the result of sliding
friction at the contact point, or require an experi-
mental determination of one or more coefficients.

The analytic dependence of Tabor [3] on de-
termining the rolling friction coefficient, which is
based on Hertz contact deformation theorem [6], is
quite successful. Tabor obtained the following ana-
Iytical dependences for determining the rolling
friction coefficient, k;

— for a linear contact:

3b
k=—aua, 1
™ 1)
— for a point contact
3b
k=—a, 2
Tha )

where b - half-width of the contact pattern;
o — coefficient of hysteresis losses.
However, the presence in these formulas of the
coefficient o nullifies their practical application.
In [5], there are formulas analogous to (1) and
(2) without coefficient o, namely: k =0.11b and

k =0.1b, that essentially differ from those offered

by Tabor, and the absence of their coefficient of
hysteresis losses testifies to their inaccuracy.

In [4], there are proposed the dependences for
determining the rolling friction coefficient with the
use of Tabor analytical dependences and the exper-
imental values of the rolling friction coefficient for
the wheels of cranes with a flat champignon and
bull-headed rails [1, 2].

Similarly to formulas (1) and (2) they are ob-
tained in the following form:

— for flat champignon rail:

k =0.225be 2R | (3)
— for bull-headed rail:
k =0.16be%?%, (4)

where R — wheel radius, m.

The difference in numerical values from the
half-width of the contact pattern is obviously due
to the rounding of the coefficient k in experiments
to ten millimeters, as well as to the fact that their
values are obtained the same for several wheel di-
ameters (400, 500, 560, 630): k=0.5 mm in the
case of a flat champignon rail and k =0.6 mm for
the bull-headed rail).

It should be noted that formulas (3) and (4) are
obtained independently of (1) and (2), and since
the coefficients before b for such a class of prob-
lems can be considered close by value, we will
assume that the general values of k in these for-
mulas coincide. Having considered that the coeffi-
cients before b in Tabor's formulas are obtained
analytically and are exact, the value of o can be
found by changing the coefficients before R in the
exponents. This equality can be achieved by taking
the following values o in formulas (1) and (2):

-1.13R 0.23R

o=e and a=¢€

(5)

Purpose

Designing new models of construction machines
is closely related to the development of slewing
gear, and that, in turn, has a drive whose power and
dimensions depend on the rotational resistance and
the reduced friction coefficient in the units [14-16].
The absence of analytical dependencies for deter-
mining the reduced coefficient of friction for the
rotation of construction machines, first, restricts the
designer's ability to select materials, and secondly,
does not allow the adoption of optimal design solu-
tions. Therefore, the purpose of the article is to find
analytical solutions to determine the rotational re-
sistance in the slewing gear of construction ma-
chines, which allows projecting more advanced
gears and machines in general. Existing technigques
are based on empirical dependencies and experi-
mental coefficients that reduce the accuracy of cal-
culations, increase the size and cost of work. It is
proposed to improve the accuracy and simplify the
process of determining the rotational resistance and
the magnitude of the reduced rotational resistance
coefficient of the building tower cranes. More pre-
cise definition of the rotational resistance in the
slewing gear of construction machines leads to sav-
ing the machine manufacturing and operation costs
[21], as well as reduction of their harmful impact on
the service staff and the environment [17-20].
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Methodology

Now the formulas of Tabor (1) and (2) can be
written as follows:
— for a linear contact:

k — %e—mm ' (6)
— for a point contact:
3b
k _ Ee().23R ) (7)

With formulas (6) and (7), we can solve the set
problems analytically.

In [7] it is indicated that the value of hysteresis
losses o in Tabor formulas is small. We can use
formula (5) for its determination and (6), (7) for
determination of the resistance.

Findings
1. Wheel rolling resistance. For a linear con-
tact, we can take [c] =800 MPa (steel 65G, crane
operating mode 4M [11]), the elastic modulus

E =2.1.-10° MPa, the Poisson factor is 0.3.
When the value of the pressure restraining
force P [4]

BR[o]’
P = '
0.418E

(8)

the half-width of the contact pattern will be

b=1526 /E | )
BE

a) P Wke

kKN N mm 3
08 /

500 700 0.7 /-i
400 600 0.6 0.9 o
300 400 05 08 [N 5"\ 1
200 400 04 0.7 | A ﬁ 3
100 300 03 0.6%/ o
0200 02 0.5

100 200 300 400 R, mm

where B — wheel width, m; while the rolling fric-
tion coefficient can be determined by the formula

(6).
For the point contact we can take [c]=1040
MPa, the radius of the bull-head rail R, =300 mm.

Similarly to the formulas (8) and (9) we can de-
termine the values for the point contact

R?R?[o]’
P=— PZ[G] _ (10)
0.245°n3E* (R+R,)
RR
b=1.397nb3£- P_ . (11)
E R+R,

where n, — coefficient depending on the tangent
ellipse  equation  coefficient ~A/B=R, /R ;
R, —rail rounding radius.

Depending on the wheel radius of the pressure
restraining force, the coefficient of hysteresis loss-
es, the coefficient of rolling friction and resistance
are shown in Fig. 1.

Since the rolling friction coefficient for the
wheels of the construction cranes corresponds to
their certain radius, it can be assumed that the rela-
tionship between the force of rolling resistance and
the load on the wheel is linear. But the rolling fric-
tion coefficient is determined by the half-width of
the contact pattern, depending on several parame-
ters not linearly, therefore, it is necessary to estab-
lish the dependence of the wheel rolling resistance
on the load.

b B W. k e

KN N mm 4
20 120 12 LI2 ‘e —
100 100 1.0 110 /83
80 80 0.8 1.08 V4

60 60 06 106 _LAr | N
10 40 04 104 A7 el 4
20 20 02 L2 \—‘
00 0 100

100200 300 400 500 R,mm

Fig. 1. Dependence on the wheel radius for linear a) and point contact b)
(points show the reference values of the rolling friction coefficients):
1 —wheel pressure restraining force; 2 — coefficient of hysteresis losses;
3 —rolling friction coefficient; 4 — rolling resistance coefficient
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For this, the load P on the wheels with the
radii R, =500 mm and R, =100 mm can be

divided on two wheels in the ratio P, = % .

a) P, W, k 3
KN N mm _41_
/"é 4
700 0.7 /,/ ]
600 06 |_"1 |~ 2
500 500 0.5 - 3,
400400 04 — bﬁ-\-é i
300300 03 AT 4,
L1 — N\ 4
200200 02 G \_
n
100100 0.1 (M < .
0 0 0 == ’
0.5 06 0.7 08 09 L0 PP

Dependences of the coefficients of rolling
friction, loading and rolling resistance of the
wheel and the total resistance of the wheels are
shown in Fig. 2

B Wk '/
KN N mm // 3 1
08| A4+—T1
) 3"
T = e g
60 120 0.6 ‘E' T
4 1
50100 03] P L ZN A+
w0 dCFF T I\ 4
ya
,
30 60 03 Z\ | 4
04 S L
1020 01 fﬁ — 4,
000

0.506 0.7 08 09 1.0 P,/P

Fig. 2. Dependences of the ratio of the applied forces for linear
(a) and point (b) contacts:
1, 11, 1> — total value of the pressing force
and the force acting on each wheel, 31, 32 — rolling friction coefficients;
4, 41, 4, —total rolling resistance value and rolling resistance of each wheel;
lower position of curves for wheel R =100 mm, upper for wheel R =500 mm

Analytic dependencies (6) and (7) are used to
determine the coefficients rolling friction, so it is
possible to restore one lacuna in the reference liter-
ature. Losses in roller bearings are found by the
coefficient of friction reduced to the shaft (ball
n=0.01...0.015, roller n=0.015..0.02 [2]).

However, this does not take into account, which
race is rotating, inner or outer one.

Assuming that the deviation in the coefficient is
negligible, it should be borne in mind that the
number of locally positioned bearings may be sig-
nificant (conveyors, vehicles), as well as an in-
crease in the efficiency from 0.99 to 0.995 per ten
bearings gives it an increase in more than 5%.

2. Ball bearings. The tasks to be clarified when
calculating resistance:

1) To take into account the difference in the co-
efficients of rolling friction during rolling of the
ball on the inner and outer races, since for calculat-
ing their size we take them equal, and the tangen-

tial force acting on the ball (Fig. 3, a) is defined as

[8]

2) To take into account the rotation of the race,
since the special feature of the roller bearings de-
sign is that the balls (rollers) pass different lines
during one revolution of the inner or outer race.

Under the simplified scheme of the bearing, the
problem is solved as follows. If the outer race ro-
tates at an angular velocity o, (Fig. 3, b), then the
speed of point 1 as the point belonging to the outer
race will equal:

Vo =(1 +21, ), =2mn(r, +21,), (12)

Where o, i, b are the letters of the indices of
sizes and speed of outer, inner races and ball; n —
frequency of rotation of both inner and outer races.

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/159499

© L. M. BondarenkO, O. P. Posmityukha, K. T. Hlavatskyi, 2019

105


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayxka ta nporpec Tpancnopty. BicHuk /IHIiIponeTpoBchKkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 1 (79)

MAIINMHOBY AYBAHHS

Fig. 3. Elements of bearings:
a — scheme for determining the tangential force during the rotation of inner race [1],
b — scheme for determining the speed of points of outer race and ball; ¢ — contact pattern

Naturally, that the instantaneous velocity center
of this race is located at point 2 of the ball touch.
Assuming that there is no slip between the outer
race and the ball, thenv, =Vv,.

The length of the ball rolling track on the outer
race l, =2mxr,, and on the inner race I, =2z, and

the length difference will be Al =2x(r, —r;), that

is, on this track there will be ball sliding on the
inner race.

In case of rotation of the inner race with the
fixed outer race the difference Al is evident that
the ball will pass the outer race track that equals
the inner race track.

We find the load on the balls based on their
number [8]:

7=292+0 (13)
D-d
The force acting on the most loaded ball is:
R, = Q . (14)
z

For further calculations, the radius of the ball
(without rounding to the standard one) and of the
rolling bearing track will be equal [8, 9]:

d, ~0.3(D-d); r,~1.03r,.

For the number of balls z>10 the load on the
bearing Q (for example, if z=10) [8]:
Q=P (1+ 2c0s”? y +2c0s”? 2y) . (15)

where 7y is the angle between the balls (here
v =36"). Based on this, the load on the side balls

P, =Pcos’®y, P,=P,cos”®2y. (16)

The values of the half-width of contact patterns
in formulas (9) and (11) are determined from ex-
pressions (17) and (18). When rolling the ball on
the inner ring:

11
no
7+7
hh

mulas (13) — (17) D - outer bearing diameter;
d —inner bearing diameter; r, ~0.5d +r, radius of
the track of the inner race.

At b; for the most loaded ball, it is necessary to
set optionally the value of P, and for the side balls
P, or P, depending on the number of balls.

When rolling the ball on the outer race:

tangency ellipse equation Sz . In for-

(18)

a function;

is determined as

where n

11
A\ K
B

=>—=; ,~0.5d +3r, is the radius of the

1.1
rb r.0

outer race track.
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3. Influence of resistance in bearings on
wheel rolling resistance. Let us consider two roll-
ing bearings of one series, but of essentially differ-
ent sizes.

3.1. Ball bearing of 304 series. Calculation
output data: bearing of 304 series, d =20 mm,
D =52 mm, static load Q =7.94 kN, average di-

ameter D,, =0.5(D+d)=36 mm, d,=9.6 mm,
number of balls z=7 at y1=(360°):7:51.4°,

=148 mm; r, =242.4 mm; r, =4.944 mm.

Half-width contact pattern of the ball, loaded
with force B, =3150 N, with the inner race

b, =0.23 mm for n, =0.38, with the outer race
b,, =0.3 mm for n, =0.42. Correspondingly, the
side balls loaded by force P, =1740:
b, =0.155 mm; b, =0.202 mm. Resistance to

rolling of the most loaded ball: on the inner race
W, =44.45 N, with the rolling friction coefficient

ki, =0.0434 mm, on the outer race W,, =57.77 N
with k, =0.0564 mm; two side balls on the inner
race W, =18.30 N with k;=0.029 mm and
W,; =23.90 N with k,, =0.038 mm.

Let us determine the work of the rolling friction
forces during one rotation of the inner and outer
races.

During rotation of the inner race, Nm:

A =2mr (W, + W, +W,, +W, )=13.4; (19)
During the rotation of the outer race, Nm:
A, =2m 1, (W, +Woy )+ 1, (W + W ) ]+
+2nf (R +2R)(r, —1)=
=14.99+5.83+59.98 =20.82 +59.98 =80.8.

Thus, during the rotation of the inner race, the
rolling friction force work during one rotation
equals A =13.4 Nm, in case of the outer race ro-

tation A, =20.82 Nm (1.55 times higher), and tak-

(20)

ing into account sliding
A gig =20.82+59.98=80.8 Nm, that is, 6 times
higher.

In this case, the value of the conditional coeffi-
cient of friction reduced to the shaft is equal to:
during the rotation of the inner race

My = 4
2mQr,
n=0.010...0.015, and during the rotation of the

=0.018, for the recommended value

4y =0.081.
nQr,

3.2. Ball bearing of 2306 series. Calculation
output data for the bearing of 2306 series:

outer race u, =

d=30 mm, D=72 mm, static load

Q=20.6 kN, roller diameter

d, =025(D-d)=105 mm, roller length

| =d,, d =105 mm, number of rollers
5(D+d) ) ) _

z=——-=12 at y, =360":12=230°, bearing
(D-d)

track radius on the inner race

r.=0.5d +0.5d, =20.25 mm, track radius on the
outer race r, =0.5d +1.5d, =30.75 mm.

The force acting on the most loaded and side
rollers is determined from formulas (15) and (16).

It was proved in [9] that if a load is applied to
a group of bodies according to the cosine law, then
to determine the resistance to their rolling, all loads
can be applied to one body, that is, the rolling re-
sistance of all five rollers on the inner race for the
linear contact is determined from the expression:

b =152 [ fifr 1)
BE & +r,
and on the outer race:
b, =1522 |2 fif 22)
BE -,

According to formula (6), the rolling friction
coefficient will be respectively k; =0.0636 mm,

k, =0.0876 mm. The rolling resistance of rollers:
on the outer race W, =343.7 H, N, and on the in-
ner race W, =249.6 N.

Work of rolling and sliding friction forces on
the inner and outer races, Nm:

A =2mr; (W, +W, ) =75.4,
A =2m(rW, + W, ) +

+2rQf (1, —1,)=98.1+135.8 = 233.9, (23)
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for the friction sliding coefficient of rollers on the
inner race f =0.1.

The motion resistance coefficient is: during the

rotation of the inner race o :%=0.012, during

the rotation of the outer race o, :\% =0.017, for

the recommended value [9] for the wheel with up
to 700 mm diameter »=0.02.

4. Ball-bearing slewing gear (SG). The formu-
la for determining the greatest pressure on the ball,
given in [11], contains two unknowns: the average
diameter of the rolling circle and the number of
balls.

If the first unknown can be set on the basis of
constructive considerations, then the number of
balls can be set after finding their diameters. In
addition, this formula is acceptable only if the re-
action from the moment does not go beyond the
support contour.

We propose finding the moment of the friction
forces in the following sequence.

4.1. The slewing ring is broken, for example,

into 10 sectors with a central angle y, =36" and

for constructive reasons the average radius of the
ball centers is taken R,,.

4.2. We apply the load to one conditional ball
in the sector, similar to the ball bearing (15), we
find the maximum vertical pressure on it from the
moment, Nm:

M

NOM = N . (24)
2R,, (1+2siny, cosy, +2sin 2y, cos 2y, )

Under the known value of vertical pressure V ,
the pressure on the balloon will be:

Ny, =(NOM +V ﬁji Nm,  (25)

271 ) cosp

where B is the angle between the reaction of the

ball and the vertical line (usually g =45") (Fig. 4).
Maximum pressures on conditional side balls,
Nm:
N = No COSY4,

(26)
Naq = Nog COS 23

4.3. Maximum pressure on the opposite (left)
conditional ball:
ji Nm.

cosf @7)

Ny = (_NOM +v
2n

The pressure on the left conditional side balls is
found in the same way as for the right ones.

4.4. After the value R,,, we roughly take the
diameters of the ball d, =0.4R,, .

4.5. We find the number of balls in one sector
with geometric conditions: n= &

d, +5
4.6. Maximum pressure on one ball of the right

Ort

N
sector POlzT and the ball radius, based on

Hertz contact pressure for the track radius
r,=12r mm:
2
rb=0.1nr,/P°E Nm, (28)
(¢}

where n, is the value depending on the ratio of
1 1

A _ r'b I'.tr .
B 17
Ty
o — boundary contact stresses depending on the
steel grade, contact type and Brinell-hardness; for
r,=12r, mm, n =086 (n,=196; n, =0.59

[4]).

4.7. We find the final diameter of the ball,
while proceeding from conditions 4.4 and 4.6 and
determine the number of balls.

4.8. Based on the equations (25), (26), (27) and
the number of balls, we determine the pressure on
one ball per sector, the rolling resistance by the
formula (7) of one of the balls of 10 sectors.

We find the rolling resistance of z balls and to-
tal pressure as the sum of values obtained by the
formulas (25) and (27).

We find the rotational resistance coefficient as
the ratio of the total rotational resistance to the to-
tal pressure.

Calculations are carried out according to the
following data: the greatest moment acting on the
slewing ring M =427 kNm, the largest vertical
reaction V =178 kN, the average diameter of the

tangible ellipse equation factors
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ball centers D,, =1500 mm ( R,, =750 mm).

In this case, the vertical pressure from the mo-
ment, taking into account the side balls (24) will be
No, =112 kN, and pressure on the right and left

conditional balls (25) and (27) N, =183.6 kN,
Ny =[133.2] kN. Having taken the ball diameter

d, =0.4R,, =30 mm and the maximum pressure
on one ball, we will have:

N

21t

No 1836
n

= =14.12 kN,

where n is determined from geometric conditions
_ Ry
d, +5

n ~13. Let us check the taken ball radius

Fig. 4. Design diagram of the ball-bearing SG

by the theory of contact stresses provided that
r, =1.2r:

P,E?

Gs

r, =0. Nm, (29)

where 1, =15 mm for [c]=3000 MPa (surface

hardened steel 45 [2]).
For n; =0.59 taking into account the number

of balls in the sector and pressure on the condition-
al central and side balls (26), we find the half-
width of the contact pattern:

b-1307n g 2.l fo
E 2r,-n,

The rolling friction coefficient is determined by
the formula (7), and the rolling resistance subject
2kP

o

The distribution of pressure per ball on the ring
length and the rolling resistance of each ball in the
form of graphs are shown in Fig. 5 [5, 12-13].

When adding all the pressures on the balls and
their resistance to rolling and disision of
W =17.42 kKN by P=1025.3 KN, we obtained the

(30)

to two rolling surfaces, i.e. W =

value of the reduced rotational resistance of the
crane ®»=0.017, that significantly exceeds the

recommended value ®=0.01.
The reasons for this discrepancy may be: a) ir-

relevance of the value adopted here[s] to the valid

one; b) understated value A/ during the experiment.

It can be emphasized that in the examples of
SG calculations, given in [11, 12], the coefficient
o is taken in relation to these quantities, and in
[13]®=0.04.

Let us find the value of the rotational resistance
coefficient, which falls on sliding during rolling
along the ring. Usually it is taken into account only
when moving along a cylinder ring. However, in
the case of ball contact with both the plane and the
bearing track, the contact pattern is not a point, but
the ellipse with the axes 2aand 2b,the length of
which is determined from the Hertz contact defor-
mation formulas.

The average pressure per ball during its rotation
by 360° is P, =8.6 kN. Herewith, the minor axis of
the ellipse is a=2.2 mm.

Concentrating the pressure at 4 points, we find
that the pressure at the points v and n (see Fig-
ure 3) is P, =8.6 kN. In this case, the vertical axis
of the ellipse [4]:
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a=1397n 3 2. v oo mm (31
E 2r, -1,

The distance from these points toR,, is3a/16,
i.e. 0.41 mm.

The difference in the distance travelled by one
rotation of the ring is 4rna=5.15 mm. For
2P, =4.3 kN, f =0.15 (steel on steel, no lubrica-
tion), the work of sliding friction forces will be
A, =2R fl=3.32 Nm. Expressing the work of
normal forces 2P, through the reduced coefficient,
we can obtain A = 2P, - 2nR,,, wherefrom and is

av !
W, N
0 200 400

s § c—

P=10.2 kN

®, = iif =0.00008 (32)

av
about 0.01 of the recommended value of the re-
duced rotational resistance coefficient of the build-
ing cranes. However, it should be borne in mind
that the denominator of the formula defining o, ,

includes the average radius of the ball centres R,,.

The distribution of pressure per ball on the ring
length and the rolling resistance of each ball in the
form of graphs are shown in Fig. 5

P, kN
g 1 2

W=180.8N

Fig. 5. Distribution of pressures per one ball and resistance to its rolling along the ring

5. Roller slewing gear. For the calculation ex-
ample, we considered the slewing gear of the con-
struction tower crane with a fixed pillar and fixed
rollers (Fig. 6).

Calculation output data: construction tower
crane; average diameter of the thrust ball bearing
d, =97.5 mm; diameter of the bearing ring

D=2R=1500 mm; horizontal reaction

H =%=21.4 t, where M =87 t-m — the result-

ing moment of the rotary part in the vertical plane;
h =4 m —the distance between the line of applica-
tion of reactions H and the journal; vertical reac-
tionV =18 t.

Fig. 6. Design diagram of the slewing gear of a construction tower crane
with fixed rollers on roller bearings, thrust bearing and top slide journal

5.1. Calculation of support rollers. Load on

the roller, located on the line of force H
H
Py=————=88.65 kN, the force acting on
1+2cosy

each of the two side rollers is the same and is equal

P
to P, =—2-=125.39 kN.

CoSYy
For the roller width B=0.25D, mm and
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[6] =750 MPa (steel 75, mode of operation 5M),

its radius is determined from the Hertz contact
forces formula:

2
R _ 0.418°RE , |[0.418°RE .
re 2 = 2

Ro Ro

0.4182R,

E
056° (33)

itis 130 mm.
Half-width of the contact pattern

b=1322 | . RR
BE R-R

and it is 1.75 mm.
Rolling coefficient of the side roller (6)
k, =0.32 mm, and that located on the horizontal

axis k, =0.23 mm.
Rolling resistance of three rollers:

W =W, +2W, =154+617 = 771 N.

(34)

Due to the high pressure on the rollers and the
impossibility of selecting the appropriate roller
bearing, it is possible to apply in the construction
tower cranes the bearings with friction sliding co-
efficientu=0.1 and with the journal diameter

d; =0.25D, =65 mm.
Friction resistance in roller journals:

0.5d;

— J —
Wy =u (2R +Ry) =16.97 kN.

(35)
r

For the top journal diameter d, =150 mm the
sliding resistance in it

W, = Huzu%z 21.4 kN. (36)

5.2. Resistance in thrust bearing. According
to the value of static load on the bearing V =180
kN we take the bearing of 8216 series with d =80
mm, D=115 mm, ball diameter d, =14 mm,
number of balls z=20, track radius
r, =0.54 mm.

When loading one ball P=V /20=9 kN, the
half-width of the contact pattern (11) b=0.447 mm
(n;=0.49, n, =2.7).

The rolling friction coefficient according to
formula (7) is k =0.084 mm.

The rolling resistance of 20 balls

W, =W, -20=108-20=2160 N. The ball sliding
resistance coefficient in accordance with (32) for
f =0.1 (thick lubrication) . =0.01 and for its

rolling resistance value is W, =0,50V =900 N,

which is about half of the rolling resistance and
requires consideration when calculating the units
with thrust bearings.

The total moment of frictional forces during the
turning of a construction crane with a fixed tower
consists of the resistances:

rolling of support rollers 771 N (20% of the to-
tal);

— inthe roller journals 17 N (0.4% of the total);

— in the top journal 21 N (0.5% of the total);

— in the support roller from the rolling of balls
2 160 N (56% of the total) and their sliding 900 N
(23% of the total) for a total rotational resistance
value of 3870 N.

6. Rotational resistance of SG rollers with
stationary and fixed rollers. In some construction
cranes, the support rollers are stationary (Fig. 7, a)
or movable (Fig. 7, b). Load per a roller
P= H :

2cosa

It is obviously that for cylindrical rollers, the
values of the maximum contact stresses will be
different, and the diameters of the rollers and their
rolling support on the slewing ring will have dif-
ferent values as well.

For calculations we take the same radius, as in
the previous example, D=2R=1500 mm, the

horizontal reaction is equal to H =25 kN, the
boundary contact stress is [c]=750 MPa, the
roller width B=0.25D, =0.5R, .

The radius of the roller for the diagram
a (Fig. 7) can be found from formula (33), by re-
placing P, with H/coso.. According to the taken

values R, =60 mm, the journal radius is taken to
be equal to r; =15 mm for cases a and b (Fig. 7).

The radius of the roller for the diagram
b (Fig. 7) can be found by the same formula (33) in
the case of change of the sign under the radical to
the inverse, and it will be equal to R, =50 mm.

Half-width of the contact patterns is found by
the formula (34) with the change of the sign to the
inverse, according to the diagram b before R, (see

Figure 7).
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Half-width of the contact patterns (Fig. 7):

— according to the diagram a ¢ =0.11 mm, ac-
cording to the diagram b — ¢=0.12 mm;

— rolling resistances of the two rollers are re-
spectively W =17.8 Nand W =23.4 N.

The resistance in the journals of the two rollers
according to the first and second diagrams f =0.1

is W; = ZL f =5.77 kN, that is more than two
coso

orders higher than the rolling resistance of rollers.
Originality and practical value. The paper

proposes to use analytical dependences to deter-
mine the reduced rotational resistance coefficient
for linear and point contacts using Hertz contact
deformations theory and Tabor partial analytic de-
pendencies. The obtained dependencies will allow
to design new types of slewing gear assemblies of
the construction machines and to find additional
rotational supports, which depend on the overall
dimensions, shape and type of material from which
the components of the assembly are made and do
not contain any empirical data.

Fig. 7. Design diagram of the slewing gear of cranes:
a — with stationary rollers; b — with moving rollers

a
) g H
i
!
L
Conclusions

The analysis of the dependencies and graphs
obtained makes it possible to draw the following
conclusions and suggestions:

— rolling friction coefficient and rolling re-
sistance of the crane type wheels practically linear-
ly depends on the wheel radius, and the coefficient
of hysteresis losses linearly decreases from 0.9 to
0.6 per linear contact and linearly increases from
1.01 to 1.06 per point contact;

— the friction coefficient value of rolling bear-
ings, reduced to the shaft, depends on whether in-
ner or outer race rotates;

— during the outer race rotation on a different
path, passed by a ball or a roller on the tracks of
the outer and inner races, the friction coefficient
reduced to the shaft, which falls on pure rolling, is

1.3...1.5 times higher than its value during the in-
ner race rotation, and taking into account the slid-
ing of balls or rollers on the inner race, it is 4...6
times higher than its size in ball bearings and 3 ... 4
times higher — in roller bearings;

— due to the high value of friction in case of
outer race rotation, during the design of rolling
assemblies, it is necessary to avoid such solutions,
and, if it is impossible, to take into account this
fact both for the determination of resistance and for
the lubrication of the assembly;

— the given value of the resistance of the con-
struction crane with the ball-bearing sewing gear is
obtained analytically, is 70% higher than the one
recommended by supplier;

— in case of construction cranes with a turning
tower, the greatest resistance to rotation falls on
support rollers (about 80%).
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AHAJIITUYHE BUBHAYEHHSA TIPUBEJEHOI'O KOE®IIIEHTA
OITIOPY OBEPTAHHIO MEXAHI3MIB ITOBOPOTY BYAIBEJIbHUX
MAIINH

Merta. [IpoekTyBaHHSI HOBHX 3pa3KiB Oy/JiBeJIbHUX MAIIHH TiCHO MOB’s13aHE 3 PO3POOKOI0 MEXaHI3MIB IOBOPOTY,
a Ti, B CBOIO Yepry, MarOTh MPUBiJ, HOTYXHICTh Ta TabapuTH SKOTO 3aJIe)KaTh BiJl ONOPY MOBOPOTY Ta MPHUBEAECHOTO
KoedillieHTa TepTa y By3Jax. BiACYTHICTh aHATITUYHUX 3aJICKHOCTEH JUIsi BU3HAYCHHS MPUBEICHOTO KoedillieHTa
TepTs 00epTaHHIO OyAiBENPHHX MAIIWH, MO-Meplle, 0OMEXye MOXKIMBOCTI KOHCTPYKTOpa y BHOOpI Marepialnis,
a mo-Apyre, He Ja€ MOKIJIMBOCTI IPUHMAaTH ONITUMAaNIbHI KOHCTPYKTUBHI pimeHHs. ToMy MeTa cTaTTi — 3HATH aHa-
JTHYHI pilICHHS A7 BU3HAYEHHS OIOpPiB OOEPTaHHIO B MEXaHi3MaX IOBOPOTY OyIiBENHIX MAIIWH, IO JO3BOJIIE
MIPOEKTYBATH JOCKOHATIII MEXaHi3MU W MalllMHU Y [IoMYy. [CHYyI0O4i METOIUKY CIIMPAIOTHCS HAa EMITipHIHI 3aIeXk-
HOCTI Ta €KCIIEPHMEHTANbHI KOe]iieHTH, 0 3MEHIIYIOTh TOYHICTh MiIPaxyHKiB, 301IBIIYIOTH Ta0apuTH Ta Bap-
TicTh po0iT. [IpOMOHYETHCS MiABUIINUTH TOYHICTH Ta CIIPOCTHUTH IPOILIEC BU3HAYCHHS OIMOPY MOBOPOTY i BEITHUNHY
MIpUBEICHOTO KoedimieHTa omopy obepTaHHIO OymiBenbHHX OamToBHX KpaHiB. Meroauka. [locartu mocraBieHOL
METH MOKHa 32 JIOTIOMOT0I0 aHANITHYHHX 3aJIeKHOCTEH JUIsl BU3HAYCHHS KOe(ili€HTiB TepTs KOUSHHs 3a JIiHIIHOTO
1 TOYKOBOTO KOHTaKTiB. Lle 7103BONINTH TOYHIIIEC 3HANTU BEIMYUHY KOC]illi€eHTa OMOPY, a KOHCTPYKTOPY IMija yac
PO3paxyHKIB BKUTH I[JICCIIPAMOBAHUX 3aXOJIiB OO0 HOro 3MCHIICHHS, BUKOPUCTOBYIOUM MEXaHIYHI KOHCTAHTH
MarepiaiiB By3JiB KOUEHHs 1 iX reoMeTpuyHI napameTpu. Po3paxyHOK IpYHTY€EThCSI Ha Teopii KOHTaKTHUX Jedop-
Martiit ['epifa i Teopii miockoro pyxy To4ok Tina. Pesyabrarn. OTprMaHi 3a1eXKHOCTI JO3BOJISITh aHATITHYHO 3HAK-
TH OTIip KOYSHHS POJHKIB y OyAiBeIbHUX MAIIMHAX i3 HEPYXOMOIO i 00EpTOBOIO KOJIOHAMH, 13 KPYTOBUMH IIOBOPO-
THHMH HIPHUCTPOSIMH, & TAKOXK Y KYJIbKOBUX 1 POJIMKOBHX OIOPHO-NOBOPOTHHX Kpyrax. 3’sicoBaHi 3HaueHHs Koediwi-
€HTIB OIMOPY OOEPTAHHIO JUIA JEAKHUX IX THIIIB MEXaHI3MiB JalOTh ONM3bKiI 3HAUCHHS 3 PEKOMCHIOBAHWMH, a UL
JIESIKUX — ICTOTHO BiAPI3HAIOTHCS 1 BUMAraroTh X yTOUHEHHS Y IOBiAKOBUX BenmunHax. HaykoBa HOBH3HA poOoTH
MOJIATAE Y BUKOPUCTAHHI aHATITHYHHX 3aJISKHOCTEH U BU3HAUCHHS IPUBEICHOT0 KoedillieHTa ormopy 00epTaHHIO
3a JHIHOTO i TOYKOBOT'O KOHTAKTIB i3 BUKOPHCTAaHHIM TeOpii KOHTaKTHHX Aedopmariiit ['epra ta 9acTKOBO aHai-
TUYHUX 3aiexxHocTeit Tabopa. [lpakTnyna 3HAYNMicTh. OTpUMaHIi 3aJ€KHOCTI T03BOJISAThH TPOSKTYBATH HOBI THIIN
BY3JIiB 00€pTaHHsI MEXaHI3MIB MOBOPOTY OyiBEIbHUX MAIMH 1 BUSBJIATH JOAATKOBI OMOPH 00EPTaHHIO.
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AHAJIMTUYECKOE OINPEAEJIEHUE ITPUBEJIEHHOI'O
KO®OUIIMEHTA COINTPOTUBJIEHUA BPAIIEHUIO MEXAHU3MOB
HOBOPOTA CTPOUTEJIBHBIX MALIWH

Heab. [IpoekTupoBaHUe HOBBIX 00pPa3lOB CTPOUTEIHHBIX MAIMH TECHO CBSI3aHO C Pa3pabOTKON MEXaHHU3MOB
MMOBOPOTA, a T€, B CBOIO OYEPE/Ib, HMEIOT MPUBOJI, MOIITHOCTh W rabapUThl KOTOPOTO 3aBUCAT OT COMPOTHBICHHUS I10-
BOPOTA U MPUBEACHHOTO KOA(PDUIHEHT TPeHUA B y31ax. OTCYTCTBHE aHAIUTHYCCKUX 3aBHCUMOCTEH JUIsL OIpeiene-
HUS PUBEACHHOTO KOA((QUIMICHTa TPEHUs BPALICHAIO CTPOUTEIBHBIX MAIIMH, BO-TIEPBBIX, OTPAHUINBAET BO3MOXK-
HOCTH KOHCTPYKTOpPa B BBIOOpPE MAaTEpHANIOB, a BO-BTOPHIX, HE JAaeT BO3MOXKHOCTH IPUHUMATH ONTHMATbHBIC KOH-
CTpYKTHUBHBIE peuieHus. [1oaToMy 1elib CTaThl — HAWTH aHAIUTUYECKUE PELIeHUs IJsl ONPEIeNIeHUs] CONPOTUBIIE-
HUW BpalIeHWI0 B MEXaHW3MaxX IMOBOPOTA CTPOUTENBHBIX MAIIUH, KOTOPBIE TO3BOJSAT MPOSKTHUPOBATH Oolee
COBEPIIIEHHBIE MEXaHNU3MbI M MAIIMHEI B 11eJIoM. CyIIECTBYIOINE METOJAUKH OTMUPAIOTCS Ha SMITUPUIECKHUE 3aBUCH-
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MOCTH U 3KCIIEPUMEHTaJbHbIe KO3()(UINEHTHI, YMEHBIIAIONINE TOYHOCTh MOJICYETOB, YBEIMYHBAIOIINE Ta0apUTHI
U CTOUMOCTH paboT. IIpennaraeTcsa MOBBICUTH TOUHOCTh U YIIPOCTHUTH MPOILECC OMPEAETICHUS CONIPOTUBIICHUS TIOBO-
pOTa M BENUYMHY MPHUBEAECHHOTO KO3((HUIMEHTA CONPOTUBIICHHUS BPALICHUIO CTPOMUTEIBHBIX OAllIEHHBIX KPAaHOB.
Metoaunka. JocTudb MOCTABICHHOM IIETM MOXKHO C IOMOIIBI0 aHAIUTHUYECKUX 3aBHUCHMOCTEH I ONpeAereHus
K03(h(UIMEHTOB TPEHUS KaYECHUs MPU JMHEHHOM M TOYEYHOM KOHTAKTaX. JTO ITO3BOJMT TOYHEE HAWTH BEINHUMHY
K03(h(UIMEHTAa CONPOTHBICHUS, a KOHCTPYKTOPY MpH pacdeTax NPHHATH IEICHANPABICHHbIE MEPBI 10 €ro
YMEHBIICHHUIO, UCTIONb3ys MEXaHNUECKHE KOHCTAHThI MATEPUAIOB Y3JI0B KaUEHUS U MX T€OMETPHUUCCKHE Iapamer-
psl. Pacder ocHOBBIBaeTCSl Ha TEOPUH KOHTAKTHBIX Aedopmanuii ['epiia 1 TeOpHU IIIOCKOTO IBIKEHUS TOUEK TEla.
Pesyabrarsl. IlomydeHHBIE 3aBHCHMOCTH TO3BOJIAT AHAJMTHYECKH HAWTH CONPOTHBICHHE KAuCHHIO POJIMKOB
B CTPOUTENBHBIX MaIMHAX C HEMNOJBMKHOM U Bpalarolieicss KOJOHHAMH, C KpPYTOBBIMM IIOBOPOTHBIMU
YCTPOWCTBAaMHU, a TAKKE B MIAPUKOBBIX U POJIMKOBBIX OIOPHO-IIOBOPOTHHIX Kpyrax. HalineHHble 3HaYeHUS KOIpHu-
LHEHTOB COIPOTHUBIICHUS BPAIIECHHIO JUII HEKOTOPBIX THUIIOB MEXaHH3MOB JAIOT ONM3KUE 3HAYECHUS] C PEKOMEH0-
BaHHBIMH, a JJI1 HEKOTOPHIX — CYIECTBEHHO OTIMYAIOTCS U TPeOYIOT UX YTOUHEHMS B CIPABOYHBIX BEIMYHHAX.
Hayuynasi HOBM3Ha DPa0OTHI 3aKJIIOYACTCSl B HCIIOJIb30BAHMM AHAIMTHYECKUX 3aBHCUMOCTEH I OIpeeeHUs
NPUBEICHHOTO  KOX(@HIMEHTa CONPOTHBICHUS BpALICHUIO JUI JIMHEHHOTO ¥ TOYEYHOTO KOHTAKTOB
C HUCIIOIB30BaHUEM TEOPHM KOHTAKTHBIX Aedopmanuii ['epma m gacTudHO aHanMTHYECKHX 3aBucuMocTteil Tabopa.
IIpakTHyeckasi 3HaYMMOCThb. [loTydeHHbIE 3aBHCUMOCTH TIO3BOJIST IPOSKTUPOBATH HOBBIC THITHI y3JI0B BPAICHUS
MEXaHHM3MOB IIOBOPOTA CTPOUTENBHBIX MAIIMH Y BBIABIATH TOMOJTHUTEIBHBIC OTIOPHI BPAIICHHIO.

Kniouegvie cnosa: ctponTenbHAs MallWHA; CONPOTHUBICHHE; BPAIICHHS; MOBOPOT; IIOBOPOTHBIH KPYT; PEIbC;
TpEeHHE KaueHHs
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KIHEMATUYHWA CUHTE3 KPUBOIIIUITHO-IIOB3YHKOBOI'O
MEXAHI3ZMY 3AXOIIVIIOBAJIBHOT'O ITPUCTPOIO 3A
EHEPTETUYHUM IHAEKCOM INIEPEJJAYI PYXY

Meta. OcHOBHa MeTa pOOOTH — BUKOHATH KIHEMaTWYHUH CHHTE3 CXE€M KPHBOIIMITHO-NIOB3YHKOBOTO 3aXOILTIO-
BaJIBHOTO TPHCTPOIO 32 KPUTEPIEM CTAJIOCTI IOTYKHOCTI IIPUBOJY MEXaHI3My 3 OOMEXEHHAMH 100 IPUITYCTUMHX
KyTiB THCKY B KiHEeMaTHYHHX mapax. MeToauka. [IoCSITHEHHs MMOCTaBICHOI METH 3AIHCHIOETHCS 3acobamu Teopii
MEXaHi3MIB 1 MalllMH 3a JIONMOMOTOI0 aHAJIITHYHOTO METOXy TPUKYTHHKIB O305Ica KIHEMATHKH IUIACKHX CTPHIKHBO-
BUX MEXaHI3MIB Ta MareMaTHYHHM MOJICJIIOBAHHSAM PYyXy JIaHOK. Pe3yiabTarn. /leciTHIaHKOBUH CTPHIKHEBUI Me-
XaHI3M 3axoIlIIoBavya mo0yJOBaHWI Ha OCHOBI CIIapEHOT0 MapajiesorpaMHOro KpHBOLIMITHO-TIOB3YHKOBOT'O MeXaHi-
3My 3 Belly4ylM MOB3yHOM. [lyis 3axomutoBaya, moOy/JOBaHOTO Ha OCHOBI CTPH)KHBOBOI CXEMH, JIOLIIEHO ONTHMAJb-
HE MPOEKTYBaHHS 3 BUKOPUCTAHHSAM KPHUTEpiiB NepenaBaHHs pyxy, abo iHnekciB nepenayi. s 3adbe3nedeHHs moc-
TIHHOTO 3YCHJUIS 3aTUCKaHHS ISl 00 €KTIB Pi3HOI TOBHIMHM Oa)kaHO, MIO0 MOTYXKHICTh MPUBOAY Oyjia CTaJIO,
a GHepreTHYHi BUTPATH MiHIMalbHUMH. 32 KpUTEpid onTHMi3auii B3STO BiIHOIIEHHS IIBUAKOCTI BEAy4oi JIaHKU
MEXaHi3My JI0 IPOEKIil BEKTOpa MIBUIKOCTI TOYKH BEJCHOI JJTAHKH Ha HANPSIM BEKTOpPA CHIIM 3aTHCKAHHS (EHEpTeTH-
YHHAW TpaHCMICiHUN iHIeKc). HaliMeHIIi eHepreTHdHi BUTPATH MAIOTh MicIle, KOJH iHAeKC OMM3BKUIl 10 OAMHUII.
OTpuMaHi aHATITAYHI 3aJ€KHOCTI I BU3HAYCHHS IIBUAKICHAX (QYHKIIA EHTPAIHHOTO U NIe3aKCialbHOTO KPHBO-
IIMITHO-TIOB3YHKOBOTO MEXaHI3My 3aXOILTIOBaya, SKi 3py4Hi U1 aHamizy i MonemoBanHs. Ha X 0oCHOBI BUKOHaHUH
EHEPreTUYHUI CHHTE3 T€OMETPHUYHHX MapaMeTpiB MeXaHi3My 3aXOILTIOBAILHOTO MPHCTPOIO 32 KPUTEpieM HaliMEH-
IOTO BiIXWJICHHS BiJ OJMHUII €HEPIeTHYHOTO TPAHCMICIHHOTO iHIEKCYy. 3’5ICOBAaHO, 10 NPAaKTHIHE BUKOPHCTAHHS
3aXOIUIIOBaYa Ha OCHOBI LIEHTPAJbHOTO KPUBOIIMITHO-IOB3YHKOBOTO MEXaHI3My 3a JaHUM KpUTEpieM ykpail oOme-
eHe. Po3MIMpIOE MOXKJIMBOCTI 3aXOIUIFOBaya BHMKOPUCTaHHS B HOrO CXeMi JI€3aKCiajJbHOTO KPHBOLIMUITHO-
MMOB3YHKOBOT'O MEXaHI3My, a HaWKpallli pe3yIbTaTH MOXKYTh OYTH OTpUMaHi B CXeMi, Jie Je3aKcial MEHINUH 3a Kpu-
BowHIl. Bu3HaueHi KOHKPETHI 3HaYE€HHs BIJIHOCHHUX IapaMeTpPIB JOBXKHUH JIAHOK 1 J[ialla30HU MOBOPOTY KPUBOIIMIA
LEHTPAIBHOTO 1 Jie3aKCialbHOr0 KPHBOIIMITHO-TIOB3YHKOBOT'O MEXaHi3My 3aXOILIIoBaya, 110 HalKpalle BiANOoBijga-
I0Th KPUTEPiro onThMi3alii i 3a10BOJILHAIOTH OOMEXEHHAM 3a KyTaMu THCKy. HaykoBa HoBHM3HA. Yriepiie BBeze-
HUI HOBHUI KpUTEPiil ImepeqaBaHHs pyXy — €HEpreTUIHUI TPaHCMICIHHHHN iHAeKc. 3a MM KPUTEpieEM MpOBEICHUIHA
KiHEeMaTHYHUH CHHTE3 3aXOIUTIOBAJIBHOTO IIPHCTPOIO, MOOYIOBAaHOTO HA OCHOBI CHApeHOro KPHBOIIMITHO-
MIOB3YHKOBOTO MexaHi3My. IIpakTuyHa 3HaYMMicTh. 3anpoINOHOBaHI MPAKTUYHI PEKOMEHAAII] 010 BiHOCHUX
PO3MIpiB i po3TalryBaHHS JAHOK MEXaHi3My JUIS LIEHTPAIBHOTO I 1€3aKCiaJbHOTO KPHUBOIIUITHO-IOB3YHKOBOTO Me-
XaHI3MY 3aXOIUTIOBaya, sIKi peani3yloTh BUIMOTH KPHTEPII0 ONTHMi3amii Ta 0OMeXeHHs MO0 MPHUITyCTUMHUX KYTiB
THUCKY.

Kniouosi cnosa: MexaHIuHMI 3aXOIUIIOBAY; IIEPEAaBaHHs PYXY; EHEPreTHYHUI TPAaHCMICIHHUK 1HIEKC; IBUIKI-
cHa (pyHKIIS; KYyT THCKY

JUKOI0  KIJIBKICTIO  PYXOMHX  JIaHOK  Ma-
Beryn IOTh,IIEPEBAYKHO, OJWH CTYIiHb CBOOOAM 1 BiJImoO-
BiTHO OJWH JBUTYH HpuBony. llepeBaxkHa Oinb-
IIICTh TAKUX MEXaHI3MIB € JIaJHUMU 3 OJTHOPYXO-
MHMH KiHEMaTHIHUMH 3’ € THAHHSIMH.

OctaHHIM YacoM oIy0J1iKoBaHO 6arato pooir i3
JOCITIJPKEHHSI i IPOEKTYBAHHS CXEM 1 KOHCTPYKITii
3axXOIUTIOBAYIB PI3HOTO MPU3HAYCHHS, Y TOMY YHC-
i # MexXaHIYHUX CTPHKHBOBUX. LIIupoko BHUCBIT-

3axoIuTIoBabHi MIPUCTPOT (3axormroBa-
4i)[IPOMHCIIOBUX POOOTIB, sIKi MpHU3HAYEHI AJS 3a-
XOIUICHHSI W yTpUMaHHs 00’€KTa MaHIIyJIFOBaHHS,
—IIe OKpeMi HeCKJaJHI BHKOHABYI MEXaHI3MHU
3 iHaUBiAyansHUM npuBoAoM. KiHemaTnuHi cxemu
MeXaHIYHUX CTPHKHBOBUX 3aXOILTIOBaYiB i3 HEBe-
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JIeHI pe3yNbTaTH PO3POOOK HOBUX KiHEMaTHUHHUX
CXeM 3axOIUIIOBAYiB, METOIUKHA W pPe3yNbTaTH Ki-
HEMaTHYHUX 1 KIHETOCTaTHYHHUX PO3PaxyHKiB,
npobjeMu KOMIIOHYBaHHS i KOHCTPYIOBaHHS BY3-
JIB 1 JeTaneil 3aXOIUTOBaJIbHUX TPUCTPOIB[L, 3, 8,
9, 11, 17, 18]. IIpoTe 3aJMIIAIOTHCS T103a YBAro
MUTaHHS METPUYHOTO CHHTE3Y CXEMH MEXaHi3My,
X04a BHM3HAYECHHS HOTO ONTUMAIBHUX PO3MIpiB
1 TIONIOKEHb JIAaHOK, BCTAQHOBJICHHS 3aJIe)KHOCTEH
MK MIBHIKOCTAMH W TPUIIBUAIICHHIMH TOYOK
€ TIOYaTKOBOIO i Ba)KJIMBOIO 3aJaucio MPOEKTyBa-
neHMKa [5, 10].

[Tix ac HpOEKTYBaHHS CXEMH 3aXOILTIOBAJIb-
HOTO MEXaHi3My BaXKJIMBO 3a0e3MeuuTH, 1100
LIBUIKICTh 3aTUCKHHUX €JIEMEHTIB Y MOMEHT KOH-
TakTy 3 00’€KTOM MaHIITyJFOBaHHs Oylla CTanoro
1 MiHIMaJbHO MOXJIMBOIO JUUISI YHUKHCHHS IMHA-
MIYHUX TEPEHABAHTAXKCHb. 3 Wi€l )X MPUYMHU KY-
TOBI IMIBHIKOCTI ¥ KyTOBI NMPHUIIBUIIICHHS BHUXif-
HUX JJaHOK MEXaHi3My TaKOX MOBHHHI OyTH MiHi-
MasbHi. [l 3axormioBaviB, moOymoBaHUX Ha OC-
HOB1 CTPHXHBOBHX CXEM, AOLIJIBHE ONTHMAJIbHE
MPOEKTYBAaHHS 3 BUKOPHUCTAHHAM KPHTEPIiB Iepe-
naBaHHS pyxy abo iHIekciB mepenaui[d, 12—
15,19,20]. IcHye mexinpka KpUTEpiiB SKOCTI mepe-
nadi pyxy, 1 OCTaHHIM YacOM TaKWX TOKa3HHKiB
MPOTIOHYEThCS OLNBIIE: HA OCHOBI T'€OMETPUYHOI
KiHEMaTHKH, BiIHOCHUX BEJIMYMH CHJI 1 peaKiii y
KiHEeMaTHYHUX Napax, KyTiB TUCKY i Iepe/iaBaHHs,
MOTPIIIHOCTEN, YyTIUBOCTI IO 3MIHH PO3MIpiB Jia-
HOK MeXaHi3My, Koe]illieHTa KOpUCHOI Mii, iCHY-
BaHHS 30ipOK MeXaHi3My, IMIBUAKOCTEH, MPHUIIBH-
JIIEHb Ta PUBKA OKPEMUX 1 BUXIJTHUX JTAHOK MeXa-
Hi3My. Mix OibIIICTIO KpUTEPiiB icHYe O6e3yMOB-
HUI 3B’s30K. Benmki kytm mepenmavi(Mani KyTd
THUCKY) MPAaKTHYHO TapaHTYIOTh HEBUCOKI MIBHUIKO-
CTi ¥ MPUIIBHUIIIEHHS 1 BIICYTHICTh PUBKIB, HEUY-
TIAUBICTh MEXaHi3My JIO BIIXWJICHHS PO3MIpIB Jia-
HOK BiJl HOMiHAJIHUX, 1HIUX norpimrHocTei. [1lo-
10 CHEPreTUYHHX Ta CHJIOBHX KpPUTEpIiB SKOCTI
PYXY, TO Mi>K HUMH TaKOX iCHY€ MEeBHUH 3B’ 30K.

Otpumatu MexaHi3M, mapaMeTpH SKOTo 3aJ10-
BOJIBHSIIOTH YCIM KPHUTEpisM TepeJaBaHHS PyXy,
HEeMOXIUBO. [Ipu mpoekTyBaHHI y Tepury 4epry
3aJI0BOJIBHSIIOTBCS BUMOTH HEOOXimHUX (OLIbI
BaroMUX) KPUTEPIiB, i, 10 MOMJIUBOCTi, — BUMOTH
THIINX KPHUTEPIiB.

VY MexaHi3max 3axoInIioBauiB st 3a0e3redeH-
HSl TIOCTIHOTO 3yCHIIISl 3aTHCKAaHHS Ui 00’ €KTiB
pi3HOi TOBIMHM OakaHO, 00 MOTYKHICTh IPUBO-

Iy Oyna cranoro, a CHepreTM4Hi BUTPAaTH MiHiMa-
JFHUMH. 32 YMOBH PIBHOCTI TOTYXHOCTEH pyXo-
Mux cui P, i cunt onopy P, (3HeBaKaroud CHIIaMu

iHepuii pyXOMHUX Mac MeXaHi3My), MaeMo
vagx +PV,, . cosa=0, ne a — kyr Mixk BekTOpOM

cunu Poii BEKTOpOM HMIBUAKOCTI V,, = TOUKH HPHK-
JananHd Hiei cuim. 3a O6axanoro P, =const 3ycui-
ns P, Ha BXOoAl MexaHi3My 3MIHIOIOTBCS 3a 3aKO-

. V . .
HOM 3MiHM P, =R, —#-COSoii eHepreTuyHl BH-
6x

TpaTu TUM MeHHIi, YHMM MCHIIC II€ BiI[HOHICHHSI

BIJIPI3HAETBCA BiJl OJMHMIII MCOSOLzUV ~1.
st

To6to 6axaHno, mo6U, Oyao He TUIBKM MHOCTIiii-
HHM, aji¢ Iie W OJM3BKUM A0 OAWHUILI. JOLiNbHO
BBECTH EHEPreTUYHHIA KPHUTEpid SAKOCTI mepena-
BaHHsA pyXy: BiaxuneHHsU, BiJ OJUHUII Ha3BEMO
EeHepeemuYHUM iHOeKcoMm nepeoaui  py-
Xy(€HepreTHYHUI TPAHCMICIHHUM 1HIEKC).

Sx Bimomo, KpuTepii mepemaBaHHs pyXy IHO-
BUHHI Oyt cyro reomerpuunmmu [5, 19, 20],
IIBUIKICHA TIepeJaBaibHa (PYHKIIS BiJ IIBHUIKOC-
TEl He 3aleXHTh, a 3aJICKUTh BiJl PO3TalIyBaHHS
Ta BIIHOCHUX PO3MIpiB JIAHOK MEXaHi3My.

Kinematnynanii cuHTe3 32 MOJIOHUM KpHUTEpiEM
repeaBaHHs PyXy Ul IHIIAX MEXaHI3MIiB CTPHK-
HbOBHX 3aXOIUTIOBAaYiB BUKOHAHUH y poboTax[7, §].

Meta

OcHoBHa MeTa poOOTH — BUKOHATH T'€OMETPH-
YHHH CHHTE3 CXEM KpPWBOIIMITHO-TIOB3YHKOBOTO
3aXOILTIOBAJIBHOTO MIPUCTPOIO 32 KPUTEPIEM CTAJIO-
CTi IOTY>HOCTI TIPUBOJTY.

MeTtoauka

JIOCSTHEHHSI TIOCTABIIEHOI METH 3IHCHIOETHCS
3acobaMu Teopii MeXaHi3MiB i MaIlWH 3a JOTIOMO-
TOI0 aHATITHYHOTO METOAY TPUKYTHHKIB O30Ica
KIHEMATHKH IUIACKUX MEXAHI3MIB 1 MAaTEMAaTHYHUM
MOJIETIIOBAaHHSIM PYXY JIAHOK 3aXOILTIOBAaJILHOTO
MIPUCTPOIO.

PesyabTaTn

JlecATUIIaHKOBUN CTPUIKHHOBHH MEXaHI3M 3a-
XOIUTIOBaYa TOOYAOBaHWN Ha OCHOBI CIIAPEHOTO
[apajelorpaMHOrO LIEHTPAIBHOIO KPUBOIIMITHO-
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MOB3YHKOBOTO MEXaHi3My 3 BEIYYHM IIOB3YHOM.
Bemyauit moe3yn 1 (puc.l) BimBae Ha matyHu 2
1 6, Mo 3’eqHaHI KOpoMuciaaMH 3 1 7 31 CTAHHHOIO
0. Ha xiHWi maryHiB MAapHIpHO 3aKpiIUieH] JaHKH
4 i1 8, 10 MICTATH 3aTUCKHI €JIEMEHTH 3aXOILIIOBA-
ya. Jlogani gianu 4-5 1 8-9 yTBOPIOIOTH Mapaiemno-
rpamM 1 3a0e3nevyroTh IUIOCKOMapaleNbHu pyX
3aTUCKHHX €JIEMCHTIB.

VY pa3i 3aTuckaHHS 00’€KTiB Pi3HOI TOBIIWHU
Opi€HTaIlisT 3aTHUCKHUX €JIEMEHTIB 3aXOIUTIoBaya
3aJIMIIAETHCSl HE3MIHHOIO, OJHAK HOTO LEHTp Iie-
peMIIyeThCs B3IOBXK MO3I0BXKHBOI oci. ToMmy BH-
KOPHCTaHHS 3aXOIUTI0Bada, MOOYJOBaHOTO Ha ik
cxemi, 1uis 6azyBaHHS 00’ €KTa OOMEKEHe.

CTpykTypHUIl aHaJi3 TaKOTO MEXaHi3My 3aXo-
IUTIOBaYa BUKOHAHUH y poboTi [6].

Puc.1. KinemaTiuuna cxeMa i IJIaHU IIBUIKOCTEH
1 IPUIIBUAIICHD IEHTPAIBHOTO
KPUBOIIMITHO-TIOB3YHKOBOTO MEXaHi3My 3aXOIIIOBaya

Fig. 1. Kinematic scheme and plans for velocities
and accelerations of the central crank-slider
mechanism of the gripping device

AHaMITAYHI JOCHIHDKEHHA KIHEMAaTUKU Haii-
MPOCTIMIMX MEXaHi3MiB, 10 SKUX HAJICKUTh KPH-
BOIIIUITHO-TIOB3YHKOBHI MEXaHi3M, J00pe alnropu-
T™Mi30BaHi[2, 4, 16] i MalOTh BUCOKY TOYHICThH pe-
3yNbTaTiB. Y CKJIaAi MEXaHi3My 3axOIlUIoBada €
TIJBKH JIBOTIOBIZIKOBI CTPYKTYPHI T'pyIH, i Mexa-
HI3M Ma€ CTaHHHY, a B OCHOBI JliaJHUX MEXaHI3MiB
JISKUTH 3MiHHA (opMa Aiaju, siKa € 3MIHHUM TpU-
KyTHUKOM. ToMy aHamiTH4YHI KiHEMaTH4Hi 3aJexkK-
HOCTi, OTpPUMaHi Ha OCHOBI METOJy TPUKYTHHKIB,
HECKJIa/IHI. AHAJNITUYHA KIHEMaTUKa KPUBOIIUITHO-

MMOB3yHKOBOTO MEXaHi3My J00pe OmucaHa y Kia-
CHUYHUX TIPYYHHUKAX 13 Teopii MeXaHi3MiB, OJHaK
JUTST BU3HAYEHHSI TTapaMeTPiB PyXy 3aJeKHOCTI Mi-
CTSITh, KPIM HE3AJIC)KHOTO KyTa HAXUITY KPUBOLIH-
ma @,Ie ¥ KyT MDK HampsMOM KPHBOIIWIIA W IIa-
TyHa. MetomoM TpukyTHHKiB [4] orpumana dop-
MyJia BU3HAYEHHS MIBHAKOCTI B (YHKLIi TiNbKH
napamerpa ¢:

Vgrcoso

_Y8TC%P _sine (1)
JI12 —r?sing?

V,=-Vgsinp—

abo
rcoso )Siﬂ(p, (2)
JIZ = rZsin¢?

BBeneMo BiTHOCHUH MapaMeTp PO3MipiB JIAHOK
— o =1/l, Toni 3anexHicts (2) mpuiime dopmy,
3pYUHY JUTS CHHTE3Y W MOJICTIOBAHHS:

AB((P)_V_A:_

GCoSQ

inp. (3
«/l c?sing? )sm(p ©

Cdopmyemo inpexc nepenadi pyxy (puc. 1):

Ups(0,0)=—

GCOSQ

tano. 4
«/1 c?sing? )an(P @

Sk 0aurMo,IHICKC 3aJIeKUTh BiJ JBOX IapaMe-
TpiB, Tpadik HOro parioHambHUX 1 HEBiJ €MHHX
3HA4Y€Hb NPEACTABICHUI Ha puC. 2, 4.

Ha puc. 2 mpocropoBa NOBEpXHs 3aJICHKHOCTI
(4) nepernyra mnommuoro Uv= 1, xe niHis nepe-
THUHY 33/I0BOJIbHSIE YMOBI ontuMizarii. Sk BHIHO,
(yHKLIS MEepeTUHY HE Ma€ JOKaJIbHUX €KCTPEeMY-
MIB 1 Ma€ JIMIIE OJ{HE PILICHHS JIJISl KOYKHOI'O OKpe-
MOTO 3HaueHHsI 6. JIJisi pO3MOBCIOJKEHUX 3HAYCHD
C Ha puc. 2, 6 MOOyJOBaHI 3aJEXHOCTI 1HAEKCY
nepeaayi y MOKJIMBOMY pPOOOYOMY dialla3oHi ¢
eKcIUTyaTalii 3axorioBava. 3oH, ne |Uvj= 1, mo
JIBi CUMETpHYHi, i BCi BOHM HeTpuBaii (puc. 2, ).
3a OpUIYLICHHS CHMETPUYHOTO BiIXWIIEHHS A/2
Big |Uy| = 1 cTae MOXJIMBUM BH3HAYCHHS JIiaraso-
Hy 3MiHHM KyTa IIOBOPOTY KPHUBOILMUIA AJISI B3SITOTO
0. MexaHi3M MOXHa €KCIUIyaTyBaTH Y Aiana3oHi
0° <@ < 180°, 1 HIKYA MEXKa [IHOTO AIaMa30Hy Qmin
BIJIMOBITa€ HKHBOMY A/2, a 3HaYCHHS IIBHIKIC-
Hoi QyHKUIT y HpOMY Jiana3oHi OyAyTb CUMETpHY-
HO 3MiHtoBatucs Bix (1 + A/2) no (1 — A/2).

Uy (¢,0) =—(
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Puc.2. TlepetnH 06’ eMHOT Qirypu 3aieKHOCTI
U,, (¢, C) LieHTpanbHOro KpHBOIIKUITHO-[I0B3YHKOBOTO
MEXaHi3My TUTOIIMHO0 KPUTEPIro OnTUMizarii(a),
rpadiku ¢pyHkuii Uv(Q,0) uIs AeSKUX pPO3MOBCIOKEHNUX
3Hauensb o(6), 1A po6OU0i 30HHM eKCIUTyaTallii (6)
Fig. 2. Intersection of the volume figure of the
U, (¢,0) dependence of the central crank-slider
mechanism by the plane of the optimization criterion
(), the graphic of the Uy(¢, o) functions for

somecommon values of ¢ (b), for the working area of
operation (c)

SKIO0 TOPURAHATH TPUITYCTUME  BiJIXWICHHS
10 % Bim kputepito ontumizamii |Uv|= 1, To6TO
1+0,05, To peanizyBaTH Taky BUMOTY 3MOXYTh Me-
XaHi3MH 3 PI3HUMH TapaMeTpamu ¢ (puc. 2, 8),
OJTHAK KYT X eKcIuTyararmii ¢ He IepeBuIIye 2°, mo
€ HeIOCTaTHIM, 1 MPAaKTHIHE BUKOPUCTAHHS TaKOT'O
MeXaHi3My 3a JaHUM KPUTEPieM HEMOKIIUBE.

CyTT€BO PO3MIMPIOE MOMIIMBOCTI 3aXOIITIOBaYa
BHKOPHCTAHHS y WOTO CXeMi Je3aKCiaTbHOTO KpH-
BOLIMITHO-IIOB3YHKOBOT'O MeXaHi3my(puc. 3).

Puc. 3. KinemarnuHa cxema ¥ IUIaHU [IBUIKOCTEH
1 IPUIIBH/IIICHD JI€3aKCiaIbHOTO KPUBOIIMITHO-
MMOB3YHKOBOTI'O MEXaHi3My 3aXOIlI0Ba4a

Fig. 3. Kinematic scheme and plans for velocities and
accelerations of the de-axial crank-slider mechanism of
the gripping device

MertomoMm TpUKYTHUKIB[4] OTprMaHa aHATITH-
YHA 3aJI€KHICTh BU3HAYEHHS IIBUIKOCTI JJIA TaKo-
r0 MEXaHi3MYy:

V,(e+r-sing)cose
\/Iz —(e+r-sing)’
(e+r-sing)cosp
\[lz —(e+r-sing)?

ITics BBenieHHs OE3pO3MIPHOTO MapameTpa Je-
3akciama y=e/l Ta anreOpaiuHUX TEPETBOPEHD
OTPHUMAEMO 3aJICXKHICTh [UISl BU3HAYCHHS TPAHCMi-
CIIHOTO iHJIeKCY:

Vg =-V,singp— (5)

U, =—Sinp—
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sinp—vy

. (6)
\/12 ~(sing—7)?
(e}

Uy (p,0,7)=-tang-

®ynkiisn (6) 3aJeXKUTh BiJl TPHOX T'€OMETPHY-
HUX TapaMerpiB MexaHizmy. /[l Mexarizmy,
B SIKOMY pajliyc KpHBOILIWIA JOPIBHIOE J€3aKciamy
r=e abo ¢ = v, dhopmyna (6) crpoinyeTbcst 10 3a-
JISKHOCTI BiJI ABOX ITapaMeTpiB:

sinp—o
1, '
\/2—(sm(p—cs)2
(e}

O0’emuMit Tpadik Ii€l 3aJICKHOCTI MPEICTaB-
TIeHni Ha puc. 4, a. [l nesikux 3Ha4eHb o, ne ¢y-
Hkmii Uy MaroTh JOKabHUN MIHIMYM TOOJH3Y
KpUTEpil0 onTuMizaiii, moOynoBaHi rpadiku Ha
puc. 4, 6. Sk BUOHO, WO Taki (QYHKLIl iCHYIOTh
TITBKU B Apyromy kBajapanti. I'padix dynkii, mo
3aJIOBOJILHSIE YMOBI JICCATHUBIICOTKOBOTO BiJIXH-
JICHHS BiJ] KPUTEPIIO ONTHMI3allii, IpeacTaBICHHA
Ha puc. 4, 6. OcTaHHIl MOOYIOBaHUI AJIS €MHOTO
MoxkauBoro 3HadeHHs ¢ = 0,905, a miama3zoH KyTa
eKCIUTyaTarii MEXaHI3My JIEKUTH MexKax
142° < ¢ < 170°,

JomatkoBi 0OMeXeHHsI CHHTE3Y 3AIHCHIOE JI0-
TPUMaHHs TPHUITYyCTUMOI BEJIWYMHU KYTiB THUCKY,
SKi B JISSIKUX TIOJIOKEHHSIX MEXaHi3My MOXYTh BU-
XOAMTH 32 MeXIi 103BoJIeHuX. KyT THCKY — rocTpuii
KyT MDK BEKTOPOM CHIJIH, MIPUKJIAJCHOI 0 BEICHOI
JIAHKH, 1 BEKTOPOM IIBUJIKOCTI TOYKH MPHUKIIaJaHHS
pymriitHOi crnm. UnM BiH MEHIIWH, TUM SIKICTh Tie-
penaui pyxy BuIa. 3HaUYCHHS KyTa THCKY B IOCTY-
NabHIA Mapi MOB3YH — HaNpsMHA BU3HAYMMO 3a
3aJIeXKHICTIO (8), HOro J0MycTUME 3HAYCHHS MPHK-
maro [012] < 307[2].

[MpunycTuMuii KyT THCKY B oOepTaibHil mapi
2-3 moxe OyTu MpUAHATHH OinmbmmM [023] < 45°
[2].

3 ypaxyBaHHIM OOMEXEHb 3a JOIMYCTHMUM KY-
TOM THCKY KYT €KCIUTyaTallii MeXaHi3My 3BYXY-
eTbes 10 12° (142° < ¢ < 154°), ne HWXKHIO TPaHU-
IO Jiama3oHy OOMEXye KpUTepid onTumizarii,
a BEpXHIO — JOMYCTHMHUH KyT THUCKY B mapi 0 — 1.
VY 1poMy niana3oHi KyT THCKY B 00epTalbHil mapi
2 — 3 He MepEeBUIIy€E AOIMTyCTUMOTO.

Uy (¢,0) =-tanp— ()

6,, (p) =arcsin[c(Ll-sing)]. (8)

0,95

w

40 e

|
|
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20
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Puc. 4. Ileperun 06’emuoi dirypu 3anexsocti Uv(p,o)
JIe3aKCiabHOTO KPHBOILIUITHO-NIOB3YHKOBOT'O MEXaHi3-
My (=€) IUIONIMHOK KPUTepito onTumizarii (a),
neski ¢pyHkuii Uy 3 ToKanbHUM MIHIMYMOM IOOJTH3Y
kputepito onrumizarii (1-6 = 1,1; 2—6 = 0,905;
3-06=0,67) i 6e3 nokanpHOrO MiHiMymy (4-c = 0,5)
(6), rpadiku Uy it kyTiB THCKY AJIsI MEXaHi3My 3 mapa-
MeTtpom ¢ =y =0,905 i BU3HaYCHHS AJI HBOTO KyTa
excryaratii (1— Uy, 2-012, 3— 023) (6)

Fig. 4. Intersection of the volume figure of the
Uv (p, o) dependence of de-axial crank-slider
mechanism (r = e) by the plane of the optimization
criterion (a), some Uy functions with a local minimum
near the opti—mization criterion
(1-6=1.1;2-5=0.905; 306 =0.67) and without the
local minimum (4 — 6 = 0.5) (b), Uy graphs and pressure
angles for the mechanism with the parameter
o =1v = 0.905 and determination of the angle for its
operation (1 — Uy, 2 — 012, 3 —023) ()
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Haii0inpm mupoki MOXKIMBOCTI MPOEKTYBAHHS
HaJla€ pO3paxyHOK FeOMETPUYHHUX MapaMeTpiB Me-
XaHi3My 3a 3ajexHicTio (6). L 3anexHicTh € GyH-
KII€I0 TPbOX 3MIHHUX,TOMY 00’€MHHUX MOBEPXOHb
Moke 0yTu moOymoBano 6arato. OmHa 3 HAX TIpe-
cTaBjcHa Ha puc.5, a. CUMETpUYHE BiIXWICHHS
Bim Uy = 1 Moxe Oyt mimiOpane KOMOIHAIli€rO
napameTpiB o i y. [lonryk onTHMaabHOTO pilIeHHS
JUTS MiHIMQJIBHUX TabapuTiB MEXaHi3My CIif IIy-
KaTh y CXeMi, Jie Je3aKcial MEHIIWHA 3a pajaiyc
kpuBommmna. Ha puc. 5, 6 mpencraBneni rpadiku
a—a

T120 125 130 135 140 145 150 155 160 165 170 175 180
?

TaKkuxX KOMOiHalii i3 mapamerpom e/r <1 mus
MIPaKTUYHOTO J[iarma3oHy IiCHYBaHHS MeEXaHi3My.
VYeci xpuBi 3mian Uy MatoTe JIOKaTbHANA MIiHIMYM,
sikuil Bignosinae 3nayennro Uy =1,05, mo mo3Bo-
JISI€ 3HAXOIUTH TUTBKU OJHE CHMETPUIHE PIITICHHS
o1t 3amanoro A. 5 YocuMeTpudHe BiIXHJICHHS 3a-
JIOBOJIbHsIE OaraTo (DYHKIIiHM, OJHAK Jiana30oH KyTa
MMOBOPOTY KPHBOIIMIIA, IO 33J0BOJIBHIE TaKOMY
BIIXWICHHIO, CTAHOBUTL HE OLIbIIe 35° 1 TUIBKH
y IpyroMy KBaJIpaHTi.

6-b
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N
e

JiLoo 200 300
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3 25

-, 15
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Puc. 5. Ileperun 06’emHoi ¢irypu 3anexnocti Uy (9, 6, ¥) Je3aKkcialibHOrO KPHUBOLIHITHO-TIOB3YHKOBOTO
MexaHi3My MUIOMHHO KpuTepito onrtumizarii (Y = 0,8) (a), rpadiku Uy y poGodomy miamasosi ¢
eKCIUTyaTaIlil 3aXO0IUII0BaYa 3 CHMETPUIHAM BIAXUIICHHIM BiJl KPUTEPItO ONTUMI3AIT TS JESSKIX

BIZIHOCHHX mapameTpiB Mexanismy (1-6 = 21y=0,7; 2-6 =1,11y=0,82; 3—- 6 = 0,908 i
v=0,902; 4— 6 = 0,524 1 y=0,902) (6), kyTu TUCKY:B 00epTaNbHi# napi maryH — kpusorui (4,5,6),
y mocTynanbHiil mapi HanpsimHa —1ioB3yH (7,8,9) (6), rpadiku Uy it kyTiB THCKY U1 MEXaHi3MYy 3 apaMeTpOM
o =1,1i y=0,82 it Bu3Ha4eHHst 1is HHOr0 KyTa excruryaraiii (1— Uy, 2— 012, 3— 023) (2)

Fig. 5. Cross section of the volume figure of the Uy (o, o, v) dependence of the de-axial crank-slider
mechanism by the plane of the optimization criterion (y = 0.8) (a), the Uy graphs in the operating
range ¢ of the gripping device operation with a symmetric deviation from the optimization criterion
for some relative parameters of the mechanism (1 -c=2andy=0.7;2-c=1.1 and y = 0.82; 3 -6 =0.908
and y = 0.902; 4 — 6 =0.524 and y = 0.902) (b), angles of pressure: in the rotating pair connecting rod — crank
(4, 5, 6), in thesliding pair a guide — a slider (7, 8, 9) (c), graphs of Uy and pressure angles for the mechanism
with the parameter 6 = 1.1 and y = 0.82 and the definition of operation angle for it (1 — Uy, 2 — 012, 3 — 023)(d)
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KyT Tucky B mocTymnanbHii napi BUBHAYUMO 3a
3aJIEKHICTIO:

0,, () =arcsin(y —c-sing) , 9

a B Mapi MAaTyH — KPUBOIIHUII — 3a 3aJIeKHICTIO:
05 (¢) =9 — 0, () —90°.

Sk BunHO 3 rpadikiB, i OOMEXEHHS 3MEHIITY-
I0TH BEPXHIO MEXy ¥ [iana3oH @ poOOTH MeXaHi3-
My.

Mexanizm i3 mapamerpamu o = 0,908,
v=0,902 (puc. 5, 2) BiANOBiAa€ TPAHUYHOMY CTaHY
cxemd, ae e/r =1.3miHa [UX mapaMeTpiB BUKIHKAE
a00 30ibIIeHHs BijHOIIEHHS e/, a00 30iIbIIeHHS
BIJIXWJICHHS BiJ] HWKHHOTO TPAHUYHOTO 3HAYCHHS
kputepito onrtumizarii 0,95. Jliama3oH KyTa ekc-
TTyaTamii TaKOI'0 MEXaHi3My JIEKUTH
y JAOCTaTHBO IIMPOKHUX Mexkax 142° <p< 170°, on-
Hak OOMEXEHHS 32 KyTOM THCKY Y MOCTYHaJbHIH
mapi 3BYXYIOTh Ieil [ianma3oH A0 BenwduHH 142°
<@ < 154° Ilomyk pimieHHs: B 00JIaCTi 3pOCTaHHS G 1
3MEHIIECHHS Y TPHU3BOAUTH 10 HEBUKOHAHHS YMOBH
MIPUITYCTUMOTO KyTa TUCKY ¥ Tiapi 2—3.

€IMHUI BapiaHT CXEMH, 1110 HaMKpaIle 3aJ10B0-
JILHSIE YMOBaM OITHMI3allii, —I1¢ MEXaHi3M 13 Ta-
pametpamu ¢ = 1,1 # y=0,82, gianma3on kyTa exc-
TuTyaTanii sIKkoro JIKHTh Y Mexax 139° < ¢ < 165°.
B ycbomy oMy aiana3zoHi JOTPUMYEThCS KpHUTe-
piit onTHMi3aIlii Ta yMOBa AOMyCTUMOTO KyTa THC-
Ky B o0epTaybHiil mapi. 3MEHIIYEThCS KyT €KCILTY-
aTamii MexaHizmy j0 24° (139° <@ < 163°) 3a pa-
XYHOK JOTPUMAaHHS JIOMyCTUMOTO KyTa THUCKY
B MOCTYTAJNBHIH mapi.

TakuMm 9MHOM, MEXaHi3M 3aXOILTI0Bayda, Mooy-
JIOBaHUI 32 CXEMOIO JI€3aKCiallbHOTO KPHBOIIMII-
HO-TIOB3YHKOBOT'O MEXaHI3My, [0 3a0e3revye Bij-
xuwieHHs B miamasoni Uy= 0,95...1,05, moBuHEH
MaTH  HACTYNHI  TEOMETPHYHI  IapaMeTpH:
| =r/c=0,91r, e = (yr)lo = 0,745r. Y Takomy me-
XaHi3Mi B Jliama3oHi KyTa IMMOBOPOTY KPWBOIIHWIA
139° < @ < 163° cuna 3aruckaHHs 00’ekTa Oyne
CTaJIO0 i JOpiBHIOBATUME HOMIHAIBHIN PyIIiHHINA
CHJIi TIPHBOAY B YCHOMY Jiana3oHi TOBIIMH JAeTa-
JIEH, SKI 3aTUCKAIOTD.

Hanpuxknan, sSKimo OpuiHATH i1 MaKCUMallb-
HOI TOBIIMHM 3aTHCKyBaHOro 00’ekta H=100MM
KOMITaKTHUH BapiaHT cxemu 3 € =H/2, To po3mipu
MexaHi3My Oymyth: ' = 67mm, | = 60,98mwm,
e = 50 mM. Y HanpsMKy 3aTHCKaHHS 00’ €KTa 3aTH-

(10)

CKHI CJIEMCHTU TMEPEMICTAThCS Ha BCIUYHHY
h=2r(sin163°—sin139°) =0,728r, a miamason
TOBLIMH 00’€KTIB MaHiIMyJIOBaHHs O3 3aMiHU 3a-
TUCKHUX eJeMeHTiB ckiane 49...100 mm.

Xapaktep kpuBux (puc.4, 6; 5, 6) mokasye, o
301BIIEHHsT KyTa eKCIDTyaTarii MexaHi3My BimOy-
Ba€ThCS 332 PAXYHOK 301IBIICHHS MEXI BiAXUICHHS
A BiI KpUTepiaTbHOrO TIapaMeTpa W I03BOJISIE
3HAUTH PIMICHHS CUMETPUYHOTO BiIXWJICHHS Bif
U/r = 1| g1n1ga mmpokoro niamasoHy A,
a I’ SITHBIJICOTKOBE OOMEKEHHS BIIXHJICHHS MOXKE
OyTH 3MiHEHe 710 33JJaHOTO.

HaykoBa HOBH3HA Ta PAKTHYHA
3HAYHMICTh

YBeZieHe TOHATTS «CHEPTeTUYHHUN 1HJEKC IIe-
pemadi pyxy».

VYnepiie NpoBeNEHUN EHEPreTUYHUNA CHUHTE3
3aXOIUIIOBAJIBHOTO MPUCTPOIO, MOOYIOBAaHOTO Ha
OCHOBl  CIIAPEHOr0  KPUBOLIMITHO-TIOB3YHKOBOT'O
MeXaHi3My,3a KPHTEpi€EM PIBHOCTI OAWHUIN €Hep-
TEeTHYHOTO 1HACKCY mepenavi pyxy. Busnaueni omn-
TUMAaJIbHI BITHOCHI pO3MIpH JIaHOK 1 iX po3ramry-
BaHHs [UI1 KPHUBOIIMITHO-TIOB3YHKOBOI'O MEXaHi3-
My, IO 33/JI0BOJBHSAIOTE BUMO31 T'€OMETPUYHOTO
CHUHTE3Y 32 €HepreTUYHHNM IHJEKCOM Mepenadi py-
Xy.

3anpornoHoBaHi MPaKTHUYHI PEKOMEHAAIIT 1010
PO3MIpIB 1 pO3TalllyBaHHS JIAHOK MEXaHIi3My st
LEHTPAJBbHOIO # J1e3aKCialIbHOI0 KPHBOLIUITHO-
MOB3YHKOBOT'O MEXaHi3My 3aXOILTI0Bava.

BucHoBxku

Y po0oTi BUKOHAHWI EHEPreTUYHHUIl CHUHTE3
reOMETPHYHHUX napamerpis KPHUBOILIXITHO-
MOB3YHKOBOTO MEXaHi3My 3aXOILTIOBAILHOTO MpH-
CTpPOIO 32 KpUTEPiEM HAWMEHIIIOTO BiIXHUJICHHS BiJ|
OJIMHUII MIBUAKICHOT (PyHKIIT (EHEpreTHIHUI Tpa-
HCMICIHHUI 1HEKC).

BusHaueHi KOHKPETHI 3HAYEHHS BIJIHOCHMX I1a-
pameTpiB TOBXHH JIAHOK 1 Jiarna3oHH TOBOPOTY
KPHUBOIINIIA [IEHTPAILHOTO U J1€3aKCialIbHOTO KpPH-
BOIIUITHO-TTOB3YHKOBOT'O MEXaHI3My 3aXOILIIOBAYa,
IO HalKpalle BiAOBiAal0Th KPUTEPiIO0 ONTHUMI3a-
1ii ¥ 3aJ0BOJILHAIOTE OOMEXEHHSIM 32 KyTaMHu THU-
cKky. Haiikparii pe3y/abTaTd CUHTE3y OTPHMaHI JJIs
CXeMHU Jie3aKCiaTbHOrO KPHUBOLIUITHO-
MOB3YHKOBOTO MEXaHI3My 3 MO3UTUBHHM J1€3aKCi-
QJIOM, MEHIIIMM 32 JIOBKUHY KPUBOIIIHIIA.
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KUHEMATHUYECKHW CUHTE3 KPUBOHIHUITHO-MTOJI3YHHOI'O
MEXAHU3MA 3AXBATBIBAIOIIEI'O YCTPOUCTBA 110
JQHEPTETUYECKOMY MHAEKCY IIEPEJAYU ABUKEHUA

Heab. OcHOBHAsI LeNbpabOThl — MPOBECTH KMHEMAaTHYECKUI CHHTE3 CXEMKPHBOLIHMITHO-TIOJI3YHHOT'O 3aXBaThl-
BAaIOIIETO YCTPOMCTBANO KPUTEPUIONOCTOSHCTBA MOIIHOCTH NMPHUBOAA MEXaHU3Ma C OTPAHUYEHUSIMH IO JOMYyCTH-
MBIM yIJIaM JaBJICHHsS B KHHEMaTHUeCKuX napax. Meroauka. J[ocTimkeHHE NMOCTABICHHOM LIENH OCYIIECTBIIACTCS
CpeICTBaMU TEOPHHM MEXaHU3MOB M MAIMH C MOMOIIBIO aHATUTHYECKOTO METO/Ia TPEYrolIbHUKOB O30iica KMHEMa-
TUKU TUIOCKUX CTEPXKHEBBIX MEXaHM3MOB M MaTEeMAaTH4YE€CKUM MOJCIHPOBAHUEM JBM)KECHUS 3BCHbEB. Pe3yabTaThbl.
JlecsATU3BEHHBIN CTEPIKHEBOW MEXaHH3M CXBaTa IOCTPOCH HAa OCHOBE CIAPEHHOTO MapajulelorpaMMHOTO KpPHUBO-
HIMITHO-MIOI3YHHOIO0 MEXaHW3Ma C BEAYIIUM HOI3yHOM. JIis cXBaTa, KOTOPBIA IMOCTPOEH HAa OCHOBE CTEP)KHEBOU
CXEMBI, IIEIeCO00pa3HO ONTHMAIBHOE MPOCKTUPOBAHHNE C HCIIOJIB30BAHUEM KPHUTEPUEB IEpeNady IBIDKCHUS, WITH
HHJEKCOB Iepenadyd. B kauecTBe KpUTEpUs ONTUMH3ALMU HNPUHATO OTHOLIEHHE CKOPOCTH BEAYILErO 3BEHA MeXa-
HHM3Ma K MPOEKIIMH BEKTOpa CKOPOCTH TOYKH BEIOMOTO 3BCHA Ha HAIpaBJICHHE BEKTOpPA CHIIBI 3a)KaTHs (IHEpreTH-
YEeCKUI TPAaHCMUCCHOHHBIN MHAEKC). HanMeHbpIIe sHepreTHdecKre 3aTpaThl MOTYT OBITh JOCTUTHYTHI IIPH YCIIO-
BUH, YTO 3TO OTHOULIEHHE Oyner Onu3ko K equHune. [lomydeHbl aHATMTHYECKHE 3aBUCUMOCTH ISl ONpPEICICHUS
CKOPOCTHBIX (DYHKIHMH LIEHTPAJIBHOTO M JI€3aKCHAJIBHOTO KPUBOIIMIIHO-NIOJI3YHHOTO MEXaHW3Ma CXBaTa, KOTOpbIE
yIOOHBI JUI aHaIM3a U MOAENIHpoBaHusA. Ha nX oCHOBE BBHINOIHEH YHEPTeTHUECKUI CHHTE3 TeOMETPUIECKUX Hapa-
METPOB MEXaHHU3Ma 3aXBaThIBAIOIIEI0 YCTPOICTBA O KPUTEPUIO HAUMEHBIIETO OTKIOHEHUS OT €IUMHUIIBI SHEpIreTU-
YeCKOro TPaHCMHUCCHOHHOTO MHAEKca. BO3MOXKHOCTH cXBaTa pacUIMPSIIOTCS MPU HCIOIB30BAaHUU B €T0 CXEMe Je3-
aKCHAJIBHOTO KPHBOIIMITHO-TIOJI3YHHOTO MEXaHN3Ma, a HaWIy4Illie pe3yabTaThl MOTYT OBITh MTOJyYEHBI B CXEME, TJIe
Jle3aKcuall MeHblIe, yeM KpuBowmui. OnpeneneHsl KOHKPETHBIE 3HAYEHUSI OTHOCUTENBHBIX NAPaMETPOB AIHH 3Be-
HBEB M JAMANa30HbI MOBOPOTA KPUBOLINIA LIEHTPATBHOIO U J€3aKCHAIBHOIO KPUBOLIMITHO-MOJI3YHHOTO MEXaHU3Ma
CXBaTa, KOTOpPbIE HAWIYUYIINM OOpa30M OTBEYAIOT KPUTEPHIO ONTUMM3ALMH M YAOBIECTBOPSIOT OIPAHUUYCHUSAM II0
yriaam aasneHus. Hayuynas HoBu3Ha. BriepBele BBeJIeH HOBBIM KpUTEpHN Nepenady ABHKEHHs — SHEPreTHYeCKHi
TPAaHCMUCCHOHHBIM UHIEKC. [Io 3TOMy KpHUTEpHIO MPOBEAECH KUHEMAaTHYECKUI CHHTE3 3aXBaThIBAIOILErO YCTPOU-
CTBa, NOCTPOEHHOI'O HAa OCHOBE CIIAPEHHOr0 KPHBOIIMIHO-NOA3YHHOro MexaHusma. Ilpakrudeckasi 3HAYMMOCTb.
IIpennosxeHsl MpaKTHYECKHE PEKOMEHJAIMH [0 OTHOCUTENIBHBIM pa3MepaM U PaclioyIOKCHHUIO 3BEHBEB MEXaHU3Ma
JUTA IEHTPAIBHOTO U J€3aKCHAIBHOTO KPUBOIINITHO-TIOI3YHHOTO ME@XaHU3Ma CXBaTa, KOTOPBIE YOBIETBOPSIOT Tpe-
OOBaHMSIM KPUTEPHS ONTUMH3AIMU U PEaN3yIOT OTPAHUYEHUS 110 TOITYCTUMBIM yIJIaM JaBJICHHUS.

Kniouesvie cnosa: MEXaHWYECKMH CXBaT; Iepenada IBIDKEHUS, YHEPTETHUECKUIl TPAaHCMHMCCHOHHBIN WHIEKC;
CKOpPOCTHAs! (PYHKITHS; YTOJI JaBICHUS
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KINEMATIC SYNTHESIS OF CRANK-SLIDER MECHANISM OF THE
GRIPPING DEVICE BASED ON THE POWER TRANSMISSION INDEX

Purpose. The main purpose of the work is to carry out a kinematic synthesis of a crank-slider gripping device in
accordance to the criterion of the constancy of the drive power of the mechanism with restrictions on permissible
pressure angles in kinematic pairs. Methodology. Achieving this purpose is carried out by means of the theory of
mechanisms and machines using the analytical method of the Ozols triangles of kinematics of plane rod mechanisms
and mathematical modeling of the movement of links. Findings. The ten-bar mechanism of the gripping device is
built on the basis of a paired parallelogram of a crank-slider mechanism with a leading slider. For gripping device,
which is built on the basis of the rod scheme, it is advisable optimal design using the criteria for the transfer of mo-
tion or transmission indices. The criterion of optimization is the ratio of the speed of the leading link to the projec-
tion of the velocity vector of the driven point on the direction of the clamping force vector (power transmission in-
dex). The lowest energy costs can be achieved, provided that this ratio is equal to one. Analytical dependences are
obtained for determining the velocity function of the central and de-axial crank-slider gripping device, which are
convenient for analysis and modeling. On their basis, an energy synthesis of the geometrical parameters of the
mechanism of the gripping device in accordance with the criterion of the smallest deviation from the unit of power
transmission index is performed. The possibilities of the gripping device are enhanced by using it in a de-axial
crank-slider mechanism, and the best results can be obtained in a scheme where the de-axial value is larger than the
crank length. It is determined the specific values of the relative parameters of the lengths of the links and the ranges
of rotation of the crank of the central and de-axial crank-slider of the gripping device, which best meet the optimiza-
tion criterion and satisfy the pressure angle constraints. Originality. For the first time, a new criterion for the trans-
mission of motion was introduced — power transmission index. According to this criteria, a kinematic synthesis of
the gripping device built on the basis of a paired crank slider mechanism was carried out. Practical value. Practical
recommendations are proposed on the size and location of the links of the mechanism for the central and de-axial
crank-slider mechanism, which satisfy the requirements of the optimization criterion and implement restrictions on
permissible pressure angles.

Keywords: mechanical gripping device; motion transmission; power transmission index; speed function; pres-
sure angle
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OLIEHKA HAINIPSIKEHHO-IE®OPMUPOBAHHOI'O COCTOsIHUA
PAMBI TEJEXKHU IU3EJb-ITIOE3JA AIIKP-2 TP JEMCTBUU
PACUYETHBIX U DKCILTYATAIIMOHHBIX HAT'PY30K

Heab. ObGecniedeHue OE30MACHOCTH JKCILTyaTallMd, YBEIWMYCHHWE INPOYHOCTH M JOJTOBEYHOCTH Hamboiee
HArpy>XEHHBIX HECYIIUX 3JEMEHTOB MHOJBM)KHOIO COCTaBa — TEIEKEK, B YACTHOCTU TENEKEK IU3eNb-oe3/1a
JIIKp-2. MeToauka. J[jsi OLIEHKHA MPOYHOCTH KOHCTPYKIIMU OIMBITHOTO BapHaHTA TEJICKKH MMOCTPOEHA MPOCTPaH-
cTBeHHas TBepoTensHas 3D-moznens. C mpuMeHEeHHEM HMPOTrPaMMHOTO KOMIUIEKCa, Peaan3yIOIero MeTo ] KOHed-
HBIX 2JIEMEHTOB, Ha ocHOBe Teopuu IlaneMrpena—Maiinepa—Mu3eca ompezeneHbl Haubosiee Harpy>KeHHbIE Y3JIbI
pambl Tenexku. [Ipu MpoBeNeHWH KOHEYHO-3JIEMEHTHOTO MOJEIMPOBAHUS YUTEHbl OCOOCHHOCTH pPabOThI KOH-
CTPYKIIMM B D3KCIUTyaTallud, JeHCTBHE CTAaTHUECKHUX HArpy30K M COOTBETCTBYIOIIMX IWHAMHYECKHX J[00aBOK.
PesynbraThl pacuéra ObUTH MCIIONB30BAHBI I Pa3pabOTKN CXEMBI Pa3MEIICHUS TeH30/1aTYMKOB HA paMe TEJIEKKH
IIPH MPOBENEHUH XOJOBBIX MPOYHOCTHBIX UcHbITaHUH. [1o MX pe3ynpTaTaM AaHa OLEHKA YCTAJOCTHOM MPOYHOCTH
OTIBITHOTO BapHaHTa PaMbl TEJIEKKH IPH ASHCTBUH SKCIUTyaTallMOHHBIX Harpy3Kax M CAeJaH BBIBOJ O HEOOXOIMMO-
ctu ycuieHus: e€ koHcTpykuuu. Konctpykropekoe ympasinenue [TAO «KprokoBckuil BaroHOCTPOUTEIbHBIN 3aBOI
TIPEATIOKMIIO BAPHAHT yCHIJICHHSI ONBITHOTO 00pasiia paMbl Tenexku. Pe3yabrarsl. OCHOBBIBAsACH HA PE3yIbTaTax
TEOPETHUYECKHX W HKCIIEPUMEHTAIIBHBIX UCCIEA0BaHNH, OblIa MpON3BeeHa MOICPHU3ANNS KOHCTPYKIIMH OIIBITHOTO
BapHaHTa TeNeXKu ausenb-noe3ga JAIIKp-2, uTo mo3BoamiIo yMEHBIINTh HANPSDKEHHS B HamOoJiee HarpyKeHHBIX
y3/1aX ¥ 3HaYUTEIbHO YBEIUYIHUTH €€ JOJITOBEYHOCTh. BHIMONHEHB! PacyEThl HA MPOYHOCTH M XOJIOBBIE MPOYHOCTHBIE
UCTIBITAHMS JTU3ENb-TIoe37]a C MOJEPHU3NPOBAaHHBIMU Tenekkamu. HayuHast HoBu3Ha. BriepBele mocTpoeHa mpo-
CTPaHCTBEHHAs] KOHEYHO-3JIEMEHTHAs: MOJETb TEJIEeKKHU JU3eIIb-TI0€3/1a HOBOTO MOKOJIEHUS ¥ IIPOU3BEICH pacuéT Ha
MIPOYHOCTH TP JEHCTBUH HOPMATHBHBIX Harpy3ok. IlocTpoeHHast Moienb TO3BOIMIIa BEIOPATh BApHAHT MOJICPHH-
3al¥ OTBITHOTO 00paslia paMbl, KOTOPHIA YAOBIETBOPSET YCIOBUAM yCTAIOCTHOW MpoyHOCTH. [IpoBeneHHbIe SKC-
NIepUMEHTAIbHBIE MCCIIEA0BaHUS TOKa3aiu 3()()EeKTUBHOCTh MOJECPHHU3ALNH, B YACTHOCTH YBEIMUCHHE POYHOCTH
U JIOJITOBEYHOCTH KOHCTpyKuuu. IlpakTnyeckasi 3HaYMMOCTh. KoMIuleke pacu€THO-IKCIIEPUMEHTANBHBIX PadoT
10 OLICHKE HampspKEHHO-1e(OPMHPOBAHHOTO COCTOSIHUSI paMbl TeleXku ausens-mnoesna JAIIKp-2 mpu nelictBum
PacuU€THBIX U 3KCILTyaTallMOHHBIX HArpy30K MO3BOJIMI CO34aTh KOHCTPYKLUIO, KOTOpask yJOBIETBOPAET KaK HKCILTY-
aTalMOHHBIM TPeOOBaHMUAM, TaK U TPeOOBAHHUSAM MPOYHOCTHU U JIOJTOBEYHOCTH. Pa3spaboTaHHast KOHCTPYKIHS paMbl
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TEJIEKKU NAac€T BO3MOKHOCTH YBEIINYWUTH 0e30I1aCHOCTh OKCIUTyaTalluld WU MOXKET OBITh HCIIOJh30BaHA B JHU3ECIIb-

Toe3aax CICAYHImnX TTIOKOJICHUH.

Kniouesvie cnosa: IMPOYHOCTH KOHCTPYKIHNHU, OTOJITOBEYHOCTD, HCCyH.[I/Iﬁ QJIEMEHT, TEJICKKa AU3ECIIb-TI0E€31a; yCH-

JICHNE KOHCTPYKIINU

Berymiienue

Tenexxka sBISIETCS OJHUM W3 OCHOBHBIX HECY-
NIMX 3JEMEHTOB MOJBI)KHOTO COCTAaBa JKEIE3HBIX
JIOPOT U CIIY>KUT KJIFOYEBBIM 3BEHOM B CXEMe Tepe-
Jla4u Harpy3KH OT Ky30Ba Ha TOJIOBKY pejbca [14,
18]. KoHCTpyKIHs paMm TeJIexeK BO MHOrOM obec-
nevnBaeT Oe30MacHOCTh MMOJBWKHOTO COCTaBa
B 3KCILTyaTallliu, IMO3TOMY HUX IMPOYHOCTH U JOJITO-
BEYHOCTh JIOJDKHBI Y/IOBJICTBOPSITH TPeOOBaHUSIM
JEeNUCTBYIONIMX HOPMATHBHBIX JIOKYMEHTOB [3, 7].

HenocraTtoynass mpoYHOCTh HECYIIMX 3JIEMEH-
TOB IMOJIBUYKHOTO COCTaBa, B YACTHOCTH paM Tele-
KEK, — OJTHA U3 OCHOBHBIX MPoOJeM, TpeOyIOIHX
MOMCKAa BO3MOHBIX MmyTe# perrenus [5, 8, 15].
B mporecce Takoro mowmcka y4MTBHIBAIOT, YTO HE-
Cymue 3JICMCHTBI TCJICKKHU NOJIKHBI OTBEUYATH CJIC-
IYIOIIUM TapaMeTpaM u Tpebosanusm [1, 6, 7, 9—
12]:

— obecrnieunBaTh 0€30MACHOCTh TPH 3KCILIya-
TaIMH TOJBIKHOTO COCTABA;

— COOTBETCTBOBATh TPEOOBAHUSM MPOYHOCTH
Y JI0JITOBEYHOCTH;

— BBITNIOJIHATh BCE OJKCIUTyaTal[MOHHBIE TPebo-
BaHUs (TUIABHOCTh XOJa, KOHCTPYKIIMOHHAS CKO-
pOCTB H T. 11.).

Hean

Co3nmaHue paMbl TENSKKH JTU3eNb-TI0e3/1a, OT-
BeYarolle TPeOOBaHHUSIM IMPOYHOCTH, JOJTOBEY-
HOCTH U 6€30IaCHOCTH B DKCILTyaTallWH.

MeToanka

OOBEKTOM HCCIIeIOBaHHUS SIBIISICTCSA HANpPsDKEH-
Ho-neopmupoBanHoe coctosinue (HIAC) pamsbr
npuBogHOW Tenexkn (cranp 0912C) muzens-
nmoe3na JIIKp-2 mpousBoactBa KprokoBckoro Ba-
TOHOCTPOMTENBHOTO 3aBoja. Jlis wmcciienoBaHus
HAC »meMeHTOB KOHCTPYKIIMHM paMbl TEIEKKH
UCTIONB30BaH Metol 3D-monenupoBaHust U METOA
KOHEUHBIX 3JIeMEeHTOB [2, 4, 16, 19].

J1a mpoBepKH pe3yNnbTaTOB YHCICHHOTO MOJIe-
JUPOBaHUS U OLEHKH 3()(HEKTUBHOCTH MOAEPHU-

3allMd paMbl TEJIEKKH HCIOIb30BaHBI JKCIICPH-
MEHTAJILHBIC METO/IBI.

KoneuyHo-371€eMEHTHBIM pacdyeT IMOCTPOCHHOU
3D-Momenu OMBITHOrO 00pasia pambl TEICKKH
JIM3eNb-110€3/1a OBUT MTPOBEACH MIPH ACHCTBUU HOP-
MaTUBHBIX Harpy3ok. [Ipu pacuére ObuTO TIPUHSATO,
YTO MaTephal KOHCTPYKIHMH paboTaeT B 30HE
ynpyrux naedopMaiuii U o0iamacT MOCTOSHHBIMU
XapaKTePUCTUKAMH, MOJTyJIEM YIPYroCcTH
E =2-10°> MIla u xo>pduuuentom Ilyaccona
n=0,3.

YpoBeHb HaIpPSAKEHUM, BO3HUKAIOIIUX B pame
TEJIeKKH, 3aBUCUT OT BEJTMUNHBI TTPUKIIABIBAEMBIX
Harpy30k M KOHCTPYKTHBHBIX OCOOCHHOCTEH HX
npuioxenus [13, 17, 20].

[Ipu pacdere ydTeHBI CIEYIOIIUE OCHOBHBIE
CHUIBIL:

— COOCTBEHHAsT CHJIa TSDKECTH KOHCTPYKLIUHU
U CHJIa TSHKECTH Ky30Ba BaroHa,

— WHEPIMOHHBIC CHJIBI, BRI3BaHHBIE KOJICOaHH-
SIMH SKUTIAXa MPY €0 JBIKCHUMY;

— CHJIBI OT paOOTHI TATOBBIX JBUTATENICH;

— CHJIBI, CBSI3aHHBIE C TSITOM M TOPMOXKEHHEM
ITOJIBIYKHOTO COCTaBa;

— a’pOJMHAMMYCCKUE CHJIbI (CHJIBI JaBJICHUS
BeTpa);

— CWJIBI, BO3HUKAMOIIUE TIPH BIHCHIBAHUH JIH-
3€JIb-110€3/1a B KPUBBIE YYaCTKH ITyTH.

[lepeunciieHHble CHIIBI TPH PACyeTe HaMps-
KEHHO-1e(DOPMHUPOBAHHOTO COCTOSIHUSI PaMbl Te-
JISKKU TIPUHUMAEM JSHCTBYIOIIMMH CTAaTHUCCKU
U TMPUBOJUM K CJICIYIOIIMM OCHOBHBIM CXEMaM
TIPIJIOKEHUST:

— BepTUKaIbHBIE (CHIIAa TSDKECTH OpyTTO, JH-
HaMU4ecKasl Chjia NPU KOHCTPYKIIMOHHOM CKOPO-
CTH, BEPTHKAIbHAS COCTABIIIONIAS CHIIBI WHEPITUU
Ky30Ba);

— TPOJOJIbHBIC (CHJIA TATH, MPOJOJbHBIC CHIIBI
WHEPINN);

— OokoBbIC (LIEHTpOOEKHAS CHJIA, CHIIA JIaBJIe-
HUS BETPa, TOPU30OHTAIIbHBIC PAMHBIC CHJIbI);

— KOCOCUMMETPHYHBIE.

OnupaHue pambl TEISKKH Ha KOJECHBIE Maphbl
B PACUETHON CXEMe OCYIIECTBISIETCS Ha MPYKUHBI
OYKCOBOTO ITOJIBEIITHBAHUSI.
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B pesynprare anammza pe3ynbTaToB pacdéTa
oTIpe/ieNIeHbl HanOoJee Harpy >KeHHBIE Y3IIbI PaMbl
TENEKKU U COCTaBJICHA CXEMa Pa3MEIICHUs TEH30-
JTATYNKOB I TIPOBEIECHHS XOMIOBBIX JHHAMHUYE-
CKHUX UCIIBITAaHUH.

Pacuer moaroBedyHOCTH MPOBEICH MO JaHHBIM
pPEruCTpallid OJTHOTO TEH30/IaYMKa, MOJyYEeHHBIM
MpH  TPOBENEHUH  JUHAMUYECKHX  XOJOBBIX
HCTBITAHUM. TenzomaTunk IS pacudera
JOJTOBEYHOCTH  BBIOpAaH 1O  MaKCHUMAaJbHBIM
CTaTaTUCTUYECKUM 3HAYCHHWSIM JIHHAMHYECKHX
HanpspKeHUH.

[Ipenen BBIHOCIMBOCTH JETald, C YYETOM
acumMmeTpur 1ukia cormacHo «Hopm...» [7],
orpesenieH 1mo Gpopmye:

(Gm +0,35%0g )2
(1,35%0g )’

6 _1pm =015 %1,035% [1-

(D)

Ile ©,p — Ipelel BBIHOCIMBOCTU JAETald Ul
CUMMETPUYHOIO IMKIA; G, — CPEIHEe HaIpsbKe-
HHE 1IMKJIA; Gg — BPEMEHHOE COIPOTHUBIICHUE.

IIpenen BBIHOCIMBOCTH J€Tand MJid CUMMET-
PUYHOTO IMKJIA OTIpeeisieM Mo Gopmye:

— C(p)xG-l (2)

c
-1D -1Dm>
K

rAc 6_,— CpeaHee 3Ha4YCHUC IIpCAc/ia BBIHOCIMBO-

ctu obpasua (it cramu 0912C — 195 MIla);
C(p) — xodhUIHEHT, 3aBUCAIINN OT BEPOSTHO-

CTH pa3pylICHUs JeTaIH. 3HaYCHUE BBHIOPAHO MO
tabmuie 3.19 «Hopwm...» [7]; K — xoaddurment
TIOHIDKEHUS TIpeJiesia BBIHOCIMBOCTH, ONpeselisie-
MBIi1 110 popmyiie:

K =K,xn, 3
311€Ch 1) — TEXHOJOTMYECKHH (akTop. 3HAYEHHE 1)
3aBUCHT OT Crocoba W KOHTPOJsS CBapKu

(tabmn. 3.20 «Hopm...» [7]); K, — xo>ddurment,

XapaKTepHU3YIOUUi MOHWKEHHE TMpeesa BBIHOC-
JIUBOCTH:

_ Ky x KyxBy
ym

K

(&

(4)

rae K, — xoadduiment, yunToBaommii HEOJHO-

poxHOCTB MaTepuana aerany; K, — kodhunueHT,

YUYHUTHIBAIOIINI BIMSHIE BHYTPEHHHUX HANPSDKCHUH
B fgetany; By — 3 exTHBHBIN KOIPPUIUEHT KOH-
LEHTpalKN HAMPSHKEHUH B y3/Iax CI0XKHOTO Oouep-
TaHUS, KOHIIEHTPALMS HANpSDKEHUH B KOTOPBIX
OIIpeeNseTCs TOJMBKO HX TEOMETpHei; Y — K03d-
(UIUCHT, YYUTBHIBAIOIIUI BIUSHUAE Pa3MEPHOTO
¢dakTopa; M — KO3QPHUINEHT, YIUTHIBAIOMINN CO-
CTOSTHHE TIOBEPXHOCTH JCTaIH.

[TockonbKy YpOBHM HAampsDKEHHH B pamax
TENEKEK BbIIE YeM G_;p;, , TO, coracHo m. 3.6.3

«Hopm...» [7], 1is OLEHKHM [ONTOBEYHOCTH

WCIIONB3YEM  TapaMeTphl  KPUBOM  yCTaloCTH
CTaHIapTHOTO oOpasua u TUCTOTPaMMBI
pacnpezneneHus aAMIUTUTYTHBIX 3HaYeHUH

HaIIpSDKEHUN paM TEJIEXKEK.
KpuByto ycramoctu st oOpasiia OMHUChIBAEM
ypaBuenueM (3.35) «Hopwm...» [7]:
Gg-0

N =B , (5)

0-G 4

Ile G, — Ipelel BBIHOCIUBOCTH CTaHIAPTHOIO
o0pa3sna st CHMMETPUYHOTO [TUKJIA HATPy>KEeHHUS;
N — gucio MUKIOB O pa3pylieHus oOpasia npu
aMIUTUTY/IE HAMPSDKEHUH G CHMMETPUYHOTO IHMKJIA
HarpyXeHus;
B — mocrosiHHast 0Opa3ua.

ITapameTpsl KpUBOW yCTaJOCTH AETAIH G jp

U Bp AI9 CHMMETPUYHOTO IMKJIA HArpyKCHUs
oIpejiesieHbl Mo hopMyiam:
O_

G-lD:?l: (6)

Bo =7 7)

ITapameTpsl KpHUBOH yCTAJIOCTH JETald s
aCHMMMETPUYHOIO LIUKJIA HATPYKEHHS ONPEAEIAEM
o dhopmyste (3.37) «Hopm...» [7]:

J’_
B =fip Z2on1on], (8)

O.1p

Pacuer noiroBedyHOCTH A€TaNM BBINOJIHEH 110
CIENYIOLIEMY AIITOPUTMY:
— U3 THCTOIPAaMMBbl HAIPSDKEHUN ONpeereHbI

AMIUIUTYAHBIC 3HA4YCHUA HaHpH)KeHI/Iﬁ O;

U COOTBCTCTBYIOIICC 3THUM HANPSXKCHUAM YHUCIIO
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pabo4ynx NHUKIOB N, 3a YCIOBHYIO CIWHHILY
npobera (mpoOer mnpu MPOBEACHUH XOJOBBIX

MPOYHOCTHBIX UCTIBITAHUH L, , KM);

— Opu  3TOM  HyMepanusi  HWHTEpBAJIOB
MPOM3BE/IeHa TaK, YTOOBI:
6,>0,>..>0Cg, 9)

T7e S — KOJIMYECTBO HHTEPBAJIOB TUCTOTPAMMBL;

— IIpA  TOCJENOBAaTEIbHOM  BO3ACHCTBUH
n,n,,..n, pabounx IUMKIOB (32 YCIOBHYIO
eIMHUIy IpoOera) ¢ aMIUIUTYJaMH HaNpsHKEHHUH

COOTBETCTBEHHO 6,>0,>03...6;>(6 15 ). ; -
BEJMYMHY  TIpeJeia  BHIHOCIMBOCTH  J€TajH
KaskKIbli pa3 MepecurThIBACM:
o,x| 1- k
N;
(G_le )i - > (10)
6;-(G.10m )i-l +1- M
(G-le )i-l N;
e
65-|om|-c;
N; =(B1Dm )Hx—m -, (11)

0; ‘(G-lom )i.1

0.000 0.500

(Ble )i Z(Ble )i-l x%, (12)
-1Dm Jj-1
(0.10m )y =Cuapm» 1 =1,2..1, (13)

[Mukn pacyeroB mo ¢dopmyaam (10)—(13)

IOBTOpsSIEM,  IOKa  BBHIIONHACTCS  YCIIOBHE
(6-10m )i >0.

OnucaHHble BBIIIE MCCIIEOBAHHUSA TPOBEIEHBI
ans OIBITHOTO obpasia TENEKKU

1 MOAEPHU3UPOBAHHOTO.

Pe3yabTarbl

Hns mpoBeaeHuss pacyéToB Ha MPOYHOCTH
ONBITHOrO  o0Opa3la TeJNeXKH JAu3enb-Tioe3aa
HIIKp-2 moctpoena e&€ 3-D wmopmens, koropas
npencrasieHa Ha puc. 1. Crioco® onupaHusi pamebl
TEJEXKH U PAcUETHBIC HATPY3KH OMMCAHBI B METO-
JUKE UCCIEAOBAHUM.

Ha pwuc. 2 npuBeseHbl TONS 3KBUBAJICHTHBIX
HaTpsHKEHUH B KOHCTPYKTUBHBIX JIEMEHTaX PaMbl
Tenexku. 1Ipu 3ToM mokazaH y3esn, B KOTOPOM 3K-
BUBAJICHTHBIC HANpPSDKEHUsT JOCTUIAl0T MAaKCHU-
mansHOTO 3HaueHus 184 Mlla.

Pacuer monroBe4HOCTH pambl TEJIGKKH MPOBE-
JIeH TI0 JaHHBIM PETUCTpallU HANpsLKEHUI TeH30-
natyrika Ne 2, yCTaHOBIEHHOTO B YKa3aHHOM Y3IIe.

1,000 (m)

Puc. 1. O6mmmii BUJT HICXOTHOM paMbl TEJEKKH AU3€Ib-1I0€3/1a

Fig. 1. General view of the initial frame of the diesel train bogie
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B: Model, motor_m +iner+
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

07.04.2018 20:50

1,8485e8 Max
1.6431e8
143778
1,2323¢8
1.027¢8
8.2156e7
6,1617e7
4,1078e7
2.053%7
20,816 Min

0,000

>

0,500 1,000 (m)

Puc. 2. DxBuBajIeHTHBIC HaOPpsHKCHUA B paMe TCJICKKH NU3CJIb-110€3/1a

Fig. 2. Equivalent stresses in the frame of the diesel train bogie

I'uctorpamma pacnpeneneHusi HanpsDKEHUM,
MOoJIyd€HHasd Ipu MPOBCACHUN AUHAMHUYCCKUX XO-
JIOBBIX MCIBITAHUN, TpuBeAcHa Ha puc. 3. OHa
BKJIIOYAET MPUBEACHHOE K HOPMAaTUBHOMY pacipe-
nmenennto ckopocteit (Tabmuma A.1 COY MIII

20000

18263

18000
16000
14000

12000

10000

BOS7

BODD

TFo00

Yucao pabounx UMKNoB

6000

4000
2231

2000

221

44

LE L | I 575
0 m
4 1z 20 28 36

45.060-203:2007) u tumy npodueit (75 % — mpsi-
MbIe, 23 % — kpuBble, 2 % — CTpPENIKH) KOJTHYECTBO
aMIUTUTYIHBIX 3HAUCHHWH HampsDKeHWi 3a mpolber
343 kM, TIpOIIEeHHBIN BO BPEMS XOJIOBBIX HCITHITA-
HUH CO CKOpOCTAMU ABIMKEHUS 10 140 xm/4.

83 50 10 5 1 1 1

52 60 68 76 B4 92 100

AmnauTyaa Hanpaxedui, MMa

Puc. 3. 'ucrorpaMMa aMIUTUTY THBIX 3HAYESHUI HANPSHKEHU I
JUIA TeH30JaT4YHKa 2 UCXOAHOM paMbl IPUBOIHOM TENEKKI

Fig. 3. Histogram of the amplitude values of the stresses
for the strain gauge 2 of the initial drive bogie frame

[lo anroputmy, ONHMCAaHHOMY BBIINIE, OBLIO
YCTaHOBJICHO, YTO PaMbl MPUBOJHBIX TEJEKEK HE
OyAyT MMETh YCTAJIOCTHBIX Pa3pylICHUH MTPH IPO-
O0ere 320 TBIC. KM, YTO SBIAETCA HEIOCTATOYHBLIM

JUISL TU3ETb-TI0e3/1a, Pa0OTaIOMIer0 B MEXPErro-
HaJbHOM cooOmeHun. [loaTomy OBLIO MPHUHATO
pemenue 00 YCWICHHHM KOHCTPYKIWH. Jlms
YMEHBIIICHUS HAINPSDKEHUs B HanOoJiee Harpy»KeH-
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HBIX y3JIaX KOHCTPYKIIMM MOKHO FHCIIOJIb30BaTh
HECKOJIbKO HAaIpaBJICHWH: YBEIHYUTH TOJIIIHHY
KOHCTPYKTHUBHBIX 3JIEMEHTOB, UCTIOIb30BaTh OoJiee
MpOYHbI MaTepuan u T. . KoHCTpyKTOpHI 3aBoAa

0250

MPEATIOKIIN YBEITMYUTE MOMEHT CONPOTHBICHUS
n3rudy cedenus myTém godasienus [1-o6pasHoro
JNIEMEHTa IOBEepX

(puc. 4).

CTaKaHa 6yKCOBOF0 y3jia

MogepHUuanpoBaH b

Y3en Teniewxu

1.000 (m)

0.750

Puc. 4. O6muit BuI MOACPHU3UPOBAHHON paMBbl TEIICKKH AU3EIb-TI0e30a

Fig. 4. General view of the modernized frame of the diesel train bogie

Takoe KOHCTPYKTHMBHOE pEUICHHE MO3BOJIMIO
HC HU3roTaBJIMBATL HOBYIO paMy, a IIOBBICUTH
MPOYHOCTh CYLIECTBYIOIIEH OMNBITHOM KOHCTPYK-
nun nyTéM e€ MonepHuzanuu. Ha puc. 5 npusene-

HBI IIOJII OKBHBAJICHTHBIX HaHpH)KeHI/Iﬁ B KOH-

B: Model, motor_ m+iner+
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

24.03.2018 20:15

1,5637e8 Max
1.389%8
1,2162¢8
1.0424e8
8.6871e7
6,9496e7
5,2122¢7
3.4748e7
1.7374e7
20,48 M.

0.000

0.250

0.500

CTPYKTHUBHBIX 3JIEMEHTaX MOJIEPHU3UPOBAHHOMN
pambl TenexKu. V3 npeacTaBieHHbIX pe3yabTaToB
BUIHO, YTO HANpsDKEHUs B MOAECPHHU3MPOBAHHOM
y31e cHuzunuck co 184 Mlla no 49 Mlla.

49 MNa
Z
‘>1 )

1.000 (m)

0,750

Puc. 5. DxBHBalIeHTHEBIE HaIIpsI’KCHUA B MO,Z[CpHHSHpOBaHHOﬁ paMe TCJICIKKU JU3CIIb-TI0C31a

Fig. 5. Equivalent stresses in the modernized frame of the diesel train bogie
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I'ucrorpamma AMILIUTY THBIX 3HAYEHUH mpuBeAcHA Ha puc. 6. Pacu€THbIl cpok CiyxObI
HaIpsOKEHUH B HCCIEAYEMOM y371€  MOJEPHU3UPOBAHHOU TEIEKKHU COCTaBUII
MOJICPHU3UPOBAHHON TEJIEKKHU, MOMyYeHHBIX npu 4,6 MITH KM.

MPOBEACHUM XOAOBBIX IPOYHOCTHBIX HCIBITAHUH,

20000 18960

1s0pp 17543

16000
@ 14000
s
53- 12000
E 10000
2
o BOOD
]
T 6000

4254
4000
2000 1250
. 357 105 56 B 4 1 1
D | —
3,5 10,5 175 245 31,5 38,5 45,5 52,5 58,5 66,5 73,5

i . G

AmMnnuTy Lz Hanpsxenui, MMNa

Puc. 6. 'uctorpaMma aMIIMTyJHBIX 3HAUEHHH HANPSKEHUH
JUIA TeH30JaT4iKa 2 MOAEPHU3UPOBAHHON paMbl IPUBOTHON TEICKKU

Fig. 6. Histogram of the amplitude values of the stresses
for the strain gauge 2 of the modernized drive bogie frame

Hayqﬂaﬂ HOBU3HA U MPAKTHYCCKas
S3HAYUMOCTDH

BrniepBeie mocTpoeHa MPOCTPAaHCTBEHHAST KO-
HEYHO-3JIEMEHTHAsi MOJENb TENEKKH JU3eNb-
1oe3/a HOBOTO IOKOJICHHS M MPOM3BEIEH pacyer
Ha MPOYHOCTb NP ACHCTBUU HAa HEE HOPMATHUBHBIX
Harpy3ok. IlocTpoeHHas Monenb MO3BONMIIA BBI-
OpaTh BapuaHT MOJCPHHU3ALNHU OTMBITHOTO 00pa3ia
pambl, KOTODPBIH YJOBJETBOPSAET YCIOBUSIM YyCTa-
JocTHOM mpoyHOocTH. [IpoBeneHHbIE 3KCIIEpUMEH-
TaJNbHBIC WCCIIEJIOBAHUS MOKa3alH d3PPEKTUBHOCTh
MOJICpPHHU3AIIHH. Kommnexc pacuérHo-
9KCHEPUMEHTAIBHBIX paboT MO OIIEHKE HANPSIKEH-
HO-/1e()OPMHUPOBAHHOTO COCTOSIHUSI PAMBI TEJICKKH
nuzens-nioe3na AIIKp-2 npu aeiictBuu pacu€THbIX
1 SKCIUTyaTallMOHHBIX Harpy30K MO3BOJIWI CO3/1aTh
KOHCTPYKITHIO, KOTOpasi YAOBIETBOPSET KaK OJKC-
TUTyaTallMOHHBIM TPEOOBaHMUAM, TaK U TPeOOBaHH-
SIM IIPOYHOCTH U JJOJITOBEYHOCTH.

Pa3paboranHasi KOHCTPYKIIUSI paMbl TEJICHKKHU
JTAeT BO3MOXHOCTh YBEIUYHTh O€30MaCHOCTh JKC-
IUIyaTallid U MOXKET OBITh HCIIOJb30BaHA B JIH-
3€NIb-TI0e3/1aX CIACAYIOMIHNX MOKOJICHUH.

BrIBoabI

1. KoHCTpYKTHBHOE pEIICHHWE 10 YCHICHUIO
OTIBITHOM paMbl TEJICKKH IMO3BOJIIIO HE H3rOTaB-
JINBAaTh HOBYIO KOHCTPYKITUIO, @ MOBBICUTH IMPOU-
HOCTh CYILLECTBYIOLIEH MYTEM €€ MOIECPHUBALIMH.

2. MopepHu3anusi mo3Bonuia Oonee yem B 3
paza CHM3UTh YPOBEHb SKBHUBAJICHTHBIX HAIpsIKe-
HUU B OIACHOM CEYEHUU PAMBbI TEJICHKKH.

3.B pesynprare mpoBeneHHONW MOAEpHU3AIUN
paMbl TEIEKKH Pacu€THBIN CPOK ee CIyXKObl yBe-
mmramiicst ¢ 320 Twic. 10 4,6 MITH KM.

4. TlpennoxeHHas METOJIWKA WCCIEIOBaHUHN
MO3BOJISIET HA CTAIWH IPOBEICHUS MPUEMOTHBIX
WCTIBITAHUHN OLICHUTH MPOYHOCTH U JOJITOBEYHOCTH
HECYIIMX KOHCTPYKIIUI MOABUAKHOTO COCTaBA.
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OUIHKA HAIPYKEHO-JE®OPMOBAHOI'O CTAHY PAMMH BI3KA
AA3SEJIb-TIOI3 A OTKP-2 I YAC AII PO3PAXYHKOBHUX TA
EKCIIIYATAINIMHUX HABAHTAXKEHD

Mera. IligBuiieHHss Oe3MEKU EKCIUTyaTallii, 301IbIICHHS MIITHOCTI ¥ JOBrOBIYHOCTI HAHOUIBII HABAHTAKCHHUX
HECHHX CJIEMCHTIB PYXOMOI'O CKJIaAy — Bi3KiB, 30kpeMa Bi3kiB musenb-noizma JI1Kp-2. Meroauka. [y omiHKu
MIITHOCTI KOHCTPYKII{ JOCITHOTO BapiaHTa Bi3ka MOOYIOBaHAa MPOCTOpOBa TBepAoTiIbHA 3D-Momens. I3 3actocy-
BaHHSM IPOIPAMHOTO KOMIUIEKCY, IO peaji3ye METOJA CKIHYeHHHMX €JIeMEHTIB, Ha OCHOBI Teopii [lampmrpena—
MaiiHepa—Mi3zeca BH3HaueHI HaWOIIbII HampykeHl By3nM pamu Biska. [lix 4ac mpoBelneHHs CKiHUEHHO-
€JIEMEHTHOTO MOJICITIOBaHHS BPaxoBaHi 0COOIMBOCTI POOOTH KOHCTPYKIIi B eKCILTyaTallii, i CTATHYHUX HaBaHTa-
JKCHB 1 BIATIOBITHUX AMHAMIYHUX NO0AaBOK. Pe3ympTaTh po3paxyHKy Oy BUKOPHUCTaHI AJIS PO3POOKH CXEMH PO3-
MIIIEHHS TeH30JaTYMKIiB HA paMi Bi3Ka IIiJ] 9ac MPOBEACHHS XOIOBUX BHIPOOYBaHb Ha MIIHICTE. 3a IX pe3yibTara-
MH J1aHO OLIHKY BTOMHOI MIITHOCTi JOCIITHOTO BapiaHTa paMu Bi3ka B pa3i Aii eKCIuTyaTallifHINX HaBaHTa)KECHb
1 3p00JIeHO BICHOBOK IIPO HEOOXiMHICTh MOCHIIeHHS 11 KoHCTpyKLii. KoHcTpykToperke ynpasmiaasa [TAT «Kprokis-
CBKMH BaroHOOYAIBHMI 3aBOJ» 3alpPOINOHYBAIO BapiaHT NOCHJICHHS JIOCHIIHOTO 3pa3Ka paMH  Bi3Ka.
Pesynbraru. [pyHTYIOUHCH HA PE3YIbTATAX TEOPETHYHUX Ta EKCIEPHUMEHTAIBHHUX JOCIIKEHb, 0yI0 MPOBENEHO
MOJICPHI3aIliI0 KOHCTPYKIIT TOCIIAHOTO BapiaHTa Bi3ka au3enb-noizmaa JIIKp-2, 1m0 103BOIWIO 3MEHIIUTH HAIPY-
JKCHHSI B HAMOLIbII HABAHTA)XXCHUX By3J1axX 1 3HAYHO 30ULIBIIMTH i JOBrOBIYHICTh. BUKOHAHO PO3PaXyHKH Ha MIIl-
HICTB 1 X0/IOB1 BUIIPOOYBaHHS Ha MILHICTh AM3ENb-1I0i3]a 3 MOIEpHI30BaHMMU Bizkamu. HaykoBa HoBH3HA. Yiiep-
e nNoOy/0BaHO MPOCTOPOBY CKIHUEHHO-EIEMEHTHY MOJIEJb Bi3Ka JM3eJb-11013/1a HOBOTO TOKOJIHHS 1 MPOBEJIEHO
PO3paxyHOK Ha MIIHICTb ITij Yac Jii HOpMaTHBHUX HaBaHTakeHb. [100y10BaHa MOJIeIIb JO3BOJIMIIA BUOpATH BapiaHT
MOJIEpHI3aLil IOCHiJHOTO 3pa3Ka paMu, SIKUii 3aJ10BOJIbHSIE YMOBH BTOMHOI MinHOCTI. [IpoBesieHi ekcriepiMeHTanbHi
TIOCTIKCHHS TTOKa3and e(peKTUBHICTh MOJEpHI3allii, 30KpeMa 301IbIIECHHS MIITHOCTI i JJOBFOBIYHOCTI KOHCTPYKIIil.
IIpakTtuuna 3HaunMicTh. KOMIUIEKC pPO3paxyHKOBO-EKCIIEPUMEHTAIbHUX POOIT 3 ONIHKKM HANPYXEHO-
ne(OopMOBaHOTO CTaHy paMu Bizka am3enb-moizga AIIKp-2 B pasi mii po3paxyHKOBHX Ta e€KCIDTyaTaliiHUX HaBaH-
Ta)XEHb JI03BOJIUB CTBOPUTH KOHCTPYKIIIO, SIKa 33J0BOJIBHSIE SIK €KCIUTyaTalliiHi BUMOTH, TaK 1 BUMOTH MIIJHOCTI
1 TOBroBigyHOCTI. Po3po0iieHa KOHCTPYKIliSl paMH Bi3Ka Ja€ MOXKJIMBICTh MIABUIMUTH O€3IeKy eKCIUTyaTalii i Moxe
OyTH BUKOPUCTaHAa B IU3€Ib-11013/1aX HACTYIIHUX TIOKOJIIHb.

Kniouosi cnosa: MilHICTE KOHCTPYKIIii; [TOBTOBIUHICTh, HECYUHH €JIEMEHT; BI30K JM3EIb-N0I3/a; MOCHJICHHS
KOHCTPYKIIii
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STRESS-STRAIN STATE ASSESSMENT OF THE BOGIE FRAME OF
DPKR-2 DIESEL TRAIN UNDER ACTION OF DESIGN AND
OPERATIONAL LOADS

Purpose. The article is aimed to ensure the operation safety, increase in the strength and durability of the most
loaded supporting elements of rolling stock — bogies, in particular the bogies of the DPKr-2 diesel train.
Methodology. In order to assess the design strength of the bogie prototype, a spatial solid-state 3D model was con-
structed. Using the software package implementing the finite element method, the most loaded nodes of the bogie
frame are determined based on the Palmgren—Miner—Mises theory. During the finite element modeling, the peculiar-
ities of the design work in operation, the action of static loads and the corresponding dynamic additives are taken
into account. The results of calculation were used to develop the layout diagram of the strain gauges on the bogie
frame during the running strength tests. According to their results, the fatigue strength of the bogie frame prototype
under the action of operating loads was estimated and a conclusion was made about the need to strengthen its de-
sign. The designh management of the PJSC «Kryukov Railway Car Building Works» proposed the variant of enhanc-
ing the bogie frame prototype. Findings. Based on the results of theoretical and experimental studies, the prototype
design of the DPKr-2 diesel train was modernized, which made it possible to reduce stresses in the most loaded
nodes and significantly increase its durability. Strength calculations and running strength tests of diesel trains with
modernized bogies were carried out. Originality. For the first time, a spatial finite element model of the new gener-
ation diesel train was constructed and the strength calculation was carried out under the action of design loads. The
constructed model made it possible to choose the variant of modernizing the frame prototype that satisfies the fa-
tigue strength conditions. The conducted experimental studies have shown the efficiency of modernization, in par-
ticular the increase in strength and durability of the design. Practical value. The complex of design and experi-
mental work on the assessment of the stress-strain state of the bogie frame of the DPKr-2 diesel train under the ac-
tion of design and operating loads allowed creating a design that satisfies both the operational requirements and the
requirements of strength and durability. The developed design of the bogie frame makes it possible to increase the
operation safety and can be used in the next generation diesel trains.

Keywords: design strength; durability; supporting element; diesel train bogie; design reinforcement
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BU3HAYEHHS CTINKOCTI KOHTEMHEPA-IIMUCTEPHU BIJHOCHO
PAMMU BAT'OHA-IIVIAT®OPMMU 111 YAC IIEPEBE3EHHS HA
SAVIIBHUYHOMY ITIOPOMI

Mera. lle nmociimkeHHs CHpSMOBaHE Ha BHSBJICHHS OCOOJMBOCTEH BH3HAYEHHS CTIMKOCTI KOHTeifHepa-
LUCTEpHH BIHOCHO paMH BaroHa-muiaTGoOpMH, MiJ 4ac MEpeBe3eHHs Ha 3ali3HUYHOMY ropomi. Meroamka. /s
JIOCSITHEHHS 3a3Ha4Y€HOI METH MPOBEICHO MaTeMaTH4YHE MOJISNIOBAHHS JAMHAMIYHOI HaBaHTa)KEHOCTI KOHTeiHepa-
IUCTEPHH, PO3MIIIEHOTO HA BaroHi-ruiaT¢opMi, MmiJ Yac MepeBe3cHb Ha 3ali3HUYHOMY Mopomi. Moenb BpaxoBye
nepeMillieHHs KOHTeiHepa-IIMCTEPHH BiTHOCHO paMH BaroHa-IuiaTGOpMHU Ta HAJWBHOIO BaHTAXy B KOTII, epeMi-
IICHHS SIKOrO OOMEXeHi Horo criHkamu. YpaxoBaHO, IO BaroH-maTdopMa, Ha SKOMY PO3MillleHHH KOHTEHHep-
UCTEPHA, )KOPCTKO 3aKPIIUICHIUH BITHOCHO MAaTyOH 3ai3HUYHOTO TOPOMa Ta 3IIHCHIOE TIEPEMIIICHHS pa3oM i3 Hero.
3a mporotun oOpaHW KOHTeWHep-mucTepHa TunoposMipy 1CC, po3MmimeHuii Ha BaroHi-TaTGoOpMi Momemi
13-4012. ITix wac ckiagaHHs MOJIENi BPaXOBaHO TPOXOIMaIbHHUN 3aKOH PyXy 30ypeHol aii (MOPCHKOi XBHJIi) Ha 3ai-
3HUYHHIA ITOPOM i3 BaroHaMH, pO3MIIIEHUMH Ha Horo nany0ax, i JUCUIaTHBHY CKJIAJIOBY, sIKa BUHHKAE Mifl Yac KO-
JIMBaHb 3aJI3HUYHOTO MOPOMa B YMOBaxX MOPChKOI XuTaBuli. Takox B3sTi 10 yBaru KypcoBi KyTH MOPCHKOI XBHJIL
BIZTHOCHO KOpITyca 3aJli3HUYHOI'0 MOpoMa i BITpOBE HaBaHTa)KEHHs, IO Ji€ HA HAJBOJHY MPOEKIIiI0 3aJIi3HUYHOTO
Nopoma, BaroHa-miaatopMu, po3MiLIEHOr0 Ha BEepXHill nanyo0i, 1 KoHTelHepiB-uucTepH. Po3B’s3anHs nqudepeHiia-
JIBHUX PIBHSHB PYXY 3/IiMICHEHO B cepeloBHMII IporpamMuoro 3abesmneuends MathCad i3 ypaxyBaHHSAM 3BeeHHS 1X
10 HopMauibHOT opmu Koini 3 HacTynHuUM iHTerpyBaHHsIM 3a MeTtogoM Pynre—Kyrra. Pe3yabraTu. YcTaHoBieHi
BEJIMYMHH IPHCKOPEHB SIK CKJIAIOBI JUHAMIYHOTO HABaHTAXXCHHS BPaXOBAaHO IIiJ] 4ac JOCITIIKEHHS CTiHKOCTI KOH-
TeifHepa-IIMCTepHU BiTHOCHO paMH BaroHa-miargopmu. OTpUMaHO YTOYHEHI BEJIMYMHN AWHAMIYHUX HaBaHTAXXCHB,
SIKi IFOTh HA KOHTEHHEP-LIUCTEPHY, PO3MIIICHY Ha BAarOHI-TUIATGOPMI, M Yac MepeBe3eHHS Ha 3ali3HHYHOMY IT0-
pomi. HaykoBa HoBH3HA. Po3p0o0ieHO MaTeMaTHYHy MOJEIb IEPEMIllleHb KOHTeHHepa-1HCTEPHH, PO3MILLIEHOTO Ha
BaroHi-matdopMi, I 4yac mepeBe3eHHs Ha 3ai3HNYHOMY nopoMi. [IpakTudna 3HaUnMicTs. Pe3ynpraT mpose-
JCHUX JOCTIPKCHb MOXYTh OYTH BHKOPHCTAHI IiJ 4ac MPOCSKTYBaHHS KOHTEHHEPIB-LUCTEPH HOBOTO MOKOJIHHS
3 HOJTIIIIIEHUMH TEXHIKO-€KOHOMIYHMMH 1 €KOJIOTIYHUMH TTOKa3HUKAMHU.

Kniouosi croea’ KOHTEHHEP-IIMCTEPHA; TUHAMIKA; CTIHKICTh; MOJICIIOBAHHS; HABAHTAXKCHICTh KOHCTPYKIIIT; 3aIi-
3HUYHO-TIOPOMHI IepeBe3eHHS

Beryn JDKEHHS 1X CTIMKOCTI I 4ac KOJWBAaHb 3aJ13HUY-
HOTO ITIOPOMa B YMOBaX XBHJIFOBaHHS MOPSL.

BuzHaueHHS TMHAMIYHOI HAaBaHTa)KEHOCT] KOH-
TeiiHepa-IIMCTEPHN 32 EKCIUTyaTalliiHUX PEeKUMIB
HaBaHTaXeHHs mpoBeneHo y [29]. Orpumani Be-
JIMYMHU BPaxOBaHO IIiJ[ 4ac PO3PaxyHKiB Ha Mill-
HICTh KOHTEHHEpa-IICTEPHU B CEPEIOBHIII IPO-
rpaMHOro 3a0e3neyeHHs Ansys.

Oco06aMBOCTI pO3paxyHKy Ha MILHICTh HiAIOTH
40-dpyToBOro KoOHTEHHEpa y HPOTrpaMHOMY KOM-
mrekci Abaqus/CAE v 6.1 nasezeni y [25]. 3ampo-
ITOHOBaHi PEKOMEHJIAIIT 110,10 Oe3MeYHOl eKCILTya-
Talii LbOTO THITy KOHTEHHEepa.

[linBumieHHss 00’€MiB TepeBe3eHb HAIMBHUX
BaHTaXXIB 4Yepe3 MIKHApOAHI TPaHCIOPTHI KOPH-
JIOPH 3yMOBITIOE BIIPOBA/KEHHSI B EKCIUTyaTallifo
KoHTelHepiB-uctepH. [lorpeba B KoHTeHHepax-
LHUCTEpPHAX AK TPAHCHOPTHHUX 3aco0ax y mepeBis-
HOMY TIpolieci 3yMOBIIeHa X MOOUIBHICTIO Ta 1HTe-
PMOJATBHICTIO.

OcTaHHIM YacoM MPOCTEKYETHCS €PEeKTUBHICTD
eKCIUTyaTalii KOHTeHHepiB 1 Ha 3ali3HUYHO-
MOPOMHHX MapIIpyTax y CKIaJi Moi3iB KOMOIHO-
BaHOT'O TPAHCIIOPTY.

Jnst rapaHTyBaHHSI O€3MEKM CIiAyBaHHS KOH-
TEHHEPIB-IIUCTEPH MOPEM HEOOXIAHMM € JOCIi-
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3amada BU3HAYEHHS IMOKA3HUKIB MILHOCTI KOH-
TEWHEpIB I Jac TIEPEeBE3CHHS iX Ha 3aJli3HHYHUX
MopoMax y po3riisiHyTHX poOOTax He CTaBUIaCs.

OOrpyHTYBaHHS ONTUMI3allii HECY4I0i KOHCTPY-
KIIil KOHTeWHepa-ucTepan Moaeni TK25 3 meToro
3MEHIICHHs MaTepialoeMHOCTI HaBeaeHe y [5, 20].
[Tig wac ckiagaHHsS MOJE MIIHOCTI KOHTCHHEpa-
IUCTEPHU BPaXOBaHO, IO KOHCTPYKIliS MOBHHHA
BUTPUMYBATH Ail0 BiacHuUX cui inepuii. Lli cumm
BUHHKAIOThH MiJl Yac PyXy TPaHCIIOPTHOTO 3acoly,
a TakOX y pSAAl IHIINX BUIAJKIB: CIIBYAapsSHHSI
BaroHiB y MOMEHT MaHEBPOBHUX ONepaliiii, y ToMmy
YHCl MiJl 4ac PO3MYCKaHHA 3 TipOK, €KCTPEHOTO
TaIbMYBaHHS B MOI37]aX HAa MallUX IIBHIKOCTSIX
PYXY; 3a IPUCKOPEHb Y MMOB3I0OBXHHOMY HATIPSIMKY
— 2g, y TIonepeyHoMy HamnpsMKy — 1g, y BepTHKa-
JTHHOMY HampsMKy — 2g; y pasi CHiByAapsHb s
3aBaHTa)XEHOr0 KOHTeWHepa — 4g, sl TOPOKHbO-
ro (3 METOIO MepeBipku apMaTypu) — 5¢ [4].

JlocipkeHHS MIIIHOCTI KOHTEHHEPa-IUCTEPHU
mozeni T11 3a excruryaTamiiHUX peXVMIB HaBaH-
TaxkeHHs nposezene y [13]. V poGorti mpoanastizo-
BaHWI BIUIMB T'YCTOTH CKIHUCHHO-CJIEMEHTHOI CiT-
KM Ha TOYHICTb PO3PaxyHKy HampyKeHo-
neOpMOBaHOTO CTaHy KOHTeHHepa-IHCTEePHH,
a TaKOX TMPOBEIEHI HATYPHI JOCIHIDKEHHS HOTO
MIITHOCTI 32 yJJapHUX HABaHTAXKCHb.

Bu3HaueHHIO MOKa3HUKIB MILHOCTI KOHTeHHe-
pa-IIMCTEpHU TiJ Yac TEpeBE3CHHS Ha 3alli3HWY-
HOMY MOPOMi B IUX POOOTAxX yBaru He MPUIJICHO.

KoncTpykmifini  ocoOnauBOCTI  KOHTEHHEpa-
LUCTEPHU JIs TIepeBe3eHHs Ta 30epiraHHs cKpar-
JICHOTO TPHUPOJHOTO Tra3y po3risHyTi B [24].
VY cTarTi HaBeIeHI TEIUIOBI PO3paxyHKH KOTJa KO-
HTEWHEpa-LIUCTEPHU, BU3HAYECHUH ONTUMAaIbHUI
qac 30epiraHHs BaHTaxXy.

Brime kopo3sii i TemmepaTypu Ha MilHICTh 00-
KOBO1 OOOJIOHKH TaJWBHOTO 0aka, 1o rnepedyBae
] TUCKOM, JociimkeHo y [28]. 3ampomoHoBaHi
PEKOMEHIAIlT 11100 MiJBUIICHHS JOBrOBIYHOCTI
MaJIMBHOTO 0aKa B eKCILTyaTarlii.

PexoMenpmamii momo TPOEKTYBaHHS HECY4HX
KOHCTPYKI[IH KOHTCHHEPIB Jyisl 3a0e3ledeHHs 1X
MILHOCTI I Yac MEepPeBe3CHHS Ha 3aJII3HUYHUX
nopoMax y nux po0oTax He HaBeleHi.

OOrpyHTYBaHHS JOLIIBHOCTI IPOCKTYBAaHHS Ta
BIIPOB/DKEHHSI B EKCIUTyaTallil0o KOHTEHHepiB-
LUCTEPH SK TPAHCIOPTHUX 3ac00iB HAaBEACHO
B [15]. Po3pobiieHo HOBY ONTHMIi30BaHy KOHCTPY-

KITif0 KOHTCHHEepa-IUCTEPHA IS TICPEBE3CHHS CBi-
TIUX HAQTOMPOIYKTIB.

PesynpTatn Bu3HAUEHHS HAIPYKEHOT'O CTaHy
KOHTeHHepa-1iucTepHn HaBeneHi y [23], BusnaueHi
BIIXWJIEHHS paMH W KOTJa 3a eKCIUTyaTalliifHux
PEKUMIB HaBAaHTAKCHHSI.

[MuTaHHIO JOCHTIIKEHHS MIIHOCTI KOHTEHHEpa-
LUCTEePHU T Yac TEPEeBE3CHHS Ha 3aII3HUYHOMY
MOPOMIi B 3a3Ha4€HUX PoOOTaxX yBard He MPUALICHO.

BrmmB piBHS 3aBaHTaKeHHS KOTJa BaroHa-
[UCTEPHH HATMBHUM BaHTXKEM Ha HOTO CTATHUYHY
HAaBaHTAKEHICTh MOCIiKeHO y [27]. YV cTaTTi HaBe-
JCHI pe3ynbTaTH BU3HAYCHHS MAaKCHMaJlbHUX EKBi-
BaJICHTHUX HamNpyXeHb 1 nmedopmamidi y KOTII
3 ypaxyBaHHSM PI3HOTO PiBHS WOTO 3aBaHTaXKEHOC-
Ti.

VY ockoHaleHHsI KOHCTPYKIii OMOPHOTO MpH-
CTPOIO BaroHa-IMCTEPHU VIS TIEPEBE3CHHS HATUB-
HUX BaHTaXiB onucaHo y [26]. Po3paxyHok Ha Mi-
LHICTh MPOBEJCHUIN 3a METOJOM CKIHUCHHHUX eJjie-
MEHTIB 1 peani30BaHUl B CEPEIOBUII MMPOTPaMHO-
ro 3abe3nedeHHS «Jlipay.

BapianililHoMy ommcaHHIO KOHCTPYKTHBHHX
BUKOHaHb BaHTQ)KHHUX BaroHiB MPHUCBSYEHA PoOOTa
[21]. HaBeneni ocoOMMBOCTI ¥ MPHKIAM 3aCTOCY-
BaHHS 3aIlPONIOHOBAHOTO METOAY (hopMalli3oBaHUX
Bapial[ifHUX ONMUCaHb KOHCTPYKTUBHUX BHKOHAHb
BaHTA)XHHUX BaroHiB y BUrisiai «[-AbO» — mepes.

JlocnipKeHHsST HABAHTXKEHOCTI HECYYnX KOHC-
TPYKIiil TpaHCIOPTHHUX 3aco0iB Mmij 4Yac rmepese-
3€HHS Ha 3aII3HUYHOMY IIOPOMi B IIMX poOOTax He
MPOBEJICHE.

Busnauenus cui, SKi Ji0OTh Ha BarOHM ITiJ 9ac
nepeBe3eHb iX 3ai3HUYHUM IIOPOMOM MOpPEM Ipo-
BeneHe y [7]. [Ipu 1iboMy nrHAMiYHE HaBaHTaXEH-
Hs, 110 Jli€ Ha BarOHU, BU3HAYCHO HUIAXOM Jude-
PEHIIIFOBaHHS 3aKOHY PyXy MOPCBKOT XBHIII.

Oco0anUBOCTI JOCHIPKEHHS TUHAMIYHUX HaBa-
HTa)XCHb, SKi JIIFOTh HA BArOHH IIiJ1 Yac MePeBe3eHb
ix mopem, posrisHyTi y [11]. ¥V poboti HaBeneHO
MaTeMaTHYHI MOJENi, SKi JO3BOJIAIOTh OTPUMATH
MIPUCKOPEHHS 32 OCHOBHUX BUJIIB KOJIWBaHb 3ajli3-
HUYHOT'O TIOPOMa.

BusHaueHHI0O HaBaHTaXEHOCTI KOHTEHHEpiB-
LUCTEPH Y CKJIAJl MOI3aiB KOMOIHOBAHOIO TpaHC-
MOPTY MiJ Yac TepeBe3eHb Ha 3aJli3HUYHHUX IMOPO-
Max J0Ci yBard He NpUALTIIOCS.
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Meta

OCHOBHOIO METOIO CTaTTi € BHSBIIEHHS OCOO-
JIUBOCTCH BHW3HAUCHHS CTIHKOCTI KOHTCHHEpa-
IIACTEPHHU BIIHOCHO PaMM BaroHa-miiaTGOpMH TIif
Yac MEepeBe3eHHS Ha 3aJi3HUYHOMY mopomi. Jlms
JOCATHEHHSI ~ TOCTABJICHOI ~ METH  MOTPIOHO
PO3B’s13aTH HACTYIIHI 3aayi:

1.IlpoBecTn MaTreMaTHYHE MOZCIIOBAHHS MIH-
HaMiYHOT HaBaHTAXXCHOCTI KOHTEHHEpa-IIMCTESPHH,
PO3MILIIEHOr0 Ha BaroHi-m1aTdopmi.

2. BuzHauuTt Koe(dilieHT CTIHKOCTI KOHTEHHE-
pa-IIMCTEpHU BiTHOCHO paMH BaroHa-TIaTGoOpMHU.

MeTtoauka

Jlns BU3HAYEHHS AWHAMIYHOI HABAaHTa)KEHOCTI
KOHTEHHepa-UUCTEPHU MiJ Yac IEPEeBE3CHHS
y CKJaJli KOMOIHOBAHOTO IM0i3/1a Ha 3ai3HUYHOMY
MopoMi CKJIaJieHo MareMaTHyHy mozenb (1), sika
BpaxoBy€ TIEPEMIIICHHS CHCTEMH «3aJi3HUYHUN
IOPOM — KOHTEHHEp-LIMCTEPHA — HAJIMBHUN BaH-
Tax<» 3a KyTOBUX MEPEMIllIeHb BiTHOCHO I03/I0BX-
HBO1 oci (puc. 1). Moxmens BpaxoBye, IO BaroH-
mwiarpopma, Ha SIKOMY PO3MIIIEHUN KOHTEHHEep-
UCTEPHA, KOPCTKO 3aKPIMJICHUH BiTHOCHO Maiy-
Ou 3aJTi3HUYHOTO MMOpoMa i 3IMCHIOE TIepEMIIIICH-
HS Pa3oM i3 Helo.

Po3paxyHku mpoBelieHI CTOCOBHO 3alli3HUYHO-
ro nopoma «l'epou IlIunkmy», Mo pyxaerbcs akBa-
Topiero HopHoro mopsi. 3a 6a30By MOZENb BaroHa-
riatdopmu B3sita Monenb 13-4012.

VYnapHa i MOPCHKHX XBHJIb Ha KOPITYC 3aIi3-
HUYHOTO TIOpOMa 3 BaroHaMH, PO3MIIIEHUMH Ha
fioro OopTy, 10 yBaru He B3sTa. [lig yac ckiamaH-
HSl MOZIETII BpaXOBaHO TPOXOINalbHUIN 3aKOH PyXy
30ypenoi nii [10, 12] (MopcbKoi XBuWII) Ha 3aji3-
HUYHUM OPOM 13 BaroHaMu, po3MillleHUMHU Ha Ho-
ro many0ax (2), i JUCHTIATUBHY CKIIQJIOBY, SIKa BU-
HUKa€ IIiJ 4ac KOJIMBaHb 3aJIi3HMYHOI'O MOpPOMa
B YMOBaX MOPCBKOI XWMTaBHLi. TakoX B3sTi 110
yBaru KypcoBi KyTH MOPCHKOI XBHJIi BiJTHOCHO KO-

pryca 3amisamanoro mopoma (y =0°—-180°[17])

Ta BITPOBE HABAHTAXKEHHS, IO JIi€ HA HAIBOIHY
MOPOEKIII0  3aIi3HAYHOTO  IOPOMY,  BaroHa-
w1aThopMH, PO3MIIIEHOr0 Ha BepxHiId mnamyoi,
1 KOHTeiHepiB-IcTepH. UncenbHI 3HAYEHHS TMa-
pameTpiB 30ypeHoi [, sSKi 3aKJIajieHi y MareMarTu-
YHYy MOJeNb, HaBeAeHi y Tabx. 1. Ilpum upomy mo
yBard B3sTI HAWOUIBII HECHPUSTIUBI TiJpOMeTeo-

pOJIOTIYHI TTapaMeTpH, XapaKTepHi A PyXy 3ali3-
HUYHOTO TIOPOMa MOpEM 1 HaBezAeHi y [2, 7].

YacTtoTy MOPCHKOI XBWIJII BH3HAUEHO 3 ypaxy-
BaHH;IM KYPCOBOTO KyTa JI0 KOpITyca 3ai3HIIHOTO
mopoMa 3 BaroHaMu, pO3MIIlIEHUMHU Ha HOTO maiy-
Oax [1, 14]:

21V
0=—-,
k, -L-cosy

ae YV — WBHAKICTH PyXy 3ai3HUYHOTO MOPOMA;

k

4 — KOeQIIie€HT, TKHHA 3aJICKUTH Bill GopMH 00-

BOfiB cymHa; £ — KypCOBHil KyT XBHII BiZHOCHO
KOpITyca 3aJIi3HUYHOTO IOpOMa.

Tabnuns 1

YucesbHi 3HaUeHHsS TapaMeTpiB 30ypeHoi aii,
siki 3aKJIajieHi y MaTeMaTHYHY MOJieJIb

Table 1

Numerical values of the disturbing action
parameters laid in the mathematical model

YuceneHe 3Ha-
Hazpa napamerpa
YCHHA
Bucora Mmopcbkoi XBHIIl, M 8
Kypcogwii kyT xBuiIi, rpai. 0-180
Tuck BITpY Ha HaJIBOAHY NPOEKIIiO 015
3aJ1i3HUYHOTO TIOPOMY, T/M? ’
KoedimieHT onopy KyToBUM Tie-
PEMIIIEHHSM 3aTI3HHYHOTO TIOPO- 16
MYy BiTHOCHO TIOTIEPEYHOT OCi,
Tem?
KoedimieHT onopy KyToBUM Tie-
PEMIIIEHHSM 3aJTi3HHYHOTO TI0PO- 034
MY BIJHOCHO TO3/I0BKHBOI OCI, !
Tem?

HIBuaKiCTh PyXy 3aJI3HUYHOTO MOPOMA B3STA
pPiBHOIO HOT0 KOHCTPYKIIHHIA MBHUIKOCTI —
18,6 By3uiB (9,57 M/c) Ta mix 4ac pyxy aKBaToOpi€ro
MOpS BpaXOBYBaJIACs HE3MiHHOIO.

OmnucaHHs TIpollecy NepeMillieHb KOHTelHHepa-
LIMCTEPHU 3 HAJMBHUM BaHTaXeM 3IIHCHEHE 3a
METOMKOIO0, HaBeIeHoto B [16].

BpaxoBano, 1110 BaroH-miardopma 3akpiruie-
HUH BiTHOCHO HaJlyOW 3a THIIOBOIO CXEMOIO 3 BH-
KOPHCTAHHSAM JIAHI[IOTOBUX CTSDKOK 13 TalpernaMu
Ta ynop-noMmkpatamu. 11{06 YHHKHYTH mepeKkody-
BaHHS BaroHIB BiJIHOCHO PEHOK, MiJ IMOBEPXHI KO-
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YeHHS KOJIC YyCTAaHOBIIEHI TalbMiBHI OalMakw,
a B IO30OBXHBROMY HAaNpsMKy KpaiHi B 34erax
BaroH 3’€JHaHi 3 TYNUKOBUMH yIopamu, obian-
HAaHUMH CTaHAAPTHUMH AaBTO3YETIAMH PYXOMOTO
ckiaany CA-3. Kpim Toro, 3 MeTol0 3arajabMOBY-
BaHHs KOJIICHMX Map TajbMiBHAa CHCTEMa BaroHa

MIIKITI0YEHa 0 CHeIialbHUX PYKaBiB CHCTEMH IS
rmoAadi CTHCHEHOTo ToBiTps [19, 22].

Mogens He BpaxoBYe MOXJIHMBUX MEpeMillleHb
BaroHa-TaT(GOpMHu BiTHOCHO MaTyOH 3aTi3HHYHO-
ro Topoma.

Puc. 1. Cxema nepemillieHb KOHTeHHepa-1UCTEPHH 3 HAJTMBHUM BaHTaXEM
ITiJ] Yac KOJIMBaHb 3aJi3HUYHOTO MOPOMa

Fig. 1. Scheme of displacements of a tank-container with liquid
cargo during oscillations of a railway ferry

PesyabTaTtn

MareMaTiyHa MOAEb BU3HAUYECHHS JUHAMIYHOI
HaBaHTAXECHOCTI KOHTCHHEPA-IUCTEPHHU IIiJ[ Yac
MEPEBE3CHHSI HA 3aI3HUYHOMY TIOPOMI:

k k
2 .
=L i1

i - 63 —m;; - C; -Iij 0, +9g-m; -Iij -0,

ne ¢, =6,,0,=6,, 0;=0; — y3araabHeHi KOOp-
IUHATH, 110 BiJNOBiAalOTH KyTOBOMY IEpeMillleH-
HIO BIJHOCHO MO30BXXHBOI OCI 3aJII3HUYHOIO IIO-
poMa, KOHTEHHepa-IIMCTEPHU 1 HAJIMBHOTO BaHTa-
XY BIJIOBIHO; TIOYAaTOK CUCTEMU KOOPIUHAT PO-

0y =g Mz + > my Gy |6, ()

3MIIIEHAH y [EHTPI Mac 3ai3HUYHOTO MOpoMa;
D — BaroBe BOJNOBHTICHEHHS; B — MIMpHHA 3aJIi3-
HUYHOTO MOPOMa; j — BUCOTa OOpTa 3aTi3HUYHOTO

nopoma; A, — KOe(]illieHT OHOpy KOJIUBAHHSIM;
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Zq

poma; p’'— BirpoBe HaBaHTakeHus; F(t) — 3akoH

— KOOpJuHaTa HCHTPY Baru 3aI3HUYHOTO II10-

Iii 3ycuiuis, sike 30ypro€e pyx 3aili3HUYHOTO HOpPO-
Ma 3 BaroHaMH, PO3MILIEHUMH Ha Horo many0ax;
l; — MOMeHT iHepuii MasTHUKa; M; — Mmaca j-ro

MasITHUKA y i-My KOHTEHHEepI-LIUCTEpHI; ¢;; — BiJC-

j
TaHb BiJ IuomMHU Z; =0 10 TOYKM 3aKpilJICHHS
j-ro  MasTHHKA Yy

ij
MOMEHT iHepii i-T0 KOHTeHHEepa-IUCTEPHH Ta Ha-
JUBHOTO BAaHTaXYy, II0 HEe Oepe ydJacTi B pyci Bia-
HOCHO KOTJa; Z,; — BUCOTA IIEHTPY Baru KOHTEH-

i-My KOHTEWHEpi-IUCTEepHi;
— JOBXHMHA |-TO MasTHHKA; |,— TpuBeneHwmit

Hepa-IIMCTEepPHU; M; — Maca Tijla, sKe eKBiBaJICHTHE

i-My KOHTCHHEpY-LIMCTEPHI 3 YaCTHHOIO HaJMBHO-
ro BaHTaxy, IO He Oepe ydJacTi B MepeMilleHHi

3a HaMMBHUHM BaHTaX y3aTuii OeH3WH. Bu3Ha-
YEHHS TIIPOIUHAMIYHUX XapaKTePUCTHK HATUBHO-
ro BaHTaXy 3JIHCHEHE 3 ypaxyBaHHSM MaKCHMa-
JIFHO JOMYCTUMOI 3aBaHTaKEHOCTI KOTJIa KOHTEH-
Hepa-nucTepHr — 95 % Bijg #oro 3araibHOI MicT-
KOCTi BimmoBigHO a0 [18] Ta 0OpaHOl, BUXOISYH
3 yMOB 3a0e3meueHHsI Oe3leKu nepeBe3eHb MOPEM.
Pyx HammBHOTO BaHTaXy OMNHMCAHO CYKYITHICTIO
MaTeMaTHYHHUX MasTHHKIB [16].

Po3B’s13aHHS MaTeMaTHYHOI MOJAENl 3A1MCHEHO
B CEPEHOBHIN  MPOTPaAMHOTO  3a0e3MeUCHHS
MathCad [6, 8]. Ilpu oMy BOHa 3BeleHA O HO-
pmainsHOi popmu Ko y(t) =Q(t, ).

Bupimenns cucremn nudepeHmiaIbHuX piB-
HsHb (1) y HOpManbHIN (GopMi TTPOBENEHO iHTET-
pyBaHHsIM 3a MeToioM Pynre—Kyrra.

Tpu somy: 33 =6;, y, =6,

BIJTHOCHO KOTIa, Fk — MOMCHT CHWJI, III0 BUHUKAE V3 =92. Va =92,
MK ~ KOHTEHHEpOM-LIUCTEPHOIO Ta  BaroOHOM- Vs =03, y5 =0,
mw1aT(opMoro. Toni
_ y, _
Ya
Yo
h B . B
"+ A, —F@{) A, -—
p 5 0 ®) ey y
| | ?
k k
Z(t,y)= )
ty)=_ Zmij‘cu‘lij ay6+9‘ mi'zci+zmij‘cij Y3
j= j=1 + I:k
. 2 : 2
|ei+zmij'cij |ei+zmij'cij
i= i=
d
(mij “Gj 'Iij)'ah—(g - My 'Iij)‘ys
i ly |

Z =rkfixed (YO, tn, tk, n, Q)
ne YO — BekTop, SKHf MICTUTh MOYATKOBI YMOBH,
tn, tk — BeaWuWHM, AKI BH3HAYAIOTH ITOYATKOBY
W KiHIIeBY 3MiHHY iHTerpyBaHHsA, N — (ikcoBaHe
YHCIIO0 KPOKiB, Q — CHMBOJBHHI BEKTOP.
[TouaTkoBi YMOBH B3AITi pIBHUMH HYJIIO.

h

B
’.f_{_A L.
Pyt

AHaMITHYHI BUpPA3W JJIl BU3HAUCHHS MPHCKO-
PEHb, SKi JIIIOTh Ha 3ali3HUYHUN 1opoM (3), KOH-
TelHep-1ucTepHy (4) Ta HATUBHUK BaHTax (5) Ha-
BeJICH] HIDKYE:

. B
F(t) Ae'z

0, |

Yo, 3)

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/160182

© A. O. JIosceka, 2019

143


http://creativecommons.org/licenses/by/4.0/

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

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 1 (79)

PYXOMMI1 CKJIAJL I TATA TIOI3/11B

K K
2
g-| M-z +Zmij Gi |'Ys my -Gy -l +| oy +Zmij - Cij
=1 N Fy 9-Ys i1 -
k 5 k ) C.. Kk ij
ij 2
|9|+Zmij Cij IGI+Z;miJ Ci L -| i + D my - +(mij'cij‘|ij)
.. j= i= i-L
0, =
+g-my -l - Ys
. (4)
k K ,
g-|m-z; +Zmij Gij Y3 F m; G-l | o +Zmij -Gy
. i=1 . i=1
b, = kl " L _ gc Ys k j ©)
2 a2 i 2 2
Iei+zlmij Gjj |9i+zlmij Gjj I - Iei+2mij - +(mij -Cij-lij)
j= j= i

Ha mincraBi mpoBeneHHWX poO3paxyHKIiB OTpH-
MaHO MPHUCKOPEHHS, fKi MAif0Th Ha KOHTEHHep-
UCTEPHY, PO3MIIEHy Ha BaroHi-maTdopmi i
yac TIepeBE3CHHS Ha 3ali3HUYHOMY TOpOMI
(puc. 2). Ilpu BOMY KOXHOMY KOJIBOPY KpPHBOIT
BIJIMIOBi/Ta€ BETMYMHA MPUCKOPEHHS, SIKa OTPUMaHa

JUISL IEBHOTO KYPCOBOT'O KyTa XBHJI BiIHOCHO KO-
priyca 3ajli3HWYHOTO MOpOMa 3 BaroHaMM, PO3Mi-
[IeHNMH Ha HhOMY (IIiITUCH KYTiB HaBeJIeH]1 300Ky
0Ci opauHar).

e

OC
30°

45°
60°
120°
135°

ua
=

TIpucKopeHHs, M/c?

150°
180°

I c

Puc. 2. TIpuckopeHHs, AKi TiIOTh Ha KOHTEHHEP-IIUCTEPHY

Fig. 2. Accelerations acting on a tank-container

Pe3ynbrat OCHIKEHb JO3BOJIHMIM 3POOHTH
BHUCHOBOK, MI0 MaKCHUMallbHi TPUCKOPEHHS, SKi
JII0Th Ha KOHTEWHEp-IHUCTEpHY, CKJIAJaloTh OJIU-
3bK0 3,8 M/c? (puc. 2). 3 ypaxyBaHHSIM T'OpU30HTa-
JILHOT CKJIaJIOBOI NMPUCKOPEHHS BIJIBHOTO IMaJiHHS,
00YMOBIICHOT KyTOM HaXWJIy 3aJli3HUYHOI'O TOpPO-
Ma, 3arajibHa BeJIMYMHA TIPUCKOPEHHS CKIaje
5,87 m/c? (0,6 g). ToOTO BeNMYMHA MPUCKOPEHHS,
SKe JIi€ Ha KOHTeHHEP-IIUCTEPHY, MEPEBUIILYE HOP-
MaTHBHY JJIsl OJMHHUI PYXOMOT'O CKJIaay i BaHTa-

XKIB ITiJT Yac MepeBe3eHb Ha 3aJ1i3HUYHOMY IOpOMi,
mo cranoButh 4,91 m/c? (0,5 g) 3a kyra kpeny 30°
[3]. Orxe, 3a po3paxyHKOBOTO KyTa KpeHy 12,2°,
SIKMH BU3HAUCHUH 3 YpaxyBaHHIM TiIpOMETEopo-
JIOTIYHUX YMOB akBaTopii YopHOTO MOpSi, BEINIH-
Ha MPUCKOPEHHS Bke Ha 16 % mepeBuIye HOpMa-
TUBHY.

Hns 3a0e3nedeHHs! CTIMKOCTI piBHOBarm KOH-
TeiiHepa-IIMCTEepHN  BIJIHOCHO paMH  BaroHa-
ruiaTdopmu NOTPiOHO BUKOHYBaTH yMOBY [9]:
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M .
k02#21, (6)

nep

ne M

— BCJIMYMHA ICPCKUAHOI'O MOMCHTY.

— BEJIMYUHA BIJHOBHOIO MOMeHTYy; M,

8iOH 7

4 hK . . hK
Mnepzpk-?+M6p-(g-S|ne+92).?1 (7)

BK
M i = Ps, -cose«7+
ooy
+n¢-(M6p -(g-5|ne+qk))-7, (8)
ne M~ — maca OpyTTo KOHTEHHepa-IIMCTEPHH,

P — Bara OpyrTO KOHTCHHEpa-LHUCTepHH; B, —
op

| =]
¥

LIMPYHA KOHTEHHEpA-LUCTEPHU; N, — KUIbKICTh

(biITHHTOBMX YTOpiB, HA AKI OOMHPAETHCA KOHTEH-
Hep-TIICTepHa 32 KYTOBHX MEPEMIIIeHb BiTHOCHO
TO370BXKHBOT OC; h(p — BHCOTA (BITHHTOBOTO YIIOPA.

Ha mixcraBi mpoBeneHUX po3paxyHKIB MO0Y-
TOBaHO TpadivHy 3aJIeXKHICTD KoedimieHTa cTiiiko-
CTi KOHTEHHepa-IMCTEPHH BiTHOCHO paMH BaroHa-
w1aThopMH BiJ KyTa KpeHY 3aJli3HHYHOTO opoMa
(puc. 3). KpuBa criiikocTi mO3HaYeHa CHHIM KO-
JTHOPOM, JIHIIO TPeHAY (YOpHUH KOMip) IPH bOMY
MOJKHA OIKCATH PiBHAHHAM Y = 2,2896- ",

I3 puc. 3 BuAHO, MO CTIHKICTH KOHTEWHEpa-
IUCTEpHU BIAHOCHO paMH BaroHa-moiatopmu 3a-
Oe3nedyeThes 3a KyTiB KpPEeHy 3alli3HUYHOTO TOPO-
ma 0 12°,
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Puc. 3. 3anexHicTh KoedilieHTa CTIKOCTI KOHTEHHepa-1UCTEPHH
BiJI KyTa KpeHy 3aJi3HUYHOTO IIOpoMa

Fig. 3. Dependence of the stability coefficient of a tank-container
on the rolling angle of the railway ferry

OtpumaHi B X0Ai JOCTIKEHb PE3yJIbTaTu AO-
3BOJIMJIM BH3HAYHWTH JMHAMIYHY HaBaHTAXKEHICTh
KOHTEHHEpa-IUCTEPHU, PO3MIIIEHOr0 Ha BaroHi-
miaropmi, T Yac TEepeBEe3eHHS 3ali3HUYHUM
nopoMoM. Bu3HadueHO KyT KpeHy, 3a sIKoro 3a0e3-
MEYy€EThCSl CTIMKICTh KOHTEWHEPiB-IIUCTEPH BiJI-
HOCHO paMH BaroHa-mjiatopMH IiJ yac mepese-
3eHb Ha 3aJI3HUYHOMY IOPOMi 3 ypaxyBaHHSIM
TUIIOBOI CXEMH B3a€MOIii KOHTEHHEPIB-IIUCTEPH 13
pamoro. Lle cripusiTiMe CTBOPEHHIO PEeKOMEH Al
moao 0Oe3mevyHoi  eKcrutyaTauii  KOHTEHHepiB-
LUCTEPH A1  KOMOIHOBaHMX  3aJli3HUYHO-
MOPOMHHX II€PEBE3CHL 1 PO3pO0I HOBOI CXeMHU

B3a€MO/IiI KOHTEHHEPIB-IUCTEPH i3 paMOI0 Baro-
HiB-TUTaT(HOPM.

Takoxx oOTpuMaHi pe3ynbTaTd JI03BOJSTH Ha
cTajlil MPOEKTYBaHHS KOHTEHHEPIB-IIUCTEPH B YMO-
Bax BaroHOOYNIBHUX IiIPUEMCTB BPaxOBYBAaTH
YTOYHEHI BEJIMYMHUA HAaBaHTaXXEHb, SKI JIFOTH Ha
HUX TIiJl 9aC eKCIUTyaTallii He TUTbKH BiJIHOCHO Ma-
ricTpaJIbHUX KOJIiHl, a i Ha 3ali3HUYHUX IOPOMaX.

HaykoBa HOBH3HA Ta IPAKTHYHA
3HAYHUMICTh

Po3pobneno marematuuHy MoOnENb IEpeMi-
LICHb KOHTEHHEpa-IIMCTEPHHU, PO3TAIIOBAHOTO Ha
BaroHi-rratgopmi, miji 4ac NepeBe3cHb Ha 3ali3-
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HUYHOMY TIOpoMi. MoJiellb BpaxoOBY€ KOJIHMBaHHSI
HAJIMBHOTO BaHTaXy B KOTINI, SIKE OIMUCYBAIOCS
MasTHUKOM, W KOHTEHHEepa-IIMCTEPHU BIJHOCHO
pamu BaroHa-taTGopMu, 00yMOBJICHY HasBHICTIO
3a30piB MK (DITHHTOBHMH yropamu Ta (iTHHTaMHU.

Pesynbratu mpoBeeHUX OCIIIKEHbh MOXYTh
OyTH BUKOPHCTaHI IiJ 4ac MPOEKTyBaHHS KOHTEH-
HEpiB-IUCTEPH HOBOT'O TTOKOJIIHHS 3 TIOJIIIIICHUMHI
TEXHIKO-€KOHOMIYHUMH ¥ EKOJIOTIYHUMH TIOKa3-
HUKaMHU.

BucnoBku

1. [IpoBeneHo MaTeMaTH4YHE MOJAETIOBAHHS JTU-
HaMIYHOI HaBaHTaKEHOCTI KOHTEHHepa-IUCTEPHH,
PO3MIIIEHOr0 Ha BaroHi-maTdopmi, g Jac mepe-

BE3CHHA Ha 3aJi3HUYHOMY TOPOMi. Y CTaHOBIIEHO,
0 3 ypaxyBaHHSAM TOPU30HTAJIBHOI CKJIaZ0BOL
MPUCKOPEHHSI BUIBHOTO MaAiHHS, OOYMOBIEHOT
KyTOM Haxwly 3ajJi3HHYHOTO IIOpOMa, 3araibHa
BEJINYMHA TIPUCKOPEHHS, SKe Jli€ Ha KOHTeHHep-
uucrepHy, cknaaae 5,87 m/c? (0,6 g).

2. locmikeHo CTIHKICTh KOHTeHHepa-
[IHUCTCPHHU BIAHOCHO paMM BaroHa-TaTGOpPMH, i
Yyac MepeBe3eHHsI Ha 3aJi3HMYHOMY mopomi. [Ipu
LUBOMY CTIMKICTh KOHTEHHEpA-IUCTEPHH BiAHOCHO
pamu BaroHa-TaTGOpMU 3a0€3MeTyEThCS 32 KYTiB
KpPEHY 3ali3HMYHOro nopoma 1o 12°,

3. IlpoBeneni AOCHiIKEHHSI CIPHUATUMYTH Mif-
BHIIEHHIO €(PEeKTHBHOCTI KOMOIHOBaHWX IIepeBe-
3€Hb Yepe3 MDXKHAPOIHI TPAHCTIOPTHI KOPHIIOPH.
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OIIPEJIEJIEHUE YCTOMUYNBOCTHU KOHTEMHEPA-IIUCTEPHbBI
OTHOCUTEJBHO PAMBI BAT'OHA-IIJIAT®OPMBI ITPU IEPEBO3KE
HA KEJE3HOAOPO’KHOM ITAPOME

Heasb. JlaHHOE HCCIIeOBaHIE HAIPABICHO Ha BBISBIICHHE OCOOEHHOCTEW OIpEeNeNeHHs yCTOMYMBOCTH KOHTEH-
HEpa-IIMCTEPHBI OTHOCHTEIHHO paMbl BaroHa-miatGopmbl MpHW TMEPEeBO3KE HAa IKEIE3HOJOPONKHOM MapoMe.
Metoauka. J[Ji1 JOCTHXKEHUS! TIOCTABJICHHOW IIEJIM MPOBEJECHO MaTeMaTHYeCKOe MOJECIMPOBAHUE TUHAMHYECKOM
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Harpy>KeHHOCTH KOHTEITHEpa-IIMCTEPHBI, Pa3MEIICHHOTO Ha BaroHe-IuaT(hopMe, IpH MEePEBO3KE Ha XKEIE3HOIOPOXK-
HOM mapome. Mozenb yIuThIBaeT NepeMeleHre KOHTeHHepa-IUCTEpHbl OTHOCUTEIHHO paMbl BaroHa-TIaT(hopMbl
U HaJIMBHOTO TPy3a B KOTIIE, IIEPEMELIEHUsSI KOTOPOrO OTPaHUYEHBI €70 CTeHKaMu. IIpn 5TOM MPHUHATO IOMyILEHHE,
YTO BaroH-maropma, Ha KOTOPOM DPa3MEIICH KOHTEHHEP-IMCTEPHA, )KECTKO 3aKPETIEH OTHOCHUTEIBHO MalyObl
KEJIE3HOJIOPOXKHOTO TTapoMa M OCYIIECTBIISICT MEepeMeLIeHUs] BMecTe ¢ Heil. B kauecTBe mpotoTuna BbIOpaH KOH-
TeiiHep-nucTepHa tunopasmepa 1CC, pa3menneHHbI Ha BaroHe-matdopme moxenu 13-4012. Ilpu cocraBieHun
MOJIENIM YYTEHO TPOXOHUAANbHBIN 3aKOH JIBUKEHUS BO3MYIIAIONIETO BO3AECHCTBHS (MOPCKOM BOJHBI) Ha JKEJIE3HO0-
POXHBIN IAPOM C BaroHaMH, pa3MENICHHBIMH Ha €ro Majty0ax, U JUCCUIIaTHBHYIO COCTABIISIONIYIO, KOTOPas BO3HH-
KaeT IpH KoJIeOaHMSIX HKEIE3HOJOPOKHOTO MapoMa B YCIOBHSAX MOPCKOHM Kauku. Taroke NMPHUHATHI BO BHHUMaHHE
KYpCOBBIE YTl MOPCKOI BOJIHBI 110 OTHOILEHHIO K KOPIYCYy JKEJIe3HOJOPO’KHOTO MapoMa M BETpoBas Harpyska,
JIEUCTBYIOIAs] HA HAJBOAHYIO MPOCKIMIO JKEIE3HOMOPOKHOTO MapoMa, BaroHa-IaT(OPMEL, PacloI0KEHHOTO Ha
BepxHell mamy0e, W KOHTEHHepOB-IicTepH. Pemenne nuddepeHnnaibHbIX YpaBHEHUH IBIDKEHHUS OCYIIECTBIICHO
B cpexne mporpammHoro obecrrieuennss MathCad ¢ ygeToMm cBenmeHus ux K HopMmaiabHOI (opme Komm ¢ mocnemyto-
LIUM MHTErpupoBaHueM no merony PyHre—Kyrra. Pe3yibTarbl. YCTaHOBIEHHbIE BEITUYHMHBI YCKOPEHUH KakK CO-
CTaBIIIONINE AMHAMUYECKOW HArPy3KU YUYTEHBI IIPU HCCIEJOBAaHUHM YCTOMYMBOCTH KOHTEHHEpA-IIUCTEPHBI OTHOCH-
TEJIFHO paMbl BaroHa-Tatopmbl. [1omydeHs! yToOUHEHHbIE BETMYMHBI JUHAMHYECKAX HATPY30K, ICHCTBYIOMNX Ha
KOHTEHHEP-IIMCTEPHY, Pa3MEIIEHHOr0 Ha BaroHe-muardopme, NMpH INEPEeBO3KE Ha IKEIE3HOIOPOKHOM IapoMe.
Hayunast HoBu3HA. PaspaboraHa MaTeMaTH4ECKasi MOJICb TIEPEMEIICHUN KOHTEeHHEepa-1MCTEPHBI, Pa3MEIICHHOTO
Ha BaroHe-matgopme, Npu NepeBO3Ke Ha KeJIe3HOJO0poKHOM napome. IIpakTuyeckasi 3HAYMMOCTh. Pe3ynbraThl
IMPOBCACHHBIX I/ICCHe}IOBaHHﬁ MOTyT OBITh UCIIOJIb30BaHbI Ipu MPOCKTUPOBAHUN KOHTeﬁHCpOB-HHCTepH HOBOI'O II0-
KOJICHUA C YIYUYIICHHBIMU TEXHUKO-3KOHOMHWYCCKUMHU U OKOJIOTHYCCKUMU MTOKa3aTCIAMU.

Kniouesvie cnosa: xOHTEHHEp-UUCTEpPHA; NUHAMUKA; yCTOMYMBOCTb; MOACIHUPOBAHUE; HArpPYy>KEHHOCTh KOH-
CTPYKLHH; KEIE3HOJOPOKHO-IAPOMHBIE IEPEBO3KH

A. 0. LOVSKAY

Dep. «Carsy», Ukrainian State University of Railway Transport, Feuerbach Sg., 7, Kharkiv, Ukraine, 61050,
tel. +38 (057) 730 10 35, e-mail alyonalovskaya.vagons@gmail.com, ORCID 0000-0002-8604-1764

DETERMINATION OF THE TANK CONTAINER STABILITY
RELATIVE TO THE FRAME OF A FLAT CAR DURING TRAIN FERRY
TRANSPORTATION

Purpose. The research is aimed at revealing the peculiarities of stability determination for a tank container rela-
tive to the frame of a flat car during transportation by train ferry. Methodology. In order to reach the purpose, the
mathematical modelling of dynamic loading of a tank container located on a flat car during the train ferry transporta-
tion was conducted. The model takes into account the tank container displacements relative to the flat car frame and
liquid cargo in the tank, the displacements of which are limited by the tank’s walls. It was assumed that the flat car,
with tank container on it, was rigidly fixed relative to the deck of the train ferry and moved together with it. A 1CC
type tank container located on a 13-4012 flat car was chosen as a prototype. While designing the model, the follow-
ing aspects were considered: the trochoidal law of motion of the disturbing action (sea waves) on the train ferry with
containers, the dissipative component occurring due to the train ferry oscillations under conditions of sea rolling, the
relative bearings of sea waves to the train ferry body, and the wind force to the above-water projection of the train
ferry, flat car located on the upper deck and tank containers. The differential equations of motion were solved in the
Mathcad with their reduction to the normal Cauchy form with subsequent integration by the Runge—Kutta method.
The acceleration values obtained, as the components of the dynamic loading, were considered in the stability
research for the tank container relative to the flat car frame. Findings. The author obtained the clarified values
of dynamic loadings, acting on the tank container located on a flat car during the train ferry transportation.
Originality. A mathematic model of displacements of a tank container located on a flat car during the train ferry
transportation was developed. Practical value. The findings of the research can be used at designing tank containers
of a new generation with improved technical and economical, as well as ecological indices.

Keywords: tank container; dynamics; stability; simulation; structural loading; train ferry transportation
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INFLUENCE OF LOADING FROM THE AXLE OF A GONDOLA CAR
ON ITS DYNAMIC INDICATORS AND RAILWAY TRACK

Purpose. Increasing the maximum loading from the car axle on the rails during transportation of goods and the
speed of movement of railway vehicles will enhance the integration processes between the countries. In order to
ensure safe and reliable traffic at the railways it is necessary to improve control, quantitative evaluation of the dy-
namic loading of the rolling stock, which in the process of its operation is a relevant scientific and technical prob-
lem. The purpose of this work is to study the influence of the axle loading increase in gondola cars, taking into ac-
count the possible speed increase on their main dynamic indicators and indicators of interaction of rolling stock and
track. Methodology. The study was carried out by the method of mathematical and computer simulation of the dy-
namic loading of a gondola car using the model of spatial oscillations of the coupling of five cars and the software
complex developed in the branch research laboratory of the dynamics and strength of rolling stock (BRL DSRS).
The initial data for research are as follows: the movement of gondola car of the model 12-532 with typical bogies of
18-100 at the speeds ranging from 50 to 90 km/h in curves with radii of 350 and 600 m, with superelevation of 130
and 120 mm, respectively. Findings. The article analyzes the dynamic qualities of a rolling stock using the example
of gondola cars, the calculations are performed using the package of applied programs with sufficient accuracy for
practice. During the theoretical studies and simulation, taking into account the processes of freight car oscillation in
case of increasing the axle loading, the dependences of the main dynamic parameters, taking into account the
movement speed were obtained. Originality. Originality of the work results lies in the study of the influence of in-
creasing the axle loading in gondola cars, taking into account the possible movement speed increase on the dynamic
loading in order to solve the problem of forecasting the rolling stock dynamics. The results of theoretical studies,
taking into account the movement speed in the curved track sections of small and medium radius were obtained for
the first time. Practical value. The application of these results will contribute to improving the traffic safety of
freight cars and will improve the technical and economic performance of railway transport.

Keywords: cargo; gondola cars; dynamic indicators; curved track sections; axle loading; interaction indicators;
rolling stock and track; gravity center; movement speed

account the improvement of the operation and re-
Introduction novation of the car fleet, is presented in Fig. 1 [3].

In accordance with the established rules of s 12,74
loading, placing and fastening of cargoes in cars 2
should ensure: movement and operation safety of "
railway transport; possibility of mechanization of !
loading and unloading works; preservation of
goods and cars.

In addition, one of the main indicators of the ef-
ficiency of the car fleet operation is the duration of 2020 2021

- - - - =#-Release of the fleet of freight cars thous. units for 2017-2021, taking inte account the
the loading and unloading operations, which de- oo Gy e sccomt e improvementof e
pends on the fitting of freight points at the railway operstion and renovation o he fet )
stations and industrial enterprises with modern
means of mechanization. The planned reduction of
the freight car turnover in 2017-2021, taking into
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Due to the introduction of new equipment for
loading and unloading operations, it is possible to
reduce the level of car idle and to minimize it in
future (Fig. 2).

Fig. 2. Automated system of the dose loading of broken
stone in cars

For example, the automated system of dose
loading of broken stone in cars provides [1]:

— dose loading of railway cars;

— uniform loading of cars along the length;

— the exclusion of time and labor costs arising
from inadequate loading of cars;

— automated shipping accounting with print
output of information and automated control sys-
tem of enterprise.

Safety performance during transportation of
bulk cargo of open storage in accordance with the
requirements of the Rules for the transportation of
bulk cargo and the Rules for the transportation of
goods in open cars remains the main task of the
transport industry enterprises. As it is known, de-
pending on the method of loading the gondola cars
with bulk cargo, the form of cargo inequalities may
be different (Fig. 3). In accordance with clause 5 of
the Rules for the transportation of goods in open
cars, one should in all cases level the cargo surface
[9, 12, 13].

a b
] e % o’ T
- — — — — — — - - -

Fig. 3. The form of cargo inequality:
— longitudinal; b — transverse

In order to level the cargo, the most often non-
mechanized method is used, which affects the idle
increase of gondola cars under freight operations,
as well as increase of the total transportation cost.
In addition, manual leveling can lead to accidents
involving the risk of person’s falling from height.

The leveling construction (Fig. 4) should allow
the leveling of the bulk cargo, regardless of the
form of its position in the gondola car. The pro-
posed designs of rotary and screw device for the
mechanization of bulk cargo leveling in gondola
cars have no analogues in domestic and world
practice [9].

Fig. 4. The device for bulk cargo leveling
in gondola cars of the UkrDURT system
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Each of them has its advantages and disad-
vantages, namely:

— rotary leveler has a lower mass and a signifi-
cantly lower cost, but it can only work with car-
goes of relatively small bulk density and satisfacto-
ry flowability;

— screw leveler, which has greater material
consumption and price, makes it possible to mech-
anize the leveling of heavy cargoes with bad flow-
ability.

In addition, the loading should be carried out in
accordance with the current technical specifica-
tions. Determination of the displacement of the
load gravity center relative to the railway car
symmetry axes using the car scales (Figure 5) al-
lows us to quickly detect dangerous deviations in
the car stability and thus significantly increase
safety during the train movement [4].

Where it is necessary to reduce the labour in-
tensity, minimize the influence of human factor,
reduce the time spent for the inspection of cars, the
appropriate solution is to automatically scan and
check the contents of cars involving operator only
in the case of alarm signals from the control sys-
tem.

Fig. 5. Computerized car scales for weighing
in static mode

The hardware-software complex for controlling
the car loading is intended for automatic 3D scan-
ning of gondola cars when moving in order to
evaluate the level of car volume loading, the uni-
formity of cargo distribution, cargo volume, detect
foreign objects, as well as for other functions in the
interests of production services, logistics and safe-

ty (Fig. 6) [2].

‘%

Fig. 6. Hardware-software complex for controlling the car loading:
1 — computer with ARSCIS.Scanner software; 2 ~ARSCIS.Scanner box; 3 — video cameras for detection;
4 — scanner of dimensions; 5 — spotlights

Automation of visual control of the car contents
provides:

— reducing the time and labor cost for car con-
trol operations;

— minimization of human factor influence;

— safety improvement of the railway freight
transportations;

— reduction of losses due to underload-
ing/overloading of cars;

— products thievery prevention by railway
transport.

The main functions of the hardware and soft-
ware complex are as follows:
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— car and cargo scanning using industrial laser
Sensors;

— construction of a three-dimensional model of
the car (and its contents) and its analysis;

— determining the level of car loading;

— detection of foreign objects in an empty car;

— control of the distribution evenness of bulk
cargo in a car;

— cargo volume evaluation in a car;

— detection of loading errors (overloading, un-
derloading, unevenness).

The leading domestic developer of unloading
systems for unloading bulk cargoes from the rail-
way transport and the largest producer of techno-
logical equipment, which is the part of unloading
complexes, is Dniprovazhmash PJSC (Fig. 7) [15].

Fig. 7. Stationary rotary car dumper
VRS-93, VRS-93-110

Stationary rotary car dumpers, which are pro-
duced by Dniprovazhmash PJSC, are intended for
unloading of gondola cars with bulk cargo with
carrying capacity 60+110 t by means of gondola
cars overturning in a rotary car dumper.

Composite application of modern innovative
technologies in railway transport will allow the
preservation of cars, reducing their idle time, re-
leasing a significant number of workers from
heavy manual operations and obtaining significant
economic benefits.

Purpose

The State Administration of Railway Transport
of Ukraine established the maximum loading from
the car axle on the rails when transporting the

freights destinated to individual European coun-
tries and border crossings along the track 1520 mm
from 20 to 24.5 tons by the telegram dated No-
vember 7, 2011, No. CZM-12/2074 according to
the Minutes of the meetings on the harmonization
of the volumes of the transportation conditions.

Increasing the permissible loading on the car
axle, with simultaneous increase in the speed of the
railway vehicles, will strengthen the integration
processes with the countries of Europe and Asia.
The application of modern railway innovative
technologies described above makes it possible to
increase axle loading, but leads to the need for im-
proved control, quantitative evaluation of the dy-
namic loading of rolling stock to ensure safe and
reliable connection at the railways.

The limit axle loading for freight cars of 23.5
tons per axle was taken into account as one of the
main prerequisites for determining the permissible
speeds of rolling stock, the order and terms for the
designation of repair and track works and labor
standards for maintenance of the track and artifi-
cial structures. Increasing the axle loading, in turn,
leads to the failure rate increase of the rails due to
defects of contact-fatigue nature and the deteriora-
tion of the track condition. Therefore, in the design
process of rolling stock quantitative evaluation of
dynamic loadings is a relevant scientific and tech-
nical problem [5, 14, 18-22].

The article is aimed to study the influence of
increasing the axle loading in gondola cars, taking
into account the possible increase in the movement
speed on their main dynamic indicators and inter-
action indicators of track and rolling stock.

Methodology

During operation of trains, primarily the ones
with increased length and weight, particular atten-
tion is paid to the evaluation of the dynamic per-
formance of vehicles, among which the most im-
portant is the indicator characterizing the traffic
safety of a vehicle — the stability coefficient against
derailment. For this purpose, the mathematical
models of spatial oscillations of the car (or group
of cars) moving in a train are used.

The models of rolling stock, as a rule, represent
the variations of the system of differential equa-
tions in the second-order partial derivatives com-
piled according to the Lagrange—d'Alembert prin-
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ciple, which correspond to the set task. Using such
models, the problem can be found analytically.
Mathematical modeling makes it possible to de-
termine the dynamic parameters of cars during
their movement in straight and curved track sec-
tions with real irregularities in the vertical and hor-
izontal planes, taking into account the actual wheel
thread and the rail head profile [6, 11, 16, 17].

The oscillations of a single car and its interac-
tion with the rail track are considered using quite
full calculation schemes. Fig. 8 shows the calcula-
tion scheme of the freight car and shows positive
directions for all displacements and rotation an-
gles, and the designation of the system bodies are
given in Table 1.

@ |
»_u"\

VIFYEY)

Fig. 8. Calculation scheme of 4-axle gondola car

Table 1
System bodies and their displacements
Displacement
System bodies Linear along the axes Angle along the axes
X Y Z X Y Z
Body X y z 0 ¢ v
Bolsters X; Yi Z; 0, 0; Vi
Side frames Xsi Ysi Zg; O Qg Wi
Wheel sets Xyim Yiim Zyim Okim Pim Yiim
Rails - Y pimi Zpimi - - -

In Table 1 the displacements of the gravity cen-
ter of the body along the corresponding axes are
indicated by x, y and z, and rotation angles of

the body relative to the main central inertia axes —
by &, ¢, w. Similar bolster displacements are

provided by the index i (i=1,2 bogie number),
side frames — by the index sij (. j=1.— left, j=2
right side of a car), wheel sets — by the index kim

(m=1, 2 — number of wheel set in a bogie), rails at
the contact points with the wheels pimj (rail dis-
placements are provided only in two directions —
along the axes Y and Y). Displacements of the
wheels are indicated by the index imj.

The work [6] proposes a mathematical model
describing the spatial oscillations of the car cou-
pling in a train (Fig. 2), one rail carriage of which
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is considered according to the fullest calculation
scheme (called "zero"), and the calculation
schemes of neighboring cars, depending on the
task setting, are simplified as further is the distance
from the "zero" carriage on both sides.

A mechanical system with 58 degrees of free-
dom is taken as a calculation scheme of the "zero"
carriage. The following values are taken as gener-
alized coordinates: g, =z, q,=¢, ¢; =6, q, =Y,

d, =2y (n=18+21), q,=¢y (nN=22:25),
Uy =Viim (N=26+29), Q,=VYyn (N=30+33),
Oy =Zm (N=34+37), q,=0,, (n=38+41),
On = Ypimj (N=42+49), q,=X; (n=50+53),

Uy = Xeim (N=54+57), G5y =X

The cars, adjacent to the "zero" one, are repre-
sented by a system with 12 degrees of freedom. In
the calculation schemes describing the oscillations

0=V, G,=6 (=6, 7), dy=vy; (0=8, 9), of these cars, the main features of freight car bo-
d, =Wy (n=10+13), dq,=VYy (n=14+17), giesare preserved — the side frames lozenging.
@ S 1-2) @ Seo-1» @ . S:«m» @ 5;,,_‘,,, @ ‘
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Fig. 9. The forces arising from the action
of longitudinal forces in the auto-couplings of cars

During the study of spatial oscillations of cars
adjacent to the «zero» one, considered by the sim-
plified calculation scheme, the following assump-
tions are introduced. It is assumed that the cars
have single-stage spring suspension. Each of them
consists of eleven solid bodies: a body, two bol-
sters, four side frames of the bogie and four wheel
sets. Unlike «zero» car, the track under adjacent
cars is considered to be absolutely rigid in the ver-
tical direction and elastic in the horizontal trans-
verse direction. This assumption does not lead to
increase in the number of degrees of freedom,
since the speed of rails displacement in the expres-
sions for transverse forces can be neglected.

The following values are taken as the general-

ized coordinates for these cars: q =z", q; =¢",
g3 =0", 9z =Y", g =v", q =y (k=6,7),
g =vg (k=819), ac=y5 (k=10,11),
O = X",

where i=1,2; n=land-1 — for the «first» and
«minus firsty» cars correspondingly.

Outer cars of coupling, which by analogy we
call «second» and «minus secondy, are considered
using even more simplified scheme than the «first»
and «minus first» cars. In «second» and «minus
second» cars we will take into account only oscil-
lations of bodies, that is, these cars are the systems

with six degrees of freedom: q=z", @ =¢",

g =y", a7 =0", g5 =", g5 =x",
where n=2 and -2 — for the «second» and «minus
second» cars, correspondingly.

As it is known, the traffic safety of trains and
preservation of the transported cargoes depend di-
rectly on the method of placement and fastening of
cargoes. Particular attention is paid to the center of
gravity. For stability and safety of transportation,
the bulk cargoes in the gondola car bodies should
be fully leveled, so that the load on the bogies
would be the same and the gravity center is at the
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intersection of the central longitudinal and trans-
verse lines.

The complement of the mathematical models of
spatial oscillations by the initial data with the spe-
cified inertial characteristics of the car and cargo
elements makes it possible to approximate the re-
sults of calculations to the real state of objects and
thereby increase the objectivity of mathematical
and computer simulation [11, 16, 17].

Different variants of the axle loading of a car in
the range from 21.4 tons to 24.5 tons per axle are
considered. Initial calculations were made with the

axle loading of 21.4 tons per axle. The increase in
the axle loading was supposed to be achieved by
increasing the load mass in the body, subject to its
uniform distribution. In this case, the weight of the
cars, the inertia moments 1, , I, I, and the height

of the mass center of the body h above the level of
rail heads vary. The preparatory calculations using
the "Software complex for determining the inertia
moments of the car bodies" were carried out. They
are given in Table 2 [17].

Table 2

Inertia and mass characteristics
of the gondola car during increased
loading from the car axle on the rails

Inertia moments, t-m?
Pyt Mt Mt h, m
Iy Iz
21.4 85.6 76.5 1050 1100 1.84
22.0 88.0 78.9 77.3 1082 1133 1.86
22.5 90.0 80.9 79.5 1113 1166 1.88
23.0 92.0 82.9 81.3 1138.2 1192.4 1.9
23.5 94.0 84.9 83.25 1165.5 1221 1.93
24.0 96.0 86.9 85.2 1192.8 1249.6 1.97
24.5 98.0 88.9 87.15 1220.1 1278.2 2.02
In this study, the influence of increase of load-
Findings ing from the car axle on the rails during cargo

Calculations can be made with sufficient accu-
racy for practice, limited to consideration of the
movement of a group of five cars (Fig. 2). The re-
search was carried out by the method of mathemat-
ical simulation using the model of spatial oscilla-
tions of the coupling of five cars and a software
complex developed by the BRL DSRS of the
Dnipropetrovsk National University of Railway
Transport named after Academician V. Lazaryan.
Initial data for research: movement of gondola car
of the model 12-532 with the typical bogies 18-100
with speeds in the range from 50 to 90 km/h in the
curves with radii 350 and 600 m, with supereleva-
tion 130 and 120 mm, correspondingly. The rails —
P65, wooden sleepers, broken stone ballast [5-8,
16].

transportation was considered. The graphs of
changes of indicators under analysis when moving
in the curved track sections of R =600 and 350 m
are presented in Fig. 10-13.

As one can see from Fig. 10 (a, b), in general,
with loading increase from the car axle on the rails
the vertical dynamics coefficients increase in the
whole range of speeds. The K, indicators do not
exceed the permissible norm both in the curve of
R =600 m and in the curve of R=350 m and cor-
respond to the excellent level of assessment
K, =05[8].
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Fig. 10. Dependencde graphs on the axle loading of the car on rails when moving in the corresponding curve:
a, b — coefficients of vertical dynamics; c, d — coefficients of horizontal dynamics;
e, f — derailment stability coefficient

Fig. 10 (c, d), presents the coefficients of hori-
zontal dynamics K, when moving in curves with
a radius R=350m and 600 m, correspondingly.
From these figures, one can see that with loading
increase from the car axle on the rails, the coeffi-
cients of horizontal dynamics K, slightly change
and remain in the curves of R=600 and R=350 m
at the excellent level of assessment K, =0.2 [8].

The derailment stability coefficients in the
curves of R=350 and R=600m (Fig. 10, d, e)
have little dependence on the loading increase

from the car axle on the rails and in both cases do
not exceed the minimum permissible value

[K,]=1.3. On the average the value K, in the

curves R=350m is 52.2% lower than the corre-
sponding values in the curve R =600 m. From the
obtained results, it follows that in case of increase
of loading from the car axle on the rails, the
movement speed has a significant influence on the
car stability in the curved track sections.

Fig. 11 shows the coefficients of vertical K,

and horizontal K, dynamics of the track accord-
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ing to the forces of interaction of the wheels and
rails, as well as the displacement stability coeffi-

cient o, of the track panel when moving in the cor-
responding curved track sections.

a b
0.5 Kvdt R=350m h=130 m 0,3Kvdt R=600 m h =120 mm
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3
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» g
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Fig. 11. Graphs of dependence on the axle loading of car
on the rails when moving in the corresponding curve:
a, b — coefficient of vertical dynamics of the track for the forces of interaction of wheels and rails;
¢, d — coefficient of horizontal dynamics of the track for the forces of interaction of wheels and rails;
e, f —displacement stability coefficient of the track panel

The permissible value of the coefficient of ver-
tical dynamics of the track K is calculated ac-

cording to the permissible dynamic load per unit
length on the railway track from the group of the

bogie axles of 168 kN/m and is [K,|=0.45 for
this type of rolling stock [7]. The coefficient of

vertical dynamics of the track K, (Fig. 11, a, b)

does not exceed the permissible value in the curves
with radius of R=2350 and 600 m.

The coefficient of horizontal dynamics of the
track K., (Fig. 11, e, f), which is considered the

safety criterion against the track panel displace-
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ment, does not exceed the permissible value
[K\]=0.4 in the curves with radius of R=350
and 600 m. Only at the speed of 90 km/h in the
curve of R=350 m K, on average has a value

of 0.39 and approaches the maximum permissible
value.

The value of the stability coefficient of the
track panel o, (Fig. 11, c, d) in the track with bro-

ken stone ballast is 0.6-0.9, which is less than the

permissible value. Therefore for the track with
broken stone ballast at hormal movement speeds

(V <120km/h) one should take [a,]=1.4 [5, 7].

Fig. 12 shows the speed influence on the inter-
action indicators of track and rolling stock in the
curves of R=350 and R=600 m, corresponding-
ly — the side force acting from the track on the
wheel, the edge stress at the rail base, the wear fac-
tor of the side edge of the wheel tread.
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Fig. 12. Graphs of dependence on the axle loading of the car on rails when moving in the corresponding curve:
a, b — side force acting from the track side on the wheel; c, d — edge stress at the rail base;

e, f — the wear factor of the

side edge of the wheel tread
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The side forces acting from the track on the
wheel (horizontal forces) Y, (Fig. 12, a, b) increase
and, in comparison with the permissible values of
100 kN, have no excess. The values Y; in the curve

of R=350 are on the average 46.1 % higher than
the corresponding values in the curve of
R =600 m.

The dynamic influence of rolling stock on the
track increases with increasing the speeds of train
movement, and, as a result, the stresses at the rail
base edges increase (Fig. 12, ¢, d). The maximum
stresses occurring at the edges of the rail bases are
used as a criterion for establishing the permissible
speeds and should not exceed 215 MPa before the
passage of the normative tonnage and 165 MPa
after the passage of the normative tonnage for the
track with non-heat treated rails P65.

According to the results of calculations, the
edge stresses increase with increasing the move-

ment speed and do not exceed the permissible val-
ues for both types of rails [5, 7].

As the movement speed increases, for example
at the speed of 80 km/h, the wear factor of the side
edge of the wheel tread F increases significantly
(Fig. 12, e, f) and in the curve of R=350 m it
74.86% exceeds the corresponding value at
R=600 m. In turn, F increase at the speed of
80 km/h in the curve R=350 m is 66.2% as com-
pared with other speed intervals. The same indica-
tor in the curve R=600 m is 80.5%.

The wear factor of the side edge of the wheel
tread F is determined as a characteristic equal to
the product of the guiding force Y, on the angle of
hunting (climbing) v, of the wheel on the rail.
Fig. 13 shows the speed influence on the interac-
tion indicators of rolling stock and track in the
curves of R=350m and R=600m, correspond-
ingly, guiding force acting on the wheel from the
track side on the wheel and the wheel set hunting.
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Fig. 13. Graphs of dependence on the axle loading of the car on the rails in the corresponding curve:
a, b — guiding force acting from the track side on the wheel; c, d — wheel set hunting
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Guiding forces acting on the wheel Y, from the
track (Fig. 13, a, b), significantly increase in the
curve of R=350 m with increasing the movement
speed. The values Y, in the curve of R=350 m on

the average are 43.6% more than the corresponding
values in the curve of R=600 m.

The results of calculations show (Fig. 13, c, d)
that the hunting angle of the wheel set v, at the

speed of 80 km/h in the curves of the small and
middle radius is significantly differ from the other
range of the investigated speeds. The w,, values in

the curve of R =350 m on average exceed the cor-
responding value in the curve of R=600 m by
64.9%.

The need to limit the speed of cars on the bo-
gies of the model 18-100 is due to the loss of
movement stability, when the dynamic transverse
oscillations of the hunting of the car parts stop
damping, becoming steady (self-oscillations). The
wheel sets after the loss of movement stability con-
tinuously oscillate within the rail gap, while the
amplitude of self-oscillations may vary within the
rail gap, but no oscillation damping is observed.
The side frames of the bogie are subject to auto-
oscillations of the hunting, since the dynamic
movements of the wheel sets are violated predomi-
nantly in the antiphase. The car body in turn, starts
hunting because of antiphase dynamic displace-
ments of the bogies.

As it is known, the safe train movement speed,
which include the cars on the serial bogies of the
model 18-100, is determined not by the design
speed .V, ., but by the critical one V_, which is

cr?

unstable. The critical speed V,, varies according to

the following factors [10]:

— the stiffness of the elastic connection be-
tween the sidewalls and the wheel sets;

— the car weight — the critical speed of empty
cars is lower than that of the loaded ones;

— gravity center of the car — with the increase
in the gravity center the critical speed is reduced.

In addition, the critical speed V., changes dur-

ing operation depending on the wear of undercar-
riages, primarily the wheel rims, and the track plan
- when passing the curved track sections, the criti-
cal speed is higher compared to the value in the
straight track sections. At speeds exceeding the

critical one, the car loses movement stability. As
a result, there are self-oscillations of the lateral
swaying of the wheel sets, the bogies and body
hunting. There is increase in the horizontal trans-
verse accelerations and frame forces, which wor-
sens the stability coefficient against derailment
(Fig. 10, e, 1).

Thus, the movement speed limitation in the
curves of small and medium radius, established by
the norms, should be observed. It caused by
a sharp decrease in the stability coefficient against
derailment and increase in the wear factor of the
lateral edge of the wheel tread.

Originality and practical value

Originality of the work lies in the study of the
influence of increasing the axle loading in gondola
cars on their dynamic parameters and interaction
indicators of the tracks and rolling stock in order to
solve the problem of predicting the rolling stock
dynamics and includes the results of theoretical
studies taking into account the movement speed in
the curved track sections of the small and medium
radius.

The obtained results have a practical orienta-
tion. During the theoretical studies and after the
simulation, taking into account the oscillation pro-
cesses of the freight car and cargo with increase in
the gondola axle loading, dependences of the main
dynamic parameters taking into account the
movement speed are obtained. Application of the
results will increase the traffic safety of freight cars
and will improve the technical and economic per-
formance of railway transport.

Conclusions

The article presents analysis of theoretical stud-
ies of dynamic qualities of rolling stock on the ex-
ample of gondola cars, calculations are made using
the package of applied programs.

Based on the theoretical study, the following
conclusions can be made:

— the movement speed limitation in the curves
of the small and medium radius is caused by a de-
crease in the level of the derailment stability coef-
ficient and increase in the wear factor of the side
edges of the wheel tread and should not exceed the
values determined by the norms;

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/158127

162

© A. O. Shvets, O. O. Bolotov, 2019


http://creativecommons.org/licenses/by/4.0/

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

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 1 (79)

PYXOMMI1 CKJIAJL I TATA TIOI3/11B

— the calculations have shown the need to limit
the movement speed in the curves of medium radi-
us to 70 km/h, due to the fact that the average
weighted speed of trains of 80 km/h is critical for
the gondolas on the bogies of the model 18-100,
which leads to the loss of stability and increase in
the wear factor of the side edge of the wheel tread,

— axle loading increase will increase failure
rate of the rails due to defects of contact-fatigue
nature, deterioration of the track condition, artifi-
cial structures, and the roadbed, which in turn will
cause the movement speed limitation of passenger
and freight trains, as well as more intense failure of
elements of the track superstructure and increase in

10.

11.

12.

13.

14.

15.

16.

the annual operating costs.
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BILIMB HABAHTAKEHHSI BIJI OCI IIIBBAI'OHA HA NOT'O
JAAHAMIYHI TIOKAZHUKHU TA 3AJIIBHUYHY KOJIIIO

Mera. [lizBuIeHHsT MaKCHMaJIbHOTO HABaHTa)KEHHS BiJ OCi BaroHa Ha PEHKH IIiJ Yac MEepeBe3CHHsS BAHTaXIB
1 30UTBIICHHS MIBUIKOCTI PYyXy 3alli3HUYHUX CKIMaXKiB JO3BOJIUTH IMOCHJIMTH 1HTETPAIiiHI TPOIECH MiX KpaiHaMU.
Jlnst rapaHTyBaHHs O€3[IEYHOTO ¥ HaMIHHOTrO CHOJIYYEHHS Ha 3ali3HHUIAX HEOOXITHO BIOCKOHAIIOBATUH KOHTPOJIb,
KIUJIbKICHY OLIIHKY TUHAMIYHOT 3aBaHTaKEHOCTI PyXOMOI'O CKJIaJy, IO B MPOLEC] HOro eKCIuTyaTalil CKIIa/lae akTya-
JIbHY HAyKOBO-TEXHIYHY 3a7a4y. MeToIo 11i€l poOOTH € JOCTIKCHHS BILUTUBY 301IbIIICHHS OCHOBOI0 HABAHTAKEHHS
B MIBBaroHax, 3 ypaxyBaHHsIM MOJJIUBOTO IIJABHIICHHS IIBHIKOCTI PyXy, HA X OCHOBHI JMHAMIYHI TIOKA3HUKH Ta
MMOKAa3HUKH B3aEMOJIIT pyXOMOTI'0o CKJIaay 3 Komiero. Meroauka. J[oCTiKeHHS MPOBEJCHE METOIOM MaTeMAaTUIHOTO
1 KOMIT'IOTEPHOTO MOJICITIOBAHHSA TUHAMIYHOI 3aBaHTa)KCHOCTI MiBBaroHa 3 BHKOPHCTAHHIM MOJENI MPOCTOPOBHX
KOJINBaHb 3YeIly IT’SITH BarOHIB i MPOTPaMHOTO KOMILICKCY, PO3POOJICHOTO B rally3eBiif HAYKOBO-IOCIiIHIH Tabopa-
Topii quHaMikH i MimHOCTI pyxomoro ckiaany (THAJI AMPC). Buxiani naHi s ZOCHIIHKEHHS: pyX MMiBBaroHa Mo-
nmemi 12-532 3 tumoBumu Bizkamu 18-100 31 mBunkocTsMu B miana3oHi Big 50 o 90 km/ron B KpUBUX pajiycaMu
350 1 600 M, i3 migBUIEHHSIMA 30BHIMTHBOT periku 130 ta 120 MM BignosigHo. Pe3yasTaTn. Y cTarTi mpoaHamizo-
BaHO JWHAMIYHI SKOCTI pPyXOMOTO CKJIAAY Ha MPUKJIA/I MMBBArOHIB; PO3paXyHKH BUKOHAHO 3 BUKOPUCTAHHIM IaKe-
Ta NPUKIAIHUX IPOTrPaM 3 JOCTATHBOIO JJIs MPAKTUKH TOYHICTIO. Y XO/Ii TEOPETHUHHUX JOCIIHKEHb 1 MOJICITFOBAHHS
3 ypaxyBaHHsIM IMPOIECIB KOJUBAHHS BaHTA)XXHOTO BaroHa B pa3i 30UIBIICHHS OCHOBOIO HABAHTAXECHHS OTPHMAHO
3aJI)KHOCTI OCHOBHHX JIMHAMIYHUX MOKa3HUKIB BiJ| IBUAKOCTI pyXy. HaykoBa HOBM3HAa poOOTH MOJIsrae B 1OCIHi-
JOKeHHI BIUTMBY 30UIBIICHHS OCHOBOTO HABAHTAXKCHHS B MIBBaroHaX 3 ypaxyBaHHSIM MOXIIUBOTO ITiIBUIICHHS IBH-
JIKOCTi PyXy Ha iX JAWHAMIYHY 3aBaHTa)XEHICTh i3 METOIO BHPIIIEHHS 3aJadi MPOTHO3YBAaHHS AWHAMIKH PYXOMOIO
CKJaIy. YrepIie OTPIMAaHO Pe3yIbTaTH TEOPETUYHHX JTOCIIIKEHb 3 YPaxXyBaHHSAM IIBUAKOCTI pyXy B KPUBHX JIiis-
HKaX KOJIii MaJloro Ta cepeaHporo paaiyca. [IpakrnyHa 3HAYMMicTh. 3aCTOCYBaHHS [UX PE3YJIBTATIB CIPHUITAME
MiABHUIICHHIO OC3IEKH PYXY BAaHTAXXHHUX BAaroHIB i JO3BOJIUTH MOJIMIIUTH TEXHIKO-€KOHOMIYHI MOKAa3HUKH POOOTH
3aJI3HUYHOTO TPAHCIIOPTY.

Knouosi cnosa: BaHTaX; MiBBArOHW; JHHAMIYHI MOKa3HUKW, KPUBI JUISTHKA KOJIi; OChOBE HABAHTAXKCHHS; IIOKa-
3HUKH B3a€EMO/Iii; PyXOMHH CKJIaJl 1 KOJIisl; IEHTP Baru; MBUIKICTD PYyXY
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BJIUSIHUE HAT'PY3KH OT OCH HOJIYBAI'OHA HA ET'O
JANHAMMNYECKHUE ITOKA3ATEJIA U )KEJIE3HOJAOPOKHBIU IIYTH

Hean. [ToBbiieHre MakCUMaabHOW HAarPY3KH OT OCH BaroHa Ha PENbCHI NPH IEPEBO3KE I'PY30B U yBEIHUYCHUE
CKOPOCTH JABHMKEHUS JKEJIE3HOJAOPOKHBIX SKUNAaXKEH MO3BOJIUT YCWINTh MHTETPALMOHHBIE MPOLECCH MEXKAY CTpa-
Hamu. [{ns oOecrieueHus: 6€30MaCHOTO M HAJAEKHOTO COOOIICHHS Ha JKEJIE3HBIX JI0porax HEoOXOJMMO COBEPILICH-
CTBOBaTh KOHTPOJIb, KOJHMUYECTBEHHYIO OLICHKY AWHAMHYECKOH 3arpy>KeHHOCTH MOJABI)KHOTO COCTaBa, YTO B IIPO-
I[ecce ero IKCIUTyaTallil COCTABIISICT AKTyaIbHYI0 HAyYHO-TEXHUUECKYIO 3a1ady. Llenpio qanHo# paboThl siBisieTcs
HCCIIEJOBAaHNE BIMSHUS YBEINYEHHS OCEBOM HAarpy3KH B IOIyBAaroHax, ¢ y4ETOM BO3MOXHOTO ITOBBIIICHUS CKOPO-
CTH JIBWD)KCHHMS, HA UX OCHOBHBIC IMHAMHYECKHE ITOKA3aTEJIN U MTOKA3aTEeNN B3aUMOACHCTBYUS IOABHIKHOTO COCTaBa
¢ xorneeil. Meroauka. MccienoBanue mpoBeJeHO METOAOM MAaTeMaTHYECKOTO W KOMIBIOTEPHOTO MOJAEIHPOBAHUS
JMHAMHYECKOH 3arpy>KeHHOCTH IOJyBaroHa C MCIIOJIb30BAHUEM MOJIENH TIPOCTPAHCTBEHHBIX KOJNEOaHH clerna Isi-
TH BarOHOB ¥ IPOrPaMMHOT0 KOMILIEKCa, pa3pabOTaHHOTO B OTPaciIeBOil HAyYHO-UCCIEA0BATEIbCKON 1ab0paTopuu
JUHAMUKH U TIPOYHOCTH noaBmkHoro cocraBa (OHWJI ATIIIC). McxoaHble AaHHBIE MCCIEOBAHUS. IBI)KEHUE ITO-
myBaroHa mojenu 12-532 ¢ tunuyebiMu Tenexxkamu 18-100 co ckopoctsmu B auamnazone ot 50 mo 90 xm/u
B KpuBBIX pamumycamu 350 m 600 M, c mHOBBIIIEHHAMH HapykHoro pensca 130 u 120 MM COOTBETCTBEHHO.
Pesyabrarsl. B craThe nmpoaHalM3upoBaHbl AMHAMUYECKUE KayecTBa MOBMKHOIO COCTaBa Ha IPUMeEpe MOJTyBaro-
HOB; PacyeThl BHINOJIHEHBI C NCIIOJIL30BAaHUEM TTaKeTa MPUKIAJHBIX IPOTPAMM C JOCTATOYHOM JUIA NPAaKTHKNA TOYHO-
CTBIO. B X0z1e TeopeTndeckux McciIenoBaHNil 1 MOJEITMPOBAHKS C YIETOM IPOIECCOB KOJICOaHHS TPY30BOTO BaroHa
IIPU YBEJIMYEHUN OCEBOM HArpy3KH IMOIYyYCHBI 3aBHCHMOCTH OCHOBHBIX AMHAMHUYECKHX ITIOKa3aTelel OT CKOPOCTH
nBiokeHns. HayyHasi HOBH3HA COCTOMT B HCCIICJOBAHUM BIIHMSHUS YBEIHMUCHUS OCEBOI HArPY3KH B IOJIyBaroHax
C Y4€TOM BO3MOXHOTO MOBBILIEHHSI CKOPOCTH JABWKEHHS Ha MX JUHAMHUECKYIO Harpy3Ky ¢ IIEJIbI0 PEIICHHs 331a4uH
MIPOTHO3UPOBAHMUS JUHAMHUKH MOIBIXXHOTO COCTaBa. BriepBble IpeACTaBIEHBI PE3yJIbTaThl TEOPETHUECKUX
UCCJIEJOBAaHUH C Y4YETOM CKOPOCTH JBW)KEHHS [0 KPUBBIM y4acTKaM IyTH MaJOro M CPEJHEro paauyca.
IIpakTHyeckasi 3HAYMMOCTh. [IpUMEHEHUE MOJyYSHHBIX PE3YJIbTaTOB OyJeT CIOCOOCTBOBAThH IOBBIICHHIO 0€3-
OTIACHOCTH JIBU)KEHHSI TPY30BBIX BAarOHOB U MO3BOJIUT YJIYUYIIUTh TEXHUKO-YKOHOMUYECKHE MTOKa3aTean paboThl Ke-
JIE3HOZOPOKHOTO TPAHCIIOPTA.

Kniouegvie cnosa. Ipy3; OIyBaroHsl; IMHAMUYECKHE IIOKAa3aTeIM; KPUBbIE YUaCTKU IIyTH; OCEBask Harpys3Ka; Mmo-
KazaTes B3aUMOJICHCTBYSL; TIOJIBHIKHOM COCTaB M KOJIEsl; LIEHTP TSHKECTH; CKOPOCTh JABHKECHUSI
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OUTLOOKS OF USING DBN B.2.6-161:2017 «\ WOODEN STRUCTURES»
IN DESIGN PRACTICE

Purpose. From 01.02.2018, the new state standards DBN B.2.6-161:2017 were introduced into the wooden
structures design practice. They replace the recently prepared codes DBN B.2.6-161:2010, which, in turn, were
elaborated to replace the SNiP 11-25-80. The author of this publication would like to draw the attention of develop-
ers and potential users of the codes DBN B.2.6-161:2017 to the points that are not entirely clear, which at first read-
ing caused him certain difficulties in terms of their practical use. Methodology. The practical experience accumu-
lated by the author in the use of normative literature in educational practice, as well as the available experience dur-
ing laboratory studies with students, made it possible to estimate the recently introduced codes DBN B.2.6-161:2017
from a practical point of view. Findings. In general, the new codes, recently introduced into design practice, are
progressive both in their content and in terms of their use in construction practice. However, the existing problem
areas in these standards, which are considered in this publication, in our opinion, can significantly limit the possibil-
ity of their wide practical application. Originality. The analysis of recently introduced new standard was carried out
by the author of the publication not only in terms of assessing quality requirements and recommendations, but also
in terms of the quantitative aspect of the issue. Practical value. The author’s experience in calculating simple ele-
ments and basic types of connections according to the new codes DBN B.2.6-161:2017 indicates that the bearing
capacity determined for various cases is lower on average by 1.5 — 3 times than according to the previous codes
SNiP 11-25-80. From a practical point of view, this revealed discrepancy means that the already constructed struc-
tures may require some reinforcement or reconstruction, and new designed structures should have large bearing sec-
tions of the elements and, accordingly, large bearing capacity and weight.

Keywords: wooden structures; timber structures; codes; standard; DBN B.2.6-161:2017; DBN B.2.6-161:2010;
SNiP 11-25-80

In some cases, the codes developed in one of
Introduction the building structure design areas are not entirely
consistent, but sometimes even directly contradict
the rules of another industry. And by themselves,
the new DBNs are not rarely intrinsically contro-
versial and do not fully reflect the state of affairs
and the available factual data in a particular area of
design. All of this is due to the lack of a single fo-
cal point for the development of a national regula-
tory framework in Ukraine, on the one hand, and
the lack of practical testing of building codes be-
fore they are put into operation, on the other hand.

Recently, a new system of national building
codes based on the «State Building Codes» (DBN),
which aims to replace the previous system based
on the «Construction Standards and Regulationsy»
(SNiP), has been implemented at an accelerated
pace. At the same time, unfortunately, the new
codes do not always show high quality of their de-
velopment, thereby can be repeated several times
with the introduction of appropriate clarifications,
adjustments or even a fundamental change of cer-
tain parts of the document.
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Purpose

It is precisely this situation that is observed in
the design of wooden building structures.
From 01.02.2018 the new state standards
DBN B.2.6-161:2017 have been introduced into
the practice of designing such structures [4].
They replace the recently drafted codes
DBN B.2.6-161:2010 [5], which in turn were elab-
orated to replace SNiP 11-25-80 [9].

Since, unfortunately, nowadays the tradition of
accompanying codes with special comments or
explanations in which their «bottlenecks» are fur-
ther disclosed (such as «Manual» [10]), it only re-
mains to the users to interpret them at their discre-
tion. Therefore, the author of this publication
would like to draw the attention of developers and
potential users of the codes DBN B.2.6-161:2017
to the points that are not entirely clear, which at
first reading caused him certain difficulties in
terms of their practical use. This is the main pur-
pose of this publication.

Methodology

The author of this publication for more than
15 years has been teaching the discipline «Wooden
and Plastic Structures» for the 5th year students
(previously — for specialists, now — for masters) of
the specialization (specialty) «Industrial and Civil
Engineering». Therefore, the accumulated experi-
ence in the use of normative literature in educa-
tional practice, as well as the available experience
during laboratory studies with students, made it
possible to estimate the recently introduced codes
DBN B.2.6-161:2017 from a practical point of
view.

Findings

The development and implementation of the
codes DBN B.2.6-161:2017 was carried out by
«V.N. Shimanovsky Ukrainian Institute of Steel
Construction» LLC with participation of a number
of experts of leading universities of Ukraine, in
particular KhNUCEA, Lviv Polytechnic National
University, KNUCEA. In the previous codes DBN
B.2.6-161:2010 the main developer is the State
Enterprise «State Research Institute of Building
Structures», as well as specialists of the PSACEA.
The codes SNIP 11-25-80 were developed by spe-

cialists from four research institutions in the late
70's of the 20th century.

Immediately | would like to note that the intro-
duced codes DBN B.2.6-161:2017 by their quality
of preparation are much more elaborated and have
a much smaller number of complicated issues and
clear mistakes than the previously abolished codes
DBN B.2.6-161:2010.

In general, the new codes DBN B.2.6-161:2017
support the course to harmonize the domestic and
European regulatory framework in the field of con-
struction. They use the terminology and the system
of designations of characteristics oriented on Euro-
code, such as the codes for designing concrete and
reinforced concrete structures DBN B.2.6-98:2009
[3], as well as stone and reinforced masonry struc-
tures DBN B.2.6-162:2010 [6], and unlike
the standards for the design of steel structures
DBN B.2.6-161:2017 [8] and aluminum structures
DBN B.2.6-165:2011 [7], which use the traditional
domestic system of symbols. However, traditional
design approaches typical of domestic practice are
also preserved. This definitely extends the scope of
application of the domestic codes, contributing
both to changing the mentality of design engineers
and to improving the design process itself. In par-
ticular, the main method for calculating the wood-
en structures in the codes is the method of bounda-
ry states. However, the probabilistic method is not
even mentioned, even though it is recommended
for use in accordance with the requirements of
DBN B.1.2-14-2009 [2].

Also, among the positive points | would like to
note the introduction of settlement expressions in
the work of elements on torsion, as well as a sec-
tion for evaluating the dynamic characteristics of
bending elements, which were not present in the
previous codes SNiP 11-25-80. Particular attention
is paid to modern wood products and its deriva-
tives (LVL, OSB, MDF). Also, the wooden struc-
ture work theory with the consideration of nonline-
ar properties was substantially developed, which
the author emphasized in his previous works (see,
for example, [11]).

Additionally, the new codes
DBN B.2.6-161:2017 regulate the issues related to
ensuring the protection of wooden structures from
fire, biological pests and corrosion. These issues in
the previous codes SNiP 11-25-80 were covered in
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a rather narrow way, and there was no explicit sep-
aration of constructive protection measures for var-
ious external factors.

However, the new codes DBN B.2.6-161: 2017
also have a number of negative points, which
I would like to dwell upon in more detail. They are
listed in the order according to the recommenda-
tions in the code text.

1. The exposure duration load class values giv-
en in clause 5.3.2 are not consistent with the classi-
fication of loads given in DBN B.1.2-2:2006 [1]
both quantitatively and qualitatively. In particular,
the order of distribution of load duration is not
clear, since, for example, a seismic load can take
several minutes, which, as a result, should be at-
tributed to short-term loads. Also, there is the ques-
tion of limiting the duration of permanent loads for
10 years.

2. The operating classes listed in clause 5.3.3
include a rather narrow temperature-humidity
range, as compared to SNiP 11-25-80. In turn,
a number of calculation characteristics depend on
these classes, which cannot be determined for other
conditions, for example, conditions of unheated
premises or in dry humidity mode, etc.

3. In the previous codes SNiIP 11-25-80, the spe-
cific conditions of the wooden structure work are
factored in a number of special coefficients, denot-
ed as m (par. 3.2). However, the new codes DBN
B.2.6-161: 2017 present the system of only two
coefficients — kn and kqer. The first of these is relat-
ed to the size of the elements, served only as the
recommended, actually replaces the four coeffi-
cients according to the previous codes for different
types of sections. The second coefficient takes into
account the rheological properties of wood and
actually «replaces» two coefficients according to
the previous codes for different types of loads.
However, the open question is to take into account
certain features of the real conditions of operation
of structures. These include, for example, taking
into account the impregnation of wood with flame
retardants or antiseptics, or an elevated (lowered)
operating temperature.

4. Section 9 and, in general, the text of the
codes does not set the limits as to the boundary
flexibility, at least for compressed elements This
is, in the opinion of the author of this publication,
is fundamentally wrong, since limitation of flexi-

bility is one of the basic moments when designing
structures from any materials [3, 6-8]. In the previ-
ous codes SNiP 11-25-80, the boundary flexibility
is also limited (table 14 [9]).

5.1In clause 9.2, when calculating the stretched
elements, the area on which all the weakening of
the calculated section must be combined is reduced
from 20 cm (according to the recommendations of
the previous SNiP 11-25-80 codes) to 15 cm. There
is no justification for such a recommendation,
which creates certain difficulties in the calculation
of connections with numerical openings, for exam-
ple, for nail joints.

6. In clause 9.4, when calculating bending ele-
ments, a recommendation is made regarding the
need to combine all weakening of the cross-
section, located at a length of 15 cm in one design
section. This is a new requirement, absent in the
previous codes SNiP 11-25-80. However, such an
approach raises a difficult question when calculat-
ing, for example, the horizontal element of the
skew notch (Annex K). Traditionally, according to
domestic professional literature [12, 13], this ele-
ment is tested by two sections — weakened for cen-
tral compression and complete for non-center
compression. According to the new requirements it
follows that the test should be performed only for
the cross-section for non-center stretching, which
requires additional justification

7. Paragraph 12.5 on the cylindrical nailed con-
nections takes 22 pages out of 78 pages of the text
of the codes (28%). For comparison, in the previ-
ous codes SNIP 11-25-80 this paragraph occupied
4 pages out of 27 pages of the text of the codes
(15%). In our opinion, this paragraph in the new
codes DBN B.2.6-161:2017 would be expedient to
structure, singling out a sequence of determining
the bearing capacity of the connections of the type
under consideration, the constructive requirements
to them, as well as the scope of their application.
Instead, all of these recommendations are actually
in a mixed style, which makes it very difficult to
implement them.

8. Among the standard characteristics of tensile
strength listed in Annex B, there is no bearing
stress. Instead, a link to the following characteris-
tics is provided in annex K, which is dedicated to
the contact connection. Also, according to the au-
thor, the codes paid little attention to the contact
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connections, although wooden structures with such
connections (especially with skew notches) are
found to be in operation not so rarely, for example,
in previously constructed structures with wood
truss covering.

9.There is a lack of complete information on
such constructional elements as the dowel beams,
and in particular the connection on the tongue
pieces. Certainly, this kind of connections is not
widespread and quite effective, however, as in the
case of contact connections, similar structures are
found in the design practice, even in the modern
foreign one [15, 17].

10. Such a widely used in the domestic design
practice concept as «wood gradex» [12, 13] is men-
tioned only in one place of the codes (reference
appendix G). The linkage of this concept with the
classes of timber strength is given without any jus-
tification. Also, in our view, it would be advisable
to supplement the codes with the recommendations
or method for determining the type of wood for
practical purposes, since this question is treated
fairly freely in the existing professional and refer-
ence literature.

11. The transition to the use of strength classes
should be accompanied by detailed explanations
regarding the methodology for determining these
classes for different wood materials, which is com-
pletely absent in the codes. In fact, in design prac-
tice there is a difficult situation, which is to cor-
rectly refer the existing wood or a product thereof
to a specific strength class. As far as can be under-
stood from the text of the codes for this purpose, it
is necessary to conduct special laboratory tests,
during which certain characteristics of strength will
be determined. However, the use of the very class
of strength with such an approach is simply super-
fluous.

In this regard, let us dwell separately on the
comparison of the characteristics of the calculated
strength of wood, which should be determined ac-
cording to the new codes DBN B.2.6-161:2017 in
relation to the previous codes SNIP 11-25-80.

Under the new codes, the calculated resistance
of wood should be determined by the expression:

f
fd =—kx. kmod 1 (1)
Tm

where f, — characteristic value of wood resistance
by the Appendix B of DBN B.2.6-161:2017;
ym — material reliability coefficient by the
table 6.1 of DBN B.2.6-161:2017; Kmos — cONver-
sion factor by the table A.1 of the Appendix A of
DBN B.2.6-161:2017.

According to the previous codes, the calculated
resistance of wood was determined without any
additional calculations directly by the Table 3.

We will perform the comparison of the calcu-
lated resistance values for the most widespread
case of solid softwood, for which s, = 1.3 accord-
ing to the new codes. Let us consider the cases of
the most common, in design practice, types of
loads by exposure duration — permanent, long-term
and short-term. The results obtained are shown in
Table 1, where the values for the 1st and 2nd oper-
ational classes according to the new codes (opera-
tion conditions of Al and A2 according to the pre-
vious codes) were given in the numerator, and in
the denominator — for the 3rd operating class ac-
cording to the new codes (operation conditions of
A3 according to the previous codes).

As can be seen from this table, in general, the
calculated resistances according to the previous
codes are higher than those by the new codes. To
guantify this difference the last column «Differ-
ence» of Table 1 shows the calculated ratio of the
largest value in the corresponding line of wood
resistance according to the previous codes to the
smallest value according to the new codes within
the grades. It is seen that the difference reaches
3 times.

The values of the calculated resistance in Table
1 are given for a constant load, when the coeffi-
cient kmos = 0.6 (0.5 for the 3rd operating class)
according to the new codes DBN B.2.6-161:2017.
For a long-term load this coefficient is equal to
kmoa = 0.7 (0.55 for the 3rd operating class), and for
short-term load kmeg = 0.9 (0.70 for the 3rd operat-
ing class). This means that for these types of loads,
the difference in the values of the calculated re-
sistance will decrease and will reach 2.5 and 2
times, respectively.

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/158181

170

© D. O. Bannikov, 2019


http://creativecommons.org/licenses/by/4.0/

TPAHCIIOPTHE BYJIBHUIITBO

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayka Ta nporpec tpancrnopty. BicHuk J{HIIponeTpoBcbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 1 (79)

Table 1
Estimated resistance of wood (MPa)
DBN B.2.6-161:2017 SNIP 11-25-80 .
Stressed for strength classes for wood grades D;r?;eer-
state C27, C24, C18, Cl6, (times)
C30 C20 Cl4 1st 2nd 3rd
Bending 13.85 | 1246 9.23 | 831 6.46 | 1600 14.00 | 1500 13.00 | 11.00 850 | 1.76
1154 | 10.38 7.69 | 6.92 538 | 14.40 12.60 | 13.50 11.70 990 7.65 | 1.84
Axial 8.31 7.38 554 | 5.08  3.69 10.00 7.00 1.26
tension | .92 6.15 462 | 6.15 3.08 9.00 6.30 1.36
Lateral 0.18
tensions 0.15 - -
COAm’gf;S_ 1062 | 1015 877 | 831 7.38 | 16.00 14.00 | 1500 13.00 | 11.00 850 | 171
sion 885 | 846 7.31 | 692 6.5 | 1440 1260 | 1350 1170 | 9.90 7.65 | 1.84
Lateral |4 55 1.20 1.06 | 1.02 0.92 1.80 1.96
compres- —_— _— + - -
sion 1.04 1.00 0.88 | 0.85 0.77 1.62 2.10
0.92 2.40 1.60 2.10 150 2.61
Shear — — —_— —
0.77 2.16 1.44 1.89 1.35 2.81

12. Also, there are some issues with respect to
terminology, in particular, its coordination, for ex-
ample, with the existing DBN B.1.2-14:2009 [2]
regarding the definition of boundary states, ha-
zardous calculation situations, the use of liability
classes and categories, etc.

Another feature of the newly introduced norma-
tive document DBN B.2.6-161:2017 is the com-
plete absence of any recommendations regarding
the possibilities of calculating wooden structures
applying one of the most widely used numerical
methods of building mechanics — the finite element
method. After all, such calculations have a number
of very specific features, such as [14, 16, 18].

Originality and practical value

The analysis of recently introduced new stand-
ard in the design of structures made of wood
DBN B.2.6-161:2017 was carried out by the author
of the publication not only in terms of assessing
quality requirements and recommendations, but
also in terms of the quantitative aspect of the issue.
In particular, the author's experience in calculating
simple elements and basic types of connections

according to the new codes DBN B.2.6-161:2017
indicates that the bearing capacity determined for
various cases is lower on average by 1.5 — 3 times
than according to the previous codes
SNiP 11-25-80. This is due both to the transition to
a new system of working condition coefficients
and to the application of strength classes for de-
termining the wood resistance. In turn, from
a practical point of view, this revealed discrepancy
means that already constructed structures may re-
quire some kind of reinforcement or reconstruc-
tion, in order to comply with the latest standards of
DBN B.2.6-161:2017, and on the other hand, the
new structures being designed should have larger
bearing cross-sections of elements and, according-
ly, greater bearing capacity and weight, in compar-
ison with the previous codes SNiP 11-25-80.

Conclusions

In general, the new codes
DBN B.2.6-161:2017, recently introduced into de-
sign practice, are progressive both in their content
and in terms of their use in construction practice.
However, the existing problem areas in these
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codes, in our opinion, can significantly limit the
possibility of their wide practical use. In addition,
the bearing capacity of building structures made of
wood, designed according to these standards, is
several times higher than the one according to the
previous ones (SNiP 11-25-80), and existing struc-
tures may require some kind of reinforcement or

reconstruction for compliance with the latest
standards (DBN B.2.6-161:2017).

Certainly, other users of the codes may find
some other difficulties or «bottlenecks» in the re-
cently introduced new standards, but according to
the author, the above is enough for publishing by
developers of either special amendments to the

codes, or additional comments to their application.
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HEPCIIEKTUBA BUKOPUCTAHHA JIBH B.2.6-161:2017 « IEPEB’S1HI
KOHCTPYKILII» B TIPOEKTHIN ITPAKTHUINI

Mera. I3 01.02.2018 B mpakTHKy NpOEKTYBaHHS KOHCTPYKLIH i3 JepeBa BBEAEHI HOBI JAepiKaBHI HOPMHU
JBH B.2.6-161:2017. BoHu 3aMiHIOIOTE BUKOPUCTOBYBaHI noHenaBHa Hopmu JIBH B.2.6-161:2010, ski, y cBoro
yepry, Oynu nmokiaukani 3amianT CHull 11-25-80. ABTop 11i€i myOsikaiii CTaBUTH 32 METYy 3BEPHYTH yBary po3po0-
HUKIB 1 MOTeHNiHNX KopucTyBadiB HopM /IBH B.2.6-161:2017 Ha cymepewinBi MOMEHTH, SIKi BUKIHKAIOThH TIEBHI
TPYZIHOIII iX MPAaKTUYHOTO 3acTocyBaHHSA. MeToauka. HakonnueHni 3a 4ac HaBYaJIbHOI MPAKTHKH J0CBiJ poOOTH
3 HOPMAaTHBHOIO JITEpaTypolo, a TAKOXK HAasBHI HAIPAIFOBAHHS IIiJ Yac NPOBEACHHS JIA0OPaTOPHHUX 3aHSAThH 31
CTYICHTaMH J03BOJIMIIH MPOAHATI3YBaTH HEMIOAaBHO 3ampoBamkeri Hopmu JIBH B.2.6-161:2017 3 mpaktudHOi TO-
4yk# 30py. Pe3yabTaTn. Y nitoMy BBeeHI B IPaKTHKY NPOEKTYBaHHA HOBI HOPMH € IIPOIPECHBHHMH 5K 32 CBOIM
3MICTOM, TaK i 3 TOUKH 30py BUKOpHCTaHH:. [IpoTe HasBHI MpOOIEMHI MOMEHTH B ITUX HOPMAaX, SKi PO3TIITHYTI
B Hamii mnyOiikauii, MOXYTh CYTTEBO OOMEXYBAaTH MOXMIHMBICTh IX IIMPOKOTO HPAKTHYHOTO 3aCTOCYBaHHS.
HaykoBa HoBH3HA. AHaji3 3a3Ha4€HNX HOPM OyB BUKOHAHMH HE TUIBKM B YAaCTHHI OLIIHKU SKICHUX BHMOT Ta pe-
KOMEH/Ialliif, a i 3 TOUKHU 30pYy KUIbKiCHOT cropoHH nuTaHHs. [IpakTuyHa 3HaYMMicTh. ABTOPCHKHIT JOCBI/ IpOBe-
JICHHS PO3PaxyHKIB MPOCTHX CJIEMEHTIB Ta OCHOBHHX BH[IIB 3’€IHaHb 3a HoBuMu HopMmamu JIBH B.2.6-161:2017
CBIIYMTH TPO T, IO BU3HAYEHA Ul PI3HUX BUMAJIKIB HECy4a 3[aTHICTh BUSBIISIETHCS HUXKYOI B CEPEIHBOMY
B 1,5-3 pa3u nopiBHsiHO 31 crapumu Hopmamu CHulI 11-25-80. 13 mpakTn4HOi TOUKHM 30py Taka BHSIBICHA PO30iX-
HICTh O3HAuae€, MO BXXe 30yZOBaHI KOHCTPYKIIi MOXYTh MOTPeOYBaTH MEBHOTO MiICHICHHS a00 PEKOHCTPYKIIIi,
a KOHCTPYKIIii, IKi MPOEKTYIOTh, IOBUHHI MaTH OLTBII HECYydYi mepepi3u eeMEHTIB i, BiAMOBIIHO, OUIBITY HECYUY
3IATHICTE 1 Bary.

Kniouosi cnosa: KOHCTPYKLii 3 JepeBa; JAEpeB’siHI KOHCTPYKMii; HOPMH; HOPMAaTUBHHH JOKYMEHT;
JbH B.2.6-161:2017; IBH B.2.6-161:2010; CHulI 11-25-80

J1. 0. BAHHUKOB!"

"Kad. «CTpoutensHoe Npou3BOACTBO M Fe0Ae3Hs», JIHUIPOBCKUI HAMOHALHBIA YHUBEPCUTET JKENE3HOA0POKHOTO TPAHCIOP-
Ta MeHH akagemuka B. JlazapsHa, yn. Jlazapsna, 2, [Jaunpo, Ykpanna, 49010, Ten. +38 (063) 400 43 07,
a1 mouta dnuzt@diit.edu.ua, ORCID 0000-0002-9019-9679

HNEPCHHEKTUBBI HCITOJIb3OBAHUA IBH B.2.6-161:2017
«AEPEBAHHBIE KOHCTPYKIIMN» B IPOEKTHOU ITPAKTHUKE

Heas. C 01.02.2018 B mpakTUKy MPOSKTUPOBAHUSA KOHCTPYKIMH U3 JiepeBa BBEJCHBI HOBBIE TOCYIapCTBEHHbIC
nopmsl JIBH B.2.6-161:2017. OHu 3aMeHSIIOT HCIIOJIB3yeMbIe 10 HeqaBHero Bpemenn Hopmel JJBH B.2.6-161:2010,
KOTOpBIE, B CBOIO ouepelb, Obuti npu3Banbl 3amennTb CHull 11-25-80. ABTop naHHO# MyOMMKanuy CTaBUT CBOEH
LIEJIBI0 00paTUTh BHUMaHKUE pa3pabOTUMKOB M MOTEHIIMAIBHBIX Mosb3oBateneit Hopm JIBH B.2.6-161:2017 nHa mpo-
THBOPEYNBBIE MOMEHTBI, KOTOPBIE BBI3BIBAIOT y HETO ONPEICIICHHBIE CIOXKHOCTH HX MPAKTUYECKOTO HCIIONb30Ba-
Hus. Meroauka. HakoruieHHBIH 3a BpeMs ya9e0HOI MPakTHKH OMBIT Pa0OTHI ¢ HOPMATUBHOW JIUTEPATYPOH, a TAKKe
nMeroIyecst HapabOTKHU BO BpeMsl IIPOBEACHHS J1aOOPATOPHBIX 3aHATHH CO CTYJEHTaMHU MO3BOJIMIIN IPOAHAIM3UPO-
BaTh HeJaBHO BBereHHbIe HOpMBI JIBH B.2.6-161:2017 ¢ mpakTtudeckoil Touku 3peHus. PesyabTarsl. B nienom BBe-
JICHHBIE B TIPAKTHKY IIPOEKTUPOBAHUS HOBBIE HOPMBI SIBIISIFOTCS] IPOTrPECCUBHBIMU KaK MO CBOEMY COJEPKAHMIO, TaK
U C TOYKH 3pEHHUS UCNObp30BaHusl. OHAKO HMEIOLINECs TPOOIeMHbIE MOMEHTHI B 3THX HOpMax, KOTOPbIE PacCMOT-
PEeHBI B JIaHHOW ITyOJIMKAIMK, MOTYT CYIIECTBEHHO OTPaHMYMBATH BO3MOMKHOCTH HX IIMPOKOTO INPAKTHYECKOTO
npumeHeHns. HayyHasi HOBM3HA. AHanM3 yKa3aHHBIX HOPM ObLI BBINOJIHEH HE TOJBKO B YacTH OILIEHKH
Ka4eCTBEHHBIX TpeOOBaHWA M PEKOMEHMJAIM, HO W C TOYKH 3PEHHs KOJIWYECTBEHHOH CTOPOHBI BOIIPOCA.
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TPAHCIIOPTHE BYJIBHUIITBO

IIpakTHyeckasi 3HAYUMOCTb. ABTOPCKHM OIBIT NMPOBEJEHUS PACUETOB MPOCTHIX AJIEMEHTOB U OCHOBHBIX BUIOB
coequHeHuil mo HoBeIM HopMaM JIBH B.2.6-161:2017 cBuaeTensCcTBYET 0 TOM, YTO ONpPEAETeHHas Ui pa3IuIHbIX
cllyyaeB HeCylas cliocOOHOCTh OKa3bIBAaeTCsl HIDKE B cpeqHeM B 1,5-3 pa3a 1o cpaBHEHHIO CO CTapbIMH HOpMaMu
CHull 11-25-80. C npakTH4eckoil TOYKH 3pSHHS TAKOE BBISIBIICHHOE PACXOKICHUE O3HAYAET, YTO YK€ IMOCTPOCHHEIC
KOHCTPYKIIMH MOTYT TPeOOBaTh ONPEAECICHHOTO YCUICHHUS WIH PEKOHCTPYKIINH, a TIPOSKTUPYEMBIE TOJKHBI HMETh
OOJIBIIINIE HECYIITHE CEICHUSI HIEMEHTOB H, COOTBETCTBEHHO, OOJIBIIYIO HECYIILYIO CIIOCOOHOCTB M Maccy.

Kniouegvie cnosa: KOHCTPYKIIMM W3 JEpEBa; AEPEBSHHbIC KOHCTPYKLMH; HOPMBI; HOPMATHUBHBIH JOKYMEHT;
JBbH B.2.6-161:2017; IBH B.2.6-161:2010; CHulI 11-25-80
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—  3araibHi cTarTi 3a pyOpukamu Bumanus — 10 30 000 3uakie 3 npobitamu (57 c.);
—  HaykoBe noBigomieHHs — 10 8 000 3HakiB 3 mpobimamu (10 2,5 ¢.);

—  Biaryk abo peuensist — 10 6 000 3uakiB 3 mpobizamu (10 2 ¢.).

Marepian HanaeTbes y popmaTi A4, BpaxoByrOUH TabJHIL, UTIOCTpallii, CIIMCOK BUKOpHCTaHUX pkepe. Ctarri,
6ib1I1i 32 00CATOM, MOXKYTh OyTH MPUIHATI 10 PO3TISAY Ha MiJICTABI PILICHHS PEIKOJIETi.

Jais1 31a4i cTaTTi 10 APYKY aBTOpPaM HeoO0XiJHO HAAATH HACTYIHI JOKYMEHTH

1) caiin 31 cTarTero Ta APYKOBAaHUHA MPUMIPHUK PYKOIHCY 3 IMiIIHCAMH BCiX CITIBaBTOPIB HA OCTAHHBOMY apKy-
1 po6oTH;

2) opurinain JlineH31i{HOTO TOTOBOPY 3 IMiIMIICAMH BCiX CITIBaBTOPIB;

3) ¢aiin 3 BiTOMOCTSMH PO KOXHOTO 3 aBTOPIB — MPI3BHIIE, iM’s, 10-0aThKOBI MOBHICTIO, OCA/Ia, MicIie pobo-
TH, HAyKOBE 3BaHHSA, HAYKOBHH CTYIIiHb, KOHTaKTHa iH(popmamis (TenedoH, ampeca €ICKTPOHHOI MOINTH), KOX
ORCID. BinomMocrTi mmpo aBTOpiB HOAAIOTHCS TPhOMa MOBaMH — YKPaiHCHKOI0, POCIHICHKOIO Ta aHIITIHCHKOIO;

4) OpuriHan eKCIIepTHOTO BUCHOBKY.

¥YBara! 3rigHo 3 Mi>kHapOJHHMH CTAHAAPTAMH SIKOCTi HAYKOBUX MyOJIiKaniii HeoOXiTHNM €: HAsBHICTH aB-
Topchkux postmpenux (250-300 ciiB) i cTpykrypoBanux pestome (pedeparis — abstracts), y T.4. anrmificbkor Mo-
BOIO, PeleH3ii, NpUcTaTeHUX CHHCKIB JIiITEpaTypy B pOMaHChbKOMY ajidasiTi TowIO.

Bukiag 0CHOBHOT0 MaTepiajy CTaTTi IOBUHEH MaTH TAKi eJleMeHTH:

—  BCTYIH: IIOCTaHOBKA NTPOOJIEMH, aHANI3 OCTaHHIX JOCIIKEHb;

—  Mery,

—  MeTOAMKY: BHKJIaJ OCHOBHOTO Marepiaily JOCIHiKCHHS 3 HTOBHIUM OOIPYHTYBaHHSAM OTPUMAHUX HAYKOBUX
pe3ynbTatiB. JIoKIagHO OMUCYIOTh 3arajlbHy METOIUKY AOCIIKEHHS, 1100 HOro pe3yabTaTh MOTIH OyTH BiATBOpeE-
Hi: OITUCYETHCA MOCTIIOBHICTh BUKOHAHHS JOCIIIKEHHS, 00T pYHTOBYETHCSI BHOIp BUKOPHCTOBYBAHUX 1 BUKIIAJA€Th-
s CyTh IIPOIIOHOBAHUX METOJIIB 1 MOJIeJIel, 3MICTOBHO BU3HAYAETHCS, 1110 CaMe JIOCIIIKYBaJIOCs KOXKHUM METOJIOM;

—  Ppe3yJbTaTH: MICTATh €KCIIEPUMEHTANIbHI YM TEOPETHYHI J[aHi, OTpHUMaHi B poOoTi, AJIs JeMOHCTpalii Toro,
110 OTPUMAaHO HOBE pillIeHHs POOJIeMH, 1 0 poOOTa € 3HAYHUM KPOKOM BIIEpe/1 y MOPIBHSAHHI 3 MONEPEHIMH J0C-
mipkeHHsMu. Jlani nogaroteest y opmi tabnuis, rpadikis, giarpam, piBHsAHb, GoTorpadiil, puCyHKIB, CTaTHCTHY-
HUMH OLIiHKaMu. Pe3ynbTaTi MOBMHHI OyTH BHKJIJIEHI KOPOTKO 1 YiTKO, NPU IIbOMY MICTHTH JOCUTH iH(popMarii
JUIsl OL[IHKK 3pOOJIEHMX BUCHOBKIB, TAKOX Ma€e OyTH OUEBHIIHO, YOMY JUIsl aHaNi3y oOpaHi came 1 JaHi;

—  HAYKOBY HOBH3HY Ta MPaKTH4YHY 3HAUYMMicTh. HaykoBa HOBH3HA OTPHMAaHMX PE3yJIbTaTiB BUKIIAIA€THCS
apryMEeHTOBaHO, KOPOTKO i 4iTko. JIo HaykoBOI HOBHM3HM HE MOXXHA BITHOCHUTH NMPUKIAIHI PE3yNbTaTH (crocobw,
MIPUCTPOI, METOJUKH, CXEMH, aIrOpuT™Mn). IIpakTnuHe 3HAYEHHS OTPUMAHUX PE3yJbTATiB CTAHOBIATH BiJIOMOCTI
PO BUKOPHUCTAHHS PE3YJIBTATIB TOCITI/DKEHb 00 peKoMeHallii 3 iX BUKOPHCTaHHS,

—  BHCHOBKH: HEOOXiTHO HABECTH JOCSATHYTI KUTBKICHI Ta SKiCHI IOKa3HUKH JOCHIHKCHHS, BUKIACTH PEKO-
MEH/IAIT 3 TX BUKOPHCTAHHSL.

3 ycix nuTaHb 3BepTaiiTecs 10 peaakiii ;KypHaJ1y 3a aJpecoro:
HaykoBo-TexHiuna 0i0mioteka (aya. 166),
JIHIpOBCHKMI HAITIOHATBHUH YHIBEPCUTET 3aTi3HUYHOTO TPAHCTIOPTY iMeHi akanemika B. Jlazapsina,
By Jlazapsmna, 2, M. JIHinpo, Ykpaina,
49010
e-mail: visnik@diit.edu.ua
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