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INVESTIGATION OF THE FUEL OXYGEN OF VARIOUS ORIGINS-MADE EFFECTS ON THE
COMBUSTION PROCESS IN A TURBOCHARGED CRDI DIESEL ENGINE

The paper deals with the investigation of a fossil diesel and high-quality HRD (Hydrotreated Renewable
Diesel) fuel blends involving Ethanol (E) or Biodiesel (B) oxygen-made effects on the combustion process in a
turbocharged Common Rail Direct Injection (CRDI) diesel engine running under full (100%) loads at 1500 rpm,
maximum torque speed 2000 rpm and the high speed of 2500 rpm. The study presents the experimental investigation
and numerical simulation of biofuel oxygen-made effects on the combustion process in a diesel engine under brake
mean effective pressures (bmep) = 1.24, 1.37 and 1.40 MPa developed for overall air-fuel ratios of A = 1.30, 1.25 and
1.20 at the respective speeds. The fuel-oxygen mass content increased identically within the same range of 0 (E0/BO),
0.91 (E1/B1), 1.81 (E2/B2), 2.71 (E3/B3), 3.61 (E4/B4), and 4.52 wt% (E5/B5) in both fuel groups of various origins
involving anhydrous (200 proof) Ethanol (E) and rapeseed Biodiesel (B). It is important to note that the cetane number
possessed the same value of 55.5 for all fuel blends tested. This ensures stable auto-ignition needed to perform
accurate comparison of the obtained results between the two fuel groups and extract from the study as much
information as possible in the scientific research about the fuel-oxygen enrichment rate and the widely differing
properties of biofuels-made effects on the combustion process. Both qualitative and quantitative analyses of the newly
designed fuels-made effects on the compression ignition delay and the combustion attributes were performed
comparing data between themselves in the same fuel group, between the fuel sets E and B and with the respective
values measured with the reference, oxygen-free blend E0/BO to reveal the existing developing trends. Analysis of the
relative changes in compression ignition delay, specific burn angle MBF 50, maximum heat release rate and the peak
in-cylinder pressure developed from combustion of oxygenated fuel blends E1-E5 and B1-B5 performed on the
comparative bases with the corresponding values measured with blend EO/BO to reveal potential developing trends in
the auto-ignition delay and the combustion process.

Keywords: Diesel engine; Diesel-HRD fuel blends; Ethanol; Biodiesel; Auto-ignition; Combustion process;
Maximum heat release rate; specific angle MBF 50; Maximum in-cylinder pressure.

INTRODUCTION

The increased air pollution from ground-based, trans-oceanic marine and the air traffic engines
powered with a fossil origin, high-carbon fuel in a company with coal-fired power plants causes the
greenhouse gas emissions leading to adverse climate changes and the tread to people’s health that is today’s
the greatest long-term challenge humanity has never faced over the last century [1]. Therefore, the
investigations of sustainable technologies based on environmentally friendly, sulphur-free, non-toxic, low-
carbon, totally-renewable energy sources possessing high content of hydrogen biofuels have to move
forward keeping up the pace to attain a newest knowledge needed to develop the production technologies of
modern diesel engines for future generations [2,3]. There potentially are many alternatives to replace a fossil
fuel with renewable and environmentally friendly biofuels, however still is not completely clear how much
biofuel-bound oxygen of various origins could affect the auto-ignition delay period and thus the whole
combustion process due to widely differing chemical and physical properties of ethanol or biodiesel added
into blend. Therefore, the transfer from traditional diesel fuel type adapted over the centuries for efficient
engine operation to another renewable energy sources can be a slow, costly and sometimes painful process

[4].

The problem is that the widely differing chemical and physical properties of biofuels such as ethanol
or biodiesel provide changes in the injection and atomisation characteristics that affects the distribution of
the fuel spray patterns in the combustion chamber, their total surface area directly exposed to the hot
compressed air charge, vaporisation intensity and the air-fuel mixing rate. These changes in a company with
the factors the effects of which examined in the study operate simultaneously and might have strong
contributing impact on the auto-ignition delay and the whole combustion process. Unfortunately, in the
available literature is a lack of comprehensive studies on the changes in the fuel injection and atomisation
characteristics at first [5] with the following fact-based examination of the auto-ignition delay’s behaviour,
the combustion process and indicated thermal efficiency supported by the revealed numerical
interrelationships between heat release characteristics and the fuel system related factors affecting them [6].

, 2020, Nel (14) n
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Experiments conducted by Zhang et al. [7] showed that the adding of ethanol into the kerosene
promotes the spray quality and, thus, the spray cone angle increases with the increase of ethanol contend in
the kerosene blend due to lower density and viscosity of fuel blends. While Tziourtzioumis and Stamatelos
[8] revealed that Sauter mean diameter (SMD) of sprays is higher, coefficient of variations of Indicated
Mean Effective Pressure (IMEP) increases (B20, B40), the total combustion duration (B20) and mass
fraction burned for specific crank angle burn points change ambiguously and fuel burning rate decreases
when running with B20 and higher biodiesel blended-fuels.

It was previously revealed [9] that both the autoignition delay and the combustion process of a
naturally aspirated diesel engine strongly affects not only the blended cetane number, but also on the
accompanying changes in chemical structure and fuel-oxygen mass content in ethanol-diesel-biodiesel
blends. Normally ethanol or rapeseed oil methyl ester (biodiesel) is added to Hydrotreated Renewable Diesel
(HRD) fuel as oxygenator source to produce environmentally friendly, triple fuel blends. Ethanol differs
from most other biofuels as having the largest amount of fuel-oxygen mass content (34.78 wt%), however its
using as diesel fuel supplement is limited by the widely differing chemical and physical properties, namely
its extremely low cetane number. While, biodiesel as sustainable energy source is very popular in transport
sector because using of neat biodiesel or at low percentage blend levels with ultra-low-sulphur diesel
(ULSD) has positive impact on the environment, economic growth and the creation of new production works
in rural areas.

The purpose of the experimental and numerical investigations was to define the biofuel oxygen of
various origins-made effects on the combustion process in a turbocharged CRDI diesel engine operating
under brake mean effective pressures (bmep) = 1.24, 1.37 and 1.40 MPa developed for overall air-fuel ratios
of A =1.30, 1.25 and 1.20 at the respective speeds of 1500, 2000 and 2500 rpm. The numerical simulation
aimed to solve some sensitive issues related to a challenging task how to separate the fuel-oxygen itself-
made effects on the combustion process from additional changes caused by the combined contribution of the
widely differing chemical and physical properties of anhydrous (99.9 wt%) ethanol or rapeseed oil methyl
ester (biodiesel) in the experimental study.

RESEARCH METHODOLOGY, ENGINE TEST SET UP AND TEST FUELS

The fuel components used to prepare fuel blends for diesel engine tests: fossil origin diesel fuel (LST
EN 590:2014+AC, Ltd. ,,Orlen Lictuva®); Hydrotreated Renewable Diesel (HRD) (NESTE OIL, Finland);
anhydrous (200 proof, 99.9 wt%) Ethanol (LST EN 15376:2015); rapeseed oil methyl ester — Biodiesel (B)
(LST EN 14214:2014, Ltd. ,,Rapsoila‘).

The fuel-oxygen mass content has been changed from 0 to 4.5 wt % with identical increment rates for
both E and B fuel groups, but these blends were purposely premixed in such proportions by mass to maintain
the blending cetane number value the same of CN = 55.5 (Table 1). This precondition is important to
evaluate accurately the ethanol E1-E5 or biodiesel B1-B5 oxygen-made effects on the ignition delay time,
combustion history and heat release rate with the following changes in burn angle MBF 50 and the peak in-
cylinder pressure. This achieved by reasonable comparison of the obtained data between themselves in the
same fuel group, between differing fuel groups E and B and with the respective values measured with the
reference, oxygen-free fuel blend EO/BO to reveal the existing developing trends in the studied combustion
process.

Table 1. Basic chemical and physical properties of the test fuels.

Code of . Oxygen, Carbon to Stoichiometric Net heatin
fuel blends Diesel/HRD/Ethanol V\ytg/o hydrogen ratio | air/fuel ratio, kg/kg | value, MJ/I?g
EO 0,85/0,15/0 0 6,45 14,59 43,12
El 0,804/0,196/0,974 0.9 6,33 14,48 42,74
E2 0,755/0,245/0,948 1.8 6,22 14,36 42,36
E3 0,704/0,296/0,922 2.7 6,11 14,24 41,97
E4 0,65/0,35/0,896 3.6 6,00 14,13 41,59
E5 0,592/0,408/0,87 4.5 5,89 14,01 41,21
Code of . - Oxygen, Carbon to Stoichiometric Net heatin
fuel blends Diesel/HVO/Biodiesel V\)l/t%’]/o hydrogen ratio | air/fuel ratio, kg/kg | value, MJ/kgg
BO 0,85/0,15/0 0 6,45 14,59 43,12
Bl 0,835/0,165/0,916 0.9 6,43 14,44 42,64
B2 0,817/0,183/0,833 1.8 6,42 14,28 42,16
B3 0,795/0,205/0,75 2.7 6,41 14,13 41,68
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B4 0,768/0,232/0,667 3.6 6,39 13,97 41,21
BS 0,733/0,267/0,583 4.5 6,38 13,82 40,72

Experimental engine tests performed at Power and transport machines engineering institute of
Vytautas Magnus University (VDU). A turbocharged Common Rail Direct Injection (CRDI) diesel engine
FIAT 192A1000 was implode for the experiments, basic design features and operational parameters of
which are listed in Table 2.

Table 2. Basic design and performance parameters of the engine.

Engine type Four-cylinder, in-line, turbocharged, JTD
Fuel injection system Common rail, direct injection (CRDI)
Engine displacement 1910 cm®

Bore x Stroke 82x90.4

Compression ratio 18.0:1

Rated power 85 kW (115 HP)

Maximal torque 255 Nm (EEC), at 2000 rpm

Maximum injection pressure 1400 bar (140+0.5 MPa)

Schematic view of the test stand, equipment, and measuring apparatus used during the experiments
shows Fig. 1. The basic operational parameters determined by measuring engine torque, rotation speed of the
crankshaft and turbocharger boost pressure during the experimental tests.

AirFeeding AVL

[asiter A MAFE]  Tank N Fuel Fuel tank

Balance

I I

AC Dynamometer

| Kistler SCP I

AVL IndiModul

Intercooler] ]

Gas Analyser

Bosch
—{ Smoke Meter]

Fig. 1. Schematic arrangement of the engine test stand: (1) AVL crank-angle encoder; (2) piezoelectric
in-cylinder pressure transducer; (3) fuel high-pressure line transducer at the injector; (4) air boost pressure
sensor in the intake manifold.

Load characteristics with diesel-HRD fuel blends involving ethanol (E) or biodiesel (B) components
achieved at the three engine speeds of 1500, 2000 and 2500 rpm with a special attention to the maximum
values of loads matching the respective bmep of 1.24, 1.37 and 1.40 MPa to have a wider view for sound
interpretation of the test results. Turbocharger boost pressure in the intake manifold was maintained at
constant value of p, = 1.60 bar to guarantee identical temperature of the incoming air and the combustion
conditions for both E and B fuel groups at the tested engine speeds.

A high-speed multichannel indicating system, which consisted of an AVL angle encoder 365C and
high-performance pressure transducer GU24D coupled to the AVL microlFEM piezoelectric amplifier and
signal acquisition platform IndiModul 622, has been employed for the recording, acquisition, and processing
of fast crank-angle gas pressure signals in the first cylinder. The profiles of net heat release rate in the
cylinder calculated by using averaged in-cylinder pressure-data summarized over the 100 engine-cycles,
instantaneous cylinder volume, and their first order derivatives with respect to crank angle. The productivity
and accuracy of the measured test results increased using of the experimental data post-processing Software
AVL CONCERTO™ advanced version 4.5.

The start of injection (SOI) recorded by using the Kistler piezoelectric pressure sensor ASMB 470004-
1 attached with a clamp adapter on a high-pressure pipe just in front of the injector. As the start of injection
was taken crank angle, at which the fuel pressure in a high-pressure pipe temporally drops down due to
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opening of the nozzle-needle-valve of the injector. As the start of combustion (SOC) was taken crank angle,
at which the net heat release-rate crosses the zero line and changes its value from the minus side to the plus
side. The auto-ignition delay determined as a period in CADs between the SOI and the SOC with an
accuracy of £ 0.1°.

The AVL BOOST software programme was adapted for numerical simulation to increase the potential
influence affecting variation range of fuel blends of various origins involving biofuel-oxygen mass contents
increased by the same increment rates within a wide range of 0 to 4.5wt% on the main parameters of the
combustion process. The experimental data collected from the university’s engine testing laboratory were
used in the numerical modelling. The data obtained from the experimental measurements such as the start of
combustion and combustion duration were taken for the numerical modelling at first. These data further
supported by the Vibe function shape parameter “m”, oxygen content in the tested fuel blends, operating
modes of an engine were processed by using MATLAB programme in order to reveal and describe the
potential influence of the fuel-oxygen on the combustion parameters.

THE ENGINE TEST RESULTS AND ANALYSIS

The auto-ignition delay period depends on the temperature inside the cylinder, overall air-fuel ratio
and the chemical structure of the fuel, if or when the blended cetane number remains of the same value. The
auto-ignition delay of a pilot fuel portion for the respective more ethanol (E4) and less biodiesel (B3)
oxygenated fuel blends unevenly increases to reach 10.2% and 6.8% higher levels against, 5.9° CADs, over
which the reference blend E0/BO catches on fire when running at the low speed of 1500 rpm (Fig. 2). The
auto-ignition delay unpredictable changes with increasing fuel-oxygen enrichment rate due to greater than
before temperature inside the cylinder after transition to a higher speed.
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Fig. 2. The auto-ignition delay as function of ethanol-oxygen or biodiesel-oxygen mass content in fuel blends
for the engine running under full (100%) loads corresponding to the respective bmep = 1.24, 1.37 and 1.40
MPa at speeds of 1500, 2000 and 2500 rpm.

Now, the auto-ignition delay period for blend’s E4 case converts to be relatively 1.5% higher and, on
the contrary, for biodiesel-oxygenated blend B3 it becomes relatively 1.5% lower than the reference blend
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EO0/BO suggests, 6.80 CADs, for maximum torque speed of 2000 rpm. Thus, the increase in the fuel-oxygen
mass content in the different ways affects the compression ignition delay at the tested speeds. Changes in the
ignition delay caused not only the increase in the fuel-oxygen mass content, but also contributed both the
increased with peed effect of air swirl in the combustion chamber and the widely differing physical
properties of the tested fuels. However higher density, kinematic viscosity and slower evaporation of
biodiesel droplets does not create significant disadvantages for the ignition process, despite the fact that 3.2
times more biodiesel was added to diesel-HRD fuel blends to maintain the same fuel-bound oxygen mass
contents as those used in ethanol-oxygenated blends.

However, the biggest changes in the auto-ignition delay period occur when running with fuel blends
involving biofuels of various origins at the high speed of 2500 rpm. The auto-ignition delay progressively
increases reaching the highest value of 8.2° CADs (10.8% longer) when running with blend E3, while when
using blend B4 it moves down to the lowest point of 6.4° CADs (13.5% shorter) than, 7.4° CADs, oxygen-
free blend EO/BO catches on fire under the same test conditions. Homogeneous combustible mixture with
about three-fold as much higher latent heat of vaporisation and lower heating value of ethanol contributes to
longer auto-ignition delay. The chemical structure of ethanol CH3CH2O0H, in which the hydroxyl functional
group (—OH) is attached to a carbon atom by a single, strong bound may worsen the auto-ignition process as
well. While the reduction of the auto-ignition delay with fuel blend involving biodiesel B4 can be reasonably
attributed to the fact that the air-fuel mixture involving biodiesel is a more heterogeneous and some part of
biodiesel-oxygen is in double bounds with radicals that increases the oxidation chances. For these reasons,
the fuels involving ethanol almost-always suggest the auto-ignition delay period longer than biodiesel-
oxygenated blends containing the same fuel-oxygen mass content with the differences between the two fuel
groups being higher the higher the speed of an engine [10]. The scientists Shropshire and Goering among the
first researchers noticed this phenomenon made by the ethanol injected into the intake manifold [11].
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Fig. 3. Maximum heat release rate as function of ethanol-oxygen or biodiesel-oxygen mass content in fuel
blends for the engine running under full (100%) loads corresponding to the respective bmep =1.24, 1.37 and
1.40 MPa at speeds of 1500, 2000 and 2500 rpm.
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As can be seen in Fig. 3, the increase up to certain degree of improvement in the fuel-oxygen
enrichment rate positively affects maximum (net) heat release rate (HRRm.), Which increases for the
respective E4 and B1 blends reaching relatively 2.3% and 2.2% higher values under overall air-fuel ratio of A
= 1.30 at the low speed of 1500 rpm. The HRR»x monotonously increases with the increase in the fuel-
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oxygen mass content suggesting for the respective E3 and B4 blends relatively 5.0% and 4.0% higher values
developed under overall air-fuel ratio of A = 1.25 at maximum torque speed of 2000 rpm as well. It is worth
to underline that maximum heat release rate in the kinetic combustion phase (Fig. 3) does not actually
depend on the noted changes in the auto-ignition delay of a pilot fuel portion (Fig. 2). This hypothesis rests
on the fact that, the HRR .« increases similarly for both fuel groups reaching with the respective E3 and B5
blends 3.5% and 9.9% higher values than that value of 65.5 J/deg. the combustion of the reference blend
EO0/BO produces under overall air-fuel ratio of A = 1.20 at the high speed of 2500 rpm. In general, maximum
heat release rate in (J/deg.) decreases with the increase in the engine rotational speed and this decrease
proceeds even faster in units of time (J/s) when running at the high speed of 2500 rpm, therefore a period of
time, which is available to perform each engine cycle, becomes extremely limiting factor.

Burn angle MBF 50 represents the center of a gravity of differential heat release curve and affects
fuel-energy conversion efficiency in the cylinder. The smaller the crank angle ATDC at which 50% of fuel-
energy releases in the cylinder, the lower are heat losses in the expansion stroke and thus higher thermal
efficiency an engine will be able to achieve. Analysis of the columns in Fig. 4 shows that a half portion
specified by burn angle MBF 50 of ethanol (E4) and biodiesel (B1) oxygenated blends burns relatively by
1.9% and 0.9% sooner in an engine cycle than oxygen-free blend EO/BO does under overall air-fuel ratio of A
= 1.30 at the low speed of 1500 rpm. The positive role of fuel-bound oxygen of both E and B origins in
relocating of specific angle MBF 50 close to constant volume combustion (ATDC) and thus reducing the
heat losses to the cooling system becomes even greater after transition to the higher speeds. As can be seen
in columns of Fig. 4, chemical and physical properties of a lighter and volatile ethanol positively affect the
combustion process and therefore specific burn angle MBF 50 almost-always is smaller when running with
ethanol-oxygenated blends possessing various fuel-oxygen enrichment rates rather than with their respective
biodiesel-counterparts s under identical overall air-fuel ratios and rotational speeds.
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mass content in fuel blends for a diesel engine running under full (100%) loads corresponding to the
respective bmep = 1.24, 1.37 and 1.40 MPa at speeds of 1500, 2000 and 2500 rpm.
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As a result, plenty oxygenated blends E4 and B5 took advantage in promoting the combustion
process and thus specific burn angle MBF 50 reduces by 6.6% and 2.0% with regard to the reference value
of 15.1° CADs ATDC that oxygen-free blend EO/BO produces for overall air-fuel ratio of A = 1.25 at
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maximum torque speed of 2000 rpm. Specific burn angle MBF 50 decreases proportionally to the increase
in the fuel-oxygen mass content reaching for the most oxygenated fuel blends of both E5 and B5 origins
relatively 4.2% and 3.0% lower values than that of 16.6° CADs ATDC the reference blend E0/BO suggests
for overall air-fuel ratio of A = 1.20 at the high speed of 2500 rpm. Thus, the positive role of the increased
biofuel oxygen mass content of both ethanol and biodiesel origins in the combustion reactions is higher, the
higher the speed of an engine and thus shorter is time-span available to efficiently perform each engine
cycle.

Maximum in-cylinder pressure developed by the combustion of the tested fuel blends decreases with
the increase in the rotational speed mainly because the turbocharger boost pressure was maintained of the
same value of p, = 1.60 bar for all engine speeds tested (Fig. 5). It is worth to note that the in-cylinder pressure
decreases with the increase in the fuel-oxygen mass contents of both E an B origins when running under
overall air-fuel ratio of A = 1.30 at the low speed of 1500 rpm. In result, the peak in-cylinder pressure
developed from combustion of oxygenated blends E4 and B4 is relatively 1.5% and 2.2% lower than that of
137 bar the combustion of the reference blend EO/BO produces under considered test conditions.
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Fig. 5. Maximum in-cylinder pressure as function of ethanol-oxygen or biodiesel-oxygen mass content in
fuel blends for an engine running under full (100%) loads corresponding to the respective bmep = 1.24, 1.37
and 1.40 MPa at speeds of 1500, 2000 and 2500 rpm.

The importance of fuel-bound oxygen in the combustion process increases with the increase in the
engine speed and therefore in-cylinder pressure pmax converts to be relatively 5.0% (E4) and 0.8 (B4) higher
than, 120 bar, the burned oxygen-free blend EO/BO produces for lower overall air-fuel ratio of A = 1.25 at
maximum torque speed of 2000 rpm. The relative increase in the peak in-cylinder pressure is of the same
value of 2.6% for both the combustion of less ethanol-oxygenated blend E3 and the most biodiesel-
oxygenated blend B5 produce for overall air-fuel ratio of A = 1.20 at the speed of 2500 rpm. Thus, relatively
more biodiesel-oxygen needed to attain the same increase in the maximum pressure value because the low
volatility of biodiesel with a bigger in diameter fuel droplets further aggravated by the highest initial/final
boiling points 346/366 with extremely limited interval between them negatively affects all the vaporization
intensity, the air-fuel mixing rate and thus the combustion process.
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The peak in-cylinder pressure-location angle Apmax from combustion of the most oxygenated fuels of
both E5 and B5 origins moves by 0.6 and 0.5 CADs with regard to the reference value, 10.4 CADs ATDC,
away from TDC with the increase in the fuel-oxygen mass content towards bigger cylinder volume at the low
speed of 1500 rpm (Fig. 6). As a result, the noted decrease in pmax 0ccurs at the low speed of 1500 rpm, and
vice versa, transfer of Apmax back to constant combustion volume positively affects sensitive interrelationship
between both parameters promoting the development of pressure pmax from combustion of the fuels of both E
(more) and B (less) origins at speed of 2000 rpm (Fig. 5). Thus, even negligible, relative relocation of
specific angle Apmax by 1.2 (E5) and 0.5 (B5) CADs towards TDC results into noticeable increase in the
maximum in-cylinder pressure in this particular case. This means, the smaller the in-cylinder volume
occupied by the flame is, the higher will be the peak in-cylinder pressure’s sensitivity to the potential Apmax
changes made by the increased fuel-oxygen mass content.
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Fig. 6. Changes in the location angle Apmax depending on ethanol-oxygen or biodiesel-oxygen mass content
in fuel blends for an engine running under full (100%) loads corresponding to the respective bmep = 1.24,
1.37 and 1.40 MPa at speeds of 1500, 2000 and 2500 rpm.

In contrast to the widely differing pmax and Apmax developing trends at the low speed of 1500 rpm, both
the combustion history related parameters demonstrate the simultaneous increase with the increase in the
fuel-oxygen mass content of both E and B origins after transition to the high speed of 2500 rpm. The relative
increase in specific burn angle Apmax initiated by the combustion of the most oxygenated (4.52 wt%) fuel
blends E5 and B5 compiles 0.1 and 0.5 CADs only. However, even a small change of the angle Apmax in a
company with the improved maximum in-cylinder pressure pms may contribute to faster development of
engine torque and power output that improves acceleration of a turbocharged CRDI diesel engine.
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PL1

lSBlg
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Fig. 7. Numerical modelling of the combustion process in a diesel engine (4 cylinders, 82.0x90.4) by using
the AVL BOOST software programme. SB — system boundaries; PL1 — intake manifold, PL2 — exhaust
manifold, MP — measurement points; C — cylinders, E1 — engine parameters.

A simplified model of the AVL programme was selected for simulation of the combustion process in a
turbocharged CRDI diesel engine (Fig. 7). The needed geometrical data of specific engine elements are
imported on the basis of known geometrical parameters of a diesel engine FIAT 1.9 JTD to be employed in
the experimental research. The initial data required for numerical simulation: the start of combustion and
duration of combustion, Vibe function shape parameter “m” of heat release characteristics in the combustion
process and Vibe parameter “a” were generated by the MATLAB programme following the summarisation
of the experimental research results and having formulated the alteration characteristics of the combustion
process parameters. The developed simulation model allows quantifying and predicting of the influence of
ethanol-oxygen or biodiesel-oxygen mass content (0-4.5% wt%) in the blends on the combustion parameters.
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Fig. 8. Comparison between the numerical simulation and experimental data of the peak in-cylinder pressure
and maximum heat release rate for diesel-HRD fuels involving ethanol-oxygen or biodiesel-oxygen

As it follows from the analysis of Fig.8, there are some discrepancies in HRR, between both the
numerical modelling and the experimental data. The numerically simulated maximum heat release-rate from
combustion of the most ethanol-oxygenated blend E5 varies from being relatively 1.9% lower (0.98 MPa) to
9.3% higher (1.41 MPa), while the combustion of adequate percentage biodiesel-counterpart BS produces
HRRmax always from 2.3% (0.76 MPa) to 9.3% (1.51 MPa) higher than the respective experimental data
obtained at speed of 2500 rpm. In agreement to the noted discrepancies in the HRR.x, the computer-
generated maximum pressure pmax inside the cylinder also fluctuates within similar ranges of being relatively
10.4% lower at the low, 0.45 MPa, load to be 10.2% higher at medium, 1.20 MPa, load when using the most
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ethanol-oxygenated blend B5 under the same test conditions. While, the discrepancies in pressure pmax vValues
between the computer-generated values and the experimental data vary from being 6.7% lower (0.45 MPa) to
9.7% higher (1.20 MPa) when running with the most biodiesel-oxygenated blend B5 at the high speed of
2500 rpm. Thus, the coincidence of both HRRy.x and pmax Values between the numerical modelling and
experimental data is good enough as declared in Ref. [12], and the accuracy remains in more or less tolerable
variation limits for both E and B fuel groups. This shows the potentials of AVL BOOST programme as an
excellent tool for numerical simulation of the combustion processes in DI diesel engines.

CONCLUSIONS

Experimental and numerical investigation were conducted when running a turbocharged CRDI diesel
engine with diesel-HRD fuel blends oxygenated in the same percentages (0-4.52 wt%) with ethanol-oxygen
(E1-E5) or biodiesel-oxygen (B1-B5) under overall air-fuel ratios of A = 1,30, 1.25 and 1.20 at the respective
speeds of 1500, 2000 and 2500 rpm to reveal the fuel-oxygen-made effect on the combustion process.
Comparative analysis of the test results obtained with the above mentioned fuels possessing the same
blended cetane number value of CN = 55.5 revealed:

e The auto-ignition delay of a pilot fuel portion for the respective blends E4 and B3 is relatively 10.2%
and 6.8% higher at the low speed of 1500 rpm. It remains relatively 1.5% higher (E4) or converts to
be 1.5% lower (B3) at speed of 2000 rpm. But the biggest relative changes in the ignition delay
occur at the higher speed of 2500 rpm, - it progressively increases to the highest value of 8.2° CADs
(10.8% longer with blend E3) or moves down to the lowest point of 6.4° CADs (13.5% shorter with
blend B4).

o Maximum heat release rate in the first combustion phase does not depend on the auto-ignition delay
of a pilot fuel portion that is the fact particularly evident at the higher speed of 2500 rpm. While
HRRma IS relatively 2.3% (E4) and 2.2% (B1) higher when running at the low speed of 1500 rpm. It
predictably increases with the increase in the fuel-oxygen enrichment rate up to certain degree to be
relatively 5.0% (E3) and 4.0% (B4) higher at maximum torque speed of 2000 rpm as well.

e Burn angle MBF 50 is relatively 1.9% (E4) and 0.9% (B1) smaller at the low speed of 1500 rpm.
Positive role of the fuel-oxygen enrichment rate increases with the increase in engine speed and thus
blends E4 and B5 took advantage in reducing burn angle MBF 50 by 6.6% and 2.0% for maximum
torque speed of 2000 rpm. Specific angle MBF 50 from burning of the most oxygenated fuels E5 and
B5 is relatively 4.2% and 3.0% smaller the high rotational speed of 2500 rpm as well.

e The peak pressure pmax developed from combustion of blends E4 and B4 is relatively 1.5% and 2.2%
lower when running a fully (100%) loaded engine at the low speed of 1500 rpm. The importance of
the fuel-oxygen enrichment rate increases with the increase in speed, therefore pressure pmax converts
to be relatively 5.0% (E4) and 0.8 (B4) higher at speed of 2000 rpm. The relative increase in pmax is
the same of 2.6% the combustion of both E3 and B5 blends produces for the high speed of 2500 rpm.

e The peak in-cylinder pressure-location angle Apm.« moves away from TDC towards a bigger
cylinder volume by 0.6 (E5) and 0.5 (B5) CADs with the increase in fuel-oxygen mass content at the
low speed of 1500 rpm. Even negligible relative relocation by 1.2 (E5) and 0.5 (B5) CADs of angle
Apnax towards TDC results into noticeable increase of pmax at speed of 2000 rpm. While the relative
increase in the angle Apmax compiles only 0.1 (E5) and 0.5 (B5) CADs ATDC at the high speed of
2500 rpm.
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Jlabeukac I., Cnasunckac C., Kananxkuene U. Hccnedosanue enusanue Kuciopooa ¢ monsuee
PA3AUUHO20 HPOUCXOHCOCHUS HA npoyece czopanus 6 ousenvnom osuzamene CRDI ¢ mypoonaodysom.

B crarbe mpuBomMTCS aHaNM3 BIMSHHUS KUCIOPOZa B TOIUIMBE PAa3jIMYHOTO MPOUCXOXKICHHUS Ha
MPOIIECChl CAMOBOCIIIIAMEHEHHUS U cropaHust B au3eibHoM aBuraresie CRDI ¢ TypOonaiyBoM nipu cpeHUX
spdexTuBHbIX nasneHusx 1.24, 1.37 u 1.40 MIla pa3suBaembIx Tpu 00mKX KOIPPUIHMEHTaX H3OBITKA
Bozayxa A = 1.30, 1.25 u 1.20 Ha coorBeTcTByrommx 4vacrorax BpameHus 1500, 2000 u 2500 MUH
OKCIIepUMEHTaIbHBIE HUCCIEAOBAHUS W YHCICHHOE MOJISIMPOBAHNE BO3JEHCTBHS OWOTOILIMBHOTO
KHCJIOpOJIa Ha XapaKTepPUCTHKH TPOIEcca CTrOpaHMs BBIMOJHEHbI MpPU BbBIIIE YKa3aHHBIX CPETHHX
3¢ (EeKTUBHBIX NaBIEHUSIX W YCIOBHSX pPaOOTHI, HaWOOJee XapaKTEePHBIX I TYpOOHAIAYBHOTO IH3EIIS.
OreHKa KauYeCTBEHHBIX W KOJMYECTBEHHBIX U3MEHEHHI B XapaKTEPUCTUKAX MPOIlecca CrOpaHus BBITOHEHA
C YYeTOM XHMHYECKHX U (UIUUECKUX CBOWCTB CMeCEH JHM3ENbHOTO TOIUIMBA M THIPHUPOBAHHOE
B0300HOBIsIEMOT0 au3ensHoro tormuBa (HRD), oboramieHHBIX B OAMHAKOBBIX TpOIEHTax 1o macce 0
(EO/BO), 0.91 (E1/B1), 1.81 (E2/B2), 2.71 (E3/B3), 3.61 (E4/B4) u 4.52 wt% (E5/B5) kucmopomom
Pa3IUYHOrO MPOUCXOXKICHUS, - Oe3BoaHBIM (200 proof) stanosnom (E) win MeTHIIOBBIM 3HPOM ParicoBOro
Mmacnia (B) mpu ocTtaTo9HO BRICOKOM B 00€HX TOIUTMBHBIX TPyIIaxX HETaHOBOM yucie 55,5. CpaBHUTEIbHBIN
aHaJIM3 B KOJIMYECTBEHHBIX H3MEHEHMAX MIEPHO/IA 3a/IEPKKH CAMOBOCIITIAMEHEHHUS TIPEIBAPUTEILHON TTOPLUI
TOIUIMBA, cnienuduyeckoro yria cropanus MBF 50, makcumanbsHO# ckopoctH TerioBbiaeneHus (HRRmax)
W MaKCHUMAaJbHOTO JIABJICHWS B MWIHHApPE (PMAax) B WTOre NPHMEHEHHUS KUCIIOPOJOM OOOTameHHBIX
TormuBHBIX cMecedl E1-ES5 nmnm B1-B5 BbimonHeH ¢ y4eTOM COOTBETCTBYIOIIMX 3HAUYCHHWH MapaMeTpoB
3aMEepeHHBIX MPU paboTe JABUTATENS HAa HOPMalbHOM cMmecu (HONMb kuciopoaa) EOQ/BO ¢ 1espio BBISIBUTH
MOTEHIIMATBHBIC TCHICHITUH PA3BUTHS MPOIEcca CTOPaHUSI.

KnroueBrle cnoBa: /[M3eNbHBIN IBUTATENb; 3KOJIOrHYeckn urcToe TormnBo HRD; tommuBHBIE cMecH,
oOoraiieHHble 3TaHOJIOM M Ouoau3elieM; CaMOBOCIUIAMEHEHHE; IPOLIECC CrOpaHus; TEIUIOBBIIEICHUE;
MaKCUMaJIbHOE JJaBJICHHE B IIMJIHH/IPE.

JIABEIIKAC ['sudonac, 1OKTOp TEXHHYECKUX HayK, mpodeccop MHCTUTYTa MHKEHEPHH CUIIOBBIX H
TpaHCIIOPTHBIX MamuH, Vytautas Magnus University, e-mail: gvidonas.labeckas@vdu.lt;

CIIABUHCKAC Cmacuc, TOKTOp TEXHUIECKUX HaAyK, Mpodeccop MHCTUTYTa WHKEHEPUH CHIIOBBIX U
TpaHcHOpTHBIX MamuH, Vytautas Magnus University, e-mail: stasys.slavinskas@vdu.lt;

, 2020, Ne1 (14)



https://doi.org/10.1155/2018/2894908
mailto:gvidonas.labeckas@vdu.lt
mailto:stasys.slavinskas@vdu.lt

© Labeckas G., Slavinskas S., Kanapkiené 1. 2020

KAHAIIKHUEHE |pena, NOKTOp TEXHWYECKUX HAyK, JIKTOp MHCTHTyTa WHKCHEPHUH CHJIOBBIX H
TpaHCHOPTHBIX MarnH, Vytautas Magnus University, e-mail: kanapkiene.irena@gmail.lt

Gvidonas LABECKAS, Ph.D. in Engineering, Professor of Power and Transport Machinery
Engineering Institute, Vytautas Magnus University, e-mail: gvidonas.labeckas@vdu.lt;

Stasys SLAVINSKAS, Ph.D. in Engineering, Professor of Power and Transport Machinery Engineering
Institute, Vytautas Magnus University, e-mail: stasys.slavinskas@vdu.lt;

Irena KANAPKIENE, Ph.D. in Engineering, lecturer at Power and Transport Machinery Engineering
Institute, Vytautas Magnus University, e-mail: kanapkiene.irena@gmail.lt

Acknowledgement.

The authors gratefully acknowledge the Company AVL-AST, Graz Austria, for granting according
University’s partnership program to Vytautas Magnus university AVL-BOOST software programme
essential for numerical simulation to enhance the processing quality of the engine test data.

DOI: https://doi.org/10.36910/automash.v1i14.341

, 2020, Ne1 (14)


mailto:kanapkiene.irena@gmail.lt
mailto:gvidonas.labeckas@vdu.lt
mailto:stasys.slavinskas@vdu.lt
mailto:kanapkiene.irena@gmail.lt
https://doi.org/10.36910/automash.v1i14.341

© Labeckas G., Slavinskas S., Mackevi¢ius T. 2020

V]IK 622.625.28
UDC 622.625.28

Labeckas G., Slavinskas S., Mackevicius T.
Vytautas Magnus university, Kaunas-Academy, Lithuania

PERFORMANCE AND EMISSIONS OF A DIESEL ENGINE OPERATING WITH RENEWABLE
. BINARY BIODIESEL-N-BUTANOL BIOFUEL BLENDS

This paper presents a comparative analysis of the diesel engine performance and emission characteristics, when
operating on rapeseed methyl ester (B) and rapeseed methyl ester -butanol (Bu5, Bul0, Bul5) blends, at various loads
and 2000 rpm engine speeds. The experimental tests were performed on a four-stroke, single-cylinder, air-cooled
diesel engine FL511. The bench test results showed that the brake specific fuel consumption increased, when
operating on biodiesel-butanol fuel blends compared to neat biodiesel. The maximum brake thermal efficiency
sustained at the levels from 7.3% to 12.9% lower in comparison with neat biodiesel operating at low engine load.
When the engine was running at maximum torque mode using biodiesel-butanol fuel blend Bul5 the total emissions of
nitrogen oxides decreased. Thus, the greatest fossil fuel challenge related with the simultaneous reduction of both the
NOx emissions and the smoke opacity (PM) could be reasonably solved by switching a diesel engine on totally
renewable biodiesel-n-butanol biofuel blends.

Keywords: diesel engine, rapeseed oil derived biodiesel, n-butanol, engine efficiency, brake specific fuel
consumption, emissions, smoke opacity.

INTRODUCTION

The Directive 2009/28/EC of the European Parliament and the Council on the promotion of the use of
energy from renewable sources [1] approved a target of a 20% of European energy consumption using
renewable fuels in a cost-effective way. This Directive fixes at 10% the minimum consumption of renewable
fuel used in transport-sector by 2020 and creates a challenge for both the scientists and the industry. Keeping
in a track with the newest trends to use lighter and more environment friendly biofuels for a diesel engine
powering, Giakoumis et al. [2], Rakopoulos et al. [3], Labeckas et al. [4] tested n-butanol in diesel fuel
blends. The research revealed [4], due to the longer auto-ignition delay period of a pilot portion of diesel-n-
butanol fuel blends both the fuel-energy conversion efficiency representing burn angle MBF 50, at which
burns a half of the injected fuel portion, and the end of combustion occur earlier in an engine cycle after
TDC. In result, the brake thermal efficiency increases to maximum value of 0.383 when running with diesel
fuel blend involving n-butanol DB3 (3.0 wt% oxygen) at speed of 1800 rpm. While the NO,, CO and THC
emissions decrease by 5.1%, 29.5% and 3,7 times, respectively, when running with the most n-butanol
involving blend DB4 (4.0 wt% oxygen) against analogous values a fully loaded straight diesel produces at a
higher speed of 2500 rpm. The scientists Sukjit et al. [5] progressed further with totally renewable and
environment friendly binary, biodiesel-n-butanol biofuels adding to the intake manifold hydrogen to enhance
combustion and drastically reduce CO and particulate matter (PM) emissions in compression ignition
engines.

Normal butanol (CH3;CH,CH,CH,OH) with molecular weight of 74.12 g/mol. is an alcoholic-origin
colourless liquid of medium volatility and a characteristic banana-like odour. It is flammable enough with a
flash point of around 35 "C, contains 21.62 wt.% of fuel-bound oxygen with a boiling point of about 117.40
°C at 760 mm Hg. This renewable biofuel added to widely known rapeseed oil methyl ester (RME) reduces
density, viscosity, C/H atoms ratio and provides plenty of fuel-bound oxygen that along with its good
evaporative properties improves both the air and fuel vapours mixing rate and the combustion of biofuel
blends. Because biodiesel and n-butanol contain a lower number than traditional diesel fuel the carbon atoms
in the molecules, the enhanced combustion takes the advantage to reduce the total amount of both CO, and
CO emissions below the respective values of neat biodiesel or from a straight diesel could be expected.
When being used as a oxygenator source in the above tests, anhydrous, 200 proof, ethanol (CHsCH20OH -
99.9 vol%) created more concern to the researchers than n-butanol in terms of the blends consistency, auto-
ignition delay extension and combustion peculiarities. However, the presence of a lighter n-butanol in
biodiesel also reduces the blended cetane number rating, net heating value and thus affects mass of biofuel
consumed per unit of energy or effective power developed by an engine. A sensitive interaction between
advantageous and disadvantageous operational properties of renewables with a widely differing nature,
origin and production technology of biodiesel and n-butanol may lead to ambiguous development trends in
the combustion attributes, net heat release rate and engine out emissions [4].

Wei et al. [6] investigated and compared biodiesel-ethanol (BE) and biodiesel-n-butanol (BBu) blends-
made effects on combustion, performance and emissions of a direct-injection diesel engine. Experiments
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were conducted on a straight diesel, biodiesel and BE5 (5% ethanol and 95% biodiesel, v/v), BE10, BE15
and BBu5, BBul0, BBul5 biofuel blends, at five engine loads and constant speed of 1800 rpm. The blended
fuels lead to higher maximum heat release rate, higher maximum in-cylinder pressure, longer auto-ignition
delay, and shorter combustion duration that all in a company evoked adverse effect on combustion noise and
stability particularly when running with the BE blends. Moreover, on average of the five engine loads, the
BBu and BE blends increased CO emission by 13.7% and 22.8% and HC emission by 5.6% and 29.2%,
respectively; but reduced NO, emission by 6.5% and 28.0%, particle mass concentration by 20.7% and
20.6% and particle number concentration by 22% and 21%, respectively. Thus the BE blends revealed
themselves as being more effective in reducing particulate and NO, emissions, while the BBu blends
suggested less increase in CO and HC emissions [6].

Z6ldy [7] conducted a wide-range chemical-analytical investigation on properties of butanol,
hydrogenated vegetable oil and diesel fuel blends and measured nearly 20 chemical and physical parameters,
especially such as flash point, cetane number, viscosity and cold filter plugging point (CFPP) to find out
whether or not the three component blends are suitable for compression ignition engines. The researcher
estimated that the viscosity decreases within the test range nearly liner and every 1% of butanol mass content
(v/v %) added to the blend causes slight 1.4% decreasing effect on viscosity. He also noted that the added
butanol decreases the blend’s flash point to around 40 °C that is under the standard DIN EN ISO 2719,
revised in 2016, minimum. This decrease is critical from the point of view of transportation fire-safety and
logistics security. Because butanol-diesel and/or n-butanol-biodiesel fuel blends are flammable, the security
equipment needs to be used as in the gasoline supply chain. Through wide-range experimental tests, the
author disclosed that there about a liner relationship exists and the increase by 1 % of butanol in Hydro-
treated Vegetable Oil (HVO) content decreases the blended CN rating with an average of 0.4 points.

A lot of the research and development performed on n-butanol using in a diesel engine, however, there
is not completely clear what could be the rational renewable biodiesel and n-butanol mixing rate that could
be acceptable for diesel-powered machines and power generators. To make a difference, the undertaken
research intends to put more light on the changing trends in performance parameters of a diesel engine,
biofuels energy conversion efficiency and emissions of the exhaust when running alternately on neat
biodiesel (B) derived from rapeseed oil as a ‘baseline’ fuel and a totally, renewable binary liquid biodiesel-n-
butanol blends. Purpose of the research is to improve engine brake thermal efficiency, reduce NO,, CO, CO,
emissions and smoke opacity of the exhaust when running a single-cylinder, DI diesel engine on binary
biodiesel-n-butanol blends under 5, 10, 15, 20, 25, 30 and 35 Nm loads and maximum torque speed of 2000
rpm. A four-stroke, air-cooled, naturally-aspirated diesel engine operated on a neat biodiesel (B) first, and
then with the three totally renewable, binary biodiesel-n-butanol (BBu) blends BBu5 (95 vol.% B/5 vol.%
Bu), BBu10 (90 vol.% B/10% Bu) and BBu15 (85vol.% B/15vol.% Bu) under the same loading conditions.

The test results of engine operation with various biodiesel-n-butanol blends are analysed and compared
with the respective parameters measured when running with neat biodiesel derived from rapeseed oil at the
respective loads, with particular attention to full (100%) engine load, at constant speed of 2000 rpm. Because
of the absence of polycyclic aromatic hydrocarbons in renewable biofuel blends, higher brake thermal
efficiency, lower maximum NO, and drastically reduced CO emissions and smoke opacity (PM) could
reasonably be expected due to potentially improved homogeneity of combustible mixture and particulate
matter (PM) emissions benefits suggested by higher n-butanol-oxygen mass content (21.62 wt%) and much
lower carbon-to-hydrogen ratio (4.8).

MATERIALS AND METHODS OF THE RESEARCH

Regardless of both biodiesel (B) and n-butanol (Bu) are of the same renewable nature, nevertheless, the
production of tested biofuels derives from different resources by using dissimilar technologies, therefore,
these biofuels differ as having completely different origins with widely differing chemical and physical
properties (Table 1). In contrast to ethanol [8], operational properties of n-butanol are much more similar to
those of a straight diesel or biodiesel with the exception of lower density, viscosity and about twice as much
lower CN rating the improvement of which rests on the higher cetane number of biodiesel. Moreover, n-
butanol provides operational advantages because its reasonable addition to biodiesel has the potential to
drastically reduce the production of CO and smoke (PM) due to considerably lower C/H atoms ratio and high
fuel-bound oxygen mass (wt, %) content. Next, the lower density and viscosity of n-butanol may have
positive impact on biofuel injection, atomisation and vaporisation characteristics, the air and fuel vapours
mixing rate in the hot in-cylinder compressed air charge, combustion attributes and thus engine out
emissions when operating under steady and transient conditions [9].
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Table 1. Properties of the tested rapeseed oil biodiesel and n-butanol

Property parameters Fuel test methods Rapeseed N-butanol
oil biodiesel (Bu)
(B)
Density at 15°C, kg/m° EN I1SO 12185:1999 884.7 810
Kinematic viscosity, mm?/s at 40 EN ISO 3104+AC:2000 4.8 2.63
°C
Lubricity (HFRR), wear scar EN ISO 12156-1 205 591
diameter (wsd 1.4) at 60 °C, um
Flash point, open cup, °C EN ISO 2719:2000 168 35
Initial / final boiling points, °C EN 1SO 3405:2011 346 / 366 117.7
Auto-ignition temperature °C - ~342 ~343
Cetane number EN ISO 5165:1999 53.4 25
Oxygen content, max wt% - 10.9 21.62
Carbon-to-hydrogen ratio (C/H) - 6.49 4.8
Stoichiometric air/fuel ratio, kg/kg - 12.62 11.12
Net heating value, MJ/kg EN ISO 8217:2012 37.23 33.08

The experimental examinations performed in the engine-test laboratory at Power and Transport
Machinery Engineering Institute of Vytautas Magnus University - Agricultural Academy. The technical
characteristics in more details are listed in Table 2.

Table 2. Engine FL 511 specifications

Type Deutz FL 511
Number of strokes 4 stroke
Number of cylinders Single-cylinder
Bore, mm 100

Stroke, mm 105
Displacement volume, cm® 825
Compression ratio 17

Injection timing advance in CADs before TDC | 24°
Maximum power (at 3000 rpm), KW 12.8 +5%
Injection pressure, bar 175+5 bar
Specific fuel consumption, g/kW-h 255 +5%
Rated speed, rpm 3000

Engine weight, kg 135 135

Torque of an engine was measured with a magnetic powder brake dynamometer PT40M (0—-60 N-m)
with a definition rate of +£0.5 N-m and rotation speed with a mechanical tachometer (150—-3000 rpm) with an
accuracy of £0.5% of the measured value. The air mass consumption was measured with a turbine type gas
meter CGT-02 (10-100 m%h) with an accuracy of £1% of the measured value, and fuel mass consumption
by using electronic scale SK-1000 with an accuracy of £0.5%.

Emissions of nitric oxide (NO), nitrogen dioxide (NO,), carbon monoxide (CO) in parts per million
(ppm) and carbon dioxide (CO,) in vol% were measured with electrochemical cells installed in Testo 350 XL
flue gas analyser. Total NO, emissions were determined as a sum of both NO and NO, pollutants with an
accuracy of +5 ppm. Exhaust smoke was measured with a Bosch RTT 110 opacity meter with an accuracy of
+0.1% in a scale range of 0-100%. To improve reliability of the measured data the tests have been repeated
no less than three times.

RESULTS AND DISCUSSION

The summarised effect of the widely differing chemical and physical properties and net heating values
of the biofuels studied along with the changes in the auto-ignition and combustion peculiarities have
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influence on the fuel mas burned over an hour (kg/h) and the fuel mass consumed per unit of effective power
(g/kwh) developed by an engine. As can be seen in graphs of Figs. 1a and b, both the mass of the fuel
consumed over an hour (Bgy) and the brake specific fuel consumption (bsfc) for neat biodiesel are lower over
the whole load-range tested compared to the engine running on less calorific biodiesel-n-butanol blends. The
noted differences in the bsfc values are mainly observable when running at a light load, low pressure and
temperature in the cylinder because the auto-ignition delay extends due to the presence of more volatile n-
butanol with both the cooling effect and the reduced CN rating that may negatively affect the combustion of
the blends. For the above reasons and slightly lower calorific value, the brake specific fuel consumptions for
the respective blends BBu5-BBu15 are up to 1.08% - 14.80% higher than, 798.7 g/kWh, neat biodiesel
suggests for light-load operation.
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Fig. 1. The fuel mass consumption per hour (By) and brake specific fuel consumption (bsfc) as a
function of engine load when running at maximum torque speed of 2000 rpm.

As soon as the temperature inside the cylinder increases with engine load increased to about 0.30 MPa,
the differences in brake specific fuel consumptions are also less observable and the bsfc values for the
respective blends BBu5-BBul5 sustain at about 1.15% - 1.85% higher levels than, 398.4 g/kWh, the neat
biodiesel consumes at considered test conditions. As could be reasonably expected, the bsfc values remain
relatively up to 0.69% - 6.57% higher for n-butanol oxygenated biodiesel blends BBu5 — BBul5 when
running at a full (100%) load as well than, 343.1 g/kWh, neat biodiesel suggests for the same loading
conditions at maximum torque speed of 2000 rpm. The relatively higher brake specific fuel consumption of
binary biofuels BBu5 - BBu15 can be mainly attributed to the lower net heating value of plenty oxygenated
biodiesel-n-butanol blends.
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The biggest relative decrease in the brake thermal efficiency of an engine reasonably obtained when
running with neat biodiesel and biofuel blends tested under the low loads and thus not as high as would be
needed for fuel-efficient operation the temperature inside the cylinder. As shown in Fig. 2a, an engine
develops the lowest brake thermal efficiency value of 0.107 (11.6% lower) when running with the most n-
butanol oxygenated blend BBu15 and the maximum one of 0.121 with neat biodiesel at the lowest 0.07 MPa
load. The obtained energy conversion efficiencies of biofuel blends match well with obvious differences in
the cetane number, negative changing trends in the combustion noise, engine performance stability and the
respective bsfc values (Fig. 2b) measured when running with blend BBu15 at the lowest load. The brake
thermal efficiency gradually increased with engine load and the temperature inside the cylinder to reach for
neat biodiesel and slightly n-butanol oxygenated blend BBu5 the same maximum value of 0.282 remaining
1.4% and 4.3% lower engine efficiencies, 0.281 and 0.270, for the respective n-butanol blends BBu10 and
BBu15 when running under full (100%) load conditions.
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Fig. 2. The brake thermal efficiency (n.) and total nitrogen oxide (NO,) emissions as a function
of engine load when running at maximum torque speed of 2000 rpm.

High evaporative cooling effect and low calorific value of n-butanol can be realised in practise bearing
in mind that the production of NOy relies primary on the temperature inside the cylinder, local oxygen
concentration, the residence time limited by the combustion reactions, and relative (overall) air/fuel ratio
[10], but less depends on the availability of the local oxygen [11]. The total NO, emissions sustain at a
reasonable levels when running at the lowest 0.07 MPa load varying within the narrow range from 397 ppm
for neat biodiesel to 476 ppm for the biggest mass content of n-butanol containing biofuel BBul5. The
relatively 19.9% higher NO, emissions emanating from the combustion reaction of the most n-butanol
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involving blend BBuU15 can be reasonably attributed to the fact that the temperature inside the cylinder is too
low to keep smooth operation of an engine on plenty n-butanol oxygenated biodiesel blend at the lowest
load. Therefore, the increased combustion instability accompanied by the high noise levels and the in-
cylinder pressure oscillations contributed to the production of more NOy emissions in this particular low-load
conditions (Fig. 2b).

The production of NO, emissions gradually increases with engine load and thus the temperature inside
the cylinder reaching the lowest value, 1121 ppm, for neat biodiesel and the biggest one, 1219 ppm, (8.7%
higher) for the combustion of blend BBu5 when running at about medium (50% of full) load. As could be
expected, the NO, emissions increase to the maximum value of 2132 ppm for neat biodiesel sustaining at
relatively 3.0%, 0.9% and 0.5% lower levels for the respective biodiesel-n-butanol blends BBu5, BBu10 and
BBul15 when running under the full (100%) load conditions. It is challenging to define the reasons, but in
fact, the obtained result provides excellent finding revealing that the higher n-butanol mass content (v/v %) is
added to biodiesel blend, the lower actually its contribution to the reduction intensity of maximum NOy
emissions can be expected. The potential answer to this intriguing question lies perhaps beyond the fact that
the NO, emissions emerge mainly during the first kinetic combustion phase under the high temperatures
above 2000 K where a key role in the NO, production plays the air-borne oxygen.
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Fig. 3. Dependencies of carbon monoxide (CO) emissions (a) and smoke opacity of the exhaust (b)
on engine load when running at maximum torque speed of 2000 rpm.

While the biofuel-bound oxygen takes only a second-rate role coming into effect too late in the
expansion stroke during the diffusion-controlled combustion phase and thus with a little help to contribute to
the NOx production. For this reason, the effect of the fuel-bound oxygen on the NOx emissions changing
trends can be ambiguous enough, hardly predictable and dependable on the feedstock materials, origin and
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production technology of the biofuel as well as on the combustion chamber type and the test conditions of an

engine, particularly on the relative (overall) air/fuel ratio.

In contrast to ambiguous the NO emissions behaviour, the positive effect of the lower C/H atoms ratio
strongly supported by both the absence of polycyclic aromatic hydrocarbons in the composition of biodiesel-
n-butanol biofuels and the increased n-butanol-oxygen mass (wt, %) content, significantly contributes to
enhance combustion and thus drastically reduce CO, CO, emissions and visible smoke of the exhaust. At the
beginning of engine loading, the CO emissions relatively decrease to be 5.6% lower mainly for the blend’s
BBu10 case, while unstable combustion of the respective blends BBu5 and BBul5 produce CO emissions
9.3% and 1.3% higher than neat biodiesel suggests, 302 ppm, when running at the lowest 0.07 MPa load
(Fig. 3a).

As soon as the engine load increases to about medium (50% of full) value and the temperature inside the
cylinder boosts up, both most n-butanol oxygenated blends BBul0 and BBul5 reveal themselves as having
strong potentials to drastically reduce the carbon monoxide (CO) emissions by 8.9% and 17.5%,
respectively. The noted positive CO emissions changing trends with using the most n-butanol oxygenated
biodiesel blends BBul10 and BBul5 actually remain in value after transition to full (100%) load operation as
well. The enhanced combustion of the respective blends BBul0 and BBul5 produces the CO emissions
12.4% and 7.4% lower than, 555 ppm, the neat biodiesel emits under full (100%) load operation. Only the
combustion of the blend BBu5 produces the CO emissions relatively 14.1% higher, most likely, due to an
inevitable pay off required to compensate for the merits experienced with having the relatively lowest NO,
production when running under full (100%) load at maximum torque speed of 2000 rpm (Fig. 2b).

Smoke opacity characteristics proceed at the low levels compiling only 3.4%, 2.6% and 4.6%, however
transparency of the exhausts for the respective n-butanol oxygenated blends BBu5, BBul0 and BBul5 is
relatively 61.9%, 23.8% and 2.2 times not as good as that, 2.1%, neat biodiesel produces when running at
0.15 MPa load and maximum torque speed of 2000 rpm (Fig. 3b). This phenomenon of smoke is the
evidential fact that biofuel vapours do not burn completely at the low load, so they additionally affect
transparency of the exhaust if or when the temperature inside the cylinder is not as high as would be needed
to support efficient combustion and take under control the cyclic variability of operational parameters. As
could be reasonably expected, the lowest smoke opacity produces the combustion of most n-butanol
oxygenated blend BBul5 that is 31.6% lower than, 3.8%, neat biodiesel suggests when running at about
medium (50% of full) load. While less n-butanol oxygenated biodiesel blend BBul0 took real advantage to
enhance combustion and reduce smoke opacity by 20.9% than that, 21.2%, neat biodiesel produces under full
(100%) load at maximum torque speed of 2000 rpm.

CONCLUSIONS
1. The brake specific consumption of biodiesel-n-butanol blends BBu5-BBu15 is 1.08% - 14.80%, 1.15% -

1.85% and 0.69% - 6.57% higher than the respective bsfc values, 798.7, 398.4 and 343.1 g/kWh, neat

biodiesel suggests for studied loading conditions of 0.07, 0.30 and 0.52 MPa at maximum torque speed

of 2000 rpm. The main reason of having relatively higher the bsfc for oxygenated blends is much lower
net heating value of the added n-butanol.

2. The brake thermal efficiency suffered relative decrease to 0.107 (11.6% lower) when running with the
most n-butanol oxygenated blend BBul5 at the lowest load of 0.07 MPa. However, thermal efficiency
increased to reach the same maximum of 0.282 for neat biodiesel and blend BBu5 remaining, 0.281 and
0.270, that is relatively 1.4% and 4.3% lower for more n-butanol containing blends BBul0 and BBul15
when running under full (100%) load conditions.

3. The highest total NO, emissions, 2132 ppm, produces the combustion of neat biodiesel, while the
positive effect of n-butanol oxygenated biodiesel blends on the NO, suppression is not as huge as could
be expected. This is because the NO, reduction intensity decreases 3.0%, 0.9% and 0.5% when running
an engine with n-butanol oxygenated biodiesel blends BBu5, BBul0 and BBul5 under the full (100%)
load at maximum torque speed of 2000 rpm.

4. Both most n-butanol oxygenated biodiesel blends BBul0O and BBul5 revealed themselves as having
strong potentials to drastically reduce the carbon monoxide (CO) emissions by 8.9% and 17.5%,
respectively, when running at about medium (50% of full) load. The enhanced combustion of the
carbon-limited, plenty oxygenated blends BBul10 and BBu15 emitted the CO emissions 12.4% and 7.4%
less than, 555 ppm, the neat biodiesel produces for full load conditions as well.

5. The lowest smoke opacity produces the combustion of plenty n-butanol oxygenated biodiesel blend
BBul5, which is 31.6% lower than, 3.8%, neat biodiesel suggests running at about medium (50% of
full) loading conditions. While less n-butanol oxygenated biodiesel blend BBul0 took advantage the
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enhanced combustion of which reduces smoke opacity by 20.9% than, 21.2%, neat biodiesel produces
under full (100%) load at maximum torque speed of 2000 rpm.

Taking into account the above merits, renewable binary biodiesel-n-butanol blends are suitable for diesel
engine powering to replace fossil-origin diesel fuels, reduce the climate change and safe the untouched
nature for future generations. The Ball On-Cylinder or BOCLE tests showed that biodiesel derived from
rapeseed oil has superior lubricity compared to low sulphur diesel fuel [12] and thus the wear-sensitive fuel
system designs such as plunger-barrel and the needle-valve-barrel units are able to tolerate up to 15 vol% n-
butanol additions to biodiesel.
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UNSYMMETRIC DRY FRICTION FOR MODELS OF SURFACE CLEANING

1B

V mpoiieci ouuIIeHHs MOBEpXHi BiAOyBaroThCs pi3Hi HemiHiiHI edektr. Cepen pi3HHX HeMiHIHHHUX e(eKTiB,
o0 BiIOYBAarOTHCS B TaKHX CHUCTEMaX, BAKJIMBE 3HAUCHHSA Mae cyxe TepTsa. TakuM YMHOM, psAA pPoOiT MPHCBSIYCHO
JOCTIDKEHHIO [BOTO e(ekTy. VY YHCIOBHX 3alpOLICHHSAX 3a3BHYall BHKOPHUCTOBYEThCS JESIKE HAONMIKSHHS
nepexigHuX 00aacTeld MK PiI3HUMHU NOCTIHHUMHA 3HAYEHHAMH CHIIH cyXxoro Tepts. Lle n1o3Bonse HabIM3uTH HeMiHiiHI
e(eKTH, 0 MAIOTh Miclle B TaKMX chUcTeMax. [y mpencraBieHHs JesKuX i3 IUX e(eKTiB 3alpornoHOBaHA MOJEIb
HECUMETPUYHOTO CYXOro TepTs B LIl poOOTi.

JlocnikeHa MOJIENb Ma€e OJIMH CTYIiHb CBOOOM 1 BKITIOYA€ KOHKPETHHI TUI HeliHiiiHOCTI. BiH nependavae
BUKOPHCTAHHS BEJIMYMH 3 IONEPEAHHOT0 MOMEHTY 4Yacy Ta JIOTIYHHMX orepamiil «i» i «abo». [leranpHO ommcaHa
YuceJbHA IPOIeypa JOCHIIKEHHS IBOro sBHIIA. IIpencraBieHi Ta NpoaHai30BaHi pe3yibTaTH PO3pPaxyHKIB 3a
PI3HUMH MapaMeTpaMH AOCIiIKYBaHOI JTUHAMIYHOI CUCTEMH. 3 OTPHMAaHHX PE3yJIbTaTiB BUAHO 3aCTOCOBAHICTH JAHOI
MOJIENi JUTA BIATBOPEHHS AOCIIKYBAaHOTO HENIIHIHOTO SBHUILA.

JocnmimkeHo Bapialito mepeMimieHHS AK (yHKLIT Yacy, 3MiHy MBHAKOCTI K (yHKOIl wacy, Bapiariro
MIPUCKOPEHHS SK (PYHKILIO Yacy, Bapiamito MBUAKOCTi, HOMHOKEHY Ha IPUCKOPEHHS K (QYHKIIIO Jacy.

HaBezneHo Bapiarii BeJWYHH, IO BH3HAYAIOTh HECHMETPUYHY CHIIy CyXoro Tepts sK (yHKmii wacy, Tak i
(byHKUIT IIBUKOCTI.

JociimpkeHo ysBIeHHS y (a30Bii IUIOMMHI: MBUAKICTH SIK (YHKIIS IepeMillleHHs, IPUCKOPEHHS K (QYHKILs
LIBU/IKOCTI, IIBUJIKICTh, TOMHOXEHA Ha TIPUCKOPEHHS SIK QYHKIIiS epeMilieHHs.

JocimKeHo Tpy MUPUHE 000X B3a€EMHO PIBHUX MEpEXigHUX oOnacteil. JletanbHo mpeacTaBieHi pe3ylbTaTy,
OI0 TPEACTABISIOTh JAWHAMIYHY TIOBENIHKY aHAlli30BaHOI CHUCTeMH. BIUIMB MMpWHHU TepexifHuX obiacteit
CIIOCTEPITaeThCs B MPEACTABICHUX TpadiuHUX pe3ynbTarax.

3anponoHOBaHa MOJENb HECHUMETPUIHOTO CYXOT'O TEPTS 3aCTOCOBYETHCS SIK YACTHHA 1HIIHUX OB CKIAIHUX
MoJIeneil, 110 BUKOPUCTOBYIOTHCS ISl IOCIIIJUKEHHS ITPOLieCy OYMIIEHHS TOBEPXHI.

KorouoBi ciioBa: ouuIeHHs TOBEpXHi, HECUMETPUYHE CyXe TepTs, YUCIOBa MOJelNb, HENiHiiHe sBHIIE,
rpadivHi pe3ynbTaTy.

INTRODUCTION

Surface cleaning is an important engineering problem. In the process of surface cleaning various
nonlinear effects take place. Among the various nonlinear effects taking place in such systems dry friction is
an important one. Thus a number of papers are devoted to the investigation of this effect. In numerical
investigations usually some approximation of the transition regions between different constant values of the
force of dry friction is used. This enables to approximate the nonlinear effects taking place in such systems.
For representation of some of those effects the model of unsymmetric dry friction is proposed in this paper.

The investigated model has one degree of freedom and incorporates a specific type of nonlinearity. It
involves the use of the quantities from the previous moment of time and logical operations “and” and “or”.
Numerical procedure for investigation of this phenomenon is described in detail. Results of calculations for
various parameters of the investigated dynamical system are presented and analysed. From the obtained
results the applicability of this model for reproduction of the investigated nonlinear phenomenon is seen.

Conventional model of dry friction with circular — linear approximation is investigated in [1].
Conventional model of dry friction with elliptic approximation is investigated in [2]. Conventional model of
dry friction with trigonometric approximation is investigated in [3]. Investigations of phenomena in
esentially nonlinear vibrating systems are performed in [4]. Basic engineering problems in which the force of
dry friction is taken into account are presented and investigated in [5].

Important engineering problems of surface cleaning by cavitation bubble dynamics are analysed in [6].
The process of cleaning in food production industry is presented in [7]. Interactions of particles with surfaces
are investigated in [8]. Forces between particles and their mutual interactions are described in [9].
Measurements of adhesion of particles are performed in [10]. Extensive experimental investigations of
particles using atomic force microscopy are presented in [11].
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The proposed model of unsymmetric dry friction is applicable as part of other more complicated
models used for the investigations of the process of surface cleaning.

MODEL OF UNSYMMETRIC DRY FRICTION FOR SURFACE CLEANING PHENOMENA
The dynamical system is described by the following equation:

mX+cX + H +kx = Psin af, Q)

where x denotes the displacement of the analysed dynamical system, m is the mass of the investigated object,
c is the coefficient of viscous friction, H denotes the approximate force of unsymmetric dry friction, k is the
coefficient of stiffness, dot over the variable is used for indication of differentiation with respect to the time
t, P is the amplitude of excitation, w is the frequency of excitation.

The following quantity is defined as:

E, when [X|<A+A,,
A

Ol
Il

—%, when [X|>A+A, and [X|<A+2A,, )

0, when |%|>A+24A,,

where h denotes the coefficient of dry friction, A is the width of the transition between the values of the
force of dry friction, A, is the supplementary width of the transition between the values of the force of dry
friction.

The quantity C is defined as:

_{o, when ((x>0)&(x<x,))v((x<0)&(x>x,)) and [¥> A,

= _ ©)
C, elsewnhere,
where the subscript p denotes the previous value of the corresponding quantity.
Value of the unsymmetric force of dry friction is calculated as:
H=H,+C(x-X,). (@)
Thus the following equation is solved:
mX+(c+C)X+kx=Psinot—H_ +Cx,. (5)

RESULTS OF INVESTIGATION OF THE PHENOMENON OF UNSYMMETRIC DRY
FRICTION

The following values of the parameters of the investigated dynamical system were assumed:
w=1,h=16 m=1 c=0.1, k=1 P=4. Calculations from zero initial conditions were performed. Two
periods of steady state motions were investigated.

Results when A=A, =3.2 were obtained and are represented in Fig. 1.
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Figure 1. Dynamics of the system with unsymmetric dry friction in steady state regime of motion for the case
of wide transition regions

Results when A=A, =1.6 were obtained and are represented in Fig. 2.
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Figure 2. Dynamics of the system with unsymmetric dry friction in steady state regime of motion for the case
of transition regions of medium width

Results when A=A, =0.8 were obtained and are represented in Fig. 3.
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Figure 3. Dynamics of the system with unsymmetric dry friction in steady state regime of motion for the case
of narrow transition regions

Three widths of both mutually equal transition regions are investigated. Results representing the
dynamic behavior of the analysed system are presented in detail. The influence of the widths of the transition
regions is observed in the presented graphical results.

CONCLUSIONS

Development of numerical models for surface cleaning is an important engineering problem. In the
process of surface cleaning various nonlinear effects take place. For representation of some of those effects
the model of unsymmetric dry friction is proposed. Numerical procedure for investigation of this
phenomenon is described in detail. Results of calculations for various parameters of the investigated
dynamical system are presented and analysed. From the obtained results the applicability of this model for
reproduction of the investigated nonlinear phenomenon is seen.

Variation of displacement as function of time, variation of velocity as function of time, variation of
acceleration as function of time, variation of velocity multiplied by acceleration as function of time are
investigated. Variation of the quantities determining the unsymmetric force of dry friction as functions of
time as well as functions of velocity are presented. Representations in the phase plane: velocity as function
of displacement, acceleration as function of velocity, velocity multiplied by acceleration as function of
displacement are investigated.

Three widths of both mutually equal transition regions are investigated. Results representing the
dynamic behavior of the analysed system are presented in detail. The influence of the widths of the transition
regions is observed in the presented graphical results.

The proposed model of unsymmetric dry friction is applicable as part of other more complicated
models used for the investigations of the process of surface cleaning.
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dry friction for models of surface cleaning.

In the process of surface cleaning various nonlinear effects take place. Among the various nonlinear
effects taking place in such systems dry friction is an important one. Thus a number of papers are devoted to
the investigation of this effect. In numerical investigations usually some approximation of the transition
regions between different constant values of the force of dry friction is used. This enables to approximate the
nonlinear effects taking place in such systems. For representation of some of those effects the model of
unsymmetric dry friction is proposed in this paper.

The investigated model has one degree of freedom and incorporates a specific type of nonlinearity. It
involves the use of the quantities from the previous moment of time and logical operations “and” and “or”.
Numerical procedure for investigation of this phenomenon is described in detail. Results of calculations for
various parameters of the investigated dynamical system are presented and analysed. From the obtained
results the applicability of this model for reproduction of the investigated nonlinear phenomenon is seen.

Variation of displacement as function of time, variation of velocity as function of time, variation of
acceleration as function of time, variation of velocity multiplied by acceleration as function of time are
investigated.

Variation of the quantities determining the unsymmetric force of dry friction as functions of time as
well as functions of velocity are presented.

Representations in the phase plane: velocity as function of displacement, acceleration as function of
velocity, velocity multiplied by acceleration as function of displacement are investigated.

Three widths of both mutually equal transition regions are investigated. Results representing the
dynamic behavior of the analysed system are presented in detail. The influence of the widths of the transition
regions is observed in the presented graphical results.

The proposed model of unsymmetric dry friction is applicable as part of other more complicated
models used for the investigations of the process of surface cleaning.

KEYWORDS: SURFACE CLEANING, UNSYMMETRIC DRY FRICTION, NUMERICAL
MODEL, NONLINEAR PHENOMENON, GRAPHICAL RESULTS.
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PO3POBKA CTPATEI'T TA MIPOEKTIB IHHOBAIIIMHOI' O
PO3BUTKY OPI'AHI3AIIII ABTOIIEPEBI3HUKIB

B crarti 00rpyHTOBaHO OCOOJIMBICTE POOOTH OpraHizamii aBTONEPEBI3HUKIB Ta HEOOXIOHICTH X PO3BUTKY 3
aKTUBHUM BHUKOPHCTaHHAM iHHOBaliii. HeoOXigHiCTh MOCTIMHOTO 1 LiNECHPSMOBAHOTO iHHOBALIHOTO PO3BHUTKY
oprasizaliif aBTONepeBi3HUKIB BU3HAYAE iX YCIIIIHY IPUCYTHICTh HA PUHKY, €()EKTHBHY €KCIUTyaTalilo Ta OTPUMaHHS
npudyTKy. BopoTs0a 3a TpaHCHOPTHI PUHKH, BUCOKHH IOTAT CHOXKUBAYiB Ha MOCIYTH aBTOMOOUIBHUX II€pPEBE3CHB,
CTaTyC IHIIUX TPAHCIOPTHUX KOMIIaHiH, K IIPOIIOHYIOTH NOAIOHI ITOCTYTH, HEOOXITHICTh OHOBJIEHHS Ta MOJEpHi3arlii
PYXOMOTO CKIIaay, BUpOOHMYOi Ta TeXHIYHOI 0a3u BHMAararoTh BiJ] OpraHi3aliii aBTOMOOLTEHUX TICPCBI3HHKIB
MIOCTIHHOTO PO3BUTKY Ta BIOCKOHAJICHHS. BUXOs9M 31 CBITOBOTO JOCBiAY, MOXKHA CTBEPUKYBATH, IO MiANIPHEMCTBA
MOXYTh aKTHBHO PO3BUBATHUCS, PalliOHAJIHHO BHKOPUCTOBYBAaTH BCi BHUAM pPECypciB 0a3yloud CBOIO IiSUIBHICTH Ha
1HHOBALIAX.

Jns edekTHBHOTO BIPOBAKEHHS IHHOBAIIMHOI MiSIIBHOCTI, a TaKOX 3MEHIICHHS PHU3HUKIB, SKi 3 HEO
OB’ s3aHi, MPONOHYETHCS BUKOPHCTATH IHCTPYMEHTH Ta METOIOJIOTIIO CTpATEriii pO3BUTKY Ta MPOEKTIB iX peasizaii.
Po3pobieHi akTyanbpHi cTparerii iHHOBAIiHHOTO PO3BUTKY UIsl KOHKPETHOI opraHizarii aBronepesizHuka. [Ipaktuany
peamizailifo iHHOBALliHHUX TIPOCKTIB Ta CTpATETiii TNPOMOHYEThCA 3MIHCHUTH 3a JOMOMOTOK JHHAMIYHOTO
MOJICTIOBAHHS, IO JacThb MOJMJIMBICTh BHM3HAYUTH ONTHMAaJbHY CTpAaTeril0 pPO3BUTKY MIANPUEMCTBA Ha
JOBrOCTPOKOBHUI IIEpioJ 3a KPUTEPiEM MAKCHMYMY O4iKyBaHOTO JOXOXY.

3a JIOMOMOTrOK MPOTrpPaMHOro 3a0e3MeUeHHsS BCTAHOBICHO OCHOBHI TOKa3HHKH €()EKTHBHOCTI KOKHOI
crpaterii. s KokHOT cTparerii po3poOiaeHui mpoeKT ii pearizarii.

Jns ommcy Ta aHamily IHHOBaWiMHHX TPOEKTIB Ha NeEpeNiHBECTHULIIHHOMY eTali BHKOPHCTOBYBAJOCh
crenianizoBaHe MporpaMHe 3a0e3nedeHHs UId (iHAaHCOBOTO aHaJli3y NMPOEKTIB, SIKE JO3BOJMIO BUKOHATH OIIHKH
OCHOBHHX MOKa3HHUKIB MPOEKTY B LIJIOMY Ta OOTPYHTOBYBaTH €()EKTHBHICTh i1HBECTHIIIH.

Jlnst BHOOpY ONTUMAIEHOTO MPOEKTY BUKOPHUCTOBYBABCSI METOJ] TMHAMIYHOTO TIPOTPaMyBaHHS, SIKMH 103BOJISIE
BU3HAYNTH ONTHUMAIIBHY CTPATEril0 PO3BUTKY IIJNIPUEMCTBA Ha JOBIOCTPOKOBY HEPCIEKTUBY (B HAIIOMY 3aBIaHHI
MPOTATOM 5 POKIB) 3a KPUTEPIEM MAKCUMAILHOTO OYiKYBAaHOTO J0XO01y. MeTOMOMOTIYHOK OCHOBOK MOJICII € Teopis
CTOXaCTHYHHUX MPOIECIB NPUHHSITTS PillleHb Ta ANHAMIYHOTO IPOTrpaMyBaHHS.

KiouoBi cioBa: iHHOBaLifHWI pPO3BHUTOK, OpraHi3amis aBTOIEPEBI3HWKA, CTPATETis, MPOEKT, JHHAMiYHE
pOrpamMyBaHHS.

BCTYII

B yMoBax craHOBJIEHHS HOBUX EKOHOMIYHUX BIJIHOCHH, KOJIM PHHKOBa €KOHOMika HaOyBa€ 3arajbHOTO
Xapaktepy B YKpaiHi, IPOXOJSATh MPOLECH, SIKi PU3BOAATH JI0 3MiH CTPYKTYPH PUHKY, — OJIHI Tajy3i pO3BUBAIOTHCS, a
iHIII — 3aHenagaroTh. TpaHCIIOPTHA cUCTEMa — OfIHa 3 He 0araTboX CHCTEM TOCIIOapIOBAHHS, KA BIUIMBAE HA PO3BUTOK
HapoJHOro TrocmojapcTBa Beiel kpainu. [Ipn3HaueHHs aBTOMOOUIPHOTO TpaHCHIOPTY 3abe3mnedyBaTun e(eKTHBHE
(YHKIIOHYBaHHS €KOHOMIKH. B CBOIO dWepry mpHCyTHS KOHKYpEHIIS cepell OpraHi3alliii MMepeBi3HHKIB Ha pPUHKY,
aBTOMOOLTPHAN TPAaHCHOPT NOTpeOye 3amydeHHS 1HBECTHINH, BIPOBA/PKEHHS HOBHX METOIIB VIIPaBIiHHS,
IHHOBAIIIITHUX MTPOEKTIB PO3BUTKY.

PiBeHp pO3BHUTKY Ta e(eKTHBHA HisUTFHICTH OpraHi3alliii aBTONCPEBI3HUKIB BU3HAYAE SKICHUHA PO3BHTOK BCi€i
aBTOTPAHCIOPTHOI Traiy3i Ta piBHA IepeBe3eHb B YKpaiHi. [lin opranisamisMu aBTONEpEBi3HHKIB OyJeMO pO3yMITH
oprasizarii, fKi 3aHMarOThCS MaCAXXUPCHKUMHU (B paMKax HAIIOTO IOCHTIIPKEHHS) MEePeBe3eHHAMH, KPIM TOTO MOXYTh
BHKOHYBaTH TEXHIYHHH OOCIYrOBYBaHHSA Ta MOTOYHHHA PEMOHT aBTOTPAHCIIOPTHHX 3ac00iB Ha BIIACHIM BHPOOHMYO-
TEeXHIYHIH 6a3i.

IIpoBiBmmn aHami3 pobiT opranizanii aBTomepeBi3HUKIB [1, 2], MOXKHA BHAUIMTH OCHOBHI TEHAEHII], a caMe Ha
chOroJTHI B YKpaiHi B CETMEHTI IMaCa)XKUPCHKIX aBTOMOOUTHHHX IEPEeBE3CHb, 32 OlliHKamu (axiBIiB, nie moHax 30 Tuc.
Cy0’€KTIB TOCIIOAAPIOBAHHS, TTepeBaskHa OLTBIIICTH SIKKX Ma€ 10 10 onuHMIB TpaHCTIOPTHHX 3aco0iB. Taki opranizarii
aBTOIEPEBI3HNKIB, HE BHKOPHUCTOBYIOUH, SIK MPABUJIO, BJIACHOI BUPOOHMYO-TEXHIYHOI 0a3n Uil NPOBEAEHHS BCHOTO
KOMIUIEKCY HEOOXiJHHX pOOIT moao npodidakTHYHMUX Ta PEMOHTHHMX BIUIMBIB, IEpENAOTh BIANOBIAHI poOOTH,
MIOBHICTIO 200 YaCTKOBO, HA ayTCOPCHUHT.

Buime BkaszaHi XapakTEpUCTHKH CTPYKTYPH PYXOMOT'O CKJIQJy CYTTE€BO HOCJAOIIOIOTH KOHKYPEHTHI ITO3MIi
JIpiOHKUX aBTOIMEPEBI3HUKIB 3a MOKa3HUKAMHU BUTPAT 1 SKOCTI TEXHIYHOI MATOTOBKH. B meprny depry, 1ie ToB’3aHO 3
niero edexty macmrady SIKUil, B CBOIO 4epry, IOB’A3YEThCA i3 BEIMYMHOIO BHPOOHMUYO-TEXHIYHOI 0a3u opraxizamii
aBTONEpEBi3HMKA 1 00CATOM HalaBaHWX Hew mociayr. KpiM Toro, BikOBa CTPyKTypa PYXOMOTO CKJIaay Ta HOro
PiI3HOMaApOYHICTh MOXe OyTH TIEpENoHOI0 [0 TepeAadi IMOCHyr 3 TEXHIYHOI IMJIrOTOBKM Ha ayTCOPCHHT depes
BIICYTHICTh Cy0’€KTiB TOCTIOJApIOBaHHSI, SIKi MPOMOHYIOTH iX B3araji, abo 3a IiHOIo, sKa Oyae 3yMOBIIOBATH HU3BKY
KOHKYPEHTOCIIPOMOKHICTh ~KIiHIIEBOT TIOCAYTM — TIOCIYTH 3 TIepeBe3eHHS TacaxupiB. BigmosimHo, mepen
aBTOIEPEBI3HUKAMK B IEpUIy 4epry ApiOHUMHM, MOCTa€ 3ajada MOLIYKY 1 peasi3auii cTpareriyHmX iHHOBaLINHUX
pillIeHb II0/0 MiABHINEHHS e(EeKTHBHOCTI IpOILECciB 3a0e3NeueHHsl Npane3aTHOCTI MacaXMPChKUX TPAaHCIOPTHUX
3ac00iB Ta KOHKYPEHTOCIPOMO>KHOCTI IIOCIYT 3 HEPEBE3EHHS ISl [TOJaIbIIOi €peKTUBHOT MisUTbHOCTI.
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TakuM 4MHOM, aKTyalbHOIO HAayKOBO-TIPHKJIAIHOIO 3a/1adeio € (popMyBaHHS TEOPETHYHHUX 1 METOHONOTIYHUX
OCHOB PO3po0OKa CTpaTeriii Ta MPOEKTIB IHHOBAIlIHHOTO PO3BUTKY OpraHi3allii aBTONEPEBI3HUKIB. BupimeHHs i€l
3aadi Ma€e CIIPUATH PO3B’S3aHHIO TaKOl BXKIUBOI MPOoOIeMH HalliOHATHHOI €KOHOMIKH SIK IMiBUIIECHHS €(eKTUBHOCTI
Ta SKOCTI IAaca)KUPCHKUX aBTOMOOUTBHMX II€PEBE3CHb IIPH JOJACPKaHHI IOCTIHHO 3POCTAIOYMX, BIAMOBIAHO IO
MDKHApOIHHUX CTAHJApPTiB, BHUMOT JO HAJIHHOCTI, TPAHCHOPTHOI OE3MEeKH, EKOHOMIYHOCTi, KOM(OPTHOCTI Ta
€KOJIOTIYHOCTI B yMOBaX 3MEHIICHHS KOHIICHTPAIIil pyXOMOTO CKIIaTy.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMUA

[IpoOnemMn eKOHOMIYHOTrO, CTPATEriyHOTO i IHHOBAIIfHOTO PO3BHUTKY, YIPaBJIiHHA HPOEKTAMU 3HAUILIN
HIMpOKe BimoOpakeHHs B 3apyOiXKHIN 1 BITUM3HSAHIA €KOHOMIYHIN Jitepatypi [3-7]. Y HUX PO3KPHUTO pi3HI CTOPOHH
NPOLIECY PO3BUTKY MiANPUEMCTB, a TAKOXK YIPABIIHHS IHHOBaLiiHOIO AisuibHICTIO. [IpoTe, KpuTHYHMI aHami3 pooiT, a
TakoX O(MIIIfHUX HOPMATHUBHUX JIOKYMEHTIB CBIIYHUTH NPO HEJOCTATHE OINPAIbOBYBAHHS METOJOJOTIYHHX, @ TAKOXK
JIESIKMX TEOPEeTHYHUX ACIEKTIB YIPABIIHHS CTPATEriYHUM PO3BHTKOM IIiJIPHEMCTBA 30KpeMa PO3pPOOKH CHCTEMHHUX
MoJieNeil IPOSKTHOTO YIPAaBIIiHHS CTPATETiAMU IHHOBAIIfHOTO PO3BUTKY OpraHi3amiil aBTomepeBi3HuKIB. IIpomoHoBaHi
MOJIeNi 1 METOIM YHPAaBIiHHA PO3BUTKOM ab0 pO3TISIIAIOTH IMPOIEC PO3BHUTKY 3 ONHIEI CTOPOHHU, ab0 BHCBITIIOIOTH
JUIe 3aragbHi TUTaHHA. HemocTaTHRO pO3KPHUTI B JITEpaTypi METOAM YIPaBIiHHA PO3BHUTKOM Ha 3acaiax
iHHOBaMiitHOTO mMigxomy. HeoOXigHICTh pO3pOOKH CHCTEMHOTO IiIXOMy IO YIIPABIiHHS IHHOBAIIMHOIO MiSUTBHICTIO SK
YHHHUKA CTPATEriyHOTO PO3BUTKY OpTaHi3aIliii aBTONEPEBI3HUKIB IMMIATBEPIKYETHCA 1 CYNEPEWIMBUM JOCBIIOM
3IIACHEHHS TaHOTO IPOIIeCy Ha MPAaKTHIIl BITIN3HIHUX OpTaHi3aIliil Ta miImprueEMCTB.

EdexktuBHUM IHCTpYMEHTOM BIIPOBa/DKEHHs Ta ycmimiHOl peanmizamii iHHOBaWiii B opraHizarisx
aBTOIIEPEBI3HMKIB BUCTYNAIOTh IHHOBALii{HI cTpaTerii Ta MpoeKTH iX peamizawii. B opraHizauisx aBTonepeBi3HUKIB 32
iHHOBalii MOXYTh BHCTYIAaTH HOBI INPOAYKTH (IOCIYTH), TEXHOJOTii iX BUIOTOBJEHHsS (HAJaHHS), HOBI METOAM
oprauizauii nepeBe3eHb, HOBI MeToJu Ta (Gopmu opranizauii BUpoOHHLTBA (30yTy), BUXiJ Ha HOBI PUHKH, CIIOCOOH
BUKOPHCTAHHS YH 3aCTOCYBaHHS IIPOIYKTIB (IIOCIYT), HOBI Oi3HEC-MOJIesi PO3BUTKY 1 yCHilIHOT poOoTH opranizamii [8].

OntuManbHU# BUOIp TIPOCKTIB IHHOBAIITHOTO PO3BHUTKY € OHIEI0 13 BXKIUBUX (PYHKIIIH CHCTEMH MiIATPUMKA
NPUHHATTS pilleHb B yNpaBiiHHI npoekTamMu. CrcTeMa MATPUMKN MPUHHSATTS PIlICHb — I1€ KOMIUIEKC CTATHCTHIHHUX,
aHANITHYHUX 1 IMITAIIIITHAX MOZETeH MporieciB 1 pobiT Ta MpOrpaMHUX 3ac00iB IO TMPOEKTY AJISA MiATOTOBKH PIIIEHB IO
fioro peamizamii. Llimmo iHGopMamiifHOI CHCTEMH MIATPUMKHA TIPHAHATTS PIMICHb € OpraHi3amis 1 ympaBiiHHIL
MPUHHATTSM PIllIeHb TIPX po3poO1li 1 peaiizamii IpOeKTiB Ha OCHOBI CYJaCHUX TEXHOJIOTiH 00poOKH iH(popMarIii.

BaxnmBoro (QYHKIIEIO CHCTEMH TMPUHHATTA pIlieHh € 3MICTOBHA 00poOKa JaHWX y Tpoleci po3B'sA3aHHA
(GYHKIIOHATIBHUX 3a]ad YNpaBIiHHS MPOEKTaMH 3 METOI0 BHOOPY ONTHMAILHOTO PIlICHHS Cepel ajJbTepHATUBHHUX
BapiaHTIB.

st onucy 1 aHanizy iHHOBaLliHHMX MPOEKTIB HAa NEpeIiHBECTHLIIHHINA CcTa il 3aCTOCOBYIOThCS CIIelliani3oBaHe
nporpamue 3abe3nedeHHsT (piHAHCOBOTO aHaIi3y MPOEKTIB, SIKE J03BOJIIE BHUKOHATH OIIHKA OCHOBHHX IOKa3HUKIB
MPOEKTY B LIIJIOMY 1 00IPyHTYBaTH €(DEKTUBHICTD KaliTalOBKIIa/ICHb.

Po3poGiieni Mozeni Ta KOMIT'TOTEPHI ajJrOPUTMH ONTHMAJILHOTO BUOOPY MPOEKTIB iHHOBALIHHOTO PO3BUTKY
JIO3BOJISIIOTH  PO3IMIMPUTH Ta YIOCKOHAINTH ICHYIOUMH apceHald NpOrpaMHOTo 3a0e3MedyeHHs CHUCTEM MiATPUMKH
MPUHHATTS PillIeHb 1 3aCTOCOBYBATHCH y SKOCTI iX JOIMOMIXKHHUX 3aCO0iB.

LI TA 3AJAYI JOCIILIKEHHSA

3amada IpUHHATTS pillieHb Y BUOOPI MPOEKTIB IHHOBALIHHOTO PO3BUTKY MOJATAE Y HACTYHHOMY. KepiBHHIITBO
opraizamii mpu po3poOii MPOeKTy IHHOBAIIMHOTO PO3BUTKY, MPOBOISYH aHATI3 €KOHOMIYHOTO CTaHy OpraHi3arlii
aBTOIIEPEBI3HHUKA Ta CIIOCTEPEKECHHS YMOB POOOTH aHAJIOTIYHUX OpraHi3amii Ta MiAMPUEMCTB i 3aCTOCOBYIOYH HAYKOBI
JlaHi, TIAIUI0 BUCHOBKY, 1[0 €KOHOMIYHHI CTaH OpraHizaiil y MOTOYHOMY pOLi MOXKHA BBaXKATH 3aJISKHHUM Bix Horo
CTaHy y HONEepPETHBOMY POTIi.

PE3VJIbTATHU JOCJIAKEHb

IlepexinHi HAMOBIPHOCTI MiXK CTaHaMH BHIIQIKOBOTO TIPOIECY OMHCYIOTHCS MAapKOBCHKHM BHUIIaKOBHM
marmoroM [9]. CtpykTypa IOXOIIB y IUX MpoIecax MPeICTaBIAETbCS MATPHUIICIO, €IeMEHTaMH SIKoi € mpuOyTOK abo
JIOXOJ1, IKi BUHMKAIOTh YHACJIIOK IEPEeXO0/IiB i3 OJHUX CTaHIiB B iHIII. MaTpui nepexiiHuX iMOBIpHOCTEH 1 MaTpHIld
JTOXOJIIB 3aJIeXkKaTh BiJl BapiaHTIB pillleHHs, SIKi IpUiiMae KepiBHULTBO opraHizamii. CTaHU opraHi3allii B 3aJe:KHOCTI Bif
piBHA 11 ekOHOMI4HOi eeKTUBHOCTI (IIPUOYTKOBOCTI) MOYKHA OXapaKTepU3yBaTH 3a TPhbOMa CTaHAMH MapKOBCHKOTO
nanrora (tadmmus 1):

Tabmuus 1 Tpu eKOHOMIYHI CTaHM IiIPHEMCTBA

ExoHOMiuHMH cTaH HinpueMCTBa Cranu cucreMu
Huzpkwmi S
3a10BUIbHUI S,
Xopouuii S;

Meroro 3a7adi € BU3HAYCHHS ONTHMAJBHOI CTparerii MpUUHATTS pilieHb (BHOOPY MPOEKTIB iHHOBAI[iHHOTO
PO3BUTKY OpraHi3ailii), ika MaKCUMi3y€e OUiKyBaHUH JOXiJI BiJl POIIECY y 3alaHOMY TIepioJIi Mii MPOeKTy.

Jlnst mpakTHYHOT pearizamii 3aaadi 0ys0 oOpaHO OAHY 3 OpraHi3alliii aBTONepeBi3HUKIB Y M. Binaunms. ITicist
aHai3y JOCHipKyBaHOi oprasizaiii, 11 MisIbHOCTI, OCHOBHMX BHPOOHWYMX Ta (PiHAHCOBHX ITOKAa3HHKIB, TPOBEIACHHS
MapKeTHHIOBHX Jociipkenb Ta SWOT-aHanizy, MOKHa IMPUHTH A0 BHCHOBKY, IO HaWOUIbII NPIOPUTETHUMH IS
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MiIPUEMCTBA € 3aMiHa Ta OHOBJICHHS PYXOMOTO CKJIATy i, V 3B’SI3KY 3 IIUM, BIPOBAPKCHHS Cy9aCHUX TEXHOJOTTUHUX
MIPOIIECiB TEXHIYHOTO 0OCITyTOBYBaHHS Ta PEMOHTY.

B 3amexxHocTi Bim miNeH, SKi CTaBUTh Iepen COO0I0 KEpiBHUITBO HAa HACTYINHHH MeEpioX, OpraHi3amisd
aBTOIIEPEBI3HUKA (CHCTEMa) MOXE 3aCTOCOBYBATH TPHW MOMIIMBHX IIPOEKTH peaji3amii iHHOBAIlifHWX cTpaTerii
PO3BUTKY Ha HACTYIHHH Tepiof (Tabmmuka 2).

Tabmuus 2 [IpoekTy peanizanii iIHHOBAIIHHUX CTpaTerii
Homep npoekty 3MICT IPOEKTy
Ipoexr 1 VY cucremi nependavaeThCsl NPOBEIECHHS 3aXO0/1iB [0 BIPOBAPKEHHIO CYYaCHUX
TEXHOJIOTTYHUX MPOLIECIB TEXHIYHOIO 0OCIYrOBYBaHHS T4 PEMOHTY, IPOBEACHHS 3aXO0/IiB IO
T IBUIIEHHIO €(DEKTUBHOCTI MOTY>KHOCTEH BUPOOHUYO-TEXHIYHOT 0a3u 03 10AaTKOBUX
iHBeCTHLIH. 3pocTaHHs NPUOYTKY HE3HAUHE.

Ipoexr 2 OHOBJICHHS PyXOMOTO MapKy aBTOOYCIB 3a paxyHOK KymiBii 5 borman A 0690,
inBectulii He3HauHi. [lepenOauaeThbest OLIBII 3HAYHE 3pOCTaHHSI IPUOYTKY.
Ipoext 3 Po3BuTOK crcTeMH 3a paxyHOK 3amiHa aBToOyciB [1A3-4234 Ha aBToOycu bornan A-

1452 (E-2) B kinbkocTi 12 oAMHHI, PO3MIUPEHHS 00'€MIB MOCIYT 1 3aTy4eHHs OLIbII
IIMPOKOT KiTBKOCTI KiieHTiB. [lepe0auatoThCs 3HAYHI BUTPATH Ta IPUOYTKH.

IMOBipHOCTI ITepeXoiB CHCTEMH i3 OJHHUX CTaHIB Y iHIII 3a1al0THCS MaTpHUIICioO P:

CraH cucremu y

HaCTYITHOMY pOIIi

S, S,
A SASe
St
S, P11 P12 P13
CraH cucremu y
. S  P=|P21 P22 P23
HOTOYHOMY POLI <
P31 P32 P33
3a paXyHOK BHOOpY IHIIUX CTpaTerii ) KEpIBHUIITBO OpraHi3alii MOXKe TMPUIHATH PIICHHS 3MiHUTH

nepexiaHi WMoBipHocTi pij (1, j = 1,...,m). Hanp\mnaz[, BOHO MOXX€ TIPUIHATH PIIIEHHS BKJIACTH 1HBECTHUIIT Y PO3BUTOK
OpraHizallii 3 METOI0 MIOKPAIICHHS 11 eKOHOMIYHOTO CTaHY, HAPOIIYIOYH BUPOOHUYI TTOTY>KHOCTI.

st Toro, o0 MOCTaBUTH 33/1a4y NPUHHATTS pillleHb Ha MEPCHEeKTHBY, KEPIBHUITBO OpraHizaiii mos's3ye 3
MepexoioM 13 OJHUX CTaHIB y iHII (QyHKLi0 noxoay (abo nmpuOyTky). DyHKIS J0X0AYy BH3HAYaE JOXijA 3a Mepioj
IUIAHYBaHHSI B 3aJISKHOCTI BiJl CTaHIB, MK SKHMH 3IIHCHIOETBCS IepexiZ. 3a paxyHOK BHUOOpY pPI3HUX cCTpaTterii
(GyHKIIOHYBaHHSI Oprasizaiii KepiBHHUITBO MOXeE TIOKpallatd i eKOHOMIYHHMH CTaH, HANpUKIaja, 32 paxyHOK
KamiTaloBKIIaIeHb Ha MPUA0aHHSI HOBUX NPOBI3HUX CIIPOMOIKHOCTEH.

Jlnst MOCTaHOBKM 3aadi NMPUHAHATTS pimieHb Tpeba BCTAHOBUTH JIOBXHHY MEpiofy, Ha SIKMH HPUHMA€eThCS
pitreHHs. BiImoBigHO pO3MIANAIOThCSA 3aAadi MPUAHATTS PIlICHb i3 CKIHYCHHHM 1 HECKIHYEHHHM YHCJIOM eTamiB. B
000X BUMAnKax Tpeba BHOpATH HAaWKpaIIWi MPOEKT IMisIPHOCTI OpraHi3amii — BKJIAJATH YM HE BKJIAJAATH KOIUTH HPH
3aJaHUX pe3y/bTaTax EKOHOMIYHOTO aHalli3y CTaHy oprasizamii. 3a KpuTepid onTuMmizamii JOULIIBHO NPUHHITH
MaKCHMYM O4YiKyBaHOTO JIOXOZY BiJl peaji3amii BAOpaHUX MPOEKTIB.

PosrisitHeMo Mopenb 3anadi NMPUAHATTS pilleHb HAa OCHOBI METOJY JHHAMiuyHOTOo nporpamyBanHs [10].
[Ipumyctumo, 1m0 KepiBHUIITBO OpTaHi3allil Mae HaMip BU3HAUUTH CTPATETii0 yIpaBiiHHS opraHizamieo Ha N pOKiB.
BoHo 3amikaBieHe y BH3HAUCHHI CBOEI CTpaTerii MOBEMIHKM (BKIAaJaTH UM HE BKJIAZATH KOIITH) AJS KOXKHOTO POKY
TOPU30HTY IJiaHyBaHHA. ONTHMalibHa TOBEJAIHKA y JaHOMY BHIIAJKY BHM3HAUAE€ThCSI TAKOK CTPATeriero, MpH sIKiif
oprasizaris ofepKye HalHOiIIbIINil odikyBaHUI q0Xix gepe3 N poKiB.

[TocraBneny 3amady MOXHA TPEACTaBUTH SK 3aJady TUHAMIYHOTO IIPOrpaMyBaHHS KEPOBAaHHUX IPOIECIB i3
CKiHYeHHM uuciioM eTamiB N. MeToJa NWHAMIYHOTO NPOTpPaMyBaHHS IPYHTYETHCS Ha MPUHIMIIL ONTHMAIBHOCTI
P. benmana [11], mo BH3Hayae MOPSIOK IOKPOKOBOTO pO3B'I3yBaHHS 3aJadi 3a JOMOMOIOI0 PEKYPEHTHHX
oOuncmoBanbHUX Hpouenyp. IIpHHIUI onTHMaTbHOCTI POPMYITIOETHCA HACTYITHUM YWHOM: ONTHMAJIbHE KepyBaHHS
Ma€ OCHOBOIIOJIOXKHY BJIACTHBICTb - SIKUMH O He OyJIM NMOYATKOBHI CTaH Ta NMPUHHATE IMOYATKOBE PILLICHHS, HACTYITHI
pilLICHHSI TOBMHHI YTBOPIOBaTH ONTHMajbHE KEpyBaHHS BIJHOCHO CTaHy, L0 BHHHK B pPE3yJbTaTi IMOINEPEIHBOTO
pimenns. OTxe, TUHAMIYHE NPOrpaMyBaHHS € MOCTAITHUM IUIaHYBaHHSAM 0araTOKpOKOBOTO IPOLECY 3 ONTHUMIi3aLi€lo
Ha OIWH KPOK, K€ BPAaxOBYE Ha KOXXHOMY KpOIli PO3BHTKY IPOIECY 3arajioM, TOOTO MpH NPUUHATTI PillICHHS
BpaxoBYeEThcs MaiOyTHe mporiecy [12]. besmocepenHpo 1me 3po0UTH HEMOXKIINBO, 1 BIacHE, MPUHITUI ONTUMAaIbHOCTI

Jla€ MOYJIMBICTh PO3B'sAI3yBaTH OaraToeTamHi 3a1a4i.
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PosrisiHeMo anropuTM pO3B'I3aHHSA TIOCTaBIEHOI 3agadi — ONTUMAJbHUNW BHOIp 1HHOBAIIMHMX IPOEKTIB
¢dyHKiioHyBaHHs oprasizauii nporsarom N pokis. Hexait 3agana marpunst C = |_Ci jJ’ i, j = 1,..., m BapTocTell nepexonin

CHCTeMH i3 cTany Sy cTaH S;j 3a oauH Kpok. [Toznaunmo uepe3 U(n) = {U;(n),U,(n),..., Un(n)} BekTop, sikuii Bu3Hadae
JIOX1/T CHCTEMH Ha KOXHOMY n-My Kkpotii (n=1,..., N) N — kpokoBoro mporecy. SKIo cucrema, BUXOIIYH i3 CTaHy S 3a
N KPOKIB JOCATIa CTaHy Sj, TO OYIKYBaHMH ONTHMAaIbHMH [OXiZA MOXHA BH3HAYUTH 3a JONOMOTOI0 MPSMOTO
(YHKIIOHATIFHOTO PiBHIHHS JUHAMIYHOTO MPOTPaMyBaHHS Y BUTJISII:

m
Uj(n) = max Z Cﬁ- + Uj(n —1)]p=<j ;i=1,...,m;yn=1,..., N, (1)
k :
=1
ae pﬁ — iMoBipHOCTI mepexody cucteMd i3 cramy S; y crav S; (i, j =L.., m) 3a
k-m mpoekrtom (ipu anbTepratusi k (k=1, 2, ..., 1));
CE(J-— OIliHKa Tepexoy i3 cTaHy S; y cTaH S npu ansTrepHaTuBi k (k=1, 2, ..., r);

U;(n) — ouikyBaHuii cymapHuii moxij cucTeMu 3a n Kpokis (n = 1,..., N), sikmio npouec noyascs i3 cTany i (i =
1,..., m).

HaBenene piBHSIHHS IPYHTYETbCS Ha TOMY, IO CYMapHid I0OXil Cﬁ +U J-(n—l) OTPUMYETHCSI B PE3YJIbTATI

nepexoay CMCTEMHU y CTaH J Ha €Talll n-113 CTaHy 1 Ha €TaIll N 3 IMOBIPHICTIO p ” .

Bupa3 (1) MoxHa 3amicaT y BUTIISAL:

m
k Kk
Ui(n)=maxig; + > pijUj(n-1);,
k i=0
a00 y MaTpu4Hii popmi

k k
U(n)= mlflx {g +P"Uj(n —1)},
. . : k .-k L y
ne U(n) — BEKTOp 3arajbHOrO OYiKyBaHOTO MOXOIy Iicis n Kpokie, P _(pij) — Marpuls HMOBIPHOCTEN

MePEXOIiB, gk = (g:‘) — BEKTOp BapToCTel mepedyBaHHs cucTeMu y ctanax S; (i, j = 1,...,m) mpu BuOpaniii crparerii k

(k=1,.., r), KOMIIOHEHTH IIHOTO BEKTOPA JOPiBHIOIOThH glj‘ = ZC,kjph
j=0
PosrnsiHyTY Monenb 3amadi BU3HAUCHHS ONTHMAaJIBHOI CTpaTerii y mporecax NPUAHATTS pillieHb B YHpaBIiHHSI
IHHOBAIIITHUIMU TPOEKTaMU MOYKHA y3araJlbHUTH y JBOX BimHOmEeHHAX. [lo-mepire, mepeximaHi HMOBIpHOCTI 1 QyHKIIT
IOXOJy MOXYTh OYTH pi3HUMH y Oyab-skuil pik. [lo-mpyre, MOXKHa BHKOPHUCTOBYBATH KOC(QIIiI€EHT NTUCKOHTYBAaHHS
OUIKYBaHHX JOXOMIB JJS TOCTIMOBHHUX €TamiB, y Hachigok doro 3HaueHHA U;(N) OynyTe mpencTaBisTH cOOO0IO
NPUBEJICHH]I BEJIMYMHN O4iKyBaHUX JIOXO/IIB IO BCIiX eTanax.

. . k . L . N
VY mepmomy BUMAgKy MOTpiOHO, MO0 3HAYeHHA IOXOAIB ( j 1 mepexinHi imMoBipHOCTI Pj; Oynm TakKoX

¢yHKIOisMu etamy n. Jlpyre y3arampHeHHS mojsrae y HacTymHoMmy. Hexair o (o < 1) — piuHmit koedimieHT
JIMCKOHTYBAHHS, SIKUH 3a3BUYal 00UnCITIOEThCS 32 popmynoro o = 1/(1 + t), ne t — piuHa HOpMa 6aHKIBCHKOTO BiJICOTKY.
TaxuMm unHOM, D rprBEHb HACTYITHOTO POKY JOPIBHIOIOTH (LD TpUBHSIM MOTOYHOTO.

VY 3arajgpbHOMY BHUIIQAKY INPH JWUCKOHTYBAaHHI ONTHUMAaJbHE DILICHHS MOXE BiAPI3HATHCS BiJl ONTHMAIEHOTO
pitenHs 6e3 BpaxXyBaHHS AUCKOHTYBaHHSI.

PexypeHTHe pIBHSHHA [MHAMIYHOTO TNPOrpaMyBaHHS MOXXHa BHKOPUCTOBYBaTH [UIs pPO3B'SI3aHHS 3a1ad
NPUHHATTS pilleHb, JUId OIIHKKM Oynb-sKoi cramioHapHoi crparerii. [Ipumyckarouw, IO JWUCKOHTYBAaHHS He
BPaxOBYETHCS, OACP)KUMO PEKYPEHTHE PiBHSIHHS JUIS OLIHKM CTAIliOHAPHOI CTpaTerii y BATIIAII

m
Ui(n)=g; + > _pjjUj(n-1), n=2, .. N, )
i

ne Pij — (i, j)-# eseMeHT MaTpHIi NepexigHUX IMOBIPHOCTEH, IO BiATIOBifae OIiHIOBaHilM crpaterii, a g —
OUiKyBaHHH JI0XOJI 32 III€I0 CTPaTETIElO.

Enementn matpuui C MOXyTh OyTH 00YHCIICH] SIK PI3HUIE cepeHbopiyHOro noxoay D(Q) mignpuemcrsa 1o
pokax nepiony rutanyBaHHs i3 N pokiB 1 notoynnx Burpat C(Q) 3 ypaxyBaHHSIM NPUBEACHHX KalliTaJIbHUX BKJIaZeHb K,
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ne Q — BenWuYMHA TPOBIZHOI CIPOMOXHOCTI TApKy TPaHCIOPTHHUX 3aco0iB opranizamii. [loTouHi BHTpaTh
00YHNCITIOIOTECS 32 (GOPMYIIOIO:

N C:
C(Q)=Zﬂ

= ®)
a1+ K

ne K — BapTicTh kanitairy 3a iHBECTUIIIHHUM MPOEKTOM.

Marpuni #iMOBipHOCTEH Mepexo/1iB BU3HAYAIOTHCSI HA OCHOBI IIUJIeH, sIKi epeadadaroTb po3risiyBaHi IPOEKTH
PO3BHUTKY Oprasizailii, Opi€HTOBaHi Ha JOCATHEHHS CTaHiB S), S, Ss.

SIk ckazaHO paHille, opraHisaiis aBTONEpPEBI3HMKA (CHCTEMa) MOXKE 3aCTOCOBYBAaTH TPH MOJKIIMBI CTpaTeril
(TIpoeKTH) CBOET MOBEIHKY HAa HACTYIHUH Iepiof;

- 1-ii mpoeKT — y cucTeMi nepeadadaeTbesl MPOBEICHHS 3aX0/iB 110 BIPOBAKEHHIO CYYaCHUX TEXHOJIOTTYHUX
MIPOIIECIB TEXHIYHOTO OOCIYTOBYBaHHS Ta IMOTOYHOTO PEMOHTY, IMPOBEICHHS 3aXOJiB IO INIBUIIEHHIO €(peKTHBHOCTI
MOTY>KHOCTEH BUPOOHHYO-TEXHIUHOI 6231 6e3 T0JaTKOBHUX iHBECTHIINA. 3pOCTaHHS MPUOYTKY HE3HAYHE;

- 2-i1 IPOEKT — OHOBJICHHS PYXOMOTO MapKy aBTOOyciB 3a paxyHok kymiBm 5 Borman A 0690,
inBecTuii He3HauHi. [lepenOadaeThes OLTBIN 3HAUHE 3POCTAHHS MTPHOYTKY;

- 3-ii mpoekT — 3amina aBroOyciB [1A3-4234 Ha aBroOycu borman A-1452 (E-2) B kinbkocti 12
OJIMHUIIb, PO3IIUPEHHS 00'€MiB MOCIYT 1 3adydeHHs OiNbII MIMPOKOi KimbKOCTi KiieHTiB. [lepenbadatoTecs
3HAYHI BUTPATH Ta IPUOYTKH.

3a 3ajaHUMU MaTPHISIMU HMOBIpHOCTEH mepexoiB Py, Py, P, ski BIIMOBIMAIOTH PO3IIISIYBAHAM CTPATETisiM
Si, Sz, S; 1 Mmarpumero Baproctedt mepexoniB C, 3HalieMO ONTHMANBHY CTPATETil0 YHPABIiHHSA IPOCKTOM
(YHKIIOHYBaHHS OpraHi3allil aBTomepeBi3HUKa Ha mepiog y N = 5 pokiB i OMiHUMO ii eKOHOMIYHY e(pEeKTHBHICTH 3a
KPHUTEPiEM MaKCHMYyMY JIOXOJY.

OGuncitroroun BexTopr g', g, g° Baprocteii mepeGyBanms cucteMn y cTanax Sy, S,, Sg 3a crparerisvu k; (i = |,
2, 3), OLIIHMMO BapTOCTI MEepPeXOoiB cucTeMu 3a n=1, ..., N pokiB. Y posrisayBaHiii 3amadi nepiox y N = 5 pokiB BuOpa-
HUH 13 MipKyBaHb, 10 3a [eH Mmepio]] cucTeMa BXOAWTH y CTallioHApHHUHA peXUM (QYHKITIOHYBAaHHS 1 Y TIOAAJBINI TIEpioTu
il cTaHu CTabiIbHI.

IMoyarkoBi naHi 3anauyi:

— MaTpHIls BAPTOCTEH MEPEXOIiB BiJl IOTOYHOIO CTaHy OpraHi3allil 10 CTaHiB, 10 BiAMOBIIAOTh cTparerism k; (1 =
1,2, 3) nopiBHIO€:

10 50 100
C=[{100 200 250};
150 250 300

— MaTpuI HMOBIpHOCTEH mepexoiB 3a cTparerissmu k; (=1, 2, 3) MaroTb BUTIIA;

0,8 0,15 0,05 0,01 0,8 0,18 0,02 0,08 0,9
pP,=/0,7 0,25 0,05(; P,=(0,02 0,9 0,08|; P3=|0,05 0,05 0,9|;
0,6 0,35 0,05 0,05 0,9 0,05 0,01 0,09 0,9

3a ¢opmynamu (2) po3paxoByeMO BapTOCTi mepeOyBaHHS CHUCTEMH Yy CTaHax Si, S;, Sz y BiamosigHocTi 3
BUOpaHUMH CTpaTETisIMA

m =3, r=3, N=mr=9, i=1,...m, k=1,...r j=1,...n
m m m
gli = ZCLJ— . P]'LJ 92| = ZCLJ- . P2i,j 93, :=ZCi,j P‘?’I,j
=1 j=1 j=1
20.5 58.1 924
gl=[1325 @=| 202 g3 =| 240
1925 2475 294

Bekrop mMakcumanbHUX BapTocTeil nepeOyBaHHS CUCTEMH y CTaHax 3a crparerismu k; (i = 1, 2, 3), enemenTn
SIKOT0 BU3HAYAIOTHCS K Vi:=max(gly, 92, 931), Vai=max(gl,, 92;, 93,), Va:=max(gls, 923, 93s3)
nopiBHioe: V = (92,4; 240; 294).

Po3paxyHku napameTpiB ONTHMAIBHUX CTpaTerid HaBeaeHi y Tabiuiyx 3 i 4.

Tabmws 3 OnTuMalnbeHi cTpaTerii GyHKIIIOHYBaHHS CHCTEMH 32 MOJEIUTIO THHAMIYHOTO ITPOrpaMyBaHHS
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Crparerit Poxu 1 2 3 4 5
nepiony
. Cran 1 W1, 94,2 146,6 196,1 245,2 294,2
i
% Cran2 W1, 240,0 273,1 320,8 369,6 418,6
<
S Cran 3 W1, 294,0 347,7 3934 4421 491,1
Q Cran 1 W2, 94,2 304,0 502,8 703,2 903,5
E Cran 2 W2, 240,0 4434 645,8 848,1 1050,4
<
5 Cran 3 W23 294,0 482,9 685,9 888,1 1090,4
° Cran 1 W3, 94,2 304,0 570,4 857,0 1143,6
=
% Cran 2 W3, 240,0 4434 712,0 998,5 1285,1
E
O Cran 3 W33 294,0 482,9 7716 1058,2 13448
Hloxin sa "“THMS_“"HO*O CTpatericio 294,0 482,9 771,6 1058,2 1344,8
I max
OntumManbHi crparerii K 3 3 3 3 3
Ta6muus 4 TopiBHSHHS cTpaTerii
TIpHPOLCHKs IOXOAy MUK CTAHAMH CHCTEMH [MpupoLieHHs 0X01y MiXK CTAHAMH CHCTEMH Y
Crparerii OCTaHHBOTO 1 TOIEPEIHBOTO IEPIOy ki epiofty (yHKIioHyBaRHS
(G yHKIIOHYBaHHS plofy @y y
Aly 49 Aly 1244
S, Al, 49 Alg 196,9
Al 49 Al 72,4
A2, 203,3 A25 146,9
S, A2, 202,3 A23 186,9
A24 202,2 A23, 40
A3, 286,6 A3y 141,6
S; A3, 286,6 A3y 201,2
A3, 286,6 A3, 59,7

B tabmumi 4 HaBeqeHa Pi3HUI Y BApTOCTI IepexouiB Mixk 1-m 1 2-m, 1-M 1 3-M T2 2-M 1 3-M cTaHAMH MiCIIA N >
5 KpOKIB 3aBXXAM JIOPIBHIOE: y TEPIIOMY BUMaAKy npubmusHo 141,6 ym. rp. on., y apyromy 201,2 ym. rp. ox., y
TpeTboMy - 59,7 ym. Ip. 0.

Pe3ynbTati po3paxyHKiB MOKa3ykOTh, 10 ONTHMAIBHOIO € TPETs cTpaTeris K3 — "opranisailis aBTONEPEBI3HUKA
BKJIaJla€ BeJIMKi iHBecTHmii". 3a Ii€lo cTpaTeri€lo y MOpiBHSAHHI i3 cTpateriero k, — "opranizaiis aBTomepeBi3HHKA
BKJIaJla€ cepenHi iHBecTuuii" 3abesmedye moxig Ha 59,7 ym. Tp. on. Oinbime; 3a crpareriero ky — "opranizamis
aBTOIIEPEBI3HMKA BKIJIAJ[a€ BEJHKI iHBECTHIIIl" y MOPIBHAHHI i3 cTpaTerieto ki — "opraHizaris aBTonepeBi3HUKA BKIIAIa€
He3HayHi iHBecTHuii" — Ha 201,2 ym. rp. ox., 3a crparerieto k, — " opraHizaiis aBTONepeBi3HHKA BKJIANAE CEpeHi
iHBecTHLii" y NOPiBHAHHI 13 cTparerieto k; — " opraHizalis aBronepeBi3HUKa BKJa ae He3Ha4HI iHBecTULii" — Ha 141,6
YM. Tp. OfI.

TakuM 4YMHOM, JJaHA MOJIEJb, BUKOPUCTOBYIOUH METOJ JMHAMIYHOTO IIPOTPaMyBaHHs, JO3BOJIIE BU3HAYMTH
ONTHMAJIBHY CTpaTerilo PO3BUTKY OpraHizailii aBTONEpEeBi3HMKAa Ha JOBFOCTPOKOBHMH mepiox (y Hamriii 3amadi Ha 5
POKIB) 3a KpHTEPieEM MAKCUMYMY O4iKyBaHOTO JOXO.Y.

OBI'OBOPEHHSI PE3VJIBTATIB JOCJIAXXEHDb

Binx piBHS iHHOBaLiHHOTO PO3BHUTKY OpraHi3aIliii aBTOMOOITFHOTO TPAHCIOPTY (ABTOMEPEBI3HUKIB) 3aJICKUTH
€KOHOMIYHUH Ta (iHAHCOBHI CTaH HE TINBKH aBTOMOOUIBHOI ramy3i, ane W MOTYTHICTh PETiOHIB 1 KHUTTEBHH piBEHb
HaCeeHHS.

HeoOxigHicTh Oe3mepepBHOTO 1 MUIECTIPSIMOBAHOTO IHHOBAI[IHHOTO PO3BUTKY OpTraHi3aiiil aBTOTIEPEBi3HUKIB
BU3Hayae iX ycmimHe nepeOyBaHHS Ha PUHKY, e(eKTHBHE (DYHKLIOHYBaHHS 1 OTpUMaHHs NpuOyTkiB. boporhba 3a
PHHKH IlepeBe3eHb, BHCOKI BUMOTH CIIO)KMBAdiB JO aBTOTPAHCIOPTHUX MOCIYT, CTaTyC IHIIMX TPaHCHOPTHHX
HIAIPUEMCTB, SIKI NMPONOHYIOTh AHAIOTIYHI IOCIYrH, HEOOXIAHICTH B OHOBJICHHI I MOJepHi3alii pyXxoMOro ckiauny,
BUPOOHMYO-TEXHIYHOI 0a3u BHMaraloTh BiJl OpraHi3auiid aBTONEPEBI3HHUKIB IOCTII{HOTO PO3BUTKY 1 BJOCKOHAJICHHS.
Crimparouuch Ha CBITOBHH JOCBiJ, MOXKHa CTBEP/DKYBATH, IO IIJNPHEMCTBA MOXYTh AKTHBHO PO3BUBATHUCS, INPU
panioHaIbHOMY BUKOPUCTaHHI BCiX BHJIB pecypciB Ta 0a3yBaHHIO CBO€] AisIIbHOCTI Ha iHHOBAIIISX.
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EdexTrBHO BHpOBa/PKYBAaTH IHHOBAIIMHY MisUTBHICTE B OpraHi3allisX aBTONEPEBI3ZHWKAX MOXKIUBO IPH
PO3po0IIi cTpareriii IHHOBAIIMHOTO PO3BUTKY Ta MPOEKTIB 1X peaizariii.

Ha mpuximani KOHKpeTHOTO opraHi3amii aBTonepeBi3HUKiB y M. Binaum Ta 3a gonomororo SWOT-anamizy Ta
MapKETHHTOBUX JOCII/DKeHb OynM BHOKPEMIICHHI TpPW TIPIOPUTETHI IS OpraHi3amii iHHOBamildHI cTparerii Ta
po3pobieHi mpoektn ix peamizarmii: mpoekT Nel — BHpoBaKeHHS CydaCHHX TEXHOJOTIYHHX MPOIECIiB TEXHIYHOTO
00CITyTOBYBaHHS Ta MMOTOYHOTO PEMOHTY, POeKT No2 — OHOBJICHHSI pyXOMOTO MapKy aBTOOYCiB 3a paXyHOK KYIIiBII 5
Borman A 0690 Ta mpoekt Ne3 — 3amina aBroOyciB I1A3-4234 Ha aBToOycu Borman A-1452 (E-2) B kimekocti 12
OJTUHHUIIb.

3a 10TIOMOrOI0 MPOTPaMHOro 3abe3neueHHsl OyJIM BCTAaHOBJICHHI OCHOBHI ITOKa3HUKH €(EKTHBHOCTI KOXKHOT
ctparerii. [To koxHiii cTparerii po3po0yieHn# MpoekT ii peaizarii.

st BUOOPY ONTHMAaIBHOTO MPOEKTY BUKOPHCTOBYETHCS METOJ AWHAMIYHOTO NPOrpaMyBaHHS, IO JO3BOJISE
BU3HAYUTH ONTUMAJIbHY CTPATErilo PO3BUTKY MIANPUEMCTBA Ha JOBIOCTPOKOBHUI nepiof (y Hamlii 3aaa4i Ha 5 poKiB) 3a
KpUTEpiEM MaKCUMyMy OYiKyBaHOTO TOXOXY. MEeTOJOJOTiYHOI0 OCHOBOIO MOJEI € TEOpis CTOXaCTUYHHX IIPOIIECiB
MPUHHATTA PillICHb Ta TUHAMIYHE TPOTpaMyBaHHS.

PesynbraTn po3paxyHKiB OKa3yIOTh, IO ONITUMANIFHOIO € TpeTs cTparerig k3 - "opraHizamis aBTomepeBi3HIKa
BKJIa[a€ BEINKI iHBecTHIT".

BUCHOBKHU

3anpornoHoBaHHil B poOOTI METONMYHUI MiIXiA 3 BUKOPUCTAHHSIM JUHAMIYHOIO MOJICIIOBAHHS JO3BOJIHTh
OpraHizaiisM aBTONEPEBI3HUKAM MPAKTUYHO 00MpaTh AJis cede ONTUMAJIbHI CTpaTerii Ta po3po0IIsATH M0 HUM IPOEKTH
IHHOBALIHHOTO PO3BUTKY Ta OLIBII TOYHO MPOTHO3YBATH JOXOIU Y MailOyTHHOMY 3 BpaxyBaHHSM 3MiH Ta TCHACHIIIH
30BHILIHBOTO Ta BHYTPIIIHBOTO CTaHY OpraHizalii.
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V. Bilichenko, S. Romanyuk, S. Tsymbal, S. Babiy. Working of innovation strategies and projects
development of carriers "organizations.

The work describes the peculiarity of the work of trucking organizations and substantiates the need for their
development with the active use of innovations. The need for continuous and purposeful innovative development of
trucking organizations determines their successful presence on the market, efficient operation and profit. The struggle
for transportation markets, high consumer demands for road transport services, the status of other transport companies
that offer similar services, the need to update and modernize rolling stock, production and technical base require from
the organizations of road carriers constant development and improvement. Based on world experience, it can be argued
that enterprises can actively develop, with the rational use of all types of resources and basing their activities on
innovation.

To effectively implement innovation, as well as reduce the risks associated with it, it is proposed to use the tools
and methodology of development strategies and projects for their implementation. Current strategies of innovative
development for a specific organization of the trucking company are developed. The practical implementation of
innovative projects and strategies is proposed to be carried out using dynamic modeling, which will allow to determine
the optimal strategy for the long-term development of the enterprise by the criterion of maximum expected income.

With the help of the software, the main indicators of the effectiveness of each strategy were established. A
project for its implementation has been developed for each strategy.

To describe and analyze innovative projects at the pre-investment stage, specialized software for financial
analysis of projects is used, which allows to perform assessments of the main indicators of the project as a whole and to
justify the effectiveness of investments.

To select the optimal project, the method of dynamic programming is used, which allows to determine the
optimal strategy of enterprise development for the long term (in our task for 5 years) by the criterion of maximum
expected income. The methodological basis of the model is the theory of stochastic decision-making processes and
dynamic programming.

Key words: innovative development, organization of trucker, strategy, project, dynamic programming.
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13an0pi3bl<uﬁ HayioHanbHUll YHigepcumenm,
Hayionansnuii asiayiiinui yHigepcumem,

200ecvia depaicasna axademis GyOienuymea ma apximexmypu

BI®YPKALIMHUM IIJIXII IO AHAJII3Y JUBEPTEHTHOI BTPATH CTIMKOCTI HEJIHIMHOI
MOJIEJII KOJICHOI'O EKIITAKA 3A HASIBHOCTI IOCTIMHOI'O CUJIOBOI'O 35YPEHHSI

[pencraieHo OipypkamiiftHUN MiOXiq JO aHANI3y JWBEPTCHTHOI BTPATH CTIMKOCTI HENiHIHHOT Mojemi
JBOXOCHOBOI'O €Kilaka 3a HAasBHOCTI IOCTIHHOTO CHJIOBOTO 30ypeHHS. 3a HaJexHOI Kopekuii KyTa MOBOPOTY
KEpPOBAaHOTO KOJICHOTO MOAYJS €Kil IOBEPTa€ThCS IO CTIHKOro MpsSMOJIHIHHOrO pexuMmy pyxy. B poboti
MPEe/ICTaBICHa 3aJCKHICTh KyTa MApUPYBaHHs BiJ BEIHYMHU OOKOBOrO 30ypeHHs ((QyHKIlisT KepyBaHHS CYTTEBO
3aJIOKUTh BiJ HENMIHIMHUX XapakTePHCTHK CHJ BigBeNeHHsA Mojeni ekinaxka). [Ipm mineapumszamii cuin OG0KOBOTO
BiZIBEJICHHS 3alPOIIOHOBaHA (YHKIIS KEpyBaHHS CIIBIAJA€ i3 BIIOMHUM CIIIBBIJTHOIICHHSM, OTPUMAHHUM DSIOM
aBTopiB. Ha ocHOBI GidypkaniiiHoro miaxomy, Ik He TOTpedye MoMNepeHbOro BU3HAYECHHSI MHOXKUHHI CTaI[lOHapHUX
CTaHIB MOZEINI eKilaka, peaji30BaHO BiANIOBIAHY METOAUKY ITOOYIOBH KPUTHYHOI MHOXHMHH IapaMeTpiB KepyBaHHS
(TTO3110BXKHBOT IIBHIKOCTI Ta KyTa IOBOPOTY KEepPOBaHUX Kouic). IIpy mepeTwHi KpUTUYHOI MHOXHHH HapaMeTpiB
BinOyBa€ThCs IMBEPreHTHA BTpaTa CTIHKOCTI CTALIOHAPHOTO PEXKHUMY, SKHH TapaHTOBAHO CTIMKHHA IO MOMEHTY
BUXO/ly Ha TPaHUII0 KPUTUYHHUX 3HA4YCHb NapaMeTpiB KepyBaHHs. KpUTHYHA MHOXKHHA MTapaMeTpiB Mae 0coOIuBiCTh
— TOYKY 3arocTpeHHs Ta B MaJIOMy OKOJI Ii€i TOYKH MOXe OyTH Mpe[cTaBleHa aHATITUYHO HAIliBKYOI4HOIO
napaboioro. [Ipu 3MiHI CyTTEBHX KOHCTPYKTHBHUX MAapaMeTpiB KPUTHYHA MHOKHHA TapaMeTpiB TPaHC(POPMYETHCS,
OI0 MOB’SA3aHO 13 3MIHOIO XapakTepy Oe3leKd BTpaTH CTIHKOCTI MpsMoOIiHiiHOTO pyxy. IlokazaHo, mo ymoBa
Oe3neyHol-HeOe3MeyHol  BTPAaTH  CTIMKOCTI  NPSIMOJNIHIMHOTO pyXy BHU3HAYae€ThCS — CHIBBIIHOLICHHSM  MiX
0e3po3MipHIMHU KOeilli€eHTaMH BiJIBEICHHS Ha OCAX Ta KOe(il[ieHTaMH 3YCIUICHHS Ha OCSAX CKila)xka B MOMEPEeUHOMY
Hanpsmi. [Ipu 11poMy, Koeilli€eHTH 3YETICHHS HE BXOMAThH B JIIHEAPH30BaHY CHUCTEMY PiBHSIHB 30ypeHOTO pyXy, a
BIJTHOCSITBCS IO iICTOTHO HEJNIHIHOT XapaKTePUCTHKH CHJI BiJIBEICHHS.

KiouoBi cioBa: auHamiyHa cHCTeMa, KOJICHHM €KilaXk, CTAlliOHApHI CTaHW, CTiHKICTh, AMBEPreHTHI
Oidypkarii.

BCTYII

OnHi€I0 3 TOJIOBHUX BJIACTUBOCTEH TMHAMIYHKX 1 IMIBUAKICHUX JIETKOBHX aBTOMOOIIIIB € KypcoBa CTIHKICTh pyXY,
3abe3neueHHst Kol 0arato B 4OMY 3aJIe)KUTh BiJl BJACTHBOCTEH eNacTUUHUX pYIIiiB. KOHCTPYKTHBHUMH 3MiHAMU
IIMHU, MOJKHA TTOKPAITYBaTH KYPCOBY CTIHKICTh PyXy aBTOMOOIII.

OpHi€T0 3 TOJIOBHHUX BIACTHBOCTEH IWHAMIYHUX 1 IIBUAKICHHUX JIETKOBUX aBTOMOOUTIB € KypcoBa CTiHKICTh PYXY,
3abe3neueHHst Kol 0arato B 4OMY 3aJIe)KHUTh BiJl BIACTHBOCTEH eNacTUUHUX pymIiiB. KOHCTPYKTHBHUMH 3MiHAMH
IIMHU, MOKHA TTOKPAITYBaTH KYPCOBY CTIHKICTh PyXy aBTOMOOII.

[MpuponHo, 110 PpI3HOMAHITHICTH HENIHIMHUX MPY)KHHX BJIACTMBOCTEH CyYaCHMX IIHMH, IO 3aJar0ThCs
KOHCTPYKTHUBHO, CTUMYJIIOE PO3BUTOK BIATIOBITHUX «TOHIIHMX)» METOJIB aHAJi3y, 3JaTHUX BIOBUTH BIUIUB BiAIIOBITHUX
BJIACTHBOCTEH PYILIIIB HA TUHAMIYHI SKOCTI YChOTO eKilaxa.

H1JIb TA 3AJAYI JOCHIAKEHHS

MeTor0 poOOTH € aHasIi3 TUBEPIeHTHOI BTPATH CTIHKOCTI HETIHIHHOT MOJIeNTi KOJIICHOTO eKilaXka Py HasBHOCTI
MTOCTITHOTO CHIIOBOTO 30ypeHHS Ha OCHOBI OipypKamifHOTO MiAXOMdY.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMHA

Po3rnsiHeMO OJHOMAcOBY «BEJIOCHIICAHY» MOJENb eKimaxka i3 3aKpilUICHUM PYJIBOBHUM YIpaBiliHHAM [6, 7].
Po3paxyHkoBa cxema Takoi MOJIeJi pe/icTaBiIeHa Ha puc. 1.

- 1

Pucynox 1. — Po3paxyHkoBa cxema eximnaxa

PiBHsIHHS pyXy MOJIeli MarOTh BUTISLA (iependadaerrses cos(0)~1):
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MU +V @) =Y1(51) +Y2(52) +Q;
Jir=a-Yy(57)—b-Yo(5 ), )

ne V, U —T0370BXKHSA 1 TOIEepeYHa IIBHIKOCTI IIEHTPY Mac aBTOMOOIUIA; @ — KyTOBa MIBHIKICTH BiJHOCHO
BEPTHKAIBHOI OcCl; € — KyT IIOBOPOTY NepenHix Kojic; M, J — Maca Ta HeHTpaJIbHHHA MOMEHT 1HEepIlii CHCTEMH BiITHOCHO
BEPTHKAIBHOI OCi; ¢, b — BizicTani Bix 1ieHTpy Mac 10 TepeIHBOI Ta 3aJHB0T KOJMICHUX Ocei BiamoBinHo; Y1, Y, — HeiHilHHI
XapaKTepUCTHKH CHJI BiiBeeHHS; Q — 30BHIIIHS OiYHa CHiia, MPUKIIAICHA IO aBTOMOOLIS B IIEHTPI Mac.

KyTu BigBeeHHS Ha OCAX BU3HAYAIOTHCS CITiBBIIHOMICHHAMU:

u+aw
51 =0-————
\Y,
(2)
—Uu+bw
52 = T
Haz[ani, 3 MCTOIO CIIPOIICHHA MAaTCMAaTHIHUX IICPETBOPCHL, BBEACMO 663p03MipHi BCIIMYUHU.
v =_Q mgb mga
=YiN;, Q= y Nj=——, Np=——. 3)

mg I

PiBHAHHA, 10 BU3HAYAIOTH CTALIOHAPHI CTAaHH CHCTEMH 32 HAsSBHOCTI ITOTIEPEYHOI 30BHIMIHBOI criam Q, MaroTh
BHIIIAL;

Vo b sa =

—=Y1—+Y,—+0Q;

g 112 Q @
Y=Y, =0.

B npyromy pisHsHHI cuctemu (4) nepeiinemo 1o obepuennx Qpynkuii 0 =G1(Y ) i 0p =Gy(Y ), ne Y -
Oe3po3MmipHa OOKOBa CWiia Ha MEpeJHid Ta 3aJHIN OCSIX eKinaka CTae HOBMM HE3aJIeKHUM apryMeHTOM. Y IbOMY
BUIAJKY B/l cucTeMu (4) MOKHA IIEPEUTH JI0 OJHOTO BU3HAYAIBLHOTO PIBHSHHS:

_ g| _
G(Y)==5-(Y+Q)-9, (5)
V
ne QyHKIis G(Y )= ( 51)
3BaXkar0ud HA T€OMETPUYHY iHTEPIPETALil0 PO3B’sA3aHHA piBHAHHA (5), Horo ,Z[I/ICKpI/IMiHaHTHa MHOXWHA €

TE€OMETPHUYHIM MICIIeM TOYOK Yy IIJIOMKHI mapaMeTpis yrpasminas (V, 0), s skux HpﬂMa — (Y + Q ) € normuana

JI0 KpUBOi G(Y_) .

VY napamerpuuHiit GopMi JUCKpUMiHAHTHA KpUBA 33a€ThCsI CUCTEMOIO (6)

v? ©®)
0=G'(Y)-(Y +Q)-G(Y).

Hani 3'icyeMo yMOBM peaiizauii NpsSMOJIHIHHOTO peXHMY pyXy eKilaka Hpu Jii MOCTIHHOTO CHIJIOBOTO
30ypeHHs. B npoMy BHMajgky IOBHE JOLIEHTPOBE INPHCKOPEHHS BiJHECEHE /0 NPUCKOPEHHsS BUILHOTO MAJiHHS

JTIOPIBHIOE CyMi Y + Q OTXKeE JUIS peatizamii mpsSMOIIiHIHHOTO peKUMY MOTPIOHO BUKOHAHHS YMOBH Y+ Q 0.
3 0CTaHHBOTO BUXOIHTH

Y=-Q =G(Y)=(5,-51)=G(-Q). @)
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a Bpaxosyroun, mo npu @ =0 cnpaseusa pisuicts 0 = —(52 - 51) , TIPUXOIUMO JI0 CHiBBigHOIIEHHS (8)

0=-G(-Q) (8)

(Toit camuii pe3ysIbTaT MOKHA OTPUMATH Ge3MoCepeIHBO 3 PiBHAHHS (5)).
V sunanxy semaproi ¢ymxuii G(Y) maemo 6 =G(Q). Jlineapusauis ocrammporo (B okom Hyis) aae
IiKaBUH HACIIIOK

ki—k, = Q-
_AaT% a0 9 Q.
PE3YJBbTATHU JOCJIIKEHb

Ha puc. 2 npointoctpoBaHo rpadiuHuii MeTo] BU3HA4E€HHs KyTa nmapupyBaHHs. CrauioHapHuil pexum Op MI0
BIINOBIIa€ TPSAMOJIIHIHHOMY pPEXHUMY PYyXy, OTPUMYEMO MIISIXOM 3MILIEHHS PyXoMoi NpsMOi MO BepTHKali Ha

0 5

BenuuuHy KyTta kopekuii & = G (6 ).

Pucynok 2. — I'pacdiure BU3HAYCHHS KYTiB HapUPyBaHHS IPH [Iii 30BHINIHBOT OI9HOT CHITH:
reOMETPHUYHA KapTHHA BUOOPY KyTa KOPEKIIii.
Janmi BH3HAYMMO aHANITHYHI YMOBH CTIMKOCTI MPSAMOJIHIHHOTO PEXUMY PyXy IPH IMOCTIHHOMY CHJIOBOMY

36ypenni. Bpaxosytoun ymosy Y +Q =0, i3 cucremu (6) oTpumMaeMo KpUTHUHI mapaMeTpy, 3a AKUX BiaOyBaeThCs
JIMBEPreHTHA BTpaTa CTIHKOCTI MPSIMOJIIHIHHOTO PeXUMY

6=-G(-Q);
2 g| ©)
G'(-Q)
Hwxue naBeneHo HabmmkeHHs A (9) y BUNIAAI PO3KIIAAAHHS B PSIIU 3a CTECICHSAMH MAJIOTO MapameTpa (5 ,
JUUIsI BUTIAZIKY OOpaHuX B pOOOTI HENNIHIMHUX 3aJIEKHOCTEH CHIT BiIBEICHHSI:

_ ki - S
Y. = 1 | :
i N
1+ i-d
?i
ka kg 2ka -3 2ky o
0~ g'l Q+ L L Q3.

2 2
v 2k oy 2ki-pq
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YMOBH CTIHKOCTI MHOTOBHIy CTAIliOHAPHUX PEKHMIB, OTPUMAaHHUX Ha OCHOBI OidypkamiitHoro aHami3y (OidypxariiiHa
MHOXWHA (6)), Y3TOIDKYIOTBCS I 3 YMCENTFHIM HTETPyBAHHSM.

D(1)

V, m/c

1 U 1 1 ) L)
=006 -0.04 -0.02 0 0.02 0.04 0.06 0.08 O. pan
Pucynoxk 3. — Bipypxkariitna MHOXHHA Y pa3i mii 0i9HO0i crim
Kondirypamist 6idypxariiiiHol MHOKHHH y pa3i HAIBHOCTI TIOCTIHHOTO CHJIOBOTO 30ypeHHS (pHc. 3 CyIUTbHA KpUBa) HE

MiHSIOUHCh SKiCHO B TIopiBHsnHi 3 BunagkoM Q =0 (myHKTHpHA KpHBa), BTpayae CHMETPHUHICTD, 1110 BKA3ye HA ACHMETPIt0

BJIACTHBOCTEH JIBOTO 1 MPaBOro MOBOPOTIB.
B o6macti D(3) € ompH CTilKuii CTaIliOHAPHII PEeKHM 1 1Ba HeCTIHKUX, B o0macti D(1) — omuH Hectitikuii. BicTpro Bimmnosinae

TPHKPATHA OCOONIBA TOYKA (PEKUM Y =0 ), B IUIOLIIKHI TAPAMETPIB TOYKA 3 KOOPAUHATAMHU
ky Kyl
k1 - k2

OBI'OBOPEHHA PE3YJIBTATIB JOCJJIIXXEHD

Sk BUIUTMBA€ 3 MPOBENEHOTO aHaNi3y, MpH JOCHTh Manux 30ypenHsx (Q Kkpuruuni 3HaYeHHs mapamerpis

YIpaBIiHHS HPSIMOJTIHITHOTO pexumy (aBOKpaTHOrO) i TPHUPaA30BOTO peXUMy Y =0

1-Q ki -k, = — ,
0" = g-1-Q =1 2.9~ G(Q) MAIOTh CIIIBHY MPAHHULIO.

Hymosomy kyty mioBopoty komic (0 =0) BianosizaroTs Kpyrosi craiioHapHi pexuMH, JIHBEPreHTHAa BTpaTa
crilikocti BinOysaetbest npubmmsto npu mwspakocti V, =10,5M/c. Ha puc. 4 mpencrasneHo pesyibTatét UHCENBHOTO

IHTETpyBaHHS CcHCTeMHM Ipu mBHAKocTi V=10M/c (HenepepBHa KpuBa — Koio), V=IlI1m/c (myHKTHpHa KpuBa -
cripanenoniOHa, BiAMOBiae HECTIIKOMY PYXY).

Pucynox 4. — Tpaexropist LeHTpYy Mac MOJIEN eKinaxka Npy JOKPUTHYHIH mBUAKOCTI V'=10Mm/C (HenepepBHa
KpHBa) 1 IPU 3aKPUTHYHIH WBUAKOCTI V=1 [m/C (MyHKTHPHA KpUBA).

m , 2020, Ne1 (14)




© Bepouupkuii B.I'., Xpeber B.I'., Micbko €. M. 2020

Crilikuii cTanioHapHUH PEeKUM, 110 BiNOBinae Habopy mapameTpis 3 oosacti D(3), mpu HenepepBHiii MOBUIBHIN
3MiHI TTapaMeTpiB YHpPaBIiHHA 3aUIIAETECA CTIHKMM, JTOKH TOYKA B IDIOMIMHI IapaMeTpiB KepyBaHHS HE IepPETHE
6ipypraniliny kpuBy. TodukaM IDIOIIMHU TapameTpiB 3 obmacti D(1) BigmoBimaroTh JMIIEe HECTIHKI CTalliOHAPHI
PEKHUMH.

Taka 3arampHa KapTHHA IUBEPTEHTHOI BTPATH CTIKKOCTI XapaKTepHA Ui MOJENI eKimaka 3 HaJIAIIKOBOIO

TTOBOPOTKICTIO k2 < kl (ymoBa mist 6e3po3mipHUX KoeimieHTiB BinBeAeHHS Ha ocsax). CIiBBiTHOIICHHIO TapaMeTpiB
k2 -gozz <k1-(012 BIIMIOBila€ BHMAJOK HeOE3NeuHoi BTpaTH cCTiiikocTi B ceHci M.M. BayTiHa (xapakTepusyeTbcs

. 2 2 . . - .
HEOOME)XEHNM 3pOCTaHHAM 30ypeHsb (a3oBux 3MiHHMX) [8]. YMmoBa k2 @y > kl-(al BiAmoBinae Oe3meuHiil BTpaTi

crifikocti B cerci M.M. BayriHa - 3pocranHs 30ypeHb (pa3oBUX 3MiHHHX 0OMEKEHE.

YucesnbHI po3paxyHKH BUKOHAHO IS HACTYITHOTO HaOOpY KOHCTPYKTHBHHUX IapaMeTpiB ekinmaxka: m =2717 ke,
1=4061 ke MZ, a=1,14 m, b=1,6 m, k,=1177200 H/pan, k,=103500 H/pan, ¢, =¢,=0,8.

BUCHOBOK

IIpoBeneHo aHali3 MUBEPreHTHOI BTPATH CTIMKOCTI HENIHIHHOI MOJENI KOJICHOTO eKilma)ka MpH HAsSBHOCTI
MOCTIHOTO CHJIOBOTO 30ypeHHsI HAa OCHOBI OipypKamiHHOTO MiAXOMY, IO ITa€ MOXJIMBICTh BU3HAUYUTH IHTETPATbHY
KapTHHY JUBEPTEHTHOI BTPATH CTIHKOCTI BCHOTO MHOTOBHY CTAaIllOHAPHUX CTaHIB CHCTEeMH y BUTILAAL OidypramiiHOl
MHOXWHH. [loka3aHo, IO BIUTUB MOCTIHHOTO CHJIOBOTO 30YpPEeHHS MPHU3BOIHWTH O BTpaTH cuMeTpil OidypramiiHOl
MHOXHHH, ajie MpH IIbOMY HE 3MIHIOEThCH ii SKICHA CTPYKTypa — HAsABHICTh Kacmy (BIIMOBiZa€ TPUKPATHOMY
KPYTOBOMY PEXHMY); JOCTIIKEHO YMOBHU peaizamii karacTpodu MeTenuK (BiANOBigae I’ SITUKPATHOMY PEXHUMY), IO
3MiHIOE CTaH Oe3NeYHOi-HeOe3NeYHOI BTpPAaTH CTIMKOCTI TPUKPATHOI OCOONHMBOI TOYKH; BH3HAYCHA B 3arajbHOMY
BUTJISI HelNiHifHA (QyHKIisS KOpeKii KyTa MOBOPOTY KEPOBAHHX KOJIC €Kimnaxka JUIs BiAHOBJICHHS MPSIMOJIHIHHOTO
pyxy (mpu yMOBi iCHyBaHHs OOCpPHEHHX 3aJeXKHOCTEH CHJ BIZBEJCHHS Ha OCSAX eKimaxka), MOKa3zaHo, IO NpH
JiHeapu3alii cui BigBeleHHs (YHKIIS KOpeKii KyTa MOBOPOTY KEPOBaHUX KOJIC CIIBNAJAAE 3 paHillle OTPHUMaHHUM
BiZIOMHM pE3YJIbTaTOM.
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ABSTRACT

V. Verbitskii, V. Khrebet, Y Misko A bifurcation approach to analysis of divergent loss of stability of a
nonlinear wheeled vehicle model with constant force disturbance

A bifurcation approach to the analysis of the divergent loss of stability of a nonlinear model of a biaxial vehicle
in case of constant force disturbance is presented. With proper correction of the steering angle of the steered wheel
module, the vehicle returns to a stable rectilinear movement. The dependence of the steering angle on the lateral
perturbation is presented in the paper (the control function significantly depends on the nonlinear characteristics of the
forces slip of the vehicle model). In linear lateral forces slip the proposed control function coincides with the known
ratio obtained by a number of authors. Based on the bifurcation approach, which does not require prior determination of
the set of stationary states of the vehicle model, an appropriate method of constructing a critical set of control
parameters was implemented (longitudinal speed and the steered wheels angle). When intersecting the critical set of
parameters, there is a divergent loss of stability of the stationary mode, which is guaranteed to be stable until the
moment of reaching the critical values of the control parameters. The critical set of parameters has a point of
sharpening, within a small vicinity of which this critical set can be represented analytically by a semicubic parabola.
When changing significant design parameters, the critical set of parameters is transformed, this is associated with a
change in the nature of the safety of rectilinear motion stability loss. It is shown that the condition of safe-dangerous
loss of stability of straight-line motion is determined by the ratio between dimensionless coefficients of slip on the
vehicle axes and the coefficients of clutch on the axes of the vehicle in the transverse direction. Therewith, coefficients
of clutch are not included in the linearized system of perturbed motion equations, but refer to a substantially nonlinear
characteristic of the forces slip.

Keywords: dynamic system, wheeled vehicle, steady-state conditions, stability, divergent bifurcations
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Hayionanvuuii ynieepcumem «JIvgiscoka nonimexuikay

JOCJIIKEHHSA MIKPOKJIIMATY CAJIOHY MICBKOT'O ABTOBYCA

Y poGoTi MpoBeAEHO aHaNi3 iICHYIOUHX HAayKOBHX JOCHTIIKEHb BITYM3HAHHX Ta 3apyOLKHHX BUCHHX y raiysi
JIOCIIJDKEHHST MIKpOKJTIMaTy TpaHCIIOPTHHX 3aco0iB (aBTOOYCIB, el1eKkTpoOyciB, IErkOBHX aBTOMOOLIIB Ta TPAKTOPIB).
[IpoaHanizoBaHO CTaH MOCTIPKCHb Ta HABEJCHO sKi NUTAHHSA LOTO HANPSIMKY HAayKOBHX IOCIIJKEHb ITOTPiOHO
nociiguty. [TokazaHo mpo6iaemu Ta X BUPIIICHHS 32 JOIIOMOTOIO 3alPOIIOHOBAHUX METOJVK HABEJICHNX y HayKOBHX
poboTax BUEHHX 3 PI3HHMX KpaiH CBITy. PO3INISIHYTO CTPYKTypy Ta OCHOBHI (YHKIIi, SIKI BHKOHYIOTH CHCTEMH
3a0e3neyeHHs MIKpOKIIiMaTy B CaloHaX aBTOOYCiB, aBTOMOOLIIB Ta TPAKTOPIB CLIILCHKOTOCIIOAAPCHKOT0 MPU3HAYEHHS,
a TaKOX HAaBEJEHO MPOOJIEMATHKY, METY Ta CyTh IOJAJbIINX MOMKIMBUX TOCIIIKEHb.

3a J0mOMOro0 KOMII' FOTEPHOTO MOJAETIOBAHHS CTBOPEHO CUMYILLiiiHy 3D — Mozenp HNOBITPSHUX IOTOKIB B
CaJIOHI BEJIMKOTa0apUTHOTO MiCHKOTO HU3BKOIIIAJIOrOBOrO aBTo0yca. [lo-mepiie, 32 JOMOMOTOI0 TaKoi MOJENI MOKHA
SIK Bi3yaJbHO MOOAYUTH, TaK 1 TOCTIIUTH MapaMETPH MOBITPIHUX MOTOKIB, YTBOPEHHS 30H XOJOIHOTO Ta Tapsyoro
TIOBITPSI, BA3HAYNTH 30HHU TYPOYJICHTHOCTI Y CaJIOHI TOTO M IHIIOTO TPAHCIOPTHOTO 3aco0y. [lo-apyre, nocimimpkeHHs
3a jmonoMororw mporpamHoro 3abesneucHHs (CAIIP) mo3Boisie Jemio 3HU3UTH BapTiCTh JOCHIKEHb Ta JIO3BOJISIE
MEHIIIe Jacy 3aTpavyaTH Ha IPaKTUYHI JOCIiDKeHHs [IpoBeeHO MOpIBHAHHS OTPHUMAHUX PE3YNbTATIB i3 HAYKOBHMH
JOCIIJDKEHHSIMH 1HIINX BYCHUX, SIKI TOCIIKYBAIN MOJIOHY TEMATHKY.

Pesynprati mocnmimkeHp NaHOI pOOOTH MOXYTh B MOJANBIIOMY CIYryBaTH 0a30r0 A OUTBII IIHPOKOTO
JOCIHI/DKEHHS, aHaJi3y MpoOjieM Ta MOJAHHSA PEKOMEHJANild MpH MPOEKTYBaHHI UM IPH YCyHEHHI MpoOjieM CHUCTEM
3a0e3MmeYeHHs MIKPOKIIIMaTy CaJOHY TPAHCIOPTHOTO 3aco0y.

KiouoBi cjoBa: MIKpOKIIMAaT NacaXUPCHKOTO CalOHY, CHUCTEMa OMNAJCHHS, BEHTWIALIS CaJoHY,
KOHJIMI[IOHYBAaHHS CAJIOHY, HOTOKH IIOBITpS, 30HA TYpOYJICHTHOCTi, TypOYJICHTHI IIOTOKH, JKEpeno oOirpisy,
TeMIIepaTypHi IMOJIsL.

BCTYII

3pocTaHHs 00CATIB MaCAKUPCHKUX TIEPEBE3CHb HE MMOBUHHO CYNPOBOJKYBATHCS MOTIPIICHHSIM SKOCTI
TPaHCHOPTHOTO OOCIYrOBYBaHHS 1, 1le, B MEpIUIy Yepry BIIHOCHUTBHCS JO CTBOPEHHS TaKMX KOMQOPTHHUX
YMOB, 5IKi 3a0e31medniii 6 XOpoIIe CaMOTIO9yTTS TACaKUPIB.

OnHuM 3 (akTopiB, IO BU3HAYAOTH CAMOMOYYTTS IMACAXHPIB, € Mikpokiimar B canoHi T3. Jlo
napameTpiB, SKi XapaKTepU3ylOTh HWOTO BIJHOCITHCS TEMIIEpaTypa, BOJIOTICTh, PYXJHBICTh IOBITpPS Ta
HasBHICTh B HHOMY IIK/JTMBUX PEUOBHH. BWKOPHUCTOBYBaHi ChOT'OJHI METOIWKH PO3PaxXyHKIiB i
MIPOEKTYBaHHA CHUCTEM ONAJEHHA 1 BEHTWIALii 0a3ylOThCS Ha IHTEIPAIBHUX METONAaX, SIKi J03BOJISIOTH
BU3HAYATH JIMIIEC yCEpEJHEH! MOKa3HHKH MapamMeTpiB MOTOKY. ['0JIoBHA poiib MPH MPOCKTYBaHHI TaKHX
CHUCTEM BIJIBOJAMTHCS €KCIIEPUMEHTAIBHUM JIOCHIIKSHHSM, JOPOXKHIM 1 KJIIMATUYHUM BUIIPOOYBAHHSM, 110 €
3aTpaTHUM. TOMY BayKJIMBUM € BU3HAYCHHSI OCHOBHUX IapaMETPiB MiKPOKJIIMATy Ha CTaii NPOEKTYBaHHS YU
BJIOCKOHAJICHHS 3pa3Ky 1 BOHHM MOBHHHI 0a3yBaTHCSl Ha HOBUX TEXHOJIOTiSIX MPOEKTYBaHHS TAKUX CHUCTEM 3
BukopuctanHsimM CAIIP, a HarypHi BUNpoOOBYBaHHS Mayin O 3aBeplIaibHUN XapakTep i Oyiam O MeHIle
3aTpaTHUMHU.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMU

MikpokiliMar B cajioHi aBToOyca (OomajeHHsS, BEHTHIALISA, KOHAMIIIOHYBAHHS) HAJEKaTh IO TPHOX
NPIOPUTETHUX UYMHHUKIB (POPMYBaHHS KOM(OPTHOCTI MacaXMpChbKUX mepeBe3eHb [1]. B cuimy cyTTeBHx
BIIMIHHOCTEH KJIiMaTy pi3HMX KpaiH HOpPMaTHBHI BHMOTH ILOJIO BHMOT i OL[HKH BiAMOBIIHOCTI CHCTEM
OMaJICHHsI, BEHTHJIAIIT 1 KOHIUI[IOHYBaHHSI HE BXOIATh B MikHapoaHy 6a3y IIpasun €EK OOH, 1o
CKOHIICHTpOBaHI y chepi Oe3MeKH 1 eKoJIoril pyXy, Ta BiIHOCATHCS 10 HAIllOHAIBHUX 0a3 cTaHmapTiB (Hamp.
y ©®PH — DIN 1946-3, DIN 33403, DIN ENISO 7730 1995), TOCT P 50993-96, [2].

Po30uBKa OKpeMHX KIIMAaTHYHHX PAWOHIB 1O Tpynax, B SKUX PEKOMEHIYETbCS BUKOPUCTAHHS
aBTOOyCiB pi3HMX Moau(ikaiii icHye yxke maBHO [3]. 3rigHo 1€l po30MBKHM JUIsS XOJOJHOI 30HH
pexoMeHnyeThest 1Bi Moaudikanii aBTOOYCiB: MOIApHa Ui poOOTH B AYKE XOJIOIHUX palloHaX 1 MiBHIUHA
11 poOOTH B XOJIOHOMY PaliOHi, HOpMalibHA JJIs pOOOTH B IpyIi pailOHIB OMIpHOI 30HH 1 TEIUIOBOJIOTO1
30HU Ta MiBJCHHA i1 POOOTH B paiioHaX yKapKOi 30HH.

Ha cporomuimHiii nenp, mnpakTudyHO Bci T3 KOMIUIEKTYIOTBCS KIIMaTHYHUMH YCTaHOBKAMHU.
CTBOpEHHS CIIPUATIMBOTO TEMIIEPATYPHOTO PEXHMY B CAJOHI MPH MEPEeBO3Li MacaXUpiB 3 HAHMEHIINMHU
eHepro3arpaTaMi € HEOOXIAHOI YMOBOIO IS BenukoraOapuTHux T3. SIKIIo Taki IOCTIPKEHHS paHille
MIPOBOIMIIUCS JIHIIE IS aBTOOYCIB, TO B mmyOimikaitii [4] 1e momupeno i s enekTpooyciB. Byio mpoBemeHo
eKCHEPUMEHT [UIl OTPUMaHHSA TEMIIEpaTypHOTO IIOJs B CaJlOHI enekTpoOyca. 3a momomoroio 27
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TeMIIEpaTypHUX IHIWKATOPIB B CaJOHI €JIeKTpoOyca BHMipIOBaJach TeMIleparypa y 4-X yMOBHHX 30HaX
(xabina Bomis, 30HA HIT, TOACY Ta TooBM). [Ipu ekcriepuMenTi BCi omamroBadi Ta Kamopudepu mparroBain
Ha MaKCHMaJbHIll MOTYKHOCTI, eNeKTpoOyc mix yac pyxy Ha mapupyTi (M2, MockBa) 30iliCHIOBaB pyX i3
3yMUHKaMH 0€3 BHCAIKH Ta MOCAKH MaCaKUPIB.

Jia oprasizariii mpupoaHOT BEHTHIIAII] CaloHy aBTOOyca BHKOPHUCTOBYIOTHCS BEHTHJIAIIIHI OTBOPH,
po3mimieHi Ha 6okoBux moBepxHAX [5]. Ilig wac pyXy B cajiOHiI YTBOPIOETHCS PO3PIHKEHHS, IO YTBOPIOE
MOTIK MOBITPS 4epe3 BiAKPUTI BEHTWIALINHI OTBOPH 1 HErEPMETHYHOCTI Ky30Ba i MPOBOKYE 3amUICHICTh
canony. Oco6nmmBO HEeKOM(pOPTHA 30HA MMOBEPXHI aBTOOYCa 3 TOUKH MOTIIALY 3a0pYIHEHHS MOBITPS B CAJIOHI
3HAXOMUTHCS B CEPENHINA MOro YacTHHI, MOYMHAIOYHM B OJHINA TpETii Bix JTOOOBOI YaCTWHM 1 3aKiHUYIOUH
nepex 3aaHiM 3BucoM. OCHOBHA KiJIbKICTh HEreépPMETUYHOCTEH € CKOHIIETPOBAHO B JIBEPSAX aBTOOyca, Tak sIK
MPAaKTUYHO BaXKKO 3a0€3MEUUTH BUCOKY CTEIIiHb iX TePMETUYHOCTI 1 XOPOILY pOOOTO3/IaTHICTb.

[HTerpOoBany cucTeMy BEHTWIAIIl 1 KOHAWIIOHYBAaHHS KaOiHU BOXiA aBTOOycCa 3 TEIUIOOOMIHHUKAMHU
Ha KiHII BHXpeBOi TpPyOM 1 KpallMMH eKCIUTyaTalliiHUMH XapaKTepPUCTHKAMH CHUCTEMH B IJIOMY
3alpONOHOBaHO A5l aBTo0yca Mapku «Bomkanuny» [6]. st Hel mpoBeaeHo YAOCKOHAIEHHs BUXPEBOi TPyOH
3 BUKPHUBJICHOIO KaMEpPOI €HEPreTHYHOIO PO3IIICHHS, IO BiAMOBIAAIOTh THYYKHM CXE€MaM iHTETPOBaHHX
cxeM, MmO 3a0e3nedyroTh KOM(OpPTHI YMOBH pPOOOTH BOZiS aBTOMOOLIA. 3amponOHOBAaHO MapaMeTpu
«TETUIOHATIPY’KEHHA KaOlHW» 1 «Koe]ilieHT KOMQOPTHOCTI» sl OIIHKK e(EeKTUBHOCTI CHUCTEMH
KOHWITIOHYBAaHHS 1 BEHTIIALIT aBTOMOOIIIS 3 SIKICHOKO 1 KIJTbKICHOIO OIIIHKOIO.

CucreMy KOHIWITIOHYBaHHS aBTOOyca CIiJi BHOWpATH, BPAaXOBYIOUH PsJ MMapaMeTpiB, BKIIIOYAIOYH
MICTKICTh TacaXHpiB, MiCIEBI KIIMAaTHYHI YMOBH Ta BUTpaTy nanuBa. MoXHa BCTaHOBHTH, YU BHOpaHa
CHUCTEMa KOHJUIIIOHYBaHHS 3a0e3rneuye OakaHi MOKa3HUKW 3a JOMOMOIOK TECTyBaHHS. [lochiKeHHS y
po0ori [7] BuBUaE, SIK €KCIIEPUMEHTAIBHO TIEPEBIPUTH, YH BiAMIOBIAa€ CHUCTEMa KOHIUITIOHYBAaHHS aBTOOYCIiB
BUMOTaM Ju3aiiHy Ta komdpopty. ExcriepuMeHTanbHe A0CIiKeHHs OyJI0o MPOBEACHO Ha MPOTOTHIN aBTOOYyca
i Oyzio BumpoOyBaHO Tija yac pyxy Ha Tpaci Anana-/[xeiixan y Typeuunni. BumiproBanu BHYTpIIIHIO Ta
30BHIIIHIO TEMIIEPATypH, TEMIIEPATypy Ha BXOJIi Ta Ha BUXOJ1 BUITAPHHUKA Ta 3HAYSHHS B1IHOCHOT BOJIOTOCTI.
3HaueHHS TEIUIOBOTO BiAYYTTS PO3PaxOBYBAIH 32 JOTIOMOTOK eMIipHYHUX Kopemsmiii, mogannx ASHRAE.
Kpim TOrO, MUTTEBE HaBaHTAXKEHHS Ha PiBEHb OXOJIOJDKEHHS! OTPUMAHO 33 EKCIIEPUMEHTAILHUMH JaHUMH, 1
pe3yIbTaTH MOPIBHIOIOTECS 3 PO3PAaXOBAHUM DPIiBHEM OXOJIO/KEHHSM 3a JOMOMOTOI0 METOAY HPOMEHEBOTO
gacoBoro psny, nepeabaueHoro ASHRAE. Illo crocyerscsi oTpuMaHMX pe3yJbTariB, oOpaHa cucTeMa
KOHIMIIIOHYBaHHS TIOBITPS BIAMOBIa/Ia BAMOraM KOHCTPYKIIT Ta KOM(OPTY.

TepMoauHaMiuHUi aHaNi3 KOHAMIIIOHEpa Al aBToOyca MICHKHX TEpeBe3eHb MICTKICTIO 56 0cih
MpoBeJIeHO y nociimkeHHI [8]. Bynmm oTpumaHi Ta neTampHO OIliHEHI KOPHCHI Ta OOOpPOTHI poOOTH
KOMITIpecopa, KOedillieHT MPOIyKTUBHOCTI, €HEepreTiyHa e(QeKTHBHICTb Ta BHCHAaXXEHHS pPYHHYBaHHS
CHUCTEMH KOH/IUIIOHYBAHHS CaJIOHY.

UucnoBe MOJISITIOBAHHS IIBUKOCTI TETUIOBUX IMOTOKIB B KaOiHI TPAHCIIOPTHOTO 3ac00y PO3TIISIHYTO Y
[9], e omucaHO PO3paXxyHOK CHUCTEMH KOHIWIIIOHYBaHHs KaOiHU i 3aIpOTIOHOBaHA METOAMKA OITHMIi3allii
YIPAaBJIiHHS 1111 4YaC BUIAJIKOBHUX 30BHIIIHIX BILIUBIB CEpEOBHUIIIA.

CTpyKTypa TPHOXMIPHOT'O TYpOYJIEHTHOTO MOTOKY B 0araTOKaHaJIILHOMY KOPITYCi CHCTEMH OTajeHHS
JIETKOBOTO aBTOMOOUIS B 3aJIeXKHOCTI BiJi peXuMy poOOTH HarHiTaBada JIociiipkeHa y pooOoti [10], mo
JIO3BOJIJIO OTPUMATH JIOKAIBHI 1 IHTErpaibHI XapaKTEPHCTHKH CTAalliOHAPHUX BHYTPIIIHIX MOTOKIB B
TpaKTax CUCTEMH OTAJICHHS 3aJIE)KHO BiJl TE€OMETPIi 1 TPaHUYHHUX YMOB.

MaremaTiyHa MOJIENIb TEIJIOBOJIOTOTO po3paxyHKy cuctemu «Konauuionep-kabiHa» BpaxoBye
BOJIOTICTh 1 pyX TEIJIOBUX IOTOKIB, 5IKi 3a0e3nedyroTh KOMGOPTHUH MikpokmiMaT aBTomoOins [11]. Ha
OCHOBI PO3pO0JICHOI aBTOPOM MaTeMaTH4YHOI Mojei Oyid MoOymoBaHi ajJrOpuTMH 1 MporpaMa Terio
BOJIOTOTO po3paxyHKy cuctemu «KoHmuiioHnep-kabiHa» - aBTtomoOins Ha MoBi FORTRAN. B xomi
EKCHEPUMEHTY JUIsl BUMIPIOBaHHS TeMIepaTypd B cajioHi aBTomoOinss BA3 — 21083 BuxopucToBYyBaiu
nudpoBHii Ta iHPpadepBOHMIA ITUPPOBHI TEPMOMETD.

PesynbpTaT BUBYEHHS BUMOT JIO MIKPOKIIIMATy CajJOHY aBTOMOOINS, HOT0o BIUIMB Ha OE3MeKy pyXy,
PO3po0IIeH] ANTOpUTMH BHOOPY KOHCTPYKTHUBHHMX €JIEMEHTIB CHUCTEM 3a0e3ledeHHS KOM(OPTHHX YMOB
noJiani y poborti [12], y sikiii mpoBeieHa o1iHKa e)eKTHBHOCTI Mpoliecy o0IrpiBy BiKOH, a TAKOXX BU3HAYEHA
e(EeKTHBHICTh BEHTWIAII] 1 ONAJIEHHS CAlOHY JIETKOBOro aBTOMOOLIs. CTBOPEHHMH QITOPHTM JIO3BOJISIE
MOPIBHATH KOHCTPYKTHBHI PIillIeHHS 1 BU3HAYUTH BIUIMB MapaMeTpiB MIKPOKIiMaTy Ha €(eKTUBHICTH BCi€l
pobotu cuctemu B wLinoMmy. KopucTyioumck anropuTMoMm B mporeci miadopy MBHIAKOCTEH 000pOTiB,
MTOTY)KHOCTEH 1 MPOMYKTUBHOCTI BEHTHJIATOpPA, TEOMETPHYHHUX PO3MIpIB 1 TEIUIOBiAmadi pasmiaTtopa,
MPOAYKTHBHOCTI Hacoca, Oyiia BUOpaHa paifioHaabHa KOHCTPYKIIis.

AHaJi3 BUMOT JepKaBHUX 1 MDKHapOJHMX HOPMAaTHUBHHX JOKYMEHTIB MO MIKpPOKIIIMArTy cajoHY
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(xa0iam) KT3 mposeaeno y po0oti [13], 1 BCTAaHOBJACHI OCHOBHI PO30IKHOCTI BHMOI B JCpXKaBHUX Ta
MDKHapOJHUX HOPMAaTHUBHUX JOKYMEHTaxX, IO BITHOCATHCSA O MIKPOKIIMATy TPAaHCIOPTHHX 3aco0iB, a
aHaji3 iCHYIOYHMX BHMOT JIEp>KaBHHX Ta MDKHAPOJHHX HOPMATUBHHUX JOKYMEHTIB, IO MpPEA SBISIFOTHCS 110
MIKpOKJIiMaTy KaOiH MOOINIBHOI TEXHIKM I CUIBCHKOTOCHOAAPCHKOTO BHPOOHMITBA Ta METOXIB
BHIIPOOYBaHHS HOro mapaMeTpiB mogaHo y [14].

CanoH aBTOMOOINS SIBIIsIE COO0I0 CKIaMHy KOHCTPYKTHBHY CHCTEMY 3 Pi3HOMAHITHICTIO CKJIAJOBHX il
€JIEMEHTIB OrOPOKYIOUHX KOHCTPYKIIM Ta eHepreTHYHOro o0JagHaHHs, B SIKUX MPOTIKAIOTh Pi3Hi (i3udHi
MPOIIECH TIOTJIMHAHHS, TEPEeTBOPEHHS Ta MEPEeHOCY TeIuioTH. Ha mi po3moaineHHs BIUIMBAlOTH 30BHIMIHI
(hakTopu, Taki SK TeMIepaTypa 30BHIITHBOTO TOBITPsI, HOTO BOJIOTICTh, & TAKOX MIBHAKICTh PYXY MOBITPAL.
Takum umHoMm y [15] 3anpomnoHoBaHa pa3pobieHa cuctema koHmuiionyBaHHs moBiTps (CKII), ska
Mpu3HaueHa JUIsi aBTOMATHUYHOI MiJTPUMKH MIKPOKIiMaTy, 3a0e3leuyroun CyMicHy poOOTy cucteM
OTTaJIeHHsI, BEHTHIIALIIT Ta KOHAWIIIOHYBAHHSA 332 PaXyHOK 3JIEKTPOHHOTO OJIOKA YIIPaBIECHUSI.

Konu xommpecop mpairoe mocTiiHO, 10 HAJA3BHYAHHO €HEPro3aTrpaTtHo, i BIUIMBAE€ HA BHYTPIIIHE i
30BHIIIHE TEIUIOBE HAaBaHTa)KEHHA CHUCTeMU Mikpokiimary [16]. Kpim Toro, TemnoBe HaBaHTaKeHHS
MTOCTIHHO 3MIHIOETHCS, TOTPIOHO 3aTIFOBATH KOHTPOJIEP ISl aJalTaIlii CHCTEMH IO 0COOIMBOCTEN TETLIOBOTO
HaBaHTaXeHHs. lIpomoHyeThCS ONTUMANBHWUN METOZ YIpaBliHHA, 100 3a0esrmeunTr 30aTaHCOBaHY
MOTYXKHICTh OXOJIOJDKEHHSI 1, SIK pe3yiabTaT, CTBOPUTH MaKCHMaJIbHO KOM(OPTHY OOCTaHOBKY BCepeluHi
CaJIOHY 3 MiHIMAJIFHIMHU BUTPaTaMH €HEprii.

Enepris Bifg BUXJIONY MBUTYHa BHYTPIIIHBOTO 3TOPSIHHS MOKE€ BHKOPHCTOBYBATHUCH JJISI JKUBIICHHS
MOTJIMHAIIBHOT XOJOJMIBHOT CHUCTEMH JUIS KOHJWIIOHYBaHHS 3BHYAHHOTO MAaca’kKUPChKOTO aBTOMOOLIS.
Hocnimkenns [17] Oyno 3po0iieHO IUisl BH3HAYEHHS €HEPrii, ska JOCTYIHA BiJ BiANpalbOBaHUX Tra3iB
aBTOMOO1NISA. Y mili poOOTI TpeaCcTaBieHa TEOPETHYHA OIIHKA CHCTEMH aOCOpOIMIHOTO OXOJO/HKEHHS Ha
ocHoBi LiBr-Water, mio sBase co0or cHoiayky JmiTiroOpomimy i3 Bomor. llg XimiuHa crosyka
BUKOPHUCTOBYEThCS 13-32 CBO€I BHCOKOI TirPOCKOIMIYHOCTI SK OCYyIIyBau y KoHmuilionepax. IIpoBeneHo
MaTeMaTHYHe MOJEITIOBAaHHS CHCTEMH 3a JOMOMOror mporpamuHoro 3abesmeueHHs EES mis 3'scyBanHs
HeoOXiTHOT eHeprii, B3ATOoi 3 BiANpaIibOBaHUX T'a3iB TPAaHCIOPTHOTO 3aC00y.

[lpr BHWBYEHHI NUHAMIKH TEMIEpaTypud 1 BOJOTOCTi IOBITPS B CajiOHI aBTOMOOUIS BpPaxOBYIOTh
KOHIISTIIIF0 SHTAJBIIT Npy aHali3l Tem1oo00Miny [18]. 3i 3MIHOIO Teruia, IO PO3KIAAAETHCS Ha UYTIUBE
TEIUIO Ta TMPHUXOBAHE TEIUI0, MU MaeMO 3MOTY BHUBECTH JIMHAMIKY TEeMIIEpaTypH Ta BOJOTOCTI IIiCIs
BpaxyBaHHs Pi3HUII YyTJIMBOTO KoedillieHTa Telia Ta anapatHoro koedimienra teria. Li 18Ba KOMIIOHEHTH
JUIE CEHCOPHOTO 1 TIPUXOBAHOTO TEIUIa BHKOPUCTOBYIOTHCS B TOEAHAHHI 3 JBOMa KOHTPOJHHUMHU
CTpaTeTisIMH IIBUAKOCTI MOJavi MOBITPS, MU iMiTamii mporeciB B aBTOMOOITFHOMY CaJIOHI MPU TOCTIHHIN
SHTAJIBITII 1 TOCTIMHIA TeMIepaTypH.

Jlyis BUBYEHHs OUIbII PEaTbHMX TMOKA3HHMKIB CUCTeMH Ta (DI3UYHUX IMPOLECIB, IO BiJ0OYBaIOTHCS B
ABTOMOOUTBHIN YCTaHOBII 3 KOHAWIIOHEPOM Yy CHEI[iaIbHUX JOCHITHUX JabopaTopisix € B HAsIBHOCTI
crieriiabHi gociiani crenan. Crern [19] po3pobiienwii crieriaabHO IS TOTO, 00 BUCBITIUTH MIPOLIECH, 10
BiJOYBAalOTbCS B KOXXHOMY KOMIIOHEHTI YCTaHOBKH, 1 SK MOXXHa 3MIHHTH (DYHKIIOHAJIBHI MapamMeTpu
YCTaHOBKH, BIJITIOBITHO JI0 BUMOT KOPUCTYyBaya.

Hanionansna nabopatopis BimHosmroBanoi eneprii (NREL, Washington) pospoOuna mnepexigHy
cUcTeMy KOHJIMI[IOHYBaHHS TOBITPS Ta il MOJAENbh 3 BHKOPHUCTAHHSM MPOTPaMHOTO 3a0e3MeUeHHs IS
JOCII/PKEHHsT (DI3MKH TIepeXiJHUX TMPOIECiB CUCTEMH KOHIWIIOHYBaHHS, ii MPOJYKTUBHOCTI, BKIFOYAIOUYH
nBoazHi eQeKTH MOTOKY B BHUIIAPHHK Ta KOHICHCATOP, MAacoBi e(eKTH cucTeMu, nepefady Teria Ha
KOHJICHCATOP/BUTIAPHUK, TEMIEPaTypHO3aJIEKHI BIACTHBOCTI CHUCTEMH Ta IHTETpAIlif0 3i CIPOIICHOIO
Ter10BoK0 Moje/uto kabinu [20]. Jocmimkenns 3ocepemkeni Ha cucremax A / C R-134a, ane maiiOyTHi
3ycusuisl MOAMGIKYIOTh MOJAENb ISl JOCHIIKEHHS TUMYACOBUX XapaKTEPUCTHK aJIbTEPHATUBHUX CHUCTEM
XOJIOI0areHTy, TakuxX SK cucTeMH Byriekucioro ra3zy. NREL iHTerpye cBow mepexiiHy Mojeib
KOHJIMI[IOHYBaHHsI B TIporpaMHe 3a0e3MevYeHHs Ui CHCTEMHOTO aHalizy cucreM aBroMobiniB ADVISOR, 3
METOI OJHOYACHOI ONTHMI3allil KOHCTPYKIIIH CUCTEeMH KOHAMIIOHYBAHHS B paMKax 3arajbHOI ONTHUMI3alli
TU3aiiHy aBTOMOOLIIS.

3 IpoBEEHOTO OTJISITY MOYKHA 3pOOUTH HACTYITHI BUCHOBKHU:

1. JocmipkeHHST TPOBOJAATHCS B HANpsIMKaxX BJIOCKOHAJICHHS CHUCTEM BEHTWISMNIi, OOIrpiBy i
KOHJICHCYBaHHS 3 ypaxyBaHHIM BUMOT JIEpKaBHUX Ta MDXKHAPOAHUX HOPMATUBHHUX JTOKYMEHTIB.

2. B cucremax BEHTWIALIl MOCTIKYIOTBCS CKJIagOBI CHCTEMH (BEHTWIATOPH, €JIEMEHTH
MOBITPOIPOBOIIB, PO3MIILICHHS BXiJTHHUX OTBOPIB) 1 iX BIUIMB Ha €()EKTHBHICTh CHUCTEMHM BCHTWJIALNI B
ILJIOMY.

3. B cucremax oOirpiBy JOCHIDKYIOTBCS MApaMETPH 1 XapaKTEPUCTUKU TETIOBUX MOTOKIB MPH Pi3HUX
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pexuMax poOOTH arperariB i€l CHCTEM.

4. B cucremMax KOHIWITIOHYBaHHS OCIIDKYIOTHCS TEPEXifHI MpolecH iX poOoTH, 3abe3medeHHs
CTaOUILHOCTI OCHOBHUX MapaMeTpiB i XapaKTEPUCTHUK, 10 (OPMYIOTh MiKPOKIIiMAT NaCaKHUPCHKOTO CAJIOHY.

5. Jna mocmimxeHb 3aCTOCOBYIOTHCS METOAM CHCTEMHOTO aHaji3y, HaTYpHOTO EKCHEPHUMEHTY i
MaTeMaTHYHOTO MOJCITIOBAHHS 3 PIICHHSIM OTPHUMAaHHUX NH(epeHIiaaTbHuX PiBHIHb METOJIOM YHCEIHLHOTO
IHTeTpyBaHHs, TEXHIKO-eKOHOMIYHOTO aHaIli3y, METOIaMH{ TeTUTOBOTO OalaHCy.

HIJIb TA 3AJAYI JOCJIIIKEHHS

Cucrema BeHTWIAMII Ky30Ba 1 KaOiHU CIYXUTh JUIA HaJXO/DKEHHS CBIKOTO TIOBITPSI B CallOH, HOTO
BEHTWJIALI{, CTBOPEHHS B Ky30Bi HaJMIpPHOTO THCKY, SIKHM MEpEIIKOKae MPOHUKHEHHIO B Ky30B MHIY 1
XOJIOZIHOTO TIOBITPS Yepe3 HelliJIbHICTh BIKOH 1 IBEepeil.

CucteMa onayoBaHHs Ky30Ba i KaOiHM CIYXHTb Ijs1 00IrpiBy Ky30Ba i BITPOBOTO CKJia B XOJOAHUI
Mepiof] poKy TSI KOMITEHCAIi] TeTUTOBUX BTPAT 3aXUCHUMHU KOHCTPYKIISIMH 1 MIATPUMKHU B Ky30Bi 1 KaOiHi
HOPMOBAHOI TeMIIEpaTypy HOBITPSL.

CucteMa KOHAWIIOHYBAaHHS CIYKUTb IJIi CTBOPEHHS MIKpOKIIMAaTy i aBTOMAaTHYHOI MiIATPUMKH
(perymroBaHHS) B Ky30Bi i KaOiHi Bcix ab0o OKpeMux mapaMeTpiB (TeMIlepaTypH, BOJIOTOCTi, YHCTOTH,
MIBUIKOCTI PYXY IMOBITPS) HA IEBHOMY PiBHI 3 METOIO 3a0€3MeUeHHS ONTUMAIFHIX METEOPOIOTIYHIX YMOB,
HAMOLIBII CHPUATIMBUX JJISl CAMOIMOYYTTS BOJisl 1 MACAKUPIB 1 3AIHCHIOETHCS KOMIUIEKCOM TEXHIYHHX
3aco0iB.

JocnimkeHHsT B HampsMKY 3a0e3ledeHHs KOM(OPTHUX KIIMATHYHUX yMOB TMACAXKHPIB 1 BOMIA
TPAHCIIOPHUX 3acO0IB MOXXKHA MPOBOJUTH B JIBOX HANpsSMKax: BJIOCKOHAJICHHS CHCTEMHU BCHTWJIAII 1
BJJOCKOHAJICHHSI CHCTEMH O0IrpiBy Ta KOHJHIIIFOBAHHSI.

MeTor HMOCHiPKeHHS CHUCTeM BEHTHJIAIIl € MiABUINEHHS TEeXHIKO-eKCIUTyaTallifHuX TTOKa3HHUKIiB
cucTeMH BeHTWIALIT T3 nUIIXoM BHOOPY e€(EeKTHBHOTO arperariB, 30KpeMa BEHTHJIATOPA, 3 YpaxyBaHHIM
BILTMBY Ha0Irart04yoro MoTOKY, 3aCTOCYBaHHS YaCTKOBOI PELIUPKYJIAIIL.

O06'ekTOM TOCITIPKEHHS € MPOLIECH BeHTHIIAIIT canony T3.

[IpenmeTom nociimkeHb € cucTeMa BEHTIIIAIT canmony T3.

Jyig peaizaliii mocTaBI€HOT METH HEOOXIJHO BUPIIIMTH HACTYITHI 3aj1a4i JOCIIKCHHS:

®CTBOPUTH MaTeMaTH4YHy MOJIEJNb, IIO OIHCYE IMPOIeC B3aEMOJIi MOBITPSHOTO MOTOKY Ha JIOMATh
BEHTHJISITOPA,;

®TCOPETHUYHO JOCHIJUTH BIUIMB HA0Irarouoro moToKy, Ha PoOOTYy BEHTWIATOpA, a TAKOXK CHUCTEMHU
BEHTHWJISLII 3arajiom;

®JIOCJIIIUTH BIUIMB MOBITPSHUX MOTOKIB B caJioHi T3 Ha MIKpPOKIIIMAT;

®CKCTICPUMEHTAIIBHO JTOCTITUTH XapaKTEPUCTUKH CUCTEMH BEHTHJISIIIT,

®pO3pOOUTH 1 BUITPOOYBATH JOCIIIHY CUCTEMY BEHTHIISIIIT 13 3aCTOCYBaHHSIM YaCTKOBOT PEIMPKYJISIIil
MOBITPsI, EKOHOMIYHOTO BEHTHJISITOPA, OOPAHOTO 3 YpaxXyBaHHSM BIUIMBY HAa0Iral0uoro moToky.

MeTow JOCII/PKEHHSI CHUCTEM OIAJIOBAHHS € IIJBUIICHHS TEXHIKO-CKCIUTyaTalliiHUX TMOKa3HUKIB
cucremu 00irpiBy T3 HUIAXOM MOKpaIeHHs BHYTPIIIHBOI a€POJMHAMIKN CaTIOHY

OO6'eKTOM JTOCTI/IKEHHS € IPOIIECH ONaIoBaHHs canony T3.

[Ipeamerom gociKeHb € CHCTEMa ONAIIOBaHHS calony T3

st peanizanii moctaBieHoi METH HEOOXiIHO BUPILIMTH HACTYIIHI 3a7a4i TOCI1HKEHHS:

®OTpPUMaTH TEOPETHYHE PILICHHS U1 MOJAEIIOBAHHS HECTALIOHAPHOTO PEXHUMY OOIrpiBy cajoHy, B
TOMY YHCJIIi JUII CUCTEMH OTAJTIOBAHHS 3 YACTKOBOIO PELMPKYIILIEIO TTOBITPS;

®JIOTIOBHUTH 1 YTOUHHUTH MaTeMaTHYHY MOJIEJIb;

®CKCTICPUMEHTAIILHO JIOCTIIUTH XapaKTePUCTUKU CUCTEMH 00IrpiBy;

®BU3HAYUTH PaIliOHANBHI TapaMeTpH HarpiBHUKA CaJIOHY 1 pO3pOOUTH pEKOMEH/IAIT 3 YIOCKOHAJICHHS
CHUCTEMH OITaJIFOBAHHS HA IMIJCTaBl TEXHIKO-CKOHOMIYHOI'O aHAJII3y.

PE3YJIbTATHU JOCIIIKEHb

B npoueci gocnigkeHb MIKpOKIIMaTy CaloHy BenukoradaputHoro T3 Oyno cTBOPEHO 3a I0IOMOT0I0
KOMITFOTEPHOTO MOJENMIOBaHH cuMyamiay 3D — wmomens cajloHy TacaXUpChKOTO TPHOXIABEPHOTO
(bopmyna nBepeit 1+2+2) micbKkoro aBTOOyca BEIMKOIO Kiacy. 3a JOIOMOIOI0 TaKOi MOJENI MOXKHA SIK
Bi3yaJIbHO OOAYUTH, TaK i JOCHIIUTH ITapaMeTpy MOBITPSHUX TOTOKIB y cajioHi aBroOyca. Ha puc. 1 ta puc.
2 € MOKa3aHi CKPUH-IIIOTHU IPOLIECY PyXY HOBITPSHUX TOTOKIB B CaJIOHI.

B HanpsMKy BIOCKOHAJIICGHHS CHUCTEMH BEHTHIIAIII TOCHIKYBIHCS TypOyJeHTHI 00’€MHI IOTOKH
BEHTHJILOBAHOTO MOBITPS 3 3acTOcOBYBaHHAM piBHsHHS Has'e-Ctokca ycepennenomy mo Peitnonbacy [21,
22]. HocmimkyBaiaucs TPU Pi3HUX IIBHUAKOCTI pyxy (25 km/roxm, 45 xm/ronm, 65 KM/rom) i IJis BapiaHTIB
BEHTWIAIIIMHAX OTBOPIB: BIKHA 3aKPHTi, BIAKPUTI TUIBKHA JIIOKH BEeHTW M Ha maxy [23]. Ilositps
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HOTpAIUIsie B CAJIOH Yepe3 JIIOKH, IEPMIIIYEThCS B3IOBXK CAIOHY 10 3aJHBOI CTIHKH CaJIOHY, ITOCTYIOBO
3YNUHIIOYHACH, PO3TIKAETHCSA 1 PYXa€ThCsA Y3AOBXK Miymord Ta Hazaa. [loTik 4acTKOBO BUXOAWTH HA30BHI
4yepe3 BEHTWDILIKHUA OTBip Ha 3aiHii cTiHOi canmoHy. [loBiTps B calloHi Ha Pi3HMX IIBUAKOCTIX PYXy
aBTOOyca Mae TOIIOHY CTPYKTypY, fKa BH3HAYa€TbCcA BIAKPUTTAM/3aKPUTTSIM BiKOH. BaxmuBum €
BpaxoBYyBaTH BIUIMB KBaTHPOK Ha PYX MOBITPSHHUX NMOTOKiB (puc. 1). JlocmimkyeThes eKcIuTyarailis aBro0yca
nitom. Temnepatypa noskinis +34°C. Temneparypa B canoni apro0yca +43°C.
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Pucynok 1 — CtpykTypa OTOKY BEHTUJIBOBAHOTO MOBITPSI IIPH MIBUAKOCTI pyxy 65 KM/TOx

B mHampsiMKy BIOCKOHAJEHHS CHCTEMH OOITpiBY [OCHI[KYBaBCcs BIUIUB JDKepen oO0IirpiBy Ha
TeMIepaTypHi Nois i X BiAMOBIAHICTG 3alaHMM HopMaM. B nocmimkyBaHoMmy aBToOyCi Jkepena o0irpiBy
3HAXOAATHCS B IEPeAHid 1 HeHTpanbHill yacTuHi canoHy. Temmeparypa MOBITps, IO IOAAETHCA 4Yepes3
TpyOOTIpOBOAM MOXE 3MIHIOBAaTHCS B JOCHTh HIMPOKMX Mexax. [Ipum HOCHiKEHHSX TemIeparpypa
npuitmanacst 20°C. TerioBi MOTOKH Bif 06IrpiBadiB MiJHIMAIOTECS Y BEPXHIO YACTHHY CaJOHY 1 PyXarThCs
JI0 337HBbOI YaCTUHM caNoHy (puc. 2). Ockinbku o0irpiBaui 3HaXoAAThCs B MpaBiil YacTUHI CalOHY, MOXKHA
no0aunTH, IO B JiBiM 4YacTuHi, OIS [ABEepel CIOCTEPIraroTbCs 30HM XOJOAHOI TypOyJIeHTHOCTI 3
Temmneparyporo 4...6°C. B

l 4000 S Virepaunn = 281
®B1 3
b 3222 %

Teunepatypa ['C]

Tpaexropuw noroxa 1

Pucynok 2 — 30Hu X0104HO1 TypOyJIeHTHOCTI OiJisl 1Bepeit

OBT'OBOPEHHS PE3YJIBTATIB JOCJIIKEHHS

OCKiNbKH, CHOTOJHI TIPH KOHCTPYIOBAHHI TPAHCIOPTHOTO 3ac00y OJHUM i3 BXKJIMBUX IMUTAHb €
3a0e3rneyeHHss KOM(OPTHUX YMOB JUIsl HACaXUPIB 1 BOJISA, y CBITI € HHM3Ka BUYCHHX, SKI 3alMalOThCs
JIOCITI/DKEHHSAM CHCTEM 3a0e3redeHHs MikpokiaimMary. [IpoanaizyBaBiiy BUIllE HABEACHI HAYKOBI poOOTH Ta
JTOCITI/PKEHHST Ta TIOPIBHSBINM I1X 13 ONUCAaHWMH Yy I CTaTTi aBTOpaMU NOMIOHWMH JOCITIKECHHIMH
3aiiManucs y poborax [4], [12], [23]. Y3arajbHIOHOUYOK TEMAaTHKOK YCIX IHMX POOIT € MOJEIIOBaHHS
MOBITPSHUX TOTOKIB Yy CaJOHI TPaHCIOPTHOrO 3aco0y 3a JOMOMOrOH KOMITFOTEPHHX TEXHOJIOTIH Ta
OTPUMAHHS y Pe3y/bTaTi TaKk 3BaHUX TEMIIEPaTYPHHUX TONIB y CAJIOHI TPAHCIIOPTHOTO 3ac00y.

MopnenroBaHHS TMOBITPSHUX TOTOKIB B CaJOHI JIETKOBOTO aBTOMOOLUIS HaBeJeHO B JMociimkeHHi [12].
Byno nocnimkeHo eheKTUBHICTH 00IrpiBy BITPOBOTO i OOKOBUX BiKOH, €(DEKTUBHICTh BEHTHIIAIIII CAIIOHY Ta
e(eKTHBHICTb OMajeHHs canoHy. s mociikeHHs 0yi10 moOyIoBaHO PO3PaxyHKOBY MOAEIb MOBITPSHOTO
MPOCTOPY CaJOHY CTBOPEHY 10 T€OMETPUYHUM IapaMeTpaM CaJoHy aBToOMOOUIsA. Pe3ynpTaTi mokasaim, mo
HaMOLIBIT e()eKTUBHUM MICIIEM JUTSl BUXOJIY MOBITPS 13 CAJIOHY € 30HA I1iJT 33/IHIM BIKHOM.

MopenoBaHHs TIOBITPSHUX Ta TEIUIOBHX IMOTOKIB HaBeJeHO y poborax [4] Ta [23]. 3a momomororo
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KOMIT'FOTEPHUX TEXHOJIOT1# B 000X poboTax 0yJi0 CTBOPEHO CUMYJIAIIHY Moaenb y cepenoBuini ANSYS. 3a
JOTIOMOTO0 TIPaKTHYHUX JIOCIIIKEHb [4] Oyl0 BCTaHOBIEHO TEMIIEpaTypHE IOJIe B CalOHI eeKTpodyca Ta
TEMIIEPATypHi MTOKa3HUKM 1 Pi3HUX AUISHKAX CaJIOHy aBTOOyca. Sk mokaszainu JOciipKeHHs [23] HaHOuIbII
COPUATIMBHM MiCLIEM BHXOAY IOBITPS B calioHi aBToOyca € BEHTWIALIAHM OTBip Ha 3afHId CTiHI.
Haiimenma pyxIuBiCTh IOBITPSI € B IEPEAHINA YaCTHHI CaJIOHY.

BUCHOBKHU

Jist koMpOpTHUX YMOB MAacaXKUPCHKUX MepeBe3eHb HEOOXITHO BIOCKOHAIIOBATH CUCTEMHU BEHTUIIALIT
1 00irpiBy TpaHCHOPTHHX 3ac00iB. [Ipu 1IpbOMY BaXXJTUBHM € BU3HAYEHHS OCHOBHHX HAIPSAMKIB TOCIIKEHHS,
ki 0 OazyBayMCs Ha HOBHX TEXHOJIOTIAX IMPOEKTYBaHHsS BKa3aHWX cucTeM 3 BukopuctaHusm CAIIP, a
HaTypHi BUIPOOOBYBaHHS Maju O 3aBepIIIbHUN XapakTep i Oynu 6 Mano3aTpaTHUMHU.

B cuctemax BEeHTWIALIT aKTyaJbHUMHU € JOCHIPKEHHS CKJIaJOBUX CUCTEMH (BEHTUJIATOPH, CIEMEHTH
MOBITPOTIPOBO/IIB, PO3MIIIEHHS BX1IHAX OTBOPIB i X BIUTMB Ha €(peKTUBHICTH CHCTEMH BEHTHIIALI B IIJIOMY.

B cuctemax o0irpiBy akTyalbHUMH € AOCIHIIKEHHS MapaMeTpiB 1 XapaKTEPUCTUK TEIJIOBUX MOTOKIB
MIPU Pi3HUX PEKUMAaX POOOTH arperaTiB LUX CHCTEM.
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Y. Voichyshyn, T. Kruts, R. Zinko, O. Horbai. Study of the microclimate of large vehicles.

The analysis of existing scientific researches of domestic and foreign scientists in the field of research
of microclimate of vehicles is carried out in the work. The state of research is analyzed and what issues of
this direction of scientific research need to be investigated.

The structure and main functions performed by microclimate systems in the cabins of buses, cars and
agricultural tractors are considered. One of the factors that determine the well-being of passengers is the
microclimate in the interior of the vehicle. The parameters that characterize it include temperature, humidity,
air mobility and the presence of harmful substances. The methods of calculation and design of heating and
ventilation systems used today are based on integrated methods that allow to determine only the average
flow parameters.

The main role in the design of such systems is given to experimental research, road and climate
testing, which is costly. Therefore, it is important to determine the basic parameters of the microclimate at
the stage of design or improvement of the sample and they would be based on new technologies for
designing these systems using computer-aided design systems, and field tests would be final and low cost. In
the course of research of the offered subjects the simulation 3D - model of air streams in salon of the large-
sized bus was created. With the help of created 3D - models you can visually see the movement of air flows
in the cabin of the bus when it moves or when stopped. Modern computer technology allows you to assess
the state of the thermal state inside the vehicle in the warm or cold season. Therefore, studies of this kind can
serve as a further basis for a broader study, analysis of problems and the provision of recommendations for
addressing microclimate problems.

Key words: microclimate of the passenger compartment, heating system, interior ventilation, interior
air conditioning, air flows, turbulence zone, turbulent flows, heating source, temperature fields.
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BTUIEHHSI IHOOPMAIIMHUX TEXHOJIOT'TI B TEXHIYHY EKCILTY ATALIIO
ABTOMOBLIIB

Metoro pobOTH € eKCIepUMEHTalbHa IepeBipka po3pOOIEHHX aBTOpaMH iH(GOPMAIHUX TEXHOJIOTIH
opraHizamiiHo-QyHKI[IOHAIEHOT MIATPUMKN TEXHIYHOI eKCILTyaTaIlil aBTOMOOLIIB. .

Y pobGoTi mpencraBIeHO JAEsAKi Pe3yNbTaTH  SKCIIEPHMEHTAIBHOTO JOCTI/PKeHHS (DYHKIIOHATEHHX
MOXJIMBOCTEH iH(pOpMaNifHNX IPOTpaMHUX KOMIUIEKCiB «BipryampHuit MexaHik «HADI-12» i «Service Fuel Eco
«NTU-HADI-12» npu BupilIeHHi 3aBJaHb TeXHIYHOI eKCIlTyaranii aBToM00i1iB. BukoHaHO mepeBipKy MaTeMaTHIHHUX
MOJIEIIeH, IO JAO03BOJISAIOTH B ABTOMAaTHYHOMY PEKHUMI BU3HAYATH OCHOBHI MapaMeTpH TEXHOJIOTIYHOTO PO3PaXyHKY i
eKoJoriuHoi Oe3meni mpu eKCIuTyaTamii aBTOMOOUIIB B MajOMy MiANPUEMCTBI aBTOMOOLIBHOTO TpPAHCIIOPTY.
BusHavatounM mapameTpoM, IO I03BOJIA€ BiakopuryBatd mepioamuHicte TO 1 P aBToMoOLmiB, mpuifHATO iforo
CepeAHBOTEXHIUHY IBUAKICTB, IKa OTPUMYETHCS 32 JOMOMOTOIO 1HTENEKTYaIbHOI TpaHCcopTHOL cuctemu «XHALY
TECA».

KnrouoBi cmoBa: aBTOMOOINb, pYXOMHH CKIaj, TEXHIYHa eKCIUTyaTallisi aBTOMOOLIIB, BipTyajbHe
IiAPHUEMCTBO aBTOMOOIITEHOTO TPAHCIIOPTY, iHGOpMAIIHHIN IPOTpaMHUI KOMILIEKC,. CEpeAHBOTEXHIYHA MIBUIKICTB,
TEXHOJIOT1YHHI PO3paxyHOK, EKOJIOTi4HI TOKa3HHUKH.

BCTYII

Icayroua cuctema texHiuHOi ekcruryatamii aBTomoOuLTiB (TEA) chopmyBanmacs Ha 6a3i cmpormieHol
Mozeni (pyHKIIOHYBaHHS TpaHCIOPTHOI iH(PACTPYKTypH: aBTOMOOUTE B OCHOBHOMY TMpAIfOBaB 3
MPUB'SI3KOI0 JI0 BIIACHOTrO mignpueMcTBa. [Ipu iboMy Bcst 00CIIyroByroua i peMoHTHa 0a3a Oysa 30cepe/KeHa
B paMKaxX KOHKPETHOTO MiAnpueMcTBa aBToMo0insHOro Tpancmopty (ITAT) i BCi BUAM TEXHIYHUX BIUIMBIB
3nidcHIOBaKCS iM camuM. Y Takoi cuctemu TEA HerHyukicTh B YacTHWHI 3abe3rneueHHs Oe3BiIMOBHOI
po0OTH aBTOMOOINS Ha JTiHIT IPOSBIISUIACH B OJJHOMAHITHOCTI MiJIX0y IO aBTOMOOLIIB Pi3HOTO BiKY: MepesiK
omepariiii i nepioguunicte TO 1 P igeHTHYHI 1 AJI1 HOBOrO aBTOMOOLIS, 1 JJIs aBTOMOOUISA Mepea Horo
KaIliTATbHUM PEMOHTOM 1 CITUCAHHSIM.

AHAJII3 JITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMHA

[lpoBenenuit anamiz mokasaB, 1o jguBepcudikamis [IAT, ix po3yKpymHEHHS, PO3BUTOK
MiNPUEMHUIITBA TIPU3BENH JI0 TOJSIpU3allii aBTOMOOUTBHUX TapKiB Ta 30CEPEHKCHHS 3HAYHOI KiTBKOCTI
AaBTOMOOIJIIB, SIK 3a3HAYAINCS paHille, B HEBEIMKUX 32 PO3MIPOM i KUIbKiCTIO mignpueMmcTBax. Lle cyTreBo
330 sikicte TO 1 P, ska 3a0e3neuyBanach iHKeHEpHO-TexHIUHOIO ciyxk0Ooro [TAT i icHyrounm
0o0JIaTHAHHSIM.

ITocTynoBuii pO3BUTOK HOBHX BHJIB MEPEeBE3eHb MPU3BOAMIO JI0 301IbIICHHS 4Yacy mepeOyBaHHS
aBTOMOOUIIB JaJlek0 BiJi OCHOBHOi BHMpPOOHWYOI 0a3, 1, BHACIIZOK IbOTO, IMiJBUIIYBANIacsS POJIb
npodinakruanoro TO 1 P aBromo6iniB. Tomy cTBOpeHHS THY4YKOi (aJanTHUBHOI) CHCTEMH KOHTPOIIO Ta
YOpaBIiHHSA TEXHIYHMM CTAHOM aBTOMOOUIA 3 elleMEHTaMH 1HIUBIAyalbHOTO TWIiAXOIY JIO KOXKHOTO

KOHKPETHOTO aBTOMOOIJIS CTalo IepIIoYeproBUM 3aBaaHHsAM. Lle HemoxxnmBo Oe3 BrineHHs B TEA
Cy4acHUX iH(POpPMALiiHUX TEXHOJOTiH, BiAMOBIIHUX iHQOPMALIMHUX MPOrPaMHUX KOMIUIEKCIB i HOBHUX
migxomiB 1o yupasiinss [TAT.

Crig 3a3nauutu [1, 2], mo nporecu ympasiiaHsg B [IAT i TEA 3miiicCHIOIOTBCS IIUKJIIYHO i HOCSTH
BITHOCHO 3aMKHYTHH xapaktep [3]. Llukn ynpaBmiHHS mnounmHaeTscsl 31 300py iHdopmamii mpo craH
kepoBaHoro o0'ekta (ITAT, pyxomoro ckiany (PC), nex, mijasHka i T.1.), IOTIM OTpHMaHa iHQpopMaIris
aHAaJI3y€eThCS | BUKOPUCTOBYETHCS JUIS IPUHHSITTS PIlICHb.

Panime B IIAT indopmaniiini cucreMu 1 TEXHOJOTII BHKOPHUCTOBYBAJIHMCS B OCHOBHOMY JJISI
yAOCKOHaJIEHHST JNOKyMeHTooOiry. Tak wHampukianm [1], B IIAT 3 mapkom 100 aBTOMOOLTIB MHIOMiCSIIs
00pobuIstiocs 10 3 TUcAY HoAopoxHiX aucTiB, 700-800 3asB0k Ha 3amuacturHd, 250-300 nuctiB 06miky TO i
P i iHmIMX TOKYMEHTIB, a JOKYMEHTOOOIT TiNnbku TexHIuHOI ciryk0u [TAT Brimrouas nmonaz 120 JOKyMEHTIB.

OIJIb TA 3AJAYI JOCJIIKEHHSA

HoBum mimxomom miust I[TAT B cdepi TEXHIYHOrO KOHTPOJIIO CTaHy aBTOMOOITIB € CTBOPEHHS
iHpOpMaIIfHMX CHCTEM OpraHi3aliiiHO-(QYHKIIOHAILHOI MATPUMKHM MpoleciB ekciutyaTtamii PC, 3a
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JOTIOMOr0t0 iH(OpMaIliiiHOl iHTerpalii: mo-nepiue, cragiii sxurresoro mukny (OKL) PC, mo-mpyre cucrem
HOTO TEXHIYHOTO KOHTpOmo (KoHTpodto 1 miarHoctuku ctany PC) [4]. Kpim Toro, y 3B'I3Ky 3 3aCTOCYBaHHIM
Ha aBTOMOOUIAX BOYIOBaHOI OOpPTOBOI IiarHOCTHKH, PO3BHTKY CYIyTHHUKOBHX CHCTEM HaBiramii i
MOOLUTHLHOTO 3B'13KY, CYy4aCHUX TEXHOJIOTIH 3'SBHUIACS MOXKJIMBICTD 3/ICHIOBATH AUCTAHIIHUIA MOHITOPUHT
3 OIIHKOIO PiBHS TEXHIYHOTO CTaHy aBTOMOOINA, IO IIJIKOM JO3BOJISE pealli3yBaTH MPAKTHIHO OYIb-SKi
3aBJaHHA 110 BHSBJICHHIO Ta NMPOTHO3YBAaHHIO TEXHIYHOTO CTaHy aBTOMOOLIi. Lle B cBOIO "epry mo3Boisie
nepeitn g0 anmantuBHOI cucremMu TO 1 P aBTOMOOWNIB, KIIIOYOBMM MOMEHTOM SIKOi € pO3po0Ka
iH(hOpMaIiTHO-KOMYHIKallIHHUX CHUCTeM 1 0a3W MPOTHOZHUX MOJETe, M0 3a0e3MedyroTh IMIITXOM
MOHITOPHHTY AWCTaHIlIITHE OTpUMaHHA HeoOXiqHoi moTouHoi iHpopMmarii Bix PC, 11 06poOKy i BUpoOIeHHS
KOPUTYBaJIbHUX BIUTUBIB [5].

Metoro poboTu € TepeBipka pPOOOTH pPO3POOJICHUX aBTOpaMu iH(GOPMAIITHUX TEXHOJIOTIH
opraHizamiifHo-pyHKIioHansHOT miaTpUMKA TEA.

PE3YJbTATHU JOCIIIKEHDb

JIJiss KOHTPOJIIO TEXHIYHOTO CTaHy 1 ekojoriunoi 0e3neku PC Oyi0 BUKOpUCTaHE paHille po3po0JieHO
BIJIMOBiIHE TporpaMHe 3a0e3nedeHHs iHpopMmariitanx mnporpamuux komruiekciB (IIIK) «Bipryanpauit
MexaHik «HADI-12» i «Service Fuel Eco «NTU-HADI-12» [6, 7, 8, 9]. EkciepumeHTanbHe JOCIHTIHKEHHS
IITK mpoBeneHO Ha OCHOBI PO3POOJIEHOTO BIPTYaIbHOTO MIAMPUEMCTBA 3 EKCIUTyaTallii aBTOMOOITBHOTO
tparcopty «XHAIY TECA» [7], mio 3abe3neunio (opMyBaHHS CUCTEM 2100A1bHO20 MOHUMOPUHZY TS
OTPUMaHHA TeXHIYHOi iH(opmamii Mpo OKpemi aBTOMOOLTI, JOCTI/DKEHHS MiarHOCTHYHUX IapaMmeTpiB i
BU3HAYEHHSI TMpale3JaTHOCTI aBTOMOOLUIIB MpH iX eKcIutyaralii B yMoBax iH(QOpMAIifHUX MOKIHBOCTEH
iHTeNeKTyanbHUX TpancnopTHux cucteM (ITS).

B teopii TEA xirodoBUM mapameTpoM, 10 BU3HAYAE TPYIy YMOB ekciuryatanii PC, mpu koperyBaHHS
nepioguunocti TO 1 P, € #oro cepelHbOTEXHIYHA MIBUIKICTh, Ha SKY BIUIMBAIOTh YMOBHU eKcILTyaTallii [8].
[Ipu koperyBanni nepioguunocti TO i P gomatkoBi manui otpumyemo 3a momnomoroto K «Bipryansanit
MexaHik «HADI-12» mpu MOHITOPUHTY eKCIUTyararii aBTOOyCiB S5 Kjacy Majoro MiANpHEMCTBA
aBToMobinsHOTO Tpancnopty (MIIAT) B micTi 3 HaceneHHsM 6mu3bko 100 THc. YonoBik. BukopucroBytoun
noyatkoBy iHpopmamito Tabnumi 1 1 dyHkmioHansHi MoximBocTi ITIK BHKOHYEMO TeXHONOTIYHHI
pO3paxyHOK imxeHepHo TexHiYHOT ciyx0u (ITC) MITAT.

Hinst po3paxyHKy koperyBanHa nepioanunocti TO i P i mapamerpiB eekTrBHOCTI (YHKIIIOHYBaHHS
ITC MIIAT BuxopucroByerbest 1K «Bipryanbuuit mexanik «HADI - 12»» [6]. Tlpu BH3HaYeHHI B
ABTOMATUYHOMY PEXHMi HEOOXiJHHX TapameTpiB BHKOPHCTOBYEMO IOYaTKOBY iHQopmarito npo PC i
MIIAT, mo HaBeneHo y Tabuuii 1.

Tabmung 1 — Buxigai xagi

Ne /it HaiimeHyBaHHS IapameTpa Ta Horo po3MipHICTh Inpexc Benununna

1 Mogens PC ABTOOYC 5 KIlacy -

2 [Ipo0bir cpenHpO1000BHIA, KM Ly 217,8

3 [po6ir mo TO-1, Tuc. kM L, 5

4 Ipo6ir 1o TO-2, TuC. KM L, 20

5 [po6ir mo KP, tuc. km Lx 360

6 TpynomicTkicts HopMaTiBHA BIummBiB TO-1, moa.rox. T, 5,8

7 TpynomictkicTs HOpMaTHBHA BILHBiB TO-2, MIOA.TOA. T, 24

8 Tpynomictkicts muromMa HopMmatusHa [1P, mom.rozn./ Tuc. km T, 6,5

9 IIBUIKICTD eKCILTyaTalii cepe/iHs TeXHIUHa, KM/ToJ| & 34,68

10 Tpusanicte pobouoi 3mian BupoOHIINX 30H TO-1, TO-2, TIP, rox. t 8

11 Yactka poOit I1P, siki npoBoasiThest mpu TO-1 K 0,3

12 Yacrtka poOit I1P, siki npoBositeest mpu TO-2 K, 0,5

13 Yacrka po0it ITP mocroBux Kyp 0,4

14 KinmpkicTh poOITHHKIB HA OZHOMY HOCTY Iipu BUKOHaHHI TO-1, moz. Proa 1

15 KinmpkicTs poGITHHKIB HA OAHOMY HOCTY IpH BuKOoHaHHI [1P y 30Hi P 1
TO-1, mon. TP-1

16 KinpkicTh poOITHHKIB HA OZHOMY HOCTY IpHu BHKOHaHHI TO-2, mox. Pro- 1

17 KinbkicTs pobiTHHKIB Ha OJTHOMY ITOCTy IIpH BukoHaHHi 1P y 30mHi p 1
TO-2, mop. 1P-2

18 KinbpkicTs poOIiTHHKIB Ha OJTHOMY IIOCTY IIpH BUKOHaHHI poOiT I1P, Prp 1
JFOJL.

19 KinekicTs 3MiH poboTu 3081 TO-1, TO-2 ta ITP 3 1

20 Bapricts npoctoto PC Ha neHsb, IpH. Ca 523,20

21 Bapticts npocroro ITC Ha nens, rpH. Crrc 760,66
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[TogaTKOBOIO TOYKOIO PO3PAXYHKY € KOPUTYBAHHS BUXITHOI iHpopMarii i HopMyBaHHSI HOPMATUBIB
cucremu TEA nnst konkpetHux oauauib PC ta ITC MITAT B mijoMy BU3HaYaeThes 3anexxHoctsamu 1-20

- epioanvHicTh TexHiuHuX BIuBiB TO-1 1 TO-2 3 ypaxyBanusaMm xoedilieHTiB B tokymenTi [10] i
KpaTHOCTI POo0iry cepeaHb01000BOTO

LK, K

LTO-I = L L 'Lca (1)
ca
Lo, = M Lo, (2)
TO-1
- TpyomMictkicTh BiumBiB TO-1 1 TO-2
T'ro-1 =T, -Ky 'Ks (3)
T'ro-z =T, Ky 'Ks (4)
- TpyIoMicTKicTh pooit [TP mutoma
Thp ZT:lL'lP'KlT'K2T.K3T'K4'K5 ®)
- Tpyaomictkicts 1P, cynmytaix TO-1 1 TO-2
Topy =T Ky 'K}J ‘K, 'LTO-I (6)
Tipo =T Kpp - Kzl ‘K, 'LTo-z (7)

Hani 31iiCHIOETECS PO3paxyHOK iHTeHCUBHOCTI nosiBu 3asBoK Ha TO 1 P Big mapky PC (mizcymku
PO3paxyHKy HaBeleHI B Ta0I. 2).

Tabmuns .2 — 3asBku Ha TO i P Big oguanmi napky PC

) KinpkicTs 3asBOK 3a . .
[Hnexc TexHIYHOTO LK Big o PC, Ni JobGosa IHTEHCHBHICTH (b_cl)pMyBaHHﬁ 3aBOK, N6
BILTUBY = A, ma (3.22)
(3.14) ...(3.20)
1 2 3

TO-1 44 0,1205
TO-2 13 0,0356
I1P-1 16 0,0438
I1P-2 4 0,0110
I1P-B 21 0,0575
Bceworo 98 0,2684

InrencuBHicTh PopMyBaHHS 3asBOK, Hanpukian, TO-1 Bix oguanni PC BU3HAYa€ThCS HACTYITHUM
YHHOM

(8)

Hanpamtopanns oaunuiii PC Ha Bunaakosi [1P, ToOTO peMOHTH, 1110 BUHUKAIOTh MK BIiuBamMu TO

Lo o Len(Ac =Mro—2 —Ap—2 —Arp—B) ( 9)
b Ap-B

TpynomictkicTs Bunaakosux I1P ckianae
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Top =Ty - Ky -(1-K, -K,)-Ly (10)

[HTEHCUBHICTBH POBEICHHS OJJHOTO TEXHIYHOrO BILIMBY Ha 1ocTy ITC BU3HAYAETHCS 3aICKHICTIO
(11) ne, nanpuknax, 1t TO-1 iHTEHCUBHICTH BIUTUBY JOPIBHIOE:
P

-3-t
_ Mrou 3 11
Hro. T (11)

TO-1

B Tabnuui3 HaBeneHi pe3yapTaTH po3paxyHKiB NpomyckHoi 3aaTHOCTI miaposainiB ITC. KinbkicTs
noctiB B migpo3aiiax [TC Bu3HayaeTbCca BUXOASYH 3 HOPMYIOUOT1 YMOBH, BiIIOBIAHO JI0 SIKOT, KIBKICTh
MIOCTIB B Mipo3auti, Hanpukiram, TO-1 mianpueMcTBa TOpiBHIOE

0,2< X, -21e1<q (12)

TO-1

[MpomyckHa 3aaTHICT 30HK TO-1 3 ypaxyBaHHSM KIJIBKOCTI TIOCTIB CKJIaa€e

HsTO-1 = Hro-1° XT0-1 (13)

Tabmuns 3 — [apamerpu oprasnizarii migposainis [TC

Mponycksa [Ipomyckna
-IHHeK(«: 3IaTHICTH ITOCT SAATHICTE
HIAPO3ALTY 1y X> X< X nigposnainy ITC
ITC : - .
ITC (W), an. (py), 1
TO-1 1,20 0,30 1,10 1 1,20
TO-2 0,29 0,32 1,12 1 0,29
I1P-1 1,62 0,23 1,03 1 1,62
I1P-2 0,24 0,25 1,05 1 0,24
I1P-B 0,51 0,31 1,11 1 0,51
Touka HacuueHHs migposainie [TC 1 (s migposainy TO-1) ckianae:
N;‘O-l —14 Hsro. (14)

Miroa

Tpusanicts npoctoro PC B miaposainax ITC, manpuknaz, B nigposaini TO-1 npu N < NT =

5 <11 pospaxoByerbcst HacTymHUM unHOM Pe3ynbTaTi po3paxyHKiB mo mixposainam ITC HapeneHi B
Tadsmi 4.
1

HsTO1

(15)
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Tabmwmst 4 — [Tapamerpu sikocTi oprasizartii migposaiitis ITC

[HIeKC MiApO3aiTy , TOI{K,a HaCHYCHH 3ABAHTAKCHHS Tpusanicts mpoctoro I1C B
ITC Hmpogmﬂcl;; e ninposinis ITC (pi) |mimposainax ITC (t; ), an.
TO-1 11 0,10 0,93
TO-2 9 0,12 3,93
T1P-1 38 0,03 0,63
I1P-2 23 0,05 4,31
T1P-B 10 0,11 2,19

Minimanpaa npoayktuBHICTh [TC, siKy He0OXiTHO pO3BUHYTH KOJIEKTHBY OCHOBHOTO BUPOOHHMIITBA
JUIsl TapaHTOBAHOTO 3a0e3MeueH st 3aJaHoro (B TaHOMY BHIIAJKy PO3PaxyHKOBOTO) 3HAUEHHS TPUBAIOCTI
npocroto PC B miapoznini I1P, nopiHioe

i)\'i 'Ti2

M0, T+t (16)
= Zki T| ’ti
i=1

HopmaTtuHmit KoedimieHT TOTOBHOCTI 33 BUXiTHUMH JTaHUMH BU3HAYAETHCS

Kr=tpog ! (tpos +tirc) A7)

ne t — cepeaHiii yac 6e3BiqMoBHOI poboTu PC, nH;

POB

tpz =Ly / Loy (18)

ae Loy — npo6ir ogunnni PC cepennbono6oBuii, Tuc. km (Tadm. 1),
Lp — HampaIroBaHHS Ha BIIMOBY, THC.KM,
Tc —gac npocroro PC nipu ycyHeHHi BiAMOB, 1H (Ta0II. 4).

IpoxykTuBHicTs KonexTnBy ITC, sika 3a6e3neuye 3anani oomexenns I = 0,2 nu. na Tpusanicts
rpoctoro PC B migposaim TO-1 Bu3HavaeThCH

m m
}\‘I TlI T Z}\‘I T~I T z}\‘l FI‘IZ
o= "2 2c| "7 19)

*
3nagenns npoaykrusHocTi ITC npn criextpi 3ananmx oomexens (L ) ma wac mpocroro PC B pisanx
nigposainax ITC npeacrapieni B Taduuili S.
B Tabnuii 6. HaBeeHi 3HaUSHHS IPOTyKTUBHOCTI KoJ1ekTuBY ITC mpu BBeIeHHI ClIEKTPY 0OMEKEHb

*
Ha nipoctii ITC. 3navenns npoaykruBHocti ITC npu 3amaniit iMOBIpHOCTI TPOCTOFO P| =0,2 cxnanae

ixi'Ti

I1(0,2) < —11 = (20)
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Tabmums 5 — 3rauenns npoaykruBHOCTI [TC npu 3agannx oOMexkeHHIX Ha Jac npoctoro PC

TTapametpn 3HaYEHHS Yyacy ti* MMOTOYHI, JH. Yac ti*331“i)1H0
NPOJlyKTHBHOCTI 0.2 04 0,6 08 1 12 | pospaxynrom
H(tTO'l) ' 43,44 25,71 19,46 16,18 14,13 12,71 14,79
JIIOA.TON/oH
H(tTO'Z ) ' 143,33 74,26 51,19 39,63 32,68 28,02 11,58
JIFO.TON/ TH
H(tm"l ) ' 36,16 22,27 17,23 14,54 12,83 11,63 16,66
JIFOI.TON/TH
H(tHP'2 ) ' 169,59 87,25 59,77 46,02 37,75 32,22 12,04
JIFOL.TON/oH
H(th ) ! 84,57 45,43 32,26 25,61 21,57 18,85 12,53
JIFON.TON/TH

Tabnuus 6 — 3navenns npoayktuBHocTi [TC npu 3amanii iMOBIpHOCTI ii pocTOIO

3HaucHus P,

ITapamerpu
MPOAYKTHBHOCTI
0,2 0,4 0,6 0,8 1
H( PT) , JHOZ[-FOII/IIH 4,07 5,43 8,15 16,30 o]

B Tabnuui 7 HaBeneHi 3HaueHHs yacy BUKOHaHHs poOiT TO i P npu pi3HUX 3HaYEHHSIX
MpoayKTUBHOCTI KojiekTuBy ITC, a B Tabuii 8 BiAmoBigHa WMOBIpHicTh ipocToro ITC.

Tabmuus 7 — Yac npocroro PC npu 3apaniit npoayktusHocti ITC

Yac npoctoro PC, an.
ITponyxtusHicts ITC, mox.ron/nu
TO -1 TO-2 I1P-1 I1P-2 I1P-B

1 2 3 4 5 6
5 10,65 22,68 9,66 25,73 15,76
10 1,87 4,98 1,61 5,76 3,19
15 0,91 2,69 0,76 3,14 1,66
20 0,58 1,83 0,47 2,14 1,11
25 0,42 1,38 0,34 1,62 0,82
30 0,32 1,11 0,26 1,30 0,66
35 0,26 0,92 0,21 1,09 0,54
40 0,22 0,79 0,17 0,94 0,46
45 0,19 0,69 0,15 0,82 0,40
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50 0,17 0,62 0,13 0,73 0,36
60 0,13 0,50 0,10 0,60 0,29
70 0,11 0,43 0,09 0,51 0,25
80 0,10 0,37 0,07 0,44 0,21
90 0,08 0,33 0,06 0,39 0,19
100 0,08 0,29 0,06 0,35 0,17
125 0,06 0,23 0,04 0,27 0,13
150 0,05 0,19 0,04 0,23 0,11
175 0,04 0,16 0,03 0,19 0,09
200 0,04 0,14 0,03 0,17 0,08
225 0,03 0,13 0,02 0,15 0,07
250 0,03 0,11 0,02 0,13 0,06

Ta6muis 8 —Mmosipricts poctoro ITC mpu i 3a1aHiil MPOLYKTHBHOCTI

[IponyxrusHicts ITC, mroa.ron/nu MmoBipuicTs mpoctoio ITC
2

0,3481
10 0,6741
15 0,837
20 0,837
25 0,8696
30 0,8914
35 0,9069
40 0,9185
45 0,9276
50 0,9348
60 0,9457
70 0,9534
80 0,9593
90 0,9638
100 0,9674
125 0,9739
150 0,9783
175 0,9814
200 0,9837
225 0,9855
250 0,987
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OBI'OBOPEHHA PE3YJIBTATIB JOCJ/IAKEHb
Po3paxyHOK eKkoJIOTiYHMX MOKa3HMKIB 3AidcHIOEThCs 3rigHo anroputmy IITK «Service Fuel Eco
«NTU-HADI - 12»» [9], axuii mae moBHuH HaOip ¢yHKuioHanbHuX MoxiuBocted IIIK «BipTryansHuii
mexaHik «HADI-12»» [6]. Ilpu BH3HAYeHHI B ABTOMATHYHOMY PEXHMi BHUTpPAT MaJbHOI0, MACTHIHHHX
MaTepialiB, BUKUJIIB, BiJIXO/[iB, BAKOPHUCTOBYIOThCS KUTbKICHI TTOKa3HHUKH, SIKi MPUBEJCHO B Tabnuisx 9 - 12
[9, 11, 12]. MaTemMaTH4Hi 3aJIeKHOCTI AJ1s1 PO3PaxyHKY €KOJIOTIYHHUX MOKa3HUKIB IPUBEIECHO HIKYE.
Macogi Bukuan mkiamusux pedosuH (LLIP), po3paxoByrotbes 3a hopmyoro, T:

Mi Zz_lgichjKTikjkj' (21)

e Qicj - cepenHii muromuit BukuL i - i [1IP 3 oquHumi MacH j - 2o BUIYy MaIbHOTO, KI/T;
G; - BUTpAaTa j - 20 MaJHEHOTO aBTOMOOLIEM 3a IIEBHUH MEPio, T;
Tiy- KoedillieHT, [0 BpaXOBYy€ BILIHB TEXHIYHOTO CTaHy aBTOMOOLIS K-20 THILY, IO CHOXKHBAE | - i BHI

MaIBHOTO, HAa BEJTMYMHY IIUTOMHX BUKHUIIB;

k- koediieHT IpHBEEHHS aBTOMOOLIIS 10 €KOJIOTTYHOTO KIIacy.

Tabmuin 9 — Butpara mactunsaux marepianis B ITTIK «Service Fuel Eco «NTU-HADI - 12»»

> BuTpaTa MacTHIBHAX Matepiaiis, 1/100 1 (1/100 m°, CIIT)
° % (0 BiTHOIIIEHHIO IO BUTPATH HMAIBLHOTO)
s §
2E ¢ = 2
©o' 5 o < = = T
5 2 =g 3 2 3 £ £
S 3 & e = s E == S 5
4 8 = S E cm) 5 5} 5 S <
m 9 = = =) E =
< I & O =
£
M, 0,5...1,8 0,02...0,15 0,01...0,05 0,05...0,1
M, 0,5...1,8 0,02...0,15 0,01...0,05 0,05...0,1
M, 1,5...2,8 0,1...0,4 0,05...0,1 0,1...0,3
N; 0,5...1,8 0,02...0,15 0,01...0,05 0,05...0,1
N, 1,5...2,8 0,1...0,4 0,05...0,1 0,1...0,3
N 1,5...2,8 0,1...0,4 0,05...0,1 0,1...0,3

3HaueHHs KOPUTYro4oro koedinieHra T BHOUPAIOTH 3aJI€KHO BiJI: IIKIUIMBOI pe4oBUHH (i), BUKU]
SKOT pO3paxoBy€eThCS; THITY aBTOMOOLIA (K) 1 BHIy CIIOKMBAHOTO MaJIbHOTO (]), BAKOPUCTOBYIOUH JaHi TadJl.
10.

Cepenni muTOMi BUKUIH Ji¢j, BAOMPatOTh 3 Ta0u1. 11. 3HaueHHs cepeqHix nuTtomMux Bukuiis LIIP
NPUBEICHE JUIs BUIAJIKY, KOJIH aBTOMOOLIb HE Mae CHCTeM HeWTpaizauii BinnpamnpoBanux rasis (EBPO-0).
Jnst exonorignux kiacise €EBPO-1 — €BPO-5 BUKOpUCTOBYIOThCS KOe(illieHTH IpUBEACHHS Kj 10 HOpM
€BPO (tabm.. 12).

Binxomamu nHa MIIAT € akymynsaropni 6arapei, munau, Ginetpu [2, 12, 13]. Kinbkicts
BiNpalbOBaHUX aKyMYJIATOPHHUX OaTapell BU3HAUAIOTHCS, BUXOSIUM 3 KUIBKOCTI BCTAHOBIICHUX Ha
aBTOMOOUIL akyMyJIsITOpiB (32 nanuMu MITAT), TepMmiHiB X ekcrutyarariii i Bard, of./ pik:

N = Z Naem.i ’ ni /TI ' (22)

1€ Nygp.i - KITBKICTB aBTOMOOITIB, 1110 3a0e3meueHa akyMyIITOPaMH | — 20 THITY, O/,
N; - KIJIBKICTh aKyMYJISITOPiB Ha aBTOMOOLNTI, 01.;
T - excIuTyaTaliifH1id TepMiH CITy>)KOM akymyJisiTopa | - i MapkH, pik.

, 2020, Nel (14) m




© Bonkos B.II., I'punyk I.B., Bonkopa T.B., Onuiyk B.I1. 2020

Tabmunst 10 — 3Hauenns koediuientis T, y IITK «Service Fuel Eco «NTU-HADI — 12y

KaTer'opiﬂ 3HaueHHs KoedimienTa T pisaux [P
aBTOMOOIITEHOTO
TPAHCIIOPTHOTO co CH NO I3
3aco0y * men X

M; 15 1,5 0,9 -
M, 1,7 1,8 0,9 -
M 15 1,4 0,95 1,8
N 1,7 1,8 0,9 -
N, 1,7 1,8 0,9 -
N3 15 1,4 0,95 1,8

Tabnuust 11 — 3naueHns cepennix nuromux BukuiiB 1P 3 oguanii CrnoxxuBanoro naigsHoro B IITK
«Service Fuel Eco «NTU-HADI — 12»»

Bun nansHOTO

[Turomi Buxkuau LI1P
KI/T DaJbHOIO

Oco JcH ONox Opru
bensun 196,5 37,0 21,8 -
3pimkennii HaQTOBUH ra3 196,5 37,0 21,8 -
Jln3enpHe maanHe 36,0 6,2 31,5 3,85
CTrCHEHWI IPUPOTHUH Ta3 87,5 22,4 27,6 -
Ta6muus 12 — KoeoitienTn npuBeieHHs 10 HOpM €Bpo K;

Exosoriuni kiiacu aBTOMOOLTIB
IIxigmuBi
PEYOBUHU
€BPO -0 €BPO -1 €BPO -2 €BPO -3 €BPO -4 €BPO -5
CO, 1 0,4 0,32 0,17 0,12 0,12
NO, 1 0,55 0,49 0,34 0,24 0,13
ChHn 1 0,46 0,46 0,28 0,2 0,2
PM 1 0,51 0,21 0,14 0,03 0,03
Bara BignpaliboBaHUX aKyMyJISITOPIB IOPIBHIOE, T / PiK:
m
M=>N;-m-107, (23)
m=1
ne N; - KUTBKICTh BiApaIibOBaHUX aKyMyJIATOPIB i - MapKu, o1I. / PiK;
M, - Bara akyMyJIsITOPHOT 6arapei i - 20 THITy 3 €IeKTPOIIITOM, KT.
Bara BignpaipoBaHUX IIUH 3 METAIEBUM KOPJIOM 1 3 TKAHUHHUM KOPJIOM BU3HAYAETHCS 32
dbopmyitoro, T/ pik:
M :Z(Li'mi'Ni'ni)/(Lni '10_3), (24)
m=1

ne N;- KigpKiCTh aBTOMOOIIIB i-TO1 MapKH, OfI.;
N; - KiBKICTh IIWH, BCTAHOBJICHUX Ha aBTOMOO1TB I-TOT MapKH, Of.;
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M; - Bara oJIHi€i 3HOIEHOI ITUHU JAHOTO THITY, KT}
L;- cepenniii piurmii mpoGir aBTOMOOIIIIB i-T0ol MapKH, THC.KM / PIK;
L, i- HOpMa mpoOiry aBTOMOOLTIB I-T0i MapKH 0 3aMiHHU ILIHH, TUC.KM.
Bara BignpanpoBanux (GiabTpiB, II0 YTBOPHIIMCS NPU €KCIUTyaTallii aBTOMOOLTIB, BU3HAYAETHCSA 32
¢dhopmymoro, T/ pik:

M= -m, N, -n) AL, 107, (25)

m=1

ne N; - KUTbKIiCTh aBTOMOOLIIIB i-TOT MapKH, of.;
Nj - KUTBKICTh (iIbTPiB, BCTAHOBJICHUX HAa aBTOMOOUISX I-TOi MapKH, OJI.;
m; - Bara oHOTO (PLIBTPY HA aBTOMOOUISAX I-TOT MapKH, KT
L; - cepenmiii piurmii mpobir aBTOMOOIIIIB i-T0i MapKH, THC.KM / PiK;
Li - HOpMa pobiry aBTOMOO1IIB i-TOT MapKu 10 3aMiHU (iJbTPIB, THC.KM.

BUCHOBOK

Ha mpuxmasni peasbHOTO Majoro MmiAMPHEMCTBAa aBTOMOOITFHOTO TPAHCHIOPTY IMOKA3aHO pealli3aliro
(DYHKIIIOHATTFHUX MOXJIIMBOCTEH iH(GOpMAIiHHUX MPOrpaMHUX KOMIUIEKCiB «BipTryanbanii mexaHik « HADI
- 12» 1 «Service Fuel Eco «NTU-HADI - 12» y cknapi inTenekTyanbHOl TpaHcnopTHOI cuctemu «XHAIY
TECAW, sika B cBOIO uepry iHterpoBana B ITS.

[linTBEpKEHO, MO TIPH BHUKOPUCTAHHI B aBTOMATHYHOMY PEXHMI po3podieHuX iH(hopMamiiHuX
MPOTPaMHUX KOMILUIEKCIB MOXKIIMBO BW3HA4aTH KoperyBaHHs mnepioguynocti TO i1 P 1 mapamertpis
e(eKTUBHOCTI (YHKI[IOHYBAaHHS 1H)KEHEPHO-TEXHIYHOI CIIy>)kKOM Majoro MmiJNnpHEMCTBA aBTOMOOUILHOTO
TPaAHCTIOPTY, a TAKOXK 3AIMCHIOBATH OI[IHKY €KOJIOTIYHUX MMOKA3HUKIB HOTO pOOOTH.
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V. Volkov, I. Gritsuk, V. Onyshchuk, T. Volkova. Implementation of information technology in the
technical operation of cars. An aim hired is verification of functioning of information technologies of
organizationally-functional support of technical exploitation of cars, that is worked out by authors. Some
results of experimental researches of functional possibilities of informative programmatic complexes are in-
process presented the "Virtual mechanic of "HAdi-12" and "Service Fuel Eco "NTU - HADI - 12" at the
decision of tasks of technical exploitation of cars. Verification of models that allow in the automatic mode to
determine the basic parameters of technological calculation and ecological safety during exploitation of cars
in the small enterprise of motor transport is executed. A qualificatory parameter that allows to correct
periodicity maintenance and repair of cars is accept his middle technical speed that is got by means of an
intellectual transport system "CHNADU TESA".

It is confirmed that when using the developed information software complexes in automatic mode it is
possible to determine the adjustment of periodicity of maintenance and repair and parameters of efficiency of
engineering and technical service of small enterprise of motor transport, and also to estimate ecological
indicators of its work.
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BU3HAYEHHA BIYHUX CUJL, IO BAHUKAIOTD ITPU PYCI
MOAYJbHOI'O TPHJIAHKOBOI'O IPUYIITHOI'O ABTONOI3 A YV CKIIAATL
«ABTOMOBLJIb-TAI'AY — IBOBICHUMU IIIJKATHHUU BI3OK — TPUBICHUUN HAIIIBITPUYIID»

EdextnBHIM 3ac000M CKOpOUYECHHS YHCEIBHOCTI TPAHCIOPTHUX 3ac00iB TpH 30epekeHHI o00csTiB
BaHTAXKOIIEPEBE3CHb € BUKOPUCTAHHS 0araToJaHKOBUX aBTOIOI3/IB.

3 oriany Ha 3pOCTAHHA IHTEHCHBHOCTI PyXy Ha CyYaCHHX aBTOMAriCTpassiX, HEOOXiIHO MiIBUIIUTH Oe3NeKy
TPAHCHOPTHHUX 3ac00iB A YHUKHEHHS aBapiiiHUX CUTYyalil, 0 HECYTh 3a co0O00 MOTIpIICHHS 340POB’S JIOJIEH Ta
3HAYHI MaTepianbHi BTpaTH MMPH NOIMIKOIKEHH] TPAHCIIOPTHHX 3ac00iB Ta BAaHTaXiB.

3Bakaloud Ha Iie, IOJIMIIEHHs eKCIUTyaTalilfHNX BJIACTUBOCTEH aBTOINOI3MIB y CyJ4aCHHX yYMOBAX pPyXy €
OJTHAM 13 TPIOPUTETHUX 3aBJaHb IS 3a0e3MeUeHHs] BHCOKOTO DiBHS O€3MeKH IX eKcIuTyaTalil 3 MaKCHMalIbHOIO
e(EeKTHUBHICTIO BUKOPHCTAHHSI.

BupimenHss 1ux npo6ieM HEMOXKIUBE 0e3 po3poOKH MaTeMaTHYHOI MOJICNTI PYXy MOAYJIBHOTO TPHUJIAHKOBOTO
MPUYIHOTO aBTOMNOI3[a, y AKid Oynu O BpaxoBaHI OCHOBHI KIHEMAaTW4HI Ta T€OMETPHYHI CIiBBIIHOIICHHS, KyTH
BCTaHOBIICHHS OCEl, HOPMaJIbHI PEakKilii OmopHOi MOBEpXHi Ta O1YHI CHIIM Ha KoJiecaX OCEH JIaHOK 3 ypaxyBaHHSIM iX
Mepepo3nOIiTy MO OCsAX Ta OOpTaxX MpH ralbMyBaHHI aBTONOI3/1a Y KPUBOMIHIHHOMY Ta IPSMOJIHIHHOMY PYyCi @ TAKOXK
KYTH BiIBEZICHHS KOJIiC aBTOMOOIISI-TATa4a, IMiJKaTHOTO Bi3Ka Ta HaMiBIpHUEIa.

Came ToMy maHa po0OOTa MPUCBSYCHA BU3HAYCHHIO 3aJIGKHOCTI MK KyTaMH BiJBEACHHS Ta OITYHUMH CHJIAMH, IO
BHHHKAIOTB [IPH FAIBMYBAaHHI MOJYJIGHOTO TPUIIAHKOBOTO MPHYIITHOTO ABTOIOI3/1a Y CKJIAJll «aBTOMOOLIB-TSTay - ABOBICHUI
ITJIKATHXH Bi30K - TPUBICHUI HAITIBIPHYII) y KPUBOJIHIHHOMY Ta IIPSMOJIHIHOMY pyci.

KonrodoBi cioBa: aBTomoi3n; MOAYNbHUH TPHUIAHKOBMH NPUYINHUA aBTOIOI3M; NPHYINIHA JIAHKA; IPHYII;
HAIBIPHUYII; MiJKAaTHHHA Bi30K; MaTEeMaTUYHA MOJEIb; CKCIUTyaTalliiiHi BIaCTHBOCTI; CTIHKICTh; HOPMAJIbHI PEaKIlii;
0iuHi crny; OiYHE BiBEACHHS; KOe]iLi€HT OMOpPY; raIbMiBHUN PEKUM.

BCTYII

st [OCSATHEHHsI BUCOKMX ITOKa3HHUKIB MPOXYKTHBHOCTI BUKOPUCTAHHS aBTOMNOI3IIB MpH 31iHCHEHH]
BaHTAXXOIIEPEBE3CHb HEOOXIHO CTBOPUTH YMOBHU JUIsl IX €KCIUTyaTallii 3 MakCHMaJbHOK €()EeKTHBHICTIO,
TOOTO 13 MAKCUMAJIbHUM 3aBaHT)XEHHSM Ta IIPH PYCl HA MAKCUMAJIBHUX MIBUAKOCTSAX. ISl IbOTO, B IEpIIy
4epry, noTpiOHo 3a0e3MeunuT JOTPUMaHHA JaHUMHU TPAHCTIOPTHUMH 3ac00aMi OCHOBHHX EKCILTyaTaliiHUX
BJIACTMBOCTEH, 1110 BHM3HA4YarOTh Oe3rneky pyxy. Cepea HaMOLIbII BaXKJIMBUX TEXHIKO-CKCILTyaTalliiHUX
BJIACTMBOCTEH aBTOIOI3/IB, 110 3a0e3MeUyIOTh Oe3IeKy X pyXy, BapTO BUOKPEMHUTH CTIHKICTh, 30KpeMa y
rajJbMiBHOMY PEXUMi. AJDKe BTpara CTIMKOCTI 4acTO MPHUBOIUTH A0 CTBOPEHHS AOPOKHBO-TPAHCIIOPTHHX
MPUTOJ, IO CYNIPOBOUKYIOTHCSA TPAaBMYBAaHHSIM Ta 3HAYHUMH MaTepialbHUMU BTpaTaMu.

XapakTep pyXy aBTOINOI3Aa MPUHIMIIOBO BIiJPI3HAETHCS BiJA PyXy OJMHOYHOTO aABTOMOOLIS.
BigMiHHICTE MOXXHA TOSICHUTH HASBHICTIO JOJATKOBHX 3YCHJIb, 10 BUHHMKAIOTH Y IIAPHIPHHUX 3’ €IHAHHAX
JAHOK TPaHCHOPTHOrO 3aco0y, a TakoX CWJI 1 MOMEHTIB, SKi AiIOTb Ha HOro OKpeMi JIaHKH Ta PyX
TpaHCHOPTHOTO 3aco0y B 1iioMy. OcoOIMBO IOMITHHM € iX BIUTMB MPH TaJbMyBaHHI aBTOIOI3/1a, SIKE MOXeE
CYIPOBOJKYBATUCS CKJIQJIaHHSIM JIAHOK Ta BTPATOIO CTIMKOCTI TpaHCHOpTHOro 3acoly. lle mosicHroeThes
THM, 110 y MPOLECi ralbMyBaHHS HAa aBTOMOOLIb 1iFOTh CHJIM T4 MOMEHTH B Pi3HUX IUIOMIMHAX Ta HaNpsMax.
IMix X BIVIMBOM B3MIHIOETHCS HABAHTAKEHHS OKPEMHUX KOIiC. BmnmuB OiYHMX CHJI TPHU3BOJAUTH JIO
MePEBAHTAXECHHS KOJIiC OJIHOTO OOPTY TPaHCHIOPTHOTO 3ac00y, a TAKOXK MOXE CIPUYMHHUTH BiJBeICHHS a00
KOB3aHHsI oro koiic. Tomy npaBwibHUM BHOIp MaTeMaTH4HOI 3aJIEKHOCTI MiIX KyTaMH BiJIBEJCHHS Ta
O1YHMMH CHJIaMH OOYMOBIIIOE BiIIOBIAHICTh MK TEOPETUUYHIUMHU BUKJIAIKAMH Ta JaHUMH, SIKi OTPUMYIOThCS
IiJ] 4aC eKCIePUMEHTAIBHUX JTOCIIIKCHb.,

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMU

[oripmenHs cTiiKoCTi aBTOMOI3Aa MOXe MPU3BECTH A0 (paTalbHUX HACHIAKIB. ToMy € HEOOXigHICTh
JOCII/DKEHHSI BIUIMBY KOMITOHYBAJIbHMX Ta EKCIUTyaTallifHuX (akTopiB Ha CTIMKICTh TPUIIAHKOBOTO
aBTONOI3/1a Y TATbMIBHOMY PEKHMi.

[Ipobnemi CTIMKOCTI pyXy aBTOMOOiIS Ta aBTOMNOi3a MPHCBAYEHO Oarato podiT, OCKIIBKH BOHA €
Ba)KIMBOIO XapaKTEPHUCTHUKOIO, sSKa BHM3HAYa€ WOr0 TMOBEAIHKY IIiJi BIUIMBOM 30BHINIHIX (haKTOpIB.
JloCTiHKEHHIO CTIMKOCTI TPaHCIIOPTHUX 3aco0iB MpH TrajdbMyBaHHI IpucBsdeHi podotm UymakoBa €.0.,
[TeB3uepa A.M., JIanynosa O.M., @anbkeBuya b.C., JlutBunosa A.C., Koconanosa I'.M., XauatypoBa A.A.,
Anronona JI.A., 3akina S.X., Pesina O.0., Mamorina I1.M., Coukosa /[.O., XamoBa 1.B., Pesina C.O.,
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Comamesa O.M., Caxua B.I1., ITomskosa B.M., [Togpurama M.A., Bonkosa B.I1. Ta iHIIIX HayKOBITIB.

Jeranpumii aHami3 myOmikamiii TOKasye, moO poOIT, TPHCBIYSHUX JOCTIDKEHHIO eKCIUTyaTaliitHuX
BIIACTUBOCTEH OaraTojIaHKOBHX aBTOIMOI3/1IB (HacaMIIepe 1, TPUIIAHKOBHUX ) IOPiBHSIHO He Oarato. Tak, y pobotax [2],
[3], [4], [5] po3risiHyTO pyX TPHIaHKOBHX aBTOMOI3/IIB Pi3HUX KOMIIOHYBAJILHUX CXEM Y PI3HHX PSKUMAX PYXY.

JochimKkeHHI0O MaHEBPEHOCTI Ta CTIMKOCTI pyXy aBTOMOI3IiB KOMIIOHYBAJIBHOI CXEMH «aBTOMOOIITb-
TATaY - IBOBICHMIA ITiIKATHHI Bi30K - TPHBICHUI HAIIBIpUYim» IpucBsueHi poboru [1], [6], [7].

[Inocky MaTeMaTHyHy MOZENb PyXY MOIYJIBHOTO TPHIAHKOBOI'O MPUYINMHOIO aBTOMNOI3Aa Yy CKIafi
«aBTOMOOUTB-TATAY - ABOBICHUN TTAKATHUN Bi30K - TPUBICHUH HAIBIIPHUI» po3pobieHo y poboTi [1].

Y pob6oTi [6] BM3HAYEHO OCHOBHI KiHEMaTHYHI Ta T'€OMETPWUYHI CIIBBIIHOIICHHS Ta PO3POOIICHO
PIBHSHHS Ui 3HaXOPKEHHsI KYTiB BiJIBEACHHS KOJIIC OCed JIAHOK MpH PYCi MOIYJIHHOTO TPWUIAHKOBOTO
NPUYIMHOTO aBTOMOI3[a y CKJIaAl «aBTOMOOUTB-TSrad4 - JABOBICHMH MiJKAaTHUH Bi3OK - TPUBICHUHN
HaMIBIPUYIID y TAITEMIBHOMY PEKUMI.

VY po6oTi [7] oTpumaHO piBHSHHS Ta BU3HAYEHO HOPMaJbHI peakiii OMOpHOI MOBEPXHI Ha Kojecax
Oocell JaHOK 3 ypaxyBaHHSM iX TIEPepo3MOATy MO OocsAX Ta OopTax MpH TaIbMYyBaHHI MOIYJIBHOTO
TPUJIAHKOBOTO TPHUYIIMHOTO aBTOMOI3/la y CKIAAi «aBTOMOOLUTL-TSTAad - JBOBICHHIA ITiJKATHUH BIi30K -
TPUBICHUH HAIIBIPHUYIM y KPUBONIHIHHOMY Ta MPSAMOJIHITHOMY pYyCi.

Jlis gocmipkeHHsT O1YHUX CHII, IO BUHUKAIOTH NIPU PYCl aBTOMOI3/1a Y TajJbMIBHOMY PEKHUMI 00paHO
KOMITOHYBQJIBHY CXEMY MOJAYJIBHOTO TPHJIAHKOBOTO MPUYIITHOTO AaBTONOI3/1a Y CKJIali «aBTOMOOUIb-TATAY -
JBOBICHHI TIAKATHUHA Bi30K - TPUBICHUI HAIIBIPUYIM» SK YHIBEpPCAIbHY Ta MEPCIEKTHBHY (pO3pOOIeHY
¢dipmamu «Scania» Ta «Kroney).

OIJIb TA 3AJAYI JOCJIAKEHHS

MerToro mochipKeHHS € BUOip MaTeMaTUYIHOI 3aJ1€KHOCTI MiXK KyTaMH BiIBeIeHHS Ta O19YHUMU CHIIaMHU
Ta BU3HAUEHHS OIYHUX peakIliii Ha KoJiecaX OCeH JIAHOK MOJIYJIbHOTO TPHUJIAHKOBOTO TPUYIITHOTO aBTOIOI3/a
y CKJIa/li «aBTOMOOINIb-TATAY - ABOBICHHUH MiJIKATHUHN Bi30K - TPUBICHUI HAIIBIOPUYIID Y KPUBOIHIHHOMY Ta
MPSMOJiHIITHOMY pYyCI.

PE3YJIbTATHU JOCILKEHb

Haii6inpm BIrBoBUM (hakTOpOM, IO BU3HAUAE MAHEBPEHICTh i CTIMKICTh PyXy aBTONOI31a, € OiuHe
BiJIBE/ICHHS IIUH KOJIiC OKPEMHUX HOro JaHOK. TOMy TpaBWILHUA BHOIp MaTeMaTHYHOI 3aJ€KHOCTI MiX
KyTaMH BiJBeJleHHS Ta OIYHMMH CHJIAaMH OOYMOBIIIOE€ BIIIOBIIHICTh MK JaHUMU TEOPETHYHHX Ta
eKCTIEpUMEHTAITBHUX JIOCIIJIKCHb.

Cripobu Mo/IeNIOBaHHS JUHAMIKH pyXy aBTOMOOLIS 1 aBTOIOi3/1a BHSBWIM HEOOXiMHICTh TOOYIO0BH
TEOPil, 10 ONMUCYIOTh MPUPOIY KOUSHHS KoJIeca.

YMOBHO Bci icHy10u4i Teopii [8] MoXHa PO3AUTUTH HA TPX OCHOBHI HAIIPSMKU:

- 3aCHOBaH| Ha PIBHSHHSIX KIHEMAaTHYHUX 3B'SI3KiB;

- nedopmartiiiyi,

- Ti, IO TPYHTYIOTHCS Ha TIMOTe31 HeNMiHIHHOTO BiJ{BECHHSI.

KoxHuii HanpsIMOK Mae CBO1 INTIOCH 1 MiHYCH 1 HEMA€ MiJICTaB JUTsl HJIaHHS TlepeBard Tii abo iHIIiN Teopii.

OCHOBHUMH HEJIOJIKaMH iCHYFOUHX TEOpiii € Te, 1o BouH [9]:

- IPYHTYIOTBCSI HA BIJICYTHOCTI €IEMEHTAapHOTO KOB3aHHS B KOHTAKTi KOJIeca 3 ONIOPHOIO IOBEPXHEIO;

- BUXOJIAT 13 TIEPeyMOBH MaIIKX KYTiB IOBOPOTY KoJleca 1 KyTiB BIIBEICHHS;

- BBAXKAIOTh, 1110 KPHUBU3HA CEPETHBOI JIiHIT IIMHU B 30HI KOHTAKTY 30ira€ThCsl 3 KPUBU3HOIO TPAEKTOPIT pyXy
KoJIeca;

- BUKOPUCTOBYIOTb KOE(ILlIEHTH 1 A€sIKi XapaKTEePUCTHKU PyXY IIHHH, OTPHUMaHi 1l He00epTOBOIroO KoJeca.

Ormicani Teopil € JHIAHIMY, IO HE Ja€ MOXIIMBOCTI BiOOpa3WTH BCe PI3HOMAHITTS HENiHIHHUX (HopMm
B3a€MO3B'SI3KiB JUTs1 KOJIECa, 1110 KOTUTHCS 0 TIOBEPXHI , sIKa € He aDCONIOTHO TBEPIIOIO.

Jo cux mip 1e He po3po0JIeHO MPUIHATHOI 3 YCIX MOIJISAIB TEOpil, sKa JO3BONWIA O BUPA3UTH SIBUILE
BIJIBE/ICHHS aHAJIITUYHO W OJTHOYACHO SIKICHO oImrcaTy (hi3udHI HMPOIIECH, IO BiA0YBaIOTHCSA HPH KOUCHHI KoJieca 3
BIJIBEICHHSM.

OmHak pe3ysibTaTH BEJIMKOTO YHCIA EKCIIEPUMEHTIB, TPOBENEHHX Y PI3HUX KpaiHax, J03BOJISIIOTH
CTBEP/DKYBATH:

- 3aJISKHICTh MK KyTOM BijIBeJIHHS 1 O1YHOIO CHJIOIO Y 3arallbHOMY BUTIAJIKY HENiHIHHA;

- TIPU MallMX KyTax BIABEICHHS 3MiHA BiTHOIICHHS 5 TIOPiBHSHO HEBEJIMKA 1 MOYKE BBa)KATHCA

. Y, . .
HOCTIHHOIO E‘s =ky =const |, a omke 3anexuicts Y5 = f (S) - niniiinoro.
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BigHomenus Yg& oJiepKajio Ha3By Koe(illieHTa ONOopYy BiABEIACHHS ky .

BiH 3anexuTh BiA BEJIMKOro YKUCiIa YUHHUKIB!

- PO3MipH 1 KOHCTPYKIIs KoJieca;

- TUCK TIOBITPS B LIHHI;

- BEJIMYMHA CHJI, IO JIIOTh Ha KOJeca,;

- MIBUJIKICTH PYXY;

- TUII 1 CTaH JIOPOKHBOTO TIOKPUTTS;

- gopma TpaekTopii pyXy HEeHTpYy Koseca (TpsMOIiHIHHA, KPUBOMiHIMHA) 1 MIBHAKICTH ii 3MiHH 3a
4acoM abo IUIIXOM;

- XapakTep IOJAaTKOBUX CHJI, IO Ail0Th HA KOJeca, 1 IBUIKICTh 3MiHU IIUX CHIL

Teopist HemiHiliHOTO BimBeaeHHS Y = kyé' MPUIMYCKAE BUKOPHCTAHHS 3aJIEKHOCTI 3 ypaxyBaHHSIM

(hyHKIIIT KOpeKii HeTiHIIHOTO BiIBEICHHS. Y [IbOMY BHITQJKy 3AJICKHICTh OIYHOI CHIIM BiJI KyTa BiJBEICHHS
HaOyBae Burisiay [10]:

Y =Ky, 1
Ie: ( - 3aranbHa (DYHKITS KOPEKIIii, 0 OMUCY€E BC1 HEMHIIHI XapaKTePUCTHUKH MPOIIeCy BiABEICHHS;
kyoe - eKCTpeMalibHe 3HaueHHA Koe(illieHTa omopy OiYHOMY BiJIBEIIEHHIO B 3aJIE)KHOCTI BiJ

BEPTHKATBHOrO HaBaHTaXeHHs Ha Komeco (K, = f(Z)).

BenuunHa xoedilfieHTa oropy BiIBeICHHS 3aJIC)KHUTh BiJl MCTOAMKH HOTO BU3HAUCHHS.

BukoHanummu gortemep  JOCTIDKEHHSMH BCTaHOBJIEHO, IO 3 BHUKOPUCTAHHSIM CHPOIIEHOT
MaTeMaTHYHOI MOJIeNi aBTOMOOINSA 1 HemNiHIHOI Teopii BiABEACHHS OTPUMaHi pe3yabTaTH ONMXKYi IO
EKCIICpUMEHTAIbHUX, HIK TPU 3aCTOCYBaHHI CKJIQAHOT MaTreMaTWyHoi MOJeNi aBTOMOOUIS 3 iCTOTHO
MEHIIIMM YUCJIOM JIOYIIEHb 1 JIIHIHHOT Teopil BiJABEICHHSL.

Came TOMy cTaJli BHKOPHUCTOBYBATH HEJNIHIMHI 3aJI)KHOCTI 1 BpaxoByBaTH KOB3aHHS B KOHTaKTI
KoJIeca 3 OTIOPHOIO ITOBEPXHEIO.

HaxomKkeHHIO aHATITHYHOTO BUpaKeHHs 3aneknocti Y = f (5 ), 10 HAWITOBHIIIIE BiOOpaXkae sIBUIIEC
BiJIBE/ICHHSI, IPUCBSIUEHO BEITUKY KiJIbKICTh TEOPETHUHHX 1 EKCIIEPUMEHTATLHUX JTOCIIKECHb.

Haii6inbIe po3moBCloKeHHS cepell HuX oTpuManu 3anexxHocTi I. Pokapa i [I. A. AHTOHOBA.
Mouens [. B. Pokapa [9] Oyna oxHi€ro i3 mepuiux MojeIeiH B3a€MOJIT MiXK KOJIECOM Ta MOBEPXHEIO

noporu. Y mozeni Pokapa, sSKIo KpuBa 3a1exHOCTI 0i4HOl peakiii Big kyTa 6iuHoro Bimsenenus Y = f (5 )

npu OyIb-IKOMY 3HaueHHi KyTa BiaBeaerns O >0 omykia, To JaHOMY BUIIAJIKy BiJIOBiIAIOTh TaKi MOKIIMBI
aHAIIITUYHI allpOKCHUMAIIi1

Y =kqarctg(cs), Y =koth(cs), Y = __ko : (2)

1+;(252

1e K - koeditieHT omopy Oi4HOMY Bi/IBEICHHIO;

¢ - Koe(imieHT MPONOPLiHHOCTI;

0 - KyT O1YHOTO BiJIBEJICHHS,

x=KIY',Y'=wZ,Y' -makcumanbHo MOkIHBA Oi4HA CUIa;

W — KOeiIi€HT MOMEPEYHOr0 3UETICHHS MK ITUHOIO Ta OITOPHOIO TIOBEPXHEIO;

Z — BepTUKAJIbHE HABAaHTAXXEHHS Ha KOJIECO.

[IpuiiHsABIIM OCTaHHIO 13 ampokcuMauii (2), OTpUMaeMO PiBHAHHS AJsl BU3HAYEHHS OIYHMX peakwii

Yo Ha OCSX aBTONOI3/A:

kaﬂ 5aﬂ kaﬂ

Yop = F——= Xap=— - @)
JL+ 12562 WZap
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Jlis BU3HAYCHHS TOKA3HUKIB CTIMKOCTI pyXy aBTOIOI3/Ia B TaIbMIBHOMY PEXXHMIi OUTBII 3pYIHOIO €
3aJICKHICTh, 3anponoHoBaHa J[. A. AutonoBum [10]. Buenuii po3poOHB TE€OPIiIO HEIIHIHHOIO BiABEICHHS, B
SKil BpaXxOBY€ThbCS BIUIMB HA OMIp BiJBEACHHIO KOJIIC MHOKMHH (PaKTOPiB, a TAKOX iX 3MiHHICTH B IpoIeci
pyXy koieca. Bin 3amponoHyBaB BM3HAUaTH 3HAYCHHs KoeillieHTa omopy OiYHOMY BiJIBEIIEHHIO KOJiC SIK
(hYHKIIiIO TEeSKOi TOCTIHHOI BETMYMHU IHOTO KOoeillieHTa Ta HU3KH ITEPEeMiHHAX KOe(illi€HTiB.

Y= qkyoe5’ 4)

e kyoe - eKCTpeMajbHE 3HA4eHHs Koe(ilieHTa Omopy BiIBEACHHIO KOIIC kyo (mpu 6=0) B
3aJ1E)KHOCTI Bi/l BENIMYMHU BEPTUKAIILHOTO HaBaHTaXeHHs Ha Koneco Ky, = f(Z);

g - xoedillieHT KOpeKmii 3B’S3Ky MK OIYHOIO CHJIOI0 1 KyTOM BiIBEIEHHS KOJIC (BH3HAYAETHCS
JI00YTKOM KOPUTYIOUNX KOe(illi€HTiB):

q=0,9. 000Gz - ®)

Kopuryrodi koedirieHTH BpaxOBYIOTh BIUIHB TaKUX (PaKTOPIB:
g, - BEPTHKAILHOTO HABAHTAKCHHS,

qT - TSTOBHUX Ta raJIbMiBHHX 3YCHUJIb Ha KOJIECAX;

0, - KyTa HaXuily Kojeca /0 IUIOLMHY J0POTH [PH HOro BEPTHKAIBHOMY IEPEMIIICHH;
0, - SIKOCTi AOPOKHBOTO MIOKPUTTS;

0, - KOIMBaHb KoJjleca ITpu HOro pyci 1o HepiBHil MOBEPXHi;

Q,, - TUCKY HOBITps y LIIMHI;

0., - BIACTHBOCTEH IPYHTOBOI 1OPOTH;

(,, - HAABHOCTI y KOHCTPYKIIii aBTOMOO1IS 331HIX KEPOBAHUX KOJIC;

0, - HEyCTaJIEHOr'o Bi/IBE/IEHHs KOJIiC.

VY mporieci AOCHI/KEHHS PO3IIISIaEMO MOJIYJIBHUNA TPUIAHKOBHN TPHUUIMTHUNA aBTOMOI3]] y CKIaJi
aBroMoOiIsA-Tsraua Scania P230 CB 6x4 ENZ i3 3uiMmuum ky3osom Wecon WB Jumbo 7,82, nBoBicHOro
migikaTHOTO Bi3ka (nmpuuena-pizka) «Dolly» dipmu “KRONE” ta naniBnpudena Kogel Cargo MAXX light.

Tsarau oOnagHanuii muHaMu po3Mipom 315/80 R22,5; migkatHuit Bi3ok - 385/65 R22,5; HaniBnpuyi -
385/65 R22,5.

3BakarouM Ha KOHCTPYKTHBHI OCOOJHMBOCTI JIOCIHI/PKYBaHOTO aBTOMNOI3Aa, Ta 3 OMIAAY Ha Te, IO
aBTOMOOLIbHI O{311 B OCHOBHOMY CKCILLyaTyIOTbCs Ha J0pOrax 3 TBEPAUM IOKPHUTTSM, KoedilieHTnq, ,

Ocv Guwr s Oser Oy MOXKHA NPHHHSTH PiBHMMH OfuHHMUL. ToIl OTPUMAEMO TaKy 3aileXKHICTh UL
BU3HAUCHHs OIYHUX CHJI Ha KOJIecax oceil aBromoisza:

Y =0Kyoed =0 0. GpKyeed - (6)

Koeimient q, > BianoBimHo 10 MeToauku J[. A. AntoHoBa [10] peKkOMEHIYEThCS BH3HA4YaTH 13

CITIBBIHOIIIEHHS:
AR 2 AR ¥ AR AR 2 AR
q, =1-0,6| —=&| +0,4/ —2 | -0 —#&|-01] —*&| sgn—=, 7)
Ze RZe Ze RZe RZe
e ARZE = RZ — RZE ,
R, - HOpMaJlbHa peakliisi OIOPHOI MOBEPXHI Ha KoJleca aBTOMNOI3/1a;
Rz. - HOpManbHa peaklis OINOPHOI MOBEPXHI, MO BIANOBIJA€ EKCTPEMAIbHOMY 3HAYECHHIO

KoedilieHTa Oropy O1YHOMY BiJBEACHHIO KOJIIC.
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Rze = RZHOM —O, 0726(

SO

{3, 75Ry,., +15—1ooo[”—“4} DB2 —},

n_ +10

w

n, +8

w

B
H

JH(DZ—dZ)Zx

(8)

ne Ry,,, - HOpMallbHa PEaKIlisl OMOPHOI MOBEPXHI, 10 BiJNOBIAa€ HOMIHAIBLHOMY THUCKY IMOBITpS B
LIMHI 32 KaTanorom ¢ipmMu-sBupooHuKa, H;

H - Bucora mpodimto muHA, M;
B - mmpuna npodinato muHH, M;

n,, - KUIBKICTb IIApiB KOPIY IIHHU

b

D, d - 30BHimmHi# i BHYTpilIHIA giaMeTPH UHK, M.
Koedirient (. BA3HAYAIOTH 3aJI€XKHO B/l 3HAYCHHS KOCDIIIEHTA BUKOPHCTAHHS CHIIH 3YCTUICHHS Kj .

Axmo kg <0,5,T0 ( PeKOMEHIYETHCS BUSHAYATH i3 3aJI€)KHOCTI:

2
@R,

q, = R, 9)
1+0,375—=*
Z
ne R, - ranbMiBHe (TAroBe) 3yCHIUISA Ha KoJecax ocel aBTonoizia.
Ipu 3uadenni Ky > 0,5, KoedimtieHT (| PEKOMCHIYEThCS BUSHAYATH i3 3a7ICHKHOCTI:
2
R 4¢R R
q, = ik s + Iio Z(0,5+ F\)’( j, (10)
®
1+3(1—| Re J(o,08+0,17RZ} ~ S |Re o ’
@R, zn Rym R,
ne R,, - HOMiHaJIbHE HOPMaJIbHE HABAHTa)KCHHS Ha IIHHY;
Rym - MakcumanbHa GiuHa CHIIA 110 3YCTUICHHIO KOJIeca.
2 2
Rym =4 (pR,)" =Ry . (11)
R, /R, =y - nuToma raipMiBHE 3yCHIIJIS Ha KOJlecaxX aBTOIOI3/a.
Koedinient 0, BU3HAYAIOTH 13 3aJ1€3KHOCTI:
Kyoe T
arctg M((s —0,026)
2¢R, 12)
Qp = ,
v a, Kyoe
————(6-0,026)
2¢9R,
Ie ¢ - koe(illieHT 34eTUICHHS KoJIeca 3 OTIOPHO0 MIOBEPXHEIO;
O - KyT OIYHOTO BiJBEJEHHS KOJIECA aBTOIOI3/1a;
kyoe - eKCTpeMallbHUH Koe(]ilieHT onopy OIYHOMY BiJIBEICHHIO.
n
Kyoe =1000| —%— |DB? B - 6.2 ZDHBZ Pus » (13)
n, +10 H d°(n,+8)| (D= -d)d
ne H - Bucora npodiiro mmHw;
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B - mmpwuna npodinro mmHM,

N, - KiABKICTb IIApiB KOPAY LIMHH;

D, d - 30oBHimmHil i BHYTpPIUIHIN qiaMeTpH IIHHY;

P,, - THCK IOBITPS B ILHHI.
BukopucToByt0uM MacoBi Ta TEOMETPHUYHI NTapaMEeTPH AOCIiIKyBaHOTO aBTOMNOI3/la BU3HAYAEMO:

- Ha OCHOBI piBHsAHHS (7) 3MiHy KoeQillieHTa KOpEKIii BIUIMBY BEPTUKAIHHOTO HABAHTAXXCHHS Ha

KoeilieHT onopy G1YHOMY BiIBEJCHHIO IIWH a, BiJl HOpMAJIFHUX PeaKiiil OMOpPHOI MOBEpXHi Ha KoJjecax

ocei aBTomoiszna Ry . 3BakalouM Ha KOHCTPYKTHBHI OCOOJHMBOCTI MiJKAaTHOIO Bi3Ka Ta HaIiBIpHYena,
HOpMaJIbHI peakiii OOPHOI MOBEPXHI Ha iX OCSIX MPUHHATO OJJHAKOBUMH;

- Ha OCHOBI piBHSHHA (9) 3aMeXHICTh Koe(illieHTa KOpPEKLii BIUIMBY TaJbMIBHHX 3yCHIb Ha
Koe(imieHT onopy 619HOMY BiZBEICHHIO IIHH a. BiJl TUTOMOTO TaJTbMIBHOTO 3yCHIIJISL ¥ Ta Bif KoedimieHTa

3YETICHHS KOJIiC 3 OTIOPHOIO MTOBEPXHEI0 ¢ ;

- Ha OCHOBI piBHSHHS (13) 3aMeXHICTh eKCTpeMalbHOTO Koe(ilmieHTa omopy OiYHOMY BiJIBECHHIO
ITUH kyoe BiJl THCKY HOBITpsl P, B IIMHAaX aBTOMOOLIA-TAraya, MiJIKaTHOIO Bi3Ka Ta HaliBIpUYeENa.

OBI'OBOPEHHS PE3YJBTATIB JOCJIAKEHb

Cepen HalOLTBIIT BAXKIIMBUX TEXHIKO-EKCINTyaTaI[ifHIX BIACTHBOCTEH aBTOMOI3/iB, 1[0 3a0€3MeUyIOTh
0e3mnexy iX pyxy, BapTO BUOKPEMHTH CTIHKICTh, 30KpeMa y TalbMiBHOMY peXHMi. AJlKe BTpaTa CTIHKOCTI
4acTO MPUBOIUTH IO CTBOPEHHS TOPOKHBO-TPAHCTIOPTHUX Npuroa. Came TOMY BU3HAUEHHSI 3aJIEKHOCTI MiXkK
KyTaMHu BiJIBeIcHHS Ta OIYHUMH CHJIaMH, 110 BHHUKAIOTh NPU TaJbMyBaHHI MOIYJIBHOTO TPUIIAHKOBOTO
MPUYIMTHOTO aBTOMOI37]a y CKIaAi «aBTOMOOLTB-TATA4Y - JBOBICHHMI WiAKATHUNA BI3OK - TPHUBICHHUU
HaMIBIPHUYIN» y KPUBOITIHIHHOMY Ta MPSMONiIHIHHOMY pyci 0OYMOBIIOE BiJIOBIIHICTh MK TEOPETUIYHUMHU
BUKJIAJIKAMH Ta JAHUMH, SKi OTPUMYIOTBCS il 4ac eKCIIepUMEHTANBHUX JOCIiIKEHb.

BHUCHOBOK

Y poboti BHOpaHO MaTeMaTW4HI 3aleXHOCTI Ui BU3HAYCHHS KoedillieHTa omopy OigHOMY
BIJIBEJICHHIO IIMH Ta OIYHMX peakilii Ha Kojecax OCeil JaHOK MOJYJILHOTO TPHJIAHKOBOI'O HPUYIITHOTO
aBTOTOI3/]a y CKIAJi «aBTOMOOUIB-TSTa4 - JIBOBICHUHM IMiJKATHUM Bi30K - TPHUBICHHN HAIBIPUYID» Y
KPHUBOIIIHIHHOMY Ta MIPSIMOJIHIHHOMY PYCi.

Ha ocHOBI nipoBeieHuX JOCTIIKEHb MOXKHA CTBEP/DKYBATH, 110:

- IIpH 3pOCTaHHI HOPMAJbHUX PEAKLill B KOHTAKTI KoJeca 3 OINOPHOI MOBEPXHEI R, koedilieHT

KOPEKIIil BIUTMBY BEPTHUKAJIHHOTO HABAHTAXKECHHS Ha KOEIIieHT oropy OiYHOMY BiJBEJICHHIO IIHH q,> a

BIJIMOBIIHO, 1 KoedilieHT kyo ormopy OiYHOMY BiABEIEHHIO IIWH, CIOYAaTKy 3pOCTa€ Ta JOCSTae

MaKCUMaJIbHOTO 3HA4YEHHSI, a IIOTIM MTOYMHAE 3MEHITYBATHCS!.
- IUTOMA TaJbMiBHA CHJIa ) YMHWUTH 3HAYHUI BIUIMB HA KOE(Illi€HT kyo omnopy OiYHOMY BiJIBEJICHHIO

muH. [Ipu 3pocTaHHI MHTOMOTO TANBMIBHOTO 3yCHUIsE ¥ A0 | 3HaueHHs Koe(illieHTa KOPEKIlii BILIUBY
ralbMIBHUX 3yCWiIb Ha Koe(imieHT oropy OiYHOMY BiJIBEJICHHIO IIMH q, smenmyerscs 10 0. Tomy mpn

JOCIIPKEHHI ITOKa3HHUKIB CTIKOCTI pyXy aBTOMOI3a B raJIbMiBHOMY peXHMi HEOOX1IHO MpUHAMATH 10 yBaru
3HA4YeHHS KOoe(illieHTa KOpPEeKIlii BIUIUBY TalbMIBHUX 3yCHJIb Ha KOE(III€HT Ormopy Oi4HOMY BiJBEICHHIO
WHH (_, 0 BPAaXOBY€ HAsBHI rabMiBHI 3yCHILIS.

- IpW 3pocTaHHI Koe(illieHTa 3YeIyIeHHS KOJIC 3 OMOPHOIO MOBEPXHEI0 ¢, Koe]ilieHT KOpEeKIil

BIUTMBY TaJIbMIBHHX 3YCHIIb Ha KOe(illi€HT oropy OiYHOMY BiJIBEJICHHIO IIUH 0, TaKOX 3pOCTaE.
- eKCTpeMalbHUi KoeilieHT onopy OIYHOMY BiIBEACHHIO IIMH kyoe 3aJIeKUTh BiJ THCKY MOBITPS B

muHi P, . 30UIbLIEHHS YK 3MEHIIEHHS THCKY IOBITPSl CIIPUYUHSE TPSIMO IPONOpLiiiHE 3pOCTaHHS YU

3HW)KEHHS 3HaYeHHS KoedilieHTa kyoe .
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D. Handziuk, M. Handziuk Determination of lateral forces that arise when of a modular three-link
trailed road train as part of a “car-tractor - two-axle trolley-three-axle semi-trailer”.

An effective means of reducing the number of vehicles while maintaining the volume of freight traffic
is the use of multi-link road trains.

Given the increasing intensity of traffic on modern highways, it is necessary to increase the safety of
vehicles to avoid accidents that lead to deterioration of human health and significant material losses from
damage to vehicles and goods.

In view of this, improving the performance of road trains in modern traffic conditions is one of the
priority tasks to ensure a high level of safety of their operation with maximum efficiency.

The solution of these problems is impossible without the development of a mathematical model of
modular three-link trailer, which would take into account the basic kinematic and geometric relationships,
axle angles, normal reactions of the bearing surface and lateral forces on the wheels of the axles, taking into
account their redistribution road trains in curvilinear and rectilinear motion, as well as the angles of the
wheels of the tractor, rolling truck and semi-trailer.

That is why this work is devoted to determining the relationship between diversion angles and lateral
forces arising from braking a modular three-link trailer in the composition of "tractor-truck - two-axle trolley
- three-axle semi-trailer” in curvilinear and rectilinear motion.

Keywords: road train; modular three-link trailer; trailer link; trailer; semi-trailer; rolling trolley;
mathematical model; operational properties; stability; normal reactions; lateral forces, lateral removal,
coefficient of resistance, braking mode.
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zﬂyukuﬁ HAYUOHANbHBIN MEXHUYEeCKUl YHUgepcumem

TPAHCIIOPT U BUXPEBOU TEILIOBOM HACOC

ITpousBesieH pacyeT padOThl BUXPEBOrO TEINIOBOTO HACOCA MAJIOH MOIIHOCTH JUI TPAHCHOPTA. Y CTAHOBIEHO,
YTO JUIS YBEIMYCHHS 3aXBaThIBAEMOW MOBEPXHOCTH BEHTHIATOPOM HEOOXOIMMO HCIIONB30BATH BBHICOKOOOOPOTHBIH
BUHT CPaBHHUTEJBHO OOJBIIOr0 JHMaMeTpa, a BPAICHHE TAKOrO BHUHTA JOJDKEH O0ECHeqHBATh 3JIEKTPOMOTOP C
MOBBILICHHOH MOIIHOCTBIO, HO 3TO CYIICCTBEHHO YMEHBIIUT KO3(GHIMEHT mpeoOpa3oBaHus. YBEIHYCHHE YHCITA
JIOTIATOK B BETPOr€HEPATOPE BO3MOXKHO MPH POCTE AUAMETPa AIICKTPOreHEpaTopa, YTo TAKXKE CHIKACT KO3 GUIHEeHT
npeobpaszoBanus. [Toka3aHO, 4TO C POCTOM CKOPOCTH IMPOKAYMBAaEMOro Bo3ayXa Kod(DGHIMEHT npeoOpa3oBaHUs
He3HauuTeNnbHO nanaer. CymecTBEHHO Bo3pacTaeT Kod(p(UIMEHT mpeoOpa3oBaHMs IMYTEM YBEIUUYCHUS 4YHCIIA
KacKaJIOB U3 BETPOTCHEPATOPOB.

KiioueBble ciloBa: TEIUIOBOH HAcoc, BETPOTEHEPATOp, BEHTHJIATOD, BO3AYIIHBIH BUHT, JIONACTH, CPBIBHOE
TEYCHHE.

BBEJEHUE

PazBuTHe COBpPEMEHHOIO COCTOSIHUSI JSHEpPreTHUecKod 0a3pl Ha TpPAHCIOPTE 3aBUCHT  OT
npeoOpa3oBaHUs OJHOTO BHUJAA DJHEPTUM B JPYrod €€ BHI C MaKCUMaIbHBIM KOI(P(GHUIMEHTOM
npeoOpa3oBaHus U ¢ MUHUMAJILHOW HEPTHel aKTHBAIIUH B PE30HAHCHBIX YCIOBHUSX.

B cnyyae Hanuuug €CTECTBEHHOW pAa3HOCTU SHEPreTUYECKUX COCTOSHUN OKpYKawoIlas cpena
SIBIISIETCS. aKTUBHOW M BO3HMKAET KaHAJ IEPEKauKu SHEPIUU OT OKPY’Karolel cpeabl K OTKPBITOH CHCTEME.
OHepreTuueckas OTKpBITas cHCTEMa C aKTUBHOM OKpy’Karolled cpenoil peanusyercs B €CTECTBEHHBIX
YCIOBHSX P paboTe THAPOIIEKTPOCTAHINH, B BETPOIHEPIETHKE, B MPOLIECCE PeoOpa30BaHUs COITHEUHOM
SHEpPTUM, B INAPOBOM MOJHHUM, a HCKYCCTBEHHO HpH paboTe KOHAECLMOHEPOB, BO3IYLIHBIX BUHTOB,
BEHTHJISITOPOB, KOMIIPECCOPOB, TYpPOHH W TpPH MOJIETaX CaMOJIETOB. B OTKpBITBIX cHUCTeMaxX ¢ aKTUBHON
OKpY>KaloIlei cpenoil mpeobpa3oBaHue SHEPTUM NPOUCXOAUT Oe3 coBeplieHus pabOoThl, a ITO 3HAYUT, YTO
IIpY IpeoOpa30BaHUAX IHEPTUI Pa3HbIX BUIOB BHYTPH CUCTEMBI HCKIIIOYAIOTCS IEPEXOAHBIE POLIECCHI.

B TpaHCHOPTHBIX SHEPreTHUECKUX KOMILIEKCAaxX CIEAYeT MPUMEHSTh TeIJIOBbIe HaCOCHl, paboTaromye
C BBICOKOTIOTEHIIMATHHBIMU HCTOUHUKAMHU SHEPTUH. BEHTUIIATOP, KOMITpeccop U TypOMHA CO CHeHaIbHBIMU
JIOTIATKaMM MPEACTaBIAIOT COO0I BUXPEBOM TEIIOBOI HACOC M MX MOXKHO ITPUMEHSTh B Ka4eCTBE TEIIOBOTO
Hacoca Ha TpaHCIOpTe.

B TpaHCHOpTHBIX THOPHUIHBIX JHEProcUCTEMax JOJDKHBI HCIOJIb30BATHCS BUXPEBBIE TEILUIOBBIE
HACOCHI, paboTaloIIMe C BBHICOKOTIOTCHIMAIBLHBIMI HUCTOYHUKAMH TpeoOpa3zoBaHusi dHepruu. W3 obmero
SHEPreTHYECKOI0 KOMIUIEKCA BBIACISIETCS KOHTpPOJMpYeMas €€ 4YacTb: OJICKTPUYECKUIl JBUraTeb,
JNEKTPUYECKHUI TeHepaTop, BO3AYIIHBIM BUHT M JIONMACTH BETpPOTeHEepaTopa Uil TPAHCHOPTHBIX CHUCTEM U
MIPOM3BOJIUTCS PACUET SHEPTUU MPeoOpa3OBaHMsL.

AHAJIN3 JIMTEPATYPHBIX TAHHbBIX U IIOCTAHOBKA INPOBJIEMbI

B pabGorax [1, 2] mnsg TpaHcnopra NpeAyoKEHO NPHUMEHUTh BUXPEBOW TEIUIOBOH HAacoc Ha
HCKYCCTBEHHO CO3JIaHHOM BeTpe. B pesynbraTe mokasaHo, 4To TakoW BHXPEBOH Hacoc mpeoOpasyeT He
MEXaHWYECKYIO SHEPTHIO BETPA B JIEKTPUUECKYIO MOIIHOCTb, & TEIIOBYIO COCTABIISIOIIYIO IPOKaYMBAEMOT 0
MoToKa Bo3ayxa. PaccmoTpeH oOmuii npuHIKI paboThl TAKOTO BUXPEBOTO TEIUIOBOTO Hacoca. KoHKpeTHbIH
pacder mpeoOpa3oBaHUS HSHEPTHH BBIIOJHEH IS BO3IYIIHBIX BeTporeHepaTtopoB. lIpumMeHuTenbHO K
TPaAHCTIOPTY BUXPEBOH TEIJIOBOIM HACOC OMHMCAH Ka4YeCTBEHHBIMH MTapaMeTPaMHU.

HEJIb 1 3AJJAYU UCCIENOBAHUSA

B 3T0il cBSI3M BO3HMKIIA HEOOXOJAMMOCTH TPOM3BECTH pacyeT dHEPTUi MpeoOpa3zoBaHUsi BUXPEBBIM
TEIUIOBBIM HAacOCOM C TPUMEHEHHWEM KOHKPETHOT'O JJIEKTPUYECKOTO JBHUTATeNs, D3JIEKTPUIECKOrO
reHepaTopa, BO3AYIIIHOIO BUHTA U JIONACTEN BETPOTreHEPATOpa sl TPAHCIIOPTHBIX CHCTEM.

Ha puc. 1 npuBenena o0mias cxema BUXpEBOT0O TEIIOBOTO HACOCA.
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Pucynok 1. [IpuHuMnua bHbIi 001HIl B BUXPEBOr0 TEMJIOBOI0 Hacoca:
1 — BUHT BeHTWIATOpPA; 2 — 3JEKTPOMOTOP BEHTWIATOPA; 3 — JIONACTH
BeTporeHeparopa; 4 — 3JIeKTporeHepaTop

PE3YJIbTAThI UCCJEIOBAHUI

BenTtunarop co3gaeT BO3MYLIHBIA MOTOK, KOTOPBIM BO3AECHCTBYET Ha JIONMACTU BETPOreHEpaTopa,
BETPOTCHEPATOp BHIPAOATHIBAET MOIIHOCTh OOJBIIE MOIIHOCTH, TOTPEOIIEMON AIEKTPOMOTOPOM
BEHTWIITOpPA M 3aTPAYEHHOM MOIIHOCTH HA IPEOJOJICHHE CWJI TPEHMsS IPU BpAILECHUU SIKOpPEH B
3JIEKTPOMOTOPAX, a TAKXKE TPEHHE O BO3AYX IIPU BpalllCHUH JIONIacTel BeTporeneparopa. B kakux ycnoBusax
3TO BO3MOKHO PaCCMOTPHUM MoapoOHee.

Ecmu wcnonb3oBaTh JIONMACTH BETPOTEHEPATOpa, KOHCTPYKIHMS KOTOPBIX MO3BOJIMIIA OBl CO3/1aTh
3G PEKTHBHOE CPBIBHOE TeUeHHWe, TO B OTOM Cllydyac BO3MOXKHO peajH30BaTh TEIUIOBOW HACOC CO
CPaBHUTEIBHO Oo0nbIIUM KO3 (GHUIMEHTOM mnpeodpa3oBaHus. sl HPOBEPKH TAKOTO MPEANOTI0KEHUS
paccMoTpuM pabOTy JIOMAcTH BETpOTeHepaTopa Hauboliee MpocTol (OpPMBI, N300paKEHHOW Ha puc. 2 C
COOTBETCTBYIOIIMMHU 0003HaYeHUsIMH. JlonacTs (opMHPYETCS TpeMsl INIOCKOCTSIMU — CEepUIECcKOol paauyca
I' 1 ABYMsI IUIOCKMMH MOBEPXHOCTSIMM TOJ YIJIOM & IIMpUHON Ls u mmpuHoil Ly mo oTHOmeEHHIO K ocu
cummerpun coepsl mmHOoH Lz, IloTOok BO3myxa HampasisieTcsi BAOJNb MOBEpXHOCTH Ls mox yrioMm o.
KonuuecTtBo nomacteit 3agaercs. [llupuna jgonactu Lz momOupaercs: Takoid, YTOOBI MOJHOCTHIO 3aIOHUTh
JUaMeTp LIUIMHAPA, pa3Mep KOTOPOro paBeH OUaMeTpy dJIeKTporeHeparopa. Yroi J Takke 3axaercsa. Ecmu
yroi d 3a/1ad, TO YTOJI € ONPeaeIIieTCs CIESAYIOINUM 00pa3oM:

r—L,tgo

&= arct
J L,—r

M)

[Hupuna miockoctei Ly u Ls cooTBeTCTBEHHO paBHa

L =L 1+19%0, Ls=1/(Ly—1)" +(r - Lytgs)’. @

Hnomazu; CCUCHUs JIOIIAaTKH

2
S = 7[‘: —0,5r’tgs +0,5(L, —r)*tgs +0,5(r — Litg (8)(L, — ). (3)

3Has IIOTHOCTh MaTepHayia, W3 KOTOPOTO H3TOTOBJICHA JIOTIATKA, JIETKO OIPEAETUTh €€ MOMCHT
WHEPITUH

J=05pSL>. (4)
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A

A
v

L.
Pucynox 2. O0muii Buj JIONACTH BeTPOreHepaTopa

PaccMoTpuM KOHKPETHO KapTHHY Ta30JHHAMHUYECKOT0 O0TeKaHUs KasKA0H MOBEPXHOCTH JOMATKH.

Cdepuueckan mnoBepxHocTh. Cdeprueckas TOBEPXHOCTh HampaBiIeHa K TIOTOKY BO3IyXa H
paslenser ero Ha JBE COCTaBJIAIOINNE, KOTOpbIE HANpaBlEHBI. OJUH HAa IUIOCKOCTh L, a BTOpoi Ha
TIOCKOCTh Ls. KapTuHa oOTekaHus ra30BBIM MOTOKOM c(heprUvecKoil MOBEpXHOCTH TOKazaHa Ha puc. 3. B
TOYKE HOPMAaJIBHOTO MAAEHHS TOTOK HaNpasJieH BAOJb paanyca cepruueckoi moBepxHocTH. IIpu 3Tom yron
MaJeHAs 0. 331aeTCs, a YToll f ompenenseTcs mo Gopmyie

p =arctg X !

—_ . 5
r.1-x*/r? ©

KOOpI[I/IHaTI)I TOYKHU HOPMAJIbHOT'O MaJCHUA IIPH 3aJaHHOM YIJIC 0 COOTBECTCTBYIOT
X, =rCose,, Y,=rsing,, (6)

a yromu

B, =arctg %o !

rJ1-xZ/r?

B obnactu x < xo HOpMaJibHasi U TAHTCHIUAIBHBIE CKOPOCTH
OTHOCUTENTFHO  C(epHUECKOH TMOBEPXHOCTH COOTBETCTBEHHO
Pucynok 3. KapTuna ootekanusi paBHEIL

chepuyeckoii NOBEPXHOCTH

()

Vv, =veos(B, — B), Vv, =vsin(5, - p). ©)
B o6nactux >x, V, =VCOS(S— L), V. =Vvsin(S-/f,).

DnemeHT chepuueckoit mopepxuoctd AS = AlAZ , rie

Al=J0% —x)2+(Y, - V)% . (9

Macca BO3,Z[yX3, KOTOpaH HaHpaBJ‘IHeTCH B OTpI/ILIaTeJ'IBHOM HaHpaBJ‘IeHI/II/I ocnu Y-B:
J8
AmM = —ap,AZIVAL, (10)
T

a B IMOJIOXKUTCIBHOM HAIIpaBJICHUN
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Am, =~/2 122 D, AZIVAL . (11)
T

BoazelicTBre TOTOKa BO3JyXa Ha 3JIEMEHT c(hepudyecKoil MOBEPXHOCTH AS ompenensercs: yaapHbIM
BO3JICHCTBHEM KaXKJIOM MOJICKYJION CBOCH HOPMaJIbHOW COCTABJISIONIEH CKOPOCTH MOTOKa BO3IyXa 00 3Ty
MMOBEPXHOCTh, Ta30JMHAMUYECKIM JaBIeHHEM, OOYCIIOBICHHBIM 3aKOHOM bepHymmn, m HeHTpOOeKHBIM
BO3JICHCTBHEM TAHICHIIMAIIBHON COCTABISIIOLIEH CKOPOCTH ITOTOKA BO3JyXa BIOJb PacCMaTpUBAEMOIO
3IIeMeHTa cpepruuecKoil OBEPXHOCTH.

B obnactu X < X, Bce TpH CHIIBI HAXOAATCA 110 GOPMyJIaM:

AF,, =2p,V’AlAzcos® (B, - B),
AF, = 0,5p,V*AlAzsin® (B, — B), (12)
AF, = p,V’AI?Azsin® (B, — ).

B obnactu X > X, Bce TpU CHJIbI ONPEIETAIOTCSA M0 ITUM K€ (OpMyJIaM, HO TOJIBKO Pa3HOCTb YIJIOB

B, — B 3amensiercst Ha pasHOCTb YrioB [ — [3,. PesynbTupyromas ciia BO3ICHCTBIS BIOJIb HAMPABICHHS

JBHOKCHUS TTOTOKA BO3/IyXa Ha 3JIEMEHT IOBEPXHOCTH AS:
AF,,, =(AF,, —AF; —AF;)cos(f, - 5). (13)

a MEePIEeHANKYJISIPHO 3TOMY HAIpPaBIECHUIO PE3YJIbTHPYIOMIAs CHJIa CO3JAaeT BPAIIAFOIINN MOMEHT JIOMACTH.
OnHako IpH 3TOM HAJI0 YYUTHIBATh, YTO BPAILAIOINI MOMEHT B 0051acTH X > X, SABJIAETCA OTPULIATEILHBIM,

a B o0nactu X > X, — IOJ0KUTEIIbHBIM.

UTo0Bl MONyYUTh PE3YIBTHPYIOIIUHA MOMEHT CHIIBI, HEOOXOIMMO IMPOWHTETPUPOBATH TOTYYCHHYIO
PE3YJIBTUPYIOIYIO CHUJIY IO OCH X-B W IO OCH Y-B. BIojib MOTOKA MOMEHT CHJIBI WU3rHOAeT JIONacTh W
JIOJDKEH KOMIICHCHUPOBATHCA YNPYTHMMH CBOWCTBAMHU JIOMACTA. MOMEHT CHJIBI TMEPICHIUKYIISIPHO TOTOKY
BO3/yXa CO3/1aeT KPYTSIUil MOMEHT. Pe3ynpTupyromuii Kpy TSI MOMEHT JUIS OJTHOM JIOTIACTH HAXOIUTCS
CJIETYFOIIM 00pa3oM:

M, = j_L[z(dFyd_ —dF, —dF,, )sin(8 - 5,) - ﬁz(dFyd_ —dF, —dF,, )sin(8, - B). (14)

IMnockass moBepxHocth Ls. Kapruna razogmHammueckoro oOTEKaHMs TUIOCKOW TMOBEPXHOCTH Ls
IoKa3aHa Ha pucC. 4. DIIEMEeHT IUIOCKOi moBepxHOCTH pasmepoM AS = L.AZ npmkercs Ha yaneHud z OT
ocH BpaiieHus. Eciu BpalieHne NPOUCXOAMT CO CKOPOCTBIO (», TO JMHEWHAs CKOPOCTh 3TOr0 3JEMEHTa
HOBEPXHOCTH V, = @Z . Pe3ynbpTupyronias CKOpOCTh JBHKEHHUS IIOTOKA BO3/lyXa

V.. =vo’z’ +Vv*. (15)

pes

Vron MCKOY JIMHESHHOM CKOPOCTBHIO BpalllCHUA U CKOPOCTBHIO
IIOTOKa, HaIrpaBJICHHOI'O BIOJIb IUIOCKOH MIOBEPXHOCTHU

\Y
y =arctg| — |. BsaummopeiicTBMe TOTOKa BO3AyXa C TaKoOif
()

TUIOCKOM TTOBEPXHOCTHIO OTpPEAENSAeTCS YAapHBIM BO3IEHCTBHEM
MpH BpallCHWH JIOIATKM W 3akoHOM bepHymmn. Ha smemeHT

Pucynok 4. noBepXHOCTH AS >TH JIBE CHIIBI HAXOIATCA CIIELYIOIIMM 00Pa3oM:
I'azoamHaMuYecKkoe 00TeKaHUe

TUIOCKOH moBepXHOCTH Ls
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AF, = P.0°7° LAz,

: (16)
AF, =0,5p,V LAz
PesynpTupyromuii TOpMO3SILIAA MOMEHT CHJIbI Ha BCKO TIOBEPXHOCTb JIOIMATKU
M, :O,25paLfL5(a)2Lf —V2). a7

Ilnockass moBepxHocTh L, OOTekaHme TUIOCKOW TMOBepXHOCTH L4 Hambosee ciokHoe. Ha aToif
MOBEPXHOCTH BO3HUKAET CPhIBHOE TeucHHe. Ha OCHOBaHWM 3aKOHA COXPAHEHHSI MAaCChl KOJMYECTBO BO3/yXa,
KOTOPOE 3alOJTHACT 30HY pa3pekKeHuUs, TOJHKHA OBITh paBHA TOW Macce BO3jyXa, KoTopas ObLia BO3MYIICHA

JomacTeio. DTa Macca onpeseneHa Boime kak AM, . KapTina o6TexaHnst II0CKOH MOBEPXHOCTH MHPUHOM Ly

MoKa3aHa Ha puc. 5. 30Ha pa3peKeHUs 3aNOTHICTCS CO CKOPOCTHIO 3ByKa, KOTOpas onpeneisiercs (hopMyion
Jlammnaca

(18)

AF,, =Am,2v, /At. (19)

MOMEHT CHUJIBI OIpeaCIACTCA MHTCIPAJIOM BHUa

L
M, = [ zdF,, cos 7, (20)
0

e y=a+0.
Pucynok S. O0Texkanue njiocko PesylIbTUPYIOLIHiA MOMEHT CHIIBI
MOBEPXHOCTH IMIUPHHOI L,y

M=M,+M, +M,. (21)

MoIIHOCTh, KOTOPYIO OY/IET BEIPa0aTHIBATH BETPOT€HEPATOP 32 BBIYETOM MOTEPH Ha MPEOIOJICHUE CHIT
TpeHus

N=(M-M, o. (22)
OTa e MOIIHOCTh BBIpa)KaeTcsi NHaYe:
Nt @ (23)
2 2r
Otcrona ciemyeT, 9To
w=4z(M -M, )] . (24)

JIJis Ka)K0T0 THIIA AJIEKTPOreHepaTOpa MOMEHT CHITBI TPSHHSI OTIPECIISETCS OMBITHBIM ITyTEM.
KoadduiueHt npeodbpa3oBaHUs COOTBETCTBEHHO PABEH OTHOIICHHIO MOIIHOCTH, BhIpaOaThIBaeMOit
BETPOTCHEPATOPOM, K MOIIIHOCTH MOTPEOJICHIUSI SIEKTPOMOTOPOM BEHTHIIATOPA!
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N

Hnst paboThl BUXpEBOTO TEIUIOBOTO Hacoca Obu1 BbIOpaH BHHT APC 7x6, a BUHT BeTporeneparopa
MPUMEHEH CIeUUabHONH KOHCTPYKLMH, N300paXeHHOW Ha pHc.2.

KonkpeTHblld pacuer Jjomacteil BeTporeHepaTropa BHXPEBOrO TEIJIOBOIO HACOCa BBIMOJHEH IS
CHUCTEMBI, H300paKEHHOH Ha puc. 6.

3HaueHUs] OCHOBHBIX MCXOJHBIX NaHHBIX, KOTOpPbIE JOJKHBI 33JaBaThCsl, MIPUBEACHBI Ha pUc. 6 U B
T1abn. 1. ['abGapuTHble pa3mepsl BETPOreHEPaTOpPa ONPEAEISIFOTCS TEXHUYECKUMH XapaKTEePUCTHKAMHU
3JIEKTPOJABUIATENIEH BEHTHIISITOPA U 3JIEKTpOreHeparopa. B xadecTBe aieKTpoMOTOpa M 3JIEKTPOreHepaTopa
MIPUMEHEHBI KOJJIEKTOPHBIE 3JIEKTpOoABUTaTeNr Thna cooTBeTcTBeHHO TRAXXAS 380 momrHocThio 100 BT
n TRAXXAS 775 mourHoctsio 350 Br.

3aBUCHUMOCTD BBIPA0ATHIBAEMOH MOIIHOCTH M 4YacTOTa BPALIEHUS BETPOreHEpaTropa OT MOIIHOCTH,
noTpedIisieMol BEHTUIIITOPOM, MTpHUBeAeHa B Tabm. 1.

Ta6anna 1. 3aBHCHMOCTH MOIITHOCTH, BIPa0aThIBAeMOi BETPOreHEepaToOpPOM, OT MOIITHOCTH

1noTpedJisieMoii BEeHTHJIATOPOM

[Tapamerpsl | MomHOCTB, MOTpebIsieMas BEHTWISITOPOM, BT 1 CKOpOCTh MOTOKA, M/C

50/14,771 60/15,697 70/16,524 80/17,276 90/17,968 100/18,611
N, Br 303 333 360 385 410 432
N, 06/MuH 3713 3830 3932 4023 4105 4180
K 6,06 5,54 514 4,81 4,56 4,18

B

r L3 L d a
20 31 87,5 46 25,5°
Pucynok 6. O6mmii B pacnosioxeHus JonacTeil B 0HOM
KacKaje BeTporeHepatopa

OBCYXKJIEHUE PE3YJbTATOB UCCJIEJOBAHUS

HHTepecHOe CBONCTBO BHXPEBOTO TEIIOBOIO HACOCA: MAaKCHMAalbHOE IPeoOpa3oBaHUE TEIUIOBOH
SHEPTUHU JBMKYLIETocs MOTOKa BO3JIyXa MPOMCXOAMUT NMPH MHUHMMAIBHBIX CKOPOCTSX ero apwxeHus. C
pOCTOM CKOPOCTH JBIDKEHHS TOTOKa BO3ayXa KoddduiumeHnT mpeoOpa3oBaHHs 3aMETHO TIajaer.
C yBenudyeHHeM pa3Mepa BHHTA BEHTWIATOpA IMOTpedisieMas MOIIHOCTH BO3PAcTaeT, a KOd(QHIMEHT
npeoOpazoBaHus nazaeT. YToObl mosryyaTh OOMbIINE BHIXOAHBIE MOITHOCTH C BETPOr€HEpAaTOpa HEOOXO MO
HE TOJBKO YBEJIMYUBATH IUIOMIAb OMETaeMON MOBEPXHOCTH BEHTHJIITOPOM C POCTOM 4YHCIA JIONATOK B
BETPOTreHepaTope, HO U yBEIMYMBATH CKOPOCTH JIBIKCHHUS ITOTOKA BO3IyXa.

BbIBO/bI

Hdns  yBenmMuYeHHS  OMETAaeMOM  TOBEPXHOCTH  BEHTHJISTOPOM  HEOOXOAMMO  HCIOJBb30BaTh
BBICOKOOOOPOTHBIH BHHT CPAaBHHUTEJHHO OOJBIIOrO AMAMETpa, a BpalleHHWEe TaKOro BHUHTA JOJDKCH
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00ecIeYnBaTh MEKTPOMOTOP C TMOBBINIEHHONW MOIIHOCTBIO, HO 3TO CYIIECTBEHHO YMEHBIIUT KOI(DPUIIMESHT
peoOpazoBaHMUs.

VYBenuueHne 4YHCIa JIOMATOK B BETPOr€HEpaTope BO3MOXKHO TIPH BO3PacTaHWU  JUaMeTpa
3IIEKTPOTEHEePaTOpa, YTO TAKKE CHIKACT KoapumeHT npeodpazoBaHusl.

HambGonee »s¢ddexkTnBHBII crmoco0 TOTydeHHS MaKCHMalbHOTO Kod(dUIeHTa Mpeodpa3oBaHUs
SHEPTUU — 3TO YBEJIMYCHUE CKOPOCTH JBHIKCHHUS TIOTOKA BO3yXa JI0 OMPECICHHOTO pe/iea.

Ecnmu npuMmeHHTh KackaJHYI0 CXeMy IYTEM pacHONOKEHHs ABYX W 0ojee JOMAacTHBIX KOJel B
BETPOreHepaTope, To PE3KO Bo3pacTeT KodQPUIMEHT MpeoOdpa3oBaHUs BUXPEBOTO TEIMJIOBOTO HAcOCa.
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I'peuixin JIIL, Kyys H.I'., Bynix FO.B., /[youyvkuit O.C. Tpanucnopm i euxpoeuii mennioeuii Hacoc.

Y poborax [1, 2] i TpaHCIOPTY 3alpOIIOHOBAHO 3aCTOCYBaTH BHXPOBUN TEIUIOBHH HAacoC Ha
MITY9HO CTBOPEHOMY BITpoBi. B pesymbraTi moka3aHo, IO Takuii BHUXPOBUIl HACOC TEPETBOPIOE HE
MEXaHIUHy eHEprif0 BITPY B EJIEKTPUYHY IOTY)XHICTb, @ TEIJIOBY CKIQJ0BY MOTOKY TOBITps, IO
npoKauyeTses. Po3risHyTo 3arajibHU NPUHIMT pOOOTH TAaKOTO BUXPOBOTO TEIUIOBOTO Hacoca. KoHKpeTHUH
PO3paxyHOK TEPETBOPEHHS €HEPTiii BUKOHAHWH IS MOBITPSIHUX BITpOTeHEpaTopiB. Buxposuii TeroBuid
HacocC, KU MOkKe OyTH 3aCTOCOBaHWH Ha TPAHCIOPTi, OMHCAHUN SKICHIMH MapaMeTpaMu. Y 3B'SI3KY 3 UM
BUHHKJIA HEOOXIIHICTh MPOBECTH PO3PAaXyHOK EHEPTili MepeTBOPEHHsS BUXPOBHUM TEIUIOBUM HAacOCOM i3
3aCTOCYBaHHSIM KOHKPETHOTO €JIEKTPHUYHOTO ABWTYHA, CIEKTPUYHOIO I'e€HEepaTopa, MOBITPSHOrO TBHHTA i
JionaTel BiTporeHeparopa il TPaHCIIOPTHUX CHUCTEM.

BeHTUIISITOp CTBOPIOE MOBITPSHUH MOTIK, KM BIUIMBAE HA JIOMATI BITPOr€HEPaTOpa, BITpOreHepaTop
BUPOOJISIE TOTYXKHICTh OUIBIIE MOTYKHOCTI, CIOXKHBAHOI EJNEKTPOJBUTYHOM BEHTHIISITOPA 1 BHTPAaYeHOI
MOTY>KHOCTI Ha TIOJIOJIAHHS CHJI TEPTS MPH O0EpTaHHI AKOPIB B €IEKTPOMOTOPAX, a TAKOXK TEPTs 00 MOBITPA
pu 00epTaHHi JIoMaTel BiTporeHepaTopa.

B pesynbrari nmpoBeneHUX JOCIIPKeHb BCTAHOBJICHO, IO JJIs 30UIBIICHHS 3aXOIUIFOBAHOI MOBEPXHI
BEHTHJISITOPOM HEOOXiJTHO BHKOPUCTOBYBAaTH BHCOKOOOOPOTHHI T'BHHT MOPIBHSHO BEJIHMKOIO JiaMerpa, a
o0epTaHHs TAaKOro IBUHTA IOBHHEH 3a0e3MedyBaTH €JIEKTPOMOTOP 3 MiJBHUIIECHOIO MOTYXXHICTIO, ajle e
CYTTE€BO 3MEHIIUTh KOC(Il[iEHT mepeTBOpeHHs. 30UIbIICHHS YHhcia JIOMATOK B BITPOTEHEPAaTOpi MOXKIIMBE
MIPU 3pOCTaHHI JlilaMeTpa eJeKTPOTreHepaTopa, 0 TAKOXK 3HIKYE KOe(illieHT IepeTBOPEHHSI.

BcranoBneno, mo Haii0inbm edeKTUBHMH CMOCiO OTpUMaHHSA MaKCHMAlBHOTO KoedilieHTa
MIEPETBOPECHHST €Heprii - Iie 301JbIICHHS MNIBHJKOCTI PyXy IOTOKY IOBITpS JO TeBHOT Mexi. Skmio
3aCTOCYBaTH KacKa/IHy CXeMY HUISIXOM PO3TAllyBaHHS JIBOX i OiJbIIeE JIOMATEBHUX KiJIellb B BITPOTeHEPaTopi,
TO Pi3KO 3pocTe KOePilieHT MEPETBOPEHHS BUXPOBOI'O TEIIOBOI'O HACOCA.

KirouoBi cioBa: TemnmoBuil Hacoc, BITpPOI€HEpAaTOp, BEHTHJISTOp, MOBITPSAHMNA TBHHT, JIOHATI,
3pUBHUM MOTIK.

L. Grechikhin, N. Kuts, Y. Bulik, O. Dubytskyi. Transport and vortex heat pump.

In [1, 2], it was proposed to use a vortex heat pump in an artificially created wind for transport. As a
result, it was shown that such a vortex pump does not convert the mechanical energy of the wind into
electrical power, but the thermal component of the pumped air stream. The general principle of operation of
such a vortex heat pump is considered. A specific calculation of energy conversion is performed for wind
turbines. In relation to transport, a vortex heat pump is described by qualitative parameters. In this regard, it
became necessary to calculate the conversion energies of the vortex heat pump using a specific electric
motor, electric generator, propeller and wind turbine blades for transport systems.

The fan creates an air stream that acts on the blades of the wind generator, the wind generator
generates more power than the power consumed by the fan motor and the expended power to overcome the
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friction forces when the anchors rotate in electric motors, as well as friction against the air when the blades
of the wind generator rotate.

As a result of the studies, it was found that to increase the swept surface of the fan, it is necessary to
use a high-speed screw of a relatively large diameter, and the rotation of such a screw should provide an
electric motor with increased power, but this will significantly reduce the conversion coefficient. An increase
in the number of blades in the wind generator is possible with an increase in the diameter of the generator,
which also reduces the conversion coefficient.

It has been established that the most effective way to obtain the maximum energy conversion
coefficient is to increase the speed of the air flow to a certain limit. If you apply a cascade scheme by
arranging two or more blade rings in a wind generator, the conversion coefficient of the vortex heat pump
will increase sharply.

Key words: heat pump, wind generator, fan, propeller, blades, stall flow.
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Hynapes M., I'yces B.A.
Jhyybkuii HayionanbHut mexuiynul ynigepcumem, m. Jlyyvk, Ykpaina

MOJAEJIOBAHHSA ITPOIECY CEITAPYBAHHSA CUIIKOI'O MATEPIAJTY
3 YACTUHKAMHA CO®EPUYHOI ®OPMHU

CenapyBaHHs CHIIKHX MaTepiayliB — L€ OJUH 13 HalOUIbII pO3MOBCIOKEHUX IIPOIECIB Yy XapuoBiid Ta
nepepoOHiil ramy3sax mpommucioBocTi. [lig yac cemapyBaHHS BiZOYBA€ThCS PO3AUIEHHS CHUIKOTO Marepialy Ha ABi
¢pakuii abo cymimi Ha KommoHeHTH. [lepebir mpouecy cemapyBaHHs 3aJ€KHTh Bif 0araTbox (axTopiB, 30KpeMa
KOHCTPYKILIi cemapaTopa, CcHoco0y cemapyBaHHS, PEXHMY cemapyBaHHS, (i3MKO-MEXaHIYHMX BIACTHBOCTEH
Marepialy Ta TeOMETPUYHHUX XapaKTePUCTHK HOTro YacTHHOK. [y omucy Iporiecy cernapyBaHHS 3aCTOCOBYIOTh METOJ
MaTeMaTHYHOTO MOJIEIIFOBaHHs. BilbIIicTh po3pobieHNx Mozienell € eMIIipHYHIMHI, BOHU JJO3BOJISIOTH CIIPOTHO3YBaTH
nepeOir mporecy. Takox Ul MOAEIIOBAHHS IMPOLECY CernapyBaHHS IIMPOKO BUKOPUCTOBYETHCS METOJ JUCKPETHHX
enementiB (DEM). 3a momomMororm mporo MeToay BCTAHOBJIEHO, IO HAWOLIBII BIUTMBOBUMH (pakTopamu Ha IMpoIec
cerapyBaHHs € BUCOTA IIapy MaTepiay Ta Horo ctpykrypa. ToMy akTyaJbHHUM 3aBIaHHSIM HayKOBHMX NOCIIIKEHb Y
BOMY HampsiMi € po3poOKa MOZENi [Iapy CHIIKOTO MaTepiany, siKy 0 MokHa Oyi0 BUKOPHCTATH AJISI MOJICITIOBAHHS
MpoIleCy cemapyBaHHA MaTepiamy. 3HaUyHa YacTHHA MaTepialiB, M0 HepepoOIITIOThCA abo BUPOOIAIOTHCS, MArOTh
yacTHHKH chepryHoi Gopmu abo ¢opmu, mo Onm3bka o Hei. BiamosimHo, Mopmens mapy MaTepiany IOLIIBHO
PpO3poOIATH I MaTepianiB, YaCTUHKM SIKMX MaloTh Taky ¢opMy. Ha ocHOBI aHamizy Mopeneil mapy CHIIKOTO
Marepially, a TAKOXX MaTeMaTUYHHX MOJEJIeH Mpolecy cerapyBaHHs CHIIKOTO MaTepiaiy, 3allpOIIOHOBAHO BOKCEIbHY
MOJIeNb Iapy CHIKOro Marepianmy (cymimi). BokcenbHa Mozmenp Imiapy marepiaiy, IO MICTUTH KpyIHI Ta JpiOHI
4acTHHKH cdepuyHoi (opMmH, I03BOJISE 3MOACIIOBATH IPOLEC CENapyBaHHA Marepialy, SKIIO HOMy HagaTH
TOPH30HTAIBHUX JIIHIHAX KOJMBaHb. MaTeMaTHYHa MOJENb, B OCHOBI SIKOi BOKCENbHA MOJENb ILIapy Marepiaiy,
JI03BOJISIE CHPOTHO3YBAaTH 3HAUCHHS MOKAa3HHKA SKOCTI IPOIECY CEHapyBaHHS CHIIKOTO MaTepially 3aleKHO Bij
criBBiZHOUIEHHS (ppakuiif MaTepiary B HhOMY Ta BHCOTH IIapy Marepiaiy.

KirouoBi ciioBa: cenapyBaHHs, MOJIENb APy MaTepialy, MOAEIIIOBAaHHS NPOLIECY CeNapyBaHHsI, CenapyBaHHs
CHITKUX MaTepialliB, cernapyBaHHs rPaHyIbOBaHHX MaTepialiB.

BCTYII

VY XapuoBiii Ta mepepoOHiii Tramy3sX MNPOMHUCIOBOCTI MPOIEC CEMapyBaHHS 3aCTOCOBYIOTH IS
PO3MLUICHHS CHUIIKMX, 30KpeMa TpaHylbOBaHUX MarepiamiB, Ha Qpakmii pi3HOro po3mipy abo s
BiJIOKPEMJICHHsI Pi3HUX JOMIMIOK i3 MaTepialliB UM PO3JICHHS CyMIIed MaTepiaiiB Ha OKpeMi CKIIAIOBI.
Jnist cemapyBaHHSI CHIIKMX MaTepialiB BUKOPUCTOBYIOTH, SIK MPABHJIO, KOJIUBHI peleTa, siki MaloThb MPOCTy
KOHCTPYKITil0O Ta 3a0e3lmeuyloTh BHCOKY IHTEHCHBHICTh TIpollecy cemapyBaHHs. llepeGir mporecy
cenapyBaHHS Ha KOJMBHOMY peEIIeTi 3alIe)KHUTh BiJl 0araTthox (hakTopiB: (i3MKO-MEXaHIYHHUX BIIACTUBOCTEH
MaTepially 4 HOro CKIJIQJIOBHX; TEOMETPUYHUX XapaKTEPUCTUK YACTUHOK Marepialy 4u HOro CKJaJOBHX;
CTPYKTYpH Marepiany (CIiBBIJHOIICHHS MK Pi3HUMH (QpakiisiMH Ta iX PO3MOAia 32 00’€MOM Marepiany);
nojia4yi MaTtepiajy Ha peleTo; BHCOTH Iapy MaTepialy Ha pelieTi; mapaMeTpiB peliera Ta pekuMy Horo
poboTu (JIOBXKHMHA, KyT BCTAHOBJICHHS, nepdopailis, 4acToTa Ta aMILITyla KOJuBaHb TOIIO). [ omucy
Mpoliecy cerapyBaHHsS CHUIKHX MaTepialiB MIMPOKO 3aCTOCOBYIOTh METO]| MaTEMaTHYHOTO MOJICITIOBAHHSI.
AJIeKBaTHICTh MaTEeMaTHYHOI MOJIeJIi TIPOLIECY 3aJICXKUTh BiJl ypaxyBaHHs (aKkTopiB, sIKi BU3HAYAIOTH Nepedir
cemapyBaHHS, cepel SIKMX OJHHM 13 OCHOBHUX € CTPYKTypa IIapy CHIIKOro Mmarepiainy (Cymillli CHIKHX
MatepiaiiB). TakuM YUHOM, PO3poOKa MaTeMaTHYHOI MOJEJi IpOollecy CenapyBaHHS Mae rnepeadavaru
PO3pOOKY MoOjeii IIapy CHIIKOTO Marepiany (cywim), ska O ypaxoByBala CTPYKTYpy ILapy marepiaiy,
TOOTO PO3MOIT YACTUHOK Pi3HUX (pakuiii MaTepiay 3a HOro 00’ eMoM.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMHU

HaykoBisiMu po3po6ieni emmipuyuHi Mozeni [1], siki BUKOPUCTOBYIOTH JUIsi IPOTHO3YBaHHS 1epediry
Ipolecy cenapyBaHHs CUIIKUX MaTepialiB. Y OUIbIIOCTI MOJENEH map CUIKOTO MaTepiany po3riIsIaeThCs
SIK CyKYIHICTh JIMCKPETHUX YaCTUHOK Pi3HOTO po3mipy Ta ¢opmu [2]. JlochmiKeHHs HAYKOBIIIB CTPYKTYpH
1apy marepiajiy J03BOJISIOTh 3MOJICIOBATH PO3TAlllyBaHHS YaCTHHOK Pi3HOi opMu y mapi marepiany [3,
4], a TaKo BU3HAYUTH MOPUCTICTH mIapy Matepiany [5]. Lli gocmimkeHHs Ba)KIKBi, OCKUIBKH, SKIIO BijoMa
CTPYKTypa IIapy MmaTepiany, TOJl MOXHa 3MOZEIIOBATH IMPOLEC HOro CemnapyBaHHS Ta BCTAHOBHUTH BIUIMB
napaMeTpiB KOJMBHOTO pelieTa Ha mpolec cernapyBanHs. Haj3BnyaitHo BaKuBUM (pakTOPOM IS IPOIIECY
CemapyBaHHs € PO3IOIiT YaCTHHOK MaTepialy pi3HUX pO3MipiB y mapi Marepia abo ITOMIIIOK y MaTepiali.
Leit pos3moxmin Mae BHUNAAKOBUI Xapakrep. ToMy HeoOXigHO, 100 MiJg Yac MOJETIOBaHHS IpPOLECy
CenapyBaHHsI BPaxOBYBAIMCS WMOBIpHI BHITAIKH PO3IMOILUTY YACTHHOK Y IIapi MaTepiary.
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Cepen HaWOUTBII MTOMIMPEHUX METOJIIB MOJICITIOBAHHS TIPOIECY CEMapyBaHHSI € METOH JHCKPETHHX
enemeHTiB (DEM), OCKITBKY BiH Ja€ pe3yabTaTH, M0 J00pe Y3roIKYIOThCS 3 EKCIIEPUMEHTATBHIMHU TaHUMHU
[6]. Lleli MeTon mO3BOJISIE 3MOJENIOBATH MPOLEC CEMapyBaHHS CUIKUX MarepialiB, IO MalOTh YACTHHKU
chepuuHoi i HechepuyHoi dhopmu [7, 8]. Pazom i3 TUM, BCTAHOBJICHO, M0 MOJACTL CHEPUIHUX YACTHHOK €
MEHIII TOYHOIO IS OTIFICY MPOIIeCy CelapyBaHHs MaTepialiB, SKi MalOTh YaCTHHKH HechepmaHoi Gopmu [9].
DEM-MeTon MozaemoBaHHs JO3BOJISIE AOCTIIUTH BIUIHB Pi3HUX BIACTUBOCTEH Ta XapaKTEPHUCTHK YAaCTHHOK
Matepiany (po3Mip, Gopma, KyT TepTs, Maca) Ha mporec cenapyBanHs [10]. 3a 10MOMOrow MBOT0 METOAY
TaK0X BCTAHOBJIEHO, IO OJHWM i3 HaiO1IbII BIDTMBOBHX (PAKTOPIB HA MPOIIEC CEMapyBaHHS € BUCOTA IIapy
Matepiany Ha pemeri [11]. Kpim Toro, MomenroBaHHS TPOIECY celapyBaHHS Ha KOJWBHOMY peIMIeTi i3
BuKopucTanHsM DEM-MeToy M03BOJIMIIO JOCTIANTH BIUIMB Ha CEMapyBaHHs TaKHX MapaMeTpiB pelieTa siK
fioro nopxxuHa [12], KyT HaXuiIy pemiera, 4acToTa Ta aMIUITya KonuBaHb [13, 14], a Takoxk oOrpyHTyBaTH
OTNITHMAJIbHI 3HAYCHHS IUX TapameTpis [15].

Bararo cumkux XapuoBMX NpPOAYKTIB MaroTh chepuuny ¢opmy abo ¢opmy, mo Onu3bKa A0
cpepuunoi. J[0 TaKMX CHUNKHX Xap4YOBUX MPOAYKTIB MOXKHA BiJHECTH TOPOX, MEpPEelb-TOPOIIOK, TOPiXH,
STONM Ta TPaHyIbOBaHI Xap4yoBi MPOAYKTH, TaKi SK IMyKEPKU-Ipake, TPaHyIbOBaHWN 4Yall 1 KaBa,
TpaHyJThOBaHI TMPHUIPABH Ta MIOCHi. TakuM YWHOM, aKTyalbHHUMH € IOCTIDKEHHS, IO IependadaroTh
PO3pOOKY MOE Mapy CHIKOTO MaTepiany (CyMillli), YaCTHHKH SIKOTO MaloTh cepuuny Gopmy. [Ipuuomy
Mo/IeTh Ma€ OyTH MPUAATHOO /IS MOJIETIOBAHHS TPOIIECY CelapyBaHHS MaTepiay (CyMimli) Ha KOJTHBHOMY
pemieTi i3 ypaxyBaHHSIM HMOBIPHHUX BUMAJKIB PO3MOALTY YaCTUHOK MaTepialxy pi3HOTO po3Mipy y Imiapi
Matepiany (cymimn). Taka Mozenb MO3BOJHMTH CHPOTHO3YBATH 3HAYCHHS TOKAa3HWKA SIKOCTi MpoIecy
cermapyBaHHs, TOOTO BCTAHOBHUTH €(PEKTUBHICTH poOOTH cemapaTopa.

HIJIb TA 3AJAYI JOCJIIKEHHS

Meta [OCHiPKEHHS — BHM3HAYMUTH SKICTh INPOLECY CEMapyBaHHS CHUIIKOTO Matepiany (cymimii),
YaCTUHKH SKOTO MaloTh cepruHy (opMy, Ha KOJTUBHOMY PEIIETi IIISIXOM MaTeMaTHYHOTO MOJICITIOBaHHS
mpotiecy. BinmoBigHo 10 MeTH JOCTiHKEHHS, 3a1a4aMy TOCTIKSHHS €: po3po0Ka MOJIeNi mapy MaTepiany,
YaCTHHKH SIKOTO MArOTh cheprndHy GopmMy; po3poOka MaTeMaTHIHOI MOJIEINI MPOIIECy CeTapyBaHHS CHUITKOTO
Matepiany (CyMilni) Ha TOPHU3OHTAJIBHOMY pEIleTi, IO 3IIHCHIOE TOPHU3OHTAIbHI JIHIAHI KOJMBaHHS;
BU3HAYEHHsI MOKa3HHUKA SIKOCTi MPOILIECY cerapyBaHHsI.

METOAU JOCJIIJKEHHSA

Teoperuuni gociipkeHHs Oa3yBajucs Ha OCHOBHHX TIOJNIOKEHHSIX TeOpii cermapyBaHHS CHITKHX
MaTepiajiB, 3riIHO KO, MiJ Yac cenapyBaHHs Marepiall po3aiIsSeTbes Ha ABI (paKIiii: ApiOHY Ta KPYIHY.
[loka3HWK SKOCTI TpoIeCy cenapyBaHHS BH3HAYAE€THCA SIK BIJHOMIEHHS KIMbKOCTI (Y BiJCOTKax)
BiJIOKPEMJICHOI ITi]] Yac cemapyBaHHs ApiOHOI Ppakiiii MaTepiay 10 MOYaTKOBOI KUTBKOCTI ApiOHOI (pakiii,
0 MiCTHJIacsi B Marepiami mepen cemapyBaHHsM. [lig dac MoJeNOoBaHHS CTPYKTYpH IIapy CHIIKOTO
MaTepiady BUKOPHUCTOBYBaJIM MeTon ifeamizarii. [Ipumyckanu, mo yci yacTuHKH ofHiel pakmii maTepiany
MaloTh OJIHAKOBI (Di3MKO-MEXaHIYHI BIACTUBOCTI Ta chepuyHy (hopMy 3 0THAKOBUM aiameTp. PozpaxyHku 3a
PO3pOOIJIEHOI0 MAaTEMAaTHYHOI MOJIEIUII0 TMPOIECy cenapyBaHHs MPOBOJMIN 3a JOMOMOTOI MPUKIAIHOI
KoM 1oTepHoi iporpamu MathCAD 14.

PE3YJIbTATHU JOCIIIKEHHSA

Jlyis onucy mpoliecy cemapyBaHHs CHIIKOI'O Marepiaily, 110 MICTUTh JBi ¢pakiii (KpymnHy Ta ApiOHY),
Ha TOPU3OHTAILHOMY pEIIeTi, sKe 3IMCHIOE JIHIMHI TOPU3OHTAIbHI KOJMBAaHHSA, 3aMIHUMO peajbHHIMA
MaTepian mozemro. s MoaenoBaHHs IIapy MaTepialy npuilMeMo Aeski npunyiieHHs. Hexaif, cunkuit
MaTepiajl MiCTUTh AWCKPETHI YaCTUHKH JBOX PO3MIpiB. YCi YaCTMHKM MaTepially MaroTh cepuuHy Gopmy.
[No3HaunMo YaCTHHKK MaTepiaay MEHIIOro po3Mipy (fpiOHi) — A, a YaCTUHKH MaTepiary OiIbIIOr0 po3Mipy
(xpymnHi) mo3HaunMo 4epe3 B. Uepes pemieto MOXKYyTh NPOWTH JIMIIE YaCTUHKH MaTepiany A. Y marepiani
B3JIOBK JIiHIi KOJMBaHHS pelleTa BHOKPEMHUMO BEPTHUKAIBHUHM I[Iap TOBLUIMHOIO, LIO pIiBHA JiamMeTpy
YaCTHHKHM KPYIHOI (pakiiii, Ta MPUITyCTHMMO, L0 BiH CKJIAJa€ThCS 13 PO3TAIIOBAHMX OJMH HaJ OJIHUM
eJIEMEHTapHUX MIapiB Martepiany (puc. 1, a). Hexaii, y KO)KHOMY eJleMEHTapHOMY IIapi MaTepiany MiCTUThCS
4acTHHOK Matepiany A — a %, a yacTuHOK Marepiany B — b %. Bmict wactiurok A ta B y mapi matepiany
BU3HAYAETHCSl CKCIIEPUMEHTANBHUM MUISIXOM. [IpHimycTuMo, MO CHiBBiHOIIEHHS 4YacTHHOK A Ta B y
KO’KHOMY €JIEMEHTapHOMY IIapi Matepiany € ctaium, Tooto ai/bj=const. (e | — HOMep eJIeMeHTapHOTrO HIapy
marepiany (i = 1...n); N — KUIBKICTh €JIEMEHTapHHX IIapiB Martepiany). Hexail, KokeH eleMEeHTapHUI map
MaTepially YTBOpPEHUH OJHaKOBUMH KoMipkamu (voxel), ski maioTe KyOiuHy ¢dopmy. JloBkuHa, BHCOTa Ta
IIUPUHA KOMIPKH piBHA MiaMeTpy YaCTUHKH Matepiany B. Takum dimHOM, 3aIponIOHOBaHa BOKCEIIbHA MOICITH
rapy marepiaily MICTUTh NXM KOMIpoK (e m — KUIbKICTh KOMIpOK B €JIeMEHTapHOMY ILapi Matepiaiy). Y
KOMipKax pO3TallloBaHi TUCKPETHI dacTUHKH MaTepiamy A ta B. Ilpumuomy B omHiii KoMmipili po3TamoBaHa
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JIATIIE OJTHA YacTHHKA MaTepiamy: abo A, abo B. Po3ramryBanns dacTuHOK Martepiany A Ta B B xomipkax y
MeKaxX KOYKHOTO €IEMEHTApHOTO IIapy Marepially HOCHTH BHUITQIKOBHH XapakTep, ajie 1X CIIiBBiIHOUICHHST
ai/bj=const. HeoOxiaHO 3ayBa)kuTH, 110 BUKOHAHHS YMOBH ai/bj=const. i1 KOXXHOTO €IEMEHTAPHOTO Iapy
MoOJIelli He € 000B’I3KOBUM, OCKIIBKH MOXIIUBE Oy/Ib-SKE CITIBBIAHOILICHHS MK YaCTHHKAaMH Pi3HUX (paKiii
MaTepiaiy, aie, BaXJINBO, 00 Oyio JoTprMaHe HEeoOXifHe CITiBBIIHOMICHHS y BCiii BOKCENbHIN Momemi
Marepiaiy.

VY BOKceNnbHIl MOjeNi HIapy mMarepiany mepeMilleHHs YacTUHOK A 3 OHOTO €IeMEHTapHOro Miapy B
IPYTHH, 10 HIDKYE, MOXKJIMBE, SKIIIO ITi/T KOMIPKOI0, SIKa MICTUTh YaCTHHKY MaTepiaixy A, po3TamoBaHa OJHa
abo JeKilbKa MOPOXKHIX KOMIpok (puc. 2). BHachmimok 1mporo 3 MOpOKHIX KOMIPOK YTBOPIOETHCS YSIBHUI
“kaHan”, SIKUM 4acTHHKAa A MOXe MEPEeMICTUTHCS Ha PiBeHb a00 JEKiIbKa PIBHIB HMXKYE. Y HEPYXOMOMY
api MaTepiaay YTBOPSHHsI YSABHUX ‘‘KaHaNiB” HE BiJ0YBa€ThCS, OCKUIBKH YCi KOMIPKHU 3alHATI YaCTUHKAMU
Matepiany A ta B. [Ing yrBopeHHs ysABHUX “‘KaHaliB” HEOOXITHO HaJgaTH MarTepially pyXy 3a IOTIOMOTOIO
KOJINBHOTO peliera. Y pe3yibTaTi bOTo eJIeMEHTapHI MIapu MaTepiany OyAyTh 3MillyBaTHCS OJUH BiTHOCHO
0JHOTO, TOOTO po3IapoByBaTHCA. BiamoBinHo, yacTMHKM Matepiany A OyAyTb pyxaTucsl 3BepXy BHHU3
€IeMEHTApHUMHU IIapaM{d JI0 pelIeTa, 3BUIBHAIYM KOMIPDKH Ta YTBOPIOIOYHM YSIBHI “‘KaHamu” IS
MTPOXO/PKEHHS 1HIIMX YaCTHHOK MaTepiany A.

Hexaii, y BokcenmpHiM Mopeni mapy marepiaily BHACHIIJOK PyXYy KOJHMBHOTO pelleTa BiOYyBaeThCs
3MIMIEHHS eJIeMEHTAPHUX IIapiB OJWH BiTHOCHO OJHOTO MOYEProBO B OOW/BI CTOPOHH HAa BEITUYHHY OJHIET
KOMipKu. BHachigok mporo, SKIo Haj MOPOKHBOIO KOMIPKOIO PO3TalllOBaHa KOMIpKa, SIKa MiCTUTh YaCTHHKY
Matepiany A, TOZi yTBOPIOETHCS YSABHUM “KaHa’, SIKUM YacTUHKA A epeMiCTUTBCS Ha piBEHb HUKUE, TOOTO
3aliMe Miclie y BUTbHIHM KoMipii. TakuM 4rHOM, BiIOyBa€ThCS MEpeMillleHHs] YACTUHOK MaTepiany A BHH3 110
nepdopoBanoro pemieta. llpuiiMaeMo TakoX, IO Y BOKCENBHIN Mozemi miapy MmaTepiainy MepeMillleHHS
JacTUHOK B Ha piBeHb HIDKYE HABITh NIPU YTBOPEHHI YSABHOTO “KaHaNy” € HEMOXJIMBAM. MOXKIIMBI BUITAIKH
MPOXOJUKEHHS YaCTUHKHU MaTepiay 4 Ha piBeHb BHU3 IIPEACTaBICH] Ha puc. 2.

BokcenpHy Momens mapy CHIKOTO MaTepiany MpencTaBUMO Yy BHIIIIAI MaTtpuili My, 0 103BOJINTH
MaTeMaTHYHO OIHCATH JIAHY MOJIENb Ta 3MOJISITIOBATH MPOIIEC cenapyBaHHs Marepiany (puc. 1, 0):

Ay A, e @ e B
aZl a2,2 aZ,j aZ,m
e e g
ETRE: a, | B |
ae aj,j — eneMeHT mMatpuui My, 0 BiANoOBigae KoMipii i,j BOKCEIBHOI MOJENI LIapy Martepiaiy

(i=1...n; j=1...m); n — KUIBKICTh psiKiB MaTpHIili Mo, 110 BiMOBIAE€ KIIBKOCTI €IEMEHTAPHHUX IIAPiB
BOKCEJIbHOT MOJIENII CHUIIKOTO MaTtepiaay; M — KUIbKICTh CTOBMIIB MaTpuili Mg, 110 BiAIOBiIa€ KiIBKOCTI
KOMIpPOK y eJIeMEHTapHOMY ILapi BOKCEIbHOI MOJIEIIi CHIIKOTO MaTepiaiy.

Koxnili komipri BokcenpHOI Mozeni Biamosinae enemeHT marpuui Mg (puc. 1, 6). Hymepamis
KOMIPOK BOKCEJIbHOT MOJIENI 3IIHCHIOETHCS TOYMHAIOYU 3 BEPXHHOTO E€JIEMEHTApHOrO Iapy Ta 3JjiBa
HanpaBo. SIKIIO BOKCeNbHAa MOJETb Ma€ N eJIeMEHTapHUX IapiB, ToAl 1 Marpuus Mg Mae N psaakis. Skiio
BOKCEJIbHa MOJIENIb Ma€ M KOMIpPOK Yy KOKHOMY eJIeMEHTapHOMY Iiapi, Toai i matpuus My mae m
CTOBMIIB. 3HAYEHHs €leMeHTa a;,; MaTpulli My 3a1exuTh Bix Toro, yacTuHka A um B posramosaHa B
KOMIpII BOKCEJILHOI MOJIETI:

- SKIIO B KOMIPII BOKCEJIFHOI MOJZENi pO3TalllOBaHa YaCTHHKA MaTepiasy A, 10 Mae MEHIIWH
po3Mip, Tl eneMeHT MaTpulli Mo, 1110 To3Hauae 10 KOMIipKy, piBHUi &;,j = 1;

- AKIIO B KOMIpIIi BOKCENbHOT MOJENi po3TalioBaHa 4YacTWHKa martepiany B, mo mae Oinpmmit
po3mip, Toi eneMeHT MaTpuli Mo, 1110 T03HaYa€ 110 KOMIPKY, PIBHUH &;,j = 2;

- SKIIO KOMIipKa BOKCEJBHOI MOEJNi TOPOXHS, TOMI eIeMEHT Mmarpulli My, 1m0 mo3Hayae 1o
KOMIpKY, piBHUH &;,j = 0.
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Pucynok 1 — Mogerni mapy CUIIKOTO MaTepiamy:
a — BOKCeJbHA MOJIETIb; O — po3paxyHKOBa MOJIEITb
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Pucynok 2 — CxemMu MOMJIMBUX BHUITAJIKIB IPOXO/PKEHHS BHU3 YaCTUHKU MaTepiary A:

a — YyacTUHKa A HeMae MOJKJIIMBOCTI MPOWTH BHM3, O — 4acCTUHKA A MOXKE IPOWTH BHHU3 B OJHOMY
BUIIAJKY; B, T — YaCTHHKA 4 MOX€ MPOUTH BHHU3 Yy JBOX BUIMAJAKaX; Jl — YACTHHKA A MOXKE MPOUTH BHU3 Y

TPbOX BUIIAAKAX

[TogaTkoBOMY CTaHy BOKCEIEHOI MOJIEINI, III0 OITMUCYE CTaH MaTepialy 0 cermapyBaHHS, BiITOBIIAE
matpuud My, B SKif BIACYTHI e€leMeHTH Iiai AKux a;,; = 0. Jag MareMaTHYHOro OIHKCY HPOLEC
> J

ay

0
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CemapyBaHHs 3a JIOIIOMOTOI0 BOKCEIBLHOI MOAEN HEOOXIMHO 3MIMCHHUTH TepeTBOPeHHS MaTpuili My y
KiJTbKa eTamiB, MPUUOMY Ha KOKHOMY eTari (popMyeThcst HOBa MaTpHIlsl po3MipoM NxM. KinbkicTs eTarmiB
piBHa KUTBKOCTI eNeMEeHTapHHX IapiB N BoKcenbHOI Mozeni. Ha kokHOMy eTami IepeTBOpeHHS
PO3TIISINAETHEC OKPEMHUH PSAIOK MAaTPHIl, TOOTO OKPEeMHH eJeMEHTAapHHH Imap BOKCEIBHOI MOJETII.
[lepeTBOpeHHsT pO3MOUMHAIOTECS 3 psimka N matpuli Mg. Yci eneMeHTH, SIKi HE MICTATBCS Y PSAKY
MAaTpHIli, 10 PO3IJIAAAIOTECS HA IOTOYHOMY €Talll IIePeTBOPEHHS], IEPEHOCATHCA 3 TONEePEIHBOI MaTPUL
Y HOBY MaTpHIIIO 03 3MiH.

[1ixg yac cenapyBaHHs CUITKOTO MaTepially Ha KOJTUBHOMY PELIETi yci YaCTUHKH A, sIKi po3MilLeHi y
HIJKHBOMY €JIEMEHTapHOMY IIapi, IpoiayTs depe3 pemiero. OmuineMo e MaTeMaTHYHO: Ha MEPUIOMY
eTari BinOyBaeThCs nepeTBopeHHs Matpuii Mg y Matpuito M;. Enementam matputi Mo, ki 3HaX0IATHCS
y PAAKy N Ta piBHi &,,j = 1, B HOBii MaTpuii M; pUcBOIO€THCS 3HaUEHHs ay,j = 0. Takum 4nHOM, Y HOBIHI
Matpuli M; He Oyze ’KOJHOTrO eJIeMEHTa y PAAKY N Ul SKOTo 8n,j = 1. 3HaueHHs yCiX pellTH eJEeMEHTIB
Matpulli M; Take came, sk i B Mmatpuii M.

Ha mgpyromy erami BimOyBaeThcsi meperBopeHHs matpuii M; B matpuito M,. Ha mpomy erami
PO3IIIAAA0Th eIeMEHTH paaka N — 1 marpuni M. fxmo y psaaky n — 1 matpuii M, enemeHT piBHMH 8.1,
=1, Toni B Matpuii M, 1IbOMy €JIeMEHTY MPUCBOIOETHCS 3HAUYEHHS an.1,j = 0, AKIIO BUKOHYETHCS OJHA 3
YMOB:

-y paaky N marpuni M; eneMeHTH ay,j = 0 a00 ap,j.; = 0, 200 ay,j+1 = 0 (11 yMOBa Ul €JIEMEHTIB Yy
psaaky N — 1 marpumi My st sikux j # 1 Ta j # M, To06TO TS BCiX YaCTHHOK Marepiany A, OKpiM THX, IO
po3TamoBaHi y KpaiiHiX KOMipKaxX BOKCEIBHOT MOJIEII apy MaTepiany);

- y psaaky N marpuni M; enemenTn a,,; = 0 a6o an,, = 0 (g yMOBa [Tt €EMEHTY an.1,1 = 1 Y PAAKY
n — 1 marpuui M; s sikoro j = 1, ToOTO I YaCTUHKK Matepiany A, 10 po3TallloBaHi y KpaiiHiii JiBiit
KOMIPIIi BOKCEIHHOI MOJIENI IIapy MaTepiany);

- y psinky N marpumi M; exemeHTH a,,,m = 0 a60 8p,my = 0 (g yMOBa Ui €NEMEHTY an.q,m = 1 y
psanky N — 1 marpuui M; asst sikoro j = M, TOOTO Ui YaCTHHKU Marepiany A, 0 po3TalloBaHi y
KpaiHil nmpagiii KOMipIli BOKCEJIBLHOI MOJICHI IIapy MaTepiaiy).

Enementu a;,; ycix pemTu psakiB MaTpuii My, okpiM psaka N — 1, Skuil po3risgacTbest Ha LbOMY
erarti, piBHI BiIMOBIAHUM eJleMeHTaM &;,j MaTpuii M;.

Ha tperbomy erami BimOyBaeThcsi mepeTBopeHHS Marpumi M; B matpuio M;. Ha npomy erarmi
PO3IIIANaOTh eJleMeHTH psinka N — 2 matpuui M,. IlepeTBopeHHs 31iHCHIOIOTHCS aHAJIOTIYHO SIK 1 Ha
IPYTOMY €Talti.

VY 3arajibHOMY BHMAJKY /IS OBIIBHOTO pPsIKa | MaTpHIl, OKpIM psjka i = N, MepeTBOPSHHS
BiI0YBaIOTHCS TAKUM YHHOM:

- AKIIO &;,j = |, mpuuomy j # 1 Ta j # M, a TaKOXK BUKOHYIOTHCS YMOBH ai.1,j = 0 260 &1, = 0 abo
ai-1,j+1 = 0, Toz1 B HOBIHf MaTpui a;,; = 0;

- SIKIIIO &j,; = | Ta BUKOHYIOTHCSA YMOBH ;1,1 = 0 a00 a;.1,» = 0, To1i B HOBII MaTpuIli &;,; = 0;

- AKIIO &j,m = | Ta BUKOHYIOTHCSI YMOBH 8j.1,;m = 0 200 8j.1,m-1 = 0, TOA1 B HOBi# MaTpwui &;,m = 0.

[Ticnsa ocranHBOTO eTamy N HMepeTBOpeHHs y MaTpuii M, miapaxoByIOTh KUTBKICTh €JIEMEHTIB, IO
piBHi @;,j = 0. I1# KinbKiCTb eleMeHTIB piBHA KiTbKocTi yacTHHOK Nas Martepiamy A, ski Oyau mpocisHi
Yyepe3 KOJUBHE PEIIeTO IMiJ Yac MOEJIOBAHHS NPOILECY CerapyBaHHs i3 BUKOPHCTaHHSM BOKCEIBHOT
Mozei mapy Matepiany. [licis nboro BU3Ha4a€eThCs MOKA3HUK SIKOCTI MIPOLIECY CenapyBaHHS:

K = Nag - 100 / N, 2

ne K — moka3HHK sSIKOCTi Tiporiecy cernapyBaHHs, %; Nas — KIJIbKICTh YaCTHHOK MaTepiany A, siki
OyJH IPOCIsIHI Yepe3 penieTo, TOO0TO KUIBKICTh BUIbHUX KOMIPOK BOKCENIbHOT Moei; Nag — KiJIbKICTh
4aCTHHOK A, siki OyJu y BOKCEJbHII MoJieNi nepe]] cenapyBaHHAM, TOOTO KUIBKICTb €JIEMEHTIB @;,j = 1 y
Matpuiti M.

[lo Oimplne 3Ha4YeHHs TMOKa3HUKa SKOCTI K, TO Kpalie NpoXoJuTh MpOIeC cemapyBaHHs. Ko
3HavYeHHs nokasHuka skocti K = 100%, Toai yci yacTMHKH Martepiany A miJ gac mpolecy cenapyBaHHsS Ha
KOJIMBHOMY pemieTi BigokpemieHHi. Ha mnpukiaai nOpoaeMOHCTPYEMO 3aCTOCYBaHHS — ajirOPUTMY
TIepeTBOPEHHS MaTpuili My, IO CKIazieHa Il BOKCEILHOT MOJIEIi IIapy MaTepiaiy, B SKOMY BMICT YaCTHHOK
A — a = 60%, a yactuHok Mmarepiany B — b = 40% (puc. 1, a). Y npukiami BOKcelbHA MOJCIb HIaAPY
MaTepially Mae eJIeMEeHTapHUX ImapiB N = 4 Ta KOMIpOK y KOXKHOMY ejieMeHTapHoMy Imapi — m = 10.
Cximanemo Matpuiro Mg 171s Tako1 BOKCETBHOT MOCITI:
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Ha neprmomMy eramni mepeTBOprOEMO pSIOK N, TOOTO YeTBepTHH psAaok Matpuii My (puc. 3, a):
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Pucynok 3 — Cxem#u JI0 TOSICHEHHS aJlTOPUTMY TIEPETBOPEHb BOKCEIBHOT MOJIEITi CHITKOTO MaTepiaiy:
a — Tepiuuii eTarm; 6 — qPYTUil eTar; B — TPETiH eTall; T — YeTBEPTHIA eTar

Ha npyromy erani neperBoproeMo psiok N — 1, To0To TpeTiii psaaok matpuui M, (puc. 3, 6):
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Ha TpethoMy eTarii nepeTBOPIOEMO PSIoK N — 2, TOOTO Apyruid psiaok Matpuili M, (puc. 3, B):
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(6)
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Ha ocranHbOMYy YeTBEpTOMY eTami MepeTBOPIOEMO PSIOK N — 3, TOOTO mepmuid psyIok MaTpuili Ms;

(puc. 3, 1):
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Ockinpku must Matpumi My matumeMo Npg = 24 ta mrs marpuri Mg, matumemo Nas = 23, Tomi
MOKa3HUK SIKOCTI mporecy cenapyBaHHs Oyne piBauii K = 95,8%. 3a Oararopa3zoBoi peaizarii

MaTeMaTHYHOi Mozeni (uucno peamizamiii — 50) 3a pi3HOro (BHUIIQAKOBOTO) PO3TAIIyBaHHS YAaCTHHOK
MaTepially y BOKCEJIbHIN Mogeni, orpuMaHo 3HaueHHA K = 99,3%. 3HadeHHs MOKa3HMKA SIKOCTI IpoLecy
cemapyBaHHs, IO OTpUMaHe B PoOOTi [16] exkcrnepMMeHTaTbHUM LUIAXOM i 4Yac CemapyBaHHS MEPLIO
JOYXMSIHOTO TOPOILKY 3 TAKUM CaMHM CITiBBiIHOIICHHSAM MiX (paxiisiMu sk 1 B Mogieni, craHoBUTH K = 99%.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIAKEHHSA

3anponoHoBaHAa MaTeMaTH4YHa MOJIEJIb JO3BOJIAE CIPOTHO3YBAaTH 3HAYEHHs MOKa3HUKa sikocTi K mix
Yac cemapyBaHHS CHUIIKOTO MaTepialy, 0 MICTHTh YacTWHKU cdepuuHoi ¢opmu, Ha ABi ¢pakmii. Yum
OlnpIle YUCIO M eJIeMEHTApHUX KOMIPOK B €JIEMEHTapHUX Iapax BOKCEIbHOI MOJIeNi Marepiany, THM
3HAa4YeHHsI MMOKa3HHWKa SKOcTi K, Mo oTpumaHe B pe3yibTaTi MOJETIOBaHHI, Oyme OMMKYUM J0 3HAYCHHS
MOKa3HMKa, SIKe OTPUMAaHE IiJ] 4ac CernapyBaHHs PealbHOro CUIKOro MaTepiaiy. OCKIIbKHA MOXKIIUBE BEITUKE
YHCI0 KOMOIHAIM po3TaimryBaHHS YacTHHOK Di3HMX (pakmid martepiany B MOJENI CHUIKOTO Marepiaiy,
BIJIMOBIIHO, 10 Oinble peari3alii MaTeMaTHYHOI MOJelNi, KOXKHa 3 SIKUX Mependadac BHUIAIKOBE
pO3TamryBaHHA YaCTHHOK Pi3HUX (PaKIiii marepially B €JIEMEHTapHHX IIapax, aje i3 30epeKeHHSIM iX
CHIBBiHOLICHHS, TO OLIBII ONHM3BKMM OyAe TEOopeTWYHE 3HAueHHsI MOoKa3HWKa skocti K mo #oro
eKCTIePUMEHTAIBHOTO 3HAYCHHSI.

HeoOximHO 3ayBakWTH, IO BOKCENbHY MOJENb IIApy MaTepially JOIIBHO BHKOPHCTOBYBATH IS
MOJICJIIOBaHHI MPOLECY ceMapyBaHHS CHIIKOTO MaTepialy i3 KUIBKICTIO eeMEHTapHHX IIapiB He Oifbiie
YOTUPHOX (0OMEXKeHa TOBIIMHA Iapy MaTepialy Ha PEIIeTi), OCKIIBKY 3a OLIBIIOT KIJTBKOCTI €IEMEHTAPHUX
mapiB CyTTEBO 3POCTA€ KIMBKICTh pO3paxyHKiB. Takok 3a3HaYMMO, MO 3amMpONOHOBaHA MaTeMaTHIHA
MOJIEJIb TIPOIIECY ceMapyBaHHS HE Ma€ OUYEBWJIHOTO 3B’SI3KY i3 PEXHMOM pPOOOTH pemiera, TOOTO He
BCTAHOBJIIOE 3AJIEKHOCTI MK ITOKa3HUKOM SIKOCTI K Ta aMILTITYI00 1 4acTOTOIO KOJIMBaHb periera. Pasom i3
THUM, MaTeMaTUYHE MOJICJIIOBAHHS, B OCHOBI SIKOTO € BOKCEIIbHAa MOJENb Marepiaiy, H03BOJIS€ BU3HAYUTH
SIKUH BIICOTOK JpiOHOI (hpaKIlii MOXKHA BiIOKPEMHUTH 13 MaTepialy IUIIXOM Ha/IaHHS HOMY KOJMBaHb.

BUCHOBKH

3anponoHoBaHa BOKCEIbHA MOAETb APy CUIIKOTO MaTepiany (cymimi), o MiCTUTh KpYyIHi Ta IpiOHi
JacTHHKY ceprdaHoi GpopmMH, T03BOJISIE 3MOJIEIIOBATH TIPOIEC CEMapyBaHHs MaTepiaiy, SKIIO HOMY HaJaTH
TOPU30HTAJIBHMX JIIHINHUX KOJMBaHb, MaTeMaTU4HA MOJIC)Ib, B OCHOBI SIKOT BOKCEIbHA MOJIE/Ib MaTepiaiy,
JI03BOJISIE CITPOTHO3YBATH 3HAUCHHS MOKa3HKKA SIKOCTI TIPOIIECY CelnapyBaHHs CHITIKOTO MaTepiay.
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I. Dudarev, V. Gusiev. Simulation of separation process of bulk material which contains spherical
shape particulars.

The bulk materials separation process is one of the most common processes in the food and processing
industries. During separation, the bulk material is separated into two fractions or mixture is separated into
components. Separation process depends on many factors such us separator design, separation method,
separation regime, physical and mechanical properties of the material and geometric characteristics of its
particles. The mathematical modeling method is used to describe the separation process. Most of the
developed models of separation process are empirical. These models allow to predict the course of the
process. Discrete element method (DEM) is also widely used to model the separation process. Due to DEM-
method it was determined that the most influential factors on the separation process are height of the material
layer and its structure. Therefore, the urgent task of scientific research is to develop a model of bulk material
layer that could be used to simulate the separation process of bulk material. There are many bulk materials in
the food and processing industries which have particles of spherical shape. Accordingly, it is very important
to design a material layer model for bulk materials with spherical shape particles. Based on the analysis of
the bulk material layer models as well as the mathematical models of the bulk material separation process,
the voxel model of the bulk material (mixture) layer is proposed in the article. The voxel model of bulk
material contains large and small spherical particles. This model allows to simulate the horizontal vibration
separation process of bulk material. The mathematical model, which is based on the voxel model of bulk
material, allows to predict the quality index of the separation process of bulk material. This model takes into
account the ratio of the material fractions and the height of the material layer.

Keywords: separation, material layer model, separation process modeling, bulk materials separation
process, granular materials separation process.
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Jhyybkuti HayioHanbHUll MeXHIYHUL YHIgepcumem

JOILJIBHICTh BUKOPUCTAHHS BAHTAKHUX EJIEKTPOMOBLIIB B YKPAIHI

OOrpyHTOBaHO EKOHOMIUHY Ta EKOJIOTIYHY MJOLUIBHICTh BHKOPHCTaHHS BAaHTAXXHUX EJICKTPOMOOITIB B
Vkpaini. B pesynprari aHamizy jiTepaTypHHX IDKepel BCTAaHOBJIEHO, IO €IEKTPOTPAHCIOPT Mae psA IepeBar y
MIOPIBHSHHI 3 TPAIMIIIHHUME aBTOMOOLTIMH. Po3po6iieHO MeTO[ OIIHKM €KOHOMIYHOI e(h)eKTHBHOCTI BUKOPHCTAHHS
€JIEKTPOMOOLTIB. MeToqu HOCTi/PKeHHS TeopeTH4Hi. Po3paxyHKOBHM METOZOM 3 BHKOPHUCTaHHSIM MAaTeMaTHYIHOTO
MOJICTIOBAaHHS BH3HA4YeHI CKOHOMIYHI MOKA3HHWKH EKCIUTyaTallii BaHTQXHOTO eleKTpoMoOinid. TepMiH OKymHOCTI
1HBECTUIIIH B IpUAOGaHHS eNEKTPOMOOLISA 3 BpaxyBaHHAM €KOJIOTIHHOTO 30MTKY CTAaHOBHTH Maiixe ciM pokis. Haykoa
HOBHM3HA POOOTH MOJIATa€ B TOMY, IIO 3a pO3pOOIEHMMU METOJAOM BHUKOHAHA OLIHKAa e€(eKTHBHOCTI BUKOPUCTAHHA
eIeKTpoMOoOiTiB B YKpaiHi 3 BpaxXyBaHHSAM €KOJOTIYHOro 30WTKy. [IpakTHuHe 3HAa4YeHHS MOJATaE B JOBEICHHI
JIOLUIBHOCTI BUKOPUCTAHHS BAHTAXKHUX €IIEKTPOMOOLITIB.

KnrodoBi ciioBa: BaHTaXHHMH e€JIEKTPOMOOLTb, TEPMIH OKYIHOCTI, €KCIUTyaTalliifHi BHTpaTH, KalliTalbHi
BKJIaZICHHSI.

BCTYII

€pporneticbknii Cor03 aKTHBHO PO3MOYMHAE IIIIAX JIO 3aMIlllcHHS aBTOMOOUIIB 3 JBUTYHAMH
BHyTpimHbOTO 3ropstHasa (/IB3) Ha enextpoTtpancmopr. lle moB’s3aHo 3 TUM, IO B PSAA MICT, 30KpeMa
Himeuunnu, 3a00poHeHO B 131 aBTOMOOLTIB 3 u3emsaMu. [ 0J10BHOIO IepeBaroio eeKTpoOMOOiIiB BBAKAETHCS
EKOJIOTIUHICTh B 30HI iX €KCIUTyaTallii, BHACIiJJOK 4YOr0 PO3BHTOK I[bOTO THITy TPaHCIOPTY B €Bporri
3HaXO/AUTh 3HAYHY MIATPUMKY 3 OOKYy YpsAIiB i NMEBHUX BEPCTB HACENCHHS €BPOINEHCHKUX KpaiH. 3 TOYKH
30py OXOpPOHHM HAaBKOJHIIHBOTO CEPENOBHINA AKTYaJbHICTh EJIEKTPOTPAHCIIOPTY € Oe3NepedHolo.
EnextpoTpaHcopT € caMiM €KOJIOTIYHO YHCTHM BHUIOM TPAHCIIOPTY 3 HAWMEHINIMMHU BUKUAAAMHU HIKiIIHBUX
peuoBUH B aTMoc(hepy Ta HaMEHIIO yMHICTIO. 1]i YMHHUKYA 0COOIMBO aKTyajabHI B MICBKUX yMOBax. B
MONIITUYHIA cepi aKTyalbHICTh EIEKTPOMOOLIIB IOJNATaE y BHKOHAHHI MDKHAPOJHUX HOPM IIOJIO
TPaHUYHHUX 3HAYCHb BUKUJIB IIKiJINBUX PEYOBHUH. B eKOHOMIUHIH cdepi aKkTyanbHICTh €IeKTPOTPAHCTIOPTY
MOJISITA€ B CYTTEBOMY 3MEHIIEHHS cOOiBapTOCTI TepeBe3eHb Ta eKoHoMii HadTompomykTiB. [lim wac
JOCTiKeHb e()EeKTUBHOCTI BUKOPUCTAHHS €JIEKTPOMOOLTIB JOMIIFHO BUILIUTH 1B OCHOBHHX THIIH JKEPEI
CTPyMY: aKyMYJISITOPH 1 €JIeKTpOXiMiuHI TeHepaTopy eHeprii. B nanuii yac GinpIn MOMUPEHUMH JKEpEIaMu
SHeprii € aKyMyJIsITOpH, TOMY B LIl poOOTi OIIHIOETHCS €()EKTUBHICTh BHUKOPHCTAHHS aKyMYJISTOPHHUX
eNeKTpoMoOLTiB. JlerkoBi enexkTpomMoOiii HaOyJiM 3HAYHOTO PO3MOBCIOKEHHS, B TOMY YHCII 1 B HamIii
KpaiHi. 30kpema, B YKpaiHi B nepiromy miBpiuui 2019 poxy nonmuT Ha JIETKOBI €JIeKTpoMoOii y HOPIBHAHHI 3
a”anoriuauMHu nepiogom 2018 poxy 30inbmmBes Ha 58%. Pazom 3 TUM BaHTaXHI €J1eKTPOMOOiII TIOKHU 1110
MPaKTUIHO HE BUKOPUCTOBYIOTHCS.

AHAJII3 IITEPATYPHUX JAHUX TA IIOCTAHOBKA INPOBJIEMH

Enextpomo0bini MaroTh Sik epeBary, Tak i Hepoustikd. Cepex HEAOIIKIB: OiIbla BapTiCTh Y OPIBHAHHI
3 TPAJIUIIIHTHUME aBTOMOOLIISIMU, HEBEITUKUI pecypc akyMyJIsITOPHUX OaTapeid Ta iX BHCOKA BapTiCTh, MU
npoOir Ha OfHIN 3apAnui. AHaNi3 JiTepaTypHUX JKepes CBIIYHUTH, 10 HE3BAXKAIOUM Ha iICHYIOYI HEIOJIKH,
CBITOBHH 0OCST HpOJaxiB eIeKTpOMOOLTIB mpoaoBxkye 3pocratu [1, 2]. PJL IletpoB B cBOiX poboTax
ormmcye merox WTW-anamizy (well-to-wheel - «Bix cBepmoBrHN 10 KOJIECa»), 3aCTOCOBYBAHHUM TSI OI[iHKH
€KOJIOTIYHOCTI TOTO YW IHIIOTO TpaHcIopTHOTO 3acoly [3]. el mMeTox M03BOJISE KOMIUIEKCHO OXOIHTH
MOBHY OLIHKY €KoOaJaHCy NIpH TMEpeTBOPEHHI 1 TpaHcopMalii eHeproHocis 3 MEPBHHHOTO PECypCy B
KOPUCHY CHEpril0 pyXy TpaHCHOpTHOro 3aco0y. B poGoti [4] nouinbHicTh mpuabGaHHS eIeKTPOMOOis
OIIHIOETHCS Ha OCHOBI IOPIBHSAHHS BapTOCTI BOJIOAIHHSA aBTOMOOLIsA 3 JIB3 Ta enmekrpomobinsa. Bapricts
BOJIOJIIHHSI €JIEKTPOMOOIJISI BU3HAYAETHCS K CyMa IL[iHHM, BUTPAT Ha €JIEKTPOCHEPrilo Ta BUTPAT Ha TEXHIUHE
oOciyroByBanHss 1 peMmoHT. IlpuabanHA enekTpoMoOias JOUIbHE, KONM BapTICTh BOJOTIHHA
eJIeKTpoMOOisieM MeHIna, Hixk aBromoOiem 3 JIB3. Ha ocHOBi aHamizy miTepaTypHHX JDKEpen MOXKHA
3pOOMTH BHCHOBOK, III0 B OCHOBHOMY BHMKOHAHI JOCJI/PKEHHS JISTKOBHX €JICKTPOMOOLIIB SIKI CTOCYIOTHCS
MOKPALICHHS X XapaKTePHUCTHK 1 BIACTHBOCTEH Ta IEPCICKTUB PO3BUTKY [4, 5].

HUIb TA 3AJJAYI JOCTIIKEHHSA

ime pobOTH - BH3HAYCHHS E€KOHOMIYHOI Ta €KOJIOTIYHOI €(eKTHBHOCTI 3aCTOCYBaHHS BaHTAKHHX
€JIEKTPOMOOIJIIB B yMOBaX HaIllOi Aep>KaBH.

3amaui podotu:
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- po3po0Ka METOY OIlIHKA €KOHOMIYHOI e(DEeKTUBHOCTI BUKOPHUCTAHHS €JICKTPOBAHTAXKIBOK;

- BU3HAYEHH MMOKAa3HUKIB €eKOHOMIYHOT €(peKTHBHOCTI €KCIUTyaTallii BAHTAKHUX E€IEKTPOMOOIIIB.

PE3YJbTATHU JOCIIIKEHDb

Po3paxyHKM 111010 OIIHKH €(QEKTUBHOCTI 3aCTOCYBaHHS €JIEKTPOMOOITIB BHKOHAHI Ha OCHOBI
3arajJbHONPUNHATO] METOAMKH, a TAKOX JEIKUX METONUYHHUX II0JIOKEHb, 3alPOIIOHOBAHMX aBTOPAMHU.
OOrpyHTYBaHHS €KOHOMIYHOI €()EeKTHBHOCTI KaIliTalIOBKJIA/leHh B HOBY TEXHIKY AOIIBHO BECTH B TaKiil
nociIoBHOCTI [6]: BuOip OazoBoro BapiaHTa i OOIPYHTYBaHHS HOTO BUXIJHHMX TOKa3HUKiB; BU3HAUYCHHS
KOHKPETHHX TEXHIKO-eKCIUTyaTalliiHuX MMOKAa3HHKIB, Ha SKi BIUIMBAE 3alpPOBAKYBAaHUH 3aXiT; TOCIIHKEHHS
1 BU3HAa4YeHHA pO3MIpY 3MIHHM BEIWYMHH I[IOKA3HWKIB B PE3yNlbTaTi BIPOBAIPKEHHS; PO3PaXyHOK
eKCIUTyaTallifHuX BUTpaT, co0iBapTOCTI OJMHULII pPOOOTH, KaliTaJbHHX BKIAJEHb, BU3HAUYCHHS TEPMiHY
OKYITHOCTi KamNiTaJlOBKJaJeHb, PIYHOr0 EKOHOMIYHOI'O €()EKTy Ta IHIINX MOKA3HHUKIB €()EeKTUBHOCTI.

[Ipu pospaxyHkax e(QeKTHBHOCTI IHBECTHII BHU3HAYAIOTh BEIWYHMHY, fKa HaWOLIBII I[IKaBUTHh
cnokuBava. lle BennunHa, oOepHEHa [0 MOKa3HUKA €(PEKTHBHOCTI IHBECTHLIH - TEpMiH OKYIMHOCTI
IHBECTHIIIN:

TOK = M , DOKig @
Cdus - Ce)l

ne Kj,,; — KaniTaJoBKIIaicHHs BaHTaxiBku 3 JIB3, rpH;

K, — kamiTanoBKIIaieHHS eIeKTPOBAHTAXKIBKH, TPH;

Cyys — EKCIUTyaTaIiiHI BUTPATH BaHTaXiBKH 3 JIB3, rpH;

C,, — eKcIUTyaTaliliHi BUTPATH €IeKTPOBAHTAXKIBKH, TPH.

Jlo cknmamy KamiTaloBKJIaIeHb BXOISATh BHTPATH, MOB’s3aHI 3 MPUAOAHHSAM TPAHCIOPTHHUX 3acO0iB,
JOJTATKOBOTO 0OJaTHAHHS, KalliTaJOBKIAIeHHS B OyMiBIi Ta iH. Y BHMAJAKY 3aCTOCYBaHHS €IEKTPOMOOIIIB
e OyJe BapTICTh €JICKTPOMOOLIs Ta 3apsmHOoi craHIlii. EkcrutyaraiifiHi BUTpaTH BKJIOYAIOTh Oarato
CKJIaJIOBUX. AJie B JAHOMY BHIIQJIKY BPaxOBYIOTHCS TUILKU Ti CKIIa0BI, SIKi 3MIHIOFOTBCS T1iJT 4acC 3MiHU BHIY
TPaHCIIOPTHOTO 3ac00y.

ExcrutyaraniifHi BUTpaTH aBTOMOOUIS BH3HAYAIOTHCS Ha OCHOBI BHTPAaT Ha MOTOpPHE IajMBO
(emekTpoeHeprio), BUTpAT Ha TEXHIYHE OOCIYroBYBaHHS JBHIYHA 32 PIK, a TaKOX E€KOJIOTIYHOTO 30HMTKY
BaHTaXiBKoIO 3 JIB3:

C= Cnm +C060 +3€K,2pu 2

ne C, — BUTpaTH Ha MOTOPHE NAIKBO (EIEKTPOCHEPrii) 3a ik, 'PH;

C

o6c

BapTICTh TEXHIYHOro oOciyroByBaHHs [IB3 3a pik uacy, IpH, siKa BKIIOYa€ BapTiCTh:
MOTOPHOTI'0 MacJjia, MaCJIsTHOTO (ibTpa, MAJTUBHOTO (PiILTPa, HOBITPSAHOIO (iIbTPa, BAKOHAHOI POOOTH.
3€K — eKOJIOTIYHMIA 30UTOK BiJl /il BiAMIPaIlbOBAaHUX Ta3iB JIBUTYHA, TPH/PIK.

ButpaTy Ha manuBo (€JIEKTPOCHEPTiI0) TPAHCIIOPTHOTO 3ac00y 3HAXOATHCS 32 PopMyIIoIO:
C.. =10K.q,1,L,, 2pn 3)

ne K, — koedilieHT MmiIBUILCHHS BUTPATH ManuBa 3uMoro (npuiimaetses K, = 1,04);

O, — eKCILTyaTailiHa BUTpaTa nanmpa (enexrpoeneprii), 1/100 kv (kBm [ 200/100km);

1], — nina nanuBa (eneKTpoeHeprii), IpH;

L, — cepenniii piuHnii mpoOIir aBTOMOOLIA, TUC. KM (BHU3HAYAE€THCA TOOYTKOM JEHHOTO HpOOiry Ha
KUIBKICTh POOOYMX JIHIB).

36utku Bix mkigmuoi xii BI' apuryniB 3, aBromoOimiB 3 JIB3 panimie BU3HaYanuch Ha OCHOBI
METOJIMKH TI0 BU3HAYEHHIO MIKOJIH, 5K 3aBJA€ThCS PIYHUMHU BHKHJAMH IKIJUIMBAX PEUOBHH B atMocdepy
(I, rpH /piK) Asst BCAKOTO [DKEpea:

H[:]/*O‘*f*M,ng/pi}c (4)

Ie y — BEIWYMHA, IO BHU3HAYa€ HAHECEHY INKOAY OIHIEI0 YMOBHOIO TOHHOIO 3a0pyIHIOIOYOi
PEYOBUHH, I'PH /YMOBH. T;

o — 0e3po3mipHUil Koe(ilieHT BIAHOCHOT HEOE3MEeKH, MPUHMAETHCS 3aJIeKHO B TEpUTOPii, IO
MiNa1a€e i1 3a0pyAHEHHS;
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f — mompaBka, 1110 BpaxoBye XapakTep pO3CilOBaHHs 3a0pyIHIOIY0T PEYOBHHU B aTMOC(eEpi;
M — nmpuBenicHa Maca BUKUJIB IIKIUIMBUX PEYOBHH B aTMOC(EpY, T /piK.
B nmaniit poGoTi BenmunHa ) MPUIAMAETHCS PiBHOIO BapTocTi manusa (& ﬂn) — 25 TpH/KT. A TaKoX

3aMiCTh BeTMYMHA M B pO3paxyHKax BUKOPUCTOBYEThCS CyMapHa, IPUBECHA 10 OKCUIY BYIJIELI0, CyMapHa

MHATOMa Maca BUKM/IIB INKiIJIMBUX PEYOBHMH aBTOMOOLIAMHU B i310BUX muKiIax B atmochepy .G T/KM.

wp.y

Tomy exonoriuHuii 30UTOK 3, (TpH/pPiK) aBTOMOOIIS 3 TU3eNieM B i370BUX IMKIaX [/] BU3HAYAETHCSA TAaKUM
YHUHOM:

3e1< :§*G*f*ZGwP_H,2pH/piK (5)

BianosigHo 1uist Micta Ta nmpuMickKux teputopiii o = 8, f = 1,49.

S Gy = 2Ky *G, = =1%Gey +3.16* Gy, +41.1*Gyo +200%G,, e /ku,  (6)

ne 2K, » — KoedillieHT arpecMBHOCTI KOHKPETHOTO KOMITOHEHTA;

Gp — nuTomuil BUKUA B-TO KOMIIOHEHTA, I/KM.
Piuamii exkoHOoMiuHMII edekT BHU3HAYaE€ €(PEeKTHBHICTh BUKOPWUCTAHHS EJICKTPOBAHTAXKIBKU 1

PO3paxOBYETHCS 328 POPMYIIOLO:

C

E_H + 0u3_Ceﬂ_EH(Kaﬂ_K0u3)_
- Hous

P, +Ey

Heﬂ’sz’ (7)

ne L., L., — 11iHa aBTOMOOLIS 3 TU3EJIeM 1 elIeKTPOBAHTAXKIBKH, TPH;

Cous, Cop — €KCIUTyaTalliiHi BUTPATH aBTOMOOLIS 3 TU3EJIEM 1 €JICKTPOBAHTaXIBKH, TPH;

E,, — HopMaTUBHUI KOe]ilieHT e(PEeKTUBHOCTI;

Ky, K., — CyKyIHI KaniTanbHi BKIIAJICHHS, TPH.;

P2 — KOeIIiEHT peHOBAIlil.

EnexrpoBanrtaxiBky (puc. 1) sika Mae moBHY Macy 27 T i MOXe KOHKYPYBaTH B CBOMY KJIaci B MiCBKHX

Ta IPUMICBKHX MapIIPyTax 3 aBTOMOOUISIMH 3 Ju3esisiMHu OyJi0 cTBOpeHO Ha Jlynbkomy aBTo3aBoai «boragan-
Mortopc». Ii cTBOpeHO Ha 3aMOBIEHHs JAaTCHKOi KOMIIAHii, fKa XOdue BHMKOPHCTOBYBATH ii B SIKOCTI
cMmiTTeBO3a. Ha nmaHmii MOMEHT CTBOPEHO JBa 3pa3kH, sIKi MPOXOAATh BUIPOOOBYBAaHHS 32 KOPJIOHOM Ha
BIJIMOBIIHICTh BUMOTaM O€3IEKH 3TiIHO CTaHAapTIB €Bpory.

== A

Pucynok 1 — 3aransHuii Burnsa enexkrpoBantaxisku ERCV27

[Noka3HWKH TEXHIYHOI XapaKTEepUCTHKH ellekTpoBaHTaxiBku ERCV27 Jlympkoro apTo3aBojy

HaBeneHl B Ta0imi 1.

Tabauist 1 — TexHiuHa XapaKTEPUCTHKA eICKTPOBAHTAXKIBKH

ITokazHuk XapakTepucTHKa
Bup maci BararodyHkiioHassHe MOIYIHHOTO MPUHIHITY
Hecyuwnii enement IIpocTopoBa Hecyua cucremMa
Bun tpancwmicii Benxyda Bichk 3 amanToBaHMME MOTOP-KOJIECaMHU

CYYACH! TEXHOAOM B MAUIHOSYAYBAHHI TA TRPAHCAOPTI, 2020, Nel (14)
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KinbKiCTh eIeKTpOMOTOPIB 2
[oTyxHicTE MOTOpa max 125 kBT
min: 60 kBt
€MHICTh akyMynsiTopHoi Oatapei | 220 kBt/rog
Tepmin ciyx6u AKB 12 pokiB
3anac xoxy 220 kM
MaxkcuManpHa MBUIKICTE 80 km/Tonx
3HaXOHKCHHS OaTapeiHOTO .
Han nepennboro Biccro
010Ky
Komnicua opmyina 6x2
Turm mepemHBOI OCi KepoBaHa 3 He3aJIeKHOIO ITiIBICKOIO
Tun cepennpoi oci Bemyua
Tun 3anHKOT OCi KepoBana 3 HE3aJIC)KHOIO 1M1 IBICKOIO
BanTaxormigiioMHICTh 90T
Homyctuma maca 27 000 kr

B po60oTi BUKOHaHO MOPIBHSIHHSA MOKA3HHUKIB €IEKTPOBAHTAXKIBKY 3 MOKa3HHKaMu cMitTeBo3za MAN
TGS-WW, sikuii BuGpanuii B sK0CTi 6a30Boro BapianTta. Moro BaHTaOIi AHOMHICTS IPHOIN3HO TaKa XK, FK i
€JIEKTPOBaHTaXIBKA. TOMy 1 TpaHCIIOPTHA MPOIYKTHBHICTH OyZe OAHAKOBOIO. AKYMyIsiTOpHa Oatapes Mae
3HaYHy BapTicThb. 3asgBICHUA TEPMIH CIyXOHM aKyMmMyJlsaTopHOi Oarapei craHoButh 12 pokiB. OTXe,
npuaOaHHs €NEeKTPOBAHTAXIBKM OyAe IOUUIBHUM, SIKIIO TEPMiH OKYMHOCTI KaIliTaJoBKIaJeHb Oyne
MeHIUM 32 12 pokiB. [lopiBHsUTbHA XapaKTepHUCTHKA eIEeKTpoBaHTaXiBku Ta BaHTaxiBku MAN TGS-WW
HaBezeHa B Ta0nuui 2.

Tabnuus 2 — IopiBHsATIbHA XapaKTEPUCTHKA EIEKTPOBAaHTAXKIBKH Ta BaHTaKiBku MAN
ABtomMo06ine MAN

IToxa3nuk TGS-WW EnexrpoBanraxiska ERCV27
Ilina TpancopTHOro 3aco0y, TpH 6 750 000 10 800 000
ExcrnnyaramiiiHa BUTpara nanuBa, Ji/
100 kM, abo enexTpoeHeprii, KB1/roxg 38 250
Ha 100 kM
BanTraxxormigiioMHICTh, KT 26 000 27 000
O06’eM MOTOPHOIO Macja B CHUCTEMI 40 0
MalleHHs JIBUT'YHA, JT
Bapricts 1 kM nipo0iry, rpH 11,78 1,44
PiBeHb ekos10riyHO1 Oe3MeKH €Bpo-4 HynpoBi BUKHIN

3 Tabu. 2 BUAHO, IO I[iHA €JICKTPOBAHTAXKIBKY € 3HAYHO OLIBIION 3a IiHy aBromoOius 3 JIB3, omke
pi3HULA y 4 MIJIH. TPH. IOKPUBAaTUMETHCS HAATO JTOBro. AJie BapTiCTh OJHOIO KiIOMETpa HpoO0iry € 3HaYHO
MEHIIIOI0 332 PaxyHOK MEHIIOI BHTPATH HA EHEprilo Juisi 3a0e3ledeHHs pyxy. 3apsjika aKyMyJIsTOpPHOI
Oarapei enexkTpoMo0Oisst Oyae BiOyBaTHCh B HiUHUIT yac. ExcrimyaTamilina BUTpara majnvBa (eleKTpOeHeprii)
CMITTEBO3a BKJIIOYAE JIHIMHY HOPMY BHUTpaTH NajuBa (eJEKTPOCHEeprii) Ha mpoOir Ta BUTpaTy NaiuBa
(emexTpoeHeprii) Ha 3aBaHTAXXEHHS Ta PO3BAHTAKEHHS CMITTS. [lU3enbh BaHTaXXHOTO aBTOMOOLIA MOTpedye
MEepioIMYHOr0 00CIyroByBaHHs. [lOKa3HHKH BapTOCTi OJHOTO TEXHIYHOTO OOCIYTOBYBaHHS JIU3EINS
aBToMo0111 MAN HaBezneHi B Tabnui 3.

3a gaHuMH TiAnpueMcTBa «JIyIBKCIIEHKOMYHTPAHC» 3a JI€Hb aBTOMOOIIb-CMITTEBO3 BHUKOHYE B
cepenaboMy 150 kM npoOiry i B pik npairoe npudiauzno 330 aHIB, OT)Ke PiUYHUN NPOOIr CTAHOBUTHUME
npubsmuzHo 49 500 xwm. [lpwuitHsTo, mo TexHiyHe obcimyroByBaHHs (TO) gaHuUX aBTOMOOLTIB MPOBOAHUTHCS
yepe3 kokHi 10 000 kM, TomMy B pik BimOyBatumerscsi dotupu TO. Otxe 3aranbHa cyMa BHTpaT
cranoButuMe 25 600 rpH. EnekTpoaBuryH enekTpoMoOiis He moTpedye 00CIIyroByBaHHs, OTXKE 11 1€ OJHa
CTAaTTs €KOHOMIl KOILITIB Ha eKCIUTyaTaliliHi BUTpaTH. BaKIMBUM € Te, IO 3amac XOAy €JIEKTPOMOOLII He
MEHIIMH 3a moTpiOHMil cepenHbom000BHI TPOOIr. 3aBOA-BUPOOHUK JAEKIApye TepMiH CIyxOu
aKyMyJnsTopHoi Oarapei 12 pokiB, aje IOCBiJ eKCIUTyaTalii eJeKTPOMOOLTIB CBIAYUTD, LIO MiJ 4ac LOTO
TepMiHY MOTPiOHO 3aMIiHIOBATH TMEBHY KUIBKICTh OKPEMHX aKyMyJsATOpiB. Takok € JaHi MO0 IIBUAIIOTO
3HOUIYBAaHHSI MIMH eleKTpoMoOins [5]. B mopanemmx gociipKeHHs e moTpioHo Oyae BpaxyBaTH.
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Tabnuns 3 — BapTicTh 0JTHOTO TEXHIYHOTO OOCITYTOBYBaHHS JM3EIs

[Tokaznuk Iina, rpa
Maco MOTOpHE HalliBCHHTETHYHE 4 000
QinpTp MacIHUI 300
[NanuBauit QiALTP 400
IoBiTpsiHU# GinbTP 1400
Bukonana pobora 300
Pazom 6 400

[Ipu BUKOpHCTaHHS €NEKTPOMOOIIS Ma€ MicIle eKOJIOTIUHUH eeKT, a/Ke eNeKTPOIBUTYH He BUKUIAE
IIKIJIMBUX PEYOBUH. BUKUIM NIKIIJTMBUX PEUOBUH aBTOMOOLIS 3 TU3eIeM HaBECHI B TaOIuIl 4.

Tabmurs 4 — Bukuau ki yInBUX peYOBUH aBTOMOOIIS 3 THU3ETeM, T/KM
CcO CH NO TBepi yacTHHKH
0,50 0,05 0,25 0,025

Cranpapt
€Bpo 4

3a maHuMu TaOn. 4 BU3HAYEHI CyMapHi BUKUAM IIKIIJTUBUX PEUOBHUH [8] Ta €KOJOTIYHUN 30MTOK Bif
BHUKOpHCTaHHS aBTOMOO1ms 3 JIB3

BuxinHi gani Ui po3paxyHKy €KOHOMIYHOTO eQeKTy BiJi BHUKOPUCTAaHHS €JCKTPOBAaHTAXIBKU
HaBeJCHI B Ta0IUII 5.

Tabnuus 5 — Buxifni gaHi Aj1st po3paxyHKy eKOHOMIYHOTO eeKTy

okas [To3Ha- o ABTOMOO1JTH EnexrpoBan-
HASHHK YEeHHS UL BHM. MAN TaKiBKa
CyKyTHi KaImiTaJoBKIAIeHHS K TpH 6750000 10862500
CepeHiii piuyHuiA TpoOoir L, THUC. KM 49,5 49,5
H 1/100xm
OpMa BHTPAaTH MOTOPHOTO MayiBa a0 (kBT/rop 38 250
(enexTpoeHeprii) —_—
100 xm)
. IpH/I
Ilina MOTOPHOTO MajuBa 11, (rpH/kBT 25 0,579
(enexTpoeHeprii) Al
ro)
ExcrnnyaTtauiiiHi BUTpaTu C T'pH 882 945 71 651,25

CyKymHi KaIiTaJIOBKJIAJCHHS BKJIIOYAIOTh I[IHY TPAHCIIOPTHOTO 3acO0y Ta 00JaHaHHSI, SIKe HEeoOXiIHe
JUIS HOTO eKCILITyaTallii. Y BUMaAKy NpHUI0aHHS BaHTaXHOTO €JICKTPOMOOLIS 3 aKyMYJISITOPHOIO OaTapeero
BEJIMKOI €MHOCTI TaKUM OOJIaJHAHHAM € 3apsaHa craHuis. CepeqHs WiHA 3apsgHOI CTaHLil BaHTAXXHOTO
esleKTpoMoOins craHoButh 62500 TpH. Y BHnajaky npuabaHas aBromoOins 3 JIB3 aBromianpuemcTBo mae
HeoOXiJHe 00NaJHAHHS JJIsl HOro OOCIYroBYBaHHS, TOMY CYKYITHI KalliTaJIOBKJIAJIeHHs OyIyTh piBHI IliHI
aBTOMOOUIA. LliHM MOTOpHOTO MaNMBa i eNeKTpoeHeprii B3sTi Ha moyatok 2020 poky.

Po3paxyHKOBi AaHi piYHOTO €KOHOMIYHOrO €(EeKTy BiJl BUKOPHCTaHHS BaHTAXHOT'O EJIEKTPOMOOLIS
HaBeneHl B Tabym 6.

3 Tabmuui 6 BUAHO, IO PIYHUHA EKOHOMIUHUHM e(eKT Big BUKOPHCTaHHS €JIEKTPOBAHTAXKIBKU
CTaHOBHTH Oinblie MibiioHa I'pH. [IpaBUIBbHICTh PO3paxyHKIB MiATBEPAXKECHA OL[IHKOIO BaPTOCTI BOJOIIHHS
eJIeKTpoMoOisieM 3a MeToaukow [4]. B po0OoTi mpuitHATO, IO €KOJIOTIYHHI 30MTOK BiJ BUKOPHCTAHHS
CJIEKTPOTPAHCIIOPTY JIOPIBHIOE HYIO, aje IIe MOXIIMBO JIMIIE NMPH BUKOPUCTAHHI «EKOJIOTIYHO YHCTOI»
esektpoeneprii. To0To, miJ yac BUKOPUCTAaHHS €JIEKTPOMOOLIS Ma€e Miclie JIOKAIbHUN eKoJoriuHui edekt. B
Hallid JepkaBi 4YacTKa TEMJIOBUX EJEKTPOCTaHLiH, sIKi €, B OCHOBHOMY, BYTUJIBHUMH 1 3a0pyIHIOIOTDH
atMoc(epy, y 3arajJbHOMY BUPOOHHUIITBI eIeKTpoeHeprii ctaHOBUTh 29,5%. B noganbIimx A0CHIHKEHHSX 1€
notpiOHO Oyne BpaxyBaTu. BpaxyBaHHs €KOJOTiYHOTO €(EeKTy B HOro rpoOIIOBOMY €KBIBaJ€HTI BUKOHAHO
BU3HAYEHHSIM E€KOJIOTIYHOTO 30MTKY BiJl BUKOpUCTaHHS aBToMOO11s B JIB3 32 HaBeeHOO BHIIE METOAHUKOIO.
CyTTEBOIO TIEPEBAro0 EJICKTPOBAHTAXKIBKY IMiJ 4Yac ii BUKOPHUCTAHHS B MICBKHX yMOBax € OE3IIyMHICTD,
BIJICYTHICTh T1IPONPHBOAY B MEXaHI3Mi 3aBaHTaXCHHS CMITTEBOrO OYHKepa, a TaKoX OLIbIlIa 3PydYHICTh
KepyBaHHA y IOPIBHSIHHI 3 aBTOMOO1JIEM 3 MEXaHIYHOIO KOPOOKOIO Iepeaad.
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Tabnurs 6 — Po3paxyHKOBI JlJaHi €EKOHOMIYHOTO eeKTy

1 P — I1o3nHa- OmuHuI MAN EJ‘ICKTPOBaH-
YCHHS BUM. Ta)kKiBKa
Butparu Ha manuBo (eJIEeKTPOEHEPTi0) L, IpH. 415800 202554
Butpaty Ha 00CIyroByBaHHs JBUTYHA Cose TpH. 19600 -
Exosnoriunuii 30UTOK 3. I'PH. 263192 -
ExoHomiuHMii edext E TpH. - 1054365
Teleg OKYIHOCTI 3 BpaxyBaHHAM T, poKin i 6.9
€KOJIOTITHOTO 30UTKY
Teleg OKYITHOCTI 0e3 BpaxyBaHHS T, poKin i 11.9
EKOJIOT1YHOTO 30UTKY

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIAKEHHSA

3 BHKOPUCTAHHAM MaTeMaTHYHOI MOJENIi BCTAaHOBIEHO, IIO COOIBApTICTh TPAHCIOPTHOI poOOTH
CJIEKTPOBAHTAXKIBKH € BTPHYI MEHIIOI B 3B’SI3Ky 3 MEHILIOIO BapTICTIO €HEprii s pyxy. AJie TepMiH
OKYITHOCTi 0e3 BpaXyBaHHS €KOJIOT1YHOTO 30UTKY € 3HAYHKUM i CTaHOBHTH 11,9 pokiB. Bin npakTuyHO piBHUI
TepMiHy CiIyOu akymynsTopHOi Oatapei. Curtyarliss mie OUTBII TOTIPIIUTHCS TMPH 3POCTaHHI IIHH
CJIEKTPOCHEPTi, sIKe MOKEe BiAOYTHCS BHACHIIOK 301BbIIEHHS KUTBKOCTI €IEKTPOMOOLTIB 1 3pOCTaHHI MOMHUTY
Ha eJIeKTpoeHeprito. ToMy JuIs HalIMX YMOB JIOIUJIBHUM € 3MCHIICHHS IIHU €JICKTPOMOOUIS 332 paxyHOK
CHPOIIEHHS HOro KOHCTPYKIii. 30KpeMa, IOIJIFHO BiIMOBHTHCH BiJi KEPOBAaHWX KOJIC 3aqHBOI OCi i
BUKOHATH ii HEKEPOBAHOIO, a TaKOXX CHPOCTUTH OOJamHAHHS KaOiHM BOMIA: BIIMOBHUTHCH Bill KpYi3-
KOHTPOJIIO, CUCTEMHU 3a0e3MeUeHHS KYpPCOBOI CTIMKOCTI, CHCTEMH aBTOMATHYHOI HIATPUMKH ITOJIOKCHHS
Ky30Ba BiJHOCHO DiBHS JOPOTH. AJie 3arajioM Ha CBITOBOMY piBHI KOHCTPYKIS €JIeKTpOMOOiTiB Oyme
BIOCKOHAJFOBATHCE.

BUCHOBKH

Po3pobieHo mMeTon OIiHKM €KOHOMIYHOI e()eKTUBHOCTI BUKOPHCTAHHS BAHTAXKHHUX €JIEKTPOMOOLIIB.
BcTaHoBieHO, MmO JaHy EJNeKTPOBAHTAKIBKY EKOHOMIYHO JOLIUIFHO BHKOPHUCTOBYBATH HAa MICBKIX Ta
NPUMICBKIX MapIpyTax B YMOBax HAIOi JEpXKaBH 3a YMOBH, KOJH CEPEIHBOJO000BHH MPOOIr MEHIIHH 3a
3amac Xoay Ha OnHiH 3apsimui. Alle Ha JaHWK 4ac I[iHa BaHTa)XXHUX EJIEKTPOMOOUTIB € JyXe BHUCOKOK. B
HaIIi KpaiHi, Ha KaJb, 3apa3 E€KOJOTIYHUI 30MTOK Mallo I[iIKaBHTh BJIIACHUKIB TPaHCHOPTHHX 3acO0iB, a
TEPMiH OKYITHOCTI eNleKTpoMoOiis 0e3 BpaxXyBaHHsI €KOJOTIYHOTO ePEeKTy € IOCUTh 3HaYHHNA. BiH MpakTHIHO
piBHMII TEpMiHY CIIyKOM akyMyJsTOpHHX OaTapeil. ToMy JUis HamIMX YMOB € JIOUIJIBHUM CIPOLICHHS
KOHCTPYKIIii BAHTQXKHOTO €IEKTPOMOOIIIS UIS TOrO 00 3MEHIIUTH HOTO IiHY.
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V. Zakharchuk, O. Zakharchuk, O. Melnychuk. Expediency of using electric truks in Ukraine
The economic and ecological expediency of using electric trucks in Ukraine was substantiated. A substantial
advantage of electromobiles is the presence of a local environmental effect during their operation activity, as
well as lower operating costs. This is due to the lower price of electricity to provide traffic in comparison to
the price of automobile fuel. Furthermore, electromobile has lower maintenance charges. Therefore, electric
cars are becoming widespread in the world and in our country in particular. The evaluation method of the
economic efficiency of using electric trucks taking into account the absence of natural environment damage
was developed. Research methods are theoretical. By using mathematic simulation the economic factors of
electric trucks operation were determined. The research paper compares the characteristic signs of the
ERCV27 electric truck manufactured by the Lutsk Automobile Plant with the of the characteristic signs of
MAN TGS-WW car, which was chosen as the basic variant. Its payload is approximately the same as that of
electric trucks, so the transport specific output will be the same. Taking into account the reduction of
environmental damage, the payback period of investments of the purchase of an electric vehicle is almost
seven years. The accuracy of calculations was confirmed by the assessment of the owning cost of the electric
vehicle. The payback period without taking into account the environmental damage is twelve years, which is
equal to the service life of the accumulator battery. The reason for the significant payback period is that the
price of an electric car is very high compared to the price of a diesel car. Accordingly, for our conditions it is
reasonable to simplify the design of an electric truck in order to reduce its price.

Key words: electric truck, payback period, operating costs, capital investments.
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Jhyybkuti HayioHanbHUll MeXHIYHUL YHIgepcumem

IOPIBHAHHS IHTEHCUBHOCTI PYXY TPAHCIIOPTHUX 3ACOBIB B VKPAIHI TA Y
BEJIMKIN BPUTAHII II]I YAC IOLIUPEHHSA COVID-19

B crarTi pos3risHYTO BIUIMB IHTEHCHUBHOCTI momupenHs nanaemii Bipycy Covid-19 B Vkpaini Ta Benukiit
Bpuranii Ha 3MiHy Tpadiky AOpOXHBOTO pyxy. I IbOro mpoaHaNi30oBaHO BBEIEHI KapaHTHHHI 3aXOAH, SKi
3amo0iraroTh OLIBII IHTEHCHBHOMY HOTO MOIIMpPEHHIO. Po3risiianack iHTEHCUBHICTh PYXY TPaHCIIOPTHHUX 3ac00iB y
Benukiit bpuranii mig gac BBeAeHHS KapaHTHHHUX 3axoAiB. JlocmimkyBanach iHTCHCHBHICTh PYXY TPaHCIOPTHHUX
3ac00iB Ha OCHOBHHUX IepexpecTsax micta Jlynpka mia yac BBeACHHS KapaHTUHHUX 3aX0iB 3 12 Oepe3Hs mo 21 KBiTHA
2020 poxy. BeenenHns Taknx KapaHTHHHUX 3aX0/iB 3MEHITY€E IepEeMIIeHHs JIIOAeH y TPOMaAChKUN MiCIIIX.

BcTaHoBIIeHO, 110 BBENICHHS KapaHTHHHUX 3aXO/iB 3MIHIOE IHTEHCHBHICTH PyXy TPaHCIIOPTHHX 3acoO0iB.
[HTeHCHBHICTE pYyXy TpaHCHOPTY 3MeHHIMIAch Bix 35 1o 55%. 3amiTHMi MK 3MEHIICHHS IHTEHCHBHOCTI pYyXy
BiZIOYBCS y CYOOTY Ta HEALTIO.

Haii6inpmmuii mposiB 3MiHKM iHTEHCHBHOCTI pyXy TpaHCIOPTHHX 3ac00iB BinOyBcs 3 11 mo 21 kBitHs 2020 poky.
Bci 3MiHHM IpUBOIATE A0 HEOOXIAHOCTI 3MIHU PEXXUMY POOOTH CBITIO(QOPHUX 00’ €KTIB.

Taxi kapauHaNbHI 3MiHM B TpagiKy TPaHCHOPTHHX 3ac00iB BiAOyBAaIOTHCS MiJ Yac BBEACHHS KapaHTHHHHUX
3aXO0JiB, AKi HEMOXXJIMBO IITYYHO CTBOPHUTHU HiJ 4ac 3BUYAHHOTO JKUTTA 1 PyXy TPaHCIIOPTHHX 3aco0iB. Pesympratn
LUX JOCIIUKEHb MOXXYTh €()eKTHBHO BUKOPHUCTOBYBATHCH ITi/l 4aC MOJIETIOBAHHS PYXY, SIK TPAHCIIOPTHHUX MOTOKIB TaK
1 OKpeMHX TpaHCHOPTHUX 3aco0iB. OCOOJIMBO L€ MOJJIMBO BHKOPHCTATH IJIsI MOJIETIOBAaHHS PYyXy HPHUBATHOTO
TPaHCIIOPTY.

3MeHIIeHHsI IHTEHCUBHOCTI PyXy TPaHCHOPTHOTO IOTOKY JIO3BOJISIE MiABUIIUTH MOXKINBICTH BUKOPHUCTAHHS
JIOIaTKOBOI CHCTEMH BifOOpa’keHHS PEKOMEHIOBAHOTO PEXUMY PyXy BOAIAM OIS HPOi3Ay PeryabOBaHUX IUITHOK
JOpir ab0 MPOTHO30BaHUX MEPEIIKO 0€3 3YIHHOK.

Ki1ro4oBi ci10Ba: TpaHCTIOPTHI 3aC00H, IHTEHCUBHICTE pyXy, Covid-19, cBiTiodOpHI 00’ €KTH, IepexpecTs

BCTYII

JloCUTB BaXXKO CIIPOTHO3YBAaTH IHTEHCUBHICTD PYXY TPAHCIIOPTY B Ty YM 1HIIY MOPY JOOH y BUXIIHUN
g1 OyaHid neHb. Ha meil mokasHMK MOXXYTh BIUIMBaTH Oarato QaxtopiB. OAHUMH 13 TaKUX € HPUPOIHI
SIBUINA, KapaHTHHHI 3aX0JH, aBapii, MITHHICOBI MPOTECTH JIOAeH 1 T.J. Y 3B’SI3Ky 3 UM HEOOXIiIHO
KOpETyBaTH PEeXHM pPOOOTH CBITIOGOPHUX OO0’€KTIB Tiag KOKeH (akTop BIUMBY, ab0 cHTyamii, SsKi
CTBOPIOIOTHCS Ha I0pOTax.

VY 2020 pori oHUM i3 OCHOBHHX ()aKTOpiB BIUIMBY HA IHTEHCHUBHICTH PyXy € MOIIMPEHHS MaHAeMil
Bipycy Covid-19 Ta BBeleHHX KapaHTUHHHX 3aXO[iB JUIs 3MEHIIEHHS HOTO TOMINPEHHS.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA INPOBJIEMH

B VYxkpaini nommpenns nanaemii Bipycy Covid-19 3a odiniiinuMu naHuMy BiIOYBCS B KiHIII JIFOTOTO, &
nepumii J1abopaTopHo miaTBepmKeHni Bumanok 3 6epesns 2020 poky [1]. 3 Toro yacy npeicTaBHUKA BIaIH
00TOBOPIOBAIIM CTPATETIIO 1 XiJT MOJANBIINX Aii B YKpaiHi.

3 12 6epesnst odiniiiHo B YKpaiHi 3alpoBaPKeHO KapaHTUH y HaBYAJIbHUX 3aKjagax Ta HU3Ka 1HIIHX
niit anst 3ano6iranns crpimkoro nomwupenHs: Covid-19 [2]. Li 3MiHM MPakTUYHO HE 3MIHHUJIM IHTEHCHBHICTb
pyxy y Bonuncekiii obnacri.

3 19 Gepesns y micti Jlynbky NpUnUHSE MpauioBaTH Bech rpoMaacbkuii Tpancnopt [3]. Hani 3axonu
MOCIIPHUSUTA 3MEHIIICHHIO IHTEHCHUBHOCTI pyXy TpaHcmopty Ha 20%.

25 Oepe3Hs HaI3BUYAMHY CHUTYAaIlil0 3allPOBAMIIM 10 BCi YKpaiHi, a caM KapaHTHH HPOJIOBXKHIN 10
24 xBitHa [3]. B Toli e wac y BonuHcbkiii o0macTi 3adikcyBaiau HepLIMi BUMANOK 3apa’KeHHS BipycoM
Covid-19. B o6sacti po3amicTiiIu OJOK-OCTH TpH B’i37aX 1 BUi3iaxX. [HTCHCHBHICTh PyXy MpH IIbOMY HE
royvasna 3MEeHIITYBaTHCh, TaK SIK JIFOJIM 3 palOHIB TIOYaH i3IUTH MO TOBAPH JI0 00JIACHOTO IIEHTPY, HE 3HAKOYN
4yn Oyzie B OAAJBIIOMY TaKa MOXKJIMBICTb.

3 11 kBiTHA y BUXiAgHiI AHI Yy BoauHChKi 00nacTi BBOASTH PEXMM MaKCHMAJIBHOT'O OOMEXKEHHS
nepecyBanHs. 3okpema, 3 13.00 cyboru g0 06.00 moHeninka BOJWHSIH MPOCSATH HE BUXOAUTH 3 JIOMY a
HeoOXi/IHI TOBapy Ta KU KYIUISTH 3a3/1a1erias [3].

MiHicTepcTBO OXOpPOHHM 3[0pOB’S YKpaiHH TIOKa3alW CTAaTHCTUKY TIOMIMPEHHS Bipycy IO
Vkpaini (puc. 1) [4].
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Haii6inpmmmM ocepesikoM momupeHHs Bipycy cranmu YepHiBenbka, KuiBcbka Ta IBaHO-®paHKiBChKa
obmnacti. OdimiitHo minTBepmKeHo 72 BUMAAKH 3apakeHHS Ha Bomuni, a y micti Jlynpky 20 Bumaakis
cTaHoM Ha 12 xBiTHs [4].
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Pucynok 1 — ITommpenns Covid-19 B Ykpaini 3 25 Oepesns nmo 12 kBiths 2020 poky [4]

Posrnsnatoun curyariito y Benukiii Bpuranii, ge nepiue nommpenHs Bipycy Covid-19 BigOymnocs
MICSILIEM paHillle Mae HaCTYIHI TOKa3HUKH NomupeHHs (puc. 2) [5].
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Source: NHSE, Welsh Gov., Scotland Gov.

Pucynok 2 — ITomupennst Covid-19 y mictax BenukoOpuranii [5]

HaHy cTaTHCTUKY TOKa3aB mpeM’ep-MiHicTp Benukiit bpuranii y cBoemy mocrti y twitteri. Sk 6aunmo
JOCUTh BEJHMKI NMOKAa3HHKH IIOIIMPEHHS, 3Ba)KAlOUW HA T€, II0 MAacIITa0HI KapaHTHHHI 3aXOAW IOYalld
MPOBOJUTH TUTbKK y OepesHi wicsmi. [l mpukiaay HaBYalnbHI 3akinaad y BemukoOpuranii movanu
3akpuBaty 3 18 Gepesns [6], a iHII 0OMEKEHHS 10 pyXy TiJIbKH 3 23 Oepesns [7].

3aranom nmommpeHHas nanaemii Bipycy Covid-19 crana onHoro 3 ocHOBHUX mpobieM cBiTy 2020 poky.
BBelieHHsT KapaHTHHY TIPU3BENIO J0 3MCHIICHHS EKOHOMIYHMX TIOKa3HUKIB BCix KpaiH. B Haciimok
3MEHIIEHHS E€KOHOMIYHMX IIOKa3HUKIB BINIOBIAHO 1 3MEHIIUTLCS 1 KIABKICTB, SK BaHTAXHUX TakK 1
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MMacaXUPCHKUX TPAHCIIOPTHUX 3ac00iB. OCOOIHMBO 1€ CTOCYETHCS TPOMAICHKOTO TPAHCIIOPTY, SIKHM ITepECTaB
MpAIfOBAaTH HA MapIIpyTax 4aCTKOBO a00 HABITh MOBHICTIO [3].

Hacminku mporaosyioth, sk y 2008 pori y wac HacTaHHs ()iHAHCOBOI KpH3u ab0 HAaBITh OLIBII
KaTacTpoQivHi.

OIJIb TA 3AJAYI JOCJIKEHHSA

Hins pobotn mepenbavae mocmimpkeHHs BIUMBY maHaemii Bipycy Covid-19 Ha iHTEHCHBHICTH pyXy
TPaHCHOPTHHUX 3aCO01B.

OCHOBHMMH 3afadyaMu € JIOCTI/DKEHHS 3MIiHM I1HTEHCHUBHOCTI PyXy TPaHCIOPTHHX 3aco0iB Ha
OCHOBHUX TlepexpecTsx M. JIyIbKa Ta MOpiBHAHHS 31 3MIHOIO IHTEHCHBHICTI PyXy TPaHCIOPTY 1HIINX KpaiH —
Ha npukiaai Benmukoi bpuTanii.

PE3YJbTATHU JOCIIIKEHDb

Posrnsmaroun kapaHTHHHI 3aX0ad B YKpaiHi Ta BonmuHCHKiN 007acTi BUAUIIMO 3MiHY Tpadiky SK B
MICBKOMY TaK i B MiXkMicbkoMy pyci. [y BU3HaUeHHs IUX 3MiH OyJIM NPOBECHI NEBHI JOCHTIKEHHSL.

JocnipkeHHsT TPOBOAMINCH HAa JAEKUIBKOX OCHOBHHUX IEpEeXpecTsx Ta Byauusax wmicra Jlympka. 3a
OCHOBY OyJia B3fiTa IHTEHCHBHICTh PYXYy TPaHCHOPTY IO BBEACHHS KapaHTuHy [8] 1 Oyna mpupiBHSIHA IO
100%. Pe3ynbraTu ciocTepekeHb npeacTaBieHi y Burisiai rpadika (puc. 3).

P.%

BesE22228E

1213141516171819202122232425262728293031'1 2 3 4 56 7 8 9101112131415161718192021
bepesens Ksirens

Pucynok 3 — InTeHCHBHICTB pyXy TpaHcropTy y M. JIynpky mig yac nommpensas Covid-19

Sk BugHO 3 rpadivHOl 3aJEKHOCTI BBEJCHHS KapaHTUHY i yac nannaemii Bipycy Covid-19 cyrreBo
BIUIMHYB Ha PYX TPAHCIIOPTHHUX 3acO0iB. [HTEHCUBHICTH PyXy TpaHCIOPTY 3MeHIIMiIach Bix 35 mo 55% B
okpemi JHi. HalO1mbImmii ik 3MEeHIIeHHs] iIHTEHCUBHOCTI pyXy BiIOyBCs y BUXiIHI JTHI.

Hocnimkenns y Benukoi Bpuranii nokasanu pe3yibTaT BBeIeHHs KapaHTHHY (puc. 4) [5].
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Pucynok 4 — [nTeHCUBHICTB pyXy TpaHcnopty y Benukiii Bpuranii nix yac mommpenus Covid-19 [5]
TyT IHTEHCHBHICTh PYXY BCIX TPAHCIIOPTHUX 3aC0O0iB CATHYJA BIMMITKH HIK4e 40%.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIKEHHSA
[IpoBeneHMit aHami3 JIITEPaTypHUX HKEPENl IHTCHCHMBHOCTI PyXy TPaAHCIOPTHUX 3aco0iB y Benwukiit
BpuraHii Ta criocTepexeHHs 3a pyXoM TpaHCHOPTY Y M. JIYIIbKY HOKa3yIOTh, IO TaKi CEPHO3HI KaTaKIi3MH,
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SK emigeMii Ta MaHaeMii Mpy BBEICHHI KapaHTHMHHUX 3aXOJIB CYTTEBO BIUIMBAIOTh Ha 3MiHY Tpadiky i
PEeXHUMIB PyXy TPaHCIOPTHHX 3ac00iB. Yci Il 3MiHU PyXy TPAHCIIOPTHUX 3aC001B MAarOTh MOAIOHUH PO3BUTOK
B Pi3HUX KpaiHax.

CytreBi 3MmiHM Tpadika moTpeOyrOTh 3MiH ISl PEKUMIB POOOTH CBITIOPOpHUX 00’eKTiB. s
TPAHCIIOPTHUX 3acO0iB MiABHINYETHCS MOXJIIMBICTE 3aCTOCYBAaHHA METOAY pAaIliOHATBFHOTO TIPOI3IY
CBITIIOGOpHUX 00 €KTIB, AKHH TO3BOJISIE MPODKIKATA PETYIbOBaHI IUISHKH TOPOTH ab0 MPOTHO30BaHI
nepemkoan 0e3 3ynuHKH [9], Tak K 3MEHIIYEThCS IHTEHCUBHICTD PyXy TpaHCHOPTHUX 3aco0iB [10]. Binbmm
peTenbHi JOCHIHKEHHS MOXYTh OyTHM BUKOPHCTaHI ISl MPOBEAEHHS MOJIENIOBaHHS 1 BHECEHHS 3MiH B
Oprasizarfiro JOpo>KHbOTO PYXy fK 1 B YKpaiHi TaK i mo3a ii Mexamm.

BUCHOBKHU

B pesynbrati ornany JiTepaTypHHX JKepen OyJo po3rIsIHYTO iHTEHCHBHICTH momupeHHs Covid-19 B
VYkpaini Ta Benukiit bputanii. JlocmimpkeHo IHTEHCUBHICTD PyXy TPAHCIIOPTY HA OCHOBHHX TEPEXPECTAX M.
Jlynpka, sika mokasana, o KapaHTHHHI 3aX0I1 3MEHILIIN IHTEHCHBHICTD pyXY Bia 35 1o 55% B 3anexxHocTi
BiJ IHIB TwkHA. HalOinple 3MeHIIeHHsT IHTEHCUBHOCTI PyXy TPaHCIOPTHHX 3aco0iB BiAOynocs y BUXiIHI
nHi. Byno BimoOpaskeHO iHTEHCHBHOCTI pyxy y Bemmkiit bpuranii, siki mokasanu craj iHTEHCHBHOCTI pyXy
BCiX TPaHCHOPTHHX 3aco0iB 10 BiamiTku 40% [5].
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In the article the influence of the intensity spread of a pandemic virus Covid-19 in Ukraine and the
United Kingdom on the change of traffic. To do this, they analyzed the quarantine measures that were
introduced more intensive and prevent the spread of the pandemic. Authorities have introduced a regime of
maximum restrictions on the movement of people. Seen traffic of vehicles in the United Kingdom with the
introduction of quarantine measures. It was investigated by the traffic of vehicles on the major crossroads of
Lutsk with the introduction of quarantine measures from 12 March to 21 April 2020. The introduction of
such quarantine measures reduces the movement of people in public places.

It is established that the introduction of quarantine measures changes the intensity of traffic. The
intensity of traffic before quarantine was taken as a basis. The intensity of traffic has decreased from 30 to
45%. The greatest manifestation of change in the intensity vehicular traffic happens on Saturday and Sunday.
All this changes lead to the need to change the mode of traffic lights objects.

Such dramatic changes in traffic vehicles occur when entering quarantine measures. That we cannot
artificially create during normal life and traffic vehicles. The results of these researches can be effectively
used in modeling of motion traffic flows and individual vehicles. Especially it may be used to modeling the
movement of private vehicles.

Reducing the intensity of traffic allows increasing the possibility of using an additional system for
displaying the recommended mode of movement for drivers to travel on regulated sections of roads or
forecasted obstacles without stopping vehicles.

Keywords: vehicles, traffic intensity, Covid-19, traffic light objects, intersections
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ABTOMOBLII-POBOTU: MOXKJIUBOCTI TA HACJIJIKHA JIJISI TPAHCIIOPTHOI
CUCTEMUA

VY 1bOMy TOCHIKEHHI JJOCHIKYIOTHCS MPOOJIEMH Ta MOXKITUBOCTI, TIOB's13aHi 3 TPAHCIIOPTHOO TMOJIITHKOIO, SIKi
MOXYTh BHUHHKHYTH BHACTiJJOK HOBHUX TEXHOJOTili aBTOMOO1IiB-poOOTIB(A-P). Ili TexHoNOTrii MOXYTH 3HH3HUTH
TPaHCIOPTHI BUTPATH Ta 30UIBIIHUTH JOCTYIHICTB Ui 0ci6 3 mpoGiemamu MoOUTBHOCTI. Ll HOBa TEXHOJIOTIS TaKOXK
Ma€e JaNeKOCSDKHI 3aCTOCYBaHHS Ta HACHIIKH, IO MEpPEeBHINYIOTH yci HOTOYHI OdikyBaHHS. HeoAMIHHOIO 4acTHHOIO
MIEPCIICKTUBHOTO PO3BUTKY A-P € 3B’SI30K MiX aBTOMOOUTAMH Ta iH(PAacTPyKTyporo (IIKIIOYEHI TpaHCIOPTHI
3acobu). IcHye Benukuil po3puB 3HaHb B TEXHOJOTIAX MIOJO0 MAapIIPYTH3aLii MOBEIIHKH. TEXHOJIOTIS MiAKIIOYEHHS
aBTOMOOLIS JJa€ YyZOBY MOJKIUBICTH BIPOBAAUTH €(PEKTUBHY Ta 1HTENEKTyalbHY CHCTEMY MapIIpyTu3amii. 3 wLi€ro
METOI0 IPOIOHYETHCS KOHIENTyaJbHAa HaBiralmiiHa Moaens Ha OcHOBI ¢uoty A-P, 4axi 1eHTpamizoBaHO
BiJIPABISIOTHCS TI0 MEPEXKI, IO MPAarHyTh ONTHMI3yBaTH CUCTEMY.

B po6oti mocmimkeHO Taki OCHOBHI (akTopu: MailOyTHI MOXKIHMBOCTI, @ TaKOX Ha MOXKIHBI IEPEIIKOH,
MOB'sI3aHi 3 TeXHONOTiEr0 A-P; onTuMizalis HaBiramiiHoi Moaem A-P s mokpalieHHs MapmpyTH3allii i JOPOKHBOT
00CTaHOBKH.

KorouoBi ciioBa: aBTOMOO1IB-pO6OT, aBTOHOMHHH TPAaHCHOPTHHI 3aci0, MiAKIFOYEHUH TpaHCIIOPTHHH 3acil,
HAaBIirarist aBTOMOOLIIS, ONTUMAJIBHICTh CHCTEMH, PO3YMHA TPAHCIIOPTHA CUCTEMA.

BCTYII

HoBi TexHomorii B cmikyBaHHI Ta POOOTOTEXHIIl CYTTEBO BIUIMHYIW Ha HAaIl MIOJSHHHHA CIIOCIO
KUTTS, IEPEBE3eHHS He € BUHATKOM. L{i TeXHOI0ril NOPOIMIIN MEPCIEKTUBY TEXHOJIOTI aBTOMOOLISI-po0oTa
(A-P), sixa cnpsiMoBaHa Ha 3MEHIICHHS aBapili, CIOKMBaHHS €Heprii, 3a0pyIHEHHS Ta TEpeBaHTaKEHb,
OJTHOYACHO 301BIIYIOYH TPAHCIIOPTHY JOCTYIHICTh. X04a ies TPaHCTIOPTHUX 0e3 BOJIIB 3aC00iB iCHY€E BXKe
JECATWIITTS, HETIOMipHI BUTpPaTH TalbMyIOTh MacmtabHe BUpoOHMUTBO [1]. TwM He MeHII, B OCTaHHE
JECATHJIITTS CIIOCTEPITraocs MPUCKOPEHHS 3yCHIIb Y Taly3i JOCIIKEHb Ta po3po0oK, 11100 JTOBECTH i1et0 A-
P no mpaktumunoi peamizauii. Hampuxman, mosBa aBTroMoOina Google BukiIMkaga 4uMaluil pe3oHaHC.
ABTOMOOiIPHA TIPOMHCIIOBICTh BUTpadae 0im3bko 77 minbspaiB eBpo Ha HIJIKP mns toro, mo0 po3BuBaTH
1HHOBAIIIT Ta 3AJTUIIATHCS KOHKYPEHTOCTIPOMOXHUMH [2, 3].

[IBuakuii pPO3BUTOK KOMYHIKAIIIMHUX TEXHOJIOTIH Ta HEOOXIMHICTh 3aJI0BOJIBHUTU TMOMUTH
CTapilouoro HacelleHHS B PO3BMHEHHMX KpaiHaX MMOTEHIIHHO 3poO0mimn A-P HeoOXimHICTIO Ta >KHUTTEBO
BKJIMBOIO TapaaurmMoro Oi3Hecy [4]. Jleski BueHI HANOJETJIMBO MONEPEKAKTh PO T, MO0 HOBI inei Ta
TEXHOJIOTi1, Taki K COIliaJibHI Mepexi, cMapTGOHU Ta ayAiOCHCTEMHM, HAIOJIETJIUBO IMOINEPE/DKAIOTh, 10
na"amadT TPAHCHOPTY IIBUAKO 3MiHIOETHCS [5-7 . Ilpukman — Uber, Sikuii 0XOIJIIO€ MicTa HAaCTUIBKH, LI0
Takci KOMIIaHII HaMararoThcs 30epertu Oi3Hec 1 3ajMIaThCs KOHKYPEHTOCIIpOMOKHMMHU. Manyika Ta iH.
BKITIOYA€ aBTOMATHU3AIIIF0 TPAHCIIOPTHHX 3aC00IB y CIIMCOK JIECSTH KPalIUX TEXHOJIOT1H MaiOyTHHOTO.

B pesynbTati kopcTKOI KOHKYpeHLii cepes; BUpoOHUKIB aBToMoO1miB 2020 pik OyB BHU3HAUCHHH SK
TOPU30HTHUH piK, 100 NMponoHyBaTH KoMmepuiliHi A-P 3aransHomy punky [1]. Ha pucynky 1 npeacraBieHi
MPOTOTHUITA aBTOMOOLITIB POOOTIB OCHOBHMX I'PaBIIiB aBTOMOO1ICOyAiBHOrO puHKY [8]. MOXIMBO, cepenrHa
MOTOYHOTO CTOJIITTS MPHUINAAYyTh Ha 3piai poku puHKY A-P. Ha ocHOBI po3ropTaHHsi Ta TpUHAHATTS
MOTMEPEHIX TEXHOJIOTiH PO3YMHHMX TPAHCIOPTHHX 3aco0iB (TakuX SK aBTOMAaTW4HAa KOpoOKa mepenad Ta
riOpugHo-enekTpuuHuii npuBin) [9], mporHo3 mnepembadae, mo g0 2040 poky ouikyerbcs, mo A-P
CTAaHOBUTUMYTh 0Jiu3bk0o 50% MpoAakiB TpaHCIOPTHUX 3ac00iB, 30% TpaHcmopTHUX 3ac00iB Ta 40% BCix
TPaHCHOPTHUX 3aco0iB. ToMy HaJI3BUYallHO Ba)KIMBO OYTH TOTOBHM JO TaKMX MOMJIMBUX CHTYyalid Ta
PO3yMiTH MailOyTHI BUKIIMKH Ta MOKJIMBOCTI.
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BMW Mercedes-Benz Nissan Google General Motors
ABTOMOGinb 5 Series S 500 Intelligent Leaf EV Prius and Lexus Cadillac SRX
(modified) Drive Research (modified) (modified) (modified)
Vehicle
. *Bineokamepa * Crepeokamepa 16U
Knwyosi BiACTENYE PO3MITKY 6 P 6 P * MepeaHilt i 64Ut * | |DAR Ha [axy * Kinbka nasepHmx
TexHonorii 34MTb 0B €K™ pajapu BUAB/ISE NpeaMeTH natuukis
cmyruTairae nonepeay s 3D * Kamepa HagKko/o MawmHM 83D * P/IC
fsgogugs:aﬁ(r ; * Aosatkosi KBMEPU -+ Mepepn, sappita Kamepa sonomarae * IndepeHyianbHmii
AlonIoRALIAR! HuTatort A0POXHI Biuki nasepHi BUAB/IATY 06'eKTH GPS
ASTUVIKV BUABJIAIOTE  sHakm Ta BUABAAIOTE  cyayepy * MNepeaHiit i GiuHmi * Kamepu
:5:2:::;3 S mobopy * Homupm paaapy * Liywe Touna kapra
*BiuHi nasepHi aF:-II'IeCK;c—Jgo;K(')rS ™ LWIMPOKOKY THI * |HepLiliHe NoIoK eHHA
AaTYMKM 2“ paglycy Kamep# noKasyloTb BUMIPIOBANbHOI OAUHM L
; OTO4eHHA BOAiA Ta BiACTEXYE NONOXKEHHA
*yﬂpra3ByKOE| * |H¢paquBOHa MaLIMHY * ﬁ'oniCHme vone
[aTumKM Kamepa Aep

* AndepeHuianbHuit
GPS
[yxe To4YHa KapTa

* YnbTpassyKosi
AaTYnKK

BiACTEXYE pyX
* [lyke TouHa KapTta

Pucynoxk 1 — TumoBi cnenndikarii aBToM001TiB-pOOOTIB

A-P noB's3aHuii 3 pi3HOMaHITHIMHU MTO3UTUBHUMH BIUTMBaMH Ha CYCIHiJILCTBO, TAKUMH SIK Oe3MeyHima

TPaHCIIOPTHA CHUCTEMa, HIDKYA BapTICTh TPAHCIIOPTY, a TAKOXK YMOXIIHUBICHHS MOOLTBHOCTI [ytst mmoaeit. Taxki
MO3UTHBHI HACHIIKA € pPYOIHHUMH CcujiaMu TosiBH  A-P-TexHonorii, mo poOuTh ii KXUTTE€3MATHOIO
E€KOHOMIYHOIO MOJICJITIO B HAHOIIKIOMY MallOyTHEOMY.

=N

napagurmu A-P HeoOxigno: "Iligkmrouenuit” Ta
a00 «miIKITIOYEeHU TPaHCTIOPTHHUN 3aci0» MO3HAYarOTh TEXHOJOTIi, IO 3a0e3MeYyIOTh KOMYHIKAILII0 MiX
yciMa KOMIOHEHTaMH TpPAHCIIOPTHOI Mepexi, sKi HaJalTh JOMOMOTYy abo 3allikaBJIeHUM ocobawm,
BKJTFOUAIOYH IMIIOXOJiB, OPTaHM BJaJM Ta TPAHCIOPTHI 3acobu, a Takox iHQpacTpykTypy. Ha puc. 2
MOKa3aHO KOHIIETITyalbHE 300pakKeHHS CHUCTeMH MiAKIIoueHHS A-P 70 €IMHOrO HEeHTpy KepyBaHHS Ta
00poOku nanux. [ligKI0YeHU KOMIIOHEHT BUMAaraTuMe BEJIMUYE3HOT KUIBKOCTI JaHMX 3 Pi3HUX JoKepen. Sk
pesynbrat, "Big Data" — e TepmiH, SIKUH BUKOPHCTOBYETHCS JJIS ITiIKPECIEHHS BAXKIIMBOCTI 0OPOOKH TaKoi
Oe3npereIeHTHOT KUTBKOCTI iH(opMaIlii, s Kol MOTpiOHi cremianbHi MOJI0KEeHHS, BKIFOYAI0YH IIPOrpaMHe
3abe3neueHHs Ta 00IaTHaHHS.

108

og'exT

A-P noBuHHI po3risaarucs, sk 6araronpodinbHa TexHomoris. s 3a0e3nedeHHs yeHimHoi poboTH
"Big Data" [10]. BiamoBigHO, TepMiHAME «ITiAKITFOUSHUID)

lpyna agToMoGINIB

TpaHcnopTHKHA

BanodiraHHA iTKHEHHRA
3 MIWOXOHaMH

TexHIMHE 3aGEINEYEHHA
“ronoeHol xenni”

KoHTpone WenakosT

BigcninkoBysasHA
POIANEHOT CMYTA
L]

il — VOF link

ey V2B link
g V2V link

LieHTpanbHui wnws

Pucynoxk 2 — IpeacraBicHHs MiIKIOYCHUX TPAHCIIOPTHUX 3aC00IB Ta iIHPPACTPYKTYPH
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KokeH 3 X KOMITOHEHTIB € a00 OyB IPEIMETOM IMIUPOKHX MOCHTIDKEHb YV PI3HUX Talmy3sX. Takum
YUHOM, TEXHOJIOTII0 aBTOMOO1TIB-poOOTI MOXKHA PO3MISIIATH Ha IEepeXpecTi 0araTboX AUCITUILTIH, TAKAX SIK
TPaHCIOPTHA HayKa, eJEeKTPOTEXHiKa, iH(popMaliiHI TeXHOJOrii, mporpamMHe 3a0e3neveHHs Ta TEXHi4HE
oOyaHaHHsI, PaBo, €THKa Ta (inocodis.

AHAJII3 JITEPATYPHUX J’)KEPEJI TA IOCTAHOBKA INPOBJIEMUA

[lepma cnpoba cipssMyBaHHS TPAHCIIOPTHUX 3ac00iB 6e3 BOMIA JaTyeThes Ha movatky 1920-x pokis
Ta HaOpana o0eptTiB y 1980-x pokax, KoJu JOCHIIHWKAM BJIAJIOCAd PO3POOUTH aBTOMATHU30BAHI CHUCTEMHU
aBTOMOOUTEHUX mopir [13-15]. Ile mpokiano MUISX A IMOKIIOYeHHS HAaMliBaBTOHOMHUX Ta aBTOHOMHHX
TPAHCIIOPTHUX 3ac00iB 10 iH(pacTpykTypH moce. A-P Oynu cnpoekToBaHi B OCHOBHOMY B HimewdwHi Ta
CIIA mpotsirom 1980-2000 pokis [5, 16].

A-P 3aBnsuyroTh CBOIM ICHYBaHHSIM JOCHI[PKEHHSIM O€3MUJIOTHOrO OOJaJHaHHS, NPOBEICHUMHU
000pOHHHM CceKTOpoM, BimomuMm Tig Ha3Bol (DARPA) areHTCTBOM MPOrpECHBHUX IOCIITHHUIIBKUX
npoekTiB o0oponHux nocmikeHs CHIA. Cranom Ha nunensp 2015 poky cymapHuil mpoOir aBTOMapky
Google 6e3 BOAIIB CTAaHOBUB TOHAJ MIJTLHOH MIJIb, ITiJ] Yac ILOTO OyJo 3adikcoBaHO nuiie 14 HE3HAUHUX
JIOPOXKHBO-TPAHCIIOPTHHUX MPUTOJ HA JI0OPOrax 3arajlbHOro KopuctyBaHHA. OnHaK y BCiX BHmaakax A-P He
OyB BuHeH; nepeBaxkxHo [ TII craBamich y pexkumMi pydHOTO KepyBaHHS a00 BHHEH OyB IHIIHIA BOJii BUHEH.
Tum He menm, nepma JTII, B sikiit aBTomo6ins Google BusiBUBCsSI BUHHUM, cTaiacs 14 mororo 2016 poky,
KOJIF aBTOMOO1IIb BIapuBcs B 60pT aBToOyca B MicTi MayHTiH-B'10.

BaxnmBo 3a3HaunMTH, IO piBEeHh aBTOMAaTH3allii MOXKE 3MIHIOBATHUCS BiJ HYJIS OO TOBHOL
apromaruzanii. NHTSA (HamionanbHe ynpaBimiHHS O€3MEKOI pyxy Ha Tpacax) IOJIISE€ aBTOMaTH3AIlI0
TPAHCIIOPTHUX 3aCO0IB HA M'SITh PIBHIB:

e Bez asmomamuzayii ( pisens (0 ) Bomiit y Oyap-Kkuii yac Ma€ MOBHE Ta €JIWHE YNPABIiHHS Ta
yIpaBiliHHS aBTOMOOIJIEM MIOAO PYJIbOBOTO KEPYBaHHS, TajlbMYyBaHHS, IPOCENBHOI 3acIiHKU Ta
pyLIiiHOT chn.

o Dyuxyionanvna asmomamuszayis ( pieenv 1 ) Jleski KOHKpeTHI (GYHKINI ympaBIiHHS, Taki sK
€JIEKTPOHHUN KOHTPOJb CTIHKOCTI a00 rajibMa 3 TIOTIepeTHIM 3aBaHTaKEHHSM, aBTOMATH3YIOThCS.

o Asmomamusosana kombinosana gynxyis ( pisens 2 ) IpuHaiiMHi 1Bi OCHOBHI QYHKIIT YIIPaBIiHHS,
TaKi K aIalTUBHUK KPYi3-KOHTPOJIb y TIOEAHAHHI 3 KOHTPOJIEM CMYTH PyXY aBTOMaTH30BaHI.

o Obmedicena asmomamuzayisi camocmiiuno2o 600inns ( pieenv 3 ) 3a NEBHUX JOPOXKHIX abo
EKOJIOTIYHUX YMOB BOJIiH TMepeqac TOBHUM KOHTPOJb HaJ yciMa BaKIMBUMH Ui Oe3leKu
(GYHKIISIMU 1 B 3HAYHIH Mipi MOKJIAAA€ThCd HA TPAHCIIOPTHHH 3aci0 JUIsS CIIOCTEpeKeHHs 3a Oyab-
SIKUMH 3MiHaMH YMOB, III0 BHMAararmTh TMEPeXOJy IO YIpaBIiHHS BoaieM. Bopiii moBuHeH Oyje
BiJIHOBHUTH YTIPaBIiHHSA TPAHCIIOPTHHUM 3aC000M, ajie 3 IOCTATHIM MePEXiTHUM JaCOM.

o [losna asmomamusayis camocmiiinoeo 600inns ( pisens 4 ) ABTOMOOITH PO3POOIECHUHA IS
KOHTPOJIIO CTaHy JOPOXHBOTO MOJOTHA Ta aBTOHOMHOI pOOOTH, BUKOHYIOYH BCI KPUTHYHO BasKJIUBI
115t 6e3nexu pyHKIIT BOAIHHS MPOTITOM YCi€el Moi3aKu (pisens 6e3 600is).

A-P mpamoioth Ha TpuQasHiii KOHCTPYKIii, BIAOMIH SIK «CEHC-TUIAH-Ais», IO € TMepPeayMOBOIO
Oaratbox poboroTexHiuHux cucteM [17- 19]. CyrreBuii Bukimk st AP momnsirae B ToMy, o6 3po3yMiTH
CKJajHe Ta aAuHaMiuHe cepenosuimie pyxy [1 , 20]. 3 mieto meroro A-P ocHaimieHi pi3HOMaHITHUMH
JaT4vKaMy, Kameporo, pajapaMy TOIIO, $Ki OTPUMYIOTh HeoOpoOieHi maHi Ta iHpopMamio 3
HaBKOJIMINHBOTO cepenoBuiia. [loTiM Il JaHi ClIyryBaTMMYTh BHUXIJHUMHU JIAHUMH JUI TPOTPAMHOTO
3a0e3MeyYeHHs, sIKe PeKOMEHYBao O BiAMOBIIHI 1ii, TaKi SIK IPUCKOPEHHS, 3MiHa CMYTH PyXy Ta OOTiH.

st BUpilIeHHS Takoi ckiIagHoi poOOTH BUKOPUCTOBYETHCS KOMOiHawlis TexHONOrid Harmsagy [21].
3a3Buuail 1e 3aBjaHHs BUpINIyeThcs KomOiHamiero panmionokamiiiHoi cranmii (PJIC), migapa (TexHounoris
JUCTAaHIIMHOTO 30HAYBAaHHS AJISl BUMIPIOBaHHS BiICTaHi HIISIXOM OCBITJIIEHHS 00'€KTa Ja3epHUM HPOMEHEM
Ta aHaii3y BiIOMTOro CBiTJIA Ta Yacy HOro pyxy), a TAKOXK CHCTEMH MOHO- a00 cTepeokamep (puc. 3).

Ilepesacu ma neooniku AP

Xoua TpaHCIOPT € 3acO00M CHpHUSHHS PO3BUTKY CYCITIBCTBA, BIH HEMHHYYE TOETHYETHCS 3
HETaTUBHUMH 30BHILIHIMH SIBULIAMH, TAKUMH SIK 3a0pyIHEHHS, aBapii Ta JIIOACHKI >kepTBU. IcHye Benmka
KUIBKICTD JOCHIIIKEHb, 110 OI[IHIOIOTH I[i BATPATH 3 TOYKH 30pYy TPAHCIIOPTHUX 3aC00IB, KEPOBAHUX JIIObMH.
L{i BuTpaTH BiIPI3HSIOTHCS BiJl MPSMHUX TOHECEHUX BUTPAT, TAKUX SIK BapTICTh OCH3HMHY, 0OCIyrOBYBaHHS
TPaHCHOPTHHUX 3ac00iB, peecTpalis TPaHCIOPTHUX 3aco0iB Ta JiIEH3yBaHHS a00 KBUTKM Ha TPOMAaJCBKUI
TPaHCHOPT.
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BIAEOKAMEPA NIJAP
Kamepa, BcTaHoBieHa 6inA [Jatuvk, wo obepraeTbca Ha Jaxy,
A3epKana  3agHboro  Buay, CKaHye 0bnacTb B pagiyci 60 meTpis
BuABAAE CBiITI0GOPU Ta Byab- oA CTBOPEHHA JANHAMIYHOI,
AKi pyxomi npegmeTu. TPUBMMIPHOI KapTu cepeaoBuLLa.

JOATYMKN BIACTAHI
YoTnpw pagapu, Tpu B nepesHLOMY
6amnepi i oAMH B 334HbOMY
6amnepi, BUMIpIOIOTL BiACTaHI A0
Pi3HMX nepewkoa i [03BONAKOTH
cuctemi 3HU3UTU WBUAKICTL
aBTOMObinA.

Pucynoxk 3 — Komynikaniiiai rexsomorii A-P [27]

30BHIIIIHI BTPAaTH — II€ TIPUXOBaHa BapTiCTh, HAKJIaJIeHA HAa CYCIJIBCTBO B IIJIOMY; BOHA BKIIIOYA€E TaKi
BUTPATH, SIK 3aTOPH, aBapii Ta MOTiPLUICHHS CTaHy HaBKOJIUIIHBOTO CEPEIOBHILA, 8 TAKOXK Oe3IeKy.

B3arani, BBaxaeThcs, M0 TEXHONOTisI A-P 3Ha4YHOIO MipOI0 MOXKE TMOTCHIINHO 3HAYHO 3MEHIIUTH
(sKmo He ycyHyTH) 0araro 3 IUX ICHYIOUMX HETaTUBHHMX 30BHIIIHIX e(eKkTiB. 3a OAHI€I0 3 OLIHOK, i
30BHIITHI BUTPATH MOXXYTh OyTH HACTLIEKY K BUCOKHMH, 5K I[iHA HA TalIbHE, K€ HAKIIATAETHCS CYCIIIBCTBY
B IIJIOMY, BKJIIOYAlOYH OCi0 3 HU3BKHUM pIiBHEM JOXOAY, SKi BHKIIFOYHO 3aJI€kKaTh BiJl TPOMAJCHKOTO
TpaHcnopty [5]. AP Takoxx MOXyTh CTBOPHTH JOJATKOBI MEpeBaru, Taki sSK MiJBUIIECHHS IOCTYITHOCTI Ta
MOOUITBHOCTI Ta HaBITh MMOKPAIICHHS BUKOPUCTAHHA 3eMJIi. X04a MOXKYTh OYTH CYTTEBI HEIOJIKH, OB’ sI3aHi
3 A-P, nommpena nymka, 1o i HeJOJIIKH 3HAYHOIO MIpOIO IIEPEeBaKa0Th NepeBart.

besnexa ma JATII

Tennenmis 3MeHIIeHHs! KibkocTi aBapiii y Crionyuennx IlItatax [23] 3aBasdye HOBHUM TEXHOJOTIsM,
TakuM gk noxymku Oesmexu, ABS, ESP, GokoBux aiipOeriB Ta cucTteMaM IONEPEIDKEHHS Mpo J0OOBE
3ITKHEHHS, SIKI € OCHOBHUMHM KOMIIOHeHTaMU A-P. 3okpema, nesiki OCIiIKeHHS OLHIOIOTh, 1110 3MEHIICHHS
ATII Moxe CTaHOBHUTH JO TPETHHH, SIKOM BCI TPaHCHOPTHI 3acO0M OCHAIlleHI ajanTUBHUMH (apamu,
cHCTEMaMH TIOTIEPEPKEHHSI PO JI0OOBE 3ITKHEHHS, IONEPEKEHHS PO BiA'131 3a CMyTy pyXy Ta IOIOMOTH
YHUKHEHHSI CINuX M [24, 25, 26], ski BigHOCATHC 10 piBHA 0 abo piBHSA |1 aBTOMaTH3aIlii TpaHCIIOPTHUX
3ac00iB. JIIOAChKI MOMMJIKM COPUYMHIIN OUThIN HiK neB'ssHocTo BigcoTkiB JATII [27]. Takum unHom, A-P
MOBHHHI MaTH MOXJIMBICTB 3amodiratu 3HauHid Kinbkocti ux JTTI, y cBoro uepry ycyBarwo4u MepeBaxHy
OLIBIIICT yCiX 3aTpUMOK Tpadiky [5].

3amopu

Bininstore Tpu OCHOBHI (akTopu, 1MoB’si3aHi 3 A-P, siki BIUIMBalOTh Ha 3aTOPH MO3WTHUBHO, & 1HOJI i
HeraTUBHO [7]: 1) 3MeHIIEHHA 3aTPUMKH PyXy dYepe3 3MEHLICHHS aBapiii TPaHCIIOPTHHUX 3aco0iB; 2)
MiABUIIEHHS MPOIYCKHOI 3AaTHOCTI TPAaHCIIOPTHOI Mepexi; Ta 3) 3MiHM 3arajbHOTO MPOWAEHOrO HUISXY
aBTomMoOutem. Ilepenbauysane ckopouenHs [ATII mpussene j0 MEHIIMX 3aTPUMOK 1, B CBOIO Yepry,
MiABUIIEHHS HAAIMHOCTI TPAHCIIOPTHOI CUCTEMH. 3MiHH JOBXUHH HpoiiaeHoro muisixy (ATIL) yepes mosBy
A-P 3anumaroTbCs HE3pO3yMUIMMH, X04a AEsKi JOCIITHUKN BBaXaroTh, 1o JIII nacnpaBai 301UIbIIUTHCS
("edexT Binckoky") [9]. Ans bOT0 BOHM MaHIMYJIIOIOTH HA MOEJHAHHI TaKUX QakTopiB, sk joaatkosa JTTLI
yepe3 caMo3alpaBiICHHs Ta CaMOCTIHHE apKyBaHHsI, MOKPAICHHS eKCIUTyaTallliHUX MOKAa3HHUKIB 301IbIIICHA
KUTBKICTh TOI3J0K (AK XOJIOCTUX, TaK 1 KOPHUCHHUX), BIOXWJIEHHS BiJl TPOMAaJICBKOTO TPAHCIOPTY Ta
TpHUBAIIUX MapmpyTiB crnoiydeHHs. NHTSA nilnioB BUCHOBKY, IIO PIBEHb BiJICKOKY CTaOLTI3yeThCS Ha
pieai 10% [5].

Toit dakr, mo A-P migxmoueHi A0 €AMHOI CHCTEMH, TAKOXXK MOXKE JTaTH MOXIIHMBICTH 3MEHLIMTH
HaBaHTaXeHHs. [lesKi HOCTiAHUKN MPOMOHYIOTh CUCTEMY, IO 0a3yeTbcs Ha OPOHIOBAHHI, OO 3MEHIIUTH
3aTOpHU, OCOOJUBO Ha MEPEXPECTIX, KOJIU TPAHCIIOPTHI 3aco0H miakiodeHi [28]. Pe3ynbpraTtu moka3yooTh, 110
CHUCTEMa Ha OCHOBI OpOHIOBAaHHS, PO3pOOJICHA I MIAKITIOUEHUX A-P, Moke mpalfioBatu B ABa-TpU pa3u
Kpaille, HiX CBiTI0(opH. SK pe3ynpTar, BiH MOXeE IUIABHO MPALOBAaTH 3 Habarato OiNbII MepeBaHTaKEHUMHU
YMOBaMH PyXy. i3 30UIbIIEHHAM KUTbKOCTI A-P Ha H0po03i 3aTpuMKa pyxy 3MEHIIY€eThCs [29].

Otxe, abCOMIOTHO 3pO3YMLJIO, IO TeXHoJoris A-P He3abapoM MO3WTHBHO BIUTMHE Ha 3MCHIICHHS
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3aTOpiB, SIKIIO 1€ HE CIPUYMHUTD JIOJATKOBUH IIOIUT, 1110, B CBOIO YEPry, MOXKE JI0JAaTKOBO HABAHTAXKYBaTH
Mepexy. 3aranpHnii BIuB A-P Ha 3aTtopu Tpadiky 1ie He TOCIiIKEHO.

be3ninomni makci

TexHomorii A-P 103BONsATH BHKOPHCTOBYBATHM Takci 0e3 BOAiiB a00 MOAIOHI CXEMHU CIHIJIBHOTO
BUKOPHCTaHHS aBTOMOOLTIB, B SKUX BUTPATH HAa KOMIIEHCAIIII0 Yacy Ta TATaHTy TaKCHCTIB BHUKIOUeHi. Sk
pe3ynmbTaT, OYIKYEThCA, IO Ky30BH aBTOMOOiNIB mepenbadenHi aiusi eKciUTyartarii Oe3 BOJisS CTaHyTb
JCIIEBIIUMH, 1110 B KIHIEBOMY MiJICYMKY MO>KE€ HiBEJIOBATH MTOTPeOy BOJIOMIHHS BIACHUM aBTOMOOITIEM.

Konmermist Takci 6€3 BOAIIB € aHAJIOTOM CITITLHOTO BUKOPHUCTAHHS aBTOMOO1ITIB, 1110 € MPOIBITAIOYO0I0
0i3HEC-MO/IeTUTI0. 3BaXKalOYM Ha TOW (pakT, 0 Takci 0e3 BOMAiA yHHWKAa€ MOTpPeOM B MIOPIYHHUX MOCTIHHHX
BUTpaTax Ta TeXHiYHEe OOCIyTOBYBaHHS, SK MPAaBUJIO, MOB'A3aHUX 3 CHIIBHUM JOCTYIIOM 10 aBTOMOOLNIB, a
TaKOX MAapKOBKOIO, 11 3a0€3MeUnTh 1ie OLIBIIY 3py4YHICTb.

3aramom, A-P MarTh BeNMMKWH TOTEHINAN 3HU3UTH Oarato BHTpaT, IOB’S3aHUX 3 MPUBATHUMHU
pEeXUMaMHU, OCKITBKHA BOHH, HMOBIpHO, MOKYTh BUKIIMKATH OilblIe MOI3J0K, IO MPU3BOAUTH 10 3pOCTaHHS
PHHKY TaKUX aBTOMOOLTIB.

A-P i enekmpomooini

Exomoriuni npobnemu, pa3oM i3 BUIIMMH I[iHAMH Ha HA(QTy B OCTAaHHE JECATHIITTS, OyIH pymIiiHUMEI
cwiamu mosiBu TexHojorii Electric Vehicle (EV). EV mae nesxi Henomiku excIuiyaTarlii, BKJIIOYAOUU
TPUBAIICTH MOJIOPOKI 3yMOBIIEHY €MHICTh Oarepeii, po3mip Ta JOBTOBIUHICTH aKyMmynsaTopiB. Lle oOmexye
BUKOPHCTaHHS €JIEKTPOMOOLIIB 10 TOAOPOXKEH Ha HEBENWKIH BiJICTaHI 1 3aJ€XHICTIO BiJl PO3TaIlyBaHHSI
3apasaHux craniii [31].

VY 1pOMy KOHTEKCTI MOXKHA 3HAWTH MPUPOJAHY Ta OpraHiyHy cHHeprito Mix A-P Ta TexHomorieto EV:
¢aor A-P Moxe BupimmTH TpakTHyHI OoOMexeHHs EV, BKIIIOYalOYwM TPHBOXHICTH MACAXHPIB Tif Yac
MOJIOPOXK1, AOCTYII 70 iHPPACTPYKTYPH 3apsIKU Ta YIPABIIHHS YaCOM 3apPSIKH.

A-P 3 rpynoBuM ynpaBiiHHSAM 3HIMalOTh TIOAI0HI TPOOJIEMH HA OCHOBI MOMUTY Ha MOJIOPOXK Y PEXKUMI
peanbHOTO Yacy Ta BCTAHOBJIEHMX MiCIlb 3apsIKH CTaHIiH. IX (iHaHCOBMII aHami3 CBiT4UTH MPO Te, IO
CYKyITHa BapTIiCTh 3apsAKu iH(PACTPYKTYpH, KamiTaly Ta TEXHIYHOTO OOCIyTOBYBaHHS TPAHCIIOPTHUX
3aco0iB, eJIeKTpOeHeprii, cTpaxyBaHHs Ta peecTpaiii mist aBronapky A-P xonmuBaerwest Big 0,42 o 0,49
JoJNapiB 3a mpoineHuid Kimomerp. TakuM UYMHOM, AaBTOMATH30BaHI eIeKTPOMOOiN, HMOBipHO, OyayTh
KOHKYPYBAaTH 3 IMOTOYHUMHM ITOCIYIaMHU CIUJIBHOIO KOPHCTYBAaHHS aBTOMOOUISIMM Ta 3HAYHO AELIEBII, HIX
TPAHCHOPTHI TOCITYTH HA BUMOTY BOJIisI.

Ilponyckna 30amuicms oopiz

Texnonorii A-P 3a0e3neuyroTh TOHKO HaJAIITOBaHI MAaHEBPH TrajlbMyBaHHS NPHUCKOPEHHS y Oyab-
SIKMH 4ac, MOCTIHHO Ta HEBTOMHO BiJICTEXKYIOUHM HABKOJIMIIHE TPAHCTIOPTHE cepenoBuie. Takum unHoM, A-P
MOXXYTh 3JIMCHIOBAaTH TIOi3JIKY 3 OUIBIIOW IIBUJAKICTIO, 30epirarouu OijbIl KOPOTKI BiJCTaHI.
HamiBaBrOMaTH4HiI TpaHCTIOpTHI 3aco0u, OCHameHI amanTuBHUM Kpyi3-koHTpoieMm (AKK), Bxke mokazamm
TaKy MepcreKTHBHY (YHKII0. SIK pe3ynpTar, MpOIyCcKHAa 3[JaTHICTH JOPIrT 3HAYHO 30UTBIIATHCA - JESAKi
JOCTI/DKEHHS OLIHWIM B 5 pa3iB. B nmesxkux mocmipkeHHAX Tod (akrt, 1mo A-P migkirodeHi 10 Mepexi,
BHUKOPUCTOBYBABCSl B YIPaBIiHHI CUTHAIOM, 1[0 MPU3BOJIMIIO JI0 HabaraTo MEHIIOI 3aTPUMKH CHUTHAJTIB abo
eKBIBaJICHTHO OUTBILIOT MTPOIYCKHOT 31aTHOCTI goporu [28-30].

Hagxonuwne cepedosuuye (enepzisa ma 6UKUOU)

IcHyrOTE Tpu QakTopu, Bij SKHMX BIUIMB A-P Ha HaBKOJWIIHE CepelOBHUINE Oyje MO3UTUBHUM YU
HEraTUBHUM [5]:

e  CKOHOMIYHICTb;

e BHKHJMU BYIJICIIO TA IHTEHCUBHICTh JKUTTEBOTO IUKIY BHUKOITHOTO TAJIMBA, IO BHKOPUCTOBYETHCS
JUTS SKUBJICHHS A-P;

o 30inbmennas AT BHachinok Bukopuctanus AB.

BrpoBakenns A-P-texHomoriit HaBiTh Ha piBHAX 1, 2 Ta 3 mpu3Besie 10 ONTUMI30BAHOTO KepyBaHHS
aBTOMOO1JIEM Ta TEXHOJIOTIl, TAKOXK 3BaHOI eKO-BOAIHHs. IlpukiagamMu JESKMX OCHOBHHMX TEXHOJOTIH, SIKi
MPU3BOJATE /10 €KO-BOAIHHS, € KPYI3-KOHTPOJIb 1 IJIaBHE Ta ITOCTYIIOBE MIPUCKOPEHHS Ta yIOBiNbHEHH. EKo-
BOJIHHS JIOBOJUTH MiJBHUILIEHHS eKoHOMIi manuBa Ha 4% m0 10% [34]. Bigbin OonTUMICTHYHI MPOrHO3U
nepeadavatd MiIBUIICHHS e()EeKTHMBHOCTI BUKOpUCTaHHS manuBa 10 39% [35]. Pamime Mu Takox
obroBoproBany, mo AP MoXyTb mpusBecTd 10 30iJbLICHHS MPOMYCKHOI CIIPOMOXHOCTI Ta CKOPOUYCHHS
BUTpAT MAIBHOTO i/ 4ac 3aTOpiB.

ABTOMOO1JIbHI aBTOMAIIIMHHA TaKOX HAJal0Th MOXKJIMBICTh TPAHCIIOPTHUM 3aC00aM IOBIIOMIIATH MO
CBOI MaHEBPH Ta Jii OJMH 3 OJHUM, II0 MOXE CKOPOTUTH Yac MPOCTOI0, MTOKPAILYI04N e(eKTUBHICTD PyXy Ta
npuBonHoro nukiny [5]. Kpim Toro, xomona Omm3pko posramoBaHux A-P, ski piame 3ynussroTbes abo
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CIIOBIIBHIOIOTHCSI, Oylie HaramyBaTh MOTAT. OUIKyeThCs, IO PE3yJbTaT MPHU3BENE MO0 3HIDKCHHS MIKOBUX
MIBUAKOCTEH (TIOJIITIIIEHHST €KOHOMII HayiMBa), ajie OLIhII BUCOKHX ©()EKTUBHUX IIBHAKOCTESH (3MEHIIICHHS
4acy B JI0po3i).

3 iHIIOTO TOTMsAY MiABUINEHHS piBHSA Oesneku A-P Moke mpusBecTH A0 BUPOOHUITBA JIETKUX
TpPaHCTIOPTHUX 3aco0iB. JIerki TpaHCIOpPTHI 3ac00M € ePCEeKTUBHUME MOOIYHIMHA TPOTYKTAMH TEXHOIOTIi
A-P, mo, B cBOIO 4epry, 3HaYHO CHPUSE MEHIIOMY CHOXHBAHHIO NanuBa. s 3BUUaliHUX TpaHCIIOPTHHUX
3aco0iB 10 20% Baru mpumajaae Ha KOMIIOHEHTH, sIKi 3a0e3MeuyloTh O0e3neKy pyxy. [HmkeHepHe mpaBHio —
3MEHIIeHHs Bard Ha 10 BiICOTKIB MOKe NMPU3BECTH 10 3MEHIICHHS CITOXUBAHHS TMajanuBa Ha 6-7 BiICOTKIB
[5].

[loBepHeHHS 10 eneKTPOMOOITIB (3 aBTOMOOLIIB, 110 0a3ylOTHCS HA BHUKOITHOMY MANKBi) TaKOX A€
JOJAaTKOBY €KOHOMiI0 HainbHOro. JloBeneHo, mo e(eKTHBHICTh NMEPETBOPEHHsS Y aBTOMOOUISX Ha OCHOBI
BHKOITHHX TTAIIAB TIOPIiBHAHO 3 €IEKTPOMOOLISIMI cTaHoBUTE 1-3 [5].

HIJIb TA 3AJAYI JOCJIIIKEHHS

Metoto pobOTH € BUCBITIUTH MOXJIHMBOCTI Ta MpoOJeMH, SKi MOXKYTh BUHUKHYTH BHACHIJIOK
BIIPOBAKEHHS Ta 3aCTOCYBaHHA A-P.

VY mitepaTypi HE 0OTOBOPIOIOTHCS METOIM, 32 JTOTIOMOTOI0 SIKUX AB 3HaXomsTh Ta BU3HAYAIOTH CBOI
MapuIpyTH B JOPOXKHIX Mepekax (MaplipyTH3alis TPaHCIOPTHUX 3ac00iB). MoxInBo, nepeadadaeTbes, Mo
A-P He BiIpi3HAIOTHCS BiJ iHIMMX aBTOMOOLUTIB B MapuIpyTH3aIlil TPaHCIOPTHUX 3aco0iB. SIK 3a3Hagamocs
paHile, TEXHOIOTIS MiJKIFOYeHHS TPAHCIIOPTHOTO 3ac00y € HEBLI'€MHOIO YacTHHOIO Nitouoi cxemu A-P, mo
MPU3BOJIUTH JI0 OLIbII €PEKTUBHOTO Ta PO3YMHOTO MOIIYKY IUIIXY (200 mOTOKY Tpadiky).

JaHi B pexuMi pealbHOTO Yacy (BKJIIOYAIOYH Yac MOJIOPOXKI Ta iHIMIACHTH) MOXKYTh OyTH 00poOIeHi
Ta TpoaHaNi30BaHI IEHTPANi30BaHO UIA TOTO, MO0 00YMCIMTH Ta HampaBuTu (abo mopaamtu) A-P 3a
HalKpalyuM MOKJIUBUM MaplIpyToM. TakuM YHMHOM, MOXYTh OyTH po3poOieHi OiNbII CKIagHI Ta HaliidHI
MOJIeJI MapIpyTH3allii TPaHCIOPTHUX 3aco0iB, ISl SKUX BHKOPHUCTOBYETHCSA  TEPMIH HaBiraiis
TPaAHCIIOPTHOTO 3aC00Y B IIbOMY PYKOIIHCI.

3amayero MOCITiPKEHHS € OIMIHWTH TIEPCIEKTHBH BIPOBADKEHHS aBTOMOOLIIB I TEPEeCyBaHHA y
3araJbHOMY JOPOXKHBOMY TPa(iKy Ta BUSICHUTH OCOOJIMBOCTI HABIrallii TAKUX aBTOMOOLIIB.

PE3YJbTATHU JOCIIIKEHb

Mogeab HaBirauii aBToMo0i1iB-po0oTiB

Hagirariss A-P, mpencraBieHa TyT, 3acHOBaHa Ha Makpo3oHI B skiii A-P BuOuparoth (abo
MpU3HAYaloTh) MapipyTh. Lleit nmpeamMeT BiApi3HAETHCS Bia TOTO, sIK okpemuii AB pyxaerbcs mo Tpadiky
MaHeBpaMH, 3iIMHAMU CMYTH PYXY, NPUCKOPEHHSAM/YMOBUIBHEHHSM TOILO, IO HA3UBAETHCS "TO30BXKHE
YIpaBIiHHSA aBTOHOMHHMM TPaHCIIOPTHUM 3acoboM Ha moce” (mmuB. Autonomous car following: a learning-
based approach, intelligent vehicles symposium (1V), 2015 IEEE. IEEE, pp. 920-926). V Takiii Makpo30Hi,
opu pyci 3a 3agaHuM MapuipyToM, A-P peTenbHO KOHTpOMIOETBCS 1 Kepyerbcsi uepe3 Tpadik,
BUKOPUCTOBYIOUM METOJAM, 3aCHOBAaHI Ha HaBYaHHi, [0 MOEAHYIOTh MOZEIb BOMiS 3 MOJAEIBHUM
MPOTHO3YBAaHHAM yMpaBiiHHiA. MoJienlb BOJisi TEeHEpye MPHUCKOPEHHs/YIOBIIbHEHHS, IO ITOBTOPIOE
MOBEJIHKY BOJIisl JIIOJMHW. BUKOpHCTaHHS KOHTpoJiepa 3a0e3ledye BHKOHAHHS JICSKUX IONEPEHbO
BHU3HAYEHUX OOMEXEHb OE3MEKH.

A-P 1oBuHHI OyTH CTaTH Ba)KIIMBOIO YAaCTHUHOI IUIAHYBAaHHS MEPEBE3CHb, L0 BUMArae po3poOKH
BIIMOBITHUX MoJienieii. OCTaHHIM eTarioM MOJIEIIOBAHHS TPAHCIOPTY € MOJETIOBAHHS PyXy TPAaHCIIOPTHHX
3aco0iB y JOPOXKHIM Mepexi, AKe BiZoMe sIK po3nofin pyxy. s 1poro icHylOTh ABa OCHOBHUX THIH
Mojenel: Mikpo Ta Makpo. Ilig dvac MIKpOMOJENIOBAaHHA J€TallbHI PyXH Ta IOBEHIHKY OKPEMHX
TPAHCHOPTHUX 3aCO01B BPaXOBYIOThCS NIPU Oy Ib-SIKOMY aHai31.

HaBnaku, MaKpoMoaeIIOBaHHS JIETKO OXOIUTIOE TOPOKHI Mepexi BenuKux po3mipi. Toit dakr, mo A-
P moBunHI OyTH MigKIIOUEHI A0 MEpEeXi, Xoua Le 3Ja€ThCs 0OMEXYIOUUM (PaKTOPOM, TaKOXK MOXKe OyTH
NIMPOKO BUKOPHUCTAHUH SIK MOXKIIMBICTB JIJISI KPaIIol MapipyTr3alii TpaHCIIOPTHOTO 3aco0y. MapmpyT pyxy
TPAHCIIOPTHOTO 3aco0y O3HAa4a€ Croci0, SIKHM TPaHCIOPTHI 3aCO0HM IIyKalTh CBOI MapIIPyTH A0 MiCLst
npuzHaueHHs. [lommpeHe mnepekoHaHHs, IO MoJenb 0a3yeTbCsl Ha HAMKOPOTIIOMY LUIAXY. Y Takii
napazurMi (Takoxx BiIOMIH sk TpuHIl Bapaporma) KokeH TpaHCHOPTHUI 3acid "eroicTuuHo" oOupae cBiif
HANKOPOTINWI MOXJIMBUH NUISX HE3aJIE)KHO BiJ] BHOOPY IHIIMX TPAHCHOPTHUX 3aco0iB. Lle mpu3BoanTh 110
CTaHy piBHOBarWm — CHTYyalii, KOJHM >KOJCH TPAHCIOPTHHH 3aci0 He MOXXE B OJHOCTOPOHHBOMY IOPSIKY
3HalTH Kopormmid nuisix. Llef eroism, WMOBipHO, Mpu3BeAe M0 KIHLIEBUX MOJENECH pyXy, BiIOMHX SK
HekoornepaTuBHUH. OCKITPKA TPAHCHOPTHI 3acoOM HE 3HAIOTh MAapIIPYTiB Ta HAMPSAMKIB 1HIIHX
TPaHCIIOPTHUX 3ac00iB, MOJIENIb HEKOOIIEPATUBHOTO PyXy € HAHOLIBII IIMPOKO BU3HAHOIO MOJEIUIIO PYXY.
[HIIMMHU crioBaMu, KOJIM XTOCH i€ 32 KEpMOM, BiH aOCOJIIOTHO HE 3HAE Hi Ky PYXalOThCS 1HII TPaHCTIOPTHI
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3aco0M, HI MapIIpyTH, SIKI BOHH, HMOBIpHO, HpoinyTh. HaBmaku, cxema CHUJILHOTO PyXy mepeadadae, 1o
TPAHCIIOPTHI 3aCO0M 3HAIOTH PO HAMPSMKH Ta MapIIPyTH OAWH OJHOTO. SIK TEOPETHYHO, TaK 1 eMITiPHIHO
OyJi0 MmoKa3aHo, IO KOOIMEpaTHBHA cXeMa pPyXy € Oinbln OaskaHOlo, HIX cxeMa HecyMmicHoro pyxy [36, 37].
SIKIo HU3Ka TPAaHCTIOPTHUX 3ac00iB MOBHHHA CIIBIPAIIOBATH, 1€ BCE OJHO MOXKE MPHU3BECTH A0 CTPYKTYpH
pyXy, Habarato mepeBepIIye eroiCTUIHY, HEKOOTepaTuBHy cxemy [38 - 40].

VY mitepatypi Bce 1€ He pO3KPHUTE MHUTAHHS, SKUM 9MHOM A-P 1IykaroTh CBOi MapIipyT B JOPOXKHIH
Mepexi (MaplIpyTu3allii TpaHCIOPTHUX 3ac00iB). MoxkiuBo, nepeadadaerses, o A-P He Bipi3HAIOTHCS
Bill IHINMX aBTOMOOUTIB B MapHIpyTH3amii TpaHCHOPTHHX 3aco0iB, ToOTO eroictuyHoi (abo
HEKOoTlepaTuBHOI) cxemu pyxy. Ilimkimrodeni g0 Mepeki TPaHCIOPTHI 3acCO0M CTBOPIOIOTH KPUTHYHI JaHi
PO PyX y PEKUMi pEabHOTO 4Yacy (Taki sK 4yac IMOI3JKU Ta MOBiIOMJICHHS MPO aBapii), sSKi MOTIM MOXYTh
OyTH BUKOpPHUCTaHi B KoomepaTuBHOMY pexumi pyxy. [Ipm umpomy nani A-P moxyTs OyTu 3i0pani Ta
0o0po0OJieHi B IIEHTpax MOHITOPUHTY pPyXy, fAKi, B CBOIO HYepry, PEKOMEHIYIOTh HAWOUIBII ITiIXOMSII
MapupyTu. ToOTO KOKeH TpaHCIOPTHUHN 3aci0 Temep Oyne OyKBaJbHO B Kypci MapIIpPyTiB Ta HampsMKiB
IHIINX TpaHCTIOPTHHX 3aco0iB. Tomy nocsraeTbcs OUIBII JOCKOHaNa, epeKTHBHA Ta O0i3HaHA CHCTEMa
MapuIpyTH3aIlii TpaHCTIOPTHUX 3aCO0iB.

Y TpaHCmOpTHi#l TepMmiHOMOTIT MOAENh CriBmparii HazuBaeThes Takoxk "OC: OnTuManbHa crcTeMa
(abo cuctemHa piBHOBara)" MpoTH HEKOOMNEPATUBHOI, 1[0 Ha3uBaeThes "PK", ski € pe3ynbTaToM BUpIIICHHS
3a1a4 posnoaity tpadiky [11, 12].

Cxiagnicts Hairamii A-P monsrae B Tomy, mo A-P-mpucTpoi mOBHHHI PO3AUISTA TIPOCTIP AOPOTH 3
He A-P-auckamu, 110 MpHU3BOAUTE 0 3MIIIAHUX CXEeM pyxXy. Po3risHeMo Ha MUTH JIBa TUITU TPAHCIIOPTHHX
3aco0iB: KJIaCH4HI TpaHCIOpPTHI 3acobu Ta A-P. KmacwuHi TpaHcnmopTHi 3aco0M MiATPHUMYIOTH CBOIO
€TrOICTHYHY TIOBEiHKY, OCKIIbKA HEMA€ >KOAHHUX BaXKelliB, MO0 3MYCHUTH IX ITyKaTH HAWKOPOTIIMHA IMUISX.
Tum yacoM y Hac € MOXJIMBICTh 3aCTOCYBAaTH IUIAH HaBiraiii Ha poOOTH30BaHMX TPAHCIIOPTHUX 3acolax.
3aBIaHHA TONATAE B TOMY, 100 3HAWTH MOJIENb ISl 3MIIIaHOI CXeMH PyXy TpadiKy, siKa CKIaJaEThCs K 3
piBHOBaru CHCTeMH, TaK 1 3 piBHOBaru KOpHCTyBada. Y TaKWX CXeMaX PyXy CYKYIHICTb TPaHCIIOPTHHX
3aco0iB 00’€HAHA y CHIBHY MEPEXY, 1 BOHH CIIJIFHO 3HAXOMATH CBI MapmipyT (HaBirailisi aBToMo01Is), a
1HII — eroiCTUYHI BOJIT, SIKi IIyKAFOTh JIMIIE HAWKOPOTII MOKIIMBI IILISIXH.

3 mosBoro iHGOpPMALiHHUX TPAHCIOPTHUX CHUCTEM, TMPHU3BEIO JIO PO3BUTKY NPOTPECUBHHUX
iH(hopMaIiitHIX cucteM I mogopoxken. Takum anHoM, B cepennHi 1990-X pp. AesiKi BYSHI 3alpOTIOHYBaH
BBECTH I Jikeperio iHdopMariii, mo0 miAMTOBXHYTH A0 CHUIbHOT MapiipyTu3anii [41]. Tum He MeHI, ies
e He cTajla peajbHICTIO, OCKUJIbKH BOHA MPOAOBXKYE OOPOTHUCS 3 HHU3KOI MUTaHb, TAKHX SK BIICYTHICTbH
CTpaTerii NMPUMyCOBOTO BUKOHAHHS, Ta TUTAHHS, ITOB'S13aHi 3 MPABIMBICTIO Ta IOCTOBIPHICTIO iHpOpMAaIlii, a
TaK0X 0OMEXEHUM MPOHUKHEHHSM 1H()OPMAIIHHIX CUCTEM IS TOJOPOIKEH.

[11abyioH pyXy Ha OCHOBI PIBHOBaru CHCTEMH € HaMOULIbII Oa)kKaHOI CXEMOK PyXy. Y Takiil cxemi
3arabHAN Yac TOJOpPOXKi B Mepexi (ToOTo iHIeKC edEeKTUBHOCTI Mepexi) 3BOTUTHCI [0 MiHIMyMY.
HacnpaBai oM AOTPUMYIOThCS HaWKOPOTIIOTO HUISXY, SIKMHA Bele 10 CTPYKTypu Tpadiky, BiIOMOI sK
piBHOBara KoOpHCTyBada. 3 TOYKHM 30pYy 3araJlbHOIO 4Yacy TMOI3AKKM B Mepexi (IOKa3HWK piBHS
MEPEBAHTAXKECHOCTI), PO3PUB MIXK PIBHOBAroK KOPUCTYBaua Ta PIBHOBAroKw CHUCTEMH MOXe jgocsrata 2,15.
[HIIMMKM cioBaMH, MOXXHa 3HAYHO MOKPAIIMTH PiBEHb NEpeBaHTaXEeHOCTi 1o 2,15 pasiB, 3acTocyBaBILU
CXeMy Ha OCHOBI pIBHOBarW CHCTEMH, a He cxeMy Tpadiky Ha OCHOBI piBHOBaru Kopuctysada. Lleit po3pus
CTaB MOTHBOM JUIsi Pi3HOMaHITHHX 3aXOJiB Ta CXEM YIPaBIIHHA JIOPOXKHIM pyxoMm (abo koHTpoio). A-P
MO3Ke OyTH JOJaHO JI0 IIUX CXEM

Bpetic [42] y cBoili BIUIMBOBIH CTATTi JOBIB, IO J0JaBAaHHS OUIBIIOT MPOMYCKHOI CIIPOMOXKHOCTI IO
JOPOXKHBOT Mepexi (SIK, HanpuKiaj, OyIiBHUIITBO HOBOI JIOPOTH) iHOJI HETATHBHO IMOTIPIIYE IHPKYJISIIO
PYXY, Take sIBHILE BiloMe sk mapagokca bpelica. Ha pucynky 4 nokaszana cuTyallisi, KOJIY A0JaBaHHS JOPOTH
5, SIK OYIKYETbCS, MOTIPIIYE MTOTOUYHUH MOTIK PyXY.
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Dynxyisn 3ampumxu
t,(x)=t,(x)=x+50
ty(x)=t,(x)=10x

a) cuctema Oe3 mapajokcy

0) cuctema 3 napagoKcoM
Bpeiica t;(x)=x+10 Bpeiica

Pucynoxk 4 — Ilapanokc bpeiica B TpaHCTIOPTHHUX crcTeMax

BunukHenns napanokcy bpeiica cocTtepiraerbcsi caMe B TOMY BHUINAAKY, KOJM IParHyTh pPiBHOBaru
KOPHCTYBaua, a He PiBHOBArd CHUCTEMH B IiIoMy. B iHIIOMY BUTIaaKy HIXTO HE BUKOPUCTOBYBaB OU AOPOTY
"5", sika € B Mepexki 3 puc. 30, i Iie CIpUUIMHsE mapagokc bpetica.

OBI'OBOPEHHHA PE3YJIBTATIB

JocnimkeHHs aBToMOOUTIB-po00TiB (A-P) Oynu akTHBHOIO ceporo TOCIIIKEHD MIPOTATOM JCKITBKOX
JeCATUIIITh, ajle OCOOJIMBO 3a OCTaHHI I'sITh POKiB. HemonaBHi CHijbHI 3yCHIUISL YHIBEpCHTETIB Ta
BUPOOHUKIB HaOmm3uinu A-P 1o rotoBHOCTI. BBaxkaeThes, mo A-P 3HaYHO 3HIKYIOTH TPAaHCIOPTHI BUTPATH.
3TigTHO 3 OJHIEI0 OIIHKOIO, COIiajbHI BIUIMBM HAa aBapiiHICTh NEPEeBE3eHb, CKOPOUCHHS HaCy MOIOPOXKi,
CKOHOMIi TajHBa Ta MepeBar Ha MapKyBaHHS MOXYTh cTaHOBUTH 10 2000 monapiB Ha pik mis ogHoro A-P i
MOXyTh craHoBHUTH 10 4000 momapis, Kou 00TIKOBYIOTECS KoMIuTekcHI Butpatu Ha JITII [1].

[Insax Bce mIe 3aiMMImaAEThbc MPOOIEMATHYHUM 1 CTUKAETHCS 3 KUTbKOMa mpoonemamu. CIpHAHATTS
HABKOJIMIITHBOTO CEPEOBHUIA 3aHUIIAEThCS HAMOLIBIIOW MPOOJIEMOI0 Ui HaAiiHOI, PIBHOMIPHOI Ta
Oe3neunoi 3au [7]. IcHye moBruii meperik JOCHITHUIIBKUX MUTaHb, 110 OXOIUIIOKOTH IIUPOKUH CIIEKTP
MUTaHb, Ha SIKi MOTPIOHO OyAe BIANOBICTH, BKIIOYAIOYH, A€ HE OOMEXKYHOUYHCH UM, — II€ CIPUHHITTA
KJIIEHTIB, BIUIMB Ha CYCHIJIBCTBO, KOMYHIKAIIIMHI TEXHOJIOT1, €TUYHI NMUTAaHHS, IJIAaHYBaHHS, CTaHIAPTH Ta
noJtituky [5, 10]. [IpoGnemu mporpamHoro 3a0e3rneueHHs, Taki K Oe3leka Ta IUIICHICTh CUCTEMHU, TaKOXK
CTalli CepHO3HUMHU TpoOdIeMaMH, SKi OTPiOHO BUPIMUTH. BOHH, Yy CBOIO Uepry, MarOTh Psii HACTIAKIB JJIs
MOJIITUKH, BKJIIOYAIOUH 3aBAaHH Ul PO3POOHUKIB CHCTEM, SIKUM HEOOXiTHO BIOPAIKYBATH Ta BPEryJIIOBaTH
0araTo pi3HOMAaHITHUX TPAHCHIOPTHHUX 3aCO0IB 3 PI3HUMHM EKCILTyaTal[iiHUMH BJIACTUBOCTSIMH.

OnHuM 13 3aBHaHb, IO CTOATH IHepell HaMH, € TIAKIIOYEHHsS JEeKUIBKOX 1HTENEeKTyallbHUX
TPAHCIIOPTHUX 3ac00iB OJUH JI0 OJHOTO Ta a0 iH(pacTpykTypu Big Data — TexHomorii, mo 3a0e3mnedye
00poOKy Ta aHaji3 BEIMKUX HaOopiB ganux [22]. ¥V wili poOOTI MM BHCBITIIOEMO TEMH, IOB'S3aHi 3
TPAHCIOPTOM, Ha SIKi IPSMO YU OTOCEPEIKOBAHO, TIO3UTHBHO Ta HETATHBHO BIUIMBAE HOBA TexXHOJOTis A-P.
Crnig BUOIMMTH BENWYE3HUH IOTEHIlIa] BKJIFOYEHHS ITIKIIOYSHUX TPAHCIIOPTHUX 3aCO0iB 10 MOTOYHHX
MEpEeX PyxXy, IO MPHU3BOAUTH A0 OUIBII e(EKTUBHOI Ta MUIABHOI MUPKYJISIIi pyXy. 3 Ii€l0 METOI BHCYHYTO
KOHIICTII[iI0 HaBiraiii aBTOMOOLIS JUTsl BUPILIEHHST TPOOJIeM MapIIpyTH3allii, 3 SKHMU CTUKAIOThcs A-P mif
qac iHTerpauii 3 He-A-P. ®opmyBanna mozeni posnoainy tpadiky s kombiHanii A-P ta He-A-P, sxa €
CHHEPTi€I0 ONTUMAIIBHUX MAPaMeTPiB AJ1sl CHCTEMH Ta YMOB PiBHOBAard KOPUCTYyBaya.

BUCHOBKHU

Sk ouikyBajocsi Ta MMOKa3aHO Ha MPUKIAI Mapajokcy bpaiica, MEeHTpaILHUNA JUCIIETYEPCHKUN TapK
TpPaHCHOPTHUX 3aco0iB (A-P B mpoMy BHIIaIKY) 32 ONTHMAJIBHOIO JJISI CUCTEMH CXEMOIO JIHCHO MOXKe
MOKPAIIUTH 3arallbHUi MOTIK pyxy. TeopeTHyHO MOJiMIIeHHs MOXyTh OyTH B 2,15 pasu, mo auBHO. Lleit
(dakT He MOBMHEH 3aJIMIIATHCS HEMOMIYEHUM Y CYYacHIl TpaKkTHIll IUIAHYyBaHHS PyxXy Ta YIpaBIiHHS
nopoxHiM pyxoMm. Tomy Hairaiis aBromoOimiB-po0otiB i SO Tak, 0e3 CyMHIBY, € TiIHOKO HHTKOIO
JOCII/KEHb 1 MPAaKTHK ISl HAYKOBIIIB 1 IPAKTHKIB.

Haitbnmxanm yacom A-P cTaHyTh HEBi'€MHOIO YaCTHHOK CYYacHHX TPAHCHOPTHHX chucTeM. Kpim
TOro, 3BaKAalOYM Ha TakKi IUBUAKI 3MIHM B IHTENEKTyalbHUX TPAHCIIOPTHUX CUCTEMaX, CHCTEMa OCBITH
MOBHHHA 0€3 CYMHIBIB y3roKyBaTH ceOe 3 UMM HOBUMH TEXHOJOTiISIMU. 3aKiIagu BUIIOI OCBITH NOBHUHHI
pebopMyBaTH CBOI HaBYajbHI NPOrpaMu, 00 3a0e3MeYUTH iX OXOIUICHHS OUITbII Pi3HOMAaHITHUMH
MpeaIMeTaMH, BKJIIOYAlOYM  KOMYHIKAI[iHI ~ TEXHOJOril, po3poOKy IporpaMHOro  3a0e3ledyeHHs,
CJIEKTPOTEXHIKY Ta eKOJIOTTYHY Ta eHepreTuyHy Oe3mnexy [43].
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V. Onyshchuk, V. Stelmashchuk, O. Dubytskyi, Yu. Bulik. Work vehicles: possibilities and
consequences for the transport system. This study examines the problems and opportunities associated
with transport policy that may arise as a result of new robot car technologies. These technologies can reduce
transportation costs and increase accessibility for people with mobility problems. This new technology also
has far-reaching applications and implications that exceed all current expectations. An integral part of the
long-term development of robot cars is the connection between cars and infrastructure (connected vehicles).
There is a large knowledge gap in behavioral routing technologies. The car's connection technology provides
an excellent opportunity to implement an efficient and intelligent routing system. To this end, a conceptual
navigation model is proposed based on a fleet of robotic vehicles that are sent centrally over a network
seeking to optimize the system.

Robot car research Robot car research has been an active area of research for decades, but especially
over the last five years. Recent joint efforts by universities and manufacturers have brought robot cars closer
to readiness. It is believed that robotic cars significantly reduce transportation costs. According to one
estimate, the social impacts on traffic accidents, reduced travel time, fuel savings and parking benefits can be
up to $ 2,000 per year for a single robot car and can be up to $ 4,000 when accounting for complex accident
costs.

The following main factors are investigated in the work: future opportunities, as well as possible
obstacles related to the technology of robot cars; optimization of the navigation model of robotic cars to
improve routing and road conditions.

Keywords: robot car, autonomous vehicle, connected vehicle, car navigation, system optimality, smart
transport system.

OHUIIIVK Bacunv [lemposuu, KaHAUIAT TEXHIYHUX HayK, JOICHT Kadeapu aBTOMOOLIIB 1
TPAHCIIOPTHUX TEXHOJIOT1H, Jlyubkuit HaI[lOHAJTLHUA TEeXHIYHUI VHIBEPCHUTET, e-mail:
Vasyl.Onyshchuk@Iutsk-ntu.com.ua, https://orcid.org/0000-0002-5316-408X

CTEJIPMALYK Banepiii Bimanitiosuy, KaHAUIAT TEXHIYHUX HAyK, JOLEHT Kadeapu aBTOMOOLIIB i
TPAHCIOPTHUX  TexHosorid  JIympkoro  HaIiOHAIBHOTO  TEXHIYHOro  yHiBepcutery,  e-mail:
Val.stelmashchuk@gmail.com. https://orcid.org/0000-0003-3813-3143.

JVEUIIBKUH Onexcandp Cepeitioguy, KaHAUAAT TeXHIYHUX HAyK, JOLEHT Kadeapyu aBTOMOOGIMNIB i
TPAHCIIOPTHUX TEXHOJIOT1H, Jlyubkuit HaI[lOHAJTLHUIA TEeXHIYHUI VHIBEPCHUTET, e-mail:
0.dubytskyi@gmail.com, https://orcid.org/0000-0002-4863-4040

BVIJIIK [Opiti Bonooumuposuu, KaHAWJAT TEXHIYHUX HAyK, JOIEHT Kadeapu aBTOMOOUTB i
TPaHCIIOPTHUX TEXHOJOTiH, JIylnbkuil HallioHaJdbHUI TexHiuyHui yHiBepcuteT e-mail: by lutsk@ukr.net.
https://orcid.org/0000-0002-9787-434X.

Vasyl ONYSHCHUK, PhD in Engineering, associate professor of Automobiles and Transport
Technologies department, Lutsk National Technical University e-mail: Vasyl.Onyshchuk@Ilutsk-ntu.com.ua,
https://orcid.org/0000-0002-5316-408X

Valery STELMASHCHUK, Ph.D in Engeneering, associate professor of automobiles and transport
technologies department, Lutsk National Technical University, e-mail: Val.stelmashchuk@gmail.com.
https://orcid.org/0000-0003-3813-3143.

Oleksandr DUBYTSKYI, PhD in Engineering, associate professor of Automobiles and Transport
Technologies department, Lutsk National Technical University e-mail: o.dubytskyi@gmail.com,
https://orcid.org/0000-0002-4863-4040

Yuriy BULIK, PhD in Engeneering, associate professor of Automobiles and Transport Technologies
department, Lutsk National Technical University e-mail: by lutsk@ukr.net. https://orcid.org/0000-0002-
9787-434X

DOI 10.36910/automash.v1i14.353

118 , 2020, Ne1 (14)


https://orcid.org/0000-0002-5316-408X
mailto:Val.stelmashchuk@gmail.com
https://orcid.org/0000-0002-4863-4040
https://orcid.org/0000-0002-9787-434X
https://orcid.org/0000-0002-5316-408X
mailto:Val.stelmashchuk@gmail.com
https://orcid.org/0000-0003-3813-3143
https://orcid.org/0000-0002-9787-434X
https://orcid.org/0000-0002-9787-434X

© Iorpenok .M., Tpymr B.C., Jlyk’sHenko O.T. 2020

YK 669.295:621.785
UDKG669.295:621.785

Horpemntok .M., Tpym B.C., JIyk’sanenko O.T'.
Dizuxo-mexaniynuii incmumym im. I'.B. Kapnenxa HAH Yxpainu, Jlveis, Yrpaina

JIO IUTAHHS ITPO KOHLIEMIIIO IH)KEHEPII IOBEPXHI TUTAHOBUX CILJIABIB B
KOHTPOJIBOBAHUX I'A30BUX CEPEJIOBUIIIAX

VY poboTi y3araabHEHO BIUIUB HapaMeTpiB XiMiKO-TepMi4HOI 0OpOOKH Ta CTPYKTYPHOTO Kilacy TUTaHy Ha CTaH
MOBEpXHEBUX IIapiB MeTanmy. 30KpeMa, HaBeAeHO (DEHOMEHOJOTIUHYy MOJENb BHCOKOTEMIIepaTypHOi B3aeMomii B
CHCTEMI THTAaH-Ta30BE CEPEOBHIIE, IO BPAaXOBYE B3a€MO3B’S30K HU3KHM ITOBEPXHEBHX SIBHUII (axcopOmii, peakriii
OKCHJI0-, HITPHIO- Ta KapOimoyTBOpeHHs), IHU(yY3ifHOrO0 HAacHYEHHs eJeMEHTaMH BTUICHHS (KWCEHb, a30T) Ta
MepepO3MNOIiTy JeTyBalbHUX eJeMEHTIB. /laHa MOJENTb MOSCHIOE Pi3HI MEXaHI3MH 1 cTalii B3aeMOJil THTaHOBUX
CIUIaBiB 3aJIe)KHO BiA THCKY ra3oBux cepenosuil. Hasenmeno, siki mpouecu ((azoyTBOpeHHs, CyOaiMariisi, TOLIO)
MepeBaKaTUMYTh 3a MEBHUX THCKIB Ta30BOTO CEpeNOBHINA. 30KpeMa, IIOKa3aHO, IO 3a Jialma3oHy THCKIB
PO3PLIKEHOTO KUCEHBBMICHOTO Ta30BOT0O TeXHOJOTigHOro cepenosumma 0,133...13,3 mlla MoximBa pearnizalis TproxX
TUMIB B3a€EMOJIl: TEpeBaKHE Ta30HACHYCHHS; TAa30HACHYCHHS 3 YTBOPEHHAM JIETIOUMX OKCHAIB 1 iX MmoJaspIma
cyOuiMartis; TepeBakHa cyOuiMarllis.3a3Ha4eHO YYTJIHBICTh KIHCTUKM 3MIHM MacH 3pa3KiB THTAaHOBHX CILIaBiB 3a
pisaux temmeparyp (900°C Ta 1000°C) 3anexHo Big CTpyKTypHOTo Kiacy. HaBereHO 3arajibHi 3aKOHOMIpHOCTI
(opMyBaHHS ra30HaCHYEHHX MIApiB Ha TUTAHOBHX CIUIaBaX Pi3HUX CTPYKTYpHUX KiaciB (o-, mceBno-o, o +f, P).
BusiBIICHO, 110 CTPYKTYPHUH KJac THTaHOBHX CIUIaBIB 0OYMOBIIOE OPMYBaHHS XapaKTEpPHHX ISl KOKHOTO KIIacy
ra3oHaCHYEHUX MIapiB 3 MEBHOIO CTPYKTYPOIO 1 PI3HWUM CIIBBiTHOIICHHAM KUTBKICHHX TapaMeTpiB - TBEPIOCTi i
rMOWHY 3MIIHEHOi 30HU. Pe3ynpraTh, sKi HaBeZEeHO Y POOOTI JalOTh BiJOMOCTI MO Te, IO NMPH BHOOPI PEKHMY
TepMOoIuQy3iiiHOT 0OpOOKM TUTAHOBHX CIUIABIB 3 KOHTPOJIBOBAHUX I'a30BHX CEPEIOBHUIN SK HEOOXiIHO BPaxOBYBaTH
HU3KY (pakTOpiB: CTPYKTYpHHH KJIac THTAHOBUX CIUIABIB, TUCK I'a30BOT0 CEPEIOBHIIE Ta TEMIIEPaTypy 0OpOOKH.

KnrodoBi cioBa: THTaHOBHMIA CIUIaB, €JEMEHTH BTIJICHHS, TIa30BE CEPENOBHUILE, IPHUIIOBEPXHEBHIl IIap,
CTPYKTYpHHI Ki1ac.

BCTYII

TurtaH Ta cIulaBu Ha HOTO XapaKTEPH3YIOTHCSI HU3bKOIO ITMTOMOIO MIITHICTIO, KOPO3iHHOIO CTIHKICTIO B
0araThbOX arpeCHBHHUX CEPEIOBHINAX, a TAKOK XOPOIIOKw OiocyMicHicTio [1-4]. Tomy cnekTp 3acTocyBaHHS
TATAHOBHUX BUPOOIB IOCHTH NMIMPOKHUI: Bij IMITAHTATIB, 3allipHOI apMaTypH 10 BUPOOIB JiTakoOy yBaHHS.
3apa3 CHOCTEpIraeTbesi CTPIMKUN PO3BUTOK HAYKOBO-TEXHIYHOT'O MPOTPECy i pa3oM 3 HUM MiJBHILYIOTHCS
BUMOTH JI0 CKCIUTyaTalliiHUX BJIACTUBOCTEH jeraneit. ToMmy 3aBIaHHS CydaCHHUX Marepiajlo3HaBIB e
TIOIITYK BapiaHTiB MiABUILEHHS PiBHS PeCypCy TUTAHOBUX JIeTallEH.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA IIPOBJIEMHA

Bepyun no yBarm Te, 110 TUTaH Ma€ BUCOKY CIIOPiJHEHICTh JO €JIEMEHTIB BTUICHHS (KHCHIO, a30Ty,
BYTJICIIO, BOAHIO), TOMY, 3MiHIOIOYH BMICT ITUX €JIEMEHTIB Y IPUIIOBEPXHEBOMY IIapi, MM MOXKEMO BILIMBATH
Ha HU3KY (i3MKO-MEXaHIYHUX BIACTHBOCTEH: TBEPAICTh, BTOMHY JOBTOBIYHICTH, INIACTHYHICTH [5-8]. OTxe,
TepMoandy3iiiHe HAaCHUEHHS eJIEMEHTaMH BTUIEHHS B KOHTPOJIbOBAHMX Ta30BUX CEPEOOBUIIAX €
MEPCHEKTHBHUM 1HCTPYMEHTOM Uil KEPYBaHHS CTPYKTYPHO-()a30BMM CTaHOM TNPUIIOBEPXHEBUX IIApPiB
MeTay, a BiATaK i BIUIMBATH Ha BJIACTHBOCTI BUPOOy B minomy. st mijecnpsiMOBaHO! 3MiHHM BMICTy
€JIEMEHTIB BTUICHHS y IPUIIOBEPXHEBOMY IIapi TUTaHy B pe3yJIbTaTi HPOBEACHHS XIMIKO-TEpMiYHOT 0OpOOKH
HEOOXiZTHO MaTu iHQOpMaIlif0 PO KIHETHKY BHCOKOTEMIIEPATYpHOI B3aEMOJIi THTaHy 3 Ta30BHM
cepenoBHIaM. Y HAyKOBO-TEXHIYHIN JiTepaTypi JOCHTh JETaJbHO OIKMCAHO KIHETHYHI OCOOJIMBOCTI
B3aEMOJil THUTaHy 3 Tra3oBUMH cepepoBumiamu [9, 10]. BpaxoByroun, 10 THUTaHOBI CIJIaBH
XapaKTEePU3YIOThCS PI3HUMH CTPYKTYPHHUMH KiiacamMu (0-, TICeB10-0, at+f, B), TO BIAMOBIAHO 1 B3aEMOIis 3
KHCHEM, a30TOM YH BYTJIEIIEM 3aJIe)KHO BiJ] KJacy OyJe Matu CyTTeBi BigMmiHHOCTI. KpiM Toro, mapamerpu
ra3oBOro cepegoBuiia (THCK, TeMIIepaTrypa, TPHBAIICTb) TaKok Oe3l0ocepeHbO BIUIMBAIOTh HA CTaH
MOJU(IKOBAHOIO TPHUIIOBEPXHEBOr0 MIapy. ToMmMy [OLINBHO Y3arajJbHUTH 3HAHHA Mpo (HOpMYBaHHS
3MIIHEHOTO TIPUTIOBEPXHEBOTO Iapy 3aJIEKHO BijJl MapaMeTpiB OOpOOKM Ta30BOTO CEpeJoBHUINA Ta
CTPYKTYPHOT'O KJIacy THUTaHY.

HIJIb TA 3AJAYI JOCJIL)KEHHSA

BcimMa BumiesramaHMMHB aBTOPAMH BHW3HAETHCS CYTTEBUU BIUIMB TapaMETPiB  XIMIKO-TEPMITHOI
00poOKM Ha XapaKTEpUCTUKU INPHUIIOBEPXHEBOrO IIapy TUTaHy, aje B POOOTax HABEIEHO JIMILIE BILIUB
MEBHOTO MapaMeTpy (THCKY I'a30BOTO CEPEJOBHUINA, TEMIIEPATypH HACHYEHHS YW CTPYKTYPHOTO KJIAacy) Ha
MPUITIOBEPXHEBUH IIap 1 HE y3arajJbHEHO 3arajbHOi KapTUHM 3MiHU IPHUIIOBEPXHEBOTO MIAPy MICIs 0OpOOKH
Yy KOHTPOJIbOBAHOMY TI'a30BOMY cepeloBUIIl. ToMy MeTow poOOTH € y3arajJbHUTH 3HAHHSA IIPO BIUIUB
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mapaMeTpiB XiMiKO-TepMiuHOI OOpPOOKH Ta CTPYKTYPHOrO Kjacy THUTaHy Ha CTaH IIOBEPXHEBUX IIapiB
MeTaiy.

PE3YJBbTATHU JOCHIAKEHb

®di3nuHi Ta eKkcrIyaTamiiHi XapakKTepUCTHKH MeTany Oarato B 4YOMYy 3aliexarh Bix (a3oBo-
CTPYKTYPHOTO CTaHy HOTO TOBEPXHEBHX IIApiB, SKUA, B CBOIO 4YEPTy, BH3HAYAETHCS (HI3UKO-XIMIYHHMU
MpoIlecaMyl OKCHJIO-, HITPUIOYTBOPEHHS, Ta30HACHUEHHS, CyOIiMallii, BUJAIEHHS BOAHIO, IO MPOTIKAIOTh
mig yac BucokoremmepatypHoi (T > 750°C) B3aemonii 3 Ta30BUMH TEXHOJOTIYHHMHU CEPEAOBHUILAMH, IO
MICTSTh KHCEHb, a30T, BYTJIelb. |HTEHCHBHICTh BHIE3a3HAYCHHUX IPOLECIB 1 X HACHIOKK 3aJIeXaTh Bif
0araThOX YMHHHKIB, SKi YMOBHO MOXXHA PO3IUIMTH HA 30BHIIIHI 1 BHYTpIlIHI. 30BHINIHI - IIe TEMIIepaTypa,
3arajibHU THUCK Ta30BOT0 CEpefOBHINA 1 MapliaJbHUKA THCK ii XiMiYHO-aKTHBHUX CKJIaJOBHX, MHATOMA
IHTCHCHBHICTb 1 CKJIaJ] Ta30BOTO MOTOKY, TPUBAIICTh eKCIto3ullii. Jlo BHYTpilmHIX (aKkTopiB CIif BiAHECTH
XiMiYHAN ckiag 1 (a3oBO-CTPYKTYpHHH CTaH MeTaiy, Horo kpucranorpadiday TekcTypy aedopmarii,
HaNpy>XeHUH cTaH i AeeKTHICTb.

BrmB 30BHINIHIX ()aKTOpPiB MOKHA NPOUTIOCTPYBAaTH Ha NpUKIaAi (HEHOMEHONOTiYHOT Momeni
BHCOKOTEMIICpaTypHOI B3a€MOJII B CHCTEMi MeETal-Ta30BE CEpPEIOBHUINE, IO BPAaXOBYE B3a€MO3B'S30K
MMOBEPXHEBUX SBUII (aCOPOILii, peakiliii OKCHI0-, HITPUAO- Ta KapOiOyTBOPEHHS ), AU(PY31HHOTO HACHUSHHS
€JICMCHTAaMH BTIJICHHS Ta IMEPEPO3NOILUTY JISTYBAIBHUX CJICMEHTIB 1 MOSACHIOE Pi3HI MeXaHi3MU 1 cramii
B3a€MOJII] 3aJIEXKHO BiJl THCKY Ta30BHX CEPEIOBHIN 1 TemIeparypd. Y MOJeNi BBEIEHO IMOHSTTA IIPO
KPUTHYHUHN THCK XiMiYHO-aKTHBHHUX CKJIAJJOBHX T'a30BOTO cepefoBhIa P *, 110 BU3HAYAE TIEpeXia Bix ofHi€el
KOHTPOJIIOFOYOT CTamii B3aemogii 10 IHIIOI: Tak, 3a P >P* mnpeBamoroTh mporecu (a3oyTBOPESHHS,
razoHacHueHHs, 3a P <P* - cy0Omimarii, BunaneHHs BoaHio (puc. 1).

Tak, nmns BY3pKOTO [iamma3oHy THCKIB PO3PLIKEHOr0 KHCEHBBMICHOTO Ta30BOTO TEXHOJOTIYHOTO
cepenopuma (0,133...13,3 wmlla), B 3anekKHOCTI BiJ CHIBBIJHOIICHHS IHTEHCHUBHOCTI (i3UKO-XIMIYHHMX
MPOIIECIB IS MPOMUCIOBUX TUTAHOBHX CILIABIB Pi3HUX CTPYKTYPHHUX KIIACIB i CUCTEM JIETYBaHHS, MOXKIINBA
peamizaiisi TpOX THITIB B3a€MOJIi: TIepeBaXKHE T'a30HACHYCHHS; TA30HACHYCHHS 3 YTBOPEHHAM JIETHOUUX
OKCHIIB 1 iX IMO/ajbia cyOmiMaltis; mepeBa)kHa cyOmimarrisi.

da3oyTBOpPEHHSI . .
YTBOP ) Cy6mimaris,
(bopmyBaHHS OKCH/IIB, I'azonacuuenns,
i ) .. ra3’oHaCH4eHH,
HITPHUIiB, KapOiIiB) BUAJIEHHSA BOIHIO
BUAJIEHHSI BOIHIO
Ta30HACHUYCHHSI

10*Ma
\
10 Ma
10°Ma
102 MNa
C (Mn,
[~ ALV, Mo

CH )

'l

Ti0> | Tj(O,N,H) Ti Ti (O,N,H) Ti Ti (O,N,H) Ti
> - > - >l

Pucynoxk 1.— [Ipouiecu BucokoTeMnepaTypHoi B3a€MOJil THTAHOBHX CIUIABIB 3 Ta30BUM CEPEIOBHUILIEM.

[eprmii T B3aeMoIii XapaktepHuil st TexaigHoro Turany BT1-0 i crutaBis BTS (Ti-5Al), IIT-7M
(Ti-2,5Al-2Zr), neroBaHux eneMEHTaMH 3 BEJIMKOIO CIIOPIIHEHICTIO /IO KUCHIO i BUCOKOI PO3YMHHICTIO B O
tutadi (Al, Zr). Ilpu B3aemopii 3a mepmIMM THUIIOM MPOLECH Ta30HACHYEHHS 1 OKHUCHEHHS CIUIaBiB
IHTEHCHU(DIKYIOTBCS 3 MIABUINCHHSIM TEMIICPAaTypH 1 MapialbHOTO THCKY XIMIYHO-aKTHBHUX CKIIAIOBUX, a
MIPUPICT MacH 3pocTae (puc. 2, kpusa 1).

Hpyruit tun B3aemoxii npuramannuid crutaBam BT5-1 (Ti-5Al1-2,5Sn), [IT3B (Ti-5Al-2,5V), BT6c
(Ti-6Al-5V), neroBanux ereMeHTaMK 3 MEHIIIOK CIIOPIAHEHICTIO IO KHUCHIO 1 3 BACOKAM THCKOM HACHYEHUX
mapiB ix okcumiB (V4O; SnO). Takuii Tum B3aeMOJIii 3yMOBIIOE MEHINWNA MPUPICT MacH CIUIaBiB, HUK B
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TIONIEPETHBOMY BHITAIKY (pHC. 2. KpHUBi 3, 4, 6). 3a BUCOKUX TEMIIEPATyp 3aJICKHICTh MPUPOCTY MACH B Jaci
Mae meperuH (puc. 2, Kpusa 5), mo NoB'sa3aHo 3 iHTeHcHudikariero cyomiMallii OKCHIIB JIETYIOUNX eJIEMEHTIB
MICJIs MOTIEPEHHOr0 HAKOIIMYCHHS KUCHIO B MaTpHLi. Touka MmepernHy BiANOBigae CyMipHOCTI IIBUIKOCTEH
ra3oHacH4yeHHs 1 cyOmimanii, a TpUBaJiCTh MEpioly HAKOMWYEHHS NPSMO MpOMOpLiliHAa Temmeparypi i
00epHEHO MPOTIopIIifHA THCKY KUCHIO B TA30BOMY CEPEIOBHIIIL.

Tperi#t Tun B3aemopmii xapakrtepumii mis cmiaBiB OT4 (Ti-5Al-2,5Mn) i OT4-1 (Ti-2,5Al-2Mn),
JIETOBAaHUX €JIEMEHTOM 3 BHCOKHM THUCKOM HacuueHoi mapu - Mn (puc. 2, kpusa 7). Jas mporo tumy
B3a€MO/Iii BIACTHBa iHTEHCH}IKaIlis MpoIieciB cyOmimMarlii 3 MiABHINEHHSIM TeMIepaTypu abo 3HIDKEHHSIM
THCKY XIMIYHO aKTUBHUX Ta3iB.

3anexHO BiJ CHIBBITHOIICHHS TEMIeEpaTypu 1 Ta30IMHAMIYHHMX TMapaMeTpiB cepeloBHINa (THCKY,
IIBUJIKOCTI Ta30BOTO IMOTOKY) MOXJIMBHN IEpeXij| BiJ OJHOTO THITYy B3aeMojii a0 iHmmoro. HaitOinbimn
SCKPaBO 1€ MPOSBIIETHCS HA CIUIaBaX, JETOBAaHUX Mn, SIKi IPH HU3BKUX TEMIEPATypax i BUCOKOMY THCKY
B3a€MOJIIOTH 32 MEPLINM TUIIOM, a 31 30UIBIICHHSM TeMIIEpaTypH 1 PO3piMKEeHHS — 3a TPETIM (IUB. puc. 2.,
KpuBi 2, 7).

BrumuB 30imbIIeHHS TUITOMOI IIBHIKOCTI Ta30BOTO IMOTOKY aHAJOTIYHUHN 30UTBIIEHHIO THCKY XIMIYHO-
AKTUBHUX Ta3iB: B 000X BUMAJIKaX IHTEHCU(IKYIOTHCS mpoiecu (Ha30yTBOPEHHS i ra30HACHYCHHS.

2 1

.,
/ 3
P
% 6

7

[

AM/S, r/m?

o
]

-1 T | T | —
0 2 4 6 7,108
Pucynok 2. — Kinetnka 3MiHu MacH 3pa3kiB TutaHoBux ciuiasis BT1-0 (1), OT4-1 (2, 7), BT5-1 (3, 5),
I1T3B (4) i BT6¢ (6) nix uac Butpumku 3a Temmeparypu 900°C (1, 2, 3,4, 6, 7) i 1000°C (5) B razoBomy
cepenouii TrckoM 1,33 mlla (1, 3,4, 5,6, 7)1 13,3 mlla (2).

Brus dazoBoro cxiragy 3acHOBaHE Ha BIAMIHHOCTSIX PO3YMHHOCTI 1 Koe(illieHTiB qudy3ii KHCHIO Ta
a3oTy B a- 1 B-daszax turany. Tomy (a3oBuii, a, OTXKE 1 XIMIYHUI CKJIaJ] TATAHOBHX CILIABIB ICTOTHO BILIUBAE
Ha IHTEHCHBHICTh 1 KIHETHKY Ta30HacH4YeHHs 1 (a3oyTBOpeHHs, (i3MKO-MEXaHIYHi XapaKTepUCTUKU
MOBEPXHEBHX LIAPIB.

CTpYKTYpHUI KJIac TUTAHOBUX CIUIaBIB 00YMOBIIOE (DOpMYBaHHs XapaKTEPHUX JJISI KOKHOTO Kiacy
ra30HaCHYCHHUX MIapiB 3 TEBHOIO CTPYKTYPOIO 1 Pi3HWUM CIIiBBIJHONICHHSIM KUTBKICHHX IapaMeTpiB -
TBEPAOCT] 1 INIMOWHY 3MILIHEHOT 30HU. 3a IJEeHTUYHUX YMOB B3a€MOJII (TemMnepaTtypa, Jyac, napLiaJlbHUN THCK
XIMIYHO-aKTHBHHX CKJIQJIOBUX Ta30BOTO CEPENOBUINA) XapaKTEPUCTHUKU IapiB, SAKi (OPMYIOTBCA Ha
TUTAQHOBHX CIUIABaX Pi3HUX CTPYKTYPHHUX KIIACiB, ICTOTHO BipPi3HAIOTHCS (pHC. 3).

Ti Ti Ti

Hz-¥_ T—

a) 0) B)
Pucynok 3. — 3aransHi 3aKOHOMIPHOCTI ()OPMYBaHHS T'a30HACHYEHUX IIAPiB HA THTAHOBHX CILIABaX
Pi3HUX CTPYKTYPHHX KJIaciB: a — @~ 1 nceBno-o, 6 — o+, B 6 —

Haii6inpIn 4y TIMBUMH 10 YMOB I'a30HACHYCHHS € CIUIaBU 3 BUCOKMM BMicTOM a-(a3u (cruiapu BT1-0,
BTS, BT5-1, IIT7M i in.). Jlng HUX XapaKTepHUHA BUCOKHUN MPUPICT MOBEPXHEBOI TBEPAOCTI 1 il 3HAUHMI
TpajlieHT B ra3oHacHMueHoMy miapi. 3i 30inblIeHHAM B cruiaBax 3micty B-thasu (OT4-1 — BT23 — BT35)
rOWHA 3MIITHEHOT 30HU 3pOCTaE, a MPUPICT TOBEPXHEBOI TBEPAOCTI 3MEHIIYETHCS, 3HIKYETHCS UYTIIMBICTh
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CIUIaBiB IO 3MIHM YMOB Ta30HACWYCHHA. T100TO, 3a OJHAKOBUX aOCONIOTHUX 3MiH IapaMmeTpiB
KOHTAaKTYIOUOTO CepefoBHINa (TeMIeparypa, dYac, MapIiiallbHUH THCK XIMIYHO-aKTHBHHX CKIIAQJOBUX)
BiJTHOCHA 3MiHa NapaMeTpiB ra30HACHYCHHX MIapiB (IPHUPICT MOBEPXHEBOI TBEPAOCTI 1 IMOMHU 3MilTHEHOL
30HM) 7151 CIUIABIB 31 3HAYHOIO KiBKICTIO B-(ha3u MEHILi.

OBI'OBOPEHHS PE3YJIbTATHU JOCJIAKEHDb

Otxe, OTpUMaHi pe3ybTaTh JTOCTIHKEHb JO3BOJISIIOTH IIPOrHO3YBATH TIPOIIECH BHCOKOTEMIIEPATYPHOI
B3a€MOJIi1 B CUCTEMi THUTaH-Ta30BE CEPEJOBHUIIEC 3AJIC)KHO BiJ BEIMUYMHH THCKY Ta30BOTO THUCKY, a TaKOXK
MTOKAa3yIOTh, 110 TBEPICTH 1 TTMOMHA 3MIIHEHOI 30HM 32 OJTHAKOBUX PEXHUMIi TepMoIu(y3iifHOTO0 HACHIESHHS
eIeMEHTaMH BTUICHHS BU3HAYA€THCSA CTPYKTYPHHUM KJIACOM THTAHOBHX CIUIABIB.

BUCHOBKHM.

HaBeneHo ¢eHOMEHONOriYHYy MOJENb BHCOKOTEMIIEPAaTYypHOI B3a€MOIii B CHCTEMi THTaH-Ta30Be
CepeIOBHIIE, 1[0 BPAXOBY€E B3a€EMO3B 130K HI3KH OBEPXHEBHX SBUIL, TH(Y31HHOr0 HACHIECHHS eIeMEHTaMH
BTUJIGHHS Ta NEpPEpO3NOAUTY JIETyBaJbHUX €leMeHTIB. JaHa Mozenb MOSCHIOE pi3HI MeXaHi3MH 1 crafil
B3a€MOJil THUTAaHOBHX CIUIaBIB 3aJeXHO B THCKY Tra30BUX cepeaoBuil. [lokazaHo, fKi mpouecu
(dazoyTBOpEeHHS, CyOmiMallis, TOIIO) MePEBAKATUMYTh 32 MEBHUX THCKIB ra30BOT0 CEPENOBUINA. 3a3HAYCHO
YyTIMBICTh KIHETHUKHM 3MiHM Macd 3pa3KiB THTAHOBHMX CILUIaBiB 3a pisHux temmeparyp (900°C ta 1000°C)
3aJIeKHO BiJl CTPYKTYpHOTO Kilacy. HaBeneHo 3araibHi 3akoHOMipHOCTI (hOpMyBaHHSI Ta30HACHYEHUX IIapiB
Ha TUTAHOBHX CIUIABaX Pi3HUX CTPYKTYpHHX KiaciB (o-, mceBmo-a, o -+, ).
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Pohrelyuk 1., Trush V., Lukyanenko A. On the issue of the concept of surface engineering of
titanium alloys in controlled gas media.

The paper generalizes the influence of the parameters of chemical-thermal treatment and the structural
class of titanium on the state of the surface layers of metal. In particular, a phenomenological model of high-
temperature interaction in a titanium-gas medium system is presented. The model is given that takes into
account the interconnection of a number of surface phenomena (adsorption, reactions of oxide, nitride, and
carbide formation), diffusion saturation with interstitial elements, and redistribution of alloying elements.
The model also explains the various mechanisms and stages of the interaction of titanium alloys depending
on the pressure of gaseous media. It is shown which processes (phase formation, sublimation, etc.) will
prevail at certain pressures of the gaseous medium. In particular, it was shown that at a pressure range of a
rarefied oxygen-containing gas process medium of 0.133...13.3 MPa, three types of interaction are possible:
predominant gas saturation; gas saturation with the formation of volatile oxides and their further sublimation;
overwhelming sublimation. The sensitivity of the kinetics of the change in mass of titanium alloy samples at
different temperatures (900°C and 1000°C) depending on the structural class is indicated. The general laws
of the formation of gas-saturated layers on titanium alloys of various structural classes (o-, pseudo-a, o + f,
B) are presented. It was revealed that the structural class of titanium alloys determines the formation of gas-
saturated layers with a specific structure and a different ratio of quantitative parameters — hardness and
depth of the hardened zone — characteristic of each class. The results presented in the work provide
information that, when choosing the regime of thermal diffusion treatment of titanium alloys from controlled
gas media, a number of factors must be taken into account: the structural class of titanium alloys, the
pressure of the gas medium, and the processing temperature

Key words: titanium alloy, interstitial elements, gas medium, surface layer, structural class
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ITyctionera C.1., [Ipumatox B.M., T'onoBauyx L.I1.
Jhyybkutl HayioHaNbHU MeXHIYHUL YHIBepcumem

METO/ ®PAKTAJIBHOI OLIHKH NOKA3HUKA HAKJTAIAHHS MAPIIPYTHUX CXEM
JJIAA OITUMIBALIII MICBKUX ITACAKUPCBKUX ITEPEBE3EHD

PoGoTa mpucBsyeHa po3poOmi e(pEeKTUBHUX METOAIB ONTHMIi3amii MICBKHX MacaKMPCHKUX MepEeBE3CHb.
AHai3 JliTepaTypHHX JUKEpell IT0Ka3aB, 10, SK IPAaBUIIO, YJOCKOHAIEHHS TPAaHCIOPTHOTO 0OCIyroBYBaHHS y MicTax
3[IHCHIOETBCS IUIIXOM BHKOPHCTaHHS NEBHUX MAaTeMaTHYHUX Mojened. bynp-sika MaTeMaTH4Ha MOJENb, y TOMY
yhcai 1 (QYHKIIOHYBaHHS TPAHCHOPTHOI MepexXi, IPYHTYEThCS Ha BEIMKOMY OaraTOKOMIIOHEHTHOMY O00’eMi
MOYaTKOBHUX JAHUX, OTPUMAHHS SIKUX IIOB’s3aHE 3 MPpoOIeMaMy CTATUCTUYHUX AOCIIIKEHb, 13 CUTYaLli€l0 y MICTi, sIKa
LIBUIKO 1 AWHAMIYHO 3MIHIOETHCS, @ 3HAYUTH pOOUTH MOAIOHI BUXiHI JaHi 3 4aCOM HEaKTyaJbHHUMH 1 3aCTapiIIMHU.

Came e i € OCHOBHOIO IPOOJIEMOIO IS CTBOPEHHS TPAHCIIOPTHUX MOAENEH BeMUKHX MicT. Jlo momiOHuX,
HEOOXiTHUX [UII IOBHOLIHHOTO MOJENIOBAaHHS, NaHUX BITHOCATHCS: AWQEpeHLilOBaHHS MO0 paloHax MicTa
YHCEJBHOCTI HAceJeHHs, YHCIO MICIpb Ul Hpami Ta iX po3TallyBaHHS, peKpeamiiHuil moTeHmias, cepemHiil dac
TiepecyBaHHs JKUTEINIB 1 Take iHme. Ha BiqMiHy Bix 3aBaHb opraHisauii JOPOXXHBOTO PYXY, i€ BAKOPUCTOBYIOTHCS, B
OCHOBHOMY, IMiTalliiHi MO pyXy TPAaHCIOPTY, B TPAHCIIOPTHOMY IUIaHYBaHHI 3aCTOCOBYIOTHCS MPOTHO3HI MOJIEII,
SKi IPYHTYIOTBCS Ha  MAakKpOCKOIIIYHMX IlapaMeTpax, II0 ONHCYIOTh TPAHCHOPTHHH IOTIK. Y LMX MOJEIIX
mapamMeTpaMd €. MIBHAKICTb TPAHCHOPTHOTO TIOTOKY, IHTCHCHBHICTh TPaHCIIOPTHOTO TMOTOKY, I1HTEHCHUBHICTh
[acaXUPONOTOKiB. TakMM YHHOM, OCHOBOIO IPOTHO3HOTO MOJENIOBAHHSA MICBKMX TPAHCIIOPTHHX CHCTEM CTa€e
3aBIaHHs ONTUMAIIBHOI peasti3anii macakupChbKUX TPAHCIIOPTHUX KOPECTIOH/ICHITIH.

OueBHIHO, 10 30ip MOYATKOBUX NaHUX CKJIajac HaWOLIbII TPYZOMICTKHH 1 TPUBAIWII 3a YacOM eTal Hpu
noOynoBi abo yIOCKOHAJEeHHI TPAHCIIOPTHUX Mojeneil. Y CBOIO dYepry, 3alpoloHOBaHa y poOOTI edeKTHBHA
METOJHKa MOOYAOBH TPAaHCIOPTHHX MOJENied 3a TC€OMETPUYHUMH IapaMeTpaMH HakJIaJaHHS MapLOIPYTHHX CXeM
BUpIIlye 3agady BU3HAYEHHS MIpH BiIIOBIJHOCTI ICHYIOUOT'O TPAHCIIOPTHOTO IIONUTY HAsBHIN TPaHCIOPTHIH
MIPOTIO3HIIIi.

Y poGoTi IPOTIOHYEThCS Ai€BUIA METOJ AUHAMIYHOTO YAOCKOHAJICHHS MiChKOI MacaXUpChKOi TPaHCIIOPTHOL
MEpexXi, B OCHOBY SIKOTO IOKJIQJICHO 3B'SI30K KIACHYHOTO KOe(illieHTa HaKJIaJaHHs MACaXHPOIOTOKIB i3 crocobamu
TEOMETPUYHOTO TPEACTABICHHS Ta (ppaKTanbHOI OLIHKM HAKIAJAHHS iICHYIOUHX MapIIPYTHHX CXeM nepecyBaHHS 13
(na mpukiagi Tposeidycuol Mepexi M. Jlyipka). [IpoaHanizoBaHO OCHOBHI 0COONMBOCTI (YHKI[IOHYBAaHHS MiCHKHX
MacaXUPCHKUX MEPeBe3eHb Ta JOCIIPKEHO BIUIMB XapaKTEPUCTUK TPAHCIOPTHHX CHCTEM Ha BU3HAYEHHS CTYHEHS
HaKJIaJaHHsS MapupyTHUX cxeM. Po3pobneno meron 3-D mpeacTaBieHHs Ta aBTOMAaTH30BAHOTO 30HYBaHHS MiCBKHX
TPOJICHOYCHUX MapLIpyTiB. 3ampoOINOHOBAHO cHOCi0 (pakTanbHOI OIIHKK CTYyNeHs HaKJIaJaHHS MapUIpyTiB Ui
BH3HAUEHHX 30H Ta NULIXH YAOCKOHAJCHHS TpaHCHIOPTHOI poboTn T3 Ha MapmipyTax y pi3Hi 4acoBi Mepiogu TOOH.
3anponoHOBaHO MMiIXOIH O BIAMITYBaHHS JHHAMIYHOTO pe3epByBaHHs TPOJICHOYCiB Ha MapUIpyTax, aKe 3a0e3MeunTh
e(heKTHBHY BHJO3MiHY MapUIPYTHHX CXEM, OIIEpPaTHBHE KOPUTYBAaHHS PO3KIAAy pPyXy TposeiOyciB Mo Mepexi,
HOPMATHBIB 4Yacy Ha BHKOHAHHSA pEUCIB, CHCTeM opraHi3amii mpami BOJiiB, KOMOIHOBAHOTO PEXKUMY PYyXY
TpoJeHoyciB.

KorouoBi cioBa: ontumizanis, nacaXHpchKi IepeBe3eHHs, MapuipyTHa cxema, 3-D mnpencraeienHs,
aBTOMAaTH30BaHE 30HYBaHHsI, HAKJIaJaHHs MapIIPyTiB, GhpakTaibHa OLliHKA, TMHAMIYHE PEe3epBYBaHHSI.

BCTYII

st 3a0e3rnedeHHst HaO1IbIn e()eKTHBHOTO TPAHCIIOPTHOTO OOCITYyTOBYBAaHHS HACENICHHS 1 OpraHizarii
JOPOXKHBOTO PyXy, HEOOXiIHO 100 TpaHCIIOPTHA CHCTeMa aJleKBaTHO BiAmosigana motpedam Micta. IcHye
JIBa HUISIXM yIOCKOHAJICHHS TaKoi e()eKTHUBHOCTI: 301IBbIIEHHS MPOMYCKHOI 3AaTHOCTI TPaHCIIOPTHOI MEpexi
MicTa 1 parfioHajbHe BUKOPUCTAHHS 1CHYI0401 Mepexi [4].

[epmie pimeHHs MOB’s3aHe 13 CYTTEBUMH MarepiajJbHUMHU BUTpPAaTaMH TEPHTOPIAIbHUX TPOMaJ Ha
PEKOHCTPYKIiI0 TPAaHCIIOPTHHUX BY3JiB 1 Marictpaneid. pyruii Hanpsm - pamioHamizaiis BHKOPHCTaHHS
ICHYIOUHMX TPAHCIIOPTHHX CHUCTEM Ta ONTHMIi3allisl MPOLECiB Mepepo3noAily HABaHTAXKEHb Ha TPAHCIIOPTHY
MEpEXKY, O € HAHOLIBII ePEeKTUBHUM ITiJIXOJIOM JJIs 3a0e31eveHHs TPAHCTIOPTHOT JIOCTYITHOCTI Y OLIBIIOCTI
MICT Jep>KaBH.

BpaxoBytoun HHU3KY €KOJIOTIYHHX, €EKOHOMIYHUX Ta COLiaJbHUX MOKA3HHUKIB, BCE OUIbIIE Yy BEIUKUX 1
cepe/HiX MicTaX YKpaiHH JUIS TacaKUPChKHUX TIePeBE3CHb HACEJIICHHS BUKOPHCTOBYETHCS TaKWH BHUJ
TpaHCIOPTY sIK Tposieiidycu [5].

3 iHmoro 60Ky, Tak iICTOPUYHO CKIIAAAJIOCsA, IO HEPIAKO IEHTpajJbHA YaCTHHA OYAb-SKOTO MICTa, i B
Tomy uucii M. Jlympka, MoOriia HajmaBaTd TpaHCIIOPTHOMY Kominiekcy He Oumbime 10-15% cBoei tepuropii.
ToOTo, misi MEeHTpaTbHUX pPaHOHIB MICT CTaBaB MPOOJIEMATHIHWM PO3BUTOK HOBHX TPAHCIOPTHUX MEPEK,
CTOSIHOK, 3YNHMHOK, MIIIOXiJHHUX MiAXOAIB 1 CHCTEM TpaHCHOPTHOro cepsicy. Hampukian, HuHI pyx y Oik
neHTpy Jlyipka i Bil HbOTO, y TOJWHH IIiK, € OJTHAM 13 CAMUX HAIPYXKCHUX.

Came noOyaoBa HafiitHOT Ta e()eKTHBHOI TPOJCHOYCHOI Mepexi y MICTi, Ha HaIll MOIJIAM, JO3BOJUTh
301IBLINTH PiBEHb TPAHCIOPTHOI AOCTYIHOCTI, IOHU3UTH PiBEHb TPAHCIOPTHOI AMCKpPHUMiHAaMLii HaceJIeHHS,
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30UTBITUTH TPAHCIIOPTHY PYXJIWBICTh HACENECHHS 1 TOJIMIIWATH I1HII ITOKa3HWKH, IO XapaKTEePU3yIOTh
e eKTHBHY pOoOOTY BCHOTO TPOMAJICHKOTO TPAHCIIOPTY B MICTI.

OpHuM i3 METOJIB yJOCKOHAJICHHS TPAaHCHOPTHOI pOOOTH Ha HAaWOUIBII 3aBaHTaKEHHX HampsMax
PYXY MOXYTb CTAaTH 3aXOJH 110 PETYIIOBAHHIO SIK HANPsMIB pyXy TposielOyciB, iX MacakupoMicTKOCTi, Tax i
KinbkocTi oguaAnb 13 Ha miHiT y neBHI nepioan mo6u.

Tomy po3poOka MimXOAiB M0 YOOCKOHAJEHHS MMACaXUPCHKUX TEepEeBE3eHbh y MICTI 3a paxyHOK
ONTUMi3alii MepexXi ICHyIOUMX MapuIpPYTiB € aKTyalbHUM 3aBJaHHSAM JUIS CIIELIiaNiCTIB, IO MPaLIO0Th Y
ragys3i TPaHCIIOPTHUX CHCTEM.

AHAJII3 IITEPATYPHUX JAHUX TA IIOCTAHOBKA ITPOBJIEMH

BinpicTs niTepaTypHHX JpKepes BKa3yloTh Ha Te, IO, SIK MPaBHJIO, YAOCKOHAIECHHS TPAHCIIOPTHOTO
00CITyTOBYBaHHSI y MICTax 3AIMCHIOETHCS NUITIXOM BHUKOPHCTAaHHS MEBHUX MaTeMaTHYHHX Mojeneil. bynb-
sSKa MaTeMaTHYHa MOJENb, y TOMY 4YHCHI 1 (YyHKI[IOHYBaHHS TPAaHCIIOPTHOI Mepexki, IPYHTYEThCS Ha
BEJIMKOMY 0araTOKOMIIOHEHTHOMY 00’€Mi MOYaTKOBUX JaHUX, OTPUMAaHHS SIKMX TMOB’s3aHE 3 MpobieMaMu
CTaTHCTUYHUX JIOCIHI/DKCHb, 13 CHTYAIi€l0 Y MICTI, sIKa MIBUJIKO 1 TUHAMIYHO 3MIHIOETHCS, a 3HAYUTH POOUTH
noAi0Hi BUXI/IHI TaHi 3 YaCOM HEeaKTyaJbHUMH i 3actapinmumu [1,2].

CaMe 11e i € OCHOBHOIO TPOOJIEMOIO ISl CTBOPEHHS TPAHCIOPTHUX MOAeNel Bemukux MicT. [lo
MoMiOHMX, HEOOXIJHUX JJiA TOBHOILIIHHOTO MOJICIIOBAHHS JaHWX, SK [PaBUIO, BiJHOCATHCS:
T epeHIliIOBaHHS MO0 pallOHaX MiCTa YHUCENFHOCTI HACEIIEHHS, YMCIIO MICIIh IS TIpalli Ta iX pO3TallyBaHHS,
peKpeamiifHii TOTEHIliaNI, CepeHIi Jac mepecyBaHHS XHUTENiB i Take iH. OueBUAHO, 110 30ip MOYATKOBUX
JaHUX CKIIAJa€ HaWOINbII TPYAOMICTKHH 1 TpUBAIMH 3a 4acoM eTamn NpH moOynoBi abo yJOCKOHalIeHHI
TpaHCIOPTHUX Mozaenei [7].

[Ipu mpomy HeoOximHa BigmoBimHA QopMalizamis MapameTpiB, BUKOPUCTOBYBAHUX AHATITHIHHX
MOKa3HMKIB, IO XapaKTEePU3YIOTh iICHYIOUHI CTaH JOPOKHBbO-TPAaHCIIOPTHOTO KOMIUIEKCY. BoHa € meprmm
€TaIroM y CTBOPEHHI TPaHCIIOPTHOI MOJIEIIi MiCTa, TOOTO - CTBOPEHHI TpaHCIIOpTHOT npomno3umii. Hactymaum
€TaIroM MOJEJIOBAHHS € PO3PaxyHOK TPAHCHOPTHOIO MOMHUTY, L0 € HE MEHII Ba)KJIMBHUM 1 TPYJOMICTKUM Y
MaTeMaTHYHOMY MOJICJIIOBAaHHI 3aBJaHHSM.

[NonibHe MonentoBaHHS, B MEPIIy Yepry, Mae OyTH TOB’si3aHe 13 BU3HAUEHHSIM KPHUTEPIHHOI CHCTEMHU
OLIIHKK e(eKTUBHOCTI (PYHKI[IOHYBaHHS TpaHCIOpTHUX cucTeM. Ciil 3a3HAYMTH, IO caMe MOHSTTA
«TPaHCIIOPTHA CHCTEMa» JOCHTh CKIAJHO (OpMaIli3yeThCs Y Cy4yacHiW HaykoBiil miteparypi. Jlo Toro x
MpeJCTaBIeHHs] TPAHCIIOPTHOI CUCTEMU SIK MIPUPOHO-TEXHIYHOT CUCTEMH Bijipa3y K MEPEeBOIUTH 3aBIaHHS
MOCTAaHOBKU KpHTEpiiB eeKTUBHOCTI ii° QPyHKI[IOHYBaHHs Yy TUIOIIMHY B3a€EMOJIl YYaCHHKIB JOPOKHBOTO
PYyXy 1 IOBKULIS, IO, B CUTYyallii HEOOXITHOTO PiBHOMPAB’S IUX KOMIIOHEHTIB CHCTEMH, POOUTH ii 3HAYHO
ckmagHinioro [3].

Y HaykoBiif JiTepaTypi 0 HEIaBHBOTO 4Yacy TIOHSTTS <GIKICTh TPAHCIOPTY», «E(EKTHUBHICTh
TpaHCHOPTY» OyJiM BiJHECEHI BHKIIOYHO [0 OKPEMHX CKIQJ0BUX TPAHCIIOPTHUX CHCTEM 1 ixX
byukiionysannst [5]. Takox orfiHioBanacs e()eKTHBHICTh OKPEMHX 3aXO[(iB, iHHOBAIl B 00JacTi cUCTEM
TPaHCHOPTY, Pijiie poOOTH OyJIH MPUCBSYECHI KOHKPETHUM 3aX0JaM i3 opraHi3alii JOpOXKHbOTO PyXYy.

Ha BigmiHy Bij 3aBJaHp oprasizamii JOpOXHBOTO PYyXy, JI¢ BUKOPUCTOBYIOTHCS, B OCHOBHOMY,
iMiTaiiHi MOJeNi pyXy TPaHCIOPTY, B TPAHCIIOPTHOMY TUIaHYBaHHI BUKOPUCTOBYIOTHCSI IPOTHO3HI MOJIEII,
SIKI TPYHTYIOTBCSI HA MaKpOCKOIIYHHUX TapaMeTpax, M0 OMUCYIOTh TPAHCIOPTHUH TMOTIK. Y IHUX MOJENIX
napamMeTpaMH €: MBUAKICTh TPAHCIIOPTHOTO MMOTOKY, IHTEHCUBHICTh TPAHCIIOPTHOTO TIOTOKY, IHTEHCHBHICTb
MAacCaXUPOMOTOKiB. TakuM YMHOM, OCHOBOIO NMPOTHO3HOTO MOJETIOBAHHS MICBKHX TPAHCHOPTHUX CHUCTEM
CTae€ 3aBJIaHHA pealtizallii HacaKUPChbKUX TPAHCIOPTHUX KopecroHaeHtii [6,15].

Sk 3a3Hauvanocs Buie, 30ip MOYATKOBHX JIAHWX € HAWOUIBIN TPYIOMICTKAM 1 TPHBaIMM 32 YacOM
€TaIoM Ipu MoOyI0Bi TPAHCTIOPTHUX MOAEJIEH. Y CBOIO 4epry, epeKTHBHA SIKiICHA alrOpuTMi3alis Ho0yZ0BI
TPaHCHOPTHUX MOAEJNEH BHpIllye 3a1adyy BHU3HAUYEHHS MIipH BiAMOBIIHOCTI ICHYIOYOTO TPAaHCHIOPTHOIO
MONUTY HAsBHIA TpaHCHoOpTHIH mponosuinii. ToOTo, OCHOBHMM INPH3HAYCHHSM CTBOPIOBAHUX MOJIENICH €
miATpUMaHHs 0a30BUX MapaMeTpiB MACAKUPOIIOTOKIB Ha MapIIPyTax MICT.

HIJIb TA 3AJAYI JOCJIIKEHHS

Mertoro naHol poOOTH € - aHami3 ICHYIYOl TPaHCIIOPTHOI Mepexi MicTa Ha MpeaMeT HaKIaJIaHHS
OKpEMHX MapUIPYTIB PyXy TPOMaJICBKOTO MacaKUPCHKOTO TPAHCHOPTY, po3poOKa epeKTHBHUX CIIOCOOIB
¢ikcamii mapaMmeTpiB HakKIaJaHHS MapLIPYyTiB 3a paxyHok ix 3-D mpencraBmeHHs, po3poOka crmocobiB
aBTOMATH30BaHOTO 30HYBAHHS MapIIPYTHUX CXEM Ta (pakTaJbHOI OLIHKU CTYNEHS HaKJaJaHHS MapIIpyTiB
y BU3HAYEHUX 30HaX, BUPOOJICHHS [IPAKTUYHUX PEKOMEHAllIN 1110 10 yIOCKOHAJIEHHS POOOTH TPaHCIIOPTHOI
CHCTEMH JUII NMACAKHUPCHKUX IepeBe3eHb (Ha MPHKIAAl YIOCKOHAJICHHS TPOJICHOYCHHX MapHIPyTiB y M.
JIyupk).
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Jlns mocsATHEHHS OCTaBIEHOT METH CIIiJ] BUPIIIMTH HACTYITHI 3aa4i:

1.JlocnianTy BIJIMB XapaKTepUCTUK TPAHCIOPTHUX CHUCTEM Ha BHU3HAYCHHS CTYNEHS HAKJIaJaHHI
MapUIPyTHUX CXEM ISl TaCAKUPCHKUX MEPEBE3CHb.

2.Po3pobuty eheKTUBHUN METOJ HAOYHOTO IPEICTABJIICHHS MICHKUX TPOJICHOYCHUX MapIIpyTiB Ta

3.Po3pobuti MeTomuKy (pakTanbHOI OLIHKK HAKJIaJaHHS MapIIpyTiB y BU3HAYCHHX 30HAX PYyXY
TPOMAJICBKOTO TAaCaXHPCHKOTO TPAHCIOPTY Ta PEKOMEHJAlii Mo 10 yIOcKoHalleHHs pobotum T3 Ha
MapIuipyTax y pi3Hi 4acoBi mepioau noou.

4 .3anmponoHyBaTH MiIXOAM 10 OpraHizalii JMHAMIYHOTO YIPaBIiHHS TpoJjeiibycamu Ha MapuipyTax,
ONIEPaTUBHOTO KOPUTYBAaHHS PO3KIAAYy PyXy TpOJEHOyCiB MO Mepexi, BUJO3MIHH MapHIPYTHHX CXEM,
HOPMATHBIB Yacy Ha BUKOHAHHS PEHCiB, BBEICHHSI KOMOIHOBAHOTO PEXUMY PyXy TPOJCHOYCIB.

OO0’eKT MOCHIDKEHHS - TIPOIeC OpraHi3alii MacaKUPCHKUX TIIEPeBE3CHh MICHKUM TPOMAJICHKAM
TPaHCHIOPTOM.

[IpenMeTr nocHiKEHHS — CIOCOOM YIOCKOHAJICHHS po3mofiny T3 ams poOOTH HAa MIiChKii
TpONeHOyCHIH Mepexi.

PE3YJIBTATHU JOCIIIKEHb

OpHi€ro 13 OCHOBHUX MPOOJEM PO3BUTKY CHUCTEMH MICBKOTO ITaCaKUPCHKOTO TPAHCIIOPTY LIS
MEpPEeBE3CHHsI MACAXUPIB, KA HETATHBHO BIDIMBAE Ha ii MOAANBIIANA PO3BUTOK 1 OpraHi3alliio, SBISIETHCA
HHU3bKa TPAHCHOPTHA NOCTYHHicTh. IIOKa3HMK 3aranbHOI TPAaHCIOPTHOI NOCTYMHOCTI XapaKTEpPHU3YeE SIKICTh
MICBKOI TpaHcmopTHOI iHGpacTpykTypu [6,7]. Lle BupakaeThcs y BUTparax 4Yacy Ha IMOI3AKY 1 piBHI
3pYYHOCTI BUKOPUCTaHHS IPOMaJICBKOTO TPAHCIIOPTY B HEOOXiHUI Yac.

Butparn yacy Ha moi3fgKy BKIIOYAIOTH Yac BiAXOMY/MIAXOMY BiJl/I0 3YIHHKH, Yac OYiKyBaHHS, 4ac
nepecyBaHHs 1 nepecagkud. CucreMa MiCHKOTO MACaKUPCHKOTO TPAHCHOPTY TIIBKU TOII MOYE BBaXKaTHUCS
TaKoI0, II0 YCHIIIHO (YHKIIOHYE, KOTM MOXJIHMBE TEpPEMINeHHs y OyAb-KWH TMyHKT NpH3HAYCHHS 32
HOopMaTuBHMHA dYac. Ilpm nmpomy BenmMUMHA TPAHCHOPTHOI MOOCTYMHOCTI HAceNeHHS BHU3HAYATHMETHCS
CHIBBITHOIICHHSM Yacy, Mo (HaKTUIHO BUTPAYAETHCSA HA MIEPEMIIIIEHHS, O HOPMATHBHOTO Yacy MOI3/IKH.

Hanpukman, 3a naHuMu mporpamu po3BUTKY M. JIylbK, HOpMaTHBHUI dYac TepecyBaHHS LIS
JIOCSITHEHHSI 3pa3KOBOi SIKOCTI OOCIIyrOBYBaHHSI He TMOBHHEH NepeBHiyBaTH 25-35 xBumnmH. [Ipore, sk
MOKa3ye MpaKTHKa, el MOKa3HUK Ha JEesIKMX HampsiMax MOXKe MepeBUILyBaTH HOPMAaTHUBHUN NOKa3HUK B 1,5
pas3u, 0co0JIMBO Y TOJIUHH TiK.

[Ipu upoMy BapTO BiAMITHTH HEPIBHOMIpHHN PO3IMOALT HIIBHOCTI MapHIPyTHOI Mepexki B pi3HUX
paiionax Hamoro micta. I1linbHICTE MapIIPYTHOI MEPEXi € OJHUM i3 OCHOBHHX MOKAa3HUKIB, 10 BIUIMBAIOTh
Ha TPAHCIIOPTHY IOCTYNHICTh. TakoX Il MOKAa3HMK, Pa3oM i3 MPOIYCKHOIO 3JaTHICTIO, € OCHOBHOIO
XapaKTepUCTUKOI0 Michbkol TpaHcrmopTHoi Mepexi. IlinpHICTH MapmpyTHOI Mepexi BH3HAYAIOTh SK
CHIBBiTHOIIIEHHS CYMapHOI MPOTSHKHOCTI BYJIHIB 1 JIOPIT, O SKUX MPOXOISTh MAapHIPYTH aBTOMOOLIEHOTO
TpaHCIopTy, 10 Iutoml 3a0ymoBanoi yactuHd wmicta [14]. Tlpu mpomy BigsHadaetbes [8], mio 3rigHo i3
HOpPMAaTHBaMH iCHYIOYa HIUIBHICTh TPAHCHOPTHOI MICHKOI MepeXi MOBMHHA 3a0e3ledyBaTH 4ac IiJXomry
Mmacaxupa JIo 3yMUHOK Y MeXax 5 XBUJIMH.

OCHOBOIO CHCTEMH MICBKOI'O T'POMaJICBKOTO MAacakKMPChKOro TpaHcnopty M. Jlympka € aBTOOyCH
Cepe/IHBOI MICTKOCTI 1 TponeiOycu. AKTHBHE 3acTOCYBaHHs Ha ByiMIpIX wmicta Jlyibka, Bce s OUIbIIOL
KIJIBKOCTI MapIIpyTiB, BETMKOrabapuTHUX TPOJIEHOYCIB MPU3BOANTD 10 3HWKEHHSI HIBUJIKOCTI PyXY, 30LIbIICHHS
Yacy Ha 3/1iIICHEHHS OJTHOTO PEHCy.

BB momyTHOrO JOpOKHBOTO pyXy Ha eKCIUTyaTalliiHy IIBHIIKICTH TPOJIEUOYCIB MPOSBISETHCA Y
BUIJISIII BUITAJKOBHMX IIEPEIIKO BiJ| IMIIIOXOIIB 1 MAHEBPIB MOMYTHOTO aBTOMOOLIBHOIO TPAHCIIOPTY, a TaKOXK
OOTOHIB TUXOXiTHUX 1 HEPYXOMHUX TPAaHCHOPTHHUX 3aco0iB. LLIBUAKICTE pyXy TPaHCIIOPTHOI ONMHUII MIPU LIBOMY
3MIHIOETBCS Y JIBOX acleKTax. 3 oxHOro OOKy, MmosiBa MEPEIKOIN NPU3BOIUTE O OJHOMOMEHTHOTO 3HM)KEHHS
IIBHUIKOCTI. 3 IHIIOTO OOKY, B pe3yJibTaTi 30UIBLICHHS YMClia TIEPEIIKOI, 1110 BiINOBIAaE OLIbIIINA IHTEHCUBHOCTI
MIOMYTHOTO BYJIMYHOTO PyXy, BOJii TponeiiOyca pyxaeTbcsa IO TEPEroHy OOEpekKHO Ta 3 ICTOTHO MEHIIIOO
CEpeAHBbOI0 MBHUAKICTIO. 3 TO3MLIT HacaXupa, OJHOYACHO, MOXKHA CIIOCTEpiraTd 30UIBIICHHS Yacy, IO
BUTPAYAEThCS HA MPOT3/] /0 MyHKTY MPU3HAYCHHS.

Sk mokazye craructika, y M. JIynbky (2010-2019p.) BinOyBcs IeBHHI TIepepOo3IIOALT MacakUpOIIOTOKY
MO BHAAX TPaHCIOPTY. € TpeHA Ha 3pOCTaHHS YacTKH IepeBe3eHb MAacaXMpPiB TPOJICHOycaMH Yy 3aralbHOMY
00’eMi  MICBKHX TIIepeBe3€Hb, SIKE MOXKHA IOSICHUTH IEBHUM OHOBJICHHSAM THapKy PyXOMOTO CKIamy,
30UTBITICHHSM HAIIOBHIOBAHOCTI CAJIOHIB TPOJICHOYCIB Ta YIOCKOHAJICHHSIM METOIB KOHTPOJIO HAITOBHEHOCTI,
OTNITUMI3AIIEI0 MApPIIPYTHOT MEPEXKi, MiABUICHHSAM SKOCTI OOCIYTrOBYBAaHHS IMaCaKHMpIiB HA MapumipyTi 3a
PaxyHOK 3ampoBaKEHHS CUCTEMH OIJIaTH 3a MPOoi3] yepe3 BaligaTop.

126 , 2020, Ne1 (14)



© Iycrionera C.1., MMpumok B.M., T'onosauyk I.I1. 2020

3 immoro OOKy, IparHeHHS IO MIATPUMKH BHCOKOI HAIIOBHIOBAHOCTI PYXOMOTO CKJIaay TaKOXK
3HIDKY€ MBUAKICTh PYXY 32 PAXyHOK TaK 3BaHOTO JIFOJICHKOTO YMHHHUKA: IICHXOJIOTIYHA BiIMOBITaIbHICTE 32
Oe3neKy OUIBIIOro YKcia MacaXkupiB, MO MEPEBO3ATHCA, 3MYLIYE BOJIS TpoJieiidyca BUOMpAaTH MIBUIKICTh
MEHIIY BiJHOCHO JIOITyCTHUMOI IIBUAKOCTI 32 YMOBaMH PYyXY 1 TUHAMIYHUMH MOKIMBOCTSIMHU TPAHCIOPTY.

Lle, B cBOIO 4epry, HEPiAKO MPU3BOAWUTH JO YTBOPEHHS 3aTOPIB HA TOPOTax 1 MEpexpecTsiX Micra,
30i7BIIEHHsT Yacy TOI3AKHM, IO BIUIMBAa€ SIK HA EKOHOMIYHI ITOKa3HWKH POOOTH CHCTEMH MiCBKOTO
MacaXUPChKOTr0 TPAHCIIOPTY, TaK 1 HA TICUXOJIOTIYHMM 1 SKOJIOTIYHHMIA aCIeKT Iiei mpobiemMu. BHacmimok
TOTO, IO TPOJIEHOYCH BUSBISIOTHCS YyYaCHUKaMHM TaK 3BaHMX JOPOXKHIX «IPOOOK», 3HMKYETHCS
PeryJsIpHICTh peiiciB, HAAIMHICTh TepeBe3eHb, Yac pyXy MO MapHIPyTy IHKOJIM CTa€ Hemepen0adyBaHHUM.
Kpim Toro, TpuBane 3HaXOKEHHS Y TOPOKHBOMY 3aTOpi CIIPUsIE HAKOMMYEHHIO, TaK 3BaHOI, TPAHCIOPTHOL
BTOMHU SIK Y MAaCaKUPIiB, Tak 1 y BOMIIB TPaHCIIOPTHHUX 3ac00iB. 3PEIITOIO 1€ MOXKE TPUBECTH IO 3HMKEHHS
yBard i 3MEHIIICHHS PiBHS O€3MeKH PyXy.

Bumie HaBeneni npo0ieMu (QpyHKIIOHYBaHHS MIiCHKOTO MAacaKUPCHKOTO TPAHCHIOPTY Yy M. JIyLbKy i,
0c00JIMBO TPOJNIEHOYCHUX MapHIPYTiB, BUMararoTh KOMIUIEKCHOTO MiAXOMy A0 IX BHpIlIEHHsS. AJKe came
TpONEeHOyCHI MapIIPyTH MalOTh BKJIMBE COIliaTbHE 3HAUEHHS, 33J0BOJIBHAIOTH IOTPEe0y HACETICHHS MicTa B
MIEPEeMIIIIEHHIX y MeXaX 00yMOBJIEHO1 TepUTOPil pH MiHIMAILHUX BUTPATax 4acy, 3a MiHIMAIbHY IiHY, IPU
MEBHIN Mipi KOMBOPTY.

[ToOynoBa Ta migTpuMKka QyHKIIOHYBaHHS HAIIHOI Ta eeKTUBHOI TPONIEHOYyCHOI Mepexi y MicTi
JO3BOJIUTH 30LMBIINTH PiBeHb TPAHCIIOPTHOI JTOCTYMHOCTI, IOHU3UTH PiBE€Hb TPAHCIOPTHOI TUCKPHUMiHAII
HACEJICHHs, 30UIBPIINTH TPAHCIOPTHY PYXJIHMBICTh MNACAXHUPIB 1 MONINIIWTH 1HIII TIOKa3HWUKH, IO
XapaKTepu3yloTh e()eKTUBHY POOOTY BCHOT'O I'POMAJICHKOT0 TPAHCIIOPTY B MICTI.

OmHUM i3 METOMIB YIOCKOHAJIEHHsS] TPAHCIIOPTHOI poOOTH Ha HAWOUIBIN 3aBaHTAXEHHUX HAIpPSIMax
PYXY MOXYTh CTaTH 3aXOJH 10 PETYIIOBAHHIO K HAIMPAMIB PyXy TpoJieHOyciB, Tak i X MacaKMpOMICTKOCTI
Ta KIJTBKOCTI OAMHUIG HA JIiHIT y TeBHI nepioan ao6u. Hanpukian, 3a paxyHOK NMPU3HAYCHHS J0JaTKOBHX
KIJIBIIEBUX MapIIPYTiB CYTTEBO MOKE TMOKPAIIUTUCH €PEKTHUBHICTh BUKOPHUCTAHHS TPONeHOyCiB y MicTi. A
JUHAMIYHE PErYNIOBAHHS HampsMy PyXy TPOJeHOYyCHHMX HOTOKIB B TOAMHH MK MOXKE YaCTKOBO MOHU3UTH
HaIpPY>KCHICTh Ha 3aBaHTAXCHUX JUITHKAX, 3a1100Iral0uy yTBOPEHHIO «3aTOPOBUXY CUTYAITIH.

ONiHIOIYM TEPCIeKTHBY THX a00 IHIIMX HAampsMiB MOJAIBIIOTO PO3BUTKY TPOMAJICHKOrO
MACaXUPCHKOTO TPAaHCHIOPTY y M. JIyIbKy, MOXHa KOHCTaTyBaTH, 110, MEpPeayCiM, MOTPiOHE 3HAXOKEHHS
KOHCEHCYCY MiX iHTepecaMH CIIO’KUBaUiB TPAHCIIOPTHHUX TOCIYT, 10 MOTPEOYIOTh MIEBHOTO PiBHS iX SKOCTI,
MICBKOIO BIQJIO0 (MPUBAOIMBICTh MICTa, E€KOJOTIYHICTH TPAHCIOPTY, Oe3leKa Ha BYJIUYHO-AOPOXKHIN
Mepexi i T.i.) 1 TPAaHCHOPTHHUMH IMiJIPUEMCTBAMH, 3aI[iKaBICHUMH B 3HIDKCHHI BIIACHMX BHUTpAT Ha
NEPEBE3EHH.

Y mpoMy CceHCi, Ha Hall TMOTJIsIJl, € CYTTEBI MOXKJIMBOCTI JJisi YJAOCKOHAJICHHS TPOJEHOyCcHUX
MapmipyTiB y Jlynbky, minBuimieHHs piBHS e(eKTUBHOI OpraHi3aiii yNpaBiiHHS CHUCTEMOIO IepeBE3CHb,
Opi€HTaIii CHeIlialicTiB BUKOHABYOTO KOMITETy Ha 3HW)KCHHA BIUIMBY HETaTUBHUX YHHHUKIB
(YHKIIOHYBaHHSI CHCTEMH MACAKUPCHKUX MIEPEBE3CHb, 00K IHTEPECiB MiIPUEMCTB BCiX MEPEBI3HUKIB MTPH
MiABHUIECHH] PiBHS SIKOCTI TPAHCHOPTHUX TIOCITYT, IO HAJAFOTHCS.

Hamu mponoHyeTbess Ai€eBUE MeTon JUIsl JUHAMIYHOTO YOOCKOHAJEHHS MICBHKOI MacakKHpChbKoi
TPAHCIIOPTHOI MEPEeXi, B OCHOBI SKOr0 IIOKJIQJCHO 3B'I30K KJIACHYHOTO KoedilieHTa HaKJIaIaHHS
MACaXUPOIIOTOKIB 13 CIIOCOOaMU TEOMETPUYHOTO TPEJICTABIICHHS HAKIIAJaHHS ICHYIOUNX MAPIIPYTHAX CXEM
nepecyBanus T3 (Ha npuknazai TponeiidycHoi mepexi M. Jlympka).

Cranom Ha 15.02.20p. TtponeiiOycHa mepexa M. Jlynpka Briarouana 11 mapmpytiB pi3HOT
MPOTSDKHOCTI 1 Pi3HOT iHTeHCHBHOCTI pyxy T3 (Tabmwmms 1).

3po3yMmisio, 10 HaBeAEH! y TaONUIl MapIIpyTHI CXeMU PyXy TpoJiei0yciB HakIagaroTbCs Ha Psiai
IUISHOK BYJIMYHO-OPOKHBOI MEpexi MicTa, HE TOBOPAYM BXKE 3a JOAATKOBE HAKIaJaHHA e H i3
MapuipyTamMu aBToOYcCiB.

AHali3 ToKa3aB, II0 MOXIJIMBA HHM3Ka BapiaHTIB HaKIaJIeHHS MapHIPYTHHX CXEM IS Pi3HUX
MapUIpyTiB, SIKi CyTTEBO BIUIMBAIOTH HA SIKICTh MPOLECY NEpeBe3eHHs NacaxupiB. Yum Oinblia KiTbKICTH
3arajibHUX TIEPErOHIB Ma€ JIeKUIbKa MapUIPYyTiB, TUM Oifibllie 16l BUJ HaKJIaJICHHS MMO3HAYaTUMEThCS TIPU
BU3HAYeHHI 4yacy ouikyBaHHS T3 macaxupamu. EdexrtuBHa ¢ikcallis BapiaHTIB HakIaJIeHHS, JT03BOJIUTH
KOPEKTHiIlIE PO3paxyBaTH MOXKJIMBHI Yac ovikyBaHHs. OCOOIMBO 1€ BaXITUBO, SKIIO MOYATKOBA 3yNUHKA €
MAacaKUPO-yTBOPIOIOYOIO, a KiHIeBa — MACAKUPO-TIOTTTHHAIOYOIO.

OpmHak, TIpu 3BUYAMHOMY TPEICTaBICHHI MEpeXi MapIIpyTiB Uil PyXy TpoJieii0yciB, abo BCHOTO
TPOMAJICEKOTO IMaCaKUPCHKOTO TPAHCHOPTY B IMJIOMY y MICTi, HE MOXJIMBO OIIIHUTH BCi HaKJIagaHHSI
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MapIIpyTiB HA OKPEMHUX AUITHKAX 3 METOIO BHPOOJICHHS pEKOMEHIAIlIN 1110 10 YAOCKOHAIeHHS pyxy T3 Ha
MapIuipyTax, y pi3Hi 9acoBi nepioau mo0u.

Tabmuns 1
N
MapupyTy 1 1A 2 2A 3 4 4A 5 12 15 15A
Hazsa , o
MapuIpyTy i o Q E
e o0 ] T 2 2 . =]
£ & § £ = = y § %m = 5 g = : < 2
= g g = = & 58 | 85 |28 |22g|52 |52
= =3 = = ¥ m @ = = £k Al 83 =g
Josxuna L
(kM) 15.35 13.31 13.25 11.21 1451 11.41 11.95 112 12.18 11.02 11.05
MapuIpyTy
InrepBan
pyxy t (xB)
Ha 13-15 13-15 10-15 10-15 60 10 10 15 17 10-15 10-15
MapIpyTi
K-ctp T3 Ha
MapuIpyTi 6 6 6 6 1 5 5 5 5 4 4
CepenHiit
gac T (xB) 90 90 90 90 120 75 75 90 105 45 45
obopory

Tomy y poOoti mpomonyeTthest 3-D mpencraBieHHs TponeiOycHoi MaprpyTHOi Mepexi Jlyrpka,
aHaJIi3 SKOi, Ha Halll TIOTJISA/, BIIKpUBAE 03114 MOMIIMBOCTEH JJIs ONTHUMI3allil MaCaXKUPChKUX MEePEBE3CHb
Tposielidycamu, SIK i3 BpaxyBaHHsSM IHTEpPECiB MiIMPUEMCTBA EIEKTPOTPAHCIOPTY, TaK 1 3 BpaxyBaHHSIM

KOM(OPTHOCTI AJIs )KUTENIB MiCTa.
JaHe mpencTaBieHHS € TUHAMIYHUM 1 JIO3BOJISIE TIO PsiIy TEOMETPUYHHUX MapameTpiB BU3HAUUTH

JUJISTHKY BYJIMYHO-IOPOKHBOT MEPEXi MICTa 13 HAHOLIBIIIOK KUIBKICTIO HAKJIaJdaHHS MapuipyTiB (Y JaHOMY
BHIIAJIKy TPOJIEHOYCHHUX ), IO MPOXOIATH MO HUX (puc.1).

Pucynox 1
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BuxopucroByroun po3pobieny 3-D mMomens npeacTaBiaeHHS TPOIeHOyCHUX MapmpyTiB M. JIympka,
MOXXHa CEpeqHI0 KUTBKICTh 30ITiB TMEpPeroHiB Pi3HWX MAapIIPYTiB TPOJIEHOYyCiB OLIHWUTH 3a JOMOMOTOIO

. S
MapIIpyTHOTo Koedirienra K :

T ®

ne | - momwuma N-ro mapuipyry, kM; L, - moeskuma |-i Byauui, no skili mpoxomuTh xoua 6u oauH
MapupyT, KM.

Kpim Toro, 3a TakuM migxoaoMm, IS BCi€i Mepexi MicTa MOXHA PO3paxyBaTH KUTBKICTh TIEPEroHiB,
T0 SIKMX MACAKHUP MOKE MEPEMICTUTHUCS 3a JOIOMOTOI0 OJIHOTO, IBOX, K MapimpyTis.

[Mlpore wmapmpytHuii koediumient (1) He B MOBHIA Mipi BigOMBae CTYmiHb HaKJIaJCHHS
MacaXUPOTIOTOKIB Ha MPEICTABICHY MapIIPYTHY MEpEKY, TOOTO MapLIPyTH MOXYTh MPOXOAUTH IO OJHIH 1
Ti XK€ MUISHIN BYJIMYHO-TOPOKHBOI MEpexi, ae Uid TMEepeMIlIeHHs MacaXupH HE MAIOTh MOXKIUBOCTI
BHOOpY OyIb-aKoro i3 HuX. Taka cuTyaris BUHUKAE, SKIIO IMOYATKOBI 3yMMMHKA HAa MAPHIPYTi € Macakupo-
YTBOPIOIOYMMH, KiHIEBI — TNacaXUPO-MOTIHHAIOYAMH, a MacaXXHpo-OOMIH Ha 3yNUHKAaX, 4epe3 sKi
MPOXOANTH 3arajbHa YaCTHHA PI3HUX MAPLIPYTIB, - € HE3HAYHUM.

Moxna Oymo ©, pansd BU3HAYEHHA NUIAXIB YJOCKOHAICHHS, BUKOPUCTATH YK€ BiAOMY
XapaKTepUCTUKY: Koe]ilieHT HaKJIQJACHHS MacakKUPOMOTOKiB Ha MmapmpyTHy mepexy [13]. Koedimient
PO3paxoOBYETHCS 32 HOPMYIIOLO:

Mz
M=
_)>

>

_ =l
W, =

1]
4N
=3

Il
4N

.MZ
2

I
LN
I
LN

, 2
Aj .

Stxkmo W :1, TO TAaCaKUP 3aBXKAM MA€ MOXIIMBICTh NMEPEMICTHTHCS J0 MICIS NPU3HAYCHHS JINIIE
OJTHUM MapIIpyTOM, TOMY 3aBJaHHS ONTHMi3allii pPOOOTH MICBKOTO TACaXUPCHKOTO TPAHCIOPTY
po3majaeThcsi Ha 3aBAaHHS OINTHMi3amii poOOTH TpPOJIeHOYyCHOTO TPAHCHIOPTY HAa KOXKHOMY OKpPEMOMY
MapuipyTi. YuM Buile 3HaueHHs nokasuuka W , TMM BMINA 3Ha49yLIiCTh epeKTUBHOI (ikcallii HaKIaaeHHSs
MapIIpyTiB IPY BUPIMIEHHI 3a/1a4 ONTHMi3allii poOOTH MiCEKOTO MacaXHUPCHKOTO TPAHCIIOPTY.

OpHak, Koe]ilieHT HakIaJeHHs NacaXUPOIOTOKIB Ha MapIIPyTHY MEpEeKy, Ha BiIMiHY BiJ
MapuipyTHOTo KoedilieHTa, - BEIMYMHA HEMOCTiHHA JUIS KOHKPETHOI BYJIMYHO-IOPOXKHBOI MEpexi,
OCKIUJIbKM TIACaKUPOIIOTIK BECh Yac 3MIHIOETHCS HA MPOTA31 TOOUH AO0OM, THSIM THDKHS, MICSLSAM POKY, a
BU3HAUYEHHS HOro y Mexax NpPOMOHOBAaHOI MOZAENl € JOCTaTHBO TPYIOMICTKHUM 1 3aTpaTHUM SIK II0
MaTepialibHUX pecypcax, TaK i 1o Jacy.

[IponioHyeThesl 1HIIWI anrOpuUTM ONTHMI3Allii TAaCAKUPCHKOT TPAHCHOPTHOI CUCTEMH  MicTa.
BukopuctoByroun pospobneny 3-D Mopnenb, MPOBOAUTHCS aBTOMATH30BAaHE 30HYBAHHS HaAHOiIbII
XapaKTepHUX MapIIpyTiB HaKIadaHHs (puc. 2).

30HYBaHHS JIO3BOJISIE, TO-TIEPIIE, JOCTaTHHO IMPOCTO BU3HAYATH MOJU(IKOBAHMA MapIIPyTHUN
KOeilieHT y MeXax OfHi€l 30HH, 110 OUIBII TOYHO XapaKTepU3ye CTYMiHb HAKIAJIaHHSI OKPEMHUX MapIIPYTiB
st i€l 3084 (Tabnuns 2). MoaudikoBaHui MapIpyTHUH Koe(ilieHT 30HH OOUUCITIOETHCS:

ne ') - IHTEHCUBHICTh MOTOKY MACaXUPIB, Koe(ilieHT KiTBKOCTI 30iraHp Ha MapIuIpyTi.

gk _ L

MOO.

n=1 , (3)

: . I
ne L, - nowxnna naknamanss Mapupytis y 30Hi K, kM; " - 1oBxkuHA N -ro MapmpyTy, KM.
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ITo-npyre, M1t KOKHOT XapaKTepHOI 30HH OOYHCITIOETHCS TTOKA3HUK TYCTHHH MapIIpyTiB YV 30Hi:
1

My = r
L (4)

)2y,

r . . T
Je % - 4UCII0 MapIIpyTiB y 30Hi (%

30Ha HaknafaHHa C

3oHa HaknafaHea D

3oHa HaknagaHHa B

30Ha HaknadaHHA E

30Ha HaknagaHHA A

1a

Pucynok 2

[loka3HUK TMOKa3ye piBEHb HANOBHEHOCTI IEBHOI 30HM ICHYIOUMMH Mapmpytamu. Paszom i3
BEITMYMHOI0 JOBXHHHM MAapIIPYTiB HaKIaAaHHA (T€OMETPUYHI PO3MIpHM 30HU) BiH OIOCEPEAKOBAaHO A€
iHpOpMAIIiI0 TIPO CepelHI0 KiNbKicTh T3 HeoOXiAHMX Ui 3a0e3MeueHHs CTaOr0 MAcCaKUPOIIOTOKY JUIS
JTAaHOi 30HH Y Pi3Hi YacOBi EPioIH.

[To-Tpere, MOKAa3HWK HANOBHEHOCTI MapIIpyTaMH BIANOBIAHOI 30HM HaBiB Ha JyMKy PO
MOJKJIUBICTh €(EKTUBHOI OIlIHKM Ta aHaji3y II T€OMETPUYHUX MapaMETPiB 3a PaxyHOK (paKTaJIbHOIO
miaxonay. B ocHOBY BUsBIIEHHs ()paKkTaIbHUX 3aKOHOMIPHOCTEH PO3TalllyBaHHS MapUIPYTHUX CXEM Y 30Hax
OyJ0 TOKITaZeHo yxe Kinacudauit «box-counting» meron [9]. Hdust peamizariii qaHoi METOJMKH TOTPiOHE
300pakeHHs. MapIIPYTiB 30HHU i3 JOCUTH JETATbHUM TPEACTABICHHIM 0COOIMBOCTEH X CTPYKTYpH Ha PiBHI
BHYTPIIIHBOTO MacmTaldy gpakTambHOCTI. BilnoBigHO 10, BXKe pO3poOIeHUX HAMHU paHille, TeOMETPUIHUX
aNTOPUTMIB Ta mporpamuoro 3abesnedyenus [10,11,12], Ha e 300paskeHHsT HAKIAJAIOTHCS KBaPaTHI CITKH
3 PI3HMMH pO3MipaMH €JIEMEHTIB 1 MiApaXxOBYETHCS KUIBKICTh €JIEMEHTIB, IO MOKPUBAIOTH MapIIPYTHI

CXeMH Y 30Hi (Hanpukina, 3ona B, ppaxransna posmipricts D, =1.75 ) (puc 3).

Open 867 boxes - Computing ... Open jFractal Dimension = 1.75
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Pucynok 3
AHAJOTIUHI pO3paxyHKH MPOBOASTHCS JIs BCIX BUIUICHUX 30H. MeToJ1 00YMCICHHS (hpaKTaIbHUX
MOKa3HMKIB iCHYIOUHX MapIIPYTHHX CXEM Y 30HaX MOXe yJocKoHamroBaTtucs. OnHaK KiIbKICHI MapaMeTpu
(hpakTambHOI PO3MIPHOCTI TE€OMETPUYHHMX OO0 €KTIB BCIX PO3TMSHYTHUX 30H UITKO BU3HAYAIOTH TPEHI iX
MPsIMOi  3aJIe)KHOCTI BiJ IHTEHCHMBHOCTI HAKJIQJaHHS y TMEBHHX 00’€Max ICHYIOUMX MapIIPYTHHUX CXEM.
PesynpTatn po3paxyHKiB mapaMeTpiB 30HYBaHHS AJS TPOJIEHOyCHMX MapmpyTiB M. Jlynpka HaBeAeHO y
Tadaui 2.

Tabms 2
= o E ~~ = = E E E
= g g g . S 2 |E <0 3
< .8 - O = T .2 T =D 5 @ s
= SEE-N x 5 E g = g\ > 5 A >
S > g -1 5 > 2 g [ o 5
5 a = N o g > o= § ‘= T
2 o < B oo ¥ E [~
s = g 5 T & 5 &8558 [|Ex ¥ 85
= = 5 E & 52 |22 S T &
g £ S 225 SEE B 2S5
Z = S B E = cS38 |g = 6 3 5
S z E = =" 2 g5 il
A 1,1A,2,2A
4.1 0.105 0.25. 1.54
B 1, 1A, 2,
2A, 3, 4, 2.6 0.029 0.125 1.75
4A, 12
C 1, 1A, 2,
2A, 4, 4A,
5,12, 15, 0.9 0.0093 0.1 1.77
15A
D 1, 1A, 2,
2A, 3, 15, 11 0.15 0.145 1.61
15A
E 1, 1A, 2,
2A. 5. 12 4.3 0.069 0.167 1.58

OBI'OBOPEHHA PE3YJBbTATIB JOCJIAXEHb

BiamoBigHo 10 pe3ynbTaTiB aHANi3y MiCBKHX TPOJIEHOYCHUX MapuipyTiB (TaOMuId 2) BHIHO, IO
BeIMYMHA (PpaKkTaabHOI PO3MIPHOCTI MapHIPYTHHX CXE€M Yy 30HI aJeKBaTHO XapaKTEpPHU3ye ITOKA3HUK
HaTNOBHEHOCTI 1 Mapmpytamu. YumM Oinbiuii moka3sHUK QpaktanbHOi po3MipHocTi (30HU C i B) — Tum
BUIINH CTYIiHb HAKJIAJAaHH MapImpyTHUX cxeM. [laHnii TpeH ] MPaKTHYHO CTOBIICOTKOBO MiITBEP/KYETHCS
IHIIUMH PO3PaxyHKOBHMH ITapaMeTpaMH 30H.

BiamnoBigHo 10 1bOTO, IS ONTHUMI3allli poOOTH BHUIIE PO3MNISIHYTOI TPAHCIOPTHOI CHCTEMH MicTa
MPOTIOHYIOTHCSI HACTYITHI 3aXOJIH: JIMHAMIYHO 3HIKYBATH TOKa3HUK (PpakTaabHOCTI Y 30HAX, a 3HAYUTH 1
KUTBKICTh HaKJIaJCHHS MapIIPYTHUX CXEM 3a paxyHOK IMepeopieHTamii y NMeBHI TOAMHU I00M CXOXKHX
MapuipyTiB, K (QYHKIIOHYIOTH y 30HIi; ONEPAaTHMBHO KEPyBaTH KIUIBKICTIO OOWMHMLL 13 Ha MapuipyTi,
MACAKUPOMICTKICTIO TPOJEHOYCIB, ONTUMI3yBaTH YNpaBIiHHsA pe3epBoM T3 TponeiidycHoro mapky. Lle
JIO3BOJIUTH CYTTEBO MiJBHUIUTU PETYISAPHICTH TPAHCIIOPTHOT pOOOTH, MPOTE 1HKOIH MOXKE MPHU3BOJUTU JI0
3011bLICHHS Koe(ilieHTa MPUMYCOBOI IIePECcaKH MacaKUpiB.

OCHOBHHM JIOKYMEHTOM, SIKHI pEriJaMeHTYyE MacaXMPChKi MEPeBE3CHHsS Ha MapIIpyTi Y MICTi €
posknan pyxy T3. 3rigmo [16] poskman pyxy — e rpadik, Tabauis, 10 MICTHTh JaHi PO Yac, MicIe i
MOCITIZIOBHICTh BUKOHAHHS PEHCIB.

Poskiazg pyxy TposeiOyciB po3pobisieTbest BiamoBinHO 10 BUMOr [15]. ¥V HpOoMy 3a3HauaroThest 4ac
MpUOYTTSA Ta BIATPABICHHS 13 IMMOYATKOBOTO 1 MPOMDKHHX IYHKTIB, HPHOYTTS 10 KIHIIEBOTO IIYHKTY,
TPHUBAJICTh 3YMMHOK Ta BChoro peiicy. lllopidyHo po3kiagu pyxy MiAJalOTh KOPETYBaHHIO IO OO 3MiHH
KUTBKOCTI TpOJEeHOyCiB Ha MapuIpyTi, Tpacl MapLIpyTy, HOPMaTUBIB Yacy Ha BUKOHAHHS peicy, chUcTeM
opranizairii mparii BOAiiB, a TAKOK BapiaHTIB OopraHi3allii KOMOIHOBAaHOTO PEXKUMY PYXY TPOJIEHOYCIB.

BiamoBigHo 3amponoOHOBaHIM Mopedi, OCOONMBUN €(EeKT, y HaIIOMy BHIIaIKy, Oy[e JaBaTu
3aCTOCYBaHHS IEPEBI3HUKAMU TEXHOJIOTil pe3epByBaHHS TpoJNeiOyciB He TiMbKM y Mapky, ajie i Ha
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MapripyTax. J[uHaMmidyHe yHpaBIiHHA pe3epBaMU Ha MapIIpyTi y MpoOJEeMHUX 30HAX JO3BOJISTHME
MIATPUMYBATH K 3aJaHUi IIOJCHHUIN BUITYCK TPAaHCHOPTHHUX 3ac00iB, TaK 1 AOTPUMaHHS HOPMATHBHHUX
3Ha4YeHb MapUIPYTHUX Koe(illieHTiB, Koe(illieHTIB HAKTaJaHHs Naca)KUPOMOTOKIB Ha MapUIPYTHY MEPEXY 1,
SK HACNiJOK, MiIBUIIUTH PETYJSIPHICTh Ta SIKiCTh TPaHCHOPTHOI poboTH. Take AMHAMiIuHE pe3epByBaHHS
nependadae mepeaady B PO3MOPAHKEHHS CIIENiali30BaHOTO J¥CIeTdepa MEeBHOI KUTBKOCTI TPOJeHOyciB, i3
HalI0CBITUEHIINMH BOAIAMH, IJIS IX OIEPAaTUBHOTO 3aCTOCYBAaHHS Ha MapIIPyTax KOHKPETHUX 30H 3 METOIO
BUPIBHIOBaHHS 00CITYroBYBaHHsI TACaKUPOTOTOKIB Y HALIOMY MICTi.

BiamoBigHo ¢pakTaibHOI OMIHKA HAKIaJaHHSI MapIIpyTiB Y 30HAX, IIPOMOHYIOTHCS HACTYITHI MICIIS
JMHAMIYHOTO pe3epByBaHHs TposieiidyciB y JIyibKy, siki HaBeaeHO Ha pUCYHKY 4 (mast 30H A,B: mo3. 1 -
paiion B. IlapkoBoi; s 30HM D: mo3. 2 - paiion craporo knamoBuina; ais 3oau C: mo3.3 - paiion 3ai.
BOK3aiy; Ui 30HH E: 1103.4 - paiion 40-kBapTany).

Pucynoxk 4

EdexTnBHE BUKOPHUCTAHHS TAKOTO TMHAMIYHOTO PE3epBY 3MOXKE CYTTEBO HIBEIIOBATH IMPOOIEMH
HaKJIaJaHHs MapuIpyTiB (3aTOpyW Ha MAiNsSHKAaX, Oe3leka pyXy, 4yac TOI3[KH), BHPIBHITH HANOBHEHICTh
TposIeiOyCiB macakupamy, BUKIIOUYMTH Ha MapuipyTax KpartHi (MOABiiiHI, TOTpiiHI) iHTEpBaIU pyXy, IO Y
pe3yibTaTi 3a0e3neunTh 3HW)KEHHS BHUTpaT Yacy I[acaXdupiB Ha OdiKyBaHHA mnocaaku B T3 Ta Ha
nepeMillieHHs TT0 MapIIpyTYy.

BUCHOBOK

Y poGoTi mpoaHaNi30BaHO OCHOBHI OCOONMBOCTI (PYHKIIOHYBAaHHS MICBKMX HacCaXXHPCHKUX
nepeBe3eHb Ta JIOCTIHKEHO BIUIMB XapaKTEPUCTHK TPAHCIOPTHUX CHUCTEM Ha BU3HAYCHHS IMOKA3HHKIB
HaKJIaJlaHHsI MapIpyTHUX cxeM. Po3pobiieHo meron 3-D mpencTaBieHHs Ta aBTOMaTH30BaHOTO 30HYBaHHS
MICBKMX TPOJEHOYCHMX MapHIpyTiB. 3alpONOHOBAaHO croci0 (pakTaabHOI OLIHKK CTYINEHS HaKIagaHHS
MapUIpyTiB y BU3HAUYEHHUX 30HAX Ta IUIIXH yJOCKOHAJIECHHS TpaHCopTHOI poboTn T3 Ha MapupyTax y pi3Hi
4acoBi mepioiu 1o00u. 3arporoHOBAHO ITiJIXO/H JIO BJIAIITYBAHHS JTUHAMIYHOTO PE3EPBYBaHHS TPOJICHOYCIB
Ha Mapuipyrax, ske 3a0e3nednTh ePEeKTHBHY BHJIO3MIHY MapHIPyTHHX CXEM, OIEepaTHBHE KOPUTYBAaHHS
PO3KJIaLy pyxy TpoJeiOyciB o Mepexi, HOPMATHBIB Yacy Ha BUKOHAHHS PEHCiB, CUCTEM OpraHi3alii mparti
BOJIi1B, KOMOIHOBAHOTO PEKUMY PYXY TPOJICHOYCIB.
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S. Pustiulha, V. Prydiuk, I. Holovachuk. A method of fractal estimation of index of imposition of
rout charts is for optimization of municipal passenger transportations

Work is sanctified to development of effective methods of optimization of municipal passenger
transportations. The analysis of literary sources showed that, as a rule, the improvement of a transport service
in cities comes true by the use of certain mathematical models. Any mathematical model, including
functioning of a transport network, is base on large multicomponent volume of initial data the receipt of that
is related to the problems of statistical researches, with a situation in city, that changes quickly and
dinamically, and does a similar weekend given in course of time irrelevant and out-of-date.

Exactly it and is a basic problem for creation of transport models of large cities. To similar,
necessary for the valuable design of data, as a rule, belong: differentiation on the boroughs of quantity of
population, number of places for labour and their location, recreational potential, mean time of movement of
habitants and all that. Unlike tasks to organization of travelling motion, where the simulation models of
motion of transport are used, mainly prognosis models, that are base on macroscopic parameters that
describe a transport stream, are used in a transport planning. In these models parameters are: speed of a
transport stream, intensity of a transport stream, intensity of passenger transportations. Thus, the task of
optimal realization of passenger transport correspondences becomes basis of prognosis design of municipal
transport systems.

Obviously, that the capture of initial data folds the most labour intensive and protracted at times
stage at a construction or improvement of transport models. In turn, the effective methodology of
construction of transport models offered in-process on the geometrical parameters of imposition of rout
charts decides the task of determination of measure of accordance of an existent transport demand to a
present transport suggestion.

The effective method of dynamic improvement of a municipal passenger transport network is in-
process offered, in basis of that connection of classic coefficient of imposition of passenger transportations is
fixed with the methods of geometrical presentation and fractal estimation of imposition of existent rout
charts of movement of transport (on the example of trolleybus network of Lutsk). The basic features of
functioning of municipal passenger transportations are analysed and influence of descriptions of transport
systems is investigational on determination of degree of imposition of rout charts. A method is worked out 3-
D of presentation and automated zoning of municipal trolleybus routes. The method of fractal estimation of
degree of imposition of routes for certain zones and ways of improvement of a transport work of transport
are offered on routes, in different sentinel periods of twenty-four hours. Offered approach to arranging of the
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dynamic backuping of trolleybuses on routes, that will provide effective modification of rout charts,
operative adjustment of curriculum of motion of trolleybuses for networks, norms of time on implementation
of voyages, systems of organization of labour of drivers, combined mode of motion of trolleybuses.

Keywords: optimization, passenger transportations, rout chart, 3-D of presentation, automated
zoning, imposition of routes, fractal estimation, dynamic backuping.
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V]IK 629.113
UDC 629.113
Caxno' B I1., Monsixos' B.M., MypOBaHI/II/I L.C., llapaii' C.M.
'Hayionanvoruii mpchnopmHuu ymeepcumem
2JlyyoKuii HayionansHutl mexuivHuii ynigepcumem

JIO MMOPIBHAJIbHOI OIIIHKU TPUJIAHKOBUX METPOBYCIB PI3BHUX
KOMIIOHYBAJIBHUX CXEM 3A MAHEBPEHICTIO

Ha ocHOBI mpoBeneHHX HOCHIIKEHb OylO IOBENEHO, L0 BH3HAYEHHS KYTIB CKIAIaHHS TPHUKOJIHHOTO
JOPOXKHBOT'O TOi3[a CIiJ MPOBOAMUTH LUIIXOM MpPSIMOI iHTerpawii piBHAHb PyXy AOPOKHBOTO Toi3xa. Y Toii ke dac
0yJ10 BCTAaHOBIJIEHO, 1110 3MILICHHS TPA€KTOPil MPUYIMHUX BY3JiB BiIHOCHO TPAEKTOPIi TpaKTOpa AJIs €BaKyaTopa Jeuio
MEHIIIa TOPIBHAHO 3 TPAaKTOPOM-TIpHyenoM. Maiike OZHAKOBI pe3yibTaTH Oynd OTPHMAaHi A1 METPOIOJITEHIB 3
TphOMa JIaHKaMH, SIKI BUTOTOBIIIOTHCA Ha HamiBmpuyenax (MeTpo 1 3 HEKepOBaHMMHU MPUYINHUMHU JIAHKaMH) Ta
OykcupyBaHUX (METpO 2 3 KEpOBAaHMM IPYTHUM IPUYETIOM) CXEMH. AHAai3 JaHUX MOKa3ye, IO Ui MOKpAIeHHS
MaHEBPEHOCTI, MPHUYINHI JaHKA MOBUHHI OyTH 00JagHaHi OUIBII-MEHII CKIAJHUMH CHCTEMaMH ymnpasiiHHA. Taki
CHCTEMH, SIK MPaBMUIIO, BUKOPHCTOBYIOTHCS ISl MPHUB'A3KHA. ToMy JOIIBHUM JAOCHIIKYBaTH CHPHUTHICTH METPO
aBTOOYCa, AIKMi BUTOTOBJICHHUI 32 3MIIIAHOIO CXEMOIO: aBTO0yC + MpUYiNHAa JJaHKa B CXEeMi HamiBIprUyena + npudinHa
JIaHKa B CXeMi IPUYEHiB (SK 3 HEKEPOBAaHUMH Ta KEPOBAaHIMHU KOJIECAMH).

CkraieHo MaTeMaTHYHYy MOJENb TPWIIHIMHOI IIWHH METPO, sIKa BUTOTOBIIIETHCS 32 3MIIIAHOKO CXEMOIO, a
OiuHI cHIM Ha Koyieca OCei METpO IIMHHM BHU3HAYAIOTHCS 3 YPaxyBaHHSIM pEallbHUX PEXKHMIB PyXy Ta IPOBEACHO
JOCIHIPKEHHS KIHEeMaTHKH 00epTaHHS TPIIIHIKHOTO METPO. Y bOMY BUIIAJKy BCTAHOBIFOETHCS:

- B KIHIII NOBOPOTY IIOBOPOTY KEpPOBaHUX KOJIC IMMHM B Mexax 0,35 pax. Opyruil KyT 3ropTaHHS s
HEKEepOBAaHMUX KOJIIC IPYroro 3adillku Maibke B 2,5 pa3u OLIbIINI, HiX MEpIINH KyT CKJIAQJAHHS, [0 NPU3BOAUTH JO
3CyBY TpA€KTOpii JAPYroro IpPUCTOCYBaHHS 1O LeHTpy obepraHHs Ta 30iumbmenHs GSR merpo. Maibke Take
CIIBBITHOIIGHHS] BHHUKAE B KyTax CKJIQJAHHS METPOIIOJIITEHY Ha IHIIHNX eTanax Horo ooepTaHHsI.

- Y BHITQJKy HEKEpPOBAHOTO Ta KEPOBAHOT'O JPYroro MPHUYIITHOTO CHOJYYEHHS METPO He MOXKe 3a0e3IednTH
HOPMOBaHI 3HA4YeHHs 3aralbHoOl CMYTH pyXy, a TaKoX MeTpoOyCH, BHUTOTOBJICHI 3TiJHO 3 IHIIMMH CXEMaMH
KoMIoHyBaHHs. [ 3abe3nedeHHs HOpMoBaHoro 3HadeHHS GSR HeoOXigHWI NMPUHIUIIOBO HOBHI NpHBIA IS
YIIPaBIIiHHS IPYTHM JIaHKOIO.

KnrouoBi cioBa: aBTomois3n, HpUUin, MaHEBPEHICTb, METPOOyC, MOJENb, YIPABIiHHA, KPYrOBHH pyX,
oOepTaHHs, 3CYB.

BCTYII

Besneuni cucremMu IpoMaiChbKOrO TPAHCHOPTY Bce OIbLIE PO3MIANAIOTHCS SIK BaKIMBUM 3acid
0e3MevHoro MiBUIICHHS MOOUTBHOCTI HACeNeHHs, OCOOJIMBO B MICHKMX pailoHaX, SIKi CTpaIaloTh Bil
3pOCTAIOUMX TPAHCIOPTHHUX 3aTOpiB. Y 0ararboxX MicTaXx 3 BUCOKMMH JIOXOJaMU OCOOJIMBO aKLEHTYETHCS
MOJIITHKA CKOPOYEHHSI BUKOPUCTAHHS OCOOUCTOr0 aBTOMOOIJIBHOTO TPAHCHIOPTY 32 JOMOMOTO0 iHBECTHLIIH B
PO3BHTOK MEpEeK TPOMAJICHKOrO TpaHcHopty. lHBecTumii B  Oe3MeUHUid TIPOMAJCBKH  TPaHCHOPT
PO3IIIANAKOTECA TAKOK AK MEXaHi3M, MO CTHUMYIIOE 3pOCTaHHS (i3UYHOI aKTUBHOCTI i, OTXKE, CIIpHSE
3MIIHEHHIO 3;[0p013;1 HaCeJIeHHs. 3TiHO 3 PEKOMEHI0BAHIM (3a pe3ybTaTaMH BITYM3HSIHUX ,uocmmKeHb)
CHIBBIIHOIICHHSIM MIX KITBKICTIO aBTo6yc1B PI3HUX KJaciB, sIKi BUKOPHCTOBYIOTHCS Y BEITHKHX MicTax, TpH
YBEPTi BCHOrO aBTOOYCHOTO MapKy MicTa 3 HaceleHHsIM MOoHaJ | MIIH. JKUTEJIiB MaloTh CTAHOBUTH aBTOOYCH
BEJIMKOr0 Ta 0Co0JMBO Besukoro kiacy (45% ta 30% BiamoBiaHo). J[OWiBHICTh TAKOTO CITIBBIIHOIICHHS
MiATBEPIDKYETHCS 3apyOIKHOIO TMPAKTUKOIO: B PO3MOPSKEHHI ABTOHOMHOTO YyrpasiiHHs [lapu3bkoro
Micekoro Tpancnopty (RATP) 10 21% aBToOyciB 0co0MMBO Besmkoro knacy [1].

Haii0inpin pamioHaIbHUM IJIS aBTOOYCIB OCOOJIMBO BEIUKOrO KJIACY € BHKOPUCTAHHS IX B CHCTEMI
BRT (Bus Rapid Transport - "LIBuakicuuii aBroOycHuii TpaHcropt"). Pyxommii ckimax B cucremi BRT
Ha3UBaIOTh METPOOYCaMH.

Ocob6nuBHiA PO3BUTOK METPOOYCH OTPUMAJIH 3 MOSBOIO TPHOXJIAHKOBUX aBTOOYCIB, puc.l, siKi 3maTHI
nepeBo3utu 10 300 macaxupiB mpotu 180 y nBomaHkoBHX aBTOOycax. Takum YMHOM, MarOuyd 3-JaHKOBI
aBTOOYCH, SIKi PYXalOTbCSl 3 HEBENMKUM iHTepBajoM (10 1 XBHWIMHM) JiHIS MeTpoOycy MOKe BHUPILIUTH
TPaHCHOPTHI MpobieMu 0araTboX yKpaiHCBKHX MICT, i 30KpeMa MOBHICTIO 3HSATH MUTAaHHS TPAaHCIIOPTHOTO
CIOJIyYCHHS BiJIJIaJIEHUX MacHBIB, 30kpemMa y Kuegi.

[IpoTe, UIT MHMPOKOTO BIPOBAIPKEHHSI METPOOYCIB Y TPaHCIOPTHY CTPYKTYpy MicTa HEOOXiJTHO
BUPIIIUTY PsiJi MPAKTUYHUX 33124, OB’ I3aHUX, NIEPII 32 BCE, 3 X MAHEBPEHICTIO 1 CTIMKICTIO PyXYy.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA IMNPOBJIEMHU

O1iHKY KpUBOJIHIHHOTrO pyXy aBTOIOI3/IiB, Y TOMY YHCII 1 JUIS NEpeBE3eHb MAacaXKUPiB, 3BHUYAINHO
MIPOBOJIATH 3a TOTIOMOT'OI0 HACTYITHUX MOKA3HWKIB: MiHIMaJIbHI 30BHINTHINA 1 BHYTPIIIHIA TabapuTHI pamiycu
TIOBOPOTY, 3MIIICHHS TPAEKTOPii MPHUYIMHUX JaHOK IMOJO0 TPAEKTOpii BeAydoi, rabapWTHa cCMyTa pyXy,
MOBOPOTHA IIMPHHA 110 CIiAy Kojic Tomo. Y kpainax €C mitoTe BUMOTH [2], sIKi PEerJIaMEHTYIOTh HE TiJIbKH
MiHIMaJIbHUN 30BHILIHIA rabapuTHUN pagiyc moBOpoTy 12,5 M, a i1 0OMeXyIOTh MiHIMABHUN TabapuTHUN
BHYTPILIHIA pafiyc, SKui NOBUHEH OyTH HE MEHIIe 5,3 M, MPH LOMY MTOBOPOTHA IIWPHHA IO CIiTy KOJIC
5,5 M. Takum unHOM, MU [Ipunucamu BuzHaueHa npunyctuma I'CP Ha piBHi 7,2 M.
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IToka3HukM MaHEBPEHOCTI aBTOMOOLIIB 1 aBTOIOI3/1iB BU3HAYAIOTH SIK 3a pe3yIbTaTaMH aHAJITUIHUX,
TaKk 1 eKCIepUMEHTAJIbHUX JOoCHiKeHb. CTOCOBHO TPWJIAHKOBHX aBTOMOI3AiB HAWOLIBII CYTTEBI
JOCHipKeHHsT TpoBefieHi y HamionansHoMy TpaHcmopTHOMY YyHiBepcuteTi [3,4 Ta iH.]. Y mux poboTax
HaBeleHI pe3ylbTaTH MAOCHiIKEHHA IOJ0 BU3HAUCHHS KOHCTPYKTHBHUX IapaMeTpiB TPUIIAHKOBOTO
aBTONOI3Ma, 3a SIKUX 3a0e3leuyeThCsl HOpPMOBaHe 3HaueHHA rabaputHoi cmyru pyxy. ['CP Ttakoro
aBTONOI3/la BU3HAYANACs 3a MEPIIUM i APYTMM KyTaMH CKJIQJAaHHS aBTOMNOI3[a sIK 0e3 ypaxyBaHHS, TaK i 3
ypaxyBaHHSIM BiJBE€JICHHS KOJIC aBTOMNOi3Ja. 3a OTPUMAaHUMH KyTaMH CKJIaJaHHsS aBTOMOI3NiB Oymu
BU3HAYEHI TPAaeKTOpil iX XapakTepHHX TOYOK MpH MoBoporax Ha 90° i xomoBomy pyci. [Ipu npomy Oyio
BCTAHOBJICHO, IO 3MIMICHHS TPAEKTOpii MPUYIMHUX JIAHOK OO0 TPAEKTOPii TATada IS TPHUIITHOTO
aBTOIOI3/1a IS0 MEHIIIC y MOPiBHAHHI 3 cineabHo-npuyinaum [5].

Maike Taki X pe3yiabTaTd OynM OTpPUMaHi 1 A TPHUIIAHKOBHX METpOOYCiB, IIO BHWKOHAHI 3a
HamiBIpU4inHOIO (MeTpoOyc 1 3 HEeKepOBaHWMH MPHUYITHUMH JaHKaMH) 1 MpUYimHOI (MeTpodyc 2 3
KEpOBAHOIO APYTOI0 MPUYIITHOIO JIAHKOI0) cxemamu. Y pobotax [6-10] mokazano, mo I'CP merpobyca 1
nemo Oinpma I'CP meTpobyca 2 py BUKOHaHHI HUM Pi3HUX MaHEBPIB.

AHani3 maHuX OUX POOIT MOKa3ye, M0 IS MOJINIIEHHS MaHEBPEHOCT! MPUYIMHI JIAHKHA aBTOIOI3/iB
MoBHHHI OyTH 00J1aHaH] OLTBII-MEHII CKJIAAHUMHU CUCTEMaMH KepyBaHHsI. Taki CHCTEMH 3aCTOCOBYIOTh, SIK
MPaBUIIO, U MPUYIMHUX JJaHOK. TOMy MpeacTaBisieThbecs JOUUIBHUM JIOCTITUTH MaHEeBPEHICTh MeTpolyca,
10 BUKOHAHUH 32 3MIIIAHOI0 CXEMOIO: aBTOOYC + MpHUYillHA JIAHKA 32 HaIliBIPUYIMHOI CXEMOIO + MpUYillHa
JIaHKa 32 TMPUYIITHOI0 CXEMOIO (SIK 3 HEKEPOBAaHUMHU, MaK 1 KEPOBAaHHMH KOJIECAMH).

HIJb TA 3AJAYI JOCJIIKEHHSA

Mertoro poOOTH € BH3HA4YEHHS MOKa3HUKIB MAaHEBPEHOCTiI METpoOyca, 0 BUKOHAHOTO 33 3MilIaHO0
CXEMOI0, 1 MOPiBHIHHS OTPUMAHHX MMOKa3HHUKIB 3 METPOOYCaMH 1HIINX KOMIIOHYBJIBHIX CXEM.

st mocATHEeHHS METH HEOOX1JHO BUPIMIUTH HACTYITHI 3a1a4i:

- pO3pOOUTH MaTeMaTHYHy MOJENbh PYyXy TPWUIAHKOBOTO MeTpoOyca, BHKOHAHOTO 32 3MIIIaHOO
CXEMOIO;

- BU3HAYUTH MTOKA3HUKHA MaHEBPEHOCT]1 METPpOoOyca, BAKOHAHOTO 33 3MIIIAaHOK CXEMOIO;

- IpOaHaJi3yBaTH BIUTMB KOHCTPYKTHBHHX 1 €KCIUTyaTallifHUX (haKTOpPIiB Ha TIOKa3HUKU MaHEBPEHOCTI
TPUJIAHKOBOT'O METPOOyca, BUKOHAHOTO 32 3MIIIIAHOI0 CXEMOIO;

- TIOPIBHATH TIOKa3HHKM MAaHEBPEHOCTI TPHJIAHKOBUX METpoOyCiB, BHKOHAHHMX 32 PI3HUMH
KOMITIOHYBUILHUMH CXEMaMH. Ta O0paTH Kpalyid 3a MM MOKa3HUKAMH.

PE3YJbTATHU JOCIIIKEHb

PosrnsiHeMo TpuiaHKOBUE MeTpoOyc, IO BUKOHAHWI 32 3MIIIAHOIO KOMITOHYBaJbHOIO CXEMOIO, a
came: Bely4a JaHKa — aBTOOyC, meplia NpUYillHa JJaHKa BUKOHAHA 33 HAIMIBIIPHYIMTHOIO CXEMOIO, Apyra
MpUYINHA JaHKa — 3a MPUYINHOI. ByJnemMo BBaxkaTH, 1o aBTo0yc TPUBICHUH 3 OJHIEI0 TOBOPOTHOIO BicCIO i
JIBOMa HETMOBOPOTHUMH ocsiMu. [lepia i apyra npudinHa JiaHKa ABOBICHI, MPHYOMY Iepia IpUYilHa JaHKa
HE Mae MOBOPOTHUX OCeH (KOJIiC), a Jpyra mpudyinHa jaHka a00 He Mae, a0 Ma€ OJIHy MOBOPOTHY BICh

(xoneca), puc.1.
,

4

a) 0)
Pucynok 1 — Cxema cuit i MOMEHTIB, 10 IilOTh Ha TPHIIAHKOBUH MeTpoOyc:
a) 3 KEPOBAHOIO IPYTOI0 IIPUUIITHOIO JIAHKOIO,
0) 3 HEKEPOBAHOIO JIPYTOI0 TIPUUIITHOO JIAHKOIO
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Y pob6ori [7] oTpuMaHa cucTeMa piBHSHB, IO OMMHUCYE PyX METpoOyca, M0 BUKOHAHWHA 32 TPHUUIITHOIO
cxemorto. Lls cuctema piBHSHB MOXe OyTH BUKOpHCTaHA 1 JUIs TOCITIIKEHHS MaHEeBPEHOCTI MeTpolyca, 110
BUKOHAHUI 3a 3MIIlIaHOK0 cXxeMOoro. BoHa 3amucana y BUTIISII:

- 110 3MIHHIH V
m1 +mz +m )(V—Ua) )_[( m1d1 +m2|1 )Sin¢1 +m2d2 Sin( ?, +(/)z )( d)_¢1 )+mzdz Sin( P, +(/)z )(pz +
C( m1+m2 )a)z +( m1d1+m2|1 )( w_¢1 )ZCOS¢1 +mzd2 ><( w_¢1 _(bz )ZCOS( P, +¢z )=_( chosel +Y1 Sin91 )
=X, =X, cosp, +Y, sing, —[ X, cos(b,, +@,+p, )-Y, sin( 0, +p,+¢, )]+X,,cos(p,+¢, );

- 110 3MIHHIH U
(m1+m2+m )(u+vw)_(m1+m2 )Cw_[( m1d1+m2|1 )mZdZCOS¢l +m2d2COS(¢1 +¢2 )]X( w_¢1 )+

mzdz COS( 0, t+p, )(pz _( m1d1 +mz|1 )( w_¢1 )2 Sin(p1 _mzdz ( w_(p1 _(/.)2 )2 XSin( .+, ):
_( X 1 Singl _Yl Cosal )+Y2 +( X 3p Sin(/)l +Y3p CoSp, )+[ X a Sin( 025 0,19, )_Y41 COS( 925 0, +0, )_Y42 COS( 0, *0, )]1

- II0 3MIiHHIA ®
[1+(m +m, )c?+(m,d,+m,I, )ccosp, +m,d,ccos( o, +@, )]@—(m, +m, )c(u+av )—c[(m, d,+m,I, )cosp, +
+m,d, cos( @, +¢, )¢, -m,d,ccos( @, +¢, )@, +c[(m,d,+m,I )(w-¢, )’ sing, +m,d, (0-¢, -9, )* xsin( ¢, +p, )
=-a, (X, sing,-Y, cosd, )—"jijijZi —c(Y, +Y,, )eosp, —c[ X, sin( 6, +p, +¢, )+Y,, C0S(0,. +9, +p, )+Y ,cos( @, +p, );

- TI0 3MiHHIHA @
(I,+m,d,+m,l7+m,d,l, cosp, )(@,—®)+(m,d, +m,l, )xx[Vsing, +( u—ac )cosp, ]+
+m,d,l, cosp,p,+(m,d, +m,l )wx[vcosp, —(u—cw)sing, 1-m,d,l, (o-¢,—¢, )*sing, @

=—M c2 +|§( d 1 +b1p )Y3p +I1 X 41 Sin( 025 +¢z )+Y41 COS( 925 +¢)z )+Y42 COS(DZ ]’
p=1

- 10 3MiHHIH @,
(1,+m,d; )(@,—@)+m,d, [Vvsin( ¢, +¢, )+(Uu—ac )cos( @, +@, )]+[1,+m,d, (d,+l, cosp, )¢, +
+m,d,l cosp, )@, ++m,d,l. (w—¢, )*sing,—m,d,w[(u-ac)sin( ¢, +¢, )-vcos( ¢, +¢, )]=
=—M_,+[(d,+b,, )( X, sing, +Y, cosd, )+Y, (d,+b,, ).

VY cuctemi piBHsAHB (1) IpUIHATI Taki MO3HAYECHHS:

M, C, | — Maca, leHTp Mac i EHTPAJbLHUI MOMEHT 1HEpIIii BeIy4ol JJAHKH 111010 BEPTUKAIBHOI OCi, 110
MIPOXOJUTH Yepes eHTp mac T. C;

X,y — abcuuca i opauHara T. C B iHepuiliHiil cucTeMi KOOpAWHAT;

my,Cy, Ik (k=1,2) - Te s came [Ist IEPIIIOT i APYTOi BEAECHUX JTAHOK;

3,8, 8,— KypcoBi KyTH JJaHOK aBTOIIOi3/1a;

V=Xc0sd+ysing, u=-Xsing+ycos$ - mpoekuii meuakocti T. C Ha MO3IOBXKHIO i
MOTIEPEYHY OC1 Bey4Oi JIaHKH;

M_;, M 3 — MOMEHTH OIIOPY TOBOPOTY JIAHOK aBTOIOI3/1a;

®, @, W, — KyTOBI IBUAKOCTI JAHOK aBTOMOI3/a;

6, 6 — KyTH TIOBOpPOTY Ocell aBToOYca i APYroi NpUUiMHOI JJaHKK MeTpoOyca;

Xop Y op - IO3JJ0BIKHI 1 ITONIEPEYH] peakIlii Ha KoJiecaX ocel JaHOK aBTOIOi3/1a;

a=CA, b=CB, L=AB, ¢=0,C, d=01C1, a,,=C,B,, b21=Cleg, L,=0:By, ¢,=0,C;,

|1=0201, a21=C2831, b21=C2832 , LZ:OZB32 — I‘eOMeTpI/I‘-IHi napamMeTpu aBTOITOI3/4a.

Bennumnnaa 1 HanmpsMOK IMO3IOBXKHIX peakUiil X; 3ayiexars Bil pekuMy pyxy MeTpoOyca (po3riH,
yCTaleHuil BUTBHHUHA PyX, TajdbMyBaHHs). biuni peakuii Y; 3anexaTh Bix mpuiiHATOI Mozaemi aedopmarii
KoJjieca y OIYHOMY HampsMKy. Y JIaHii poOoTi npuitHaTo Bu3HayaTH Y;3a Metoaukoro JI.A.AaroHosa [11]:

Y =0K,0e0 > (2
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ze kyoe — eKCTpeMalibHe 3HAa4YeHHs Koe(illieHTa Omopy BiABEIACHHS kyo (mpu § =0) y 3aJeKHOCTI Bif
BEPTUKAIBHOTO HABAHTAXKCHHS Ha KOJIECO ky .= f(2);

g — KoedilieHT KOpeKwii 3B’s3Ky MiXK OIYHOIO CHIJIOI0 1 KyTOM BigBEJEHHs, SIKM BKIIIOYAE PsA
KOperyrounx Koe(ilieHTiB, OCHOBHUMU CepeJl AKHUX IJIsl MeTpoOyca € HACTYITHI:

0= 0n 01 G, (3)

e Oy — Koe(iIlieHT, M0 BpaxOBye€ BEpPTHKAIbHE HABaHTAXKEHHS Ha KOJeco; ; (r — Koe(imieHT, Mo
BPaxoBy€ TArOBI Ta rajbMiBHI 3yCHJUIS Ha Koyecax; (, — KOC(IIIEHT, [0 BPaXOBY€ SKICTh JOPOKHBOIO
MOKPUTTSL.

VY mporueci TOCTIKEHHS po3rIIgaeMO MeTpoOyc, Belydya JaHKa SIKOro o0JiaHaHa MIMHAMH PO3MIipy
275/70R22,5, a mpudinHi JaHKH — uHaMu 245/75R17,5. 3nauenns koedilieHTiB (y Ot (o HABEAEHI B pOOOTI
[71.

MowmeHTHn OIopy MOBOPOTY JIAaHOK BU3HAYAKOTHCS 3aJIC)KHOCTAMU

M1 :h1(p1:
M2:h2¢2' (4)

ne: hyi h; - koediienTr B’3K0T0 TEPTA B MIAPHIpax By3JIiB 3YCIUICHHS JIAHOK METpoOyca.

VY poborax [4-8] mpu BU3HAYECHHI MMOKA3HUKIB MAaHEBPEHOCTI MUIIXOM O€3M0CEePENHBOTO IHTETpyBaHHSI
BUXIZIHOT cHcTeMH au(epeHIlialbHUX PIBHSAHb 3a JIOMOMOrOI mporpamuoro 3abesnedends Maple
PO3IIAANKCS TAKi PEKHMH SIK pyX mo Koy, mosoporr Ha 90° i 180°, Bukomamns mamespy 1SO Tomo.
PosrnsiHeMo 1i pexxumu pyxy 1 Ais MeTpoOyca, 0 PO3TIIsAaeThesl. [HTErpyBaHHS BHKOHA€EMO 3a TaKHX
BUXIIHUX JAHUX:

a=3,68; b=2,32; ¢=8,71; d, =4,17; d, =4,17;m=18000; J=38500; m;=10000; J,;=18,5 m,=10000; J,
=31200; k¢ =0; k;=160000; k,=32000; k;=180000; k,=180000; h;=30, h3=30; ¢=0,8; & =0; 6=6 +kyxn;
ke=0.05; n=1,2...10; 6, =0,2x6, V =0.

3a 0OpaHWMM BUXITHUMH JaHUMH OyJIM BH3HA4YCHI KyTH CKJIaJaHHS JIAHOK 000X aBTOMOI3AiB, pHC.2.
AHali3 pe3ylbTariB po3paxyHKiB MOKa3aB:

- MOBOPOT MEpIIoi i Apyroi MPUYINHOI JIAHKM MPU BXOJi B MOBOPOT 3MIHCHIOETHCS TOCIIIOBHO,
MPUYOMY JpyTa MPHUUillHA JaHKa 3a0irae OUTBIN IHTEHCHBHO Yy BHYTPIIIHIO CTOPOHY ITOBOPOTY, 30LIBIITYIOUN
JPYTHHA KYT CKJIaJaHHs Y TIOPIBHSHHI 3 MEPIINM 1 TaOapUTHY CMYTY PYXY, IPUIOMY 3MIillIEHHS TPA€KTOPii 1
I'CP 30inb11ytoThCs 31 301bIIeHHS 0a3u NPUUYIMHUX JAHOK;

- KyTH CKJIQJIaHHS CyTTEBO 3aJIeXKaTh BiJl PEKUMY KPUBOJIIHIHHOIO pyxy MeTpooOyca. 3i 3MEHIIEHHIM
PEXKUMHOTO KOe(illieHTa MOBOPOTY 3MEHIIYIOTHCS 1 KYTH CKIIQJaHHS WOTO JIAHOK ¢4 1 ¢ TPU OJHOMY 1
TOMY K 3Ha4YEHHI NPHUBEICHOTO KyTa ITOBOPOTY £ KEPOBaHUX KOJIC aBTOOyCa, TakK K METpOOycC 3aiiMae mpH
[IbOMY MEHIII *“‘CKJIajicHe’ TOJI0KEHHS;

- KyTH CKJIQJIaHHS ¢ 1 ¢, MPONOpIHilHi 0a3zaM JaHOK 1 TOMY 3i 30iJbIICHHAM 0a3 eJeMEeHTapHHUX
JAHOK KyTH CKJIaJaHHS ¢ 1 ¢, 30UIBIIYIOThCSA 3a THX JK€ 3HAUYEeHb PEKUMHOTO KoedillieHTa MOBOpOTY, a
BIJIMTOBITHO, MEeTPOOYC Oy 1e OUIbII CKIIaACHUM ™ Ha KPUBOJIIHIMHIN AUISHIN HUISIXY;

- 32 HEKEpOBaHOI 1 KepOBaHOI JAPYyroi MPUYIMHOI JaHKU METPOOYC HEe MOXKe 3a0e3[eUUTH HOPMOBaHI
3HA4YEHHS rabapuUTHOI CMYTH PYXY, K 1 METpoOycCH, 1110 BUKOHAH] 32 1HITMMU KOMIIOHYBUIBHUMH CXEMaMHU.
Hnst 3abe3nedyeHHss HopMoBaHoro 3HadeHHss ['CP HeoOXiHWMH TPUHIMIIOBO HOBWH TIPUBIA YIpaBIIiHHS
JPYTOI0 MPUYIITHOO JTAHKOIO.

OBI'OBOPEHHA PE3YJBTATIB JOCJJIIAKEHHSA

3a oTpUMaHMMHU KyTaMH CKJIQJIaHHs aBTOMOI3/(IB OyIM BU3HAUYCHI TPAEKTOPIT IX XapaKTepHUX TOUYOK i
raGapuTHa CMyTa PyXy 3a KOJIOBOTO pyXy MeTpobyca i mpu moBopotax ua 90° i 180°, puc.3,4.

Amani3 TpaexTopiii mpuuinHux naHok mpu nmosopotax Ha 90°, 180° i pyxy mo Konoiit TpaexTopii
MOKa3ye, 10 HOPMOBaHi 3Ha4YeHHS rabdapUTHOI CMYTHM pyXy HEe MOXKE TaKoXK 3a0e3leuuTH MeTpoOyc, M0
BUKOHAHWI 3a 3MIlIaHOI cXeMolo (Tperidi BapianT y Ta6ia.l), mns sikoro ['CP cknmama 3 kepoBaHuM
MPUYETIOM, IO PO3TIIAAAETHCA.

VY tabn. 1 pnst nopiBHsAHHS HaBeneHi Beanunau ['CP MeTpoOyciB, BUKOHaHMX 3a HamiBnpuyinHoo (1) i
npuainHoo cxeMamu (2) [5, 10].

, 2020, Nel (14) 139



© Caxno B.II., IMonsikoB B.M., Myposanuii 1.C., [llapait C.M. 2020

Ta6mms 1 — 'CP MeTrpoOyciB pi3HUX KOMIIOHYBaJIBHUX CXEM

['abaputHa cMyTa pyXy TPHIIAaHKOBOTO METpoOyca, M
0 0 <
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B)

r)

Pucynok 2 —3MiHa KyTiB CKJIaJaHHs JIAHOK MeTpoOyca i Pi3HUX CTajiii MOBOPOTY:
a) BXiJl B IOBOPOT; 0) pyX IO KOJIY: B) BHXIiJI i3 TOBOPOTY;
I') IpSAMOJIHIHHIN pyX MEpLIOi JIAHKH
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LA

0)

a)
Pucynok 3 — KoopaunaTu 1ieHTpy Mac aBToOyca (a) i rabapuTHa cMyra pyxy Merpooyca (0)

a)

* 6

a)

6)

R T T

¥

Pucynok 4 — 3mileHHs1 TpaeKTOpii MepIoi MPUYIMmHOL JTaHKH () 1 ApYroi NpUdinHoi JaHKu (0)

111010 TPA€EKTOPii Beaydoi Ipr moBopoTax Merpobyca ra 90° i 180°

BUCHOBKHA
Po3pobieHa MaremMaTH4YHa MOJIENb TPHJIAHKOBOIO METpoOyca, BUKOHAHOTO 33 3MILIAHOK CXEMOIO,

BU3HA4eHi OiYHI CHJIM Ha KoJlecax ocell MeTpoOyca 3 ypaxyBaHHIM PEalbHUX PEXHUMIB PyXYy.
Ha ocHoBi po3po0iieHOi MareMaTHYHOT MOAEN MPOBEAEHI AOCHIIKEHHAMU KiHEMAaTHKH IOBOPOTY

TPUJIAHKOBOTO METPoOyca, BHKOHAHOTO 32 3MIIIAHO0 CXeMo0. [Ipy 11boMy BCTaHOBIIEHO:
KYTH CKJIQJIaHHS CYTTEBO 3aJIeXKaTh BiJl PEXXUMY KPHUBOJIHIMHOrO pyxy MerpoOyca. 3i 3MEHLICHHSIM

PEXUMHOTO Koe(illieHTa TTOBOPOTY 3MEHINYIOTHCS 1 KyTH CKJIAJaHHs HOTOo JIAHOK @ 1 ¢ TIPU OJJHOMY 1 TOMY
K 3HaYCHHI PUBEACHOr0 KyTa MOBOPOTY O KEPOBaHUX KOJIC aBTOOYycCa, Tak sIK METPOOyC 3aiiMae MpH LILOMY
MEHII ‘“‘CKiajeHe” TMOJOXKEHHS, NpU LbOMY KYTH CKJIaJaHHA NPOIOpLiiHI 0a3am JaHOK 1 ToMy 3i

301IbLICHHSIM 0a3 eJeMEHTapHHUX JIAHOK KYTH CKIAJaHHS ¢4 1 ¢, 30UIbLIYIOTbCS 3a THX JK€ 3HA4YEHb
PEKUMHOTO KoedilieHTa TIOBOPOTY, a BIAMOBIAHO, MeTpoOyc Oyje OLIbII CKIaJeHUM” Ha KPWUBOJIHIHHIN

JUTISTHIT HUIAXY;
CXEMOI0, HE MO)Ke 3a0e3[eUUTH HOPMOBAHI 3HAYCHHS ra0apuTHOI CMyTH pPyXy, SIK 1 MeTpoOycCH, IO

BUKOHAHI 3a IHIIMMH KOMIIOHYBaJIRHUMH cxemaMmu. Jlisi 3abesmeueHHs HOpMmoBaHoro 3HadeHHS ['CP

HEOOXiAHWH MPUHLIMIIOBO HOBUH MPHBIJ YIIPABIiHHS APYTOI0 MPUUIMTHOIO JIAHKOIO.

- 3a HEKEpPOBAHOI i KepOBaHOI APYroi MPUYIMHOI JAaHKK MeTpoOyc, IO BUKOHAHMH 3a 3MIILIAHOIO
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V.Sakhno, V. Poljakov, |I. Murovanyi, S.Sharai. To comparative evaluation of three-link
metrobuses of different component movement schemes.

On the basis of the conducted researches it was proved that the determination of the angles of
assembly of a three-lane road train should be made by direct integration of the equations of motion of the
road train. At the same time, it was found that the displacement of the trajectory of the trailing units relative
to the trajectory of the tractor for the tow truck is somewhat smaller in comparison with the tractor-trailer.

Almost the same results were obtained for three-link metrobuses, which are made on semi-trailer
(metro 1 with unmanaged trailer links) and towed (metro 2 with managed second trailer link) schemes.

Data analysis shows that to improve maneuverability, trailer links must be equipped with more or less
complex control systems Such systems are generally used for hitch links. Therefore, it is advisable to study
the dexterity of the subway, which is manufactured according to a mixed scheme: bus + trailer link in the
scheme of semi-trailers + trailer link in the scheme of trailers (both non-steered and steered wheels).

The purpose of this work is to determine the agility of a mixed-use metro bus, and to compare the
obtained metrics with those of other layout circuits.

A mathematical model of a three-link metro bus is made, which is made according to the mixed
scheme, and the lateral forces on the wheels of the axles of the metro bus are determined taking into account
the real modes of motion.

On the basis of the developed mathematical model, studies of the kinematics of rotation of a three-
lane metro, made according to the mixed scheme, were carried out. In this case, it is established:

- at the end of the turn-of-the-turn corner of the guided bus wheels within 0,35 rad. the second
folding angle for the unmanaged wheels of the second hitch is almost 2.5 times greater than the first folding
angle, which leads to the shift of the trajectory of the second hitch to the center of rotation and increase of
the GSR of the metro. Almost such a ratio occurs in the corners of the metro link assembly at other stages of
its rotation.

- in the case of unmanaged and operated second trailer link, the metro can not provide the normalized
values of the overall lane, as well as the metrobuses made according to other layout schemes. To ensure the
normalized value of the GSR requires a fundamentally new drive to control the second link.

Keywords: articulated bus, tractor, trailer, maneuverability, model, controls, circular motion, rotation,
shift.
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