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FUEL CONSUMPTION FOR THE ATTACHMENTS OF STEAM GENERATOR
INSTALLATIONS OF TECHNOLOGICAL TRANSPORT

The article is devoted to the analysis and specification of fuel consumption for the operation of the attachment
of steam-generating instalations of the PPUA type, which actuate the steam boiler that produces the steam-water
mixture. It is performed the analysis of information sources on fuel consumption for the operation of the heat
generator and unreasonable overspending. There were described disadvantages in calculating fuel consumption per
hour of operation of the steam-generating installation. Based on the analysis of normative data on fuel consumption
accounting per hour of operation, a calculation model was proposed to calculate the actual fuel consumption for the
work performed on the preparation of the steam- water mixture in different modes of operation of the installation.
During the calculation, it was proposed to calculate the power losses of the internal combustion engine to drive the
attachment during their operation in different modes of preparation of the steam-water mixture.

The main purpose is to determine the power loss of the internal combustion engine for each device that
ensures the operation of the heat generator and the total power lost, find the amount of fuel to perform the steam-water
mixture in the selected mode of operation. Knowing the total power loss and specific fuel consumption for a given
engine, it is possible to determine the actual fuel consumption in the selected mode of operation of the steam
generator.

The proposed will allow operators to get rid of unreasonable fuel costs to obtain a steam-water mixture with
the necessary parameters for performance, pressure and temperature.

Keywords: steam generator, attachments, fuel consumption, internal combustion engine (ICE), power losses,
steam-water mixture.

INTRODUCTION

Nowadays, the use of fuel and energy resources is one of the most important economic problems.
Dozens of steam generating units are used in the state oil and gas sector: TIITYA (PPUA)-1200/100, TIITYA
(PPUA)-1600/100, TTITY A-1800/100, which are installed on the chassis of cars: KpA3, YpAJl, KamA3
(KrAZ, UrAL, KAMAZ) and others. The steam generator is driven by attachments, which are connected
to the internal combustion engine (ICE) of the vehicle through the power take-off. Technologically and
structurally, steam generators have not undergone significant changes for decades. [1-3].

ANALYSIS OF LITERATURE DATA AND PROBLEM STATEMENT

It should be noted that at the same time, the manufacturers of steam generating units, planned the fuel
consumption for their operation at the nominal capacity, which was given in the operating instructions of the
units. Initially, IIITYA (PPUA) industrial steam mobile units were intended for dewaxing wells, later they
began to be used for heating underground and ground oil and gas equipment, as well as for steaming and
cleaning pipelines, tanks and other household needs.

According to the IIIIYA (PPUA) operating instructions, fuel consumption was given per hour of
steam generator operation with initial data for stage I - (Q - 110 kg / h, P-9,81 MPa and t-310 oC) and stage
IT- (Q-35Kkg/h, P-0.78 MPa and t-175 oC) and separately for devices (attachments), which is driven by the
car engine [4]. Regulatory data on fuel consumption Q, for the operation of the steam generator unit in other
modes (temperature and pressure of the steam-water mixture) are not provided by the operating instructions.
Due to the fact that the loss of power of the internal combustion engine to drive the attachments (pumps and
fan) at lower modes will be less than at maximum modes, for which there are regulatory data on fuel
consumption per hour of operation of the installation, therefore, it will be less fuel consumed per hour of
equipment operation than provided by the regulatory document at the nominal (maximum) mode of
operation. The lack of standards for calculating fuel consumption during the operation of the steam
generator at lower modes, does not allow operators to calculate the actual fuel consumption for the work
performed to obtain a steam-water mixture, which creates certain conditions in unreasonable fuel
consumption.

Picture 1 shows a schematic diagram of a mobile steam generator ITITYA (PPUA), which is a mobile
mini-boiler on the chassis of the car.
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Picture 1 - Schematic diagram of the unit TITTYA (PPUA) 1600/100

According to the design, the unit consists of: water tanks 1, tank shelters 2, fuel tanks 3, body (kung-
{body - van}) 4, a steam generator 5, a water pump to power 6 the steam generator 5; a high pressure fan 7
for supplying air to the boiler of the steam generator 5; gear pumps 8 for supplying fuel to the injectors of the
boiler of the steam generator 5; electrical equipment, control and measuring devices with automatic control
of the technological process 9, the mechanical drive 10 of the pumps 6, 8 and the fan 10; main pipelines 11,
mounting frame 12.

The operation of the steam generator is carried out from a set of auxiliary equipment shown in Picture
2, which is driven by the internal combustion engine of the vehicle on which the steam generator unit is
installed.

PURPOSE AND OBJECTIVES OF THE RESEARCH

Fuel consumption accounting during the operation of the units is carried out separately for the steam
generator (boiler) and attachments, which serves to ensure the operation of the steam generator and is
actuated through the power take-off from the traction engine of the car.

o

Picture 2-Kinematic diagram of the attachment of the TITTYA (PPUA) unit
1- cardan shaft, 2- reducer, 3- fan, 4- pump (pump), 5- gear pump, 6- box power take-off.
Regarding information on fuel consumption, in the operation of IIITYA (PPUA) in different modes of
operation of the steam generator, it should be noted that currently, the author has no information on specific
standards on this issue, and operators use their industry standards, which in some way do not correspond to
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reality, as they calculate the cost per hour of operation of the steam generator, rather than the work
performed.

RESEARCH RESULTS

In industry standards [5,6,7] fuel consumption rates differ in some way from each other, for example,
according to the industry document [5] for the operation of the boiler of the steam generator per hour
consumes 56 liters (stage I, mode: Q - 110 kg / h, P-9.81 MPa and t-310 oC table 1) and 30.6 liters (stage I,
mode Q - 35 kg / h, P-0.78 MPa and t-175 oC table 1), for the same hour of work according to the document
[6] 69,1 liters (degree not specified) and according to the document [7] 133,3 liters (degree 1) and 42,4 liters
(degree I1). According to this information [5], 8 liters are consumed for the operation of the internal
combustion engine from which the attachment is actuated (Picture 2), which is defined for the operation of
the steam generator (supply to the coil of the boiler water, supply to the furnace of the boiler fuel, supply to
the furnace of the boiler air needed to burn fuel, consumption for electricity extracted from the ICE
generator). In addition, consumption is restored here for the operation of navigation equipment, which
ensures the operation of the internal combustion engine (fan, compressor, generator, etc.)

In the factory standards for IIITY A (PPUA) [4,8,9] for the production of steam at nominal (maximum)
power consumed fuel (stage I1): Q - 110 kg per hour at (P-9.81 MPa and t-310 oC) and (degree I1): Q - 35 kg /
h, at (P-0.78 MPa and t-175 oC).

As can be seen from the above, in different industry and factory standards there is a big difference in
fuel consumption, which indicates an incorrect accounting and calculation of fuel consumption to obtain an
equivalent amount of steam-water mixture at the same output parameters (temperature and pressure).

In all the above standards there is no data on fuel consumption at lower modes, which can run the
steam generator. Table 1 presents the possible modes of operation of the steam generator, recommended in
the operating instructions PPUA [4,10].

Table 1 - Recommended modes of operation of the steam generator [4,10]

Absolute vapor Saturation Absolute vapor Saturation Absolute vapor Saturation
pressure, P, temperature, pressure, P, temperature, ts, [l)\;lepsasu(rﬁng/ temperature,
MPa, (kgf / cm?) ts,°C MPa, (kgf / cm?) °C cr,nz) ts,°C
Stage | Stage IT

1,96 (20) 213,85 5,39 (55) 269,84 0,098 (1) 119,62
2,06 (21) 216,23 5,88 (60) 275,36 0,196 (2 132,88
2,16 (22) 218,53 6,37 (65) 280,55 0,29 (3) 142,92
2,25 (23) 220,75 6,86 (70) 285,44 0,39 4) 151,11
2,35 (24) 2229 7,35 (75) 290,08 0,49 (5) 158,08
2,45 (25) 224,99 7,84 (80) 294,48 0,59 (6) 164,17
2,94 (30) 234,57 8,33 (85) 298,69 0,69 @) 169,61
2,43 (35) 243,04 8,82 (90) 302,71 0,79 9 174,53
3,92 (40) 250,64 9,31 (95) 306,56

4,41 (45) 257,56 9,81 (100) 310,26

4,90 (50) 263,93

The values [11] of fuel consumption in the modes presented in Table 1 , which is consumed by the
steam boiler in each of the modes are calculated in this work [11]. It should be noted that these fuel
consumption is much lower than when operating at nominal modes, which are calculated by operators. That
is, operators, due to the lack of recommendations, calculate fuel consumption for all modes per hour of
operation, both for stage | with maximum power and parameters (Q - 110 kg / h, P-9.81 MPa and t-310 °C)
and for stage Il with maximum power with parameters (Q - 35 kg / h, P-0.78 MPa and t-175 °C).

Analyzed indicates an incorrect determination of fuel consumption in the manufacture of steam-water
mixture with lower initial parameters than (stage I - P-9.8 MPa and t-310 °C) and (stage Il -P-0.78 MPa and
t-175 °C).

The obtained difference in fuel consumption in different modes between really burned and accounting,
shows the unreasonableness of accounting for fuel consumption per hour of operation of the steam generator
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in their accounting. As for the attachments of the steam generator (pumps for supplying water to the boiler
coil, pumps for supplying fuel to the furnace of the boiler, fan for supplying air to the boiler, etc.), according
to industry standards, fuel consumption rates also differ between operators.

According to [5], for the operation of the internal combustion engine, which works to ensure the
operation of the steam generator (together with the consumption for the operation of the internal combustion
engine) it is consumed Qn - 8 kg / h regardless of P - MPa and t-°C in any technological mode referred to in
Table 1. In the characteristics on [IITYA (PPUA) 1600/100 [8], it is stated that the fuel consumption in the
operating mode is 10 kg / h. As you can see, these data vary up to 2 kg / h.

In the technical characteristics on IIIIYA (PPUA) 1600/100 [9] it is specified that the maximum
power which is taken away from traction internal combustion engine of the car on work of the hinged
equipment (attachments) of the steam generator makes 40 kW. Knowing the power loss and specific fuel
consumption for a diesel engine, you can find the fuel consumption. In this case, it is about 10 kg / h, which
is approximately correlated with the above figures.

However, it should be noted that steam generators installed on different brands of cars, which are
equipped with different technical characteristics of the internal combustion engine, will have different
specific fuel consumption g / kWh and different fuel consumption for the same work performed to prepare
the steam mixture.

Taking into account the fact that the operation of the steam generator uses different pressures and flow
rates of liquids (power supply of the steam generator) and the air used to burn fuel, you can determine the
power consumed by the internal combustion engine to drive pumps and fans. Let’s call the above system
hydropneumatic.

The hydropneumatic system of the IIIITYA (PPUA) steam generator (Picture 2) is equipped with two
hydraulic pumps: a plunger for water supply to the coil and a gear for supplying fuel to the nozzles of the
heat generator boiler.

Pumps

As can be seen from Table 1, I[IIIYA (PPUA) steam generators operate in different modes, which
correspond to constant pressures P - MPa and saturation temperature t-°C. In the end, the power that the
pump consumes at constant pressure and constant performance is determined by the known formula [12,13]:

Ny =P-Q, kW, @

where P is the pressure, MPa;

Q - productivity (consumption), I / s.

Knowing the power of the pumps, you can determine the power consumed by the internal combustion
engine to drive the pumps by the formula [12,14]:

Ny
N Mny,

NHH = ) kWa (2)

where 7, — coefficient of the pumps efficiency;

1, — coefficient of the drive efficiency.

Fan

To supply air to the furnace of the steam boiler in the hydropneumatic system of the unit, a high
pressure fan is installed (Figure 2), which provides efficient (complete) combustion of fuel in the furnace of
the boiler of the steam generator.

During operation, the fan consumes the following power [12]:

Np = Qs - B, KW, 3)
where Q, - fan capacity, m3/s;
P, — full pressure of the fan, Pa.

Having the power of the fan, you can determine the power consumed by the internal combustion
engine to drive the fan by the formula [12,14]:
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Np
Ne Mg

NﬂB == y kW, (4)

ne n, — coefficient of the fan efficiency;
1, — coefficient of the fan drive efficiency.

Electrical equipment

For the operation of the steam generator unit according to the instructions for technical operation, the
power, that is consumed by electrical equipment and the burner, is not more than 220 W, with short-term
operation of the igniter (20-sec) - not more than 500 W [4]. The method of determining the power
consumption of internal combustion engines on the drives of automotive generators, that produce the current
to power electrical equipment, that provides the operation of the steam generator is described in works
[12,14]. Due to the small values of power consumption, the calculation is impractical and the power
consumption of the internal combustion engine to drive the generator is taken according to the operating
instructions [4].

Knowing the power consumption of the internal combustion engine to drive the above units, as well as
the specific fuel consumption for this engine, you can determine the hourly fuel consumption for the
operation of auxiliary equipment of the steam generator in the selected mode.

Gr=Y(N"s+ N5+ NP +0,22) - qo. kg, (5)

where N”ﬂB - power consumption of the internal combustion engine to drive the plunger pump for
water supply to the boiler coil of the heat generator, kW

N’”ﬂB - power consumption of the internal combustion engine to drive a gear pump for fuel supply to
the nozzles of the furnace of the heat generator boiler, kW;

NBHB - power consumption of the internal combustion engine for the fan drive, kW,

0,22 - power consumption of the internal combustion engine to drive the generator, we accept
according to [4], kW;

Q. - estimated specific fuel consumption at a given engine crankshaft speed, g / (kWh).

DISCUSSION OF RESEARCH RESULTS

Preliminary calculations of fuel consumption for the operation of attachments due to power
consumption show that lower modes will consume less fuel, as far as energetically, the attachments at lower
modes will consume less power, and at the same time the internal combustion engine will burn less fuel.
Operators do not take this moment into account, but accept the normative value, which is determined for the
nominal (maximum) power of the heat generator.

From the above, we can conclude that the current fuel consumption rates are imperfect, as they do not
reflect the fuel consumption required for the operation of the steam generator.

CONCLUSIONS

For more accurate control of fuel consumption, various types of information technologies, computer
equipments, meters, FMS and SCRT systems and more are currently used. However, for their
implementation it is necessary to have a developed method of calculating fuel consumption at different
stages and modes of operation of the steam generator.
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bozamuyyx M.Il.. Butpatn mnajnuBa Ha po0OTY HABICHOro 00JaJHAHHS TNApPOTreHePaTOPHHUX
YCTAaHOBOK T€XHOJIOTIYHOT0 TPAHCHOPTY

CrarTss mpuUCBSYeHA aHaji3y 1 YTOYHEHHIO BHUTpaT MajiuBa Ha pPoOOTY HaBiCHOro 0O0IagHaHHS
naporeHepaTopHux ycraHoBok tumy [IIIYA, ski mpuBoAsTh B JiI0 MapOBHH KOTEN, IO BHPOOIISE
MapoBOJSAHY cyMill. BukoHaHo aHami3 iHGOpMaIiifHUX JKepen 3 BUTpAT IajliBa HAa TPUBEICHHS B Iif0
TEIuIoreHeparopa 1 HeoOTpYHTOBaHMX TepeBUTparax. OxapakTepU30BaHO HEAONIKH 3 MiJIPaxyHKY BUTpaT
MaJIBa 3a TOAWHY poOOTH ycTaHOBKH. Ha OCHOBI aHalizy HOPMAaTHBHUX JAHHUX 3 OOJIiKY BUTpAT MajuBa 3a
roIMHy pPOOOTH 3alpPONOHOBAHO PO3PAXyHKOBY MOJENb Uil OOYMCICHHS MIHCHOI BHTpATH MalMBa 3a
BUKOHAaHY pOOOTY 3 MiATOTOBKM MApOBOASHOI CyMi Ha PI3HHX pPEKUMax eKCIUTyaramii ycTaHoBkH. I[lpu
PO3paxyHKy 3alpOIIOHOBAHO OOYKMCIICHHS BECTH 3a BTPaTaMH MOTYXXHOCTI JBUTYHA BHYTPIIHBOTO 3TOPSIHHS
Ha TPUBIJ HABICHOTO OOJIAJJHAHHSA TIPH iX pOOOTI HAa PiI3HUX PEXKHUMAX ITiITOTOBKY ITAPOBOISHOI CYMIIIi.

OcHOBHa CyTh NOJISITa€ B TOMY, L0 BU3HAYaIOTh BTPAaTH NMoTy>KHOCTI B3 11 KokHOrO mpHUCTpOIO,
sk 3a0e3rnedye (yHKIFOBaHHS TETUIOTEHEpaTopa i M0 CyMapHii BTpadeHi MOTYXHOCTI, 3HaXOMSATh
KUIBKICTh MMajiiBa HAa BUKOHAHHS MApOBOJSHOI CYMIII HAa BUOPAaHOMY PEXHMMI EKCIUTyaTallii yCTaHOBKH.
3Hal4M CyMapHi BTPaTH MOTY>KHOCTI 1 MUTOMY BUTpATy HajuBa Ui JaHOTO JBUTYHAa BHU3HAYaAIOThH JiHCHY
BUTpaTy TaliBa Ha BUOpaHOMY pEXHMI eKCIUTyaTalii naporeHeparopa. 3anpolOHOBaHE MO3BOJIUTH
eKCIUTyaTallifHuKaM MO030yTHCST HEOOTPYHTOBAHMX BHUTPAT MaJIMBAa HA OTPHMAHHS MMapOBOJSHOI CyMimn 3
HEOOX1AHUMH MapaMeTpamMHy M0 IPOIYKTUBHOCTI, TUCKY 1 TeMIeparypi.
KarouoBi cjoBa: maporenepatop, HaBicHE OOJIaAHAHHS, BUTPATH MaJMBa, JBUTYH BHYTPILIHBOTO

sropsiaHs ([IB3), BTpat MOTY>KHOCTI, TAPOBOJISIHA CYMIIIL.
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ANALYSIS OF EXISTING CONSTRUCTIONS OF ROAD TRAINS WITH ACTIVE TRAILERS

The role of road transport in logistics transportation is determined and peculiarity of logistics transportation
which performs by military formations is shown, namely a wider range of changes in operating conditions. Attention
is drawn to the fact that both single trucks and road trains are mostly used for road transportation. The advantages of
using road trains in comparison with single automobiles during performing transportations are noted. It is shown that
in the modern automotive industry the field connected with the use of multi-axle heavy-duty road trains and articulated
self-propelled platforms actively develops. Widespread and further improvement of these vehicles is due to a large
number of objective factors.

Contradictions between the existing constructions of road trains and the requirements for the efficiency of
automobile transportations especially military have been established. One of the field of efficiency increase of
automobile transportations using road trains with active trailer links is specified. The existing constructions of road
trains with active trailer links are analyzed. Features of a construction, advantages and disadvantages of active links of
road trains of various types of energy transfer are defined. The efficiency of various drive system transmissions of
active axles of trailer links, namely: mechanical, hydrostatic and electrical to achieve maximum passability and
dynamism in a wide range of operating conditions of road trains.

It is substantiated that the most promising is the use of electrical (or electromechanical) drive on the wheels of
trailer links of the road train which will simplify the construction of the transmission and futher increase the
passability and dynamism of the road train by separate control of individual wheels.

Keywords: road train, active trailer, transmission, trailer link, passability.

INTRODUCTION

Road transport is one of the main types of transport which is used to perform tasks of logistics
transportation by both military formations and civilian organizations. Both single trucks and road trains are
mostly used for road transportation.

In the modern automotive industry, the field connected with the use of multi-axle heavy-duty road
trains and articulated self-propelled platforms is actively developing. Widespread and further improvement
of these means of transport is due to a number of objective factors: the need for transportation of heavy bulk
cargo with the exception of the processes of separate transportation and further assembly of components; the
need to increase load capacity at the same time ensuring high passability when driving on dirt roads and off-
road; the need to provide low pressure on the supporting surface in order to reduce the destructive impact on
the soil, etc. [1].

The use of road trains in industrial and agricultural areas with a developed road network has great
prospects. But the need to use road trains in a wide range of road operating conditions, namely, in off-road
conditions, which is typical for military wheeled vehicles, becomes especially relevant. However, the
existing constructions of the drive wheels of road trains do not fully provide high passability and dynamism,
which is important in terms of ensuring their survivability in military operation [1].

ANALYSIS OF LITERATURE SOURCES AND PROBLEM STATEMENT

Analysis [2-5] showed that the support and coupling properties of road trains are much lower than
those of single automobiles. Various constructive solutions are known to increase the traction and dynamic
properties of road trains. The desire to increase the passability of road trains has led to the creation of so-
called active road trains. Road trains with a drive on the wheels of a trailer or semi-trailer are called active
trailer links. Their main difference is the distribution of engine power not only on the wheels of the tractor,
but also on the wheels of the trailers [6]. To increase the passability of road trains (especially large capacity)
the drive wheels of trailers and semi-trailers use [5].

Thus, the activation of the wheels of the trailer (semi-trailer) not only improves the passability and
dynamism of the road train compared to a single automobile but even surpasses them and at the same time
ensure the transportation of greater mass goods. In scientific papers [2-5] the classification of road trains,
their layout schemes, and constructive features that are characteristic of passive trailer links are given. But
the issues of construction of road trains with active trailer links and features of torque transmission to the
driving wheels of the trailer (semi-trailer) are not considered.

The drive of active towing links can be constant and periodic action. Drives of constant action have
rather small distribution and are applied mainly on heavy-duty multilink road trains. On two-link road trains,
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drives of periodic action (booster type) are usually used. According to the transmission type of the drive
system of the active axles trailer links are divided into mechanical, hydrostatic and electrical [6]. Features of
construction, advantages and disadvantages of these active links of different types road trains of energy
transfer need to be researched.

THE AIM AND OBJECTIVES OF THE STUDY

The purpose of the study is to determine the options of rational use of different types of energy
transfer to the driving wheels of a trailer or semi-trailer on the basis of a comparative analysis of the
constructions of active road trains.

To achieve this aim it is necessary to solve the following objectives:

- to carry out the comparative analysis of active links schemes of road trains with the drive of driving
wheels of the trailer or the semi-trailer;

- to determine the most effective type of wheel drive system of a trailer link of road trains.

RESULTS OF THE STUDY

The experience of creating active trains shows that in domestic practice they are developed mostly
with semi-trailers and foreign experts prefer trailers. But two constructive schemes of a mechanical drive of
wheels of the trailer (semi-trailer) of a road train are possible: with transfer of a twisting moment by usual
cardan transfer and through a pin of the truck-coupling device. A significant disadvantage of the first scheme
is the limitation of the folding angle between the tractor and the semi-trailer by the maximum allowable
angles of the cardan joints (up to 45 °) which significantly impairs the maneuverability.

For the improvement of the maneuverability of road trains with the transfer of torque to the cardan
drive, the British company Multidrive uses a coupling device with a double articulation mechanism [7]. To
eliminate the need of cardan transmission work on critical angles the rotary table of a back cart of the semi-
trailer is entered. This coupling device provides increased angles of longitudinal (up to = 15 ©), transverse
(up to £ 10 °) and horizontal (up to £ 100 °) flexibility. As the experience of Multidrive shows, this type of
drive is the most rational for road trains with 8 x 8 wheel formula. The disadvantage of this scheme is the
vulnerability of the drive elements of the trailer link during driving on cross-country, as well as the
complexity of the operations of coupling and uncoupling. The layout of the active road train with the wheel
formula 8 x 8 with a mechanical drive is presented in Fig. 1.
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Fig. 1 - Layout of drive units of the "Multidrive" type: 1, 2, - driving axles of the tractor; 3 - the

mechanism of articulation; 4, 5, - intermediate supports; 6 - rotary mechanism; 7, 8 - leading axles of the semi-
trailer

The basis of most existing constructions of road trains was the mechanical drive of the drive wheels of
semi-trailers from the transmission of tractors that towed them [4]. After testing a number of experimental
constructions, road trains with a 10x10 wheel formula, consisting of three-axle all-wheel drive tractors and
active two-axle semi-trailers with all driving single-slope wheels were recognized as the most effective. The
layout of the active road train (wheel formula 10 x 10) with a mechanical drive is presented in Fig. 2.
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1 \2 \s \3 N9 \10

Fig. 2 - Layout of mechanical drive units of the semi-trailer: 1, 2, 3 - leading axles of the tractor; 4 -
power take-off box; 5, 6, 7, 8 - angular reducers; 9, 10 - leading axles of the semi-trailer.

This type of drive has the following disadvantages:

» the use of a non-standard support-coupling device, which does not provide the possibility of
uncoupling the links of the road train and replacing the trailer;

» a significant number of angular reducers and cardan shafts that increase the weight of the drive;

* kinematic discrepancies in the rotation of the wheels of the tractor and trailer and the problem of
optimal redistribution of the required traction and braking forces on each wheel of the road train.

Recently a hydrostatic drive has been widely used to activate the wheels of trailers in the domestic and
foreign automotive industry. For active road trains hydrostatic drive has the following advantages over
mechanical [2, 5]:

» stability of work at low speeds and big loadings;

» convenience of arrangement of units of the drive;

* ease of obtaining a fast (=0.12 s) and symmetrical in moments and kinematic parameters of the reverse
drive, which allows to perform vigorous "rocking™ of a stuck automobile, which is typical for operation in
difficult road conditions;

* freedom of transmission units layout;

» rigid kinematic and power characteristics of the hydrostatic transmission, which is close to the
characteristics of the mechanical continuously variable transmission and low inertia of the drive which makes
it possible to control the gear ratio of the drive with high accuracy according to any given law;

* energy efficiency of the automobile with hydrostatic transmission during increase in number of its
leading axes decreases less intensively than in automobiles with mechanical transmission;

» reliable protection against overloads (by means of safety valves and pressure limiters).

According to Sisu firm, a road train equipped with hydrostatic transmission develops traction 25%
higher and overcomes the ascent 1.5 times steeper than without it [5].

Schemes of hydrostatic drives of active wheels of trailer links are divided into two main types:
"hydraulic shaft" and "hydraulic motor-wheel”. In such constructions, the hydrostatic drive performs the
functions of cardan shafts, providing torque to the drive axles of the trailer link. The layout of the units of the
drive type "hydraulic" is presented in Fig. 3

1 \2 \3 .9 10
Fig. 3 - layout of units of the hydrostatic drive of the semi-trailer of the "hydraulic shaft" type: 1, 2, 3 -
leading axles of the tractor; 4 - power take-off box; 5 - pump; 6 - flexible hoses; 7 - hydraulic motor; 8 - semi-
trailer drive shaft; 9, 10 - leading axles of the semi-trailer.

The layout of the units of the hydrostatic drive of the semi-trailer of the "hydraulic motor-wheel” type is

presented in Fig. 4.
, 2021, Ne2 (17)
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\1 \« \s 2 3 \6 7 8
Fig. 4 - Layout of units of the hydrostatic drive of the semi-trailer of the type "hydromotor-wheel™: 1,
2, 3 - leading axles of the tractor; 4 - power take-off box; 5 - pump; 6 - flexible hoses; 7, 8 - hydraulic motor.

A feature of this drive is the widespread use of standard units. However due to the small number of
hydraulic units (one pump and one motor), a significant part of the drive is accounted for by mechanical
units (main gears, differentials, cardan gears). In this layout, the possibility of blocking the wheel
differentials in the axles of the trailer link of the road train should be realized to increase the passability [5].

At the present stage of technical development, the realization of the hydrostatic drive occurs according
to the scheme of the type "hydraulic motor-wheel™. In this case, the hydrostatic motor is built into each of the
engines. The advantage of radial-piston hydraulic motors is the ability to transmit high torques and stable
operation under load at low speeds (7 ... 10 min ) which simplifies the construction of the motor-wheel, as it
eliminates the need for a wheel reducer. Axial-piston hydraulic motors have a smaller diameter than radial-
piston, so they are used with a small diameter of the wheel hub. Under load the minimum stable speeds of
such a hydraulic motor are in the range of 100 ... 150 min 1, so the installation of a reduction gear is needed.

The peculiarity of the hydrostatic transmission is that it operates in a rather narrow range of speeds of
the machine which is explained by the working processes of volumetric hydraulic machines [8].

The use of hydraulic drive is limited for the following reasons:

« efficiency is less than that of a mechanical drive (due to double energy conversion);

» the complexity of operation in low temperatures (to maintain efficiency it is necessary to constantly
pump the working fluid, which leads to large bubbling losses);

* high cost compared to a mechanical drive; limited use in long-distance road trains (due to large
losses in pipelines).

When creating multi-wheel drive automobiles(which include active road trains) the most rational is the
use of electrical (electromechanical) transmission [9-14]. Electrical is a transmission in which the conversion
of power flow factors of the drive motor of the machine in the entire control range is carried out by an
electric torque transformer. The simplest transformer consists of two electric machines, one of which
operates in generator mode and the other in electric motor mode. If in such transfer step (friction-gear)
reducers or other mechanical distributing mechanisms are established it is called electromechanical. The
main advantages of electromechanical transmission:

» othe characteristic of the traction electrical motor provides realization of stepless transfer of power on
wheels and a possibility of movement at "creeping speeds";

» significantly reduces the number of mechanical elements of the transmission (there is no gearbox and
transfer case, reduces the number of cardan shafts, etc.);

* case of reversal;

» there is a possibility of individual distribution of power on wheeled engines according to external
conditions in which they are.

To activate the wheels of a trailer or semi-trailer of a road train with a tractor that has a serial drive, an
electric drive of periodic action is used, which is applies when driving in lower gears of the tractor gearbox.
To reduce driving losses in higher gears, it is necessary to "break” the kinematic connection between the
wheel and the links of the gearbox with the traction motor [7].

Electric transmissions with a permanent drive are used on all-wheel drive trains with a large number of
drive axles. When driving in difficult road conditions or at full load all electric motor wheels realize the
power transmitted from the power flow of the drive motor of the automobile and the generator, and the
coupling properties of the train are fully used [7].
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The layout of the units of the electrical drive of the semi-trailer is presented in Fig. 5 [7].

Fig. 5 Layout of electrical drive units of the semi-trailer: 1, 2, 3 - leading axles of the tractor; 4 - power
take-off box; 5 - generator; 6 - power wires; 7, 8 - electrical motor-wheel.

During the movement of such road trains on roads with the improved covering and with incomplete
loading the necessary force of traction of the automobile considerably decreases. In these conditions it is
expedient to disconnect a part of the electrical motor wheels. Taking into account the modern development
of science and technology, semi-trailers with electrical drive of semi-trailer wheels should be created for
truck tractors with electromechanical transmission as the car already has a powerful generator and it is
possible to use common (general) control algorithms for electromechanical transmission.

DISCUSSION OF RESULTS

The analysis shows that the further development and use of the mechanical drive of the leading wheels
of the trailers is not effective because it leads to a significant complication of the train construction and
increase energy costs (fuel consumption) for the movement of the automobile.

Hydrostatic type of drive is most often used in the construction of tractors and tractor trains. In
constructin of automobeles it received limited use.

Therefore, in our opinion, the use of electrical drive (or electromechanical) on the wheels of the trailer
links of the road train is promising which simplifies the construction of the transmission and in the future to
increase the passability and dynamism of this automobile through separate control of individual wheels.

CONCLUSION

1. As aresult of the study it was determined that the most promising is the use of electrical drive of the
leading wheels of the trailer link of the road train.

2. The use of an electrical drive of a trailer or semi-trailer allows in the future to increase the
passability and dynamism of the road train due to the separate control of individual wheels of the trailer link.
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Kaiioanoe P, Omenvuenxo B, Iloopuzano M. AHaji3 icHylOUHX KOHCTPYKIiii aBTOMO3AiB 3 aKTUBHUMH
NPUYITHEMH JJAHKAMH

BuznaueHa poibp aBTOMOOUIBHOTO TPAHCIIOPTY 3 BHKOHAHHS JIOTICTHYHHMX NepeBE3€Hb Ta IOKa3aHa iX
0COONUBICTh TpU 3IIMCHEHHI BINCHKOBMMH (OPMYBaHHSIMH, a came, OUIbII MIMPOKUH [iarna3oH 3MiH YMOB
eKcIuTyarallii. 3BepHYTO yBary Ha Te, IO 3[cOLIBIIOr0 Al aBTOMOOUIPHHUX MEPEBE3CHb 3aly4aloThCs SIK OJAMHOYHI
BaHTa)kKHI aBTOMOOUII Tak i aBTOMOOUIBHI MOi3au. 3a3HaYeHO INepeBark BUKOPHCTAHHS aBTOIOI3IIB y MOPIBHAHHI 3
OJIMHOYHMMH aBTOMOOUISIMH NPU BUKOHAHHI nepeBe3eHb. [lokazaHo, 1110 y cydacHOMY aBTOMOO1IeOy1yBaHHI aKTHBHO
PO3BHBAETHCS HANIPSAMOK, ITOB'3aHUH 13 3aCTOCYBaHHSAM 0araToOBICHUX BEIMKOBAHTAXXHUX aBTOIOI3MIB Ta 3WICHOBaHHX
camoxigHux mnardopm. llupoke mommpeHHs 1 mojajiblle BIOCKOHAJCHHS 3a3HAYCHHX TPAaHCIOPTHUX 3aco0iB
00yMOBJICHO BEJIHKOIO KiJTBKICTIO 00'€KTUBHIX YNHHHKIB.

BcraHOBICHO MPOTHPIYYS MK ICHYIOUMMH KOHCTPYKIISIMH aBTOMOI3MiB Ta BHMOTaMH MIOAO €(EKTHBHOCTI
aBTOMOOITPHHAX TEepeBe3eHb, OCOONMMBO BIHCHKOBHX. BKa3aHO Ha OOWH i3 HANPSMKIB MiABHIICHHS e()EeKTUBHOCTI
ABTOMOOIIBHUX TMEpPEeBE3cHb 3a pAxXyHOK BHKOPHUCTaHHS AaBTOIOI3MIB 3 AKTHBHHUMH HPHYIMHHMH JIAHKaMH.
[IpoaHami3oBaHO iCHYIOUI KOHCTPYKIII aBTOMOI3IB 3 AKTHBHUMHU MPHUYIMHUMHU JIAHKAaMH. BHU3HAYEHO OCOOIUBOCTI
KOHCTPYKIii, MepeBarn Ta HEJONIKM aKTHBHUX JIAHOK aBTOMOI3MiB DI3HMX THIIIB TNepenayi eHeprii. BussieHo,
e(eKTUBHICTh DI3HUX TPAHCMICIH CHUCTEMH INpPHBOJY AaKTUBHHMX OCEH NPHUYIMHHUX JIAHOK, a caMe: MEeXaHIuHHX,
ripo00'eMHUX Ta CICKTPUYHUX IS JOCATHEHHS MaKCHMAJIbHOT MPOXIJHOCTI Ta TUHAMIYHOCTI y IIUPOKOMY Jiamna3oHi
YMOB €KCILUTyaTalil aBTONOi3/iB.

OOrpyHTOBaHO, MO0 HAWOLTBII TMEPCHEKTHBHUM € BHKOPUCTAHHS CICKTPUIHOTO (UM EIEKTPOMEXaHIdYHOTO)
NPUBOJLY Ha KOJieca MPUYIMHUX JIAHOK aBTOMOI34a, INO JO3BOJUTH CHPOCTUTH KOHCTPYKLIK TpaHCMICii, a B
MEPCIICKTHUBI IMiIBUIIUTH TPOXIJHICTh Ta AWMHAMIYHICTH aBTONOI3[a 32 PaXyHOK PO3IUTFHOTO KEepPyBaHHS OKPEMHUMHU
KOJIeCaMH.
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KAHJTAJIOB Pycnan Onez06uu, JIOKTOp TeXHIYHUX HayK, Pohecop, MONKOBHUK, HAYATLHUK Kadeapu
OIIEPaTHBHOTO Ta JOTicTHYHOTO 3abe3meueHHs, HamionansHa akagemiss HamionaneHoi rBapaii Ykpainum, e-
mail: kaidalov.76@ukr.net, ORCID-0000-0002-5131-6246

OMEJIPYEHKO Bacuns Ilsanosuu, HadalbHUK BiIMITy MIDKHApOAHHX 3B’S3KiB, iH(opmamii Ta
KOMYHIKaIlii, mianoiakoBHuk, HamionanpHa  Akamgemiss  HamionameHoi  rBapmii  Ykpainu, e-
mail: omel85@ukr.net, ORCID - 0000-0001-6713-7026

HOIPUT AJIO Muxatino A6osuu, TOKTOp TEXHIYHHX HAYyK, Mpodecop, 3aBigyBad Kadeapu TeXHOIOTii
MalnHOOYAyBaHHS Ta PEMOHTY MalllWH, XapKiBChbKUH HAIIOHAIFHUN  aBTOMOOUIBHO-TOPOXKHIN
yHiBepcuteT, e-mail: pmikhab@gmail.com, ORCID-0000-0002-1624-5219

Ruslan KAIDALOV, Doctor of Technical Sciences, Professor, Colonel, Head of the Department of
Operational and Logistical Support, National Academy of the National Guard of Ukraine, e-
mail: kaidalov.76@ukr.net, ORCID-0000-0002-5131-6246

Vasyl OMELCHENKO, Head of the Department of International Relations, Information and
Communication, Lieutenant Colonel, National Academy of the National Guard of Ukraine, e-
mail: omel85@ukr.net, ORCID - 0000-0001-6713-7026

Mykhailo PODRYHALO, Doctor of Technical Sciences, Professor, Head of the Department of
Mechanical Engineering and Machine Repair Technology, Kharkiv National Automobile and Road
University, e-mail: pmikhab@gmail.com, ORCID-0000-0002-1624-5219

DOl 10.36910/automash.v2i17.629

o2 07



mailto:kaidalov.76@ukr.net
mailto:omel85@ukr.net
mailto:pmikhab@gmail.com
mailto:kaidalov.76@ukr.net
mailto:omel85@ukr.net
mailto:pmikhab@gmail.com

© Kaornikova K.M., lichenko A.V., Shumliakivskyi V.P. 2021

VJIK 656.132:656.025
UDC 656.132:656.025

Kornikova K.M., llchenko A.V., Shumliakivskyi V.P.
Zhytomyr Polytechnic State University, Zhytomyr, Ukraine

PECULIARITIES OF PUBLIC ELECTRIC TRANSPORT DEVELOPMENT IN SOME
UKRAINIAN CITIES

Analysis of the development of trolleybus transport in Ukrainian regional centers (Zhytomyr, Rivne, Ternopil,
Chernihiv, the largest city in terms of population of Kyiv region - Bila Tserkva) was conducted. A comparison of these
cities in terms of their area, population, population density in cities, the number of bus and trolleybus routes, the
length of the catenary and the number of trolleybuses was carried out. The characteristic features of trolleybus routes
of cities are analyzed and noted and the strategy of their further improvement and renewal of rolling stock is revealed.
The peculiarity of the route network in Zhytomyr is noted, which consists in the presence of a ring route, which allows
to connect the areas far from the city center.

It is shown that the peculiarity of the contact network of Rivne is its exit from the geographical boundaries of
the city, which is justified by the large flow of passengers on working days of the week, who move to the Rivne plant
of high-voltage equipment. It is noted that the AKSM 43303A double-decker bus and 12 Dnipro T203 trolleybuses
with autonomous running were put into operation.

From the analysis of schemes, features of trolleybus routes, the existing fleet of trolleybuses and their service
life in these cities, it is concluded that in the cities of Ukraine with these characteristics are dominated by trolleybus
networks of radial location with the ability to combine suburbs. The best solution for choosing a trolleybus contact
network in such cities is to choose radial routes from the center to the peripheral areas of the city in combination with
circular routes connecting the main streets. The fleet of trolleybuses is outdated, they have been in operation for 20-40
years, so it needs more active renewal. The best in terms of age composition of trolleybus parks of the cities analyzed,
as of 01.01.2020, is the park of Chernihiv, the worst - the city of Rivne.

Key words: urban passenger transportation, electric transport, trolleybus, route network, contact network,
environment

INTRODUCTION

There are many cities in Ukraine that have very similar characteristics in population, area, geographic
parameters, etc. There are many factors that influence the environmental conditions, especially in the
settlements. It is known that one of the main negative impact factors on the environment is transport. The
greatest amount of toxic substances in the air, in the ground, in wastewater and water can be observed in
cities with a high concentration of transport.

One of the best ways to solve the problem of transport pollution in Ukrainian cities and other countries
of the world is to eliminate transport with internal combustion engines (especially diesel engines) and the
transition to electric transport. This also requires the development of alternative environmental-friendly
transport.

ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

The authors [1] argue that to date there is no universal approach to assessing the efficiency of urban
public transport, including electric transport. To assess the costs of public transport operation and the quality
of passenger service, they propose a target function that makes it possible to estimate the costs of the carrier
and passengers and find a balance between the interests of these parties in the transportation process. This
function enables to improve methods of public transport organization in cities and to raise the quality of
transport services for city population. The new approach is developed on the basis of the analysis of
economic and social factors that affect the efficiency of urban public transport.

In [2], the authors considered the transport network of Odessa. Odessa. Specific geographical
location of the city made it possible to form criteria for estimation of planning schemes of the street and road
network. Investigations and comparisons with the normative values of the street and road network density
and Odessa non-straightness coefficient were made. In connection with the increase of the density of the
traffic flows the problems of the urban passenger transport movement arise, which should be immediately
solved, which testifies to the urgency of the given works.

Passenger transportation has a significant influence on the social, ecological and production spheres
of the City functioning which determines the conditions of competition for the carriers of various forms of
ownership. Among the list of problems of development and functioning of cities, it is especially important to
develop a system to ensure an appropriate level of safety and quality of passenger transportation [3].

Taking into account all the interests of urban passenger transportation market participants is
impossible without solving the following tasks: achieving a balance of interests of participants in the
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transportation process (accessibility, environmental safety and comfort, the carrier profit, creating conditions
for attracting investment to improve the economic efficiency of the passenger transportation process) [4].

Electric transport significantly reduces environmental risks in the process of urban passenger
transportation. But its development in different cities of Ukraine requires analysis and search for areas of
improvement.

It should also be noted that the study of this issue should be carried out in cities with similar
infrastructure, geographical location of the population, similar rolling stock of electric transport, etc.

PURPOSE AND OBJECTIVES OF THE STUDY

The purpose of this study is to analyse the specifics of the trolleybus urban transport development
process in some regional centers of Ukraine (Zhytomyr, Rivne, Ternopil, Chernihiv, Bila Tserkva) to
identify areas for further improvement.

RESULTS OF THE STUDY

The regional centers (Zhytomyr, Rivne, Ternopil, Chernihiv) and the city of Bila Tserkva were chosen
to analyze and compare the development processes and current state of trolleybus transport in Ukrainian
cities. The city of Bila Tserkva has the largest population number in the Kyiv region. The authors consider
abovementioned cities to be the most typical for Ukraine due to the following characteristics: radial location
of the streets, with area of 60 to 80 sq. km, population from 209 to 287 thousand people, trolleybus transport
availability (Table 1). In connection with this we can expect the same approach to the development of public
electric transport in them, as well as the advantages and disadvantages in the further development of electric
transport in analogous cities of Ukraine.

Table 1. Basic characteristics of the cities that are being portrayed as of 01.01.2020 [5-13]
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Zhytomyr 61 264 318 4333 30 14 100,2 122
Rivne 64 246 003 3844 26 9 60,8 88
Ternopil 72 223 462 3104 33 10 86,3 61
Chernihiv 79 286 899 3632 31 11 110,5 103
Bila Tserkva 67,84 209 238 3084 18 7 44 25

The main streets of Zhytomyr are located radially in six directions, and in the center of the city they
are in most cases perpendicular to one another (Fig.1). The location of the city is compact, which makes it
possible to create both pendulum routes and loop routes. The trolleybus network has been developing here
since the early 1960s. During those years, a lot of changes took place, routes were changed and lines were
installed/dismantled.Contact network was located radially through the main streets of the city: Velyka
Berdychivska St., Lekha Kachynskoho St., Chudnivska St., Peremohy St., Pokrovska St., Kyivska St.,
Vitruka St., Korolova St., Serhiia Paradzhanova St.,, Vokzalna St., Seletska St., Ivana Honty St.,
Kosmonavtiv St., Shevchenka St.,, Dmytra Dontsova St., Feshchenka-Chopivskoho St., Mikhaila
Hrushevskoho St., Mala Berdychivska St., Skhidna St., Nezalezhnosti Avenue. This location allows one to
connect the outskirts of the city with the center. The routes are designed in such a way so that it is easy to
reach the most distant areas of the city, which creates convenience for the use of this type of transport. For
transportation of passengers from the stations to the Smolianka district and the city center until 30.08.21
there were ring routes Nel A " Vokzal - Center - Smolianka - Vokzal " and NelB " Vokzal - Smolianka -
Center - Vokzal ". Ring routes with opposite directions reduced travel time from one area of the city to
another, as it was possible to travel only the necessary short part of the route. These routes connected the
central busy parts of the city, places of arrival (departure) of passengers: bus station, railway station,
shopping malls, food and clothing markets, etc. From 30.08.21 both routes were combined into one Nel "
Vokzal - Center - Kosmonavtiv St . Instead, they created circular routes with branching to the Korbutivka
area to the hydropark similar to routes Ne2 and Ne3: Nel5 “Hydropark - Smolianka - Vokzal” and Nel5a
“Hydropark — VVokzal - Smolianka ”
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Recently the trolleybus fleet in Zhytomyr has been actively renewed, 50 new trolleybuses, AKSM-
321, manufactured in Belarus, were purchased and put into operation with the support of the European Bank
for Reconstruction and Development. As of 02.09.21, there are plans to build a trolleybus contact line on
Heroiv Pozhezhnykh St. and respective quotation documents for the construction of trolleybus line on the
Kiivske Highway to the industrial park and international airport are being prepared. This will allow a better
connection between the remote district of “Malovanka” and the adjacent villages Hlybochytsia using
environmentally friendly transport within the infrastructure of the city.

Before the active introduction and development of trolleybus transport in the city sufficient attention
was given to the city streetcar. There were 5 lines in the city: Berdychivka, Kyivska, Chudnivska, Vilska and
Moskovska. As of today, there is only one line "Tsenter-Lonokombinat™ left. Such changes are explained by
the more active development of trolleybus transport in the city, which gradually overtook the streetcar
transport.
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Fig.1. Map of the city Zhytomyr and the scheme of its trolleybus routes [i4, 15]

In the city of Rivne since 1974 there has been a steady development of trolleybuses. Since 1974 there
has been a constant growth of trolleybus transportation, the number of lines and trolleybus rolling stock is
perpetually increasing. The city has also adopted a radial layout of trolleybus routes on the streets,
trolleybuses run in seven directions. But analysis of the city map and scheme of trolleybus routes shows that
the main streets are not occupied: Viacheslava Chornovola St., Rivnenska St., Kyivska St. (to the zo0),
Kniazia Volodymyra St., Dubenska St. (to the airport), Romana Shukhevycha St. (Fig.2.). Contact network is
located on the central streets Soborna, Kyivska and extended on the streets Danyla Halytskoho St., Videnska
St., Akademika Hrushevskoho St., Lonokombinativska St., Henerala Bezruchka St., Haharina St., Kniahyni
Olhy St., Stepana Bandery St., Nebesnoi Sotni St., Dubenska St., Kotsiubynskoho St., Ostrozkoho St.,
Makarova St. A special feature of the contact network of Rivne is that it goes beyond the geographical
boundaries of the city. On the national motor road of state importance H22 it connects the city to the Rivne
plant high-voltage equipment.
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Fig.2. Map of the city Rivne and the scheme of its trolleybus routes [14, 16]
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This is justified by the high volume of passengers on weekdays. There is no streetcar service in the
city, but other types of electric transport are developing: in 2016, the AKSM 43303A duobus was purchased.
It has autonomous drive, which is ensured by a diesel generator and an asynchronous alternating current
motor. Also during the 2017-2018 years trolleybuses Dnipro T203 in number of 12 units (at 01.01.20.) were
launched. In the future, there are plans to buy 3-4 new trolleybuses every year to continually renew the fleet.
This year, they did not allocate funds for new trolleybuses because they want to analyze their transport
network.

Ternopil trolleybus service was launched in 1975. The city has its own geographical pecularities. A
pond on the Seret River forms the districts of “Kutkivtsi” and “Proniatyn” (on the western side of the city)
which are not served by trolleybuses today (Fig.3). A separate district “Klenovyi hai” is located on the east
of the city on Mykulynetska St., which is served by trolleybuses. The trolleybus network of the city was
located on the main streets: Mykulynetska St., Berezhanska St., Hetmana Mazepy St., Ruska St., Stepana
Bandery Avenue, Zamkova St., Krushelnytska St., Protasevycha St., 15-ho kvitnia St., Brodivska St.,
Kniazia Ostrozkoho St., Anatoliia Zhyvova St., Luchakivskoho St., Maksyma Kryvonosa St., Lesi Ukrainky
St., Slivenska St., Bohdana Khmelnytskoho St., Oleksandra Dovzhenka St., Romana Kupchynskoho St.,
Kyivska St., Henerala Myrona Tarnavskoho St., Vasylia Symonenka St., Volodymyra Velykoho St., Lesia
Kurbasa St., Tekstylna St., Zbarazka St., Zluky Avenue.

Fig.3. Map of the city Ternopil and the scheme of its trolleybus routes [14, 17, 18]

Ternopil trolleybus routes are well developed, and the trolleybus network connects to all districts of
the city. At the beginning of the 2000s there were 16 trolleybus routes in the city, but as of January 01, 2020
their number decreased to 10. At the same time, the trolleybus network expanded in a radial direction
focusing on neighborhoods located on the outskirts of the city. For the renewal of the rolling stock the
documentation for the procurement of 30 new trolleybuses is being prepared. Also in 2020, school
trolleybuses were launched on certain routes of the city.

The city of Chernihiv has nine main trolleybus routes (Fig.4). The city started trolleybus traffic in
1963 and for a long time trolleybuses have been the main type of transport.
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Fig.4. Map of the city Chernihiv and the scheme of its trolleybus routes [14, 19]
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Despite financially insecure times, today the trolleybus network is expanding radially from the center
of the city within these main streets: Ivana Mazepy St., Shevchenka St., Hetmana Polubotka St., 77-yi
Hvardiiskoi Dyvizii St., Rokossovskoho St., Malynovskoho St., Tolstoho St., Liubetska St., Haharina St.,
Heroiv Chornobylia St., 1-ho Travnia St., Oleksandra Molodchoho St., Peremohy Avenue, Myru Avenue,
etc. The municipality covers most of the city, but not the main street on the east side — Myru Avenue (from
the junction with Peremohy Avenue to the Desna River on the west).

The fleet is constantly updated. Last year 5 new trolleybuses manufactured in Chernihiv were
purchased, this year 4 new trolleybuses "Etalon-T121" (Barvinok) were purchased. In August 2021, a draft
of a new transport model of the city was proposed to the local council, which provided for the complete
abandonment of small-capacity buses and an increase in the number of trolleybuses.

Development of trolleybus transport in Bila Tserkva began in 1978 with the construction of the first
trolleybus lines and depot. The city is geographically distributed in the east-west and east-north directions,
with the main streets extending to the ends of the city (Fig.5). Analyzing the network of trolleybus routes, it
should be noted that it is poorly developed. It, unlike the previous ones, has one main line with several
extensions that pass through the main streets: Levanevskoho St., Hryboiedova St.,, Zaiarska St.,
Tarashchanska St., Selianska St., Druzhby St., Kniazia Volodymyra Avenue, Oleksandriiskyi Boulevard. It
should be noted that the existing trolleybus routes are entirely replaced with route taxis. There are also
important shortcomings: the contact network does not allow the trolleybuses to run near the bus and train
stations, the renewal of the trolleybus fleet is in progress. The trolleybus system was planned, but due to
certain circumstances it is still under revision.

From the analysis of trolleybus schemes, peculiarities of trolleybus routes, available trolleybus fleet
and their operating time in the mentioned cities (Tables 2,3) we can conclude that trolleybus networks with
the characteristics above prevail in Ukrainian cities with the possibility to connect the outskirts of the cities.
The best solution for selecting trolleybus contact lines in these cities is to choose radial routes from the
center to the peripheral areas of the city in conjunction with loop routes linking the main streets together,
leading to the peripheral districts with minimal traffic in the central part of the city.

BRapuMupoBKa TepeauHo
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Fig.5. Map of the city Bila Tserkva and the scheme of its trolleybus routes [14,20]

The trolleybus fleet is outdated and has been in operation mainly for 20-40 years (Table 3), which
requires more active renewal. The top trolleybus fleet in the cities surveyed as of 01.01.2020 was in the city
of Chernihiv, while the highest number of trolleybuses was in the city of Rivne.

Table 2. Number of passenger trolleybuses by model (as of 01.01.20) [13]
Ne | Trolleybus  brand, Zhytomyr Rivne Ternopil Chernihiv | Bila Tserkva
model

1. 3uy-9 74 - - 44 9
2. IIM3-T1 5 - 1 - -
3. IM3-T2 5 2 - 25 3
4. | Skoda 9Tr - 11 1 - -
5. JIA3-52522 - - 1 - 1
6. | Skoda 14Tr 24 49 24 - -
7. | Skoda 15Tr 8 - 31 - -
8. MA3ETOH-103T - - - 6
9. JIA3E-183 11 6 1 3 2 -
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10. | Auinpo E-187 - - - - 1
11. | AKCM-321 - - - 3 -
12. | Auinpo T203 - 12 - -
13. | Aninpo T103 - 3 - - 1
14. | Eranon T12110 - - - 29 -
15. | AKCM 43303A - 1 - - -
16. | lkarus 280.94 - - - - 4
17. | JELCZ (PRL10E / ] 9 ] ] ]
PR110T /120MT)

Total 122 88 61 103 25
Table 3. Number of trolleybuses put into service over the years in the cities analyzed [21]
City 1970-1979 1980-1989 1990-1999 2000-2009 2010-2019
Zhytomyr - 51 57 15 -
Rivne 2 39 28 4 16
Ternopil - 21 35 5 -
Chernihiv - 22 28 26 32
Bila Tserkva - 7 10 2 7
Total 2 140 138 52 55

DISCUSSION OF THT RESULTS OF THE STUDY

As a result of the research it is easy to establish that some regional centers of Ukraine in terms of
organization of passenger trolleybus transportation have a lot in common. The trolleybus electric contact
network of such cities was mainly formed in the 80s of the last century and took into account at that time the
demand of the population for transportation between the areas of population and labor application. This was
formed objectively and historically influenced the formation of networks of this type of transport. But since
then there have been radical changes regarding the location of industrial, commercial enterprises, and new
residential neighborhoods have been built. Obviously, this fact should be taken into account in the future
development of this type of transport, in terms of the fact that not all regional centers can be geographically,
by population size, development of trolleybus networks, etc. united into a single group. Important criteria for
the development of joint approaches to the further development of trolleybus networks for a group of cities
should be considered: geographical location of transport areas, population size, city infrastructure, the level
of development of trolleybus networks, etc.

CONCLUSION

Further development of the trolleybus network in the cities requires a comprehensive solution of their
energy supply problems. In the future it is necessary not only to update the fleet of trolleybuses in all the
cities analyzed, but also to improve the routes by increasing their capacity further from the center in order to
connect the most distant adjacent areas or near-by settlements to the city. This can be solved through the
introduction of the existing trolleybus fleets of self-propelled electric transport.
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Kopuikosa K., Invuenxo A., Illymnakiecokuii B. Oco0JuBOCTI PO3BHTKY TI'POMAJCHKOIO
€JIEKTPOTPAHCIIOPTY B JIeAKHX MicTax YKpainu

[IpoBeneHo aHami3 PO3BUTKY TPOJIEHOYCHOTO TPAaHCIOPTY OOJIACHHUX HEHTpPiB YKpainu (M. XKutomup,
M. PiBHe, M. TepHominb, M. UepHIriB) Ta HaAWOLIBIIOTO MicTa 3a KIIbKICTIO HaceneHHs KuiBchkoi o0macti —
M. bima llepkBa. 3po0iieHo MOPIBHSHHS BKa3aHUX MICT IMOJAO iX IJIONI, KiTbKOCTI HAcENeHHs, IiTbHOCTI
pO3TallyBaHHS HAaCEJCHHS B MICTaxX, KUIBKOCTI aBTOOYCHHX Ta TpPOJIEHOYCHUX MAaplipyTiB, JOBXKHHHU
KOHTAaKTHOI Mepexi Ta KiUIbKOCTI TposeiOycis. [IpoananizoBaHo Ta Bif3HAYEHO XapaKTepHi OCOOIMBOCTI
TPONEHOYCHUX MapuIPyTiB MICT Ta PO3KPHUTO CTPATeril0 iX MOAANBLIOrO yIOCKOHAJICHHS Ta OHOBJIEHHS
pyxomoro cknany. Bijg3HaueHo ocoOnuBicTh MapHIpyTHOT Mepexi B M. JKutomup, sika MoJisirae B HassBHOCTI
KIUJIBLIEBOTO MapILPYTY, 110 J03BOJISE 3B s3aTH BiJIaJICHI BiJI LIEHTPa MicTa palilOHH MiX CO0OIO.

[lokazano, mo 0coOIMBiCTIO KOHTaKTHOT Mepexi M. PiBHe € 1i Buxix 3a reorpadiyni Mexi micra, o
BUTIPABJIAHO BEIIMKUM TIOTOKOM TacaXXUpiB B poOodi JTHI THKHS, SKI pyXaroThcs JO PiBHEHCHKOTO 3aBOIY
BHCOKOBOJIbTHOI amaparypd. 3a3HauyeHo, 10 B eKcIulyarailiro BeeaeHo nyodyc AKCM 43303A Tta 12
Tponeiidycis Juinpo T203 3 aBTOHOMHUM XOZ0M.

3 aHamizy cxeM, 0coOIMBOCTEH TpoJei0yCHMX MapIIPYTiB, HAasBHOIO MapKy TposieHOyciB Ta ix
TEPMIHIB eKCIUTyaTtallii y BKa3aHUX MICTax 3pO0JICHO BHCHOBOK, IO B MiCTax YKpaiHH 3 3a3HAYCHUMH
XapaKTePUCTUKAMU IIEPEBAKAIOTh TPOJICHOYCHI MeEpeXi pajiajbHOr0 pO3TAalllyBaHHSI 3 MOXKJIUBICTIO
00’eqHaHHs OKONMLb MicT. Kpamum pimeHHs M BUOOpy TposieHOyCcHOT KOHTaKTHOI MEPEKi B TAKUX MICTax €
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BUOIp pajiajibHUX MapIIPYTiB BiJ LEHTPY A0 HepudepiiHUX palOHIB MICTa B MOEIHAHHI 3 KiIbLIEBUMH
MapIIpyTaMH 3’ €THaHHA MiX COOOI0 TOJIOBHUX BYJHIlL. [lapk TposneiOyciB 3acTapisinii, B OCHOBHOMY BOHH
eKcIuTyaTytoThcs Bke 20-40 pokiB, TOMy NOTpeOye OibII aKTUBHOTO OHOBJIEHH:. Hailikpamum 3a BiKOBUM
CKJIaJIOM THapKiB TpoJieii0yciB MicT, 1o mpoaHanizoBano, craHoM Ha 01.01.2020 poky € mapk M. YepHiris,
HaWTipmuM - M. PiBHe.

KaiouoBi cioBa: MiChKi TMacakMpoIepeBe3eHHs], EIEKTPOTPAHCIOPT, TpoJeidyc, MapiipyTHa
Mepeka, KOHTaKTHa Meperka, HaBKOJHUILTHE CePEeTOBHILE.
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INVESTIGATION OF THE LUBRICITY OF DIESEL FUEL AND AVIATION FUEL ON A HIGH-
PRESSURE FUEL PUMP

This paper presents comparative experimental study’s results of diesel fuel and aviation fuel effect on
operational properties of a high-pressure fuel pump of a common rail injection system. The two identical fuel injection
systems mounted on a test bed of the fuel injection pumps were prepared for the experimental durability tests. The
lubricity properties of diesel fuel and aviation fuel (Jet-Al) were studied using the High-Frequency Reciprocating Rig
(HFRR) method. The values of wear scar diameter (WSD) obtained with Jet-Al fuels were compared to the respective
values measured with the reference diesel fuel. The microscopic photographs of the wear scar diameters obtained on
above mentioned fuels are presented in the paper. The test results showed that long-term (about 300 hours) using
aviation fuels produced a negative effect on the durability of the high-pressure fuel pump. Due to the wear of plunger-
barrel units the decrease in the fuel delivery rate occurred of about 6.7 % operating with aviation fuel. The average
friction coefficients of Jet-Al fuels were higher than that of the normal diesel fuel.

Keywords: diesel fuel, aviation Jet-A1 fuel, lubricity, plunger-barrel units, wear scar diameter.

INTRODUCTION

Diesel fuel is currently the most popular types among others motor fuels. Consumption of the diesel
fuel has been growing steadily over the last two decades. The Jet fuel is a special-purpose blended fuel
extracted during the distillation of crude oil. Kerosene distilled from mineral oil or shale oil is the main
component in many Jet fuels. The fuel Jet-Al is actually a kerosene type turbine aviation fuel used for
powering of turbine engines in ground-aerial machines [1].

In 1988, the North Atlantic Treaty Organization (NATO) countries decided to simplify the delivery of
petroleum products to the combat zone and improve the interoperability of aircraft and land equipment with
JP-8 (F-34) military kerosene. In order to put this decision into practice, the NATO Pipeline Committee
(NPC) adopted the Single Fuel Policy (SFP) in 2004. The US legislation on the "One Fuel Delivery Policy"
stipulates that US military ground vehicles used must be able to work with aviation fuel (JP-8) [11]. JP-8
petroleum-based fuel is very similar in specification to the commercially available Jet A-1 fuel. Jet Al fuel is
a light distillate of complex hydrocarbons such as 50-65% paraffin’s, 10-20% aromatics and 20-30%
naphthenic [2]. Jet (JP-8) fuel is a military kerosene turbine fuel made from civilian (Jet A-1) fuel and widely
used by the United States Air Force and Europe [3]. Aviation turbine fuel is extracted almost exclusively
from the kerosene fraction of crude oil, the distillation points of which are between the gasoline fraction and
the diesel fraction.

Specific properties of the fuel such as density, viscosity, calorific value, cetane number, freezing point,
etc. change when using alternative fuels. The physical properties related features affect the fuel delivery and
injection characteristics and thus the quality of the combustible mixture, which in turn affects the
performance and the ecological parameters of the diesel engine. The cetane number of a fuel is one of the
most important factors affecting the autoignition quality in diesel engines. It was found that the JP-8 and
ULSD with similar CN have highly comparable combustion characteristics in a DI compression ignition
engine and CN is the paramount characteristic in comparing these fuels. Authors investigated the combustion
and ignition characteristics of varying blend ratios of JP-8 and a coal to liquid Fischer-Tropsch Jet fuel. The
specific challenges facing the JP-8 fuel is the lack of specified combustion affecting properties including
ignition quality, high temperature viscosity, and density. This parameter affecting combustion was explored
by evaluating a low ignition grade synthesized jet fuel mixed in volumetric proportions of 25% with JP-8 to
effectively cover a cetane number range of 25 to 45 in an engine. Authors used single cylinder diesel engine
operating at various light, medium and high load operating conditions. The low ignition quality fuel was a
Fischer-Tropsch Synthesized, coal-to-liquid (CTL) paraffinic kerosene (FT-SPK) which exhibited low
temperature chemistry behavior at light load operating conditions including unstable combustion at lower
engine speeds. The experiments were conducted to explore the impact of the cylinder charge density on the
ignition delay of the CTL FT-SPK covering average charge densities of 19, 25 and 30 kg/m® and a
temperature range of 750 K to 950 K. Such experiments revealed an excessive ignition delay peninsula with
an average ignition pressure of less than 55 bar and an average ignition temperature of less than 800 K,
which represented unstable operating at lower loads. Blending CTL FT-SPK with JP-8 increased activity at

26 | oz




© Slavinskas S., Mackevicius T., Pauliukas A 2021

low temperatures and ensured stable combustion at lower, light-load engine speeds. In particular, a mixing
ratio of 50-50 reduced any ignition problems of CTL FT-SPK under the test conditions specified in this
experiment, and a mixing ratio of 25-75 (JP-8 / CTL FT-SPK) eliminated most of these problem concerns for
ignition under full, medium and certain low load operating conditions [11].

Authors conducted test with kerosene on High Frequency Reciprocating Rig. They found that it causes
unacceptable wear due to the poor lubricity of aviation fuel. Authors carried out investigation with ten
mono—carboxylic acid esters to improve the lubricity of kerosene. Tribological results showed that all esters
tested, were suitable for increasing the kerosene lubricity to a satisfactory level. Among the esters of the
same molecular type, those having the ester group around the middle of the molecule appear to have better
lubrication performance [3].

Special experiments were conducted on 3.8 kW Petter AV1-LAB diesel engine with neat JP-5 fuel and
its various mixtures with animal fat derived biodiesel and diesel fuel [4]. Using of JP-5 fuel led to the large
wear scar diameter, however adding of biodiesel to JP-5 fuel, lubricity properties of which are excellent,
improved situation. The compatibility tests showed that biodiesel with short chain esters would be better
alternative for mixing it with Jet A-1 fuel rather than long chain polyunsaturates [5]. It should be noted that
biodiesel provides excellent lubricity to the fuel injection system that can reduce excessive wear of precision
nozzle-needle-valve parts, which may cause a long-term use of a lighter aviation turbine fuel. In addition, a
new important factor comes into action since mixing of RME with jet fuel provides fuel-oxygen, which
helps to complete combustion of the fuel-rich mixture.

The experimental test results have demonstrated the potential operation of the diesel engine with
aviation turbine-type Jet A-1 fuel without significant changes in engine performance and efficiency [6; 7].
However, the long-term impact on the fuel injection system components of Jet A-1 fuel having lower
density, viscosity and poorer lubricity properties compared to conventional diesel fuel still remains
unexplored to a greater extent and thus requires specific experimental tests.

MATERIALS AND METHODS OF THE RESEARCH

Diesel fuel (DF) and aviation fuel (Jet-Al) have been used for the experimental tests. The main
properties of the tested fuels are listed in Table 1

Table 1. Properties of the tested aviation fuel (Jet-Al) and diesel fuel (DF)

Property parameters JP-Al DF
Density at 15°C, kg/m3 797.2 830.5
Kinematic viscosity at 40 °C, mm?/s 4.0 2.07
Cetane number 42,3 51.5
Oxygen content, max wt. % - 0.4
Carbon-to-hydrogen ratio (C/H) 6.13 6.9
Net heating value, MJ/kg 43.30 42.95
Stoichiometric air/fuel ratio, kg/kg 14.84 14.45

The common rail injection system has been used for the experimental tests. The principal arrangement
of the test stand, equipment and apparatus are shown in in another research paper [10].

The two Bosch-type high-pressure fuel pumps were connected by the same belt driven in the same
mode at speed of 1000 rpm. The electric delivery pump (2) mounted in the fuel tank (1) supplied the fuel
through the fine-porous fuel filter (3) to the high-pressure fuel pump (4). The two Bosch-type
CR/CP1S3/R65/10 high-pressure fuel pumps were connected by the same belt driven in the same mode.
Moreover, both fuel pumps maintained the changeable pre-set pressure values of 20, 40, 70, 90, and the 110
MPa depending on the on-going time of every 30 minutes. Powered by an electrical motor, the high-pressure
fuel pumps operated continuously to build up the needed injection pressure, which was retained in the
volume of the fuel accumulator (7). The pressure was adjusted via a pressure regulator (5) connected to the
control unit (8). The sensor installed in the pressure accumulator transferred the resulting signals to the
control unit to evaluate the present fuel pressure.

Diesel fuel (DD) and aviation fuel (JET Al) have been used for the experimental research. During the
reliability tests of the fuel pumps the fuel-flow was cooled in order its temperature do not exceed the 35 °C.
The changes in the fuel delivery rates determined for the various pressure values built up by both fuel pumps
at the very beginning (0 hours) of the experiments are illustrated by the columns in Fig. la.

Analysis of lubricating properties of the fuel was performed on the basis of the wear data obtained by
using High Frequency Reciprocating Rig (HFFR) apparatus. Lubricity of the fuel was determined on the
basis of the wear traces formed on the swinging ball due to the contact with the stationary plate immersed
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into the tested fuel. The testing procedures were performed according to the international standard 1SO
12156 requirements [8;9]. During the lubricity tests the fuel temperature was maintained to be of a constant
value of about 30° C. The intensity of the balls’ surface wear images was evaluated by using Nikon Elipse
MAZ100 optical microscope.

RESULTS AND DISCUSSION

The changes in the fuel delivery rates determined for the various pressure values built up by both fuel
pumps at the beginning (0 hours) of the experiments are illustrated by the columns in Fig. 1.

12

BDFOh

Common rail fueq pressure, l\/ﬂ:’a
Fig. 1. Dependency of the fuel delivery rate on the fuel injection pressure built up by the fuel pump at
the beginning of the reliability tests
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Fig. 2. Dependency of the fuel delivery rate on the fuel injection pressure built up by the fuel pump at
the end of the reliability tests
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The primary purpose of the fuel-injection system is to supply the fuel to the cylinder of a diesel
engine. The fuel-injection pump builds up the fuel pressure needed for injection and then at the required rate
delivers the fuel to the engine. The plunger-barrel unit is one of the most overloaded components of the fuel
system. It can be assumed that this element is one of the most friction-sensitive units operating in the
heaviest friction conditions in the diesel engine and therefore it can be chosen to evaluate the effects done by
the relatively worse lubricating properties of Jet A-1 fuel.

The columns in Fig. 2 illustrate the changing trends in fuel delivery rate determined for various
pressure values built up by the both fuel pumps at the end (after 300 h) of the experimental tests. Analysis of
the obtained results shows that the resulting decrease in the fuel delivery rate was about 3.1 % higher with
Jet A-1 fuel at the injection pressure of 70 MPa, while the relative decrease was equal to 6.7 % at a higher
pressure of 110 MPa. From the observation of the test results, it can be assumed that the wear intensity of the
plunger-barrel units was significantly greater when using Jet A-1 fuel that is especially a case at the injection
pressure of 110 MPa.

The columns in Fig.3 show how the average wear scar diameter (WSD) of the test ball changed when
using the normal diesel fuel and aviation Jet A-1 fuel.
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Fig. 3. The dependency of the average wear scar caused by the diesel fuel, neat (100%) aviation Jet A-1 fuel
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The test results demonstrate that according to maximum decrease in the diameter of 0.6 mm the
biggest scar wear was obtained when using neat (100 %) aviation Jet A-1 fuel. The minimum wear scar
diameter of 0.28 mm was recorded with the normal diesel fuel.
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Fig. 4. Variation of friction coefficient for aviation fuel Jet A-1 and the diesel fuel as a function of time

The changing trends in variation of the friction coefficients are illustrated by the diagrams presented in
Fig. 4. As can be seen in the diagrams, the friction coefficient was relatively lower and its variation was
more stable when using normal diesel fuel.

Fig. 5 shows the images of the worn steel ball surface. The obvious difference in the worn surface area
can be seen by comparing the friction pairs lubricated with the different fuels.

a)

‘ ¥ 1 RN , \ i -" K y
Fig. 5. The images of the worn out surfaces: a) for diesel fuel; b) for aviation Jet A-1 fuel
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The images show that using of the diesel fuel resulted in a relatively lower the worn surface area if
compared to that caused by aviation fuel.
CONCLUSIONS

1. The capacity (fuel delivery rate) of a high-pressure fuel injection pump decreased by 6.7 % after the
300 hours of operation with aviation fuel Jet A-lunder close to real operating conditions.

2.  Maximum mean diameter of the wear scar was equal to 0.6 mm when using aviation Jet A-1 fuel and
the minimum value of the wear scar was measured when running with the normal diesel fuel.

3.  Maximum averaged frictional coefficient was measured when using aviation fuel.

4. Analysis of the experimental data shows that the resulting area of a ball surface wear scar was
relatively lower when using diesel fuel due to its better lubricating properties.
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BUKOPUCTAHHSA METOAIB YIIPABJIIHHA PU3UKAMM JIUIA 3SMEHIITEHHS
ABAPIHHOCTI HA TPAHCIIOPTI

VY crarti HaBeleHMH aHaNi3 HOPMATHBHUX JOKYMEHTIB, HAayKOBHX Ta HaBYaJbHO-NPAKTUYHUX POOIT,
MIPUCBSYEHUX NUTAHHAM 3MCEHIICHHS aBapilfHOCTI Ha TPAHCIOPTI Ta 3aCTOCYBaHHIO METOMIB YNPABIIHHSI PU3UKAMH
JUISL TOCSTHEHHS Ii€1 METH.

[Noka3ano, mo opraHi3amis NOBHHHA BH3HAYHTH PH3MKH Ta MOMJIMBOCTI, SIKI MOTpiOHO BpaxysaTw, 10O
3a0e3NeYNTH BIEBHEHICTh Y TOMY, IO IiJIPHEMCTBO MOXKE JOCSITTH 3aIIAHOBAHOTO PE3yNbTaTy, 30UIBIIMTH
KiJIbKICTh OakaHnX e()eKTiB, 3armodirTu HebakaHuM edekTaM abo 3MEHIINTH IXHIO KiIbKICTh, JOCSTTH MOMIMIICHHS.

Oprasizalis Mae IUIaHyBaTW Ta IHTETPYBAaTH B MPOIECH YIPABIiHHA [Iii CTOCOBHO LHX PH3HKIB 1
MOKIUBOcTe. HeoOXiTHO OIiHIOBAaTH PE3yIbTaTUBHICTh TAKUX .

Pusukun wmarore OyTu imeHTH(ikOBaHI Ta 3alMOYaTKOBAHMI TpOLEC aHami3y pH3HKiB. I[IpomoHyeThCs
KOHTPOJIGHIMH TOYKaMH IIPOLIECYy BU3HATH TaKi: HEBIIIOBIIHICTh TEXHIYHOTO CTAHy PYyXOMOTO CKJIaJy BHMOTaM, sKi
BU3HAYAIOTh HOT0 Oe3nedHy eKcIuTyaTallito (Touka 1); HeBiIIOBIIHICTb A1l BOAIS BUMOTaM MPaBHII JOPOKHBOTO PYXY,
HACTaHOB IIOJZI0 EKCIUTyaTamil TPaHCIOPTHOTO 3acoly, iHCTpykuiii Boxist (Touka 2). CKIIaZa€ThCsl PEECTp PHU3MKIB.
[IpoBOaUTECS KiNBKICHUIA aHAIII3 PU3UKIB, J€ MiAPaXOBYETHCS 3HAYCHHS 1HAUKATOPY PU3UKY, HATPUKIIAJ, BiAMOBIIHO
no nokymenty I'KH 00.005.009-2002. Hagatotbest pekoMeHAanii o0 3MEHIICHHsT PU3UKY IUIIXOM YXWICHHS Bil
pu3uKy (TPUINUHEHHS TiSUIBHOCTI, IO BEAE A0 PH3HKY) a00 MPHUHAHATTSA PU3UKY (HE BUKOHYETHCS HIAKHX Ii IS
3HIKEHHS fiMoBipHOCTI a00 BBy nofii). [logansme gocmimxkeHHs Mae OyTH CIPSMOBaHE HA PO3MIUPEHHS PEECTPY
PHU3UKIB AiIBHOCTI Ha TPAHCIOPTI Ta YJOCKOHAICHHS METOMIB OLIHKM 3alpOBaKEHHS B MiANPUEMCTBI CHCTEMH
YOpaBIiHHS PU3UKAMHU.

KorouoBi cioBa: tpancmopt, Gesnieka pyxy, aBapifiHICTb, pH3HK, YIPaBIiHHSI, aHANi3, PoLeC, KOHTPOIEHI
TOYKH, 1IEHTH(}IKATOP PU3UKY, PEECTP PU3HKIB.

BCTYII

3riiHO 3 HOPMAaTUBHUM JOKYMEHTOM [1] o komicHuX TpaHcmopTHHX 3aco0iB (KT3), npuzHaueHux
JUIsl TIepeBe3eHHs MacaXkupiB, HajlexkaTh camoxigui KT3 kareropii M. Ix kmacugpikyroTh HACTYMHMM YMHOM:
M1 — xomicHuU# 3aci0, 10 MPU3HAYEHHUH 71 TIepEeBE3EHHS aCaKUPIB, Y AKOMY KiTbKICTb MiCIlb JUISI CUIIHHS,
KpIM MiClli BOJisl, HE TEPEBUIIYE BOCBMH; My— KONICHHN 3acid, M0 MpH3HAYEHUH /IS TepeBe3eHHS
MACaXHpiB, y SKOMY KUIBKICTh MICIb JUIsI CHIHHS, KpIM MiCIsl BOJisI, NIEPEBHUIIY€E BiCIM, MaKCUMAaIbHOIO
Macoro He OinbIre HiXk 5 ToH; M3 — KoJicHHIA 3aci0, 110 IPU3HAYSHHH [Tl TIEPEBE3EHHS aCAKUPIB, Y IKOMY
KUTBKICTB MICITh JIJISl CHJIIHHS, KPIM MICIIS BOJIisI, IEPEBUIILYE BiCiM, MAaKCUMAIILHOI) MacOI0 TIOHA S5 TOH.

Taki KT3, a Takox TpamBai Ta Tposie0ycu € JpKepesioM mifBuineHoi HeOesmeku. B mporeci
KOMEpIIfHOT ~eKcIuTyaTaiii BOHH 3JiMCHIOIOTh TIEPEBE3CHHS [MAacaXUpIiB Ha JIOpOrax 3arajbHOTo
KOPHUCTYBaHHs, €, SK MPaBHJIO, ICHy€ BelWKa IMIJBHICTh PyXy aBTOMOOITBHHX TOTOKIB, IO 3HAYHO
301IblIyE IMOBIpHICTh aBapiiiHoi curyamii. Tomy ms cdepa € mpeaMEeTOM pPeryiroBaHHS Ha BCIX PIBHAX
TOCTIOZIaPIOBAHHS B JIEPKaBi.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA IIPOBJIEMHU

[lpwifHATI 1 JifOTH pAN HOPMATHBHHUX JIOKYMEHTIB JIEP)KAaBHOTO pIiBHS, CIPSMOBAaHHX Ha
MiBUICHHST O€3MeKn JOPOKHBOrO pyxy [2-12]. BwupimieHHSAM NUTaHb aBapiiHOCTI Ha TPAHCIOPTI
3aiiMalOThCA TAKOXK TalXy3eBi OpraHizalii Ta MiAIpUEMCTBAa HAa MiciieBoMy piBHI [13—15], po3pobnstoun Ta
BIIPOBA/XKYIOUH BiJIIOBiAHI HOPMaTHBHI JOKYMEHTH Ta IHCTPYKLIi, COpsSMOBaHi Ha 3a1100iraHHs BUHUKHEHHS
aBapiiHux cutyarii. [le muTaHHA 3HAXOMUTHCS IiJ| MOCTIHHMM KOHTpPOJIEM BiqNOBIAHWUX opraHiB. Tak,
HAIPUKIIA, 3a JaHUMH 100 KUIBKOCTI TPAHCHOPTHHUX HPUTO/I, SIKi MTOJaH] y 3BITHUX JTOKYMEHTaX OJHHM i3
TPAHCHOPTHUX MIANPHUEMCTB MiCBKOTO €JEKTPOTPAHCIOPTY, poOOTa MiANpPUEMCTBA, OL[HEHA 3TiAHO 3
metoaukoro 'KH 00.005.009-2002, 3a nesiki repioau yacy Oyia BU3HaHaA HE3aI0BLIBHOIO.

[Ipobnemam 3MeHIIEHHSI KUTHKOCTI aBapiii Ha TPaHCIIOPTI MPUCBSYEHA BETUKA KiJIbKICTh HAYKOBUX
Ta NPaKTUYHUX POOIT, cepel AKHX Yy IMEBHIM KUIBKOCTI PO3MIANAIOTHCS NHTAHHS BIPOBAPKECHHS Ta
YIOCKOHAJICHHSI CUCTEMH YIIPABJIiHHS PU3MKAMH TPAHCIIOPTHOI AisLIbHOCTI [16-24].

Tako TNUTaHHS YIPaBIiHHS PU3UKAMH B TOCHOAAPCHKIM JSUTBHOCTI BHPINIYEThCS HA piBHI
JIep’KaBHUX Ta MDKHAPOIHHUX CTaHAApTIB Hanpukian [25-28].

Ocranus penakiiis MibkHapogHoro cranaapty skocti JICTY ISO 9001-2015 (1SO 9001:2015, I1DT)
«CucreMH ynpaBiiHHS SKiCTIO. BUMornm» mnependavae 1iaHyBaHHS i CTOCOBHO PH3HKIB 1 MOMIJIMBOCTEH

(11.6. TlnanyBanss) [28].
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Ilix gac maHyBaHHS B CHCTEMI YMpPaBIiHHA SKICTIO OpraHi3allil NMOBHHHA BH3HAYHTH PHU3UKH Ta
MOXJIMBOCTI, SIKi TIOTPIOHO BpaxyBaTH IS 3a0e3MEeUeHHS BIICBHEHOCTI B TOMY, IO CHCTEMa YIIPaBIiHHSI
AKICTIO MOYE JOCSATTH 3aIlNIAHOBAHOTO pe3yNbTaTy, 30UIBIINTH KUTBKICTh OakaHUX eQeKTiB; 3amo0irtu
HeOakaHUM edekTaM a00 3MEHIIUTH iXHIO KiJIBKICTh, JOCATTH mouimmeHHs. OpraHizaiis TOBHHHA
TUTAHYBATH [ii CTOCOBHO ITUX PH3MKIB 1 MOXJIMBOCTel. [lii CTOCOBHO PH3HKIB 1 MOXIJIMBOCTEH MalOTh OyTH
3allaHOBaHI Ta IHTETpOBaHI B TPOIECH CHUCTEMH YIPaBIiHHA sfKicTio. HeoOXigHO omiHIOBaTH
pesynbTaTuBHiCTE 1MX nid. [loTpiObHO, MO0 Aii, BUKOHYBaHI CTOCOBHO PHU3UKIB i MOXIUBOCTEH, OyiIn
MIPOTOPIIiHI X TOTEHITIITHOMY BIIMBY Ha BiATOBIAHICTD MTPOAYKIIii Ta TOCHYT.

PearyBaHHs Ha PHU3MKH MOXYTh OXOIUTIOBATH YHHKHEHHS PH3HKY, NPUHHATTS PHU3HKY, 100
CKOPHUCTATHCS MOXIIUBICTIO, YCYHEHHsI JDKEpeia PH3UKY, 3MiHEHHs WMOBIpHOCTI HACTaHHsS Y HACIiKiB,
PO3IiNEHHS PU3UKY YK 30€peKEHHS PU3UKY Ha OCHOBI OiH(OPMOBAHOTO PillICHHS.

B nHaBemeHunx BUIE HOPMAaTHBHUX JOKYMEHTaX Ta poOOTax pO3IIISOAIOTHCS Pi3HI CKIAm0Bi
TisUTBHOCTI, SIKi BIUTMBAIOTh Ha aBapiiHICTh. IcHye GaraTo MeToniB 3MeHIEHHs aBapiiHOCTi. Sk Bxke Oyno
3a3HAa4YCHO BHIIE, Cepel] TAKHX METOJIB BCe OiNbIle yBaru MPUIUISIETHCS METOJaM YIPaBIiHHS PU3UKAMHU.
Are TTaHyBaHHIO 3aXOJiB, CIPSIMOBAHUX Ha 3allPOBA/PKEHHS Ha KOHKPETHUX MIiANPUEMCTBAX TPAHCIIOPTY
METO/IiB KepyBaHHS PH3UKaMH BUHUKHEHHS TPAHCIIOPTHHUX MIPUTOI, 1€ HE MPHUIIIETECS T0CTATHHO YBArH.

OIJIb TA 3AJAYI JOCJIIAKEHHS
MeTor0 IaHOro MOCIiIKEHHS € po3po0Ka 3aXOiB 3 3alpOBAKEHHS HA IMiIITPUEMCTBI METOJIB KepyBaHHS
PU3MKOM BUHUKHEHHS TPAHCIIOPTHUX MIPUTO] Ta OIiHKA €(DEKTHBHOCTI TAKHUX 3aXO/iB.
3aBIaHHAMH TOCIIIKECHHS € PO3poOKa HACTYITHUX MPOLEAYP:

e BUSBJICHHS Ta iIeHTU(IKALIT PH3HKIB;
e ineHTudikamii pU3NKiB;

®  aHaI3y PHU3HKIB;

®  KUTBKiCHOI OI[IHKH PU3HKIB.

PE3YJbTATH JOCIIAKEHb

[Nomimmenns crany 3 0e3MEKO0 PyXy Ha TPAHCIOPTI MOXKe OYTH AOCATHYTO IMUISXOM 3aIPOBaKEHHS
Ha MIiANPUEMCTBI CHCTEMH KEepyBaHHS PHU3MKaMHU LIOAO TPAaHCIOPTHHX IMPUTOMA, OCHOBHI €IIEMEHTH SIKOI
BusHaueHi y JICTY IEC/ISO 31010.

Llinsamu ynpaBiiiHHS PU3UKaMH 1010 TPAHCIIOPTHHX MIPUTOJL €:

©3a0€3MeUYCHHS] BIIEBHEHOCTI, II0 CHUCTEMa YIPABIIHHS PU3UKAMH MOXKE IOCSTTH 3aljaHOBaHUX
PE3YIBTATIB;

®30epeKEHHS aKTHBIB ITiITPUEMCTBA;

eTIONepEDKEHHS a00 3MEHIICHHS HeOa)KaHNUX BIUTUBIB;

e3a0e31neYeHHs Oe3MepepBHOTO MOJIIIIIEHHS 0€3MeYHOCT] MAaCaKUPCHKUX TTePEBE3CHb.

KepyBanHs pH3MKaMW MIOJ0 TPAHCHOPTHUX TPUTOJ Ma€ 3/AIMCHIOBATUCS BiJIJIOM OE3MEKu PyxXy
HIAPUEMCTBA, SKAH MiAOPSIKOBY€ETHCS 3aCTYITHUKY AUPEKTOPA 3 €KCILTyaTallil Ta epeBe3eHb.

PexoMeHayeThCS 3aCTOCOBYBATH HACTYITHY TIOCIIIOBHICTD 1 B3aEMOJIIIO ITiJT Yac yIPaBIiHHS PU3UKAMU
(mani mpotiec), 110 TOKa3aHa Ha PUCYHKY 1.

BusiBiienns ta igentudikamis pu3uKy (BUXiTHI JaHi Mpollecy) BUKOHYIOTh Ha MiJICTaBl aHaIizy
JOKYMEHTIB, IO CTOCYIOTBCS OIEpamiiHOro 3abe3neueHHs BiJOBITHOCTI TEXHIYHOT'O CTaHy PyXOMOTO
CKIagy Ta Oe3MEeYHOCTi TepeBe3eHHS MacaKupiB. [neHTH(ikalis pPHU3MKIB CIpSMOBaHA HA CBO€YACHE
BUSIBJIGHHS 1 PEECTPAIil0 MOXKIHMBHUX MOJIH, SKIi MOXXYTh HETaTHBHO BIUIMHYTH Ha JIOCSATHEHHs el i
3aBJlaHb, IIOCTABIIEHUX MEPE]] BLAIIIIOM 1 KOXKHUM HOTO MPAI[iBHUKOM.

InenTHdikanis pU3NKIB MPOBOAUTHECA SK 3 TOYKH 30py MHUHYJIOTO JOCBIY, Tak i 3 TOYKH 30py
MaiOyTHIX MOXIUBUX MOJIH.

AHali3 pHU3MKIB BHUKOHYETHCS 3 METOI0 BHIUICHHS KPUTHYHHMX IOAIA. AHali3 pEeKOMEHAYETHCS
301HCHIOBATH Y KOHTPOJIBHUX TOYKAX MPOLECY KEPYBaHHS PU3MKAMH, MPUKJIA] SIKUX MOAaHuH y Tabmuui 1.

VY rany3i TpaHCIOPTY MPOMOHYETHCS KOHTPOJILHUMH TOYKAMH TIPOIIECY BU3HATHU TaKi:

- MJIrOTOBJICHHS TPAaHCIIOPTHOTO 3aco0y JI0 BUIYCKY Ha JiHif0 (MapumpyT), TOOTO 3abe3rnedeHHs

BIJMNOBIHOCTI PYXOMOIO CKJIaay BHUMOTaM, sKi 3a0e3MeuyroTh HOro Oe3MeyHy eKCILTyaTalilo

(Touka 1);

- BHUKOHAHHS TPaHCIIOPTHOI po0OOTH (TepeBe3eHHs MacakupiB), TOOTO BIAMOBIIHOCTI NIl BOJIs

BUMOTaM HpPaBWJI JIOPOKHBOT'O PYXY, HAaCTaHOB IIOAO EKCIUTyaTalii TpaHCIOPTHOro 3acoly,

THCTPYKIIiH BoAist (TOUKa 2).
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Pucynok 1 — PexomeH10BaHa MOCIiAOBHICTH il 1 B3a€MO/IiS i1 9ac yIpaBIiHHS PU3UKAMHU B
i IPUEMCTBI TPAHCIIOPTY

Tabmuus 1 — [pukinag KOHTPOIBHUX TOYOK MPOLECY KEPYBaHHSA PU3MKAMHU IIiJ] Yyac aHallizy, 110
MIPOBOJMUTHCS 3 METOIO BUAIJICHHSI KPUTHYHUX TOAIH

3HaueHHsT MeTtoanka
Kontponsha napaMeTpiB Ta iX KOHTPOJTIO Bruosi Inentudikosani
TOYKa MPOIIeCy JOITYCTHMI napaMeTpiB (haktopu PU3HKH
TPaHHUII MPOLIECY
1 2 3 4 5
Touxka 1 Busunaueni Busnauena, 1. HexBaidikoBaHi HesignosiaHicTh
TEXHOJIOTIYHOIO TEXHOJIOT1YHOIO Iii pOOITHUKIB ITi]T PYXOMOTO CKIay
JIOKYMEHTAIII€I0 HA | IOKYMEHTAI[IEF0 Yac BUKOHAHHS BU3HAYEHUM
TeXHIYHE Ha TeXHIYHE TEXHIYHOTO XapaKTEePUCTUKAM
00CITyTOBYBaHHs o0ciyroByBaHHs | 0OCIyroByBaHHS Ta
Ta pEMOHT Ta PEMOHT PEMOHTY.
PYXOMOTO CKJIaay, | pPyXOMOTO 2. Henmomiku
a TaKoX CKJIaJy, a TAKOX | TEXHIYHOT
[IpaBunamu I'KH 00.005.009— | moxymeHTarrii.
excruryaramii KT3, | 2002, 3. BpakoBasi abo
TpamMBasi Ta I'KH 00.005.11— | HeBiamoBimHi
Tposeidyca 2003 CKJIaJIOBi PyXOMOTO
CKJIay.

4. BinmoBa abo
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1 2 3 4 5
3aCTOCYBaHHS
HENPUIATHOTO
TEXHOJIOT1YHOTO
YCTaTKyBaHHSI.

Touka 2 Busznaueni Busnauena, 1. HekBamidikoBani | HeBiamoBimHiCTh
[IpaBunamu TEXHOJIOTTYHOIO i1 BOfisL. nii Bomist
JIOPOKHBOTO PYXY | TOKYMEHTAIIIER0 2. Hecnipusitiusi
Ykpainn, Ha MapuipyT, METEOPOIOTIIHI
IIpaBunamu [TonoxeHHsIM PO | YMOBH.
eKCIUTyaTarlii B1AA11 O€3meKu
TpaMBalHUX pyxy
BaroHis, i IITPUEMCTBA

THCTPYKLisl BOJIs

IIpuxman indopmartii It yrpaBiiHHS i1eHTH()IKOBAHUMHU pU3UKaMU (PEECTp PU3UKIB) MOJAHUN y

Tabmumi 2.
Tabnuis 2 — PeecTp pu3uKiB
InenTudi- Metoan Hii momo miniMizarii abo Tepmin BinmoBimansHmit 32
KOBaHi PU3HUKH | KOHTPOJIIO YCYHEHHS pU3UKY MPOBEICHHS YIpaBIiHHS PU3UKOM
PHU3HKY Iil mono
MiHimi3amii
a00 yCyHEeHHS
PHU3UKY
1 2 3 4 6
Hesinmnosin- Amnami3 3rigHo 3 nomatkom B.1 JICTY | BiamosigHo 1o Havansauxk Bigmimy
HICTh TIePIIo- IEC/ISO 31010, a Takox: 3arIaHoBa- 0e3neKu pyxy
TEXHIYHOTO NPUYHH 1. [lonaTkoBe HaBYaHHS HUX 3aXO[liB
CTaHy 3TiTHO 3 | TIEpCOHAIY.
PyXoMmoro nogatkoMm | 2. [IpoBeneHHs 1ooaTKOBOI
CKJIamy A JICTY | mepeBipKu TEXHOJIOTTYHOT
IEC/ISO | moxymeHTallii Ha TEXHIUHE
31010 00CITyroByBaHHS Ta PEMOHTH.
3. 3MiHa mocravajibHUKA
CKJIaJI0BOI.
4. Ilo3aueprosa nepeBipka
TEXHIYHOTO CTaHy abo
3MEHIIICHHS MePi0INIHOCTI
HAOro BUKOHAHHS.
5. Ilo3aueprosa nepesipka abo
3MEHIIICHHS MePi0INIHOCTI
MEPEBiPKH YCTATKyBaHHSI.
Hesinmnosig- Awnanis 3riguo 3 gomatkom B.1 ICTY | BigmoigHo 10 Havanpauk Bigmimy
HICTb Jii MepIIo- IEC/ISO 31010: 3aIIaHoBa- Oe3neku pyxy
BOJIisA MIPUYHUH 1. JlogaTkoBe HaBYaHHS HHUX 3aX0JiB
3TiAHO 3 BOJIIB.
nogatkoMm | 2. I[lo3aueproBa nepeBipka
A JICTY | tpuBaiocTi po60o4oi 3MiHH
IEC/ISO BOJIIB.
31010 3. IlozaueproBa meanvHa

nepeBipKa BOiiB.
4. BigcropoHeHHs BiJ poOOTH
BOiA.
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PeecTp pH3HKIB PEeKOMEHAYEThCSA TEPIOAMYHO IMEPErNIsANaTH, 3 METOI0 YTOYHEHHS Ta JOTOBHEHHS
BUSIBJICHUMH PU3UKAMHU.

Kpim toro pexomeHmyeThcst, 100 Oyab-KUi CIIBpPOOITHUK BiJjIiy O€3MEeKH pyXy, HE3aJleKHO Bif
3aliMaHol Mocaau, OTPUMABILIH iH(POPMALIi0 PO OyAb-SIKWIl pU3UK, HEraifHO OBIAOMIISIB TIPO 1€ HaYalbHUKA
BiZUILITY.

KinpkicHnii aHaITi3 pU3KKIB pEKOMEHAYETHCS ITPOBOIUTH YIOBHOBaXKEHIH 0Cc001 BiAILITy O€3MEKH PyXY,
o0 BU3HAYUTU CTYMiHb NPIOPUTETHOCTI PH3HKY, SKUH PO3PaxOBYETbCA 3a IHAUKATOPOM (KoedilieHT
0e3nekn pyxy), o oOducmoeThes 3rigHo 3, Hampukiaa, ['KH 00.005.009-2002 ams TpaHCTIOPTHHX
MiJIPUEMCTB MICBKOTO EJEKTPUYHOTO TPAHCHOPTY AJs MapIIpyTiB Ta B MIJIOMY IS MHiAMPHEMCTBA 3a
BCTaHOBJICHU MTEPioj Yacy.

PexomennoBani kputepii Ta cTyneHi HAaCIiAKIB pU3UKIB MogaHi B Tabnuii 3.

Tabmunst 3 — Kputepii Ta cTyneHi HacliKiB pU3UKiB

Ominka 3a I'KH 00.005.009-2002 Pusuku

3HaAYEeHHS Orminka Peiituar Cepii0o3HICTh HACTIIKIB
inankaropa*

HeMoxMBICTh JOMTyCKY
TPaAHCIIOPTHOTO 3ac00y (Mae OyTH
He3a10BiBHO erﬁ03HMﬁ (3HauyImMi) cn.ncaHHﬁ)va6o BOJIisl (Mae OyTH
menmre 0,6 p1BEHB 3B1JII)H€HI/II/I) J0 TTacaXKMpPChbKUX
nepeBe3eHb. 3HAUHI 30UTKH IS
i IITPHEMCTBA

JloBrorpuBaia HEMOXJIUBICTb
JIOITyCKY TPaHCIOPTHOTO 3aco0y abo
BOJIiS1 1O TACAKHPCHKUX TIEPCBE3CHb.
3Ha4Hi 30UTKHU IS T ANPUEMCTBA

0,6 no 0,75 3a10BiIbHO [TomipHuii piBeHb

KopoTkoTpuBajia HEMOKJIUBICTh
JIOITYCKY TPaHCIIOPTHOTO 3aco0y abo
BOJIiS1 1O TACAKHPCHKUX TIEPECBE3CHb.
HecyTreBi 30MTKH JUIs i IIPUEMCTBA

0,76 10 0,91 Hobpe Hu3sbkuii piBeHb

MOXIUBICTh HOMHUIKOBOI OLIIHKH
oinpie 0,91 BinmiaaO HecyrreBuii piBeHb pesynbrariB. BincyTHiCTh 30UTKIB 1S
i IIPUEMCTBA

[MpumiTka *. 3HaueHHS iHAWKATOpPa OOUMCITIOETHCS 32 BCTAHOBIICHHUH IEePioJl 4acy aHaJOTiuyHO KOe(illieHTy
Oe3neku pyxy, Meroj o0urciaeHHs skoro Haseaenuid y 'KH 00.005.009-2002

OBI'OBOPEHHSI PE3VYJIBTATIB JOCJIIIKEHHS

3a pe3ynbraTaMu OIIHKYA PU3HKY PEKOMEHYEThCS MIPUAMATH PillIeHHS 1100 MOKIIMBOCTI pearyBaHHs
Ha PU3UK, a came:

— 3MEHIIICHHS PU3HKY (BUKOHYIOTHCS il MO0 3MEHIIIEHHS MMOBIPHOCTI Ta/ab0 BILTUBY PHU3HKY);

— YXWJICHHS BiJl pU3UKy (IPUIMMHEHHS isTIBHOCTI, IO BEJIE 0 PU3HKY);

— MPUHHATTS PU3UKY (HE POOUTHCS HISIKUX i JJisl TOTO, 00 3HU3UTH WMOBIpHICTH a00 BIUIMB TOMIT).

3a MO3UTHBHUX PE3YJbTATiB OLIHKM NMPUMMAETHCSA PILIEHHS IMIONO peaiizalii NpoeKTy (MpUHHSATTS
PHU3HKY).

3a HeraTMBHUX pe3yNbTaTiB OIIHKH PU3WKY, NPUHAMAaEThCs DIIEHHS MPO BiAMOBY Bij peaizarii
NpoeKTy (YHUKHEHHS PU3WKY) a00 MpOBOIATHCS 3aXOAM IIOAO IIOM SKIICHHS PHU3UKY Ta MOBTOPHO
OLIIHIOETHCS 3IUIIKOBUI PU3UK MICIIS IPOBEIEHHS TAKUX 3aXOMIB.

Ha mincraBi 300py Ta ananizy iHdopmarii mpo MpHYMHA BUHUKHEHHSI PU3KKIB Ta MPOTIO3UITIH M010 1X
YCYHEHHS Biiis Oe3MeKd pyXy TOTy€ HOBI IMPOMO3ULIT 3 MOJIMIIEHHs! Oe3MeKH MacaKUPChbKUX IePEBE3CHb,
SK1 3aCITyXOBYIOTbCA 1 OOTOBOPIOIOTBCS HA Hapajax IIOA0 aHalli3y CUCTEMH YIPaBIiHHS MiANPHEMCTBOM 3
OOKy KepiBHHUIITBA.

JlokyMeHTyBaHHS HeEOE3MEeYHUX TMOIN, SKi BiAOYJIHCS, PEKOMEHIYEThCS 3IIHCHIOBATH MUISIXOM
3allOBHEHHSI CIELIaJIbHOTO XYpHAlIy peecTpauii JOPOKHLO-TPAHCIIOPTHUX IPHUTO[, SKHH Mae BECTHCS Ha
narepoBoMy Hocii abo y elekTpoHHOMY BHUIIsii. Llel sxypHal sik MiHIMyM Ma€ MiCTHUTH Taky iH(opMaIito:

— naTy BUHUKHCHHA ZIOpO)KHLO-TpaHCHOpTHOT IIpUuroaun;
oz
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— HOMEpP PyXOMOi OIMHHIII;

— Ta0eTLHUN HOMEDP BOIIS;

— MPUYUHY BUHUKHEHHS AOPOKHBO-TPAHCIIOPTHOI MIPUTOIH;

— 3aXO0JH, 0 MPOIIOHYIOTHCS ISl yHUKHEHHS aHAJOT1YHOT MOAii B TOAANBLIOMY.

[lin wac amami3yBaHHS pPe3yJIBTATUBHOCTI MPOIECY KepyBaHHA pPHU3WKAMH KEPIBHHK IIporecy (SK
MIPaBHIIO, HAYAIFHUK BiAMLTY Oe3rmekn pyXy) BH3HA4Ya€ NOCSTHEHHS 3aIlNIAHOBAHUX XapaKTEPUCTHK IPOIECY.
[epionnunicTe anamizyBanHs 1 pa3 Ha kBapTaji. Pe3ynbratu aHamizyBaHHs y AOBUIBHIN (OpMi HAJAIOThHCS
BUIIOMY KEpIBHHITBY — 3aCTyNHHUKY JIUpPEKTOpa 3 eKCIDTyaramii Ta IepeBe3eHb JUIS aHaTi3yBaHHI
(YHKIIOHYBaHHA CHCTEMH VYIpaBIiHHA sKicTio. Jlo pe3ynbTariB aHami3yBaHHS MOXYTh 3aHOCHTHCH
MPOTO3UIIT 1010 BIOCKOHAJICHHS mpouecy. [Hhopmaltisi moa0 CTyHeHs: JOCATHEHHS MPOIecoM HEOOXiqHUX
XapaKTEPUCTUK MOXe OyTH TomaHa y BHUDIsAAI TaOnmuie abo TpadikiB ains 3a0e3ledeHHs HAOYHOCTI
MPOCTEKEHHS TEH/IEHIIi# MOTipIIeHHs 200 MOMIIIIeHHS MPOIECY.

BUCHOBKH

[loka3zano, mio opraHizalisi MOBMHHA BH3HAYaTH PU3MKU Ta MOXKJIMBOCTI, SIKi MOTPiOHO BpPaxOBYBaTH
ISl 3a0€3MeUeHHs] BIEBHEHOCTI B TOMY, IIO ITJIPHEMCTBO MOXKE JOCATTH 3aIUIAHOBAHOTO PE3YJIbTaTy 3
TOYKH 30pY 3MEHIICHHS KUTBKOCTI JOPOKHBO-TPAHCIIOPTHAX HPHUTO/I.

Opranizallisi Mae MJIaHyBaTH Ta iHTETPYBAaTH B MPOLECH YIPABIIHHA [ii CTOCOBHO LIUX PHU3HUKIB i
MokuBocTel. HeoOXiaHO OIiHIOBAaTH pe3yNbTaTUBHICTh TAKHUX JIIH.

Pu3ukn marote OyTH imeHTH(IKOBaHI Ta 3al04YaTKOBAaHHWM IMpolec aHamizy pusukiB. [IpomoHyeThCs
KOHTPOJIBHUMH TOYKaMH MPOIIECY BU3HATH TaKi: HEBIJMOBIIHICTH TEXHIYHOTO CTaHY PYXOMOTO CKJIAIY
BUMOTaM, sSIKi BH3HAUYalOTh WOTO OE3MeuHy eKCIUIyarallito (Touka 1); HEeBIINOBIMHICTh il BOJIS BHUMOTaM
MPaBUII TOPOKHBOTO PYXy, HACTAHOB MO0 EKCILTyaTalii TPaHCIOPTHOTO 3aco0y, iHCTPYKIIiil Bofis (Touka
2). Mae ckiagaTucs peecTp pU3HKIB MPOBOAUTHCH KUTbKICHUH aHaJi3 PU3HKIB, J€ MiPaX0BY€EThCS 3HAUCHHS
IHAMKATOPY PU3UKY, HApUKJIad, BiamoBiaHo a0 gokymenty I'KH 00.005.009—2002. Heo0OxigHo po3pobiiaru
pEeKOMEeHIAI] 010 3MEHIIIEHHS PU3UKY IUITXOM YXHJIEHHS BiJl pU3UKY (MPUMTUHEHHS MisUTFHOCTI, IO Bene
10 pU3WKY) ab0 MPUHAHATTA PU3WKY (HE BUKOHYETHCA HIAKUX il JJIs 3HIKEHHS WMOBIPHOCTI ab0 BIUIMBY
nonii). Iloganeine mociipkeHHsT Mae OyTH CHPSIMOBAaHE Ha PO3IIMPEHHS PEECTPY PHU3MKIB JisSUIBHOCTI Ha
TPAHCHOPTiI Ta YIAOCKOHAJEHHS METOJIB OLIHKM 3alpOBAa/KCHHS B MiANPUEMCTBI CHUCTEMH YIPaBIiHHS
pHU3HKaMH.
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S. Andrusenko, O. Buhaichuk, V. Budnychenko, V. Podpisnov. Use of risk management methods
to reduce transport accidents.

This article contains an analysis of regulations, scientific and educational as well as practical work on
transport accidents reducing and risk management methods using to achieve this purpose.

It is shown that a company must identify the risks and opportunities that need to be taken into account
for achieving the planned result as well as increasing the number of desired effects, side effects prevention or
reducing and improvement achieving.

The company should plan and integrate actions regarding these risks and opportunities into
management processes. It is necessary to evaluate the effectiveness of such actions.

Risks are supposed to be identified as well as risk analysis process are supposed to be initiated. It is
proposed to recognize the following as the process control points: non-compliance of the rolling stock
technical condition with the requirements that determine its safe operation (point 1); driver's actions non-
compliance with the requirements of traffic rules as well as operation instructions for the vehicle and driver's
instructions (point 2).

The risk register is compiled. A quantitative risk analysis is performed. It contains the value of the risk
indicator, for example, in accordance with HKN 00.005.009-2002. Then there were recommendations to
reduce the risk by avoiding the risk (cessation of activities that lead to risk) or accepting the risk (no action is
taken to reduce the event likelihood or its impact). Further research should be aimed at expanding the risk
register for transport activities and improving the methods for risk management assessing in the company.
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Bonax B.I., 'anaztok M.O., Jlyounekuii O.C., Masumok [1.B.
JIyybkuil HayioHanbHULL MeXHIYHUL YHIgepcUumem

AHAJII3 CTAHY BHYTPIIIHIX IIEPEBE3EHD B YKPAIHI ITIPOTSIIOM 2017-2020 POKIB

[pogiBImmM aHami3 cTaHy IepeBe3eHh MOXKHA BH3HAUUTH IIPUYMHH, SIKi BIUIMBAIOTH K HA 301IBIICHHS TakK i Ha
3MEHIIIEHHS 00EMIB TMEepeBe3eHb. [IpUuoMy yCYHYBIIH HETaTHBHI NMPHYMHHM, SKi CIPHYMHSIOTH 3MEHIICHHS 00EMiB
NepPEeBEe3CHb, MOXHA JOCATTH 3BOPOTHBOrO IO3UTHBHOTO e(eKTy, TOOTO 30UIbLICHHS BaHTAXOMOTOKIB Ta
MacaXMPOIMOTOKIB. 3MEHINCHHS BaHTaXOMOTOKIB mpotrsrom 2017-2020 pokiB 3ami3HMYHMM, aBTOMOOLTLHHUM Ta
BOJIHMM TPaHCIIOPTOM, 10 BiIOYJIOCS BHACTIZOK 3HAYHOTO CKOPOYCHHS BUPOOHUIITBA TOBapiB. OCHOBHOIO MPHYNHOIO
3MECHIIICHHS BAaHTAXXOTIOTOKIB CTAJIO 3alIPOBAKCHHSI KapaHTHHY, TIOBsi3aHOTO 3 manaemiero Covid-19.

BigMidueHo,1o piYKoBi IepeBe3eHHs MOKM HEKOHKYPEHTHI depe3 HH3Ky (haKTOpiB: 3acTapillicTh Ta HU3BKY
eHeproeeKTHBHICTh MUII03IB, BIACYTHICTH CTabimpHOI MMOMHM 3,65 M Ta BIACYTHICTH HaJeXHOTO (IOTY i3
CyYaCHUMH CHCTEMaMH HaBirariii.

VkpaiHa Mae 3HAYHMI TMOTEHLIan A OpraHi3aiii JIOTiICTHYHMUX CXeM IEPeBE3CHHS BAHTAXKIB 3a YYacTiO
PIYKOBOTO TPaHCHOPTY Ha JEKITbKOX HampsMKax. HasBHiCTB, Xoua i Jenio 3actapinoi, HOTYXKHOI iHPpacTpyKTypHOI
0a3m, 3pydHe reorpadiyHe po3TallyBaHHS Ta HAasBHICTh BAaHTAXXOIOTOKIB, IO HMOTCHIIITHO MOXYTh OYTH IEpeBe3eHi
[0 BHYTpIIIHIX BOAHMX LIIAXaX CTBOPIOE INEPEIYMOBH JUI BIJHOBICHHS Ta PO3BHTKY IBOIO TPAHCHOPTHOIO
HAaIpsMKy.

Merta cTatrTi moJIsIrae y JOCIHIPKEHHI 00°€MIB MEepeBe3eHb BAaHTaXIB Ta MacaxupiB B Ykpaini 3 2017 poky 1o
2020 pik. JJocmimkeHo criajx BHYTPILIHIX IepeBe3eHb. [IpoaHani3oBaHO NPUYMHU HBOTO cray. JIiKBigyBaHHS MPUYNH
Craay JO3BOJHTH 30UIBIINTH 00’ MU NepeBe3eHb B IOCIIIYIOUNX POKaX.

KonrodoBi ciioBa: mepeBe3eHHs, aBTOMOOUIBHUI TPAHCIIOPT, 3aJi3HUYHUN TPAaHCIIOPT, BOJHHUH TPAHCIIOPT,
BaHTa)XHI MEPEBE3CHHS, TACAKUPCHKI ITEPEBE3CHHS.

BCTYII

3a ocTaHHI POKH CIIOCTEPIraeThcs 3MEHIICHHSI 00EMIB TIEPEBE3CHB SIK MACAKHUPIB TAK 1 BAHTAXIB.

3a odimiitHIMHI JaHUMH CTaTUCTHKU 00 €MU TEepeBe3eHb BAaHTAXKIB Ta MacakupiB B Ykpaini 3 2017
no 2020 pik 3MeHMMIHCSA. 3MEHIICHHS BaHTAXOMOTOKIB Ta MACaXUPOIOTOKIB CIPHYMHWIA HE TiJIbKH
naugeMmias COVID-19.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMHA

3riano iHdopmariii BukiaaeHoi Ha caiiTi hitp://www.ukrstat.gov.ua, 06’eMu BaHTaKOMOTOKIB Malld
3HAYeHHS MPEJCTaBICHI Ha puc. 1

3aNi3HUYHUINA TPAHCNOPT MH. TKM:

195000
191914,1

190000
186344,1

185000
181844,7

180000
175587,1
175000

170000

165000

Pucynok 1 — /IlunaMika 3MiHM BaHT2XOMOTOKIB 3aJIi3HUYHUM TpaHcropToM 3a 2017 — 2020 poku

CYYUACH! TEXHOAOM B MAUWMHOSYAYBAHHI TA TRPAHCMORPTI, 2021, Ne2 (17)


http://www.ukrstat.gov.ua/

© bopak B.1., T'arnztok M.O., ly6unekuii O.C., Maswmmok [1.B. 2021

BoaHUIA TPAHCNOPT MJIH. TKM:

Pucynok 2 — JIlunaMika 3MiHM BaHT2XXOIOTOKIB BOAHUM TpaHcropToMm 3a 2017 — 2020 poku

ABTOMOGiIiNbHUIA TPAHCNOPT M/IH. TKM:

72068,3

64952,9 65176,9

62296,8

Pucynok 3 — JIluHamika 3MiHU BAaHTa)KOIOTOKIB aBTOMOOIIBHIM TPAHCIIOPTOM
3a 2017 — 2020 poku
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MoBiTPAHUI TPAHCNOPT MJIH. TKM:

339,7

Pucynok 4 — JlunaMika 3MiHM BaHTaXKOIOTOKIB MOBITPSIHUM TpaHcropToM 3a 2017 — 2020 poku

3a manumm piukoBoi iHpopmamiliHoi cinyx6u VYkpainu (PIC) ¢inmii «/lenpra-Jlonman», 3a
miacyMKaMu Tepmmx 4-x micamiB 2021 poky BaHTaXHI pidkoBi mepeBe3eHHs JlHimpom ckmamu 3,12 MiH
TOHH 1 30UIbIIMIKCS Ha 1,2 MJTH TOHH y MTOPIBHSIHHI 3 aHAIOTiYHUM TiepiogoM 2020 poky.

Crapt pedopMu piYKOBUX MEPEBE3CHb 1 BITHOBJICHHS BHYTPIIIHIX BOJHHUX NUISXIB 3aJIMIIAIOTHCS
OJIHUM 13 TIpiopUTeTHUX 3aBaaHb MiHiH(pacTpykTypu Ha 2021 pik. | mpomoBxyeTbcs akTHBHA MiATOTOBKA
BIAMOBIMHUX MOKYMEHTIB I iMITIEMEHTAIlil HOBOro 3akoHy «IIpo BHyTpiIIHIH BOXHHI TpaHCIOPT», a
TAaKOX JUII CTBOPEHHS OKpeMoro JlepQoHay BHYTpIIIHIX BOJHUX IUISAXiB, 3 SKOr0O B MaHOyTHHOMY
MOJIEPHI3yBaTHMETHCSI Ta BiJHOBIIOBATHMETHCS HEOOXifHa pidukoBa iH(pacTpykTypa. Bigrak, mpotsarom
CIYHA-KBITHS IOTOYHOTO POKy Oyno 3uificneHo 3465 peiiciB y nopiBHAHHI 3 1694 peiicamu 3a aHaIOri4HUI
nepion 2020-ro.

HIJb TA 3AJAYI JOCJIIKEHHSA

Merta craTTi nosisirae y AOCHiAXKEeHHI 00’ €MiB IepeBe3eHb BaHTaXiB Ta macaxupiB B Ykpaini 3 2017
poky 1o 2020 pik. JocnimkeHo cnaj BHYTpILIHIX TepeBe3eHb. [IpoaHanizoBaHO MPUYMHUA IBOTO CHaIy.
JlikBimyBaHHS IPUYHH CTIaay JTO3BOJIHUTH 30UTBIIUTH 00’ €MU MEPEeBE3CHb B MOCHIIyI0UUX POKAaX.

PE3YJIbTATHU JOCJIIKEHD

B pesynbrati 06po0nenoi iHpopmaii caix BIAMITUTH, 110 OCHOBHA YacTKa BaHTAXiB — Oy/iBebHI,
00CsITH TPaHCTIOPTYBAHHS SIKUX BHpociu Ha 126% i mocsrmu 1,97 mun ToHH. Ha npyromy wmicui — 3epHO
(804,8 tuc. ToHH). TakoX pPIYKOBMM TPaHCIOPTOM AKTHUBHO IE€PEBO3UTHCSA MeTanonpoaykuis (340 tuc.
TOHH).

Heo0xigHo Hama mpoBoguTH pobOTH 1Mo mormubiieHHto GapBaropiB pivok JHinpo ta [punsre mis
MPOXOJly BEIMKOTOHAKHUX CYJICH.

3apa3 KOHTCHHEpHI INEPEeBE3eHHs PIYKOI0 HE MOXKYTh KOHKYpPYBaTH 13 3ali3HHLEI0 4Yepe3 CTaH
piukoBoi iHppacTpykTypu. Ilpo ne Bkasano i B KoHuenumii po3BUTKY MYyJIBTUMOAAJIBHUX IE€PEBE3ECHb B
VYkpaini, Ky npeacTaBuwio MiHICTEpCTBO IHQPACTPYKTYPH.

PiukoBi mepeBe3eHHS NOKM HEKOHKYPEHTHI uepe3 HH3KY (DaKTOpiB: 3acTapilicTe Ta HH3BKY
eHeproe()eKTMBHICTD LUII031B, BIICYTHICTh cTaOIbHOI TMOMHM 3,65 M Ta BiICYTHICTh HaIEXHOro (IIOTY i3
CyYaCHHUMH CHCTEMaMHM HaBirarii.
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CTaH piYKOBUX KOHTEMHEPHUX NepeBe3eHb, TOH

42 Thc TOH
37 mic TOH
(- 96% -~ -==----=---
1.6 TMC TOH
fecoceccoa
2016 2017 2018

PucyHok 5 — JluHamika 3MiHM KOHTCHHEPHHX IEPEBE3eHb PIYKOBUM TPAHCIIOPTOM

Taxk, y 2017 pomi piukoro nepeBe3eHo 42 THc. TOHH, Tofi sk B 2018 pori moka3HuK Bmas Ha 96% —
no 1620 tonn. [Ipuumna — 3anmyck koHrteiiHepHoro notsary Yopaomopcrka (TIC) — HuwkHbOTHIIPOBCHK-
[Mpuctanp (Ykppiuduor), sxkuii TNOKa3aB 3HAYHYy e(EKTUBHICTb Ta TMepeBary Hal TepeBE3CHHAMU
KOHTEHHEPIB PiuKoIo.

VY 2020 poui nitakamu nepeBe3eHo 1,8 minbspna oci6. Bocranne Taki mokasnuku Oynu me 2003
poky. s nopieasaHs, 2019 poky sitaku mepeBe3iu moHaa 4,5 Mibspaa jrojei. 3araiapHi BTpatu 2020
poky ckianu 370 minesipais gonapis. (https://mtu.gov.ua)

Uepe3 maHaeMilo KOpoHaBipycy apiamepeBe3eHHs Oynu oOmexeHi. Lle mpusBeno no GaHKpyTCTBa
MEHIIIUX aBiaKOMIaHiM.

Y 2021 poui aBiamepeBe3eHHs 3aleXHI BiA emigeMioNoriyHoi cuTyauii B pi3HHX KpaiHax, TOMY
ICHYIOTh pi3HI BapianTu po3BUTKY monid. KinpkicTe macaxupiB Moxke 30umpmmTuUCh Ha 71%, mpu
CHpUSTIUBUX yMoBax B mopiBHsSHHI 2020 pokoMm (1o 53% Ha MiXHapoAHHX aBiamiHisX i g0 84% Ha
BHYTPIIIHIX), TPY HECHPUATIUBUX YMOBax — e 10 49%.

VY rpyani 2020 poxy Wizz Air BigHoBuB onsot 3 Kuesa no Konenrarena, Ilapay6ine, binnynna,
Binnsa, Kpaxosa, Jlicabona, ['amOypra, byaanemra, Heanons, [loznani, bparucnasu, Karogine. 3i JIbBoBa
BIIHOBWJIM TOJKOTU 0 bepnina, Illennna, Bparucnasu, IlapayGine, BinbHioca, a Takox i3 XapkoBa J0
Kpaxosa, Joptmynna, Binas, 'manceka ta Bpomnasa. OnHak BHKOHAHHS PeajbHOrO peiicy BilOyBaeThCs
MY COPUSTIMBIN eniieMionoriynii cuTyauii B KOHKPETHOMY Miclli # pillleHb MicLieBoi Biaau.

AepornopTy TpaIolTh 32 HOBUMH IpaBWJIaMd. B TepMiHali MaroTh MpaBo NepeOyBaTH JIHIIe
MacaXUpH, WICHH EKillaXy Ta OOCIYroBYIOUWH mMepcoHai. Y MpHUMINICHHI yci MaloTh OyTH y Mackax.
[acaxxupam, siKi IpUIIITAIOTH TA BiJJIITAI0OTh, BUMIPIOIOTH TEMIIEPATYpy Ta NpH HeoOxinHocTi podists [1JIP-
TECT.
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OBI'OBOPEHHA PE3YJIBTATIB JOCJ/IIIKEHHSA

2021 pik Big3HAYMBCA 3pOCTaHHSAM OOCATIB MACAKUPCHKMX IIEPEBE3CHb. 3a JaHUMH
HeprkaBiacimy>kOu YKpaiHu, 3arajioM yKpaiHChKi aepomopTd Haganu nociayru 20,5455 MiH. macakupis, IO
Ha 24,5% mnepesuirye ananoriuni nmokazHuku 2020 poky. [lepeBakHa OLIBIIICTH LBOTO MACAKUPOMOTOKY
MpuIaja Ha MDKHApOAHI peicu - Omm3pko 18,4 muH., ToOTO mpaktnaro 90%. Ilotpeba B Hemopormx
aBiarepeBe3eHHAX Y KpPaiHOI 3aJUIIAETHCS , OUTBII TOTO, aBialliifHe CHOMYYeHHS B MeKax KpaiHu W Hamami
3aJIMIIAETHCS 31€0UTBILIOTO JOPOTUM.

BUCHOBKH

VYkpaina Mae 3HAYHWHA TOTEHINAT IS OpraHi3amii JIOTICTHYHHX CXEM IIEpeBE3CHHS BaHTaXIB 3a
y4acTIO PiYKOBOTO TPAHCIOPTY Ha JEKIIBKOX HampsiMkax. HasBHICTb, Xo4a i Jemo 3acTapiioi, MOTYyKHOL
iHppacTpyKkTypHOi 0asu, 3pyuHe reorpadiuHe po3TamlyBaHHS Ta HAasBHICTh BaHTaXOMOTOKIB, IO
MOTEHIIHHO MOXYTh OyTH TMepeBe3eHi M0 BHYTPIMIHIX BOAHUX IIISXaX CTBOPIOE MEPEIyMOBH ISt
BiTHOBJICHHS Ta PO3BUTKY LIbOTO TPAHCIIOPTHOTO HANIPSIMKY.

[IpoananizyBaBIIM BHUILENPUBENEHI pe3yabTaTH MOXeMO BiamituTe, mo y 2020 pomi 3HaYHO
3MEHIMIINCH 00’ €MH TepeBe3eHb BaHTaXIB Ta macakupiB. Y 2021 portti 06’emu mepeBe3eHs 3pocin. Ha taki
3MiHHM 3HayHO BruMHYJNa maHaeMis COVID-19. OugeBumHO 10 1 B TOAANBIIOMY CHAa Yd PICT
3aXBOPIOBAHOCTI Ha KOPOHABIpyC BIUIMBAaTHME Ha JUHAaMiKy BHUPOOHHIITBA TOBApiB, a OTXKE, i Ha 3MiHY
00’eMiB TepeBe3eHb.

MEPEJIK JUKEPEJ ITOCUJIAHHA

1. www.mtu.gov.ua — odiuiiiauii caiiT MiHicTepcTBa iHQpacTpyKTypH

2. www.ukrstat.gov.ua — caiT qepKCTaTHCTHKH

3. MareMaTnueckie METOIbl MOJCIUPOBAHMS U ONEPATUBHOIO IUIAHUPOBAHUS MEPEBO30K HA
aBrorpancnopre [ Tekcr] : [Monorpadusi] / B. I'. Tanymko. - K. : HTY, 2013. - 198 c.

4. Tlpobnempl Teopun W TPAKTHKH PA3BUTUS MOPCKOTO TpaHCIopTa YKpawHel [TekcT] : Hayd.
MoHorp. / Kotmy6aii Anekceit Muxaitnosu4 ; Harm. akan. Hayk Ykpawsbl, MH-T mpoOiieM phIHKa U SKOH.-
akodn. uccnen. - O. : UTIPOOU HAH VYkpaunsr, 2011. - 267 c.

5. MeTomosoriysi miaxoau A0 MOJAEPHi3allii TpaHCIIOPTHOI cucteMu Ykpainu [Texct] : MoHOrpadis
/ H. B. Kynmpuneka. - K. : HTVY, 2013. - 127 c.

6. Jlorictnune ynpaBmiHHS Ta Oe3meka pyxy Ha TpaHcmopTi. HaykoBo-mpakThdyHa KOH(MEpEeHIIis
CTYJCHTIB Ta MoJIonuX BueHuX, 18-20 muctonana 2015 poky, M. Xapkis [Tekcr] : 360. Hayk. nip. / CXiTHOYKP.
Harl. yH-T iM. Bomogmmupa Jlans, Kad. "Jlorict. ymnp. Ta Oe3meka pyxy Ha TpaHcm." [Ta iH.] ; [Biam. pen.
UYepnenpka-binenpka H. b.]. - CeBepomonennk : CHY im. B. [lans, 2015. - 184 c.

REFERENCE

1. www.mtu.gov.ua is the official website of the Ministry of Infrastructure

2. www.ukrstat.gov.ua - site of state statistics

3. Mathematical methods of modeling and operational planning of transportation by motor transport
[Text]: [monograph] / V.V. G. Galushko. - K.: NTU, 2013. - 198 c.

4. Problems of theory and practice of development of maritime transport of Ukraine [Text]: science.
monograph / Kotlubay Alexey Mikhailovich; Nat. acad. Sciences of Ukraine, Inst. of Market Problems and
Economics. research. - NAN Ukraine, 2011. - 267 c.

5. Methodological approaches to the modernization of the transport system of Ukraine [Text]:
monograph / NV V. Kudrytska. - K.: HTVY, 2013. - 127 c.

6. Logistics management and traffic safety. Scientific and practical conference of students and young
scientists, November 18-20, 2015, Kyiv, st. Kharkiv [Text]: coll. Science. etc. / East Ukrainian. nat. Univ.
Vladimir Dahl, Dept. "Logistics management and traffic safety on transport.” [etc.] ; [resp. ed. Chernetskaya-
Biletskaya NB]. - Severodonetsk: SNU named after V. Dalya, 2015. - 184 p.

Bodak V.I., Gandziuk M.O., Dubitsky O.S., Mazilyuk P.V. Analysis of the state of domestic
transportation in ukraine during 2017-2020
After analyzing the state of traffic, you can identify the reasons that affect both the increase and
decrease in traffic. Moreover, eliminating the negative causes that cause a decrease in traffic, you can
achieve the opposite positive effect, ie an increase in freight and passenger traffic. Reduction of freight flows
during 2017-2020 by rail, road and water transport, which occurred due to a significant reduction in the
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production of goods. The main reason for the decrease in freight traffic was the introduction of quarantine
related to the Covid-19 pandemic.

It is noted that river transport is still uncompetitive due to a number of factors: obsolescence and low
energy efficiency of locks, lack of stable depth of 3.65 m and lack of proper fleet with modern navigation
systems.

Ukraine has significant potential for the organization of logistics schemes for the transportation of
goods involving river transport in several directions. The presence of, albeit somewhat outdated, powerful
infrastructure base, convenient geographical location and the presence of freight flows that can potentially be
transported by inland waterways creates the preconditions for the restoration and development of this
transport direction.

The purpose of the article is to study the volume of cargo and passenger traffic in Ukraine from 2017
to 2020. The decline in domestic traffic has been studied. The reasons for this decline are analyzed.
Eliminating the causes of the recession will increase traffic in the coming years.

Key words: transportation, road transport, railway transport, water transport, freight transportation,
passenger transportation.
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laamsrox M.O., Tanmzrok J.M., llymik b.B.
Jhyybkuti HayioHanbHUL MEXHIYHUL YHIgepcumem

PO3POBKA METOJAUKH OITIEPATUBHOI'O IIVTAHYBAHHA POBOTU ABTOMOBILJIIB
HA MIDKMICBKUX MAPHIPYTAX

B pmammit wac ycmimHa po0oTa BCiX Tamy3eldl HapOJHOTO TOCIIONApCTBA HEMOXIHMBA 0e3 e(EeKTHBHOTO
TpaHCIOPTHOTO 00cimyroByBaHHs. OpraHizamis poOOTH TPaHCIIOPTY IOBHHHA 3a0e3NedyBaTi e()eKTHBHE IOCTadyaHHs
IIPOMUCIIOBOTO BHPOOHHITBA, CUIBCHKOTO TOCIOIAPCTBA, IHIIMX Taly3ell HapoAHOTO TOCHOAApCTBA, a TaKOXK
3aJOBOJILHATH NOTPEON HACENEHHs B MEPEeBE3CHHAX 3 CUCTeMHHX mo3uuii. KommiekcHuit minxin o opranizarmii ta
IUTaHYBAaHHA IIePEBE3CHb BHMAara€ JOCSATHEHHS MIHIMAIBHUX BHUTpaT fAK Yy BCiil CcHCTeMi TpaHCIIOPTHOTO
00cITyroByBaHHs, Tak i B OKpeMuX ii eleMeHTax. BupilneHHs 1boro 3aBIaHHS HEMOXIMBO 0€3 3aMIIlICHHS 1CHYIOUHX
PpaHile TeXHOIOTiH 1 METO/IB OpraHi3alii i IaHyBaHHS TPAHCIIOPTHOTO MPOIIECY Ha CYYacHi.

CydacHi BHMOTH [0 OpraHi3amii I€peBi3HOIO TMpOLeCYy Ta SKOCTI BHUKOHYBAaHHUX IEpEBE3CHb Ha
aBTOMOOUILHOMY TPaHCIIOPTI JUKTYIOTh HEOOX1THICTh 3aCTOCYBaHHS HOBHX OpPTaHi3alliifHAX 1 TEXHOJOTTYHHX PillleHb
B IUIaHYBaHHI NTepeBE3eHb 3 BUKOPUCTAHHSM ITPOTPaMHO-IIJIbOBHX 1 JIOTICTHYHHUX HPUHITHIIIB.

IcHyloua oprasizamiss CHCTEMH OIEPAaTUBHOIO IUIAHYBaHHS HE 3aB)XIM BIINOBIJa€ peaJbHUM IOTpedam
YYacCHHKIB NIPOIIECY BaHTOKHUX aBTOMOOITBHHUX HepeBe3eHb. OCHOBHUM HEIOJIIKOM Ha CHOTOAHIIIHIN JEHb € Te, 0
METOAOJIOTiYHA 0a3a CerMEHTOBaHA 1 OMHCYE OKpeMi eTald IUIaHyBaHHS NpOLECy IepeBe3eHb. MeTomukH, sKi
NPALOIOTh CHOTOJIHI, TPUCBAYCHI OKPEMHM 3aBIAHHIM, TaKMM SK BH3HAYCHHS ONTUMAIIBHOI BaHTAXKOIIIHOMHOCTI
MapKy PyXOMOTO CKJIaay, PO3paxyHOK TEXHIKO EKCIUTyaTaliifHUX MMOKAa3HHKIB, B TOMY YMCIi HEOOXiTHOI KiBKOCTI
aBTOMOOLUTIB, PO3MOIUI PYXOMOTO CKIady 3a 3asBKaMH 13 3aCTOCYBaHHSIM METOIIB JiHIHHOTO MpPOTpaMyBaHHS,
ckiasianHs rpadika po6oTH aBTOMOOLTIB, PO3paxXyHOK BUTpPAT Ha IIEPEBE3CHHS Ta iHIIII.

BukoHaHHS Takoro pi3HOMAaHITTS PO3PI3HEHHMX ONEpalii i 3aBAaHb B Cy4acHHX yMOBax 0e3 KOMIUIEKCHOTO
MiIX0My 10 iX BUpPILIEHHS, a TAKOXK 0e3 aBToMaTHu3alil nepepoOku 3HaUHUX 00cATiB iHdopMmarii HeehekTHBHE.

KpiM Toro MeromuMku po3paxyHKy HEOOXiJHOI KiTBKOCTI aBTOMOOLUTIB MaloTh Cepiio3HiI IMOXHMOKH, Iie
BUPAXAETHCS B HEBIATIOBITHOCTI PO3PaXyHKOBHX 1 (PaKTHYHHUX BEIHIHH.

HesBakaroun Ha Te, 110 OCTAaHHIMHU POKaMH BEAETHCS aKTHBHA pO3p0OKa 1 BIPOBaKEHHS HA aBTOTPAHCIOPTHI
MiATNPUEMCTBA MPOTPaM aBTOMATH30BAHOTO JOKYMEHTOOOIrY Ta IUIaHyBaHHS POOOTH aBTOMOOLTIB, B AaHHUH Yac HeE
iCHY€ METO/IUKH, siKa 3a0e3nedye KOMIUIEKCHE TIaHyBaHHS Ta PIillICHHS [IepepaxoBaHUX BHILE 3aBJaHb 3 ypaxyBaHHIM
crienu(ikd MiXMICHKUX TIEPEBE3CHB, TOJI K CyYacHI TCHJCHIII PO3BUTKY aBTOTPAHCIOPTY B YKpaiHi MOB's3aHi 3
IHTEHCUBHUM IX PO3BUTKOM.

KorouoBi cioBa: mnepeBe3eHHs, TEXHIKO-EKCIUTyaTaI[iiHI MOKa3HMKM, MDKMICBKMH MapIIpyT, CHCTEMa,

OTepaTUBHE TUIaHyBaHHS, 3a9BKa, METOIMKA, alTOPUTM, aBTOMATH3allisl, METOI0JIOTigHa Oa3a.

BCTYII

Ha cporognimmHiii JieHb iCHye O34 METOJMK sl omTuMmizamii poOOTH pyxoMmoro ckiamy i
BuzHaueHHs TEIl #ioro pobGoru. OnHak OIJIbIIO YaCTHHOK, BOHM MOXYTh OyTH 3acTOCOBaHI st
3IACHEHHS MJIAHYBaHHS 1 OI[IHKK pOOOTH aBTOMOOLIIB, 3alHATHUX HA MICHKHUX MapIIpyTax.

CuctemaTH3alis Cy4yacHOI METOJOJIOTIUHOI 0a3u po3paxyHKY TEXHIKO-€KCIUTyaTallifHUX IMOKa3HHUKIiB
JUTSE MDDKMICBKHX TTEPEBE3CHbB JI03BOJISE CTBEPIKYBATH

- METOJMKH SIKi TpAlIOIOTh CHOTOJHI TPHCBSYEHI OKPEMHUM 3aBJIAHHSAM, TaKUM SIK BHU3HAYCHHS
ONTHMAJIBHOI BAaHTAXKOMIIHOMHOCTI TApKy pPyXOMOTO CKJaxy, pPO3paxyHOK TEeXHIKO-eKCILUTyaTaliiHuX
MMOKA3HUKIB, B TOMY YHCJII HEOOXITHOI KIJIBKOCTI aBTOMOOLTIB, PO3IOIIJI PYXOMOT0 CKJaay IO 3asBKax i3
3aCTOCYBaHHSIM METOJIB JIHIHHOTO MPOTpaMyBaHHs, CKJIaJlaHHs Tpadika poOOTH aBTOMOOLTIB, PO3PaxXyHOK
BUTpAT HA TIEPEBE3CHHS Ta 1HIII.

BukoHaHHST Takoro pi3HOMAHITTS pO3PI3HEHHWX oOINepamid 1 3aBlaHb B CY4YacHHX YMOBax 0e3
KOMIUIEKCHOI'O TIAXOMy 10 iX BHpIIICHHS, a TaKoX 0e3 aBTOMAaTH3allii MepepoOKH 3HAYHUX OOCATIB
iH(popmalii HeeheKTUBHE;

- 0araTo METOAMK PO3PaxyHKy TEXHIKO-€KCIUTyaTalliiHUX IMOKA3HHUKIB 1, B TOMY YHCJi, HEOOXiaHOT
KUTBKOCTI aBTOMOOILTIB Il BUKOHAHHS 3aJIJaHOTO 00CsTYy NepeBe3eHb 0a3yIoThes Ha (iKCOBAHOMY 3HAYEHHI
BAHTAKOMIAHOMHOCTI aBTOMOOLISI, B TOM dYac SIK BH3HAYEHHS ONTHUMAJILHOI BaHTaKOIIAMOMHOCTI Mae
repelyBaTH BU3HAYSCHHIO HEOOXiJHOT KUTbKOCTI aBTOMOOLIIB. B IbOMY BUTIAAKY, SKIIO TUCTIETYEP 3MIHCHIOE
«BpY4YHY» MiI0Ip TPaAHCIOPTHUX 3acO0IB PI3HOT BaHTAKOMIAWOMHOCTI Ha 3asBKYy, BHTpaTH dYacy 1
TPYJOBUTPATH 3HAYHI;

- OLIBLIICTH ICHYIOUMX METOJMK PO3pOOJeHi A IUIaHyBaHHA MICBKUX IEpeBe3cHb 3 HE3HAYHUMH
BUTpATaMH 4acy Ha 000pOT pyXOMOTO CKJIaJy, 0 HEe 3aCTOCOBYETHCS B yMOBAaX MIXKMICHKHX IePEBE3CHB;
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- B JaHMH Yac B SIKOCTI THMYAacOBOTO IHTEpBAJy Ui IUIaHYBaHHA POOOTH PYyXOMOTO CKIAIy
BHKOPHUCTOBYIOTHCS, 32 3BHUAl, «H00a» 1 «pik», ane crenudika MDKMICBKUX TIEpEeBEe3€Hb 1HOJI BHMAarae
BUKOPHUCTAHHS 1HIIMX TUMYACOBUX iHTEPBAJIiB;

- Y pa3i BUKOPUCTAaHHSI HasBHUX METOAHMK BHHUKAE IMOXMOKA MPH PO3PaxXyHKY HEOOXiIHOI KUTBKOCTI
aBTOMOO1JTIB, IO EKCIUTYyaTyIOThCS Ha MDKMICBKHAX MapIIpyTaX, 32 YMOBH PETJIAMEHTAIII] Yacy BiIIpaBIeHHS
Ta JOCTaBKU BaHTAXKY;

- IS ckiagaHHs rpadika poOOTH aBTOMOOLNIB Ha JiHIi CIYKOOBISIM, JUIsI YTOUYHEHHS 1 MEPeBipKU
MOJKJIMBOCTI BUKOHAHHS TIEpEeBe3eHb PO3PAXOBAHOIO KIJIBKICTIO aBTOMOO1JTIB, 3aCTOCOBYIOThCS, 32 3BHYAil, HE
AaBTOMAaTH30BaHI TPYIOMICTKI rpad)oaHaTi THYHI METOIH;

- po3monia aBTOMOOUTIB MO 3asBKaxX 3 YpaxyBaHHAM iX BaHTaXKOIMIAHMOMHOCTI MPOBOAMUTHECS 3a
JOTIOMOTOI0 METOJIiB JIHIMHOTO TpOorpaMyBaHHs, NPOTE BUKOPUCTAHHS KPUTEpil0 Yacy B pilleHH]
TPAHCTIOPTHOI 3a/1adi MOpylIye IiHIAHICTh 3aBmaHHSA. BHeceHHa iHdopMarlii mpo HASBHICTb BUTFHOTO
PYXOMOTO CKJIaAy NpH BHPILIEHHI TPaHCIOPTHOI 3ajadi BigOyBaeTbcs «Bpy4Hy». [lo chorogsi mpoiiec
pO3MONIAy pPyXOMOro CKIagy WO 3asiBKaX 3 JONOMOTOI0 EKOHOMIKO-MaTeMaTHYHHX METOMAIB He
aBTOMAaTH30BAHO.

Juisa Toro mo6 JAOCTOBIpPHO OMMCATH TEXHOJIOTIYHHHA MPOIEC MepeBe3eHh HEOOXITHO WITKO YSABISTH
co0i yacoBUii BiPi30K, IPOTITOM SKOTO BiZIOyBatOTHCS MOIIi.

3 ormsamy Ha OCOONHMBOCTI YMOB POOOTH PYXOMOTO CKIQAy, EKCIUTyaTOBAaHOTO Ha MDKMICBKHX
MapuIpyTax, IpOIOHY€EThCS 3IHCHIOBATH IIAHYBaHHS TEXHIKO-EKCIUTyaTalliiHUX MOKa3HUKIB HOTO poOoTH
He 3a 1100y, a 3a Oinpmmii mepiox vacy. Hdns pospaxynky TEIl moxe OyTH BHKOpHUCTaHUU piK, MiBpivus,
Ce30H, KBapTal, MiCsllb, THXKACHb a00 Yac BUKOHAHHS 3asBKU 3 ypaxyBaHHSM NOBEPHEHHs aBTOMOOLIS B
MOYaTKOBUH IMTYyHKT MapIIpyTy.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA IMPOBJIEMH

B naHuii wac akTyanbHICTh IHTEHCHBHOTO PO3BHTKY aBTOMOOUIHLHHMX BaHTaKHHX IEPEBE3CHb CTasa
BaroMol0 He TIIBKU B JIOBHX KOJAaX aBTOTPAHCIOPTHOI Taiy3i, a ¥ Ha Jep:kaBHOMY piBHI. 30kpema Iie
BimoOpaskeHo B HamionanpHilt TpanciopTHii cTpaterii Yikpaiau 10 2030 poky, MpUHHATIA PO3MOPHKEHHIM
Kab6inery MinictpiB Ykpainu Bin 30 tpaBus 2018 p. Ne 430-p.

J11st 3a10BOJIEHHS 3pOCTAI0YOTO MOMUTY Ha TEPEMILICHHS] BAHTAXIB B MDKMICBKOMY 1 MDXXKHAPOZAHOMY
CIIONy4YeHHI BUHUKAE HEOOXIMHICTh 301TBIIEHHS MPOAYKTHBHOCTI POOOTH PYXOMOTO CKJIAAy 3a PaxyHOK
SKICHOTO OHOBJICHHS ITapKy PYXOMOIO CKJaay, PpalliOHAIFHOTO BHUKOPUCTAHHS HAsBHOTO MOTEHIIATY
MPOBI3ZHUX MOKIUBOCTEH, ONIEPATUBHOTO TUIAHYBAaHHS POOOTH aBTOMOOLIIB Ha MapIIpyTax.

3HWKEHHS SIKOCTI HaJaHHS TPAHCHOPTHHX MOCIYT MiANPUEMCTBAMH aBTOMOOUIBHOTO TPAHCHOPTY
BUKIIMKAHO PSAJIOM IPUYMWH, SIKi TTOB’SI3aHi 5K 3 TEXHIYHUMH acTieKTaMu (pyHKIIOHYBaHHS MiANPHUEMCTB, TaK i
3 HepaI[lOHAFHOIO OpPTaHi3ali€lo TIIaHyBaHHS Ha MiANPHEMCTBAX.

IcHytoya oprani3amis CHCTEMH OINEPAaTHBHOTO IUIAHYBaHHS HE 3aBXXIHM BIJIOBINAE peaTbHUM
notpedaM y4YacHUKIB IpOLECY BAaHTAXHUX aBTOMOOUIRHHMX TmepeBe3eHb. OCHOBHUM HENOJIKOM Ha
CHOTOJHIIIHIA JCHb € T, [0 METOJOJOriuHa 0a3a CEerMEHTOBAaHA 1 OMHCYE OKpeMi €TalM IIaHyBaHHS
MpOLIECy TMepeBe3eHb. METOAMKH, SKi MPAIfOIOTh ChOTOJHI, NMPHUCBSIYCHI OKPEeMHMM 3aBlIaHHIM. Bennka
PO3MIpHICTh 3aB/IaHb 1 BEIHKA KUTBKICTh CYTTEBUX IS MPAKTUKA OOMEKEHb MPU3BOIUTH IO HEMOKIIUBOCTI
OTPUMAaHHS ONITUMAJILHUX PillleHb TPAAHUIiHHIMH METOJaMH.

[IpoGiiemu omnrtumizamii podotu pyxomoro ckinanay i BusHaueHHs TEII #ioro poboTH 9acTKOBO
PO3MIIAHYTI y poOOTH BITUM3HSAHMX 1 3apyODKHMX BueHuX, a came BoiitenkoBa C.C., KutkoBa B.A.,
Kaninigenka O.I1., Kima K.B., Kpamapenka FO.M., MenyxoBoi T.A., Hedbromosa B.M., Omickesnua M.C.,
[MaBnenka O.B., ITogonsika O.C., [Tpokyxina I'.C., Cmpkosckoi B.1O. Ta iHmmx.

HIJIb TA 3AJAYI JOCJIJIKEHHA

[IpoBenenuii aHami3 Cy4acHUX MiAXOJIB A0 BUPIIIEHHS 3a]1a4 ONEPaTUBHOTO IJIAHYBAHHS BAaHTAXKHUX
MepeBe3cHh Ha aBTOMOOIIBHOMY TPAHCIIOPTI JIO3BOJIAE 3POOMTH BUCHOBOK, IO OJHIEI 3 MEPCHEKTUBHUX
3aja4 IiJIBUIIEHHS SKOCTI OIEPAaTUBHOTO IJIAHYBaHHS € PO3pOOKa METOJMKH OINEPAaTHBHOTO IUIAHYBaHHS
poOOTH aBTOMOOLTIB HA MIXXMICBKHX MapLIpyTax, sika J03BOJsLIa O BHKOHYBAaTH OJHOYACHO Omepauii 1mo
BU3HAYCHHIO PAaIiOHAJIBHOT BaHTAXKOIIAMOMHOCTI aBTOMOOLTIB IIIOJ0 BHMOI 3asBKH, pPO3PaxOBYBaTH
HEOOXIJIHY KUIbKICTh aBTOMOOLIIIB 3 ypaxyBaHHIM ONTUMAIBHOI IPOJYKTUBHOCTI PyXOMOTO CKJIaIy i BUTpaT
Ha TIepeBE3CHHS, OOJIKOBYBaTH BUTpPaTH Ha IEPEBE3CHHs 1 pPO3pPaxoBYBaTH TEXHIKO-€KCIUTyaTalliiHi
MOKa3HUKH POOOTH PyXOMOTO CKJIay, BU3HAYATH 3aHATICTh NapKy aBTOMOOLTIB B OyAb-KWH MOMEHT 4acy.
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PE3VYJIbTATHU JOCIIIKEHb

sl BMOCKOHAJICHHS OTEPATHBHOTO IUIAHYBAaHHS pOOOTH aBTOMOOUTIB HAa MIKMICBKHX MapIIpyTax
HEOOXiIHO MaTH METOIUWKY, SIKa aJCKBAaTHO BIJIOBIJa€ Cy4aCHMM yMoOBaM (DYyHKI[IOHYBaHHS 1 motpedam
YYaCHHKIB PHHKY TPaHCHOPTHUX TOCIYT.

[Ipu mpoMy cITig KepyBaTHCS MPUHIAIIOM CHCTEMHOTO KOMILIEKCHOTO IMiTXOAY, CYTh SKOTO TOJSTae
HE y BCTaHOBJICHHI BIIIOBITHOCTI TOTO YH 1HIIIOTO TTapaMeTpa YHHHAM HOpPMaM i BUMOTaM, a B 3HaXO/[KECHHI
pillleHHs], 110 AO3BOJSiE HE TUIBKA (POpManbHO YCYHYTH 3a3HauYeHMH HEIONIK, ajle i 3HAWTW BapiaHT
TIOJIIIIIIEHHS [[HOTO TMOKA3HWKA, MiJABUIMUTH €()EeKTHBHICTh BHKOPHUCTAaHHS KOXHOTO €JIeMEHTa HasBHOTO
TEXHOJIOTIYHOTO TOTEHIialy, AOCATTH HAWKpamoro pe3ynbTaTy. Y 3B'S3Ky 3 YHUM TOTPIOHO HE TLTBKU
BUBYATH ICHYIOUMi cTaH 00'€KTa AOCIIIKEHHS, a i pO3IIIAAaTH EPCIIEKTUBU HOTO PO3BUTKY.

J71st OLIHKY AiSTIBHOCTI aBTOTPAHCIIOPTHOTO MiANPUEMCTBA 3aCTOCOBYETHCS CUCTEMHHUN KOMITJIEKCHUH
MiaXig. ABTOTPaHCIIOPTHE MiAPHEMCTBO MOXKeE OYTH PO3TIISIHYTO SIK €JMHA CHCTeMa 3a0e3MedeHHs moTpedn
KITIIEHTIB B MEPEBE3CHHSIX.

ABTOTpaHCIIOPTHE MiANPUEMCTBO MOXHA PO3IIISAATH SIK CHCTEMY 3 IiJICHCTEMaMH, B SIKOCTI SIKMX
BHCTYMAIOTh CTPYKTYPHI MiAPO3IUTH TIAMPUEMCTBA, BiJ MiSUTBHOCTI KX 0€3MOCepeHhO 3aIeKUTh poOoTa
MiANPUEMCTBA B IITIOMYy. BHKOpHCTOBYIOUM CHCTEMHHUI aHami3 st GOpMyBaHHS CTPYKTYpPH YIIPaBIIiHHS
MPOLIECOM  TEPEBE3CHHS, MOXHA BHAUIUTH OCHOBHI  (DYHKIIIOHQJIbHI €JIEMEHTH cuctemu. s
ABTOTPAHCIIOPTHOTO MiIPUEMCTBA 1€ CTPYKTYPHI MiApO3Miau (BiIOiiK), MO0 3HAXOMATHCS B IMOCTIHHOMY
B32€EMO3B'A3KY.

[Ipu pociimkeHHI BCi€l CHCTEMM BIJIUIIB aBTOTPAHCIOPTHOTO MiIMPHEMCTBA 3 iX 3aBJaHHSIMH,
GyHKIIsIMU 1 000B'I3KaMM 1Ii MiTPO3MIIM HE MOXKHA PO3TJISLAATH OKPEMO OJUH Biff OJHOTO, OCKIJIBKH
TOCATHEHHSI METH - 3a0e3MeUYeHHs] BUKOHAHHS 3aMOBJICHb B TTOBHOMY OOCS3i i B CTPOK MPH MiHIMaTbHUX
BUTpATax - MOXIIUBO JIMIIC TIPU CUCTEMHOMY KOMILIEKCHOMY TTiIXOIi.

ABTOTpaHCIIOPTHE MiIIPUEMCTBO MOKHA PO3TIISIATH SK CHCTEMY YNpPaBIiHHA mepeBe3eHHsIMH. J{is
BIOCKOHAJICHHSI TIPOIICCIB TEpeBe3eHb MIMPOKO BHKOpUCTOBYeThcss PDCA-miaxin (Plan-Do-Check-Act
(Ilnanyii - Poowu - IlepeBipsii - liif), sikuii BAKOPUCTOBY€ETHCS TIPU BITPOBAPKEHHI 3MiH 1 BUPIMICHH] TPOOIIeM
(pucynok 1).

IInaryeBaHHZ NEpeBe3eHb.

YJOCKOH&‘TE_HHX R _ BH3HaYeHHA IEPEEiZHOL
Oprasizami N MoxnEsocTi PC.
nepeeeseHb N\ Poznoain PC.

j ~ PospaxyHOK m1aHOBHX
/ Plan ' TEII
|: |
e ' | BrKOHaHHEA 327BKH —
S T Check Do /  3miACHeHHA TEPEBE3EHHT ¥
TepeEe3eHs. ; BH3HATEHOMY 00’eMi B
Anamis TEIT A / EH3HA4YeHHH TepMIH
\\\7 //_'/

Pucynoxk 1 - PDCA-miaxia npu riaHyBaHHI, aHai31 Ta BIOCKOHAJICHHI AisUTbHOCTI
ABTOTPAHCIIOPTHOTO MiIPHEMCTBA

VY wmiif cucremi BelHMKe 3HAUYEHHS MAIOTh €TalM TUIAHYBaHHS Ta aHai3y JisSUILHOCTI MignpueMcTBa. B
SKOCTI 3BOPOTHBOTO 3B'SI3KY JUIsl BU3HAYCHHS €()EKTUBHOCTI (YHKI[IOHYBaHHS aBTOTPAaHCIIOPTHOTO
MiANPUEMCTBA, SIK JaHOI CHCTEMH, BUKOPHCTOBYIOThCSA TEXHiKO-eKcIutyarauiiiai nmokasHuku (TEIT) poGotn
PYXOMOT'O CKJIATy.

BusHaueHHs HEOOXiHOI KiTBKOCTI aBTOMOOUIIB HAa aBTOTPAHCIIOPTHOMY IMiANPUEMCTBI MOBUHHO
3IIHCHIOBATHUCS 3 ypaxXyBaHHSIM MaKCUMaIbHOI €eKTUBHOCTI.

3a0e3neueHHs BUKOHAHHS 3aMOBJICHb B TIOBHOMY OOCSI31 1 B CTPOK IPU MiHIMAJIbHUX BUTpPaTax MOXeE
OyTH JIOCATHYTO CTBOPECHHSIM ONTUMAJILHUX MEPEBIZHMX MOKIJIMBOCTEH aBTOTPAaHCIIOPTHOTO MiANPUEMCTBA 1
i IBUIIEHHSAM 1X €()eKTUBHOCTI.

CxeMa mepeTBOpeHHs MOTpeOM KII€HTIB B 3aJ0BOJICHICTH INPH IPOXOUKEHHI UYepe3 CUCTEMY
ABTOTPAHCIIOPTHOTO IMiJINPHEMCTBA MPEJICTABICHA HAa PUCYHKY 2.
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Pucynok 2 - Cxema mepeTBopeHHs TOoTpeOr KITIEHTIB B 33JJ0BOJICHICTh TIPH MPOXOKEHHI Yepes
CHCTEMY aBTOTPAHCIIOPTHOTO ITiJIPHEMCTBA

[Tix BuMoroto (3asiBKOI0) Oy1eMO po3yMiTH NOTpeOy Y BUKOHAHHI JOCTaBKH BAaHTAXKY.

UYac 3asBkH (TEpMiHOBICTH 11 BUKOHAHHSA), BIJICTaHb MEPEBE3CHHS (IOBKWHA MApIIPYTY), TPUBATICTh
NepeBe3eHHsI BIUIMBAIOTh Ha BEIMYHMHY MPOIYCKHOI 3aATHOCTI CHCTEMH, OCKUIBKH € CKJIaJOBUMH BXiIHOTO
MOTOKY BUMOT. Ha BeNM4rHY NMPOMYCKHOI 3AaTHOCTI CHCTEMH TaKOXX BILIMBAIOThH 1 BHYTPIlIHI YNHHUKH Ii€l
CUCTEeMH, TaKi SK OpraHizamis poOOTH BiIIIIIB CHCTEMH, TEXHOJOTIUHUHN TPOIeC, BUPOOHUUI MOTYXKHOCTI
MiNPUEMCTBA, HasBHI Ha KOHKPETHHHA MOMEHT 4acy (3a KUTbKicTio i craHoMm). [lpn mocmimkeHHi cucteMu
HEOOXIZJHO BpaxoBYBaTH BIUIMB OKPEMHX MiJCHCTEM Ha poOOTy Bciel cucremMu. CHcTeMa MOXKE YCIHILTHO
CIIPABIATUCS 3 TOKJIAJICHUMH Ha Hei 3aBIaHHSAMHU TUIBKH 32 YMOBH, IO NMPOITyCKHA 3aTHICTH CHCTEMH
MEPEeBUILyE€ CyMapHUM BXimHUI moTik BuMoOr [8] Ha Bci BUAM mIepeBe3eHb. 3aiiBa KUIBKICTb aBTOMOOLTIB
MOB'A3aHA 3 BEIMKUMH KalliTaTbHUMH BKIQJEHHSIMH, WIO TPU3BOAWUTH 0 3aMOPOKYBAaHHS KOIITIB
MiANPUEMCTBA, TOMY HEOOXiIHO TOYHO BHM3HAYaTH HAWOULIBII BHUTiAHY (ONTHMAalbHY) BEJIIMYHHY PE3EPBY
aBTOMOOUIIB. OnTHMalIbHA BETMUMHA PE3ePBY BUPOOHMUYHUX MOTYKHOCTEH CHCTEMHU MOXe OyTH BHSBJICHA 32
€KOHOMIYHHM KpUTEpieM - 3a0e3rneueHHs MiHIMyMy BHUTpaT abo Makcumymy mpuOyTKy [8]. B cyuacHmx
yMOBax (YHKIIOHyBaHHSI TPAHCIIOPTHUX KOMIIAHIH 3aJTUINAETHCS aKTyaJbHOIO 3a]a4a TOYHOTO BHU3HAYCHHS
BUPOOITKY PYXOMOTO CKJIaAy 1 pecypciB, HEOOXiAHMX Ui 3AIMCHEHHS NOCTaBKM BaHTaxiB. OIHUM 3
HamnpsIMKiB pallioHaJIbHOTO BUKOPHCTAHHS PECYpCiB HA aBTOMOOUIEHOMY TPaHCIIOPTi € ONTUMI3allis BUTPAT
METOZIaMH MaTeMaTUYHOTO IMPOTpaMyBaHHS, 3a JOIMOMOIOI0 SKUX MOJIIMBO MPOEKTYBAaHHS MaTepiallbHO-
TEXHIYHOT 0a3u 1 ONTUMaIBHUX MAapUIPYTiB JIOCTABKH BaHTAXIB, PO3MOALT PYyXOMOrO CcKiamy i
HaBaHTaXXYBAIBHO-PO3BAHTAKYBAILHUX 3aC00iIB 1 OaraTo iHIIOTO.

[lincymoByrouM BHIIE CKa3aHE MOXKHA CTBEP/KYBaTH, IO € HEOOXIJIHICTH PO3POOKH METOAWKU
ornepatuBHoro mianyBanHs (MOIT) po6oTu aBToMOOLTIB HA MIKMICEKHX MapIupyTax, 1o J03BoJInia O:

- OJTHOYACHO BHKOHYBATH KOMILUIEKC OIEpaliid 3 TUIaHyBaHHS POOOTH aBTOMOOLNIIB 3 MiHIMaTbHUMHU
3aTpaTamu;

- KOMIUIEKCHO 1 TOYHO TUIaHyBaTh poOOTy aBTOMOOLTIB;

- aBTOMAaTH3YBaTH MPOLIEC PO3MOALTY aBTOMOO1JIIB 3a 3asiBKAMU;

- OIIEPaTUBHO MPOBOANUTH aHAIIi3 POOOTH PyXOMOT0 CKJIaay Ha MDKMICBKAX MapuIpyTax.

[Tpu po3poOIli METOANWKK B OCHOBY TMOKJIQJIEHO (DiKcallilo THMYacOBOTO HTEPBANy «4ac BHKOHAHHS
j-oi 3asBKM» 1 MOMEHTIB MOYATKy 1 3aKiHYCHHS BHKOHAHHS POOOTH iIeHTH(IKOBAHOTO aBTOMOOLIS B
orepaTtopi 00IiKy Jacy.

[lpn aBTOMaTH30BaHOMY OOJIIKY B METOJAHMINI TakuX (HakTopiB, K OOCSAT BaHTAXYy, 3asBICHOTO JIO
MEPEBE3CHHSI, Yac 3asBKH, YaC 000POTY PyXOMOI'0 CKJIaay Ha MapIIpyTi, 3alHATICTh aBTOMOO1IIB Ha 1HIIMX
3asBKax, MPOAYKTUBHICTh PyXOMOI'O CKJIaAy Ha 3asBIli, PO3MOALT aBTOMOOITIB MO 3asBKax BigOyBaeThbCs 3
BHCOKOIO ONEPATHBHICTIO, TOYHICTIO, €(DEKTUBHICTIO 1 3 MEHILIMMH 3aTpaTaMH.

Y MeTozuil BpaXOBY€EThCs crielndiuHa 0COOIMBICTh MKMICHKMX IIEPEBE3CHb BUSBJICHA MTPU
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BUKOHAHHI POOOTH: BEJIMKA MPOTHKHICTH MapIIPYyTIiB, 10 HPU3BOIUTH 10 HEOOXITHOCTI BiaBaTH IepeBary
pu BHOOPI PYXOMOTI'0 CKJIaly aBTOMOOLISM O1IbIII0T BAHTaKOMI IHOMHOCTI JIJI1 BUKOHAHHS 3asiBKH MEHILIOIO
KUIBKICTIO 000pOTiB. Lleit akTop OyB BpaxoBaHMIA B aITOPUTMI PO3MOALTY PyXOMOTO CKJIaly 10 3asBKax Ha
MIXKMIiCBKHAX MapUIpyTax.

Mertoauka 03BOJISE TMOETHYBaTH B CcOOlI 1 BHKOHYBAaTH OJHOYACHO OIEparii M0 BHU3HAYCHHIO
paIioHaTbHOI BaHTAXKOIIITHOMHOCTI aBTOMOOLUIIB MIOAO BUMOT 3asBKH, PO3PaxXyHKY HEOOXITHOI KiTbKOCTI
aBTOMOOLUIIB 3 ypaxyBaHHSIM ONTHUMAaJbHOI MPOAYKTUBHOCTI PyXOMOTO CKJaay i BUTpaT Ha IEPEBE3CHHS,
00Ky BHTpaT Ha TEPEeBE3eHHS 1 PO3PaXyHKY TEXHIKO-€KCIUTyaTaI[ifHUX IMOKa3HHUKIB POOOTH PyXOMOTO
CKJIa[ly, BU3HAYEHHS 3aiHATOCTI MapKy aBTOMOO1IIIB B OyIb-SIKUl MOMEHT Hacy.

st 3a1iCHEHHS ONIEPaTUBHOTO MJIaHYBaHHS 32 HABEACHUM aJrOPUTMOM HeoOXigHO chopmyBaTu Oazu
nanux (5/) Buxignoi indopmanii «3j» (oTpuMaHi 3asiBKH), «Aik gacs? (BIACHUN MapK aBTOMOOLNIIB), «Aik san®
(3amy4eHnii mapk aBTOMOOLTIB) 1 6a3m maHmx pesynbryrouoi indopmamnii «TEIL» (TEIl 3a 3asBkoro),
«TEIl, poyp» (TEII 3a «po3paxyHkoBHH 4ac HUKIY»), «Crepes » (BUTpPaTH Ha TEPEBE3CHHS MO 3asBIIi),
«Crepes y posp» (BUTPATH Ha MEPEBE3EHHS 32 «PO3PAXYHKOBHH Hac IUKITY»).

[InmanyBaHHS MOK€ BHMKOHYBaTHCS AaBTOTPAHCIIOPTHUM a00 EKCIEAMLIMHMM IiJIPUEMCTBOM, LIO
eKCIUTyaTy€e BIacHWN abo 3alydeHHid BaHTaXHUHA aBTOMOOUTBHHN TpaHCHOPT. Y aBTOTpaHCIOpTHE abo
SKCIIC/IUIIIHE MiNPUEMCTBO HAIXOIATh 3asBKU 3j (j - MOpsIKOBUH HOMEp 3asBKH, ] = 1 ... m). Bxinnuii
MOTIK BUMOT CKJIaJa€ThC 3:

- HalilMEHYBaHHS 1 BIIACTUBOCTEH BaHTAXYy;

- 00CsTy BaHTaXYy, 3asBJICHOTO JI0 nepeBe3eHHs Qj, T, j =1 ... m;

- 1aTH TIOCTABKU 1; i, 1 TEpMiHY 3asiBKU T 5, THIB, J = 1 ... M;

- yHKTIiB HABAHTAXXCHHS 1 PO3BAHTAXKCHHS Ta BUXO/SYH 3 IIOTO JOBXUHH MapiupyTy |, j, kv, j =1 ... m.

Hnst 3aificHEHHsI ONEpaTHBHOTO IUIAHYyBaHHsS OyQyTh NOTpiOHI BHIXiAHI JaHi, MpeACTaBlCHI Ha
pucyHkax 31 4.
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Pucynok 3 - BuxinHi gaHi 1o 3asiBKax Jyisd 3[iHCHEHHS OTIEPATUBHOTO TUTAHYBaHHS
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Ha 2a4BKy HApaBIeHO

Ha zadBKy HampaeIeHO o
2 aTomoO1m1

A GaT 1 aBTOMOGLIB -
. OMHHAKOBOT
Ha 3asBKY HAIIpaBIeHO I BAHTAXOIITHOMHOCTL
4 apTomoOimi
pizHOL
BaHTAKOII JHOMHOCTL
’ i
Aik.:'
- - . L
Tosj T. rox
— YacorHH iHTEpBAT
«3alHATICTE o
TAikj mou aBTOMOGINA i-TO
THIY k-TO HOMepa — TAikj moa Taikj sdin
TAikj now —> 1o j-ifl 3agBI»
tAikj xin Lailg sia

Pucynok 4 - BuxinHi gafi Mo aBTOMOOUIAX IS 3A1MCHEHHS OMEPaTUBHOTO TIAaHYBaHHS

PosriissHeMo HalOUIBIN CKIIAAHUN BUTIAJI0K 3aCTOCYBaHHS JTAHOT METOTUKH.

ABTOTpaHCIIOPTHE MiANPUEMCTBO Ma€e BiacHi aBromoOim Aik (I - Tunm aBromoOimiB, i = 1 ... n,
k - Homep aBTOMOOLISE, K = 1 ... P) 3 HOMIHAJIBHOK BAaHTAKOMIHOMHICTIO Clyi.

[Tpu HagXOKEHHI 3asBKH 13 3a3HAYCHHSIM BHUly BaHTaXYy 1 TaOapUTHUX XapakTEPUCTUK aBTOMATHYHO
Oyne 3amisHud miapo3ain BA  «Aik  ewe» @00 «Aik sq» 3 THM THUIOM PYXOMOTO CKIAdy, SKUH
BUKOPHCTOBYETHCS [UIS TIEPEBE3CHH JaHOI KaTeropii BaHTaXiB.

Js 3abe3meueHHs] MaKCUMAIbHO €(eKTUBHOTO BHKOPUCTAHHS BAHTAXOIIAHOMHOCTI aBTOMOOLIA i
00'eMy Ky30Ba PO3paxoBYETbCS KOEPIIiEHT BHKOPHUCTAHHS BAHTAKOMITHOMHOCTI 1 BaHTa)KOMICTKOCTi. 3a
nonomororo ornepatopa «OR» BHU3HAYAa€THCS ONTHMAJbHE PO3TAIlyBAaHHS BaHTaXy B Ky30BI aBTOMOOIN.
[Tpn BU3HAYEHHI MAaKCHMAaJIbHOTO 3aBaHTAKEHHS TPAHCIIOPTHUX 3aCO0IB MOKHA BHUKOPHUCTOBYBATH BiJOMi
3anexHocTi [3]:

Ny =[Ax /(4 ORIy ORBg)]
Ny =[IL | (1 ORI ORBg)]
Np =[Bx / (4 ORI ORBg)|

N - KUIBKICTh PO3TAIOBAHUX OJMHUIb BAHTAXKY IO JIOBXKKHI Ky30Ba TPAHCIIOPTHOIO 3ac00y, OJI.;
Nw - KiZIbKiCTb PO3TaLIOBaHMX OANHWMLb BaHTAXKY MO WMPUHI Ky30Ba TPAHCMOPTHOrO 3acoby, oa.;

Ng - KiJIBKICTh pO3TallIOBaHUX OJAMHUIIb BAHTAXY MO BUCOTI Ky30Ba TPaHCIIOPTHOTO 3aco0y, O/1.;
Hk - 1OBXHHA Ky30Ba TPAHCIOPTHOTO 3ac00Y, M;

[k - mupuHa Ky30Ba TPaHCIIOPTHOTO 3ac00y, M;

Bk - BuCOTa Ky30Ba TPaHCIIOPTHOTO 3ac00y, M;

s — IOBXHHA BaHTaXYy;

g - mupuHa BaHTaXY;

Bg - BucoTa BaHTaxy;

[...] - miHiManBHE 11i7IE YKCITO;

OR - oneparop BUOOpY aJIbTEpHATHB «a0O0Y.

[lpu 371ilficHeHHI PO3paxyHKIB CIiJi KepyBaTHCS OOMEKEHHSIMH, IO BHUIUIMBAIOTH 3 BJIIACTHBOCTEH

BaHTaXYy, 1[0 IEPEBO3UTHLCS (MaKCUMalbHA BUCOTA YKJIalaHHSA, Opi€HTALis 1 T.A4.).
MaxkcuManbHO MOKIIUBY KUJIBKICTh OJIMHHIIb BAHTAXY, 10 PO3MILIYETHCS B KY30Bi TPAHCIIOPTHOTO

o2 | oz W)
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3aco0y [3]:
Nmax =Nz N -Ng.
KoedinieHTr BUKOPUCTaHHS BAHTAXKOITIJHOMHOCTI 1 BAHTOXKOMICTKOCTI BU3HAYAKOTHCS 32 KIIACUYHUMHU
dhopmynamu.
Jns BU3HAYEHHsS] ONTHMAIBHOTO MapIIPYTy i MpoOiry pyXoMOro CKiIagy MOKHAa 3aCTOCOBYBAaTH
iCHYIOYi TPOrpaMHi MPOJYKTH, B TOMY YMCII 3a3HaveHi B Tabmmi 1.

Tabmuug 1 - XapakTepucTUKU CydacHHX MPOTPaMHUX MPOIAYKTIB 3 TNIaHYBaHHS NIEpEBE3CHb

IlocTrauanpHuK:
HazBa IT pimenas

3asiBKa Ha IOCTABKY
ITo6ynoBa MapIpyTiB
Po3smoain mo aBToMo0O1LIISX
OOJIiK TIOCTIHHUX BUTPAT
OO6J1iK pO3HECEHHX BUTPAT

IaTerpanis B 1C
Jpyk NOKyMeHTIB
[Tnan-dakr
06Kk Halimy
O6aix IIMM
[lincymKkoBi 3BiTH

ATKcodt: IAC
"BanTaxkonepeBe3eHHA

PAPYC: Ynpasninus
TPaHCIIOPTOM

®OPEC: ABTOTpancmopt

Akcenot: YrpaBIiHHS
nepeBe3eHHIMHI

1TOB: LlenTp noricTuku
AHTOP: Logistics Master
ESRI: ArcLogistics Route
Tonllnan: TopLogistics
CIC: OIITUMYM I'C
Opmacodr: CUTU-ocraBka

Jlis BUpilIeHHs MOCTaBleHOI B poOOTi MeTn BBeneMo MOHATTS «laeHTnikoBaHWIT aBTOMOOLTEY i
«ormeparop o0JiKy Yacy 3aiHSITOCTI 1IeHTU(IKOBAHOTO aBTOMOOLIIN.

Ioenmughixyemo pyxomuii ckiad, BUKOPHCTOBYEMO JUIS IHOTO JoAaTKoBHi iHmeke «k» (K - HOMEp
aBTOMOOLUIS, 10 no3BONIsA€ Horo imeHTHdikyBatH, k= 1 ... p), MO J03BOJIUTH 3 OINBIIOID TOYHICTIO i
OIIEPATUBHICTIO 3IMCHIOBATH BHOIp PyXOMOIO CKJIIy Cepei BUIBHUX aBTOMOOLUIB st poOOTH Ha j-iif
3asBIIi.

3actrocoByemo oreparop 00Ky yacy (OOY), akuit 1o3Bose pikcyBaTu:

- YaCOBUI IHTEPBaI «4ac BUKOHAHHS J-01 3asBKI»;

- MOMCHTH NOYATKY 1 3aKIHUECHHS BUKOHAHHS POOOTH 1IeHTH()IKOBAHOIO TPAHCIIOPTHOTO 3aC00Y;

- YacOBHil IHTEpPBAN «3alHATICTH aBTOMOOIIA i-ro Tumy K-ro HOMepa Ha j-iif 3asBifi». Lle mo3Boise
BpaxyBaTH 1 BIOPSAAKYBaTH B 4aci HaIiHIIOBIII Ha aBTOTPAHCIOPTHE a00 eKCIeAWLiiHe MiAMPHEMCTBO
3asBKH | YHUKHYTH HaIaJli TPyIOMICTKOT MOoOY/I0BY rpadika BUITYCKY aBTOMOOLIIB BpyUHY.

Bnok-cxema MOII po6oTu aBTOMOOILTIB HA MIDKMICBKHX MapIiipyTax MpecTaBieHa Ha pUCYHKY 5.

Posnogin pyxoMoro ckiagy 1O 3asBKax IMPOBOJAUTHCS Y BIANOBIZHOCTI 10 aNrOPUTMY,
MPEICTABICHOTO Ha PUCYHKY 6.

oz =2



© Taansiok M.O., larmziok J[.M., llymik b.B. 2021

[ BXigHuit noTik (BUMory no sasBskax) ]
;—>[ BA"A janac’ / [ B "A ysan’ / [ BA"3, ]—>[ BU3HAYAETHCA MAPLUPYT i NPOGIr [ ]
L v
Y [ BusHauaeTbea yac 06opoty PC no 3as8Ljit «; ]
[ BusHavaeTbes Tvn PC ] *
v [ BusHauaeTbes HeobxigHa NpoaykTuBHIiCTL PC no 3asBUi W ]
Bu3sHayaeTbCs KoeiLlieHT
BUKOPUCTaHHA *

BaHTaXONIAROMHOCTI/BaHTaXOMICTKOCTI ) i
no i-ToMy TNy PC st BAHTaXY j-0f Bun3HauaeTbes Yac MoX/IMBIUX 060poTia PC no 3asBUi Z «;

Po3paxyHok NpoAyKTUBHOCTI aBTOMOGINS /-TOro TUMY Mo 3asBuyiw ;
Po3paxyHok Heo6XigHOT KinbkocTi aBToMOG6inig i-Toro TUNy no 3assui AH
Bu3sHayeHHs! MOX/IMBOCTI BUKOPUCTAHHS! k-0r0 aBTOMOGINS i-TOro TUNY no j-ifk 3asBLj

BU3HAYaETLCS MOX/IMBICT BUKOPUCTAHHS k-0T0 Bu3HAYaETLCS MOXNBICTL BUKOPUCTAHHS k-0r0
aBTOMOGiNs i-TOro TUNY B YacOBOMY iHTepBai aBTOMOGiNA i-Toro TUNY B 4acoBOMY iHTepBani
"Yyac BUKOHAHHS j-0i 3asBKN" "yac 060poTy no j-ii 3asnBL"

Po3paxoByeTbCA KoepiLiEHT NePEKPUTTA HACOBUX IHTEPBANIB "yYac BUKOHAHHSA j-OT 3a8BKU Ta
"3alHATICTbL aBTOMOGINS -TOrO TUNY k-0ro HoMepa Ha j-ii 3asaBui" K

BuaHayeHHA HasBHOI KiNbKoCTi aBToMo6iniB HeobxigHoro Tuny AC ;

MopiBHAHHSA He0BXiAHOT | HasiBHOT KiNbKOCTi aBTOMO6iNiB

MOX/MBICTb BUKOPUCTAHHS 6a3u faHnX B "A jzar Np0:
- NOPIBHAHHI BATPAT Ha NepeBe3eHHA BNACHUM i 3a/1y4eHUM PYXOMUM CKNaaom
- He[JOCTaTHIii KiIbKOCTi BNACHOTO PyXOMOT0 cKnagy

1 DiKCyeEMO 3aNHATICTb k-ro aBTOMO6iNs Ha j-ii 3asBLi

BusHaueHHA KinbKocTi aBTOMO6iNiB, L0 BUNYLUEH] Ha NiHilo No j-ifl 3aaBLyi, AB;

/ B4 "TEMypozp” H B4 "TE”] ! /
/ BA'C riepy" /—>/ B4 "C nepyyposp” /

PucyHnok 5 - biiok-cxema MeToIMKH OTlepaTHBHOTO TUIAHYBaHHS POOOTH aBTOMOO1ITIB
Ha MDKMICBKHX MapuIpyTax

BaxJIMBUM €JIeMEHTOM METOJMKH ONEPaTHBHOTO TUIAHYBaHHS poOOTH aBTOMOOLTIB Ha MIKMICBKHX
MapuipyTax € aJlfOPUTM aBTOMAaTH30BAHOT'O PO3IMOJIIIY aBTOMOOLIIB 10 3asBKaX Ha MIXMICHKHX MapIIpyTax
3 BUKOPUCTAHHSAM OIepaTopa 00JIiKy Jacy i KoeillieHTa IepeKpUTTS TUMYACOBUX 1HTEPBAJIB «4ac 3asiBKU i
«3AMHATICTH aBTOMOOLIISD).

[Tpu HaXO/KEHH] 4eproBoi 3assBKH PO3PAXOBYETHCSI:

- TEPMiH BUKOHAHHS 3asBKU B TOAUHAX 1500/, TOM, j =1 ... M;

- yac 000pOTy aBTOMOOLIIS Ha j-if 3asBIi tesj, TOT;

- KUTBKICTh 000POTIB aBTOMOOLIIS Z,5j 32 TEPMiH BUKOHAHHS 3asBKU B TOJUHAX T 200,

CUUACH! TEXHOAOM B MAWHHOBYAYBAHHI TA TRPAHCHAOPTI, 2021, Ne2 (17)
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- HeOOXi/THa TTPOTYKTUBHICTh PyXOMOTO CKJIaIy TIO 3asIBITi:
Wi = t—J (1)
00 j
ae W; - noTpiOHa NPOJYKTHBHICT PYyXOMOTO CKIIaJly 3a 3asiBKOIO, T/TOL;
Q i- o0cAT BaHTaxXYy, 3as8BJIEHOTO JI0 TIEPEBE3CHHS, T;
t,5 ; - 4ac 06opoTy aBToMoOins Ha j-iif 3asBui, Tox;

Wi - IpOXyKTHBHICT i-TO THITy aBTOMOOLIS Ha j-iif 3asBi:

Wy =L (2)

00 J

e Wjj - pOXyKTHBHICTH I-ro THITy aBTOMOOLUIS Ha j-ii 3asBIIi, T/TO;

0,; - HOMiHa/IbHa BaHTaXoMiAKOMHICTb aBTOMObINA i-ro Tuny, T;

¥ - KoeQillieHT BUKOPUCTAHHS BAaHTAKOMITHOMHOCTI 1 BAHTaXKOMICTKOCTI (3 TOTIOMOTOI0 OmepaTopa

«OR» BU3HAYAETHCS ONTUMAJIBHE PO3TAIIyBAaHHS BAaHTAXY B Ky30Bi aBTOMOOIIS);
t,5 ; - 4ac 060poTy aBTOMOOLIS Ha |-1if 3asBLL, TOL.

Bubip onTuManpHOI TPOXYyKTUBHOCTI PyXOMOTO CKJIaqy Ha 3asBKY 3IIACHIOETHCS Cepe]] HasBHUX
BUILHUX aBTOMOOLJIIB, BPaXOBYIOYH YMOBY:

D2 Wy =W

[Tpu BuOOPi aBTOMOOIIISI BpaXOBYIOTHCS BIACTHBOCTI BaHTaXYy 1 CIeliaii3allisi pyxoMoro ckianry. s
PO3paxyHKy BUKOPUCTOBYETHCS MiAPO3Mia 0a3u JaHUX «Aik gracn? 800 «Aik sa» MO TEBHIN TPYIi PyXOMOTO
cknany (6opToBi, pedprkepaTopu, CAMOCKUAM, IIUCTEPHH).

Bubip pyxomoro ckiiagy mounHaEMO 3 pO3paxyHKY HEO0OXiTHOI KiJIbKOCTI aBTOMOOLIIB MaKCUMAIIbHOT
IPOJXYKTUBHOCTI Wi j (Wi_g j =Maxw; j):

AH i 3)

n-1
N :Wj - ABw;
I, ] Wij

ae  AH;j - HeoOXifHa KiNBKICTb aBTOMOOUIB i-ro THIy Ha j-iii 3asBLi, 3 MaKCHMalbHOI
MPOJTYKTUBHICTIO, OJ1.;
AB; - aBTOMOGini i-ro Uy, BUOpaHi A1 poOOTH HA j-ili 3asBLi, OL.;
|
W;j - MakCHMajbHa NPOAYKTHBHICTb PyXOMOTO CKIIaJy Ha j-i¥i 3asBIi i3 HASIBHOTO HA IiAMPUEMCTBI,
T/TO..
BusHayaeThcss MOXKIIMBICTh BHKOPUCTaHHs aBToMoOins i=1 Tumy K-ro HOMepa i poOOTH Ha j-iif

3asBIli (YU BUIBHHI JaHWH aBTOMOOLTH HAa YACOBOMY IHTEpBai «dYac BHKOHAHHS J-Oi 3asBKH») 3
BukopuctanHsaM OOY ta B/ «Aik suacn?. JJ151 IbOTO pO3paxoByeThCs Koe(ilieHT nepekputts K.

th
R-H _ Alkmna!t ’(4)

tA1 k (m-1) kiny

ne Kp - xoeQillieHT TNepeKpUTTs THMYAcOBHX IHTEpBAiB «d4ac BHUKOHAHHS J-01 3asBKU» 1
« 3aHATICTH aBTOMOOLIS I-r0 THIY K-TO HOMepa Ha j-iii 3asBLi»;

tA o, - TOUKA MOYATKY pobotu aBTOMOOLIA i-ro THIy K-r0 HOMepa Aik Ha 3aIUlaHOBaHil j-iif 3asBIi,
nou

rOJ;

oz =
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tpﬁk(m Dy TOUKA 3aKiHYeHHS poOOTH aBTOMOOIIA i-ro THmy K-ro HoMepa Aik Ha MOMEPEXHii
=1) kiny

3asBII1,TOI.
BukopucrtoByemo oneparop « K7 21y, Skmo K =1, to neit aBToMo6iap Moxe OyTH 3aaisHUN Ha

TUTAaHOBaHIM 3asBIi i MPUCBOIOEMO HoMy «1»-momyrneHuil. BuzHauaemo KinbkicTe aBTOMOOLMIB =1 THITY
BUIBHMX 11 BHKOHAHHS JTAaHOI 3asABKH 1 mo3Hadaemo Horo AC;. [Ipu Bubopi aBTOMOOIIIST MOXKHA BCTAHOBUTH
MIpiOpUTET IS THX aBTOMOOWTIB, AKi MaroTh HaWOimeIne 3HadeHHS K. lle 3a0e3meunTh piBHOMIpHE
BUKOPUCTAHHS aBTOMOOLTIB.

Axmo Kp<l, To mel aBTOMOOLTL He MOXKe OyTH 3ajiTHUI Ha TUIAHOBAHIHM 3asBIli, TOMY OJIOKyEMO
HOT0, MIPUBIACHIOIYH oMy «0» - HE TOyIIeHHH.

VY ToMy BUNAJKY, SKIIO 32 «4ac BUKOHAHHSI |-0i 3asBKH» MOXKE OyTH BUKOHAHO KiJbKa 00OpOTIB Ha
MapIipyTi, TO PO30MBAEMO e YACOBHI iHTEpBajd HA BIAPI3KM «4ac OJHOr0 O0OOPOTY Ha j-iif 3asBIi» i
BH3HAYAEMO MOIIMBICTh BUKOPHUCTAHHS aBTOMOOLTIB Ha KOXKHOMY 3 ITUX BiZPi3KiB 3a (hopMyInoro (4).

HaBenenwmii Buie orepaTop B HpOTrpaMHii OOONOHIN TPEICTaBICHUN SK OMEpaTop IOPiIBHIHHS
TUMYaCOBOTO IHTEPBAJy «4aCc BUKOHAHHS |-O1 3asSBKW» i THMYACOBUX IHTEPBAJIB «3aiHATICTH aBTOMOOLIS i-
ro Tuiy K-ro Homepa Ha j-iii 3asBIi».

[opiBHIOEMO OTpUMaHE paHille 3HaYeHHs HeoOXimHOi KinbkocTi aBTomoOLTiB i=1 THmy AH_ ; 3

HasIBHOIO KIJIBKICTIO BJIACHUX BUIBHUX IS BUKOHAHHS TaHOI 3as1BKU aBTOMOOLTIB AC,.
BuxkopucroByemo oneparop « AH;_; ; < AC,_, ;» 1 nonatkosui onepatop « AC,_; ;<l».

SAkIo aBTOMOOUIIB MOTPIOHO MEHIIE ONMHUIN, a BUIBHHX aBTOMOOLTB /=1 Tuny Hemae (cumyayis
MNel), To 3p0OMMO PO3paxyHOK HEOOXITHOI KITBKOCTI aBTOMOOLIIB 3 HAHOUIBIIMM HACTYITHAM 3HAYECHHSIM Wi;

acame W_p j 3a popmyuoro (3) 1 Oyaemo cinilyBaTi HaBEICHOMY PaHIlle alropuTMy.

SIko aBTOMOOLTIB OTPIOHO OibIlIe OAMHHMIN, & BUTBHHX aBTOMOOLTIB HeIOCTaTHBO (cumyayis Ne2),
TO TpHiiMaeMo /st poOOTH Ha j-1ii 3asBIli KIIbKICTh aBTOMOO1TIB I-ro TuMy piBHE HassBHUM AC;j:

AB; = AC;j ,(5)

MIPH OMY:

- BpaxOBY€ThCS MPIOPUTET HA BHKOHAHHS J-O1 3asBKH, HOT0 MalOTh aBTOMOOUT 3 HAWOUIBIINM
MMO3UTHUBHMM 3HauYeHHAM K7,

- TIPUCBOIOETHhCS OOpaHUM Ul pOOOTH Ha JaHii j-iii 3asBIli aBTOMOOLTIB i-ro Ty i K-ro HOMepa
«3aHHATICTh aBTOMOOUTS i-ro TuUmy K-ro HOMmMepa Ha j-iii 3asBii» B B/ «Aik e VI TOTO 100
BUKOPHCTOBYBATH ITI0 iH(GOpMaIlito pr 00poOIli HACTYITHUX 3asIBOK.

Moske CKJIACTHCS CHUTYyallis, KOJM BJIACHUX aBTOMOOUIIB HEJIOCTaTHbO JUIS BUKOHAHHS OOCATY
TepeBe3eHb 3a 3aABKOYO, TOI 33eEMO B/] «Aik sar»-

Sxmo AHij < ACij i AHij <1, ne o3Hayvae, M0 HEOOXIAHUX aBTOMOOLIIB MOTPIOHO MEHIIIE OAMHUIII 1

BITBHUX aBTOMOOITIB i= | Ty qocuTh (cumyayis Ne3).
Sxmo AHiJ- <1, TO B IBOMYy BHUMAJAKy HEOOXiAHO OyJe TOPIBHATH MAEKiIbKa albTepHATHBHHUX

BapiaHTIB 32 BUTpaTaMU Ha NIEPEBE3CHHSI:
Bapianr 1. [Tpuiimaemo st po60TH Ha j-iif 3asBIli OJIHH aBTOMOOLIIB i-TO THITY:

AB; = ceiling AH;; =1= AC;; ,(6)

IPU [[OMY BPaxOBY€EThCS MPIOPUTET aBTOMOOLIIB HA BUKOHAHHS |-0i 3asBKH, i 0OpaHUM I poOOTH
Ha JaHiil 3asBIli aBTOMOOIISM MPUCBOIOETHCS «3AMHATICTH aBTOMOOUIS i-ro Tuiy K-ro HOmepa Ha j-iif
3asB1» B B/ «Aik snaci-

Po3paxoByeMO BHUTpaTH Ha IEpeBE3CHHS IO J-1id 3asBLi NPH BHKOPUCTAHHI IIBOTO aBTOMOOLIS i-TO
THITY, BAKOPUCTOBYEMO TIPH IIbOMY:

- BJ1 «3p» 3 indopmalii€ro: ToIUHA poOOTH Ha MAPIIPYTI 1 IPOOIT Ha MapIIPYTI 1O j-ii 3asBIl;

- BJ[ «Aik aracw» 3 THPOpMALIIEIO: HOpMA BUTPATH MAJIMBA, HOPMa BUTPAT Ha IIUHM, HOpMa BUTpat Ha TO
1 TP, HOpMa amMopTH3aNiiHUX BiJipaxyBaHb 10 PYXOMOMY CKJIaJly, BAPTICTh aBTOMOOINS I-TO TUITY;

- BitoMi QOPMYJIH [T PO3paxyHKy eKCILTyaTal[iiH1uX BUTpAT.

Bapiant 2. Po3rasiHeMo pyxOMHid CKJlaJ MEHIIOI BaHTa)KOMiAMOMHOCTI 1 MPOAYKTHUBHOCTI. 3poOMMO
PO3paxyHOK HEOOXIIHOT KIIbKOCTI aBTOMOOLIIB 3 HAHOLIBIIMM HACTYIHUM 3HAYCHHSIM W;j , @ came Wi_p j 32

= oz
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(dbopMyJ10r0 aHaIoriuHOo (3):
n-1
Wi -2 iy ABiW;

Wi=2, j

AHi=2,j =

CNITyIOYd BUKJIAJCHOMY paHillle alTOpUTMy, HEOJIMIHHO TIEPEeBIPSAIOYN HASBHICTh BIIBHUX
aBTOMOOLITIB.
Axmo i Tyr AH; j <1, To migemMo aHaTOTT9HO JisM IPH BapiaHTi 1.

Axkmo AH; ;= 1, To 6e3 10IaTKOBHX PO3PAXYHKIB 1 OPIBHSIHB IPUAMAEMO JUIsl POOOTH Ha JaHIH j-ii

3asBIll caMe el aBTOMOOLIb I-ro Tuy K-ro HOMepa, Bil3HAYaEMO «3aiHATICTH aBTOMOOLIS i-ro TUIy K-To
HOMepa Ha j-ii 3asB111» B B/ «Aik aracn® 1 3aBEPIIYEMO PO3PAXYHKH.
Skwo AH;;> 1, TO Ipu HasBHOCTI BUIbHMX aBTOMOOLNIB NpuiiMaeMo s pobotn Ha j-iit 3asBLUi

aBTOMOOLTI I-r0 THITY B KiIJIbKOCTI HEOOXITHUX 3 320KPYTJICHHSIM Yy OiJIbIITY CTOPOHY

AB; = ceiling AH;; (7)

1 po3paxoByeEMO BHUTpATH Ha MEPEBE3CHHS 0 j-iif 3asBIi MPHU BUKOPUCTAHHI aBTOMOOLIIB IIbOTO I-T0
TUIY, BHUKOPHCTOBYeMO Impu UsoMy B[ «3p», BH «Aik euaen» 1 BimoMi QOpMyIH sl pO3paxyHKy
eKCIUTyaTalifHuX BUTPAT.

Sk 3a3HavaNocs BUINE MOPIBHIOEMO IIi aJdbTEPHATHBHI BapiaHTH IO BUTpaTax Ha TEPEBE3CHHS 1
BUOHMpAEMO TOW BapiaHT, SIKOMY BiJIIOBiIal0Th HAWMEHIII BUTPATH 1 3aBEPILIYEMO PO3PAXyHKH.

Tenep posristHemMo curyariito Ned, i BiAmoBigae BiANOBiAh «HI» TPU BUKOPHUCTaHHI JOJaTKOBOTO
oneparopa « AH;j <l». Lle o3nauae, mo AH;;> 1 i BubHMX aBTOMOOLIB /=1 THIy ROCHTb. B 1bOMY

BHTIAAKY He0OXimHO Oyie IOPiBHATH JeKiIbKa allbTEPHATUBHUX BapiaHTIB [0 BUTPATax HA MIEPEBE3CHHS:
Bapianr 1. IIpuiitmaemo aist poOOTH Ha j-iif 3asBIi aBTOMOOLII I-r0 TUIY B KiUIBKOCTI MOTPIOHUX 3
3a0KpYIJICHHAM Y OubIy cTopony (7):

AB; = ceiling AH;; .

Ilpy 1BOMY BpaxyeMoO TMPiOPUTET aBTOMOOLTIB HAa BHKOHAHHS [-O0i 3asABKH 1 JaMO OOpaHUM
ABTOMOOLISAM «3alHATICTh aBTOMOOLIS i-r0 THITy K-ro HOMepa Ha j-iii 3asBiti » B B/ «Aik sraci-

Po3paxoByeMO BUTpAaTH Ha MEPEBE3EHHS IO j-iii 3asBIli MPH BHKOPHCTaHHI aBTOMOOLTIB I[OTO i-TO
THITY.

Bapianr 2. Ilpuiimaemo st poOOTH Ha j-iii 3asBIli aBTOMOOLTI I-r0 THITy B KiUJIBKOCTI MOTPIOHUX 3
320KPYTJICHHSIM B MEHIITY CTOPOHY:

ABi = |nt AH'J (8)

ITpu 1pOMY BpaxyeMO MPIOPUTET aBTOMOOLUTIB HAa BHKOHAHHS j-O1 3asBKH 1 MPHCBOIMO OOpaHUM
ABTOMOOLISAM «3alHATICTh aBTOMOOLIS i-r0 THITy K-ro HOMepa Ha j-iii 3asBiti » B B/ «Aik gracn-
3pobKrMO PO3paxyHOK HEOOXiAHOI KiIbKOCTI aBTOMOOLIIB 3 HANOLIBIIMM HACTYIIHAM 3HAYCHHIM Wi ,

acame Wi_p ; 3a HOPMYJIOK0 aHAIOTTIHOK (3)

n-1
W — 2 i ABicWi

1=2,]

CIIAYIOUM BHUKJIQZCHOMY paHille aJrOpuTMy, HEOAMIHHO IEpEBIpsAIOYM HAsSBHICTH BIJIBHUX aBTOMOOLJIB.
Po3paxoByemo BUTpaTy Ha IepeBEe3CHHS AJIs BapiaHTy 2.

[NopiBHIOEMO T1i aNbTEpHATUBHI BapiaHTH 3a BUTpAaTaMH Ha IEPEeBE3CHHs 1 BUOMPAEMO TOW BapiaHT,
SKOMY BiZIlIOB11al0Th HAHMEHIII BUTPATH Ta 3aBEPIIYEMO PO3PAXYHKH.

[icns Toro, sik dikcyersest pesynbrar AB;, pospaxosyerbes Benuuuna AW sika Mokasye 3aMIIOK

HEPO3MOAIICHOTO 110 aBTOMOOUISAX BaHTAXKY:
n-1
AW =Wy = ) ABw (9)
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Axmo AW; <0, To pospaxyHkH 3akiHdeHi, skmo AW;>0, T0 mpopoBKyeMO mepedip pyxoMmoro

cKamy 3a ingexcamu «K» 1 «i».
Bbrok-cxeMa aqropuTMy mpecTaBieHa Ha PUCYHKY 6.

C MOYATOK )

|
1

[ B «3» / / B/ «Aisnaci?, B4 «Aiksan» /

Hi (He sucmavae PC)

Tax (cumyayis 1)

0 [ ke

Hi (cumyayis 2) L;@ @, ]

Tax M Hi

o>

Hi

; [
| k0 J* ks J|[ 4B-sc, ]

Tax (i mm

Hi (cumyayis 4)

l

AB;!=ceiling AH;; ]

Y

)

i [ AB;=ceiling AH, ;=1= AC,; ] [ C lacnn ]
<o > J !
: |

[ aBo-intan,

)

)

Tak (Bucmaiae PC),

L

[ AB¢=ceiling AH,j=1=AC;; ]

[ AB?=ceiling AH, j=1=AC;; ]

2.
C excnn

Ta

e

¥

2
C excnn

A

A

\ AB;*=ceiling AH; =1=AC; ]

A

—P[ Cexcn=min Cecnn ] [ Cevcrn=min Cecnn ]

Yy

\

\
/Zni;l(AikWi)/ [Z"i=1(AikW|‘)~mmCe«cnn/ /an(AikWi)”

Y

—»( KiHelb )47

min Ceccnpn /

PucyHnok 6 - AnropuT™ aBTOMaTH30BaHOTO PO3IMOAiTY aBTOMOOINIB 3a 3asBKaMy Ha MIKMICBKMX MapuipyTax
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OBI'OBOPEHHA PE3YJIBTATIB JOCJJIIAKEHb

Ha crorogmimmHiii neHs icHye O€371i4 METOAMK IS ONTHMi3allii poOOTH PYyXOMOTro CKIamgy i
BuzHaueHHss TEIl #ioro poGotu. OnHak OifBIIOI0 YAaCTHHOKO, BOHM MOXYTh OYTH 3acCTOCOBaHi s
3MIHCHEHHS IJIaHYBaHHS 1 OI[IHKYA POOOTH aBTOMOOLTIB, 3aHATUX HA MICHKUX MapiipyTax.

Mertoarky, sIKi NpauOlOTh CbOTONHI, NPHUCBAYEHI OKPEMHM 3aBJAHHSAM, TaKUM SK BH3HA4YECHHS
ONTUMANBHOT BAHTAXOIIJAOMHOCTI TAapKy pPYyXOMOIO CKJIaay, PO3PaXyHOK TEXHIKO eKCIUTyaTarliifHuX
MOKA3HUKIB, B TOMY YHCJi HEOOXiHOI KIIBKOCTI aBTOMOOLIIB, pO3MOJIiJ PyXOMOT0O CKJIaay 3a 3asBKaMH i3
3aCTOCYBaHHSM METOMIB JIIHIHHOTO MpOrpaMyBaHHs, CKIaJaHHs Tpadika poOOTH aBTOMOOIIB, pO3pPaxyHOK
BHTpAT Ha TICPEBE3CHHS Ta 1HIII.

Po3pobiena MeTonnka OnepaTHBHOTO IMJIaHyBaHHS PoOOTH aBTOMOOLUIIB HA MIKMICBKHX MaplipyTax
JI03BOJIUTh YCYHYTH HEIOJIKM iCHYIOYHMX 1 ONEpaTHBHO BHKOHYBATH IUIaHYBaHHS poOOTH aBTOMOOITIB Ha
MDKMICBKHX MapIIpyTax.

BUCHOBOK

Po3pobiena MeTonnka onepaTHBHOTO MJIaHYyBaHHS PoOOTH aBTOMOOLUIIB HA MIKMICBKHX MapIipyTax
BpaxoBye crenudidHi 0coONMMBICTh MIXKMICHKUX TIEPEBE3CHb Ta J03BOJISIE MMOETHYBATH B 001 1 BUKOHYBaTH
OJTHOYACHO OTepariii 1Mo BU3HAUYCHHIO PaIlioHaIhHOI BAHTAKOITIIHOMHOCTI aBTOMOOLTIB II0/I0 BUMOT 3asBKH,
pO3paxoByBaTH HEOOXiTHY KiJIbKICTh aBTOMOOIIIIB 3 ypaxyBaHHSIM ONTHMAaJIbHOI POILYKTHBHOCTI PYXOMOTO
CKJamy 1 BHTpAaT Ha IepeBe3eHHs, OOJIKOBYBAaTH BUTpPATH Ha TEPEBE3CHHS 1 pPO3PaxOBYBaTH TEXHIKO-
eKCIUTyaTalliiHi MOKa3HUKH pOOOTH PyXOMOTO CKIIaay, BU3HAYATH 3alHATICTH MapKy aBTOMOOLTIB B Oy/Ib-
SIKMI MOMEHT Yacy.
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M. Handziuk, D. Handziuk, B. Shumik. Development of methods of operational planning of
vehicles on long city routes

Currently, the successful operation of all sectors of the economy is impossible without efficient
transport services. The organization of transport should ensure the efficient supply of industrial production,
agriculture, other sectors of the economy, as well as meet the needs of the population in transportation from a
systemic standpoint. An integrated approach to the organization and planning of transportation requires the
achievement of minimum costs both in the entire transport service system and in its individual elements. The
solution of this problem is impossible without replacing the existing technologies and methods of
organization and planning of the transport process with modern ones.

Modern requirements for the organization of the transportation process and the quality of
transportation performed by road dictate the need for new organizational and technological solutions in
transportation planning using program-targeted and logistical principles.

The existing organization of the operational planning system does not always meet the real needs of
participants in the process of road freight. The main disadvantage today is that the methodological
framework is segmented and describes the individual stages of planning the transportation process. The
methods working today are devoted to certain tasks, such as determining the optimal load capacity of the
rolling stock, calculation of technical and operational indicators, including the required number of cars,
distribution of rolling stock on request using linear programming methods, scheduling of cars, calculation of
costs for transportation and others.

Execution of such a variety of disparate operations and tasks in modern conditions without a
comprehensive approach to their solution, as well as without automation of processing significant amounts of
information is inefficient.

In addition, the methods of calculating the required number of cars have serious errors, this is
expressed in the discrepancy between the calculated and actual values.

Despite the fact that in recent years there has been an active development and implementation of
automated document management and vehicle planning programs for motor transport enterprises, currently
there is no methodology that provides comprehensive planning and solution of the above tasks taking into
account the specifics of long-distance transportation. motor transport in Ukraine are associated with the
intensive development of long-distance road freight transport.
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Key words: transportation, technical and operational indicators, long-distance route, system,
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I'ogoBantok I1. [.
Hayionanvnuti mpancnopmuuii ynieepcumem, Kuis, Yxpaina

MATEMATHUYHA MOJEJIb ITPOI'HO3YBAHHA INOIIUTY HA ABTOCEPBICHI
IHOCJaYI'n

VY poboTi 3anpomoHOBaHA METOAMKA CKJIAJAHHS MaTeMaTHYHOI MOJeNi MPOTHO3YBaHHS MONHTY Ha
aBTOCEPBICHI MOCITYTH.

Po3poOka BiAmoBiqHUX MOJeNe € BaXITMBUM 3aBAaHHIM. [Ipu po3pobui Oynu BpaxoBaHi HACTYIHI (paKTOpH:

— MOXKJIMBA 3MiHa 3arajabHOl KUTBEKOCTI aBTOMOOLIIB Nygm, 1110 3HAX0IATECS B 30Hi ni10Boi aktuBHOCTI CTO;

— IHTEHCHBHICTb eKCILTyaTaliii, TOGTO cepeqHbOpidHmil poGir P aBTOMOGLNIB, 10 3HAXOAATECS B TAHOMY
PpErioHi, a TAKOX JTHHAMIKY HOTO 3MiHHM O Pi3HUX mepiofax poky (j);

| .
— CepeHi HalpamnoBaHHS ) ha onuH aBTOoMOOme-3ai3q Ha CTO;
— MO>XXJIMBa 3MiHa YaCTKH pUHKY Kj, 110 3aiiMae 11e mignprueMCTBO B paliOHi AiJIOBOi aKTHBHOCTI;
— YacTKa BIIACHHUKIB a, sKi 3BepTatoThest Ha CTO.
KommnekcHe BpaxyBaHHS TepelideHHUX Buile (AKTOpiB [TO3BOJISE€ BUKOHATH IPOTHO3YBAaHHSA 3MiHH

N

cepeIHbE0J000BOT KilIBKOCT] 3BepHEHB A 1o pi3HHUX BHIaX pooiT (i), 3 ypaxyBaHHIM HOro CE30HHOCTI (]).
3 METOI0 CHpOIIEHHS OTPUMYBAaHOI MOJeNi, a TaKoX 3 YypaXxyBaHHAIM KOPOTKOCTPOKOBOIO Hepioxy
MIPOTHO3YBaHHs, 0€3 BTPaTH TOYHOCTI OTPUMYBAHOT'O PE3yIbTaTy, Oy MPUHHATI IOCTIHHI HACTYTIHI BETMYUHHU:

— CepeaHbOPIYHUH MPOOIr P,

— Koe(iIieHT, 0 BPaxOBy€e AWHAMIKY ITOCE30HHOI 3MiHH CEPEAHBOTr0 pidHOTr0 Npoodiry — Kyj;

— JIOJIIO BIIACHUKIB, 10 KOpHUCTYIOThcsa nocimyramu CTO B mboMy perioHi a;

— pexxuM pobotu CTO, 1o BU3HAYaEThCS KUTBKICTIO THIB po6oTH D) mianmpueMcTBa Ha JaHHX Hepioax poKy;

Usei .

— Y _ cepenio TpyIOMiCTKICT OHOTO 3BEPHEHHS.

TakuM 4YmHOM, TpOrHO3yBaHHA momuTy Ha mociayru CTO 3BoAMThCA [0 OLIHKH 3MiHH CepeAHBOTOO0BOL
KinmpKocTi 3BepHeHb Ha CTO, s 9oro Oyrna po3risiHyTa IMHaMika 3MiHH Horo ckianoBux (1). YV 3aranpHOMY BHTIISAL,
METOJAMKa MPOTHO3YBaHHs rmonuTy Ha nociyrd CTO, BU3HaYaeThCs cepenHbOI000BOIO KUTbKICTIO 3BepHEHs Ha CTO,
Ta BKJIIOYAE IT’ATh ETaIliB.

HemonikoM BUKOPHCTaHHS IIbOTO METOY € T€, IO MPOMAIA0Th, BiIMOBIIHO, 0/IHa a00 JBi, BIAMOBIAHO, MEpPIIIi
i OCTaHHI TOYKH JAHOTO YacoBOro psmy. s iX BH3HaueHHs BHKOPHCTOBYIOTHCS HACTYIHI BUpA3M: JUII KOB3HOTO
CepeHBOr0 10 TPbOX Toukax — BUpasu (17) i (18), a1 KOB3HOTO cepeHbOro Mo I’ sATH Toukax — hopmyn (19)—(20),
BiamoBiaHo [1, ¢. 90]:

Kio4oBi cioBa:, aBTOCEpBiCHI TOCIYTH, pEKOHCTPYKIis, €)EeKTHBHICTh, MATEMaTHIHA MOJIEITh, OTITUMi3aIlisl.

BCTYII

BuBYeHHS pUHKY JIETKOBUX aBTOMOOUIIB T4 PUHKY MOCIYT 3 PEMOHTY Ta TEXHIYHOTO 0OCIYrOBYBaHHS
Jla€ MOKITUBICTh BU3HAYNTH BIUIMB 30BHIIIHIX Ta BHYTPINIHIX 3MiHHUX (akTopiB Ha Mety i 3amaui ACIL. dus
BUPIIICHHS 3aBJaHb 3a0e3nedyeHHs sKkicHuX mociayr B ACII po3po0iieHO KOMILIEKC MOECH e(peKTUBHOIO
(yHKI[IOHYBaHHS BUPOOHWIITBA, B SKHX IIOEJIHYIOTHCS IHTEPECH 1 CIHOXKMBAadiB 1 HaJaBadiB IIOCIYT.
Onrtumizalliss BUpOOHHYKMX TIPOILIECIB BIUTMBAE HA SIKICTh TMOCIYT 1 3a0e3ledyye MOXKIIHMBICTH OTPUMaHHS
MPUOYTKY.

3anponoHoBaHa MaTeMaTU4Ha MOZEJb IPOrHO3yBaHHS MONKUTY B aBTOCEPBIici € 6a3010 A po3poOKH i
peanizamii MpoOeKTiB OpraHi3alifHOTO Ta YHPABIIHCBKOTO XapakTepy, IO JacTb MOKIIMBICTH HaJaBaTH
KOHKYPEHTOCIIPOMO>KHI TIOCITYTH Ta 3aI0BOJIBHSTH MTOTPEOH CIIOKUBAYIB.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA IMPOBJIEMH

[Ipobnemu focmipkeHHs Ta BU3HAYEHHS CYyYaCHOTO CTaHy PHHKY TOCIYr 3 TEXHIYHOTO
o0ciyrosyBaHHs 1 peMonTy (TO i P) aBToTpancnoptaux 3aco0iB (ATC) npucesiueHo 6arato poOiT, OCKIIbKH
BOHH € BOXJIMBUMH XapaKTEPHCTHKAMH, SIKi BU3HAYAIOTh HOTO MOBENIHKY ITijl BILTMBOM 30BHINIHIX (pakTopiB.
Bimomo Oarato po6it BiTum3HsHux BueHux: 3.C. Bapnamis, JIJI. Antontoka, JI.C. IlleBuenko, O.B.
3o3ynsoBa, B.I'. 'epacumuyka, O.JI. Kanimenka, FO.M. JlucenkoBa, A.A. Mazapaki mpod. Caxuo B.IL,
mpod. Knenikor B.b., npod. ITaenor B.b, nou. Cirosckuit O.I1., nou. demOinpkuii B.M., npod. /IBagHeHko
B.A., mpo¢. Typenko A.M., npod. I'naroB A.B., npod. boromonos B.A., npod. Abpamuyk P.I., nmpoo.
BbaxunoB A.B. i 6arato iHIIMX BYCHHUX.

e | oz




© Tonmomantok I1. . 2021

PiBeHb po3BUTKY cepH IOCTYT 3a3BHYAll JiTKO BinoOpaXkae eKOHOMiUHMI TToTeHNiaN. i po3mmpeHHs
€ IHIUKATOPOM CKOHOMIYHOTO 3pOCTaHHs KpaiHu, 00 30UIbIICHHS 3HAYYHIOCTI Ii€i chepu € CTUMYIIOM
3pOCTaHHS PEaTbHOTO CEKTOPY Ta MOMUTY Ha MpoAyKuito. [IpoTe 301mbIIeHHs KITBKOCTI MiAMIPUEMCTB chepu
MOCTYT TOCWIIIOE KOHKYPEHIII0 MK HHUMH. A B yMOBax MOCTIHO 3pocTaroumx NOTped CHOXHBadYiB
3a0e3redYeHHs CTIMKOi MO3HWIlii Ha PUHKY Ta BHCOKOTO PIBHA KOHKYPEHTOCIPOMOXHOCTI € HEBiJ €MHOIO
YMOBOIO €()eKTHBHOI Ta IPUOYTKOBOI MisSTIBHOCTI i ATPHEMCTBA.

PuHOK aBTOCEpBICHHMX TOCIYT - 1€ BiJHOCHMHM MDK aBTOBJIACHHKAMHU 1 MiANPHEMCTBAMU CHUCTEMH
aBTOCEPBICY 3 TPWBOAY KYMIBII-MPOAAXY IOCIYT, HANpaBIeHHNX Ha MIATPUMKY Ipare3gaTHOCTI Ta
BiTHOBJIEHHSI aBTOMOOIJIS IIPOTSATOM BCHOTO TEPMiHY €KCILTyaTallii.

ABTOCEpBICHI MOCTYTHM MalOTh CBOI OCOOJHMBOCTI, AJIsl HUX XapaKTEpPHO HEMOCTiHHICTh skocTi. Ilo-
nepuie, 10 OTPUMAHHS TOCIYTH HEMOXKIIUBO OLIHHUTH ii SKICTh. BCTaHOBIIOIOYM BUMOTH JI0 SIKOCTi MOCHYT,
HEMOJKJIHBO TIPOBECTH Oy/Ib-5IKi KOHTPOJIbHI BUMIPIOBAHHS 110 il HagaHHA. T1TbKY micis 3aKiHYeHHS IIPOLIECY
BUPOOHHWITBA TOCIYTH OLIHKA SKOCTI CTae MOXIJIWBOK. [lo-apyre, MoOciIyrn HaAalOThCS JNIOABMH TIPH
B3a€MOJI1 MOKYIIIS 1 IEPCOHANY, SIKi BUKOHYIOTb 3aMOBJIeHHS. OTpUMaHUN pe3yabTaT 3aJIe)KUTh HE TUTbKU
BiJl IEPCOHANTY, aJie 1 BiA iX CIUTPHUX Aiil 1 COPUHHATTS MOKYMI, OCKITPKHA OCHOBHA OIlIHKA ITOCITYTH - IIe
IHAMBIIyaTbHUHN TIOTIISI Ha 11 KopucHICTh. [lo-Tpere, B crimy pi3HOI kBamidikamii mepcoHany ofHa i Ta X
nociayra Oyzae MO-pi3HOMY HaJaHa pi3HUMH MalcTpamu i pisHEMH Qipmamu. [lo-ueTBepTe, mocIyrn
mudepeHIiiopani, ToOTO pi3HUMHU (hipMaMu BUKOHYIOTHCS HE TUIBKH IMO-Pi3HOMY, aje i B pi3HOMY Habopi
IHAMBIyaIlbHO TSI KOXKHOTO KiieHTa. llel maiictep Mo)ke BapiroBaTH CBOi il MU KOXHOMY OKPEMOMY
BUKOHaHHI mocnyru. [lo-m'sre, BaJWBY ponb Bifgirpae (Qi3uuHUi i NCUXOJOTIYHMN CTaH KI€HTA, SKe
3MIHIOETBCS 1 TATHE 3@ COOOI0 3MiHY OIIHOK 3aJI0BOJICHOCTI HaJIJAHOO MOCITYTORO.

l['o70BHOIO JaHKOIO CHCTEMH aBTOCEpBICY € cTaHmii TexHigHOro ooOcmyroByBanHs (CTO) -
MiAMPUEMCTBA, IO 3AIMCHIOIOTh TEXHIYHE OOCIYrOBYBaHHS Ta PEMOHT aBTOMOOIJIB, MPOAaX aBTOMOOLIIB,
3alacHUX YaCTHH 1 aBTOMOOIILHUX aKCeCcyapiB.

SxicTe aBTOCEpBiCY 3a CBITOBUMH CTaHAApTAMH CKJIAMA€TbCs 3: MpodecifHOro TEeXHIYHOTO
00CITyroByBaHHSI 1 PEMOHTY; TOCTAaBKH ITiCJIsl PEMOHTY; OOCIyTOBYBaHHS TOYHO B OOIISHUIA ACHH 1 TOAWHY;
nepeadaydae - po3yMHi I[iHK 32 MOCIYTH, T00pO3u1IrBe 00CITyrOByBaHHS 3aMOBHHUKIB, €PEKTHBHY, aKypaTHy
1 WBUAKY odicHy poOoTy - 0OpMIICHHS 3aMOBJICHb, MIATOTOBKY JOKYMEHTAIIi 1 T.1.

HJIb TA 3AJJAYI JOCTIAKEHHSA

Po3poOka MeTOIMKHM CKIIaJaHHS MaTeMaTWyHOi MOJeJi MpPOTHO3YBaHHS IOMUTY HAa aBTOCEPBiCHI
MOCIYyTd € aKTyaJlbHUM 3aBJIaHHSM ChOTOJICHHS. 3a JIONOMOrOH $KOi, OyJ0 0 MOXIUBUM e(EKTHBHE
IUIAaHYBaHHS PI3HUX 3aXOMiB (PEKOHCTPYKIi, TEXHIYHOTO Tepeo30poeHHS 1 T.O.) 3 TMiABUINEHHS
edexTHBHOCTI po0oTH cTaHUii TexHiuHOTO 00cmyroByBanHs (CTO)

PE3YJbTATHU JOCIIAKEHDb

Ockinbku eeKTUBHE IUTaHYBaHHS Pi3HUX 3aX0[iB (PEKOHCTPYKIIi, TEXHIYHOTO NMepe030POEHHS 1 T.1.)
3 MiABUIIEHHS eQeKTHBHOCTI po0oTh craHWii TexHidyHoro obciayroByBaHHs (CTO) HemoximBe 06e3
MPOTHO3YBaHHSI MOIUTY, PO3pO0Ka BiIMOBITHUX MOJIENIEH € BaXXJIMBUM 3aBAaHHsIM. [1pu po3poOiii HeoOXigHO
BpaxyBaTH HACTYIHI (haKTOPH:

— MOJKJIMBA 3MiHa 3arajbHOi KiILKOCTI aBTOMOOUTIB Nygn, 110 3HAXOAATHCA B 30H1 J1JI0BOI aKTUBHOCTI
CTO;

— IHTEHCHBHICTh €KCIUTyaTallii, TOOTO cepeIHBOPIYHHN MPOOiT LP aBTOMOOIJIIB, 1[0 3HAXOISITLCS B
JIAHOMY PETiOHI, & TAKOXK JJMHAMIKY HOT0 3MiHH IO Pi3HUX mepiogax poky (j);
— cepe/Hi HamparoBanHs | j Ha O1MH aBTomMoOwmie-3aizg Ha CTO;

— MO>KJIMBA 3MiHa YacTKU pUHKY K, 110 3aiimMae 11e mianpueMcTBO B palioHi JA1JI0OBOT aKTUBHOCTI;
— YacTKa BJIACHUKIB ¢, siKi 3BepTaroTbes Ha CTO.
KommnekcHe BpaxyBaHHsI TepenidyeHuX BHIIE (DAKTOPIB JTO3BOJISIE BUKOHATH IMPOTHO3YBAHHS 3MiHU

cepeHbo1000B0i KinbkocTi 38epHens N . 10 pisHuX Buaax po6iT (i), 3 ypaxyBaHH:M iioro ce3oHHOCTI (j).

aj

pu msomy N nj AU 331aHOT0 KOHKPETHOTO | MOKHA MpeACcTaBUTH y BUIIIAAI [1, ¢. 83]:

N, xLpxKxaxK;
N = |
A (1;xDy,)

1)

oz 6 |
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ne K, — KkoedilieHT, 10 BpaxoBye CE30HHICTh PIYHOrO TPOOITy aBTOMOOUIIB JaHOTO PETiOHY

n
(BimoOparkae I0JTF0 PIYHOTO MPOOIry, M0 MPUIAIA€e Ha J-i MEPio] POKY, TPH IIBOMY Z K i= 1;
]=1
D, — kinbkicth nHIB podotu CTO 3a nanwmii nepiof.
O6c¢sr nocnyr CTO oriHIOEThCS Yepe3 cepeiHiil 1o00Bui 00caT pooiT t;[ij , 0 BU3HAYAETHCS 3a

(dhopmyiior0:
tII :tlss. X NZl’ (2)
ne '[13 s, — MaTeMaTHyHe OYiKyBaHHsS TPYIOMICTKOCTI OZHOTO 3BEPHEHHS, N 5 — MareMaTudHe
O4iKyBaHHS T000BOI KITBKOCTI 3BE€PHEHb.
3 METOI0 CHpOIICHHS OTPUMYBAHOI MOJENi, a TaKOX 3 YpaxyBaHHSM KOPOTKOCTPOKOBOTO TMEPioay
MPOTHO3YBaHHS, 0€3 BTpaTH TOYHOCTI OTPUMYBAHOTO pe3yJbTaTy, HEOOXiTHO NPHUHHATHA IOCTIHHUMHU
HACTYITHI BETMIUHHU:

— CepeIHbOPIYHHM TPOOIT LP ;

— KoeQiIlieHT, IO BPaXOBYE TUHAMIKY TOCE30HHOT 3MIHU CEPEeIHBOTO PIYHOTO MPo0iry — Kyj;

— JIOJIIO BIIACHHKIB, IO KOPUCTYIOThCs ociyramu CTO B oMy perioHi a;

— pexxum podotrn CTO, mo Bu3HA4aeThbes KinbKicTio nHIB pobdotu D, migmpmemcTBa Ha maHWX
nepiogax pokKy;

-1, jj ~ CEPCIHIO TPY/IOMICTKICTh OZTHOTO 3BCPHCHHI.

Takum ywmHOM, mporHozyBaHHsS monuty Ha mnocayrm CTO 3BoaMTBCA [0 OLIHKA 3MiHH
cepeTHb01000B01 KibkocTi 3BepHeHb Ha CTO, ans 4oro HEOOXiTHO PO3IISHYTH JUHAMIKY 3MIiHM HOTO
cknanoBux (1). Y 3aranbHOMY BHUIIISIZI, METOAWKA TIPOTHO3yBaHHA NonuTy Ha mociayru CTO, Bu3HadaeThCs
CepeaHpOJ000BOI0 KUTBKiCTIO 3BepHeHh Ha CTO, BKIIOYaE HACTYIIHI €TAIIH.

Ha nepmomy ertarmi 3iiCHIOETBCST PO3OUTTS PIYHOTO IHTEpBANTY Ha PiBHI 3a1aHi nepioan. 30iIbIICHHS
MipH PO30OHUTTS MiIBHUILYE TPYIOMICTKICTh MPOBEACHHS MPOTHO3YBaHHS 1, OTXKe, HOro BapTiCTh, ajie NpHU
IOMY 3pOCTa€ HWOTO TOYHICTh. Y SKOCTI MPHUKIAIIB TOHIOHOTO PO3OHUTTS MOXHA HABECTH PO3OUTTS
iHTepBaly MO MICAISX, IO KBapTallaX, 0 CE30HAX POKY.

Ha npyromy erari, JIOTIYHMM TPOJOBXKCHHSIM IONEPEIHBOT0, 3IIHCHIOEThCS 30ip BiAMOBIIHOT
CTaTHCTUYHOI iHoOpMaIlii 32 HACTYMHIMHU MOKa3HWKaMHU (Ha OCHOBI IEpiOJiB POKY, OOpaHUX Ha MEPIIOMY
eTami): 1Mo JOOOBiM KiNBKOCTI 3BEpHEHB; MO CEPEIHbOMY HAIPAIIOBAaHHIO HAa OJUH aBTOMOOiNE-3ai3] Ha
CTO; 1o cepeaHili TPYyAOMICTKOCTI OJHOT'O 3BEpHEHHS 1 T.1. 32 YMOBH BUOOpPY B SKOCTI MEPiOAiB KBapTaliB
(abo ce30HIB pPOKY), 30ip CTATUCTUYHOI iH(OpMaIlii IPOBOJAUTECS 33 CEPEIHIN MiCAIb JAHOTO MEPioy.

Ha Tperromy etam 3milicHIOeThCS 30ip iHGOpMalii TO 3arajbHId KUTBKOCTI aBTOMOOLTIB
00CITyTOBYBaHHUX MOJIENIEH, 110 3HAXOASTHLCS B PETIOHI IiIOBOi akTUBHOCTI AaHoro mianpuemctsa (CTO), a
TaKOX IO CEPeIHLOPIYHOMY MPOOIry i WOro po3MmoAlTy MO Ce30HaX (OLIHIOETHCS IMUIIXOM HPOBEIACHHS
JOOPOBITFHOTO aHOHIMHOTO aHKETYyBaHHS CEpeJl BIACHUKIB aBTOMOOLUTIB, IO OOCIYTOBYIOTHCS Ha IHOMY
mignpuemctsi). [oniOHIM crTocOO0OM BU3HAYAETHCS A0Sl BIACHUKIB, IO KOPUCTYIOThCs mociyramu CTO mo
pi3HUX BHIIAX POOIT.

UetBepTHii eTam mojsrae B MPOrHO3yBaHHI 3MiHU 3arajbHOI KUTBKOCTI aBTOMOOLTIB, 110 3HAXOSATHCS
B JIAHOMY DETiOHi, SIK€ 3IIHCHIOETBCS 3 BUKOPHCTAHHIM JIOTICTUYHHX 3aJIS)KHOCTEH, BHKIAICHUX B [2, C.
224]. Jlanuii MeTOJ TPUIYCKAE OI[IHKY NPOTHO3YBaHHS 3MiHHM KIUTBKOCTI aBTOMOOLIIB, BHKOPHUCTaHHSM
TaKOT0 MOKAa3HHKA, SIK HACHUYEHICTh perioHny aBTroMo0insiMu Ha 1000 xuTeniB:

AxXn
_axn 3
Nag 1000 )

ne Nagn — KUTBKICTH aBTOMOOIIIB B JIaHOMY perioHi abo paloHi JiI0BOT aKTUBHOCTI; A — KUIBKICTh
KHUTEINIB B PaiiOHi IiJIOBOi aKTUBHOCTI; N — HACHUYEHICTh periony, aBT./1000 >xuTemnis.
3 METOI0 MPOrHO3YBaHHS KIJIBKOCTI aBTOMOOLUIIB 3MIMCHIOETHCS 30ip BiAMOBIAHOI iH(poOpMAIll Ha
PETPOCTIEKTUBHOMY IEPiOi 1 BU3HAYAETHCS MTPOrHO3 3MIHM HACHMUYEHOCTI 110 JIaHUX Iepiojax.
3aieXKHICTh HACUYCHOCTI N BiJ Yacy t BUpaxkaeTbes qudepeHiaisHuM piBHSHHAM BUy [ 1, c. 85]:
dn

E:qn(nmax _n)’ 4)

1€ Nmax — TPAaHUYHE 3HAYEHHSI HACMYEHOCTI; ( — KOe(ilieHT MPONOPLiHHOCTI.

e | oz ez
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3 dopmynu (4) BUILIHBAE, IO MIBMAKICTH 3pocTaHHs Hacwdenocti dn/dt mpomopiiiiHa mocATHYTIMH
HAacCHYEHOCTI N 1 HEHACHICHOCTI (Nmax — N). 3BIICH BUIHO, IO MPH MaJUX 1 BETUKUX 3HAYCHHAX { IMBUAKICTH
3poCTaHHs Hacu4eHocTi N Oyne manoro. [ 3a1aH0ro MaKCUManbHOTO (TPAHUYHOT0) 3HAYSHHST HACHYEHOCT1
KOeillieHT TPOMOPLIiHOCTI (| BH3HAYAE€THCS HAa OCHOBI BIIOMHX 3HaueHb HACHYECHOCTI pPETiOHYy
aBTOMOOIJISIMU Ha PETPOCIIEKTUBHOMY Tiepioi (Tpukiax — tadi. 1).

Taommms 1
[Tpukaa NOYaTKOBUX JAHUX JJIsL 3[1HCHEHHS MPOTHO3YBAHHS TUHAMIKH 3MiHH HACUUCHOCTI PETiOHY
aBToMo0isIMu (M. KuiB)

. . . . Hacuuenicts periony ni,
Ne [epioxn (pix) YMoBHUI HOMEp Tiepioay, t e fOOO )K}I]/ITé i)
1 2017 th=0 354
2 2018 t=1 362
3 2019 =2 378
4 2020 t3=3 384
5 2021 t4=4 407
[lepermcaBy piBHAHHS (2.6) Y BUTTISIL:
A
T?:qxnmaxxnt_qxntz’ ()
i mpuiiasiBia At = 1 pik, 3anmrremo [1, c. 86]:
AN, =X Ny X e =G x 1 ®)

BusHaueHHs koedillieHTa MPOMOPIiOHANBHOCTI ( 0a3yeThCsl HA BUKOPUCTaHHI METOJY HaWMEHIINX
KBajparis, T00to [1, c. 87]:

m 2
A:Z(Ant—qx(nmaxxnt—nf)) — min @)
t=1
Busnauaroun nmoxigHy Bif A 10 ( i MPUPIBHIOKOYH i1 10 HYJISI, OTPUMYEMO:
dA &
—=22{[Ant = 0Nl X1 =) | (I 1 —nf)]}=0(8)
dg &

Ocrarouto orpumyemo [1, c. 87]:
m

Z{[Ant = ¢ N X T —nf)}x[—(nmax Xy —ntz)]}zo ©)

t=1
P03B’s130K 11i€1 pIBHOCTI J03BOJISIE BU3HAUUTH ITyKaHE 3HAUCHHS KOe(illieHTa MPOMOPIiOHAILHOCTI (,

to6TO [1, ¢. 87]:
m
> (AN xn? =Ny x Y- Angxn?
q=—= t (10)

NgE

N

m m m
2 2 3 4
NS oy int — 2% Ny int +Znt
t=1 t=1 t=1
VY cBolo uepry, po3B’s30K piBHSHHS BUY:
dn
————=qdt (11)
I"|(nmax - n)

[Ipu 3aganoMy Nmax 1 o0uncnenomy 3HaueHHi ( (10), 3 ypaxyBaHHAM BUMOTH MPOXOHKEHHS QPYHKIIT N
= f(t) uepes ocTaHHIO TOUKY Ny (B JaHOMY TIPUKIIAl 9epe3 Nm = Na, TA0I. 1) PETPOCIIEKTHBHOTO MEPIOAY IS
t = m, no3BoJsE, MiCHs HECKIAJIHUX MEPETBOPEHb, OCTATOYHO OTPUMATH 3aJICKHICTh 3MIHHM HACHYEHOCTI
HaCeJICHHS JISTKOBUMH aBTOMOOUISIMHU Bij 4acy, Tooto [1, c. 88]:

Niax N
— max’ 'm 2
: N + (nmax o n) xexp [_qnmax (t o m)] o

Po3B’s130k piBHsHHS (12) BiZHOCHO (hakTOpa yacy t J03BOJISE OLIIHUTH YacOBHH iHTEpBa (J1ar) BUXOAy
HACHYEHOCTI HACEJICHHS JITKOBUMH aBTOMOOUISIMH Ha 3aJiaHe rpaHuuHe (4 OJIM3bKe J0 HHOTO) 3HAYCHHS

HACUYEHOCTI:
oz ez 6 |
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1 < Hmax (13)
Pe3ynpraTi mpuKIIagy MPOrHO30BAHOI 3MIHM HACHYEHOCTI HACENICHHS JISTKOBUMH aBTOMOOUIIMH JUIS
M. KueBa npencrasneni Ha puc. 1.

il : : : : : : : : :
] ] ] ] ] ] ] ] ]
) SRS S S S S S—.L ' T —
=2 | | | | | l | |
g 420 f--—-- . R R - = R U L T
A E | | | | | | | |
5 g ! ! ! . ! ! ! !
‘£ S 400 f--—--- e [ e e N R I N I S
) : : : : : : : :
= — I [} I I I I I I
S5 380 [-———- e e e e A —————— S
z 3 ! ! ! ! ! ! ! !
5 260 o I R I I A N R
<) ! ! ! ! ! : : ! !
I I I I I I I I I
I I I I I I I I I
340 [-----—- Fo--=-- F--==- F-—=- === == A A - ===
! ! ! ! ! ! ! ! !
] ] ] ] ] ] ] ] ]
320 ] ] ] ] ] ] ] ] ]
0 1 2 3 4 5 6 7 8 9 10
t, yac (poxn)

Puc. 1. [IporHo3 HACHYEHOCTI HACEICHHS JISTKOBUMH aBTOMOOLIsIMU (M. KuiB)

II’aTiM eTarmoM € TPOTHO3YBAaHHS YacTKW PUHKY, 3aiiMaHOl ITJIPHEMCTBOM, IO MOXE OyTH
3MIACHEHO Ha OCHOBI BUKOPWCTaHHS MAaTEMAaTHYHOTO amapaTy KOpeNsmiiHO-perpeciiiHoro amamizy. Ilpm
1IbOMY BH3HAUYEHHS YaCTKH, 1110 3aliMa€ JlaHe MiANMPUEMCTBO Ha PUHKY JIJIsl KOXKHOTO 3 YaCOBUX IMEPIOJIiB, 110
3a/1al0ThCsl Ha TIEPIIOMY €Tarli, BUKOHY€EThCs 3 piBHOCTI [1, c. 88]:

N,x1;xD,
= = (14)

Ngm X L, x K j x

j

3riapKyBaHHS OTPUMAHOTO YaCOBOI'O PsY OOYMCICHHSIM KOB3HOTO CEPEeIHBOro [3—5] BU3HAYAETHCS
a0o 1o TpbOX, a00 MO 11’ ATH TOYKaX, BIJMOBIIHO, 3a mormomMororo (15) abo(16) [1, c. 90]:

J 3
I 3)

HenomnikoM BUKOpHCTAaHHS I[OTO METOAY € Te, L0 MPOMaaaroTh, BIJANOBIIHO, OfHAa abo MBI,
BIAMOBITHO, TIEPINi 1 OCTAHHI TOYKH JAHOTO YacoBOro psmy. s iX BU3HAYEHHS BHKOPUCTOBYHOTHCS
HACTYITHI BHWpA3W: ISl KOB3HOTO CEPEeNHBOTO MO TphoX Toukax — Bupasu (17) i (18), ams KoB3HOTO
CepeHbOro 1o I’ sITh Toukax — popmyiu (19)—(20), BianosigHo [1, c. 90]:

(15)

(16)

K, = 2K1—;K2 (17)
g, otk "
g - (3K, + 2(;(2 +Ky) )
K, = % (20)

e | oz
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— 2K . +K
Kn—l — n 13 n-2 (21)
K - (3K, + ZKE;_1 +K,,) -

BukopucTanHs 1MX BUpa3iB JO3BOJISIE OTPUMATH 3MUIAJKEHUN PSIIl 3 HE3MIIIEHHM CEpeAHIM PiBHEM.
Pe3ynpraToM BUKOPHCTAaHHS METOMIB «KOB3HOTO CEPEIHHOTO) € 3HIDKEHHS BIUIMBY «IITyMOBOD» CKJIAOBOI 1,
SIK HACIAOK, OTPUMAHHS OUIBII 3TIaHKEHOTO PSIIYy, SKH BUKOPHUCTOBYETHCS JJISI TIOJATBIIOT0 OTPUMAHHS
perpeciiiHuX 3aJIeKHOCTEH.

Hns Bu3HaueHHs 3Minu yacTku Kj, mo 3aiimae qana CTO Ha puHKY, JJI KOKHOTO 3 YaCOBHX MEPioiB
JOLIJTFHO BUKOPHUCTATH MOJIENI 3 aINTUBHUM TpeHA0M (y BHpa3ax, IMPEJICTABICHUX HIDKYE, Mepen0adacTbes,
IO TPOTHO3YBAaHHS BENEThCS MO SKOMY-HEOyAb OJHOMY BUAY pOOIT, TOMY iHAEKC i AJS CHPOILEHHS HE
BKa3yeThCs):

KjZKt‘l' Ks+ E (23)

CxutazoBi Bupa3y (23) MatoTh HACTYITHUI BHUTIISI

Kt — TpennoBe 3HaYCHHS:

Ki=a: + b X tj, (24)

ne a;, by — KoedimieHTH MHIHHOTO PIBHSIHHS perpecii, M0 BU3HAYAIOTHCS 3a METOJOM HAMMEHIIIHX
kBazparis [1, c. 91]:

n n n
2 <  Kj—=ny t;xK;
b[ — J:]- J:]- 5 J:]- (25)
2t —ny ot
]=1 J=1
1 n n
a==| > Kj—by Kj |, (26)
ni= =

ne tj — yMOBHHIA TIOPSAKOBHI HOMEP YacOBOTO Mepioay; N — 3arajbHa KUIBKICTh JaHMX THMYAaCOBHX
MepioJIiB;
Ksj — ce30HHa CKi1a0Ba, M0 BU3HAYAETHCS 3a JOMOMOTOI0 METO/IiB TAPMOHIMHOTO aHami3y [6, ¢. 36]:
27t 2t
— J i J
Ksj_a0+a1cosT+blsmT, (27)

e o, a1, b1 — KoedirieHTH piBHIHHSI rAPMOHIHHUX KOJMBAaHb, 1110 BU3HAYAIOTHCS:
n
2K

n 27t
aizzZchos%, (29)
N4
n 27t
blngstin t‘, (30)
n4

ne L — nepion konuBaHb; £ — BUNagKoBa («IIyMOBa») KOMIIOHEHTA.

OTpuMaHHS KIHIIEBOTO PIBHSHHS perpecii 3IiHCHIOEThCS ULISIXOM TiJICYMOBYBaHHS PiBHSHHS
JHIHHOTO TPEH/Ty 1 PIBHAHHS FApMOHIYHUAX KOJIIMBAHb:
27t .27t
Kj:a+btj+a1cosT+blsmT, (31)

ae a=a;+ ao.

OTprMaHHs IIyKaHUX 3Ha4eHb Kj ISl MPOTHO3HMX TEPIOJIB 3MIMCHIOETHCS Ha OCHOBI IIPOIOBKCHHS
piBHSHHA TpeHOy Ha MaiOyTHi mnepioan. OIiHKa JOCTOBIPHOCTI OTPUMAaHOTO PIBHSHHS perpecii

3IIMCHIOETHCS Ha OCHOBI BUKOPHCTAaHHS HACTYITHHUX MOKa3HUKIB [7; 8]:

, 2021, Ne2 (17)
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1) koedilieHTa MHOXKUHHOI IeTepMiHaIli R, 3a IKMM OILIIHIOETHCS HAOIMKECHHST OTPUMAHOIO PIBHSHHS
perpecii 10 eKCIepUMEeHTATIbHIX JIaHHX;

2) F-xpurepito dimepa, 3a SKUM OILIHIOETHCS JOCTOBIPHICTh OTPUMAHOTO PIBHSHHS pPerpecii;

3) cepeaHbOro abCOMIOTHOTO BiAXWICHHS [8, c. 42], sike Bu3HadaeThes 3a (32) (mpu upomy MAD mae
OyTH SIKOMOTa MEHIIIM):

MAD = % , (32)

ne Ej — 3HaueHHs BUMAIKOBOI («IITyMOBHIT») CKIIIOBOI, SIKE BU3HAYAETHCS BiAHIMAHHAM 3 (PaKTHIHUX
(exciepuMEHTATFHUX ) TaHUX 3HAYEeHb, 10 OTPUMYIOTHCS 32 TOTIOMOTOI0 PIBHSHHS perpecii;

N — KUTBKICTh JAHUX YaCOBUX MEPiOIiB.

4) cepeTHLOKBAIPATHIHOT MTOXUOKH [8, C. 42], Tka BU3HAYAETHCS SIK:

E?
5) cepeaHp0abCONIOTHOT MOXUOKK TPOTHO3YBaHHS |8, C. 42], sika BU3HAYAETHCS SK:
n |y; -
MAPE =2 11 Tl100, (34)
nN= Y,

Le#t moka3HMK, SIK MPaBUIO, BUKOPUCTOBYETHCS MPHU MOPIBHAHHI TOYHOCTI MPOTHO3IB Pi3HOPITHUX
00’€KTiB MPOrHO3YBaHHS, OCKUIBKH XapaKTepU3y€e BIJHOCHY TOYHICTh MpPOTHO3Y. 3 (34) MOXHA TOMITHTH,
mo mpu (akrmuyHOMy 3HaueHHI y = 0, MAPE crae wneckinuennoro. Ha mpaxrtumi 3HaueHHs y = 0
MPOMYCKAIOTh, 3MEHIIYIOUH MPU IFOMY BEIUYMHY N Ha KUIBKICTh MPOMYCKiB. [HTEepmnpeTalis oTpuMaHHX
pizHux 3HaueHb MAPE HaBeneHa B Ta0m. 2.

Taomus 2
IaTepnperarist orpuMmanux 3HadeHb MAPE
MAPE, % IaTepmperaris
<10 Bucoka TOYHICTh
10-20 Xoporia TOYHICTh
20-50 3amoBiTbHA TOYHICTH
> 50 HesaoBiibHa TOYHICT

OBI'OBOPEHHS PE3YJIBTATIB JOCJITKEHDb

[IporaosyBanus nornuty Ha nociayra CTO 3BoAMTHCS O OIIHKH 3MiHM CepeAHBbOA000BOT KUTHKOCTI
3BepHeHb Ha CTO, ans yoro Oyna po3riisiHyTa IMHAMiKa 3MiHU HOro ckinagoBux (1).

HenomikoM BUKOPUCTaHHS ILBOTO METOAY € Te, IO MPONajarTh, BIJANOBIAHO, OxHA ab0 IBI,
BIJIMOBITHO, TEpIIi i OCTaHHI TOYKH JAHOTO YacoBOTO psAmy. s iX BHU3HAYEHHS BUKOPHCTOBYIOTHCS
HACTYITHI BHpa3u: JJIsi KOB3HOTO CEPEIHBOrO MO TPhox Toukax — Bupasu (17) i (18), ans KOB3HOIO
CepeIHBOTO MO 1’ ATH Toukax — popmynu (19)—(20), BinnosigHo [1, c. 90]:

BUCHOBKH

st mporHo3yBaHHs mornuTy Ha mocayrd CTO, Oyno po3riasHYTO IWHAMIKY 3MiHM HOTO CKJIaI0BHX
(1). V 3zaranpHOMY BHIJISII, METOJWKAa MporHo3yBaHHi mnonuty Ha mnociayrn CTO, Bu3HavaeThes
cepeHp0I000BOI0 KiNbKicTIO 3BepHEeHb Ha CTO.

HaBeneni MeTou JO3BOJISAIOTH 3 IOCTATHHOK TOYHICTIO 3pOOWTH HEOOXi/IHI pO3paxyHKH, TIOB’s3aHi 3
MPOrHo3yBaHHsaM nonuty Ha nmociyru CTO, 110 € HeoOXiTHOK YMOBOIO Jist 3a0€3MeYeHHS TOBIOCTPOKOBHUX
MEPCHEeKTHB ICHYBaHHS MAMPUEMCTBA.
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P.Godovanyuk. Mathematical model of forecasting services for car services

The method of drawing up of mathematical model of forecasting of demand for car service is offered
in the work.

The development of appropriate models is an important task. The following factors were taken into
account during the development:

- it is possible to change the total number of cars Navt, which are in the area of business activity of the
service station;

- intensity of operation, ie the average annual mileage of cars in the region, as well as the dynamics of
its change at different times of the year (j);

- average operating time per car-arrival at the service station;

- possible change in market share Kj, which occupies this company in the area of business activity;

- the share of o owners who apply to the service station.

Comprehensive consideration of the above factors allows you to predict changes in the average daily
number of applications for different types of work (i), taking into account its seasonality (j).

In order to simplify the obtained model, as well as taking into account the short-term forecasting
period, without losing the accuracy of the obtained result, the following constant values were adopted:

- average annual mileage;
, 2021, Ne2 (17) ﬂ
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- coefficient that takes into account the dynamics of seasonal changes in the average annual mileage -
Kdj;

- the share of owners who use the services of service stations in this region a;

- the mode of operation of the service station, which is determined by the number of working days of
the enterprise at these periods of the year;

- - the average complexity of one application.

Thus, forecasting the demand for service stations is reduced to estimating the change in the average
daily number of calls to the service station, for which the dynamics of changes in its components was
considered (1). In general, the method of forecasting the demand for service stations is determined by the
average daily number of calls to the service station, and includes five stages.

The disadvantage of using this method is that missing, respectively, one or two, respectively, the first
and last points of this time series. To determine them, the following expressions are used: for the moving
average of three points - expressions (17) and (18), for the moving average of five points - formulas (19) -
(20), respectively [1, p. 90]:

Keywords :, car services, reconstruction, efficiency, mathematical model, optimization.
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MNOIIYK IAPAMETPIB CUJIOBOI YCTAHOBKH NEPEOBJIAJTHAHOI'O ABTOMOBLISA

CrorozHi 3pocTae noTpeda y BUKOPHUCTaHHI KOJICHUX TpaHCopTHHX 3aco0iB (KT3) 3 Hynb0BHMH BHKHAAMH,
gacTka Takux KT3 crpiMko 3pocTae B po3BuHEHHX KpaiHax. [Ipu npoMy, icHyroun 3BH4aiiHi aBToMo01i 3 JIB3, MaroTs
3HAYHY KiJBKICTB IO BCHOMY CBITY, CTBOPIOIOTH BEJIHKY €KOJIOTi4HYy mpoOiemy. OOHHM 3 NULIXIB BHPINIEHHS i€l
npobyieMu € ix mepeoOmagHaHHA B ribpuaHi abo enektpuuni KT3, ski MaroTe MeHImMI piBeHb BHKUAIB. B Ykpaini
Iy’)ke YacTo Take IepeoOnagHaHHs pOOJATH BIACHHKM CTapUX aBTOMOOLTIB, IpH IbOMY BIACYTHI Oymb-siKi
pexoMeHamii, o0 Horo AOIIEHOCTI.

BincyTHicTe METOOWKH PO3paxyHKy eKCIUTyaTaUiiiHMX BiaacTHBOcTel mepeobmamuanux KT3 yckiamgHioe meit
IpOIIec, TOMY po3poOkKa Takoi METOJMKH € aKTYaJIbHOIO 3ajayeto. MeToauka nependayae CKIaJaHHA MaTeMaTHYHOT
mozeni pyxy KT3 3 pisHHMH TUDaMH CHJIOBHX YCTaHOBOK Ta PI3HMMH KOMIIOHYBAJbHHUMH cXeMaMH. B poOoTi
pO3IIsIHyTa KOMIIOHYyBajlbHa cxema TiOpumHoi cwmioBoi ycranoBku (I'CY) mapanensHoro tumy. IlepexHst Bich
NIpUBOANTECS B 1iro Bix JIB3, 3amus Bix enexrpoasuryna (E/T). [lns cknaiaHHsS piBHSHb pyXy BUKOPHCTaHA METOIUKA
piBHsHB Jlarpamxky. B sikocTi y3araapHEHOT KOOPJMHATH PO3MIITHYTE KYTOBE IEPEMIillleHHs Baly €JIEKTPOABUTYHA, 10
SIKOTO TIPUBEJICH] ITapaMeTpy Beix MexaHiqHuX exeMenTiB KT3, y BiqmoBiqHOCTI 10 OO KOMITOHYBaJIbHOT CXEMHU.

IIpoBeneHO TeopeTHYHE OOCTIIKEHHS C€HEPreTHYHHX BIACTHBOCTEH mepeobmamgHanoro KT3 B ymoBax pyxy
m.KueBa. 3a pesynpraTaMu OOpOOKM BEJIMYMHH IIBHIKOCTI PyXy BCTAaHOBICHHH 3aKOH Ii pO3MOALTI Ta HOro
napamerpu. OTpuMaHi IaHHI OylIM BHKOPUCTaHI MpPU pO3paxyHKaxX 3a 3alpOIIOHOBAHOIO METOAMKOIO Ta BU3HAUYCHA
BEIMYMHA IIBUAKOCTI I mepexoqy Ha pyx Bix JIB3 Ta BcTaHOBIEHHH PO3MOALT HOTYXXHOCTI MK €HEPreTHYHUMHU
€JIEMEHTaMH CHJIOBOI yCTaHOBKH.

KnarwuoBi ciaoBa: riOpuaHuii aBTOMOOLNb, €IEKTPOMOOITb, MepeodiaTHaHHA, CPEKTUBHICTh, MaTeMaTHYHA
MOJIeJb, CHJIOBA YCTAHOBKA, EKCIIEPUMEHT.

BCTYII

OcTaHHIM YacoM MUTAaHHIO YTWIi3allii aBTOMOOUTIB, sIKi BIAMpPAaIlOBAIA CBi TEpMiH CIyXOu
MPHUIIISAETbCA Benmnka yBara. Crapi aBTOMOOWI CTAaHOBIATH HEOE3MeKy Ml HaBKOJIHIIHBOTO CEpEeIOBHUIINA,
no-Tiepiie, e BUCOKWH piBeHb 3a0pyJHEHHS TOBITPS IIKIJJIMBUMH PEYOBHHAMH, IO-ApYyre, MAalOTh
HEJ0CKOHAaJII 200 B3araii BiJICYTHI CUCTEMH aKTHBHOI Ta MAaCHBHOI Oe3neku. TakuM YHHOM TOCTA€ TMUTAHHS
110 3 HUMH poOUTH y TiepcriexTusi [1].

CphOrofHi CHOCTEpIra€ThCsi CTPIMKE 3pOCTaHHS MOMYJSIPHOCTI TiOpUAHMX aBTOMOOITIB Ta
eslekTpoMoOiiB [2, 3], TyuHi 3asBU Mpo 3a0OpOHY MPOAaXiB 3BHYaHUX aBToMOOLTB 3 [IB3 B pi3HHX
kpainax €Bporu. HoBi eBpormelchKi IUTaHU MO0 OOMEXeHHs ImKiamuBux Bukuaie KT3, cBimuare npo
3akiHueHHs enoxu JIB3 [4] sx ocHoBHOTO mkepena eHeprii Ha KT3. IlpoTe, choromHi Jr0ACTBO HE TOTOBE
MOBHICTIO BiZIMOBHTHCS BijJ BuKopucTaHHs J[B3, xoua Taka teHaeHuis icnye. Hopmu €Bpo 7, siki TOBUHHI
BCTYNMUTH B cuiy micias 2025 poky, BCTaHOBIATH IOPHIWYHI oOMexeHHs jius maibke 100 MinmbioHIB
OCH3MHOBUX 1 IW3EIThHUX aBTOMOOLIIB, Mo mpoxaatothes B €C. Y €Bponeicbkiii KoMicii BBaXKarTh, 10
BIIPOBA)KEHHS O1TBII YHCTUX TEXHOJIOTiI BHKHIIB JUIS BiAMIOBIIHOCTI cTaHAapTaM €BpO-7 HE € CYTTEBOIO
Mpo0JIEMO0 /i1l aBTOBHPOOHUKIB, cOOiBapTicTh aBTOMOO1NIs 3pocte ymme Ha 100 — 500 eBpo, mo HE €
3aHAJITO BEIHKOIO CYMOIO.

3a cTaTUCTHYHMMU JIaHUMH MiHicTepcTBa iHpacTpykTypn Ykpainu [5] aBTOMOOLIBHA TpaHCIOPTHA
cucreMa YKpaiHu Hamidye Olunbin HiK 9,2 MIIH. TpaHCHOpTHHUX 3aco6iB. Cuctemu ytumizanii crapux KT3 B
VYkpaini Hemae. 3a mepiox 2018 — 2020 pokiB cuTyalisi CyTTEBO MOTIPIIMIIACS BHACIIIOK BBE3CHHS CTApHX
aBTOMOO1UITIB 3 €Bponm, Oyno 3apeectpoBaHo monan 100 Twc. aBToMoOUmiB. CepenHiii Bik aBTOMOOLTIB
ckianae 14 pokiB, TakMM YMHOM Ha ChOTOJHI B YKpaiHi morpeOyroTh yTHIi3alii BKe MoHaja 1 MIH.
aBTOMOO1JIIB, 110 HE MPHUAATHI 10 eKCIuTyaTamii. BrpoBamkeHHss KOHIEMIT yTUIi3amii TakuX aBTOMOOLIIB
JacTh MOXJIMBICTh TEPEepoOOMTH IX HE 3aBAAI0YM IIKOAM HABKOJHUIIHBOMY cepenoBuuly. JloUinbHICTH
MIPOJIOBKEHHS BUKOPUCTAHHS CHCTEMH KalliTAIbHOTO PEMOHTY aBTOMOOLIIB sIKa iCHyBaJla paHilie, ChOro IHi
BUKJIMKae Oarato murtaHb. OCKUNBKH cTapi aBTOMOOIUII HE MOXYTh KOHKYpYBaTH 3 HOBHMH 3a Oararbma
napamMeTpaM i B pe3yJibTaTi PEeMOHTY He CTaloTh Ourbln Oe3neuHumu. Ha Hamry aymKy, PeMOHT Ta
noJaJplIe nepeodiaiHaHHs B TiOpuaAHNI aBTOMOOLTE 00 eeKTPOMOOLNb € OLIBII JOIUIBHUM. 32 HAsIBHUMH
CTaTUCTUYHUMH JaHUMH TPO KUIBKICTh IepeoOnajHaHb B YKpaini [6] Ha mifgcraBi JJaHMX BUCHOBKIB
HAYKOBO-TEXHIUHUX €KCIIEpTH3 3pocTae 3 KOXHMM pokoM [7]. Tomy ms pobora mpucBsYeHa came
nepeoOagHaHHIO aBTOMOOLIS B T1I0pUAHKH.
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AHAJII3 TITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMHA

[IpoGieMaMu MOB’SI3aHUMH 3 PO3POOKOI0 Ta JOCHIKCHHSIMHM TiOpHIHUX aBTOMOOLUIIB Ta
€JIEKTPOMOOINTIB, BU3HAYCHHSIM MMOKA3HUKIB TATOBO-IIBUAKICHUX BJIACTUBOCTEH, NATUBHOI Ta €HEPreTUHOL
e(eKTHBHOCTI MpHCBA4YeHO Oarato poOiT. Bimomo Garato poOiT BiTum3HsAHMX BueHHX: mpod. Caxxo B.IL,
mot. IlomskoB B.M., mom. Timkos O.M., npod. Kienikos B.b., mpod. IlaBmor B.b, mom. CitoBckiii O.I1.,
nou. Jlemounpkuii B.M., mpod. [ABagnenko B.f., mpod. Typenko A.M., mpod. I'matoB A.B., mpoc.
Boromonoe B.A., npod. Abpamuyk @.1., npod. baxxunos A.B. i 6arato iHIIMX BYCHUX.

Ornsg HaykoBUX poOiT mpucBsdaeHnx TakuMm KT3 mokaszaB, mo BHUKOPHUCTaHHS MaTeMaTHYHUX
Mojene s aHamizy mMoka3HuKiB enekTpudHnx KT3 3ammmaeTscss Haa3BU4aliHO BHUCOKUM. KinbKicHi
MOKa3HHUKH, IO OAEPKYIOTh 3a JONOMOTOI0 aHAITUYHHX METOJIB, € MEPIIMMHU OLIHKAMH €(peKTUBHOCTI
koHcTpyKuii KT3, siki HanaloTh yABICHHS MO MOPSAOK Ta B3a€EMO3B’SI30K JOCITIHKYBAaHUX ITapaMeTpiB 1 Mpo
HampsIMOK PO3BHUTKY Mpollecy. TOYHICTh TaKkuX OIIIHOK HE BapTo 301MbIIyBaTH 3a PaXyHOK yCKIIaTHEHHS
AHANITUYHOTO amapatry — JUIi TOYHHMX pPO3PaxyHKIB Kpalle KOPUCTYBAaTHCS YHCIOBUMH METONAMH 3
Bukopuctanssam [1K.

OIJIb TA 3AJAYI JOCJITKEHHSA

[lomyk cHiBBiAHOWMIEHHA TOTYXXHOCTI  JpKeped  eHeprii riOpumHOi  CHIIOBOiI  YCTaHOBKH
repeoOIaJHAHOTO aBTOMOOIIA, ska O 3abe3meuniia BUKOHAHHSA 3aBJaHOTO IIBUIKICHOTO PEXUMY PyXy Ta
MOJITIIEHY MaTUBHY €KOHOMIUHICTD, Y TIOPIBHSHHI 3 3BUYaliHUM aBToMOOIeM 3 JIB3.

PE3YJbTATH JOCHIAKEHb

Jns mepeoOmagHaHHs 3BHYaifHOTO aBToMoOims 3 JIB3 B riOpumHuit 3 HaliMEHIIMMH 3MiHAMH
KOHCTPYKIIii HAHOIIBII MiAXOANTh KOMIIOHYBAJIbHA CXe€Ma CEpeAHBOTO TiOpH/a BUKOHAHA 3a MapalieIbHOI0
cXeMol. €IMHUIA MEXaHIYHHK 3B'SI30K MK EJEKTPHYHOI0 CUCTeMOro Ta TpaHcmicieto KT3 3milicHIoeThes
yepe3 enekTpoABuryH. KommnonyBanus I'CY BH3HA4aeTbCsl MOJOKEHHSM €JIEKTPOJBUIYHA Ta THUIIOM
3’€JHaHHS 3 TPAHCMICi€T0, 3apOIOHOBAaHA CXeMa JIJIS TIepeo0IafHAHHS Ma€ Psifl IepeBar:

— mpocTa inrerpariis B KT3;

— MOPIBHSHO HEBEJVKA Bara KOMIIOHEHTIB, [0 HE3HAYHO 3MIHIOE TIOBHY Macy;

— pO3yMHE CIIiBBITHOIICHHS BapTOCTi Ta MPOAYKTHBHOCTI CHUCTEMH (TIOKpalleHa IajJiBHA
€KOHOMIYHICTb, 301IbIIIEHIA KPYTHAH MOMEHT).

PosriissHeMo CTPYKTypHY cxeMy mepeoOiagHaHoro aBromoOis mo mae I'CY mapaiienbHOro THILY,
puc. 1. Ha cxemi HaBeneHi OCHOBHI (DYHKITIOHAJIbHI €JIEMEHTH, BXiJHI Ta BUXIJHI CHTHAJIN KOXXKHOTO 3 HHUX.
EnexTpoaBuryH nepenae KpyTHUH MOMEHT Ha 3ajHi koneca KT3, mepeaHi xojeca MpUBOIATECS B PyX Bij
JIB3, 11e 103BOJIsIE peai3yBaTh peKUM PyXy 3 yCiMa BeIy4YUMH KOJeCaMu.

Pucynok 1 — Po3paxyHkoBa KOMIIOHyBaJIbHa cxeMa repeodiagHanoro KT3

OcHoBHMMH (YHKLIOHAJIBHUMH efleMeHTamu €: JIB3, MexaniuHa TpaHCMicis IPUBOLY MEPEIHIX KOJIiC
MT;, MexaHiuHa TpaHcMicis mnpuBoay 3anmHix komic MT,, Bemydi komeca BK. PoGora cucremun
XapaKTepU3YETbCs TAaKUMH MapaMmeTpamu sk M;, w; — KpyTHHH MOMEHT Ta KyToBa wmBHIKicTh B3, M,
W, — KPYTHHH MOMEHT Ta KyToBa mBHIAKICT EJl, w3 — KyToBa MIBUIAKICTH BEOy4YMX KOJiC, [{, Jo, J3 —
BianoBigHo MmomentH inepuii JIB3, EJ] Ta BK.

Jlis MareMaTHYHOrO ONHMCY JAMHAMIYHMX IMPOLECIB 10 BiAOYBAIOTHCS B MEXaHIYHIM YacTHHI
€JIEKTPONPUBOAY BUKOPHCTaHI piBHAHHA JlarpanKy B y3aranbHeHUX KoopauHaTax [8, 9]:
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d (0Eyx OEyx

T (a—qi) g = )

ne: Ej, — HakomM4eHa KIHeTHYHA SHEprisi CHCTEMH, BU3HAYCHA uepe3 y3araibHeHi koopauHatu q; and
Ta y3arajbHeHi IBUAKOCTI ¢; ;

Q; = 04;/ 0q; — y3aranpHeHa cuiia, 00YMOBJICHA CYMOIO €lIEMEHTapHHUX poOIT JA; BCIX JIFOYMX CHI
Ha MOXKJIMBOMY TIepeMillleHHi d¢; .

B sKocTi y3aragpbHEHOI KOOPAMHATH ¢; B EJIEKTPONPUBOMI, SK NPaBUIO, NPHUIMAIOTh KyTOBE
repeMimeHds ¢ Banma EJl, mo SKOTro NMpUBOMATHCS TMapaMeTpH BCiX MEXaHIYHUX JIAHOK cHUCTeMH [§, 9].
Posrismaroun Mexaniuny cuctemy nepeobmamnanoro KT3 3 omHUM cTymeHeM BUTBHOCTI Ta y3arajibHEHOIO
KOOPAWHATOIO — KYTOM (p , IOBOPOTY BaJla €JICKTPOIIPUBOLY PIBHAHHS (2) 3alHIIEMO y BUTIISII:

d (0Eyx

T (—) — P Qi, 3)

ol 0

ne : B}, — HakonmueHa KiHeTn4Ha eHepris riopunHoro KT3;

(p — KyTOBa IIBHJKICTh Bajia TATOBOTO €JIEKTPOIBUTYHA;

Q — y3aranpHEeHa CWIIa, IO i€ Ha IEPEMIIICHHI (P .

Ha migcraBi 00paHOT KOMIIOHYBaJIBHOI CXEMH, CKJIaJICHa y3arajibHeHa po3paxyHKOBa MEXaHIYHA cXeMa
nepeodnagnanoro riopuanoro KT3. OtpumaeMo piBHSHHS PyXy, BiIOBITHO /0 pPO3PaxyHKOBOI CXeMH Ha
puc. 1. 3anac kinernuyHoi eHeprii riopugHoro KT3 E), Bu3HauaeThcst cymoro kiHeTnyaux eHepriit /JIB3 ta EJ|
3 TpaHCMicisaMH, BiAMOBITHO E; Ta E,, Ky30Ba aBTOMOOLIS 3 BaHTaxeM E Ta 4OTHPHOX BeAydnx Koiic 4E; :

Ek:E0+E1+E2+4E3 (4)

Po3kpuemMo 3HaYCHHS KIHETUYHOT €HEPTii 1)1 KOXKHOTO 3 €JISMEHTIB PiBHSAHHS (4), OJIEPKUMO:
Ex =2 4m;)v? 2 2+ 4J303 5
k =5 (Mo +m; +m, +4m3)ve + ] wi + Jow; + 4303), ®)

Ie: mgy, my, m,, My — BinMmoBigHO, Maca ky3oBa KT3 3 Bantaxem, maca JIB3, EJl 3 TpancMicismu Ta
Maca KoJieca,

v — miniina mBuaKicts KT3;

w1, W, w3 — KyToBa mBHIKicTs Bany JIB3, EJl Ta xoJyieca, BiIOBIIHO;

J1, J2, Ja — momentu iHepuii B3, E/] 3 TpancMmicismu Ta koleca, BiIIOBITHO.

BpaxoBytouu, 1110 niepeaTouHe BijgHoIIeHHs TpancMicii MT; Bix JIB3 BusHavaerses sixk U; = wq/ws ,
ta MT, s enextponpuBoay sk U, = w, /w3 Tomi miniiHa mBuiakicte KT3 3 riOpumHO0 CHIIOBOIO
YCTaHOBKOIO CKJIafiaTUMe v = w3 R , BUpa3 (5) mepeTBOPUMO JI0 BUTIISITY:

Ek=% (mo+m1+mz+4m3)5—;+h +]25_i+4l]]_312 w12=%12(l"%: (6)
ne: R — paniyc koneca KT3;
wq = % = (p; — KyTOBa WBUAKicTH Bany JB3;
Wy = % = (p, — KyTOBa MIBUJKICTh Bairy EJI;
Jz = (mg + my + my + 4my) 5—; +/i+); z—i + 41]]—312 — CyMapHHUH MOMEHT iHepIil NPUBEICHHUHA 0

Bairy TAroBoro enexrpoasuryna//IB3 KT33 I'CY.

[lix wac pyxy nepeodmnagnanoro KT3 na Hporo nitote cunu onopy [10, 11], 10 SKuX HaneKuTh cuia
ONopy TOBITPs [, CUJTa CyMapHOTO ONOPY JIOPOTH, BOHA CKIIQJAEThCS 3 CHIIM OTOPY KOYEHHs — cuna Fy Ta
nigiiomy — Fy,. Cxema Air0uux CUJl y 3arallbHOMY BUIIQ/IKy HaBEJIEHA Ha puC. 2.
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Pucynok 2 — Cxema cui, mo aitots Ha KT3 y 3aranbHOMy BHIIAAKY

Jlis BU3HAa4YeHHS y3aralbHEeHOI cuuti () HeOOXigHO OOYMCIUTH eNeMEeHTapHy POoOOTYy BCiX MOMEHTIB,
1o aitoth Ha KT3 mij yac fioro pyxy, Ha elIeMEHTAPHOMY MepeMillieHHl J¢ :

0A = (M; + M, — Mg — M,, F My, — M) 0o, (7)

ne: My — KpyTHHIA MOMEHT, 1110 ctBopioe JIB3, M; = f(w1) ;

M, — kpyTHHI MOMEHT, 1110 cTBOproe EJl, M, = f(w,) ;

My — momenT cun oniopy koueHHro KT3, npusenenuii 1o Baiy JIB3 ta EJI;

M,, — momenT cun onopy noBitpst KT3, npuseaennii no sary J1B3 ta E/J;

M., — momenT cun onopy migiiomy/cnycky KT3, npusenennii no sany JIB3 ta EJI;

M,, — MOMEHT cuJI, 110 BpaxoBy€e BTPATH B MexaHi3max tpancmicii KT3, npusenennit no sany JIB3 ta

EN.
Buxonsran 3 piBHsHHS (7), OIEPKUMO:
0A —
Q=%=M1+M2—Mf—MW+M¢—Mn, (8)

[MincraBumo piBasHHA (6) Ta (8) mo (3), mpoaudepeHitoEMO HOro, OAEPKUMO DPIBHSIHHS PyXy
nepeodnagnadoro KT3 3 riOpuaHo0 CHII0BOIO YCTaHOBKOIO:

— .. d
M; + M, = Mp = My, F My, — My = Jsf = Js - )

Busnaunmo MomenTH, 1o AitoTe Ha KT3 mig gac ioro pyxy [10, 11]. MomeHT cuim onopy KOYeHHs
KoJIic, mpuBeneHuit 10 Bany ['CVY:

M¢ = UilFNf = Uilecosa = Uilfg(mo + my + m; + 4my), (10)

ne:Fy — HopManbHa ckiagoBa cuiy TsoKiHHS KT3;

@ — B KyT HaXuiy IOpOTH,;

g — TIPUCKOPEHHS BIJIBHOTO T IIHHS,

f — xoediuieHT OMOPY KOUEHHS AOPOTH.

Mowment cuin onopy noBitpst KT3, npusenennii 1o Bay JIB3 MoxxHa BU3HAUUTH 32 GOPMYIIOLO:

o2 07
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1 2R 1 R\3
Mw =37 pCahev® - = 7pCaAe (U_1) w1, (11)

Jie: p — TyCTUHA MOBITPS 32 HOPMAJIbHUX YMOB;

C4 — xoedimieHT aeponrHaAMIYHOTO OMopy Ky3oBa KT3;

A, — no6osa momta KT3.

MowmeHnT cun onopy nigiomy/ciycky KT3, mpruBeaenuii 1o Baly CHIIOBOT YCTaHOBKH:

R .
My = GU—151n0(. (12)

MowmeHT cuil, o BpaxoBye BTpatu B MexaHizMmax TpaHcemicii KT3, mpusenenuit no samy ['CVY:
My = (1 - 1M, (13)

ne: ns — cymapamii KKJ[ mexaniunoi mepenadi, /[B3, enekTpuyHUX MalIMH Ta TMEPETBOPIOBAYIB
eHeprii.

[MincraBumo piBusiHHES (10...13) 10 Bupasy (9), omepxkumo piBHAHHS pyxy nepeobmaananoro KT3 3
Icy:

f 1 R 3 2 - R . _ dw
Mns — Fy o EpCdAe (U_l) wi + GU—lsm(x =]Js TS (14)
OBI'OBOPEHHA PE3YJBbTATIB JOCJJIIAKEHHSA
Jiist IpoBeIeHHsI YMCIIOBOTO €KCIepUMEHTy 3 BukopuctaHHsM [IK, Oyno oOpaHo HacTymHi BHXIimHI
JIaHHI, 10 BiANOBIJAIOTh THIIOBOMY JIESTKOBOMY aBTOMOOiM0 Kareropii M1, nus. tadm. 1.

Tabnuis 1 — BuxigHi gaHHI 111 MOJICIIOBaHHS pyxy nepeodnamananoro KT3

[Tapamerp 3HaueHHs OpuHUIs BUMIpY
Maca KT3 1110 KT
KoebinieHT aepouiHaMigHOTO OTIOPY 0.29 -
JIo6oBa moma KT3 1.86 M2
baza KT3 2320 MM
Bizncrans Bijg nepeaunoi oci 1o nentpy mac KT3 939 MM
Bizgcrans Bijg 3318501 oci j10 eHTpy Mac KT3 1380 MM
[lepenaTtoune BigHOLICHHS KOpOOKM mepenay, | 3.454 -
BIAIIOBIIHO: 2.056
1.333
0.969
0.730
[lepenaTou’He YrcIo TOJIOBHOI nepenadi 3.875 -
JlmaamigHuil pagiyc Koieca 0.29 M

Kadenporo «AsromoOini» HaiionansHoro tpancrnoptHoro yHiBepcurety (HTVY), Oyno mpomeneHo
JOCIIDKEHHSI peabHUX IIBUAKICHUX PEKUMIB pyXy aBTOMOO1IIB B ymoBax M. Kuesa [12]. 3a pe3ynbraramu
CTaTUCTUYHOI OOpOOKH JaHWUX BCTAHOBJICHO, IO CEpeAHs LIBHIKICTh PyXy 3HaXOAUTHCS y Mexax 23...25
km/roj. ExcrimyaramiiHuii MapmpyT mependadaB pyx ICHTPaJIbHOK YaCTHHOKO MICTa Ta TakK 3BaHUMHU
«CTIAUTHUMH» pailOHaMH, IO € XapaKTEpPHUM JUIsi MICHKHX arjomepariii. Y sSKOCTi NMpHKIamy Ha puc. 3
HaBeJIeHa 3aJIeKHICTh IBUAKOCTI PyXy Ha eKCILTyaTaliiHOMY MapIpyTi BiJ dacy.
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Pucynok 3 — HIBuaxicTh pyxy Ha eKCIUTyaTaliiHOMY MapiipyTi B M. Kuesi
Ha ocHOBi oTpuMaHuX JaHUX PO3MOALTY MIBUAKOCTI PyXy Ha eKCIUTyaTalliiHOMY MapIIpyTi pyXy B M.
Kuei B mpomeci MojemoBaHHS 32 pO3pOOJIEHOI0 MOAEIDII0 Oysi0o TPOBEACHO OOIPYHTYBaHHA BUOOPY
TPAHUYHOTO 3HAYCHHS MIBHAKOCTI PyXy, A0 KO IpAamIOe TUTBKH EJICKTPOABHUTYH, BH3HAUEHO PO3MOMIIT
noty>kHocTi Mix [IB3 Ta EJI.
B sixocTi npukinaay Ha puc. 4...6 HaBeeHi rpadivHi 3aJeKHOCTI pe3ybTaTiB PO3pPaxyHKiB, OTpPUMaHi
BUTpaTa naynusa, notyxHicts JAB3, noryxuicts EJl Ta inmmi.

Butparta nanuea, n/100 km
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Pucynok 4 — Burpara manusa nepeodnannanoro KT3 3 'CY
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Pucynok 5 — Po3nozin noryxxuocti J1B3 nepeodnaananoro KT3 3 'CY
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Pucynok 6 — Posnopin noryxxuocti EJl mepeobnagnanoro KT3 3 I'CY

IcToTHOI0O BimMiHHICTIO MHOXHH mapamerpiB I'CY e BenwmuwHa eHeprii, HeOOXigHA I BUKOHAHHS
3aBIaHOTO IIBUAKICHOTO PEXHUMYy pyXy Ha MapmpyTi. HaBiTh He3HayHEe MiNBUIICHHS MIBUAKOCTI PYXY
Tinekn Ha EJ[ mo3Boinsie icTOTHO 3MeHmMTH BuTpaTy manuea JIB3. BcranomieHo, mo makcuManbHa
notykHicTh ['CY BUKOPUCTOBYETBCS B €KCIUTyaTalliiHOMY MapHIpyTi pyxy e 2 % BiJ 3arajJbHOTO 4acy
pyxy Ha Mapmpyti. Ha puc. 7, HaBemeHuil rpadik KyMYJISTHBHOI (PYHKIIi pPO3MOAITY BUKOPHCTaHHS
nmotyxHocTi EJI.

WmosipHicTs
o
0

H
(07105 | o o o et e fmimiien

1 12 13 14 16 18
MoTtyxHicTe enexTpoasuryHa, kBt

Pucynok 7 — KyMmynsTrBHA QyHKIIS pO3MOALTY BUKOPUCTaHHS MOTYXHOCTI EJ]

3 METOI0 MiJBHUILEHHS CTYIEHS BUKOPHUCTaHHS MOTYXHOCTI JIB3 po3risHeMo MOKIMBICTh 3HUKEHHS
notyxkHocti I'CY, mpu sikomy BoHa Oyae BUKOpHCTOBYBatucsi 3 HMmoipaicTio 0,95, 0,90 Ta 0,85, 3
HACTYITHOIO IIEPEBIPKOIO TATOBO-IIBUJAKICHMX Ta CHEPreTUYHMX BJIACTHBOCTEH. Takui MiAXiZ JT03BOJISIE
3HM3UTH BapTicTh ['CY.

AmHati3 ricrorpamu posmnofiny notpiOHoi notyxHocti EJ B 3a1eXHOCTI Bifi IIBUAKOCTI pyxXy, pUcC. 8
noKasye, mo npu cripHii podoti EJ] Ta JIB3 B ychboMy IIBHAKICHOMY Jiana3oHi, 3HMKEHHS MOTY>KHOCTI
I'CY npu3BoauTh 10 HEMOXKJIMBOCTI BUKOHAHHSI IIBUJIKICHOTO PEXKUMY PYyXy Ha MapIIpyTi.

Octaroune oOrpyHTYBaHHs BenuunHU MOTy)HOCTI ['CY Ta ii po3noxmin mixk EJl Ta JIB3 BinOyBaeThes
B IpOIIeCi MOJICITIOBAHHS 32 MaTEMAaTUYHOK MOJICIUIIO, 32 YMOBH BUKOHAHHSI IBUJIKICHOTO PEXKUMY SIK Ha
eKCIUTyaTallifHOMy MapiIpyTi Tak i B HOBOMY €BPOIEHCHKOMY i3/[0BOMY ITHKIIi.
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Pucynok 8 — I'icrorpama posmoniny motpibnoi motyxHocti EJ]
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BcranoBneno, mo g 3a0e3nedeHHss MOKIMBOCTI BUKOHAHHS IIBUAKICHOTO PEXHUMY PyXy, iCHYE
MHOXHHA CIHiBBiIHOIIEHb noTyxHOcTell eneMeHTiB ['CY. Tak, notpibna nortyxHicte E/l 3Haxogutecs B
mexax Bin 16,8 kBt mo 30 kBT, mo cranoButs 44,2...78,9 % Bixg noBHoi notyxkHocti ['CY. IloTyxHicTh
JIB3 cknagae Big 21,2 mo 8 kBT. Ilpu upomMy, BUTpara enekTpuyHoOi eHeprii Oatapei ctanoButume 3,1...4,9
M/Ix/umkn, a BuTpaTa eHeprii nanusa cknagatume 7,5...3 M/Dx/nukn. BukopuctanHs 3a3Hau€HUX MHOXKUH
crhiBBigHOMmEeHb NOTyx)HOCTI JAB3 Ta EJ[ 103BOIsIe BUKOHATH IIBUAKICHI YMOBHU €KCIUTYaTalliliHOTO PEXUMY
PYXY, ajie ocTae MUTaHHs OOIPYHTYBaHHS BHOOPY OCTaTOYHOTO 3HaueHHs NoTyxHocTi EJ] ta JIB3.

BUCHOBKH

1. IIpobnema yTwimizawii crapux TPaHCIIOPTHHUX 3acO0IB € HAA3BHYAMHO aKTyalbHOIO A YKpaiHu.
CepenHili BiK TpaHCHOPTHHUX 3acO0IB MepeBUINyE 6 POKIB, Ta BHACIIAOK JiiOepaizallii 3aKOHOJIaBCTBA
OCTaHHIMU pOKaMH, IIe¥ MOKa3HUK 30UIbIIMBCS Maibke BaBidi g0 13! Cucremu yTwiizaiii aBTOMOOLUTIB B
VYkpaiHi HeMae.

2. OgHuM 3 IWUISIXiB BUpILIEHHS Li€l mpoOiieMH € mepeobiagHaHHs cepiiiHoro aBTromoOins 3 JIB3 B
€JIEKTPOMOOIIb UM TIOpUAHUI aBTOMOOIB. Y cepiiiHOMY aBTOMOO1ITI BKe iCHYIOTh BCi BY3JIHM TPaHCMICIi Juis
migkmodenHss EJ]. 3anumiaeTbes nuine BUTOTOBUTH MEPEXilHI €JEMEHTH AJs 3°€JHAaHHS BaliB JIBUTYHA Ta
KII, a takoxx st kpimennst EJI, akymymsTopiB Ta eJIeMEHTIB yNpaBiIiHHA A0 Ky30Ba aBToMoOinsa. Hapasi
xapakteprctTuku EM Oinbll mpuaaTHi Aj1s WOTO BHYTPIIIHBO MiICBKOTO BHKOPUCTAaHHS (3 OOMEKEHOIO
MaKCUMAaJIbHOIO IIBUJIKICTIO Ta MPOOIrOM MpU MOPIBHSHO TapHil SKOCTI JOpir), i 1€ Ja€ 3MOTy 3HH3HTH
NEBHI BUMOTH JI0 AE€SIKUX KOHCTPYKTUBHMX xapaktepuctuk KT3, sxuii nepeobiaiHyeThCA.

3. OtpumMaHi MaTeMaTH4Hi piBHAHHA pyXy nepeoOnagHanoro aBromobins 3 I'CY. Bonu 103BosisitoTh
BU3HAYUTH EKCIUTyaTalliifHi MMOKa3HUKH TepeoOiialHaHnX JIETKOBUX aBTOMOOLUIIB kareropii M1 Ha erarmi
PO3pOOKH MPOEKTY 3 IepeodITafHaH s, 00paTH HAOIIBII ONITUMATBPHUN BapiaHT Ta CXeMy Hepeo0IIaTHaHHSL.

4. B po6oTi 3arponoHOBaHO NPUIHATH Y SIKOCTI IPAHUYHOIO 3HAYEHHS MIBHIKOCTI, 10 SKOI Mpalioe
EJl, 3HaueHHs MaTeMaTUYHOTO OYiKyBaHHS CEpellHbOI IBUAKOCTI PyXy Ha eKCIUTyaTamiiHOMy MaplipyTi B
M. Kuesi — 24,2 kM/roj. lle € BuXigHuM 3HAYCHHAM Uit BUOOpY iHmmx napamerpie ['CY. /s nogansiioro
aHaii3zy npuiimMaroTbesi HacTynHi mapamerpu I'CY: makcuManbHa IIBUIAKICTH pyXy TuUtbku Ha EJ[ — 24,2
km/rox; notyxHicts EJ] — 16,8 kBT; motyxHuicts JIB3 — 21,2 kBT (cniBBigHomeHHs 44/56%).
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Gryshchuk O., Timkov O., Hladchenko V. Search for parameters of the power plant of the re-
equipped vehicles

Nowadays, the need to use wheeled vehicles with zero emissions, the share of such vehicles is
growing rapidly in developed countries. At the same time, existing re-equipped vehicle with internal
combustion engines, have a significant number around the world, create a major environmental problem.
One way to overcome this problem is to convert them into hybrid or electric vehicles with lower emissions.

, 2021, Ne2 (17)



https://uk.wikipedia.org/wiki/Toyota_Mirai

© I'pumyk O.K., Timko O.M., 'maguenko B.C. 2021

In Ukraine, such re-equipment is very often done by owners of old vehicles, and there are no
recommendations on its feasibility.

The lack of a method for calculating the performance of re-equipped vehicles complicates this process,
so the development of such a method is an urgent task. The method involves compiling a mathematical
model of the movement of vehicles with different types of power plants and different layout schemes. The
layout scheme of a hybrid power plant of parallel type is considered in this article. The front axle is driven by
the internal combustion engine, the rear by the motor. The method of Lagrange equations was used to
compile the equations of motion. As a generalized coordinate, the angular displacement of the motor shaft is
considered, to which the parameters of all mechanical elements of the vehicle are given, in accordance with
its layout.

Theoretical research of energy properties of the re-equipped vehicle in the conditions of movement of
Kyiv is carried out. According to the results of processing the value of the speed of movement, the law of its
distribution and its parameters are established. The obtained data were used in the calculations according to
the proposed method and the value of the speed for the transition to the movement of the internal combustion
engine was determined and the power distribution between the power elements of the power plant was
established.

Key words: hybrid vehicles, electromobile, re-equipped, efficiency, mathematical model, power plant,
experiment.
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Hepotcasnuii ynisepcumem ingppacmpyxmypu ma mexnonoeiu, Kuis, Yxpaina,

BJIOCKOHAJIEHHS TEXHOJIOI'Ti PO3PAXYHKY IMOKA3HHUKIB EKCILTY ATAIIIMHOI
POBOTH 3 BAKOPUCTAHHAM ABTOMATHU30BAHOI CACTEMHA

B yMOBax pO3BUTKY TPaHCHOPTHOTO PUHKY KJIIOYOBHMH IMUTAHHAMH IS CHCTEMH 3ali3HUYHHUX NEPEBE3CHb €:
cBO€YacHe 3a0e3MeueHHs BaroHaMM BiINOBITHOTO THITYy YCiX BiIIpPaBHHKIB BaHTaXy BIATOBIIHO O iX 3aMOBJICHB;
MO/IAJIbIIE 3aKPIIUICHHS 3ali3HHYHOTO TPAHCIOPTY Ha PUHKY NEPEBE3CHb IUIIXOM PO3BUTKY MApKETHHTY, CTBOPCHHS
30aaHCcOBaHOI TapU(HOI TONMITHUKY; YHOCKOHAJIECHHS OpraHi3allifHUX CTPYKTYp YHPaBIiHHS 3ai3HUYHUM
TPaHCIIOPTOM, TEXHOJIOTIi IIEPeBI3HOTO TPOIeCYy Ta oOpraHizamii IepeBi3HOi pOOOTH HA OCHOBI IIHPOKOTO
BIPOBA/KEHHSI aBTOMAaTH30BaHUX CUCTEM YIpaBiiHHA. MeTa CTaTTi nojsrae y JOCIiDKEHHI MOYKIIMBOCTI i ABUIICHHS
e(eKTUBHOCTI BUKOPUCTAHHS MapKy BaroHiB, ITOB’S3aHOTO 3 IIMM JOTPHUMAaHHS TEPMIHIB JIOCTaBKH BaHTaXy, Ha 0a3i
HOBOT METOAUKHU Ta MPHHIUITY PO3paxyHKy. OIMH 3 OCHOBHUX KOMIUIEKCHUX MOKa3HHMKIB pOOOTH 3ali3HUII € 00ir
BaroHy, 1o BimoOpakae Yac MOBHOTO IUKIY poOoTH BaroHy. Hapasi o0ir BaroHy 30iNMbIIyeThCs, AJS 3aJTi3HULI 1Ie
03Haya€ HEBUKOHAHHS BCTAHOBICHHX HOPM, MU OTPUMYBAdiB IOCIHYT — KII€HTIB 3ali3HULOI - I O3HAYae
MPOCTPOYEHHSI TEPMiHIB JOCTaBKM BaHTaXy, MOPYUICHHS (iHAHCOBUX 3000B’s3aHb Tepel IHIINMH yYaCHUKaMH
mporiecy IepeBe3eHb. [HpopMaliiiHi TEXHOJIOTIT 3ali3HUIlI 00YMOBIIOIOTh MOMKJIMBICTh KOHTPOJIO 32 BUKOHAHHSIM
HOpMATHBY 00iry BaroHy Ta JOTPHMaHHSIM TEPMiHIB JOCTABKHM BaHTa)XXy 3 MOJANBIINM BJOCKOHAIEHHSIM METOAUK Ta
METOJ(iB BU3HAYECHHS MOKa3HMKIB €KCIUTyaTaIliifHOT poOoTH. J{oChmikeHO MigBHINEHHS e()eKTHBHOCTI BUKOPUCTaHHS
MapKy BaroHiB, IOB’S3aHOTO 3 LUM JOTPUMAaHHS TEPMIHIB JOCTaBKH BaHTaXy, 3a PaXyHOK HOBOI METONWKH Ta
MIPHUHIMITY PO3PAaxXyHKy 1 MPOTHO3Y OCHOBHHX IIOKa3HHKIB poOoTH. IIpoaHanmizoBaHO MOIJIHMBOCTI BiAIHTH Bif
YMOBHOTO BH3HAa4eHHS 00iry 3a (opMyJiamMu, II0 BUKOPHCTOBYIOTH OalaHCOBHH METOJ Ta 3aCTOCOBYBAaTH Cy4acHi
CTQTUCTHYHI METOAM I BHU3HAUCHHS OOIry BaroHIiB SIK XapaKTEPUCTHKU IIEBHOTO IepeBe3eHHsA. Lle 103BOJIHTH
BCTAHOBIIIOBAaTH peajibHIi HOpPMHU OOIry BaroHiB Ta TEPMIiHH IOCTaBKM BaHTaXIB, IO 3abe3medaTh AOTPUMAHHSI
TEXHOJIOTIYHHX IPOIIECIiB eKCILTyaTaniitHol poOOTH 3aTi3HML IPU 00CTyTrOByBaHHI KIIIEHTIB.

Kiawuosi cioBa: iHpopMaIliiiHi TEXHOJIOTII, TEPMiHM JOCTaBKH, OOIl BaroHiB, TEXHOJOTIYHHU MpoOIEC,
3aJTi3HULS.

BCTYII

OCHOBHHMH acleKTaMH CTpaTerii PO3BUTKY 3ali3HHII YKpaiHH € JAOTPUMAaHHS TEPMIHIB JIOCTABKU
BaHTaXIB, NMPUCKOPEHHs 00Iry BaroHIiB Ta yJIOCKOHAJCHHS CHCTEMH YIpPaBIiHHSI Ha 0a3i iH(popMarliitHux
TEXHOJIOTi. BUKOHAHHS TEpMiHIB JOCTAaBKM BaHTaXIB Ta JOTPUMAHHS HOPM OOIT'y BaroHiB, Ha HaIIy AYMKY,
€ O3HAKOK JOCKOHAJIOT0 TEXHOJIOTIYHOI'O TMPOIeCy, 3a SKHM OpraHi3oBaHa eKcIulyarallilina poOorta. Ha
Kallb, Ha TOTOYHHH TepioJ, 1 3a momepenHi poKH, OOIr BaroHiB MOCTIHHO 30UIBIIYETHCS, MPO IO
KOHCTATYIOTh 3BITH 3alli3HHIN Ta JociipkeHHS (axisiiB [8-12]. HeBukoHanHs HOpM 00iry BaroHiB Ta
TEPMiHIB JJOCTaBKM BAaHTaXIB BKa3ye Ha HEJOTPHMaHHS TeXHOJOTril mporeciB. KpiM Toro, icHye 3HauHa
pI3HUIS MK TJIAHOBUMH Ta BHKOHAHMMH IOKa3HHKaMu o0iry Barony. Lle cBim4MTh mMpo HEOOXigHICTH
PO3pOOKM HOBMX METOJMK Ta MPHUHIMITIB PO3PaxyHKY, 1 MPOrHO3Y OCHOBHHUX IMOKa3HUKIB poboTu. Hapasi
(haxiBIIMHM PO3TIAJAIOTECS Pi3HI NUISXM BHUPIMICHHS 3a/adi aJeKBaTHOTO IPOTHO3YBaHHS IPOIECIB
MepEeBEe3eHHs 3 YPaxyBaHHsSIM ICHYIOUMX YMOB €KCIUTyaTamiiiHoi pobotu [1], 0 JO3BOJIMTH BCTAHOBIIIOBATH
peasbHI TEPMiHU JIOCTaBKH BaHTaXiB Ta HOPMHU 00iry BaroHiB. DaxiBISIMU-TIPAKTUKAMHU TaKOX CTaBISTHCS
3aJa4i 3MiHU IPUHIXIIIB HOPMYBaHHS IIPH IJIaHYyBaHHI MEPEBE3€Hb 3 METOI0 BUKOHAHHS TEPMiHIB JJOCTaBKH
BaHTaXiB, TNPHUCKOPEHHs O0O0Iry BaroHiB Ta YJIOCKOHaJeHHs cucTeMH ynpaBininHs [2]. EdexruBhe
BUKOPHUCTAHHS TPAHCIIOPTHUX 3aC001B, MPUCKOPEHHSI 000POTHOCTI BaroHiB, TAKOX PO3TIISAAETHCS Y POOOTAX
[3, 13-17], npucBs4eHUX ONTUMI3aLlil BUPOOHHIITBA IPOMHCIOBHX MiAIPUEMCTB .

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMH

Sk Bimomo, cepenHiii (yMOBHHMI) 0OIr BaroHa JUIS MEpeXi 3alli3HUIb BHU3HAYAETHCS JUICHHIM
poboUoro mapky BaroHiB Ha CEpeHBOJI000BE HaBaHTaXEHHA [4, ¢.24], a o0ir BaroHa 3a ejleMeHTaMu [4,
¢.50] Bu3sHa4yaeThCs 3a HOPMYIIOIO:

ne ! — nosuwuit pelic BaroHa, KM,

Vo _ cepeHs IiIbHUYHA MIBUAKICTh BArOHA, KM/TO/L. ;
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L
mex — BarOHHE ILICYE, KM;

Toer — cepe/Hil MPOCTiii BaroHa Ha OHIN TEXHIYHIN CTaHILI, KM;

k _ xoedimieHT MicieBOT poGOTH;

laan CepeaHil MpocCTiii BaroHa Ha OJHIHM CTaHII1 3 BAHTAXKHUMH OIEpaIliiMH, TO/I.

BoueBusp, neBHI XapaKTEpUCTUKU MEPEBIZHOIO MPOIIECy HE BpaxoBaHi y HaBeAeHUX (HopMysax, TOMY
i (akTMUHE BHKOHAHHSA OOIry BaroHiB 3HAYHO IIEPEBHLIYE HOpPMaTHBH. Tak, icHytoun QopMmynu He
BPaxOBYIOTh YaC PEMOHTY BaroHiB, X04a TEXHIYHHWI CTaH BarOHHOTO IMAPKy CYTTEBO BIUIMBAE HA YaC LUKITY
pobotu BaroHa. Lle € omHO 3 MOsICHEHb HEBHKOHAHHS 3allJIAHOBAHOTO O0Iry BaroHiB i moctiiHOTO Horo
30ibIIeHHS Hapasi [5].

AHaNoriuHi 3a7adi iCHYIOTh 1 B 3aJi3HUYHUX agMiHicTpamisax cycimaix mepxkas (OAO "PX/", CH/I,
kpainun bantii). B dopmynn pospaxyHkiB 006iry ¢axiBOIMH BBOISATHCSH KOEQIIIEHTH, IO OI[IHIOIOTHCS
eKCIepTaMu Ta BAKOPHCTOBYETHCS POrHO3yBaHHS [6].

B Toit ke wac indopmamiitna cuctema (IT) 3amizuuii (ACK BII ¥V3-€) sBisie coboro riraHTChKe
CXOBHIIIE JAHWX, IO OMUCYIOTh BUKOHAHY pOOOTY, KOHCTaTy€ IMPOIECH, 0 BigOymuchk [7[ 1 MICTHTH BCi
orepalii 3 KOKHUM BaroHoM. lle o3Hadae, 110 iCHy€ MOKJIMBICTh PO3PaxyHKY OOIry KOXKHOTO BaroHy 4u
PO3paxyHKy TPYIH BaroHiB 3a SIKUMOCh OKPEMHMH XapaKTepHUCTUKaMH. AHAJIOTIYHO y aBTOMAaTHU30BaHIiN
CUCTEeMi Hapa3i pO3paxOBYEThCS YaC 3HAXO/HKEHHS KOXXHOT'O BArOHY IIiJ] BAHTRXKHUMH OMeparisaMu (st
OTLIATH KIIIEHTOM), IO € OHI€IO 13 CKIIAJ0OBUX YaCTHH O0ITy BaroHy.

IIpu po3poOii HOBOI METOAMKHM 3 BH3HAYCHHS MOKAa3HWKIB pOOOTH 3alli3HUIl 3aIpOINOHOBAHO
BpaxyBaTH HaCTYITHE:

-HE PO3paxoByBaTH OOIr 3a ICHYFOUMMH 3acTapiiuMu (opMyiaMu, a BCTAaHOBIIOBATH OO0Ir BaroHy,
BUXOAA4M 3 (hakTUUHOI poOOTH, 10 BifoOpakaeTbes y 6asi manux ACKBII ¥Y3-€;

-00ir BaroHiB MPOIIOHYETHCS PO3PAXOBYBATH 32 POJAOM PYXOMOTO CKJIaMy MPHU NEPEBE3CHHI MIEBHOTO
pony BaHTaxy (y T.4.), TOOTO BHM3HA4aTH OOIr BaroHy SK IIOKa3HUK OOCIYrOoBYBaHHS IICBHOTO
BaHTa)KOIMIOTOKY;

-AKIIO Ha TEpPUTOpPii OnmHI€l 13 3aNi3HUIG 3MIMCHIOETHCS HEMOBHHN IMKJI pPOOOTH BaroHy,
pO3paxoByBaTH [OJI0 (3ai3HUIl) B 00Iry (HOBHOMY IIMKJII BiJf HaBaHTaXCHHSA JIO0 HACTYITHOTO
HaBaHTaXEHHS);

-3a JTaHUMH 00iry Ta poOOTH CIiJ PO3paxOBYBaTH HEOOXiTHWI pOOOYMH TapK BAaroHiB JUIS
NepeBe3eHHs BU3HAYEHOTO BAHTAXKY Y BU3HAYCHOMY PYXOMOMY CKIIaIi.

PE3YJbTATH JOCIIAKEHb

3 MeTol0 aHalli3y MoKasHHKa 00iry BaroHiB y mpolecax IepeBe3eHb BaHTaXiB Oy oOpoOieHi naHi
PO TPAHCIOPTYBAaHHS MapUIpyTiB (Ta TPyMOBHX BiANpaBOK) 3 4opHUMH MeTanamu 3 Kpusoro Pory mo
OpecbKoro MoOpTy 3a JACKIIbKOMa MapIipyTaM cligyBaHHs. i aHamizy JaHUX pO3po0JeHO TaOIHII0 HOPM
pyXy moi3my 3a rpadikom 1o BH3HAUYEHHUM CTaHIISIM MapLIpyTy, 3 ypaxyBaHHSIM 4acy 0OpoOKH Ha CTHKOBHX
ITyHKTaX Ta CTaHI[iSAX 3MiHU TSTH 200 JIOKOMOTHBA.

JaHi mpo yac ciiJyBaHHS BaroHiB BiJi TOYAaTKOBOI CTaHI[l MapmIpyTy JO CTaHIii MpH3HAYCHHS
CKJIQJIAIOTh YaCTUHY IIOKa3HMKa — OO0Ir BaroHiB. [IpomoBkeHHsS HWKIYy pOOOTH BaroHiB — II€ 4ac
3HaXO/PKCHHSI BaroHiB Ha M 13HIA Kouii, 10 BU3HAYAETHCS omeparisMu y IT 3 yMOBHOIO MO3HAYKOHO
«[10I'P» abo «BbII'P» (aHamizyeThcst yac 3iliCHeHHs orepatlii). | TpeTio CkIaoBy 4acTHHY 00Iry BaroHiB
JIOJIA€ Yac CJIiyBaHHs 1111 HACTYITHE HAaBaHTaXKECHHS a00 BUBAHTAXCHHS.

[IpoananizoBaHo MUK POOOTH BaroHiB MPH 3AiHCHEHHI TEXHOJIOTIYHUX OTIeparliii:

3ami3HuL HaBaHTaXXeHHs BaroHa — [IpuaHinpoBcbKa, BuBaHTaxeHHS — OechKa 3aili3HUIIs, HACTYIIHE
HaBaHTaXeHHs — [[puIHINpOBChKA.

3ammi3HuL HaBaHTaXeHHs BaroHa — [IpuaHinpoBcbKa, BUuBaHTaxXeHHS — OechKa 3aili3HUIIs, HACTYIIHE
HaBaHTakeHH:S — OJechKa.

3ammizHuI HaBaHTaKeHHs BaroHa — [IpuIHINpoBCchKa, BUBaHTaxeHHs — OJiechKa 3aiTi3HUIIs, HACTYITHE
HABaHTa)XEHHS BaroHy 3 HOBUM BaHTa)XeM 3JIHCHIOEThCs Ha Tpetiit (He [puaHinpoBcbkiit, He OJechKii)
3aJII3HULL.

OO0ir BaroHiB 3aJeKUTh BijJ 0arathox GakTopiB — 30kpema Bij nepioay poky (Puc.1).
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Pucynoxk 1 — Cepenniit yac 06iry 3a MicsIib

BcranoBneHo, oo NpoTAroM MEpHIMX TPHOX KBApTalliB — 3HIKECHHS Me/iaHu, CEPEeIHHOTO 3HAUCHHS,
TPETHOTO KBapTHIIA Ta, OCOOJHMBO, - BEPXHBOI MeXi. B ueTBepToMy KBapTami — JesKe 3pOCTaHHS Ha3BaHUX
noka3HuKiB. [loMiTHAa HE3HAYHA AMHAMIKA MIEPLIOro KBapTHJIIS Ta MEeBHI QUIyKTyalii HIKHBOI Mexi (Puc.2).
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Pucynok 2 — /lunamika gacy o0iry

3aranpHi XapakTeprucTHKH BunaakiB [IpuaHinposcska- [puaninposceska (Kinbkicts Baronis — 1632)

(Puc.3, 4)).
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Pucynok 3 — KBanrtumni yacy pyxy no [IpuanHinpoBceKiit 3amizHuLi
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KBaHTUni po3noginy Yacy pyXy BaroHis
no OfecbKii 3anisHULi
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Pucynok 4 — KBanTtuii po3noainy gacy pyxy mo Omecrskiid 3ami3HuUI
3 NMOpIBHSAHHS HAsABHUX JAaHWUX BUJHO, 110 CEPE]] BarOHIB 3 4YaCOM PYXY M0 TphOX Hi0 sik Ha OJeChKiH,
TaK 1 Ha [IpuAHINPOBCHKIH 3ami3HuIst pyxanocs 0ym3bko 30 % Bif ix 3aranbHOTO umcia. [Ipore Ha MEHIIMX
4acoBHX iHTepBasax [IpuaHinpoBchKa 3a1i3HULS BUSBIsUIA OUIBITY ONEPaTUBHICTb, Tak Wit 10% BaroHis 3
HaiiMeHIIMM yacoM pyxy Ha [IpuaHinpoBchKiil BiH He nepeBepiryBas 1.8 n1i0, a Ha Onecbkiit — 2.58 aio.
[Ipore Ha OUIBIIMX YaCOBUX IHTEPBAJIAX BaroHW IBU/IIC pyXanuch Ha ONEChKid 3ali3HUII —
t2 =3.741pOTH t/2 = 4.65Ha [IpuaHINPOBCEKiH, TOOTO Mexiana Ha OJeChKil 3aIi3HMII MEHIIA HA MaiiKe Ha

100y (0.91 mobwm). A Bxe 90-if mpoueHTIIs Yacy pyxy mo Omecwkiid 3amizHumi Ha 4,32 moOu MeHIHH
BIJIMOBITHOTO 3HaueHHs s [IpuaHinpoBcekoi 3amizuuni (Puc.S).
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Pucynok 5 — KBanTtuini po3nojiiny 4yacy pyxy BaroHis

OBI'OBOPEHHS PE3YJIBTATIB JOCJITKEHb
Jiia aHami3zy yacy 3HaXOPKEHHS BaroHIB Ha 3ai3HUISX (i1 9ac BUKOHAHHS ITUKITY )BBEAECMO JOTIUHY

3MIHHY b, =t% >bound® , sIKa TIpUIiMae 3HAYEHHS «true» y BUIAJKY, SKIIO 4ac pyXy BaroHa mo Opecbkiit

3anmizHALi t” OLIbLIKET 32 3HAYCHHS MEBHOI MEXOBOI XapaKTepHCTUKH pyxy mo OnechbKiit ke 3ami3HHMIl

bound® . 3 ananoriuHo0 MeTor s [IpuaHIIpOBChKOT 3aIi3HUI BBEAEMO 3MIiHHY b, =t >bound’” .
3amictb bound® Ta bound™ Gyxemo mucatnbound” , ie X {00, Ilp}.

VY tabmuni 1 HaBeaeHO AaHi MPO CTPYKTYpY BHOIPKH BaroHiB BiJTHOCHO MEXOBOi XapaKTEPHUCTHUKU

pyxy BaroHiB bound” 3i 3HaueHHSMH 25-rO TPOIEHTHIS, MEiaHH, CEPEIHBOTO 3HAYEHHSA Ta 75-TO

IIPOLICHTUIIA.
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Bynemo roBopuTH, 110 BaroH BiTHOCHTHCS IO BaroHiB THUIy 1, SIKIIO Yac MOro 3HaXOMKEHHS Ha
OnecpKiil 3ami3HUII TEepeBepUIye 3HAYCHHS bound ™, BKa3aHe y pSAAKY TaOmumi, TUTbkH Ha OjechKiit
3ami3HuLi, aje He Ha [IpunHinpoBcerkii (ToO0TO Ha [IpUAHIMTPOBCHKIN TOH e BaroH Mae MEHIINK 4Yac pyxy,
HDK 3HA4eHHSI bound™ ) . JIo BaroHiB tuimy 2 — Ti, 4ac pyxy SKHX MEpPEBEpIIyE 3HAYCHHS hound'” HaBIAKH
Tinbku Ha [IpuaHINpOBCHKiN 3ami3HuM, a Ha OfechKiil Yyac pyxy MEHIIUi 3a hound” . Baronu tumy 3 — e

X
BATOHH, Yac Pyxy sKUX Ginbimmii 3a 0ound” ya xoxwiit i3 3amissuup. I, Hapewrri, THII 4 — Iie Baronm, yac
PYXy SIKUX HE TIepeBepIIye hound * Ha KOKHIH 13 3a1I3HHIb.

Tabmuug 1. Jani npo cTpyKTypy BUOIPKH BaroHiB BiZTHOCHO MEKOBOI XapaKTEpPUCTUKU PYXy BaroHiB

1 fo2s 17,8 18 57 7,2

2 toso= median™ 24.6 24.6 25,4 25,4
3 mean™ 21.93 21.93 13.23 42.89
4 tors 18,8 18.3 6.7 56,7

Koxken BaroH BUOIpKH MTOTPAIUISIE TUTHKH IO OHOT'O TUITY, @ 00 €JHAHHS X YOTUPHOX THUIIIB BarOHIB
CTaHOBUTH TIOBHY BHOIPKY.

Kinpkicts Barouis Tumy 1 Ta 2, sk 1ie BuaHO 3 Tabnuii 1, xyxe OMU3bKi T Pi3HUX 3HAYCHD bhound * .

Pa3oM BOHM [at0Th YSIBJICHHS PO KUIBKICTh BaroHiB, sIKi MEPEBEPIIIIN BiIIOBIIHY MEXY bound * TUTBKU Ha
OJHIN 13 3aJII3HULIb.

Tak y psaaky Ne 2 tabmumi Gaummo, mo Maibke 50 BigcotkiB BaroHiB (49,2%) morpamunu ao
MOJIOBUHH BAaroHiB 3 HAHOLIBIIMM YacoM pyXy (OLMbLIMM 3a MeAiaHy Ha BiINOBIAHIN 3a7i3HMILI) TUIBKH i3-32
Mpo0JIeM Ha OJHIHN 13 3ai3HUIb. MOXKIIMBO, CIUTBHI MPOOIEMHU MPU3BETH J0 TOro, 110 25,4% BaroHiB Mamu
qac pyxy, OUTbIIMIA 32 MeiaHy Ha 000X 3ai3HULSX ogHoYacHO — Tul 3. Yac pyxy pemrtu 25,4% BaroHis,
MEHINNH 3a MeMliaHy JUIsd KOXKHOI 13 3a1i3HUIIb.

[{ono BaroHiB 3 bound * = mean”™ , muB. psagok Ne 3 Tabmui, JIerko MOMITHTH, 10 ToHAm 57%
BaroHiB MalOTh 4Yac pyxXy, OUIBIINI 3a cepeHe 3HAUCHHS PyXY Ha BianoBigHii 3anizauui. [Ipu npomy i3-3a
mpobsieM oxHiel 3 3ami3HUIL — Maibke 44%, Ta moHan 13% — 3 omHOYacHMM Ui 000X 3alli3HHUIb
MepeBepIICHHSIM CEpENHBOr0 3HAUEHHS Yacy pyxy.

OTke, yacTKa BaroHiB, 3aTPUMKY SKHUX CIIPUYMHWIA TUIBKU OJHA 3ali3HHUIIS, CTAHOBUTH Bif 35,8% 1o
49,2%.

[loniOHi po3paxyHKH Ui BaroHiB, 4ac oO0Iry SKHX TEpeBepLIye MeAiaHy yacy o0iry 3a BKa3aHUM
MapupyTtoMm (8,771 nib), HaBeneHi y Tabm. 2.

Tabnuusg 2. Po3paxyHKH Ui BaroHiB, 4ac o0iry sIKMX IepeBepIlye MeiaHy yacy ooiry

Ne psizxa bound™ L% 2% 5% s
b,A b, b,A b, b,A b, b,A b,

1 foas 3,6 16,1 79,5 0,1

2 tos0= median™ 16,6 34,0 48,4 1,0

3 mean”™ 26,7 41,0 25,2 7,1

4 to7s 27,8 34,7 12,8 24,5

Takux BaroniB BUSABHIOCH 858. YacTka BaroHiB, 3aTPUMKY SIKAX CIPUYMHMIIA TUIBKH OAHA 3aJi3HHL,

cTaHOBHUTH Bix 19,7% mo 67,7%.
BUCHOBKHU
[ndopmaniiina cucrema, mo GyHKIIOHYe Hapa3i Ha 3ali3HHULI, TO3BOJISIE BUpaXyBaTH OOIr BaroHa 3a
KO)KHUM HOro HOMEpOM, 3a NMEBHUMH XapaKTEPUCTHKAMU TEPEBE3CHHS Ta BU3HAUYMTH Yac 3HAXOIHKECHHS
PYXOMOTO CKJIaay Ha CTPYKTYPHOMY MipO3ALTi IPH BUKOHAHHI BCHOTO LIUKITY POOOTH.
CraTuCcTHYHI JOCHIPKEHHS TOKa3aJll HACTYIIHE:
, 2021, Ne2 (17) m
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-TpUBAJICTh 00Iry 3aJeKHTh Bia OaraThox (akTOpiB, 30KpeMa 3MIHIOETHCS Ha TPOTSA3l POKY , B
3QJICIKHOCTI B MICSIISI POKY;

-CKJIaJIOBI IIMKJIy — Yac 3HAXOJPKCHHS Ha 3aji3HUIX, CYTTEBO BiJIPI3HSIOTHCS B 3aJICKHOCTI Bif
3aJTi3HUII

-31 CTPYKTypH BHOIpKH BaroHiB BUILIMBAE, IO BiAMOBIAATBHICTH 32 MEPEBUIIEHHS «CEPETHBOI HOPMI)
3HAXOJ[)KCHHS BaroHiB OJTHO3HAYHO i/ICHTH(]IKY€EThCS.

[lomepeani BHUCHOBKHM MiATBEPIKYIOTbCA — KEPYIOUHI/MOTHBAIIMHAN BIUTUB Ha 3aJI3HUII0 MAae
CHIBBiIHOCUTHCH 13 00CsATaMu BaroHiB Tumy 1, Tumy 2, MabyTh i THIy 3, TOOTO iJeHTU(IKOBAHUM BHECKOM
y 301IBLIEHHS Yacy 00iry NOPiBHSIHO 3 TUTIOBOIO CTATUCTHKOIO.

BuxopucranHs 3a3Ha4Y€HUX ITOJIOKEHB JacTh MOXKITUBICTH BIINTH Bil yMOBHOTO BU3HAYEHHS 00iry 3a
(hopMynamu, 10 BUKOPHUCTOBYIOTH OaJaHCOBUII METOJ Ta 3aCTOCOBYBATH Cy4YacHI CTATUCTHYHI METOIW IS
BU3HAYEHHsI 00Iry BaroHiB SIK XapaKTEPUCTHKH MEBHOTO MEPEBE3CHHS.

Jlia BU3HAYEHHS HOPMATHUBHOTO Ta ()aKTWUYHOTO OOITy BAaroHiB, a TaKOXX NMPUHHSITTS OMEPAaTHBHUX
3axXO0JliB YIpPaBIiHHSA 3alMpONOHOBAHO aHANI3YBaTH dYaC 3HAXO/HKEHHA HOTO HA KOXXHOMY MiIpO3fii
(3ami3Huii) 3a gaauMu iHpopMaIiiiHoi cuctemu. Lle M03BONHMTH BCTAHOBIIOBATH pealibHI HOPMHU O0ITy
BaroHIiB Ta TEPMIHM JOCTaBKM BaHTaXiB, M0 3a0e3neyarh JOTPUMAHHS TEXHOJIOTIYHUX IMPOIECIB
eKCIUTyaTaliifHoO1 poOOTH 3aJi3HUII MpU 0OCITyTOBYBaHHI KITIEHTIB.
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H. Kyrychenko, Yu. Berdnychenko, O. Strelko. Advances in technology for calculating
operational work indicators using an automated system

In the context of the transport market development, the key issues for the railway transportation
system are: timely provision of wagons of the appropriate type to all consignors in accordance with their
orders; further consolidation of railway transport in the transportation market through the marketing
development, the creation of a balanced tariff policy; improving the organizational structures of railway
transport management, the technology of the transportation process and the organization of transportation
work on the basis of the widespread introduction of automated control systems. The purpose of the article is
to study the possibility of increasing the efficiency of using the wagons fleet, related to this the goods
delivery time compliance, based on a new methodology and calculation principle. One of the main
aggregated factors of the railway operation is the wagon turnover which reflects the time of the wagon’s full
cycle operation. Now the turnover of wagon is increasing, for the railway this means non-compliance with
the established norms, for the services recipients - the railway customers - this means delays in the delivery
of goods, violation of financial obligations to other participants in the transportation process. Information
technologies on the railway provide for the possibility of monitoring the fulfillment of the standard for the
wagons turnover and the observance of the cargo delivery time with further improvement of the methods and
techniques for determining the operational work indicators. An increase in the efficiency of using the fleet of
wagons, related to this the delivery time compliance, due to the new methodology and principle of
calculating and forecasting the main performance indicators, has been investigated. Possibilities to deviate
from the conventional definition of the wagons turnover by formulas, which use the balance method, and to
apply modern statistical methods to determine the turnover of wagons as a characteristic of certain
transportation have been analyzed. This will allow to set real standards for the wagons turnover and the
terms of goods delivery, which will ensure compliance with the technological processes of the operational
work of the railway when servicing customers.

Key words: information technologies, delivery terms, wagons turnover, technological process,
railway.
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lsano-Dpankiscoil HayioHanbHUL MeXHIYHUL YHIBepcumem Hagmu i 2asy

EKCHHEPUMEHTAJIBHI JOCIIUKEHHA 3SHUKEHHSI BTPAT EHEPITi B ATPETATAX
TPAHCMICII NITMOMHUX YCTAHOBOK UISAI PEMOHTY CBEPJIJIOBUH

CraTTa crnpsMOBaHa Ha BHpIMICHHA NPOOJEMHM 3HIDKCHHS BTpPAaT C€HEprii B TPaHCMICIHHUX arperartax
MiIAOMHIX YCTAHOBOK JUII PEMOHTY CBEpIJIOBMH. bByim mpoaHamizoBaHi OCHOBHI HampsIMKH 3 CKOPOYCHHS
€HEeproCIIOKMBAaHHSA MiTHOMHUX YCTAaHOBOK IJIsI PEMOHTY CBEpJIOBMH. IlpoBeneHuil aHami3 ocobimBocTeit
KOHCTPYKIII TpaHCMiCili MigHOMHUX YCTaHOBOK MAJsI PEMOHTY CBEPAJIOBHH. BUKOHAHI IOCHIPKEHHS B'SI3KICHO-
TEMIIepaTypHAX XapaKTePHCTHK CYYaCHHX TPAHCMICIHHHMX OJIMB Ta TEMIEpPaTypHOTO PEXHUMYy B TpaHCMICIHHHX
arperatax. ByB 3amporoHOBaHMII MeTOA HIBHAKOTO MPOTPiBY Ta MIATPUMAHHSA ONTHMAJIBHOTO TEMIIEpPaTypHOTO
pexuMy B TPAaHCMICIHHMX arperarax IiIHOMHHX YCTaHOBOK 32 PaXxyHOK BHKOPHCTAHHS TEIUIOTH BiAIpallbOBaHHX
razis. JlociipkeHa THIIOBA MEXaHIYHA TPAHCMICIS IMiAHOMHOI YCTQHOBKH JUII PEMOHTY CBEPIUIOBHH Ha KONICHOMY
maci. HaBeneHna MeTonmka Ta 3aco0M eKCIIepUMEHTAIBHIX JOCIIKEHb eHeproe()eKTUBHOCTI TPAHCMICIH I IHOMHIX
yCTaHOBOK. BuKOHaHI ekcriepiMeHTalIbHI AOCIIKEHHS peai3alii 3alporoHOBaHOTO METOAY 3HIDKEHHS BTpAT eHepril
B TpaHCMICIHHMX arperatax. BcTaHOBIIEHa 3aJIeKHICTH 3MIHM TEMIIEpaTypH TPaHCMICIIfHOI OJIMBH B KOpPOOII
MepEeMUKaHHS Tiepesad MMPpH Pi3HUX PeKUMaxX 00epTaHHA IMEPBUHHOTO Baly KOpOOKH mepenad. OpepixaHa 3aJexHICTh
BTpPAT MOTYKHOCTI B KOpOOLi IepeMUKaHHA Nepenad miaioMHoi ycraHoBkH mozxeni YIIA 60/80A B 3amexHOCTI Bix
TEeMIlepaTypH Ta COPTy TpaHcMiciitHoi onmuBh. HaBemeHi pesynbTaTH po3paxyHKIB IEPEBHTpPAT MajlkBa B KOPOOI
MepeMUKaHH nepenad miaioMHoi ycraHoBKH Moaeni YIIA 60/80A 3 pi3sHHMHU CHJIOBUMH NPHUBOJAMH Ta 32 PI3HHUX
TeMIeparyp TPaHCMICIHHOT OJIMBH.

Ki1ro4oBi cjioBa: migifoMHa ycTaHOBKA I PEMOHTY CBEPUIOBHH, HATOTa30BUH TEXHOJIOTIYHUI TPAHCIIOPT;
IU3EeTbHAN IBUTYH; TPAHCMICIHHUH arperar; KOpoOKa MepeMHKaHHsS Nepenad; YTHIi3allisl TeIIOTH; BiANparboBaHi
rasy; MOTYXXHICTh; INTOMa BUTPATA MAJIMBA.

BCTYII

HadrorazoBa ramysp, mopsim 3 IiHIIMMH CTPYKTypaMHd, BKJIIOYae y ceOe YHCIeHHI BHUPOOHWYI
MiAPO3IUIA TEXHONOTiYHOTO TpaHcHopty. llpn3HadeHHs HAa(TOTra30BOTO TEXHOJOTIYHOTO TPAHCIIOPTY —
3a0e3MeYeHHS HENePEePBHOI POOOTH OCHOBHOTO BHPOOHHUIITBA BHKOHAHHSM TEXHOJOTIYHUX OIEpalliid Ta
TpaHCHOPTHOI POOOTH B 3alaHWx o0cArax Ta 3amanmii wac. HadrorazoBuil TEXHONOTIYHHMN TpaHCIOPT
00’eqHy€e B 001 3HAUHY HOMEHKJIATYPY YCTAHOBOK: JUIsl OYPiHHS 1 pEMOHTY CBEP/AJIOBUH; JUIS TiAPaBIi4HOTO
PO3pUBY TIIACTIB, MPOMHUBHI Ta MiCKO3MINITyBalbHI YCTAaHOBKH, IIEMEHTYBaJbHI Ta I[EMEHTO3MIIIyBaIbHi
arperatd; IepecyBHI KOMIIPECOPHi; MapoOreHepaTopHi; A OOCITYyroBYBaHHS Ta PEMOHTY HadToraso-
MTPOMUCIIOBOTO OOJIaIHAHHS; JUIsi PEMOHTY Ta OYIiBHHIITBA ra30Ha<1)TonpOBoz[iB' JUISL HAJIarOJDKYBaHHS Ta
MOHT@)Xy Ha(TOra3onpoMmciIoBoro oGnajHaHHs, 3MallyBaHHs BEPCTAaTiB-TOWIAIOK; Uil MiLrpiBy Ta
Aenapadinisanii CBEp/IOBUH; Ul MexaHisauii pobiT; Ais reo(isMYHOro JOCHTIDKCHHS CBEPUIOBHH Ta
Garato IHIMX THIIB Ta MOJENei. 3a CBOEIO YHCENBHICTIO HA(TOra3oBHMH TEXHONOTIYHHMIA TPaHCIOPT
NepeBakal0 BCi I1HII BHIM TEXHOJIOTIYHOTO TPAHCIOPTY iHMMX raimy3ed. ToMmy Ha ocoOnmBYy yBary
3aCIIyroBye npoOiieMa 3HWKEHHS BUTPAT €HEPTii I HaTOra3oBOro TEXHOJIOTTYHOTO TPAHCIIOPTY, 30KpeMa
3HW)KEHHS BUTPAT CHEPTil B TPAHCMICIAX MiJHOMHHX YCTaHOBOK.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA INPOBJIEMU

[TuTanHs MoKpalieHHs eHeproe)eKTUBHOCTI — OJMH 13 TOJIOBHUX NpiopuTeTiB Ykpainu. Y 2017 poui B
Vkpaiini Oyno 3arBepmxeHo «HoBy Eneprermuny crparerito VYkpainm nmo 2035 poky: Oesmexa,
eHeproe(h)eKTUBHICTh, KOHKYPEHTOCIIPOMOXKHICTEY) — I1€ T'OJIOBHHU JOKYMEHT, SKUW BHU3HAYa€ CTpaTEriuHi
OpIEHTHPHU PO3BUTKY MAaIMBHO-CHEPTETHYHOTO KOMILICKCY JepkaBu Ha mepiog mo 2035 p. BiamoBigHo 1o
OO HOPMATHUBHOTO aKTy Mepea0adacThes, MO YacTKa IMIOPTHUX KOMIIOHEHTIB B CTPYKTYpi 3arajbHOTO
MEPBUHHOIO MOCTauyaHHs eHeprii kpainu 3HM3UThCS y 2025-2035 pp. no meHm Hix 33 %, 30KpeMa 3aBIsKU
MiABUIIEHHIO E€HEProe()eKTUBHOCTI Ta EHEPro30EpeXeHHI0 3 JOTPUMAHHSAM CY4acCHHX EKOJOTTYHHX
CTaHIApPTIB Ta MIMPOKOMY PO3BUTKY BiJIHOBIIOBAILHUX eHepromxepen. HoBa eHepreTMuHa crpareris
JiepKaBU MICTHTh TPU OCHOBHHUX €TallM, TOJOBHUM PE3yJIbTaTOM SKHX Ma€ OyTH 3MEHIICHHS! €HEPTOEMHOCTI
BBII 10 2035 poky MopiBHSHO 3 TOTOYHAM 3HAYSHHSIM OiJibilie, HX y BIBidi [1]. Takox ciij BiAMITHTH, 1110
Hallla JIepXaBa, K WIeH EHEPreTHyHoro €BpONeHChKOro CHiBTOBAPHUCTBA, IMILIGMCHTYBana JMpeKTHBY
€spocorozy 2009/28/EC mono npocyBaHHs BIJHOBIIOBAaHOI cHepreTwku 1 mepenbaunmna B 2020 powi
BBE/ICHHsI 00OB’SI3KOBOI YaCTKM BI/IHOBIIIOBAHOI €HEPril Y CTPYKTYpi 3araibHOTO CIOXKMBAHHS KPAaiHM Ha
piBHi 11 % [2].

J1st  NOCATHEHHS. NOCTAaBIEHMX [EPKABHOK ~EHEPreTHYHOK IMONITHKOK 3aBAaHb HEOOXiIHO
MaKCHMAJIbHO ~3HWKYBATH CHCPrOCIIOKHMBAHHA BCIX 00’€KTIB Ta OOnajHaHHs{, B T.4. 1 THX, 5K
CeKCIUTYaTyIOThCS B HA(TOBIH 1 ra30Biil IPOMHUCIOBOCTI YKpainu. Lle MOBHOIO MipOk0 CTOCYETBCS K B LLIOMY
Ha(TOra30BOr0 TEXHOJOTIYHOrO TPAHCIIOPTY, TAK i TAKOXK TAKOi BAKIMBOI HOrO CKIANOBOI, AK MiAHOMHI
YCTaHOBKH JUISS PEMOHTY CBEPJJIOBWH. 3a3HaueHi YCTAHOBKH MAlOTh MaJOSKOHOMIiYHi, y TOpPIBHSHHI 3
€JIEKTPOTIPUBOJIOM, JTU3EJIbHI CHIIOBI PUBOJIN 3 MEXaHIYHUMHU TPAHCMICISIMH, 1110 BUMArae, B T. 4., 1 IOIIYKY
HOBHX HANpsMKIB NOKPAICHHS NaJUBHO-€KOHOMIYHMX XapaKTEPUCTHK CHJIOBHX NPHUBOAIB MiAHOMHHX

YCTaHOBOK [3].
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Butparn Ha (YHKLIOHYBaHHS TEXHOJOIIYHOTO TPAHCIOPTY CTAHOBIATh 3HAYHY 4YacTKy B
cOOIBAapTOCTI 11 YKUIT HAadTOra3soBOI ramysi, TOMy 3MCHIICHHS CIIOXHBaHHS CHEprii Ta coOiBapToCTi
TEXHOJIOTIYHUX pOOIT MmiJ Yac eKCIUTyaTamii CHJIOBHX MPHUBOMIB MiIHOMHUX YCTaHOBOK MAJISI PEMOHTY
CBEpAJIOBUH — aKTyajbHE 3aBAaHHsS ans (axiBuiB HadrorazoBoi mnpomucioBocti [4]. OcHOBHUMH
HanpsMKaMH 3 CKOPOYEHHS EHEProCHOXHMBAHHS MIIHOMHHMX YCTaHOBOK IUII PEMOHTY CBEPAJIOBUH, SKi
TOCTIKYIOTBCS B JaHI poOoTi €:

- e(peKTUBHE BUKOPUCTAHHS HAIMIIKOBOI TEIUIOTH pOOOYOro MpoLecy;

- 3a0e3MeUYeHHs] IBUAKOTO MPOrpiBaHHs Ta MiATPUMAaHHS ONTUMAIBHOTO TEMIEPAaTYPHOTO PEXHMY
TpaHcMicii.

Jltst, BUKOHAHHSI CKJIaIHUX POOIT 3 KalliTalbHOrO PEMOHTY ITHOOKHX CBEPIIOBHH BUKOPHCTOBYIOTBCS
T2 OMHI yCTAHOBKH BEJIMKOI IOTY)KHOCTI 1 BUIIKH, IO 03BOJISIE BUKOHYBATH CITyCKO-TIIHIMANBHI Onepartii
3 OypwIbHMMH W OOcamHUMH TpyOamwu. KOMILIEKC TaKOro YCTaTKyBaHHSI TIEPETBOPIOETHCS B MOOLIBHY
OypoBy ycTaHOBKY. TakuM 4MHOM, Ha 0a31 HEBEJIMKOro Yrcia yHi(piKOBaHUX BY3JiB OyIyIOTHCS KOHCTPYKIIi
MiAHOMHUX YCTAaHOBOK Pi3HHUX MPHU3HAYEHB 1 MapaMeTpiB [5].

MoOiibHI yCTaHOBKH JUISi PEMOHTY CBEPUIOBHH (DYHKIIOHAIBHO SIBISIOTH COOOI0 CHCTEMY 3 OJJHOTO
(4acrilie BCHOrO) 4YM JBOX IMPUBOJHMX JBHUIYHIB 1 TPAaHCMICIi — MEpETBOpIOBaYa, IO Mepenae i
TpaHchopMye €Hepriro oOepTaHHA Baja JBUIYHa B EHEPril0 Traka, L0 IEPEMILIA€ThCS MOCTYHNAIBHO.
MiHiMaabHO HEOOXifHAa KpaTHICTh PETYIIOBaHHS YacTOTH oOOepTaHHS 1 MOMEHTIB Ha Baly JeOiaKu
MiAHOMHUKIB JUIsI BUKOHAHHS HUMH CITyCKO-TIOAHIMAJIBHUX 1 TEXHOJIOTIYHMX OIepamiid 3HaXOAUTHCS B
Mexax mpuomms3Ho 1:4. I3 30BHIMIHBOT XapakTepucTiky JIB3 ButmBae, mo KpyTHUIT MOMEHT, 3MIHIOETHCS B
MEHIIOMY iHTepBalli. Y 3B'A3Ky 3 I[UM BHHHUKAE€ HEOOXiTHICTH 3aCTOCYBaHHS B TPAHCMICIi MEXaHIYHUX, Till
WHAMIYHHAX 91 KOMOIHOBaHHX IEPETBOPIOBaYIB [6].

HocnimkeHnst psgy aBropiB [7, 8 Ta iH.] mOKazanw, HIO TEMIEPATYpPHUH pEXUM MeXaHIYHHX
TPaHCMICI B yMOBaxX HETaTHBHUX TEMIEpaTyp HE JOCATAE ONTUMAIbHHUX 3HA4eHb POOOYMX TeMIlepaTypu
TPAaHCMICIHHX arperaTiB HaBITh MICI TPHOX TOAMH POOOTH HA PISHUX HABAHTAKYBAIBHUX PEKUMAX.

3rigHo 3 mocmimkenasmu [9, 10 Ta iH.], BTpaTH HOTy)KHOCTl B TpaHCMICII 0e3nocepeHbO 3aNekaTh
BiJl il TEMIEpPaTypHOro pEeXUMY POOOTH, TOMY IO B'A3KICTh TPAHCMICIHHOrO Macia 30UIbLIYETHCS 3
NIOHIKEHHSM TEMIIEPATYPH HABKOJIMIIHBOTO cepenosuia. CydacHi OJIMBH XapaKTEPU3YIOThCS PISHUMHU 5K
eKCIUTyaTalliiHUMA, TaK 1 B'S3KICHO-TEMIICPATYPHHMHU BIACTUBOCTSMH. BinmosigHo 1o pesyinbraris
pocmipkenb [9], B'A3KiCTh MiHepaibHOI TpaHcMiciiHOT omuBH 80W-90 iCTOTHO 3MIHIOETBCS BKE NPH
Temrieparypi Hmwkde +10 °C, mpu Ttemmeparypax Minyc 25...30 °C BoHa jocsrae 3acTHraHHS. 3a
NPENCTABICHUMH AOCIiIKEHHIMHI 3pO0JIEHO BHCHOBOK, L0 NPH 3HW)KEHHI TEMIIEpPaTypH HaBKOJIHMILIHBOTO
MOBITPsI B 3MMOBHI TIepio]] eKcIuTyarallii, BHACHIOK 3MEHIIEHHSI CEPEIHBOI TEMIIEPaTyPH OJUBH, i1 B'SI3KICThH
B arperarax 3Ha4HO BHIIE ONTHMAaJIbHUX 3Ha4eHb, 110 00YMOBIJIO IMiJBUILIEHUI 3HOC IIECTEPEHb.

[Ipu nocmimKeHH] TEIUIOBUX PEKUMIB pOOOTH arperariB TpaHCMICii aBTOMOOLTIB MPpH eKCIDTyaTalii B
yMOBax BiJ’€MHUX TeMmIeparyp Oyjl0 BCTaHOBJICHO, IO Ha BEJIMYMHY CEPEAHBOI TeMIlepaTypu OJIMBH
arperariB 3HaYHWH BIUIMB POOUTH PEXUM pPOOOTH aBTOMOOIIS Ta MIBHAKICTH 1 HANMPSMOK TOBITPS, IO
001yBae aBToMOOLIB. [Ipr poOOTI aBTOMOOINS 3a TeMIepaTypu HaBKOJIIMIIHLOTO cepeaoBuina minyc 20 °C i3
3yNUHKaMH, CyMapHa TpPHUBAIICTh SKUX JIOPIBHIOE 3aralbHOMy 4acy pyXy, 3HIKCHH: cepe,uHI)o'f
TEMIIEPATypu B KopoOui nepemukanns nepenay ckinanae 19 ° C, a B pozpasanbHoi kopooui Ha 13 ° C [11].
Ha mincrasi nporo MokHa 3p0OHMTH BUCHOBOK, LIO PEKUM PYXY 13 3yIMHKAMU MA€ iCTOTHE 3HAYECHHS MPU
PO3TIIALI TEIUIOBOTO PEXXUMY TPaHCMICIT mpH ii p060T1 B YMOBAaxX HETaTUBHHUX TEMIIEPATyp.

Hocnimkenns nprcrocoBanocti aBToMoOuniB ['A3-66, 31JI-131 i iH. 32 TEMJIOBUM PEKHMOM arperatiB
MoKa3aly, 10 TpU TeMIIepaTypi HABKOJIUIIHLOTO MmoBiTps MmiHyc 40 °C Temmeparypa OnMBH B KapTepi
KOPOOOK ITepeMHUKaHHS nepenay Mae 3HaYEHHs Bix 2 mo 33 °C [12].

OntumaneHUH TEIUIOBHM peXUM POOOTH arperariB MEXaHi4HOI TpaHCMicii MigHOMHHMX yCTaHOBOK
3aBOJIOM-BUDOOHMKOM HE BCTAHOBJIIOETHCSI B JKOPCTKHX paMKax. BusHauaibHUM (akTopoM €
Mpane3aaTHICTh OJIMBU NPW TMEBHUX yMOBax. Tak, HAlpHUKIaJ, BCTAHOBJICHA MaKCHMalbHa TEMIIEpaTypa
TpaHcMiciitnoi onuBu TCn-15K, sika B arperarax TpaHcMicii aBToMoOLTIB mijiioMHuX ycTtanoBok YITA-60/80
He noBuHHa mnepeBuinyBatu 120 °C [13]. MinimanbHe oOMEXEHHS 3ala€TbCsl B'SI3KICHO-TEMIIEPATYPHOIO
XapaKTEePUCTUKOIO 3acTocoByBaHol onuBHu (He Hwx4e Minyc 30 °C). 3a nanumu aBropiB [14], onTumansHa
TeMIlepaTtypa OJNHBH 3 iHAeKcoM B's3kocTi 8OW-90 B kapTepi KOpoOKH TepeMUKaHHS Irepenad MigioMHOT
yctanoBkr YPB-2A2 Ha miaci aBromo0Outst Ypan-4320, 3 ToUku 30py MiHiMI3allil BTpaT eHeprii, ckiamae 30
[e]

C.

HIJIb TA 3AJAYI JOCJIIJIKEHHA

Butparn Ha (YHKI[IOHYBaHHS TEXHOJOIIYHOTO TPAHCIOPTY CTAaHOBINTh 3HA4YHY 4YacTKy B
cobiBapToCTi 1 YKUIT HAadTOra3oBOi raiysi, TOMy S3MCHIICHHS CIIOXHBaHHS CHEprii Ta coOiBapTocTi
TEXHOJIOTIYHUX POOIT MiJ] Yac eKCIUTyaTalii CHJIOBUX MPUBOJIB MiIHOMHUX YCTaHOBOK JJISI PEMOHTY
CBEPJJIOBHH — aKTyallbHa Ipobiema s paxiBiliB HAQTOra30BOi MPOMHUCIIOBOCTI.

Tomy meToi0 1aHOi CTATTi € BCTAHOBICHHS B Ja0OPaTOPHAX YMOBAaX OCHOBHHX 3aKOHOMIPHOCTEH
3MIHM CHEPreTHYHHX Ta IOTYXHICHHX XapaKTCPHCTHK TPAHCMICIH MiIHOMHAX yCTAaHOBOK JULSL PEMOHTY
CBEPJUIOBMH HA()TOra30BOI raiysi pu peanizailii 3aponoHOBaHUX €HEProeEeKTUBHUX pillieHb. BinmnosinHo
JI0 METH TIporpama J0CIi/PKeHb MICTHTh TaKi 33j]adi: eKCIIePUMEHTANIbHI JIOCTI/IKCHHSI CHEPreTUIHUX BUTPAT
B TPAaHCMICISIX ICHYIOUHMX WiHOMHUX YCTAaHOBOK JUII PEMOHTY CBEpIJIOBUH; EKCIHEpHUMEHTAIbHI
JOCIHIPKEHHS €HEPreTUYHUX BUTPAT B TPAHCMICISIX YAOCKOHAICHUX MiTHOMHHUX YCTaHOBOK JJIsl PEMOHTY
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CBEPIJIOBUH 3 TIPOMOHOBAHOI BHCOKOS(EKTUBHOTO CHCTEMOIO TIIITPIBY TPAHCMICIHHHX arperartiB
BIJIpalibOBaHUMU ra3aMH.

PE3YJbTATHU JOCHIAKEHb

Tumosa cxema TpaHcMicii

Oco0mMBOCTI KOHCTPYKIIT MiTHOMHAX YCTAaHOBOK BH3HAYAIOTHCS TIIMOWHOIO CBEPIOBUHU, 3MiCTOM
orepariiii, JAOPOXKHbO-KITIMATHYHHMH YMOBaMH. YMOBH €KCIUTyaTamii yCTaTKyBaHHS Ui PEMOHTIB
CBEPJUIOBHH YCKIIAHIOKOTBCS HU3BKUMH 200 BHUCOKMMH TEMIICPAaTypaMH HABKOJIMIIHBOTO CEpEeOBHINA,
CTaHOM ab0 HASBHICTIO MEPEXKi J0pir Ta iH. 1li yMOBH IOKIA/ICHI B OCHOBY KOHCTPYIOBAHHS i BUTOTOBICHHS
yCTAaTKyBaHHS, MPHYOMY OCOOJHMBO >KOPCTKI BHMOTHM [0 KOHCTPYKIIii ycCTaTKyBaHHsS [Uis HaiOiLibIn
MOOLIBHOTO MPOIECY - MOTOYHOTO PEMOHTY CBEPIOBMH. MOOLIBHICTE MPOLECY PEMOHTY CBEPIUIOBHH i
CKJIa/iHI JIOPOXKHBO-KIIIMATHYHI YMOBH B OCHOBHHX paifoHax BUI00yTKy HadTH i rasy B Ykpaini, €Bpomi Ta
CBITI BM3HA4YalOTh TOJIOBHY BHMMOTY JO YCTaTKyBaHHA JJs I[bOTO TMpolecy — HOro BHCOKY
TPaHCHOPTAOEIbHICTh.

TpancropTyBaHHsI ycTaTKyBaHHA B JIITHIN 1epiof B Mexax YKpainu abo €Bponu He NpeACTaBIsAIOTh
CKJIaHOI MPOOJIEMH, TOMY IO MOXKE 3a0e3MedyBaTHCS 3BHYAWHUMH KOJICHAMH TPAaHCHIOPTHHMH Oa3aMu.
TpaHcriOopTyBaHHA YCTaTKyBaHHS B YMOBaX CHIKHOI 3WMH, BECHSHOTO HYH OCIHHBOTO O€3I0pINOKA,
TpaAuIiiHO 3a0e3MedyBaoCh TPAHCIIOPTHIMH 0a3aMH BHCOKOI MPOXIAHOCTI HA TyCEHHYHOMY Xxoxy. OmHak
JIOCBiJl OCTaHHIX POKIB MOKa3aB, IO MPOXiJHICTh TAKUX arperariB, HE3Ba)Kaloul Ha TyCEHHUYHY 0azy, Mayo
YHMM BiJpPi3HAETHCA BiJ MPOXiAHOCTI arperariB Ha KOJICHOMY XOAy, a iHOfi i Tipiie iX, TOMy 10 T'YCeHUYHUN
TPaHCIIOPTEP-TPAKTOP 30epirae BUCOKY MPOXiTHICTH, JIHINE KOIW Hece Ha cOOl HEeBEeIMKE HaBaHTAXKEHHS,
3HAYHO MEHIIE MAacu arperaToBaHOr0 Ha HbOMY YyCTaTKyBaHHS. KpiM TOro, ryceHu4Hi TpaHCIIOpTEpH
PYHHYIOTb JOPOXKHE IOKPHTTS, MAlOTh HEBHCOKI IIBUAKOCTI TNepecyBanHs. ToMy —ONTHMAaabHOKO
TPAHCIIOPTHOKO 6a3010 arperaTis /Il PEMOHTY CBEPUIOBHH HE BEJIMKOI BAHTAXKOII AHOMHOCTI € CTaHIAPTHUH
aBTOMOOLIL BMCOKOI TPOXIJAHOCTI, Hanmpuknan tumy aBromobins KpA3 i3 Tpboma BemyuMMH MOCTaMH,
IMHAMH 3 MOXJIMBICTIO PEry/IOBAHHSA THCKY 1 JOCTATHBO IOTY)KHHM JBUTYHOM. ABTOMOOLT LEOTO KiIacy
MaIOTh IOCTATHI HPOXIAHICTb, BAHTAXKOMIAHOMHICTE 1 IIBUAKOCTI IEPECYBAHHS.

Ak TpaHCMICIi Ta MEpeTBOPIOBAdl TOTY)KHOCTI IS MiAHOMHHX YCTaHOBOK PEMOHTY CBEPIUIOBHH
BUpOOHHUITBa YKpainu, konumHboro CHJI Ta 3akopI0HHOTO BUPOOHHIITBA HEBEIHMKOI BAHTAXKOI IHOMHOCTI
MEPEBAKHO 3aCTOCOBYIOTHCS MEXaHIuHiI KOpPOOKHM IIBHAKOCTEH, y OIIBIIOCTI BUMAJKIB IIECTEPEHYACTI,
piire JaHIFOTOBI 31 CTYNEHEBUM pETYIIOBAaHHIM YacTOTH oOepTaHHS. TuWmoBa MexaHidHA TPaHCMICIS
MiHOMHO{ YCTaHOBKH JJISi PEMOHTY CBepAsIOBHH Ha KoJricHoMy Taci (YIIA 60A 60/80) — HaBeneHa Ha puc.
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1 — xommpecop; 2 — ABHUTYH; 3 — KOpOoOKa Bi0OpY MOTY>KHOCTI; 4, 9 — mecrepHi mepenavi oOepTaHHS
6apa6aHHOMy Baiy; 5 — TaneBuii O6ok; 6 — dpukiiiina mydra; 7 — dpukiiiina My(bTa JTIUCKOBa; & —

peBepCHBHHH penyKTop; 10, 24 — wectepHi koHiuHi; 11 — mecrepus 3- 1 4-i wBKaKocteii; 12 — my¢ra; 13 —
wecrepHst 1-1 Ta 2-i mBuakoctei; 14, 16, 23 — mecTepHi IPOMDKXHOrO Basa; 15 — pOJ‘II/IKOBl nigmunHuKy; 17,
18 — mrecrepHi 0OEPHEHOTO O6epTaHH$I 6apa6aHa, 19 — mecrepus 2-i Ta 4-i mBuakocreit; 20 — mydTra; 11 —
mectepHi 1-1 u 3-1 mBuaKocTel; 22 — KOpIyc KOpoOKW mepesad; 25 — jae0iqKoBui OoK: 26 — KapaaHHHH
Ban; | — Bemyunii Ba; 11 — mpomixkni Bamu; [ — Benenwmii Ban: VI — Bich
Pucynok 1 — TunoBa MexaHiyHa TpaHCMICisl TIIHOMHOI YCTaHOBKH JUISI pEMOHTY cBepsioBuH YIIA 60A
60/80 na xomicaomy maci KpA3

Ha aBTOMOOUIBHIH 200 TPaKTOpHIM TpaHCIOPTHIN 0a3i YacTO BUKOPHUCTOBYETHCS SK MEPETBOPIOBAY
KPYTHOTO MOMEHTY BiJI IBUTYHA BJIACHO IITaTHY KOPOOKY NEPEMHUKAHH IIepe/iad camMoi TPaHCIIOPTHOT 0a3u.
TpancwMicis YCTaHOBKH JUI PEMOHTY CBED/UIOBHH CKJIA/IA€THCA 31 cyKynHocn Myq)T BaJjiB, JIAHLIOTOBUX
nepenay, JIeOiAKU 1 mosicnacTa, 3'€JHaHOro 3 rakobmokoM. [lomicmact i3 rakom i 6J‘IOKaMI/I Ha3MBAa€ThCSA
TaJCBOI0 CHUCTEMOIO, SKa PO3MIIIYEThCS Ha BHIII MIAHOMHOI yCTaHOBKH. YHCIIO MIBHAKOCTEH 1 iXHE
CIIBBITHOIICHHS BU3HAYAIOTHCS B 3AJICXKHOCTI BiJI TEXHOJIOTIT CITyCKO-TIOAHIMANIBHUX onepaltiii. Taka cxema
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MiAHOMHOI YCTaHOBKH, MMOOYyJIOBaHA HA MEXaHIYHHUX TPAHCMICIAX, Y JaHWH 4Yac € HaWOULIBII MOIIMpPEHa B
YkpaiHi.

I[InanyBaHHS eKCNIEPUMEHTAJIBLHUX H0CTIKEHD

Mera i 331241 eKCIEPUMEHTAJIBHUX JOCIIKEHb XapaKTEPUCTHK MiIHOMHUX YCTaHOBOK Ul PEMOHTY
CBEPUIOBHH BH3HAYWIM BHOIp HEOOXITHOTO yCTaTKyBaHHs, BUMIPIOBAIFHOTO OOJIAJHAHHS 1 amapaTypu Ta
00'eKTiB A7l BUIPOOYBaHb.

3aBmaHHAM EKCINEPUMEHTATFHUX JOCTIDKEHh € BHU3HAYEHHS OCHOBHHX 3aKOHOMIpHOCTEH
CHEPrOBUTPAT IUTATHUX TPAHCMICIA ICHYIOUMX NIIHOMHUX YCTaHOBOK Ta YAOCKOHAICHOI TpaHcMicii 3
TNPOTNIOHOBAHOK) CHCTEMOK TiJIrpiBy TPAHCMICIHHMX arperatiB BiANPAlbOBAHUMHU rasamu JBUryHa. llpu
LBOMY JOLUILHUM € BH3HAQYCHHSN B PE3YNbTATi CKCHEPHMCHTAIBHUX JOCIIDKCHb BUINOBIIHUX CHCTEM
IapaMeTpiB, IO BU3HAYAIOTH [OKA3HUKH EHEPrOBUTPAT. BHUPIMIEHHAM WLBOrO 3aBIAHHS € peaisaris
6araTo(pakTOPHOT0 CKCIEPUMEHTY 3 BIATBOPCHHSIM OCHOBHHX YMOB IIPOTIKaHHs JOCIIIKYBAHHX TIPOLICCIB.

CknazaHHs IJIaHy EKCIIEPUMEHTANbHUX JOCHIPKEHb BIiAMOBITHO A0 MOJOXKEHb TEOpii IIaHyBaHHS
EKCIICPUMEHTIB CTBOPIOE YMOBH AJISl 30UIBLICHHS AOCTOBIPHOCTI pe3ysbTaTiB BHUMIpIOBaHb i B OaraTbox
BHIIAJKaX ICTOTHE CKOPOUYEHHS 00CATY €KCIePUMEHTAIBHHUX TOCITKEHb Ta/abo CTEHIOBUX BHUIPOOYBAHb.
AJe ycmilHe 3aCTOCYBaHHS Cy9acHUX METO/IIB IUIAHYBaHb €KCIIEPUMEHTAIBHIX JOCHTIHKEHD (IS TPUKIIATLY
— ckiaganHsa (aKTOPHUX IDIaHIB) nepeadadae 00OB'I3KOBY HASIBHICTD IIEBHOTO MiHIMyMY BiJIOMOCTEH 070
3B'A3KIB MIXK IOCIIKYBaHUMHU (PaKTOPaMHU.

AmHani3 JiTepaTypHUX JDKepen 3 AaHoi mpoOieMu MoKasas, 10 IOKW HeMa€e JIOCTOBIpHUX BioMoOCTel
IIOJI0 €HEePrOBUTPAT TPAHCMICIH MiAHOMHHX yCTaHOBOK JJISi PEMOHTY CBEPIJIOBHH Ha()TOTa30BOi raimysi.
MoskHa TUIBKH CTBEP/UKYBATH, IO HA IOKa3HUKH CHEPTOBUTPAT TPAHCMICIH MiAHOMHAX yCTAHOBOK UL
PEMOHTY CBEpJIOBHH BIUIMBAIOTH TEMIICPATyPH HABKOIHIIHBOIO CEPEIOBHILA TA arperariB TpaHCMICIi. Ale
(haKkTOpHI IUIAHW TapaHTYIOTh OTPHMAHHS B PE3yNbTaTi MiHIMATbHOI KIIBKOCTI JOCII/UKCHB TOCTOBIPHHX
3Ha4Y€Hb KOCQIUIEHTIB B PIBHAHHAX PETPECil TUIBKM 33 BIIOMUX 10 MOYATKY E€KCIEPUMEHTIB MOPSIKY
perpecuBHOro piBHAHHS. biiblie TOro, NpOBEACHHS EKCIEPUMEHTAIBHUX AOCIIDKEHb 3 BUKOPUCTAHHIM
(haKTOpHUX TUIaHIB MOXKIIMBO TUTBKH 33 JIOCTATHRO KOHKPETHUX TEOPETUYHHX YSIBICHB MPO JOCIHIHKYyBaHI
MIPOILIECH.

pu nanyBanHi 10CTI/OKEHb OyJIM BCTAHOBJICHI HACTYIIHI 3aBIAHHS:

- CTBOPUTH YMTKM YMOBH JUIsl OUIHIOBAHHS BUIAIKOBUX MOXHOOK BUMIPIOBAHb;

- 320e3Me4nTH MIHIMAJIbHI BEJMIMHH JUIsl CACTEMATHYHHUX [OMMUJIOK 1 BUKIIIOUUTH IPyOl HOMHUIIKH;

- 3a0e3Me4nTH aJeKBAaTHOCTI BIATBOPEHHS NapaMeTpiB EKCIEPUMEHTIB BiJ AOCHI[KEHHS 1 MO
JOCTIDKEHHS;

- 3a0esnedeHHs] MiHIMATBHUX BIIXWJICHb MMapaMeTpiB, L0 XapaKTepHU3YIOTh YMOBH EKCIEPUMEHTIB
(BOJIOTICTB, TUCK 1 TEMIIEPATYPH B €KCIIEPUMEHTAJIHLHUX YCTAHOBKAX ).

MeToauka eKCriepUMEHTAIBHUX A0CTiTKEeHb

ExcriepuMeHTannbHa TepeBipka pO3pOOJEHHX TEOPETHYHHUX IIOJIOKEHb IPOBOJMIIUCS B yMOBax
mabopaTopii TEIUIOBUX JBUIYHIB KapeApud aBTOMOOLILHOTO  TpaHCHOPTy IBaHO-DpaHKIBCHKOTO
HALIOHAILHOTO TEXHIYHOTO yHIBEPCHTETY HaTH i rasy Ha 0asi CHIOBOrO NPUBOAY JM3EIBHOTO ABUIYHA
JI121A1 (puc. 2), mo BKjIOYaE B cebe BI/IMlpIOBaJII)Hy amaparypy Ta KOpOOKY IMepeMHKaHHS Iepeaad,
BCTaHOBJICHY Ha CTEHAI. 3 OIVIA/y Ha Te, IO MEXaHIYHA TPAHCMICIA Ma€ (i3u4Hy, TEOMETPUYHY 1 TEILIOBY
NOAIOHICTh, OTPUMAHI PE3Y/IbTATH JOCIIPKEHD MOXKYTh OYTH NOMMPEH] Ha KOPOOKH nepenad aBToMoO1IiB
Ta MiAHOMHUX YCTaHOBOK.

Peecrpartisi JaHuX, HEOOXIHUX [UIsi BUSHAYCHHS TCIIOBOTO PEXMMY KOPOOKH MepeMUKaHHs repeaay
I/l BIUIMBOM HU3bKOi TEMIEPaTypu NPOBOAMIACS B YMOBAaX Ti€i K J1abOpaTOpii HA €KCIEPUMEHTATBHIN
YCTaHOBLI Ha 6231 MOOLIILHOrO KOHAMIIOHEPa EJEKTPOIIIOKC.

Jns peectpanii TemnepaTypy BiANpalbOBAHHX Ta3iB Ta TPAHCMICIAHOI ONMBHM BHKOPHCTOBYBABCS
BUMIPIOBAJIbHUI KOMIUIEKC Ha 0a3i MepCOHAIbHOIO KOMIT'IOTEPA, BOCHMHKAHAJIBHOTO MOTOp-TECTEpa Ta
XpoMenb-KomeneBux Tepmonap. OJIMH 3 JaTYMKIB BCTAHOBIIIOBABCS HA BUXOJIi 3 BUIIYCKHOTO KOJIeKTopa (110
peKyIiepaTopa), IHIIWHA — B arperarax TpaHCMIicii, 3aHypeHuii B oauBy. [Ipu IbOMY UyT/IHMBI €JIEMEHTH
JATYNKIB TEeMIIepaTypu (XpOMENb-KOMeNb) PO3TANIOBYBAINCA 10 MEHTPY NEepeTHHY TPYOU BHUITYCKY
BigmpanroBaHux rasiB. [lokasw JaTYMKIB TeMIepaTypu BiANpalbOBAHHX Ta3iB Ta TPAHCMICIHHOI OJMBU
peecTpyBaIncs HemepepBHoO. PeecTpallist TeMIepatypu BiINpalboBaHUX TasiB BigOyBanach 3a J0MOMOIOKO
TEPMOINAP XPOMENb-KOIENb 3 MEKEIO BixuieHns + 2 °C B iHTepBasi BUMIPIOBAHUX TEMIIEPATYP Bil MiHYC
20 no mumoc 380 °C. BumiproBaHHs TeMnepaTypy OJMBH B KapTepi KOPOOKHM Iepenad i HaBKOJHMIIHBOTO
MOBITPsl BiAOyBajocs 3a JOMOMOIOI0 TEPMOINEPETBOPIOBAUIB OMOPY, IIO MAIOTh AOMYCTHME BiIXHUJICHHS
3Ha4YeHb Temmneparypu = 0,2 °C.
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1 — xoHBepTOBaHMH Ha Au3enbHUN NBUTYH J{21A1; 2 — TpaHCcMmicis;
3 — xkomnpecop K-5M; 4 — mpucTpiii miairpiBy moBiTpst
PucyHok 2 — 30BHINIHINM BUTIISAA €KCIIEPIMEHTAILHOTO CTCHIY Ha 0a3i nu3enpHoro asuryna JI21A1

Jlnst mocimimKeHHS TeMIIepaTypy TPAHCMICIHHOL OJIMBH B KapTep KOPOOKHU IepEMHUKaHHS Iiepeaay Oyau
BCTAaHOBJICHI aBa TepMmojaTyrka. Jatumk Ne 1 BCTAHOBJIIOBABCS B HIDKHBOMY Iapi BIIUTY IIeCTEPCHBb
TepINoi Tepenadi i 3aHBOTO XOAy, JAaTduk Ne 2 - y BepXHbOMY Imapi Macja ONHM3bKO IIecTepeHb S-i
repeaayi.

[IpuBig nepBHHHOrO Bajla KOPOOKHM Iiepemay 3AiHCHIOBABCSA Bif au3enbHOro apuryna JI21A1.
Kominyactuii Ban Au3enbHOrO JABUryHa OOEpTaBCs 32 AONOMOIOK) EIEKTPHYHOTO JBHUTYHA MTOCTIHHOTO
crpymy. JUisi 1poro WTaTHHMI CTapTep AM3EIBHOTO JBHIYHA JI21A1 OyB 3amiHeHMH Ha CreUiaTbHUK
PEAYKTOPHUHI €IEKTPOABUIYH IMOCTIHHOro crpymy. JKHBIIEHHS €JIEKTPOABHMIYHA BimOyBajocs Bim OJoka
’kuBieHHs Ha 14 B Ta 500 A.

BumiproBanHs BTpaT NOTYXKHOCTI B KOPOOLI IEpeMUKaHHs mepefad BinOyBanocs 3a JIONOMOIOKO
BHMIPIOBAaHHS HAIpPyTH Ta CHJIM CTPYMY Ha MPHUBITHOMY CIEKTPOABUIYHI. BTparw moTy»KHOCTI B KOPOOIIi
IepeMUKaHH Iepead BUpaxoByBaiu 3a (hOpPMyJIOr0

NKI’l =Ude+1<n : |06+Kn _Uds : Ide , B, (1)
e U()@ 4xp - HAOpyra, IO Maja€c Ha MPHUBIJHOMY EICKTPOABHIYHI NPU MPOKPYHYBaHHS IH3EIBHOTO
JIBUT'YHA 3 TIPHEIHAHOIO Yepe3 3uelIeHHs] KOPOOKOIO IIepeMUKaHHs nepesad, B;
Iz)e 4xn - CHIA CIPyMy, IO CIOXMBA€ThCS HA IPHBIZHOMY EICKTPOIABHIYHI IIPH HPOKPYUYBaHHS
JIM3€JILHOTO JIBUTYHA 3 IPUEIHAHOIO Uepe3 3UelIeHHs KOpOOKOI IIEpEMHUKaHHS nepesad, A;
U Jg - HAmpyra, IO [aJa€ HA MPUBIJHOMY EICKTPOABHUIYHI IIPH MPOKPYYYBAHHS JHU3EIBHOTO ABUIYHA 3
BijI €JIHAHHIO Yepe3 34YeIlIeHHs KOpOOKOI0 epeMUKaHHs repejay, B;
I()@ - CuJla CTPyMY, IO CIOKMBAETHCS Ha IPUBIJHOMY €JIEKTPOABUIYHI IIPU NPOKPYYyBaHHS JU3EIHHOIO

JIBUTYHA 3 BiJ €JHAHHIO YePE3 3UCIICHHSI KOPOOKOIO IepEMUKAHHS epeaay, A.

Bubip mapamerpy onTumizarii 34iHCHIOBABCS Ha MIiJACTaBI 3aBIaHb JTOCHTIIKEHb, BIIMOBIIHO 0 IKHX
HEOOXIIHO OTPUMATH CKCIIEPUMEHTAJIbHI JJaHl PO CYKYIHUH BILTUB psiay (GakTopiB (IMIBHIKOCTI 00epTaHHS
[IEeCTePEHb, Yac POOOTH KOPOOKM Iepeaad, TEeMIIEpaTypu HABKOJIUIIHLOI'O MOBITPSA, TEXHIYHOrO CTaHY
arperaTy TpaHCMicCii, B'S3KOCTI Macila, TCOMETPUYHUX PO3MIpiB Ta iH.) Ha BTpPaTH IOTY>KHOCTI KOpPOOKH
nepeay.

B sKocTI OCHOBHMX JOCITIDKyBaHMX Tapamerpis  Oynau oOpani Temmeparypa ONHMBA B
TPAHCMICIHHOMY arperari, TEMIIEpaTypa HaBKOJIMIIHBOTO TIOBITPsI, TEMIIEPATYPa BiANPALbOBAHNX Ia3iB, 4ac
pobOTH arperaris, 4acToTa 0OepTaHHA MEPBUHHOIO Bally arperaty, sKi 3a/0BOJbHAE BCIM H606X1I[HI/IM
BAMOTaM: KiIbKICHOI MIpPOK OLIHKHM; OJ/IHO3HAYHICTIO KiIBKICHOTO OLHIOBAHHS; €()EKTHBHICTIO B
CTATUCTUYHOMY CEHCi, TOOTO BHM3HAYEHHS 3 BHMCOKOK TOYHICTIO; JOCTYITHOCTI BHMIPIOBaHHS Ta
YHIBEPCAJIBHOCTI; OJHO3HAYHOCTI MPH BCIX CTaHaxX JOCIIKYBaHOro 00'ekra. B sSKOCTI IHIIMX YHHHHKIB
Oynu oOpaHi: COPT Macia, TEXHIYHAN CTaH KOPOOKHM Iepefad Ta iH., AKi MIATPUMYBAIHCS HA IOCTIHHOMY
PIBHI.

JIs  eKCIIEpUMEHTAIBHOIO IIATBEPIKEHHS MOKJIMBOCTI peajisallii IIPOIOHOBAHMX 3aXOIiB 3
CKOPOYEHHS1 4aCy HATPiBaHHs OJIMBU Macia B KOPOOLL mepeay MifiiiOMHOi yCTAHOBKH NP pOOOTI IBUTYHA B
NPOLIECT  €KCTIEPUMEHTY  PEECTPYBAIMCS IIOTOYHI  3HAYEHH HACTYINHHMX TIapameTpiB:  TeMIEparypa
BIIIPAIIbOBAHMX Tra3iB JIBUI'YHA; TeMIepaTypa OJHMBH B KapTepi KOpPOOKM Iepelnad; TemIeparypa
HABKOJIMIIHLOIO CEPEIOBHMIIA; YaC POOOTH ABUI'YHA O€3 Ta CIIIBLHO 3 CHCTEMOIO TEILIOMOCTaYaHHS.

3aco0u ekcCnepUMEHTAJBLHUX OCHiIXKeHb eHeproeeKTUBHOCTI TpaHcMicid migiioMHMX
YCTAaHOBOK
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CreH0BI JOCHIHKCHHS IPOBOJUINCh, HAa CKCICPUMEHTAJIbHIN yCTaHOBIN, IO BKIIoYana B cebde
cepiiinuii au3enpHui 1BuryH J21A1 ta cepiiiHy kopoOky mepenad Big aBToMoOias 3iJI-130 momem 130-
1700010-10. B Tabn. 1 HaBemeHa KOpOTKa TexHiUHa XapakTtepucThka ABuryHa J21A1l. Cxema mocmigHoi
yCTaHOBKHM Ha 0a3i qu3ensHoro apuryHa J121A1 3o0paxena Ha puc. 2.

Tabmunsg 1 — OcCHOBHA TeXHIYHA XapaKTEPHUCTHKA EKCIICPUMEHTAIIEHOI0 KOHBEPTOBAaHOTO NBUTYHA JI21A1

Ne Hazpa mapamerpiB nBuryna OnuHUI BU- 3HaYCHHS
/I MipIOBaHHS
1 | Tun aBuryna - JBOXUMIIHAPOBHA, TU3ENbHUH, YOTHPHOX-
TaKTHHM, 3 TOBITPSHAM OXOJIOKCHHSIM
2 | Pobouwnii 00’eM aBHUryHA I 2,080
3 | Maca aBuryna KT 283
4 | Crocib cyMimoyTBOpeHHS 6a30BOTO - BriopckyBaHHSM AM3ENBHOTO MAIHBA, 3
JBUT'YHA HEPO3/IITLHOIO KaMePOIO 3rOpaHHs
5 | Cmoci6 cyMiloyTBOpeHHs - BrniopckyBaHHSIM ManuBHOI CyMili,
KOHBEPTOBAHOT'O JIBUTYHA HEpO3/iJbHa KaMepa 3rOpaHHs
6 | HomiHaJlbHA MMOTY)KHICTH ABUT'YHA kBT (k.c.) 18 (25)
7 | EdexTuBHa MuTOMA BUTpaTa MaIMBa r/kBrron 253
(r/k.c.Tox) (186)
8 | YacroTa 06epTaHHS KONIHYACTOTO
Baja JIBUTYHA, 33 HOMIHAJIbHOI 00./XB. 1775-1825
MOTYKHOCTI
9 | YacroTa 00epTaHHS KOJIIHYACTOTO
BaJia JIBUT'YHA HA 000POTaX XOJIOCTOTO 00./XB. 775-825
X0y
10 | KopoOxka mepeMHKaHHS nepeaay - 130-1700010-10
11 | IlepenaBanbHi BigaomenHs KIIIT - 1-6,45; 11-3,56; 111-1,98; 1V-1,275; V-1,00;
3X-7,09
12 | Maca KIIIT KT 115

HaBanTtaxkxeHHs mns excnepumeHtanmbHoro auryHa J21A1 (puc. 3, mo3. 5) cTBOpOEThCS 3a
JIOTIOMOT'OI0 YOTUPHOXCTYMHIATOT0 YOTHPHOXIMITIHIPOBOTO MOBITPSHOTO KoMiipecopa monen K-5M (puc.
3, mo3. 9). [loTyxHicTh Ha KOIiHUYACTOMY Baiy Kommpecopa K-5M moske perymroBatuchk B mianasosi 1...30
kBT, mo mo3sossiio Ha 100 % HaBaHTaXyBaTH €KCIEPUMEHTAIbHHI KOHBEPTOBAHUW JIBHIYH Ta KOPOOKY
nepeMuKaHHs nepenad. KpyTHuid MOMeHT Big KoHBeproBaHoro nsuryHa J[21A1 go xommpecopa
nepeaaBaBcs 3a JOIOMOIOI0 KapIaHHOI nepenadi (puc. 3, mo3. 7) Ta KOpOOKM NepeMUKaHHs repeaad MoJesi
130-1700010-10 (puc. 3, mo3. 6).

2
/

4 5
| —
M 7 6
| |
» _ HanpSMKH pyXy NalHBa B CHCTEMi KMBICHHS JOCTIAHOI yCTAHOBKH, — - HanpsIMKH PYXY
MOBITPSl B CUCTEMI JKHBJICHHS TOCIIAHOI YCTAHOBKH; — -~ - pyX IMOBITPs BiJ KOMIIpeCopa J0 pecuBepa;
D R— “--

- pyx BimnpanpoBaHux rasiB japuryHa Ha KIIII Ta B HaBKONMIIHE CEpEOBHIIIE; T - pyx
MOBITPsI 3 pecuBepa B HABKOJIMIIHE CEpeOBHIIE; | — Bara BUMIpIOBaHHS BUTPATH NajluBa; 2 — EMHICTb JJIS
JIBTEPHATHBHOIO NAJIMBA; 3 — (IIBTP OYMILICHHS HOBITPS; 4 — NIYMIBHHUK ra30BUH; 5 — eKCTIEpUMEHTATbHUI
CIHMPTOTa30BUM ABUTYH; 6 — KOpoOKa IepeMHMKaHHs nepefad; 7 — KaplaHHa Iepenava; 8 — OpocenbHUil
natpy0ok; 9 — HaBaHTaxkeHHs1 (kKomrpecop); 10 — pecuBep; 11 — TepMOMeTp BHMIPIOBAaHHSI TEMIIEpaTypu
HaBKOJIMIITHBOTO CEPENOBHINA; 12 — MAaHOMETp Ta30BHUH.

Pucynok 3 — Cxema excriepiMeHTaIbHOI YCTAHOBKH Ha 0a3i anu3enbHOro ApuryHa J121A1
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Juzenvauii neuryn JI121A1 Oyno mepeobnamHaHo st poOOTH Ha albTEPHATHBHIN CHHPTOra3oBiit
cymimi. J[7s bOro 3 ToJIOBOK OJIOKY OyJIM JIEMOHTOBaHI INTATHI MTU3eNbHI (OPCYHKH, HapizaHa JOAAaTKOBa
pizp0ba M14x1,25 B kaHanax po3MWIOBayiB ()OPCYHOK Ta BCTAHOBJICHI CBIUKM 3amaieHHs. KoHCTpyKiis
TOJIOBOK JIBUTYHA TepepoliieHa TaKMM YHHOM, IO 3aMiCTh CBIYKHM 3allaJICHHS JITKO BKPYTHTH Ha3aj
mm3enbHy (opcynky. KonBeproBaHMA TakMM 4YHHOM JIBUTYH JO3BOJIA€ 3a 4Yac Omm3pko 10 XBuimH
MEPEeXOUTH Ha pi3HI BUAM TAMBA, MIHAIOYM MICISAMH CBIYKH 3amajeHHs Ta Ju3eNbHI (OPCYHKH.
INepeobnaanani 3 TU3EILHOTO MAJMBA HA ra30Be roJIoBKH O1oka JBuryHa JI21A1 moka3zani Ha puc. 4.

1 — ronoBka Gyi0ka 10 nepeobaagHaHHA 3 BCTAHOBJICHOIO TU3EIbHOI0 (POPCYHKOI0; 2 — roJIOBKa OJI0Ka Micis
nepeoOiagHaHHs 3 JEMOHTOBAHOKO TU3EJILHOO (POPCYHKOIO Ta BCTAHOBJICHOIO CBIUKOIO 3aIlajICHHS;
Pucynok 4 — Jluzenvuuii qeurys JI21A1 3 neMOHTOBaHMMHU TOJIOBKaMHu 0JIOKa (a) Ta niepeodia HaHi 3
JIM3eIHHOTO NAJIMBa Ha ra30Be MajIuBO ToioBkH 0sioka ['PM (0)

Ha excnepumMenTansHuil mu3eiabHUNA IBUTYH Oylla Tako)X 3MOHTOBaHAa ra3oBa peAyKTOpHA CHCTEMa
JKUBJICHHS Ta MIKPOMPOIIECOPHA CHCTEMa 3alalieHHs BiacHOi po3podku. IlepeobnamHana 3 AU3ETBHOTO
MajvBa Ha Ta30Be NMAJIMBO CUCTeMa KUBJICHHs apuryHa JI21A1 300paxkeHa Ha puc. 5.

( ) 7 | X
1 — enexTpoHHUI OJIOK yHpaBIiHHS; 2 — KOMYTaTOP CUCTEMHU 3anajieHHs; 3 — MO/IyJb 3amajeHHs; 4 —
€JIEKTPOJIBUTYH; 5 — BUCOKOBOJIBTHI JIPOTH; 6 — CBIYKM 3aMaJIeHHs; 7 — JATUYUK MOJI0KEHHS KOJIIHBAILY
Pucynok 5 — IlepeoOnagnana 3 Tu3eIpHOTO AMBA Ha Ta30BE MAIMBO CHCTEMA JKUBIeHHs ABUTyHa [[21A1

Po3p06neHa OpUTiHAJILHA ENEeKTPOHHA CHCTEMa 3allaJIeHHs CKIIaaeThes 3 OJIOKY yrpapniHasg | (puc.
4), sSIKuii 3MIHIOE KYT BUTIEPE/DKEHHS 3aNIAICHHS B 3AJIEKHOCTI Bijl PEKUMY POOOTH JIBUTYHA, KOMyTaTopa 2,
MOJIyJIsl 3amajieHHs 3, BUCOKOBOJILTHHX JIPOTIB 4 Ta CBIYOK 3amayieHHs 5. [TajquBHA CyMilll [UIsi KHUBJICHHS
nepeobIaHaHOTO BUTYHA CKIIAJanach 3 CIHUPTOTa3oBOl CyMilll, SIKHI TMOJaBaBCcs 3 KOHBEKTOpa. Maca
BUTPAYCHOTO JHM3MAJHBA BH3HAYAIACH 3a JOMOMOIOK EJICKTPOHHOI Barw. JIjisi BUMIpIOBaHHS 00’€MHOT
BUTPATH Ta TUCKY BiJIPallbOBAaHHUX r'a3iB BUKOPHCTOBYBAIMCH BUTPATOMIp Ta MaHoMeTp (puc. 6). OcHOBHI
BUMIPIOBaJIbHI IPUIIAJIA Ta PEECTPYBaJIbHA armaparypa 300pakeHi Ha puc. 7.
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Pucynok 6 — Butparomip 11t BUMipIoBaHHS 00’ €MHOI BUTPATH BiANIPALbOBAHMX Ta3iB Ta MAHOMETP LIS
BHU3HAYEHHSI TUCKY razy

1 — mincumoBay [1T-4-01M; 2 — yniBepcanbauii BuMiptoBad RCL-3; 3 — marasus 3minaux onopis MCCP-
60M; 4 — enexrponnuii crpobotaxomerp TCr-100; 5 — nndposuii Bonst™Merp B7-20; 6 — amnepmerp ETII-
M; 7 — norometp VII-2A; 8 — yHiBepcanbHuii 0110k xkuBnenHs Y II1-2
PucyHok 7 — BuMiproBaJibHI IPUJIaId Ta PEECTPYIOYA araparypa

Pe3yJbTaTH eKCIEPUMEHTAJIBHMX JOCHAIKEHb 3MiHM TeMIlepaTyp IPONOHOBAHOI CXeMH
eHepro3depe:keHHs1 B arperarax TpaHcmicii

MeTor0 1aHuX €KCHEPUMEHTANbHUX BUNPOOYBaHb Oyio OfepKaHHS (yHKIIOHATIBHUX 3aJEKHOCTEH
BIUTMBY (aKTOPIB HABKOJMIIHBOTO CEPElOBHINA 1 Yacy POOOTH Ha TeMIeparypy OJHMBH B MeXaHIUHIH
KopoOui nepezad npu poboti 6e3 abo 3 CUCTEMOIO TEIIONOCTAYAHHS.

Ilpy mpoBesieHHI eKCTIEPUMEHTANBHUX JIOCII/UKCHD POTIOHOBAHOI CXEMH CHEPro30epeKeHHS B
arperarax TPaHCMICI] 33 PaxyHOK MIAIrpiBY BIANpPalbOBAHUMHU Tra3aMy BiJOyBAlIOCh BH3HAYCHHS 3MIHH
TEMIIepaTyp TPAHCMICIHOI OJIMBM Ta EHEPreTMYHWUX BTpaT B TpaHcmicii. [lanuii eram JociipkeHb
MPUCBSYCHO  BU3HAUEHHIO  pAalliOHATBHUX  KOHCTPYKTHBHHMX  MapaMeTpiB  €JIEMEHTIB  CHUCTEMH
TEIUIONIOCTAYaHHs, PO3PAXyHOK SKMX MO PsAy NPHYMH YCKIaTHEHUH, a TAaKOXX YTOUYHEHHs 1 NepeBipKH
PO3PaxyHKOBUX TMapaMeTpiB Ui PO3POOKH pPEKOMEHMAAIli IMOJ0 IMiJBUIICHHS €(QEeKTUBHOCTI poOOTH
CHUCTEMH MiAirpiBy arperartiB TpaHcmicii. s edekTHBHOT poOOTH CHCTEMH TEIJIONOCTavyaHHA B IEpLIi
XBUJIMHH POOOTH JBUIYHAa HEOOXiHO 3a0e3lednTH MaKCHMallbHY Iepelady TeIUloTH Bil BiANPalbOBAHHUX
raziB 10 TPaHCMICiHHMX arperaTiB. [l BUKOHAHHA 3a3HAYEHOI 3a/1aui OynM MPOBENEHI AOCIIHKEHHS
TeIUIoNepe/adi Bijl BIIPALOBAHUX Ia3iB JI0 TPAHCMICIHHOT OJMBHY.

Ilpn BU3HAYCHHI TEIIOBOTO PEKUMY POOOTH MEXaHIYHOI KOPOOKHM nepenad Oyyio BCTAHOBJICHO, 11O
TEMIICpaTypa HABKOJIMIIHBOIO TOBITPS 3HAYHO BIUIMBAE SK HAa IHTCHCUBHICTh 3MIHH TEMIICPATypH
TPaHCMICIHOI ONMBM, TaK i Ha TPUBANICTh NEPiOJy BHUXOAY TPAHCMICIHHOTO arperaty Ha CTaOUIbHMH
Temmnepatyphuii peskuMm. Tak BCTaHOBIEHO (puc. 8), WO TIPH NMPOKPYYyBaHHI BEAYHOro Bally KOPOOKH
nepeziad Ha XoJ10cTHX oboporax (800 xB?) NPH TEMIIEPATyPi HABKOJIMIIHBOTO cepenoBuia 263 K (minyc 10
°C), Temneparypa OJIMBU KOpOOKH nepenay masuiryetbes 3a 140 xB. mo 302 K (29 °C). Ilpu npokpydyBaHHi
BEAYYOT0 BaJly KOPOOKH Iepead Ha X0JIOCTUX 000poTax 3a Toil camuil yac Big Temnepatyp 275 K (mroc 2
°C) 1283 K (mmroc 10 °C), Temrieparypa 0JIMBU KOPOOKH Tepeaay MmiBUINYEThCs, BiamoBiaHo, 10 308 K (35
°C) ta 312 K (39 °C). Yac HarpiBy AJisi ONTUMAIBHOTO TemIiepaTypHoro pexxumy 30 °C TpancMiciitHOTO
arperary IpH TeMIepaTtypi HaBkonuImHbsoro cepegosumma 263 K (minyc 10 °C) cknagae 146 xB.
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Pucynok 8 — EkcriepuMeHTalibHa 3aI€KHICTD 3MiHH TEMIIEpaTypH
MiHepanbHOI TPaHCMICIHHOI OJIMBH B KOPOOLIi IEpEMHUKaHHS Iepeaad

Bu3HaYeHHS TEIIOBOTO PEKUMY MEXaHIYHOI KOPOOKH Tepeiad MpH Pi3HUX HIBUIKICHHX pe)KI/IMaX
BiZI0YBaJIOCs UUISXOM 30UIBLICHHS YaCTOTH OOepTaHHs MEPBMHHOIO Baly KopoOku mepenad ao 1000 xB*
1200 xB?, 1400x8, 1600 xBL. Pe3ynbraru BUnpoOyBaHHs HaBeIEH] Ha puc. 9.
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Pucynok 9 — ExciepuMeHTaIbHI 3aJIe)KHOCTI 3MIHU TEMIIEpaTypy MiHEpAIbHOT TPAHCMICIHOT OJIMBH B
KOpOO1Ii IIepeMHUKaHHsI Iiepeiad MPH Pi3HUX PeKMMax 00epTaHHs IIEPBUHHOTO Bally KOPOOKH Iepeaayd

3 rpadika BHAHO, IO 3OUIBIICHHS YAacTOTH OOCPTAHHs NCPBMHHONO Baly MEXaHIYHOI KOPOOKH
nepeaay NPU3BOIUTH [0 3HAYHOTO IIJBUILEHHS Temneparypu ii omusu. Ilpu ULOMY MPH HacTOTax
00epTaHHs MEPBUHHOTO Bay Kopobku mepeaad 1000 xs2, 1200 x5, 1400xB?, 1600 xB™ yac HarpianHs 10
ONTUMAJBHOTO TemmeparypHoro pexumy 30 °C TpaHCMICIPIHOFO arperaTy npu  TeMIepaTypi
HaBKOJIMIIHLOTO cepenopuiia 263 K (minyc 10 °C) cknazae, BiamnosigHo, 118, 91, 68 Ta 48 xa.

Pesynbrati eKCIIEPUMEHTANBHIX JOCIIUKCHB TEIIOBOTO CTaHy KopOGKH nepenad 6e3 mifirpiBaHHs
BIANPALEOBAHMMH Ta3aMy (IITATHUH PEXKAM ICHYIOUMX MiZOMHHMX YCTAHOBOK) Ta 3 MiJirpiBaHHAM
BIANPALEOBAHIMH ra3aMi (IPOTNOHOBAHUI PEXKHUM yIOCKOHATICHHX ITiIHOMHHX YCTAaHOBOK) 300pakeHi Ha
puc. 10. 3 ozepKaHUX pe3yJIbTATIB BUIUIMBAE, 11O B WITATHOMY PEXUMI ICHYHOUMX MIHOMHHX yCTAHOBOK
ontumaibHa Temmepatypa 30 °C gocsiraetbes depes 146 XB., a B MPONOHOBAHOMY PEXHMI YOCKOHAIEHUX
MiHOMHAX YCTAaHOBOK omnTHManbHa Temneparypa 30 °C )IOCS[FaeTBCSI yepe3 34 xB., depe3 45 XBWIMH
nocsiraeTbes Temnepatypa 35 °C i pexuM NpUMYCOBOTO MiJIrpiBy BUMUKAETHCS.
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Pucynok 10 — ExcriepuMeHTasbHI 3a1€KHOCTI 3MiHU TEMIIEPaTypH MiHEpalIbHOI TPaHCMICIHHOT OJIMBHU B
KOpOOIIi TepeMHUKaHHA Mepeaad mpu pexknmax odepranus nepsuaHoro Baxy KIIII 3/6e3 mixirpiBanas
BiANIPaIibOBaHUMH Ta3aMH

[lixg yac mociimpkeHb OyJI0 BCTAHOBJCHO, II0 OCHOBHUMH (DaKTOpaMu, IO BILUIMBAIOTh HA TEIUIOBUH
CTaH MeEXaHIYHOI KOpOOKM NepeMHKaHHS IepeAad NpW 3aJaHii 4acToTi oOepTaHHs, € Yac poOoTH,
TeMIIepaTypa BilpallbOBaHUX Ta3iB, TEMIIEpaTypa ONMBUA KOPoOKH mepenad. Kpim Toro, O0yjo BCTaHOBIEHO,
0 TeMIIepaTypa OJIMBU B KOpOOIIl mepenad B JesKUX BUMAIKaX MpH poOOTi ABUTYHA CHIIOBOTO MPHUBOIY Ha
0060pOTax X0JIOCTOro X0y HE A0CArae HEOOXIAHOrO ONTUMANILHOTO 3HaYeHHs 313 K Hasith micist 3 rogun
pobortu. Buxoasun 3 uporo, 1isl MiABULICHHS TEMIEPATYPH OJMBH B MEXaHIYHIH KOPOOKHM IEPEMUKAaHHS
nepeay BUKOPHCTOBYETHCS CHCTEMa MiAIrpiBy BiANPAbOBAHNMH Ta3aMH.

B mporieci 00poOku ekcriepuMeHTANBHUX 3alie)kKHOCTe TemrepaTypu onuBu B MmexaHiuHid KII Bix
TEMIICPATypy BIANPALBOBAHUX Ta3iB 1 4acy POOOTH CHUIBHO 3 CHCTEMOK Teronoctadanus (puc. 10)
BCTaHOBJICHO, IO NPH POOOTI ABATyHA 3 MIHIMAIbHOK YacTOTOK OOEpTaHHs KOJNIHYacToro Baja Ha
obopotax xonocroro xoay (800 xB 1) TemmepaTypa HAaBKOJMIIHLOTO IIOBITPS 3HAYHO BIUIMBAE SK Ha
OUHAMIKy TeMIepaTypy TPaHCMICIHHOTO Macjia B MEXaHIYHOI KOpOOKOIO Iepeaad, Tak i Ha 4ac HarpiBaHHs
TPaHCMICIHOI OMBH 10 ONITUMANBHAX Temrepatyp 303-313 K.

AHani3 oJiepKaHUX JaHUX MOKasye, IO IepeJaHuil Bill BIANPAbOBAHUX Ia3iB CEPEeHIN TEIUIOBUH
moTik 3a 30 XB. CYTTEBO 3MIHIOETHCS MPH 30UIBIICHHI YaCTOTH O6epTaHHH KkojiHyactoro Basa Bijg 800 10
1600 xB-1. Ocob0nmuBO B nepun 20 xB. poOOTH CIOCTEPIraeThCsl ICTOTHE IIJBUINECHHS 3HAYCHb Mepeaayl
TEIUIOBOT eHepru a apyruii etan podotu (20-45 XB.) XapaKTEPU3Y€EThCs 3HIKEHHAM MEPEAAHOr0 TEIIOBOTO
noTOKy. Le MoB's3aHO 3 IHTEHCUBHICTIO 30LTBIICHHS TEMIICPATyPH OJMBH B KOPOOIL NIEPEMUKaHHs IIepesiad,
IPU LBOMY CEpelHS PI3HMI TeMIepaTyp TEIUIOHOCIIB 3i 301MbLICHHSAM 4acTOTH OO0EpPTaHHS KOJiHYACTOro
Bajia 3MIHIOETBCSI B MEHIIIIH Mipi.

AmHamniz OTpUMaHUX JaHUX TMOKa3aB, IO 3HIDKEHHS TEMIIEPaTypd HAaBKOJIUIIHBLOTO CEPEAOBUINA
NPU3BOJUTE 0 3HHKCHHSA JMHAMIKM TEMIIEPAaTypH OJIMBH, NPHYOMY MOXKHA CTBEPDKYBATH, WIO JaHa
3aNEKHICTh Mae HeNiHiiHuA xapakrep. llpu wbOMy B Mipy NpOrpiBaHHs KOPOOKM Iepeiad BILIHMB
TEeMIIepaTypyu HABKOJIMIIHBOTO IOBITPS cTae HE TakuM 3HauyHMM. OnepikaHi JaHi J03BOJISIIOTH TAKOX
BU3HAYUTH HeoOXimHui yac HarpiBaHHs onuBu KII mo ontumansHux temmeparyp 303-313 K nmpu 3mini
TeMIIEpaTypy HaBKOJHUIIHBOTO cepenoBuina 3 253 no 283 K.

[lopiBHANBHI BHUIIPOOYBaHHS TEIUIOBOTO CTaHYy KOPOOKHM Tiepenad MpH PoOOTi SK 3 CHCTEMOIO
TEIUIONIOCTAaYaHHs, Tak 1 Oe3 Hel MoKas3ainy, L0 MepeJaHa TeIyloTa BIUIMBAE€ SK Ha IIBUAKICT 3MiHU
TEMIIEpaTypy, TaK 1 Ha 4Yac HarpiBaHHA TeMIeEpaTypH OJHMBH JI0 onNTHUMainbHUX Temnepatyp 303-313 K i
Buxoay KIIIT Ha cTabinbHUI TeMIepaTypHUA PEKHUM.

Pe3ysibTaTu eKCNEPUMEHTAJBHUX JOCTIIKeHb 3HHKEHHSl BTPAT eHeprii MpOmoHOBaHOI cxeMu
eHeprosdepeskeHHs B arperatax TpaHcMicii 3a paxXyHoOK migirpiBy Biinpans0BaHNMM razaMu

Jlocii/uKeHHsT BTPAT MOTY)XHOCTI 3 MEXaHIYHOK KOPOOKOK Iepeiad BKIHYAIo B cebe BU3HAYCHHS
3arajbHUX BTPAT (TiAPaBlivHMX 1 MCXaHIYHKX) Ha IOJOJAHHS CUJI ONOPY OOCPTAaHHS B 3aleKHOCTI Bil
TEMIIEPAaTYpH TPAHCMICIHHOi OnmBU. BTpatn B KOpOOLi NMepeMuUKaHHs Mepenad aBTOMOOLIS aHAIOTiuHi
BUTPATaM TIOTY)KHOCTI, CIIO)KMBAHOI EIEKTPOJIBUTYHOM YCTAHOBKH 3 BPaxyBaHHM IOTYXKHOCTI MEXaHIYHHX
BTPAT, IO BTPAYAETECS B CAMOMY NPUBIAHOMY JABUIYHi. JUIsi OCIIDKCHD BUKOPHCTOBYBAIOCH JIBI MApKH
HaNOLIbII BUKOPUCTOBYBAaHMX TpaHCMIiCiHHUX onuB: MiHepaidbHa TAmn-15B SAE 80W-90 APl GL-3 Ta
HaniBcunTetnyHa TM-5-18 SAE 75W90 APl GL-5. Ilepma onuBa BHKOPUCTOBYEThCS B Ha(TOra3oBid
MIPOMHUCIIOBOCTI YKpaiHu Ui TPAHCMICIH MiAHOMHMX YCTAaHOBOK BUPOOHHIITBA KpaiHn konuinHboro CHJI,
JpyTa oJIMBA - JIIsl TpaHCMiciii miaiHoMHux ycrtanoBok BupoOnunrea CIIA, Kananu ta kpain €Bpornn.

B pesynbraTi gocnimkeHHS OyJIO BCTaHOBJIEHO, IO MOTYXHICTh, HEOOXiAHA Ul MPOKPYYyBaHHS
KOpOOKH Tepenad, MpH TeMIlepaTypi HaBKOJIHMIIHBOTO cepemoBuina 263 K B MOMEHT mycKy IBUTYHa i
MiHepanbHOoro Macina TAmn-15B ckmana 902 Brt, nnst namiBcurtetmyHoro TM-5-18 - 625 Bt (puc. 11).
[Nonaneire npokpyyyBaHHS KOpoOKkW mepenad npu 273 K mpuBOAHMIO 0 3HMKEHHS BUTPAT MOTYKHOCTI,
nocsrayBiid 720 Bt gst onueu TAn-15B 1 540 Bt giust TM-5-18. [Ipu remneparypi oausu 303 K BTparu
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TTOTY>KHOCTI TIpH BHKOPWCTAHHI OJIMB PI3HUX COPTIB MPAKTHYHO 3PIBHSIIMCS 1 CKIIH IS MiHEpalbHOI 1
HaIlBCUHTETUYHOI OJIUBH, BiAnoBiAHO, 448 1 425 BT.
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Pucynok 11 — 3anexHicTs BTpat NOTYHOCTI B KOpOOIIi TepeMHKaHHs Nepeziay B 3aJIeKHOCTI BiJl
TEMIIepaTypy Ta COPTY TPAaHCMIiCIHHOT OIMBU

Jliia mepeBipKy aleKBaTHOCTI OTPUMaHOi aHATITHYHOI Mozeli Ha puc. 11 Oynu moMimieHi TeopeTHdHi
3aJIe)KHOCT] 3MIHM BTpaT MOTYXXHOCTI B KOpOOIli TepeMUKaHHS Tepenad Bifl TeMIepaTypyd TpaHCMICiiHOT
onuBH. [loeqHAHHS TEOPETHYHHX 1 EKCIEPUMEHTAIBHUX 3aJIeKHOCTEH IOKa3ajo, IO MaKCHMallbHa
PO30iKHICTh OO Jiana3oHy 3MiHM BTPAT MOTYKHOCTI BiJl TemIeparypu He nepeBuinye 6 %. Lle cBimunuts
PO 33J0BUTFHY aJ€KBATHOCTI OTPUMAaHOI MaTeMaTHIHOI MOJIEII.

Ha mincraBi po3po0iieHoi Ta migTBEpHKEHOT MaTeMaTHIHOI MOJAENI [T TiAHOMHOI yCTaHOBKH IS
pemonty cepaioBuH YIIA 60/80A na maci KpA3-63221-04 (puc. 12) Oynu mpoBeaeHi po3paxyHKH IS
BTpAaT MOTYXHOCTI B KOpoO1Ii nepeMukanHs nepexad. [ligiiomna ycraHoBka YIIA 60/80A na maci KpA3-
63221-04 moxe OyTH 00JaJHaHA IBUTYHOM MOTYXHICTIO 176 KBT (240 K.c.) a00 IBUTYHOM MOTYXHicTIO 220
kBTt (300 k.c.).

“ . -_ ~ 3
PHcyHOK 12 — i gitomHa YCTaHOBKa ISl peMOHTy CBep,ZIHOBI/IH Moeri VIIA 60/30A

B pesymbrari pocmimkenHs Oyino BcraHOBieHO (puc. 13), 1m0 TOTYKHICTh, HEOOXimHA IS
IIPOKPYYyBaHH KOPOOKH Tepe/iay, Ipu TeMIEepaTypi HABKOJIUIITHEOTO cepezioBHILa 253 K B MOMEHT ITyCKyY
JIBUTYHA JiJ1si MiHepasibHOTO Macia TAn-15B cximanae 14,20 xBt, mis HaniBcuaTernuHoro TM-5-18 — 9,50
kBt. Ilomanmpiie mnpokpydyBaHHS KOpPOOKM TIepenad IpHu 273 K IIPUBOJUTE [0 3HIKEHHA BUTpPaT
NnoTy>KHOCTI, AocsrayBiH 9,30 kBt s omuu TAn-15B 1 6,95 kBt gnst TM-5-18. [Ipu Temmniepatypi onuBu
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313 K BTpaté mOTYXKHOCTI IIPpH BUKOPHUCTAHHI OJIUB Pi3HUX COPTIB MPAKTHIHO 3PIiBHIOIOTHCS 1 CKIIAIal0Th
JUTSI MiHEPAJTBHOT 1 HAIIIBCHHTETUIHOI OJIMBH, BiAMOBIIHO, 4,85 14,80 kBT.
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Pucynok 13 — TeopeTnyna 3a51eXHiCTh BTpAT HOTYKHOCTI B KOPOOIIi IEpEMHUKaHHS repeaad i ioMHOi
ycranoBku Moneni YIIA 60/80A B 3a51eHOCTI Bil TeMIIepaTypH Ta COPTY TPAHCMICIHHOT OJTMBHI

-20

[IpoBenemMo po3paxyHKH NEPEBUTPAT MAINBA B KOPOOLL IIEPEMUKAHHs IIepeiay MiHOMHOI YCTaHOBKH
mogeini YITA 60/80A 3 pi3HUMH CHUIIOBUMH TPUBOJAMH Ta 33 PI3HUX TeMIepaTyp TpaHCMIiciiHOI onuBH (Tal.
2).

Tabmuns 2 — PesynbraTé po3paxyHKiB MEPEBUTPAT MaNWBa B KOPOOIi MepeMUKaHHS Mepeaad ImiaiOMHOT
ycraHoBku mMozem YITA 60/80A 3 pi3sHUMH CHIIOBHMH MPHUBOJAMH Ta 32 Pi3HUX TeMIEpaTyp TpaHCMiCiiHOT
OJIBH

Temnepatypa, K | Burparu notyxuocti B KIII1, | JBuryH / Benuaunau Butparu Burparu nanusa
kBt MIHIMAJILHOT nanwBa Ha | Ha mpuBix KIIIT,
edextuBHOi uTomoi | mpusig KIII1, MiHepaJibHa
BHUTpPATH MAJINBA, HaIliB- 0JIMBa, T/TOMI.
r/(kBT ' ronm). CUHTETUYHA
OJIMBA, KI/TOJ.
Hamis- MinepanbHa SAM3- SAM3-
CHUHTETUYHA 0JIMBa 238BE2 | 238BM
0JIMBA
313 4,80 4,85 0,93-1,02 0,94-1,04
273 6,95 9,30 195 214 1,36-1,49 1,81-1,99
253 9,50 14,20 1,85-2,03 2,77-3,03

Ha ocHOBHHX TEXHOJOTiYHHX pEXHMMax, IOB’S3aHUX 3 OYpPIHHSIM Ta PEMOHTOM CBEPUIOBHH MOXKHA
NPUAHATA CEPelHIO MUTOMY BuTpaTy mamnBa 220 1/(kBr - rox). Bemnmdman MiHIManbHOI edeKTHBHOI
IIATOMOI BUTPATH I1aJIMBA aTMOC(bePHI/IX npuryHis SIM3-238BM motryxsictio 176 kBt Ha 0boporax
KosiHYacToro Bany asuryna 1300 xB™ cknanu 214 v/(kBt - ron); HoMiHanbHOT e(heKTHBHOT TUTOMOT BUTpATH
nammsa arMoceprux asuryHis SIM3-238BM Ha oboporax komiHdacToro sany asuryHa 2100 xgt — 259
r/(kBT - Tron). Bemuuunn MiHiManbHOi e(EKTHBHOI IIMTOMOI BUTpATH MAajnuBa HaUTYBHHX nBurysis JIM3-
238BE2 HOTy)KHlCTIO 220 kBt Ha 06op0Tax KoJiHYacToro Bajiy asuryna 1400 xs™ nopisaroBanu 195 r/(kBt

"TO/1); HOMIHAJILHOT e(hEeKTHBHOI HI/ITOMOI BUTpaTH nanuBa HaayBHUX 1BuryHiB SIM3-238BE2 na oboporax
KoJsiHgacToro Bany asuryHa 2100 xs™ — 238 r/(kBt - rop).

OBI'OBOPEHHS PE3YJBbTATIB JOCJJTIAXKEHHSA

[lpoBeseHi  OCHIKEHHS  TIOKA3aid, 10 3HWKCHHS BUTPAT €HEPrii B TPAHCMICIAX MiAHOMHHUX
YCTaHOBOK JUIsl PEMOHTY CBEDUIOBHH IUISIXOM BHKOPHCTaHHS TEIUIOTH BIANPALbOBAHMX TIa3iB JUIs
3a0€3MeYeHHs [IBUIKOrO MNPOrpiBaHHs TPAHCMICIHHMX arperaris Ta MiATPUMYBAHHS ONTHUMAIBLHOTO
TEIUIOBOTO PEXKUMY € JIOCUTH BUT1THHM.

B pesymbraTi po3paxyHKiB OyJlO BCTAHOBJICHO, WIO TII€PEBHTpaTa MaIWBa, HEOOXigHA st
MPOKPYYyBaHHS KOPOOKM mepenad migiomMHol ycraHoBku moxeni YIIA 60/80A 3 pi3HUMH CHIIOBUMHU
MPUBOJAMH, TIPU TEMIIEpaTypl HABKOJHUIIHBOTO cepenoBuiia 253 K B MOMEHT mycKy AJisi MiHEpPaJbHOTO
macina TAn-15B cknamae 1,83-1,99 xr, ans HamiBcuaTernuHoro TM-5-18 — 0,92-1,01 kr y mopiBHsIHHI 3
temmepatyporo 313 K. [lomanbemie nmpokpydyBanHsS Kopobku nepenad npu 273 K npuBoauTh 10 3HIKEHHS
BUTpAT MajuBa, gocsaruysiud 0,87-0,95 kr g onuBu TAn-15B 1 0,43-0,47 xr ains TM-5-18 y nopiBHsHHI 3
TeMneparyporo 313 K.
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OTxe, aHami3 ONIEPKAHMX EKCICPUMCHTAIBHUX JaHWX II0Ka3aB, IO BHUCOKY €QEKTUBHICTh
TeIUIoTiepeadi 10 arperariB TpaHCMicii Ta 3HIKEHHS BHTpaT C€HEprii B TpaHCMIiCii MOKHA JOCATTH 3a
pPaxyHOK pi3HHIb TeMIepaTyp BIANPanbOBaHUX Ta3iB 1 TpaHcMmiciiiHoi onuBH. CyTTEBHM CTUMYJIOM
MOJANBIIOTO PO3BUTKY TMOMIOHMX CHCTEM € Te, 1[0 BOHM OOYMOBIIOIOTH MOKIJIMBICTH CYKYITHOTO
BJIOCKOHAJICHHS XapaKTePUCTHK TPAaHCIOPTHOTO 3aco0y 3a KOMIUIEKCOM TMOKa3HWKIB. [X peamizamis Ha
TPAHCIIOPTHUX 3ac00ax TO3BOJISIE YTUIII3yBaTH BIAXIAHY TEIUIOBY €HEPTiIO Ta 3HI)KYBATH BUTPATH IajBa
Ha(TOra30BUM TEXHOJIOTIYHIM TPAHCIIOPTOM.

BUCHOBKH

Omxke, aHami3 OACpXKAaHMX CKCICPUMEHTAIbHMX JAHMX [0Ka3aB, IO BUCOKY C(EKTHBHICTH
TEILIONepe/adi 10 arperaTiB TPaHCMICIi Ta 3HIKCHHS BUTPAT CHEprii B TPaHCMICii MOXHA HOCAITH 3a
PaxyHOK pi3HHIb TEMIIEPATYD BiANPALBOBAHMX TIa3iB i TpaHCMICiiHOT onuBu. CyTTEBAM CTHMYJIOM
MOJAJBUIOTO0 PO3BUTKY MOMIOHMX CHCTEM € Te€, IO BOHH OOYMOBIIOIOTH MOXIIHMBICTH CYKYITHOTO
BJOCKOHAJICHHSI XapaKTEPUCTHK TPaHCIIOPTHOTO 3aco6y 3a KOMIUIEKCOM TMOKa3HMKIB. [X peamizamisi Ha
TPaHCHOPTHUX 3aco0ax JO3BOJISE YTHIII3YBaTH BiIXiJHY TEMJIOBY CHEPTil0 Ta 3HM)KYBAaTH BUTPATH NaluBa
Ha(TOTa30BUM TEXHOJIOTIYHIM TPAHCIIOPTOM.
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Kryshtopa Sviatoslav, Kryshtopa Liudmyla, lvan Mykytii, Hnyp Mariia, Kozak Fedir. Experimental
researches of reduction of energy losses in transmission units lifting installations for well repair

The article is aimed at solving the problem of reducing energy losses in transmission units of lifting
installations for well repair. The main directions for reducing the energy consumption of hoists for repairing
wells were analyzed. The analysis of features of a design of transmissions of lifting installations for repair of
wells is carried out. Studies of viscosity-temperature characteristics of modern transmission oils and
temperature regime in transmission units have been performed. A method of rapid heating and maintaining
the optimal temperature in the transmission units of lifting units by using the heat of the exhaust gases was
proposed. A typical mechanical transmission of a hoisting installation for repairing wells on a wheeled
chassis has been studied. The technique and means of experimental researches of energy efficiency of
transmissions of lifting installations are resulted. Experimental studies of the implementation of the proposed
method of reducing energy losses in transmission units. The dependence of the change in the temperature of
the transmission oil in the gearbox at different modes of rotation of the primary shaft of the gearbox. The
optimum thermal mode of operation of units of mechanical transmission of lifting installations by the
manufacturer is not established in rigid frameworks. The determining factor is the efficiency of the oil under
certain conditions. The dependence of power losses in the gearbox of the lifting unit of the UPA 60 / 80A
model depending on the temperature and grade of transmission oil is obtained. The results of calculations of
fuel consumption in the gearbox of the lifting unit of the UPA 60 / 80A model with different power drives
and at different temperatures of transmission oil are given.

Key words: lifting installation for well repair, oil and gas technological transport; diesel engine;
transmission unit; gearbox; heat utilization; exhaust gases; power; specific fuel consumption.
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KJIFOUOBI EJIEMEHTH JIOTICTUYHOT O YIIPABJITHHS 3AKYHIBJISIMHA JJIS1
OBOPOHHOI C®EPHA

JIOCIi/PKEHO KITFOYOBI €JIEMEHTIB JIOTICTHYHOTO YIPABIIHHS 3aKyHIiBISIMH JUIS OOOPOHHOTO CEKTOpY ¥
npocTopi. BeraHoBieHo, o TpHBANCTh MPOIEAypH 3aKyMiBIi Ha YCiX CTafisfx 3aiiMae gacy HabaraTo OinbIe HiX
¢i3nyHa 1OCTaBKa INpeaMeTy 3akymiBii. [IpuumHOI0O 1BOro € ne-(hakTo BIICYTHICTH JIOTICTUYHOTO YIPaBIiHHS
CHCTEMOIO MaTepialbHO-TeXHIYHOro 3abe3redeHHs. SIk HACHiOK — HU3BKHI piBeHb MPAKTUYHOTO 3alpOBAKEHHS
MIPUHIMIIIB JIOTICTUKH CHPSMOBAaHHX Ha CHCTEMHE YIPaBIiHHA MOCTaYaHHSIM, IO BIiANOBiga€ KOHIEMI] JOTiCTUKH
HATO. Jlorictuune ynpaBiiHHS 3aKyHiBISMH Uii OOOPOHHOTO CEKTOPY HO3BOJIUTH CKOOPIMHYBATH PECYpCH,
TEXHIKy, iHQOpMaIliio 1 JfoAeH, OMepaTHBHO, TOYHO 1 3JIaro[)KEHO BHPIIIYBAaTH IOCTaBJICHI 3aBOAHHS B yMOBax
MOCTifHOT HeCTaOUIBPHOCTI 1 3MiHM YAaCOBHUX MapaMeTpiB.

KnrodoBi cioBa: joricTuuHe ympaBiiHHS, 3aKyIiBIi, CHCTEMa MaTepiallbHO-TEXHIYHOTO 3a0e3nedeHHs,
MIPHUHIIHITY JIOTICTUKH MMOCTaYaHHs, 000OPOHHUI CEKTOP.

BCTYII

CyuacHi BiiCbKOBO-TIONIITHYHI peattii Ykpainu notpedytoTs GopMyBaHHS €AMHOI e()EKTUBHOT CUCTEMHU
JOTiCTUKK cunl oboporn. OCHOBHI CTpaTeriyHi Il HamIoi JAep)XKaBH B paMkKax OOOpOHHOI pedopmu
okpecieno y CtparerivHoMy o0opoHHOMY OtonereHi Ykpainu [1, 2] i BiamoBigarots CTpaTerii HaIllioHaTbHOI
Oe3nekn Ykpainu mojo 3abe3nedeHHs inrerpamnii Ykpainu no €sponeiicbkoro Coro3y Ta popMyBaHHS yMOB
s Berymy B HATO [3, 4]. Omke, ctpaTeriuni mijgi Jep:kaBd BiZHOCHO OOOPOHHOTO CEKTOPY, MAlOTh
KOPEIOBAaTUCSL 13 KEpIBHUMH TOJIOKEHHSAMH, CTaHAapTamMu Ta iHCTpykimismu HATO 3 jorictukw.
[IpUHIIUIIOBOIO METOK JIOTICTUYHOI CHCTEMH OOOpOHHOI cepu € 3a0e3meYeHHS HOPMAIBHOTO 1
0E3MePEIIKOTHOrO MOJICHHOTO KHUTTS 1 MiITOTOBKH BIICHKOBOCITYKOOBIIIB, @ TAKOXK BUKOHAHHS TCPMIHOBUX
3aBJlaHb, SIKi BUHUKAIOTH 3i Cenn (i KOHKPETHOTO BIHCHKOBOTO MiPO3/LUTY YX 00’ € THAHHSL.

AHAJII3 IITEPATYPHUX JAHUX TA IIOCTAHOBKA INTPOBJIEMH

Bumorn 10 ¢popmyBaHHs! e(heKTUBHOI MOJIITHKH YIIPABIiHHSA O0OPOHHUMH 3aKYMHiBISIMH HAIIEXKATh 10
II'SITH OCHOBHHUX CTpaTeriyHMX Lined B paMmkax oboponHoi pedopmu (n. 4.2. Posuiny IV Crpareriunoro
oboponHoro Oronerenst Ykpainu no 2020 p.) [2]. Bugn, npuunHM Ta HACHiAKH KOPYHLiMHI PU3UKU B
JIep’KaBHUX OOOPOHHMX 3aKYIIBIISX JIETANBHO MpoaHaizoBani y pobdorax ['omotu O.I1. [5] Ta Bypaka M.B.
[6]. BuBueHHs mpoleyp MaTepiajbHO-TEXHIYHOTO 3a0€3MEUYCHHS Ta 3aKYIliBeIb Y BICHKOBIH JIOTICTHII €
MpeIMETOM JIOCIi/PKEHHS] HAYKOBIIIB Ta MPAaKTHKIB 3 Pi3HUX cdep Ta HampsAMiB, y JaHOMY Matepiaii
BUKOpHCTaHi myomikaii [7-9]. KpiM Toro, B pamkax mpeamera JOCHiPKeHHS, aBTOPOM BHKOPUCTAHO aHai3
3MIHM MIIXOMIB O YIPABIiHHS 3aKymliBenb y Oi3HEC-CEPEIOBMILI 3 OIJISAY Ha IIOOaTbHI CKOHOMIYHI,
MOJIITHYHI, 1HGOpPMAIiiiHI, COMiIO-KyIbTYpHI Tomo 3MiHM ocTaHHiXx pokiB [10]. B xomi ompairtoBaHHS
HayKOBHX POOIT 3a3HaY€HUX aBTOPIB, & TAKOXK HU3KU HOPMATHBHO-3aKOHOAABUMX aKTiB [11-14], ski 3-mmomix
PELITH TPaKTYIOTh BUMOTH JIO PiBHSI SIKOCTi, iHAHCOBOI eeKTHBHOCTI, O€3MeKH 3aKyIiBesb TOIIO, BAPTO
BIZIMITHTH, 110 MMPAKTHYHO Bi/ICYyTHE PETYIIIOBAHHS YaCOBUX TEPMiHIB BUKOHAHHS MPOIEIYp 3 MaTepiaabHO-
TEXHIYHOTO 320€3[EeUEeHHSI.

OIJIb TA 3AJAYI JOCJIKEHHSA

3 orasay Ha HaBeJCHE II0CTA€ 3aBIaHHS JACTAIBHINIONO JOCHIDKCHHS KIFOUYOBUX €JICMEHTIB
JIOTICTUYHOTO YHPABIiHHS 3aKyHiBISIMH JUIsI OOOPOHHOTO CEKTOPY y HpocTopi Ta 4aci ¥ po3poOKu
MPaKTUIHUX PEKOMEHAIIIN 110/0 JIOTICTHYHOTO YIPABIiHHS OpraHi3aiielo 000pOHHUX 3aKYyIiBElb.

PE3YJbTATH JOCIIAKEHb

Jlorictnuna cuctema 3a0e3levyeThCsl TMEPEBAKHO 3acO00M  3J71aro[pKEHOi poOOTH  eNeMEHTIB
MaKpOJIOTICTUYHOI CHCTEMH, aJleé TaKOXX YacTKOBO 1 3 LMBUIBHOIO 30BHIIIHBOIO OTOYEHHA. 3alydeHHs
MiANMPUEMCTB Pi3HOT (OPMU BIACHOCTI JIO TMPOIECIB MaTepialbHO-TEXHIYHOro 3a0e3NedeHHs! MiIpo3uTiB
30poitnux Cunl BUMarae TMOCTIHHOTO BJOCKOHAJIGHHS OpraHi3aiii 1 mpoueayp 3akymiBili TOBapiB, poOiT i
nociyr 3a JepxasHi kowtd. CtBopeHHs y uepBHi 2007 p., BianosiaHo 1o 3akoHy «IIpo 3akymiBiro ToBapis,
poOIT 1 mocCyr 3a JepXKaBHI KOITH» Ta Ha mijctari pimeHHs Koserii MinictepcTBa 000pOHH €JHMHUN
TennepHuii komiTeT MiHiCTepCTBa OOOPOHH, JTO3BOJIMIIO 3a0€3MeUNTH OlJIbIIYy TPO30PICTh 1 CYBOPE
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JTOTPUMAaHHS €KOHOMIYHUX 1 MPAaBOBUX 3acaj] 3aKyIliBellb, pallioHabHe BUKOPUCTAHHS JCP)KaBHUX KOIIITIB,
TTIOCWJICHHS KOHTPOJIIO Ha BCIX CTamisfX 3aKyliBelb, 30CEpe/LKEHHS iHGOpMaIii mpo IeHTpaTi30BaHi
3aKymiBii B enuHoMy oprai [7]. OmHak, aep:kaBHI OOOpOHHI 3aKyImiBJIi Hapasi BCE IIE 3aUIIAIOTHCS
«ctheporo 00OPOHHOI JisUIBHOCTI, SIKAa € HaWOUIbII BPa3NMBOIO A0 KOPYMNUIHHOTO PU3HKY, IPUUOMY LeH
PU3MK MOXXE€ BUHUKHYTH Ha OyIb-KOMY €Tami 3aKymiBelbHOro mukiy. OTke, HHHI B YKpaiHi CEeKTop
00OpOHH HANISKHUTH /IO HAMOLIbII (PIHAHCOBO MICTKHX, OCKUIBKH HaIlla JiepXKaBa BUMYIIIEHA 3aXHIIATH CBOO
HE3aJIe)KHICTh, BIJICTOIOBATH TEpUTOpialbHy WiJicHicTh. Ha kanb, HEMOCWIBHI Ui JepkaBU OOOPOHHI
¢inancoBi Butpatu (moHanm 80 MIipA. TPH. HAa pIK) HE 3aBXKIOM € TPAHCIAPEHTHUMH B MPAKTHIHOMY
BHKOpHUCTaHHI» [6].

3 ormany Ha crenudiky (QyHKIIOHYBaHHS CEKTOPY OOOpPOHHM cHpoOyeMo TMOpPIBHATH piBEeHb Ta
IHTEHCHBHICTh €BOJIIOLII MiXOMIB 10 YNPAaBIiHHA 3aKyMiBJISIMH CEKTOpY OOOpPOHHM Ta LHUBIIBHOrO Oi3HEC-
cepemoBumia (IuB. TaOI. 1).

Tabauus 1. — Etanu eBosrouii miAXoiB 10 ynpaBiaiHHS 3aKYHiBISIMHI

Cdepa | LuBimpHE Oi3HEC-CEPEIOBHIIE Cexrop 060poHH
Etan
1 Bupinenns 3akyniBenbHOT QyHKIIT Ta | 3akymiBli — OJHA 3-MIOMDK PEHITH OMeparii
OKpEeMHX HaIPSIMKiB 3aKyITiBEb MaTepiaTbHO-TEXHITHOTO 3a0e3reyeHHs
migpo3aiiB 3CY
2 Ocgithi matdopmu ais ¢axiBuiB i3 | OcBita B paMKax CTaHAaPTHUX HABYAJIbHUX IJIaHAX
3aKYITiBEJIb BilicbkkoBux BH3
3 ®okyc Ha maHIiory mnoctaBok 1| Dokyc Ha BUKOHAHHI 3aKyIiBIi 3a OKPEMHUM
cTpateriuHiil QyHKIIT 3aKyHiBens JOTOBOPOM TIOCTayaHHA Yy BigpWBI Biag pewmrTu
3aKYIIiBEJIb.
4 JimxunTanizamis 3aKy1iBehb LimicHW A KOHTPOJIb 32 BUKOHAHHS HE3aJeKHO Bij
peani3aifHoro Nepioy MOCTaYaHHs
5 Koncantuar Tta  ayrcopcunr y | UacTkoBa dipKuTastizallis 3aKyIiBeib
3aKYIIBIISX

JIxeperno: 3BeIeHO aBTOpaMu Ha OCHOBI [6, 7, 10]

MinicrepctBo 000poHM VYKpaiHM 3AIHCHIOE Jiep)KaBHI 3aKymiBli K LEHTPaTi30BaHO, TaK i
JereHTpanizoBano. [IpudoMy 1eHTpasti3oBaHO 3AiMCHIOE OUTBIIICTH 3aKymiBelb — Ha HHUX npunagae 90 %
notpe6 [5, ¢. 8]. YMOBHO UK IepKaBHUX 00OPOHHMX 3aKyIiBEsb MOMIISIIOTH HA CTaIil:

1) Bu3HayYeHHs NMOTPeOW B MEBHUX MOCIyrax, oOyajHanHI abo podoTax (3aBAaHHs Ha 3aKYIIBIIO) i
TUTaHyBaHHS HEOOXITHUX 3aKyITiBElIb;

2) BH3HAYCHHS NUIXIB NPUI0aHHS HEOOXIAHOTO oOsiajHaHHSA ab0 MOCIYT JUls 3a0e3MeveHHs X
motped (BH3HAYEHHsI MPOLEAYPH 3aKyMiBii, BUOIp JpKepena IOoCTavyaHHs, JOTPUMAaHHS TEHAEPHUX
IPOLEAYD);

3) npumbanHs HeoOximHOro ob6magHaHHS ab0 TOCHyr (yKJIaZaHHsS JOroBOpy (KOHTPAaKTy),
YIPaBIiHHSA KOHTPAKTOM, MEPEBipKa SKOCTi, TOBHOTH Ta CBOEYACHOCTI ITOCTAYaHHS MPEAMETa KOHTPAKTY
TOIIIO).

Bignorigno 10 brojkeTHOro koaekcy YKpaiHu, sSKIIO MPEAMET 3aKyIIiBJi HE MICTHTh BiIOMOCTEH 3
Jep>KaBHOI TaEMHHUIII, 3aKyMiBEJIbHUN NpOLEC KepyeThes 3akoHaMu Ykpainu «lIpo myOmiuHi 3aKkymiBii» Ta
«IIpo ocobmmBOCTI 3miliCHEHHS 3aKymiBellb TOBapiB, poOIT i MOCIYT JUIsi TapaHTOBAHOTO 3abe3reueHHS
motpe6d obopoum» [7]. Ileit 3akoH peryaroe CBOEYAaCHICTh W e()EeKTHBHICTH MPOBEICHHS 3aKyIIiBEIb IS
notpe6 30poiiHMX cmi YKpaiHM Ta IHIIKUX BiIMCPKOBUX (OPMYyBaHb B OCOOJNMBHHA mepion, mepiof
HaJ3BUYAHOrO CTaHy Ta mnpoBeieHHs omeparii O0’emnanux cun [12]. Bin mepexbauae, mo min dac
3MIHCHEHHS 3aKyMiBelb Yepe3 CUCTEMY ENIEKTPOHHUX 3aKymiBenb ProZorro Oyne iCTOTHO ITOCHIICHO
BiJITIOBIZIATIbHICTh TIOCTAYAILHUKIB 32 MOPYHICHHS TNPONEAYPH 3aKyIiBIi Ta TOPYIIEHHS TEPMiHiB
nocradyaHHs (HeZoOpOCOBICHI YYaCHUKHM TEHIEPiB HECTUMYTHh (PiHAHCOBY BiAINOBiNAIbHICTb, BTPAYaTUMYTh
CBOIO peIyTallif0); TaKOoX BIJAMOBIIHO JO I[BOI0 3aKOHY CKOPOYEHO CTPOKU IMIPOBEACHHS MPOLEIYP
3akymiBens i3 60-tu 10 14 guis [6]. To6TO, BIPOBaIKEHO MTEPETOBOPHY HPOLEAYPY Ha OCOOIHBHIA ITEPIO 3
BUKOPUCTAHHSIM CHCTEMH CJEKTPOHHHMX 3aKymiBelb. Biarak yuacTp KoMmaHii y TeHAepax
3MIACHIOBATUMETHCS MMiJi OAaHKIBCBKi TapaHTii, a B pa3i MOpYLIEHHS NPOLEAYPU 3aKyMiBii, MMOCTAYaHHS
HEsKICHOT mpoaykii abo 3puBYy TepMiHy 11 TOCTayaHHs OaHK, SKWA HaJaB TapaHTIIO YYaCHHKY,
crtagyBatume MiHictepcTBy o0oponn Ykpainu 3 % Bin Baprocri 3akymieii [6, 12]. HenoOpocogicHi
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MTOCTAaYaJIbHUKKM 3MYIICHI OyayTh CIUIATHTH TapaHTiiHe 3a0e3nedeHHs — OaHKIBCBKY TapaHTIiio, SKIIO
MOpyIIaTh MPOLEAYpPY 3aKkymiBiai. Tako BOHHM MOTPAIUIATH 10 AMCKBaIi(IKAIMHOTO CIHCKY Ta MPOTATOM
POKYy HE MaTUMyThb 3MOTH OpaTH ydacThb y MpolLeaypax 3akymiBedb MiHicTepcTBa 0OOpoHHM YKpaiHU Ta
iHIIMX cuinoBUX BigoMctTB. Lli ¢ipMu onpuiiioqHIOBATUMYTh Y BiIMOBIJHOMY PO3[iNi MOPTay Jep KaBHUX
3aKkymiBeisb [6].

JochimKyrodn CyTHICTh JIOTICTHYHOTO 3a0e3ledeHHs OOOPOHHOTO CEKTOpYy, BapTO pO3TISHYTH
(yHKITIOHAN BificbKOBOI JloricTuky 3arainom [8]. Jlo takux ocHoBHuX (pyHkuid 3a manumu NATO School €
Hactymi [3]:

- JIOCTaBKa;

- MarepiaJbHO-TEeXHiUHE 3a0e3MeueHHS;

- CepBic;

- TexHiuHe 00CIyTOBYBaHHS Ta PEMOHT OOJIaTHAHHS;

- OTpHUMAaHHs, TUIAaHYBaHHS 1 TOAAJIbILE IEPEMIIIEHHS PECYPCiB;

- TepeMilleHHs Ta ePeBE3CHHS;

- 3a0esnedyeHHs HAQTOMPOIYKTAMMU; 3a0€e3MeYeHHS HaIaHHI MEIUIHOI JOIIOMOTH;

- YKJIaJeHHS yTOJ;

- TWATpUMKa KpaiHu, HA TEPUTOPII K0T TUCTIOKYIOThCS 00'€THAHI CHITH.

Peaxizaris norictnaroro 3ade3nederHHss 00opoHHOTO cextopy maHumu NATO School [3] rpyHTYy€eThCS
Ha JOCSITHEHHI BUKOHAHHS TAKUX YMOB:

1) cTBOpeHHI THUMYAacOBOI TPAHCHOPTHOI iH(PPACTPYKTypu (Mepeki MapuipyTiB Ta BY3JiB),
CIPOMO’KHOI ONITUMAJIBHO JOCTABISATH MPEAMETH JIOTICTUYHOTO 3a0€3MEeYCHHS CIIOKUBAYaM,

2) DOCATHEHHI YMOBH (OOMEXKEHHS:), 0 YHCENBHICTh Ta OCHAIIEHICTh CHII Ha TeaTtpi 00HOBUX Aiil He
OlnpIIa HiIXK BUMarae cuTyallis (30Ha po3TailyBaHHsI i IepeIncIioKarii);

3) uiTko BHOYIyBaHa MOCTiMOBHICTH cui 32 4 R (mpaBwibHI cuik, 3 MOTpiOHUM OOIagHAHHAM, Y
MOTPiOHMIA Yac, y MOTPiOHOMY MicCIii") — TOJJOBHAM IPaBUIIOM BIHCHKOBOI JIOTiICTHKH.

3arajoM JOTiCTHYHE YIIpaBIIiHHS 3aKYIiBISIMH s 000POHHOTO CeKTopy (3a TepmiHomnoriero HATO —
BIfiCbKOBA JIOTICTHKA) BKIIIOYAE 1’ Tk cep [3]:

1) npoekTHy — MPOCKTYyBaHHs i po3poOKa, NMpuaOaHHs, 30epiraHHs, TPAHCIIOPTYBAHHSI, PO3MOLT,
JIOTJISIT, €BaKyallis 1 po3TalryBaHHSI 030pPOEHHS 1 TEXHIKH;

2) TpaHCIOPTHY — TPAHCIOPTYBaHHS OCOOOBOTO CKIIaay, JOCTaBKa MarepiabHO-TEXHIYHUX
pecypcis;
3) 3abesmeuyBaibHa (MMOCTAYaJbHUIIBKA) — TOIIYK JDKEpeN, NpHAOaHHs, OyIiBHHUIITBO,

00CITyroByBaHHsI, EKCILTyaTallisl Ta PO3TalIlyBaHHS 00'€KTIB.

4)  cepBicHY — HaJlaHHS Pi3HOTO POJIY MOCIYT;

5) MeanuHy — MarepiaabHO-TEXHIYHE 3a0e3MeYeHHS MEIHYHUX T IPO3/ILTiB.

3a marmmu NATO School [3] 3a 06’€kTOM CHIPSIMOBAHOCTI BiliCHKOBOT JIOTiICTUKH TOAIISETHCS HA JBA
BUJIM: KOJIEKTUBHY Ta OaraToHaIllOHATBHY:

- KonektuBHa JjoricTuka mependadae peaniizallil0 HaliOHAILHUX JIOTICTHYHUX MOIKJIMBOCTCH
(moTy>xHOCTei) Ta JoricTHuHNX MoiMBocTel (motyxHocreil) HATO mono 3a0e3neueHHs pecypcamul Ta
3aX0J[aMH [UIIXOM BUKOPHCTAHHS 3arajibHUX MPOIIECIB 1 CTPYKTYD.

- BaraToHarioHa bHa JIOTICTHKA ITepe10auae BAKOHAHHS TaKUX OTEpalliif:

a) BH3HAUYEHHS IMPOBIMHOI KpaiHW y cdepi JOriCTHKH, I pOib SK JIOTICTUYHOTO EKCIIepTa Ta POl
IHINMX KpaiH-y4acHUIIb;

0) cTBOpeHHs OaraToHAIiOHAIBHOTO 00’ €JHAHOTO MiAPO3/LTY 3 JOTiCTHKHY,

B) Oprasizamiio TWIOBOIrO 3abe3leueHHs onepauii cujaaMu i 3acodamu miApsAHUKA.

3a3HaueHni BuIe QyHKIIOHAN peati3yeThCs Yepe3 BUKOHAHHS apaMeTpiB — Tak 3BaHUX «5 Dy [3]:

1) Destination (mpu3Ha4YeHHs) - BU3HAYCHHS TapaMeTpiB MOTpeOH;

2) Distance (BimmaneHicTs) - BU3Ha4YCHHs cTaHy nuisxiB crionydenss (LOC);

3) Demand (Bumora) — BU3HaYCHHS CTYICHS BaXIIHMBOCTI TOTPEOH;

4) Duration (TpHBaJiCTh) — BH3HAYEHHS HEOOXiTHOI €KCIUTyaTaIliitHOI HAIIHOCTI Ta HEOOXITHOCTI
1HBECTYBaHHS JUUIs TOTPeO 3a0e3NeueHHS;

5) Dispersal (po3ocepemkenns) — BuzHaueHHs 3arposn LOCs (unmsxam cnomydenHs) / MSRs
(OCHOBHMM MapHIpyTaM MOCTauyaHHS).

HeBinx’emHOI0 yMOBOIO peaiizariii onmucaHux Bulle (YHKIH 1 MpaBWiI € TOCTiiiHE BUKOHAHHS
PO3paxyHKIB ONTUMI3aIlil JIOTICTUYHUX KOMIIOHEHTIB (CKJIaIOBHX) 30HH BiiCbKOBOT IPUCYTHOCTI, 1110 BIIACHE
MO’KHA BB2)KAaTH METOI0 BiiicbkoBoi JoricTuky [8]. [lo mpukiamay, NOBHOBa)KEHHS 3 yIIPABIiHHS BiHCHKOBOIO

106 , 2021, Ne2 (17)



© Mapuyk B.€., Koctiouenxo JI.B., l'apmarmr O.M., Ilepenepiit H.M., I'pamucekuit F0.0. 2021

JIOTICTHKOIO HamarThcs KomaHayBauy HATO Ham THIOBMMH YacTHHAMH 1 OpraHi3allisiM{, BKIFOYAIOUH
Hamionaneai enemenTtn miarpuMku (NSE), sKi T03BONSIOTE HOMY CHHXPOHI3YBaTH, HaJaTH IepeBary Ta
iHTerpyBatu (yHKUii JIOTICTUKH, HEOOXiAHI [y BHKOHaHHS crinbHOi Micii. Ile He Hamae Biagy Hag
pecypcaMu, IO 3HAXOIATHCS B HAIIOHAIBHIA BJIACHOCTI, skuMH Boyiogie NSE, 3a BHHATKOM BHIIAJIKiB,
Y3rO/DKeHHX 3 Tepefadeio MOBHOBaKeHb abo0 BimmoBimHo mo mpuHmumiB i nomitukn HATO. Ilo cyri,
koMaHaHa cTpykTypa HATO moromkye moTpebu i KOHTPOIIOE MaTepiadbHO-TeXHIYHE 3a0e3MeYeHHs I
MPOBEJICHHS OTepalliii, a KpaiHW-apTHEpU MarTh (i3MYHI MOXKIUBOCTI i 3a0€3MEeUeHHS BIACHOI
soricThKH. Take ciBpOOITHHIITBO TIOYMHAETHCS HA CTaii MIIAHYBAaHHS, BU3HAYAIOTHCS 3arajibHi 3aBJaHHS U
pimenns Ta iHdopMmaliiHi morpedu, a BXKe MOTIM 3IIHCHIOETHCS TUIAHYBAHHS PEeCypCcHOro posmonity [2].
[HmmMu cnoBamu, 3a mosnitukoro HATO, ynpaBiiHHS JTOTiCTUYHOIO CUCTEMOIO 00OPOHHOT cepH 06a3yeThes
Ha KOOpAMHAII{ yChOTO JaHIIOra NOCTavyaHHs, a BJacHe 3aKyIiBii HaOyBalOTh PiBHS CTpaTerivyHOl PyHKIIII.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIAKEHHSA

[pyHTYIOUMCh Ha HABEJEHOMY, MPUXOJIUMO IO BHCHOBKY, IO JIOTICTUYHE YNPABIiHHS 3aKyIiBJIAMH
111 0OOPOHHOTO CEKTOPY, BiIMOBITHO A0 MPU3HAYCHHS CHCTEMH JIOTICTHYHOTO 3a0e3MeueHHs TOTOBHOCTI 110
BiliCEKOBHX OTIE€palliif, TIOBHHHA OyTH CIIPOMOKHOIO KOOPAMHYBATH PECypCH, TEXHIKY, iH(popmarito 1 monei
OTIEpaTHBHO, TOYHO, 3JIarO/DKEHO B yYMOBaX MOCTIHHOI HEcTalOlIpHOCTI 1 3MIHM YacOBWX MapaMeTpiB. 3
METOK JIOCATHEHHS Takol BIJIACTUBOCTI CHUCTEMM JIOTICTUYHOrO 3a0e3nedeHHs] BiMICBKOBI JIOTICTH
mpornoHyioTs iHTerpyBaTu mpoekth NATO Logistics mIsXxoM CTBOpPEHHS HOBOI CTPYKTYpH 3 THTaHb
3aKyTIiBeIlb, IPUETHAHHS IO MOCTYT MATPUMKH Ta TTocTadaHHs [9].

JocnipkeHHsT KIIFOYOBUX E€JEMEHTIB JIOTICTUYHOTO YIPABIiHHS 3aKyMiBISIMH Ui  0OOPOHHOTO
CEKTOpY y MPOCTOpi Ta 4Yaci MoKa3ajo, IO TPUBAIICTh HPOIEIYypH 3aKyIiBIi, a came ycix ii cramiid, Ha
MPaKTHI 3aiiMae gacy HaOaraTo Ounble HK (i3udHA JOCTaBKa MpeAMETy 3aKymiBii. [[prauHOI0 mBhOTO €
ne-(hakTo BIJCYTHICTh JIOTICTHYHOTO VYIPABIIHHS CHCTEMOIO MaTepialbHO-TEXHIYHOIO 3a0e3leyeHHs
00OpPOHHOTO CEeKTOpY. SIK HACHIZOK — HU3BKUH PiBeHb MPAKTUYHOTO 3alPOBAKEHHS MIPHHIHITIB JOTiCTHKH
CIpSMOBaHUX HA CHCTEMHE YNPaBIiHHSA MOCTaYaHHIM, 110 Binnoinae koumnenmii sorictuku HATO (NATO
Logistics).

BUCHOBKH

[lepcnexkTHBHI HayKOBi MAOCIHIPKEHHS AaBTOPIB CHIPSMOBaHI Ha JieTalbHe BHUBUCHHS OIEpaliit
3aKyTIiBeIb Ta IHIINX MPOIEyp MaTepialbHO-TEXHIYHOTO 3a0e31eueHHs] 0OOPOHHOTO CEKTOPY Y MPOCTOpi Ta
yaci. BusHaueHHS «BY3bKHX MICIb», TOJOBHUX UYMHHHUKIB Ta OLIHKM iXHHOTO BIUIMBY HAa PE3yNbTaTd ix
BUKOHaHHS. P0o3poOKa anropuTMy JOTICTHYHOTO YIIPABIIHHA OpraHi3alliclo OOOpPOHHHMX 3aKyIiBelb B
VYkpaiHi Ta po3poOka MexaHi3My ONTHUMI3alii CUCTEMH YIIPaBIiHHSA MaTepiajbHO-TEXHIYHUM 3a0€3IeUeHHIM
00OPOHHOTO CEKTOPY 3arajoM.
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V. Marchuk, L. Kostyuchenko, O. Garmash, N. Perederiy, Y. Gradysky. Key elements of logistic
procurement management for the defense sphere.

The key elements of logistics procurement management for the defense sector in space are studied. It
is established that the duration of the procurement procedure at all stages takes much longer than the physical
delivery of the subject of procurement. The reason for this is the de facto lack of logistics management of the
logistics system. As a result, there is a low level of practical implementation of logistics principles aimed at
systematic supply management, which is in line with the concept of NATO logistics. Logistics procurement
management for the defense sector will allow to coordinate resources, equipment, information and people,
quickly, accurately and coherently solve the tasks in conditions of constant instability and changes in time
parameters.

The study of key elements of logistics procurement management for the defense sector in space and
time showed that the duration of the procurement procedure, namely all its stages, in practice takes much
longer than the physical delivery of the subject of procurement. The reason for this is the de facto lack of
logistical management of the logistics system of the defense sector. As a result, there is a low level of
practical implementation of logistics principles aimed at systematic supply management, which is in line
with the concept of NATO logistics (NATO Logistics).

Promising research of the authors is aimed at a detailed study of procurement operations and other
procedures of logistics of the defense sector in space and time. Identification of "bottlenecks"”, the main
factors and assessment of their impact on the results of their implementation. Development of an algorithm
for logistics management of the organization of defense procurement in Ukraine and development of a
mechanism for optimizing the management system of logistics of the defense sector in general.

Key words: logistics management, procurement, logistics system, principles of supply logistics,
defense sector.
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MPOBJEMM PO3BUTKY TPAHCIIOPTHOI JIOT'ICTUKU YKPATHI B YMOBAX IMAHJIEMII

PoGoTa mpucBsiueHa BHSABICHHIO OCHOBHHX IIPOOJIEM TPAaHCIOPTHOI JIOTICTHKH B Taly3i aBTOMOOIIBHOTO
TpaHcropTy. Ha OCHOBI CTaTHCTHYHUX TaHUX 32 OCTaHHI IT’SITh POKIB OyB BUSBIICHUH CTAINH PicT 00CITY IepeBe3eHb
aBTOMOOULTFHOTO TPAHCHOPTY, IO TOBOAWTH HOTO 3aTpe0yBaHICTh HAa PHHKY BaHTOKHHUX II€peBE3eHb YKpaiHH.
BusiBneHo, 110 cy9acHi pHHKOBI YMOBH raJbMYIOTh IIPOLIEC PO3BUTKY TPAHCHOPTHO JOTICTUKH. J[OCTiIKEHO OCHOBHI
TEHJICHIIT B ray3i aBTOMOOUIHHOTO TPAHCIIOPTY, 110 CHPUYMHEHI 3MIHAMH Y CBiTOBiif ekoHOMII BHaciinok COVID-
19. Pe3ynbTaTu MpoBEACHOTO JOCHIIIKEHHS CBIAYATh, [0 €KOHOMIUHA KpHU3a, cpoBokoBaHa maHgeMiero COVID-19,
HETaTHBHO BIUIMHYJIA HAa BCIO CBITOBY €KOHOMIKY. ABTOMOOIUIbHUII TpaHCIOPT BiAYYB HETaTUBHUN BIUIMB
KopoHaBipycy. Ha OCHOBI OTpUMaHUX pE3yJNbTaTiB JIOCHIIKEHb OKPECIeHI TIEPCHeKTUBU PO3BUTKY PHHKY
TPAHCHOPTHOI JIOTICTHKH YKpaiHu. Ilicias mpoBeneHOro aHallizy MalIO€ThCAd MECHMICTHYHA KapTHHA PO3BUTKY
TPaHCIOPTHOI Taiy3i, aje HEeoOXiJAHO BIMITHUTH, IO IIONPH BCi NEPEIIOHM aBTOMOOUIBHHII TpaHCHOPT YKpaiHu
30ibIIye 00CATH IepeBe3eHb. TeHAEHIIs MepeBaru TPAaHCIOPTHO-EKCIEANIIHHUX KOMIaHii, 0 He MaloTh CBOTO
PYXOMOTO CKJIaay, HaJ IHIOMMH TPAHCIOPTHUMH KOMIIAHIIMA Ha BITYM3HSHOMY pHUHKY Ine Oyne 30epiratucs
TpHUBAJIUH yac.

3anponoHOBAaHO LUISXM BHPIMICHHS BUABICHHX MPOOJEM 3 ypaXyBaHHSIM OCOOJMBOCTEH PHHKY BaHTAXKHHUX
nepeBe3eHb YKpaiHu. Peamizamiss mux 3axofiB mpu3Bede A0 MPUCKOPEHHS NOCTaBKH BAHTAXY 3 HANMEHIINMH
BTpaTamu. Tako BHsBJICHA OOHAIIINBA MEPCICKTUBA IEPEHECCHHSI BUPOOHUIITB €BPOIEHCHKIX KoMIaHii 3 Kutaro
Oypk4e 10 PUHKY 30yTy Ja€ HaOilo Ha 3aJyd4CHHS 1HO3EMHHUX IHBECTHIIl B €KOHOMIKY YKpaiHU i B TPaHCIIOPTHY
raiy3b 30Kpema.

Pesynpraté  OCHIIUKEHHS MOXYTh OYTH BHKOPHCTaHI MEHEDKepaMH TPaHCIOPTHHX KOMIAHIH mpu
IUTaHYBaHHI iX JisUTBHOCTI.

KiwuoBi cjoBa: TpaHCIOpTHA JIOTICTHKA, aBTOMOOUTRHHMI TPaHCIOPT, MAHICMisl, BAaHTaXHI MEPEBE3CHHS,
TeH/CHIIII.

BCTYII

B cyyacHMX yMOBax »OPCTKOi KOHKYPEHIIii He 3aJUIIMIOCh BUAIB AisUTBHOCTI, 1€ HEeJO0OoIiHeHa chepa
00iry. ToMy 3acTocyBaHHSI PUHIIMITIB JIOTICTHKH, B TOMY YHCIi 1 TpaHCIOPTHOI, (POPMYIOTh KOHKYPEHTHI
nepeBaru  OyIb-SIKOTO IMANpHEMCTBA. HaiOinpmuii ycrmix Ha pPUHKY MAarOTh MIANPHEMCTBA, IO
3a0e3MeUyI0Th CBOEYACHY 1 SKICHY AOCTAaBKY HPOIYKLii 10 Micus nmpusHaueHHs. OTKe, OCHOBHOIO METOIO
TPAHCHOPTHOI JIOTICTHKH € YCYHEHHs MepeOoiB 1 3aiBUX BUTPAT MPH MEPEMIIICHHI TPAHCIOPTHUX 3ac00iB 3
TOBapamH JI0 MyHKTY npu3HadeHHs [1]. JloricTika Mae BenrKe 3Ha4YeHHs 5K (aktop, mo hopmye nepeBaru
npyu BUXOXI KommaHii Ha puHKU. OTXKe, poib TPAHCHIOPTY Y BeAEHHI Oi3HECY MOCTIMHO MOCHUIIOETHCS, a
3aJlydyeHHS aBTOMOOUILHOIO TPAHCIIOPTY NPU IMOOYAOBI JIAHIFOTIB TOCTadyaHHsS HaOyBae Bce OLIBIIOL
MO JISIPHOCT.

AHAJII3 IITEPATYPHUX JAHUX TA IIOCTAHOBKA INTPOBJIEMH

[Ipobnemu po3BUTKY TPaHCIIOPTHOI JIOTICTHUKH BUCBITIIOBAJINCH OararbMa BUEHHUMHU Y CBOiX poOOTax:
Bopucosa JI. T1. [1], Yerenko M. O. [2], Tlomosuyu I1. B. [3], Boituenko M.B. [4], UYyxpait H. 1. [5],
Jlebemuuceka O. 1. [6]. Ha maHmii MOMEHT iCHy€ HENOCTAaTHRO IOCIIIKEHb, IO BUCBITIIIOIOTH BILTUB
naHzaemii Ha po3BUTOK TpaHCHIOPTHOI JiorictTuku (pobota [MipHoi O.b. [7]). HenepenbauyBanbuuil xapaxkrep
BILTMBY HacJiJKiB 0opothOu mroacTea 3 COVID-19 Ha comiaibHO-€KOHOMIYHE CTAHOBHUIIE CBITY 3acCBiauye
PO AOIIBHICTh IPOJAOBKECHHS JOCIIKESHHSI 3 00paHOi TEMH.

HIJIb TA 3AJAYI JOCJIJIKEHHSA

Hocnigutu cran i Tenaenuii BiumBy COVID-19 Ha TpaHCHIOPTHY JIOTICTUKY B raily3i aBTOMOOUTEHOTO
TpaHCIOPTY YKpaiHH.

PE3YJBbTATH JOCIIAKEHb

3 KO’)KHMM POKOM KOHKYpEHTHa 00poThOa cTae Bce >KOPCTKILIOK Y BCiX cdepax AisUTBHOCTI JIIOACTBA.
CyyacHOMY BITYM3HSHOMY PHHKY TpPUTAMaHHI MIHJIMBICTh TONHTY Ha TPAHCIOPTHI IMOCITYTH, HU3bKUN
piBEHb pPEHTA0ENbHOCTI, MIJBUIIEHHS BUMOT JI0 SKOCTI HajaBaeMHUX NOCIyr. KOXKHOTO JHS Ha PHHKY
BiOyBarOTbCA HOBI HpoLecH, MO (OPMYIOTh YMOBH (DYHKIIOHYBAaHHS TPAHCIOPTHUX KoMMaHii. Brus
MaHaAeMii, He OMUHYB 1 I'ajly3b aBTOMOOLIBHOI'O TPAHCIIOPTY.

PosrnsiHemMo cuTyariro, Mo CKJanacs Ha BITYM3HSHOMY PHHKY TPAHCIOPTHUX IIOCTYT, a came
IHaMiKy oOcsry nepeBeseHb 3a 2016-2020 pp. 3a Bcima BugaMu TpaHcmopTy (puc. 1).
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Pucynok 1. /lunamika oOcsry mepeBe3eHsb 3a punamu tpancmopty 2016 - 2020 p. [8]

Ha ocHoBi craTticTnuHuX AaHux (puc. 1) 3a aHanmi30BaHUI MMEPiog MOXKHA CIIOCTEPIraTH CTAIMU PICT
00csry nepeBe3eHb aBTOMOOIIBHUM TPaHCIIOPTOM, NPH LbOMY TeMIl pocTy ckianae 113,5%. 3 omHoro 60ky
TakKWii TEMIT POCTy HEMOJXKHAa HA3BaTH BHCOKWM, a 3 IHIIOTO - HEOOXIHO BiIMITHUTH, MO0 CEPHO3IHHUMA
CeKOHOMIYHHMH WIOK, CIPHUYMHEHHUH MaHAEMI€r0, SKH MEePeryKyeThcs 31 CBITOBOIO (DiHAHCOBOIO KPH30I0
2008p. HEe NPU3BIB JO CTPIMKOTO CKOPOYEHHS MOMUTY Ha TOCIYTH 1 MOHECEHHS 3HAYHMX BTpaT, SK LE
BiIOyJIOCS y 6araThoX raixy3sx eKOHOMIKH.

3a ocTaHHI IT’SITh POKIB CIIOCTEPIracThes 301IIBIIICHHS JI0JTi TIepeBE3eHb aBTOMOOLUTBEHAM TPaHCIIOPTOM
(puc. 2), y 2016 p. Bin cknagas 70,4%, a'y 2020 p - 75,1% [8]. OTxe, MOXkKHa 3 BICBHEHICTIO CTBEP/IXKYBATH,
10 aBTOMOOLUTHEHUI TpaHCTIOPT 3aTpe0yBaHU HA PUHKY TPAHCIIOPTHUX TOCITYT.

2016 5.99%_ 2020
0,005%,9% 22.3% 0,005% 18,6% 0,1%

o NP 02%

—~ o 02% 75,1%
70.4% u

= 3aTi3HUYHUN = Mopchkuid ® 3a1i3HUYHUN = MopchkuHid
PiukoBuit ABTOMOOITEHU PiuxoBuit ABTOMOOITBHAN
= ABialidiHu = TpyOorpoBiTHUI = ABiamiifHuit = TpyOonpoBigHuii

Pucynok 2 — IopiBHSHHS CTpYKTYpH 00CATY TIepeBe3eHb 3a Bugamu Tpancropty 2016 p. 3 2020 p. [8]

Jlo mepeBar aBTOMOOLIBHOTO TPAHCHOPTY, IO MIATBEPKYIOTh JOIUIBHICTE BUKOPHCTAHHS Came
JIAHOTO BUJIy TPAHCIIOPTY, BIIHOCSATHCS: TOCTYIHICTh PYXOMOT'O CKJIaJly, MOXIIUBICTD JOCTABKH TOBapy «BiJ
JIBEpeil 1o ABepel», HHU3bKi OTOBIpHI Tapudu dYepe3 iX IEMITIHTYBaHHS BEIMKOIO KUIBKICTIO TpakiB Ha
PHHKY, BUCOKa MaHEBPEHICTh 1 THYUKICTh, BUCOKA IIBUAKICTH JOCTaBKH, BHOIp pi3HOMAHITHUX MapIIPYTiB i
CXEM IEePEeBE3CHHSI BAHTAXIB, MOXKJIUBICTh IEPEBE3CHHS BAHTAXY Pi3HOr0 00CATY.

OTxe, BUXOASYM 3 BUIICHABEIEHOI0, MOKHA BIAMITUTH, 110 aBTOMOOLIBHUN TPAHCHOPT € HAHOLIbII
JOCTYITHUM JJISl CIIOKUBA4iB 1 LIBHIKO aJanTyeTbcid A0 MIHJIMBUX PHHKOBHX YMOB. ABTOMOOITBHUI
TPaHCHOPT 3aiiMae BaroMe Miclie B Tally3i 1 Ma€ HeNoraHi MEepCHeKTHBU PO3BUTKY. AJie PO3BHTOK
ABTOMOO1JILHOT TPAHCIIOPTHOI JIOTICTUKM YKpaiHH TajibMyHOTh MPOOJIEMH, L0 BUHUKIM IIE 3aJ0BrO JI0O
naxaemii. /o HIX MOXHa BiJTHECTH:

1. Hu3bKuii piBeHb PO3BUTKY TPAHCHOPTHOI iH(pacTpyKTypH YKpaiHu, KU He BiJMOBiIae morpedam
SIK BITYM3HSHOTO TaK 1 MKHAPOJHOTO pUHKY. JIOBrHi Yac SIKICTh TIOKPHUTTS 1 HEBIJOBIIHICTh MPOITYCKHHX
CIPOMOXKHOCTEH MEBHUX JOPIT Ta BiACYTHICTH 00’I3HMX AOPIr y HESKUX MicTax YKpaiHu Oynu O0J04oio
npobJaeMoro K Jjsl TPAaHCIIOPTHUX KOMIAHiM, Tak 1 [y rpomansH. Peanizauis HamioHanbHOi cTparterii
«Drive Ukraine 2030» 4acTKOBO MOKpAIIKIa CUTYaIlif0, aje He BUpimmia mpodaemy. 3a 2020 p. 6yio

CUUACHI TEXHOADM B MAWMHOEYAYUBAHHI TA TPAHCNOPTI, 2021, Ne2 (17) 111



© Mensnikosa lO. 1., Knumenko 1. 0., Becena M. A. 2021

BUKOHAHO poOOTH 3 OyNiBHHULITBA, PEKOHCTPYKIIi1, KAMITAILHOTO 1 TOTOYHOTO PEMOHTY Ha 3arajibHi npoTsbKHOCTI 4056
KM Jopir [9]. Ane HEoOXiZHO BiAMITHTH, IO NEBHI JOPOTH, IO NOEIHYIOTH YKpaiHy 3 kpainamun EC, manyroTsh
3pobutH atHuMu. Kabiner MiHicTpiB YkpaiHu 3aTBepJUB MaKCUMAJIbHUN PO3MIp IIaTH 332 Pa3oBHU IPOi3]] TOPOTroro
noctanoBoro Ne 1312 Bin 23.12.2020 p. Lle#t ¢axr Bukinkae Oarato NmUTaHb, HA SKI HE MOXHA OTPUMATH YiTKOL
B1AIIOB1A1 HA JAHWH YacC:

- SKOl SKOCTi OyIyTh abTEpPHATUBHI OE3KOMITOBHI JOPOTH?

- Ha Ky MaKCUMaJbHy BaHTa)KOMiJHOMHICTh OyIyTh pO3paxoBaHi IUIaTHI JOpOru?

- Ha CKUIBKH paIliOHaJILHO PO3MOPSIKAEThCA JlopokHIM (GOHI KOIMTamMH, IO HAAXOMITh Bif

IUIATHUKIB TMOAATKIB MPH KYTIiBIIi TanuBa’?

- IT.nO.

HezanoBinbHuil cTaH AOpir € HE €IWHOIO TMPHYMHOIO BBAXKaTH TPAHCIOPTHY iHQPACTPYKTYPY
Ykpainn Hepo3BuHYTOW. OOMeX)eHa KIbKICTb Ta HU3BKHH PiBEHB SIKOCTI OOCITYTOBYIOUHX KOMIIIEKCIB
MPUIOPOKHBOTO CEPBiCY, HEAOCTATHS KUIBKICTh TEPMiHANIB, PO3MOAUIBYMX LEHTPIB JOCI 3aJUILAETHCS
HEBUPIIICHUM MTUTAHHSIM.

OTxe, HEpO3BUHYTa IHPPACTPYKTypa TalbMy€ MIBHAKICTh JOCTaBKA BaHTAXy, IO 3HIDKYE
KOHKYPEHTOCIIPOMOKHICTh BITUM3HAHUX TPAHCIIOPTHUX KOMIIAHIM.

1. Bucokuii piBeHb 3HOCY aBTOMOOLIBHOIO Mapky Ykpainu. Po3Mmip, cTpykTypa Ta cTaH pyXOMOIO
CKJIaJly  XapaKTepu3y€e PpIBEHb BUPOOHMYOrO  IOTCHILIATy Ta  KOHKYPEHTOCIPOMOXXHOCTI  SIK
aBTOTPAHCIIOPTHOTO MiANPUEMCTBA, TaK 1 TPAHCIOPTHOIO KOMIUIEKCY Kpainu. Llg mpoOiema crocyeThbcs
BCHOT'O Ha3eMHOT0 TpaHcHopTy Ykpainu. Y 2019 p cTymiHb 3HOCY OCHOBHMX 3aC00iB HA3€MHOTO TPAHCIIOPTY
cknaB 59,2% [8]. [Iporec oHOBIEHHS aBTOMOOIIBHOTO TIAPKY € Ay>Ke OONIOUMM MUTAHHSM, TaK SK Bill CTaHy
PYXOMOTO CKIIAIy 3aJIeKUTh Oe3MeKa Ta SIKiCTh MepeBe3eHb, EKOJMOTiYHa Oe3MeKa Ta piBeHb PEHTa0eIbHOCTI
nepeBe3eHb. OTKe, HA JaHUI 4Yac Maja JOJIA TEPEBi3HUKIB MOXKE BCTYIATH Y KOHKYPEHTHY OOpOTHOYy 3
nepesizHuKamu kpain €C.

2.IlepeBakHa OUTBIIICTD MTEPEBI3HUKIB € TIPEACTaBHUKaMH Majioro OizHecy. Y 2019 p. Timbku 90 MiH.
T i3 1147 MnH T BaHTaxy OyJO NEpeBE3€HO ABTOTPAHCIIOPTHUMHU MiINpUEMCTBaMH, oTxe 92,2% obcsary
MEePEeBe3eHb 3MIMCHIOETHCS (PI3MYHUMH O0COOaMHU-TIANPUEMIIIMU [8]. BinblIicTh 3 HUX MarTh MiHIMaJIbHI
HaKJIaJHI BUTPATH 1 HU3bKUH PiBEeHb 3HAHb MI0A0 QOPMYBaHHS COOIBAPTOCTI MEPEeBE3eHb, IO MPU3BOIAUTSH JI0
JNEMIIIHTyBaHHS TapuQiB HA PUHKY aBTOMOOUTHPHUX BaHTAKHUX IepeBe3eHb. TpaHCIOPTHUM KOMITaHisM, IO
MalOTh BJIACHWH aBTOMOOUTBHUI TapK, Maike HEMOKJIMBO JOCATTH BHCOKOTO DIiBHSI MPHOYTKOBOCTI
nepeBe3eHb 4Yepe3 JaHy CHTyalilo. Tomy OUIBIIICTh TpaBIiB Ha YKPaiHCHKOMY PHHKY aBTOMOOUTBHHX
BAaHTAKHUX IIEPEBE3CHb € TPAHCIOPTHO-EKCIEAUIIMHUME KOMIIaHIAIMH, SIKI HE MAalOThb BIJIACHOTO
aBTOMOO1TEHOTO TapKy. HacmigkoMm mporo € po3pi3HEHICTh YYaCHHWKIB PHHKY, iX HHU3BKHU piBEHb
KOHKYPEHTOCIIPOMOXKHOCTI, OpaK KOIITIB JUII PO3BUTKY Oi3HECY i T. JI.

3.bpak xkBamidikoBaHOi POOOYOi CHIM B Taly3li aBTOMOOUIEHOTO TPAaHCIOPTY. ABTOMOOITHHUIMA
TPaAHCIIOPT € TPYAOMICTKOIO Tany33to. Tomy mpobiema nedinury kaihikOBaHUX TPYIOBHX PECYpPCIB €
HaraJbHOI JIJIsl TPAaHCIIOPTHUX KOMIIaHii. 3 ogHOro OOKy Ha PUHKY Mpalli CHOCTepiraeTbes NeQiluT y
KBaJiQikoBaHuX 1 podeciiiHuX BOJIsNX, a 3 1HIIOIO — HU3bKUH PiBEHb SKOCTI YIPaBIIHCHKOTO TIEPCOHATY B
cdepi aBTOMOOITEHOTO TpaHCIOpTy. Ha BoaiiB moknaneHuil BHCOKWN piBEHb BIiAMOBITABHOCTI, TaK SK
Mpoliec epeBe3eHHS 3AIMCHIOETHCS 11032 MEKaMH ITiIIPUEMCTBA B yMOBaX IiJIBUILIEHOT aBapiitHOCTI.

Takox criocrepiraerbest Opak KBajidikoBaHUX JIOTICTIB. [loeIHAHHS Cy4acCHUX TEOPETHYHHUX 3HAHb B
JIOTICTHIN 3 JOCBIIOM MPAKTUYHOI AiSITHHOCTI B YMOBaX ChOTOJICHHS 3YCTPIYa€ThCSA HA PHHKY IIpalli JyxXe
pinxo. Leit gakT HeraTuBHO BiMBae Ha e(heKTUBHICTh MIEPEBIZHOTO MPOIIECY.

4. Husbkuil piBeHb e(pEeKTHBHOCTI OpraHizamii MepeBi3HOIO MPOILECY € Pe3yIbTaTOM HEraTUBHOTO
BIUIMBY TIPOOJIEMH JIOTICTUYHOTO MeEHe/PKMeHTy. Ha 0GaraThoxX miJnpueMCTBax JOCI BIPOBAJKEHHS
JIOTICTUYHUX METOAIB TOJISATae y IMOLIYKY BapiaHTy OCTaBKM BaHTaXy 3 HAMKOPOTIIOK BiJCTaHHIO, LIO0
BU3HAYAEThCS HAWYaCTIIIE JIOTICTOM Ha OCHOBI BJIACHOTO JIOCBiAYy, 0O€3 3acTOCYBaHHS IPOIPaMHOTO
3a0e3rnieueHHs. Mi3epHa JIONIsl TPAHCIIOPTHUX KOMIIaHiM BINNpaBisie CBill MEpCcOHAN Ha ceMiHapH i KypcH
MiABUIIEHHS KBamiikalii, Ha SKUX JIOTICTH MOXYTh OBOJIONITH CyYaCHUMH 3acobamMH omnTuMizarii
MEPEBiI3HOTO MPOIIECY.

5.Husbkuiit piBeHb Y3ro/PKEHOCTI POOOTH YYaCHUKIB JIAHIIOTIB ocTadanHs. HempoaykTusHI mpoctoi
aBTOMOOUIIB, B IEpUIy Yepry, BHUKIMKAHI HEBIAMOBIIHICTIO MPOIyCKHOI CIPOMOXHOCTI PO3MOAITBYMX
LEHTPIB, CKIAAIB MiANPHEMCTB, MUTHHUX IYHKTIB MpomycKy. IIpakTuka 3actocyBaHHs mITpadHUX CAHKLIH
JUIT YCYHEHHST HENpPOJYKTUBHHX IPOCTOIB HAa JaHWUA MOMEHT Ha BITYM3HSHOMY pHHKY € HE JyXKe
PO3IMOBCIOJKCHOI0. A MPOCTOT aBTOMOOLIIB MPU MPOXOKEHHI MUTHUX TIOCTIB € OOJIOYMM IMUTAHHSIM HE
TIBKY 1151 BITYUM3HSIHMX NIEPEBi3HUKIB. baraTo TpancnopTHux kommaHiil kpain €C npoknagaioTs MapupyT,
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OMUHAaIOuu YKpaiHy SK TpaH3UTHY KpaiHy, IIPU LIbOMY JIOBKMHA MapIIpyTy MO)Ke OyTH 3HauHO Oijblia.
3aKOpIOHHI MAMPUEMII BBAXKAIOTH MOIUTPHUM JTOCTABHTH INBUAIIC BaHTaXX 1 30UIBIINTH MaTepiaiabHi
BUTpPATH, HDK CKOPOTHUTH NPOAYKTUBHICTH aBTOMOOiIS 1 301IBIIMTH HOMIO amopTu3alii y cobiBapTocTi
nepeBe3eHb B Pe3yNIbTaTi HeMPOYKTUBHUX MPOCTOIB.

[Tompwm Bci icHyI0Ui TpoOIeMH B aBTOMOOITPHOMY TPAHCTIOPTi YKpPaiHU, MO3UTHBHHUM € T€, IO TOMUT
Ha BaHTaXHI MEPEBE3EHHS TOCTYIOBO 3pocTae. [ 30epekeHHs 1€l TeHAeHIli HeoOXiTHO BpaxyBaTh HOBI
TPEHJIU CBITOBOI EKOHOMIKH, 1110 BUKJIMKAHI MAaHJIEMI€I0 KOPOHOBIPYCHOT XBOPOOU.

[Mangewmis, mo 3ymosneHa COVID-19, HeraTuBHO BIUIMHYJIA HA €KOHOMIYHY CHTYyaIlifo y cBiTi. ['amy3s
ABTOMOOITFHOTO TPAHCHIOPTY HE 3AIHIIIIACH OCTOPOHB. POOUTH TOBrOCTPOKOBI MPOTHO3U AyXKe BaXKO, 60
Ha CHOTOHI HEMA€ YiTKOro 0adeHHs IUISIXiB MOJO0IaHHS BipycCy. AJie BUSBUTH OCHOBHI TPEeHAH, IO OyAYTbH
BIUTMBAaTH Ha PO3BUTOK BITUM3HSHOI Taly3i aBTOMOOUILHOTO TPAHCHOPTY B HAWOMMKYMIA Yac MOKIHBO. [0
TAKUX MOXKHA BITHECTH:

1. BuOyTTs cnaOkux TpaBliB 3 PHHKY aBTOMOOULTBHMX MepeBe3eHb. HalOMmKIMM 4acoM Ha PUHKY
3aJMIIAaTbCsl TUTBKKM Ti KOMIaHii, SIKi BCTHTHYTh NEPEOPIEHTYBATH MAiSJIbHICTH MiJl MIiHIUBI YMOBH, ILO
¢dopmye manaeMis. B qanuil yac 3HaYHO JIeTIIe BH)KMBATH KOMIIAHIAM, 1110 HE MAOTh BJIACHOT'O TPAHCIIOPTY,
00 X MOCTiifHI BUTPATH HA0AraTo MEHII HiX Y BJACHUKIB aBTOMOOUTHHHX MTapKiB.

2.Ilepepo3mno/in BaHTaXKOMOTOKIB. 3MIHU BUKJIMKaHI 00’ €KTUBHUMH MPOIECAMH, IO BiIOYBAIOTHCS Y
cBiTi. [lo-niepiue, KoauBaHHs TeMIiB eKOHOMi4HOTO pocTy. MB® oninus cBiToBe ckopoueHHs BBII Ha 3,5%
y 2020 p, y 2021 p —3poctanns Ha 5,5%, a'y 2022 p. odikyeTbcs picT Ha 4,2%/[10].

[lo-npyre, 3MmiHa TMOBEAIHKM Ta BIOAOOAHb CHOXHUBadiB. I[laHmeMis 3HA4YHO BIUIMHYJa Ha
TUTATOCTIPOMOKHICTD 1 TIOBE/IIHKY CITOKHBAYiB, O CIIPHYNHMIIO 3MIHY CTPYKTYPH CIIO)KMBYOTO KOLIHKY.

[To-Tpere, icTOTHE MOMOPOKIAHHSI MOPCHKOTO (PpaxTy i3 Kutaro. Y 1opok4aHHS MOPCHKOTO (PpaxTy
Ha 370% depe3 HecTady KOHTEHHEPIB 3MYIIye KOMIIaHIl HIYKaTH iHII COCOOM JAOCTaBKH TOBapy (3MiHa
MapuipyTy JOCTaBKH BaHTaXy, BWAY TPAHCIOPTY) ab0 3MIHIOBATH MOCTAYaJbHUKIB 3 OLTBLI BHUTiAHAM
reorpadiyHuM po3ranryBaHHsM [11].

Bci nepenideni obcraBuHu Oe3mocepelHbO BIUIMBAIOTh Ha 3MiHY reorpadii BaHTa)KOBIAMIPABHUKIB i
BaHTa)XOOTPUMYBAYiB, EPIOTUIHICTE Ta 00CAT qocTaBku. CaMe i1 yac maHaeMil BUSSBUBCSI BUCOKHI piBEHb
3aJIeKHOCTI BUpOOHHUITB Oaratbox Kpain Bin Kurtaro. Tomy MeHemkepu OaraTboX KOMIIaHIH PO3IIsAaloTh
MOXKJIUBICTh TIEPEHECEHHS BHUPOOHWYMX TMOTYXKHOCTeH Orbkde a0 pHHKY 30yTy Uil CKOpPOYEHHS
TpaHCHOPTHUX BUTpaT. CyTTEBE 3M0POKEHHS BAPTOCTI IOCTABKH JIMIINIO OCHOBHOI KOHKYPEHTHOI IIepeBaru
MOPCBHKHI TPaHCIOPT 1 MOCHIIMIO KOHKYPEHTOCIIPOMOXHICTh 1HIIMX BHJIB TpaHcHopty. Jns mocTaBkH
BaHTaXXy 3 KuTaro Bce yacTinre BUKOPHUCTOBYIOTh 3aTi3HUYHUH, aBialliiHA{ Ta aBTOMOOUIEHUI TPaHCIIOPT.

3. IlocunenHs oOMeXeHb AiSNIBHOCTI TPaHCHOPTHUX KoMnadid B kpainax €C. Oco0nmBo Oomouum
MUTaHHIM Ie 70 NaHaAeMii IS TMepeBi3HUKIB OyJI0 OTPUMAaHHS JO03BOJIB Ha MDKHAPOIHI BaHTAXKHI
nepeseseHHs. [licns noxnayny 2020 poky ypsan kpain €C nocmimB 3aXHUCT cBOiX BUpOOHUKIB. Taka kapTuHa
HETaTHUBHO BIUIMHYJAa HE TiJIbKM Ha aBTOMOOUIBHY Taiy3b, @ I Ha BCIO €KOHOMIKY KpaiHu. Po3BuTOK
CKOHOMIKM YKpaiHu B OUIbIIIA Mipi 3aleXHUTh BiJl MMOMUTY Ha EKCIIOPTHY MPOAYKIIO, SIKUH B yMOBax
CBITOBOI KpU3H MaIac.

Ionbma y 2020 poui ykpaiHCHKMM IEpEBI3HUKAaM BHaJla KPUTHYHO Majlo JI03BOJIIB Ha IEPEBE3CHHS
BaHTaXIB aBTOMOOUIEHUM TPAHCIOPTOM y MiKHapojgHoMmy croiydenHi (160 tuc. ox.). Ha nanmii MomeHT
MOCTIHHO BEAYThCSI MEPEMOBH 3 ypslaMU pI3HUX KpaiH Npo OTPHMaHHs JOJaTKOBHX JO3BOJIIB Ha
MixHapoaHi nepese3eHHs. Y 2021p e nmeBHi no3utuBHiI 3MiHU (bonrapist 30inbmiIa KiIbKICTh J03BOJIIB Ha
25%, Itanist — Ha 6%) [12], ane Ha cTpaTeriyHO BaXXJIMBUX HaNpsIMKaX, € MPOXOIITh OCHOBHI TOPIiBeJbHI
MOTOKH, CYTTEBUX 3pYIIEHb HE Bi0YIOCH.

4 Ilocunenns aedinury BoxiiB. IIpobmema TpymoBoi Mirpamii ykpaiHIiB 0OOroBoproBajach Ha
BceykpaiHcbkoMy dopymi «Ykpaina 30. Tpynosi pecypcu». Ykpaina € jiiepoM cepell €BpONelChKUX KpaiH
3a KUIBKICTIO MPalle3/]aTHOTO HACEJNIeHHs, sIke ine mpaIoBaT 3a KopaoH [13]. 3a maHuMu JOCHi THUIBKOT
kommanii Transport Intelligence, y 2020 porri nuie y €Bpormi KOMITAHIsM, [0 3aHMaOTHCS BaHTAKHUMHU
nepeBe3eHHsMU, OpakyBanio moHan 400 Tuc. kBamidikoBanux BoxiiB [14]. OCHOBHI NMPUYMHU TPYHOBOI
Mirpamii BOJIIB HE BIIPI3HSAIOTHCS BiJ IHIIMX mpodeciii: comiajlbHa HE3aXHUIICHICTh, HECTAOLIbHUI
(hiHAaHCOBO-EKOHOMIYHMI cTaH YKpaiHu, Kpallli YMOBHU Mpaili, Oijbia 3apoOiTHA IJiaTa Ta NEpCIeKTUBU B
Maii0yTHeoMy emirpauii B kpainu €C. 3Haunuii nediuuT BoAiiB Npu3BeAe 10 3pUBY JAHIIOTIB NOCTaYaHH,
1o OyJie ralbMyBaTH BiTHOBJIEHHS] €KOHOMIKH KpaiHH.

5.PicT momuTy iHBECTOpIB Ha MEHII PU3MKOBI aKTHBU. [HBECTUINIHMI KiliMaT YKpaiHHU 3aJIMIIAEThCS
HenpuBabiuBuM. OCHOBHMMH IPHYMHAMH TaKoi CHUTyalii € HecTaOilbHI YMOBH BeJeHHs Oi3Hecy,
HEeCcTaOUIBHICT Y BiIHOCHHAX 3 1HO3eMHUMH IapTHEPAaMH, OJATKOBUI TUCK, KpHU3a, SIKa CIPUYMHEHA
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KOpoHOBipycoM 1 T. 1. HemepembadyBaHa TEpCIIEKTHBAa EKOHOMIYHOTO PO3BHUTKY B CBITI 3MyIIye
TIOTCHITIHHUX 1HBECTOpIB O0OWpaTH HAWMEHIT PH3WKOBI BapiaHTH, MO SKHX Taly3b aBTOMOOUIBHHX
nepeBe3eHb He BiTHOCUTHCS.

1.IlosiBa HOBOI BMMOTH CHOXHMBad4iB IO TPAHCIOPTHUX KOMIIAHIH - MOXKJIMBICTH 3pOOHTH OHJIANH
3asiBKy Ha 31HCHEHHS MIepeBEe3CHHA BaHTaXy. KepiBHUIITBO TPaHCIIOPTHUX KOMITaHiil po3ymie HEOOXiAHICTh
JaHOT OTIIii B yMOBaX IMaHIeMii, TOMY OLTBIIICTh KOMITaHIH BXK€ ii MatOTh.

OBI'OBOPEHHA PE3YJBbTATIB JOCJJTIAKEHHSA

JUnst  yCHIMIHOTO TPHCTOCYBAaHHS JO TOXHTHUX PHHKOBHX YMOB CHOTOICHHS KEPIBHUITBY
TPAHCTIOPTHUX KOMITAHI#M TP 3IHCHEHH] YIIPaBIiHCHKOI AISIIFHOCTI HEOOXITHO BpaXOBYBaTH TEHICHIIII, [0
3ymoBieHi COVID-19. Tomy 0CHOBHOIO METOIO MEHEIXKEPIB € yCIilIHE TOA0IaHHS Oe3ivi TpyaHouiB. Lei
LUISIX MOKHA TIPOWTH 3a JOTIOMOTOIO:

- MABUIIICHHS PiBHS CEPBICY 3a PaXyHOK THYYKOCTI B 00CITyTOBYBaHHI;

- 3aCTOCYBaHHsI PI3HOMaHITHHX CIHOCOOIB JOCTaBKM BaHTaxy ( MepeBe3eHHS 30ipHUX BaHTaXiB,
3MilllaHi IepeBe3eHHS 1 T. 11.);

- aBTOMAaTH3aIlii MPOIeCy ONTHUMI3allii BAHTA)KHHUX TTEPEBE3CHb.

Heo06ximHo BiAMITHTH, IO BTUIMTH 3aIPOTIOHOBAHI 3aX0IH HE Tak JIETKO.

Bucokwii piBeHb THYYKOCTI B 0OCITYTOBYBaHHI B CyYaCHHUX YKPaiHCHKHX peaisix Haljeriie ITOCATTH,
BUKOPHCTOBYIOUM HaliMaHWU PyXOMHUH CKJIal OyAb-SKOTO THITYy 1 BaHTaXOMigHOMHOCTI. ToMy TeHAeHIis
BEPXOBEHCTBA KOMITaHiH, SIKi HE MAlOTh BJIACHOTO aBTOMOOLUTFHOTO MApKy, HA BITYM3HAHOMY PUHKY Iiie Oy/ie
30epirarucs. Lleit BapiaHT MO3BOJISIE 3HAYHO CKOPOTHUTH TOCTiHHI BUTpATH KOMIIaHii, aJie SIKiCTh HaJlaBaEMHUX
MOCITYT 3aJICKUTh BiJl BJIaCHUKA PyXoMoro ckiaay. OmHak HEOOXITHO BIIMITHTH, IO KOXHA KOMIIAHIS Mae
CIHMCOK HEA0OPOCOBICHUX MEPEBI3HUKIB, 3 TKUMH BOJIi€ HE BCTYTIATH Y JUIOBI BiIHOCHHH.

BrinenHss mnepeBe3eHHs 30ipHHX BaHTaXIB 1 aBTOMaTH3alii Mpolecy ONTHMi3alii BaHTAKHHUX
nepeBe3eHb rallbMYIOTh JIBi OCHOBHUX MPOOJIeMH: Opak iHBeCTHIIIH 1 AeinuT KBami(piKoBaHHUX JIOTICTIB.

JIOUinBpHICTh 3aCTOCYBaHHS TNPOTPAMHOTO 3a0e3MeYeHHsA IJIs BHUOOPY ONTHMAIFHOTO MAapIIpyTy
JOCTAaBKM Ta BUKOPUCTAHHS PO3IMOJUIBYMX IIEHTPIB MPH MEBHUX MapIIPyTax € Oe3nepeyHoro, ane I iX
3aCTOCYBaHHS HeoOXiHI unMali rpomri. Tak sk mepeBaykHa OUTBIIICTD TPaKiB HA PHUHKY € MPEJICTaBHUKAMU
Majioro Oi3Hecy, TO Opak KOIITIB HE JIO3BOJISE peali3yBaTH 3allpOIIOHOBaHI 3axonu. B yMoBax eKOHOMIYHOI
KpHW3W 3HAHTH 1HBECTOPIB € MaiKe HEe3/T1iCHEHOO 3a/1a4€et0.

KepiBHHLTBY TpaHCIOPTHUX KOMIIAHIH HEOOXiTHO MPHIUIATH BEIUKY YBary IiJABHIICHHIO
npodecioHanizaMy 1 pO3BUTKY «JIOTICTHYHOI iHTYIil» mepconany. JIOTicT MOBHHEH NMPOTHO3YyBAaTH 3MiHU
MONUTY HAa TPAHCIIOPTHI MOCITYTH IPH BUOOPI MapLIpyTy i BUIY TPAHCIIOPTY, BPAXOBYBaTH BUMOTH KIIi€HTa,
IHTEHCHBHICTh pPyXy TPAHCIIOPTHUX KOPHUAOPIB, TPUBAIICTH TMPOBEACHHS IEBHUX OIEpaiiid, KIiMaTHYHI
yMOBH Ta iH. OTKe, pU T0OYI0B1 JIAHIIOTY TIOCTaYaHb JIFOJCHKHIA (PaKTOp Ipac BEIWKe 3HAUYCHHS.

BUCHOBKH

B pesynbraTi aHamizy Malo€ThCS NECUMICTHYHA KapTHHA PO3BUTKY TPAHCHOPTHOI raimysi B YKpaiHi,
asie HeoOX1THO BIAMITUTH, IO MOIMPH BCi MEPENOHN aBTOMOOITBHUN TpaHCHOPT YKpaiHH 30ibIye obcsaru
nepese3eHb. Y nepiiomMy miBpiudi 2021 p. (78,2 miaH. T.) OyJio nepeBe3eHo BaHTaxy Ha 21,4% Oinbiie Hix
3a anajoriuauii nepiox 2020 p. (64,4 mun. 1) [8]. IlepcniekTBa nepeHeceHHs] BUPOOHUIITB €BPONEHCHKIX
kommaHii 3 Kurato O6mkde 10 puHKY 30yTy Jae HaJil0 Ha 3aly4eHHS 1HO3EMHUX IHBECTHUIIIT B €KOHOMIKY
VYkpaiHu 1 B TpaHCIIOPTHY Tary3b 30KpeMa.

Orxe, MiABUIIEHHS CTIMKOCTI TPAHCIIOPTHUX KOMIaHiil MOYKHA 3a0€3MEeYNTH 3a JOMOMOT'OF0 BUCOKOTO
PiBHS CepBiCy, 3aCTOCYBaHHs Pi3HHX CHOCOOIB JIOCTaBKM BaHTaXiB, aBTOMATH3allii Mporecy MmoOyaoBU
JIAHIIIOTIB [MOCTa4YaHb, MiIBUIICHHS MPog)ecioHalli3My NepcoHaITy, 10 MpU3Be/e 10 MPUCKOPEHHS JOCTaBKU
BaHTaXy 3 HAMEHIINMH BTpaTaMu.
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Y. Melnikova, 1. Klymenko, M. Vesela. Problems of the development of transport logistics of
Ukraine in terms of pandemic

The study deals with the identification of key problems of transport logistics in the field of motor
transport. The statistic data for the recent five years have helped to specify sustainable growth in the motor
transportation; it proves that the motor transport is in demand on the cargo transportation market of Ukraine.
It has been defined that current market conditions decelerates the process of transportation logistics
development. Basic tendencies in the field of motor transport, caused by the changes in world economy due
to COVID-19, have been analyzed. The research results show that the economic crisis provoked by COVID-
19 pandemic has influences negatively the worldwide economy on the whole. In particular, motor transport
has experienced negative impact of the coronavirus. The obtained results have made it possible to outline the
prospects of further development of the Ukrainian transport logistics market. The carried out analysis has
demonstrated a pessimistic pattern of the transport logistics development; however, it should be noted that
despite all the obstacles, Ukrainian motor transport is increasing its transportation volumes. There will be
still a long-time tendency of certain advantage of transportation-dispatch companies, having no own motor
equipment, over other transportation companies on the national market.

Certain methods to solve the identified problems have been proposed taking into consideration
features of the cargo transportation market. Implementation of those methods will result in the accelerated
cargo delivery with the least costs. Moreover, the encouraging prospects as for the transfer of production
facilities of European countries from China closer to the market outlets bring certain hope for the
involvement of foreign investment in the Ukrainian economy in general and transportation field in particular.

The research results can be used by managers of transportation companies while planning the
enterprise activities.

Key words: transport logistics, road transport, pandemic, freight transportation, trends.
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BUMIPIOBAHHSA KOM®OPTY B I'POMAJICBKOMY TPAHCIIOPTI

Xoda koM(OPT € OIHUM 3 HAWBKIUBINIMX YMHHUKIB, IO (OPMYIOTH IONUT HA TPOMAJCHKUII TPaHCIIOPT,
YUHHHAKY 3pYYHOCTI YacTO HE IOMIYalOThCS IPH IPOEKTyBaHHI TPAHCHOPTHOI Mepexi Ta OmiHII e(eKTHBHOCTI. Y
MICBKOMY HacaXKUPChKOMY TpPaHCIIOPTi, OCOOJNMBO y MICTax CEpelHbOrO po3Mipy, BHOIp cmocody MogOpoXi
MAcaXHPIB 3aJEKHUTH BiJl 0araTboX BaXKIMBUX IMOKa3HHUKIB, OKPIM TPUBAJIOCTI MOAOPOki. [ Toro, mod MOKpaImuTH
PO3YMiHHS KUTBKICHHX Ta SIKICHUX HMOKa3HHUKIB y BUKOPHCTaHHI IPOMAJCHKOTO TPAHCHOPTY, IU3aHH TPAHCIOPTHHX
MOCIyT TOBHHEH BIiNOBiIAaTH pIBHIO OOCIyroByBaHHS, OYIKYBaHOMY KII€HTaMH, L0 3a0e3MeYUTh HaHKparry
KaliTagi3anio BIPOBA/UKEHHS TPAHCIOPTHHX Hociyr. Lle mocmimkeHHS € OCHOBOKO Uil (pOpMYIIFOBaHHS IOJITHKH
MaCaKUPCHKUX MEPEeBE3eHb Y TPOMAJCBKOMY TPAHCIIOPTI 3 TOYKH 30py MaKCHMAaIbHOTO KOM(OpPTY HAceJeHHS Ta
pO3pOOMIIO  OCHOBY IUIsi BHMIPIOBAaHHS HAWBIMBIMIKMX (AKTOPIB 3pPYYHOCTI TPOMAICHKOTO TPAHCIIOPTY,
MIHIMQJIBHOTO JHCKOM(OPTY Ta MakcuManbHOI Oe3mekd. Ha OCHOBI HONBOBMX IOCIHIKEHb i3 3aCTOCYBaHHSIM
JeTepMiHAHT AUCKOM(OPTY Ta Bard BU3HAYECHO KUTbKICHUH MOKAa3HUK CIPUHHATTA KOM(OPTY B MEpEXki rpOMagChKOTO
Tpancrnopty TepHOMOJNS, 3a JONOMOIOI0 SIKOTO MOXKHA HPOTHO3YBAaTH IOBENIHKY IAaCaXHPIiB NPU KOPHCTYBaHHI
MICBKMM T'POMaJICBKUM TPaHCHOPTOM. Takuii NMOKa3HUK MOXKHAa BMKOPUCTOBYBATH JUISl NIPOTHO3YBaHHS ITOBEAIHKU
MACaXHPIB MiJ yac KOPUCTYBAHHS TPOMAZCHKAM TPAaHCIIOPTOM. Pe3ynbTaTti JOCTiIKEHHS MOKYTh OYTH BHKOPHCTaH1
SIK IHCTPYMEHT M IUIaHyBaHHS Ta (YHKI[IOHyBaHHsS MIChKOI TPaHCIIOPTHOI Mepeki. Bu3HaueHHs 3arajabHOTO
KOM(}OpPTy CHCTEMH IPOMAJICHKOTO TPAHCIOPTY € 3MIiHHUM, IO 3aJICKHUTH Bif (aKTOpiB, HAHBKIUBILIMM 3 SKUX €
IIIJTBHICTh MACaXHUPIB Y CATOHAX NEPEeNOBHEHHMX TPAHCIOPTHUX 3aco0iB. 3 OrLiay Ha OaraToCTaHAAPTHUH aHami3
TPaHCIOPTHOI MepeXKi THIIOBUX MICT, MOKAa3HHUKIB PyXy IpoMagd — AUCKOM(OpPTy, 3aBaHTaXKEHOCTI TPAHCIOPTHUX
3aco0iB, CEpPEAHBOTO Yacy pyXy, CEpenHbOI BiICTaHI, ONTUMI3AIiMHUIA MPOEKT MEPEKi IPOMAACHKOTO TPAHCIOPTY
PEKOMEHIy€eThCS PO3TIIAATH L0 TPYITy 1HIUKaTOpu KoMGOopTy. Pe3ynpratu goCHimKeHHS € OCHOBOIO [UIS PO3yMiHHS
CTaBIICHHS MAaCaXHUPIB Ta CHOPUIHATTI KOMQOPTY TPOMAACHKOTO TPAHCHOPTY Ta MOXYTh OyTH BHKOPHCTaHI SIK
IHCTPYMEHT IS IUTaHYBaHHA Ta (YHKIIOHYBaHHS MEPEXi MiCBKOTO TPAHCIIOPTY CepeHiX po3MipiB.

KiouoBi cioBa: macaxupchki IEpeBE3EHHsS, MapIIpyT, pPiBeHb KOMQOPTY, TPOMAIACHKHN TPaHCHOPT,
MacaXUPOMOTIK, TPAHCIIOPTHA Mepexka

BCTYII

Ha ocHOBI NOJBOBUX JOCIIKEHD 13 3aCTOCYBaHHSM JIETEPMiHAHT TUCKOM(OPTY Ta Baru BU3HAUCHO
KUTBKICHMH TIOKa3HWK CHPUHHATTS KOMQPOPTY B Mepexi TpoMajchKoro TpaHcnopTy TepHomouns, 3a
JOTIOMOTOI0 SIKOTO MO>KHA MPOTHO3YBaTH TMOBEIIHKY MMACaXHPIB MPU KOPUCTYBAHHI MICBKHM I'POMAJICBKUM
TpaHCHOPTOM. Bu3HaueHHs 3aranbHOr0 KOM(OPTY CHCTEMH TPOMAJCHKOTO TPAHCHIOPTY TepHOIMOs
3aJIeKUTh Bijl 0arathox (hakTopiB, HAMBAXIIMBIIINM 3 SKUX € HIUIBHICTh MACAXKHUPIB Y CANOHI B TOJIUHH TIiK,
X04a Ul ONTHMAJIBHOTO MPOEKTYBAaHHS MEPEeXi I'POMaJCHKOTO TPAHCHIOPTY PEKOMEHIYETHCS BPaxXxOBYBaTH
OaraTto 1moka3HuKiB KoMdopTy. Pe3ynpTaTi DOCTIIKEHHS € OCHOBOIO JUISi PO3YMIHHSI CTaBJICHHS MACaXUPiB
Ta CIPUUHATTA KOMQOPTY TPOMaJCHKOTO TPAHCIOPTY Ta MOXKYTh OyTH BHUKOPHCTaHI SIK IHCTPYMEHT st
TUIaHyBaHHS Ta (YYHKI[IOHYBaHHS MEPEXi MiChKOTO TPAaHCIIOPTY CEPEIHIX PO3MIpiB.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA INPOBJIEMH

o6 mifgBHIIMTH piBeHb OE3MEKU Ta 3MEHIIUTH TUCKOMQPOPT Y IpOMaJChKOMY TPaHCIOPTi, AU3aliH
TPAHCHOPTHUX MOCIYI MAa€ MaKCUMAalbHO BIANOBiAaTH OdiKyBaHHAM mnacaxupiB [1-9]. [ocmimkeHHs 3
BUKOPUCTAHHSIM MOJIENi JUCKOM(OPTY MOXKYTh JTO3BOJIUTH IMACKUPaM TMPAaBHIBHO CIPOTHO3YBATH BUOIp
TPAHCHOPTY Ta IXHIO MOBEIIHKY MiJ YaC KOPUCTYBAaHHSA IPOMAaJICBKUM TPAHCIOPTOM Yy CEpPEeIHIX MicTax, ajie
BOHM MAlOTh NEBHI OYEBHMIHI HEJOMIKH — JOCIIKEHHS NAcaXHMpPOIOTOKY — I iHpopMaliiiHa mociayra 3a
noriomoroto Hernpsmux meroni [9, 10, 11, 12], Ha wili ocHOBI, Yepe3 HETOYHICTh 1 MPHUITYHIEHHS, 100
OILIIHUTH 3aJI0BOJICHICTh MACaXXUPIB HA OCHOBI psay (aKTOpiB, TaKUX SK 3Py4YHICTh, JOCTYIHICTb,
iHpOpMaIlisi, Yac/TPUBANICTh, OOCITYrOBYBaHHS KIIE€HTIB, KOM(OpPT BOMiHHS, Oe3leka Ta BIUIMB Ha
HaBKOJIMILIHE CEepeNoBHUILe, BiOyneTbesa 6arato cepiio3nux nommiok. ISO 2631-1 perynroe BiINOBigHICTE
MeXaHIYHUX MapaMeTpiB (piBEHb MIYMY KOTSYHX KOJIC TOILIO), TOMY HOTO BUKOPUCTOBYIOTh Y MPOEKTYBaHHI
TpaHCHOPTHUX 3aco0iB. Sk MM Bci 3HaeMo, B YKpaiHi IpU MPOEKTYBaHHI TPAHCIOPTHOT Mepexi
BPaxOBYEThCS JIMILIE Yac MOAOPOXKI MAacaXWpiB OO IYHKTY NpHU3HAYeHHs. Xouya 3pydyHIicTh 1 Oes3meka
MacaXUpiB € OCHOBHUMH YMHHUKAMH MOIUTY HAa TPOMAJICEKUI TPAHCIIOPT, TaKi HOKA3HUKH, K 3PYUHICTb,
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9acTO ITHOPYIOTHCS TPH MPOEKTYBaHHI CEPeIHIX TPAHCIOPTHHX cHcTeM. Ha mpakTurli BuOip macaxupinB
IPOMAJICBKOTO TPAHCHIOPTY BH3HAYAETHCS Oaratbma (pakTopaMu.

OIJIb TA 3AJAYI JOCJIKEHHSA

Sk MU Bci 3HaEMO: Mepeka MapIIpyTiB - L€ CYKYIHICTh YCiX MaplIpyTiB MapipyTy T'POMaiChKOro
MACAKUPCHKOrO TpaHCIopTy. bepyun no yBaru oOMexeHHs pyXy B OyAb -SIKOMY HampsIMKy, MapLpyT - Le
HaMpsSIMOK PyXy TPaHCHOPTHOTO 3ac00y MIX BiAIPaBHOIO TOYKOIO Ta KiHIIEBOIO CTAHIIEIO Ta BiAIPaBHOIO
TOYKOI0 € TOYKAa CTapTOBOTO TPAHCIOPTHOro 3acoOy. Ilig yac modaTkoBOi 3yNMUHKH B JITAaK CiAarOTh
nacaxupu. IIpomi’kHa TOYKa 3YNUHKM BHUKOPHUCTOBYETHCA ISl 3YNMHKH TPAHCIOPTHOTO 3acoly, mod
Macakhup MOTJIM cicTu Ta BUiTH. KiHIeBa 3ynrHKa € KiHIIEBOIO TOYKOIO, JIe TPAHCTIOPTHHUHN 3aCi0 pyXaeThCs
no mapuipyty. Ilig yac mpocroro nmacaxupu Bucaaunucs. OO0epTOBHI NOMIT-pyX JliTaka BIEpea i Ha3aj Bif
MOYaTKOBOI TOYKH JIO KIHIIEBOI TOYKM 3ynuHKH. B VYkpaini icHye Omusbko 70 wmict [3, 4], ski MOXKHa
BigHectd 1o cepeanix [3] 3 wHacemenHsm Big 50 000 go 300 000 y wmictax tuiomer 65 KBagpaTHHX
kiometpiB. [[ist Takux MicT, sk TepHOMIIb, OCHOBHUI TACAKUPOMOTIK XapaKTEPU3YEThC pajlialbHUM a00
pazmianbHUM, a IIUIBHICTh HAaceJCHHS 3HaXOOUThbcs B Mexkax 113,1 mioauHu Ha KBaApaTHUE KiTOMETp.
BignosigHo 1o myHkTiB [5, 6, 7, 8], y MicTi € 38 TpaHCIOPTHUX 30H, a 3aranoM 37 aBTOOYCHHX MapuUIpyTiB
TPOMAJICBKOTO TPaHCHOPTY OOCIyTOBYIOTh 197 omuHmmb. ABTOOYCiB, KUTBKICTh 3YMUHOK-218 OmuHUID,
3araipHa JOBXKHMHA MeEpeXi aBTOOYCHHUX MapuipyTiB-647,7 kM. BwusHaueHo, mo aBTOOYCHHH mapK
IPOMaJIChKOTO TpaHCIopTy objaaHaHuil aBToMoOuTAMH "borman A092", "Etanon" Ta iHIIMMH HEBEIIMKHUMU
JIETKOBMMHU aBTOMOOUISMH, KOXKEH 3 SKHX MOXe MepeBo3uTH 42 macaxupu. [lepeBaHTa)keHHsS TPaHCIOPTY
CIIOCTEPIracThcs B TOMWHHM MK Yy BCIX Mepexax TpoOMaIChKOTO TPAaHCHOPTY-KOE(]Ii€HT 3amoBHEHHS
nepesuinye 100%,npuaomy cepeanboa000BHN KoedilieHT 3HaxXoquBCst B Mexkax 60-80%.

[1ig macaKuponoTOKOM PO3YMI€ThCSI HABAHTAXKCHHS Ha MEPEXY JIiHIN Y HANPSAMKY pyXy Haca)KupiB 3a
MEBHUH TIPOMIDKOK 4acy (TOAWHH, JHi). 0OCOOMUBICTH:* BiH 3MiHIOETHCS B 3aJIe)KHOCTI BiJl TOMWH JHSA, THIB
TXHS, JOBXUHI MapIIPyTy Ta HAMPSAMKY PyXy;* XapaKTepu3yeThCsl HEPIBHOMIPHICTIO B Yaci Ta MPOCTOPI.
Metoro nmaHoi poOOTM € OTpUMaHHS BUXIJIHUX JaHUX JJIS JOCHIDKCHHS [aca)XUpPOMOTOKY Ha
TepHOMINBCEKOMY TACAKUPCHKOMY MapIIpyTi 3arajdbHOro KopucTtyBaHHS. Ilepiom po3scmimyBaHHS:
10.09.2020-14.09.2020.Yac icmury: 6:30-19:30. Tum icnury:* IlimpaxyiTe KiNBKICTh MacakupiB, sKi
CiIaI0TH/BUXOATh Ha KOXKHIH 3ynuHI." OOCTEeKEHHS MacaXHpiB y BEIUKUX TPAHCIIOPTHUX By3nax. OO0'ekT
OMIISAY: JiTaKk o0epTaeThes i JeTuTh. O0'€KT OMIIsAAY: JiTak o0epTaeThes i JeTuTh. [lepioa poscmiayBaHHS:
10.09.2020-14.09.2020. 3arampHuit wac poschigyBaHHSA: 6:30 — 19:30.iskriKITFOUOBI  eTarm MPOBEICHHSA
0OCTEXCHHSI:

= paHkoBHii niepion «mik»: 6:30 — 10:00 — miHiMyM 2 00epTOBUX pelica Ha OHOMY MapIIPYTi.

= mixknikoBu# nepion: 10:00 — 16:00 — minimyMm 2 06epTOBUX peiica Ha OJTHOMY MapIIPYTi.

= BeuipHii epiof «mik»: 16:00 — 19:30 — miniMyM 2 00epToBUX peiica Ha OJHOMY MapIIPYTi.

Sk MU Bci 3Ha€MO, Y MiChKUX MACAKUPCHKUX MEPEBE3EHHIX PEKOMEHIYEThCS 3alIOBHUTH CAJIIOH Ha 16
0ci0 BIJMOBITHO O MaKCHMAaJBbHOI MICTKOCTI TMACaKUpiB, mependadeHoi KOHCTPYKIE TPaHCHOPTHOTO
3aco0y. HeoOXigHO BIOCKOHAIHWTH TONITHKY MICHKOTO TpPaHCIOPTY, MO0 KOoM(OPT TIpoManchkKkoro
TPAHCIOPTY JOCAT HAWKPAIIOro PIiBHA-IIE€ €IWHUN ITOKA3HUK, SKWH BIUIMBAE Ha BHOIp Macakupamu
niepese3eHsb [9-11]. JlocmimkeHHs IPOBOIMIIOCS Y JIBa €TalU-BHYTPINIHIN Ta eKCIIEPUMEHTATBHHAN-IIIS 300py
Ta OOpOOKM JaHUX, OTPUMAHUX MiJ Yac OOCTEKEHb MacaXUPONOTOKy. IlocTiliHe MOJLOBE AOCIIIKCHHS
TaOJIMYHUM METOJIOM € HaHOUIBIN TPYJOMICTKHM Y TIOPIBHSHHI 3 iCHYFOUMMH METOAAMH, ajie €IMHHUM, SKE
MOKe 3a0€3MeUnTH HAHOUTBII TOYHY iH(pOpMAIIIO MPO MACAXKUPIB I MOJAIBIIOI BHYTPIIIHEOI 00pOOKH
CTaTUCTUYHUX JIaHUX JIOCITI/DKYBaHOI CUCTEMHU TPOMAJICHKOTO TpaHCIOPTY TepHOMIIbCHKUN aBTOOYCHHM
MapuipyT. BaknuBo, o AaHi JTOCTIDKEHb MACaKUPOIOTOKY Ha MapIIpyTax TPOMaJChKOTO TPaHCIOPTY
Mmicta TepHOmonst MpoOBOJATHCS SIK Oe3nepepBHE MPHUPOJAHE AOCHIIKEHHS 3a JIOTMOMOTOI TabIMYHOTO
MeToay. JlJs aHai3y BHBYAKOTHCS IIICTh POTAIIMHUX PEiCiB Ha KOXKHOMY iCHYIOUOMY MapIIpyTi MiChKOI
TpaHCHOPTHOI Mepexi: mik paHky-3 6.30 no 10.00, nepiog miky-3 10.00 g0 16.00, mik Beuopa-3 16.00 no
19.30. XapakTepuCTHKU MacaKUPOMOTOKY Oa3zyroThbCsi Ha TOAMHAX NOOM, IHSX THXKHS, HEPIBHOMIPHOCTI
MOTOKY MAacakMpiB y yaci Ta MpOCTOpi BiJ CTaHLil BiANpaBIECHHS A0 TEPMiHATy B MICTi, a TaKOX OLIHII
OCHOBHOI TiepecaJiki Micta. Oamu Ta crnocid oruata npoizmay Croci6: roriBkoBuii abo OE3KOHTAKTHUH,
ninprouii. HaBuanenuii mepion — 7 xanennmapaux nHiB, 3 04.11.19 mo 11.11.19, ang Bu3HA4YEeHHS 3MiHU
MacaXUPOTMOTOKyY y OyaHi Ta BuXifgHi BianmosinHo. Yac: 6.30-19.30 VY canoni € Oyxranrep, KUl Mpaiioe Ha
MapUIpyTHOMY TPAHCIIOPTi 3 TepuIoi 3yNUHKH, 3a 3aJHIMU JBepuMa aBroOyca. Bci orpumani mani mpo
MacaXUPooOir i cnocoOM OIUTaTH, a TaKOX I1H(OpPMAII0 TPO JOCTKYBAaHHH BHJ NEPEBE3CHHS, HOMEp
MapuIpyTy, HaIpsIMOK pyXy TPaHCIOPTHUX 3aco0iB Brepen ado Ha3ajl, 4ac MOYaTKy i 3aKiHUEHHS, 4ac Mk
aBTOOYCHUMH 3yIIMHKAMH, JIOKOMOTHBH, TPAHCIIOPTHI 3ac00H, 00JIiK CaMOCTIHHO,
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(GakTHYHO 3amucaHi Ha OOJIKOBIM KapTii, CPOPMOBaHIM MOCHITHHKAMHU. 3TITHO 3 JOCHIIKCHHSIMH,
KUTBKICTh XBWJIMH, SIKI IMAcaKHPH BBAKAIOTh HaKpalle BHTPATUTH HAa MaprmipyT. JlocHmimpKeHHS Mepexi
IPOMaJICEKOTO TPaHCHOPTY TepHOMOIs BU3HAYMIO OCHOBHI OCHOBHI ITOKa3HUKH MOOLIBHOCTI macaxxkupis. Lle
MO’Ke OyTH THITOBHM ITOKa3HUKOM CEepeIHIX MICT 1 Mae XopoIry Kopensiiro 3 [1, 17] :

-1lIBUAKICTh NPUIUIMBY MAaCaXKUPiB MK TOJMHAMH MK CTAaHOBUTH | mpoxinx / XB, a MiKOBUH Yac -4
poxXoau / XB.;

-Uac ouikyBaHHS aBTOMOO1s 10 10 XBUIHH;

-Uac y n0po3i 3 okonuipb A0 ueHTpy-30-35 XBUIIHH;

-4ac MoJOPOXKi MiX MPUIICTIIMMH TEPUTOPISIMUA CTAHOBUTH 110 60 XBUIINH;

-Ilixoewuit yac 8.00-9.00, Beuip 16.30-18.30;

-OpieHTOBHA IIBUAKICTh MAaCaXXUPiB MiCHKOT'0 aBTOOyca cTaHOBUTH 15-20 km/ro.

BBenite oTpuMany iH(pOpMAaIliF0 Ha KapTy OOJIKOBOTO 3amucy, sika Oyina copMoBaHa JyIs MOAABIIOT
00poOKH, a MOTIM OOYHCIITH MiCIle IEpEMIIIIEHHS MK 3yITMHKaMU KOXXHOTO MapIIpyTy 3WOMKH iH(hopMartii

(Tabm. 1)

Tabnuns 1.
AHKeTH 17151 00CTeKeHHSI MAPIIPYTiB IPOMA/ICBKOr0 TPAHCHOPTY y MicTi
[aTta 11.Sep MapwpyT Ne 18-3B
MoYaTKOBMI MNYHKT
pelicy Micteuko LnsxoBukis
KiHuesui nyHKT pericy  TPL, Nogonanu
Yac noyaTky peiicy 19:00 Bua TpaHcnopty: aBTObYC
onnarn | e
Ne Koxn 3ynuHouruH nyHKT (31I) KinpkicTe macaxxupis poizay 1pocToro
3ainuIo BHMILLIIO
1 2 3 4 4 6 7
1 9692 | Micreuko Llnsx0BUKIB 2 2r
2 9693 | c. Benuka bepezouis 2 2e
3 959 | I'azompoBix 1 le
4 941 | IlyxpoBuii 3aBOJ 4 Ir 3e
5 9694 | ATII-1961
6 9695 | TyOonucnancep 1 le
7 9696 | I1AT Barpa 1 le
1 2 3 4 4 6 7
8 9764 | CTO 2 Ir le
9 9747 | ATII-16154 6 6e
10 169 | Byn. Kuszs Octpocbkoro 6 3r 3e
11 20 | Micbka mikapHs Nel 5 Se
12 138 | Crazgion 4 4e
13 6500 | ObnacHa JgikapHs 2 2r
14 9702 | Byn. CriBeHChbKa 2 Ir le
15 9698 | Byn. MoHacTHPCBHKOTO 10 3r7e
16 27 | Byu. Jleci Ykpainku 6 6e
17 3600 | IIkosa Nel4 4 Ir 3r
18 553 | mp. Crenana bangepu 2 2r
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19 9741 | oymn. Iletaropu 6 2| 5rle
20 9736 | Bya. 15-ro KBiTHs 6 3| 6e
21 9735 | Byn. KuiBcbka 2 2| 2e
[TponoBskeHHs Tabmi |
1 2 3 4 5 6 7
ByJ1. Bononumupa
22 596 | Benukoro 2
Byn. Bomonumupa
23 59 | Benmkoro 1 4 1r
24 3198 | Byxn. Jleca Kypbaca 2 9| 2rle
25 61 | Bys. Mopo3eHka 5
26 350 | TPL] INomomstau 9
27
‘ HEPE‘BE3EHO 77 77 0
UYac 3akiHUeHHSs pelcy 19:45
Mapka (Mozens) Tp. 3aco0y IBan
Jlepx. HOMep Tp. 3ac00y BO1247AA
3ara;pHa MICTKICTB Tp. 3ac00y 39
OBJIIKOBELIb | Tomosw JI

JochimkeHHs Mepexi TpOMaICEKOTO TpaHCTOPTY TepHOIOoNs BU3HAYIIO OCHOBHI OCHOBHI MTOKa3HUKH
MOOUTBHOCTI TacakupiB. Ile Moxe OyTH THIIOBUM TOKa3HHMKOM CEPEIHIX MICT 1 Ma€ XOpOIIY KOPEIISIII0 3
[17 17], nanpuknan, Oiibie Hysist, MeHine 45 Ta 6axaHo 16 -3rixHo 3 JOCITiIHKEHHSIMH, KiTbKICTh XBUJINH,
SKi TTaCaKMPH BBaXKAIOTh HAaKpallle BUTPATHTH Ha MapupyT. Tak: -IlIBHAKICTh MPHUILIMBY MacaXHPiB MiXK
rOJIMHAMH IiK CTAHOBUTH 1 TIpoXiJ / XB, a MiKoBUi 4yac -4 npoxoau / xB. -Uac ouikyBaHHs aBToMOO1Is 10 10
xBwinH; -Yac y m0po3i 3 okoauis a0 1eHTpy-30-35 XBWIMH; -4ac MOJOPOXKI Mix Mix cobor. [17 5],
JocnipkeHHs MMOKa3yloTh, 10, KpiM MUIBIOBUX Ipyn, Oe3koHTakTHI (OaHKiBcbka kapTka, Google Pay)
Tapudu craHoBiATH Big 60% mo 74% Big 3aranbHOi KUTBKOCTI TMAacaXHpiB, MIO OIUIAYYIOTh MPOi3.
TpancropTHi 3aco0M MK IIISHKAMH MICBKHX JOpIT, IUIS BCiX CyO’€kTiB, B Mexax 2-2,3 XBWIWH, B
3aJIe)KHOCT] BiJl JOPOXKHBOI CHTYyalii, KOPIOHOM MIJSIHKA JOPOTH € CTaHIls IPOMAJCHKOTO TPAHCIIOPTY.
BaraTocranmapTHuii aHami3 CTBOPEHOI TPaHCHOPTHOI Mepexi: KoedillieHT mepeBe3eHHs mnacaxupis 1,1;
HeNiHiHHuN KoedimieHT 1, 76; cepennii yac odvikyBaHHs 5,8 XBWiMHH; KoedinieHT nuaxy 4,60; cepenHiit
yac y J0po3i 33 XBUJIMHM, CEPEIHS BIJACTaHb Y JOPO31 CTAaHOBHUTH 4,3 KIJIOMETpa, IO BiJIPI3HAETHCS BiJl
paHile gaHi.

PE3YJIbTATH JOCIIAKEHb

3 TOYKH 30py ONTHMAIBHUX CTaHIAPTIB KOM(OPTY Ta po3yMHOI ONTUMI3alii 3aTopiB, rPOMaJCEKHI
TpaHCcTopT GPOopMye ONTUMANTBHHUN BHOIpP MICBKOT TPAHCIIOPTHOI IMONITUKHA — 3aCTOCYBAHHS IIUX JOCIIKEHb.
3 TOYKM 30py HaWOIMBIIMX 3aTOPIB y 3aMKHYTOMY MPOCTOPi-MaplIpyTi CaJOHH € HAHCKJIAQAHIIIMMHU IS
moneit Tpancropt . i bOro MapiipyTy HeliHIHHUE Koe]IlieHT, CepeHil Yac OUiKyBaHHS, CepenHil Jac
y JI0p03i Ta CepeiHs BiJCTaHb MOIO0POKI BUIIE, HIK BHIIE CEPEIHBOTO.
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Pucynok 1. HepiBHOMipHICTb MacaKUPOIIOTOKY 32 JIISTHKAMH MapIIPYTiB

VY [17 9], po3paxyHOok ¢yHKIII mepernoBHEHOCTI K (YHKLIT AUCKOM(OPTY BPaXOBYE KUIBKICTH
MacaXUpiB, KUTBKICTh MICIb 1 TPHBAJICTh MOI3JIKKH. BpaxoByroun pi3Hi BapiaHTH MPOi3Ty, NEpIIUii He Ma€e
BIILHUX MiCIlb, JPYTHA — OJHE Miclle, a TpeTii BapiaHT, dYepe3 BEIUKY KUIbKICTh MaCaKUpIB,
BUKOPUCTOBYEThC 100% MacaKMpOMICTKOCTI TpaHCIOPTHOTO 3acody. YV poboti [10], pexomenmyeTscs
OILIIHIOBATH CTYIiHb IMEPENOBHEHOCTI, BUMIPIOIOYM 3HAYEHHs KOe(]illi€eHTa 3aBaHTaXEHOCTI Ta KiTBKOCTI
CTOSUMX TMAacaXUpiB Ha KBaJApPaTHUH MeTp, Xo4a Ie YHCIO 3a3BHYall CTAHAAPTU30BAHO 1 BPAaXOBYETHCA
BUPOOHHUKOM aBTOMOOLIS HA eTari MpOeKTyBaHHsS. byne mepeBWIIyBaTH yMOBH Take IMOPOTOBE 3HAYCHHS,
arre 3a 3akoHOM TokasHuKiB [17 10] dyuxiis Oyme He3pyuHO0. MOXKIHBO, AOIIFHO allPOKCMMYBATH 3aKOH
Bapiailii GyHKIT AucKoMMOPTY 32 JIOTIOMOTOIO TIOJIIHOMA TPETHOTO (UETBEPTOTO) CTYIIEHS, MOJIEITIOI0YH JJaHy
CUTYAIIIIO.
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[Ilo6 BimOOpa3suUTH COPHUHATTSA MacakupamMd KoM(pOpTy TpoMajchkoro Ttpancmopty, y [17 11]
MUCKOM(OPT JiHIHHO 3pOCTae J0 TIMOPOTy, a MpH HOro MEpPEeBUINEHHI — eKCIOHeHIianbHOo. CTymiHb
JTrcKoM(pOpTY Ha MaItOHKaX 2 1 3 € GYHKII€I0 po3paxoBaHOl MIIBHOCTI MacaXupiB y Baroxi [17 11]

x =1 oif *t
{eaif 2510)

a>1
Jie pIBEHb KiJIbKOCTI MACAKUPIB B TPAHCIIOPTHOMY 3ac001 (X) OOUHCITIOETHCS HA OCHOBI MOKa3HUKAOL

Number of passengers in vecicle
a= L 5 (2)
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Pucynoxk 2. 3aranpauii piBeHb TUCKOM(OPTY (aBTOOYCH) SIK QYHKILS IIIILHOCTI MACaKUPIB 32
4acoM y MOi3/1i MapIIpyTOM IPOMaJICHKOTO Maca)KUPCHKOT0 TPAHCIIOPTY

om0 MpAamuii HAaNpAamMmokK (Tponeiibycun)
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Pucynoxk 3. 3aranbHuii piBeHb TUCKOMGOPTY SIK (PYHKIIS LIITFHOCTI MACAKUPiB 32 YACOM Y TOT3AM1
MapIIpyTOM I'POMAaZChKOT0 MAaCaKUPCHKOTO TPAHCHIOPTY

VY peanizanii (1) i (2) Ha pucynkax 2, 3 1 4 rpadiuHO mMoOKa3aHO (QYHKLIOHATBHHNA 3B'I30K MiX
3aralibHAM JTUCKOM(OPTOM 1 HIUIBHICTIO TAaCaXXHpPIiB Y TPAHCIOPTHOMY 3aco0i, Ha MPSMHUX 1 3BOPOTHHX
MapuipyTax BH3HAYEHOTO JIOCIIKYBAaHOTO PEXHUMY TepeBe3eHHs. J[isi moJManbiiol OIiHKK JUCKOMQOpPTY
PEKOMEH/Iy€ThCS BUKOPHCTOBYBAaTH METOJ 3BaXKYBaHHS, SKHW JO3BOJHMTH OTPUMATH KYCKOBO-JIHIHHY
bopmy, a 3aranbHHil piBeHb TUCKOM(OPTY MacaXupiB y BaroHi mij 4ac nepesesenus [17 11]

fx ) =2iw; x;:(3)
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I Xit - 3HAUCHHS I-T0 BU3HAYHHUKA qrUCKOMMOPTY B t-if Bi/UTiK Yacy,Wi - BeIMUHHAI-TO BAroBoro KoediIieHTa,
Xit o0umcroeTbes 3 (1).

3a cioBamH CITiTUUX, SIKi IPOBOAMIIM OMUTYBaHHs B TepHOIOI, pyu BUOOPI JIETKOBOTO aBTOMOOLIS Ta
MOKJIMBUX MapUIPyTiB Ba)XJIMBO BUMIpPIOBAaTH piBeHb KOMQOPTY BiJ CHAIHHSA 10 MOAOpoxki. OnuraHi
MacakupH CIIO/IBAIOThcI KOM(pOPTHO TiepecyBaTtucs B canoHi. Ctymins Hm3pKHi. bepyum o yBarm maHi
ONUTYBaHHA, a TaKOXK AaHi pociimkenns Siikrii imre Ta Dilay Celebi [17, 11], Mu npuifHAnu 3HAaYEHHS
komdopty cuninnas 0,0556, mo, oueBuIHO, OB’ s13aHe 3 piBHEM KoMbopTy cuainas 0,0615 ans T1 10,0762
s M2 [1, 17, 11] . Omxke, 3Ha4YeHHsI BaroBOro KoedilieHTa CTaHOBHTh: 3aBAHTAXKCHICTh TPAHCIIOPTHOT'O
3aco0y 0,4053; remnepatypa TpancmoptHOro 3acody 0,2243, xomdopt cuninas 0,0556, indopmarist Ta ommc
0,0590; gncrora TpancmoptHoro 3aco0y 0,1324; texniunwii cTaH TpaHcmoptHOTro 3acoly 0,0899; 0,0335 [1,
17, 11].

OBI'OBOPEHHA PE3YJBTATIB JOCJJIAKEHb

Jlns MapuipyTiB, 10 MepeBUIIYIOTh yMoBHUET mopir (Puc. 4): 1A, 18, 22, cryniab guckoMpopTy
aHaJI3y€eThCSI HA OCHOBI MapLIPyTy MEPEexKi MacaKMPChKOTO TPAHCIIOPTY 3arajibHOr0 KOPUCTYBAHHSI.
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Pucynok 4. Anaini3 piBHs AHCKOM(OPTY 32 4aCOM Y TIOi3/11li MapIIPyTOM I'POMaJICHKOTO
MacaKMUPChKOTO TPAHCIIOPTY: a) MPsAMI MapUIpyTH; 0) 3BOPOTHI MapIIPyTH

IIpu peamizaumii (3) puc. 4. KOMIOHEHTHHH aHalli3 BUKOPHUCTOBYETHCS IJIsl BHBYCHHS (QyHKIIT
JIUCKOM(OPTY ITiJ] 4ac MPOLECY MOAOPOXKI IPSIMUM 1 3BOPOTHUM MapIIPyTOM BH3HAYEHOTO JOCIIIHKYBAHOTO
BUIY TpaHcrnopty. DyHKIS TUCKOM(OPTY IijJ 4ac IMOJOPOXKI MMOKa3aHa Ha pUCYHKax 4 1 5. 3 MaltoHKa
BUJHO, 10 KUJIbKICHUH MOKa3HUK KOM(OPTY HE 3MIHIOE TPUBAJICTH IMOI3KH, BIAMOBIIHO OO TEMIEPaTypH
MOBITPSI B CaJIOHI Ta caJioHy Ta KomopTy cuainHsi. OgHaK 3py4yHE TPAHCHOPTYBaHHS HE O0OB’S3KOBO
o3Havae BHOIp mMacaxupiB. I[HIEKC TaKOK MOKHA BHUKOPHUCTOBYBATH JUIsS TOPIBHSAHHS KOMGOPTHOCTI
IPOMAJICBKOTO TPAHCHOPTY B KOHKPETHOMY JIOCII/PKYBaHOMY MICTi.
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JlocmimKeHHS MATBEPIKYE, M0 MPUBATHI aBTOMOOLUT € JTy>Ke BaYKJIIMBHMH, OCKUTEKH TIPABO BIIACHOCTI
Ta TIOJIOPOXKI HAa TMIPUBATHUX aBTOMOOIISAX MPEACTABIAIOTh TPAAMINIIHI KYJIBTYpHI Ta MCHXOJIOTIYHI MIHHOCTI
Ta CTaTyc, a CAMOCTiHEe KepYBaHHsI € IICUXOJIOT1YHOIO MEPEeBarolo nepes rpoMaachkuM TpaHcopToM. Tomy
JesiKi TpyIH Hi JOBIIe BUOMpaliTe aBTOMOOLIBHI TenedoHH.

BUCHOBKHU

[TormuT Ha MICBKHIA TPAHCIIOPT € OAHIEIO 3 OCHOBHHUX MTOTPeO, SKi HEOOXITHO 3a70BOILHUTH. Ha ocHOBI
MOJILOBUX JIOCTIMKECHb NETePMiHAaHT Ta BaroBUX Koe(illieHTIB BUKOpHCTaHHSA KoMmdopty B TepHomoi
BH3HAYEHO KiJBKICHI MMOKa3HWKA KOM(OPTHOCTI B Mepeki TpOMaJChKOTO TpaHCmopTy TepHomois, iioro
MOJKHA BHKOPUCTOBYBATH JUISl TPOTHO3YBAHHS MOBEIIHKHM MACAKUPIB Mijl YaC KOPUCTYBAHHS TPOMAJICEKAM
TPAHCIOPTOM y cepelHiX MicTax. Pe3ynbraTu HOCTiIKEeHHSI MOXYTh OyTH BUKOPUCTaHI SIK iHCTPYMEHT AJIS
IUIaHyBaHHS Ta (DYHKIIOHYBaHHA MiChKOI TpaHCHOPTHOI Mepexi. Bu3HaueHHS 3aranbHOTO KOMQOPTY
CHUCTEMH TPOMAJICBKOTO TpaHCIOPTy TepHOmons € 3MIHHHM, M0 3aJIeKHUTh Big ceMmH (axTopis,
HABa)KJIMBIIINM 3 SIKUX € MIUIbHICTh ACAKUPIB Y CaJOHaX MEPEOBHEHUX TPAHCIOPTHUX 3ac00iB. 3 orismy
Ha 0araTocTaHAApPTHUH aHaNi3 TPAHCIIOPTHOT MEPEXi, TUIIOBUX CEPEIHIX MICT, MOKa3HHUKIB PyXy TpoMaan —
TUCKOM(OPTY, 3aBaHTAKEHOCTI TPAHCIIOPTHUX 3acO0iB, CEPEIHBOTO Yacy pyXy, CEpeaHbOi BiACTaHi,
ONTHUMI3AMIHUA TPOEKT MeEpEeki TPOMAJCHKOTO TPAHCIOPTY PEKOMEHAYETHCS PO3TISAATH IO TPYITY
IHAMKATOPH KOM(OPTY.
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D.Popovych, A. Petrykiv, L. Chepesyuk, O. Shevchuk, N. Falovych, M. Maiak, N. Petrinuk.
Research of comfort in public transport of Ternopil

Comfort is one of the most important factors shaping the demand for public transport, but convenience
factors are often overlooked when designing a transport network and evaluating efficiency. In urban
passenger transport, especially in medium-sized cities, the choice of passenger mode depends on many
important indicators, in addition to the duration of the trip. In order to improve the understanding of
guantitative and qualitative indicators when using public transport, the design of transport services should
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correspond to the level of service expected by customers, which will ensure optimal capitalization of
transport services. This study is the basis for public transport to formulate passenger transport policy in terms
of maximum comfort of the population and develops a basis for measuring the most important factors of
public transport convenience, minimum discomfort and maximum safety.Based on field research on the
determinants of discomfort and weight, a quantitative indicator of the perception of comfort in the public
transport network of Ternopil was determined, which can be used to predict the behavior of passengers when
using public transport. It can be determined that the overall comfort of the public transport system of
Ternopil depends on many factors, the most important of which is the density of passengers in cars during
rush hour, although it is advisable to optimize the design of public transport network taking into account
many comfort indicators. Personal cars are very important because owning and traveling with such vehicles
is a traditional cultural and psychological value and status, and self-driving is a psychological advantage over
public transport, so some groups stop choosing cars.The results of the study are the basis for understanding
the attitude of passengers and the perception of the comfort of urban public transport and can be used as a
tool for planning and operation of medium-sized urban transport networks.

Key words: passenger transportation, route, comfort, public transport, passenger transportation”
transport networks
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Jhyybkutl HayioHanbHUli MeXHIYHUL YHieepcumem

PO3PAXYHOK ONITUMAJIBHOT O IJTAHY BUKOPUCTAHHSA PI3BHUX MOJIEJIEA
TPOJEHBYCIB HA MAPIHIPYTAX MICbKOI TPAHCIIOPTHOI MEPEXI

Pobota npucssuena po3poOii ontumizauniiHoi MoaeNi e(peKTUBHOTO BUKOPUCTAHHS HASBHUX Y MiANPHEMCTB
€JIEKTPOTPAHCHIOPTY MApOK TponeiidyciB Ha MapLIPYTHIM Mepexi MicTa 3a eIeKTPOHHUMH TaOnuIsIMH (Ha MpUKIaii
mapKy TposieioyciB y M. JIympky).

3aBnaHHs MiJBUIICHHS ¢()EKTHBHOCTI pOOOTH MICBKOTO MAacaXUPCHKOTO TPAHCIOPTY MOXE OyTH BHpIIlICHE
a00 3a paXyHOK OHOBJICHHS TPAaHCIIOPTHHX 3ac00iB, a00 3a paxyHOK MiBHIICHHS €(EeKTHBHOCTI poOOTH HAsIBHOTO
pyxomoro cknaay. Ase, mo0 3HH3UTH BUTPATH MIINPHEMCTB HAa BHKOHAHHS TPAHCHOPTHOI POOOTH, HEOOXimHO
YAOCKOHAIUTH MiJXOIU N0 i1 TIaHyBaHHS, 1, K HACTIJIOK IIbOTO, 3a0€3MEUNUTH 3HIDKCHHS COOIBApTOCTI MEPEBE3CHB 1
TIOJIIIIEHHS SIKOCT] 00CITyTOByBaHHSI.

Jnst 3abe3nedeHHs HaHOLTBII epeKTHBHOTO TPAHCIOPTHOTO OOCIYyrOBYBaHHS HACEJICHHS i3 MacaKUPCHKUX
MEpEBE3CHb, OpraHizaiii JOpOKHBOTO PYXy, HEOOXigHO, MO0 TPAaHCIOPTHA CHCTEMa HAMOUIBII ONTUMATIBHO
BiAmoBifana motpebaM Micta. IcHye nBa NUISXM MiABUINEHHS Takoi e(eKTUBHOCTI: ab0 30UIBLIEHHS IMPOITYCKHOT
CIIPOMOXKHOCTI MICBKOi TpPaHCIIOPTHOI Mepexi, abo pamioHaJbHE BHKOPHCTAHHS ICHYIOUOi Mepexki Ta HasBHOTO
PYXOMOTO CKJIay JUIs IEPeBE3CHHS MTaCaKHPiB.

Ilepme pimeHHs MOB’sA3aHE 13 BEMMKMMH MAaTepiaJbHUMH BHUTPAaTaMH HAa PEKOHCTPYKLIIO TPaHCIIOPTHUX
By3miB 1 MaricTpaneif. [pyruii HampsMm - parioHami3amisi BHKOPHCTaHHS ICHYIOUHMX TpPaHCIIOPTHHUX CHCTEM 1
ONTHUMI3alis MPOLECiB MEePEePO3NOIiTy HABAHTAXKEHD SK HA TPAHCIIOPTHY MEPEXY, TaK 1 Ha Pi3HI THIIN TPAHCIIOPTHUX
3ac00iB, [0 3IHCHIOIOTh NACAKUPCHKI ITePEeBE3CHHSI.

V 3B’s3Ky 13 uM, B AaHiil myOmikanii, BUKOHaHa cripo®a 00ifTH IPOTHPIYYS MiXK TEOPETUIHUMH MOICISIMH
1 peaIbHUMH MOXJIMBOCTSIMH TPAaHCIIOPTHOTO IiJNPHEMCTBA IIOJAO0 €(EKTHBHOIO BHUKOPUCTAHHS HAsBHOTO IapKy
TpoJIeHOyCiB Ha MapuIpyTax MicTa Ta OIBHAKOTO JMHAMIYHOIO MEpPEepaxyHKY ONTHMAIBHHX pillleHb. AKTyaJbHICTh
poboTtHu momnsrae y po3poOmi mpocTux i epeKTHBHHX METOMAIB OmnTUMi3amii poOOTH HAasSBHOTO PYXOMOTO CKIamy
TPOJIEeHOyCiB 11 IIepeBe3eHHS NacaKUPIB HA MICHKHX MapIIpyTax.

s cTBOpEHHST MOZAENI ONTHMI3alii, MPOaHaTi30BaHi MapIIPYTH MIChKOI TpaHCHOPTHOI Mepexi Jlympka Ta
3MIHCHEHO aHami3 HasgBHOTO MapKy TpaHcnopTHuX 3aco0iB JIIIE, ioro ¢(yHKIIOHANPHHX Ta TEXHOJIOTIYHUX
MOXITHBOCTEH JUIsl 3a0€3MeUeHHsI TPAHCIIOPTHOTO IIOITUTY HAaCEJICHHSI.

3anponoHOBaHO IIOCTAHOBKY 3ajadi MiHiMizamii minpoBoi (yHKWii BHTpAT Il ONTUMAIBHOTO IUIaHY
po3noniny TponeiidyciB mo MapmpyTax. [loOynoBaHa Mojenb Ta pO3pOOJICHI alrOpUTMH ii BIOPOBA/DKCHHS B
CJIEKTPOHHI Ta0JIHIII.

Po3pobneni anroputMu Ta TporpaMHa peamizaiisi BHECEHHS OOMEXEHb BiTHOCHOTO WOPAOKY NpH
BHUKOPHUCTaHHI Pi3HUX MOJENel TponeiOyciB Ha MapmpyTax. Lle 3a0e3meunio y mporeci MOJeTOBaHHS pO3paxyHOK
OUT0T HU3KA MOXXJIMBHX IUIAHIB TepeBe3eHb. Taki IUIaHW y poOOTI 3ampoINOHOBAaHO HA3WBATU palliOHAJTBHUMH
IUIAHAMH, TOOTO JIOKAIbHO ONTHMAJIbHUMH 33 TAaHHUX 0OMEKEHb.

KmrouoBi cioBa: ontumizamiiiHa Mojenb, TPaHCIOPTHA MepeXa MicTa, HapK eJIeKTPOTPaHCIOPTY,
TPaHCIOPTHHH MOITUT HACEIEHHs, 00MEKEHHS BiJHOCHOTO MOPSIKY.

BCTYII

3a poku pehopM TPaHCIIOPTHOI CUCTEMH YKpaiHH, Y MiCbKHX MaCaKUPChKUX MEPEBE3CHHIX CTAHCS
3HayHi 3MiHH. | X0oYa Ha CBHOTOIHI JOJISI MICBKOTO TPOMAJCHKOTO ITAaCaKMPCHKOTO TPAHCIIOPTY CKIATAE
npakTHdHo 70% YCiX MacaKMpPChKUX INEpeBEe3eHb, OHOBICHHS MapKy TPAHCIIOPTHUX 3acO0iB e Iie HaJTo
MOBUTBLHO, 0COOJIMBO 11€ BHJHO IO «COIIaJIbHOMY» iX BHIY — SIKUM € Tposieiibycu. B Ykpaini 1yis Micbkux
MACaXUPCHKUX II€PEBE3CHbh HHHI BHKOPHCTOBYIOTBCS TpOJEHOycH, Oimbllle MOJOBHHU SIKHX CYTTEBO
3HomIeHi, a mpakthyHo 40% i3 HUX BUMarae crnucaHHs. Tomy, mpoOiiemMa HepeBe3eHHS IMacakHpiB y
Cepe/IHiX, 3a KUTbKICTIO HACeJIeHHsI, MiCTax iCTOTHO 3arocTproeThes [12].

3aBnaHHs TIBUIICHHS €(EKTHBHOCTI pOOOTH MICHKOTO MACaKUPCHKOTO TPAHCIOPTY B MPHUHIIUII
MO>Ke OyTH BHUpILICHE 5K 32 PaXyHOK OHOBJICHHSI TPAHCIOPTY, TaK 1 32 paXyHOK MiABHUIICHHS €()EeKTUBHOCTI
pOOOTH HAsBHOTO PYXOMOTO CKIamy. Alle, 100 TOHH3UTH BHUTPATH IMiJANPHUEMCTB HA BUKOHAHHS
TPAHCIOPTHOI POOOTH, HEOOXIAHO YIOCKOHAIMTH IMiAXOAd 10 il IJIaHyBaHHS, 1, SK HACJIJOK IbOTO,
3a0e3MeYnTy 3HIKEHHS CO01BapTOCTI MepeBe3eHb 1 MOMIMIIEHHS SIKOCTI 00CIyrOBYBaHHS.

st Toro, mo0 MOHU3WUTH BUTPATH HA TIEPEBE3CHHS IMACAXUPIB 1 TOOUTUCS MiHIMi3alii OFOKETHIX
BUTpAT TpW 3a0e3TeUeHHI HOPMATHUBHOI SIKOCTI, HEOOXiTHO PO3POOUTH CHUCTEMY Il i3 MOJIIMIIEHHS YMOB
po0OTH ycixX yyacHUKiB mepeBizHOro npouecy [1, 9]. Y cepennix mictax, Ta i He TiNBKH, MApLUIPYTHI CXeMHU
CKJIAJIUCS ICTOPUYHO, Y Mipy POCTY MiCT i BUMOT HacelleHHs. L[e mocTynoBo 00yMOBITIOE 301bIIICHHS BUTPAT
Ha MepeBe3eHHs MacaKUpiB, MPHU yMOBI 3a0e3MeueHHsI epeBI3HUKAMHU BiJIIIOBIIHOT JIOCTYITHOCTI
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MapIIpyTHUX cxeM. Ta 1 caMi macakwpH, i3-3a HEIOCKOHAIOCTI MapIIPyTHOI MEPEKi, MalOTh 30UIbIIEHUH
4ac OYiKyBaHHS Ha 3yNUHKaX.

Cepenne MicTo Ykpainu - 11¢ MicTo 13 yuciiom xuteiiB 150-300 tuc., i3 0OMEKEHUM YHCIIOM BUIIB
TPAaHCHOPTY, MICTO, y IKOMY IepeBaKHa OUTBILICTH MOi3I0K BUKOHYIOThCS O€3 mepecaiok.

Hns 3abe3nedeHHs HaiOLIBII e()EKTUBHOTO TPAHCIIOPTHOTO OOCITYrOBYBaHHS HACeJIeHHS 13
MacaXHPChKUX TIePEeBE3€Hb, OpTraHizamii TOPOKHBOTO pPyXy, HEOOXiAHO, 100 TpaHCIOpTHA CHCTEMa
HaHOUTBII ONTUMAJIEHO BiJMOBifaNa motpedam Micta. IcHye nBa muisxu 30iMbIIEHHS Takoi €(peKTUBHOCTI:
abo 30LIbIIEHHS TPOMYCKHOI CIPOMOXKHOCTI MICHKOI TpPaHCIOPTHOI Mepexi, abo parmioHaIbHe
BUKOPHUCTAHHS 1CHYIOUOI MEPEXi Ta HASIBHOTO PYXOMOTI'O CKJIaAy Ul IEPEBE3CHHS MaCaXKUPIB.

[lepme pimieHHs MOB’s3aHE 13 BEJIMKMMHU MaTepialbHUMH BHUTpaTaMH Ha PEKOHCTPYKIIO
TPaHCHOPTHUX BY3TIB 1 Marictpaneir. [pyruii HampsiM - pamioHamizamis BHKOPHCTaHHS 1CHYIOUHX
TPAHCTIOPTHUX CHCTEM 1 ONTHMI3allisi IPOIIECiB epepO3MOIiTy HaBAaHTAXKEHB SK HA TPAHCIOPTHY MEPEKy,
TakK i Ha Pi3HI THIU TPAHCIIOPTHUX 3aCO0IB, IO 3AIHCHIOIOTH MACAKHUPCHKI MePEeBE3CHHS.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMU

bynp-ka MareMaTHdHa MOJENb, Y TOMY YHCHI 1 (YHKIIOHYBaHHS TPAHCIOPTHOI CHCTEMH MiCBKHAX
MaCaXUPCHKUX TEePEeBE3€Hb, IPYHTYETHCSA HA BEIUKOMY OaraTOKOMIIOHEHTHOMY 00’€Mi MOYaTKOBHX JIaHUX,
OTpPHMAaHHS SKHUX TIOB’si3aHE, SIK 31 3HAUHUMH TPyAHOIIaMH iX (ikcarii, Tak i 3 CHUTyalli€l0 y MiCTi, 1O
IIBU/IKO 3MIHIOETHCSA, & BiJl TaK pOOUTH MOIOHI TaHI HEaKTyadbHUMH i 3acTapianmu. CaMe e i € OCHOBHOIO
po06JIEMOFO TSl CTBOPEHHSI TPAHCTIOPTHUX MOJIENEH BEIMKUX Ta cepeanix mict [11,15].

®daKkTUYHY BiJICYTHICTh HAJINHOI CHCTEMH KOOPJWHAT, BIAMOBITHUX aHATITHYHUX TOKA3HUKIB JJIS
OLIIHKHU SIKOCTi e(peKTUBHOCTI (PyHKIIOHYBaHHS iCHYIOUMX TPAHCIOPTHUX CHUCTEM MIiCT MOXKHA IOSICHUTH, B
MepIry 4epry, BiJCYTHICTIO CYYacHHMX 1 MPOCTHX IHCTPYMEHTIB OIIIHKM MOXKIUBOCTEH I ONMTHMIi3arii
POOOTH TPAHCHIOPTHOTO MiIIPUEMCTBA.

Ha BinmMmiHy Bix 3aBAaHp oprasizamii JOpOKHBOTO PYyXY, JI€é BHKOPHCTOBYIOTHCS, B OCHOBHOMY,
IMiTaIliiiHI MOJeNi pyXy TPaHCIOPTY, B TPAaHCHOPTHOMY IUIAHYBaHHI IiJIPUEMCTBAMHI BHKOPHUCTOBYIOTHCS
MPOTHO3HI MOJeNi. Y [HUX MOJEeNIX O0a30BUMH IapaMeTpaMu €: IMIBUAKICTh TPAHCIIOPTHHUX MOTOKIB,
IHTEHCHBHICTH TPAHCIIOPTHUX MOTOKIB, IHTEHCHBHICTH MMACAKUPOTOTOKIB [13].

Bigoma 3mauyna Kinbkicte pobit [2, 3, 6, 8, 15, 16], npucBsSUeHHX OMNTHUMI3AIl MapIIPYTIB SIK
MICBKHX TpOJIEHOyCiB, Tak i TpaHCIOPTy B wLijoMy. B To#l ke dac, sIK TOKa3ye MOCBif, MpU3HAUYEHHS
MapUIpyTiB HE MOXE CIUpPATHCA TiIABKH Ha EMIIpUYHI PO3paxyHKH, JOBOJHUTHCS BPAaxOBYBATH TPAAHIIil,
3BHYKH, €KOJIOTIUHI 1 iHIII YHHHHKHA. TOMY B pealbHOMY JKUTTi, BIPOBAPKEHHS ONTUMAaIbHOT MapIIpyTHOT
CXEMH BiJIOYBAETHCS JOCUTH MOBIIHHO.

VY 3B’a3Ky i3 UMM, y JaHidi poOoOTi, BUKOHaHa crpoOa OOIWTH MPOTHPIYYs MK TEOPETUUHUMH
MOJIEJISIMU 1 PeabHUMHU MOKJIMBOCTSMH TPAHCHOPTHOTO MiANIPUEMCTBA 100 €()EKTUBHOTO BUKOPHUCTAHHS
HasIBHOT'O NapKy TPoJIelOycCiB Ha MapIIpyTax MiCTa Ta LIBHAKOTO IWHAMIYHOTO HEepepaxyHKy ONTUMaTIbHUX
pileHb. AKTyaldbHICTh POOOTH MOJIATAE y PO3pOOIl MPOCTHX i epeKTHBHUX METOJIB ONTHUMIi3allii podoTH
HasBHOT'O PYXOMOTO CKJaJy TPOJEUOYCiB JAJsl TIEPEBE3CHHS MAacaXMpiB Ha MIChKHX MapiupyTax. Taka
MMOCTaHOBKA 00YMOBJICHA HACTYITHUMHU MTPOOJIEMaMHU:

- TpoNeiOyCcHI Mepexi, IO iICTOPUYHO CKJIAUCS, B MICTax He 3a0e3MedyroTh ONTUMAallbHI BUTPATH
JUTSL T IIPUEMCTB €JICKTPOTPAHCIIOPTY 3acO0iB 1 Yacy Ha MEepPEeBE3CHHS MacaXKUpiB;

- HEONTHMaJIbHA TPAaHCIIOPTHA Mepeka BUMAarae BiJl Macakupa 3aiiBUX BUTpAT 4acy Ha MOi3JKH i
301JIBIITY € YMCIIO TTEPECcaioK;

- HU3BbKHUH PIBEHb XXKUTTSI HACEJECHHsS HE JI03BOJIIE BCTAHOBIIIOBATH Takuil Tapud, skuil 3abesneuye
npuaOaHHs 1 OHOBJICHHSI PyXOMOTO MapKy TPAHCHOPTHUMH NAacaXUPCHKUMH T AMPUEMCTBAMH;

- MYHIIUNAJIbHI OIO/KETH HE MAOTh MOIJIMBOCTEH MOBHOIO MipOI0 KOMIIEHCYBAaTH MacaXHMPCHKUM
MiANPUEMCTBAM BUTPATH 32 IEPEBE3CHHS MACAKHUPIB.

OIJIb TA 3AJAYI JOCJIKEHHSA

MerToro n1aHoi poboTH € Po3poOKa ONTUMI3AIIHOT MOJIeNi e)eKTHBHOTO BHUKOPUCTAHHS HAsBHUX Y
MiANPUEMCTB €JEKTPOTPAHCIIOPTY MapoK TPOJEHOYyCiB Ha MapIIpYTHIM Mepexi MicTa 3a €IeKTPOHHHMH
TaONUISIMU (HA MPUKIIAl ApKy TposieiOyciB y M. JIynbky).

J1isl TOCSITHEHHS 11i€1 METH HaMU TTOCTaBJICH! HACTYITHI 3aBJIaHHS:

1. Hocnmiautu Ta mpoaHai3yBaTH XapaKTEPUCTHUKH OCHOBHUX TPOJICHOYCHHMX MapIIpyTiB, SKi
(GYyHKUIOHYIOTH y MicTi JIynbKy.

2. TlpoananizyBaTH TEXHIYHI XapaKTEPUCTHUKH, HassBHUX Yy M. JIylbKy, Mozenelt Tponei0ycis, 110
3a0e3MeUyI0Th MPOLIEC NTEPEBE3CHHS MACAKHPIB.
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3. 3anporoHyBaTH METOAMKY (pOpMyBaHHS BHXITHHX JaHUX JJISI CTBOPEHHS MaTeMaTHYHOI MOJeNi
onTUMi3arii.

4. Po3pobuti Ta peami3yBaTH IIOCTAHOBKY 3ajJadi MiHiMmi3amii wiboBOi (yHKIiI BUTpar s
ONTUMAJBHOTO IUIAHY PO3MOIUTY Tpoiei0yciB Ha MapuipyTax, MoOyAyBaThd MOJIENb Ta PO3POOHTH
ANTOPHUTMH ii BIPOBAHKCHHS 32 JTOITOMOTOI0 SICKTPOHHUX TaOIHITh.

5. Po3pobutn migxomu Ta MpOTrpaMHy peallizalliio BHECEHHS OOMEKEHb BiTHOCHOTO TOPSAKY s
BUKOPHUCTAHHS Pi3HUX MOJENel TpoJaelOyciB Ha MapIIpyTax.

PE3VYJIBTATHU JOCJI/UKEHDb

TpancnopTHa NpOTHO3HA MOAENH, SK NPABWIO, € CKIAJHUM IPOTPAMHHM KOMIUIEKCOM, IO
CKJIafaeThesl 3 iHGopMamiiHUX 1 po3paxyHKoBuX OnokiB. [HQopmaniiini Onoku peanizyloTh 0a3y JaHUX
30epiranHs i 00poOku iHpopmMalii, HeOOXiAHOT A MPOTHO3Y TPAHCIOPTHHUX MOTOKIB. Po3paxyHKoBi Oiioku
MPE/ICTABISIOTH AJTOPUTMHU DIlIEHHS 3aBIaHb MAaTEMAaTHYHOTO IPOrPaMyBaHHS, OPIEHTOBAHHX HA IPOTHO3
noTpedM B MEPEMILIEHHSAX JIOACBKUX IOTOKIB 1 PO3PaxyHOK IOTOKIB TPAHCHOPTHUX OJMHUIb, IO
peanizoByroTh ii [3].

OueBunHO, MO 30ip MOYATKOBHUX JAHHWX € HAHOUTBIN TPYIOMICTKHM 1 TPHBAJIUM 33 YacOM €TarioM
mpu MOOYZOBI TPaHCIIOPTHUX Mojenew [4, 5]. Y cBoio depry, anropuTMisamis moOyJOoBH TPAHCIIOPTHUX
MoJieJiell BUpINIye 3ajady BHU3HAUYEHHsI MipW BiJIOBIIHOCTI iCHYIOUOTO TPAaHCIOPTHOTO IOMUTY HAasBHIH
TpaHCTOpTHIA mnpono3umii. TakuMm uYmHOM, 0a30By YacTHHY MOJENi, IO BKJIIOYA€ HAIMOBHEHHS il
MOYaTKOBUMH JIaHIMHU MOKHA PO3/IUTUTH HA J[BA €TAITH:

1 eran. CTBOpeHHS TPaHCTIOPTHOT MPOIO3HIIii 1 pO3paxyHOK MapaMeTpiB TPAHCTIOPTHOTO MOTHUTY.

2 etan. AHaji3 HasBHOTO MAapKy TPAHCHOPTHUX 3ac00iB, HOro (yHKIIOHATBHUX Ta TEXHOJIOTTYHUX
MOXITMBOCTEH 151 3a0e3Me4YeHHsT TPAHCIIOPTHOTO IONHUTY, @ Ha OCHOBI IIMX JAHUX - CTBOPEHHS MPOCTHX i
3pO3yMUINX MOJIeliei onTuMi3alii iany rnepeBe3eHb.

PosrissHeMo Takuii MigXix OO0 ONTHMI3allii epeKTUBHOCTI POOOTH Pi3HUX MOJENICH TPOJeHOyciB Ha
JIlynpkoMy mimpreEMCTBI eeKTPOTPAHCIIOPTY.

Po3paxyHOK Oy/ip-SKOTO ONTHMAIBHOTO IUIAHY IEpeBEe3eHb MOXIMBHN 32 YMOBH, SKIIO BHOpPaHO
KpUTepiii onTuMmizaiii. ¥ SIKOCTI TaKOro KpUTEpilo MOKHA MPUHHITA OJUH i3 MOKA3HHUKIB €(PeKTUBHOCTI
POOOTH MiANPHEMCTBA.

Jns tutaHyBaHHS 1 KOPEKIii BUKOPHUCTAHHS PI3HUX THUIIB HASBHUX TPOJEHOyCiB Ha KOXHOMY
OKpEMOMY MapIIpyTi, MOKa3HHKOM e(QEKTHBHOCTI MOXE CIy>)KUTH TOKa3HHK CYMapHUX BHTpaT Ha
SJIEKTPOCHEPTit0, HEOOXIMHUX Ui 3a0e3MeueHHs MPOoIecy MepeBe3eHHs MacaXKHpiB. 3po3yMisio, mio mei
MOKa3HUK Ma€ OyTH sIKOMOTa MEHIIUM. Y SIKOCTi KpUTepis eeKTUBHOCTI MOXKYTh BUCTYNATH 1 iHII 6a30Bi
MMOKa3HUKH POOOTH ITiITPHEMCTBA.

PosrisiHemMo THTNOBY cHTyalilo, TpH SKid TOTpiOHE oONTUMaibHE IUJIAHYBaHHS 1 YyXBaJCHHS
e(QEeKTUBHOrO pIlIeHHsS, BUKOPHUCTOBYIOYM JBa 0a30BHX IapamMeTpa. XapaKTepPUCTHKA OCHOBHHX
TPONEHOYyCHUX MapHIpyTiB, SKi (YHKIIOHYIOTH y MicTi JIyIlbKy 1 TeXHIUHI XapaKTEpUCTHUKH iCHYIOUUX
MOJIeJIeH TPOJIeiOyCiB, 1110 3a0€3MeUyOTh MPOLIEC EPEBE3CHHS MACAXKHUPIB.

Kpim Toro, Ha ocHOBI (piHaHCOBHUX 3BiTiB mianpueMcTBa Jlynpkoro eixekrporpancnopty 2020 poky
Ta HOPMATHUBHUX METOJMK PpO3PAaxXyHKy BHUTPAT €JNEKTPOCHEprii Ha TIIepPeBE3CHHS ITacaKHpiB, Ui
(hopMyBaHHS BUXiTHHUX JIJAHUX ONTHUMIi3aliifHOT Moiesi OyJIM BUKOPHCTaHI HACTYITHI ITOKA3HUKH:

-3TiJHO i3 HOPMAaTUBHUMHU JOKyMEHTamMu MiHiCTepCTBa MajWBa Ta €HEPreTHKH YKpaiHW IiHa 3a
OJIMH KisoBaT enekTpoeneprii y 2020 porti 11 MiAIPUEMCTB eIeKTPOTPAHCIIOPTY CTaHOBUIA Ois 4 TpH. 3a
kBT/TOA1. 3Bizcu 1iny B, oxmiel rogunu poboTu Tponeibyca npu yMOBI, 110 HOTO JBUTYH IIPALIOE MOCTIHHO

Ha MakCHMallbHiii moryxHocTi Oynemo BusHauath i3 Bupasy: B, =NxI], ne N - noryxsicrs

enekrponBuryHa; [/ - miHa 1-ro kBt enekrpoeneprii.

B

- |\/|2 =—2  je Ve - eKCIUTyaTaliiiHa MBUAKICTh Tposeitbyca (20-25km/ron); |\/|2 - {IHA OJHOr'0
e

KiJloMeTpy npo0iry Tpojendyca, 32 yMOBH, IO €JIEKTPOIBUTYH IMIPALIIOE HA MAKCUMAIBHIHM MOTY>KHOCTI.
-B, =0.65x B, , mpunymenss, mo Tponeiibyc mix yac pyxy (B cepesHbOMY) BUKOPHCTOBYE CBOIO

. o 1 . C
MakCHMaibHy MOTYXHicTh Ha 60 - 70%, ne B,— nabmmkena peanpHa wiHa OAHIEI TOAMHH POOOTH
Tponeidyca.

it 08B}

1 . . . . .
, ie M - HabmkeHa peasbHa LiHA OJHOTO KiloMeTpa Ipobiry Tposeiidyca i3
e
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BpaxyBaHHSM, IO TOCaJKa-BUCAJKa MacaKHUpiB 3aliMae y TpoJjeilOyca 0au3bko 1/6 3araJbHOrO 4acy Horo
poboTu.

Crnixg 3a3HauuTH, WO PsI TMOKA3HUKIB Ta XapaKTePHCTHUK Oynu BHOpaHi HaMH TillOTETHYHO,
BPaxoBYIOUHM Te, IO TPAHCIIOPTHI MEPEeBE3CHHS Ha ChOTOAHI 3iMCHIOIOTHCS B yMOBax maHaeMii. Ha ymoBu
MepeBe3eHHs 1 TIOCTIHO HaKiIajgae JOJaTKOBI OOMEXeHHs, SKi 3MIiHIOIOThCS y 4aci. Hampukmaa, ymoBa
MePEBO3UTH TITBKH CHASYAX TACAXKHPIB, II3HIMIE - JO3BUI MPO TEPEBE3CHHS CTOSYUX 13 TIEBHOIO
nuctaHuiero. Hamu, npu aHaniszi nacaxuponoTokis, Oyno BUOpaHo, 0 MaKCUMallbHa MICTKICTh TaCAXKUPIB Y
TponeiOyci HaONIMKEHO KOJIMBAETHCS B MeXKax. CHAA4l macaxkupu rwioc 50% Bin iX KiIIBKOCTI MOXYTbH 13
MTOTPiOHOIO JTUCTAHITIEIO TIEPECYBATHCS CTOSMIH.

OpHak, A5 mepeBipKH aJeKBaTHOCTI PoOOTH MaTeMaTHYHOI MOJIEINI L€ HE € CYTTEBUM (PAKTOPOM.
Hawm moTpiOHi BU3HAUMTH TEHACHLII, TPEH ONTHMAILHOI'O BUKOPUCTAHHs HAasBHUX MOJeENed TpoienOyciB
JITTE Ha mapmpyTax M. JIyipka.

BiamosigHo 10 1bOT0, MOYATKOBI JaHi it MOOYIOBU MaTeMaTHYHOI MOJIENI ONTUMI3allii 3BeJeH] Y
Tabmugx 11 2.

Ta0mmy 1
- Burtpatu 0 Bapricts
N Mapxa Tpo.eiiGyca MictkicTs | IloTyxkHicTh eneKT]?:eHep?im eneKT;(])JeHcepri'i Ha
(cuuinHs) (xBT) FATL I 11 1poGiry
(rpH) (rpH)
Tun 1 Mercedes-Benz
O405NE 40+20 149 417.2 17.37
Tum 2 Bornan-T501.10 29412 140 392 16.33
Tun 3 Bornan-E231 41420 175 490 20.4
Tun 4 Jelcz PR110E 46+24 136 380.8 15.9
Tum S Jelez M121E 31+15 109 305.2 12.7
Tun 6 Jelcz 120MT/MTE 34+16 110 308 13

[3 HaBejeHHUX BHIIE JaHUX y TAOJMIX BUIHO, IO y 3arajlbHOMY BHIIQJIKYy 3a1ady ONTHMIi3arlii
MOJKHAa IIOCTABUTH HACTYIIHUM YHHOM: Ha TIANPHEMCTBI EIEKTPOTPAHCIIOPTY JJIsl TEepeBe3eHHS
MacaXXUpiB MO «Ny» MapHIpyTax MoXke OyTH BUKOPHUCTAHO «My THIIIB TpoJsieiibyciB. MicTkicTh Tposeidyca
i-ro Ty piBHA «T» JIIOIMHH, KUTBKICTh MTACAKUPIB, III0 IEPEBO3ATHCS T10 j-y MapIIPyTy 3a 100y, CKiiaaae
«Vj» moanHu. BuTpati Ha eJIeKTpOSHEPrito, OB s13aHi 3 BAKOPUCTAHHAM TpoJiei0yca I-ro TUIly Ha j-My
MapuipyTi, ckinanaroTh «Sijp. CiiJi BU3HAYUTH, CKIJIBKH PEHCIB Xjj HEOOXiJITHO BUKOHATU TpOJIeHOycaMu
THITY «i» Ha KO)KHOMY 13 MapIIPYTiB «j», 1100 MOBHICTIO 32a0€3MEeYUTH MOTPEOH y EPEBE3CHHSIX.

Tabnurs 2
N o/m 1 2 3 4 5 6 7
N mapmpyTty
1 2 3 4 5 12 15
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o e 2 : =
A e ] . 8 = . =
Hassa = = g B = = g en § ?l; S 2
e a2 o= = 8 o 5 &3 & > 2
MapupyTy = = = % A - 2@ E =5
= = 2 > 4 = 2
JloBxkuHa L
(™M) 15.35 13.25 1451 11.95 11.2 12.18 11.05
MapmipyTy
Cepenns xi'nucicu
ey | 3000 3100 730 2900 1700 1500 5200
100y
Butpatu Ha
eJ1eKTpoeHepriio Ha
3a OJJMH peiic Ha
MapuIpyTi
-Tun 1 266.3 203.4 252.0 207.6 194.5 211.6 191.9
Rz; 250.7 216.4 236.9 195.1 182.9 198.9 180.4
“Tun 4 313.1 270.3 296.0 243.8 248.5 228.5 2254
-Tun S 244.1 210.7 230.7 190.0 178.1 193.7 175.7
“Tum 6 194.9 168.3 184.3 151.8 142.2 154.7 140.3
199.6 172.3 188.6 155.4 145.6 158.3 143.7

3 TOuYKM 30py KEpiBHHIITBA ITiIMPHEMCTBA ICHY€E TiMOTe3a, IO HaiicrpaBemnuBimM Oynae TUiaH,
PO3pO0IIEHHIA 32 MPUHIMIIOM PIBHOTO PO3MOALUTY peiiciB Ha KO)KHOMY MapuipyTi, pH sikomy x11 = x21, ...
x4 = x24, ...x17 = x27. llpore ueii wian Oyzae 3a3Jajierigb HaAMIpHO BUTpaTHUM. B onTumizauiiiHii
3a/avi, BUXOMMYM 13 HasBHOI iH(opmamii y ¢iHAaHCOBHX 3BiTaX, MOKHAa HAONM)KEHO BWU3HAYUTH BUTPATH
MiANPUEMCTBA Ha EJIEKTPOCHEPTito sl poOoTH Beix MapumpyTiB. [lo mepBuHHOMY Miany, BiH ckianae - F1=
65 000rpH. 3 uumu BuUTpaTamMH MU i OyJeMo TOpPIBHATH BuTpaTH F, po3paxoBaHi 3a OMOMOTOO
moOyI0BaHOI MATEMATHYHOI MOJIEI.

3aBmaHHA onTuMizamii podoTH 6 Mapok TpoieidyciB Ha 7 mapupytax M. Jlynbka € 3aBOaHHSIM
JIHIAHOTO MpOorpaMyBaHHS i3 cOpoka aBoMa 3MiHnHumH (x11, x12, x13, ..... x67), sika Mae M = 7 piBHAHB-
00MeKeHb, TOOTO YHCIIO HEBIJOMUX OLJIbIIIE YUCIIA PIBHSIHb OOMEKEHb:

X11+T, - X214+ T, - X31+T, - x41+T, - X514+ T, - Xx61=V,

X12+4T,-Xx22+T, - X324+ T, - x42+T, - x52 + T, - X62 =V,
X13+T,-x23+T,-x33+T, - x43+T, - Xx53+T, - X63 =V,
X14+T, -X24+T,-x34+T, - x44+T,-x54+T, - x64 =V,
X15+T, - X254+ T, -x35+T, - X454+ T, - X55+ T, - X65 =V,
X16+T,-x26+T,-x36+T, - x46+ T - X56 + T, - X66 =V,
XLT+T, - X27+T, - X37 +T, - X47 +T, - X57 + T, - X67 =V,

- N S

Kpim Toro, HeBizioMi 3MiHHI € JOJJATHUMHU: X; >0.
Heo0xigHo 3HaiiTH onTUManbHe PilICHHS 334a4i JiHIHHOTO MpOrpaMyBaHHS, 10 00epTae y MiHIMyM
NiHIHY QYHKIi0 42 HEBIJOMUX:
F(X)=(S;-x11+S,,-x21+S,, - x31+S,, - x41+ S, - X51+ S, - x61) +
(S, x12+S,,-%x22+S,, - X32+S,, - X42+S,, - X52+ S, - X62) + ... O

(S;; - XL7+S,,-X27+S,;-x37+S,, - X47 + S, - X574+ S, - X67) — min

B xopi pimenHs 3aia4i MiHimi3amii ninboBoi ¢yHKIil (1), oTpuMaeMo napameTps ONTHMAaIbHOTO
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TUTAaHy PO3MOALTY TpPOJIEHOYCiB MO MapmipyTax Xij, TOOTO HYHCIO pEHCiB TponerOyciB KOXKHOI MapKw,
3aIUTAaHOBAHUX IS KOKHOTO MapmipyTty. Lle pimenns i Oyae THM €IMHHM BapiaHTOM, SIKHH 3a0e3IeYUTh
HaiimeHmii Butpatu F. Ilpore, meil onTuManpHUI TUIaH, pPO3pPaxOBaHMA 3a JIONIOMOTOK METO/IiB
MaTeMaTUYHOTO MOJICTIOBAaHHS, T&X MOXKe MaTH cBoi Hepomiku [10, 17].

Y SKOCTI KOHKPETHOTO TMPHKIAAy JUIi 3HAXO/DKCHHS ONTUMAlIbHOTO BapiaHTy pO3MOALTY
TpoJeiOyciB Mo MapmpyTax 3poOUMO PO3paxyHKH AJIS MIECTH THUIIIB TPOJIEHOYCIB, MO0 PO3MOMIISIOTECS IO
CEMU MaplIpyTax MpH MOYATKOBUX JaHUX (Tadumii 1 i 2):

Jliss BUKOPUCTAHHS TOYATKOBUX JAaHHWX IPH PO3paxyHKaX, IX HEOOXiJHO BBECTH B KOMIipKH
enexkTpoHHol Tabimmi. Ha puc. 1 moka3aHo BapiaHT pO3MIMICHHS BUXITHAX JaHUX.
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a BuTpaTH Ha enekTpoeHeprito npu pooTi i Ty TponeiiGyca Ha | mapuipyri:
5
5 Micys 1 2 3 4 5 12 15
7
3 Tun1 60 2663 2034 252 2076 1945 2116 1919
3 Tun2 34 2507 2164 2369 1951 1829 1989 1804
10 un3 61 3131 2703 296 2438 2285 2485 2254
11 |Tun4 70 241 2107 230,7 190 1731 1937 1757
12 |Tuns 46 1949 1683 1843 15,8 1422 1547 1403
13 |Tun 6 50 1996 1723 1886 1554 1456 1583 1437
14
15 | Mompe6u 3000 3100 730 2900 1700 1500 5200

21 Pezyastath (nicna nowyky piwenHs)
n

23 Yucno peiicis Tponeibycis Tuny | Ha MapLupyTi j:

24

25 MapwpyTu:

6 Besoro 1 2 3 4 5 12 15
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Pucynox 1

Buxinzi nani po3mimeHi B oosacTi i3 komipok A3:115, uncinoBi 3HaYeHHS SIKUX 3aHECEHI Y
Tabimiro 3.
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[Ipu pimenHi Takux 3aBJaHb ONTHMIi3allii BUKOPUCTOBYEThCA HanOymoBa «llomryk pimeHHs» makery
Excel. IIpu npoMy po3pobieHa mareMaTHYHa MOJIENb, B €IEKTPOHHINM TaONHIll, PO3TANIOBYETHCS y JBOX
MICIISIX: B €JIEMEHTaX camol eJIeKTPOHHOI TabJHIli 1 y crieliabHOMY JiajJoroBoMy BikHI HangOynoBu «Ilomryk

pIlICHHSY.
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Taomums 3

Hozgausmgrz | I; T; T: T T; Ts Vi | V; V; Vi | V5 Vi V-
3azami
mevemmz | 60 [34 |61 |70 [46 |50 |3000B100 [730 |2900(1700 [1500 |5200
Aapecx BS [B9 |Bl0 |Bll |B12 [B13 |C15 |D15 |E1s | P15 |G1s |H1S | 115
EOMIDOE

Tozgawemmz | Sz | Su Ss1 Sz | Sz | Sax Sz | S | Sz Sz | S5z Sz
3azami
e 2663 |2507 | 3131 [P441 | 1940 |1996 | 2034|2164 2703 | 2107|1683 |1723
Aapecs cs |9 |[cio |ci1 |c12 |c13 |Ds |[D9 [D1o |D11 |D12 | D13
EOMIpOE

Mozgawemms | Sz | S:: S:3 [ Sz | Ss3 | Ses Sie | Sae | Sis See | Ssa Sss
3azami
cmavemmy | 2520 [2369 Po6o P30 | 1843|1886 [207.6]1951 [2438 [ 1900 |1518 [1554
Azpecz ES |E9 |E10 |[E11 |E12 [E13 [(F8 |F9 |[F10 |F11 |F12 |FI13
KOMIDOE

Iosgawsmmzs | S5 | Sis Sis [Ses | Sss | Ses Sis | Sz6 | Sis S« | Sse Sss
3azami
mmmmemmg | 1945 | 1829 |2285 [1781 |1422 (1456 (21161989 2485 | 1937 |1547 |1583
Aapecx G8 |G9 |Glo |G11 |G12 |G13 |HS [H9 |H10 |HI1 |HI12 |HI3
EOMIPOE

Tozmauerrz | S;7 | Si Siz | Sz | Ss7 | Ser
3azani
smawemme | 1919 |1804 [2254 1757 1403 [1437
Aapeck I8 |19 |1mo |m1 [n2 |ns
EOMIDOE
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= Mowanosi snavenna (a0 onmumisaul)

2 Pezy "(“im YKY pi :

22|

23 Yucno peiicis Tponeibycis Tuny / Ha MapLupyTi j:

24

25 MapuwpyTu:

26 Bcooro 1 2 3 4 D 12 15

27

28 Tun1 0 0 0 0 0 0 0 0

29 Tun2 0 0 0 0 0 0 0 0

30 Tun3 0 0 0 0 0 0 0 0

31 Tun4 0 0 0 0 0 0 0 0

32 Tun5 0 0 0 0 0 0 0 0

33 Tuné6 0 0 0 0 0 0 0 0

34

35 Uinsosa pyHKyis:

36

37 0 0 0 0 0 0 0 0

38

39

40 |Hwi pesynbTaTth:

41 bypae nepese3eHO Nacaxmpis:

42 Tun 1 0 0 0 0 0 0 0

43 Tun2 0 0 0 0 0 0 0

44 Tun3 0 0 0 0 0 0 0
Pucynox 2

B enemenTtax camoi eneKTpoHHOI TabiwIli HEOOXiJHO BiJBECTH CHELialbHY O0JacTh 3MiHIOBaHUX
KOMIpOK, Ul BHpa3iB, 3 SIKMX CKJIAJAETbcAd WiIboBa (YHKIiS Ta JUIS BUPA3iB JIIBOI YACTHHU PiBHSIHbB-
obmMexens (puc. 2).

3MiHIOBaHI KOMIpKH, IO PO3TAIIOBaHi B caMiil eNeKTPOHHIN TaOmuIl, y BHUXITHOMY MOJIOKEHHI
MICTHTUMYTh TIOYaTKOBI 3HAYEHHS HEBIOMHUX {Xij}, HANpHUKIa, HYJIbOBi. Y XOAi pilIeHHA 3amadi
ONTHUMI3aIii BMICT IIMX KOMipOK 3MiHIOBATUMETHCS, HAOMIMKAIOYHICH MPU KOXKHOMY KpOIIi 10 TUX 3HAYEHb,
TIpH AKHX ITbOBa (QYHKIISI MAaTUMe MiHIMaJbHe 3HaueHHA. [lepiie HaOIKeHHsS HaBeJeHO Ha pucC. 3.

3 pucyHKa BUJIHO, 10 [Uis HeBinomuX {xij} BinBeneHi 3miHroBaHi komipku C28:133.

TexHouoris ontuMizaiii mojisirae y HacTynHoMy. BBogumo mowatkoBi nadi (puc. 1). Bukonyemo
koMauay <llomyk pimenHs> y menro <Cepic>. Bimkpuerbcs niamoroBe BikHO «llapamerpn momryky
pimeHHs». Jlianorose BikHO, MpU3HAaYeHE AJIsl BBEJACHHS APYroi YaCTHHM MAaTeMaTU4YHOI MOJEN, MoKa3aHo
Ha puc. 3.
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56
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Yiaxure |

B pesynbrari pimieHHs 3aja4i MOJETIOBaHHS 3a JonoMorow mnakety Excel orpumano mrykane
onTUMabHE pillieHHA. 3 OIIALYy Ha Te, IO YHUCJIO PEHCiB Mae OyTH LUIMM YMCIIOM, HEOOXIIHO OKPYTJIMTH
3MIiHHI Xjj 1, IK HACJIIJIOK, B MOJIEJIl 3’ SIBUThCS HE3HAYHA PO30IKHICTD y pe3yJibTaTax po3paxyHKIB.

OBI'OBOPEHHA PE3YJBbTATIB JOCJIAXEHDb

OntrManbHUH TI1aH, SIKU OyB OTpUMaHUH B pe3ysbTaTi MaTeMaTHYHOIO MOJENOBaHHs (puc. 3) 3a
JIOTIOMOT OO €JIEKTPOHHOT TaOJuIIl, HE 3aBXKAU MOXKe OyTH 3anpoBaPKeHUI Ha npakTuii. Hanpukman,
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KEPIBHUITBO MiANPUEMCTBA MOKE HE BJIAIITYBATH T€, IIO 3T1THO ONTHMAIBHOTO IUIaHy JJIS IEBHOTO YHCIIA
MofeNel TpoJieliOyciB He Oyae IUIaHyBaTHUCSA KOMHOTO peicy. Ilpu mboMmy, 3araibHi BHUTpaTd Ha
eNleKkTpoeHeprito cknagatuMyTh F = 51597. 1 sikuio mopiBHIOBaTH ONTUMAIBHUHN TUTaH i3 IEPBUHHUM, MPH SKOMY
3aranbHi BUTpatH F1= 65 0002pH., TO po3paxyHKH MOKa3yIOTh, IO ONTHMaJbHUN IUIaH jAemeBmmii Ha 13403
2pH., T00TO - Ha 21%.

B mpakTtuuHii po0OTI pPEKOMEHIYETHbCS pPO3PAaxXOBYBAaTH JEKiIbKa IDIAHIB 13 ypaxyBaHHIM
ocobnmBocTedl moaiOHoro poxay. Hampukinan, KiuTbkicTe peHCIB TpoJeiOyCiB TEBHOTO THIY MOXKHa
0OMEXUTH NedKol BennynHOI0. lle mikom 3po3yminio, ajpke He 3aBKAM Ha MiANMPUEMCTBI MOXe OyTh
HasSBHOIO TIOTPiOHA KUTBKICTh TPOJIEHOyCiB TaHOI MOJIET.

[Ipote Oinpll TpPaKTUYHUM € BHECEHHS OOMEXEHb BiZHOCHOTO mopsAaky. Mg 1poro
BUKOPHUCTOBYETbCSI TEeBHUI KoedimieHT «K». 3aranpHi BuTpaté «F» po3paxoBylOThCS MNpH pi3HHX
CHIBBITHOIIEHHSIX CYMapHOTO YHCIa PeiciB TpoeiOyciB BCiX mecTr THUMIB. SKIIO gogaTn Take 0OMEeKEHHH,
TO Yy TMpoleci MOETIOBaHHS MOXKHA pO3paxyBaTH LUIMHA psA IUIaHiB HepeBe3eHb. Ha BigmiHy Bif
ONTHUMAJBHOTO - Taki IUIaHM MM OyJeMO Ha3uBaTH palioHATbHUMH IUIaHAMH, TOOTO JIOKaJIbHO
ONTHMAJIHAMH 32 TaHUX OOMEKEHb.

Jns mpuxiragy TMOKaKeMO pO3paxyHOK IECTH pPI3HUX palioHAIBHUX IDIaHiB, Ji€ B IPOIeci
MEPEeBE3CHHsI HAa MapIIpyTax MicTa MPHHMaKTh y4dactb 2, 3, 4, 5, 6 Mouenel TpoyieHOycCiB 3 pi3HUMHU
KoeQilli€eHTaMH 3aBaHTaKEHOCTI.

Jns yHaOyHEHHS pe3yNbTaTiB MOOYAyeMO JiarpamMy 3alie)KHOCTI BHUTpaT IiIMPHEMCTBA Ha
SNICKTPOCHEPTiI0 BiJl KIIBKOCTI MoJienieid Tposeii0yciB Ha MapiipyTax (puc. 4).
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Pucynok 4

Maroun JieKiIbKa IUIaHiB, 110 HAOYHO BiJPI3HSAIOTHCS OJHMH BiJl OHOTO PO3PAXOBAHMMH BHTpPATAMH HA
TIepeBEe3CHHS, YXBAJICHHs PIIICHHS JUIS MIANPUEMCTBA CTa€ MepeKOHIMBIIMM. CaMUM BHUTPATHUM BHSBHBCS
nepsuHHUM mwiaH (F1= 65000rph.). Camum exonoMiunuM - ontumainbHui (F = 51597rpn.). Ilpote, 3rinHo i3
ONTUMAJIBHUM TUTaHOM, KpiM Mogerni «Jelcz PR110Ey», Bcim iHIIMM MOJESIM TPOJICHOYCIB MOBUHHO OyTH
3aIJIaHOBaHO HyIb peficiB. Jpyruii pamioHansauii man (F=54653rpH.) obiiinerses Ha 3056rpH. gopokde 3a
ONTHMAaJIbHUH, aJie TIpU LBOMY - 4711 1 Mozeni Tponeiidyca Oyze 3amianoBaHo 58 peiiciB Ha 1 i 15 mapmpyTax, a
st 6 mozieni — 87 peiiciB Ha 15, 15a mapupyTi. 3MiHIOI0OUH 0OMEXEHHS, 110 BIUTUBAIOTH HA YXBAJICHHS PilLICHHS,
MOKHa €(DEeKTUBHO 1 MPOCTO ONTHUMI3YBAaTH POOOTY Pi3HMX HASBHUX MOJIENEH TpoJielOyciB Ha MapIupyTax M.
JIympka.

BUCHOBKHA

Y poboTi po3pobIieHO ONTUMI3AIHHY MOJIENb e()eKTHBHOTO BUKOPHCTAHHS HAsIBHUX Y TIIMPUEMCTB
CJIEKTPOTPAHCIIOPTY MAapOK TPOJICHOYCIB Ha MapIIPYTHIA MEpeki MicTa 3a €JISKTPOHHHUMH TaOnuusaMu (Ha
MpUKIaai TapKy TpoieitlOyciB y M. JIlynsky).

[IpoananizoBaHi MapmpyTH MICBKOI TpPAHCIOPTHOI Mepexki Ta 3JMIHCHEHO aHaji3 HasBHOTO NapKy
TpancnoptHUx 3aco6iB JIIIE, oro ¢pyHKIiOHAIBHUX Ta TEXHOJIOTTYHMX MOXKIIMBOCTEH JJIs1 3a0€3eUeHHS
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TPAHCIIOPTHOTO TIONUTY HaceiaeHHsA. lle mamo MOXIIMBICTH CTBOPEHHS MPOCTOI 1 3pO3yMiIol MoOAei
OTITHMI3allii IJIaHy ITepEBE3CHb.

3anpornoHOBaHO MOCTAaHOBKY 3ajadi MiHiMi3allii 1Mib0BOT (QYHKINI BUTPAT JUIsl ONTHMAILHOTO TUIAHY
po3moniiay TposneiOyciB o MapipyTax, moOyI0BaHa MOJENb Ta po3poOJIeH] anropuTMH ii peanizamii yepes3
eNeKTpoHHI Tabmuili. lle J03BOJMMTH MiANPHEMCTBY WIBHIKO, SKICHO 1 MPOCTO pearyBaTH Ha OyIb-sKi
CUTyaTHBHI MpoOIeMH TIpH yXBaJCHHI PillleHb 0 TePEBE3EHHIO TACAKHUPIB.

Po3po0iieHi anroputMu Ta mporpamMHa peajisailisi BHECEHHS OOMEXKEHb BIJIHOCHOTO MOPSJKY Ha
BUKOPHCTaHHS PI3HUX Mofenel TponendyciB Ha mapmpyTtax. lle 3abe3meunTs y mpoIieci MOJENIOBaHHS
pO3paxyBaTy AN PSIJT TUIaHIB TIepeBe3eHb. Taki TuTaHu y poOOTi 3aITpOMOHOBAHO HA3WBATH PalliOHATTEHIMH
IJIaHAMU, TOOTO JIOKAJIBHO ONTUMAJILHUMHU 32 JJAHUX O0OMEKCHb.
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S. Pustiulha, V. Prydiuk, V. Samostian, V. Samchuk A calculation of optimal plan of the use of
different models of trolleybuses is on routes of a municipal transport network.

Work is sanctified to development of optimization model of the effective use of present at the
enterprises of electric transport brands of trolleybuses on the rout network of city after spreadsheets (on the
example of park of trolleybuses in Lutsk).

The task of increase to efficiency of work of public passenger transport can be decided or due to
updating of transport vehicles, or due to the increase of efficiency of work of present rolling stock. But, to
bring down the charges of enterprises on implementation of a transport work, it is necessary to perfect going
near her planning, and, as a result of it, to provide the decline of prime price of transportations and
improvement of quality of service.

For providing of the most effective transport maintenance of population from passenger
transportations, organization of travelling motion, it is necessary, that a transport system answered the
necessities of city most optimally. There are two ways of increase of such efficiency: or increase of carrying
capacity of a municipal transport network, or rational use of existent network and present rolling stock for
carrying passengers.

The first decision entails large material expenses on the reconstruction of transport knots and
highways. The second direction is rationalization of the use of existent transport systems and optimization of
processes of redistribution of loading both on a transport network and on the different types of transport
vehicles that carry out passenger transportations.

In this publication, executed attempt to go round contradiction between theoretical models and real
possibilities of a transport enterprise in relation to the effective use of present park of trolleybuses on the
routes of city and rapid dynamic count of optimal decisions. Actuality of work consists in development of
simple and effective methods of optimization of work of present rolling stock of trolleybuses for carrying
passengers on municipal routes.
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For creation of model of optimization, analysed routes of a municipal transport network of Lutsk and
the analysis of present park of transport vehicles of LPE is carried out, him functional and technological
possibilities for providing of a transport demand of population.

Raising of task of minimization of objective function of charges is offered for the optimal plan of
distribution of trolleybuses on routes. The built model and worked out algorithms of her introduction are in
spreadsheets.

The worked out algorithms and programmatic realization of bringing of limitations of relative order
are at the use of different models of trolleybuses on routes. It provided the calculation of a number of
possible plans of transportations in the process of design. Such plans it is in-process suggested to name
rational plans, id est locally optimal at these limitations.

Keywords: optimization model, transport network of city, park of electric transport, transport
demand of population, limitation of relative order.
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Jhyvkuti HayionanbHUll MexXHIYHUL YHigepcumem

JOCJIIKEHHSA TEXHIKO - EKOHOMIYHUX ITOKA3HUKIB HABAHTAYKYBAYIB

VY po6oTi BHKIaAEHO pe3yIbTaTH aHai3y IMOKAa3HHUKIB TEJIECKONMIYHIX HaBaHTaXXyBadiB BaHTaXKOIIJHOMHICTIO
2000 — 4000 kr, sxi Haif4acTille BUKOPHCTOBYIOTH [UISI BUKOHAHHS HABaHTA)XKyBaIbHO-PO3BAHTaKYBAJIBHUX POOIT y
cuIbcbKOrocmoapebkux  mimnpuemcrBax. ChopmoBaHO 0a3y XapakTepHCTHK PI3HHX MOJENeH TeJIeCKOMIYHUX
HaBaHTaXyBadiB. [[ys aHamizy aBTOpamMm OOpaHO HACTYIHI XapaKTePUCTHKH: BaHTAKOIIIHOMHICTB, Maca, BHCOTa
MigHoMy CTPiTH, MOTyKHicTh. OOpaHi mapameTpu OyJ0 3rpYNOBAaHO y MEBHI IPyHH TaKUM YHHOM, 1100 mapamMeTpu
KOXKHO{ 3 TPyl B OCHOBHOMY BiZoOpakalu 3MiHH SKOi-HeOyOb OJHi€l i3 3HAYYIIMX XAPaKTCPHCTHK BUXITHHX
¢GyHKUIH. 3 BUKOPUCTAHHAM KOPEIALIHHOTO aHaTi3y BCTAHOBIICHO 3B'A30K MIX TphOMa MapaMeTpamu, OOpaHUMU Ui
JOCHI/PKEHHS, a caMe: BaHTaKOIIAMOMHICTh 1 Maca; Maca Ta BHCOTa MiTHOMYy; Maca i HOTYXHICTh. J[0IaTKoOBO
PO3paxoBaHO MapaMeTpH (QyHKI[IOHAIPHAX 03HAK — €HEPrOEMHOCTI Ta €HeprOHACHYEHOCTI. J[JIs OLiHIOBAaHHS BIUIHBY
Jeskux (GakTopiB Ha oOpaHi MapamMeTp (QYHKIIOHAUIBHAX O3HAK TEIECKOIIYHNX HAaBaHTAXyBadiB — EHEPrOEMHICTD 1
€HeproHaCHYEHICTh BUKOHAHO PErpeciiiHuii aHali3, o T03BOJIMIO OTPUMATH 0arato(hakToOpHy MaTeMaTHIHY MOJIETb.
OTpuMaHO PIBHSHHS perpecii, ki po3KPHBAIOTh B3a€EMO3B 30K CHEPrOHACHUCHOCTI Ta CHEPrOEMHOCTI 1 MapaMeTpiB
MOTY’KHOCTI Ta MacH HaBaHTa)XyBada. BcTaHOBIICHO, 1110 HAHOUTBIINH BIUIMB Ha €HEPrOHACHUYCHICTH Ma€ MOTY)XKHICTh
JIBUT'YHA, BiJIMIOBITHO Ha TIOKa3HUK €HEPrOHACHYCHOCT] — Maca HaBaHTA)KyBaya.

BuxoHaHu#l KopensLidHO-perpeciiHuil aHami3 Moxke OyTH TOKJIAJACHHH B OCHOBY NpOIECY ILIAXiB
MiABUIICHHS €()EKTUBHOCTI TEJIIECKOMYHUX HABAHTAXYBaviB JUIi BUKOHAHHS CUILCHKOTOCIIOAAPCHKUX POOIT, a TAKOK
MpoaHaNi3yBaTH BIUIMB OCHOBHHX IIapaMeTpiB HaBaHTaXyBada Ha (YHKIIOHAJbHI O3HAKM KOHCTPYKILiii:
€HEeproHaCHYCHICTh, eHEPTOEMHICTD, INTOMY HOTYKHICTh, TOLIO.

Kuio4oBi cjioBa: HaBaHTa)XyBa4, e()eKTUBHICTD, TApaMETPHU, KOPEJIALis, perpeciiiHuii aHai3

BCTYII
EdexTuBHa opranizallisi BADOOHUYHX MPOIECIB Y CUIBCHKOMY TOCHOJApPCTBI MOTpedye MexaHizarii
BaHTa)XHO-PO3BaHTAXYBAJILHUX PoOIT, Ha sKi mpumnagae 10 40% Bix ycix BupoOHuunx BuTpat [1]. Huzbkuit

piBeHb MexaHi3allii HaBaHTAXYBAIbHO — PO3BAHTAXYBaJbHUX 1  CKJIAQACBKHX pPOOIT y CiIBCBKOMY
TOCIIONApCTBI MPU3BOIUTE JO 3HAYHUX IPOCTOIB TEXHIKM Ta, SK HACIIIOK, IO 3POCTaHHS COO0iBapTOCTI
MPOAYKIIL.

Opranizanisi TpaHCIOPTYBaHHS CUIBCHKOTOCHOAAPCHKUX BAaHTAXIB, SKI XapaKTEPU3YIOThCS 3HAUYHUM
PI3HOMAHITTAM, 3[IHCHIOETECS 3 3aCTOCYBaHHSM MiAHOMHUKIB, I1€0iIoK, KpaHiB. TakoXX HIMPOKO
3aCTOCOBYIOTbCS HaBaHTaxyBadi (ppoHTaNbHI, rpeiiepHi, Oe3nepepBHOI il Ta iH.) KOKEH 3 IKUX Mae CBOI
nepeBary i HeJlodiku. B ocTaHHIN Yac y CiIbCbKOMY TOCIIOJAPCTBI BCE OUIBIIY HIllly MOYMHAIOTH 3aiMaTH
TEJIECKOITIYHI HaBaHTaXyBadi. lle MOsICHIOEThCS TXHBOIO YHIBepCcaNbHICTIO. TeneckomiuyHi HaBaHTaKyBadi
MOEAHYIOTh B €00l TMepeBarn MiAHOMHHUX KpaHiB 1 HaBaHTaKyBadyiB, 3aBASKH YOMY € MIHPOKO
3aTpe0yBaHUMHU.

Ha Bigminy Bix (hpoHTAIIEHUX HABAaHTAKYBadiB TEIECKOMIYHI MAOTh OLTBITY BUCOTY PO3BaHTaKEHHS
Ta 37]aTHI BUKOHYBATH OUIBIIY KiIBKICTh Pi3HHUX omepalliii. Pa3oM i3 HUIMH BUKOPHCTOBYIOTH pi3HE HaBiCHE
oOJiaJiHaHHS: KiBII, KPAaHOBE YCTAaTKyBaHHsS, BWJIM, TOIIO. KpiM TOro, y TENECKONiYHUX HaBaHTa)KyBadiB
MTOPIBHSHO BHICOKA MIBHUJIKICTh IEPECyBaHHS, BUCOKA MTPOXiTHICT 1 MOOIBHICTb.

VY cibChKOMY TOCIIOAPCTBI TEIECKOMIUHI HaBaHTaKyBauyl BUKOPUCTOBYIOTH HE JIMIIE [l BUKOHAHHS
PO3BaHTAXYBAJIbHO — HABAHTAXKYBAILHUX POOIT, a 1 JJIs IepEeMIlLlICHHs! 3eJICHOI MacH B TPaHUIESX y Tpoleci
3aKJIaJ]aHHsI CHJIOCHOTO KOPMY.

BararodyHKIioHaNBHICTh HABaHTa)KyBayiB TOSICHIOE BEJMKUHA MOMUT HAa HUX. AJlle JaHI MalllHU
MaloTh H HEIOJIKM, a caMme: 3j1aM OCeW KOJIic, BUXIiJ 3 Jiady TpaHCMicii, 31aM rigpormiiaiapis. Lle
MOSICHIOETHCSl 3HAYHUMHU HABAHTAXKEHHSMU IKi BUHUKAIOTh Yepe3 CKIaJHI yMOBH ekcruryararii. Kpim Ttoro,
32 YMOBH TPUBAJIMX HPOCTOIB MiAJATalOTh PyHHYBAaHHIO T'YMOBI €IEMEHTH KOHCTPYKIII.

3 ypaxyBaHHSM BHILE 03HAUYCHOT'O aKTyaJlbHUM HAYKOBO — IIPAaKTUYHUM 3aBIAHHSM € aHaJi3 TEXHIKO —
C€KOHOMIYHHMX TOKa3HHKIB TEJECKOMIYHUX HAaBaHTAXXyBadiB, IO JO3BOJIHUTH OKPECIHTH MUISIXU IXHBOTO
YIOCKOHAJICHHSI, OI[IHFOBATH KOHCTPYKTHUBHY JIOCKOHAIIICTh OKPEMHX MOJIEEl Ta OOTPYHTOBAHO MiIOUpaTH
HaOLIbLI ONTUMAJIBHY 32 TEXHIKO — EKOHOMIYHUMH Ta eKCIUTyaTaliiHUMU XapaKTepUCTUKAMHU MOJEIb A
1noTped KOHKPETHOTO TOCHOAAPCTBRA.
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AHAJII3 IITEPATYPHUX JAHUX TA IIOCTAHOBKA ITPOBJIEMH

Teopernuni mepeayMOBH IOCHIHKCHh MAIMH IS HaBaHTAKYBaJIbHO-PO3BAHTAXYBATHHUX POOIT
BUKIIJIcHO B poborax Aopamora C.B. [1], Jlimmus 1.€. [2], KpacHikoBa B.B. [3], Ha3aposa JL.B. [4, 5],
bazanosa A.®. [6], ['.B. Ponmionosa, JL.I'. ®oxta, Minina B.B. [ 7 -10] Ta inmmx.

Minin B.B. [9] BuKIaB pe3ynbTaT AETATHHOTO aHATI3Y OCHOBHUX EKCILTyaTalliiHUX 1 KOHCTPYKTHBHUAX
XapaKTEPUCTHK YHIBEPCATLHOTO MaJlorabapuTHOrO0 HaBaHTaXKyBada, a TaKOXX OOIPYHTYBaB palioHaIbHI
napamMeTpu HaBicHOro oOjagHanHsi. KpiM Toro aBTOopoM po3poOneHo Kiacudikalilo yHiBepcaabHHX
MajorabapuTHUX HaBaHTaxyBadiB. Po3poOieHo MeTomuky (oOpMyBaHHS MaTeMaTHYHO! MOJeNi s
OIIIHIOBAHHS TEXHIYHOTO piBHA MamuH [9, 10].

Haszapog JI.B., Pazopronos JI.B. [4] Bukianu pe3ynbTaT TEOPETHKO-CKCIIEPUMEHTAIBHUX JOCTIHKEHb
CTIMKOCTI MajorabapuTHUX KOJTICHUX HaBaHTa)XyBadiB i3 OOPTOBOIO CUCTEMOIO TOBOPOTY. BcTaHOBIIEHO, 1110
HaBaHTA)KyBad MTOYWHAE BTPAYaATH CTIHKICTh B MOMEHT KOJIHM X04a O OJTHE KOJIECO MAIIMHH BiIPHBAETHCS Bif
OTIOPHOI IOBEPXHI MO SIKil 31HCHIOE CBill pyX.

ABTOpaMH PO3pOOJECHO METOIUKY PO3paxyHKy IIOBOPOTY MAalorabapuTHOrO HaBaHTaXKyBauya 3
0OpPTOBOIO CHCTEMOIO TTIOBOPOTY.

Y poborti [5] aBTOpaMH BHKIAACHO pE3yJIbTAaTH TEOPETHYHOTO MOCTIKEHHS IIPOLECY pPyXy
MayiorabapuTHOrO HaBaHTaXyBada. B po0OoTi HaBeneHo nudepeHiaibHi PiBHSAHHS PyXy HaBaHTaKyBada, B
X0Al OOrpyHTyBaHHS SKUX 3pOOJIGHO BHCHOBOK TIIPO CHHYCOIJaJbHUN XapakTep aBTOKOJIMBAaHb
HaBaHTa)XXyBaya, SIKi IPOSBIISIFOTHCS ITi] 9aC BUKOHAHHS POOIT.

Pesynbrat J0OCHIKCHb TEJICCKOIMIYHMX HABaHTA)KyBauiB BUKIAJCHO B poOorax Bephepa €.A.,
Manaposcekoro K.I1., Tropina f.1. , Bonkosa B.1., XKunesuua M. I. [11-16] Ta iHImmx.

Bepuep €. A. [11] mpoaHanizyBaB pHHOK TEIECKOIMYHUX HAaBaHTa)KyBadiB W 3pOOHMB BHCHOBOK,IIIO
HaHOUIBII PO3MOBCIOJKCHUMHU € HaBaHTaXyBadi KII. 3 T., 4 T. ABTOp TaKOX 3a3Hayae, MO0 IiJ Yac BUOOPY
MPUBOY XO0BOI YacTHHU € Tpu Bapiantu. «\Wandlery - kmacuunuii IpUBO, IKUH MiAXOIUTD IS BCIX THITIB
HaBaHTaXxyBauiB. [lepeBara 1aHOTO MPUBOAY B HOro HECKIaMHii Ta HafilHIH KOHCTpyKIi. «Powershifty —
MIPHUBOJ, SKHU I03BOJISE 3MIHIOBATH XOMOBi CcTymeHi 0e3 3ymuHKH pyxy. «Hydrostat», sxwii mosBoise
3aIlyCKaTH IBUTYH Ha BUCOKIiH 4acTOTi 00epTaHHs 0e3 301IbIIEeHHS OTYKHOCTI T'1IPOCHCTEMH.

Tiopun . 1., Manaposcekuit  K.IL[12] mocmigwinu auHaMidHi NPOLIECH, SKi BiAOYBalOTHCS Y
(poHTaIbHOMY HaBaHTAXyBadi METOAOM MaTEMAaTHYHOI'O MOJCITIOBAHHS MEXaHIYHUX CHUCTEM.

ABTOpaMH pO3pOOJIEHO alNrOpUTM 1 METOAMKa BHPIIICHHS 3ajadi OoNTuUMi3alii MepeMillleHHS BaHTaXy
KOJIICHUM (PpOHTATBHUM HaBaHTa)KyBaveM.

Hocnimxenus Bonkosa B.1., XKunesnua M. 1. [13-14] npucssiueHo rigpaBiiyHiIM cucTeMaM. 30Kpema
B po6oTi [13] po3pobieHo MaTeMaTHYHY MOAENb IJIsl BU3SHAYECHHS B3aEMHOTO MOJI0KEHHS
JAHOK MeXaHi3My MiiOMy CTpiIM HaBaHTaKyBada 3 TiAPaBIiYHUM NPHUBOAOM pobouoro obiagHaHHS,
OTPUMAHO MaTEMaTHYHi 3aJIEXKHOCTI SIK1 IO3BOJISIOTH OIIHUTH PsIJi CHIIOBUX (haKTOPiB, MO JIFOTh HA CTPLITY
i Jac il mepeMinieHHsa. ba3yrounch Ha pe3ynbTaTax BUKOHAHHX JIOCIHIHKEHb MOKHA O0paTH pamioHalbHI
3HA4YEHHS KOHCTPYKTUBHUX MMapaMeTpiB i BAKOHATH MTapaMeTPUYHNN CHUHTE3 IPUBOJIA.

Sk mokazaB pe3yJibTaT aHaNi3y JITEPaTypHHX JDKEpesl, B OCHOBHOMY, IOCIIJKEHHS CTOCYIOThCS
MajorabapuTHUX YHIBEpCaTbHUX HaBaHTa)XyBadiB. [luTaHHS eKcIDTyaTallil, OIIHIOBaHHA TEXHIKO —
€KOHOMIYHMX TIOKa3HUKIB TEJICCKOMUHUX HAaBAHTAKYBayiB MPAKTHUUHO HE JIOCIIIHKYBAIHCh.

3 BpaxyBaHHSAM BHIIIE 3a3HAYCHOTO COPMYJITIIOEMO METY 1 3a1a4i HAIIOTO JOCHIIKCHHS.

HIJIb TA 3AJAYI JOCJIIJIPKEHHA

OmiHioBaHHS B3a€MO3B’SI3KIB  OCHOBHHX TIOKa3HUKIB TEXHIKO — €KOHOMIYHOI e(eKTHBHOCTI
TEJIECKOMYHUX HAaBAaHTa)KyBayiB.

i mocsiTHeHHS! 1TaHOT METH MOTPiOHO OyIJI0 BUPIIIMTH HACTYTIHI 3a/1a4i:

— copmyBatu 0a3zy XapakTEpPHCTHK Pi3HUX MOJEJIeH TeIeCKONYHNX HaBaHTaKyBayiB;

— BCTAHOBUTH MaTeMaTHYHI 3aJIe)KHOCTI, SIKi PO3KPHBAIOTH B3aEMO3B’ 130K MK MapaMeTpaMu;

— BUSBUTH HaWOIMbIl Baromi (akTOpW BIUIMBY Ha TaKi IOKAa3HUKU SK EHEPrOEMHICTH Ta
MPOAYKTHUBHICTh TEIECKOMIYHOTO HABAaHTAXXYBaya.

PE3YJbTATH JOCIIAKEHb

3 MeTow BHpIIEHHS IIOCTaBJIICHUX 33j7a4 HaMu Oyino chopmoBaHO 0a3y JaHUX MapameTpiB
TeneckomuHux HaBaHTaxyBauisB BOBCAT, MANITOU, JCB, Claas, Faresin. Obupanu HaBaHTaxyBaui
BaHTaxomigioMHicTIO 2500 - 4000 Kr, AKi Hail011b1IE BUKOPUCTOBYIOTH Y CUJILCBKOMY TOCIIOIAPCTBI.

Jliist aHanizy oOpaHoO HACTYITHI XapaKTepUCTHKU:
- BaHTaxomiaiHoMHicTh (X1) — Q, Kr;
- maca mamus# (X2) —M, KT}
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- BHcoTa migioMy BauTaxky (X3) —h, m;
- TOTYXHICTh nBuUTyHA (X4)- N, KBT;

JlomaTkoBO po3paxoBaHO (YHKIIOHAJIbHI MapameTpu eHepronacuyeHicts (Y1) m Ta
N

eHeproeMHicts (Y2) e Q.

Jiig omiHIOBaHHS BIUTMBY JESKHX XapaKTEPUCTHUK HA 0OpaHi HaMU mapamMeTpu (yHKITIOHATHHUX O3HAK
TEJNECKOMYHUX HABaHTAXyBauyiB - EHEPrOEMHICTh 1 EHEPrOHACHYEHICTh BHKOHAHO KOpPEJSMiHHO-
perpeciiiHuii aHaji3, o0 T03BOJIHMIIO OTPUMATH 0araTopakTopHy MaTeMaTHYHY MOJENb.

Kopemsmitino-perpeciitnnii aHaji3 € KIAaCHIHIM METOJIOM CTOXACTHYHOTO MOCITIOBAHHS Ta JT03BOJISIE
BHKOHATH KUTBKICHY OIIIHKY B3a€MO3AJIKHOCTEH MK 0O3HAKaMU JIOCIIHKyBaHOTO 00’ €kTy. OCHOBHA 3a/1a4a,
sKa MOxe OyTH BHpillIeHa 3 3aCTOCYBaHHSIM KOPEIALIHHO-perpeciiHoro aHaiisy, Iie KijbKiCHE OI[IHIOBaHHS
3B 3Ky MIXK IBOMa O3HAKaMM, a TAKOXK MK pe3yibTyI040t0 (DYHKITIEIO Ta (haKTOPHUMH O3HAKAMH.

AmaJi3 BUKOHYBaBCsI 3 BUKOpUcTaHHsM nporpamu Microsoft Excel y Takiii mociimoBHOCTI.

1. Jlocniuiv oTHOPIAHICTE JAHUX 32 KOXHHUM (PakTopoMm.

2. 3a MeToIoM KopessiiiHuX ies [15] Bukiounim HecyTTeBi (hakTopH.

Y Xomi mpoBeneHHsS MOCHIMHKEHHS MH OOpal TepemiK XapaKTEepHUCTHK, $Ki, Ha Hall MOTJIAI,
BIUTMBAIOTh Ha BUXiAHI (QyHKIIi - MOKA3HUKH €HEPrOEMHOCTI Ta €HeproHacM4eHocTi. Aje He Bci oOpaHi
XapaKTePUCTUKN € 3HAYYIIUMH W TaKUMH, 110 BH3HAYAIOTh BENWYHMHY BHXiMHUX ¢yHKUiA. Tomy oOpawni
napaMeTpH OyJio 3rpyIoOBaHO Y MEBHI ITPYNH TaKUM YMHOM, 00 MapaMeTpH KOXKHOI 3 TPy B OCHOBHOMY
BitoOpakanu 3MiHH SKOi-HeOyab OMHIET 13 3HAYYIIMX XapaKTepUCTHK BUXiTHUX (yHKIiH. HasBHicTh Takoi
TpyNu Ja€ MOKIJIMBICTh OLIHUTH 3HAYCHHS KOXKHOI 3HAYYMIOT XapaKTEPUCTHKH TUIBKKM MO OAHOMY abo
NEKITBPKOX — MMapaMeTpax BiAMOBiMHOI TPyHH, T. T. 3MEHIOUTH KUIBKICTh iH(OpMaIli, HEOOXigHOI st
JIOCTATHRO TTOBHOTO OITMCY BUX1MHOT PYHKIII.

3a KpuTepill KiNBKICHOTO OIIIHIOBaHHS B3a€MO3B'A3KY (3aJIE)KHOCTI) MK HapameTpaMud MU 0Opain
KoedilieHT Kopenswii abo Mipy 3B'S3KiB.

3rigno [16] nBa mapamerpu KOPpEIHPYIOT MiX COOOI0 JOJaTHBO SIKIIO MK HHMH ICHYE TMpsIME,
OJTHOCTIPSIMOBAaHE CIIiBBiTHOIICHHA. J[Ba mapamMeTpu KOPPETIOIOTh MK COOOIOBIEMHO, SKIIO MiXK HUMHU
iCHY€ 3BOPOTHE, Pi3HOOIYHE CIiBBIIHOIIICHHS.

Busnauanmu koedimieHTH TapHO KOpENsIii I, SKWii MOKa3aB B3a€MO3B’SI30K MK JOCIHIHKYBaHUMHU
BenmunHamu. KoedimieHT kopensmii mMoke HaOyBaTté 3Ha4yeHb Bin -1 go 1. Yum Ommxde 3HAYSHHS
koedimieaTa g0 0, TUM 3B’s30K ciabmwmid. Skmo koedimieHT kopensnii piBaud 0, e CBIIYUTH TIPO
BiJICYTHICTB 3B’513Ky, a TIpH | un -1 — 3B’430K MakCHUMaJbHO >KOPCTKHIU. 3arajioMm, MPUHHITO BBaXKATH, IO
3B’S30K CUJILHHIA 32 YMOBHU 3HAYE€HHS MOJTyJIsl KoedillieHTa xopesiii Bix 0,6 i Buie.

3Hak koedillieHTa KOpeJAllii BKa3ye Ha THII 3B’SI3Ky, KOJIM BiH JOAATHIN, TO 3B’SI30K MPSIMHMIA, KOJIH
Bix’emumii — 3BopoTHil [16]. Koedimient xopemsiii obuncimoBamu B nporpami Excel. Hmkue naBememo
3aIIeKHICTD [IJI1 BU3HAYCHHS KOEQIli€HTY KOPENAIil 3 METOI HArISHOTO BIiIIOOpaKeHHS 3MICTy
00YHNCIIEHOT BEIMYHHU:

¥, -x2)- (O -9)

T =
JE?’_ (x; -%) - ]
=t , )
ne i ; ¥i - 3HaYEeHHS JOCIIHKYBAHOT BEIMYMHH i-I'0 MOPSIKY,
* 1 ¥ cepenni 3HAYEHHS JJaHUX BEJIUYUH:
—_ E:'Pz: X —_ E{:: }
i S e B
n n 2

M — KiJBKICTh BapiaHTIB 3HAYEHb JAOCIIKYBAHUX BEJTUYMH.
3. 3acTocyBaBIU perpeciiiHuii aHai3 BUKOHAJIM MaTeMaTHYHE MOJICIIOBAHHS, OTPUMABIIA MOJIENb, IO
pO3KpHBaEe (BYHKIIOHAIBHI 3aJIEKHOCTI MIK EHEPrOEMHOCTIO 1 EHEPrOHACHYCHOCTIO Ta IHIIMMH
XapaKTePUCTUKaMU HaBaHTA)KyBayiB.
Perpeciiinuii aHani3z BKII0YaB HACTYITHI KPOKH:

- BU3HAYCHHS BUKH/IIB;

- BUKJIIOYCHHS [1apaMeTPIB 13 HAMMEHIIIMM BILTHBOM Ha BUXITHY (YHKIIIO;

- CKJaJaHHs MOJeli BUXimHoi QyHKII.
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OBI'OBOPEHHS PE3YJIBTATIB JOCJIAKEHHSA

3 METOI MPOBEIACHHS IOCIIKEHHS 310paHo iH(OpMaIiio IM0J0 IapaMeTpiB 35-TH Mojenei
TEJICCKOINIYHIX HABAaHTAXKYBayiB.

3 BUKOPHUCTAHHAM MakeTy nporpamu Excel Busnaunmmu xoedirientn mapHoi kopensiii. Pesynsratu
Mo/IaHo HIX4e y Tabm. 1.

Tabmuus 1 — OtpumMani 3HaYeHHS Koe(iLli€HTiB TapHOT KOPEsii

X1 X2 X3 X4
X1 1,0
X2 0,7239 1,0
X3 0,4931 0,8723 1,0
X4 0,4147 0,6379 0,3203 1,0

PamxyBans 3a BILTUBOM (akTopiB (MapaMeTpiB) MoJIaHO Ha pUC. | y BUIIISAAL KOpenauiiHoro rpada.

08723 — —

Pucynoxk 1 — Kopensmitinuii rpad

3amaemoch noporom kopessiii 0,45 1 chopmyemo kopensiiiiHi riesau (puc. 2).

o N |

o]

Pucynok 2 — KopensuiiiHi miesiiy 3a yMOBH, IO OPir cTaHoBUTH 0,45
OTpumaHi pe3ysbTaTh BUSBWIM 3HAYHHH 3B’S30K MK TphoMa (akropamu, OOpaHUMH IS
JOCHIJUKEHHSI, a caMe:
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— BaHTakomiaioMHicTh 1 Maca (0,7239);

— Maca Ta Bucora migiomy (0,8723);

— Maca i motyxHicth (0,6379).

Koxen i3 3a3HaueHUX (YHKI[IOHATBHHUX 3B’S3KIB MOXHa MOSCHUTH (I3MYHUM 3MICTOM JaHUX
MTOKA3HUKIB.

bazytounces Ha pe3yiabTaTrax KOPEJSIHOTO aHani3y BUKOHAHO PEeTrpeciiHuii aHaji3 METOI0 SIKOTO €
OTPUMAHHS PETPECIHOT 3aJIeKHOCTI MiX JOCHIHDKYBAaHUMH BEIIMYHMHAMHU JUISI BCTAHOBIICHHS (DaKTUYHOTO
BILUTUBY KOXHOTO 3 (pakTopiB Ha GyHKIT eHeproHacuuerocti (Y1) ta eneproemuocti (Y2).

OTpuMmaHO pIBHSHHS perpecii, sSIke pPO3KPHBAE B3a€EMO3B’SI30K CHEPrOHACHUYCHOCTI Ta ITapaMeTpiB
noTyxHocTi (X4) 1 Macu HaBaHTaxyBaya (X3)

Yy =645%, +0,039x; . ...(3)

Jlare piBHSHHS TTOKa3ye, M0 HAMOITBITNI BIUTHB HA €HEPTOHACHYICHICTh MA€E MOTYKHICTh IBUTYHA.
PiBHsiHHS perpecii, iK€ PO3KpHUBa€e B3a€EMO3B’ 130K EHEPTOEMHOCTI Ta MapaMeTpiB MOTYKHOCTI (X4) 1
Macu HaBaHTaxKyBaua (X3):

Y =101,0x5 +79,79x, .. ...(4)

Sk 6auMMO Ha CHEProEMHICTh HAWOUTBIIMI BIUIMB Mac Maca HaBaHTa)KyBada. 3a YMOBU 3MEHILICHHS
MacH HaBaHTa)XyBaya MO>KHA 3MEHIIINTH €HEPrOEMHICTS 1, BIATIOBITHO, METAJIOEMHICTh MAIIIHHU.

BUCHOBKH

BukoHaHu#l KOpeJsIiiHO-perpeciiHuil aHaii3 JO3BOJMTH BECTM TMOIIYK UUISAXIiB IiABHIICHHS
e(eKTUBHOCTI TENEeCKOMYHNX HABaHTAXXyBadiB /IS BUKOHAHHS CUIBCHKOTOCTIOAAPCHKHX POOIT, a TaKoX
MIPOaHAai3yBaTH BIUIMB OCHOBHHMX IIapaMETpiB HaBaHTa)KyBada Ha (PYHKIIOHAIBHI O3HAKH KOHCTPYKITiii:
CHEePrOHACUYEHICTh, eHEPTOEMHICTh, TUTOMY IOTY>KHICTb, TOIIO.
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V. Puts, P. Meles. Research of technical and economic indicators of loaders.

The article deals with the results of the analysis of indicators of telescopic loaders with a carrying
capacity of 2000 - 4000 kg. These indicators are most often used to perform loading and unloading
operations in agricultural enterprises. The base of characteristics of various models of telescopic loaders was
formed. The following characteristics: load capacity, weight, boom lift height, power were selected by the
authors for analysis. The selected parameters were grouped into specific groups so that the parameters of
each of the groups mainly reflect changes in any one of the significant characteristics of the original
functions. The connection with the use of correlation analysis has been established between the three
parameters selected for research, namely: load capacity and weight; weight and height of lifting; weight and
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power. The parameters of the functional characteristics of energy intensity and energy saturation
have been calculated additionally. Regression analysis was used to assess the influence of some factors on
the selected parameters of the functional characteristics of telescopic loaders (energy intensity and energy
saturation). This analysis made it possible to obtain a multifactor mathematical model. Regression equations
have been obtained that reveal the relationship between energy saturation and energy intensity and power
parameters and weight of the loader. It is established that the greatest influence on energy saturation has the
engine power, on the indicator of energy saturation — the weight of the loader, respectively.

Correlation-regression analysis can be based on the process of improving the efficiency of telescopic
loaders for agricultural work. The influence of the main parameters of the loader on the functional features of
structures: energy saturation, energy intensity, specific power, etc. is analyzed in the article.

Key words: loader, efficiency, parameters, correlation, regression analysis
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BUKOPUCTAHHSA ABTOMOBIJIBHOI'O TPAHCIIOPTY B CIVIBCBKOT'OCITIOJAPCBKOMY
BUPOBHHUIITBI

Po3BUTOK CiIBCHKOTOCIIONAPCHKOTO BUPOOHHUITBA O€3MOCEpEeHBO 3aJICKUTh BiJl CTaHY TEXHOJIOTIUHOI 0a3zu
CLIBCHKOTOCHOAAPCHKUX TOBAPOBUPOOHHKIB. ABTOMOOUIBHHH TPaHCIOPT 3HAWIIOB 3HAYHE 3aCTOCYBAaHHS IIPH
MIepeBe3eHHI CIIIbCHKOTOCTIONAPCHKIX MaTepiaiiB BiJf MicIs 300py BpOKalo 0 MicIb HOro 30epiraHHs Ta IepepoOKH.
3aBmaHHs, IIOA0 BCTAHOBJICHHS ONTHMAIBHOTO PO3MIpy aBTONAPKY € aKTyalbHHM SIK JUIS BaHTA)XXKHHX, Tak 1 I
MacaKUPCHKUX IepeBe3eHb. BUpileHHs 1€l mpo6ieMy MOBHHHO 3a0e3NeunTH BU3HAYEHHS CKJIAXy Ta KUTBKOCTI
aBTOIIApKy, IO 3a0e3nedymio 0 BUKOHAHHSA HEOOXITHUX TEXHOJIOTIYHHX IPOLECiB, 3 OJHOrO OOKY, Ta MaKCHMaJbHE
BUKJIIOYCHHS IPOCTOIB, L0 BeA€ IO IOAATKOBHX BHTPAT, 3 IiHIIOr0. ABTOMOOUT, IO BHKOPHUCTOBYIOTHCS B
CLIBCHKOTOCHOAAPCHKOMY BHPOOHHUIITBI, MOBHHHI BiANOBIJATH BiAMNOBIIHUM EKCIUTyaTalliiHUM BUMoram. Jlo Takux
BAMOT' BiTHOCHUTBHCS 3a0€3MEUCHHS BHKOHAHHS BCHOTO KOMIUIEKCY CIIBCHKOTOCIOJAPCHKUX POOIT 3 HAJIEKHOIO
MPOAYKTHBHICTIO Ta MaKCHUMAaJIbHOIO €(QEeKTUBHICTIO. BaXTMBHMH TaKoXX € BHMOTH €KOJIOTIYHOCTI (BHKHIH
IIKIJUIMBAX KOMIIOHEHTIB 1 YIIUIBHEHHS IPYHTY), KoM(popTy Ta Oe3meku. Bubip onTuMaibHOI SIKOCTI pyXOMOro
CKJIJly aBTOMOOIUIBHOIO MapKy HEPO3pPHBHO TIOB'SI3aHMI 13 BCTAQHOBJCHHSM ONTHUMAIBHOTO TEPMIiHY CIIyXKOH
aBTOMOOUIA Ta OI[IHKOK HOro HajiifHOCTI. 3a0e3medeHHs] HAMIHHOCTI aBTOMOOLIS € CKIAIHOI0 MpoOJIeMOro, sKa
MOYMHAETECSI 3 MOMEHTY HOTrO IPOEKTyBaHHs, BUPOOHWIITBA, EKCIDTyaTalil Ta HaJIeXHOro OOCIyroBYBaHHS 1 JIO
3aKiH4YeHHS #oro ekciutyatamii. J[0 OCHOBHHX IUIIXiB YJOCKOHAJICHHS BHKOPHUCTaHHS pPYXOMOTO CKJIaIy
CLIBCHKOTOCHOAAPCHKUX TPAHCIOPTHHUX 3ac00iB MOXKHA BITHECTH: MiABUINEHHA KOeQillieHTa MIHIMBOCTi, TOBHOTH
BUKOPHCTAHHS y BHPOOHMYHMX MPOLECaX, YCYHEHHS INPOCTOIB, CKOPOYEHHS IPOCTOIB NPU PEMOHTI Ta OIVIAAax,
CTUMYJIIOBaHHS KPAIOT0 BUKOPHCTAHHS aBTOMOOIIBHOTO TPAHCIIOPTY.

KiwouoBi cjaoBa: aBroMoOinb, aBTOMOOUIBHUE TPAHCHOPT, CUIBCHKOTOCIOAAPCHKE BUPOOHHIITBO,
CUTBCBKOTOCIIONAPCHKI MAIINHU, PYXOMHHI CKJIaf.

BCTYII

CyuacHi TexXHOJOTil BHUpOIIYBaHHS 1 30MpaHHA CIIBCHKOTOCIIONAPCHKUX KYJIBTYp BOJIOIIIOTH
BUCOKHUMHU TIOKa3HMKaMK MeXaHi3allil, IHIIUMH CJIOBaMH BUPOOHHUYI MPOIECH BUKOHYIOTHCS 3a JOIOMOTOIO
BIJNOBIHUX CUIBCHKOTOCIIOAAPCHKUX MAIIMH. Y 3B’S3KY 3 IIMM, €(peKTHBHICTh IPOLECIB 30MpaHHs BPOXKAIO
Y BEJIMKiH Mipi 3aJIeKUTh Bifl piBHS HOTo TPaHCIIOPTHOTO 0OCIYrOBYBaHHS, SIKE XapaKTEePU3Y€EThCS 3HAYHUMHU
oOcsiramu NiepeBe3eHb y CTUCI TEPMiHH.

OTxe, OCHOBHMM 3aBJAHHSIM TEXHIYHOI IOJITUKM CUIBCBKOTOCHOAAPCHKUX BUPOOHUKIB €
3a0e3reYeHHs BHKOHAHHS YyCiX TEXHOJIOTIYHMX Omepalliii i3 JOTpUMaHHAM arpoTeXHIYHUX BHUMOT i
OJTHOYACHOIO MiHIMi3alli€l0 €HEPIreTUYHUX, TPYJOBUX 1 MaTepialbHO-TEXHIYHUX 3aTpart.

3 MeTOI0 BUPIIIEHHS JaHO1 MPOOJIeMH KOKEH CUThCHKOTOCTIOaPChKUN BUPOOHUK MAa€ 3HANTH «30JI0TY
CepeuHy» MiX 0o0csraMu poOiT i piBHEM iX peCypCHOr0 3a0e3IeueHHs.

AHAJII3 BIJOMUX PE3YJIBTATIB JOCJILJ’)KEHDb TA IIOCTAHOBKA IMTPOPBJIEMHA

Po3BUTOK CITBCHKOTOCTIOAAPCHKOTO BUPOOHHUIITBA HANPSMY 3JIEKHUTH BiJl CTaHY TEXHOJIOTIYHOT 0a3u
CLIBCBKOTOCHOAAPCHKUX BUPOOHUKIB. ABTOMOOUIBHUN TpPAaHCIOPT OTPUMaB 3HauYHE BHUKOPHCTaHHS B
Mpolecax TPAHCIOPTYBAHHS CLIBCHKOTOCIIONAPCHKUX MAaTEpialiiB BiJl MICIsl 30MpaHHS BPOXAr0 A0 MICIh
fioro 30epiranHs Ta nepepoOku. 3ajada BCTAHOBIECHHS ONTUMAIIBHOI BETMUYMHH PO3MIPY MapKy PyXoMOro
CKJIaJly € aKTyalbHOO SK JJIs BAHTQXKHUX TaK 1 JJISl MaCaKUPCHKUX TepeBe3eHb. Po3B’si3aHHs naHol 3a1adi
MOBUHHO 3a0e3MeYnTH BH3HAUEHHS CKJIaJy Ta KUIBKOCTI HapKy aBTOMOOUIBHOTO TPaHCHOPTY, SIKWi
3a0e3neyrB OM BUKOHAHHS HEOOXIJHUX TEXHOJOTIYHUX MPOIIECiB, 3 OJHIE€T CTOPOHM, T MAKCUMAaIHHOTO
YCYHEHHSI TIPOCTOIB, 1110 MPU3BOJATH JI0 JOAATKOBUX BHTPAT, 3 1HIIOI.

OcoOMMBOCTI PO3BUTKY PHUHKY BaHT)KHUX MEPEBE3€Hb, B TOMY YHCIH 1 CUIBCBKOTOCHOAAPCHKHX, 3
JOCIHIDKEHHSIM 0a30BUX YMHHUKIB, SIKi BIUIMBAIOTh HA PO3BUTOK TPAHCHOPTHUX HiINPUEMCTB BiZOOpaskeHO B
mparsx [1].

dopMyBaHHS MapKy aBTOMOOUIBHOTO TPAHCIOPTY HAYKOBII PO3IJISAAIOTH K JUHAMIUHE YIpaBIIiHHSI
OCTaHHIM [2], 1€ MOSCHIOETBCA TUM, IO BUMAJIKOBI MOMii (3aTPUMKH, IMOJOMKH 1 T.JI.) MOXYTb MaTH
HETaTUBHUN BIUIMB Ha BUKOHAHHS TEXHOJOTIYHHMX MpoleciB. [IMHAMIYHE YNpPaBIiHHS PYXOMHM CKJIAJIOM
BiIOYBa€ThCSl HAa OCHOBI iH(pOpMAIlii, SKa HAAXOAWTh B PEXKUMI PEATLHOIO Yacy, IO B CBOI 4Yepry,
3a0e3meuye MiIBUILECHH €EeKTUBHOCTI BAKOPUCTAHHS TapKy aBTOMOOUIEHOTO TPaHCHIOPTY .

ABtopu [3] TpOMOHYIOTh, SK NUISLX BHU3HAYEHHS KIUIBKICHOTO CKJIAJy TPaHCIOPTHOTO IapKy,
PO3po0JIeHY MaTeMAaTUYHY ONTUMI3aIliHHY MOJIEIIb.
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Hocnimkenns [4] BimoOpakaroTh crnpoOy mnpoBecTH Kiacudikailiro mnpobieM moao (HopMyBaHHS
TPAHCIIOPTHOTO MapKy, B TOMY YHCII H aBTOMOOUIbHOro. Mojem (GopMyBaHHS ONTUMAIBHOI CTPYKTYPH
MapKy pyXxOMOTo CKJIajy, 3 BpaXyBaHHSAM BIUIMBY BHIIaJKOBHX MOJiH 1 MUTOMOTO MpUOYTKY, BifoOpaxkeHi y
mpaii [5].

ABtopamu [6 — 8] TpOBeNEHO CHCTEMATH3aIlif0 KPHUTEPiiB OIMIHKK ITOKA3HHWKIB JTOBIOBIYHOCTI Ta
HAJIMHOCTI KOJICHUX TPAHCIOPTHUX 3aco0iB, B TOMYy HHCII 1 THX SKi BHKOPHCTOBYIOTBCA ¥
CLIBCBKOTOCMOAAPCHKOMY ~ BUPOOHHUIITBI, PO3IJSIHYTO  KOHUENTyaldbHI MiAXOAM iX  TOIIYKOBOTO
KOHCTPYIOBaHHS 3 IIPOTHO3YBAaHHSAM pecypcy poOoTH.

OTXe, BCTaHOBJIEHHA KITBKICHOTO Ta SIKICHOTO CKJaay aBTOMApKy CUILCHKOTOCIIOAAPCHKOTO
MiAMPUEMCTBA € aKTyalbHUM 3aBAaHHIM, PO3B’S3aHHs SIKOTO 3a0e3rnedye MiIBUIICHHS e(eKTUBHOCTI
JiSUTBHOCTI CLTBCHKOTOCHOAAPCHKOT0, @ OTKE KOHKYPEHTOCTIPOMOYKHOCTI Ha BITYM3HSIHOMY Ta 3aKOPAOHHHX
pHHKaX.

OIJIb TA 3AJAYI JOCJIKEHHSA

[IpoBecTn ananiz pyxoMoro Ckjiagy aBTOMOOUIBHOTO MapKy CibCHKOTOCIOJAPCHKUX MiAMPHUEMCTB.
BcranoButr  0COONMBOCTI  WOTO BUKOPHCTAHHS. PoO3pOOMTH TUISXW IMABHINCHHA e(QEKTHBHOCTI
BUKOPHCTAaHHS PYyXOMOTO CKIIaAy MapKy aBTOMOOIIBHOTO TPAHCIOPTY B MPOIIECi CUTECHKOTOCTIONAPCHKOMY
BUPOOHUIITBI.

PE3YJIbTATHU JOCILIKEHHS

ABTOMOOINTI — cKiagHi MOOUTHEHI TPAaHCHOPTHI Ta €HEPreTHUYHI 3aco0W, IO BUKOPHUCTOBYIOTHCS 3
METOK KOMIUICKCHOI aBTOMaTH3allii Ta MeXaHi3allii CLIbChKOrOCIOapChbKOr0 BUPOOHUIITBA, & TaKOXK IS
TPaHCIOPTYBaHHSI MACAXKHUPIB 1 CUIILCHKOTOCIIOAAPCHKUX BAHTAXKIB.

ABTOMOOLITI MOAINISAIOTH HA MACAKHUPCHKi (JIETKOBI, IS IEPEeBE3CHH 10 BOCHMH MaCaXXUPiB, aBTOOYCH
— Oiblle BOCBMH ITACaKUPIB) Ta BAaHTaXHI (I IEPEBE3CHHS Pi3HOTO POAY BaHTAXKIB).

B 3anexHOCTI Bii KOHCTPYKTHBHUX OCOOMBOCTEH BaHTAXKHUX aBTOMOOINIB, SIKi BAKOPUCTOBYIOTHCS B
CLITBCBKOTOCITO/TAPCEKOMY BHPOOHUIITBI, iX MOAUISAIOTH Ha:

— aBTOMOOIJII 3arajJbHOTO PU3HAYCHHS,

— crienianizoBani, TOOTO TpH3HAYCHI MJs TPAaHCIOPTYBaHHS KOHKPETHHX KaTeropiii BaHTaxiB
(aBTO(YproHU, KOHTEHHEPOBO3H, AaBTOLIUCTEPHHU, aBTOpe(peKUpaTOpH, CAMOCKH U TOIIIO);

— CHemiaabHI — 3aCTOCOBYIOTHCS, SIK MPABWIO, HE I TPAHCHOPTHHX POOIT (aBTOKpaHH, MOXKEXKHI,
NepecyBHi MaliCTepHi Ta 1HIII).

CuTbCBKOTOCIIONAPCHKI  CIICIiai30BaHl Ta CIeliajlbHi aBTOMOOLII OCHAICHHI CIICHiaai30BaHIM
o0JasiHAaHHAM 1 BIJNOBITHUMH TPUCTPOSIMH, SK MPaBUIIO 1€ BUIO3MIHEHI MOJEN TPaHCIOPTHHUX 3aco0iB 3
0OMEKEHUM KOJIOM BUKOPHCTaHHS.

ABTOMOO1NI, $IKI BUKOPHCTOBYIOTHCS Y  CLJIBCHKOTOCIIOJIAPCHKOMY — BHPOOHHMIITBI, ITOBHHHI
3aJIOBOJILHATH BIiJIOBIIHI €KCIUTyaTalliiHi BUMOTH. J[0 Taknx BHMOT Halie)kaTh 3a0e3TNeueHHs] BUKOHAHHS
BCHOTO KOMIUIEKCY CLIbCBKOTOCHOJAPCHKUX POOIT 3 HAJIEKHOIO NPOXYKTHBHICTIO Ta MAaKCHMAaJIbHOIO
C€KOHOMIYHICTIO. BaxJivBe 3Ha4YCHHS 3aliMalOTh TAKOX BUMOTH OO0 €KOJIOTIYHOCTI (BUKHIU B aTMOChepy
HIKiITTUBUX KOMIIOHEHTIB 1 YIIJIbHEHHsI IPYHTIB) Ta KOM(OPTHOCTI i Oe3nmevHOCTI mpaili.

[IponyKkTHBHICTE aBTOMOOUTIB BH3HAYAETHCA KUIBKICTIO MACaXHpiB ab0 Macol BaHTaXy, IO
MEPEBO3UTHCS, Ta HOTO CEPeTHHOI0 MIBUIKICTIO. Y 3B’A3KY 3 BUILECKA3aHUM, MIPOyKTHBHICTh 3aJIC)KUTH BiJI
HACTYMHUX YMHHHKIB: MPOXiTHOCTI, TIOTYKHOCTI JBUTYHA, JIETKOCTi yNpaBIiHHSA, HAJIIHOCTI aBTOMOOLNS,
CTaHy JOPO>KHBOTO HOKPHUTTSI TOLIO.

MOXJIMBICTh BUKOPUCTAHHS PI3HUX BUJIB MAJIHHOTO M€ OJHA BUMOTA sSIKa CTABUTHCS IO aBTOMOOLTIB,
0 BUKOPHCTOBYIOTbCS Yy CLIBCHKOTOCIONAPCHKOMY BHPOOHHITBI. BukopucTanHs OioyioridyHOrO Ta
ra3onogioHoro nansHOro 3a0e3neuye OiIblI eKOHOMIUHE BUKOHAHHS TEXHOJIOTTYHUX MPOLIECiB.

BiamoBigHO 10 MPUCTOCOBAHOCTI IO TOPOXKHIX YMOB aBTOMOO1II MiNISTHCS Ha JIBa BUAM: HOPMAIBHOT
NpoxigHOCTi (TpU3HAuYeH] JJIsi BUKOPHCTAHHA Ha JIOPOTax 3 TBEPIUM IOKPUTTAM Ta CYXHX TIPYHTOBHX
JI0porax) i miBUIIEHOT MPOXiTHOCTI (BUKOPHCTOBYIOTh Ha IMOTAHUX JIOPOTax Ta Oe30pixoKi).

BinmoBigHo 10 BaHTaXXOMiAHOMHOCTI PyXOMHU CKJIaJ] aBTOMOOUIBHOTO MapKy MOJUIAIOTH Ha: JyXKe
MaJioi BaHTaxkomiaiomMuocTi (o 1 1), masnoi (1 — 3 T), cepeannoi (3 — 5 1), Benukoi (5 — 8 T) Ta myxe BEIUKOT
(monan 8 T).

Cruchi arpoTexHiuH1 CTPOKH KHUB OOYMOBJIIOIOTH MOTPEe0y Y BAOCKOHAIEHHI aBTOMOOIIEHOTO MapKy
CUIBCBKOTOCHOAAPCHKUX BHPOOHMKIB. ONTHMi3alisi CTPYKTYpH TPAaHCHOPTHOIO NAapKy 3a0e3leyuTh
3HW)KEHHSI TPOCTOIB 30MPATbHUX MAIHH 1 3HIKEHHS BTPAT CUIBCHKOTOCIIONAPCHKOT MPOAYKIIIT 32 paxyHOK
3MEHIIeHHS Yacy ii 30upaHHsL.
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Bubip onTuMamsHOTO SKICHOTO PyXOMOTO CKJIaqy aBTOMOOUIRHOTO MapKy HEPO3PHBHO ITOB’S3aHO 3
BCTAHOBJICHHSM ONTHMAJIEHOTO Yacy CIy»XOW aBTOMOOUIS Ta OIIIHKKA HOro HAaIIWHOCTI. 3abe3leueHHs
HaIIHHOCTI aBTOMOO1JISl € KOMIUIEKCHOIO MPOOJIEMOIO, SIKa TOYHHAETHCS 1€ 3 MOMEHTY HOTO MPOEKTYBaHHS,
BUPOOHHWITBA, EKCIUTyaTalii Ta NPaBHIBHOTO CEPBICHOTO OOCIyroBYBaHHA aX JO 3aBEpUICHHS HOro
BUKOPHUCTAHHSL.

[Ipu BUKOpHCTaHHI y BHPOOHUYMX TPOIIECAX aBTOMOOLIBHOTO TPAHCIOPTY 3 HHU3BKOIO HAJIHHICTIO
BUHHKA€E BEJIMKA KUTBKICTh TIPOCTOIB Ta BTPAT Ha 0OCIyrOBYBaHHS 1 PEMOHT, y 3B 513Ky 3 UUM BiJOyBa€ThCs
3HIDKEHHSI MPOTyKTHUBHOCTI Ta 3pOCTaHHS cOOIBapTOCTI KiHIIEBOTO MPOIYKTY, a IHO/I HABITh BTPaTa BPOXKAI0.

PasoM 3 THM, KO0 HaBiTH B TpOIECi MPOEKTYBaHHS Ta BHUPOOHHMITBA Oyino 3abe3medeHo yci
HEOOXiZHI YMHHUKHM HaAIMHOCTI aBTOMOOUTIB AJsl CUTBCHKOTOCHOAAPCHKOTO BUPOOHUIITBA, TO peaizarlis
JAHOTO MOTEHI[ially BUCOKOT HaJIfHOCTI 3aJIeXUTh Bifl MOJANBIINX YMOB €KCIUTyaTallii pyXxoMoro ckiafy i, B
MepIry 4epry, BiJl CHCTEMHOCTI HOro oOCIyroByBaHHS, MPOBEACHHS PEMOHTHHX pOOIT, a TAKOX SKOCTI iX
BUKOHAHHSI.

3 MeTow SK HalOUNBII MOBHOTO BHKOPHCTaHHS MOTEHUIMHOI HAAIHHOCTI TOTpiOHE MpaBUIIbHE
YIpaBIiHHS TPOIecCaMy eKCIDTyaTallii aBTOMOOITFHOI TEXHIKH 3a JOMOMOTOI0 PO3POOKH Ta BIPOBAHKEHHS
parioHaIbHOI, HAYKOBO-OOIPYHTOBAHOI CUCTEMH IMPOBEICHHS X PEMOHTY Ta TEXHIYHOTO OOCITyrOBYyBaHHS.
[ToBHEe BUKOpPUCTAHHS HAJIMHOCTI aBTOMOOLIIB, sIKa 3aKJIaJCHA Ha CTallisiX MPOCKTYBAaHHS Ta BUPOOHHUIITBA
3a0e3MeYnTh MiIBUIICHHS 1X MPOIYKTHBHOCTI, 110, B CBOIO YEpry, JO3BOJHTH IMOKPAIIUTH BCi €KOHOMidHI
MMOKA3HUKH 1X POOOTH HE 3a]Tydarodd JOAATKOBI KalliTalbHI BKIAJACHHS Ta 3HaYHE 3POCTAaHHS OOOPOTHUX
KOILITiB.

OBI'OBOPEHHA PE3YJBTATIB JOCJIAKEHDb

Bume nepemiueHe m103BOJIIE TOBOPHUTH TPO Te, IO HAMIMHICTE PYXOMOTO CKJIIy aBTOMOOLIBHOTO
MapKy CiIbCHKOTOCTIOIAPCHKUX MIINPUEMCTB € OAHIEI0 13 OCHOBHHX €KOHOMIYHHMX KaTeropii i mop's3ye ii 3
KOMILJICKCHOIO CHCTEMOIO PEMOHTY i 0OCIyroByBaHHS Ta ONTHMAIBHUMH CTPOKaMH CIy»XOM aBTOMOOLIIB.
Bubip i noTpumaHHS «pPO3yMHHX» CTPOKIB CIykOW aBTOMOOUISI — € OZHMM 3 OCHOBHHUX YWHHHKIB
MiBUIICHHS €()EeKTUBHOCTI CLTBCHKOTOCIOIAPCHKOTO BUPOOHHIITBA SIK B KOHKPETHOMY T'OCIIOJIAPCTBI, TaK 1y
CLTIBCHKOT'OCIIOIAPCHKOMY BHPOOHUIITBI 3arajioM.

Haii0inpmuii BIIMB, 3 yCiX MOKa3HHWKIB HAIIHOCTI, Ha KiHIEBHH pe3yibTaT poOOTH TPAaHCTIIOPTHHX
3ac00iB, HA HaIIy AYMKY, Ma€ O€3BIIMOBHICTb 1 IOBTOBIUHICTh. lle MOSICHIOETHCS THM, IO JaHi MOKa3HUKA
BHU3HAYAIOTh TOJAJIBII BUTPATH Ha MOTOYHI Ta KamiTaJbHI PEMOHTH, a TaKOX HAa YCYHEHHS BIIMOB, IIIO
BUHHUKAIOTh IMiJ] 4Yac eKCIUTyaTalii pPyXoMOro CKJIajy aBTOMOOUILHOTO MapKy CUIBCHKOTOCIOAAPCHKHX
MiIPUEMCTB, a OT)KE€ i Ha €KOHOMIUHY €(QEeKTHUBHICTh X BHKOPUCTAaHHSA. Ha iHII MOKa3HWKH HAaMiHHOCTI,
Taki sIK 30epeKEHICTh 1 PEMOHTONPUAATHICTB, ITiJ 9aC €KCIUTyaTallii BIUTMBATH 3HAYHO Ba)K4e, OCKUTLKYA BOHH
3aKJIa/IAl0ThCS, B OCHOBHOMY, III€ Ha CTaii MPOEKTYBaHHS TPAHCIIOPTHUX 3aCO0iB.

BUCHOBKH

Bucoki MOKa3HUKM CE30HHOCTI, CTHCII TEPMiHHM 30MpaHHS, MOTaHUA CTaH aBTOMOOUIRHOTO TapKy
CTBOPIOIOTH 3HAYHI TPOOJIEMH JUIS CLIBCHKOTOCIOJNAPCHKUX BUPOOHHKIB Yy TIPOIIECi TPaHCHOPTYBaHHS
MPOIYKIii BiJ KOoMOaiHa 10 Miclid 30epiraHHs 4yu MepepoOKu. 3 METO 3abe3redeHHs e()EeKTHBHOIO
BUKOPHCTaHHS TPAaHCIIOPTHUX 3aCO0IB B IIPOIIECi MEPEBE3EHHSI CUTLCHKOTOCTIONAPCHKOT MPOIYKITiT HEOOXiTHO
MPOBOJUTH HAYKOBY ONTHMI3allil0 TPAHCIIOPTHHUX MOTOKIB, BCTAHOBIICHHS MOYJIMBOT'O CKOPOYCHHSI BUTPAT Y
CHCTEMI «II0JIe-TIPOLIEC TPAHCTIOPTYBAaHHI-CKIIa .

OTxe, 10 OCHOBHUX IIUISIXIB MOJIMIIEHHS BUKOPHUCTaHHS PyXOMOT'O CKJaay aBTOMOOIIBHOTO HapKy
CLITBCBKOTOCITOJIAPCEKMX BHPOOHUKIB HaNIeKaTh: IJIBUIICHHS KOE(]IilieHTy 3MiHHOCTI pOOOTH, MOBHOTH
BUKOPHUCTAHHS Y BUPOOHUYMX MPOLIECcax, JIKBIaIlil0 MPOCTOIB, CKOPOUEHHS Yacy nepeOyBaHHs y peMOHTI U
OIJIAaX, CTUMYJIFOBAaHHSI KPAIlOr0 BUKOPUCTAHHS aBTOMOOIEHOTO TPAaHCIIOPTY.

BukopucToByrouu cydacHi crnocoOu po3paxyHKy 00’eMy MepeBe3eHb 1 MOKpaIIeHHs eKCILTyaTaliiHIX
XapaKTePUCTUK aBTOMOOIIBHOIO MAapKy MOXKHA 3a0€3MEYMTH PO3B’SI3aHHS TakKoi 3ajadi, sIK CXOPOHHOCTI
CLITIBCHKOTOCITOIAPCHKOT IIPOTYKIIi.
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Rozum R., Buriak M., Zakharchuk O. Use of road transport in agricultural production

The development of agricultural production directly depends on the state of the technological base of
agricultural producers. Road transport has been significantly used in the transportation of agricultural
materials from the place of harvest to the places of its storage and processing. The task of establishing the
optimal size of the fleet is relevant for both freight and passenger traffic. The solution to this problem should
ensure the determination of the composition and quantity of the fleet, which would ensure the
implementation of the necessary technological processes, on the one hand, and the maximum elimination of
downtime, which leads to additional costs, on the other. Cars used in agricultural production must meet the
relevant operational requirements. Such requirements include ensuring the implementation of the whole
complex of agricultural work with proper productivity and maximum efficiency. The requirements for
environmental friendliness (emissions of harmful components and soil compaction) and comfort and safety
are also important. The choice of the optimal quality rolling stock of the car fleet is inextricably linked with
the establishment of the optimal service life of the car and the assessment of its reliability. Ensuring the
reliability of the car is a complex problem that begins from the moment of its design, production, operation
and proper maintenance until the end of its use. The main ways to improve the use of rolling stock of
agricultural vehicles include: increasing the coefficient of variability, completeness of use in production
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processes, elimination of downtime, reducing downtime in repairs and inspections, stimulating better use of
road transport.
Key words: car, motor transport, agricultural production, agricultural machines, rolling stock.
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VJIK 629113
UDC 629113

Caxno' B.IL., Ilapaii' C.M., Myposauuii* I.C., HoBua' I.B.
'Hayionanvnuii mpancnopmuuii yHieepcumem
2JlyybKutl HAYiOHANbHUL MEeXHIYHUL YHIgepcUumem

JIO PO3POBKU MATEMATHYHOI MOJIEJII A?TOHOBI[A 3 MPUYEIIOM KATEI'OPIi O,
Y HONIEPEYHIN TIVIOIWHI

VY psmi ekcIuTyaTaliifHUX BIIACTUBOCTEH aBTOTpaHCIOPTHHX 3aco0iB (AT3) mpu TeHmeHmii 30iabIICHHS
MIBUAKOCTEH pyXy HaWBaKJIUBIIIMMH MMOKA3HUKAMU SKOCTI, IO 30€piraeThCsi, Ha OyIb-SIKUX PEXKUMAX, € CTIHKICTD 1
KepoBaHicTh. BuOip KOHCTpYKTHBHUX napameTpiB AT3, 1m0 3a0e3nedyoTh came 1i BIACTHBOCTI, IiJIBUIIYE AaKTUBHY
Oe3reKy eKcCIuTyartallii 1 3HMXKY€E BipOTIOHICTh JOPOXKHBO-TPAHCHOPTHHX MPHUIOJ Ha TPAHCIOPTHUX OMEpallisix.
CrilikicTb 1 KepoBaHicTh AT3 B CyKynHOCTI TOBUHHI 3a0€3MEUNTH YIIEBHEHICTh BOJIS B peaizallii pexuMy pyxy, 1o
3a]1a€ThCS, BUKJIIOYHTH MHUMOBUIbHE BHHUKHEHHS HEOEC3NCYHOTO BIIXWJICHHS BiJl HHOTO 1 30€pErTH MOKIJIUBICTBH
IIBUAKOTO KOPEKTYBAaHHS 3 TIOJAJIBIIOI0 CTa0iTi3alli€elo.

I3 ycix MOKIIMBHX PEKUMIB PYXY KPUBOJIHIHHUK a00 OMM3BKHIA JO HHOTO € OCHOBHHMH B POOOTI aBTOMOT3/1iB
kateropii Mi. SIkmmo po3rmisgaTy cydacHi iHTEHCHBHI MOTOKH pyxy AT3 mo moporam 3araibHOT0 KOPHCTYBaHHS 3 iX
MOCTITHUMH BUMYIICHUMH «II€PECTaBKaMI», TO IIUTAHHS PO MOXIIHBICTh IIBUAKOTO KOPEKTYBAaHHS MPSIMOJIIHIHHOTO
Kypcy Micis mepei3fgy Ha CYCIOHIO CMyTy pyxy 1 3a0e3leueHHs KypcoBOI CTIHKOCTI NpU IIbOMY CTa€ OCOOJIHBO
aKTyalbHUM.

IIpu mociiKeHHI CTIMKOCTI pyXy aBTONOI3/a pO3IJISAAaloTh IUIOCKOMAapajelbHUE pyX Horo jaHok. [Ipu
LIFOMY BBaXKarOTh, 1[0 HOPMaJIbHI peakilii OMOpHOI MOBEpXHi Ha KoJieca MPaBoro i JiBoro 60pTy onHakoBi. [IpoTe mpu
BHCOKOMY pO3TalllyBaHHI IIEHTPa Mac IpHYena MOXKJIMBA CyTTEBA 3MiHA peakIliii OIOpHOI MOBEpXHI Ha HOro Koseca.
ToMy OyJ0 PO3IISIHYTO PyX aBTONOI3[a SK B TOPHU3OHTANbHIN, Tak i B MO3JOBXKHIN BEpTHKANBHIN 1 momepeuHiit
TUTOIINHAX.

VYV pesynbraTi NPOBEOEHUX JOCIIDKEHb YHIOCKOHAJIICHA CHCTEMa pIBHSAHD IUIOCKOIAPAIENbHOTO PYyXy
aBTOIOI3/1a 3 OHOBICHIM NpHUenoM Kareropie O1, BH3HAa4YCHO OivHI peakuii Ha KoJiecax aBTOMOOLIA 1 mpruYerna npu
KpeHi Ky30Ba, BH3HAYCHI KYTH BiBEICHHS KOJIIC aBTOMOOLISA 1 mpuyerna, 00yMOBJICHI IX KPEHOM Ky30Ba, pO3pOOJICHO
MIPOCTOPOBY MaTeMaTHYHY MOJIENIb aBTOMOOLIFHOTO NOi3/]a y MONEPEYHiH IUIOMUHI.

KiouoBi cioBa: aBTONOi3a, KypcoBa CTIHKICTh, KEPOBAHICTh, IUIOCKOMApAJCIbHUN pyX, MaTeMaTHYHA
MOJIeJIb, IIBUAKICTH PyXY, HOIepeYHa IUIOMHA

BCTYII

3a ocTaHHI POKM MiANPHEMCTBAMH Ta NPUBATHUMH BHUPOOHMKAMH YKpaiHH OCBOEHO BUPOOHUIITBO
MIMPOKOT TaMU MPUYINTHOI TeXHIKH. BUPOOHUIITBO MPUUINTHOT TEXHIKH 00YMOBJICHO 3HAUYHUM Pi3HOBHIOM Ta
cnenudivHICTIO BaHTaXiB, HEOOXiJHICTIO BiJIMOBINAaTH MIKHAPOAHHM BHUMOTaM IO pO3MipaM Ta MacOBUM
napamerpaM, IO 3a0e3leUYeHHI0 Oe3MeYHMX YMOB eKcIulyartanii. Opranisamis OUX BUMOI B KOMIUIEKCI
BU3HAYa€ KOHCTPYKTHUBHI OCOOJHMBOCTI TOTO YW IHIIOTO TpaHCHOPTHOrO 3acoly. Po3poOka HoBHX
KOHCTPYKIiil TpPHYEINiB Ta OHOBJIEHHS YK€ OCBOEHMX KOHCTPYKIH BEIEThCS Ha BHCOKOMY TEXHIYHOMY
piBHI, IO JOCATAETHCS 32 PAaxXyHOK MOJEPHi3allii Ta CTBOPEHHS HOBHX BY3JiB, arperaTiB i CHCTeM,
BUKOPHUCTAHHS 3apyOi’KHUX Ta BITUN3HSIHUX KOMIUIEKTYIOUHX 1 MaTepialis.

CporosiHi Ha aBTOPWHKY YKpaiHU MPOAAIOTHCS OMHOBICHI 1 13 CIIapeHUMH OCSMH IMPHYINH Pi3HOTO
MpU3HAYEHHS JI0 JIETKOBUX aBTOMOOINIB - BaHTaXXHI, TYPUCTHYHI, AJISl TIEPEBE3CHHS] YOBHIB, MOTOIUKIIIB i
THIIOT TEXHIKH, ISl TOAOPOKeH («Jadi»), TOPTroBi i BaHTaxH1 (yproHu, MiHi-kade i iH.

[Mpuyenu kareropii O1, 1le mpuyenu 3 MoBHO Macoro Jo 0,75 T, a mpuuenu xareropii O, — Ti cami
IpUYeny Ta HamiBOpHYenH, (3a BUHATKOM mpuueniB kateropii Oi) 3 moBHO Macoro go 3,5 T [1]. Lli
NpUYenn TPHU3HAYECHI 0 TPAHCIOPTYBAaHHS, SK IPAaBUJIO, JIETKOBUMH aBTOMOOUISIMHU, BUOIp AKHX €
aKTyaJbHUM JUIs CTI0’KHUBAYIiB.

VYpaxyBaTu yci 0coONMBOCTI KOMIIOHYBAaJBbHHX CXEM NPHUUYIMHUX aBTomoi3giB karteropii O1,02 He
MPEICTABISIETHCSI MOXKIIMBUM, Y 3B S3KY 31 3MIHOIO iX IapaMeTpiB B MIMPOKUX MEXKax, IO MOTPeOye BEIUKOI
KUTBKOCTI TIPOMDKHHX po3paxyHKiB. [IpakTuka ekcruryararii aBTOMOI3/IB TOKa3ye, MI0 MPUYIITHI JIAHKA
ABTOIOT3/(IB MOTIPIIYIOTh XapaKTEPUCTUKH CTIHKOCTI TATOBOTO aBTOMOOLIS MOPIBHSAHO 3 aHAJIOITYHUMH
XapaKTepUCTUKAMH OJJTMHOYHOTO aBTOMOOLIIS.

Hns nmpuueniB kareropii O, IO eKCIUIyaTyIOTbCS, SK NPAaBWIO, NPUBATHUMH MHiANPHEMISIMU 1
amMaTopaMH, palioHalIbHI TapaMeTPH 1100 IIBUIKICHOI'O PEXKUMY, HaBaHTAXKCHHS Ha TATOBUN aBTOMOOLIb i
MPUYIl, a TAKOXK PO3MILICHHS BAaHTaXY B Ky30Bi IpHYeIa HE 3aBKAM BUKOHYIOThCS. LliTkoM o4eBUAHO, 110
MiIBUIICHHS €EKTUBHOCTI pOOOTH aBTOMOI3/1iB IUIIXOM 301IBIICHHS IIBUAKOCTI pyXy HE TOBHHHO
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3aBJaBaTH KO Oe3relli pyxy. ToMy JOCTIIKEHHs CTIHKOCTI pyXy aBTOMOI3/IB 3 MpHUYenaMu KaTeropii M
€ aKTyaJIbHOIO 3aJ1auelo.

AHAJII3 JJITEPATYPHUX JT’)KEPEJI TA IOCTAHOBKA IMPOBJIEMU

Y psaai ekclulyaTalifHMX BIIACTHUBOCTEW aBTOTpaHCIOPTHUX 3aco0iB (AT3) mpu TeHneHmii
301TBIIEHHST MIBHIKOCTEH PYXYy HAWBAXKIUBIIINMH IMOKAa3HUKAMU SKOCTi, MO 30epiraeThcs, Ha OyIb-sIKUX
peXuMax, € CTIMKICTh 1 KepoBaHicTh [2]. Bubip koHCTpykTHBHUX TapameTpiB AT3, mo 3a6e3nedyroTs came
i BIACTUBOCTI, MIBUIIY€E aKTUBHY O€3MeKy eKCIUTyaTamii 1 3HIKY€E BipOTiAHICTh JOPOXKHBO-TPaHCIIOPTHUX
mpuron (HATII) ma TpancnmoptHmx omepamisx. Crifikicte 1 KepoBaHicTb AT3 B CyKymHOCTI MOBWHHI
3a0e3MeYnTy YIIEBHEHICTh BOMIS B peamizallii pexuMy pyxy, IO 3aJa€TbCs, BHKIIIOUYUTH MHMOBIIbHE
BUHUKHECHHS! HEOE3MEYHOTr0 BiIXWJICHHS Bil HBOTO i 30€perTd MOMKIMBICTH IIBHIKOTO KOPEKTYBaHHS 3
MOIAJIBIIIOD CTA0LII3AIl€r0 TOTO K pexuMy. YrpaBiiHHI AT3 3 HEIOCTaTHBOIO CTIMKICTIO YCKIaHSAETHCS,
OCKUITBKH aBTOMOI31 "prckae" abo yxmiseTses BOIK. s mMATPUMKE HEOOXITHOTO HANIPSIMY PyXy HEOOXiTHe
MOCTiiHE KOPEKTYBaHHS HAMPSIMKY Pyxy [3]..

kignvBa i HaAMIpHA CTIHKICTh, OCKUILKH 0OMEXKYIOTbCS MaHeBpeHi MOKIUBOCTI AT3, 3MeHIIyeThes
Yy TJIUBICTh PYJbOBOTO YIPABIIHHS, @ TAKOX HPUTYIUIAETbCA TaK 3BaHE «BIAUYTTS AOPOTW», L0 TaKOXK
MIPUBOIMTH IO ITiIBUINCHOT HAIPYKEHOCTI YBard BOIIS.

BrnactuBoCTi KepOBaHOCTI i CTIHKOCTI aBTOMOO1IIS TPaAULIIHHO MPUHHSTO OLIHIOBATH HA JBOX PiBHSIX.
Ha mepmomy, sk BiOMO, pO3TIISIIAIOTHECS BIACTHBOCTI CHCTEMHU «BOJii-aBTOMOOLTB-moporay (BAJI), Ha
IPYroMy - aBTOMOOIJIS, SIK 00'ekTy yrpaBiiHHg. CrpoOu 3a THMH a00 iHITUMH IPpHYUHAMHA TPOTUCTABHUTH 1T
piBHI HE € KOPEKTHHMH, OCKUIBKM KOXXEH 3 HUX NPH3HAYCHWI IS BUPIIMICHHS MEBHOTO KIJIACY 3aBJaHb.
OOunBa piBHI JOMOBHIOTH OJWH OJHOTO 1 JIO3BOJIAIOTH 3HAXOAWUTH HAWOLIbII €(QEKTHBHI NUISXU
TOCSTHEHHSI KIHIIGBOTO pPe3yJIbTaTy. BH3HAYCHHS BIACTUBOCTEH aBTOMOOLISA, SK OO'€KTy YIpaBIIiHHA,
JI03BOJISIE HA BCIX eTamax HOro MPOEKTYBaHHs 1 CTBOPEHHS aKTUBHO BTPYyYaTHCS B IEH Mpolec i BHOCHUTH
HEOOXiZIHI KOPEKTUBH 10 YXBaJICHWX TEXHIYHUX pillleHb. bBiMbLIiCTh AOCHIAHWKIB, IO 3aiMalOThCS
mpo0iieMaMu aKTUBHOI Oe3leKn aBTOMOOUIA, BH3HAIOTH BAXKIHMBICTH JIPYrOro PIiBHS MOJENIOBAHHA, IO
JI03BOJISIE BUKOPHUCTOBYBATH CY4YacHI METOMM, 1 TOIIYKY SKHAMKPAIIUX PIlIeHh Ha 0a3i IHCTPYMEHTAIBHHUX
OLIIHOK, 10 MaloTh KimbKicHUU onwmc. [IpoTe, ciin BH3HATH, IO HOCATHYTHH B I[bOMY HaIlpsMi piBEHb
HEJIOCTaTHIM 1 BUMarae moJajiblioro po3BUTKy. Lle crocyeThcs Hacamiiepell BCTAHOBJICHHS B3a€MO3B'SI3KY
00'eKTUBHUX (IHCTPYMEHTAILHUX ) 1 CyO'€eKTHBHUX (€KCIIEPTHUX ) OIIHOK JaHMX BiaacTuBoctei AT3 [3].

3 mornsAy NpakTUYHUX Iiied mpu po3poOmi HoBHMX AT3, a Takok MojepHizamii iCHYHOUYHX
Ba)XXITUBUM CTa€ HE TUIbKHM NPUYMHA MOPYIICHHs CTiHKOCTI, a peakilis AT3 Ha Hei 1 ynpasistoui 1ii Bofis,
IO € HEOJHO3HAYHUMHM 1 HecTaOlmpHMMHU. ToMy mependavyaeThes, MO CTIHKICTh 1 KepoBaHicTh pyxy AT3
MOBHHHI 3a0e31euyBaTucsi KOHCTPYKTUBHUMH NapaMeTpaMy caMoi MaIlliHU.

I3 yciX MOXIHMBHX PEKUMIB PyXy KpUBOJIHIHHUI a00 OJM3BKHAN 10 HHOTO € OCHOBHMMH B POOOTI
aBTomoi3aiB karteropii Mi. HaBiTh iHTYiTHBHO, MOXHa Mepea0aduTH, IO PyX MO NPAMid TIOBUHEH
CYIIPOBO/KYBATHUCS TIOCTIHHUM KOPEKTYBAaHHSIM KEPMOM JJIsl BiTHOBJIEHHS 33/1aHOTO KypPCY, BIIXWUJIEHHS B
SIKOTO MOXK€ BUKJIMKATH Maca MPUYHH. SIKII0 po3risiaaTi cyqacHi iHTeHCHBHI MoToku pyxy AT3 mo nqoporam
3arajibHOr0 KOPHCTYBaHHS 3 1X MOCTIMHUMHU BHUMYIICHHMH «IE€PECTaAPKaMI», TO MUTAHHS PO MOMIIUBICTb
MIBUJIKOTO KOPEKTYBaHHS MPSIMOIHIHHOTO KypcCy IMicis Mepei3ly Ha CYCiIHI0O CMyTy pyXy i1 3a0e3rnedeHHs
KypCOBOI CTIHKOCTI IPH IbOMY CTa€ 0COOIMBO aKTyaJ bHUM.

[lincymMkoM aHaiizy KypcoBoi CTIHKOCTI 1 BIMCYBaHO Ti JUIs HaWOINbII 3arajabHOI JiHIHHOT Mojaeni
aBTONOI3/a 3'IBMJIMCSI BUPA3 KPUTHYHOI IIBUAKOCTI NPSAMOJIHIHHOIO pyXy 1 3Hau€HHsS PiBHOBAXHUX
(ba30BUX 3MIHHHX, IO BiJMOBIAIOTH KPYrOBOMY pyXy IO KOJYy IOCTaTHBRO BEIHMKOro pamiycy [4].
[MopanemmM pO3BUTKOM B OOJIACTI JIOCHI/DKEHb KEPOBAHOCTI Ta CTIHKOCTI pyXy Oylo 3acToCyBaHHS
HEJIIHIHHUX Mojenel B3aeMOii Kojieca 3 ONOPHOI0 MOBEPXHEI y OIYHOMY HampsMKy 1 3aCTOCYBaHHS
MPOCTOPOBHUX MOJIENIEH TPAHCIOPTHUX 3aCO0IB..

AHai3 HeNMHIHHUX MOJIeNiel Ma€e XapaKTepHi 0COOJIMBOCTI B MOPIBHSAHHI 3 JIHIHHUMHU - peaji3allis
OJTHOTO 3 MOXIIMBUX CTIHKMX PEKHMMIB 3aJI€KUTh BiJl MOYATKOBUX 3HAYCHDb BCiX (pPa30BHX 3MIHHUX CHCTEMH.
[Ipr npoMy BakJIMBE HE TUIBKM 3HAaHHS (DAKTy CTIMKOCTI CTAalliOHAPHOTO PEKUMY B MajoMy, a 1 OLiHKa
00JIacTi TSOKIHHS, 1 TOTIOJIOTIYHA CTPYKTYpa PO3OUTTS (pa30BOT0 MPOCTOPY CHCTEMH TPAEKTOPISIMH.

3HayHU{ Tporpec B peamizamii miei mporpamMu OyB JOCSTHYTHH NPH aHAi3i JUHAMIYHUAX SIKOCTEH
HEJIIHIHOT MOJIeNi OKpeMOro aBTOMOOLIA 1 JBOX JIAHKOBOI'O aBTOMOI3[a: BU3HAYCHHS aHAJIITHYHUX YMOB
CTIMKOCTI KPYrOBHX CTAl[lOHAPDHUX PEKUMIB IMpPH 3MiHI yNpaBIslOYMX NapaMeTpiB; BU3HAUEHHS Habopy
XapaKTePHUX BHYTPILIHIX MapaMeTpiB, Bapiailis SKUX MPU3BOAMTH A0 SKICHUX 3MIiH JMHAMIYHOI MOBEIIHKA

[4].
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3arampHa CTpaTeris aHami3y SKICHUX 1 KUIBKICHUX 3MiH MHOXXHHHU CTAIliOHApHUX CTaHIB CHCTCMH
OasyBajacs Ha BIIOMHUX TOJIOKCHHIX TEOpil TUHAMIYHUX CHCTEM 1 MPHUKIAAHOI Teopii karactpod. Brpara
KypCOBOI CTIHKOCTI MPSMOMIHIHHOTO PyXy — YaCTKOBUH 1 HAHOLIBII MPOCTHH ISl aHAJi3y BUMAJOK BTPATH
CTIMKOCTI KPYTOBHX CTalliOHAPHUX PYXiB IOCTATHHO BEJIIMKOTO paaiycy. B ocTaHHbOMY BUMagKy HEOOXiIHO
11e BU3HAYMTH PiBHOBa)KHI 3Ha4eHHA (Da30BUX 3MIHHHX, 1[0 BiMOBIAaI0Th KPYTOBUM CTAI[lOHAPHUM CTaHaM.
ScHO, 1m0 3HAYEHHS! KPUTUYHOI MIBHIKOCTI, IO BiANOBIAE 32 BTPATY KypCOBOi CTIHKOCTI TaKUX KPYTOBUX
PEXUMIB TP HAONMKEHHI KyTa MOBOPOTY KEPOBAHMX KONIC JIO0 HYJsl MparHe 10 KPUTHYHOI MIBHIKOCTI
MpsIMOTiHIItHOTO pyxy. JloChmimkeHHS MOKa3yloTh, IMIO pPiBHI MOMEPEYHHX KOJHMBAHb JIAHOK aBTOMOi3/a
BH3HAYAIOTh MIBUIKOCTI HOTO PyXy B peallbHUX yMOBax, a oTxke, CTiHkicTs pyxy AT3. Ilpu mpomy, npu
JOCTIDKEHHS CTIMKOCTI pyXy CTa€ AyXKe BOKJIMBUM BHOIp MaTeMaTH4HOI MOJIENi, sika O HaWOLIbII TTOBHO
BpaxoByBaJla pealibHi PEKUMHU PyXy 1 MOBEIIHKY JaHOK aBTOIOI3/1a, eIl 3a BCe, y MOMEPEYHIi MUIOMUHI.
HIJIb TA 3AJAYI JOCILIKEHHS
MerToro po0oTH € po3poOKa MaTeMaTHYHOI MOJIENi aBTOMOI3/a 3 MpUUenoM Kareropii O1 y nmomnepeyHin
IUIOIIMHI.
PE3YJIbTATHU JOCILIKEHHS
[Ipu mocmimkeHHI CTIHKOCTI pyXy aBTOIOI3a PO3TIAAI0Th, K MPABUIIO, TUIOCKOMAPAETbHAN PyX
fioro naHok. [Ipy IbOMy BBa)KalOTh, 110 HOPMaJbHI peakiii OMOpHOI MOBEPXHI Ha KoJieca MPaBoro i JIiBOTO
00pTy OHAKOBi. 3a TaKOl yMOBH CTIHKICTh PyXy PO3TIISIAIOTH U TUIOCKOI MOAeTi aBromoizaa. [Ipore mpu
BHCOKOMY PO3TalllyBaHHI IIEHTPa Mac IMpUYeIia MOXKJIMBA CYTTEBA 3MiHA PEaKIliii OMIOPHOI MOBEPXHI Ha HOro
kKojeca. ToMy HEOOXIHO PO3IJISHYTH pPyX aBTONOI3/la SK B TOPU3OHTAIBHIN, Tak 1 B IO3JOBXKHIN
BEPTUKAJIBHIH 1 MOMEPEeYHill TUOLIHHAX.
VY Tteopii KepoBaHOrO pyxy aBTOMNOI3[a TPH MOJCIIOBAHHI JTOCUTH OOTPYHTOBAaHMMH BBAXKAIOTHCS
HACTYIHI OCHOBHI JOMYIIEeHHS [5]:
- aBTOIIOI3]1 PyXa€ThCs MO PiBHIM TOPU3OHTANBHIH MOBEPXHi;
- HeTliipecopeHa Maca BBaXKA€ThCS TAaKOI0, IO HE KPEHUTHCS;
- KepyIouuil BIUIMB Ha MapaMeTpu pyXy aBTOINOI3/1a 3HIMCHIOETHCS Yepe3 KepoBaHi Kojeca TATOBOTO
aBTOMOO1IIS, TOMY TMHAaMiKa PyJIbOBOTO YIPaBIiHHs HE OepeThCsl O YBarH;
- HE BPaXOBYETHCSI HASBHICTH 3a30PiB y TATOBO-3UiTHOMY PUCTPOT;
- TIOJIOBXKHS MIBHJIKICTh PyXy aBTOIOI3/1a TTOCTIHHA;
- BIICTaHb MDXK JIJAHKAMU aBTOIIOI3/1a HE 3MIHIOETHCSI Yepe3 MAJIICTh KYTIB CKJIAJIaHHS;
- CKJIJIOBi €JIEMEHTH aBTOIOi3/1a € aOCOIFOTHO TBEPAUMH TilaMU:
- BAHTXX Ha aBTOIOI3/[l pO3TAIIOBAaHHUH TaK, 1[0 IEHTPU Mac TATOBOTO aBTOMOOIJIS i MpUYena, a TaKoX
TATOBO-3YiITHAN IPHUCTPIH, IO 3'€IHYE 1X, PO3TAIIOBaHI Y BEPTUKAIBHIN IUIOMKWHI CUMETPIi JIAHKH;
- 32 OCHOBHY TPA€EKTOPIIO MPUHMAETHCS TPAEKTOPIsI IEHTPa Mac TATava;
- B3aEMOJIS KOJIC 3 ONOPHOI0 TOBEPXHEI0 BUPAKAETHCS YEPe3 PEaKIilo IMOJOTHA JIOPOTH, IO €
(hyHKITI€rO KyTa BiJIBEJICHHS, a came [4]

B k;J,
\/1+ ki (p°Gi") 5! |

Yi

ne Oi, Yi. — KyTH BiIBeJIeHHs Ta Oi4Hi peakilii;

@ - KOoe(IIieHT 3YEIUICHHSI MK IIMHOK 1 OIMIOPHOIO MOBEPXHEI0 B IMOMEPEUYHOMY HANPSMKY (BBaXKaeEMo
CTaJIOI0 BEJIMYMHOIO IS 33aHUX JOPOXKHIX YMOB);

Ki - koedirieHT omopy OiYHOMY BiJIBEJICHHIO.

OCHOBHI KiHEMaTH4HI 1 JWHAMIYHI BJIACTHBOCTI aBTOIOI3[a 3 MPHUYEIIOM, SK €IUHOI MEXaHI4HOI
CHCTEMH TiJI, 3aJIe)KaTh BiJ (i3MYHUX SBUIL, 110 BUHUKAIOTH NMPH PYCi BCIX HOro €IEeMEHTIB i B3aeMOii
OCTaHHIX Mik c000t0. B CBOFO uepry, 11 sSIBUIla BU3HAYAKOTHCSI TEOMETPI€I0 1 CTPYKTYPOIO aBTOIOI3/1a.

BigMiHHOCTI Y KOHCTPYKITiSIX aBTOIOi3/iB 3 Mpuuenamu kateropii O1 y OLIBIIOCTI BUTIAIKIB
BU3HAYAIOTHCS BIAMIHHOCTSIMH y KOHCTPYKLIT NPUYITHUX JIJAHOK, OCKIIBKA KOHCTPYKIIisI TATOBHX
aBTOMOOLUIIB 3aIMIIA€THCSA HE3MIHHOIO.

Y pobori [6] 3anrcana cucTeMa piBHSHB IUIOCKOIAPAIETBHOTO PyXy aBTOIOi3/1a 3 IBOBICHUM
npuderiom. Llst cuctema Mocke OyTH TEpeTBOpEHa B CHCTEMY PIBHSHB aBTOIOI3/Ia 3 OJHOBICHUM
MIPUYETIOM i 3aIMcaHa y BUTIISL

-JUTSL TIO3JTOBKHBOT IBUIKOCTI IIEHTPa Mac TATOBOTO aBTOMOOIIS
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(m+m1)(v _Ua))+ca)2ml_[mldl[(a‘)_(bl)Singol_(a)_¢1 )2 COS(”l] =
2
=—(X,c086,+Y,sin6, + X, c0s 6 +Y, sing ) —(X,+ X, )= D [(X,, + X,, )xcosp, —(Y,, +Y,, )sing,;
j=1
JUTS TIOTIEPEYHOT IMBUAKOCTI IIEHTPA Mac TATOBOTO aBTOMOOLIIS

(m+m1)(U _Vw)_cw2m1_[mldlx[(d)_¢1)cos¢1+(w_¢1)2 Sin¢1] =
2
=—(X,sind, =Y, cos6, + X, sing, =Y, cos @, )+ (Y, +Y, )= D (X,, + X, )xsing, +(Y,, +Y,, )cos p;;
j=1
- JUTS KyTOBOI IIBHJIKOCTI TATOBOTO aBTOMOO1IIS
lo+[dac—(U +Vo)]lem +cemd, x [(@ - @, )cosp, +(@— ¢, ) sing ] =

=H(X,cos8, +Y,sing, - X, cosd —Y, sind, )+ ¢&( X, + X, )+a(Y,cos 6, — X,sing,)
' | ' - | ' i 2 ' - '
+Y, cosd, — X, sind, )+ [( X, = X, )H, = (Y, +Y, )b] =cD [( X,; + X, )sing, +(Y,, +Y,,)xcosg, .
j=L

- I IprU4eIia
[1,+md?]x(&—-¢,)+md x[(V-Uw+co®)xsing, +(Vo-U —ca’)xcos g, ]

=1(Y, +Y,, )+ M.

@

VY cucremi piBHsHB (1) NpUITHATI HACTYHI MO3HAYEHHSL:
V, U — mo310BXHS 1 60K0Ba mpoekii mBuaKocTi Touku C, ToOTO mpoekmii mBuakocTi Touku C Ha oci

PYXOMOIi CHCTEMH KOOPIHWHAT, Oe3MmocepeIHRO OB’ sI3aHO1 3 TATOBUM aBTOMOOIIEM;

(01— KyT CKJIaJlaHHsl KIHEMaTU4HO HE3aJIeKHHUX JaHOK aBTOIOI3/1a;

Mk=f(¢, ,@,) — MOMEHT Onopy NOBOPOTY NPHUYENIa;
Xij, Yij, Zij— m0310BXKHI, O0KOBI 1 BEpTHUKAIBHI PeaKIlii OMOPHOi MOBEPXHI Ha KOJieca aBTOMOI3/a.
a=CA, b=CB, c=COy; d1=01C1, €1=C10y, li=d;i+c1.
IMpu pmocmijpkeHHI CTIHKOCTI pyxy aBTomMoOi3ga 3 mpuuernoM karteropii O: cucrema piBHSIHB
IIocKonapanensHoro pyxy (1) moBuHHa OyTH AOTIOBHEHA PiBHSIHHSIMHU aBTOIOI3/1a Y TIOMIEPEYHIH IJIOIHHI.
Y poGori [7] HaBemeHa MeToauKa MOOYJOBH MaTeMAaTWYHOI MOJIENi aBTOMOOINS y TMOMepedHin
wionuHi. [l MeToauka Moke OyTH BHUKOpHCTaHa 1 Juisi MOOYIOBM MaTeMaTH4HOI MOJENI aBTOMOI3aa 3
npudenom kareropii O1.
[lpuiiMemo, IO aBTOIOI3J]  PYXA€TbCS MO TOPH3OHTAIBHIM IMOBEPXHI 31 CTAJIOK MIBUAKICTIO,
BEPTHKAIBHI MEPEMIIlIEHHs] Ta 00epTaHHS Ky30Ba aBTOMOOINISA i MpHuena HaBKOJO CBOEI MOIMEpedHoi oci
(ramomyBanHs1) BiicyTHE. TOOTO AJIst KOXKHOT JITAHKH aBTOIOI3/1a € TPH CTYIIEHI BOJI:
1) OiuHMi pyX B3IOBK MOMEPEYHOI OCi;
2) obepTajbHUI PyX HABKOJIO BEPTHKAIBHOI OCI (PHCKAHHS);

3) obepTanbpHUIT pyx HABKOJIO MO3M0BKHBOI OCi (KpEeH).
Po3paxyHkoBa Mo/ie)ib KOKHOT JIAHKH aBTOIOI3/1a CKIIAAEThCS 3 HEMIAPECOPEHOI 1 MiAPECOPEHOT MacH.

Bick KpeHy MPOXOAMTH MapalieIbHO OMOPHIi MOBEPXHI, IIEHTP Mac KOXHOT JIAHKH aBTOMOI3/1a JICKHUTh Ha
BEePTHKAJIBHIA OCI, 3 I[IEF0 K BICCIO MEPETHHAETHCS BiCh KPEHy, sKa cmiBmagae 3 Biccio Ox. Y Takomy
BUIIAJKy MacH my Ta My PO3TAIIOBYIOTHCS BiIHOCHO LIEHTPY Mac m aBTOMOOLIS TaKUM YHHOM, IO CyMma iX

MOMEHTIB BiTHOCHO IIEHTPY Mac JJOPiBHIOE HYJIO.
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Pucynok 1 — Cucrema KoopIuHAT aBTOMOOLIIS, IO Ma€ TPH CTYIEHs BOIi [7]

Busnaunmo mpoekmiro cnn Ha Bichk Oy:

) = m h a.)Xa,n + ZYa,n

a,n Czan

ma,n( l':Ia,n + Va,na)

Zan
peU, | - 6iune npuckopeHus (B310Bxk oci Oy);

Van — TIOZIOBXKHS IIBUJKICTH aBTOMOOINIA 1 mpudena (B31oBx oci Ox);

(@, , - KyTOBa LIBMJKICTb aBTOMOOLIS 1 [PHYeIa HABKOJIO BEPTHKAIBHOI oci Oz;
C(')Xavn - KyTOBE MPUCKOPEHHS HABKOJIO MOJ0BXKHBOI oci OX;

ZYa’n - cyma 6iuHmx cui (B3a0Bx oci Oy);

hCza,n - TUIeYe MOMEPEYHOI CHIIM 1HepIIii aBTOMOOLIIS 1 pHYert:

Ma,n - .Maca aBTOMOOLIIS, TpUYera.
3anuiemMo piBHIHHS 00epTaILHOIO PYXY BiIHOCHO oci Oz:
- U aBTOMOOLIIS
- szaa)xa + Izzaa)za = a'Yl - bYZ :
- I puYerna
- sznwxn + Izznwzn = dYn '
3anumieMo piBHAHHS 00epTaIBHOTO PyXy BiTHOCHO oci OX:
- JUIg aBTOMOOLIIS

| o, —1 o, =ml+vo), +M_,

XXX xz 7z
- IJI IprUYeIia

I a.) - I a)zn = mn(un +Vna)n )hCZn + Mxn'

Xxn xn Xzn
zem, (U, +Vv, @, )hC
My n — MOMEHT 30BHIIIIHIX CHJI JIJIsi aBTOMOOLIS 1 pUdYerna.

Juns 3HaxomkeHHs My TpeOa BU3HAUMTH BEPTHKAIBHI peakuii Ha Kojiecax aBTOMOOLISA 1 mpuyemna.

Posrnsiremo cnoyatky aBToMo011b, puc.2.
Bu3HaunMo mepepo3noNinnl  BEPTHKAJIBHUX peakilid. SKImo KpeH BiOyBaeThcs BOIK IPaBOTO
(zmpyroro) 6opTty, TO 3MiHA HaBaHTaKECHHA Ha 1ei 0opT Oyne ANo,:

,an — MOMEHT BiJl CHJIM iHEPLI s aBTOMOO1IA 1 IpHyena;
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AN,, = AN, + AN

e Alea , AN 274 - 3MIHa BEPTHKAILHOTO HABAHTAXKECHHS BIIMOBIIHO HA IIEPEIHE Ta 3aHE KOJIECO APYTrOro

22a’

0opTy aBTOMOOIIS.
CxitaieMo piBHSHHS PIBHOBAru CHJI BIIHOCHO TIO3/IOBXKHBOIT OCI aBTOMOOLIS:

Cy Cza

>m(F)=0 a6o ANZa%+maghczasin(p+maa h.,,cos¢p =0,

JI€ @ -KyT KpeHy MiJpecOPEHUX Mac aBTOMOOLIIS.

B. — xouist aBTOMOO1IIS

IIpn kpeni aBTOMOOINSA 1 WpWYema BOpaBO (OUB. pUC. 2) TPYKHIA eNeMEeHT MpPaBoi IiABICKH
neopMyeThest Ha BemMuuHy Alzp, 110 3a 3akoHOM ['yka BU3HAYa€ HOAATKOBY BEPTUKAIbHY CHITY:

ANy =K, Al

22a,n Z22an 22a,n?
ne Ky2qn — KOeilieHT MPY>KHOCTI MiABICKK aBTOMOOLIA 1 Ipuyena.
TakuM 4MHOM TSI KOJIIC TIPABOTO Ta JIIBOTO OOPTY aBTOMOOLIA i IpUYera MOKHA 3aIicaTh

B
AN2K2a,n = KZZZa,nAIZZa,n :E(DKZZZa,n;
K B
ANzla,n = KZZla,nAI21a,n :E¢Kzz1a,n’

B

A€ — (D - IPOTHH NIPYKHOTO €JIeMEHTY MiJJBICKM aBTOMOO1/IA 1 mpuyerna.

1

Pucynok 2 — PozpaxyHkoBa cxema aBToMo01st [7]

B
22a,n

KpiM mporo, BUHUKaEe 0JaTKOBA CHIIa AN 3aBISKH JeMII(pEepHOMY E€IIEMEHTY, IO JTOPiBHIOE

JUISL KOJIiC TIPaBOTO Ta JIIBOTO OOPTY

Ban
ANZ/BZa,n: 2 ﬂZZZa,n(o;

B

ANzﬁa,n = ;” IBZZla,n¢’
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ac ﬂz 21an ’ﬂZ 22an " KOC(l)lLIlGHTI/I Ooropy ,Z[CMH(i)CpHI/IX CIICMCHTIB II1AB1CKHU aBTOMOOLIISA 1 npuucmna.

Tonmi MOMEHT 30BHIITHIX CHJI JJIsT aBTOMOOIIIA 1 iprdena My ; BU3HAYUTHCS SIK:

an

B :
M = AN 2a,n % + ma,nghCza,n Sln goa,n + ma’n( ua,n +Va,na)a,n )hCza,n COS qDa,n + ANla,n 2 ’

Xan —

— — K B K B
ne AI\IZa,n - A|\|22a,n + AN 2lan — ( A|\|22a,n + AN 22a,n )+ ( AN 21a,n + AN 21a,n ) '
IIpu kpeHi Ky30Ba aBTOMOOLS 1 MpuYena Ha iX Kojieca MOYHYTh JISTH TipOCKOMIYHI MOMEHTH, SKi

BU3HAYAOTHCS 5K [7];
- I TIPOCKOMIYHOTO MOMEHTY, IO Ji€ Ha KOJIeCO aBTOMOOINS 1 mpudyena, sKe HaXWIAEThCSI B

pe3ynbTaTi KpeHy
Va N
r

Ka,n

E .
M ai IKa,na) 2 - IKa,n @

a,i Ka,n™" Xa,n Xa,n

- JUIA TIPOCKOIIIYHOTO MOMEHTY, IO Ji€ Ha KEPOBAaHE KOJECO aBTOMOOLIS, SIKE MOBEPTAETHCS Yepe3
PYJIbOBE KepyBaHHS

a

MP=I 0.0, =1, o
a Ka Ka Za Ka Za’
Ka
1€ Ikan — MOMEHT iHeplii Kojeca aBTOMOOLIA (IpUYena) MoAo oci y;
I'kan — Paaiyc Koyeca aBTOMOOILNS 1 mpudena.

OTxe, MOYKHA 3aITMCATH PIBHAHHS PyXy MOJIEIi aBTOMOI3/]a B IONEPEyHiH MIIOMINHI:

ma(u, +v,@,, )=m.h_. o, +(Y,+Y,);
. . V
LZZaa)Za - sz aOxa = aYl - sz -J Ka — Wy, s
Ka

IXXaa)Xa - IXZaa)Za =

=-AN,, %+ m,gh.,, sing, +m_(U, +V. @, )h,,, cos¢, +AN,, %+ I ;/—aa)za;

Ka

Y
by . — n .
Wy, — sz nOxn = dy —J Kn Wy,
Kn

L

ZZn

PN PO
=—AN i+m h., sing +m (U +V @ )h, cose +AN &+I L
- 2n 2 n g CZn an n n na)n CZn gpn 1n 2 Kn a)Zn )
Mo
Kpen ky3oBa aBTOMOO1IIS 1 TpHYenia i HAXKIII iX KOJiC Y TIONepeyHil IUIOMIMHI MpHU3BeEJIe 10 3MiHU

KYTIB BIJIBE/ICHHS 1 BIAMOBIIHO CHJI OIIOPY BiJBEICHHIO.
BusnaunMmo cuiin onopy BiBEACHHS, ISl KOJIC, SIKI HAXMIISIIOTHCS B PE3yJIbTaTi KpeHy aBTOMOOLIA 1
npudena. Ha puc. 3a npejcraBieHo KoJieco MepeHbol oci aBToMo0Is, a Ha puc. 30 — KoJeco 3aJHbOT OCi

aBTOMOO1JIA 1 OCI IpUYerna.
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1

Lo \\ ¢

\y‘*F HOXUAEHE KOAECO \

HOXU/IEHE KOMELD

aBTOMOO1IIA 1 prderna [7]

0)
Pucynok 3 — Cxema Ko4eHHs KoJieca mepeHboi (a) i 3a1Hb01 oci (0)
BuxopucroByrouu puc. 2 Ta puc. 3 MaeMo

p— — Ba’n .
V21Xa,n _Va,n 2 a)Za,n '
V21Ya,n = a)Za,nba,n + r2:La,na)Xa,n - ua,n '
BusHaunMo KyTH BiZBeIEeHHS KOJIIC 33HBOI OCI aBTOMOOLIISA 1 mpudera:
5 _ V21Ya,n _ a)Za,nba,n + r-21a,na)Xa,n - ua,n .
2lan - B !
V21Xa,n V _ an )
a,n 2 Za,n
5 _ V22Ya,n _ a)Za,nba,n + r222:1,n60Xa,n - l“Ia,n
22an V - B
22Xan an
Va,n + 2 a)Za,n
AHaJIOTIYHO BU3HAYAIOTHCSA KYTH BiJIBEACHHS IS IEPEAHBOTO KOJIeca aBTOMOOIIS:
5. =f—1va _g_ a)Za,ba — IO, U, )
1la - B )
11Xa __—a
Va 2 a)Za
5 — 9_ Vl?_Ya — 9 _ a)Zaba — r12aa)Xa + ua
12a -
12Xa —a
V, + > ,,
Cuiy BiIBeJICHHS BU3HAYAIOTHCS 3@ PIBHSIHHAM

Yij = kijé‘ij TP
ne kij — koedilieHTH Omopy BiJIBEIEHHIO KOJIIC aBTOMOOLIISI 1 Ipuyena;
Yij - KOe}iIieHT IPOMOPIIHHOCTI, IO 3aJISKUTh BiJI KOHCTPYKIIIT IIWHK, TUCKY TOBITPS B Hii, HOPMAIILHOTO
HaBaHTAXXEHHS 1 BIACTUBOCTEH OMOPHOI OBEPXHI, 1O SIKiii KOTUTHCS Koseco [8].
PosrnsHyTa mpocTopoBa MoJeNs aBTOMOOIIBHOTO 1013714 TPH BiZICYTHOCTI HAXMITy KOJIIC aBTOMOOLNIA 1

npuyerna ( Vi @y ) =0 Mae Taky % XapaKTepHCTHKY JIHBEPreHTHOI BTPAaTH CTIiHKOCTi, IO i 1 MIOCKOl
158

0JTHOMACOBOI BEJIOCHUIIETHOI CXEMH aBTOIO0I3/1a. AHAII3 CTIMKOCTI B 3arajJbHOMY BUIIAAKY IPOCTOPOBOI
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Mojiel oTpedye MOAAIBIIOro AOCHIIKCHHS, HAIIPUKIIA[, MOXIIMBA (plaTepHa BTpara CTIMKOCTI, 1m0 Oyae
BiIOYBAaTUCh paHillle JUBEPreHTHOI cTifikocTi. CKIagHICTh aHamizy Oyle IOB's3aHa i3 BH3HAYCHHSIM
HEOOXIAHMX MapaMeTpiB, IO XapaKTepU3yIOTh MiJBICKY, INWHH, BiALIEHTPOBI MOMEHTH HEPIIii.

OBI'OBOPEHHS PE3YJIBTATIB JOCIIAKEHHS.

[ToxazaHo, 110 IPOCTOPOBA MOENTh aBTOMOOIITFHOTO T0i3/1a TPHY BiACYTHOCTI HAXIITY KOJIIC
AaBTOMOO1JISI 1 IpUYeTIa Ma€ TaKy K XapaKTepUCTHKY AUBEPIeHTHOI BTPATH CTIHKOCTI, 0 ¥ I TUIOCKO1
0JTHOMACOBOi BEJIOCHUIIEHOI CXEMH aBTOIO13/1a. AHAIII3 CTIHKOCTI B 3arajbHOMY BHIIAJAKY IPOCTOPOBOI
MojieTi MoTpedye MOAANBIIOTO AOCIIHKEHHS, HAPUKIIA I, MOXKIINBa (raTepHa BTpaTa CTIHKOCTI, o Oy/e
BiI0OYBaTHCH paHille AMBEprenTHoi cTiikocTi. CKIIagHICTh aHAM3y Oyze OB s3aHa 13 BU3HAUYECHHIM
HEOOXIAHUX MapaMeTpiB, IO XapaKTePU3yIOTh MiIBICKY, IMHH, BiLIEHTPOBI MOMEHTH iHEpIIii, IO IiIOTh SIK
Ha aBTOMOO1JIb, TaK 1 MPUYIIL.

BUCHOBKH

Ha ocHOBI ipoBeICHUX JOCHIIPKEHh MOXKHA 3pOOUTH TaKi BUCHOBKHU:

- YIOCKOHAaJIeHa CHCTeMa PiBHSHB IUIOCKOMApalleIbHOIO PyXy aBTOMOI3[a 3 OJHOBICHHUM HPUYEIIOM
kateropie Oy;.

- BU3Ha4YeHi OiyHi peakxiii Ha KoJiecax aBTOMOOLIIS 1 Mpryena mpu KpeHi Ky30Ba;

- BU3HAYCHI KyTHU BiJIBEICHHS KOJIIC aBTOMOOLJIS 1 mpuuena, 00yMOBJICHI IX KPEHOM Ky30Ba;

- pO3po0IIeHO MPOCTOPOBY MAaTeMAaTHYHY MOJETh aBTOMOOITHHOTO IMOi3[a y MOTMEpedHid TUIOIIHHI.
Taka Momenp MOXXe BHKOPHCTOBYBATHCH IS JOCHTIKEHHS KYpPCOBOI CTIMKOCTI PyXy aBTOMOOLTBHHX
noi3aiB, 30kpeMa 3 npuuenamu kareropii Oi. 3 1i BUKOPUCTAaHHAM MOXKHA YTOUHWTH MapaMeTpu KypcoBOi
TAaKOI'0 aBTOIIOI3/Ia;
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V. Sakhno, S. Sharai, I. Murovanyi, I. Chovcha. To the development of a mathematical model of a
road train with a category O1 trailer in the transverse plane.

Stability and handling are the most important indicators of quality among the performance properties
of vehicles stored in all modes. The choice of design parameters of vehicles that provide these properties
increases the active safety of operation and reduces the likelihood of accidents in transport operations.
Stability and controllability of vehicles together must ensure the driver's confidence in the implementation of
the specified driving mode, eliminate the involuntary occurrence of dangerous deviations from the mode and
maintain the possibility of rapid adjustment with subsequent stabilization.

The curvilinear or close to it mode of movement is the main among possible in work of the M1
category road trains. Today, the current intensive flows of vehicles stored traffic on public roads with their
constant forced "permutations” cause the problem of the possibility of rapid adjustment of the straight course
after moving to the adjacent lane and ensuring stability at the same time.

In the study of the stability of the road train consider a plane-parallel motion of its links. It is believed
that the normal reactions of the support surface on the wheels of the starboard and port sides are the same.
However, with a high location of the center of mass of the trailer, a significant change in the reactions of the
support surface on its wheels is possible. Therefore, the movement of the road train was considered both in
the horizontal and in the longitudinal vertical and transverse planes.

As a result of the conducted researches the equations system of plane-parallel motion of a road train
with uniaxial trailer of category O1 is improved, lateral reactions on wheels of the car and the trailer at a
body roll, wheel angles of the car and the trailer are defined.

Key words: road train, course stability, controllability, plane-parallel motion, mathematical model,
speed of movement, transverse plane.
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METO/IUKA PO3PAXYHKY E®EKTUBHOCTI EKCILTYATAIIIl BAHTAXKHUX
ABTOMOBLIIB

Y poboTi po3MIAmacThCS THUTAHHSA ONIHKM e(EeKTUBHOCTI eKCIDTyaramii BaHTaKHMX aBTOMOOLIIB.
BcraHoBiieHO, WO e(EKTHUBHICTH eKCIUTyatalii aBTOMOOUIB (YHKIIOHAILHO TOB’S3aHa 3 EKOHOMIYHOIO
e(eKTHBHICTIO, HAJIMHICTIO 1 OE3BIIMOBHICTIO aBTOMOOLTIB — 3B’S30K MDK SKAMH NPEACTABICHO Yy BHUIISAIL
CTPYKTYPHO-(pyHKI[IOHATEHOT CXEMH.

3’4coBaHO, IO YHCTHHA NPUOYTOK aBTOTPAHCIIOPTHOTO MIANPHEMCTBA 3aJEKUTh BiJl TPHOX CKIAJOBHX:
Tapu(HOI BApTOCTI MepeBe3eHb, COOIBAPTOCTI EPEBE3CHD i BETMYUHU TOAATKIB.

HaBeneni ¢opmynu [ BU3HA4EHHS cOOIBapTOCTI IepeBe3eHb BaHTAXIB, BUTPAT Ha TPAHCIOPTYBaHHS
BaHTA)XXy, YMOBHO-TEXHIYHUX BUTPAT. B CTPyKTYypi YMOBHO-TEXHIYHUX BHUTPAT PO3MJIIHYTI BHUTPATH: HA TalMBO, HA
MacTHJIBHI MaTepialli, Ha [OIMHW, HA 3alacHi YacTMHM 1 Marepiaid IpH BHKOHAHHI TEXHIYHOTO OOCITyroBYBaHHS i
PEMOHTY PyXOMOTO CKIIAJTy.

Ha ocHOBiI aHamizy CTPYKTYypH COOIBapTOCTi TEpEeBE3¢Hb BaHTaXIB ABTOMOOIUIAMH BCTAHOBICHO JECATHh
MOKA3HMKIB, SKMMH BH3HA4YalOTHCSl «HE3AIUIAaHOBaHi» BHUTpPATH, TaKi HANpHKIAL, sK: BUTPATH, MOB’s3aHi 3i
30UTBIICHHSIM BiAICTaHI TPAHCHOPTYBAaHHS BaHTaXy; BUTPATH, IOB’S3aHI 3 YIIKOKCHHSIM 1 BTPATOI BaHTAXY;
BUTpATH, TIOB’3aHi 3 TOJATKOBUM 30epiraHHsIM BaHTA)XKy; BUTPATH, IOB’s3aHi 31 301IBLIICHHSIM BapTOCTI MiATOTOBKH
BaHTaXY /IO MIEPEBE3CHHS; BUTPATH, OB’ 13aHi 31 301IBIIEHHSIM BapTOCTi CKIIaAyBaHHS BaHTaXYy.

BCTaHOBJIEHO, 10 YMOBHO-TIOCTiIHI BHTpaTtd (BUTpaTH Ha aMOPTH3AIlil0, HAKIAIHI BUTPATH, BEIHMYMHA
[O/IATKiB) HE BIUIMBAIOTH iCTOTHO HA BEIMYMHY PIYHOrO EKOHOMIYHOTO e)eKTy IPH OHOBJICHHI PyXOMOTO IapKy.

OTpHuMaHi 3aJISKHOCTI Ul BU3HAUCHHS: MUTOMUX YMOBHO-TEXHIYHHMX BUTpPAT Ha €KCIUIyaTallil0 aBTOMOOLISL
IIPU JIOCTABIl BaHTAXIB; BEJIMYMHH DPIYHOTO EKOHOMIYHOIO e(eKTy, [0 JOCSATaeThcsl BIACHHUKOM BaHTa)KHHX
aBTOMOOLIIB TIPX OHOBJICHHI PYXOMOTO CKJIAJTy.

Ki1ouoBi cjioBa: BaHTaXHUI aBTOMOOLTIb, KPUTEPild, pyXOMHUH CKJIaj, coOiBapTiCTh, YMOBHO-OpTaHi3aIliiHi
BHUTPATH, YMOBHO-TEXHIYHI BUTPATH.

BCTYII

Ominka eheKTHBHOCTI eKCIuTyaTalii BaHTOKHUX aBTOMOOITIB 3MIACHIOETHCS HA OCHOBI PO3paxyHKIB
CYKYITHOCTI MOKa3HHKIB 1 CKIIQJIOBHX, SKMMH BHU3HAUYAIOThCA BUTpaTH Ha pyxomuil ckiaa (PC) 1 BenmuuuHm
J0X0/y, KU OTpuMye aBroTpancriopTHe mimnpuemctBo (ATII) Big mepeBe3eHHs BaHTaxiB. [Ipu mpomy
ATII He 3aBxau oTpuMye MNpHOYTOK BiA CBOET MiSUIBHOCTI, TaKWi CTaH CHpaB 3yMOBJICHHW BOMa
B3a€MOIIOB’I3aHUMH MIPUYMHAMH — HH3BKHUM BUKOpUCTaHHS HassBHOro PC 1 BHCOKMMH TOTOYHHUMH
Butpatamu ATII, BKIIOYArOUM eKCIUTyaTalliiiHi BHTpPAaTH. A TOMY, 3’CyBaHHS METOAMKH PO3pPaxyHKiB
OCHOBHHUX TIOKa3HHKIB, SKUMH XapaKTePH3YyeThCs e(EeKTUBHICTh €KCIDIyaTallil BAaHTOKHUX aBTOMOOITIB €
BakimBHUM JUTst istmbHOCTI ATIL, sIKi mparHyTh 3MEHIIUTH MTOTOYHI BUTPATH 1 30UTBIINTHA BETUYUHY YUCTOTO
MPUOYTKY.

AHAJII3 JTITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMH

[IpoGieMi migBUIEHHST €PEKTUBHOCTI €KCILTyaTallii BaHTQKHUX aBTOMOOUIIB MPUAIISETHCS 3HAYHA
yBara HayKOBIIiB, 30KpeMa JaHy npobieMy nochikyoTh: bopudor C.M., boukapsoBa M.M., I'yakos B.O.,
3axapoB M.C., Murauor B.A., [Tayni M.B., [lensmua M.B., Pe3nuk JL.I'., dacxies A.X. JlocmipkeHHs
JaHol npoOJIeMaTHKH 31IHCHIOETECS Y HAPsSMKaX BU3HAYCHHS BUTPAT HA TEXHIYHUN CTaH Ta €KCIUTyaTaliio
BaHT&XXHUX aBTOMOOLTIB [1-5], yIOCKOHAJIEHHSI CHCTEMH TEXHIYHOro oOcimyroByBaHHs i pemonty PC [6],
yIOCKOHAJICHHS TIPOIIECIB MPUAHATTS YIPABIIHCHKUX PillleHb [7].

[IparanenHs aBromepeBi3HUKiIB OHOBIIOBaTH PC € WijKOM BUIPaBAaHWUM B YMOBaxX KOHKYpEHLii, IpU
upoMy it ATIl akTyanbHUM NUTAaHHSAM € OLIHKAa €(QEKTHBHOCTI eKcIUTyaTalii HasBHUX BaHTaKHHX
aBTOMOOUIIB 1 TPUHHSATTS pilleHHS 100 OHOBIEHHs. OCKUIBKM HE 3aBXKIU YTPUMaHHS BapTICHHX
BaHTaXiBOK B ATII rapantye BHCOKI NMpHOYTKU 3 TiepeBe3eHb, HANIWHICTh TAKMX aBTOMOOLIIB BHCOKA, aje
TAKOX BUCOKI EKCIUTyaTaliiiHi BUTpaTH (HApHUKIaJ BapTiCTh 3allaCHUX YaCTHH, MACTHJIBHHUX MaTepiajiB i
T.0.).

MeTouku po3paxyHKy e(eKTHBHOCTI €KCILTyaTallii BAHTQXKHUX aBTOMOOLTIB SIBJISIFOTh COOOI0 MTEBHUIH
QITOPUTM TPOMI3ZAKUX MaTeMaTHYHHX OOYMCIIEHb CYKYIHOCTI MOKAa3HHKIB, SKHMH XapaKTEPHU3YIOThCS
BUTpATH i JOXijHI cTarTi mismibHOCTI ATIL.

OpHa 13 METOJIMK PO3PaxyHKy €(EKTUBHOCTI SKCIUTyaTallii BAHTAKHUX aBTOMOOLTIB MpeCTaBicHa B
poboti Murauosa B.A. [8], sikuii 30cepeanB 0co0IMBY yBary Ha BU3HAUCHHI €KCIUTyaTalliiHUX BUTpAT.
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3Bakaroun Ha Te, IO METOAWKA PO3PaXyHKY €(PEKTHBHOCTI €KCIUTyaTallii BAHTaKHUX aBTOMOOLTIB
JIOCUTH JIETATHHO OOTPYHTOBaHA HAYKOBIIEM, ajie JJIs 1i 3aCTOCYBAaHHsI HEOOXITHO 3MIMCHUTH TPYHTOBHUM
aHaJii3, a TOMy ITOCTa€ HEOOXIHICTh y OJJATKOBOMY JTOCIIPKEHHI CKJIaJOBHUX METO/IUKH.

OIJIb TA 3AJAYI JOCJIIKEHHSA

OcHOBHa MeTa JOCTiKEHHS — PO3TIISHYTH IOKAa3HHUKH, SIKUMH XapaKTepPH3YEThCS €(PEeKTUBHICTD
eKCIUTyaTallii BaHTAKHIUX aBTOMOO1IIIB, 3’ AcyBaTH (QOPMYIH I X BU3HadYeHHs. CHcTeMa TaKuX TOKa3HHKIB
BU3HAYAE 3MICT METOJIMKHU PO3paxyHKY e(eKTUBHOCTI eKcIuTyaTalii BAHTA)KHUX aBTOMOO1ITIB.

PE3YJBbTATH JOCIIAKEHb

[Ipu Bu3HAaueHHI e(PEeKTHBHOCTI MapKy BaHTAXHUX aBTOMOOLTIB HEOOXITHO BIAPIZHATH €KOHOMIUHY
e(eKTUBHICTh €KCILTyaTallil 1 3arajbHille MOHATTS ¢()eKTUBHOCTI, 110 BKIIIOYAE HE JIUIIC SKOHOMIYHI, aye i
COLiaJIbHI, EKOJIOTiYHI acleKTH, MOB’s3aHi 3 eKcIuTyaTamielo aBToMoOimiB [5]. HuHi edexkTuBHICTH
eKCIUTyaTamii aBTOMOOLTB (PYHKIIOHATFHO TIOB’S3aHA 3 EKOHOMIYHOK e(eKTHBHICTIO, HamIWHICTIO i
0e3BiZIMOBHICTIO aBTOMOOLIIB (pHc. 1) [7].

EdexTuBHiCTh ekcnIyaTanii BAHTa)KHUX aBTOMOOITIB

v v v

ExonomMiuna HapnilnicTn be3BinMoBHICTH
> CoobiBapTicTh > Be3BinMoBHIiCTH > InguBinyanasna
> IMpudyTox > JoBroBiuHicTH > Exousoriuna
> PenTabeabHicTh . > TexHiuHna
» PeMoHTO-IpUIATHICTH
> 30epexeHicTb

Pucynok 1 — CtpykrypHO-hyHKIIOHANIbHA CXeMa 3B’ SI3KiB IPH POl eheKTUBHOCTI eKCIUTyaTalii
BaHTAXXHHUX aBTOMOOITB [8, C. 51]

[TigBumenns npubyTky PC MOXIMBO B HacHigOK 3MiHH (IiABUILEHHS) TPOLYKTUBHOCTI MApKy, 3MiHU
(3HWKEHHSI) BUTpPAT Ha TPAaHCIOPTYBAaHHS BaHTaxy. [IpM IbOMY WiJBHIIYETHCS BaHTaX000ir i (abo)
3MEHIIYEThCS COOIBAPTICTh MEPEBE3CHD, 110 MPU3BOJIUTH /10 3POCTAHHS €KOHOMIYHOTO e(heKTy (3pEeIiToro i
npuOyTKY) Y BIaCHUKA MAPKy PyXOMOTO CKIIAJTy.

3aranpHa 3aexHicTh yncroro npubytky ATII mae Burisip [8, c. 52]:

e = ¥(Tpiss Spius ZITOLpin), TpH, 1)
ne Tpi, — TaprHa BapTiCTh MEPEBE3CHHS PIYHOTO BAHTAXOIMOTOKY, I'PH;

Spiv — piuHa COOIBAPTICTH MEPEBE3CHbB, IPH;

X110/, — TOaTKN aBTOTPAHCIIOPTHOTO MiIMIPUEMCTBA, TPH.

Jnsi BUSIBIEGHHS pe3epBiB MiABHILCHHS €(QEKTHBHOCTI EKCIUTyaTalii BaHTa)KHUX aBTOMOOLIIB (B
JaHOMY BHIIQJIKY MPHOYTKY BJIACHUKA PYXOMOT'O CKJiaJly) BUKOHA€MO aHaji3 3MiHHHUX, L0 BIUIMBAIOTH Ha il
3HAYEHHSI.

T,iw — TapudHa BapTICTh NEPEBE3CHHS PIYHOTO BAaHTAXXKOIOTOKY, I'PH, BHU3HA4Ya€ BaJOBUH O0Xin abo
BUPYUYKy Bin peanmizauii mocnyr poOit ATII 3 mepeBe3enHs BanTaxiB. Tapu¢Ha BapTicTh mepeBe3eHHS
BU3HAYAETHCS BETMYMHOKO Tapu(y, sIKHil € I[IHOI0 NIepeBe3eHb BaHTaXIB. B panuii uac tapudu hopmyroTscs
Ha PUHKOBHX YMOBaxX Ha OCHOBI BHUTpar, MONWTY i mponosuiii. [linBumenHs Tapudy Ha nepeBe3eHHs 3
MeTol0 migBuieHHs npubyTky ATII Moke mpu3BecTH 10 3BOPOTHOTO, KOJIH KII€EHTH MOXXYTh BiAMOBHUTHUCS
BiJ[ IOCIYTH HA KOPUCTh KOHKYPYIOUHX MiAIpUEMCTB. [103uTHBHHN eeKT BUKOPUCTAHHS ITLOTO PECYPCy
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MOXIMBHH TUIBKU B TUX BUIIAIKAX KOJIH ITiAPHEMCTBO SIBHO CHIIBHIIIE 32 KOHKYPEHTIB ab0 € 1HIII rapaHTii,
10 Jal0Th YICBHEHICTD y 30epekeHHi KimeHTchbkoi 6azu ATII.

Spiv — piuHa coOiBapTicTh mepeBe3eHb. [ BHUSBICHHS pe3epBiB A MiABUILICHHS NPHOYTKY
ABTOTPAHCIIOPTHHUX MiANPHUEMCTB CTPYKTYPHI CKJIaIOBi CTaTeil coOiBapTOCTI HEOOXiAHO PO3MINMTH Ha MBI
miArpyny. Y Tepury BKJIIOYAlOTh CTaTTi, BEIMYWHA SIKUX O€3MOCEepenHbO 3aJIeKUTh B TEXHIYHUX
0COONMMBOCTEH BaHTAXHUX aBTOMOOLTIB. Lle BUTpaTw Ha ManMBO, MACTWIBHI Ta IHINI eKCIUTyaTamliiHi
MaTepialii, BUTpaTH Ha 3HOC i BiTHOBJIEHHs aBTOMOOIIbHUX HH 1 BuTpaT HA TO i peMoHT. Y Apyry rpymy
BKJIIOYAIOTh CTATTi, BEJIMYMHH SKAX BU3HAYAIOTHCS OPTaHi3aIlifHIMH OCOOIHMBOCTSMH (YHKIIOHYBaHHS
ATII. Lle 3apobiTHa 11ata BOAIiB, BiApaxyBaHHS Ha COLIalTbHI MOTPEOH, aMOPTH3AIlisI PyXOMOTO CKIamy i
3arajibHOrOCIIOAaPChKi BUTPATH.

3 mo3uuii 3HaXOHKEHHS PEe3epBiB MIABHILCHHA NPUOYTKY MiANPUEMCTBA HaWOinbmMid iHTEpec
IpPE/ICTaBIsIE MepIia Tpyma, OCKUIBKM BEMYMHM 3HAYCHb IUX CTAaTel BapilOIOTHCS B 3HAYHMX MEXKax B
3aJISKHOCTI BiJl THITY, MOZEII, MOAM(DIKAIll BAHTaXXHUX aBTOMOOLTIB.

XI10M,, — nojaTKu TPAaHCIOPTHUX MiANPUEMCTB. BukoHaeMoO aHaii3 MOJATKIB, LIO CTATYIOTHCS
JIEPXKaBOIO 3 aBTOTPAHCIOPTHHX MiIMPUEMCTB. 3 BAIOBOTO MPHUOYTKY CTATYIOTHCS MOAATKH: Ha MPHOYTOK
(18% Bix BamoBoro MpHOYTKY); Ha moxany BapTicTh — [1/IB (20%); 3emMenpHMIA (CTaBKa MOJATKY 33 3eMEIbHI
JISTHKY, HOPMAaTUBHY TPOILIOBY OIHKY SIKUX IPOBEICHO, BCTAHOBIIOETHCS Y po3Mipi He Oinbine 3% Big ix
HOPMAaTHUBHOI T'POIIIOBOI OIIHKH).

BenuunHa mOMaTKiB Mano 3alIeKUTh B THIY PYXOMOTO CKIaay, OTXKe, HpU BHOOPI MmapKy
3MIHIOBATUMEThCS Majo. TakuM YMHOM, aHaJi3 CKIIQJ0BUX 3alekHOCTI (1) moka3as, IO €AWHINA 3HAYUMIN
3MiHHIA Tpu popmyBanHi 3anexHocti (1) mpudyrky ATII mpu BHOOpPI HAKWOLIBII PaliOHATBHOTO MAPKY
ABTOMOO1JIIB € BETMYMHA COOIBAPTOCTI ITEPEBE3CHD Spjv.

Co0iBapTiCTh TMepeBe3eHb XapaKTepH3ye IIUPOKHH CIEeKTp (pakTopiB, IO BIUIMBAIOTH Ha MPHOYTOK
nianpuemctBa. [IpoaHanizyeMo cTaTTi co0iBapTOCTi, 3 METOIO BHSIBICHHS MapaMmeTpiB IO BIUTMBAIOTH Ha
(hopMyBaHHS ii BETUYNHU:

1) 3apo0iTHa maTa BOAIIB 1 BipaxyBaHHS Ha COIliabHI MOTpedu. BenmunHa miei cTaTTi BU3HAYAETHCS
YHCENBHICTIO BOAIIB, 3aifHATHX B IIEPEBI3HOMY Ipo1Ieci, GOpMOIO OILIaTH mpatli i 11 BeTHYHHOIO.

YucenbHICTh BOAIIB Ha 3a1aHKUI 00CSAT TIepeBe3eHb BU3HAYAETHCS 3a popmysioro [8, €. 54]:

ﬂp .du .aT.Acn
Hadz @

600

, O, 2)

ne /[, — xinbkicth aHiB podotu ATII 3a pik, qHiB;

d, — TpuBaiCTh POOOYOTO JHS, TOT.;

07 — KOeQIIIEHT TEXHIYHOT TOTOBHOCTI;

Acn — 00mikoBa KinbKicTh aBToM00UTIB ATII, o1.;

Dyop — piuHMi HOH POOOUOTO Yacy BOJIIB, TOI.

Sk BumHO 3 Gopmyin (2) Ha KiIBKICTh BOJITB BIUTMBaE (hopMa OpraHizaiil mepeBi3HOrO MPOIeCy i
(hakTUYHA KIBKICTh aBTOMOOIJIB, IO BUKOPHUCTOBYETHCS B IepeBe3eHHAX. Piunmii ¢oHI pobodoro vacy
BOJII1B BU3HAYAETHCS KLUIBKICTIO pOOOYUX JHIB TPUBANICTIO POOOYOI 3MiHU.

BinpaxyBanHs Ha comianbHi moTpedu craHoBuATh 21,5% (22% — €CB + 1,5% —BilickkoBuii 30ip) Bij
3apo0itHoi marn. Li 3acobu MaroTh comiankHU XapakTep, TOOTO Oe3nmocepeHhO0 BH3HAYAIOTH COIIaIbHY
CKJIa/I0BY €(heKTHBHOCTI eKCIUTyaTarlii aBTOMOOLITIB.

2) amopru3allis pyxoMoro ckiamy. Huui (oHI aMopTH3alliiHMX BiJpaxyBaHb, HaBITh SKIIO BiH
(dhopMyeThCs, MOKE OYTH CHpPSIMOBAaHHI HE MPOCTO Ha BITHOBJICHHS BapTOCTI aBTOMOOLIIB, a B LIJIOMY Ha
PO3BHUTOK MiANPUEMCTBA, 32 OaKaHHIM KEPIBHULITBA ITiATIPHEMCTBA;

3) aBToMOOiNbHE nNanuMBO. BuTpaTm Ha aBTOMOOTBHE NAJMBO BH3HAYAETHCA MOT0 BapTICTIO 1
(aKTHUYHOIO BUTPATOIO IPH €KCIUTyartalii BaHTaXHUX aBTOMOOLTIB. BapTicTh mannBa BCTAaHOBIIOETHCS B
PHUHKOBUX YMOBaX, TOOTO BEJIMYMHOIO MONMTY 1 mpomno3uii. Lle mMano xepoBaHUil MiANPUEMCTBOM 1 Majo
nepeadadyBaHuil (GaxkTop, KUK 3aNEXKHUTh BiJl CyKyIHOCTI HPOIECIB, IO MPOXOAATH B MaKpPOEKOHOMILI.
Butpara manuBa npu ekcruryarailii BAHT&XKHHUX aBTOMOOLUIIB Oe3rmocepelHb0 BU3HAYAETHCS iX TEXHIYHHUMHU
XapaKTePUCTUKAMH, K TEXHIKO-SKCIUTyaTalliiHUMU, TaK 1 TEXHIYHHUM CTAHOM BaHTaKHHUX aBTOMOOLTiB [9].

Butpata mnanuBa BH3HAUAETHCA MAPKOM, MOJEIUII0 BAaHTQXKHUX aBTOMOOINIB, yYMOBaMHu ix
eKCIUTyaTallii, TEXHIYHUM CTaHOM aBTOMOOUIIB, XapaKTepoM IIepeBe3eHb, PAI[IOHAILHICTIO MapIIpyTiB
nepeBe3eHb, MAPKOM BaHTaXY, 1110 TIEPEBO3UTHCS. ICHYIOUI METOAMKH HOPpMYBaHHs BUTpaTH nanusa [1; 3]

, 2021, Ne2 (17) 163



© Xaspyk B.O., [lapxomenko O.0. 2021

BpPaxoBYIOTh YCi 11i hakTopH, OTKe, 00K iX y (hopMyBaHHI MPUOYTKY MiAMPHEMCTBA JOCUTh MPOCTUH, ajiec B
TOH K€ Jac BpaxoBye 0e3I1iY TEXHIYHUX 1 TEXHOJIOTTYHUX (PaKTOPiB;

4) MacTUIJIBHI Ta eKCIUTyaTalliifHi MaTepiany. BennyuHa 1i€i cTaTTi 3aJIeXUTh BiJ IIHU UX MaTepialiB
1 iX pUHKOBOI BapTOCTi, OTXKE LS CTATTS XapaKTEPHU3YE CYKYMHICTh TEXHIYHUX 1 TEXHOJOTIYHUX (HaKTOPiB,
IO BIUIMBAIOTh Ha (OpMyBaHHS NMPHUOYTKY, ajle B TEXK Yac JOCUTh MPOCTO BU3HAYAETHCA 3a ICHYIOUHMH
meTtoaukamu [1; 3; 5; 6].

5) 3HOC 1 peMOHT aBTOMOOTBHUX MWHH. L[5 cTaTTs cobiBapTOCTI BpaxoBye BUTPATH HiAMPUEMCTBA MO-
Tepie Ha 3aKyMiBII0 HOBHX IIMH B 3aMiHI 3HOIIEHHX 1 MO-ApPYyre BUTPATH Ha BiTHOBIEHHS IpaIle31aTHOCTI
IIMH B TIPOIeci 1X ekcrutyaTailii. Butpartu Ha miMHU Bu3Ha4aoThes [8, ¢. 55]:

H L
w_ k . -n - 3a2 , T H, 3
100 *“ o 1000 P ®)

ne 1], — uiHa 0THOro KOMIUIEKTY HIMH (ITOKpUILKa, KaMmepa, 000AHa CTpiuka), TpH;

N., — piuHUH 3HOC IIKH, OJ1.;

H,, — HOpMa 3HOCY 1 peMOHTY MH Y % 110 BapTocTi KoMIulekTy Ha 1000 xm npobiry %;

K. — KOe(IillieHT KOpUT'YyBaHHS HOPMH MpPOOIry HIMH, IO BPAXOBYE YMOBH €KCILTyaTallil pyXOMOIo
CKJIaJy 1 mepernpooir muH;

N, — KUIBKICTH IIIMH Ha aBTOMOO1IIB, O

L;.. — mpo0ir aBTOMOOLIS 32 PiK, KM.

[Mepumii nomanok y dopmyii (3) xapakTepusye BapTicTh HIMHH 1 TX KUTBKICT Ha aBTOMOOLII, TOOTO
0e3nocepeTHR0 XapaKTepu3ye MapK aBTOMOOLISA, HOro Moens i MapKy, a TaKOoXK IepeBary BIaCHHKA
aBTOMOO1JIT y BCTaHOBJIEHI Ti€i a0 iHINOI MOAEN IMMHU Ha aBTOMOOiNE. ToOTO MOOIYHO XapakTepusye
BUPOOHWYY TOTYXHICTh MiJIPUEMCTBA 1 OpraHizamilo PEeMOHTHOrO BUPOOHHUNTBA. Jlpyruii momaHOK
XapaKTepu3ye SKICTh BUKOPHUCTOBYBAaHHUX Ha aBTOMOOLII IIMH, YMOBHM €KCIUTyaTallii aBTOMOOLIIB, SKICTh
poboTH BoAiiB, pexuUMH poOOTH aBTOMOOINIB. TakuM YMHOM, L€l TapaMeTp BPaXxOBYE BEIUKY CYKYITHICTB
¢dakTopiB, IO BIUIMBAIOTh HAa MNPHOYTOK MiJNPUEMCTBA 1 €(QEKTHBHICTh eKCIUTyaTalii BaHTaXHUX
aBTOMOOI1JIIB;

6) texuiune oOcmyroByBanHa (TO) i pemoHT aBTOMOOLNIB. Po3paxyHOK BUTpaT Ha TeXHIUHE
oOCITyroByBaHHsI 1 pPEMOHT BaHT@XHUX aBTOMOOLUTIB 3MIMCHIOETBCS dYepe3 HOPMH BUTpAT, IO
BCTaHOBIIOIOTHCS B I'pH Ha 1000 kM mpoGiry. ani Hopmu Oynu po3poOiieHi Ha AesKi MoJesi aBTOMOOLTIB
[10]. Huni mani HOpMH MOXKHA BHKOPHCTATH 3 YpaxyBaHHAM iHZAEKcamii y BiAMOBIAHOCTI 3 PHUHKOBOIO
BapTICTIO 3allaCHMX 4YacTWH 1 MarepiamiB 1 HagiifHOCTI aBTOMOOUTIB B yMOBaxX (DYHKIIOHYBaHHS
TPaHCHOPTHUX MiAnpreMcTB. CKIajHilIe BU3HAYATH BUTPATH JJISI HOBUX MOJENEH IMIOPTHUX BaHTAKHHX
aBTOMOOLIIB, IS SIKUX MOIOHI HOPMHU BCTaHOBJICHI He Oynu. B npomy BHNaaKy Ha MiANIPHEMCTBI HEOOXiTHO
OpraHi3oByBaTH pOOOTH IO HAKONMMYEHHIO 1 00poOIi cTaTHCTUYHOI iHopMmamii mo QaxTH4HIA BUTpaTi
3allaCHUX YaCTHH 1 pUHKOBOT iX BapTOCTI;

7) 3aranpHOTOCTIONAPCHKI BUTpaTH. Ll ctaTTs cobiBapTOCTi ekciuryarariii aBTOMOOITIB MPUHMAETHCS
piBHOIO 25% BiJ CyMu BUTpAT MONEpeHiX cTaTel co0iBapTOCTI eKcITyaTalii aBTOMOO1TIB, a OTXKe ITOOIYHO
BpaxoOBY€ CYKYIHICTh ()aKTOPiB, IO BIUIMBAIOTHh HA MPUOYTOK MiANPHUEMCTBA 1 €PEKTUBHICTh €KCILTyaTallii
aBTOMOOLIIIB.

3HaueHHs cTaTel cO0IBapTOCTI TAKOXK JIOCHTh IPOCTO PO3PAXOBYIOTHCS 32 BIIOMHUMH METOAMKAMH [5;
6;9; 11-13].

CtpykTypa cobiBapTOCTI MepeBe3eHb BaHTAXIB aBTOMOOIIsiMu [14]:

3Ml = NM,{ .um +

¥S= (SHP + S+ S+ Sx)'WQ + R; + Ro+ Ra+ R4+ Rs+ Rg+ R7+ Rg+ Ro+ Rlo, T'pH, (4)

ne Wq — o0csr nepeBeseHs, T;

SHp — BUTpaTH Ha HABAHTAXXYBAIBbHO-PO3BAHTAXKYBAIbHI pOOOTH, TPH/T;

Spp — BUTpATH Ha MiATOTOBKY BaHTaXy A0 IEPEBE3ECHHS, TPH/T;

S — BUTpaTH Ha TPAHCHOPTYBAaHHS | T BaHTaXy, IPH/T;

Sx — BUTpaTH Ha CKJIalyBaHHS BAHTaXYy, TPH/T;

R1 — BuTparu, o’ si3aHi 31 301IbIICHHASM BiJICTaHI TPAHCIIOPTYBAaHHSI BaHTAXY, TPH;

R> — BuTpaTH yHaciiJJOK HEBIANOBIIHOCTI PYXOMOIO CKJIagy pOAY 1 XapakTepy BaHTaxy, IIO
MEPEBO3UTHCS, TPH;

R3 — BuTpaTy, MoB’s3aHi 3 YIIKO/DKSHHSM 1 BTPAaTOI0 BAaHTaXKY, I'PH;

R4 — BuUTpaTu, MOB’s3aHI 3 BUKOHAaHHSIM JOJATKOBOIO HaBaHTa)KyBaJbHOTO-PO3BAHTAKYBaJIbHHUX
PpoOiT, TpH;
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Rs — BuTpaty, MoB’s13aHi 3 10AaTKOBUM 30€pIiraHHSIM BaHTaXy, [PH;

Rs — BuTpaTH, OB’ sI3aHi 3 IHEPIIIHHICTIO TPAHCTIOPTHOTO MPOIIECY, TPH;

R7 — BuTpatu, moB’s3aHi 31 301IbIICHAAM BapTOCTI TPAHCTIOPTYBAHHS, IPH;

Rs — BuUTpaTH, MOB’sA3aHi 31 301bIICHHAM BapTOCTI HABAHTAKYBAJIBLHOTO-PO3BAHTAXKYBAJIBLHUX POOIT,
TPH;

Rg — BuTpatu, moB’s13aHi 31 301MBIIEHHSIM BapTOCT] MiATOTOBKH BAaHTAXY 1O MIEPEBE3CHHS, TPH;

R10 — BuTpaTu, moB’s3aHi 31 301JIbIIEHHSIM BapTOCTi CKIIaJyBaHHS BaHTAXY, TPH.

BuTparu Ha TpaHCIIOPTYBaHHS BAaHTaXXy MalOTh HACTYITHY cTpyKTypy [12; 13]:

S =Sp+ Sym + Stop + Suz +Sam + Si + Sy, TPH, (5)
1e S;7— BUTPATH Ha MajHBO, IPH;

Syu — BUTPATH HA MAaCTUIIBHI Ta 1HII eKCITyaTalliiiHi MaTepialu, TpH;

Stop — BuTpaTtn Ha TO i peMOHT, I'pH;

Sy — BUTpaTH Ha BiIHOBJICHHS 3HOCY 1 PEMOHT LIHH, TPH;

Sam — BUTpaTH Ha aMOPTH3aLIif0, IPH;

Sy — HaKJIaJaHI BUTPATH, IPH;

Sz — BUTpaTH Ha TIOAATKH, TPH.

Li excrutyarariiiiHi BUTpaTH Ha BAaHTAXKHI MEPEBE3CHHS aBTOMOOUISIMH, MO>KHA PO3JIITUTA Ha YMOBHO-
TexHiuHi Butpatu (Y7TB) — 3minHi: Sy, Sy, Stop, Sy Ta yMOBHO-OpraHizamiiiHi Butpatu (YOB) — yMOBHO-
noctiiiHi: Sam, Sm, Sz OcTaHHS Tpyma CKIaJOBUX 3MIHIOETHCS TPU OHOBICHHI TapKy aBTOMOOITIB
MPUOJIU3HO OJTHAKOBO MpH OYyIb-IKOMY BapiaHTi BHOOPY, TOMY TpH MOAAJBIINX PO3paxyHKaxX HEH MOXKHA
HEXTYBAaTH.

Ha mpakrtuimi BUTpaTd Mo CTaTTAX COOiBapTOCTi: Ha MATMBO Sy, MAacTWIIBHI Ta 1HII eKCIUTyaTalliiHi
MaTepiaii Sy, 1 BITHOBJICHHS 3HOIICHHWX 1 PEMOHT WIMH Sy BU3HAYAIOTHCS MO ICHYIOUMX METOAMKAX, 1 B
JOCTaTHI#M Mipi BiAMOBIAAOTh (DaKTHYHUM BHUPOOHWYMM 3HadeHHsM [2; 4—6; 10; 12; 15]. Butpatu na TO i
PEMOHT Stop B JaHHWX METOAMKAX CKIAJAlOTHCSA 3 BUTPAT HA OIUIATY Ipalli pEMOHTHUX POOITHUKIB Bsnpeyp,
BUTpAT Ha 3amacHi 4acTUHM 1 Matepianu Bszyy. Butpatn Ha TO i peMOHT po3paxOBYIOTbCS, BHXOJSMYHU 3
MUTOMHX HOPM Ha KOHKPETHI Mozeni aBToMoOiniB Hrop, TpH/1000 kM. HasiBHI 3HaueHHs 1i€i HOpME Oyin
po3pobineHi Ha 3acTtapiimi Mozeni aBTOMOOIUTIB i B JMaHWH dYac BHUKOPHCTOBYIOTBCS 3 YpaxXyBaHHIM
KoeQillieHTIB IHICKCalll, Ha 3apyOikHI MoJieNi aBTOMOOWIIB 1 CydyacHi BITYM3HSHI iX 30BciM Hemae. Kpim
TOTO0, CHIBBIJIHOIIEHHS CKJIJ0BUX 3apOOITHOI IUIATH PEMOHTHOTO MEPCOHANY Biupeywp 1 BUTPATH HA 3amacHi
YaCTHHHU 1 Marepianu Bjyps B MATOMHUX HOpMax Hrop HWHI 3MIHWINCSA B MOPIBHSAHHI 3 TUMH, SKi Oynu
3aKazieHl mpu ix po3pobui Ha movatky 90-x pokiB XX cT. ¥ maHuX HOpMax 4acTKa BUTpaT Ha 3apoOiTHY
TUIaTy PEMOHTHUX POOITHHKIB pO3paxoByBaslach Ha OCHOBI TapU(HHUX CTaBOK Citocaps 3-TO po3psdy i Ha
Hux npunagano 30-40%, Ha 3amacHi uyactuHM 1 Matepianu 60-70%. HuHi 3 mpuuuHM pPi3HOTO piBHS
TOJUHHHUX TapU(HUX CTABOK PEMOHTHUX POOITHHUKIB Ha MiAMPHUEMCTBAX, SKi MOXYTh 3HAYHO BiIpPi3HATHCS
HaBiTh B MEXaX OJHOrO PETiOHY, YACTKH CKJIQJOBUX MMUTOMHUX HOPM Hrop BIAPIZHAIOTHCS BiJl THX, sIKi OyIH
po3pobiieHi paninie. ToMy B I}0 CTATTIO BUTPAT BKJIIOUATUMEMO TUIBKM BUTpPATH Ha 3allacHi YaCTHHU 1
MaTepiany, 10 BUKOPUCTOBYIOThCS npu TO 1 peMOHTI aBTOMOOITIB, MO3HAYMBIIM 1X — Szyis . Butpatn Ha
OIUIaTy Mpali pEMOHTHUX POOITHUKIB Bsypenp BIHOCHUMO JI0 TPYIIH «YMOBHO-OpTaHi3aliiH» (popmyna 5).

Toxi yMOBHO-TEXHI4HI BUTpaTH MaroTh BUrIIiA [8, C. 58]:

VTB =S+ Sum + Sy + SB%M, I'pH, (6)

Ilefi mMOKa3HUMK BUKOPWMCTAHHS BaHTAXHHUX aBTOMOOLTIB OIOCEPEIKOBAHO BPAXOBYE B TPOIIOBOMY
CKBIBaJICHTI:

1) KOHCTPYKTHBHI OCOOJIMBOCTI aBTOMOOLIA, Oe3mocepeIHbO OB’ s13aHi 3 POOOTOI0 PYXOMOIO CKIIaay
HAa JIiHii;

2) dakTHuHy HaJiiHICTH aBTOMOOIJISI B KOHKPETHUX yMOBax QyHKionyBanus ATII,

3) edpekTUBHICTD aBTOMOO1JIS 10 KOHKPETHUX YMOBaX €KCIUTyaTallii;

4) BapTICTh 1 BUTPATY 3alIaCHUX YACTUH i MATEpiajiB JyIs KOHKPETHOT MOJIENI aBTOMOO1ISI.

Ileit moka3HUK J103BOJISIE:

1) ouiHroBaTH €PEeKTUBHICTH BUKOPUCTAHHS aBTOMOO1IIB B TPOIIOBOMY €KBiBaJICHTI;

2) nopiBHIOBAaTH €()EKTUBHICTH Pi3HUX MapOK 1 MOJeJiel aBTOMOO1IIIB B TPOILIOBOMY €KBiBAJICHTI;

3) BuOMpaTH HaWOUIBII palliOHATBHUN APK PYXOMOT'O CKIIAY;

4) nobiYHO OIIHIOBATH e(EeKTHBHICTh pOOOTH CITy>KOM eKcIutyaraiii aBToMo0iniB Ha pisaux ATII B
IPOILLIOBOMY €KBiBaJICHTI.
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[Ipoanani3zyBaBuin yMOBHO-TeXHI4HI BUTpaty (Y TB) npu BUKOPUCTAHHI aBTOMOOLIIB, OTPUMY€EMO.
1) Burparu Ha manauso [8, . 59]:

Sr =B Qn=Br0,01-(H.-L + Hyew W)(1 + 0,01-K), TpH, @)
ne By — BapTicTh 1 1 manuBa, TpH;
Qu — BUTpaTa naausa, I,
H. — HopMa BuTpaTu namusa aBToMo0is, 71/100 kM;
L — mpoOir aBTOMOOLIIS 3a 3BITHHM TTEPioT, KM;
H,cw — HOpMa BUTpATH MMaJiBa Ha TPAHCIOPTHY poboTy, /100 THC. KM;
k — HagbaBKka, 1110 BpaXOBY€ YMOBH eKcILIyaTarii, %.
W — o0csr TpaHCIIOPTHOI POOOTH, THUC. KM.

W = Qg Lgs, THC. KM, (8)

ne Qp — Maca BaHTaxy, T; Lgz — Ipo0ir 3 BaHTaXKeM, KM.
Toni [8, c. 59]:

St= B[]'QH = B;;:0,01 '(HL'L + Hmm,'QB'LEB)(l +0,01 k), IpH, (9)
2) BUTpaTH Ha MacTHJIbHI MaTepianu [8, c. 60]:

Sym = BMM'QMM = 0,01 'BH'QH' HMM, I'PH, (10)
ne Buyas — BapTicTh 1 11 (Kr) MaCTHUIBHOTO MaTepiay, TPH;
Qv — BUTpaTa MacTWIILHOTO Matepiaiy, 1 (Kr);
Ham — HOpMa BUTpaTH MacTIIIBHOTO Matepiany, j(kr)/100 i manuBa.
3) Butparu Ha muHH [8, c. 60]:

Sur = BNy + 0,01 Hu]ku] nHr(O,OOl L), T'PH, (11)
ne By — BapTicTh IIMHM, TPH;
Nz — BUTpaTa 1IKH, OJ1.;
Hyr — HopMa 3HOCY 1 peMOHTY 1IHH B % 10 BapTocTi KommuiekTy Ha 1000 kM mpobiry, %;
Ky — KoedilieHT KOPUTyBaHHS HOPMH MPOOIry IIWH, [0 BPaxOBYE YMOBH €KCIUTyaTaIlil pyXOMOIO
CKJIaJy 1 mepernpooir muH;
Ny — KITBKICTE IIWH Ha aBTOMOO1ITIB, OI.;
L — mpoOir aBToMOOiIIS 32 3BITHHIA TIEPiOA, KM.
V cBoto 4epry piuHa BuTpata mmuH [8, ¢. 60]:

n,L
Jiig
N,=—, (12)
L
ne Ly — HopMmaTtuBHUE npoOir muHU, KM; L — mpoOir aBToMo01Is 32 3BITHHIA TIEPioJ, KM.

Toumi [8, c. 60]:

H

Sw=Bw~r|]_—”’+0,001~Hw~kw~nm-(0,001-L),rpH, (13)
H
4) BUTpATH Ha 3aMacHi YaCTUHH i MaTepialu, [0 BUKOPUCTOBYIOThCs mpu TO i pemonri [8, . 61]:
Ssuine = L B3y, TPH, (14)
ne L — npoOir aBToMoO1IIst 32 3BITHUN TIEPiojl, KM;

B3yiv — IMATOMI BUTPATH Ha 3alacHi YaCTUHU 1 MaTepiaiu, IPH/KM.

Jns BusHauenHs BenmuuHu YTB BukopucroBytotbes dopmynu (9), (10), (13). INomHOXUBHIH
orpuMaHi (opMyJIH Ha BapTiCTh JaHux wmarepiagiB C;, TpH/OA. MaTepialy OTPHUMAEMO aOCOIIOTHI ix
3HaveHHs. JIJisl MpUBEJICHHS JIO MIOPIBHSIHHOTO BHY, PH MOPIBHIHHI aBTOMOOLIIIB 32 UM ITOKA3HUKOM, HOTO
HEOOXIZHO PO3IININUTH Ha 00CAT BUKOHYBAHOI BaHTa)XHOI TPAaHCIOPTHOI poOoTu 3a 3BiTHUII nepion W, TKM.
Toni dbopmyna (6) aAns MUTOMUX YMOBHO-TEXHIYHMX BHTpAT Ha €KCIUIyaTallil0 aBTOMOOLUIS MpH JOCTaBLi
BaHTa)XiB MOXKHA 3anucaru y Burisiai [8, ¢. 61]:
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n

111'L +
L, (15

mKkm

1
TIVTB = [(By 0,01 (H, L+, Oyliy)- (o4 0,01 k) + By 0,010y - Hy + By

+0,0,01-H,, +k,, -n, -L+L-B,,, )], rpa/THC.KM
(2.15)
ne W — oOcsir, BUKOHYBaHOI BaHTa)XHOI TPAHCHIOPTHOI POOOTH 32 3BITHHH MEPiOA, THC. KM;
B —Bapricts 1 1 nanusa, TpH; H. — 6a30Ba HOpMa BUTpATH MaiauBa, Ji/100 km;
L — mpobir aBToMo06is 3a AOCTiIKYBaHUH MIEPio, KM;
H,yw — BUTpaTa manuBa Ha TpaHCIOPTHY poboty, 1/100 THc. KM;
Qs — Maca BaHTaxy, 10 IEPEBO3UTHCS, T;
Les — mpoOir 3 BaHTaKEM, KM;
k — HapOaBKa, 1110 BpaxoOBye YMOBHU eKcIuTyaTaii %;
Bmm — BapTicTh 1 JI(KT) MAaCTHIIBHHX MaTepialliB, TPH;
Hwm — HOpMa BUTpaTH MacTHIIBHOTO Matepiany, i (kr)/100 i manmsa;
By — BapTicTh MHM, IPH;
Ny — KIABKICTH IIMH Ha aBTOMOOLII, O11.;
L — mpoOir aBToMOO1ISI 32 3BITHAN TIEPioa, KM;
Ln — HOpMaTUBHUIA IPOOIT IMHU, KM;
Hs — HopMa 3HOCY 1 peMOHTY HMH B % 10 BapTocTi KoMIuiekTy Ha 1000 kM mpodiry %;
Ky — KoedillieHT KOPUTyBaHHS HOPMH MPOOIry IIWH, [0 BPaxOBYE YMOBH €KCIUTyaTallil pyXOMOIO
CKJIay 1 mepenpooir mInH;
B3yixr — MUTOMI BUTpATH Ha 3alacHi YaCTUHU 1 MaTepiaiu, TPH/KM.
Crpoctumo dopmyiny (5), MO3HAYHBIIH:
=(1+0,01k)— namb6aBka Ha BUTpaATy MaJMBa 3aJICKHO Bill YMOB pOOOTH;

B,' = L-H, — BuTpaTa naausa aBTOMOOLIIB Ge3 BaHTaxKy;

B
B,=H,  -0,-L, —BUTpaTa NajiuBa Ha TPaHCIOPTHY POOOTY;

L
3, = L — 3HOC (BUTpaTa) aBTOMOOITEHUX IIHH;

H
B, =0,01-H,, -k,, -n,, -(0,001-L) — BUTpaTH HA BiIHOBIEHHS IIHH.
Toni orpumyemo dopmyay [8, c. 62]:

1
IIVTB = V—v-[Bn -0,01-(P, +P;)- A +B,,, -0,01-(P) +P})-H,, +B, 3, + 16)

+B, +L-3,,,], rpu/tnc.xm

[Tpn omiHni BapiaHTIB OHOBJEHHS MAapKy PYXOMOTO CKJIaxy PEKOMEHIYETHCS B SIKOCTI OCHOBHOTO
KPUTEPIF0 BUKOPUCTATH BEIIMYMHY TOCIONAPCHKOTO €KOHOMIYHOTO €(eKTy, sSKa BH3HAYAETHCS SK Pi3HULI
CiBPO3MIPHHX MPUBEICHNUX pidHUX BUTpAT [8, C. 62]:

Er= (Sl + EH'Kl) — (S?_ + EH'K?_) =5 -5+ EH'AK, I'pH, (17)
ne Si1, S, — MoTOYHI piuHI BUPOOHUYI BUTpATH Mo 1-y i 2-y BapiaHTax, TpH;

K1, Kz — xamiTanbHi BKIaIeHHs TI0 BapiaHTax, TpH;

AK — pi3HHIIA KaIliTaTbHUX BKJIAJI€Hb, TPH;

En — koedilieHT npuBeneHHS KaliTaIbHUX BKJIAACHB IO BapiaHTax A0 MOTOYHUX PIYHUX BUPOOHUUMX
BUTpAT.

Toxi edekrt, MO AOCATAETHCS BIACHUKOM IApKy KOMEPLifHUX BaHTa)XHHX aBTOMOOLTB E, ., TPH,

NpY HOT0 OHOBJICHHI MOXKe OyTH BUpakeHui sk [8, C. 63]:

E,,=(VIB +E, -K,)-(VIB,+E, -K,)=VIB -VIB,+ E, - AK , rpm, (18)
ne YTBi1, YTB> — yMOBHO TeXHI4HI CKJIaJIOBI EKCIUTyaTalliiHUX BUTPAT HA TPAHCIIOPTYBAHHS BAHTAXKIB
o 1-y (6azoBomy) i 2-y (HOBOMY) BapiaHTaM.
3nadyeHHs1 KoedilieHTa Ey B Hall 4ac MOTPIOHO PO3YMITH SK PO3HECEHHsS BapTOCTi KaIliTalbHUX
BKJIaJIEHb 110 POKax ix peamizanii. OTke, BeIMUrHA LHOT0 KoedilieHTa BU3HAYaTUMETHCS Oe3MocepeIHbO Ha
BUPOOHHIITBI, IHAUBIAYAIBHO ISl KOXKHOIO aBTOMOOLIS. 3a YMOBH, 1110 BUOpaHi JijIsl €KCIUTyaTalii
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aBTOMOOLITI 3HAXOIATHCSA B OJNHIM ITIHOBIH KaTeropii i eKCIUTyaTyBaTUMYTbCS OJIHAKOBY KiJIBKICTH POKIB,
B

KOe(iLliEHTOM B HAIIOMY BUIIaJKy MOKHA HEXTyBaTu. ToJi piuHuil eekT BIacHuKa pyXoMoro ckinany £,

IO JIOCSTAETHCS MPH BBEJIEH] B €KCIDTyaTallifo Mojeneil aBToMo0imiB 3 MeHmmMy Y TB (3a yMoBH piBHOCTI
YCiX IHIIMX CKJIaOBHX, IO BIUTMBAIOTH HAa TPUOYTOK MiAMPHEMCTBA):

E; . =AVTB=YTB -VTB,, IpH (19)

BIT3

B

[Mutomuii epekr E,,,

(rpu/THC. KM) HopiBHoE [8, C. 63]:

E

BII3

1
=AIIVTB = W (VTB,-VTB,), rpa/tuc. km, (20)

ne W — o6csr TpaHCIOPTHOI pOOOTH, IO PEaTi30BYETHCS aBTOMOOUISIMH, THC. KM.
Pi3Huns ButpaT Ha nanuso [8, €. 63]:

AS, =B, -0,01-(Py + P} )- JI, - B, -0,01(P; + P} )- /I, =

(21)
=0,01-8, -P," -, +0,01-B, - P, - 1,-0,01-B, -P;"-JI,-0,01-B, - P, - J,, rpu
Mosnawnmo: Q" = Py 5 Qg = P - I3 Q' =Py M3 Qg = Pr - /1.
Toni:
114 B 114 B
AS, =0,01-B, -(0f"-0!)-0,01-B, -(0!" -0 (22)
BeeneMo BiTHOCHHI KOS(II[IEHT MOPIBHAHHS:
S’
K =—, (23)
S/
neS,, S’ —3HaueHHs i-i CTATTi BUTPAT BiAMOBIAHO HOBOTO i 6a30BOTO BapiaHTYy.
Bigmosigno: K, = B—Hl — KpuTepiii ouiHku 3a Bapricrio namusa. Toni: B, =K, ‘B, ;
HZ
4 ~B
S, s, .y . . PN/ 7 B _ 14 B
o = m _np — KPHTEpiH OLIHKM IO BUTPATI NaiKBa. Toxi: Q;" —Q; =K, -(QSZ - Qs )
SZ SZ
Orxe:
8, =001 (K, B, - K, -(01' 07 ) =By, (' - 01 )) = on
=0.01-5, (0] - 07 )-(K,, -K,, ~1). rpu
Pi3HuIsA BUTpAT Ha MacTUIIBHI Martepianu [8, C. 65]:
AS,,, =B,y (0,000 (P +PL)- J1,) - H,,, B, (0,001 (P + P} )- )1, ) H,,, = -
=0,001-8,, -(0"-0!)-H,,, -0,001-B,, (0! -0!)-H,, , rpu
[Monoxumo: K, = ™ _ xpuTepiit oLiHKK 3a MacTHIBHOrO MaTepiamy. Toi: B =Ky " Buny, s
‘ MM,
114 _ QB
S1 S1 ™ . . .. . .
Ko, = 57—, — KpuTepiii OLiHKH 110 BUTpaTi namuea. Toxi: 5117 8 —QSB1 =K,, ( SIZ 8 —Qi ) AHaNOT14HO:
(gsZ _Qsz
K, = HMM1 — KpUTEpiii OLIHKK 10 HOPMi BUTPATH MacTWiIbHOro Marepiany. Toni: H,, =K, -H,, .
MM.

2

168 , 2021, Ne2 (17)



© Xaspyk B.O., [lapxomenko O.0. 2021

Otxe [8, c. 66]:

AS,, =0,001-(K,, B, ‘K, -(QSIZA—Q;’;)-KH -HMMZ—BMMZ-(QSIZA—Q;’;)-HMM -

MM

114 B Z (26)
= 0, 001. BMMZ ’ (QSZ - QSZ ) ) HMMZ ) (KMM ’ KQS ) KHMV _1), rpH
Pi3Hun BUTpAT HA IIWHU:
AS, =B, 3, —B, 3, (27)
773 . . . . .
Bupasumo: K, = — KpUTEpii OLIHKY 32 BapTiCTIO aBTOMOOLIbHYX 1H. Toxni: B, =K, -B,,
UIZ
y K, = “L _ kpuTepiit omiuky 10 3HOCY (BUTpati) muH. ToMy: 3y =K, -3, - BinmoginHo:
LUZ
AS, =K, B, K, -3, -B, -3, =B, -3, (K, -K, -1),rpn (28)
Pi3Huis BUTpaT Ha BiAHOBICHHS 1uH [8, ¢. 66]:
m ur m
AS,; =B, -B, . (29)
i
Bupazumo: K, = 131 — KpUTEpii OIIHKU 3a 10 BUTpaTaM Ha BiJHOBICHHS aBTOMOOIBLHHUX MIMH.

B,

Tomi: B;” =K, -B;j’ . Bigmosinno:

ASIZZU = K3m 'B;EI_B;I :B;jl'(K3lll —1),FpH (30)

Pi3Hnng BuUTpaT Ha 3amacHi YacTHMHM 1 MaTepialid MpH OJHAKOBOMY HpOOITy MOpIBHIOBAaHHX
aBTOMOO1IIB L34 (KM):

ASyy = L ( B3’-1iM1 - B3L1iM2 ) » TPH (31)

Ilo ananorii 3 monepeaHiMu BUpa3zaMH NEPETBOPUMO, TOAL:

AS}L/[M =L B3L[iM2 '(K3L1iMl _1)5 T'pH (32)
IepetBopumo dopmyny (20) 3 ypaxysauusm dopmyin (24), (26), (28), (30) i (32), orpumaemo [8, C.
67]:
1
AITYTB =VV-[0,001-BH2 (oI -02)-(k, K, 1)+
+0,001-B,,,, -(QSIZA —Qi)-HMm -(KMM K, K, —1)+ (33)

'B[”z .(KBzu 'K"’w _1)+B3f '(K?,’,” _1)+L'B3%M2 ’(K3Ln-/\42 _1)j|’ I'PH/TUC. KM

MM

+B

MM,
. _ 114 B . . .
Hosnaunmo: B, =0,01-B,, -(QS2 —Qsz) — BHTpaTH Ha TaJMBO HOBOTO BapiaHTy aBTOMOOLIS,

_ 14 B . . . .
B,, =0,001-B,, ‘(Q52 -0 )-H wa, — BUTPAaTH Ha MAaCTHIIbHI Marepiaiy HOBOTO BapiaHTy aBTOMOOLIS.

Toni muTOMi YMOBHO-TEXHIUHI BUTPATH MPHU TPAHCIIOPTYBaHHI BaHTaxiB (/1Y TB1;) MOXKHA 3allUCATH TaKUM
yrHOM — [1YTB1; = K1 [1VTB;;. llincraBnstoun 1eii Bupas y ¢opmyny (20) oTpumMaeMo BETMYUHY TUTOMOTO
edexTy npu 3aMiHi 6a30BOi MOJIEi aBTOMOOLIS HA HOBUH BapiaHT:

Eype = MIVTB =K, - IIVTB, —IIVTB, = IIVTB, -(K,~1), rpu/tuc. xu (34)
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ne IIYTB, — NUTOMI yMOBHO-TEXHIYHI BHTPaTH IPH EKCILTyaTalii HOBOTO BapiaHTy aBTOMOOLIA B

MapKy pyXOMOTO CKJIay, TPH/THC. KM.
PoskpuBatoun 1eil Bupa3 3 ypaxyBaHHSM MPUHHATHX IO3HAYEHb, OTPUMAEMO BEIWYHMHY PIYHOTO

CKOHOMIYHOTO e(heKTy, IO JOCATAEThCS BIACHUKOM BaHTa)XHHX aBTOMOOIIIB MPH OHOBICHHI mapky [8, C.
68]:

1 n
EBPC = yTB = w ) Z [BHZ ) (KBII ) KQS _1) + BMMZ ) (KBMM ) HMM - 1) +
i=1 , (35)

+B,,, '(KBw K, —1)+ B, ‘(KB,,,,, —1)+ B, -(KBW —1)] TPH/THC. KM

Ie B, — BUTpaTH Ha IAJIUBO, IPH;
2

B,,, — BHUTPATH Ha MACTHJIBHI 1 1HIII €KCIUTyaTaLliiiHI MaTepiain, IPH;
B,,,, — BATPATH Ha IIMHH, TPH;
B,,, — BHUTPATH Ha PEMOHT 1 BIHOBIICHHS IIUH, IPH;
B — BATPATH Ha 3aacHi YaCTUHU 1 MaTepialiu, TPpH;

34iM,

BiTHOCHI KOe(iI[i€eHTH TIOPiBHSAHHS BapiaHTIB, BIAIOBIIHO:

K, —3a BapTICTIO MaIHBa;

Ko, — IO BHTpATI MaJliBa;

K, —3a BapTiCTIO MACTHIBHUX MaTepiais;

K, — MO BUTpATi MACTHILHAX MaTepiais;

K, ~—3aBapTICTIO KOMILICKTY LIHH;

Kg, — BUTPATI LIKH;

K, ~—3aBATpaTaMH Ha BIXHOBICHHS I PEMOHT LINH;
Kg, ~—3a BUTpAaTaMH Ha 3aNacHi YaCTHHU i MaTepialy.

[Ipy BU3HaYeHHI EKOHOMIYHOTO e(eKkTy FEppc UIA TapkKy aBTOMOOITIB HEOOXiJIHO BHKOHATH
MiZICYMOBYBAHHS 110 YCiX aBTOMOOIJISX.

OBI'OBOPEHHA PE3YJBbTATIB JOCJJIIAKEHHS

OTxe, METOIMKA PO3PaXyHKY €(EeKTHBHOCTI €KCIUTyaTalii BaHTa)XHHUX aBTOMOOUIIB I'PYHTY€ETHCS Ha
BEJIMYMHI YUCTOro NpuOyTKy, sikuii Moxke orpumatu ATII mpu BukopuctanHi HasBHOro PC. OcHOBHUM
MOKAa3HUKOM, SKHH BIUIMBA€ HA BEIMYMHY YHCTOrO MPHOYTKY € pivyHa coOiBapTiCTh ImepeBe3eHb. B
CTPYKTYpy COOiBapTOCTI TMEpeBe3eHbh BAHTAXIB ABTOMOOIUISIMH BXOJSATh Taki CKJIAJIOBi, SK: BHTpPATH Ha
HaBaHTAXXyBaJIbHO-PO3BaHTAXXyBaJIbHI poOOTH, BUTPATH HA MiATOTOBKY BaHTAXy /0 IEPEBE3CHHS, BUTPATH
Ha TPAHCIIOPTYBAaHHS BaHTaxy i 10 MOKa3HUKIB, SKUMU BU3HAYAIOTHCS «HE3aIIAaHOBaHI» BUTpATH (BUTpATH,
MOB’si3aHI 3 YIIKO/DKEHHSM 1 BTPaTOl BaHTaXy; BUTPAaTH, NOB’s3aHi 31 30UIBLICHHSM BapTOCTI
TPaHCIIOPTYBaHHS 1 T.]I.)

Butpati Ha TpaHCHOPTYBaHHS BaHTaXKY € KOMIUIEKCHUM ITOKa3HUKOM, SKHW TOMAITSIEThCS Ha JBi
rpynu: 1) ymoBHO-TexHiuHi Butpatu (YTB) — 3minHi; 2) ymoBHO-opranizaiiiai (YOB) — yMOBHO-TIOCTiiiHi.
BennurHa yMOBHO-TEXHIYHUX BHTpAT 3aJIC)KUTh BiJl B CBOIO Yepry Bix 4-X craTeil Butpar: 1) Ha manuBo, 2)
Ha MacTWJIBHI Ta IHII eKCIUTyaTaliifHi MaTepianu, 3) Ha PEMOHT IIWH, 4) Ha 3alacHI YaCTHHU 1 MaTepiaiu
npu TO 1 pemoHTax.

VY Bunaaxy oHoBneHHs napky PC BeTMuMHa pivHOrO €KOHOMIYHOTO €()eKTY 3aJICXKUTh BiJl Pi3HULI MIXK
YMOBHO-TEXHIYUHUMH BUTpaTaMu npu 0a3oBoMy i HoBoMy Bapiantax PC.

BUCHOBKHU

Po3rnsiHyTi CKIafioBI METOJMKH PO3PaxyHKY e€(QeKTHBHOCTI eKCIUTyaTallii BaHT2)XKHHX aBTOMOOLIIB
Jaf0Th MOXKJIMBICTh BUKOHYBATH OLIHKY AOLiNbHOCTI BUKoprcTaHHsa HasBHOro PC B ATII abo 3aiiicHioBati
HOro OHOBJICHHS B 3aJIGKHOCTI BiI 00CATIB 1 cOOIBapTOCTI mepeBe3eHb. [Ipu bOMY OCHOBHUM KPHUTEPiEM
JUIst TpUHHATTS pimeHHs npo oHoBieHHS PC B ATII € BennyrHa yMOBHO-TEXHIYHUX BUTpAT.
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V. Khavruk, O. Parkhomenko. Method of calculating the efficiency of operation trucks.

The paper considers the issue of assessing the efficiency of operation of trucks. It is established that
the efficiency of car operation is functionally related to the economic efficiency, reliability and reliability of
cars the relationship between which is presented in the form of a structural and functional diagram.

It was found that the net profit of a trucking company depends on three components: the tariff cost of
transportation, the cost of transportation and the amount of taxes.

Formulas for determining the cost of transportation of goods, the cost of transporting goods,
conditional and technical costs. In the structure of conditional and technical costs the expenses are
considered: on fuel, on lubricants, on tires, on spare parts and materials at performance of maintenance and
repair of a rolling stock.

Based on the analysis of the structure of the cost of transportation of goods by car, ten indicators are
identified, which determine the «unplanned» costs, such as: costs associated with increasing the distance of
transportation of goods; costs associated with damage and loss of cargo; costs associated with additional
storage of cargo; costs associated with increasing the cost of preparing the goods for transportation; costs
associated with increasing the cost of warehousing.

It was found that conditional fixed costs (depreciation costs, overhead costs, the amount of taxes) do
not significantly affect the size of the annual economic effect when updating the rolling stock.

The dependences for determination of: specific conditional and technical expenses for operation of the
car at delivery of freights are received; the magnitude of the annual economic effect achieved by the owner
of the trucks when updating the rolling stock.

Keywords: truck, criterion, rolling stock, cost, conditional organizational costs, conditional technical
costs.
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