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DETERMINING THE ADVANTAGES OF THE GRAVITATIONAL MIXER
OF GRANULAR AND BULK MATERIALS

In the food industry, the batch and continuous drum mixers of various designs are used for mixing of granular
and bulk materials. The drum mixers have low productivity because they are typically batch and have considerable
energy costs for the mixing process, as energy is consumed not only for the dosing, loading and unloading of
components and mixtures, but also energy is consumed directly for the mixing process, which involves the rotation of
the drum and workers bodies and surfaces. The gravitational mixers have several advantages over the drum mixers. As
a rule, in the gravitational mixers the mixing process takes place without energy consumption, which significantly
reduces the specific energy consumption for mixing. The results of the comparative calculation of the productivity of
the drum mixer and proposed gravitational mixer and the specific energy consumption for the mixing process in these
mixers indicate the benefits of the gravitational mixer, which has higher productivity and lower specific energy
consumption. Analysis of the possible trajectories of movement of the particles of granular and bulk materials in the
mixer section leads to the conclusion that their contact with the walls of the section body is possible, which does not
directly affect the flow of the mixing process, but may cause damage to the components. The theoretical study allowed
obtaining a condition for determination of the design parameters of the mixer section taking into account the physical
and mechanical properties of the components. In the gravitational mixer with these design parameters, the components
particles will not contact with the walls of the section body and accordingly will not be damaged.

Keywords: mixing process, mixer, bulk and granular components, mixer productivity, mixer energy
consumption.

INTRODUCTION

The batch and continuous drum mixers are used to mix bulk and granular components in the food
industry [1 — 4]. The batch drum mixers are the most common (Fig. 1). This is due to the peculiarities of
food production technology and the duration of individual technological processes. Most of the batch drum
mixers are additionally equipped with work bodies and work surfaces that intensify the mixing process, but
also cause damage to the components of the mixture. During component loading and unloading, the batch
drum mixer does not work, causing poor productivity. In the batch drum mixers, energy is consumed by the
drum drive and equipments of components loading and mixture unloading. However, the gravitational
mixers are gaining ground in various industries, since gravitational mixers consume energy only for
components loading. Thus, the gravitational mixers have advantages over the batch drum mixers and these
mixers are more suitable for granular and bulk materials mixing process in the food industry.

LITERARY DATA ANALYSIS AND PROBLEM STATEMENT

A large number of publications in the scientific literature are devoted to the study of the bulk and
granular materials mixing process and determination of the mixer designs [5 — 9].

In describing the mixing process, the mixer hardware is only one of several components, because the
mixing process also includes component dosing method, the loading method, the unloading method, the
mixing time, and the mixing energy [10]. The method of dosing components and the design of the dispenser
is selected taking into account the physical and mechanical properties of the components. The loading
method includes the order of loading the constituents into the mixer and also the duration of the loading
period. The components are loaded together before mixing or added one at a time to the mixer during the
mixing process. In addition, for continuous mixers, the height of the component layer in the mixer is
important, since the mixing quality depends on it.

The mixing time is defined as the time elapsed between the loading of the first component to the final
unloading of the mixture or as the time between the loading of all components and the beginning of mixture
unloading [10].

Unloading a mixture of granular and bulk components from the mixer, as a rule, occurs by gravity
without the use of special equipment. The unloading time must be kept to a minimum so that the quality of
the mixture does not deteriorate due to caking.

The energy needed to mix is determined by the duration of dosing and loading of components, the
immediate duration of the mixing process and the duration of unloading the mixture, if this equipment is
used. In addition, the power consumption depends on the design of the mixing equipment and its

performance.
, 2019, Ne2 (13) H
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Thus, it is important to compare the productivity and energy costs of the mixing process for different
mixers. Comparison of the mixer designs will allow offering the best mixer design for granular and bulk
materials.

—
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Figure 1 — Schemes of the batch drum mixers of bulk and granular materials:
a — the horizontal mixer; b — the inclined mixer; ¢ — the vertical inclined; d — the V-mixer;
e — the vibration mixer; f — the conical mixer; g — the multifaceted mixer

THE GOAL AND OBJECTIVES OF THE RESEARCH

The goal of the research is to determine the design of the mixer of granular and bulk materials for the
food industry, which ensures high mixing process productivity and low energy consumption for the mixing
process, and does not cause damage to the components of the mixture.

To achieve the goal of the research it is very important to solve the following tasks:

— to determine the theoretical productivity of the batch drum mixer and the gravitational mixer;

, 2019, Ne2 (13) n
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— to determine the specific energy consumption of the batch drum mixer and the gravitational mixer;

— to analyze the trajectories of possible movement of the particles of components in the gravitational
mixer and to determine the mixer design parameters of the, which do not generate the damage of the mixture.

RESULTS AND DISCUSSION

The proposed gravitational mixer consists of sections of the same design installed one above the other
(Fig. 2). Sections are rotated relative to each other by an angle #/2 (rad) in the horizontal plane. The section
is formed by the body, inside which two vertical partitions are fixed, delineating the section into three parts.
Moreover, the part between the vertical partitions is not operational, and the part between the vertical
partitions and body is operational. From the operational parts of the section to each vertical partition are
attached the combiner and the separator. They are correspondingly designed to combine flows of the
components and to divide flow of the mixtures of the components. Each combiner and separator is formed by
two plates. Under the bottom section there are four containers designed to collect the finished mixture. The
component flows and the flows of the mixtures formed by the components are repeatedly combined and
separated in the mixer, which leads to mixing of the components.

Before mixing the components, the components are always dosed and loaded into the mixer. As a rule,
the processes of dosing and loading of components are combined, performed by one device. Accordingly, in
addition to the energy costs of mixing, energy is spent on the dosage and loading of components. Thus, when
choosing a mixer design, it is necessary to compare, in addition to the productivity of various mixers, also
the energy costs for dosing, loading and mixing of components.

To obtain multicomponent mixtures in the food industry, the drum mixers of various designs are
mainly used. These are the batch mixers. The productivity of such mixers is determined by the equation:

= _Vkp , (1)
t,+t,+t,

where Q — the productivity of the batch mixer, kg-h';

V — the volume of the working chamber of mixer, m,

kv — the coefficient of filling the mixer chamber (it is recommended &y < 0.5);

p — the density of the mixture, kg-m;

t; — the duration of dosing and loading of components into the mixer, h;

tm — the duration of mixing of components in the batch mixer, h;

ta— the duration of unloading the mixture from the batch mixer, h.

The total energy consumption for dosing, loading and mixing of components in the batch drum mixer
is determined by the equation (provided that the equipment is not used for unloading the mixture):

1
NZ = (thl +ZmNm)’ (2)
t,+t, +t,

where Ns — the total energy consumption for dosing, loading and mixing, W-h;

t; — the duration of dosing and loading of component into the mixer, h;

N; — the power of equipment for dosing and loading of component, W;

N, — the power of the batch drum mixer for mixing components, W.

The productivity of the proposed gravitational mixer is determined by the equation:

0=30. 3)

where Q — the productivity of the gravitational mixer, kg-h™!;
Q; — the weight of the component i that is loaded into the mixer in one hour, kg-h™’.

, 2019, Ne2 (13)



© Dudarev 1., Hunko Yu. 2019

a C

Figure 2 — The gravitational mixer of bulk materials (a), and the internal structure of its section (b)
(1 — the section body; 2 — the vertical partitions; 3 — the plates of the combiner; 4 — the plates of the
separator), and the trajectories (c) of the component particles within the transition from section to section
of the mixer (1, 2, 3 — the trajectories of the component particles)

The mass of each of the components that are loaded into the gravitational mixer in one hour can be
determined by the equation:

_Ishp, gl(sina — fcosa)

2

0. =3600sh p,.\/ : “4)

where Q; — the amount of component i what is loaded into the mixer, kg-h'!;
[ — the length of the plate of the combiner, m;
s — the width of the plate of the combiner, m;
h — the height of the layer of the component i on the plate of the combiner of upper section, m;
pi — the density of component i, kg'm~;
t — the time of movement of the component 7 along the plate of the combiner of the upper section, h;
g — the acceleration of gravity (g = 9.81 m's™), m's?;
a — the angle of the plate of the combiner to the horizon, rad;
f— the coefficient of friction of the component on the surface of the plate of the combiner.
Time ¢ in the equation (4) is determined by solving the system of equations of movement of the
component particle on the surface of the combiner (assuming that the particle slides the surface) (Fig. 3a):
mX=mgsina — F;
} 6))

my =N —mgcosa,

CYUACH! TEXHOAOM B MAWMHOGYAYBAHHI TA TPAHCMAOPTI, 2019, Ne2 (13) n
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where m — the mass of the component particle, kg;
X, y — the acceleration of the component particle along the x and y axes, m's?;

F — the friction force, N;
N — the normal reaction of the surface of the combiner, N.

y v
2

a b C

Figure 3 — The scheme (a) of forces acting on a component particle during its movement by the plate of the
combiner of the upper section and the schemes (b, ¢) of component particle movement from the plate of the
separator to the plate of combiner
(1 — the section body; 2 — the plate of the separator; 4 — the plate of the combiner)

Let us solve the system of equations (5) and determine the time ¢ for what the component particle
moves along the plate of the combiner of the upper section by the distance / (x = /). In this case, the initial

conditions are 1o =0, ¥ =0, y,=0, y0=0, x,=0, xo = 0 and also the friction force is F'=f'N:

2
xz%(sina—fcosa), (6)

e 21 )
- g(sina — fcosar)

The total energy consumption for dosing, loading and mixing of components in the proposed
gravitational mixer is determined by the equation (energy consumption for the mixing process is N,~= 0):

N, =4Nt,, ()

where Nz — the total energy consumption in the proposed gravitational mixer, W-h;

N; — the power of equipment for dosing and loading components, W;

t; — the duration of dosing and loading of component into the mixer, h.

The specific energy consumption for obtaining 1 kg of mixture for mixers of any design:

N =" (9)

where N, — the specific energy consumption for 1 kg of mixture, W-h/kg.

Let us compare the specific energy consumption for the drum mixer and the proposed gravitational
mixer on the example of mixing of four components in a ratio of 0.25:0.25:0.25:0.25.

After calculations, the following parameters were obtained (calculations were carried out for the drum
mixers at: ¥ = 0.05-0.3 m%; ky=0.5; p = 720 kg'm3; t,= 0.1 h; t,, = 0.25 h; t; = 0.25 h; N,, = 0.5-2.2 kW;

, 2019, Ne2 (13) n
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N; = 0.4 kW; for gravitational mixer at: =1 h; p = 720 kg-m~ (all components have the same bulk density);
s=0.05m; £=0.005m; /=0.07 m; a = /4 rad; f= 0.35):

— for the drum mixers: the productivity — Q = 45-270 kg'h''; the total energy consumption —
Ns = 0.41-1.48 kW-h; the specific energy consumption — N, = (5.5-9.1)-10 kW-h/kg;

— for the proposed gravitational mixer: the productivity — Q = 1030 kg-h'!'; the total energy
consumption — N5 = 1.6 kW-h; the specific energy consumption — N, = 1.6-10 kW-h/kg.

The results of calculating the productivity of the drum mixer (Q = 45-270 kg-h™") and the proposed
gravitational mixer (Q = 1030 kg-h!') show that the productivity of the gravitational mixer is higher. The
specific energy consumption of the mixing process, including component dosing, component loading,
component mixing and component unloading, for the drum mixer (N, = (5.5-9.1)-10° kW-h/kg) is higher
than for the proposed gravitational mixer (N, = 1.6:10° kW-h/kg). Thus, according to the basic performance
of the mixer (productivity, specific energy consumption for the mixing process), the proposed gravitational
mixer is better than a drum mixer. This is due to the fact that no energy is directly consumed by the mixing
process in the gravitational mixer.

During the movement of the components particles by the sections of the gravitational mixer, their
contact with the walls of the mixer body is possible. When the particles of the components fall from the plate
of the separator, different trajectories of their movement are possible. The trajectories depend on the initial
velocity V of the particles, the direction of the initial velocity, which depends on the angle a of installation of
the plate of the separator, and the distance L between the plate of the separator and the mixer body. We
analyse the possible trajectories of the components particles within the transition from section to section of
the mixer:

1. The movement of the components particles along the trajectory 1 (Fig. 2¢) is possible in the case
when the initial velocity V of the particles and its direction are such that the particles reach the wall of the
mixer body, are reflected from it and fly to the vertical partition. After reaching the vertical partition, the
particles are reflected from it and fall on the plate of the combiner of the next section. The plate of the
combiner directs the particles to the mixing zone.

2. The movement of the components particles along the trajectory 2 (Fig. 2c) is possible in the case
when the initial velocity V of the particles and its direction are such that the particles reach the wall of the
mixer body, are reflected from it and fly in the opposite direction. The particles do not reach the vertical
partition and fall on the plate of the combiner of the subsequent section. The plate of the combiner directs the
particles to the mixing zone.

3. The movement of the components particles along the trajectory 3 (Fig. 2c¢) is possible in the case
when the initial velocity V" of particles and its direction are such that the particles do not reach the wall of the
body, but fall on the plate of the combiner of the next section. The plate of the combiner directs the particles
to the mixing zone.

Regardless of the trajectory of the component particles during the transition from section to section,
the particles continue to move in the same flow. Moreover, this flow of particles within the transition from
section to section is not mixed with other flows. This phenomenon is due to the design features of the
gravitational mixer, since the transition of the component particles from the flow to the flow can occur only
after their descent from the plates of the combiners. Thus, there is no negative effect on the mixing process
from the possible collision of particle flows with the walls of the body and vertical partitions. In addition, no
matter what was the trajectory of the particles of the components at the transition between the sections, the
particles are on the plate of the combiner, in the fall from which three cases, which were considered above,
are possible.

It is not desirable for the component particle to contact with the wall of the section body, as the
component particle may be damaged. Therefore, it is necessary that the component particle falls from the
separator plate to the combiner plate. This is only possible with a certain installation angle o of the separator
plate and the distance L. Knowing the trajectory of the component particle flight, the distance L between the
separator plate and the section body of the mixer can be determine. This distance L will only cause the
component particle to fall to the combiner plate. The movement of the component particle by the separator
plate (trajectory section AB in the Fig. 3b and Fig. 3c) can be described by equations (5). The velocity of the
component particle at the moment when it reaches the end of the separator plate (state B in the Fig. 3b and
Fig. 3c) can be determined by solving equations (5):

V, =y2lg(sina - f cosa) . (10)
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The free fall of the component particle was investigated in the trajectory section BC (Fig. 3b and
Fig. 3c). The particle of the component begins to fall with the initial velocity Vs. The force mg of gravity acts
on the component particle during a fall. The resistance of the air was neglected during the study. The
movement of the component particle on the trajectory section BC is determined by the following equations:

mi, = 0; }
) (11)

my, =mg.

The coordinates of the component particle movement are obtained by solving the system of equations
(11) with the initial conditions # =0, x,, =V, cosa, y,, =V, sina,x0=0,yo=0:

x, =Vytcosa;

2 (12)
V= %4‘ Vytsina.

For the case x; = L, the time ¢ is determined from the first equation of the system (12):
t=L/(Vycos(a)), (13)

From the second equation of the system (12), the coordinate of the component particle movement is
determined:

» :L(—gL +tgaJ. (14)

2 2
2V, cos” a

The component particle will not contact with the body section of the mixer if the condition is
implemented:

gL
H=y <L| ——+tga|. 15
% {21/32005205 8 J (15

To prevent component damage, the number of component particle contacts with the body section of
the mixer must be reduced. Equation (12) was obtained to determine the trajectory of particles movement
along the mixer section. Condition (15) was obtained from equations (12). This condition allows
substantiating the design parameter H of the mixer section, taking into account the physical and mechanical
properties of the component. The particles of the components will not contact with the body of the section
and the components will not be damaged if the parameter A will be obtained from the condition (15).

CONCLUSIONS

The proposed gravitational mixer is very useful equipment for mixing process of granular and bulk
materials and it can be use by producers in the food industry for mixing different raw materials and finished
products. The design of the gravitational mixer can be used in the food industry to mix two, three or four
bulk materials. The advantage of the gravitational mixer is the lack of energy consumption for the mixing
process. The presence of such mixer will reduce the cost of food production. In addition, during the mixing
there is no damage to the materials, which is extremely important for the food industry. The gravitational
mixer provides good mixing quality. Also, the gravitational mixer has a compact design and is easy to
operate.

Comparing the specific energy consumption of mixing in the drum mixers of different volume and the
proposed gravitational mixer, we conclude that in the gravitational mixer the specific energy consumption is
3.4-5.7 times less than in the drum mixers.

The analysis of the trajectories of the possible movements of the components particles in the proposed
gravitational mixer allowed us to determine that the particles continue to move in the same flow regardless of
the trajectory of the component particles during the transition from section to section. In addition, condition
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(15) was obtained, which allows us to substantiate the design parameters of the mixer section. With these
parameters, the particle component will not contact with the body of the section. In this case, the components
of the mixture will not be damaged.
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/yoapee I.M., I'ynvko FO.J1. BuzHaueHHsl mepeBar rpasitaniifHoro 3mimryBaya CHIKHX Ta
rpaHy/JbL0BaHUX MaTepiatiB.

Y xapuoBii TMPOMHCIOBOCTI IS 3MINIyBaHHS CHOKHX Ta TpaHyJIbOBaHUX MarepiajiiB
BUKOPUCTOBYIOTHCSI B OCHOBHOMY OapalaHHI 3MillyBadi NEpiOJMYHOI Ta HEMepepBHOI il pPi3HHX
KOHCTpyKUii. bapa®aHHi 3MillyBaui MaiOThb HH3bKY HPOAYKTHUBHICTb, OCKUJIBKM BOHH, fK IPaBHJIO,
MEepioIMYHOT JIi1, Ta 3HAYHI EHEPTOBUTPATH HA TPOIIEC 3MIITyBaHHS, OCKUTBKU €HEPTisl 3aTPavaeThCsl HE JTUIIE
Ha JI03yBaHHs, 3aBaHTaXCHHS 1 BUBAHTAXCHHS KOMIIOHEHTIB 1 CyMill, ajne i Oe3mocepeqHbO Ha MpOLEC
3MILIyBaHHs, 0 nepexdadae obepraHHs Oapabana Ta/abo poOOYMX OpraHiB i MOBepXOHb. I'paBiTamiiiHi
3MillyBa4i MarmTh HHU3KY IepeBar y MOpiBHSAHHI 3 OapabaHHuMH. Sk mpaBuiio, 0e3MOCepeHLO MpOIeC
3MIITYBaHHS y HUX BiJIOyBa€Thcs Oe3 €HEPrOBUTPAT, IO CYTTEBO 3HMIKYE MUTOMI BUTPATH €HEprii Ha
3MilTyBaHHsS. Pe3ynbraTh 3IiHCHEHOro TOPIBHSJIBHOTO PpO3paxyHKY MpPOAYKTHBHOCTI OapabGaHHOTO
3MillTyBaya i rpaBiTaIiifHOro 3MilTyBayda 3alpoIIOHOBAHOT KOHCTPYKIIii, 2 TAKOXK MATOMOI BUTPATH €HEpTii Ha
mpoliec 3MINIyBaHHS y IIMX 3MilllyBayax BKa3yIOTh Ha MEpeBary rpaBiTallifHOroO 3MilllyBaya, 110 Ma€ BUIILY
MPOAYKTHBHICTh Ta HIKUY MUTOMY BHTPATy €HEprii. AHaIi3 MOKIMBHUX TPAEKTOPiN PyXy YACTHHOK CHIIKHX
Ta rpaHy/IbOBaHMUX MaTepialiB y CEKLii 3MilllyBaya JI03BOJIIE€ 3pOOUTH BUCHOBOK, 1[0 MOXKJIMBHH 1X KOHTAKT
13 KOPITyCOM CEKIIii, SIKHH HE BIUIMBAE€ HEraTUBHO OE3MOCEpPENIHbO Ha TepeOdir mpoIecy 3MIIlyBaHHs, ajie
MO€ CIPUYMHHUTH TMOMIKO/DKCHHS KOMIIOHEHTIB. TeopeTHuHe JOCITIKEHHS T03BOJIMIIO OTPUMATH YMOBY
JUIsT OOTPYHTYBaHHS KOHCTPYKTHBHUX TMapaMeTpiB CeKIlii 3MilllyBaya i3 ypaxyBaHHSIM (pi3UKO-MeXaHIIHUX
BJIACTUBOCTEH KOMIIOHEHTIB, 32 SIKHUX YaCTUHKH KOMIIOHEHTIB He OYJyTh KOHTAKTYyBaTH 3 KOPIIYCOM CEKIIil
rpaBiTalliiHOrO 3MIllyBaya, i, BIIOBIIHO HE OYyAyTh IMOIIKOKYBATHUCS.

KiaouoBi ciaoBa: mnpouec 3MillyBaHHs, 3MillyBay, CHIKI Ta TpaHy/lIbOBaHI KOMIIOHEHTH,
MPOAYKTHBHICTh 3MilllyBaya, CHEProBUTpaTa 3MillyBaya.
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ANALYSIS OF SOME PARAMETERS OF THE CARS IMPORTED INTO UKRAINE FROM
THE COUNTRIES OF THE EUROPEAN UNION FOR FURTHER OPERATION

It was conducted the analysis of the properties and parameters of the cars imported into Ukraine recently from
the countries of the European Union for their further usage. It was established that their main part comprises passenger
cars with diesel engines and mileage of 100-500 000 km.

Key words: car, vehicle operation, motorcar operational properties, further operation

THE ANALYSIS OF THE SITUATION IN UKRAINE CONCERNING MOTORCAR VEHICLES

The amount of cars per thousand inhabitants varies substantially. The main sales are concentrated in 9
regions which are leaders without any doubt. Their amount of cars per thousand inhabitants is higher than on
average in the country. The data of the Ukrainian information and analytical group AUTO-Consulting [1]
prove this.

Today, according to the data provided by AUTO-consulting, motorization in Ukraine is much lower
than the European one. On average, we have 187 motorcar vehicles per 1000 inhabitants throughout the
country. However, the given number differs greatly across the regions. Consequently, according to this
index, Kyiv and Kyiv region take the leading place and they have 343 and 255 motorcar vehicle per 1000
inhabitants, respectively.

In comparison with the countries of EU this number is about 565 cars per 1000 inhabitants in France,
519 — in Germany, 426 — in Britain, 353 — in Estonia. Ukraine occupies approximately the fiftieth place in
the world rating next to such countries as Argentina and Macedonia [2].

The third place in Ukraine belongs to Zaporizhzhya region with the index of 246 cars per thousand
inhabitants. Sicheslavsk (Dnipropetrovsk) region comes next: it has 203 cars per thousand inhabitants.
However, in Donetsk and Kherson regions, located nearby, this index is lower than in across the country on
average. Consequently, they have 179 and 164 motorcars per thousand inhabitants [1].

It should be noted that the situation in Donetsk, Luhansk regions and the Crimea has changed
substantially.

The fourth place, according to the amount of cars, belongs to Volyn region. This amount states 227
cars per thousand inhabitants. However, almost in all other western regions (Chernivtsi, Zakarpattya, Lviv,
Ternopil, Ivano-Frankivsk regions) the number of cars per 1000 inhabitants is lower than on average across
the country, except Rivne region with the index of 204 cars per thousand inhabitants.

The fifth place belongs to Kirovograd region, the sixth — to Rivne region, the seventh — Dnipro region,
the eighth — to Odessa region and the tenth — to Kharkiv region. The rest regions of Ukraine are below the
average level of motorization.

Talking about the outsiders, it is worthy to mention Chernihiv and Lviv regions as they have the
lowest number of cars per thousand inhabitants, respectively, 131 and 103 cars per 1000 inhabitants.
Discrepancy of these data with data [1] may be explained by the situation when a great amount of cars is
imported to Ukraine from the countries of EU. However, Zhytomyr region does not belong to the top ten
regions of Ukraine according to the number of cars per 1000 inhabitants, so this amount may be lower.

The following situation with motorization in the country favours importing cars from Europe, and,
taking into account paying capacity of the population, these are mainly the cars that have already been
operated. The current rules of importing used cars into Ukraine from EU in the recent years with registration
postponement had a substantial effect on increasing a motor car park. Ecological limitations as for operating
diesel vehicles also influenced the type of imported cars.

The share of petrol consumption by motor car vehicles in comparison with 2000 diminished in 1.5
times, whilst the share of motor car vehicles using liquefied petroleum gas and diesel fuel is currently
increasing in Ukraine [4].

Updating a motor car park in Ukraine takes place in a slow tempo, and further operation of road
transport vehicles, operated over 10 years, has a negative influence on ecological indexes and requires timely
control, diagnostics and conducting work as to technical maintenance and current repair [4].
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The updated order of customs clearance and further certification for operating permits on the territory
of Ukraine enabled to determine parameters of cars imported from the European Union.

PROBLEM SETTING AND RESEARCH AIM

It is necessary to determine the influence of motorcar vehicles imported from the countries of EU on
the general outlook of car owning and their indexes (according to the type of engine (fuel), mileage, age etc.)
for the further analysis of the influence of the stated cars on the ecological situation in the region.

The department of Automobiles and Transport Technologies of the Zhytomyr Polytechnic State
University carried out the statistics analysis of parameters in the cars that had already been used in the
countries of EU and they were imported into Ukraine in the period from April 2018 until February 2019. The
number of the researched cars is 1235 items.

The stated cars were checked by means and equipment of the testing laboratory “Researcher” LLC
“Veltest” (Zhytomyr) according to the following parameters:

1. Identification features of the transport means:

- made, model (trade mark);

-category;

- year of manufacture;

- mileage since the start of the operation

2. general construction characteristics, main measurements and mass:

- amount of axes/wheels;

- wheel basis and geometric parameters;

- mass in the equipped state;

- technically permissible total maximum mass;

- technically permissible maximum static mass referring to a coupling device;

3. Power unit and its systems:

- manufacturer of engine, its code and type, number and location of cylinders, swept volume,
maximum power of engine and fuel type;

- gear box type;

- maximum speed of a car.

4. Axes and suspension:

- track of axle;

- brand of tires and air pressure in them,;

5. Braking system:

- number of circuits; (contours)

- availability of ABS;

6. Bodywork, coupling device.

Testing took place according to the following methods: DSTU 3649:2010, DSTU 4277:2004, DSTU
4276:2004, UN Regulations No. 13 or No. 13-H, UN Regulations No. 14, UN Regulations No. 16, UN
Regulations No. 43, UN Regulations No. 46, UN Regulations No. 48, UN Regulations No. 49, UN
Regulations No. 58, UN Regulations No. 73, UN Regulations No. 83, UN Regulations No. 89 [8].

The results of inspection and measurements were estimated according to the following parameters:

1. Braking systems ( in accordance with UN Regulations No. 13, 13H1 and DSTU 3649):

- regulated action of working, parking, backup braking systems;

- return of controlling bodies of working and backup braking system into the initial position while
unloading them,;

- functioning backup braking system 9keeping distribution of circuits according to the construction);

- leakproofness of drive, no fluids leaking, level;

- state of mechanical elements of the drive;

- availability and functioning alarm system and controlling condition of braking system:;

- work capacity of anti-block system (ABS) and anti-sliding system of driving wheels (ASR)
concerning test fulfilment;

- efficiency of work braking system via the method of road-testing (uniform deceleration, m/s?) with
the help of durability test (specific brake force, N); - efficiency of parking brake system (duration of
stationary condition at 16% slope, minutes, specific braking force, N);

2. Steering and tyres (according to DSTU 3649):

- no unauthorized steering motion and (or) driven wheels;
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- no movement and play of joints, connection status;

- no work fluid leaking in the hydraulic system of amplifier and its level,;

- no injuries and deformation of parts and inappropriately repaired pieces;

- condition of alarm and control systems;

- no increased efforts, leaps and grabbing whilst steering wheel turn;

- appropriateness of parameters in the tyres installed at the same axis of a transport means;

- no local injuries, detachment of protector, foreign objects;

- appropriateness to the class of repairing tyres for buses (p.6.3.6 SDTU 3649) and their marking;

- availability of all the elements of fastening plates and rims, no weakening their fastening and no
fractures at plates and rims of the wheels, no inappropriate parts repair;

- summarized angular play in steering, grades;

- minimum height of tyre protector pattern, mm,;

3. External light fixtures:

- type of dipped beam distribution (“European beam”);

- availability of corrector for angle of dipped beam inclination;

- location of “cut-off” line of dipped beam, fog lamps and the brightest part of driving light beam;

- frequency of indicators blinking, their work in one phase;

- number, colour, mode of work (order of starts), marking double-dipping headlights, fog headlights,
daytime running lights, indicators, front, back and side lights, braking signals, reversing lights and lighting
license plate and retro-reflectors;

- power of double-dipping and fog headlights;

4. Condition of car windows:

- identify data (sign of official approval);

- light transmission, %

5. Engine and its systems:

- no fuel leaking in power system;

- condition of fuel tanks and devices of fuel overlap;

- work capacity of the elements of exhaust fumes release, their shortage and condition;

- no burnouts, mechanical breakdowns and leakage in outlet system elements;

- level of external noise while testing on the motionless transport vehicle (according to JICTY 3649);

- content of carbon dioxide and hydrocarbon in exhaust fumes of transport means with petrol engine
(according to DSTU 4277);

- exhaust opacity GTC with diesel (according to DSTU 4276);

- marking by the sign of official approval (if available);

6. Appropriateness of transport means construction to other safety parameters (according to DSTU
3649):

- wipers and windshield washers (availability, functioning, operation mode);

- rear view mirrors (availability, marking, regulation capacity);

- sound signal devices (availability, marking with the appropriate sign);

- sun-protection devices (availability, presupposed by construction);

- no fractures on the windshield in the area of wipers operation;

- locks for the door of car body or cabin;

- boards gate of load platform (or tank filler);

- regulation mechanisms and devices fixing driver and passenger seats;

- devices of heating and air blowing windshield;

- antitheft device;

- speedometer and (or) tachograph (availability, functioning, backlighting);

Devices protecting from ejecting foreign particles and mud from the passing by transport means,
bumpers;

- Fixing and condition of bundles in electric equipment and fuses;
- Condition of connected working surfaces of pieces in coupling device and insurance
devices;
- Seatbelts (availability, marking with the appropriate sign, condition);
- Head restraints (availability, presupposed by construction);
-Devices of indirect inspection (according to the UN Regulations No. 46).
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The results of analyzing 1235 research records show that 88% belong to the cars with diesel engines,
9.9% - cars with petrol vehicles (Figure 1). Distribution of the amount of cars according to the months of the
period is given in Figure 2. It shows that there was a decrease in the number of imported cars in the period
from July to September 2018.

The main number of cars has the mileage of 100-500 000 km since initial operation (Figure 3). It
comprises 87.7% from the total number of the cars imported.

petrol + methane

petrol methane %
9,71% 0,658% 0,494%
petrol + LNG
/' 0,741%
HEV or PHEV

0,165%

diesel
87,41%
Electric
0,823%

Fig 1. Distribution of cars imported to Zhytomyr region according to the engine type (fuel)

February 2019
18%
January 2019
18%

July
4%
December

11% August

4%

November
7% 7% September
5%

Fig 2. Distribution of cars imported to Zhytomyr region according to the areas of the researched period
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Fig 3. Distribution of cars according to the mileage since start of operation, thousand km

It is a well-known fact that the mileage of the cars starting from the beginning of their operation and
years of manufacture have a sufficient influence on deterioration of indexes of reliability and ecological
safety [9]. To maintain a roadworthy technical state it is necessary to conduct a systematic technical control,
diagnostics and providing traffic safety [10]. The amount of work in technical maintenance and current
repair increases, therefore it demands appropriate enterprises of technical service in the region. So it was
important to pay attention to the fact that mostly the cars, used for a period from 4 to 9 years, were imported.
Their distribution, according to the year of manufacture, is shown in Figure 4. The highest share, comprising
17% of the examined cars, belongs to the cars, manufactured in 2014.

Swept volume of internal combustion engines will influence the indexes of fuel consumption and
hence the amount of exhaust fumes [11]. The conducted analysis (Figure 5) showed that mostly the cars with
swept volume of engine equal to 1700 up to 2000 cc (their share comprised 38%) were imported; cars with
engine parameters equal to 1200 up to 1500 cc (18%), 1500 up to 1700 cc (20%), 2000 up to 2500 cc (18%)
were in demand either.

According to the type of road motorcar vehicles bodywork, it was imported mostly cars of Category
M1 (77,41%) and N1(22,27%), the distribution is shown in Figure 6. Overwhelmingly, such cars were
bought for individual usage and they will not undergo rule-bound maintenance and current repair, so control
over its technical condition is only its owner’s responsibility. Resulting this, its ecological indexes and
reliability will worsen.
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Fig 5. Distribution of imported cars by volume of engine in cc.
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Fig 6. Distribution of imported cars by category.

It is not hard to establish that the amount of motorcars for the stated period due to the number of
imported ones increased rose by 0,5...1 %. This number refers mainly to the 4-9 year-old cars that comprises
about 64.9% from the general number of the imported cars.

CONCLUSION

1.The analysis of the data obtained states the fact that Ukraine (Zhytomyr region) has recently been
imported cars with diesel engines (88,8%) with the mileage of 100-500 000 km (87,7%), starting from
operation beginning, and this number comprises 64,9% of 4-9 year-old cars

2. Implementing preferential treatment of customs clearance for already used European cars imported
on the territory of Ukraine for further operation favoured the increase in demand of the population for
purchasing transport means of categories M1, N1 with work engine capacity ranging mainly from 1200 up to
2500 cubic cm for individual use, especially in January and February 2019.

3. In order to maintain serviceable technical condition of all mentioned above cars it is necessary to
carry out technical control, diagnostics, provide traffic safety and create additional capacity of car service
enterprises.
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Invuenxo A.B., Illymnaxiecokuii B.Il., Kpywuncexka H.Il., bacincokuii 0.0. Ananiz oOe-akux
napamempie agmomooinie, w0 eeezeHo 6 Ykpainy 3 Kpain €eponeiicokozo Coro3y 011 nodanvuioi ix
excniayamauii

PosrisHyTo iH(opMalliiiHi mKepena, o XapaKTepUu3yloTh CTaH aBTOMOOLTI3allii B YKpaiHi, TeHACHIIT
010 3pOCTaHHs 00CATIB MPOJaKy aBTOMOOLTIB B pi3HUX ii perioHax. 3a3HaueHo, 10 HalOLIbIIA KITBKICTh
aBToMoO11iB Ha 1000 >xuteniB 3apeectpoBaHa B Kuesi Ta KuiBchkiil obnacti ,ane 3a UM MOKa3HHUKOM
VYkpaina 3Ha4HO mocTymaeTbest Oinpirocti kpain €C. Taka cuTyarrist 3 aBTOMOOLUTI3aIliI0 B KpaiHi CTUMYIIIOE
BBE3EHHS aBTOMOOINIB 3 €BpomM, a 3 ypaxyBaHHSAM IIJIATOCIIPOMOXHOCTI HACEJICHHS, L€ NEePEeBAXKHO
aBTOMOO1N, 1o mepeOyBanu B ekcruryaTamii. [[ifoul B OCTaHHI POKM TMpaBHJIa BBE3CHHS BXHBaHHUX
aBTOMOOUITIB B YKpaiHy 3 kpaiH €C 3 BiATepMiHYBaHHSM peecTpallii BIUIMHYJIM Ha CYTTE€BE 301IbIICHHS
napky aBromMoOuniB. Ha T aBTOMOOLNIB, 110 BBO3WIMCH, BIUIMHYJIA TAKOXX SKOJIOTIYHI OOMEKEHHS 00
eKcIutyarauii B €Bpori Iu3enis.

B VkpaiHi 3 TOUkH 30py €HEpProCcIOKMBaHHSA aBTOAOPOKHIM TPaHCIIOPTOM B mopiBHsAHHI 3 2000 pokom
3MEHIIYETHCS B 1,5 pa3u yacTKa CIOKMBaHHS OCH3HMHY, 301IBLIYETHCS YacTKa aBTOMOOLIIB IO CHIOXKHUBAIOTh
3pimkeHnii HahTOBUH ra3 Ta AU3eIbHE NaJbHE.
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OHOBJICHHS TapKy aBTOMOOLTIB B YKpaiHi BigOyBaeThCsAd HHU3BKMMU TEMIIAMH, a IOJalibIia
eKCIUIyaTallisl JOPOXKHIX TPaHCIOPTHHUX 3ac00iB 3 TEPMIHOM CITy»KOu moHaa 10 poKiB HEraTWBHO BILUIMBA€E Ha
€KOJIOTIYHI MMOKa3HUKH, 1 MOTpeOye BYACHOTO KOHTPOJIO, JIarHOCTUKH Ta BUKOHAHHS POOIT 3 TEXHIYHOTO
00CITyroByBaHHS Ta IOTOYHOTO PEMOHTY.

OHOBJICHH# MOPS/IOK 1100 PO3MUTHEHHS Ta MOJabla cepTU(IKaLisA A1 JOMYCKY K eKCILIyaTallii Ha
TepuTopii YKpaiHW JO3BOJIMIM BHU3HAYUTH MapaMEeTPU aBTOMOOLIIB, 110 Oyju BBe3eHI 3 €BpOINEHCHKOro
Coro3y.

[IpoBeaeHO aHaji3 BIACTUBOCTEH 1 MapaMeTpiB aBTOMOOLIIB, 1110 BBE3CHO B YKpaiHy OCTaHHIM 4acoM
3 KpaiH €Bpomneiicbkoro Coro3y I NOJATBIIOrO X BUKOPUCTaHHA. BCTaHOBIEHO, 10 OCHOBHA 1X YacTKa -
1€ JIETKOB1 aBTOMOO1MII 3 IU3eJbHUMHU ABUTYHaMHu Ta npobirom 100-500 tuc. kM. Pesynbratu ananizy 1235
MTPOTOKOJIIB JOCIIKEHb IMOKa3yIOTh, 110 87,41 % ckiagaroTh aBTOMOOILTI 3 AM3EILHUME ABUTYHaMU, 9,71 %
- aBTOMOO1JII 3 IBUT'YHAMH, 110 MPAIOIOTh Ha OeH3WHI. YUCENBHICTh PO3MUTHEHUX Ta CEPTU(HIKOBAHUX JIJIS
MOJANBIIO] eKcIuTyaTauii B YKpaiHi aBToMOOLmiB, 1m0 BBe3eHO B JKHTOMHUPCBKY 00JacTh, MO MicCSLIAX
JOCHIDKYBaHOTO nepioay 3 kBitHS 2018 poky mo mrotuit 2019 poky cBiguuth mpo ix 30inbmenHs B 2019
potii 10 2 pa3iB BiIHOCHO HOIMEPEIHIX MicsiiB. TpeTrHa aBTOMOOLIIB 10 OYyJIM AOCHIKEHI Mali TpOoOIr Bij
nmouatky ekcruryaraitii Bif 100 mo 200 Trcsy KijoMeTpiB, a mie TpetuHa Bifg 300 10 300 TuCSY KiJToMeTpiB.

[IpoBeneHo aHaii3 BIACTUBOCTEH 1 MapaMeTpiB aBTOMOO1IIB, 10 BBE3€HO B YKpAiHy OCTaHHIM 4acoM
3 KpaiH €BpOIeHCchKOro cor3y IS MONANBIIOT0 iX BUKOPUCTAHHA. BCTaHOBIEHO, IO OCHOBHA iX YacTKa -
1€ JICTKOBI aBTOMOOI 3 TU3eIbHUMHU ABUTryHaMHu Ta npobirom 100-500 Tuc. k.

Kuaro4oBi ciioBa: aBTOMOO1ITh, €KCIITyaTAaIlisl aBTOMOOLIIS, eKCIDTyaTalliiiHi BIACTHBOCTI aBTOMOOLI,
MOIaJIbIa €KCILTYaTaIlis
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FORMATION OF CLASSIFICATION FEATURES OF ROAD CARS

Continuous expansion of model ranges by leading automobile firms, creation of new types of cars demand
establishment of qualification signs for the purpose of their division into classes. The absence of a single unified
classification of road cars creates difficulties in the preparation of normative documents, writing scientific papers,
reference and educational literature. This work is devoted to the development of the classification system of road cars
and the creation of the corresponding software for the identification of modern brands of car models. Based on the
segments formed in the work, the classification features of passenger cars were established. In addition to numerical
parameters and designations, designations and class names were also proposed. The results of the work can be used for
visualization, intelligent recognition; organization and regulation of road traffic, as well as provide an opportunity to
facilitate the identification of vehicles on the roads of the European Union. The proposed classification system can be
the basis for the creation of an appropriate standard with the participation of the international organization for
standardization ISO. The results of the research can be effectively used during the design, construction of road
transport infrastructure, production and sale of vehicles. They can become a regulatory framework for the
implementation of financial transactions related to the operation of cars, namely: payments for parking, determining
the cost of washing services, registration of tax payments, etc.

Keywords: Classification of cars - Overall dimensions - Car base - Body type.

INTRODUCTION

Class — a term used to refer to the difference in the type of vehicle. Classification is the division of
cars into groups, classes or segments depending on the design, purpose or technical features.

Modern automotive industry is concentrated mainly in three regions — Western Europe, North America
and Southeast Asia, each of which uses certain criteria to divide the huge number of models and their
modifications into homogeneous groups. More-over, this division can be both formal and informal.

It is obvious that the constant changes that occur with the range of products of world vehicle
manufacturers in recent years, require research, the results of which can be formed classified signs of modern
cars, and then improve the existing system of classification of cars with the creation of an appropriate
standard with the participation of the international organization for standardization ISO.

LITERATURE REVIEW

Modern cars are so diverse in body design, size, location and powerful engine, wheel drive type, type
of chassis and brakes, configuration and functional filling and other elements that almost every factor or
design feature can serve as a classification feature [1]. Today, there are a large number of vehicle
classifications both in international normative acts, regulatory documents relating to the automotive industry
of individual countries, and various non-official classifications [2].

The international classification of vehicles, developed based on the resolution of the inland transport
Committee of the United Nations economic Commission for Europe and other normative documents,
distributes vehicles into a number of categories [3].

This classification is primarily necessary for the development and application of standards and
requirements for motor vehicles: environmental, technical and legal. It is used in documents related to the
certification of vehicles, their production and application of road legislation during the customs agreements,
etc. [4].

Another classification of the economic Commission for Europe focuses on the segmentation of the
target market rather than on the description of any specific characteristics of vehicles. The boundaries
between market segments are blurred and are not limited to parameters such as size or weight. In addition,
segmentation factors also include price, type, set of options, and other parameters [5].

On the other hand, manufacturers to determine the place of the car in the market, while specific
concepts of cars within one segment may have completely different characteristics, use different
technologies and a set of options depending on the manufacturer use these segments.

An independent international organization EuroNCAP applies its own classification for crash-tests of
models in order to differentiate the categories of cars that are compared with each other according to the
relevant parameters for safety-size, weight and body type [6, 7].

In general, the global passenger car market is divided into the following segments [5]:

- A: Mini cars;
, 2019, Ne2 (13)
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— B: Small cars;

— C: Medium cars (“lower middle class”, “first middle class™);

- D: Larger cars (“middle class”, “second middle class™);

— E: Executive cars (“upper middle class”™);

- F: Luxury cars (“Executive class”);

- G: sports Cars / coupes / convertibles;

- H: Multipurpose cars (MPV — minivans);

— I: Sports utility (SUV).

These classifications are intended for use in certain situations and cannot cover the variety of vehicles,
especially passenger cars that are currently available on the global automotive market.

However, the European Union still does not exist officially approved classification of parameters that
would divide cars into related classes, although some of the companies have implemented internal
classification. Despite all this, automakers, marketers, specialists, the media determined the classification of
cars, which takes into account the dimensions and partly the purpose of cars. It is simple and clear enough,
because the size and type of car body cannot better determine its value and purpose.

It is also worth noting that the existing boundaries between the classes are quite conventional and
gradually levelled. Car manufacturers tend to give the buyer “more car” for the same money [8, 9]. When
updating the model, it became a characteristic feature to increase its overall dimensions, so periodically there
is a need to expand the classification framework in order to store generations in the same class. In this
regard, the designation of the class remains unchanged with the addition of the symbol “+” in the
classification (the differences are given in Table 1) [10, 11].

Table 1. Comparative table of European classification parameters in 2000 and 2017

The designation Opverall dimensions of the car, m
Name of class of aclass length width

2000 | 2017 2000 2017 2000 2017
Mini cars A A+ up to 3.60 up to 3.70 up to 1.60 up to 1.60
Small cars B B+ 3.60...390 | 3.70...4.30 1.50...1.70 up to 1.70
Medium cars C C+ 3.90...440 | 4.20...4.50 1.60...1.75 1.70...1.80
Larger cars D D+ 440...4.70 | 4.50...4.80 1.70...1.80 1.70...1.80
Executive cars E E+ more 4.60 4.80...5.0 more 1.70 more 1.80
Luxury cars F F+ more 4.60 more 5.0 more 1.70 more 1.80

However, the technical characteristics of a particular vehicle cannot be limited to certain segmentation
requirements. The manufacturer has the right to produce any product that meets the needs of the target
audience. For this reason, some models may not fall within the specified limits of a particular class, so in the
European classification 3% shift in the overall range is allowed. In our opinion, this is a disadvantage,
because it does not allow categorizing this or that car.

Therefore, an important task is to establish an updated classification of road signs modern easy-out
vehicles that optimized the classification of the car during the de-sign and construction of infrastructure of
road transport, design, production and sales of vehicles, as well as during financial transactions associated
with their operation.

RESEARCH METHODOLOGY

The range of lengths of cars produced by the global automotive industry is quite large — from 2.7 to
6.0 meters and more [12]. Closely related to the length of such dimensions as overall width, and especially
the base of the car. At the same time, no less important role in the design of the passenger car began to play
its height.

The vast majority of models of modern road cars have a “growth”, which ranges from 1360...1550
mm. Today, designers are trying to provide maximum space for the driver and passengers in the passenger
compartment. This is achieved by increasing the length, less width, and in comparison so far — the height of
the vehicle. How-ever, the increase in the overall length entails the risk of the transition of the model in the
foot, the upper class and will additionally require improved dynamics, comfort, configuration of the car and,
consequently, increase its cost. Another parameter is the width of the vehicle is a limited amount in each
class. There is only one way — to increase the overall height, which, in turn, with a certain position filling
begins to influence the formation of the type of cars. Therefore, as a determining parameter of the proposed
division of road cars into classes, the overall length was left, as in the European classification. The associated
base is treated as an auxiliary parameter.
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During the formation of the array of cars for analysis and systematization, it included cars that are sold
in Europe and did not consider models that are made for domestic markets, in particular, the Chinese,
Japanese, Indian, because they have their own, not comparable to European, classification features. In
addition, beyond the scope of the article there are such types of cars as minivans or multipurpose cars
(MPV), cross-country — sport utility vehicles (SUV) and sports cars. Analysed more than 230 vehicles of
various makes and in the calculation were taken only of the base model without modifications [12].

The initial stage of the research methodology consisted in the formation of tables of the list of car
brands with their basic characteristics. The following parameters were chosen as the basic ones: make
(model) of the car, body type, dimensions (length, width and height), base and catalogue segment.

Next, Excel was formed by the sheath of the array the analysed models with the possibility of their
classification according to the specified parameters. An example of the program is shown in Fig. 1.

The program of sorting of classes of cars of road cars according to the developed classification signs

[sET:
Length (from and to) 2695-3600
Base (from and to) 1800-2500
Body type h,s, w ‘
Body . .

Make Model Type Length Width Height Base Segment
Smart Fortwo ~ h [~ 26¢ - 16¢ - 155~ 187 - |A ~
Toyota Aygo h 3455 1615 1460 2340|A
Citroen C1 h 3465 1615 1460 2340|A
Mitsubishi i-MiEV h 3475 1475 1610 2550|A
Peugeot 108 h 3475 1615 1460 2340|A
Citroen C-Zero h 3480 1475 1610 2550|A
Smart Forfour h 3495 1665 1554 2494 |A
Seat Mii h 3557 1641 1478 2420|A
Clnda Citian h i~} 16411 1147 2A2N0IA

Fig. 1. The program of sorting classes of road cars: s - sedan; w - station wagon; h - hatchback

Fig. 2 shows the infographic distribution of the array of cars into segments.

40 P
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A B B Plus C C Plus D D Plus E F F Plus

Fig. 2. Division of the array of road cars into segments

Analysing the segment “A”, we can see that all cars have the same type of body “hatchback”. In the
“B” segment, all cars also have modifications with hatchback bodies, except for two Lada Calina and Skoda
Fabia station wagons and Lada Gran-ta sedan, which ultimately does not affect the formation of
classification features.

The “B Plus” segment by body types shared almost equally: 54 % of hatchbacks and 46 % of sedans
and station wagons. Cars that are longer than 4.4 meters and behind the base of 2.6 meters (for example,
Hyundai Accent with a sedan body) could belong to a higher class “C”. However, their modifications with
bodies “hatch-back™ are in the same segment, and the allowable three percent excess also allows you to stay
in the segment “B Plus” and other modifications.

The segment “C” is dominated by hatchbacks (60.6 %), the rest of the sedans and station wagons.
Here is the popular Volkswagen Golf, from the name of which there is another definition of the segment
“C”, namely “Golf class”.

In the segment of “C Plus” most of the sedans and station wagons (73.1 %), which included Skoda
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© V. Kyshchun, S. Pustiulha, V. Samchuk, V. Dembitskij, V. Prydiuk 2019

Octavia with a body “liftback”. Also in the segment of “C Plus” is the Opel Astra sedan generation V, the
base of which grew to 2.685 m and other cars with wheelbase of about 2.7 meters (Mazda 3, Mazda 3 Sedan,
Peugeot 308 SW, Toyota Corolla, Renault Megane, Mercedes-Benz CLA-Class and the Subaru Levorg).

Segment “D” with the exception of Audi A5 Sportback and electric Tesla 3 are sedans and station
wagons, which is 84.6 %. It is compact in geometric dimensions, which form a narrow range.

A more diversified segment “D Plus”, which, in addition to sedans and wagons is 17.2 % of cars with
a body “hatchback”. The segment also expanded the range of overall length and base, for which this segment
moved from the “D” Hyundai i40 and Infiniti Q50, and from the segment “E” modification KIA Optima and
Ford Mondeo and Lexus GS.

In the segment “E”, again with the exception of the Audi, but the model A7 Sport-back and the Tesla
S, is located sedans and wagons. This is a segment in which the overall length of the car exceeded 5.0
meters, and the base is close to three meters.

Sedans with the exception of two modifications of the Porsche Panamera represent the “F” segment. In
addition, the segment housed the so-called long basic modifications, starting with the Lexus LS L, which in
size pre-models that are above it. This will be a range of dimensions and vehicle base, which can be
attributed to the additional segment of “F Plus”.

Further analysis showed that during the formation of the classification parameters on the class of road
light vehicle will have a significant impact not only its overall width, but also the base. This is
understandable, because the comfort of placement in the car depends on the size of its interior, and the
internal size of the interior of the base. Therefore, when establishing the final classification parameters in the
calculation were taken from the base value, resulting in separate cars moved in below (rarely above) classes.

From the analysis of the results created by the program can be seen as the body type of the car
influences the classification. Thus, the “A” and “B” segments are all hatchbacks and vice versa — the “F”
segment is represented by sedans, with the exception of Porsche Panamera, the body of which is designed in
the corporate design.

Therefore, according to the basic classification features chosen in the investigation, it is proposed to
systematize the classes (segments) of road cars with the letters of the Latin alphabet, and to replace the word
“Plus” with a more common symbol “+”, which have the following form:

- A — especially small class;

- B (B+) — small class;

- C (C+) — middle class or Golf class;

— D (D+) — large class;

- E — business class;

— F (F+) — upper class or luxury class.

RESULTS

According to the results of the research, the classification of road cars according to the basic
characteristics was improved, which is shown in Table 2. It can become the basis for the creation of an
appropriate international standard and other regulatory documents in relation to the automotive industry. For
clarity of the results of systematization Table 2 is graphically presented in Fig. 3.

Table 2. Size ranges and body types that form the road car classes

Class NiEESOf Length, m | Width, m Base, m Body types
A Mini upto 3.80 | 1.60...1.72 | upto 2.50 Hatchback
B 3.80...4.20 | 1.67...1.83 | 2.39...2.67 Hatchback
Small Sedan; station wagon;
B (B+) 4.20...440 | 1.68...1.79 | 2.47...2.65 hatchback
C 4.20...4.40 | 1.74...1.86 | 2.60...2.67 Hatchback
Medium 4.40...4.60 | 1.73...1.82 | 2.60...2.66 | Sedan; station wagon
C(CH 4.40...4.55 | 1.76...1.87 | 2.70...2.73 Hatchback
4.55...4.70 | 1.70...1.82 | 2.65...2.73 | Sedan; station wagon
D 4.60...4.75 | 1.81...1.88 | 2.78...2.84 | Sedan; station wagon
Large Sedan; station wagon;
D (D+) 4.75...490 | 1.81...1.91 | 2.70...2.85 hatchback
g | EXCCUlive |y o5 505 | 1.82...1.94 | 2.82..301 | Sedan; station wagon;
class hatchback
F Luxu 5.05...5.20 | 1.88...1.95 | 2.95...3.09 Sedan
F (F+) y more 5.20 | 1.88...1.99 | more 3.10 Sedan
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The analysis showed that the formed classes determine not only the overall dimensions of the car, but
also, largely, structural solutions: the presence or absence of additional equipment, interior equipment, safety
and the like. The higher the car class, the better its technical and consumer properties. However, analysing
the array formed, you can see that already in the class “B” there are models (Mini Cooper, DS 3, Audi Al),
which are marked with the word “Premium”. The main advantages of such cars are innovative engineering
developments, high level of quality and technical equipment, maximum customer satisfaction.

Dictionaries interpret that the word “Premium” means “the highest grade, excellent quality”. Today,
the world's leading automakers produce cars, the configuration of which is almost no different, and to gain
the image of individual brands are created (for example, HYUNDAI-GENESIS). Theoretically, for each
such model, if it is not from the segment “low cost”, you can use the word “Premium” and it will not be a big
mistake, therefore, during the formation of the proposed version of the classification, this period was not
taken into account.

A |h

B |h
B+ |h,s,w
C |h

C S,wW
C+ |h
C+ S,W
D S,W
D+ |h,s,w
E |hsw
F S
Fr| s | | >5.20

3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25m
Fig. 3. Infographics of classification of road cars

The authors of the presented work sent the results of research and improved classification of road cars
to the Ministry of economic development and trade of Ukraine, from which they received rave reviews and
assurances that the presented developments will be used in the formation of the regulatory framework for the
automotive industry and the automotive market.

CONCLUSIONS

Continuous expansion of model ranges by leading automobile firms, creation of new types of cars
demand establishment of qualification signs for the purpose of their division into classes. The lack of
classification of road cars creates difficulties in the preparation of regulations, writing scientific papers,
reference and educational literature.

The proposed system of classification of vehicles and developed software for the identification of car
models, which contains more than 230 names, makes it possible to systematize each of the brands in the
relevant segments. Since there is a clear trend of visualization, intelligent recognition and detection of
vehicles on the roads, studies can be effectively used to optimize the organization and regulation of traffic, as
well as provide an opportunity to facilitate the identification of vehicles on the roads.

For the effective use of the proposed system of classification of cars on an inter-national scale, it is
necessary and advisable to create an appropriate standard with the participation of the international
organization for standardization ISO.

The results of the research can be used effectively during the design, construction of road transport
infrastructure, construction, production and sale of vehicles. They can become a regulatory framework for
the implementation of financial transactions related to the operation of cars, in particular: payments for
parking, determining the cost of washing services, registration of tax payments and the like.

B. Kuwyn, C. Ilycmionvea, B. Camuyx, B. Jemoiyvkuii, B. IIpuowk. ®@opmyeanns
Knacuikayisinux 03HaK 00POHCHIX 1e2ZKOBUX AGMOMODINiE.

[Mocriiine po3mMpeHHsI MOACTBHUX PSIIiB MPOBIAHUMHU aBTOMOOUIEHUMH (ipMaMu, CTBOPEHHSI HOBHX
TUMIB JIETKOBUKIB BHUMAaraiOTb BCTaHOBJICHHA KBaTi(iKalifHUX O3HAaK 3 METOI0 MOAUTY iX Ha KIJACH.
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BincyTHicTh €auHOi yHI(IKOBaHOT KiacH(piKallii JOPOKHIX JETKOBUX aBTOMOOLIIB MOPOKYE TPYIHOILI ITiJT
Yac MiATOTOBKM HOPMAaTHUBHHUX JOKYMEHTIB, HAallMCaHHS HAyKOBUX TMpalb, AOBIAKOBOI 1 HaBYaIbHOL
JiTepaTypu.

Jana poboTta mpHCBsSYeHa PO3poOIl crucTteMu Kiacudikamii TOPOKHIX JETKOBHX aBTOMOOLIIB Ta
CTBOPEHHIO BiJIIOBIAHOTO NPOrpaMHOTO 3a0e3medeHHs s igeHTudiKalii Cy4acHMX MapoK Mojenei
aBTOoMOOUIIB. Ha mizcraBi copmoBaHux y poOOTi cerMeHTiB Oynu BCTaHOBJEHI Kiacu(ikaliiiHi o3HaKH
JIETKOBMX aBTOMOOLTIB. OKpiM YHCIIOBUX MapaMeTpiB 1 MO3HAYCHb OYJIM TAKOXK 3alPOIIOHOBAHI MMO3HAYCHHS 1
Ha3Bu kiaciB. Pesynbprat po-00TM MOXyTh OyTHM BHMKOPHUCTaHI U Bizyamizalii, iHTEIEKTyaJbHOTO
pO3Mi3HaBaHHsI, OpraHizalii Ta peryJIroBaHHs AOPOKHBOIO PyXy, a TAKOX NaAyTh MOKJIMBICTH IMOJICTTIUTH
iIeHTU]IKAIIi}0 TPaHCIIOPTHHUX 3ac00iB Ha Joporax €Bporneiicbkoro Corosy.

3anpornoHoBaHa cucTeMa Kiachdikallii MOXe CTaTh OCHOBOI i CTBOPEHHS BiAMOBIIHO-TO
CTaHAApTY 3a Y4acTIO MDKHApOAHOI opraHizanii i3 crannaprusauii [SO.

Pesynbratu mpoBeAeHNUX AOCTiIKEHb MOXYTh OyTH €()eKTUBHO BUKOPHUCTAHI IiJl Yac MPOEKTYBaHHS,
OymiBHUAITBA OO0’€KTiB 1HOPACTPYKTYpH aBTOMOOIIBHOTO TpPaHCIOPTY, BHPOOHMITBA 1 peamizalii
TPaHCHOPTHUX 3ac00iB. BOHW MOXYTh CTaTH HOPMAaTHBHOIO OC-HOBOIO MiJ 4Yac 3iMCHEHHA (piHAHCOBUX
orepaLii, MoB’A3aHUX 13 eKCIUTyaTali€lo aBTOMOOLIIB, 30KpeMa: pO3paxyHKIB 3a MapKyBaHHs, BU3ZHAUYCHHS
BapTOCTI TIOCIIYT i3 MUTTSI, 0OPMIIEHHSI ITOJJATKOBI TIATEXKIB TOIIIO.

Kurouogi ciioBa: kinacudikairist aBToMo01TIB, TabapuTHI pO3MipH, Oa3a aBTOMOOLIS, THUI Ky30Ba.
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CYYACHI TEXHOJIOI'Ti B TEXHIYHINA EKCILTYATAIIi ABTOMOBLIIB

Y po6oTi po3MITHYTO CTaH i OCHOBHI CHCTEMHI IpPOOJEMH aBTOMOOLIBHOTO TpaHCHOPTY B YKpaiHi Ha
cygacHOMy erari. [IokazaHo 0cOOIMBOCTI 3aCTOCYBAHHS CTpaTeTiii i TakTHK Aifodoi cuctemMu TEA Ha aBTOMOGiITEHOMY
TPAHCIOPTI 3araJbHOT0 KOPHCTYBaHHA. Brukitageno ocHoBHI npuHImny agantusHoi cuctemu TO i P pyxomoro cxnmany
aBTOMOOULTPHOTO TpaHcHopTy. Ha mpukiami iCHyIouMX CHCTEM HA TPAHCIIOPTi 3alpPONOHOBAHO HOBI TEXHOJOTII
CTBOpeHHsI iH()OPMAIiHHUX CHUCTEM OpraHi3aliiiHO-QyHKIIOHATBHOI MATPUMKH HPOLECIB TEXHIYHOI eKCIuTyaTaril
aBTOMOOUTIB Ha CTaisfX JKUTTEBOrO IMKIy. [loKa3aHO OCOOJHMBOCTI BIPOBA/DKEHHS B TEXHIUHY EKCILTyaTaIlifo
aBTOMOOUTIB 0a30BUX NPHUHIMIIB "aJanTHBHOI" CHCTEMH YHPABIiHHS TEXHIYHUM CTaHOM aBTOMOOLNIS, KIIOYOBUM
MOMEHTOM $KO1, € po3poOka iHhopMaLifHO-KOMYHIKaIiifHOI cucTeMH 1 6a31 POTHO3HUX MOJIEINeH, 1110 3a0e31eUyoTh
IIIIXOM MOHITOPHHTY JIHCTaHIIHHE OTPUMAaHHS HeoOX1IHOT TOTOYHOI iHpopMaii Bil pyXoMoro ckiany i i o0poOKy,
a TaKoX BUPOOJIEHHSI KOPUTYBAIbHHUX BIUIHBIB.

KonrodoBi ciioBa: aBTOMOOUTEHNII TPAHCTIOPT, TEXHIYHA EKCILTyaTallisi aBTOMOOLIIB, TEXHIYHE 00CITyrOBYBaHHS
1 pEMOHT, PyXOMUH CKJIaJ, aJallTHBHa CHCTEMa, iHpOopManiifHO-KOMyHIKaniifHa crcTeMa, JiarHOCTHYHA iH(popMaIlis,
0a3a MPOTHO3HUX MOJIEIICH.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA ITPOBJIEMHU

OCHOBHHUMH CHCTEMHHUMH IIPO0JIeMaMu B YKpaiHi Ha aBToM0O1IbHOMY TpaHcmopTi (AT) Ha cydacHOMy
etami € [1]:

— BTpaTa aJMiHICTpaTUBHHUX BaxkeliB ynpaBiiHHsA AT sIK MOBHICTIO IPUBAaTH30BaHOTO;

— 3HIKEHHS 00CSTiB TPAaHCTIOPTHOI POOOTH;

— 30UTKOBICTh JiSUTBHOCTI MAaCaXKUPCHKOTO TPAHCIOPTY HA aBTOOYCHMX MapHIpyTax 3arajbHOro
KOPUCTYBaHHS;

— MacoBe CTapiHHS PyXOMOT0 CKJIagy Ta He BiAIpalbOBaHiCTh MEXaHi3MiB HOT'O 3aMiHU;

— HEBIAMOBIAHICTh CTPYKTYPU BAaHTAKHOTO 1 HACAKUPCHKOT0 MAPKY HOMHUTY HA HOTO MOCIYTH;

— HE3aJ0BUILHUN piBeHb O€3MEeKH aBTOMOOIIBHUX IEPEBE3EHb 1 3HAYHE €KOJIOT1UHE HABAaHTa)KEHHSI Ha
HaBKOJIMIITHE cepeioBuIne. MeToro JociimpkeHHs € aHani3 cydacHoro crany AT i TEA i po3poOka cydacHHX
MiIXO/TiB /IO KOHTPOIIIO TEXHIYHOT'O CTaHy aBTOMOOINS 3 ypaxyBaHHIM KOMIUIEKCY YMOB €KCILTyaTaIlii.

Texniuna ekcroryatarisi apromoOuniB (TEA), 3a BuzHaueHHsM [2-4] € OAHIEO 3 HAWBAXKIWBIIINX
migcucreM AT, ska, B CBOIO 4Yepry, SIBJSIE MIJCUCTEMY TPAHCIOPTY B CTPYKTYPl JOCHUTh CKIIAIHOIO
TPaHCHOPTHO-KOMYHiKaliiHOi mporpamu aepxaBu. OcHoBHoro Meroro TEA sk migcuctemun AT, €
3a0e3neueHHs HeoOXiIHOrO PiBHS TEXHIYHOTO cTany pyxomoro ckiany (PC). B ninomy no 50% coGiBaprocTi
MepeBe3eHb MpsAMO abo MoOiYyHO 3anekuth Big sikocti 1 edekruBHocTi TEA. Baxkmusicte TEA
MiATBEPIDKYETHCS THUM, IO HANpUKiIaJl Ha MIATPUMKY aBTOMOOLTB B mpamesgatHomy crani B CIIA
BUTpadaeThes Mpuoam3Ho 30 MIIpa. KomapiB Ha PiK, a B ycboMy cBiTi Ha TEA B pik BUTpadaeThCst MPHOIH3HO
100 mapa. nomapis. Y CIIA Ha ekcruiyaTalito OZHOTO aBTOMOO1IS Ha pik BUTpatu cTaHOBIATE 1800-1900
noJapis [5].

HaiiBaxumsimmm nankoro TEA e Bubip cucremu TexHigyHOro oo0ciyroByBanas i pemoHTy (TO i P) PC,
SIKa PETYIIOETHCSI KOMILJIEKCOM B3a€MOIIOB'I3aHUX TIOJIOKEHb 1 HOPM, L0 BU3HAYAIOTh IOPAIOK, OpraHi3ailo,
3MICT 1 HOPMAaTUBH MPOBEACHHS POOIT i3 3a0€3MeUYeHHs MPae3JaTHOCTI TapKy aBTOMOO1IIIB.

OcHOBHa o0coONMBiCTE cy4dacHOi cucteMrn TEA Ha aBTOMOOITEHOMY TpPaHCHOPTI 3arajibHOTO
kopuctyBaHHs (AT3K) mocrpansucekux kpain [1, 2] me:

— BIZICYTHICTh HOPMATHUBHOI 0a3u 1010 000B'SI3KOBOCTI KOKHUM BiacHUKOM PC, poBOIWTH MEeBHUN
KOMIUICKC TEXHIYHUX BIUIMBIB, sIKi 3a0€3MCUYOTh OO0 Mpare31aTHiCTh 1 0e3MeKy, pe3yaIbTaToM 40ro € BTpaTa
Ha AT3K mexaHi3My ynpaBiiHHsS PiBHEM TE€XHIYHOTO CTaHy aBTOMOOUIBLHOTO MapKy Yepe3 THYUKY CHUCTEMY
TO1P;

— BIZICYTHICTh He0OXimHOT iH(pOpMamiifHOT 0a3n Tamy3i y BUTIISAI MEpEeKi OMOPHUX MiAIPUEMCTB, 0
no3soisiio AT3K panimre, mo-mepie, KOHTPOJIIOBATH peani3oBaHi MOKAa3HUKHU sIKOCTi 1 HagiiHicte PC B
eKCILTyaTallil i, Mo-ApyTe, MPEA'IBIATH OOTPYHTOBaHI BUMOTH JIO 3aBOJaM-BUPOOHHKAM aBTOMOOITIB;
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— Hee()eKTHBHICTh, 3alIPOTIOHOBAHOI AepKaBoto, cucteMu cepTudikauii mociyr TO 1 P.

B pesynbsraTi AT3K i, mepiir 3a Bce, Majiy MANPUEMCTBA aBTOMOOLIEHOTO Tpancnopty (MITAT) ramysi,
BHSIBIJTHICS B CKJIQTHMX YMOBaX, TOMY 110 BoHH [1, 2]:

—3000B's13aH1 3a0e3neunTH TeXHiuHUK cTtaH PC 3rigHo 3 aep)KaBHUMH BUMOTaMHu O€3MEKH PyXy Ta
€KOJIOT14HOI Oe3MeKr TPaHCIIOPTY;

— He MawTh yMOB (0a3u, oOnagHaHHS, MMEPCOHANY) JUIA MIATPUMKH Mpale3aaTHOCTI 1 HeOOXiTHOTO
TexHiuHoro crany PC;

— HE MaloTh YiTKO y3aKOHEHHMX 3000B'a3aHb 3acTocoByBartu cuctemy TO i1 P 1 BUKOHYBaTH Takuid
MiHIManbHHN 00csar poOiT TO 1 P, sxuit Moxxe 3a0e3neunTd HEOOXIAHY Mpalie3aaTHicTs 1 0e3neky PC.

CrBopeHHi Oprasi3auiiHUA 1 TEXHOJOTIYHMHA BaKkyyM MpPHBIB A0 IMPAKTUYHO HEKOHTPOJIHOBAHOI
ekcruryaranii aBTomo0iniB B Oinbmocti MIIAT, mo npu3Beno 10 pi3KOro MOTipIIEHHS TEXHIYHOTO CTaHy
aBTOMOOUIBHOTO TIapKy, 30imbmmio KinbkicTb A TII, BUKITUKaHUX HECTIPABHICTIO aBTOMOOLIIB 1 3a0py/THEHHS
HaBKOJIUIITHLOTO cepeoBuia [2, 3].

Binomo, mo nariBaxxknusimmm 1aHkor TEA € Bubip cuctemu TO i P PC, sika perymroeThcst KOMILIEKCOM
B3A€MOIIOB'SI3aHHX TTOJIOKEHB 1 HOPM, 1110 BU3HAYAIOTh NOPSIOK, OpPraHi3allifo, 3MICT | HOpPMATHBH ITPOBEICHHS
poOiT i3 3a0e3neueHHs Mpare3aTHOCTI MapKy aBToMoOUIiB [3-6].

VY Hac B KpaiHi OyJa npuiiHsiTa miaHoBo-nonepemkysainbHa cuctema TO 1 P aBromo0inis. IlpuHummnosi
OCHOBH JIaHOI CHCTEMH IiATPUMKHA aBTOMOOLIIB B TEXHIYHO CIIPAaBHOMY CTaHI MPaKTUYHO c(hopMyBaiucs B
1929-1933 pp. y BUIIIsIII pO3pOOKH Ta pealtizallii CHCTeMH TUIaHOBO-TIONIEPE/KYBaIbHUX PeMOHTIB Ha AT, 1110
nepeadadaroTh YOTHPH BUAM OOCITYTOBYBaHHS 1 MOINEpEKyBalbHUN peMOHT. 3 1936 poky modvana misTé
TUTAHOBO-TIOTIEPE/DKYBATbHA CHCTEMa 3 MPUMYCOBHM OTJISAOM (IHCHEKITiEI0) aBTOMOOIIIB i BUKOHAHHIM
peMoHTiB 3a moTpeboto. Y 1943 p moGaumno cBiT «llonoxxeHHs mpo mpodinakTHYHE OOCIYrOBYBaHHS
aBTOMOOUTIB», sKe HaOyno BUTJSAAY NPHHIUMIB mpodinaktuuHoi cucremu TO 1 P aBTOoMoOimiB, 1o
nependadae nposeneHHs EO, TO-1, TO-2, moTouynwmii, cepeqHiii, i KamitarbHUN peMoHTH. Jlami 3'IBUBCS
HOpMaTHBHUA TOKyMeHT «llomoxkeHHss mpo mpodinakTrdHe O0OCIYroBYBaHHS aBTOMOOILTIBY, SKHU
KopekTyBaBcsi B 1947, 1949, 1954, 1963, 1974, 1984 - 1994, 1998 pokax 3 ypaxyBaHHSM IOCBiqy Horo
3aCTOCYBaHHS, 3MiHH YMOB €KCIDTyaTarlii, BAOCKOHAJIEHHS KOHCTPYKIIii aBTOMOOLIIS 1 MPOBOASTHCS HAYKOBO-
JOCITAHUX POOIT.

CyTHICTb 1i€i cHCTEMHU MOJSTaE B TOMY, IO TEXHIYHE OOCIYrOBYBaHHS HOCHUTH NPOQilaKTHUHHHA
XapakxTep 1 3A1HCHIOEThCA 32 IJIAHOM, @ PEMOHT - 332 IOTPe0OIo.

C 1998 poxy mo 2013 pik «IlomoxxeHHs ...» [6], TOTTOBHIOBAIOCS 1 3MIHIOBAJIOCS MIPABIIIAMH 1 HAKa3aMHU
MinicrepcTBa iHppacTpykTypH, mocraHoBaMu KMYVY Ta 3akoHamu YKpaiHu 30epirailodud B OCHOBHOMY
MPUHIMIN IAHOBO-TIoNepeaKyBaibHoro cucremu TO 1 P aBromo06imiB.

YV 2013 naxazom Ne550 MinictepctBa iHppacTpykTypu Oyiu BBeaeHi «IIpaBmia excruryaTamii KOMiCHUX
TPAHCIIOPTHUX 3aco0iB» [7], sAxi 36epernm 6azoBi nmpuHmunH «llomoxenus ..» [6]. Li «IIpaBuma ...»
BU3HAYAIOTh MEXaHi3M OpraHizamii Oe3NnedHoro yTpUMaHHS KOJIICHHX TPAHCHOPTHUX 3ac00iB MPOTAroM
eKCInTyaTaliiHoT0 *)uTTeBoTo NUKIy (JKL[) mepeBizHNKOM 1 3aCTOCYBaHHS MIAMPHEMCTBAMU aBTOMOOIITHBHOTO
cepeicy. Tam ke 3a3Ha9€HO, IO MiCIs TapaHTiiHOTO epiony Ha PC, mepeBi3HMK 3a0e3nedye (yHKIIOHYBaHHS
cuctemu TO i P PC B moBHOMY 00Cs31 200 OTpHUMYE BiJIIIOBI/IHI TIOCTYTH.

Hiroua cuctema TO i P rpyHTYy€eThCS Ha HOpMax [6, 7] 1 pealtizyeThCsl TEXHIYHUM BiAJIIIOM NIEpEBi3HUKA,
skt Mae Outeme 15 ox. PC, siki IMCITIOKYIOTHCS B OQHOMY HAceJICHOMY IYHKTI B MiAIPHEMCTBI, III0 Mae
okpeMy Teputopito. IlepeBi3HuK, sskuii Mae MeHme 15 ox. PC Bupinrye BiAmMOBiAHI MATAHHS 0€3 CTBOPEHHS
TEXHIYHOTO BiAiTy, a caMO3alHATHH aBTOMOOTBHUI IEPEBI3HUK 3aMOBJISIE TOCTYTH Ha CTAHIISAX TEXHIYHOTO
00cayroByBaHHs a00 BUKOHYE TaKi pOOOTH CaMOCTIHHO.

s xoHTpoMO Ta 3abe3nedeHHs TexHigyHOro crany PC pgorpumyroTees 1miaHoBoro TO BimmoBigHO
HOpPMaMH{ 1 HOPMAaTUBAaMH HOTO BUTOTOBIIOBAYa, BCTAHOBICHUMH AJIS HOPMAJIBHHX YMOB €KCIUTyaTamii, 3
ypaxyBaHHAM iHpopmanii cuctemu OBD, 30kpema iHpopMmarii, oTpuMaHoi CkaHyBaHHSIM MaM'siTi 00PTOBOTO
koMmm'totepa PC crieriaibHUMHU TeXHOJIOTIYHUME 3aco0ami [7].

Crnin 3a3Haunth, mo cydyacHa cTpykrypa AT3K — me cyKymHICTh OKpeMHX NepeBi3HHUKIB i
aBTonianpuemctB y Burisiai MIIAT, siki € HOBUMHU yTBOPEHHSIMH AJIS Tajy3i, e JiIOTh TPH TPYIH CIIOCO0iB
TEA [8].

Iepma rpyna — TEA Bmacaumu cumamu. J{nst Toro mo® opraHi3yBaTH OKpPEeMHUH CTPYKTYpHUI
T IPO3IiT, 110 3aiiMaeThes BUKIIIOUHO TEA HeoOXiqHO 3p0OUTH 3HAYHI MOYATKOBI BKJIIEHHS, MiATPUMYBATH
mrar KeajiikoBaHuX (axiBIiB 1 MaTH q00Ope OpraHi3oBaHe CKJaJAChbke rocmogapctBo. [[ms OiLIbIIOCTI
cyuacaux MITAT (90%), icaytounx B YKpaiHi, Taki BATPATH € HEpaIioHATbHUMH.

Hpyra rpyna— TEA 3a gonomoroto miapsiaaux opraxizauiil. Lle opranizamii, siki MatoTs HOCTIHHUI mWTAT
kBasidikoBanux (axiBuiB i HeoOXiIHY BUPOOHMYY TexHiIuHY Oa3y. Panime e OyB HalOiIbII MOIIMPEHUI
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NUIIX BUPIMICHHS 3aBHAHHS 3 MIATPUMaHHS HEOOXimHOTO piBHA TexHiuHOTO cTany PC. OmHak mo ioro
OYCBHIHUX HEIONIKIB BIAHOCHUTHCA BIJIICYTHICTH CHCTEMHOTO IMiaxomy no opranizamii TEA, Tak sk y
«pa30BOro» (axiBIs YACTO HEMA€e MOXKIMBOCTEH CYAUTH IPO Te, sIKi moii B AuHaMili BinOyBatoThcst Ha PC

Tperss rpyma — cuctemu TEA y Burisami cepBiCHOro TrapaHTIMHOrO Ta micasrapaHTiHHOTO
o0ciIyroByBaHHs. Y I[bOMY BHITaJKy BIJHOCHHH 31 CIICI[iali30BAHUMHU CEPBICAMHU 3aB'SI3YIOTHCS BXKE MPHU
mokymiii HoBoro PC, mpu mouaTky #Horo ekcruryaTarii B paMKaxX TapaHTIHHOTO TepMiHy. BimMiHHOIO
0c00IMBICTIO (IPMOBOTO CEPBiCy € Te, IO caMe TYT HAaHOIIbII SICKPAaBO BUPAKEHI MOXKIIMBOCTI 1 IepeBaru
ITIB / CALS / PLM-texHoJ0riH, OCKIJIBKH arperart, By30i1, cucreMa, PC B IJIOMy 3HaXOASTHCS i MUIBHOIO
yBaroi (axiBIiB 0e3MocepeIHbO BiJl CKJIaIalbHOIO KOHBEEPA JI0 Miciis exciutyaTaiii. Ilpu 1iboMy crioco0i
peamizanii ymoB TEA MoXyTh icHyBaTu jABa piBHI opradizauii cepBicy: ¢ipMOBHI i aBTOPU30BaHMH, ne
000B'A3K0BOIO CKIIaA0BoI0 € miakitodeHHs: PC no Iureprery. Llum 3a0e3nedyeThCst MOXKIIMBICTE KOHTPOIIO 1
ynpasiminHs HafiHicTIo PC, B pamkax ingopmaniiiHoro 3abesnedeHnst JKII BupoOy, Ha OCHOBI 300py
iHndopmauii mpo HaxidHICTH arperaTiB, By3iiB, cucteM i PC B minomy (BiIMOBH, PEMOHTH, aBapiifHi Ta
Ha/A3BUYaiiHi cuTyauii, BB pooit mpu TO i1 P Ha nagiiinicTs). [Ipy npomy 3abe3neuyeTbes MogalbIIni
aHaii3 i mporuo3 podoru PC.

OIJIb TA 3AJAYI JOCJIIIKEHHSA

Icayroua cucrema TO 1 pemoHTy copmyBanaca Ha 0a3i cmpouieHoi Moneni (yHKIIOHYBaHHS
TpaHCHOPTHOT iHQPaACTPYKTYpH: aBTOMOOITI> B OCHOBHOMY TPAITIOE 3 MTPHB'SI3KOI0 JIO BIACHOTO i IIPHEMCTBY.
[Tpu oMy Bcst 0OciyroByroda i peMoHTHa 0a3a Oyma 30cepekeHa B pamkax KoHkpeTHoro ITAT i Bci Bumu
TEXHIYHUX BIUIMBIB 37icHIOBanucs iM camuM. Y icHyto4oi cucteMud TO 1 peMOHTY HETHYUKICTb B YacTHHI
3a0e3redeHHs O€3BiAMOBHOI poOOTH aBTOMOOITS Ha JIiHII MPOSBISAETHCS B OJHOMAHITHOCTI HiAXOIY O
aBTOMOO1IIIB Pi3HOTO BIKY: Hepelik onepauii i mepiognunicts TO iA€HTHYHI 1 JUI1 HOBOTO aBTOMOOUIS, 1 IS
ABTOMOO1JIS TIepe ] HOTO KalliTaTbHIM PEMOHTOM i CIIFICAHHSIM.

[MocTynoBuii pO3BUTOK HOBHX BHJIB IIEPEBE3CHb NPH3BOIWIO 10 30UIBIICHHS Yacy mepeOyBaHHS
PYXOMOTO CKJaay JIaJIeKO BiJi OCHOBHOI BHPOOHMYOI 0a3W, i, BHACHIZIOK LBOTO, MiJABUIIyBaJacs pOJb
npodinaktuanoro TO aBTOoMOOiNiB. TOMy CTBOpEHHsI THYYKOi "aJanTHBHOI" CHCTEMH KOHTpOJIO Ta
YIOpaBIiHHSA TEXHIYHHMM CTAHOM aBTOMOOUIA 3 elleMeHTaMH IHJWBIAYalIbHOTO TIAXOMY O KOXKHOTO
KOHKPETHOTO aBTOMOOLIIS CTAIO MepIIOYeproBUM 3aBIaHHM [8, 9].

ITin agantuBHOIO cuctemoro TO 1 P aBTOMOOUIIB pO3yMI€ThCS CHUCTEMA, sIKa 3aBISKU 3MIiHI CBOE]
CTPYKTYpPH 1 3HaY€Hb IMapaMeTpiB, MOXKE MTPUCTOCOBYBATHCS IO 3MiHM BHYTPIIIHIX 1 30BHIIIHIX YMOB. PiBeHb,
SIKOTO JOcATNIa cydacHa TexHiyHa miarHoctuka (T/I), mo3Bomsie mpu TexXHIYHIM eKcInTyaTarlii aBTOMOOLTIB
peanizyBaTd MPaKTUYHO OyAb-SKi 3aBlIaHHS I10 BUSBJICHHIO Ta MPOTHO3YBAHHI) TEXHIYHOTO CTaHy
aBToMoOuUTiB. Tak, Hampukiaa, ananTHBHA CUCTEMa, SKa 3alpoNOHOBaHa B pobOoTi [9], mepenbauae
HeoOximHicTs mpoBeneHHss TO i P 3a imguBimyanpHOI0 Tmporpamoro. Take TO i P ymoBHO Ha3znBaroTh
1HAMBIAyanbHUM TeXHIYHUM 00cimyroByBanHsM (ITO). Bun poGiT B oMy BHMAAKy MPU3HAYAIOTH HA OCHOBI
IHAMBIIyaJIbHUX JIarHOCTHYHHX JTaHUX.

PE3YJIbTATHU JOCIILIKEHb

VY 3B'I3Ky 3 3aCTOCYBaHHSIM Ha aBTOMOOUIAX CKJIaJHUX BHUCOKOC(QEKTHBHUX EJNEKTPOHHUX CHCTEM
ynpasiiHHs, BOy10BaHOi OOPTOBOi AiarHOCTUKH, PO3BUTKY CYNMyTHHKOBHX CHCTEM HaBiramii i MOOiTEHOTO
3B'SI3KY, Cy9aCHUX TEXHOJIOTIH 3'ABHUJIACS MOXKIIUBICTH HE TITBKH KOHTPOIIOBATH reorpadivde monoxenHs PC
1 3MIACHIOBATH 3B's130K 3 gucnierdepom [TAT, ame 1 3miiCHIOBATH TUCTAHIIIMHAA MOHITOPHHT 3 OIIHKOIO PiBHS
TEXHIYHOTO CTaHy aBTOMOOUISA, L0 WIJIKOM JO03BOJISIE peali3yBaTH NPaKTHYHO Oynb-sKi 3aBIaHHSA TIO
BUSIBJIICHHIO Ta IPOTHO3YBAHHIO TEXHIYHOTO CTaHy aBTOMOOLIS.

Hasaa cucrema TO 1 pemonty cdopmyBamacs Ha 0a3l CIpomieHoi Momeii (QYHKITIOHYBaHHS
TPaHCHOPTHOI iHPPACTPYKTYpH:

Le B cBOIO uepry A03BONHTH MEpelTH 10 iHAUBIAyansHOI (agantuBHOi) cuctemi TO 1 P aBTromMo0imniB.
bazosumu npuramEamu [TO € [8, 9]:

— IJIAHOBO-3aMO0KHIN MPUHIUI BU3HAYCHHS 1 YCYHEHHS HECHPABHOCTEH 1 MPOBEACHHS TEXHIYHHX
BIUIMBIB;

— OllepaTHBHE YIPAaBJIiHHSA Npale3/aTHICTIO aBTOMOOUIS Ha OCHOBI TPOTHO3YBaHHS CTaHy 3
BUKOPHUCTaHHAM iH(popMauiiHux texnomnorii B T/I;

— IHAMBI Ty alTbHUH MiIXi]T 10 OIIHKYA TEXHIYHOTO CTaHY KOXXHOT'O KOHKPETHOTO aBTOMOO1IIS

— iHOUBiAyanbHE NPOrHO3yBaHHs nepioguuHocTi TO i TeXHIYHOTO CTaHy aBTOMOOLIS.

VY 3B'13Ky 3 IIUM BeCh Mpoliec po3BUTKY cucteM TO i P i BU3HATH sIK TPOLIEC aanTallii CHCTeM J0 iX
30BHIIIHBOMY CEpeIOBUILI, a Oe3rmocepeHii mpouec QyHKIIOHYBaHHS CaMOi CHCTEMH - 1€ TaKOXK MpoIiec
ajanTarii Bke 00'eKTa MiJIEryIoro CUCTEMH 10 YMOB Woro icHyBaHHsA. ToMy B minomy, Bei cuctemu TO i P
JOLIIBHO BiTHECTH 10 afanTHBHUX cucTeM [9]. OCHOBY TaKMX CHCTEM ChOTOJHI CKIIaJal0Th aBTOMAaTH30BaH1
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cuctemu ynpapmiaasg (ACY) Ha ocHOBI iHbopmamiianx TexHomorid T [8]. Lli cucremu 3a0e3neuyroTh
IHIUBI Ty JIBHAN TT1TIX11 IO OIliIHKYM TEXHIYHOTO CTaHY KOJKHOT'O KOHKPETHOTO aBTOMOO1IS.

YeTBepTHil MPUHIUI — e OJUH 3 OCHOBHHUX MOJOXeHb (yHKUioOHyBaHHA ACY TEXHIYHHM CTaHOM
ABTOMOO1JIS i OZIIH 3 OCHOBHUX PE3CPBIB ITiIBUIICHHS ¢(DeKTUBHOCTI 1 MOANBIIOTO BIOCKOHANCHHS. ChOroTHI
IIbOMY 3aBaXKa€ JIMIIE HEJOCTATHS TOUHICTh Cy4aCHUX METOJIIB IIPOTHO3YBAHHS.

IligBUIIEHHST TOYHOCTI IPOTHO3IB IPOIOHYETHCS Ha ITJICTaBl BU3HAYCHHS 3aKOHOMIPHOCTEH, SKi
OJHOYACHO BPaxOBYIOTh iHAMBIAyaJbHE TEXHIYHUH CTaH CHCTEM, arperariB, MeXaHi3MiB aBTOMOOLIA i
IHTEHCUBHICTh HOTO 3MiHHU BiJ IpOOITy, a TAKOXK (aKTOpPiB YMOB eKCIUTyaTallii, BILTMBAIOTh Ha aBTOMOOLIB i
HOTr0 CKJIAJ0BI €JIEMEHTH Ha BiJIIIOBIIHOMY IIPOOIry.

B apmantuBHIN cucTeMi NPOrHO3yBaHHS MOXE MPOBOJUTHCS Ha MiJACTaBi pe3yibTaTiB 00OpoOKH
JiarHOCTHYHOI iH(opMaLii BiAMOBIAHO A0 CXEMH NPOTHO3YBAaHHS Ta YHPABIIHHSAM TEXHIYHHUM CTaHOM
aBTOMOO1JIA 13 3acTtocyBanHsm ACY [8, 9, 10, 11].

B nanomy Bunaaxy ingopmai€ro npo 3MiHy TEXHIYHOTO CTaHy aBTOMOO1JIS € 3HAUCHHsI ITapaMeTpiB, AKi
BUKOPHUCTOBYIOTHCS JUIsl TPOrHO3yBaHHA. Lle kaneHgapHi faTH i 3HAUYEHHs HANPALIOBaHHS aBTOMOO1S, sIKi
BiJINOBIat0Th 3a()iKCOBAaHUM 3HAUCHHSM NIapaMeTpiB, a TAKOXK iHIIA iHpopMallis, sika 3HAXOAUTHCS B LIEHTP1
JIarHOCTYBaHHsI 1 OTpMMaHa Ha OCHOBI KOMI'IOTEPH30BaHMX 3aco0iB jgiarHOCTUKW. Bes 1 iHpopmartis
nepenaetbess ACY 1yt oOpoOKM 1 1le € OCHOBOIO (OPMYBaHHS MAacuBYy HOPMAaTHBHO-IOBIIKOBOI 1
niarHOCTHYHOI iH(opMmalii, HeoOXimHOI IJIs OopraHizaiii mpoiecy MPOrHO3yBaHHSA. I TOMy 3aCTOCOBYIOTh
CHeLiabHO PO3pO0JIeHi MporpaMHi 3aco0u.

OCHOBOIO aBTOMaTH30BaHOI aJaiTUBHOI CUCTEMHU € 0a3a JaHuX Npo aBToMoO11b. BoHa siBisie cuctemy
B33a€MOIIOB'A3aHUX Tabmuub. Y Hid po3Mmimiyerscsi iH(opMalis pizHOro poay 1 ToMy BOHa 0a3yeTbcs Ha
cucreMi ympapniHHA Oazamu maHux — Microsoft Access, mo 3abe3rnedye BiTHOCHO NMPOCTE CTBOPEHHS 1
KOpHUT'yBaHHS 0a3ul JaHUX.

OpnanM 3 HaiBakHBiKX nutadb Tpu ctBopeHHI ACY TO i P € Bubip onTuMansHOTO CKIamy 3aco0iB
TeXHIYHOI AiarHocTUkU. ChOTOJHI II¢ BaXKJIMBE MUTAHHS, OCKUIBKM MOBa HJE IMPO CTBOPEHHS CHUCTEM
OIIEPAaTUBHOTO KOHTPOJIIO Ta YIPABIiHHS TEXHIYHUM CTaHOM, sIKe 0a3yeThCs Ha NMPUHIMIAX TPOTHO3YBaHHS
TEXHIYHOTO CTaHy aBTOMOOLIA 1 10ro OKpeMHUX CHUCTEM, arperaTiB i MexaHi3MiB.

J71st HeBETMKUX IMiITPUEMCTB aBTOMOOIITFHOTO TPAHCIIOPTY PIIIEHHS JaHOi 3a/1a4i I03BOJISIE KOXKHOMY
MiANPUEMCTBY BU3HAUYNUTH CBOE HAYKOBO OOIPYHTOBAHUI HAIIPSIMOK PO3BUTKY aganTuBHHUX cucteM TO i P B
yMoOBax 0OMeXeHHX (hiHAHCOBHUX MOXKIIMBOCTEW 1 HASBHOTO IIUPOKOTO CHEKTPY MPOTIO3HUIIiH, SIKi MOCTIHHO
MIPOTIOHYIOTHCS (paxiBISAMU 3 oprasizarii agantuBaux cucteM TO i P.

Ha AT nns 3abesnedeHHs Mpare3laTHOCTI aBTOMOOINS TpaAWLiiHO 3aCTOCOBYBATH TpPU CTpaTerii,
XapaKTePUCTUKH SKUX HaBelleH] B Ta0mmili 1.

Tabnuus 1 — Crpaterii 3a0e3neueHHs Mpae3aaTHOCTI

No Bun pobit

I [ligTpumye 3aganuii piBeHb Mpae3AaTHOCTI TexHiuHe 00CITyrOBYBaHHS
II BigHoBmeHHS BTpadeHoi mpare3aaTHOCTI PemonTt
I Kowmo6inarmis I Ta I cTpareriit TOi1P

Ha AT icnye, BiamoBigHo mo kmacudikamii [2, 3], Tpu ocHoBHUX Buau cucteM TO i P (TakTukm)
TPaHCHOPTHUX MamuH (puc. 1):

— 3a HampalfOBaHHS;

— 32 CTaHOM;

— 3MilIaHi.

CyTb cHCTEMHU 3 HANpAIFOBAHHS IOJISTAE B TOMY, II0 TEXHIYHI BIUIMBY BUKOHYETHCS JUI BHPOOY -
aBTOMOOUIA, Yepe3 MeBHUH mpoOir (dac), He3aJe)KHO Bix HOro TeXHIYHOro crany. B pesynbTari 3HauHa
gactuHa pecypcy PC He BUKOPHCTOBYETHCS, TOMY Taka Monenb cucteMd TO i P mae 3HauHy BapTicTh 1 B
MPAKTHIIl MOXKE 3aCTOCOBYBATHCS TUIBKU JJIS CIeLialbHUX aBToMoOuTiB. Hanmpuknan, na AT 1s cuctema
BUKOPHCTOBYETHCS JIJIsl THX BY3JIIB 1 JeTajeil aBTOMOOLISA, Bijl AKMX 3aJICKUTh Oe3reka ioro pyxy [3].

CyTb CHUCTEMHU CTAHOM MOJISATa€ B TOMY, IO TEXHI4HI BIUIUBY NMPOBOIUTHCA IJIi BUPOOUB JIMIIE MPU
JIOCSTHEHHI HUM KOHTPOJIBOBAHUX ITaPAMETPIB CBOTO KPUTHYHOTO DiBHS, TOOTO TPAHWUYHO JIOITYyCTUMOTO
crany. Ha npaxruni ajs peanizanii Takoi cuctemu TO 1 P HeoOXiHO crierialibHe KOHTPOJIbHO-11arHOCTUYHE
oOnajHaHHS 1 B IIOMY BMiHHS (paXiBIliB aBTOMAaTHU30BaHI CUCTEMH YIPAaBIiHHSI aBTOMAaTH30BaHI CUCTEMH
YIpaBIiHHS 1HXEHEPHO-TEXHIYHOI CIY>KOW, BUMIpIOBaTH Oe3lepepBHO ab0 MEepioguYHO KOHTPOIHOBAHI
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(miarHocTH4HI) apaMeTpu BUpoOu. ChOTOAHI Taki CHCTEMH, BHACHiMoK Tiobamizamii T/l 1 HepyiHIBHOTO
KOHTPOJITIO0, YCIHINIHO BIIPOBAKYIOTHECS B CBITI TEXHIKM Oaratbma 3apyOixkHHUMH ¢ipmamu. Tam BOHHU
otpuManu Ha3By «Condition Monitoring» [3], a B cy4acHiii Tepminosnorii TEA — 1ie «iHOUBILyaIbHI» CUCTEMH
TO i P abo «amantusHi» [9-10].

HamosiMm TexHiuHMi

Cucrema

3a HamparoBaHHAM

3Mimana

3a ctaHoM

MammHy cremiaibHi

MamiHu TpaHCIIOPTHI 1
Oy IiBeIIbHI

MammHy cremiaibHi

CepeIHpOCTaTHCTHYHA

TO-1-TO-2 - CO —IIP

JliarHOCTHYHA

OP-II-YH

Pucynok 1 — Cxema opranizanii TO i P TpancniopTHux MammH

Hosum npuitomom 1t AT3K B cdepi Texniunoro xontpoito crany PC € ctBopeHHs iHpopmManiitHux
CHUCTEM OpraizaliifHO-(QyHKUIOHAaJIbHOI MiATPUMKM mponeciB  ekciutyarauii PC, 3a  momomororo
iH(pOpMaIiitHOT iHTerpalii: no-mepuie, craaii xxurtesoro mukiny (JKL[) PC, no-npyre cucreM HOro TeXHIYHOTO
KOHTPOJIIO (KOHTpPOIIIO 1 NiarHocTHky crany PC).

[Ipuknagom Mmoxe Oytu mporpama Torque, sik ocHOBa «aBTOMOOiNBHOI» KoHuenuis FADEC, mo
MpecTaBisie co00ro nepiui kpok 10 cucteMu FRACAS i, BianosigHo IT1B / CALS / PLM-TexHoJoriH, sKi
MpU3HAYEH1 JJIs1 OTPUMaHHSI 1 BiZIoOpaskeHHS IiarHOCTUYHOI iHQopMarlii 00pTOBOT CHCTEMHU CaMOiarHOCTHKH.
CrorogHi BoHa BKE «BMi€» BigoOpaskaTH MOTOYHI HapameTpu poOOTH IBUTYHA, 1HIIMX CHCTEM, BY3JIB i
arperaris, BizoOpaxartu 1 po3mn(ppoBYBaTH «KOAH HOMHIOK», «CTUPATH MOMUIIKI 3 €JIEKTPOHHOTO OJIOKY
ynpasininas (EBY), aBroMaTHuHO BigNpaBiATH 3HAYEHHsS BEJIWYWMH TapameTpiB, MO0 KOHTPOIIOOTHCS
nataukoM (JIOTH) , B iHTETpOBaHE EIEeKTPOHHE iH(OpMaIliifHe MeTalpoCTPaHCTBO, J€ MPOTITOM ITiBPOKY
MO’KHA OJMBUTHUCS HE TUIBKY IIOTOYHI 3HAYCHHS KOHTPOJbOBAaHUX BEJIMUMH B Pi3HUIL yac, aje 1 modaunT Ha
KkapTi Bech MapupyT PC 3a neit nepiox [1].

He menm 3nauymumu uist ITIB / CALS / PLM-texnomoriii Ha AT3K € Taki HadinpocTinti (3 TOYKH 30py
BupinryBanux Ha AT 3aBmanp) eneKTpOHHI iHGOPMAIliifHI CHCTEMH, SIK:

— GPS-Trace Orange, mo Hagae Ha 6a3i KOMEPIIHHOT CHCTEMH MOHITOPHHTY TpaHcTopTy «Wialony»
MOCITYTH CYIMYTHUKOBOTO CHOCTEPEXeHHs i KOHTpoito uepe3 Web-intepdeiic 3a PC, ocHamernM TpexkepoM
a00 OyIp-IKMMH 1HIIMMHU KOMYyHikatopamu 3 Mmoayiem GSM [9];

— M2M (MmammHHO-MamMHHE B3aeMo/Iis a0o anri. Machine-to-Machine, Mobile-to-Machine, Machine-
to-Mobile), mo CTBOpIOE TEXHOJNOTIi, SIKi JTO3BOJIIOTH AOCUTH IMPOCTO, HAMIHHO 1 BHUTIAHO 3a0e3meduTH
nepesavy JaHuX MiXK «pO3yMHUMM» IpUCTposimu (smart devices) [8];

— CKBII (Cuctema KOHTpOIIO BUTpATH NAlMBa), MIO MPEICTaBIsiE HAOIp CydacHUX «iHCTPYMEHTIB»
ynpaeninasa PC, 3acHoBaHuii Ha 0a3i CymyTHHKOBOI HaBiraiii MOHITOPHHTY TPaHCIIOPTY, IO 3a0e3medye
KOHTPOJIb BUTPATH NMauBa, HABaHTaXKEHHS Ha oci, yacy poboTtn PC Ta iHMX mapaMeTpiB excrutyaTamii [8];

— Teletrack, mo npencrasinsie cremianizoBaHuii TPOrpaMHO-aNapaTHUN KOMITIEKC JUIs CYIyTHUKOBOTO
MOHITOPHHTY, SIKAH CKJIAaIA€Thcst 3 OOPTOBOTO CKaHEp - KOMyHIKaropa (KOHTpOJep - KOMYyHIKaTop, pi3Hi
JATYMKH, 0 3a0€3MeUyI0Th BiIKPUTY apXiTEeKTYpy, MaclITA00OBaHiCTh, THYYKICTh CHCTEMH MOHITOPHUHTY), I13
(cepBeproro, aucrnerdepcbkoro «Track Control») 1 10 J03BONSE IHTEIpYyBaTH JaHE PIMICHHS IS
MOHITOPHHTY TPaHCHIOPTY BUPIIITYIOUX CKJIaIHI 1 HeCTaHAapTHI 3a1adi [8];

— Dynafleet®, 1o € mBeackkoi TpaHCIIOPTHO-1HOPMALIHHOIO CUCTEMOIO a00 €AMHUM TeJIeMaTHUYHUX
MIPOTYKTOM JIJIs TATadiB (HAIIPUKIIad, Scania), sika mparroe Ha Beiit Teputopii €C.
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OBI'OBOPEHHAA PE3YJIBTATIB JOCJ/III’KEHb

CykymnHaicth Ha AT3K TpagumiiiHux MmianmpueMcTB 1 aOCOIOTHO HOBHX YTBOpeHb (Hampukian, GPS-
Trace Orange, M2M, CKPT i iH.), o mpeacTaBisiioTh €IEKTPOHHI iHQOpMaLiiHI CUCTEMH 1 TEXHOJOTII,
¢dopmye Ha AT3K i AT B uinomy abcomorHo HOBi npuniunu TEA PC. Ilix ogHuM 3 TakuxX NPUHIUITIB
pPO3yMIETHCSl aTalTHBHA CHCTEMA IMATPUMKH TexHidHOTO cTraHy PC [9-11], KIII0OY0BUM MOMEHTOM SIKOi €
po3poOKa iH(GOopMaIiifHO-KOMYHIKAI[IHHOT CUCTeMH 1 0a3u MPOTHO3HUX MOJICIICH, 110 3a0€3IeUyOTh HUIIXOM
MOHITOPHHTY AMCTaHLiHE OTpUMaHHS HeoOximHoi morouHoi iHpopmauii Big PC 1 ii oOpoOky, a Takox
BUPOOJICHHSI KOPUTYBaJIbHUX BIUIMBIB.

BUCHOBOK

V 3B's13Ky 3 mpoBeneHUM aHaiizoM ctparerii i Taktuk TO 1 P PC MoxiauBO 3poOuTH BHCHOBOK, IO
TpaguuiiiHa, chopmoBana Ha AT3K npotsarom 6arateox pokis cuctema TO 1 P, Bxxe He BianoBizae B miomy
cyuacuum BumoraM TEA. Ii ocHOBHOIO mepeBaroio € juine MOKIMBICTh CHPOTHO3YBATH BUTPATH 3aMacHUX
YaCTHH 1 MaTepiaiiB IpH BiACYTHOCTI Cy4aCHUX IiarHOCTUYHUX CUCTEM, @ OCHOBHUM HEOJIKOM - IPUIHATTS
pimenns mpo nposeaeHHs podit TO i P na mincrasi ingopmauii npo npo6ir PC.

Hosum npuitomom miist AT3K B cdepi Texniunoro koutpoito crany PC € ctBopeHHs iHpOpMAaIiitHIX
CHCTEM OpraHi3aiiiHo-(yHKIIOHANBHOT MATPUMKH nporecis ekcruryaTaii PC. BnpoBamxkenns B TEA HoBuX
0a30BHX TPHUHIMIIB "aJaNTHBHOI" CHUCTEMH YINPABIIHHA TEXHIYHHMM CTaHOM aBTOMOOLISA, KIFOYOBUM
MOMEHTOM $5IKOI, € po3poOKa iHPOpMAaIiitHO-KOMYHIKAI[IHOT crucTeMu 1 0a3M MPOTHO3HHX MOJEIeH, M0
3a0e3MeYy0Th MUISXOM MOHITOPHHTY JUCTAHIIHE OTpUMaHHSI HeOOXiqHOT moTo4yHOI iH(opmarii Big PC i ii
00po0OKy, a TAKOX BUPOOJICHHS KOPUTYBAJILHIX BILUIHBIB.
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V. Volkov, I. Gritsuk, T. Volkova, V.Belov, Y. Volkov, V. Onyshchuk. Modern technology in technical
operation of cars

The paper considers the state and main systemic problems of road transport in Ukraine at the present
stage. The features of the application of strategies and tactics of the current TEM system in public road
transport are shown. The basic principles of the adaptive TO and P system of rolling stock of automobile
transport are stated. Using existing transport systems as an example, new technologies for creating information
systems for organizational and functional support for the technical operation of automobiles at the life cycle
stages have been proposed. The features of introducing into the technical operation of automobiles the basic
principles of an "adaptive" system for managing the technical condition of a car, the key point of which is the
development of an information and communication system and a database of forecast models that provide
remote monitoring of the necessary current information from rolling stock and its processing, as well as
generating corrective actions.

Keywords: automobile transport, technical operation of automobiles, maintenance and repair, rolling
stock, adaptive system, information and communication system, diagnostic information, base of forecast
models.
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BU3HAYEHHS HOPMAJIBHUX PEAKIIA OITIOPHOI IOBEPXHI
PU PYCI MOJYJIBbHOI'O TPHJIAHKOBOI'O ITPUYIITHOI'O ABTOIOI3JIA YCKJIAI
«ABTOMOBLIb-TSTAY — JIBOBICHUI MIIKATHUM BI3OK — TPUBICHUI HAIIIBITPUYII»
Y I'AJIBMIBHOMY PEXHNMI

EdexruBauM 3ac000M CKOpPOYCHHS YHCEIBHOCTI TPAHCIIOPTHHX 3ac00iB TpH 30epekeHHI oOcsriB
BaHTaXXOIEPEBE3CHb € BUKOPHCTAHHS aBTOIOI3/iB. Y HaIll Yac aBTOMOI3M 3aCTOCOBYIOTECS y OaraThoX KpaiHax CBITY.
3Ba)karouH Ha BiTHOCHY KOHCTPYKTHUBHY IPOCTOTY Ta MEHIIY JOBXXHHY IIPH OJHAaKOBOMY PiBHI BaHTa)OIIiJiOMHOCTI,
Ta 3 ypaxyBaHHAM PsAAy iHIIUX IepeBar, CiJeibHi aBTONOI3M OTPUMAIM 3HAYHE BU3HAHHSA W HaWOULIBLI MOLIMpPEHi y
3a0e3redYeHHi TPAHCTIOPTHHX MePEeBE3eHb BAHTAXKIB.

3 orysiny Ha 3pOCTaHHS IHTCHCHBHOCTI pyXy Ha CyYacHHX aBTOMAriCTPasiX, HEOOXITHO MiABULIMTH Oe3neKy
TPaHCHOPTHHX 3acO0iB Ul YHUKHEHHS aBapifHMX CHTYyalil, 10 HeCyTh 3a cOOOIO IOTIpIICHHS 3[0pOB’S JIOAeH Ta
3HAYHI MaTepiabHi BTPATH IPH MOIIKO/PKEHHI TPAHCIIOPTHHUX 3ac00iB Ta BaHTaxiB. OCOOIMBO TOCTPO Iie MUTAHHS
CTOCYEThCSI aBTOMOOIIBHUX MOi3/1iB, MPOLEC PyXy Ta TaJbMyBaHHS SKHX HabaraTo CKJIaAHIIINA HDK B OJMHHYHHX
aBTOMOOUITIB. HeoOxXiMHO m00 ranbpMiBHA CHCTEMa JTO3BOJISIA PETyJIIOBATH MBHIKICTh PyXy aBTOIMOI3/1a Y MIHPOKOMY
Jiana3oHi, MPOTHIiANA 3aHOCAM, a TAKOXK YHEMOXKJIMBIIIOBAJa CKIAJIaHHS JIAHOK TPAHCIIOPTHOIO 3acoly Ta Horo
3ITKHEHHsI 3 IHIIMMH aBTOMOOLIAMH, TOOTO 3abe3redyBajia BiAMOBIAHY CTiiiKicTh. Bofiii MOBHHEH MaKCHMalbHO
KOHTPOJIIOBAaTH MOBEAIHKY TPAHCIIOPTHOro 3aco0y Mij 4acy pyxy, a 3a MOTpeOu MIBUIKO Ta O0e3MEeYHO 3yIHHUTH HOTo.

3Bakarouu Ha Iie, MOJIMIICHHS EeKCIUTyaTaliifHUX BJIACTUBOCTEH aBTOMOI3/IB Y CYYacHHX yMOBaxX pPyXy €
OJHUM 13 TPIOPUTETHUX 3aBJaHb IV 3a0E3MEUCHHS BHCOKOTO DIBHS OE3MEKH IX eKCIUTyaTaril 3 MaKCHMAJILHOIO
edexTuBHICTIO BUKOpHCTaHHS. JIOCATHEHHS NaHUX BHMOI MOXUJIMBE JIMILIE 32 YMOBH BpPaxyBaHHS MOXIIMBHX 3MiH
TEXHIYHOTO CTaHy aBTOIOI3IIB y Hpoleci eKcIulyaramnii. 30kpeMa, 3Ha4Hy yBary CIIiJ BiIBECTH 3MiHaM, SIKI MOXYTb
BiIOYTHCs y TalIbMIBHI# CHCTEMI JJAHOK aBTOMOI3/1a, 10 MOXKYTh CIPHYMHUTH HOPYILCHHS ONTUMAIBHHUX MMOKa3HHUKIB
PETYJIOBaHHS i PO3MOALTY TAIBMIBHUAX CHJI IO OCSAX Ta OOpTax TPaHCHOPTHOTO 3aco0y, 10 HEMUHY4YE IPU3BOIUTH 10
BTPATH CTIMKOCTI HOTO pyXy HaBITh IIPH HE3HAYHUX MIBUAKOCTSX, 0COOIMBO MPU MaKCUMAILHOMY 3aBaHTaKCHHI.

Bupimenns uux npobieM HeMOXIHBE 0e3 po3poOKH MaTeMaTHYHOT MOJETI pyXy MOIYJIBHOTO TPHIAHKOBOTO
MPUYITHOTO aBTOMOI31a, y AKii Oyim O BpaxoBaHi OCHOBHI KiHEMAaTHYHI Ta T€OMETPHYHI CITiBBIAHOLIEHHS, KYTH
BCTAHOBJICHHS OCEl, HOPMaJIbHI peakiii OmmopHOi MoBEepXHi Ta O1YHI CHIIM Ha KOJiecaX OCeil JTaHOK 3 ypaxyBaHHSM iX
Hepepo3NoALTy MO OCsIX Ta 60pTax MpH raJbMyBaHHI aBTOIOI3a Y KPUBOJIIHIHHOMY Ta MPSIMOIHIHHOMY pyCi a TaKOXK
KyTH BiJIBEJICHHSI KOJIIC aBTOMOOLIS-TSIrayva, MiJIKaTHOTO Bi3Ka Ta HaIiBIpHYENa.

Came ToMy JaHa po0OTa INMpPUCBSYEHa BH3HAYEHHIO HOPMAJBHHMX peakliii ONOpHOI IMOBEpXHI NpH pyci
MOJIyJIbHOTO TPUJIAHKOBOTO MPHUYIMTHOTO aBTOMOI3/Ia Y CKJIAAiI «aBTOMOOITB-TSrad - JBOBICHHUMA MiJKATHHHA BI30K -
TPUBICHUH HAIIBOPUYIID) y TAIbMiBHOMY PEKUMI.

KmrouoBi ciioBa: aBTomoi3g; MOIyJbHHH TPUIAHKOBHH NPUYINHUKA aBTOMOI3; KOMIOHYBaJlbHAa CXEMa;
OpUYiNHA JIaHKA; NPUYIl; HAMIBOPUYIN; MiAKATHUAI Bi30K; MaTeMaTH4YHA MOJENb, CSKCIUTyaTalliiiHi BIIACTHBOCTI;
CTIHKICTB; OTIOPHA MOBEPXHs; HOPMAJIbHI PeaKIil; raJbMiBHUIN pexKUM

BCTYII

JI1sl MOCSITHEHHSI BUCOKHX TTOKA3HUKIB MPOMTYKTUBHOCTI BUKOPHUCTAHHS aBTOMOI3MIB TIpH 3IIHCHEHHI
BaHTa)KOIIEPEBE3CHb HEOOXITHO CTBOPUTH YMOBHU Ul IX CKCIUTyaTalii 3 MaKCHMaJbHOI €()EeKTHBHICTIO,
TOOTO 13 MAKCUMAJIbHUM 3aBaHTA)KEHHSM Ta MPH PYCi HA MAaKCUMalbHUX IBUAKOCTAX. /1 boro, B mepiry
4epry, noTpiOHo 3a0e3MeunTr JOTPUMaHHA JaHUMH TPAaHCTIOPTHUMH 3aC00aMy OCHOBHHUX EKCILTyaTalliiHUX
BJIACTMBOCTEH, 1110 BHM3HA4arOTh Oe3rneky pyxy. Cepea HaHOUIbII BaKIUBUX TEXHIKO-CKCILTyaTalllHHUX
BJIACTUBOCTEH aBTOMOI3/iB, IO 3a0e3MeuyloTh Oe3MeKy iX pyxy, BapTO BHOKPEMHUTH CTiHKICTb, 30KpeMa y
raJbMiBHOMY peXuMi. AJDKe BTpata CTIMKOCTI 4acTO NMPHUBOAUTH IO CTBOPEHHS JOPOKHBO-TPAHCIIOPTHHUX
MIPUTO, IO CYNPOBOJUKYIOTHCS TPABMYBaHHIM Ta 3HAYHUMH MaTepiallbHUMH BTPaTaMu.

Xapaktep pyxXy aBTONOI3[a MPUHIMIIOBO BIiJPI3HAETHCSA BiJ PYXy OJUHUYHOTO aBTOMOOIISL
BigMiHHICTE MOXHA TOSICHUTH HasiBHICTIO JOJATKOBUX 3YCHIIb, 10 BUHHKAIOTh Yy LIApHIPHOMY 3’€IHAaHHI
JAHOK TPAaHCHOPTHOTO 3aco0y, a TaKoXK CHJ 1 MOMEHTIB, SIKi JIIOTh Ha HOr0 OKpeMi JIaHKH Ta pyX
TpPaHCHOPTHOTO 3aco0y B 1iioMy. OcoOJIMBO MOMITHHM € X BIUIMB IIPH TalIbMyBaHHI aBTOMOI3/1a, SKE MOXE
CYIPOBO/DKYBATUCS CKJIAZAAHHSIM JIAaHOK Ta BTPATOIO CTIMKOCTI TpaHCHOpTHOro 3acoly. lle moscHIoeThCs
TUM, 110 y MPOLECi raTlbMyBaHHS Ha aBTOMOO1JIb Ail0Th CHJIM Ta MOMEHTH B Pi3HHX IJIOLIMHAX Ta HANpPAMax.
[lin iX BIUIMBOM 3MIHIOETHCS HABAaHTAKCHHS OKPEMHX Kojic. BmiuB OIYHMX CHJI HPU3BOIATH JIO
MEPEBAHTAXCHHS KOJIiC OJHOTO OOPTY TPAHCHMOPTHOTO 3ac00y, a TAKOXK MOXE CIPUYMHHUTH BiJBEJCHHS a00
KOB3aHHsI HOT'O KOJIiC.
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AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA IIPOBJIEMHU

Bupimenus mpo06ieM, MOB'S3aHUX 3 OE3MEeKO0 pyXy TPHIAHKOBHX AaBTOTOI3MIB HE PO3B’A3YETHCS
TIIBKM 3aCTOCYBAaHHSAM EJIEKTPOHHHMX CHCTEM: aBTOMAaTHYHOTO ycyHeHHs OnokyBaHHA koneca (ABC),
cUcTeMH po3noAilTy ransMmiBHEX 3ycuib (EBD), cuctemu crabinizanii pyxy (ESP), ta inmux. Taki cucremu
JIO3BOJISIIOTH 3HAYHO TOKPAITUTH TabMIBHI BIIACTHBOCTI aBTOTPAHCIIOPTHHUX 3aC001B, MiABUIIUTH CTIHKICTh
TPHUIAHKOBOTO aBTOIIOi3/1a y TaJIbMiBHOMY PEXKHUMI.

XapakTep pyxy aBTONOI3[a NPHHLUUIIOBO BiIPI3HAETbCA BiJ PyXy OIMHUYHOTO aBTOMOOLIS.
BigMiHHICTE MOXHA TIOSICHUTH HAsiBHICTIO JTOJATKOBUX 3YCHIIb, II0 BUHHKAIOTH Yy HIAPHIPHOMY 3’€JIHAHHI
JIAHOK TPAHCIOPTHOTO 3aco0y, a TaKoXX CHJ 1 MOMEHTIB, SIKI JIIOTh Ha HOr0 OKpeMi JIAaHKH Ta pyX
TpaHCHOPTHOTO 3aco0y B HiloMy. OcoOIMBO MOMITHUM € X BIUIMB IIPH TaJIbMYBaHHI aBTONOI3/a, SKE MOXE
CYIPOBO/KYBATUCS CKJIAZAHHSIM JIAaHOK Ta BTPATOIO CTIMKOCTI TpaHCHOpTHOro 3acoly. lle moscHIoeTscs
THM, IO y MPOIECi TATbMyBaHHS Ha aBTOMOO1JTB JIiFOTh CHIIM Ta MOMEHTH B Pi3HHX IUIONIMHAX Ta HAMpPIMax.
Ilig iX BIUIMBOM 3MIiHIOETbCS HABAaHTAKCHHS OKpeMHX Kojic. BmiamB OiYHMX cuI NPHU3BOAATH 10
MEPEBAHTAXXCHHS KOJiC OZHOr0 OOPTY TPAHCIOPTHOTO 3ac00y, a TAKOXK MOXKE CHPUUYMHHUTHU BiJlBEAECHHS a00
KOB3aHHsI HOTO KOJTiC.

[Ipobnemi cTifiKOCTI pyxy aBTOMOOIIS Ta aBTOIOi3/a MPUCBSIUEHO 0arato poOiT, OCKIIbKU BOHA €
BXJIMBOIO XAPAKTEPHUCTUKOIO, sSKa BH3HAYAE WOTO TMOBEMIHKY IIiJ] BIUITMBOM 30BHIIIHIX (DaKTOpiB.
JocnipkeHHIO CTIMKOCTI TPaHCIIOPTHHX 3aco0iB NMpH TalbMyBaHHI mpucBsdeHi poborn Yynakora €.0.,
[Tes3uepa S.M., Jlamynoa O.M., @anskeBuua b.C., JlutBunosa A.C., Kocomamosa ['.M., Xagaryposa A.A.,
AntonoBa /I.A., 3akina 51.X., Pesina O.0., Mamorina I1.M., Conkosa /[.O., Xamona I.B., Pepina C.O.,
Comnanesa O.M., Caxna B.I1., [lonskoBa B.M., [logpuramna M.A., Bonkosa B.I1. Ta iHImux HayKOBIIiB.

3a puzHaueHHsIM JJCTY 288694 criliKicTIO TpaHCTIOPTHOTO 3aco0y TiJl Yac ralbMyBaHHS Ha3UBAIOTh
HOT0 31aTHICTh 30epiraTtv 3aJaHuii HApsIM IIBUIKOCTI 1 3aJJaHy Opi€HTaIii0 CBOiX oceii [1].

Ha ocnoBi 3aranprOi Teopii criiikocti O.M. JlsmyHoBa [2], pyX MeXaHIYHOI CHCTEMHU BBaXKA€ThCS
CTIMKHMM, SIKIIO CTBOPEHI 30ypeHHS HE3HA4YHO 3MIHIOIOTh HOTo TpaekTopito. [IpoTe, SKIO MOYAaTKOBI
BiZIXWJICHHSI 3 YaCOM 30UIBIIYIOTHCS, TO PYX MOKHA BBa)KATH HECTIHKHM.

Onmcyroun TOHATTS cTiiikocTi aBromoOins, JluteuaoB A.C. [3] xapakrepmsye ii SK CYKYITHICTbH
mapaMmeTpiB, SKi BH3HAYAIOTh MOJMJIMBICTb HOTO CTIMKOrO pyXy 3a BCiMa CTyHEeHSAMH CBOOOOH
HE3aKpIMJICHOT0 TBEPIOrO Tila, 3a BUHATKOM pyXy B HalpsAMKy TO3JOBXHBOI OCi Ta B HampsIMKY,
MIEPIICHIUKYIIPHOMY IO OTIOPHOT TuomuHN. Ha mymMKy aBTopa CTIHKICTh pyXy aBTOMOOUTS B HANIPSIMKY HOTO
[I03/I0BXKHBOI 0C1 BU3HAYAETHCS HOTO TATOBUMHU Ta I'aJIbMiBHUMH SKOCTSIMU.

[pYHTOBHI IOCII[PKEHHS €KCIUTyaTalliiHMX BIACTUBOCTEN aBTOMOOIIIB Ta aBTOMNOI3MiB NPOBEIEHI
JIOKTOPOM TeXHIYHHUX HayK, mpodecopom B.I1. Caxno, B.M. [lonskoBum Ta ix yunsmu [4, 5, 6, 7, 8, 9, 10, 11
Ta iH.]. BuBUatoum CTIWKICTh TPaHCTIOPTHUX 3acO0IB y PI3HUX PEXHUMax PyXy, HAYKOBI TOTPUMYIOTHCS
TIYMA4YeHHS CTIMKOCTI, SIK 3JaTHOCTI TPAHCIIOPTHOTO 3aco0y 30epiraT 3aJlaHuil HAPSIMOK PyXy Ta 3ajaHe
MOJIOKEHHSI MOT0 OCeil 1 JaHOK MijA Mi€l0 30BHIMIHIX Ta BHYTpIIHIX 30ypeHb. [Ipy 1pomMy mOCTiIHUKA
PO3PI3HSAIOTH CTIMKICTh TPAHCIIOPTHOTO 3ac00y MPOTH OIYHOTO 3aHOCY (KypCcoBa CTIMKICTh), CTIHKICTh TPOTH
MepeKuIanHs (CTIHKICTD MO0 KyTa KPeHy) Ta CTIHKICTh MPOTH CKiIagaHHs (11 aBTomoi3ain) [11].

Baromuii BHECOK y AOCIHIPKEHHS CTIMKOCTI pyXy TPaHCHOPTHUX 3aC00IB y pi3HUX pekuMax, 30Kpema i
TaJIbMIBHOMY, 3[IIHCHIIIN HAYKOBIII IITKOJIM JOKTOpa TEXHIYHUX HayK, mpodecopa ['peneckymna A.b., 30kpema
ITogpurano M.A. Bonkos B.II. Ta in.

[pamrotoun Haj TONIMIIEHHSIM EKCIUTyaTaliiHUX BJIACTUBOCTEH aBTOMOOLTIB Ta Tpaktopi [12],
[ogpurano M.A. mopinse CTIHKICTH KOJNICHMX MAIIMH Ha JBa BHIU: CTIMKICTh PyXy Ta CTIMKICTBh
rmoyIoKeHHs. Ha TyMKy HayKOBIIA, CTIMKICTh ITOJOXKEHHS TPAHCIIOPTHOTO 3aCO0Y MOJIATAE Y CTIMKOCTI IPOTH
MepeKuIaHHs y TO30BXKHIN Ta MONepeuHii MIomKuHaX. ABTOp 3a3Havae, 10 CTIMKICTb MONOXKEHHS € OAHIEI0
i3 BIIaCTHUBOCTEW CTIHKOCTI pyXy, OCKIIBKH IPH BTPATi CTIHKOCTI MOJOKEHHS PyX TPAaHCIIOPTHOTO 3aco0y €
HEMOXKJIUBUM.

bararo mocmimKeHbP HAYKOBINB [aHOI IIKOJIM CIPIMOBAaHO Ha 3a0e3MedeHHs CTIHKOCTI pPyXy
TPaHCIOPTHUX 3acO0IB y TalbMiBHOMY DPEXHMi, IIISIXOM PETYJIIOBAaHHS Ta ONTHUMAaJIbHOTO PO3MOILTY
TabMIBHHX CHJI TIO 1X OCSIX; aHaJ3 Ta BJAOCKOHAIECHHS KOHCTPYKIIT ICHYIOUMX Ta PO3pOOKY HOBUX 3pa3KiB
PETYISATOPIB FaJIbMIBHUX CHIT; JOCIIPKEHHS BILTMBY OPYIIEHb pOOOTH raJIbMiBHHX MEXaHi3MiB Ha CTIHKICTh
aBTOMOOUIIB Ta TPaKTOpiB NpH TaJbMyBaHHI; JOCHI/KEHHS BIUIMBY Ha eKCIUTyaTalidHi BIaCTHUBOCTI
TPaHCIOPTHHUX 3aco0iB Pi3HUX 3HaUEHb KoedillieHTa BUKOPUCTAaHHA 34imHUX Mac Ta iH. [13, 14, 15, 16, 17,
18,19, 20 Ta in.].

[IpoBenenmii aHai3 poOIT BITYM3HSIHUX Ta 3apYODKHHX HAyKOBIIIB JIO3BOJIMB 3’SICYBaTH, 110 B CBOIX
Opansix JOCTHIAHUKM HE BHKOPHCTOBYIOTh €IWHO MNPUHHATOTO TIyMAauyeHHs MOHATTA CTiHKOCTI
TPaHCIIOPTHOTO 3aCO0Y B TAIbEMIBHOMY PEXUMI pyxy. B OibIIocTi, KOXKEH 3 HUX aKICHTYE YBary Ha MeBHHX
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OKpeMHX OCOONMBOCTSX JaHOi BlacTHBOCTI. lIpoTe, He3Bakaroum Ha MEBHE PO3XOPKEHHS Y TIyMadeHHI
TEpMiHy, YCi aBTOpHM BBaXKalOTh CTIMKICTh BaKJIMBOIO XapaKTEPHCTUKOI TPAaHCIOPTHOrO 3acoly, sKa
J03BOJISIE oMY 30epiraTu 3alaHUi HAIIPSIMOK PyXY, HE BIAXWIATHCS BiJ HHOTO IiJ] BIUTMBOM MPHUKIAICHUX
CHJI T2 MOMEHTIB.

[Ipore pmeranpHMii anHami3 mnyOdikamid ToOKaszye, MmO poOiT, NPUCBIYEHUX TOCIIHKEHHIO
eKCIUTyaTalllfHUX BJIACTHBOCTEH 0araTOJaHKOBHMX aBTOINOI3MIB (HacaMIiepes, TPUIAHKOBHMX) MOPIBHSHO HE
Oarato. Tak, y poGorax [31], [32], [33], [34] po3rasHyTO pyX TPWIAHKOBUX aBTOIOI3IB Pi3HUX
KOMITIOHYBAJIbHUX CXEM Y PI3HUX peXUMax pyxy.

[oripmenHs cTikocTi aBTOMOI3/1a MOXe TPU3BECTH 10 (PaTanbHUX HACHIIKIB. TOMy € HEOOXiJHICTh
JOCII/DKEHHSI BIUTMBY KOMITOHYBAJIBHHX Ta EKCIUTyaTallifHuX (akTopiB Ha CTIMKICTh TpPUIIAHKOBOTO
aBTONOI3/a Y TAIbMiBHOMY PEXHMI.

Ha mincraBi HaBeJeHOTO KOMIIOHYBaJIbHY CXEMy aBTONOI3[la 3 TPHBICHUM aBTOMOOIIEM-TSATadyeM,
JIBOBICHHMM ITiTKATHUM Bi3KOM 1 TPHBICHUM HaIliBIOPUYEIIOM SIK YHIBEPCAIbHY Ta MEPCIEKTHBHY (PO3p00JICHO
¢dipmamu «Scania» Ta «Krone») oOpaHo 111 JOCHIKEHHS HOTO CTIMKOCTI y TajbMiBHOMY PEXUMI.

JocnipKeHHIO MaHEBPEHOCTI Ta CTIMKOCTI pyXy aBTOIOI3/1iB KOMIIOHYBaJbHOI CXEMH «aBTOMOO1Ib-
TSATa4 - IBOBICHUI MiJKATHHI Bi30K - TPUBICHUH HaMIBIPUYIM» NpucBsdeHi poooru [30], [33], [35].

IIpr po3pobui MaTeMaTHYHUX MOJENEH pyxXy MOIYJIbHHUX TPHJIAHKOBUX MPHUYINHUX aBTOMOI3AIB Y
TaJIbMIBHOMY PEXKHMi 3 ypaxyBaHHSM KYTiB BCTAaHOBIIEHHS HOro ocell HEOoOXiJIHO BWU3HAYWTH OCHOBHI
KiHEMaTH4HI Ta T€OMETPUYHI CIiBBiTHONICHHS a TaKOX OTPUMATH PiBHSHHS Ul BU3HAUCHHS HOPMAaJIbHHX
peaxIiiif OmopHOi MOBEPXHi Ta OIYHUX CHJI Ha KOJIECax OCel JIAHOK 3 ypaxyBaHHSM iX Mepepo3noiiry Mo ocsx
Ta OOpTax MpH TaTbMyBaHHI aBTONOI3/la y KPHUBOJIHIMHOMY Ta NPSMOINIHIHHOMY pPyCi a TakKoX KyTiB
BiJIBEJICHHSI KOJIIC aBTOMOOIIA-TATra4a, MiJJKaTHOTO Bi3Ka Ta HaIliBIpUYETIa.

Kpim Toro, 3aBasKu BBEIEHHIO Y MaTeMaTU4YHy MOJENIb CHII B3a€MOJi1 KOXKHOTO KoJjeca 3 JOpOroo,
MOJKITUBO MOJIETIOBAHHS PI3HUX PEXHUMIB pyXy aBTOIOi3Aa (TATOBOTO, BUTRHOTO Ta TajlbMiBHOTO), a TAKOX
MO>KJIMBO BPaxOBYBaTH BIUIUB IIEPEPO3NOALTY MAC IO OCSIX Ta MK OOpTamMHM JIaHOK aBTOIOI31a.

[lnocky MaTeMaTH4Hy MOIENb PYXYy MOIYJIHHOTO TPHJIAHKOBOTO TPHUYIMTHOTO aBTOMOI3/a y CKIai
«aBTOMOOLIb-TATAY - TBOBICHHI TTiIKATHUIA Bi30K - TPUBICHUI HAIIBIPUYIID» po3podiaeHo y podoTi [30].

Y pobGoti [35] BHU3HAUYEHO OCHOBHI KiHEMaTH4HI Ta T€OMETPHYHI CITiBBIIHOIIEHHS Ta PO3POOIEHO
PIBHSIHHS JUIsl 3HAXOJDKCHHS KYTIB BIJIBEJCHHS KOJIIC OCEH JIAHOK MPU PYyCl MOJYJIBHOTO TPUIAHKOBOTO
MPUYIMTHOTO aBTOMOI3/]a y CKJIAJi «aBTOMOOUIb-TATA4 - JBOBICHMIM TWiJKATHUNA BI30OK - TPHUBICHHI
HAIBIIPUYIID Y TATbMIBHOMY PEKHAMI.

HIJIb TA 3AJAYI JOCJILI)KEHHSA

MeToro nociiKeHHS € OTPUMAaHHS PiBHSHb Ta BU3HAYEHHS HOPMaJbHHUX PEaKiili OMOPHOI MOBEpPXHi
Ha KoJIecax OCe JIAHOK 3 ypaxyBaHHSM iX Iepepo3Noily 10 OcsiX Ta OOpTax MpH rajisbMyBaHHI MOLYJIEHOTO
TPUJIAHKOBOTO TPHUYIIMHOTO aBTOMOI3/la y CKIaIi «aBTOMOOINB-TSTad - JBOBICHWN IMiJKATHUHA Bi30K -
TPHUBICHUI HAMIBIPHUYIN» Y KPUBOIIHIHHOMY Ta IPSMOJIHIHHOMY pYyCi.

PE3YJbTATH JOCITIAKEHb

3HauHUil BIUIMB Ha Oe3MeKy pyXy aBTOMOI3MiB Mae iX CTIMKICTh y pI3HHX peXmMax pyxy. B mporeci
JOCHIDKEHHSI PO3TJSIHEMO MOAYJIBHUA TPUJIAHKOBUM TPUYIMHHUKA aBTOMOI3A Yy CKJIali «TPUBICHUE
aBTOMOOUIB-TATAY - IBOBICHUM MiJKATHUH Bi30K - TPUBICHUH HAMIBIPHUYII» y TAIbMiBHOMY PEXKHUMI PYXY.
s BU3HAYCHHS HOPMaJIbHUX PEAKIlii OMOpHOI MOBEPXHI YMOBHO pPO3’€IHAEMO JIAHKHA aBTOIOI37a Ta
BBEJIEMO CHJIM I1X B3a€MOZil B ONOPHO-34IMMHOMY TNPHCTPOi y BEPTHKAIBbHIA IUIOmMUHI Z (pucyHOK 1).
CkiameMo piBHSHHS PiBHOBaru CWJj, IO JIIOTh Ha JIAHKHW aBTOTIOi3/1a B3JIOBX BEPTHUKAIBHOI OCi, a TAaKOX
PiBHSHHS piBHOBard MOMEHTIB cui [28, 29].

Otpumaemo:

Jnst aBTOMOGIIS-TsIraya:

ZEZ) =Zy Ly +Zy — Go;
ZMW) =Zy(a+b+c)+Zy,(a+b)—Gya+ Fyh,,;
ZM(BO) =Z2y3C, =2y, +Gy(b+ )+ EOth —Zy L.

Ockineku Zy, =Z,, =%ZO; ¢ =c, =%c ma a+6+%c=L0 TO
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ZEZ) =Zy Ly + 2y, _Go;

2

M, = Y32 a+b+o)+ Vo Z,(a+b)=Gya+ Fyhy;

ZM(BO) =G, (b+¢))+ Fohyy — Zy L.

ZEZ) =Zy Ly + 2y — Go;
S M, =%ZO(2a+2b+c)—GOa+E0hgo;
ZM(BU) =Gy(b+¢))+ Fohyy = ZyL,.

ZEZ) =2yt +Zy _Go;
2 M = ZyLy = Goa+ Fighy: (1)

g0°

ZM(BO) :Go(b+c1)+F;ohgo —Zy L.

/ Fo Co Fs C
Zean Z
G, = G,
& £C 9, <
g o o257 0 AN 72 N 2
&3 2 = 4074 it 2 Y2
Aol B,] B, B Bi| Bi| By B,| BB, By
a b | | ¢ d e _‘ f |k h i m n
L | L L
Pucynok 1 — JIo Bu3HaueHHS HOPMaJIbHUX PEaKIild OMOPHOT MOBEPXHi
Ha OCSIX JIAHOK aBTOTIOI3/1a Y TAJIbMIBHOMY PEXKHMI PYXY
JI1st migKaTHOTO Bi3Ka:
ZEZ) =Z,+2,—-Z,, — G13
ZM(B]) = Z]zkz _lek] +G, f +k1) + Elhg];
D My, =Zy(e+ f+k)=Z,,L+Z,(e+ f)~Ge+Fh.
Ockinexu Z,, =Z,, :%Zl; k =k, :%k ma e+f+%k:Ll TO
ZF(Z) = Zn +le _Zc3n - Gl;
ZM(BI) :Gl(f+kl)+F:'lhgl; (2)

ZM(OO) =ZL-Z

st HamiBpyyena:

L —Ge+F,h.

csn

c3n?

ZM(Bz) =Zn—Z,m+G,(l+m)—Z

c3n

ZF(Z) =7, 42y, + 2y~ G, +Z_;
L, +F,h,,;

g2

ZM(O]) =Z,,(L, +n)+Z,,L, + Z, (h+ 1)+ F,h, — G,h.

Ockinbku Z,, :222:222:%22; m=n ma h+Il+m=L, TO
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ZF(Z) =7, 42, + 2y~ G+ 7 ;

ZM(B2) =G,(l+m)-Z_,L, +F;2hg2; 3
D> M, =Z,L, +F,h, - G,h.

VY piBasHHAX (1), (2) Ta (3) MpUiHATI Taki MO3HAYCHHS:

Zo1, Zo2, Zp3 — HOpMAIIbHI peakiii OmmopHoi MOBEPXHi Ha MEepeIHii Ta 3aJHIX OCsX aBTOMOOIIA-TATaYa;

Z11, Zi2 — HOpMallbHI peakuii OmopHOi MOBEPXHi Ha OCSIX MiAKATHOTO Bi3Ka,

Z>1, Z22, Z>3 — HOpMaJTbHI PeaKiIlii OOpHOI MOBEPXHI HAa OCAX HAIMIBIIPHUYCTIA;

Zy — BEepTHKaJIbHE HABAaHTAKCHHS HA BO3MK aBTOMOOLIA-TATaYa;

Z; — BepTHKaJbHEe HaBaHT)KEHHsI HA BO3UK IiIKaTHOTO Bi3Ka;

Z> — BEepTHKaJIbHE HABAaHTAKCHHS HA BO3MK HAIiBIIPUYCTIA;

Zosn — BEPTUKAJIbHE HABAaHTAKCHHS B OTIOPHO-34IITHOMY TIPHCTPOT;

Gy, G1, G> — cuiia TSHKIHHS aBTOMOOUTA-TATa4a, MiJKaTHOTO Bi3Ka Ta HamiBIPUYEIa, BiAMOBIIHO;

Fig, Fiy, Fi» — cuna iHepuii npyu raJbMyBaHHI y NPAMOJiHIHOMY pyci aBTOMOOINISI-TATa4a, MiJKaTHOTO
Bi3Ka Ta HaIlIBIPUYETa, BiAITOBITHO;

heo, hg1, hg» — BHUCOTa pO3TallyBaHHS LEHTPIB Mac aBTOMOOLIA-TArada, MiAKATHOIO Bi3Ka Ta
HaIiBIIpUYEna, BiJ{IOBIIHO.

BBaxaTnmeMo, 1110 HaBaHTaXXeHHS 7y, Z;, Z, Ha BI3KM aBTOMOOUIS-TAraya, MiJKaTHOI'O Bi3Ka Ta
HamiBIpHUena po3NogUISIOTECS PIBHOMIPHO Mix Horo ocsimu. Tomy:

Zy+Zy+Zy= %Zo; (4)
Z,+Z, :%Zl; (5
Zy+Zy+2Zy :%Zz; (6)

I3 piBnsinb (1), (2) Ta (3), 3 ypaxyBaHuaM piBHIHB (4), (5) Ta (6) OTpUMaeMO BUpPa3H ISl BUSHAYCHHS
HOPMAQJIBHHUX PEaKIili OMOPHOI MOBEPXHI Ha OCSIX aBTOINO{3/1a Ta BEPTUKAIBHOTO HABAHTaKCHHS B CiIEIBHO-
3YiMHOMY IPHUCTPOI:

G,(b+¢ +5th)

Zy = r £ (7)
V
Go(a—gohgo)
Zoz 2203 :%Zo ZT; (8
0
/ £ h
y G.L, +G,( +m+g g2)
Z.=Z.,=Y 7 = ; )
11 12 241 2L,
Gz(Lz—l+m+2hg2)
221:2222223:%222 3L 5 (10)
2

V.
G2(1+m+—2hg2)
£ (11)

ZC 3n =
: L2

31 3MIHOIO 3aBaHTAKEHHS aBTOIOI3/1a 3MIHIOETHCSI HAaBAaHTAKEHHS Ha OTMIOPHO-3UIIMHUAN MIPUCTPIK Ta OCi
TPaHCHOPTHOTO 3ac00Y, 10 IPU3BOIUTH A0 MEPEPO3NONIITY HOPpMAILHUX Peakiiii OmopHOi HOBEPXHI MO HOro
0CsIX.

IIpu pyci aBTOmOI3Ia BiOYBAETHCSA TaKOXK 3MiHA HOPMAJIBHHUX PEAKIlii Ha Kojecax Woro oceil. JlaHi
3MiHM OOYMOBJIECHI JOPOKHIMH YMOBaMH, PEKUMOM PyXy aBTOMOOLIBHOTO MOi31a, HOTO KOHCTPYKTHBHUMHU
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ocoOmmBOCTSIMH. BimoMo, 1m0 TpW pO3roHi, CHOBUIPHEHHI YW pPyCl MO KPHUBOMIHIHHUX TPAEKTOPIAX,
BiI0OYBA€THCS IEPEPO3NOAL BEPTUKAILHUX HABAaHTAKEHb MIXK OCAMU Ta OOpPTaMH JIAHOK TPAHCIIOPTHOIO
3aco0y. 30Kpema, MpHU Pyci aBTOMOi3la KPYrOBOIO TPAEKTOPI€I0, MiJ Ji€l0 CUl iHeplii BUHHUKAIOTh
BIJIIEHTPOBI CHJIM, MPUKIAJACHI B IIEHTpaX Mac JAaHOK aBTOIOI3[a Ta CHPSIMOBaHI B OiK MPOTUICKHUHN J0
LIEHTPY HOBOPOTY [23, 24, 25, 26]. B pe3yibTati BiiOYBa€eThCs NEPEPO3NOALT HOPMATBHUX PEaKIIii OIOPHOI
noBepxHi. [Ipy mboMy 30BHIIIHI IOJ0 [IEHTPY MOBOPOTY KoJieca JIAHOK JIOBAHTKYIOTHCS BEPTUKAJIbHUAM
HaBaHTa)XKECHHSM, a BHYTPIIIHI — PO3BAaHTAXKYIOTHCS HA TaKy K BEIINYHHY.
[To anamorii i3 [27] BH3HAYUMO [OJATKOBI 3YCHIUI Ha OCSAX aBTOIOI37a, CIPUYUHECHI BIUIMBOM

BiIIIEHTPOBUX cHil. OTpUMAaeMO:

By =my Voo

Ry, =myV,@,;

Ry =myVya;

By =m,Vio; (12)
R, =m,Vo;
Py =m,V,0,;
Py =my,V,0,;
Py =myV,o,,
ae My, My, My, My, My, My, My, My, —MacH, IO NPUNANaloTh Ha BIATIOBIIHI OCI;
Vy, V,, V, — niniiiHa mBUIKICTH JJAHOK aBTOMNOT3/1a;
®,, @, @, —KyTOBa MIBHUJKICTh JJAHOK aBTOMOI3/1a.
BenuunHy OI4HHMX 3yCHJIb, BUKIIMKAHUX BIUIMBOM BiILICHTPOBHX CHJI BU3HAYMMO 13 PIBHSHb:
(49—5)+(t9'—5’)
PjOly = F, Cos =
(B, +6, )+(/3 +8,) ).
Py =Fy COS( : : ’
b (( +5)+(ﬂ3+5)}
jo3y ~ ’
(B, +0 )+(ﬂ +9,)
Py = ( * ; (13)
b (( +5)+(ﬂ5+5>)
j12y = ’
_ o B +5)+(ﬂ6+5) :
szly - ’
(B, +0. )+(ﬂ +67)
Pj22y =P, Co [ ’ ’ >
(V2 +5)+(ﬂ +6)
P/.By:PBCOS — 5 —

Buxoasum 3 yMOB cTaTW4HOI pPiBHOBaru apTONOI34a, Ta BUKOPUCTOBYIOUM PIBHSHHSA JWHAMIKH,
3aMUIIEeMO PIBHSHHS U1 BU3HAYCHHSI HOPMaJIBHUX PEaKIliii OMIOPHOI MOBEPXHI Ha KOJIECaX OCEH aBTOIOI3/a,
3 ypaxyBaHHSIM MEPepO3NoIiTy cuil o OopTax.

PosrnsiHeMo pyx aBTomoi3zna y rajJbMiBHOMY PEXHMi 3 ypaxyBaHHSIM CHII iHEpUil MOCTYHaJbHOTO Ta
obeproBoro pyxiB. Ilpu ckmagaHHi PIBHSHB PYyXy HEXTYEMO CHJIOK OIOPY TMOBITPS, OCKUIBKU IIPH
eKCIUTyaTallifHuX MIBUAKOCTSX PyXy AaBTOIOI3MiB MOMEHT Bif Li€l CHIM Majdi, HOPIBHAHO 3 IHIIMMH
MOMEHTaMu cHjl. Tako HEXTYEMO MOMEHTOM BiJl CUJIM ONOPY KOYEHHS KOJIiC.

3 ypaxyBaHHSM MPUHHATHX MPHUITYIEHh OTPUMAEMO HACTYITHI PIBHSIHHS:

- JUIS1 aBTOMOO1IIsI-TsATaya (PUCYHOK 2):
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D F =0:Zy +Zy + Zoy + Zoy + Zoy + Z; — G, =0;
ZF;nomOXF} =0:(Zy +Zy)Ly +(Zy, + Zi,a+b)—Gpa+ P,

ijth = 0’

(Zys +Zg5)e, = (Zy, + Zgy)e, + Gy (b+c)) + P hyy = (Zy + Zy)L, =0;

(14)
ZFmomUYF} =0: 2Z(;1H01 - G0H01 - P/'Olyth =0;
ZZ(;zHoz - GoHoz - Pjozyhgo =0;
2Z(;3H03 -GyH; - PjO3yhg0 =0.
Bﬂ% [y [1} ;P/ﬁy
G, G,
E § Zy o]
ok b 15k ) A g
T < “T o1
Ao Boz Bﬂ Bﬂi
a b C; C, d Hm Hm
c
L, |
PI/IcyHOK 2 — Cxema cun AJI1 BUBHAYCHHA HOPMAJIbHUX OIIOPHUX peaKHiﬁ Ha KoJiecax
aBTOMOOIIIA-TATAYA 3 YpaxXyBaHHSIM MIEPEPO3MOALTY CHII ITO 6opTax
- JUTSI TIiIKATHOTO Bi3Ka (PUCYHOK 3):
ZEZ) =0: Z, +Z{1 +Z,+ le2 L — Gl =0;
ZFmomOXE. =0:(Z, +Z)k, = (Z,, + Z)Dk + G (f + k) + lexhgl =0;
(Z,+Zi e+ f+k)=Z,,L +(Z,+Z)e+ [)—Ge+ P, h=0; (15)

ZF’”O”’OYE :O:zzl'lHll_GlHll_P' h :O,

Jiy™gl

2Zl'zle - GIHIZ _lez, h 0.

y g1:

chn Zf3/7
07 07 Z'
0 K T
= & Gv
l
Bﬂ Bf BiZ
e f k1 kg HH HN
(
Ly

Pucynoxk 3 — Cxema cuit 1l BU3HAYEHHS HOpMAaJIBLHUX OMOPHUX PEaKIliii Ha Kojiecax
MiAKaTHOTO Bi3Ka 3 ypaxyBaHHIM MEPEpO3NOIiTy CHIl To OopTax
- 1Sl HamiBIIpuIena (PUCyHOK 4):
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Z (2) 0:221 +sz1 +Zzz +Z£2 +Zz3 +Z;3 _Gz _Zc3n = 09
D Frnr =0:(Zys + Zi = (Zy + Z5)m+ Gy(I+m)—Z,, L, + P, h

J2x g2

(Zy, + Z3)(L, + 1) +(Z,, +Z’2)L2+(Z21+Z’ Wh+D)+ P, h —Gh=0; (16)
D Frpyyr =0:2Z3Hy —G,H, =P b, =
2Z,,H,,-G,H,, —Poyh,=
2Z,,H,,-G,H,, PJBth3 0.
J2x, (, 5 Bey
Z[.?I'IA
< ¥G, Al
‘ 3 )
= < Zi Z5
0; = 7,4 7,4 7,4 ZA \—J A

321 Bzz:B 2) 523

L,

Pucynok 4 — Jlo Bu3HaueHHS HOPMaJbHUX OIMIOPHUX peakiiil Ha Kojecax
HaIBIPHYEIa 3 YPaxyBaHHAM IEPEPO3IIOALTY CUII [0 bopTax

[Ticna oGuncnenns piHsaHb (14). (15) 1 (16) Ta micnst psay mepeTBOpeHb, OTPUMAEMO PiBHSHHS IS
BH3HAYCHHSI HOPMATBHUX PEaKIlii Ha OCSX aBTOMOI3/a:

b h h
ZOI=G0_+G0i+l)ij = Pjou £
2L, 2L, 2L, 2H0I
b h h
Z(;l :Go_"'Goi"'PmLO"'meLO;
2L, 2L, 2L, UV 2H,
h h
Z, ZGOL_ jOXLO_ jozyi§
4L, 4L, 2H,,
h h
Zy, =G, - j0x 4 j02y o
4L0 4L, 2H,
h h
Zo3:Goi_ ijLO_ 703y — 5
4L, 4L, 2H,,
h h
Z(;3 :Goi_ fOxLO-{— fOSvLO;
4L, 4L, 7 2H,
h
le=i+G2L+G2£+Pj2xﬁ_ij <
4 4L, 4L, 4L, 2
Z =%+G ﬁJrG EJFP’“ 4L ey (17)
1
G h h
2 =G O Ooy P
2 2 2 12
h
Z, =i+G2L+G2i+P2vi+ 'lZvi;
4 4L, 4L, 4L, 7 2H,

CYYACH! TEXHOAOrM B MAUWMHOSYAYBAHHI TA TPAHCMOPTI, 2019, Ne2 (13)



© Tanmziok .M., Tanaziok M.O., Crenpmainyk B.B. 2019

G / m h h
Zy = —= G2_+G2_+PijL2_ jzlyi;
6 6L, 6L, 6L, 2H,,
h h
2 2 2 21
h h
2 > 2 2
h h
2 2 2 2
h h
2 > > 2
h h
Z, _G G2L+G2i+P.2Yi+ 3y .
6 6L, 6L, 6L, '7'2H,,

HaBanTtaxeHHS Ha ONIOPHO-3UiMTHUNA NPUCTPii BU3HAYMMO 13 PiBHSHHS:
+P, ==, (18)

I3 BukopuctramasMm piBHAHb (17), BpaxoByroum (12), (13) MoXXHA BH3HAYMTH HOPMAIbHI peakxilii
OTIOPHOI IOBEPXHi Ha OCSIX aBTOMOI34a NPHU raIbMyBaHHI y MPSIMOJIIHIHHOMY pyci.

OBI'OBOPEHHA PE3YJIBTATIB JOCJIIXEHb

Pesynbratu mocimimkeHb oOoroBoproBainch Ha XII MikHapoaHiii HayKOBO-IPAKTUYHIH KOH(EpPEHIT
«CydJacHi TEXHOJIOTii Ta TEpPCIEKTHBH PO3BUTKY aBTOMOOLILHOTO TPAHCIOPTY», MICTO BiHHUIL,
BiHHUIBbKMIA HaIOHATBHUAN TEXHIYHUN yHiBepcuteT, 21-23 sxoBTHs 2019 poky.

BUCHOBOK

VY poGoTi oTpuMaHO piBHSHHS JJIsSi BU3HAYCHHS] HOPMAaBHUX Peakilii ONMOPHOT MOBEpXHI Ha Koyiecax
OCell JIaHOK 3 ypaxyBaHHSAM iX Hepepo3NoAily IO OcsiX Ta OOpTrax NpH TalbMyBaHHI MOIYJIBHOTO
TPUJIAHKOBOTO MPUYIMHOTO aBTONOI3[la Yy CKJIAAlI «aBTOMOOLIb-TSra4 - JBOBICHMH MiJKAaTHUH BIi30K -
TPHUBICHUI HAIMIBIPHYI» Yy KPUBOJIHIMHOMY Ta NpsAMONiHIHHOMY pyci Lle 103BONUTH y TEOpPETUYHUX
JOCHIDKEHHSIX BH3HAYaTH BIUIMB KOMIIOHYBAJIbHOI CXEMH Ta PEXHMIB PyXy Ha CTIMKICTh aBTOmoi3ma y
raJbMIBHOMY DPEXHMi, BpaxyBaBIIM MpPH LOMY HOpMalbHI peakiii omopHOI MOBEpXHI Ha Koyiecax ocei
JIAHOK 3 YPaxyBaHHSM iX IEPEPO3IOILTY IO OCAX Ta OOpTaxX MPH raibMyBaHHI.
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D. Gandziuk, N. Gandziuk, V. Stelmashchuk Determination of normal reactions of the supporting
surface during the movement of a modular three-link trailed road train as part of a “car-tractor - two-axle
trolley-three-axle semi-trailer” in the braking mode.

An efficient means of reducing the number of vehicles while maintaining the volume of cargo
transportation is the use of trains. Nowadays, trains are used in many countries around the world. Due to
their relative structural simplicity and shorter length with the same load capacity, and taking into account a
number of other advantages, truck trains have received considerable recognition and are the most widespread
in providing freight transportation.

Given the increasing intensity of traffic on modern highways, it is necessary to increase the safety of
vehicles in order to avoid accidents that result in deterioration of human health and significant material
losses in the damage of vehicles and goods. This issue is particularly acute in the case of car trains, the
process of which is much more complicated than the single car. It is necessary for the braking system to
regulate the speed of the road train over a wide range, to counter skidding, as well as to prevent the assembly
of links of the vehicle and its collision with other cars, that is, providing adequate stability. The driver must
as far as possible control the behavior of the vehicle while driving and, if necessary, stop it quickly and
safely.

Therefore, improving the performance of road trains in modern driving conditions is one of the
priority tasks to ensure a high level of safety of their operation with maximum efficiency of use. Achieving
these requirements is possible only subject to possible changes in the technical condition of road trains
during operation. In particular, considerable attention should be paid to changes that can occur in the braking
system of the link of the train, which can lead to the violation of optimal indicators of regulation and
distribution of the braking forces on the axles and sides of the vehicle, which inevitably leads to loss of
stability of its movement, even at low speeds, especially at maximum load.
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The solution to these problems is impossible without the development of a mathematical model of
motion of a modular three-link trailer road train, which would take into account the basic kinematic and
geometric ratios, angles of installation of axles, normal reactions of the supporting surface and lateral forces
on the wheels of the axles of the links, taking into account their redistribution at axles self-propelled trains in
curvilinear and straight-line traffic, as well as the angles of removal of the wheels of the tractor-car, the
rolling cart and the semi-trailer.

That is why this work is devoted to the determination of the normal reactions of the reference surface
when driving a modular three-link trailer train in the composition "tractor-truck - two-axle rolling cart -
three-axle semi-trailer" in braking mode.

Keywords: road train; modular three-link trailer trains; layout diagram; trailed link; trailer; semi-
trailer; rolling cart; mathematical model; operational properties; stability; support surface; normal reactions;
brake mode.
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TEOPETHUYHI 3ACAJIA ®OPMYBAHHS ITAPAMETPIB IIJIBICKA KOJICHOI
BIHCHKOBOI ABTOMOBLIBHOI TEXHIKH 3A YMOB PYXY BE3JIOPIKXKAM

VY pobotri po3riasHyTO NUTaHHA (OPMYBaHHS MPYKHO-AEMI(YIOUHX XapaKTEPUCTHK IMiIBICKH 3pa3KiB
KoJTiCHOI BiifcbkoBOi aBTOMOGLTBHOT TexHikK (BAT) 3 yMOB 3axHCTy eKinaKy BiJ AMHAMIYHHX HABaHTAXKEHb P PyCi
6e3nopixoksaM. [ToOynoBaHo Gi3uyHy MOJENb IS AOCITIIKSHHS MOMePeYHO-KyTOBUX KOJHMBaHb 3pa3ka KojicHol BAT
i3 HeNMiHIKHOIO CHIIOBOIO XapakTepucTHKor cuctemu minpecopenusi(CIT). [{ns Hei moOymoBaHO MaTeMaTHUHY MOJEIb
MOTEPEeYHO-KYTOBUX KOJMBaHb miapecopeHoi wactuHu (ITY) mim uac pyxy 3paska BAT B3moBk wumixy i3
HepiBHOCTsIMH. Ha 0asi 1i aHaTHYHOrO pPO3B’S3KY OTPHMAHO 3aJEKHICTh YAaCTOTH BJIACHUX IIONEPEYHO-KYTOBHX
KOJIMBaHb BiJ aMIUTITYIM 3a Pi3HHX HapaMeTpiB, IO XapaKTEepH3YIOTh IPYKHY CHILy amopTu3artopiB. JlociimkeHo
BIUTHB Bciel MHOXXHHHM ITapaMeTpiB miiBicku 3pa3ka BAT, a Takox npodimro HepiBHOCTeH Nusaxy Ha auHamiky [T4 3a
Pi3HMX IIBHIAKOCTEH pyxy. 30KpeMa BCTaHOBIICHO, 110 it 3pa3kiB BAT i3 mporpecusHoro xapakrepuctukoro CIT 3a
OiMbLIMX 3HAYCHb BENUYMH CTaTHYHOI naedopmariii NpyKHHUX aMOpPTH3aTOpPIiB aMIUTITyJa BHXOAY i3 HACTYIHOI
HEpIBHOCTI € Jeno OUTBLIOK HIX 13 monepenHboi. Takoxk 3a OUIBIINX BENUYMH MIBUAKOCTEH PyXy B3ZOBXK LUIAXY 13
HEPIBHOCTSIMH aMILTITyla MONEePEeYHO-KYTOBHX KOJIMBAaHb € MEHINO. KpiM TOro 3a 0ZIHAKOBHUX IIBHAKOCTEH pyXy Ta
CTaTUYHUX JedopManiil Ipy>KHUX aMOPTH3AaTOPIB aMIUTITYJa BUXOAY i3 HEPIBHOCTI 3a MIPOTPECHBHOI XapaKTEPUCTUKI
HPYKHUX aMOPTH3ATOPIB € JEII0 MEHIIIOK0, SIK IJIS1 PErPECHBHOI.

KonrodoBi cnoBa: Ge3opixoks, KOJIMBaHHS 1 BiOparii, miaBicka aBToMoOLIs, KosicHa BAT, nonepe4no-KyToBi
KOJIUBAHHSI.

BCTYII

Komicna BAT min yac BUKOHaHHS 3aBAaHb €KCIUTYyaTYIOTHCS, SIK MPAaBUIIO, Y HAa0arato CKIagHIIINX
yMOBax HIXXK aBTOMOOUII 3arajibHOro MpH3HAaYeHHSI. BoHa MoBUMHHA OyTH OLTBII MAaHEBPEHOKO 32 BEIUKUX
MIBUIKOCTEH PyXy B3IOBXK MIIAXY 13 3HAYHUMH HEPIBHOCTSIMH UM, HaBITh, i Yac Pyxy B3IOBXK IepeciueHol
MicreBocTi. ToMy mist popMyBaHHSI abo mimgOOpy mapameTpiB cucteMu mifgBicku kojicHoi BAT Tta inmmx
CUCTEM CTaBIIAThCS HA0araTo S>KOPCTKINli BHMOTH HIX JJIs aBTOMOOUIIB 3arajllbHOTO NpPU3HAYCHHS.
TpamumiitHo 6a30Bi KOHCTPYKTHBHI TapaMeTpH 1 XapaKTEpUCTUKH TiJABICKA aBTOMOOIUIS 3arajlbHOTO
MIPU3HAYCHHS MPOEKTYBAINCH 3 YMOB HOMIHAIBHUX HABAHTAXKEHB 1 pyXy aBTOMOOUTEHUMH Joporamu [ ta 11
Karteropii 3 achanbroOeTOHHUM TOKpUTTSM. lloBHompuBigHI Moaudikamii T.3B. aBTOMOOLTIB
0araToIiIb0BOr0 MPHW3HAYCHHS, IO JIOCI CKJIAMaloTh OCHOBY aBTOMOOUIBHOTO mapky BAT 3C VYkpainwm,
0asyBaNCh Ha MaKCHMaJIbHIN arperatHii KOMIUICKTAIlii 3 0a30BUMH MOJEISMH 3araJIbHOTO TPU3HAYCHHS
MPY HE3HAYHUX JOMOBHEHHSX: 3MiHAMU HacamIlepe]] arperaTiB CHJIOBOTO MPUBOIY — MEpeXill Ha Bci Bexyyi
oci; po3MoAibHA KOpPOOKa 3 TOHIKEHWM Jialla30HOM B TPAHCMicCii; OJHOCKAaTHAa OLIMHOBKAa 3 YMOB
MIPOXITHOCTI Ta MPH HEOOX1THOCTI TIEPEXi] Ha KOJICHY cXeMy 6X6; cCUCTeMa IEHTPaTi30BaHOTO PETyTIOBAHHS
TUCKY B IIWHAX 1 T.1I.

Taxi qormoBHEHHs OynM NpU3HAYEHI AJIS MOKPAIIEHHs OMOPHO-34inHOi npoxigHocti. OgHak npu pyci
0€3MOPIKKIM OKPIM OMOPHO-3YIIMHOI MPOXIAHOCTI, peajibHa MaKCHUMajbHA IIBHIKICTD PYXy OOMEKY€EThCS
IITYYHO €KillaKeM aBTOMOOLIS 3 YMOB MiATPUMaHHSI KOM(pOPTHOCTI PyXy uepe3 HaaAMipHI BIOPOKOIMBAHHS,
110 BUKJIMKaHI HepiBHOCTsMU omnopHoi mosepxHi (OI1). Lli rpannyHi piBHI BiOpOHaBaHTaKEeHb Ta JOIIYCTUMI
TpHUBAJOCTI iXHBOT [ii Ha ekimaxk 0e3 3HaYHOro BIUIMBY Ha HOro mpame3JaTHICTh BiIOMI 1 3a/eKJIapoBaHi y
cyuacHi#t paxoBiii JgiTepaTypi 3 koicHoi BAT [1,2].

VY cyuacHux 3paskax komicHoi BAT BukopuctoBytotsest pisHi tunu CII. BigHoBmioBanbHa cuia ix
aMOPTU3aTOPIB OMHUCYETHCS JIIHIHHOIO a00 HENMiHIMHOIO 3aJIeKHICTIO Bix Iedopmauii (mporpecuBHa YH
perpecuBHa xapaktepucTuku [3-8]) abo nmedopmarrii Ta ii MBUAKOCTI (aKTUBHA, HAIIBAKTHBHA, KEPOBaHA,
HekoHcepBatuBHa [9,10]). Taki CII y ckiaagHuX yMOBax EKCIUTyaTailii MMOBHMHHI 3a0€3MEYUTH HAJICKHY
IUIaBHICTh XOHy, CTIHKICTb pyXy, KepoBaHicTh, mpoxigHicTe [11-14] Tomo. Bxka3zani excrmmyaTtamiiHi
XapaKTepUCTUKN 3HAYHOIO MipOI0 BH3HAYAIOTHCS (DYHKIIOHAIHHUMU 3aJICKHOCTSIMH, SIKi OMUCYIOTh MPYKHI
CHJIM aMOPTHU3aTOPIB Ta cvik oropy aemndepuux npuctpoiB CII. Ha tenepinmHiii yac rpyHTOBHO TIPOBEJICHO
TEOPETUYHI Ta EKCIePUMEHTANbHI JIOCHI/DKeHHS, SKi CTOCYIOTBCS 3alIe)KHOCTI EeKCIUTyaTaliifHuX
XapaKTePUCTUK IS MiABICOK 13 NIHIHHUMH 3aKOHaMH 3MiHH NPYXHOI CHIM 4u cuin onopy. Lo crocyeTbest
TEOPETUYHHUX JOCHIKCHb BIUIMBY HENIHIMHOI BiJHOBIIOBAJILHOI CHJIM aMOPTH3aTOPIB Ha IUIABHICTH XOXY,
CTIHKICTh pPyXy, KEPOBaHICTh, MPOXIAHICTH, TO TYT MPOOJIEMa 3aJIUIIAETHCS BIAKPHUTOIO, a BIATAaK iCHYE
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npobaema BUOOpyY iX TakumH, 100 3a0e3neunt epekTuBHE BUKOpUCTaHH: KodicHoi BAT 3a pizHuX yMOB ix
excrutyatanii. Came po3B’si3aHHIO JSSIKHX 3a/1a4, BKa3aHO1 3araibHoi MpoOieMu NprcBIYeHa gaHa podoTa.

AHAJII3 JIITEPATYPHUX JAHUX TA HIOCTAHOBKA ITPOBJIEMH

Bukonannst 3aBmanb kojicHoro BAT 3abesmedyeTscsi B OCHOBHOMY 3aCTOCYBAaHHSM Di3HOTHITHHX
3pa3KiB, TAKTUKO-TEXHIUHI XapaKTEPUCTHKH SKHUX TOBHHHI 33/JI0BOJBHATH 3 OJAHIE] CTOPOHU ONEPaTHBHO-
TaKTHYHUM BHMOTaM BIHCBbK, a 3 IHIINOI — OCBiAYy 3aCTOCYBaHHS y 30pOHHMX KOH(IIKTaX OCTaHHIX
necsatiwiiith Ta ATO (OOC). BukoHaHHS 3a3HaYeHHMX 3aBlaHb IIOB’S3aHO TAKOX 13 BHMOIOIO IIOJO
OJHOYACHOTO 3a0e3MevYeHHs] BUCOKOI MIBHIKOCTI, MPOXigHOCTI Ta HamiiHoi ekcrutyatamii BAT y Baxkux
JIOpPOXHIX yMmoBax. lle mpu3BOAMTH [0 4YaCTHUX IOJOMOK, SIK OKPEMHX EJIEMEHTIB KOHCTPYKINI Tak i
o0JiaJiHaHHSI, 1II0 3MOHTOBAHO Ha 1X 0a3i, BTOMJIEHOCTI €KilaXiB 1 y CYKYIMHOCTI IIe IPU3BOIUTH JIO 3HUKEHHS
0010BOI e(h)eKTUBHOCTI BIMCHK TP BUKOHAHHI 00OBUX 3aBaaHsb [15].

OpHHUM 13 HAMOLTBIINX HECTIPUSATIMBUX YHHHHKIB, IO BIUIMBAE€ Ha BTOMJICHICTh BOJIIB, 3HIKCHHS iX
MIpaIe3IaTHOCTI € KOJMBAHHS, SKUM BiH IMITAEThCS Ha pobOodomy Micrli. AHamiz pobotu [16] mo3Boise
CTBEP/AXKYBaTH, 110 KOJUBAHHS MallMHU Ta BiOpawii il OKpeMHX €JIeMEHTIB CYNpPOBOIKYIOTHCS 3HAYHUMHU
JUHAMIYHUME HaBaHTaXXCHHSIMHM Ha 0COOOBHH ckiaa. Takok BOHHM 3HAYHO MOTIPIIYIOTH YMOBH BEICHHS
CIIOCTEPEKEHHS 1 CTPLIROW, IO SK HACHIIOK TPUBOAWTH OO OE3MOCEPEIHBOTO 3HIKCHHS OOWOBOT
e(eKTUBHOCTI.

Kpim Toro xoiauBaHHS TaKOX BILITMBAIOTH 1 HA pyXOMIcTh KoicHOi BAT B 3a1eXHOCTI BiJl yMOB pyXy.
Tak 3a yMOB pyXy IEpeCcideHOI0 MICIEBICTIO 3HIDKCHHS CEPEIHBOT MBUAKOCTI BU3HAYAETHCS B OCHOBHOMY
3HAaYHUMH TMOOJUHOKMMH BIUTMBaMH (IIOIITOBXaMH, yAapaMH), a IpU PyCl yIOCKOHAJICHHMHU IOPOTaMH
BTOMIJICHICTIO BOJIIS ITiJ] TI€F0 TICPiOAMYHUX 1 BUTIAJKOBHUX KOJIWBaHb. TyT HEOOXITHO TaKOXK 3a3HAYUTH, 1110 Y
OLTBIIOCTI JOPOXKHIX YMOB MIBHAKOCTI pyxXy KoiicHoi BAT 0OMeXyIOTbCSI HE TATOBO-IIBHAKICHUMH
BJIACTUBOCTSIMH, a PIBHEM TWHAMIYHUX HABAaHTAKCHD, K1 3MaTHUI MIEPEHECTH BOJIIM.

HikaBumu € gocmimpkeHHs mono BBy CII Ha cepemnio mBHIKICTH pyxy MamuHu [17]. Tyt
CEepe/IHIO MIBUAKICTH OLIHIOIOTH MIBUIKICHUM KOE(ilieHTOM SIKOCTI migpecoproBanHs K. BiH BupaxaeTscs
K = Vet , ne V.,

; cep(ny - CCPEMHS IIBHAKICTH MAalIMHK OOYHMCICHA 32 TSArOBO-IIBHIKICHUMH
cep(m)

BJIACTUBOCTSIMH 0O€3 ypaxyBaHHS CHUCTEMH IiJIpecOproBaHHs, M/c; V| - cepeHs MIBHUIKICTb MAalTHHH

cep(m)
obuncreHa 3 ypaxyBaHHsAM HepiBHocTel Ta CII, m/c.

31aTHICTH aBTOMOOLIA 1OJIATH MEPELIKOIN JOPOTol0 3 HEPiBHOCTAMH 03 iX 3adinaHHsa abo pyXaTHCh
0e3 HaaMIpHO HENPUEMIIMMHX I CKilMaXy KOJWBaHb HA3WBAETHCS NPOGUIEHOIO TpoximHicTio. BoHa
BH3HAYAETHCS TCOMETPUYHUMH TapaMeTpaMu (KyTH B’i3may Ta 3°13my, MO3MOBXKHIN 1 MONEPEUYHUN pamiycu
MPOXiJHOCTI, JOPOXKHIM MPOCBIT), @ TAKOX TUIOM, KIHETUKOIO Ta XapaKTepucTukaMmu minBicku. Tyt Tpeba
BI3HAUMTH, IO HAa TIIONOJAHHS OMNOpPY KOYEHHIO pYyXOBi, IO 3YMOBICHHH HEPIBHOCTSMH JIOPOTH,
BUTPAYAEThCS 3HAYHA CHEPTis 1 y OKPEeMHX BHUIIAAKaX I[i BUTPATH HACTLIBKH BEJIHKI, III0 PyX aBTOMOOLIA 3
HEOOXITHOIO IMIBUAKICTh CTA€ HEMOXIUBHUM [18].

I3 Bcix BuIiB BiOpawiii, ki xapakTepHi A 3pa3kiB konicHoi BAT 3a yMOB pyxy, NpUHHSITO BUIUIATH
Ti, sIKi mepebirarTh i3 yactororo MeHme 22 ['m. Taxi BiOpailii Ha3MBalOTHCS KONMMBaHHIMU. Takui mMojin €
JIOBOJII yMOBHHH. [Topsi 3 THM BBaXKAEThCS, 1110 KOJIMBAHHS CIIPUUMAIOTHCS JIFOAMHOIO PO3ILUIBHO, a BiOparlil
snuBaroThes [19]. Kpim Toro, 3a yMOB pyxy aBTOMOOiLNIB HEPIBHOCTAMHU JOPOTH, SK MPaBHIO BHHUKAIOTh
BiOparii kopmycy i komic 3 yacroramMu MeHmie 20 I'm, mo 1o pedi cnpuiiMaroThesl sIK 3BYK. BiOparii 3
OUTBIIIOI0 YaCTOTOIO TE€HEPYIOTHCS SIK TPABUIO, HE CTUIBKH PYXOM HEPIBHOCTSMH, CKUIBKH BHYTPIIIHIMHU
MPUIMHAMH, TOJIOBHUM YHHOM POOOTOIO PI3HUX MEXaHi3MiB.

Sxmo po3rnsgatu aBTOMOOLTH K MEXaHIYHy CHCTEMY, TO Ha nuHamiky horo ITY nHakmaneni meski
0OMEKCHHSI, 110 B KIHI[EBOMY PaxyHKY 3HAYHO 3MEHIIYIOTh YHCIIO CTYMEHIB cBoOOomu. KonuBaHb B3M0BK
MOB3ZIOBXKHBOI OCi (TONIapIyBaHHS) y 3Ha4yHIM Mipi BHAEThCSA IMO30YTUCh HANPSIMHUMH IPUCTPOSIMHU
MiABICKH. 3a pealbHUX YMOB BOHHU BHSBISIOTHCS HECYTTEBUMH 1 MPOSBISIIOTHCSA B OKPEMHX BHIAAKaX HpU
raJpMyBaHHI a00 MpH pyci HepiBHOCTAMHU. HampsimMHI mpHCTpoi MiABICKM 3BOAATH JO MiHIMYMY i KyTOBI
KOJINBAaHHSI HABKOJIO BEPTUKAIBHOI OCi 1 JIiHIIHI KOJIMBAaHHS B3JIOBXK MOMEPEYHOT OCi, IKi MOXYTh BUHHKATH
JUIIe 332 paxyHOK OOKOBOI MOJATIMBOCTI i OOKOBOrO MPOKOB3yBaHHS HIMH. Y pPe3yJbTarTi MigpecopeHa
YacTUHA MAIIMHHU 3IiHCHIOE TOJOBHHM YHHOM BEPTHUKAabHI, TO3J0BXHBO-KYTOBi 1 MOINEPEYHO-KYTOBI
KOJINBAHHS.

Bimomo, mo Gimpmricte CII komicaoi BAT [19] cripoekToBaHi Ta BUKOHaHI CHMETPHYHUMHE BiTHOCHO
MOB3ZIOBXHBOI oci. Lle € migcTaBoro I TBEPPKSHHS: MONEPEYHO-KYTOBI KOJMBAHHS € HE3aISKHUMHU Bif
MO37I0BXKHBO-KYTOBHX 1 HAaBIIAKHU, a OTHKE TX MOXKHA JIOCITI/HKYBAaTH OKPEMO.
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VY Bigomux nmocmimxeHHsX [15,16] mokazaHo, MO e(eKTUBHICTH Jili BTOMJICHOTO €Killa)Xy BHACIIJIOK
BiOpOHaBaHTAXXEHh TPH PyCi OS3MOPDKAKSIM MOXKE 3HIDKYBATHUCh 10 2,3 pa3iB y TMOPIBHSIHHI 3 CBIKHAM
HEBTOMHHUM €Killa)keM aHajoriyHoi OOHOBOi MalllMHH, IO CBIIYMTh NPO IMPAKTHYHY aKTyalbHICTh
KOHCTPYKTHUBHOTO CHHTE3y NapameTpiB MiaBicok cmeuianbHo a1 komicHoi BAT. KpimM mporo moxkna
KOHCTaTyBaTH TaKOX 1 Te, MO Mia0ip BKa3aHWX IapaMeTpiB HEOOXiTHO 3MiMCHIOBATH 0e3 Orisiay Ha
MaKkCUMaJlbHy yHiikaliiro. Takuii NPUHIKII BXKE BIPOBaKEHO y mpakTuKy kpain HATO mpu po3poOii i
NPUAHATTI Ha 030po€eHHs Aitounx Tunaxis BAT.

JonycTiMi HOpPMH AMHAMIYHMX HaBaHTAXEHb Ha JMIOOUHY (IMCKOMGOPTY), IO 3HAXOAMTHCS Ot
JoKepela 30ypeHHs a0 y 0e3mocepeIHbOMY KOHTAKTI 3 HUM KiacudikoBaHo y [20]. Jerio Bumo3MiHeH] Ta
YTOYHEHI JaHi LIOAO0 BIUIMBY KOJMBAaHb Ha OpraHi3M JOAWHHM HaBeleHi y [21]. Tpusana ais BiOpamii
MopyLIye HopMaJibHe (YHKLIOHYBaHHS JIIOJUHU Ta SKICTh BUKOHAHOI POOOTH.

OueBuaHO, MmO AuHaMiuHI Xapaktepuctuku BAT dopmyrorees HepiBHOCTsIMEH OIl Ta MIBHAKICTIO
pyxy. OYHKIIOHATBHICTE IMIBICKH 1 MOJSITaE Y MAaKCUMAJILHO MOXIIMBOMY TIOTJIMHAHHI, 3TIAJKyBaHHS ITHX
30BHIILIHIX 30ypeHb NpH Mepexo/i Ha MiApecopeHuii KOPITyCc/Ky30B.

JlonaTKOBMM KOHCTPYKTHBHHM 3aXOJIOM € BBEJICHHS ITiJPECOPIOBAHHS CHUJIIHb EKiMaxy, 30KpeMa
Bomis. Moro MOKIMBOCTI OOHAK OOMEXKEHI 3 Cy4aCHHX BHMOT KPIIUICHHS CHAIHb EKilaXKy 3 yMOB
MPOTUMIHHOTO 3aXHUCTY.

Knacuuni nmocmimkennss npod. Cumaea A.A. [22] Ta mi3HilN JOCHIIHKEHHS O3BOJIMIM JaTH
KUTBKICHY OIIIHKY XapaKTepy HEpPiBHOCTEH IPYHTOBOTO OE3IOPIKKSI.

AHati3 pi3HOMaHITHUX JITEpaTYpHUX JDKEpeT MMOKa3as, U0 Ha JaHWH MOMEHT He iCHY€ ONTHMAaIbHOTO
METOAY JOCIHIPKEHHsI IUHAMIKH MiIPECOPEHUX 1 HEMiAPEeCOPEHUX Mac 3 YMOB ()OPMYBaHHS MEPCIEKTUBHUX
napameTpiB miaBicok koxicHoi BAT [23].

{omo mIsXiB po3B’s3aHHS BKa3aHOI BUINE MPOOJIEMH, TO TYT ICHYIOTh Pi3HI MiJXOIH, 30KpeMa,
CKCHEPUMEHTATBHUN, AHATITHYHOIO YM MaTEMAaTHYHOI'O MOJENIOBAHHS IMHAMIYHOTO MpOLECy Ta iHII.
ExcriepuMeHTaNnbHI 4M CTEHAOBI TOCIIKEHHS [25,26], sSIKi CTOCYIOTHCS BIUIMBY THX YW IHIMUX YNHHUKIB Ha
nuHaMiky migpecopenoi mMacu (IIM) i3 HemiHiliHIO cuioBor0 Xapaktepucthkor CII, HaBiTh 3a YHCTOTH
MPOBEJICHHS €KCIIEPUMEHTY, He MOXXYTh NIaTH BIAMOBiAI HA MUTaHHS CYMICHOTO iX BIUIUBY, apKe IS
HENTIHIMHAX CHUCTEM HEeMa€ Miclid NPUHIMN cyreprnosuiii. [lo Toro », ekcrepuMeHTalbHI TOCIiHKeHHS
noTpe0yloTh 3HAYHOTO MaTepiaibHOrO Ta YacoBOI'O pecypcy. 3 OCTaHHBOTO BUILTMBAE, HAHOIBII
palioHaJIbHUMH CIoco0aMu JTOCIIpKeHHs auHaMiku [IM e Ti, ski moOyaoBaHi Ha aHANITUYHOMY (HaBITh
HaOJIMKEHOMY) TIPEICTaBICHH] PO3B’s3KiB aJeKBaTHUX (hi3MIHOMY TPOIleCy MaTeMaTUIHHUX MoJienei [26], a
B OKPEMMX BHUIIQJIKaX — YHUCENbHINA 1X cumyisnii. KoxxeH i3 HUX Mae CBOI HEIOJIKM Ta IepeBard nepen
inmmM. [Ilo cTocyeThCs aHAMITHUYHUX JOCIHI/PKEHb KojuBaHb [IM 13 HeNiHIMHMM 3aKOHOM 3MIiHH
BimHOBMOBaNsHOL criu CI1, To y [7,8,27] mokazaHo Ha HU3KY OCOOIMBOCTEH, SIKi BIIACTHUBI BEPTHKAIEHUM Ta
MOMEPEYHO - KyTOBUM KOJIMBaHHAM. [le B mepiny 4epry cTOCyeThCsl 3aJI€KHOCTI aMIUTITYy i KonmBaHb [IM
BiJl KIHEMaTHYHHX MapaMeTpiB pyxy 3paskiB komicHOoi BAT Ta aunamiunmx xapakrepuctuk CII, ymoB
iICHyBaHHA Ta OCOONMBOCTEH pPE30HAHCHUX KOJNHMBaHb. BcraHOBHTHM iX Ha 0asi eKCIepUMEHTaTbHHUX
TIOCTI/DKEHh YW YWCENbHOI CHMYIAIIl BIAMOBIMHUX MaTeMaTHYHHX Mojeneidl He BmaeThcs. OCHOBHOIO
MPUYMHOIO BIJICYTHOCTI pillleHHS BKa3aHOi MpoOiieMy 3a HENiHIMHMX cuioBuX xapakrtepuctukax CII e
CKJIaJHICTh MaTeMaTH4YHOi Mojeni. ToMy NHTaHHS TOB’s3aHi 13 JOCHIPKEHHS TMONEPEYHO—KYTOBHX
koimBaHb [IM 3a HeminiiHOI cmoBoi xapakrepuctuku CII ming wac pyxy KT3 B3goBx HUisxy i3 AOBITBHO
PO3MIILIICHOI0 CHUCTEMOI0 HEpIBHOCTEH, SKi € MpeAMETOM pO3MIAy AaHoi pPoOOTH, MalOTh BaXKJIMBE
TEOpPETUYHE 1 MPAKTUYHE 3HAUCHHSI.

HIJIb TA 3AJAYI JOCJIII)KEHHSA

3a Takumx yMoB (GOpMyBaHHA MEPCIEKTHBHUX IapaMmeTpiB miABicok koiicHoi BAT HeMOXINBO
3MIACHUTH 0€3 MPOBEICHHS AOCIHiIKEHb, CIIPSIMOBAHUX HA: PO3POOJICHHS HOBUX UM YTOYHEHHS iCHYIOUHX
MaTeMaTHYHUX MoOJeJiei iX IWHAMIKH;, CTBOPEHHS METOMIB YM METOJMK TEOPETHYHOTO JOCTIiIKECHHS
pOo3pobIIIOBaHNX MOAeNel. Y mepiry depry HeoOXiTHO BUPIIATH poOIeMy JOCHTIKEHHS BILTUBY OCHOBHUX
napameTpiB, SIKi OMUCYIOTh NPYKHY CHIIy aMOPTHU3aTOPIB Ta CHILy OMOpY AEeMI(EPHUX MPUCTPOIB 32 YMOBHU
HEJIIHIHHUX 3aKOHIB 3MiHH Yy 3aJIeKHOCTI BiA Jedopmarii mpy>KHOTO €IeMEHTY YM IIBHUAKOCTI Jedopmarii
amoptu3aTopa. CyTs pobJIeMH TOJSITae y HAaCTYITHOMY: JOCBIJl eKCITyaTallii OKpeMux TUIiB KomicHoi BAT
Yy SKHX BHKOPHCTOBYIOTHCA TPY>KHI aMOPTH3aTOPIB 13 JIIHIHHAM 3aKOHOM 3MiHH BiJHOBIIOBAJIHHOI CHIIH
3HAYHO 3HHMXKYETHCS CEPEAHs MIBUAKICTh PYXY B3JOBXK LUIAXY i3 HEPIBHOCTSIMH, 3MEHIIYETHCS PeECypc
eKCIuTyaTarlii OKpeMuX BYy3JIiB, 3HAYHO 3pOCTa€ BTOMITIOBAHICTE BOJIS Ta eKinmaxy. B Toif jke dac, Maike BCi
TEOPETHYHI JOCTIIKeHHS MuHaMiku KojlicHoi BAT mpoBomminch 3a JHIHHUX CHIIOBUX XapaKTEPUCTHK

MPY>KHUX aMOPTU3aTOPiB Ta AeMI(EepPHUX MPUCTPOIB.
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Tomy s 3paskiB kxomicHoi BAT i3 Heminifinmmu cunoBumu xapaktepuctukamu CII, sxi
eKCIUTYyaTyIOThCS Y CKIIaJHMX yMOBaX HEOOXiAHO BUXOJSMUYH 13 MOMEPEYHO-KYTOBUX KonuBaHb [IY oTpumMaTu
TaKi aHAJITHYHI 3aJIEKHOCTI, SKi 0 3 0OAHOT0 OOKY JaJIM MOXKJIMBICTH OIUCATH OCHOBHI IMapaMeTpH JUHAMIKA
BKazaHux konuBaub 1Y, a 3 iHmoro — cioyryBasm 0 0a3zor0 i BUOOPY OCHOBHMX CHJIOBHX IMapaMeTpiB
NPY>KHUX aMOPTU3aTOPIB.

PE3YJIbTATHU JOCJILI)KEHb

Jlnist BUpIIIEHHS TTOCTaBJICHOI 3a/1a4i 32 (i3W4Hy MOjesb 3pa3ka konicHoi BAT npuitHaTo BKkazaHy Ha
puc. 1. Bona siBise coboro HemizpecopeHy - 1, migpecopeHy - 2 YacTHHH, IO B3a€MOJIIOTH MK CO00I0
MPY>KHUMH aMOPTH3aTOpaMH Ta JeMIIhepHUMH MPUCTPosiMU (3 Ta 4 BIAMOBIHO) i3 HENIHIHHUMHU CUIIOBHMH
XapaKTepUCTUKAMH.

Pucynoxk 1. ®i3uuna Mo 711 JOCTIHKEHHsI MONEPEYHO-KYTOBUX KOJIMBaHb 3pas3ka KoixicHoi BAT
13 HETIIHIHHOIO CHUJIOBOIO XapakTepucTukoro CIT

OCHOBHI IpHITYIIEHHS MO0 (i3UYHOT MOJIEINi Ta PyXy JOCHTIHKYBAHOTO 00’ €KTY:

Bci Touku [TY pyxaroTbcs y BepTHKaIbHHUX IUIOIIMHAX, SIKI MEPIEHANKYISAPHI 10 BEKTOpa MIBUIAKOCTI
pyxy V 3pa3ska koiicHoi BAT, 10 TOT0 % OCTaHHI € CTaj0i BETMYUHU Ta HAIPSAMKY;

Maca HEMiIpecOpeHOi YacTMHM € 3HAa4YHO MEHIIOK BiJ Mach MigpecopeHoi 1 Hew y mpoueci
pO3B’s3yBaHHS 3a71a9i HEXTY€EMO;

CHJIOBI XapaKTePHCTHUKH IMpaBoro Ta JiBoro OoptiB CII € igeHTHYHUMH Ta ONHUCYIOTHCS
, . . (dA) |dAl dA
3aIEKHOCTAMI: F, (A) =A™ - IpyXHa CHIIa aMOPTH3ATOPIB; R,, 1 cuia onopy aemmdepHux
t t| dt

npucTpois (¢, y,v , s - CTalli, NPUUIOMY iX 3HAUEHHS TaKi, M0 3a0e3meuyroTh KonuBaibHuil pyx [IM) A,

Ta % BiAMOBiAHO AedopMallisi Ta MWBHIAKICTH AedopMalii MpyKHUX aMOpPTH3aTOpPiB YW IeMI(QEPHUX
IIPUCTPOIB;

MaKCHMaJIbHI 3HAYCHHS CHJI OMNOpYy AeMI(EpHUX IPUCTPOIB € 3HAYHO MEHIIMMH SK MaKCHMAalbHi
3HAYEHHS MPYKHUX CHJI aMOPTH3aTOPIB;

MaKCUMaJbHi AedopMalii NpyXKHUX IKWH Habarato MEHII BiJ MakKCUMAaJIbHUX JeopMaliil MpyKHUX
aMOPTH3aTOPiB, TOMY HIMH y MaTeMaTHYHIH MOZENi HEXTY€eMO;

nepemimieHHs To4ok [IM 3ymoBiieHi i ropu30HTAILHUME Ta BEPTHKAILHUMH MIEPEMIIIICHHS € 3HAYHO
MEHILIUMH SIK TIONIEPEYHO-KyTOBI 1 HUMH MOXHA 3HEXTYBAaTH.

HaBejneni Buile OOMEXKEHHS Jal0Th MOXKIMBICTH CTBEPIPKYBaTH, IO BigHOCHU# pyx IIM 3paska
kosicHOoi BAT 0JJHO3HAa4YHO BH3HAYAETHCS KYTOM IOBOPOTY BKa3aHOI YaCTWHHM HABKOJIO BKA3aHOTO IICHTPY
Mac (1.C), TOOTO KyTOM (o(t), a BiaTaK AudepeHuianpHe piBHIHHA 11 HONEPEeYHO-KYTOBUX KOJIHMBaHb Mij 4ac

PYXY B3JIOBX NUISAXY i3 HEPBHOCTSAMHU 3 TOYHICTIO JO BEJIIMYMH BUIIOTO MOPSIKY MATU3HU MOXXHA TIOJATH Y
BUTIIAIL
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1) a(F1 (a )+R1M( )) b(F,,, (A)+ Ry, (A)) npu t, <t<t,+r1,,
Fypp (D) + Ry, (A )= B(F,,, (M) + R, (A) npu,t, +7, <t<t,,

B AKHX [, - MOMeHT iHepuii IIY BinHOCHO MO37OBXHBOI OCi 3pa3zka kosnicHOi BAT, sika npoxoauTh

’ (1

uepe3 1entp Baru [1U, A Ta A, BianosimHo nedopmallis Ta HIBUAKICTH AepopMallii aMOpTU3aTOpa Yu
nemmndepa mpaBoro OOpTa MiJ Yac Hai3My Ha HEPIBHICTb, £;,f; +7, - BIINOBIAHO YaC BXO[DKEHHS i BUXOIY
KoJieca TIpaBoro 6opra y j - Ty HEpiBHICTb, a,b - BiAjmali Bil IIEHTPY Mac IO MPaBOTrO Ta JIBOTO OOPTIB,
A, (A,))-nedopmariist amoptuzaropa (mBHAKICTH Aedopmarii qemmndepa) mpaBoro 60pTa 3yMOBIICHA HAT3I0M
BiJIIOBIZTHOTO KoJyieca Ha HepiBHiCTh. L1010 ocTaHHIX, TO BOHM BU3HAYAIOTHCS 3AJIC)KHOCTAMHI

A1 = (P(t)a - Acm.’
AZ = t)b+AcmA’ ) (2)
A =oltla-A,, +z(t)

(
ol
= 9lt)a,
=, 3)
A, = glt)a+ (1),
ne A,, - cTatmdHa gedopMallis NPYKHHX aMOPTH3aTopiB, z(t) - JonaTkoBa aeopMallis MPyKHOTO

amopTH3aTOpa MpaBOTro OOpTa, IIO 3yMOBJIEHA HAI3JAOM Kojeca NpaBoro Oopra Ha HepiBHicTh. lllomo
OCTaHHBOI, TO Yy pOOOTI NpHHMAEThCH, IO NPO(disb HEPIBHOCTEH MOXHA OMKUCATH HAWIPOCTIIIHMHU

Bl B B
I

. X vt . . .
SAIOKHOCTAMH  z(x)=h, sin® == —  z(t)=h,sin™ (h;,d, BIAMOBIIHO BHCOTAa Ta NOBKHHA j—
d; dj
HEpIBHOCTI). Y CyKyIHOCTI HaBelIeHEe J03BOJIAE AudepeHITiaibae piBHAHHSA (1) TogaT y BUTIISII

d,
—aly+1)a™" ele)- A, )= rlag+ 2e)) ™ ~alv + DA = pbg)™) mpu <1<t 4
]O(b_l_a(awrl +bv+2}pv+l — V (4)

d,
valv+1)ao" s, ~ylag)™ —alv+1p"0" A, - y(bg)* ") npu t, +7’ <t<ty,

I3 HaBeleHUX MPUIYIIEHb BUILTUBAE, 10 MAaKCUMaJIbHE 3HAUYEHHS TOJAHKIB MPaBOi YaCTUHH € 3HAYHO
OUIBIIMM BiJl MAKCMMAJIbHO 3HAYCHHS JIIBOI MOr0 YaCTHHM, a 1€ € IMIACTaBOI0 JIJIs 3aCTOCYBaHHS 3araibHUX
ineit meroniB 30ypens [28] mix yac moOyaoBU HOro aHANITUYHOTO po3B’A3Ky. TiNbkK Ha Ga3i aHATITHYHOTO
PO3B’s3KY (HaBiTh HAOJIMKEHOT0) MOXKHA JTOCTIIMTH BIUIMB BCi€i MHOXKMHHM NapaMmeTpiB MiABICKH 3pa3KiB
koicHoi BAT nHa nunamiky [TY. Tomy mepmr 3a Bce moOyayeMo po3B’S30K HEe30ypeHOTo piBHSHHS, SIKE
BiJINIOBi1a€ piBHSHHIO (4), TOOTO

10¢+a(av+2 +bv+2)$V+l =0 , (5)

Moro ocoGmuBicTIO € Te, IO BOHO HENiHiliHE MPU v =0, a OTKE Y BHIAAKY, KOIH BOHO OIHUCYE

He30ypeHi konuBanHs [1Y, 1x yacToTa (mepiox) 3a/ieXXUTh BiJl aMILUTITYIM 1 BU3HAYAETHCS 3AJIEKHICTIO

a)(a(p):\/a(awz +bv+2XV+2)/(2IO)a3 R (6)
lie a, - aMIUITy/la BIacHUX (He3aTyxaiouux) KonuBaHb. [l[og0 po3s’s3Ky piBHSHHS (5), TO BiH €

2\/_F(V+1

21 = ﬁ - mepioAnYHuM 3a (hazoro :a)(aw}H//O 1 BUpaXXaeTbCsl 3a JTOTMOMOTOIO TMEPiOANYHUX

F(E 7)

Ateb-@yHKum [29] y Burmsimi o(t)=a,ca(v +1Ly). Tomy mapamerp v, sikuii HEOOXixHO BHOpaTH I

CHJIOBOI1 XapaKTCPUCTHUKU MPYIKHUX aMOpTI/IBHTOpiB BUXOOAYHN 3 epFOHOMi‘lHI/IX Ta eKCHﬂyaTaHiﬁHHX BUMOTI'

2p+1

IIOBUHEH 3aJ0BOJIBHATH yMoOBaM: v >-1 Ta v+l= wE p,q=012,.. Hwkue Ha puc 2 ams pi3HUX

3HAYCHB, MAPAMETPIB, SKi XapaKTePU3YIOTh MPYKHY CHIIY aMOPTHU3ATOPIB MPEACTABICHO 3aJICKHICTh YaCTOTH
w\a . .
BIIACHHX KOJIMBaHb y reprax (Q = 2—H¢’) BiJl aMILTITYTH.

Aex=0,15m; p=1,4m; a=b=1,1m Ax=0,30M; p=1,4M; a=b=1,1m
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0.1 0.2 0.3y, Pao 0.1 0.2 03 Uy, Pao
a) 6)

Pucynoxk.2. 3anexHicTh 9aCTOTH BJIACHUX IMOMIEPEUYHO-KYTOBHUX KOJMBAHB BiJl aMIUTITYIH JJIS Pi3HUX
MapaMeTpiB, IO XapaKTEPU3YIOTh IPYKHY CHITy aMOPTH3aTOPIB

[IpencraBieHi 3aIeXHOCTI MOKA3yIOTh, IIO:

a) uid OLIPIIMX 3HAYECHb aMIUNTYIU MONEPEYHO-KyTOBHX KOJHMBAaHb 3a IPOTPECHBHOI MPYXKHOI
XapaKTepUCTUKN YacTOTa BJIACHUX KOJIUBAaHb € OUIBLIOI0, 0 TOTO X OUIBIIMM 3HauYeHHAM Hapamerpy
HEJIIHIHHOCTI BiNOBiAae Oinblie 3HAYEHHS BIACHOI YaCTOTH, JUIS PErPECUBHOI — HABIAKH;

0) eproHOMIYHUM yMOBaM €KCIUTyaTallii isi MaJuX BEJIMYUH IMONEPEYHO-KYTOBUX KOJIMBAHb OLIBIION
MIpOIO 33JI0BOJILHSIE TIJIBICKA 13 POTPECUBHUM 3aKOHOM 3MIHU BiJIHOBIIOBAILHOI CHJIM, a JUIS BEIUKHUX - 13
PETPECUBHUM.

[Ilo cTocyeTbesi BIACHUX 3aTyXarOUWX KOJNHMBaHb, TO IX aMIUTITYJla 3 4acoM 3aHHWKA€E OIHCYIOTHCS
3aJIeKHICTIO

da _7a“”(co(a ))Y & - _}/a‘”l(aJ(a ))V 1 s+2) o 1 s+2) dy
PR J(altr s 1)y = om0 e ’W‘w(%’)’

0
UucenpHUIA aHami3 CHIBBIIHONIICHH (7) IJIA PI3HUX 3HAYEHL MApPaMETPiB, SKi OMHCYIOTh CHCTEMY
nigicku (e, y,v , s Ta A, ) IOKa3zye, 110 BOHM BIUIMBAIOTh JIMIIE HAa KIIBKICHY XapaKTEpUCTUKY

(7

3aTyXaHHS aMIUNTyAd TONEePEYHO-KYyTOBHX KOJIHMBaHb, TOMY HIDKYE Ha HUX 3yNHUHATHCH HEe Oyaemo, a
Oe3nocepeHbO TepeiiaemMo 1o BuzHaueHHs peakuii [IY Ha pyx 3paska komicHoi BAT y3momxk muisixy i3
cUCTeMOI0 HepiBHOCTeH. [IpuitMatoun 1o yBaru, mo MakCHUMalbHa BEIMYMHA HEPIBHOCTEH Ta iX JOBXHUHH €
OOMEKeHUMH, cucTeMa IudepeHLialbHUX piBHSIHb, SIKA OMNHMCYE€ 3aKOHM 3MIHM OCHOBHHUX IapaMeTpiB
MONEPEYHO-KYTOBUX KOJIMBaHb IPUHAMAaE BUTIIAL

sa(l,v + 1,1//)
da(p @ a(p 0

Do _ , (8)
dt ya;”(w(aq)))‘r[ 1 ]r(”zjrl( 1,542 d

cmput +—L<i<t.,,
2114, v+2) L 2 V42 2] AT s

— d.
E(a(p,l//,t),npu t StStj+7’,

ne F, (a(p,l//,t) - BIJTIOBiZa€ BiAMOBIIHOMY 3HAYEHHIO MPaBOi YaCTHHH PIBHAHHSA (4) 32 YMOBH, IO
dynkuis ¢(¢) BU3HAYAETHCS BiAMOBIMHO 10 PO3B’A3KY HE30YPEHOTo PiBHSHHSA, a z(t)- ONMHCYe JIOAATKOBY

nedopmariiro Mpy>KHOTO aMOPTH3aTOpa 3a PaXyHOK PyXy KoJyieca IpaBoro 60pTa B3MOBXK HepiBHOCTI. Himkue
Ha pUC. 3 TPEACTABICHO PE3yIbTaTH YHCENBHOTO IHTEIPYyBaHHS CUCTEMH TU(EPEHIIiATbHUX PiBHSAHB (8) 3a

YMOB a4 Ta d;=1,5 M. JUIsl IPOIPECHBHOI Ta PErPECHBHOI XapaKTEPUCTHK TI1/IBICOK

w\;j—o = aw\tﬁo >

V=4 m/c; Ae=0,35M; V=6 M/c; Ae:=0,35M; V=7,5 m/c; Acr=0,35Mm;
v=2/7 v=2/7 v=2/7
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Pucynoxk.3. BrumB HenmiHIHHUX crtoBUX napaMeTpiB CII Ha aMInTiTy Iy HOTepeIHO-KyTOBUX
KOJIMBAHb IIiJT 9ac PyXy 0e3MOPIEIKIM.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIKEHHS
Bubip nmepcreKTHBHHUX HapaMeTPiB MiABICKU YCKIAAHEHUH BICYTHICTIO TOCKOHAJIOI0 MAaTEMAaTHIHOI'O

amapary moOyIoBH Ta aHATITUYHOTO JOCITIMHKEHHS HETIHIHHMX MaTeMaTHYHUX MOJENeH AMHAMIKH 3pa3KiB
komicHOi BAT amexkBaTHHX AuHamiuHOMY mpouecy. Came ToMy, Ijsl OMMCAaHHS HENiHIHHOI MPYXHOI CHIIN
aMOPTHU3aTOPIB, a BiITAK MOOYZ0OBH YTOUHEHUX MAaTEMAaTUYHUX MOJIENel JHaMIKU 3pa3kiB komicHoi BAT y
po0OTI 3amPOINOHOBAHO YHIBEPCaJbHE CIIBBITHOIICHHS, SIKE 13 JOCTATHHOK TOYHICTIO OMHUCYE IIMPOKHIA
CHEKTp NPYKXHUX CHJ aMOPTH3aTOPiB 3a MPOIPECHBHOrO YW DPErPECHBHOrO 3aKOHIB iX 3MmiHHM. 3 i#oro
BUKOPUCTAHHSIM TOOY/JIOBAaHO MaTeMaTW4Hy MOJebh IWHAaMiKH 3pa3ka KkoxicHoi BAT 3a ymoB pyxy
0e3mopixoksIM. Po3riisiHyTO Tl BKa3aHWX BHIQJKIB PyXy HaWBaKJIMBIII 3 TOYKH 30py €KCILUTyaralliiHHX

BJIACTUBOCTEH — MOMEPEYHO-KyTOBI KonuBanHs [1Y.

BUCHOBKH
I3 3amekHOCTEH 4YACTOTHM BIACHUX MOINEPEYHO-KYTOBUX KOJIWBAHb BiJl aMIUIITYAH M PI3HUX

napameTpiB, IO XapakTEPU3YIOTh MPYKHY CHIIy aMOPTU3aTOpiB BUIUIMBae, 1o s perpecuBHoi CII
OiBIIMM 3HAYEHHSM aMIUTITYIM KOJIMBAHb BiAMOBIa€ MEHIIE 3HAYCHHS YaCTOTH BJIACHHUX KOJIMBAaHb. TaKoX
y IIUPOKOMY Jiara3oHi aMILTITYy ] KOJIMBaHb €PrOHOMIYHMM YMOBaM eKcIUTyatarii 3pa3ka koiicHoi BAT i3
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nporpecuBHOr0 xapakrepructukoro CII 3amoBonbHse migBicka i3 cratnyHoro aedopmarieo 0,12M < Ay, <
0,15m mpu 2/9 <v < 2/3, a nna perpecuBHoi — nipu 0,2M < A¢r < 0,35M; -2/3 <v < -2/9 Ta BeNWKUX 3HAYCHb
aMILTITY I IOTIEPEYHO — KYTOBHUX KOJINBaHb.

I3 xapakTepucTHK BIUTHBY HENiHIHHMX CriioBuX mapameTpiB CII Ha aMImIiTyay MONEPEYHO-KYTOBHX
KOJIMBaHb Il 9ac pyXy Oe3IOpEOKAM BHUILIMBAE, 10 Ui 3paskiB komicHoi BAT i3 mporpecuBHOIO Ta
perpecuBHo0 xapakrepuctukamu CII:

—3a OLIBIIKX 3HAYCHDb BEJIMYMH CTATHUHOI HedopMallii Ipy>KHUX aMOPTHU3aTOPIB aMILTITYyAa BUXOIY 13
HacTyITHOI HEPIBHOCTI € JIEMI0 OiIBIIOI0 HIXK 13 MTONEPETHBOT;

—3a OINBIIUX BENUYWH MIBHJKOCTEH PyXy B3JIOBXK HUIAXY 13 HEPIBHOCTSAMH aMILTITy/a MONEepedHO-
KYTOBHMX KOJIMBaHb € MEHIIIOI: TaK 33 YMOBHM 3pPOCTaHHs IIBHAKOCTI Bi V=4 m/c mo V=6 Mm/c ammutityjaa
BUXO0J1y 13 ueTBepToro rop6a juis CI1 3 mporpecuBHOI XapaKTEPUCTHKOIO 3MEHINyeThest Ha 6,9%, a s CIT
13 perpecuBHO0 xapakTepuctukor CIT — Ha 38 %;

—3a OJIHAKOBUX HIBUJIKOCTEH PyXy Ta CTaTWYHHX JedopMalliii MpyKHUX aMOPTHU3aTOPIB aMILIITyIa
BUXOJy 13 HEPIBHOCTI 32 MPOTPECHBHOTO 3aKOHY 3MiHU TPYKHHUX aMOPTH3ATOPIB € JICHIO MEHIIO SK IS
perpecuBHOro: npu Acr =0,35m ta v=2/7 i BianmoBinHO v=-2/7 aMIIIiTyAa BUXOIy i3 4eTBEpTOro ropda € Ha
7,6% MEHIIIOI0.
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M. Hrubel Theoretical bases of formation of wheeled military automotive equipment suspension
system parameters in off-road driving conditions.

The paper consideres formation of suspension system elastic damping characteristics of wheeled
military automotive equipment (MAE) samples and conditions of crew protection against dynamic loads
while driving off-road.

A physical model to study transverse-angular oscillations of a MAE sample with nonlinear force
characteristic of a cushion system is constructed. Especially for this purpose a mathematical model of
transverse-angular oscillations of a spring-mounted part (SMP) during the movement of a MAE sample
along the road with unevenness is designed. On the basis of its analytical solution it is obtained the
dependence of the intrinsic transverse angular oscillations frequency on the amplitude at different parameters
that characterize the elastic force of the shock absorbers.

The influence of a whole set of suspension parameters of a MAE sample as well as the profile of road
unevenness on the dynamics of SMP at different speeds of motion is investigated. In particular, it is defined
that for MAE samples with the progressive characteristic of the cushion system at higher values of static
deformation variable of elastic shock absorbers, the yield amplitude from the following unevenness is
slightly larger than the previous one. In addition, at higher magnitude of velocities along the road with
unevenness, the amplitude of the transverse angular oscillations is smaller. Besides, with the same speeds
and static deformations of the elastic shock absorbers, the yield amplitude from the unevenness according to
the progressive law of elastic shock absorbers change is slightly smaller than that of the regressive one.

Key words: off-road, oscillatory motions and vibrations, vehicle suspension system, wheeled military
automotive equipment (MAE), transverse-angular oscillations.

I'PYBEJIb Muxaiino [pueopoeuy, KaHOWIAT TEXHIYHWUX HAYyK, AONEHT Kadeapu aBTOMOOITBHOL
TEXHIKH, TOKTOPAHT MITATHUN HAYyKOBO-OprasizalfiiiHoro Bimmimy, HarioHanpHa akamemisi CyXOITyTHHX
Bilickk imeHi retbMana Ilerpa Caraiimaunoro e-mail: m.g.grybel@gmail.com. http://orcid.org/0000-0002-
4820-6935

Mykhailo HRUBEL, PhD in Engeneering, associate professor of Automobiles department, Doctorant,
Hetman Petro Sahaidachnyi National Army Academy e-mail: m.g.grybel@gmail.com. http://orcid.org/0000-
0002-4820-6935

DOI: https://doi.org/10.36910/automash.v2i13.87

, 2019, Ne2 (13)


http://orcid.org/0000-0002-4820-6935
http://orcid.org/0000-0002-4820-6935
http://orcid.org/0000-0002-4820-6935
http://orcid.org/0000-0002-4820-6935
https://doi.org/10.36910/automash.v2i13.87

© Hamok JI.M., FOxumuyk C.®., Bpxenr M.B., Caii B.A. 2019

VJIK 631.358
UDC 631.358

Harrok JIL.M., FOxumuyk C.®., Bpxkemr M.B., Cait B.A.
Jhyybkuti HayionanbHull MexHiyHUll yHigepcumem

OBIPYHTYBAHHS ITIAPAMETPIB YHIBEPCAJIbHOI JIbOHO3EUPAJIbHOI MAIIIMHUA

VY craTTi NpOBOIUTHECS OOTPYHTYBaHHS! KOHCTPYKTHBHHX MapaMeTPiB LUIIXOM y3TO/DKSHHs poOOTH 3MIHHUX 1
NOCTIHHUX MeXaHi3MIB YHiBepcaabHOI J1bOHO30MpanbHOI MainHU. [100yZOBaHO CXeMu 3MIHHHX MEXaHi3MiB Ta
OOIPYyHTOBaHO iX OCHOBHI MapameTpH. 3acTOCYBaHHA YHIBEPCAIbHOI JIbOHO3OMPAIBHOI MAIIMHH, SKa MOXKe
BUKOHYBATH B Pi3HI TepMiHH OKpeMi omepauii i MOXKe MaTH 3MiHHI anmapartH, J03BOJS€E YCYHYTH PHU3UKH 30UpaHHsI
JbOHY. 3aBASKM IIbOMY MOXXHA 3aCTOCYBAaTH 1 KOMOAWHOBHH, 1 pO3IUIBHIH cHOCOOH, IIO MiJBHIIUTE €(EeKTHBHICTH
BHUKOHAHHS 30MpaJbHUX POOIT. Y 3B’SI3Ky 3 IUM JOIJIBHO NPOBECTH JOCTIIPKEHHS 1 JOCHITHO-KOHCTPYKTOPCHKI
po6OTH 3 METOIO CTBOPEHHS JIEIIEBOI 1 TPOCTOI B eKCINTyaTallii Tb0HO030MPaIbHOI MAIIMHY 31 3MIHHIMH aliapaTaMi.

KnrodoBi cioBa: yHiBepcanbHa JHbOHO30MpaibHA MAaIlMHA, JBOH, OpadbHUM amapar, migOHpaIbHO-
HOBEPTAJIBHUI anapar, LKiB, POJIMK, Hac.

BCTYVYIIL

[lixg yac BCTaHOBJICHHS Ha JILOHO30MPAIbHY MAIIMHY MEXaHi3MIB ISl BUKOHAHHS TEBHHUX OIepallii
MOTPIOHO Y3TOAMTH MapaMeTpu iX 3yaro/pkeHoi podotu. ToOTo, MO0 00epTH IIKIBiB, sKi 3a0€3MeUyIOTh
gepe3 OpaibHI MMAacH pyX CTPIYKH JHOHY B 3MIHHOMY MEXaHi3Mi, OyJIM MEHIIMMH BiJ 0OEpTiB MIKiBIB
MOCTIMHUX BY3J1iB MaliuHu. Llel miaxin yHEMOXKIMBHTh HAarpoOMajpKEHHs CTeOe] JbOHY Ha HeOE3MeuHUX
MEPeXiTHUX JIITHKAX.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMMU.

3 nmiteparypHoro orjisay [1-7] BCTaHOBIEHO, MO0 Ha BITYM3HSAHMUX MAalllMHAX HEMa BapiaHTIB
KOMILIEKTalii JTb0HO30MpaTbHUX MAalllH 3MIHHUMH MeXaHi3MaMH. A OT)Ke, BCTAaHOBIIOIOUM OpaibHui abo
niAOMpanbHO-NOBEPTAIOYMI amaparT MH MOXKEMO BHKOPHCTOBYBAaTH MAIIWHY M 30UpaHHS JIbOHY
BIJIMOBIHO 3a KOMOAHHOBOIO a00 PO3INBHOI TeXHOJoriero. Takuil MiaXi BUPIMICHHS NpoOieMu aae
MOJJIMBICTh €KOHOMIYHO BUTiJHIIIIE BUKOPUCTOBYBAaTH MOCTiiHI MeXaHI3MH JbOHO30MpaIbHOI MAaIIWHU.
Bonu 3aiiHsATi, KOoAM 111 pOOOTHM MAIIMHM BCTaHOBJICHO OpanbHUil amapaT i KoJd MigOUpanbHO-
MmoBeprarouuii anapar. ToOTO TiXK cami MMOCTIHHI MEXaHI3MH MaIllMHM I8 30UpaHHs JIbOHY 3aJisAHI i 4ac
KOMOAHOBOT 1 PO3IIJIbHOT TEXHOJIOTIT 30MpaHHs JILOHY.

HIJIb TA 3AJAYI JOCIILIKEHHSI.

3aBmaHHA JOCHIKEHHsS MOJSATaloTh B Y3TOKEHHI POOOTH 3MIiHHHUX 1 TOCTIHHHUX MeXaHi3MiB
yHIBepCcaIbHOI MaITMHM I 30MpaHHs JIboHY. s IT-OTO HaM MOTPiOHO OOTPYHTYBAaTH OCHOBHI MapaMeTpr
3MiHHUX OpajbHOTO Ta MiAOKUPaIbHO-TIOBEPTAIBHOTO aNlapaTiB Ta OCHOBHOI YaCTUHU MAIIWHHU.

PE3YJIbTATHU JOCIIIKEHD.

JIroHO30MpanpHa MammHa (prc. 1) CKIamaeThes 3 MOCTIMHMX 1 3MIHHMX MexaHi3miB. IlocTiiHi — 11e
MEXaHi3MH, IO IPAIOIOTH 1 32 KOMOAWHOBHM 1 32 PO3AUILHUM CIIOCOOOM 30WMpaHHS, a 3MiHHI MEXaHi3MHU
MPALOIOTh TUTBKHY 38 OJHUM 13 cioco0iB. Po3risiHeMo Terep, sIKi mapaMeTpy MOBUHHI OyTH Y paMy MaIlliHH 1 Y
MEXaHI3MIB, 1110 10 HEel MPUETHYIOTRCS, /IS TOro, 1100 MallliHa (CIIPaBHO) MpalioBaja i B OJHOMY, 1 B APYrOMY
BapiaHTi. [0 MOCTIHHMX MEeXaHI3MIB BIIHOCUTHCS: pama 1, KOJICHUH XiJ 2, MEXaHi3M IPUBOIY 3, MOMEePEUHHI
4 1 3aTHCKHMI 5 TpaHCIOPTEpH, OYiCyloUMi amapar 6, TpaHcmopTep Bopoxy 7 i po3ctunounuil mut 8. o
3MiHHUX MEXaHi3MIB BiJIHOCHTBHCS: OpaibHUI amapaT 9 3 moxinbHHKaMu 10, BiH BHKOPHUCTOBYIOTHCS JIS
KOMOAiHOBOI TEXHOJOTI, 1 MmiaOpanbHO-TIOBepTANbHUI anapar 11, 10 BHUKOPUCTOBYETHCS JUIS PO3JUTHHOT
TexHonorii. KpiruleHHs1 amapariB € po3’eMHe, 10 Ja€ MOXIIUBICTH JIeTKO pobuTn ix 3aminy. [lig dvac
MPOEKTYBAaHHS JIbOHO3OMPAIFHUX MAIlMH TPUAHATO paMmy, BHUKOPHCTOBYBAaTH SK KapTep, B SKOMY
PO3MIIIy€eThCS MEXaHI3M Iepeiadvi. 3 Imiel MPUYMHA MU paMmy HaIIoi MalldHA BHUKOPHUCTOBYEMO Yy BHTJISII
Kaprepa 1 po3MINyeEMO B HbOMY MEXaHi3M MpPUBOJY 3MIHHHX arapariB, BiH Ma€ Taki KOHCTPYKTHBHI
0COOJIMBOCTI:

1) mpuBoX anapaTiB 3AIMCHIOETHCS 3 YOTUPHOX BEAYUMX IIKiBiB, sIKi pO3MilLleHI Ha MpaBiil nepenHii (Bix
HaINpsIMKY PyXy MallliHH) CTOPOHI KapTepa JIb0HOKOMOaiiHa;

2) mpuBOJ] OpaIbHOTO anapary BUKOPUCTOBYE BC1 YOTHPH BeIydi IIKiBH;

3) Ha mpuBOA MiAOMPATHHO-TIOBEPTAIBHOTO arapaTy MOTPiOHO OJUH MIKIB (YETBEPTHI, KOJIH PaxyeMO
BIIPABO BiJl HANIPSIMKY PYXy MAIlIHH ).

JeranpHile marepiall, MO CTOCYEThCS MPUBOAY OpaibHOTO i1 migOMpalbHO-MIOBEPTAILHOTO arapara,

IIOAaHO HMUKYC.
, 2019, Ne2 (13)
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KoHuctpykrtii OpanpHOTO Ta mia0HpaIsHO-TTOBEPTAILHOTO almapaTiB TO3BOJISIOTHh IPOBOAUTH iX 3aMiHY
OMHOTO iHIUM. [ IIHOTO PO3’€IHYIOTH PO3’€MHE KPIIUICHHS Ta 3aMIHIOIOTH YETBEPTHM BEAydYH IIKIB
OpasipHOTO amapara (puc. 1) Ha IIKiB MiAOUPaIHLHO-TIOBEPTAILHOTO anapara.

N

Puc. 1 — Cxema 150HO30HUpaAIEHOT MAIITMHH 3 PO3POOICHUMHI 3MIHHIMHE OpaJIbHHM 1 IMiI0HpaTbHO-
MMOBEPTAILHUM arapaTamu: 1 — pama; 2 — KOJTICHUH Xif; 3 — MEXaHi3M MPUBOIY; 4 — TIOTICPETHHIMA
TpaHCHOPTEP; 5 — 3aTUCKHUI TpaHCHIOPTEP; 6 — OUiCyI0UHii amapar; 7 — TpaHCIIOPTEP BOPOXY;

8 — po3cTunoyHni muT; 9 — OpaneHuii anapat; 10 — noainsHuKy; 11 — migOupaabHO-MOBEPTAIBHUHN amapat

[Ilo6 30mpatu JbOH 3a KOMOAWHOBOIO 1 PO3AUIBHOIO TEXHOJOTiISIMH OAHIEI0 JILOHO30UPAIHHOIO
MaIlWHOI, TMOTpiOHO ii obnmamHath OpaidbHUM Ta MiIOMpalbHO-TIOBepTadbHMM amapatamu [1, 3]. VYV
OpapHOMY amapati 3 TOoNepedHUuMH piBdakaMu (puc. 2) omamH OpampHHA mac 10 oxorumoe Tpu OpanbHi
mkiBu 12 1 mkiB 17 Ta KOHTaKTye 3 BUBIAHUM macoM 11. bpanpHuil mac Tako)k OXOIUTIOE TPU BEXyUl IIKIBH 1
YOTHPHU NPUTHCKHUX Ta JIBA HATSHKHUX POJIMKU, TOMY JUISL HOrO MPUBOIY MOTPiOHO 301MBIINTH KYyT 00XBaTy
MacoM BeIy4Yoro MIKiBa, JJISl IIbOTO B 3alpPONOHOBAHOMY amapaTi MPHBOJA OpaNbHOTO Macy 3AIMCHEHO 3a
JIOTIOMOI0I0 TPhOX BEAYYHX INKIBIB 8 OJHAKOBOI'O AiaMeTpy, PO3MIIICHUX TOpu30HTaIbHO. Lle mo3Bosisie
301IBLIMTH KYT OOXBaTy LIKiBIB OpaJibHUM nacoM. Po3paxyHKH Takoro MexaHi3My HaBOISTHCS HIDKYE.

[IpuBon minOHMpanbHO-MOBEPTANILHOTO —amapaTta 3IiHCHIOEThCS BiJ Baly KpallHbOrO MPaBoOro
(ueTBepTOrO) BeAydOoro mkisa (puc. 3).

VY po3po0ieHiit TbOHO30MpaNbHIH MalliHI i Yyac arperaTyBaHHs 3 TpakTopoM kiacy tsru 1,4 ( 14 kH)
30BHIIIHIN Kpall Koii mpaBoro Kojieca YMOBHO CIIBIIAQJA€ 3 IOYATKOM IPHUBOAY OpalibHOTO amaparta, a
TOYHIIIIE, 3 KpaifloM MepuIoro Bey4oro mkKisa.

Jiis poGoTH migdupayda moTpiOHO, 1100 Kpait MpaBoro Kojeca TpakTopa OyB Ot CTEOIIOBOI CTPIUKH,
ajie KOJeco HE HaiKKajlo Ha Hel.

Ban Benyuoro mkiBa OpansHOro anapara tTouka O 3HaXOIUTBCA BiJl Kparo KoJiii TpakTopa Ha BiJCTaHi
L1i

d
:L—ia
4 2

ne L — nomxuHAa BeAYy40i YaCTUHU OpasibHOTO anapara (puc. 2):
L=4d,,+3A,

TYT d,, — AiaMeTp BEy4Oro LIKiBa OpanbHOro anapara (puc. 2); A — 3a30p Mk mkiBamu (A=20...30 Mm).

o1 prryeE
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4————————————1‘ Kpam Koaii
L . mpaxkmopa

Puc. 2 — Cxema po3pobneHoro 6panbHOro anapara: 1 — kaprep JIbOHOKOMOaiiHa; 2 — IMOJIbOBE KOJIECO;
3 — momepevyHuit TpaHCHIOPTEP; 4 — HANPABIIAIOYI IPYTKHU; 5 — O3’ €MHE KPIIUIEHHST; 6 — KPOHILTEHH;
7 — paMa OpajbHOTO anapara; 8 — Beayui mKiBy; 9 — moaiabHUKH; 10 — OpansHuii mac; 11 — BUBIIHUI 1ac;
12 — 6panbHi mkiBy; 13, 14 — npuTHCKHI poiuky; 15 — miaTpUMyroUi IpyTKH; 16 — HATSKHI POJTUKY;
17, 18 — mkiBu

3Bincu BiAcTaHb L piBHA:
l&:7d@+3A- (1
2
OnHi€ero 3 BUMOT J0 MAcOBOi MepeJayi HamiBIEPEeXpEeCHOro THITy € Te, 00 Kpail Habirarouoi BiTKH
nacy 3HaxXOJWBCS y IUIOLIMHI, SIKa JOTHKA€ThCA A0 BEIydyoro Ta BeAeHoro mikiBiB. Toai meHTp cumertpii
migoupada Oyae Ha BiACTaHi Ly BiJ Kparo KoJIii TpakTopa:

A 2
L=L--6+7 )

ne d, — maMeTp BEIy4Yoro IIKiBa IiAOMpalbHO-NOBEPTAILHOrO amapara (puc. 3); 6 — TOBIIMHA

HaniBnepexpecHoro naca (6 =8...12 mm) [2]; 4, — mmpuHa HaniBnepexpecHoro naca ( 4, =80...120 mm) [2].

Kpaii xonit
At mpaxmopa

!

Puc. 3. Cxema po3po0ieHOro miadnpaisHO-IOBEPTAILHOTO anapara:
1 — xapTep THOHOKOMOAMHA; 2 — TIOJILOBE KOJIECO; 3 — TIOTIEPEIHII TpaHCTIOpTEP; 4 — HAMPaBIIAIOUl
MIPYTKH; 5 — po3’€MHE KPITUICHHS; 6 — KPOHINTEIH; 7 — paMa Iia0oupaIbHO-TOBEPTAIEHOTO anapara;
8 — Beayunii mkiB; 9 — Beaenmii mikiB; 10 — TpaHcopTyBanbHuii nac; 11 — niaTpuMyroui npyTKy;
12 — muTOK-HampaBsifoda; 13 — JaHIIOrOBO-TIANBIICBUI TpaHCIopTep; 14 — omopHi Kojeca; 15 — muTky;
16 — 6apabanHi MeXaHI3MH MiA00pPY
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[Ticys miacTaHOBKM CKIag0BuX y hopmysu (1) 1 (2) orpumaemo, 110:
l,2=7d5"+3A—$—5+£- 3)
2 2 2
BpaxoByroum yMOBH, III0 MiJ 9ac MiA00Py CTPIdOK IEHTP CHUMETpii migdupadya MOBHHEH CITIBIAIATH 3
IIEHTPOM CHUMETpii CTeOJOBOi CTpPIUKH, OJCPKYEMO, MO 3alPOIOHOBAaHA KOHCTPYKINS TMiAOMpaIbHO-
MMOBEPTAIBHOTO arapara JO3BOJISIE MiAOUPaTH CTPIYKy JTHOHY IIUPHHOIO:
B<2L -A,, 4)
1€ A, — MIHIMaJIbHO JOIyCTHMA BiJICTaHb BIJ KOJIIi TPAKTOPA 10 CTPIYKH JIbOHY (A, =50 MM).

Bpaxosytoun ¢opmynu (3 i 4), mmpuna ctpiukn B Oyne matu BenumuumHy a0 1,1 M. YV geskux
BHITaJIKaX, Ty>KE PiIKO, MOXKHA ITOOAYNTH BIUCOKHUH JIHOH B SKOTO IIMPHUHA PO3CTEICHOI HAa JTHOHUIII CTPIUKH
MOXe moxXomuTh 1m0 1,4 M. B Takux BHIamkax PEKOMEHIYETHCS 3MINTyBaTH TOYKY KPIIUICHHS CHUII
KoMmOaliHa BIIHOCHO IICHTPY CUMETPii TpakTopa Ha z= B ;3 M BIIPAaBO, € , — 3MILIEHHS CHUIII KOMOaliHa,
By i B, — mmpuHa cTpiuky.

OBI'OBOPEHHA PE3YJIBTATIB JOCJIAKEHHS.

OTXe BUKOPHCTOBYIOUH TIOTIEPEIHI MOCITIIHKEHHS 1 IPUBEICHE MOXEMO Y3TOIUTH POOOTY 3MIHHHX
OpaJIbHOTO 1 MiAOMPaEHO-IOBEPTAIILHOTO alapaTtiB i OCHOBHOI YaCTHHM MAIWHU Ui 30MpaHHA JbOHY Ta
OoOTpyHTYBAaTH X OCHOBHI IapaMeTpH.

BUCHOBKHM.

3a BucHOBKaMU [4, 6, 7] poOoya MBUAKICTh MAIIMHU T Yac OpaHHs creOen cTaHoBuTh 2,01 — 2,58
M/c, a MBUAKICTH OpalbHOIO Taca vs =2,8 M/c. A 3a pexoMeHzamisiMu [5] poboda MIBUIKICTE MAIIMHU i
yac migOupaHHsA cTeOJIOBOI cTpiuku cTaHoBUTH 1,18...2,01 M/c 1 MIBUAKICTH MiAOHPaILHOIO TPAHCIIOPTEPa
v, =3,5 M/c. Buxoasum 3 1poro, miaoupaeMo HEOOXiJHI AiaMeTPH BEAy4YHX INKIiBIB Ta KyTOBY HIBHUAKICTH iX
oOepTaHHs. 3HAOYM CTaHAAPTHY KyTOBY IIBHAKICTH oOepramnHs BBII Tpaktopa wpsn = 57,1 ¢! Ta
repeaaToyHe YHCIIO JaHIforoBoi nepemadi # = 0,68 mimbepeMo KyTOBY MIBHAKICTh OOEpTaHHS BEIYyIHX
IKiBiB OpajbHOrO i MiAOMpanbHO-TIOBEPTATILHOIO anapariB @ = @ ppn u =57,1:0,68=38.,8 ¢’!. Toxi paxiyc

Vs _ 2,8

BEIYyYHMX INKIBIB OpaJIbHOTO amapara R, = =0,0725m. IBHAKICTS MOBEPTATILHOIO Taca MOBUHHA

b
OyTH piBHOIO 200 TPOXHW OUTBIIOIO 3a MIBUIAKICTH MiAOUPANTBHOTO TpaHCIIOpTEpa, MO0 He 0yII0 HAKOITMIEHHS
creben. ToMy pazaiyc Beaydoro IKiBa HNPUBOAY MigOMPajbHO-IIOBEPTAIBHOTO amapara, 3a Ti€l K KyTOBOI

IBUIKOCTi 06epTaHH IIKiBa, 110 i IIKiB IPUBOLY OpambHOTO amapata, 6yne g - Vo _ 35 _ 0.09m
" o 388
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L. Datsiuk, S. Yuhymchuk, M. Vrzheshch, V. Say. Justification of parameters of a universal flax
harvester.

The article justifies the design parameters by coordinating the work of variables and permanent
mechanisms of universal flax harvesting machines. Schemes of variable mechanisms are constructed and
their main parameters are justified. The use of a universal flax harvester, which can perform separate
operations at different times and may have interchangeable apparatus, eliminates the risks of flax harvesting.
Thanks to this, both combines and separators can be applied, which will increase the efficiency of the
harvesting operations. In this regard, it is advisable to carry out research and development work to create a
cheap and easy-to-use flax harvester with interchangeable machines.

The thesis is devoted to theoretical and experimental research and studies of removable nodes of
flax-harvesting machine-pulling and picker-turning devices to ensure versatility of flax-harvesting machine,
and its use for combining and separate harvesting.

For solution of the raised problems particularities of two ways of harvesting flax have been analysed,
scheme of flax-harvesting machine with removable devices is offered. Belts transmissions of removable
devices were investigated. Distribution of pressures in transverse creeks of pulling device when working was
determined. Transition of stalks from transporting channel to the channel of transverse transporter of flax-
harvesting machine was investigated. Work and location of scrapers of pulleys and rollers, was studied.
Consumed power of flax-harvesting machine when working was determined. Tests on comparison of
combine and separate technologies of flax harvesting were conducted. Field tests of universal flax-harvesting
machine equipped with the developed pulling device transporter and the same machine with picker-turning
device were conducted and economical effectiveness of machine was determined.

Keywords: universal flax-harvesting machine, flax, pulling device, picker-turning device, pulley,
roller, belt.

JALIIOK  Jleonio Mukonaiioguy, KaHIUAAT TEXHIYHUX HAyK, AoueHT Kadenpu «[ amyszeBoro
MalIMHOOYAyBaHHs Ta JicoBOro rocmomapcrsay, Jlyupkuit HTY, e-mail: Leon540@i.ua.http://orcid.org/0000-
0001-8166-0542

FOXUMYYK Cepeiti edoposuy, KaHAUIAT TEXHIYHUX HAYK, TOLEHT KadeaApH «ArpapHoi iHXKeHepii»,
JIyupkuit HTVY, e-mail: sergei-71@ukr.net.http:/orcid.org/0000-0001-8167-1712

BPJ)KEII] Muxona Bikmoposuy, KaHIWIAT TEXHIYHUX HAyK, IOIEHT Kadeapu «l amyzeBoro
MaIIUHOOYAyBaHHS Ta JicoBOTO rOCIOIapCTBaY, Jlyupkuit HTY, e-mail:
m.vrzheshch1612@gmail.com.http://orcid.org/0000-0003-3272-2705

CAH Bonooumup Anamoniiioguu, KaHAUAAT TEXHIYHUX HayK, JomeHT Kadempm «Texmomorii i
oOnagHaHHsA TmepepoOHuX BupoOHMUTB» Jlynpkuit HTY, e-mail: wolodia-say@ukr.net.http://orcid.org/0000-
0002-6187-6175

Leonid DATSIUK, candidate of technical sciences, docent of the department "Sectoral engineering and
forestry", Lutsk NTU, e-mail: Leon540@ji.ua.http://orcid.org/0000-0001-8166-0542

Sergey YUHYMCHUK, candidate of technical sciences, docent of the department "Agrarian
engineering", Lutsk NTU, e-mail: sergei-71@ukr.net.http://orcid.org/0000-0001-8167-1712

Mykola VRZHESHCH, candidate of technical sciences, docent of the department "Sectoral engineering
and forestry", Lutsk NTU, e-mail: m.vrzheshch1612@gmail.com.http://orcid.org/0000-0003-3272-2705

Volodymir SAY, candidate of technical sciences, docent of the department "Technologies and
equipment of processing industries" Lutsk NTU, e-mail: wolodia-say@ukr.net http://orcid.org/0000-0002-6187-
6175

DOI: https://doi.org/10.36910/automash.v2i13.88

, 2019, Ne2 (13)


mailto:wolodia-say@ukr.net
http://orcid.org/0000-0002-6187-6175
http://orcid.org/0000-0002-6187-6175
https://doi.org/10.36910/automash.v2i13.90

© Kipiuok O.T'., AnTontok B.I1., IleBuenko O.B. 2019

VK 656.025.2(100):33
UDC 656.025.2(100):33

Kipiuok O.I'., Antontok B.I1., IlleBuenko O.B.
Hayionanenuil ynieepcumem 6001020 20cno0apcmea ma npupoooxkopucmysanisi, m. Piene

POJIBb 1 3BHAYEHHS MIZKHAPOJHUX ABTOMOBIVIBHUX ITACA’KUPCBKUX ITEPEBE3EHD
Y PO3BUTKY EKOHOMIKH KPATHH

B crarti mpoBemeHMil KpUTHYHHMII aHanmi3 opraHizamii MDKHApOZHUX aBTOMOOUIBHHX MAaCaXKMPCHKHX
HepeBe3eHb, TOCIKEHO CHCTEMY MDKHAPOIHUX MACAKUPCHKUX MEPEBE3CHb, 3aIPONOHOBAHO LIISIXH BAOCKOHAICHHSI
1 MOKpaIaHHs TPAHCIIOPTHOTO 00CIYTOBYBaHHS HACEICHHS HAa MDKHAPOIHUX aBTOOYCHHUX MapIIpyTax.

Kuo4oBi ciioBa: MiKHApOJHI IEPEBE3CHHS, NACAKUPChKUI TPaHCIOPT, aBTOOYC, EKOHOMiKa KpaiHu,
aBTOOYCHE CIIOJIYYCHHSL.

BCTYII

AHaJi3 macaXUpPChbKUX MapIIPYTHUX CHCTEM MDKHAPOJHOTO CIIONyYeHHS CBIAYUTH NMPO Te€, IIO
eeKTHBHE (YHKIIOHYBaHHS TPAHCIOPTY B CY4aCHHUX YMOBaxX BH3HA4a€ HE TUTbKM €KOHOMIYHUH PO3BHTOK
KpaiHw, aje ¥ 3aJ0BOJICHHS HaraJlbHUX TNOTPe® MUTHHOHIB JIOJEH 1 CHpHSIE PO3BUTKY MIKHAPOIHOTO
CIiBpOOITHHIITBA Ta 3B’ SI3KiB [1].

B opranizamii cucremMu MiKHApOAHHUX aBTOOYCHMX MapUIPYTiB HAaKONMYEHO IEBHUHA JOCBIA i
MOPIBHSAHO 3 IHIIMMH BHUIAMU TPAHCIOPTY MAalOTh MicIie naBHI Tpamuilii. CyNpoOBOIKEHHS ITacaKHUpPiB
MIDKHApOJHHUX aBTOOYCIB KBaTi(PiKOBAaHMMHM CTHOAPIAaMH Ta T'11aMH JI03BOJIIE CIIPOCTUTH MPOLEAYPY MUTHOTO
Ta MPUKOPIOHHOTO KOHTPOITIO.

TakuM YWHOM, BHPINICHHS HAraJlbHUX MPOOJEM aBTOMOOUILHOTO TPAaHCHOPTY Oe3MoCcCepeHbO
BILTMBA€E Ha MDXKHAPOTHI MTEPEBE3CHHS MACAKUPiB. PO3BUTOK Mi’XKHAPOIHOTO TypU3MY, ATOBHUX, KYJIBTYPHHX,
CIIOPTUBHHX, HAYKOBO-TEXHIYHUX Ta IHIIMX BHUIIB MDKHApPOAHUX 3B’A3KiB, KUNBbKICHE 1 IKiCHE 301IbIICHHS
TPaHCHOPTHUX 3ac00iB, YAOCKOHAJIIEHHs LUIAXiB CIONYYEHHS 1 opraHizamii epeBe3eHb CIPHAIOTH
3pOCTaHHIO iX 0OCHTIB.

AHAJII3 JIITEPATYPHUX JIZKEPEJI I IOCTAHOBKA ITPOBJIEMHA

[IpoGiemu opramizaimii Ta yHOpaBIiHHS TIPOIIECOM IEPEBE3CHb, B TOMY YHCII aBTOMOOITHHHX
MacaXUpPChKUX, po3risaHyTi B poborax C. II. AprembeBa, O. C. Cmupnosa [2], B. A. I'yakxosa, JI. b.
Mupotuna, A. B. Bemsmoxkuna [3], O. A. JImutpuesa [4], B. K. Jloms [5] Ta iHITMX BUSHUX.

ABTOMOOITBHUN MACaXUPCHKUH TPAHCIOPT € CKIIAI0BOIO0 YAaCTHHOIO €IMHOI TPAHCIOPTHOI CHCTEMH
kpainu. Ii ycrinHe QyHKIiOHyBaHHS 31€6UIBIIOrO 3aJ€XKUTh BiJl KOOPAMHAL{I poOOTH 3 iHIIMMM BHIAMH
TPAHCIIOPTY.

Jis cydacHoi VYkpaiHM 3Hau€HHS AaBTOMOOIIBHOIO IACaKUPCHKOIO TPAHCIOPTY HEOILIHEHHE,
OCKINIBKM caMme BiH 3’€/IHy€ pi3Hi perioHW y €nuHy KpaiHy, a YKpaiHy — 3 iHIIMMHU KpaiHamMu €BpOIU Ta
IHIIUMHM YacTUHAMHU CBITY. B 1IbOMy CEHCI TPaHCHOPT € OJHWUM 3 BH3HAYAIBHHX JICPKABHOYTBOPIOIOYHX
(akTopiB 1 BXOKEHHsT YKpaiH! B €BPONEHChKUN MPOCTIp.

ToMy aHaii3 TpaHCIIOPTHHUX HPOLECIB B KOHTEKCTI €BPONEHCHKOT iHTerpamii YKpaiHu € akTyaJlbHUM 1
nmoTpedye rIIMOOKOTo 1 BCEOIYHOTO JOCHTIIKEHHS.

OUJIb I 3AJAYI JOCJIKEHD

CyuacHHH eTall PO3BUTKY E€KOHOMIKM YKpaiHH TOB’S3aHUI 3 MEPEeXOJOM IO PUHKOBHX BiJHOCHH,
XapaKTePU3y€EThCS MMiIBUIICHHSM COIIaTbHUX, OpPTaHi3aIlifHUX, €KOJOTIYHUX Ta TEXHOJOTIYHHUX BHMOT
010 (QYHKIIIOHYBaHHS 1 PO3BUTKY TPAHCIIOPTHOrO KOMIUIEKCY. CXHIBHICTh O CIIBPOOITHHIITBA B Pi3HUX
Taxy3sX CYCIUIBHOTO BHPOOHHWIITBA 1 COMmiaNbHIH cdepi BUKIUKAE HEOOXIMHICTh YAOCKOHAJICHHS
MDKHApPOJAHUX MACaAXHUPCHKUX IIepeBE3eHb Ta 3MINHEHHA TMO3MLIH BITYM3HSIHOTO IEPEBi3HMKA Ha
TPAHCIIOPTHUX pPHUHKaX. EKOHOMIYHA KpW3a Ha TPAHCIOPTI, K 1 B IHIIUX Tany3sAX, y 3HAYHIA Mipi €
HACJIKOM HaMaraHHs CTBOPHUTH Yy CTHCII TEPMiHM CaMOCTIHHY HaIllOHAIBHY MapHIpyTHY CHCTEMY, Ha
TepeHax KOl 3HauHa KiJbKICTh TPAHCIIOPTHHUX MiAMPUEMCTB 1 IEPEBI3HUKIB CHOTOHI HE B 3MO031 e()eKTUBHO
(YHKLIOHYBATH, IO HEPEIIKOHKAae POPMYBAHHIO CIIJIBHOTO PUHKOBOT'O TIPOCTOPY.

VY cydacHOMY CBITOBOMY IOZLTI BUPOOHHUIITBA BIACYTHI IIPHUKIAIA HABITH Cepel POSBUHEHUX JCPKaB,
100 TPaHCTIOPTHI cUCTeMu OyJM BiJOKpEMIICH] 1 He 0a3yBaluCh Ha iHTErpaliiHuX IpUHIUNAX. ITHOpyBaHHS
IpOro (aKTy, HETOCTATHICTh 3aKOHOJABUOi, HOPMATHBHO-IIPABOBOI, TEXHOJOTTUHOI Ta iHpopMaLiiiHoi 6a3u
MDKHApOJHUX TEPEeBE3eHb MPU3BOAUTH A0 TOTO, M0 YKpaiHa, siKa 3HaXOMUTHCS Ha MEPEeXpecTi TOJIOBHUX
TPAHCIIOPTHUX HANPSIMKIB €Bp0a3iiChKOr0 KOHTHHEHTY, IO MAlOTh THUCSYOJIITHIO iCTOPi0, HE MOBHICTIO
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peamizye Il TIepeBarm B PO3BUTKY HAIlIOHAIBHOI TPAHCIOPTHOI CHCTEMH Ta MEPEeXi MiKHAPOIHUX
TPAHCIIOPTHUX KOPHUIIOPIB.

PE3YJbTATH JOCIIAKEHb

Pone MikHapomHOro aBTOOYCHOTO TPAaHCHOPTY Cepell IHIIMX BHUIIB TPAHCHOPTY B ICTOPHYHOMY
KOHTEKCTI CYTTE€BO 3MiHIOBasach. lle TOSCHIOETHCS THM, WIO JaHWA BHJ TPAHCIOPTY BiTHOCHTHCS MO
TIOMYJIIPHUX 1 HEOPOTHX BUIIB crioydeHHs. [IpoTe 1o cepenuuu 60-X poKiB BiH He KOPHUCTYBABCS BEITHUKOIO
MOMYJISIPHICTIO 3 TIPUYMHH OOMEKEHOCTI CYMYTHBOTO cepBicy Ta KOM(OpPTHOCTI moi3mku. Ane Bke
MoYMHAIYM 3 1966 p., MiKHApOAHWI aBTOOYCHHH TPaHCIOPT OTPHMYE IIOIITOBX IO PO3BHUTKY:
30UTBIITY€EThCS TOBXKUHA PETYISIPHUX MAPIIPYTIB, SKI MPOXOAATH MO TepuTopii 2-3 kpaidn. Takum dmHOM,
MOCTYIIOBO CKJIAJAa€Thcs CTa0lIbHUI PUHOK MIKHAPOAHUX TPAHCIIOPTHHX TOCIYT 3 IEPEBE3CHHS MaCaXXHPiB,
KU TOpsAA 3 PO3IMHUPEHHAM CHCTEMHU MDKHAPOAHMUX MapIIPYTIB XapaKTepPH3YETbCS OOJAIITYBaHHAM ix
CYYaCHUMH aBTOCTAHI[ITHIMH TEpMiHAIAMHU, PO3MIMPEHHIM KOJIa HAJJAHHS CYIYTHIX TTOCITYT.

Bigomo, mo B npyriii monouHi 70-X pOKiB MiKHapOAHI aBTOOYCHI MepeBe3eHHsI 3a3HaJIH CyTTEBOTO
cnangy, Skuid OyB BUKIMKAaHUM HacHigKaMH eHepreTuuHoi kpu3u. OmHak Bke Ha modaTky 80-X pOKiB
MDKHApOJHUNW aBTOOYCHHU TpaHCHOPT HaOyBa€ IMOMYJSIPHOCTI cepell HaceICHHS PO3BHHEHHX KpaiH,
ocob0immBo €Bpornu Ta AMepuku. lle TOSCHIOETHCS, TIEPIIT 3a BCE, THUM, IO BHPOOHHUIITBO Mi’KHAPOIHUX
aBTOOYCiB HAOMIKAETHCS 1O KOM(OPTHOCTI A0 3ai3HUYHHUX BaroHiB, JIETKOBUX aBTOMOOIJIB 1 JiTakiB, a 3a
OKpEeMHMH TIOKa3HUKAMH IX TIepeBepIlye, a came: aBToOycH OONaJHYIOThCS 3pYyYHHMH KpiciaMu 3
BIIKUAHUMH CHUIAIHHAMH, KOHIHUITIOHEpaMH, pamionpuiiMadamu, OapaMu, TeleBi3opamMH, TPOMaJICHKUMU
BOMpaJIbHSAMH, 3ac00aMH TEeNCKOMYHIKaliHHMX TEXHOJOTiH Tomo. Pa3oM 3 THM, KOHCTPYKLIiS Cy4acHHX
MIKHApOJAHUX aBTOOYCIB 3a OakaHHSIM MacaXUpiB NO3BOJISE 3AIMNCHUTHU 1X mepeoOnagHaHHs Uil TPHUBAJIOTO
BIAMMOYMHKY. MIiCTKICTh aBTOOYCIB, SIK IIPaBHIIO, KOIMBAETHCS B Mekax Bin 40 mo 70 macaxupis, a TOMY Taxi
aBTOOyCH OOJNIaHYIOTbCA TOTY)KHUMH €KOHOMIYHMMH JIBUTYHAMH 1 XapaKTepPH3YIOTbCA BUCOKUMH
HIBUIKOCTSIMH TIEPEeCyBaHHsI, II0 3HAYHO MiABHIIYE KOHKYPEHTOCTIPOMOXHICTh aBTOMOOIJIBHOTO TPAHCIIOPTY
TIOPIBHSAHO 3 IHIMUMHU BUAaMH. lle M03BOJIsT€ OpraHIYHO MOENHYBATH IMIBHAKICTH TOCTABKH IMACAXHUPIB J0
MICIISI IPU3HAYCHHS 3 CYIIYTHHOI0 MOXIIMBICTIO JIUIS TTACAKHUPIB 3 CAIOHY OTJISIATH TaM’ sITKU 1 MICIEBICTb,
10 SIKii BOHU MPOiKKAIOTh.

B opranizamii cucremMu MiKHApOAHHUX aBTOOYCHMX MAapUIPYTiB HAKOMMYEHO IE€BHUHA JOCBIiX i
TIOPIBHSAHO 3 IHITUMHU BHJIaMH TPAHCIIOPTY MAalOTh MICIle JMaBHI Tpamuilii. Hampukiam, Tpaca aBTo0yCHOTO
MapuipyTy Moke OyTH MpOKJIafeHa depe3 HEBENMKi MicTa, IO POOUTH MOT0 JAOCTYIHUM Ta 3pYYHUM IS
ciMeHMX mNacaxupiB 1 Jroaed moxwioro Biky. CyNpOBOKEHHS MMAacaKUpiB MIKHApOIHUX aBTOOYCIB
KBaTi(hiKOBaHMMH CTIOApJaMH Ta TiJaMHU JIO3BOJISIE CIPOCTHTH MPOIEIYPY MHUTHOTO Ta MPHUKOPIOHHOTO
KOHTPOJIIO.

MixHapoIHUM aBTOOYCHUM CIIOJYYCHHSIM IIOB’si3aHO OaraTto MIcT y KpaiHax 3aximHoi €Bpomu Ta
Awmepukun. 3a maaumu 2018 p. mismo 350 MiXKHAPOIHUX PETYIIPHUX aBTOOYCHUX MApIIPYTiB TOBXKUHOIO BiJl
300 go 5000 xm.

VY 3axingHiilt €Bpormi icHye ABa OCHOBHHX O(QILIHHUX pO3KIaIN MIXXHAPOAHUX aBTOOYCHUX MapIIPYTiB:
Autobus i Europabus. Europabus sBmsge co0oro 3BefCHHS PO3KIagiB TYPUCTHYHHX aBTOMOOUTBHHX
MIAPO3IUTIB yIpaBIiHb 3ali3HULL 14 3aXiTHOEBPOINEHCHKUX KpaiH. Mepeka MapIIpyTiB coro3y 0nm3bko 80
THUC. KM.

Autobus 0yB 3BeJIcHUM PO3KJIa0M pyXy aBTOOYCiB €BPONECHCHKUX COLIaTiCTUYHUX KpaiH i BUJaBaBCs
cainbHO Bonrapiero, Yropiusoro, [Tonsmieto, Pymyniero, CPCP i Uexocnosauuunorw. Kpim Europabus, y
3axigHii €Bpomi iCHYIOTh PEeTyJIsSIpHI aBTOOYCHI MapIIpyTH, sIKi €KCINTyaTyIOThbCs He3ajaekHo. B Tadm. 1
HaBeIEHO OCHOBHI PeryJIsipHi MapHIpyTH y KpaiHax 3axigHoi €Bpomnu.

KonkypeHnttis 3 60Ky 3ali3HIYHUX 1 aBlallifHUX PETYILIPHUX MaCAKUPCHKUX JIIHIN, a TAKOX JIETKOBOTO
TPAHCIOPTY 1 TYPUCTHYHOrO Oi3HECY 3MYIIYIOTh 3axXiJHOEBPOICHCHKMX YYacHUKIB corwo3y Europabus
MPUCTOCOBYBATHCH O IIBUAKOIUIMHHUX O0OCTaBMH. B yMoBax Takoi KOHKypEeHILIi mepeBaror peryispHHX
aBTOOycHMX MapuipyTiB Europabus € He Tinbku mBuake i KOM(OpPTHE MEPEBE3CHHS MACaKUpiB, aje i
MOXMUIMBICTD 3IIACHEHHS TOI3IKH 3 IMi3HABAJILHOI METO: MACaKUPU OOCIYTOBYIOTHCS KBalli(hiKOBaHUMU
rizamu, siKi BOJOAIIOTH SK MiHIMyM JBOMa iHO3€MHHMH MOBaMH, B TOH 4Yac, SIK Ha €KCIPECHUX MaplIpyTax
nepeBara HaJaeThCsl TIIBKH NIEpEeBE3CHHAM 0€3 ypaxyBaHHs CyIlyTHbOTO 00CITyrOBYBaHHSI.
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Ta6must 1 — OcHOBHI peryIsIpHI MapIIpyTH Y KpaiHax 3axigHoi €Bporu

JlopxxuHa TpuBanicTh Moi3aAKK IBuakicTs
HaiimenyBaHHS MapIpyTiB MapuipyTiB, | B OJHOMY HalpsAMKY, | CIHOJY4YEHHS,
KM roJI. KM/TOJ.
Awmcrepaam — Ocrenne — JIoH0H 559 13 43
Awmcrepnam — bon — @pankdypT-Ha-MaiiHi 506 12 42,2
Bproccens — [Tapmx 325 5 65
AmntBeprieH — bproccens — bapcenona 1355 56 24,2
AmnTBeprieH — bproccens — MioHxeH 1247 36 34,6
Jlormon — Ocrenne — [lo3Hans — Bapmrasa 1500 48 31,2
Mionxen — Benenis 470 12 34,2
Jlonnon — Miouxen — 3anbu0ypr — benrpax —
Codist — Aq)iHZp P 2300 %6 24
MroHxeH — Bme}@ — Bbynanemr — benarpan — 2000 60 333
Codis — CramOyn
AmntBeprieH — Minan — KaTosire 1415 36 39,3

Bumenasesneni TeHaeHNii poO3BUTKY MIKHApOIHOTO aBTOMOOIIBHOTO TPAHCIOPTY MArOTh Miclle Mpu
3MIHCHEHHI MDKHApOOHMX IIePEBE3¢Hh B YKpaiHi. AHANI3 MMACAKUPCHKUX MAapHIPYTHUX CHCTEM
MIXKHApOJHOTO CIIONYYECHHS MOKa3ye, mo e(eKTUBHE (PYHKIIOHYBaHHS TPAHCIOPTY B CyYaCHHX YMOBax
BU3HAYa€ HE TUTBKM EKOHOMIUHHMI PO3BUTOK KpaiHW, aie W 3aJ0BOJICHHS HarajJbHHUX HOTped MUTbHOHIB
JIONICH 1 CIIPHSIE PO3BUTKY MIKHAPOIHOTO CIIBPOOITHUIITBA Ta 3B s3KiB [6].

Posmonin mepeBe3eHs 3a BUIAMU TPAHCIIOPTY B YKpaiHi CBIIYNTH, IO HA aBTOMOOUTEHUN TPAHCIIOPT
npunazaae nmoHan 85% o0csriB macaXMpPCbKUX IepeBe3eHb. B Ykpaini KiTbKicTh MapmipyTiB 3a octanHi 10
pokiB 3pocna Oinpmie HiK y 10 pasiB, a o0csru mepeBe3eHb nacakupis 30inbmmnucs 3 0,5 mutH 10 6,0 MITH
rmac. Ha pik. MapIpyTHa CHCTEMa PETYJISPHOro aBTOOycHOro cronydeHHs y 2018 p. ckmamamace 3 190
MapuIpyTiB i1 3a0e3nedyBana cTanuil 38’130k 3 15 kpaiHamu €Bpomnu, He BpaxoBytoun kpain CHJ. Lle Taxi
kpainu, sk [lonpma, CnoBauunna, Pymynis, Yropmuna, Yexis, bonrapis, Himeuunna, Asctpisi, TypeuunHa,
BemukoOpuranis, Jlatsis, Ecronis, ['peris, @panris tomo. Haitbinmem po3BHHEHAa MapIIpyTHAa CHCTEMa
ctBopeHa 3 PecmyOmikoro [lonemia, CroBauumnoto, YropmuHoto, Pymyniero, Uexietro Ta HiMmeuunro0. Y
2018 p. Ha peryispHUX aBTOOYCHHX MapHIpyTax BUKOHyBasoch 384 peiicu. Hampuknaa, mixk Ykpainoro i
[Tompmiero moaerHo 20 yKpaiHCRKUMH Ta 26 1HO3EMHHMH TTePEBI3HUKAMHU 3MIMCHIOEThCS 138 peiiciB Ha 67
aBTOOYCHUX MapIipyTax.

PosrnsiHeMo po3monin momuTy Ha MepeBe3eHHs 3a perioHamu. [IpiopUTeTHHUMH 3aUIININCS 3B’ SI3KU
VYkpainu 3 Pociticekoro @eneparniero ta kpainamu CHJL (28,2%). Jlpyre Miciie 3a iHTEHCUBHICTIO 3aiiMalOTh
Kkpainu €Bponu i bamsskoro Cxony, BignosigHo 22,1%. Lle MOsSCHIOEThCA CKPYTHUM €KOHOMIYHHUM CTaHOM
HACEJICHHSI, CTAHOBJICHHSAM PUHKOBHUX BITHOCHH, IO MPU3BENIO A0 MOSBU LION-TypU3MY. Alle, SIK MOKa3ylOTh
MPOTHO3HI PO3paxyHKH, B HaiOmmx4di 10 pOKiB BaXJIMBUM HAampsIMKOM Y PO3BUTKY MacCaKUPCHKHX
nepeBeseHb Oyae Lentpansaa €Bpona, apke ChOroHI 00CST TIepeBe3eHb Y IIbOMY perioHi qocsrae 14%.

Oco0nrBe 3aHEMOKOEHHS TPAHCIIOPTHHUKIB BUKIWKAE 3a0€3MEUCHHS IEePEBE3CHh TPAHCTIOPTHUMH
3acobamu. Y  HalOmmwk4oMy MailOyTHBOMY YKpaiHCBKI HEpEeBi3HHKH, B OCHOBHOMY, OyIyTh
BHKOPHUCTOBYBAaTH aBTOOYCH 1HO3EMHOTO BHPOOHHWIITBA Yy 3B’S3Ky 3 THM, IO YKpaiHa TMOKH IO 3HUXKYE
BHITYCK TPAaHCIIOPTHHX 3aco0iB, a MUKHApOAHWH aBTOOYC iCHYE TIIBKHA Yy BapiaHTI €KCIIEPHUMEHTAIBHOTO
3pasKa, KUl CTBOpeHHi Ha JIbBIBCbKOMY aBTOOYCHOMY 3aBO/Ii.

3aKOHOMABCTBO TIPO  JEepKaBHE PETYNIOBAHHA MDKHAPOAHHWX II€pEBE3€Hh  aBTOMOOUILHUM
TPAHCIOPTOM CKJagaeThes 13 3akoHy Ykpainu «[Ipo nmepxaBHe peryiroBaHHS MiKHApOJHHUX TEPEBE3CHb
MacaXupiB Ta BaHTAXKIB aBTOMOOUILHUM TpaHcmopTom», «IIpo TparcmopT», «IIpo mopoxkHiit pyx», «IIpo
ABTOMOOUIBHUN TpaHCIOPT» Ta IHIIMX HOPMATHUBHO-NIPABOBUX akTiB. (OCHOBHHUMH 3aBJaHHIMH
3aKOHOJABCTBA 3 MUTaHb MIKHAPOJHUX NEPEBE3CHb MACAXHUPIB Ta BAHTAXIB aBTOMOOIJIBHUM TPaHCIOPTOM
€:

— BH3HAYEHHS OCHOBHHMX IPaBOBUX Ta OpraHi3allifHUX OCHOB JICPKABHOTO PETYIIOBaHHA y cdepi
MDKHapOAHUX NEPEBE3CHb NaCAXHUPIiB Ta BAaHTAXKIB aBTOMOOIIEHUM TPAHCIOPTOM;

— YCTaHOBJIIEHHS BHMOT JIO NIEPEBI3HUKIB, BOJIIB Ta aBTOTPAHCIIOPTHUX 3aCO0IB MI0/I0 3a0e3MeYeHHS
0e3IeKn TiepeBe3eHb Ta EKOJIOTTYHOI Oe3NeKy;
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—  BHW3HAYCHHI CHCTEMH JEP>KaBHOT'O KOHTPOJIIO, TIPaB, 000B’SI3KiB Ta BiAMOBITATHHOCTI EPKaBHUX
OpraHiB BHUKOHABYOI BJaJd Ta IEPEBI3HUKIB 3a MOPYIIEHHS BCTAHOBJCHOI'O 3aKOHOAABCTBOM YKpaiHU
MOPSIKY.

BignosigHo no 3akoHy Ykpainu «lIpo TpaHcmopT» Aep)KaBHE YNpaBiiHHA B Taly3i TPaHCIOPTY
3MICHIOIOTH IICHTPAILHUN OpraH BHKOHABYOI BiaaH, I0 3abe3nedye (GopMyBaHHS Ta peanizye AepKaBHY
TIOJTHKY Yy cepl TPaHCIIOPTY, JOPOKHBOTO TOCIIOAAPCTBA, TYPHU3MY Ta 1H(PACTPYKTYPH, MICIIEBI paay Ta
1HII YIOBHOBA)XCHI HA T€ OPTaHU BiMOBITHO JIO iX KOoMIeTeHIIii [7].

3akon Ykpainu «[Ipo moposkHil pyX» peryjroe CyCIiIbHI BIIHOCHHH y cdepl JOPOKHBOIO PYXy Ta
Horo Oe3neku, BU3HAYAE TIpaBa, 000B’SA3KH 1 BIAMOBIMATLHICTE CY0’€KTIB - YYACHHKIB JOPOKHBOTO PYXY,
MIHICTEpCTB, IHIIMX LEHTPAJbHUX OpPraHiB BUKOHABYOI BIaAW, 00 ’€IHAHb, MiAIPUEMCTB, YCTAHOB 1
opraHi3aliif He3auexHO BiJ (popM BIACHOCTI Ta rocoAapioBaHHs [§].

3rinno 3 3akoHoMm VYkpainum «[lpo aBTOMOOINTBPHMI TpaHCHOPT» OpTaHi3alWil0 MiKHAPOIHUX
TIePEBE3CHD IMACAKUPIB 3INCHIOITH IMEPEBI3HUKUA BIAMOBIAHO J0 MIKHAPOIHHX JOTOBOpIB YKpaiHu 3
MUTaHb MIKHAPOJHUX aBTOMOOITILHUX ME€peBe3€eHb 1 SKi MAlOTh JOCBiA POOOTH HA BHYTPIIIHIX MEPEBE3CHHAX
Ha JIOTOBIPHUX YMOBaXxX HE MEHIIE, Hi’K TpU POKH [9].

[Ipu BUKOHAHHI MI>)KHAPOIHUX TTEPEBE3CHD ACAKHUPIB PE3UCHTH Y KpaiH! OBUHHI MaTH:

— 7I03BOJIM 1HO3EMHHX KpaiH, [0 TEPUTOPIi AKUX Oyae 3aIHCHIOBATUCS IEPEBE3CHHS;

— JIEeH31iHy KapTKy Ha TPaHCIIOPTHUH 3aci0;

— CBIJIOIITBO PO PEECTPAITi0 TPAHCTIOPTHOTO 3aC00Y;

— ceprudikaT BiAMOBIAHOCTI HIOAO OE3MEKH PyXy, EKOJIOTiuHOi Oe3leKu Ta eHEepro30epeeHHs
BUMOTaM KpaiH, [0 TEPUTOPIi AKUX Oye 3MIHCHIOBATHCS NIEPEBE3CHHS,

— CHHCOK MacaXupiB (IIPU HEPETYIAPHUX Ta MAsITHUKOBHX IIEPEBE3CHHSX );

— 0O11eTHO-00TIKOBY JOKYMEHTAILIIIO;

— CXeMy MapiipyTy;

— ceprudikaT BIiAMOBIZHOCTI TPAHCHOPTHOIO 3aco0y BHMOraM 3aKOHOJABCTBA YKpaiHH II0J0
0e3mneKn pyxy, eKOJIOTriuHOl Oe3MeKn Ta eHepro30epeKeHHS.

MixHaposmHe CHIBpOOITHHITBO Yy cdepi MDKHApPOJHUX TIEPEBE3CHb IIaCaXUpPiB 3a0e3rnedye
UEHTPaJIbHUK OpraH BWUKOHABYOI BJagd 3 IUTaHb ABTOMOOUILHOTO TPaHCIOPTY, SKHH Yy Mexax
TTOBHOBA)KCHb:

— Oprasi3oBy€ KOHTPOJIb 32 BUKOHAHHSAM MDKHApOJHUX IOTOBOPIB YKpaiHH 3 MUTaHb MIKHAPOAHUX
nepeBe3eHb MMAaCaKUPIiB 1 BAHTAXKIB;

— po3po0ise mporo3uLii MOA0 PO3BUTKY MIKHAPOAHOTO CHIBpOOITHHLTBA y cepi MDKHAPOAHUX
nepeBe3eHb MACaKUPiB 1 BAHTAXIB;

— Oepe ydyacTb y TMpPOBEICHHI 3aXOMdiB MO0 YKJIaJaHHS MDKHApPOJAHHMX JOTOBOPIB 3 IUTaHb
MDKHapOAHUX NEPEBE3CHb ACaXHPiB;

— Oepe y4yacTb y poOOTi Mi>KHAPOJHHUX OpraHi3aliil aBTOMOOIIBHOTO TPAHCIIOPTY;

— 3a0esmnedye BUAAUy I03BUIBHUX JOKYMEHTIB HAa MIXKHAPO/AHI IEPEBE3CHHS MaCAXKUPIB.

Buay 03BUIBHUX JOKYMEHTIB Ta TOPSIOK iX pO3MOALUTY, BHIA4i Ta BUKOPHCTAHHS YKPaiHCHKHMH
NepeBi3HUKAMH TIPU TIEPEBE3CHHI MO0 TEpUTOPii iHO3eMHMX KpaiH BH3HAYAIOTHCS LEHTPAILHHUM OPraHoM
BUKOHABYOI BJIaJH 3 IMTaHb aBTOMOOUILHOIO TPAHCIIOPTY 3 YPaxyBaHHSIM BUMOT 3aKOHOJABCTBA Y KpaiHH Ta
3aKOHOJABCTBA KPaiHU, IO TEPUTOPIi sIKOT Oyze 3AiiCHIOBATHCS IEPEBE3CHHS.

[Mopsimox odopmiieHHS 1 BHJAdi J03BOJIB Ha TOI3JKYy IO TEPUTOPISX I1HO3EMHUX JEp)KaB NpHU
BUKOHAHHI IepeBe3eHb MacaXUPiB aBTOMOOUILHUM TPAHCIIOPTOM Y MIKHApPOJIHOMY CHOJYYeHHi, iX 00Ky
Ta 0OMiHy BU3HAUYa€ IEHTPAILHUI OPTaH BUKOHABYOI BIAJIH 3 MUTaHb aBTOMOOITBHOTO TPAHCIIOPTY.

Jo3BinpHi gokymeHTH €Bpormetickkoi Kondepenmii MinictpiB TpaHCOpTy poO3MONIISAIOTh Ha
KOHKYPCHHUX 3acallaX 3 ypaXxyBaHHSAM piBHsS O€3MeKH pyXy ¥ eKOJOTiYHO1 Oe3MeKH TPaHCHOPTHHUX 3aco0iB,
3aMpOBaIKEHUX Y €BPONEHCHKUX KpaiHaX, eEeKTUBHOCTI IX BUKOPUCTAHHS.

[Mopsimok TpoBeleHHST KOHKYpCy Ta BUAadl TO3BUTBHHX JOKYMeHTiB €Bpormeiicbkoi Kondepenmii
Minictpie TpaHcnopTy BH3Ha4Ya€ IIEHTpaJbHUI OpPraH BHKOHABYOi BIAAM 3 IMHTaHh aBTOMOOUTFHOTO
TPaHCHOPTY.

MixxHaposHI TMepeBe3eHHsT MacaXHpiB MalOTh 3MIHCHIOBATUCH 3 JOTPUMAHHSIM PEKUMIB Mpari
BIJIMIOYMHKY BOJIiB 3TrifHO 3 €BPONEHCHKOI0 YroJI00 B YacTHHI POOOTH eKiMaxiB TPaHCHOPTHUX 3ac0o0iB
(EYTP) (yxnanena B Xeneri 1 nunas 1970 nompaBkamu, mo gifoTh 3 24.04.1992 p. Ta mpoTOKOIOM TIPO
T JITHC).
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Jlst 3aificHeHHS TIEpeBe3eHb Ha MIXKHAPOIHOMY MapIIpyTi IOBUHHE 3a0€311eIyBaTHUCh:

— KUIBKICTH BOAIiB BianoBigHo 10 €YTP;

— HAJEXHICTh NMEPEBIZHUKY Oe3MocepeHbO OJHOTO 1 Oiblie aBTOOYCiB, SKi BUKOPHUCTOBYIOTHCS JUIS
TPAHCHOPTHUX TMOCIAYT Ha KOKHOMY MapIIpyTi MIKHApOIHHX PETYJSIPHUX YHM CIELiaIbHUX PETyJISpPHUX
HepeBe3eHb TaKOXK JUIsI HePEeTYJIIPHUX YU MasTHUKOBUX II€PEBE3EHb;

— HasABHICTb OJHOIO PE3epBHOr0 aBToOyca Al HAaJaHHS TPAHCIOPTHUX IOCIYT HA KOKHOMY
MapuIpyTi M>KHAPOJHHUX PETYJISPHUX YU CHIELiabHUX PETyISPHUX NIEPEBE3CHb.

dopMyBaHHS MapIIPYTiB MIXKHAPOIHUX PETYISIPHUX MEpEBE3eHb MA€E BiIIOBIATH BUMOTaM II0JIO:

— 3aJIOBOJICHHS ITOTUTY HACEJICHHS B MIXXHAPOJHUX MEPEBE3CHHSX;

— BH3HAYEHHS MOYATKOBMX 1 KIiHLIEBMX IYHKTIB B OOJAaCHUX LEHTpax Ta BEIHKHX IMPOMHCIOBUX
MiCTax;

— TapUTETHOTO BUKOHAHHS IEPEeBe3eHb YKPATHCHKUMHU Ta iHO36MHUMH IEPEBi3HUKAMU;

— oprasizarii BiJipaBiIeHb aBTOOYCIB 3 aBTOCTAHIII{ 32 TOIMHAMH JOOH Ta THAMH THXKHS, BUXOJISTUH
3 PO3MOIiTy MONUTY Ha MEPEBE3CHHS Ta YMOB IIEPETUHY AEPKAaBHOT'O KOPIOHY;

— BpaxyBaHHs iHTEpeciB NEePEBI3HUKIB, IO MPAIIOIOTH HA MapUIpyTax.

Opranizaniss MKHapOJHUX PETYISIPHUX IEpeBe3eHb 3IIMCHIOEThCS B Kilbka eramiB. Ha meprmomy
eTarni BifOyBa€eThCs PO3TIIS 3asB PO BLAKPUTTS MapIIpyTy; IS I[LOTO IMEPEBI3HUK MoAae 10 MiHicTepcTBa
iHppacTpyKTypu YKpaiHi Taki JOKYMEHTH:

— 3asBa PO HaMIp BIAKPUTTS MapUIpyTy;

— MPOEKT CXEeMH MDKHAPOJIHOTO MapLIPYTY;

— TPOEKT PO3KJIAAY PyXY;

— TpOeKT rpadika poOOTH Ta BIAMOYMHKY BOJIIB;

— TPOEKT TapuQiB Ha IEPEBE3ICHHS;

— CIIMCOK aBTOOYCIB, 10 OyIyTh BUKOPHCTOBYBATHCH, y T.U. PE3EPBHUX;

— MiATBEpKEHHS BiAMOBIIHOCTI aBTOOyca yMOBaM IepeBe3eHb (Ha KOXKHUN aBTOOYC 3a CIIUCKOM);

— JIOBiKa TIEpeBi3HMKAa MpPO HASBHICTh JOCBily y TMepeBi3HUKA IIOJO 3AIMCHEHHS BHYTPIIIHIX
TIEPEeBE3CHD MAaCAKHUPIB MPOTITOM JIBOX 1 OiNbIe poKiB a00 MIKHAPOAHUX HEPETYISAPHUX UM MasTHUKOBHX
MepPeBE3eHb MMACAKHUPIB OJTHOTO 1 OIITBIIE POKIB;

— KOIIii CBIIONTB MPO MPOXOKEHHSI BOAISIMH CIIEIIabHAX KYPCiB MIDKHAPOTHHUX ITePEBE3EHb;

— Komis Jinen3ii Ha MpaBo HaJAaHHA TOCIYT 3 MDKHAPOJHUX TEePEBE3CHb MacaXHpiB aBTOMOOITEHIM
TPAHCTIOPTOM Ta JIIIEH31HHNX KapTOK Ha KOXKHUAN aBTOOYC 3a CITUCKOM;

— PpeKOMeHallisi TPOMAJChKOI Oprasizaiii TpaHCIOPTHOro Npodiar (MoJaeThes 3a OakaHHIM
MIEPEBI3HUKA).

MiHicTepcTBO iH(MpacTpyKTypu YKpaiHH MOXE 3alpoCHTH IiHITY iHGOpMaIlifo, He 3a00pOHEHY
YUHHUM 3aKOHOZABCTBOM, II[0 CTOCYETHCS TIEPEBI3HUKA YH MapUIPYTY, IO BiAKPUBAETHCS.

3asBa Ipo HaMip BiAKPUTTS MapIIPYTY BiIXHUISIETHCS Y pasi:

— SIKIIO BOHA MICTUTH HEJOCTOBIpPHI AaHi a00 MaTepiaiy He B TOBHOMY 00CsI3i;

— BIIMOBH y BHJadi J03BOJIy Ha 3AIHCHEHHS MIKHApPOAHHUX IMEPEBE3CHb MACaKUPIB KOMIIETEHTHUM
1HO3eMHOI AeprKaBy;

— 30iry cxemu MapupyTy 3 AIF0UUM, Ha SKOMY 3a/10BOJIBHSETHCS IIOIUT Ha IIEPEBE3CHHS;

— KOJIM Yac BIAMPaBICHHA 3 MOYATKOBOI aBTOCTAHIIi MapIIPyTiB, IO 30irafoThCs 3a HMUIAXOM PYXY
aBTOOYCiB HAaNPSAMKY, BIJPi3HAETHCS MEHIIE, HIX Ha 2 TOAWHH;

— BIACYTHOCTI y MepeBi3HUKa pe3ePBHUX aBTOOYCIB;

— MOpYILICHHS NPUHLIHUILY TApUTETHOIO BUKOHAHHS [IEPEBE3EHb;

— TOpYIIEHHS BUMOT JO0 Oprasizauii MibKHapOJHHUX IIePEBE3CHB;

— TOpYILICHHS BUMOTH BHUKOPHCTaHHS MEPENliKy JOPIr, Mo SKUX MPOKIaAeHi MIKMICHKi, MiK0OOJIacHi
MapuUIpyTH NE€PEBE3EHHS N1ACaKUPIB;

— TOpYILICHHS IEPEBI3HUKOM 3aKOHOJABCTBA PO aBTOMOOUIBHHUM TPaHCIOPT MPOTSITrOM OCTAHHBOT'O
POKY.

MinicrepcTBo iH(MPAacTPyKTYypu YKpaiHU TOBIIOMISIE TIEPEBI3HUKA PO TPUHHATE PIlICHHS B
MUCHMOBIH opmi. Y pa3i HajlaHHS NEPEBIZHUKY TpaBa Ha IMiJTOTOBKY JJOKYMEHTIB Ha BIKPUTTS MapIpyTy
MinicrepcTBo iHppPacTpyKTypu YKpaiHu 3abe3neuye iHQOpPMyBaHHS TEPUTOpIAIbHUX OpraHiB Biaau ado
YIOBHOBAXEHMX HUMH OpraHizauii Ipo MapupyT, 10 Ma€ BiIAKPUBATUCH, Ta PO3KIIAJA PyXy aBTOOYCiB, Hafae
METOJIMYHY JOTIOMOI'Y MEPEBI3HMKY B MIATOTOBI[ HEOOXIMHUX JOKYMEHTIB. TakMM YHMHOM, IICIs TO3BOJY
PO BIAKPHUTTS MAPIIPYTY MEPEBiI3HUK 30008’ I3aHUI:

— Y3TOAMTH 3 TEPUTOPIAIPHUMU OpraHaMH BJagd Ta 1HO3EMHHM IaCaKUPCHKUM IEPEBI3HUKOM
PO3KIIaJ] PyXy MiX>KHAPOHOTO MapuIpyTy;
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— CKJaCTH TacmopT Mapumpyry. Jlis IbOro pPEeKOMEHIYETHCS BHKOPHCTaHHS IPOTPAMHOTO
3a0e3nedyeHHs 11 3ac00iB 00YHCIIOBAIBLHOI TeXHikH, po3pooienoro I «/lepsxaBroTpanc H/II mpoekty;

— YKJIAaCTH YTrOIH MPO CHiJbHY TiSUTBHICTH 3 1HO3EMHHUM NEPEBI3HUKOM Ta aBTOCTAHLIISIMH;

— momatu 1o MinictepcTBa iH(pacTpykTypu YKpaiHW OOrOBOPH MPO CHUIBHY AiSUTBHICTH 3
ABTOCTAHITISIMH, 1HO3EMHUM TTACAKUPCHKUM TIEPEBIZHUKOM.

B cBoro uepry, MiHicTepcTBO iHPpacTpyKTypH Y KpaiHu:

— TMpuiMae pilieHHs OO0 BIAKPUTTS MapILIPyTy;

— 3aTBEPJIXKYE MACTIOPT MAPIIPYTY;

— HaJICHJIa€ KOMIIETEHTHOMY OpPTaHy iHO3eMHOI JIepKaBH, JIe MICTHTHCS KIHIEBHI ITyHKT MapIIpyTy,
BIANOBIIHO A0 BUMOI MIDKHApOJHOI yrogd NpO aBTOMOOIIbHI INEPEBE3CHHS 3asBYy IMPO BIIKPHUTTS
MDKHapOAHOTO MapLIpyTy 3 MPOXaHHSIM MPO OJIEpXKaHHS BiJ Hel BiANOBIIHOTO J03BONIy Ha 3IIHCHEHHS
MIXKHApOJIHUX MIEPEBE3CHb MACAKHUPIB TEPUTOPIEIO IHO3EMHOT JIepIKaBH;

— Yy pa3i OTpUMaHHA TaKOro [O03BOJNY HAJICHJIA€ KOMIETEHTHHM OpraHaM iHO3€MHHX JEpKaB,
TEPUTOPI€I0 SKUX MAIOTh 3IIHCHIOBATUCH IEPEBE3CHHS, BIAMOBIAHO OO BUMOI MDKHApOAHUX YIOJ IPO
aBTOMOOUIBHI TIEPEBE3CHHS, 3asBU NP0 OJCPXKaHHS BiJ HUX BIJINOBIAHUX [O3BOJIIB Ha 3IHCHEHHS
TPAaH3UTHHX MEPEBE3CHB IMACAKUPIB TEPUTOPIEIO IIUX IHO3EMHUX JICPIKAB;

— Tmepenac KOMIETCHTHHM OpraHaM i1HO3EMHHX JEpXKaB JO3BOJIM HAa 3IMCHEHHS Mi>KHAPOIHUX
nepeBe3eHb MacaKUPiB IHO3EMHHUMH MMACAKUPCHKUMU MTEPEBI3HUKAMU TEPUTOPI€I0 YKpaTHH;

— y3rojkye 3 Aaminictpariiiero Jepknpukopmonciyxou, Jlepxmurcinyxooo Ta MBC 4ac 1 myHKT
NEepPEeTUHY JeP’KaBHOTO KOPJOHY Ta 3aTBEpIKye rpadik MepeTuHy Jep:KaBHOTO KOPIOHY TPH 3/iHCHEHHI
MIKHApPOIHUX PETYISIPHUX TIePEBE3CHb;

— yKJaJae JOrOBOPH TPO BHKOHAHHS MDKHAPOJHUX PETYJSPHUX NEpeBe3eHb 3 YKpPailHCHKUMH
MePeBiI3HUKAMU;

— BHUJIA€ J03BOJIM YKPATHCHKUM II€PEBI3HMKAM Ha BUKOHAHHS MIKHAPOJHUX IMEpEBE3CHb TEPHTOPIEI0
VYkpainu Ta iHO3eMHUX JIepXKaB;

— iH}opMye 0OaCcHI aBTOTPAHCIIOPTHI YIPaBIiHH PO MOYATOK PyXy aBTOOYCIB Ha MapIIpyTi.

OBI'OBOPEHHA PE3YJIBTATIB JOCJTIAKEHHSA

Pesynpratu mocnmimkeHb, BUKIAJCHI y cTaTTi, Oynu oOroBopeHi 1 cxBalieHI Ha 3acifmaHHi Kadeapu
TPAHCIIOPTHUX TEXHOJIOTIH 1 TEXHIYHOTO cepBicy HarlioHaIpbHOTO YHIBEPCHTETY BOAHOTO TOCIIOJAPCTBA Ta
MPUPOAOKOPUCTYBAHHSI T4 PEKOMEHIOBaHI 10 OMYyOJiKyBaHHS Y CIEliaji30BaHOMY HAayKOBOMY >KypHaii
(mpotokoi Ne 1 Bix 03.09.2019 p.).

BHUCHOBKHN

AHaJi3 MacaKUPCHKUX MapIIPYTHUX CHUCTEM MIKHAPOIHOTO CIIONYYCHHS CBITYUTH IMPO TE€, IO
eeKTHBHE (YHKIIOHYBaHHS TPAHCIOPTY B CYYaCHHUX YMOBAaX BH3HAYa€ HE TUTbKM €KOHOMIYHUH PO3BHTOK
KpaiHw, aje i 3aJ0BOJICHHS HaraJlbHUX TNOTPe® MUTHHOHIB JIOJAEH 1 CHpHSE PO3BUTKY MIKHAPOIHOTO
CIIBpOOITHHIITBA Ta 3B’SI3KiB.

B opranizamii cucremMu MiKHApOAHHUX aBTOOYCHMX MapUIPYTiB HAKONMMYEHO IE€BHUHA JOCBIiX i
MOPIBHSIHO 3 IHIIMMHM BHIAMH TPAaHCHOPTY MaloTh Micue AaBHi Tpagumii. CynpoBOIKEHHS Naca)XXHpiB
MIDKHApOJHUX aBTOOYCIB KBaIi(PiKOBAaHMMH CTHOAPIAaMH Ta T'11aMH JI03BOJISIE CIIPOCTUTH MPOLEAYPY MUTHOTO
Ta MPUKOPIOHHOTO KOHTPOITIO.

MixHapoIHUM aBTOOYCHUM CIIOJYYCHHSIM IIOB’si3aHO OaraTto MIcT y KpaiHax 3aximHoi €Bpomu Ta
Awmepukn. Y 3axigHidi €Bpomi iCHye aBa OCHOBHHX OQIIIHHAX PO3KIATH MIKHAPOIHUX aBTOOYCHHX
MapiipyTiB: Autobus i Europabus.

Pe3ynmbrati cTaTTi MOXKYTh OyTH BIIPOBaIKEHI Y poOOTY MIKHAPOIHUX MACAKUPCHKUX aBTOOYCHHUX
MapuipyTiB Autobus i Europabus, a Takox nmep:kaBHOro peryisropa MinHicTepcTBa iHGPACTPYKTypH
Ykpainu.

TakuM 4YWHOM, BHPINICHHS HAaraJlbHUX NpPOOJeM aBTOMOOUIRHOTO TPAHCHOPTY O€3MOCEePETHBO
BILTMBA€ Ha MDXKHAPOTHI MTEPEBE3CHHS MACAKUPIB. PO3BUTOK MI>XKHAPOIHOTO TypU3MY, AIOBHUX, KYJIBTYPHHX,
CIIOPTHUBHHX, HAYKOBO-TEXHIYHUX Ta 1HIINX BUIIB MIKHAPOMHHUX 3B’S3KiB, KUIBKICHE 1 SKICHE 30UTBITICHHS
TPaHCHOPTHUX 3ac00iB, YAOCKOHAJIEHHS ULUIAXIB CIOJIYYCHHS 1 opraHizamii mepeBe3eHb CIPHAIOTH
3pOCTaHHIO iX 00CHTIB.
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O. Kirichok, V. Antonyuk, O. Shevchenko. The role and importance of international automobile
passenger transportation in the development of the country's economy.

In the article the critical analysis of the organization of international automobile passenger
transportation was conducted, the system of international passenger transportation was investigated, ways of
improving and improving the transport services of the population on the international bus routes were
proposed.

The object of the research is international automobile passenger transportation.

The purpose of the work is to propose ways to improve the organization of the system of international
automobile passenger transportation, to reveal the role of state bodies in ensuring its effective functioning in
accordance with the legislation of Ukraine.

Method of research — multifactorial analysis of the conditions of operation of the research object.
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The analysis of passenger route systems of international communication shows that effective
functioning of transport in modern conditions determines not only economic development of the country, but
also meeting the urgent needs of millions of people and contributes to the development of international
cooperation and relations.

In the organization of the system of international bus routes accumulated some experience and in
comparison with other types of transport have long traditions. Accompanying passengers of international
buses by qualified stewards and guides makes it possible to simplify the procedure of customs and border
control.

Thus, the solution of urgent problems of motor transport directly affects the international
transportation of passengers. The development of international tourism, business, cultural, sports, scientific
and technical and other types of international relations, quantitative and qualitative increase of vehicles,
improvement of the ways of communication and organization of transportation contribute to the growth of
their volumes.

The results of the article can be applied to the work of international passenger bus routes Autobus and
Europabus, as well as the state regulator Ministry of Infrastructure of Ukraine.

Foreseeable assumptions about the development of the research object — the search for an optimal
system for organizing international passenger transport.

Key words: international transportation, passenger transportation, business, economy of the country,
business connection.
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Xapxiecoruii nayionanbruii agmomobinbHo-00poAICHIl YHisepcumen

BJIOCKOHAJIEHHSA AJITOPUTMY HOPMYBAHHS BUTPATH ITAJINBA MICBKUM
ABTOBYCOM OBJIAJHAHUM KOHIUIIOHEPOM

Ipomecn TexHiYHO eKcIUTyaTamii Cy4acHMX MAapIIpyTHHX aBTOOYCIB, OONanHAaHUX KOHIHI[IOHEPAMH,
JOLITBHO PO3IJIAJAaTH SIK CKIagHy JUHAMIYHY CHCTeMY, (YHKI[IOHYyBaHHs SKOi BiOyBaeTbCs Npu Iil pi3HHX
BHUITJIKOBHUX (haKTOPIB, sIKi BIUIMBAIOTh Ha BUTpaTy manusa. Lle moeqHaHHs BHYTPILIHIX HPOLECIB B CaloHi aBTOOYCY
Ta BIUIMB 30BHIMIHIX (akTopiB. ToMy Ha cydyacHOMY eTari yJIO0CKOHAJCHHs KOHCTPYKIIii MiCbKOTo aBTOOYCY iCHYyr04a
cHCTeMa TEeXHIYHOI eKCIUTyaralii aBTOTPaHCIOPTHUX 3ac00iB moTpedye HeoOXiJHOTO BIOCKOHATCHHS; HEOoOXiqHe
0oOIpyHTyBaHHSI HOBHX IIJAXO/IB /10 ii PO3BUTKY Ta HOPMYBaHHS BUTpaTH najiuBa. GakTopy BINIMBY TEXHIYHOTO CTAHY
1 opraizamii pyXy € MUTaHHSIM HacamIlepe]] IpaBIIIEHOI opraHizanii exciuryaranii. [Ipu oMy, muTaHHs opranizarii
pyXy (MICBKI YMOBH, IIepioJi pOKy, KUIBKICTh IPAMIOIOUNX Ha MapHIpyTi aBTOOYCiB, HYJIHOBHII IPOOIr TOIIO) HE €
OMIHYIOYMMH, TaK $K IX BaXKO KiIacH(piKyBaTH OKPEMHUM YHCIOBHM 3HAaUYeHHSAM 1 iXHIl BIUIMB BaXXKO
periaMeHTyBaTH KOHKPETHUMH KoedillieHTaMu.

B po06oTi HaBe#eHO pe3ynbTaTu AOCHIIIKEHb TEIJIOBOr0 KOM(OPTY B CalOHI MiCBKOTO aBTOOYCY Ta MpHUBEACH]
MaTeMaTHYHI 3aJIeKHOCTI MION0 PO3PaxyHKy BUTPATH MallMBa NpPU POOOTI KOHIHIIOHepa. 3 aHamidy AOCHTiIKEeHb
BUIUIMBAE, 1110 HAHOIIBIINH BIUIMB MatOTh (paKTOPH: 3aBaHTAXKEHICTh aBTOOYCY, KIIMaTH4YHI YMOBHU Ta KOHCTPYKTHBHI
BJIACTUBOCTI aBTOOYCY (TEMIOi30sLlisl, IUIOIIa MPO30PHUX Ta HE MPO30OPHUX EIEMEHTIB CajoHy). 3alporOHOBAaHO
METOJIMKYy PO3paxyHKy HOPMAaTHBHUX 3Ha4eHb BUTpaTH maymBa aBroOycoM MA3-206 mpu poGoTi Ha MapmpyTi 6e3
BBIMKHEHOTO 1 3 BBIMKHEHHMM KOHAWIiOHepoM. OTpHMaHO aNrOpUTM MOJATKOBOI BHTpAaTH ManuBa Ipu poOOTI
KOHJIMWITIOHepa. 3 pO3paxyHKIB BCTaHOBIEHa 0a3oBa HopMa i aBroOycy MA3-206. Lls HOpMa Moxe Oytn
BUKOPHCTaHa JUIS JIOIOBHEHHS 0a30BOr0 HOPMATHBHOTO MOKyMeHTy «Hopmu BHTpar mammBa i MacTHIIBHHX
MaTepiajiiB Ha aBTOMOOITTBHOMY TPAaHCIIOPTi».

Kiouogi ciioBa: Micbkuit aBT00yC, KOHIUIIIOHEP, MIKPOKJIIMAT, KITIMAaTHYHI YMOBH, BUTpATa MMalnuBa.

BCTYII

[IpakTuka CBigYMTH, MmO B YMOBaxX MiCTa PEXUMH PYyXy MaplIpyTHOTO aBTOOYCy CYyTTEBO
BIJPI3HAIOTECS BiJl PSKUMIB PyXy 3BHUaiiHOTO aBTOMOOiINA. [lieBa BiAMIHHICTH B YMOBax €KCIUTyaTaril
CIIOCTEPITAETHCS MK MapIIPYTHOIO MEPEKEI0 MEKUTBKOX MIATMPUEMCTB 1 B paMKax OgHOTO mapky [1, 2].

HopmyBaHHS BUTpaTH NajuBa MaplIPyTHUM MICBKMM aBTOOYCOM MO)KE€ OyTH OCHOBAaHE Ha TOYHOMY
00JIiKy BHTpaTH TaJliBa, IIBUIKOMY pearyBaHHI Ha YMOBH, SIKi 3MIHIOIOTHCS, Ha IEPCOHATBHOMY OOJIKY
BHTpPAT 110 KOKHOMY aBTOOYCY YH ITiIITPHUEMCTRY.

3pocTatoue 4McI0 HOBUX MapoOK 1 Mojeneld aBTOMOOLNIB, 3 KIIMATHYHUMH yCTAaHOBKaMHU, ITiJBHUILYE
BUTpATH TajiBa, TOMY BHCYBalOTHCSI HOBI BHMOTH 1O CIIOCOOIB BHU3HAYCHHS HOPM BHUTpaTH NanuBa. B
3B’S3KY 3 BHKJIQJICHUM Ta BPaxoBYIOUH BiJICYTHICTh 0a30B0i HOpMHU BUTpaTH nanusa aBTooOycom MA3-206 B
HOPMAaTUBHOMY JOKyMeHTi [3] a mpezacraBieHi KOe(ilieHTH KOPUTYBaHHS BUTpAaTH HajluBa HpU PoOOTI
KOHJIMIIIOHEPAa HE B IMOBHIN Mipi BpaxOBYIOTh YMOBH €KCIUTyaTallii, JaHe JOCHIHKCHHS € aKTYaJIbHHUM.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMUA

[IuTanHsAMH TATMBHOI €KOHOMIYHOCTI 1 HOPMYBAaHHSI BHTPATH MajWBa aBTOMOOUISMH MPUCBSYCHI
YHCeNbHI pOOOTH BITUM3HIHUX Ta 3apyOi’KHUX HAYKOBIIIB.

Y poboti [4] 3 CYKYmHOCTI KOHCTPYKTHBHHMX, CKCIUTyaTalliHHO-TEXHIUYHUX, MOPOXKHIX, CE30HHO -
KIIMaTHYHUX Ta 1HIIUX KOHTPOJHOBaHMX (PaKTOpIB BHIUIAIOTH BiCIM OCHOBHHX, IIO HAHOLIBII iCTOTHO
BIUITMBAIOTh Ha EKCIUIyaTalliiiHy BWTpaTy MaiuBa: TOBHA Maca aBTOMOOLIs, 0a3oBa BUTpaTa IajHBa,
CepeIHbO3BAKEHUN KOe(DillieHT Omopy Aopord, (akTop OOTIYHOCTI TOBITpPs, cepeqHS LIBHIKICTH PYXY,
TeMIIepaTypa HaBKOJIUIIHEOTO CEpeIOBHILA, BUCOTA HaJl PiIBHEM MOPs, CKIAJHICTh MapLIpyTYy.

Oco6aMBOCTI OLIHKM HaJMBHOT EKOHOMIYHOCTI aBTOMOOiIS B peajbHUX yMOBax eKCILTyaTawii
3aknmaneHi npodecopom ['oBopymenko M.S. [5]. Po3BUTOK OTpuMaay METOAWKH PO3PAaxXyHKY BHTPATH
MAJIMBA Yepe3 Pi3Hi MOKA3HUKHU, B TOMY YHCIIl Yepe3 HEPIBHOMIPHICTh pyXy aBTOMOOLIS 1o A0po3i [6, 7].

OxpeMuMH aBTOpaMH 3alpOIIOHOBaHA TEXHOJIOTisI BU3HAYEHHS TIOKA3HUKA CKIIQJHOCTI MapIIpyTy, sIKa
0a3yeTbecsl Ha TEXHOJIOTIT PO3PaxyHKY MapIIPyTHHX HOPM BUTpATH MajiBa aBTOOyCaMH MiCbKHX MapIIpyTiB
M0 CTAaTUCTHYHIH 1HPopMaii i Judepenuiiinoro pecypey mmuH [8, 9].

VY pobori [10] noBeneHo, M0 KUTBKICTh TEMJIOTH, SKa HAJIXOJIUTh 330BHI Y CallOH aBTOOYyca 3aJIeKUTh
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BiJ] IJIOWII 3aCKJICHHS 1 KOJepy HEMpo30pUX €JIEMEHTIB Ky30BY. KibKICTh TEIUIOTH IO HAJXOIUTH 1 00’ €M
casiony (00’€M 0XOJIOJP)KEHOTO MOBITPsI B CaJlOH1) BIUTUBAIOTH HA XOJOAOMOTYKHICTh 1 HOTYXHICTh ABUT'YHA,
SKY CIIO’KMBA€E KIIIMaTU4HA YCTaHOBKA.

Ha nanuit yac 3akpimieHa juiie oJHa TEXHOJIOTiSi HOPMYBaHHs BUTPATH MajvBa Ha aBTOMOOUILHOMY
TpaHcnopTi. BoHa BuKnazeHa B KepiBHOMY HOKYMEHTI, SIKUM perjaMeHTye 3HA4eHHsI HOPM BUTPATH MaNKBa
[3]. Llett HopMaTHBHMIA TOKYMEHT NMPU3HAYCHUHN NI MiAMPUEMCTB, OpTaHi3allid Ta yCTaHOB (FOPHIAIHHIX
0ci0), 110 AiF0Th HA TEPUTOPii YKpATHH 1 €KCIUTYaTyIOTh aBTOMOO1ITI.

HaykoBusimu [11] Ha 6a3i piBHSHR CHJIOBOTO Ta MaJWBHOTO OanaHciB aBToOyciB BA3 A092 cTBOpeHO
PO3paxyHKOBY MOJIENIb, SIKa JO3BOJISIE TOCHIIANTH BIUIMB YMOB €KCIUTyaTamii Ha mporec popMyBaHHS BUTPAT
MajrBa MICBKUMH aBTOOycamH. Takoxk Cy4YacHMH WiAXiJ 3IiHCHEHO HAayKOBIsIMH y pobOoti [12], me
MPEACTaBIeHO PO3pOOIeHU MeTox 3acTocyBaHHS Kiacu(ikalii yMOB eKcIulyaranii aBTOMOOLNIB B
iHpopmaniiaux ymoax ITS, skuii m03BOJIsIE OUCTAHUIKHO OTPUMYBAaTH iH(OpPMALIID NP0 YMOBH
eKCIUTyaTallii TpaHCTIOPTHHX 3ac00iB B ymoBax ITS.

META TA 3AJAYI JOCJILIKEHHSA

MeToro IOCHIKeHHS € ToAajblie BAOCKOHATIEHHS! METOAMKH HOPMYBAaHHS BUTPATU MajHBa MiCHKHM
aBTOOyCOM, OOJIaJJHAHUM KOHJHIIIOHEPOM; 3aJaueio JOCHIDKEHHs € po3poOKa anropuTMy pO3paxyHKY
BUTPATH MAJIMBA MPHU POOOTI KOHIHUITIOHEpa.

PE3YJIbTATHU JOCIIIKEHDb

OcobnuBe 3HaYCHHS Ui MIATPUMAHHS ONTHMAJIBHOIO TEMIIEPATYPHOI'O PEXHMY B CaJlOHI MICBKOTO
MapLIpyTHOIO aBTOOyCy y JiTHIH mepiox € pobOora KiiMatuuHoi ycraHOBKHM. Hapsgy 3 BmjimBoMm
TeMIIepaTypy HaBKOJMIIHBOTO TMOBITPS Ha poOOTY KOHIMIIOHEpa aBTOOYyCy, a BIANMOBITHO i HAa BUTpATH
NajyBa, BIUIMBAE DPEXUM PyXy (CKIAIHICTH MapLIPYyTy), TPUBAJICTh BIAKPHTHX JABEpEH s IMOCAIKHU-
BUCAJIKH MACAXKUPIB, HASIBHICTH, KUIBKICTH 1 IUIOIIA CBITJIOBIIOMBHUX, PO30PHX 1 HE MPO3OPHX EIIEMEHTIB
KY30BY, IACAKUPO - MPUCYTHICTH y CANOHI, IOTYXHICTh IBUTYHA, KYJIbTYpa BOisl TOLIO.

Benuky ponb B eKOHOMIi TanvBa HAaJeXKHUTh JIOCKOHAJIOCTI HOPMYBAaHHS BUTpPATH IajnBa 3
MPaBUIBHUM OOJIIKOM MIiHJIMBOT'O Pi3HOMAHITTSI JOPOXKHIX, TPAHCIIOPTHUX, aTMOC(HEPHO-KITIMATHIYHIX YMOB
pobotu aBToMOOiNA. BincyTHICTH €quHOI Kiacudikaliii yMOB eKCIUTyaTaiii, MEXaHi30BaHUX METOIIB iX
00JIiKy, ITOCTaTHBO JIOCKOHAJMX MaTeMaTHYHUX MOJeNedl OONiIKy BHUTpaTH IajluBa, 1 SK HACTIIOK,
BIJICYTHICTh HAyKOBO OOTPYHTOBaHHMX METOAWK BHU3HAYCHHS IiHIWHUX (IHAMBIAyaJIbHUX) 1 TPYIOBUX
(MMTOMUX) HOPM BHUTpPATH MAJIMBA TPUBEIH 10 TOTO, 10 HOPMYBAHHS IPOBOJUTHCS TOCUTH HAOIMKEHO — 3
touricTio 20 - 40 % [13].

TerutoBi HaBaHTa)XEHHS, SKi IIIOTh HAa MIKPOKJIIMAT B caloHI aBToOyca JOCUTH ckiamHi. Boxu
CKJIAIAlOThCA 3 PNy TePMIYHUX (POPM 1 MiITArOThCS BIUIMBY 0araThOX (haKTOpiB: 30BHIIIHS TeMIIepaTypa,
IHTEHCUBHICTh COHSIYHOTO BHUIPOMIHIOBAaHHS, MaTepiadu OOJMIIOBAaHHA 1 TUIomia OONHIIOBAHHS KY3OBY,
IUIOMIA TPO30PHX 1 HE MPO30PHX EJIIEMEHTIB, KUTBbKICTh IMacakKWpiB, IIBHIKICTH TPAHCIIOPTHOTO 3aco0y,
reorpacdiune po3ramryBaHHs Tomio [1]. IlepepaxoBaHi hakTopu 3milICHIOIOTH BILUTUB Ha TPUBAIICTh poOOTH
KJIIMATUYHOT YCTAHOBKU B SIKOCTI JIOJJATKOBOTO HABAHTAXKCHHS HA JIBUTYH aBTOOyCy. Uepes 1ie iX HeoOXiqHO
BpPaxoBYBaTH MpPH PO3paxyHKax BUTPATH NaluBa aBTOOYCOM IMpPU CypOBHX yYMOBax €KCIUTyaralii, ToOTO B
YMOBax BIAMIHHHX BiJl CTaHOApTHUX. SIK CIiICTBO, 30LIBIIEHHS Yacy poOOTH KOHAWIIOHEpA MPUBOIUTH IO
301IBLICHHS] BUTPATH MAJIHBA.

B 3aranbHOMYy BUIIIA[I BUTpara MajiMBa MICBKUM aBTOOYCOM, SKWUIM OCHAIICHUN KIIIMATUYHOIO
YCTaHOBKOIO, MOXHA MPeICTaBUTH Bupa3oM [ 13]:

QK—K =f O\Ic ; Nix ), (1)

ne N. - HOTYXHicTh IBUTYHa, BT;
Ni-k— CTIOXXKHBaHa MOTYXXHICTh KOHIUITIOHEpOM, BT.
BruiuB octaHHBOTO (hakTOpy B 3araliIbHOMY BHJII MOXKe OYTH MPEICTABICHO K

Nik=f (Vca; QO, tuc; ¥ Snp; tos; qn;)a (2)

ne Ve - 00°eM canony aBrodyca, M;
Qo - XOJIOJONOTYKHICTh KJIIMaTHYHOI YCTAaHOBKH, M>/TOJ;
tue - eEKTHBHA TeMIepaTypa 30BHiIIHLOro nosirps, C°;
¥ - KOe(ILIE€HT CBITIOBIAOUTTS HEIIPO30PUX €JIEMEHTIB KY30BY;
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Spp — TUIOIIA TIPO30PUX EJIEMEHTIB Ky30BY, M%;
tms - 9aC BIAKPHUTOTO CTAHy IBEPEH IPH MTOCAIII-BUCAIII TTACAXKHUPIB, XB;
Qn - KITIBKICTD TETJIOTH, SIKY BUAUISIOTH TACAXKUPH B CAJIOHI, BT.

OCHOBHMMHM TapamMeTpaMd pPOOOTH KIIMAaTUYHOI YCTaHOBKM aBTOOyCy € XOJOAONOTYXHICTh 1
MOTYKHICTb, SIKA 3aJICKUTh Bl HACTYIHUX (AKTOPIB:

- IUIOLIA [TPO30PHUX €JIEMEHTIB KY30BY, SIKa 3aJISKUTh BiJl TEIUI03aXUCHUX CTEKOJ 1 IX YUCTOTH;

- 00’eM caoHy aBTOOYCY, IKUH 3MIHIOETHCS 31 3MIHHUM NacaKUPOIIOTOKOM Ha MapIpyTi;

- 4acTOTa BIAKPUTTS JABEepell (KUIBKICTh 1 TPUBANICTh MPOCTOK HA IUIAHOBUX TEXHOJOTIYHHUX
3YMUHKAX);

- TPUBAJIICTh pOOOTH JBUTYHA HA XOJIOCTHUX 00epTax (y 3aropax, OYiKyBaHHI JO3BOJIEHOT'O CHUTHAIY
cBiTodopa i T.1.);

- IUIOIIA CBITJIOBIAOMTTS HEMPO30PHX CJICMEHTIB KYy30BY, SIKI 3aJIe)KaTh Bijl KOJEPY 1 XapakTepU3ye
BJIACTUBICTh YaCTKOBO MOTJIMHATH, IEPEIOMIIOBATH 1 BiTOMBATH HAIXOIKECHHS IPOMEHHUCTOI €HEprii.

3MmiHa fgaHWX (aKTOpiB MPUBOAWUTH JO 3MEHIICHHS a00 30iNbIIEHHS TOTYXXKHOCTI HAaIXOKEHHS
XOJIOTHOTO TIOBITPA 1 4acTKa moTykHOcTi [IB3, sika motpibHa 1yis fioro podotu. ToMy NOTYXKHICTh IBUTYHA €
OJHUM i3 (haKTOpiB, KUK CIIiJi BpaXOBYyBaTH MPU HOPMYBaHHI BUTPATH IMajHBa aBTOOYCaMH 3 YBIMKHEHUM
KOHJIUL[IOHEPOM.

[Ipu BukoHaHHi TpancnopTHOi po6oTH 01M3bK0 25% Beix BuTpar ATII 10BOAATECS HA YAaCTKy MANKBa
[13]. Ilpu excmmyaTauii aBToOyca 3 KIIMaTUYHOIO YCTAHOBKOIO KOMIIPECOPHOIO THUIY L€ MOKa3HMK LIe
BUIIIMH, TaK K 32 PaXyHOK €HEPril 3ropsHHs MajinBa 34iHCHIOETbCSA HE TUIBKH TPAHCIOPTYBAaHHS NacaXHpiB,
a ¥ 3a0e3rmeyeH s BiIMOBITHOTO MIKPOKJIIMATy B CaJIOHI.

B po6ori [13] HaBeneHO METOAMKY PO3paxyHKY €KCIUTyaTalliiHOT BUTpaTH MaNWBa, SIKa BPaXxOBYE
KOHCTPYKTHBHI OCOOJIMBOCTI TPaHCHOPTHOTO 3ac00y, WOTO HIBHIKICTh Ta HABAHTAXXCHHS, PEKUM POOOTH
JBUTYHa, crielu]iKy pi3HOMaHITHUX YMOB eKcIuTlyartaiii aBTomoOins. [lis Bu3HaueHHs 0a30BOi HOpPMHU
BUTpATH MajyBa 3aCTOCOBAHO anropuTm [13], HaBeleHW y CHpPOMICHOMY BHWJI, IO JO03BOJIUTH 3HU3UTH
TPYIAOMICTKICTh PO3pPaxyHKiB 06€3 iCTOTHOI BTPAaTH TOYHOCTI.

[ToyaTkoBe piBHSAHHS AJIS pO3paxyHKy 0a30BOi HOPMHU BHTPATH manusa, 11/ 100km:

QZ#[A.ikJrB.ii.vﬁc.(Ga.w+0.077-kF-Vj)], G)

1

Je Va - HIBUAKICTE aBTOMOO1ISI, KM/TO/,.;

A, B, C - nocriiini koedilieHTH A1 1aHOT MapKH aBTOMOO1IIS;

T - IHIUKaTOPHUI KoedillieHT KOPUCHOI ii;

i - CepeTHbO3BAKCHE TEPEAATOYHE YUCIIO KOPOOKHM 3MIHHUX TIepead;

W - KOeQilieHT CyMapHOTO JOPOKHBOTO OTIOPY PyXy aBTOMOOLIS;

k - paxrop o6riunocti, H-c?/m?%;

G. - Bara aBTomo0is, H.

Koedimientu A, B i C 3anexath Bif TUIYy ABUTYHA. B HaIroMmy BHIIAKy JUIsi aBTOMOOLIB 3 TU3EIbHUM

JIBUTYHOM BH3HAYAIOThCS 33 (OPMYJIaMU:

381V, i, B_ll-Vh-Sn-ié. c 100

A_H. o 2 2 “H.o.- ’
W Pr Ik HH'pT'rk w' Pr nmp

(4)

ne Vi — pobounii 06'eM nBUryHa, I;
io - IepeJaTOUYHE YUCIIO TOJIOBHOI Mepeadi;
Iy - IMHAMIYHHIHA paaiyc Kojeca, M;
Sy - Xij MOpIIHS, M;
Hy - Hrk4a TeruoTa 3ropsHHs nanusa, KJK/Kr;
7 - IIBHICTH MaIuBa, Kr/m>;
Mmp - KK TparcMicii.
3HavYeHHs HWKYOi TETJIOTH 3TOPSHHS Ta MIJIbHOCTI NaTUBa IS AU3EIBHOTO MaluBa MPUHHATO:
Hyu= 43000 xJIx/xr; pr = 0,825 xr/m’.
IngukaTopHuil KoedillieHT KOPUCHOI Aii 3aJ€KUTh BiJ THUIy BCTaHOBJICHOTO Ha aBTOMOOLI IBUTYHA.
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Jns MBUAKOXIAHWUX IOW3eNbHUX JBUTYHIB 1; = 0,45...0,52. 3HayeHHs 1); AN AM3ETBHOTO ABHIYHA
BH3HAYAEMO METOOM KYCOYHO - JIIHIMHOT anpokcumariii 3a GopMyiaMu:

7, =0,43+0,21-107-N,, npuN; =0..35 %; (5)
n,=0,5, mpu N =35..55%; (6)
7,=0,58-0,15-10"-N,, npu N; =55...100 %, (7)

ne Ni - BiICOTOK BUKOPUCTAHHS MOTYXHOCTI, %o.
BigcoTok BUKOPHCTaHOI MMOTYKHOCTI BU3HAYAETRCS 32 (HOPMYJIOF0:

100-(G, -y - V,+0,077 -kF-V?)
1: 3 %3 (8)
3.6-10° N

emax ' nmp

1€ Nemax - MAKCUMANTbHA TTOTYKHICTD IBUTYHA aBTOMOO1JIsI, KBT.
CepenHbo3BakeHEe TEpelaTOvYHEe YMCIO KOPOOKH 3MIHHUX Tepenad 3aleXHUTh BiJ IIBUAKOCTI PyXy
aBTOMOO1JIS, BU3HAYAETHCS SIK:

ik — " Vmax " txn , (9)

ne K. - mBuakicHuii koedirienr;
Vmax - MAKCUMAJIGHA MIBHAKICTH aBTOMOOLIS, KM/TOZ,. ;
lxn - IEPEIATOYHE YUCIIO KOPOOKH TIepeiad, 1Mo BiAOBITa€ BN Tiepenadi.
[IBuakicHU KoedillieHT BU3HAYAETHCA Yepe3 MIBUAKICHI XapaKTEePUCTUKHU IBUTYHA!

KC — anax , (10)

n Nmax

1€ Npmax - YACTOTA OOEPTAHHS KOJITHYACTOTO BaJly JBMI'YHA IIPH MAKCUMAJIbHOMY KPYTHOMY MOMEHTI, ¢
NNmax - 94CTOTA OOEPTAHHS KOJIHYATOrO Bajia JBMIYHA IIPU MAKCUMAJIbHIN MOTYKHOCTI, ¢!,
KoediieHT cymMapHOro AOPOXKHBOIO OIMOPY PYXY aBTOMOOLIS TaKOXK 3aJCKUTh Bif IIBHUAKOCTI M
BH3HAYAETHCS 32 GOPMYIIOIO:

0,01-
-2 max . (1 1)
4 —Va
®DaxTop 00TIYHOCTI BUBHAYAETHCS:
kF=k-a,-B,-H,, (12)

ne k - koediuient onopy nositps, H-c?/m*;
F — no6oBa 1uioma aBToMo01u1s1, M%;
Oy - KOeQIILIEHT 3aMOBHEHHS JJ000BOI IUIOIII, AJ1s aBTOOYCIB - 0,97;
B. - mmpuna aBTOMOGIIS, M;
H. - Bucota aBTOMOO1JI4, M.
Bara aBTOMOO1J151 BH3HAYAETHCS
H, (13)

ne M, - Maca aBTOMOOLJISA, KT.

OBI'OBOPEHHA PE3YJBbTATIB JOCJJIIXKEHHS

B nmoganemomMy mpeacTaBieHo po3paxyHKHA 0a30BOi HOpMH BHTpaTH IainuBa Jiis aBTodyca MA3-206.
3 ypaxyBaHHSIM TEXHIYHHX JaHUX, Ui aBToOyca MA3-206 [14] Ta cTocoBHO 3anexHoctel (3-13), HopMa
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BHUTpATH NAJIMBA BiJ] IIBUIKOCTI aBTOOYCa BU3HAYAETHCS:
- JUIS CTIOPSIJKEHOT Macu aBrobyca:

667

0 =0,0028-7,° STt (14)
- I71s1 TIOBHOT MacH aBTo0yca:
Q=O,0028-Va2+$. (15)

a

Ha pucynky 1 maBeneni rpadidHi 3ajeHOCTI BUTpaTH HaymBa aBTo0yca MA3-206, mo modymoBaHO
3a ¢popmynamu (14) ta (15).

40

Qp(Va)
— 30
Qe(Va)

20 40 60 30 100
20, Va 89,

Pucynox 1. — Butpara mamusa Q (51/100 kM) [u1st CIIOpsipKEHOTO (CYIIbHA JIiHIS) 1 HABAHTAKEHOTO
(TIyHKTHpHA JIiHIs) CTaHy aBTOOYCa B 3aJIEKHOCTI BiJ IIBUAKOCTI PyXy Va (KM/TO1I.)

Excrutyaraniiina (MapipyTHa) BUTpaTa najauBa i aBToOyciB Moxe OyTH po3paxoBaHa sK:
Q.=S-Q K, - K,, a7

ne S - mpoOir aBTo0yCy, KM;
K, 1 K, - xoedillieHTH KOPUI'YBaHHS BUTPATH IaJaMBa 3aJIeKHO BiJ aTMOC(EpO - KIIMaTUYHUX yYMOB
(TeMriepaTypu 30BHIIIHBOTO MOBITPS 1 MOKA3HUKH aTMOC(HEPHOTO THCKY).
BusnauenHs nonpaBoyHux koediuieHTiB K, i K, 3a popmynamu:

K,=1-05-107-¢; K,=1+0,067-10"-h, (15)

ne ¢ - temmneparypa mositps, °C;
h - BECOTa TOPOTH HAJl PIBHEM MOPS, M.
HopMmyBaHHS 101aTKOBOI BUTPATH NAJIMBa aBTOOYCOM MPH poOOTi KOHAMIIIOHEPA!

3.6-N,;
- >
77[ 'HH .pm '770
ne N,; - HOTYKHICTb, KA BUTpadeHa Ha poOOTy KOHIHIIOHepa, BT;

H, = (16)

Ne - KKJI xonaumionepa.
[IpoBeneHUME pO3paxyHKaMH BCTAaHOBJCHO JOJATKOBY BUTPATy MajvBa MPU poOOTI KOHIUIIOHEpa
1,16 1 /rox., abo 2,9 n /100 xm (mpu mBuaKoCTI pyxy 40 kM /rop.). 3rigHo [3] MakcuManbHe 301TbIICHHS
BUTpPATH MajiuBa Ha poboTy ctaHoBUTH 10 % Bix 6a30Boi HOpMU. [l po3paxyHKy HOPMHU BUTPATH MAJIHUBA,
SIKY MOJKJIMBO 3aCTOCYBATH II0 I[ifi METOIUIl, PEKOMEHI0BaHO BUKOHYBATH JJIs MIOBHOI Macu aBToOyca IpH
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cepenniit TexHiunol mBuakocti 40 km/roa. HopMa BuTpaTu majauBa Ijis aBTOOYCIB 3 MTOBHOI Maco0 OLIbII
3,5 T BHW3HAYAETHCS IS TMOBHICTIO HABAHTAXECHOTO TPAHCIIOPTHOTO 3aco0y. 3 po3paxyHKY BiAIOBiIHO
¢dhopmynu (3) BcraHOBIIEHO, 110 [Tt aBTOOyca MA3-206 6a3oBa HopMa nopisHioe 28,9 1 /100 kM. L{s HOpMa
MOKe OyTH BUKOPUCTAHA JJIs IOTIOBHEHHS JJAaHUX METOJUKH [3].

VY HopMmaTuBax [15] BcTaHOBIIEHA HOpMa BUTpATH majuBa miasi aBrodyca MA3-206067 (me. OM
904LA, 130 kW, KIIIT ZF 6HP504C) sika ctanoButh 28,2 1/100 kM. [ToxuOka mpoBeaecHUX PO3PaxXyHKIB y
MOpiBHSAHHI 3 TaOnmumuHuMu ganumu [15] ckiamae 2,5 %, 1m0 T03BOJISIE 3aCTOCOBYBATH BU3HAYCHI HOPMH.
Tum maue, 110 PO3paxyHKH MPOBEIEHI 1JIs1 aBTOOYCa 3 OUIBIII MOTY)KHUM JABUTYHOM.

TakuM 4YWHOM, JUIsi aBTOOYCIB, sIKi OONagHaHHI KOHIUIIIOHEPOM, HOPMOBaHE 3HAYEHHS BUTPATH
MaJIMBa PEKOMEH/Ty€ThCS PO3PaXxOBYBaTH 3T1THO BUPa3y:

Q.=0,01 -H;- S (1+0,01-Ky) + H¢ - T, (18)

ne Hs— nopma ButpaTn nanusa, 1/100 km;
Hy — HOpMa BUTpaTH NavBa MpH BUKOPUCTAaHHI KOHIUITIOHEpa, J1/TO/L.;
Ks — cymaphwuii koedimieHT KOperyBaHHs BUTPATH MANKBa BiJl YMOB eKCIUTyaTailii, %o;
T - wac po6oTH aBTOO0YCY 3 BBIMKHEHHM KOHJHIIOHEPOM, TO.
Cucrema mompaBoYHHX Koe(iIieHTIB (CyMapHa BIJHOCHA HambaBKa) MO0 HOPMH PO3POOIIIETHCS 3
ypaxyBaHHSIM OCOOJUBOCTEH poOOTH HA KOHKPETHOMY aBTOOYCHOMY MapIIpyTi.
BUCHOBKHA
Po3paxyHOK BUTpaTH ManvBa MiCBKHM aBTOOYCOM, 00JaJHAaHUM KOHIHIIOHEPOM, 33 MPEACTABICHUM
ITOPUTMOM JIO3BOJISIE JIOCUTh TOYHO BCTAHOBUTH PIBEHb BUTPATH IMalKMBa 3 BPaXyBaHHSM KOHCTPYKIIi i
YMOB €KCIUTyartanii aBToOycy mpu poOOTi 0e3 BBIMKHEHOTO KOHJMIIIOHEpAa TaK 1 NPU BBIMKHEHOMY
KOHIuLioHepi. BuzHaueHi ¢akTopy TEIUIOBHX HaBaHTaXEHb CAJIOHY MICHKOTO aBTOOYCY, IPU BUKOPUCTAaHHI
KOHJIMI[IOHYBaHHS TIOBITPS, JalOTh MOXJIUBICTh TEPErISAY JII0YMX HOPMATUBHHUX JaHUX JIOJATKOBOI
BUTpPATH NAJIMBA 32 JOMOMOI'0I0 KOPUTYIOUHX KOS(II[IEHTIB.
[onmanpun mocHiKEeHHS OOLIBHO HANPABIATH Ha BHU3HAYCHHS MPAKTUYHUX pillleHb B EKCIUTyaTalii
MICBKOTO aBTOOYCY IO OpIEHTYBAHHIO Ha MaJHBHY €KOHOMIUHICTH 3 ypaxyBaHHAM BH3HAYCHUX AJITOPUTMIB
HOPM BUTPATH MAJIMBA MPH POOOTI 3 KOHIUITIOHEPOM.
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O. Kravchenko, S. Krivoshapov, S. Chuiko. The improvement of the limitation algorithm of the fuel
consumption of the public transport buses equipped with air conditioning units

The technical operation processes of modern public transport buses equipped with air conditioning
units are advisable to be considered as a complex dynamic system, the functioning of which occurs under the
influence of various random factors affecting the fuel consumption. This is a combination of the internal
processes in the bus and the influence of external factors. At the present stage of the public transport buses
design improving, the current system of the technical operation of vehicles requires the essential
improvement and justification of new approaches to the development and the limitation of the fuel
consumption. The impact factors of the technical condition and the traffic management is, first of all, an
issue of the proper management of operation. At the same time, the issue of traffic management (the city
conditions, the season, the number of buses on route, zero usage of a vehicle, etc.) is not an overriding one,
since it is difficult to classify them by a separate numerical value and it is enough to regulate their impact by
certain specific parameters.

This paper shows the results of the research of a thermal comfort in the public transport bus
compartment and mathematical relation regarding the calculation of the fuel consumption under the
operation of an air conditioning unit. It follows from the analysis of the research that the factors that have the
greatest impact are: the bus congestion, the environmental conditions and the design features of the bus
(thermal insulation, the area of visible and non-visible interior elements). A mathematical model of
calculation of the standard values of the fuel consumption by the bus MAZ-206 on route both the air
conditioning unit turned on and off is proposed. The algorithm of the additional fuel consumption under the
operation of air conditioning unit is obtained. The basic rate for the bus MAZ-206 was established. This rate
can be used for the supplement to the basic regulatory document “Rates of fuel and lubricant consumption
for motor vehicles”.

Key words: public transport bus, air conditioning unit, microclimate, environmental conditions, fuel
consumption.
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Kpumrona C.1., Kpumrona JLI., I'aunm M.M., Mukwuriit .M., Mensauk B.M., [lukyn T.B.
lsano-Dpanxiscokitl HAYIOHAILHUL MEXHIYHULL YHIsepCUmem Hagpmu i 2azy

JOCHIIUKEHHA CKUIIALY I TEIIVIOTU 3I'OPAHHSA ITITPOJII3BHUX I'A3IB SAK ITAJIMBA
JJI51 KOHBEPTOBAHUX HA I'A3 IW3EJIBHUX JIBUT'YHIB HA®TOI'A30BOI'O
TEXHOJIOI'TYHOI'O TPAHCIIOPTY

JlocTipkeHi eHepreTHYHi MIHHOCTI ra3omnofiOHUX IMPOMYKTIB MipoJIi3y THUIOBOI JTicOBOi Ta BOAHOI POCIMHHOI
Oiomacu Ykpainu. IIpoBereHi TeopeTH4Hi IOCHIMKEHHS OCHOBHHX XapaKTEPHCTHKU 3pa3KiB THIIOBOI POCIMHHOL
Oiomacu VYkpainu: axamil, JimuHA, Mikpouucrica, enoxei. CdopmynboBaHi MeTOAMKA Ta [UIAHYBaHHS
CKCIIePUMEHTAIbHUX JOCII/DKEHb MpoLecy Mipomidy pociuHHOI Oiomacu. BukonaHi B s1abOpaTOpHHX YMOBax
CKCIIepUMEHTAIbHI JTOCHI/KCHHSI CKJIaly ra3omogiOHUX MPOAYKTIB MIpOJi3y pi3HMX BUAIB POCIMHHOI Giomacu st
pi3HEX Temmeparyp. Ilipoii3 pociMHHOI GioMacH MPOBOIMBCSA 3 BHKOPHUCTAHHSM CIICLIaJbHO CIPOCKTOBAaHOI Ta
BUI'OTOBJICHOI IIPOJII3HOI YCTAHOBKH, TOJIOBHOK YAaCTHHOK SKOI € MipoJi3HHH peakTop. BHroroBieHa ycraHOBKa
Tpu3Ha4YeHa AT MOBUIBHOTO MIpomidy. Y MOCHIIKEHHI A8 BH3HAUCHHS ()aKTy HMPHCYTHOCTI 1 IPOIEHTHOTO BUXOIY
TIPOXYKTy OyJIM BUKOPUCTaHI SKICHUH 1 KUIBKICHUH aHaNi3M ra3oBoi xpoMaTorpadii. Po3paxoBaHi HIDKYI TEIUIOTBOPHI
3JaTHOCTI ra3omoaiOHMX MPOAYKTIB MipoJi3y 3pa3KiB THUMOBOI JIiCOBOI Ta BOAHOI pociuHHOI Oiomacu VYkpainu. B
pe3yJIbTaTi MPOBEJCHUX PO3PaxXyHKIB BH3HAYEHO, IO MPH IIPOJi3i BOAHUX POCIHMH Ta BOAOPOCTI CYMIIl OJeprKaHUX
ra3iB Majia Ha#fBHUI MOKAa3HUKH HIDKYOI TerioTBopHOi 3patHocti: 17,10-17,15 MJDx/kr — s mikporwcrica i 16,45-
16,50 MDx/kr — nust enonei. ['a3 omepaHuil mpH Mmipofi3i JepeBUHM akaiil MaB HalBHINI MMOKA3HUKU HIDKYOT
TEIIOTBOPHOI 3aaTHOCTI B Mexax Bin 13,8 mo 13,85 MJlx/kr. Hwk4a TermoTBOpHA 3[4aTHICTh Miporasy OTPUMAaHOTro 3i
3pa3kiB JTimuHE nepedyBana B gianazoni 12,6—-12,65 MJx/kr.

KnrodoBi ciroBa: mipomi3, HIKYa TEIUIOTBOPHA 3JaTHICTH, Ta3oBa Xpomarorpadis, aJbTepHATHBHI INaJINBA,
IM3eNbHUIN IBUTYH, KOHBEPTALlisi JBUTYHA Ha ras.

BCTYII

[IpoTsiroM cTOJITH JIOACTBO BUKOPHCTANIO Oiomacy sIK Jxepeno eHeprii. biomaca Moxe 3abe3meuntu
BEJIUKI 00CATH KOPHUCHOI €Heprii, Ha0araTo MEHIIE NPU I[bOMY, B IOPIBHSHHI 3 BHKOIHHUM ITaJHBOM,
BIUIMBAIOYM HAa HAaBKONHMIIHE cepefgoBumie. Came TOMy OaraTo pOKIiB BEeIyThCS UYMCIEHHI JOCHIIKEHHS
CHCTEM JJIsl KOHBepTalii 6ioMacyu B pi3Hi BUIU NMalKBa AJ1s JBUTYHIB BHYTPILIHBOTO 3ropanHs. [lepcrnektusu
MacCIITa0OHOIO0 BHUKOPHCTAaHHS OiOMacH TaKOX BUKJIMKaHI HEOOXIAHICTIO IOKpallleHb HABKOJIMIIIHBOIO
cepenopuiia. [liposi3 Ta iHIII MPOLIECH TEPMOXIMIYHOT KOHBEPCil € e(heKTUBHUMH CIIOCOOaMM YyTHIIi3alil
Oiomacu. 3pocTaroya 3aleXHICTh YKpaiHu Big iMOOpTY HadTH BHU3HAYAIOTH HANPSIMOK HOBOI €HEPreTHYHOI
MOJIITHKH, OPIEHTOBaHOI HA BUKOPUCTAHHS MMOHOBIIOBAHUX JKepen eHeprii. B Ykpaini BimoMi mpoekTH Ta
PO3pOOKH 13 3acTOCYBaHHs OiOMacH, aje He3BAKAIOUH Ha 1€, TEMITH PO3BUTKY KOMEPIIHHOTO BUKOPUCTAHHS
Olomacu B Hamiii kpaiHi € HeBucoki. L[[o0 MakcMMaabHO BHUKOPHCTATH IMEPEBAard TEXHOJOTIl TepMiuHOI
KOHBepcii OioMacH 11l BUKOPUCTaHHS 0i0MajiuB Ha TPAHCHOPTI HEOOXiAHO MPOBOAMTH B IIbOMY HANpPSIMKY
MaciTabHi TOCIiHKSHHSI.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMUA

biomamepianu ona dionanue

B nmanuii wac psij aBTOpiB BBaXkae, 1o Oiomaca 3abe3neuye eHnepriero 0sm3pko 10-14 % crnoxuBauis B
cBiTi. biusbko 25 % eHeprii Oiomacu npumanae Ha MPOMKCIOBO PO3BMHEHI Kpainu, a pemra 75 % Ha
KpaiHu, 1o po3BuBaioThes [1]. OueBuaHO, 1m0 GioeHepreTHKa HE MOXKE MOBHICTIO 3aMiHUTH BHKOITHI BHIH
naynmsa. [Ipote, i1 BUKOpHCTaHHA MOXe 4acTKOBO 3HM3UTH Bukuau CO; i 3aminutu Hadry. depeuna € CO,-
HEUTpPAIPHUM ITaJTUBOM, 32 YMOBH, IO JIEPEB BUPOIIYIOTh CTUTBKH, CKUIBKH BHPYOYIOTh. Kpim Toro, mis
BUPYOKH, TpaHCOpMALIil Ta IEPETBOPEHHS IEPEBUHH B TEIUIOBY €HEPriro MoTpiOHa poboua cuna. Po3BuTok
JicoBOi MPOMHUCIOBOCTI Ul €HEPreTHYHHUX LiJeH CIpHsie 3aHHATOCTI MiCLIEBOIO HACEJIEHHS 1 MiATPUMKH
COITITBHOI 1 EKOHOMIYHOI JisSUTFHOCTI B CUTHCHKUX 1 JTICOBHX palioHax YKpaiHu.

Eneprist COHAYHOrO CBIiTIIa NEPETBOPIOETHCS B POCIMHAX B Ipoueci (pOTOCHHTE3y Uil CTBOPEHHS
JDKepes eHeprii y BUTITISIAI CKJIQAHUX BYTJIEBOJHIB, BOJHIO 1 KHCHIO, CHOJYK, SIKI HA3WBAIOTHCSA IIYKPOM 1
BYyTJIeBOIaMU. PociiHM, BUPOIIIEH] JIJIsi BUPOOHUIITBA NIPOIYKTIiB XapuayBaHHs, MICTSITh KPOXMaib a00 IyKop,
a TaKOX CTPYKTYPH KOMITOHEHTIB (HampuKjaa, CTOBOypH, crebia, yucts). [lepiie MokomiHHS OlomaauBa
OTPUMYBaJM 3 Xap4oBoi Oiomacu (IyKOop i KpoXMasb), a B OPYyroMmy MOKOJIHHI OlonaiuBa OTPUMYIOTh
LUISIXOM MEPepOoOKH 3aIHIIKOBUX CTPYKTYPHHUX 0ioMac 3 BiAXOAIB Xap4uoBOi NPOMHUCIOBOCTI [2].

CTpyKTypHI KOMIIOHEHTH OiOMacH CKJIaJaloThCS 3 OCHOBHHX XIMIYHHX CTPYKTYpPHHUX OJIOKiB
JCPEBUHU: IIEIION03M, TEeMILENoNI03d 1 JNirHiHy. 3 1i€i NpUYMHU HENpoXOBOJIbYa 4YacTKa Oiomacw,
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Ha3WBAETHCS  JITHOIEIIONO3HOI  Oiomacoro. JlepeBHI  KOMITOHEHTH  JIITHOIIGNIOJIO3HHX  Oiomac
MEePEIUTITAIOTECS B CKJIAQAHI KOMIIO3WUTHI MATpPHWIN, SIKIi CTBOPIOIOTH Pi3HI CTPYKTYPHI KOMITOHECHTH
(Hampukian, cToBOyp AepeBa, KyKypya3sHi ctebisa). Llenronosa i reMinentonosa € BOJIOKHAMHU 3MilHEHHS
cTpyKTypu Oiomacu [3].

Tun OioMacH B OCHOBHOMY 3aJICKHTh BiJ] CYMH KOXKHOI'O 3 LIMX KOMIIOHEHTiB. B 1filiomy, dyactka
KOMITOHEHTIB 010MacH Bapito€ThbCs B 3aJSKHOCTI BT TUIB O6iomacu. biomaca ckiramaeTsCss B OCHOBHOMY 3
BYTJICLIIO, BOAHIO 1 KHCHIO, a TIPY MTOBHOMY CIIANIOBAHHI 3aJIMIIAIOTHCS BOJAA i ByrJIeKMCIui ra3. OTpuMana
BOJIa 1 BOJISIHA apa MICTATh 0araTo MPUXOBAHOI TEIIOTH, SIKAa BUIALISETHCS MPH KOHIAeHcalii. Malbke y Beix
BH/IIB JIITHOIIEJIFOJIO3HOT CHPOBHHU 010MAacH TEIJIOTBOPHA 3[aTHICTh 3HAXOUThCS B Mexax 15-19 M/x/kr, a
il 3HaueHHs AN OUIBIIOCTI AepeBHUX MarepianiB ckmamae 15-17 MJDx/kr. OCHOBHHUM KOMIIOHEHTOM
JIEpEBUHH € LIeIT0103a. BoHa 3aiimae 65u3pKk0 45 % Macu B TBEepAMX 1 MSIKMX HOPOAax JepeBUHU [4].

Lemtono3a - 11e CHIBHUHN, HEPO3TalyKEHUH TIOTIMEpP TIIOKO3U IYKPY, SKUH MICTUTHCS B POCIHHHIN
KIiTUHHOI cTiHku. lle#t noBruit manmor monekymu, wacto Big 5000 go 15000 kinmemp TIFOKO3H,
MOJIIMEPU3YETHCA B OAHY MOJIeKy Ty 1emtono3u (CsHi0Os)n, A€ n - qoBXkHMHA moniMepy Lemtoio3u. Lemonosni
BOJIOKHA BOYIOBaHI MOII0HO TKAaHUM MaTaM B 6ioMacy i i XiMidHy CTpYKTYpy [5].

I'emineniono3a TakoXX 3HAXOAUTHCS B CTIHKaX POCIMHHOI KIITMHU. BOHa CKazaeTbcs 3 CUIBHO
PO3TaTyKEHHX TOJIIMEPiB CTPYKTYPH, TAKUX SIK TJIFOKO3a Ta 1HIII IyKpH, 0araTo 3 SIKUX MICTSTh I'ATh aTOMIB
BYIUICIIIO. | eMilentoio3a XapakTepru3y€eThesl OLTBIN HI3BKOI0 MOJISKYJISIPHOIO Baroro, HiXK Ieoo3a. BoHa
ckaanaeThes Tiibku 3 500-3000 oauHUI IYKPY 1 Ma€ OLIbIll KOPOTKUH JIAHITIOT, HIX 11e10103a. CyporarHoi
MoJIeKy1010 Juist reminentonosu € C4Hs 9033, s popmyna Oyna 3amponoHoBaHa B poOoTi [6].

Jlirnin 3aiiMae MpOCTip KIITHHHOI CTIHKH POCIIMH, 3allOBHIOIOUM OOCAT HABKOJIO T1NOK 1 JIAHIIOTH
TEMITIETION03M 1 IENI0N03u. BiH KOBaJleHTHO TOB'SI3aHUN 3 TEMIIIEIIONI03010, B PE3YJIBTATI YOTO CKIIATAE
JITHOLENIONO3HY MATPHULIO, a OTXKE, 1 BCIO MiJICYMKOBY CTPYKTypy pociuHu. JIirHiH moxe OyTu
npeacTaBieHuil y Burisai komOinamii aBox ximiuyaux rpym: Co-rpymu i OCHjz, metokcu (MeO) rpymu.
MonekynsgpHa (opmyia mias JirHiny 3amucyerbes y Buriagi: CoHioO2(OCHs):, ae r sBise co0Ooro
BIIHOIIICHHS METOKCH TpymnHu 1 QeHimponaHoinnoi rpymu. lle CHiBBITHONIICHHS 3aJIeXKUTh BiJ BHXiTHOI
cupoBUHH [7].

IIpooyxkmu niponizy

CyMim mipomi3HHX Ta3iB CKJIAMAEThCS 3 JOeKUTbKOX Troproumx TraziB: CO,, CO, H,, CHas,
rizpokap6onatis, cminiB Nz, C>-Cs i cynbdatiB. KinbkicTe ra3zy 3anexurts Big Oaratbox (akTopis,
BKJIIOYAIOYHM THUI PEAaKTOpa, CUPOBHHU 1 MEpepoOKH 3alvIIKy. SIK mpaBuiio, TakWi ra3 Mae TEIUIOTBOPHY
3paTHicTe Gnmus3bko 13-15 MJIx/mM (mpupommmii ras - Gmmssko 37 MJx/mY) [8]. IlipomisHuii ras 3
ITiIBUIIIEHAM BMICTOM BYTJICBOJTHEBHX KOMIIOHEHTIB (II[0 TIPU3BOAMTH JO BUCOKOI TETIOTBOPHOI 3MaTHOCTI)
BUKOPHUCTOBYETBCS, SIK MPABUIIO, SIK DKepeso eHeprii. OuuIneHuid mipoi3Hui ra3 MoXe BUKOPHUCTOBYBATUCS
SIK JDKEPEJIO CHEprii B mevax, SK MaJuBO IS IMPOMHUCIIOBHUX IMAapOBHUX KOTJIB, 1 B SKOCTI ra3onoaiOHOro
MajguBa B IBUTYHAX BHYTPINTHHOTO 3TOPSHHS 1 Ta30BUX TypOiHax [9].

SKmo napu mipoi3y 0X0JIO0AKYIOTHCS IIBUAKO, BUXOAUTH TEMHO-KOPHYHEBA PiHHA, KA HA3UBAETHCS
OioonmmBoro abo Gionadroro. bionadra, oTpumane 3 Oiomacu, sBiIse cOOOI0 CKIagHYy CyMIlI 3 BOAM (5K
mpaeuiio, 20-30 % 3a Baror B 3aJIEKHOCTI BiJl BHMXIJHOI CHUPOBHMHH), a TaKOX KapOOKCHJIBHUX KHCIIOT,
ByrieBoaiB Ta iH. [10]. bionadra MicTuTh pi3HY KiJbKICTh OpPTaHIYHUX KHUCIIOT, 1 1I€ BHUKJIHMKAE KOPO3ilO
MaTepianiB (Hampukiaa, cTaii Ta amoMiHiio). [Ipote, pi3Hi XiMiuyHI PEYOBHHHM, IIO MICTIThCS B OioHadTI,
MOXYTh OyTH BWJIyYE€HI 1 BUKOPUCTaHI JJIsi XIMIYHOT 1 Xap4oBoi mpomucioBocTi. 3a manumMu [11], ximiuHa
peUoOBHHA, SKa B JaHMW Yac BUXOAWUTh 3 OloHadTH, BKIIOYAae MONiQEHONN (BUKOPUCTOBYIOTHCS IS
BUPOOHMITBA CMOJIM), KaJbllii 1 MarHii, ameratd, a TakoX iHII (BUKOPHCTOBYBaHI B Xap4oBiH
npomucioBocti). BinnosigHo, 6ioHadTa Moke MaTu pi3Hi 3acTocyBaHHs. 3a maHumMu [12], GioHadTa Moxe
OyTH OCHOBHUM IIPOJYKTOM TPOIIECY MipPOIIi3y.

Hnst Toro, mo6 BupobasTu Oionanusa OioHadTa mae Oytu moaudikoBano. B cepenubomy Gionadtu
BOJIOAIIOTh HU3BKOIO, B TMOpPiBHsAHHI 3 OeH3uHOM (44 MJ[x/kr) 1 mgu3enpHuM mamuBoM (42 MJIx/kr),
TEIUIOTBOpHOIO 37aTHicTIO (Omm3bko 20 Mx/kr) [13]. Tlpore, B [14] BCcTaHOBIIEHO, IO OJEp)KaHA HUMHU
OioHadTa Oe3 mepepoOKr Moxe OyTH BUKOPUCTAHO SIK MAIMBO JUIsl POMHUCIIOBUX MApOBUX KOTIIB 1 TIeUeH.
Bona tpancnoprabenpHa 1 Moke 30epiraTucsi B BEIHMKHX KUTbKOCTAX. OTke, Hemae HEOOXiTHOCTI
BUKOPUCTOBYBATH HOTO O€3MOCepeHbO Micis OTpuMaHHs. EHeprisi, oTpuMaHa 3 BUKOpUCTaHHIM OlomanBa,
3a3BHYail Ha3MBAETBCS «3CJICHOI EHepricio». BoHa Moke OyTH BUKOPUCTAHO SK «YHCTE» MAIUBO JUIS
BAPOOHUIITBA €IEKTPOCHEPTii 1 TeTIa Bl HEBETMKUX CTAIIOHAPHUX JAM3EIbHUX JBUTYHIB, Ta30BUX TYpOiH i
koTimiB. KpiM HEX CHEKTp XIMIYHUX PEUOBHH, SIKi MOXKYTh OyTH BWIIy4eHI a0 OTpHMaHi, MiCTUTh B TOMY
YHCIl Xap4oBi apoOMaTHU4Hi CIIONYKH, CMOJIM arpoxiMiKaTiB, MiHEpalbHUX JOOpHB, a TaKOX 3'€IHAHb, IO
BHMAararoTh BUKOPHUCTAHHS 3aC00iB KOHTPOITIO BUKHIIB [15].
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OKOKCOBaHHHMM 3ainuIIok, abo Tak 3BaHE OIOBYTLLIL, € TpPeTIM MPOAYKTOM Mipoiizy Oiomacwu.
BioByriurst Mae BIacTHBOCTI 0araro B YOMY AaHAJIOTIYHI BYTUUTIO. BIOBYTimIs chopuse yTBOPEHHIO
apoMaTHYHUX noinukiaiuHux ByriaeBoaHiB ([IAB) mpotsrom mipomizy Oiomacu, ocCOOMMBO MpH HU3BKIK
TEMIIEpaTypi, Ma€ TEIUIOTBOPHY 37aTHiCTh OMu3bko 26 MJ/Dx/kr [16]. Llg BracTuBicTh OIOBYTIIUIA TaKOXK
pOOUTHL HOro I[iKaBUM IPOAYKTOM JUIsi BUpOOHHUITBA eHeprii. ABTopamu [17], BCTaHOBIIEHO, 1[0 OTPHUMAaHE
i Yac mipoJjiizy OIOBYTLLIS B €HEPreTHUHIH MEPCISKTHRI MOXe OyTH BHKOPHUCTAaHE SK J00aBKa y BUXIiIHE
najuBo abo Ui MOTo 3aMiHM, @ TAaKOXK y BUIVIAAI OPHKETIB AJsl MiCLEBOro manuBa. AKTHBOBAaHE BYTiILIA
MOXe OyTH BHIOTOBJICHHH TIPAaKTUYHO 3 OyAb-SIKHX HOCIiB BYTJICIf0, aje HaHOUIbIl YacTo
BUKOPUCTOBYBAaHOIO CHPOBHHOIO € JiepeBUHA i Kam'sHe Byriumst. OmHa 3i chep MPOMHCIOBOCTI BEJIUKUX
CHOXHMBAYiB aKTUBOBAHOTO BYTUJUIS - OYMIIEHHS BOAM, HOBITPAHI (QIBTPU IJIs1 HPOMHUCIIOBOTO 3aCTOCYBAHHS
Ta aBTOTPAHCNOPTY. bioByriyuig Moxe 3aMiHUTH HadTy, 1 HOro MO)KHa 30araTUTH JO AKTUBHOTO BYTJICLIIO
[18].

TakuM 4YMHOM, Ha JaHUU MOMEHT NPOBENCHI O0’€MHI JOCHIIKEHHA NPOLECiB mipomizy. Ane
npobaema monArae B TOMy, IO B JTAaHWW Yac BIICYTHI HaAiliHI MaTeMaTW4Hi MOJEII Ul ONMKCY NPOLECIB
mipoJizy pi3HUX BUIIB pociuHHOi OioMacu. ns momanpmux gociimkeds B IODHTYHIT mependadaerscs
BUKOPUCTAHHS B KOHBEPTOBAHMX HA Ta3 JU3ENbHHUX JBUTYHAX CYMIIEH MPUPOIHOTO Ta MipPOJI3HOTO rasi.
Tomy s TOro, mo® BCTAHOBUTU TEIUIOTY 3TOpaHHS ajlbTEPHATHMBHOTO TAa30BOT0 IaJMBa JUIA
KOHBEPTOBAHOIO Ha Ta3 AW3CIILHOTO JBUTYHAa HEOOXIMHO TMPOBECTH CKCIEPUMEHTAJbHI JTOCIIIKEHHS
CKJIQJIOBUX IIPOJII3HOTO ra3y B 3a3JJaHUX Jiana3oHaxX 3MiHA OCHOBHUX TEXHOJIOTIYHUX ITapaMeTpiB.

HIJIb TA 3AJAYI JOCJIKEHHA

ixs poOOTH — TOCIIPKEHHST €HEPTeTHYHOI IIIHHOCTI Ta30M0IiIOHIX MPOAYKTIB MipOi3y Pi3HUX BUJIIB
POCITHUHHOT OioMacH.

st BUpitIeHHs BKa3aHOT IiJ1i BHHOCATHCS Taki 3a7adi:

- TEOPETUYHO AOCIIAUTH OCHOBHI XapaKTEPUCTHKH 3pa3KiB THUIIOBOI JICOBOi Ta BOAHOI POCIMHHOL
Oiomacu Ykpainuy;

- IOCTIIUTH €KCIEPUMEHTAIbHO CKJIaJl Tra30MoMiOHNX MPOAYKTIB MipOJi3y pi3HUX BHUIIB POCIMHHOL
Oiomacu s pi3HUX TeMITEpaTyp;

- BCTAHOBUTH HIDKYl TETUIOTBOPHI 3AATHOCTI Ta30MOAIOHWX MPOAYKTIB MipoOJi3y 3pa3KiB THITOBOi
JicoBoi Ta BoAHOI pocIMHHOT OiomMacu YkpaiHu.

PE3YJIbTATH JOCIIIKEHb

3azanvna xapakmepucmuka pocaiunnoi iomacu Ykpainu

[Mpu6nuzno 20 % Teputopii YKpainu 3aiiMaloTh MillaHi Jica, siki ogepkanu Ha3By JlicoBoi 30HH abo
Iomiccs. [liBHIYHA Meka 30HU CIIBIAJAE 3 MIBHIYHIM KOPJIOHOM YKpaiHM, a MiBJACHHA MEXa JIICOCTEILY
npoxoautu yepes JIpBiB — XKuromup - Kuis — Konorom - ['myxiB. [IpuponHy pocnTMHHICTE CKIIaIat0Th JIICOBI,
JIyroBi Ta OONOTHI BuAM. Benuki miommi 3aliHATI MilIaHUMK Ta XBOHHHMX JIiCaMH, TYT POCTYTh COCHOBI,
COCHOBO-y0OBi, TyOOBO-TpabOBi Ta BUTLXOBI JiCi.

[Tpubnuzno 35 % tepuropii Ykpainu 3aiimae Jlicocrenosa 30Ha. JlicocTenoBa 30Ha MPOCTATIIACS Bif
[Mpukapmartst no Cxony. [liBHiuHa Mexa criBmagae i3 [lomiccsm, a niBaenHa — ninig Kotosesk — [lontasa -
Ky’ ssHCBK. Y JmicocTelry mepeBa)kaloTh IMPOKOHMCTSHI JIiCH, TOJIOBHUM YHHOM HiOpoBH (IyOW CKEILHUH i
3BUYANHUI); 3 YarapHUKiB: JepeH, Tpad; 3 Tpas: KOBea, TUITYAK.

Bbrmseko 40 % Ttepuropii Ykpainun npunagae Ha CrenoBy 30HY. CTermoBa 30Ha MPOCTATAETHCS Bif
micocteny Ha miBaeHb a0 Kpumcebkux Tip 1 YopHoro Ta A3zoBchkoro MopiB. JlepeBa Haitwacrime
3yCTPIYarOTHCS Ha MBHOYI 30HH, a KYIIIi 110 BCiH TepuTOpii. POCIMHHICTD: Tyd IMyXHACTHIA, KJICH ITOJIHOBHIA; 3
YarapHUKiB: rpad, MIMIIIINHA; 3 TPAB: aNbIIiiiKa, OCOKa.

[Mpubnmsno 5 % tepuropii —30ona Kapnarcekux rip. 3oHa Kapmarcekux rip posramoBaHa Ha
MMBJICHHOMY 3aX0JIi KpaiHu. POCIMHHICTE: THUC ATiTHUHN, BOASHUI TOpiX, COCHA KEApOBa €BPOIEHCHKA, COCHA
3BHUYalHA, STiBEIb, SCEHEIb 01T,

Xapaxkmepucmuka 0ocnioxicyeanux euoie pociunnoi diomacu

Axayis

AKalilo MHUPOKO KyJBTHUBYIOTh MO BCid YKpaiHi, HalOlnpmn miomi ii HacamKeHb 30CepeKeHi B
Jlicoctemy i Cremy. TpamnsieTbesi B mapkax, caiax, MOJE3aXUCHUX 1 MPOTHEPO3IHHIX CMYTax, Y 3aXHCHHX
HacapKEHHAX y3IO0BXK JOpIT, MOOIN3Y Hacik Tomo. BoHa BUKIIIOYHO TepIMMa JI0 TPYHTY IOJI0 POIIOYOCTI,
COJIOHOCTI 1 HM3BKOTO piBHI pH 200 ce30HHMX 3a00JI0YCHUX IPYHTIB, IO POOUTH aKAIlIO AYXKE ITiIXOISIIOL
i peabimiTanii AerpagoBaHuX 3emelb. I[loBepxHeBa KOpeHeBa cHUCTeMa JO03BOJNsiE i pocTH Ha
MaJIOTIOTY)KHHUX IpyHTax. JlepeBUHA Ma€e BiHOCHO BHCOKY nutomy Bary (600 - 800 xr/m?). TlpunarHa mis
BHTOTOBJICHHS TIOOyTOBHX MeOiB. JlepeBrHa imeanbHa M1 3aroTiBJIi JIPOB, JIETKUX OymiBEIBHUX pOOIT, a
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TAKOXK MEPCIEKTHBHA JJIs BUCOKOSKICHOT eNTF0I03u. JlepeBHe Byriuis, MO OTPUMYEThLCS 3 aKallil, He BaXKKe
1 1oOpe roputh 6e3 AUMy ab0 iICKOp, a TAKOK Ma€ BUCOKY CHEPTreTUIHY I[IHHICTb.

Jiwuna (Corylus avellana)

JlimuHa — ne xkym 2-4 M 3aBBUIIKK. Kymmi mimuHu Hag3BMYaiiHO MOLIMPEHi Mo BCi YKpaiHi, KpiM
KpaiHbporo TiBAHSA. JliMKHA pOCTE B MIUTICKY JUCTSHUX 1 MIIMMAHUX JICIB, IIe - TIHBOBUTPHBAIA POCIHHA,
TIIKK AKOI TyTrOMOAIOHO PO3XOMATHCSA B Pi3Hi OOKH, yTBOPIOIOYM KOHYCOMOIIOHY KpoHy. L[BiTe y OepesHi —
KBITHI, TJIOOW JOCTUTAIOTh Y CEpIHI. 3aBASKH BHCOKOMY BMICTY KHMpIB 1 OUIKiB IUIOAM JNILIMHU MAroTh
BHCOKY KaJOpIMHICTh 1 € I[IHHAM NpPOAYKTOM XapdyBaHHS. lleld BUI CTIMKWH 110 BHCOKOTO CTYICHS
MTOCYIIIJTUBOCTI 1 BCTYIIa€ B 0OPOTHOY 3 CLIILCHKOTOCIIONAPCHKUME KYJIbTypaMu. Bil Moxke pocTu 0€3 3aXUCTy
1 Moke OyTH BUKOPMCTAaHHH U 3aXHCTy MOJIB 1 (epMepchkux rocmnogapcT. JIimuHa Mmyckae KOpPiHHS
rMOOKO 1 MHMPOKO 1 (opMye BY3IUKH, KOJHM MPUCYTHI BiAMOBiAHI mTamu OakTepid, ogHak y OaraTbox
YaCTUHAX CBITY JIIIIMHA BBAXKAETHCSI BUIOM Oyp'ssHiB. BUKOPHCTOBYIOTP SIK JIIETHYHUH 1 JIIKYBAILHUH 3aci0
NPY IUTYHKOBO-KHIIKOBHX 3aXBOPIOBaHHSX. ['1JIKH MOXXKHA BUKOPHUCTOBYBATH B SIKOCTI JIPOB, CUPOBHHU IS
rasudikanii abo rpaHyn HanuMBa, TakK sSIK 3a0e3Me4yeThCsl BEJIMKUN BUXi JIETIOUMX PEUYOBHH B SKOCTI
MaJILHOTO Ta3y.

Enooesa (Elodea)

Enones (Elodea) abo «BoxmsHa uyma» — pin 0araTopiyHMX BOIHHUX POCIHH POAWHH BOAOKPACOBHUX
(Hydrocharitacea), ogna 3 HadmommpeHimux B YKpaiHi Ta Ha 3eMyi BOJHHMX POCIWH. 3a3HaueHa BOISHA
pOCIIMHA € HAJ3BUYAHO MMPHCTOCOBAHOIO J0 OYyIb-SKOTO BOJHOTO CEpPEIOBHINA, € BKpaii HEBUOATIINBOKO Ta
BIJIPI3HAETHCS HAJ[3BUYANHO BHUCOKHUMM TeMIlaMU 30uiblieHHS Oiomacu: mo 5 % 3a mo0y. Ilyckae nosri,
CHJIBHO pO3Traiy’KeHi ctediia, o pocTyTh HAA3BUUAHHO MIBUAKO 1 AOCITAIOTh HEPIAKO JOBXHHU ITOHA /Ba
Metpu. Emones B XIX cromitti Oyna 3aHeceHa o €Bporu (Brepiie 3'siBuiacs B 1836 pori B Ipnanmii), ne
Ha/J3BUYAHO IIBHAKO 1 IIMPOKO po3cenmnacs (3BIACH Ha3Ba «BOASHA dYyMa»). 3apocTi enoael
MEPEIKOIKAIOTh CyTHOIUIABCTBY 1 pubaibecTBy. 3eJeHa Maca enojiei BAKOPHCTOBYETHCS Ha KOPM Xya00i i
sIKk 100puBO. Tak SK IO SAKOCTI BOAM POCIMHA aOCONIOTHO HE BHUMOTJIMBA, TO B MPUPOJHOMY CEPEIOBHUIIT
BOHO JKHMBE IPAKTUIHO y BCiX, HaBITh CTOSAYNX, BogoiMax. Enones 6e3 mpobiieM MOXKe 3pOCTaTh K B M'SKIiH,
TaKk 1 B KOPCTKIA BOi, a TaKOXX Npu pisHOMY piBHI pH. 3a3HayeHa BoIsHA POCIMHA CTBOPWIIA BEIHKY
npobnemy ans KpaiH €Bpomnu Ta YKpaiHu depe3 ii MIBHIKE PO3MOBCIOMKCHHS 1 HEraTUBHHMU BIUIMB Ha
€KOCHCTEMH, pUOaTLCTBO 1 HABITh CYIHOIUIABCTBO, NMPHUYOMY IIOPOKY MAcIITaOM 3a0pyIHEHHS MMOBEPXHI
BOJIU CYTT€BO 301IBIIYIOTHCS.

Mixpoyucmic cunvo-3enenuil (Microcystis aeruginosa)

MIiKpOITUCTIC CHHBO-3EJICHIH — I1€ BOJIOPicTh poay Mikponuctic (Microcystis) poauaun MikpoIucTeBi
(Microcystiaceae) kiracy XpookookkoBbie (Chroococcales) Bimmiry cuabo-3eneni Bogopocti (Cyanophyta).
HapnzeuuaiiHo posnoBcio/pkeHi B YKpaiHi Ta €Bpomi, SBIAIOTHCS MEPEeBaXAIOYUM BHIOM BOAOPOCTEH B
TIPICHUX BOIOMMMUIIAX, TyKE PO3IOBCIOKEH] 1 B MOPCHKIN BOJIi, TIOMTUPEHI 1 Ha BOJIOTHX IpyHTaxX. [IpamaBHi
OakTepii, 40 SKUX HAHOUTBIT ONM3BLKUMH € CHHBO-3€JICHI BOJOPOCTI, BUHHUKIN ONHM3BKO 3,5 MIIPA. POKIB
tomy. LliaHOOakTepii 3maTHi A0 OKcHUreHHoOro ¢orocuHtedy. Came 3aBISIKM CHHTE3Y 1 HAKOIMWYECHHIO
OKCHT€HY 4epe3 KUTTeAisubHicTs Cyanophyta 2,4-2,5 Map. pokiB TOMy cTajachk Iio00ajibHa 3MiHa CKIagy
aTMocdepu 3eMIIi, IO CTBOPIIIO TIEPETyMOBH JIJIST PO3BUTKY CYJacCHUX (DOPM JKHTTHI.

KiTka cMHBO-3€7IeHUX BOJOPOCTEN CKIANAETHCS 3 KIITUHHHUX MMOKPUBIB 1 MPOTOIJIACTA, IO BKIIOYAE
30BHIIIHIO MeMOpaHy (TJ1a3MoyIeMy) 1 IUTOIIAa3MY 3 PI3HUMH LUTOIUIa3MAaTHYHUMU CTpYKTypamu. KimiTuHHI
000JIOHKM CHHBO-3€JICHUX BOJOPOCTEH >KOPCTKI, BUKOHYIOTh OIOPHY 1 3aXHMCHY (YHKIIii; B HUX BHUSBIICHI
TIEKTUHHY, BYTJICBOIH, aMiHOKHCIIOTH, )KUPHI KHCIIOTH, JIITIOOTicaxapuay Ta iH.

3a3HayeHi BOAOPOCTI MPU3BOAATH A0 IHTCHCUBHOTO «LBITIHHS» BONOWMHIN B YKpaini Ta €Bporii,
MIPUIOMY IMOPOKY MAacIITabh 3a0pyAHEHHS ITOBEPXHI BOIU CYTTEBO 30UIBIIYIOTHCSA. PO3MOBCIOMHKCHHS
CHHBO-3€JICHUX BOJOPOCTEH MPH3BOAMTEL JI0 THUTTS BOJAM, PYWHYBaHHsS BOJHHX EKOCHCTEM Ta 3arubeni
pidoK Ta o3ep.

IInanyeannsa ekcnepumenmanbHux 00Ci0HceHb nPouecy nipouizy

MeToro eKClepuMEHTATLHIX JIOCTIDKEHb € BCTAHOBJICHHS OCHOBHHX 3aKOHOMIPHOCTEH OJiepKaHHS
CKJIaJIOBUX MIpPOJI3HOTO rasy, B MPOLEC PEeryIbOBaHOTO TEPMIUHOI'O PO3KJIAAaHH POCIMHHOI OiomacH, Juis
BUKOPHUCTAHHS HOTO B SKOCTI MajJuBa B Ta30BHX CyMillax JUIsl KOHBEPTOBAHMX Ha Ta3 AW3EIbHUX JABHUTYHIB.
[Ipu 1bOMY JOUIUTEHUM € BUAUICHHS B PE3yJIbTATi JOCIIHKCHDb BIATIOBIAHMX KOXKHOTO MaTrepially CHUCTEM
mapaMeTpiB, II0 BHM3HAYalOTh BMXIiJ KIHLEBUX IPOAYKTIB. BHUpIlICHHS IOr0 3aBAaHHS MOXIJIHBE IIPH
peadizanii 6araro)akTOpHOTO EKCIEPUMEHTY 3 BiITBOPEHHIM OCHOBHHMX YMOB MPOTIKAHHS TOCIIKYBaHOTO
mporecy.

CxJiafiaHHs TUIaHy JOCIIDKEHb BIAMOBIIHO BIIOMHM IOJIOXCHHSIM TEOPIl IUIaHYBaHHS SKCIICPUMEHTY
CTBOPIOE YMOBHU [UIS MiJBHILEHHS JOCTOBIPHOCTI pE3yNbTaTiB BUMIPIOBAaHb 1 CKOPOYEHHS B OaraTbox
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BHITaJIKaX OOCSTY EKCIIEpUMEHTAIBHUX TOCHIKEHh a00 CTEHIOBHX BHIPOOYBaHb. AJie 3aCTOCYBaHHS
CY4aCHHX METOMIB IUIAHYBaHHS EKCIIEPUMEHTAJIbHUX IOCITIPKCHb (HANpHKIaJ, CKJIAJaHHA (aKTOPHUX
IUIaHiB) miepeadadae OOOB'I3KOBY HAsBHICTH MEBHOTO MiHIMyMYy BIIOMOCTEH TMpoO 3BSIBKM MiXK
JOCTiDKyBaHUMHU (haKTopaMu. AHami3 JiTepaTypu 3 aaHoi npoOiemu [8-18] mokaszaB, Mo MOKH HEMae
JIOCTOBIPHUX BIJOMOCTEH TPO XapakTep TEPMIYHOTO PO3KIAJaHHA POCIMHHOI Oiomacwm. Mo)kHa TUIBKH
CTBEP/DKYBaTH, IO HA BHXIJ KIHICBUX TPOAYKTIB MIpOJi3y BIUIMBAIOTH TEMIIEpaTypa, TEMIT HarpiBy
CHUPOBHHH, BUJI POCIMHHOI OiomMacu. Ane QpakTOpHHUH IJIaH TapaHTye OTPUMAaHHS B Pe3yJibTaTi MiHIMAJIbHOI
KUTBKOCTI JIOCIIJIIB JIOCTOBIPHUX 3HAa4eHb KOE(]IiIi€HTIB B PIBHSHHIX perpecii TUTBKH TPU BiOMOMY JIO
MOYaTKy EKCIIEPUMEHTIB TOPSJIKY PErPeCHBHOIO PIBHSHHA. BiNbIl TOro, MpPOBEJCHHS EKCIIEPHMEHTIB 3
BUKOPUCTAHHAM (DaKTOPHHMX IJIaHIB MOJIMBO TiIBKHM 32 JAOCHTH KOHKPETHHUX TEOPETHYHHUX YSBJICHb PO
JOCIIPKYBaHUH MpoLec.

SKIO K XapakTep 3aJeKHOCTeH MK OCHOBHMMH JOCIIDKYBAaHMMH (DakTOpaMH 3a3Jayieriib He
BiJOMHUI, TO BUKOPUCTAHHS 3BUYAHHOTO (JaKTOPHOT'O IUIAHY MOXKE MPHU3BECTH A0 MOMUIKOBUX PE3yJIbTATiB.
Tax, HanpuKIaa, CTOCOBHO AOCIIIKEHUX MPOLECIiB TEPMIYHOTO PO3KIaJaHHs POCIMHHOI 010MacH MOXKIIUBA
HAsABHICTh JIOKAJIbHUX CEKCICPHUMEHTIB JJI1 OTPUMAHHS 3aJIC)KHOCTSH YacTKH PIaKuX abo ra3omnoioHHuxX
MPOAYKTIB BiJl TemIiepaTypu. ToMy, HalpuKJIa]|, BAKOPUCTAHHS MOJIEJel MepIIoro MopsKy Mpy CKIalaHHi
IUTaHIB EKCIIEPUMEHTY Oyae HeoOIpYyHTOBAaHUM, BUXOASYU 3 (DI3MYHUX YSBICHb MPO MOXKIWBI BapiaHTH
PO3BHUTKY TPOIIECIB TEPMiYHOT KOHBEpCii pocinHHOI Oiomacu. BiamoBimHo, HaWOiNbII MpaBUIBHUM OyIie
BUKOPUCTAHHS TPU CKJIaJIaHHI IJIaHIB SKCIIEPUMEHTY KJacH4HOi 0aratodakTopHOi CXeMH MOCHiIOBHOTO
MIPOBEJIEHHSI JOCTi/IIB B 00paHOMY MPOCTOpi (pakTopiB. AJie MpH I[bOMY ITOTPIOHO BiAIIOBITHO /0 3arajibHOT
Teopii MIaHyBaHHS €KCIEPUMEHTY MPOBOIUTH JOCIIAN HE 3a MOCHIJOBHUM, a 33 BUIIAJKOBUM IUIAHOM, IIPU
peadizallii SKOro 3Ha4eHHs! HEe3aJIS)KHUX (DAKTOPIB BapilOIOTHCS, 3 METOK BHKIIOYCHHS BIUIMBY 30BHILTHIX
HEKOHTPOJILOBAHUX (DaKTOPIB HA PE3yJIbTATH EKCIIEPUMEHTY, PaHA0MI30BaHO (BUIIAAKOBUM YHHOM).

[Ipu mmanyBaHHI TOCIHIHKEHb HEOOXITHO MOCTABUTH HACTYIIHI 3aBIaHHS:

- CTBOPHUTHU YMOBH JIJIs OI[IHKY BUIAJKOBUX IMMOXUOOK BUMIipPIOBaHb;

- 3a0e3MeunTH MiHIMAaJIbHI BEIMYUHU CUCTEMATHYHHUX TOMIJIOK 1 BUKITIOYHTH rpyOi TOMIJIIOK;

- 3a0e3meunTi  30epeXeHHS CTaOUThHOCTI BJIACTUBOCTEW 3pas3KiB OCIHIPKYBaHHX PI3HOBHIIIB
POCTUHHOI 6ioMacH y BCii cepii eKCIIepUMEHTIB;

- 3a0e3MeueHHs] MiHIMANBHUX BiIXHJICHb MapaMeTpiB, II0 XapaKTepPH3YIOTh YMOBH EKCIIEPHMEHTIB
(BOJIOTICTH, THCK 1 TEMITEpPATypH B YyCTAaHOBKAX Mipoi3y);

- 3a0e3meueHHs] aJeKBaTHOCTI BiATBOPEHHS XapaKTePUCTHK 3pasKiB BiAg JOCHKEHHS [0
JIOCHiKEHHSL.

3a pe3ysibraTaMu aHami3y Jiteparypu [1-7] MoxHa 3poOUTH OOIPYHTOBAHUN BUCHOBOK, IO 3 TOYKH
30py BUXOAY MiPOi3HOTO Ta3y OCHOBHUM BXiTHIM ITapaMeTPOM € CKIIaJ IepeBHOI Oiomacu. DYHKINE€I0 METH
B IUIAHOBaHUX EKCIepHUMEHTax OyB OOpaHWil ckian KIiHIEBHX Tra3omoNiOHUX MpoAyKTiB. OCHOBHUMH
3MIHHUMH (pakTopamH, 10 BU3HAYAIOTH LEH CKIIaJ, € TeMIepaTypa 3pa3KiB 0ioMacy B KiHIII €KCTIEPUMEHTY,
iHTepBaln 3MIHH TeMIIepaTypH, TEeMIl HarpiBy, ckmany Oiomacu. Bubip miama3zoHy 3MiHM TemmepaTyp
3MIIHCHIOBABCS METOJIOM ITOCIIIOBHUX HAONIKEHb MPH TOCSTHEHHI YMOB TIOBHOI KOHBEPCii. 3HAYEHHS TEMITY
HarpiBy BUOMpanHuCs BHXOISMYM 3 pEATbHUX MOXJIMBOCTEH YCTaHOBOK JJISi MPOMHCIOBOI TEpMi4HOI
KOHBepcii pociauHHOT Oiomacu. IHTepBamM 3MiHM TeMIleparyp BUOHWpanucs BUXOASYM 3 YMOB, HI00
3a0e3MeYnT  MaKCUMallbHy  JOCTOBIPHICTH  pe3ynbpTaTiB  eKcrmepuMmeHty. Ilpm  mocmimkeHHSX
BUKOPUCTOBYBAJIMCS. OCHOBHI Pi3HOBHIM POCIMHHOI OioMacH, MEepCIeKTUBHI Uil BUKOPUCTAHHS B YKpaiHi.
Taxox npu BUOOPi BUAY POCIIMH CTaBUJIACSA METa OTPUMAaHHSI MakCHMAaIbHO MOXKJIMBOTO JAiala3oHy 3MiHHM i1
CTPYKTYpPH SIK CHPOBHHH, JUIsI BUCHOBKIB PO BIUIMB IHIWBITyaJIbHHX BJIACTHBOCTECH OloMacw Ha BHXIJ
MiPOJII3HOTO Ta3y.

[Ipu mpoBeneHHI eKCIEpUMEHTIB MiATpUMYyBajacs IMOCTiliHA MOYaTKOBa TemIeparypa 3paskiB. Bci
EKCIIEpUMEHTH TIPOBOIMIIHCS B 3aKPUTOMY OIATIOBAILHOMY MIPUMIIIICHH] TIPH TeMItepaTypi moBiTps 291-294
K. Jns peecrpamii TemmepaTyp 3pa3ka BHKOPHUCTOBYBAJIHCS XPOMENb-KOIeJieBi TepMmorapu. KimbKicTh
JOCHiZIB pH (piKCOBAaHWX YMHHUKAX BUOMUPATIOCS HE MEHIIE I AThOX.

Memoouxa docnioxncens

Marepianamu, BUOpaHUMU 7Sl TOCIiIKEHHS, OyJIM YOTHPH BHIM POCIUHHUX OioMac, THIIOBHX MJIs
VYkpainn. [lepen ekcnepuMeHTaMu POCIIMHA BHCYIITYBAJINCh, TIIO0 3MEHIITUTH BMICT BOJIOTH. Po3Mmip okpeMux
YaCTUHOK POCIIHH CTAaHOBUB OM3HK0 5-10 MM B TOBXKHUHY 1 1-3 MM B TOBIIHHY.

[liponiz pocnuHHOi OioMacd NPOBOAMBCS 3 BUKOPHCTAHHAM CIIEIiaJIbHO CIHPOEKTOBAHOI Ta
BUTOTOBJICHOI MipOJi3HOI YCTAaHOBKH, FOJOBHOIO YaCTHHOIO SIKOi € Mipoui3Hui peaktop (puc. 1). YctaHoBka
CKIIAZIAEThCS 3 PeakTopa 3 BiAOIPHHUKOM MMipoizHOro rasdy (1), koMmpecopa sl 3aKkadyBaHHS IiPOJi3HOTO
ra3y B OasioHu 3 peakTopy (2), 6anoHiB i mipomi3Horo rasy (3). Burotosnena yctaHoBKa mpu3HaueHa st
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MOBUTHFHOTO MipoTizy. B peakTopi BUTOTOBICHUI HATPIBAILHUA KOHTYD, SIKUH MIIKIFO4aBcs 10 Mepexki 220
B. Jlnga minTpuMaHHA 3a7aHOl TEMIIEpaTypu CHiIa CTPyMy 3MIHIOBAJIAch EICKTPHYHHM PETYISATOPOM.
TemmepaTypy KOHTPOTIOBAIUCH 3a JOIIOMOTOI0 XpOMEIb-KOMeNIeBUX TepMomnap 3 moxuokoro + 2,0 °C. Ilicns
MoYyaTKy BHUXOIYy MipOJi3HOTO Ta3y, YacTWHa ra3y BiBOAWJAch s MigIrpiBy peakTopa 3aMicTb
CIIEKTPUYHOTO HATPIBAJIbHOTO KOHTYpy. /Jlns MiATpUMaHHS 3aJaHol TeMIepaTypd KiUIbKICTh Ta3y
3MIHIOBaJach Ta30BHM KpaHoM. KownpeHcatop OyB BHTOTOBICHHI Yy BHITISII €MHOCTI 3 TBHHTOBOIO
cHipanbHOI0 TpyOKOI0. B sIKOCTI TemIOHOCIS B OXOJOMKYyBaHiH €MHOCTI BHKOPHCTOBYBauacs BoOJa 3
temneparyporo 12-30 ° C, ska mepioMYHO OHOBJIIOBANIaCh Mo Mipi ii HarpiBaHHs. KijgbKicTh POCIUHHOT
Oiomacy, sika 3aBaHTaXyBajlach OJHOPa30BO B peaktop ckianana 5000£1 rpam. TpusanicTh yacy mipoi3y
(excriepuMeHTY) CTaHOBHJIA 2-3 TOAMHU B 3aJISKHOCTI BiJ] 3a/1aHOT TeMIlepaTypy HarpiBy.

1 — koMIIpecop I 3aKadyBaHHS MIPOJTI3HOTO ra3y B 0aJIOHU 3 peakTopy; 2 — 0aJOHU 3 MiPOJTI3HUM ra30M;
3 — miponi3Huil peakTop
Pucynok 1 — 300pakeHHs eKCIEPUMEHTAIBHOI MIPOTI3HOT YCTAHOBKH

YMOBHU eKCHIEpUMEHTY BiJIOBiAaIN PI3HUM 3aaHUM TEMIIepaTypaM Mipomidy i BUAaM JOCHTiIHKyBaHOT
pocnuHHOI cupoBUHU. OTpUMaHUI TIPOJNI3HUI ra3 MOCTYNaB B OXOJOPKYBad 3 BOJOIO 1 Jaii B ra3oBUi
MIIIOK. 3 ra30BOro MIIIKy 3a JOMOMOIOI KOMIIpecopa MipoJIi3HUH Ta3 3aKauyBaBcs B OaJOHH BHCOKOI'O
TUCKY. 3pI[UKEHUI CKOHJICHCOBAaHUHN MPOAYKT 30MpaBcsl B KOJEKTOPI IS MipoJizHOi pinuHu. Buxia pisHHX
OTPUMaHUX TPOJMYKTIB BH3HAYABCS IIISIXOM 3BaXKYBaHHS TBEPJOTO 3ANUIIKY (OIOBYTLIIA) 1 MipoTi3HOL
piauHM, ki Oynd 3i0paHi MiJ Yac SKCIEPUMEHTY. Pi3HHMIM MK 3aBaHTaOKCHOK 0i0Macol Ta MacaMu
OIOBYriUIsl Ta MiPOTI3HOI PIOUHM CTAHOBHWJIA KUIBKICTh IMIpOJdi3HOro raszy. Maca mipomi3HOro rasy
MapajieIbHO KOHTPOJIOBAIach 3BaKYBaHHSM Ta30BHX OaJlOHIB A0 1 MicAsS IXHBOTO 3allOBHEHHS. Buxin
MIPOJII3HOr0 ra3y TaKoXX BH3HAUaBCS y BIJICOTKAaX BiJ MacH 3aBaHTa)KCHOI OlocupoBuHH. ['a3u, oTpuMmaHi B
mpolieci mipomi3y, aHaai3yBaluch Ha CKiIaj Ha razoBoMy xpomarorpadi NeoCHROM Class B.

Jns  BUKIIOYCHHS EKCIIEPUMEHTAJIBHUX IIOMWIIOK, XapakTePHUX JUIS CEpIHHHX JOCIIKCHb,
eKCIIEPUMEHTH IPOBOAMWINCS TI0 PAHJOMI30BAaHOMY KJIACHYHOMY IUIaHY 3 HOCTIHHMM KOHTpOJEM BCiX
napaMeTpiB, HEOOXiTHUX IS pO3PAXyHKY BHIIAJKOBHX Ta CHCTEMAaTHYHHUX MOMIJIOK BUMiproBaHb. {7t Toro,
mo0 3a0e3MeYnTH TMOBTOPIOBAHICTH PE3YJIbTaTiB EKCIEPUMEHTIB, NOCTHIOU MpHU TOCTIMHUX (aKTopax
MPOBOJMIIUCS KiJIbKa pa3iB, MOKH (ppakiii BUXOAy MPOAYKTY He OYJ0 OTPUMAHO 3 PO3CIIOBAHHSIM HE BHIIE
2,0 %.

Amnaniz niponiznux 2azie

VY 1poMy AOCHiIKEHHI IJis BU3HAYCHHS (PaKTy MPUCYTHOCTI i MPOLEHTHOTO BUXOAY MPOLYKTY Oyiu
BUKOPHUCTAaHI SIKICHMW 1 KUIbKICHUH aHalli3u Ta3oBoi xpomatorpadii. ['azoBa xpomartorpadist Juis aHamizy
AKICHOTO 1 KiIbKICHOrO CKJIady Ta3iB Mae psj mepesar: HeoOXimHi obcaru 3paska (~ lem®), HeBenmkmii yac
BUTPUMKH (OJIM3BKO JECATH XBWJIMH), BUCOKA TOYHICTh, IIBUIKICTD 1 €EKOHOMIYHICTb.

Jliis aHami3y sIKiCHOTO 1 KiJIBKICHOTO CKJIaJly ra3iB, OTpUMaHUX B PE3YJILTATI MPOIIEeCy MipoTi3y 3pa3KiB
pociuHHMX Oiomac OyB BuKopucTaHuii TazoBuii xpomaTtorpadp NeoCHROM Class B. Metoa rasosoi
xpomatorpadii € aHaTITHIHUM METOAOM [UIl BHUIUICHHS CHOJYK Ha OCHOBI iX COpOLIHHOrO momity.
Busnauenns cknagy cyminn Moxe OyTH 3aCHOBaHE Ha BU3HAYCHHI IUIONII IMiKa a00 BUCOTH IIiKa 3'€JHAHHS.
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Lle#i MeToa HO3BOJISE OTPUMATH KUIBKICHY 1 AKICHY 1H(OpMAIliIO IS KOXKHOIO 3'€IHAHHS, MPUCYTHHOTO B
aHaJ1i30BaHOl 1po0i ra3oBoi ¢aszu. I1ix yac ekcriepuMeHTiB OyB BUKOPUCTAHHI aBTOMATHYHHUE BigOip mpoo i
iH'eKii 32 MeToIOM BHYTpilIHBOI HOpMamizawii. Lle — meTon kaniOpyBaHHS, [0 YaCTO BUKOPHCTOBYETHCS B
ra3oBili xpomarorpagii. Meron 3acHOBaHMI Ha BHMIpPIOBAaHHI IUIOLI KOXKHOTO MIKy B XpoMarorpami.
3aranpHa rroma HopmoBana Ha 100 %, a KoKeH MK BKa3yeThCs B MPOIEHTAX BiJl 3arajbHOI IO,

I'a3, oTpumanwmii 13 3pa3KiB AepEeBHOI OiOMacH, 3 Ta30BOTO Oal0HA BBOJIWUBCS B TIPUUMAIIbHY €EMHICTD 1
aHamizyBaBcs Ha razoBomy xpomarorpadi NeoCHROM Class B. I'a3om-HOCciem OyB BOAEHB, a OTpUMaHHN
ra3 ckiangascs romoBHuM guHOM 3 CO, CO,, CH4, H, 1 moBiTpsa. O0'emHI KOHIIEHTparlii OyiIu po3paxoBaHi
METOOM 30BHIITHHOTO CTAaHAAPTY, 3aCHOBAHOMY Ha JIIHIWHIA 3aJI€KHOCTI MK KOHIICHTPAIISIMH 1 TUIOIICIO
CTaHAAPTHOI CyMilli, BUMipIOBaHUMH XpomaTtorpagom. J[lo BU3HAUEHHS Ta30BOrO CKIAAy Ta30BHH
xpomatorpad OyB BiakamiOpoBaHMH CTaHJApTHOIO CyMimmmo. B amapaTHiif cuctemi ra3oBoro
xpomarorpada NeoCHROM Class B Oyiu BCTaHOBIIGHI HACTYIHI MapaMeTpH: TeMIepaTypa AETEKTopa -
100 °C (meTexTOp TEILIOMPOBITHOCTI); TeMreparypa imxkekropa - 80 °C; remneparypa koynonu - 60 °C; Tum
KOJIOHH - 3 HAIIOBHIOBa4eM MOJIicopO-1; ra3-HOCiH - BOJICHB; BUTpaTa ra3y-Hocis - 40 J1/xB.

Pe3ynomamu excnepumeHmManbHUX 00CHi0HCeHb CKAA0y nipoiZHO20 2a3y

[Ipu mpoBeaeHH] eKCIepUMEHTATBFHUX JOCTIKEHD TIPOIi3y POCIUHHOI OioMach OTpUMaHi IPOAYKTH
CKJIafjamucs 3 TBEpAOro OiOBYTriLIsL, MipONi3HOI PIAMHM 1 MIpONi3HOTO raszy. Buxim i ckiag KiHIEBHX
MIPOMYKTIB MIPOJIi3y ICTOTHO 3aJIe)KaTH Bill YMOB EKCIEPUMEHTY. J[OCHTiIKyBaBCS BIUIMB XapaKTEPHCTHK
Oiomacw 1 TeMIrepaTypH IipoJIi3y Ha CKJIaa MPOIYKTIB MiPOJIi3y 1 TEIUIOTY 3ropaHHs Tasy.

[lix yac mpouecy miposizy BigOyBaeThCsl TEPMIYHUN pO3KIIaA MaTepiaiiB BuxigHoi Oiomacu. Sk yxe
Oyno 3a3HaueHo, MaTepiall POCIMHHOI OiOMacH CKIaJa€TbCs, MEPEBAXHO, 3 TPHOX BHIIB TONIMEpiB:
LIEJTFOJIO3H, TeMIIIeNIoNo3u 1 jirHiny. Ilemtono3a mix yac HarpiBanHs B ocHoBHOMY Buaiisie CO, CO,, Hy;
remirentonosa Bugiisge CO,, H>O i meski ByrnmeBomHi, a nirnin - CO, CO,, CHy [5-6]. IIpu npoBeneHHi
JOCHIDKEHb Ta3, OTPUMaHUil TpHW Mipoui3i pocauHHOi OiomacH, 30upaBcs B Ta30BUH 0ajOH i MPOBOJUBCS
Hioro anami3 B razoBomy xpomarorpadi NeoCHROM Class B. Ilix gyac ekcriepuMeHTIB B IMipOJIi3HOMY Ta3i
Oynu 3adikcoBaHi okcu Byriemo (dagauit ra3z) CO, miokcun Byrieinto (Byriekuciuii raz) CO,, metan CHa,
BozeHb Ho, azor N i kucens O.. Po3moainn KOMIOHEHTIB Ta3zy, OTPUMAHOrO U Pi3HUX BUAIB POCIMHHOL
Oiomacy IpH pi3HUX KiHLIEBUX TEMIIepaTypax Mmipoiisy, npeAcTaBieHo Ha puc. 2-5. Ilig 4ac ekcriepuMeHTiB
BHKOPHCTOBYBaJIACch 3a3HaUcHa BUITIC POCIIMHHA OioMaca: akarlis, JIIWHA, MIKPOIIUCTIC, €10 Iesl.

Bcranosneno, mo npu temneparypax 200-350 °C razoBa cymimi, B OCHOBHOMY, ckiafgaeTses 3 CO i
COs,, a takox mictuth N2 1 O2. [oxomkenns CO i1 CO,, nepeBakHO, 3aJI€XKHUTh Bil PO3KIIAAaHHS LETIONO03H 1
IeMILIENIOJIO3H.
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YrBoperas CO 1 CO; mpu OiapIn BUCOKIH TeMIepaTypi BUKJIMKAHO PO3KIamaHHsSM JirHiHy. Ilpu
temmepatypax Bix 200 go 600 °C Bmict CO He3Ha49HO 3MEHITYEThCS, @ BMicT CO; 3aJIHIITAETHCS TTPUOITU3HO
ctabinpbHuM. [lim wac AocCHiKEeHb BCTAaHOBICHO, IO 30UIBIICHHS TEMIEPAaTypH CHPHUSE IHTEHCUBHOMY
Buainennto merany CHs. YTBOpeHHS MeTaHy BinOyBanocs 3a paxyHOK PO3KJIaJaHHs JIrHIHY, OCKiIBKH HOTO
KOHIICHTpAIlis 301IbITyBaIacs ITiJT 9ac TPOIECY PO3KIaZaHHS TPH BHCOKHX TeMIIepaTypax. Y TBOPCHHS
METaHy BiIOYBa€ThCA 32 paXyHOK BHIIIJICHHS METAKCHILHUX TPYIL [Ipy boMy BMICT TTOBITPSI 3MEHIITY€ThCSI.

Haii0inpma xinekicte mMetany (20-21 % Bim oOcsiry oTpumaHoro ra3y) Oyna BUsBIEHa B Ta30BHX
cyMiIax, Mo yTBOPIOBAIKCH ITiJT Yac IMipOoJIi3y BOTHOI POCIMHH Ta BOAOPOCTI (€ozel 1 MIKpOIHCTica) pu
temneparypax B aianazoni 600-700 °C. MakcumanbHa KinbkicTs CO (46-48 % Bij 00cAry OTpUMaHOTO ra3y)
OyJo OTpUMaHO IpH MipoJi3i AepeBHHH akamii 3a Temnepatyp Ooausbko 200-300 °C. Haiibinpina KinbKicTh
CO; (32-33 % Bix obcsry oTpumaHoro rasy) Oyna BHABJICHAa B Ta30BUX CYMillIaX, IIO YTBOPHJIHMCH MpPHU
mipoJisi mnua 3a Temiepatyp 200-500 °C. BMicT BOAHIO MpH MPOBEACHHI €KCIICPUMEHTIB (iKCyBaBCs MPU
Miposti3i BOOAHUX POCIKH Ta BoAopocTi (emozei 1 mikpouuctica) B Mexkax 0,5-2,1 % 3 TeHACHLIEO 3pOCTaHHS
npu 30ibIIeHH] TeMnepaTypu. BcTaHOBIEHO TaKoK, IO BMICT a30TY Ta KUCHIO 31 3pOCTaHHSIM TEMIIEPaTypH
3MEHIITY€ThCSI.

3a Temmiepatyp 6mu3pko 700 °C BMicT MeTaHy JUIsl MiKpolcTica gocsTHyB 21,2 %, Bogno — 2,1 %,
okcupay Byriemo — 39,8 % (puc. 2). 3a temnepatypu 700 °C Bmict Metany ans enozei ckias 20,7 %, BOAHIO
- 1,9 %, okcuny Byriaemwo — 38,1 % (puc. 3). 3a temneparyp 6mmu3bko 700 °C BMIiCT MeTaHy JJIs aKarii
nocsarayB 20,2 %, okcuay Byraempo — 36,9 %, BoaHwo cmocrtepiraiocs Mmenme 0,1 % (puc. 4). 3a
temneparypu 700 °C BmicT MetaHy ais mmuHE ckiaB 17,8 %, okcuay Byriemo — 36,8 %, BOJHIO TaKoXK
cnocrepiranocsk mente 0,1 % (puc. 5).

Huxda TermoTBOpHA 34aTHICTD Miposti3Horo ra3y Ow nr (MJIk/Kr) Bu3HaYazach 3a (HOpMYJIIOr0:

Ou.nir =Veo *Cu.co +Vens  Ou.cna +Vuz Quz, M/ ke M
ne Voo, Vegas Vo - 06°€MHI yacTKn OKCHy BYTJIELIO, METaHy Ta BOJHIO B IipOJ3HOMY rasi;

Onco> Oycras O o - HOKUIL TEINIOTBOPHI 31aTHOCTI OKCHIY ByIJemio, Metany Ta Bognio (CO =

10,11 M/Ix/kr, CH4 = 50,0 M/Ix/kr, Hy = 120,01 MIx/Kr.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIA)KEHHSA TA BACHOBKHA

B pesynbrari mpoBeneHUX PO3paxyHKIiB BU3HAYEHO, IO MPH IMPOJIi3i BOJHUX POCIHH Ta BOIOPOCTI
(emomei 1 MikpommcTica) CyMill oOAep)KaHMX Ta3iB Maja HaWBUINI MOKa3HUKH HMKYOi TEIUIOTBOPHOI
smatHocti: 17,10-17,15 Mx/kr — s mikporucrica i 16,45-16,50 MJx/kr — miast enoxaei. ['a3 oxepskanuit
IIpH IIPOJTi3i ICPEBHHHU aKallii MaB HaWBHII IMOKA3HUKKA HIKYOI TEIJIOTBOPHOI 31aTHOCTI B Mekax Bix 13,8
1o 13,85 M/Ix/kr. Hukua TemnoTBopHa 3JaTHICTh MipoOrasy OTPUMAHOTO 31 3pa3KiB JIIIMHU nepedyBaia B
mianasoHi 12,6-12,65 M JIx/kr.

l'a3 i3 HUKYOIO TEIIOTBOPHOIO 3naTHiCTIO 11-15 MJK/KT mpuifHSATO BBa)KaTH T'a30BUM ITaJHMBOM
CEpeHbOro PiBHS KAJIOPIHHOCTI 1 BiH MOXKe Oe3mocepelHb0 BUKOPUCTOBYBATHUCS B IBUTYHAX BHYTPILIHBOTO
3ropsiHHs. ToMy METOI0 HOAABIINX AOCHIIIKEHb € BUKOPUCTAHHS OAEP/KAaHOT0 MipOJIi3HOTO Ta3y B CyMilax
3 METaHOM (TIPONIaH-OyTaHOM) JIJIsl KOHBEPTOBAHKX Ha Ta30BE MAINBO JU3CIbHUX TBUTYHIB.
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Energy values of gaseous pyrolysis products of typical forest and aquatic plant biomass of Ukraine are
investigated. Theoretical researches of main characteristics of samples of typical plant biomass of Ukraine
such as acacia, hazel, microcystis, elodea. Methodology and planning of experimental studies of process of
pyrolysis of plant biomass are formulated. Experimental researches of composition of gas pyrolysis products
of different types of plant biomass for different temperatures were carried according to laboratory conditions.
Pyrolysis of plant biomass was carried out using a specially designed and manufactured pyrolysis plant the
main part of which is a pyrolysis reactor. Installation made by our department is intended for slow pyrolysis.
In research for determine presence and percentage of product yield qualitative and quantitative gas
chromatography assays were used. The lower calorific value of gaseous pyrolysis products of samples of
typical forest and aquatic plant biomass of Ukraine are calculated. As a result of calculations it was
determined that during pyrolysis of aquatic plants and algae mixture of gases obtained had the highest values
of lower calorific value: 17,10-17,15 MJ/kg - for microcystis and 16,45-16,50 MJ/kg - for elodea. Gas
obtained from pyrolysis of acacia wood had the highest values of lower calorific value in the range of 13.8 to
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13.85 MJ/kg. The lower calorific value of pyrogas obtained from hazelnut samples ranged from 12.6 MJ/kg
to12.65 Ml/kg.

Keywords: pyrolysis, lower calorific value, gas chromatography, alternative fuels, diesel engine,
convertation of engine to gas.
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JIutBun B.B., Tapan 1.0., Kononenxko K.C.
Hayionanenuti mexuiunutl ynisepcumem «/[Hinpoecoka noaimexuikay», m. [ninpo, Yxpaina

OBIPYHTYBAHHS E®EKTUBHOCTI BACTOCYBAHHS KIJIBLIIEBOI'O PYXY HA
BYJUYHO-IOPOXKHINA MEPEXXI M. THITIPO Y TIPOT'PAMHOMY CEPEJOBHIIII PTV VISSIM

B cyuacHHX yMoOBax OJHHMM i3 HaifOimbLI Hi€BHMX METOMIB 3HIDKCHHs aBapiitHocTi Ta 3amo6Giranus J(TII nHa
nepexpecTsix € oONaluTyBaHHS CYYaCHHX KiJbLEBUX MEpPETHHIB. BHKOHaHO aHai3 3apyOi’KHOro IOCBiy ILOJO
e(peKTUBHOCTI 3aMPOBAKCHHS KiJIBIIEBOTO PyXy Ta HaBEACHI OCHOBHI €IEMEHTH CY4acHOTO KiJbILEBOrO MepeTuty. ¥
SIKOCTI 00’ €KTY JOCHIIKEHHS Ha BYJIMYHO-IOPOXKHIH Mepesku M. J{Hinpo Oyino oOpane mepexpects Byi. Habepexna
3aBojicbka — ByJI. ITaBioBa i3 OOIpyHTYBaHHSAM KPHUTEpIiB #oro BuOOpy. [HTEHCHBHOCTI TPaHCHOPTHHX MOTOKIB Ha
nepexpecti OyJId OTpUMaHi METOJIOM HATYpHUX OOCTEXEHb JUIsl paHKoBoi romuHu «mik» 3 700-800. Y skocti
IHCTpYMEHTapio MOJeIoBaHHs OyB 3acTocoBaHMH mporpamMuuii npoxyktr PTV Vissim 11. 3rigHo 3ampornoHoBaHOTO
aBTOpaMU aJITOPUTMY Oyiu po3poOuieHi ABi imMiTaliiiHI TpaHCIIOPTHI MoAemi nepexpects Bys. HabepexHa 3aBonchka —
ByJl. [1aBnoBa i3 peryspoBaHUM Ta KiNbLEBUM PyXOM. SIKiCHHH aHalli3 pe3yabTaTiB MOJEIIOBAHHS JO3BOJISIE 3pOOUTH
BHCHOBOK, 1[0 OpraHi3alis peryjibOBaHOTO PyXy NpPU3BOAUTH 10 YTBOPEHHsS CYTTE€BHX 3aTopiB. I IHOIAJIBIIOrO
aHanizy aBropamu OyB oOpaHHi meperik i3 7 MOKa3HHKIB, sIKi € HaWOLIbII 3HAYYLIMMH Ul OLIHKH e(eKTUBHOCTI
3aIpoBa/LKEHHS KiIbIeBOro pyxy. HaBeneHi ix abcomoTHi (3a pe3ynbTaTaMi MOJIETIOBAHHS) Ta PO3Pax0oBaHi BiJHOCHI
3HAa4YCHHS. Pe3ynpTaTd MOJCIIOBAHHS, CBiJ4aTh, IO 3aCTOCYBaHHS KIIBLEBOrO pyXy CIPHSE MiJABHIICHHIO
e(eKTHBHOCTI pyXy 3a BCiMa OOpaHMMH TOKa3HWKaMHu 3 jAiana3oHi Bigx 3% 1o 92%. 3Ha4yeHHs 3amporOHOBAHOTO
aBTOpaMU KOMIUIEKCHOTO ITOKa3HHMKa e()eKTUBHOCTI JUIS KiJbL[EBOTO pyXy cTaHoBUTH 1,00, a mis cBiTiaodopHOro —
0,34, TakuM YMHOM 3arajbHa €(QEKTHUBHICTH 3alPONOHOBAHMX DILICHb I 0OpaHOro 00’€KTY NOCIHIIKEHHS CKIaja
66%.

KirouoBi ciioBa: BynIHYHO-IOPOXKHS Mepexa, Oe3rleka pyxy, KOH(IKTHI TOYKH, KiNbIIEBE Mepexpects,
iMiTariifHe MO/ICITIOBaHHS, IOBXKUHA 3aTOPY, CEpeIHs IBHAKICTh, Yac 3aTpuMkH, PTV Vision VISSIM.

BCTYII

VY 10CKOHaJIEHHSI YMOB pPyXy aBTOMOOUIBHOTO TPAHCIOPTY B Cy4acHMX MICTax BHUMAarae 3acTOCYBaHHS
IIJTOTO KOMITIEKCY apXiTeKTYpHO IUIAaHYBAJBHHUX 1 TEXHIYHUX 3aXOJiB. Y TOW Wac SK peajizaiis JOPOKHIX Ta
apXiTeKTypHO-IJIaHyBaJbHUX 3aXO0JiB BUMarae, OKpiM 3HaUYHUX KaliTaloBKJIaJCHb, JOCUTh TPUBAJIOIO MEPiOAy
yacy peaiizaliii, 3aX0au oprasizaiii 1opoxHboro pyxy (OJP) MoxxyTh 3a0e3reuyBaTy MBUAKKUHA e)EKT, a B psal
BUTAJIKIB BUCTYMAIOTh y POJi €IWHOTO 3aco0y BHPIMICHHS TPAHCIOPTHUX MPOOJEM CydacHOro Mmicta. 3HavHe
3pOCTaHHS KUIBKOCTI 1HOMBIZYaJbHOTO TPAHCIOPTY (SIKE CIIOCTEPIraeThCsl OCTaHHIM dYacoM) 1 0oOcCsriB
nepeBe3eHb MPU3BOAMUTE 0 MiJBUILEHHS IHTEHCUBHOCTI PyXY Ta CTBOPIOE J10/1aTKOBE HABAHTAKEHHS HA OCHOBH1
CJIEMEHTH BYJHUYHO-IO0POKHBOI Mepexi (BJIM), OinbimicTs 3 SKUX MOOYZOBaHI 1€ B CEPEAMHI MUHYJIOTO
CTONITTS. BHACIIOK IBOTO BUHUKAIOTH YEPTH 1 3aTOPH, 301ILIIYIOTHCS TPAHCIIOPTHI 3aTPUMKH, 110 TPU3BOJUTH
0 3HWDKEGHHS LIBHIKOCTI CIIONyYCHHS, HEBUIPABAAHUX IEPEBUTPAT MajMBa 1 MiJBUILEHHS 3HOCY BY3MIB 1
arperariB TPaHCIIOPTHHX 3ac00iB.

OnHUM i3 TOJIOBHUX KpHUTEPiiB edekTHBHOCTI (yHKIIoOHYyBaHHs BJIM € 3a0e3neyeHHs: 0€3KOHQIIIKTHOTO
ICHYBaHHS BCiX Y4acCHHKIB JOPOXKHBOT'O PyXy B 0OMexeHOMY mpocTopi. [luTanHs Oe3nexku HOpOKHBOTO PyXy €
0c00JIMBO aKTyaJIbHUM JJIs1 YKpaiHi, OCKUIBKH, 32 JaHUMH OQiliiiHOT CTaTUCTUKH, HAa TOporax KpaiHu KoxkHi 18
xBwIHH Tpamisiersest JTTI, a yepe3 xokHi 117 XBUIMH y aBapisix THHE JroAnHA. BHCOKe 3HIDKEHHS MTPOMYCKHOT
3MaTHOCTI 1 Oe3mekn pyxy HaldacTilie BUHHKAE B 30HI IEPEXpecTh, OCOONMBO Ha MUISHKAX 3ITUTTS 1
MEepeIUICTeHHsI TPAHCTIOPTHUX TOTOKIB, /¢ BiAOyBaeThcsa 3MiHA HampsMy pyxy. CBiTIIOQOpHE peryitoBaHHsS Ha
MEPEXPeCTi, SIK METOJT OpTaHi3allii JOPOKHBOTO PYXY, 3aCHOBAHWI Ha MapIIPYTHOMY MOJIiII MMOTOKIB Yy Yaci, BKe
JIABHO HE € TapaHTOM OE3MEeKH JIOPOKHBOTO PpyXy 1 He 3a0e3rneuye HeoOXiIHY MPOIYCKHY 31aTHICTh. Y 3B S3KY 3
MM BUHUKA€ TOCTpa HEOOXiMHICTH y Teperiisifl MiF0UWX IIAXOMIB JO0 MPOCKTYBaHHS BYJIUYHO-TOPOKHBOI
Mepexi, MATPUMII BIPOBAIKEHHS iHTEICKTYIbHIX CUCTEM TPAHCIIOPTHOTO MOJICITIOBAHHS Ta 1HIIUX CYyYaCHUX
METOJIIB TUTAHYBaHHS JOPOKHBOTO PyXy [1]. AHai3 MpakTUKW OpraHizaiii JOPOXKHBOTO PyXy TOBOPHUTH IPO
icHyBaHHA e€(DEeKTHBHUX METOJIB IiJIBUIICHHA OE3IMEeKH PYXY, SKi 3aCTOCOBYIOTHCS ISl TIEPETHHIB B OJHOMY
piBHI. OTHNM 13 TAKUX METOJIIB € OpraHi3aIlis KiJIbIIEBOTO PYXY.
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AHAJII3 JTITEPATYPHUX JAHUX TA IOCTAHOBKA IMMPOBJIEMU
3a TpaHCHOPTHO-IIAHYBAIBHOIO XapaKTEPHUCTHUKOIO 1 CIIOCOOOM OpraHizallii JOpPOKHBOTO PyXy Vci
BY3JIM MO>KHA PO3JIUIMTH Ha HACTYIIHI TPYIH: HEPETYIbOBaHI; PETyJIhOBaHI; CAMOPETYJIbOBaHi.

PerynboBane mepexpecTtsi € OAHUM 3 HAWMOLIMPEHIIINX THUIIB BY3JiB BYJIMYHO-JOPOKHBOI MEpPEXKi MicTa.
OCHOBHI 3aTOpH 1 3aTPUMKH TPAHCIIOPTY BHHUKAIOTH CaMe Ha PETYJIbOBAHHUX IEPEXPECTAX, SKi 1 OOMEXKYIOTh
MPOIYCKHY 37aTHICTh ByuIb Ta Jopir [2]. ToMmy sKicTh oprasizaiii JOpPOKHBOTO PyXy Ha PEryJbOBaHUX
MEPEeXPeCTAX B MEpIUIy Yepry BILUTUBAE HA TMOKA3HUKHM (DYHKIIOHYBAaHHS TPAHCIIOPTHOI MEpexki Ta e()eKTUBHICTh
TPaHCIOPTHUX TpolieciB nepeBe3eHb [3]. IlpoTsrom OGaraTthbox JecATHPIY CBITIOGOpPHE PEryJtOBaHHS
3aJIMINANIOCS OCHOBHUM METOJIOM OpraHizallii JOpOKHBOTO pyXy Ha 0araTboxX BHJAX IepecidyeHb. Aje B
CydaCHMX YyMOBaX, SKi XapaKTepU3yIThCA JTUHAMIYHUMH 3HAKO3MIHHUMH HaBaHTaXeHHsAMU Ha BJIM,
¢ikcoBaHe (Ta B JESIKMX YMOBaxX HaBiTh aAalTHBHE) YIPaBIiHHS CBITIIOQOPHUMH 00’€KTaMHU HE 3aBXIU OyBae
e¢(EeKTUBHUM 1 BHIIPABIOBYE CBOE 3acTOCyBaHHS. Sk OyJi0 3a3HA4YCHO BHIIEC, OCHOBHMMHU HEJOJIIKaAMHU
CBITJIOQOPHOTO PETyJIOBaHHS € 3HAaYHE CKOPOUYCHHS MPOIYCKHOi 3AaTHOCTI IEPEXpecTb Ta 3HIKEHHS
LIBUIKOCTI pyXy. Takox 3a3HauyuMMo, IO 3TiAHO 13 BiZOMOCTAMH, HagaHuMH llaTpynpHOIO mojuueo YKpaiH,
ounprmicts ATII y mictax YkpaiHu BiiOyBa€eThCS caMe Ha PerysibOBaHUX HepexpecTkax (pucyHok 1) [4].
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Pucynox 1 — Anani3 nmpuans ckoerns JTII i3 moctpakmamumu B Ykpaini 3a mepion 3 01.01.2018 mo 31.12.2018

JocBiza 3apyOi>kKHOT MPaKTHKH 3aCBiIUy€, IO OAHUM 3 OCHOBHHX CIIOCOOIB IiIBUILEHHS O€3MEeKH pyXy Ha
MIEPEXPECTAX € 3aCIOKOEHHS PYXY. 3aCHMOKOEHHS pPyXy — II€ METOAHM CTBOPEHHS (I3WYHMX Ta Bi3yaJbHHX
MEPEIIKOA PYyXy Ha BEJIMKIM IIBHIKOCTI Ha HEOOXIAHUX AiTsHkax. OAHMM i3 HaWOLIBII TIEBUX METOMIB
3HW)KEHHsS aBapiiiHocTi Ta 3amobiranns HTII Oe3mocepenHpo Ha mepexpecTsx € oOmalmTyBaHHS Cy4acHHX
KIJIBLIEBUX MTEPETHHIB MAJIOT0 1 CEPEIHBOTO IiaMeTPIB, SKI M03HAYAIOTHCS TEPMIHOM roundabout [5].

VY OGaratbox kpaiHax 3aximHoi €Bponw, [liBHIuHOT AMepuKkHu Ta ABcTpamii epeKTHBHICTh 3aCTOCYBaHHS
KUTBIIEBUX MEPETUHIB JAHOTO TUIY MEPEKOHJIMBO MiATBEPAKYETHCS 3HIKECHHSIM BCiX IMOKA3HHUKIB aBapiiHOCTI,
0co01nBo 3HmKeHHAM TsoKKOCTi I TII i 3smenmennsam kinmbkocti A TII i3 3arn6mumu. Le nosicHoeThes:

®  3HAYHUM 3MEHIIEHHAM KiTbKOCTI KOHIIIKTHIX TO4OK (PucyHoKk 2);
® TCOMETPUYHUMH TapaMeTpaMH, SIKi MPU3BOAATH A0 3HIDKEHHS LIBHIKOCTI PyXy Ha MEPETHHAX THUILY
roundabout;
®  T[IOJIMIICHHSIM YMOB PyXY MIIIOXOJIiB — CKOPOUYETHCS MPOTSHKHICTD MEPEXO0/IiB Yepe3 MPOKIKI YaCTHHU
HepEeTHHY.
OCHOBHI €JIeMEHTH CY9YacHOI'O KiIbLIEBOIO IIEPETHHY HaBEACHI HA PUCYHKY 3.
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@ — 32 KOH]IIIKTHI TOYKH «aBTOMOOLIb — aBTOMOO1ITEY @ — 8 KOH(IIIKTHI TOYKH «aBTOMOOLIb — aBTOMOO1ITb
@ — 24 xOH}IKTHI TOYKH «aBTOMOOLITH — MIIIOXi1» @ — 8 KOH]ITIKTHI TOYKH «aBTOMOGIIH — MIIIOXiT»

Pucynok 2 — KijibKicTh KOH(IIKTHUX TOYOK Ha HEPErYJIbOBAHOMY 1 KiJIBIICBOMY IEPETHHAX

j’.‘n
3

Pucynoxk 3 — OCHOBHI €IEMEHTH Cy4aCHOT'O KUJIbIIEBOTO MEPETUHY
(1 — mpumigHATHI TEHTpaTbHUN OCTpiBelb; 2 — anpoH (apron, truck apron); 3 — KinblieBa MPOIXKKA YaCTHHA;
4 — IBOCMYTOBHWI BXiJl Ha KUIBIIEBE TEPETUH i3 PO3MITKOIO yield (NOCTyHHCS NOPOTOI0); 5 — TPUIiIHATHI
PO3AUTIOBANIBHUN OCTpiBellb (splitter island); 6 — nermexoHbIN Iepexo; 7 — nanmmadTaui Oydep

Cam tepmiH roundabout 3’sBuBcsi B bputanii me B 1929 poui B Minicrepctsi Tpancmopty Ta [HCTHTYTI
[InanyBanus Mict (the Town Planning Institute). Cnig 3a3Ha4uTH, M0 B KEPIBHULITBI MO KiBLEBUM IEPETUHY
mraty ®nopupa (FRG 1996) Oy BBenenuii HoBuiMl TepMiH «CydacHMH KiJIbLIeBUH mepeTun» (modern
roundabout), SIKUI cTaB 4YacTO BHUKOPHCTOBYBATHCS B TEXHIUHIM miTeparypi i mepiogwmi. Ilpu mpomy min
CYy4YacHUM PO3YMIEThCS KUTBIICBHI TIEPETHH, SIKUI 32JI0BOJIBHSIE IEBHIUM BUMOTraM (Tadmuis 1) [6].
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Tabmmst 1 — [opiBHIBHUHN aHATI3 CYYaCHUX KUTBIICBUX MEPETHHIB 13 KIIACHYHUMH KUTBIIEBUMH PO3B’ I3KAMHU

XapaKTeprucTHKa CyvacHu# KiJTbIIEBHHA TEPETHH Kiracwdna kisbIieBa po3B’s3Ka
3Hak «pyx 0e3 3yNmuHKU
KepyBanns Ha Bxoni 3HaK «yCTyIH JOPOTY» 3a00pOHEHO» ab0 MPIOPUTETHICTD

IOTOKY, IO BJIMBAECTHCA

TpancnopTHHUI TOTIK, IO PyXa€ThCS
XapaKkTepucTukKa pyxy IO KUITBII0 MA€ MPIOPUTET BiTHOCHO
MOTOKY, 0 BIUBAETHCS

€ MicLs 3IUTTS ITIOTOKIB JUIS
BUpIIICHHS KOH(IIIKTIB

Ha Benmukux KiNbIsX st OCHOBHOTO
MOTOKY HE BUKOPUCTOBYETHCH,
3a0€3MeYyr0ThCS BUCOKI IBUIKOCTI

Binxunenns Bix npsMoiiHidHOTO | BUKOPHCTOBYETHCS ISl SHU)KEHHS
pyxy MIBUKOCTI

Micns st mapKyBaHHS
aBTOMOO1JTIB BCEPETUHI KUTBITS
ITimoximHUX Tepexiy depes
IEHTPAIBHHN OCTPiBEIlh

3a00pOHAIOTHCS JIOnyCKa€eThCsl Ha BEJIUKUX KiJIBIIAX

Ha miHi-KinbLsx 1iBOOIYHI MaHEBPH
Pyx o xinbIrio MOXXYTh BUKOHYBATHCS 4epe3
IIEHTPAIBHHIH OCTPiBEITh

Beck noTik pyxaeThcsi HABKOJIO
LHEHTPAIBLHOTO OCTPIBIIA

Posmipu cywacHux kinbueBux nepeTtuHiB (miamerpom 20...30 M) i1 iX HHM3bKa BapTiCTh J03BOJISIOTH
LIMPOKO 3aCTOCOBYBAaTH iX Ha BYJIMYHO-JOPOXKHBOI MEPEXi CyYaCHHX MICT, IO € BEJIHKOI IEepPeBaroo.
Hakonuuenuii cBiTOBHH HOCBiN eKCIUTyaTauii AOpIr 3 KUIBLEBUMHM MNEPEeTHMHAMM TMOKa3aB, IO BOHH MpHU
JNOTPUMAaHHI KOMILJIEKCY BHMOT A0 iX IUIaHYBaHHS 1 METOJaM Oprasizamii pyXy MOXYTb HpalfoBaTH AOCHTH
epextuBHO. KpiM TOro, oprasisaiiis KiJbLIEBOIO PyXy, IOBHICTIO a00 YaCTKOBO BHUKJIIOYAE MICLS MEPETHHY
TPAHCHOPTHUX IOTOKIB, 3aMIHIOIOYH X IOCHIJOBHUM 3JIUTTSM a00 pPO3MOJINIOM, 1 TaKMM YHUHOM CIpHSE
CYTTEBOMY IiJIBHIICHHIO OE3MEKH PYyXy Ta 3HIDKEHHS TSDKKOCTI JOPOKHBO-TPAHCIOPTHUX MPHUrof. 3rigHO
JIAHUM MIDXXHAPOJHOT CTATUCTHKH [7] X 3aCTOCYBaHHS MPU3BOJIUTH 10 3aransHoro 3HmkeHHs JJTTI va 40-80%;
Ha 90% ckopouyeTbes kinbkicTh JTII i3 cMepTensHuM pe3ynbTaTtoM, Ha 75% — JTII 3 nopanennmu, Ha 35% —
YHCJIO NOAIM, OB’ A3aHMUX 13 Hal3MaMU Ha MINOXOIB, 1 Ha 10% 13 Hal3gaMH Ha BEJIOCUIIEAUCTIB. 3a MOKa3HUKOM
TsoKkocTi HachinkiB JITI xinbrieBi mepeTrHr HAHOUTHII e(heKTUBHI HA TI03aMiCEKHX aBTOMOOUTFHUX JOpOrax, Jie
pEeECTPYETHCS 3HIKECHHST KUTBKOCTI 3aru0iIux Ha NepeTHHaX B OJHOMY DiBHI OUThIN HiX B 2 pa3u. Ha Mickkux
KiJIBIIEBUX MTEPETHHAX JaHWH MOKa3HUK CTaHOBUTH 18-20% [8].

HeszBakaroun Ha mepepaxoBaHi BUILE MEPEBard, y BITYM3HSIHIA MPAKTULI JOPOKHBOIO MPOCKTYBAHHS
CyYacHi KUBILIEBI MIEPETUHH HE OTPUMAITU HAJICKHOTO 3aCTOCYBAaHHS B IEPIIY YEPry Yy 3B 53Ky i3 HEJAOCTATHHO
PO3BHHEHOI0 HOPMATHBHO-METONMYHOI ©0a3010. OpHi€l0 13 albTepHATUB BHUPIMICHHS i€l TpoOiieMH €
3al03MYCHHsT MoeNel, po3poOieHnx B €BPONEHCHKUX KpaiHaX, NMpPOTe B IIbOMY BHUIAJKy iCHYE BEIHKa
IMOBIPHICT, BUHUKHEHHSI HETOYHOCTI OIIHKH Yepe3 BiMIHHOCTI BHACIIIOK Pi3HUX MPHUHIUIIIB MPOSKTYBAHHS, a
TaKoXX MaHepu BojiHH:. IlepepaxoBaHi BHIE MEpeayMOBH, 3aCBIIYYIOTH MPO aKTyaJbHICTh 33]adi BHBUCHHS
YMOB 3aCTOCYBaHHS Cy4YaCHHMX KilbLeBUX mepeTuHiB Ha BJIM cepenHix Ta BeJMKuUX MIiCT YKpaiHH 3 METOIO
OOIPyHTYBaHHS 1X ONTUMaJILHIX T'€OMETPUYHUX Ta TEXHIYHUX ITapaMeTpiB.

CyuacHuii HayKOBHMH MiAXiA 10 TMJIaHYyBaHHS Ta aHAII3y CKJIAJHUX TPAHCHOPTHUX CUCTEM (B T.4. i
JIOPOKHBOTO PYXy) HEMOXKIUBO YSIBUTH O€3 3aCTOCYBaHHS IHCTPYMCHTIB iIMiTalliiHOro mozentoBaHHsA. Ha
CHOTOZAHILIHIA JA€Hb B PO3BMHEHMX KpaiHax €Bpomeicbkoro Coro3y OCHOBHHUM IHCTPYMEHTOM MOJETIOBAHHS
JIOPOKHBOTO PYyXy € mporpamuuii komiuiekcy PTV VISSIM, skuii 103BoJisi€ CTBOPIOBATH IMITAIifiHI Mol
enemeHTiB BJIM wMicta Oynp $KOT CKJIAQAHOCTI 13 TMOJAJBIIMM aHAIi30M HACIIAKIB CYMICHOI B3aeMOil
TPAHCHOPTHHUX Ta MIIIOXiAHUX MOTOKiB, 3aCO01B pEryIiOBaHHS Ta POMAZCHKOTO TPAHCIIOPTY.

HIJIb TA 3AJAYI JOCIILIKEHHA

MeTto poboTH € 00IpyHTYyBaHHS €()EKTHBHOCTI 3aCTOCYBAHHS KiJIbLIEBOTO Pyxy Ha oOpaHOMY 00’€KTi
BYJIMYHO-AOPOXKHBOI Mepexi M. [{ninpo. [nsa peanizauii MeTH AOCHiIKEHHS HEOOXiHO MPOBECTH OOCTEKECHHS
TPaHCHOPTHUX MOTOKiB; y mporpamHomy cepenoBuili PTV VISSIM pospobutu imiTauiidHi TpaHCIOPTHI MOAENI
MEPEXPECTS 13 PErylbOBaHUM, Ta KUIBLEBUM PYXOM; HABECTH PE3yJIbTaTH MOJCIIOBAHHS; 0OpaTH KiJIbKICHI
MOKa3HHMKIB, 32 SKUMU OyAyTh TIOPIBHIOBATUCS OOpaHi CXEMHU TPAHCIIOPTHOTO PYXY; 3allPONIOHYBATH CTPYKTYPY
KOMIIJIEKCHOTO KPUTEPIIO I OLIHKU €(PEeKTUBHOCTI pyXy Ha OKPEMOMY HIEpEXPECTi.
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PE3YJbTATHU JOCILIKEHb

VY sixocti 00’ exTy mocnimkenns Ha BJIM M. JIHinpo Oyio oOpaHe nepexpects Byi1. HabepeskHa 3aBojchka
— ByJ. [laBnoBa, sike BitHOCHUThCS 10 T-00pa3HOro THITY 1 Ha SKOMY OpraHi30BaHa cXeMa pyXy i3 Tproma (hazaMu
po3’i31y. 30BHILIHINA BUTIIS IEPEXPECTs, HOro cxema, a TakoX Jitodi ¢a3u po3’i3ay HaBeleHi Ha pUCyHKax 4-8

BIIIIOBi1AHO.

CTO UNITED e 220

CARS SERVICE

M. ,g?

\\

\ 1 :- T =
______________ \ d———————— f I
______________ RN ——— L

- \\ T T T T TTTTTT T | [
______________ \ | [ I I
% % ______________ G e e
e ——— ____><\/ l :_________’___ 1 M
SR L——— e — [
i —— — T Gt e | e
e e -
if::.zgg%ca, = ) I—

| B e

// i i

| 70 !

l
525 | |
450 |

Pucynoxk 6 — Ilepmma haza po3’izmy
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Pucynok 7 — JIpyra daza po3’izmy

Pucynoxk 8 — Tpetst daza po3’izmy

CUYYACH!I TEXHOAOM B MAWWMHOBYAYBAHHI TA TRPAHCHIOPT!, 2019, Ne2 (13)



© JlutBun B.B., Tapan 1.0., Kononenko K.C. 2019

Bubip mepexpectst Byn. HaGepexxna 3aBoiachka — Byi. llaBiaoBa y sAKocTi 00’€KTY ITOCIIIKEHHS
MOSCHIOETHCS. BUCOKMMH iHTEHCUBHOCTSAMH PyXy TPaHCIIOPTHHX 3aco0iB (y roauHu «mik» moHan 2000 aBT/rox),
BEJIMKOIO MMUTOMOIO Barolo BaHTAXKHOT'O Ta MacaXHMPCHKOTO TPAHCTIOPTY (IO ACSIKHUX HampsiMax pyxy 1o 30%) ta
ITiIBHUIIICHOIO aBapiiHICTIO (32 OcTaHHIN pik HA HboMY Tpammiocs 7 AIIT, aBa 3 SKHUX 13 TSHKKHUME HACIiIKAMH ).
Tpusanicts cBiTaodopHoro mukiay 110 ¢. OcoOIHBICTIO IEPEXPECTS € HASBHICTh TPUCEKIIMHOTO CBITIO(OpY 3
JOJaTKOBOIO CEKII€l0 («3eIeHa CTPiJIKa») MPH MOBOPOTI paBopyd Ha ByI. IlaBnoBa (pucyHok 5-8).

[HTEeHCHBHOCTI TPaHCTIOPTHHUX TMOTOKIB Ha TiepexpecTi Oy OTpUMaHi METOJ0M HATYPHHX 00CTEXKEHb JIIs
paHKoBOi rogunu «Irik» 3 7%°-8%. Byo BcTaHOBJIEHO, 0 IHTEHCHBHOCTI BXiJIHHX IOTOKIB 3a HANPSAMKOM PYXY
Nel (x/m [Mapyc — Lentp) cranoBnsats 2100 aBTt./roa., 3a HanpaMkoM pyxy Ne2 (Llentp — x/m Ilapyc) — 1700
aBT./TOJ., a 3a HampsMkoM pyxy Ne3 (3 Byn. IlaBnmosa) — 800 aBT./roa. Emtopa iHTEHCHBHOCTI TpaHCTIOPTHHUX
ITIOTOKIB TaKOX HaBEACHA Ha CXeMi IepexpecTs (PUCYHOK 5).

VY SKOCTI IHCTpyMEHTapito MOJENoBaHHs OyB 3aCTOCOBaHMH mporpaMHuii npoaykt PTV Vissim (64 bit)
11 (Crynentcbka Bepcis). Cmix 3ayBaxkutd, mo «CTyIeHTChKa Bepcis» Maibke He Mae (QYHKLUIOHAIBHUX
O0OMEXeHb, alle O3BOJISE TOCTIDKYBAaTH CTBOpEHi 00’ekTH ymmie mnpotsroM 600 c. TakuM 4nHOM, OTpUMaHi
HWDKYE pPe3yJbTaTH MOJCTIOBAaHHS € YHMHHHMHU JUIS TPOMDKKY dYacy, sikuii ckiamae 10 xB. Bpaxoyroun
TPUBAJICTh CBITJIOQOPHOrO LMKIY Ha mepexpecTi Byl Habepexna 3aBoacbka — Byd. IlaBnoBa, skuid ckianae
110 c., aBTOpH BBaXKalOTh JaHE OOMEXKEHHs IPHUITYCTUMHM, a OTPHMaHI pe3yJIbTaTH MalTh NpaBo OyTH
EKCTPaNoJbOBaHi CIIPOEKTOBAaHI 1 Ha OB TPUBAJI MPOMIKKH Yacy.

B po6ori [1] aBTopamu OyB 3aIipONOHOBaHUM AITOPUTM CTBOPEHHS MOAETI MEpeXpecTs Y NporpaMHOMY
cepenoBuii PTV VISSIM, sxuii HaBeaeHO Ha PUCYHKY 9.

1 6 7-a il
3aBaHTaxuUTK 3anai BusHaunTin 11 3apgatn
pacTpoBy Heoﬁxi,D,HHFI CKknagn Bma}.qaqlﬂ'm BHCHHOB.OK
OCHOBY poano,qin TpaHCI‘IOPTHHX KOHCb.l'III(THI 30HW CpaHl'.IIB
noTokie aHanisy
2 2 g BBL?:TM i3
3apati BuzHa4yuTtu _3a_,u,a'rv1 i BIH{{OHa-TH
napameTpy TUAW Ta KnacK BXigHi NOTOKK o iMiTayito
imiTawi TPaHCNOPTHMX TpchnopTy_,f Ta
3acobie niwoxogie
4 9 14
CreopnTH 8 BeecTn MiCbI{I:'IFI CTB_opwrm
3 BiOpi3KW, HAHeCTK CteOpUTH [POMAIChIVM, il el
BBe;Tm _ Ha HIX OPOKHIO MapLIpyTH i iX nacaxupcbKui npeseHTaUil
Ga3osi AaHi PO3MITKY PilLEHHS IPARsCEn

Pucynok 9 — Anroput™ CTBOpEHHS MOJIeli TiepexpecTs y mporpamuomy cepenosuiui PTV VISSIM

3TiHO 3aIpPOTOHOBAHOTO ANTOPUTMY OyJIHM pO3poO0JIeHI JABI IMITAIiitHI TPAHCIIOPTHI MOJETI MEePEeXpPecTs
ByJ1. HabGepesxna 3aBoacreka — Byi1. [laBioBa i3 perynpoBanum (prucyHok 10) Ta KiTbIeBHM pyXxoM (pUCYHOK 11).
[Ipomnec iMiTanii pyxy TpaHCIOPTHUX 3ac00iB Ha IUX MEPEXPECTIX HABEACHO HA pucyHKax 12 Ta 13 BiamoBigHO.
HaBiTe skicHMiI aHami3 pe3ynbTaTiB MOJENIOBaHHS JO3BOJISIE 3pOOMTH BHCHOBOK, IO OpraHi3awis
peryJIbOBAaHOTO PYXy NPH3BOAWTH JO YTBOPEHHS CYTTEBUX 3aTOpiB. MOXIHBOCTI KUTBKICHOTO aHAIi3y
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TpancnoptHoro pyxy y PTV VISSIM nHaseneno na pucynky 14. B Ta0uuni 2 HaBeieHI OCHOBHI XapaKTEPUCTHKH
PYXY, sKi po3paxoBytoTbes y PTV VISSIM mpoTsirom imiTarii.
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Pucynok 10 — Monens nepexpects Bys. HaGepexna 3aBojchka — By, [1aBiioBa i3 peryipo0BaHUM PyXOM
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Pucynok 11 — Mogemi nepexpects ByJ1. Habepexxna 3aBojcbka — ByJl. [1aBiioBa i3 KiIbLIEBUM PYXOM

Buxoasum i3 pekomenaaniii Hazanux y po6oti [9] (tabmuns 3) ta y poboti [10] aBTopamu OyB oOpaHmii
MepeiK 13 7 MOKAa3HUKIB, SIKi HA 1X JYMKY € HAWOUIbIN 3HAUYIIUMHE ISl OI[IHKH €()eKTHBHICTh 3alpOBa/KCHHS
KUTBIIEBOTO PyXy. AOCONIIOTHI (32 pe3yibTaTaMH MOJCIIOBAHHS) Ta BIAHOCHI 3HauY€HHS OOpaHMX TOKa3HHUKIB
HaBeJIeH1 y Ta0nuiti 4.

Jis  KoMITIeKCHOT OIIHKH e(eKTUBHOCTI PyXy Ha OKpEMOMY IMepeXpecTi aBTOPH NpPOMOHYIOTH
BUKOPUCTOBYBATH (PYHKITIOHAT HACTYITHOTO BHITY:

KoMt _,

(1
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ne ki — BiHOCHA BeNMYHMHA j -rO MOKa3HWKA e)eKTHBHOCTI MPH i -My BapiaHTi OpraHisaiii J0pOXHbOTO
PYXY; 1 — KUTBKICTb MOKa3HHKIB, 10 BPaXOBYIOTHCS.
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PucyHok 14 — MoXIHBOCTI KiTBKICHOTO aHai3y TpaHcnopTHoro pyxy y PTV VISSIM

Tabnuis 2 — OCHOBHI XapaKTEPUCTHKHU TPAHCIIOPTHOTO PYXY, sIKi po3paxoByioThes y PTV VISSIM

Ne i/ Haspa ¢yukuii y PTV VISSIM 3micT QyHKIii
1 Yac 3aTpuMKH (cepeaHe 3HAUCHHS) CepenHiii yac 3aTpuMKu T3
2 3ynuHKH (cepeHe 3HAUCHHS) CepenHsi KUTBKICTh 3ynHHOK T3
3 [IBuKicTh (cepenHs) CepenHsi NIBUJIKICTD
4 Yac mpocToro Cepenniii yac ipoctoro T3
5 Bincranp 3arasipHa BijcTrassb Beix T3
6 Yac B mopo3i 3arampHUM 9ac B 10po3i Bcix T3
7 3arayipHMIA Yac 3aTPUMKH (BCHOT0) [ToBHuit yac 3atpumku T3
8 3ynuHKY (BChOTO) 3arajgpHa KUTBKICTh 3ynuHOK T3
9 Yac npocToro (BChOro) 3aramsHui 9ac npocTtor T3
10 | T3 (akT) 3araspHa KUIBKICTB aBTO 3a Yac iMiTarii
11 [Tpuckopenss CepeiHE MPUCKOPEHHS aBTO
12 | Yac B 3aTopi Yac B 3aropi Bcix T3
13 CrymiHp 3a0BHEHHS Yac, 3a axuii OyB 3aJaHU{ BUMipPIOBAJILHIMA YHKT
14 | Ilomomanwii BiAPi30K TOPOTH Biacranp, sxy nmogonas oxuH T3
15 | Jiogu KinbKicTb j1r021€# B cucTeMi
16 | JloxxuHa 3aTopy (MakcuMajbHa) MakcuMaibHa JOBKUHA 3aTOPY
17 | PiBenp oOciyroByBanHs T3 3HadyeHHs piBHS 00cIyroByBaHHs Bif 1-6
18 Ewmicia CO KinpkicTh MOHOOKCH A ByTJieno Ha 1 T3
19 | Ewmicig NO KinpKicTh MOHOOKCH/IIB a30TY
20 | Emicig VOC KiibKiCTh JICTIOUHMX OpPTaHIYHUX 3’ €THAHD
21 Butpartu nanusa Butpartu nanusa
22 [inpHICTH LiTpHICTh TOTOKY
23 HapantaxeHHS Kinpkicte T3 3a ronuny

Tabmuus 3 — AHani3 BilMOBIZHOCTI METH KEPYBaHHS AOPOKHIM PYXOM Ta KPUTEPisIMH SKOCTI

META KEPYBAHHA KPUTEPII SIKOCTI KEPYBAHHI
lapanTyBaHHS O€3MIEKN PyXy o PiBeHsb aBapiiiHocTi Ha BIIM
e TpuBamicTh 3aTPUMKH
. . . o  CepeiHs MBUIKICTh PyXY
I 0 S
IZIBUINCHHS PiBHSI O0CITYTOBYBaHHS YYACHHUKIB PyXY e KinbkicTs symiHoK
e JloBKMHA Yepry mepej] nepexpectsiMm
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Excmuryararniiiai BuTpaT

[TimBuIeHHS MPOITYCKHOI 3matHocTi BJIM PiBeHb BUKOpHCTaHHS MPOIYCKHOI 3matHocTi BIM

. . PiBens 3a0pyaHEHHS BiIIIpanibOBAaHIMH ra3aMHu
3MEeHIICHHSI IIKIITTMBOTO BILIMBY HA JOBKIJIIS

MaxkcuManbHa MIBHIKICTD PyXy

HaniiiHicTh KepyBaHHS . ) .
[MapameTp HEPIBHOMIPHOCTI PyXy

L]
[ ]
L]
e Burparu najusa
°
°

Tabnuus 4 — OOpaHi 17151 MOJANIBIIOTO aHATI3Y PE3YIbTaTH MOJCIIOBAHHS

3HaveHHs OKa3HUKA Edpexr
Ne ii/m [Tokazauk PerynpoBanuii pyx Kinpnesuit pyx o, ’
abCOIIOTHE BIHOCHE a0bCOIIOTHE | BigHOCHE

1 Cepenniii yac 3atpumkn T3, ¢ 21,53 0,36 7,76 1,00 0,64
2 CepenHs KimbKicTh 3ynuHOK T3, ¢ 0,59 0,97 0,57 1,00 0,03
3 CepeHs HIBUIKICTh, KM/TOJ,. 26,57 0,63 4238 1,00 0,37
4 Cepenniit gac npocrtoro T3, ¢ 11,55 0,35 4,02 1,00 0,65
12 CepenHili yac y 3atopi Bcix T3, ¢ 15,52 0,39 6,05 1,00 0,61
16 MakcumanbHa JOBXKHUHA 3aTOPY, M 104,83 0,08 7,98 1,00 0,92
18 | Emicis CO, rp. 257 0,25 63,95 1,00 0,75

OBI'OBOPEHHA PE3YJIBTATIB JOCJJIIAKEHHSA
Bukonanuii aHaniz 3apyOiKHUX Ta BITUYM3HSHUX JITEPaTYypHHUX JKEpeN, a TAaKOXK aHalli3 Pe3yJbTaTiB
MOJICJIFOBAHHS 32 CTBOPCHUMH IMITAllIHHUMHU MOZEJISAMH, J03BOJIMB aBTOpaM c(HOpPMYJIFOBATH OCHOBHI IEpeBaru
KUTBIICBUX IEPETUHIB y MOPIBHAHHI 3 1HIIUMH TUTIAMU TIEPETHHIB B OTHOMY piBHI. KisTbIIeB1 mepeTuHu:
e 3a0e3mneuyioTh (IIPM BIANOBIAHMX 3HAYCHHSX 1 CIIBBIAHOIICHHSIX IHTEHCUBHOCTEH TPAHCIOPTHUX
MOTOKIB) BUCOKY NMPOIYCKHY 3JaTHICTb MEPEXPECTs;
e He BUMAararoTh JOAATKOBHX BUTPAT Ha CBITIIO()OpHE peryItoBaHHA PyXY;
e  MalOTh MEHIY KUIBKICTh PO30CEPEIKEHNX KOH(IIKTHUX TOYOK;
e 3a0e3mevyroTh 3HWKEHHS LIBUIKICTh PYXY il Yac Mpoi3ay IepexpecTs;
® 33 DaxyHOK HEBEJIMKUX KYTiB 3MIHUTTS, MOAUTY Ta NEPETHHY TPAHCIOPTHHUX IOTOKIB, CHIPHSIOTH
3HIDKEHHIO aBapiiHOCTI Ta TSYKKOCTI JOPOIKHBO-TPAHCIOPTHHUX MPUTOI;
e  MarOTh HEBEJIHKI BTPATH Yacy yepe3 3yNuHKY;
e 3a0e3MevyroTh Kpailli YMOBH PYXY JUIsl BAKOHAHHS JIiBUX ITOBOPOTIB;
® BHUMAararOTb HEBEJHMKHX KalliTalbHUX BUTPAT Ha OYyJiBHULITBO;
®  3IIHCHIOIOTh MEHILMII HEraTUBHUH BIJIMB HA HABKOJIMIIIHE CEPEJOBUILIE.
Sk mpaBmIIO cXeMa pyXy Ha IepexpecTi i3 KUTBIIEBHM PyXOM € O1IIBII POCTOIO i 3p03yMIJIO0 BOISIM;
Pamapra miarpama BiJHOCHMX IOKa3HHWKIB Ta 3arajlbHa XapaKTePHCTHKAa €(QEeKTHBHOCTI Oprasizarlii
TIOPOKHBOTO PYyXy Ha mepexpecti Byl. Habepexna 3aBoachka — Byil. [laBnoBa HaBeneHa Ha pucyHkax 15 Ta 16
BIJIMIOBIIHOIO. 3HAYCHHS 3alpOIOHOBAHOTO AaBTOPAMHM KOMILUICKCHOTO TIOKa3HMKa edekTuBHOCTI (1) s
KiplleBoro pyxy craHoBuTh 1,00, a mmsa cBiTmodopHoro — 0,34, TakuM dYWHOM 3aranbHa e(EeKTUBHICTH
3aIpOIOHOBAHUX PIllIeHb st 00paHOro 00’ €KTy AOCHIIIKEHHS cKiaia 66%.

K KOMIT =7/0,36-0,97-0,63-0,35-0,39-0,08-0,25 = 0,34

cgimnogopruii pyx
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CepepHiii yac 3aTpumku T3

Ewmicis CO CepepHsi KinbkicTb 3ynuHok T3

MakcumarbHa JoBXWHA 3aTopy CepepHs WLBUAKICTb

CepepHiin yac y 3atopi Bcix T3' ‘CepepHilt Yac npoctos T3

—@— PerynboBaHui pyx —l — KinbLeBsuit pyx
Pucynok 15 — Papapna niarpama BiZTHOCHUX MOKa3HUKIB €(pEKTHBHOCTI OpraHi3auii JOPOKHBOTO PyXY

OOpani mnokasuuku edextuBHocTi (Tabmums 4) MOXYTh MaTH HEPIBHOMIPHY 3HAYYINICTh IIiJ 4Yac
NPURAHATTS OCTATOYHUX PIlIeHb HI0A0 BUOOPY BapiaHTy OpraHizamii JOPOKHBOTO PyXy. TakuM YMHOM BHHHKAE
npobiaemy y iX pamwkyBaHHI (a0 Bu3HAueHHI BaroBux KoedimieHTiB). TakuM YHHOM CTPYKTypa
3aMpoINOHOBAaHOr0 KpUTepito (1) Moke HAOyTH HACTYITHOT'O BUAY:

gkommn _,

(1

ne o’ — BaroBuil KOe(DIlieHT j-ro mokasHuka e()eKTHBHOCTI (IJIs BU3HAYEHHs YHCIOBUX 3HAYEHb

aBTOPH IUIAHYIOTh HAHOMMKYMM 4YacoM 3alyYUTH «EKCIIEPTiB» — CIELIaJiCTiB, SKi MalOTh NMPAKTUYHHUN JOCBiJ
BUPIIIICHHS 3a/1a4 3 OpTaHi3allii JOpOKHBOTO PyXy Ta CTBOPSHHI TPAHCIIOPTHUX MoJielel y cepenosuiie VISSIM).

100% - 92%
90% -
80% - 75%
0,
70% 4 64% 65% 61%
60% -
50% -
40% 37%
30% -
20% -
10% - 3%
0% T T T
CepepgHinvac CepegaHsi CepegaHsi CepegHinvac Cepeghiiyacy MakcymarbHa Ewmicis CO
3aTpumkn T3 KinbKiCTb LLBUOKICTD npoctosn T3 3aTopi BCix T3 OoBXvHaA 3aTopy
3ynnHok T3

Pucynok 16 — EexTuBHICTb 3am1poBayKeHHS KiIBLEBOTO PyXY
Ha miepexpecTi ByJ. Habepexna 3aBojacrka — By [laBioBa

BUCHOBKHU

B cyuyacHMX ymMoOBax OJHHMM 13 HaWOiNbII JIEBMX METOJIB 3HW)KCHHs aBapiiiHocTi Ta 3amoOiranus JTII
0e3mocepeIHb0 Ha TMEpPeXpecTsx € OO0JallITyBaHHS CY4YaCHHMX KIJBLIEBHX IIEPETHHIB Majoro 1 CepeaHbOro
niametpiB. Bukonano anamiz 3apyObKHOTO AOCBiAy Mm0AO0 e(pEeKTUBHOCTI 3alpOBaPKEHHS KiJbLEBOTO PYyXY,
HaBe/IeHI OCHOBHI €JIEMEHTH Cy4YacHOTO KUIBLEBOTrO MEpeTHUHy. Y SKOCTI 00’ekTy mocmimpkeHHsS Ha BIAM M.
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Huinmpo 6yno obpane mepexpectst Byin. Habepexxna 3aBoncbka — By llaBioBa. Po3poOmeni aBi imiTariitai
TPAHCIIOPTHI MoJeNi mepexpects (i3 peryiabOBaHHM Ta KiJIBIIEBHM PYXOM) y MporpamHOMy cepemoBurii PTV
VISSIM. Pe3ynbraTé MOAETIOBAaHHS, 3aCBiUYIOTh, 110 3aCTOCYBAHHS KiJTBIIEBOTO PYXY CIIPHUSE ITiJBUIICHHIO
e()eKTUBHOCTI PyXy 3a BCiMa 0OpaHUMU TIOKa3HUKaMHU 3 aiama3oHi Bif 3% 10 92%. 3HaueHHs 3aporoHOBaHOTO
aBTOpPaMH KOMILJICKCHOI'O MMOKa3HHWKa e()eKTUBHOCTI [T KiIBbLIEBOIO pyXy cTaHOBUTH 1,00, a 11 CBITI0(OPHOTO
— 0,34, TakuM YMHOM 3arajibHa e()EeKTUBHICTH 3aIllPOITOHOBAHUX DIIICHH I 00paHOTO 00’ €KTY MOCIIKEHHS
ckiana 66%.
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V. Litvin., I. Taran, K. Kononenko. Substantiating the efficiency of circular traffic use in the context of
road network in Dnipro City within software environment PTV VISSIM.

Currently, arrangement of modern circular intersections of small- and medium-size diameters is among
the most efficient methods to improve accident record and prevent incidents right within the crossings. The
decreased incident rates within such crossings can be explained by massive reduction of the number of conflict
points; geometrical parameters resulting in significant velocity decrement; and the improved pedestrian traffic.
The world practices have been analyzed as for the circular traffic implementation; basic components of the
circular intersection have been listed; and comparative analysis of the modern circular crossings and classic
circular crossings has been performed.

Intersection of Naberezhna Zavodska Street-Pavlov Street intersection in Dnipro City has been selected as
a test object within a road network with substantiation of the selection criteria. Traffic intensity at the
intersection has been obtained with the help of full-scale observations for morning rush hour (i.e. 7 a.m.-8 a.m.).
Software product PTV VISSIM 11 has been applied as the modeling tool. According to the algorithm, proposed
by the authors, two traffic simulators of Naberezhna Zavodska Street-Pavlov Street intersection have been
developed with control traffic and circular traffic. Qualitative analysis of the modeling results has helped
conclude that control traffic factors into major traffic jams. The authors have selected a list involving the seven
indices (i.e. average delay time; average stop number; average velocity; average idle time; average period of all
the vehicles passed in the traffic jam; maximum length of the jam; and CO emission) for further analysis being
the most important to evaluate efficiency of circular traffic implementation. Their absolute values resulting from
the modeling as well as calculated relative values have been represented. The modeling results mean that circular
traffic is more favourable to improve traffic according to each selected index within the range of 3% - 92%.
Value of the proposed complex parameter of the circular traffic efficiency is 1.00; in terms of traffic light — the
value is 0.34. Thus, total efficiency of the proposed solutions for the selected object is 66%.

The efficiency indices may be of different importance while making final decision concerning traffic
arrangement involving their ranging (or determination of the weight coefficients). In the near future, the authors
are going to involve experts, i.e. specialists who are experienced in solving problems as for the traffic
arrangement and development of traffic models within VISSIM environment.

Key-words: road network, traffic safety, conflict points, circular crossing, simulation, traffic jam length,
average velocity, delay time, PTV VISSIM.
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Jlotum B.B., I'ymentok JI1.O., I'ymentox I1.0.
Jhyybkuti HayionanbHull mexHiyHUll yHigepcumem

CTPYKTYPHO — ®YHKIIIOHAJIbHA MOJIEJIb POBOTHU EJIEKTPOHHOI CUCTEMHA
KYPCOBOI CTIMKOCTI (ESP)

Po3pobneHo imiTarliiiHy MopeNs YNpaBIiHHSA [OBENIHKOIO TPAHCIOPTHOrO 3aco0y mpu 3aHocax 3
BUKOPUCTaHHAM cucTeMu Kypcooi criiikocti (ESP). CtBopeHo amHamiuHy iMiTarito poOOTH KOHTYpY TajibMiBHOT
CHCTEMH, SIKa JI03BOJIE O3HAHOMUTHUCH 3 POOOTOI0 KOHTYPY B JMHAMILli, III0 3HAYHO IOKPAILY€e PO3YMIHHS HPOLECy
raJbMyBaHHS; po3poOJieHo iHTepakTuBHY cxemu pobotn ESP ta ABS. 3oma BmBOmy iHpopmanii mix wac podotu
MOJIeNi JJO3BOJISIE Bi3yalli3yBaTé NPOXO/PKEHHSI aBTOMOOLIEM TECTOBOI TpacH Ta OTPUMYBATH IHIVKAI[IO MIBUAKOCTI
aBTOMOOLIS Ta MOBOPOTY KepMma Ta iHAWKamito BTpydaHHss ESP. Takum umHOM, OTpHMaHa KOMII IOTEpHa MOJEINb
YIpaBITiHHS aBTOMOOLIEM IIpH 3aHOcaX 3 BpaxyBaHHSIM pobotn ESP. sika mo3Bossie criocrepiratn B AuHamini podoty
ESP Ta npociinkoByBatu 3B’3KH, SKi BHHUKAIOTh IpH poboTi cuctemu ESP Ta ABS. 3acTtocyBanHs Takoro miaxomy
I03BOJISIE  MPOBOJMTH IMiTalilfHE MOJENIOBAaHHA 3a PI3HUMH  CLEHApisIMM, 3aJie)KHO Big  (OpPMyBaHHS
PI3HOMaHITHUX CHUTYaIill, IPAaKTHYHO HEOOMEKEHOT CKIaJHOCTI.

KorouoBi cioBa: imiTamiiina Mojesnb, 3aHOCH, KepyBaHHs TpaHcrmopTHHM 3acobom, ESP, ABS, koHtyp
TaJbMIBHOI CHCTEMH, IIBHIKICTH, IIOBOPOT KepMa.

BCTYII

3a octaHHI POKM B YKpaiHi 3HAYHO PO3IIMPUBCS ABTOMOOUTBHHMH MapK, HACIIAKOM YOTO CTajlo
3pOCTaHHS aBapiMHOCTI Ha moporax. B cepemHpoMy IMOpiuyHO peecTpyeThes moHan 100 THc. mTOpoXKHBO-
tpancnoptHux npuroxa (ATII), B sxkux ruHyTh Oimbiie 3 THC. i OTPUMYIOTH TPaBMH Pi3HOTO CTYIEHS
TsoKKOCTI 0 40 Tmc. yonoBik [1]. 3nauna kinmbkicTh Takux JITII moB’si3aHa 3 BTpaTOK KEPOBAHOCTI
ABTOTPAHCIIOPTHUM 3aCO00M 1, BIATOBIIHO, BIIXUIICHHS aBTOMOOUIS Bijl 33J]JAHOTO BOJIIEM HANPSMKY PYXY.
OnHuM 3 OCHOBHUX (PAKTOpIB, SIKi BIUIMBAIOTh HAa BTPATy KEPOBAHOCTI, € OIYHI CUIIM, 1[0 BHHUKAIOTH MPH
MOBOPOTax TPaHCHOPTHOro 3aco0y. Konmu BenmumHa OIYHMX CHJ HEPEBHIIYE CHIYy 3YCIUICHHS KOJIC 3
JIOPOTOI0, BiJIOYBAETHCS JOBIJIbHE MEPEMIIICHHS KOJIIC aBTOMOOLISA B IOMEPEYHOMY HANPSAMKY, TaK 3BaHHIM
3aHOC. 3a3BMUail BOMAIM CTHKAETHCA 3 3aHECCHHSIM 3aJHIX KOJIC, 3aHOC MEPEIHIX, SKIIO0 BiH BUHUKAE, TYT )K€
TacuThCsl BIALEHTPOBOIO CHJIOK. SK BHXig 3 Takoi cUTyalii Ha CHOTONHIIIHIN AE€Hb NHPONOHYETHCS
OCHAIIICHHS aBTOMOOLJIIB €JIEKTPOHHOIO cHcTeMOoI0 KypcoBoi criiikocTi (ESP - Electronic Stability Program).
Cucrema 1103BOJsIE €PEKTHBHO BHU3HAYAaTH MOMEHT IOYaTKy OIYHOTO 3aHOCY aBTOMOOINS i (opMyBaTH
cTabuTizyro4nii MOMEHT [2].

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA ITIPOBJIEMUA

Bin camoro mo4aTky po3BHTKY aBTOMOOIJIBHOTO TPAHCIOPTY YMMAIIo cIipod 3po0IIeHO JUIsi CTBOPEHHS
TaJbMIBHHX CHUCTEM, HAJIMHUX 1 JIETKUX Y BUKOPUCTaHHI (MEHII 3yCHIUIS BOJIisS Yepe3 BHKOPHUCTAHHS
T ICHJTFOIOYHX MEXaHi3MiB, T.I1.).

AJie ynpaBiiHHS TaJbMIBHUMH CHCTEMaMH CTaj0 MOMJIMBHM TLIBKH 3 KOMEPIIHHOI JOCTYIHICTIO
IUPPOBUX MIKPOKOHTpOJIepiB y KiHmi 1970X. [HIIMM BaKJIMBUM TEXHOJIOTIYHUM MPOPHUBOM CTaja po3podKa
IIIMHA JOKAITFHOI Mepexi kKoHTponepi - Controller Area Network (CAN).

Mura CAN no3Boimia pi3HUM KOHTPOJIIOIOYMM MOIYJISM, AAaT4MKaM 1 NPUBOAAM aBTOMOOLMIS
MiATPUMYBATH 3B'I30K OJHE 3 OJHUM, IIO, y CBOIO Yepry, 3pOOHIIO MOXIIHMBOIO IHTErpamilo cUcTeM
KOHTPOJIIO.

[Ticas 1mporo, mepmor po3poOKOI0 B Taly3i TalbMIiBHHX CHUCTeM Oylla aHTHOJOKyBajdbhbHa CHCTEMa
ranmeM (ABS). ABS koHTpoioe KOB3aHHS Koiic 1 3amobirae OMOKYBaHHIO KOJIC, IO /A€ MOXKJIHMBICTh
aBTOMOOLIIO 3aUIIaATUCS KEPOBAHUM MPU BaXKOMY TanbMyBaHHi [3,4]. Ockinbku ABS migTpumye KoB3aHHs
KOJIIC Ha ONITUMAIIEHOMY 3Ha4€HHI, BOHa MaKCUMI3y€ JOCTYIHY TAIbMIBHY CHITY.

Binprmicte aBapiif 4epe3 BTpaTy ymHpaBiIiHHS aBTOMOOIIS TPAIUIAIOTHCS Yepe3 Te, M0 MPU TPAHUIHIX
YMOBax aBTOMOOLUIb TIOBOJUTHLCS 3 BEJIMKOK BiJIMIHHICTIO BiJl HOPMaJbHOI MOBEAIHKU B MEXax TI'paHUIll i
BOJIi¥ HE MOXe MPUIHITH HEOOXiTHI KOPUTYIOUH Iii.

OTxe, METOI0 aBTOMOOUTFHOTO PO3pOOHWKAa TOBHMHHO OyTH 3a0e3MedeHHs TOro, IO IOBEAiHKa
aBTOMOOLUISI IPH TPAaHUYHHUX YMOBAaX HE MOBHHHA CHUJIBHO BiAPI3HATHCH BiJ MOBENIHKU Y MeXax HOpMH abo
TOro, 00 aBTOMOOINH SKOMOTa JOBIIE TisIB Y NOTpaHU4HIN 001acTi. ABTOMOOUIBHI CHCTEMH KOHTPOJIIIO
cTiiikocTi Oymu po3pobieHi s JOCATHEHHS 1Tiel MeTH [5-7].

AmnapaTHe 3a0e3neueHHs cUCTeMHU cTaliii3amii KypcoBOi CTIHKOCTI aBTOMOOLIS CKIANAEThCS 3 CHCTEM
300py Ha 00pOOKM iH(pOpMATIIiT .
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Busnauennss HacTaHHA aBapiiiHOi cHUTyamii 3MIACHIOETHCA IIIAXOM TIOPIBHSHHS Mili BOZis Ta
nmapaMeTpiB pyxy aBTOMOOUIL. Y BHIAAKYy, KOJNH Aii Bozis (OakaHi mapaMeTpu PyXy) BIAPi3HSIIOTHCS Bil
(akTHUHUX MapaMeTpiB pyxy aBTOMOOiIs, BkiIodaeTbes cucrema ESP. Ha miacraBi curnanmis, 1mo
HAJXOMATh BiJl NaTUYMKIB, EJICKTPOHHA CHCTEMa KYPCOBOI CTIMKOCTI aKTHBYE BIAMOBITHI cHCTEMHU OE3MeKH i
yopasisie ix pobororo. OueBumHo 110, OoproBi cuctemu ESP nyxke ckmagni. Tomy pospoOka i
HaJIalTyBaHHs cucteMu ESP € 3aTpaTHUM 1O KOLITax 1 4acy MPOLIECOM.

Kowmepuiitni 6opToBi cucremu ESP maroTh nyxe cknaaHi maTeHTOBaHi aaroputMu. CKIagHICTh MOXe
3aJIeKaTH BiJl TPhOX OCHOBHHX (pakTopiB: (1) KITBKICTh KOHTPOJIBOBAHMX 3MIHHHX 1 iX TOYHE BH3HAYCHHS,
(2) KUTBKICTB 1 THIT CUCTEM, BUKOPUCTAHUX JIJISl BAPOOJICHHS KOHTPOIOIOUUX CHJL, 1 (3) BpaxyBaHHS 3MiH, IO
TPAIUISIIOTHCS B aBTOMOOLI 3 4acom, abo mpu 3MiHI yMOB poOOTH.

IcHyroui Ha PUHKY IpOrpamMHi IHCTPYMEHTH JJIsl MOJEIIOBAHHS MOBEAIHKH TPAHCIIOPTHUX 3ac00iB Ha
JIOPO3i, YacTo BOJOJIIOTH OOMEXEHWM (YHKIIOHAJOM 3 TOYKH 30pY VIPABIIHHS MOBEIAIHKOIO
TpaHCHOPTHOTO 3aco0y [8-9].

B ocranHi pokH, 3aBIsSKH PO3BUTKY I'padiuHoro inrepdeiicy i rpadiyHux nakeTiB, LIMPOKUNA PO3BUTOK
OTPUMAJIO KOMIT FOTEPHE CTPYKTYpHO-PYHKIiOHAIbHE MoJientoBaHHs. [TokIaseHo movaTok 3acTOCYBaHHIO
KOMIT'IOTepa HAaBITh Yy KOHIIENITYalbHOMY MOJICIIOBaHHI, JI¢ BiH BHUKOPUCTOBYETHCS, HANPUKIAT TPU
noOyJOBI CHUCTEM IUTYYHOTO IHTENEKTy. TakuM UYHMHOM OYEBHIHO, IO TOHATTS “‘KOMI IOTEPHE
MOJICTFOBAHHS 3HAYHO HIUPIIIE TPAIUIIIHHOTO MOHATTS “‘MojestoBaHHs Ha EOM”,

META TA 3AJAYI JOCJIKEHHS - noOymosa iMiTaliiiHOi MOENi yIpaBIiHHS OBEIIHKOIO
TPAHCHOPTHOTO 3aco0y MpPHU 3aHOCaX 3 BUKOPUCTAHHIM cHUCTeMHU KypcoBoi criiikocti (ESP). 3acrocyBanns
TaKOTO IIIXO0JY J03BOJISIE MPOBOJMTH IMiTalliiiHE MOJIEIIOBAHHS 32 PI3HUMH CIIEHAPISMHE, 3aJ€KHO Bij
(hopMyBaHHs PI3HOMAHITHUX CUTYyaIlili, MPAKTUUYHO HEOOMEKEHOT CKIIAHOCTI.

PE3YJIbTATH JOCIIAKEHb

OynkmioHanbHe MonemoBanHs pobotm ESP: ESP  Bumiptoe KkyT moBOpoTy Kepma, OiuHe
MPUIIBH/IICHHS 1 TEMIT PUCKaHHs. ba3yrounch Ha IIMX BXiJIHUX MapaMeTpax CHCTeMa 3aIlHCye i 00UUCIIIOE
nepeadadyBaHUi HAMPsIM PyXy aBTOMOOLNS 1 MOBEAIHKY, IPHUITYCKA€E MOTPeOy BTPYUaHHS, KOJIU aBTOMOO1ITb
HeZo- abo meperoBepTae, HANPUKIAA, OAHE a00 KUTbKa KOJIC TalbMYIOTHCA IS KOPUTYBAaHHS KypCOBOI
crifikocti (puc. 1).

ESP
BUMIPIOBaHHS KyTa BUMIpIOBaHHS O1YHOTO BUMIPIOBaHHS TEMITY
MIOBOPOTY KepMa i HPUIIBHUIICHHS pHUCKaHHA
IIBUJIKOCTI KOJIC
3armc nependavyBaHoro 3amnuc AiHCHOT OBEAIHKN
HarpsMy aBTOMOOLIIS aBTOMOOLIIA

00YMCICHHS BIAXWICHHS TIMCHOT
MMOBEMIHKH aBTOMOO1IA Bl OaxkaHOT

pIlIeHHS 9¥ TOTPiOHE BTPYJIaHHS
ESP mis crabimizamii aBToM00ims

IIpY HAJAMIPHOMY MOBOPOTI IPU HE/IOTIOBOPOTI
raabMiBHA CHIIA IPHKIAJAETHCS 10 [€ rajJbMiBHA CHJIA IPUKIAAETHCA 10
30BHIIIHBOTO NIEPEIHBOT0 KoJieca BHYTPILIHBOT'O 33HBOTO KOJIeca

Pucynox 1. Cxema ¢yukmionyBanus ESP.
Kox nnst ESP mae xonTposnb Hemo- i mepemoBopoTy. BaxknuBumu BxigHumu curHanamu it ESP e
A X, TeMIl pUCKaHHs 1 KepMiBHUI KyT. basyilounck Ha BX0[i, SIKIIO BiH i/ie BUILE NIEBHOTO MOPOTY, BUXiTHI
CUTHAJIM DIBHIB TaJlbM 1 pIBEHb TEeHali KOPHUTYIOTh HAmpsM 1 CTIHKICTh aBTOMOOUIS (puc. 2). Skimio
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aBTOMOOLITH TIEPETIOBEpPTAE, TATFMYBAaHHS 30BHINTHLOTO TEPEIHHOTO KOJIeca MOTIOMOXKE YTpUMaTH OakaHuit
Kypc. [Ipr HeOTOBOPOTI KOPUT'YBaHHSI BUKOHYETHCS TAIbMYBaHHSIM BHYTPIINTHHOTO 38THHOTO KOJIeca.

p| SKIO IEPETIOBOPOT »| TIepeaHeE JIiBE TaJbMO
p| IO mpaBuit | |
LIOBOpOT SKIIO HEJOIIOBOPOT »| 3a1HE IPaBe raIbMO
A
ESP |— iHakmre 6e3 BTpy4aHHS [«
Y p| SIKILO NEPENOBOPOT »| IepeIHe IpaBe TATBMO [
g AKIIO JiBUA | |
HTOBOPOT »| SKII0 HEAOTIOBOPOT »( 3anHe niBe ragpMo  [—

Pucynok 2. Cxema @yHkuionyBants ESP npu perymroBaHHi.

OyHKIiOHAIFHE MOJENIOBaHHA po0OTH aHTHONOKyBanbHaoi cucteman (ABS): s xomy ABS
BOKJIMBUMH BXIJHUMH CHTHQJIAMH € MIBUIKICTh Kojieca 1 piBeHb TaJibMa. BUMIpIOIOYM MIBUIKICTh KOJIC 1
MIBUIKICTH aBTOMOOLIS, KOJIM SIKECh KOJECO iIe¢ 3 MEHINMM 3HA4YEHHSIM IIBHAKOCTI, HIK I1HIII KoJeca,
raabMiBHUN (akTop Ui IbOTO KoJieca 3MEHINY€EThCS A1l YHUKHEHHS ONoKyBaHHA. B nilficHocTi mBUAKiCTh
KOJIIC aBTOMOOLIS BHMIPIOEThCS B KOXHOTO KoJleca, SIKIIO IOXiJHAa MIBHUAKOCTI KoJieca HaJITO KpyTa —
raasMiBHHH THCK 3MeHITyeThest [10] (puc. 3).

R sixmno Tepenne Jlise < 3anne JliBe _ inakmie [Tepenne Jlie > 3amne Jlise
raabMiBHUH THCK [Tepenuiit JliBuit =0% | ranemiBauit Trck Tepenuiit JTiBuii =100%
| sxmo Ilepenne IIpase < 3ague [Ipase .| inaxme ITepenne Ipase > 3anne [Ipase
" | ransmiBauit THCK [epenniit [Tpapuii =0% " | ranemiBmuit Tuck IMepeniit Mpasuit =100%
AKo ||
rajpMye
akio 3axae Jlise < [Tepenne JliBe R igakmre 3anne Jlise > ITepenne JliBe
rajasMiBHUN THCK 3aauiil JIisuit =0% "| ranemismmit THCK 3annii JliBuit =100%
o] sxwmo 3agne [pase < Ilepenne IIpase .| inakme 3anne [Ipase > Ilepenne Ipase
ranpMiBHUM TUCK 3anHii [Tpasuit =0% " | ranemiBumii Thck 3anuii [pasuii =100%

Pucynoxk 3. Cxema ¢pynkuionysanusi ABS.

dyHKIIOHAIbHE MOJICIIOBaHH pobotu cuctemu koHTpoto Taru (TCS): Koa mist TCS BTpydaeThest
TIABKM B YOpPaBIiHHSA JABUTCYHOM JUIsi  PETYNIOBaHHS BEAyYMX KOJIC NPUIIBUAMICHHAM. SIKiio
BUKOPDHCTOBYIOTbCSI Taibma, Ha TCS TpamuideTscs AESIKUM IIyM, KOJIM cHUCTeMa akTuBoBaHa. TCS
MPOrPaMy€eThCs 3 KiJIbKOMa HajalITyBaHHAMHE 3 2-35% KOB3aHHAM, 3aJI€KHO BiJ YMOB 1 OakaHOT MMOBEIIHKH

(puc. 4).

SIKIIIO 3aCJIiHKa

v v

sxmo 3ajaus Jlisa > Mepenns Jlisa *1,02-1,35 sxmo 3ajaus Ipasa > Iepenns Ipasa *1,02-1,35
3aciinka = 20-50% 3aciinka = 20-50%
4 Y
inakme 3agus Jlisa < Iepenns Jlisa *1,02-1,35 inaxme 3ajaus [pasa < Ilepenns [pasa *1,02-1,35
3acilHKa = piBEeHb eal 3aCJIiHKA = PIBEHb I1enaIl

Pucynox 4. Cxema ¢pyukmionyBanus TCS.
Takum unHOM OoTpuMyeMo cxemu (yHkuionyBanas ESP, ABS, TCS sx B 3aranpHOMy, Tak i npu
po0OTI B pexXHMi peryjiroBaHHSI. BHUKOPUCTOBYIOYM [aHI CXEMH MEPEXOJUMO 10 KOMII FOTEPHOrO
CTPYKTypHO-(GYHKIIOHANBHOTO MozetoBanHsa podotu ESP [11-15].
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B sxocti cepenoBuIna Ui CTBOPEHHS CTPYKTYPHO-(QYHKIIOHATBHOT MojemoBaHHsS pobotn ESP
BuOpano Delphi.

B rpagiunomy penakTopi CTBOPEHO 300pa’keHHsI aBTOMOO1IA 3 OCHOBHUMHU efieMeHTaMu pobotu ESP.
Ha 300paxeHHi mnokasaHi TrajibpbMiBHa cHcTeMa, iHAMKaTopH crpauoBaHHs ABS Tta ESP, a Takox
iH(pOpMaIIiiiHi 3B’3KH JAHUX CHCTEM Mik co00r0 yepe3 cucteMy perynroBanns ESP (puc. 5).

<. . Imagel: TIr
oo Cwigin: 0, O

PerynioBaHHsa

ESP

Posminiennst enementiB ESP mpencraBieHo B cyOMomanhbHOMY BiKHI 1 TakoX CTBOPEHO 3
3acTOCYBaHHS TpadiuHoro pexaakropa (puc. 6). BukopucrtanHs cyOMoOJanbHOTO BiKHA  JUIA TIOKa3zy
po3miiieHHss oOnamHaHHs ESP HAJIA€ MOJKJIMBICTh KOPHCTYBady OIEPATHBHO O3HAWHOMHTHUCH 3
po3TanryBaHHSIM 00JaHaHHS 0€3 BUXOJy 3 PEKUMY MOJICIIOBAaHHS.

Nepease nise rank

3aae npase ranst
o

[epeae npase ran

‘Banwe niss ranci

feTTize>Zamnels
b Tlep e mmsiriTiny:

heTlponca3ammet
ex TTepemanllps

fiz > TTep eppee Tix
b 3ama i o

- Naea4 ransMigHol
GuCTEMH [y Gaoui |
niAGHABAYA Fanbh] paasatteamer

s amminl Tpass

pofiaTa ranswa

Brpyaria ESP
s ] Hopra
[ JipuakicTs astor

Q
P e 2- Naeasi vacTotn 3- llasau kyra 4 - Nagau Giwnoro o
A g 1-ESP o6epTaHnA nepeaHix noBopoTy pynbosoro NpHCKOPEHHA 6 - llapay pHCKaHHA
%

i sanmix Kosic roneca 5 el

3 - A

Pucynok 6. 300paskeHHs aBTOMOO1JIs 3 BKa3zaHHAM eneMeHTiB ESP (cyOMonansHe BIKHO).
Takox 3a 1OMOMOT0I0 TpadivHUX 3aCO0IB CTBOPEHO TUHAMIYHY IMITaIliF0 pOOOTH KOHTYpY TallbMiBHOT
cuctemu (puc. 7). Taka rpadiuna imitamisi 703BOJIsIE O3HAHOMUTHCH 3 POOOTOI0 KOHTYpPY B AWHAMILi, IO
3HAYHO TIOKpAally€e pPO3YMIHHS IMpOLecy TalbMyBaHHS. IMiTallisi CTBOPIOETbCA 3a JONOMOIOIO pSIy
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300paxkeHb, sKi B KIHIICBOMY BapiaHTi 00 ’eaHytotbcss B Gif ¢aiin. i BHBOAY CHCTEMH TaKOX
3aCTOCOBYETHCS CyOMOIaIbHE BIKHO.

2 KoHT¥p raabmiEHOT CHCTE MM @

r

KoHTYyp rancMiEHO1
CHCTEMM 3 OHHM
KOAECOM.

Pucynok 7. 300pakeHHsI KOHTYpY T'aJIbMiBHOI CUCTEMH.

HacTynmHuMm KpoKOM CTBOpeHHs (yHKIiOHANIbHOT Mozaeni podotu ESP € oTpumaHHS 1HTEpaKTHBHOI
cxemu pobotu ESP ta ABS (puc.8).

Niewi nosopoT

 — Hepegzelbes>3amiclize
armavieroot Tircs: [Tepemaifi Tied=100%% |

Pucynoxk 8. 300paxxenns cxemu ¢pynknionysanas ESP ta ABS.

OcTaHHIM eJIeMEHTOM (POHTAILHOI YaCTUHHM € 30Ha BUBOAY iH(popMaii mig yac podoTH Mozeni (puc.
9). s 30Ha ckIamaeThes 3 ABOX yacTHH. [lepia — Bizyamizamist mpoXoHKeHHs] aBTOMOO17IeM TeCTOBOT TpacHu.
Jpyra yacTvHa — 11e 1HIUKAIlIS IIBUIKOCTI aBTOMOOLIS, TIOBOPOTY KepMa Ta iHaukarii Brpydanss ESP.
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Bci otpumani 300pakeHHsI TiepeHeceHi B mporpamue cepenosuiie (Delphi 7) 1 3a momomororo
HEBI3yalbHUX KOMIIOHEHT BOYIOBaHI B CTPYKTYPY JOJATKY.

Jlnst Moeni mpoBeieHo po3poOKy psay mpoueayp A imitarii poootu ESP ta ABS.

s 3aificHeHHS MOJENIOBaHHS BUKOPUCTOBYIOTHCS (haiinu 3 BXigHOIO iHpopmaniero. Lle 3Buuaiini
¢aitmu TekcToBOro QopmMary, MO MICTATh 1H(GOPMAII0 MPO MIBHIAKICTH aBTOMOOINS, MOBOPOT KepMma,
koedinieHT Kys, BITXUICHHS MBUAKOCTI HA KOXXHOMY KOJIECI.

Ha nowatky mMozentoBaHHS 30i1HCHIOETHCS MpOLEnypa YnTaHHA 3 (aiiny iHdopmaLii mpo NOBEAiHKY
aBTOMOOUIS. BHACHIIOK IOPSIKOBOTO 3UMTYBaHHS iHPOPMAIIT Ta ONpalbOBYBaHHS 11 B MOJAET OTPHUMYEMO
Bi3yauTizallito TIOBE/IIHKM aBTOMOOLIIS MPH MPOXOJHKEHHSI TecToBOi Tpacu (puc.10).

Canian pofims cuctass L5
— o]
E\—
- Mhagwimcourt Togura rpime 1amsrrs.
R |
I

Coeras st omt inant ABS.

e mr
e s e ﬁmmm.w[

ntrane Flepromiipescs ametpar:
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Pucynok 10. Bizyani3zaiiist moBeiHKH aBTOMOOLIS IPH MPOXOKEHHS TECTOBOT TPACH.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIKEHHSA

[Ipu po3poOI1i KOMIT FOTepHOT MOJIEeTl YIIPaBIiHHS aBTOMOOIIEM MPU 3aHOCaX 3 BPaxyBaHHIM POOOTH
ESP Oyio po3risiHyTo 0a30By TUHAMIKY aBTOMOOILJIS; MPOBEICHO aHalli3 1 Kiacu(iKalliio iICHYIUUX CHCTEM
craOimizamii KypcoBOi CTiHKOCTI aBTOMOOLNSA; PpO3MNIAHYTO CYYacHi EJNEeKTPOHHI CHUCTEMH, KOTpi
3actocoByloThcss B ESP; moOymoBano ¢yHkIioHansHy Mojens pobotu ESP; pospobieno amroputm
CTPYKTYPHO-(QYHKIIIOHAIBHOI Ta IMITAIlIHHOT MOJIJII yIIpaBIiHHI aBTOMOOIJIEM IIpY 3aHOCaX 3 BpaxyBaHHIM
po6otu ESP Ta 3xilicHeHO ioro mporpamMHy peai3altito.

BUCHOBKUA

TakuM YMHOM, OTpHMaHa KOMIT'IOTEpHA MOJETh YHPAaBIiHHA aBTOMOOUIEM WpH 3aHOCax 3
BpaxyBaHH:IM poOotu ESP, ska nos3Bomsie cmocrepiratd B auHamini podoty ESP Ta mpocninkoByBatn
3B’SI3KH, SIKI BUHMKaIOTh Npu poboti cuctemu ESP ta ABS. 3actocyBaHHS Takoro migxomay JO3BOJISIE
MPOBOJUTH IMITalliifHE  MOJENIOBAaHHS 32  PI3HUMH  CIEHApisAMH, 3aJIGKHO BT  (QopMyBaHHS
PI3HOMaHITHUX CUTYaIlill, MPAKTUIHO HEOOMEKEHOT CKIIQTHOCTI.

CYUACH! TEXHOAOMN B MAUWWMHOSYAYBAHHI TA TRPAHCNOPT!, 2019, Ne2 (13) 1 13
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Lotysh V.V., Gumeniuk L.O., Humeniuk P.O. Structural - functional model of work of electronic
system of course stability (ESP). A significant number of accidents are associated with the loss of vehicle
control and, consequently, the deviation of the vehicle from the driver's direction of travel. The majority of
accidents due to loss of control occur because under the limiting conditions the vehicle behaves differently
from normal behavior and the driver cannot take the necessary corrective actions. An Electronic Stability
Program (ESP) has been developed to ensure that the vehicle's behavior under extreme conditions is not very
different from normal behavior. The system allows to effectively determine the moment of onset of lateral
skidding of the vehicle and to form a stabilizing moment.

Existing programs for modeling the behavior of vehicles on the road often have limited functionality
in terms of managing the behavior of the vehicle. In the proposed work, the authors have developed a
simulation model of the behavior of the vehicle in the skids using the stability system (ESP).

A dynamic simulation of the operation of the brake system circuit has been created. It allows to get
acquainted with the work of the circuit in the dynamics, This greatly improves the understanding of the
braking process. The ESP and ABC interactive schemes have been developed. The information output area
of the model visualizes the car passing the test track, gets an indication of the speed of the car, steering wheel
and an indication of ESP intervention. In this way, a computer model of the vehicle’s drift control was
obtained, taking into account ESP. The model is monitoring the dynamics of ESP and traces the connections
that occur when ESP and ABS. The use of this approach allows simulating different scenarios of almost
unlimited complexity, depending on the formation of various situations.

Keywords: simulation model, skids, driving a vehicle, ESP, ABC, the outline of the brake system,
speed, steering wheel turn.
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Momnonan A.O.
Xapxigcokuii HayioHATLHUU ABMOMODIILHO-00POICHI YHIgepCUmem

BU3HAYEHHA NOTYKHOCTI I POBOTH BUMYILIEHUX KOJIMBAHb
HPU BIAKJIIOYEHHI OUJITH/APIB B IBUI'YHI KOJIICHOI MAIIIMHHU

B nawiit cTaTTi HaBeAEHI Pe3yJIbTaTH 110 NMOTY>KHOCTI BUMYIICHUX KOJIMBAaHb IBUI'YHA Ta HEPreTUYHY Jiarpa-
MY ISl BAMYILICHUX KONUBaHb. OTpUMaHi 3aJIeKHOCTI HAKJIaICHHsI BUIBHHUX 1 BUMYILICHUX KOJMBAHb IS Pi3HUX YMOB
CHiB MaJiHHs BIAHOCHOT YaCTOTH HAa BEIUYUHY MOTY)XHOCTI. PO3IIISIHYTI MepexifHi Mpolecy NMpH BUMYUICHHX KOJIH-
BaHHsAX. HeoOXiAHICTh MOKpameHHs: piBHOMIPHOCTI KPYTHOTO MOMEHTY IIiJ 4ac BiJKIIIOUEHHS IWITIHAPIB motpedye
BIUTMBY Ha ITOKa3HUKH MOTY)XHOCTI OKpeMuX muriHapiB. 1106 3HaliTi 3aranpHe pilIeHHS, MOTPIOHO JOJATH BHpPa3u
JUTSL BUTBHUX KOJIMBaHb, TOOTO 3arajibHe PillleHHs OJHOPITHOTO PiBHSIHHS.

B miif poOoTi TakoX BUSBISIETHCS MOJIMBAM BHUIIINTH aKTHBHY 1 peakTHBHY CKJIaJOBi. AKTHBHA poOoTa 3po-
CTae€ JiHIIHO 3 yacoM, B TOM 4ac sIK peakTuBHA poboTa € mepioanyHoo QyHkiieo vacy. [lopsia 3 30BHILIHBOO 30y-
PIOIOYOIO CHIIOIO POOOTY 3/IHCHIOIOTH TAKOXK 1 BHYTPILIHI CHITH KOJMBAJIBLHOI cHcTeMH. PoboTta cuu iHepil 1opiBHIOE
KiHEeTHYHOT eHeprii MacH, a poOOTa MOHOBIIIOIOYOI CHIIM JOPIBHIOE TOTEHLIHHOT eHepril HanpyXeHoo npyxuHu. [Ipu
MepioANYHUX pyXax 0OUABI 1i pOOOTH TAKOXK 3MIHIOIOTHCS MEPIOANYHO i, MalOUH Pi3HI 3HAKH, BUKJIIOYAIOThCS 13 3ara-
JIBHOTO OaJlaHCy eHepril CHCTeMH, SIKIIO IX BEIWYMHA PO3PAXOBYETHCS JUIS OXHOTO MOBHOTO KOJIMBAHHS.

OTpHuMaHO BiJHONIEHHS JOAATKOBHX BHTPAT €HEPril, 3yMOBIECHHX POOOTOI0 CTUCHEHHS pOOOYNX IMITIHIPIB y
BIIKITFOUCHUX [WITIHAPAX J0 3MiHH JOAaTKOBUX BUTPAT CHEprii ABUI'YHA.

IMopsn 3 BiOparieto ABUryHa poOOTY 3AIHCHIOIOTE TaKOX i BHYTPIIIHI CHIIM KOJIMBANEHOI cucteMu. PoboTa cu-
JIM 1HepLii AOPIBHIOE KIHETHYHOI eHeprii MacH, a poOoTa OHOBIIOIOYOI CHIIM JOPIBHIOE OTEHIIIHOT eHeprii Hampyxe-
HOI0 moAaymkamu ABuryHa. [Ipu mepioguyHux pyxax oOuzBi i poOOTH TaKoX 3MIiHIOIOTHCS NEPIOAMYHO 1, MAIOUH
Pi3HI 3HaKH, BUKITIOYAIOTHCS 13 3arajbHOTO OaJlaHCy €Heprii CUCTEMH, SKIIO X BENUYHMHA PO3PAXOBYETHCS IS OJHOTO
MIOBHOT'O KOJMBaHHA. TakuM YHMHOM, 00W/ABI pOOOTH € peakTUBHUMHU. PoOOTa, YiHEHa cuilaMu AeMI(yBaHHS 38 OAUH
MIOBHH IIepiofl, He BUKIIIOYAETHCA 13 3arajJbHOTO OajaHcy.

Kawu4oBi cioBa: moTyXHICTh, po00OTa, BUMYIICHI KOJHMBaHHS, BiJKITIOYCHHS IUIIHIPIB, JBUTYH, KOJICHA
MalliHa, 00ypIOIOYH CHIIA.

BCTYII

[Ipu npu3HaYeHHI peXuMy POOOTH IBHUTYHA 3 BIIKIIOYCHUM ITMUIIHAPOM MOTPIOHO BPaxoBYBaTH, IO
IIPY BUKJTFOYEHHI [UIIHAPA 1 0COOJMBO HPH PO3OUPaHHI PyXy MOPYIIYIOThCS IHHAMIYHI BIACTHBOCTI ABUTY-
Ha (301IbLIYETHCS CTYIIHD HEPIBHOMIPHOCTI 00€pTaHHs; IPU pOo30UpaHHi AeTaneil pyXy 3MiHIOETHCS BPiBHO-
Ba)XCHICTb, MIOCHJIIOIOTHCS KPYTUIIbHI KONMMBaHHs). B pe3ynbTati 3MiH TUHAMIYHMX BIACTMBOCTEH MU BiJK-
JIOYEHHI IMITTHAPIB MOXKE TOCHIUTHUCS BiOpallisi aBTOTPAKTOPHOTO JIBUTYHA 1 Ky30BY KOJIICHOT MaIllMiHH, [0
notpedye MOJANBIIOro 3HIKEHHS 000POTiB BUTYHA.

AHAJII3 OCTAHHIX JJOCATHEHbG I TYBJIKALIA

AHai3 JI0CHIKCHb, TPOBEACHUX Ha JBUT'YHAX IMOKa3ajaM [1], 110 IpH BiIKIIOYCHHI MMOJIOBUHH HOTO
MUIHAPIB OY/b-IKUM 3 TPHOX CHOCOO0IB (O3HA4YEHHs: | — BIYCKHI 1 BHITYCKHI KJIANIAHW HEMPAIIOI0UUX ITH-
JHAPIB MOCTIHHO 3aKpHUTi, 2 — MPUIIMHEHHS [0Javi NaJuBa B HEMPALIOUl HWIIHIPH, 3 — TeX, aje 3 ycy-
HEHHSIM HACOCHHUX XOJIiB Y HEMPAIIOIYHX IWITIHAPIB, 4 — poboTa BCiX MITIHAPIB) BiOpatlist 30inbmyeThes. 31
301IBLICHHSM YaCTOTH O0EpTaHHS KOJNIHYATOrO Bally PI3HUIIA B YMOBax BiOpallii aBTOTPAKTOPHOTO JABHT'YHA
MIPY BiIKJIIOUEHHI UWITIHAPIB MOKe 3MiHIoBaTHCA. HalimeHmmii i piBeHs npu BapiadTi (3), a MaKCUMaIbHUI
ripu BapiaHTi (1), myHKT (2) 3a/IAIIA€THCS KPAIUM, TaK K BiOpallisi HeBellnKa, a Croci0 BiKIFOUYEHHS Toadi
MaJIMBa HAHTIPOCTININK BUMarae HEBEJMKI 3MiHM KOHCTPYKIIT IU3EIs, SIKi peallbHO 3/1iiCHEeHHi [2].

[MpumycoBa ne3akTHBallis HWITIHIAPIB OKpiM Oe3MepedHux MepeBar Mae psii HEMOJIKIB, SIKi MepenIKo-
JOKAIOTh MAaCOBOMY 3aCTOCYBaHHIO BIJKJITFOUYEHHS IIMIIIHAPIB y IBUTYHaX aBToMoOinmiB. Cepen HUX CIif Bij-
3HAYHUTH Pi3Ke 3HIKEHHSI KPYTHOIO MOMEHTY 1 30UTbIIEHHS HOTO HEPiBHOMIPHOCTI MPH BiAKIIOYEHHI YacTu-
HU IUITIHAPIB [3], 0cOONMMBO B MOMEHT IEpeXo/y Ha MEHIIY KUIBKICTh HaBaHTKEHUX LIiHAPiB. Heobxin-
HICTh TIOKPAIIEHHS PIBHOMIPHOCTI KPYTHOT'O MOMEHTY IIiJl 9ac BiJKIFOUCHHS IIMITIHAPIB MOTPeOye BIUIMBY HA
MTOKA3HUKH MOTY>KHOCTI OKPEMHX IHITIH/IPIB.

META I IOCTAHOBKA 3AJIAYI

MeToro JaHOTO JOCHIP)KEHHS € BU3HAUYEHHSI MOTY>KHOCTI Ta pOOOTH BUMYIICHUX KOJIWBaHb, 10 BUHH-
Ka€ MpH BiIKIIOYCHH] IITIHIPIB B ABUTYHI KOJTICHOT MAIIWHHU.

JI1st mocsATHEHHS 3a3HaYeHOT METH HEOOXiTHO BUPIMIUTH HACTYITHI 3a/1a4i:

— NPEACTaBUTH KOCMII[EHTH MiJACUICHHS 10 MOTYKHOCTI BUMYIIICHUX KOJHBaHb JBUI'YHA Ta €HEpre-
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THUYHY JliarpaMy JJisi BAMYIICHUX KOJIMBaHb;

— OTPHUMATH 3aJICKHOCTI HAKJIAJICHHS BUIBHUX 1 BAMYIICHUX KOJIMBAHB IS PI3HUX YMOB CIIB IaJliHHS
BiTHOCHOT YaCTOTH Ha BEIWYHUHY MOTYKHOCTI;

— BU3HAYUTH JOJATKOBI BUTPATH €HEPrii, 3yMOBJIEHI POOOTOI0 CTHCHEHHS POOOUHX LIIIHAPIB Y BiAK-
JIIOYCHMX IMJIIHAPaAX J0 3MIHU JOAATKOBUX BUTPAT €HEPTrii ABUTYHA.

PE3YJbTATH JOCIIAKEHb

VY aBTOTPAaKTOPHOTO JBUTYHA MOTYKHICTh KOJIMBAaHb L PO3PaxOBYETHCS AK CKANAPHUN NOOYTOK BEK-

Topa cuil K 1 BEKTOpa MIBHAKOCTI X [4]

L=K-x. (1)

SIkimo 3a HampsSIMOM CHJIA 1 MIBUAKICTH 30iraloThes, TO MOKHA B3STH 3BH4YAiHE TBip K -x. B iHImoMy
BUTIAJIKY ITiJICTABJISIFOTH JIUIIE CKJIAJIOBY CHIIH, CIIPSIMOBaHY MO IIBHJKOCTI.
B pasi nepiogumanoi o0yprorodoi cumu Oyaemo Matu [4]

K=K, -cosQx. 2)

SKIO aMIUTITYly BUMYIIICHUX KOJHMBAaHb y 3arajlbHOMY BUTQJIKYy MMO3HAYUTH 4epe3 A, TOH pyXx, 1o
BHKJIMKAETHCS TIEPIOTUIHO 3MIHIOETLCS CHIIOHO0 [4], onHCcyeThest (HOpMyIIor0

x=4- cos(Qt - (p). 3)

[lizcraBnstoun i Bupasu y ¢opmyiy (1), micis HeCKIaJHUX TPUTOHOMETPUYHHUX HEPETBOPEHb OTPH-
MY€EMO MOTYXHICTh KOJMBaHb [4]

L=K -x=1/2K,- A-Q[sing —sin(2Qt —p)|=L, - L, . 4)

TakuM YMHOM, NOTY>KHICTh MOKHA NPEJCTaBUTH y BUIVIAIl CyMH IOCTIHHOI CK1anoBoi L, (cepenHs

HOTY>KHICTB) 1 epioAn4HOi ckianoBoi L . CkinagoBa L, 3MIHIOETBCS 3 4aCTOTOIO, y[Bidl OLIbIIE YaCTOTH

o0yprorovoi cuan. Kopucryrouncs TepMinonoriero [4, 5], mOTyXHIiCTh L, MO’KHA Ha3BaTH aKTHBHOIO, a IO-
TYXHICTb L, — PEaKTUBHOIO.

[TincTaBasitoun BiANOBiAHI 3HAUeHHA K, U A, CIpaBeJIMBUX y 3arajllbHOMY BHIIAJIKy CIiBBiIHOIIEHb

(4) merxo 3HAWTH BUpA3W IS TMOTYKHOCTI JUIsI BCIX MPUBATHUX BUIAMKax. Tak i BUNAAKY A BBaKaeMo,
110 Ha Macy m JIi€ Cuia K(t) =K, cosQt =c-x, -cosCdt, MmaecMo

X0

A= Xo VA = 5 (5)
\/(1 - 772)2 +4D%n*
. 2D
sing = 1 . (6)
\/(1—772)2 +4D2772
BpaxoByroun, gani, mo €2 = @, , OTpUMy€EMO
Dnz
Lm:C.xg-a)O :C'Xg'a)o'Vm, (7)
(-5 +4aD%?

L =c-x; o, 4 sin(2Qf — )=

Wli-n? ) +40%? . (®)

=c-x2-w, -V, sin(2Qt — p)
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MHOXHUK c-xg - @, Ma€ PO3MIpPHICTb MOTYKHOCTI, a V,, U V, MOKHa PO3risaiaTh K Oe3p03MipHI KO-

e(imieHTH mACHIIEHHS MOTYKHOCTI. 1{i Bupas3u onmucyioTh BIUIMB KoedimieHTa neMidyBanas D 1 BITHOCHOT
YacTOTH 7) Ha BEIMYMHY MOTY>KHOCTi. AGCOIIOTHO aHAIOTIYHO TOMY, SIK II€ pOOMIIOCS IpH MOOYAOBI aMILTi-

TYyIHUX XapaKTepUCTUK, MOXHA MOOYIyBaTH «PE30HAHCHI» KPHBI AJsl HOTYXHOCTI. 3 (8) Jierko 6auut, o
v, Taki V_, nopiBHtoe Hymo npu 77 =0 1 mnpu 7 — oo Mk TUM 00M/Ba CiMEHCTBa KPUBUX HE3AJIEXKHO Bif

BennMunHU D 1ipu 77 =1 MaloTh MaKCUMYM, PIBHHA
(Vm )max = (VS )max = 1/(4D) ° (9)

Lle o3Hauae, 1110 IpH 4acTOTI 30ypeHHs ()= @, cepeHs NOTYKHICTb (AKTHBHA MOTYXHICTb) JOPIBHIOE
MaKCUMAIbHOMY 3HAYCHHIO 3MIHHOI IMOTY>KHOCTI (PEaKTUBHOI MOTY>KHOCTI). TakuM 4MHOM, TIpH BBEIICHHI B
KOJIMBAJIbHY CHCTEMY TIEBHOI KOPHCHOI MOTY>KHOCTI B CUCTEMi IIOBUHHA PO3BHBATHUCS TaKa PEAKTHUBHA TOTY-
JKHICTh, MaKCUMaJIbHI 3HAYEHHS K0T Ma€ Ty caMy BEJIMYUHY, II0 ¥ aKTHBHA MOTYXHICTh. KO 00ypeHHs
BiI0YBA€ThCSI HE 3 4aCTOTO Q = @, , BIAHOLIEHHS aKTUBHOI IIOTYKHOCTI 10 PEaKTHBHOI 3MEHIIy€eThes. 3 (8)

JIETKO OTpUMaTu

Ly _Vu_ 2Dy . (10)

(Ls)max 7§ \/(1_772)2 + 4D’

3Biacu Ge3mocepelHbO BUAHO, IO SIKIIO HaM JIBUTYH 3 MOKJIMBO HU3BKOIO PEAKTHBHOIO TOTYXHICTIO
TO Kpallle IepeiiTu 10 pe30HAHCHOTO BUMAMKY.
Ha pucynky | B sikocTi npukiany nokasasa ¢yskuis ¥, . Kpusi npu D > 0,259 MOHOTOHHI, Tak IO

TP IIbOMY PO3BUBAETHCS TUM O1JIbINA TTOTYKHICTh, UMM BHUIIE 9acTOTa 30yPEHHSI.

A

Vo

0

0

Pucynok 1 — KoeinienTr miacuineHHs mo moTy>KHOCTI
BUMYIICHUX KOJIMBAHb ABUTYHA

UuneHy poOOTy MOXKHA 3HAHTH iHTErpyBaHHAM MOTY>XHOCTI. bepyun 1o yBaru piBHICTB (2), OTpuMYy-
10Th poOOTY 30BHIIIHBOT CHIIH 30ypeHHS

E,=[Ldt=1/2K, - A-Qt -sing +1/4K, - A-cos(2Qt - p), (11)

B wiii poOOTi TakoX BUSBISETHCS MOXKJIMBUM BUIUTUTH aKTUBHY 1 PEakTHBHY CKJIAZIOBi. AKTHBHA PO-
0oTa 3pocTa€ JIHINHO 3 YacoM, B TOH Yac sAK peakTHBHA po0O0Ta € mepioanyHoro QyHKIie yacy. Ha nmpakTu-

. . . * .
1 I[IKaBJIATHCS MepeayciM podoTo0 E , YMHEHOI 3a OJJHE ITOBHE KOJHUBAHHSI
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E, =E,(t=27/Q)-E,(t=0)= 7K, Asing. (12)

[Topsia 3 30BHILIHEOI0 O0YPIOIOUYOI0 CHUJIOK POOOTY 3MIHCHIOIOTH TAKOXK 1 BHYTPIIIHI CHJIM KOJIHBAJIb-
Hoi cuctemu. [Ipu bOMY OIepPKyEMO HACTYIIHI BUpa3u JUIs poOOTH

cuna inepuii E, = [mxxdt =1/2 mx’
cuna nemngipysanns E,, = [dxxdt,

oHoBmotoua cuna Ep = [exxdt =1/2cx” .

PoGota cuiu iHepitii J0piBHIOE KIHETHUHOI €HEprii MacH, a poO0Ta MOHOBJIIOIYOI CHUIIH JOPIBHIOE I10-
TEHIIHHOT eHepril HAIpPy)KeHOI MPYXUHH. [Ipy mepiogudHuX pyxax oOHIBI Il POOOTH TaKOX 3MIHIOIOTHCS
MEPIOIUYHO 1, MAaIOYU Pi3HI 3HAKH, BUKJIFOYAIOTHCS 13 3arajJbHOro 0ajgaHcy €Heprii CHCTEMHU, SKIIO iX BEJH-
YHHA PO3PAXOBYETHCS ISl OJTHOTO MOBHOTO KOJMBAaHHS. TakuM YHMHOM, 0OWIBI poOOTH € peakTUBHHMU. Po-
00Ta, YMHEeHA CHJIaMH JIEMIIQYBaHHS 3a OJJMH MOBHUIT MEPioJl, He BUKIIIOYAETHCS 13 3arallbHOTO OallaHcy.

Ipu x=—Q- A4-sin(Qt — ¢) Maemo

2z
E;, =dQA* [sin*(Qt — 9)d(Qt) = dA*Q (13)
0

Hapnaku npu 4> A, cnoxusaHa JAemn(ipyBaHHSAM €Hepris OUIbIIE eHeprii, BUPOOIEHOI 30BHII-
HBOIO CHJIOO (pHUC. 2), 1 BHACIIOK ILOTO BiIOYBA€ThCs 3MEHIIEHH aMIuliTyau. [Ipn 4 = A, o6unasi poboTu
€ PIBHUMH MiX cO0010

E, =K A sinp=E, =mdA’Q, (14)

3BiJIKM 1 BUXOIUTH CTaIllOHAPHA aMILIITy1a

A _Kosm(p‘ (15)
) dQ
E’ En
ES
|
|
I
I
' —
A A

Pucynok 2 — EHeprerudna miarpaMa Jjisi BAMYIIEHUX KOJTUBAaHb

[epexiani mporecy Mpu BUMYIICHUX KoauBaHHsX. 1100 3HaiTH 3aranbHe pillleHHs, OTPIOHO 10aaTH
BHpA3W IJIs BUIBHHUX KOJHMBaHb, TOOTO 3arajibHE PIiIlICHHsS OTHOPIMHOTO PiBHSAHHA. OTXeE, PIllIEHHS Ma€ BH-
LIS

x=x0Vcos(777—(p)+Ce_Df cos(\ll—Dzr—(pj. (16)

[Ipu nanexnomy BuOoOpi moctitaux C 1 @ e pimleHHs OyAe 3aJ0BOJIBHATH OyIb-IKUM 33aJaHuM I0-
YaTKOBUM yMOBaM. B 3anekHOCTI Biz yacTOTH 30ypeHHs, BIaCHOI YacTOTH 1 BUAY ITOYaTKOBHX YMOB MOJX-
JUBO HAJI3BHYAaHO BEJHMKA KUIBKICTh TUIIB KOJHMBaHb. J[Bi KpuBi x(z’) 3 MMOYaTKOBUMH ymoBamu ¢ =0,
x = x'=0 nmoOyznoBaHi Ha pucyHKax 3a u 30.
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Oco0nuBHii iHTEpEC TPEICTaBIIsE MOBEAIHKY IBUTYHA y BUIAIKY [6], KOJIM BIacHA 9acTOTa 1 4acToTa
30ypeHHs1 OJMM3bKI OMWH A0 OAHOro. TyT MM OOMEKHMOCS JIMIIE PO3IJISAOM HeaeMi(OBaHMX KOJIHMBaHb
D =0; Toni Bupa3 (17) npuiime B

COST]T+CCOS(T—(0). (17)

X=X, >

-n

Pucynoxk 3 — HaknmazieHHS BiTbHUX 1 BUMYIICHHUX KOJNBAHb:
a—ypasi n7<1;0—ypasi n>1.

Sxmmo noctiiiai C ¥ ¢ BU3HAYUTH 3 MOYATKOBUX yMOB ¢ =0, x = x'=0, To Buiige

C=- =0. (18
Y )
I[Ipu 1EOMy BUpAa3 IIEPEXOAUTH Y HACTYIIHE
x=1 xoz(cosnr—cosr). (19)
-n

TpuroHOMeTpUIHNMY TIEPETBOPEHHSIMH 11€ BUPaA3 MIPHUBOTUTHCS 10 HopMu

X = Sin

_ 2% g =gt (20)
1-7° 2 2

Ile cnpaBenuBe B 3arajbHOMY BHUIIAJKY BHpPa3 JOIyCKae O0COOIMBO HAaOYHE TIyMaueHHS IpH 77 =~ 1,
TOOTO y BUIIAJIKY, KOJIM BJIACHA YaCTOTa i 4aCTOTa OOYypEeHHs MaJlo BiIPi3HAIOTHCS OJUH BiA OOHOTO. Y LbO-
MYy BHUIAJKy BUKOHYETHLCS HEPIBHICTH (77 - 1)<1 (77 + 1) 1, OTKe, apryMeHT IepInoi GyHKIIIi cuHyca Oye 3Mi-
HIOBATHCS MOBUIBHO MOPIBHSHO 31 3MiHAMM APYTHHA apryMeHT QYyHKLIi cuHyca. TakuM 4WHOM, pyX MOKHA
YSBUTHU €001 SIK KOJIUBAHHA 3 4AaCTOTOIO (77 + 1)/ 2 ~1, ammiTyna sSKoro A(t) HOBIUJIBHO 3MIHIOETHCS 3a Tap-
MOHIHHIM 3aKOHOM

A(t)z—isinnT_lr. (21
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WYRIPRI i

A
Y

a 0
Pucynok 4 — HaknaneHHs BITbHUX Ta BUMYIIEHUX KOJHBAHb!
a—ypasi =1 nopu D=0;0—yBunagky peoHancy 77 =1 npu D=0.

KpuBa B muiockocTi x, I WX KOJIMBaHB 300pakeHa Ha PUCYHKY 4a. /[BUTyHHM 371HCHIOIOTH KOJIH-
BaHHSI TUITY OWTTIB, MPUIOMY YaCOBHH IHTEPBAI MK JBOMA MiHIMyMaMH OOIHCITIOETHCS 3a (OPMYIIOI0

T, =—0. (22)

Po3rmnsin mpuBaTHOTO PillIeHHS Ja€ MPaKTUYHO HENPUIAATHUH pe3yNbTaT, TaK SK y Bunaaky D =0 ko-
edimieHT miacuiIeHHs npu 77 =1 3BepTaeTbcsa B HecKiHYeHHiCTh. OpHak, Oepydn 1m0 yBaru, mo 77 =1, piB-

HAHHSA MOKHA 3alTMCaTH HACTYITHUM YUHOM

P ”_lrsinnzﬂf. (23)

[lepexonsun mo mexi, mpu 17 — 1 6ygemo maru
x=(x,/2)rsinz. (24)

Ile piBHSHHS OMHMCY€E KOJWBAHHSA 3 JiHIHHO HAPOCTAIOYOI 3 4aCOM aMILIITY/IO0, SIK TIOKa3aHO Ha PUCY-
HKY 4 6. BTiMm, 1erko nepekoHaTucs, o pUCYHOK 4 6 BUXOIUTH 3 PUCYHKA 4 a Ipu 7, —> 00, TOOTO IpHU 3Cy-

Bl MEpIIOTro MiHIMyMY BIIpaBO 10 HecKiHueHHOCTi. CrpaBi, i3 piBHAHHS (22) BUIHO, 1m0 pu 77 — 1 mepion
OUTTIBE T, HEOOMEKEHO 3pOCTAE.

CHiBBiTHONICHHS JTONATKOBHX BUTPAT €HEPrii (BUKIMKAHWX HEPIBHOMIPHICTIO KPYTHOTO MOMEHTY
JAB3) Mix BapiaHTOM 3 yciMa MPaLOI0YUMU UIIHIPaMH 1 BapiaHTOM BiIMOBH YaCTHHU 3 HUX [7]

Ai
. 0,08 - —=
AW 1 l
__ —|1- L (25)
AW - Afu 0,08 + 14,44

i i

I I

ne AW , AW — momaTKOBi BUTpPATH €HEpPTii ABUTYHA IPH BCIX MPAITIOI0YHMX MIJIIHAPAX 1 BiAKITIOYCH-
HSl YaCTHHU 3 HUX;

i —uucno muniapis [AB3;

u

Ai, —4HCI0 UMIIIHAPIB, MO BiAMOBUJIH.
[Ipryomy KpyTHHI MOMEHT IOPiBHIOE
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MZ i_ Ni.r() — Ne'r() , (26)
Vi Uy Uy My Vi * Uy - U

aBT K aBT

S =

[Ipu migCcTaHOBIII OTPUMAEMO BiJHOIIEHHS JOJAaTKOBUX BUTPAT EHEPrii, 3yMOBJICHUX POOOTOIO CTHC-
HEHHS poOOYHX ITMTIHAPIB Y BIAKIIOUCHUX MIIIHAPAX O 3MIHH TOJATKOBUX BUTpAT CHEPril ABUTYHA

n—1
- (e -1)
5AW2_Alu'pa.Va' I’l—l .VaBT‘uK.uO

AV 14,44

@27

2-N, 1y 7y | 0,084+ "

Iopsin 3 BiOpamiero ABUryHa poOOTY 3AIMCHIOIOTH TAaKOK 1 BHYTPILIHI CHJIM KOJIHBalIbHOI CHCTEMH.
PobGora cwm iHepii JopiBHIOE KIHETHYHOT €HEpTii MacH, a pob0Ta OHOBIIIOIOYO] CHIIM JOPIBHIOE TTOTCHITIH-
HO1 eHeprii HalpyKEeHOI0 NOAYIIKaMHu IBUTYHA. [Ipu nmepioguuHux pyxax oOuaBi i poOOTH TaKOXK 3MiHIO-
IOTHCS IEPIOJMYHO 1, MAIOYX Pi3HI 3HAKU, BUKITIOYAIOTHCS 13 3arajbHOro OanaHCy eHeprii cucTeMH, sSKIIO ixX
BEJINYMHA PO3PAXOBYETHCS AJISI OHOTO TIOBHOTO KOJMMBAaHHA. TakuM 4YMHOM, 00MABI poOOTH € peaKTHBHUMHU.
Po6Gota, unHeHa cuinaMu JeMndyBaHHS 3a OJMH IOBHUH Nepiof, He BUKIIOYAETHCA i3 3arajibHOTO OanaHcy.

BUCHOBKH

1. IIpencrasieHi koeillieHTH T1ICUIICHHS 10 MOTY>KHOCTI BUMYIIIEHUX KOJIMBAHb JBUTYHA Ta €HEpre-
TU4YHy JiarpaMy Uil BUMYILIEHUX KOIHMBaHb. B skocTi npuxiany nokasaHa ¢yskuis V, . Kpusi npu
D > 0,259 MOHOTOHHI, TaK IO NPU LLOMY PO3BHUBAETHCSI TUM OiNIbIIA MOTYKHICTh, YAM BHIIE YacTOTa 30y-
PEHHSL.

2. OTpruMaHi 3aJIeKHOCTI HAKJIaJACHHS BUIBHHX 1 BUMYIIICHUX KOJUBAHb JUISl PI3HUX YMOB CIIiB TaiHHS
BiJTHOCHOT YaCTOTH Ha BEJIMYHMHY MOTY>KHOCTI. PO3risHyTi mepexiiHi mpouecy Npy BUMYILIEHUX KOJIMBAaHHSIX.
1100 3HaiiTu 3aranpHe pilleHHs, MOTPIOHO JOJATH BUPA3W IJIS BIIbHUX KOJHMBaHb, TOOTO 3arajibHe pillleHHS
OTHOPIAHOTO PiIBHSIHHSL.

3. OTpuMaHO BiJHOIICHHS TOJATKOBUX BUTPAT €HEPrii, 3yMOBJIICHUX POOOTOI CTHCHEHHS poOOUYnX
UWIIHAPIB Y BIAKIIOUEHUX HWIIHAPAX 10 3MiHM JOAATKOBUX BUTPAT CHEPril IBUTYHA.
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A. Molodan. Determination of power and work of forced vibrations when the cylinders are discon-
nected in the engine of the wheeled vehicle

This article presents the results of the power of the forced oscillations of the engine and the energy di-
agram for the forced oscillations. Dependences of the imposition of free and forced oscillations for different
conditions of coincidence of relative frequency on the magnitude of the power were obtained. The transient
processes under forced oscillations are considered. The need to improve the torque uniformity during cylin-
der shutdown requires an impact on the performance of the individual cylinders. To find a common solution,
you need to add expressions for free oscillations, that is, a general solution of a homogeneous equation.

In this work it is also possible to distinguish active and reactive components. Active work increases
linearly over time, while jet work is a periodic function of time. Along with the external disturbing force, the
internal forces of the oscillatory system also work. The work of the moment of inertia is equal to the kinetic
energy of the mass, and the work of the restoring force is equal to the potential energy of the stressed spring.
In periodic motions, both these jobs also change periodically and, having different signs, are excluded from
the total energy balance of the system, if their value is calculated for one complete oscillation.

The ratio of additional energy consumption caused by the compression of the working cylinders in the
disconnected cylinders to the change of the additional energy consumption of the engine is obtained.

Along with the vibration of the engine, the internal forces of the oscillatory system also perform work.
The work of the inertia force is equal to the kinetic energy of the mass, and the work of the renewing force is
equal to the potential energy of the stressed motor cushions. In periodic motions, both these jobs also change
periodically and, having different signs, are excluded from the total energy balance of the system, if their
value is calculated for one complete oscillation. Thus, both works are reactive. Work performed by damping
forces for one complete period is not excluded from the overall balance.

Keywords: power, work, forced vibrations, cylinder shutdown, engine, wheeled vehicle, disturbing
force.
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Kpueopisvruti nayionanvhuil yHieepcumem

MATEMATHUYHI MOJEJII ®YHKIIOHYBAHHS NIANTPUEMCTB TEXHIYHOT'O
CEPBICY KAP’€EPHUX ABTOCAMOCKU/IIB

[pencraBieni eKOHOMiKO-MaTeMaTH4HI Moeli (YHKLIIOHYBaHHS, PO3MILIEHHs 1 crieniaizamnii mianprHemMcTs
TEXHIYHOTO CEpBiCY Kap €pHHX aBTOCAMOCKU/IB, sKi Ha BiAMIHY BiJl aHAIOTIYHMX MOAeNeH (YHKLIIOHYBaHHS
MiANPHEMCTB TEXHIYHOTO CepBiCy aBTOMOOLNIB BPaxOBYIOTh MPOBEACHHS POOIT 3 TEXHIYHOrO OOCIYroBYBaHHS Ta
PEMOHTY Kap €pHHX aBTOCAMOCKHJIB B MiCIi IX eKCIUTyaTallil, a peMOHT BY3JIiB Ta arperariB — Ha CIHeliali30BaHUX
MANPUEMCTBAX JO3BOJISIOTH MiHIMI3yBaTH BUTPATH Ha TEXHIYHUI CEpPBIiC Kap’ €pHIX aBTOCAMOCKHIIIB.

Kuro4oBi ciioBa: kap’epHHI aBTOCAaMOCKHJ, TEXHiUYHE OOCIyroBYBaHHS, PEMOHT, CKOHOMIKO-MaTreMaTH4HE
MO/ICITFOBaHHSI.

BCTYII

CyuacHi yMOBH PO3BUTKY TE€XHOJOT1YHOT'O aBTOMOOIIEHOTO TPAHCIIOPTY Ha 3ali30pyAHUX Kap’epax
VYkpainu XapakTepru3yeThesl MOCTIHHIM OHOBJIEHHSIM PYXOMOT'O CKIIafy, epeBaXHO BUPOOHHUIITBA XOJIAUHTY
«BEJIA3 XOJIAWHI » [1, 2. 3]. Kap’epHi aBTOCAaMOCKHIH, HA BiAMIHY BiJl aBTOMOOIJIiB, BHACIIJOK BEITUKHUX
ra0apuTiB He MOXKYTh CAMOCTIHHO JICTaBaTHUCS HAa CEPBICHI LICHTPH ISl MPOBEACHHS IJIAHOBUX YH TIOTOYHHX
pOOIT 3 BIAHOBIEHHIO Tpane3naTHOro crany. s ix TexHiuHoro cepicy Omm3pko 60 pokiB TOMy, IpHU
OyMIBHUITBI 3aTi30pYJHUX TipHHYO-30aradyBajbHUX KOMOIHATiB, OyJIM CTBOpPEHI TipHHYO-TPAHCIOPTHI
nexu. Ha moyatky poOoTu Kap’epiB aBTOCAMOCKHIM MajM HU3bKY HAIMHICTh, 3 KOSQII[IEHTOM TEXHIYHOI
roroBHocTi Ha piBHi 0,55-0,60, 3apa3z 0,85-0,95. Buachimok mniaBHINEHHS pPIiBHSA HAIIMHOCTI MAaIlWH
3MIHWJINCS] 1 HOPMATHBH TEXHIYHHX JAil, B OCTAHHHOMY HOPMAaTUBHOMY IOKYMEHTI TPYAOMICTKICTh CYTTEBO
3HU3WIIACK, JISSIKI BUIM PEMOHTIB Bifiinum y munyne (tadin.1) [3, 4, 5, 6].

Tabnuug 1. — Jlunamika 3MiH HOPMATUBIB TEXHIYHOT'O 0OCIYTOBYBaHHsI Ta pEMOHTY

[lepioau4HiCTh, MOTOTOUHHM /TIPOCTOT, TOAMHHU/
Bux po0it T-CI::I-?I—I;) ;_ TPYJAOMICTKICh, JTIOAUHOTOIMHU
1985 pik 2004 pik 2013 pik
Tepite TexHiuHe 100/ 250/ 250/
00CITyrOBYBaHHSI TO-1 6 >/ 2/
22,5 19,5 3,83
. 500/ 500/ 500/
fgﬁgg‘;‘}ﬁ TO-2 17/ 14/ 12/
51 43 28,75
Tpere Texniume 1000/ 1000 1000/
0BCITyroByBaHHs TO-3 23/ 18/ 16/
70 60 39,25
. JIBIYi Ha piK NBiYi Ha Pik/ JIBivi Ha PiK/
Comeroae | co | L
JHoBY 31 31 27,5
[epmmnit 4000/ 5000/ TIABKH JJ151 OKPEMUX
TJIAHOBHH PEMOHT TP-1 240/ 228 romum/ BY3JIiB
405 400
Hpyruit 8000/ 10000/ TIABKH JJ151 OKPEMUX
TJIAHOBHH PEMOHT 1P-2 384/ 383/ BY3JIiB
690 690
3a HeOoOXiTHICTIO/ | 3a HEeOOXiaHICTIO/ 3a HeOOXI1THICTIO/
IToTouHM peMOHT I1P 10 ma 100 roguH 9,5 na 100 ronuu 5 ma 100 rogma
poboTH poboTH poboTH
[HIIT BUIU TEXHIYHOTO IBTO | me nepenbaueno He mepenbateHo B OKpEMO 3a§HaquHﬁ
00CITyTOBYBaHHS TePMiH
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Piuni (1000Bi) 00CATH MEpPEeBE3eHb MPOTATOM TEPMiHY POOOTH Kap’€piB Ha CHOTOAHI MPAKTHYHO HE
3MIHWIHCS, ICHy€ HE3HAYHe KOJIMBAHHS Y BIAMOBIAHOCTI 1O TIONMUTY HAa pPHHKY, B TOH JKe dYac
BaHTAXKOIIAHOMHICT, aBTOCaMOCKUIIB 3pocia 3 25-27 mo 130-220 1. BmpoBamkeHHs B Kap’epax
KOMOIHOBaHOTO TPAHCIOPTY, AaBTOMOOUIBHO-KOHBEEPHOTO Ta aBTOMOOUIBHO-3QJII3HUYHOTO CYTTEBO HE
BIUIMHYJIM 1 Ha CEPEHIO BIJCTaHb MEpeBe3eHb. 3apa3 B Kap’epi 3amicth 200-250 mpariroe 30-40 mariuH, y
nepeBaxkHii OinbinocTi e BEJIA3-75131 Bantaxkomigiiomuictio 130-136 T.

OnHOYAacCHO MapaMeTpu TiPHUYO-TPAHCHIOPTHHUX IEXIB 3aJIMINWIACA NPAKTUYHO HE3MiHHUMH:
3araiipHa Tuioma omm3eko 11-15 ra, cymapHhi miomii BupoOoHuunx npumimess 30-40 tuc. k.M (puc.1).
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Pucynox 1. Cxema ripHIYO-TPaHCIIOPTHOTO IeXy. 1 — aIMiHICTPaTHBHO-TIOOYTOBHIA KOPITYC., 2 — TOJTOBHHI
BUPOOHHUYHUI KOPITYC, 3 — BUpOOHUYHH KopIyc 2, 4 — 30Ha aiarHocTuku Ta TO, 5 — BiAIiI FOJIOBHOTO
MeXxaHika, 6 — CTOSIHKa 0COOMCTOr0 TPAHCTIOPTY, 7 - 30Ha 30epiraHHs MallluH, 8§ — KOHTPOJIbHO-TEXHIUHUH
MIPOITYCKHHH IMyHKT, 9 — mpuTynok, 10 — ckiIax 3amacHUX YacTHH Ta MaTepiamis, 11 — ckiaag BTOpuHHOL
CUPOBHUHH, 12 — Muiika MaiuH, 13 — OpynoBiacTiiiHuk, 14 — HaBic, 15 — 30Ha 30epiraHHs BiApanboOBaHUX
Mactui, 16 — pesepByap Boau, 17 — ouucHi cnopyau, 18 — moct 30epiranHs a3oty, 19 — 3BaproBanbHHIA TOCT.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMHA

JUis ToKpallleHHs TEeXHIKO-€KOHOMIYHHMX ITOKa3HWKIB ekcruryaTamii TexHiku BEJIA3 mpoBomuTh
uinecnpssMoBaHy poOoTy B YkpaiHi mo 3abe3nedeHHI0 e(peKTHMBHOro (YHKLIOHYBaHHS CBOIX MAalllMH Ha
OCHOBI CyYacCHHMX JOCIIKEeHb [7, 8]. Sk moka3ye qOCBijI, HIJABUIUTH SIKICTh TEXHIYHOTO 00CIIyrOBYBaHHS Ta
PEMOHTY TaKuX, JOCHUTh CHEHM(DIUHHUX MAIIWH, MOXKJIMBO ILIAXOM CIeIianizaiii poOiT M0 MPOBEICHHIO
PEMOHTIB BY3JiB Ta arperatiB Ta BIPOBaPKEHHsS (PipMOBOrO TEXHIYHOTO CEpBICY MAIlWH Ha TipHHYO-
30aradyBallbHMX KOMOIHATaX CHJIaMH crienianizoBaHux mianpueMcTs ctpykTypu «BEJIA3-CEPBICy. Ananiz
JOCBiZly 3aCTOCYBaHHS TOBHOTO CEpBICHOTO OOCIyTOBYBaHHS Kap €pHHUX aBTOCAMOCKHIIB IOKa3ye
MOJKJIMBICTh 3MEHIICHHS 4acy MPOCTOIB MAIIMH B TEXHIYHOMY 0OciayroByBaHHi Ha 25-30 % Ta B peMOHTI Ha
40-45 % [9, 10].

[TigBHIIeHHS SIKOCTI TEXHIYHOTO CEPBICY, 3HMKCHHS TPYAOBUX Ta (iHAHCOBUX BUTPAT MOMIIMBO NPH
BUPIIICHHI 3a/ia4yl BU3HAYCHHS JOIUIBHOCTI Cremiaiisaiii y MpOBEACHHI CKJIAJOBUX TEXHIYHOTO CEPRBICY
Kap’€pHUX aBTOCAMOCKHW/IB B YMOBax MiANPHEMCTB perioHy. CKIaJOBUMH MOXKHA BBa)KAaTH NPOBEACHHS
TEXHIYHUX OOCIYrOBYBaHb 1 PEMOHTIB aBTOCAMOCKHJIB B MICIISIX CGKCIUTyaTallii Ta MPOBEACHHS PEMOHTIB
arperariB Ha CHCHIadi30BaHMX MiJNPUEMCTBAX. TakuM YHHOM ICHye MpoOjeMa TEOPETUYHOIO
OOTpyHTYBaHHSI PO3BUTKY (DYHKIIIOHYBaHHS MIANPHUEMCTB TEXHIYHOTO CEPBICY KApEPHUX aBTOCAMOCKHUIIIB
BEJIA3.

OIJIb TA 3AJAYI JOCJIIIKEHHSA

Line mocmimpkeHb — po3pobka MaTeMaTHYHUX Mojenei (DYHKI[IOHYBaHHS ITiMPHEMCTB TEXHIYHOTO
CepBicy Kap’€pHUX aBTOCaMOCKHUIB. JlOCATHEHHS IMOCTaBIIEHOI ILTi MOKe OyTH IIISTXOM BHpIIICHHS 3aaadi
BJOCKOHAJICHHSI ICHYIOUMX Mojeneil (YHKIIOHYBaHHS aBTOCEPBICHUX MIANPHEMCTB 13 BpaxyBaHHSIM
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0COOIMBOCTEH Kap’€epHUX aBTOCAMOCKHUAIB. Ilimb Oyae mocsrHyTa, SKIIO CyMa BHTPAT IO BCIX CKIIAIOBHX
TEXHIYHOTO cepBicy OyJe MiHIMaIBHOIO.

PE3YJbTATHU JOCIIAKEHb

IcaytoTp MaTemaTuuHi Mozeni (QYHKUIOHYBaHHS HiANPHEMCTB TEXHIYHOTO CEpBiCY aBTOMOOLTIB
3arajJlbHOr0 KOPHUCTYBaHHsI, ajleé BCl BOHU BB@KalOTh, 110 MAalllMHA caMma IPUIAE HAa CEPBICHUH LIEHTp AJL
IIPOBEIEHHS] TEXHIYHOIO OOCIYyrOBYBaHHS YU PEMOHTY, L0 HEMOXIJIHMBO, UM AY>K€ CKJIAQJHO, AJS TaKoi
MAIlIWHY KOO € Kap’ €pHHI aBTOCAMOCKHI, HaBITh HAUMEHIIO1 BaHTa)komigiioMHoCTi B 30 T.

Bupiiienns Moxke OyTH 3HIMCHEHO NUIAXOM BIAOCKOHAJICHHS OJHIET 3 ICHYIOUMX MOJeiei
(YHKIIIOHYBaHHSI aBTOCEPBICHUX MJNPUEMCTB 32 PAaxyHOK 3MIHHM CKIIQJIOBHX YacCTHH, IO BPaxXOBYIOTbH
TPaHCHOPTHI BUTpaTu. Lle MOXXIIMBO TOCATTH BUBEIEHHS OKPEMHUM WICHOM TPAHCIOPTHUX BUTPAT B LUILOBIN
¢yHKUii IUIaHyBaHHS, PO3BUTKY, PO3MILIEHHS 1 crienianizauii niAmprueMCcTB aBTOMOOTBHOT ramysi.

VY 3B'A3Ky 31 3pOCTaHHSAM HapKy Kap'€pHUX CAaMOCKH[IB aKTyajJbHOI'O 3HAYCHHS HaOyBalOTh MHUTAHHS,
MOB'A3aHI 13 CTBOPEHHSIM IHAYCTPii HOBOTO THILY, — 1HIYCTpii TEXHIYHOT'O CEPBIiCY Kap'€épHUX CaMOCKHIIB.
[Ipobnema 111 TOCUTH CKJIaJHA, OCKUIBKM NpH 11 pillleHH]I MOTPiOHO BpaxoByBaTH O€3I1iY Pi3HUX YMHHHKIB.
Le B mepiry 4epry BU3HAYCHHSI ONITUMAIIBHOT KIJIBKOCTI IIEHTPIiB TEXHIYHOTO CEPBICY Kap'€pHUX CAMOCKHIIB
(ITCKC), ix miclie po3TalryBaHHs, MOTYKHOCTI, criemianizamii i 6araTb0X iHIIMX YHHHUKIB.

BBenemMo HacTymHI O3HAYEHHS: F — YHCIIO MOXIUBHX BUIB TEXHIUHUX Iid k = 1,77; m — YHCIIO
KITi€HTIB (IYHKTIB 30CepeKeHHS Kap'€pHUX CaMOCKMAIB); 7 — YUCIIO MOXKJIHMBHX MiCUb PO3MILICHHS
LTCKC; Y, — noryxsicts j -it ITCKC o k -my Buny Texmiunux miit k=1r,  j=1,n; Xy — KinpkicTs
o0iry I -ro kmienta Ha | -y UHTCKC nns BHKOHaHHS TEXHIYHHX Jdi Kk -ro  Bumy,
i=1,m, k=1,r, Jj =1,n; cij — TpaHCHOpPTHI BUTpATH, MOB'A3aHi 3 JOCTABKOK aBTOMOOLJIS 3 i -T0
nyHKTY 30cepemkenns Ha j -y IITCKC i =1,m, j =1,n; aik — noTpiOHa piyHa KiIBKICTh TEXHIYHHX
nmiit k -ro Bumy y i - ro kuienta i=1,m, k=1,r; wkj — MiHIMalIbHO JOIyCTHMA TOTYXHICTb j -if
NTCKC mo rtexmiuaum misM k -ro Burmamy k =1,7, j=1,n; WKj — MakcHManbHO IOMyCTHMA
notyxHicTh j -ii [ITCKC no_texuivaum aism a1 k -ro surmsgy k = 1,7, Jj = L,n; tkj(ykj) —npuseneni
BUTpaTH, moB'a3aHi i3 crBopeHHsM j - LUTCKC, mo mnpoBogute y TexHiyHHMX nii k -ro Bumy
k=1r, j=Ln;.

3 ypaxyBaHHSM BBEJEHMX IT03HAYCHb MaTeMaTHYHA MOJICIb 3ajadi pPO3MIIIECHHS 1 cremiami3anii
HTCKC cdopmynoeTbess TAKMM YHHOM; MiHIMI3yBaTH CyMapHi TpaHCIIOPTHO-BUPOOHUY1 BUTPATH

n r n r m
§ =22 Sy () + 2.2 2 ¢ x,; — min
=1 k=1 =1 k=1 i=l
noB's3aHi 3 po3mimeHHaM i crierianizanieto LITCKC npu notpruManHi HACTYITHUX YMOB:
- IIOIUT KOXKHOI'O KJII€HTA [0 KOKHOMY BUAY TEXHIYHUX JIi}l IOBUHEH 33J0BOJIbHITUCS ITOBHICTIO

n
inkaaik, i=1m, k=1r
j=1

moTykHicTh KoxxHOTo [[TCKC 10 KO’)kHOMY BHAY TEXHIYHHX Jiif TOBHHHA BiJIOBIIaTH PEMOHTHOMY
(hoHITy, III0 TOCTABIISIETHCS BCiMa KITIEHTAMH

m

inky' =Yy, k=1,
i=1

notyxkHicTs KoxkHoro LITCKC no ko>xHOMy BUAY TEXHIYHHX Jiii 0OMeKeHa 3HU3Y 1 3BEpXy
wy Sy, < W, k=1r, f=Ln

3MiHHI HE MOXYTb OyTH HETraTUBHUMHU
Xy 20, Yy 20, i=1m, k=1,r, j=Ln

j=Ln

Rl

CdhopmynboBaHy MaTeMaTHYHy MOJAETb MOKHA BUKOPHCTOBYBATH MPHU PI3HUX HAMPSAMaX TOCIIIKEHB,
a came:

1. BusHaueHHs onTuManbHOro Iutany posMimienns 1 creniamizamnii L[TCKC. IlouatkoBoro
iH(pOpMaLi€ro U IHOTO BapiaHTy AOCITIIXEHb € BIIOMOCTI PO MOTPeOM B TEXHIUYHUX MAiX KOKHOTO BHUIY
OyAb-SIKOTO 3 KIIE€HTIB 1 KOHKPETHOMY BHUI GYHKLIN BUTPAT fii(Vij).

Jlist gaHoTO HAMpSAMY TOCIHIKEHB Miciie po3rantyBadas 1 KUTbKicTs IITCKC BBaXkaroThCSl HEBIIOMUM
1 BHU3HAYaIOTBbCA B TMpOLECi JOCHIIKEHHs, TOMYy B pO3IJISI HEOOXiTHO BBECTH BCi MOJMIIMBI MiCIs
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posramryBadHas IITCKC. s KoXXHOTO 3 HUX 3aa0THCS BapiaHTH PO3BUTKY Y BUTIISAII PATY MTOTY>KHOCTEH,
10 € (HIKCOBAHUMH KUIBKOCTSIMHM TEXHIYHHMX Jili KOKHOTO BUAY B pik. [10 BIZOMHUX IYHKTax 30CCPEHKCHHS
pemonTHOro QoHny i Hamidenux myHkTax posmimeHHs L[TCKC Bu3Ha4aoTh TPaHCHOPTHI BUTpaTH—
MaTPHITIO / C,J/ /.3 PO3yMHHUX MipKyBaHb HaKJIaJal0Th OOMEKEHHS IO TMOTYKHOCTI KOXKHOTO TIiIIPHEMCTBA
M0 TEXHIYHOMY OOCIYrOBYBaHHIO aBTOMOOLTIB AJsi OyAb-SKOTO BHAY TEXHIYHMX BO3JAEHCTBUII— 3a/Jal0Th
BenmuuMHu Wy 1 Wy, k=Lr,  j=Ln.. 3BuuaifHO mpu BHOOpI YMCENBHUX 3HAYECHb BEIUYUH Wi 1wy,

KEPYIOThCSI MipKYBaHHSIMU TPAHUYHO MOXIJIMBOTO PO3BUTKY MiIMPUEMCTB (PO3MIPOM TEPUTOPIii, HASIBHICTIO
po00YO0i CHIIK, BEPCTATHOTO MapKy 1 T. [.). SKIIO0 K 1i MipKyBaHHS HE € BU3HAYAIOYMMH, TO BEJIMYMHU Wy, 1
Wiy, MOXHa B3araji He 3aJaBaTH.

B xoxi pimeHHs 3a/a4i BU3HAYAETHCSA ONTHMAaIbHUM TUiaH po3mimeHHs i cremianizanii [{TCKC mo
KpPHUTEPII0 MiHIMyMY TPaHCIOPTHO-BUPOOHMYMX BUTpaT. OMHOYACHO BU3HAYAETHCS 1 ONTHMaIbHA KUIBKICTh
HTCKC. IIpn upomy, SKIIO i SIKOTO-HEOYIb j BCi BENUYMHU Vi JOPIBHIOIOTH HYJIO, TOOTO SIKIIO V=0,
k=Lr, 10 B 1 -y myHkTi crBopioBatu LITCKC HemoIibHO.

UucenbHa peaiizallisi MaTeMaTHYHOT MOJEINI J03BOJISiE BU3HAUMTH ONTHMAJIbHUH IUTaH PO3MILLCHHS
LTCKC. IIpoTe oTpumaHi TIpu pilieHH] ITi€l 3a1adl peKOMEeHAaIii HOCATh TCOPETUIHHUH, a HE NMPAKTHIHUN
xapaktep. [loscHIOETbCS, 1€ TUM, L0 B PO3MIAHYTOMY BHILE HANpsIMi JOCTIUKEHb HE BPaXOBYIOThHCS BKE
icaytoui LITCKC, a sx 6u BoHH OyayroTbcs HaHOBO. ToMy 3 MpPakTUYHOI TOYKH 30pY BEJIMKHH iHTEpec
MPEICTaBISIIOTh 1B 1HIII HANPsIMU JTOCTIUKEHb, IO onucaHi Hik4e. [IpeacraBienuil e BapiaHT HampsiMy
JIOCITIJPKEHb MOYKHA 3allPONIOHYBATH B CUTYAIlisSX, KOJH B JJaHOMY perioHi He yHkiionye xoanoi [ITCKC i
HAJIC)KUTh BUPIIIUTH IUTAHHA PO iX CTBOpiHHA. TakuMu perioHaMu Ha ChOTOJHI B YKpaiHi € 3axiiHUil Ta
niBHI4YHUI perionu, e cepBicHUX cTpyKTyp «BEJIA3-CEPBIC» moku He cTBOpeHO.

2. BusHaveHHs ONTHMAJBHOTO IUIAHY CIelfiaiizamii ICHyIYMX TipHUYO-TPAHCIIOPTHUX LEXiB abo
LTCKC. ITouyatkoBoo iH(hOpMAIErO s I[LOI0 HAIPSMY JOCHIHKCHb, K 1 B MONEPEAHBOMY, € BIIOMOCTI
npo MoTpeOu B TEXHIYHMX IisIX KOXKHOTO KIi€HTa (BEIMYUHM i) (QYHKUIl BUTpAT fij(Vi) TpaHCHOPTHI
BUTPATH Ha JIOCTaBKY PEMOHTHOTO (OHAY (BEIMYUHH cj) 1 TPAHUYHI MOXKIMBOCTI MO TOTY>KHOCTI KOXHOI
HTCKC. Ha BigmiHy BiJ pO3TIsSHYTOTO BUIIEC HAMPSMY, TYT BBAKAIOTHCS BIIOMOIO KUTHKICTh (BeTTHYHMHA 1) 1
Micis posramryBanHs Beix LITCKC. Orxe, B 1bOMy BapiaHTi HE MOYKHa BBaXXaTH >KOIHOTO j BEIUYMHHU
wy=0, k=I,r. BUKOpHUCTOBYBaHHS MOJENi B IIbOMY HaIpsMi JOCHIIKEHb JIO3BOJIIE BHU3HAYUTH
ontuManbHUH BapianT criemianizamii LITCKC 1 mopiBHATH HOTO 3 iCHYIOUHM.

3. Bu3HaueHHA ONTUMAaNIBHOTO IJIaHy PO3MILICHHS 1 crieniali3alii 3HOB 1m0 OyAyIOTbCS i ONTUMAaIbHOT
cneuiamzauii icuyrounx UTCKC. Leit HanpsiM nocmimxeHb He MOTpeOye MOSICHEHHAX, OCKIIBKH € IPOCTUM
y3araJlbHEHHSIM JIBOX monepenHix. JificHO, ynopsAKyBaBIIN BCi CEpBICHI CTPYKTypH j=I, 2, ...nj, N+ TakK,
10 TEepIIi 7;eJIeMeHTIB B i mocmimoBHOCTI € icayroui [ITCKC, a mactymHi (n - 1n/)— 3HOB CTBOPIOBaHI,
MPUXOAUMO A0 BXKE PO3MIISIHYTOI BHIe cuTyaii. HeoOXinHO BiA3HAYMTH, IO MPaKTUYHA peajtizalis 3agaqi
TOB's3aHa 3 TIEBHUMH TpymHOIIaMH. [IOSCHIOETBCA II€ BIACYTHICTIO aHATITHYHOI 3aJeKHOCTI (QYHKITIH
BUTPAT fi(Vi).

Hns  BupimleHHS TOAIOHMX 3agad  3BHYAiHO 3aCTOCOBYIOThCS  BapiaHTHI wmeromu. llpum
BUKOPUCTOBYBAaHHI LIMX METOJIB IMOCTIIOBHO 33aJal0ThCSl 3HAYCHHSMH Vi, IO LMX 3HAUYEHHAX BHU3HAYAIOTh
Jyi(vig) 1 BUPIIIYIOTH 3a/ady JIHIHOTO MpOrpaMyBaHHA TPAHCIOPTHOTO THIMY (MIHIMI3yIOTh TPaHCIOPTHI
Butpath). IloTiM 31 Bcix BapiaHTIB BHOMpAIOTh TOMH, KW, 3a0e3meduye MiHIMalbHi CyMapHi TPaHCHOPTHO-
BUpoOHNYI BuTpatH. [lpm TakomMy miAxozdi, MPHUPOAHO, PIMICHHS BUXOAWUTH HAOIIDKEHHM, HPUIOMY
BIPOTIHICTh OTPHUMAHHS PIlIEHHS, OJIM3BKOrO [0 ONTHMAJIbHOTO, 3pPOCTa€ 13 30LIBIICHHSAM YHCIIA
PO3TIISIHYTUX, BapiaHTiB, SKIIO 3a/aTHCS aHATITHIHOIO 3AJEKHICTIO fii(Vy), k=I, r, j=I, n. [Ipote sicHO, 1O
3aJISKHICTD L1 HE MOKe OyTH JiHIMHOIO 1, OT)Ke, BBEJACHHS ii B aHAJIITUYHOMY BWIVIAAI HE BHUpIILIye
npobaeMy paAuKaIbHUM YHHOM. T 3K, OUISXY MOJOJaHHS TPYIHOIIB, MOB'A3aHUX 3 PILICHHSIM 3a/adi, CIi[
IIyKaTH 1 B iHMUX HampsaMax. OMHAM 3 HUX € PIillieHHS BKa3aHOi 3a7adi 3 MEepeayMOBH PO CIICIialli3arliio
ripaudo-TpancnoptHux uexis a6o LITCKC. Ilpu upoMy icTOTHO 3HMKY€ETHCSI PO3MIPHICTh 3a1a4i.

Bigomi m MOXJIMBHX MiCIb PO3MILIEHHS TipHUYO-TpaHcnopTHUX 1exiB abo LITCKC B ymoBax neBHUX
aBrorocrogapcts (j=1I1, 2., m). lle 3Ha4uTh, 1110 B KOKHOMY 3 MICI[b @00 ICHY€ BUPOOHHYO-TeXHIYHA 0a3a,
abo BoHa Moxke OyTu moOynoBaHa. Ha koxHe 3 MOXIMBHX MiCIlb PO3MIILIEHHS 3 # PadOHIB JUCIOKAIIis
Kap’epHUX aBTOcaMoCKuAiB (i = I, 2, ... m) TOCTyNarOTh Ha TeXHIYHE oOCIyroByBaHHS M Mojenen
Kap’epHuX aBTocamockuaiB (k=/, 2,..., M).

Bizmomo, 1110 Bech NpoIieC TEXHIYHOTO 00CIYTrOBYBaHHS MOYKHA MiAPO3AIIUTH HA R CAaMOCTIMHHMX BUIIB
oOcmyroByBanusa (r= 1,2,..., R), npuuomy LITCKC moxe OyTu opranizoBaHui, SIK MO OyIb-SIKOMY 7 -MYy
MPOIIECY, TaK i 10 OyIb-sAKili KOMOIHAIT ITUX MPOIIECIB.

HeoOxigno Bu3HaunTh Takuii BapianT posmimeHas [{TCKC mo6 moBHicTIO 3a70BOJbHSIACS TOTpeda
BIIACHHKIB Kap’€pPHUX aBTOCAMOCKHIIB B 3/IIICHEHHI BCIX BUJIB TEXHIYHUX i, a CyMa MPUBEACHUX BUTPAT
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Ha MPOBEJCHHS WX BHIIB TEXHIYHUX Iid, CyMa TPAaHCIOPTHUX BUTPAT 1 cyMa BTpaT 4acy (B T'POIIOBOMY
BHpa3i) BIACHUKIB Kap €pHUX aBTOCAMOCKH/IIB Ha OYiKyBaHHS IMOYATKY 1 3aKIHUCHHsI TEXHIYHHUX Tii Oyna O
MiHIMaJIBHOIO.

Taxum 9yrHOM, HEOOX1THO MiHIMI3yBaTH HACTYNHY (QYHKILIO:

m M | n R n R
Z Zhijk “Xijkr + Zcirk (fjrk )Xijkr + Z ZCIijkr * Bijg- { — min
j=lk=1li=1 =1 i=1r=1

ne Cj(fiv-) —TIpUBENEHI BUTPATH, IO JOBOASATHCS HA MPOBENEHHS ¥ -TO BUIY OOCITyrOBYBaHHS 10 k-i
Mapku kap’epHoro aBrocamockuay Ha j -t LITCKC; fi — motyxHicTs j -it HTCKC mo mposeneHHto » -ro
BUAY OOCITYyrOBYBaHHS k -1 MapKu Kap €pHOTO aBTOCAMOCKHY; Xjjk- — KIIBbKICTh Kap €pHUX aBTOCAMOCKHIIB
10 k-1 Mapku, 0 HaIpaBisIEThCs 3 [ -T0 paiony Ha j -y LITCKC mnsa npoBeneHHS 7 -TO BUAY TEXHITHOTO
00CITyTOBYBaHHS; ¢j;- — BHUTpAaTH Yacy (B TPOIIOBOMY BHpasi), II0 BTPAavdarOThCs BIACHUKOM k - MapKku
Kap’€pHOTO aBTOCAMOCKHUAY MPH MPOXOIKEHHI 7 -T0 BUILy obciayroByBanHs Ha j -it UTCKC; By, — notpeba
i-ro pailoHy y BUKOHaHHI 7 -T0 BUAY 0OCIyroBYBaHHS AJs k -X MOJelnell Kap’ epHUX aBTOCAMOCKHIIB; A —
BHTpATH Ha JOCTaBKY Kap €pHOTO aBTOCAMOCKHAY k - mozmem 3 i -ro pationy Ha j -y LHTCKC, mpu
HACTYMHUX OOMEKEHHSX:

1. Ilorpeba BIaCHUKIB Kap’€pHUX aBTOCAMOCKHW/IB MMOBUHHA ITOBHICTIO 33J0BOJIEHA B MIPOBEACHHI BCiX
BU/IIB TEXHIYHUX IIH:

m M R M R —
Zszijkr:ZZBikr’ lzl’n
j=1 k=1 r=1 k=1 r=1

2. KimpKicTh Kap’€pHUX aBTOCAMOCKHU/IIB k -1 Mapku, 110 puodyBae Ha j -y IITCKC mis mposeaeHHs 7-
ro BUIYy OOCIIyrOBYBaHHS, HE MOBHHHE MEPEBUIIYBAaTH MakCHMaibHO MoxunBoi moTtyxHocti LITCKC mo

IBOMY BUAY OOCITYTOBYBaHHS:
n M R M R —
ZZZXW:ZZAJ‘M’ Jj=1m
i=l k=1 r=1 k=1 r=1
3. IlpoexkToBaHa NOTYXHICTh CEPBICHOIO LIEHTPY HE ITIOBUHHA [I€PEBUIIYBATH MAaKCUMAJIBHO MOJINBOL
il MOTY>KHOCTI 1O OYAb-IKOMY 3 7 -X BU/IB TEXHIYHUX Hii:

fu <4, j=lLm, k=1,M, r=LR

Jkr >

4. Bci X noBuHHI OyTH Ginblre abo piBHO Hym0: X=>0

3anporoHoBaHa Mojienb po3BUTKY 1 posMimenHs L[TCKC e mozemmio 3aranpHOi 3amadi JIiHIHHOTO
MpOorpaMyBaHHs 3 HEJIHIHHOW HiIb0BOI (yHKIiero. Taki 3agadi MOKYTh OyTH BHPIIICHI CHMIUICKCHUM
METOAOM 3 BUKODUCTAHHSIM IPHHOMY «IOCTIIOBHOTO MEpepaxyHKy BHUTparT». [y CKOpoueHHs dYacy
pilieHHs BKAa3aHO! 3a/adi JOMIBHO BBECTH B YMOBH ii MOJIETI OOMEXEHHS, IO O3BOJISAIOTH UiTKIIIe
«OOKpeCIUTH» 00JIaCTh MOJKJIMBHX pillicHb. TakMMHU OOMEXKCHHSIMHM JUIS JAHOTO 3aBIAHHS MOXYTb OyTH
0OMEKEHHS TI0 BUKOPHCTAHHIO TUIOMI 1 po00Y0i CHITH.

st opranizanii BUpOOHHYOTO Mpolecy HeoOXinHa MmeBHa mioma. ToMy, 3HAIOYM BEIWYHMHY IUIOLI
MEBHOTO MIMPUEMCTBA, MOXKHA 3aBXJIH BCTAHOBUTH MAaKCHUMAallbHO MOXIIUBY WOTO TOTYXXHICTh TPH
oprasizariii po0iT 1o Oyab-IKOMY IPOLIECY.

OOMexeHHS 110 BUKOPUCTaHHIO BUPOOHUYMX IIJIOLL:

M R _
zzykrj(ﬁkj)'f;kjg‘gj j=1,m

k=1 r=1

1€ Vky(frkj) —TIMTOMA TUTOIIA TS OpTaHi3allii mpoBeneHHs poOiT Mo 7 -My BHy TEXHIYHUX Jiil 11s k -it
Mapku Kap’epHoro aBrocamockunay Ha j -it LITCKC.

PoGota mianmpueMcTB Moke OyTH OpraHizoBaHa Ha THX K€ IUIOMIAX 3 Pi3HOIO KIIBKICTIO 3MiH, 1 3a el
PaxyHOK 30LTBIIUTBECS IX MOTYXHICTh. TOAl B IUX yYMOBax 3pOCTe KUIBKICTh 3aiHATHX Yy BUPOOHHUIITBI
MpaIliBHAKIB. Y 3B'S3Ky 3 UM I KOHKPETH3allii 00JIacTi MOXJIMBHX PIlllEeHbh BBEACTHCS I OJIHE
00MEKEHHS 10 BUKOPHCTOBYBAHHIO JIIOJICBKUX PECYpPCiB, 110 B TEMEPILIHIX YMOBaX AY>Ke BaKJIHMBO.

OOMekeHHS 10 BUKOPUCTOBYBAaHHIO pOOOYOT CHIIH

M R o
k=1 r=1

ne ﬂkrj ( .frlg) — MUTOMA KiNBKICTh MPAIIOI0YNX, HEOOXiHE I OpraHizalii NpoBeIeHHs PooiT 1o 7 -
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My BUIYy TeXHIYHUX Hiit mJ1s k -ii Mapku Kap’epHOTO aBTocamockuay Ha j -it [[TTCKC.

OBI'OBOPEHHA PE3YJIBTATIB JOCJIIAKEHHSA

[IpencraBieni ekoHOMiKO-MaTeMaTH4yHI MojAeni (YHKIIOHYBaHHs, PO3MILLEHHS 1 CHeLiami3amii
MiANPUEMCTB TEXHIYHOTO CEPBICY Kap €pHHX aBTOCAMOCKHWIB, SIKi Ha BiAMIHY BiJ aHaJOT1YHHX MOJEIeH
(hyHKIIIOHYBaHHS TAIPHEMCTB TEXHIYHOTO CEPBICY aBTOMOOUTIB BpaxOBYIOTh TIPOBEICHHS pOOIT 3
TEXHIYHOrO OOCIYrOBYBaHHS Ta PEMOHTY Kap’ €pHHMX aBTOCAMOCKHIIB B MICIll iX eKCIUlyarallii, a peMOHT
BY3JIiB Ta arperariB — Ha CIeNiali30BaHuX MiANPUEMCTBAX A03BOJIIOTh MiHIMI3yBaTH BUTPATU HAa TEXHIYHUI
CEpBIC Kap’ EPHUX aBTOCAMOCKH/IIB.

BUCHOBKHU

Bukonani nociipkeHHST Ta po3poOJieHi EKOHOMIKO-MaTeMaTW4Hi Moneni OyayTh BHUKOPHUCTaHi
roioBHUM HianpuemctBoM XonauHry «bEJIA3-XOJIJIMHI» nnst nuanyBaHHS PO3BUTKY MEpEXi CEPBICHUX
LEHTPIB B MEPIIY Yepry Ha TEPUTOPii YKpaiHH.
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Yu. Monastirsky, 1. Bondar, V. Sistuk. Mathematical models of functioning of enterprises of
technical service of career dump trucks

Improvement of quality of technical service, labor and cost savings is possible in the process of
solution-finding for determination of usefulness of specialization in open pit trucks technical service
operations within the conditions of the enterprises of a region. The solution can be found from improving
one of the existing models of car service centers functioning with the use of the change of operations that
enter transportation costs. It can be obtained by factoring out transportation costs in the objective function of
planning, design, siting and specialization of auto industry enterprises.

The areas of research are: determination of optimal layout design and specialization of open pit trucks
technical service centers, determination of the optimal plan of specialization of existing mining and transport
workshops or open pit trucks technical service centers, determination of optimal layout design and
specialization of open pit trucks technical service centers that are being built or already exist.

The limitations of the mathematical economic models are: open pit trucks owners’ demand for
handling all types of operations must be fully satisfied, the number of open pit trucks arriving over the
service center for maintenance should not exceed the maximum capacity of the center, the design capacity of
a service center must not exceed its maximum output for any type of handling operation, the number of open
pit trucks should be greater than or equal to zero, the limit of use of production facilities, the limit of use of
labor.

The mathematical economic models of operation, siting and specialization of open pit trucks technical
service enterprises are presented which, in contrast to similar models of car service enterprises operation,
allows to save technical service costs considering open pit trucks maintenance at their working area and its
repair at specialized enterprises.

Keywords: open-pit dump truck, major repairs, production costs, economical and mathematical
design.
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BIIJIMB CKJIAZQY CYMIIIEBOT'O BEH3UHY HA EHEPI'ETUYHI IIOKA3ZHUKU TA
ITAJIMBHY EKOHOMIYHICTb ABTOMOBLJIIB 3 PI3HUMU CUCTEMAMM )KUBJIEHHS
JABUI'YHA

VY po06oTi BHKIAAEHO pPEe3yJbTaTH TEOPETHYHHX Ta EKCIEPUMEHTAIBHHX IOCIIJUKEHb BIUIMBY OCH3WHY 3
BHCOKHMM BMICTOM 0i0€TaHOITy Ha MIOKa3HUKH POOOTH ABUTYHIB Ta aBTOMOOLIIB 3 PI3HUMHU CHCTEMaMU >KHBJICHHSI.

OcHOBHA yBara HpH/IiJicHa BUKOPUCTAHHIO TAaKOTO0 OEH3MHY Ha aBTOMOOUIIX OONagHaHUX KapOpaTOpHOIO
CHCTEMOIO JXHBJIEHHs. [loka3aHO 3MiHH OCHOBHHX IOKa3HUKIB POOOTH aBTOMOOLIS, 30KpeMa IMOKAa3HUKIB MalTuBHOL
€KOHOMIYHOCTI.

B pesynpraTi eKcHepHMEHTAIbHHX JOCII/UKEHb BCTAHOBJIEHO, IO TIPH HE3MIHHOMY peTyJIIOBaHHI
KapOroparopa 30UIbIIEHHS BMICTY CIIHPTY B OeH3HHI 10 36 % IpUBOAUTE OO0 3HAYHOTO 301IHEHHS MaJHBONOBITPSHOT
CyMilll, TPOITyCKiB poOOYHMX NIUKIIIB, 3pOCTaHHS KOHIEHTpAIil HE3rOPiANX BYTJIEBOAHIB Ta 3HIKCHHS IHOTY>KHOCTI
nBUryHA. [l TOJINIIEHHS ITOKAa3HUKIB POOOTH aBTOMOOITIB 3 KapOIOPaTOPHOIO CHCTEMOIO >KMBIICHHS ABUTYHA 32
poboTtu Ha OeH3MHI 31 3HAYHOI0 HOOABKOIO CIHMPTOBHX CIOJIYK 3alPOIIOHOBAHO 3MIiHIOBATH PEryJIIOBAaHHS MAJUBHOI
CHUCTEMH B CTOpOHY 30aradeHHs MNAJINUBO-IOBITPSHOI CyMilli 30UIBIIEHHSAM TPOMYCKHOI 34aTHOCTI MAJUBHUX
xukiepiB. [lpu BiAMOBIIHOMY peryJlOBaHHI NMANIWBHOI CUCTEMH 31 301JBLICHHSAM BMICTYy CIUpPTY B OCH3MHI ABUTYH
mpamioe cTabiibHO 0e3 MPOmycKiB poOoynx nuKiIiB. He3sHaYHO 3MEHIIyeThCSI MAaKCHMallbHa MOTYKHICTh ABUTYHA Ta
3pocTae BUTpaTa HajKBa, II0 MOXKHA IOSCHUTH 30iJHEHHSAM IAJMBHOI CyMilm HpH 30UIBIIEHHI BMICTy CIUPTY B
GeH3uHi.

OTpuMaHO MONIHOMIaJbHI 3aJI€XKHOCTI IOKa3HUKIB POOOTH JBHIYHA BiJl KOHLEHTpAIii CIUPTOBHX CIOJYK,
KPYTHOTO MOMEHTY Ta 4YacTOTH OOepTaHHs [BUI'yHAa. BOHM JO3BOJNSIOTH OMHCATH IBHUTYH SIK JDKEpPENO CHeprii,
CIIOXKMBaYa IaINBa, MOBITPS Ta 3a0py/HIOBa4Ya HABKOJIMIIHBOTO CEPEJOBHINA B HABAHTAXKYBAIBHUX PEKHUMaX POOOTH
Ta pekKUMax aKTUBHOTO 1 MPUMYCOBOTO XOJIOCTHX XOJiB, IO HEOOXiAHO IS PO3PaxyHKy MOKa3HUKIB aBTOMOOLTIB B
pyci 3ritHo MoaungikoBaHnM €BpONeHChKUM i310BUM HUKIOM. [IpeacraBneHi pe3ynbTaTd CTEHIOBHX BHIPOOYBaHB
aBToMoOiIs1 3A3-1102.

KnrodoBi cioBa: GioeraHols, CIHMPTOBI CIIONyKH, OCH3MHOBUII NBHUTYH, HaJMBHA €KOHOMIYHICTh, CTEHIOBI
BUIPOOYBaHHSI.

BCTYII

Ha aBTOMOOUTBHOMY TpaHCIIOPTI HAWOIIBIIOTO PO3MOBCIOHKCHHS HAOYIHM JIETKOBI aBTOMOOLI.
OCHOBHI THIIM CHWJIOBHX YCTaHOBOK, SIKi 3aCTOCOBYIOTBHCSI II€ — JIBUTYHH 3 ICKPOBHM 3allaJIFOBAaHHSAM Ta
nuseni. YacTka eneKTpoMoOiniB 301IBIIYETHCS, ajle 3a BiICYTHOCTI BiAMOBITHOI pO3BUHEHOI iHPPACTPYKTypH
JIOCUTH TOBUTEHO. OKPEMO CITiJT 3raiaTh PO aBTOMOOLTI 3 TIOPUIHOK CUIIOBOI YCTAaHOBKOI), ajie OCHOBHUM
JKEPEJIoM eHeprii B Hill 3aIMIIaeThCs JBUTYH BHYTPILIHBOTO 3TOPSIHHS.

3a OCTaHHI POKM CIIOCTEPITa€ThCS TEHJCHINSI 30IIBIICHHS YAacTKW JIETKOBHX aBTOMOOILTIB
oONagHaHUX JBUTYHAMH 3 ICKpPOBHM 3alallOBaHHSIM B TOPIBHAHHI 3 Ju3ensMu. Lle TOsCHIOETHCS
BJIOCKOHAJICHHSM KOHCTPYKI[ii [WX JBHUTYHIB 1, SIK HACI]iJOK, 30UIBIIICHHSM IMUTOMOI MOTYXXHOCTI Ta
3MEHIIEHHSIM MTUTOMOI BUTPATH MAIKBa, a TAKOXK OB JIMIIMMHU €KOJIOTIYHUMH MOKa3HUKAMHU.

3BakarouM Ha TIOCTiIHHE 30UTBIICHHS KUTBKOCTI aBTOMOOWUIIB OAHIEI0 3 TOCTPUX MPOOIEM €
pO3MMpeHAsT ManuBHOI 0a3u. OCHOBHUMH BUAAMH TMAJTBHOTO € OCH3WH, AW3ENbHE MaIMBO Ta 3PiHKEHUHA
Ha(TOBHA Ta3. BpaxoByroun mocTiiiHe 3pOCTaHHA I[iH Ha HaQTOMPOAYKTH OJHUM 3 MOKIIUBUX DIllleHb €
3aCTOCYBaHHS TMaJMB 3 BiJHOBIIOBAHMUX JpKepel eHeprii. Jlo Takux mamwB BiTHOCSTH 0i0MAMBO, OCHOBOIO
JUTSE BUPOOHUIITBA SIKOTO € BiIXOIM Xap4oBOi, CIIIBCHKOTOCIIOIAPCHKOI 00 1epeBO0OPOOHOT MPOMHUCIOBOCTI.
Haiibmmxanmu  3aMiHHUKaMH 3BUYHOTO OCH3WHY € CIUPTOBI TalnBa, 30KpeMa OioeTaHon. bioetanon
BUKOPHCTOBYETHCS K OCHOBHE MAIIMBO TaK i B KOCTI H00aBKku 1o OeH3uHy. [Ipu BukopucTanHi 6ioeTaHOTY
SIK OCHOBHOTO TMaJiBa HEOOXiAHO BHOCHUTH 3MiHH 10 KOHCTPYKIIii IBUTYHA. HalOinbil JOCTYITHUM IUISIXOM
BUKOPHUCTaHHs OloeTaHony € no0aBka Horo no OensuHy. Po3mipu no0aBku OioeTraHony 10 OCH3UHY
Oe3mepepBHO 30iNbIIYIOTHCS, B JaHWA Yac Ha aBTO3AMPABHHUX CTAHIIAX YKpaiHM JOCTYNHHH OCH3WH 3
nobaskoro Oioetanony 40%. BukopucranHs Takux OCH3MHIB MOJMJIMBE HE JUIS BCIX JIBUT'YHIB, SKi
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BUKOPHUCTOBYIOTHCS B €KCILTyaTallii, 30KpeMa Ui IBUTYHIB 3 KapOIOPaTOPHOIO CHCTEMOIO KHUBIECHHA. ToMy
HEOOXiIHO BU3HAYATH MIITXH MOXJITMBOTO BUKOPHCTAHHS X OCH3WHIB JUIsl TAKUX JBUTYHIB.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMHA

Pe3ynmbrati qocimimkeHsb 10 BUKOPUCTAHHIO J0OABOK CITMPTOBUX CIONYK 10 OCH3WHY HABEICHO B PAII
po6it. [luranHs po3mMpeHHs TATMBHOI 0a3M Ta 3MEHIIICHHS CITOKMBAHHS MMaTUB HA()TOBOTO MMOXOKCHHS 32
paxyHOK cmupTiB Halyno aktyampHOCTI mme y 30-ti pokm wmuHynoro cropigus [1]. IlpuBaGmmBumM y
BHKOPHCTaHHI CIHPTIB B SKOCTI MOTOPHUX NaJIMB B HAIl KpaiHi € IMHUpOKa CHPOBHHHA 0a3a i HasSBHICTh
MOCIBHUX TUIOII B JIOCTATHIA KiJdbKOCTI s iX BupoOHunTBa [2]. CBITOBI TEHHAEHIIT HAa PHHKY
QIBTEPHATUBHUX IMAJUB CBIYaTh MPO TE, 1[0 B OCTAaHHI POKH BHPOOHHUIITBO 010€TAHOMY CTPIMKO 3pPOCIIO Y
MOPIBHSHHI 3 IHIIMMU BUaMu Oiomanus [3,4].

B Vkpaini y mepiox 3 1998 nmo 2006 poxu NpOBEACHO MIMPOKI JOCHTIIKCHHS 3 BUKOPHUCTAHHS
no0aBok OioetaHody 1o OeH3uHy [5]. 3a pesyabpratamu mmx AociimkeHs y 2000 poui OyB po3pobneHuit
lanmyzeBuii cranmapt Ykpainu Ha cyMilieBi OeH3UHU [6].

BB no6aBku OioeTaHoNy O IUTATHOTO OCH3MHY HA IMOKAa3HUKHM POOOTH JIBUTYHAa BCTAHOBICHO B
JociiukeHHs X [7,8,9]. B mux pobortax BenuunHa 100aBKH eTaHONy He nepesuinysaia 20%. BeraHoBieHo,
mo Taka Jo0aBKa MPAKTHYHO HE BIUIMBAE HA MOKA3HUKH POOOTH CYYacHOTO JBUTYHA 3 CHCTEMOIO
BIIOPCKYBaHHS OeH3WHY 1 3BopoTHIM 3B’s13k0M [10]. B To#t ke yac HaBiTh Taka 100aBKa € MPUYWHOIO 3MiHA
MMOKa3HUKIB POOOTH ABUTYHA 3 KAPOIOPATOPHOIO CUCTEMOIO YKUBIICHHS.

HIJb TA 3AJJAYI JOCJIIKEHHSA

VY 3B’3KY 3 THM, III0 HAa JAHWHA MOMEHT, SIK 3a3HA4aJiocs BUIIE, HA aBTO3aMIPABHUX CTAHIISAX YKpaiHU €
B HassBHOCTI OeH3uH 3 mobOaBkoro 40% KHCHEBMICHUX CIIONYK, B CKIami skux Oimpmie 75% eraHomy Ta
Oomu3pko 25% 1300yTHIIOBOTO CIUPTY, MUTAaHHS IMOJO BIUIMBY TaKOro CYMINIEBOrO OEH3WHY Ha
eKCIUTyaTallliHi TOKa3HUKU aBTOMOOLTIB O0JIaJHAHWX IBUTYHAMHM 3 ICKPOBHMM 3allajlOBaHHSIM IOTpeOye
MOTJINOJICHOTO BUBYCHHSI.

PE3YJbTATH JOCHIAKEHb

Jiss OIIHKM BIUIMBY OEH30-CIIMPTOBHX CyMilled Ha eKCIUTyaTaliliHi TMOKa3HUKH aBTOMOOLIS
(po3paxyHkoBuii MeToj) Oysa po3poOiieHa MaTeMaTnyHa Mojellb. OCHOBY MOJICNI CKIIAZAar0Th anreopaiuHi
PIBHSHHS, IO ONMHUCYIOTh JIBUTYH SIK JDKEPENOo €Heprii, CloKWBada TajvBa, TOBITPs Ta 3a0pylIHIOBada
HABKOJIMIIHBOTO CEPENIOBHIA B HABAHTAXYBAIBHUX PEKUMAaxX pPOOOTH Ta pPEKUMAX AaKTHBHOTO 1
MPUMYCOBOTO XOJIOCTUX XOJiB TOINO, Ta AW(EpeHIialbHI PIBHAHHSA PEKUMIB PyXy aBTOMOOLIS s
MaTeMaTHYHOI'O ONMHMCAaHHS BHUKOHAaHHS aBTOMOOiieM MozaudikoBaHOro €BpOMEHCHKOrO i30BOT0 LUKITY
3rigno 3 [IpaBrnamu EDK OOH Ne 83—05 3 po3paxyHKOM MaJIMBO-€KOHOMIYHHX Ta €KOJOTTYHHX MMOKa3HHUKIB
fioro poOOTH NpH KUBJICHHI SK TOBAPHUM TaK 1 CyMIILIEBUMU OCH3MHAMHU. Hwx4e HaBeneHO NpHKIAa
JIUQepeHLianbHOTO PIBHAHHS TATOBOIO OanaHCy AJs pO3TraHsSHHS aBTOMOOLIS MpH 30JJ0KOBAHOMY 3YETIJICHHI.

dl: 1 MKH'Ui'Up'ﬂT_Pf P-P

dt S(my+m,) r "l (1)

I+

ne 177, — KKJI tpancwmicii;
O — xoedillieHT BpaxyBaHHS Mac, Ki 06epTaIOThCS;

P ,— cuna onopy rodeHHro aBromo6is, H;
P — cuna onopy mimitomy, H;
P — cuna onopy nositps, H;

M ,— Maca aBTOMOO1JIs, KT;

M — Maca BaHTaxy, KT,
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Mpky - BeIMYMHA KPYTHOTO MOMEHTY 32 HEYCTAJICHOT'O PeXKUMY PoOOTH nBHTYHA, H-M;
U, - mepenaToyHe YMCIIO KOPOOKH TIepead;
U, - mepenaTovyHe 4rcIo TOJIOBHOI Imepenadi;

r —TAHAMIYHUN pajiyc Koyeca.

BpaxoByroum, 1m0 B YKpaiHi Ha JaHUH MOMEHT OKPIM aBTOMOOLTIB 3 OCH3MHOBUMHU IBUTYHAMH 3
CHUCTEMOIO BITOPCKYBaHHS Ta 3BOPOTHIM 3B’S3KOM B eKCIUTyaTarlii mepeOyBarOoTh aBTOMOOLT 3
KapOIOpaToOpHOIO CHUCTEMOIO KHMBIICHHS JUIS OTPUMAaHHS BHXIJIHUX JaHUX MaTeMaTHYHOI Monen poOoTH
JIBUTYHA Ha OCH3WHI 3 Pi3HUM BMICTOM 010€TaHOJy MPOBEACHO /1Ba TPU-PAKTOPHUX eKCIepuMeHTH. [lepmmit
- Ha 1BuryHi VW BBY 3 cuctemolo BIOpcKyBaHHS Ta 3BOPOTHIM 3B’ SI3KOM, IpyTruil — Ha ABUTYHI MeM3-245
13 KapOIOPAaTOPHOIO CUCTEMOIO JKUBJICHHS. B pe3ynbTaTi OTpUMaHO 3a1eHOCTI TOIAMHHOT 1 TUTOMOI BUTpAT
MaJIiBa T4 KOHLIEHTPALill MIKiAJMBUX PEUOBHH BiJl KPyTHOTO MOMEHTY, YaCTOTH OOCpTaHHS 1 KOHIEHTpaLil
CIHMPTOBUX CHONYK Yy OeH3uHi. OTpuUMaHi 3aJeXHOCTI 3MiHM TOKa3HUKIB poOOTH IBUTYHIB BiJl BMICTy
OioeTtaHoy B OCH3WMHI JIO3BOJISIIOTH CTBOPUTH YTOYHEHY MAaTEMaTHYHY MOJENb PyXy aBTOMOOLIS 3a
pexxumamu MoaudikoBaHoro €BpornelchbKoro i340BOro UMKy NPU BUKOPHCTaHHI CyMIilIEBOTO OCH3HMHY 31
3HAaYHUMH Jo0aBKamu Oioetanomy. Hibkde HaBeleHO 3arajbHU BHIJISA 3aJISKHOCTI THMTOMOI BHTPAaTH
MaJIMBa BiJl KOHIIEHTPAIlii CIUPTOBUX CHOIYK, KDyTHOTO MOMEHTY Ta YaCTOTH OOepTaHHS IBUTYHA.
ge=ayta,-x +a, x,+a,x,+a, -xf ta, -xf +ay, -xf H XXy Ay X Xy Tyt Xy Xy, 2)
Ie, o, ai, Az, Ajl, @22, A33, A12, A13, @23 — KOS(DILIEHTH alTPOKCUMAII].

Jns neuryna MeM3-245 1i koedillieHTH MOPIBHIOWOTEL: ap=373,248, a;=81,344, a»,=7,967, a;;=-5,17,
6122:35,285, a33=241,085, a12=15,598, a13=52, 752, a23=63,317;
X1, X2, X3 — akropu (x; — KOHIICHTPAIIIS CIIUPTOBUX CIIOIYK, X — YACTOTa OOCPTAHHS NBUTYHA, X3 — KPYTHHH

MoMeHT). ['padivHo 3ajeKHICTh TOKa3aHa HAa PUCYHKY 1.
ge

r/xBr*rox n=2300xp!
12000 N
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) ‘\
N
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0,0 2.0 4.0 6.0 8.0 10,0 12.0 14.0 16,0 Ne, kBr
= ()% CITIPTOBILX CIIOIYK ====18% CIIIPTOBIX CIIOTYK =+ 30% CIOIPTOBILX CIIOMYK

Pucynoxk 1 — HaBaHTa)XyBaJIbHa XapaKTEepUCTHKA IBUTYHA MeM3-245, 3riTHO MaTeMaTHIHOT MOIETTi
poOOTH IBUTYHA

3rifHO OTPUMaHMX 3aJIE)KHOCTEH BCTAHOBIICHO 3MEHILIECHHS €()EKTUBHOI MOTYKHOCTI ABUryHa 10 12%
B PEXKHMMI ITOBHOTO HABAHTAKCHHS Ta 3017bLICHHS TOJMHHOI 1 MUTOMOI BUTPAT MAJIMBA Y BCOMY poO04YOMY
Jiama3oHi IBUTYHA MpU poOOTi Horo Ha cyMilieBoMy O€H3HHI i3 3HAYHOIO YacTKOIO OioeTaHoy. 301IbIICHHS
MUTOMOI ~ BHUTpaTH MalWBa MpH IMOBHOMY HaBaHTaXEHHI ckiamae Omm3pko 8%. Takox momaTkoBO
BCTAHOBJICHO, IO 3a IITATHOI CUCTEMHM >KUBIICHHS NPH TeMIIepaTypi HaBKOJIHMIIHBOI'O CEPEIOBHINA i/ Jac
BunpoOyBanHsi B Mexax Bin 10°C mo 15°C cmocrtepiraioTbes MpOMycKH poOOYMX LUKIIB Ta pi3ke
3MEHIICHHS TIOTY>KHOCTI BHACIIIOK 301 JHEHHS po00Y0i CyMiIIli OiIbIIe TOMYCTUMHUX 3HAYEHb (PUCYHOK 2,3)
[11], me 0OyMOBIIOETHCS (DI3MUYHUMHE BIACTHBOCTSMU 0i0€TaHOIY.
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PucyHoxk 2 — ExcriepuMeHTaNbHi 3HaYCHHS KOSQIIi€HTY HAIMIPy TTOBITPS I PI3HUX 33 BETUIHHOIO

no0aBKax CIIMPTOBHUX CIONYK ABUTyHa MeM3-245
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Pucynox 3 — ExcriepuMeHTaIbHI 3HAYCHHS KOHIICHTPAITii ByTJICBOIHIB Y BiIMPpaIlbOBaHUX Tra3ax
miH! iBuryHa MeM3-245 115 pi3HEX 32 BEJMUMHO0 100aBKaX CIUPTOBHUX CIOIYK B OCH3MHI

Jns  mepeBipku aneKBaTHOCTI MaTeMaTHYHOI MOJENi MPOBEIEHO CTEHJOBI BHUIIPOOYBaHHS
aBTomo0iss 3A3-1102 3 asuryHom MeM3-245 3a MoaudikoBanuM E€BpONEHCHKAM I310BUM I[HKJIOM
(pucyHoK 4) siKuil CKIagaeTbes 13 YOTHPHOX HAOOPIB MICHKHX PEXUMIB 1 HA0OPY PEKUMIB, SIKHH IMITYye pyx
aBTOMOOUIS 32 MICTOM Ha TOBapHOMY OeH3uHI A-95 1 cymimeBomy OenzuHi A-95 E40 (metanon — 2,7%,
eranon — 31,2%, i300yTunoBuii cnupt — 6,1% 3a 00’€éMOM) Ta 3HATO HABAHTAKYBaJbHI XapaKTEPUCTHKH
(pucyHok 5). Ilin wac BumpoOyBaHb B TEpILy Yepry BH3HAYAIM MMOKA3HUKU IMaJUBHOI €KOHOMiIYHOCTI.
CreHoBi BUIpoOyBaHHS aBTOMOOLIA npoBomwnu y sabopatopii Il “IlepxaBrorpancH/lmpoexr”
(pucyHok 6) Ha Mogemo4YoMy ponukoBoMy creHai AVL tum RPL1220/12C23M17/APM150. Burpary
NaJIiBa BUMIPIOBAIIU rpaBiMeTpUUHIM BuTpaTtoMipom AVL 733S (pucyHnok 7). BinOip BignpanboBaHux ras3is
3IIHCHIOBABCS 32 JIOITIOMOTOIO JIOCTIIHOI OBHO-IIOTOKOBOT CHCTEMH B1IOOPY P00 HAa OCHOBI yHiBEpCaIbHOT
cuctemH Bifdoopy mpob mocritinoro 06’emy (CVS) moneni EMMS-CVS-010. Anani3 Binpan0oBaHuX ra3iB
NpoBOJVIN TazoaHaimiTHyHOO cuctemoro MEXA-7400DEGR BuMiproBaHHST KOHIIEHTpAIii HOPMOBaHHX
3a0pyAHIOIOYHX PEUYOBHH Y rasax.

B cepemapomy 3a BurpoOyBanHsl BuTpaTta OeH3nuHy A-95 E40 na 20% Oinbiia Hik OeH3nHY A-95
(Tabmus 1).

.
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PucyHnok 5 — HaBanTaxxyBainbHi XapakTepucTHKH ABUryHa MeM3-245 oTpuMaHi I1iJ] 9ac CTEHI0BUX

BunpoOyBanb aBToM0O1Is1 3A3-1102

Tabnuns 1 — Butpara nanmua y MomudikoBanoMy €BporeiicbkoMy 130BOMY UK

Burtpata nanusa 3a nuki, T

1-it pparmenT
MICBKOTO IUKITY

2-it hparmeHT
MICBKOTO IIUKITY

3-it pparmeHt
MICBKOTO IIHKITY

4-ii pparmeHt
MICBKOTO IIHKITY

3aMiCbKUI LUK

Bensun A-95

70,86

68,15

67,85

66,98

280,45

Bensun A-95 E40

82,42

83,79

82,41

83,64

332,04

OBI'OBOPEHHA PE3YJIBTATIB JOCJIIAKEHHSA
Taki 3MiHM MOKa3HMKIB MAJIMBHOI E€KOHOMIYHOCTI aBTOMOOITS MOKHA TMOSICHUTH B MEpIIy Yepry

MEHIIIOI0 THUTOMOIO CHEpri€lo 0ioeTaHONy Y TOpIBHSHHI 3 OCH3MHOM, OUIBIIOI HOTO B’SA3KICTIO, IO

CUYACHI TEXHOANTMT B MAWMHOBYAYBAHHI TA TRAHCAORPT!, 2019, Ne2 (13)
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MOSICHIOIOTBCSI MEHIIIOK0 HEOOXIiAHOI KiNBKICTIO TOBITPS JJIsi 3TOpsSHHA | Kr THaivBa Ta 301IBIICHOIO
MPUXOBAHOIO TEIJIOTOI0 BUIIAPOBYBAHHS 1 MPHU3BOAMTE 10 3HAYHOTO 301JHEHHS MAaTMBO-TOBITPSIHOT CyMmimIi
Ta, SK HACTIJOK, TOTIPIICHHS EHEePreTUYHUX TMOKa3HWKIB. OIHUM 3 MOXJIMBHX MUISXIB IOJIMIICHHS
CHEPreTHYHMX MMOKA3HUKIB Ta TIOKA3HUKIB MMaJMBHOI eKOHOMIYHOCTI aBTOMOOLIIB, O0JIaTHAHUX JIBUTYHAMH 3
KapOHPAaTOPHOIO CHUCTEMOKO KHMBJICHHS IpH po0OTI Ha OEH3MHI 31 3HAYHMMHU 33 BEJIMYMHOIO 100aBKaMHU
0ioeTaHO/Iy € MiIrpiB MaJIMBO-MOBITPSIHOI cyMmiii [9] abo 3MiHa peryjroBaHb CUCTEMHU JKUBJICHHS, a caMe
3aMiHa FOJOBHUX MMaJMBHUX KHUKJIEPiB Ha TakKi, 10 MalOTh OBy NPOIYyCKHY 31aTHICTb.

Jlis npukiaay Ha pUCYHKY 8 MOKa3aHi eKCIIePHMMEHTalIbHI 3HAYeHHS Koe(DIilieHTy HaaMIipy HOBITPs
olepXaHi MpH 30iJbIIEHHI MPOMYCKHOI 3JaTHOCTI TOJOBHOIO MaJWBHOTO >kukiepa Ha 10% [11]. 3
MOKAa3aHUX XapaKTEPUCTUK BUIHO, 10 JIBUT'YH HOPMAaJIbHO IPAIIO€ Y BChOMY JIiala30Hi HABAHTAXKECHb.,

o n=2300xp"!
1,30 |
123 ——
1.20 /,./—-' ‘l\\
L = ] "1\
110 3 e | =\
1.05 —e

L TN
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—4—0 % CcIIPTORIX cHOMYK  —&— 1§ % cmIpToRIX cionyk  —M—306 % CcIIIPTOBRIX CIIOMYE

Pucynok 8 — EkcriepuMeHTalbHi 3HaUeHHS Koe(ilieHTy HaAMIpy MOBITPS ISl PI3HHUX 38 BETHYHHOO
I00aBOK CIIUPTOBUX CIOIYK 10 O¢H3uHy nBuryHa MeM3-245 npu 3MiHEHOMY peryJItoBaHHI KapOroparopa

BUCHOBKHA

CtBOpeHO MaTeMaTH4HI Mojem ABUTYHIB MeM3-245 i1 VW BBY 3 BHKOpHUCTaHHSAM SIKHX MOKIIHBO
OMHMCaTH ABWUTYH SIK JDKEPENO eHeprii, Clo)KMBaya ManuBa, MOBITPS Ta 3abpyAHIOBaya HABKOJIHUIIHBOTO
Cepe/loBUINA B HABAHTAXYBAJIBHUX PEXHMaxX POOOTH Ta PEeKMMaxX aKTHBHOTO 1 MPUMYCOBOTO XOJIOCTHX
XOAiB, IO HEOOXiAHO /s pO3paxyHKY IIOKa3HHKIB aBTOMOOLTB B pyci 3rizHo MoaungikoBaHuM
€BponeiicbkuM 1310BUM HUKIOM. [1in yac crennoBux BunpoOyBanb aBToMo0Lnsa 3A3-1102 BcTaHOBIEHO, 11O
MpU BUKOPHUCTaHHI CyMilIeBOro OceH3uHy 3 BMicToM 40% CHHUPTOBHX CIIONYK MUTOMa BUTpaTa NallUBa
30inbyeTbest 10 20%. s po6otu kapOropaTopHOro ABUTYHA HA OSH3HMHI 3 BUCOKMM BMiCTOM 0i0€TaHOITY
3a HU3bKUX TEMIIEPATyp HABKOJIHUIIHLOI'O CepPeIOBUIIA HEOOXiIHA 3MiHA HANIAIITYBaHb CUCTEMH YKUBIICHHS, &
came — 3aMiHa roJOBHHUX MaJIMBHUX KHUKJIEPIB HA TaKi, 10 MalOTh OLIbIIY NPOIMYCKHY 3/1aTHICTb.
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D. Ovchynnikov. Effect of the composition of mixed gasoline on energy indicators and fuel
economy of vehicles with different engine power systems.

The work presents the results of theoretical and experimental research of the influence of gasoline
with a high alcohol content on the performance of engines and vehicles with different fuel systems.

The main attention is paid to the use of this gasoline in vehicles with a carburetor fuel system. In the
research has shown the changes main performance vehicle indicators, such as fuel efficiency indicators.

As a result of experimental studies, it was found that with constant regulation of the carburetor, the
increase in the content of alcohol in gasoline to 36% leads to a significant depletion of fuel and air mixture,
passage of working cycles, the growth of concentrations of unburned hydrocarbons and lower engine power.
To improve the performance of the vehicles with a carburetor fuel system engines for work on gasoline with
a significant addition of alcohol compounds, it is proposed to change the regulation of the fuel system
towards the enrichment of fuel and air mixture by increasing the throughput of fuel jets. With the
corresponding adjustment of the fuel system with an increase in the content of alcohol in gasoline, the engine
runs stably without the passes of working cycles. Insignificantly, the maximum engine power decreases and
fuel consumption increases, which can be explained by the depletion of the fuel mixture with an increase in
the content of alcohol in gasoline.

Polynomial dependences of engine performance on the concentration of alcohol compounds, torque,
and engine speed were obtained. They allow the engine to be described as a source of energy, fuel, air and
environmental pollutant in load and idle modes, which is necessary to calculate the performance of vehicles
in motion according to the Modified European Driving Cycle.Shown the chassis dynamometer test results of
ZAZ-1102.

Key words: bioethanol, alcohol compounds, gasoline engine, fuel efficiency, chassis dyno tests.
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[TaBnoga 1.O., I'pabogers B.B., Ayounpkuit O.C., Onunryk B.I1.
Jhybkuti HayioHanbHUll MeXHIYHUL YHieepcumem

AHAJII3 POBOTHU MAPHIPYTHOI'O TPAHCIIOPTY B 30HI
3YIIMHOYHOI'O ITYHKTY

B po6oti posriasgaloThesi MHUTaHHS IIJBHINEHHS e(EKTUBHOCTI (YHKLIIOHYBAaHHS MAapUIPYTHUX MeEpex
MICBKOTO MacaKUPCHKOTO TPAHCIOPTY, CTaH Ta SIKICTh POOOTH SIKUX BifoOpa’kaeThcsl Ha piBHI KOM(OPTHUX YMOB
MPOXKMBAHHSI JIIO/ICH y HAaceJeHHUX IyHKTax IIEBHOTO perioHy, a Takox Bciel kpainu. [IpoBeaeHo anaii3 ¢axropis, mio
BIUIMBAlOTh HA IOKa3HUKH POOOTH MiCBKOTO TIPOMAJICBKOrO TPAHCIOPTY B 30HAX 3YNHHOYHHUX IYHKTIB, AKi €
B&KJIMBUM €JIEMEHTOM TPAaHCHOPTHOI iH(pacTpyKTypu. IIpoBeseHO KOMIIEKCHE JOCIIPKEHHS 3yNMHOYHNX MyHKTIB
rpomMajchkoro Tpancrnopty Micta Jlynpka BomuHcebkoi 06macTi. B pesynbrari qociimkeHHs 0ya0 BHSBICHO (akToOpH,
IO BIUIMBAIOTH Ha IPOIyCKHY 3JaTHICTh 3YNMMHOYHMX IYHKTIB, a TaKOX BHIIAJKH IIOPYIIEHb OCHOB OE3IeKH
aBTOTPAHCIIOPTY, IO JOITyCKAIOTHCS NPUBATHUMH IepeBi3HMKaMH. [1ofaHO OCHOBHI Kareropii Ta MOKa3HHWKH, IO
XapaKTepH3yI0Th pOOOTY 3yIMHHOYHOTO ITyHKTY. PO3TIISIHYTO TMIH KOHQUIIKTHUX CHTYyamlil, SKi BUHHUKAIOTh B 30HAaX
3YNUHOYHMX ITYHKTIB. [licis criocTepeskeHHs HaWOIIBII 3aBaHTaXXEHHX 3YNMHHOYHHX ITYHKTIB JIyIlbKa BCTaHOBIICHO
MPUYUHA BUHUKHEHHS [MX KOH(IIKTHUX CHTyalliii B TAKUX MICILIX, @ TAKOXK JOCITI/PKCHO HACTIAKH BiJl CTBOPEHHS
koH(}ikTiB. HaBeneHo pesynbraTu po3paxyHKIB CEpefHiX BTpaT 4acy I'POMaJCHKOIO TPAHCHOPTY Ta MAcaXHpiB y
3B'SA3KY 3 OYiKYBaHHSM OOCIYTOBYBaHHS Ta MPH MOCAIII-BUCALI ACAKUPIB 3 PI3ZHUX MapLIPYTiB.

KirouoBi ciioBa: Michkuil TpaHCIIOPT, MapIIPYTHI MEPEBE3CHHS, 3yNMHOYHUH MYHKT, HPOITyCKHA 3JIaTHICTB,
KOH()IIKTHA CUTYaIlisl, BTPaTH 4acy.

BCTYII

Y HarionanpHiit TpaHCOpTHIH cTpaTerii Ykpaimm mo 2030 p. ogHWM i3 3aBHaHb PO3BUTKY
TPAHCIIOPTHOI CHCTEMH JIepXKaBU € 301IbIIeHHS TpoiryckHol 3matHocTi (I13) Ta mokpareHHs TIBUIKICHUX
napameTpiB TPaHCHOPTHOT iHPPACTPYKTypu. BaxImBuMH CKIaJOBUMH TPAHCHOPTHOI iHPPACTPYKTYpH MicTa
€ synuHouHi myHkru (3II) micekoro nacaxupcebkoro tpanctopry (MIIT), siki BrmBarots Ha 113 nopir, a
TaKoX Ha Oe3NeKy JOPOKHBOTO PYXy. IX CTaH, MiCIe3HAXOKEHHs Ta SKiCTh (DYHKI[IOHyBAaHHS 3HAYHOIO
MipOI0 BH3HAYaIOTh 3aJ0BOJICHHS >KUTENIB MicTa poOOTOI0 TpOMajChKOro TpaHcmopTy. Hesmaromxena
poboTa MapHIpyTHOTO TpPaHCIOPTY B 30HI 3YNMHUHOYHOTO ITYHKTY HETaTHBHO BiJOWMBaeThcs Ha Oesmeri
TPAHCIOPTHOTO TIPOLIECY, MPHU3BOJNUTH JIO CYTTEBUX BTPAT Yacy MEPEBI3HUKIB Ta MACAXHPIB Ta 0OMEKye
npoBi3Hy cripoMoxkHicTe MIIT. V 3B'13ky 3 um 1o 31, ix mapameTpiB Ta 0ONAIITYBaHHS MPE ABISIOTHCS
cepio3Hi BUMOTH, Tak AK HexoctaTHA [13 y mux MiCIsIX € ogHUM 3 (aKTOpiB, 3IaTHUX OOMEKHUTH MPOBI3HY
cripomoskHicTs MIIT.

AHAJII3 JIITEPATYPHUX JAHUX

[TuTanHs BIOCKOHAJIEHHS POOOTH MICBKOTO MACAKUPCHKOTO TPAHCIOPTY PO3IJsAanuci B poOOTax
0araThOX BITUM3HSHUX Ta 3apyODKHUX BueHMX Takux sk B. Aymina [1], I. Himosoi [2], H. Hpro [3], O.
Kaxaera [4], I'. Bapenomnyno [5], B. Bnosuuenko [6], [. Cmipina [7], €. JlobaHoBa [8] Ta iH. AHami3 poOiT
BUSIBUB HEJIOCTATHICTH JOCHI/DKEHb BILTUBY POOOTH 3yNMUHOYHOTO IYHKTY TPOMAJICBKOTO TPAHCIIOPTY Ha
BTPAaTH Yacy MacakKupis.

HJIb JOCHIAXKEHHS nonsrae B aHamisi  (akTopiB, fAKi BIUIMBaIOTh Ha e(EKTUBHICThH
(YHKIIOHYBaHHS MapIIPyTHOI Mepexi MicTa Ta BIPOBAPKEHHS 3aXOMIB i3 BIOCKOHAIEHHS POOOTH
TPAHCTIOPTHUX 3aCO0IB B 30HI 3yITMHOYHUX ITyHKTIB.

PE3YJIbTATH JOCIIAKEHb

3a manumu MiHicTepcTBa iHPpacTpykTypu YKpaiHM Ha 4acTKy TPOMaJICBKOTO TPaHCIIOPTY MPHUIAAAE
6mu3pk0 80% 3aragbHOTO 00CSATY MAcaKUPCHKUX MEPEBE3CHb YCiX BUAIB TPAHCHOPTY KpaiHH Ta 6inst 25%
MacaxnupoobopoTy. Micbkuii MacaKUpooOir aBTOMOOITEHUM TPaHCIIOPTOM (aBToOycamu) ckianae 49 mpa.
mac. KM, 110 CTaHOBUTh 38 % Bix yCiX BUIIB TPaHCIOPTY, TpoJiehiOycamu — 7,6 MipA. mac. kM, Tooto 6 %,
TpamBasmMu — 4,1 mupz. mac. kM, a6o 3 % [12]. V mux ymoBax Bix skocTi poooru MIIT 3Ha4HO 3a)1eKUTh
piBeHb KOM(OPTHUX YMOB TIPO’KMBAHHS JIIOJICH B HACEIIGHWX MyHKTax BCiei KpaiHu. JlOCTYmHICTh Ta AKIiCTh
po0OTH MICHKOTO TPAHCIIOPTY 0araTo B YOMY BH3HAUAIOTh 1 PeabHUM PiBEHB KUTTS HACEIICHHS, COIIAIbHUIM
KIIiMar 1 TyMKy Jifoeld Ipo epeKTUBHICTh OPTraHiB BIA/IH.

B cydacHux ymoBax BiIbHOI KOHKYPEHIIil MPH OpraHi3allii HOBUX MapuIpyTiB, 30UTBIICHHS SKUX Mae
JIO3BOJINTH HACEJICHHIO 3[iHCHIOBATH MOI3IKM 3 MEHIIMMHU BTPAaTaMM 4acy Ha OUYIKyBaHHS TPAHCIOPTHOIO
3aco0y Ta mpH Majiii HaMOBHIOBAHOCTI CaJIOHY, BaKJIMBOTO 3HAueHHS HaOyBalOTh MUTAHHS OpraHizarlii

139 CUYUACHI TEXHOAOMT B MAWMHOBYAUBAHHI TA TRPAHCAOPT!, 2019, Ne2 (13)



© ITasnona 1.0., I'paboseup B.B., Ayouneskuii O.C., Onumyk B.I1. 2019

po0OTH TPOMAICHKOTO TPAHCIIOPTY HA 3YIMMHOYHHX IMMYyHKTaX MU IMOCAIIli-BUCAIIl MMACAXKHUPIB 3 PI3HUX
MapIIpyTiB, IO 00CIYTOBYIOTHCS PI3HUMH NIEPEBI3HUKAMH Ta 1H.

[Ipuxin Ha PUHOK MACAKUPCHKUX IMEPEBE3EHb BEJHMKOI KiIBKOCTI NMPHUBATHHUX MiJNPUEMIIB HE 3Mir
MiABUIIUTH SIKICTh 00CIyroByBaHHA HAaceJeHHS. 3 OAHOTO OOKY, JTIOAM OTPUMAIN MOXIIMBICTD 341 HCHIOBATH
HOI3AKM B OULIBII KOM(OPTHHX YMOBaxX, CKOPOTWIHCS IHTEpBAIM pPyXy MapIIPyTHOI'O TPAHCIOPTY,
301IbIIMIACS IIBUAKICTH CIOMYYEHHS. A, 3 IHIIOrO OOKy, YHCEIbHICTh aBTOOYCIB B OUIBIIOCTI MiCT
MEPEeBUILNIA JOMYCTUMY 3 TOUKH 30pY NPOIYCKHOI 3aTHOCTI BYJIMYHOI MEPEeXi Ta 3a0e3revyeHHs Oe3neKu B
MeXKax HacH4eHHS. B pesynbrari yoro Ha 3YNMHOYHHMX IMYyHKTaX CTANW 3 SBIATUCH YEPrd MapIIPyTHHX
TPAHCIIOPTHUX 3aCO0IB.

[lepeBipkamMy BUSIBICHO YHMCIIEHHI BUMAAKH (258 THC.) MOpPYLIEHHS OCHOB O€3MEKH aBTOTPAaHCIOPTY,
IO JIOMYCKAIOTHCS IPUBATHUMHU NEPEBI3HUKAMHU:

- HecTava KBajipikoBaHOTO IIepCOHAITY /ISl pOOOTH Ha MiChKHX MACaXKHUPCHKUX TEPEBE3CHHSIX;

- 3yIIMHKa aBTOOYCIB y Ipyromy i B TpETbOMY PALY Ha 3yIMHHOYHOMY IYHKTI;

- BIICYTHICTh KOHTPOJIO 33 TOTPUMAHHIM PEXKHUMY Hpalli Ta BiAMIOYMHKY BOJIIB, HOTaHUN MEAWYHUI
KOHTPOJIb 32 CTAHOM X 3JIOPOB'S 1 T. T .;

- HeCaHKIIOHOBaHE BHECEHHS 3MiH B KOHCTPYKIIiI0 aBTOOYCIB.

3HaYHOI0 MIpOIO 1€ TOB'I3aHO 3 HEIOCKOHAJICTIO HOPMAaTHBHO-NPaBOBOI 0a3u B AaHiil cdepi i 3
Oa)XaHHSM OTPUMATH MaKCUMalIbHUI IPUOYTOK BiJI IEpEBE3CHb.

TakuM YMHOM, aHATI3yIOYM CTaH MACaKHUPCHKOT'O TPAHCIOPTY, MOKHA 3pOOUTH BHUCHOBOK IIPO
HasBHICTh HACTYITHHUX MPOOIIEM:

- 3HIDKEHHS KOCTi 00CITyrOByBaHHS HACEJICHHS ITAaCAKMPCHKUMH TIEPEBE3CHHIMMU;

- BHW)KEHHS 0€3MEeKH PyXy B PaiiOHI 3y[TMHOYHKX ITYHKTIB;

- 3pOCTaHHS aBapilHOCTI.

VY ©OarathoX EKOHOMIYHO PO3BHHEHHX KpaiHaxX CBITY e(peKTUBHO (YHKI[IOHYIOUHHA TPOMAaJChKUN
TPAHCHOPT PO3TISAAETHCS B SIKOCTI TOJOBHOTO 3aC00Y, 3laTHOTO CTBOPHUTH Oe3redHi Ta KOM(OpPTHI YMOBH
JKUTTS HAceJNCHHS B MicTtaX. ToMmy 3aBJaHHS IMiJABUIICHHS CS(PEKTUBHOCTI (PYHKIIOHYBAaHHS MiCBKOIO
MacaXUPCHKOTO TPAHCIIOPTY € aKTYAILHHUM SIK 3 HAYKOBO1, TaK 1 3 MPaKTHYHOI TOYOK 30DpYy.

Po3risiHeMo feski BU3HAYEHHS, [0 CTOCYIOTHCS MiCBKOTO MapIIPYTHOTO TPAHCIIOPTY.

[ing mapwpymnoro mepedscero HACEICHOTO TYHKTY PO3YMIIOTH CYKYIMHICTh BCIX MaplIpyTiB
MacaXUPCHKOTO TPAHCIIOPTY, OCHOBHI MapamMeTpH AKHX (CXeMH PYyXY, KUIBKICTh 1 THI PYXOMOTO CKIaTy,
iHTepBaIM pPyXy Ta iH.) Y3rO/pKeHI 3 KOro TPaHCIOPTHOIO MEPEXEI0 3 YpaxXyBaHHAM OOMEXKEHb PyXy A
OKPEMUX BUJIIB ACAKUPCHKOTO TPAHCHIOPTY 3a OyAb-IKUMH HanpsiMKami [8].

Cxemoro mapupymy € 0ro IpocTopoBe BifoOpakeHHA (TpadiuHe 300pakeHHs) y BUIIIAAI YMOBHUX
MapmipyTHUX JiHI Ta YMOBHHX II03HA4Y€Hb (3YMUHOYHHX IyHKTIB, HeOE3MeYHWX MUISHOK Ta iH.) 3
JOTPUMaHHSM TONOTrpagiuHOro 0OpUCY HACEIEHOTO MYHKTY 1 HOTr0 JOPOXKHBOI MEpPEXi.

3ynunounuti nynkm (3I1) — 11e cremiagbHO BJIAMITOBAHUM 32 MEKaMH TIPOi3HOI YACTHHH JOPOTH,
Ha y30iydi, MalijaHYMK (HamiBMaiJaH4YMK) 3 TBEpAMM TOKPUTTSIM 3@ BiAMOBIAHUMH T'€OMETPHUYHUMHU
napamMeTpaMy JJisi 3yNUHKU BIATOBIIHUX MAapHIPYTHUX TPAHCHOPTHUX  3aco0iB Ta TOCAJKW/BUCAIKU
macaxupis [10]. OcuoBaumu enemenramu 311 e:

- 3yNWHOYHMN MalJaH4MK, SIKAM BJIAIITOBYIOTH Ha JOpOrax i Ha JUISHKAX JOPIC y HAcEICHOMY
MYHKTI a00 3yNWHOYHMI HaliBMaWZaHYMK, SIKUH JOIMYCKAETHCS 3aCTOCOBYBATHU 3a MIEBHUX YMOB TiJIbKH B
HAaceJICHOMY ITyHKTI;

- TI0CaJKOBUU MalJaHUWK;

- 3yNMMHOYHMHU MaBUIBHOH (IIpU HEOOX1THOCTI);

- BIATIOBITHI OPOXKHI 3HAKH, OTOPOHKCHHS Ta PO3MITKA.

JlopxkuHa  3yNMHOYHOTO  Maimanunka (TIpU  TOCTIHHIA HOTO IMHMPWHI) Ta TOCATKOBOTO
MaiiiaHunKa Mae OyTu:

- Ha BIOCOOJECHMX 3yNHMHKaX — 3a JOBKMHOIO HaWJOBIIOTO MapUIPYTHOTO TPAaHCHOPTY ILIIOC 2
M, aJie¢ He MEHIIIe, Hi’K 8§ M y HaCeJIeHOMY MYHKTI Ta 12 M — 3a fioro MexaMu;

- Ha TMEpecaiKkoBUX 1 CyMIIEHHX 3YMUHKaX — BIAMOBIIHO Kiacy, THITy (Mapii, JOBXKHHI)
MapUIpyTHOTO TPAHCIOPTY 3 YpaxyBaHHSIM KMOBIpPHOCTI HOro OJHOYACHOTO MPHOYTTS, ajie HE MEHIIE,
HDXK 15 M y HacenmeHOMy ITyHKTI, 20 M — 32 HOTO MeKaMH.

JloxuHa Mae OyTH IOCTaTHBOIO Il 3a0€3MEUCHHS SIKICHOTO Ta OE3MEeYHOTO O0O0CTyrOBYBaHHS
nacaxupiB 06€3 CTBOPEHH: JHMIIHIX MepeiKo Ta yepr T3.

[uprHa 3ynrHOYHOTO MalJaH4YMKa MOBMHHA OyTHM HE MEHIIe, HiX 3 M, HamiBMalZaHYMKa — HE
MEHIIIE, HIK 2 M.
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B’i3qu Ta BUi3AM 13 3YNMMHOYHOTO MaiTaHYWKa MPU BIACYTHOCTI MEPEXiTHO-IMBUAKICHUX CMYT,
MTOBMHHI MaTH MOBXHWHY BIATOHY 4 M, JOBKHMHA BIITOHY 3 HaIliBMaiianduka — Big 6 10 10 M.

B micrax Ykpainu, 30kpema B JIynbky, 311 npepcraBieHi JBoMa OCHOBHUMHE THUTIAMHE: 31 CIICiaIbHO
00JIaIHaHOIO 3ai3HOI0 «KHUIIeHeo» (puc. 1) Ta po3MilieHi 0e3nocepeHbO0 Ha KpaiiHil mpaBiii cMy3i pyxy
B370BX Oopmaropu (puc. 2), B amepukancbkomy kepiBHuTBi HCM 2000 BOoHM HaszuBaroThcs off-line» Ta
«on-line» Bignosigxo. Taxi Tunu 311 BigHOCATHCS 10 MHIHHIX CXEM.

Pucynok 1 — 3I1 "3aBox Enexrporepmomerpis" Pucynox 2 — 3II "VYuiepmar Jlympk" 3
po3MimieHa B crienianbHii kumreHi ("opg-naitn"). PO3MIILIICHHSM Ha KpaiHil mpaBiii cMmy3i pyxy
("oH-maita").

[Mapametpu 311, siki Oynm po3paxoBasi e 01u3bko 30 POKiB TOMY, TaBHO MEPECTAIH 3a0BOJIBHITH
BHUMOTaM Cy4acHOI iIHTEHCUBHOCTI pyXy Ha MICBKHX JOporax. Pe3ysipTaToM IbOTr0 CTaay Yepru Ha 3yInHHKaX,
BHCaJKa Ta TIOCAIKa IMACAKHUPIB Y APYTOMY 1 TPEThOMY psIy, PI3KO 3pociia KUTBKICTh TOPOKHBO-
TPaHCHOPTHUX NPUroX 3 macaxupamu B paiioni 3II. 3 mporo mpuBomy BaXJIMBOTO 3HaUCHHA HaOyBalOTh
MUTaHHS BUHUKHEHHSI KOHQIIKTHUX cuTyaniid Ha 311

Iin xougnixmuumu cumyayismy Ha 3YyMAHOYHUX MYHKTaX MapIIPYTHUX MEpPEX MICT PO3yMilOTh
BUNAJKKA 3ITKHEHHS iHTEpECiB TPaHCHOPTHUX 3aco0iB, sKi MOB’s3aHi 3 NPIOPUTETHUM BHUKOPUCTAHHSIM
3YNMHOYHUX IIyHKTiB, MNPONYCKHA 3AaTHICTH SIKHX HE [O03BOJSIE iX OJHOYacHe U Oe3mepelkoaHe
o0ciyroByBaHHs. BUHUKHEHHST KOH(QIIKTHHX CHTyalii HEraTWBHO BIUIMBa€E Ha O€3MEKy TPaHCIIOPTHOTO
npoliecy, NPU3BOJIUTh IO CYTTEBUX BTpPAT Yacy IMAaCAKUPIB Ta TEPEBI3HUKIB, MiJBUIICHHS BHUTPAT Ha
HaJaHHA TPaHCHOPTHHUX IOCIYT HaceJIeHHIO [9].

Konduiktu TpaHcnopTHUX 3ac00iB YTBOPIOIOThCA Ha CyMDKHUX MapuipyTax (CyMDKHUN — OJMM3BKHIA,
IO 3HAXOAUTHCS Oe3MoCepeHbO MOPsH, Ma€ CHUIBHUA KOPAOH), SIKi MAalOTh CyMilleHI AUISHKH AOpir i
CyMIllIeH1 3yNMHOYHI MYHKTH, 1[0 BUKOPHCTOBYIOTHCS TPAHCIIOPTHUMHU 3aco0amMu 3 JBOX 1 OUIbIIE Pi3HHX
MapUIpyTiB.

[losiBa cymilleHHX OUISHOK Ta CyMIIIEHHMX 3YHNHHOK Ha CyMDKHHX MapLIpyTax oOyMoBjeHa 30irom
KOH(Qirypaii iXx MapmpyTHUX cxeMm. Take sBHIIEe Ha3MBAEThCS HAKIAJIEHHSIM MapIIPYTHHUX CXEM, SIKE He
3aBXKAM  Bele 10 KOHMIIKTHHX CHUTyalid B pPoOOOTI TMacaXWpCchKOTO TpaHcmopTy. Hanpukian, npu
HaKJIAJICHHI CXeM TPOJIEHOYyCHUX 1 aBTOOYCHHMX MapLIPYTiB HEMA€E CIUIBHOTO BUKOPHCTaHHS MapIIpyTHHMHU
TPaHCIIOPTHUMHU 3acobamu  (TposielidycamMu 1 aBToOycamMH) OJHUX 1 THX XKe O0O0'€KTiB TPaHCIOPTHOL
iHOPaCTPYKTYpH (MPOTKIKUX YACTHH 1 3yTUHOYHUX MYHKTIB).

Iin cymiwenoro Oinanxoro mapupymie po3yMIIOTH NINSHKY NUIAXY (MEpeXy HOpir), ska CHLIBHO
BUKOPHCTOBYETHCS TPAHCIIOPTHUMHE 3ac00aMH Pi3HUX KOHKYPYIOUMX MapiipyTiB. Ha Takii TijsHII MOXYTh
PO3TalIOBYBaTHCS CYMIlIEH] YU MPOMIXKHI 3yITMHOYHI ITYHKTH.

[lin cymiwyenum 3ynunounum nynkmom po3yMilOTh PO3MIIICHUHM HA CyMIIlleHIH MiSHIN 3yMUHOYHUN
MTyHKT, IKU BUKOPUCTOBYETHCS TPAHCTIOPTHUMH 3aCO0aMHU Pi3HUX CYMIKHUX MapIIpyTiB.

XapakTtep i mapaMeTpu pyxy MapHIpyTHOTO IMacaXKHPChKOTO TpaHCHOpTy uepe3 cyMimenuit 311 crix
PO3IJISAATH B CYKYITHOCTI YMOB PyXy TPAHCHOPTHHUX 3aCO0IB 3 YCIX MapIpyTiB, IO POXOASTh Yepe3 JaHU
3[1. ToMy OCHOBHHUMH XapaKTEPHCTHKaMH YMOB pyXy MapUIPYTHOTO TpPAHCHOPTY dYepe3 CyMilleHi
3YMUHOYHI MMyHKTH OyIyTh CYMIIIEHNH 1HTEpPBAI PyXy Ta NO€AHAHA YacTOTa PYyXY.

THoeonanuii inmepean - 1ie MPOMIKOK Yacy MiXK MOMEHTaMU MPOXOJKCHHS JBOX CIIAYIOUYMX OJHMH 32
OJTHAM TPaHCIOPTHHX 3aC00iB 3 CYMDKHUX MapIIpyTiB yepe3 MeBHUN ePEeTHH MapIIPYTy.

HasBHICTB cyMileHHX IUISHOK Ta 3yNMMHOYHHUX IMYHKTIB HA MapIIpyTax MPHU3BOJHTH, SIK MPABHIIO, /10
CHHXPOHHOTO BXOJY PyXOMOTO CKJIaJly Ha CyMillleHi AUISTHKH MEPEeXi i CHHXPOHHOTO MPHUOYTTS Ha CyMilIeH1
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3YIMAHOYHI TYHKTH. BiImoOBiAHO HASBHICTH CYMIIICHWX MUISHOK Ta 3YIMMMHOYHHUX ITyHKTIB MapIIpyTiB €
BYKJIMBOIO IPUYMHOIO BUHUKHEHHS KOH(MJIIKTIB.

B miteparypi [4] po3risigaroTh ABa THUNM KOHMIIKTHUX CHUTyalid Ha MapHIPYTHHX Mepexax
MACaKUPCHKOTO TPAHCIIOPTY MICT.

1-uii Tumn: koHQUIIKTH npu pyci. s KOHGIIIKTIB JaHOTO TUIY XapaKTePHUM € BUYMHCHHS OJHUM, SIK
MPaBUIO, OUIBII «IIBHIKAM» MapIIpyTHUM T3 BHMYIIEHHX OOroHiB a00 BHIIEPEIKEHb IHIIOIO
«TmoBiIbHOTO» MapupyTHoro T3. B3aeMHi 00roHH MapmIpyTHOTO TPaHCHOPTY CTBOPIOIOTH MPOOJIEMH IS
PYXY TPaHCIOPTHOTO MOTOKY, MOB'S3aHI 3 BUi3laM¥ MapiIpyTHOTO TPAHCIIOPTY 3 MPaBoi Ha 1HII CMYTH JJIst
pyxy. Taki MaHEeBpH B yMOBaxX iHTEHCUBHOTO PyXy 3HIXKYIOTh HIBHJIKICTh PyXy IOIyTHOTO TPAHCIIOPTY.

2-pil THI: KOHQUIIKTH HA 3yNMHOYHMX NIyHKTaX. s HbOro THIY XapakTepHE YTBOPEHHS 4epr
TPaHCHOPTHHUX 3ac00iB, L0 YEKAIN BUIbHE MicLie Ul MMOCAIKU-BHUCAJKH MACAKUPIB 3 PI3HUX MapILIPYTiB,
KOJIM IHTEHCUBHICTB X pyXy MepeBHUIIye MponyckHy 3aatHicTs 31 i X oqHOYacHOTO 00CITyroByBaHHS. Y
TAaKUX BHUIMAJKaX BiJ3HAYAIOTHCS BHUIMAAKH IOCAIKU-BHCAIAKU HACAXHUPIB 3 MOPYLIICHHAM BCTAaHOBJICHUX
BHUMOT, TOOTO — Ha IPODKKINM YyacThHI, a00 10 UM Mic/s 3a13HOT KHUILIEHI.

BignoBigHo eeKT CHHXPOHHOTO MPHOYTTS TPAHCIOPTHHX 3ac00iB 3 PI3HUX MAapLIPYTiB HA OAHI 1 Ti
K 3YNMHOYHI MYHKTH 3aBXAW PO3LIHIOETHCS SIK HETaTMBHE SBUIIE, OCKUIBKHM yTBOpeHHs uepr Oims 3I1
CTBOPIOE TEPEUIKO/IH JIJISl BUIBHOTO PYXY IHIIMX TPAHCIIOPTHHUX 3aCO0IB MO IUISHII JOPOTH, IPU3BOIUTH JI0
301IBLICHHS Yacy peiicy 3a MapLIpyTOM, IO 3HWKEHHS PErYJSIPHOCTI pyXy, IO 3aTOpiB Ha epeTHHaxX JOpir,
JI0 BTpaT poOOYOro 4acy BOJIiB, 3HIKEHHS CEPEelHIX IIBUAKOCTEH PyXy MAca’KUPChKOTO TPAHCHOPTY IO
MapuIpyTy, IPOBOKYE IHIIMX BOAIIB MapIIpyTHOTO TPAHCIIOPTY 10 3iHICHEHHS MMOCAAKU-BUCAJIKY TTACAKHUPIB
Mo3a 3yNMHOYHUM MaiJJaHYMKOM, TIEpPEIIKODKAe pyXy MIIIOXOJiB Ha 3eJICHWH CHUTHaJ cBiTiodopa i Ao
IHIIUX HETaTUBHUX HACHIIKIB.

Ha croroguimmii aenp y Jlynbky HapaxoByerbcs 477 3yNMWHOYHMX NYHKTiIB, 3 HuUX 330 —
00CITyTOBYIOThCS TiNBbKH aBTOOycamu. Jns mociimkenas Oymo BuOpano S5 3I1, siki BBaXKAarOThCS HAWOLIBIT
3aBaHTaXeHUMH. J[7s TOro, MO0 OTpPUMATH JaHi 3 BHCOKMM 3HA4YCHHSM MMacaKUPOOOMiHY OOCTEKCHHS
3YNUHOYHUX ITyHKTiB IPOBOJMIIOCH Y «TOAMHHU MIiK».

B xoxi mpoBenernx obcrexxenp 311 wacTo Bia3Hauanwcs HACTYIHI BUIAAKH: MO-TIEpIIe, KO BOIT
MapUIpyTHUX aBTOOYCIB MPH BiJICYTHOCTI BUTBHOTO MICIISl HA 3yMHUHII HE OYIKYBalM CBOEI Yepru B MPaBOMY
psay, a 3AIMCHIOBAM TOCAIKY-BHCAJIKy MAacaXHpiB 3 JIPyroro psay; MO-Apyre, HAaBMHCHO CIUHSUTUCH Y
IpYroMy psay Ul OYiKyBaHHS BITBHOTO Micld Ha 3yMHHOYHOMY IIYHKTi, THM CaMHM CTBOPIOIOYH
NEPEHIKOAY A PyXy IOIMYTHOTO TPAHCIOPTY IO APYroMy psdy; MO-TPETe, MOIJIM B3araji HpOIyCKaTH
(mpoixmkatn 6e3 3yNHHKH) MEPENOBHEHUH 3YMUHOYHUI MYHKT, SKIIO HIXTO 3 MAcaKUpiB HA HHOMY He
BUXO/UB.

[IpoBeneni xponomerpaxkHi obctexkenHss poootu MIIT B Jlynpky mokasanu, mo mpH pyci OZHOTO
TPaHCHOPTHOTO 3aco0y 3a MapUIPyTOM 3arajbHi BTPaTH 4yacy Ha OUYiKyBaHHS B 4ep3i mepel 3yNMMHOYHUMHU
MYHKTaMH 32 OJWH pelc Mo BCii MPOTSHKHOCTI MaplIpyTy B TOJMHY-IIK HocAraioTh S5 xB. Lleil mapametp
MOJKE 3aJIeKaTH BiJ MPOTSHKHOCTI MapuIpyTy, KUTBKOCTI 3yNMMHOYHUX IYHKTIB Ha MapuipyTi, HasBHOCTI
CYMIIIEHUX IUISHOK, Mepiofy 4acy pyxy («roguHa-mik» abo MIXIIKOBUH Mepiof), THS THXKHS, CE30HY POKY
Ta 1HIIUX QaKTOPiB.

Y Tabn.l HaBemeHi pe3ynbTaTH OIIHKKA CEPeJHIX BTpaT dYacy TIPOMAJCHKOTO TpPAaHCIOPTY Ha
OYiKyBaHHS 00CIyrOBYBaHHs II€pe IIyHKTaMH 3YIIHMHOK.

Tabmuus 1. — CepenHi 3HaueHHsS BTpAT 4acy TPOMaJCbKOTO TPAHCHOPTY Y 3B'SI3KY 3 OUIKyBaHHSIM
00CIIyrOBYBaHHs epe]l MyHKTaMH 3yNUHOK, aBT.-ToJ / 100y
KinbxicTs Cepenni  BTpatu 1 | KinbkicTb 3arayipHi BTpaTH TPAaHCHOPTHHUX
Maca>kKUPCHKOTO TPaHCHOPTHOTO  3aco0y | peiciB 3a IeHb | 3ac0o0iB [0 MapIIPYTHIN Mepexi,
TPaHCTIOPTY 3a | pelic, ron aBT.-roJ / 100y.
200  aBrtoOyciB 0,025 4980 74,8

3aTpuMKH MapipyTHOTo TpaHcnopTy nepes 311 aHanorivHo MpU3BOAATH A0 BTPAT Yacy MacaKUpiB y
3B'SI3KY 13 301IBIICHHSIM CEPEeIHBOI TPUBAIOCTI 1X MOI3IKH, KA PO3PAXOBYETHCS SK BITHOIICHHS CEPEIHBOT
JabHOCTI MOi3IKK 10 BETMYMHU CEPEIHBOI IBUAKOCTI PyXy TPAHCIIOPTHOTO 3aC00Y.

Cepenne 3HaueHHs BTpaT 4Yacy NAacaXHWpiB y 3BSI3KY i3 30UIbIICHHSM TPUBAJIOCTI TOI3AKH
PO3PaXOBYETHCS K TOOYTOK CEpeAHBOI TPUBAJIOCTI MOI3AKHM MAacaKMpa Ha BEIMYMHY YAaCTKH 3aTPUMOK B
3arajipHii TPUBAIOCTI TOI3JIKM, sIKA PO3PAXOBYETHCS Yepe3 BIJHOIICHHS BEIMYMHU CEpeNHIX BTpaT
TPaHCHOPTHOTO 3aco0y Ha OYIKYBaHHS 3a OAMH PEHC [0 BEIMYMHHM CEPeAHbOI TpHUBaJoCTi peiicy [2].
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Pe3ymbrat po3paxyHKIB BTpaT 4acy IAca)XUpiB B 3B’SI3Ky 3 OYIKYBaHHSAM TPAHCIIOPTHUMH 3aco0amMu
00CITyroByBaHHS Ha 3yMUHOYHUX IYHKTAaX HaBEACHI B TAOIHUII 2.

Tabmuis 2. — Cepeani 3HaYCHHS BTPAT 4Yacy IPOMAZCHKOr0 TPaHCIOPTY 1 MacaKUpiB y 3B'SI3KY 3
O4iKYBaHHSIM O0OCIIyTOBYBaHHS Nepe]] MyHKTaMU 3yIMHOK 11 M.JIy1ibKka, aBT.-roj / 100y. i mac.-rox / 100y

Cepenni Cepenns Cepenns| Cepenni 3aranpui
Pl .. | Yactka pell Cepenns pea ped O06’em me- | BTpaTH ma-
Brparn | CepenHiii TATBHICTh . | TpuBamict| BTpatH 1 .
. BTpar B . IIBUJIKICTB N PEBE3CHB 0| CAXHPIB MO
1 T3 3a |gac peiicy, X TIO13]TKH o . MOT3IIKY | TTaca)xupa . oy
9 qaci pyxy, B peiici, N Mepexi, | MapHmpyTHii
1 peiic, TOJI. o nacaxwpa, nacaxupa| 3a 1 moizn- .
o % iy KM/TOJI. o V. T0 mac. Mepexi,
& A ¥, oM nac.-roji/no0y.
0,015 0,53 2,8 4,9 23,5 0,21 0,0059 74641 443.6

Pesynpratu npoBeeHUX 00CTEKEHb ITOKa3yIOTh, 110 3aTPUMKH aCAXKUPCHKUX TPAHCIIOPTHUX 3aC001B
Ha 3yMUHOYHUX MYHKTaX NPU3BOIATH 10 CYTTEBUX BTPAT Pi3HOTO XapakTepy.

3a maHWMH TPOBEINCHUX MTOCHIKEHL (Tabn. 1) BTpatm dacy, IMmOB’s3aHi
IIyHKTaMH 3yIIMHOK CKJIaJa0Th:

- BTPaTH OJHOTO MACaKUPCHKOTO TPAHCIIOPTHOTO 3aco0y mpu podoTi Ha MapmpyTi On, 3a OAHY
MOi3/IKY CKJIaJal0Th OJIN3bKO O/HIET XBUIIMHHM, 33 OAMH JIE€Hb ONM3bKO 25 XBUJIHH, 32 PiK OJU3bKO 65 roauH;

- BTpaTH OJHOTO IMacaXhpa Ha 30UTBIIEHHS TPUBAJIOCTI MOI3IKH Onac 3a OMHY TOI3AKY CKIANAOTH
O0mu3pK0 | XB., 32 piK CTAHOBJIATH OMM3BKO 6 TOAMH (PO3PAaXOBYETHCS HIISIXOM H00YTKY BEJIMYMHU BTPAT 3a
OHY TOI3IIKY Ha KiJIBKICTh ITepeCyBaHb OJJHOTO Macakupa 3a pik — 6ym3pKko S00 moiznok).

3a maHuMu YTpaBiiHHS TpaHCIOPTY Ta 3B°s3Ky M. Jlympka B Mmicti mpamioe 200 MapmipyTHHX
aBTOOYyCiB 1 42 TponeiOycu, To0TO 242 OAMHUIB, a Y BHYTPIIIHBO MICBKOMY CHOTYy4eHHI nepeBo3utbes 80,5
MJIH. TacakupiB Ha pik [11].

ToOto, BiAmOBiAHO, TiMBKM MO MicTi JIynbKy 3arajgbpHi BUpOOHHMYI BTpaTH dHacy y 3B'S3KY 3
KOH(JIIKTaMH Ha 3yNMHOYHHX IyHKTaX 3a PiK B CEPEAHBOMY CKIIaIyTh:

- BTpaTH TPAHCIIOPTHUX 3aCO0IB HA OYiKYBaHHS:

TKip = Orp - Arp =65 - 242 = 15730 (aBT.-TOJ / PIK);

- BTPaTH MacaKupiB Ha 301IbLICHHS TPUBAJIOCTI MOI3A0K:

TKhac = Onac * Qnac = 6 + 80,5 = 483 (MH. mac.-roj / pix).

Hmwxye HaBeneHi y3araabHEHI JaHi PO BTPATH B 3B'SI3KY OUIKYBaHHSIMH TPAHCIIOPTY Ha 3YNMUHKAX B
JIyusky:

1) ogHOTO Maca)kupa i MapLUIPyTHOTO TPAHCIIOPTHOTO 3ac00y 3a MOI3AKY/ peic:

- oHOTO Macaxupa — 1 xB. / moizaky (B mianasoni Bix 0 qo 120 c);

- OJIHOT'O TPAHCIIOPTHOTO 3aco0y — 67 cek / peic (B aiamazoni Big 0 go 300 c);

2) 0JJHOTO Macakupa i MapUIPyTHOTO TPAHCIIOPTHOT'O 3ac00y 3a PiK:

- OJTHOTO Tacaxkupa — 3 mac.-rof / pik;

- OJTHOT'O TPAHCIIOPTHOTO 3aco0y — 50 aBT.-rox / pik;

3) BCiX macakupiB i MapIIPyTHUX TPAHCHOPTHUX 3aC00iB MiCTa 3a PiK:

- Bcix macaxupis — 0,483 miH. ac.-rox / pik;

- BCIX TPaHCIOPTHHX 3aco0iB — 15,73 Tuc. aBT.-rox / pik.

OTtpumaHi 3Ha4CHHS 3arajbHUX BTPAT yacy TUIBKHM B OZHOMY MicTi JIylbKy CBiI4aTh Npo Ba)KIMBICTh
JMaHoi MpoOJeMH Ui  OJKUTENIB MicTa IiJ dYac 3AIHCHEHHS BHYTPIIIHIX IEpPEMIIleHb 1, BiJMOBIIHO,
aKTyaJbHOCTI JIOCII/PKEHHSI TPAHCITIOPTHOT CUCTEMH MiCTa B 30H1 3yTMHOYHHUX TYHKTIB.

BUCHOBKHU

Benuka iHTCHCHBHICTH pyXy Ha MICBKHX IOpOTax TP SBISE BHCOKI BHMOTH JIO TIapaMeTpiB
CJIEMEHTIB JOPOXKHBOI IHQPACTPYKTYPH, SAKI Oy pO3pOOJICHI 16 B MUHYJIOMY CTOJITTI. Pe3ynpTaToM mporo
CTaJIO0 3HIWKEHHS €(eKTHBHOCTI (DYHKIIOHYBaHHS 3yMMMHOYHUX MYHKTIB TPOMAJCHKOrO TPAHCHOPTY: MOSIBa
Yepr Ha 3YMUHKaX, BHCAJKa Ta MOCagKa MAacaXUpiB y Ipyromy i TpeTbomy psiay, mpoizn aBToOyciB 0e3
3YNMUHKH, 30UTBIIEHHS KUTBKOCTI JOPOKHBO-TpaHCTIOpTHUX mpurof B 3oHax 3l tomo. Bce me crBopioe
koHQuIikTHI curyanii Ha 3[1. BrpaTn yacy maca>KupiB Ta MapHIpyTHHX TPaHCIIOPTHUX 3acO0IB Yy 3B'3KY 3
KOH(IIIKTaMH Ha 3yMMMHOYHUX MYHKTaX MPHU3BOAMUTH 10 CYTTEBUX BHPOOHMYMX BTPAT SK TPAHCHOPTHHKIB,
Tak 1 caMux macaxupiB. Tomy BupilneHHs npobinemu KoHGMKTHUX cutyamid Ha 31 € akTyanbHUM, i

3 OYIKYBaHHSIMH TIEpET
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3a0e3neunTh BHUKIIOYCHHS NOMIOHWX TOPYIICHb, IIIBUIIUTE SKICTh TPAHCIIOPTHOTO OOCITyTrOBYBaHHS
MacaXupiB 1 6€3MeKy pyxy.
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L. Pavlova, V. Grabovets, O. Dubytskyi, V. Onyshchuk. Analysis of road transport work in the zone

of stopping point.
The importance of urban public transport in the implementation of massive urban displacements of
citizens is considered, the state and quality of work is reflected in the level of comfortable living conditions
of people in settlements throughout the country. The analysis of the factors influencing the indicators of
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urban passenger transport, in particular, in the zones of stopping points, which are an important element of
the transport infrastructure, is carried out. The complex study of stopping points of public transport of Lutsk
city of Volyn region was conducted. The research revealed factors influencing the throughput of stopping
points, as well as cases of violations of the safety of vehicles, which are allowed by private carriers. The
main categories and some indicators describing the stopping point are given. The types of conflict situations
that arise in the zones of the stopping point are considered. After observing the most loaded stopping points
in Lutsk, the causes of these conflict situations in these places were determined, and the consequences of
conflict creation were investigated. The results of calculations of average losses of public transport time and
passengers in connection with expectations of service and at landing-landing of passengers from different
routes are given. Loss of time for passengers and route vehicles due to conflicts at stopping points leads to
significant production losses for both transporters and passengers themselves. Therefore, the solution of the
problem of conflict situations at the stopping points is urgent and will ensure the elimination of such
violations, improve the quality of passenger transport and traffic safety.

Keywords: public transport, route transportation, stopping point, throughput of stopping points,
conflict situation, loss of time.
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2 Jlyyvkutl Hayionansnuti mexuiunuil ynisepcumen

J10 TIOPIBHSLJILHOI OLITHKH! TPUITAHKOBUX ITACAXKUPCBKUX MOI3/11B
3A CTIMKICTIO PYXYVY

BukonaHO MOpIBHSHHS TPWJIAHKOBHX METPOOYCIB Pi3HMX KOMIIOHYBAJIbHHX CXEM 3a ITOKa3HHUKAMH CTIiIKOCTI
pyxy. IToka3aHo, 110 3a BEIMYMHOI KPUTHYHOI LIBUIKOCTI PyXy HepeBary CiiJ BilaTH TPHIAHKOBOMY METpoOycy,
BHUKOHaHOMY 32 HaIliBIPHUYINTHOIO CXeMOI0. BU3Ha4eHi NUISXY MiJABUIIEHHS KPUTHYHOI MIBUIKOCTI pyXy MeTpoOyca,
BHKOHAHOTO 3a MPHYIMHOI CXeMO. BCTaHOBIEHO, 10 HA IiJBHINEHHS MOMEPEYyHOI TOPU3OHTANBHOI CTIHKOCTI
MeTpoOyca TMO3UTHBHO IO3HAYAEThCSA 3MEHIICHHS THUCKY IMOBITPS B IIMHAX HEpeIHbOi Oci i 30LIbIIEHHS B IIMHAX
3aIHBOI OCI IepmIoro mpuyena (HamiBIpUYera), 3CyB LEHTpa Mac NMPUYIMHMX JIAHOK JO0 MepeIHbOi OcCi, 301LIbIIeHHS
Koe(ilieHTiB omopy OIiYHOMY BiJBEJEHHIO IIMH KOJIC Jpyroi oci mpudena (HamiBIpuderna), 30UIBIOIEHHS Mach
aBTOOYycCa 1 ImepmIoro npuyena Tomo. Brums iHmmx nmapamerpi abo He3HaYHUIL, a00 30BCIM BiJICYTHIH.

KunrodoBi cioBa: mMerpoOyc, aBToOyc, MpHiN, HAMIBIPUYIN, PIBHIHHS PyXYy, CTIMKICTb, IIBHIKICTH, KyTH
CKJIa/IaHHS, YIIPABIIIHHSL.

BCTYII

Besmeuni cuctemMu TrpoMajCbKOrO TPAHCIOPTY BCE OiNbIIE PO3TISAAIOTHCS SK BaXKJIMBUHA 3aci0
0e3MeYHoro MiABUIICHHS MOOITBHOCTI HaceleHHS, 0cOOIMBO B MICBKMX padOHaX, sIKi CTpaXIaroTh Bif
3pOCTAIOYUX TPAHCIOPTHUX 3aTOPiB. Y 0ararbox MicTax 3 BHCOKHMH JOXOAAMH OCOOJIMBO aKIICHTYETHCS
TIOJTITHKA CKOPOUYCHHST BUKOPHUCTAHHS 0COOHMCTOT0 aBTOMOOITFHOTO TPAHCIIOPTY 3a JOITIOMOTOI0 1HBECTHITIH B
PO3BHTOK MEpEeXK TPOMAACHKOr0 TpaHcnoptry. [uBecTumii B Oe3meyHMid TIpOMAiCHKHI  TPaHCIOPT
PO3TIANAIOTBECSA TAKOX SK MEXaHi3M, L0 CTHMYJIOE 3pOCTaHHs (I3UYHOI aKTUBHOCTI 1, OTXKeE, CIIpHsE
3MIITHEHHIO 3/I0POB'S HACCTICHHS

MeTtpoOyc abo HOBa cucteMa aBToOycHoro pyxy "llIBuakicauit aBToOycHuit Tpancmopt" (Bus Rapid
Transport, BRT) € pe3ynpTaroM po3BHTKY Mepeki aBTOOYCHOTO CYCHUIBHOIO TpaHCTIOPTY. B mopiBHSHHI 3
METpO Il MPOEKT BOJIOJIIE SBHUMH IIepeBaraMi: MCEHINIA BAapTICTh CTBOPEHHS MEpEeXi, MEHINAa BapTiCTh
PYXOMOTO CKJIaay, MOOLTBHICTE Ta iH. [1].

Cucrema BRT mae psin Hezanepeunux nepesar [2]

- BUCOKA TTACaXMPOMICTKICTD 1 e(DeKTHUBHI TIATIKHI CHCTEMH 3a0e31edyIoTh HeJOPOTHI TTPOi3;

- BHMCOKa IIBUAKICTb II€pECyBaHHS [JO3BOJIAE METPOOYyCy MEpeBO3UTH Baromy 4acTKy
MacCaXUPOMOTOKY, IO CIpHA€ 3MEHIICHHIO KITBKOCTI aBTOMOOUIIB Ha Joporax Micra i, BiAIMOBiTHO,
3MEHILIEHHIO BUKHIB BiANpalbOBaHHUX ra3is;

- po3iupena indopmaliiiina cucreMa iHGOPMy€E MmacaxupiB PO PO3KJIaa MapLIPYTiB.

3pyuHicTh, Oe3leKa i MoKpallyBaHa OpraHizalis JOPOKHBOTO PyXy — 1€ JaJIEKO HE BCe, IO 3MOXKeE
JaTh TMacaKupaM CUCTEMa IIBUAKICHOTO aBTOOYCHOTO TpaHCHOpPTY. Y Wil cucTeMi MacaXXUpChbKi
IIBHJIKICHI aBTOOYCH TepecyBarOThCS 110 CIIEIiallbHO BUIIIICHUX cMyTax. BoHH BijTOKpeMIIeHI Bijl MPOTKKOT
YacTUHH 1 0OJaJHaHi 3aKPUTUMH TACKUPCHKMMHU CTaHIISIMU 3 TUIATPOPMaMU Ha OJHOMY piBHI 1
MiA3€MHUMH MIEPEX0IaMH.

OTxe, ocHoBHIMU TiepeBaramu BRTcucTeM € MOpiBHSIHO HEBEJIMKA BapTICTh OYAIBHUIITBA, IIBUAKICTD
OymiBHUIITBA JIiHII, HEBENMKA BapTICTh aBTOOYCIB, MOXJIMBICTh T'HYYKO 3MIiHIOBATH MAacaXKHPOIOTIK 3a
PaxyHOK i1HTEHCHBHOCTI PyXy, MOMJIMBICTh YAacTKOBO BHKOpHUCTOByBaTH JiHil0o BRT pans inmoro
CHELTPaHCIOPTy. Moke BHKOPUCTOBYBAaTH SIK OKpPEMi IOJOCH, TaK 1 YacTKOBO PYXaTHCh MO iCHYIOUHX
noporax. [Ipu BiJokpeMJIEHHUX MOJOCaX MOXE PO3BHBATH BEJHMKY HIBHIKICTH y MicTi. Moxe MaTH pi3Hi
MapuipyTd Ha OAHIA JiHii, Ha BiAMIHYy BiI METPOIOJNITEHY. 3MEHIIyE BHKOPHCTaHHS MPHUBATHOTO
ABTOTPAHCIIOPTY, TMOJIMIIyE TPAHCIOPTY CHUTYyaIlil0 Ta Ja€ MOMJIHBICTh IOBHICTIO BiJIMOBUTHCH BiJ
HEBEIIMKUX MapIIpyTHUX aBToOyciB y wmicrtax [2]. Lli mepeBaru mNposBISIOTBCS, TMEpII 3a Bce, HPHU
MaKCUMaJIbHOMY BHKOPHCTAaHHI MACaKUPOMICTKOCTI MeTpoOyciB, TOOTO MPH 3aCTOCYBaHHI TPUIAHKOBHX
MeTpoOyciB, puc.l.
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Pucynok 1 — TpunankoBuii MmeTpoOyc

AHAJII3 JTITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMHA

[Ipu mpoekTyBaHHI METpOOYCIB, BPaXOBYHOYM MOJIIMBICTh X CTBOPEHHS 3 PI3HUMH NPHUUITHAMHU
MOJIYJISIMH, IPOOJIEMATUYHUM € TIPOTHO3YBAaHHS KEPOBAHOCTI 1 cTilikocTi pyxy Takux AT3.

XapakTepUCTHKH  CTIMKOCTI Ta  KEpOBAaHOCTi, SK BIiOMO, BH3HAYAIOThCS  KOMOIHAI€l0
eKCIUTyaTalliifHuX, MacOBO-TEOMETPUYHUX 1 KOHCTPYKTUBHHX TapamerpiB moayniB AT3. V szaramsHomy
BUTIQJIKY Oa’kaHl CHONYyYEHHsI BKa3aHUX MMapaMeTpiB 3 TOYKU 30pY CTIMKOCTI Ta KEPOBAHOCTI HAaBITh IS
OJHOTO 1 TOrO * TPAHCIOPTHOro 3aco0y B Aiana3oHi €KCIUTyaTaliiHUX HAaBaHTAXKEHb 1 MIBUAKOCTEH PyXy
OyBaroTh pisHUMH. SIK, HACIIJOK, € CKJIQJHICTh OTPUMAaHHS Ha paHHIX cTalisx crtBopeHHs AT3 To4HMX
KOHCTPYKTHBHHX NapaMeTPIB 1 KUTbKICHUX IMOKA3HUKIB 32 KPUTEPIsIMU CTIHKOCTI Ta KEpOBaHOCTI pyxy [3].

IIpn posrnsai muTaHe CTIHKOCTI pyxy TpuiaankoBuX AT3 BoHa po3rmsmaeTsCst I ABOX CXEM
KepyBaHHs — pPO3IMKHYTOI i 3amkHyTOi. [IpM pO3IMKHYTiIH cXemi KepyBaHHS OI[IHIOETHCS MOTEHIIHHA
CTIHKICTh pyXxy camoro AT3, nmpu 3aMKHYTil — CTIHKICTB pyXy cuctemu Bomiii —AT3 [3].

VY BizoMHX Ha-ChOrofHI pPoOOTax MUTAHHA  KEPOBAHOCTI 1 CTIHKOCTI PO3IIIANAIOTHCS B JIBOX
acriekrax [3]:

1. JlocmipkeHHsS 3 ypaxyBaHHSM XapaKTEPUCTHK BCIX EJIEMEHTIB CHUCTEMH "BOJIiH-aBTOMOOIIb-
Jopora", o po3rIIAAa€ThCS K 3aMKHEHA CHCTeMa aBTOMAaTHYHOT'O YIIPABIiHHSA .

2. JlocmimkeHHsT BIAcHOI CTIHKOCTI 1 KE€pOBaHOCTI aBTOMOOLIS (aBTOMOI3/1a), 32 SKOTO BIUIMB BOJis
BUKJTIOYAETHCS.

VY mepwiiii rpymi poOiT yacrTimie 3a Bce PO3MNISAAEThc MpobiieMa 3araioM, TOOTO TOCHIKYETHCS
BiJIpa3y 1 KEPOBAHICTH 1 CTIKKICTh Y i CKIaJHIA CHCTEMi OTpUMaHHS, epepoOKkH 1 mepenadi iHpopmarii,
(hopMyBaHHs KEPYIOYMX BIUIMBIB, CHPSIMOBAaHUX Ha 3MCHIICHHS BIIXWICHb SK aBTOMOOUIA-TAraya, Tak i
NPUYIMHUX JaHOK Bij OakaHoro mpouecy. [Ipu 1bOMy MOHATTAM KEPOBAHOCTI 1 CTIHKOCTI JOAA€THCS
3HAYCHHS, M0 3aCTOCOBYETHCS B TEOPil aBTOMATHYHOTO ympaBmiHHs. [Ipm TakoMy BUBYEHI KepOBaHICTh
posriamae Ti abo iHINI XapaKTEPUCTHKH MEPEXiTHHUX MPOIECiB MPH HAUTPOCTIMINX THUIIOBUX KEPYHOUHUX
BrunBax [3]. CTiliKicTh XapaKkTepu3ye MOBEAIHKY CHCTEMHU Y MEPEXiTHOMY PEXHMI 1 BiJTHOCHTHCS MepeayciMm
IO BIACHUX PYXiB CHCTEMH, IO MOPOKYIOTHCS IMOYATKOBUMH YMOBaMH (30ypeHHSIMH) 1 BHYTPIMIHIMYA 11
BIIACTHBOCTSIMH, ajieé He 30BHIMIHIMH BIuiBaMH. CTIHKICTh PO3TISAAETECS CTOCOBHO JI0 OYAB-SIKOTO
MPOIIECy, SIK KEPOBAHOMY, TaK 1 HEKepoBaHOMY [3].

VY apyriii rpyni poOIiT aBTOMOOUIL PO3TISAAE€THCS 130JbOBAHO K 00'€KT PETyJIIOBaHHS, a CTIHKICTh
pyxy cucremu Bofiii — AT3 BH3HAYae€ThCS CTIMKICTIO aBTOTPAHCIIOPTHOTO 3aco0y 1 IMCHXOQi3MIHIMH
MOJKITMBOCTSIMH BOJIisl, @ TAKOXK PIBHEM 1 XapaKTepOM AiF0UnX 30ypeHb. SIk moka3aiu BUKOHAHI pO3paxyHKH
s pisHuX BuniB AT3, HasBHICTH 3aMKHYTOI CXEMH KEPYBaHHS O3BOJISIE MiABHINUTH IXHIO KPUTHYHY
MIBUAKICTH pyXy B 1,5-2 pa3u i 301IBIIATH YHCIIO JTAHOK, CTIHKICTh SKMX MOXe OyTH 3a0e3nedeHa [3].

TakuMm arHOM, AKIIO 3a0e3medyeThes cTikicTh pyxy AT3, To crifikicTs pyxy cuctemu Bofii — AT3
TaKOK 3a0e3Meuy€eThCs, MPUIOMY 3 BETUKUM 3ariacoM. ToMy AOCHTB PO3TISIHYTH PyX IPU KepyBaHHI 3a
PO3IMKHYTOIO CXEMOI0, TOOTO MOTEHIIHHY CTiliKicTh camoro AT3.

MAacaKUPCHKUX, NMUTAHHA BHOOPY MNPUUYINHMX JTAHOK € AKTyalbHHUM i BOHO AaKTHBHO OOTOBOPIOETHCS B
Jitepatypi. PO3pi3HsAIOTH ABi OCHOBHI CXeMH 0araTOJIaHKOBHX aBTOIOI3MIB — MPHUYINHA 1 HAMIBOpHYIinHA., Y
NPUYINHIA cXeMi KOKHa JIaHKa OMMPAETHCSA Ha CBOI OCi, y HANMIBOPHUUIINHIN — SIK Ha CBOi OCi, TaKk i Ha BiCh
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HaHOUIbII e(pEKTUBHOI € CXeMa 3 YycCiMa KEepOBaHMMH KoOJIeCaMHM NPUYINHHUX JaHOK. BoHa Moxke
OnHak Taka cxema Jayke CKIagHa Y KOHCTPYKTHBHOMY BUKOHAHHI 1 MOPOIKye Oe3id mpobiieM, MoB'sI3aHux
3 TIPOCKTYBAHHSM 1 EKCIUTyaTalli€l0 TAKUX TPAHCIIOPTHUX 3aC001B, cepell XapaKTePUCTUK SIKUX BUALISIIOTHCS
CKJIQIHICTh PyXY 3aJIHIM XOJIOM, BIFICYBAHICTh ¥ TIOBOPOT 1 CTIHKICThH MPSIMOJIIHIAHOTO pyXy [4].

Teopernuni 3acagm aHamizy 0a3ylOThCS HA OCHOBI MaTeMaTHIHUX MOJEICH MPsSMONiHIHHOTO Ta
KEpOBAHOTO pPyXiB aBTOMOOINIS 1 aBTOMoOi3/a, IO Po3poOJCHI Ui aBTOMOOLIIB, JBOX- Ta TPHIAHKOBHX
aBronoi3aiB [5-8]. IIpoTe iX 3acTOCYBaHHS ISl TPUIAHKOBUX METPOOYCIB € MPOOJIEMATUYHHM Y 3B’S3KY 3
PI3HHMH KOMIIOHYBaJbHUMH CXEMaMH aBTOIOI3[iB 1 METPOOYCiB, PI3HMMH HABaHTAKCHHSIMH Ha OKpeMi
JIAHKH, PI3HUMH CUCTEMaMHM YIIPaBIiHHA TOIIO. 3BiICM BUHHUKAE MpolieMa MPOrHO3yBaHHS MaHEBPEHOCTI i
CTIMKOCTI pyXy TPWJIAHKOBHX METPOOYCIB MpH IX PYCi 5K y 3araJlLHOMy TPaHCIOPTHOMY IOTOLU, TaK i IO
CHELiATEHO BUIIJICHUM CMYyTaM pyXy.

HIJIb TA 3AJAYI JOCIILIKEHHA

I3 ananizy mitepaTypHUX IpKepen i mpoOneMaTHKH JOCHiIKCHHS METOI0 pPo0O0TH € IOKpallaHHS
CTIHKOCTI PyXy TPUJIAHKOBHX METPOOYCIB NIIIXOM BHOOPY pallioHAIBHOI KOMIIOHYBAJIBHOI CXEMH Ta
KOHCTPYKTHUBHUX IMapaMeTpiB HOTO MPHUUIITHUAX JIAHOK.

BianoBigHO 10 METH 3aaa4i JOCIIIHKEHHS BU3HAUYEH] B TAKUH CIIOC1O:

- po3poOHUTH MaTEeMaTHIHY MOJETh HEYCTaJICHOTO KPUBOJIHIHHOTO PYXy TPHIIAHKOBOTO MeTpoOyca
1 Ha 1l OCHOBI TIPOBECTH PO3PAXYHKOBO-TCOPETHUHI JOCIIIHKECHHS Il BU3HAYEHHS 1 TOPIBHSUTBHOI OIIHKH
CTIMKOCTI pyXy MeTpoOyCiB Pi3HUX KOMITOHYBAIBHHUX CXEM 32 OOPAHOI0 CUCTEMOIO OIIHOYHUX MMOKA3HUKIB;

- TpOaHANI3yBaTH BIUIMB KOHCTPYKTHBHHX 1 eKCIUTyaTaliHUX MNapaMeTpiB Ha CTIHKICTb PyXy
METPOOYCIB Pi3HUX KOMIIOHYBaJIbHUX CXEM.

- po3poOuTH peKoMeHAamii MOA0 MPAKTUYHOTO BHUKOPHUCTAHHS Pe3YJbTATiB AOCHIIKEHHS 3 METOIO
i ABHUIIEHHS TOKA3HUKIB CTIHKOCTI pyXy TPMJIAHKOBHX METPOOYCiB Pi3HUX KOMIIOHYBAJIBHUX CXEM.

PE3YJbTATH JOCIIAKEHDb

VY po6oTi [5], B sIKiii po3risianucs MATaHHS MAHEBPEHOCTI TPHJIAHKOBHUX METpOOYyCiB MPHUUIMHOI i
HaMiBOPHUYINTHOI KOMIIOHYBIBHUX CXEM INpHiiManacs MoAyjibHa moOynoBa apromoizma. 3a Iii€i yMOBH
METpOOyC MPEACTABISBCS Y BUTIISAL TPHOX MOAYJIIIB — aBTOOYyCa 1 ABOX MPUUIMTHUX JIAHOK.

Y

4

a) 0)
Pucynok 3 — Po3paxyHkoBa cxema MeTpoOyca:
a) - 32 HaMBIPHUYIMHOIO CXEMOI0, 0) — 32 IPUUIITHOIO CXEMOIO

3a MoIynBHOI MOOYZOBHU aBTONOI3a aBTOOYC MPEACTABISIETHCS Y BUTIISAL OHOTO MOIYJIS — KiCTsIKa
3 MEPEeJHIMU KEPOBAHMMH KOJIECAMH, KyTH MOBOPOTY SKHX @ 1 @, ale Julsd TOAANbIIMX PO3PaXyHKIB

npuiimaemo @' =60,=6, i nBoMa (OAHIEI0) 3aJHIMH HEMOBOPOTHUMH OCsAMH. I[IpuYinHi JNaHKK TaKoxK

MIPEACTABISUIACS y BUTIIANI a00 OMHOTO MOAYJIS — KICTSIKa 3 HEMOBOPOTHUMH Kojecamu (OCSMH) 3a
HaIIBIPUYITHOT KOMIIOHYBAJILHOI CXE€MU, 200 i3 JBOX KIHEMAaTUYHO HE3aJIC)KHHUX €JIEMEHTIB — IIaTQopMu 3
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HETIOBOPOTHOIO 3aTHBOIO BICCIO 1 TOBOPOTHOI OCi 3 AMIIIIIEM, IPHIOMY MK HUMH ICHY€E TIApHIPHUH 3B’ SI30K,
KYTH TTIOBOPOTY AKUX 611 1 O12.

HudepeHuianbHi piBHSIHHS pyXy TPUIAHKOBOTO METpoOyca, 0 CKIaJaeThCs 13 IBOBICHOr0 aBTo0YyCa i
IBOX IpuyemniB (ObII 3arabHUNA BUMAa0K) OyJin OTpuMaHi B poOoTi [5] i 3anucaHi y BUIIISAI:

(m+m, +m,+m,+m, )(V-Ua)+co(m +m,+m,+m,)—[md +m,] +

+(my+m, )L [(&—§,)sing, —(0—¢,) cos ¢, ] —m,d,[(&— @, —§, )sin( ¢, +p,)—
—(O=@—¢,) cos(p,+, )] —(md, +mlL )[( &~ —,)sin( ¢+, ) -
—(0=¢,—¢,) cos(p+, )] ~md,[(O—, —P,— @, )sin( ¢+, +¢,) -

~(Oo=¢ =P, =¢,) cos(p+ o, +,)] =

=—(X,cos0,+Y sinb )+ X,—- X, xcos(6,+9 +¢,)-X,, =Y, xsin(6,+p,+¢,)—
-Y, - X, xcos(6,+¢,+@,)-X,-Y, xsin(6,+¢,+¢,)-Y,;

JUTSL TIOTIEPEYHOI IIBHUKOCTI IIEHTPa Mac

(m+m +m,+m,+m, )(U—-Vo)—co’(m +m,+m, +m,)—[md +m,1 +
+(m3+m4)12[(a')—¢])cos b, +(CO—¢1)2 Sinq)l]_mzdz[(é)_éjl _¢2)COS(¢1 +¢2)+
_(a)_¢1 _(bz)z Sin((01 +¢2)]_(m3d3 +m4l3)[(d)_¢1 _¢3)COS((/71 +§03)+

+(d)_¢1 _¢3)2 Sii’l(@ +¢3)]_m4d4[(@_¢1 _(bs _¢4)COS(¢1 + o, +¢4)+
+(d)_¢1_¢3_¢4)2Sin(¢1+(p3+¢4)]:
=—(X1Sl'l’le—YICOS€)+Yl2—X31XSin(911+¢)1+(/)2)+Y}1XCOS(9“+¢)1+(02)+Y32+
+ X xsin( 0, + @+ @+ @, )+ Y, xcos(0, + o+, + ¢, )+ Y,

- I KyTOBOI MIBUKOCTI TSATa4a

Ia)Jr[a’)c—(U+V(o)]c(ml+mz+n13+m4)+c{[mla’1 +m,l +(m, +m,)l, | x

x[(d=@ )cos g+ (o=@, ) sing, ] +md,[(&—F ~ P, )cos( ¢+ @, ) +(0—@ —@,)

xsin( ¢, +¢,)] +(md, +mlL)[( &~ ~,)cos( ¢, +¢,)+(0=¢ ~¢,) xsin( ¢, +¢,)] +

tmd [(0=, — P, =P, )cos( 9+ 0, +0, )+ (0= =, =0, ) sin( ¢+, +9,)] |=

=H(X cos 0 +Y sin6 )+eX +a(Y cos0—-X sin0)+X,H -Y.,b, —c[X, xsin(60,+¢ +¢,)+
+Y, xcos(0, + +@,)+Y, ] +c[X, xsin(0,+¢ +¢,)+Y, xcos(0,+¢,+¢,)+Y, ]

- JUIS KICTAKA TIEPIIOTO IpUYerna
[1+md’ +ml* +(m,+m, )} ] x(d—§ )+ [md +ml +(m,+m, ), x[(V-Uns+co")x
xsing, +(Vo-U —co’ )xcosp, ] —md,L[(&—§ —p,)cosp, +(w—¢, —¢,) sing, ] -
~Li(md, +ml)[ (0=, ~¢,) cos g, + (0=, ~, ) sing, ] +md, [(&~§ ~ P, ~, )%
xCos(, +,)+ (0=, ~p,~§,)xsin(p, +9,)] |=
=1[X, xsin(0,+¢,)+Y, xcos(0,+@,)+1L,[ X, xsin(6,+¢,+p,)+
+Y, xcos(0,+o,+o, )+ M, -M,+M,;

- JUId KepOBaHOI OCi MepIIoro npuyerna
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[(12+m2d22]x(¢3_a)+¢1)]+(m3d3+m4l3X([(V_Ua)+cw2)XSin(¢1 +¢3)+
+(Vo-U —ca’ )xxcos( @, +@,)] +1,[ (@~ P, )xcos @, +(@d>—p, )xsin,] }+
+Z3m4d4x[_(d)_¢1_¢3_¢4)XCOS (04—(a)—(b1—¢3—(b4)2><sin (04]=
13[X31XSin(912+¢3)+X32 Sl'l’l(03+Y31><COS(912+§D3)+Y32 cos ¢3+M3_M4;

- UIS KICTSIKA IPyroro npuyena

[L+md; +ml ] x($,—d— )+(md, +ml)x[(U~Vo+co)xsin( @, +o,)+
+(Vo+U —ca)xcos( ¢, +¢,)] +1,[~(&—, )cos o, + (@~ ¢, ) sin g, )]) +
+lmd, [~(0~P P~ P, )cos o, —(0—¢ ~p,~ ¢, ) sinp, ] =
=L[X,xsin(0,+@,)+Y, xcos(6,+¢, )+ M,-M,;

- JUIA KEPOBAHOI OCI IPyroro mpudena
(I, +md;)x($,+@,+a+@ )+md, x([(U-Vo+ca)x
XSiI’l(@l + o, +(04)+(V0)+U—Cd))XCOS( O+, +¢4)] _13[(0)_(251 —¢3)COS o, (1)

_(w_¢1 —¢3)2Sin ¢4)])_lz[(d)_¢1)cos(¢3+¢4)_(w_(p1)zsm(¢3+¢4)] =
:(d4 +b4p)[X4l X sin 912 +Ku xcos 012 +Y42]_H4(X41 X cos 012 +X42 _Y:u X sin 612 +M4'

V cuctemi piBHsAHB (1) IpUIHATI Taki MO3HAYEHHS:

m;, [i — Maca 1 ieHTpaJlbHUH MOMEHT 1HEpIIil JAHOK MeTpPoOyca 111010 BEPTHKAIBHOI OCi;

J— KypCOBi KyTH JIJAaHOK MeTpoOyca;

@ — KyTH CKIIQIaHHsI KIHEMAaTUYHO HE3aIeKHHUX JJAHOK MeTpolyca;

Vi, 4; — TIO3TIOBXKHS 1 OOKOBA MPOEKIIii MBUIAKOCTI IIEHTPIB Mac JJAHOK METPoOyca;

@i — KyTOBa IIBUIKICTh JJAHOK METPOOyca MI00 BEPTUKAIBHOI OCi;

Mw=f(¢, ,¢, ) —MOMEHTH OIIOPY IIOBOPOTY JIAHOK METPOOYyCa;

Xij, Yij, Zij — mo3n0BxkHIi, OOKOBI 1 BEpTUKAIILHI peaKIlii OmopHoi MOBEPXHI Ha Kojleca ocei MeTpooyca;

a — BIJICTaHb BiJl IepeIHBOI OCi 10 IEHTpa Mac aBTo0yca;

6 — BIJICTaHb BiJl 33JHBOI OCI JI0 IIEHTpa Mac aBTo0yca;

¢ — BIJICTaHb BiJl IICHTPa Mac aBTO0Yyca A0 TOYKH 3YINKH 3 EPIIUM HaiBIPUICTIOM (IIPHUCIIOM);

6 — BIJICTaHb BiJI IIEHTPA Mac MEPIIOi MPUIIMHOI JaHKKA M0 ii 0cCi (3a HAIBIPUIIHOI CXEMH) 1 IepeaHBOT OCi
(3a MpUYIMTHOT CXeMMU);

612 — BIICTaHb BiJ IIEHTPA MacC TEPIIoi MPUIIHOI JaHKKH 10 ii 3aMHBOI 0Ci (32 MPUYITHOT CXEMU);

¢ — BIAICTaHb BiJ] LIEHTPa MacC MEPIIOI MPUYIMHOI JJAHKH 10 TOUKH 3YIIKU 3 aBTOOYCOM;

€2 — BIJICTaHb BiJl TOYKH 3YiNKH aBTOOyca 3 MEPLIOI0 MPUYIMHOKO JAHKOI 0 HOro oci (3a HamiBIpUYiNHOI
ceMH) 1 1o Horo 3a1HbO1 Oci (3a MPUYINHOI CXEMH);

62 — BIZICTaHb BiJl IIEHTPA Mac APYTOi MPUIIMHOL JIJAHKM J0 WOTOo OcCi (32 HaMBIPHUIITHOT CXeMH) 1 TIepeIHbOT
oci (3a MPUYIMHOT CXeMU);

62— BIJICTaHb BiJ LEHTpa Mac APYroi NPUUIMHOI JIAHKH 110 il 33JHBO1 0Ci (32 MPUYIMHOT CXEMH);

d;— BiJICTaHb BiJl IICHTPA Mac TIEPIIOl IPHUUIITHOT JIJAHKH JI0 TOYKH 3YINKH 3 aBTOOYCOM;

d— BiJICTaHb BiJl IIEHTPA Mac MIEPIIOI IPUUIITHOI JJAHKH JI0 TOYKH 3YIlKH 3 APYTOI0;

ds>— BiJICTaHb BiJl IEHTpa Mac JPyroi NpUYilHOI JIAHKH J0 IICHTPa Mac NepIIoi NPUYITHOI JIAHKH;

ds+— BiZICTaHb BiJ IIEHTPA Mac APYToi MPUIIITHOT JJAHKW 0 TOYKH 3YIiIKH 3 aBTOOYCOM;

st MeTpoOyca, BHKOHAHOTO 3a HAIIBIPUYIITHOIO CXEMO0, ciia mpuiHatd m;=ms=0, [L=1=0,
V1:V3=0, U1:U3=0, X31:X41:0, Y31:Y41:0, 611:912:0.

OTrpumaHa cuUCTeMa PIBHSHB JO3BOJISIE JOCIHIIKYBATH ITOBEIIHKY TPHJIAHKOBOTO aBTOIOI3/a SK Y
CTaIllOHAPHUX, TaK 1 HECTAIIOHAPHUX PyXaX, a TAKOXK BU3HAYATH KPUTUYHY IIBUIAKICTH Vi, aBTOIOI3/1A, SKa
Ma€ JIBa MIIXOMH IO CBOET KUTHKICHOT OINIHKHM [7]: TIepInii 3B's3aHUI C JOCHIHKECHHIM XapaKTePHUCTUIHHIX
piBastHb (1-#f Metonm JlsmyHoBa) um ¢ymkmii JlsmynoBa (2-if mMeronx JldmyHOBa), Ipyruii — 3 BHXOIOM
napameTpiB pyxy 3a mnpuiyctuMmy obnacte. Kpurepili v, 3B'A3y€ KOHCTPYKTHBHI # eKCIUTyaTamiiHi
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rapaMeTpy aBTOMOi37a Ta HOro IMBHUAKICTh 1 JO3BOJSE 3HAUTH il BEPXHIO MEXKY, IEPEBHINCHHS SKOI
TIPUBOJNTH JIO BTPATH CTIHKOCTI PYXY.
Awanitnyni Bupasu i sminaux  U(6,),(60,),9;(6)), WO BIANOBIIAIOTE yCTAICHUM pyXam

(U = 0,0=0,¢, =0,, =0 (i=1,4)), MOXHa OTpUMATH i3 CHCTEMH piBHsHb (1) Ha KOJIOBiH TpaekTOpil
JIOCUTH BEJIMKOTO pajiiyca 3a yMOBH, 1110 V=const [7]:
2

2
(m+m,+m2+m3+m4)a)V:Y,+Y2+ZY2j+ZY4p;
p=1

J=1

3 3
—c(m,+m,+m;+m, )oV =a¥,-bY, —C(ZYZJ. +ZY4P)+M];
J=1 p=I
2 3
[md,+myl, +(m;+m,)l, ] :lleZj +122Y4p +M, =M,
; i=1 p=1 (2)
myd, @V =YY, (d,+b, )+ M,;
j=1

3
(myd;+ml )oV =1,>Y, +M;-M,;
p=I

3
md,V =YY, (d,+b, )+ M;+M,

p=1

V cucremi piBHAHE (2) j, 0 - BIAIOBIIHO KiJBKICTh OCEH MEPIIOTO i Ipyroro mpudyerna.

Posp’s3ati cucremy piBHSHL (2) y 3aralbHOMY BHIJIAII 1 MPOAHANI3YBATH 3aJCKHOCTI BEIMYHUH
0i1uHOi 1 KyTOBOI mBUAKOCTI aBToOyca U 1 @ Ta KyTiB CKIafaHHs MeTpoOyca ¢ BiA KOHCTPYKTUBHHX
rapaMeTpiB aBTOIOI31a HEMOXKJIIHUBO 13-3a CKJIQJHOCTI PO3KPHUTTS BH3HAYHHMKA IIIOCTOTO TMOPSIKY 1
IpOMI3IKOCTI camMuXx BHpasiB. Tomy s OOYHMCIEHHS BHU3HAYHUKIB cHCTEMH (2) HEOOXITHO 3aly4duTH
YHCIIOBI METOIH, HAIIPUKJIa, mporpaMHe 3abesneyenns: Mapple. Toni 3MiHHI, 10 OTpUMaHi 3a IOTIOMOTOI0
nporpamHoro 3abesnedeHHs Mapple, 103BOJNATH BH3HAYUTH BIUIMB Pi3HOMAHITHUX KOHCTPYKTHBHHX 1
eKCIUIyaTalliHUX (aKTOPIiB Ha MOKA3HUKU CTIHKOCTI pyXy aBTOIOI3a.

3a JHIAHOCTI CHJT O1YHOTO BiJIBEACHHS Y, y gyHKuii KyTa BiABeACHHs J; OTPEMAEMO [6]:

U+aw .
Yy =kioy  6,=6, —— (i=1,2)
U o
0, =—0,—+—(c+l,+d,+b, )-¢, —¢, =12
; P )0, - (G=1.2)
U o
54[) :_912 _;—i_;(c-i_lz +l+d4 +b4p )_¢1 -9, -9, (p=1,2), (3)

ne 6, 6, 64, — KyTH TIOBOPOTY KEPYIOUOT0 KOJIICHOTO MOJYJISI, KEPOBAaHOI OCI EPILIOTO i APYroro npuyerna.

3 ypaxyBaHHIM BUPA3iB, 110 BU3HAYAIOTH OIYHI CHUIH 1 KYTH BiJIBEICHHS OCEHl aBTOIO13/1a, PO3B’I3KaMH
CUCTEMHU piBHSHB (3) OyoyTh 3HaYCHHS 3MIHHHUX, IO BiOBiAaI0TH CTAI[IOHAPHUM PEXUMaM, a CaMe:

U > w:l’ = = = 9 ¢ = ) (4)
A A D A ) A ?3 A 47N

151 , 2019, Ne2 (13)

_Au. A Aot B2 Bp3 Ays




© Caxno B.I1., Myposanuii 1.C., [TonsikoB B.M., Micbko €.M. 2019

1€ A - TOTOBHUH BU3HAYHUK CUCTEMHU, Au, Aw, Ap1, Ap2, Ap3, Aps — BABHAUHUKH CUCTEMH I 3HAXOPKEHHS
BIIMOBIAHUX 3MIHHUX.

KopeHi xapakTepuUCTHUHHMX DIBHAHb MOKHA BU3HAUMTU YHCEIBHUMHM METOJAMH. 3ayBaKUMO IIpH
IIEOMY, IO OITUC PYXY aBTOMOi3/a, IO PEAThbHO € HENHIMHNM 00'€KTOM, JTiHIHHUMU PIBHIHHSIMH € 3aMiHOIO
onHi€el 3a7ayi 1HIIOO, 3 SIKMM Ieplia MOKe HE MaTH Hi4OTo CHiIBHOTrO (Yepe3 HeBpaxyBaHHS HEIiHIHHOCTI
BiJIBEJICHHSI 1 YWICHIB BUIIIE NIEPIIOrO MOPAAKY PIBHAHB pyXy) [6].

3BijicM BUHMKA€ HACTyIIHA 3a/iaya: YCTAHOBUTH HEOOXIAHI 1 JOCTaTHI YMOBH CTIMKOCTI 3a MEPIIAM
HabmkeHHAM. BignosigHo 1o Teopemu JIsmyHOBa Ipo CTIHKICTh CTAJIOTO PyXY 3a MEPIIUM HaOIMKEHHSIM
[6], IKIIO BCi KOPEHi XapaKTEPUCTUYHOTO PIBHSHHS CHCTEMH HEPIIOro HaOJIWKEHHS PiBHSHb 30ypeHOro
PYXy MaroTh BiJ’€MHI JifiCHI YacCTHHU, TO HE30ypeHUH pyX € CTIHKUM i MPUTOMY aCUMIITOTUYHO CTIHKUM,
AKUMU O He OyJM 4IeHH BUILUX MOPAIKIB y AMdEpeHiaTbHUX PIBHAHHAX 30ypeHOro pyXy.

YMOBH, 3a SIKHX YCi KOPeHI MalOTh Big’€MHI [JifiCHI 4YacCTHHH, BH3HAYaIOThCs KpuTepiem JIbeHapa-
Munapa [6]: mns Toro mo0O XapaKTEpUCTUYHE PIBHSHHS MaJ0 BCi KOpEHI 3 BiJl’€MHUMH JiHCHHUMH
YaCTHHAMH, HEOOXIIHO 1 JOCTaTHRO, II00:

1) yci xoediieHTH XapaKTepUCTUYHOTO PiBHAHHS OyJIM O3UTUBHI,

2) Oynu MO3UTHUBHMMH TOJIOBHI AiaroHayipHi MiHOpM MaTpuui ['ypBima, mo ckianeHi s AaHOTO
XapaKTepUCTUYHOTO piBHSAHHA. Lli yMOBM BHKOHYIOTBCS Y pasi IOJATHOCTI 3HaMeHHHMKa @ (3), TOOTO
JOJATHOCTI 3HAMEHHMKA T'OJIOBHOTO BU3HAYHUKA CUCTEMH, 1110 Ma€ BUTIIAL

V<V, =pl-a) (5)
SIKII0 IpeCTaBUTH TOJIOBHUNA BU3HAYHHK Y BUTJISAI CYMH JBOX BU3HAYHHKIB
6 5 6 6
e f; =a; =a; (i=1,6]=13456)
HKH_Iszz, TO ﬁlz = m+m1 +m2 +m3 +I’I’l4;
P =—c(my +my +my +my); Bay =mydy; Bsy =mydy +myly; Be =myd,,
2 3 3
ay, =kia=>Y kb —Zkzj(c+ll +dy+by;) - Zk4p(c+l2 +ly+dy +by,);
i=1 j=1 p=1
, 2 5 3 3
Uy =kja” + kb v ky e+l +dy+by )+ ky,(ctly +1+dy +by,);
i=1 j=1 p=1
3 3
a3y =L D kg (el +dy +by )+ 1) D ky,(c+ly +15+dy +Dy,);
j=1 p=1
3 3
Uyp = szj(d2 +bhy e+l +dy +by;); as, =13 Zk4p(c+12 +ly+dy +by,);
j=1 p=1
3
p=1
To 001 y(6) OymyTh BU3HAYATHCS SIK
6 6
_ . — . 7

Po3B’s130k piBHsAHHA (7) 31iHCHEHO 3a IOMOMOroI0 MporpamMHoro 3abesmnedenHs Mapple. Pozpaxynku
BHKOHAHI IS TPWJIAHKOBUX METPOOYCiB, BUKOHAHHUX 3a MPUYIITHOIO 1 HAIIBIPHUIITHOIO CXEMOIO 32 TaKHX
BHXIJHUX JaHUX [BiH]:
a=3,58; b=2,32; bb=0; c=4,71; coi=2,5; L~12;B =1.86; ¢; =0,5 (3a HamiBnpu4inHoi cxemn) i 6;=2,9 (3a
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NpUIInHOL cxeMu); 852 =3,1; ¢;=3,9; ¢,=0,5 (3a HamBOpUIiTHOI ceMH) 1 ¢;=2,9 (3a MPUIINHOI cXeMHu); L;
=6,2; 6, =0,5 (3a HamiBIpUIinmHOI cxeMu) i 8, =2,9 (3a mpudinmHoi cxeMn); 62:=3,1; d>=3,9;
kff — xoedimieHT omopy KoueHHsS Koiic MmerpoOyca; L/ =L, =6,9; ¢;=130000; ¢.=220000;q3:=180000;
q31=110000; q32=130000; q41=110000; q4>=130000;7y1=1780; %2=1500; x3=1500; /1:=30; h2;=30; h3:=30;
o= 0,8; m;=400; J;=16,9; m2=9600; J>=27300; m3=400; J;=16,9; m,=9600; J=27300; f=0; V=0
0=0,35; 6=6=A @), p=p=@:==0,8; V:=0; XI=X2=X3=X31=X32=X4=X41=X42=0.

Jlnist oOpaHuX IS pO3paxyHKy METPOOYCIB KpUTHYHA MIBHJKICTh PyXy CKIlala:

JUTst ipudinHoTro — 26,21 M/c;

Jutst HariBmpuyinHoro — 31,19 m/c.

3Ba)kaloud Ha Te, L0 PyX METPOOYCIB 3MIMCHIOTBHCS IO OKPEMO BHIIJICHMM CMyram 3i HIBHAKICTIO
25...30 m/c, y noganbmoMy Oynio MpoaaHandi30BaHO KOHCTPYKTHUBHHMX IapaMeTpiB aBToOyca i mpUyeriB Ha
BEIMYMHY KPUTHYHOT MIBUIKOCTI PYXY.

Ha puc. 4-5 HaBejeHi pe3ybTaTH PO3PaxyHKIB KPUTUYHOI IIBUAKOCTI pyXy MPHUYIITHOTO aBTOIOi3/1a
(aBTomoizx Nel) i HamiBmpuginHOTO (aBTOMOI3 No2) B 3aI6)KHOCTI Bijl iX KOHCTPYKTHBHHX ITapaMETpiB.

36 36

. 32

32

28

28

KPUTUYHA WBWAKICTb, M/C

24

KPUTUYHA WBMNAKICT pyxy, M/C

24

/

20

20 150 160 170 180 190 200 210 220 230 240 250
120 130 140 150 160 170 180 190 200

ieHT onopy Bi kH/pan

koedilieHT onopy BifBeaeHHs, kH/pap

‘ g Tonoiag No1 mellle==ap 1on0i3a No2

‘—aBTOI'IOTBIZl No el 1016137 No2

a) 0)
Puc. 4. 3anexHicTh KpUTHYHOI IIBUAKOCTI pyXy MeTpoOyca Bia KoedillieHTa Onopy BiABEICHHS
KOJIIC TIEPIITHX OCEH JIAHOK (@) 1 IPYTuX oceit IaHOK (0) MPUIIIMHIX CEKITii

34 36

—~
: ‘\ ) \\ '\'\-\'ﬂ‘l-.*k._.
22 N

20

&

KPUTUYHA WBMAKICTb pyxXy, M/c

—— . o

120 130 140 150 160 170 180 190 200 "

ieHT onopy Bi kH/pan 16 18 2 22 24 26 28 3

—— 03 Noi WG o073 No2 < onoiza Ne1 = onoiaa Ne2

a) 0)
Pucynok 5. — 3anexxHicTh KpUTHUHOI MIBUKOCTI pyXy MeTpoOyca BiJ KoedillieHTa Onopy BiABEICHHS
KEepOBaHMX KOJIiC aBTOOyca () 1 BiJl BIACTaHI MIDK IIEHTPOM Mac TsAraya i TOYKOK HOro 34ilKu 3 MEpILor
NPUYIMTHOO JTAHKOIO
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AHai3 HaBeJeHUX 3aJISKHOCTEH TOKa3ye, 110 Ha IiABUIICHHS MOTIEPEYHOI TOPU3OHTAIBHOI CTIHKOCTI
MeTpoOyca MO3UTHBHO MMO3HAYAETHCS 3MCHIICHHS THCKY IOBITPS B IIMHAX MEPEIHBOI OCi 1 301IBIICHHS B
IIMHAX 33JHBOI OCi MepLIoro MpuYena (HamiBIpHUena), 3CyB LEHTpa Mac NPUYIHHUX JIAHOK A0 MEPeaHbOl
oci, 30UTbIIeHHs KOe(IIiEATIB OMOPy OIYHOMY BiBECHHIO IITMH KOJIiC APYTOi OCi mpruyena (HammBIpHJerna),
301JbIIEHHS Macd aBTOOyca 1 MEPIIOro mpudyena TOIno. BIUIMB iHIIMX mapaMmerpiB a00 HE3Ha4YHH, a0o
30BCIM BiJCYTHIH.

OBI'OBOPEHHA PE3YJBbTATIB JOCJITKEHD

BHKoHaHO TOPIBHSHHS TPWJIAHKOBUX METPOOYCIB PI3HHX KOMIIOHYBILHHX CXEM 33 IMOKa3HUKaAMH
crifikocti pyxy. IlokasaHo, mo 3a BEJIWYMHOIO KPUTUYHOI IIBUAKOCTI pyXy IMepeBary ciia BinaaTu
TPUIIAHKOBOMY MeTpoOycy, BUKOHAHOMY 3a HAIiBIPYIMHOIO CXEMOI0. BU3HaueHi UUIAXM MiABHILICHHS
KPUTUYHOT MIBHJKOCTI PyXy MeTpoOyca, BAKOHAHOTO 3a MPHUYIMHOI cXxeMor. [IpoTe cyautu B3araii mpo
CTIMKICTh pyXy JMIIE B OXHOMY pEXHMi, a caMe B NpAMOJiHIHHOMY pyci, HegoctatHbo. HeoOXigHO
PO3TIAHYTH CTIHKICTh MeTpoOyca y MepexifHUX peKuMax pyXy MpH BUKOHAHHI HUM pi3HHMX MaHeBpiB. Lle
MOJKE CTaTH MPEJMETOM MONANBIIHX JIOCITIKEHb
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V.Sakhno, 1. Myrovany, V.Poljakov, E.-Misko To comparative assessment of three-unit lorry
passenger trains.

In the modern automobile industry when creating multi-trailers auto-trains, including passenger
trains, the question of the choice of trailers is urgent and it is actively discussed in the literature. There are
two main schemes of multi-trailers auto-trains - trailed and semi-trailed. In the trailed diagram, each trailer
rests on its axes, in the semi-trailed one - both on its axes and on the axis of the previous trailer (articulated
buses and trolleybuses). The theoretical foundations of the analysis are based on mathematical models of
straightforward and controllable car and auto-train movements, which are designed for cars, two- and three-
trailed auto-trains.

However, their application to three-trailed metrobuses is problematic due to the different layout of
the auto-trains and metrobuses, different loads on individual trailers, different control systems, etc. Hence the
problem of predicting the agility and stability of the movement of three-trailed metrobuses during their
movement both in the general traffic flow and on specially allocated lanes, which determined the purpose
and objectives of the study. The purpose of the work is to improve the stability of the three-trailed
metrobuses by choosing a rational layout scheme and design parameters of its trailer.

According to the purpose, the tasks of the study were defined, for which the metrobus was presented
in the form of three modules - a bus and two trailers. For such a metrobus, differential equations of plane-
parallel motion were recorded, the solution of which allowed us to determine the critical speed of movement
and to carry out a comparative analysis of different layout schemes of metrobuses for stability of movement.

Due to the fact that the traffic of metrobuses is carried out on separate lanes with a speed of 25 ... 30
m / s, the influence of the design parameters of the bus and trailers on the value of the critical speed of
movement is analyzed. It is established that the increase of the transverse horizontal stability of the metrobus
is positively affected by the reduction of the air pressure in the front axe tires and the increase in the rear axe
tires of the first trailer (semi-trailer), the displacement of the center of mass of the trailers to the front axe, the
increase of the coefficients of lateral tire deflection of the wheels (semi-trailer), increasing the mass of the
bus and the first trailer, etc. The influence of other parameters is either negligible or nonexistent. However,
judging in general the stability of movement only at a critical speed movement is not enough. Consideration
should be given to the stability of the metrobus in transient driving modes when performing various
maneuvers. This may be the subject of further research.

Key words: metro, bus, trailer, semi-trailer, equation of motion, stability, speed, assembly angles,
controls.
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! Hayionanonuii mpancnopmmuuii ynisepcumem
2 Jlyyvkutl Hayionansnuti mexuiunuil ynisepcumen

J0 IIMTAHHA OO0 AUHAMIYHOI'O CIIOCOBY YIIPABJIIHHA ABTOMOBIJIEM

IMoka3ano, 1m0 ABOBiCHI aBTOMOOLTI 3 yciMa kepoBaHuMu Kosnecamu (4WS) marooTh  mepeBard Han
TPaAMIIHHUMH JBOKOJICHUMHU cucreMamu kepyBanHs (2WS). ¥V cucremax 4WS MoxyTs OyTH BHKOpHCTaHi
KiHeMaTHYHUN 1 AWHaMiuHMA crocoGu moBopoty. [lmst peamizauii KpHBOMIHIHHOTO pyXy AWHAMIYHHM CHOCOOOM
MIOBUHHO 3a0e311edyBaTHCs NIEBHE CIIIBBIJHOMIECHHS KyTOBUX IIBUKOCTEH KOJIiC pi3HMX OOPTIB MAalmIMHU a0 NEBHE
CHIBBITHONICHHS KPYTHUX MOMEHTIB, IO IiJBOJATHCS JIO KOJIC BiJICTaro4oro ta 3abirarodoro GopriB. BuzHaueHi
OCHOBHI ITapaMeTpH KPHBOJIHIHHOTO PyXy 3a JMHAMIYHOTO crocoOy moBopoTy. BeranoBieHo, mo npu dikcoBaHiit
MIBU/IKOCTI TTOBOPOTY aBTOMOOLIS 3a OULTBIIOTO MOMEHTY Ha BHYTPINIHBOMY KOJeCi 3aJHBOI OCI IOJIMIIYyeTHCS
MaHEBPEHICTh aBTOMOO1JIS, a Ha 30BHIIIHBOMY KOJIECi — CTiHKICTh HOTO pyXYy.

KmrouoBi cioBa: aBTOMOOLIb, BCEKOJICHE KEepyBaHHs, KEpoBaHI Kojieca. MOMEHT, KyT IOBOPOTY,
MaHEBPCHICTh, CTIHKICTb.

BCTYII

Ha cywacHOMy erami akTHBI3yBaluCh JOCHIIPKEHHA Ta PO3POOKH, HampaBiieHi Ha MiABHIICHHS
aKTHBHOI O€3MeKH aBTOMOO1IIIB, 1 30KpeMa CTIHKOCTI Ta KepOBaHOCTI. SIK OOMH 3 HANPSAMKIB X AOCHTIKEHb
BHUCTYIIA€ CXeMa BCEKOJIICHOTO KePyBaHHSI.

[Ipo 3alikaBiACHICTh I[MM HAIpPSIMKOM TaKHX CBITOBHMX (piarMaHiB aBTOMOOiLIeOynyBaHHs sik Honda,
Toyota, Mazda, Nissan, General Motors, Renault, BMW CcBiguuTh NOTOYHHMH BHUITYCK HUMH JIETKOBUX
aBTOMOOLITIB 3 BCE KOJIICHUM KepyBaHHIM (4WS).

Onuparoyuch Ha JOCBIJ BHKOPHCTaHHS aBTOMOOLIIB 4WS MoO)KHA 3 BIEBHEHICTIO BIAMITHTH iX
nepeBaru HajJ TpaAuLifHUMH JBOKOJICHUMH cucTeMaMu KepyBaHHs (2WS). BoHn BUpakaloThCsl HE TUIBKH B
3HAUHOMY TiJBUIIEHHI MaHEBPEHOCTI aBTOMOOIS, a M y TAaKMX BaKJIMBHUX IOKAa3HHUKAX OE3MEKH PyXy sIK
CTIMKICTh Ta KEPOBAHICTh TPAHCIIOPTHOTO 3aCO0Y Ha BEIMKUX IIBUIKOCTSX.

CucteMa BCEKOJIICHOTO KepyBaHHS MOKE TIPAIFOBATH Y TPhOX PeKUMaX:

-y 2WS pexumi BinOyBaeTbcs KepyBaHHS TUIBKM HEpENHIMH KojecaMu (K Ha KIACHYHHUX
aBTOMOOLIISIX);

-y 4WS pexumi, npu HEBEIWKUX IMIBUIKOCTSIX, 33/IHI Kojeca IOBEPTAIOThCS Y TPOTUIICKHOMY
HaMpsSMKY IOJI0 TIOBOPOTY MEPEHiX KOJic, 0 JOIOMarae TpaHCIIOPTHOMY 3ac00y 31iHCHIOBAaTH TTOBOPOTH
31 3HAYHO MEHIITUM PaaiyCcoM;

-y 4WS pexumi, mpu BHCOKHX IIBHIKOCTSX, 3af[HI KOJieca TOBEPTAIOTHCS B TOMY K CaMOMY
HaNpsMKY, IO 1 IEpeHi, CKOPOUYIOUHX "BiIXMIIEHHS B/l Kypcy" TpaHCIOPTHOTO 3ac00y.

[ToBOpOT 3amHIX KOJIC Y Ty K CTOPOHY, IO 1 TIEpeAHiX, JO3BOJISIE 30€PEerTH HAMPSMOK 1 IMIBUIKICTh
pyXy IIEHTpa Mac aBTOMOOUISA, ajie 3HauHO 30UIBIINTH MHTTEBUH pajaiyc moBopotry. Ilpu oMy
3MEHINYIOTHCS O1YHI CHIIH 1, SIK HACIHIZOK, MiJIBUIIYETHCS KypcoBa CTIHKICTh aBTOMOOUIS Ta MOMNIIIIYETHCS
KEpOBaHICTh P MPOXOPKCHHI ITIOBOPOTIB Ha BEIMKUX IIBHKOCTSX.

[Tpu pyci Ha maniii MBHAKOCTI 3a/iHI Kojeca MOBEPTAIOTHCS B MpoTH(]asi 3 mepenHiMu, i METTEBUR
paniyc moBOpOTY 3MEHIITYEThCS.

[To mipi po3BUTKY BCEKOJICHOTO KEpyBaHHS 3MIHIOBABCS ITiJIXiJ 1O IPUHITUIIB KepyBaHHs. Tak, sIKIIo
CIOYaTKy OCHOBHHUM KpHTepieM Oyno 30epexeHHs ONTUMAIBHOTO CITiBBITHOIICHHS B KyTaX MOBOPOTY
MEepefHiX 1 3aJHIX KOJic, TO Mi3Hille MOBOPOT 3aJHIX KOJIC 3a0e3meuyBaBcs 3a PIBHEM IOIEPEYHHX
MIPUCKOPEHB Ky30Ba a00 KyTOBOI MIBHIKOCTI MTOBOPOTY Ky30Ba HABKOJIO BEPTUKAJIBHOI OCI.

[Tpore BuTpaTh Ha TOAATKOBE YCTATKyBAaHHS BCEKOJICHOTO KEPyBAaHHS JOCHThH 3HAYHi. 3MCHIICHHS Y
MiTuyOinn paagiyca moBopoty Ha 20 % He BUNpaBIOBYe BHUTpadueHHX Ha Iie KowmTiB. Lle Takox MokHa
BiHeCTH 1 10 po3pobok kommanii Hiccan (Nissan Motor Co., Ltd.), sxka y 1989 pori npencraBuia HOBY
MPaKTHYHY cucTeMy kepyBaHH: st 4WS tparcnoptHux 3aco0iB. Cucrema HICAS (High Capacity Actively
controlled Suspension) 3a0esmedyBana mporec KepyBaHHA TNPH KOPEKTYBaHHI KyTa IOBOPOTY 3aIHIX
KEpOBAaHUX KOJIIC Y BiAMOBITHOCTI 31 MIBUAKICTIO TPAHCIIOPTHOTO 3aC00y Ta PEaKTHBHOIO CHJIOIO Ha MEPeaHix
Komecax. Ane, SK BiJ3Ha4ajocs B TOM dYac, 3aCTOCOBYBATH AaKTUBHE KEPyBaHHS 3aHIMH KOJIECAMH I
i IBUIIEHHS O6e31eKH pyxy 0yII0 eKOHOMIYHO He BUTimHO [1].
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AHAJII3 JIITEPATYPHUX JI’KEPEJI TA IOCTAHOBKA ITPOBJIEMH

Yci mocmimkeHHs 1 po3poO0ku aBTOMOOUTIB 4WS MOXKHA PO3IUIMTH Ha TPH OCHOBHHMX HAIPSMKH.
[lepmmii 3 HUX, e TOIIYK TEXHOJOTIYHOI CUCTEMH KEpyBaHHS, 3[aTHOI 3aJ0BOJILHUTH HAaWBHILI BUMOTH
LIO0 KEPOBAHOCTI Ta CTIHKOCTI aBTOMOOLIS; APYrHid — e po3poOKa i BIPOBAHKEHHS 1HTEIEKTyaJIbHUX
CHUCTEM, sIKi Y 3M031 BpPaxOBYBAaTH BEJIMKY KUTBKICTH (PAKTOPIB, 110 BIUIMBAIOTH HA KEPOBAHICTh Ta CTIHKICTh
pPyXy aBTOMOOUII, 1 Ha iX OCHOBI KOPETyBaTH MapaMeTPH HOTO PyXy; TPETid — Ie KooIepallis Mk co0010
(axTOpiB, 10 BIUIMBAIOTH HA KEPOBAHICTH TA CTIHKICTh PyXy aBTOMOOLIS.

Ha cporogni MoXKHa BUJIIIMTH JIBa XapaKTEepHUX HAMPSIMKH PO3BUTKY  CHCTEM  ITiJBHIICHHS
KEPOBaHOCTI Ta CTIHKOCTI pyxy aBTOMOOUTIB. IlepIiuii 3 HUX - 1€ 3aCTOCYBaHHS CUCTEM, IO BIUTMBAIOTh Ha
aBTOMOO1Tb METOAOM OJIOKYBaHHS HOro Koiic, IpYyruii — L€ 3aCTOCYBaHHS CHCTEM, IO BIUIMBAIOTH Ha
napamMeTpH pyxy aBTOMOOLJIS 32 JOIOMOT'OI0 KEpyBaHHS MOTo KoJecaMu.

J1o mepIoro HarpsiMKy BiJTHOCSITh:

- anTuOn0KyBanbHy cucteMy ABS (Antilock brake system);

- anTuxoB3arouy cucremy ASR (Antriebs-Schlupf-Regelung);

- cucteMy eneKkTpoHHoro 6nokyBanHs nudepenmiaia EDS (Elektronische

Differentialsperre);

- enexktpoHHy nporpamy crabdinmizanii ESP (Elektronisches Stabilitats Programm) [1].

Jlo npyroro HampsIMKYy BiIHOCSATH MiAPYIIOOYI TiIBICKK (€IacTOKiHEMaTH4HI MiJBICKH) Ta CUCTEMY
BcekojlicHoro kepyBanHs 4WS (For-wheel-steered - aBTOMOOLIL KepoBaHHIT 4-mMa KojiecaMu), sKa
NpU3HAYCHA JUIS KEPYBaHHs KOJIECaMH 3aHBOI OCi 32 BU3HAUYCHUM 3aKOHOM Y 3QJISKHOCTI BiJl KEPYIOUOro
BILTMBY BOJiS Ha TIEpeHI KepoBaHi kojeca [2].

ITo mipi po3BUTKY cucTeM ynpaBmiHHS 4WS 3MiHIOBaBCS MiaXiJ A0 MPHUHIUIIB KEpyBaHHS i, SKIIO
CIOYaTKy OCHOBHHMM KpHTEpieM Oylio 3a0e3ledeHHs ONTHMAIBHOTO CIIBBIIHOMICHHS B KyTax IOBOPOTY
MepeHiX 1 33HIX KOJIC aBTOMOOIIS, TO OCTAaHHIM YacoM IOBOPOT 3aHIX KOJiC 3a0e3MedyeThCs 3a piBHEM
MOTMIEPEYHUX MTPUCKOPEHD Ky30Ba 00 KYTOBOI IIBUIKOCTI IOBOPOTY Ky30Ba HABKOJIO BEPTHKAIBHOI OCI.

Ha#i6inpmux ycmixiB y pillleHHI JaHOi MPoOJIeMHU CTOCOBHO JICTKOBHUX aBTOMOOLTIB JOCATIIN SMOHCHKI
TOCIITHAKY, 0 332 OCTaHHI JECATh-JABAHAIIATh POKIB MPOMIUIM MUIAX BiJ HAHIPOCTIIIOTO KepyBaHHS 3
MOCTIHHAM KOe(IIiEHTOM Yy 3aJeKHOCTSAX IS KyTa MOBOPOTY 3aIHIX KOJIC, PO3paxOBaHUX Ha IMPOCTHX
JiHEeapu30BaHUX MOJENSIX 1 MEPeBIpeHUX, SIK MpaBUIO, HA MakeTax 10 BHUITYCKY CEpiHUX aBTOMOOINIB i
aBTOTIOI3/IIB 13 BCEKOJICHMM KEpPyBaHHAM, IIO 3a0€3MeUyroTh MapaMeTph pyXy aBTOMOOULTS ONHM3BKI 10
O6axanux. llpote, noTemnep MpoOAOBKYETHCS MOIEMiKa PO BUA PYHKIIOHATHEHOT 3aJIe)KHOCTI 1 YWHHHUKAX, 1110
HEOOXiZHO BpaXxoBYBaTH MpH BUOOPI 3aKOHY KepyBaHHA 3aJHIMH KOJIeCaMH aBTOMOOLIA i aBTonoizaa [2-4].
€1He B YOMY CXOMSATHCS BC1 JOCITITHUKH, TaK 1€ Te, 0 MPU MallMX KyTax MOBOPOTY PYJIBOBOTO Kojieca Bif
CepemHbOTO TOJOXKEHHSI TIOBOPOT aBTOMOOLNI 3a0e3MmeuyeThCcsl 32 PaxyHOK ITOBOPOTY MEpeHiX 1 3agHixX
KOJIiC B OZIHY CTOPOHY, @ MPH BEIMKHUX KyTaX MOBOPOTY PYJIBOBOTO KoJleca -3a PaxXyHOK IMOBOPOTY MepeIHixX i
3aJIHIX KOJiC y Pi3HI CTOPOHH.

VY psani AociipKeHb OCHOBHUM KPHUTEPIEM OIHKK e(EeKTHBHOCTI CIIOCO0Yy KepyBaHHS MPUIMAETHCS
KyT Oi9YHOTO BiBeZICHHS (B aHTJIOMOBHI JiTeparypi slip angles»-kyT OiguHorO KOB3aHH:) [5] 1 iH.

B ineansHOMY BHIIQAKy KyT MOBOPOTY 3a[JHIX KOJIIC IOBUHHHUH PIBHATHUCS KYTy BiABEJCHHS LEHTPY
Mac aBTOMOOINS, 3 THM 00 CyMapHHH KyT BiJIBeIEHHs IOpiBHIOBaB HyJro. L[poro mMoxHa moMoOrTHCA,
BHKOPHCTOBYIOUH B CHCTEMI KepyBaHHs MoBOpoToM 3aaHixX kojic EOM. B EOM 3aknaneHi, sk MpaBHiio,
BU3HAYEHI MapaMeTpH, HANPUKIIa/, 3aJIeKHOCTI KYTiB IIOBOPOTY NEPEAHIX 1 3aHIX KOJIiC MPU Pi3HOMaHITHUX
HIBUJKOCTSAX PYXY, IIO BPaxoBYIOTh OiuHI MPUCKOpPEHHS Ky30Ba aBTOMOOINs mpu moBopori. EOM
HipaxoBy€ B KOKHHH MOMEHT pyXy 3HA4E€HHS KyTOBOTO NPHCKOPEHHS ITOBOPOTY Ky30Ba aBTOMOOIIS B
TOPHU30HTAJIBHIN TUIOIIKHI, IO MOPIBHIOETHCS 3 MPHUITYCTUMHM I JAHOI MIBUAKOCTI (TIPH LIbOMY CyMapHHUR
KyT BigBeleHHs OMM3BKUN 0 HYyJsI) 1 3a pe3yibTaTaMH MOPIBHSHHS BU3HAYAETHCS KYT MOBOPOTY 3aIHIX
KOJIiC.

3aciyToBYIOTh Ha yBary IOCHIDKEHHS, mpoBeneHi dipmoro Toyota [6]. [l mpoBemeHoro Ha ITik
¢ipMi aHai3y BUKOPUCTOBYBAJIacs ABOMipHA IJIOCKA MOJENb aBTOMOOLIsI. B cucteMi akTHBHOTO KOHTPOIIO
B SIKOCTi 3BOPOTHOTO 3B'13Ky MPHUHHATA KYyTOBA IBUIKICTH TIOBOPOTY aBTOMOOIIISI HABKOJIO BEPTHKAJIBHOT OCI,
10 BUMIPIOETHCS 3 BUCOKOIO TOYHICTIO. 3aBSIKU BBEJICHHIO JIPYTOTO PYJILOBOTO MPUBOJY CTAOIII3YEThCS PyX
aBTOMOOLIS HA KPUBOJIHIMHUX IJITHKaX JAOPOTH, a TAKOK 3MEHIIYETHCA PafiyC MOBOPOTY 1 MOJMIMIIYETHCS
MaHEBPEHICTh IpW NapKyBaHHi. [IpoTe BHTpaTH Ha JOAATKOBE YCTATKyBaHHS Iy>K€ 3Ha4Hi, a IepeBard
TaKOTO KepyBaHHS Jy)Ke oOMekeHi. 3MEHIIeHHS pajiyca MoBOpOTy aBTomMoOins dipmu Mitsubishi Ha 20%
HE BUIIPABIy€ BUTpaueHUX Ha Ii¢ kKomrTiB [7]. lle BiAHOCHTBCS Takok 1 g0 aBTOMOOLTIB Nissan, Ha SIKUX
BcTaHoBieHa cuctema HJCAS, HeoOXigHa Ui TOMINIICHHS CTIMKOCTI aBTOMOOUIS MpH Pi3Kid 3MiH1
HaNpsIMKY pyXy. 3acTOCOBYBaTH aKTHBHE KEPYBaHHS 3aJHIMH KoJieCaMH JUIsl TiJBUINEHHsS Oe3MeKu
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aBTOMOO1IS, K BII3HAYAETHCS y Ha3BaHI poOOTI, EKOHOMIYHO HEBHTIAHO, TOOTO BHPIMICHHS MPOOIEMHU
ITIIBUIICHHS MAaHEBPEHOCTI 1 CTIMKOCTI pyXy aBTOMOOINS CJiJ IIyKaTH B YAOCKOHAJIEHHI pOOIT IEpIoro
HaNpsIMKY, KOJIM JUIsl YIPaBIiHHS aBTOMOOIJIEeM MOXHA 3aJ1y4YMTH CHCTEMH, IO BIUIMBAIOTh HA aBTOMOOLUIb
MeTonoM OJIOKyBaHHs HOTro Koutic abo pi3HMMH 32 BEIMYMHOIO, a TO 1 HAallpsIMKOM, MOMEHTaMU Ha KoJecax
JIIBOTO 1 TIPaBOTO OOPTIB aBTOMOO1IIA.

HIJIb TA 3AJAYI JOCJILI)KEHHSA

MeTor poOOTH € BHU3HAYCHHS CIIIBBITHOIICHHS B MOMEHTAaX, IO MiABOMATHCS JO KOJIC JIBOTO i
MpaBoro OOPTiB aBTOMOOLIS, JJis TOJIMIIECHHS MMOKa3HWKIB MaHEBPEHOCTI 1 cTifikocTi pyxy. Ilpu mpomy
3aja4i JIOCTI/PKCHHS BH3HAYCHI y TakKWi Croci0: mpoaHalizyBaTH PiBHSHHS JAWHAMIKH KPYrOBOTO PyXy
MallMHU TP KOMOIHOBaHOMY CIOCO01 YHpaBIiHHS HOBOPOTOM Ta HOro CKIAAOBi, IO BIUIMBAIOTH Ha
MaHEBPEHICTh 1 CTIHKICTD pyXy aBTOMOO1IIS,

PE3YJbTATH JOCIIIKEHHS

[ToBOpOT KOMICHUX MAIIMH MOXKE 31MCHIOBATHCS TPHOMa OCHOBHUMH criocobamu [8,91]:

- 3MIHOI0 KYTIB MiX IMO3ZOBXHBOIO BIiCCIO 1 IUIOIIMHAMU OOEpPTaHHS KEPOBAHMX KOJIC MAIIMHHU 3a
PaxyHOK iX IOBOPOTY;

- 3MIHOIO TTOJIOXKEHHS! OJIHI€T YACTHHU MaIlIWHH BiTHOCHO 1HINOI (3WICHOBaHI MAIIMHN);

- 3MIHOIO BEIIMYMHU MIBUAKOCTEH KOJIC pi3HMX OOpTIB (JIiBOTO i MpaBoOro); Iei crmocid aHamoriyHuit
Croco0y MOBOPOTY TYCEHUYHHMX MAIllMH 1 HA3UBAE€THCS OOPTOBUM 200 TUHAMIUHUM CIIOCOOOM.

Jlis peanizaiii KpUBOJIIHIHHOTO PyXy JIMHAMIYHAM CIIOCOOOM TIOBMHHO 3a0e3IeuyBaTHCS IEBHE
CHIBBiIHOILIEHHS KyTOBUX MIBUIKOCTEH Kojic pi3HMX O00pTiB Mamuuu [9]. Y poboti [10] 3a3Hauenuii cnocid
MOBOPOTY TPAKTYEThCSI SIK 3MiHa KPYTHHX MOMEHTIB, IO  MiJBOASATBHCA JO KOJIC BiJCTAIOYOro Ta
3a0iraro4oro OOpTiB.

VY poborax [11, 12] orpumMaHi piBHIHHS TUHAMIKH KPYrOBOTO PyXy MAIIMHH MPH KOMOIHOBAaHOMY
croco0i ympaBIiHHS TOBOPOTOM

I (My Mo\ o fr, |
m-L\ r; 1y L I
dw tga dv, — — (1)
— = 2g2 x| x| V2 +b—*L tg? o + S—lgax
I+—~1ga ) , ) '
L 9 MkI_MkI_MkZ_MkZ
Yai Va2 |
ze (@ — KyTOBa MBHUIKICTH aBTOMOOLIIS B TUIOIIMHI TOPOTH;
! —uac;
QO — cepefHii KyT MOBOPOTY HANPSMHUX KOJiC,
- ] ( ’ + H) (2)
a=— a ),
2
O ;  — KyTH TOBOPOTY BHYTPIIIHBOTO (IO BITHOIICHHIO IO IIEHTPY MOBOPOTY) i 30BHIIIHBOTO

HaIpsIMHUX KOJTIC;
b — Bixcrans Bix 3aHBOT OCI 10 IPOEKIIi [IEHTPY MaC aBTOMOOLIIS HA TOPH30HTAIBHY IUIOIIHHY;
m — Maca aBTOMOO1IIS;
L — no3nomxHs xonicHa 6a3a aBTOMOOIIIS;
M, ;s M, , —cymapHi kpyTHi MOMEHTH Ha KoJlecax IIepe/HbOI Ta 3aHBOI OCEH, BiTOBIIHO;

V5 ¥y, — AMHAMIYHI paJllyCH MEPEIHIX 1 3a/IHIX KOJIC (IOMYCKAEThCS IPUAMATH ¥y, = 1y, =V );
f — Koe(iIeHT onopy KOUeHHs KOJIIC aBTOMOOLI;
h — BucoTa LeHTpa Mac aBTOMOOIIS;

I, — paziyc iHepuii aBTOMOOLIA BiTHOCHO BEPTHKAJILHOI BiCi;
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V., — ninilia mBHaKicTE aBTOMOGIIS y HANPSAMKY TI03I0BKHBOI OC;
’ ”
M, ,;; M, , — xpyTHi MOMEHTH Ha BHYTPIlIHEOMY i 30BHIIIHBOMY TIEPEIHIX KOJIEcax;

M, ,; M, , — xpyTHi MOMEHTH Ha BHYTPIlIHBOMY i 30BHIITHLOMY 3a[HiX KOJIECaX.

I3 piBHsHHAS (1) BUAHO, 110 Pi3HUIN KPYTHHX MOMEHTIB Ha BEAyIHX KOJIecax

AMkI:MIZI_MIIcI 3)

Ta
AM,\,Q:M,;—M,;Z )

36iMbIIYIOTE KyTOBe mpuckopenus d@/ df aBromobins y roommsi goporu. SIKIIO 3MIiHHTH 3HAK
BKA3aHMX Pi3HHIb HA POTIICKHMIT B piBHstaHi (1), TO MOKHA ToCSTHYTH cutyaii npu sikiit d@ / dtf = 0.
IIpencrasumo piBasSHHS (1) Y BUTIISII

CZLa(a)[b(M)—c—d(v,a)+k(a,M)’ ©)
tga
ac a(OC): bz_i-z 7’
I+———1g’ a
peut | Mo M )|
'Lk Ty Vs
_Jg
C= s
L
fh 2 dV«l 2
d ’a = —X V +b7¥ t a |
(V ) |:L3 x1 dt g
— (M -M M -M
k(a,M )= B tg ax| —- k1T k2 k2. (6)
2L°m r,, Vs

[Ipy BU3HAaYECHHI CKIANOBHX PIBHAHHS (5) BpaxoBaHO, IO M KyTOM MOBOPOTY KEPOBaHHX
KOJIIC 1 IBUAKICTIO aBTOMOOLIIS iCHY€E 3aIeKHICTD [13]

= ((p—_f—f)chosa : (7

kpy tear

e V, - KpUTHYHA MIBUAKICT IO KEPOBAHOCTI;

kpy
@ — KOCeIIi€HT 3YETUICHHS KOJIIC 3 IOPOTOI0;
f— KoediLieHT omopy KOUEHHS KOJIIC;

g — IPUCKOPEHHS BUIBHOTO MaJiHHS;

L —6a3a aBTOMOOLIS.
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IMomanemm PO3paxyHKH BUKOHAEMO 32 TaKUX BUXITHUX TaHUX:
b =134 m; m=2000 xr; L =2,67 m; 1,, =r,, =r,;=0,265 m; f =0,02; h =0,8 m; — Bucora

LIEHTpa Mac aBTOMOOLs; [ ZZ =147 M.

OCKUTBKM MIDK IIBHAKICTIO TI0O KEPOBAHOCTI 1 KYTOM IIOBOPOTY KEPOBAaHMX KOJIC ICHYE TIeBHA
3ajeKHICTh (7) y mOJanbIoMy Yy BCiX pO3paxyHKax BUKOPHUCTOBYBAJIMCS BiANOBIAHI 3HAYCHHS IIBUAKOCTI Vx
1 KyTa IOBOPOTY KEpOBAHUX KOJIIC OL.

Ha puc. 1-4 HaBeneHi pe3ynbTaTé pO3paxyHKY CKIAJOBUX PiBHSHHA (5) IS pi3HUX 3HAYCHb KyTa
MMOBOPOTY KEPOBAHMX KOJIC aBTOMOOLISA, MIBUAKOCTI PyXy 1 HIPUCKOPEHHS, a TaKOX KOHCTPYKTHBHHX
rapamMeTpiB aBTOMOO1IS.

06 y = 3E-05x° - 0,0019x%2 + 0,0544x - 0,2217

= 05
g- j
g 0,4
® //
'E 0,3 /
[5]
=y /
- //
[
g 01

0

0 5 10 15 20 25 30
KYT NOBOPOTY KEPOBaHMUX KOTicC, rpaj

Pucynok 1 — 3anexHicTh CKIIa0BO1 a (0) BiJ] KyTa HTOBOPOTY KEPOBAHUX KOJIC

4000
3500 />
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/,
2000 /,

cuna, H, momeHT Hm onopypyxy

1500 =
1000
500 |
0T — i — T T T
0,5 0,75 1 1,25 1,5

NMpUCcKopeHHs1 aBTomobinsa, m/c2

—&—cwuna onopy pyxy, H —#— MOMEHT OMnopy pyxy aBTomobins, Hm
== MOMEHT OMnopy pyxy oci, Hm

PucyHnok 2 — 3anexHiCTh CHIIM 1 MOMEHTY OIOPY PYXY Bifl IPUCKOPEHHS aBTOMOO1IIS

0,008
0,007
0,006
0,005
0,004
0,003 —
0,002 y //
0,001

0

koediuieHT d(anbda)

0 5 10 15 20 25 30 35

KYT MOBOPOTY KEPOBaHMX Kofic, rpag

PucyHok 3 — 3anexHicTh CKIIa70BOi d (anmb(ha) Bix KyTa MOBOPOTY KEPOBAHUX KOJIIC
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0,004
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0,002 e
0,0015 e
0,001
0,0005
0

150 200 250 300 350 400 450

pi3HULIA MOMEHTIB Ha 3afHi 0Ci, Hm

koediuieHT k(anbda, M)

PucyHoxk 4 — 3amexHicTs cK1af0Boi k(ambda) Bix pi3HUIII MOMEHTIB Ha KOJIecax 3aHbO1 0Cl
aBTOMOOLIA

Ha puc. 5 HaBemeHa 3alieXHICTh KyTOBOTO NMPHCKOPEHHS BiJ MapaMeTpiB pyXy 1 KOHCTPYKTHBHHX
rapameTpiB aBToMoO011s. [Ipy 1I0My 3HAYCHHS OKPEMUX CKIIAIOBUX PIBHSIHHA (5) mpuiiMamucs i3 puc. 1-4.

0,35 ‘

S 03
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3
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B
g /
= 0,15
Q.
[ =
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8 F’—d
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0

0 5 10 15 20 25 30 35
KyT NOBOPOTY KEpOBaHUX Konic, rpaa
‘—‘— pi3HML MOMEHTIB Ha konecax oci 200 Hv ==#==pi3HnL 9 MOMeHTIB Ha konecax oci 600 Hw ‘

Pucynoxk 5 — 3anexHicTb KyTOBOI'O IPUCKOPEHHS aBTOMOOIJIS BiJl KyTa MOBOPOTY KEPOBAHUX KOJIIC i
PI3HHITI MOMEHTIB Ha KoJiecaX HOTo 3aTHBOI OCi

Sk cnigye 3 puc.5, KyTOBE NPHUCKOPSHHS aBTOMOOLUIA 3a 1HIIUX CTAIUX YMOB CYTTEBO 3aJIC)KHUTh
BiJI pi3HUIII MOMEHTIB Ha KoJiecax oci. ToMy BaKJITMBUM BHSIBUTH IUIMB PI3HHIII MOMEHTIB Ha KoJiecax oci Ha

do
MOKA3HUKH MaHEBPEHOCTI aBTOMOOLIS. JIJis 1[bOTO MPUIMEMO, 1[0 KYTOBE MPUCKOPEHHS aBTOMOOILIS 7 =0

t

dv.,
1 TiHifiHEe IPUCKOPEHHS (B3IOBXK OCI X) 7’=0. Toxi orpumaemo:
a(a)[b(M )—c—d(v,a)+k(a,M )=0 (8)
Ockinbku a(a)=0, To

[b(M )—c—-d(v,x)+k(a,M )=0 )

Po3B’spxkemo piBHsAHHS (9) BimHOCHO o. IIpm  1mpoMy — Bpaxyemo, OO TNPH yCTAlIEHOMY pYyci
CKJIaJI0BI

piBasHES (5) H(M) i c piBHI Mik c00010, TOOTO (M )= ! (M“ +M“ =c=£.
m-L\ r,, Tys L

3a niei ymoBu d (v, )=k(a,M ).
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Ha puc. 6 mpencraBieHa 3aJIe)KHICTh PI3HUIN KPYTHHX MOMEHTIB Ha KOJIECax 3aIHbOI OCi aBTOMOOLIIS
IIEHTUYIHOI KyTY TIOBOPOTY KEPOBAHMUX KOJIIC aBTOMOOLIS, TIPH ITbOMY BPaXOBYBAJIOCS CIIiBBIIHOIICHHS MIX
KPUTHYHOIO IIBUAKICTIO PyXy aBTOMOO1JIS i KyTOM MOBOPOTY KEPOBAHUX KOJIIC.

140
1\
120

100

80 /

40 /»/I i
—

Pi3HMLIA MOMEHTIB Ha Konecax oci, Hwm
(o2}
o

20 I ——

5 10 15 20 25 30
KYT MOBOPOTY KEpOBaHMX Konic, rpaa

=——3 ypaxyBaHHsIM anbda i Vkp === npu ctanin wseugkocTi, V=5 m/c

PucyHOK 6 — 3a51e)KHICTh CIIIBBIIHOIIICHHS MK KyTOM ITIOBOPOTY KEPOBAHUX KOJTIC 1 PI3HUIICIO
MOMEHTIB Ha KoJiecaX 3aJHbO1 0Ci aBTOMOOLIS

Amnaui3 puc. 6 mokasye, mo npu (QikCoBaHiil MBUIKOCTI MOBOPOTY aBTOMOOINS 31 30UIBIICHHSIM KyTa
MMOBOPOTY HOT0 KEPOBAHMX KOJIC PI3HHUI KPYTHHMX MOMEHTIB Ha KojiecaX 3alHbOi OCI 3pocTae Maibke
MPOMNOPLIHHO 3MiHI TaHTeHca KyTa anbda. [Ipu upomy  30inblIEHHS MOMEHTY Ha BHYTPILIHBOMY KOJIECi
3aJHBOT OCi MPU3BOAUTH IO 3MEHIIEHHs pajiycy MOBOPOTY aBTOMOOUIS (TIOMIMIIYETHCS MaHEBPEHICTb) i
HaBIIAKX — 30UIBIICHHS MOMEHTY Ha 30BHIIIHBOMY KOJIECl NMPHU3BOIUTH 10 PyXy «KpaboM» aBTOMOO1JIs
(TOMINIIY€ETHCS CTIMKICTB).

OBI'OBOPEHHA PE3VIJIbTATIB JOCJI/DKEHHA. Ortpumani 3aiexHOCTI MIOAO 3MiHU
MOKa3HHUKIB MAHEBPEHOCTI 1 CTIMKOCTI pyXy 3a TUHAMIYHOTO CIOCO0Y MOBOPOTY. Pazom 3 TuM, ypaxyBaHHS
3MiHHU KyTa MMOBOPOTY KEPOBAHUX KOJIIC 1 KPUTHYHOT MBUIKOCTI MO0 KEPOBAHOCTI Ja€ JICIIO iHIIHK pe3ybTar,
3a SIKOTO iCHy€ MIHIMYM Di3HHII KpYTHHX MOMEHTIB Ha Kojecax 3aaHboi oci. [loscHIOETBCS Lie TuM, 10
3MiHa KyTa MOBOPOTY KEPOBAHUX KOJIC 1 KPUTHYHOI MIBUAKOCTI IO KEPOBAHOCTI 3 Pi3HOI iHTEHCHBHICTIO
BIUTMBAIOTh HA BEJIMUMHY PI3HUII KPYTHUX MOMEHTIB Ha KOJIecax 3a/IHbOi 0Ci aBTOMOO1JIS.

BUCHOBKW. Iloka3zaHo, mo aBromo6ini 4WS MaroTh mepeBard HaJa TPaIUIiHHUMH TBOKOIiCHUMHU
cucremMamu kepyBaHHs (2WS). V cuctemax 4WS MoxyTb OyTH BUKOPHCTaHI KIHEMaTHYHUM 1 JUHAMIYHUI
crioco0u TOBOpOTY. BcTaHoBNEeHO, MO 32 TUHAMIYHOTO crocoOy MOBOpOTy mpH (PiKCOBaHIM HIBHIKOCTI
MOBOPOTY aBTOMOOLNIS, 31 301IBIICHHSM KyTa TOBOPOTY HOTr0 KepOBaHHX KOJIC Pi3HHIS KPYTHHX MOMEHTIB
Ha KoJlecax 3aJIHbOI OCi 3pOCTae MaiKe MPOTOPIIHO 3MiHI TaHreHca KyTa ajbda. [Ipu pomy 301TbIIEHHS
MOMEHTY Ha BHYTPILIHBOMY KOJI€Ci 3a/IHbOT OCi MPU3BOAUTH JI0 3MEHIICHHS Pajiycy MOBOPOTY aBTOMOOLIS
(TominIIyeThCsl MAHEBPEHICTh) 1 HABMAKK — 30UIbIICHHS MOMEHTY Ha 30BHIIIHBOMY KOJIECI MPU3BOAUTH IO
PYXY «Kpabom» aBTOMOOLISA (TIOTINIITY€ETHCS CTIHKICTB).
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V. Sakhno, V. Stelmashchuk, V. Onyshchuk, D.Popeluch, S.Tomchyk To question on dynamic
management of cars

Turning wheeled cars can be done in three main ways, namely by changing the angles
between the longitudinal axis and the plane of rotation of the steered wheels of the machine due to
their rotation (kinematic method), changing the position of one part of the machine relative to
another (articulated machines), changing the magnitude of the speeds of the wheels left and right).
The latter method is similar to the method of rotating tracked vehicles and is called the onboard or
dynamic method. Any of the above methods can be used in all-wheel drive (4WS).

To realize curvilinear movement in a dynamic way, a certain ratio of the angular velocities of
the wheels of the different sides of the machine must be ensured. In this case, all-wheel-drive
(4WS) double-axles have advantages over traditional two-wheel-drive (2WS) systems. It is
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established that the dynamic method of rotation at a fixed speed of rotation increase of torque on the
inner wheel of the rear axle leads to a decrease in the radius of rotation of the car (improved
maneuverability) and vice versa - an increase of torque on the outer wheel leads to the movement of
the "crab" of the car (improves). However, taking into account the change in the steering angle of
the steered wheels and the critical steering speed gives a slightly different result, with a minimum
difference of torque on the rear axle wheels. This is explained by the fact that the change in the
steering angle of the steered wheels and the critical speed of control with different intensity affect
the amount of torque difference on the wheels of the rear axle of the car.

Keywords: car, all-wheel drive, driven wheels. moment, angle of rotation, maneuverability,
stability.
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Cnaciuenko O.B.
Hayionanenuti mpancnopmuuil yrnisepcumem

JIOCBIJ], ONITUMI3AI[II MAPIIIPYTHOI MEPEJKI MICTA 3A EKOJIOIO-EKOHOMIYHUMHA
INOKA3ZHUKAMMU

VY poboTi 3ampoNoOHOBAHO [UIsi MOJCNIOBAHHS MapLIPYTHOI MepexXi 3aCTOCOBYBaTH METOX JIiHIHHOTO
nporpaMmyBaHHs (TpaHCIOPTHA 3a/1a4ya) i3 KpUTEPiIMH ONTHMI3aLii MOKa3HUKIB €KOHOMIKO-EKOJIOT1YHOI Ta COL[iaIbHOT
ouinkd. OcoONIHUBICTIO LiNBOBOI (YHKIT € aJUTUBHHN XapaKTep MOKa3HHKIB SKOHOMIYHHX BHUTPAT, EKOJOTIYHHX Ta
coIiagbHUX 30MTKIB IPH 3/AIHCHEHH] acaXXUPOIepEeBe3eHb 3 BarOBUMH KOS(IlieHTaMH 1 XapaKTepu3ye BUTPATHICTh
noricTH4HOi cucteMu. [ KOKHOTO MapIIpyTy BHOMpPAEThCA BIJIOBIZHO BaroBi KOe(II[iEHTH BaXkKJIMBOCTI
€KOHOMIYHOTO Ta €KOJIOTIYHOTO IIOKAa3HUKIB 3aleKHO BiJ O0COONMBOCTEH 3/IMCHEHHS IEepeBEe3e€HHS, IO JO3BOJISIE
BHOpaTH CXeMy MEpeBE3CHHs 3a IHTErPalIbHUM ITOKA3HUKOM (PO3PAaXxOBYETHCS IUIAH ONTHMAJIbHUH 32 €KOHOMIYHUMHE
YM EKOJIOTIYHHUMHM IOKa3HHKaMu, abo KoMIpoMmicHHi). Po3poOmenuii miaxix 3acTOCOBaHO M yAOCKOHAJIEHHS
MapUIpyTHOiI Mepeki TPOMAJICBKOTO TpaHCmopTy M. KueBa Ha eKoJOro-eKOHOMIuHHX 3acafgax. OnTumizaiis
MapUIpyTHOI Mepexi TUIBKM A OKPEMHX MapIIpyTiB MO3BOJIMIA 30UIBIIMTH OOXiX 1 3MEHIIUTH BUTpATU IpHU
3iIHCHEHHI Naca)XUPOIEPEBE3CHb 3 OJJHOUYACHUM 3MEHIIMINCS BUKU1 IIKITMBUX PEYOBHUH.

Kiio4oBi cioBa: TpaHCIOpPTHA CHCTEMa MicTa, MapIIpyTHa Mepexa, MacaKHpPOICPEBE3CHHs, ONTHMI3aLlis,
€KOJIOT0-€KOHOMIYHI ITOKAa3HHKH.

BCTYII

OCHOBHHMM 3aBJaHHSIM TPAHCIIOPTY HA CY4acCHOMY eTarli €: 3a0e3MeUeHHs] KOOpAUHALIT poOOTH Pi3HUX
BU/IB TPAHCIIOPTY Ha €IMHIA METOIOJOTIYHIM OCHOBI; 3a0€3IICYCHHS MMOMKUTY Ha IIEPEBE3CHHS MMaCaXKUPIB Ta
BaHTa)XiB B YMOBaX CHCTEMHOI B3a€MOJII1 ABOX 1 Oljbllic BUIIB TPAHCIIOPTY; 3a0€3CUCHHS OC3MEKH 1 IKOCTI
nepeBe3eHb; CTBOPEHHsS YMOB JUIsl (PiHAHCOBO-EKOHOMIYHOT'O 03/0POBIICHHS TPAHCHOPTHUX MiANPHUEMCTB 1
aKTHBI3allii 1HBECTUIIIHOT MiSIILHOCTI; po3p0o0Ka HAYKOBO-METOJWYHUX 1 OpraHizaliifHO-TeXHIYHUX 3aC00iB
CYNPOBOPKEHHS TPOLIECIB MEPEBE3eHb MMAaCaKUPIB Ta BaHTaXKIB 33 YMOB B3a€MOJIl PI3HUX €JIEMEHTIB B
CTPYKTYpax JIOTICTHKH.

TpancnoptHa crpateris Ykpainu Ha mepiog no 2020 poxky BH3Ha4ae KIIIOUOBI MPOOJIEMH, i,
NPUHLUIN Ta IPIOPUTETH PO3BUTKY TPAHCHOPTHOI CHCTEMH JEPiKaBH 3 TOUYKH 30pY 3arajJbHOHAIIOHAIEHUX
notpel Ta iHTepeciB, B TOMY YHCIi MACaKUPONEPEeBE3eHb MiCHKHUM MAaCaXKUPCHKUM TpaHcropToM [1].

CyyacHi cTaHAapTH KHUTTS BUCYBAIOTh HOBI BUMOTHU JI0 PiBHS MOOITBHOCTI HaceleHHs. 3a0e3MeUnTH
3pYYHHI J0CTynm A0 Micls poOoTh, cdepu 00CIyroByBaHHS, IO OCBITHIX Ta KYJIbTYPHHX 3aKIaiiB I,
3pElITO0, IO MICIb MPOKUBAHHS IHIIMX JIIONCH — 1€ 3aBHAaHHS HOMEpP OAWH JUIS TPAHCHOPTHOI CHCTEMH
MicTa. 3 wi€l Touku 30py edekTrBHE (DYHKLIIOHYBAHHS MICHKOTO MaCaKUPCHKOTO TPAHCIIOPTY MAa€ He TUTbKU
CKOHOMIUHE, a TAaKOK 1 BENMKEe colliajbHe 3HaueHHS. Ha MOOINBbHICTH HAaceJIeHHS Ma€ CYTTEBUN BILIHB
HE33JI0BUTBHUI PO3BHTOK TPAaHCIIOPTHOI MEpEkKi Ta MapUIPYTHOI CHCTEMH, HEpalliOHAIbHE BHUKOPUCTAHHS
TPAHCIOPTY 3arajbHOTO0 KOPHUCTYBaHHS, HU3bKA SIKICTh TPAHCIIOPTHOTO OOCIYTOBYBaHHS, 3MEHILECHHS HapKy
aBTOOYCiB, HEJOCKOHAJICTh CHCTEMH LIBHJKICHHMX Ta EKCIPECHHX aBTOOYCHHUX MapIIpyTiB y MicTax Ta
3aMiCHKUX CIIONyYCHHSIX.

Pazom 3 mum, mij "ac ekcrutyaraiiii aBTOTPaHCIIOPTHUX 3acO0iB BiIOYBa€ThCsl 3HAUHE 3a0pyIHEHHS
noskimnss. B armocdepre nositps notpamisiors Bukuau HapHukosux rasis (CO,, CH,), ozonopyiiHiBHEX
pedosuH ((pTop, XIOpBMicCHI ByrieBoAHi, TOOTO KaHueporenu), mkinnauei peuosunu (NOy, SO,, CO, NH;,
PO3YMHHHUKHM), MWL B pe3ynbrari iHTEHCHMBHOIO PyXy 3a PaxyHOK 3HOIIYBaHHS ac(ajibTOBHMX MOKPHTTIB
30UTBIITYETHCS] BMICT TBEPAMX YAaCTOK Yy TOBITPi, B TOMY YHCH KaHIEPOTCHHHUX. 3HAYHI 30WTKU TOBKIJIIIO
HAaHOCSATh  CTiYHI  BOAM  aBTOTPAHCHOPTHUX  IMIANPHEMCTB, sKi  3a0pyAHEHI  CIparbOBAaHUMH
HapTONPOIYKTaMH, OJIMBAMH TOILIO. 3a0pyIHIOIOTH CEPEIOBULIE MaTepialiu, sIKi BAKOPUCTOBYIOThCS MiJ] 4ac
PEMOHTY, OOCIIyrOByBaHHs 1 3alpaBKH TPAHCIIOPTHUX 3ac00iB. TOKCHYHMMHU € 3MalllyBaJibHI MaTepiajiu
(MOTOpHI, TPaHCMICIiHHI 1 iH.) 1 pIAMHA Ha MiHEpaJIbHIA OCHOBI, SIKi 3aCTOCOBYIOTh ISl TIAPOCHCTEM, KIIel 1
TepMETUKA Ha OCHOBI (hOpPMabIETiIHUX 1 EMOKCHIHHX CMOJI, IKi 3aCTOCOBYIOTBCS IiJl Yac PEMOHTY i
BUPOOHMITBAa aBTOMOOiNIB. OOCATr BHKHIIB PEUOBHH IMEPECYBHHMH JDKepelamMd B YKpaiHi CTaHOBHTH
mOpivHO MoHa[ 1,7 MITH T, a00 OibIlie TPETUHH BiJ| 3aralibHOI KiJIBKOCTI BUKUIIB [2].

BB TpaHCHOPTHOI AiSIBHOCTI Ha 370POB’S JIOAMHU 3A1MCHIOETHCS dYepe3 MOCTiHe 3a0pyIHEeHHs
MOBITpPs, IIyM, 3a0pyAHEHHA BOAM 1 IPYHTIB (OCOONMBO B aBapisix IMpH TPAHCIOPTYBaHHI HEOE3MEUHHX
TOBApiB 1 BaHTaXiB), BIUIMB Ha MCUXIYHE 370POB’s. 3a0pyAHEHHS MICHKOi TEpUTOPIi BUKUAAMU JTisUTBHOCTI
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aBTOMOOUTFHOTO TPAHCIOPTY € ONHIE€I0 3 MPUYWH IiIBUIICHOI 3aXBOPIOBAHOCTI HaceneHHS. OcobauBo
TOCTPOIO 11 TIpoOJIeMa € y BETUKUX MicTax YKpainu, Takux sk Kuis, Jainpo, Xapkis, Oxeca Ta iH.

Pimennss (QyHKUIOHAJIBHOTO PIiBHA HapyacTimle CHOpsMOBaHI Ha TMiABUINEHHS e(EeKTHBHOCTI
BUKOPUCTAaHHS TajMBa Yy BaHTAXKOICPEBE3CHHAX, ONTUMI3allil0 MapIIpyTH3alii aBTOTPAHCIOPTY Ta
eHeproszoepexxeHHs. OTxe, BaXJIMBUM HANPSIMOM 3HIDKEHHS aHTPOIIOTEHHOTO HaBaHTa)KEHHS Ha JOBKLIIISA
Ta CKOPOUYCHHS CyCHUTHPHUX BUTPAT € ONTUMI3aIlisi MapIIPyTHOI MEpEXi TPaHCIIOPTY MicCTa.

TakuM 4YMHOM, BPaxOBYIOUHM Te, IO TPAHCIIOPTHA cUcTeMa OaraThboX MICT YKpaiHM HE BiAloBigae
cranmapraM 1 BuMoramM €C, BHHUKAa€ HEOOXIJAHICTh BHPILICHHS CYKYIHOCTI MHTaHb YIAOCKOHAJICHHS
TPAHCIIOPTHUX MEPEX MICT, PaIliOHAIBHOTO BHUKOPHWCTAHHS TPAHCIOPTHOTO TIOTEHINANy Ha 3acagax
€KOJIOT1YHOI JIOTICTUKU Ta MiJBUILEHHs PiBHS €KOJOT1YHOI Oe3MeKH, SIK OIHi€i 3 OCHOB CTaJOr0 PO3BUTKY
TPaHCHOPTY.

AHAJII3 JIITEPATYPHUX JAHUX TA HIOCTAHOBKA ITPOBJIEMH

[lutanHs ynpaBiiHHA CHUCTEMaMH MICHKHX MAacaXHPCHKUX IEPEBE3€Hb MICHKOTO aBTOMOOIIBHOTO
TPAHCHOPTY PO3MIIIHYTO B AOCHIKEHHsSX [3]. ABTOpOM BM3Hau€Ha pOJb aBTOMOOLIBHOTO TPAaHCIOPTY B
IO0ANBbHIN E€KOHOMIIII Ta PO3BUTKY CY4JacHOTO CycmiibcTBa. IlokazaHo, MmO TpPaHCHOPT € OTHAM 3
HaWIIOTY>KHIIMMAX JDKEPENT JIOKATBHUX 1 TJI00aIbHUX BHUKHIIB 3a0pyIHIOIOUMX pPEYOBHH. Y poOOTI
3allPONIOHOBAHO MEXaHi3M BU3HAUCHHS JKEpes BHUKHUIIB Ha BCHOMY J>KUTTEBOMY LMK TPaHCTIOPTHHX
3aco0iB.

HaykoBuii anami3 miaxoiB, METOIIB Ta IHCTPYMEHTIB €KOJIOT19HOI («3€JIE€HO1») JIOTICTHKH, JIOTICTHKH
pecypco30epekeHHs 1 BiX0oliB, (JOPMYBaHHS CKOJIOTIYHO OPI€EHTOBAHUX CTPATETii MOBEIIHKU JIOTICTUYHUX
cy0’exTiB 3aificneHo B mochimkenHsax Julian Allen, Daniel Black, Anthony Whiteing, Michael Browne,
Yingli Wang, Julia Edwards, Maja Piecyk ta iu. [4,5].

[Ipobnemy pO3BHTKY Ta MNPOBaKEHHA KOHIEMLii CTajJoro pPO3BUTKY BHBYAJO Oarato aBTODIB,
3okpema: 10.®.I'yrapesuuy, /I.B.3epkanos, A.I'.I'oBopyn, A.O.Kopnay, JI.I1.MepxueBcbka BUBUAIN JTOCBi[
peaizarii cTpaTerii cTajgoro po3BUTKY [6].

BrnuB Ha HABKOJUWIIIHE CEPENOBHINE IMiANPUEMCTB HAWYACTIINE JOCHIHKYBaBCS JIUIIE IS OKPEMHX
JIOTICTUYHUX TPOLECIB, HAPUKIIA, TPAaHCIIOPTHHUX MepeBe3eHb, CKIaayBaHHs, a00 MPOLECiB MOBOIKEHHS 3
Bimxonamu (Cmeriek M., Mareiiuuk B., XpyTts0a B. [7]).

B nocmimkennsx Mareiunka B.I1., Ilromana M.II. [8] mpoanamizoBaHa ekoyoridHa Oe3meka
TPaHCHOPTHUX 3aco0iB B yMOBaX MiCBKOTO TPAaHCIOPTHOTO TIOTOKY 3 3acTOCYBaHHSIM METOMIB
MaTeMaTHYHOTO MozemoBanHs. B poGorax [9,10] cdopmoBani Mpomo3uuii yAZOCKOHAIEHHS MiChKOI
MaIIpyTHOT MEPEXKi.

JIumrea M.O. [11] posrnasgae KOMIUIGKCHHM IMAXiJ OO ONTHMI3allii CHCTEMH MIiCHKOTO
MAacCaXUPCHKOTO TPAHCIIOPTY Ha MPUKJIagi TPaHCHOPTHUX MpobieM micta Kuesa.

IIpore, B yMOBax IOCTIHHUX EKOHOMIYHMX 3MiH, 30LJIbIICHHS IaCaKHUPOIMOTOKIB B MIiCHKHX
TPAHCTIOPTHUX CHCTEMaX Ta MOCHIICHHS €KOJAECTPYKTHBHOTO BIIMBY TPAHCIIOPTHOI AisITBHOCTI Ha JOBKIIIJIA,
BU3HAYEHa MpobiiemMa NoTpedye MOJANBIIOTO AOCIiKESHHS.

HIJIb TA 3AJAYI JOCIILIKEHHA

Meroto poOOTH € BH3HAYCHHS Ta MAOCTIIKCHHS  JUHAIKA PO3BHTKY MICBKOTO TAacaKUPCHKOTO
TPAHCHOPTY Ta po3poOKa MPOMO3ULIN 00 MiABUIICHHS €KOHOMIUHOI Ta €KOJIOriuHOi e()eKTUBHOCTI HOoro
($YyHKIIOHYBaHHS.

3aBmaHHAM JOCTIDKCHHS €. OXapaKTepU3yBaTH OCOOJIMBOCTI PO3BHTKY MICBKOTO IACaXUPCHKOTO
TPAaHCHOPTY; 3aMPOIOHYBATH MIAXiJ IO MOJEIIOBAHHS MapIIPYTHOI MEpeki TPOMaJICHKOTO TPAHCIOPTY
MICTa; 3aCTOCYBaTH pPO3pOOJNCHUH MiIXid ISl yJOCKOHAJEHHS MapIIpyTHOI Mepexi TIpoMaachbKoro
TpaHcnopty M.KueBa Ha €KoJIOro-eKOHOMIYHUX 3acajiax.

PE3YJbTATH JOCIIAKEHb

3rigHo nmaHux MiHicTpepcTBa iHpacTpykTypu Ykpaimu [12] Ha gaHuii yac aBTOMOOiNTbHA
TpPaHCHOPTHA cHcTeMa B YKpaiHi Hajiuye moHax 9,2 MIIH. TPaHCIIOPTHHX 3aco0iB, y ToMy 4mcii 6,9 MIH.
JIETKOBUX aBTOMOOLTIB, = 250 THC. aBTOOYyCiB, =~ 1,3 MJIH. BaHTaXHUX aBTOMOOLTIB, moHan 840 Twc. om.
MOTOTpaHcnopty. Ha puHKY KOMepuilHHX MepeBe3eHb 3IIHCHIOIOTH MiINPUEMHHUIBKY AisIbHICTH Maibke
56,2 THC. TEpeBi3HMKIB, fKi BHKOPUCTOBYIOTH OumbIl 154 THC. TpaHCHIOPTHUX 3aco0iB. Y MiCBKOMY
CIIOJTy9eHHI TepeBe3eHo 5407 MITH. macakWpiB 3 HUX: aBTOMOOITBLHUM TpaHCToOpToM (aBToOycm) 2575
MIH., Tposeridoycamu 1300 muH., TpamBasmu 757 MiH., MeTpomojiTeHoMm 775 miH. Ilacaxupoo0bir
aBTOMOOUIFHIM TPaHCIIOPTOM (aBTOOYCH) CTAHOBHTH:

—49 mup. mac. KM, 1o cTaHoBUTE 38 % Bix BCIX BHIIIB TPAHCIIOPTY;

— Tponeidycamu — 7,6 MiIp. mac., 0 CTAaHOBUTH 6 %o;

— TpaMBasMHu — 4.1 muIp. mac. KM, 10 CTAaHOBUTH 3 %o.
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Y Tabnmmi 1 mpeacTaBieHi gaHi I0I0 BUAY MTEPEBE3CHD Ta KUTBKOCTI MIFOUUX JIIIEH31# B ramy3i [12].

Tabmuns 1 — Buau nepeBe3eHb Ta KiTbKICTh TIFOUUX JICH31H

Bun nepesezenn KinpkicTh gitounx JireH3ii

HaJaHHS TOCITYT 3 IIEPEBE3CHHS MaCaKHUPIB aBTOOYCaMH 13295
HaJaHHS MOCITYT 3 IIEPEeBE3CHHS acaKUPiB HA TAKCi 15965
HaJaHHS TOCHIYT 3 MEePEBE3CHHS MacCaKHUPIB JICTKOBUMU aBTOMOOUISIMH Ha 987
3aMOBIICHHS
HaJaHHS TOCITYT 3 MIEPEBE3CHHS HEOC3MEUHNX BaHTAXKIB 1820
HaJaHHS MOCITYT ITEPEBE3CHHSI MMACAKUPIB Ta HEOE3NMEYHNX BAHTAXKIB 206
HaJaHHS MOCITYT TIEPEBE3CHHS MMacaKUPIB Ta BAHTAXKIB 636
HaJ[aHHS MOCITYT 3 IIEPEBE3CHHS BaHTAXKIB 12451

Bceroro 45360

[ImanyBaHHS palioHaJbHOI Oprasizamii MapHIpyTHOI Mepei 3 ypaxyBaHHSAM BHUMOI IMacaKUpiB i
HiANPUEMCTB PEKOMEHAYEMO 3IiIICHIOBATH 3a KOMIUICKCHUM METOAOM, CYTHICTH SIKOTO TIIOJSTae y
MiHiMi3amii BHUTpAT, BiJIOBIHO MOJETI ONTHMI3aIlii EKOJOro-JIOTiICTHYHMX TOTOKIB MiANMPUEMCTB 32
CHCTEMOIO TIOKa3HHUKIB - EKOHOMIUYHHUX (BUTPATH 110 PO3MOLTY 1 AOCTaBLI NPOAYKLIii), EKOJOTIYHUX (BUTPATH
10 3HIKEHHIO aHTPOIIOICHHOTO HABAHTAKCHHS HA JOBKUULI) Ta COIIANIBHMX (BHUTPATH, CIPSAMOBaHI Ha
3aJI0BOJICHHS TIOTPEO CIOXKHUBAYiB IMOCIYT).

Jnist MoOzentoBaHHS MapHIPYTHOI Mepexi TpOMaZCbKOr0  TPAaHCHOPTY MiCTa  MPOIOHYETHCS
3aCTOCYBATH METOJ JIIHIHHOTO MpOTpaMyBaHHs (TPaHCIIOPTHA 3ajia4ya) i3 BUKOPUCTAHHIM SIK KpUTepil
ONTUMI3allli MOKa3HUKH E€KOHOMIKO-EKOJIOTIYHOI Ta collianbHOl OIiHKK. L{iboBa (QyHKIS € aguTUBHOIO

. . . E . . C .
(yHKII€I0 MOKAa3HUKIB EKOHOMIYHUX BUTpaT (Y|~ ), ekonoriuaux (Yzﬂ ) Ta couianbhux (Y; ) 30MTKiB mpu

3MIHCHEHHI MMAacakKUpo Ta/ab0 BaHTAKOMEPEBE3CHb 3 BarOBUMHU KOe(]illieHTaMH 1 XapaKTepHU3ye 3aTpaTHICTh
JIOTICTHYHOI CHCTeMH NPH (GOPMYBaHHI MapIIPyTHOI MEePEki TPAHCIIOPTY MicTa.

K=2-Y'+1 -/ + Y5 —>min
+A4,+4 =1

AE RrhTl — (1)

YW=h(x,...,x,)<a, i=1,

Y =g.(x,...,x)<b,, k=1p

m

"

C _ "
Yy =0,(x ... , X )<c,,

=1t

" " m

ze xll, e x; s Xy s x};, X, ,.., X, — JlACHI 3MiHHI (KepOBaHi apaMeTpH).

ne K - iHTerpanbHMii IOKAa3HMK BHTPATHOCTI JIOTICTHYHOI CHCTEMM MAapIIPYyTHOI Mepexi MicTa;
ﬂq , ﬂvz , 13 - BaroBi Koe(ili€HTH BaXJIMBOCTI KOXKHOTO MIOKa3HUKA.

JI1sl KOXKHOTO MapIIpyTy BUOMPAETHCS BIAIOBIAHO BaroBi KOS(iMi€HTH BAKIMBOCTI EKOHOMIYHOTO Ta
€KOJIOTIYHOTO TIOKa3HUKIB (ﬂ,,,ﬂz) 3QJIEXKHO Bill 0COOMMBOCTEH 3MIMCHEHHS TepeBe3eHHs (Tadn.2), 1o

JIO3BOJISIE BUOPATH CXEMY MEPEBE3CHHS 3a 1HTETPaIbHUM ITOKa3HHUKOM (PO3PaXOBY€EThCS IUIAH ONTUMATBHHUN
32 eKOHOMIYHUMH 9¥ €KOJIOTIYHUMH TTOKa3HUKaMH, 400 KOMITPOMIiCHHA).
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Tabmmms 2 — Pexomenmarii mo1o0 BUOOPY IIaHy ONTHMI3aIli MapIIpyTy IMePEBE3CHHS

VYMoBa ﬁl 2’2 Pexomennaris

/‘{1 > ,12 (0,6;1) (0,0,4) OntumansHu 32 EKOHOMIYHUM MTOKa3HUKOM
jq ~ 22 [0,4;0,6] [0,4;0,6] KomnpowmicHwuii mian

j,l < ,12 (0;0,4) (0,6;1) OnTuUMansHU# 32 €KOJOTIYHUM TTOKa3HUKOM

OnTtuMansHUH MapIIpyT y BUTTISAI ONTHMAIBHOTO IIaHY MepeBe3eHHs GopMyeThCs 3a pe3ynbTaTaMu
BUPILLIEHHS TPAHCIIOPTHOT 3a1a4i.

3acTocyeMO pO3pOOJICHMM TIAXiM IS YIOCKOHAJICHHS MapIIPYTHOI MeEpeki TpoMaiChbKOTo
Tpancnopty M.KueBa Ha €k0J10r0-eKOHOMIYHUX 3acajax.

Micro KuiB € BenmkuM aIMiHICTpaTUBHMM IIGHTpOM 3 0araToMiIbHOHHUM HaceleHHsM. s
3aJJ0BOJICHHA TOTped >KWUTeNniB MicTa Ta 3a0e3medeHHs (yHKIiOHYBaHHS BCiX cdep BUPOOHHUITBA,
00CITyrOByBaHHS HEOOXITHE peTyJsIpHEe 3MIMCHEHHS TNacaXHpo- Ta BaHTaKoOIepeBe3eHb. OmHieo 3
TIO0ATPHUX COIIAIbHUX, €KOHOMIKO-EKOJOTIYHUX TIpo0JieM, IO MOoTpedye HaradhbHOTO BHPIIICHHS €
OIITUMi3alis MapUIpyTHOI MEPEXi TPAHCHOPTY MicTa 32 YMOBH 3HIKCHHSI BUKUAIB 3a0pyAHIOIOUNX PEUOBUH
MIepECyBHUMHU JKepeaMu. 3MEHINIEHHS BIUIMBY Ha 3MiHY KJIIIMaTy peajli3ylouH MONITHKY CTIHKOTO PO3BUTKY
TPAHCIOPTHOI CUCTEMH MICTa JI03BOJISIE TAKOXK OTPUMATH HU3KY IHIIUX II€peBar, y TOMY YHMCII ITOKpPAIleHHs
SKOCTI TIOBITps, 3MEHIICHHS LIyMy, L0 CIPUYMHEHHH TPAHCIOPTHUMH 3aco0aMH, MiJABHILEHHS PiBHS
Oe3neku Ha JOporax, a TaKOX Psiji COLiaIbHIX Ta eKOHOMIYHHX IIepeBar.

TpancnoptHa cuctema M. KueBa Bkiodae B cebe nmecaTku aBToOyCiB, TposeiOyciB, TpamBaiB,
MapUIpyToOK, a TakoX (yHiKyJep. 3aranbHa JOBKWHA aBTOTPAHCHOPTHUX Maricrpaiieil, po3TalloBaHUX Y
MeXax MicTa, TOOTO MPOCHEKTIB, BYJIHWIb, OylbBapiB TOmO CTaHOBHTH Oym3bko 2000 kM. Bimpmmcrs ix
MIPOKJIANIM 1II€ B MUHYJIOMY CTOpIddi, aje B Cy9acHHX YMOBax ITOCTIHHOTO 3POCTaHHS KIJTBKOCTI OIUHHUITH
aBTOTPAHCIIOPTY, iX NMPOIYCKHA 3JaTHICTh BUSBJISETHCS HENOCTATHBOIO, YHACHIIZIOK 4oro 3atopu y Kuesi,
0cO0JIMBO Yy TOIWHHM IiK, CTalH MOBCAKICHHUM SBHUILEM. 34 HUHIIIHBOIO OPraHi3ali€lo pyxy, i HU3BKOIO
KYJBTYypOIO BOIIiB 3aTOPH PETYJIPHO BUHHUKAIOTH SK HAa TOJIOBHHUX MAriCTpajsiX, TaK 1 Ha HAWOMMKIHX
BYJIMILISX, SIKI HAMAralThCS BUKOPHCTOBYBATH 3a i 00'13ay. [lepeBaskHa OLIBLIICTL AOPIT Mae acdaabToBe
MOKPUTTSA, sKe, Ha JKallb, HUHI B 3aJ0BUIBHOMY CTaHi mepeOyBae JHIe Ha TOJIOBHHUX MaricTpaisix i
HEIOIaBHO MPOKJIAJCHUX a00 PEeKOHCTPYHOBaHUX 10pOrax.

lonenno memkanisiM Krea TpaHCIIOPTHI MOCIYTH HamaroTh 2964 aBroOycu pisHOTO Kitacy (361 —
3BUYAHUI pexxuM, 2603 — peskuM MapHIpyTHOTO TaKci), sIKi MPAaLIOOTh B 3BUUAHOMY PEXHMI pyXy Ta B
pexumi MappyTHUX Takci, 406 TponeiOyciB, 294 TpamBaiiHuX BarosiB, 645 BaroHiB MeTpomnoniTeny (3
JiHIT MeTpononiTeny, 51 craniis), 60 BaroHis Micekol "ejekTpudku'. TpaHCIOpTHA MEpEkKa MiCTa OXOILIIOE
302 aBroOycHux (3 HuX: 70 B 3BUUAiiHOMY pexxuMi, 232 B pexkHMi MapIIpyTHOTO Takci), 37 TponeiOycHHX,
20 tpamBaiiHux MapmpytiB. KomyHansne mignpuemctBo "KuiBmactpanc" oO'ennye y cBoemy ckianmi 4
TponeiOycHi i 3 TpamBaiiHi Jeno, a TakoX 8 aBTOOYCHHX MapkiB. BaxJMBOI0O CKIaJ0BOIO TPaHCIOPTHOI
cucremu M. Kuepa € merporoiniten [13].

. Y M. Kuesi 3aiiicHIO€TbCS TOCTYTIOBHIA MEPEXix O BIPOBAIKEHHSI HOBUX NPUHLMIIIB OpraHizarii ta
YHOPaBIiHHS TPAHCIIOPTHUM IPOLECOM IIJISIXOM BHKOPHUCTAHHS CyYaCHHUX aBTOMAaTH30BAHUX CHUCTEM. 3a IIHX
YMOB Tmpobiema 30amaHCOBAaHOTO i €(EKTUBHOTO BHKOPHCTAaHHS 1 PO3BUTKY MICBKHX MACaXKHUPCHKUX
TPaHCHOPTHUX TIOTOKIB HaOyBae BHKIIOYHOI aKTyaJdbHOCTi, a il BHpINICHHS BUMara€ po3poOKH i
3aCTOCYBaHHS CyYaCHMX IIAXOIB 1 METOAIB 1 BUMArae onTuUMizamii MapmpyTHOI MEpexKi.

[Ipu oMy BHpIIIy€eThCS 3a/ladya MiHIMI3alii TPaHCTIOPTHUX BUTPAT MPU PO3MOJiI TPaHCIIOPTHOTO
MOTOKY B MapmpyTHii Mepexi M.KueBa 3a eKoJIIOro-eKOHOMIYHMMH TIOKasHuKamu. [loOynoBy

ONTHMAIBHOrO MapIIpyTy [acakupoliepeBe3eHHs OyaemMo 3ailicHioBaTH Uit ekoHomiunoro (k) Ta
ekonoriunoro (k ;) TOKa3HMKIB JUIi KOHKPETHMX MapIUpyTiB MapuipyTHoi Mepexi M.Kuesa. [l

MIPOBEICHHS TOCITIKSHHS 0yIJI0 00paHO MapIIPyTH MacaKHPCHKUX IMEPEBE3CHD MICTa, XapaKTEPUCTHKA STKHX
nprBeAeHa B Tabm. 3.

s mpoBeaeHHST HEOOXIAHUX PO3PaxyHKiB OyJM MPOBEJCHI EKCIIEPUMEHTATIbHI CIIOCTEPEKEHHS 32
MacaXUPOIIOTOKaMHU Ha oOpaHuX MapmipyTax. Ha mijcraBi oTpuMaHuX NHaHUX (a caMme: CepelHiil 9ac peicy,
cepedHs KUIBKICTh peiiciB, TOAMHHA NPOAYKTUBHICTH OJHOIO aBTOOyca 3a KUIBKICTIO MEepeBE3CHUX
MacaXXupiB, KUIBKICTh aBTOOYCIB 3a TOAMHAMH POOOTH MapuIpyTy, KOe]ili€HT HamoOBHEHHS aBTOOYCiB IO
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KOXHIM TOAuMHI POOOTH MapIIpyTy, IHTEpPBal PyXy aBTOOYCIB IO KOXKHIA TOAUHI POOOTH MAapIIPYTy)
BH3HAYAEMO PEKHUM POOOTH TPAHCIIOPTHUX 3aCO0iB.
Hani Oyno gociigKeHo eKOHOMIUHY e(eKTHBHICTh ITepeBe3eHb Ha 00paHUX MapLIpyTax.

Tabmuis 3 — XapakTepucTHKa BUOPAaHUX MapIIPYTiB TPAHCIIOPTHOI CHCTMH MiCTa

Mapuipyt

[Tokaznuk

No 33 Ne 55 Ne 46 Ne 79 Ne 49
Bapricts, TpH 8 8 8 8 8
Bizcrams 5.96 12,42 8,13 9,02 8.26
[HTepBAT PYXY, XB 16-23 10-17 8-12 20-25 14-26

06:00- 05:45-21:58 05:35-2328 08:30-17:59 06:25-23:28
Yac pobotu

00:19
JloBxxuHa
HYJIOBOTO 3,6/4,6 11,7272 3,6/4,6 0,2/0,1 3,6/4,6
npoodiry, KM
PoGoui nHi ITa Bt Cp YUt IIt C6 H
KinbkicTh 3ynHUHOK 15/16 25/21 16/15 8/11 15/16
Cepenns 1OBKHHA 0.46 0,46 0,49 0,46 0,46
[IEPETOHY, KM ’
Yac o6opoTHOTO 50 50 60 30 50
peiicy, XB.

3rifHo OTpUMaHUX PO3paxyHKIB 3a THIOM aBToOycy borman A-092 po3paxoBaHa cCyMa BHUTpaT Ha
OIUIATy Tpalli, CTpaxyBaHHS, MMAaJUBO, MIATPUMKY HAJIEKHOTO TEXHIYHOTO CTaHY aBTONApPKYy Ta HaKJIaJIHi
BUTPATH, & TAKOXK MPUOYTOK.
Jlnst 3MiiCHEHHST €KOJIOTIYHO1 OIIHKHM MAapIIpyTiB PO3pPaxOBaHO MAcOBI BUKHIW IIKIITHBUX PEUOBHH
(CO, CnHn, NOy, PM ta CO>) B OBITpI 3a MOKa3HUKAaMH MPOOITOBUX BUKH/IIB.
st popMyBaHHS ONTHMAIHHOTO MapIIPYTy MOIUIEHO OOpaTH TUIaH MEPEBE3CHb 3 BPIBHOBAXKCHUMU
€KOHOMIYHIMH Ta CKOJIOTIYHMMH BaroBUMH KoedimieHTamMu. 3a ITOTOMOTOI0 ITHOTO IUIAHy 3IiHCHEHO
ONTHUMI3AINI0 MapIIPyTiB 3a €KOJOTO-€KOHOMIYHHMH TIOKa3HMKaMH.  EKOHOMIYHHUMH TTOKa3HHKaMHU
OI[IHIOBAIMCS. BUTPATH HAa TICPEBE3CHHS MACAXKHUPIB 3a TPAAUIIMHUM 1 ONTUMAIBHHM MAapIIpyTaMH.
Exonoriuni mokasHWKM BH3Ha4Yalu 30WTKH, SKi HAHECEHI HABKOJUWIIHEOMY CEpPEJOBUIIY BUKHIAMH
NIKIITTUBUX PEYOBHH.
OBI'OBOPEHHA PE3YJIBTATIB JOCJJIAKEHHSA
B pesynbraTi MOpiBHAIBHOI OLIHKK MapIIpyTiB OAEPKaHO Taki pe3ynbraTd. Jns Bcix MapmipyTiB
301IBIIKUBCS JOX1J 1 3MEHIIMINCS BUTPATH. SMEHILUIMCS BUKUIN IIKIIIMBUX pedoBuH - CO y 4 — 4,6 pasu,
CnH,, y 2,7—3,0pasu; NO.y2,3—-2,7pa3iB, PMy5,3—-6,0pasiei CO,y 1,5-1,8 pazm.
PospaxyHok cymapHOro Koe(illieHTy  €KOJOro-eKOHOMIYHOI  e(eKTUBHOCTI  (popMyBaHHS
JIOTICTUYHOI CHCTEMH MapIPYTHOI MEPEXkKi TPaHCIIOPTY MicTa IMPUBEEHO B Ta0II. 4.

Ta6mmist 4 — Po3paxyHOK €KOHOMIYHOTO €(DeKTy BiJl ONTHMI3allii TpaHCIIOPTHOTO MapiipyTy, 2018 p,
THUC. y.0IL

[Tokazuuk Maputpyr -
3Buuaitauii | OnTuMi3oBaHUN
Butpatu, muc. ym.o0 3652,28 3269,47 10,5%
B T.Y. TPAHCIIOPTHI BUTPATH 1569,4 1467,5 6,5%
3aranbHi €KOJIOTiUHI 30UTKH, YM.00 145,1 130,5 10,1%
IaTerpanpHuit TOKa3HUK BUTPATHOCTI MapIIpyTiB 5,5 1,6 70,9%

TakuMm 4MHOM, CyMapHI BUTPATH Ha IEPEBE3CHHS MACAKHUPIB IIICISA ONTHMI3AIli MOCIIIKYBAHIX
MapuipyTiB 3MeHmmiunca Ha 10,5%, B ToOMy 4yHcIi TpaHCHOpPTHI BUTpaTH Ha 6,5%, a 3arajqpHi €KOJOTIUHI
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30uTkn 3mennmrcsa Ha 10,1%. ExoHOMIs manuBa JUIsi OJHOTO TPAHCIIOPTHOTO 3ac00y Ha OIMH MapIIpyT
23,2 1, 0 IPHUBOIUTE IO €KOHOMIsI Ha BapTOCTI majuBa Ha 4,3 yM.OJl., CKOPOUEHHS TPAHCIIOPTHUX BHTPAT
Ha 101,9 ym.on. Ta CKOpOYEHHs BiJBEpHEHOro 30WUTKY Bil BUKWAIB B atMoc(epHe mositTps 14,6 ym.om.
MiHimasbHe 3HaueHHS iHTErpalbHOrO MOKAa3HMKA BUPATHOCTI MapIIpyTiB 3HU3MIOCH Ha 70,9%.

BUCHOBKHU

3rifHo 3 pe3yiabTaTaMd IOCIHIPKEHHS, MOXKHAa 3pPOOMTH BHCHOBOK, IO €()EKTHMBHUM METOIOM
3MEHILIEHHSI aHTPOTIOTEHHOT'O BILIMBY TPAHCIIOPTHOI CUCTEMH MicTa Ha JOBKULIA € ONTHMI3aLlisl MapIIpyTHOT
MEpEXi IPOMaJICEKOTO TPAHCIIOPTY.

Jlnist MOJIEITIOBaHHSI MapIIPyTHOT Mepeki TPOMaJICbKOr0 TPAHCIOPTY MICTa 3aCTOCOBYETHCS METO[T
JiHIMHOTO TporpaMyBaHHS (TpaHCIIOPTHA 33jada) 13 BHUKOPUCTAHHSIM B SIKOCTI KPUTEpiiB ONTHMi3awii
MMOKA3HUKIB €KOHOMIKO-€KOJIOTiUHOI Ta coIliasbHOi OIliHKW. [linboBa (yHKIIS € aTuTUBHOIO (YHKIIEIO

. . E . . C . o .
NOKA3HMKIB €KOHOMIYHHMX BUTpAT (Y,” ), eKOJIOriYHUX (Yzﬂ ) Ta couianpHux (Y5 ) 30uTKiB npu 3aificHeHHI

nacaxupo Ta/abo BaHTaKOIMEPEBE3EHb 3 BAarOBUMH Koe(illieHTaMH 1 XapaKTepu3ye 3aTPaTHICTh JOTICTUYHOT
CHUCTEMH TIpH (OPMYBaHHI MapIIPYTHOI MEpPEXi TPAHCIIOPTY MicTa. J|JIsl KOXKHOTO MapIipyTy BHOMPAETHCS
BIJIMIOBIHO BaroBi KOE(DILiEHTH BaXKJIIMBOCTI €KOHOMIYHOTO Ta EKOJIOTIYHOIO IMOKA3HUKIB 3aJIEKHO Bij
0co0IMBOCTEH 3IIHCHEHHS MEpeBe3eHHs, L0 TO3BOJIAE BHOPATH CXEMY IEPEBE3CHHS 3a IHTETPaIbHUM
MOKAa3HUKOM (PO3PaxOBYETHCS IUIaH ONTHUMAJIbHUAN 32 €KOHOMIYHUMH UM €KOJIOTIYHUMH MOKa3HHKaMH, abo
KOMIIPOMICHHIA).

Po3pobnennii miaxig 3acTOCOBaHO MMl YAOCKOHAJIEHHS MAapLIPYTHOI Mepeki TIpoMajachKoro
Tpancnopty M.KueBa Ha ekosoro-ekoHOMiuHMX 3acazax. OnTHUMi3amis MapIpyTHOI Mepexi TIJIbKH AJIs
MapuIpyTiB JO3BOJIMIA 30UMBIIUTH JIOXiA 1 3MEHIINTH BUTPATH MPH 3AIMCHEHHI IMacakKUpOIepeBe3CHb.
SMEHIIUINCS BUKUAM K UTMBUX pedoBuH - CO y 4 — 4,6 pasu, CH,, vy 2,7 — 3,0 pasu; NO.y 2,3 —-2,7
paziB, PMy 53 —6,0pazisi CO:y 1,5— 1,8 pasu. CymapHi BUTpaTH Ha NEPEBE3CHHS MACAKUPIB MiCIs
onTHUMI3aMii TPhOX MOCIiIKyBaHUX MapuIpyTiB 3meHnmmcsa Ha 10,5%, B ToMy 9HCIi TpaHCTIOPTHI BUTpATH
Ha 6,5%, a 3arajgpHi eKojoriuHi 30mTkn 3MeHmmIncs Ha 10,1%. ExoHoMis mamWBa It OJHOTO
TPaHCHOPTHOTO 3aco0y Ha OAWH MapuipyT 23,2 JI, IO NPUBOANUTE JO EKOHOMIsl Ha BapTOCTi manvBa Ha 4,3
YM.OZI., CKOPOUEHHs TpaHCHOpTHHX BHUTpaT Ha 101,9 ym.onm. Ta CKOpPOYEHHS BiJBEpHEHOro 30UTKY BiJ
BUKHIIIB B aTMochepHe moBiTps 14,6 yMm.on. MiHiMalbHEe 3HAYCHHS IHTEIPAJbHOTO MOKAa3HMKA BUPATHOCTI
MapuipyTiB 3HM3MI0CH Ha 70,9%.

Otxe, onTuMi3allisi MapLIPyTHOI MEPEXI TPAHCTIOPTY MicTa B Cy4YaCHHX YMOBaX € BaXKIIMBOIO 3a7a4yero
iHTerpailii MicTa B €BPOINEHChKE CEPEIOBUIIE. Y 3TOKEHICTD, pallioHaIi3allis eKOHOMIUHA OOIPYHTOBaHICTh
Ta €KOoJIoTiuHa Oe3NeyHICTh MapIIPYTHOI Mepexi MicTa 3a0e3neuyeThbes il (OPMyBaHHAM 3a KPUTEPisIMU
€KOJIOT0-€KOHOMIYHOI e(peKTUBHOCTI. P03po0iieHa ekoIoro-eKoHOMiYHA MOJIENh €PEeKTUBHOCTI JOTiICTHIHOI
CHCTEMH TPAaHCHOPTY MicTa Ja€ MOXKJIHMBICTH ONTHUMI3yBaTH PyX MOTOKY 3a BH3HAYCHHUMH KpPUTEPiSMH
€KOJIOT0-€KOHOMIYHOT e()eKTHBHOCTI.
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O. Spasichenko. The experience of optimization of route network of the city by ecological and
economic indicators.

The article presents a linear programming method (transport problem) applied to simulate the route
network of a city. Optimization criteria are indicators of economic, environmental and social assessment.
The objective function has indicators of economic costs, environmental and social losses when performing
passenger transportation with weight coefficients. Weighting indices choose for each route the importance of
economic and environmental indicators, depending on the characteristics of transportation. The scheme of
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transportation is chosen by the integral indicator (calculate the plan optimal for economic or environmental
indicators, or compromise).

The developed approach is applied for improvement of the Kyiv public transport route network on
the ecological and economic basis. Optimization of the route network only for individual routes allowed to
increase the income and reduce the costs of commuting while reducing the emissions of harmful substances.

Key words: city transport system, itinerary network, passenger transportation, optimization,
ecological and economic indicators.
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Xitpos 1.O., Copoxka B.C., Kpuctomuyk M.€., [lamkesna C.M.
Hayionanehuii ynisepcumem 600H020 20Cn00apcmea ma npUupoOOKOPUCHY 6AHHS

MOJAEJIb @OPMYBAHHA VIO TPAHCITIOPTHOI'O OBCJIYI'OBYBAHHSA MAPIIIPYTIB
HHACA’KUPCBKOI'O CIIOJIYYEHHS

OpHUM 3 METOZIB, L0 OO3BOJIAIOTH OILIHIOBATH €(EKTHUBHICTh (PYHKLIOHYBaHHS Iaca)XKHPCHKOT
TPAHCHOPTHOI CHCTEMHM TIPUMICBKOTO CIOJYYEeHHS Ha eTali MNPOEKTYBaHHS MapIIpyTHOI Mepexi i
YAOCKOHAJICHHS JiF0Y0l € MojesoBaHHsA ii podoru. Llei mpoiec Moke OyTH BHKOHAHUN 3a JOIIOMOIOIO
armapaty MaTeMaTHYHOTO MOJEJIOBAHHS. 3aCTOCYBAaHHS OCTAHHBOTO ISl OLIHKH HACTiAKIB BIPOBAKECHHS
3MiH y MapLIpyTHil MepexKi Maca)XMPChbKOTO CIIOJIyYEHHS CTAaHOBHTH 3HAYHWH 1HTEpeC BHACIIIOK TaKHX
MPUYUH: Ha JaHUH Yac po3po0JICHO JOCHUTh NMOBHHMH MaTeMAaTH4YHMM amapar, 110 J03BOJISE 3IiHCHIOBATH
HEOOXiZHY MOUQIKalilo ICHYIOUMX MOJEJeH, i BpaxoBye crenuiky KOHKPETHOT MapIIpyTHOI Mepexi;
BUKOPUCTAaHHS MaTE€MaTUYHUX MOJEJNEH HE BHMAara€ 3HauYHUX PECYpPCiB 1 A€ MOXJIMBICTH JIETKO iX
peanizyBaTd Ha TpakTUIl 3 BuHKOpHcTaHHAM EOM, 110 703BOJSIE NPH HEOOXIAHOCTI MPOBOIUTH
OaraTopa30BUii aHaJIi3 y MPOIIECi MPOCKTYBAHHS Ta SKCIUTyaTallii Mepeki; MaTeMaTUYHI MOJIEII, Ha BIAMIHY
BiJl HATYPHOT'O MOJIEJIIOBaHHS, BUMIPIOBaHHS Ta CTATHCTUYHOIO aHaNi3y MapaMeTpiB peaJbHOi MapIipyTHOT
MEpeXi MacaXKUPCHKOro CHONydyeHHA (y BHNAAKY, SKIIO MapIIpyTHa Mepeka YxXKe CHpPOEKTOBaHa i
3HAXOJUTHCS B IIPOLIEC] eKCITyaTallii), T03BOJSIFOTh POOUTH BUCHOBKHM PO TEHACHIIIT PO3BUTKY MEPEKi, 10
€ BYKJIMBUM IIPH JOCIIIPKEHHI TPAHCIIOPTHOI CUCTEMHU MACAKUPCHKOTO CIIOIYYCHHS.

HeoOxigHi nepexymMoBaMH BHUPIIIEHHS HNOCTAaBICHHUX 3aBIJaHb Yy 3araJlbHOMY BUIJISIII BH3HAYAIOTHCS
napamMeTpaMy TOMEPeTHbOTO iX OIMHUCY, TEPUTOPIANEHOTO PO3MILICHHS BY3MiB, €JIEMEHTIB CHUCTEMH Ha
aHaJI30BAHOMY PHHKY TPAaHCIOPTHOTO OOCIYTOBYBaHHS, MK SIKHMH (QOPMYIOTBCS 3B’SI3KH PI3HOTO POy,
[0 BUMAraroTh KUTBKICHOI OI[IHKM peati3alliii BIIMOBITHO 10 BUCYHYTHX MOTPed Ha TPAHCIIOPTHI TMOCTYTH.
YMOBU JOCTaTHOCTI BCTAHOBIIOIOTH METOAM, JITOPUTM BHUPILICHHS 3aBJaHb BHU3HAYCHHS KUIBKICHHX
XapaKTepUCTHK ONTUMABHUX TPAHCTIOPTHUX MPOLECIB i 3B’ A3KiB. [X XapaKTepuCTHKY MOBUHHI BpaXoBYBaTH
HOpMaTHBH OOMEXeHb 3a0e3MeveHHsT HaliiHOCTI, Oe3MeKH, MOIIbHOCTI, €PEeKTHBHOCTI, 1HII crerudivHi
yMOBH (DYHKITIOHYBaHHS CHCTEM.

VY po0oTi MPOMOHYETHCSI YAOCKOHAJICHUH METOJ IPOTHO3yBaHHS MOTEHLiAIy TPAHCIOPTHUX MOCIYT,
10 Moke OyTH 3aCTOCOBaHWU MpHU MOAETIOBaHHI (PYHKIIOHYBaHHS TPAHCIOPTHOI CHCTEMH Haca)XKMPCHKOTO
CIOJIYYEHHS.

KiouoBi cioBa: macaxupcbka TpaHCIOPTHA CHUCTEMa, TPUMICBKE CIHOJYYeHHS, IUIOIIA
TPaHCHOPTHOTO OOCITYTOBYBaHHS, MAapLIPyTHA MEpeXka, PUHOK TPAHCTIOPTHHUX TOCTYT.

BCTYII

IcHytoui mpoOnemu, MO CTPUMYIOTH 3a0€3MEUCHHS 3POCTAI0YOro 3a 00CSIraMu 1 SKICTIO MOMHTY Ha
TPAHCTIOPTHI TIOCITYTH, BW3HAYAIOTh HEOOXIAHICTH 3MIMCHEHHS KOMIUIEKCY OpTraHi3aliiHO-TPaBOBUX,
€KOHOMIYHHMX 1 TEXHIKO-TEXHOJIOTIYHUX 3aXO[iB, PO3PaXOBAaHUX SIK Ha ONM3BKY, TaK 1 Ha JOBTOCTPOKOBY
MEPCHEeKTHBY, WLIO 3a0e3levaTh PO3BUTOK TPAHCHOPTHOTO KOMIUIEKCY JJisl CHPUSHHS —PO3BHUTKY
MPOAYKTUBHUX CHJI KpaiHH, COLiaIbHOI MOOUIBHOCTI HAaCeNIeHHs, HaIMHOCTI TpaHCIIOPTHOI cuctemH [ 1-3].

Tpymuomti gopmaizamii IporeciB i 3aKOHOMIpHOCTEH (HOPMYBaHHS MOTOKIB BUMOT Ha TIEPEBE3CHHS
CTaly CepHO3HOI0 MPUYMHOIO BiJCTaBaHHs PE3yNbTaTiB HAYKOBHX IOCTIIKEHb BiJl BUMOT MPaKTHKH. SIKII0
HE BpPaXxOBYBaTH 3aKOHOMiPHOCTI PO3BUTKY TPAaHCIIOPTHOI MEpEeXKi, PO3MOIiN 3aBaHTAXKEHHS 11 IUISIHOK, TO L€
MIPU3BENE 10 TEepPEBaHTAXCHHS (HETOBAHTAXXEHHS) OKPEMHX JIHIM 1 By3/IiB MEpPEXi, IMIIBUIICHHSI PIBHSI
aBapifHOCTI, HETATUBHUX €KOJIOT1YHUX HACIIIKIB.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA MMPOBJIEMHU

VY naHWi 4ac HaKONMWYEHO BEIUKHUI JIOCBIJl MPH MOJICIIOBAHHI TPAHCIIOPTHHUX CHCTEM, MPOBECHI
KOMIUIEKCHI ~ JIOCHI/DKEHHS ~ TPAHCIOPTHUX CHCTEM MACaXHPCHKOTO  CIIONYYCHHS aBTOMOOITHHUM
TPAHCHOPTOM, Pe3yJbTaTH SIKUX TMPEJICTAaBICHI B HAYKOBHX MNpalsX 3apyOKHUX 1 BITUM3HSHHUX BUYEHHX.
30kpema, KpUTepii 17151 OLIHKY e(eKTUBHOCTI (PYHKIIOHYBaHHS TPAHCIIOPTHUX CHCTEM JOKIAJHO ONHCaHI B
[1-3,5].

MeTtoau MpoeKTyBaHHs TPAHCIIOPTHUX CUCTEM 3HAWILIN CBOE BimoOpaxkeHHs B poboTax S1. Bannaca,
A. ®imepa, O.K. Kynpssrnesa, M.C. Kpamapa (cratnuni moneni) [1] ta JI.A. fAxosnera, }0.C. Kip3nepa
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(muHamivai Moxemi) [1]. HemonmikoM CTaTHYHHUX MOJENEH € Te, IO BOHHM ONTHMI3yIOTh TPaHCIIOPTHY
CHUCTEMY BITHOCHO BHIIAIKOBOTO PO3CEJICHHS, B Pe3YyJbTaTI YOTO PO3PaXyHKOBI TPAHCIIOPTHI HaBAaHTAKCHHS
MOKYTb CYTTEBO BiAPi3HATHCH BiA (PaKTHUHHX.

Hunamiuni moaeni (Mozens JILA. SIkoBneBa) BpaxoBYIOTh 3MiHM B TPAHCHOPTHIN CHCTEMI OB’ sI3aHi 3
(hakTOpamMu “po3CeNeHHS - TSHKIHHS, aJie He 3a0€3MeuyI0Th OJHO3HAYHOTO aITOPUTMY IOIIYKY ii CTPYKTYpH
[1,3].

Bimomi minxomu, B skux aBTOpH [4, 6] pO3rismaroTh PO3MOALT MOi3N0K 3a 3akoHoM Ilyaccona, Ta
BiJ[3HaUal0Th OarartodakTtopHicTh Mojeni (OPMyBaHHS TMACAKUPCHKAX KOPECHOHJCHIH, a oTke |1
PYXJIMBOCTI HACENICHHS, Ta TIPOIIOHYIOTh BUKOPUCTOBYBATH MPUHIIUIT MaKCHMIi3allii eHTpomii [5].

3 MeTor0 Mo0y0BU ePEeKTUBHOI MEPEXi IPOMaICHKOr0 MacaXKUPCHKOTO TPAHCHOPTY 3 YpaxyBaHHSAM
MONUTY Ha MEpecyBaHHs, aBTOPH [6] BUKOPHCTOBYIOTH aHali3 aJbTEPHATUBHHUX MOI30K 32 MPHHLIUIOM
[MapeTo-onTHMaNBHOCTI.

Eneproenrponiiinuii MeTon y pi3HUX cdepax 3 yCHmixoM po3poOiisid Taki BueHi, sk bombiman JI.,
Bpunmoen JI., Binep H. Ta inmi, y 3agauax ynpasninas A0nees P.®., Kynukos A.B. EnTponifinuii miaxin
JUISL BUPIIICHHS TPAHCIOPTHUX IpolisieM [7] OyB ymepine 3acTtocoBaHuii Bimbconom y 1967 p. 1 mi3Hiiie
4acTO BHKOPHCTOBYBAaBCS IIPH BUPINICHHI TPaHCIOPTHHUX 3aBAaHb (BUOIp Micls TNpHU3HAYCHHS, BUIY
TPaHCIIOPTY, MapHIpyTy IepecyBaHHs). B eHTpomiiiHOMYy aHami3i onu (macaKupw) YHOIiOHIOIOTHCS
MOJIEKYJIaM Ta3y 1 JiF0Th B KaHAJII30BaHOMY OpPOYHIBCHBKOMY pYyCi HE3aJIeXKHO OMH Bijl 0JHOr0. EHTpomiiHi
MOJIENII TaKUX CKJIaJHHX OO0’€KTIB, SIK MDKMICBKI W periOHalbHI MacaXMpPChKi TPAHCIOPTHI CUCTEMHU
JIO3BOJISIIOTH OJIEPXKYBAaTH OJM3bKI 10 pealbHUX JaHi PO JOCHTIHKYBaHI TIPOIIECH.

OpHi€ro 3 BiIPaBHUX TOYOK JIS BUPIMIEHHS psAAy MpoOieM, MOB’S3aHUX 3 MOOYIOBOI MOJEINI, €
3aBJJaHHSI BH3HAYCHHS MACaXUPOIOTOKiB. PerioH sBisie co00r0 ckianHy OaraToeleMEHTHY 1 HEOAHOPIAHY
TUHAMIYHY CHCTeMy. PerioHailbHI TPaHCIOPTHI CHCTEMH XapaKTEPU3YIOThCS ICTOTHOIO PIi3HOPIAHICTIO i
HEMOBHOTOI0 iH(popMaIIii Mpo mpoIiecH, MO B HUX MPOTIKAIOTh. Y 3B’SI3Ky 3 HEIIOBHOTOO iH(pOpMAIlii, OJHUM
3 MOMJIMBUX METOMIB BH3HAUEHHs MACAKUPOIMOTOKIB, € TpaBiTauiiiHnii. BukopucTanHs rpapiTamiifHol
MoJieJIi HasiBHE B poOoTax 0arathoXx aBTOpIB [3-6], mpruuoMy B OaraTbOX BHITaJKaX BOHA 3a3HAE JNEAKHUX 3MiH
y IUTaHI 3acTOCyBaHHS (YHKINI TSDKIHHS, B SKOCTI SIKOI MOXYTh OyTH 3ampOTIOHOBaHI SIK BUTPaTH Ha
MepecyBaHHs MacaXUpiB MiXK pallOHaMU, TakK i 3aTpaTH 4acy Ha iX mepemimeHHs Ta iHmi GyakmioHamu. Kpim
TOr0, B KO)XHOMY KOHKPETHOMY BHUNAAKy Tpeda NpOBOAWUTH aJamTaimil0o MOJEN LUIIXOM BBEJCHHS
KaliOpyBalbHUX KOe(IIli€HTIB, IO 3aJIeKaTh Bi MapaMeTpiB MOIEII.

I'paBiTariiini MojeNi € HACTIAKOM KJIACHYHOI TepMOJWHAMIYHOT MOJIENi MakcuMmizallii enTpomii [5, 7].
Mertoa MakcuMi3alii eHTpoMii, Mo CyTi, MPUIUCYE PiBHI KIMOBIPHOCTI BCIM CTaHaM CKJIaIHOI CUCTEMH, 1110 HE
BUKITIOUYAIOTHLCS alpiopHOI0 iH()OpMAITIETO.

[IpuHIKTN PUHKOBOT €KOHOMIKH (DOPMYIOTH HOBY (OPMYIY IHAWBIAyaTbHOTO BHOOPY CIIOXKHBAdYEM
o0csry 1 BuAy TpPaHCIOPTHHX MOCIYr, TOMY Ha erami BHOOpy W moOynoBM Momeni (QyHKIIOHYBaHHS
TPaHCHOPTHOI CHCTEMH OCOONHMBY yBary cCiiJi MPUAUIATH BiAMOBIAHOCTI MPHHAHATOI TiNOTE3U MPO
MPOTIKaHHS TMPOIECIiB MacakupooOMiHy B CHCTEMi, BHOOpPY BY3IIB 3apOKEHHS Ta TIOTAIleHHS
MMacaXUPOITOTOKIB, BU3HAYHTHCS 3 KpHUTEpieM e(MEKTUBHOCTI CHUCTEMH. 3 II€I0 METOI0 Tpeda MpOBECTH
IPYHTOBHHMI aHami3 BiJOMHX MOJEJE€H TPAHCIOPTHUX TPOLECIB 1 TOOYAOBH TPAaHCIOPTHHUX CHUCTEM,
IPOBECTU IX aJanTalilo Uil JOCHIIKEHHA TPAHCIOPTHOI CHUCTEMH IPHMICBKOTO MacaXXHPChKOTO
crioydeHHs, (OpMyBaHHA PHUHKY TPAaHCHOPTHHUX IIOCJIYr 3 YpaxyBaHHSAM IUIOIII TPaHCIIOPTHOTO
00CITyrOBYBaHHSI MapIIPYTiB ACA)KUPCHKOTO CIIOTYYEHHS.

OIJIb TA 3AJAYI JOCJIILIKEHHSA

AHaJi3 pHUHKY MMAaCaKUPCHKUX TPAHCIOPTHUX IIOCIYT Yy TPUMICEKOMY CITOJIYY€HHI, B yMOBax
3pOCTaHHS TPAHCIOPTHOI PYXOMOCTI HACEJCHHS, BUMAara€ YiTKOi CEerMeHTalii 3 MeTOlo 3a0e3ledyeHHs
BpaxyBaHHS 1HTEpECiB Cy0 €KTIB MEPEBi3HOTO Mpolecy, KOMPOPTHOCTI i Oe3MeKH MepecyBaHHs LUIIXOM
onTHMi3amii CTPYKTYpH ¥ KIJTBKOCTI TPAaHCIOPTHUX 3acCO0IB SKi OOCIYTOBYIOTH MapIIpyTHY MEpPEXKy, Ha
OCHOBI BHBYCHHS IIPOBI3HUX MOKIMBOCTEH MapmipyTiB. HaWOimbIl NpUAHATHUM IS MOJCITIOBAHHSI
MacCaXUPOMOTOKIB MO Mepexi € rpaBiTauidHuii migxig. Ilpm npoMy HEOOXiZHMM € BCTaHOBJICHHS
3aKOHOMIPHOCTEH pO3CeJICHHS )KUTEIIB [0 TEPUTOPIi, AKI Ha TaHWH Yac BUBUYCHHUI HE JOCTATHBO. ToMYy Citij
MPOBECTH JIOCHIJHDKEHHSI BKAa3aHOTO TIapaMeTpa W BHSBUTH 3aJE€KHOCTI HOrO 3MiHH BiJl MPOCTOPOBOTO
PO3MIIIIEHHSI HACEJICHUX MYHKTIB BiTHOCHO OOJACHOTO UM PalilOHHOIO LIEHTPiB. TOMY Ba)KIMBUM 3aBJaHHAM
JOCITIDKEHHsT € moOy/oBa MOJeNi PO3paxyHKy NOTEHLIaNny TPAHCIOPTHUX TMOCIYr Yy TPHUMICBKOMY
CIOJY4YeHHI Ta po3po0Ka METOAYy pO3PaxyHKY TIOTCHIANy TPAaHCIOPTHUX IMOCIYr Y MPUMICBKOMY
CTIOJIY4EHHI, Ha OCHOBI IDIOIII TPAHCIIOPTHOTO 0OCITyTOBYBAaHHS MapIIPYTiB.

PE3YJIBTATH JOCIIAKEHDb

IMpu ¢opmyBaHHI KpHUTEpil0 €PEKTUBHOCTI MACAKHUPCHKOI TPAHCIOPTHOI CHUCTEMH MPUMICHKOTO
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MAcaKUPCBKOTO CIIOJMYYEHHS CIiJA MaTd Ha yBa3i, MO aHami3 CTAaTUCTHYHHX JAaHUX CTOCOBHO
(hyHKITIOHYBaHHS MapIIPYTHOI MEPEXKi MaCaKUPCHKOTO CIOMYICHHS (KUTHKICTh OAWHHIH PYXOMOTO CKIIATy i
HOro TEXHIKO-eKCIUTyaTalliifHi MOKa3HUKH, OOCATH MEpeBE3CHUX IMaca)KUpiB) HE MOXKYTh IOBHOIO Mipoio
BIJIOBICTH HA MUTAHHS: HACKUIBKM ONTUMAalbHA MapIIpyTHa MEpeXka, HACKiIbKH TPAHCHOPT 3a/I0BOJIBHSIE
MOTpeOM HaCeNICHHS B MEPEBE3CHHSIX, SK IPU HAsIBHIA TPAHCHOPTHIM CHCTEMI OIIIHUTH PiBEHb
00CITyroByBaHHS HaCEICHHS.

ToMy, HOUiITBEHO MPOBECTH MOJIN MOKa3HUKIB y TPYIH, SIKI BiZOOpa)karoTh EKOHOMIYHY Ta COLIaJbHY
CKJIaJI0BI €(peKTHBHOCTI, 1[0 B CBOIO YEPTry JIO3BOJIUTH BUPIIIUTH MPOOIEMY ITOEJHAHHS 1HTEPECIB MTACAKUPIB
1 TPAHCIIOPTHUX MIAMPUEMCTB 13 CYCHIILHUMH, sIKa BUHUKAE Yepe3 BIUIMB HACTYIHUX ¢akTopis [1, 9]:

- TPaHCIIOPTHOI PyXOMOCTI HaCEJICHHS,;
- IPOBI3HOI 3JaTHOCTI MACAKUPCHKOTO IPOMACHKOI0 TPAHCHIOPTY (THITY 1 YHCENBHOCTI PYXOMOT'O CKJIAAY);
- piBHSI OpraHi3alii nacaKUpChKUX MePEBE3CHb.

[aTepecu TpaHCHIOPTHUX HiANpPHUEMCTB (TIEPEBiI3HMKIB) BimoOpa)karoTh PiBEHb JOXOJHOI YACTHHHU Ta
3a0e3neyeHHs] NpUOyTKOBOI poOOTH IpU 0OCIYTOBYBaHHI MACaKUPIB.

B cBoro yepry, iHTepecH NacakMpiB 3BOAATHCS 1O MiHIMI3allii BUTpAT 4acy 1 KOIITIB Ha IOI3IKH,
MiZBHINCHHI Oe3mekn 1 KOMQOpTy il Yac KOPUCTYBaHHS TPaHCIIOPTOM, WIO BijoOpakae coliaibHy
CKJIQJIOBY €(EKTUBHOCTI IMACaXMPCHKOI TPAHCHOPTHOI CHCTEMH IPUMICHKOro croiydeHHs. [loemHaHHS
THTEpECiB MACAKUPIB 1 MEPEBIZHUKIB XapaKTEPU3YIOTh CYCIUIbHI IHTEPECH: 3aI0BOJICHHS COIIaIbHIX BUMOT
HaceJieHHsT; 3a0e3NeueHHsT PeHTa0ebHOCTI POOOTH TPAHCIIOPTHUX MiAMPUEMCTB; MiHIMI3aIlis MKiJAIHBOTO
BIUTMBY Ha 3JI0POB’S 1 MPOAYKTHBHICTH Mpalli WICHIB CYyCIIJIbCTBA; MiHIMI3allisl IIKiIJIHMBOTO BILIUBY
TPAHCHOPTY Ha HABKOJIMIITHE TIPHPOIHE CEPEIOBUILE.

LinboBa QyHKIiS Ui JOCHIPKEHHS e(EKTUBHOCTI IMACaXUPChKOI TPAHCIOPTHOI CHCTEMH
MPUMICBKOTO CITOTYYEHHS, OTIUCYETHCS 3aIEKHICTIO BHIY

n n L A,
Z(Qi(A,g»T,-)—Z(TH -A~R0(A,g)‘[cw(A,g)-Li(A,ch,wcm(A,g)-’(g)D

— = 14
E= i=1 i=1 e N Ama;gz s (1)
Z(TH -A~RO(A,g)-[CW(A,g)-Li(A,g)+cmcm(A,g)-L"(VA"')B e
i=l1 e
IIPU OOMEKEHHIX Q:
A,g>0; )
A, g =int; 3)
n Nmax Nmax
2.0i(Ag)=2 > Hy; “4)
i=1 k=1 I[=1
n
ZLi(A:g) :LMMa Q)
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ne E — eeKTHBHICTh MAaCaKUPCHKOI TPAHCTIOPTHOI CUCTEMHU IPUMICHKOTO CIIOYYEHHS, TPH./TPH.;
0;(A,g) — obcsr nepeBe3eHb Ha i-My MapLIPYTi 3a pO3paxyHKOBUI Iepioz, mac.;
T; — tapu¢ Ha MapuIpyTi, IPH.;
T,, — TPUBAJIICTb PO3PaXyHKOBOTO MEPIOAY, TO.;

A — KINBKICTh TPAHCIIOPTHUX 3aC0O0IB HA MapIIPyTax MPUMICHKOTO CIIOJIy4YEHHS, OJ.;
g — MacaXHPOMICTKICTh TPaHCIOPTHOT'O 3aC00y, 33 ITHOTO Ha MEPEBE3CHHAX MACAXKHUPIB, OJ1.;

R,(A,g) — KinbKicTb 0OOPOTHUX PEiCiB 3a pO3paxyHKOBHI NEPiof;
C,,(A,g)— cknanoBa 3MiHHUX BUTPAT, TPH./KM;

Choem(4,g) — ckianoBa NOCTIMHUX BUTpAT, TPH./TO.;

L;(A4,g) — noBkHHA i-T0 MapIIPyTy, KM;

V, — excinyaraniiiHa MBUAKICTb, KM/TO/L.;

H,, — MakcuMasbHa CymMapHa pealli3oBaHa KOPECIOH/ICHLLs aCaKUPIiB 3 k-TO HACEIICHOIO IYHKTY B [-ii

3a PO3paxyHKOBHH Mepiof, mac.;
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Lyps — CyMapHa JOBKHMHA MapIIPyTHOI MEPEXki IpPU OXOIUICHHI MaKCHMAJbHOI KIIbKOCTI HACENEHUX

MYHKTIiB IPUMICHKHM CIIOJIyYSHHSIM, KM;
1 — KUTBKICTh MapIIpyTiB CIIOTYYEHHS;
N ,yux — MaKCHMaJbHA KUIBKICTh HACEJIECHUX ITyHKTIB, OXOIUIEHUX TPAHCIIOPTHUM CIOJIyYEHHSIM.

Takum uwHOM, €(EKTHBHICTH TPAHCIIOPTHOI CHUCTEMH IACAXKUPCHKOTO CIIOIY4YEHHS BimoOpaikae
pEHTa0ENBbHICTh ITEPEBE3CHb, 1 € CKIIA0BOI0 €KOHOMIYHOI €)eKTUBHOCTI.

3a0e3neueHHs COLIalbHOI CKJIaJOBOI E€(QEKTHBHOCTI TPAaHCIOPTHOI CHUCTEMH MacaXHUPCHKOTO
CTIOJy4eHHsI 3aKJIaJIeHO B OOMEXKEHHSX, a caMe: CyMapHi peani3oBaHi KOPECHOHACHIIl MK HaceJIeHUMH
MYHKTaMH, 10 BKJIFOUYEHI JO MACaKUPCHKOI TPAHCIIOPTHOT CUCTEMH MPUMICHKOTO CITOMYYCHHS JIOCSATAIOTh
MaKCUMaJIbHOTO 3HAYCHHS NPU MOBHOMY OXOIUIEHHI HaceJIeHUX IyHKTIB TPAaHCIOPTHUM crioiydeHHsM. Lle
MOJIMBO TMpHU 30UIbIIEHHI CyMapHOi JOBXKHMHM MAapIIPyTHOI MEpeXi NacaXKMPChKOrO CIIONYYEHHS.
JloTpuMaHHSI COLIAJILHUX HOPMATHBIB TPAHCIIOPTHOTO OOCITYrOBYBaHHsS HACEJICHHS, BCTAHOBIICHHX
Jiep>KaBHUMH OpraHaMHu BIaJld, 3HIKYE €KOHOMIUHY CKJIaZIOBY €(DEeKTHBHOCTI, 110 BUMAara€ BCTAHOBJICHHS
ONITUMAJIBHOT CTPYKTYpPH MapKy Ui TPAHCHOPTHOIO OOCIYrOBYBaHHsS HaceJCeHHsS. 3MiHHOIO, sSIKa PETyIIIoe
CTPYKTYpYy HapKy TPAaHCIOPTHHUX 3ac00iB, JOIIIBHO MPUHHATH KUIBKICTh HMACaKUPOMICIh B TPAHCIIOPTHIN
CHCTEMI MaCa)KUPCHKOTO CIOTYYCHHS.

Criz BiAMITUTH, IO MOMMT HAa TPAHCHOPTHI MOCIYTH BU3HAYAETHCS HE TUIBKU YUCEIBHICTIO, CKIIAZI0M
1 PO3MOiIIOM HAceNeHHs M0 TEPUTOPii, aje W 3MiHaMH piBHS Horo 1oOpoOyTy, 3alHATOCTI, Mepedya0BOO
CHCTEMH TPAHCIIOPTHOTO OOCIIyrOBYBaHHS B Cy4YaCHHX YMOBAax, NPOSIBOM [ii 3aKOHOMIpDHOCTEH 3MiHH
IHAVBITyaIbHUX MOXJIHBOCTEH Ta motped [4, 8, 9, 11]. OgHOYacHO 3 UM BiOYBa€THCS MEPEPOITOILNT Y
XapakTepi mepeBar, KOHIIEHTpamii i BUOOpI HAMpPSMKIB IMOI3ZI0K JKUTEIIB KOHKPETHOTO PETiOHY, TPYAOBI
MOT3/IKH TIEPEPO3NOIIIINCS 3 BUpOOHUYOI chepr B mocepeTHUIIBKY, TPOXOAUTH 3MiHA ITOJIOKEHHS IIEHTPIB
3apOJKEHHS 1 MOTallleHHs TOI3/I0K Ha TepUTOpii perioHy. TakuM 4WHOM, pO3poOJieHi paHille aaropuTMu
MOJICJIIOBAHHS MapIIPYTHOI MEPEXi MacaKUPCHKOrO CHOIYYEHHS MOPAJbHO 3acTapiiv il He MOXYTh OyTH
MOBHOO MipPOIO0 BUKOPHCTaHI ISl OMUCY MPOIECy MepPEeMillieHHs MACaKUPIB Y CYYaCHUX YMOBaX.

Mogens QyHKIIIOHYBaHHS TPAHCIIOPTHOT CHCTEMH MACAKUPCHKOTO CIIONyYEHHS YMOBHO CKIIAIA€THCS
3 MOJIelli TPAHCIIOPTHOI MepeXi, MOJel MoTpedr B MepecyBaHHIX, MOJIET MapIIPyTHOI Mepexi i mMojermi
PO3MOAITY MAacaXUPOMOTOKiB. BU3HAUalbHUM €TamoM y MpoLeci MOAETIOBaHHS TPAHCIIOPTHOI CHCTEMH
MacaXUPCHKOTO CHOIYUYCHHS € MOJICNIb MaplIpyTHOI Mepexi. s Moaens sBiise co00r Tpacu MaplIPyTiB Ta
iXHIX TpoBi3HMX MoxmBOcTei. lli mapameTpu BH3HAYAIOTh TOKAa3HUKH €(EKTUBHOCTI TPAHCIIOPTHOL
CHCTEMH MaCaXUPCHKOT'O CIIOIYUYEHHS.

Mogens TpaHCHOPTHOI Mepexi IOAaHA y BUIVIALI MaTeMaTHYHOI'O OIMCY €IEMEHTIB TPaHCIIOPTHOI
MepeXi TacCaKMpPCHKOTO CIIOYYEHHS B PETiIOHI, IO SIKAX MOXJIMBHH pPyX TPaHCIOPTHUX 3aco0iB
rpoMasickkoro kopuctyBanHs [10, 12].

Mogens noTped y nepeMillleHHX SBIIsiE COO0I0 MaTPUII0 MIKPaOHHUX KOPECIOHACHIIH Macaxxupis,
0 B IOJANBIIOMY TPAaHCPOPMYETHCS B MATPHIIO MDK3YIMHHHUX KOPECIOHACHIIIH Ha OCHOBI Tpac
MapuipyTiB Mepexi. OnepKaHHS Li€l MaTpULi AOLIJIBLHO NMPOBOAWUTH 3 BUKOPUCTAHHSIM TIpaBiTaLlifHOro
METOAY PO3paxyHKy KOPECHOHACHLiH. Y IbOMYy BHNAAKy B SKOCTI BUXIIHHX AAaHUX BUCTYNAE €MHICTh
TPAHCIIOPTHUX PANOHIB PETIOHY W MaTPHII HAMKOPOTIIHNX BiJcTaHEH, BU3HAYCHA HA OCHOBI MaTEMaTHIHOTO
OTIMICY TPAHCTIOPTHOI MEPExKi.

Mogens MapIpyTHOT MEpEKi CKIaJaeThCsl 3 Tpac MapIIPYTiB 1 KiITBKOCTI TPaHCIIOPTHHUX 3aco0iB. s
3a0e3rneueHHsT eQEeKTHBHOI POOOTH TPAHCIIOPTHOI CHCTEMH TACa)KHPCHKOTO CIIONYYECHHS Y IJIOMY
HEOOXIJTHO 3B’s3aTH MapaMeTpH TeOMeTpii Tpac MapUIPyTiB i MACAKUPOMIOTOKH HA X MapuipyTax. 3 i€k
METOI0 BUKOPHCTOBYETHCSI MOJIEIIb IIEPEPO3NOALTY NACAKUPONIOTOKIB IO MapIupyTHiid mMepexi. Ha migcrasi
JaHUX TPO BEIMYMHY MACAKUPOIOTOKIB MO KOKHOMY MapIIPyTy PO3PaxOBYIOTh palliOHAJbHY KiNbKiCTh
TPAHCIIOPTHUX 3aCO01B, TEXHIKO-CKOHOMIYHI i TEXHIKO-eKCILTyaTalliiiHi TIOKa3HUKK POOOTH Ha MapIIpyTax.

MogenioBaHHS (YHKIIOHYBaHHSI TPAHCIIOPTHOI CUCTEMH MAaCAKUPCHKOTO CIIONyYEHHS BiIOYBa€eThCS
LUISIXOM 3MiHM Tpac MapIIpyTiB y NPHUMiCbKOMY CHOJYYEHHI M KiJIbKOCTI TPaHCIIOPTHHX 3ac00iB Ha HUX.
3MiHa IHMX M[apaMeTpiB JO3BOJSE JOMOITUCS OYIKyBaHMX MOKAa3HUKIB €(EKTHBHOCTI (YHKIIIOHYBaHHS
TPaHCIOPTHOT CUCTEMU MMACaXXUPChKOI'0 CIONy4YeHHs. [Ipoliec MoIeI0BaHHs Ma€e iTepaliiHui XapaKkTep, 1110
JI03BOJISIE BUKOPHUCTATH MOTO IMpPH PO3IJIsiAi HOBUX albTEPHATUBHUX MAapIIPYTHUX MEPEX MacaXKMPCbKOTro
CTIOJTy4EHHsI PETioHYy.

[TiaroroBka i popmysanHs iHPOpMaIiitHOT 0a3u MOJEIIOBaHHS Niepeadadac 30ip BUXiIHUX JaHUX PO
TPAHCHOPTHY MEPEXY MPUMICHKOIO CHOIY4YEHHS, XapaKTepPUCTUKY JOPOKHIX YMOB Ta TPAHCIOPTHUM MOMUT
Ha TIepeMIillIeHHs TTaCaXKUPIB.

Cepen METOZIB MATEMaTHYHOTO OMMCY TPAHCIIOPTHOI Meperki HaOyIM MOLTMPEHHS HACTYITHI:
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1. I[IpeacTaBneHHs] MEpeXi y BUTIISAI CYKYITHOCTI BY3/IiB, IO MalOTh CBOI KOOPJIWHATH, 1 TaK 3BaHHUX
“Oap’epiB”, MmO SABIAIOTH COOOI0 TIPUPOAHI ab0 ITy4dHI mepemkoan (piKu, SpH), TPOXOKEHHS
TPAHCHOPTHHUX 3B’A3KiB MK SIKUMU HeMOxJuBo [ 1, 3, 10]. Ilpu TakoMy MeToZi ONUCY Mepeki MOXKIMBHM €
BU3HAYCHHs HAOIMKEHOI BiICTaHI MiXK By3JIaMH MEPEXKi 3 BUKOPHCTaHHAM KoedilieHTa HenpsMOJiHIHHOCTI
TpaHcmopTHOI Mepexi. KpiM BimcTaHel, Ha Mepexi MOXHA PO3PaxOBYBaTH HAOMIKCHHWN Yac CIOTYyYCHHS
MDK By3JIaM{ BUXOJSIYM 3 NPHITYIIEHHS, IO HMIBUAKICTH TPAHCIIOPTHUX 3aCO0IB € MOCTIHHOIO BETMYHHOIO.
Henmonikom 1boro MeToqy € HEMOXKJIMBICTh 3aCTOCYBAaHHS MOJIEIOBAHHS 4epe3 BiACYTHICTDH iH(popMaii mpo
MOBEJIHKY 00’€KTa, TOOTO MACaKUPOIOTOKY HA OKPEMHX JUISIHKaxX 1y By3JiaX MPH BUPIIICHHI 3aBJIaHHS
PO3MOITY MACAKUPOINOTOKIB 1Mo Mepexi. [lopsa 3 UM mepeBaramMu JJaHOTO METOJY € MPOCTOTa 300py U
HEBEJIMKUI 00csAr BUXigHO1 iHpOpMaIlii, a TOUHICTH 3a10BIIbHA I BUKOHAHHS IH)KEHEPHUX PO3PaXyHKIB.

2. Onmc Mepexi, Mo IPYHTYEThCS Ha MpecTaBleHHi ii y BUraai rpada. By3mamu mepesxi € HaceneHi
IIYHKTU ¥ IMyHKTH TPAHCIOPTHOI'O TSDKIHHS, JJAHKAMU - IIEPETOHU MK HACEJICHUMMU ITyHKTaMHU TPaHCIIOPTHOI
Mepexi periony. [Ipy boMy B TOIMOJIOTIYHY CXeMy BXOISAThH TUIBKH Ti AUISHKH JOPIT, SIKi 38 TEXHIYHUMH
YMOBaMH JIO3BOJISIIOTH PyX TPaHCHOPTHUX 3aco0iB TIpoMaichKoro KopucTyBanHsA. Lleit meron HaOyB
BEJIMKOTO TIONTUPEHHS TPH BHPIMIECHHI 0aratboX I1HKEHEPHUX TPAHCIIOPTHHUX 3aBIaHb 3aBISKH BHCOKIH
TOYHOCTi. BUMOrH 710 TONONOTIYHOT CXeMHU:

1. IToBuHHA OyTH BHKOHaHa BUMOTa MPO KOPEKTHICTh MOJAHHS peaIbHUX 00’ €KTIB TOUYKOIO Ha rpadi
TPAHCIIOPTHOT MEPEXKi.

2. PiBeHp neramizaiiii 00’€KTiB, IO BXOIATH Yy TPAHCIIOPTHY CHUCTEMY, OOMEKCHHN MOMJIHBICTIO
oJepkaHHs 00’ €KTHBHOI iH(popMaLii Ipo HUX.

Buninenns Buay nepeBes3eHb, MO HIKaBUTh HAac, BiAOYBAa€ThCS Ha PiBHI PO3POOKH TOMOJIOTIYHOT CXeMHU
MUISIXOM BUOOPY BIATOBITHUX 00’ €KTIB, TPU3HAYCHHS IICHTPIB 1 MEX TPAHCTIOPTHUX PaiOHIB.

Bennunnaa macakXMpONOTOKY 3a JIaHKaMU Mepei (QOpMyeThCsl Mif Ji€l0 TPaHCIOPTHOTO IOMHTY,
HaBaKIMBIIIMM IPOSIBOM SKOTO € OOCSTH BilNpaBieHHS 1 MpUOYTTS B TPAaHCIOPTHHX BY3JIaX MEPEXKi.
€MHICTh TPAHCIOPTHUX PalOHIB MOXKe OyTH BH3HAUCHA IIIIXOM NPOBEICHHS HATYPHHUX CIIOCTEPEKEHb 3a
MMacaXUPOOOMIHOM 3YNMUHHUX TYHKTIB a00 3 BHKOPHCTAHHSIM aHKETHOTO METOXy OOCTeXEHHS
MACaXUPOTOTOKIB. Y JaHWil Yac NPOBEICHHS MOBHOLIHHOIO aHKETHOTO OOCTEXEHHS Npale3laTHOro
HAaCeJIeHHsS YTPyJHEHE W MpPakTHYHO He MOxe OyTH BHUKOPUCTaHE [UIl IPOrHO3YBaHHS €MHOCTEH
TPaHCHOPTHUX palioHiB. J[JIs1 MPOTHO3yBaHHSI €EMHOCTI PaOHIB MO BiJNPaBICHHIO TpeOa BUKOPHCTOBYBATH
CTaTUCTUYHI JAaHi PO YHCENLHICTh HACEICHHS B TPAHCIIOPTHHUX paiioHax (HaceJeHUX MyHKTax) 1 iX po3moain
10 TEPUTOPIi perioHy.

[Ipu3HaueHHs TpaHWIb 1 ICHTPIB TPAHCHOPTHUX palOHIB (HACEICHUX ITyHKTIB) NP BHpPIMICHHI
3aBJaHb NACaKUPCHKUX I1€PEBE3EHb Y IPUMICBKOMY CIIOJYYEHHI IIOBUHHE BHKOHYBAaTHCS TAaKUM YHHOM,
o0 BCi MepeMilleHHs] BCepeIrHI TPAHCIIOPTHOTO PaliOHy 3IiHCHIOBAJHCS MIIIKH, BCI TEPEMILICHHS MiX
TPAHCIIOPTHUMH paiioHaMu (HACEICHUMH ITyHKTaMH) 3BOIHIMCS 10 TIEPEMIIICHb MK IXHIMHU IICHTPaAMH.

Marpurst HaHKOPOTITUX BiJICTaHEH MOXe OyTH BCTAHOBJICHA HA MIJCTaBI MAaTEMATHYHOTO OIHCY
TPAHCHOPTHOI MepexkKi MPUMICBKOrO croiydeHHs. s po3paxyHKy MaTpHLi MOKHAa 3aCTOCYBaTH METO[
Drnolina, IKU Mae HECKJIQAHUH alrOpUTM PO3paxyHKY i JEeTKo MporpaMHo peamizyerbes [1, 2, 10].

OcranHi TOCTIHKEHHS BKa3yIOTh Ha Te, IO PsAI BUCHUX [2-5, 8] IPOIMOHYIOTH K OCHOBHHM KpUTEpiit
OLIIHKH TOCTIOAAPCHKOT isUTbHOCTI BUKOPHCTOBYBATH MOKA3HUK “NOTEHLIAN MOCIYT”’, SIKMH 32 CBOIM 3MiCTOM
MPEICTaBIsie MAaKCUMAJIbHO MOXIIMBHH MacaXUPOOOir i3 BCTAHOBJICHWM pIiBHEM SKOCTI NMPH TMOBHOMY
BHKOPHUCTAaHHI HOPMATHUBHOI MICTKOCTI PyXOMOTO CKJIaJy MPOTSATOM BCHOTO IpoOiry Ha mapripyTi. Bimomi
mozem [1, 5, 8, 10], B sSKuX iHTErpoBaHI B OJHY CHUCTEMY PIBHSHL TPAHCIOPTHI BHTpATH HACEICHHS H
BUTPATH MACAXUPOOOCIyroBy0UHX mignpueMcTs. [Ipu npomMy BUTpaTu BUpoOHHKa (TIEpEeBi3HUKA)

L R
36’ = CnOc'm _M+Tn6 +C3MLM _0’ (6)

m ij

1€ Cpoemn — IOCTIHHI BUTPATH HA OJIHY FOJUHY POOOTH, IPH/TO/L.;
C;, — 3MiHHI BUTpaTH HA OJIMH KIJIOMETp MPOOITy, TPH/KM;
L,, — TOBXXHUHA MapIIpyTy, KM;
R, — KUIbKICTh 0OOPOTHUX PEHCIB;
T — cyMapHUH Yac IPOCTOI0 aBTOOYCa Ha 3YIUHKAX 33 OJIUH PEUC, TOI.;
Qjj— KITBKICTh TTACAXHPIB, IEPEBE3CHUX MK ITYHKTAaMH i Ta j, 1Mac.;
Vi — TEXHIYHA MBUIKICTH, KM/TOI.
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BigHocHI BUTpaTH crioxknuBaya (macaxupa)

k a,L I
3C=C6’i0 7’14' n_m +k E+i , (7)

nep
Ve

3yn

ne Csip — IMTOMA OIIIHKA BIIHOCHUX BUTPAT Macakupa 3a 4yac KOPUCTYBAHHS IMOCIIYyTOl0, TPH/TOI. ;

0 — IIBHICTE MapIIPYTHOT MEPEXi, KM/KM;

kn, @, — KOHCTAaHTH, IO BH3HAYAIOTh BUTPATH 4Yacy Ha MEpEeMILleHHs A0 (Bil) TPaHCIIOPTHOI MEpexi,
rof/KM>;

Nsyn — KUTBKICTD 3yMTUHHUX TYHKTIB HAa MapIIpyTi;

I — cepenHiil iHTEpBaN pyXy Ha IUISHLI MapIpyTy, TOA.;

[, — cepeaHs AaJbHICTh MOT3IKM MacaXUPiB HA MAPILIPYTi, KM;

knep — KOCOILIIEAT TIEPECATOUHOCTI;

Ve — IIBUIKICTB CIIOTYYCHHS, KM/TOI.

Ha ocHoBi mopeneii [3, 6, 8-10], noOynoBana MoJielib y CTPYKTYpi SIKOI CIIONy4YeHi KpUTEpii OIiHOK

SIKOCT1 TPAHCITIOPTHOTO OOCITYTrOBYBaHHS 1 TIEpeBE3CHB, MIOBA (DYHKIIS HAOyBa€e BUTIISITY

3=3,+3.+T > min. ®)

OpmHak MiHIMI3AIls BUTPAT IPUBOIUTE IO CHCTEMHOI IIOMUJIKH TIOJIBIHHOTO OOJIIKY BTpAT CIIOXKHWBada
K y Burisai Qakropa, mo Bxoaute y Tapud (7), Tak i mpu omiHUi BUTpar BupoOHMKA. Tomy mpu
MoJepHizalii winboBoi QyHKOil (8) 3amicTs Tapudy BBOAMTHCS (AKTOP OLIHKUA pO3MIpy cyOcumuil,
00yMOBIICHHH, HAITPUKJIIA, 32 pekoMeHamiero €C, s opraizaiii poOoTH rpOMaICEKOTO TPAHCIIOPTY.

[licna nepeTBopeHHs1 MOAENb (YHKLIOHYBaHHS KOHKPETHOro Mapuipyty (8) 3 ypaxyBanusaMm (6) — (7)
HaOyBae BUTIISILY

3=3,+3.+S > min, ©)

ne S — po3Mip aapecHuX CyOCHIii crioKnBady (BUPOOHHUKY ).

Mogens Buay (9) moOymoBaHa 3 BUKOPHUCTAHHSAM METOIIB CHHEPTETHYHOTO ONMUCY (DYHKITIOHYBAHHS
TPAaHCHOPTHUX CHCTEM, IO PO3IJISIAETHCS SK BIIKpHTAa cHCTeMa. Y Pe3ysbTaTi MOro[KEHOI B3aeMOmii
CHeIiaNi30BaHNX €JIEeMEHTIB (PYXOMUI CKJIaJ] - TPaHCIOPTHI HUISSXH - TEPMIHAN) CUCTEMH 1 30BHIITHHOTO
CepeIoBHINA BiJIOYBAIOTHCS TIOCTIHHI MOTOKOBI i eHepreTHYHi 0OMiHU (BKIIOYalOYH BUPOOHUK - MOCIyTa -
CHOXMBaY), 3A1HCHEHHS MPOLECIB SKUX OPraHi3yeThCs METOJAMH JIOTICTHKH, IO MPUBOAUTH OO 3POCTAHHS
CTyHEHS i1 BHOPAJKOBAHOCTI 1 3MEHIIIY€E EHTPOIIIIO.

Crpykrypa mozeni (9) mo3Bojisie NOCTIKYBAaTH MapaMeTpH, IO BHU3HAYAIOTh YMOBH (DOpMYyBaHHS
NepeBe3eHh Ha KOHKPETHOMY HamNpsAMKY (MapLpyTi) i XapakTEpUCTHKH IIOCIYT, IO Y3TOUKYIOThCA 3
BUMOTaMH CIOXKBauiB. Ha oOCHOBI NpoOBEeOEHOr0 aHalizy METOAIB NPOTHO3YBaHHA MOTEHLiAITY
TPAHCIOPTHUX MOCIYT BCTAHOBJICHO, 10 HAMOLIbII MPUHHATHOIO € IpaBiTalliiHa MOJEIL PO3PAXYHKY. AJie
ICHYIOYi TpaBiTalliiHI METOAM PO3PaxyHKY MOTEHIiAy TPAaHCIOPTHHX IMOCIYT MAalOTh PsJl HEJOMIKIB, IO
MIPU3BOAATE /10 301IbILICHHS TOXUOKU PO3paxyHKy. MaTeMaTHUHUI OnKC HaJaHHS OCIYT CIiJ 3A1IHCHUTH 3a
peanizamisiMi TPAHCIIOPTHHUX IPOLECIB B €JIEMEHTAaX CUCTEMH, MDK SKHMHU B 30BHIIIHBOMY CEpPEIOBHUII
BUHHUKAIOTh BIIHOCHMHH, IO BHPAXKAIOTHCS 3aKOHOMIPHOCTSMH TpaBiTaliiiHoro. /s ycyHEHHS HEJONIKiB
MIPOTIOHYETHCS YIOCKOHAJICHUH METOJ NMPOrHO3YBaHHs MOTEHIialy TPAHCHOPTHUX IOCIYT, 110 MOXe OyTH
3aCTOCOBAHUI MTPHU MOZEIIOBaHHI (DYHKLIOHYBaHHS TPAHCIIOPTHOI CUCTEMH NACAKUPCHKOTO CIIOTYyYEHHS.

OYHKINI pO3MOJTy TepeBar MOXKHAa IMOJATH 3a JIOINOMOTOK KpHUTEpitd BUOOPY crHocoly
nepemMinieHHs. BuOuparoun crioci6 nepeMilieHHs, cy0’eKT MiHIMI3ye BEIMYNHY TPaH3aKI[iHHUX BUTpat. Ll
BEIMYMHA BU3HAYAETHCS MHOXHUHOIO JESKAX (PAKTOPiB, a MOIUIBHICTH BHOOPY TOTO YM iHIIOTO (hakTopa
3aJICKUTh BiJl BETUUYMHHA KPUTEPiI0 BUOOPY B KOXKHIN 3 IOCTYIHUX albTepHATUB. UMM MEHIIIe KpuTepiit ams
BU3HAYEHOI aIbTEpPHATHBH, THM BHUIIIE IMOBIpHICTH ii BUOODY.

HeoOximHi yMOBHM BHpIIIEHHS 3aBJaHb Y 3arallHOMY BHUTJIAI BH3HAYAIOTHCS IapaMeTpaMu
MOMEPETHBOTO iX OmHcy (TEOMETPUYHOTO MOJOXKEHHS TOYOK), TEPUTOPIAILHOTO PO3MIIICHHS BY3IIiB,
€JIEMEHTIB CUCTEMHU Ha aHaJi30BaHOMY PHUHKY TPaHCIOPTHOTO OOCIYTOBYBaHHS, MK SKHMH (DOPMYIOTHCS
3B’SI3KM Pi3HOTO POy, IO BUMAararoTh KiTBKICHOI OIIHKH peajizalliif BiAMOBITHO 10 BUCYHYTHX MOTped Ha
TPAaHCIIOPTHI MOCJIYrd. YMOBH JOCTaTHOCTI BCTAHOBIIOIOTb METOJM, AJITOPUTM BHPIIIEHHS 3aBAaHb
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BHU3HAYEHHSA KiBKICHUX XapaKkTePUCTHK ONTHUMANBHMX TPAHCIOPTHHX MpONeciB i 3B’sA3KiB. Ix
XapaKTePUCTUKM IIOBHHHI BpaxOBYBaTH HOPMATHBM OOMEKEHb 3a0€3MEeUeHHS HaIidHOCTI, Oe3MeKkH,
JOLITBHOCTI, €PEKTUBHOCTI, iHIII crenndiuHi yMOBH (YHKLIOHYBaHHS CUCTEM. 3 Li€I0 METOIO B Mojei (9)
BpaxoBaHi (akTOpW, L0 BU3HAYAIOTHh IHIAMBIIyalbHI IepeBard CIOKMBadiB, Ul YOro B TrpaBiTalliiHiN
MOJIETIl TIpY OINIHII MOTEHIIay TPAHCIIOPTHUX pPAHOHIB YMCENBHICTIO HaceleHHS Nij 3MiHa 00’emiB dQ
BH3HAYCHA 3MIHOIO KiJTBKOCTI XXHUTENIB dN, piBHS 100po0yTy dP 1 SKOCTI mochyr dY, 0OyMOBICHI MOICILITIO
bitopkmana [3, 5, 7, 12]:

dQ =dN -dP-dY? (10)
PospaxyHnkoBa ¢opmyna 115 rpaBiTaniiiHoi Mogedi, 3 ypaxyBanHsaM (10), mae BUrIsig
(N; +dN; N +aN ;)
0; =k; 3 : (11)
Rjj

ne Rj — BiICTaHb BiJl i-TO IMyHKTY BiANPABICHHS J0 j-TO MyHKTY MPHOYTTS.
BuxopucroByroun monens bitopkmana [7, 12], BenuunHy 3MiHH YACEIHLHOCTI HACEICHHS BH3HAYAEMO
3a hopmyIior0

dN = Lz : (12)
dP-dy
[TincraBuBmm hopmyiy (7) v (6), oIepKUMO BUpa3 BUTIISITY
. dQ;
Ni + le N] + iz
dP; - dY; dp;-dY;
Oy =kij 2 (13)
Rjj

VY pesynbrati migcraHoBku (13) y mozens (9) MaemMo Moaens Ui BU3HAUYEHHS XapaKTEPUCTHK 3MiHU
MONHTY Ha PUHKY TPAHCIIOPTHUX TOCIYT Ha PO3IIIAHYTIH TepUTOpPii 00CIyroBYBaHHS.

BpaxoBytoun gito hakTopiB 100poOyTY i SKOCTI TOCIYT MPH OIIHIII 3MiHH 00CSTIB TIepeMileHb Bif QO
no Oy +dQ , Mozenb MepeposnoAily nepeBar HabyBae BUTTISILY

2
L Ro 'Rij
Cnocm _M+T}'16 +C3,MLM dQ +
m dO: ;
k L l
+Cygip Zn 4 nto +Kyep £+i +S
o 3yn Ve

Mogens Burisny (9), i octatouno (14) onrcye TMHAMIKY CKIQIHUX HETIHIHHUX MPOIIECIB, TapaMeTpu
SKHX 3aJIe)KaTh BiJ BEIHMKOI KiNBKOCTI (pakropiB. Tomy naisi BHpilIEHHS 3aBOaHb ONTUMI3alii HEOOXigHO
3aCTOCOBYBATH iTepamiiHy nporeaypy [1, 3, 6-8, 10-12] mocitimoBHOTO MOTINIICHHS i XapaKTePUCTHK.

CyMapHi XapaKTEepHCTUKH TIOIMUTY B OKPEMHX TEPUTOPIaTbHUX TPAHUIIX BU3HAYAIOTH EMHICTh PUHKY
TPAHCHOPTHUX MOCIYT, 110 € 0a30BHUM MOKAa3HUKOM, SKHH BH3HAYa€ yMOBH BHPOOHMLTBA 1 CHOXHBAHHS
TPaHCHOPTHHUX TOCIYT.

[lapameTpy €MHOCTI PHUHKY BH3HA4YalOThC yMoOBaMu (OpMyBaHHS MDKpaHOHHOro OanaHCy
“BiZmpaBlieHHA - MPUOYTTS” MAcaXHpiB MO BCiX B3aEMOJIIOYHMX BY3/IaX 3apOKEHHS 1 MOTalIeHHs MoTped y
NEPEeBE3eHHAX Ha PO3TJHYTIH TepuTopii. Taka cucteMa 3HaXoAWMThCS y (a30Biil piBHOBa3i B3a€EMOMIIOUHX
TPAHCHOPTHUX TAp 332 3aMKHYTHM YaCOBHM IIMKJIOM IEPEMIIIeHHs MacaKUPONOTOKiB. TpaHCIOpTHI napu
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YTBOPIOIOTBCS 3 BY3JIiB, BITHOCHO SKMX KOHIICHTPYIOTHCS OO0 €KTH OOCIYrOBYBaHHS, PO3TAIIOBaHI B
TPaHUIIX PAalOHY TSDKIHHS 1O Tpacax MPOXOKEHHS MapuipyTiB. TakuM YWHOM CTBOPIOETHCS CHUCTEMa
HanpaBJICHUX TaCAKUPOTOTOKIB, SIK IOKa3aHO Ha puc. 1.

[TacaxxupomoTik y Oyab-KOMYy Iepepi3i HampsAMKYy IepeBe3eHb (0JHOTro abo IeKiIbKOX MapIIpyTiB)
XapakTepu3ye OoOCSAT IEpPeBE3¢Hb 3a MEBHUH Imepion 4vacy. Cxema MEpeMIilllEHHS Maca)KUPOIOTOKIB i3
3aralibHOTO By3na Fjy (GopMyeTbes 3a HampsMkamMu Ry, (muB. puc. 1, a).Cxema BKIIIOYA€E IOCIIIOBHICTH
nepeMileHb y By3id F ... F.;, F, yTBOPIOIOUH CETMEHT 32 HAIPSIMKOM Rj;.

OO0csT macaxupiB, SKI BHIKIKAIOTH, XapaKTePU3YEThCS IUIOMICI0 F  arperaroBaHoro By3Ja
00CITyroByBaHHs, IUIBHICTIO /ip; 1 TPAHCHOPTHOIO PYyXOMICTIO N 7(i) HACCIICHHSI, YACTKOIO [ICPEBL3CHB, III0

30IACHIOIOTECS B JJAHOMY HAampsIMKy du. Y 3araJlbHOMy BHUIJISALI OOCST MacaXHpiB, sIKi BUDKIDKAIOTh, 3a
HaIpsAMKaMHU MOKHA BU3HAYUTH (1, 7, 10] 3 BHpas3y:
FhpNpdn=Fihp Npduy + Fyhp oy Npoydig +..+ Fyhp, Npodi, . Y TakoMy BUNAIKy 3arajibHuii 00CsT

nepeBe3eHb 3a BciMa HamnpsiMKax Oyze BU3HayaTucs 3a GopMysioo

m
ZQ:zFthiNTid”ia (15)
i=1

1ie M — KUIBKICTh HaNpsIMKIB (MapIIpyTiB) BUi3Ay HacaXUpiB.

CyKyITHICTh TIEPEMIIICHh II0 BCIX CETMEHTaX YTBOPIOE 3arajbHy CXEMy B3aeMOZil 00’ €KTIB ¥y
TpaHCIOPTHINA cuctemi (muB. puc. 1, 0), Buxomsuu 3 Bupasi (11) — (13) i (14) — (15) npu MojenrOBaHHI
(YHKUIOHYBaHHS MapLIPyTHOI MEPEKi MPUMICHKOT0 MACaKUPCHKOTo cronyyeHHs. Koo B eHTpi no3Hayae
00’exT TsOKIHHA (0ONacHui abo paioHHUU 1TeHTp). KoXeH 3 HanpsMKiB BUi3Ay MacaXHPiB Y MPUMICEKOMY
criosryderdi 7, 1, ..., N mo3Ha4eHU OKPEMHM CETMEHTOM, IO BKJIOYA€ HANPSIMKH BHYTPIITHHOOOACHUX 1
MPUMICBKOTO CIIOJIy4Y€Hb, Ri; — MapIIPyTH CIOIyYeHHS “LEHTp - nepudepis” Ta “niepudepis - ueHTp”.

Oi
F, ARy)
FO Fn—l
/ ' ) F,
\([ ) |/ R
Fo R.=n &
a)

Pucynok 1 — Cxema B3aemMozii 00’€KTiB y TPaHCIOPTHIM CHCTEMi MPHUMiCHKOT0 MacaKUPCHKOTO CIIOTyYSHHS:
a — TIepeMiLIeHHS MacaKUPOIIOTOKIB 13 3arajlbHOrO By3I1a, 0 — 3arajbHa cXema B3aeEMOIi

3MiHy TONMWTYy Ha MapIIpyTax BH3HAYAIOTH TPAHCIIOPTHA PYXOMICTh HAceneHHs Ny ;) 1 4acTka
MEPEeBE3CHb, 1110 3IIMCHIOIOTLCSA B JAHOMY HANpsMKY du 3ayexHO Bijx dakropiB biiopkmana (10), (12) [1, 7,
10-12].
B . S L MM I . . .
BOJISTYM 3aMiHy O Ha s A€ Ly — 3araibHa TOBKHHA MAPIIPYTHOT MEPEKi MPUMICHKOTO
CIIOJIy4€HHsI Ha AOCIiAKyBaHil TepuTopii (kM), 1 3 ypaxyBanHsaM (14) — (15) — 3aminuBmu Q; Ha hp NpF',

o0nacTb TpaHcHopTHOro obcmyroByBanHs (F) 3 mozenmi (9) — (14), BU3HAYAETHCA HOBOKO LIJIHOBOIO
(YHKUIEIO BUTIISAY:
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2

L R, Rj

C =siT |+C, L, |——L

nocm » ne 3M—M hFNTF

3= (16)
k,F L /
+Cyig| 2 +&n -+ Kyep £+i +S

LF 3yn 2 Ve

[T10111y TPaHCIIOPTHOIO 0OCTYTOBYBaHHS, L0 TSDKIE 10 MAapIIPYTY, 3HaiaAeMO qudepenitiowouu (16), i

MPUPIBHIOIOYH BUpa3 10 HYJIS:

a3

dr

3Bigcu

- C

L R k F°
ocT (—M+ THB] +CyLyy -+ Cpjp——=0. (2.17)
Vm bFNTF LW
L R L
F=|cC Zmar |+C. L o MM 18
nocm( - HBJ 3M=M hFNT Cgiakn ( )

BuznauanpauMu  Qaktopamu y (QOpMyBaHHI BEIUYMHHU IUIONII TPAHCIOPTHOTO OOCIYTrOBYBaHHS
mapupyty (18) € noBxmHa MapmpyTy CHOJNy4YeHHs L, 1 HIUJIBHICTH HACENEHHA Ha JOCIIKyBaHid

Teputopii. Ha erami mpoekTyBaHHS HOBOT MapHIpyTHOI MepexXi MacaKUPCHKOrO CIHONydYeHHs abo
JIOCTIKEHHS (DYHKIIIOHYBAaHHS ICHYFOYOI HEOOXIiTHO MaTH iH(OpPMAIIi0 PO 3aKOHOMIPHOCTI PO3MOMILIY
HAceJIeHHs Mo Tepuropii. JlocmimkeHHs 1€l 3aKOHOMIPHOCTI BKa3yIOTh Ha 3HAYHY HEPIBHOMIPHICTH
po3moiay HaceleHHsS. Pe3ynbTaTh poO3paxyHKIiB IUIONI TPAHCIOPTHOTO OOCIYrOBYBaHHS MapIIPYyTy Y
Burnani ¢pyukuii (L, hp ) nogaHi rpadiuHo Ha puc. 2.
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Pucynox 1 — Pe3ynbpTaTsl po3paxyHKy IUIOII TPAHCIIOPTHOTO OOCIYTOBYBAHHS MapIIPyTy Y BUTIISIAI (PyHKIIIT

F(Ly,hp )

Busnagaroun mapamerp F 3a BciMa cerMeHTamMHu (MapmipyTamu), YTOYHIOEMO €MHICTh PHHKY TIO
BCbOMY perioHy 3 Bupasy (15). Moxesb 103B0OJISE MPOBECTH CETMEHTAIIIIO MOCIYT 3 Bupasy (14) npu 3MiHi
MOKa3HMKIB OLIHKM SKOCTi 0OCIYrOBYBaHHS Ui PO3POOKHM €KBIBAJIEHTHHX 3aXO/iB OpraHizalii epeBe3eHb,
mo 3abe3nedyroTh HaWMEHIIl BUTpaTH NpW HAHOLIBII KOMQOPTHUX yMoBax oOciyroByBaHHs. Lle
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BiIOYBA€ThCSA 3a PaxXyHOK TIOMEPEAHLOTO BCTAHOBJICHHS IOTCHIIAY IIOCIYT, BHW3HAYCHHS IICHTPIB
3apOPKEHHSA Ta IOTAleHHS MacakKUPOIOTOKIB Ta iX BelMM4MH. [Ipy IIbOMYy NpPOEKTYyBaHHS MapLIPYyTHOI
Mepexi abo BIOCKOHAJICHHS iCHYIOYOI BpaxoBY€ TaKWil BaXKJIMBUM MOKAa3HUK SK MPOBI3HA 30aTHICTH, IO
MOBHHHA OyTH Y3ro/pKEHa 3 BEJIMYMHOIO MACaKUPOIMOTOKIB Ta iX PO3MOIIIOM IO MEpexXi Maca)kHPChKOTO
CIOJIyYEHHS.

OBI'OBOPEHHA PE3YJIBTATIB JOCJIIAKEHHSA

Bigomi metonuku [1, 6-8] BcTaHOBIEHHS NOTEHLIATY TPAHCIIOPTHUX MOCIYT Ta (pOpMyBaHHS MaTpUIb
MaCaXUPCHKUX KOPECIIOHJICHIIINA IPYHTYIOThCSI HA BUKOPUCTAHHI TpaBiTalliiHUX MOJIeNeH, Ta po3po0iieHi, B
OCHOBHOMY JIJIS JIOCJTI/DKCHHS B3a€MO/IIT MIXK TPAHCIIOPTHUMH PaifOHAMH MICT.

OnHak, i1 GopMyBaHHS KOPECHOHACHLIN y NPUMICBKOMY CIIOJNyY€HHi, NMPH B3a€EMOAil 0aratbox
HACEJICHUX IyHKTIB 3 Pi3HOIO MIIIBHICTIO HACENICHHS, Ta BiAJAJIEHICTIO Bil MICTa-LEHTPY, BUKOPUCTAHHS
rpaBiTaliiHIX MOJEIeH YCKIIaTHeHE.

Ha Bigminy Bin icHyrounx meroauk [1, 3, 4, 6, 7] BU3HAUeHHS NOTEHUialy TPAHCIOPTHHUX IMOCIYT,
3allPONIOHOBAHUI METOJ 3 BUKOPHCTAaHHSAM IUIOLIl TPAHCIIOPTHOTO OOCIYroBYBaHHsS MapLIPYyTiB HPOCTIIIWI
y MPaKTHYHOMY BUKOPHCTaHHI Ta J]a€ JIOCTATHBO TOYHI Pe3yIbTaTH.

Hacenennss BuOWpae UEHTp TSKIHHS 3 ypaxyBaHHSIM OOMEXeHb, HAKJIQJCHUX TPAHCIIOPTHOIO
CHUCTEMOIO i Ha OCHOBI CyO’€KTHBHHX MIpPKyBaHb IO SKiCTh OOCIyroByBaHHS. Po3mofin TpaHCHIOPTHHUX
3B’SI3KIB BH3HAYa€ MOJI€ PO3CIIOBaHHS MOYATKOBUX 1 KIHIIEBMX MYHKTIB IEpEMIllleHb, II0 B CBOIO YEpry,
(dopMye TepHTOpiaIbHY OJUHHUINO, sIKA OOCIYTOBYETHCS OJHUM MapIIpPyTOM, a00 CHCTEMOIO MapUIPYTiB.
OCKIiNbKM IIUTBHICT HACENEHHS Y BiJHOIIEHHI IMMOCENeHh HEOJHAKOBa, TO HAa 1X MHOXXHHI BUAUISIOTHCS
TEepUTOpPiaJIbHI OJMHMIII, IO CKIAAAal0Th 30HU 00CIYyroBYBaHHS, Ta (POPMYIOTh MaCaXKUPOIOTOKH.

BUCHOBKH

MogenioBaHHs mpouecy (YHKIIOHYBaHHA TPAHCIIOPTHOI CHCTEMH HAacaXKMPCHKOI'O CIIOMYYEHHS
JI03BOJISIE MIPOBECTHU OLIHKY €()eKTHBHOCTI Ha eTanax MPOEKTyBaHHS MapIIPYTHOI Mepexi i BIOCKOHAIECHHS
nitouoi. Mogenb (yHKIIOHYBaHHS TPAHCIOPTHOI CHUCTEMH MACAKUPCHKOTO CIIONYYEHHS YMOBHO
CKJIaJa€ThCSl 3 MOJEN TPAHCIOPTHOI MEpexki, MojeNi MOoTpeOM B TEPEMIlICHHSIX, MOJENl MapIIpyTHOI
Mepexxi # Momem po3MoAlTy MacaKUPOMOTOKiB. BW3HadampbHWM eTamoM y Tpoleci MOIENIOBaHHS
TPAHCHOPTHOI CUCTEMH MACAKUPCHKOTO CHOIY4YEHHS € MOZAEIb MapIIPyTHOI MEPEXi, IO SIBIISE COOOI0 Tpacu
MapUIpyTiB Ta iXHIX TMPOBI3HUX 37aTHOCTeil. MozentoBaHHs (YHKIIOHYBaHHS TPAHCIOPTHOI CHUCTEMH
MACaXUPCHKOTO CIIONYYEHHS BiOYBAETHCS NUISIXOM 3MIHH Tpac MapUIpyTiB y MPUMICBKOMY CIIONYYeHHI U
CTPYKTypH TPAHCHOPTHHUX 3aco0iB Ha HUX. 3MiHa X MapaMeTpPiB O3BOISE JIOMOTTHCS OYIKyBaHUX
MOKa3HMKIB e()EKTUBHOCTI (PYHKLIOHYBaHHS TPAHCIIOPTHOI CUCTEMH MACAKUPCHKOTO CIIOTyYEHHS.

CyMapHi XapaKTEpUCTHKH MOMUTY B OKPEMHUX TEPUTOPialbHUX IPAHUIAX BU3HAYAIOTh EMHICTh PHHKY
TPAHCHOPTHUX MOCIYT, IO € 0a30BUM IIOKAa3HUKOM, SIKMM BHU3HAYa€ yMOBH BUPOOHHULTBA I CHOXHBAHHS
TpaHCHOPTHUX mocnyr. [lapameTpu €MHOCTI pUHKY BH3HAYalOTbCd YMOBaMH (OpMYyBaHHS MiXpailOHHOTO
OanaHCy “BiINpaBiICHHS - MPUOYTTS MAacCaXUPIB MO BCIX B3aEMOJIIOYUX BYy3JaX 3apOJPKCHHS 1 TOramieHHs
moTped y mepeBe3eHHAX Ha PO3TISIHYTii Teputopii. BusnauansanMu daktopamu y hopMyBaHHI BETHIHHA
TUIOMII TPAaHCIMOPTHOTO OOCITYTrOBYBaHHS MapHIPYTy € MOBKHAHA MapIIPyTy CIOJXYYeHHS 1 IIUTBHICTH
HACEeJIeHHs Ha AOCIiIKyBaHil TepUTOPii.
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1. Khitrov, V. Soroka, M. Krystopchuk, S. Pashkevych. Model forming area of transport service
routes of passenger traffic.

One of the methods for assessing the efficiency of the passenger transport system of suburban
communication during the design stage of the route network and improving its operation is the simulation of
its operation. This process can be performed using a mathematical simulation apparatus.

The necessary prerequisites for solving the set tasks in general form are determined by the parameters
of their preliminary description, territorial location of nodes, elements of the system in the considered market
of transport services, between which links of various kinds are formed, requiring quantitative assessment of
implementations in accordance with the put forward needs for transport services. Adequacy conditions
establish methods and algorithm for solving problems of determining quantitative characteristics of optimal
transport processes and connections. Their characteristics should take into account the standards of
reliability, safety, expediency, efficiency, and other specific operating conditions of the systems.

The use of the latter to evaluate the consequences of changes in the route network of passenger traffic
is of considerable interest for the following reasons: at present, a sufficiently complete mathematical
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apparatus is developed that allows to carry out the necessary modification of existing models, and takes into
account the specifics of a specific route network; the use of mathematical models does not require significant
resources and makes it easy to put them into practice with the use of computers, which allows for repeated
analysis in the process of designing and operating the network; mathematical models, in contrast to full-scale
modeling, measurement and statistical analysis of the parameters of a real route network of passenger traffic
(if the route network is already designed and is in operation), allow to draw conclusions about the trends of
network development, which is important in the study of the transport system passenger service.

The work proposes an improved method of forecasting the potential of transport services, which can
be used in modeling the functioning of the passenger transport system.

Key words: passenger transport system, commuter service, transport service area, route network,
transport services market.
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