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SUBSTANTIATION OF A SIGNIFICANT INDICATOR OF THE CHOICE OF TRACTOR-
TRAILERS

The volume of transportation organized in agricultural enterprises is constantly growing. At the same time, it
is recommended to use tractor transport for transportation carried out on the field and dirt roads. To ensure efficient
operation of the tractor unit, which is an energy tool, hitch, and trailer, it is necessary to meet several conditions: 1)
rational choice of the range of trailers, taking into account the conditions of their operation; 2) ensuring optimal
performance of technical and operational properties of tractor units. As a result of the analysis of the correlation
between the technical and operational indicators of trailers and energy indicators of tractors, it was found that the
selection of trailers should be carried out using the load capacity of the trailer as an indicator. It is established that the
use of this indicator will allow forming a trailer composition taking into account the influence of such indicators as
tangential traction force, specific fuel consumption. This, in turn, will allow in the process of substantiating the
composition of the transport unit to assess the economic efficiency of its operation.

Key words: tractor, trailer, load capacity, weight, energy saturation

INTRODUCTION

An important component of the infrastructure of the agro-industrial complex, a fleet of tractors,
designed most often for transportation within a particular farm. Demand for this type of transport can be
explained by its high passability. According to the data of the scientific-analytical review [1], the volumes of
transportation carried out by tractor transport makeup 22...27% of the total volume of transportation in
agriculture.

One of the indicators that assess the quality of transportation is productivity, to increase which uses a
variety of trailers. Given the fact that farms are constantly in need of transportation of goods with different
physical and mechanical properties, the range of trailers on the balance of the farm should be wide. In
addition, trailers must be equipped with additional means to facilitate loading and unloading, which will
ensure the preservation of goods that are easily damaged.

Taking into account the condition of agricultural roads, trailers must meet the requirements for
passability, stability, maneuverability.

It should also be noted that the parameters of the trailer and tractor must be agreed upon by justifying
the design of the coupling equipment. The problem of determining the rational composition of a tractor train
is the optimal combination of technical, operational, and design parameters of the power tool - tractor and
trailer. This is a complex and time-consuming task, the solution of which requires, first, a systematic analysis
of external factors that affect the operation of tractors with trailers; secondly, the analysis of conditions of
operation of trailers, development of the system of indicators of technical and operational properties of
trailers. With this in mind, the development of conceptual provisions of the methodology for identifying the
optimal set of models of trailers with characteristics consistent with the parameters of the energy tool
available in the economy is an urgent scientific and applied problem that needs to be addressed.

ANALYSIS OF LITERATURE SOURCES AND PROBLEM STATEMENT

Studies aimed at substantiating the feasibility of using a particular design of a tractor-trailer are given
in the works of M.P. Kholodov [2], N.V. Byshov [3], N.V. Anikin [4]; V.V. Bychkov [5], and others.

M.P. Kholodov [2] developed a method for assessing the stability of a tractor with a wheeled engine
with a trailer. The author also analyzes the patterns of distribution of braking forces between the axles of a
tractor train.

In [3] the authors noted the important role of transport in agricultural production, in particular,
tractors; the results of the analysis of constructive and technical features of a number of modern models of
trailers of agricultural purpose are stated. The authors concluded that the need for automation of loading and
unloading operations.

In [4, 5] the importance of trailers in agriculture is also revealed. The authors emphasize the prospects
for the development and use of heavy-duty trailers (15-30 tons), as well as the feasibility of increasing the

transport speed to 40 km / h.
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The work of A.l. Bondarenko [6], M.A. Podrygalo [7], N.B. Havron [8], and other scientists is
devoted to the issue of the operation of tractor transport and trailers.

The work [6, 7] is devoted to the study of the process of self-braking of wheeled tractors with stepless
hydraulic transmission. The dynamics of wheeled machines was also described by A.V. Chernikov [9], who
modeled the process of braking a wheeled tractor while maintaining their stability. Continuation and
deepening of these studies were obtained in the work of M.P. Kholodov [10]. The author substantiates the
method of determining the coefficients of distribution of braking forces between the axles of a tractor train,
evaluates the braking efficiency and course stability of a tractor with two trailers.

The work of V.A. Kim [11], Yu. N. Stroganov [12, 13], and others is devoted to the study of ways to
improve the operational characteristics of tractor trains. It is noted in the works that the main directions of
improving the traction and coupling properties of tractor trains are the modernization of coupling equipment
in order to increase the loading area of the trailer platform. Due to the modernization of the coupling
equipment, it is also proposed to solve the problem of motion stabilization and oscillation reduction [14-16].

As you can see, many theoretical and experimental studies are devoted to the operation of tractor
trains and, in particular, the design features of trailers. The analysis of current research revealed that there is
no method of constructing a system for estimating the parameters of the structures of trailers in the
composition of tractor trains, which allows you to evaluate the design at different stages of the design of
trailers. In this regard, it is necessary:

- first, to substantiate the list of indicators that will allow us to assess the technical and technological
level of the tractor train;

- second, to identify the relationship between technical, technological, and operational parameters of
the tractor and design and technical characteristics of trailers.

THE AIM OF THE STUDY

The purpose of the research, the results of which are presented in this paper, is to establish the
relationship between technical and operational, design parameters of energy vehicles and trailers, based on
statistical data.

RESULTS OF THE STUDY

A tractor train is a complex technical system, the design of which, as we noted above, should be based
on the interaction of individual parameters. In addition, during the design, it is necessary to take into account
the established quantitative effects of system elements and the external environment with which they
interact.

Assume that the design process can be greatly simplified by using the results of statistical analysis,
which will provide equations that reveal the relationship of design (operational or technological) parameters
of the machine with the parameter that should be considered important. Let's accept (conceptually), as a
weighty parameter - own weight of the trailer. The curb weight depends on the design parameters of the
trailer and varies depending on their change.

In order to ensure wide coverage of the parameters of the tractor train in the process of its design, we
will use the results of processing statistical information on the model of trailers.

In order to establish the relationship of a significant parameter with other operational and
technological parameters of the components of the tractor train, the regression equation was obtained, the
reliability of which was performed by the randomization coefficient, and the correlation coefficients were
calculated.

The relationship between the parameters was studied on the basis of the collected statistical database,
which contains technical characteristics for 70 models of trailers made in Ukraine, Poland, China, Russia.

Correlation distribution and mathematical models that describe the interaction of power output from
the weight of the trailer, the load capacity of the trailer, the load volume (Fig. 1, 2, 3).

n , 2021, Ne1 (16)
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Fig.1. Dependence of tractor power N, h. p. from the weight of the trailer m,, t
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Fig. 4. Dependence of tractor power N, h. p. from the weight of the trailer m,, t

As you can see, the amount of tractor power is most strongly correlated with the load capacity of the
trailer Q, T (0 = 0,93), the smallest connection is traced between the weight of the trailer and the power of the
power vehicle (tractor). Based on this, we can conclude that the choice of the trailer should be made not only
taking into account the characteristics of the tractor fleet but to a greater extent take into account the
following factors:

— list of works;

— physical and mechanical properties of goods;
— dimensions of goods;

— weight of goods and the trailer itself.

The correctness of this conclusion proves that between the indicators - the volume of loading and
power of the tractor there is a high relationship (0 = 0,7), (fig.3). The relationship between the load capacity
of the trailer and the load volume is described by the equation:

V =0,01Q% +0,334Q + 4,97 . 4)
Given the above, we believe that the load capacity parameter can be taken as important in the selection
of trailers for the formation of transport units. It should also be noted that the load capacity rate affects the
efficiency of the transport tractor unit. This proves the dependence (5) [12]:

f(Cy (a:)+0,)

0,4+0,6 ! 9ll,
R

F= v . )

r

where f — the coefficient of resistance to rolling of the trailer, m;
C,q (g,) — the specific metal content of the trailer;

(q,) — rated capacity of the trailer;
g — hourly fuel consumption;

1], — complex price of fuel,

R, — tractor traction force;

W._ — hourly productivity.
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From the above dependence (5) the value of the specific consumption of fuels and lubricants will be
determined:
F-W -P

VT 04 fc(q,
_ 061 (&)

S : (6)

From the above dependence (5) the value of the specific consumption of fuels and lubricants will be
determined:

We see that the specific consumption of fuel and lubricants of the tractor-trailer unit depends on the
load capacity of the latter and the hourly productivity Wr, which, in turn, can be determined:

9./
W =-"1—, 7
TT ()
where S — static capacity utilization factor;

T —total time.
We see that the load capacity is affected by traction and coupling properties ( Pk;‘ ) of the tractor.

DISCUSSION OF RESULTS

Summarizing the above, the main indicators of technical and operational properties of agricultural
trailers, which are recommended for use during the formation of the tractor-transport unit are load capacity.
This indicator makes it possible at the stage of design work aimed at the formation of transport tractor units.

CONCLUSION

Based on the analysis of the correlation between the parameters of agricultural trailers and tractors, the
authors proposed to select a trailer for an existing tractor on the farm, using the load capacity, which has a
close correlation with the tractor power.

Works it is necessary to develop in addition recommendations concerning the aggregation of trailers
by tractors of various traction classes that will provide rational formation and operation of the unit taking
into account traction and coupling properties. This is the task of further research.
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Bynoza 0. 3., I'epacumuyk O. I1., Mapmuniok B. I1. O6rpynmyeannsn 6a2omozo nokazHuKka euoopy
mMpaKmopHux npuyenie

0O06’em miepeBe3eHb, IKi OPraHi30BYIOTh Y CUTECHKOTOCIIOAAPCHKUX MiAPHEMCTBAX, 3pOCTAE MOCTIHHO.
[Ipu wpoMy nIs 3IIHCHEHHS TIepeBe3eHb, SKi 3IIACHIOIOTHCS M0 IO W TIPYHTOBHUM JIOPOTaM,
PEKOMEH/IOBAaHO BHKOPHUCTOBYBAaTH TPAKTOPHUU TpaHcmopt. Jlns 3abesnedeHHst eeKTUBHOI eKCILTyaTamil
TPaKTOPHOT'O arperaty, SIKUil sBisse cOOOK EHEepreTHYHWH 3acid, 3YinKy Ta MNpUYin, HEOOXiTHUM €
BUKOHAHHS JEKUTBKOX YMOB: 1) parioHanpHHIA BHOIp HOMEHKJIATYPH MPUYEIIB 13 ypaxyBaHHIM YMOB IXHBOI
eKcIuTyaTarii; 2) 3a0e3MeycHHs ONTUMAJBHHUX IMOKA3HUKIB TEXHIKO-CKCIUTyaTalliiHUX BJIACTUBOCTEH
TPaKTOPHUX arperaTiB. BHaciIOK aHami3y KOPEJSIIHHOTO 3B’SI3Ky TEXHIKO-€KCIUIyaTalllHHUX MOKA3HUKIB
MIPUYENiB 1 eHePreTHYHUX TOKAa3HUKIB TPAKTOPIB BCTAHOBJICHO, IO MiA0ip MPHUYETiB JOPEYHO MMPOBOANTH 3
BUKOPHCTAHHSAM Y SKOCTI OIIIHOYHOTO ITOKa3HWKAa BaHTaXXOMAHOMHICTh Mpuyeny. BcraHoBieHO, M0
BUKOPHUCTAHHS IaHOTO TIOKa3HUKA J03BOJIUTH C(HOPMYBATH MPUUINHUHN CKIIaJ 13 YpaxyBaHHSM BIUIUBY TaKUX
MOKa3HHMKIB SIK JOTHYHA TATOBA CHJIA, TUTOMa BUTpaTa manuea. Lle, B cBOIO 4epry, MO3BOIMTH 1IE Yy Tporeci
OoOTpyHTYBaHHS CKJIaJly TPAHCIIOPTHOTO arperary OI[iHUTH €eKOHOMIYHY e(peKTUBHICTh HOTO eKCILTyaTallii.
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NUMERICAL STUDY ON THE EFFECTS OF CONTROL VALVE LEAKAGE ON CR INJECTOR
PERFORMANCE

The paper presents the results of numerical investigation of the effects of the control valve leakage on the
performance of Common Rail (CR) injector. A numerical model of a CR injector 1-st generation was developed in
AVL BOOST Hydsim environment to achieve the research tasks. It is revealed that the control valve leakage has the
biggest effect on pressure changing behaviour in the control chamber and, in turn, on the amount of fuel injected per
cycle. The amount of fuel injected increases with the increase in the control valve leakage. The effect of the control
valve leakage is higher the higher rail pressure and the shorter the duration of fuel injection. Pressure in the control
chamber drops dawn to the minimum value earlier after the start of opening the control valve and rises to the
maximum value later in the cycle when the control valve closes the outlet orifice as the fuel leakage from the control
chamber increases. When the control valve leakage increases, the nozzle needle-valve rises earlier and descends back
to the seat later in the cycle.

Keywords: common rail, fuel injector, numerical simulation, ball valve, leakage, diesel engine.

INTRODUCTION

As the requirements for vehicle fuel economy and exhaust emissions limits increase, the vehicle must
meet more stringent test procedures throughout its service life. The performance of the fuel injection
equipment largely determines the quality of the operation process of a diesel engine. Modern cars are most
often equipped with the common rail (CR) fuel systems in which the opening of the injectors controls a
solenoid valve. The movement speed of the injector nozzle needle depends on the alteration speed of the fuel
pressure in the control chamber. The rate of change of fuel pressure in the control chamber is a function of
the difference in flow rates at the inlet and outlet, which depends on the cross-sectional area of the outlet
throttle opened by the control valve. During operation, the sealing surface of the control valve is subjected to
high-frequency impact loads. In addition, fuel escaping through an open valve causes hydro-erosion wear.
These factors change the geometric parameters of the surfaces of the control valve elements - the sealing ball
and the seat - which affects the travel of the valve and, at the same time, the amount of fuel injected [1].
Therefore, even small changes in the control valve operation may significantly affect the fuel amount
injected, especially when using pre-injection and idling modes. This change may occur because the stroke of
the valve is only a few tens of micrometres. The control valves are also exposed to cavitation wear. The
consequence of this phenomenon is deterioration in the injector leak tightness, which with the fuel being
under high pressure causes excessive flow through the overflow port of the injector. Such types of damage
result in a difficult starting of the engine and uneven idling [2]. Thus, the injectors play an important role in
the obtainment of pre-assumed parameters of combustion engine operation.

A significant number of engine failures occur due to fuel injector malfunctions. Common rail diesel
injection systems are highly sensitive to changes in fuel properties [3], so the increasing use of alternative
fuels with different properties can also affect the durability of the entire injection system, including the
injector. Z.Chomik and P.Lagowski analyzed the influence of fuel quality on the wear of selected elements
of the common rail system [4]. The researchers provided visual inspection and verification of individual
elements of 122 injectors made by Bosch, Delphi, Denso, and Siemens. Analysis of the results indicates that
corrosion is a significant factor affecting the failure rate of the CR systems. The most common type of
damage to injectors of this type is: 34% needle valve, followed by 31% nozzles, 29% control valves in the
third place, 4% solenoid valves, and 2% others. CR injectors can be precisely controlled and tested on the
test bench under laboratory conditions, whereas in "field conditions™ their diagnosis is practically limited to
measuring the volume of fuel flowing out of the control chamber of individual injectors or from all the
injectors at the same time [5]. The measured fuel flow includes not only the fuel flowing through the control
valve. The fuel flow also includes the leakages passing through the gaps between the control valve and its
seat as well as between the injector needle and the body.

Not only experimental but also theoretical methods are widely used today to study the characteristics
of the injection. For this purpose, numerical models of injectors with the real dimensions are created, and
simulations are carried out. The simulated diesel injection systems are characterized by complex dynamic
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and hydromechanical processes [6]. Mathematical modelling and simulation of the fuel injection process
provide an opportunity to select flexibly and easily various parameters and to evaluate their impact on fuel
injection characteristics [7]. In addition, simulation makes it possible to estimate those parameters of the
internal elements of the system that are very difficult or even impossible to measure experimentally. A
common-rail injector model employs three sub-models (electrical, hydraulic, and mechanical) to describe all
the phenomena that govern injector operation. An accurate fluid dynamic part is also a key factor of CR
injector modelling. Many research groups continue active work on modelling the common rail injector
operation conditions [8,9,10]. The researchers Caika and Sampl developed a common rail injector model
based on the 1D fluid flow and multi-body dynamics approach in BOOST HYDSIM, including humerous
hydraulic, mechanical, and electrical components [11]. Payri et al. [12] developed a model in the AMESIm
environment and suggest silicone moulds as an interesting tool for characterising the geometry of valve and
nozzle hole. At first, it is essential to validate the potentials of all the sub-models before starting to use the
model for estimating the effects made on the system performance by adjustments or geometrical
modifications. Most of the studies conducted aiming to optimize common rail injector construction
parameters and their influence on the injection performance.

The purpose of the study is to examine the effects of leakages in the control valve of the injector on
the amount of fuel injected and other operating parameters of the injector.

RESEARCH METHODOLOGY

The AVL BOOST Hydsim integrated platform for 1D system simulation was used to perform the
modelling. Within this environment, a set of validated libraries was also used, containing pre-defined
components for different physical domains to create a simulation model for the injection system. The
components are described using validated analytical models that represent the injection system actual
hydraulic, mechanic, and electric behaviour. The 1-st generation Bosch common rail injector model created
in the Boost Hydsim environment is shown in Figure 1. Every its internal elements needs to be geometrically
and hydraulically characterized to reproduce an accurate behaviour with the injector model. The main
injector parameters used in the study are listed in Table 1.
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Fig.1. Numerical model of the common rail fuel injector.

Table 1. Injector main parameters

Parameter Value Parameter Value
Nozzle holes 6 Needle seat diameter 1.7 mm
Nozzle hole diameter 0.016 mm Control chamber initial volume 0.2 mm°
Needle maximum lift 0.28 mm Inlet orifice diameter 0.24 mm
Needle mass 2640 Outlet orifice diameter 0.27 mm
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The control valve wear was simulated by using an extra orifice 22 between the control chamber 6 and
the spill volume 9 (Fig.1.). The simulation was carried out at different cross-section areas of the extra
leakage orifice of 0.02, 0.04 and 0.06 mm?.

The manufacturer of the injectors determines conditions for these tests, like fuel pressure and actuation
time. The injected fuel quantity and the return quantity are basic quantities measured by the test benches. The
most common method of testing the injectors is measuring the injector parameters at the four operating
points. The first operating point is a full load mode, which simulates the work of the injector during the
engine full-load operation. The second parameter is an emission mode, which corresponds to the medium
load of the engine. The third measured point is an idling mode. The fourth measured point is a pre-injection
mode. The recommended ranges of correct dosage values of the injected fuel are also provided. This type of
tests is relatively fast and allows for the diagnosis of most of the injector malfunctions. The above-mentioned
test modes were chosen for modelling in this numerical study (Table 2).

Table 2. Simulated injection modes.

Injection mode Fuel (rail) pressure, MPa Energizing time, us
Full load 130 1000
Part load 50 675
Idle 23 725
Pre-injection 50 250

The validation of the numerical model has been conducted by comparing the injection characteristics
and the fuel quantities injected per cycle obtained in the experimental studies and the modelling findings.

RESULTS AND ANALYSIS

The simulation test results show that the wear of the control valve affects the amount of fuel injected
and causes back leakages in the system. The amount of the fuel leaking through the valve leaks is decisively
influenced by the fuel pressure (Fig. 2). As the injection pressure increases from 50 MPa to 1300 MPa, the
fuel flow through the valve leaks increases by 50%, 58%, 61% for the respective values of 0.002, 0.004, and
0.006 mm? accepted in simulation for the control valve leaking cross-sections. An increase in pressure within
the lower range of 23 to 50 MPa causes an increase in the fuel leakage of 51%, 45%, and 47%, respectively,
for the tested cross-section areas.

. 2.5 533
g m(0.002 mm2 ®m0.004 mm2 ®0.006 mm?2
Er 1.5
z L
=
g_;n 1 0.95 0.95 0.95
% 0.75 0.6
b5 I 0.5 0.5
— 0.5 0.33
o

. []

Full load Part load Idle Prie-injection

Fig.2. Effect of common rail pressure on the fuel leakage at various simulation modes.

Fig. 3 demonstrates the effect of the fuel leakage on the amount of fuel injected caused by a leakage in
the control valve of the CR fuel system. The leaking cross-section of control valve preset at a minimum
value of 0.002 mm? increased the amount of fuel injected by 5.25% for maximum load mode. While with the
double bigger cross-section area of the leaks, the amount of fuel injected increases by 10.5% compared to
that volume of the fuel-injected with a proper injector. At the biggest cross-section leakage area, the content
of the fuel-injected per cycle (ms) increased by 16.4% against its initial value obtained with a proper injector.

The effect of control valve leakage is even greater when simulating the operation at a part-load mode.
Even the smallest cross-section leakage area analyzed in the study the fuel portion injected increases by
25.4% against its initial value. While at higher leakages simulated, the volume of the fuel portion injected
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increases by as much as 54.8% and 87.4%, respectively. Of course, the electronic control system of the

engine manages to compensate for the increased fuel portion by reducing the duration of the injector control
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pulse. However, in the transient modes, especially during engine acceleration, the portion of the fuel-injected

will significantly exceed the required amount to correspond to the actual air-mass flow rate. This fact will

increase the number of harmful substances emitted into the atmosphere, especially particulate matters (PM).
A similar effect of control valve leakage was also obtained in the idling mode (Fig. 3). In this case, the

fuel portion injected increases by 26.2%, 56.2% and 91.3%, respectively. This, in turn, can affect the
stability of the engine operation at idling mode.

However, a leak in the control valve has a relatively the greatest effect on the pilot injection fuel
portion. This mode of operation characterizes by a sufficiently high pressure of 50 MPa and a short injection
time of 250 us. In such a case, the fuel portion during pilot injection increases by 30.2%, 65.1%, and
106.8%, respectively. The revealed increase in the amount of pilot fuel injected can negatively affect the
combustion of the main-fuel portion. The effect of the control valve leakage is higher the higher rail pressure
and the shorter the duration of fuel injection.

Fuel injection begins when the injector needle rises from the seat and ends when it returns to the seat
and closes the injection holes. As can be seen in Fig. 4, as the control valve leakage increases, the nozzle
needle rises earlier in the cycle to the support and descends back later at the maximum load mode. This
means that the injection time gets longer (extends) and, as a result, a higher volume of the fuel is injected.
While the nozzle needle does not complete the full stroke when running at lower load modes (partial load,
idling mode, or pilot injection). It should be noted that as the leakage increases, the nozzle needle not only
rises faster (earlier), but its total stroke (lift) also increases. This change results in a significantly higher
increase in the amount of fuel injected.
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Fig.5. Influence of back leakage on pressure alternation in the control chamber.

The nozzle needle pressed against the seat keeps the fuel pressure in the control chamber. The opening
and closing of the injector largely depend on the fuel pressure changing traces in the control chamber. As it
follows from the analyses of pressure variation curves shown in Fig. 5, the pressure in the control chamber
drops to the minimum value earlier after the beginning of opening the control valve as the fuel leakage from
the control chamber increases. On the contrary, the pressure in the control chamber rises to the maximum
value later in the cycle when the control valve closes the outlet orifice. In addition, the maximum pressure in
the control chamber establishes at a slightly lower level than the common rail pressure due to the continuous
leakage of the fuel from the control chamber. Namely, the noted fuel pressure changes in the control
chamber determine the changing trends in the amount of fuel injected.

CONCLUSIONS

A numerical model of a common rail injector 1-st generation was developed in AVL BOOST Hydsim
environment to perform simulation of the effects caused by the control valve wear. It is revealed that the
control valve leakage has the biggest effect on the behaviour of pressure changes in the control chamber and
therefore on the amount of fuel injected.

1.The amount of fuel injected increases with the increase in the control valve leakage. The effect of
the control valve leakage is higher the higher rail pressure and the shorter the duration of fuel injection.
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2.Pressure in the control chamber drops dawn to the minimum value earlier after the start of opening
the control valve and rises to the maximum value later in the cycle when the control valve closes the outlet
orifice as the fuel leakage from the control chamber increases.

3.When the control valve leakage increases, the nozzle needle-valve rises earlier and descends back to
the seat later in the cycle.
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Jlabeuykac I., Cnasuncrkac C., Muykaeuurwc T. Hucnennoe uccinedosanue 6iIuAHUA YMeEUKU
ynpagaawwiezo knanana na paoomy CR ¢popcyuxu.

B crarbe mpencTaBieHbl pe3yiabTaThl YACICHHOTO MCCIIE0OBAHNS BIMSHUS MPOTEUEK YIPABISIONIEIO
kianaHa Ha paboty Common Rail (CR) dopcynku. st pemenus: nccineaoBaTenbCckux 3anad B cpene AVL
BOOST Hydsim pa3pabortana uncienHass mozaenb (popcynku CR 1-ro mokonenus. BeisiBieHo, uto yredka
YIPaBIISIONIETO KIallaHa OKa3bIBaeT HauOoJblliee BIMSHHE HAa XapaKTep W3MEHEHHWs JaBJICHUS B KaMepe
yIpaBJICHUs U, B CBOIO OYepe/lb, HA BEIMYMHY ITUKJIOBON MOy TOTUTHBA. KOMUYecTBO BIPHICKMBAEMOTO
TOIJIMBA YBEJIMYMBACTCS C YBEJIMYEHHEM YTE€UEK uYepe3 HEIUIOTHOCTH YHPABIAIOUIETO KiamaHa. BrusHue
yTe4YeK TOIUTMBA Yepe3 HEIUIOTHOCTH M3HOIIEHHOTO KJIANIaHa TEM BBIIE, YeM BHIIIE JAaBJICHUE B TOIUTUBHOM
AKKyMYJISITOPE M MEHBIIIE TPOJIOJKUTENLHOCTD BIPBICKUBAHUS TOIUIMBA. [Ipy yBENTMUEHUH YTEUEK TOTLIMBA
W3 KaMepbl YIpaBJCHUs, JaBICHHE B Kamepe MajaeT A0 MHUHUMAJIBHOTO 3HAYEHHUs paHee Iocjie Hadaja
OTKPBITHSI YIPABISIOIIETO KilanaHa W IMOBBIMAETCSA 10 MAaKCHMAJIBHOTO 3HAYCHUS MOKE IOCIE 3aKPBITHS
BBIIYCKHOTO OTBEPCTHS YIPABIISIONIMM KJarmaHoM. BcelieacTBue ynoMsHYTHIX W3MEHEHUH B YIPaBIISFOIIEH
KaMepe HUrJia pacibuinTels GopCyHKH NOJHUMAETCS paHbILIE U OITyCKAETCsl B CEIIO 0OPaTHO MO3KE B LIUKIIE.

KiroueBbie ciaoBa: common rail, TormmBHas (QOpCyHKa, YHCIEHHOE MOAEIMPOBAHHE, IIAPUKOBBIN
KJIalaH, HerePMETUYHOCT, M3EIbHBIN IBUTATEIb.
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THEORETICAL PREREQUISITES FOR SYSTEMATIZATION OF STANDARD SIZES OF
MINI TRACTORS

This article presents the results of the analysis of technical characteristics of modern mini tractors. A mini
tractor is a power device which is also the most popular equipment for farms, private farming, horticulture and
greenhouse farming in modern conditions. The study showed that constructive schemes of machines are constantly
improved with the changing of their subsystems. Accordingly, there are some relationships between the parameters of
mini tractors.

It is the relationship between the functional purpose and the operating parameters. The relationship between
design parameters and design and operating parameters is the basis for their systematization in order to classify models
of mini tractors. It is also the basis for their typification in order to establish optimal parameters in the design process
and the choice of functional purpose. It was put the concept to simplify the systematization process forward regarding
the possibility of choosing one significant parameter that determines the size and functionality of the tractor. Changing
a significant parameter affects the main design, technical and operational parameters. It was recommended to take the
indicator of the structural weight of the tractor as a significant.

Key words: tractor, parameters, power, weight, optimization, classification

INTRODUCTION

The agro-industrial complex of modern Ukraine is diverse. More and more farms and small farming
households are appearing in the structure of agro-industry. There is a certain specificity of exploitation of
technical means in the operation of such farming. Agricultural machines which have proven themselves well
during performing work on an area of hundred hectares have a low load in these conditions. Moreover, the
use of large-sized equipment leads to an overuse of energy resources. All this has a negative impact on the
cost of production and hinders the development of farming.

Given the above, an urgent scientific and practical task is the development and improvement of small-
sized equipment, which is able to perform a wide range of tasks in both open and closed ground.

ANALYSIS OF LITERATURE SOURCES AND PROBLEM STATEMENT

The problems of creating small-sized equipment are covered in the works of V.V. Adamchuk, S.P.
Pohorilyi [1], Voynash S.A. [2, 3], Sytnykov V.R. [3], Gamaleev P.P., Sytnykov V.R. [4, 5], Guryakov M.V.
[6], Kyselov K.V., Kozmyn S.F. [7], Narang S. [9], Sohne W. [10], Rasool S. [11] and many others
scientists.

Adamchuk V.V. and Pogorilyi S.P. [1] particularly note that the use of mobile power means is one
way to reduce the cost of crop production. The authors analyze the directions of use of car chassis as a small
power vehicle. It was offered variants of formation of mobile agricultural units on its basis. It was proved
that the use of such units will reduce the cost of technical park of farming and increase the efficiency of
machinery.

Voynash S.A. [2] presented the results of research aimed to determine the operational indicators of a
small wheeled tractor, which is designed for use in small and private farming. The authors have developed a
number of nomograms that afford to link the load parameters of the tractor with traction operating modes.
This made it possible to offer an improved dynamic passport.

Dmitrieva M.N. and Lukhminskiy V.A. [8] developed a mathematical model for determining the depth
of the track formed by a small skidding tractor.

The authors presented the formula that reveals the relationship between radial deformation of clay by a
small forestry tractor and deformation of soil compression. The obtained mathematical model is
implemented numerically that due to approximation affords to obtain simplified and convenient for practical
application model for estimating the track depth.

The work [7] is devoted to the study of vertical oscillations of a wheeled tractor under the condition of
its movement on a forest drag. The proposed equations make it possible to determine the actual loads taking
into account the dynamics still at the design stage of the machine.

Dmitrieva M.N. [8] investigated the relationship between physical and mechanical properties of soil
with low bearing capacity and substantiated the dependencies for their evaluation. It was developed a
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mathematical model of the process of interaction between the wheeled drive of a small forestry machine and
soil with low bearing capacity. It was presented the results of the study of the process of development of
stresses and strains in the soil under the action of the wheeled drive.

It is clear that the study of the interaction of small-sized machines with the soil relate to machines for
the forest industry mainly.

It was little studied the regularities of interaction of small-sized machines with the soil during
agricultural work. In addition, there is no research aimed to develop the methods of designing efficient
small-sized equipment for work in agriculture, including indoors.

Given the above, the urgent task is the development of small-sized equipment and the scientific basis
of its calculation for agriculture.

THE AIM OF THE STUDY

The purpose of the study is to analyze the features of the construction of small-sized machinery for
agriculture on the example of tractors. For this purpose it will be analyzed the features of the layout of some
models of mini tractors.

RESULTS OF THE STUDY

Such mini tractors as Solis (India), Chery-Zoomlion (China), Dongfeng (China), Yanmar FX-22D
(Japan) are the most represented on the Ukrainian market.

In order to identify the design and operational features of mini tractors it was analyzed more than 250
models. The results of the analysis are below.

The tractors are made according to the classic layout that provides a sequential arrangement of
transmission elements and transmits the location of the engine. In most models the front wheels are much
smaller than the rear (Fig. 1)

b)
Fig.1 — Mini tractors: a — Solis; b—DTZ

At present the schemes of arrangement of mini tractors differ in execution of a frame that allows to
make them all-wheel drive and to increase traction and coupling properties. In addition, the improvement of
the frame structure, in particular the use of articulated, allowed to develop and establish the manufacture of
tractors of small width.

The energy source is internal combustion engines. (Table 1) Most engines are 3-cylinder, 4-cylinder.

Table 1 Technical characteristics of mini tractors

Model N, hp Dimensions Engine Design Weight, Wheel-
kg drive
Solis 20 20 2660/970/1500 Three-cylinder 950 4x4
diesel
Solis 26 24 2715/1065/1550 | Three-cylinder 1005 4x4
diesel
Solis SF-160 16 Single-cylinder 680 4x2
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Lovol 1304 130 5060/2285/2987 Six-cylinder 5250 4x4
diesel
Lovol FT-224 24 3300/1350/2350 | Three-cylinder 1230 4x4
Lovol FT 354.2 35 3500/1550/2450 Four-cylinder 1420 4x4
Lovol FT 504 50 3980/1650/2450 Four-cylinder 2165 4x4
Chery Zoomlion 24 3070/1490/1550 | Three-cylinder 1250 4WD
RD 244
Chery Zoomlion 50 4120/1720/2550 Four-cylinder 3024 4WD
RK 504C
Bulat 24 2600/1470/1820 | Three-cylinder 1300 4x4
Bulat T-245 25 2590/1250/1860 | Three-cylinder 900 4x2
Orion Forte RD 24 3100/1500/1900 | Three-cylinder 1310 4x4
244
Orion RF 404 40 3370/1620/2060 Four-cylinder 1490 4x4
Revers
MT3-132H 11,8 2500/1000/2000 | Single-cylinder 532 4x4
BELARUS-112H- 11 2500/1000/2000 | Single-cylinder 570 4x4
01

Power ranges from 10 to 130 hp. Execution of engines, at first glance, is complicated. But the
presence of 3-4 cylinders at such a relatively low power provides an increase in engine life before
overhaul (Fig. 2)

Power hp | lessthan20| 20-25 30-36 40-50 |overthan 50
Model

Solis -]} . ] E O O
Yanmar |} B . O

Bulat ‘ B A O . O

Lovol R & S oY

Chery Zoomlion . O . O

Orion B B | -

MTZ {O—A—l o5

vz ARC'A B 'm O O

Fig. 2. The number of engine cylinders depending on engine power:

The analysis showed that the engines of mini tractors are mainly diesel with reliable radiator water
cooling. This virtually eliminates the risk of motor overheating and engine failure. The vertical arrangement
of cylinders, and also a longitudinal arrangement of a cranked shaft allow to carry out connection to
transmission through disk clutch. According to Table 1, it is clear that the power of tractor increases with
increasing its structural weight. This connection (Fig. 2) can be estimated by:

N =0,024m—1,25. )

The reliability of the dependence was confirmed by the coefficient of randomization, which is 0.984.
In addition, the design weight of mini tractor and its power is characterized by a high correlation (correlation
coefficient is 0.992).

All mini tractors can also be combined for their intended purpose. The power indicator is the most
appropriate as the basis of such division. It was established the functional purpose of mini tractors based on
static analysis.
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Fig. 3 — Statistical data of the functional use of mini tractors: A — for main tillage; B — in horticulture;
C — on the maintenance of farming

Power hp

Total number of tractors - 38

The analysis of design and operational parameters of mini tractors of different manufacturers shows
certain patterns of their change. Moreover, the design parameters change with the change of power indicator.
The functional purpose can also be justified based on the amount of power, which, in turn, has a high
correlation with the parameter of the structural weight of the tractor. It can be accepted the concept of
accepting the weight of a mini tractor as a criterion for assessing the technical excellence of a mini tractor.

DISCUSSION OF RESULTS

It is necessary to establish areas of rational values of parameters of optimization of mini tractors for
further improvement of their design and operational parameters and development of new models of mini-
power means.

The study by E. Xora [9] demonstrated that there is no single approach to the choice of optimization
parameters during the design (improvement) of machines. The statistical analysis of the relationships
between the parameters showed that the power or design weight of a mini tractor can be chosen as a
significant. It can be assumed that a significant parameter is a parameter that can be used as a basis for
justifying the functionality, as well as determining the size of the tractor. It can be adopted the concept of the
feasibility of using the index of structural mass as a significant.

CONCLUSION

Mini tractors are in increasing demand and characterized by a variety of models. Statistical analysis of
the models showed that there is no single classification based on design parameters. This makes it difficult to
form universal recommendations to farmers on the functional purpose of a model.

Systematization of mutual influences of constructive parameters is a basis of formation of such
recommendations. The systematization process requires a large statistical database and the solution of a large
number of regression equations. This process can be simplified by selecting a significant parameter that has
the greatest impact on design and operational parameters. It is recommended to accept constructive weight of
a mini tractor as such parameter.
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Hanooina 0.0., TI'onomwx M.B., Ilyys B.C. TeoperuuHi mnepegymMoBH CHCTeMAaTH3ALil
THNIOPO3MIpiB MiHi-TpaKkTOpiB

VY cTaTTi BUKIAACHO PE3YNIbTAaTH aHAli3y TEXHIYHUX XapaKTEPUCTHK CyYaCHHUX MiHi TpakTopiB. B xomi
BUKOHAHOTO aHaji3y BCTAHOBJEHO, IO KOHCTPYKTHBHI CXEMH MAIMH MOCTIHHO yIOCKOHATIOIOThCS. [IpH
IOMY 3MIHIOIOTBCS MiACHCTEMH MAallWH. AJje, SK BUSBUB aHali3, ICHYIOTh ITI€BHI B3a€MO3B’SI3KH MIiX
napamMeTpaMu MiHi TPaKTOPIB.

HasBHiCTH B3a€MO3B’S13KiB Mi’K KOHCTPYKTUBHHMH 1 KCIUTyaTallilHUMK TapaMeTpaMu € OCHOBOIO JJIS
iXHBOI cucTeMaTn3allii 3 MeToro Kiracugikamii Momeneld MiHI TpaKTOpIiB i THITI3aMii 3 METOIO BCTAHOBJICHHS
ONTUMANBHUX TapaMeTpiB B MPOIEC MPOEKTYBaHHS Ta BHOOpI (PYHKIIOHAIEHOTO TPU3HAYEHHS. 3 METOIO
CIPOILICHHS MPOLIECY CUCTEMaTH3allii BUCYHYTO KOHIEIIIIO II0I0 MOXJIMBOCTI BUOOPY OJHOTO 3HAYYIIOTO
napamerpy, SKAH BHU3HAYa€ THIOPO3MIp 1 (PYyHKIIOHANBHI MOXKIUBOCTI TpakTopa. 3MiHAa 3HAYYHIOTO
napaMeTpy BIUIMBa€ Ha OCHOBHI KOHCTPYKTHBHI Ta TEXHIKO-EKCIUTyaTaliiHI mapaMmerpu. B xoni aHamizy
PEKOMEHIOBAHO 3a 3HAYYIIUN NPUHMATH MOKAa3HUK KOHCTPYKIIIHOT MacH TpakTopa.

Kuarouogi ciioBa: TpakTop, mapameTpH, MOTYXHICTh, Maca, ONTUMI3allis, Kiacupikaiis

HAJIOBIHA Onena Onexcamopiéna, AOKTOpP TEXHIYHMX HayK, mpodecop kadenpu OyaiBeIbHHX,
JOPOXKHIX, MENOpaTUBHUX, CILIBCHKOTOCIIONAPCHKUX MAaIlluH 1 oOyiagHaHHs, HamioHanbHUN yHIBEpCHTET
BOJIHOTO roCrojapcTBa Ta MPHUPOAOKOPUCTYBAHHS, e-mail: 0.0.nalobina@nuwm.edu.ua,
https://orcid.org/0000-0003-1661-7331.

T'OJIOTIOK Muxona Bimanitiosuu, kKanauAaT TEXHIYHUX HAyK, JOIEHT Kadeapu OyaiBeIbHHX,
JOPOXKHIX, MENOpaTUBHUX, CIIBCHKOTOCIIONAPCHKUX MAalluH 1 oOsiagHaHHs, HamioHanbHUN yHIBEpCHTET
BOJHOTO roCIoaapcTBa Ta MPUPOOKOPHUCTYBAHHS, e-mail: m.v.holotiuk@nuwm.edu.ua,
https://orcid.org/0000-0003-3661-4437.

IIVI[b Bimaniti Cmenanosuu, KaHAUIAT TEXHIYHUX HayK, 3aBigyBau kKadelpu Taay3eBOro
MamuHOOYyayBaHHs, JIynpkuii HalmioHambHMN  TeXHIYHMH  yHiBepcuteT. e-mail:  putsvs@ukr.net,
https://orcid.org/0000-0003-3164-6173.

Olena NALOBINA, Doctor of Technical Sciences, Professor of Building, Road, Reclamation,
Agricultural Machinery and Equipment department, National University of Water and Environmental
Engineering, e-mail: 0.0.nalobina@nuwm.edu.ua, https://orcid.org/0000-0003-1661-7331.

Mykola HOLOTIUK, PhD in Engeneering, associate professor of Building, Road, Reclamation,
Agricultural Machinery and Equipment department National University of Water and Environmental
Engineering, e-mail: m.v.holotiuk@nuwm.edu.ua, https://orcid.org/0000-0003-3661-4437.

Vitaly PUTS, PhD in Engeneering, head of the of Industrial Engineering Departmen, Lutsk National
Technical University. e-mail: putsvs@ukr.net, https://orcid.org/0000-0003-3164-6173.

DOI 10.36910/automash.v1i16.503

ﬂ , 2021, Ne1 (16)


mailto:o.o.nalobina@nuwm.edu.ua
https://orcid.org/0000-0003-1661-7331
mailto:m.v.holotiuk@nuwm.edu.ua
https://orcid.org/0000-0003-3661-4437
mailto:putsvs@ukr.net
https://orcid.org/0000-0003-3164-6173
mailto:o.o.nalobina@nuwm.edu.ua
https://orcid.org/0000-0003-1661-7331
mailto:m.v.holotiuk@nuwm.edu.ua
https://orcid.org/0000-0003-3661-4437
mailto:putsvs@ukr.net
https://orcid.org/0000-0003-3164-6173

© Prydalnyi B., Hezun P.. 2021

YK 621.91:621.396.6
UDC 621.91:621.396.6

Prydalnyi B., Hezun P.
Lutsk National Technical University

MECHATRONIC CONTROL SYSTEM OF EXECUTIVE MECHANISMS OF
METALWORKING MACHINES

The use of mechatronic systems which operate subsystems of technological equipment resulting in high level
of automation and flexibility of manufacturing is demonstrated. The solved problems are to expand production
opportunities in the productivity increase and quick readjustments of processing parameters as well as simplifying the
kinematics of the metalworking machines rotation motion by applying mechatronic means. The structure of the control
system, which can be built by using an accessible and common element base is developed. A number of subsystems
can be highlighted on the grounds of the developed one which provide the operation of the electric drive, transmission
and conversion mechanisms, synchronization of movements of actuators, control of auxiliary subsystems, such as
control system of limit positions and braking the units that move under inertia forces after shutdown power supply.

Keywords: spindle assembly, control system, mechatronic system.

INTRODUCTION

It is known, the technological capabilities of metalworking machines largely depend on the
characteristics of the movements of their executive mechanisms and shaping movements in particular. The
most common types of shaping movements which are used in processing on metal-cutting machines are
rotational and translational ones. The range of values of torque and angular velocity of the main movement,
axial force and linear feed rate largely determines the characteristics of the machine and, as a consequence,
the quality and productivity of machining. Ensuring a wide range of characteristics of shape-forming
movements requires effective coordinated control of a number of converting mechanisms, as well as the
engine and mechanism for clamping workpieces and tools in spindle assemblies.

ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

The use of mechatronic systems to control the operation of subsystems of technological equipment
helps to increase the level of automation and flexibility of production [7, 8]. This expands the possibilities of
production in the areas of increasing productivity and speed of readjustment of machining parameters [1-3].
Such opportunities give new competitive production advantages in the conditions of high rates of general
technological progress where improvement, modification and new goods are common. It also creates the
preconditions for increasing the level of integration of production systems at the technical and functional
levels. That is obviously, that the most efficient and common way to supply equipment by energy is to use
electricity. There is also a tendency to expand the scope of use of electromechanical components as part of
technological equipment, including the replacement of their existing mechanical counterparts. It helps to
reduce the number of energy converters and energy losses.

PURPOSE AND OBJECTIVES OF THE STUDY

The structure of the developing control system is aimed to enhance a wide range of characteristics of
the movements of the executive mechanisms and provides control both by change of the electric motor
characteristics and by switching mechanical gears with electromagnetic clutches. Switching the appropriate
electromagnetic couplings provides a kinematic connection between the gears and shafts, which allows to
change the speed. The width of the range of characteristics of the executive movements allows choosing
more optimal machining modes by providing both high speeds for finishing small-diameter parts and
significant torques for roughing large-diameter parts made of hard material.

The aim of the research is to expand the possibilities of providing technological flexibility of
metalworking machines. To achieve this goal it is necessary to solve problems aimed at simplifying the
kinematics of the mechanisms of spindle assemblies and the drive of the feed (translational) of metalworking
machines as well as effective exchange of information between the mechatronic systems which control the
operation of subsystems. It can be done through the use of mechatronics means, as well as the development
and implementation of optimal control system that can be built by using an accessible and widespread
element basis.

RESEARCH RESULT

The results are expressed in the creation of the research stand (Fig. 1), which confirms the possibility
and feasibility of designing mechatronic systems and units for the use in metalworking machines of
traditional structure. Also, the characteristics of this stand make it possible to conduct experimental studies
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of the performance of electronic, electrical and mechanical components of metalworking equipment. The
developed structure of the control system of forming movements of the machine can be used for carrying out
modernization of the metalworking machinery of manufactures of the machine-building branch.

_ T, ~ I Fig. 1.
General view of the created experimental stand with the developed mechatronic control system

5 .

The search methods are based on the use of the main provisions and practices relating to technical
systems theory, electric vehicles, theoretical mechanics, theory of machines and mechanisms, automation
and mechatronics.

The developed structure of control scheme with mechatronics means is created according to standard
methods and is suitable for use in structures of metalworking machines. That involves using the rotational
motion from the electric motor of the main motion drive with its subsequent transformation through the
multiplying structures of the transmission and amplification mechanisms [4]. A feature of the kinematic
structure is the requirement to control mechanical transmissions using electrical signals, which determines
the need to use electromagnetic couplings to provide kinematic connections.

The developed kinematic scheme contains two mechanical gearboxes of the main drive and feeds,
where the transmission of torque is due to gears. Electromagnetic couplings series ETM-104 (YC1 - YC5) in
the gearbox of the main drive and electromagnetic couplings series ETM-072 (YC6 - YC10) (Fig. 2) in the
gearbox of the feed drive are used to switch the parameters in these gearboxes. The appropriate moods are
turned on by applying a discrete signal to a set of couplings from the control system. This provides the
transmission of rotational motion to the spindle and the lead screw, which nut is rigidly connected to the
toolholder. The structure of the kinematic scheme meets the requirements of shaping movements of the vast
majority of metalworking machines and can be used both for equipment with tool spindles and desktop feed
and for lathes. To expand the rotation speed, the engine speeds M can be changed as well.

To design a system for automatic control of the gearbox, it is necessary to identify combinations of
switching on electromagnetic couplings to obtain the required speed of the spindle. It is necessary to identify
all the options for the formation of kinematic chains of this gearbox. Investigations of the kinematic structure
of the gearbox begin with the construction of a structural grid (Fig. 2), which reflects the following
information [4]:

— number of degrees of rotation frequencies on each of the shafts which can be obtained by multiplier
box structure;

— the number of group gears in the drive and the order of their constructive placement;

— the number of gears in each group;

— characteristics of groups, that is their place in the order of their kinematic inclusion.
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Fig. 2. Kinematic scheme of energy transmission and conversion circuits

The mechatronic control system of the stand can be classified as a multiprocessor, because it contains
the processor of a programmable controller of electrical automation, which controls the operation of the
stand, and is equipped with a personal computer that acts as a controller programmer [2, 3]. The structure of
the control system provides sufficient flexibility of the operator interface, which has a positive effect on the
ability to learn the ways to control the operation of equipment faster, including making experiments and
laboratory work during the training process.

The basis of the presented control system is a programmable controller Arduino Uno, which was
correspondingly chosen within the concept of the structure, which is based on the most accessible and
common element basis. A personal computer is used to provide the interface of the developed control
system. The controller communicates with the computer via the communication port using the Arduino IDE
software. The Control of means of electroautomatics is carried out by processing and amplification of signals
of the corresponding outputs (“pins") of the Arduino platform. Electrical appliances controlled by the
controller are connected to its board according to the developed scheme (Fig. 3).

The modular 8-channel relay provides power supply to the devices of electroautomatics

according to the scheme in fig. 3 and is connected to the control system accordingly:

— GND PIN on the power supply voltage is OV (ground);

—VCC PIN is supplied with the voltage of + 5V from the power supply;

— Signal PIN (signal pin) is connected to the platform Arduino Uno via Digital Pin (digital pin)
through which signals are (5V or 0V) to switch module in one of the modes: with normally open (Normally
Open) to normally closed (Normally Closed) with a voltage of + 24V from the power supply.

Each of the electromagnetic couplings is controlled via a separate digital pin that connects the modular
relay to the controller board. Each electromagnetic coupling YC1 - YC10 is connected to the modular relay
as follows: one of the inputs of the coupling is connected to the GND connector of the power supply, the
other input is connected to an 8-channel modular relay in the Common Contact connector. The operation of
the relay and, accordingly, the operation of the couplings is controlled in the following sequence:

— according to the commands from the interface of the personal computer digital signals on a board of
the Arduino Uno controller are being sent;
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Fig. 3. The scheme of the developed mechatronic control system

— when one of the couplings, for example YC1, is switched on, the signal from Digital Pin 1 is fed to
the Signal Pin 1 of the modular relay, which causes the switching of this relay from Normally Closed to
Normally Open mode;

— as a result of the received command the contacts of Common Contact and Normally Open are closed
and voltage through the relay moves to the YC1 coupling.

This scheme makes it possible to control separately each coupling, regardless of their number. As the
motor of the main drive movement is used the electric motor of a direct current of Dynamo Sliven type 1 Pl
which is also used in mechanisms of drives of industrial robots. The power supply system of the M1 main
drive motor provides the possibility of two-stage speed switching as well as braking its rotation when the
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power is turned off according to the generator circuit, changing the direction of rotation and blocking restart
in the same direction after stopping at the sensor signal. A fragment of the connection diagram of this engine
is shown in Fig. 4. In addition to the operation of modular relays of the Arduino platform, two car five-
contact relays of modes were used 1C12 (Star line).
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Fig. 4. A fragment of the diagram showing the connection of the main motor

The M2 motor of the electric oil pump is connected in such a way that the oil supply does not occur
when the gearbox of the main movement or feeds is not working. To do this, the voltage of + 12V is applied
to the common contact J6 with digital input IN6 (Fig. 4), to the Common Contact of contacts. This relay is
responsible for unlocking the motor control as well as for the oil supply. When a signal is applied to relay J6,
i.e. the Common Contact and Normally Open contacts are connected, voltage is applied to the electric oil
supply pump and to the Common Contact contact of the next relay J7, through which the next two Star Line
1C12 relays are controlled. The other contact of the pump is connected to the GND power supply.

Switching relay J8 (Fig. 4) is designed to select the motor speed by switching the voltage difference. It
is supplied with voltage -12V from the Normally Open side, and the Normally Closed contact is connected to
the "ground". The Common Contact is connected to terminal 87 of both Star Line Nel and Star Line Ne2
relays. This allows you to apply different voltages to the motor M1 to change the speed of rotation of the
motor shaft. When a signal is applied to relay J7, the Common Contact and Normally Open contacts are
closed and voltage is applied to terminal 86 of the Star Line relay Ne2, due to inductance switching and
contacts 87 and 30 are connected. The result is a change of potentials on the motor. Depending on the state
of the switching relay J8, a voltage of 12V or 24V can be applied to the motor.

When a discrete signal is applied to relay J7, the Common Contact and Normally Closed contacts are
closed. Voltage is applied to contact 86 of the Star line Nel relay. As a result, contacts 87 and 30 are
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connected and the motor is reversed because the voltage is connected to other motor contacts.
To limit the area of movement of the tool provides the connection of one or two limit switches K1
(K2) which stop the engine in case of their operation. This breaks the coil circuit of one of the relays Star
Line 1C12 motor and the state of the contacts go to the initial position when 87A and 30 are closed. This
causes the engine to stop. Further engine starts possible by changing the signal to the switching relay J7,
which also leads to a change in the direction of rotation.
The described control system is small and mounted in the case of the computer system unit (Fig. 5).

,‘,
- \ I
A A ——
N I

_..___A_.._~
-

W
I\

"
Fig. 5. The developed control system is mounted in a case of the system unit of a personal computer

DISCUSSION OF THE RESULTS OF THE STUDY

The use of a mechatronic system to control the drive of the main motion in machine tools expands the
possibilities for integration with the control systems of other components, clamping mechanisms of
workpieces and tools in the machine spindles in particular. There are electromechanical devices [9, 10],
which are part of the spindle units of machines and provide the possibility of automatic clamping of
workpieces or cylindrical tools in the spindle units. Electromechanical clamping devices have a wider ability
to control their operation compared to their mechanical and hydraulic counterparts. That is, it is possible to
control the amount of clamping force of the object, which is fixed in accordance with current requirements
and external perturbations. For example, when increasing the spindle speed, it is advisable to increase the
amount of input force applied to the clamping chuck to compensate the loss of clamping forces due to the
influence of centrifugal forces on its clamping jaws.

CONCLUSIONS

Based on the results of engineering research, the structure of the mechatronic control system of the
movements of executive mechanisms has been developed and embodied in the form of an operating stand.
The obtained range of gear ratios in the main drive and feed drive makes it possible to provide a wide range
of speeds and forces of mutual movement of the workpiece and the tool, which determines the possibility of
productive machining of a wide range of diameters and materials. For a more optimal method of obtaining a
range of characteristics of the technological movements, the possibility of controlling the performance
characteristics of the main drive motor is implemented. The developed system also makes it possible to
establish a rigid kinematic connection between rotational and translational shaping movements, which is
necessary for the machining of helical surfaces. The control system also provides the necessary elements to
protect equipment and personnel and provides engine braking when the power is turned off and the ability to
set restrictions on movement. The use of a personal computer as a controller programmer that forms control
commands, as well as the availability and prevalence of the element base on which the presented system is
developed expands the possibilities of its creation for use in technological machinery and training stands
with low budget. The effective exchange of information between the mechatronic systems which control the
operation of the spindle drive and the electromechanical clamping mechanism helps to increase the
efficiency of processing.
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3a pe3ynbTraTaMH iHXEHEPHO-TIONTYKOBUX OCIIIKEHb PO3POOICHO Ta BTIIEHO Y BUTIIAI JIFOYOTO
CTeHJa CTPYKTypy MEXaTPOHHOI CHCTEMH KEpyBaHHS pyXaMH BHKOHAaBYMX MeXaHi3MiB. OTpuMaHH
niana3oH 3MiHHM TIEPeJaTHUX BiJHOIIEHh B MPUBOJI T'OJOBHOTO PyXy Ta MPUBOJL IMOJa4 J1a€ MOMKIJIHMBICTH
3a0€3MeUeHHs] [HUPOKOT0 Psily MIBUAKOCTEH Ta 3ycHib B3a€EMHHUX MEpEeMillleHb JeTalli i iHCTpyMeHTa, IO
BU3HAYa€ MOXIIMBOCTI MPOJYKTHBHOI OOpOOKH TMOBEPXOHb MIUPOKOTO [ialma3oHy JiaMeTpiB 1 TBEpAHX
MatepiainiB. {1 Okl ONTUMAIIBHOTO CIIOCO0Y OTPUMAaHHS Jialla30Hy XapaKTePUCTHK (OPMOYTBOPIOIOYHX
PYXIiB peasi3oBaHa MOXKJIMBICTh YIIPABIIiHHA XapaKTepUCTUKAaMH pOOOTH ABUI'YHA MPUBOJA T'OJIOBHOTO PYXY.
Po3pobiena cucrema TakoX J1a€ MOMIIMBICTH BCTAaHOBJICHHS JKOPCTKOTO KIHEMAaTHYHOTO 3BSI3KY MiX
o0epTaJbHUMH Ta MOCTYHAIBHUMHU (POPMOYTBOPIOIOUHUMH PYXaMH, 110 HEOOXITHO JJisi 0OpOOKH TBUHTOBUX
noBepxoHb. CHcTeMa KepyBaHHS TaKoX 3a0e3meuye HeoOXiHI eJIeMEHTH 3aXUCTy OOJIaZIHAaHHS 1 epcoHaITy
Ta mnependavyae 3araJibMOBYBAaHHS [IBUT'YHA TPM BHMMKHEHHI JXHMBJICHHS 1 MOJKJIHMBOCTI BCTAHOBJICHHS
OoOMEKeHb Ha TMepeMilleHHs. 3alponoHOBaHI PillIeHHs PO3LIMPIOIOTh MOMKIMBOCTI B3a€EMOJI 3 THIIUMH
MiCHCTEeMaMH TEXHOJIOTTYHOTO 00JalHaHHS, HAPUKIIaJ, MEXaHi3MOM 3aTUCKY 3arOTOBOK Ta 1HCTPYMEHTIB
y IINUHAENTBHUX By3JaX BepcTaTiB. BUKOpPHCTaHHA NEPCOHATBHOIO KOMIT'IOTepa SK Iporpamaropa
KOHTpoJIepa, 1o GopMye KOMaHIM KEPYBaHHs, a TAKOX JOCTYIHICTh Ta MOIIUPEHICTh eJIeMEHTHOT 0a3u Ha
OCHOBI SIKOT PO3pOOJICHO IMPEICTABICHY CHCTEMY PO3IIMPIOE MOXKJIUBOCTI 1i BHUTOTOBJICHHS IS
BUKOPHUCTAaHHS Yy CKJIaJi TEXHOJOTIYHOTO OOJaHAHHS 1 HABYAIBHO-AOCHIJIHUX CTEHIIB B YMOBax
HEOOXIIHOCTI EKOHOMIT KOILITIB.
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ANALYSIS OF THE FREIGHT TRANSPORTATION MARKET OF UKRAINE

In conditions of the transport and logistics infrastructure development, as well as the formation of a rational
structure of the car fleet and freight car fleet, it is necessary to analyze and take into account the actual demand for
freight. Analysis of the dynamics of the volume of transported goods for 2015-2020 shows the stable position of
different modes of transport in the freight market. According to the analysis of statistical data for 2016-2019, it was
found out that road and rail transport is carried out mainly in domestic traffic. It is noted that in 2020 there is a certain
decline in freight traffic for each mode of transport, because of the global pandemic COVID-19. It is determined that
the low efficiency of the organization of cargo transportation from suppliers to consumers is associated with
insufficient number and irrational use of rolling stock, insufficient development of the infrastructure of cargo
terminals, irrational organization of the cargo transportation process. The interaction of modes of transport determines
the possibility of forming optimal supply chains in both domestic and international traffic. On the ground of logistic
principles the efficiency improvement of the organization of cargo transportation from suppliers to consumers is
achieved by optimizing the movement of freight flows. The conducted research will contribute to the development of
directions for optimizing the distribution and movement of cargo flows in the planning and organization of cargo
transportation both domestically and internationally. At the same time, the formation of supply chains based on the
interaction of road and rail transport minimizes transport costs and creates conditions for further development of
supply chains and transport technology systems.

Keywords: freight transportation market, supply chains, types of transport, statistical data, volume of
transportations, cargo flow.

INTRODUCTION

Production and agricultural enterprises, storage and terminal complexes (for example, elevators,
seaports) are characterized by geographical disunity and are interconnected by transport. The final cost of the
transported products, and hence its competitiveness in the commodity market, have an impact on the
efficiency of the organization of freight transportation.

In the freight transportation market, it is necessary to create conditions for effective interaction of
modes of transport in order to reduce logistics costs for the delivery of goods both domestically and
internationally.

One of the ways to increase the efficiency of transportation is the rational distribution of cargo flows
in the formation of supply chains from producers to consumers, taking into account the benefits of certain
modes of transport.

ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

The market of transport services has a tendency to develop with an objective decrease in growth [1]. A
significant factor influencing the development of transportation is the state of transport infrastructure [2] and
the dynamics of investment in this field [3], which primarily depend on the volume of cargo transportation
and the organization of cargo flows. Logistics connections, which are an important element of transport
services [4], can reduce the cost of loading-unloading and warehousing operations, speed up the movement
of material resources and optimize the use of transport and warehousing resources.

In modern conditions, insufficient attention is paid to the rational distribution of cargo flows in
accordance with the capacity and discharge capabilities of loading and unloading points [5], which leads to
significant costs of time and money, and thus affects the quality [6] and reliability of cargo flows.

The vast majority of cargo destined for the foreign market is transported through seaports [7, 8] and
delivered to port terminals by rail and road.

One of the most important areas of improvement of the system of car flows organization is the
dispatch routing [9]. However, the existing system of substantiation of routing does not fully take into
account the peculiarities of cargo formation at loading points [10].

Therefore, it is advisable to analyse the dynamics of the volume of goods transported by mode of
transport in Ukraine to determine areas for improving the efficiency of supply chains.
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PURPOSE AND OBJECTIVES OF THE STUDY

The purpose of the study is to analyse the freight transportation market in Ukraine in order to
determine areas for improving the efficiency of supply chains.

Research objectives:

- analysis of the dynamics of the volume of transported goods by mode of transport;
- analysis of the dynamics of freight traffic by land modes of transport by types of connections;

- identification of prerequisites for low efficiency of cargo transportation from suppliers to
consumers;

- development of recommendations for improving the efficiency of cargo transportation.

RESEARCH RESULT

The research is based on statistical information, which contains data without taking into account the
temporarily occupied territory of the Autonomous Republic of Crimea, the city of Sevastopol and part of the
temporarily occupied territories in Donetsk and Luhansk regions [11].

Statistics on the volume of transported goods by mode of transport for 2015-2020 show that each of
the modes of transport, taking into account the relevant competitive advantages, maintains its position in the
freight transportation market during 2015-2020 (Fig. 1). It should be noted that in 2020 there is a certain
decline in freight traffic for each type of transport, which may be due to the global pandemic COVID-19.
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Fig. 1. Dynamics of volumes of transported cargoes by types of transport for 2015-2020
Source: authors-based [11]

The largest volume of cargo in Ukraine is transported by rail (50.92%) and road (31.88%) transport
(Fig. 2).
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Fig. 2. Structure of cargo transportation volumes in Ukraine by types of transport in 2020, %
Source: authors-based [11]

As a result of the analysis of statistical data [11], it was determined that mainly mass cargo is
transported by rail, and containerized cargo is transported by road.

Taking into account the freight turnover of railway transport for 2015-2020 [11], the average distance
of transportation by rail is determined (Table 1). The obtained values of the average distance of
transportation (540 — 580 km) indicate that freight transportation by rail in Ukraine is carried out mainly in
domestic traffic. The vast majority of goods are transported by rail from large cargo-forming points
(terminals, elevators, mining enterprises, mining and processing plants, metallurgical enterprises, etc.) to
processing enterprises [9, 10], as well as to river and seaports with subsequent transhipment to ships [ 12].

Table 1. Technical and operational performance of railway transport for 2015-2020

Indicator Freig_ht' turnover, | VVolume of transported cargo, million | The average Qistance of
million tkm tons transportation, km
2015 194321,6 350 555,2
2016 187215,6 344,1 544,1
2017 1919141 339,5 565,3
2018 186344,1 322,3 578,2
2019 181844,7 312,9 581,2
2020 175587,2 305,5 574,8

Source: authors-based [11]

Analysis of freight traffic by road in Ukraine (excluding freight traffic by physical persons-
enterprisers) for 2016-2019 [11] shows that international road freight has a negligible share in total road
transport (Fig. 3).
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Fig. 3. Dynamics of cargo transportation by road for 2016-2019
Source: authors-based [11]

DISCUSSION OF THE RESULTS OF THE STUDY

The analysis of the conducted researches and practical experience testifies to low efficiency of the
organization of transportations of cargoes from suppliers to consumers that is caused, first of all:

—insufficient number and irrational use of rolling stock of railway and road transport [13, 14];

—insufficient development of the infrastructure of cargo terminals and transhipment complexes at the
junctions of different modes of transport [15, 16];

—irrational organization of the freight process.

—Existing problems of inefficient organization of cargo transportation can be partially eliminated by
optimizing the movement of freight flows in the organization of transportation from suppliers to consumers:

—formation of rational transport-technological schemes of cargo delivery both in the international, and
in domestic communication;

—formation of supply chains based on the interaction of modes of transport, which will help minimize
the cost of delivery of goods;

—implementation of the choice of rational technological parameters in the organization of cargo flows
in the logistics supply chain, including the formation of shipping routes.

—Therefore, the issue of effective organization of cargo flows in the supply of goods by any mode of
transport on the basis of logistical principles needs special attention.

CONCLUSIONS

The analysis of the dynamics of the volume of transported goods by mode of transport shows that each
of the modes of transport maintains its position in the freight market during 2015-2020 and is characterized
by almost stable volumes of traffic. At the same time, the global pandemic COVID-19 has affected the
reduction of freight traffic in 2020 for each mode of transport.

Analysis of the dynamics of freight traffic by land in Ukraine in 2015-2020 shows that road and rail
transport is carried out mainly in domestic traffic, and international transport has a small share in the total
traffic of these modes of transport.

It is determined that the low efficiency of the organization of cargo transportation from suppliers to
consumers is associated with insufficient number and irrational use of rolling stock, insufficient development
of the infrastructure of cargo terminals, irrational organization of the cargo transportation process.

The directions of optimization of traffic flow in the organization of transportation from supplier to
consumer, which are aimed at forming supply chains based on the interaction of modes of transport and
optimization of technological processes in planning and organizing transportation of goods in both
international and domestic traffic.
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2020 poxu moka3ye CTiHKi MO3UINII Pi3HUX BUIIB TPAHCIIOPTY Ha PUHKY BaHTOKHUX TepeBe3eHb. Ha ocHOBI
aHaNi3y craTucTHYHUX aaHux 3a 2016-2019 poku Oyja0 BCTAaHOBJCHO, IO ABTOMOOLUIbHI Ta 3ai3HUYHI
MepeBe3eHHsT 3AIMCHIOIOTECS MEPEBAXHO Y BHYTPIIIHBOMY crofydeHHi. BigszHaueno, mo y 2020 pomi
CIIOCTEPIra€eThesl TIEBHUH cmag o0CATIB BaHTaKHUX MEPEBE3CHb 32 KOKHUM 3 BUAIB TPAHCHOPTY, IO MOXE
Oyt o0ymoBieHO cBiToBoto manaeMicro COVID-19. BusznauyeHo, 1mo HH3bKa e(pEeKTHBHOCTI opraHizarlil
TIepeBe3cHh BaHTAXKIB BiJ IOCTAYaIbHUKIB O CIIOKMBAdiB TIOB’s3aHa 3 HEAOCTATHHOIO KIJBKICTIO Ta
HepalioHAIbHUM BUKOPHCTAaHHAM PYyXOMOTO CKJIaAy, HEJOCTATHIM PO3BUTKOM iHPPACTPYKTYpH BaHTAKHHUX
TepMiHaJIiB, HEPAIliOHATFHOIO OPraHi3aIliero MpoIlecy BaHTAXKHUX MepeBe3eHb. B3aeMois BHIIIB TPAHCIIOPTY
00yMOBJIIOE MOXJIMBICTE (DOPMYBaHHS ONTHUMAIbHUX JIAHIIOTIB TIOCTA4aHb SK Y BHYTPINIHBOMY, TaK 1 B
MIKHApOJAHOMY CHONydeHHAX. [linBuineHHs eQeKTUBHOCTI opraHizamii mepeBe3eHb BaHTaXiB Bif
MOCTAYaJIbHUKIB JI0 CIIOKUBAYiB JOCATAETHCSA IMUIAXOM ONTUMI3allli PyXy BaHTaKOMOTOKIB Ha OCHOBI
JoricTHYHUX TnpuHIMMmiB. [IpoBeneHi AOCHIMKEHHS CHOPUATAMYTH pO3pOOII HAMPSAMKIB ONTHMI3allii
po3monidy Ta pyXy BaHTaXOIMOTOKIB NpW IUIAHYBaHHI Ta OpraHizamii mepeBe3eHb BaHTAXKIB 5K Yy
BHYTPIIIHBOMY, TaK i y MDKHapoAHOMY crionydeHHi. [Ipu npomy, GopmMyBaHHS JIaHIIOTIB MOCTA4aHHS Ha
OCHOBI B3a€MOJIii aBTOMOOIUTFHOTO Ta 3alli3HMYHOTO TPAaHCHOPTY JJO3BOJISIE MIHIMI3yBaTH TpPaHCIOPTHI
BUTPATH Ta CTBOPIOE TEPEIyMOBH ISl MOJANBIIOrO PO3BHTKY JIAHIIOTIB MOCTAYaHHS Ta TPAHCIOPTHO-
TEXHOJIOTIYHUX CUCTEM.

KiawouoBi cioBa: pUHOK BaHTOXHUX MEPEBE3CHb, JIAHIIOTH IOCTAa4yaHb, BHIU TPAHCIOPTY,
CTaTHCTUYHI J]aHi, 00CAT IepeBe3eHb, BAHTAKOIOTIK.

HIPAMEHKO Harans OpiiBHa, TOKTOp TeXHIYHMX HaykK, mpodecop, XapKiBCbKHH HalioHaIbHUN
TEXHIYHUH YHIBEPCHTET CUTbChKOTO TocmomapcTBa iM. I1.Bacumenka, CyMcbKuid HaIliOHATBHUN arpapHUM
yHiBepcuret, e-mail: nshramenko@gmail.com.

HIPAMEHKO BnanucnaB OnekcaHApOBHY, CTYACHT, XapKIBCbKHI HaliOHAJIBHUI YHIBEPCHTET iM.
B.H. Kapazina, XapkiBcbKkuil HaIllOHATPHHNA TEXHIYHWH YHIBEPCUTET CIIBCHKOTO TOCTOJApCTBA iM.
I1.Bacunenka.

COJIAPHOB Onekcanap OnekciiioBuy, KaHIUIAT TEXHIYHUX HAYK, TOLEHT, CyMChKHIA HaI[lOHATbHUMA
arpapHuii yHiBepcurer, e-mail: Imcsan@i.ua.

Natalya SHRAMENKO, D.Eng.Sc., professor, Kharkiv Petro Vasylenko National Technical University
of Agriculture; Sumy National Agrarian University, e-mail: nshramenko@gmail.com.

Vladyslav SHRAMENKO, student, V. N. Karazin Kharkiv National University, Kharkiv Petro
Vasylenko National Technical University of Agriculture, Kharkiv.

Oleksandr SOLAROV, C. Eng.Sc., Associate Professor, Sumy National Agrarian University, e-mail:
Imcsan@i.ua.

DOI 10.36910/automash.v1i16.505

, 2021, Nel (16) E


https://mbox2.i.ua/compose/1609614380/?cto=h63Co6yswqyoonOSx8C2n3qPpqw%3D
https://mbox2.i.ua/compose/1609614380/?cto=h63Co6yswqyoonOSx8C2n3qPpqw%3D

© Taamsiok M.O., I'aumsioxk .M. 2021

VIIK 629.113
UDC 629.113

Tlangzrok M.O., 'anaziok JI.M.
Jhyybkuti HayioHanbHUL MEXHIYHUL YHIgepcumem

BIL/IMB EKCILTYATALIMHUX PAKTOPIB TA KOHCTPYKTUBHUX TAPAMETPIB
MAJIOTOHA)KHUX ABTOMOBIJIBHUX ITOI3IB HA MIIIHICTD I HAJJIMHICTD PAM
OIHOBICHHUX ITPUYEIIIB

Po3BuTOK Masoro Gi3Hecy i HMiINPHEMHUNTBA B KpaiHi IPH3BENH IO 30UIBIICHHS IOTPeOH B IIpUUerax, sKi
BUKOPUCTOBYIOTBCA Pa3oM 3 JIETKOBHMH aBTOMOOUIAMH 1 aBTOMOOLIAMH Maioi BaHTaXomiaHoMHOCTi. Bkazana
0o0CTaBMHA CTaBUThH 3aBIAaHHA 30UIBIICHHA OOCSATIB BHPOOHMIITBA HPUYIMHOI TEXHIKA JAHOTO BHIY, CKOPOYEHHS
TEpMiHIB MPOEKTYBaHHA 1 OYAaTKy BUPOOHHUIITBA HOBHX Moeneil. Pa3zoM 3 UM Hecyda KOHCTPYKIisA KOKHOTO BHPOOY
MOBUHHA BOJIOJITH BHCOKOK MILHICTIO, JOBTOBIUHICTIO 1 3abe3medyBaTd O€3MEUHHH pPyX MAIOTOHAKHOTO
aBTOMOOLIBLHOTO MO13/1a B LIJIOMY.

Oco0muBicTIO Hecy40l KOHCTPYKIIT OJTHOBICHOTO IpHYera € HasBHICTh IUILIA, K€ CIIPUiIMae YaCTHHY Baru
MIPUYINHOT JIAHKM 3 BaHTaXXEM, IO NEPEeBO3UTHCSA, 1 3abe3medye 3B'I30K MiXK aBTOMOOLIEM-TsAradeM i ImpuyernoM. Y
3B'SI3Ky 3 UM, JI0 JUWILIA TPUYEia BHCYBAHOTHCS BUCOKI BHMOTH IO MIIIHOCTI 1 JTOBFOBIYHOCTI. BigMiHHICTBH
KOHCTPYKIiI IWIIIa OXHOBICHOTO MpHYENa BiJ paMd TPAHCIOPTHUX MAIIWH BEIWKOI BaHTAXOMIAHOMHOCTI He
JI03BOJISIE BUKOPHCTOBYBATH TPAAUIIIHI METOAHM i cITOcOOH MiBUINEHHS MIHOCTI 1 JOBrOBIYHOCTI JaHOTO €IEMEHTA,
SIKI HEMUHYYe TPHU3BEAYTh 10 30UIbLIEHHS PO3MIpiB IUILIA, HOrO MacH i BapTOCTI BUTOTOBICHHS, IO aOCOIIOTHO
HEHPHITYCTHMO B YMOBaX MacOBOT'O BUPOOHHMIITBA.

Buknaneni Bumie oOCTaBHHH BKa3yIOTh Ha aKTYalbHICTh METOJIB ONTHMI3alii MacOBHX, T'€OMETPHYHHX
rapaMeTpiB Ta INPYKHHX XapaKTEPUCTHK IIJBICKA OJHOBICHMX IPHYEIIB MiJ THUIIOBI YMOBH eKCILTyaTamii
MaJIOTOHHOKHUX aBTOMOOUIBHUX IMOi3/iB, 10 BPaXOBYIOTH OCOOIMBOCTI KOHCTPYKII| TUILIA.

KnrouoBi cnoBa: ManoTOHaXHHWH aBTOINOI3[, NpHWYINHA JIaHKA, KOHCTPYKTHUBHI IIapaMeTpu, Hecyda
KOHCTPYKIIisl, JUIIUIO, HABAHTAXKYBaJIbHI PEXKUMH, MIIIHICTh, JOBIOBIUHICTb.

BCTYII

HeoOxigHi MIIHICTh 1 JOBrOBIYHICTH AMIIUIA MOXYTh OyTH 3a0€3IE4CHi IUIAXOM ONTHMI3aIlil
MacOBUX, T€OMETPUYHUX TapaMeTpiB Ta MPYKHUX XapaKTEPUCTHK MiJABICKH OJHOBICHOTO TpHYena Mayol
BAaHTAXXOMIIHOMHOCTI.

IcToTHMIA BIUIMB Ha MIIHICTE 1 JTOBTOBIYHICTH JAWIUIA HAJAIOTh HABAHTAXYBAIBbHI PEXKUMH, SIKi
BU3HAYAIOTHCS PIBHICTIO JIOPOTH 1 HIBUIKICTIO PYXy MaJIOTOHaKHOTO aBTOMOOIJILHOTO TM013/1a.

Hakonmdaenuit 10CBif CTBOPEHHS paM MOKa3ye, 10 HEOOXiTHI MIIHICTb 1 JIOBIOBIYHICTh MOXYTh OYTH
JOCATHYTI ONTHMI3aIi€l0 KOHCTPYKII TpaHCHOPTHOI MAIIMHU T THUTMOBI YMOBHM eKcIuryaramii. Taxum
YHHOM, PillIEHHS HAyKOBO-TEXHIYHOI 3a/1adi CTBOPEHHS BHCOKOMIITHOT i JIOBFOBIYHOT HECydoi KOHCTPYKIIii
OJTHOBICHHMX MPUYEIiB HEMOXKIUBO 0€3 ypaxyBaHHS THIIOBHX €KCIUTyaTallifHUX PEKHUMIB MalIOTOHH)KHUX
aBTOMOOUIBHUX MOI3/1B.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA IIPOBJIEMHU

[MuTaHHsIM AOCHIKEHHS MII[HOCTI, JOBTOBIYHOCTI 1 HAIIHHOCTI HECYYHMX CHUCTEM TPAaHCIOPTHHX
MaIIVH NPUCBIYCH]I POOOTH 0araThoX BITUM3HSHUX 1 3apyOixkHMX BueHHX: M.B. ABpamoBa, T.B. Acraxosa,
Anbpaity6 3isa, B.B. bonorina, A.Il. bounapenko, 1.J[. I'aximsHoBa, b.B. l'onpaa, M.1. T'op6anesuy, JI.A.
’Korosa, B.H. 3y30Ba, A.A. IBanoBa, B.Il. Koraesa, B.A. Konokomnsiiea, B.I1. Konposux, P.B. Kyrens,
C.IO. Jlymnikosa, B.K. Maromenosa, B.I1. Makeepa, A.Il. Menbuakosa, JX.}O. Moiceenko, JI.M. Opriosa,
I1.J1. [laBnenko, A.L Ilanosa, IO.A. Ilonskosa, B.A., B.B. Cadonosa, Citnunpskoro, C.B. Cepercena, K.E.
Cibrarymnina, A.E. Ciuko, ®.A. dapamkiesa, B.C. ®inbzenmreiina, L.F. Coffina, S.S. Mansona, J.
Morrow, H.J. Beermanna, D. Fucha, H. Oehlschlaegera.

JocnimkenHs HaniiHOCTI 1 MinHOCTI HamiBnipudeniB TM3 879, nokazanu, mo 92,3% naniBnpuyeniB
MalOTh BTOMHI TPIIIMHU OCHOBH IIaTQOPMH, BiAIMOBH paMH Yepe3 BTOMIIIOBANIbHI TpiuHU HevacTi (3,5%).
EKCIIEPHMEHTATBHO OyJI0 BCTAHOBIEHO, IO HAMOIMBIN 3a BETMYMHOK HAMpyXeHHS (0=315kr/cM?)
BUHHUKAJIM Ha MAUSHLI JOPOrH 3 OOpOOJEHOI0 MOBEpXHEI. 3acTOCYBaHHS JOAATKOBHX ONOpP B OCHOBI
BaHTAKHOI M1aT(OPMH JO03BOJIMIO 3MEHIIUTH BEJIMYUHY HalpyXeHb B HeOe3leuHoMy mepepisi miargopmu
B 1,6 pa3u i mixBumuTH ii pecypc 3 38,95 tuc. km 1o 122 THc. kM.

[Ipu BupinieHHi NMpoOJIeMU MiABUINEHHS HAIIMHOCTI aBTOMOOIIBHOrO TOi3/la B YMOBaxX TipChKOi
MICIICBOCTI BCTAHOBJICHO, IO HalMEHII HAMIMHUMHM € 34YillHUA TPUCTPiil 1 3BapHi 3'€IHAHHA paMH
HamiBrpuyena. HampaimroBaHHA Ha BIAMOBY B IIJIOMY IO HaIiBIpHUeIly HIK4e Ha 25,33%, mis gesxux
By3:1iB - Ha 10,45%, B MOPIBHSAHHI 3 HAIMIBIPUYETIOM, €KCILTyaTallis sSIKOTO 3/IIHCHIOETHCS B YMOBaX PiBHUHHU.
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ExcriepumenTtanpai  mocmimxenHs [opOamesnay ML [17] moka3asim HasgBHICTb TapMOHINHHOL
CKJIaZIOBOi HaBaHTA)XKCHHS JCTalleld XOIOBOI YAaCTHHH TsiATrada MPUIIITHOTO aBTOMOOIIBLHOTO TMOi371a, 9acTOTa
SKOi BU3HAYAETHCS TUNOM JAOpord. [lepeBakHOIO B CHEKTpi HABaHTaKEHb OaJKU BEAYYOro MOCTa IS
ac(anbToOETOHHOTO MOKpUTTA € wactora 2,5 I'm, mns OpykiBku - 2,0 I'm. ChekTpaibHHM aHalli3oM
BCTAHOBJICHO, IO IS IMAPECOPEHUX YaCTUH aBTOMOOLISI XapaKTepHI KOJIMBaHHSA 9acToToio Bix 1,5 mo 4,5
I'm, wnemimpecopenmx wactuH - 7+10 I'm [17]. VY3arampHIoO49m pe3yiabTaTH AaHATNITHYHOTO 1
eKcrepuMeHTanbHoro [17] gocmigkeHb, ciig 3poOMTH BUCHOBOK, IO HECy4a KOHCTPYKLiS Oy/b-
TPAHCHOPTHOI MAIIMHY IiAJA€THCS] HABAHTAXKEHHSAM HU3bKOI YaCTOTH.

JlocmimKkeHHsT MIITHOCTI paM MPUYITHUX JIAHOK BEJIMKOI BAHTAKOMIAHOMHOCTI, SK 3aKPUTHX
MPOCTOPOBHUX KOHCTPYKIIH, MOKa3aid, MO HeOe3MeUYHHMM HABaHTAXXYBAIBHHUM PEKUMOM € CKPYUYIOUHH
MOMEHT, 10 BHHHMKA€ MPH pPyci 4epe3 HEepiBHOCTI MmiA KyToMm. HalOinpll HaBaHTa)KEHHUMHU eJIEeMEHTaMHU
HeCy4doi KOHCTPYKIIi MpHyera BeTWKOl BaHTAKOIMITAOMHOCTI € 3YIMHUM IIBOpPiHP 1 JUIAHKA 3
KPOHIITEHHAMH MiIBICKH.

XapaKTEepHOIO HECTPABHICTIO paMHM OJHOBICHMX IMPHUYEINiB BAaHTAXHUX MOI3[iB € BTOMIIIOBaJbHA
TpimmHa. OCHOBHOIO 30HOIO JIOKaJTi3alii TPIIWH € AWIUIO, Ha ke mpunanae 93% ix 3araabHOi KiIBKOCTI.
[ToBepxHs TpilMH Mae 0OpUCH pO3pUBY. AHaJli3 HANPY>KEHOI'0 CTaHy MOKa3aB, 10 NPUYUHOO BUHUKHEHHS
TPIIIUH € HEJOCTAaTHS IUIOIIA MOMEePEYHOro mepepizy, ¢popMa SIKOro He ONTUMAalbHA 1 CIpUsE 3HUKEHHIO
IO TIEPETHHY.

ExcriepuMeHTaIbHUMU  TOCHIDKEHHSIMH MIITHOCTI HECy4oi CHCTEMH OJHOBICHOTO TpHUYera Maloi
BAHTAXOII JHOMHOCTI BCTAHOBJIEHO, 11[0:

- 3aKpUTi 60pTH T03BOISIIOTH Ha 20% MiABUIIUTH KOPCTKICTh HECYYO1 CHCTEMH OJTHOBICHOTO TIPHYETIa;

- JKOpcTKa (ikcariss OOpPTIB B 3aMKOBHX MPHUCTPOSX ICTOTHO 3HUKYE DPIBEHb MaKCHUMAIIbHUX
Hanpy>XeHb B 0CHOBI aTdopmu 110 40%;

- HEOE3MEeYHUM PEKUMOM PyXy IMpHYerna 3 TOYKUA 30py BUHUKHEHHS MaKCHUMAJIbHUX HAIpYyXEHb B
MOTIEpEYNHAX OCHOBH € PyX Ha MeXi OOKOBOTO KOB3aHHS KOJIIC MMPU MaKCHMAIBHOMY 3HaueHHI KoedillieHTa
3uerieHHs. 1le npru3BOAUTE 1O 3pOCTaHHS HAIPYKEHb B IONEpeYrHax OCHOBH B 1,5 ... 2 pa3u;

- 3aCTOCYBaHHS HEPO3'€MHOI YCTAHOBKU KPHJI OOPTIB 3a JIONIOMOTOI0 3BapIOBaHHS HE3HAYHOIO MipOIO
3MEHIIIy€ BeTMUMHY HaNpyKeHb B MaHesx 00pTiB (B Mexax 10%).

OpnoB JLH. [7] Ha OCHOBI pe3yibTaTiB EKCIIEPUMEHTY PEKOMEHIYE: 3HU3UTH METAJOEMHICTh
KOHCTPYKIii npuyena 6e3 BTpaTH MIIHOCTI 3aMiHOI0 NpOdiI0 CTiHOK OOpTiB, a Takox nepetuny (60x40)
€JIEMEHTIB OCHOBH MaT(opMu HAa MEHIINH 3akpuTil Ipodisb 3 po3mipom 40%28. JIOBroBiuHICTH BasKelliB
MiJBICKA TIpUYernia Moke OyTH 30iNbIIeHa IOCHJICHHSAM TPYOM B MICISAX KOHIIGHTpAIlii HamNpyXeHb 1
30iJBIIEHHSIM JiaMeTpa OcCi KoIlic 3 OOKy cTOmopHOi BTYJKH. OIHAK MUATaHHS MIIHOCTI 1 JOBrOBIYHOCTI
JIUIILIA OJTHOBICHOTO MPpHYEra Majioi BAHTaKOIIIHOMHOCTI HEe BUCBITIJICHI B Hioro po6ori [7].

OxpeMo ciiJ BiA3HaYUTH POOOTH, CHPSMOBaHI Ha JOCHIIKCHHS HAaBAHTaKyBaJbHHUX PEKUMIB
34iMTHUX TMPHUCTPOIB i TPaHCMICii aBTOMOOUTFHUX IOi3/iB, TOMY IIO BOHHM BH3HAYAaIOTh HAaBaHTaXXyBalbHi
PSKUMH 3YIMTHUX [IBOPHIB, IUIMT, METENb 1 JuIIea. Pe3yibraTi JOCTiIKEHHS MOKA3yIOTh, 110 MONEPEIHS
nedopMariisi pyKHOTo eleMEeHTa 34iITHOTO MPUCTPOIO MPAKTUYHO HE BILUTUBAE HA HABAHTAXKYBAIbHI PEXKUMHU
3YiMHOTO Traka. J(MHaMiyHi HaBaHTa)KEHHS 3YIMIHOTO HPUCTPOI0 BHU3HAYAIOTHCS >KOPCTKICTIO NPYKHOTO
€JIEMEHTa 1 BEJMYMHOK0 3a30py. 3acTOCyBaHHsS 0€33a30pHOr0 34ilTHOTO MPUCTPOIO JO3BOJHTH 3HU3UTH
JMHAMI4HI HABaHTKEHHS TpaHcMicii Taraya Ha 11-18%.

Ciuko A.€. [14] moxa3aHi NPUYMHU 3pPOCTaHHS HABAHTAKEHOCTI TpaHCMicii TAraya mpu pyci
aBTOMOOUIFHOTO 101371, SIKi MOB'sI3aHi 31 301JBIICHHAM BEIMYMHU BJIACHUX YacTOT TpaHcMicii. Benmumny
MO3JIOBXKHBOTO 3yCHILISL B 34IITHOMY ITPHCTPOI BU3HAYAIOTH KPYTHUH MOMEHT, 1[0 NIEPEAAEThCS TPAHCMICIETO,
PiBHICTH AOpOTM 1 IIBUAKICTH PyXy aBTOMOOUIBHOro moi3na. Pa3oM 3 THUM BIUIMB HIBHAKOCTI PyXy
aBTOMOOUIFHOTO 10132 Ha Jiana3oH 3yCHib JEI0 MEHLIE.

Ha mificTaBi mpoBeeHOTo aHalli3y MOKHA 3pOOUTH BUCHOBOK, II10:

- Hecy4a cucTeMa MpHUYIHOT TeXHIKH CIpuiiMae HU3bKOYACTOTHE HaBaHTaxeHHs. [laHa oOcTaBWHA
Mae OyTH BpaxoBaHa IPH OLIHII MiIHOCTI i JOBIOBIYHOCTI HECYYOi CUCTEMH TPAHCIIOPTHOT MaIlIMHU;

- OCHOBHMMHM NpPUYMHAMH BIJIMOB MPHUYINHOT TEXHIKM € BTOMHI TPINIMHU paM 1 BaHTaXHUX
miatdopm;

- HaiOLIbII HABAHTAKCHUMH € 30HHM PO3TAIyBaHHS 3YiHUX MIBOPHIB, IUIUT, 3YiMIHUX METEb,
JUIIeNT 1 JIOH)KEPOHIB B 30HI PO3TAlIyBaHHS KPOHIUTEHHIB KpIIJICHHS MiABICKM. TakuM YHHOM, NpH
MPOBEJCHHI MPOESKTHUX PO3PaXxyHKIB, HEOOXIIHO B IEPIIy YepPry 3BEPHYTH YBary Ha HaiOlIbIl HaBaHTaKEHI
30HH HECYUYOl CHCTEMH MPHUYIITHOI JJAHKH. 3a0e3MeYeHHS MIITHOCTI 1 JOBTOBIYHOCTI JHIIET HECYIHX CHUCTEM
NPUYIMHUX JIAHOK MAaJOTOHR)KHUX aBTOMOI3IB € BaKJIUBUM 3aBIAHHSM IiABUIIEHHS O€3MEKH pPyXy
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aBTOMOOUIFHOTO MOI3/a.
HUIb TA 3AJJAYI JOCTIIKEHHSA
Mertoto poOOTH € aHalli3 BIUIMBY EKCIUTyaTalliiHUX (aKTOpiB Ta KOHCTPYKTHBHUX MapaMeTpiB, IO
BIUIMBAIOTh HAa MIIHICTh 1 JOBrOBIYHICTH HECYYHMX CHCTEM OIHOBICHMX MpPHYENiB MAaJIOTOHAKHHUX
aBTOIOI3/IiB.
PE3YJIBTATHU JOCJI/UKEHDb
B mporieci excrmyaTanii 0THOBICHUX MPHYETIB MaI0]l BaHTaKOMiJHOMHOCTI BUHUKAIOTh PYHHYBaHHS
1 miactuyHi gedopmariii eneMeHTiB Hecyunx cucteM (pucyHok 1.1 - 1.6). SIk mokasye ocBiJ eKcIuTyararii,
OCHOBHHMH MICIIMH JIOKami3amii TpPIIUH € JIOHXEPOHHW, MOMEpPeunHH, AWIUIO 1 JeTanl TMiJABICOK.
HebesmeunnM mepeTMHOM [WMIia € 30HAa KpIiMJICHHS A0 paMu Npuyena, B sKid 3adikcoBaHO dYacTe
BUHHUKHEHHS TPIILIMH.

Pucynok 1.1 - PyiinyBaHHS TOH)XXEpOHA paMH Pucynox 1.2 - PyiinyBaHHS POCTOPOBOT pamMu
OJIHOBICHOI'O npuyerna OJHOBICHOI'O IIpHUYcIia

e . i P 4N bt 3 ke 2
Pucynoxk 1.3 - PyiiHyBaHHS [103/10BKHBOT'O BayKeJIsl Pucynok 1.4 - PyiinyBaHHs AuIlIa OZHOBICHOTO
MABICKHA OJHOBICHOI'O IpHuyena npuyena B 30H1 3'€JHAHHA 3 pamoro

i N

=l 5 S B s TN :

Pucynok 1.5 -I[locunenns nonxepoHa pamu Pucynoxk 1.6 - [locunieHHs AMIILIA OJHOBICHOTO
OJIHOBiCHOT'O TIpHYena npuyena

VY 3araspHOMY BHUIMAJKy OLIHKAa BTOMJIIOBAIBHOI MIIIHOCTI 1 JOBIOBIYHOCTI pamMH TpPaHCIIOPTHOT

MAIlIMHU TPOBOJIUTHCS B TPU €TaNy: Ha IEPIIOMY BHKOHYETHCS PO3PAaXyHOK MOKA3HHKIB IUIABHOCTI XOIy

TPAHCHOPTHOI MAIIMHK K aOCOJIOTHO TBEPJOrO TiJia, HA JPYroMy - aHaji3 HalpyKeHO-Ie(hOopMOBAHOTO

g

CUyACH! TEXHOAO B MAWMHOSYAYBAHHI TA TRPAHCHORPTI, 2021, Nel (16)



© Taamsiok M.O., I'aumsioxk .M. 2021

CTaHy 3 ypaxyBaHHAM MPYXHHX JIedopMmamniii Hecydoi CHCTEeMH TPAaHCHOPTHOI MAIIWHHU, HAa TPETbOMY -
0e3ImocepeTHh0 BU3HAYAIOTHECS PECYPC 1 JOBTOBIUHICTH paMH.

Y poborax pneskux aBTOpiB [6] mpm aHami3i IUIABHOCTI XOAY TPAHCIOPTHOI MallMHU
BUKOPUCTOBYBABCSl IMITAIlIMHUH MeETOA, II0 BKJIIOYAE MNOOYAOBY N-MAacOBHX IUHAMIYHHMX MOJeNeH i
MIPOBEJICHHS PO3PaXyHKOBUX EKCIEpUMEHTIB. PyX TpaHCIOpPTHOT MamvHy 1 11 9aCTHH OMUCY€ETHCS CHCTEMOIO
mudepeHIliabHAX PiBHAHD BUAY:

[A]~{U}+[B]-{U}+[C]-{U}=Z{f}i, (1.1)

ne [A] - matpulld iHepIiHUX KOS]IIiEHTIB;

[B] - maTpuis koedimieHTiB nemdipyBaHHS;

[C] - MaTpuIIs 5KOPCTKICTHHX KOE(DIIIIEHTIB;

{U} - BekTOp-CTOBIIEIH HEBITOMUX;

{f} - BekTOp-cTOBMEIH 30ypEHb Bif i-0ro hakTopa.

[lepeBaroro aHOTO METONY € MOXJIHMBICTH IOCIHI/PKCHHS OYIb-IKMX JIMHAMIYHMX MoJeNend 0e3
00MEXEHHS YKClIa CTYIICHIB CBOOOIH.

MeTo CHEKTpaNbHOTO aHaji3y TMpH JOCHiPKEHHI TUIAaBHOCTI XOAY TPaHCIOPTHOI MAalluHU
BUKOpPUCTOBYBaBcsi B poOoTi [4] Ta iH.. CyThb MeToNy moiisirae B TMOJAAHHI JiHIHHOT JuHaMi4HOI Mozeni
MaIlMHK CUCTEMOI0 aBTOMATUYHOTO PETYJIIOBaHHS, Ui SKOi BWU3HAU€Ha aMIUTITYJHO-4acTOTHA
XapaKTepPUCTUKA 1, THM CaMUM, BCTAHOBIIEHO 3B'I30K MK BXOJIOM KOJMBaJIbHOI CHCTEMHU 1 ii BuXomom. Y
[[bOMY BHIIAJIKy PyX TPAHCIIOPTHOI MAIIIMHK OMTUCYETHCS CHCTEMOIO JIHIHHUX piBHAHB (1.2):

(C]-w?-[4D-{Un}; +w-[B]-{Ua}; = ),
~w-[B]-{Ua}; +(C]-w*[4)-{U2}; =0
ne [A] - MaTpuIld iHepIiHHUX KOS]IIiEHTIB;
[B] - maTpuiis koediieHTiB nemidipyBaHHS;
[C] - maTpuiis sxxopcTKiCTHHX KOeDilliEHTIB;

{U} - BekTOp-CTOBIEIH HEBIIOMUX;
{f} - BekTOp-cTOBMIEIH 30ypeHb Bif i-0r0 (hakTopa.

(1.2)

VY psai poOiT I1aBHICTh XOAY TPAHCIIOPTHUX MAIIWH PO3IIISIANIACS 3 3aCTOCYBAHHAM JI€TEPMIHOBAaHUX
1 CTOXaCTHYHUX MOJIeNIel TMO3J0BKHLOr0 Npodino gopord. B poboti [9] npu OLIHII HAIPyXEHO-
1e(OpPMOBAHOTO CTaHy paMH BaHTa)KHOTO aBTOMOOLUIS BH3HAYAIUCS KYTH KpEHY MiIpECOpEeHHX Mac Mpu
KOCOCUMETPUYHUX HAaBAaHTAKECHHSIX.

Po3paxyHOK IUIaBHOCTI XOAy BAaHTa)XKHOTO OJHOBICHOTO MpHYeNa HpU HEPEryIIpHOMY BIUIMBI
aBTOpoM [13] IpyHTY€EThCS Ha MPHIYLICHHI aOCOJMIOTHO >KOPCTKOI 1 0e33a30pHoi 34ilku 3 aBTOMOOiNEM-
TaradeM. [laHe TpuITymeHHS HE BiAIMOBiAae MIHCHOCTI, OCKUIBKH JocHimkeHHsMH [14] mokazaHo, O B
34ilTHOMY TNPHUCTPOi THUIY «TaK-TIETJIsD» HOBUX aBTOMOOUTIB Bke MpuCyTHiH 3a3op 10-12mMm. B mpomeci
eKCIUTyaTallii Horo BeJIMYMHA Ma€ TCHIEHIIO TUIBKH 10 30UIbIICHHS 1 MOke jgocsaratu 25-40 mm [14]. La
oOcTaBuHA pOOUTH HErAaTMBHUI BIUIMB Ha IUIABHICTH XOAY aBTOMOOUIBLHOTO 1013712, HABAHTAKEHICTH JIeTallch
Horo xo70Boi yacTuHM 1 Hecy4oi cuctemMu. OTKe, HAsBHICTH 3a30py B 34iIHOMY NPHUCTPOI MOBUHHO OyTH
BpaxOBaHO ITPH OIIIHIII IIABHOCTI X0y

MareMaTHYHa MOJIENb 3UITHOTO TIPUCTPOIO TUITY «TaK-TETIIsD», IO BPAXOBYE 3a30p, 3alPONOHOBAHA B
pobGoti [16]. Bupimyroun anamitnuHo cuctemy (1.1) BiZHOCHO BHMHHMKHYBHIOI B TIpOIECi pyxy
aBTOMOOUITBEHOTO TOT31a Aedopmanii S npyxHoro enementa, Ll{ykinum M.M. orpumana 3anexHicts (1.3)
MO3JIOBXKHBOI CHIIM B 34iIIHOMY TaKy Pr BiJl KOMIIOHYBaJIbHHX i MACOBUX MApaMETPIB JIAHOK 1 XapaKTEPHCTHK
34iITHOTO MIPUCTPOIO.

-sin(B-t+é¢) |, (1.3)
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ae P:[m-Pa—(l—m)Pn+m-B-(Pa+Pn)+B~m-f~(Ga+Gn)]~(%)-c - KoediuieHT

YKOPCTKOCTI TIPY>KHOTO €JIEMEHTa 3YiITHOTO MIPHUCTPOIO;

€ - BUXigHa ¢a3a HaBaHTAKEHHS;

B - KyTOBa YacTOTa BJIACHUX BITHOCHUX KOJIMBAaHb JJAHOK aBTOMOOLILHOIO TI0i3/1a;

V. - BIIHOCHA INBHJKICTh JJAHOK aBTOMOOUILHOTO TIOi3/1a IO MOMEHTY BHOOpPY 3a30py B 3UilTHOMY
MIPUCTPOi aBTOMOOITEHOTO T0i3/a.

Astop [16] nmpu moOyaoBi MaTeMaTH4HOI MOJENi OOMEXKYETHCS JIMIIE JTiHIHHOIO XapaKTEPUCTHKOIO
MPYKHOTO €JIEMEeHTa 3YiITHOTO MPUCTPOIO TUMY «Tak-meTis». OHaK, eKCIepuMEHTabHI JaHi TIOKa3yloTh,
IO TIOTIEPEIHE CTHUCHEHHS NPY)KHOTO eJeMEHTa HPU3BOAWTH 10 CYTTEBOI HENIHIHHOCTI XapaKTEePUCTHUKH
34YiMHOTO MPHUCTPOIO, sSIKa TIOBUHHA OyTH BpaxoBaHa IPH MPOBEACHH] pO3paxyHKiB.

MogentoBaHHIO POOOTH 3YIMHOTO MPHCTPOIO 3 YpaxyBaHHAM 3a30py 1 IMOMEPEJHBOTO CTUCHEHHS
MPYXHOTO eJleMEeHTa TpW CIEKTPAJbHOMY aHali3li IJIaBHOCTI XOMy 1 HaBaHTaXEHOCTI JeTaner
aBTOMOOUTLHUX MMOT31iB mpucBsueHo mpamio [14]. Ciuko A.€. [14] Bu3HaueHa nepenaBajibHa (YHKILIS
KPYTHOTO MOMEHTY TpaHCMIcCii aBTOMOOIUIA-TATaya BiJ JUHAMIYHOTO BIUIMBY Ha MPHYID METOAOM
CTaTHCTUYHOI JiHeapu3alii HemiHiHHOCTI. BuxigHa ¢GyHKIiS 39iMHOTO MPUCTPOIO 3 YpaxyBaHHSM 3a30py i
CTHUCHEHHS TPYKHOTO €JIEMEHTa TOPiBHIOE:

c
£ 2-By Pe

o) =z, P 2n, "

ne Ko - cratuctrnunmii koedimieHT MOCHIEHHS 110 MAaTEMaTHIHOMY OUYiKyBaHHIO MX;
X - HeHTpOBaHa BUIAJKOBA CKJIA/I0BA BXiHOTO IPOIIECY;

0 - KT HaXWJIy TIPY>KHO | XapaKTepUCTUKHU TATOBO-3YIITHOTO MPHUCTPOIO;

@ () - iHTErpan KMOBIPHOCTI;

€ - OJIOBHHA 3a30PY TATOBO-34YiMTHOTO MPHUCTPOIO;

Dy - aucrnepcist TATOBOTO IPUCTPOIO;

Py - 3ycHiis monepeiHLOro CTUCHEHHS TATOBO-34IITHOTO MPHUCTPOIO;

Koy - cratnunnii KoedilieHT TOCHIICHHS TT0 BUTIAAKOBIH CKIIQIOBIH.

Crin 3a3HauuTH, IO aBTOpoM [14] BpaxoByBalucsi TUIBKM BEPTHUKAJIbHI KOJIHMBAaHHS HiAPECOPEHMX i
HETAPEeCOPEHNX YaCTUH aBTOMOOLIBHOTO TMO13/1a.

HocnimpkenasiMu [2, 12] BCTaHOBIEHO, 10 HEPIBHOCTI OPOTH 30Y/DKYIOTh HE TINBKH BEPTHUKAIBHI
KOJIMBAaHHS, aJie¢ 1 FOPU30HTabHI. TakuM YHUHOM, BHUKOPUCTaHHS Mojemi [14] mpu IpOBEACHHI aHAII3y
TDIABHOCTI X0y 1 pO3paxyHKiB Ha MIIHICTh OOMeXeHa.

MinHicTh 1 JOBrOBIYHICTH HECYYOi CHUCTEMH TPAHCHOPTHOI MAIlMHU BU3HAYAETHCS BHYTPIIIHIMHU
CHJIOBUMH (aKTOpamMH, 10 BHUHHUKAIOTh B Marepiaji eneMeHTiB. Ha cTamii mpoekTyBaHHS BHHHUKAE
HEOOXiZHICTP B OTPHUMaHHI JeTaiubHOI iH(opMmauii mpo HampyxkeHo-aedopMoBaHuil craH. Tomy micis
BU3HAYEHHsI 30BHIIIHIX CHJI BU3HAYAIOTHCS BHYTPIMIHI CHJIOBI (aKTOPH, METOIM PO3PAXYHKY SKHX
BUOHUPAIOTHCS AOCITHUKAMH B 3aJICXKHOCTI Bl TUIY PO3B'I3yBaHO]l 3a1a4i.

[Ipockypsiko B.b. [9] po3paxyHOK Ha MIIHICT JIOH)KEPOHIB paMH, HAaBaHTA)XKEHOI 3TUHAILHUM
MOMEHTOM, IPOIOHY€E BECTH METOJOM IOYAaTKOBUX MapaMeTpiB. 3yCHIUIs, 10 NepeNaloThCsl BiJ MiIBICOK, €
30Cepe/DKCHUMHU CHJIAMHU, Bara paMu i HaJ0yA0BU - PO3MOIIICHUM HaBaHTaKEHHSIM. 3rUH PaMU OIMCYBaBCs
ndepeHIliaIbHIM PIBHSHHSAM YETBEPTOTO TOPSJIKY, aHAIITUYHE PINICHHS SKOTO OTPUMAHO Yy BHIVISII
CHCTEMH PIBHSHB!
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0 0
f,(2)=1,(0)+ f,(0)z- '\;égo) 22— Eég ) 23— '\Z"SO) (z-t)? ——Eé ) (z-t)®

0 t
@)=ty @, D2 MO, ) B gy (L6)

My (2) =M, (0) +Qy(0) -+ M, (t) + Qy (t) - (z 1)
Qy (Z) =Qy (O)+Qy (t)

Jie M, - 3ruHaNbHUN MOMEHT;

Qy - mirode 3ycuIs;

E - Monyne npykHOCTI MaTepiaiy;

X - MOMEHT 1HepIii MOMepevyHoro nepepizy BiTHOCHO OCi 0X;
f, - mporuH Hecydoro eneMeHTa y HalpsMKy OcCi 0y;

Z, t - KOOpIMHATH MEPEPi3y HECYUOTO EJIEMEHTA.

Janwii miaxin JO3BOJNIMB aBTOPY BH3HAYUTH TSI paMH BaHTaXXHOTO aBTOMOOLNA Ypan-375 HaiOiIpm
BaXKAW pEXXMM HABaHTAXXEHHS 1 HeOe3MeUHNUH mepepi3 JomkepoHiB. [Ipu mpomy mictieBi edexTn Bif 3MiHH
BHCOTH JIOH)XEPOHIB, 3'€JHaHB JIOHKECPOHIB 1 MOTNepeyunH (BY3JiB) HE BpaxoBYBaIUC. MiXK TUM JOCIIPKEHHSI
MOKa3aly, 110 JOBrOBIUHICTh pPaMH 1 KOPIYCY TPAHCHOPTHOI MAIIMHU JIMITY€THCS MIIHICTIO BY3JIOBHX 30H,
a caMme MIIHICTIO 3'€HaHHSA JIOHXEPOHIB 3 IOMEepPeYnHOr. TOMy TpH MPOEKTyBaHHI HECYdOi CHCTEMH
TPAHCIOPTHOI MAIIMHK PO3PaXyHKU, BUKOHAHI 3a METOAUKOK [9], € HeJAOCTaTHIMM 1 TMOBHHHI OyTH
JIOTIOBHEHI OIIIHKOIO HAINpYy>KeHO-1e()OPMOBAaHOTO CTaHy BY3JIOBHUX 30H.

3amoBUIBHI pE3yNbTaTH MPH aHAJI3I HANPYXeHO-Ie(pOpMOBAaHOTO CTaHy MOXKHAa OTPUMATH 3a
JOTIOMOTOI0 KiHIIEBO-EIIEMEHTHOI PO3paxyHKOBOI CXEMH, IO CKJIAQJAETHCS 3 NMPYKHHUX IUIACTHHOK. JlaHa
METOAMKA JO3BOJISAE AOCIHIIKYBAaTH TiJla CKJIAAHOI TeoMeTpu4HOi (OpMHU 3 HEperyJspHUMH TPaHUIHUMH
ymoBamu. OfHAK, BUHHKA€ HEOOXIIHICTH MPOBEIECHHS BEIMKOI KUTBKOCTI OOYHCIEeHb, IO POOUTH METOJ
KIHIIEBUX E€JIeMEHTIB MaJONpPHIATHIM Ha TOYATKOBHX CTAisIX MPOEKTYBAaHHS, KOJH TOTPIOHO BHUKOHATH
CTPYKTYpHHI 1 MTapaMeTPUYHUI aHalli3 KOHCTPYKIIil HECY40l CUCTEMHU.

B nanwmii yac HaOyB akTHBHOTO PO3BUTKY METOJ CKIHYEHHHX EJIEMEHTIB JJISl aHaNi3y HaIlpyKeHO-
n1eOpMOBAHOTO CTAaHYy Ha TOYATKOBHX CTalisX MPOEKTyBaHHS. [IOCHIAHUKM PEKOMEHIYIOTh IPH aHaTi3i
KOHCTPYKI[iT BUKOPUCTOBYBATH MOJEJI 3 MaJIMM YKMCJIOM KiHIICBUX €JICMEHTIB 0€3 ICTOTHOI BTpaTH TOYHOCTI
po3paxyHKiB. Jlesiki aBTOpH BBKAIOTH JOIUILHUMH JIOCIIKYBATH HaNpyKeHO-Ie(OPMOBaHHI CTaH paMu
3MIIIAaHUMH CXEMaMH, B SKUX HECYYMil €IEMEHT MK By3JlaMH MOJIEIIOETHCS OAHOPIIHMUM TOHKOCTIHHUM
CTPHKHEM, BY30JI - TOHKOCTIHHUMH TIACTHHKAMH.

AHamni3 pO3MIIHYTHX METOJUK PO3PaxyHKy BHYTPIIIHIX CHIIOBHX (DaKTOpIB J03BOJISIE 3pOOHUTH
BHCHOBOK TIPO T€, IO Ha [MOYATKOBUX €Tarax MPOEKTYyBaHHS MPH JOCHTIPKEHHI 3arajlbHOr0 HAIPY>KEHOTO i
n1e(hOpMOBAHOTO CTaHy MOKHA BHKOPHCTOBYBAaTH CTPHIKHEBI MOJIENII HECYYMX CHUCTEM, Ha 3aBepINAIbHUX
eTarnax HeoOXiJHO 3aCTOCOBYBATH METOJ KiHIICBUX CIIEMEHTIB.

30BHIIIHI CcUIOBI ()aKTOpH B BEPTUKANBHIH TUIONIMHI BU3HAYAIWCS ISl BUIAJIKY PE30HAHCY,
MTO30BXKHE 3YCHILISA - ISl HEYUCTOTO yAapy. Po3noin BHYTPINIHIX CHIOBHX (paKTOPIiB AUILIA i TOHXKEPOHIB
paMM JOCHIDKYBaJUCS 3 JIOMOMOIOK0 IUIOCKOT Mozerni. HaBaHTaXeHHS! JIOHXKEPOHIB paMH CKPYUyIOUHMH
MOMEHTAaMH, IO TMEpeJatloThCsl BiJl IOMEPEUOK, HE BpPaXOBYBalIOCh. HampykeHHS B JIOBUILHOMY
MONIEPEYHOMY TEepepi3i AUIIIa PO3PAXOBYBAIIMC:

o=t—3+

M A , (1.7)
W F

e M, - 3ruHaaIbHUM MOMCHT;

A - 3yCHIIIIS pO3TATY;

W - MOMEHT omopy CideHHS;

F - momia nonepeyHoro ciueHHs..

[Ipote 3ampornoHOBaHa MeTOIMKA Ma€e psi HenouikiB. [lo-niepine, mpu MaTeMaTHYHOMY MOJICITIOBAaHHI
PyXy aBTOMOOUIRHOTO TIOi3/1a HAsBHICTH NPYXHOTO €JIEMEHTa BpPAaXOBYEThCA TUIBKH JHHAMIYHUM
KOeQILIEHTOM JUIsI HEYHMCTOrO yaapy, NpYyXKHa XapaKTepPHCTHKA 3YIilIHOIO IPHCTPOI0 1 KOJHUBAJIbHUMN
XapakTep MO3JI0BXKHBOI cuim P, He BpaxoByroThcs. [lo-Apyre, 3yCHWIDIs B 34ilTHOMY MHPUCTPOI 1 peakiii
OIOPHOT MOBEPXHI HOCATh EKCTPEMAIbHUX Xapaktep. Takuil miaxij J03BOJSIE OLIHUTH MIIHICTh JWIIIA B
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pa3i OUHUYHUX IMITYJLCHUX HABaHTAXKEHb, IO TMPU3BOIATH JI0 TUHAMIYHOTO PYWHYBaHHS, i HE JO3BOJISE
MIPOBECTH OITIHKY BTOMIIIOBAJIBHOI MIIHOCTI. MeToAuKa pO3paxyHKy MOWIIIAa OJHOBICHOTO TIpHYeIa
JISTKOBOTO aBTOMOOINs Ha MinHicTh BcTanosiaeHa [ICTY ISO 7641-1-93 [3]. BiamosigHo 10 cTaHmapry,
KOHCTPYKI[isl JUIIJIa OJHOBICHOTO IpHYena J0 JISTKOBOTO aBTOMOOLUIS BBaXKAETHCS MIITHO, SIKIIIO
BUKOHYEThLCS TaKa YMOBA:
- . 10,60, L8
O posp _[O_oon] min O,BO'T’ (1.8)

€ Gposp = PO3PAXYHKOBA BEJIMYMHA HAIPYKEHb B IIEpepisl JHIILIA;
O on — TPAHUYHO JIOYCTAMA BEJTMYMHA HAMPYKCHb;

O, - ME3Ka MII[HOCTI;

O - M@Xa TeKy4OCTi.

Po3paxyHOK MiBOi 4acTHHH HEPIBHOCTI BEAETHCS MpPH Ail HA IUIUI0O MAaKCHMAaJIBHOTO CTATHYHOTO
3THHAJBHOTO MOMEHTY MB3r, BelIMYMHA SKOTO [Jsl NMpHYena, HE OCHAIICHOTO I1HEPUiHHOK TallbMOBOO
CUCTEMOIO, 1 MapaMeTpH JUIIlIa BilmoBigaoTs ymoBi e/1<0,15, BU3HaYaeThCS BUPA3OM:

M, =024-P-g-I, (1.9)
e M, - 3ruHaIbHUM MOMECHT;
P - moBHa Maca OJIHOBICHOTO MpUYETIa;
0 — MPUCKOPEHHS BUTBHOTO A iHHS;
ly- KoopanHaTa HeGEe3MEYHOro MOTMEPEYHOro Mepepisy AUIILIA.

B ocHOBHOMY MeTOAMKHM CHPSIMOBAaHI Ha BIOCKOHAIICHHS SIKOi-HEOYAb ONHIEl CHCTEMH aBTOMOOLIA i He
BPaxOBYIOTh BIUTUB 00paHKX MapaMeTPiB Ha iHIII MOKa3HUKHU EKCILTyaTalliiHIX SKOCTEH aBTOMOOLILHOT TEXHIKH.

[Ipu onTuMizalii mapaMeTpiB iHEPLiAHOT raTbMOBOI CUCTEMH OJHOBICHOTO MpHYETNa MaTOTOHAKHOTO
ABTOMOOIIFHOTO TOi3/]a MOXE BUKOPHUCTOBYBATHCHh (PYHKIiA OakaHOCTI XappiHITOHA, SKa BCTaHOBIIOE
3B'SI30K MK CYO'€KTHBHHMH OLIHKAMH JOCIHITHUKA 1 00'€KTUBHUMH YHCEITbHUMH IMOKa3HWKaMH. B sikocTi
MaTeMaTHYHUX MOJEJIeH, 10 OMHCYIOTh 3aJIeKHICTh KPHUTEPIiB ONTHMAIBLHOCTI BijJ €KCIUTyaTallifHuX i
KOHCTPYKTHBHHX IapaMeTpiB, BUKOPUCTOBYIOTHCS PIBHSHHSI perpecii. Y3arambHeHa (YHKIS Oa’kaHOCTi
BU3HAYAETHCS 3a JOTIOMOTOI0 CEPEIHBOr€OMETPUYHOT0 3HAUCHHSI YaCTUHHUX (PYHKIIH Oa’kaHOCTI:

D:Qn’dl‘dz'...‘dn (110)

ne D - y3aranpHeHa QyHKIiS 0akaHOCTI,
dy, d, ..., dy - vacTuaHi QyHKIIT GaskaHOCTI (KA 6aKaHOCT)

di =exp(—exp(-y;));

7 - KUIbKICTh YaCTUHHHX (PYHKIIIH Oa)KaHOCTI;

Y; =By + Dy - y; - mepeTBopeHHs OLIIHOYHOTO IOKA3HUKA.

OnHak, JaHWP MAXi € COpsSMOBAaHUM TIONIYKOM pIlIEHHsSI ONTHMI3alliiHOI 3ajadi, BUKOPUCTAHHS
JTAHOTO METOy OOMEKEHE 1 MaToe(EeKTUBHE.
OBI'OBOPEHHS PE3YJIBTATIB JOCJIIAXXEHb
VY HayKoBill IPaKTULl BUKOPUCTOBYIOTH 0€3J1iY MaTeMaTUYHUX MOZEJICH, 10 JO3BOJIAIOTH 3 BUCOKOIO
TOYHICTIO BHUKOHYBATH OIIIHKY BIUIMBY €KCIUTyaTaliiHUX (AaKTOpiB Ta KOHCTPYKTHBHHX MapaMeTpiB
TPaHCHOPTHUX MAIIMH BEJIMKOI BaHTAXOMIIZHOMHOCTI 1 HampyXeHo-Ie(OpMOBaHOTO CTaHy iX HECYUYHX
KOHCTpYKIiK. OnqHaK, po3po0iIeHi MaTeMaTUYHI MOJIENI HEe MPUAATHI JUIS JOCII/DKEHHS eKCILTyaTalliitHuX
BJIACTUBOCTEH MaJOTOHAKHUX aBTOMOOUILHUX IMOi3/1iB, TaK K HE BPaXOBYIOTh XapaKTepHUX 0COOIHMBOCTEH,
JI0 SIKUX BIJIHOCSTBCS PO3TAIyBaHHS TOUKH 34IIKH 32 MEKaMU 0a3u aBTOMOOLUIA-TSArava i po3Io/il YaCTHHH
MacH NPUYINHOI JaHKH Ha aBTOMOOIB-TsArad. Mozaeni MALIIL, 1o 103BOJISIOTE TOCTiKyBaTH HaBaHTaXKEHHS
HEeCcy4ol KOHCTPYKIIT NMPUYIITHOI JIAHKH, HA CyYaCHOMY €Talll HayKOBO-TEXHIYHOIO Iporpecy BiacyTtHi. Lle
CTBOPIOE TE€BHI TPYAHOIINl MPH OIHI[I BTOMHOI MIIIHOCTI KOHCTPYKIi NPUYINHOI TEXHIKA MaJol
BaHTAXXOIAHOMHOCTI 1 BUMarae SKHaAIIBUAMIOTO ii HAYKOBOTO BUPIMICHHS.
BUCHOBOK
B naHumii yac mpu MpoeKTyBaHHI paimioHaNbHUX KOHCTPYKIIH TPAHCHOPTHUX MAIIWH TONIMPEHHS
HaOyIM MeToau OaraTOKpHUTEpiallbHOT MapaMeTpu4Hol onTumizaiii. Januit Tun 3aBgaHb €()EKTHBHO
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BHPINTYETHCS ITEpAIlifHUM ajaropuTMamMH, TOOTO 30HAYBaHHSAM MPOCTOPY 3HAYEHb TapaMeTpiB i
BH3HAYCHHAM I JAHUX TOYOK IOKA3HHKIB, SKI OIIHIOIOTH ONTHMAIBHICTh KOHCTPYKIi. BukopucTaHHs
METOAIB JAHOTO KJacy JA03BOJISIE BHPIIIYBATH IIMPOKWH CIEKTP ONTHMIi3allidiHMX 3aJad, OJHAK BHMAarae
BEJITMKOI KIIBKOCTI OOYHCIICHB i, BIAMOBITHO, TPYIOBUTpPAT.

[opylieHHsT COpPaBHOTO CTaHy HECYYUX CHUCTEM TPAHCIOPTHHX MAalIMH BifOyBaeThcs dYepe3
BTOMITIOBAJIbHE PYHHYBaHHS 11 €JeMeHTIB. 3BiJICH BHILTMBAE, IO KPiM pPO3PaxyHKYy HA MIIHICTh HECYYOi
CUCTEMH TP OJMHUYHOMY IMITyJIbCHOMY BIUIMBI CJIiJi BUKOHYBaTH aHali3 HampyKeHO-Ie(hOpPMOBAHOTO
CTaHy B pasi Ail 3MiHHUX HaBaHTaXeHb. Lle cripaBeaTnBO ISt HECYYUX CUCTEM OJHOBICHHX MPUYETIiB.
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M. Handziuk, D. Handziuk The influence of operational factors and constructive parameters of
low-weight trains on the strength and reliability of the frames uniaxial trailers

The development of small business and entrepreneurship in the country has led to an increase in the
need for trailers used in conjunction with cars and light-duty vehicles. This circumstance sets the task of
increasing the production of trailers of this type, reducing the design time and start production of new
models. At the same time the bearing design of each product has to possess high durability, durability and to
provide safe movement of the low-tonnage automobile train as a whole.
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A feature of the supporting structure of a single-axle trailer is the presence of a drawbar, which
receives part of the weight of the trailer link with the transported load, and provides a connection between
the tractor and the trailer. In this regard, the drawbar of the trailer has high requirements for strength and
durability. The difference in the design of the drawbar of a single-axle trailer from the frame of heavy-duty
vehicles does not allow the use of traditional methods and ways to increase the strength and durability of this
element, which will inevitably increase the size of the drawbar, its weight and cost, which is absolutely
unacceptable in mass production.

The above circumstances indicate the relevance of methods for optimizing the mass, geometric
parameters and elastic characteristics of the suspension of single-axle trailers under typical operating
conditions of low-capacity road trains, taking into account the design features of the drawbar.

Keywords: low-tonnage road train, trailer link, design parameters, LOADING MODES, drawbar,
loading modes, strength, durability.
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Hayionanvnuti mpancnopmuuii ynieepcumem, Kuis, Yxpaina
I “/IEP)KABTOTPAHCHAIIIPOEKT”, Kuis, Ykpaina

METOJIUKA CKJIAJAHHS MATEMATUYHOI MOJIEJII TA PE3YJIBTATH
PO3PAXYHKY IOKA3HMKIB PYXY IEPEOBJIAJJTHAHOI'O EJIEKTPUYHOI'O KT3
KATEIOPIi M1 B i3J0BOMY ITUK.JII

VY po06oTi 3ampornoHOBaHa METOAMKA CKIAJAHHA Ta PE3yJNbTaTH PO3PAXyHKY 32 MAaTeMaTHYHOIO MOJCILIIO.
[Ipobnema MaTeMaTHYHOrO OMHMCYy (YHKLUIOHANBHUX EJNEMEHTIB EJIeKTPUYHHUX KOJIICHHX TPAaHCHOPTHHX 3aco0iB
(EKT3) ycknagHioeTbcs HEOOXITHICTIO ONMUCY ENEKTPUYHUX MPOIECiB M0 BiIOYBAaIOTHCS Ta BIUIMBOM CHCTEMHU
KEpYBaHHA Ha CHJIOBY YCTaHOBKY. Po03poOieHa METO/IMKa € OpHIIHANBHO, pO3riiaeThesi cucreMa «CuioBa
akyMmyisiTopHa Oatapest — TsroBuid emexTpoaBuryH — TpaHcMicis» B yMOBax pyxy 3a i340BHM IMKIOM. Jlis
CKJIaJJaHHs MaTeMaTU4HOi Moneni OyB oOpanmii Matemarnunuii maketr OpenModelica, e BiIKpUTE CepelOBHINEC
MOJICITIOBAHHS Ta MOJICIIOBaHHSA Ha OcHOBI Modelica. Moxens mae Onok «Bomiity, sikuil mpencrasise coboro
3aMKHEHHMH KOHTYp KOHTpoJiepa KepyBaHHs. BiH BifcCHiAKOBye (akTHYHY IIBHUJIKICTH €IEKTPOMOOLIA 1 IOPIBHIOE 11 3
HEOOXiIHOIO, 3aJaHO0 13I0BUM I[UKIOM.

Bu3HaueHi TATOBO-IIBHIKICHI Ta €HEPreTHYHI MOKAa3HUKH IepeoOiagHaHOro aBTOMoOuIs kareropii M1 B
OarapeiiHHi eNneKTpOMOOUTb. 3a JOHNOMOTOI0 PO3pOOJICHOT METOIAMKH, MOKIMBO IPOTHO3YBATH EKCIUTyaTalliiHi
MMOKAa3HUKU EJIEKTPHYHOTO KOJICHOTO TPAaHCIOPTHOTO 3aco0y 10 BUKOHAHHS IepeoOiafHaHHA. B AKoCTI BHXimHHX
YHCIOBUX 3HAYCHb IIAPaMETpiB IepeoOIagHAHOTO aBTOMOOUIS U TNPOBEACHHS YHCIOBOTO EKCIIEPUMEHTY 3
Bukopuctanusam [IK, Oymo obOpano cepiiinuii aBToMOOuUTE Kareropii M1 3A3-965 «3anopoxens». Meroanka
IIPOBEICHHS YHCIIOBOTO EKCIIEPUMEHTY Iepeadadyae IpOBeIeHHs BEIUKOI KUIBKOCTI OOYMCIIEHb B PI3HUX MOETHAHHIX
BUXIHUX ITapaMeTpiB. B moganeimoMy Ha HbOMY nepe10aueHo MPOBEACHHS JOPOXKHIX Ta CTEHIOBUX BUIPOOOBYBAHb.

TexHiuHMH piBeHb NepeoOyaJHaHHS BU3HAYAETHCS ITHUTOMOIO MAacOl Ta HMHTOMOIO BapTICTIO SIK OKPEMHX
arperartiB Tak 1 BCHOTO E€NEKTPOHHOTO OOJafHaHHA B miioMy. OfHaK, MOKa3HUK BapTOCTI OOJIAHAHHS Ma€ CHUIIbHY
BOJIATWJIBHICTD, TOX HOTO BAXKO OLIHUTH 00’€KTUBHO. B po0OTi MpOMOHY€EThCS KPUTEPili MOKIMBOCTI 30epeKeHHS
BeMWYMHU NOBHOI Macu mepeobnanHanoro EKT3, ymoBa oOMekeHHS 3a TaOapUTHUMH PO3MipaMH, MaKCHMAaJIbHOI
KyTOBOI LIBH/KOCTI POTOpA TATOBOTO €IEKTPOABHIYHA, MAKCHMAJIBHOIO CTPYMY Ta HAalPYTH B CHJIOBHX eleMEHTax
CHCTEMH KepyBaHHSI.

Kiwuosi ciioBa: enekTpoMoOine, mepeoOaagHanHs, e(QeKTHBHICTh, MaTeMaTHYHAa MOJENb, KOHTPOJIEP,
YHCIIOBUH EKCIIEPHUMEHT, eHepreTHYHa e()eKTUBHICTb.

BCTYII

Exosoriuni, eKOHOMiYHI Ta TPAHCIIOPTHI MPOOJIEMH MICT CIIOHYKAIOTh JIFOJICTBO IO IMOIIYKY HOBHX
TUIIB KoJicHHX TpaHcnopTHux 3acobiB (KT3) 1 cmocobiB opranizamii MICBKMX TiepeBe3eHb. Ha
CHOTOJIHIIIHIN JICHb, YaCTKa BUKOPHCTaHHA eleKTpoMoOitiB (EM) Ta ribpuaHux aBTOMOOLTIB B PO3BUHEHUX
KpaiHax IMOCTYIOBO 301JbIIYEThCS, 1€ MiJATBEPKYEThCS MPOrHO30M po3BuTKy Bix Allen Fuhs y cBoiii
moHorpadii [1] ta cyyacaumu cranom enekrpuuHux KT3 (EKT3) [2...5]. Ilutanaa ytumizamii icHyr04nx
aBTOMOOUITIB oOnamHanux JIB3 BpaxoByrouMm iX BENUKY KUTBKICTh IO BChOMY CBITY CTBOPIOE 3HAYHY
cycninpHy npobiemy. OxHuM i3 cioco6is ii Bupimenns € ix nepeodnannannas B EKT3 [6]. dysxe gacTo Take
nepeoOnagHaHHs 3IIHCHIOETbCS BIACHUKaMHM CTapux cepiiHux aromoOinmiB 3 /B3, mpu unpomy He
MPOBOAMUTHCS YKOIHHMX JOCIIDKEHb 100 HOro MOUIIBHOCTI. BiicyTHICTH peKoMeHalii 100 BHOOPY
¢ynkuionanpanx — enementiB  EKT3 Ta MeTOOWKM poO3paxyHKY —eKCIUTyaTal[ifiHHX  BIIACTUBOCTEH
nepeoonagnanux EKT3 ycknagaioe ueit nponec. SBumie nepeodnagnanus KT3 € xapakrepHuM amisi KpaiH
BCHOTO CBITY, a HE TUIbKU i YKpaiHu. [lo KpaiH B SIKMX HIMPOKO PO3MOBCIOJDKEHE IMepeoOIiaHaHHs
nanexars: CIIA, Kanana, xpaimm €Bporm, Iumis ta Kurail. BukonyBatu pobotu 3 mepeoOmagHaHHS
MOXYTh crenianizoBadi ¢ipMu abo I1HOWBiAyaJdbHI BJIACHUKM aBTOMOOLUTIB KyNyloud HaOopu mais
nepeoOnagHaHHs YM CTBOPIOIOYM CBOI BiacHi po3poOku. IlepeBipkoro Oe3meyHOCTI BUKOHAHMX POOIT
3aliMaloThes AeprkaBHi a00 cepTr(iKOBaHI OPraHu 3 OLIHKH BiANMOBIAHOCTI KOHCTPYKIHT KT3.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMH

[Ipobnemu gOoCHiIPKEHHS Ta BHU3HAYEHHS TIOKA3HHUKIB TATOBO-IIBHIKICHUX BJIACTHBOCTEH Ta
enHepretnuHoi eekruBHOoCcTi EKT3 mpucBsyeHo 6Garato poOiT, OCKUIBKM BOHH € Ba)KIUBHUMHU
XapaKkTepUCTUKaMH, SIKI BH3HAYAIOTh HOTO IMOBEIHKY ITiJ[ BIUTMBOM 30BHIlIHIX (akropiB. Bimomo Gararo
poOit BiTum3HsaHUX BYeHHX: npod. Caxno B.IL., mou. IlonskoB B.M., mou. Timkos O.M., npod. Kienikos
B.B., npo¢. [laBnoB B.b, moi. CitoBckuii O.I1., mou. JemOinpkuit B.M., mpod. /IBagnenko B.S., mpod.
Typenko A.M., nmpod. I'maror A.B., npod. boromosnos B.A., ipod. Adpamuyk ®.1., mpod. baxkunor A.B. i
0araro iHIIMX BYCHUX.
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Amnaniz cygacHoro crany gociimpkers EKT3 mokasas, M0 posih aHATITHIHAX METOJIB 3aIHINAETHCS
HaJ3BHYAalHO BENUKOI. Bucoka iX pomb 1 B KUIBKICHOMY BHW3HA4YCHHI IapaMmeTpiB EKCIDIyaTalliiHUX
BJIACTUBOCTEH, aje TOUYHICTh PO3PaxyHKIB MpH NboMy oOMexxeHa. KilbKicHI XapakTepUCTHKH, IO
OJIEP)KYIOTH 3a JIOTIOMOTOI0 aHATITUYHUX METOMAIB, B OCHOBHOMY € MEPIIMMHU OILIHKAaMH, SKi HagaloTh
YSIBJICHHA MPO TOPSIIOK JOCTIHKYBAHUX MapaMeTpiB 1 MpO HANPSMOK PO3BHUTKY Ipoliecy. TOUHICTh TaKux
OIIIHOK HE BapTO 30UTBIIYBATH 32 paXyHOK YCKIIQJHEHHS aHAJITHIHOTO arapary — JJIsl TOYHUX PO3PaxyHKIiB
Kpallle KOPHCTYBaTHCS YHCEIbHUMH MeTofaMu 3 BukopucTanHsaMm [IK. B ocraHHbOMy BUManKy aHamiTH4HI
METOH HE MOXKYTh KOHKYPYBATH 3 HUMH.

HIJIb TA 3AJAYI JOCILIKEHHS

Po3pobka meToanku cknaganHs matemMatnanoi mogeini (MM) cunoBoi ycranoBku (CVY) i TOKa3HUKIB
pyxy nepeobnagnanoro EKT3 kareropii M1 € akTyajabHHM 3aBJaHHSM ChOTOAEHHS. 3a OIMIOMOTOO SIKOi,
Oyi10 6 MOXKIIMBIM MPOTHO3YBAaHHS HOTO eKCILUTyaTallifHNX MTOKA3HUKIB /0 BHKOHAHHS Iepeo0IaTHaHHS.

PE3YJBbTATHU JOCIIIKEHDb

MogpentoBannst EKT3 — 1ie cknanHe 3aBaaHHs, AK€ MOTpeOye IIOr0 KOMIUIEKCY 3HaHb Ta HABUYOK.
HeoOximHo BupimryBaTy 3aBHaHHS MOJETIOBAHHS OOEPTANBHOTO PyXy, MEXaHIKHM IMOCTYMalbHOTO PYXY,
EJIEKTPUYHNAX MAIIHH 1 MepeTBOPIOBAYIB, T1IPABIIYHIX KOMIIOHEHTIB 1 cucTeM Ta 6arato iHmoro. 30Kpema,
monemoBanHs EKT3 He Moxxe OyTv MOBHMM O€3 CHOJYyYEHHs €NEKTPUYHOI 1 MEXaHiuyHOI YacTHUH Ta ix
CHCTEM KOHTPOJIIO Ta KEPYBaHHSI.

OpenModelica me BigkpuTe cepeqoBHINE MOCITIOBaHHS Ta MOZENOBaHHS Ha ocHOBI Modelica,
MpU3HAYEHE ISl MPOMHUCIIOBOTO Ta aKaJeMIuHOI'O BHKOPUCTaHHS. BoHa mocTymHa GE3KOIITOBHO, HA Pi3HUX
mwiardopmax (Windows, Mac, Unix) 3i cBoro odimiiiHoro canty, http://www.openmodelica.org [7].

Bci 300paxenns inctpymenty Modelica, Bxmodeni B mio poboty, B3sati 3 OpenModelica. Modelica
JTO3BOJISIE BUKOHYBATH POOOTH, TOIOHI 10 THX, III0 MOYKHA BUKOHATH B J1abOpaTopii, MPOBOASYM TECTH Ha
HaTYpHOMY TPaHCIIOPTHOMY 3ac00i. 3 Ti€l MepeBarolo, Mo MOXKJIMBO BCE BUMIPATH 0e3 HEOOXiTHOCTI
OyayBaTH CKIAJHI BUMIPIOBAIbHI KOMIUIEKCH. TakoXX MOXIIMBO BCE 3MIHUTH B (Pi3WUHIA Ta KOHTPOIBHIH
YJacTHHAX HAIIOl CHCTEMHM, HE BHTPAYalO4M BEJIWKI KOIITH a00 PH3HKYIOYHM MOIIKO/DKEHHSM OO0JIaJHAHHS.
BuxopucToByrOUM OCHOBHI MOJIOKEHHS 3 poOoTi [8], OyJsia CTBOpeHa Ta peaizoBaHa B cepenonuii Modelica
MaTeMaTHYHa Moelb nepeodagaanoro EKT3 [9].

CrporueHe ysiBiieHHs 1po cuiioBy yctaHOBKY EKT3 3 Bukopuctannsam xommnoHeHTiB MSL i cxemu
Modelica HaBezieHO Ha puc. 1, 11e imiTaliliHa MOJIEITb.

battl

T

wheel

edTau pRL mass

driver
HEDC.bxt

&

F

eleDrive

velSens

Pucynok 1 — CtpykrypHa Mozens nepeobnaananoro EKT3 B cepenosui OpenModelica

Bomiii (driver). HeMoxJMBO 3 BHCOKOIO TOYHICTIO 3MOJICNIOBAaTH TPAHCIOPTHUI 3acib, He
BKITIOYMBIIM B HHOTO MOJIENb BOJIS. Y CBOil poOOTi OyseMO BUKOPHUCTOBYBATH MOJEIb BOJIS, SKa 37aTHA
3a0e3revyyBaTi MIBUIKICHUHN PEXUM PyXy 3aJJaHUN YMOBaMH i3710BOTO LIUKITY.

Jatuauk mBHIKOCTI aBTOMOOUIA (VElSens) crBoproe KoMyHIKamidHUNA 3B'S30K MK (I3UYHOIO Ta
BIpTYaJIbHOI0O YacTHHAMHU HAIIOi IMITaliiHOi Momeni. [Hakme Kakydw, BiH Bifirpae (QyHKITIO ITaHewi
npwiaAiB aBToMoO0iIsa. Bofiit Mae 6aunT KiIHEMaTUYHUHN UKL, IKAW BiH X04e BUKOHATH, 1 JJIs ITbOTO BiH Ji€
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SK 3aMKHYTHH KOHTYP KOHTpoJiepa KepyBaHHS. TOMy BiH BIACHIIKOBYe (AKTUYHY INBHIKICTH dYepes
MIPUITAIOBY TAHENb (sSKa B HaIIii CBIAZOMOCTI BimoOpaxkae MIBHIKICTh, BUMIPSHY JATIHKOM), MIOPIBHIOE ii 3
HEOOXiHOI0, 331aHO0 1340BUM IMKIOM. KoHTponep ni€e Ha opraHu KepyBaHHS (TalbMO Ta aKceJeparop)
TaKMM YMHOM, 100 3MEHIINUTH a00 3BECTH HAHIBEI[h MOXUOKY KEpyBaHHS.

B saxocti BuXigHMX YWciaoBHX 3HadeHb mapameTrpiB EKT3  mis mpoBemeHHS YHCIOBOTO
excriepuMeHTy 3 BukopuctanasaM 1K, 0yno oOpano HacTymHi BHXifHI mapaMmeTpu nepeodmagnanoro 8 EM
cepiitHoro aBToMoOins kareropii M1 3A3-965 «3amopoxensy, (Taba. 1), TEeXHIUHI MOKa3HUKH SKOTO OYIO
B3sTO 3 ;oKepena [10]. Leit aBromo0ine OyB oOpaHuil It pO3paxyHKiB, TOMY IO, B TTOJAIBIIOMY Ha HHOMY
nepeadavaeThesl MPOBEACHHS IOPOXKHIX Ta CTEHJIOBUX CKCIIEPUMEHTAITBHUX JOCIIKEHb.

Tabmuis 1 — Texuiuna xapaktepuctuka 3A3 —965 «3anopoxkerny

ITapameTtp Bennuuna
JBuryn ocensunoBuit V-nomiouuit 0,887 m mpu 4000—
4200 06/xB
Kopobxka nepenau 4 nepenaui; [ — 3,73; 11 — 2,29; III - 1,39; IV —
0.964;3.X.—4,76
l'onoBHa nepenaya onuHapHa; 4,63
JloOoBa mo1ia 1,43 M
Koeoinient o0TiYHOCTI 0,47...0,52
labGaputHi JOBXKHHA 3330 MM
po3mipu IApUHA 1395 mm
BHCOTa 1450 MM
Kosmicna 6a3a 2023 MM
Koumnis nepeHs 1150 mm
3aHs 1160 MM
MaxkcuManpHa MBUIKICTE 100 xm/Tox
Maca aBTomMoOiIst CTIOpSIIKEHA 693 kr
IMOBHA 950 kr
Hlnn: TUI Oe3kamepHi
po3mip 175/70 R13 «Rosava»
paniyc 0,282 m
KOYCHHS

[ToBHOIO Mipoto 3amady BHOOpY Ta oOIpyHTyBaHHS TapamerpiB cuioBoi ycranoBku (CY) EKT3
MOJKJIMBO BHUPILIMTH SKIIO PO3PaxXyHKH 3aCHOBAHO Ha pAaLiOHATBHO OOpPaHMX BHXIIHUX [aHMX, IO
00’eKTUBHO BimoOpaxaroTh ocobmuBocTi pobotu CY B cucremi «CAKB — TE/l — Tpancwmicis» (CAKB —
cuioBa akymyisitopHa O6atapes, TE/l — TsaroBuii enextpoasuryH). [IpakTika nmpoeKTyBaHHs CBIIYHTB, IO
came 3HaXOJ/KCHHS BUXIJHUX JaHWX Ta BHYTPIIIHIX MMapaMeTpiB CUCTEMHU € HAHOILIBII CKIIAJHOI0 33/1a4etO.
Maroui B SIKOCTi IOYAaTKOBHUX JAaHUX Taku napamerpu nepeodnagna€oro EKT3 sk, reomeTpuuni Ta Macosi
napamerpu cepirinoro KT3, nepeaarouHe BiIHOIIEGHHS T'OJOBHOI mepenadi, sika B OLIBIIOCTI BUMAJKIB HE
3MIHIOETBCS Ta YMOBHU PyXy B i310BOMY LIMKJI, IKOMy Mae€ BignoBigatu nepeobdnagHannii EKT3. Koxxnomy
Habopy BuxigHux aaHux CY moke Bignosigatu MHoxuHa mapameTpiB CAKDB (tun akymynsTopHOTO
enementa (AE), X KUIbKIiCTh, THI 1X 3’€IHAHHS, IIOBHA €MHICTh, Bara Ta iH.), TE/] (HoMmiHa/ibHA Hampyra,
4acTora CTpyMy, NepeBaHTa)KyBaJlbHa 37aTHICTh, MAKCUMAJIbHA HAIPyTa Ta CTPYM TOIIO) Ta iH. 3aBJaHHSI
IO CJIi/1 BUPILINTH MPEICTaBJICHI Ha pHC. 2.

MeToarka TPOBENEHHS YMCIOBOIO EKCIIEPUMEHTY Mepeadadae MPOBEIEHHS BEJIMKOI KiJIBKOCTI
OOuHCIIEeHb B PI3HUX NOEJHAHHAX BUXIJHUX IapaMeTpiB. 3arajbHa KiUIbKICTb BapiaHTiB N, , IO MAaKOTh

OyTH po3risiHyTi B nipotieci nepeodnannanas EKT3 cknanatime:
Nem = Neyrs N Ny (1)
ae N, — ducio BapiantiB napamerpis CAKBD;

n yucio BapiaHTiB napamerpis TE/;

TED ~
nU — OepeaaTouHe BiI[HOIHeHH}I TOJIOBHO1 nepe;[aqi.

m , 2021, Ne1 (16)



© I'maguenko B.C., OBepuenko IO.M. 2021

BxigHi
napameTpm

Tun ET

Tlapanerpu ET H TED

Buxigni
napameTpu

ﬂ ITopna maca EKT3

BuTpauena enerid sa a1

TepenaToyne

EiIHOMEeHHA R
Tparwmicia

Tom MaremaTHgHA

TpupaticTs — - MO/ EJIb
Maxcmaena Ia3moBmii muKT

pe gy epeo0/IalaHHOro ﬁ
anac xooy
EKT3 —]

| ITapameTpu cepiitaoro KT3 ]

Kinekiers
nocmigoeHnx AE

Kinexicts
nepaneneHEx AE

PucyHnok 2 — MHOXHWHa BXiJHHUX Ta BUXiIHUX napameTpis MM

BpaxoByrounu 1ie, MoKHa 3pOOMTH BUCHOBOK, 1110 BUOIp BUXIAHUX JaHUX Ui nepeobnaananas EKT3
€ BeJbMHU TPOMi3/IKa Ta CKJIAJHA 3a/1a4a, PO3B’SA3aTH SIKY MOKIIMBO JIUIIIE MPHU HAsIBHOCTI MIEBHOI METOJIUKH.
Maroui BXiiHI mapaMeTpy Ta BIMBAKOYM HA HUX, MO>KHA OTPUMAaTH KOMIUIEKCHI BUXi/HI BEJIMYMHU 3 SKUMU
MO>KHA OLIIHUTH CTYIIHb BiIIOBIAHOCTI IPOBEIECHOT0 Nepeo0IafHaHH TOCTABICHUM KPHTEPisM.

B sikocTi mpukiany, HaBeACHI pe3yibTaTH PO3paxyHKiB 32 MM B rpadiuHoMy BUTIISAL MpU pyci
nepeodnagnanoro EM 3a i3moBum mukiiom WLTP xmac 1. Otpumani pi3Hi 3aJ€:KHOCTI, a came, piBeHb
3apsiny CAKDB (puc. 3), 3anexHicTs aktuuHOi Ta 6axkanol mBuakocti EM (puc. 4). Ha Hpomy, dakTinuHa
MIBUJKICTh (YepBOHA) 1 Oa’kaHa IMIBUAKICTH (CHHS) 3HAXOMATHCS TyKe OJM3BKO OAHA Bif OmHOI. 3MiHA
nanpyru Ha CAKB (puc. 5).
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Pucynoxk 3 — I'padik pisnst 3apsay CAKB (SOC)

v (mjs) == driver.v (m/s)
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Pucynok 4 — I'padik ¢paktiuuHOi Ta 6axkanoi mBuaKocti EM
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Pucynok 5 — I'padix 3minm Hanpyry Ha CAKbB

3MiHa KPYTHHUX MOMEHTIB (puc. 6), ToKa3ye MOTPiOHWN KPYyTHUH MOMEHT (YepBOHHWH), MiHCHUI
KpyTHUH MoOMeHT, mio pospuBae TEIl (cuHiif), KpyTHHI MOMEHT, IO BIANOBIAA€ EIEKTPUIHOMY
raJbMiBHOMY 3YCHILTIO (3EICHU).

driver. TRef (N.m) edT (N.m) cutieg. T

-60 — T T T T T T T T T T T T 1
200 400 600 800 1000 1200 1400
time (s)

Pucynok 6 — I'padix 3MiHU KPYyTHHX MOMEHTIB

Amnanizyroun rpadivyHi 3aJeKHOCTI MOKHA 3a3HAYHTH, 1I0:

— JoJaTHI KpyTHI MOMeHTH, Oiibine HiX 40 HM moTpiOHI 1ji MOBHOTO BUKOHAHHS YMOB 137J0BOT'O
nukiny. B peanizoBanii MM ix 3amutye BoniH, ane, CY He Moxe ix peamnizyBatu. Lle 3Buuaiine siBuIIe IS
KT3, xonmu Bojili BUMarae KpyTHUH MOMEHT, IO TIEPEBHIIYE MAKCUMAaIIbHO MOXKJIMBHHN, B IIbOMY BHIIQJIKY,
1Ie IPaKTUYHO HE BIUIMBAE Ha OaxkaHy mBUAKICTh KT3.

— HEeTaTUBHI KPYTHI MOMEHTH MaiiKe 3aBXIM Peaji3yloThCsl MPH ENeKTPUYHOMY TajbMyBaHHI.
MexaHiuHe TaJbMyBaHHS TYT BiOyBa€eTbcs TUIBKU MPH NOBHOMY TajbMyBaHHI. OcoONMBO L€ MOMITHO JJIs
KjaciB 2 Ta 3 e € mo3aMichbka YaCTHHA 137/0BOT0 LHUKJIY (IIJISHKH 3 BHCOKOK Ta HAA3BUYAMHO BHCOKOKO
mBHKiCTIO). OTHAaK Ha mpakTHIli peansHi EM yacrinie BUKOPHCTOBYIOTh MEXaHIUHE IalbMyBaHHS.

Butpatu eneprii npu pyci nepeobnagnadoro EM 3a i3qosum nmuknom WLTP knac 1 (puc. 7).

3minna enDTdel — 1e eHepris, MO MOJAETHCSA CHIIOBOIO TIepeaaveio, B Toi uac sk enPlDel — me
€HEepris, 110 MMOJAa€ThCs Ha JiBUH (hjaHelb MacH: JIBI CHJIM BIIPI3HAIOTHCSA OIHA BiJ OJHOI TUIBKH IPHU 3MiHi
LIBUJKOCTI: 00JIACTh MiXK KPMBHUMH — 1I€ KIHETHYHA €HEprisl, 3alaceHa B iHepLii TpaHCMicii, BOHa KOMIIEHCY€
OJIHa OJIHY.

3aranpHa eexktrBHiCTh EM He ayxe BHCOKa, yepe3 nepeadadyBaHy KapTy epeKTHBHOCTI; HAPEIITi,
CHHS KpWBa IIOKa3ye €HEprito, BTpaueHy BcepeauHi Oarapei, B il BHYTpIIIHEOMY OIOPi Ta iHIIMX €JIeMEHTaxX
poscitoBanHs. OpHak A OWIHKA €QEKTUBHOCTI LHUKIY PpOOOTH aKyMynaTopa HOTo CIiJ CHOYaTKy
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MiIB3apsAIATH. 3eJeHa KpUBa — €Hepris sika Oyiia BTpadyeHa MPH MEXaHIYHOMY TajdbMyBaHHI B TajJbMiBHHX
Mexanizmax EM.

enBatPotl ()

enBattLoss (1) enBraking (1) enDTdel (1)
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Pucynok 7 — Butpara eneprii nepeobiamgnanoro EM

Hiarpama QakTHUHUX KPYTHUX MOMEHTIB TSITOBOTO eJeKTpompuBoma (puc. 8) Ta oOME)eHHs
KpPyTHOTO MOMEHTY IO Hakiangae Bukopuctanuii tun TEJ] mpeacraBieHo y mapamMeTpuIHOMY BHTJIISIN.
I'padix nokazye podoui Touku CY EM npu pyci B i3a0BoMy UK. BCi TOUKH 3HAXOASATHCS B CEpeIUHi, IO

CBIUXTH PO HASBHUHN HAUTHITKOBUH KpyTHHNA MoMeHT TEIL
200

Hm
150

100 \
\
: e ,ﬁ@m
— e
—

-100

-150 T

-200

0 50 100 150 200 250 rad/s 300

Pucynok 8 — Poboua xapra daktnuanx kpytaux momeHTiB TEII (3eneni) Ta oOMexeHs (cuHi)

CuHi KpuBi — 1Ie MaKCUMaJIBHUH 1 MiHIManbHUH fgomyctumi KpyTHi MomeHTH EJI. KpuBa 3amurty
BOJIIEM, 3aBXIM 3JIMIIAETHCS BCEPEOUHI 1 BiOOpaXKaeThCsl 3€JICHUM KOJIBOPOM; KOJIM BOHA BHUXOAWTH 3a
MEXi, BOHa Bi1oOpaXkaeThCsl YEPBOHUM KOJIBLOPOM, II€ TPAIUISEThCS i KiaciB 2 Ta 3 abo mpu HeJOCTaTHIM
MOTYXKHOCTI €JIeKTPOIBUT'YHA.

Hocnimpkenns: nepeobnagnadoro EM monsirae B omiHmi gaktndaux podounx Touok CVY (TobTO
TOYOK, 110 HAJEeKATh 3eJIeHiil KpuBiil Ha po6oyiii kapTi Buie). IX MOpiBHAHHA 3 KapTamu eekTuBHOCTI BJ]
no3BoJjisie orinuty Horo KK/, y Bunaakax, skijo KK/l 3aHanTo 4acto 3aadIIaeTbCss HU3bKKUM, 1€ CBIIYUTH
PO HEOOXiHICTh 3MIHM BUXITHHUX MapaMeTpiB MOJIENI, a caMe B KOHCTPYKIIIT CHIIOBOI YCTAHOBKH.

OBI'OBOPEHHA PE3YJIBTATIB JOCJIAKEHHSA

Bubip ta oOrpynryBanHsi pauioHadbHux mnapamerpiB cuctemu «CAKbB — TEJ] — TpancwMicis» €
CKJIaJIHOIO 3a/1aveto. B 3anexHocrti Bin kareropii KT3, iioro npu3nadeHHs Ta yMOB €KCIUTyararlii, Kputepii
pamioHaJbHOCTI MOXKYTh OyTh pi3Hi. ToOTo, ciin HagaBaTH OiNbIy Bary pi3HMM HOKa3HHKaM CHCTEMH
nepeodnagnanoro EKT3. Haili0inp nmommpeHnM Ta yHiBEpCaIbHUM KPUTEPIEM pauioHaJbHOCTI BUOOPY €
MIiHIMYM TpPUBEJICHUX BHTpPAT, MOB’S3aHUX Yepe3 PO3PaxXyHKOBY IIOTYKHICTh 3 MAacol Ta BapTiCTIO
oOsagnanHs. TexHIYHMI piBeHb NepeoOIaTHaHH BU3HAYAETHCS IIUTOMOIO MACOI0 Ta MUTOMOIO BAPTICTIO K
OKpEMHX arperariB Tak i1 BCbOTO €JIEKTPOHHOro oOnagHaHHS B Iinomy. OAHaK, MOKAa3HHUK BapTOCTi
o0JlaiHaHHS MA€ CHIIbHY BOJIATWIBHICTD, TOXK HOTO BaXKKO OL[IHUTH 00’ €KTHBHO.
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B poGoTi TIpOmOHYeThCS KPUTEPi MOKIWUBOCTI 30Cpe)KCHHS BEIWYMHH ITIOBHOI  Macu
nepeobnagranoro EKT3, ymoBa oOMexeHHS 3a Tra0apuTHHEMH pPO3MipaMH, MaKCHMaJIbHOI KyTOBOI
mBuaKocTi poropa TEJ], Makcumanbsaoro ctpymy Ta Hanpyru B CAKD ta cunoBux enementax CAY.

BUCHOBKHA

IIpobGema mareMaTHYHOTO OMHCY (PYHKIIOHATHHUX EIEMEHTIB eJNeKTPOMOOUTS Ta TiOpUAHHUX
AaBTOMOO1JTIIB PI3HUX THUIIB YCKIIATHIOETHCS OMICOM EIIEKTPUYHUX TMPOIECIB M0 BiOYBAIOTHCS Ta BIUIMBOM
CHCTEMH KepyBaHHS Ha CUJIOBY YCTaHOBKY.

OmHuM 3 TUISXIB BUPIMICHHS i€l MpoOieMHu € BUKOPUCTAaHHS MaTEMaTHYHHUX TMAKETiB MPHUKIIATHAX
MporpaM SIKi MaloTh y CBOEMY CKJali TOTOBiI Oi0NIOTEKM MeXaHIYHHX, EJIEKTPUYHHX Ta KOMYHIKaIliifHHX
CJIEMEHTIB CHUCTEM. 3aJadyer0 JOCTiIHUKA B IbOMY BHIIQJKY € TpaBHIbHE MOETHAHHS Ta HaJlallTyBaHHS
CJIEMEHTIB Ta TOZAajbllla MepeBipKa aJeKBaTHOCTI po3poOIeHOi MaTeMaTHYHOI MOJENi 3 pe3yibTaTaMH
HaTypHEX gocmimkens Ha KT3.

Po3pobnena Ta BHKOpHUCTaHAa METOAMKAa BHOOPY 1 OOIPYHTYBaHHS palliOHAIBHUX IapaMeTpiB
cucremu «CAKbB — TE]] — Tpancmicis» nepeodnagnanoro EKT3 kareropii M1, Ha mincraBi MoaeIrOBaHHS
mporieciB po3psanxy CAKB mpu pyci B i3goBomy mmkimi WLTP kmac 1 3a momomororo eneMeHTiB Teopii
TJIaHYBaHHS €KCIIEPUMEHTY.

B nmomampmioMy IUTaHyeThbcS — MPOBEACHHS  JIOPOKHIX Ta  CTEHAOBUX  BUIPOOOBYBaHb
nepeoonagaanoro EKT3 3a oOpannMu BuXigHUME JaHUMU 1015 aBToMoOits 3A3 — 965 «3amopoxens». Ha
OCHOBI pe3yNbTaTiB MOCTiKEHHS Oyae MpoBeJeHa MepeBipka aJeKBaTHOCTI pO3pOOJIEHOI MaTeMaTHYHOI
MOJIEJII.
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Hladchenko V., Overchenko U. Method of compilation of the mathematical model and results of
calculation of movement indicators of the re-equipped electromobile of category M1 in road test
procedure

The method of addition and results of calculation according to the mathematical model are offered in
the article. The problem of mathematical description of the functional elements of electric wheeled vehicles
(EWV) is complicated by the need to describe the electrical processes that occur and the influence of the
control system on the power plant.

The developed method is original, the system "Power accumulator battery — Traction electric motor
— Transmission" in the conditions of movement on a driving cycle is considered.

The OpenModelica mathematical package, an open modeling and modeling environment based on
Modelica, was chosen to compile the mathematical model. The model has a "Driver" unit, which is a closed
loop control controller. It monitors the actual speed of the electric car and compares it with the required, set
driving cycle.

The traction-speed and energy indicators of the converted M1 vehicle into a battery electromobile
are determined. With the help of the developed technique, it is possible to predict the performance of EWV
before the conversion. As initial numerical values of parameters of the re-equipped vehicle for carrying out
numerical experiment with use of the personal computer, the common vehicle of the M1 ZAZ-965
"Zaporozhets" category was chosen. The method of conducting a numerical experiment involves a large
number of calculations in different combinations of initial parameters. In the future, it provides for road and
bench tests.

The technical level of re-equipment is determined by the specific weight and unit cost of both
individual units and all electronic equipment as a whole. However, the cost of equipment is highly volatile,
so it is difficult to assess it objectively. The paper proposes the criterion of the possibility of preserving the
value of the total mass of the converted ECT, the condition of limitation in overall dimensions, the maximum
angular velocity of the rotor of the traction motor, the maximum current and voltage in the power elements
of the control system.

Key words: electromobile, re-equipment, efficiency, mathematical model, controller, numerical
experiment, energy efficiency.
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HOITYKOBE KOHCTPYIOBAHHS KOJIICHUX TPAHCIIOPTHUX 3ACOBIB

Po3BuHyTO pmocHimKeHHS mpoOJeMaTHKH IIOAO BHUPOOJEHHA KpPHUTEpiiB OMIHKH IOKa3HHUKIB
HaAiWHOCTI Ta JOBTOBIYHOCTI HECYYHMX KOHCTPYKUIH KOJNICHHUX TpPaHCHOPTHHUX 3aco0iB 3 mHO3ULIH
MEXaHIKM pyHHYBaHHA BHUXOIA49H 3 (akTopiB 11X TOYAaTKOBOI JePEKTHOCTI y TMOENHAHHI 3
eKCIUTyaTaliiHUMHU MOCHIDKCHHIMHU B pCalibHUX yMoBaxX ekcmiyatamii. [IpoBeJeHO CTPpYKTYpHHI aHami3
BiKa3iB TPaHCIOPTHHX 3aco0iB, [0 € CKJIAJOBOIO CHCTEMH 3 JOTPHMAaHHS HAIiHOCTI HECYYHX CHCTEM
KOJIICHUX TPAaHCIIOPTHUX 3ac00iB. POSFJ’IHHyTO KOHLIGHTyaJ'II)Hi l'[iZ[XOI[I/I NMOLNIYKOBOTO KOHCTpYHOBaHHSA
Hecydux pam 3aco0iB Tpancmopty B AIIK 3 mporHosyBaHHAM pecypcy poOoTu, OOTpyHTOBAHO
epeKTHBHICT, TpU BHUPIMIEHHI BKa3aHMX AaHAJIITHYHO — TOMIYKOBUX 1 EKCIEPUMEHTAIbHO —
nocaignuubkux npo6uem. ITpoBeneHo psa BUMpoOyBaHb Uil BU3HAYECHHS JMHAMIYHHUX TOKa3HHKIB Y
HaWOIIBII XapaKTepHUX yMOBax ekcrutyatanii MammH. OTpUMaHi CTAaTUCTUYHI JaHi, SKi JO3BOJAIOTH, 32
JIOIIOMOT'0I0 aHATITHYHHX JOCIIPKEHb, BU3HAYUTH KOMIIOHEHTH HAIIPYKEHOTO CTaHy 1 Xapakrep iX 3MiHU
B 4aci (cepeHi 3HaYeHHs, MaKCUMaJlbHi 1 MiHIMaJbHI HaNpy>XeHHs, IX YacTOTy 1 T.I1.) Y BiJNOBITHOCTI 1O
YMOB eKCILTyaTarlii. BiTHOCHO 0 OTpHMaHUX pe3yNbTaTiB MPOBEICHO CHHTE3 HECYUNX KOHCTPYKIIii depes3
(hopMyBaHHS TaKHX MOJENCH pecypcy poOOTH, sIKi aleKBaTHO ONHKCYIOTh MPOIECH, IO BiAOYBAaIOTHCS MPH
eKCIUTyaTallii ¢/r TexHiku. Takuil mimxix 3a0be3medye MepeHSCeHHS OTPHMAHOI eKCIIEPHIMEHTAIbHOI 0a3u
JMaHuX (3 BUKOPUCTAHHAM HaIpaIbOBAaHUX alTOPUTMIB B TUHAMIYHINA 1 HENiHIWHIA MOCTaHOBII 3a7a4) HE
TIJTBKHU HA MMPOSKTYBAHHS PO3TIIAYBAaHOI KOHCTPYKIIIi, ajle i Ha aHaJIOTOBOTO THITy MalllWH. 3a0e31euye, B
KOMIIIEKCi, TIPOTHO3YBaHHS TOBTOBIYHOCTI 3 ONTHUMI3AIIEI0 pecypcy poOOTH, TaKOXK IPU MOJEpHI3alil i
yJIOCKOHAJICHHI IaHOTO TUITY KOHCTPYKIIiH.

KnawvoBi cjgoBa: TmomykoBe KOHCTPYIOBaHHs, HaAiWHICTh, TMPOTHO3YBaHHSA, pecypc,
HaBaHTaXXEHICTh, 3aCO0U TPAHCIOPTY.

BCTYII

CtpykTypHU# aHani3 HaOopy NOJIOMOK € BaXXJHMBOI YaCTHHOI KOMIIEKCHOI CHCTEMH
3a0e3neueHHss HaJiMHOCTI Ta XMBYUYOCTI OmMOpHOi pamu mpuuena. 31 cTpaTeriuyHoi TOYKH 30pYy
KOHIEMIIisI KOHCTPYIOBaHHS HECYYHX CHUCTEM KOJIICHUX TPAHCIOPTHUX 3aCO0iB 3 TPOTHO3YBaHHIM
pecypcey ix pobotH, mocsirae epekTy Npu MPOBEJECHHI HAa HAJIEKHOMY PiBHI KOMILIEKCHOTO aHali3y
HECyd40i 3JaTHOCTI HECyYHUX METAJOKOHCTPYKIiN y OaraTokpurepiadibHOMY acnekTi. Llg koHmemnis
€ CKJIaJHUM HAayKOBHM 3aBJIaHHSAM, IO BHMAarae BEJIHUKHX EKCIEPUMEHTAIbHUX JOCIIIKEHb
CTaHJApPTHUX XapaKTEePUCTHK 13 BUKOPHCTAaHHSM METOJNIB MojedtoBaHHs npu ananizi HJIC.
CknazHictb y (OpMYITIOBaHHI CTaHAAPTIB AJISl OLIHKH MIITHOCTI Ta IPOTHO3YyBAaHHS TEPMiHY CIIy>KOH IOJIsITae
B y pi3HONPOQiIbHOMY Ha0OPi CKIIQJIOBUX €IEMEHTIB METaJIOKOHCTPYKLil B MO€THAHHI 3 CIIelU(}iKOIO iXHIX
3'eHaHb. ONTHMI3yBaTW Taki KOHCTPYKINI CKJIaJHO depe3 BiJICYTHICTh NPAKTHYHUX XapaKTEPUCTHK
NepioANYHOl CTIMKOCTI 10 Ae(eKTiB, COPUYMHEHUX CTPYKTYpPHHUMH 3MiHAMH MaTepialiB y 30HI 3'€JHaHHS
BiJIMIOBIZTHO /10 KOHKPETHUX TEXHOJIOTil BUTOTOBJIEHHS (0COOIMBO CKIAAHHUX 3BAPHUX CTUKOBHX 3'€IHAHb), &
TaKOX TeOMETPIii TONEePEUHIX MePETUHIB TOHKOCTIHHUX €JIEMEHTIB, BIIKPHTOTO Ta 3aMKHYTOTO TIPOMIITIO.

AHAJII3 BITOMUX PE3VYJBTATIB JOCJIIIXEHb TA IOCTAHOBKA IMPOBJIEMHU

TexHiuHI pecypcH-NOKAa3HUKHA JOBrOBIYHOCTI, 110 BUKOPHCTOBYIOTHCS AJISI XapaKTEPUCTUKHU
MOXJIUBOI TpHUBAJIOCTI pobodoro dacy o6'ektiB. Bigmosigno mo ['OCT 27.002-89, pecypce
Mo3HavaeThesl Ik poboTa 00'ekTa 3 caMoro moyarky, abo Bij omeparlii BiJIHOBJIEHHS JO MOYaTKy
IPpaHUYHOTO CTaHy. BinmoBigHO 10 TOrO, AK BUOpaTH 4ac MOYATKy, B SIKiH OJUHHIII BUMIPSITH
TPUBAJICTh POOOTHM Ta 3HAYCHHA TPAHMYHOTO CTaHy, MOHATTS pecypcy IMpuiiMae pi3Hi
iHTepnperanii o0'ekta. Sk Mipa TpuBajOCTI MOXHa BHOpaTH mapamMerp, IO XapaKTEPU3YE
TPHUBAJICTh Yacy pobotu 00'ekTa. SKio yac poOOTH BUMIPIOETHCS KiJTbKICTIO BUPOOHHUYUX IHKIIIB,
pecypc OTpUMa€e IOUCKPETHI 3HaueHHsA. 3 TOYKH 30py 3arajibHOi METOH0JOoTii YHiBepcalbHOIO
ONWHUIICIO € OAWHUIA 4acy. Ilepmr 3a Bce, 3arajoM 9ac poOOTH TEXHIYHOTO 00'€KTa BKJIIOYAE HE
TUIbKH eeKTUBHUN 9ac poOOTH, aje i 4ac MepepuBaHHs, MPOTATOM SKOTO 3arajlbHUI dyac podoTH
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He 301mpImyeThesa. Y MbOMY mpolieci pyldHYyBaHHS 00'eKT Oyae MigMaHWH BIUIMBY HaBKOJHUIIHBOTO
cepemoBUINa, a HaBaHTAXXEHHS Oyae CTBOPIOBATHCS MiJ Yac TpaHcTOpTyBaHHA. KpiMm ToToO, IMix gac
npouecy pyHHYBaHHS XapaKTEpUCTUKH Martepially MOXYTh 3MiHIOBaTHCS (Ipolec CTapiHHSA
MaTtepiaixy CKOpOYye 3arallbHUil TepMiH ciyx0u tomo) [1-4, 12, 13]. [To-apyre, BUAiNEHI pecypcu
TiCHO TOB’A3aHi 3 BUAUIEHUM TE€PMiHOM ciykOu. TepMmiH cnyxOn BH3HAYAETHCA K KaJICHIApPHUI
TepMiH 0 3MMCAHHA 00’ €KTa Ta BUMIPIOETHCS B KallCeHAApHUX ONUHULAX 4acy. Buainenuit repMmin
cayx0u 60araTo B 4OMY MOB'sI3aHUM 3 HAYKOBO-TEXHIYHUM MPOTPEcOM y Lii rany3i. Bukopucranus
€KOHOMIYHOT Ta MaTeMaTH4YHOI MOJelNi, mo0 MepeKOHATHCh, IO BUILIEHI pecypcH MOTpPiOHO HeE
TUIBKM BHMIPIOBAaTH 3 TOYKHU 30Dy Hacy, aje il BUMIPIOBATH PECYpCH 3 TOUYKH 30py KaJE€HAAapHOTO
gacy. Ilo-Tpere, 3aBmaHHS NPOTHO3yBaHHSA po0OTHM 00'ekTa B 3aJadi NPOTHO3YBAaHHS PEIITH
pecypciB Ha CETMCHTI € BUIAJKOBUM IpoOIlecoM, a Horo mapameTrpom € dac. OTxe, 1 omneparis
OTPHUMY€E BMIiCT BUMaAKOBOI PpyHKIIIT B MOMEHT "acy [5, 6, 12, 13].

Posrasipmaroun muTaHHS pecypciB CiIBCHKOTOCTOAAPCHKOI (CiIbCHKOTOCTIOAAPCHKOT) TEXHIKH,
CHil BpPaxoBYBaTH, IO OINBIIICTH CIIBCHKOTOCMOAApChKUX MAIIWH MPAalIO€ B yMOBaxX BEIHKHX
IWHAMIYHUX HaBaHTaXeHb, BiOpamii, KOJMMBaHb TEeMIEpaTypHh Ta BOJOTOCTI Ta IIiIBUIIEHOTO
3a0pynHeHHs. Ce30HHICTh  CLIBCHKOTOCIOMAPCHKUX  pOOIT MOXKE CHPUYMHUATH  BEIHKI
HaBaHTAXXCHHS 3a BIJHOCHO KOPOTKHH poOouMii yac. ¥ MIXKCE30HHS iCHye mpoOjieMa TpUBajaoTro
30epiranHsa. PiBeHbr KOHTPOIIO TEXHOJOTIYHOTO MPOIECY Ta NMPUUMaHHS HE 3aBXAU 3a0e3Iedye
BUCOKHH piBeHb TOYHOCTI 3'€AHaHHS Ta BUCOKHH CTymiHb O€3BiAMOBHOCTI. SKIiCTh yMOB
yTpUMaHHA Ta 30epiraHHs B CUIBCHKOMY TOCMONAPCTBI HUXKYA, HiX B iHIIKNX rany3sax. i ¢akropu
3MEHIIHUJIH TPHUBAIICTh JKUTTS OIJBIIOCTI CIIBCHKOrOCMONAapchKUX MamuH. Kpim TOTrO, XOua
pO3paxyHKH, MPOCKTYBaHHS, BUTOTOBJIEHHS Ta TEXHIYHe 0OCIyroByBaHHS MOBUHHI 3a0e3meuyBaT
Y3TOJKEHHS IMX MMOKAa3HUKIB, NOBrOBIYHICTh OKPEMHX KOMIIOHCHTIB CHJBHO Bapilo€ThCs. Tomy
30LJIBIICHHS PECYPCIiB sIBIIsi€ COO0OK 3HAUYHY E€KOHOMIIO KOIITIB, MaTepiaJibHUX Ta SHEPreTUYHHX
3anaciB. OTxe, 30iMbIICHHS pecypciB aBTOmapky B cepeaHboMy Ha 10% exBiBaJe€HTHO €KOHOMIii
omm3pko 10% Ha BUPOOHMUTBI HOBUX MamMH. Pecypcu 3Ha4YHOIO MIpOIO 3alexaTb Bif
HaBaHTaXXEHHS, IO Ji€ Ha MamMHy abo eneMeHT KOoHCTpykuii. [IpaBunbHui migbip Matepianis i
NpaBuibHI PO3PaXyHKH € OCHOBHUMH JpKepenaMu 30inblIeHHs pecypciB 0e3 icTOTHOTO
30iNbIIEHHS BapTOCTI MEXaHIYHOTO mpoekTyBaHHA. OCKIIbKM MNPOrHO3YBaHHS pecypciB
nepejdavyae BCTAHOBJICHHS 3aJI€KHOCTI BiJ yCiX 30BHINIHIX Ta BHYTPIIIHIX (QaKTOpiB, po3poOKYy
METOJIB TPOTHO3YBAaHHS CIiJl PO3TISAaTH SK OJHY 3 HaWBaXJIUBIIIMX HAYKOBHUX raly3e
3arallbHUX pecypcHux mnpobumem [5, 7, 8, 12, 13]. OmEuM 3 HAWBaXJIUBIMIHX, a TaKOX
HaWCKIaAHIMIUX 3aBJaHb Teopii Ta MPakTUKM MaAmKWHOOYAyBaHHS (BKJIIOYAIOYH CIIbCHKE
TOCIIOapCTBO) € MiABHUINCHHS HAAIMHOCTI (IOBroBiYHOCTI) KOHCTpYKIii [1-4, 7, 9, 10, 12,13]. Ha
eTami eKcruryaTamii mporHOo3yBaHHs pecypciB 3aiiMe ocobOmuBe craHoBuile. Ha BigMiHy Bin ¢asm
MPOEKTyBaHHS, NMPH MPOTHO3YBaHHI pPecypciB 3arajdbHOTO HAaOOpy 3arallbHOTEXHIYHHX OO0’ €KTIB,
SKi 1le He CTBOPEHi, NPOTHO3YBaHHS OyJe BUKOHYBAaTHCS IOJO KOHKPETHUX ICHYIOYUX 00’€KTiB
Ha erami excruryatamnii. [Ipu pbOMY OMiHII MigIATaIOTh 3aIUIIKOBUN pecypc i (a00) 3aMUIIKOBHMA
TEpPMiH CIyXOH.

3anuIKkoBHi CTPOK KOPHUCHOTO BUKOPHCTAaHHS BH3HAYA€ MEPIOJl OYIKYBAHOTO T'POIIOBOTO MOTOKY,
TOMY HOro BapTicThb OyJie CHJILHO BIUIMBATH Ha OIIHOYHY BapTICTh PUHKY. biiblie TOro, BH3HAYCHHS
3aJMIIKOBUX PECypCiB HEOOXiAHO Ui BW3HAUEHHS 3aJMIIKOBOI BapTOCTI Ta BIJMOBIAHO BH3HAYCHHS
BapTOCTi 3aMilleHHs 00'ekTa. TOMY TOUHICTH OLIIHKM PHUHKOBOi BapTOCTiI MalldH Ta 00JaJHAHHS 3HAYHOIO
MIpOI0 3aJIeXKHTh Bill TOTO, K MPABUIBLHO BH3HAYUTH 3aJMIIKOBHHA pecypc (3aIHIIKOBUI TEPMiH CITyXKOH)
00’eKTa, IO OLIHIOETHCS. |HOMBiAyadbHE NMPOTHO3YBAaHHA PECYPCIB BiJAKpUBA€ 1HIII HUIAXH OTPUMAaHHS
exoHOMiuHHX edekTiB [10, 12-26]. IIpyn mporHo30BaHOMY NMPOEKTYBaHHI HECY4Ol CHCTEMH TPAHCIIOPTHHX
3aco0iB, 110 BUKOPHCTOBYIOTBCS VY CUIBCBKOTOCHOJAPCHKOMY BHPOOHHMIITBI, BaXKIMBO BPaxOBYBaTH
KOpO3iliHMI BIUIMB MeTaneBOoi KOHCTpyKmii mamuman [10, 12 -26] 3a ckimagHUX YMOB eKCILTyaTallii,
BKJIIOYAIOYM TPAHCIOPTHI 3aco0M B arpecHMBHUX CUIBCHKOIOCIIOAAPCHKUX CEpPElOBHINAX, OCOOIHBO
MiHEpaJIbHUX PEYOBHH. | TPaHCHOPTHI 3acO0M 3 CYBOPHUM CEpENIOBHIIEM, OpraHidHi JOOpWBA, peareHTH,
3ac00iB JIJIsl IPOTpYyrOBaHHd, iH. [7, 8, 10, 12, 13 -20, 25]

HIJIb TA 3AJAYI JOCJIIKEHHS

UYepe3 mnpuponaHi BiAMIHHOCTI B aTrpubyrax o00’€KTiB Ta pi3HI yMOBH, B SIKUX BOHH
(GYHKIIOHYIOTH (BKIIOUYAIOYX ICTOPiI0 3aBaHTaXKEHHS KOXKHOTO 00’€KTa), pi3HI MOKa3HUKH PECYpCiB
€ BeTUKUMH. Y mapky i3 108 aBToM00imiB pakTUUHI pecypcH AJs MEPIIOTO KaMiTAILHOTO PEMOHTY
obmexeni - Big 1,55 mo 370 000 ximomeTpiB. OKpemMe MPOTHO3YBaHHSA PECypCiB MOXKe HE TiJIbKHU
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3amo0irTd MOXJIUBHM 3005M Ta HelepeadadyBaHUM TPaHUYHUM CTaHaM, ajie TaKoX IMOKPaIlUuTH
pexuM poOoTH, 3amo0iXHI 3aX0IW Ta MMOCTAYaHHS 3amacHUX dYacTWH. Kpim ToOro, mepexim 1o
€IUHOTO MPOTHO3Yy 30idblIye cepedHiil TepMiH CiIyXOM MallWHH, OCKUJIBKM L€ 3MEHIIYE YacTKy
MallliH, SKi MepeadyacHO BHBO3STHCA [Js PEMOHTY, 1 BiAKpHBA€ LUISAX AJS PO3YMHOTO BHOOpY
HaWKpamoro TepMiHy eKcIuryaTamii. ¥ JesKuX BHMAJKaX eKOHOMIYHO e(peKTHUBHI omepalii MOXyTh
MPONOBXYBATHCA TPH HU3BKUX HaBaHTaXEHHAX. OTKE MOXKEeMO pO3TIANaTH NPOTHO3YBAHHS
IHAMBIAYaTbHOT'O 3aJUIIKOBOT'O PECYpPCY B SKOCTI CHCTEMH YNPaBIiHHS MPOLECOM eKcIuryaTtamii i
TexHiYHOTO oOcimyroByBaHHSA. OJHaK 3ampoOBaJ)KEHHS OKPEMHX NIPOTHO31B BUMAarae JOJAaTKOBHX
BUTpPAaT HA TEXHIYHY MiarHOCTHKY, OONaJgHaHHA IS peecTpalii piBHIB HaBaHTAXXECHHS Ta CTaHy
00'eKkTa, CTBOPEHHS MIKpPONpOLECOpiB i 0OpoOKkM oOcHOBHOI iH(popmamii, po3poOKy
MaTeMaTUYHUX METOAIB Ta MPOTrpaMHOTO 3abe3medeHHs AJisi OOTpyHTYBaHHSI BUCHOBKIB Ha OCHOBI
3i0panoi indopmamii [5, 7, 9, 12,13]. Ha miif ocHOBI HEOOXigHO PO3POOHUTH KOHIENTyadbHUU
METOJI MOWIYKY Ta IPOEKTyBaHHS HECY40l paMH TPaHCIOPTHUX 3aC00iB y CiIbCHKOTOCTIOAAPCHKHUX
Ta MIPOMHUCIOBHUX MapKax, IPOrHO3yBaHHS pOOOYMX pecypciB Ta BU3HAUCHHS €(DEKTUBHOCTI MEBHUX
AHAJTITUYHHUX MPOOIIEM MOMIYyKY Ta €KCIEPUMEHTAIBHAX AOCTIIKCHB.

PE3YJIbTATHU JOCIIIKEHHSA

JocnimkeHnHss HagiliHOCTI TpakTopHoro mpuuena MM3-771b ta MM3-7685 0a3yerbcs Ha
BIJIMOBITHAX EKCIIEPUMEHTAIbHUX JaHWX MAaIIMHHOI BHUMPOOYBANBbHOI CTaHMmii TMiJ dYac TepeBipKu
TpaHcnoptyBaHHs. PoOoue HaBaHTakeHHs craHoBUTh 2000 roxmH, i BoHO cTaHOBUTH 50% 3aragpHOrO
HaBaHTaxeHHs npu 3500 nUKIaxX HABaHTAXKCHHS — po3BaHTaXeHHs. JlOCHTIKCHHS TIPOBEICHI Ha OCHOBI 47
HaniBnpuuenie MM3-771 Ta 15 nanisnpuueniB MM3-7716, a takox 13 npuueniB MM3-768 Ta 7 npudernin
MM3-768b, siki BAKOPUCTOBYIOTHCS JIJISl IEPEBE3CHHS OPTraHIYHUX Ta MiHEPAIBHUAX JTOOPUB, @ TAKOXK 1HIITHX
BaHTaXiB. Y IUX TaOJIUISIX HABOAATHCS JIaHI PO cepeHiil yac poOOTH NMpHU BiAMOBI OCHOBHMX KOMITOHEHTIB
nux npuuenis [7, 8, 10, 12,13].

Tabmuns 1. Cepenniii HApOOITOK Ha BiIMOBY OCHOBHHUX eJleMeHTiB mpudenis [12,13].
Cepenne HanpairoBanHs Ha BigMoBy MM3-771E 1 BiICOTOK €IEMEHTIB, SIKi BiIMOBUJIH ITPH

eKCInTyaTari
ITixBicka Pama Xomosa INppasmi Tanema KyzoB Enextpoo
Ka 01
436 391 373 467 528 240 473
(100%) (100%) (100%) (73%) (66%) (100%) (86%)
Cepenne HampairoBaHHs Ha BiqMoBy MM3-771 1 BiICOTOK €JIeMEHTIB, SIKi BiTMOBHIIU IPU
eKcIuTyaTarii (y Jy»XKKax)
[MinBicka Pama XomoBa lNppasmi | lNasbMma Kyzos Enexrpoo
Ka ()1
400 437 335 406 512 284 695
(53%) (80%) (93%) (80%) (49%) (100%) (35%)
Cepenne HanpalroBaHHs Ha BigMoBy MM3-768b 1 BiZICOTOK €JIEMEHTIB, K1 BIJIMOBHIIN TIPU
eKCILTyaTari
[ligBicka Pama XonoBa Iigpasmi lNanema KyzoB Enextpoo
Ka o1
789 753 514 785 646 302 820
(53%) (77%) (100%) (100%) (85%) (100%) (100%)

VY tabn. 1 HaBeneHi AaHi NpO CepeAHild Yac BiAMOBM OCHOBHMX €JIEMEHTIB, a TaKOXX BiJCOTKOBUH
€KBIBaJICHT BiJIMOB IIpH HampairoBaHHi B Mexax 4000 roauH.

Tomy cepen ycix arperatiB HaiOuiblIe TypOye OmopHa pama, sika € OCHOBHOIO OJWHHICIO MpHYera
(o craHOBUTH 12% -48% Baru CibCHKOTOCIIONAPCHKOI TEXHIKH), IO 3HMWXKYE 3arajibHy NPOJYKTUBHICTDH
npuyera.

VY rtabmumi 2 y3aralbHEHO MOKa3HHKH, sIKi 3a0e3neuyroTh iHQopMalliio Mpo HaAIWHICTE KOXKHOTO
npuuena npu podori Big 0 no 4000 roaux [7,8,10, 12,13].

3 tabn. 2, 6aunmo, 10 (HaKTHYHO HA BCIX MpUYENax piBEHb BIIMOB HECYYOi CHCTEMH CTaHOBUTH 22-
30% Big TepMiHy CIyXOH IO OCHOBHOTO POOOYOro 4yacy TEXHIYHOTO 0OcimyroByBaHHsS. Pi3HI mpuumHuU
Mepexoay MeTaJIeBOI KOHCTPYKLIi B CTaH pyHHYBaHHS JO3BOJISIOTH POOUTH BUCHOBKH PO MPHYMHHICTb, 110
BeZe A0 pyiHyBaHHsA. OCHOBHUMH NpPUYMHAMU PYHHYBaHHsS MeETajaeBOi KOHCTPYKUIl € nedeKTH Ha cramil
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BUPOOHHUIITBA Ta KOHCTPYKTHBHI IMOMMJIKH. BifcoTok pyiiHyBaHb uepe3 HEAOCTAaTHIO SKICTh BUPOOHMIITBA
Moxke mocsiraté Oimbmie 60%. IlpuanHaMu HECHPaBHOCTI CiTBCHKOTOCMOAAPCHKOI TEXHIKHM € CTPYKTYpHI
nedekty Ha ctanii npoektyBanHs (20-30%), HecpaBHOCTI Yyepe3 HU3bKY SKICTh MEXaHIYHOTO BUTOTOBJICHHS
Ta 30ipku (20-30%), HU3BKOTO TEXHIYHOTO PIiBHA Ta SIKOCTI MaTepialiB, €JIeMEHTHOI 0a3u KOMIUIEKTYIOUHX
(35-40%), BimMOBH dYepe3 MOPYIICHHS MPaBWJI CKCIUIyarallii TEXHIKM B TOCHOAAPCTBAX Ta HU3BKY
kBai(ikarito oocayropyrouoro nepconany (10%), inmi npuyanau — 5-10%. [12,13].

Tabmums 2. [loka3Huky HaIHOCTI Hecyunx cucteM npudernis [12,13]

Hassa HOKA3HIK MM3- MM3- MM3- MM3-
/i a3pa rokastiia 7716 771 7685 768
CepenHe HanpaioBaHHs Ha BiIMOBY, TOJ. 545 833 1176 889
CepenHs KiIbKIiCTh Bi/IMOB Ha 1 mpuyin mpu 7.34 48 3.4 45
HanpairoBanHi 4000 rog.
BincoTok mpuyemnis, 1o MaiaH BiTMOBH. 100 85 77 100

MOOUTFHUX ~ CITBCHKOTOCIIONAPCHKUX MAIUH pPE3yNbTaTH OyJIM OCSTHYTI

VY crpareriyHOMy IUIaHI TIPOTHO3YBAaHHS PECypCiB HABAHTAXKCHHS HA MPOCKTYBAHHS HECYUOi CHCTEMH
Ha HEOOXigTHOMY piBHI

KOMILJICKCHOTO aHajli3y Hecy4oi 3JaTHOCTI HECYYHX MeTaJeBUX BUPOOiB y OararocTaHAapTHUX aclekTax [7,

8, 10,
1.

12,13]. .

[IpoGiema TpPOEKTYBaHHS Ta BUTOTOBJIEHHS OCHOBHHMX OJMHHIB CUIBCBKOTO TOCIHOJAPCTBAa Ha
Cy4acHOMY piBHi, 0cO0IHMBO MpoOieMa TIepeMillIeHHS OCHOBHHX OJMHUIIb, OB’ 3aHa 3 ONTHMIi3aIli€r0
CJIEMEHTIB 3 TOYKH 30pY OCHOBHOCTI, 0a30BOi CXeMaTH4YHOI T'€OMEeTpii Ta MPOTHO3yBaHHS TEPMiHY
ciyx0u. Sk Mu BCi 3HAEMO, MPAKTHKA B CYYaCHOMY CBITi IMOJISITa€ TOJIOBHUM YWHOM y 3a0e3IedYeHHi
(hikcoBaHOi HMOBIPHOCTI BiIMOB Ui OOMEXEHHUX CTIHKUX PECYpCiB MAITUHHOI CHCTEMH, TUM CaMHM
3HAYHO 301IBIITYIOYH BUMOTH JIO TOYHUX OIIIHOK TIOXHOOK pecypciB, MOXKe MPU3BECTH JIO CIIOHTaHHOTO
HepeI4acHoOro pyiHyBaHHS , 200 /10 3aBUILEHOT METAIOEMHOCTI METATTOKOHCTPYKIIIi;

Bupimyroun Ha Haje)KHOMY pIiBHI HACTYIHI aHANITHYHO — TMOMIYKOBI i EKCIIEPUMEHTaIhbHO —
JOCHTITHHUIIbKI  TPOOJIEMH, KOHIIEMINs TMOUIYKOBOTO KOHCTPYIOBaHHS 3aco0iB  TpaHCIOPTY 3
MIPOTHO3YBaHHAM PECypcy poOOTH, Jocsrae eeKTy B CTPATETIYHOMY ILIaHi;

Po3BuTOK HOBMX i cCHCTeMaTH3allis iICHYIOUMX aHAITUYHUX HAIPANIOBaHb 3 MO3UIIT pecypcy poboTH
KOHCTPYKTHUBHUX CTPYKTYp, BUXOISYH 3 €HEPIETUYHOTO OaJaHCy CTPYKTYpH MOOUIBHOI c\r MalluHK:
3a MEXaHi3MaMH HABAaHTAXEHOCTI METAIIOKOHCTPYKIIii OPMY€ETHCS THITOJIOTISI BY3JiB 1 JIJIsl KOKHOTO,
Ha OCHOBI IEpIIOrO 3aKOHY TEPMOJIMHAMIKH, OyIyIOThCS PO3PaxyHKOBI MOJET 3 CKJIaJaHHSIM
OanmaHCy eHeprii Ta 3MiHHM IIBUAKOCTI €Heprii IUIsi METaJOKOHCTPYKIi, MOMANBIIUM OOYHCICHHIM
HIBUJIKOCTI pyWHYBaHHS 1, IPOTHO3YBaHHSIM pecypcy poOOTH 3 BpaXyBaHHSIM CTaHy Marepiany, Horo
nedeKTHOCTI 1 BCiX (i3nKo-XiMigyHUX (PaKTOPIB, SAKi MiFOTh HA HHOTO MPHU eKCIDTyaTamii MammHu. s
BUpIIIEHHA NpoOieMH B JOUHaMiYHIA ¢oOpMysli HEoOXiJHO BpaxoByBaTH eHepriio aedopmarii,
CIPUYMHEHY BUIAJIaHHSIM €JIEMEHTIB KOHCTPYKIIiH BIIKPUTOTO Ta 3aKpUTOro mnpodinis. [HTerpoBanuii
METO/, SKWUH JI03BOJISIE BHUPINIMTH HENiHIAHY NpoOlieMy B JWHAMIYHOMY TWpOIIECi 3alIe)KHO BiJ
MPUPOAU IPYHTY, JKOPCTKOCTI MiABICY CIILCHKOIOCIIOAAPCHKOT TEXHIKU TOILO;

BusHaueHHs peajbHOT JUHAMIKM HaBAaHTAXXEHOCTI PO3IIISyBaHOTO 00’ €KTa, NUISXOM IPOBEICHHS
IPYHTOBHHX €KCIIEPUMEHTAJIbHUX JIOCTH/DKEHh B YMOBaxX eKcIDIyaTallii MamuH Yy HaiOiLiIbm
XapakTepHHUX penbedax 1 KIIMaTHYHUX 30HAX, 3 BUOOPOM 0co0IMBOCTEl 00po0IIOBaHUX IJIOMI, LI0 €
HAHOLIBII TPYJOMICTKOIO 1 JOPOTOBapTiCHOIO EKCIIEPUMEHTAIBHO-IOCIITHUIBKOI HPOOIEMOIO.
HacTtynHum mpoiiecoM € ctaTucTHYHAa 00poOKa Ta CHCTeMAaTH3allis OTpUMaHUX ITUPpoBUX (HaKTiB 3a
JIOTIOMOT'O0 TPUKOMITOHEHTHUX JTMHAMIYHUX XapaKTEPUCTHK Ta BETMYMHI HABAHTAKCHHSI,
BcranoBneHHst BigNOBiAHOT OCHOBH, TOOTO (OpMYNIOBaHHS KpUTEPiiB sl OLIHKMA MIIHOCTI
KOHCTpYKIii abo '"kuBydocti". IHO3eMHI KOMMaHii, IO pPO3POOISIOTH Ta BHPOOJISIOTH
cinbebkorocnonapebky texuiky 3 CIIA, BenukoOputanii, ITanii, ®pannii Ta HiMmeuynnn, noynHarTh
3 MO3ULI{ TOBrOBIYHOCTI MPOEKTHOTO UKy Ta OLIHIOIOTH JOBrOBIYHICTh KOHCTPYKLIi TP BTOMHOMY
pyiiHyBaHHI Ha OCHOBi (akTopiB ix nedektHocTi (Ha kKadeapi TexHiyHOI MexaHiku 1 c\r
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mamuHoOyayBanas TATY mnpoBomaTbes Taki TPYMOMICTKI 1 JOPOTi aHANITHYHI Ta JabopaTopHI

BHIPOOYBaHHS Ta MOEMHYIOTHCS 3 €KCIIyaTaIlliHAMH);

6. Bugaua ontumizoBaHuX mapameTpiB KOHCTPYKUiH (BiAMOBIAHO €(EKTUBHOCTI BUPIIICHHS MPOOIEMH,
m.1, 2, 3) 3a TeoMeTpi€l0 MOMEPEYHUX MEPETHHIB 1X eNeMEHTIB i TOOYAOBOIO MPHUHIUIIOBUX CXEM, 3
MIPOTHO30BAaHUM PecypcoM poOOTH B IijIoMy Ha rpadomno0ynoBy, abo Bepcratu 3 UIIK; dhopmyBanns
MaKkeTy poOOYnX MPOEKTHUX JOKYMEHTIB.

Hist Toro, mo0 OLIHUTH XapaKTep HampyKEHOTo CTaHy eJIeMEHTa KOHCTPYKLii Ta BU3HAUYUTH METOJ
MOITYKy HOTO ONTHMAaJbHHUX MapaMeTpiB, TEOPETHYHHHA METO]I BU3HAUECHHS KoedillieHTa CHIM B Tepepisi
€JIEMEHTA TP MOBHOMY HAIPY>KEHHI € JTy’Ke BaXKITUBHM.

[Ipu po3poO1i TeoOpeTHYHOI OCHOBH AJISl aHaJi3y Ta BHUPIIIEHHS CKJIAAHUX CTaTHYHO HEBU3HAUCHHX
CTPYKTYp Ta YCyHEHHsI HEBIJOMHUX 3B'SI3KiB HECY4YOi CHCTEMH METO/, 3aCHOBaHUH Ha MPUHLIMUII MiHIMaIbHOI
MOTeHIiWHOI eHeprii aedopmamii, Ta Momudikallis MeETOAy BpaxoBYIOTH eHepriro nedopmarii, 1o
TCHEPYEThCSl BUILE, Y MOEAHAHHI 3 BapiallifHUM NOpuHOUIOM Jlarpamxka, y3aralbHEHHM TNPHHIUIIOM
noAaTtkoBoi eHeprii XolutiHreHa-Peili3Hepa, MeTOJOM CKIHYEHHUX €JIEMEHTIB, TeopeMoro KacTinbsHo,
MiHIMaJIBHOIO TEOPEMOIO POOOTH, MiAIHTETpaTbHOI0 (QyHKITIEI0 JIefiOHima po3paxyHOK 3aKOHY CTATHIHOTO Ta
TUHAMIYHOTO 3aKoHy [7, 12, 13]:

2
o = Z.!. ZB E:jj IpU CUCTEMI PiBHSHb ZU © _(, (1)

ne B, -srunanbHO — KpyTHUIT GiMOMeHT, H W

I, - cexropianbHuii MOMEHT iHepi, M,

VY BunajKy Aii Ha CTPMXKHEBY CHCTEMY TWHAMIYHOTO HABAHTA)XCHHS 3HAYCHHST HEBIJOMUX y3aralbHCHUX
3YCHIIb 1 IEpeMIIlIeHb BETMYNHI BU3HAYAIOTH 3 PiBHIHG [3, 12,13]

oll ol _ . dzqi

i 2 (2)
Q. oq, dt
M; - iHepLiHHI XapaKTepUCTUKX Mac (MacH i MOMEHTH 1HEpIIii) BY3J1iB CHCTEMHU;

ITorim 3amaya BUpILIYETbCA y BapiaHTi AN MOLIYKY y3arajJlbHEHOI CHCTEMH MepeMillleHb, sKa
3a0e3rneuye HalMeHITy (YHKIIOHAIBHY MTOBHY MOTEHIIIMHY eHeprifo. Ko cxema po3paxyHKy CKIIJIaeThCs
13 CKIHYEHHOTO eJeMeHTa Ta By3na +1, To s 30DKHOCTI BCIX Ocell CKIHUEHHUX eJIEMEHTiB (DyHKIIis
CyMapHOI MOTeHIliiHOT eHeprii Oyme MaTu Takuit Burisy [7, 12, 13]:

=1

(D — (Uj(ie,i+l) ‘|'U ‘IDH-l _l_U II+1 )_Z(‘(NI _ Ni(i,i—l) _ Ni(i,i+1)) .Uxi + (Q Q ii- 1 Q II+1)).Uyi

CMK

i=0 i=!

(QZI Q . 1 Q IHl)) .Uzi + ‘(M X M i:’iil) - M (I Hl) ¢ }/XI +‘ M )(/ii'iil) - M (I I+1)) .)/y| (3)
‘(M M §ii,i—1) _ME .+1)) oy, + ( gl _ B(' .+1)). 7)

ne Qz, Nii My M, My Bj-kOMIOHEHTH BEKTOpIB 30BHILIIHBOIO HABAHTAXEHHs, NPHBEIEHOrO J0
0a30BOro By3Ia;

1 -HOMED By3Ia.

Jis  BusHaueHHs (HAKTUYHOTO HABaHTAKEHHS JeTajlell Ta KOHCTPYKIM MallMHM Ha CTafiil
MPOSKTYBaHHS Ta BHIPOOYBaHHSA 3pa3KiB B peaJbHUX yMOBaxX eKCIUTyaTamii JyXe BaKIIUBI
EKCIIEPUMEHTAIbHI METOAM JOCHIKEHb, SKi TO3BOJSAIOTH OTPUMATH HAMIWHI JaHI JJIs OLIHKH TEPMIiHY
CITy>KOHM MaIllMHA B YMOBAaX BHIIQJIKOBOTO 3MiHM yMOB [7, 12,13].

3a3BHyYaii CydacHi €KCIICPUMEHTH ITOBHHHI OJTHOYACHO PEECTPYBATH TaKi BEIMYHHY, K PyX, CHIIA, Yac,
TUCK, TeMIeparypa Ta iHIi napamerpd. ToMy IIMPOKO BUKOPHUCTOBYBaHa OaraTokaHalbHa iH(pOpMaLiiHO-
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BHUMIpIOBajbHa CHCTEMa MOXKE OTPHUMYBAaTH Ta 0OpOOATH iHGOPMAIIO Bil Pi3HMX MATYHUKIB y PEKUAMI
peabHOro yacy.

Hnst Toro, mo6 BU3HAYUTH JUHAMIYHE HABAaHTAXKEHHS, 110 T€HEPYETHCS B peallbHUX POOOUYHX YMOBAX
MalIMHH, PO3POOJICHO Ta BUTOTOBJICHO CICllialbHE BHMipIOBajdbHe oOnaaHaHHs [3,12,13], cranmapTHi Ta
MIPUPOIHI 3pa3Ku, a TaKOXK OONAIHAHHS ISl BUMPOOYBaHb HA 3arajlbHOMy oOmamHanHi (puc. 1). Takum
YHHOM, MOXKHA CKJIACTH TECTOBY MPOTpaMy JJisi BU3HAYCHHS JMHAMIYHUX MapaMeTpiB B HAWOUIBII THITOBHX
pobounx ymoBax. MeTol EKCIIEpUMEHTANBHOTO JOCTIKEHHSI B OCHOBHOMY pEali3yeThCs MUIIXOM
BCTAHOBJICHHS CIICIIAIGHOTO MWHAMOMETpPA, HAIpPHKIIAI, ITiJT OIMOPOI0 OCHOBHOI MacHW, Ha OCi XOI0BOI
YACTUHH Ta TiJI OMOPOIO IITOKA, HACOCA, CHIIOBOTO arperaTy, OOMpHUCKyBaya BEHTHISITOPA, aKCEIEPOMETPIB
kyToBux mBuakocter (AKI), akcenmepomerpiB mpuckopeHb (AlIl) B meHTpax Mac ceKmild, a TakKox
JMHAMOMETPUYHHX TAT IS C\I' MPUYEIiB, TUTYTIB, CIBAJIOK, TOWIO (pHcC. 2). BUMipsiHi 3HaYCHHS 3aITUCYOTHCS
B MaM'sITh MiKPOKOMII'FOTEpa, a MOTIM CHCTEMaTU3YIOThCS CTaTUCTHYHA 00po0Ka Ta pe3ynbraTh (Tabm. 3).

Monyns
KEpOBaHUX
TiICHITIOBAYIB, L Mopnynb - Mixkpo-
il Jukepen ATIL KOMII'I0Tep
i|  KUBIICHHS 1
i| KomyTaTOpiB J

u
Peectpyrounii 610k

K—)| InTepdeiic

5
&
=
=
=}
<

=

Pucynoxk 1. 3aranpHuii BUTIISII 1 TPUHIUIIOBA CXeMa YHIBEpCaIbHOI BUMIPIOBAHOT CUCTEMH /ISl TOCHiHKSHHS
HaBaHTAKCHOCTI MOOITHHIX MamuH [12, 13]

S e — ANHAMOMETPH 7

L

a)

Pucynok 2. Cxema po3MilieHHs JHHAMOMETPIB () i TeH30aT4uKiB (0) y TpakTopHoMy nipuderti 2[1TC -4
mozeni 887b (OAO “Mexannyeckuit 3apoj “Kanaunnckuii”) [12, 13]

Tabnuus 3. AMIUTITY M 3MIHHUX Hallpy:KeHb TPUMKO1 pamu npuuena tpakropHoro 2I1TC -4 (887h)

12,13
Ne AMIUTITYIM HANIPYKEHHb, MHEi }\4'9 AmmtiTyim HanpyxeHHb, MIla
Jatan | Makc. | Cepenm. Min. JaTan Makec. CepenH. MiH.
Ka Ka
1. <30 - - 10 98 57 33
2. 38 36 31 11 140 80 35
3. 43 32 30 12 105 52 24
4, 170 77 36 13 127 53 31
5. 118 61 39 14 98 54 26
6. 140 69 35 15 178 87 38
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117 58 37 16 390 380 360
161 70 38 17 360 340 310
84 49 31 18 <300 - -

BumankoBi BETHYHHN PEECTPYIOTHCS Ha JIa3epHOMY AMCKY (MOKJIMBO, HA CTPIYIli), a MOTIM IuQpoBi
JaHl BBOASTHCA B TIaM’ ATh KOMIT IOTepa, a Pe3yabTaTH CTATUCTUIHO OOpPOOISIOTHCS Ta CHCTEMAaTHU3YIOThCS B
HacTyIHOMY mopsiaky [7, 12,13]:
-BU3HAYUTH TPUYACTHHHI IWHAMIYHI XapaKTEepUCTUKW IMEBHUX OIMOp, OMOPHUX TOYOK, TAT Ta IHLIMX
HEOOXITHUX YaCTUH TPUTOYKOBOI I IBICKH TPAKTOPA;
-3TiJHO 3 PO3POOJCHUM MPOEKTOM, IPOBECTH KOMIUIEKCHE BUBYEHHS AMHAMIKM HAaBaHTAXEHHS CIOCOOOM
BUKOHAHHS MPOLIECY MAILIMHHO-TPAKTOPHOTO arperary;

-BU3HAYUTU (DAaKTUYHE HANPYKEHHS KOXXHOI KOHTPOJBbHOI YAaCTHMHM LUIAXOM HPAMOIO CKPIIUIEHHS
TEH30pE3UCTOpa, TUM CaMHUM BH3HAYAIOUM, YU AOCTATHHO 3HAUCHHSA aHAJi3y, OTpPUMAaHE BIANOBIAHO OO
METOAY;

-aHaJ3 Ta CTATHCTUYHA 00OpOOKa OTPMMAHHX PE3yibTATiB IS BU3HAYEHHS HOMIHAJIBFHOTO 3HAYCHHS
TUHAMIYHUX (DaKTOPIB JOCIIIKEHHS.

OTpumaHi CTaTUCTHYHI 1aHI MOXKYTb OYTH IPOaHANi30BaHi Ta JOCTIHKEHi 115l BU3HAUYCHHSI
CKJIaJIOBUX HAMPYKECHOTO CTaHy Ta XapakTepy HOro 3MiHHHX y 4aci (cepeHe 3HaUeHHS, MaKCHMaJbHE Ta
MiHIMaJbHE HAMPY>KEHHS, IX 4aCTOTa TOMIO) BiAIOBITHO O YMOB €KCILTyaTallii.

Ha nactymHoMy erami po3paxyHKy Oyke 3py4yHO aHamizyBatu Ta BuBuatu [1/[B xoHcTpykmii 3
neekraMd 'y BHOpaHOMY TEpeTHHI Ta BH3HAYaTH OCHOBHI XapaKTEPHCTHKH 3arajbHOTO Mepepizy
KOHCTPYKIIil IPOTH MUKIIYHUX eEKTiB 3a JOMOMOTOI0 €KCIIEPUMEHTIB.

OBI'OBOPEHHA PE3YJIBTATIB JOCJIAKEHb

CknazgHicTh po3poOKH CTaHJAPTIB JJIsl OIIIHKH MIIIHOCTI Ta MPOTHO3YBaHHS TEPMiHY CIIyKOU MOJsTae
TOJIOBHHM YHHOM Y Pi3HOMPO(DiIbHIX HaOOpax KOMITOHEHTIB WX KOHCTPYKIIH Ta AeTalsaX iX 3B’SI3Ky MK
co0or0. Taki KOHCTPYKIIil HEMPOCTO ONTUMI3yBaTH TaK SK BiJICYTHI MPAKTHYHI XapaKTEPUCTHKH TTEPi0UIHOT
neeKTHOi CTIHKOCTi, CIPUYMHEHOI CTPYKTYPHUMH 3MiHaMH MartepianiB B paiioHI IIBa BiJNOBIAHO IO
KOHKPETHHX TEXHOJIOT1H BUTOTOBJIEHHS (0COOIMBO CKIIaTHIX 3BAPHUX CTHKOBHX CTHKIB).

BrpoBamxkennst wmeromy (QopmynroBaHHS —KPUTEpiiB  OIIHKM  MIIHOCTI KOHCTPYKIII — Ta
MTPOTHO3YBaHHS CTPOKY CITY>KOM KOHCTPYKIIii CXeMaTHIHO 3/1IHCHIOETHCS B HACTYITHOMY Hopsaky [12, 13]:

1. BuBunTH nMHaMIiKy pO3BUTKY Je(EKTiB IPUPOJHUX EIEMEHTIB KOHCTPYKIIT (TaKuX SK PO3P1KEHICTD
Kapkaca).
2. OTpuMary aHaNITUYHY KOPEJSLII0 Opening-po3puBy pyHHYBaHHs, II0 BHKOPHCTOBYETBHCS [UIS

BU3HA4eHHs KoedimienTa inTeHcuBHOCTI HanpyxeHb (KIH), 6 - po3kputTs TpimuH.

3. BusHaunTH nedeKTHI XapaKTepUCTHKH METajIeBOl KOHCTPYKIIi.

4. [MoOynyBaTu niarpamu pyHHYBaHHS HATypHUX mNpoQiTiB, HANpUKiIa]. JOHXEPOHIB paM 3
MONIepEYMHAMH;

5. bepyun n0 yBarm OCOOJIMBOCTI CTPYKTYypH Ta 3MiHY BIIACTUBOCTEH MeTaly B IPOIECi PO3BUTKY
TpimUHA (MeXa MIITHOCTI TOMIO), OTPUMYIOTh 3AJIEKHICTh TPOTHO30BAHOI MIITHOCTI.

6. Bepyun mo yBarm 3aiMIIKOBE Hampy>KeHHS BiJl JOJATKOBOrO Koe(illieHTa CHIIHM, OTPUMAaEMO

TEOPETUYHY 3aJICKHICTh KPUTEPIiB OIIHKK JUIsl BU3HAYCHHS TOHKOCTIHHUX BiJJKPHUTHX 1 3aKPUTHUX

KOHTYPIB eJleMeHTa KOHCTPYKIIii; T0OyI0Ba EMITIPUYHOI aBTOMO/IEI ITO/1i0HOCTI.

BiamoBigHO 10 OTpUMaHUX I[apaMeTpiB, MPOBOAMTHCS MAIIMHHE KOHCTPYIOBAaHHS, BKIIIOYAIOYH
OCOOJIMBOCTI:

1. B33a€MO3B'30K MK IpoueaypaMu (popMyBaHHs Ta YATAHHS KPECIICHb;

2 METOJI €JIMHOTO TapaMeTpa JUIsl OTIUCY TeOMETPHIHUX 00’ €KTIB Ta iX 300pakeHb;

3. y IPOIIeCi AITOPUTMIYHOTO 3B’ SI3Ky iCHYIOTh OCHOBHI KaTeropii reOMeTpU4HuX Ta rpadiuHux 3a1ad.

4 Ony06nikyliTe onTUMi30BaHI HapameTpu A rpadidHoro moOyaoBu Ta copmyiite HabOip podounx

MMPOEKTHUX JOKYMEHTIB.

Buknazneni marepianu epeKTHBHO CIpaIIOBAIA TpU po3polIli HAWCKIAJHINIOI C/T TEXHIKH B
JMHAMIYHIA ITIOCTaHOBLI 3a/1a4.

BUCHOBKHA

Amnanitiaai pocmimkenHas HJIC cTpyKTypHHX elIeMEHTiB Bci€i KOHCTPYKIli 3 3actocyBaHHIM MKE
MOXyTh OyTH OCHOBHMMH €TallaMd KOMIUIEKCHOTO aHali3y TPUMKOI 3IaTHOCTI. YCHIIIHO 3aCTOCOBAHO
BJIOCKOHAJICHUN METOJ MiHiMi3amii MOTeHIiHHOiI eHeprii aedopmarii, mo namo moxumsicte mius T1JIB-
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MOJICITIOBAHHS MIITHUX KapKaciB 3 ypaXyBaHHSM YCiX THITIB HaBaHTOKCHHA. J[JI1 KOXXKHOTO KOMITOHEHTA Y
OaraToKpuTepiaTbHOMY TBEPHKEHHI pO3paXx0BaHO KOMIUICKCHUH 1HACKC HaBaHTAKCHHS.

Metoa (opmyBaHHs cTaHAAPTY Ui OLIHKH HECY4ol 34aTHOCTI Ta MPOTHO3YBaHHS TEPMiHY CIyXKOU

KOHCTPYKLii MOBMHEH OyTH pealli3oBaHui Y HACTYITHOMY HOPSIKY:

®OTPUMATH aHATITHYHY KOPEJIAIiio A BU3HaYeHHs KoedimieHTa inTeHcuBHOCTI HanpyxeHb (KIH) i
NeNbTa-pPO3KPUTTA TPIIMUH IS BIIKPUTHX Ta 3aMKHYTHX XOJOZHO(OPMOBaHWX 1 TapsdeKkaTaHux
TOHKOCTIHHUX MPOQiIiB;

euiTKO BH3HAuMTU 3anexHicte KIH s TpimmH, Mo yTBOPIOIOTHCS B 30HI BIUIMBY TEIUIOTH, SIKa €
(YHKLIEIO CTPYKTYpHOI KOHLEHTpalii Hampyrd, 3aJWIIKOBOTO 3BapIOBATBHOTO HANpPYKEHHS Ta
HEOIHOPITHOCTI 3BapIOBAILHUX MaTepiaiiB;

[Iomo oTpuMaHHWX pE3yNbTATiB, HECY4Ya KOHCTPYKIlS CHHTE3YEThCS NUIAXOM (OPMYBaHHS TaKol
MOJIeNIi TEepMiHY CHyKOHM, SKa TOBHICTIO ONUCYE NPOLECH, IO BiAOYBAIOThCS MiJA dYac poOOOTH
CLIBCBKOTOCTIOAAPCHKOI TEXHIKH.

OOxIeroBaHHS TIEBHUX KOHCTPYKIIHA (HANPHUKIA[ aBiaTopiB, aBTOMOOUTICTIB Ta IHIIMX MPOEKTHUX
opraHizaiiii MOOiTBHOTO MAaMIMHOOYAYBaHHs) 1 BHU3HAUCHHS iX HAIMpyKEHO — JIe(OPMIBHOTO CTaHy He
pamioHanbHO 1 ManoedekTuBHO. HalOinmpIn pamioHadbHUM Ta €()EKTHBHUM IPOLECOM € BH3HAYCHHS
peaNbHOI MUKITIYHOI HaBaHTaXKEHOCTI B OMopax ado KPIMICHHSIX KOHCTPYKTHBHOI CHCTEMH, 33 JOTIOMOTOIO
BCTAHOBJICHHSI CTICIIaJIbHAX BUMIPIOBATIBHUX MPUCTPOIB, 3 MAPaeIbHOK HAKIICHKOI0 TEH30PE3UCTOPIB JIHIIE
y KOHTpONbHHX TepeTnHax Lleii meron mMoxe He TUIBKHM MEPEHECTH OTPUMaHy EKCIEPHUMEHTalbHY 0asy
MaHuX (BUKOPHCTOBYIOUM PO3POOJEHHI alTOpPUTM Yy MWHAMIYHOMY Ta HENiHIMHOMY TOJaHHI 3aj1advi) Ha
CTPYKTYpPHY KOHCTPYKIIIIO, aJic TAKOX 1 HA aHAJOrOBOTO THITy MAIIWH. Y CKJIAJIHUX CHUTYAI[isIX MPOTHO3M
JIOBFOBIYHOCTI MOXYTh OyTHM HaJaHi IIIIXOM ONTHMI3alii poOOYMX pecypciB, a TakoXK MOJCpHi3alii Ta
BJIOCKOHAJICHHS] TAKUX KOHCTPYKIIiH.
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Y. Dziadykevych, O. Zakharchuk, P. Prohnii, M. Maiak, O. Shashkevych, Y. Koval. Search design
of vehicles in agro-industrial complex

The research of problems on estimation criteria development of reliability indicators and durability of
transport unibody constructions for agricultural production from the point of view of destruction mechanics
proceeding from factors of their initial defect in combination with field investigations under actual operating
conditions has been developed. It has been carried out the structural analysis of failures of vehicles which are
system components on observance of reliability of transport unibody constructions of wheeled vehicles.
Conceptual approaches of search design of construction frames of transport means in agrarian and industrial
complex with work resource forecasting are considered, efficiency at the decision of the specified analytical
and research and experimental and research problems is proved. A number of tests were performed to
determine the dynamic parameters in the most characteristic operating conditions of machines. The obtained
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statistical data, which allow, with the help of analytical studies, to determine the components of the stress
state and the nature of their change over time (average values, maximum and minimum stresses, their
frequency, etc.) in accordance with operating conditions. According to the obtained results, the synthesis of
load-bearing structures through the formation of such models of service life, which adequately describe the
processes occurring during the operation of agricultural machinery was conducted. This approach ensures the
transfer of the obtained experimental database (using the developed algorithms in the dynamic and nonlinear
formulation of problems) not only to the design of the structure, but also to the analog type of machines. It
provides, in combination, forecasting durability optimization of resources, and the modernization and
improvement of this type of structures.
Key words: search design, reliability, forecasting, resource, load, transport means.
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Jhyybkuti HaYioHaTbHUL MEXHIYHUL YHIgepcUmem

ABAPIMHICTD HA JIOPOI'AX YKPATHU: OYIKYBAHHSI, IO HECIIPABIUJIUCSI

Meroto fociimKeHHs y poOOTi cTaio BU3HaYCHHS (JaKTUYHHUX [TOKAa3HHUKIB CTAHy aBapiifHOCTI Ha BITYM3HIHUX
Joporax Ta ITOPIBHSHHA IX 3 OYIKYBaHMMH, II0 Oynm 3aTBepkeHi y Jlep)kaBHHMX IporpaMax ITJBHIIEHHS DiBHS
0e3meKkn JOPOXKHLOTO pyXy Ha mepionu 10 2016 i 2020 pokiB, a TakOK aHAJI3 OYiKYBaHUX MMOKA3HUKIB, HABEJACHUX Y
JepxxaBHiif mporpami IiABUIIEHHS PiBHS 0€3MeKH TOPOXKHBOIo pyXy Ha nepiox 1o 2023 poky.

CraH aBapiifHOCTI OIIHIOBAaBCS 32 TaKMMH IIOKa3HUKaMH, SIK KUTBKICTh 3arnOiuX 1 TpaBMoBaHux Ha 100 THC.
HaceJIeHHs (COUiaNnbHUM PU3HUK), KUIBKICTh 3arnOnux Ha 100 THC. TpaHCHOPTHHUX 3ac00iB (TPAHCIOPTHUH PHU3HK), a
TaKOXX TPbOMa MOKa3HUKAMH, L0 XapaKTEePHU3YIOTh TSXKKICTh MPUIOJM: KUIBKICTh 3aru6iaux Ha 100 mocTpaxganux Ta
KiIbKicTh 3aru0imx 1 TpaBMoBaHuX Ha 100 mopoxubo-TpancmoptHHX mnpurox (ATII). ¥V mpomeci gocmimkeHb
BU3HAYanucs (GaKTUYHI MOKa3HUKHU aBapiitHocTi B Ykpainiy 2015-2020 pokax. SIk Hacmigok Oysio BCTAaHOBIEHO, IO
(aKTUYHI MMOKA3HUKU COILIAIBHOTO i TPAHCIIOPTHOT'O PU3MKIB y IIi pOKM OyiH Tipiii 3a OYiKyBaHi i JIMIIE KiNBKICTH
3arn6anx BHachinok JTTI va 100 noctpaxanux Oyiaa MeHIIO0 abo 3HAXOMIACS Ha OMHOMY PiBHI.

[leBHE HEy3ro/PKEHHs 3aIUIaHOBAHUX OYIKYBAaHMX pPE3yJbTaTiB cCHOCTepiraeTecs y JlepkaBHii mporpami
TIiABUIIICHHS PiBHS O€3MEKH JOPOKHBOTO PyXy B YKpaiHi Ha nepiox 1o 2023 poky. SIKII0 MOPIBHATH YHCIa CYMIKHUAX
2020 i 2021 pokiB, TO OYIKyBaHi pe3yJbTaTH 3a TPhOMa IOKA3HUKAMH HEBHIIPABIAHO 3POCIH 1 JIMIIE KITBKICTBH
3arubmmx BHacmigok JTII Ha 100 moctpaxnamux y 2021 1 HacTymHUX pokax mependadaerbess MeHmomw. Llle Oinpra
HEY3TOJDKEHICTh CIOCTEPIraeThesi, KOMM TMOpiBHATH (akTtuuHi mokasHuku 2020 poky 3 ouikyBaHmMu 2021-T0;
MIPOTHO3YETHCS TipIlla CUTYyalis Ha YKPAiHCBKHUX AOpOrax HiX Ta, M0 € Yy HIHCHOCTi. AHAJIOTIYHO HEY3TOHKEHHIMHU
BUTJISIAI0TH JIBa HOBHX MOKa3HUKH, IO OLIHIOIOTH PiBEHb TSDKKOCTI HACHIJKIB MPHroJ — I¢ KUIbKICTh 3arvOimx i
TpaBMoBaHux Ha 100 JITII.

B Vkpaini cratuctika monao 3aruOeri 1 TpaBMyBaHHS JIIOZEH BHACIIIOK TOPOKHBO-TPAHCIOPTHUX MPUTOJ
3aJIMIIAETHCS JOCTATHBO BHCOKOIO, SIK JUISL €BPOINEHCHKOTO pPEerioHy. AHaji3 CTaHy aBapifHOCTI Ha BIiTYM3HSIHUX
noporax 3a 2015-2020 poku mokasas, IO 3a TPhOMa MOKa3HUKAMHU 3 YOTUPHOX JlepkaBHiI Mporpamu 3 MiJABUIICHHS
piBasa B/IP He Oynu BHKOHaHI, a 3aKiafeHi Ha MalOyTHE MOKa3HUKH aBapidHOCTI HE CHPUATHMYTH MOKPAIICHHIO
cutyanii y cdepi 3a0e3nedeHHs 6e31eKn JOPOKHBOTO PYXY.

KiouoBi cioBa: 0Oesnexka TOpPOKHBOTO PyXy, TPAHCHOPTHA CTpATeris, Nep>KaBHI MPOTpaMH, 3HIDKCHHS
aBapiifHOCTI, O4iKyBaHi TOKa3HUKH aBapiiHOCTI, (PaKTUYHI MOKA3HUKH aBapiHHOCTI.

BCTYII

[Ipobnema migBUIIeHHS OE3MEKH aBTOMOOIIBHOTO TPAHCHIOPTY € HA/JI3BHYAHHO BaXKIIMBOIO, OCKUIBKU
aBapiiHICTP Ha JOpOTax CYMPOBODKYETHCS 3HAYHMMHU 30MTKaMHU [UId e€KOHOMIKM Ykpainu. CorianbHo-
EKOHOMIYHI BTpatu (mpsiMi i MOOIYHI, MOB’s3aHi i3 THMYAacOBMM a00 TOBHMM NPUIMHEHHSIM TPYIOBOI
JISUTLHOCTI JIIOJMHU) Yepe3 JOPOKHbO-TPAHCIIOPTHI MpHUroau — 1e Maibke 70 MIIpIl TPHBEHb HA PiK, IO
CTaHOBHTH NPUOIN3HO 2% BaJOBOro BHYTPILIHBOTO MPOAYKTY [1].

CMepTHICTh BHACTIIOK J0poHBbO-TpaHcnopTHuX npurox (ITII) B YkpaiHi € 10CTaTHBO BHCOKOIO y
€BPOIEHCHKOMY PETiOHI, IO TaKOXX BHUKIHMKAE CTypOOBaHicTh. 3a ocTaHHI IIicTh pokiB (2015-2020 pp.) B
VYkpaini 3apeectpoBano 938,74 tuc. JATII, i3 Hux 156 Tuc. npuron BigOyiocs 3 MOCTPaKAAIUMHU, Y SKHX
3aruHyn0 21190 oci6 Ta TpaBMoBaHO Maiixke 195,5 THC. yuaCHHKIB JOPOKHBOTO pyxy [2].

Pazom 3 TiM, chepa 3abe3neueHHs Oe3neku A0poxHboro pyxy (B/IP) He 3anuminanacs mo3a yBarorw
Jiep KaBH TPOJIOBK POKIB HE3aJIEKHOCTI, 2 OCOOJIMBO OCTAaHHI JIECATh POKIB. byo cXBaneHo psil cTparteriii Ta
3aTBEp/PKEHO Kinbka JlepikaBHUX INporpaM, BUKOHAaHHS SIKUX 3a0e3rmedmno O JOCSTHEHHS KOHKPETHHX
OYIKyBaHUX PE3YJIbTATIB.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA IMPOBJIEMHU

20 >xoBtHs 2010 poxy KM Vkpainu Oyna cxBaneHa «TpancniopTHa crpaTerisi Ykpainu Ha mepiof 10
2020 poky», METOIO SIKOi CTaJl0 BU3HAYEHHS KOHLENTYyaJIbHUX 3acal GOpMYyBaHHS Ta peaizalil JepxKaBHOI
MONITHKH 10J0 3a0e3reueHHs CTa0lIbHOrO Ta eQEeKTHBHOTO (YHKI[IOHYBaHHS Tajy3i TPaHCIOPTY,
CTBOPEHHSI YMOB JJIsl COLIiaJIbHO-€KOHOMIYHOT'O PO3BHUTKY KpaiHH, MiJBUILEHHS KOHKYPEHTOCIIPOMOXHOCTI
HalliOHAJIILHOT €KOHOMIKH 1 PiBHS JKUTTS HacesneHHs [3].

VY JOKyMeHTi 3a3Hayasiocs, 10 MPIOPUTETAMHU PO3BHUTKY, 30KpEMa, aBTOMOOUILHOTO TPAHCIIOPTY €
MiZBHINCHHST OE3MEKH JOPOXXHBOTO PYXYy Ta €Heproe(eKTUBHOCTI ILISIXOM 3aTBEP/PKEHHsS Ta BUKOHAHHS
HepxaBHoi 1inpoBoi mporpamu mizBuiueHHs piBHs B/IP. Ilporpamoro mepeabauanocst 3HWKEHHS PiBHS
aBapiHOCTI Ta BaKKOCTI HACIIAKIB TOPOKHBO-TPAHCHOPTHUX MPUTO/, CTBOPEHHS Oe3MeuHNX 1 KoMQOPTHUX
YMOB pyXy TPaHCHOPTHHX 3ac00iB Ha BYIMYHO-IOPOKHIM Mepexi, a TaKoX YIOCKOHAJIECHHS CHCTEMH
JeP’KaBHOTO YIPaBIIiHHS 0€3MEKOI0 JOPOKHBOro pyxy Ha mepion 1o 2016 poky [4].
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BukoHaHHs mependadyeHuX 3aX0diB y MOBHOMY 00Cs31 Majio 0 HAOJU3UTH CTaH OC3MEKU TOPOKHBOTO
PyXy IO CEepeIHBOEBPOIEHCHKOTO PIBHS NIISXOM 3HIKCHHS IMOKA3HHKIB aBapiifHOCTI IIOAO COIIaIbHOTO
pu3uKy (3MEHIIEHHS KuUTbKOCTi 3aruOmux yHacmimok JTIT 3 11,1 go 7,5 wa 100 Tuc. HaceneHH:),
TPaHCHOPTHOTO PHU3UKY (3MEHIIEHHS KidbKocTi 3arubmux ynacmigok HTIT 3 35 mo 18 ma 100 Tmc.
TPaAHCTIOPTHUX 3ac00iB) 1 3HWKEeHHA TsHKKOCTI HachiakiB JATII (kimpKicTe 3arubianx yHACHIAOK TOPOKHBO-
TpancrmoptHux npurox Ha 100 moctpaxmamux) 3 15,3 mo 13,4 [2, 4]. OuikyBaHi pe3y/ibTaTH BHKOHAHHS
JeprkaBHOI HTBOBOI POrpaMy MiJBUILICHHS PiBHA O€3MEKH JOPOKHBOTO PyXy B YKpaiHi Ha nepiog mo 2016
poky y 2015 1 2016 pokax HaBeneni y Tadmuii 1 [4].

VY moromy 2017 poky Mi>KBiTOMYOI0 pOOOUO0 TPYIIO0 3 pehOpMyBaHHS JePKABHOI CUCTEMH OE3MEeKH
JIOPOXKHBOTO PyXy OYB 3alpONOHOBAHMIA 0 OOTOBOpPeHHS mpoekT CTpaTerii 3 miJBUICHHS pPiBHS Oe3NeKu
JTOPOXKHBOTO PyXy. IIpoeKkT po3polisBes Ha BUKOHAHHS MOJIOKEHD BUIIe3raaHux «TpaHcmopTHOT cTparterii
VYxpainu Ha niepiox 1o 2020 poky» Ta rpynHeBuX PexoMmeHaliil mapIaMeHTChKUX CIlyXaHb Ha TeMy: «CtaH
1 mepcreKTUBY 3a0e3neueHHs B YKpaiHi Oe3leku TOpoKHBOTO pyxy», cxBajeHux [loctaHoBoro BepxoBHoi
Panu Yxpainu Bix 13 kBitHsa 2016 poky [5].

Mertoro Crparerii cramo 3HWKeHHA piBHA cMmepTHOCcTi BHachimok JITII monaiimenme wHa 30% mo
2020 poxky, ctymnens Tspkkocti HacmigkiB JITII mns ygacHHKIB JOPOXKHBOTO PYXY Ta 3MEHIIEHHS COI[ialIbHO-
CKOHOMIYHHMX BTpaT YKpaiHH B IOPOXHBO-TPAHCHOPTHOI'O TPaBMAaTH3MYy, a TaKOX 3alpOBaKEHHS
e(eKTUBHOI CHUCTEMH YIpPaBIiHHS OE3MEKOI TOPOKHBOTO pPyXy s 3a0e3MeueHHS 3aXUCTy KUTTI Ta
3m0poB’st HaceneHHA. PosmopsypkenHsM KM Vkpaiam Bim 14 uwepBus 2017 p. Ned81-p Crparteris
MIIBUILICHHS PiBHS 0€3MeKH JOPOKHBOTO pyXy B YKpaiHi Ha nepion 1o 2020 poky Oyna cxBaieHa [6].

[Mizuime, IToctanoBoro KM VYkpainu Bim 25 xBitHa 2018 p. Ne 435 Oyma 3atBepmkeHa [lepxaBHa
nporpama MiJBUIICHHS PiBHS O€3MEKH TOPOKHBOTO pyXy B YKpaini Ha mepiox o 2020 poky [7]. Mertoro
nporpaMu mepeadadanocss 3HIKCHHS B YKpaiHi piBHS aBapiiHOCTI Ta CTYNEHS TSDKKOCTI HAcHiIKiB
JIOPOYKHBO-TPAHCIIOPTHHUX MPUTO/], HACAMIIEPE/] COLIATbHO-CKOHOMIYHHX, BIAMOBITHO JIO IiJICH, BU3HAUCHUX
Crpareriero MmIBUIIEHHS PiBHS O€3MEKH JOPOXKHBOTO pyxXy B YkpaiHi Ha mepiom a0 2020 poky Ta
I'enepanbHoro Acambneero OOH y pamkax Jlecatumitrs giit 3 6e3nekn mopoxkHaboro pyxy 2011-2020 pokis.
3okpema, 3HmkeHHs Ha 30% piBHS CMEPTHOCTI BHACTINOK JIOPOXHBO-TPAHCHIOPTHUX TPHUTON, & TaKOXK
CTBOPEHHS 0€3MeYHNX 1 KOM(POPTHUX YMOB yCIM Y4aCHUKAM JOPOKHBOTO PYXY.

[Tporpamoro 3ampoBajKyBaBCsS TAaKOXK JIOJaTKOBHUH IMOKa3HUK aBapiifHOCTI, BiJHECEHHH 110 TPyNH
COLIIAJILHOTO PHU3HMKY — KiBKICTh TPaBMOBAaHUX BHACIIZIOK JOPOXKHBO-TpaHCIOpTHUX npuroa Ha 100 Tuc.
HaceneHHs. O4iKyBaHi pe3ynbTaTu BUKOHaHHs [lep>kaBHOi nporpamu miaBuiieHHs piBHs BJIP B Ykpaini Ha
niepion 1o 2020 poky HaBeJieH] TakoX y Ta0mmii 1.

Tabmuus 1 — OdikyBaHi pe3ysibTaTv BUKOHaHHS Jlep:kaBHUX mporpam miasuiieHHs piBHs BJIP y
2015-2023 pokax [4, 7, 14]
HaiimenyBanns | HaliMmeHyBaHHS OKa3HUKIB 3Ha4yeHHs OYiKyBaHOI'O IOKAa3HUKA
3aBJaHHI BUKOHAHHS 3aBIaHHs 2015|2016 (2017|2018 |2019|2020|2021|2022|2023
KupkicTs 3aru0iimx BHACIII 0K
JOPOXKHBO-TPAHCTIOPTHUX

87| 75]|64* 65|50 40 113/10,1| 838

1. 3HMKeHHS MPUTOL
piBHs Ha 100 THc. HaceneHHs
COILIIATBHOTO KinbKicTh TpaBMOBaHUX
PHU3HUKY BHACITIZIOK JOPOKHBO-

- - - |69,4|64,7|60,0|119,3/106,1| 92,8
TPaHCHOPTHUX HPUTOJ

Ha 100 Trc. HacemeHHS
KinpkicTh 3arn0iamMx BHACTIAOK
JOPOKHBO-TPAHCTIOPTHUX

2. 3HMKEHHA
piBHs

TPAHCIODTHON MIPUTOJT 24,01 18,0 |14,0%| 19,9 | 18,8 | 18,2 | 34,1 | 30,3 | 26,5
p CH (;111( oro Ha 100 THC. TpaHCTTOPTHUX
PHSHIY 3ac00iB

KinpkicTh 3aru0aux BHACII 0K
JOPOKHBO-TPAHCIIOPTHUX
MIPUTOJT
Ha 100 nocTpaxkaamux

*QuikyBaHi noka3Huku 3a 2017 pik Oynu oTpuMaHi NUISIXOM MOOYIOBH JIIHIHHUX TPEH/IB 32 JaHUMH
2013-2016 pokiB HaBeneHux y JeprkaBHiii mporpami miaeuieHHs piBHs B/IP Ha nepiox 1o 2016 poky.
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3. 3MeHIIeHH S
TSDKKOCTI
Hacmiakis JITTI
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IIJII TA 3AJAYI JOCILIZKEHHSA

MeTo10 HOCTIIKEHHS CTal0 BU3HAUYCHHS (DaKTUIHHUX IMOKA3HUKIB CTaHY aBapiifHOCTI Ha BITYM3HSIHUX
Joporax Ta MOPiBHAHHA iX 3 OYiKyBaHUMH, 110 OyNu 3a3HaueHi y JlepkaBHUX mporpamax MiJIBUIIEHHS PiBHS
0e3MeKu TOPOXKHBOTrO pyxy Ha mepionu a0 2016 i 2020 pokiB, a TakoX aHai3 OYIKYBaHUX IOKA3HUKIB,
HaBeZleHHX y JleprkaBHiid Iporpami ImiIBUIIEHAS PiBHS 0€3MeKu JOPOKHBOTO PyXy Ha mepiof 1o 2023 poky.

PE3YJIBTATH JOCJILIKEHb

Henaprament [latpynbpnoi momimii YkpaiHu kokHOro poky myOnikye y Burisiai tabmuunp Excel
CTaTHCTUKY OpOkHBO-TpaHcmopTHUX npurof (ATII) 3a mepion 3 01 ciuns o 31 rpymus [1].

CratuctuyHi JaHi y perioHax YKpaiHU BiZOOpa)xaroThCsl y TAOMUIX 27 MO3UIISIME cepen sKux 24
obnacti, aBa micta (KuiB i Cimpeponons) i AP Kpum. Ilpucytas takox rpada «3aramom». [lounnaroun 3
2015 poky aBa pagku «AP Kpum» i «Cimdeporonsy 3amoBHIOIOTECS «HYJISAMW», 1€ y ABOX O0IacTAX —
Jonernpkii 1 Jlyranchkiid, 1aHi HABOJATHCS HETIOBHI, a JIAIIE 3, MAKOHTPOIBHUX YKpaiHi TEpUTOPIH.

ABapiiiHICTh Ha JOpOTax MOXE OI[IHIOBATHCS aOCOIOTHUMH, BiJHOCHUMH, MHUTOMHMH Ta 1HIIUMH
nmoka3HuKaMu. Jlo aOCOMIOTHHX MOKA3HUKIB BiJHOCATHCS 3arajibHa KUIBKICTH JIOPOXKHIX MPHUIOJ], KiJIbKICTh
3arubaux i TpaBMOBaHUX. /[0 BITHOCHHX TMOKAa3HUKIB 3apaXxOBYIOTh KiJBKICTh 3arHOJINX 1 TPABMOBAaHHUX HA
100 Tmc. HacenmeHHsI (COIialbHUN pPHU3WK), KiIbKicTh 3arnOmmx Ha 100 THC. TpaHCHOPTHHX 3aco0iB
(TpaHCTIOPTHUH PHU3UK), a TaKOX TMOKA3HHKH, IO XapakTepu3yroTb Baxkkicte JTII, 30kpema KijbKicTh
3arubmux Ha 100 mocTtpaxkmanmmx. /s momambImux AOCTIKeHh Oy BU3Ha4YeHI (aKTUYHI BiTHOCHI
MMOKA3HWKH Ta TIOKa3HUK BAXKKOCTI purof B Ykpaini 3a 2015-2020 poku. Pe3ynbraTi po3paxyHKiB HaBeIeHi
y Tadumii 2.

[Tix yac popmyBanHs TabnUI 2 YMCEIBHICTh HACEIECHHS 1 aBTOMOOINILHOTO MapKy Ykpainu 3 2015 1o
2020 poxm Opammcs, BimmoBigHO, 3 mkepen [8] 1 [9, 10, 11]. Cuix TakoX 3ayBa)XUTH, IO y JOCTYITHHX
JpKeperax HaBOJUTHCS CylepewinBa iH(opMallis Mpo YUCETbHICTh BITYM3HSIHOTO MapKy aBTOMOOLIB, TOMY
MOKa3HMK KibKOCTI 3arubnux Ha 100 THC. TpaHCIOPTHHUX 3ac00iB MOXKE BioOpa)kaTu HE 30BCIM peajbHUI
CTaH Ha BITYM3HIHUX Joporax [12].

Tabmuus 2 — BigHOCHI MOKa3HMKY 1 TOKa3HUKHU BakkocTi JITII

. 3aru6iux Ha TpaBMoBaHuX Ha 3arubaux Ha 100 THC. 3aru6yiux Ha
Pix .
100 Tuc. HaceneHHs 100 THuC. HaceneHHs TPAHCIIOPTHUX 3aC00iB 100 noctpaxxaanux
2015 9,36 73,90 27,73 11,24
2016 8,01 78,93 22,18 9,21
2017 8,10 81,81 23,64 9,00
2018 7,95 73,27 26,10 9,79
2019 8,24 78,12 25,90 9,54
2020 8,51 76,81 23,26 9,97

Jiis mpoBeneHHs MOpiBHAHHS Oynu moOymoBaHi rpadiku 3a JaHuMH Tadmuik 1 i 2, mo 300paxeHi Ha
pucynky 1. Anani3 rpadikiB 3acBiJuuB, 1110 3aIJIaHOBaHA KiHIIeBa MeTa JlepaBHUX Iporpam IiIBUIICHHS
pias BJIP nHa mepiox, sik qo 2016, Tak i g0 2020 poky 3amuinuiacsi HEIOCSHKHOIO (AuB. puc. 1, a; 0; B).
BuHATOK CTaHOBUTH JIHIE TAaKWH MMOKA3HUK, SIK KUTbKicTh 3arubnmx BHachigok JTII va 100 mocTpaxmanmx
ne (GakTU4HI NMOKa3HUKH B OCTaHHI TpW POKM Onm3bki g0 ouikyBaHMX (muB. puc. 1, r). OmgHak cruixa
3ayBaXUTH, MO Ii ykcha Oynu ampiopi 3asumieHi y JepxkaBHiit mporpami 2010 poky, TOMy OTpUMATH
MO3UTUBHHUN pe3yNbTar OyJI0 HE CKIIAIHO.

Binxopurosani [epxaBHoro nporpamoro y 2018 pomi y HanpsiMKy 30i1bIIeHHST PaKTHUIHI TOKA3HUKH
KirpKkocTi 3aru6nux BHacinok ATIT va 100 Trc. TpaHCTIOPTHUX 3ac00iB, HABITH MPH HEJOMIKAX MiJIPAXyHKY
aBTOMOOUILHOTO TIAPKY, NEpEBUIYIOTh ovikyBaHi Ha 31,2...37,8% (muB. puc. 1, B). Takum 4rHOM, aHAaIi3
cTaHy aBapiiiHOCTI Ha moporax Ykpainu y 2016-2020 pokax mokasas, II0 332 TPhOMa IOKAa3HUKaAMH 3
4oTHphoX [leprkaBHi mporpamu 3 mijsuiieHHs pias B/IP Ha kinens 2020 poky He Oyni BUKOHAHI.

21 xoBtHs 2020 poky Kabinmer MinicTpiB Ha 3acijanHi cxBanuB deproBy CTparteriro IiBHIICHHS
piBHS Oe3nekn TOopoXHBOro pyxy 1o 2024 poxy [13]. Mertoro ctparterii nepeadadanocs 3HMKEHHS PiBHS
CMEPTHOCTI BHACTIIOK JOPOKHBO-TPAHCIOPTHHUX Mpuro] moHaiimenme Ha 30% no 2024 poky, 3HIKEHHS
crynenss Tskkocti HacmiakiB JATII s y4acHUKIB JOPOXKHBOTO PyXy Ta 3MEHIICHHS COIiajbHO-
€KOHOMIYHHMX BTpaT BiJl IOPOXHbO-TPAHCHOPTHOTO TPaBMAaTHU3MY, @ TaKOX 3alpOBaPKEHHs e(PEeKTHBHOI
CHCTEMH YIpaBIiHHA OE3MEKOI0 JOPOKHBOTO PYyXy Ui 3a0e3MeUeHHs 3aXHCTy JKUTTA Ta 3I0pOB’A
HaCEeJICHHS.

Ha ocHoBi npuiinaToi crparerii 0yio po3podieHo 1 3aTtBepmkeHo y rpyani 2020 poky JlepkaBHYy
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MporpamMy MiABUIIECHHS PiBHS O€3MEKU TOPOKHBOTO PyXy B YKpaiHi Ha mepion 10 2023 poky, y sKiid Oyio
repepaxoBaHO 3aX0/d Ta OUiKyBaHi Pe3y/IbTaTH y pasi ii BukoHaHHs (auB. Tadi. 1) [14]. Haromicts, octanHi
BUKJIMKAIU TI€BHE 3AUBYBaHHs. SIKmo mopiBHATH yucna y Tabmuui 1 cymikaux 2020 i 2021 pokis, TO
O4iKyBaHI Pe3y/JbTaTH 3a MEPIIUMU TPhOMA MOKA3HUKAMHU 3POCIH 1 JIMIIEC KUTBKICTh 3arHOJIMX BHACIIIOK
TIOpOKHBO-TpaHCcOpTHUX mpurox Ha 100 moctpaxkmammx y 2021 1 HACTYymHHX pOKax IependadacTbes
MeHtIoro. e OibIa HeY3roKeHICTh CIIOCTEPIraeThesl, KoK MOpiBHATH (hakTruHi mokasauku 2020 poxy 3
ouikyBanuMu 2021-ro (auB. Tabmn. 1 i 2). [Ipornosyerscs (100 He cKa3aTH MUIAHYETHCS) Tiplia CUTYyaIlis Ha
YKpaTHChKUX JOPOTax, HiX Ta, M0 € y JIHCHOCTI.

Takox CcymepewIMBUMH BUTJISIIAIOTH JBA HOBHX TOKAa3HHWKH, IO OIHIOIOTh PIBEHb TKKOCTI
HACIiAKIB JOPOKHBO-TPAHCIIOPTHUX HPUTON — e KiIbKICTh 3arubimx i TpaBMoBanux Ha 100 TII. 3a
pPO3paxyHKaMU OCTaHHIX ITSITH POKIB iX (hakTWYHI 3HAYCHHS 3HAXOAATHCSA y MeXax, BiAMOBiAHO, 2,1...2,2 i
19,0...21,3, mo mocuTh JETKO MOXKHA Oyno BHUpaxyBaTH, omHak y 2021 pormi OYIKYIOTBCS YOMYChH
HEBUIPaBAaHO 3aBuILeHi pe3ynbrate 3,1 1 31,9 (auB. Tadm. 3).
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Pucynoxk 1 — IopiBHSHHS 04iKyBaHUX 1 PaKTHYHHMX BIAHOCHHUX IOKA3HUKIB aBapiMHOCTI: 8 — KiJIbKICTh
3aru6sux BHacminok JITII va 100 trc. HaceneHHs; 0 — KiTBbKICTh TpaBMoBaHuX BHacinok JTII Ha 100 Tuc.
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HaceJIeHHS; B — KIIbKicTh 3arn0nmx BHacHiAok JITII Ha 100 THc. TpaHCTIOPTHHX 3aC00iB; T — KUTBKICTh
3arubaux BHacHinok JTII #a 100 moctpaskmamux
Tabmuug 3 — @akTuyHi i 0YiKyBaHi MOKA3HUKHU PiBHS TSKKOCTI HACTIJIKIB AOPOKHBO-TPAHCTIOPTHUX
npuroJ 3a pokamu [14].

3HaueHHs
HaiimenyBan | HaliMeHyBaHHS TOKa3HHUKIB 3HaueHHS (PaKTHYHOTO TMOKa3HUKA O4iKyBaHOTO
HSI 3aBIaHHS BUKOHAHHS 3aBIaHHS TIOKa3HHUKA
2016 | 2017 | 2018 | 2019 | 2020 | 2021 |2022 |2023
KinbkicTh 3arubamx BHACTIOK
TOPOYKHBO-TPAHCIIOPTHUX MPUTO]]
SueHIeHH 22 | 21 | 22 | 22| 21| 31 |27 |24
PIBHA 100 10pOKHBO-TPAHCIIOPTHHUX
TSDKKOCTI
. MPUTO]T
HACITIIKIB P—
KinbKicTh TpPaBMOBaHUX
AOPOXHBO" BHACJIII0K JOPOXKHBO-
)T(prf;{;fggm“ TPAHCTIOPTHHX MPHTOJ Ha 212 | 21,3 | 206 | 20,4 | 19,0 | 31,9 |28,4 24,9
100 1opoXHBO-TPAHCHOPTHUX
[IPUTOJT

CkItagaeTsesl BpaKeHHS, 10 TaOJUIl OYiKyBaHUX MOKAa3HUKIB Juii [lepaBHOI TporpamMu IiIBUIIICHHAS
piBH: Oe3MeKu TOPOKHBOTO pyxy B YKpaiHi Ha nepiog no 2023 poky popMyBanacs y 3BOPOTHOMY MOPSIIIKY:
3HaueHHs 2020 poky npuiimanucs Ha 30% Oinpmmmu Big 3HadeHp 2023 poky. 3BUUAiHO, 32 TAKHX YMOB
Yyepro.a mporpama IiIBUIICHHS PiBH Oe3MeKH JOPOXKHBOTO PyXy MOXe OyTH BUKOHAHA.

[loniOHI BHCHOBKM MOXKHAa TaKOXX 3pOOHTH aHami3yroun HamioHanbHy TpaHCHOPTHY CTpaTeTiro
VYkpainu Ha nepiog Bxe 10 2030 poky, mo Oyna cxBaineHa posnopsmkeHHsM KM Ykpainu Bin 30 TpaBHs
2018 p. Ne430-p [15]. Buacninok 3ampoBaukeHHs cTpaTerii odikyeTbes 3MeHmenHs 10 2030 poky Ha 50%
piBHS cMepTHOCTI Ta KinbKocTi TpaBmoBanux y JATII va 100 Trc. HaceneHHs. [HmmMy cioBamu, SIKIIo OpaTtu
3a 0a3y 2017 pik, To uuciio 3arubaux Mmae ckianaté 4, a tpaBmoBanux 40-41 ocoba. Biache, 1ie mianu
2020 poxky, siki He OyJI1 BUKOHAHI 1 MEPeHECeH] Ha HACTYITHE IECATHIIITTS.

Pazom 3 TuM, BapTO BiA3HAYMTH, IO CUTYallis HA YKPAaiHCHKUX JOPOrax He HaWripiia y MOpiBHSHHI 3
iHmmMu KpaiHamu. BceecBiTHs opranizamis oxopoHu 3x0pos’s (BOO3) y 2018 pomi ckimama 4eproBuit
peituHr Kpain 3a cMeptHicTio y JTII. 3 1i€to METOI0 BOHM BHPaxyBald KUIBKICTH CMEPTEH B aBapisix Ha
100 TrCcsAY HaceneHHs 1, K HACTIIOK, TOCTaBMIM YKpainy 3 pe3ynbratoM 13,7 Ha 104 micue [16].

3rigHo 3 OTPUMAHUMH pe3yJbTaTaMM, MOKa3sHUK YKpaiHM CTaHOBUTHb Hacmpasai 7,95 cmeprel Ha
100 THCsSY HacelleHHs, TOMY YKpaiHy MOYKHA BITHECTH JI0 KpaiH 3 «HU3bKOIO» KuIbKicTio cMmepTer y ATII i
po3mictut ii y peiituary Ha 137 micui mix Jlutsoro (8,0) i Yropumuorw (7,8). [ipma curyaris, HiX B
VYxkpaini, y cycignix [ombmi — 9,7 cmepreii 1 125 micne, binopyci — 8,9 1 132; kpama B Uexii — 5,9 cmeprTi 1
149 wmicue, ®@pannii — 5,51 1 155, Himewuuuni — 4,1 i 162. Haiikpama cutyanist y 2018 pomi Oyna Ha
Manbaiax, ae Ha 100 THc. HaceneHHs npumagano 0,9 cMmepreit, BiamosigHO, 174 wmicie, Halripma — y
JliGepii —35,9 cmepreii i mepiie micrie y peiituary BOO3 [16].

MoxHa 3peIuToro BiTaTH NparHeHHs YKpainu gocsrtu nokazHukiB @PH nasiTe uepes 10 pokis, sxOu
He Oyno npukinany SAnowii. Y 2015 poui Ha ii goporax 3arunyno meHme 4 tucsd, a y 2020 porii 2839 ocib Ta
tpanmocs 320 tuc. ATII [17]. e mpu Tomy, mo HaceneHHs SmoHii craHom Ha 2020 pik CTaHOBHIIO
125,6 M MemikaHIiB, a Ha 1000 snoHwiB npumagae 591 aBromMoOLb. Sk 3a3Ha4YaeThCs y MOBiIOMIICHHI:
«...TMIBUIICHHST PiBHS O€3MEeKH Ha JIOpOrax CTaJl0 pPe3ylbTaToM pPOOOTH Ypsay 1 TMOB’S3aHUX 3 HUM
opraizailiif, a TaKOX 3yCHJIb KOXXHOT0 rpoMajissHuHa Amouiin [17].

OBI'OBOPEHHA PE3YJBTATIB JOCJIIAKEHHSA

YTpoIoBK OCTaHHIX JIecAaTh POKiB cdepa 3abe3nedeHHst Oe3MeKH IOPOKHBOr0 PyXy HE 3alUINaIacs
1032 yBaroko JEepiKaBy Mpo MO CBITYUTD PSJ] MPUHHATHX TIOKYMEHTIB, TIEpPENiK SKUX HaBEJCHO Y TaONuIli 4.

Tabnuus 4 — Ilepernik JOKyMEHTIB IPUHHATHX, B YKpaiHi 3 MeTolo minBuiieHHs pisag 5P
JaTta npuiHATTA Ha3Ba nokymeHra

Kosrens 2010 p. | TpancnoprtHa cTpareris Ykpainu Ha niepioa 10 2020 poky
Kosrens 2010 p. | leprkaBHa mijTkOBa MpoTpama IMiABHINCHHS PiBHSA OE3MEKH TOPOXKHBOTO pyxy a0 2016
POKY
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Ueprens 2017 p. | Ctpareris miaBUIICHHS piBHA O€3MEKH JOPOKHBOTO pyXy B YKpaini Ha mepiox a0 2020
POKY
Kgitens 2018 p. | [lepxaBHa mnporpama TMiIBHIINCHHS PiBHS OE3MEKH JTOPOXKHBOTO PyXy B YKpaiHi Ha
nepiof
10 2020 poky
Tpasenp 2018 p. | HarlionanpHa TpaHcmopTHa crparerist Ykpainu Ha niepioa 10 2030 poxy
Tpasens 2019 p. | [lnan 3axoniB Ha 2019-2021 poxkwu 3 peanizanii HamionansHOi TpaHCIIOPTHOT cTpaTerii Ha
repion
10 2030 poky
YKortenn 2020 p. | Ctpareris miaBUIICHHS PiBHS O€3MEeKH JOPOXKHBOTO pyXy 10 2024 poky
I'pynens 2020 p. | depxaBHa mporpama MiABHIICHHS pPIiBHA O€3MEKH IOPOXKHBOTO PyXy B YKpaini Ha
repion
10 2023 poky

OpHak TpOBEJEHHMH aHami3 TMOKa3aB, MI0 JOCATTH 3alUIAHOBAaHUX pe3yJbTaTiB, 3a OKPEMUM
BHKJIIOUEHHSAM, HE BJajoCsA. bBiabllle TOro, AUBHUM BUIJIAJA€ HEBIAMOBIAHICTE MK 3alljJaHOBAaHUMU
MMOKa3HWKaMH{ aBapiHOCTI 1 OTpUMaHUMH (PAaKTHIHUMH, KOIIM TEPIIi MEePEeBUILYIOTh OCTaHHI, IO TIOBEPTAE
piBEHb aBapiiHOCTI y JiepKaBi Ha KiJIbKa POKIB Ha3aj.

Oco6aHMBO 1€ TOMITHO Ha IpUKiIai SmoHii, e HaBMmaku OCTAaHHIMHU POKaMU CIIOCTEPIraeThes MPOrpec.
Taxk, B Ykpaini cranom Ha 01.01.2021 p. mpoxwusano 41,59 mia oci6, a Ha 1000 memrkaHIiB npunagano 245
nerkoBukH [8, 11]. HaTtomicTs, pe3ynbpraTit poOOTH YKpaiHCHKOTO YpsiAy, OB’ sI3aHUX 3 HAM OpraHi3aiiil Ta
KO)KHOTO YKpaiHIl 30Kpema, sIK BHAHO 3 aHalli3y BiIHOCHUX ITOKA3HUKIB aBapiiHOCTI, HECHIBMIpHI 3
SITIOHCHKHMH.

BUCHOBKHA

[Tonituka nepxaeu y chepi 3ade3neueHns bJIP B octaHHi AecaTh POKIB HE MpU3BEia J0 BiIIyTHUX
pe3yNmbTaTIB MIOI0 3HWKEHHS PIBHA aBapiHOCTI Ha BIiTYM3HSAHHUX noporax. llpuitasari Crparerii Ta, Ha ix
BUKOHAHHS, Jlep)kaBHI mporpamul TiABHUINEHHS piBHSA Oe3MeKd MOPOKHBOTO PyXy B YKpaiHi, cynsud 3a
pe3yibTaTaMi TPOBEACHOTO aHalizy, He Oyiau BuKOHaHI. @DakTHYHI TOKA3HWKH COI[IAJIBHOTO 1
TpaHcnopTHOro pu3ukiB y 2015-2020 pokax Oy TipIii 3a O4iKyBaHi i JIMIIE KUTBKICTh 3aru0IMX BHACIIIOK
JTII ma 100 mocTpaxkaanux Oyie MEHIIO abo 3HaXOoAuIacs Ha OJTHOMY PiBHI.

3anpoBa/KeHHs JBOX HOBHMX OYIKYBaHMX IOKA3HUKIB OLIHKHM PiBHsS Baxkkocti Haciiaki JTII Ha
2021-2023 pokH BHUKJIMKAIOTh NEBHE 3IUBYBAaHHS: YOMYCh iX 3HA4YCHHsS TiplIi 3a (akTH4YHI MOKa3HHKU
orpumani y 2016-2020 pokax. Tak caM0 AWBYIOTh HUISXH ITiJIBUIICHHS PiBHSA O€3MEKH JOPOKHBOTO PYXY,
3aknazaeHi y HanionanbHil TpancniopTHii crpaterii Ykpainu Ha nepiog 1o 2030 poky, 3a SIKOI0 OUYiKyeThCS
smeHIeHHst 10 2030 poky Ha 50% piBHA cMepTHOCTI Ta KiibkocTi TpaBmoBaHux y JTII ma 100 Twc.
HaceJIeHHs1. 3a cBO€r0 cyTTIo — Iie manu 2020 poky, 10 He OyJiM BUKOHAHI 1 MepeHeceHi Ha HACTYIIHI JIeCATh
POKIB.
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V.Kyshchun. The accident rate on Ukrainian roads: expectations that did not come true

The study aimed to determine the actual accidents' state indicators on domestic roads and compare
them with the expected, which were approved in the State programs to improve road safety for the periods up
to 2016 and 2020, as well as analysis of expected indicators given in the State program level of road safety
for the period up to 2023.

The state of the accident was assessed by such indicators as the number of dead and injured per 100
thousand population (social risk), the number of dead per 100 thousand vehicles (transport risk), as well as
three indicators that characterize the severity of the accident: the number of deaths per 100 injured and the
number of fatalities and injuries per 100 traffic accidents. In the process of research, were determined the
actual accident rates in Ukraine in 2015-2020. As a result, it was found that the actual indicators of social
and transport risks in these years were worse than expected except only the number of deaths due to road
accidents per 100 victims was less or was at the same level.

Some irrelevances between the planned expected results are observed in the State Program for
Improving Road Safety in Ukraine for the period up to 2023. If we compare the numbers of adjacent 2020
and 2021, the expected results on three indicators have increased unjustifiably and only the number of deaths
due to road accidents per 100 victims in 2021 and subsequent years is expected to be lower. An even greater
irrelevance is observed when comparing the actual figures for 2020 with the expected ones for 2021; the
Ukrainian roads' situation predicts to become worse than it is. Similarly irrelevant are the two new indicators
that assess the severity of the accidents' consequences - the number of dead and injured per 100 accidents.

In Ukraine, the statistics on the death and injury of people as a result of road traffic accidents remains
quite high, as for the European region. Analysis of the state of accidents on domestic roads for 2015-2020
showed that three out of four State road safety improving programs' indicators have not been implemented,
and the planned accident indicators will not help improve the situation in the field of road safety.

Keywords: road safety, transport strategy, state programs, accident reduction, expected accident rates,
actual accident rates.
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XapkiscbKkuil HAYIOHATLHULL ABMOMODOLIL-00PONCHIU YHIigepcumem

OIIHKA BINIMBY HACEJIEHUX ITYHKTIB HA IHTEHCUBHICTbD PYXY TPAHCIIOPTHHUX
INOTOKIB HA ABTOMOBUJIBHUX JTIOPOI'AX 3ATAJIBHOI'O KOPUCTYBAHHSA

PoGoTa mpucBsueHa po3poOni e@eKTHBHHX METOIB NPOTHO3YBaHHS IHTEHCHBHOCTI PyXy TPaHCIIOPTHHX
MIOTOKIB IMOGIM3Y HaceJIeHHX MYyHKTIB Pi3HHUX IPYI MOCENeHb. AHaII3 JITepaTypHUX PKepell IT0Ka3as, Mo po3podOka
TEXHIKO-eKOHOMIYHHX OOIPYHTYBAHb Ta IPOEKTIB Oy/IIBHUNTBA Ta PEKOHCTPYKIii aBTOMOOUIBHUX JIOPIr, (POpMyBaHHS
MIPOEKTIB OpraHi3amii JOPOXHBOTO PYXy IPYHTYETHCS Ha 3aKOHOMIPHOCTSAX (DOPMyBaHHS TPAHCIOPTHHX ITOTOKIB.
TouHicTh MPOTHO3YBaHHS IHTEHCHUBHOCTI TPAHCIIOPTHHUX ITOTOKIB MOXKE 3HAYHO 3HI)KYBATHUCH MOOJHM3Y BEIHKUX MICT,
L€ TOB'SI3aHO 3 0COOIMBOCTAMH (POPMYBaHHS BaHTAKHUX Ta MAcaXUPCHKUX MOTOKIB HA MigXOJaX A0 BEIUKHUX MICT,
BEJIMYMHA SIKAX 3pOCTa€ MO Mipi HaOmmwkeHHs [0 Micta. IlomyKk 3aieXHOCTI MiXK (AKTHYHHM 3HAYCHHSIM
IHTEHCHBHOCTI pyXy Ta MICIIeM BH3HAa4eHHs il BITHOCHO PO3TAIlyBaHHS AULIHKH IO LEHTPY MicTa (HAcelIeHOoro
MTyHKTY) JO3BOJISIE OIIIHUTH CTYIEHb BIUIMBY MICTa Ha i BeIHM4YHHY. Pe3ynpTar HOCTiIKEeHb MOJSATae B BCTAHOBIICHHI
MaTEeMaTHYHOTO OIUCY 3aJIOKHOCTI MK IHTEHCHBHICTIO TPaHCHOPTHHX IIOTOKIB 1 BIICTaHi J0 LEHTPY MicTa, KU
HaJlaHO Yy BUIJIS/I IEPETBOPEHHS 3 BUKOPHCTAHHSAM BiJICTaHi, SK OCHOBH, III0 MPUBOAUTE 10 30UIBIIEHHS 3B'I3KY MiXK
HuMH. TicHOTA 3B'SI3KY MK IHTEHCHUBHICTIO PyXy TPAaHCIIOPTHHX ITOTOKIB 1 BiICTAaHHIO J0 IIEHTPY MicTa BCTAHOBJICHA
HE TUIBKM JUIS BEJIMKUX MICT, a TaKoXX M CepelHiX i Maiuux MicT. BcraHoBieHHil B3a€MO3B'SI30K HOCHTH
MMOKAa3HUKOBHH XapakTep U BCIX TPYH MOCENEHb 3 PI3HOK YHCETBHICTIO HACENEHHS Ta MiATBEpIKYe BIUIMB
HACEJICHUX IYHKTIB Ha IHTEHCHUBHICTH PyXy TPAHCHOPTHUX HOTOKIB MOOMM3y HHX. JlOCHIIKEHHS MOKa3aiH, IO
pe3ysIbTaT OLIHKK BIUIMBY HACEJICHUX MYHKTIB Ha IHTCHCHBHICTh PYXY TPAHCIOPTHUX MOTOKIB 3 JOCTaTHBOI TOYHICTIO
OMHCYETHCS PETPECIHHUMH PIBHAHHAMH, B SKUX SK 3MiHHI BHCTYNAIOTh IMapaMETpH, SIKi XapaKTEepU3yIOTh HaceJeHi
IIyHKTH, @ caMe BiJaJeHICTh BiJ LEHTPY HACEICHOro ITyHKTY Ta YHCEIBHICTh HaceneHHs. CTaTUCTHYHA OLHKA
OTPUMaHHX MOJENEH CBIJUUTH TIPO JOIYCTHMICTh iX BHKOPHCTAHHS JUI TPOTHO3YBaHHS IHTEHCHBHOCTI
TPaHCIIOPTHHUX ITOTOKIB MTOONN3Y HACEIEHUX IYHKTIB.

KonrodoBi ciioBa: iHTEHCHBHICTh pyXy, TPaHCHOPTHHII NOTIK, CTYNEHb BIUIMBY, BiJICTaHb, KOPEJALIis, rpyna
HIOCEJICHb, YHCEIIbHICTh HACENICHHS, MOJIEIb.

BCTYII

B nanmii dac 30imbHOIyeThCS B3a€MOBIUIMB Ta B32€MO3B'A30K MiCTa 3 WOTO OTOYCHHSAM, SIKUH
XapaKTEePU3YEThCS THM, IO JUISHKA aBTOMOOUIBHUX A0pir (AJl) Ha miaxoaax 0 BEJIUKUX MICT BiIU4yBarOTh
MiBUIICHE TPAHCIIOPTHE HABAHTAXCHHS, SKE 30UTBIIYEThCS y Mipi HaONMXKEHHS IO MEXi MicTa.
Ocob6muBicTiO (hopMyBaHHS TPAHCIIOPTHUX MOTOKIB HAa WX TUISTHKAX BUKIMKAHO HASBHICTIO peKpeariifHux
30H, PO3MIpH SKUX 3aj]eXaTh Bijl BeIMYMHN MicTa. HasBHICT Takux 30H (GOpMye MasTHUKOBHH PYX, SIKHH
MOB'I3aHUI 3 TIEPECENCHHSAM MICBKHX JKHUTEINIB 32 MICTO, BHJl TPAHCIOPTY, SIKHH BHKOPHCTOBYETBHCS LIS
TIOI3JIOK Y MiCTO, BUKJIFOYHO JIETKOBUH, PiBEHb aBTOMOO1TI3aIliT Ii€] YaCTHHH HACEIICHHS, K IPaBHIIO, MOXKE
yIABiUl TEpEeBUIye cepeHii piBeHb aBTOMOOLmI3allii y perioHi. MasSTHUKOBHH pyX NPU3BOIUTH M0
HEPIBHOMIPHOCTI pyXy HPOTATOM JOOH B Pi3HMX HAIpSIMKax i BAHWKHEHHs 3aTOpiB y ToauHH mik. [lopsia 3
uuM, A/l Ha migxomax 10 BEIMKHUX MICT, SIK IPaBUJIO, € TUISHKaMU HalBaXXJIMBILIMX aBTOMAricTpaieil Hamoi
KpaiHu, [0 3B'SI3YIOTh HAWOUIBIN TPAHCIOPTHI BY3NMM Ta 3a0€3Me4ylOTh TPaH3WUTHI, B TOMY YHCIi
MiXKHapO/IHi, TPAHCTIOPTHI 3B'S3KH.

[IpornosyBanusa BenuuuHU iHTeHcHBHOCTI pyxy (IP) Tpancmopraux motokiB (TII) Ha migxomax mo
BEIIMKUX MICT CTBOPIOE OCHOBY I PO3POOKH TEXHIKO-€KOHOMIUYHUX OOIPYHTYBaHb OYJiBHHIITBA Ta
pexoHcTpykiii AJl, hopMyBaHHS MIPOEKTIB 3 opraHizaiii JOPOKHBOTO PYXy Ta MPOTHO3YBAHHS IOMUTY Ha
MepecyBaHHs, SIK MEIIKAHI[IB MPUJICTJIMX 30H 10 MIChKOT TEPUTOPIi TaK i JJIs MEIIKAHIIIB MiCTa.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMUA

Ha Benuuuny [P TII moxke BrutuBaTH 6araTo (pakTopiB, sIKi MOBUHHI OyTH HAIIPaBJICHI HA BU3HAYCHHS
podi 1 MicIs MicTa B CHCTEMI MIDKHApPOJTHHX, JEPKaBHUX 1 PEriOHANBHUX COIiajJbHO-€KOHOMIYHHUX,
KYJIETYPHO-ICTOPHYHHEX 1 iH. cepax. BaxxinmBum € xapaktep i 3MICT CUCTEMH PO3CETICHHS HACENEeHHS 1 MiCIb
mpaimi B 30HI BIUIMBY MicTa — HEHTPY 1 HOro OTO4YEHHs, piBeHb aBTOMOOLTI3aIlii HaceJleHHs i Horo
TPAHCIOPTHA PYXOMICTh, piBEHb PO3BUTKY TPaHCIIOPTHOI iH(pacTpykTypu Ta iH. YacTtuHa 1ux QaktopiB
BH3HAYa€ YMOBHO IOCTIHHY CKJIaJIOBY YacTKy 3aBaHTaXXCHHs aBTOMOOUILHHX JOpIr B OyJIHI JHI THXHS,
YacTUHA 3 HUX — 3MIHHY YacTKy, SIKa BU3HAYa€ThCsl HepiBHOMIpHicTIO [P mo ce3oHam poKy, AHSAM THKHS,
TOJIMHAM JJOOM Ta HanpsMKaM pyxy. Beramuuna [P macaxupchbKoro TpaHCIIOPTY 3aJIEKUTh BiJ IIJI MTOT3KH Ta
BH3HAYa€ BUOIp BHIY TpaHCHOPTY 1 Yacy moi3nku. Bemmumna IP BaHTa)XHOTO TPaHCIOPTY B 3HAYHOMY
CTYNEHI 3aJCKUTh Bil BUAY BaHTaXy, LIO0 BHOCUTb CYTTEBY HEBU3HAYCHICTH Yy MPOLECH iXHBOTO
(dbopMyBaHHS.
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B pobortax [1, 2, 3, 4] Bu3HaucHHS BenmmuuHU [P 3acHOBaHO Ha BHUKOPHUCTaHHI (PakTopiB, SKi
BpPaxOBYIOTh XapaKTEPUCTHUKH HACEICHHUX ITyHKTIB TaKi, sIK YHCEJbHICTh MEIIKAHINB HACEIICHUX ITyHKTIB Ta
ix amMmiHicTpaTMBHA 3HAYMMICTb, SIKa BU3HaUa€ MOOLNBHICTh HaceleHHs. [Ipy BU3HA4YEHHI KOPECTIOHICHIIN
MiXX HACEJICHUMH ITYHKTaMH BPaxOBYETHCS BiJICTaHb Ta 30HA BIUIMBY KOXKHOTO HaceleHoro myHKTy. Cepexn
y3araJbHEHNX TIIOKa3HWKIB BUKOPHUCTOBYETHCS PpIBEHb aBTOMOOLTI3AIll, eKCIUTyaTamiiHi MOKa3HUKA
BaHTQ)XHUX AaBTOMOOITIB 1 aBTOOYCIB Ta XapaKTEpHCTHKAa TEXHIYHOTO CTaHy MIUISHOK aBTOmopir. Yci
nepepaxoBaHi MOKAa3HUKU BU3HAYAIOTHCS SIK CepeliHi, a00 TaOnu4Hi (€TaJoHi), 10 CYTTEBO 3HIKYE TOUHICTb
nporao3yBaHHs [P mpu BimcyTHOCTI (hakTHUHMX 3HAYEHB, OTPUMATH OO0’ €KTHBHY OIIIHKY AKHX JaJeKo He
3aBXKAU MOXKIIMBO.

B migxoni [5] mporno3ne 3HaueHHs [P BM3HauaeThCs B 3alie)KHOCTI BiA CEpEeAHBOrO MOTOKY Ha
KOHKPETHIM IUISHIN 1 BiJcTaHi BiJ MicTa Ha OCHOBI perpeciiiHoi Moneni. MakcuManbHE 3pPOCTaHHS
IHTEHCHBHOCTI 0Oe3ImocepeqHb0 OUTT MicTa 3a MOIEIUTIO CKJIaJae MpHUOMW3HO 3 pas3u, xoda (GakThdHi
3HA4YEHHS MOXKYTh OyTH SIK 3HaUHO MEHIIMMH, TaK i HaBMaKH, 3HaYHO OinbimMu. Lle oOymoBieHe He TOCHTh
BUCOKHMM, IIOJO IiNieii MporHo3yBaHHs, KoedilieHTOM aeTepMiHalii, skui ckinagae jume 38,2 %.
[losicHeHHs HEOCTaTHHOI MPOTHOCTUYHOT MOMIIMBOCTI MOJIEINI TIONATAE Y HAABHOCTI 1HIMX (aKTOpiB, IO
3MIMCHIOIOTH BIUTUB Ha BeTHUHHY T11 B OKOJHIIAX MICT.

VY npuBeACHUX METOJIMKAX BPaXOBYETHCS 3aKOHOMIpPHOCTI popmyBanHs Benuuuuu I[P TII Tinbku s
MasiTHUKOBOTO PyXy, ajleé He BPaXOBYIOThCS 3aKOHOMIPHOCTI (hOPMYBaHHS TPAH3UTHOTO Ta MIiCIIEBOTO PyXYy,
SIKUI BU3HAYAETHCS 3aTATBHUMU 00CSTaMU TIepeBe3eHb BAHTAXKIB Ta IMACAXKHPIB.

3rigao 3 [6] I[P Ha AJ] 3aranpHOTO KOPHUCTYBaHHS CYTTEBO 3aJIC)KHTh BiJ BiJICTaHI 10 LIEHTPY MicTa.
CraTUCTHYHI XapaKTePUCTHKH MOJECII € Jy>Ke BUCOKHUMH, IO MiATBEPDKYE 3aJICKHICTh iHTeHCHMBHOCTI TTI
BiJI BIJICTaHi JI0 EHTPY MicTa. J[1s1 oTpruMaHHS MOJeli BUKOPHUCTaHi AaHi BenwduHu [P nume marictpaisHIX
AJl 3aranbHOTO KOPHUCTYBaHHS, 10 MOTPeOy€ PO3LIMPEHHS Ha yBECh CIEKTP aBTOMOOUIBHUX JOpir Ha
HaI[IOHAJIbHOMY Ta perioHaJbHOMY piBHI. lle BoueBUAb MOTpeOyBaTHME 301IBIICHHS KiIBKOCTI (haKTOPHUX
O3HaK, IO 3/IHCHIOIOTH BIUTUB Ha BennunHy T1L.

Otpumani Mogem B poOoTi [7] HAO3BONHIM BpaxyBaTH XapaKTEPUCTHUKH HACEICHHWX IYHKTIB I
pI3HUX BHIIB TpPaHCIIOPTHUX 3aco0iB. 3 TOUYKY 30py CTYICHI BIUIMBY MicTa B 3aJIe)KHOCTI Bix Horo
MPUHAIISKHOCTI [0 TPYITH TOCEeHb, I BILUIMB MOXKE OyTH Pi3HUIA B KOXKHIN TpyIi, abo B3arai Horo Moxe
He OyTH 71 HEBEJIMKUX TOCENIeHb. BiAMoBiAHO 10 Takoi XapaKTEPUCTUKHU JOMUTFHO JOCITITUTH 3aJIeKHICTh
IP Binm BcTaHOBNEHHX (DAaKTOPIB LISl KOXKHOI TPYITH MTOCEJICHB /ISl BCTAHOBJICHHS X BIUTMBY Ha 11 BETUUWHY.

OIJIb TA 3AJAYI JOCJIAKEHHS

Mertoro nociiJUKeHHST € QopmMaiizamis MaTeMaTHYHOTO ONKCY BIUIMBY XapaKTEPHCTHK HACEIEHHX
MyHKTIB Ha IHTEHCHBHICTh PyXy TPAHCIOPTHUX MOTOKIB HAa MepeXi MIXHAPOJIHUX, HAIIOHANBHUX Ta
perioHaNbHUX JOPOTax 3arajJbHOTO KOPUCTYBAHHS AJIsl Pi3HUX TPYII MOceNeHb. [ JoCsSTHEHHS OCTaBIeHOT
METH BUPILIYBJINCh HACTYIHI 3aBJaHHS:

— BCTAHOBUTH B3a€MO3B'SI30K MK BEJTMUYMHOIO IHTEHCUBHOCTI PyXy Ta MiclieM ii BU3HAUY€HHsI BiTHOCHO
HACEJICHOTO MTyHKTY JJIsl BA3HAYCHHS CTYIICHIO BILUIUBY;

— BHUSBIICHHS (PaKTOPIB, 110 BIUIMBAIOTH HA BEIMUMHY IHTEHCHUBHOCTI PyXY JJIsl Pi3HUX TPYI MOCEJICHB;

— MaremarWyHa Qopmalizallis BIUIMBY IapaMeTpiB, sKi XapaKTepH3yIOTh HAacelleHI MyHKTH, Ha
IHTEHCUBHICTh PyXy TPAHCIOPTHUX IMOTOKIB Ha aBTOMOOUIRHUX JOPOTax 3aralbHOTO KOPHCTYBAHHS JUIS
PI3HUX TPYI MOCEJIEHb.

PE3YJIbTATHU JOCIIIKEHb

OuiHMTH BIUIMB MicTa Ta HOrO0 XapaKTePUCTHK MOXJIMBO Ha OCHOBI CTaTUCTUYHUX JaHUX
IHTEHCUBHOCTI TPAaHCHOPTHUX 3B's3kiB [8]. OJHUM 3 TOKa3HHWKIB, SKWUH XapakTepusye IHTCHCUBHICTh
TpaHcnoptHux 3B's3kiB, € [P TII. Bcranosuru B3aemo3s'ssok Mixk [P TII Ta, Hampuknaza, KiIBKICTO
MEIIKAHIIB HACEJICHUX IyHKTIB, MOXJHMBO 33 YMOBHM BHKOPHUCTaHHS HaHMUX MJS PI3HUX TPYH MICT.
Heo0xi1HOI0 yMOBOIO JUIsl BCTAHOBJICHHS B3a€MO3B's13Ky Mik IP TII ta Microm Takox moBuHHI OyTH naHi [P
TIl mo Mmepexi JOpir pIi3HUX KaTEropiid, JO SKUX TOBUHHI BiJTHOCHUTHCh HE TUILKA MIDKHApOJHI Ta
HalllOHAJIbHI aBTOMOOUIBHI JOPOTH 3arajiskHOr0 KOPUCTYBaHHS, a i perioHalbHi JIOPOTH, SIKi IEBHOIO MipOIO
XapaKTepU3YIOTh SIK IPUMIChKE CIIOyYCHHS TaK MAasTHUKOBHI PyX B HANIPSAMKY MiCTa Ta HaBIIAKH.

BaxxnBe 3HAUEHHS Mae XapakTepUCTUKA JUISHKY BU3HadeHHs [P, sika MoBMHHA MaTH TOYHI JjaHi Mpo
po3TamryBaHHA Miclisg 3amipy [P BiTHOCHO HaceleHOro MYHKTY, a caMe€ BiJICTaHb BiJi MexXi wmicta abo
aJIMIHICTPATHBHOTO UM 1CTOPUYHOTO LEHTPY MicTa. Y poOoTi [7] Branocs 3HalTH eeKTuBHE JorapudmiuHe
TIEPETBOPCHHS 3 BHUKOPHCTAHHSIM BiJICTAHI IO IEHTPY MicTa SK OCHOBH, IO NPHUBOJWUTH IO 30UIBIICHHS
KOpEJAIIHOTO 3B's13Ky MK (akTrnaauM 3HadeHHsM [P TII ta BimcranHiO:

N'=Log,N, 1

, 2021, Nel (16)




© Koumna A.A. 2021

ne L — BigcraHb MK IIEHTPOM HacelEHOro IyHKTY Ta MiciieM BusHaueHHs [P TII ma misHii
aBTOMOOLUTEHOT TOPOTH 3araJIbHOTO KOPUCTYBAHHS, KM;

N — ¢axrrane snauenns IP TI1, aBt./106;

N' — neperBopenns IP TII 3anexno Bix Bigcrani L.

[Tpu mocmimKeHHI pO3MISIIANUCH TUISHKK MOOJIM3Y HACEJIEHHX MYyHKTIB PalOHHOIO Ta O0JIACHOTO
3HAYCHHS 3 YACEIBHICTIO HaceJIeHHs OuThI 7 THC. oci0. [loTpeba B 3acTOCyBaHHI 3aIIPOITOHOBAHOTO TIiIXOIY
Ha TPUKJIAJ]l MICT JUIs Pi3HMX TPYI HACEJICHUX MYHKTIB HAJacTh MOXKIIUBICTh BU3HAYUTH HASBHICTH I[HOTO
3B'AI3KYy HE TIIBKM U1 BEJHMKHX MICT, a TakoX MAJs CepelHIX Ta MalluX HaceleHHWX IYHKTIB, sIKi He
BITHOCATBCA JO OOJIACHUX IIEHTPiB # MOXYTh He yTBOopioBath BIuMB Ha [P. ®daktnuni 3HaueHHS
IHTEHCHBHOCTi, OTPHUMaHi 3a JOMOMOTOI0 HATYpHHUX OOCTeXeHb, Oynn HamaHi JlepkaHUM areHTCTBOM
aBTOMOOUTEHUX Jopir Ykpainu. Ckiaj TpaHCIOPTHHX MOTOKIB Ha aBTOMOOIIBHUX AOpOrax 3araibHOTO
KOPHCTYBaHHS BKJIIO4Yae B cebe 9 kareropiit T3: merxomi, BaHTaXHi JIeTKi, BAHTKHI CepeqHi, BaHTaXHi
BaXKKi, aBTOOYCH CepeHi, aBTOOyCH BaXKKi, TATadi, aBTOMOI3IM, MOTOIMKIIN Ta iHII. TpaHCTIOPTHI TOTOKH
BU3HAYAIUCh MPOTATOM J00M Ha BU3HAYCHHMX MICIAX aBTOMOOLIBHOI JIOPOTH BiJMOBIHOI KaTeropii.
O6cTexxeHHS TPOBOAMIINCH AJISl Pi3HUX KaTeropiil JOpir, siki MaloTh pi3Hi XapakTepuCTHKH. Bigcrani Oymu
BH3HAYEHI MK NIJITHKOKO aBTOMOOUTBHOI moporu B Micti 11 Qikcarmii (BiACTaHp Bif MOYATKy BiIMOBiIHOT
Tpacw) Ta IeHTPY HAHOIMKYOTo MicTa A0 Ii€l NiTHKH. 3HAYeHHS BiCTaHe! 0yJI0 OTPUMAHO 3a JOITOMOT OO
cepiicy [9]. Y pe3ynbraTi Oysio oTpuMano 713 3HaueHs i 81 HACEIEHOTo MyHKTY Ha TEPUTOPIii YKpaiHu.

Ha pucynky 1 npencraBneHo kopensiiitHe 3anexsicts Mixk [P TII Ta L gns daxtuanux 3HaueHs [P
moOIM3y MICT BIATIOBITHO IO TPYITH TTOCETIEHb, SIKA MA€ He SICKPaBO BHPAKEHY IIUIBHICTh Ta HAIPABIEHICTh,
a TaKOXX MEPeTBOPEHUX 3HAUEHb 3TiIHO 3a1exHocTi (1) Ha sKil crocTepiraeTbest 30UIbIIEHHS IITBHOCTI Ta
HaTpaBJICHOCTI.

Bianosiano mo orpumanux N Ta po3paxosanux 3Hauenb N'Oyno BusHaueHO 3HaueHHS KOeDillieHTy
Kopenstii (Tadin. 1), sKkuil XxapakTepu3ye CTyleHb BIUIUBY BifacTadi L 1o meHTpy micta Ha Benuumny [P TIL.
[TinTBepmxeHHs 30iiblIeHHs 3B'13Ky M BenuunHamu N Ta L micnst mepeTBopeHHs 3rifHo 3anexHocTi (1)
Ha/Ia€ MOKJIUBICTD CTBEPXKYBaTH O BIUIMBI MicTa Ha Benuuuny [P TII quist pi3HUX Tpyn HaceJIeHUX MyHKTiB
Ta MOXKJIMBOCTI IPOTHO3YBaHHS i1 BEJIMYMHHM JUISl KOXKHOT TPYIH OKPEMO, BPAXOBYIOUH IO LIEH BILIHB MOXKE
Maty pi3HUH CTYIICHB.

Tabmusl — OniHka CTYTIEHIO BIUIMBY BiAICTaHI A0 MicTa Juid pi3HUX rpyn noceneds Ha [P TI1

YpcenbHicTs KinbkicTs JlinifiHuil KoedimieHT Kopensuii
I'pynu nocenenn HAaCeJICHHS, CIIOCTEPEKEHD, Bixcrans L, kM Ta Bigcrans L, xMm Ta
THC. OCi0 OZl. ¢daktryna N, aBT./100 | EPETBOPEHA N'
HaHBng§1m1 ITonazx 1000 89 041 0767
(kpymHiri)
3naynimi (kpynsi) | [Tonax 500 mo 1000 | 111 -0,47 -0,684
Benuki IMonax 250 o 500 | 182 -0,41 -0,683
. ITonax 100 mo 250 133 ) )
CepenHi Toran 50 10 100 0,41 0,69
Tlonanx 20 mo 50
Mauri Ionaz 10 mo 20 198 -0,24 0,607
Ho 10

MoxmBo cTBepAXyIOTh, 10 BenuuuHa [P TII Ha ginsgHKax aBTOMOOUTBHHX HOPIr MOOIM3Y MicT
BU3HAYAIOTHCS YUCICHHUMH (PaKTOPaMU 1 3aJIEKHOCTSIMH, SIK BHYTPIIIHBOTO, TAK 1 30BHIIIHBOTO XapaKTepy.

[Ipu Bu3HaueHHi ¢akropis, ski BruMBaioTh Ha [P TII Oymo obOpano mapamerpH, sIKi MOXKIIHBO
MOJIUTATH Ha JIBI TPYIH: TepIia — XapaKTepu3ye JOPOXKHI YMOBH, B SKHX 3fiicHIOEThCs pyx TII; apyra —
XapaKTePUCTUKM MICT (HAaceNeHUX IYHKTIB), sIKi 3HaXoAsAThCS moOim3y. Jlo mepuioi Tpymu MOMKIIUBO
BIJIHECTH:

— KUTBKICTh CMYT PyXy N, O1.;

— IIBUAKICTH pyXy Ha OUIsHLI fJoporu V, KM/Tox.;

— cepeHs iHTeHCUBHICTD pyxy N, aBT./m00.

o npyroi rpynu BiTHECEHO:

— YUCEJILHICTh HaceJeHHd P, ocio;
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— BIJIaJICHICTh BiJ] HACEJICHOTO MYHKTY l, KM.
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Pucynok 1 — Po3moiin iHTEHCUBHOCTI pyXy B 3aJIXKHOCTI BiJ] Bi/ICTaHi 10 IEHTPY HACEIEHOT'O MYHKTY
Pi3HUX TPYH MOCEeJIeHb: a — Hali3HauHilmi (KpymHimi) MicTa; 0 — 3HauHimI (KpYITHi) MicTa; B — BEJIMKI MicTa; T
— CepeNHi MiCTa; T — MaJli MicTa
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B pesymbrari pospaxynkiB mapamerpu N, V Ta n srigHo perpeciitHoro anamizy [10] Oymm
BHU3HAueHI, K (DaKTOpH SKi He 3MdiiCHIOTH Baromoro BiviuBy Ha IP TII. BiamoBigHo A0 pe3y/bTaTiB
PO3paxyHKiB Oyl OTpHUMaHHS MOJEII AJIs YCiX TPy MOCENEHb:

— Kpynnimi micta

N'= Log, N =1,7108 + 0,00004 - P + 22,969 % ; (2)
— KpymHi micta

N'= Log, N =1,535+ 0,00037 - P + 20,645 % ; 3)
— Benuki micta

N'= Log, N =1,644 +0,00023- P + 20,592-%; 4)
— Cepenni micra

N'= Log, N =1,624 +0,00018 - P + 20,768 % ; ()

— Maui micTa
N'= Log, N =1,462 +0,00288- P + 20,043-% : (6)

[Ticas po3pobku perpeciitanx momener (2) — (6) Oynma mpoBeJeHa CTaTUCTHYHA OIIHKA MOJIENEH.
Pesynbraru po3paxyHkiB HaBeCHI B TaOnuIi2. Pe3ynbTaTi JOCTIIKEHD MOKa3aJId, 10 MPU OLIHKH BIUIMBY
micrta Ha [P TII 3 ycix mocmimpkyBaHux (akTOpiB 3HAYMMHUMHU BUSBIIIACS TITBKY BiJIaleHICTh BiJ MicTa Ta
YHCENbHICTh HACEJICHHS, SKi XapaKTepU3yIOTh HACENCHUH IMyHKT. [Ipo 1e CBiTUUTh pO3paxyHKOBE 3HAYCHHS
kputepito  CThrofieHTa, sike Oiyblie TabIMYHOTrO 3HAueHHs. TiCHOTa 3BSI3KY MK 3aJIeKHOIO 3MiHHOIO 1
dakTOpamu, 10 BILTHBAIOTH Ha ii piBeHb, BU3HAUANACS KOS(illieHTOM MHOKXHUHHOI Kopesslii. Foro 3HaueHHs
CBIUATH TPO BUCOKHWHA CTYMiHb TICHOTH 3B'I3Ky MiX 3HaueHHsMHU mieperBopeHoi IP TII i BimiOpanumu
(akropamu. O1liHKa aJIeKBATHOCTI pO3pO0JICHOI MOJIENi MPOBOAMUIACH 33 MMOKA3HUKOM CEPEIHbOT TOMUIIKU
anpoKcuMariii. [i 3HaueHHs BiAmoOBimae JIOTTyCTUMHM MEXKaM

Tabmuus 2 — Pe3ynpTaTH OIIHKKM MOJENEil BIUIMBY HAceNEHHX ITyHKTIB PI3HHX TpYyN MOCENCHb Ha
IHTEHCUBHICTh PYXY TPAHCIIOPTHUX MOTOKIB

SHaYEHHS
) C— ['pynu noceneHp
Haiizgaunint | 3HavHin Benuki Cepenni Mauti
(xpynHimm) | (xpymHi)
Koedimient MuoxunHOi kopesiii |0,966 0,984 0,984 0,992 0,983
KoedimieHt nerepminarii 0,935 0,969 0,968 0,983 0,967
CepeHs moxuOKa arnpoKcuMariii 0,234 0,241 0,233 0,309 0,356
Kpurepiit dimepa 618,17 1686,42 2751,63 3860,72 2841,63

PesynbTaty po3paxyHKiB BKa3yrOTh Ha 3HAYHO KPalliid pe3ysbTaT MiX IMapaMeTpamu MoJIeNeH, Mo
JI03BOJISIE 3pOOUTH BUCHOBOK O MOXKIIMBOCTI 3aCTOCYBaHHSI 3allPONIOHOBAHOTO MIIXOAY JUIsl TPOTHO3YBAHHSI
IP.

OBI'OBOPEHHS PE3YJIBTATIB JOCJJIIKEHHSA

BusHaueHi (akTopu 3rilHO eKCIepUMEHTAIBHUX JIOCHIKEHb, SIKi BIUTMBatOTh Ha Benuuuny [P TII
CBiAYaTh MpO JOLUIBHICTh BUKOPUCTAHHS XapaKTEPUCTHK HACEIIEHUX ITyHKTIB JUIsl IPOTHO3YBAHHS BEJTMYMHH
IP TII. 3acrocyBaHHSI 3allpONOHOBAaHOI METOOWKH AOLIIBHO PO3MNIAAATH Ul MICT Pi3HOI KaTteropii, siki
MaloTh Pi3HY YHCEIbHICTh HACEJICHHS Ta MIAMOPSIKOBAHICTh (00aCHUN Ta PaOHHHUM LIEHTD).

BigmoBigHo 1o ortpumanmx wmopenedt 2 — 6 mua moxentoBaHHS I[P T3 HeoOXimHO BHKOHATH
MaTeMaTH4YHI NEepPeTBOPEHHs AJsl OTPUMAaHHA 3HAYCHHS BEJIMYMHM TPAHCHOPTHOTO MOTOKY. Sk OyIo
3a3HA4YEHO 3TiJTHO TEOPETHYHHX JOCIHI/DKEHb JUIsl OTpUMaHHs BenwdymHU [P mepexin 1o 3MojenboBaHOTO
3Ha"eHHS N MOKIIMBO 3a JIOITOMOTOI0 MaTeMaTHIHOTO BUPA3y ITi€l BEJTMYHHHM 3T1THO OTPUMAHOI perpeciiuoi
MOJIeNIi BPaxOBYIOUM NapamMeTpu MOAENI, SKi BHUSBWINCH 3HAYUMHUMH 3TiJHO PErpeciiHoOro asamisy.
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BiamoBigHO MO mBOTO IS OTPUMAHHS 3MOJeTh0BaHOi BenmnmumHa N I pi3HHX TPYIT HACEICHHWX ITyHKTIB
OyJie MaTh HACTYITHWIA BUTJISLI;

— Kpynnimi micta
(1,7108:0,00004P+22,969 ) LnL
N=e L (7
— Kpynni micta
(1,535+0,00037P+20,645) LnL
—e L (8)

— Benuki micra
(1,644+0,00023P+20,592%)LnL

N=e : 9)
— CepenHi micTa

(1,624#0,00018P+20,768%) LnL

. (10)
— Maui micta
(1,462+0,00288P+20,043%) LnL

N=e : (11)

B tabmumi 3 mpencraBieHi MakCHMaibHI Ta CepelHI 3HAUYEHHS PO3PaXyHKOBHX JAaHUX UL PI3HHUX
TpyII IOCENICHb.

Tabmuns 3 — PesynpraTtin MOAemOBaHHS iHTEHCUBHOCTI PYXY

I'pynu mocenens Benmmanna N o moneni, aBT./m06.
MaxkcumanbHa Cepenns MinimanbHa

Haii3naynimi (kpymHini) 23697 10828 6589

3HayHimm (KpyITHi) 20957 9035 4165

Bemuki 14783 6245 4724

Cepenni 9182 5617 4924

Maui 8151 4293 2070

MaxkcuManbHe BiIXWJICHHS Ha OKpeMHUX IUIIHKax nepesuurye 20 %, 110 MOSICHIOETHCS BiAOBIAHOCTI
(aKTUYHUM JaHUX O 3aBAaHTAKEHHX JITHKAX Ha SKUX IPOIYCKHA 3/1aTHICTh MEHIII HIXK ITOTIK TPAaHCHOPTHHX
3aco0iB. Taki cutyallii He MOKYTh OyTH BpaxoBaHi IIPHU MO/JICIIIOBAHHI 3 BUKOPUCTAHHIM TiIbKH YHCEIbHOCTI
HaceneHHs. 111 mboro HeoOXiHO PO3MIMPEHHS MapaMeTpiB, Ki OyAyTh BpaXOBYBAaTH O0'€KTH TSKIHHS IS
TPAHCIIOPTHOTO TIOTOKY Ha pIiBHI MICIIEBUX OpraHiB YIPaBIiHHSA IIPH HAsBHOCTI OUIBII JeTambHOI
iHpOpMaIii.

He 3Bakatoun Ha 3HaYHI BiXWJICHHS Ha OKPEMHUX JUISHKAX 3arajibHa TeHjaeHis 3pocty IP mo mipi
HaOIIMKEHHS 10 MicTa Oyia OTpHMaHa I Pi3HUX KaTeropiil JIOpir Ha SKWUX pO3TAIIOBAaHI MicTa 3 Pi3HOIO
YHCEIIbHICTIO HACEJICHHS.

BUCHOBKH

B poGoti Oyno BHsBIEHO, IO HAa IHTEHCHUBHICTh PYXy TPAHCIIOPTHOTO MOTOKY Ha aBTOMOOIIBHHX
J0porax 3arajlbHOr0 KOPUCTYBAaHHs CYTTE€BO BIUIMBAE HASBHICTh HACEIEHUX MYHKTIB Ta 1X XapakTEPHUCTHKH,
ajle XapakTep LbOro 3B’S3KY € YK€ BHIIAJKOBUM Ta HE MOXe OyTu ommcaHuéi 0e3 e(eKTHBHOIO
NEepeTBOPEeHHs 3MiHHMX. JlOCHiKeHHsT MOKa3ajo, IO BIUIMB HACEIEHWX MYHKTIB Ha IHTEHCHUBHICTH PyXy
HaiO1b1 eheKTUBHO onucye JorapuMiduHe IepeTBOPEHHS 3 BUKOPUCTAHHSIM BiJICTaHI BiJ LEHTPY MicTa 3a
OCHOBOIO Ta 3 JIOCTATHLOIO TOYHICTIO OMUCYETHCS PErPECITHAM PIBHAHHSM, B SIKOMY SIK 3MiHHI BUCTYIAlOTh
XapaKTepUCTUKN HACENICHUX ITYHKTIB 3a BIJJIAJICHICTIO Ta YWCENBHICTIO HaceleHHS. TakoxX JOULIBHO
PO3TIIAJATH pPe3yiabTaT PErpeciiHoro aHaiizy Ajids KOXKHOI TIpyNH IIOCEeNeHb OKPEeMO MJisl BpaxyBaHHS
OOMEKEeHb 0 YHCEIbHOCTI HACEIEHHS, L0 J03BOJISIE OTPUMATH OinbII TOYHHMKA pe3ynbrar. CTaTHCTHYHA
OIIIHKa OTPUMAHHUX MOJIENIEH CBITYUTH MPO JOMYCTUMICTh IX BUKOPUCTAHHS JUIsl TIPOTHO3YBAHHS BEITUUUHH
TPAHCHOPTHUX MOTOKIB MPH PO3POOKH TEXHIKO-€KOHOMIYHOTO OOIPYHTYBaHHS Ta MPOEKTiB OyIiBHUIITBA Ta
PEKOHCTPYKILIi aBTOMOOITBHUX J10Opir, POpMYyBaHHS MPOEKTiB OpraHizauii JOPOKHBOTO PyXY.
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A. Kochina. Assessment of the influence of settlements on the intensity of traffic flows on public
roads of public use

The work is devoted to the development of effective methods for forecasting the traffic intensity of
transport flows near the settlements of different groups of settlements. The analysis of literature sources
showed that the development of feasibility studies and projects for the construction and reconstruction of
highways, the formation of projects for the organization of road traffic is based on the laws of formation of
traffic flows. The accuracy of forecasting the intensity of traffic flows can be significantly reduced near large
cities, this is due to the peculiarities of the formation of freight and passenger flows on the approaches to
large cities, the value of which increases as you approach the city. Finding the relationship between the
actual value of traffic intensity and the place of its determination in relation to the location of the site to the
city center (settlement) allows you to assess the degree of influence of the city on its value. The result of the
research is to establish a mathematical description of the relationship between the traffic intensity of
transport flows and the distance to the city center, which is provided in the form of a transformation using
distance as a basis, which increases the relationship between them. The closeness of the connection between
the traffic intensity of transport flows and the distance to the city center is established not only for large
cities, but also for medium and small cities. The established relationship is indicative of all groups of
settlements with different populations and confirms the impact of settlements on the intensity of traffic near
them. Studies have shown that the result of assessing the impact of settlements on the intensity of traffic
flows is described with sufficient accuracy by regression equations, in which the variables are parameters
that characterize settlements, namely the distance from the center of the settlement and population. Statistical
evaluation of the obtained models indicates the admissibility of their use to predict the intensity of traffic
flows near settlements.

Keywords: traffic intensity, traffic flow, degree of influence, distance, correlation, group of
settlements, population, model.
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'Hayionansnuii VHIgepcumem 800HO20 20CRO0APCMea ma npupoookopucmyeanns, Pisene, Ykpaina,
°T, EePHONINbCOKUL HAYIOHANbHUL meXHiuHul YyHieepcumem imeni leana Ilymos, Tepuonine, Yxpaina;

SKpusopisvkuii nayionanshuii ynisepcumem, Kpusuii Pie, Yipaina

AOC/HIZKEHHSI KOOPAUHOBAHOI'O YIIPABJIIHHSI TPAHCIIOPTHUMH TIOTOKAMH B
HEHTPAJIBHIN YACTHUHI MICTA

[IpoGuemu, moB’s13aHi 3 HOTIpIICHHSIM (QYHKIIIOHYBaHHS BYJIHYHO-JOPOXKHBEOI MEPEXi CYyTTEBO BIUIMBAIOTH Ha
po6OTy BCHOrO TPAHCIIOPTHOTO KOMIUIEKCY MicTa. 3aTpUMKH TPAHCIOPTY B IIPOLEC] PyXy, BUHUKHEHHS 3aTOpiB, SIKi
XapaKTepU3YIOThCS 30UIBIIEHHAM Yacy Ha NMEPEMILeHHS, OTIpIIeHHS TPAHCIIOPTHOTO OOCIYTOBYBAaHHS, ITiABUIICHHS
piBHS 3a0pyIHEHHS MICBKOTO CEpEeIOBHUINA BHACTIAOK 301MbLICHHS IUKIIUIMBUX BHKHUIIB 1 MiIBUILEHHSA PIBHA LIyMy,
3pOCTaHHS KIUTBKOCTI JOPOKHBO-TPAHCHOPTHHX MPUTOJA CBig4aTh HPO HEBIANOBIAHICTH MPOITYCKHOI 3IaTHOCTL
BYJIMYHO-IOPOKHBOT MEpeki MICT CydacHOMY piBHIO aBToMoOumi3amii. HaifOinpmi TpygHOmIi 3 pamioHaIbHOO
OpTraHi3alli€l0 JOPOKHBOIO PYXy BHHHKAIOTH Ha IEPEXPECTSAX BYIUIb, OCKIIBKH BOHH € «BY3bKHMH MICISIMH» Ha
BYJIMYHO-IOPOXKHIM Mepexki 3 Morisay eeKTHBHOTO Ta OE3MEYHOro 0OCITyroBYBaHHS TPAHCIIOPTHUX Ta MIMIOXiTHHUX
NMOTOKIB. JIysl ympaBimiHHA JOPOXHIM pyXOM Ha IIEpPeXpecTsX HaWdacTillle BHKOPHCTOBYIOTH CBITJIIO(OpHE
PETYIIOBaHHS, SIKE J1a€ 3MOTY IiJBUIIUTH OE3MEeKy TOPOKHBOTO PYXy, CKOPOTHTH 3aTPHMKH YYACHHUKIB JOPOXKHBOTO
PYXY, 3MCHILIUTH CHOKMBaHHS €HEPropecypciB Ta HETaTHBHUII BIUIMB Ha JTOBKIJUIA, IO, B CBOIO YEPry, Mae iCTOTHHUIA
BIUTMB SIKICTH XKHUTTS Y MiCTaX.

CTBOpIOIOYH YMOBH IS ONTHMi3alii poOOTH perybOBaHUX MEpeXpecTh MOTPIOHO BPaXxOBYBATH TEXHIUHUH
CTaH TPAHCHOPTHHUX 3ac00iB, CTaH JOPOKHBOTO TOKPUTTSA Ta TEXHI4HI 3acOOM PETryNIOBaHHS JOPOKHBOTO PYXY.
3MeHIIeHHsI BUTPAT 4acy Ha MepecyBaHHs, MiHIMi3alis (GiHAHCOBHX 1 MaTepialbHUX BUTPAT, 3a0e31edeHHsT Oe3IeKu
pyXy aBTOMOOULTIB 1 MiIIOXOAiB, KOM(OPT Ta 3pYyYHICTH IIPH IEPECyBaHHSAX € OCHOBHUMH BHMOTaMH 1O
(YHKLIIOHYBaHHS BYJIMYHO-IOPOXKHBOI Mepexi Ta TpaHCIOPTHOI iH(pacTpykTypu. B Oarathbox BHIajiKax,
IHTEHCHUBHICTh PYXy TPAaHCHOPTHHX 3acCO0IB IEPEBHIIY€e NPOIYCKHY 3AaTHICTh BYJINYHO-IOPOKHBOI Mepexi, ToMy
BOXJIMBUM € MUTAHHS MiIBUIICHHS ¢(peKTUBHOCTI ii (YHKIIOHYBaHHA i3 HAMEHIINMHU KalliTAIFHUMHA (iHAHCOBUMH
BUTpATaMH.

Y poOoTi pO3MIISTHYTO pe3yabTaTH IOCHIIKEHHS BIUIMBY KOOPAMHOBAHOTO YIPABIiHHS TPAHCIIOPTHHUMH
MMOTOKaMH B IEHTpalbHIA yacTWHI Micta PiBHE Ha 3HIDKEHHS TPAHCIOPTHHX 3aTPUMOK IPH TPOI3Ii MepexpecTb
TPaHCHOPTHUMHU 3aco0aMH Ta 3alpoONOHOBAHO TEXHIUHI PIMICHHS MO0 MiABHIICHHS OE3MEKH TOPOXKHBOTO PYXY
LIUIIXOM 00JIaJHaHHS MePeXPecTh JOAATKOBUMH TEXHIYHUMH 3aCO0aMH PEryJIIOBaHHS TOPOXKHBOTO PYXY.

KorouoBi ciioBa: iHTEHCHBHICTH TPAaHCIOPTHUX IIOTOKIB, CKJIAJl TPAHCIIOPTHOTO IIOTOKY, KOOpPIMHOBaHE
YIpaBIiHHS, MOTIK HACHUCHHSI, PEryJIbOBaHe ePEeXPecTs, LHUKJI CBITIO(POPHOTO PeryTIOBaHHS.

BCTYII

[NocriiiHe 3pocTaHHA KiNBKOCTI MIiCHKOTO TPAHCIOPTY HEMHUHYYE NPHU3BOJUTH JIO 30UTBIIEHHSM iX
3aTPUMOK Ha MEePEeXPEeCTsX JOPir, 301IbIIye TPAHCIIOPTHY BTOMITIOBAHICTh, HETaTHBHO BIUTMBAE HA JIOBKIJLISL.

[MokpamieHHs opraHizanii JOpOKHBOTO PyXy TPAHCHOPTHOI MepekKi MiCTa MOYKHA JOCSTTH IIUIIXOM
MEepepo3MoIiTy MPOMYCKHOI 3AaTHOCTI MEePeXpecTh, 3MEHIIEHHs 4acy 3aTPUMOK TPAHCIOPTY, MOKpPAaIIeHHS
PEKUMIB peryioBaHHS CBITIOQOpHHX 00’€kTiB. [lepcriekTHBHMM B 1BOMY IUIaHI € peaizallis
CBITIIO(OPHOTO PETyIIOBaHHS 32 IPUHIUIIOM «3€JICHOI XBUIIi» Ha MEPeXpecTsx Aopir. s koopJuHOBaHOTO
perymoBaHHs Micta PiBHE HEOOXiZHO IOCHIIAUTH IHTEHCHUBHICTb TPAHCHOPTHUX IOTOKIB Ta IX CKJan,
MPOMYCKHY 3/1aTHICTh NPOi3HOT YaCTUHH Ta PEKUMH POOOTH CBiTIIOPOpHOTO 00’ €KTA.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMU

AKTyanbpHICTE 1 HEOOXIAHICTb JOCHIIPKEHb PEXHUMIB CBITIOQOPHOrO MiATBEPAXKEHO OaraTbma
BITYM3HSHUMH 1 3aKOPJIOHHHUMH BUYCHUMHU.

Hocnigaukom O. M. I'punyHem [ 1] onrcaHo 3aJIeXKHICTD TOBKUHH YEPTH PYXOMOTO CKJIAyY Bijl piBHS
3aBaHTAKEHHS CMYT PyXY, BIUIMB CBITJIOOPHOTO PETYJIIOBAHHS HA 3aTPUMKY PyXY TPAaHCIOPTY 1 MOBEIIHKY
MIIIOXOIB.

Amnami3 JnitepaTypHux JoKepen [2-7] CBIIYUTH TPO HEIOUIBHICTh 3aCTOCYBaHHS CBITIO()OPHOTO
peryJoBaHHS BYJIMYHO-IOPOKHBOT MEPEkKi HIKUOTO PiBHS.

HeoOxignicTe 3acTOCYBaHHS HPUMYCOBOTO CBITJIOOPHOTO PETyJIIOBaHHS TPAaHCIOPTHHUX MOTOKIB
JeTanbHO onucano B «CucTemosnorii Ha TpancnopTi. OpraHizaliis J0pOXKHBOI0 pyxy» [6].

[Tpu 306inbIIeH] 1HTEHCHBHOCTI TPAHCIIOPTHUX ITOTOKIB 1 HAOJIMKEHI 3HaueHb, HaBeJeHUX y [6, §],
MO’KHA OpraHi3yBaTu pyX TPaHCIIOPTHHX 3acC00iB Uepe3 MepexpecTs B OJHOMY PiBHI TUTBKM 3aCTOCYBABILHU
CBITIIOGOpHE PEryITIOBaHHS.
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3anpornoHOBaHO METOAM BHU3HAYCHHS TPHBAJIOCTI (a3 CBITIO(OPHOTO PEryIIOBAHHS IUIIXOM OLIIHKH
JIOBXKHMHHU YepTy TPAHCIIOPTHUX 3ac00iB (TPAHCIOPTHUX 3aTPUMOK), sIKI BUHUKIN TIepel cTom-riHiero [11-
15].
HaykoBisimu T. Mercon Ta VY. Cmit [12] 3anpomoHOBaHO BH3HAYECHHS TPHBAJIOCTI LUKIY
CBITJIO(OPHOTO PETYIIOBAHHS 33 JOJATKOBOIO TPAHCHIOPTHOIO 3aTPHUMKOIO
Ty = 3600 36?02ik=1 o ’ (1
—2k=1(Nr1+N2) D
ne K — 1oaaTkoBa TpaHCIIOPTHA 3aTPUMKa KOXKHOTO TPAHCIIOPTHOTO 3aco0y B 4ep3i, C./aBT.;
N.1, N;, — IHTEHCHBHICTh PyXy TPAaHCIIOPTHHX 3aC001B 32 KOHMOIIKTHUMH HAIIpsIMaMH, 3B.0J1./TOJ,
i — KUIBKICTh ()a3 LMKy CBITIO(OPHOTO peryatoBaHHS.
[IpakTuune 3acrocyBaHHs (opmyau (1) oOMexeHe, OCKIIbKA BpPaXOBYHOTHCS TUIBKHA JOJATKOBI
3aTPUMKH.
3amnporronoBanuii Bedctepom [4, 14, 15] Merom BWU3HAYEHHS TPHUBAJIOCTI ITUKIIB CBITIIO(GOPHOTO
pEryJIoBaHHA BpPaxoOBY€ BHIIQJKOBHI MOPSIOK MPUOYTTS TPAHCIOPTHUX 3acO0iB A0 KOHTPOJIHOBAHOTO
mepexpecTs

Ty =355 @
i=171
ne T,, — cyMa MpOMiXKHHX TaKTiB, C.;
y; — ba3oBuii koediieHT i-Toi a3y peryntoBaHHS;
N — KUTBKICTh (ha3 MUKITY peryIroBaHHS.

B. B. T'inesmu [8], posrisimaB Moneni TPAHCHOPTHUX 3aTPUMOK Ha TEPEXpPEecTi 3 KOPCTKUMH
CBITIIOQOPHUMH IMKJIAMU. ABTOPOM JOCHIJPKEHO B3a€MO3B’S30K TPHBAJIOCTI CBITIO(MOPHOTO IHMKIY 3
TEXHIYHUM CTaH TPAHCIOPTHHUX 3acO0iB.

3HaueHHs cepeqHboi 3atpuMkn (d) HaiyacTime BU3HA4YaOTh 3a Gopmyioro (3), sika IPYHTYEThCS Ha
rinoTesi, Mo cepeqHs TPUBAIICTh 3aTPUMKH JOPIBHIOE MOJIOBUHI MEPioy MPOTATOM SIKOTO 3a00pOHEHO PyX
[8, 10, 11], ToOTO

d= ©)
ne T, — TpuBanicTh CBITIO(GOPHOTO LHUKILY, C.;
t,— TPUBAIIICTh O3BUILHOTO CUTHATY CBiTIIOdOpa, C.
[Tpu mocmimKeHHl 130bOBaHUX PETYIILOBAHUX MEPEXPECTh, MPUHAMAETHCSI, IO TPAHCTIOPTHI 3ac00u SIKi

npuOyBarOTh 10 HUX ONMHCYHOTHCS BUIAJKOBHM mpoliecoM. BebOcrep [11-15] 3ampomnonyBar opmyiy, sika
BpaxoOBY€ BUTIAIKOBU XapaKTep TPAHCIOPTHUX MOTOKIB

1

_ T@a-»? x? Tu)3.,.2+54
d= 2(1-1x) + 2N(1-x) 0,65 (NZ) x ’ (4)

Jie A — BITHOIIIGHHS TPUBAJIOCTI 3€JICHOTO CUTHAIY CBITIIO(hOpa 10 TPUBAIOCTI IHKITY;
X — CTYIIHb HACHYEHHS HANPSIMKY PYXY;
N — iHTEeHCHUBHICTh pyXy TPAHCIIOPTHUX 3aC0O0iB JOCIIHKYBAHOTO HAMPSIMKY, OJI./C.

Jlis ToKpalieHHs TPaHCHOPTHOI cHUTyarii MicTa HeoOXigHO TOCTiHHO pedopMyBaTH BYIWYHO-
JOPOXKHIO MEPESXKY 13 3POCTaHHSAM KIJBKOCTI TPAHCIOPTHUX 3aco0iB, 3a0e3MeYuTH YMOB IS
0€3MepelIKOJHOTO PYyXy TpoMajachkoro TpaHcmopty [8-15]. 3posymino, mo A MiCT 3 1CTOPUYHO
c(OPMOBaAHOIO BYJIMYHO-OPOKHBOI0 MEPEXKEI0, BPaXOBYBATH BCi 11l YUHHUKHU OJHOYACHO BAXKKO.

3a kpuTepiii onTuMizaii CBITIOQOPHOTO peryioBaHHs HaifyacTille MPUAMAIOTh CEPEIHIO 3aTPUMKY
TpaHCTIOPTHUX 3aco0iB mepen mepexpectaMm [8-15]. OTrpumanmii TOKa3HMK MOXHA 3aCTOCYBATH I
BU3HAYEHHsS] TEOMETPUYHUX MapaMeTpiB CMYT pyXy Iepel MepexpecTsiM, OLIHKH EKOJOTiYHOI CKIagoBOI
Tpancnopty [13], BU3HaYMTH eKOHOMIYHY e(heKTUBHICTh peasizoBanux 3axoxis [8, 10, 11].

EdexTuBHICTh CBITIO)OPHOTO peryntoBaHHS 3aJISKUTh BiJl BUOOPY OIIHOYHUX KPUTEPIIB, sKi OyIyTh
peartizoBaHi yepe3 BU3HAYCHHS TPUBAIOCTI UKy poOoTH cBitiodopis [1-10]. B sikocTi ouiHku npuilMaioTh
HIBUIKICTh PYXY TPaHCHOPTHOTO TMOTOKY, IOBKMHY UY€prd TPaHCIOPTHUX 3acO0iB IEpea IMepexpecTsi,
XapaKTePUCTUKH JIOPOKHBOT MEPEXKi, HaCOBI MapaMeTpH NPOi3ay MepexpecTsb.

MOKJIMBICTh PalliOHAIBLHO 3MIHIOBATH PEKUMH CBITJIIO(OPHOrO PEryIIOBaHHS BPaxOBYIOUYH JOPOKHIO
CHUTyallil0, € TOJIOBHOIO IEpeBaroio CBiTIO(GopHOi curHamizamii Haj IHIIMMH CIIOCOOaMHU PEryJIIOBaHHS
JOPOXKHBOTO PYXY.

OIJIb TA 3AJAYI JOCJITKEHHSA

ine poOoTH — OWiHKA BIUIMBY TEXHIYHUX 3ac00iB OpraHizauii ZOpOKHBOTO PyXy Ha peryJioBaHHS
IHTEHCUBHOCTI TPAaHCIOPTHHUX TOTOKIB BYJIHMYHO-IOPOKHBOI Mepeki. 3HMKEHHS TPAHCIOPTHHUX 3aTPHUMOK
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MOXKJIMBE 32 PaxXyHOK BBEJICHHS KOOPIMHOBAHOTO YIIPABIiHHS TPAHCIIOPTHUMH ITIOTOKAMH, 3 YPaXyBaHHIM iX
IHTEHCHUBHOCTI Ta CKJIay TPAHCIIOPTHOTO ITOTOKY.

KoopnunyBaHHs CBITIO()OPHOTO peryiaioBaHHS CIPHAE MiABUIIEHHIO IIBUAKOCTI MPOI3Ay CKIaTHHX
nepexpects, il cTabimizalii; cKkopouye 3yNMWHKH TPAaHCTIIOPTHHX 3acO0iB Mepen MepexpecTsiMH; BUPIBHIOE
TPaAHCIIOPTHI TIOTOKH; 3MEHIITY€ IIKiTUBI BUKAIH BiJ AisUTBHOCTI TPAHCIIOPTY B aTMocdepy.

PE3YJbTATHU JOCILKEHb

Micrto PiBHe po3TamioBaHe B 3axifHiii 4acTWUHI YKpaiHU — TOJOBHUK 00JacHMiA 1IeHTp PiBHEHCHKOT
00macTi. YncenpHICTh KUTEIIB MiCTa CTAHOBHUTH MOHAJ 246 THCAY TpH 3arajibHii miomi B 63 kM. 3aranbHa
MPOTSHKHICTh aBTOMOOITBHHUX Mopir PiBHeHCHKIH oOmacti ctaHoBHTh moHam 2009 kM, cepex sikux 372 kM
MIXKHApOJHOTO 3HAUCHHS. 3arajibHa KiUIbKICTh ByJIHIIb MicTa PiBHe ckianae 442 3 cyMapHOIO MPOTSKHICTIO 3
TBepauM MOoKpuTTs moHa g 300 kM. J{71st moBHOLIHHOTO (PYHKIIOHYBaHHSI BYJIMYHO-JOPOKHBOT Mepeska MicTa
nependadeHo 8 MocTiB Ta 4 nurIxonpoBoaH, monan 70 cBitinodopHux 00’exTiB. g 3abe3nedeHHss oTped
HACEJICHHsI y MEepecyBaHHIX MiCTOM (DYHKIIOHYye Mepeka aBToOycHoro (28 MapLipyTiB) i TpoieHOyCHOTO
cnoxydeHHs (10 MapipyTiB) i3 3arabHOIO KiJIBKICTh OJMHUIL PYXOMOT'0O CKiIany — 345.

B M. PiBae Oyno mpoBeneHO oOCTeXeHHS POOOTH CBITIOPOPHHUX OO’€KTIB Ta IHTEHCHBHOCTI PyXy
TPaHCHOPTHUX 3ac00iB Ha OCHOBHMX mepexpecTsix. Ckiaj TpaHCHOPTHUX IOTOKIB Ta iX IHTEHCHBHICTh
npeacTaBieHo Ha puc. 1-3.
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8) 2)
Tun TpaHCOPTHOrO 3ac00y B TPAHCIIOPTHOMY MOTOLL:

m JTerxosumit ® Asrobyc Micsiamt ® Asrobyc

W Banraxcnnt ® Tponeitbyc ¥ Benocymep

Pucynok 1 — Ckiiag TpaHCIIOPTHOTO MOTOKY (%) Ha MepexpecTsiX:
a) By1. [Ipocnekt Mupy — Bysn. Minkesuua; 6) Byn. CobopHa — Byi. B. HopHoBosa — Bys1. MinkeBuua;
B) ByJ1. CobopHa — ByJ1. Kusiruni Onbru — By, Kusizs Bonoaumupa; r) By CobopHa — Byi1. JlyOeHchka

9. 14 10,4 _ 14,26
\ / 0,5 | /
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6) 2)
Twun TpancnopTHOro 3acoby B TPAHCIIOPTHOMY TOTOLL:

m Jlerkosmmit ® Asrobyc Micsrani ® Astobyc

® Banraxcunt ® Tponeitbyc ® Benocimen

Pucynok 2 — Ckiaz TpaHCTIOPTHHUX MOTOKIB (%) Ha mepexpecTsx [Ipocriekr Mupy — Byn. HabGepexkna (a),
[pocnekt Mupy — By:. llleBuenka (6), [Ipocnekr Mupy — Byn. Cumona [leriropu (B) Ta [IpocniekT Mupy —
ByJ. MinkeBuua (T)
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Tun TpaHCIOPTHOTO 3ac00y B TPAHCTIOPTHOMY TOTOLL:
m Jlerxogmmt m Astobyc micerant u ArTobyc

B BaHTaxHmT B Tponeitbyc ¥ Benocimen

Pucynok 3 — Cxnag TpancnoptHux notokis (%) Ha ginsHkax Byauui Ilpocnexkt Mupy:

a) Bix nepexpects [Ipocrekt Mupy — Bysn. Habepexna no nepexpects [Ipocriekt Mupy — Bya. LlleBuenka;
0) Bix nepexpects [Ipocnekt Mupy — Byn. LlleBuenka no nepexpects [lpocnexkt Mupy — Byn. CuMona
[etmopu; B) Big nmepexpects [Ipocniekt Mupy — Byi. Cumona I[letmiopu no nepexpectst [Ipocniekt Mupy —
ByJI. MinkeBU9a

[HTEHCHBHOCTI TpaHCIIOPTHUX MOTOKIB HA JISHKAX MK MEPEXPecTIMHU CKIANal0Th BiAMOBIAHO: BYII.
[Ipocnekr Mupy — Byn. Minkesuua ckinazae 1850 aBt./ron; Byn. Cobopna — Bysn. B. HopHoBona — Byi.
Minkesuua cknagae 1931 aBr./ron.; Byn. Cobopua — Byn. Kusaruni Oneru — Byn. Kuszs Bomoxmmmpa
ckianae 1760 aBt./ron.; Byn. Co6opra — Byi. JlyOeHcbka ckianae 1728 aBr./ro.

HaiizaBantaxkxeHuil i mpoOJEeMHUH CTOCOBHO OpraHizalii JOpOXKHBOTO PyXy € MAUISHKH BYJIHIb
[Ipocnekty Mupy (mikpopaiion LlenTpanpHuii). Xo4a amifsiHKa 1 Mae OPOTSKHICTH B 1 KM, Bl Bynumi
Heb6ecnoi Cothi o Bynuui MinkeBuya, mpoTe HapaxoBye 5 nepexpects (puc. 4). Bynuiii Bka3aHoi AifsTHKH
3 ABOMa CMYraMd pyXy B KOXXKHOMY HamnpsiMKy. CBiTiodopHe peryiaroBaHHS 3AiHCHIOETHCS JIHMIIEC Ha
nepexpectsx Bynunb Hebecnoi Cotai — [Ipocniexkt Mupy, Byn. Habepexxna — [Ipocnexkt Mupy, Byn. CumoHna
[ermopu — IIpocnekr Mupy. [IBa iHmi HeperynsoBaHi mepexpects: Byn. llleBuenka — Ilpocnext Mupy,
ByJI. Minkesuua — [Ipocniekt Mupy. [Ipocniekt Mupy € napanensHum 10 Bysuili CoO0pHa, 1110 B CBOIO Yepry
PO3BaHTaXYy€ LIEHTPAIbHY YaCTUHY MiCTa BiJl TPAHCIIOPTHUX HOTOKIB.

OCHOBHE MpPHU3HAYEHHS KOOPAMHOBAHOTO PETrYIIOBAHHS CBITIOQOPHUMHU OO0’ €KTaMM MOJSrae y
0€3yIMMHHOMY TIPOI3/1i BCIX TPAHCIOPTHUX 3aCO0IB MariCTpajJibHUMH BYJHUIIMH 32 MPUHIMIIOM <«3€JICHOT
XBHWJI, TOOTO JOCSATAEThCS B3a€MOY3TOJKCHHS IIBHAKOCTI PyXy PYXOMOro ckiaay 3 (azaMu CHUTHANIB
CBITIIOQOPIB.

& ’.“‘4’:. }'f_f = '. z

Pucynoxk 4 — Cran oprahi3aui'1' zlopoxcﬂoro pyxy Ha ningHkax o Byi. [Ipocnekry Mupy

OnTUMaabHUR UK CHCTEMH CBITJIO()OPHOIO PEryiItOBaHHS 3 IHTEHCHBHICTIO MTOTOKY TPAHCIIOPTHHUX
3ac00iB 400-600 ox./rox. Ha cMyTy pyXy CTaHOBHTS [4, 6, 10]
- 3 1BO(pa3HUM PETYIIOBAHHAM

CYYACH! TEXHOAOM B MAUMHOSYAYBAHHI TA TRPAHCHAGOPT!, 2021, Nel (16) m
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2L
To=77, (®)
- 3 0aratoa3sHUM perymtOBaHHAM
1,5L+5
T, = 225, (6)

ne L — momkuHa mepexpecTs;
Y — dazoBuii kKoeDiIiEHT TePeXPECTSI.
KitouoBuM 1 HaWCKJIAIHIIIUM CTOCOBHO PETYJIFOBAaHHS BBAXKAETHCS IMEPEXPECTS 3 MaKCUMAIbHOIO
PO3PaxyHKOBOIO TPHBAIICTIO IMUKIY (BiH MPUHUMAETHCS 32 OCHOBY JUUIS PO3PaXyHKY IHIIMX TMEPEXPECTh).
TpuBaicTh OCHOBHHX TaKTiB TAKOTO IepexpecTs 00paxoByeThes 3a Gpopmyoro [4, 6, 10]

oes =35 (To = L) = 1. (7)

ae Yi.— dazosuii KoedilieHT;
Y — hazoBwmii koeiLieHT mepexpecTs.
MiHiManbHa pPO3pPaxyHKOBAa TPUBANICTH IO3BIIFHOTO 3€JIEHOTO CHUTHANY CBITIO(Opa HEOCHOBHHX
HaMpsSMKiB pyXy (BiIIOBiTHO, Y4ePBOHOTO — HA OCHOBHOMY) [4, 6, 10]

VYipT,
tipmin = % -1 (8)

ne Yyp — pazoBuit koedilieHT JO3BIIBHOIO CUTHAITY.
MaxkcruManbHa PO3paxyHKOBA TPUBAIICTh 3€JIEHOTO CUTHAY CBITIIO(Opa HE KIIFOUOBHX IIEPEXPECTh
tMmax = To — (t[[P.min + t[[l'[ + Z?:l tﬂi)' (9)
Z€ ty — TPUBAIICTE OCHOBHOTO TaKTy TPEThOI (hasm,
N — KUIBKICTH (ha3.

EdexTruBHICTF KOOPIMHOBAHOTO PETYIIOBAHHS JOCATAETHCS TP BiAcTaHi Mk mepexpectsmu 1o 700
METpiB, OCKUTBKM 30UTBIICHHS BiJICTaHI MPHU3BOIUTH A0 pO3Maay IOTOKY TPAHCHOPTHHX 3aco0iB 0
YEepPTrOBOT0 MEPEXPECTH.

Bincrani meperoniB Mmix mnepexpectsmu lIpocmekty Mupy — o 300 meTpiB: Bim mepexpects
[Ipocnektr Mupy — Byn. HaGepexna no Ilpocmekr Mupy — Byn. IlleBdyenka craHoBute 170 M; Bin
nepexpects [Ipocnexkt Mupy — Bya. llleBuenka mo IIpocnexkt Mupy — Byn. Cumona Iletmiopu cTaHOBUTH
290 m; Bix nepexpects [Ipocniekt Mupy — Byin. Cumona I[letnropu no nepexpects [Ipocnexkt Mupy — By
MinkeBrya ctaHOBUTH 270 MeTpiB.

[IpakTnuHo Ha Bcili mpoTspkHOCTI Bynuii [Ipocniekr Mupy croctepiraeThcsi BUCOKAa iHTEHCHBHICTh
PYXy TpaHCIIOPTHHX 3aco0iB, sIKa CHPUYMHSE TPAHCIOPTHI 3aTPUMKH 1 MOTpeOye Y3ro/pKeHHS poOOTH
cBiTIIOOopHOTO perymtoBanHs (Tadm. 1).

Tabmuns 1 — Po3mosin yacy B iy

Posmnoin yacy B 1uKi > o
= = s |E8
= = E i = e
Ne Ha3ssa g é = s 5 § 2 5 ” =i
nepexpecTs Z = 2 2 & S S = = S g
= F | 2| TE | R | &z | T |E |z
< = = = S
[Ipsmuit Hanpsim
1 | HaGepexxna | 11 0 12 14 29 14 60 0 0
2 | lleBuenka 25 9 26 14 43 14 60 8 5
3 | C. Iletmopu | 22 6 23 14 40 14 60 26 7
4 | MiukeBuya | 17 6 18 14 35 22 60 41 9
3BOPOTHIN HaNpsM
4 | MinkeBuua 19 0 18 14 35 22 60 41 0
3 | C. Iletmopu | 19 9 20 14 37 14 60 49 5
2 | llleBuenka 17 6 18 14 35 14 60 12 7
1 | HabGepexna | 17 6 18 14 35 14 60 24 9

«CTilKicTh» CBITJIIODOPHOTO KOOPIWHYBaHHS PyXy IE€PEXpecTh MOisrae y 3a0e3neueHHi €JHHOT
cBiToopHOi curHamizamii 3a OJHAKOBUMH BCTaHOBJIIEHMMH (a30BUMH 3CyBaMH 3 BpPaxyBaHHSIM
0CO0JIMBOCTEH TPaHCHMOPTHOTO MOTOKY (HEPIBHOMIPHOCTI PyXy TPaHCHOPTY, iX IMIBHIKOCTi, MOKJIHBOTO
BHIICPEHKCHHS, OOTOHIB, 3aBASKU PI3HOMY CKJIaay TPAHCIIOPTHHX 3aCO0IB y MOTOII, BIUTMBY JOPOKHIX YMOB
TOIIIO).
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B yHiBepcadbHHX CcHCTEMaX KOOPIUHOBAHOTO peryiaioBaHHA (a30BHH 3CYB U1 TIEpEXpecTh
CIIBCTaBHUM 3 BIACTAaHHIO MDK HHMH 1 IIBHUAKICTIO KOOPAWHAIII Ha KOXHOMY meperoni. Cucremu
KOOPJIMHOBAHOTO PETYJIIOBAHHS «3€JIcHA XBUJIS», X0Ua 1 OLIBII CKJIa/IHI anapaTHO, ajie BOHU e()eKTUBHIIIII.

B ocHoBi pexumiB poOOTH CBITIOGOpHUX O00’€KTIB UIi YMOB KOOPAMHOBAHOTO PETYNIOBaHHS
BHKOPHCTAHO TpPbOX (hazHe cBiTIO(OpHE perymroBaHHs. Pe3ynmpTaTel aHANITHYHHX OIIIHOK 3aTPHMOK B
MpsIMOMY Ta 3BOPOTHOMY HampsiMKax (06e3 KoopIuHarii Ta 3 KOOPAHMHAIIEK, IS KOKHOTO HAIPIMKY)
HaBEJCHO B TaOmIsx 2-3.

Tabmus 2 — AHamiTHYHA OIliHKA 3aTPUMOK (6€3 KooparHaIil

PiBens 3aBaHTa)KCHHS 3aTpumMka 6e3 PiBens 3aBaHTaKeHHSA 1| 3aTpuMKa 0e3

JUTS ICHYFOUWX IHKITiB KOOpPIHHAIIIT, C ONTUMANbHUAX ITUKIIB KOOpPAHHAIIIT, ¢
3= i 3= T = i = | E

= T = =

S . B = S . B = S = = S Bl &
o o © a, 1 o © a, 1 o © a, 1 o 9 a,
=N m o N M o =N Mm o) =N m o o
< = Q st < = O st < = Q ot < = Q st
Hanpsim = |52 > = |52 = = = 2 > =B8] 5
= T = = = = = F

IIpsiMuii Hanpsim

HaGepexna | 0,19 | O 0,16 | 8,2 0 7,9 0,20 0 0,16 | 5,6 0 5,3
Hlepyenka | 0,29 | 0O 0,16 | 8,1 0 9,0 0,31 0 0,17 | 6,1 0 6,1
IMetmopu | 0,26 | O 0,19 | 7,7 0 9,2 0,25 0 021 |51 0 8,1
Minkesuua | 020 | 0O 0,34 | 84 0 9,3 0,40 | 0,18 036 [208] 174 |115
3BOPOTHIN HAIPsIM
HabGepexna | 0,31 | O 0,16 | 94 0 7,9 0,33 0 0,16 | 6,7 0 5,3
Hleyenka | 0,27 | 0O 0,16 | 79 0 9,0 0,29 0 0,17 | 6,0 0 6,1
IMetmopu | 029 | O 0,19 | §1 0 9,2 0,27 0 021 | 54 0 8,1
Minkesuua | 039 | O 0,34 | 99 0 9,3 0,77 0 036 [340] 0 115

Tabmuis 3 — AHanmiTHYHA OIIHKA 3aTPUMOK (3 KOOPIWHAIIIET))

. . PiBeHb 3aBaHTa)KEHHS 3arpumMka 3
OnHakoBHH Yac B LUK, C. .
JUTSE KOOpAMHALI] KOOpJMHAIII€I0, C
E| 8| E| L8 | E | B
= = ] = = Y o = = IS =

|22 E| &|2%| 8| ¢8| ¥ | 28| & | E| 28| &

< E =] = st o T o 15 < E ] jast < E Q =
= FE s E|&E| 2|22 |FE| 25|58 &
=2 N = & = ¢ = =

[IpsiMuit HanpsiM
11 14 0 14 7 14 | 60 | 0,47 0,29 0,31 24 18,7 18,9
16 14 9 14 7 0 60 | 047 0,03 0,30 | 0,9 16,2 18,8
15 14 6 14 7 3 60 | 0,47 0,29 034 | 09 18,6 19,3
11 14 6 22 7 0 60 | 047 0,18 043 | 09 175 14,8
UYac 3arpumku 3a npsMuM Hampsimom| 111 9,5
3BOPOTHIH HANpPsIM

10 14 6 14 7 8 60 | 0,69 0 0,31 | 313 0 18,9
10 14 6 14 7 9 60 | 0,69 0 0,30 | 0,9 0 18,8
10 14 9 14 7 6 60 | 0,69 0,08 034 | 09 16,6 19,3
17 14 0 22 7 0 60 | 0,64 0 043 | 09 0 14,8
UYac 3aTpuMKH 33 3BOpOTHIM HanpsiMom| 7,91 7,3

OBI'OBOPEHHA PE3YJBTATIB JOCJJIIAKEHHSA

Buxinnumu ganumu ais noOyJOBH CHCTEMH CBITJIO(QOPHOTO PEryiiOBaHHs € OL[iHKa B PealbHOMY
Yyaci MPOIYCKHOI 37aTHOCTI TPAHCIIOPTHOTO TIOTOKY BYJIMYHO-JIOPOKHBOI MeEpexi 3 BpaxyBaHHSIM
3MOJIEIIEOBAHOI [IOBEIIHKH MIiIITOXO/IB.

3a kputepili onTuMizamii CBITIOQOPHOTO PEryNIOBaHHS NPUIMAETbCA MOKAa3HUK CEPEeIHbOT
TPaHCHOPTHOI 3aTpUMKHU (Pi3HULIS MiX (PAKTHYHUM YacoM MPOi3Ly PEryIbOBAaHOIO 1 HEPETYIbOBAaHOTO
TepexpecTsi).
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Sk oxuH i3 BapiaHTIB 3MEHIIEHHS TPAaHCIOPTHOI 3aTPUMKHU JOCATAETHCS MUITXOM KOOPAMHYBaHHS
CBITIIOQOPHOTO PEryIIIOBaHHS MEPEXPECTh 32 MPUHIIUTIOM «3€JICHOT XBHITI».

BUCHOBKH

JlieBUM 3aX0JI0M TOKpaIlleHHs] CUCTEMH OpraHi3aiiiii TIOPOKHBOTO PYXY JOCATAETHCS Y3TOJKCHHIM
pobotu cBiTIOGOPHUX 00 €KTIB 3aBISKH iX KOOPAWHYBAHHIO 3a MPHHIIAIIOM «3EJIEHOI XBWII» A
0e3MeperIKoTHOTO MPOi3ITy MePeXPecTs.

3anponoHOBaHO MPOEKT YJOCKOHaJeHHS pyxy Ha Bynumi IIpocmexkt Mupy B M. PiBHe. B xomi
00CTeXXEHHST JOPOXKHIX YMOB, IHTEHCHBHOCTI Ta CKJIaJy TPAHCIOPTHUX MOTOKIB, MPOBEICHNX aHATITHIHUX
PO3paxyHKIiB 3MOeNbOBaHE KOOPAMHOBAHE CBITIO(MOpHE pEryiioBaHHsS MUISHKH TepexpecTs lIpocmexty
Mupy.

JloUinbHICTh BIPOBA/PKCHHS 3aXOJIB € BHIIPABJaHUM, OCKIIbKA BOHU CHPUSIOTH 301IBIICHHIO
MIPOITYCKHOI 3aTHOCTI TPAHCTIOPTHUX 3ac00iB, 3MEHIYIOTh X HAKOMMYEHHS Ha TEPEeXPEecTsX y I SITh pasiB,
CKOPOYYIOTh Yac MpOi3ay MpOoOJIEMHUX IUISTHOK Y JBa pa3H, a TaKOX IMOKpamaTh SKOJIOTIYHY CUTYaIlil0 B
LEHTPaIbHIM YaCTHUHI MICTa.
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M. Krystopchuk, 1. Khitrov, O. Tson, O. Pochuzhevskiy. Research of coordinated management of
transport flows in the central part of the city.

Problems related to the deterioration of the functioning of the road network significantly affect the
operation of the entire transport complex of the city. Traffic delays, congestion, characterized by increased
travel time, deterioration of transport services, increased pollution of the urban environment due to increased
emissions and noise, an increase in the number of accidents indicate a mismatch of traffic capacity on the
road network of cities to the modern level of motorization. The greatest difficulties with the rational
organization of traffic arise at intersections, as they are "bottlenecks" in the road network in terms of efficient
and safe maintenance of traffic and pedestrian flows. To control traffic at intersections, traffic lights are most
often used, which can increase road safety, reduce delays, reduce energy consumption and negatively affect
the environment, which in turn has a significant impact on the quality of life in cities.

When creating conditions for optimizing the operation of regulated intersections, it is necessary to take
into account the technical condition of vehicles, the condition of the road surface and technical means of
traffic regulation. Reducing travel time, minimizing financial and material costs, ensuring the safety of cars
and pedestrians, comfort and convenience when traveling are the main requirements for the functioning of
the road network and transport infrastructure. In many cases, the intensity of traffic exceeds the capacity of
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the street and road network, so it is important to increase the efficiency of its operation with the lowest
capital costs.

The paper considers the results of the study of the impact of coordinated traffic management in the
central part of the city of Rivne on the reduction of traffic delays when passing intersections by vehicles and
offers technical solutions to improve road safety by equipping intersections with additional technical means
of traffic control.

Key words: traffic intensity, traffic flow composition, coordinated control, saturation flow, adjustable
intersection, traffic light control cycle.
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lsano-Dpankiscokill HayioHanbHUL MeXHIYHUL YHiBepcumem Hagmu i 2asy

INOKPALIEHHS EKOJIOITYHUX ITAPAMETPIB JMU3EJIBHUX JBUI'YHIB IIPH
IXHbOMY IEPEBEJEHHsI HA IIPOAYKTHU KOHBEPCII METAHOJY

CraTta copsMoBaHa Ha BHpIMIEHHS MpoOieMH KOHBepTalii iCHYIOYMX aBTOMOOUIBHHX JAU3EIBHHX
IBUTYHIB Ha Ta30Bi MaJUBa, SKi € OUIBLI JAEMIEBOI0 Ta EKOJIOTIYHOIO aJbTePHATHBOIO IM3EIBHOIO ITaluBa.
ByB ynmockoHameHWii MeTOJ WiIBUILEHHS CHEprii aJbTepHATUBHUX MaJuB. Po3risHyTa XiMiuHa CYTHICTh
MiBUIICHHS CHeprii MajuBa Ha OCHOBI HAayKOBHX IIOJIOKEHb TEPMOAWHAMIKH. B SKOCTI BHXIZHOTO IPOIYKTY
UL KOHBEPCIHHOTO Tpolecy 3AiHiCHEeHO BHOIp aJbTEepHATHBHOTO METAHOJBHOTO MajnBa, IO BpaxoBye HOro

co0iBapTiCTh, EKOJIOTIYHICTh Ta TeMIepaTypHi yMOBH. [IpoBeneHi pO3paxyHKH TIIOKa3ajly, IO TEIUIOBHI

eeKT BiJ CHATOBaHHI KOHBEPTOBaHIM cyMmimi mepeBUILye e(QeKT BiJ CHATIOBaHHSA Ti€l JX KiJIBKOCTI
HEKOHBEPTOBAaHOTO METaHONy. EHepris manMBa WiABMINYBaJdach 3a pPaxyHOK TEPMOXIMIYHOI pereHeparii
TEIUIOTH BiANpanbsoBaHUX Ta3iB. CTBOpeHa eKCIIEpUMEHTalbHAa YCTAaHOBKA JJsI JOCHI[DKEHHA  poOoTH
nepepoOIeHOro IU3eNBPHOTO JBHTYHa Ha NpPOAYKTax KoHBepcii MeraHomy. IIpoBeneHi excriepuMeHTaNbHI
JIOCHI/DKEHHSI E€KOJIOTIYHHX ITOKAa3HWKIB IHM3EJIBHOTO JBWTYHA, KU OyB mepeoOnagHaHmid Ha poOOTy Ha
MIPOIYKTaX KOHBepCil MeTaHONy. BUKOHaHI eKCIepuMEHTaNbHI [OCHIKEHHS IOKas3aid, INO MepeBeIeHHS
IU3ENbHAX JBUTYHIB Ha poOOTYy 3 BHKOPHUCTaHHSIM IPOAYKTIB KOHBepcii METaHONy € TEXHIYHO
OOrpyHTOBaHUM. 3HIDKEHHS BHTpPATU MAJMBa CYNPOBOKYBANOCS IIOJINIICHHSM EKOJOTIYHHX SKOCTEH IH3ens,
IO TIpalloe€ CHTBHO 3 TEPMOXIMIYHMM pPEaKTOPOM KOHBEpCii MeTaHOdy. Y 3alieKHOCTI B YacTOTH
oOepTaHHsA KOJIHYACTOTO Baly Ta HABAaHTAXCHHS HAa ABUTYH YTBOPEHHS OKCHIIB a30Ty Yy BiINpalbOBaHUX
razax 3HmkyBaiocs Ha 53-60 %, okcuay Byrmemro BimOyBamock B Mexax 52-62 %. 3 BpaxyBaHHSM TOTO,
mo 1iHa MeraHomy ckimagae go 20 % Big BapTOCTi AWM3ENBHOrO MANMBA, IEPEBEACHHS aBTOMOOLIBHUX
OU3eNIbHAX IBUTYHIB Ha POOOTY 3 BHKOPUCTAHHSIM IPOAYKTIB KOHBEpCii METaHOIy € JyKe BUT1THHM.

KonrouoBi cioBa: nu3enbHHil IBHTYH; albTepHATHBHE MNAJMBO; METHJIOBHH CIHPT; YTWIi3alis TEIIOTH;
BiJIIPanbOBaHi Ta3u;,; OKCHUAU a30Ty; BYIJICBOJHI.

BCTVYII

Bennka wyacTka aBTOMOOUTBHOTO Ta iHIIMX BWAIB TPAaHCIOPTY BHUKOPUCTOBYE JIW3ENbHI
nBurynd. lle BuMarae mpu poOOTI JBUTYHIB BEJIHUKHUX BHTpPAT JOPOTOro JM3EIbHOrO TNaiuBa 3
JOCUTHh ICTOTHUMH TOKa3HHKAMH TOKCHYHOCTI BIAMpAllbOBAHUX Tra3iB, TOMY OUYEBHJIHOI €
JOIIBHICTh TEPEX0oay Ha OLTBII  €KOJNIOTIYHI BHAWM  albTepHaTUBHMX manuB [1]. JIuzesnbHi
JBUTYHH MalOTh BEJIMKHH pecypc 1 1032 CYMHIBOM HaBiTh TICIs TOBHOTO  TPUIMHCHHS
BUIMYCKY HOBHUX JU3CJIIbHUX JIBUTYHIB, BXE BHIYIICHI JW3€NbHI JBUTYHH IIe JIOBCHHA Yac
OylyTb 3HaXOAWTHCH B ekciuryaTamii. Tomy Ha ocoOnMBY yBary 3aciyroBye mpoOiiema
MEPEeBEJICHHST ICHYIOUMX JAM3CIIbHUX CHJIOBMX TMPHUBOJIB HAa Ta30BI MajuBa, fAKi € OUIbII
JICIICBOI0 Ta EKOJIOTIYHOK abTEPHATUBOK JM3CIBHOIO MAJHBa.

AHAJII3 JIITEPATYPHUX JAHUX TA [NOCTAHOBKA TITPOBJEMUAU

KonBepramiss qu3ensHUX JBUTYHIB Ha Ta30MOTOPHE MAlIMBO MOXIMBA 32  PI3HUMH
cxemamu [2]. B 3aranpbHOMy, JW3CNbHHN JBUTYH MOKHA [epeoOaHaTH Ha Ta301d3eIbHUN
abo MmoHorazoBuit pexxumu (puc. 1). B jgaHmit uwac Bke € J00pe BIIOMOIO Ta JOCTATHBO
BIJIIPAIIbOBAHOI0 TEXHOJIOTIS IIEPEBEACHHS MAMU3CAbHMX JBUTYHIB Ha Ta30[U3CIbHUNA PEXKUM, KOJIU
OJTHOYACHO BHKOPUCTOBYEThCS IOAada sK Ta3y, TaK 1 JAW3NaiuBa. B 1bOMy BUNAAKY [0
ra3oBOro  MNaJMBa  TMOJNAEThCS  3amajbHa  J103a  JW3ETBHOIO  MaNWBa, SKa  BUPOOHUKAMHU
ra3oau3elbHUX CHUCTEM IIO3MIIOHYeThbcst B  Mexax 25-40 %, a B pealbHHX  yMOBax
exciutyaTamii  gocsrae 1 50 %. Ila TexHosoris pa3oM 3 ICBHUMM IepeBaraMd Mae 1 0Oararo
HemonikiB  [3], OAMH 3 TONOBHUX — 3aJMINAE€ThCS HEOOXiMHICT TMojaui JM3EIBHOTO TajKBa,
[0 TMOTIpIIye EKOHOMIYHY JOLIBHICT IepeoOsiaHaHHS.
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MepeBeneHHs amM3enbHOro ABuryHa
Ha rasomMoTopHe nasnmeo

MoHorasosum pexmm MazoaunsenbHUM pexmnm

3pioxeHa

nponaH-6yTaHoBa CyMmiLu MprpoaHui ras

CTucHyTUmM 3piopkeHnn
npupoaHun ras npupoaHun ras
Pucynok 1 - Hampsmku koHBepTamii IW3eIpHUX JBUTYHIB Ha Ta3

Hpyruii, TOKM 10 MeHm anpoOOBaHWI BapiaHT KOHBEpTAalii TU3ENbHAX [BHUTYHIB Ha
ra3oMOTOpHE MajJMBO — [I€ YHCTO Ta30BUH ab00 MOHOTa3oBHH pEXHM, 1€ KOHBEPTOBaHI
IU3eNbHI  JIBUTYHH JOJAaTKOBO OOJagHYIOThCS CHUCTEMaMH 3 ICKpOBHM 3amamioBaHHAM. OueBUIHO,

IO TMOJAaBaHHSA TIJIBKM YHCTOrO Ta3y ab00 MOHOTa30BHA pEKHM € OUIBII  BHIIJIHOMO
ANbTEPHATHBOI0 Ta30JM3ETBHOT0 pEeXHMY 3 BpaxyBaHHAM BIiJCYTHOCTI HEOOXimHOCTI mojadi
JIOpOroro  IU3eNbHOrO mHanuBa. JIM3embHMH JBUTYH 32 CBOEIO KOHCTPYKIIEID MOXe OyTn
nepeoONagHaHuil Isi poOOTH 3 ra3o0aJOHHUM OONaJHAHHAM SK Ha MeTaHi (Ha CTHUCHYTHH
abo 3pipKeHHil), Tak 1 Ha mnpomaH-Oyrani [4].

BuBuenHs gmocBimy 3apyOiKHHX 1  BITYM3HSHHUX  PO3pOOOK  CBiAYWTH, MO JU3ENbHI
IBUTYHW, SIKi KOHBEPTOBaHI B Ta30Bi, MalOTh BHCOKi TATOBO-IMHAMIYHI Ta EKOHOMIYHI
XapakTepUCTUKX, a 3a TOKa3HWKaMH EKOJIOTiYyHOi Oe3MeKH ICTOTHO TMepeBepIIyloTh 0a30Bi
nau3enbHi  aBuryHn  [5].

KouBeprailis  JU3ebHOrO JIBUI'YHA B MOHOra30BUiM, Ha BIOMIHY BiJg mepeoOiagHaHHs
OEH3WHOBMX JIBUTYHIB, BHMara€ CepWoO3HMX 3MiH B KOHCTpPyKii ©0a3oBoro mmsemst [8].
OcCKilbKM ~ M3eNbHUN  JIBUTYH € JBUTYHOM, 3alilMaHHS TajuBa B SKOMY 3JIHCHIOETBCS TpPHU
HarpiBaHHi BiJ CTHCHEHHS, TO CTaHAAPTHUH JWM3ENBbHUHA JBUTYH HE MOXE MpAIfoBaTH Ha
ra3oBOMy TaliMBi, TaKk $K Ta30MOTOpHE TMAJIMBO Ma€ ICTOTHO OibIl BUCOKY TeMIEpaTypy
3aiiMaHHS y TIOPiBHSHHI 3 Mu3eldbHUM majauBoM (Hampukian, amsnanuBo — 300-330 0C,
mpoman  — 466 °C), sxka He Moxe OyTH JOCATHYTa TpH  CTYHEHSX CTHCKY, IO
BUKOPUCTOBYIOTBCS B JHU3CIBHHUX JIBUTYHAX.

Jpyroro TpUYHHOIO, 3a SKOKW JM3eNbHUA JBHTYH HE 3MOXKE TpAIlloBaTH Ha Ta30BOMY
ManWBi € SBUINE JAeTOHamii — 1e BHOYXOmoAiOHe TOpiHHS TanWBa, SIKE BHUHUKAE TIPH BHUCOKIH
CTerieHl CTUCHEHHS. /[yl JW3enbHUX JBUTYHIB BHKOPHCTOBYIOTHCS CTYIiHb CTHCHEHHS TallMBO-
MOBITpsiHOT cymimm Bix 14 g0 22, a ra3oBuUil JIBUTYH IIOBMHEH MaTH CTYMiHb CTHUCKY [0 Bij

12 nmo 13 [7]. HeoOXimHO BIIMITUTH, IO 3MEHIICHHS CTENEHI CTUCKY Yy Iepeo0iaHaHuX

OU3eNbHUX JIBUTYHAaX, WI0 IHepeoOiagHyBaluCh B Ta30Bi, BHUKOHYEThCS, SK MPaBWiIoO, 3a
paxyHOK  pO3TOUYYBaHHsS  KaMepud  3ropsHHA B mopmHi  06a3oBoro  jmuzens.  OjHak
eKCHEpUMEHTaNbHI  JOCHiPKEHHS  TI0Ka3yloTb, IO HaBiTh HE3HauyHi 3MiHM (QopmMu  Kamep
3TOpPSIHHA B NOPIIHSAX MNPHU3BOAATH JIO 3HAYHMX 3MiH Yy TIpollecax TeIuIorazoMacooOMiHy Ta
sropanas [8]. Tomy onrumiszaiiss KaMmepud 3rOpsSHHA KOHBEPTOBAHOTO JIBUTYHa HOTpeOye
CepHO3HMX  pPO3PaXyHKOBHX 1  EKCINEpUMEHTAILHUX  poOIT  jais  3a0e3le4YeHHS  BHCOKHX
MOTYKHICHUX, EKOHOMIYHHMX Ta €KOJIOTIYHHX I[IOKa3HUKIB JBHUTYHA.

Hns  xoHBepraulii AM3EIbHUX [JIBUTYHIB Ha Ta30BE NallMBO, B 3arajlbHOMY, HEOOXiTHO
BUKOHATU HACTyIIHE: BCTAHOBUTH ra300aJloOHHY amapaTtypy; 3MEHIIUTH CTYIiHb CTUCHEHHS
0a30BOr0 M3ENBHOTO [IBUTYHA; 3MOHTYBaTH CHCTEMY 3allaJIeHHs; BHUKOHATH HAaCTPOMKY CHCTEMH

ynpaBiiHHS JIBUTYHOM. HeoOxigHO 3a3HauMTH, 010 TOKM HAaOyTMH TOYaTKOBUM JOCBiJ B
HaAmNpsIMKy  KOHBEpTallii JW3elbHUX JIBUTYHIB B MOHOra3oBi 1 Ui BUDINICHHS UTAaHHS
TOTUTBHOCTI  TIepeoOalHaHH ~NHU3CIbHUX JBWUTYHIB B Ta30BI MOTPiOHO [JaTW BIiANOBimI Ha
0arato NUTaHb HAYKOBO-TEXHIYHOIO Ta KoMmepuiiHoro xapaktepy [9].
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I[Ipu BuOOpi BHAYy Ta30BOTO TMajgMBa HEOOXiAHO OOOB’S3KOBO BpPAaxOBYBATH IIEPETBOPCHHS
xiMmiuHoi eHeprii mammBa B poboty. IleperBopeHHS XiMigHOI eHeprii Oyab-AKOTO BHIY TaJMBa
B po0OTy B [BUTYHAaX BHYTPIIIHBOTO 3TOPSHHS 3IOIHCHIOETHCS B JBa €TallKd: Ha MEpPHIOMY
BOHAa TICPETBOPIOETHCS B TEIUIOTY, Ha JAPYroMy eTami Temiora peajidyeTbca B poboty. Ilpu
X TIEPEeTBOPEHHSX 1 BIiOOYBalOThCS OCHOBHI BTPAaTH €HEpPrii mMmajgmBa, IO MOXYTh CYTTEBO
MiBUIIyBAaTH TOKa3HUKH ©(PEKTUBHOCTI pOOOTH JBUTyHa BHYTpimHbOro 3ropsiHas [10]. s
MmiABUIICHHS e()EeKTUBHOCTI BWUKOPUCTAaHHS XiIMIYHOI €Heprii mHajnuBa B JBUTYHAaX BHYTPILIHBOTO
3TOPSIHHS  HEOOXIMHO 3HU3WTH 1ii BTpaTH Ha 000X eramax IepeTBOpeHHs. Jlo TemepimrHbOoro
qacy B JABHTYHOOyJIyBaHHI, B OCHOBHOMY, 3aCTOCOBYIOTbCS CIOCOOM  3MEHIICHHS  BTpaT
eHeproeeKTMBHOCTI MManWBa Ha JAPYroMy eTali IepeTBOPEHHS eHeprii.

Y cyuacHMX JABWTYHax TeMIlepaTypHUH piBeHb poOoOYOro Tiga TakWid, MO HOTo
Mmojajbllle TiABHINEHHS OOYMOBIIOE Cepio3Hy mpobiemMy 3abe3nmedeHHs HEOOXITHOI TepMidHOi
minHocti  [11]. Tomy migBuineHHS e(EKTUBHOCTI BHUKOPHCTAHHS TMalMBa B TEIUIOBOMY JBHIYHI
OUISIXOM  TIIBWIIEHHS BEPXHbOI TEPMOAMHAMIUHOI TeMmIeparypd pobodoro Tina B LUK
3QIOKATh Bl MOXJIHUBOCTEH  TONANBIIOTO  MIABUINEHHS  JKapOCTIMKOCTI 1 >KapOMIITHOCTI
KOHCTPYKI[IHHUX MarepiayiB jgeraneid ABWTyHa. SIKIO BpaxyBaTd, IO IIi MOXIIMBOCTI IS
OUTBIIOCTI TpaJAMUIHHMX MaTepialiB BXKe MNPAKTHYHO BHUYEpIIAHI, CTa€ OYEBHIHHM, WIO TaKHU
crocid crae MaJONepCHeKTUBHUM. Y IUX YMOBaxX JOIUIBHA po3poOKa CrocoOy 3HIDKEHHS
HEOOOpOTHHX BTpaT Ha TMEpPIIOMY €Tami IEePEeTBOPEHHS XIMIYHOI €Heprii mammBa B TEIUIOTY.
[Mpuyomy, peamizamiss 1HOTO crmocoly 1O MOXJIMBOCTI HE TOBHMHHAa OyTH TOB'3aHa 3
MiABHIICHHSAM TEMIIepaTypHOro piBHS poOoyoro Tina. CTOCOBHO [0 [BUTYHIB BHYTPIIIHHOTO
3TOpsSHHSL i 3a0e3MeYeHHs IMOMEepPEeNHbOTO  CHIOTEPMIYHOTO  eTally KOHBepcii B SKOCTI
BUXITHOTO KOHBEPTOBAaHOTO IMPOAYKTY [JOLIBHO BHKOPHCTOBYBAaTH Taki BHIM aIbTEPHATHBHUX
NaJuB, SKi MalOThb TEeMIepaTypy KOHBepcii HW)KYE CEepelHbOrO  TEMIIEPaTypHOTO  PiBHS
BiampaipoBanux rasiB [12]. Jlo TakuxX MaiuB MOXXYTh BiIHOCHTHCH HIKYI CIHUPTH, ajJKaHd i
mpocti  edipu. Bubip ampTepHATUBHOTO TMajywBa B  SKOCTI  BHUXIAHOTO  TMPOAYKTY  JIS
KOHBEPCIMHOTO TIPOIECY € KOMIIPOMICOM, IO BpPaxOBYE€ TEMIICPaTypHI yMOBH IIPOLECY, HOro
CHEepreTUYHY IIHHICTh, YTBOPEHI MpH TepepoOli ra3u i iXHIO COOIBapTICTh.

Jlo HaWOLIBII TEpCIIeKTUBHOMY BHXIJHOTO TPOMYKTY JUIsl OpraHi3amii KOHBepCii B TepIIy

Yepry CiiJi BiIHECTH METHIOBHU cHUpPT (MeTaHoN), SKWUH Yy CBITOBIM mNpakTHill BXE JIaBHO
3aCTOCOBYETHCSI B SKOCTI JICMIEBOTO 3aMIHHMKA JIOPOTHX TPAIUIIHHAX MOTOPHHX manuB. Jlis
NOpIBHSHHS CepeiHs BapTicTh mnamuB B €Bpomi KomuBaeTbcs B Mexax [13]:  ausenmbHOrO

najadBa - 1,15-1,9 espo/kr (1-1,6 eBpo/mitp); merany - 0,05-0,1 eBpo/kr; okrtany - 0,55-0,8
espo/kr; mnpomany - 0,4-0,75 eBpo/kr; eranomy - 0,2-0,3 eBpo/kr; wmeranony - 0,15-0,25
€BPO/KT.

B sxocTi anpTepHATMBHOrO NaquBa JJsl JIW3€JIBHOTO [JBUTYHA, 3 €KOHOMIYHOI TOYKH
30py, JOIIJIBHO BHUKOPHCTOBYBaTH MeTaHod [14]. MeraHon BIIHOCHTBCS 10 ITOHOBJIIOBAaHHX
NPUPOAHUX  pecypciB, TOOTO iCHye BeluKa CHpPOBWHHAa 0a3a Juii  30inblIeHHS — #oro
BUPOOHMITBA 1 3HAYHO INUPLIOrO  BUKOPHCTAaHHA SIK  CHEProHocis. MeTaHON  LIMPOKO
BUKOPUCTOBYETbCS B  XIMIUHI TPOMHCIOBOCTI 1 4YuMali HOro oOOCSTH 3aCTOCOBYIOTHCS Y
BUPOOHHWITBI  TalWB  JUIi  aBTOTPAHCIOPTY.  BUKOpHCTaHHS  I[BOrO  CHOUPTY B SIKOCTI
JIbTEpHAaTUBHOIO OlonanuBa [Uid aBTOTPAHCIOPTY € MOXJIMBHM B DE3yJbTaTi HOro OTPUMAaHHS
JOCTYIHMMH Ta JCUIEBUMH CIIOCOOaMH 3 CUIbCBKOIOCIIOJAPCHKUX Ta XapyoBUX BIOXOIiB, 3
ra3onojioHoro manuBa. AJie oJHAa 3 HaWHOIIBII BAXKIMBUX NPUYMH 3aCTOCYBaHHS METaHONY —
L€ B3HWKEHHS BHUKUAIB TOKCHYHMX KOMIIOHEHTIB 3 BiANpalbOBaHUX Tras3iB  aBTOMOOUIBHOIO
TPaHCHOPTY.

B janmii Wac OCHOBHMM CIHOXHBa4eM METAHONy € XIMi4HA IPOMHCIOBICTh. MeTHIOBUHN
CIHPT 31 CBOEIO OIBII TPOCTOI CTPYKTYPOH 1 HE3HAYHHMHU pO3MIpaMH MOJIEKYJ € OJHUM 3
BU3HAYAJIBHUX UYWHHUKIB OUIBII «4uCcTOro 3ropsHHs» mnaimuBa [15]. YV mopiBHsSHHI 3 iHIIUMHK
QIbTEPHATUBHUMH  [MaIWBaMHM  BapTICTh  METHJIOBOTO  CIIUPTYy HEBUCOKa, KpiM  TOro, MpH
BUKOPUCTaHHI METAaHONY, SK TajuBa JUIsl JW3ENiB, MOXHA 3HAYHO 3HH3UTH BHKHIH YacCTOK
caxi Ta oOkcumiB aszory. Lle BigOyBaeTbcs BHACHIOK TOro, IIO HpU TOPiHHI METaHONy B
OWIIHAPI  Iu3enss HE  yTBOPIOIOTHCS  MPOMDKHI  NPOAYKTH, IO  CIOPHAIOTH  3apOKECHHIO

alleTHIIEHOBUX 1 apOMaTWYHMX BYIJIEBOIHIB, SKi 1 MNPH3BOAATH OO0 YTBOpeHHS caxi [16].

MeraHon Mae BHCOKE OKTAaHOBE UHCIO 1 HHU3BKHH pIBEHb TOXKEXKOHeOe3meku. Bix
MOTaHO PO3YMHSETHCS B HAPTOBMX NanuBax. TemmepaTrypa BiANpalbOBaHUX Ta3iB JABUTYHIB TIpU
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poboti Ha MertaHOJbHIKH cymimn Ha 30-70 °C Hmwkye B TMOPIBHAHHI 3 0a30BUMH JIBUT'YHAMH
BHYTpimmHbOro 3ropsuus [17]. 3acrocyBaHHsS  3pi[PKEHOr0 METAHOIY B  SAKOCTI  IajHMBa
CYIIPOBO/KYETHCSA  MiJBUICHUM 3HOCOM  IWJIIHAPO-TIOPIIHEBOI TPYIH, BHKIWKAHUM TIOMAJaHHAM
Horo kpamenb Ha CTIHKM UWIiHApa 1 pyHHYBaHHSM IUTIBKM Macia.

OuIb TA 3AJAYI  JOCJIIKEHHSA

ime  poboTM —  MIBHINEHHS  C€HEProeEeKTHBHOCTI  aJlbTEPHATUBHUX  MAJUB IS
ABTOMOOUTPHUX Ta TPAKTOPHUX JHU3CIbHUX JBUTYHIB IUISIXOM BHKOPHUCTAHHS C€HEProc)eKTUBHOL
CHUCTEeMH KOHBEpTallii METaHONy 3 JOCTI[DKEHHSIM €KOJOTIYHUX TIapaMeTpiB AW3eIbHUX IBUTYHIB
mpu iXHPOMY TIEpEBEACHHS Ha TPOAYKTH KOHBEPCIl MeTaHOIy.

Jis BupilleHHs BKa3aHOI I[iJIi BUHOCSTBCS TaKi 3ajadi:

-TCOPETUYHO JIOCHITUTH MOXJIHMBICTh MIJBUIICHHA €HEProe()eKTUBHOCTI  AJbTCPHATUBHUX
MajquB [UIIXOM pPO3pOOJEHHS CHUCTEeMH KOHBEpTallli METaHOIy Ta BHKOPHCTAHHS TEIUIOTH
BiJIIPAIbOBAHUX Ta3iB;

-IOCHIIUTH  CKCIICPUMEHTATBHO 3MIiHY CKIQAy MPOAYKTIB 3TOPSHHS TpU TepeoliaaHaHHsS
IU3ENbHOTO JIBUTYHa Ha poOOTY Ha TMPOMYKTH KOHBEPCii METaHOIy.

PE3YJIIbTATH JOCJIIKEHb

TeopeTu4Hi OCHOBM MeTOAy MiIBUINIEHHS1 eHePrii mnaauBa

XiMiyHa  CYTHICTh TMIABHINEHHS €HEprii BHUXIAHOTO TajWBa  BIJOOpa)karoTh  OCHOBHI
MOJIOKEHHSI ~ TEPMOAWHAMIKHM, 30Kpema, 3akoH Il'ecca. IlokakeMo 1€ Ha OCHOBI aHalizy
TEIUIOBUX ©(EKTiB BiJ 3rOpsSHHS METaHOJY, 3IIMCHIOBAHOTO 3a JBOMa MeETonaMu. BiamoBigHO
J0 TEPIIOr0 1 JPYroro METOJIB OKHCICHHS METaHOJy II0YaTKOBUM 1 KIHIEBUH CTaHH CHUCTEMH

OJIHAKOBI: IIOYATKOBHII — 1 KMOJb CH30H , KimmeBwit — 2 kmoms H. 20 ta 1 xXMOIB
CO,.

3a mepmiMM METOIOM METaHOJ Oe3NocepeHbO CHATIOIOTHCS B KaMmepi 3TOpSIHHSA JBHTYHA
BHYTPIIIHBOTO  3TOPSHHS

CH3OH+3/202 —2H,0+COy +Qy\ , 1)
ne QM —  eK30TepMiYHHMH TemoBMH edeKT BiJ 3ropaHHs METaHOJILHO-TIOBITPSHOI

cymimi, Qu = 629 440 xJix [3].

B pesymprari peakmii (1) 3a mepmmM  METOIOM  YTBOPIOIOTBCS 3  KMOJb IMPOAYKTIB
3TOPSTHHSL.

3a JpyrdM  JABOCTYIIHYaCTUM METOJIOM KOHBEpCil METaHOJy CIHOYaTKy pO3KIaJaeThCs
CIHPT

CH30H — 2H» + CO-Q,.. (2)

[pu upomy yTBOpHOKOTHC 2 kmomb HHp Tta 1 kmons CO 3 €HIOTEPMIYHOK TEIIOTO
xousepcii Q..

ITotiM crnamoTh B KHCHI 3 KMOJb, OTPUMAaHUX B pe3yiabraTi peakmii (2) mpomykTiB
KOHBEpCii MeTaHoIy:

2Hy +0y —> 2H,0+ 481500 x/[orc; 3)
CO+1/209 — CO, + 282600 /orc. 4)

CyMapHUH TEIUIOBHH €QeKT
Qs = 282600 + 481500 = 764100 xJx / KMoib (5)

TemmoBi  epexktn mis  peakmii  (3-4) wHaBexeni srimmo 3 gamumm  [18]. Tomi y
BIANOBIAHOCTI 70 3akOHy lecca cymapHi TeIoBI eQeKTH Pi3HUX MapLIpyTiB  OKUCICHHSA
METaHONy TOBUHHI 30iratucs

629440 kJlx / kmoms = - Q. + 764100 x[x / Kmoub. (6)

3Bifick eHJOTEepMiuHUM TerioBUH edekT KoHBepcii (peakmii mucomiamii MertaHony) Oyne
CKJIaJaTh

Qc = 134 660 x/[x / KMOIb.
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OTxe, TIPOBEACHWM pPO3PAaxXyHOK II0Ka3aB, IO TEIUIOBHH e(QEeKT BiI  CHATIOBAHHS
xouseproBaniii cymimi CO i Hy mepepumye edekr Bix chnamoBaHHS Tiei K KUTBKOCTI

HEKOHBEPTOBAHOTO MeTaHONy (BuximHe mamueo) Ha Q. = 134 660 k/lx / kmoms (TO6TO Ha

21,4 %), mo BiANOBiga€ BHUTpPAuCHIM MNpH PO3KIANAHHI CIOUPTY EHEpril.

MoxHa CTBep/KyBaTH, IO peaji3aliss Takoro cmoco0y ampiopi MOXJHBa JHIIE MpU
HasfBHOCTI  aNbTEPHATHBHUX  TMAaNWB,  CIATIOBaHHS  SKAX  TOpA  OJHAKOBIM  TemmepaTypi
CYNpPOBOKYBaJIOCSI O  pIi3HUMH ~ piBHAMU  HEoOOpOoTHUX BTpar. [lomiOHI manwBa  NIUISIXOM
TEPMOXIMIYHUX MEPETBOPEHbh MOXHA IMEPETBOPUTH B HOBE (IUTy4YHE) MalMBO 3 OUIBII BHCOKHM

eHepreTHyHNM ToTeHIianoM. IlepeBemeHHs XiMi4HOT e€Heprii Takoro INTyYHOTO TajdWBa B
TEIJIOTY CYNPOBOJUKYEThCS MEHIIMMH HE3BOPOTHHMH BTpatamMu. BkaszaHuii cmoci® mnepeBeneHHS
XiMiuyHOT eHeprii po3poOneHuii Ha 06a3i (yHIAMEHTaNBbHUX TWOJOXKEHb TepMOXiMii 1 Moxke OyTu

3aCTOCOBaHUN Jns  OyAb-IKOTO BHJY €HEPreTHYHOI YCTAHOBKH. 3alpOTOHOBAaHHHA  CITOCiO
nependadae  HEOOXIAHICT, OpraHizamii €HJOTEpPMIYHOTO IIPOLeCYy KOHBEpcii manmBa, B OCHOBI
AKOTO  JIGKHTh IUKJI  HOTO  TEPMOXIMIYHOTO  TEpPEeTBOPEHHSI, a B  poOOYOMYy LUK
CHEPrOYCTaHOBKHM TMepeadavacTbesi Ie OAWUH mpomec. SKmo B 3BUYAHHIA  E€HEProycTaHOBKU
XiMi4Ha eHepris maiuBa TIEPEeTBOPIOETHCS B TEIDIOTYy B OXHY CTalil0o, TO B 3alpOIIOHOBAHOMY
cnocobi — B JBi.

Ha mepmiiii — BuXiHE MaIMBO MIITAEThCSA KOHBEpCil, a Ha JAPYyrdd — KOHBEPTOBAHE
MaJINBO CIANIOETBCA Ha OUTBII BHCOKOMY eHepreTmyHoMy piBHI. JIBi cramii mepeTBOpeHHS
eHeprii, B Tpomeci SKUX BHUKOPHCTOBYETHCS TEIUIOTA, INO BIJBOAMTBCA 3 IHKIY, JO3BOJISIOTH
MiABUIIUTH e()EeKTUBHICTh BHKOPHUCTaHHS C€HEprii BUXIJHOTO TanuBa. Y 3arajbHOMY BHIIQJIKY
e(EeKTHBHICTh TEPMOXIMIYHOT pereHepaiii 3ajJeXKuTh BiJ THUITy EHEPrOyCTaHOBKH, CHOCOOY i
YMOB oOprasizamii B Hii pob0oYoro mpormecy, a TakoX Big BUAYy TMajuBa Ta EHAOTEPMIYHOTO
edeKTy CHCTEMH peakilii #Horo KoHBepcii.

Crnin 3a3Ha4YMTH, MO TPOAYKTH KOHBEpCil TpamuliifHOr0 HAPTOBOrO MalWBa, OTPHMaHi B
TEPMOXIMIYHOT peakTopi Ha OCHOBI MEXaHI3My eK30TepMIYHHX pEaKIliii HEMOBHOTO OKHCIIEHHS
BYIJICBOAHIB, MAalOTh TIOPIBHSHO 3 BHUXIIHUM [AJIMBOM HIDKYY TEIUIOTY 3TOPSHHSA, IO
BUKIIIOUaE TpPosB e(eKTy pereHepartii.

[TpoBeneMo poO3paxyHOK MiJABHIICHHS TEIUIOTH 3TOpaHHS NPOJYKTIB KOHBEpCii 3piHKEHOro
METaHOITy.

Terora 3ropsiHHS Ta3omoAiOHMX TPOAYKTIB KoHBepcii meranony Hunmm = 23870 xlx
[ xr [19]. Temmora 3ropsuHs Metanoiay HuU.m = 19670 x/x / xr (tabm 1).
Tabmuus 1 — [lopiBHIBHI XapaKTEPUCTUKH TEIUIOTH 3TOPSHHS METaHONy Ta JU3eJIbHOTO
naJMBa
IToxasHuk [usenbHe MeraHnon KonseproBanmii

TAJTMBO METaHOJI

Tenmora 3ropsiHHs abcomotHa, KJK/KT 42500 19700 23870

Termmora 3ropsiHHs BigHOCHA, % 100 46,35 56,17

Takum uymHOM, TmTpH 3ropsHHI B ABUryHi 1 K- TOpOAYKTIB KOHBepcii  MeTaHOIy,
OTPUMaHMX 3 TaKOK JK MacHh PIiIKOrO METaHONy, BHBUIBHSETHCS JOAATKOBA TEIUIOBA EHEPris
Hu.x, nakommuena B mpoleci KOHBEpCii CHMPTOBOrO MajuBa

Hux = Hunmv—Hum=4200 «[x / kr (7)

Omxke, 21,4 % eHeprii BHUX{IHOTO TaIMBa TIOBEPTAEThCS B POOOYMH IIMKI JIBUTYHIB
BHYTPIITHBOTO 3TOPSHHS ISl 3IMCHEHHST KOPHCHOI POOOTH.

IIpu opranizanii eHzoTepMiyHOlI KOHBEpcii B yMOBaX peanbHOi eKcIulyaralii JBUTyHA
BHYTPIITHBOTO 3TOPSIHHS ISl C€HEPrisi  OJIEP)KYETbcS HAa OCHOBI  YTHII3aIlil TEIIOBOI  eHeprii
BIINIPAIbOBAHMX  Tra3iB. 3riJHO  30BHIMIHBOIO  TEIUIOBOTO  OajaHCy JBUITYHA  BHYTPIIIHBOTO
3TOpSIHHSA 1CTOTHA YacTHMHA XIMIYHOI €Heprii manuBa HE peaji3yeTbcs y BUIISAI poOOTH i
BIJBOOUTHCA, B TOMY 4YHCi, 3 BiAOpalbOBaHMMH Ta3aMd B HaBKOJNMIUHIN mpoctip. VY
IU3CIbHUX JBUI'YHaX CKIaJ0Ba CHEPreTHYHHUX BTpPAT B TEIUIOBOMY OanaHci jocsrae 25-40 %
[20], B OemsuHOBHMX 1 Ta30BHX JBHWI'YHaX 4dYacTKa HEOOOPOTHMX BTpaT TEIUIOTH, IO
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BTpPAua€ThCcsl 3 JABUTYHA 3 BiANpalboBaHUMU ra3zamu, crtaHoButh 30-45 %. Ile BigmoBimae 13-
22 MJIx Temnotd Ha 1 Kr BHUTPA4Ye€HOrO IajIHBa.

Hns  3a0e3medyeHHsT Tpolecy KOHBepcii TemjaoTa Mae BigOMpaTHCh BiJ  BUITYCKHOT'O
KOJIeKTOpa, Jie TemIepaTypa neraineid asuryHa gocsrae Big 700-800 K wHa obopotax
xomocroro xony g0 1100-1200 K w©Ha pexuMax MakCUMalbHHX HaBaHTaXeHb. HaBith 3
BpaxyBaHHSIM BTpaT TeIUIOTW TPW Tepenadi eHeprii Big JABUTyHa OO0 poOOUYOro  Tinma,

abCOMOTHO 6e3Mpo6IeMHEM € JOCSATHEHHS METAaHOIOM TeMmmepaTypu Komsepcii B 1,=570 K.

3 BUKIQJIEHOTO BHWIIE BUIUIMBAE, IO 3aCTOCYBaHHSI CHUCTEM TIONEPETHBOTO  XIMIYHOTO
MEPETBOPECHHST AJIbTEPHATUBHOTO TMAJKMBa JO3BOJSE TMIABUIIUTH €()EKTUBHICTh MHOrO0 BUKOPUCTAHHS
B JIBUTYHaX BHYTDIIIHROTO 3TOPSIHHA 3a paxyHOK pereHeparii TEIIOTH BiANpambOBaHUX Ta3iB.

Temnora, mHpumaTHa Ui pereHepauii B LMK, BHp&XeHa AK dYacTuHa BiaximHoi temotn Q)
TOOTO CTymiHBb pereHeparii JAOPiBHIOE
_Q

Qs

e Qg — KUIBKICTh TEIUIOTH, siKa OyJia BiJIBEACHA 3a IUKJL.

Kinbkicte temmotn Q,, sxka Oyma Bimeenena 3a wwkn (puc. 3) BU3HAYAETBCS 3 BHPA3y

Qg = an.3e. 'C;N (Tb _Ta)’ ©)
ne an.3e. — KUIBKICTh TPOAYKTIB 3rOpsIHHA IIPU IOCTIHHOMY 00’€eMi;
C (v — CCpeiHs MOJbHA TEIJIOEMHICTh TIPOJYKTIB 3rOpSHHS TPH TOCTIHHOMY 00 €Mi.
Kinbkicte enmotepmiunoi Terotn komsepcii Q. BusHawaerscs 3 (8) Ta 3 BHpasy
Qe = an.ae. 'C,LN (Tb _TK)' (10)
IHakmre Kakyud CTyHiHb pereHepaimii 3aJeXHTh BiJ TeMIlepaTypHd KOHBEPCIHHOTO IIpOIecy
TK, 3pocTae 3 ii 3MEHIICHHSIM Ta 3HaXxOIUTbCA 3 BHpa3y
Ty —T
K
Np =7 = - (11)
Th—Ta

Hinpumenns Ttepmiunoro KKJI aBuryna

OueBwiHO, WIO 3a3HaueHi BHMOTH 3 TEMIEpPATypHOIO DIiBHA  BiJNpalnbOBaHWX Tra3iB
IBUTYHAa MOXYTh OyTH 3a0e3ledyeHi HE y BCiX Jiama3oHaX peXUMIB POOOTH  JIBUTYHIB
BHYTpPIIIHBOTO 3ropsiHHS. Hanpuwkian, Juis  Henporpitoro 7o poOodoi Temmeparypud JABHTYHA
CTYNiHb pereHepaiii KOHBEpCIifHOTO Tmpoliecy Oyne B3HWKeHa. AJie TMOTpPIOHO 3ayBaXKUTH, MIO
gyac poOOTH [BUTYHa Ha PEXKHMi TMpOrpiBaHHA € JOCUTh He TpuBanuM. Kpim Toro, cmig
BIAMITHTH, 10 peami3yBaTd KOHBEPCII0  albTEPHATUBHUX MajJMB MPH HWKYUX  PoOOUMX
TeMmreparypax JO3BOJSIOTH cydacHi Karamizatopu. Hampuknan, ams meranomy 1ie 300-400 °C
[21], Bu3Hayatoum THM caMHM MiHIMaJbHO MOJMIIMBHH TEMIEPATYPHUH PEXHUM BiANPAIbOBAHUX
ra3iB B JBUTyHaX BHYTPIIIHBOI'O 3TOPSHHA, MpU SKOMY LI MOXHA 3IIMCHUTH Oprasizauiio
KOHBEPCIMHOTO mporecy. ToMy Ha ChOTOIHIIIHIA JIeHb MOXKHA TOBOPUTH IIPO  MOMKIIUBICTh
Maibke TMOCTIHHOTO KOHBEPCIHHOTO TIpOLleCY B JIBHT'YHaX BHYTPIIIHBOTO 3TOPSHHA 32 PaxyHOK
pereHepaiiii TEIUIOTH BiAMPAIbOBAHUX Ta3iB.

Hns  aHamily MOMIMBOCTI MiIBUIIEHHS €(QEKTUBHOCTI BUKOPHCTAHHA XIMIYHOiI  eHeprii
NaJiBa TIOPIBHAEMO MOXIIMBOCTI HOTO E€HEPromepeTBOPEHHsST B JIBOX EHEPreTHYHO IOAIOHHX
JIBUTYHAX BHYTPIIHBOro 3ropsHHS. [lepmmii mpamoe 3a  3BUYAalHOIO CXEMOIO, APYyrud — 3
BUKOPUCTAHHSIM TEPMOXIMIYHMX pereHepauii B ABi cramii. HeoOXigHuii TemmoBuid  pexum
KOHBepcii mamuBa 3a0e3medyeThCsl 32 PaxyHOK IMABEACHHA TEIUIOTH BiANPAallbOBAaHUX Ta3iB.
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Ilepumnit ABUryH TMpallo€ HACTYNIHMM 4YWHOM. [loyaTkoBe majivBO TMIpU  MapaMmeTpax
HAaBKOJMIIHBOTO CEPEIOBHIA HAJXOIUTh B JBATYH, 1€ 3ropse 3 Bumimendsm Tterotn Q)=
Hu. ls Ttemnora mnepemaerbcss pobouomy Timy. Jlnst crmpomieHHS anamizy OyAeMO BBaXaTH, IO

nepefada TEIUIOTH BiAOyBaeThCS NpPU  CepeAHid Temmeparypi Tcep 1. BinmpanpoBani rasu

MiC/Il CKOEHHS UHUKIY BiABOAATBCS B aTMmocdepy. Jns cropouieHHs aHamizy OyneMo BBaxartw,

IO BIABEACHHA TEIUIOTH BiOYBAa€ThCSl TPHU CEpPEeNHId TemIeparypi Tcep 2. Toml Bupobnena

IBUTYHOM pOOOTa MOXe OyTH BH3Hau€Ha HACTYIIHUM YUHOM

Tcep 17 Yeep?

L, =Hum——— (12)
Tcepl

I[Ipy UpOMYy eQEeKTUBHICTH BHUKOPUCTAHHS XIMIYHOi €Heprii majuBa JOPIBHIOE

LM Tcep 17 Teep2

= = 1
Hu.m Tcep 1 ’ (13)

n

Banexnicte (13) BusHayae KKJI TermiocHaoBoi yCTaHOBKH, SIKHH JIOPIBHIOE —BiJIHOIICHHIO
KUTBKOCTi eHeprii, mepeTBopeHoi B poOOTy, 10 Bciel eHeprii, mo Hamiluuia B TEIUIOCHIOBY
ycranoBky. llpm mwomy KKJI[ nanoi imeamizoBanoi ycraHoBku 30iraetbes 3 TepmiuauM KK/
mukny. lle cBimumTh mpo Te, MO B JBHTYHI 0€3 TEPMOXMMHYECKOW pereHepamnii e(eKTHBHICTH

BUKODUCTAHHsSI C€HEprii majnvBa IUJIKOM 3aJie)KUTh BiJ TEPETBOPEHHS TEIJIOTH B pPoOOTY 1 He
MOX€E TMEPEeBUINUTH €(PEKTHBHICTh IEPETBOPCHHSI OCTaHHBOI.

Jpyruii @OBUTYH Tpaiioe 3 TEPMOXIMIYHOIO pEreHEepamiclo TeIUIOTH BiANpaIlbOBaHUX Tas3iB.
Ha BiamiHy Bix mepmoro JBUTyHA NAlWBO B Kamepy 3TOpSHHS HAIXOIUTh HE BiIpasy, a
MOMEPEIHBO  MPOXOJIUTHh CTAII0 TEPMOXIMIYHOI TMepepoOKHM B TEPMOXIMIYHOMY peakTopi. Y

HBOMY I JIi€0 TEIUIOTH, [0 HAAXOAUTh TPH CEePeIHI HWKHIM TeMIeparypi TcepZ'

BiJOYBAa€ThCSI TEPMOXIMiUHE TEPETBOPEHHS BHUXIJHOTO TMajWBa B KOHBEPTOBaHE, SIKE 1 IOMAETHCS
Ha CHAJIIOBaHHSA B KaMepy J3TOpsiHHSA JBUTYHA. JSIKIIO TNPUHHATH, IO TEMJIOOOMIH B IBOMY
JIBUTYHI 3IIACHIOETBCS aHAJOTIYHO TepIIOMYy BapiaHTy, To po0Oode TiIO JApyroro JABWTYHa 3

TEPMOXIMIYHUM PEaKTOPOM Ma€ OTPUMATH TEIUIOTY TaKOXX NpU CepelHid TemrmepaTypi Tcep 1-

Toxi B mbOMy BHMIQAKYy CHOpHWiiHATa pobGouum Tinmom Termora HU.z.m nepeumye Temtory
sropseas  HU.v  Buxigsoro manmea na Benmumny HUx, sxka Oyna norimHeHa 1pu

TEPMOXiMIYHOI TMEPEeTBOPEHHI BHXIJIHOTO TAlMBa B TEPMOXIMIYHOMY peakTopi Ta BiAMOBITHO
JOPiBHIOE

Hun.m = Hum+ Hux (14)
Bynemo BBakaTH, 110 [JBUTYH 3 TEPMOXIMIYHHM pEAaKTOPOM IEPETBOPIOE CHPUHHATY
po0OYMM TUIOM TEIIOTY 3 Ti€l0 K eQEeKTHBHICTIO, MO0 1 JBUTYH 0€3 TEepMOXIMIYHOTO

peakropy, T1oOTO Tepmiunnid KKJ[ o00ox ycranoBok ogHakoBuii. Tomi poboTa, sSKy MoOxke
3pOOMTH JBHUTYH 3 TEPMOXIMIYHMUM peakTopoM Oyae IOpiBHIOE

Tcep 1- Tcep 2

L, ,, = (Hux+ Hux) _ (15)
Tcepl

Toni edekTHUBHICT, BHKOPUCTaHHS €HEprii mamuBa B JIBUTYHI, IO MICTHTh  BY30l
TEPMOXUMHYECKON pereHepaiii TeIioTH OyJe BH3HAYaTHCh 3 BUpa3y

_ Hu.m + Hux Tcepl_ cep? | Hu.n.m Tcepl_ cep2

= = . 16
na Huw Tep Hua | Teps (16)
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[IpoanamizyeMo eQeKTHBHICT, BUKOPHCTAHHS CHEprii NaJWBa B JBHUTYHI, IO MICTHTh
BY30J1 TEPMOXHMHYECKON pereHepallii Ta Tpamoe Ha METaHONI Yy TIOPIBHAHHI 31 3BHYAWHUM

ABUTYHOM. IIpHHMAEMO CepelHIO BEPXHIO TEMIEpATypy IHKIYy 1, = 2000 K, a cepeanro

cepl
HUXKHIO — Tcep2= 1200 K. Tomi 3rimHo 3amexHocti (13) wmaemo Ttepmiunmii  KK]I

3BuyaiiHoro apuryHa 17,, = 40 %. Sk Oyno mnokazaHo BHINE, TEIUIOTAa 3TOPSHHSA METAaHOIY

Hu.m cxmamae 19670 x/[x / xr. Temmora 3ropsHHS ra3omoJiOHUX MPOIYKTIB KOHBEPCil
meranoiny Husm  ckmamae 23870 xJ[x / kr. Tomi ans  JgBUryHA 3 TEPMOXIMIUHOKO

pereHepaniero  ioro Tepmiunuii KK/ 77, , Oyme mepesumysatn Tepmiunuii KKJ| 77,
nepmoro auryHa B (23870/19670) = 1,214 pasu, TOOTO Isi [OBUTYHA 3 TEPMOXIMIYHOIO
pereHepaniero Horo tepmiynmii KKJI Oyne piBaum 77, ,,= 485 %.

3 HaBEACHOTO AaHANI3y BWIUIMBAE, IO HE3BOPOTHI 30BHINIHI BTPaTH TIEPETBOPEHHS
xiMi4HOT eHeprii mammBa B TEIUIOTY B pa3i BHKOPUCTAHHS METOAY TEPMOXUMHYECKOMH
pereHepaiii  TEIUIOTH  BIANpalbOBAaHWX  Ta3iB  3aBXKIUM  MEHIIC  BIAMOBIAHMX  BTpaT IpH
Oe3nocepeTHFOMY  CIIANIOBaHHI manmuBa ©0Oe3 HOro TomepenHsoi TEPMOXIMIYHOI  TMEepepoOKH.
[Ipydomy 3MEHIIEHHS HE3BOPOTHHMX BTpaT aJAeKBaTHO €Heprii, SKy HEoOXiZHO BUTpayaTH Ha
KOMIICHCAIlII0 CyMapHOTO TEIUIOBOTO CHJOTEPMIUYHOTO eQeKTy peakliii KoHBepcil BHXiIHOTO
najuBa. TeOpeTW4HI OCHOBM MOMIOHUX CHCTEM J>KUBJICHHS [IBUTYHIB BHYTPIIIHBOTO 3TOpSHHS B
Cy4JacHIM MOCTIMHUIBKIA TPaKTUIIl 3aJUIIAIOTHCS MajoBuBUYeHUMH. OIHAK BOHH TIPEACTaBISIOTH
CYTTEBHH IHTEpeC 3 TOYKM 30py OIIHKH TOTEHI[IHHUX MOXJIUBOCTEH 3aCTOCYBaHHS JIBUTYHIB 3

TEPMOXIMIYHOK pEreHepalli€l0 B CKJIaAl CHUCTEM JKUBJICHHS 1 MIABUINCHHS e(EKTUBHOCTI
BUKOPUCTAHHS CHEpPrii ajubTEPHATUBHMX BHIIB TNajdMBa, 30KpeMa IS ICHYIOUMX JAW3EIbHUX
IBUTYHIB, SKi OyAyTh mepeoOnagHaHi Ha Ta30Bi.

Peamizamiss TepMoximMiuHOro cmocoOy yTwimizamii TeIIOTH JAJsS YMOB POOOYOTO  ITUKITY
IBUTYHIB BHYTDINIHHOTO 3TOPSHHA 3 ICKPOBHM 3alallfOBaHHAM MOXIIMBA, SKIO B  SKOCTI
BUXITHOIO  TajMBa  BUKOPUCTOBYBAaTHM  BYIJICBOAHEBI  CIIOJIYKH 3  BIZHOCHO  HHU3BKOIO
TEMIIEPAaTypOr0  peakiii KoHBepcii (cnuptu, edipu Ta aHaNoOriuHi  crHojiayku). [ a3omomiOHi
MPOAYKTH KOHBEpCii MOXYTh OYTH 3acTOCOBaHI SK OCHOBHE TajMBO JJISi JKUBJICHHS Ta30BOrO
neuryHa. [lpwm 1pbOMy BaXMBHM € MOXJIMBICTh peami3aiii IhOro crmoco0y B CKJIAIi CHCTEM
KUBIICHHS JHM3CIbHUX JIBUTYHIB, $IKi KOHBEPTYIOThCS Ha Ta3oBi manmBa. [IpoaHamizyemMo yMOBH
JUIL  JIOCSTHEHHS. MaKCHMallbHO MOXKIIMBOI Mipi pereHepariii. YMOBH JOCSTHEHHS MaKCHUMaJIbHO
MOXJIMBIH Mipi pereHeparlii BHUKOHYIOTBCSA, KOJIH €HIOTepMIYHMH e(deKT peakiii KoOHBepcii
BIJIMIOBiIa€ TMiABOAY EKBIBAJIEHTHOI KINIKOCTI TEIDIOTH B PEaKIiMHWNA MPOCTIp BiJl 30BHIIIHHOTO
JDKEepella — TPIloYoro TEIUIOHOCISA, B pOJIi  SKOr0 BHCTYMAKOTh TEIUIOTA BiJIIPalbOBAaHUX Ta3iB
JIBUTYHA Ta MOXE BHUCTYNAaTH TEIUIOTa CHCTEMH OXOJO/KECHHS.

B  peanmpHuMX  yMmMOBax  KOHBEPCIHHOIO  TpoLecy y  BHUIYCKHHH  cHCTEeMi  JBHUIyHa
BHYTPIIIHBOTO 3TOpPSIHHS TEIUIOHOCIH (BiANpanpoBaHI Ta3W Ta OXOJOKYylo4Ya piinHA) TOBHUHEH
MaTH Yy CBOEMY  pO3NOPS/DKEHHI  TOTEHI[MHO  OUIbII ~ BHMCOKMH  pIBEHb  €Heprii, ska
BUKOPHCTOBYEThCSI HE TUIBKM JUIS KOMIIEHCAmii eHJoTepMidHOro edexTy peakiii KoHBepcii, a W

uid  opraHizauii  ii  gomomikHMX 1MKIiB. EHepris HeoOXigHa i1 TONEPEIHBOIO HarpiBy

BUXIJTHOTO TMajuWBa [0 TEMIEpaTypyd KHIIIHHS, WOTO BUIAPOBYBAHHS, IJIBUIICHHS TEMIIEPATypH
napiB 0 TeMIepaTypu AWcoLialii, KOMIIEHCalii TEIUIOBUX BTPaT B HABKOJHIUHE CEpPEIOBHIIC
yepe3 CTIHKM peakTopa 1 NiABiAHMX TpybompoBoxiB. Hampuknan, 3aranbHi BUTpaTH TEIIIOBOI
eHeprii Ha TOBHICTIO 3aBepiieHy KOHBepcito 1 kr wmeraHony pocsraiote 7 MJDk [22]. Tlpu
FOMY Ha KOMIICHCAIII0 EHJOTepMiYyHOrO edekrTy peakiii KOHBepCil CHUPTy BHTPAYAETHCS
Omm3pko 60 % 3arajdpHMX EHEPreTWYHUX BUTparT. 3HayHa 1X yactuHa (Onmmseko 25 %)
BUTPAYa€ThC HA CHEPrOEMHUN TIPOIEC TApOyTBOPEHHs (TEIUIOTa BHIIAPOBYBaHHA MeTanomy 1,1
MJIx/kr). ToOTO MakcUMaibHO MOMJIMBUEH CTYIIHb pereHepanii JOoCSTaeTbCs 32 YMOBH, KOJH
TEIUIOBA €HEprig TeIJIOHOCiS TEpeBHIIye 3arajbHi BHTpPAaTH €Heprii, mo HeoOXigHi Juis
KOHBEPCIHOTO TIpOIIeCy.

ExcnepumeHTaNbHI  JOCAIMKEHHT  €KOJOTiYHMX MOKA3HUKIB  JM3€JIbHOT0 JBUTYHA
KOHBEPTOBAHOIO /JJsl Po00OTHM Ha Tra3onodi0HMX MNPOAYKTAX KOHBepTalii MeTaHOIY

MeToro eKClepuMEHTaIbHUX JOCHI[KEHb € 3acTOCYBaHHS MPOAYKTIB KOHBEpTalii METaHOIy

B aJbTEPHATHBHUX IMAJMBHUX CyMillaXx B ICHYIOUMX JAW3EIbHUX JBUIYHAaX JJII €KOHOMIi
HaTOBOrO  MOTOPHOrO  IMajgWBa Ta  TOJNIMIICHHS I1X  EKOJOTIYHMX  TOKa3HWKiB.  OIliHKa

m , 2021, Ne1 (16)




© Kpuwrona C.I., Kpumrrona JLI., Mukuriit .M., T'aun M.M., Kozak ®.B. 2021

e(EeKTHBHOCTI TEPMOXIMIYHOTO CHoco0y yTHii3amii TeIUIOTH B YMOBaX po0OOYOro IUKIY JAH3ENs
tury JI21A Oyna npoBeieHa B J1a0OpPaTOPHHUX YMOBax Ha MOTOpPHOMY crTeHmi (puc. 2).
CxeMa eKCIepUMEHTaJIbHOTO CTeHAy Ha 0a3i auzensHoro nsuryna J21A1 gns
JOCHIDKEHHSI TOKa3HWKIB KHOro poOOTH TpOINyKTaX KOHBepCcii MeTaHomy 300pakeHa Ha puc. 3
JIBUTYH eKCIIepUMEHTAIBHOTO CTEHAY MIT TpalioBaTH B TPhOX PEKUMaxX: I0Jada IH3EITHHOTO
najuBa B 3pLDKeHid (a3l uepe3 (GOPCYHKH, Tojada MNPOAYKTIB KOHBEpCii MeTaHONy uepes
ra3oBUd peAyKTOp; TMoJaya METaHolly B 3pikeHid ¢asi dyepes ¢opcyHkn. MertaHon mnomaBaBcs
3 TaJIMBHOTO 0aKy 3a JOMOMOTOI0 EJIEeKTPUYHOrO MAJMBHOTO HACOCY dYepe3 pEeryisiTop THCKY
nmanuBa. Jlns KoMmeHcamii BiXHOCHO HH3BKOI TEIJIOTH 3TOPSHHS METAaHONy Ta 30UIbIICHHS

TUCKY TanuBa 3a0e3meuyBaB mnojady weraHoiy mig tuckom 0,5 MIla.
. = E

WOro mojadi peryasTop
) 1 2 3 4

v

1 — TepMOXiMIYHHMH peakTop; 2 — HaBaHTXYBAIBHHH NPUCTPiil JBUTyHA BHYTPIIIHBOTO
sropsHHA; 3 — gusenbHUi aBuryH JI21A1; 4 — rasoBuWil pemyKTop
Pucynox 2 — 30BHIIHIA BUINIAJ EKCIIEPUMEHTAIBHOTO CTEHAY Ha 0a3i AM3EeIbHOTO JBUTYHA

J21A1 s JOCHIIKEHHS TOKa3HUKIB pOOOTH Ha aJbTEPHATUBHUX MAJMBHHUX CYyMIIIax

Tennoizonsuis TepMoXiMiuHNi Hentpanisatop  nywHuk

peakTop
MetaHon /
A H H
\ ,A\ ,A\ ,A\ ,A\ T L ¥ L BignpausoBaHi
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‘ MosiTps [
\ Bak 3
bak 3 Perynatop aHTMprsom
METaHosIoM TUCKy nanvea
Pucynok 3 — Cxema eKCHEpUMEHTALHOTO CTeHAy Ha 0a3i jausenbHOoro gasuryHa JI21A1 s

JOCHIJDKEHHSI TMOKa3HWKIB HOro poOOTH TPOJYKTaX KOHBEpCil MeTaHOIy
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Jns  3a0e3nedeHHss  PETYJIOBaHHS  METAHOJILHO-TIOBITPSHOI  Ccymilmi Ha  JBHTYH  OyB
3MOHTOBaHWUH JIPOCENLHUHA  MAaTpyOOK 3  JIPOCENBHOK0  3aciiHKoro. [ligirpiB  MetaHony s
oJIepKaHHS MPOAYKTIB KOHBepCii 301MCHIOBABCS Big BiJITPAIbOBaHUX rasis abo
BUKOPUCTOBYBaBCSl PpIAMHHHMN TiAIirpiBad OXOJOMKYIOUOI piAMHM Mg dYac TMYyCKy XOJOZHOTO
IBATYHA Ta Tpu Horo mporpiBaHHi. [l 3a0e3rnedeHHS XOJNOMHOTO ITYCKYy HBHTYHAa B PEXHMI
poOoTH Bim TPOAYKTIB KOHBEPCii METaHOIly Teped Ta30BHUM peayKTopoM OyB 3MOHTOBaHUi
pimuHHME migirpiBad  oxonopkyrouoi pimuan  Webasto Thermo Top C (5 «Bm). Pinunnwmii
MigirpiBad  OXONMOKYIOUOi  PIAMHM  BIAKIIOYABCS TPH JOCATHEHHI BigNpalbOBAaHUMH Ta3aMH
temneparypu 300 °C. TepMmokaramiTHYHWI peakTOp KOHBEpPCil METaHONY BCTAaHOBIIOBABCSA Y
BUIIYCKHUHM cuCTeMi nu3ens B Oe3mocepeqHii OMM3BKOCTI B BHUIIYCKHOTO KOJEKTOpA.

[lanuBHO-TIOBITpsiHA CyMIlll 3amanioBajlach 3a JOMOMOIOI0 EIEKTPOHHOI CHCTEMH 3amajeHHS

BIIACHOI po3poOKu. Po3poOnena opuriHajdpbHa €NEKTPOHHA CHCTEMa 3allalieHHS CKIAJIAEThCs 3
ONOKy YMNpaBiiHHS, SKUM 3MIHIOE KYyT BHUIEPEDKCHHS 3alajieHHS B 3aJIKHOCTI BiJl PEXKUMY
poOOTH  JABHTYHa, KOMYTaropa, MOZYNsS 3amajleHHs, BHCOKOBOJBTHHX JPOTIB Ta  CBIUOK
3amaJeHHs.

Huzensauit auryH J[I21A1 Oyno mnepeoOnagHaHo ansi poOOTHM Ha albTEPHATUBHIM ra3oBii

cymimi. J[Ig 1mpOoro 3 TOJOBOK OJIOKY OyiaM JIEMOHTOBaHI JU3€IbHI (OPCYHKH, Hapi3aHa
JoJaTKoBa pi3b0a B KaHaJaX pO3NWIIOBAYiB (OPCYHOK Ta BCTAHOBJCHI CBIUKM 3alajCHHS.
JuzeneHnii asuryH JI21A1 3 nemMoHTOBaHMMH TOJOBKaMu Oioka 300paxkeHMid Ha  puc. 4.

Pucynox 4 — J[luzenvHmii apuryH JI21A1 3 1eMOHTOBaHMMH TOJIOBKaMH OJoka

Konctpykuiss rojnoBok ONOKy JABHryHa IepepoOjieHa TakMM UYMHOM, MO0 3aMicCTb
CBIYOK 3allaJieHHs MOXKHa OyJ0 JIErKo BKPYTHTH Haszal au3eibHi (opcyHku. KonBeproBaHmii
TaKUM YHHOM EKCIIEPUMEHTAIbHUH JBUTYH JI03BOJs€ 3a 4vac 1o 10 XBWIMH TIepexoJuTH Ha
Iu3eibHE TalWBO a00 METaHOJbHE NaMBO MIHSAIOYM MICIAMHM Ju3elbHI (DOPCYHKHM Ta CBiUKH
3amaneHHs. llepeoOiagHaHi 3 JU3ENBHOTO TMajWBa HAa Ta30BE TOJOBKM Onoka jsuryHa J[21A1
MmokaszaHi Ha puc. 5.

MeTo  eKCIIePUMEHTAJIbHUX  JIOCHI/DKeHb  OyJI0  IOPIBHSAHHS  OCHOBHHUX  €KOJIOTIYHHUX
XapaKTePUCTUK  MepeoO0IaJHaHOTO  JM3ENBHOTO JBUTYHAa TMPH KHOTO poOOTI HA  JTU3EITHHOMY
NMajMBl Ta NPOAYKTaX KOHBepTamii MertaHoiy. Jlias ouiHku eHeproz0epiraodoro edexry Oyiu
MPOBEJCHI EKCIIEpUMEHTAIbHI JIOCTI/PKEHHST Ha MOTOpPHOMY creHai asuryHa J(21A1.
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i 1 2
E
a
1 — romoBka Onoka A0 mepeoOIagHAHHA 3 BCTAHOBICHOIO JU3EIBHOI0 (DOPCYHKOIO;
2 — ronoBka OJjoka Ticis mepeoONaHaHHS 3 JCMOHTOBAHOK (DOPCYHKOI Ta BCTAHOBJIICHOKO
CBIUKOIO 3amalicHHs; 3 — CBiUKa 3amaleHHs; 4 — jau3enbHa (OpCyHKA
Pucynox 5 — IlepeoOnannaHi 3 JU3E€IBHOIO MajuBa Ha Ta30Be IalMBO TOJOBKU OJIOKA.

Burmsim 3 Ooky kmanmanie [PM (a) Ta kamepu 3ropanHs (0)

AHanizyroud 3MiHM BMICTY TOKCHMYHMX KOMIIOHEHTIB Yy BIANpalbOBaHUX Tra3ax IpH
MepexojAi 3 [OW3eNbHOr0 TajuBa Ha TPONYKTH KOHBEpTalii METaHONy MOXKHA  BIIAMITHTH
HacTymHe. BinOyBaeTscsi iCTOTHE 3HIDKEHHS BMICTY OKCHIIB a30Ty Yy BCbOMY Jiama3oHi
4acTOTH oOepTaHHs KomiHuacToro Bamy (puc. 6). Tak, npu n = 800 xB' BMiCT OKCHIB
azory 3Hm3uBcs 3 1135 ppm mnpu poGori nBuryHa Ha auzensbHoMy mnanuBi go 460 ppm  npu
po0oTi JBUTyHA Ha TMPOAYKTaxX KOHBEpTaIlii MeTaHoJly. ToOTO 3HIKEHHS BMICTY OKCHIIB
asory ckmanmo 59,6 %. Ilpu n = 1800 xB’ BMicT okcuIiB asoTy 3HH3MBCA 3 825 ppm
npu pobori JaBUryHa Ha jAu3elibHoMy manuBi  jgo 305 ppm  mpu poOoTi  ABMryHa  Ha
MPOAYKTax KoOHBepTamii MeraHomy. ToOTO 3HWKEHHS BMICTY OKcuaiB aszory ckinamo 53,0 %.
3HMKEHHS BMICTY OKCHAIB a30Ty Opu poOOTI [JBUTyHA Ha [U3€JBHOMY TMANMBI y IIOpPiBHSHHI
3 po0OOTO0  JBUTYHAa HAa  NPOAYKTaX  KOHBEpPTAllil  METAHOJY  IOSCHIOETBHCS  HIDKYAMH
MIBUAKOCTSMH TEIUIOBIJIICHHS. Ta MEHIIMM 3POCTaHHS THUCKY 3TOPSHHS B JBHUTYHI.
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p060Ta JABUT'YHAa Ha OU3CIIBHOMY HaJ'II/IBi;

--------- poboTa JBHTYHAa Ha TIPOJAYKTaX KOHBEPTaIii METaHOIY;
Pucynok 6 — EkcnepumeHTanbHI 3alie)KHOCTI BMICTY OKCHIIB a30Ty Y BiANpanbOBaHUX razax
Bil 4YacTOTH OO0epTaHHS KOJIHYacCTOTO Baja JBUTYHa N 3a PI3HOTO MOTOPHOTO IajHBa
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BinOyBaeTscss CyTTe€Be 3HIKCHHS BMICTY OKCHIY BYIVIEHIO Yy BChOMY Jiala3oHi YacTOTH

obepranns KonmiHuactoro Bamy (puc. 7). Tak, mpu n = 800 xB' BMIiCT OKCHIy BYIJIELIO
3um3uBcs 3 0,225 % mnpu poGori auryna Ha gusensHoMy mnammBi go 0,150 % mpum  pobori
JBUTYHA Ha MpPOAYKTaX KOHBepramii Meranomy. Ilpg n = 1800 xB" BMiCT OKCHIY BYIJELIO

sam3uBess 3 0,085 % mpm pobori auryna Ha jgusensHomy mnammBi go 0,072 %  mpwm
poOOTi JABHI'YHa Ha NPOAYKTaXx KOHBepTalii MeTaHomy. TOOTO 3HWKEHHS BMICTYy OKCHIY
ByIJICII0 BinOyBaeTbess B Mexax 62,2-52,0 %.
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po0OoTa JBUTYHa Ha JU3CIBHOMY IaJIMBI;

--------- poboTa JBUTYHAa Ha TPOJAYKTaX KOHBEPTalii METaHOIY;
Pucynok 7 — EkcnepuMeHTalbHI 3alie)KHOCTI BMICTY OKCHAY BYIJICHIO Yy BigIpalbOBaHHX
ra3ax BiIl dYacToTm OOepTaHHS KOJNIHYacTOrO Baja JBUTYHa N 3a Pi3HOTO MOTOPHOTO ITajuBa

Bwmict  ByrJIeBOAHIB  JEIIO MIJBUIIYETbCS y BChOMY Jliala30HI  4acTOTH  OOEpTaHHS
kominuacroro Bamy (puc. 8). Tak, mpu n = 800 xB' BMIiCT BYIIEBOAHIB 3MIiHIOETBCS 3
0,042 % mpum pobori nBuryna Ha pamsensHomy mnammBi no 0,031 % mnpm pobGoti aBuryna Ha

NPOAYKTax KOHBepTalii MeraHoimy. ToOTO 3HIDKEHHS BMICTY BYIJIeBOAHIB ckinano 26,2 %.
Ipu n = 1800 xe’ BMmict Byrmeoamie 3poctae 3 0,077 % mnpu poGori aBuryHa Ha
mu3enpHOMYy manmuBi g0 0,155 % mpm poGoTi ABUTryHa Ha TMPOMYKTaxX KOHBEPTallii METaHONY.

ToOTo migBUIIEHHS BMICTY BYyrJeBoAaHIB ckiamo 2,01 pasw.
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--------- poboTa JABUTyHa Ha TIPOAYKTaX KOHBEpTallii METaHOIY;
Pucynok 8 — ExkcnepuMeHTalbHI 3aJ€KHOCTI BMICTY BYIVICBOAHIB Yy BIANpalbOBaHUX rasax Bif
4acTOTH OOEpTaHHS KOJIHYaCTOrO Baja JBUTYHa N 3a Pi3HOTO MOTOPHOTO ITajiuBa
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Byno Takoxx TmipoBeneHE TMOPIBHSAHHA poOOTH MJBUTYHA Ha 3piIPKCHOMY METaHOJI Ta Ha
MPOJYKTax KOHBepcii MeraHoday. B cepemHboMy, M dYac eKCHEPUMEHTAIbHHUX JOCHIPKEHb TPU
poboTi Ha TpPOAYKTaX KOHBepcii MeTaHody, Yy TOpiBHSHHI 3 poOOTOI JABHIYHa Ha
3pIIDKEHOMY METaHOI, PEECTPYBAJIOCh 3HWKCHHS BUTpaTH manuBa B jgianasoni 10-14 % vy
3aNIe)KHOCTI BiA YacTOTH OOEpTaHHA KOJIHYACTOrO Baly Ta HaBaHTAXEHHS HAa JIBHTYH.

Jiis BuUABNEHHS 4YACTKHM ydYacTi KOXHOro (hakTopa B IMiABUIIEHHI EKOHOMIYHOCTI [IBHTYHA
MpoBeNEeHO  Horo  BUMpoOyBaHHS 3  BHUKOPHUCTaHHSIM  peakTopa  KOHBepCcii  MeTaHomy 3
ABTOHOMHHIM  CIICKTPUYHUM  TigirpiBadeM, To0TO 0€3 BHKOpHCTAaHHA (pereHepariii) TeIUIOBOI
eHeprii BiAmparboBaHUX Ta3iB. BcTaHOBIEHO, IO €HEpro30epeKeHHsS I OaHOro JW3eisd  3a
paxyHOK TepMOXiMIYHOTO cmocoOy yTwiizamii TemwioTu craHoBwio 6-8 %, a 3a paxyHOK
BJIOCKOHAJICHHS poOoyoro tmporecy — Onmspko 4-6 %.

Jns BusBneHHS (HaKTOpiB TMOIIMIICHHS MaJIUBHOI EKOHOMIYHOCTI JIOCIHIPKYBAaHOTO JBUTYHA
OyJi0 TpOBelIEHO [O0JAaTKOBE EKCIEepHUMEHTalbHe JociikeHHs. Ha mepmiii craxpii BumpoOyBaHb
3 BHUKOPHUCTAHHSIM Ta300aJOHHOI CHCTEMH JKUBICHHS B IWIIHAPH JBUTYHA IIOAaBald CHHTE3-Ta3,

SAKUH Mae KOMIIOHEHTHHH ckian (00'eMHI YacTKH), aHAJIOTIYHWNA CKIaay TPOIYKTIB KOHBEpCii

metanony: 33 % CO ta 67 % Ho.

OdeBHuHO, MO B JAHOMY BHIAAKy e(exkT yTwiizalii TerioBoi eHeprii BiAlpamboBaHUX
ra3iB  He TposBugeThcsa. Ha  mpyrii  cramii  BUmpoOyBaHb BUTYH TMpAIlOBaB CIUTBHO 3
TEPMOXIMIYHUM pEaKTOpOM. YTHJIi30BaHa €HEpris BiANpalbOBAaHWX Ta3iB, IEPETBOpPEHa B HOBHM
BUJ  raszomomiOHoro  manuBa  (OPOAYKTH  KOHBepcii  MeTaHoiny) 3 OUIbII  BHCOKMMH
CHEPreTUYHNMH  TIOKa3HWKAaMH, BUKOPHCTOBYBajacs Uil  3IMCHEHHS  JIOJaTKOBOI  KOPHCHOI
pobGotu. ToOTO JABUIyH IpalfoBaB 3a CXEMOK PEreHEPaTHBHOIO IUKITY.

3 ypaxyBaHHAM TOro, miO0 B 000X BHUMNAJKaX MajJMBO MaJo OAWH 1 TOW Ke
KOMITIOHEHTHHH  CKJaJ, HOro TIIOKa3HUKH 3TOPSHHA, a 3HAYUTh 1 XapakTep BIUIMBY HA
KIHEeTWYHI TlapaMeTpu poOodoro mUKIYy Oynu ineHTHyHUMH. OTXKe, MiABHINEHHS EKOHOMIYHOCTI
JIBUTYHA, IO CIIOCTEPIraioCh B EKCIEPUMEHTAIBHUX JOCTI/DKESHHSIX, OIHO3HAYHO BiAMOBIIAIO
edekTy TEepMOXMMHUYECKOW pereHeparlii eHeprii BiAmpanbOBaHWX Tra3iB.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIKEHHSA

[IpoBeneHi JOCHIMKEHHST TOKa3aiM, M0 IEPEeBEJCHHS JAM3CJIbHUX JIBUTYHIB Ha po0oTy 3
BUKOPUCTAHHSIM TMPOAYKTIB KOHBEpPCii METaHONy € JIOCHUTh BUTIIHMM. 3HIDKCHHS  BHUTPATH
NajMBa CYNPOBO/UKYETHCS TOJIMIICHHSM EKOJOTIYHUX SKOCTeHW Ju3els, HI0 TMPAaLioe CIHUIBHO 3
TEPMOXIMIYHUM  pPEaKTOpoM KOHBepcii MeraHomy. 30Kpema, Yy  3alle)KHOCTI  BiJl  YacTOTH
o0epTaHHS KONIHYaCTOTO BaJly Ta HABaHTOXEHHS Ha JBHTYH YTBOPEHHS OKCHIIB a30Ty y
BIIIPAallbOBAaHMX Ta3ax 3HWXKyBaiocs Ha 53-60 %, oxcumy Byriemo BigOyBaloch B MeXax 52-
62 %.

BUCHOBKH

JlocnmiDKEHHSAMH ~ BCTAQHOBJICHO, IO Ha HABAaHTAXYBAIbHUX pEXHMax, KOJIM TeMIleparypa
BiANpalboBaHUX ra3iB Ha Bxoai B peakrop mnepesuirye 400 °C, NOpoAyKTHBHICTH peakTopa, B

TOMY 4YHCJII 1 3a IUIbOBUM KOMIIOHCHTOM H 2, JOcCSra€ CBOTO HAWBHUIIOTO piBHSA, IOMITHO

NiABUIIYIOYH e(EeKTUBHICTE POO0OYOro LUKIY. 3acTOCYBaHHS PO3MVITHYTOrO CHOCOOY — yTuiizamii
eHeprii BHITyCKHMX Ta3iB B TPAHCIOPTHHUX JIBUT'YHAaX MPEJCTABISIEThCS JIOCHTh TEPCIICKTHBHUM.
3aBIsSKM TEXHIYHIA TpoCTOTI HOro peawizallisi He BHMara€ BEJIUKUX (IHAHCOBUX BKIIQJICHb Ta
KapMHAJIBHOTO MepeoOIaHaHHs 1CHYIOUOro BHPOOHMIITBA JIBUTYHIB.

B skocti ©06a3oBoro aBMryHa Moke OyTH BHKOpHUCTaHa OyIp-Ka cepiiHa  MOJelb
M3eNbHUX JIBUTYHIB. Lle crocyeThCcsi SK THUX JBHIYHIB, IO 3HaXOHIAThCS B EKCIUTyaTarlii, Tak
i HOBuX JBUTyHiB. OCHOBHUI €IIEMEHT KOHBEPCIHHOI CHUCTEMH — TEPMOXIMIYHHA pEaKTop —
ABISIE  COOOI0  HAMIPOCTIly KOHCTPYKLiIO TEmI0oOOMiHHOTO —amapary, MacoBi Ta TralapuTHI
XapaKTepUCTUKK  SKOro B 00Cs31  3BMYAHHOTO  IUIyIIHHKA  3a0e3Me4yloTh  3pY4HICTH  HOTO
YCTaHOBKM y BHIIYCKHUH CHCTEMi JIBUTYHA.

BaxuimBuM  CTHMYJOM  MOJAJIBLIOTO  PO3BUTKY MOAIOHMX CHCTEM € Te, 110 BOHHU
O0OYMOBITIOIOTH MOXIIMBICTh CYKYITHOT'O BJIOCKOHAJICHHSI XapaKTepUCTUK TPAaHCIOPTHOIO 3acoly 3a

KOMIIEKCOM ~ TIOKA3HMKiB. IX peamisaiis Ha TPaHCIOPTHHX 3aco0ax JI03BOJIAE, 30KpEMa,
yTUNI3yBaTH BiAXiAHY TEIUIOBY C€HEPrilo, YIOCKOHANIOBATH MPOLECH 3TOPSHHS, MOKpAallyBaTH
CKOJIOT1UHI  SIKOCTI ~TPaHCIOPTHHX 3aco0iB, 3a0e3meuyloud MNpH  [IbOMY MOXIIMBICTH  3aMiHU
TpaJULIHHOrO HA(pTOBOrO INajuBa aJlbTEPHATUBHUM EHEPrOHOCIEM 3 IIOHOBIIOBAHUX, B TOMY
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gucii  OIOJOTIYHMX  JDKEpEN, CHPUSAIOYH TaKUM YHHOM — BHUpINIEHHIO TJ00anbHOi  mpoOneMu
pecypco30epekeHHS.
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S. Kryshtopa, L. Kryshtopa, I. Mykytii, M. Hnyp, F. Kozak. Improving the environmental
parameters of diesel engines when they are transferred to methanol conversion products

The article aims to solve the problem of converting existing automobile diesel engines to gas fuels,
which are a cheaper and more environmentally friendly alternative to diesel fuel. Method of increasing
energy of alternative fuels was improved. Chemical essence of fuel energy increase is considered on the
basis of scientific provisions of thermodynamics. As a starting point for the conversion process, an
alternative methanol fuel was selected, taking into account its cost, environmental friendliness and
temperature conditions. The calculations showed that thermal effect from combustion of the converted
mixture exceeds the effect from combustion of the same amount of non-convertible methanol. Fuel energy
increased due to thermochemical regeneration of exhaust gas heat. An experimental setup has been created to
study the operation of a converted diesel engine at methanol conversion points. Experimental studies of
environmental performance of a diesel engine, which was converted to work at methanol conversion points.
Experimental studies have shown that the conversion of diesel engines to work using methanol conversion
points is technically justified. Reduction in fuel consumption was accompanied by an improvement in the
environmental performance of the diesel engine, which works in conjunction with a thermochemical
methanol conversion reactor. Depending on the speed of the crankshaft and the load on the engine, the
formation of nitrogen oxides in the exhaust gases decreased by 53-60%, carbon monoxide occurred in the
range of 52-62%. Given that the price of methanol is up to 20% of the cost of diesel fuel, the conversion of
automotive diesel engines to work using methanol conversion points is very profitable.

Keywords: diesel engine; alternative fuel; methyl alcohol; heat utilization; exhaust gases; nitrogen
oxides; hydrocarbons.
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JIro6mii €.B., benernpka O.M.
Xapkiecbkuili HayioHATLHULL aBMOMODITIbHO-00POdICHIU YHIgepcumem, YKpaina

EKCIIEPUMEHTAJIBHI JOCHZKEHHA 3ATPUMOK TPAHCIIOPTHUX 3ACOBIB
1P BUI3 I 3 NPUJIEI'JIMX TEPUTOPIN

[Ipencrasnena poboTa NpUCBIYEHA BUBYCHHIO MPOOJIEMH BU3HAYCHHS 3aTPUMOK TPAHCHOPTHHUX 3ac00iB MpHU
BUI3/1 3 IPWIETINX TEPUTOPii Ha Michbki aBTOMarictpaini. Ha manuii yac Bxe icHye BelHKa KUIBKICTh PI3HUX MiIXO/iB
IIOJ0 BU3HAYCHHA TPAHCIHOPTHHX 3aTPUMOK Ha HEPETYJIbOBAHMX IIEPEXPECTSAX, ale BOHM HE B IOBHIH Mipi
BPaXOBYIOTh OCOOJIMBOCTI pyXy aBTOMOOLUIIB Ha BUI3/1aX 3 MPWJICTIINX TEPUTOPIH.

Ha ocHOBI pe3ynbTaTiB HaTYpHHX CIHOCTEPEKEHb 32 PYXOM TPAHCIIOPTHUX 3aco0IB NMPH BUI3Ii 3 MPHIETIIHX
TEPUTOPIH B CTATTI MPOBECHO OILHIOBAHHS PE3yNIbTAaTiB BU3HAUEHHS 3aTPUMOK 3a 3alpOIOHOBAaHUM ITXOIOM, B
SIKMH 3aKJIaJICHO TPHHIUIN CHCTEMH MacOBOTO OOCIYTrOBYBaHHS, IO JIO3BOJISIE BPAaXOBYBAaTH IIPIOPHTETHICTH PyXy
aBTOMOOUTIB Ha KOHKYPYIOUMX HampsMKax. BcTaHOBIICHO, IO BiAXHMICHHS (PaKTHYHHUX TPAHCIIOPTHHUX 3aTPUMOK i
3aTPUMOK OTPHMAHHX 32 3alPOIOHOBAaHMM IiAXOIOM I 000X MaHEBpiB, MMOBOPOT MpPaBOPYY (3MUTTA) i JIiBOPYH
(mepeciuenns) He nepesuirye 10 %, M0 CBIIYUTH PO MOKIUBICTH HOr0 BUKOPUCTaHHS HA TAaKUX 00 €KTaxX SIK BHi3[H
3 MIPWJIETIIUX TepUTOpiil. Ha OCHOBI OTpUMAaHUX EMITIpHYHHUX JAaHUX BCTAHOBIICHO, IO PO3NOALT (GaKTUIHUX 3aTPUMOK
TPaHCIOPTHHUX 3aco0iB HpH BHUI3AI 3 MPWIETNIMX TEPUTOPIH JUIT BCIX OOCHUKYBaHHX BHIIAJIKIB BiJIIOBigae
JIOTHOPMAJTLHOMY 3aKOHY 3 JIOCTaTHHO BUCOKOIO IMOBIPHICTIO.

Jnst 3MEHINECHHS BiAXWIEHb MOJCNBHUX i (aKTHYHMUX 3HAUCHb TPAHCIOPTHHX 3aTPUMOK IIpU BHUI3AI 3
MIPWIIETIINX TEPUTOPiil HEOOXiTHO B MOJIENI BpaxyBaTH CTOXAaCTUYHI XapaKTePUCTHKH MapaMeTpy MpoIecy 31iHCHeHHs
BIAMOBiAHMX MaHeBpiB. TakuM mapaMeTpoM € TPaHWYHUII YacOBUH iHTEpBaT MK aBTOMOOUIIMH B TOTOLI Ha
TOJIOBHOMY HAampsMKY, 3a IKOTO Oyab-IKHi aBTOMOOLIB, 10 OYiKy€ Ha 3MiHCHEHHS MaHEBpPY NPH BHUI3/i 3 MPHIETINX
TEPUTOPii, MOKE BUKOHATH MOBOPOT NpPaBOpydY ab0 JTiBOPYY, SKHH MOXKHA BH3HAYMTH 33 PaXyHOK IIPOBEACHHS
CTaTUCTUYHOI 0OPOOKHU pe3yabTaTiB HATYPHUX CIIOCTEPEKEHb.

KonrodoBi cioBa: TpaHCIIOPTHHH TOTIK, 3aTpHMKa, I'PaHHUYHUH I1HTEpBaN, BHI3[ 3 IPHIETIIOi TEPHUTODII,
HaTypHI CIIOCTEPE)KEHHSI.

BCTYII

BrimB TpaHCTIOpTY Ha HABKOJIMIIIHE cepeioBUIIIE 0araTo B Y4OMy BH3HAYAETHCS BUMAJIKAMU MIPOCTOIO
Ta 3aTPUMOK. 3aTpUMKa — IIMPOKO BHKOPHUCTOBYBaHA Mipa OOCIIyTOBYBaHHS U IEpPEXpecTb, a TaKOXK
(dbyHIaMeHTaIbHUN NapaMeTp B €KOHOMIYHOMY aHalli3i iHBeCcTHLild B aBTOMOOLNIBHI goporu [1]. 3aTpuMku
BKa3ylOTh Ha 3aiiBUll 4ac, IO CHOXHBAETbCS TPAHCIHOPTHUM 3aCO00M, Yy MOpPIBHSAHHI 3 KOHTPOJBHUM
3HAYCHHSIM.

VY OinbLmIOCTI BUOAIKIB 3aTPUMKH TPAHCIIOPTHHX 3acO0iB € JIOKAJBHOIO Ta OKPEMOIO (4acHOIO)
Mpo0JIeMoro, sIka MOXKE CIIOCTEPIraThCs Ta JOCIiPKyBaTUCS HE TUTBKU B aCTIEKTi IJIAHYBaHHS PO3BUTKY BCi€l
MICBKOI TEpHUTOpIi, ajle TaKOXK i Ha HEBENMKHUX TUISHKAX MicieBocTi. ToMy st 3SMEHIIEHHs TPaHCTIOPTHHX
3aTPUMOK Ha BYIWYHO-IOPOKHIM Mepeki HeOoOXiTHO HE TUIBKM BH3HAYATH PAIliOHATBHHUHA CBITIO()OpHHNA
UK Ha PEryJbOBaHUX MEPEXpecTsiX, a ¥ MPUAIISATH OCOOJIMBY yBary ix 3HW)KEHHIO Ha HEPEryJIbOBaHHX
MepexpecTsX i Ha iHIINUX «BY3bKUX» MICISIX MICBKOI TPAHCIOPTHOI CUCTEMU, SIKUMH € BHi3[IU 3 MPHJIETIIHX
Teputopiii. Ha BUi3gax 3 mpuiieriux TepuTopiil MyKe 9acTO BUHUKAIOTh KOH(MIIKTHI MOMEHTH, B HACIiOK
40ro, CTBOPIOIOTHCS aBapiiiHi cUTyalii 3 peaJbHUM 30UTKOM. TakuM YMHOM IpobieMa, 0 pO3TisIaeThes,
HOCHTD HE TUIBKU TEXHIYHHH, aJie i COIialibHO-CKOHOMIYHHM XapakTep.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA ITPOBJIEMU

TpaHcropTHa cucTeMa Cy4acHOTO BEITMKOIO MicTa CKJIaJAeThes 31 3HAUHOI KUTBKOCTI KOH(IIIKTHHX
MICIlb, Cepell SKUX MEePEeBAKAIOTh HEPETyJIbOBaHI MEpexXpecTsl Ta BHI3AW 3 TpHIEriaux Tepurtopii. Taki
00’€KTH € MICISIMA KOHIEHTpAIil JOPOKHBO-TPAHCTIOPTHHUX MPUTOJ] Ta YTBOPESHHS 3aTOPIB, Ki PU3BOJISATH
710 3pOCTaHHS TPAHCHOPTHUX 3aTPHUMOK, TOUHMX METOJIB OLIHIOBAaHHS SIKMX Ha JaHUH 4ac Hemae. Takox
CIiJl BIJ3HAYUTH, [IO0 OCTAHHIM 4YacOM TP PO3pPaxyHKy WIBHJKOCTI pyxXy B cdepi TpPaHCIOPTHOTO
MOJIEITIOBaHHSI aKIIEHTH TIEPEHOCTHCS 3 JIJISTHOK BYJIMYHO-IOPOKHBOI MEpPEXi Ha MICIsl TIEPETHHY MOTOKIB
YYaCHHMKIB JIOPOKHBOTO PyXy, @ METOOUKH, LI0 JO3BOJSIIOTH TOYHO OLHUTH THUMYAcOBI 3aTPUMKH
TpaHCIIOPTY, PO3pOOIICHI, B OCHOBHOMY, IJIsl PETYJILOBaHHX MepexpecTsb [2].

VY BignosigHocti 1o TlpaBun qopokHBOTO pyxy YKpainu [3] «mmepexpecTs — Miclie MmepexpelleHHs,
NpWIsiTaHHA a00 PO3ralyKeHHsS JOpIr Ha OJHOMY pPiBHI, MEXEI0 SKOTO € YsBHI JIiHIl MiDX HOYaTKOM
320KpYIJICHb KPaiB MPOi3HOT YaCTHHU KOXKHOI 3 Jopir. He BBakaeTbcsl mepexpecTsiM Micle MpUIsITaHHS 10
JIOPOTH BHi3Ay 3 MPHIETIIOI TEPUTOPii». B CBOIO Wepry, MPUIIETIIO € TEPHUTOPis, M0 MPHIATAE IO KParo
MPOi3HOT YaCTHHHU Ta HE MPHU3HAYCHA TSI HACKPI3HOTO MPOI3My, a JIUIIE I B’I3ay A0 JBOPIB, HA CTOSIHKH,
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aBTO3aIlpaBHI CTaHINi, OymiBeIbHI MalTaHUYUKHU TOIIO abo BHi3ay 3 HuX. OTXKe, BIAMOBIIHO A0 HABEICHUX
BHINC IIOHATH, OCHOBHA BIAMIHHICTH TIEpEXpPECTSs Ta TMPWIETIOl TepuTopii moisrae B 00 €KTax
1HQPACTPYKTYpH, 10 SIKMX Bele NPODKIKAa YacTHHA, IO MEepPECiKaeThCs, a TaKOXK y TEXHIYHUX 3acobax
peryJioBaHHA JOPOKHBOTO PYXY, SIKi iX MO3Ha4aloTh. BeiwWka KiIbKICTh TaKUX «BY3bKHX» MICIb Ha
BYJIMYHO-TOPOKHIM MepexXi BEIHKOTO MicTa CTBOPIOE 3HAYHI HE3PYYHOCTI SIK JUIA TPAHCIOPTHHX 3aco0iB,
IO PYXaKOThCs TOJIOBHUM HANpsIMKOM, Tak M AJIS THX, 110 BUDKIPKAIOTH 3 MpUierux Tepuropiil. Oco0nuBo
TOCTPUM II€ MHUTAHHS IOCTAa€ NPH HEOOXIAHOCTI BUKOHAHHS MaHEBPY JIBOIO MOBOPOTY NIpH BHIi3Oi 3
MPUIIETIIO] TEPUTOPIT Ha MaricTpasbHi ByIHIIi Ta gopord [4].

B icmyrouili HOpMaTWBHI Ta HayKOBiil JiTepaTypi BiJICYyTHI TPUKIAAd BH3HAYEHHS 3aTPUMOK
TPaHCHOPTHUX 3acO0iB MpPW BHIi3Mi 3 MPHJIETIHUX TEPUTOPIH, IO IMOB’S3aHO 3 HU3BKOIO 3aliKABIICHICTIO
CHCIAIICTIB 1 HAYKOBI[IB MO0 MUTaHb MiJBHUIICHHS €()EKTUBHOCTI JOPOKHBOTO PYXy Ha TaKOrO POIy
00’ekTax. Ane Cii 3ayBaXKHWTH, IIO 32 OCTaHHI YacH CYTTEBO 3MIHWIHCSA CTPYKTypa 3a0yIOBH BEITUKHX
YKpaiHCBKHX MICT, OKPIM KHUTJIOBOI 3a0yJOBU aKTHBHO 3’ SBJISIFOTHCS BEJIMKI TOPTOBi LEHTPH, CylIEpMapKeTH,
rinepMapKeTy Toulo, Aj1s €EeKTUBHOTO TPAHCIIOPTHOTO OOCIYTOBYBaHHS SIKUX O0MAIITOBYIOTHCS BiIMOBiIHI
B’i311 Ta BHi3AK. [0 IBOTO CITiJl TAKOXK OAATH 3HAYHUN CTPUOOK PiBHS aBTOMOOII3allii, 110 HaOyB MICIIA 3a
ocTaHHI ABa-Tpu poku. Lli mpollecH mpu3BenH 10 MOSBU BEIWKOI KiUTBKOCTI KOH(IIKTHHX CHUTYyaIlill mpu
B 13711 Ta BUi3/1i Ha MIPUJIETITY TEPUTOPIIO Ta HEOOX1MHICTh BUPIMICHHS MPOOJIeMH 00IAIITYBaHHS TAKHX MiCIb
BIJIMOBITHIMH TEXHIYHUMH 3aCO0aMH PETYIIOBAHHSA JOPOXKHBOTO PYyXy Ta BU3HAYEHHS TPaHCIOPTHHX
3aTpUMOK Ha HuX. HailOiapir cxoXuM 00’ €KTOM Ha BHi3IW/B i3I HA TIPUJIETITY TEPUTOPIIO € HEPETYIHOBaHI
MEPEeXpecTs, TOMY Jali PO3TJITHEMO ICHYIOYI MiJXOJ¥ II00 BH3HAUCHHS 3aTPUMOK TPAHCIIOPTHUX 3acO0iB
Ha TaKuX MepexpecTsiX.

YMOBHO TiAXOIW IIOAO BHU3HAYCHHS 3aTPUMOK TPAHCIIOPTHUX 3aCO0IB MOXKHA TOAUTUTH HA TPH
TpyIU: MPOBENEHHS HATYPHUX JOCIIKEHb 3a TpadikoM; pi3Hi aHATITUYHI MOJIENI, IO OMUCYIOTh 3aTPUMKH
3 ypaxyBaHHSM JCTEPMIiHOBAaHUX 1 CTOXAaCTHYHHX BIIACTHBOCTEH TPAHCIOPTHOTO MOTOKY Ta MigXOIu
3aCHOBaHI Ha BUKOPWCTAaHHI MiKpPOMOJIEITIOBAHHS Ta perpeciiHux mozeneil. OCHOBHUM HEIOJIKOM MepIioi
TPYIH MiIXOMIB € 3HAYHA TPYIOMICTKICTh BUKOHAHHS 0OCTeXeHHs Ta 00poOKku pe3ynbratiB. [lepeBaroro, B
CBOIO YepTy, € BUCOKA TOYHICTh OTPUMaHHX pe3yibTaTiB. CIi 3ayBayKUTH, 10 3MEHIIUTH TPYIOMICTKICTh
00pOOKH pe3yNIbTaTiB HATYPHUX CIIOCTEPEKEHD 33 3aTPUMKAMH TPAHCIIOPTHHUX 3ac00iB MOXKIIMBO 33 PaXyHOK
BUKOPHUCTAHHS aBTOMaTH30BaHUX CHCTEM PO3Ii3HaBaHHS Ta MiApaxyHKy Tpadika.

[Hma rpyna migxoaiB MO0 BU3HAYEHHS 3aTPHMOK Ha HEPEryJhOBaHHX MEPEXpecTsX IMpelcTaBiIeHa
BEJIMKOIO KUTBKICTIO MoJienieid. 3apyOixkHa Teopisi TPaHCTIOPTHOT'O PETYIIOBaHHS KOHIICHTPYETHCS Ha OLIHKAX
3aTPHUMOK 1 IOBKMHM uepr. TpaHCIOPTHI 3aTPUMKH Ta JOBXHHA YEPrd TPAHCIIOPTHUX 3ac00iB € OCHOBHUMU
MOKa3HUKAaMH, L0 BBOISATH MOHATTA piBHA oOcmyroByBaHHs (LOS) i siki BUKOPHCTOBYIOTHCS MPU OLIHII
JIOCTaTHOCTI JIOBKUHH CMYTH pyXy Tiepej1 mepexpectsim [5].

OnHuM 3 Hepmux MiAXoiB II0J0 BHU3HAYCHHS 3aTPUMOK Ha HEPEryJIbOBAaHOMY MEPEXpecTi € MiaxifJ
Tanner [6], OCHOBOIO SKOTO € HACTYITHI TOJIOKCHHS: TPAHCHOPTHI 3aCO0M MPUOYBAIOTH IO TEPEXPECTSI
BUTQJIKOBUM YHHOM; TOJIOBHHH MOTIK PyXy CTBOPIOE MPOIEC YEPryBaHHsS, 1[0 OHOBIIOETHCS 3 YACOM,
BUTPAYeHUM Ha TEPETHH MepeXpecTsi TPYNo0 aBTOMOOUIIB, MPHU IbOMY IHTEPBAaIM Yacy MiK Tpylnamu
ABTOMOOIJIIB  PO3MOJUIAIOTECS 32 EKCIMOHEHIIAbHUM 3aKOHOM; TpPaHCIOPTHI 3aco0M JAPYTOpsIHOTO
HaNpPSMKY TIEPETHHAIOTH TOJIOBHY JIOPOTY B PIBHI MPOMDKKH 4Yacy MPOTSATOM MpEACTaBICHOIO 1HTEpBay,
KW 00OMEXYEThCS YaCOM TPUOYTTSI HACTYITHOT TPYIH TPAHCTIOPTHHUX 3aCO0iB.

B cBoiit poGoti [7] Troutbeck 3ampomoHyBaB BpaxoByBaTW B MOJAENI BH3HAYEHHS 3aTPHMOK
TPaHCHOPTHUX 3ac00iB Ha HEPEryJbOBaHUX MEPEXPECTSIX HACTYIHI MapaMeTpu: CEPeiHIO 3aTPUMKYy NpH
HE3HAYHOMY JIPYrOpsSIHOMY TOTOIN (Takox Bimomy sik Adams delay); cryminb HacHYEHHs JAPYTOPSIHOTO
MOTOKY; TIOKa3HUK, KIJIbKICHO BU3HaUa€ eeKT opraHizalii uepru APYropsiiHOro MOTOKY.

st mepexpecTb, 110 MaroTh NpiopuTeT pyxy, Heidemann y poOoti [8] mpencraBuB ¢opmyny mns
PO3paxyHKy 3aTPpHUMOK TPAHCIIOPTHOTO IMOTOKY Ha JIPYTOPSIHIN J0p031 SIK QYHKITIIO BiJI CTYNEHS HACHYSHHS.
B cBoro uepry, aBropu [9] po3aunmim 3arajibHy 3aTPUMKY Ha MEPEXPEcTSX 3 JBOCTOPOHHIM KOHTPOJIEM
3YNMHKMA Ha 3aTPUMKy B 4ep3i Ta 3aTpUMKy Ha OOCIyroByBaHHs. Y LOMY BHUIAJKy 3aTpHUMKa B 4ep3i
BU3HAYAETHCS YacOM BiJl MOMEHTY NMPHOYTTS TPAHCIIOPTHOTO 3acO0y B KiHEIpb YeprH JO MOMEHTY HOro
MiAXOQy JIO CTOI-NiHI[, a 3arpuMKa Ha OOCIYyroByBaHHS TIpEJICTaBIeHA SK 4Yac MDK TNPUOYTTIM
TPAHCHOPTHOTO 3acO0y 10 CTON-JIiHII Ta BiANIPABICHHIM 3 HEl.

Horowitz B gocmimxenHi [10] yaocKoOHAIMB MOJIENb OYiKyBaHHS B Yep3i U MIEPEXPECTh 3 MOBHICTIO
KOHTPOJIEOBAHOIO 3YITUHKOIO, BIIOWBIK B Hill eMIIpHYHy iH(MOpMAIIiIO PO MOBEAIHKY BOJIIB, a aBTOpaMH
[11] po3pobieHO HMOBIpHICHY MOJICNIb 3aTPUMOK, sIKa BiJoOpakae IOBEOIHKY BOMIIB NMPH MPHUHHSATTI
pilleHHs Ha 3A1MCHEHHS MaHEBPY, IO MOKe OyTH BHKOPHCTaHO JAJIsl ONHCAHHS MMOBOPOTY mpaBopyd Ha T-
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moaioHoMy mepexpecti. B pobori [12] Kaysi Ta Alam mocimimkyBaau BIUIMB IMOBEIIHKA BOisS (HETEPITHHS,
arpecHUBHICTb, TOCBi) HAa PO3MIp 3aTPUMKH TPAHCIIOPTHUX 3aCO0IB.

VY nmocmimkenni [13] mpoBeneHO MOPIBHSIHHSA TPhOX OCHOBHMX HAa TOW 4ac Mojelieil 3aTpUMKH Ha
HEeperyJproBaHuX nepexpectsx: monenb HCM 94, monens Akcelik-Troutbeck ta mogens SIDRA 5. Y po6Gori
MOKa3aHi Pi3HI BIAMIHHOCTI B pe3yibTaTaxX pPO3PaxyHKIB 1 3alpOMOHOBaHI BIOCKOHAJIEHI BapiaHTH IIHX
Mojesel Ha OCHOBI Pe3yJIbTaTiB MATEMAaTHIHOTO MOJICITIOBAHHSI.

3aranpHa 3aTpUMKa Ha HEPETYJIbOBAHOMY IEPEXPECTi 3 BIJTHOCHUM MPIOPUTETOM BiANOBiAHO 10 [14]
Ma€ YOTHPH CKIQJOBi: 3aTPUMKYy Ha VIOBITbHEHHS (TadbMyBaHHS); 3aTPUMKy B dUep3i; 3aTpUMKy Ha
OYiKyBaHHS MOXKITMBOCTI 3[IICHEHHS TIOBOPOTY (4ac O4iKyBaHHS PO3PUBY B TOJIOBHOMY IIOTOII); 3aTPUMKY
Ha TPUCKOPEHHS (PO3TiH).

B cBoemy mocmimkenni [15] aBropamu Al-Omari i Benehokal po3poGiieno mozeni myis orniHIOBaHHS
3aTPUMKH B 4ep3i Ta 3aTPUMKH OOCIYrOBYBaHHS Ha IEPEXPECTSIX 3 JBOCTOPOHHIM KOHTPOJIEM 3YIMHHKH.
3arpuMka OOCIYrOBYBaHHS OILIHIOETHCS SIK (YHKLiS BiJi OOCATIB KOHMIIKTYIOUMX IOTOKIB, a CEpeIHE
3HA4YEHHS 3aTPUMKH 00CIYroByBaHHS Ta ii TUCTIepCis BUKOPUCTOBYIOTHCS B SIKOCTI BXiIHUX MapaMeTpiB A
OIIiHIOBAHHS 3aTPUMKH.

Ha ocHoBi pe3ynbsTaTiB MoaenmtoBaHHs Tpadiky B poOoTi [16] oTpumano y3aranbHeHY GopMy Moeni
3aTPUMKH, sIKa JIa€ OUTbII TOYHI pe3yNbTaTH, HIX MPOCTa EKCIOHEHIiajdbHa (opMa 3arajbHOI 3aTPUMKH
TPaHCIIOPTHOTO ITOTOKY HA MEPEXPECTSAX 3 HOBHICTIO KOHTPOJIHOBAHOKO 3YIIMHKOIO.

B cBoiii po6oTi aBTOpH [17] po3poOmiy MOENb IS OLIHKH 3arajlbHOI 3aTPUMKH Ha HEPETyIIbOBaHUX
MepexpecTsix 3 BHUKOPUCTAHHSIM IMOJOXKEHb Teopii vepr, a aBTop [18] HamaraBcs TepeBIpUTH METOIU
PO3paxyHKy 3aTpHMOK, B OCHOBY SIKMX 3aKJiaJieHa Teopisi MacoBOro oOCIyroByBaHHs. sl OTpUMaHHS
YHCEeNTbHO TOYHHX PE3yJbTaTiB aBTOPaMH pO3poliIeHa METOIMKA 3 BUKOPHCTaHHAM MapKOBCHKHX JIAHITIOTIB.
JlaHi CTOXaCTHYHOTO MOJEIIOBAaHHS Ta JaHi, OTPUMaHI eMIiPHYHHM IIUIIXOM, BUKOPUCTOBYBAJHCS IS
OLIIHKU TOYHOCTI OTPUMAHUX AIPOKCHMYIOUUX MOJEIICH.

Transportation Research Board y [19] mpencTaBneHo nporieaypy OMIHKH TPAHCIIOPTHUX 3aTPUMOK Ha
HEpeTyIbOBAHUX ITIEPEXPECTSX, y BIAIMOBIIHOCTI J0 SIKOI 3aTPHUMKH BH3HAYAIOTHCS OKPEMO JIsI KOJKHOTO
JPYTOPSTHOTO HAIMPSIMY Ta JIIBOMOBOPOTHUX MOTOKIB TOJIOBHOTO HANPSAMKY. 3TiHO IBOTO JOCHIJKCHHS,
3aTpUMKa BH3HAYA€ETHCS SIK 3arajbHUH 4ac, 110 MHHYB 3 MOMEHTY 3YIMHHKH TPaHCIIOPTHOTO 3aco0y B KiHII
4epru J0 MOMEHTY Horo Bim'i3my Bin JiHIT 3ynNMHKU. AHAJOTIYHHIA ITiIX11 BUKOPUCTOBYEThCS i B Malaysian
Highway Capacity Manual.

ABTopoMm JnociijpkeHHs [20] 3amponoOHOBAHO HOBWMIM IMMIJAXiJ 0 BU3HAYCHHS 3aTPUMOK Ha
HEpEeTyJIbOBAHUX MEPEXPECTsX, SKUH A€ MOXIIUBICTh OLIHKH CEPEAHBOI 3aTPUMKH B 3aJIEKHOCTI Bif
BapiaTHBHOCTI MOMUTY Ha Tpadik. [lepeBaroro qaHOTro MiAX0Iy € MOXIIUBICTh OTPUMAHHS JJOCTATHHO TOUHUX
pe3yibTaTIB U TPUBAIOTO NIEPioy, HAIIPUKIA, TOOH.

OxpeMy rpymy CTaHOBJISATH MiJIXOAW IIOAO BU3HAYCHHS 3aTPUMOK Ha HEPETYJIHOBAHHX MEPEXPECTX,
3aCHOBaHI Ha BHKOPHCTaHHI 3ac001B MiKpOMOJEIIOBaHHS Ta perpeciiHux 3ajexHocTeid. OcobmauBoi yBaru
3aciyroBye pobora Caliendo [21], mpencrtaBneHi B Hii Mozemi dYacy 3aTpUMOK, Yacy TMPOCTOIO 1
MaKCUMaJIbHOT 4epru po3pobiieHi 3 BukopucTanHsiM AIMSUN i MoxxyTh OyTH BUKOPUCTaHI JUTS IPUHHATTS
pillIeHb TNPOEKTYBAaJbHUKAMU TPAHCIIOPTHOI 1H(PACTPYKTYpH Ta oOmeparopaMu JTOPOKHBOTO pyxy. 3
OCTaHHIX JIOCII/DKEHb TaKOXK MOYKHA BUAUTUTH poOoTy [22], B sIKili IPOBEIEHO MOAETIOBAHHS TPAHCTIOPTHHX
3aTPUMOK HAa HEPETrYJIbOBaHHUX MMEPEXPECTSX 3 BUKOPUCTAHHIM IITYYHOI HEWPOHHOI Mepexi Ha MPHUKIaIi
Manaiizii. Pe3ynbTaTé LBOrO MOCHIMKEHHS TMOKa3ajid, 110 HEHpOHHA Mepexa 37aTHa OUIBII TOYHO
MPOTHO3YBaTH 3aTPUMKY Ha HEPEryJbOBaHUX IEPEeXpecTsX HDK MiIXoaud mpeacrasieHi B Malaysian
Highway Capacity Manual i Highway Capacity Manual (2010). TounicTs po3po0iieHiX MOJIeTIei OlliHeHa Ha
MiZcTaBl pe3yabTaTiB HATYPHHUX CIIOCTEPEKEHb HA TPHOX MEPEXPECTSIX 3 Pi3HOIO KOHGIrypatiero.

PesynpTaTtu mpoBeseHOro aHami3y iCHYIOUHMX MiAXOJiB LI0J0 BU3HAYEHHS 3aTPUMOK CBigyaTh IpO TE,
mo OUTBIIICTh PO3TIISIHYTHX TMiAXOIB 3aCTOCOBYIOThCS Ha TIPUKIAJI HEPEryJIbOBaHUX IEPEXPECTh JBOX
THMIB: 3 JIBOCTOPOHHIM KOHTPOJIEM 3YIMHKHU Ta 3 MOBHICTIO KOHTPOJILOBAHO 3YMUHKOI. Lle roBopuTh 1po
HEOOXiAHICTh PO3POOKH MOAENIEH AJIsl BU3HAYECHHS 3aTPUMOK Ha HEPETyJIbOBaHUX IMEPEXPECTIIX, 3 BIIMIHHOIO
BiJl CBITOBOI NMPAaKTHKHA OPraHi3aimi€lo JIOPOXKHBOTO PyXy, HANPHKIAN, Ha HEPEryJIbOBAHHUX IEPEXPECTIX
PIBHO3HAYHUX JIOPIT, 10 YaCTO 3yCTPIYAIOThCS HA TEPUTOPIT YKPATHCHKHUX MICT, a TAKOXK JUIsl TAKHX 00’ €KTIB
K BUI3AM 3 NPWIETJIMX TEPUTOpiil. ABTOpaMHM JaHOTO JOCHIPKEHHS PO3POOJIEHO aHANITHYHI MOJIEI,
BUKOPDHCTAHHS SKMX MOXJIHMBO Ha pI3HHX THIIAX HEperyjaboBaHUX mepexpectb [23, 24]. B ocHoBy
3alPOIIOHOBAHMX MOJENeH 3aKJIaJeHO INPHHIMIN HAWIpOCTIIIOrO IOTOKY, IO JO3BOJSE BpaxyBaTH
MIPIOPUTETHICTH MPOI3y aBTOMOOUTIB B KOH(IIKTYIOUMX HAIpsAMKax, ale 1X BHUKOPHUCTAHHS HA TIPUKIIAII
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BUI3JIB 3 TPWIETIUX TEPUTOPid TOTpedye J0AaTKoBOi ampolariii, Mo € OJHIE 3 3aJa4 JaHOTO
JIOCHIJDKEHHSL.

OIJIb TA 3AJAYI JOCJIKEHHSA

MeToro 1aHOTO JOCTIIKECHHS € BU3HAUEHHS 3aTPUMOK TPAHCHOPTHUX 3aCO01B MPH BUI31 3 MPUIETINX
Tepuropiil. OCHOBHUMH 3a/1auaMH POOOTH €: TIPOBEICHHS HATYPHHUX CIIOCTEPEKEHB 32 PYXOM TPAHCIIOPTHHX
3aco0iB MpH BHIi3AI 3 TPWIETINX TEPUTOPIi; BCTAHOBIEHHS 3aKOHY PO3MOALTY (PaKTHYHUX 3aTPHMOK
TPaHCHOPTHUX 3ac00iB NpH BHUI3A1 3 NPUIETINX TEPUTOPIN; PO3PaxXyHOK 3aTPUMKH TPAHCHIOPTHUX 3ac00iB
IpH BHI3/1i 3 MPUIIETINX TEPUTOPIH 32 pe3yIbTaTaMH CIIOCTEPEKEHb Ta 3 BUKOPUCTAHHIM 3alPOIIOHOBAHOTO
MiIX0Ay; OIliHKAa OTPUMAHHMX pPe3yJbTaTiB PO3paxyHKY 3aTPUMKH TPAHCIOPTHUX 3aco0iB TMpW BHIi3AI 3
MPUWIETJINX TEPUTOPIH.

PE3YJbTATHU JOCIIIKEHDb

O6’exToM mocmimKeHHs naHoi poOoTr € mpouec (GOpMyBaHHS 3aTPUMOK TPAHCIOPTHHUX 3ac00iB MpH
BUi3Al 3 mpuiiernux Teputopiid. OCHOBHOIO XapaKTEPHCTUKOIO LBOTO Mpolecy € (akTHYHa TPaHCHOPTHA
3aTPUMKA, sIKa, B CBOIO YEPTy, € BUMAJAKOBOIO BEJTMYMHOIO, OCKLIBKY BOHA SIBIISIETHCS PE3YJIHTATOM HATYPHHUX
CIIOCTEPEIKEHb.

Jus orpumanHA BUXigHOI iH(pOpMaIii, MO HEOOXigHA A1 BCTAHOBJICHHS 3HAYE€Hb TPAHCHIOPTHHUX
3aTpUMOK OyJIO MPOBEAEHO BiJICOCTIOCTEPEIKEHHS 32 PYyXOM TPAHCHOPTHUX 3ac00iB Ha BHI3[l 3 MPHIIETIIUX
NpuOYAMHKOBUX TepUTOpill mo Bysn. Axanemika 3abomoTrHoro Mik BynuumaMu Axanemika CaxapoBa Ta
Cemena Ilamis B wmicti Opeci. BimeocmocrepexeHHs Oyno OpraHi3oBaHO TakMM YMHOM, 1100 Oyra
MOKIIMBICTH 3a(hiKCyBaTH pyX TpaHCIIOPTHUX 3ac00iB Y BCix HampsiMkax (puc. 1). OOCcTe:KeHHsT IPOBOAUIOCS
MPOTATOM THXKHS (poOOUYi JHI, MOHEALIOK-TT’ATHUIIS), TPUBAIICTh Bifeo(ikcallii 0Ha roaMHa B MPOMIXKKA
Yacy 3 HalOIIBIIMM HaBaHTaKCHHSM Ha BYJIHMYHO-JOPOKHIO MEPEXY: PaHKOBHH mepiox «mik» — 7:30-8:30
(xBiTensb 2021 poky) Ta BeuipHiii nepiof «mik» — 18:00-19:00 (uepens 2020 poky).

T

Pucynok 1 — Micue npoBeieHHsS HATYpHHUX CIIOCTEPEKECHb
(a — mman-cxema 06’exty (Google Maps); 6 — npukian Bizeodikcallii pyxy TpaHCIOPTHHX 3aC00iB)
B pesynbTarti 06poOku oTpuMaHoi iH(popManii chopMOBaHO MacHB JaHUX Ul PO3PaxXyHKY 3aTPUMOK
TPAHCIIOPTHHUX 3aCO0IB Ha BUI3I 3 MPUIIETIIOI TEPUTOPIi 32 METOJUKOI HaBeIeHOK B [24] (IHTEHCHBHOCTI
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pyXy aBTOMOOLIIB TOJIOBHAM (OCHOBHHM) 1 IPYTOPSIHUM HAINPSMKOM, YacOBi 1HTEpBAIM Ha 3IACHEHHS
MaHEBPIB IMOBOPOTIB HA BUI3[aX 3 MPHICTIUX TEPUTOPIH, YaCOBHH IHTEPBAJI MK TPAHCIIOPTHUMH 3ac00aMu
Ha TOJIOBHIH JIOpO3i), a TaKoX Ha OCHOBI SKOTO BCTAHOBIIOIOTHCS (PaKTHUHI 3HAYCHHS CEPEIHBOL
TPAHCHOPTHOI 3aTPUMKH aBTOMOOLUTIB MpPH BWi3Mi 3 NPWIETIUX TepuTOpiid. Takox oTpuMaHi B pe3yibTaTi
HaTYpPHHUX CIIOCTEPEKEHb JIaHI € BHUXIAHOK iH(QOpMAIi€lo A BH3HAYEHHS BUAY Ta IapaMeTpiB 3aKOHY
po3noainy hakKTHIHUX TPAaHCHOPTHHUX 3aTPUMOK IPH BHUI3/l TPAHCIIOPTHUX 3aC00IB 3 MPUIIETIINX TEPUTOPIil.

PesynpTaTi BU3HaYCHHS 3aKOHY PO3MOILTY (PaKTUYHMX 3aTPUMOK HaBelleHi Ha pUCYHKaX 2, 3.
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PucyHok 2 — Po3nozin ¢pakTHYHUX TPaHCTIOPTHUX 3aTPUMOK TPH 3iHCHEHHI MaHEBpPY TOBOPOTY
MPAaBOPYY IIPH BHI31 3 MPUIETIUX MPUOYTNHKOBUX TEPUTOPiH MO Byl. AKameMika 3a00I0THOTO MiXK
BynmuisimMu Axagemika Caxaposa ta Cemena [lamis (Bick x — 3Ha4eHHS ()aKTUIHHUX 3aTPUMOK, C;

BiCh y — 4acTOTa MOTPAIUISTHHS 3HA4Y€Hb 3aTPUMOK Y BiIMIOBiTHHIA iHTEpBaJI)
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Pucynok 3 — Po3noain (pakTHIHUX TPaHCIIOPTHUX 3aTPUMOK IPH 3IHCHEHHI MaHEBPY MOBOPOTY JIBOPYY
1Py BUI3A1 3 NPWIErUX NpUOYIMHKOBUX TEPUTOPIH 1O By1. AKageMika 3a00JI0THOTO MiXK BYJIHUISIMU
Axagnemika Caxaposa ta Cemena [lanis (Bich x — 3HaUeHHS (PaKTHYHHUX 3aTPUMOK, C;
BiCh ¥ — 4acTOTA MOTPAIUISIHHS 3HA4YEHb 3aTPUMOK Y BiJTIOBiTHUI 1HTEpBAJI)

Bcranosieno, mo po3noain (GakTHYHUX 3aTPHUMOK TPAHCIIOPTHHUX 3ac00iB MPH BUI3JI 3 MPUIIETIUX
TEPUTOPIH IS BCIX JOCHIHKYBAaHUX BHIIAJKIB BiJIMOBIIAa€ JIOTHOPMAJIbHOMY 3aKOHY 3 JOCTaTHbO BHCOKOIO
iMOBipHicTIO (TaOmis 1).

HaBeneni B Tabmuii | emmipuvHi 3HAYeHHS CepeHBOI 3aTPUMKH TPAHCIIOPTHHUX 3aco0iB, MIO
BUDK/DKAIOTh 3 MPHJIEIJIOl TepUTOpii Ha aBTOMAricrpanb (Bys. AkaaeMika 3a00JIOTHOIO) € OCHOBOK st
NepeBiPKH TOYHOCTI MOJICIIIOBAHHS TPAHCIIOPTHOT 3aTPUMKH 32 po3podieHo0 Meroaukoro [24]. [ndopmarris
PO OLIHIOBAaHHA TOYHOCTI pe3yJbTaTiB MOJEIIOBAHHA 3aTPUMOK TPAHCIIOPTHUX 3aco0iB NpH BHi3i 3
NPUIIETIIMX TEPUTOPIH 110 3aNPOIIOHOBaHI MeTouil [24] HaBeneHi B TadmiIi 2.

Tabmuus 1 — IlapaMeTpu JTOTHOPMANBHOTO 3aKOHY PO3MOALTY (DaKTHUYHUX TPAHCIOPTHHUX 3aTPUMOK HPHU
BHUI3]1l 3 IPUIIETIIUX IPUOYAMHKOBUX TEPUTOPIH

MaseBp TpaHCIIOPTHOTO 3aCO0Y MPH BUI3/i 3 MPHUIIETIIOT TEPUTOPIT 3a MepioiaMu
CIOCTEPEIKEHHSI

ITapameTp IToBopot mpasopy4 | IToBopot npaBopyu | IToBopot miBopyu | IToBopoT JiBOpyY

(mampsimu 2-1, 4-3) | (manpsmu 2-1, 4-3) | (manpsmu 2-3, 4-1) | (manpsmu 2-3, 4-1)
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PaHKOBUI BEUipHiit PaHKOBUI BEUipHii
«IIKOBUI» TEPiof] | «IMIKOBHI» MEPION | «IMIKOBHI» NMEPION | «IIKOBHI» IEPiof

Cepenne suaue, 5,83 6,33 13,65 15,11
Crannaprue 13,98 14,70 61,53 62,99
BIJIXHJICHHSI, C
3HavYCHHS KPUTEPis
Konmoroposa- 0,02488 0,02913 0,03031 0,02723
CMmpHOBa
3uadenis KpuTepis 2,66007 4,0097 0,21615 1,01382
ITipcona
ImoBlpHicTs 32 0,26447 0,135 0,898 0,602
kputepiem Ilipcona

Tabnuus 2 — Pe3ynbTaTyl OL[iHIOBaHHS TOYHOCTI PO3PaxyHKY 3aTPHUMOK TPAaHCIIOPTHHUX 3acO0iB MpH BHI3I 3
NpWIETNINX NPUOYAMHKOBUX TEPUTOPIH MO ByJd. Akajemika 3a00JOTHOrO MiXK BYJIHISIMH AKaJaemika
Caxaposa ta Cemena [lamis

3aTpumka 3aTpumka
TPaHCHIOPTHHUX 3aCO0iB P —— TPaHCHOPTHUX 3aC00iB P —
I MpHU 3A1CHEHH] SHAYCHHSL npu SZ[iI\/'ICI.{eHHi SHAYCHHS
€Hb TIKHS MIOBOPOTY MPaBOpyd TIOBOPOTY JIiBO
(HanlfﬂMI}/I’ 2?1 TaIZB SATPHMOI, € (HaanMHy2-3 TEIl) Z:-Il SATPHMOI, €
pucyHky 1), ¢ pucyHky 1), ¢
paHOK BeYip paHOK | Bedip paHOK BeUip paHOK | Bedip
[Toneminok 5,08 6,56 4,69 5,89 13,25 17,20 12,09 | 16,07
BiBTOpok 5,59 4,69 5,01 4,40 15,69 10,51 14,78 | 10,31
Cepena 7,03 7,23 6,54 6,84 16,01 19,40 14,58 | 17,71
Yetsep 7,58 8,94 6,95 8,30 15,79 18,30 14,46 | 16,85
[T’ aTHHALIS 6,58 6,67 5,95 6,21 13,28 16,59 12,32 | 14,63
Cepenne
3HAUCHHS 6,37 6,82 5,83 6,33 14,80 16,40 13,65 | 15,11
3aTPUMKH, C
Cepenns
HoxuOKa 9,4 7.8 - - 8,5 8,1 - -
PO3paxyHKiB,
%

OTpumaHi pe3yibTaTH CBiAYaTh MPO JOCTATHBO BHCOKY TOYHICTh pe3yJbTATIB PO3PaXyHKY
TPAHCHOPTHUX 3aTPUMOK 3 BUKOPHCTAHHSM 3allPONIOHOBAHOTO IMiJIXOy Ta MOXJIMBICTh HOT'O BUKOPHUCTAHHS
Ha TakuxX O0’€KTax SK BHI3OM 3 Opwiernux Ttepuropiil. Cmig TakoXX BiI3HAYWTH, IO BUKOPUCTAHHS
npejacTaBiIeHux B [23, 24] moneneil 103BOJIsiE BCTAaHOBUTH CEPEIHE 3HAYCHHS 3aTPUMKH TPAHCIOPTHUX
3aco0iB Ha 0OpaHOMY JIJISl TOCIIIKEHHST 00’ €KTi, TaK CepeIHE 3HAUEHHs TPAHCIIOPTHOI 3aTPUMKHU Ha BHi3]l 3
OpWIETNIUX MPUOYAMHKOBUX TEPUTOpid MO Byl. AkageMika 3a00JOTHOrO MiXK BYJIMISIMH AKaaemika
CaxapoBa Ta Cemena [lanis cknaznae: 3a HeoOXiIHOCTI 3A1MICHEHHSI MaHEBPY MTOBOPOTY MpaBopy4 1,8 c., mpu
3MIHCHEHHI MaHeBpY MOBOPOTY JiBopy4d — 3,1 c.

OBI'OBOPEHHA PE3YJBbTATIB JOCJJIIAXKEHHSA

Pe3ynpTaTi OLIHKK TOYHOCTI PO3PAaXyHKY 3aTPUMOK aBTOMOOI1JIIB, 1110 BUKOHYIOTH MaHEBPH [TOBOPOTY
nmiBopyd (TiepecideHHs1) Ta MpaBopyd (3IMUTTS) MPH BUI3AI 3 MPWIETIIUX NPUOYIUHKOBHX TEPUTOPIH TIO
ByN. Akanemika 3abonotHoro Mmix BymuisiMu Axkanemika Caxapoa ta Cemena I[lamis B micti Opneca, 3
BUKOPHUCTAHHIM PO3pOOJICHHUX aHATITUYHUX Mozenel [23, 24], ceinyats npo ix HagiiiHiCTh Ta 00'€KTHBHICTD
(BimxuneHHs QaKTUYHUX 1 MOJENBHUX 3HAYCHb TPAHCIIOPTHHX 3aTpUMOK He mepesuirye 10 %), a Takox
MOJJIMBOCTI iX BUKOPUCTaHHS Ha eTarax IJIaHyBaHHS Ta MPOEKTYBAHHS BHi3JiB 3 MPUIETIIUX TEPUTOPIH Ha
aBTOMATICTpali, a TAKOX HEPETYJILOBAHUX MIEPEXPECTb.

AJe ciin BiA3HAYMTH, IO iCHYE MOMJIMBICTh JUIS MiABHUIIEHHS TOYHOCTI PO3PAaXyHKY TPAaHCIIOPTHHX
3aTPUMOK 3 BHUKOPHCTAHHSM 3alpOINOHOBAHOTO Mmimxony [23, 24]. 3MeHIICHHS BiIXWICHb MOACIBHHX 1
(aKkTHUHUX 3HAUY€Hb TPAHCIOPTHUX 3aTPUMOK IIPHU BHUI3[Al 3 IPWIENTIUX TEPUTOPIH MOXKHA OOCIATTH 3a
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paxyHOK BpaxyBaHHS B MOJENIAX CTOXAaCTHYHHX XapaKTEPHCTHK IapaMeTpy TMpolecy 3AiHCHeHHS
BIJIMIOBITHUX MaHEBPIB (3JIUTTS, MEpPeCciueHHs). 3a TaKui mapaMeTp MOLJIbHO 00paTH I'PaHUYHUN YacOBUH
iHTEepBaJl MK aBTOMOOITSIMH B TOTOILl Ha TOJOBHOMY HAIpSIMKY, 32 SIKOTO OyIb-SIKMil aBTOMOOiJb, IO
OYiKye 37ifiCHEHHs MaHEeBpYy INpH BHi3li 3 MPWJICTIMX TEPUTOPIH, MOXKe 3AINCHUTH MaHEBP IMOBOPOTY
MpaBOPYY Ta JIBOPYY, OCKUIBKK BiH € OJHIEI0 3 OCHOBHUX CKJIQJIOBUX 3aTPUMKHU TPU BHUI3]ll aBTOMOOLIB 3
MpWIIETINX TepuTopiii. s orpumanus iHboOpMamii mpo TpaHUIHWA YacCOBHM I1HTEpBAl IIPH BHI3Il
TPaHCHOPTHHUX 3acO0iB 3 MPHJIECTINX TEPUTOPiM HEOOXiHEe MPOBEICHHS HATYPHHUX CIIOCTEPEXKEHb 3a AisIMHU
BOJIIB MpH 3AiHCHEHHI MaHEBPiB MOBOPOTY JIBOPYY 1 MPaBOpydY, 3 MOAAIBIION CTATHCTUIHOIO 0OpPOOKOIO
IIUX JaHUX.

Crix po3ymiTd, IO JJisi BCTAHOBJICHHS 00’ €KTUBHOI iH(opMalii Mpo rpaHUYHUN YacOBHUIl iHTepBaj
pPYXy aBTOMOO1JIIB HEOOXiZHE MPOBEIECHHS HATYPHUX CIOCTEPEKEHb 32 PYXOM TPAaHCIOPTHHUX 3ac00iB MpHU
BHi3/I 3 MPWIETIIHX TEPUTOPIA 3 MOAAJIBIIOK TPYAOMICTKOIO 00poOKoio orpmManoi iH(opwmamii. Y
JiTepaTypHHX JpKepenax [25-28] npesicTaBieHa BenMKa KUTBKICTB MiJXOJIB MION0 BU3HAYCHHS T'PAHUYHOTO
4acoBOTO iHTEpBally, ajie OJHUM 3 MEPIINX METOMAIB OLIHKH KPUTHYHHX iHTepBaiiB € MeTox Padda, skuit
BHKOPHCTOBYETHCS B Oaratbox kpainax [29].

B pamkax maHOro MOCHiIKEHHS BU3HAYCHO TPAHUYHHMI YacCOBHH iHTEPBAJ NMPH BUI3M1 TPAHCIOPTHHX
3ac00iB 3 IpWIerIMX NPUOYAMHKOBUX TEPUTOPIH MO ByJd. AkalaeMika 3a00J0THOTO MK BYJIHUISIMH
Axanemika CaxapoBa Ta Cemena I[lamis anms paHKOBOTO mepiogy NpW 3AIHCHEHHI MaHEBPY MOBOPOTY
MpaBoOpyd (3MUTTS) 3 BUKOPUCTAaHHAM MeTony Padda, pesynbTatn HaBeeHI HA pUCYHKY 4.

—e— [IpwituaTi IHTepBaTH  --®--BiAXHIeH! IHTEpPBATH
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Pucynok 4 — Po3paxyHkoBuil rpaHnYHAN iHTepBai 3a MeTotoM Padda mpu Buizai TpaHCIOpTHHX 3aC00iB 3
NPUWIETIINX TPUOYINHKOBHX TEPUTOPI MO By AkajeMika 3a00I0THOTO MiX BYJIHIISIMU AKaeMiKa
Caxaposa ta CemeHa [laxist 1711 paHKOBOTO ITEpioy MpH 3A1MCHEHHI MaHEBPY MIOBOPOTY MPaBOPYY (3JIUTTS)

3Ha4yeHHs! TPAaHMYHOIO YacOBOTO iHTEpBaly MNpPH 3AIMCHEHHI MaHEBpPY IOBOPOTY IIpaBOpydY Ha
HeperyibpoBaHoMy mepexpecti B [1] amast pi3HMX METOAMK HOTO BH3HAYCHHS (aMEpPHKAHCHhKA, IaTChKa,
mBeJIChbKa, (PIHChbKA) € BHUIIMMHU 32 OTPUMAaHE 3HAYCHHS TPAaHMYHOTO YacoOBOIO iHTEpBaly B JaHOMY
nocuimkerHi (3,62 c). B OinbmoMy cTymeHi, 1€ MOSCHIOETHCS BPaxyBaHHSAM B IIUX METOJUKAX JIOJATKOBHX
nepeniko 1 (HarpuKia, 3ByKEeHHs IPOI3HOT YACTHHH, PyX BAaHTAXKHOTO TPAHCIIOPTY), TEOMETPIt0 TIepeXpecTsi
Ta iH., 2 TaKOXX OCOOJMBOCTSMHU OpraHizaiii pyxy TpaHCIOPTY IpH BUI3Al 3 TPWIETIUX TEPHUTOPiH Ta
0COOJIMBOCTSIMU TTOBEJIIHKY BOJIIIB, 10 XapaKTEePHi JJIsl TAKKX 00’ €KTIB.

B mojaneiiomMy ImiaHyeThcsl YTOUHEHHS PE3YNbTaTiB PO3paxyHKY TPaHUYHOTO YaCOBOTO IHTEPBAIY
JUIsL PI3HHUX TEpiofiB IOOM Ta MaHEBPIB, IO BUKOHYIOTHCS BOJISMHU TIPU BHi3Jll 3 MPHJIETIIUX TEPUTOPIH, a
TAKOX BHSBJICHHS 3aKOHOMIpPHOCTEH PO3MOJiNy TPaHUYHOTO YacOBOTO iHTEpBaly, 32 PaXyHOK 4Oro iCHye
MOKJIMBICTh MiABUILEHHS TOYHOCTI MOJEJIOBaHHS TPAaHCIOPTHUX 3aTPUMOK INPH BHi3li aBTOMOOLTIB 3
MPUIETJINX TEPUTOPIH.

BUCHOBKHU

PesynpTatn anamizy cydacHUX MigXOZiB IIOA0 BU3HAYCHHS TPAHCIIOPTHHUX 3aTPUMOK CBiA4YaTh MpoO TE,
110 OUIBIIICTD 3 HUX 3aCTOCOBYIOTHCS Ha IIPUKJIAZ1l HEPETYJIbOBAHHUX IEPEXPECTh 3 IBOCTOPOHHIM KOHTPOJIEM
3YIUHKHU U 3 MOBHICTIO KOHTPOJIBOBAHOK 3YIIUHKOIO Ta MPO HEOOXIAHICTh PO3POOKH aHATITHUHUX MOJCIICH
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JUTSI BU3HAYEHHS 3aTPUMOK aBTOMOO1TIB Ha HEPETYIHLOBAHUX ITEPEXPECTIX PIBHOZHAYHUX JOPIT, a TAKOXK IS
TaKuX 00’ €KTIB SK BHI3IHU 3 IPHIIETIINX TCPUTOPIMH.

3a pe3ynbTaTaMud HATYPHUX CIIOCTEPEKEHb OTPHMAaHi AaHi, IO CTAlId OCHOBOIO IJIsSi BH3HAYCHHS
cepe/iHiX 3Ha4eHb (PaKTHYHUX TPAHCIOPTHUX 3aTPUMOK IIPH BHUi3[i aBTOMOOITIB 3 MPHUIIETIIOl TEPUTOPii Ta
BCTAHOBJIEHHS 3aKOHOMIPHOCTEH iX posmoziny. BcraHoBmeHo, mo po3mofin (GpakTHYHUX TPAHCIIOPTHUX
3aTPUMOK ISl PI3HUX MaHEBpPIiB (ITOBOPOT IMPaBOPYY 1 JIIBOPYHY) BIATIOBIZa€ JIOTHOPMAIBHOMY 3aKOHY 3
BUCOKOIO iMOBipHicTI0. OTprMaHi B X0Ji MPOBeAEHHS HATypHHUX CIOCTEPEKEHb 3a TpadikoM JaHi Takox
BUKOPHCTaHI [JII MOZCIIOBAaHHS 3aTPUMOK aBTOMOOUTIB TIpW BHIi3AI 3 TIPWIETJIOI TepuTopii 3a
3aMpPOIOHOBAHKM PAHIIIE i IX0T0M.

O1iHIOBaHHS TOYHOCTI PO3paxyHKy 3aTPUMOK aBTOMOOUIIB MpH BHKOHAHHI MaHEBPIB IMOBOPOTIB
npaBopyd (3IUTTS) Ta JiBOpydY (IepeciueHHs) MpH BUi3Al TPAHCHOPTHUX 3acO0IB 3 MPHIIETNIOi TEPUTOPIi 3a
pO3pO0JICHUM TIIXOAOM IPOBEACHO INIIAXOM IOPIBHSHHA (PAKTHIHUX 1 MOICIHHUX 3HAYCHL 3aTPUMOK
TpaHCIOpPTy. 3a pe3yJbTaTaMH JOCIiIKEHHS BCTAHOBJICHO, IO B CEPEAHBOMY BIAXWICHHS (DAKTHYHHUX 1
PO3paxyHKOBUX 3Ha4eHb HE TEPEBHIIYE: MOBOPOT JiBOpyd — 9 %; moBopoT npaBopyd — 10 %. Orpumani
pe3yibTaTH MiATBEPAXKYIOTh IOCTATHBO BHUCOKY TOYHICTh PE3YJIBTaTiB MOJAETIOBAHHSA TPAHCIIOPTHUX
3aTPUMOK Ha BHUI3/li 3 IPWIETIINX TEPUTOPIH 3 BHKOPUCTAHHSIM PO3POOIIEHUX aHAII THYHUX MOZEIEH.

[NopanpmmM HampsIMKOM JOCHIJDKEHHSI € BpaxyBaHHS B PO3POOJICHHX AaHATITHYHHX MOJAEISIX
IMOBIpHICHOTO XapakTepy 3MiHH BEMYMHU PAaHUYHOTO YaCOBOTO iHTEPBAIly IPH 3IiHCHEHHI BiAIMOBITHAX
MaHEBPIB (3IIUTTS, MEepPeCciueHHs ), IPHU BUI3M1 3 MPWIETIUX TEPUTOPIH, IO JTO3BOJIUTH MiABUIUTH TOYHICTh
MOJICTFOBAHHS 3aTPUMOK aBTOMOOIIIB Ha TaKUX 00’ €KTaX.
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Ye. Liubyi, O. Bieletska Experimental research of traffic delays at the adjacent territory exit

The presented scientific work is devoted to the study of problem to determine traffic delays at the
adjacent territory exit on city highways. Currently there are already a large number of different approaches to
determine delays at unsignalized intersections have been developed, but they don’t fully take into account
the aspects of traffic organization and drivers’ behavior at the adjacent territory exit.

The results of field observations of traffic at the adjacent territory exit are the basis for the delays
evaluation, which are determined by the proposed approach. The developed approach to determine traffic
delays is based on the queuing theory and taken into account the priority of traffic in competing directions. It
was established that the deviation of factual transport delays and delays obtained by the proposed approach
for maneuvers of turns to the right (merging) and left (crossing) does not exceed 10 %, which indicates the
possibility of its use at such objects as the adjacent territory exit. Based on the empirical data obtained it was
determined the factual delays distribution of vehicles at the adjacent territory exit which for all considered
cases corresponds to the lognormal law with a fairly high probability.

To reduce the deviations of model and factual transport delays at the adjacent territory exit it is
necessary to take into account the stochastic characteristics of parameters the process of making maneuvers
of turns to the right and left in the model. Such a parameter is critical interval between vehicles in the main
direction (road), at which any vehicle waiting for a maneuver at the adjacent territory exit, will be able to
turn right (merging) or left (crossing), which can be determined by statistical processing of the results of
field observations.

Key words: traffic flow, delay, critical gap, adjacent territory exit, field observations
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BE3IEKA NEPEBE3EHbB ITACAYKHPIB Y TPOMAJICBKOMY TPAHCIIOPTI B YMOBAX
IMAHJAEMIL

B ymomax mamgemii COVID-19 BuHHKaioTh 3Ha4HI 00 ’€KTHBHI NPOOJEMH 3 TOYKH 30py O€3Me4HOro
NIEPEeBE3CHHS] HACENeHHS TPOMAICBKUM TpaHCHOpTOM. JlMHAMiYHA TMONITHKAa IIBHAKOTO pearyBaHHS IIpH
TPaHCIOPTYBaHHI JIIOAEH ISl 3MEHIICHHS PH3UKIB 3apaKeHHs IacaXHUpiB 1 BOAIIB 3a0e3medyeTbess THM, IO TIPH
NIePEeBE3CHHIX HEOOXiHUM € HaJaHHs J103BOJy MYHINWIATGHHMHU OpraHaM{ BJayd Ha MepeBe3eHHs Joied 0e3
OOTSDKYIOUMX 3alBHX OOMEXKEHb HIOA0 YWCIa ITAaCaKUPIB y CalOHI, JOTPUMYBATUCh PIBHS 3allOBHEHHS CaJOHY
aBTOOyca BHHATKOBO BIAMOBIOHO 0 IependadeHMX KOHCTPYKLIIO TPAHCHOPTHOTO 3aco0y dYWClIa CUAAYMX MICIb
MaKCHMAJIBbHOI KiTBKOCTI MacaXupiB. SIK MOBEOECHO MOCHIIKCHHSAMH, INTYYHE HEIOBAaHTAKEHHS TPAHCIIOPTHOTO
3aco0y A7 YHUKHEHHS IIUTBHOTO KOHTAaKTy IMAacaKUupiB He BIUMBae piBeHb 3apakeHHs COVID-19, tomy mane
OoOMEXEHHS He € paIliOHAJbHUM, CIPUYHMHIIOYM HETOBAHTAXCHHS 1 HEpallloHaNbHI CYTTEBi (hiHAHCOBI BTpATH
MEPEBI3HUKA, SK HACTIJOK, WMOBIpHE 3BIIbHCHHS HaliMaHUX MpAIliBHUKIB, BiIIOBIIHO HETaTUBHHUU COIliaJIbHHMA
edpexr. ChopMoBaHO peKkOMeHIalil, Taki 5K, 0OOB’SI3KOBE BHKOPHCTAHHSI MAacOK Yy KOMIUIEKTI 3 PyKaBHYKaMH,
MOCHJICHA BEHTWIIALIIS CAlOHY, & TaKOXX OpraHi3allis MOCaJKH — BHCAJKU MMACaXUPIB TUTHKU Ha 3amHi asepi Ta 100%
OC3KOHTAKTHA OIlIaTa MPOi3My IUIsI MaKCHMaJbHOTO 3aXHCTy BoOZif. JlaHe DOCIIPKEHHS € OCHOBOIO (hOpMYBaHHS
MOJITHKA TIEPEBE3CHb MACAKHPIB T'POMAJCHKUM TPAHCIOPTOM 3 TO3WII BU3HAYEHHS DIiBHA OE3MEKH B YMOBax
COVID-19 ta xom¢popTy macaxxupiB 3 po3poOKOI0 OCHOB BHUMIPIOBAHHS CIPUHHSTTS HAWBAXKIUBIMIMX (AKTOPIB
3pYYHOCTI TPOMaACHKOTO TPAHCIIOPTY, MIHIMAJIBHOTO JHUCKOM(OPTY 1 MaKCHMaIbHOI OE3MEKH.

KiouoBi cioBa: oprasizamisi mepeBe3eHb, Oe3leKa MacaXHpiB, TPOMAICHKAN TPAHCIOPT, MACAKHUPOIIOTIK,
MapIupyT

BCTYII

He3paxkaroun Ha Te, 110 3pYYHICTh MACAXKUPIB Ta B 4ac HaHjeMii, Oe3reka € 0a30BUMHU (PaKTOpamMu
MOMHTY JUIS TPOMAJICBKOTO TPAHCHOPTY, & TAKMM MOKAa3HUKOM, SIK 3pYy4YHICTh B YKpaiHi 3aBXKIU HEXTYEThCS
IpU TIPOSKTYBaHHI TPAaHCIIOPTHUX CHCTEM CEpeAHIX MicTaX, Xo4a BHOIp MacaXupaMH TI'POMaJCHKOTO
TPAHCIOPTY 3AJICKUTH Bij 0ararbox (hakrTopiB. 3 METOH 301IbIICHHS PIBHS O€3MEKU, a TAKOXK 3MEHIIICHHS
piBHS TUCKOMGOPTY Y TPOMaJICKOMY TPAHCIIOPTI, TPAaHCIIOPTHA MOCIyTa Ma€ MPOCKTYBATUCS TAKUM YHHOM,
00 BIAMOBIIHICTh O4iKYBaHHSAM HacaXKUpiB OyJjia MaKcCUMalIbHO ajekBatHO [1, 9]. Ha chorojni, opranamu
BJIaJM YacTO PEKOMEHIYETHCS ITPH MICBKHX MACAKUPCHKUX IEPEBE3CHHSIX JOTPUMYBATUCH 3allOBHEHHS
CaJIOHY aBTOOYyCa JIMIIIE BiAMOBIIHO /IO TiepeadadeHol KOHCTPYKIIEID TPAHCIIOPTHOTO 3aC00y MaKCUMAIIbHOT
KUTBKOCTI TMAacaKupiB JJIsl MICIb CHAiIHHS. Take HaBaHTa)KEHHS TPaHCIIOPTHOTO 3aco0y s YHUKHEHHS
HIUTFHOTO KOHTAKTY MACaKUPiB MMO3UTUBHO BIUIMBATHME Ha HABAHTA)KEHHS METATIOKOHCTPYKIIIi Ta XOA0BOL
YaCTHHH, OCEH pO3IIUPIOI0OYM 30HM KOM(OPTHOCTI KOJWBAHHS IIWH, 30UIBIIYIOYH pecypc poOOTH
TpaHCHOPTHHUX 3aco0iB [12-16].

AHAJII3 BIIOMUX PE3YJIBTATIB JOCIIIKEHb TA IOCTAHOBKA INPOBJIEMHA

Ilpr MICBKMX TMEpeBe3eHHSIX TPOMAaJICbKUM TpPAHCIIOPTOM, 30KpeMa Y CepelHiX MicTax 3a
knacudikamiero JJBH B5.2.2-12:2019, B ymoBax mannemii COVID-19 BHHMKaIOTh 3HAYHI YCKIIQJHEHHS 3
no3uuii onTuMizamii NepeBi3HUX MPOLECiB 32 KpPUTEPiEM MaKCUMalbHOI OE3MEKH MacakupiB Ta BOAIIB. 3a
inpopmauieto NACTO [1], opranu ynpaiiHHS TPaHCHOPTOM Yy KpaiHaxX cBITY nepeOyBaroTh Ha MEPEIOBUX
MO3UIIISAX 3 TOYKU 30py pearyBaHHS HA MaHAEMII0 IIISIXOM palliOHaIbHOI PO3POOKH JUHAMIYHOI TOJITHKU
NIBUJKUX Jid TpHW TPAaHCIOPTYBaHHI JIFOJIeH KOHKPETHO TIpW JaHId Haj3BUYaiHIA cutyamii. 3a
JOCITIJPKEHHSIMUA TPYIH KUTAWChKUX YPSIOBHX ermijiemionorie, 3okpema Hu Shixiong, the lead author of the
study who works for the Hunan Provincial Centre for Diseases Control and Prevention, onmy0nikoBaHux by
Stephen Chen B "Practical Preventive Medicine" i South China Morning Post print edition Big 9 GepesHs,
2020 p. [2] BcranoBieHo, mo SARS-CoV2 moxe nepeOyBaTH y MOBITpi CaJOHY 1 Ha THUX IOBEPXHAX
TPaHCHOPTHOTO 3aco0y, Ha SKUX OCUTM JUXAIbHI Kparuli 3apaKeHol IJIOJAMHU JI0 KUTBKOX Ji0, 3HAa4YHO
MiABUIIYIOYH PU3MK MOAAJIBIIOI HOro mepeaadi macaxupam TPaHCIOPTHOTO 3aC00y TAKTUIBHUM LUISIXOM
[2]. TpuBanicts yacy nepeOyBanas SARS-CoV2 Ha TBepiili MOBEpXHi 3aJICKHUTh BiJ TaKHUX (QAKTOPIB, 5K
TeMIIeparypa Ta TUII IOBEpXHi, Hanpukiaan, npu 37 ° C, BiH MOKe 3HAXOIUTHCS POTATOM JABOX-TPHOX THIB
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Ha CKJIi, TKaHWHI, MeTalli, TUIACTHKY 4M Tamepi [2], mo e Benaukoio mpobiemoro. Heobxinno cdopmyBatu
MOJITHKY MICBKHX MEPEBE3CHb HACEIICHHS TPOMAJAChKHM TpaHcnopToMm B ymoBax COVID-19 po3poOusmu
aJIeKBaTHI 3aXOA¥ I MaKCHMaJIbHOTO YHHKHEHHs posmoBciomkeHHs COVID-19 npu mocratHroMy piBHI
MMOKa3HUKIB KOM(pOpTy 3 3a0e3ledeHHsIM HEeOOXiTHUX CTpaTerii 0e3MedHOro MEepeBEe3eHHS MacCaKHpiB Y
MicTax. JlocTaTHiil piBeHb KOMOPTY MOI3AKKU HaceJIeHHs MPH BUKOPUCTAaHHI IPOMaCHKOT0 TPAHCIIOPTY MPH
MPOEKTYBaHHI TPAHCIIOPTHOI Mepeki MicTa MPAKTHYHO 3aBXKIH HEXTYETHCS, OCOOIHMBO MPH MEPEBE3CHHIX
HaCeJIEHHS TPOMAaJCEKUM TPAHCIIOPTOM Y CEPEAHIX MICT, BBa)Kal04H, [0 TaKUH MOKa3HHUK, SIK 9ac 131ku Oyne
€TMHAM TIOKa3HWKOM SIKHH BILTHBaTUME Ha BHOIp macaxupoM BUIy TpaHcmoprty [9- 11, 19, 20, 21, 22].

HIb TA 3AJJAYI JOCTIAKEHHSA

HeoOxigHo  copmyBaTH OCHOBY MJisi MpPOBEACHHS BHUMIPIOBaHb CYO €KTUBHOTO CHPUHHATTS
Maca)XUpaMH SKOCTI TOI3AKH Ta 3alpOIIOHOBAHO YIOCKOHAJICHY ITOJIITHKY MICBKHX HEepeBe3eHb HACEICHHS
rpoMaackkuM TpaHcmopToM B ymoBax COVID-19 3 omiaKOI0 piBHSI AUCKOM(OPTY Y CHCTEMI TPOMAICHKOTO
TPAHCIIOPTY CEPEAHIX MICT MUISIXOM BUKOPUCTAaHHS MHOXHHU SKICHMX 1 KIJBKICHUX ITOKa3HUKIB.
HocnimkeHHsM 3a0e3neuyeTbes rUoIe po3yMiHHs CyO’€KTHBHOTO CTABJICHHS MACAKHUPIB A0 CHPUHHATTS
SIKOCTI TPAHCIIOPTHOI TOCIYTH SIK (DaKTOPy 3pyYHOCTI MPH 3a0e3MeUeHHI HaJIeKHOTO PiBHA O€3MEeKH 3 TOUKH
30py MaHaeMil B MOCIyrax MICBKOTO T'pPOMAJIChKOTO TPaHCIOpPTy. BakiuBo, MO JaHI JOCHIKCHHS
MacCaXUPOMOTOKIB Ha aBTOOYCHHUX MapUIpyTaX MICBKOTO TI'POMAJCHKOTO TpaHCIOPTY B M. TepHOmiIb
BUKOHYBAJIUCS K CYNUTbHI HATypHI JOCHi/DKEHHS TaOMMYIHUM MeTomoM. Jlns 3miiCHEeHHsS aHalizy
TOCTIDKYIOThCS IIICTh 00EPTOBHUX PENCIB HA KOKHOMY AIF0YOMY MapIIpyTi TPaHCHIOPTHOI MEpexi MmicTa y
nepiou: miKoBuid paHkoswuii - 3 6.30- 10.00 rox., mixknikosuii - 3 10.00 1o 16.00 rof., mikoBHii BeUipHIl - 3
16.00 mo 19.30 rox. JocmimKyoTsCs OCOOIMBOCTI 3MiHU IMACAKUPOIIOTOKY 110 TOAUHAX TOOW, THSIX THKHSL,
HEPIBHOMIPHICTP IepecyBaHHs MACAKUPIB Y YacCi 1 MPOCTOPI IO MICTy 3 MOYATKOBOI 0 KiHIIEBOI 3yIIMHKH, a
TAaKOX OI[iHKa OCHOBHHX TII€pecajo4Hi NyHKTH MicTa, CHOCi0O OIulaTH 3a Mpoi3[A: TOTIBKOBHH YU
0e3KoHTaKTHUH, minbroBui. [lepiox mociimkens - 7 kaneHgapHux AHIB, 3 04.11.19 o 11.11.19 poky, 3MiHu
MacaXUPOIIOTOKY BUBYAIOTHCS OKpeMo y pobodi i BuxifHi ani. Yac mposenenus: 6.30 - 19.30 ron. B canoni
nepedyBaB OAWH OONIKOBEIb, MPAIIOI0YN Y MAapUIPYTHOMY TPaHCIIOPTHHOMY 3ac00i1 MOYMHAIOYN 3 TEepIIol
3YMHHKH, PO3MILIYIOUMCH 32 33/IHIMU JBepuMa aBToOyca (puc. 1). Bei omepikani gaHi mo macaxupoooiry i
crioco0y OIIaTh, a TaKoK iH(OPMAIIIIO PO BUJ TPAHCIIOPTY, HA SIKOMY MPOBOAATHCS JTOCIIPKSHHS, HOMEp
MapIpyTy, HamnpsMOK pyXy TPaHCIOPTHOTO 3aco0y - MpsMUIl YM 3BOPOTHIH HAmpsM, 4Yac IMOYaTKy i
3aKiHYEHHS peiCy, yac pyxy aBToOyca MiX 3yIMHKAMU, MapKy PyXOMOTO CKJiaay, OOJIiKOBEIb CAMOCTIHHO,
o (akTy 3anucyBaB y copMOBaHy JOCIHITHUKAMHU KapTKy OOJIIKY.

Ha Teputopii Vkpainu HamiuyeTbcs Oiu3bko 66 mict [3, 4], sKi MOXHa BIJIHECTH IO Kareropii
cepennix [3], mioma MIiCT 3 uMcenbHICTIO MemKkaHiiB Bix 50000 - 250000 4ojioBiK CTaHOBHTH JI0 65
KBaJIpaTHUX KinomeTpiB. Jlias Takoro wmicrta, sk TepHOMib, OCHOBHMM IMAacCaKHPOIOTOKAM BJIACTHUBI
niameTpanbHi, a0 pamiaidbHi HANPSIMKH, HMIUTEHICTh HACEIEHHS 3HAXOAUThCA B Mexkax 113,1 gom./kB.kM. 3a
indopmariero [5, 6, 19, 20, 21,22], micto Mae 38 TpaHCIIOPTHUX PAKOHIB, 3arajbHa KUIBKICTh aBTOOYCHHX
MapIuIpyTiB TPOMaJICHKOTO TPAHCIIOPTY CTAHOBUTH 37, BOHH 0OCIYyroBYHOThCS 197 ox. aBTOOYCIB, KiJIbKICTh
3YNUHOYHMX MNYHKTIB — 218 oj., 3arajgbpHa J0BXKHWHA aBTOOYCHOI MapiipyTHOI Mepexi — 647, 7 kM.
[lpoBegeHNMH  JTOCHIDKEHHSIMA ~ BCTAQHOBJICHO,  aBTOOYCHMH  TapK  TI'POMAJCBKOTO  TPaHCIOPTY
KOMIUIEKTYEThCS TPAHCIIOPTHUMH 3aco0amMu Maiioi macaxxupomictkocti tuny “borman A092”, “Ertamon”,
KOXKEH 3 SKHX Ma€ MICTKICTh 42 macaxxupu. Y MIKOBI TOJWUHH IO BCii Mepexi TpoMajiCbKOro TPaHCIIOPTY
CTIOCTEpITraId MepeBaHTAKEHHSI TPAHCIIOPTY - KOe(ilieHT 3anoBHEHHsI cTaHoBHB Oinbine 100%, mpuuomy
cepeaHbO1000BHIA KoehillieHT 3HaX0uBCs B Mexkax 60-80%.

JlocnipKkeHHSIMA  MepeXi TPOMaJIChbKOTO TpaHCHOPTy M. TepHOMouss, BH3HAYCHO OCHOBHI 0a30Bi
MMOKA3HUKH MOOUIBHOCTI Maca)KUpiB, SKI MOKYTh OYTH XapaKTePHHMMH JUIS CEPEIHIX MicT, 1o Jo0pe
kopemoe 3 [17, 19, 20, 21, 22], nanpukiaa, more than zero, fewer than 45, ideally 16: Those are the number
of minutes that workers would prefer to spend commuting, according to various studies. OTxe:

- MIBUJKICTH MIPUTOKY MAaCAXKUPIB HA 3yMUHKY Y MK HIKOBIi nepiou 1mac/xs, y TOAWHM IIiK 4 mac/xs.;

- Yac OYiKyBaHHS TPaHCIIOPTHOTO 3aco0y 1o 10 xB.;

- Yac TOi3JIKK Bij iepudepiitHnx paiioHis Jo nentpy 30-35 xB. ;

- 4ac Moi3IKu Mix nepudepiiiHumu paiionamu 10 60 xB.;

- roquHH MK paakoBi 8.00-9.00 rox., euipni 16.30-18.30 rogx.;

- PO3paxyHKOBA NIBHJIKICTH MEPEMIIIEHHS TACaXHPIB y aBToOycax micta 15-20 km/ro.

PE3YJIbTATHU JOCIIIKEHHS

Hocnimxenus Oyno NpoBeAGHO JABOMa eramaMd  poOIT —  KaMmepalbHOMY, a  TaKoX
EKCIIEpUMEHTaIFHOMY - TIpOBemeHO 30ip Ta 00poOKYy MaHWX, OTPHUMAaHUX Yy pe3yJbTaTi OO0CTEKCHHS
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MMacaXUPCHKUX TMOTOKIB. CyIIIbHI HATYpHI AOCTIIKCHHS TAOTMYHUM METOJOM, SKWWA, B TIOPIBHSIHHI 3
ICHYIOUMMH, € HalOUIBII TPYIOMICTKHM, MPOTE ENUHUAM, SKUH MOXKE 3a0€3MeUNTH MaKCHMAJIbHY TOYHICTh
iHpopMalii mpo macaxupiB s MOJANBIIO] KaMepadbHOI OOpOOKM OTPUMAaHUX CTATUCTUYHUX JaHUX
JOCHIPKYBaHOI CUCTEMH aBTOOYCHUX MapIIPYTiB IPOMaJCbKOr0 TPAHCHIOPTY M. TepHOMOIsI.

OO0 g

Pucynok 1. Po3ranryBanss o61ikoBIis B canosi aBrodyca borman A092

OpnepkaHy OPraHOJICITUYHUM HUISXOM iH(OpMaIlifo OyJI0 BHECEHO JJIs MOJAIBIIOTO ONPAIFOBAHHS Y
chopMOBaHy CHeIliallbHy KapTy OONIKy, MOTIM TPOBOAMINCS OOYHCIEHHS IS OUITHOK PyXy MK
3YMMHOYHUMU ITYHKTaMU KOKHOTO TOCTIKYBAaHOT'O MapILIpyTy.

[IpoBeneHMMH IOCTiIKECHHSIMH BCTAHOBIICHO, CTYMiHb OE3KOHTAKTHOI (OaHKIBCHKI KapTKH, Ty TIei)
oIJIaTH 3a MpPOi3a cTaHOBUB Bix 60% 1m0 74% 3arajbHOTO YMCla MACaKUPIB, K1 OIUIAYyBAIM IPOI3M, 3a
BUHSTKOM IIJITOBUX KaTEropii HAaceleHHs, NpU I[acCaXUPChKUX I[EPEBE3CHHAX Ha MaplIpyTax
TPOMAJICBKOTO TPAaHCHOPTY y MicTi. Bu3HaueHo, 1m0 4Yac pyXy TPaHCIOPTHOTO 3aco0y MiXK IiIsTHKaMH
MapIIpyTiB, IS BCIX JOCHIHKYBAaHUX, 3HAXOAMBCS Y Mexax 2 -2,3 XBUJIMHHU, B 3aJICKHOCTI BiJI JOPOXKHBOI
00CTaHOBKH, Jie MEeXaMH JTUISTHOK € 3YIMTUHKH TPOMAJICBKOTO TPAaHCIOPTY. MyNbTUKpETepialbHAM aHali30M
TPAHCIIOPTHOI MeEpeXi BCTaHOBJIEHO: KoedimieHT mepecamodHocti macaxkupiB 1,1; koedimieHt
HENpsSIMOJTiHIMHOCTI 1, 76; cepenHiii yac oduikyBaHHS 5,8 xB.; MapuipyTHuil koedimient 4,60; cepenuiii yac
nepecyBaHHs 33 XB.; cepenHs BiAcTaHb nepecyBaHHA 4,3 KM., IO KOPEJIOE 3 JaHUMH, OJIEPKAHUMH JEII0
pamie [5].

OntumaneHuM A1 (opMyBaHHS TOJITHKH MICBKMX II€PEBE3€Hb HACENCHHS TI'POMAaJChKUM
tpancmnoproMm [19, 20, 21, 22] B ymoBax COVID-19 3 no3umii onTumizariii 3a KpUTEPiEM MaKCUMAaJIbHOT
0e3MeKy MpH palioHATBHIN 3aBaHTAXKEHOCT] € 3aCTOCYBaHHS JaHWX JOCITIDKEHb HAHCKIIAIHIIIOTO 3 TIO3UIIil
MaKCUMAaJIbHOT 3aBaHTAXXCHOCTI MaplipyTy (pHc. 2) TpH NEepEeBE3CHHAX HACEIeHHS MicTa 32 NMOKa3HUKaMU
HaMOIBIIOT KUIBKOCTI TTaCAXKUPIB, BiJICTaHI Ta 4acy IMEepeBE3CHHs, IKUH JIIMITYe OJJHOHYacHe nepeOyBaHHS B
3aKpUTOMY IPOCTOPiI - CaJlOHI MapIIPyTHOTO TPAaHCIOPTHOro 3acoOy momei. s nmaHoro mapupyty
KoeillieHT HeMpsSAMOJIHIHHOCTI, Cepe/iHii Yac OuiKyBaHHS, CepeHill uac mepecyBaHHs, CEpEIHs BiJCTaHb
NepecyBaHHsl € BUIIMMH BiJl BKa3aHUX BHIIE CEPEAHIX 3HAYCHb. BCTAaHOBIIEHO, 110 TAKUM € MapuipyT, IO
3’enHye naBa mnepudepiiiHi palioHM Ha AiaMETPAIIbHO IMPOTHJICKHUX CTOpoHax Micta TepHominb, Nel8.
JopxxnHa MapuipyTy- 18,87 kM., 4ac BUKOHAHHS TOI3JIKH Yy OJJHOMY HAmNpsSMKY -53 XB., yac podotu— 3 6.20
roz. 1o 20.50 rox.
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Pucynok 2. HepiBHOMIpHICTh MACAKUPOIIOTOKY JJIsl BKA3aHOTO TPAHCTIOPTHOTO 3aC00Y 3a JUITHKAMH
MapIIpyTy
a) ImpsiMa Toi37Ka; 0) 3BOPOTHS MOi3Ka

Number of passengers in fhe cabin pegple

CxeMy calloHy TpaHCHOPTHOro 3aco0y - borgan A092 macakUpoMICTKICTIO 42 MICIis, 3 SIKUX IS
CHUJIiHHS, BKITIOYAIOYH BOJIisI, 25 Miciib, 300paxkeHo Ha puc. 3 [7].
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Pucynoxk 3. Canon aBroOyca maioi vecicle capacity

e

e

./

Ie

I

B [9] ¢yHkuis piBHA NepenoBHEHOCTI K (QYHKIIsI TUCKOMGPOPTY PO3PaXOBYETHCA 3 YpaxyBaHHSIM
MAcaXUPOMICTKOCTI TPAHCIIOPTHUX 3ac00iB, BPaXxOBYIOUM KIUTBKICTb MICIb JJIS CHAIHHA 1 TPHUBAIICTH
moi3aku. Po3rmsoyBanucs pi3Hi BapiaHTH TOi3/0K, MPH MEPIIOMY BUTPHUX CHISYHX Micllb He OyIlo, mpH
Ipyromy OyJio OAHE Micue Ul CHAIHHS 1 IpU TPETHOMY BapiaHTI MAaCa’KUPOMICTKICTh TPAaHCIIOPTHOTO
3aco0y 3a pPaxyHOK BENHKOi KUIBKOCTI HacaxupiB BUKopHucToByBasacsi Ha 100%. B poGoti [10]
3allPONIOHOBAHO OL[IHIOBAHHS MEPEMOBHEHOCTI IIITXOM BUMIPIOBaHHS PiBHSI MEPEIIOBHEHOCTI 32 3HAYCHHSIM
KoedillieHTa HaBaHTKEHHS 1 KUTBKOCTI CTOSYMX MACAKUPIB HA OWH KBAAPATHHA METP, X04a YaCcTO TaKWi
MMOKa3HWK HOPMOBAHHU 1 BPaxOBYETHCA BUPOOHUKAMH TPAHCIIOPTHUX 3aCO0IB Ie HA eTari MPOSKTYBaHHS .
[Tpu TOMYy, 1110 YMOBHE IOPOTOBE 3HAYCHHS — OJAMHUIIA OyJie TIEpPEeBHIICHE, (PYHKIIIS TUCKOM(POPTY POCTUME
3a eKcloHeHIiaabHUM 3akoHOM [10]. MoxknuBo, pamioHaJbHUM TakoX OyJe anpoKCHMYBaTH 3aKOH 3MiHU
¢yHK1iT AECKOM(OPTY HOTIHOMOM TPETHOTO (YETBEPTOT0) CTENCHS MOJICIIOIOYH JIaHy CHTYaIlilo.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIAKEHb

st BigoOpaskeHHS COPUHHATTS MacakUpaMu PiBHSA KOMQOPTY y TpoMaJCbKOMy TpaHCHopTi, B [11]
MOJIETIOEThCA JIiHIHHE TiABUIEHHS PiBHA TUCKOM(OPTY J0 IMOPOTOBOTO 3HAYEHHS 1 MPH HOTO MepeBUINECHH]
3 HACTYITHUM 3POCTaHHSM 32 €KCIIOHEHI[1aJIbHUM 3aKOHOM.

PiBenp muckomdopty, puc.4, € QyHKII€I0 PO3paxyHKOBOI MIUIEHOCTI MACaKUPIB B TPAHCIOPTHOMY
3ac00i [11]

x={°§if o<1 (1)

e a>1

JIe PIBEHb KIJIbKOCTI MACaXUPIB B TPAHCIIOPTHOMY 3ac00i (X) 0OUHUCIIIOETHCS HA OCHOBI TTOKa3HUKA OL

__ Number of passengers in vecicle (2)

Vecicle capacity
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Pucynok 4. 3aranpHuii piBeHb TUCKOMGPOPTY sIK (QYHKIIIS NIUTFHOCTI MACAXKHUPIB 32 YACOM Y MOT3/IIII
MapIIpyToOM I'POMaJICEKOTO MACaAKHUPCHKOTO TPAHCIIOPTY: a) aBTOOYCHI MapuipyTH; 0) TponeiibycHi
MapIpyTu

I[pu peamizamii (1), (2), Ha puc. 4 mnpeacraBicHo TpadidHe 300paKCHHsS 3arajlbHOIO piBHS
IUCKOMQOPTY K (PYHKIIT OIUIBHOCTI TAacaXUPIiB B TPAHCIIOPTHOMY 3ac001 B 4aci MOI3AKH JOCHIKSHUMHU
MapIiIpyTaM# BKa3aHOTO BHJy TPAHCIIOPTY JJISL IPSIMOT Ta 3BOPOTHBOT MOT3/I0K.

JIJis o1ajIbIIoro OI[iHIOBAHHS JTUCKOMGOPTY pekoMeHa0BaHO Bimomuit methods for determining the
importance weigh, QyHKIiss HaOyBaTHMe KyCKOBO-JIIHIHHOI ()OpMH, PiBEHb CYMapHOIO JIHCKOMQOpPTY
MACaXXUPIB 110 3HAXOATHCS B CAJIOHI TPAHCIIOPTHOTO 3aco0y B Tpoiieci TpancnoptryBanHs [11]

f(xe) = 2w, - xi¢ 3)
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1€ Xit - 3HAYCHHS I-T0 BU3HAYHHKA MrckoMpopTy B t-if BimIik Yacy, W; - BEJHYHHA I-TO BaroBOro
koedilieHTa, X o0uncmoerses 3 (1).

[Ipu ¢opmyBaHHI BaroBuX KOE(]Iili€HTIB BaXXJIMBOCTI aBTOPU CTaTTi BBaXKarOTh, IO BaroBUi
KoedilieHT juis Oe3neku mnpu nepeBe3eHHsX B ymoBax manaemii COVID-19 He e npuiiHATHUM aiis
OIliHIOBaHHS AuCKOM(pOpTy 3rimHo (3) 3 Ti€l IPUYNHM, IO BiH € JTOMIHAHTOI TPH MPUAHATTI PilIeHHS
MacaXupoM JI0 TTOYATKY MOi3AKH “abo — abo0”: ixaTw, YM He IXaTH JaHUM TPAHCIIOTHUM 3aco00M. 3a JaHUMU
0OJIKOBILIB, SKUMHU IMPOBEICHO OMHUTYBaHHS y M. TepHOMONi, BCTAaHOBJIECHO, L0 BAaXKIMBUM NpU BHOOPI
MacakupOM TPAHCIOPTHOTO 3ac00y, a TaKOXK MapIIPYTy 3 MOXKIUBHUX, € MOKa3HUK KOM(OPTY Bia CHAIHHS,
iXaTH CTOAYM y CAJIOHI OMHTAHI MacaXWpH Oakanw MeHIe. 3 ypaxyBaHHIM JaHWX ONMUTYBaHHSI, a TaKOX
nanux pociimxens Siikrii imre and Dilay Celebi a1 mac npuitusato 3Hauenns Seat comfort 0.0556, 1o,
oueBHIHO, Kopeiroe 3 Seat comfort 0.0615 mast T1 ta Seat comfort 0.0762 mast M2 [11]. Otke, 3HaYeHHS
BaroBux koedimieHTiB BakauBocTi: crowdedness in-vehicle 0.4053; air-temoerature in vehicle 0.2243; seat
comfort 0.0556 information and guidance 0.0590 ; cleaning in vehicle 0.1324; physical condition
0.0899; vehicle breakdown 0.0335 [11]. KomnoneHTHHIA aHai3 piBHS AUCKOM(OPTY BIAMOBIIHO MapUIPYTiB
MepeXi TPOMaJICBKOTo macaxkupebkoro tpancnopty [19, 20, 21,22] npoBeneHuil Anst MapIpyTiB Ha SKHX
BCTAaHOBJIEHE YMOBHE MTOPOTOBE 3HAYEHHS - OJUHUII - OyIio mepeBuieHe (puc. 4): 1A, 8, 18, 22.
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Pucynok 5. KoMmmoneHTHIIA aHAMI3 piBHA AUCKOM(OPTY 32 YaCOM Y TIOi3/11li MapIIpyTOM
TPOMaICEKOTO TTACAKUPCHKOTO TPAHCIIOPTY: &) MPsIMi MapuIpyTH; 0) 3BOPOTHI MapIIpyTH

[Ipu peanizanii (3), puc. 5, KOMIIOHEHTHUM aHali30M JAOCHiKeHo (yHKmii auckoMmdopTy B Haci
MOT3AKK TOCHIPKEHUMH MapHIpyTaMy BKa3aHOTO BHIY TPAHCIOPTY IJI TPSAMOI Ta 3BOPOTHOI MOi3/IOK.
OyHKiT piBHIB AMCKOMGDOPTY MiJl 4ac THIOBUX IMOI3/I0K HAaBEJCHI Ha prucyHKax 4 Ta 5. Sk BuaHO 3 rpadikis,
KUTBKICHI TIOKa3HUKH 33 BETUYMHOIO0 TUCKOM(OPTY 3MiHIOIOTHCS HaOIbIIe y 3ae:KHOCTI Bif crowdedness
in-vehicle, air-temoerature in vehicle Ta seat comfort kopemoYn Ta He 3MIHIOIYHCH 3@ TPUBATICTIO
MOT3KM MacaxpiB. Tako NMpy TUTaHyBaHHI MiCHKHUX MACAKUPCHKHX TIEPEBE3€Hb MICIIA 3aBEPIICHHS aHAeMii
JOIIBHO BpaxyBaTh (pakT, BcTaHOBICHHU# mocmimkentsm [18]: in transport planning, travel time to work is
traditionally considered as a waste that should be minimized - fast and efficient transport remains the
ultimate goal of planners. While innovations like the hyperloop and driverless vehicles promise ever-
increasing frictionless travel, more and more academic research has challenged this perspective and
highlighted the intrinsic value of mobility [18]. Our survey provides further confirmation of the intrinsic
value of mobility: 69% of respondents stated they miss at least some aspects of commuting. The main
aspects missed by respondents include the activity of commuting itself (53%), the ability to spend some time
alone (25%), and feeling independent (24%) [18]. OTxe, MONKT Ha MACAKUPCHKI MMEPEBE3CHHS TPOMAICHKUM
TPaHCIOPTOM 3HAYHUX 3MiH HE MaTUMe.

Hu Shixiong, the lead author of the study who works for the Hunan Provincial Centre for Diseases
Control and Prevention, ctBepmkye [2], 1m0 Kaapu 3 Bigeokamep, SKUMH Oyii0 00jaaHaHO BCi aBTOOYCH,
Ha/JlajlM MOJKJIMBICTh MPOBEICHHS OL[HKH JOCTiAHUKAaMM LUIAXY MOLIMPEHHS BipyCy NpH BUKOHAHHI
NepeBe3eHb MMacaXKUpiB B CAJIOHI aBTOOyca MpPHU 3aKPUTHX BiKHax. Byso BCTaHOBIEHO, 10 XBOPUIl Macaxup
(puc. 6, pirypa 4epBOHOTO KOJIBOPY) HE MaB HisSIKOTO CIUIKYBAaHHSI 3 iHIIMMH MPOTSATOM YOTHPHOX TOAMHHOI
moi3aku. B aBToOyci macaxupomicTkicTio 48 Micllb sl CHIIHHS OyJiM 3a4MHEHi BCi BiKHA 1 TpaioBalia
3aKpuTa crctema ooirpisy [2].

How Covid-19 spread through a Hunan bus

M Initial Covid-19 carrier M Covid-19 infected with no symptoms Uninfected
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Source: Hu Shixiong, Hunan Provincial Center for Disease Control and Prevention SCMP T 4

Pucynok 6. Cxema nommmpennass SARS-CoV2, [2]
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HocnimkeHHssM [2] BU3HAU€HO, IO IO TOTO MOMEHTY, KOJM aBTOOYC 3yNMWHHMBCA Ha HACTYIMHIiA
3YIUHII, BipycoM OyJI0 BPaXKCHO CiM IHIIMX MACAXHUPIB, XapaKTEPHOI OCOOIHMBICTIO €, M0 3apaKCHUMHU
OynH HE TUTHKH JIIOH, IO CHIILIN BIAHOCHO OJHM3BKO 0 XBOPOTO, aje ¥ iHII, 0 3HAXOAWJIHCS Ha BiJCTaHi
Bix 0 o 4,5 MeTpiB BiI HHOTO, X04a 3arajJIbHOBIIOMHM 1 JOBEJIEHUM BBaXkaeThCs, 1o repenada COVID-19 y
MOBITPI Ha Taki BIACTaHI € OOMEXKEHOI, OCKUJIbKM KpUXITHI KpamelbKh BOJOTH BiJ TMOAUXY, SIKi
BUPOOJISIOTHCS BPRKEHUMH JIIOJbMH IIBUAKO OMYCKaloThcs BHHU3 (puc. 4, Qirypu >K0BTOT0O KOIbopy) [2].
[lepeBakHa OiNBLIICTD MacaxupiB (cipuil Koiip) He iH(IKyBalUCs, HABITh Ti, SIKI CHIUTN MOPYY 3 XBOPUM.
[Tpubnm3no yepe3 30 XBUIMH y 3BOPOTHOMY HAIPSMKY IIMM >K€ aBTOOYCOM iXajH iHIII MacakKhpu OJUH 3
SKHX, IO CUIIB y MEPLIIOMY Psly 3 MPOTHIIEKHOI CTOPOHH mpoxoay OyB 3apakeHuil. CTBepIKyeThes [2],
10 MOXIIMBOIO ITPHUYMHOO OYIIO BIWXAaHHS JIFOJUHOI0 0€3 3aXFCHOT MACKH aepo30JIi 3 TOBITPS, HAIUXAHOTO
3apaKCHUMHU MacaXHUpaMu 3 MONEPEAHBOI MOI3AKH, B MOBHICTIO 3aKPUTOMY MPOCTOPI MOBITPSHHUHA MOTIK B
OCHOBHOMY PYXa€TbCA 32 PaXyHOK TEIUIOTO MOBITPs Bif MPaLOI0YOro KOHAWIIOHEPa, TAKUM YHHOM DPyX
rapsyoro TMOBITPSA MOXKE TPaHCMOPTYBAaTH Kparuli Bipycy Ha Biacrab a0 4,5 merpiB. Takox BkazaHHMU
JOCITI/DKEHHSIMUA BCTAHOBJICHO [2], [0 MEpUIVi 3apayKeHUH NacaXup BUMIOBIIN 3 MapIIPyTHOTO aBTo0yca,
CiB Ha iHIMI aBTOOYC y AKOMY 3iHCHMB HACTYIHY IOI3[IKy MPOTITOM OIHIEI TOAMHH Yy Pe3yiabTaTi 40To
COVID-19 2 Bpa3uB 11e JBOX IHIIMX MacaXHpiB, IPUUIOMY OJIWH 3 HUX TAKOXX 3HAXOJMBCS Ha BiacTadi 4,5
METpPH BiJ 3apa)KCHOT'0, HA MOMEHT 3aKiHUCHHs JOCJIDKEHHS XBOpHUH 3apa3uB 13 macaxupis, JOBEICHO,
MacakupH, sIKi CUAATh Oe3mocepeHpo O0inst mepeBizHuKiB SARS-CoV2, 3 HeBCTaHOBICHHUX MTPUYUH He Oyin
3apakeHi, X04a, OYeBH/IHO, BOHU 3a3HABaJIM HAWOLIBIIOro BILIUBY aepo30iiB 3 COVID-19. JlocmimkeHHIMU
JIOBEZICHO, HIXTO 3 MacaXWpiB, II0 HOCHIM MAacKu, y JBOX aBToOycax, He OyB 3apaxenuM, SARS-CoV2
MoOke TiepeOyBatu y moBiTpi 0 30 XBWIMH HEepeMIilIylOdrch 3 MOBITPAM A0 4,5 METpiB M0 € Aaji, HiX
"Oe3mevHa BiCTaHb Ky pekomeHaye BOO3 — 1.8 metpa" 2, 8].

BUCHOBKH

[Torpeba B MOOITLHOCTI HACENIEHHS MiCTa € OJHIEI0 3 0a30BHX MOTPEO, Ky HEOOXiIHO 3aJ0OBOJILHUTH.
B ymoBax manmemii, cnpuaraenoi COVID-19 BuHUKaIOTh 3HA4HI 00 €KTHUBHI YCKJIQJHEHHS 3 TOYKU 30PY
3a0e3MeYeHAs MaKCUMAIBHO BHCOKOTO PiBHS O€3MeKH MacaXWpiB 1 BOJIS MpHU TOAEpKaHHI 3a0BITHHOTO
piBHS KOMboOpTy. Pe3ynpTaT MpoOBeNeHNX HATYPHUX OCIHIKEHb 3 BUKOPUCTAHHSIM MOJEINi AUCKOM(MOPTY
JIO3BOJISIIOTH KOPEKTHO MPOTHO3YBaTH BHOIP BHY TPAHCIOPTY 1 MOBEAIHKY Maca)XHpiB MpPU KOPUCTYBaHHI
IrPOMaJICbKMM TPAaHCIIOPTOM, 30KpeMa Y MIiCTax cepelHbOi BeIMYMHHU. PanioHaIbHUM PILICHHSM € aJanTaris
TeXHOoJIOoTi1 mepeBe3eHb 10 yMoB mnanaemii COVID-19 nmsxoM po3poOKy AUHAMIYHOT THOJITHKH IMIBUAKOTO
pearyBaHHs [IPY TPAHCIIOPTYBAHHI JIFOJICH KOHKPETHO I BKAa3aHOT HAJ3BUYAMHOT CUTYaIlil 3 3MEHILIEHHSIM
PH3UKIB ISl TACAKUPIB 1 BOAIIB, 8 HE MOBHE UM YaCTKOBE, SK Y JACIKUX KpaiHax, 3aKpUTTS TPOMaJICHKOTrO
TpaHCHOPTy. BpaxoByroum BCTAHOBJIEHI LIISIXOM MYJIBTHKPETEPialbHOTO aHaji3y TPaHCIIOPTHOI Mepexi
XapakTepHi Ui CEpelHIiX MICT TOKa3HUKHU IIepeBe3eHb JIIOJEeH y rpoMajiax - piBeHb ITUCKOMQOPTY,
KOoeillieHT TepecaouHOCTi, KoedilieHT 3amoBHEHHSI TPAHCIIOPTHOTO 3aco0y, CepefHill Jac TepeBe3eHHS,
CepeHI0 BIJICTaHb IIE€PEBE3CHHS, MaKCUMallbHe KymiloBaHHS po3noBciomkenHs COVID-19 moxHa
3a0e3neunTy GOpMYyBaHHSAM aJ[eKBAaTHOI 0 CHUTYyaIlii CTpaTerii mepeBe3eHHs macaxupi. Heodxigaum € npu
MACaXUPCHKUX TIEPEBE3CHHSIX JIOTPUMYBATHCH 3alOBHEHHS CAlOHY aBToOyca BHHSATKOBO BiAIMOBITHO JIO
nepenoadeHuX KOHCTPYKINIO TPAHCTIOPTHOTO 3aC00Y CHASTYMX MiCI[hb MAKCUMAIIFHOI KUTBKOCTI MACAXHUPIB, K
JIOBEZICHO JIOCTI/KCHHSMH, LITYYHE HEIOBAaHTaKEHHS TPAHCHOPTHOTO 3aco0y IUIsl YHHUKHEHHS IIiJIbHOTO
KOHTaKTy Tlaca)XHpiB He BIUMBaE piBeHb 3apaxkeHHss COVID-19 1 Tomy nane oOMeXeHHS HE € JIOUiTbHUM.
OOOB’S3KOBUM € BUKOPHUCTAHHS TaKMX 3acO0iB 3aXHCTy SIK MAacKH Ta PYKaBHIl, MOCHJICHA BEHTHIISIIS
CaJlOHy, a TAKOXK OpraHi3alis MocagKh — BUCAJIKU MacaXUpPiB A1 MAaKCUMAJIbHOTO 3aXUCTY BOJiS TiNBKH Ha
3a7Hi J1Bepi 3 000B’s13k0B0O0 100% OE3KOHTAKTHOIO OIIATOK MPOI3MY, IO PealbHO 3a0e3MeUnTh BUCOKHIA
PIBEHb 3aXKCTy MACAXKHPIB.
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P. Prohnii, D. Popovych, O. Zakharchuk, O. Shevchuk, P. Popovych, I. Matvyeyeva, V. Ostroverkhov, A.
Kotsur. Safety of passenger transportation in public transport inn a pandemic condition

In the conditions of the COVID-19 pandemic, there are significant objective problems in terms of safe
transportation of the population by public transport. A dynamic policy of rapid response in the transportation
of people to reduce the contamination risk of passengers and drivers is ensured by the fact that during
transportation it is necessary to allow municipal authorities to transport people without burdensome
restrictions on the number of passengers in the cabin, adhere to the level of cabin vehicle number seats of the
maximum number of passengers. As it has been researched artificial underloading of a vehicle to avoid close
contact with passengers does not affect the level of COVID-19 contamination, so this restriction is not
rational, causing underloading and irrational significant financial losses of the carrier, resulting in likely
dismissal of employees, respectively negative social effect. Recommendations have been made, such as the
mandatory use of masks including gloves, increased ventilation of the cabin, as well as the organization of
boarding — exit of passengers only through the rear door and 100% contactless fare payment for maximum
driver protection. This study is the basis for the formation of public transport policy with regard to determine
the level of safety in COVID-19 and passenger comfort with the development of basics for measuring the
perception of the most important factors of public transport convenience, minimum discomfort and
maximum safety.

Key words: organization of transportation, passenger safety, public transport, passenger traffic, route.
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Xapkiscbkuil HAYiOHATLHULL ABMOMOOLIbHO-00POJICHI YHigepcumem, Xapkis, Ykpaina

A0 IIMTAHHA BUSHAUYEHHS XAPAKTEPY PO3TAIIYBAHHS BAHTA’KOOJAEPKYBAYIB
IPHU JOCJIIAKEHHI CUCTEMU JOCTABKHA

Po3apiOHmii naHIIOr MOCTa4aHb IiJ] TUCKOM BUCOKOT'O PiBHS KOHKYPEHIII Ha pUHKY 3MYILY€ 1HIINX Y9aCHHUKIB
[polLiecy 3aroCTPIOBaTH CBOIO yBary Ha MiIBHIICHHI e(eKTUBHOCTI omepaliil Ta BU3HAUEHHIO MapaMeTpiB MpoLecy
noctaBkd. OCOOMMBICTIO TOCTaBKM BaHTAXIB B PO3IpiOHY TOPriBEeJIbHY MEPEXKYy € TepUTOpialibHE pO30CepeKEHHS
TOPTOBUX TOYOK, IO BH3HAYAE PO3CIIOBAHHS BAHTAXKOIOTOKY Y IpPOCTOpi Ta daci. ICHYIOWi NUIXH ITiJBHINCHHS
e(eKTHUBHOCTI OpraHizamii pyxy MarepiaJbHOIO IIOTOKY € ICTOPHYHO C(OPMOBaHI TEXHOJIOTIUHI MPOIECH Yy
JIOTiCTHYHOMY JIaHIIOTY TIOCTa4aHb: po3po0OKa CXeM 3aBE3eHHs TOBAapiB y TOProBi TOYKH, BU3HAYEHHS PAIliOHATBHUX
pO3MIpiB MapTii 1 YacTOTy IIOCTaBOK, (OPMYBaHHS paIliOHATFHHX MapHIpyTiB i rpadikiB 3aBe3eHHS TOBapiB,
BU3HAUEHHS CTPYKTYpPH MApKy PYXOMOTO CKIaxy, Ta iHIII TEXHOJIOTIYHI MPOLECH, IO AO03BOJIOTH ONTHUMIi3YyBaTh
JIOTICTUYHI BUTpATH. ICHYr0Ul MiIX0AM 10 BU3HAUEHHS XapaKTEPUCTHK PallOHY MEPEeBE3CHb Ta JHCIOKALil TOPTOBUX
TOYOK JOBOIATH, IO HMPUHHATI B JOCITIHKEHHX poOOTaxX MOMyHICHHS MPO PiBHOMIPHICTH PO3TAIIyBaHHS TOPTOBHX
TOYOK B paiioHi 0OCIyroByBaHHS NPHUHATI [UIA CIPOLICHHS BHPILICHHS 3aJa4 3 palioHami3alii IepeBe3eHb.
[IpoaHanizoBaHi MiIXOQW Ta 3aJISKHOCTI HE BiJIOBINAIOTH PEAJbHUM IIPOIECaM, W0 MPU3BOAWUTH 10 3HAYHHUX
BIIXWJIEHb pEalbHUX Ta MOJCIBHHX 3HA4YeHb IPH BHU3HAYEHHI YMOB POOOTH TPAHCIOPTY B JIAHLIOTY IIOCTa4yaHb.
[IporonyeTbcss BHSABUTH Ta (OpMai3yBaTH 3aKOHOMIPHOCTI pO3TAIlyBaHHS TOPrOBHX TOYOK B paiioHi
00CIIyroBYyBaHHs, 110 J03BOJIUTH 3 JOCTATHIM CTYIIEHEM TOYHOCTI BH3HAYaTH YMOBH POOOTH TPAaHCIIOPTY B JIAHIIOTY
HoCcTaYaHb.

KiouoBi cioBa: cucremMa [OCTaBKH, JIOTICTUYHI BHUTPATH, IIUIBHICTH TOPTOBHX TOYOK, BHTPAaTH Ha
TPaHCIOPTYBaHHS, pailoH 00CIyroByBaHH:, (hopMaT TOProBoi TOYKH, po3ApiOHA TOPTiBEIbHA MEpexKa.

BCTYII

Ha cporomni ocoOiHMBICTIO B3a€EMOBITHOCHH Y PO3APIOHOMY JIAaHITIOTY ITOCTadaHb € BUCOKUN PiBEHB
KOHKYPEHIIiT MK PO3/JpiOHUMH TOYKaMHU, 10 3MYIIY€ 1HIIUX YYaCHUKIB PHHKY 3arocTPIOBAaTH yBary Oijblie
Ha e(eKTUBHOCTI omepaliid, HXK Ha MiJBUIICHHI MPUOYTKY. 3a JaHUMH aHAIITHUKIB 3 KOXXHUM POKOM
CIIOCTEPIraEThCA MPUPICT OOCHTIB MEPEeBE3eHh BAHTAXKIB BCEPENUHI CepefHiX Ta BeMUKHUX MicT. [Ipu mpomy
3HaYHa YacTKa 3arajbHOro TOBapoOOIry MpHIIaJae caMe Ha I[i THIH MICT, Jie 30Cepe/KeHa po3apiOHa
TopriBelbHa Mepeka. OCKUIBKH TOTIK MaTepiallbHUX pecypciB MPHU PycCi 0 KIHIIEBOTO CIIOXHBaya depes
KOMYHIKAI[iifHy MepeXy MOCTIHHO 30UTBIIYETHCS y BapTOCTi, TOMY BaXKJIMBHUM € TOMIYK paIliOHATbHUX
TEXHOJIOTIYHUX PIlIeHb OpraHi3allii Mporecy JOCTaBKH BaHTAXIB B PO3APIOHY TOPTiBEIbHY MEpExKy, II0
3a0€3MeYNTh MAaKCHMaIbHY €(eKTHBHICTh iX (QYHKIIIOHYBaHHS.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA IMNPOBJIEMHU

Posmonin mMatepianbHUX peCypciB JIOTICTHYHUM KaHAJOM OOYMOBIIOE HEOOXiTHICTh 3alydeHHS
JOJTATKOBUX YYaCHHKIB (IUCTpHO FOTOPIB, MEPEBIZHUKIB) M0 IMpolecy MoctaBku. [IpaBunmbHICTH BHOOpY i
EKOHOMiYHa OOTIPYHTOBAHICTh 3aly4CHHS YYAaCHUKIB € OCHOBHHUMH (paKTOpaMH, M0 BU3HAYAIOTh
paumioHaJbHICT CTPYKTYpU JlaHmiora mocradaHb. OcoOJMBICTIO [OCTaBKM BaHTaXiB B po3ApiOHY
TOPriBEJbHY MEpPEeXy € TepUTOpialbHE PO30CEPEKEHHS TOPTOBHX TOYOK, IO BH3HAYA€ PO3CIIOBAHHS
BaHTAXKOIIOTOKY Y TipocTopi Ta 4aci [1, 2]. OCHOBHUMH TEHJEHIIIMU POOOTH 3 PO3JIPiOHOI0 TOPTiBEIHHOIO
MEpEeXKel0 3a OCTaHHI POKH € 3MEHIICHHS pPO3Mipy 3aMOBJICHHS TOPrOBOIO TOYKOKO Uepe3 3MEHIICHHS
CKJIaJICBKUX MpPUMIillleHb, BUCOKA MEPIOAMYHICTH MOCTadyaHb, 30UBIICHHS BHUMOT [0 4Yacy Ha BUKOHAHHS
3aMOBJICHHS Ta OpraHi3allisi JIOCTaBKU Oe3MocepesiHh0 BiJl BUPOOHWKA (AMCTPHO’I0TOpa) M0 PO3ApiOHOT
TOProBOi TOYKHM, MHHAKOYM ONTOBI ©Oa3u. Pamionamizaiis mapamMeTpiB TPAaHCIOPTHOIO IPOLECY
posriagaeTses i B 6arateox podoTax, sk 3anopyka eeKTUBHOro ()yHKUIOHYBaHHS MiJIPUEMCTBA 32 YMOBH
BU3HAYEHHsI KUIBKOCTI MMyHKTIB 3ai31y Ha MapmpyTax [1, 3].

nsixamu migBUIIEHHS eQEKTUBHOCTI OpraHizaiii MaTepialbHOTO MOTOKY € iCTOpHYHO c(hopMoBaHi
TEXHOJIOTIUHI MPOLecH Ha MiANPHEMCTBAX-yYaCHUKAX JIOTICTHYHOTO JIAHLIOTa MOCTavyaHb: PO3POOISIOTHCS
CXEMH 3aBE3CHHS TOBapiB Y TOPTOBI TOUKH, BU3HAYAIOTHCS PALliOHAIBHI PO3MipH HapTii MOCTaBoK 1 4acToTa
3aB03y, PO3POOISIOTHCS pallioHallbHI MapIIpyTH 1 rpadiku 3aBe3eHHS TOBApIB, BU3HAYAETHCS CTPYKTYpa
MapKy PyXOMOI'O CKJaay, Ta IHINI TEXHOJIOTIYHI MPOIECH, IO J03BOJISIOTH ONTHUMI3yBaTH BUTPATH Ha
MPOCYBaHHA MaTepialbHOrO IMOTOKY. Baromumu kputepisMu Ui BHOOpY cmocoOy JOCTaBKH UM
IocTav4ajibHUKa B PoOoTi  [3] BHCTYMAaOTh BiIJAICHICTh TOCTAYAJIBHHWKA BIJl CIIOKHBAada, TEPMIiHH
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BHKOHAHHS TIOTOYHHX 1 EKCTPEHUX 3aMOBJICHbD, HAIBHICTh PE3EPBHUX MOTYKHOCTEH, OpraHi3aiis yIpaBiIiHHI
SIKICTIO ¥ TIOCTadaIbHUKA.

Cepen poOiT OCTaHHBOTO MEPIONy BUIUIAETHCS poOoTa [4], B sKiil BiI3HAYAETHCS, IO HEOOXITHOO
YMOBOIO JUJIsl BUOOpY KaHaTy PO3IOJiTY, Ta ONTHMi3alii BCHOrO JIOTICTUYHOTO MPOLECY HAa MaKpoOpiBHi, €
HasBHICTh Ha PUHKY BEIIMKOI KUTBKOCTI TIOCEPETHUKIB. 30KpeMa, ONTUMI3allisl KaHaTly PO3MOALTY, a MOTIM i
JIOTICTUYHOTO JIAHITFOTa, MOJKJIMBA IPH HASBHOCTI HA TOBAPHOMY PHHKY BEJIMKOI KUTHKOCTI ITi ATPHEMCTB, SIKi
3MIACHIOIOTh (QYHKLIiIO onTy. B po0oTi mpuiiMaeTbcsi piBHOMIpHE iX PO3MOAICHHS Y PETiOHI 3 METOO
MOJKITUBOCTI IIBHIKOTO OOCITyTOBYBaHHS PO3PiOHUX TOYOK.

B pobGorax [2-5] Bim3HAYAETHCSA 3HAYHWN BIUIMB TAKWUX MOKA3HHKIB, SK BiITAICHICTH IiANPUEMCTBA-
BUPOOHHWKa (200 TOCTayaJbHHUKA) 1 BAHTAXKOOAEPKYBadiB, MIUTBHICTh AUCIIOKAMii TOPrOBUX TOYOK 1 PO3MIp
napTii BaHTaXXy Ha KpUTepiil epeKTHBHOCTi, a caMe BUTpPAaTH Ha JOCTaBKY BaHTaxy, ajie MpeACTaBlieHI
HaIMpSIMKH BIOCKOHAJIEHHS TPOIECY MOCTaBKH, IO MPOIMOHYIOTHCS B POOOTaX, OPIEHTOBaHI Ha KOHKpPETHI
TOProBi MiJIPHUEMCTBA Ta MOTPEOYIOTh MEPErisay B KOKHOMY KOHKpeTHOMY BuIaaKy. Lle He nmae 3morm
¢dopmanizyBaTd BUMOTH A0 POOOTH yYacHHKIB MPOLECY TOCTABKU HAaBITh B MeXaxX OiNbII-MEHII BEIUKOTO
perioHy, a TakoX BU3HAYWTH TEHICHIII] 3MiHA XapaKTEPUCTUK YMOB TIepEBE3EHb.

VY pob6orti [6] MipoTia JI.b. 3ayBaxkye MOKIIMBICTh BUKOPUCTAHHS IpadigHOr0 METOMY JIJIs BUPIMICHHS
3aja4i BU3HAUCHHS KIJIbKOCTI OO0 €KTIB JIOTICTUYHOI CHUCTEMH, TaK SK iX KUIBKICTh MPSIMOMPOIOPIIHHO
BITMBA€E HA JIOTICTHYHI BUTpaTH cuUcTeMu. [Ipu OIiHI BINIMBY O yBaru MpUHAMAIOTHCS CepelH] 3HAUYCHHS
BiJICTaHEH MiXk 00’ €KTaMU, IO CBIYUTH PO PIBHOMIPHICTH 1X po3TalryBaHHS y paidioHi (yHKIIOHYBaHHS.

3 mo3umii TeoNIOTICTUYHNX CHUCTEM BAXJIMBUMH € TpaBiTaliliiHI MOJENI, SIKi BPaXOBYIOTh HE TUIBKH
BiJICTaHb IepPEBE3CHb, a 1 BIUTUB BEIHKHUX IIEHTPIB TSOKIHHS MaTepialoNOTOKIB, 10 Aa€ 3MOT'Y CIIPOrHO3YBaTH
Ta ONTHUMI3yBaTH MatepianbHi ToTOokU. lleit po3BuTok mo3BonuB Peiini B poOoTi [7] cTBOpUTH MOJENH
TOPTOBENILHOI T'paBiTallii, sika iHTEPIPETYIOUUCh A0 CyYacCHUX TOPTiBEIBHHX MEPEX, MOJISTae B TOMY, IO
TOPTiBEJbHI TOYKU OUIBIIOr0 pO3Mipy MPHTATYIOTH 10 ceOe OLIbIIY KUTBKICTh MOKYIIIIB, TOTOBUX AOJNAaTH
3HAYHI BiJICTaHi, M0 Ja€ 3MOTY PIBHOMIPHOTO PO3TallyBaHHS TaKkUX O0’€KTIB y perioHi. AHAJIOTIYHO B
poborti [8] mpu mochiKeHHI TPAHCIOPTHOI 1 PO3MOALIHYOI TEONOTICTUKA Ha MPUKIIAAl 3aXiTHOTO PErioHy
VYkpainu BKa3dyeTbcs Ha EHTpOMiMHY Mipy KOHIEHTpalii y paiioHi OOCIyroByBaHHS JIOTiICTHYHHX
CTEUKXOJJIEPiB TPAHCIIOPTHOTO MPOIIECY.

OcTaHHI JOCTiKEHHS TI0 TUTAaHYBAaHHIO MICT HAINpaBIieH] Ha IMiIBUIIICHHS 3pyYHOCTI JUIS KUTTS B HUX.
e y pobori [9] cTBepAKYETHCS, IO TOJIOBHOK METOK MiCTOOYIyBaHHS OYyJIO CTBOPEHHS IUIAHYBAHHS, SKE
XapaKTepU3yBajoCs HAsBHICTIO  PIBHOBIIJAJCHUX 30H MAaKCHUMaJbHOI  IIIIOXIJHOI  JOCTYIHOCTI
(MiKpopaifoHiB), B IIEHTpax SIKUX TTOBHHHI PO3TAIIOBYBATHCS OOCIYTOBYIOUI paliOH MiANPUEMCTBA TOPTiBII,
MarasuHH, IIKOJH, JIIKapHi Ta iH. Y poOoTax IOCHIIHUKIB paiioH 0OCIYroBYBaHHSI, B SIKOMY 3HaXOHSAThCS
TOPTOBi TOYKH, TPHUMAETHCS Y SIKOCTI IOMYyIIEeHHs Y (opMi KoJia, a NIIBHICTh JUCIOKAIil TOPrOBUX TOYOK
B paiioHi mepeBe3eHb piBHOMiIpHA (puc. 1). PiBHOMipHICTP poO30CepeKEeHHS Ta KOHIICHTPUYHICTh
MpUIMalOThCA 32 0a30Bi NMPUHIIMITK OPTaHi3alii MpoIecy TOCTaBKH Yy MepekeBiid po3apiOHii Toprism [10,
11].

B poGoti [12] npu po3misii po3MillieHHs 00’€KTIB JIOTICTHYHOI CHCTEMH Ha OCHOBI 3arajJlbHUX
NPUBEICHUX BUTPAT IPEICTABICHO MaTEMAaTHYHY MOJIENIb ONTHUMAJBHOI JOBKMHHU JIAHIIOTA ITOCTadyaHb,
BaroMHMH IapaMeTpaMH B AKiH € M0 TePUTOPii 00CITyroByBaHHsI, KIIbKICTh KiHIICBHX CIIOKHWBAYiB, IiHA
OJIMHHMIII BAHTAXXY Ta BIJIHOCHE 3MIIIIEHHS TIOCTAYalIbHUKA BiJl IEHTPY TXKIHHS TEPUTOPIii 00CITyroByBaHHSI.

HaBiTe 3akoHOmaB4O HOpMaTHBU  3a0€3MEUEHOCTI  HACEIEHHS TOPTrOBEJIBHUMH  IUIOLIAMH
nepeadadaroTh KOMIUIEKC 3aXO[iB 3 PIBHOMIPHOTO Ta ONTHMAIBHOTO PO3MIILIEHHA 00’€KTiB po3aApiOHOI
TOPTIBIII IO TEPUTOPIT PETIOHIB 3 METOK MAKCUMAJILHOTO iX HAONIKEHHS JI0 KiHIIEBUX criokuBadis [ 13].

Omxe BuUpilIEHHS 3aJad 3MEHIICHHS BHUTPAT Ha JOCTAaBKY, B SKHX IPHHAMAETHCS PIBHOMIpHE
pO3TallyBaHHS TOPrOBUX TOYOK, NPUTaMaHHE TUIBKH JUIS TOPTiBEJIBHUX TOYOK BEIUKUX (HOpPMATiB.
Buxopsiun 3 6a30BUX IMOJIOKEHb MapKETHHTY, TOPTOBI TOYKHU JPIOHUX (HOPMATIB Y CBIIOMOCTI CHOKHBaYiB
MOBHHHI BIJIPI3HATHUCS SIKICTIO TOBAPIB 1 MOCIYT, YOO MOXKIIUBO JIOCSATTH TPU YTPUMAaHHI KiHIIEBOT IiHU Ha
TOBapH Ha MiHIMaJbHOMY DiBHI, IIJISIXOM ITiABHLICHHS €(EKTHBHOCTI OpraHizauii mporecy 1ocTaBku. Tak,
MOOJ/IMHOKI TOPTOBENBHI 00'€KTH HEBEIHKOTO (hopMaTy He BUTPUMYIOTh KOHKYPEHIIii 3 TOPTOBUMHU TOYKAMH
BeHMKHUX (popMaTiB, i came TOMY He PIBHOMIPHO PO3TaIlIOBaHi y paiioHi 00CIIyroByBaHHs. 3a0€3Me4nTH TaKii
TOProBill TOULl HEOOXITHUIN CTIOKUBYMH MOTIK, 00CSIT 000OPOTY B KOHKYPEHTHOMY OTOUYEHHI BKpai CKJIaHO.
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VYMOBHI ITO3HAYEHHS:

- -
@ — nocravansHuk/PLI;

O - TopriBenbHI TOYKH;

— — — Mexi pailoHy o0CITyroByBaHHS;

—P — cepenns Binacranb goctaBku (I);

—® —Bigcranb MK CyMDKHUME TyHKTaMH (l-1)-).

Pucynok 1 — Cxema piBHOMIpHOTO pO3TallyBaHHS KiHIIEBHX CIIOKHBAYiB
y palioHi 00CITyroByBaHHS

OIJIb TA 3AJAYI JOCJIIAKEHHS

Pesynbratn aHamizy iCHYIOYHMX IIJXOJIB JI0 BH3HAYCHHS XapaKTEPHCTHK pallOHy MepeBe3eHb Ta
JMCIIOKALl TOPrOBHX TOYOK JOBOJATH, LIO MNPHUHHATI B JOCHI/DKEHHX po0OTax MOMyHICHHS PO
PIBHOMIPHICTh pO3TalllyBaHHS TOPTOBHX TOYOK B palioHi 0OCIYrOBYBaHHSI 3HAYHO CIPOINYIOTh CKJIAJHICTh
BHpIIICHHS 3a7]a4d 3 pallioHaji3allii nepeBe3eHb, alle, B TOW ke 4ac, He BiAMOBIIAIOTh PEATbHUM MPOIIecaM.
Tomy, METOI0 JaHOTO JOCII/KEHHS € BUSBICHHS 3aKOHOMIPHOCTI PO3TAIIyBaHHS TOPTOBHX TOYOK B pailoHi
00CITyTOBYBaHHSI, 10 JT03BOJIWIIO O 3 IOCTATHIM CTYIIEHEM TOYHOCTI BU3HAYUTH YMOBU POOOTH TPAHCHIOPTY B
JIAHIIOTY TIOCTa4YaHb.

PE3YJIbTATH JOCIIIKEHb

OCHOBHUMH TIapaMETPaMH, 1110 XapaKTePU3yIOTh YMOBH MEPEBE3CHb 1 BIUIMBAKOTh HAa TEXHOJIOTIYHI 1
€KOHOMIYHI TIOKa3HUKHU pOOOTH TPAHCTIOPTY MPHU JOCTABIII TOBAPiB B PO3APIOHY TOPTiBEIbHY MEPEKY MICT €
BiJICTaHb JOCTaBKH BaHTaXiB, PO3MIp MapTii BaHTaXy Ta MPOOIr aBTOMOOLUTIO MiK CYyMIXKHUMH IMyHKTaMHU
3ai3ay Ha MapuipyTi, SKAUA MOXHa BU3HAYMTH Yepe3 IIIJIbHICTh AMCIOKAIi MyHKTIB 3aBO3Yy Ha TepUTOPIii
paiioHy TepeBe3eHb. 3arajlbHOBIIOMO, IO HPH PO3IIUPEHHI PpO3JIpiOHOI TOPTriBENBFHOI Mepexi, Micie
JMCTIOKalil TOProBOi TOYKH OOMPAETHCS 3 OMIALY Ha MaKCHMMallbHE HAOMIKEHHS 0 CHOXHBayiB. 3TifHO
MOJIeJIi BUSIBIGHHUX IMepeBar 30CEpPeDKEHHS TPyHNH TOPrOBUX TOYOK ApiOHHMX (opmaTiB migBumiye ix
KyMiBeIbHY MpuBaOIuBIiCcTh. Lle crpaBeinBo Ui TOPrOBENLHUX TOYOK JAPIOHUX (PopMaTiB, sIKi 3a3BHUAM
JIOKAJTI3YIOThCS MOOJU3Y OJMH OJHOIO, YTBOPIOKOYM TOPTiBEIbHI MalIaH4YMKH, IO SBJSIOTH COOOI0 IEBHI
knacrepu. Lli k1acrepu sIBASIOTH cO00I0 TPYIIM TOPrOBUX TOYOK, IO 00’ €JHaHI MK co00I0 3a OJMM3BKICTIO
pO3TallyBaHHS OJWH JIO OJHOTO Ta YTBOPIOIOTH KOHCOJIJYIOUHMH IOMHMT HA TOBap Yy BUPOOHUKIB abo
nctpub’rotopiB. KoxkeH Takuid Kiactep XapakTepH3YEThCs BUCOKOIO IMUIBHICTIO JIUCIIOKAIlli TOPTOBHX
TOYOK, HHU3BKOIO ILIIBHICTIO HACEJIEHHS B CEPEJUHI HBHOTO Ta PO3TALIYBAaHHSIM B NEPEBaKHIH OUIBIIOCTI
No0JIK3y MAaca)KUPONOTIMHAIOYMX a00 MacaKupoyTBOPIOOYMX MNYyHKTIB. llle omHi€lo 3 XapakTepHCTHK
TAKOTO KIJIACTEPY € KUIbKICTh MapTiii BaHTAXIB, 0 HAJXOJWThH 33 NMEBHHN MPOMIXKOK 4acy, HalpUKIaJ, 3a
1n00y. Y BHIAJKy, KOJIM MOCTaYaJIbHUK OOCIIyTrOBY€E KijbKa TOPTiBEIbHUX TOYOK, BIICTaHb MK CYMIXXHUMH
nyHkramu 3ai3y (l.1)-i)) JopiBHIOBaTHME HYIIO (pHUC. 2).
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Pucynok 2 — Cxema HepiBHOMIPHOTO PO3TaIllyBaHHS KiHIIEBUX CIIOKHBaYiB
y palioHi 00CITyroByBaHHS

OBI'OBOPEHHHA PEJYJIBTATIB JOCJIIKEHHS

Bucoka WIiNBbHICTh JUCIOKAIil TOPrOBHX TOYOK KOXKHOTO KJIACTEPY YTBOPIOE 1 BHUCOKHMU BXiIHUN
BaHTAXXOTIOTIK, 1[0 MOX€ TPU3BECTH JI0 HE3PYJIHOCTEH 3 OpraHizallii TOpPOKHBOTO pyXy (HAIIPHUKIIA[, 3aTOPU
yepe3 NpUIIApPKOBaHI TPAHCIIOPTHI 3aco0H, TOINO) MOOAM3y HHX Yepe3 BIACYTHICTh CHeEIialli30BaHUX
MaiIaH4MKiB JJIT aBTOMOOLTIB, IO 3AIHCHIOIOTH JTOCTaBKy TOBapiB. Came TOMY BH3HA4EHHs HPOCTOPOBOI
CTPYKTYPH TOPrOBHUX TOYOK JIaCTh 3MOTY M0OyayBaTH OifbI TOYHY MOJENb PO3MNOILUTY BAHTaXOIOTOKIB B
paiionax oOciyroByBaHHA. [laHa MoOzeNb MOXKE 3aCTOCOBYBAaTHChH K IEPEBI3HHMKaMHU — JUIS BU3HAYCHHS
napaMeTpiB poOOTH TPAHCIOPTY, TaK 1 OpraHaMy MICLIEBOT BJaau — JUIsl TUIAHYBaHHS CTPATErid PO3BUTKY
BaHTAKHUX MICHKHX NepeBe3eHb. 30ip AaHUX MPO NEePeMiLleHHsI TPAaHCIOPTHUX 3ac00iB 3 BAHTaXKEM, 4ac Ta
Micle iX PO3BaHTAXKEHHS MOXKe OyTH BH3HAYEHO 3a JONOMOIOI0 IeoiH()OpMAaliiHUX CHCTEM, OJHAK Take
BUpIIICHHST TUTaHHSI € JOPOTrOBapTICHUM 1 TOTpedye 31aroJKeHoi poOOTH YCIX YYacHHKIB Ipolecy
JOCTaBKH.

Sk BiOMoO, mapamMeTpH CTEHKXOJIEepiB TPAHCIIOPTHOTO MPOLECY, XapaKTEPU3YIOThCS CaMe B3a€EMHHUM
PO3TalIyBaHHAM 1 00CsIraMy BUBE3E€HHS Ta 3aBE3E€HHS BAHTAXIB 1, TAKUM YHHOM, 0€3MOCEPEAHBO BIJIMBAIOThH
Ha nporec (GopMyBaHHS PO3BI3HMX MapUIPYTiB. 3OUIBIICHHS KiTbKOCTI TOPrOBEIBHHMX TOYOK 1 OOCATIB
3aBe3€Hb JI0 HUX MPU3BOUTH JI0 OINBIIOT KITBKOCTI PO3BIZHUX MapIIPYTiB a00 10 ITiBUIIIEHHS HOMiIHAJIBHOI
BAaHTAKHOCTI TPAHCIOPTHOro 3acoly, L0 MpaLoe Ha MappyTi. AJe, SKIIO TOProBi TOYKH, IO
00CJIyroByIOTh Ha OJHOMY MapIIpPyTi, PO3TAIIOBYIOThCS TOPsA, TO BHHHKAE HEOOXIAHICTH KOpPEryBaHHS
rapaMeTpiB Mporecy.

Po3mmpenHss acOPTUMEHTHOTO Psiy MPOJOBOJBYMX TOBApiB HA CHOXXMBUYOMY PHHKY IpHU3BEIE IO
301JIbIIEHHST KIJIBKOCTI TPAaHCIOPTHUX OIepalii Juis 3a0e3MeYeHHs CUCTEeMHM JOCTaBKH. 3aCTOCYBaHHS
ICHYIOUHMX 1HCTPYMEHTIB U OpraHi3aIlii mpocyBaHHs TOBapiB Ha KIHIEBIiH JIaHIli JIAHIIOra MOCTadaHb y
TAaKUX YMOBAX CTABUTH Il CYMHIB €(DeKTUBHICTb TEXHOJIOTIYHUX PILLICHb.

BUCHOBKHU

PesynbpTati mpoBeCHOTO aHANI3y JITEpPaTypHHUX JDKEpeN 3 MUTaHb ONTHUMI3allil CHCTEMH JIOCTaBKU
TOBapiB Ha OCTAaHHbOMY €Talll JIAHLIOTa MOCTauyaHb B PO3APiIOHY TOPriBeNbHY MEPEKY NPEACTaBIAIOTH B
CBOil O1JIBIIOCTI paifioH 00CIYrOBYBaHHS SIK MOJITOH 3 PIBHOMIPHO PO3TAllIOBAHUMH TOPTOBUMH TOUYKAMHU Y
HbOMY. Pe3ynbTaTh OTpUMaHHWX MaTeMaTHYHUX MOjENeH, 10 MoOyAOoBaHI Ha JAHOMY JIOMYIIEHHI, MalOTh
3HAYHI BIIXHJICHHS BiJ] peaIbHUX 3HAa4eHb. JlOMyIIeHHs PO PiBHOMIPHICTh PO3TANTYBaHHS TOPTOBUX TOYOK
€ CIpaBeIIMBUM JJIsl TOPrOBUX TOYOK BelMMKHX ¢opmatiB. Tak, ToproBi Touku apiOHuUX ¢(opmaris
YTBOPIOIOTh TI€BHI MalJIaHYMKH-KIIACTEPH, SIKI XapaKTEPU3YIOThCSI BUCOKOO MIIJIbHICTIO TOPrOBUX TOYOK Ta
KUTBKICTIO TIApTiii 3aBe3eHHA B HHUX. OCKUIBKM TPAHCIIOPTHHHA TIPOIEC € KIIFOYOBHUM EIIEMEHTOM
e(eKTHBHOCTI (YHKI[IOHYBaHHs JaHIIOTa IOCTa4aHb B YMOBAaX OPCTKOI KOHKYPEHLil Ha CIOXHBUOMY
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PHHKY, TO TOCTa€ MuTaHHsA (opmaiizamnii mpocTopoBOi CTPYKTYpH TOPTOBHX TOYOK, IO JIACTh 3MOTY
OOy yBaTH ORI TOYHY MOJACIH PO3MOILTY BAHTaKOTIOTOKIB B paifoHaX 00CITyTOBYBaHHSI.
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Ptytsia N.V., Kovtsur E.G. On the question of determining the nature of the location of consignees
in the study of the delivery system

The retail supply chain, under pressure from high levels of competition in the marketplace, is forcing
other participants in the process to turn their attention to improving the efficiency of operations and defining
the parameters of the delivery process. A feature of the delivery of goods to the retail trade network is the
territorial dispersion of retail points, which determines the dispersion of freight traffic in space and time. The
existing ways to improve the efficiency of organizing the movement of material flow are historically
established technological processes in the logistics supply chain: development of schemes for the delivery of
goods to retail points, determination of rational batch sizes and frequency of deliveries, formation of rational
routes and schedules for the delivery of goods, determination of the structure of the rolling stock fleet and
other technological processes that allow to optimize logistics costs.

Solutions to the problems of reducing delivery costs, in which a uniform arrangement of points is
accepted, which is inherent only for large format retail outlet spots. Small-format retail outlet spots cannot
compete with large-format retail outlet spots, therefore, they are not evenly located in the service area.
Existing approaches to determining the characteristics of the transportation area and the location of outlets
show that the assumption of the uniformity of the location of points in the service area is adopted in order to
simplify the solution of problems to rationalize transportation. The analyzed approaches and dependencies
do not correspond to real processes, leading to significant deviations of real and model values when
determining the operating conditions of transport in the supply chain. It is proposed to identify and formalize
the patterns of the location of points in the service area, which will allow with a sufficient degree of accuracy
to determine the operating conditions of transport in the supply chain.

Key words: delivery system, logistics costs, density of retail outlet spots, transportation costs, service
area, format of retail outlet spots, retail.
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Jhyybkutl HayioHanbHUli MeXHIYHUL YHieepcumem

JIMCKPETHE (INIKCEJIbHE) TIPEJICTABJIEHHS TPAHCIIOPTHOI MEPEKI MICTA JIJISI
TOHNOJIOI'TYHOI NIEHTU®IKAIIL TA ®PAKTAJIBHOI'O AHAJII3Y Ii TEOMETPUUYHUX
CKJAJOBHUX

Pobota mpucssueHa po3poO1i cnocodiB TUCKPETHOTO (MIKCETBHOT0) MPEICTABICHHS TPAHCIOPTHOI MEpexi
MicTa IJIst TOHOJIOTIYHOT ineHTHdIKalii Ta (ppaKTaIbHOT OLIHKH 11 CTPYKTYPHHUX CKJIAJIOBHUX.

Po3BHTOK TpaHCTIOPTHOI MepeXi MICT ife, SIK NPaBHJIO, IUIIXOM YCKIIAJHEHHS TOIIOJIOTIYHOI CTPYKTYpH
MapupyTiB MepecyBaHHS Ta B3a€MOBIJHOCHH MK T€OMETPHYHHMH XapaKTEPHUCTHKAMH iX OKPEMHX eleMeHTiB. Taki
TeHJeHIIi CBigUaTh MPO HEOOXIMHICTH PO3POOKH e(pEKTUBHUX MAaTEeMaTHYHHX METOMIB MOJICIIOBAHHS HOBHX Ta
onTuMizauii BXe ICHYIOUHX MEpeX, B OCHOBI fAKOI JISKaTUMYTh aJTOPUTMU aHANI3y Ta KiUJIBKICHOI OIHKH SKOCTI
(YHKIIOHYBaHHS TPAHCIIOPTHOT CHCTEMH MicTa.

BrnactuBocTi Michkkoi TpaHCHOPTHOI MEpeXi iICTOTHUM YHHOM 3ajiekaTh BiJ CKIATHOCTI i reomerpii Ta
TOTIOJIOTIYHOI CTPYKTYpH. AHAJi3 JTepaTypHHUX [DKEpes MMOKa3aB, [0 TPAHCHOPTHY MEPEXY MICTa, 3 TOMOJIOTIYHHUX
MO3UIIH, MOXHA PO3IIISIATH SIK CYKYITHICTh BEJIMKOTO YUCIIA PO3MOIUICHUX TOUOK a00 obnacteid (3yNMHKOBUX BY3JIiB
4l 00MEXEHHX TePUTOpIil), sIKi B3a€EMOAIIOTh MK COOOI0 Uepe3 TPaHCIIOPTHI KaHanu, To0To MapuipyTu. Ilpu npomy,
TOIIOJIOTISI CKJIQAHOI TPAHCIIOPTHOI MEpeXi € BUIAaAKOBHM (pakTajioM, OCKUIBKH ii Mana YacTHHA MOXiOHa IO
Po3MipHICTB 11i€T MHOXHMHH TOYOK, o0nacTel i JTiHii Mae ApoOoBY po3MipHicTh. Po3paxyBaBIIn po3MipHICTE Mepexi,
MOYKHA KUJIbKICHO BHPA3WTH il CHCTEMHI BIACTUBOCTI 1 3HAWTH 3arajibHi 3aKOHOMIPHOCTI YIOCKOHAJICHHS iICHYIOUHX Ta
MoOYAOBH HOBHUX TPAHCIIOPTHHUX MOTOKIB.

[Ipu Bu3HAuYeHHI (pakTaIbHOI PO3MIPHOCTI 300paKCHHS KIITKOBHM METOJIOM T€OMETpHUYHA CTPYKTypa
Mepexi, Ha KOKHOMY KpOLi iTepalii, MOKpUBaeThCA KIITHHAMH IEBHUX pO3MipiB. Biarak, mpomoHyeTbes, Bimpasy,
HPENCTABIATH 300paKEHHsI Y AUCKPETHOMY BUIUIAAI Ha PElNTIi 3 KIITHHAMH MiHIMalIbHOTO PO3Mipy (Moxe OyTH
po3mip mikcens), imeHTH]iKyBaTH (parMeHTH 3amaHoi CTPYKTYpH, a y IOJAjJbIIOMY pPO3paxoBYBaTH MOTPiOHI
TeOMETPHYHI HapaMeTpu Ta HPOBOAWTH iX aHami3. Ilpu 1pomy, HeoOXimHO KiacH(piKyBaTH OKpeMi 00’€KTH Ta
(parMeHTH, a TaKOX BHSABUTH T€OMETPUYHI KpHUTepii, 3a SIKUMH BH3HAYaTHMETHCS CTYIiHb ()PaKTAILHOCTI SIK
(hparMeHTiB, TaK i CTPYKTYPH B LIJIOMY.

Hns  inenTHdikamii 300pakeHb 3alMpPONOHOBAHO TOIOJIOTIYHY KIACHU(IKaIil0 IUCKPETHHX MOJEIeH
TEOMETPUYHHAX 00’ €KTIB Ta KOMOIHOBaHWX MHOKHH Ha IUIOMIMHI. BH3HaueHO OCHOBHI XapaKTEPHCTHKH 3B’SI3HOCTL
OKpeMHX KJIITHH AMCKPETHHX OIHapHHUX MoOJeNieil MHOXXWH JOBUIFHOI PO3MIPHOCTI. 3alpOIIOHOBaHA CTPYKTypa
MpaKkTHYHOI igeHTH(iKaii KoMOiHAid TeOMETPUYHUX OO0’ €KTIiB, AKi 3yCTpiUalOThCsA Ha 300paKEHHSAX MICHKHX
MapUIpyTHUX CXEM.

IMomanpimi OCHiJPKEHHS i3 JaHOI TEeMaTHKH IPOBOIATHCSA y HANpsIMi BHOKPEMIICHHS Ta OOYHCIICHHS
TeOMETPUYHHX XapaKTePUCTUK 00 EKTIB [UIs 3aIPONIOHOBAHUX JUCKPETHUX KIIITKOBHX MOJIEIICH.

KunrouoBi ciioBa: TpaHCIopTHa Mepexa MiCTa, JUCKPETHE IPECTaBICHHs, TOIOJOTIYHA ineHTHIKalis,
(hpakTanpHUiA aHaNi3, KOMOIHOBaHI MHOXXHHH, KIITKOBA MOJIEITb.

BCTYII

CyuacHi TpaHCIIOPTHI MepexXi MICT € BEJIUKHMH CHCTEMaMH 13 CKIAJHOI0 PO3ralyKeHOI0
TOTOJIOTIYHOK0 CTPYKTYpPOIO 1 3HAYHOIO KUIBKICTIO TMiJCHCTeM (HANpHKIAA, MapUIpyTiB), €JIEMEHTIB
(HampuKiam, 3ynuHoK) 1 38”s13kiB  [8]. Tormosoriss MiCbKUX TPAHCIIOPTHUX MEPEX OOYMOBIIIOE iX KITFOYOBI
CUCTEMHI BIIACTHBOCTI: IOCTYITHICTh, HANIHHICTH, MPOMTYCKHY 37aTHICTh, EKOHOMIYHICTS 1 T. 1. [4].

[omanpmmii PO3BUTOK TPAHCIOPTHOI MEpeki MICT ie, SK MPaBWIO, IUISIXOM IIe OiIBIIOro
YCKJIQJHEHHS TOTIOJIOTIYHOI CTPYKTYPH MapUIPyTiB MEPECYBaHHS Ta B3a€EMOBIIHOCHH MIXK T€OMETPHYHHMH
XapaKTepUCTUKaMU iX OKpemux ejeMmeHTiB [7]. Taki TeHmeHIl cBiq4aTh MpPO HEOOXiTHICTH PO3POOKH
e(eKTUBHMUX MAaTeMaTHYHUX METOJiB MOJACITIOBAHHS HOBHX Ta ONTUMI3allii BXKe iCHYIOUUX MEPEX, B OCHOBI
SIKOT JISKATUMYTh allTOPUTMHU aHaJII3y Ta KiJIbKICHOT OI[IHKH SIKOCTI YHKI[IOHYBaHHS TPAHCIIOPTHOI CUCTEMHU
MicTa.

BrnactuBocTi MicbKOi TpaHCIIOPTHOT MEPEXi ICTOTHUM YMHOM 3ajie’KaTh Bi CKJIQAHOCTI ii reoMeTpii
Ta TOMOJOTIYHOI CTPYKTypH. [Ipm 1bOMy, OIHIEIO 13 (QYyHAaMEHTAITBHUX XapakTEPUCTUK TeOMETPHIHOT
CKJIAJTHOCTI Mepexi € i TOmoJjoriyHa po3MipHicTh. Po3paxyBaBiiy po3MipHICTh TOIOJIOTIT MEpeXi, MOXKHA
KUTBKICHO BUPa3HUTH ii CHCTEMHI BJIACTHBOCTI 1 3HAHTH 3araibHi 3aKOHOMIPHOCTI YIOCKOHAJICHHS iCHYIOUHX
Ta TOOYIOBH HOBUX TPAHCIIOPTHHX ITOTOKIB.

Po3MmipHicTh TOMOMNOTIT CKIAJHUX TPAHCIIOPTHUX CHUCTEM 1 Mepex He MOXKHa OOYUCIUTH,
BUKOPHUCTOBYIOUH 3BHUaiiny (EBKIIZOBY) pO3MipHICTh, IO Ma€ TUTBKU LITOYNCIIOB] 3HaueHHA. Ha nmpakTumi
Taki CKJIaJHI MepeXi MNPEeACTaBISAIOTH COOOI0 «IMaBYTHHY» 13 «KJIACHYHUX» Ta (PpakTaabHUX
(kBa3ipakTajsbHUX) FEOMETPUIHHUX 00’ €KTIB, 10 XapPaKTEPU3YIOTHCS MEBHUMHU 30BHIIIHIMUA OOMEKEHHIMU
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TEOMETPUYHHUX BJIACTHBOCTEH (parMeHTiB Ta MOXIMBOCTAMH iX pocty. lLlg oOcraBmHa 103BOIISE
BHKOPHCTATH METOJ BU3HAUYCHHS PO3MIPHOCTI TOIOJIOTiI TaKWX TPAHCIIOPTHUX MEpEX, IO 0a3yeThcs Ha
BJIACTUBOCTSX, IPUTAMAHHUX (paKTanam.

3 TONOJNOTIYHHUX MO3HULIH, TPAHCTIOPTHY MEPEKY MiCTa MOYKHA PO3TILIIATH SIK CYKYITHICTh BEJIMKOTO
Yiclia PO3MOAUIEHNX TOYOK abo obOmacTed (3ymMHKOBHX BY3JTiB 4YM OOMEXKEHHX TEpUTOpiH ), sKi
B3a€EMOJIIIOTh MiX COOOI0 Yepe3 TPAaHCIOPTHI KaHamu, To0To Mapiipytu [6], [14]. TIpu mpoMy TOmMOIOTIs
CKJIaJIHOT TPAHCIOPTHOI MEPEkKi € BUMAIKOBUM (PaKTaJIOM, OCKUIbKM ii Maja 4YacTMHA TOJiOHA IIijIOi.
Po3MipHICTH 11i€1 MHOXXIHH TOYOK, 00JacTel 1 JIiHil Mae qpoOoBy, a00 GpaKTaTbHy PO3MIPHICTD.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMHA

Ilpu npoBeneHHi (paKkTaTbHOTO aHaNizy 300paXeHHs OyIb-IKHX «IPUPOAHUX» YH IITYYHO
CTBOPEHHUX 00’ €KTIiB 13 HEUITKOIO, HEPETYISPHOIO, 3IAaMaHOI0 TEOMETPUYHOI0 (OPMOIO, Y TOMY YHCIi CXeM
TPaAHCIIOPTHOI MEpEeXKi MICT, CITiJ] BpaXxOBYBaTH TOW (akT, MO Pi3Hi PparMeHTH MBOTO 300PAKEHHS MOXKYTh
MaTH Pi3HI BEJIMYMHU po3MipHOCTi [5]. Ha BenmuunHy npoOoBOi po3MipHOCTI CYyTTEBO BILIMBA€E HASBHICTDH
PI3HUX MHOXKHMH ()ParMeHTIB 13 PpaKTaIbHO Ta He(PpaKTaTBHOK CTPYKTYPOIO.

MertoniB mns migpaxyHKy (hpakTanbHOI PO3MIPHOCTI T€OMETPUIHUX (OpM Ha 300paKEHHSIX iCHYE
Oesmiu [3], [9]. Asme Ha mpakTHili, SK NPABHJIO, HE BAKJIMBOIO € TOYHICTh BH3HAYCHHS (paKTaIbHOI
PO3MIPHOCTI 3afjaHoro 300paskeHHs Mepexi abo i1 okpemMux ¢parmeHTiB. BaxnuBumu € cTaHIapT
MpOLeAypH OOYMCICHHS Ta TPEHJ, 3aKOHOMIPHICTh 3MIHM BEIWYMHH PO3MIPHOCTI B 3aJ€KHOCTI Bil
MOKpaIeHHs a00 MOTipIIeHHS NEeBHUX BH3HAYAIBHUX XaPAKTEPUCTUK CTPYKTYPH.

BigomMo pmocrtaTHbO 0araro HAayKOBHX JDKEpeNl Y BITUM3HSHMX Ta 3apyODKHMX BHAAHHIX,
MPUCBSYCHUX (PaKTATEHOMY aHai3y i CHHTE3y 300pakeHb Pi3HOTO pOJy MPHUPOAHUX 1 MITyYHHX 00’ €KTIB
[3]. i po6GoTH CTOCYIOTBCS Pi3HUX METOIIB IiAPaXyHKy (paKTaabHOI PO3MIPHOCTI, TOCTIKCHHSIM BILIHBY
BEJIMYMHHU PO3MIPHOCTI Ha MapaMeTpH 1 BU3HAYANIbHI XapaKTEPUCTHKH 3alaHuX 00’ €KTiB, y psAAl MyOiKamii
00TrOBOPIOIOTHCS MPOOJIEMH ONTHUMI3aIlil MOAEILOBAHUX CHCTEM Ha OCHOBI (paktanbHoro anamizy [10], [11],
[12], [13].

Cepen BHUIlE3ralaHUX HAYKOBHX Mpalb BapTo Biamitutu podotu [3], [13], y skux ¢paxranbHa
PO3MIPHICTh 3aJJaHUX TOMOJIOTIYHUX CTPYKTYP OILIHIOETHCS 3a JOIOMOIOI MPOCTOrO, OJHAK S(PEKTUBHOIO
JUTSL TIPAKTUYHUX 337134, DOX-counting MeTomy. Y HbOMY pO3paxyHOK PO3MIpHOCTI 0a3yeThCsl HA OCHOBI, TaK

3BaHOTO, KJIITKOBOTO IiXOAY J0 BU3HAYCHHS
po3miprocTi Xaycuopda it 00’ €KTIB JOBUIBLHOT
reoMeTpuyHoi ¢popmu abo ix KomruiekciB. CyTh
METOJy TIIOJISITa€ y HACTYIHOMY. 300paXKeHHS
00’€KTy TIOKPHBAETHCSA CITKOIO 13 po3MipoM
kmituan & (puc. 1). IligpaxoByerbcs 4YHCIO
sasams- KIitTiH N(0), MO0 TOBHICTIO TIOKPUBAIOTh

[FRESE

m JOCITDKYBaHUA 00 €KT KIITHHAMH 33J]aHOTO
po3Mipy. A PO3MIPHICTh Xaycnopda
3HAXOJAUTHCA 3a JOIIOMOTOK CIIIBBIAHOIIIEHHS:

. InN(6
D=—Ilim # . @
s> In(S)
PucyHok 1 OCHOBHOIO BIJMIHHICTIO (hpaKTaJIbHUX

00’€KTIB  Bi  TPAAMIIMHUX, «KJIACHUHUX)
reOMETPUYHHUX 00pa3iB, € BIACYTHICTh LIJOYUCIOBOI PO3MIPHOCTI, TOMy OJHHMM i3 OCHOBHHX CHOCOOIB
ineHTudikamii GpakTanbHUX CTPYKTYP € MOPIBHSHHA iX PO3MIPHOCTI 13 TOMOJIOTIYHOIO PO3MIPHICTIO, SIKY
4acTO Ha3UBAIOTh 1HIYKTHBHOIO.

OCKiNbKM JOCTaTHHO BAXKJIMBUM 3aBJAHHSAM SIK TEOMETpii, Tak 1 MPAaKTUKU PO3B’SA3aHHS PI3HUX
TEeXHIYHUX 3a7a4 (y TOMY 4YHCIi, YIOCKOHAJIEHHS CKJIaJHUX TPAHCIIOPTHUX Mepek) € e]eKTuBHa
imeHTHdiKaiis TeoMeTpUYHUX o0pa3iB abo iX CyKyImHOCTeW i pO3Mi3HAaBaHHS Ta KOPEKTHOTO
(dpakTaJbHOTO aHaIi3y 300paKeHb (PParMEHTIB, HEOOXIIHO BHUPOOWUTH CTAaHIAPTU30BAHUM MiAXim 10 iX
MpeICTaBICHHS.

[Ipu Bu3HauyeHHi (paxTaabHOI po3MipHOCTI 00pa3y KIITKOBUM METOAOM I'€OMETPUYHA CTPYKTYpa,
Ha KO)KHOMY KpOIIi iTeparlii, IMOKpUBAEThCA KIITHHAMH MEBHUX po3MipiB (puc. 1). Binrak, mpomoHyeThes,
Bijpa3y MpPEACTaBISATH 300paKEHHS Y MAMCKPETHOMY BWIVIAAI Ha pemiTHi 3 KITHHAMH TIE€BHOTO
MiHIMaJIBHOTO po3Mipy (Moke OyTH po3Mip mikcesns), iIeHTu(iKyBaTH QparMeHTH 3a4aHol CTPYKTYpH, a y
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MTOAAJIBIIIOMY PO3paxOBYBAaTH MOTPiOHI TeOMETPHUYHI MapaMeTpH Ta MPOBOAMTH iX aHami3. /s mporo, mepimn
3a BCe, HEOOXiIHO KiIacu(iKyBaTH OKpeMi 00’ €KTH Ta ()parMeHTH, a TAKOXK BHSBHTH F€OMETPHUYHI KPUTEPIi,
3a IKUMH BU3HAYaTUMETHCS CTYIiHb (PPaKTaIbHOCTI SIK parMeHTiB, TaK i CTPYKTYpH B LIIOMY.

OIJIb TA 3AJAYI JOCJIKEHHSA

Meroro maHOi poOOTH € — pPO3poOKa CIOCO0IB MHUCKPETHOTO (TKCEIBHOTO) IIPEICTaBICHHS
TPAHCIIOPTHOI MepeXki MicTa U TOMONOTidHOI imeHTH]iKamii Ta ¢paKkTaIbHOTO aHam3y ii CTPYKTypHHX
CKJIaJIOBHUX.

Jnst nocATHEHHS TTOCTABIICHOT METH CJTiJT BUPIIIUTH HACTYITHI 3a7adi:

1.IlpoanamizyBaTH MOXIWBICTh TPEACTABICHHS TPAHCIIOPTHOI MeEpeki MiCTa SAK IHUCKPETHY
CYKYIIHICTh TEOMETPHUYHHUX 00’ €KTIB Ta (PpaKTAILHUX MHOXKHH.

2.Po3po0uTH METOIUKY TUCKPETHOTO (IMIKCETbHOT0) MPEICTaBICHHSI MiCbKOT TPaHCIIOPTHOI Mepexi
JUTSL OTIIHKH CKJIATHOCTI 11 CTPYKTypH.

3.Po3pobuT crmocobu KibKICHOTO BHUPaXCHHS CUCTEMHHX TOIOJIOTIYHUX BIACTUBOCTEH MepexKi
abo okpemux ii ()parMeHTIB ISl YIOCKOHAJICHHS iCHYIOUHMX Ta HOOYAOBH HOBHX TPAHCIIOPTHUX MOTOKIB Y
MICTI.

4.Po3po0OWTH TOMOJOTIYHY KIAcH(IKaIlil0 AUCKPETHUX MOJeNell TeOMEeTpHYHNX OO0 €KTIB Ta
KOMOIHOBaHUX (ppaKkTaJbHUX MHOXWH Ha TUIONIMHI JUis  ineHTH(IKalil 300pakeHb MiCbKUX MapIIPyTHUX
CXEM.

PE3YJbTATHU JOCILKEHb

AHai3 TUCKPETHUX PACTPOBUX MOJIENCH 300pakeHh MICHKMX TPAHCIIOPTHUX Mepex (puc. 2) i3
JMiHISIME Ta o00IacTAMH (paKkTAILHOTO 1 HEPpPaKTATBHOIO THIy TOJNATaE y BHBYCHHI MOTPIOHMX
TEOMETPUYHIX XapaKTePUCTHK ab0 300pakeHHs B IiJIoMY, a00 Horo okpeMux (pparMeHTiB.

Bci «knacuuni» (HedpakTanabHi) reoMeTpudHi 00pa3u MalOTh TaKy BIACTHBICTb, II0 OyIb-sAKuil N -
BuUMipHHi ~ 00’ekt  mae (N —1)-BumipHy

) LRI EEEEEE EEE LTI
rpanuio. Hanpuknan: 3-BuMipHUil 06’ €KT Mac it i Hﬁ HEEH ng g
2-pumipi rpamnui (ky6 - xBasparm), 2- i i .
BUMIPHHH — 1- _BUMIpHI TpaHHuLL (KBa;[pgT - pEmmes HEHH G
Bifpi3ku mpsimoi), 1-Bumipuuii — O-BUMipHI i g
rpanuni (Bifpizok - Toukwm). YV pobGorax [10], HEHE Rt i
[12] Oymu  poO3rNsSHYTI MHOXHHH 00’ €KTIB
(Touok) i3 posmipnicTio 0. IIpo Taki 00’€kTH
MOXKHA CKa3aTH, IO TPaHMI Y HUX BIJICYTHS, o
. , : s i
abo  Taki ' 00 eKTH OOMeXCHI ~ IyCTOM fisiinusa i o
MHOXXHHOIO 13 po3mipHicTio (-1). SHHER g HHESHIII
KopucTylounch TOHATTAM —TpaHMILS, [t SHERHEIIII HE
i i T T i
WO,
y TIHH PO3MIp L e
TeOMETPUYHUX  O0’€KTIB Yy  TPOCTOpax e i e e e i i
JIOBUIBHOIO YMCIIa BHMipiB. T P P
SIKIIO PO3IJISAATH TMCKPETHI MOIeri [ mﬁm T, B ﬁmmm@ ,,,,,,,,, ammmg i
00’eKTiB (ppaKkTanbHOTO THITY, HANPUKIA,
Pucvnoxk 2

JTiHi1, 00IacTi Ta iX KOMOIHOBaHI MHOXHHH Ha
300pakeHHAX (IO YacTO 3yCTPIYaeThCS MPH PO3B’SI3aHHI NPAKTUYHUX 3a74ad), TO MOXKHA BHCIIOBHTH
rinoTesy, Mo Taki ppakTaibHi 00pa3u € XaOTUIYHUMH, TEOMETPHYHO HEPETYISIPHIUMU 1 TIPU CKEHIIMHTY OYIb-
SIKOTO MacIiTaby He BHPOJDKYIOTBCS Yy MpsMi JiHil 4u riaaki kpusi. [Ipu mpomy, Ui HUX HE iCHY€E TaKoro
MOHATTA K AudepeHuiiioBadicTs GyHKLUIT a00 TOHATTS €IMHOI JOTUYHOI y TOBIIBHUX TOYKaX 3aMKHYTOI 41
HE3aMKHYTOI (pakTampHOI JiHII. BuMIpIOIOYH JOBXWHY JUCKPETHOI MOJeNi (pakTaibHOi JiHIl
pizHOMacIITaOHUMH JTiHIHKaMH, MU BEeCh 4ac Oy/JeMO OTPHMYBATH 3pOCTal0dy JIOBXHUHY 00’ekTy. Tak sK i
Ul JUCKPETHHX MOJENEH «KJIACHYHHUX» TeOMETPHYHHX 00pasiB, uig 00’€KTiB (pakrajbHOro ado
KBa3i(pakTaJbHOrO THITYy BaXKIMBUM (akTOpoM ieHTu(ikalii € moHsTTs rpanuui. BiamosinHo 1o nporo mu
MPOTIOHYEMO HACTYNHY Kiacu]ikaiio BCi€i MHOXWHH JHCKPETHUX TEOMETPHYHUX OO0’ €KTIB CTOCOBHO
aHaJIi3y TPaHCIIOPTHHUX MEPEX, MapIIPYTiB Ta cUcTeM MicTa (puc. 3).
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SIk BigMidalocs HaMy BHIIE, JJIA TOrO,

g .

: gs| |8 ‘ mo0 y MPaKTUYHKX 33/1a4aX MOYKHA OYIJIO OIiHUTH
§ & E BCi BHU3HAYalbHI TEOMETPUYHI XapaKTEPUCTUKU

E ] Iy ¢ E‘ ¢ E . . . .

S 1| |8 gg ?% i 00’ekTiB Ha 300paXkeHHI, HEOOXITHO MPHUBECTH

=] > g ¥ o

2 ?é “ £ig E'g i HOTO 710 MEBHOTO CTaHAAapTy. TakuM CTaHIapTOM

:E - Bg E ;3; B - BBO)KaTUMEMO OiHapHe TMpEICTaBICHHSA 3aJJaHOTO

]

2 % S = 300paKEHHS.

- g binapue 300pakeHHS - 1€ JBOKOIHOPOBA

S X é KapTHHKA, HA SKiil TpeJCTaBIeH] ONMH, JEKiTbKa,

E\E‘ & a00 TeBHa MHOXHMHA TEOMETPUYHUX 00 €KTIB

5 , . . . )

E‘% E 5 HE = = OJHOTO KOJbOpY Ha (hoHi, M0 Mae iHIUI Kouip.

S = . .

2 g é & £ B o Taxi 300paskeHHs IPEACTABISIOTHCS Y KOMI FOTepi

g e y BUIVIAJI MaTpHli TOYOK, KOXKHA i3 SIKUX MOXKE

7 & E || e || MaTy JIMIIE OJHE i3 JABOX 3HAYCHb KOIbOPY, IO

E'g EE: el B YMOBHO BH3HauaroThcss 4epe3 0 aGo 1. Touku

= & " a & @ . .

S " e |® & " MOKHa TaKOX HasMBaTu mikcemsMu (pixel -

ﬁ E pictures element) (puc. 1).

E E & Jns po3’s3aHHS HAmMX 3a7ad, Oyaemo

agd .

g . = |'g § § | BBakaTuMeMO OiHapHE 300paKEHHS 3aBXKIU

? o 5 El| E|| & Eé 'g:.é § £ g «YOpPHO-OUTMM»: TOYKH OO’EKTIB € YOPHUMHU

E K g~ d| |4 gl |5d 2 .

; % a = " " " e (3HaueHHSI KOJBLOPY AOpiBHIOE 1), a Touku QoHY -

E g L1 1 | l | 6imumu  (3HaueHHs Komsopy piBHe 0). Take

- o g MPEJICTABJICHHS BIIIOBIA€ 3BHYHOMY CIIOCOOY

o = o) . .

g g S 5 H MAaJTFOBaHHS YOPHUM YOPHHUIIOM Ha O1JIOMY marmepi.

2 |2 G : & T Binapwi 300paKEHHS BHMAraioth

] (=) - . . .. : .

& E & E grzn_&-‘ MiHIMQIFHUX PO3MIpiB mam’saTi Ui 30epiraHHs

§ E ) & 5 I[IK (mocuts omHOro OiTa HA OJXWH IIKCENb) 1

= B = g JO3BOJIIIOTH ~ MiHIMI3yBaTH  BHTpaTy  IHIIHX

(=] = . .

= g T T OOYHMCITIOBAJIBHUX  PECYpCiB U BUPIIICHHS

~

Pucynok 3

3aBJlaHb 0OpPOOKH Ta aHaJi3y.

Y cydacHMX cHcTeMax KOMII IOTepHOI
inenTudikamii OiHapHI 300paskeHHS BiIrPalOTh
JNOCTaTHBRO BAXJIMBY pOJb. BOHM 103BOJSIOTH

BUUTUTH OTPiOHI 00’ €KTH Ha 300pakeHHI 1 € OCHOBOIO JUIsI aHAITI3Y 1 pO3Mi3HABaHHS T€OMETPHYHOT (OpMH

BHIIIJIEHUX 00’ ekTiB [1].

IIpomec mepeTBOpeHHS KOJIBOPOBUX ab0 IMMBTOHOBUX 300pa)xkeHb y OiHApHI - HA3WBAETHCA

T

o

T
NN

Pucynok 4

6inapuzamicro [2] (puc. 4). Pe3ynsTaToMm TepeTBOPEHb, 30KpPEMa,
SIBIISIETHCSl BH3HAYCHHS! TAKWX BJIACTUBOCTEH TOYOK 300pakKeHHS,
SIKi JJAFOTh OJTHO3HAYHY iH(OpMAIlito, Y HaJIe)KaTh TOYKA TOMY a00
THIIOMY 00’ €KTY, UM iX CIJiJ] BITHOCUTH A0 (QOHY.

Ha ocHOBI mepeBipKd BHKOHAHHS I[MX BJIACTUBOCTEH IS
yCiX TOUOK 300paKE€HHSI 1 CTBOPIOETHCSI JAUCKPETHE JBOKOJIBOPOBE
pacTpoBe 300pakeHHs, y SKOMY 4YOpHI TOYKM BiAINOBiZAIOTH
00’exTy, a Oui - QoHy.

3BiCHO, 10 AMCKPETHE 300pa)KCHHS, TMPEICTaBICHE Y
BUIJIAl MaTpUIlli TOYOK, € HAJ3BHYAHHO 3pYYHHM ISl BBOAY Ta
00poOku Horo Ha komm toTepi. OpnHak, onwcaTH OyIb-IKy
«KJIacu4Hy» (irypy, HampHukiami, Kpyr, oBajg a0o 0araTOKyTHHK, B
TEpMiHAX MaTpHII TOYOK MPEICTABISETHCS HAOAraTo BaKUYUM
3aBJ]aHHsAM, a HDK ONHCaHHS THX e Oiryp KIACHYHUMHA
MaTeMaTHYHIUMHU METOJIAMH.

[Ipu mocTtaTHRO MajoOMy KpOLi IUCKpeTH3alii JIOJCHKE OKO HE CHpUIMAae TOUKM SIK OKpeMi
eJIEMEHTH 300pakeHHs, a 00 eAHye iX y HemepepBHi ¢irypu. Ilpore xomm’toTep crpuiiMae 300paKeHHS
caMe sSIK MaTPHIIIO0 TOYOK, He3AJICKHO Bl PO3AUTHHOI 3IaTHOCTI BiZlcOKaMep 1 BIAMTOBITHUX CKaHEPIB.

Ille ckmaguimmMu OyayTh BHIVIAOATH aJrOPUTMH OiHapu3alii 00’€kTiB (¢pakTagbHOro ado
KBa31(pakTaJbHOTO THITy i3-32 JOCTATHBO HEPETYJSIPHOI, Pi3aHOi CTPYKTYpH iX TeOMETpUYHOi (GopMu i
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0cOOIHMBOCTEH 3HAXOJPKEHHS IMOPOTY CETMEHTAIlil MiKCEIhHOTO JBOKOJBEOPOBOTO MPEICTABICHHS. Tomy
moOymoBa SKICHMX MOZEJCH TUCKPETHOTO IMPEACTABIICHHS K «KIACHYHHMX», TaK 1 (PaKTaJIbHUX 00’ €KTIB
BKpail BaykJTUBa JUIs1 PO3B’SI3aHHS 1101 HU3KU MPAKTHYHUX 3a7ad.

Mopemto TUCKPETHOTO 300paXKeHHS Y BUTJISAI MaTPHUIl TBOKOJIBOPOBUX TOYOK MOXKYTH CITYKHUTH
KBaJpaTHi pennTku (puc. 4), AKi YTBOPIOIOTHCS 13 TOYOK MEPETHHY IBOX B3a€EMHO MEPIEHANKYIISIPHUX
CIMEHCTB Mapayie/IbHUX NPSMHX i3 BiJICTAHHIO MK HUMH, PIBHOIO MacITaOHii oxuHuMIl (Unit). A y skocti
OIVHMIII MOKe BHOMpATHCS BENWYHMHA, PiBHA, HANPUKIAA, Po3Mipy mikcels Ha OiHapHOMY 300pa’kKeHHi.
PactpoBoro perriTkoto, Ipu IIbOMY, Oy1eMO Ha3WBaTH KBAAPATHY CITKY i3 HIJIOYUCIOBUMHE KOOPIMHATAMH.

Slxmio y HemepepBHOMY MPEICTaBICHHI HEMae OCOOIMBUX MPOoOIeM i3 3B S3HICTIO MHOKHH TOYOK,
IO MPEICTaBISIOTH MEBHI TEOMETPHYHI 00pa3H, TO Y IUCKPETHUX MOJENIAX THX jKe 00pa3iB Ha PacTPOBHX
peliTKax MUTaHHs 3B I3HOCTI MOTPeOye NOJATKOBUX BU3HAUCHD.

3 1i€r0 METO0, I TOYOK T'€OMETPHUYHHX OO0pasiB Pi3HOI PO3MIPHOCTI Ha PACTPOBHX pEIIiTKAX,
BBOJIUTHCS TIOHATTSI CTPYKTYpH cycincTBa. CTpyKTypa cyciicTBa € OiHAPHUM BiJHOLICHHSIM MiX TOYKaMHU
OKpeMHX 00’€KTIB Ha PeIiTIi, TOOTO YOPHUMH Ta OITMMH KIIITHHAMHU.

Hexaif 3amano A i B - OBI MHOXHWHH: JUCKPETHI eleMeHTH 00’ekTy 1 ¢oHy. Koxen ememeHT
(mikcenp) 1,j 300pakeHHsT Ma€ BICiM CYCiJliB, SIKi BU3HAYAIOTHCS BiIMOBIIHO 0 cXeMH (pHC. 5).

Bbesmiu ycix cycigie (T i JI) enemenry i,j Oymemo

HasuBatH 8-cycimamu. Cycigm 3i cminmpHumu Jidismu () —

™~ Ha3WBaIOThCA MPSAMUMHE cycimamu, abo 4-cycimamm. Cycigm 3i
LB cniibhuMu Toukamu (7) - me HempsiMi cycia. Y 3arajibHOMY
T I T/ \ BUMANKY TiJ TOHATTAM CyciAcTBa OyJeMo pO3yMiTH

00’ eTHaHHS BCiX BOCBMH CYCI/IiB.
I B § l' OnHuM i3 HaHBaXJIMBIIINX IMapaMeTpiB Ha OiHApHOMY
300paXKeHHI € BiZICTaHb MK MiKceasIMHU. Bincranb Mixk qBOMA
T D T A MIKCEeTSIMU - II€ JOBXXMHA HAaWKOPOTIIOTO BiApi3Ka, IO ix

criony4ae. Y pacTpOBUX PENIiTKaX JBI TOYKH HAa3HUBAIOTHCS
I Oe3nocepenHiMU  cycigamu (4M TPOCTO CYCigamm), SIKIIO
5

BiZicTaHb MDK HuMH JopiBHioe 1(unit). JIBi ToukH
Ha3MBAIOThCS HEMPSIMHMH CyCilaMH, SKIIO BiJCTaHb MiX

Pucvhox
HUMH  piBHa \/5 (unit).  Haii6Ginemr  momyJsIpHUMHE
CTPYKTYpaM# CYCiZICTBA TOYOK Ha PACTPOBHX PEIIITKaxX - € 4-CyMDKHICTh 1 8-CyMDKHICTb. 4-CyMIXHICTIO
Oy/ZIeMO Ha3WBaTH CTPYKTYPY CYCIJCTBA, IPH SIKIH CYCITHIMM TOYKaMH BBa)KAIOTHCS TUIBKH O€3MOCEpE/IHi
cycimu (JI). 8-cyMiKHICTIO (4M CITa0KOK0 CYMDKHICTIO) Oyl Ha3WBaTUCS CTPYKTypa CYCiACTBa, MPH SIKiid
CYCiTHIMH TOYKaMHU BBaXAIOThCS SIK Oe3rmocepe i, Tak i Henpsimi cyciau (i 7).

I3 CTpyKTYpOI CyCiJICTBA TiCHO IOBSI3aHE TMOHSTTS 3B’SA3HOCTI. MHOXXHMHA TOYOK Y PacTPOBHX
penniTkax OyJie Ha3uBaTHCS 3B’SI3HOIO, SKIIO KOXHA 13 TOYOK MHOXHHM Ma€ xodya O OJUH i3 BapiaHTIB
cycincra. [[Bi MHOKMHH TOYOK Ha3MBAIOTHCS PO3/IIICHUMH, SKIIO 1X 00’ €JHAHHS HE € 3B’ SI3HUM.

Ha ocHOBI 3B’3HOCTI OKpEMHX €JIEMEHTIB MOJIelli 00’ €KTy, HaBeJleMO BU3HAUYEHHS TUCKPETHOI Girypu Ha
OiHapHOMY 300pakeHHI. JIMCKPETHOI (Irypor Ha3MBAETHCS «MAKCHMAJIbHO 3B’S3HA» MHOXKHMHA YOPHUX
TOYOK Ha pacTpoBiil pemriTmi. TepMmiH «MakcuMaibHO 3B’si3Ha» OyJle O3HAYATH, MIO JUCKpeTHa (irypa He
MICTHTBCS Hi B sIKil 1HIIH 3B’A3HIH MHOXHHI YOPHHMX TOYOK, IO HE cHiBHajzae i3 wmierw ¢iryporo. Takux
«MaKCUMaJIbHO 3B’S3HUX» MHOXKHH Ha OiHapHOMY 300pakeHHI Moke OyTH jaekimbka. [lum i Oymemo
ineHTU(iKyBaTH HASBHICTD Pi3HOI KIJIBKOCTI FT€OMETPUUHUX (Giryp Ha 3aaHOMY 300pa’KeHHI.

Crin 3a3HauuTH, MO CKIAX 1 KiJIBKICTh IUCKPETHHX (iryp IUIsi OJHOTO i TOTO X OiHapHOro 300pa)KeHHS
MOXK€ PI3HUTHCS 3alle)KHO BIJ TOro, ska

CTpYKTYpa CyciicTBa 3ajaHa Ha pPacTPOBid = Em .

pewriti. Ilpm mpoMy, sIK 3a3Ha4agocs BHILIE, ., Eom

BXXJIMBUM (PAKTOPOM BHM3HAYEHOCTI MOJENI € -- " "u"n

MOHSATTS TPaHUI 1 JUTsl HeppaKTadIbHUX 00’ €KTIB, g gE EE

1 47151 06’ €KTiB (PPAKTAIBHOTO THITY. - " -.- mi
s mpencraBieHHs TpaHULb KITITHHHOT -

(miKceabHOT) MOJIENi JAMCKPETHO MPECTaBICHOT - "™

¢Girypu  HEoOXiJTHO  BHM3HAYUTH  TOHATTA

TpaHMYHOI TOYKM Ta TpaHWYHOI JiiHII Ha a 5

pactpoBux pemriTkax. Lli moHITTS chopMyTroeMo

. . . Pucynox
TaKOX 9epe3 CTPYKTYPY CYCIZICTBA ITIKCEIIB. CYHOK 6
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Touka (Tikcemns), €IEMEHT TUCKPETHOI (pirypm Ha3WBae€THCA TPAHUTHOIO, SKIO BOHA MAa€ CYCIIHIO
(0iny) TOYKY, 1110 HE HAIEKHUTH (irypi.

Hazeemo 0-BUMipHUM JHCKPETHUM 00’ €KTOM TOUKY, 10 Ha OIHAPHOMY 300pakeHH1 BioOpaxaeThCs
OJIHUM YOPHHUM ITiKceneM 1 Mae Ha pewnitui 8 Ounmx cycimiB (puc. 6a). BiamosinHo, ¢pakTansHa MHOXHHA
TOYOK - II¢ HE3TIYeHHAa MHOXKHHA OKPEMHX YOPHHX ITKCENTiB, KOKCH 13 SIKUX O0OB’SI3KOBO Mae 8 OUIMX
CyciziB pacTpoBOi petriTku (puc. 60).

[lig AucKpeTHO MpenCTaBICHOO JiHIE€I0 HA PACTPOBii pelriTii OyaeMo po3yMiTH 3B’ S3HY MHOXKUHY
TOYOK IMIMPUHOI0 y OAHY KIiTHHY (Tikcens). Ilpm mipoMy mmprHa BWU3HAYAETHCS CTOCOBHO CTPYKTYPH
cycinctBa. lle o3Hawae, Mo A KOXKHOI JAMCKPETHO TMPENCTaBICHOI TOYKH (ITiKCeTsi) JIiHIi cepen ycix 8
CYCIZIHIX TOYOK MaroTh OyTH, SIK MiHIMYM, 1€ Of[HA, a SIK MAKCUMYM YOTHPH YOPHI TOUKH (32 8-3B’S3HICTIO)
i€l Jinii. Y BUmanky HasBHOCTI onHoro (Oe3mocepeanboro (JI) uu Henpsimoro (7)) cyciacTsa, abo 3k ABOX
(i3 AKX 0OOB’SI3KOBUMH € OOWABA THIHM) YOPHUX CYCiMiB - TOYKA MOJEINI JIiHil € KiHIIeBOIO (TPaHUYHOIO)
(puc. 76,B). Y BuUIajAKy, KOJIH KiiTHHA (IiKCeNb) Ma€e BiJ 2 10 4 YOpHUX CYCiJiB - BOHA € BHYTPIIIHBOIO
TOUYKOIO AMCKPETHO MPEJCTaBICHOI HE3aMKHYTOI JiHii (puc. 78). Takuii THI 3B’SI3HOCTI, i€ BPaXxOBYIOTHCS 1
6e3nocepe/THi, 1 HEmpsIMi CyCiTi MOXKHA HA3BATH 3MIiAHUM 200 KOMOIHOBAHUM TUTIOM 3B’ SI3HOCTI.

VY 3aMkHyTOi JiHII Ha PacTPOBUX pENIiTKaX HE ICHye KIiHIIEBMX TOYOK, TOMY y Ii AMCKpEeTHii
KIITKOBIH (TKCEIbHIM) MO KOJKHAa TOYKa MMOBHHHA MaTH Bif 2 10 4 wopHux cyciaiB (puc. 4). Ipuxnaau
300pakeHHs JIiHi Ha PacTPOBUX PEIIiTKaxX MPeACTaBjIeHi Ha puc. 7 a,0,B.

3amporoHoBaHiI BH3HAYCHHS y 0araThOX BHUIAJKaX O3BOJISIOTH JIETKO BHUIUIUTH HA 300paskeHHI
rpaHryHi TOYKHM (YOpHi mikceni) 1 o0’emgHat iX y miHito. lle Hamae MOXJIHMBICTH aNITOPHUTMIYHOTO
BU3HAYEHHs TPaHMIlb OJHOBHMIPHOTO 00pa3y Ha 300pakeHHi. 3amporoHOBaHa MOAENb i3 KOMOIHOBaHOIO
3B’S3HICTIO 1 mmpuHOI | KiithHa (puc. 7B) mis 1-BUMIPHOTO KPHBONIHIHHOTO 00’€KTy H0O3BOJSE (Ha
BIIMIHY BiJ IHIIMX MoOJeNed mpeacraBieHHs - (puc. 7a Ta 7 0)) 3Ha4uHO TouHimie imeHTH(]IKyBaTH
TEOMETPHYHI XapaKTePUCTHKH 3aJlaHuX o0pasziB /i X MOpQOJIOTiyHOTO aHalizy (OKpYTJicTh, KPUBHHY 1
T.1.) Ta BA3HAYEHHS NIOPOTY CErMEHTAIlil.

1 N}
T
1
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SES Sna

Pucynok 7

Skmo X Ha JAMCKPETHIM KIiTKOBIH Mozeni ¢parmenty 3o00pakeHHs abo i1 MaTpuuHOMY
NpeACTaBIeHH] icHye xo4ya O OfHa YOpHa KIITHHA 13 YOPHHMH CycilaMM y KiJIbKIiCTi Big 5 mo 7 3a §-
3B’s3HICTIO (puc. 8), TO, B 3aJCKHOCTI BiJ TCOMETPUYHMX XapPaKTEPUCTHK (parMeHTy, MOXHa
i7IeHTUdIKYBaTH 00’€KT a00 CYKYMIHICTh 00’€KTiB sIK |-BUMIpHUI 00pa3 i3 MOTOBIICHHSIM, a00 MEpeTHH,
JOTHUK JIEKIJIBKOX OJHOBUMIPHUX 00pa3iB 3arajJbHOTO MOJIOXKEHHS (pHC. §).

JuckpetHi enementy (puc. 8) 1- € 6e3mocepenHiMu cyciiaMu, eneMeHTd 2 - HenpsiMi cyciau. Tooro,
MOYKHA JMCKPETHY MOJIEITb TAHOTO 300pakeHHsI i/ICHTU(IKYBATH SK NMEPETHH ABOX |-BUMIpHUX 00pa3iB.
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1 I
Pucvnok 8
i o0’ektn abo iX CyKymHOCTI MOXYTb OyTH SIK He(paKTaJbHOro, Tak i ()pakTalIbHOIO THILY, a
TaKOX 3aMKHYTUMH 200 PO3IMKHYTHMHU.

1.}

|

Pucynoxk 9

SIkio % IUCKpeTHA MOJIeNb (pparMeHTy Mae xoda 0 0JIHY YOPHY KJIITHHY i3 8 YOpHUMHU CycinamMu (3a
8-3BA3HICTIO), TO 1A€HTH(DIKYETbCS 2-BUMIpHUN T€OMETpUYHUI 00pa3 (ppakTaabHOro 4u HEPPaKTaIEHOIO
tuny (puc. 9). I'paHunsiMu Takoro 06’ €xTy OyAyTb OJHOBUMIPHI MHOKMHH KJIITHH i3 MiHIMyM 3 YOpHUMH
cycizamu 3a 8-38’s13HICTIO (puc. 9).

OBI'OBOPEHHS PE3YJIBTATIB JOCJIAKEHDb

JlMcKpeTHE KIIITKOBE MPEACTAaBJIEHHS OCHOBHUX I'€OMETPUYHHX E€JIEMEHTIB, IO 3yCTPidarOThCs Ha
300payKeHHsI TPAHCIIOPTHOI MEPEKi MiCTa, JO3BOJIMIIM Yy3araJlbHUTH MOXJIMBI KOMOiHamii (yparMeHTiB y
Burisaal Tabiumi 1. BoHa mo3Bossie miBuako igeHTH(]iKyBaTH (parMeHTH CXeM 3a OCHOBHHUMH
XapaKTepUCTUKAMH, AKi HaBeJCeHI HaAMM y TOMOJIOTiuHiMA Kiacudikamii (puc. 3) i cTaTH OCHOBOIO IS
aHaJIi3y BiJNOBIAHOT TPAHCIIOPTHOI MEPEXi.

Tabnuns 1
- MNPUKJIIAAA ®OTO
N FEON(I)F}J;TEII/CI;I HAA Po3m. Tun PEAJIBHUX
305PA’KEHb
. 0-BuMipHi Hedpakranbuuii Trmn
" 00’ eKTH
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- NPUKJIAIU ®OTO
TFEOMETPUYHUU
N 0 OF’EKT Po3zm. Tun PEAJIBHUX
306PA’KEHb
O<n<1 KBazidpaxransHa
. BHMIpHI MHOXHHa TOYOK
. MHOKUHH
2 ' 5
&
B £ :
®parMeHT NOpPOIIKOBOTO
(apOyBaHHs MeTaILy
o 1-BumipHuit Binpizok npsmoi.
"o 00’ €eKT Hedpakranbuuii Tumn
3 .
-*ll
g i 1<n<2 ®parmeHT JamMaHoi
j!: T4 | BUAMIpHI TiHii.
A E MHOKHHH KsasippakraibHuii
£ i .
4 g 5 d i dparmeHT TpiagHOi KPUBOI
# i Koxa
F et 1-BumipHuit ®parmeHT KpuBoi,
Foy | 00’€KT PO3iMKHYTA JIiHisL.
5 ’Ez! I'xi‘ ; Hedpakranpuuii TuI
g 1-BumMipHHI 3aMKHyTa KpHBa. )
o _E,ei 00’€eKT Hedpaxraneuuii Tumn
.==" -
6 ’é.___“__,...r"#rr
300paskeHHS HEPBOBHX
BOJIOKOH Mi3KiB TOJIOBU
1<n<2 ®pakranbHa
BUMIpHI 3aMKHYTA JIiHis.
MHOKHWHU KBazidpaxransuuit
THIIT ﬁo
7
300pakeHHs B’ I3KHX
NaJIBLIB TITILEPUHY
2-BUMipHUI 3aMKHyTa 00J1aCTh. Y
00’€exT Hedpaxranpuuii Tun
8 (5 8
300pakeHHS KIIITUH KPOBI
144
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- NPUKJIAIU ®OTO
N FEON([)I;Z;TEII/CI,}I HAH Po3zm. Tun PEAJIBHUX
30bPAKEHb
1<n<?2 ®pakraabHa
BHAMIPHHIA 3aMKHYTa 00JIacTh. ‘ #
00’ €eKT Kgazidpakranpauit
9 THII 300paXkeHHsI KITITKOBUX
CTPYKTYD
1<n<2 KombinoBani
BUMIpHUI MHOXHHH 13
00’€eKT BKITIOUCHHSIMH.
10 Kgazidpakranpauit
THII
1<n<2 Kom6iHoBaHi FEY, |
BUMipHUiA MHOKHUHH 13 g v
00’€eKT BKJIFOUEHHSIMHU. 3“‘
11 KgazidpakranpHuii .m
THII
300paxeHHsI BOJOLIIT
KJIITKOBOT'O aBTOMATY
1<n<2 ToBcTa n1aMaHa JiHis ' ,
BHAMIPHUIA 13 BKJIFOYEHHSIMH. 3 L o F f p
00’ €KT Ksasidpakransuuii & S B0 o
THT —
12 s el Bk
9 Moenb OpOHXiaTbHOTO
JiepeBa TBapyuH
o / 1<n<? KombinoBaHi
- ey BUAMIpHUIA MHOXHHH (JOTHK,
. . /’] 00’€eKT TIEPETHH).
13 T \X KBasidpaxranpuuii
- - T 300pakeHHs BIIaIaHHSI PiKH
y Mope
1-BumipHi JIBi KpuBi (TIEpETHH).
f{,:-""m' i 00’eKTH Hedpakransunii
- g‘?“""ﬂ THUIT
14 9 - r.
.;-l'"’n
1<n<?2 IlepeTun
e . g BUMIpHUI (dpakTaIbHUX
m‘}f}z’i“;‘ T 00’€eKT (parMeHTiB.
15 E - b KBazidpaxranbunit ,
- THIT -
@dparMeHT JeabTH PIuKu
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- MNPUKJIAIU ®OTO
N FEOBLI)];:;TEII/CI;I HAH Po3zm. Tun PEAJIBHUX
30BPA’KEHb
1<n<2 Ilepetun \
BHMIpHHMA dbpakTaTbHUX JiHIN
00’€eKT Ta obnacte.
Kgazidpaxranbuuit
16 T
3o0paskeHHS
MYJIBTHIIOJNSIPHOL KIIITHHU
MOPCBKOI'0O IKaka
1<n<?2 ®pakTanpHe
BHMIipHHMA pO3TasyXeHHS.
00’€eKT Kgazidpaxranbauit
T
17
DparMeHT po3psaLy
3BUYAHOI OJIMCKaBKU
1<n<?2 ®pakTanpHe
BHAMIPHUIA po3TamyXeHHS.
00’€eKT Kgazidpakranbauit
T
18
Knacrep aBoBumipHoi
mudysii

Tak, Hanpukiag, GparMeHTH TUCKPETHOI MOJENI CXEMH aBTOOYCHHMX MapuipyTiB Micra (puc. 2)
BKITIOYAIOTh OJIHO- T4 JBOX-BUMIipHI 00pa3u He(pakTalbHOTO Ta (PpaKTaIbHOTO THIY, CiTKa TPAHCIIOPTHOI
MepeKi JOCHUTH IIUIFHO MOKPHUBAE 3aMIPOIIOHOBAaHY 00JIacTh, a OKpeMi ii BITKM XaOTHYHO HEPETUHAIOTHCS 5K
MiX 00010, Tak i3 2-BUMipHUMH oOnacTsMu. Lle roBopuTh mpo Te, 1Mo 300pakeHHS y LIJIOMY HOCUTh
¢dpakranpHUil XapakTep. Binrak, migpaxyHOK po3MipHOCTi 1 ()parMeHTiB, i BCI€i CTPYKTYpH CHOHYKA€ JIO
PO3PIIKEHHS OAHMX 1 YIIUIBHEHHS I1HIIMX 30H JUCKPETHOI MOJENi /sl MOKpAIlEeHHS MOKa3HUKIB
JIOCTYITHOCTI, HATIPUKJIAI, MiCBKOTO MACAKUPCHKOTO TPAHCIIOPTY.

BUCHOBKH

VY po6oTi 3anponoHOBaHO PO3MIIAAATH TPAHCHOPTHY MEPEXKY MICTa SIK CYKYNHICTh HEBHOTO 4YMCIia
PO3MOITIEHNX TOUOK ab0 obacTeil (3yMMHKOBHUX BY3JIiB YW OOMEXEHUX TEPUTOPIH ), AKi B3aEMOIIOTH MiX
co0010 Yepe3 TPaHCHOPTHI KaHalu, TOOTO MapiipyTd. JlOBEAEHO, L0 TOMOJOris CKJIAIHOI TPAHCIOPTHOI
MepexXi € BUMAAKOBUM (PaKTaIoOM, OCKiIbKM ii Maja yacThHa moaiOHa 1inoi. Po3mipHicTh i€l MHOXHHU
TOYOK, oOnacTeid 1 NiHii Mae ApoOOBY, a0 PpakTaabHy PO3MIPHICTS.

Hageneno MeToamky aucKpeTHOro (TIKCETHHOTO) IMPECTABICHHS MICHKOI TPaHCIIOPTHOI Mepexi
JUISL OLIHKHM CKJIQAHOCTI 1 cTpykTypH. JloBemeHo, 1o ofHi€o i3 (yHIAMEHTAJIbHUX XapaKTePUCTHUK
reOMETPUYHOI CKJIaJHOCTI Mepexi € ii TomojyoriuHa po3mipHicTb. [lokazano, mo wyepe3 mapameTpu
PO3MIpHOCTI TomoJorii Mepexi abo OkpeMux (QparMeHTiB, MOKHa KUIBKICHO BHpasUTH ii CHCTEMHIi
BJIACTUBOCTI 1 3HAWTH 3arajbHi 3aKOHOMIPHOCTI YIOCKOHAJICHHS ICHYIOUMX Ta II0OYJOBH HOBHX
TPaHCHOPTHUX MOTOKIB.
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Jns imenTudikarii 300pakeHb 3alPOIIOHOBAHO TOTOJIOTIYHY KITACH(IKaIi0 TUCKPETHUX MOJIEICH
TEOMETPUYHUX 00’ €KTIB Ta KOMOIHOBAaHMX MHOXXHH Ha IUTONIMHI. BU3HAYe€HO OCHOBHI XapaKTECPUCTHKU
3B’S3HOCTI OKPEMHX KIITHH JAWCKPETHUX OiHApHUX MOJENe MHOXHH JOBUIBHOI PO3MipHOCTI.
3anpornoHoBaHa CTPYKTypa TMPaKTUYHOI imeHTHdikalii KOMOIHAIi TreoMeTpUYHUX OO0’ €KTIB, SKi
3yCTPIYarOThCS Ha 300paKEHHSIX MICHKIX MapIIPYTHUX CXEM.

ITomanpmi MOCHiKEHHS 13 1aHOT TEMATUKH MMPOBOASATHCA Y HAIIPSAMI BHOKPEMIICHHS Ta OOYHCIICHHS
TCOMETPUYHUX XapPaKTEPUCTHK 00’ €KTIB ISl 3aPOIIOHOBAHUX JUCKPETHUX KIIITKOBUX MOJICIICH.
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S. Pustiulha, V. Samchuk, V. Prydiuk, V. Samostian. Discrete (pixel) presentation of a transport
network of city for topological authentication and fractal analysis her geometrical constituents

Work is sanctified to development of methods of discrete (pixel) presentation of a transport network
of city for topological authentication and fractal estimation her structural constituents.

Development of a transport network of cities goes, as a rule, by complication of topological structure
of routes of movement and mutual relations between geometrical descriptions them separate elements. Such
tendencies testify to the necessity of development of effective mathematical methods of design of new and
optimization of already existent networks, that algorithms of analysis and quantitative estimation of quality
of functioning of a transport system of city will be the basis of.

Properties of a municipal transport network depend substantial character on complication of her
geometry and topological structure. The analysis of literary sources showed that a transport network of city,
from topological positions, it can examine as an aggregate of large number of the up-diffused points or areas
(3ymuakoBux knots or limited territories) that co-operate inter se through transport channels, id est routes.
Thus, a topology of a difficult transport network is a casual fractal, as her small part is similar whole. The
dimension of this great number of points, areas and lines has a fractional dimension. Expecting the
dimension of network, it is possible in number to express her system properties and to find general
conformities to law of improvement of existing and construction of new transport streams.

At determination of fractal dimension of image a cellular method a geometrical network structure, at
every step iterations, is covered by cages determined size. Consequently, it is suggested, at once, to present
an image in a discrete kind on a grate with the cages of low-limit (there can be a size of pixel), to identify the
fragments of the set structure, and in further to expect necessary geometrical parameters and conduct their
analysis. Thus, it is necessary to classify separate objects and fragments, and also find out geometrical
criteria, after that the degree of fractal of both fragments and structure will be determined on the whole.

For authentication of images topological classification of discrete models of geometrics and
combined great numbers is offered on a plane. Basic descriptions of connectedness of separate cages of
discrete binary models of great numbers of arbitrary dimension are certain. Offered structure of practical
authentication of combinations of geometrics, that meet on the images of municipal rout charts.

Further researches from this subjects are conducted in the direction of selection and calculation of
geometrical descriptions of objects for the offered discrete cellular models.

Keywords: a transport network of city, discrete presentation, topological authentication, fractal
analysis, combined great numbers, cellular model.
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Caxuo B.I1., TimkoB O.M., Slmenko .M., bocenko B.M.
Hayionanvnuti mpancnopmuuii ynigepcumem, Kuis, Yxpaina

PO3POBKA MACHITABHOI ®I3MYHOI MOJIEJII ABTOIIOI3IA 51
EKCIHHEPUMEHTAJIbHUX JOCJIKEHbD

IIpoBeneHHa mOCTIKEHb 3 KEPOBAHOCTI Ta MaHEBPEHOCTI Ha pealbHHX aBTOMOI3Iax Mae 0arato TPYIHOIIIB i
BUMarac BUTpPAT 3HAYHHX MATEPialbHUX Ta YACOBMX PECypCiB. IX MPOBENEHHS TAaKOX MOB’S3aHO 3 MOMKIMBUMH
HeOe3MeYHNMH CUTYallisIMA TpH BHIPOOOBYBaHHAX. CTaTTs IpHCBsSYeHa po3poOri MacmraOHOI ¢i3umdHOI MoJemi
JOBro0a3oBOro aBTOIOI3a sika O Maja yHiBepcalbHi MOXyTi. MOIyIbHAI NPUHIUI TO3BOJISE IIBUIKO ITEPEXOIUTH
JI0 PI3HNX KOMIOHYBaJBbHHUX CXeM. JleTanbHO omnncaHa KOHCTPYKIS MacmTaOHOi (i3MIHOi MOJeNi Ta BUKOPUCTAHUX
€JIIEKTPOHHUX MOAYIiB. MoJenp Mae He3aJeKHUN eJIeKTpUYHUIN MPHBIJ HA BEAydi Kojeca, KepyBaHHSA 3M1HCHIOEThCA
MIKPOKOHTpOJIepoM. MoJienb OCHalleHa BUMIPIOBAILHOIO, PEECTPYIOUOIO Ta aapaTyporo JHUCTaHIIHOTO KepyBaHHS,
U1 eKCIIEPUMEHTAIBHOTO JIOCHIIKEHHS BIACTUBOCTEH KEPOBAaHUX aBTOMOI3IB.

Buxoasum 3 OCHOBHHX IMOJIOKEHb Teopil MOIOHOCTI, BHIUIMBAE, IO SKIIO B JUHAMIYHI CHCTEMH OMHCaHi
OJTHAKOBUMH JH(epeHIiaIbHUMHI PIBHAHHAMH, TO PillleHHs TudepeHIiaJbHIX PiBHAHE Oyae MaciTabHO HE3MIHHUM
npu TuX camux rpymax. [1{o6 mMonens Oyna quHaMivHO MoAiOHA IO OpUTriHANY, BEMMYMHH LUX TPYN HOBHHHI OyTH
OJIHAKOBI s 000X cucTeM. basyrouwch Ha Wil imei, MOKHa BHU3HAUMTH MapaMeTpU MOJETI IO BiZMOBINAIOTH
peansHOMY 00’€KTY.

B mopanemomy miaHyeThCS MPOBENCHHS HOPIBHSUIBHOTO aHANi3y PE3YNBTATiB TCOPETHYHHX NOCTIIKCHb 3a
MaTEMaTHYHOI) MOJCIUTI0 Ta PE3YNbTAaTiB EKCIEePUMEHTAIBHUX JAOCTIKeHb Ha MacmTaOHiil ¢ismunii Mozmedi.
[epeBipka aeKBaTHOCTI MaTeMaTHYHOI MOJEI.

KiwouoBi ciaoBa: aBromoizn, macmTal, (i3smyHa MoOIeNb, KEpOBaHICTh, MAaHEBPEHICTh, CKCIIEPHMEHT,
KOHTpOJIep, TTOABIHHII IPUBIJ.

BCTYII

[Iporec pyxy aBTOMOi3/1a 3a1€KUTh BiJ 0aratbox (hakropis. Jljis TOro, 11100 HaHOUIBII TOBHO BUBYUTH
MPOLIECH, 1110 BiJ0YBalOThCA MPH PYCi aBTOMOI3/a 3 KEPOBAHWM HAIIIBIIPUYEIIOM MPU KOMOIHOBAHOMY
croco0i ympaBiIiHHS, 32 PaXyHOK MOBOPOTY OCi Ta OOPTOBOT HEPIBHOMIPHOCTI TaJIbMIBHHUX CHII, HEOOXiTHO
3IACHUATH BEIUKY KUIBKICTh CIIOCTEPEKEHb Ta BUMipiB. MareMaTHYHe MOJIEIOBaHHS JI03BOJISIE AaHANITHYIHO
BU3HAYUTH TIOKa3HWKH MaHEBPEHOCTi, CTIHKOCTI Ta KEpPOBAaHOCTI AaBTOMNOI3[a TpPH BUKOHAHHI PI3HHX
MaHEBPIB 3 ypaxyBaHHSIM KOPEKIil TpaeKkTopii BO3MKa IUIIXOM TAIbMyBaHHS KOJIC OJHOTO OOpTY, IpOTE
TaKi JOCIiKEHHS MOTPe0yI0Th 000B’I3KOBOT ITOIAJBINOT ITEPEBIPKH EKCIIEPHMEHTOM.

Jliisi BUBYEHHSI TTOBEJIIHKM aBTOMNOI3/a PU PYCi 10 KPUBUX BUKOPUCTOBYIOTHCS Pi3HI MeToau. Tak, y
nepmmx poborax M.M. beprmana i K. bina BuKopucTOBYBaBcs rpadidHHil METOJl, 3aCHOBaHMW Ha
kKiHemMatnyHOMY Tiaxoni. llogampmmii pPO3BHTOK KiHEMATHYHOTO IIiJXOAY 3HAWIIOB BilOOpakeHHS B
pobotrax 3akina S1.X. [1], Az6ens A.b. [2], Caxuo B.IL. [3] i iHmux nochiguukis. [Ipore Takuii miaxia He
MOJKE JaTH JOCUTh TOYHOI iH(OpMAallii PO TPAEKTOPii JJAHOK aBTOIOi3/1a Yepe3 HAKOMUYEHHs TTOXUOOK B
npoueci TOOyJOBH, HE J03BOJISIE TIPOAHANI3YBaTH BIUIMB PI3HUX KOHCTPYKTHBHHX IIapaMeTpiB Ha
TPAEKTOPIIO IX KPUBOIIHIHHOTO PyXy.

B pobotax bobomka A.A., Bonkosa B.I1., [Togpurana M.A. [4...7] BU3HaueHi pe3epBH MOJIMIICHHS
MOKAa3HUKIB KEPOBAaHOCTI, IIOBOPOTKOCTI (MaHEBPEHOCT1) 3a TpaguUiiHOro (KIHEMaTHMYHOIO) Ta
KOMOIHOBaHOTO CHOCOOIB ympaBiliHHS MOBOPOTOM. [loJinmieHo BIACTMBOCTI MaHEBPEHOCTI KOJICHHX
TPAKTOPIB 1 CAMOXIJIHUX MIACi 32 paXyHOK BUKOPHCTaHHS KOMOIHOBAHOTO CIIOCOOY YIIPABIIHHS TTOBOPOTOM.
ExcrniepuMeHTanbHI JOCHIPKEHHS HANIEXKATh IO OCHOBHHUX 3acO0iB ISl OJIep)KaHHS HOBUX HAYKOBHX 3HaHb,
0c00IMBO B TeXHIYHMX HaykaX. Jlo X OCHOBHM 3aKJIaIeHO €KCIIEPUMEHT, 110 SBJsE COO0I0 HAYKOBHH OCHIT
a00 CIIOCTEPEIKEHHS Y TOYHO KOHTPOJIbOBAHMX yMOBax. BOHM [103BOJIAIOTH MPOCITIIKYBATH MOCIIOBHO 3a
Horo nepebiroM, KepyBaTH €KCIIEPUMEHTOM, TIPOBOJUTH HOTO MpH MOBTOPEHHI B aJIEKBaTHUX yMoOBax. Bij
3BUYAWHOTO MMACUBHOTO CIIOCTEPEKEHHS SBUIL €KCIIEPUMEHT BiJIPi3HIETHCSI AKTUBHUM BIUIMBOM JIOCIIiTHUKA
Ha nporec abo 00'eKT, sIKi Tpeba BUBUUTH.

AHAJII3 JIITEPATYPHUX JAHUX TA IOCTAHOBKA IMPOBJIEMHU

[MoniOHICTh (PI3UMYHUX TPOIECIB i CUCTEM MIUPOKO BHUKOPUCTOBYETHCS B TEXHIIl YIS JTOCIIKEHHS
MeToAoM MozentoBaHHA. Bimomi poborn Caxno B.IIL., Hsuyka M.B., A6pamosa JI.C. Ta iHIIMX BYEHHX
MPHUCBSIUCHI BUKOPHUCTAHHIO EKCIIEPUMEHTAIbHUX MACIITa0HUX MOJIEIel B HAYKOBUX M0CIIiMKeHHX [8...10]

V Tux BUMazkax KOJIM MaTeMaTH4YHE PIlIeHHS 3aJadi yCKIaJHEeHe, a TO i MPOCTO HEMOKIINBE, LIITKOM
MPUPOAHUM € 3BEPHEHHS 10 EKCHEPHUMEHTAIBLHOTO JOCHIHKEHHS Ha MOJEIAX 3 MOAAIBIINM HepepaxyHKOM
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OTPUMAaHUX PE3YNbTATIB HA HATYPY, AKa € MPOTOTUIIOM Mozeii. [Ipn mpoMy Mozaenb 1 HaTypa IOBHHHI
nepeOyBaTh Mix 0000 y BiTHOMICHHIX HOiOHOCTI [11].

IIJIb TA 3AJTAYI TOCJIKEHHSA

Line pobotu € po3podka MacTabHOI (hi3UYHOT MOJEIi 6araTo0a30BOro aBTOIOI3/1a, 00IaIHAHOTO 11
BUMIPIOBAJIbHOIO, PEECTPYIOUOID Ta amapaTyporo JUCTAHIIHHOTO KEPYBaHHS, JJSI CKCIEPUMEHTAIHHOTO
JOCTI/DKEHHS BIIACTUBOCTEH aBTOIOI3/IB 3 MOABIMHAM MIPHUBOJOM KEPyBaHHS HAITiBIIPHUYEIIOM 1 KOPEKITIEO
TpPaeKTOPii BO3WKA MUISXOM TaJbMyBaHHS KOJIC OfHOro Oopty. [lmst JOCSATHEHHS Wil JOCHTIKCHHS
BHPINITyBAIKCSA Taki 3a7adi:

— BUOip HaTypHOTO 0araro06a3oBOro aBTOMOI3/1a MPOTOTHUITY JJISl eKCIIEPUMEHTAEHUX JOCHTIKEeHb;

— BHOiIp MacmTaOHOTO KOedilieHTY MOAIOHOCTI Jist Pi3UUHOT MOJETI;

— BUTOTOBJICHHS MacCIITa0HOI MOJIEN Ta 00JIaJHAHHS i1 HEOOXiTHOK €JICKTPOHHOIO anapaTyporo.

PE3YJBbTATHU JOCIIIKEHb

[MpuHIMN MexaHIYHOT MOMIOHOCTI MOXE OYyTH TOKJIAZICHUN B OCHOBY MOOYIOBH OJHOTHITHUX MAIIVH.
ko Oyab-Ky MalllMHy MPUHHATU 32 3pa30K (MOJENb) Ta 3aJaTUCS KOSPIIliEHTOM MOAI0HOCTI, TO MOXHA
moOymyBaTH psi MOAIOHWX MamIiH. 3aKOH MEXaHIYHOi IMOAIOHOCTI TTOBHHEH BKa3aTH Ti MAcIITabW, B SKHX
MOTPIOHO 3MIHWTH PO3MIPH PI3HUX YACTHH, I00 OTPUMATH MAaIIMHH, MOAIOHI JaHOMY 3pasKy. Bubip
KoeilieHTiB MoiOHOCTI 6a3y€eThCsl HA HACTYITHUX MEXaHIYHUX MipKyBaHHSIX:
Al

:m-:m—:m
PN T A

()

Teopist mogiOHOCTI OXOIUTIOE BCI MeXaHi4HI ABHIa. BOHM MOXYTh OyTH Pi3HOMAaHITHI TIO BiTHOIIIEHHIO
10 Oynb-sIKOi MeXaHiuyHOI BeMMUMHHA. Hampukian, cunm MOXKyTh 3anexartu: 1) Bij yacy, 2) Bix Biacrani, 3)
BiJl IIBUJKOCTI, 4) BiJl MacH, 5) 3aJIAIIaTUCS OCTIHHUMHU.

Jts MammmH KoedillieHToM MOAIOHOCTI MOXHA BU3HAYMTH JESIKy MeXaHIuHy BenmuuHy. [lpu mpomy
MallMHH, TOJIOHI B OJHOMY BiJHOIIEHHI, MOXXYTh BHUSBHUTUCS HE MOMIOHMMH B IHIIOMY, HAIPHKIA]
HEPIBHOMIIHUMH. A TaK SIK MIIHICTh JUIS MallMH Ma€ CYTT€BE 3HAYEHHS, TO MOPYIICHHS MOJIOHOCTI y
BiJTHOIIEHH] JI0 MIITHOCTiI TIOBUHHO OyTH 3aBXIM TEPEBIPEHO 1 MOXKE MAaTH pillyde 3HAYEHHS IS BUOOPY
KoedilieHTa mo1iOHOCTI.

®Di3UYHOI0 MOJE/UTI0 aBTOMOOIIS € 3MEHIIEHA KOoIlig 00’eKTa MOCHIKEHHS, HamideHa THMH K
(hI3MYHUMH BIIACTUBOCTSAMH, IO 1 OPUTIHAI, i EKCIIEPUMEHT IPOBOIUTRCS 3 MoAeIutro. [l diznuHoi Moxeni
He O0OB’A3KOBa MOJENIb MaTeMaTHYHA, OTXKE CHPOLIYIOTHCS PO3PaXyHKH, a JaHi MOKHa OTPUMYBATH
HaTpsAMYy 3 00’ €KTY JOCIiPKEHHS, BAKOPHCTOBYIOUHN JIATUYUKH, 3allUCYIOYl €IeMEeHTH 1 T.1I., a pPyX 3aJaBaTu
BUKOHABYMMH TipucTposmu [11].

B sxocti 00’€KTy eKcnepuMEHTAIBFHUX JOCTKeHb Oyna oOpaHa MacmTabHa (i3ndHa MOMEHb
aBromoizna. Mojens 0o0NagHaHa ENEKTPOHHHM IIPHBOJIOM KEPYBAaHHS HAIIBIPHYETIOM 3 MOXKIMBICTIO
KOPEKIIii TpaekTopii BO3WKa MUIIXOM TallbMyBaHHS KoOJlic oaHOro 3 OopTtiB. ®i3muHa MoJens aBTonoi3aa,
po3pobieHa criBpoOiTHIKaMu Kadenpu «ABToMo01i» HarlioHaapHOTO TpaHCTIOPTHOTO YHIBEPCHTETY.

Hatypaum 3pa3kom mpu ckiagaHHi (i3ndHOiI MOZEI aBTOmoi3na OyB oOpaHWi aBTOMOI3] Kareropii
N3+04 y ckiaai aBoBicHOro cifenbHoro Tsrada Volvo FM—500 ta tpuBicHoro HamiBnpuuena KRONE —
SDP 24. T'eomeTpuuHi Ta MACOBI TapaMeTpH JIAHOK aBTOIOi3/1a 3a3HaueHi B Ta0I. 1.

VY pa3i reoMeTpuuHoi TOAIOHOCTI BHKOPHUCTOBYETHCS JEKapTOBAa CHUCTEMa KOOPAHMHAT, NpPHU
KiHEMaTH4HIi 1M0omx001 BBOIUTHCS J0AAaTKOBAa 3MiHHA — Yac. [Ipo reoMeTpuyHO MOaiOHI PyXOMi CHCTEMHU
TOBOPSTH K NPO KIHEMAaTHYHO MOAIOHI B THX BHIIAJKaX, KOJM BIAMOBIAHI TOYKH CHCTEMH, OMHUCYIOTh 3a
BiJTOBiIHI iIHTEPBAJIH Yacy MoMiOHI TPAEKTOPIi.

JuHamiuHO MOMiOHI CUCTEMH — 1€ TEOMETPUYHO MOIOHI PyXOMi CUCTEMH, B SIKMX CITiBBIJIHOLICHHS
MDK yciMa BIANMOBIAHMMHU CHJaMH OaHaKoBi. J[js Toro, mo0 BHOpaTd MoOzehb sika O HaWOLIBII TOYHO
BIJNOBiZaa yMoBaM Teopii MoaiOHOCTi, HEOOXiAHO MOPIBHATH ii Aedki mapameTpu 3 HaTyporo. JliHiiHi
pPO3MipH MoOjeNi, BUKOHaHOI B NEBHOMY MacliTabi, MOMiOHI po3MipaM HaTypu i MaroTh KoeQilieHT
noxioHoCTI 4, .

A= @)

M

me |, 1 — BiamoBigHO JiHIHHKN PO3MIp HATYPHOTO 3pa3Ky Ta MOJIEII.
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Tabmuist 1 — TexHiuHI XapaKTEPUCTHKH HATYPHOTO aBTOIOI3/1a

IMapamerp 3HavyeHHA

Cioenvuuii mazau Volvo FM-500
I'abaputHa TOBXKHMHA, M 6,850
I"abaputHa mupuHa, M 2,490
I'abapurtHa BucoTa, M 3,037
KomicHa popmyna 6x4
Komicua 6a3a, M 3,2+1,37
CropsyipkeHa Maca Tsirada, KT 8605
IToBHa Maca Taraua, Kr 34000
MaxkcumManbHa ITOBHA Maca aBTOIoI3/1a, KT 70000
MakcruMaibHe HaBaHTKEHHS Ha IICPEIHIO BiCh, 8000

KT
MakcuManbHe HaBaHTa)KEHHS Ha 3aIHIO BICh, KT 26000
Po3MipHiCTb MIMH 315/70 R22,5

Hanignpuuin KRONE - SDP 24
MaxkcuMabHe HaBaHTa)XEHHS Ha C1I10, KT 11000

. MaxkcuManbHO JOMyCTHME HaBaHTaKEHHS Ha OCi, 24000
MaxkcruManbHa IOBHA Maca HalliBIIpH4ena, KT 33610
CriopsipkeHa maca, KT 8000
Bigcrane MiXK OCIMU, M 1,310
Bucora ciga, M 1,050-1,170
['abapuTHa MOBXKWHA, M 13,485
["abapuTHa mMprHA, M 2,440
I'abapuTHa BucOTa, M 4,000
Po3MipHICTD mIHMH 385/65 R22,5

Toxi moxi6HicTs IO Bixmosimae A% , a momiOHICTH 00’eMy YA

Kinemarnyna momiOHicTh. [Ipoliecu KiHEMAaTHKW TOIOHI, SKIIO B HHUX JOTPUMAHO T€OMETpPHYHA

v, Lt 4,

v TR
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MOJIIOHICTH (B TOMY YHUCII 1 TPAEKTOPiH TOYOK, 110 3IHCHIOIOTH PyX), @ TAKOXK SKIIO JUIS BCIX Map MPOMIXKKIB
4acy, MPOTATOM SKHUX TPOTIKAIOTH MOAI0H] SBUIIIA, CIIPABEAIUBO CITiBB1THOIIEHHS

3)

3rigHo Teopii moxiOHocTi, MoAens Oyae moaiOHa A0 HATypH, AKIIO 1 Maca AOPIBHIOE Maci Mozjeni

IMOMHOXEHOT Ha MacIuTaOHuii koedirieHt B kyoi. TooTo:

m, =mA°

“)

Ile monoxeHHs Oe3Mocepe/lHO BUTIKAE 3 OCHOBHOTO PIBHSHHS MEXaHIYHOI MOJIOHOCTI mpH

MACTaHOBIII:
Pocmo A® (5)

[MpuHimn MexaHivyHOT MOJIOHOCTI MOXe OYTH TIOKJIaJIeHUH B OCHOBY TOOY/IOBH OJJHOTHITHUX MAIIIHH.
Sxmo OyApb—IKy MallMHy NPUHHATH 3a 3pa3oK (MOJeNb) Ta 3aBAaTHCA Koe(ilieHTOM Moao0u, TO MOXKHA
nmoOymayBaTH psj MOJIOHMX MamlvH. 3aKOH MEXaHIYHOI MOJIOHOCTI MOBHMHEH BKa3aTH MAcCIITaOW, B SKHX
noTpiOHO 3MIHWUTH PO3MIPH PI3HUX YaCTHH, MO0 OTPUMATH MAIMHM, TOAIOHI jJaHOMy 3pasky. Bubip
KoeilieHTiB MOIIOHOCTI 0a3yeThCS HA HACTYITHUX MipKyBaHHSX:
Al
—7 (6)
At

[Ipu po3paxyHKy MOAIOHOCTI MPUHHATO BUKOPUCTOBYBAaTH T—TEOPEMY, 3TiTHO 3 AKOIO JUIs OOYAOBU
MOJIENIl HEOOXiMHO 1 AOCTaTHRO P=N-K 6e3p0o3MipHUX BEIMYHUH, a€¢ N — KIIBKICTh (Di3HUHUX 3MIHHHX, SKi
OITHUCYIOTHCS 3a TOTMOMOTor0 K pyHmaMeHTanbHIX (Di3HYHMX BEIUYHH. 3 7—T€OPEMH BHUIUIMBAE, IO AKIIO B
JUHAMIYHI CHCTEMHU OTHMCAHi OHAKOBUMH AM(epeHIialbHIMY PiBHIHHAMH, TO pilieHHs AudepeHIiaTbHIX
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piBHSIHB OyJie MacmTaOHO HE3MIHHHMM IIpH TUX caMuX 7 rpynax. [1lo6 Mozens Oyna quHaMidHO TOZIOHA 10
OpUTiHATY, BEJIMYMHU IUX T TPYI MOBUHHI OYTH OJHAKOBI JUIst 000X crcteM. basyrounch Ha it i71e1, MOKHA
BU3HAYUTH MapaMeTPH MOJIEN BiAMOBiAHI peansHuM [11].

O6pano macmTal s 3MEHIIEHHs HaTypHOro apromoizna 4 =18, ioro BusHaueno 3a 6asoro

apronoizna. KomicHa 6a3a maci peaqbHOro i 3MEHIIEHOTO aBTOMOOLIS € ¢ikcoBaHow. JloBkuHA (i3UUHOT
Mozeni aBTomMoOuns 235 mm, komicHa 6aza 137 mwm, komis 117 mm. Po3mip mmH ¢isuunoi momemi
PO3paxoOBYEThCA MPUPIBHIOBAHHSAM T TPYIH, IO BIAMOBiAa€ PO3MIipy IIMH 3MEHIICHOI KOIIii, 10 T TPYIH
PCAILHOTO aBTOMOOLIIS.

Posmip mmu aBTOoMoOins 315/80R22,5 abo 385/65R22,5. IlincTaBisitouu 3HAYCHHS OPUTIHANY,
OTpUMYEMO R 500, = 38 mm. Illupuna mun Mojeni Taraya 38 M.

Hns  xiHeMaTHyHOI mOXiOHOCTI ¢i3uuHOi Mojeni 3poOJIeHO NPUMYIIEHHS, [0 4Yac 3a SKUH
BiZIOyBa€ThCA TEPEMIlIEHHs] TOYOK MOJENi Ta HAaTYypHOTO aBTOMNOI3#a OJHAKOBHM, ToOTO t =t , Tomi

MacCIITaOHUIH KOe(illieHT 3a MBUAKICTIO Ta IPUCKOPEHHSM, BiIMOBIAHO, Oy/1e JOPIBHIOBATH
= 2’ = .
A=y Ay =2, -

®iznuna Mozenpb aBTomnoizna (puc. 1) ckiagaerbes 3 aBToMoOiIs—Tsrada (1) i xogoBoro Bo3uka (2),
HIApHIPHO 3’ €JHAHUX MK COO0I0 paMOIO HaIliBIIpHUYETIa.

o e By
Pucynok 1 — ®@i3n4Ha MOZEb aBTOIOI3/1a 3 KEPOBAHNUM HAIIBIPUYEIIOM 3 MOXKIIMBICTIO KOPEKIIil
TpaeKTOpii BO3WKA IIUISIXOM TalbMyBaHHS KOJIiC OJTHOTO 3 OOpTIB

J1st MOKIIMBOCTI TOCHIDKEHHSI CUCTEM YIIPaBJIiHHS aBTOMOI30M 32 MOJBIHHOIO NPUBOJY KepyBaHHS
KoJIeCaMH MEepeAHbOI OCi HaliBIpHYena SK Npy TajlbMyBaHHI KOJIIC OJHOrO OOpTy, a TakoX 3a ioro
BIJICYTHOCTi, Y KOHCTPYKIIil BO3MKa peayli3oBaHi JiBa CIOCOOM MOBOPOTY: KiHEMATHYHUM Ta JWHAMIYHHU.
[lepmmii croci6 — 3 MIKpONPOLIECOPHOIO CHCTEMOIO YIPABIIiHHS, SIKA peai3ye 3aKOH 3MiHU MEepeIaTOYHOrO
BiJHOIIEHHS] MOJBIITHOr0 NPUBOAY KepyBaHHS. BHUKOHABYMM NPHUCTPOEM IOTO CHOCOO0Y € CEPBOMOTOP,
KOPITyC SIKOTO 3aKpiIUICHWI Ha paMi HamiBIIpHYena, a IITOK IIApHIPHO 3'€IHAHUI 3 TIOBOPOTHHM Bi3KOM.
Jpyruit croci6 — 3 TOBOPOTOM KEPOBAaHHMX KOJIC 3a TEpIIMM CIIOCOOOM 1 PETYJIIOBaHHSM KYTOBHX
MIBUIKOCTEH KOJIIC BO3WKA IIISTXOM TajdbMyBaHHS Koic omHOro Oopty. s peamizarii 1iporo crnocody Bci
Kojieca (hi3MYHOI MOJIEINl € BEAYYMMH 1 O0JIaJHaHI KPOKOBUMH MOTOpamH. Lle m103BOJIsIE CTBOPIOBATH SIK
TATOBUH, TaK i ralbMiBHHIA MOMEHTH (pHC. 2), 32 JIOTIOMOT'0I0 SIKUX OTIepaTop MpU Pyci aBTOMNOI3/]a CTBOPIOE
HEOOXiAHWH raJbMIBHUNA MOMEHT AJISl KOpEKLii TpaeKkTopii pyXy BO3MKa HamiBIpuuena. MoXIMBa KOPEKLis
SK BPy4HY, TaK i IPOrpaMHo.

5

Pucynok 2 — XomoBuii BO3UK HaIliBIIpHUYerna
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ABTOMOOUTE—TsITay (izndHOT MOzeni (prc. 3), BATOTOBICHUI HA OCHOBI ITAaci BiJl MOJIeIi aBTOMOO1IIS,
ke Oyno cyTreBo mepepobiieHo. [ToBopoT kepoBaHMX Koiic 3amae cepBonpuBoj Blade Inductrix, skwmit
NPUBOAUTH y PYX MO3IOBXKHIO TATY PYJIbOBOI Tpamenii, KOTpa, y CBOKO Yepry, MoBepTae narndu KepoBaHUX
KOJic. ABTOMOOLIb—TATa4 MPUBOIUTHLCS JI0 PyXy OJHHUM KOJIEKTOPHUM enekTpoMoropoMm Motor (RC 473) 3
MEXaHiYHUM PEIyKTOPOM, BiJl IKOTO KPYTHHH MOMEHT NEPEIAEThCA Ha 3aIHIO BEyTY BiCh.

S

Pucynok 3 — ABToMOOiIb—TsTay (Pi3UIHOT MOJICITI

Pama naniBnpudena 3i0pana 3 okpemux cekuiil. Cekuii MaloTh pi3HY AOBXKHHY, MalOTb KOMIIO3UTHY
KOHCTPYKLiI0O, BUTOTOBJICHI 3 aJIIOMiHiI0, fiepeBa Ta miacTuky. Cekuii Mo)kHa 3’€IHyBaTH MiX CO0010, TUM
caMUM 3MIHIOIOUM JOBXHHY paMd 10 HeoOXijHol BeivyuHM. PaMa HamiBnpuyema MepeaHiM KiHIeM
LIAPHIPHO 3'€IHYETHCS 3 TOBOPOTHUM KOHHKOM, 1110 BCTAHOBJICHHH Ha aBTOMOOLTI—Tsradi (el KOHUK iMiTye
co00I0 CiIeNbHO—3YIMHUI NpuUCTpiil), a iHmWMH — ¢uiaHIeM 3 MOBOPOTHUM KPYIOM XOJOBOTO BO3HMKa
HamiBIpUYena.

IBUAKICTE PyXy Ta KYT OBOPOTY KEpPOBaHUX KoJic (hi3MIHOT MOJET 3a/1a€ OMepaTop 3a JOTOMOTOI0
MyJbTy KepyBaHHS, SIKMM peanizoBaHoro Ha 6a3i Android mpuctporo. KomManau 3 mynabpTy mepenaroThes 3a
Bluetooth kananom uepes npuiiManbHUNA MOAYIB A0 MiKpoKoHTpoJepa Arduino Mega. Skwuii, micis o6poOKu
OTPUMaHUX CHTHAJIB KEpPYyBaHHS Ta BUKOHAHHSA 33/IaHUX alTOPUTMIB, Tepelac KEepyIUWd CUTHAII JI0
IpaiiBepy eneKTpoMoTopiB. Ilicist migcHIeHHs! KepyroUuoro CUrHaly 3a CTPYMOM BiJOyBaeThCs yIpaBIliHHS
€JIEKTPOMOTOpPaMH Beaydoi oci Ta KepoBaHMX Kojic. MikpokoHTponep Arduino Mega no3BoJste
3aIrporpamyBaty HeoOXiiHi J1ii poOOTH eeKTPOMOTOPIB Ha MOBI iporpamyBanHs C++.

Po3zramyBanHs npuinaniB Ha ¢i3udHi Mozeni aBTOMOOUIS—TAraya HaBeIEHO Ha puc. 5. Y naHomy
BUNAJIKY aJITOPUTM NPOTPaMM CKJIaJICHUH HACTYIIHUM YMHOM: MO—TIEpILe, IepeBIpSETHCS HAsIBHICTD 3B SI3KY
3 MyJIbTOM KepyBaHHA 3a Bluetooth kananom, pu po3puBi 3’eAHaHHs Qi3MYHA MOJICTb IPUITUHSIE BUKOHAHHS
Oy/Ib—IKUX TOMEpPEHIX KOMaHJ 1 Bifipa3dy *k 3yNUHSETbcA. [Ipu BiAHOBIIEHI 3B’SI3Ky BUKOHAHHS KOMaH]I
MOYMHAETHCSA 3 MOYaTKy. B mepiry uepry oOpoOisierbes KomMaHOa 3ajaHoi mWBHAKOCTI pyxy. llo—mpyre,
BUKOHYETHCS KOMaHJa MOBOPOTY KEPOBAHMUX KOJIC, SIKIIO MOJIENIb PYXA€ThCS MPSMO, TO TPAIOE JIUIIE
CJIEKTPOMOTOP Beaydol oci. SIKIIO K, HAJAXOJIUTh KOMAaHIa IOBOPOTY KEPOBAHUX KOJIC 1 MOJENb Mae
MOBEPTATH, TO OJHOYACHO MPALIOIOTh 00M/IBA EIEKTPOMOTOPH.

Pucynok 5 - P03TamyBéﬁH eJIeMeHTiB Ha MOJIEJTi aBTOMOOLIIS:
1 — Arduino Mega; 2 — Akcenepometp ADXL345; 3 — Moayns SD kaptu nam’siti, 4 — J{paiiBep
€JIEKTPOJBUTYHA.
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CydJacHi MiKpOKOHTPOJIEPH, 110 KEPYIOTh YACTOTHUM TIEPETBOPIOBAYEM, TO3BOJISIOTE OOPOOIISITH AaHi
3a TIepioJT y KibKa MECATKIB MIKPOCEKYHI, (IecsITh POKiB ToMy Iieit gac ctaHoBMIIO 200 MC), IO TO3BOJHIIO
PO3IIUPUTH Jiama30H PEryIFOBaHHS 31 3BOPOTHUM 3B's13k0M 110 1:1000 3 TOYHICTIO MiATpUMKH MIBUAKOCTI 0,2
obeptu y BchbOMy fiama3zoni, npu oMy, KKJI Takux neperBoproBauiB ckiagae 90...99%, mo Habmmwkae
JaCTOTHI MMPUBOIH IO CEPBOIPHUBO/IIB.

CepenoBurieM po3poOku 1wrat Arduino € GaratormatrdpopMoBUi Java—mTomaTok, MO 3aCHOBaHWK Ha
MoBi Processing. CuHTakcuc naHoro cepemoBuma noaiOHuit no C++, ane BUKOPUCTOBYE AEAKI JOAATKOBI
0i0mioTeku. [Ticas ycminrHOT KOMIUIALIT porpama nepeaaeThes y mporecop 3acodamu Bipryainbaoro COM—
moprta. BOynoBanuii y cepemoBuie po3poOK MOHITOP JO3BOJISIE peai3yBaTH 3BOPOTHIN 3B’ 530K 13 TUIATOIO
y Tpolueci BHKOHAaHHS MporpaMu. MOXJHMBa Tepenadya KOMaH MpoLecopy, a TaKOoXK 3YMTYBaHHA 1
BiJOOpa)keHHS JaHHX.

[otyxuuit cepsomotop MG 995 mis ympaBimiHHA TepeIHIMHA KoJecaMH TArada. BuxigHuid Bamn
CEpBOMPHBOAY MOBEpTaeThCsl MpuONMM3HO Ha 120 TpamyciB Ta Mae MaKCUMaJlbHUH KPYTHHH MOMEHT
0.85 H-m. dns ynpasninast MG 995 MokHa BUKOPUCTOBYBATH OYyAb—IKi KOHTPOJIEPH 3 JKUBJIECHHSIM JIOTiKH
5 B, B Tomy gucmi i Arduino. Jlaauii MOTOp TAKITIOYAETHCS 32 CXEMOIO 3 TPbOMa JIPOTaMH.

HpaiiBep nsuryniB A4988 mnst oOpoOIli iMITyIBCIB BiJl MIKDOKOHTPOJUIEPY Ta TOJadi HANPYTH Ha
neurynu. OcobOnmuBoctsimu A4988 € perynboBaHMN CTpyM, 3aXUCT BiJf NMEpEBaHTaXCHHS 1 IEperpiBy,
IpaliBep TaKOX Mae IT'STh BapiaHTiB MiKpOKpOKY (o 1/16 kpoky). Bin nparirtoe Big Hanpyru 8...35 B i Mmoxe
3abe3meunta cTpyM 110 1| A Ha ¢azy 0e3 pamiaTopa. ¥ KpOKOBHX JIBHTYHIB 3a3BHYail BCTAHOBJIEHA KOHKPETHA
BennunHa (Hanpukiag 1,8 © abo 200 kpokiB Ha 000pOT), pH SAKiH JOcsTacThCsi MOBHUI 00epT Ha 360°.
MikpokpoKkoBwHii paiiBep, Takuil sk A4988 103BoIsIE 30UIBIINTH KPOK YIPABIIHHS 32 paXyHOK MOXIHUBOCTI
KEepYBaHHS IPOMI)KHUMH KPOKaMH.

Beskonexkropuuii 2—dazuuii enekrpoasuryn 17HS8401 3 makcuManbHUM KpyTHHM MoMeHTOM (.52
H-wm, maca enextponsuryHa ckianae 0.37 xr. EnekrpomoTop npaiitoe Bin Hanpyru 12...24 B.

AHaJOroBHI MaT4MK KyTa MoBOpoTy, Arduin0 — cymicHu#l JaTd4uK 0OepTaHHs, MAKCHMAIbHHNA KyT
nosopoty 270°, Tounicts BuMipiB 0,2°, Ma€ BUCOKY HaIilHICTh i JOCTATHIO JJIs BUPIMIEHHS MOCTABICHUX
3aBJIaHb TOYHICTh. Y JaHil CHUCTEMi BUKOPHCTOBYETHCS JBa AATYMKU: JUIsl BABHAUYCHHS KyTa CKIIAJaHHS MK
TSATayeM 1 HamiBIPHYETIOM Ta KyTa MOBOPOTY BO3MKa HamiBnpuuena. [linkimodueHHs qaTurka BiIOyBaeThCs 3a
TPHOX TPOBIIHO cxemoro. Ha ¢i3muHilt Momeni aBTomoi3/na KOpIyc JaTdrKa KyTa IMOBOPOTY OOEpTaHHS
KOPCTKO 3aKpilUICHU Ha HaIiBIPUYENoBl, a HOro oOepTalbHHUN EIIEMEHT BiAIrpae pojib IIBOPHS, IO
BCTABIISIETBCS Y 3UIMHUN MPUCTPii TsAraya Ta QikcyeTbes y HhoMy. Ilig yac pyXy moyioskeHHS Oci JaTyhKa
BIJTNOBiZIa€ HANIPSIMY TATaya, a MOJIOXKEHHSI [UIaTH — HallpsIMy nipudena. TakuM 4uHOM, OKa3u JaT4uKa piBHI
KYTY CKJIa/IaHHsI aBTOIIO{3/1a.

Mopens oonannana Bluetooth moxynem HC — 06, B 3a0e3neuye 6e3nposinHe migkmodenHs Arduino
Mega no iHmux npuctpois 3a bluetooth kanamom 38’s3xy. Moayns HC — 06 npaiiioe B nacHBHOMY peXuMi,
TOOTO CIoYaTKy MOTPIOHO BHKOHATH KOMaHAy IIOIIYKYy Ha Kepyrodomy (Master) mpuctpoi (HOyTOYK,
tenedon), 3Haiitn npuctpiii HC — 06 (3a 3amoBuyBanHsM Horo iM's HC — 06), micnsg nporo B Maiictep—
MpUCTPOi 3'IBUTHCS MOCTIIOBHHUN TOPT, B MOAAIBIIOMY BCe M0 OyAe HaAicIaHO O HBOTO 3'IBUTHCS Ha
BammoMy Arduino Mega, i HaBmaku, Bce mo Arduino Mega waginuie Bam Oy/e NPUHHATO Ha BAIIOMY
npuctpoi. HanamryBanus napameTpiB MOLyJisl BiiOyBaeThes 3a qornomororo AT komann [12, 13].

Monyne SD kapTu mam’sTi, YOpaBiIiHHS HUM 3JIiHCHIOEThCS 3a mpoTtokosom SPI. Mojayne Mae
BOYZOBaHMH JiHIHHUH cTabinizatop Hanpyru Ha 3.3B AMS1117-3.3 Bcei Buxoau SD Moznyns kaptu nam’siTi
MiAKIIIOYEH] 10 ITUPOBOTO PO3’€MY Ta MAIOTh MO3HAYECHHSI.

J1Jist )KMBJIEHHS €NIEKTPOHHUX MOJYJIIB MacmTaOHOT (i3UdHOi MOJIEINi aBTOMOI3a OYJI0 BUKOPHCTAHO
CBHHIIECBI Teli€eBl akyMmyssaTopHi Oatapei mapku Gembird 3 HomiHanbHOI Hampyroro 12 B ta emHicTio 7
A-ron. [ns KUBJIEHHS MIKPOKOHTpOJIEpa BUKOPUCTOBYBanacsi Hanpyra 12 B, a ans KUBJIEHHSI KPOKOBHX
MOTOPIB MOCIIOBHE 3 €AHAHHS Oarapei JJis OTpUMaHHS Hanpyru 24 B, mo 103BOJWIO 3a0€3MeUnTH X
ONITUMABHUN PEXUM pOOOTH.

[Iporpamue 3a0e3nedeHHss po3pobieHol maciiTabHOi (i3WYHOI MOzeni aBTONOI3Aa CKIANAETHCS 3
MporpaMy 3amucaHol Oe3rocepefHbo J0 maM’sTi  MikpokoHTposiepa Arduino Mega. Peamizoano
THTEPaKTUBHUI PEXXHUM YIPaBIIIHHS, TIPH SKOMY BCl KOMaH/IH JIO aBTOIOI3/1a TIOJAl0THCS Yepe3 0e3NnpoBiiHe
MiAKIIIOYEHHS 3 CEHCOPHOro TenedoHy uu miaHmeTy Ta 6a3i Android.

AJropuTM Kepyro4oi MporpaMu CKJIaJaeThes 3 IBOX (YHKLIOHAJIBHUX YACTHH, IO MEpIIoi YacTHHU
BITHOCHUTBLCS KOJI SIKUH 3MIMCHIOE YIIPaBIiHHA PyXoM (hi3WTHOI MOJENI Ta BiANOBiAae 3a 0OMIH TaHWMH 3a
Bluetooth xamamom 3 MoGiNEHEUM TepMiHamoM. JIpyra dacThHa KOXy € Po3poOKor0 Kadeapu aBTOMOOLIIB
HTY, BoHa 31ilicHIOE peecTpalilo mapaMeTpiB pyxy MaciITaOHOI MOAENI aBTOMOi3/1a, a caMe MPUCKOPEHHS
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10 TPHOM KOOPAMHATHUM BiCsSIM, KyTa ITIOBOPOTY KEPOBAHMUX KOJIIC, KyTa CKJIAJIaHHS Ta IIBUAKOCTI MOIET, B
nudpoBOMy BHTIISAI Ha KapTy mam’sTi. B momanmemoMy oTpuMaHi JaHHI 00pOOISIOTECS Ha KOMIT IOTEpi Ta
OyayroThCs BiAMOBiAHI rpadivyHi 3a1eKHOCTI.

OBI'OBOPEHHS PE3YJBbTATIB JOCJJIIAKEHHSA

JlocmimKeHHsT Ha MOJIENSIX TO3BOJISE TPHUCKOPUTH ab0 CITOBIIBHUTH IIPOIECH, SIKI B TPHUPOTHHX
YMOBAaxX PO3BHBAIOTHCS 3 TEBHOIO MIBHUAKICTIO, IO YCKJIAQIHIOE CIIOCTEPEKEHHS 32 HUMU. [Ipn mpoBeneHHi
eKCIEpUMEHTY Oe3rmocepeIHbO Ha HATypi MaiiKe 3aBKAN JOBOAUTHCS BiIMOBIISITUCS BiJl aKTUBHOTO MOLIYKY
ONTUMANBHUX KOHCTPYKTUBHUX pillleHb, 00 1€ TOB'S3aHO 31 3HAYHUMH BHTpAaTaMH KOINTIB, a HE PIiIKO i
MPOCTO HE MOXKIINBO. Lli mpuHIMNH, MONATAIOTh y JOTPUMaHHI yMOB, SIKi BU3HAYAIOTH CITiBBITHOIICHHS MIX
napamMeTpamMu MOJENi 1 HaTypH, a TakoX INpaBWia MepepaxyHKY HOCTIDKYBaHHUX BEIMYMH 3 MOAET Ha
HaTypy 1 Hazaa. OmHak, BiJOMO, IO KOJHA MOJIENb HE MOXE 3 aOCOJIOTHOIO TOYHICTIO BiATBOPHUTH
NOCTI/DKYBaHAWA OpWTIHAT — JUII IhOr0 Ma€ OyTH TOBHA X TOTOXHICTh. TOMy MpH MOZIETIOBaHHI
HaMararoTbcsl 30eperTd B MOAENl MPHHANMHI Ti XapaKTEPUCTUKH HATYpPH, SIKi € HalOUIbIl BayKIMBUMH Y
3arajipHii KapTuHi Qi3nyHOro nporecy, 3ade3nedyoyn 3a1any TOUYHICTh pe3yJIbTaTiB.

BHUCHOBKHA

Po3pobnena camoxigHa wmacmTabHa (i3WYHA MOJENHh AaBTOIOI3[a, IO BIATBOPIOE BaHTAKHUI
aBTOMOOUIL Kateropii N3, 3 HamiBmpuuenom kareropii O4 3 kepoBaHUM Bo3MKOM. DizudHa MojeNb
oOJazHaHa BHUMIPIOBAIBHOIO, PEECTPYIOUOID Ta amapaTypor IHUCTaHIiHOTO ympasmiHHA. [Iporpamue
3a0e3redeH s JO3BOJISE Pealli3yBaTH K pyJHE YIPaBIiHHS TaK i 32 33JJaHUM aJTOPUTMOM.

B nopaneimomy miaHyeThCs POBEIESHHSI MOPIBHUIBHOTO aHANIZY pe3yJIbTaTiB TEOPETUIHUX
JIOCTIDKEHh Ha MATEMAaTHYHOT MOJIEN Ta CKCIIEPUMEHTALHUX JOCHIKCHD Ha (hi3UYHIN MOIEIII.
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Sakhno V., Timkov O., Yashchenko D., Bosenko V. Design of a scale physical model of a road
train for experimental research

Carrying out research on controllability and maneuverability on real road trains has many difficulties
and requires significant material and time resources. They are also associated with potentially dangerous test
situations. The article is devoted to the design of a large-scale physical model of a long-base road train that
would have universal modules. The modular principle allows it to quickly change over to different
configuration schemes. The design of a large-scale physical model and used electronic modules is described
in detail. The model has an independent electric drive on the drive wheels, controlled by a microcontroller.
Model equipped with measuring, recording and remote control equipment for experimental study of the
properties of controlled road trains.

Based on the main provisions of the theory of similarity, it follows that if two dynamical systems are
described by the same differential equations, then the solution of differential equations will be large invariant
for the same groups. For the model to be dynamically similar to the original, the values of these groups must
be the same for both systems. Based on this idea, it can determine the parameters of the model that
correspond to the real object.

In the future it is planned to conduct a comparative analysis of the results of theoretical research on a
mathematical model and the results of experimental research on a large-scale physical model. And also
checking the adequacy of the mathematical model.

Key words: road train, scale, physical model, controllability, maneuverability, experiment, controller,
dual drive.
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UDC 656.073
Caxuo' B.IL., apait' C.M., Myposanuii® I.C., [Tonskos' B.M.
'Hayionanvhuii mpancnopmuuii yHigepcumem
2JlyybKutl HAYiOHANbHUL MEeXHIYHULL YHIgepcUumem

JAOCIIGKEHHS ®AKTOPIB BIIMBY HA 3ATI'AJIbHI BUTPATA BUKOHAHHS
OBOPOTHOTI'O PEUCY ¥ MIZKHAPOJAHOMY CIIOJIYYEHHI 3 BAKOPUCTAHHSAM
MATEMATHUYHOI TEOPII EKCHEPUMEHTY

B poOoTi po3risHyTI NMUTaHHS BIUIMBY PI3HUX CTaTel 3arajJbHUX BHUTpAT ((pakTopiB) Ha PO3MIp TaKUX
3arajJbHAX BUTpPAT INpPH BUKOHAHHI OOOPOTHOTO pEHCY IOCTaBKH BaHTaXiB aBTOMOOIIBHUM TPAHCIOPTOM Y
MDKHApOIHOMY CIOJTy9IeHHI.

Jnst po3poOky 3axofiB IIONO MiABUIICHHS e(EeKTUBHOCTI BHKOHAHHS IIPOLECY IepeBe3eHb BAaHTAXIB y
MDKHAapOJHOMY CHOJydEeHHI Ta 3MEHIICHHS 3arajbHUX BHTpAT Ha HOro BUKOHAHHS HEOOXiJHO NPOBOMUTH aHAai3
cTaTel BUTpAT, SIKI BXOJATH 10 CKJIAAy 3arajJbHHX BUTpaT. [ MOCIIDKEHHS BIUIMBY OKPEMHX CTaTel 3araJbHUX
BUTpPAT HAa BUKOHAHHS HEPEBE3CHb BAaHTAXIB Y MDKHAPOJAHOMY CIIOJIYy4YEHHI IPOIOHYETHCS BUKOPUCTaHHS e()eKTHBHUX
METO/IB MPAaKTHYHOI peatizalii CHCTEMHOTO MiIX01y — METOJIB MaTeMaTHYHOI Teopii eKCIIepUMEHTY ab0 IIaHyBaHHS
excnepuMeHTy. [Ipu npoMy BUpiIIeHHs 3a7a4i JOCHIIKEHHS BIUIMBY OKpEeMHX cTareil BUTpar ((pakTopiB BILIMBY) Ha
pO3Mip 3araJibHUX BUTpaT IPOBOAUTBCS Ha OCHOBI (OpPMyBaHHS IUIaHY EKCIIEPUMEHTY Ta CTBOPEHHS
EKCIIepUMEHTAIBHO-CTATHCTUIHOT MOJIETII.

B pesynbTati po3paxyHKiB KOeQillieHTIB perpecii 3a po3poOICHO MOJIEIUIIO 3arajJbHUX BUTPAT HA BUKOHAHHS
000pOTHOTO peiicy NOCTaBKM BaHTaXIB y MiDXKHAPOJHOMY CIIONY4YEeHHI Ta X aHali3y 3po0JIeHO BHUCHOBKU MIOZO
3HAYYIIOCTI KOe(illieHTiB, SKi (OPMYIOTh HAHOUIBIIMH BILIMB Ha PO3MIp 3arajlbHUX BHTpAT, Ta BH3HA4YCHI CTATTi
BUTpAT (ZOCTiIKyBaHi (aKTOPH BILTUBY), IO MAIOTh HAHOUTBIINI BIUIMB Ha ()OPMYBaHHS 3arallbHIX BUTPAT.

KiouoBi ciioBa: 3aranbHi BUTpaTu, CTAaTTs BUTPAT, MKHAPOIHI BaHTaXKHI IepeBe3€HHs, 0OOPOTHUIH peiic,
(axTOop BIUIUBY, TEOPis IIAHYBAHHS EKCIIEPHMEHTY.

BCTYII

Jlo ckiany 3aralbHUX BHTPAT HAa BHKOHAHHS NEPEBE3CHb BAHTAXKIB Y MIKXHAPOJHOMY CIIOJTYYCHHI
BXO/ISITh BUTPATH Ha MAJIMBHO-MACTWIBHI MaTepiand, Ha 3apoOiTHY IUIaTy BOMis (BKJIFOYAIOYM BUTPATH HA
BiJIPSI/DKEHHSI), HA TEXHIYHEe OOCIyrOBYBaHHS, Ha INWHHM, Ha aMOPTH3allil0, HA OpraHi3alif0 BHKOHAHHS
MepeBEe3CHHS TOIIO, SIKI MOXYTh PO3DIIAAAaTHCA SK (aKTOpW BIUIMBY Ha (OPMYBaHHS PO3MIpY 3aralibHHX
BUTpAT.

Jiist nociipkeHHs BILIMBY OKPEMHUX CTaTel 3arallbHUX BUTpPAT Ha BUKOHAHHS IEepPEeBe3eHb BaHTAXKIB y
MIXKHApOJHOMY CIIOJly4eHHI 3 TMOJANBIIO PO3POOKOI0 3aXOJiB MIOAO PpEryJNIOBaHHS iX BIUIMBY Ha
CKOpPOYCHHSI PO3MIpYy 3aralleHUX BHTPAaT MOXKYTh OYyTH BHKOPHCTaHI METOIM Teopil IUIaHyBaHHS
EKCIIEpUMEHTY. 3aCTOCYBaHHS JaHUX METOJIB ISl aHajii3y (akTOpiB BIUIMBY Ha PO3MIp 3arajibHUX BUTpAT
MpU 371MCHEHHI JOCTaBKM BaHTaXIB y MIDKHAPOJHOMY CIIOJyYEHHI € aKTyaJbHUMH JUIS TPaHCIIOPTHHX
HiANPUEMCTB, OCHOBHOIO JisUTBHICTIO SIKMX € BUKOHAHHS MDKHAPOIHHX BaHTQKHUX IEPEBE3CHb.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA INPOBJIEMH

AHaNi3yl0ud CHCTEMY JIOCTaBKM BAaHTaXIiB aBTOMOOUIBHUM TPAaHCIOPTOM Yy MDKHApOIHOMY
CTOJIyYeHHI MOXKHA BHJIMTH TakKi 1l MOYATKOBI JJAHKU: «BAaHTaX — aBTOTPAaHCIIOPTHHUHN 3acid — MapmpyT —
MiANPUEMCTBO, 110 3a0e3leuye BUKOHAHHS Npolecy AocTaBKW». KokHa JlaHKa Takoi CUCTEMH Mae CBOL
KOMIOHEeHTH. KojkeH KOMIIOHEHT y TMpolieci TUIaHyBaHHsI, MiJATOTOBKH Ta BUKOHAHHS NEpEBE3CHb BaHTAXKIB
Oyzne moOB's3aHWil 13 BUTpaTaMu Ha Woro peamizaimiro. [Ipw 31iliCHEHHI TepeBe3eHb BaHTAXKIB Y
MDKHApOAHOMY CHOJYYEHHI PYXOMHM CKJIaJIOM aBTOMOOIIBHOTO TPAHCIIOPTY HAa BEIMYHMHY 3arajbHHUX
BUTpAT Ha BUKOHAHHS OOOPOTHOTO peiicy BIUIMBAIOTH TaKi BUTPATH, K BUTPATH HA 3apO0iTHY IJIaTy BOAIS 3
ypaxyBaHHSIM BiJIIIKOJYBaHHS BHUTPAaT Ha BIJPS/PKEHHS, BHTPAaTH Ha NaJMBHO-MACTHIIBHI Martepiaim,
BUTpPATH Ha TEXHIYHE OOCIyrOBYBaHHS, BUTPATH Ha O(OPMIIEHHS Ta OpraHi3aulil0 BUKOHAHHS IEpPEeBE3CHHS
tomo. Jlng aHamisy 3araJlbHUX BHUTpPAaT Ha BHKOHAHHS OOOPOTHOrO pEHCy JOCTaBKH BaHTAaXIB Yy
MiXKHApPOJHOMY CIIOJYYeHHI Ta pO3pOOKH 3aXOJiB LIOJO IiJBUINEHHS HOro e()eKTHBHOCTI Ta 3MEHIICHHS
3arajibHUX BUTpAT Ha OT0 BUKOHAHHS MOXKYTh OyTH BUKOPHCTaHI SIK aHAJITHYHI, TaK 1 eKCIIepUMEHTaIIbHI
JIOCIIKEHHS.

ExcniepuMeHTanbHI  TOCTIKEHHST MOXYTh OYTH 3aMiHEHI eKcliepuMeHTOM Ha Mojeni. Kiacuuna
MOJIENIb EKCTIEPUMEHTY BPaxoBYe psiZi (akTopiB, sIKIi MOXKYTh 3MIHIOBATHCH MPU 3MiHI YMOB IPOBEICHHS
JOCTI/DKEHHS. 3 METOK 3MEHIICHHS KiJTbKOCTI MPOBEJICHUX IOCIIAIB B OCHOBY JOCIIPKEHb MOXE OyTH
MOKJIaJIcHa MaTeMaTH4YHa Teopis IaHyBaHHs ekcriepuMeHTy [1]. [IutanHsAM (aKTOPHOTO EKCIIEpUMEHTY
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MIPUCBSYCHA BEIMKA KUIBKICTH pOOIT, A¢ OOTPYHTOBYETHCS MOIIIBHICTE 3aCTOCYBaHHS OXHOYACHOTO
BapilOBaHHSA Pi3HUMH (haKTOPaMH, AKi BIUIMBAIOTH HA JOCIKYBaHY pe3yIbTyIOUy BEIHUINHY [2-5].

[Ipu BUBUYEHHI Ta JOCIIHKEHHI CKJIATHUX 00’ €KTIB, IO SKUX BiTHOCATHCS 1 TPAHCIOPTHI CUCTEMH Ta
TPaHCHOPTHI TPOLECH, SKi B HUX BiIOYBarOTHbCS, MPOIMOHYETHCS 3aCTOCOBYBAaHHS MaTeMaTW4HOI Teopil
TUTaHYBaHHS €KCIIEPUMEHTY, KO0 IepenoadacTbes (opMyBaHHS TUIAHY eKCIIEpUMEHTY [6].

Jns BuUpileHHs 3afadyl BH3HAYEHHS 3arajlbHUX BHUTPAT HA BUKOHAHHS IIEPEBE3CHb BAaHTAXIB y
Mi>KHapOJAHOMY CIIOJyY€HHi, BU3HAUCHHS CTYIECHs BIUIMBY PI3HUX BUTPAT Ha BEJIWYMHY 3arajbHUX BUTpAT,
IIPONOHYETHCS GOPMYBaHHS IUIAHY €KCIIEPUMEHTY Ta CTBOPEHHS €KCIEPUMEHTAIbHO-CTATUCTHYHOI MOAETII.

OIJIb TA 3AJAYI JOCJIJPKEHHA

MeTtoto poOOTH € BHSIBIECHHS CYMICHOTO BIUIMBY HH3KH (DaKTOpiB Ha 3araibHi BUTpPaTH NpHU
BUKOHAaHHI OOOpDOTHOTO peWcy IOCTaBKM BaHTaXiB y MDKHApOAHOMY CIIONYyYEHHI 3 BHKOPHCTaHHSIM
MaTeMaTHYHOI Teopil IIaHyBaHHS eKCIIEPUMEHTY.

Jyis noCATHEHHS METH HEOOX1THO BUPIIIUTHU TaKi 3aaayi:

-aHami3 QakTopiB, AKi MalOTh HAHOUIBINY Bary y 3araJlbHUX BUTpaTax Ha BUKOHAHHS OOOPOTHOTO
peiicy TOCTaBKY BaHTaXiB;

-(opMyBaHHS IJIaHy €KCIIEPUMEHTY;

-BU3HAYCHHS PO3PaXyHKOBUX 3HAUYEHb KOS(IIIEHTIB perpecii Ta iX 3Ha4yIIOCTi;

-CTBOPEHHS EKCIEPUMEHTAIbHO-CTATUCTUYHOI MOAET Ui PO3PaxyHKY 3arajlbHUX BHUTpAT Ha
BUKOHAHHS 000POTHOTO PeiCy MOCTaBKY BaHTAXIB.

PE3YJbTATHU JOCIIIKEHDb

Ilepen ¢opmyBaHHSM IUIaHY EKCIIEPUMEHTY Ta BH3HAYCHHSM BaroMocTi BIUTMBY (DakTopiB Ha
pe3yIbTyIOuy BEJIMYHMHY, HEOOXIIHO MaTH pe3ylbTaTH PO3PaXyHKIB 3arajJbHUX BUTPAaT Ha BHUKOHAHHS
KOHKPETHOTO 00OpPOTHOTO pelicy y MiKHApOJHOMY CIIONYYEHHi (pe3ylbTylo4ya BEIMYMHA) 3 BH3HAYCHHSIM
CTaTell TakWUX BHUTPAT Ul PI3HUX YMOB HOTO BHUKOHAHHS: 3aCTOCYBaHHS OJMHOYHOI Ta TypHOI i31u,
BUKOPHCTaHHS aBTOTPAHCIIOPTHUX 3ac00iB, SKi MAIOTh Pi3HY JIiHIHHY HOPMY BHTpAT TaJINBA.

3aranpHi BUTpATH Ha BUKOHAHHS 000poTHOTO peiicy «M. Kuis (Ykpaina) — m. bpro (Yexis) — m. Kuis
(Ykpaina)» moctaBkd M’SICHOI TPOAYKIIi 32 yMOBU poOoTH 1 BOAisl Ta BUKOPUCTAHHS aBTOIOI3AY Y CKIai
cizenbHoro Tsaraua Renault MAGNUM 460.19 T i3 nanisnpuuenom-pedpusxeparopom KOGEL SV 24

HaBeneHi B Ta0m. 1.

Tabnuus 1 — 3aranbpHi BUTpaTH HA BUKOHAHHS 000POTHOTO pelCy NP OJWHOYHIN 1311

Crarts BUTpar Po3wmip BuTparu, rpH.

®oH1 3ap0OITHOT MIATH BOIS 7874,40
Butpatu Ha aBTOMOOIIFHE MTATMBO 47195,99
Butpatn Ha MmacTUIBHI MaTepiamu 5663,52
Butpati Ha cepBicHE 00CIyrOByBaHHS 109,59
BuTpaTti Ha BiIHOBJICHHS 1 PEMOHT IIMH 1500,72
Butpati Ha odopMIIeHHS IEpeBE3CHHS 7606,00
AmMopTu3alliiiHi BiipaxyBaHHs 6806,15
3araJibHOrOCIIOAapPChKi BUTPATH 11513,46

3arajibHi BUTPATH 88269,83

3aranpHi BUTpATH Ha BUKOHAHHS 000poTHOTO pelicy «M. KuiB (Vkpaina) — m. Bpro (Yexis) — M. Kuis
(Ykpaina)» 3a ymoBU po0OOTH 2 BOJIiB Ta BUKOPUCTAHHS aBTOIOI3AYy y ckiafi cizenpHoro tarada MAN TGX

18.440 i3 naniBnpuuenom-pedpmxeparopom KOGEL SV 24 napeneHi B Ta6i1. 2.

Tabnuis 2 — 3aragbHi BUTpaTH Ha BUKOHAHHS 000POTHOTO peHCy NP BUKOHAHHI TYpHOI 1311

Crarts BUTpar Po3wmip BuTpar, rpH.
1 2

®DoHJ1 3ap0oOITHOT IATH BOAIS 9187,77
Burpartu Ha aBTOMOOIIBHE TATUBO 44728,12
Burpatu Ha MacTHIIBHI MaTepiain 5367,37
Butpartu Ha cepBicHe 00CIyroByBaHHS 82,19
Burpartu Ha BiAHOBJICHHS | pEMOHT LIMH 1500,72
Burpartu Ha oopmIleHHS TIepeBe3eHHS 7606,00
AMopTH3alliiiHi BijpaxyBaHHs 6253,0
3araqpHOrOCTIOIapChKi BUTPATH 11208,78

3aranbHi BUTpaTH 85933,95
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Ha ocHoBi anamizy ganux Ta0ja. 1, 2 MOXXHa BHMIUIMTH TPH OCHOBHI (DaKTOpH, IO HaHUOLIbIIE
BIUIMBAIOTh Ha BEJIMYHMHY 3arajlbHUX BHTPaT INPH BUKOHAHHI OOOPOTHOrO peucy y MIKHApOJIHOMY

CroJTy4eHH] (pe3yJbTyrody BelMYuHy) — e (GoHI 3apobiTHOI miath Bomist Xq, BUTPAaTH Ha aBTOMOOLIBHE
nammBo Xo i 3aragpHOrocmogapchki Burpatn X3. JUist MPOBECHHS JOCHIKEHHs Oyje BHKOPHUCTAHMIA

IJIaH JPYTOTO CTYIEHSA MOBHOTO ()aKTOPHOTO EKCIIEPUMEHTY [IOE®,
3aBIaHHAM EKCIIEPUMEHTY € OTPHMAaHHsI PiBHSHHS perpecii, sike MpH JOCHIIKEHHI TPhOX (PAaKTOPIB,
Mae BUTIIIA [5]:

Y = bo -+ bJ_Xl -+ b2X2 -+ b3X3 -+ b]_le -+ b22X§ -+ b33X§ -+ b12X1X2 +,(l)
+Db13Xx1X3 +bogXo Xz +brogxg XoX3

ne bj i KoedillieHTH perpecii;
X1, X2, X3 — KOJOBaHe 3HAYEHHs (paKkTOpy.

Jlnst GpopMyBaHHS IDIaHY IPYroro CTYIEHS HOBHOTO (DaKTOPHOTO EKCIICPUMEHTY, B SIKOMY TpH
axtopu 3MiHI00OTECs Ha 1BOX piBHsX ([IDE®), HeoOXiaHO BH3HAYHTH iHTEpPBAIN 3MiHIOBAHHS KOKHOTO i3

nociiukyBanux GakTopie — Ximin» Ximax » Hy/1bOBHI piBeHb X Ta HamiBaiamasoH 3miHu pakropy AX; .
JUisi HaBEJEGHOTO HPUKIALY IHTEPBANM 3MIiHIOBAaHHS KOXKHOIO i3 JOCTiKyBaHHX (aktopiB — Xjmin Ta
Ximax BU3HAYCH] TAKHM YHHOM.

Hnst paxropy Xq (dona 3apobiruoi martu Boaist, @317 ):

- XiminBIAMOBiga€ yMOBi 3acTOCYBAaHHS OAMHOYHOI I3 Ta YHCEIBHO MOPIBHIOE PO3PAXOBAHUM
BuTparaM ¢GoHy 3apo0iTHOI atu Boxis O3I1 npu BukoHaHHI 000POTHOTO peHCy;

- Ximax BIOMOBiZae yMmOBi 3acTOCYyBaHHS TYpHOI I3AM Ta YHCEIBHO OPIBHIOE PO3PAXOBAHUM
BuTparaM ¢oHy 3apo0biTHOI iatu Boxais O3I1 npu BukoHaHHI 000POTHOTO PEHCYy.

Just pakropy Xo (Burparu Ha aBromoGinbHe nammso, Cry):

- Xi min BLATIOBiJa€ yMOBI BUKOPHCTAaHHS aBTOMOI3AY y ckiaji cinenpHoro tarada MAN TGX 18.440
i3 manisnpuuenom-peppukeparopom KOGEL SV 24 sanraxonigiiomuictio 27,056 T. Jliniiina HOopma
BuTpary manuBa cTaHoButh 20,6 1/100 kM. 3HauenHs Butpar Cj; 4YHCENBHO JOPIBHIOE PO3PaXxOBAHOMY
3HAYEHHIO BUTPAT Ha MATUBO IPU BUKOHAHHI 00OPOTHOTO PEHCY 3a3HAYEHUM aBTOIOI3/I0M;

- Ximax BI/IOBiJ]a€ yMOBI BHUKOPHMCTAaHHS aBTOIOI3AY y CKJIami cigenpHOro Ttsrada Renault

MAGNUM 460.19 T i3 nanisnpuuenom-peppusxeparopom KOGEL SV 24 antaxomigiomnictio 27,056 T
JUISE BUKOHaHHSI 000pOTHOro peticy. JliHiliHa HOpMa BUTpaTH majiuBa cTaHoBUTH 22,8 11/100 kM. 3HaueHHs
Butpar Cj7 4ucenbHO JOPIBHIOE PO3PaxOBAHOMY 3HAYECHHIO BUTPAT Ha NMAJIMBO IIPU BUKOHAHHI 000POTHOTO
pelicy 3a3Ha4eHHM aBTOIIOI3/I0M.

Hust paxropy X3 (3aramsHorocnomapeski Butparu, C,):

- Ximin BiamoBizae yMoBi 3acTOCyBaHHS TypHOI I130M 1 BHKOPHCTAaHHsS aBTOIOI3NY Y CKJIaji
cizensroro tarada MAN TGX 18.440 i3 manisnpuuenom-pedpuxepatopom KOGEL SV 24, Ta uncesnbHo
JIOPIBHIOE PO3PaXOBaHUM BUTPATaM MPH BUKOHAHHI 000POTHOTO PEHCy IBOMa BOJIISIMH;

- Ximax BIJINIOBi/Ia€ YMOBI 3aCTOCYBAaHHS OJMHOYHOI 31 1 BHUKOPHUCTAHHS aBTOIOI3MY Y CKIIaji

cizenbHoro Tarada Renault MAGNUM 460.19 T i3 manisnpuuenom-pedpusxeparopom KOGEL SV 24, ta
YHCENBHO JIOPIBHIOE PO3PAaXOBAHUM BHTPATaM IPH BUKOHAHHI 000POTHOTO peicy OJHUM BOJIIEM.
VY tabin. 3 HaBe/IeH1 BU3HAYCHI Ta PO3pPax0OBaHi IHTEPBAIN 3MIHIOBaHHS (aKTOPIB.

Tabnuus 3 — [aTepBanu 3miHIOBaHHS (aKTOPiB

o Minimym | Makcumym HynvsoBwit HaniBnianazon 3MiHu
artopt (Ximin) | (Ximax) | pisens (Xgj) | daxropy (AX;)
f}’)‘;ﬂﬂ sapobirnol mnatn sonis, P31, | 7874 40 | 918777 8531,09 656,69
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Burpatn Ha aBTOMOOITIBHE TATIMBO,

44728,12 | 47195,99 45962,06 1233,94
Cr7, rpu.
Saramenorocnonaperxi sutpatit, Cs, | 4190878 | 1151346 | 1136112 152,34
TpH.

BpaxoBytoun, mo as gociimkeHHss o0paHo 3 ¢dakTopu, HEOOXiIHO CKIACTH IJIaH APYTOro CTyMEHs
MOBHOTO (haKTOPHOTO eKcrepuMeHTy. s ckimagaHHs poO0Yoro IaHy eKCIIepHIMEHTY HeOOXiTHO CKIacTh
MaTpHUII0 OPTOTOHAIBHOTO TUIaHy. /[l 0pOro BH3HAYAIOTHCS HATypajbHI Ta KOJOBaHI 3HA4YEeHHS
JociipKyBanux ¢axtopiB. [lepexia Big KOIOBaHMX 3MIHHHMX A0 HATypajbHHUX 1 HAaBMAKHd BUKOHYETHCS 3a
HACTYIHAMH 3aJIC)KHOCTSIMU:

_ Xi—Xoi

AX;
Xi =X x AXj + Xpj , 3

e Xi , Xj —HaTypaJlbHe Ta KOJOBaHe 3Ha4eHHs (aKTOpy BiJMOBIIHO.

X

; (2)

Jns nepuoro ¢axropy — Qoux 3apobitaoi miatn Bomis, D3[1: X, — HarypaibHe 3HAUCHHS
(akTopy; X| — KoJoBaHe 3HauyeHHs (akrtopy. [lns apyroro ¢bakTopy — BUTpaTH Ha aBTOMOOLIbHE MaJMBO,
Cy7: X9 — HarypanbHe 3HaueHHs pakTopy; Xp — KomoBaHe 3HaueHHs (pakropy. Jlist TpeTboro paxkropy —
saranpHorocrnogapceki Burpartd, C,: X3 — HarypaubHe 3HadeHHs (akTopy; X3 — KOJOBaHE 3HAYCHHS

(bakropy.
Jnst BUKOHAHHs omepanii KOAYBaHHS HAaTypaubHOMYy 3Ha4deHHIO Xjmax BIAIOBIZaE KoJOBaHE

3HaueHHS Xj «+l», a 3HaueHHIO Xjmin — BiAmOBigae komoBaHe 3HadeHHS Xj «-1». KomoBanomy

3Ha4YEeHHIO X( BIANOBIJa€ 3HaueHHs «+1». HaTypanbHe 3Ha4E€HHSA KOKHOrO (PakTopy IS «31PKOBOI TOUKH»

(«+1,215» abo «-1,215») BU3HAYAETBCSA NUIIXOM MHOXKEHHS I[bOI'0 KOJOBAHOTO 3HAYCHHS HA BiJIIOBIIHE
HaTypallbHe 3Ha4YeHHs ¢akTopy («+1,215» — Ha MakcuManbHe 3HaUeHHS, «-1,215» — Ha MiHIMaNbHE).

Marpuus OpTOTOHaJIBHOTO IUIAHY IPYroro CTYHEHS MOBHOI'O (PaKTOPHOTO €KCIIEPHMEHTY, B SIKOMY
Tpu (axTopu 3MiHIOOTECA Ha 180X piBHsx (ITIDE®), Hasesena B Tabu. 4.

Tabmurs 4 — Opranizariis MaTpuIi [OE?

No KonoBaHi 3HaueHHsl (haKTOPiB HarypanbHi 3HaueHHs (akTOpiB
w/n | Xp X1 X2 X3 @311, rpu. (X1) | Cpz,rpu. (X9) C,, rpu. (X3)
1 2 3 4 5 6 7 8
1 +1 +1 +1 +1 9187,77 47195,99 11513,46
2 +1 -1 +1 +1 7874,40 47195,99 11513,46
3 +1 +1 -1 +1 9187,77 44728,12 11513,46
4 +1 -1 -1 +1 7874,40 44728,12 11513,46
5 +1 +1 +1 -1 9187,77 47195,99 11208,78
6 +1 -1 +1 -1 7874,40 47195,99 11208,78
7 +1 +1 -1 -1 9187,77 44728,12 11208,78
8 +1 -1 -1 -1 7874,40 44728,12 11208,78
9 +1 | +1,215 0 0 11163,14 45962,06 11361,12
10 +1 | -1,215 0 0 9567,40 45962,06 11361,12
11 +1 0 +1,215 0 8531,09 57343,13 11361,12
12 +1 0 -1,215 0 8531,09 54344,67 11361,12
13 +1 0 0 +1,215 8531,09 45962,06 13988,85
14 +1 0 0 -1,215 8531,09 45962,06 13618,67
15 +1 0 0 0 8531,09 45962,06 11361,12

PoGounii m1aH eKCIIEpUMEHTY HaBEJACHUH B TaOII. 5.
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Tabmuust 5 — Koposawi i Harypanbhi 3na4enns dpaxropis @311, Cpy, C, ta dynkuii Biaryky C(Y)

D311 Cp C, C(y)
X1 Xl X9 X 2 X3 X 3 y
1 +1 9187,77 +1 47195,99 +1 11513,46 89144,85
2 -1 7874,40 +1 47195,99 +1 11513,46 87831,48
3 +1 9187,77 -1 44728,12 +1 11513,46 86676,98
4 -1 7874,40 -1 44728,12 +1 11513,46 85363,61
5 +1 9187,77 +1 47195,99 -1 11208,78 88840,17
6 -1 7874,40 +1 47195,99 -1 11208,78 87526,80
7 +1 9187,77 -1 44728,12 -1 11208,78 86372,30
8 -1 7874,40 -1 44728,12 -1 11208,78 85058,93
9 +1,215 11163,14 0 45962,06 0 11361,12 89733,95
10 -1,215 9567,40 0 45962,06 0 11361,12 88138,21
11 0 8531,09 +1,215 57343,13 0 11361,12 98482,97
12 0 8531,09 -1,215 54344.,67 0 11361,12 95484,51
13 0 8531,09 0 45962,06 +1,215 13988,85 89729,63
14 0 8531,09 0 45962,06 -1,215 13618,67 89359,45
15 0 8531,09 0 45962,06 0 11361,12 87101,90

B wiit maTpumi BenmunHa 3aranbHUX BUTpaT (PyHKINT BIATYKY) Ha BUKOHAHHS OOOPOTHOTO percy y
mixkaapoanomy cronydenri C () po3paxoByeThes 3 ypaxyBaHHs 3HaY€Hb JOCIIIKyBaHUX (HaKTOPIB (Tabl.

1) Ta BUTpaT, AKi BXOJATH O CKJaly 3arajbHUX BHUTpAT, ajié HE MAalOTh CYTTEBOIO BIUIMBY HAa HHX,
NPURHATHX K NOCTiiHA BEJIMUMHA, TPH:

C(y) = Xg+ Xo + X3+ Aconst » 4)

ne C (y) — 3aranbHi BUTpaTH Ha BUKOHAHHS 000POTHOIO PEHCY y MIsKHAPOIHOMY CIIOJIYYEHHI, IPH;
X1, X5, X3 — HaTypalbHi 3Ha4€HHs (AKTOPIB, BIUIMB AKHMX JOCIIUKY€ETbCS, TPH;
Aconst — CyMa BHTpAT, SIKi BXOASITH 10 CKJIay 3arajlbHUX BHTPAT, ajle He MAIOTh CYTTEBOTO BILIUBY

Ha HUX (BUTPATH Ha MacTWIIbHI MaTepiaiy, BUTPATH Ha CEPBICHE 0OCIyroByBaHHs, BUTPATH Ha BiJHOBICHHS
1 pEMOHT IIMH, aMOPTH3AIliifHI Bi[paxyBaHHs, BATPATH Ha 0POPMIICHHS TIepEeBE3eHHsI ), TPH.

3aBIaHHAM EKCIEpUMEHTY € OTpUMaHHs pIiBHAHHS perpecii. Pe3ynmbTaté  excmepuMeHTY
MPECTABIISITHCS TTOJIIHOMOM JIPYTOTO CTYIICHSI, SIKAH MPH 3aCTOCYBaHHI TPhOX (PaKTOPIB MAE BUTIISIL:

y=b0+ ZbiXXi-i- > binXiXXj-l- ZbiiXXiz, 5)
1<i<k I<i<j<k 1<i<k
ne Y — BennumnHa QyHKUIT BiATYKY;
bijj — xoediuientu perpecif;
Xij — KO/IOBaHi 3Ha4eHH: (DaKTOPiB EKCIIEPUMEHTY;

K — kinbkicTs npuitaaTux dakropis (K =3).
Takum yMHOM, SIKIIO KiJbKicTh (akTopiB K = 3, piBHSHHSA perpecii mjis BU3HAYCHHS BUTpaT Ha
BUKOHAHHS 000POTHOTO PENCY Y MIXKHApOIHOMY CHOJIYYEHHI MaTUME BHIJISA:

2 2 2
C =hp +byxg +byXp +3X3 +D1oXg X0 + 013X X3 +Do3Xo X3 +by9X" +D29X5 +33%5. (6)
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Jlst 3a0e31medeHHs] OpTOTOHAIBHOCTI 3/IIHCHIOETHCS TIEPETBOPEHHS Moeli (5) 10 BUIY:

.k k k .
y:b0+2bi><Xi+ > binXiXXj + Zbiixxi ()
i=1 i<] i=1
ne b(l) — BUIBHUI 4WiieH PiBHSHHS;

bi, bjj, bji —xoedinientn (3minni) pisnsmms;

Xj, X i Xj — KOJI0BaHi 3HaueHHs (aKTOPiB Ta iX NOXiTHMX.

BinbHuit 4ien piBHSHHS Ta Koe]illieHTH (3MiHHI) pO3paxoBYIOTHCA 32 BUpa3aMHu:
N

N N
2. My xYq mx > Yg 2 Y
b(l) _u=l P _ u=1 P _u=l Py : (8)
N mx N N
2my
u=1
N N N
> my XXj, X Yep, ~MX > Xi, % Yep, > Xi, X Yep,
b_ — u=1 — u=1 _ U= . (9)
! N 2 N 2 N 2
Zmuxxi m><Zxi le
u=1 v u=1 u=1 U
N N N
Elmu x (Xi X Xj)y X Yep, mxua(xi XXj)u Yep, uz—:l(Xi XXj)u* Yep,
bij == =T N =N > (10)
2 2 2
2 My x (X X Xj)q mx 3 (X xXj)y 2 (X xXj)y
u=1 u=1 u=1
N ] N 1 N )
> my x Xi, X Yep, Mx > Xi, % Yop, > Xi, % Yep,
b. = u=l _ u=l1 _u=l . (11)
1 N ) N .2 N 2
2 My XX, mx 3 X, 2 X,
u=1 u=1 u=1

X=X -1, (12)

ne Ay — cepenHiil KBaapar 3Ha4eHb Oy/b-IKOro (GakTopa.

CepenHili KBaJpat 3Ha4CHb OYb-IKOro (JaKTOpa BU3HAYAETHCS 33 (HOPMYJIO0:

Iy

N
A =N1x > x2. (13)
u=1

5 D2 + (D% + (+D2 + (=)? + (+D? + (-D? + (+1)? + (=1)? + (+1,215)%2 + (-1,215)2 10,95
, = _

=0,73.
15

Xj = x2 -0,73.

CumeTpryHHI KOMIIO3UIIHAN OPTOTOHATILHUHN TUIAH JPYTOTO TOPSIKY U TPhOX (PaKTOPIB 3 OJHUM
JIOCJIIZIOM B IIEHTPI IIJIaHy HaBeIeHO B Ta0J1. 6.

Tabmug 6 — CuMeTpUYHNI KOMIIO3UITIHHIIN OPTOTOHATIEHHH TUIAH JIPYTOTO TIOPSIIKY

X0 X1 Xo X3 XXXy | X xXg | XpxX3 | ¥ X X3
1 1 1 1 1 1 1 1 0,27 0,27 0,27
2 1 -1 1 1 -1 -1 1 0,27 0,27 0,27
3 1 1 -1 1 -1 1 -1 0,27 0,27 0,27
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4 1 -1 -1 1 1 -1 -1 0,27 0,27 0,27
5 1 1 1 -1 1 -1 -1 0,27 0,27 0,27
6 1 -1 1 -1 -1 1 -1 0,27 0,27 0,27
7 1 1 -1 -1 -1 -1 1 0,27 0,27 0,27
8 1 -1 -1 -1 1 1 1 0,27 0,27 0,27
9 1 1,215 0 0 0 0 0 0,75 | -0,73 | -0,73
10 1 -1,215 0 0 0 0 0 0,75 | -0,73 | -0,73
11 1 0 1,215 0 0 0 0 -0,73 0,75 | -0,73
12 1 0 -1,215 0 0 0 0 -0,73 0,75 | -0,73
13 1 0 0 1,215 0 0 0 -0,73 | -0,73 0,75
14 1 0 0 -1,215 0 0 0 -0,73 | -0,73 0,75
15 1 0 0 0 0 0 0 -0,73 | -0,73 | -0,73

PospaxoBani 3HaueHHs KoedilieHTIB perpecii nepeTBopeHoi MoAemi HaBeIeH] B Tab. 7.

Tabmuns 7 — Koedinientn perpecii

bo ] by b3
88989,72 | 65683 | 123421 | 152,37

b3

0,00

ba3
-2879,82

bo3
0,00

bio

0,00

by

-3292,43

by
2164,86

3HavyeHHs1 Koe(illieHTiB perpecii MiACTaBISIOTbCS y PIBHSHHS perpecii IUisi BU3HAUCHHS 3arajlbHUX
BUTpAT HA BUKOHAHHS O0OOPOTHOTO Peicy y MIXKHAPOAHOMY CHOJTy4eHHI (6):

2 2 2
C =hp +byxg +boXp +b3X3 +byoXgXo + 013X X3 + 023X X3 + by +0pX5 +b33%3 .
OTtpumaemo:

C =88989,72 + 656,83 +1234,21 + 152,37 + 0+ 0+ 0 + (—3292, 43) + 2164, 86 + (—2879, 82) = 87025, 74.
Po3paxoByemMo nOXHOKy:

C -C
A V)r1,41,41) %100 %:

CY)+1,41,41)

(14)

Az 89144,85 - 87025,74

x100=2377 = 2,4 %.
89144,85

OBI'OBOPEHHA PE3YJIBTATIB JOCJIAKEHHSA

3 BHUKOPHCTaHHSAM MaTEMaTHYHOTO arapary Teopil IUIaHYBaHHS EKCIIEPUMEHTY NpHu (QOopMyBaHHI
IUIaHy EKCIIEPUMEHTY, CTBOPEHHI EKCIIEpUMEHTAIbHO-CTaTUCTUYHOI MOZAENI Ta BH3HAYEHHI BaroMocTi
BIUIMBY (akTOpiB Ha pe3yJbTYyIOUy BEJIWYMHY — 3arajbHi BHUTPaTH Ha BHKOHAHHSA OOOpPOTHOrO peicy
JOCTaBKH BaHTaXIB — BHU3HAYAIOTHCS (AKTOPH, SKi MarOTh HaiOineiry Bary. dakTopu BHOHMparOThCS 13
pO3paxoBaHUX JUIsS PI3HHX YMOB BHKOHAaHHSI OOOPOTHOTO peicy cTaTeil BHTpAT, sIKi BXOISATH JIO CKIAay
3arajJbHUX BUTpAaT. YMOBH BHKOHAHHS IE€PEBE3€Hb MOXKYTb PO3PI3HATHCSA CHOCOOOM oprasizauii po6oTu
BOJIiB (TypHa 4Y¥M OJWHOYHA i371a), BUKOPUCTAHHSIM PIi3HOTO 3a BUTpaTaMy IajHBa aBTOTPAHCIIOPTHOTO
3aco0y, YMOBaMU CTpaxyBaHHS BaHTaXy Ta aBTOTPAHCIIOPTHOTO 3ac00y TOIIO.

3a momoMoOror Teopili IUTaHyBaHHS EKCHEPUMEHTY MOXKHA IPAKTUYHO peali3yBaTH IOCIiAHUI
EKCHEPUMEHT 1 BU3HAUYMTH BIUIMBOBI T4 MAJI0 BIUIMBOBI Ha PE3YJbTYIOUY BEIMYMHY (aKTOPH, a KiJIbKICTb
JOCHIIB (PaKTOPHOTO EKCIEPUMEHTY MOXe MPHOJM3HO BHU3HAYATH KUIBKICTh (PAKTOPIB, BIUIMB SIKUX Ha
KIHLIEBUH pe3ynbTaT OyAe miaisraTi AOCIiIKeHHIO.

BUCHOBKHU

Ha ocHOBI poBefieHUX MOCIIHKEHL MOYKHA 3pOOHUTH TaKi BUCHOBKH:
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- 3a JIOOMOrOI0 Teopii IUTaHyBaHHS EKCIIEPUMEHTY pO3poOjeHa eKCIepUMEHTAIbHO-
CTaTHCTHYHA MOJENb ISl PO3PaxyHKy 3arajJbHUX BUTPAT HAa BUKOHAHHS OOOPOTHOTO pEHCy IOCTaBKH
BaHTAXIB Y MDKHAPOJHOMY CIIONTyUYEHHI;

- pO3paxoBaHi 3HAYEHHs OKpPeMHX KOe]iLi€eHTiB perpecii by, by, by, @ Takox iX KBaapatis by 1,

bso, bg3MOKa3yOTh, MO HaHOUTBITY 3HAYYIIICTh MAIOTh KOeQiIlieHTH bzi bss TOOTO BUTpaTH Ha

aBTOMOOIJIbHE TIAJIUBO;
- pO3paxoBaHi 3HAYCHHs NapHUX Koe(ilieHTIB perpecii by,, byz, bog MOKa3yrOTh, WO

KOMOiHaIii TociKyBaHUX (PaKTOPIB CYTTEBO HE BILUTUBAIOTH HA 3HAYCHHS 3araJlIbHUX BUTPAT HA BUKOHAHHS
00OpOTHOTO peiiCy;

- TmoxuOKa po3paxyHKy 3aralbHUX BUTpPAT Ha BHKOHAHHS OOOpPOTHOIO pelcy y MIKHAPOIHOMY
CIIOJYYCHHI 33 EKCICPUMCHTaIbHO-CTATUCTUYHOK MOJICIUTI0 3 BHKOPHUCTAHHSM TEOpIii CKCICPUMEHTY HE
nepesuirye 2,4 %, M0 € JOMyCTUMHUM MPU BUKOPUCTAHHI TAKUX MOJIETIEH.
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V. Sakhno, S. Sharai, I. Murovanyi, V. Polyakov. Investigations of factors influence on the total
costs of the implementation of turnaround flight in international transportation with using
mathematical theory of experiment.

The paper considers the issues of the impact of different items of total costs (factors) on the amount of
such total costs in the implementation of a return flight of the delivery of goods by road in international
traffic.

To develop the measures to improve the efficiency of the process of transportation of goods in
international traffic and reduce the total cost of its implementation, it is necessary to analyze the cost items

166 , 2021, Ne1 (16)



© Caxuo B.IL., Hlapait C.M., MypoBanuii I.C., [TonsikoB BM. 2021

that are the part of the total costs. To study the impact of separate items of total costs on the implementation
of cargo transportation in international traffic, it is proposed to use effective methods of practical realization
of a systematic approach - the methods of mathematical theory of experiment or experiment planning. Thus
the decision of a problem of research of influence of separate articles of expenses (factors of influence) on
the size of the total costs is carried out on the basis of formation of the plan of experiment and creation of
experimental-statistical model/

As a result of calculations of regression coefficients according to the developed model of total costs
for the implementation of a return flight in international traffic and their analysis, conclusions were made
about the significance of the coefficients that have the greatest impact on total costs and identified the items
of costs (investigated factors of influence), which have the greatest influence on the formation of total costs.

Keywords: total costs, cost item, international cargo transportation, return flight, influencing factor,
theory of planning of experiment.
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BIL/INB TEXHIKO-EKCILTY ATAIIMHUX BJACTUBOCTEM .
BAHTAXHUX ABTOMOBIJIIB HA IIOKA3ZHUKHU EGEKTUBHOCTI EKCIIYATALIIL

VY poGoTi po3MIAHAIOTBECS KOMIUIGKCHI IOKa3HUKH, 32 SIKUMH OIHIOEThCS e(QEeKTHBHICTh eKCIUTyaTamii
PYXOMOTO CKJaxy — BaHTQXHUX aBTOMOOUTIB. NMPOIYKTHBHICTh, COOIBapTICTh IMEpPEBE3€Hb, KOCQII€HT TEXHIUHOI
TOTOBHOCTI. 3’5ICOBaHO, L0 MPOAYKTUBHICTh BU3HAYAETHCS 32 MEBHHUN MEPioJ Yyacy — PO3PI3HAIOTH TOAUHHY, T000BY,
MICSIUHY, KBapTajbHy, PiuyHY NpOAYKTHBHOCTi. HaBemeHi QopMynau 118 BH3HA4YeHHS pPiYHOI MPOAYKTUBHOCTL
BPaxoOBYIOTh KOHCTPYKI[iIO, IPOCTOi aBTOMOOUIA B pEMOHTaX 1 TEXHIYHMX OOCIyroByBaHHAX. Ha OCHOBI aHamizy
BCTAHOBJICHO, IO piYyHAa TPOAYKTHBHICTP BAaHTOKHUX AaBTOMOOLTIB 3alIeXHUTh BiJ TEXHIKO-eKCILUTyaTaI[iHHIX
BJIACTUBOCTEH, SKi BKIIFOYAIOTh ABi TPYIH IapaMeTpiB: 1) MoB’s3aHi 3 KOHCTPYKIII€I0 aBTOMOOLIS (cepefHs TeXHIIHa
IIBUIKICTB, BAaHTaXXOIIJHOMHICTB); 2) HE MOB’s3aHi 3 KOHCTPYKLIEI0 aBTOMOOLIA (KUIBKICTh JHIB pOoOOTH B poli, 4ac
3HaXOJXKCHHS aBTOMOOLIS B Haps/i B 100y, CepeHs TOBKUHA 3111 3 BAHTaKEM, KOCII[iEHT BUKOPUCTAHHS MPOOIry).
JlocIipKeHO BIUIMB BaHTaKOMIAHOMHOCTI aBTOMOOLIS Ha MIPOAYKTUBHICTD 1 JOBEIEHO, 1[0 MPOAYKTHBHICTH 3pOCTAE 3
TiABUIIEHHS BaHTaKOIIHOMHOCTI aBTOMOOLIIS 1 3MEHIIY€EThCA 31 30UIBIICHHSAM BiICTaHi i301 3 BaHTakeM. Ha ocHOBI
3aJIeKHOCTI cOOIBAapTOCTI TPAHCHIOPTYBAHHS BaHTAXy M aBTOMOOLTIB CaMOCKHIIB 1 BaHTaXKiBOK 3arajibHOTO
MPHU3HAYEHHS II0Ka3aHo, IO 13 30UIBIICHHAM BaHTAXOMITHOMHOCTI aBTOMOOUIA COOIBapTICTE 3HMKYETHCA.
OOrpyHTOBAaHO AOLINEHICTH BUKOPUCTAHHS Ha KOPOTKHX BiZICTAHAX MAaJOTOHHAXXHUX aBTOMOOWUIIB, OCKITBKY 3a TaKHX
YMOB CIPOIIYIOTHCS IPOLECH HABAaHTAKEHHS 1 PO3BAaHTAXCHHS, MAHEBPYBAaHHSA aBTOMOOLIIB, SK pe3ylbTaT
3HIKYIOTBCSI BUTPATH Ha MaJMBO-MAaCTWIBHI MaTepialli, HaBaHTa)XKyBalbHO-PO3BAaHTAKYBaJIbHI POOOTH. AHaii3 i€l
3aJIe)KHOCTI JO3BOJIMB BCTAHOBUTH, IO HAa KOPOTKHX BIJCTaHAX BHUKOPHUCTAHHS MAaJOTOHHaXHUX aBTOMOOLIB
BUT1THIIIE, OCKUJIBKH CIPOIIYIOTHCS YMOBH BaHTAXXCHHS 1 pO3BaHTaKEHHS, CIIPOILY€ETHCS MAHEBPYBAHHS aBTOMOOLTIB,
a OT)Ke 3HIKYIOTHCS BUTPATH Ha MAIMBO, HABAaHTAXXYBAJIHHO-PO3BAHTAXKYBANbHI POOOTH. AJie I 3aleXHICTh Oyna
OTpUMaHa AJIsI CIeUU(IYHIX YMOB €KCIUTyaTamii Ipu opraHizamii poOOTH aBTOTPAHCIIOPTY Ha BIAKPUTHX PO3pPOOKaX.
MOXIUBICTh TOBHOTO BHKOPUCTAHHA BaHTAXOMITHOMHOCTI aBTOMOOLUIS OXapaKTepHU30BaHO 3a JIOTIOMOTOIO
KoeimieHTa BHKOPUCTAHHA BaHTAXOMITHOMHOCTI. BcTaHOBIEHO, M0 MK NPOAYKTHBHICTIO 1 KOeQilieHTOM
BHUKOPHCTAHHS BaHTAXXOITITHOMHOCTI iCHY€ TIpsiMa IPOIOpLiiiHa 3aJIeXKHICTh, IPH [LOMY, KOHCTPYKTHBHI 0COOJIMBOCTI
aBTOMOOUIST XapaKTepH3YIOThCS TPhOMA EKCIUTyaTal[IHHMMH BJIACTHBOCTSAMH: IIBHJKICT PyXy, IPOXIiIHICTH 1
HaJIiifHiCTh aBTOMOOUIA. 3’sicOBaHa 3aJeXKHICTh MPOIYKTHBHOCTI JIESIKMX BaHTaXHHX aBTOMOOUIB i coGiBapTocTi
TPAHCIIOPTYBaHHS BaHTAXY BiJl CEPEIHBOI TeXHIUHOI MIBUAKOCTI. Koe(illieHT TeXHIYHOT TOTOBHOCTI MepecTaBICHU
SK KOMIUIEKCHHH TIOKa3HUK, SKHH XapaKTepu3ye TakKi BJIACTHBOCTI HAmIHHOCTi, SK: O€3BiIMOBHICTS,
PEMOHTONIPUIATHICTH 1 JJOBIOBIYHICTH Ta BPaxOBYE MPOCTOI B YCiX BHIAX TEXHIYHOTO OOCIYTOBYBaHHS i PEMOHTAX.
3’COBaHO, 10 MK MPOAYKTUBHICTIO HA TIEBHOMY IMPOOIry i cOOiBapTICTIO IMepeBe3eHb iICHYE MPSMO MPOTOPIIHHIUIA
3B’S130K — YUM BHUIIIA TPOJYKTHBHICTH TUM HIKYa COOIBAPTICTh MTEPEBE3CHB 1 HABMAKH.

KorouoBi ciioBa: BaHTaXHHI aBTOMOOUIb, KOEQIUIEHT TEXHIYHOI T'OTOBHOCTI, MPOAYKTHUBHICTB, MPOCTIii,
PYXOMHUIi CKJ1aJ], COOiBapTiCTh NepeBe3eHb, TEXHIKO-KCILTyaTalliifHi BIACTHBOCTI.

BCTYII

EdexTuBHICTh eKcIuTyaTtaliii aBTOMOOLIIB MPH 3/IHCHEHH] BaHTQ)KHUX KOMEPIIHHUX TepeBE3eHb s
BiIacHuKa pyxomoro ckiaay (PC) B KiHIeBOMY MiJICYMKY BH3HAYa€ThCS OTPUMAHHSAM SIKOMOTa OUIBIIOTO
npuOyTKy. Bennuuna, oTpuMyBaHOTO IPUOYTKY, 3aJIe)KHUTh Bifl €(heKTUBHOCTI BUKOPHCTAHHS aBTOMOOLTIB i
co0IBapTOCTI MepeBe3eHHs BAaHTaXY, IO B CBOIO YEPry 3ajiexarh BiJl BENMYUHH E€KCIUTyaTal[ifHUX BUTPAT.
TakuM YWHOM, TexXHIKO-eKCILIyaTalliiiHi BiactuBocti PC MaroTh Oe3nocepeiHid BIUIMB Ha IMOKa3HUKH
e(eKTUBHOCTI eKCIUTyaTaIlii.

AHAJII3 JTITEPATYPHUX JAHUX TA IOCTAHOBKA INPOBJIEMH

[IpoGiiemMa mifBHINEHHS e(PEKTUBHOCTI EKCIUIyaTalii aBTOMOOLIIB € JIOCHTh BaXKIHMBOIO, SKY
JOCTIDKYIOTh, 30KpeMa, Taki Haykosii, sk: bauypun O.0., buukos B.I1., boukaproBa M.M., I'ynkos B.O.,
Murauos B.A., Ilensmnn H.B., Pe3uuk JI.T'., dacxieB A.X.

B pobGortax aBTOpiB, AOCIIKEHHS MPOOJeMH MiABHUIEHHS €(hEeKTHBHOCTI €KCILTyaTallii aBTOMOOLITIB
3IIHCHIOETHCS 200 Yepe3 aHalli3 1 po3paxyHOK 3aralbHUX MOKa3HHUKIB BUPOOHUYO-TOCIIOAAPCHKOT TisSUTbHOCTI
aromianpuemctBa [1; 2], abo uepe3 KiIbKICHY OIIHKY SKOCTI TpaHcmoptHuX nociuyr [3; 4]. binbm
MOCJIIZIOBHE 1 KOMIUIEKCHE JOCiIKEHHs pobiemMu eheKTUBHOCTI ekcrutyaraliii PC Ha nmpuKIIai BaHTKHUX
aBTOMOOLUIIB 3/IIHCHUB B JUcepTaiiiHiil podoti Murauo B.A. [5], po3risiHyBIIHN sIK 3araibHi QakTopw i
TEH/ICHIIT, sIKi BIUIMBAIOTh HAa EKCIUTyaTallil0 BAHTAXKHUX aBTOMOOLIIB, TaKk 1 OOIPyHTYBaBIIM MOKAa3HUKH, 32
SKHMU JOLIIBHO 3Ai1HCHIOBATH OL[IHKY €(eKTHUBHOCTI eKCILTyaTallii 0e3nocepeHb0 Ha aBTOMIAIPUEMCTBAX 3
HasiBHUMU PC.
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Huni B YkpaiHi mapk BaHTQXHUX aBTOMOOUTIB KOMEPITIHHOTO TIPU3HAYCHHS OHOBITIOETHCS 33 PaXyHOK
Cy4acHHX Mojelei OamKkHboro 3apyoioks (I'A3, MA3, KaMA3) Ta BitoMux BUpoOHHKIB BapTaxiBok (DAF,
Iveco, MAN, Mercedes, Scania, Volvo ta in.). [Ipy npoMy BIACHHKH aBTOTPaHCHOPTHHUX MiANPHEMCTB
3IIHCHIOIOTH BHOIp aBTOMOOLTIB, OPi€EHTYIOUNCH HA MPECTHX MapKu, HASBHICTh TUX a0 iHIIMX Mojeneil Ha
PHUHKY, TX BapTIiCTh 1 T.I. AJe B TIpOIleCi eKCIUTyaTaIlii BUSBISIETHCS, 10 TPUA0AHNH aBTOMOOLIb Ma€e BEIHKi
B TOPIBHAHHI 3 KOHKYPEHTaMH EKCIUTyaTaliiiHi BHTPAaTH, XO4Ya 1 BIJAIOBiJa€ BUMOTaM TEXHOJOTIYHOTO
MPOLIECy MepeBe3cHb. Y OUIBIIOCTI BHIAJKIB II¢ MOB’A3aHO a00 3 BiJIMOBaMHU aBTOMOOITIB a0 3 BHCOKOIO
BapTICTIO 3allaCHUX YaCcTWH, BHTPATHUX 1 MACTHJIBHHX MarepiamiB. 3a TakuX yMOB, Uil CyO’€KTiB
MiNPUEMHUIBKOI TiSUTBHOCTI, SIKI HaJalOTh MOCITYTH 3 MEPEeBE3CHHS BAaHTAXIB, aKTyaJIbHUM IMUTAHHAM €
aHaji3 Ta oliHKa e(eKTUBHOCTI BUKOPUCTAHHS (eKcIuTyaTanii) HassHoro PC.

Kpim Toro, Gepyun nmo yBaru, mo icHye OaraTo MeTOniB OLIHKHM e(eKTHUBHOCTI ekciuryaranii PC,
MocTae HEOOXIMHICTh y MOJATKOBOMY JMJOCHI/DKeHHI aHOi MpoOieMaTwkd, 30KpeMa B OOIPYHTYyBaHHI
MOKA3HUKIB, 3a SKMMH MOXIIUBO 3J[IHCHUTH OIIHKY e()eKTUBHOCTI ekcrutyarailii PC Ha aBTOTpaHCTIOPTHOMY
M ATPHUEMCTBI.

OIJIb TA 3AJAYI JOCJIKEHHSA

OCHOBHOIO METOIO0 JIOCIHIDKEHHSI € 3’CyBaHHS OCHOBHHX TE€XHIKO-EKCILTyaTalliiHMX BIACTHBOCTEH
(TEB) BaHTa)XHHUX aBTOMOOLTIB, SKi BIUIMBAIOTh HA TOKa3HUKH €(QEKTUBHOCTI EKCIUTyaTallii, a TaKoX
BCTAHOBUTHU B32€EMO3B’SI30K MiXK HUMH.

PE3YJBbTATHU JOCIIIKEHb

OCHOBHMMH TIOKa3HWKaMH €(DeKTHBHOCTI €KCILTyaTallii BAHTKHUX aBTOMOOILTIB €: MPOAYKTHBHICTB,
co0iBapTiCTh NEPEBE3CHb, KOCPIIIEHT TEXHIYHOT TOTOBHOCTI.

Posrnssremo ¢dopMynu pidHOI TPOMXYKTUBHOCTI, OCKITBKM B HHX BPaxOBYIOTHCS 3aJ€KHOCTI Bif
KOHCTPYKIIii MpocToi aBTOMOOUIA B peMOHTax 1 TexHiYHMX oOciyroByBaHHsaX (TO), ski y ¢opmynax
TOJIMHHOI 200 J000BOT MPOAYKTUBHOCTI BificyTHI. J[1s1 BaHTa)KHUX aBTOMOOILIIB 3aJIe)KHICTh Ma€ HACTYITHUHN
BHUIIIAA [5, ¢. 25; 6]:

_q‘ﬂ/'ﬁ'VT'T‘D'(Z

l+8-v,-t,

IIe Vy — CepeHs TeXHIYHA MBUIKICTh, KM/TO/.;

J — BaHTaXOITiJTHOMHICTb, T;

y — Koe(ilieHT BUKOPUCTAHHS BaHTaXKOIIHOMHOCTI;

| — cepenHst TOBXKKHA 13711 3 BAHTAXKEM, KM;

f — KoedillieHT BUKOPUCTaHHSI ITPOOIry;

t;p — 4ac MPOCTOIO TiJ/I 3aBaHTAXXEHHSM 1 BUBAHTAXXCHHSM 3a OJIHY 1371y, TO/1.;

T — gac po6oTu B 100y, TOA.;

D — kinbKicTh THIB poOOTH B POIIi;

o — xoe(illieHT BUKOPUCTAHHS aBTOMOOLIIS 32 PiK.

3anexHicts (1) D03BOJIIE BCTAHOBUTH B3AEMO3B’SI30K MiXK KOHCTPYKTHBHHMH OCOOJHBOCTSIMH 1
MPOAYKTUBHICTIO  aBTOMOOWNIS, SAKMH  XapaKTEPU3YeThCS  OKPEMUMH  TEXHIKO-€KCIUTyaTaliiiHUMHU
BJIACTUBOCTAMH. TyT MOXKYTh OyTH BHJIiJIEH]I TapaMeTpH, HE TIOB’s13aH1 3 KOHCTPYKIIi€l0 aBToMoOUIs. Jlo HEX
BIJTHOCSTBCS: KUNBKICTh HIB poOOTH B pori D; vac 3HaxopkeHHsT aBTOMOOUIS B Hapsizi B 100y 7; cepemHs
JOBXWHA i31u 3 BaHTaxkeM |; xoedimieHT BuUKopucTaHHA mpoOiry . Lli mapamerpu MoOXKHa BUAUIUTH B
MOCTifiHI BEJIMYMHM, TO3HAYMBIIM iX dYepe3 a 3 BiAmoBiZHUM iHAekcoM (8g). Toai (yHKUiOHATBHY
3aJIOKHICTh TIPOJYKTUBHOCTI BijJl MapameTpiB, sKi BH3HAYAIOTHCS KOHCTPYKIIEIO aBTOMOOLIS, MOXKHA
BUPA3UTH B HACTYIIHOMY 3araJbHOMY BUTJISiAL [5, ¢. 26]:

Wz=ag" f(q, Vs V1, tzp, (X) (2)

VYci nmapameTpu B JyKKax 3a1exHOCTI (2) B Till 1M iHIIIN Mipi 3aJieKaTh BiJi KOHCTPYKIIT aBTOMOO1IIS.
JJ1 KO’)KHOTO 3 HUX MO)KHA BCTAHOBUTH TEXHIKO-CKCIUTyaTalliiHi BIACTHBOCTI, 1[0 J03BOJISIOTH OLIHIOBATH
0c00JIMBOCTI KOHCTPYKIIi{ aBTOMOO1IA, 110 BIUIMBAIOTh HA €()eKTUBHICTH HOT0 eKcIuTyaTarii.

BaHTaxkomiJifOMHICTE  aBTOMOO1JISI BU3HAYAETHCS KOHCTPYKTUBHOIO PO3MIPHICTIO 1 MIIHICTIO
OCHOBHHX BY3JiB, 10 HECyTh, 1 arperariB WOro maci: paMH MOCTIB, MiJBICKH, Kojic, muH Ta iH. [Ipn
0OMEXEHHI JTOPO’KHIMH HOPMam¥ TOBHOI MacH aBTOMOOUTS BaHTaXOIiJHOMHICTh 3aJ€KUTh BiJi BIACHOI
MOro Macu: 4MM BOHA MEHIIA, TUM BiAIOBIAHO OUIBIIE BaHTAKOMIAHOMHICTE. BINIMB BaHTa)KOIMiAHOMHOCTI
aBTOMOOUISI HA TPOMYKTUBHICTH (puc. 1) TmoKa3ye, [0 MNPOAYKTHBHICTH 3pPOCTA€ 3 MiJBUILICHHS
BaHTAXXOIIHOMHOCTI aBTOMOOIJIS 1 3MEHIITY€EThCS 31 301IBIIICHHSM BiJICTaHi 1311 3 BaHTaXxkeM [7].

D)

B
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NpOAYKTUBHICTb, T/roa.

BaHTa)KonigMomHiTb aBTomobina, T

Bif,CTaHb i34M 3 BAHTAXKEM 5 KM e e+ e+ BiacTaHb i34M 3 BAHTaXKeM 3 KM

e e = BjacTaHb 344 3 BaHTaXKem 10 Km

Pucynok 1 — 3anexHiCTh MPOYKTUBHOCTI aBTOMOOINS BiJI BAHTAXKOITHOMHOCTI

AJle 3 TiABHINEHHSIM BaHTaXXKOMITHOMHOCTI aBTOMOOIISA MiJBHIYETHCS aOCOJIIOTHA METATOEMHICTh
MepeBe3eHb, BUTpaTa MajuBa (OCKIIBKU 3POCTAE MOTYXKHICTh JIBHUTYHA), 301BIIYEThCS HABAHTAKCHHS Ha
JOPOXKHE TOJIOTHO 1 T.I. AJie BCTAHOBJEHI 3aJIe)KHOCTI cOOIBapTOCTi TPAHCHOPTYBAaHHS BaHTAXKY JUIS
ABTOMOOUJIIB CaMOCKH/IB 1 BaHTaXIBOK 3arajbHOIr0 MPU3HAYCHHS pHUC. 2, PUC. 3) TOKa3ywoTh, IO i3
301IBIIEHHSIM BaHTAYKOITI THOMHOCTI aBTOMOO1JIsI cO0iBapTICTh 3HIKYETHCS [7].
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BaHTa)KONiANOMHICTb, T
sesese cO6iBaPTICTb 1 KM cobisaprTicTb 1 TKM

Pucynok 2 — 3anexxHicTh cO0iBapTOCTI TPAHCIIOPTYBAHHS B 3aJIEKHOCTI BiJl BAHTAXKOT1 THOMHOCTI
aBTOMOO1IIIB-CAMOCKHIIB
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BaHTaXXONiAAOMHICTb, T

Pucynok 3 — 3anexxHicTh cO0iBapTOCTI TPAHCTIOPTYBAHHS BiJI BAHTAXOM1IHOMHOCTI BAHTQXKHUX aBTOMOOLITIB
3arajibHOro MPU3HAYCHHS
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BaHTaXXONiANOMHICTb, T

[O0BYXUHA NOiI3AKN, KM

PucyHok 4 — 3a1eKHICTh BAHTAXKOITI JHOMHOCTI aBTOMOO1JTiB-CAMOCKH/IIB BiJl BiJICTaHI IEpeBE3eHb

BuxonaHi po3paxyHKH 3a TOpPIBHSUIBHOIO €KOHOMIYHOIO OIIIHKOIO 3aCTOCYBaHHS Pi3HHX BHUIB
TPAHCIIOPTY JIO3BOJIMJIM BCTAHOBHUTH 3aJICKHICTh PAI[iOHANIBHOI BaHTAXKOIIIHOMHOCTI aBTOMOOLIIB
CaMOCKH/IIB BiJ] Bi/ICTaHi MO3AKHU 3 BaHTaxeM (puc. 4). AHami3 1i€l 3aeXHOCTI JO3BOJINB BCTAHOBHUTH, IO
Ha KOPOTKHX BiJICTAHAX BUKOPHCTAHHS MaJOTOHHAXHUX aBTOMOOLTIB BUTIMHIIIE, OCKITBKH CIPOIIYIOTHCS
YMOBHM HaBaHTA)KCHHS 1 PO3BaHTa)XCHHS, CHPOILYEThCS MAaHEBPYBaHHS aBTOMOOLTIB, a OTKE 3HHKYIOTHCS
BUTpATH Ha MAIKMBO, HABAHTAXXYBAILHO-PO3BAHTAXYBAIbHI POOOTH. AJle LISl 3aJIeKHICTh Oyiia OTpUMaHa AJs
cnenuigHUX YMOB EKCIUTyaTallil MpH oOpraHizamii poOOTH aBTOTPAHCIOPTY Ha BITKPUTHX PO3pOOKax.
3acTtocyBaHHs 1i i1 aHAJI3y POOOTH BaHTXKHUX aBTOMOOLUIIB JUIS JAJbHIX MOI370K HEPUHUHATHE.

MOXIUBICTh TMOBHICTIO BHKOPUCTATH BaHTaKOMIIHOMHICTH aBTOMOOITS 3aJIE)KUTh BiJ] BHYTPIIIHIX
po3MipiB Ky30Ba i 00’eMHOI Macu BaHTaxy. Lle moTpeOye BpaxyBaHHS Ipyroro mapamerpa y ¢Gopmyi
MPOJAYKTUBHOCTI — KOoeillieHTa BUKOPUCTAHHS BaHTAXKOITTHOMHOCTI y. Bennmunnaa fioro Moxe 3aiexxaty He
JIUIIIE BiJl pO3MIpPIiB Ky30Ba, aji¢ B JICIKUX BHITaJKaX BiJI IHIIMX OCOOIMBOCTEH HOTO KOHCTPYKIIii. 3alieKHICTh
MPOJIYKTUBHOCTI BaHTAXHOIO aBTOMOOUIS Bijg Koe(illieHTa BUKOPUCTAHHS BAHTAXOITIHOMHOCTI
npejicTaBiaeHa Ha puc. S [7].
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NPOAYKTUBHICTb, T/roa.
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KoediliEHT BUKOPUCTAaHHA BaHTaXKoNiAMOMHOCTI

PucyHok 5 — 3aj1e:KHICTh MPOYKTUBHOCTI aBTOMOOLIISI Bl KOe(il[ieHTa BUKOPUCTAHHS BaHTAXOIAHOMHOCTI
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TexHiuHa WBunAaKicTb, Km/roa.
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PucyHok 6 — 3ai1eKHICTh MPOYKTHUBHOCTI IETKUX aBTOMOOUTIB BiJI TEXHIYHOI IIBHIKOCTI
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Sk BUAHO 3 pHC. 5 MNPOAYKTHBHICTH MPOMOPLIHHO 3aJCKUTh BiJ Koe(dilieHTa BHKOPUCTAHHS
BaHTaXOIIAHOMHOCTI, OT)KE Ha IIH IOKAa3HMK HE BIUIMBAIOTH IHINI 3MiHHI BeluduHH y (opmyii (2).
BanTakomigiioMHICTh aBTOMOOIJIS Y OETHAHHI 3 MOKIIMBUM KOE(iliEHTOM BUKOPUCTAHHS IPH MEpPeBE3CHHI
BaHTaXYy, I[0 BU3HAYAETHCS 00 €MHOIO MAacoI0 1 XapaKTepU3y€eThCsS EKCILTyaTalliifHOIO SKICTIO, HA3UBAETHCS
MICTKICTIO aBTOMOOUTA. 3alle)KHICTh MPOAYKTHBHOCTI JEIKMX BaHTAKHUX aBTOMOOUTIB 1 cobiBapTocTi
TPaAHCIIOPTYBaHHS BaHTAXKY BiJ] cepeIHbOI TEXHIYHOI MIBUAKOCTI (V1) IIpeICcTaBIeHa Ha puc. 6, puc. 7.
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PucyHok 7 — 3anexxHicTh co0iBapTOCTI TPAHCHIOPTYBAHHS BAHTAXKY BiJl TEXHIYHOT IIBUAKOCTI

TexHiuHa MWBUAKICTH BU3HAYAETHCA SIK NUISX, MPOMIeHUH aBTOMOOLIEM 3a CyMapHH 4ac pyxy i
MPOCTOIB Ha JIHIT 4epe3 HeCHpaBHOCTI aBTOMOOUIA i iX ycyHenHs [6; 7]. Tomy BoHa Oe3mocepeaHbo
3aJIeKHUTh B MIITHOCTI 1 HaAiHHOCTI JeTaneli OCHOBHUX BY3IIiB aBTOMOOILNS, MyCKOBUX SKOCTEH JBHUTYHA,
0€3BIIMOBHOCTI CHCTEM 1 MexaHi3MiB aBTOMOOinsA. lle Oarato B 4oMy BH3HAYA€THCS KOHCTPYKITIEIO
ABTOMOO1JIS 1 3IaTHICTIO @aBTOTPAHCIIOPTHOTO IMiIIPUEMCTBA MIATPUMYBATH HOT0O B mpare3aaTHoMy ctaHi [8;
9].

TakuM 4MHOM, TeXHIYHA MIBUIKICTh MAJa€ 31 3HWKEHHSAM HAIIMHOCTI aBTOMOOINS 1 HOTO arperaris,
OTXe, 3HIKYETbCS TMPOAYKTHBHICTH, a cOOIBapTICTh TPAHCIOPTYBaHHS MiJIBUINY€EThCs. HaniiiHicTh
aBTOMOOLIIB 06arato B YoMy 3aJIeKHUTh BiJl pexuMiB Horo po0oTH. TexHiuHa MIBUAKICTE aBTOMOO1JISI TAKOXK
3aJIe)KHUTh: BiJl TOTYXKHOCTI IBUTYHA, MOBHOI MacH aBTOMOOUIS, TMEpeJaTOYHOTrO YHCia TpaHcMicii, ii
KoedillieHTa KOPHUCHOI [ii, pajiiycy KOYEHHS BEIy4YUX KOJIC, BEIMYHUHU OMOpPY KOYCHHIO aBTOMOOLIS i
aepOoJAMHAMIYHOTO O1opy pyxy. CepeHs TeXHIuHa MBUIKICTh 3aJICKUTh Bl pOOOTH TaIbMIBHUX MEXaHI3MIB
AaBTOMOOIJIS i TapaMeTpiB, M0 BU3HAYAOTh WOTO CTIMKICTh i KEPOBaHICTh, OTJIAIOBICTh OPOTH B JIEHHUH i
HIYHWI Yac, a TaKOX IapaMeTpiB IMiJBICKA, MAHEBPEHOCTiI 1 pALy IHIIUX OCOOIMBOCTEH KOHCTPYKIIIi.
Hampukiraz, BCTaHOBIIEHA 3aJI€XKHICTh CEPETHBOTEXHIUHOI IBUAKOCTI BiT THITYy TOKpHTTS (Tads. 1) [9].

Ta6nuis 1 — BruivB THITy IOKPUTTS HA CEPEAHBOTEXHIYHY MIBUAKICTH aBTOMOO1Ist [9]

Tun 10poKHBEOT0 MOKPUTTSI
Ilapametp LemenrobeToH, | bitymHo-minepansHi | [Lle6inb, | Kpyrmsk, rpyHT 3BUYalHUI
acdanbTo0eTOH cyMinmri TpaBiii | YKpIILICHUHA TPYHT
Koedimient omopy 0,014 0,020 0,032 0,040 0,080
CepeI[I-.IbOTeXHi‘IHa 66 56 36 97 20
MIBU/IKICTD

Otxe, yuM OUIBITY HaiiiHICTh, TOBrOBIYHICTh IIMH, PEMOHTONPHUIATHICTH B IOPOXKHIX YMOBaX, 3arac
MOTYXKHOCTI JIBUTYHA 1 Kpally MPOXiTHICTh Ma€ aBTOMOOIIb, THM OLIbITY TEXHIYHY IIBHJKICTh BIH MaTUMe
MIPY TPAHCTIOPTYBaHHI BaHTaXIB, & OT)KE 1 OLIbLTY MPOAYKTUBHICTb.

TakuM 4YMHOM, NpPOAaHANI30BaHI KOHCTPYKTHUBHI OCOOJIMBOCTI aBTOMOOINS XapaKTepU3YIOTHCS
HACTYITHUMHM TPbOMa EKCIUTyaTaliiHUMH BIIACTHBOCTSMH: IIBWJIKICTh PYyXY, MPOXIMHICTE 1 HAJIHHICTH
aBTOMOOLIS.

Yac mpocTOlO miJ BaHTaKCHHSM 1 BUBAaHTAXEHHSIM {;p MOXKe 3ayie)kaTd BiJ KOHCTPYKLil Ky30Ba,
HaBaHTa)XyBaJIbHOI BHUCOTH Ky30Ba, KOHCTPYKIii OOpTiB ab0 y BHIAAKy Ky3oBa-()yproHa BiJl pO3MipiB
IBepel, X po3TanryBaHHs, HAIBHOCTI 1 €PEKTUBHOCTI il pi3HUX MEXaHI3MIB 1 CIICMiAIbHUX TPUCTPOIB IS
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TIOJICTINICHHS. BaHTaXEHHSA 1 BHUBAaHTAXEHHS (IPHUCTPOIB CaMOCKHWIIB, HaBaHTAXyBadiB Ta iH.).
[IpoayKTUBHICTh BaHTAXKHOT'O aBTOMOOLIA BiJ Yacy HaBaHTAKECHHSI-PO3BAHTAKCHHS MPECTaBICHA Ha puUC. 8

[9].
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NpPOCTiil Nig, HaBaHTaXKyBaHHAM-PO3BaHTaXKyBaHHAM, rop,.

PucyHok 8 — 3anexxHicTh MPOILYKTHBHOCTI aBTOMOOLIIS BiJl 4acy HaBaHTaKEHHS-PO3BAHTAXKCHHS

Lle#t Wac TakoXX 3aJEKHUTh BiJf MAaHEBPEHOCTI aBTOMOOINS, MO0 XapaKTePU3YEThCS MiHIMAIBHUM
paaiycoM MOBOPOTY, Ta0apUTHUM KOPUIOPOM, MPOCTOTOK KEPYyBaHHS MpPH pyci 3aaHiM X0ja0M. BkasaHi
0COOJIMBOCTI KOHCTPYKIIi aBTOMOOUIS XapaKTepPH3YIOThCSA EKCIUIyaTal[ifHOI SKICTIO, 10 HAa3MBA€EThHCS
3pYYHICTIO BUKOPUCTAHHS aBTOMOO1IIS.

KoedinieHT TeXHIYHOT TOTOBHOCTI 0t XapaKTEPHU3Y€E Taki BIACTHBOCTI HaiHHOCTI, SIK: 0€3BiIMOBHICTb,
PEMOHTONPUAATHICTh 1 JOBrOBIYHICTh. B IIbOMY BHIIaJKy, YAM MECHIILIE Bi]MOB y aBTOMOOLIIB, TUM HMXK4Ya
TPYJAOMICTKICTh OOCITyTOBYBaHHS 1 pEMOHTY, BHIIUI CEpeIHiN pecypc aBTOMOOLISA 10 PEMOHTY, TUM BHUIIHA
o7 3a IHIIUX PIBHUX yMOB. BIUIMB MOKa3HUKIB HAIIHOCTI HA 07 1 MPOIYKTHBHICTh aBTOMOOLISI Ma€ HACTYITHY
JIOTIYHY TOCIIOBHICTH [5, c. 33]:

(ALzp, Atyp) — ABp — Aoy — Aag — AW, 3

ne AL;;p — 3MiHa cepeHhOTO HAMpAIIOBaHHS Ha BiIMOBY, KM;

At;p — 3MiHA TPUBAJIOCTI MTPOCTOIO B POOOYHIA Yac aBTOMOOLIIS, TOI.;

ABp — 3MiHa MUTOMHUX TPOCTOIB 3 BTPATOI poOOYOro Hacy 3a IUKI aBToMoOiIs B ycix Bupax TO i
pemonty, auiB/1000 km;

Aag — 3MiHa KoedillieHTa BUITYCKY aBTOMOOIIIB;

AW — 3MiHa IPOTlyKTUBHOCTI aBTOMOOIIIB, TKM.

BcranoBiienuii B3a€eM03B’SI30K 07 3 KOHKPETHUMHU TOKa3HUKAMHU HQJIHHOCTI aBTOMOOITIB, TOOTO 3
HAIpPAIFOBAHHAM Ha BUITJI0K MPOCTOIO Ly7p; 1 TpHBaAIOCTI MPOCTOIO t77p; [5, €. 34; 8]:

1 1 1
aT = — = - — ) (4)

cc P TP 11p

cc

1€ Wp — TTAPaMETP TIOTOKY BiJIMOB, 1110 BUKJIMKAJIH MTPOCTil aBTOMOOLIIS 3 BTPATO0 POoOOIOro vacy;
t = — cepenHs TpHUBaicTh IPOCTOO B POOOYMIT YaC aBTOMOOLIA, TO/L.;
1IP

Bp — muTOMI TIPOCTOI 3 BTPATO0 POOOYOTo 4Yacy 3a MUK aBToMoOis B ycix Bupax TO i peMoHTax,
nuHiB/1000 KM;

lcc — cepeaHbo000OBHI TPOOIr, MO XapaKTepU3ye YMOBHM Ta IHTCHCHBHICTb eKCILTyaTalii
ABTOMOOIIIIB, KM.
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Pucynox 9 — Brmus mipoctoiB B TO 1 peMOHTI Ha KOediIli€eHT TEXHIYHOT TOTOBHOCTI
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CepenHsi TPHBAICTH MPOCTOK B pobouMii wac aBTOMOOUS 1, (KOMM ycyBaeThes BinmoBa aGo

HECIPaBHICTh) XapaKTePH3y€e PIBEHb TEXHOJIOTIi i opraHizamii BUPOOHMIITBA, a TaKOX IPHUCTOCOBAHICTh
aBTOMOO1NIs1 1 Horo arperatiB 7o TO 1 pemMoHTY, TOOTO eKCIUTyaTalliifHy TEXHOJOTIUHICTh 3aleKHICTh
TpuBanocTi mpoctoro B TO i peMOHTI Ha BEIMYHHY o7 IpejicTaBicHa Ha puc. 9 [9].

CepeiHe HaIpallfOBaHHS Ha BiJIMOBY BU3HAYA€THCS HAJIWHICTIO aBTOMOOLISI, yMOBaMH €KCILTyaTallii,
a TakoX sIKicTO poBeaeHHs TO i peMoHTY.

CucremMHMA 3B’SI30K BKa3aHWX BJIACTHBOCTEW 3 PO3MNISIHYTHMH ITOKa3HWKAMH e()eKTHBHOCTI
eKCIDTyaTallii aBTOMOOLTIB JJa€ 3MOTY CTBEPKYBATH, III0 HA MPOAYKTUBHICTH aBTOMOOLIS BINTUBAIOTH HOTO
KOHCTPYKTHBHI 0coOMuBOCTi. Lle MOsCHIOETbCS MPHCTOCOBAHICTIO KOHCTPYKIII 10 MEPEBE3CHHS! MEBHOTO
BHIY BaHTaXy MaKCHMalbHO MOXIuBOI Macu (dopmyrna 1). HagiitHicte aBTOMOOLNA BH3HA4ae ioro
paboTo3maTHICTh, TOOTO camMy MOJIHMBICTD 3IHCHEHHS TMIE€pPEeBE3€Hb, TAKUM UHWHOM, BIUIMBAE Ha
MPOAYKTHBHICTh. ExcrTyaTaniliHa TeXHOJIOT1UHICTh BU3HAaUa€ yac BUKoHaHHS pooit 3 TO 1 peMoHTY a, OTXe,
yac BWJIYYCHHS aBTOMOOUIS 3 JIiHIii, O[O0 BIUIMBA€E Ha HOr0 MPOMYKTHBHICTH. J[MHAMIiYHICTh, CTIHKICTb,
MaHEBPEHICTh, JETKICTh KepyBaHHI 1 KoM(opTabeabHICTh aBTOMOOINS BH3HAYAIOTh BEIWYUHY 4Yacy
HABaHTA)KEHHSI-PO3BAHTAKEHHSI 1 CEPEAHBOTEXHIYHY WIBHIKICTb, Bl SKUX 3aJEKUTh MPOAYKTHBHICTDH
aBTOMOOLIIS.

OckinbKH CcOOIBapTiCTh TEPEeBE3€Hh BHUMIPIOETHCS B MHTOMHUX OJWHHUILIX 10 00CATY BHKOHAHOL
TpaHCTOPTHOI poOoTH (TPH/TKM), TO THI 1 HAMIWHICTE aBTOMOOLNSA, Oe3MmocepenHbO BIUIMBAIOTH Ha
co0iBapTicTh TepeBe3eHb. UMM BHIIa MPOMYKTUBHICTH HA TIEBHOMY MpOOIry, THM HHXYa COOIBapTiCTh
mepeBe3eHb. EKCIuTyarallifHa TEXHOJIOTIYHICTh BH3HA4Ya€ TPYAOMICTKICTh MIATPUMKH aBTOMOOLTIB B
MpaLe3gaTHOMY CTaHi, a, OT)Ke, BENUYMHY BUTPAT Ha 3apoO0iTHY IUIaTy PEMOHTHOIO IEPCOHAIY, L0 Y CBOIO
Yyepry BIUIMBaE€ Ha COOIBapTiCTh NepeBe3eHb. llaivBHA SKOHOMIYHICTH 1 PECYPCOMICTKICTh BU3HAYAIOThH
BEIMYMHY TPOIIOBMX BHUTpaT Ha IajJMBO, MAcTWJIbHI Ta IHII eKCIUTyaTalliiiHi MaTepiald, PEeMOHT
aBTOMOOITFHUX IIIWH, HA 3allacHi YacTWHU 1 Matepianu. L{i BuTpaTh € cTarTsaMu co0iBapTOCTI MepeBe3eHb, a
3HAYUTh 0E3MOCEPEIHBO BILTUBAIOTH Ha il BEIMUUHY.

Tun aBTOMOO1NS BU3HAYae nepioguyHicTs TO 1 HOro TPYAOMICTKICTh, a OTKE BIUIMBAE HAa BEIMYHHY
MPOCTOiB 1 KOeilieHT TEXHIYHOI TOTOBHOCTI. HamilHICTh 1 eKcIuTyaTamniiHa TeXHOJIOTIYHICTh BH3HAYAIOTh
KIUIBKICTh BiZIMOB 1 TPHBAJIICTh BiJTHOBIIEHHS pab0OTO3/IaTHOTO CTaHY, IO TAaKOXX BIUTMBAE HAa Yac BUITYYCHHS
ABTOMOO1JIS 3 JTiHIT y pa3i BIIMOBH 1 BiJIIIOBITHO HA KOE(DIIIEHT TEXHIYHOT TOTOBHOCTI.

JMHaMIYHICTh BIUIMBa€ HAa PEXUMH pyXy aBTOMOOUIS 3 MiJCHJICHHSM SKUX 3HHKYETHCS
nepionnuHicTs TO 1 HampaloBaHb HA BiIMOBY, a 3HAYUTH 3HWKYETHCS KOe(iLli€HT TeXHIYHOT TOTOBHOCTI. I3
301IBIICHHSM PECYPCOEMHOCTI 301IBIITYETHCSI BUTPATa 3aaCHUX YacTHH 1 Tpyaomictkicts TO 1 pemonT. [Ipu
BOMY 30UIBIIYETHCS Yac OYIKyBaHHS 3alacHUX YacTUH 1 MarepiaiiB, MO MPHU3BOAUTH N0 301IbIICHHS
npoctoiB B TO i peMOHTI 1 3HMKYETHCS KOS(DiLiEHT TEXHIYHOT TOTOBHOCTI.

Ockinbkn co0IBapTICTh NEPEBE3€Hb BUMIPIOETHCS B NHUTOMHUX OIMHMLSAX 1O OOCSITy BHKOHaHOL
TpaHCHOpPTHOI PoOOTH (IPH/TKM), TO THI 1 HAIIHHICTL aBTOMOOUIA, Oe€3MOCepeHbO BIUIMBAIOTH HA
co0iBapTicTh TiepeBe3eHb. UMM BHUIlla MPOMYKTHBHICTH Ha IMEBHOMY MpOOIry, TUM HIKYa COOIBapTiCTh
nepeBe3eHb. EKCIuTyaramiiiHa TEXHOJOTIYHICTh BH3HA4Ya€ TPYIOMICTKICTh MIATPUMKY aBTOMOOLIIB B
Mpane3aTHOMY CTaHi, a, OT)Ke, BEIMYMHY BUTPAT Ha 3apo0iTHY IUIATy PEMOHTHOTO TIEpCOHAIY, IO Y CBOKO
Yyepry BIUIMBAaE Ha COOIBapTiCTh TepeBe3eHb. [lannBHA €KOHOMIYHICTH 1 PECYPCOMICTKICTh BH3HAYAIOTh
BEIMYMHY TPOLIOBHX BHUTpAaT Ha IMajJMBO, MAacTWJIbHI Ta IHII eKCIUIyaTaliifHi MaTepiali, PEMOHT
ABTOMOOUILHUX IIIMH, HA 3alacHi YaCTUHU 1 MaTepianu. L{i BuTpaTH € cTaTTsAMU COOIBapTOCTI NMEPEBE3CHb, a
3HAYUTh O€3MMOCEPEIHBO BILIUBAIOTH Ha il BEJTHMUHHY.

Tun aBTOMOOiNIs Bu3Hayae nepioguyuHicts TO 1 HOro TpyJAOMICTKICTb, a OTKE BIUIMBAE Ha BEIMUYHHY
MPOCTOiB 1 KOeIIiEHT TEXHIYHOI TOTOBHOCTI. HalilHICTh 1 eKcIuTyaTamiliHa TeXHOJOTIYHICTh BH3HAYAIOTh
KUIBKICTDh BIJIMOB 1 TPHBAJICTh BiJHOBJEHHS Pa0OTO3AaTHOTO CTaHy, IO TAaKOXX BILUIMBAE Ha TPUBAIICTb
BUJTyY€HHsI aBTOMOO1IIA 3 JiHii y pa3i BIAMOBH 1 BIANOBIAHO HA KOE(iIEHT TEXHIYHOT TOTOBHOCTI.

JMHaMiuHICTh BIUIMBa€ Ha PEXUMH pyXy aBTOMOOUIA 3 MiACHICHHSAM SIKUX 3HWKYETHCS
nepionuuHicTh TO 1 HampaIlOBaHb Ha BIJIMOBY, a 3HAYUTH 3HWKYETHCS KOS(PIIi€HT TEXHIYHOT TOTOBHOCTI. [3
30UIBIICHHSM PECYPCOEMHOCTI 30LTBIITYEThCSI BUTPATa 3aaCHUX YacTHH 1 Tpyaomictkicts TO 1 pemonT. [Ipu
BOMY 30UIBLIYETHCS Yac OYIKyBaHHS 3alacHUX YacTWH 1 MarepiaiiB, IO MPHU3BOAWUTH N0 301IBIICHHS
npoctoiB B TO i peMOHTI 1 3HIKYEThCS KOS(DIIIEHT TEXHIYHOT TOTOBHOCTI.

OBI'OBOPEHHA PE3YJBbTATIB JOCJJIAXKEHHSA

Otxe, Taki TEB, sk IIBMAKICTE pyXy, MPOXigHICTE 1 HaAIHHICTD aBTOMOOLIS BH3HAYAIOTHCS
KOHCTPYKTUBHHMH OCOOJIMBOCTSIMH Ta YMOBaMH eKcIUTyaralii abo peKMMOM BHKOPHCTaHHS KOHKPETHHX
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mapok PC. KoedimieHT TeXHIYHOI TOTOBHOCTI o7 € IIOKa3HUKOM, 3a SKHM XapaKTEPH3YIOThCSA TakKi
BJIACTUBOCTI HATIMHOCTI, SK: 0€3B1IMOBHICTH, PEMOHTOIPUAATHICTD 1 JJOBTOBIUHICTb.

Bcranosneno, mo mixk Bciva TEB € B3aeMO03B’ 130K 1 YiTKO BiJOKPEMHTH iX HE BUJIAETHCS MOKIUBUM.
Tak, SKIIO B3STH TaKUH MOKAa3HHWK SIK HaJilHICTh, TO BiH Oyne pi3HUM AJS KOXKHOTO, OPEMO B3SITOTO,
KOMITOHEHTa aBTOMOOII — HEMOXKITMBO 3MIPOTHO3YBATH B SIKHI came Tepioj 4acy BUHHKHE HECIPaBHICTh
TOTO 9YM IHIIOTO By3ia a0 arperara, Ipy I[bOMY HE BCi HECIIPaBHOCTI MPHU3BOIATH JO MOBHOI 3yNHHKH
aBTOMOOLIS, OTXKe, 32 TaKMX YMOB, HANPHKIAJ, TEXHIYHA IIBUAKICTh MOXKE 3MIHIOBATHCS, a Ha OCTAaHHIO,
KpIM TOTO, BIUTUBAIOTh JOPOKHI YMOBH, IHTEHCHUBHICTh PyXy 1 T.1. OJHO3HaYHO MOXHA CTBEPHKYBATH, II0
MDK TaKUMH TIOKa3HHUKaMH e(eKTHBHOCTI eKCIUTyaTallii SK NpPOMyKTHBHICTP Ha IIEBHOMY NpoOiry i
co0iBapTicTh mepeBe3eHb iCHy€ MPSMHI 3B’S130K — UMM BHUIIA MPOAYKTHUBHICTH Ha MEBHOMY MPOOIry, THM
HIKYa COOIBapTICTh NIEpEeBE3CHb 1 HABIIAKH.

BUCHOBKHA

Posrnsanyri TEB MoxnmMBO CTpYKTypyBaTH B HACTYNHI TpyNu: THI aBTOMOOINS; HaIiliHICTh
ABTOMOO1JIS; CKCIUTyaTalliiHa TEXHOJOTIYHICTh, IUHAMIYHICTh, CTIHKICTh, MaHEBPEHICTH, MPOXIiIHICTH;
MaJTMBHA EKOHOMIYHICTH; PECYPCOEMHICTD; JIETKICTh KEpYyBaHH:; KOM(POPTAOEIbHICTb.
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V. Khavruk. Influence of technical and operating properties of trucks on exploitation efficiency
indicators.

The paper considers complex indicators, which assess the efficiency of operation of rolling stock
trucks: productivity, cost of transportation, the coefficient of technical readiness. It was found that
productivity is determined over a period of time there are hourly, daily, monthly, quarterly, annual
productivity. The given formulas for definition of annual productivity consider a design, idle time of the car
in repairs and maintenance. Based on the analysis, it is established that the annual productivity of trucks
depends on the technical and operational properties, which include two groups of parameters: 1) related to
the design of the car (average technical speed, load capacity); 2) not related to the design of the car (the
number of working days per year, the time the car is in gear per day, the average length of driving with the
load, the mileage utilization rate). The influence of car carrying capacity on productivity is investigated and
it is proved that productivity increases with increase of loading capacity of the car and decreases with
increase in distance of driving with cargo. Based on the dependence of the cost of transporting cargo for
dump trucks and general-purpose trucks, it is shown that with increasing load capacity of the car, the cost
decreases. The expediency of using low-tonnage cars over short distances is substantiated, as under such
conditions the processes of loading and unloading, maneuvering of cars are simplified, as a result the costs
for fuels and lubricants, loading and unloading works are reduced. The analysis of this dependence allowed
to establish that on short distances use of low-tonnage cars is more favorable as conditions of loading and
unloading are simplified, maneuvering of cars is simplified, and consequently expenses for fuel, loading and
unloading works decrease. But this dependence was obtained for specific operating conditions when
organizing the work of vehicles on opencast development. The possibility of full use of the car's load
capacity is characterized by the load capacity utilization factor. It is established that between productivity
and capacity utilization factor there is a direct proportional dependence, thus, design features of the car are
characterized by three operational properties: speed of movement, passability and reliability of the car. The
dependence of the productivity of some trucks and the cost of transportation of goods on the average
technical speed. The coefficient of technical readiness is rearranged as a comprehensive indicator that
characterizes such reliability properties as: reliability, maintainability and durability and takes into account
downtime in all types of maintenance and repairs. found that there is a directly proportional relationship
between productivity on a certain mileage and the cost of transportation the higher the productivity, the
lower the cost of transportation and vice versa.

Keywords: truck, coefficient of technical readiness, productivity, simple, rolling stock, cost of
transportation, technical and operational properties.
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HEPEJIK PEIIEH3ETIB

Baprosomeiiuuk  MukoJait,
Ionitexnika I'nanceka (I[onbima).

JIOKTOp  1HXKEHepii,

I'padoBens Biraniii BanepiiioBu4, K.T.H., IOIICHT,
JoueHT  Kadeapum  aBTOMOOUTB 1 TPaHCHOPTHHX
texHosorii Jlynekoro HTY.

JdemoOinbkuii Banepiii MukoJsaiioBu4, K.T.H., JOLEHT
kKadenpn aBTOMOOUIIB 1 TpPaHCHOPTHUX TEXHOJIOTIH

JIyuskoro HTV.

dynapes Irop MukoaaiioBu4, 1.T.H., mpodecop,
npodecop  kKadeApu  TEXHOJOTIH 1  oOmagHAHHS
nepepoOHux BUpoOHUTB Jlynpkoro HTY.

3axapuyk Bikrop IBanoBMY, n.T.H., mpodecop,
npodecop kadeapu aBTOMOOLTIB 1 TPAHCIOPTHHUX

texHoorii Jlynekoro HTY.

KpaBuenko Ouekcanap IlerpoBuy, TOKTOp TEXHIYHHX
HaykK, npodecop, Kuromupcekuit Jlep>KaBHUN
TEXHOJIOTIYHAH  YHIBEpCHUTET, 3aBimyBad Kademporo
aBTOMOOLITIB i TPAHCTIOPTHUX TEXHOJIOTiH

Mareiiunk Bacuiap IlerpoBuY, IOKTOp TEXHIYHHX
Hayk, 1pocdecop, HamioHanpHHE  TpaHCHIOPTHUI
YHIBEPCUTET, JEKaH aBTOMEXaHIYHOTO  (haKyIbTeTy
HanionaneHoro TpaHcmopTHOTO YyHiBepcureTy, Kuis,
VYkpaina.

MypoBanuii Irop CepriiioBuy,
3aBimyBad KadeApu aBTOMOOUTIB i
texHoori# Jlynekoro HTV.

K.T.H., JIOLCHT,
TPaHCTIOPTHUX

Hano6ina Onena OuexkcaHapiBHA, IOKTOp TEXHIYHHX
HayK, mpodecop kadeapu OyaiBeNbHHUX, IOPOXKHIX,

MEINIOPaTUBHUX,  CUIBCHKOTOCIIONAPCHKUX — POOIT i
oOnanHanHs, HauioHanbHWi  yHIBEpCHTET  BOJHOTO
rOCIOJIapCTBa Ta MPUPOAOKOPUCTYBAHHSI.

HycTionera Cepriii IBaHoBHY, 1.T.H., mpodecop,
npodecop Kadempu IHKEHEPHOI Ta KOMII IOTEPHOT
rpadiku Jlynskoro HTV.

Camocrtsn Bikrop PycianoBu4, K.T.H., IOIIEHT, TOIIEHT
kadenpu IHKeHEpHOI Ta  KOMIT'IOTepHOI rpadiku
Jlyupkoro HTVY.

Camuyk Bosiomumup IlerpoBuy, K.T.H., JOIEHT, TOIEHT
kadeapu OyAiBHUIITBA Ta IUBUIHHOI iHXeHepii JIyibkoro
HTY.

Caxno Bonogumup IInpoxopoBudY, JOKTOP TEXHIYHHX
HayK, npodecop, 3aBimyBad Kadeapu «ABTOMOOLTI»,
HanionaneHuii  TpaHcmopTHHiT  yHiBepcureT, Kwuis,
VYkpaiHa.

CiroBcbkmii Ouaer IInaumoBud, K.T.H., JOLEHT, JOLCHT
Kadenpn aBTOMOOUTIB 1 TPAHCHOPTHUX TEXHOJIOTIH
JIyupkoro HTY.

Creabmamyk Banepiii BiraailioBu4, K.T.H., JOLEHT,
JoueHT  Kadeapum  aBTOMOOUTIB 1 TPaHCHOPTHHX
texHouorii Jlynpkoro HTY

Tapan Irop OsexcaHapoBHY, JOKTOP TEXHIYHUX HAYK,
npodecop, 3aBimyBau Kadenpu «YTpaBiiHHI ~ Ha
TpancopTin, HTY «/IHIMpOBChKa MOMITEXHIKAY.

Toacrymko Mukona MukoJsaiioBu4, K.T.H., JOIEHT,
JOTICHT Kadeapu Tady3eBOro MAIIMHOOYJIYBaHHA Ta
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