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DETERMINATION OF THE FUEL CONSUMPTION FOR A PASSENGER CAR THROUGH THE
POWER AND SPEED ON IMITATION ROLLER STAND

Fuel consumption is one of the indicators that characterize the operational properties of road vehicles. In this
study, the main factors that affect on fuel consumption of vehicles during its operation were analyzed. Most operating
conditions can be repeated on the roller stand.

The main mathematical methods that are used to calculate fuel consumption in road conditions and during
bench tests were analyzed. It is indicated that for bench tests for fuel efficiency, it is important to correctly set and
control the force on the vehicle wheels.

The paper proposes a mathematical model for determining fuel consumption, which the amount of fuel
consumption is calculated through the load power mode and vehicle speed. The calculation method is based on
obtaining the efficiency of: indicator, mechanical, transmission and wheels, from which the overall vehicle efficiency
was obtained. The table shows the results of calculating fuel consumption, wheel power and overall efficiency, as well
as its constituent components. All parameters were defined for variable vehicle speed.

A general algorithm and results of calculating fuel consumption in road conditions and on a roller stand with
different power on wheels were given. The results of experimental studies were presented, where the fuel consumption
was determined for cars of the VAZ brand. Fuel consumption increases in the range of 6 to 11 1/100 km if the wheel
power varies in the range of 7 to 21 kW. This is in good agreement with the data calculated in the same range of
parameters. Calculations show an increase in fuel consumption if the power is reduced from 5 kW and below. This can
be explained by the fact that in this mode the vehicle moves in low gears of the gearbox. It was not possible to repeat
this mode during the experiment.

General conclusions and directions for further research were formulated.

Key words: car, fuel consumption, a roller dynamometer, mode of load, mode of speed, efficiency.

INTRODUCTION

In the process of designing and creating a vehicle structure, engineers lay down certain characteristics
that will be implemented during its manufacture and manifest themselves during operation. The new
machine has both operational and design characteristics. One of the main characteristics of performance
characteristics is fuel consumption.

Fuel efficiency depends on several factors, the main of which are: design features and characteristics
of the car; operational parameters of the vehicle; technical condition of the vehicle; driving mode and driver
class. For new cars, fuel consumption can be reduced by rationally choosing the optimal driving mode. To do
this, it is necessary to establish an analytical and experimental relationship between fuel consumption and
power-speed mode in the process of vehicle movement.

It is necessary to be able to calculate and provide the necessary test modes (stand speed, stand power,
etc.), so that the fuel consumption is identical (on the road and on the stand).

Adequate modeling of road conditions on a roller test bench makes it possible to take into account a
variety of design and operational factors that form fuel consumption for a car engine.

ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

The theoretical foundations of mathematical modeling of the operational properties of a car were laid
by researchers in the first half of the last century. At that time, a dependence was proposed for determining
road fuel consumption through specific indicator fuel consumption and vehicle power. The principles for
evaluating the fuel efficiency of a car in real operating conditions were laid down by prof.
Govorushchenko M.Ya. [1]. Further development of the methodology for calculating fuel consumption
through various indicators is reflected in the following works: by specific indicators [2], by the efficiency of
the vehicle's power units [3], by the uneven movement of the car on the road [4], by the change in the
indicator fuel consumption [5] . The papers [5] and [6] present the practical implementation of a new
methodology for assessing and automotive diagnostics based on fuel consumption. The papers [6] and [7]
give a feature of determining fuel efficiency during bench tests on a roller bench. In works [2-7], fuel
consumption was determined from the speed of car on the road or the roller stand. The study of other
operational parameters in these works was not considered explicitly.

PURPOSE AND OBJECTIVES OF THE STUDY

The purpose of this work is to obtain a mathematical dependence for definition of fuel consumption
through the power on the car wheels. It is necessary to compare the fuel consumption values, which are
obtained by mathematical modeling, with the experimental results of the study for bench tests of the car.

n , 2023, Ne1 (20)
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RESEARCH RESULT
Fuel consumption in 1/200 km for road testing is calculated using the following formula

100-Q
Q=—~—+, 1
Va Py
where Q, — hourly fuel consumption, kg/h.;
V, — vehicle speed, km/h;
p, — fuel density, kg/l.
Hourly fuel consumption is determined through the indicator or effective engine parameters:
Ql = ge : Ne 1 (2)
where g, — specific effective fuel consumption, kg/kw;
N, - engine effective power, KW.
The specific effective fuel consumption in g/kW is related to the effective engine efficiency:
3600
9. = , ®)
H, -1,

where H,, — lower calorific value, kg/kJ;

Ne —engine effective efficiency.

The engine effective efficiency is a composite index that takes into account the indicator and
mechanical losses in the engine:

77e = 77i : 77411 ’ (4)

where 7, —engine indicator efficiency;
n, — engine mechanical efficiency.
The effective engine power is related to the wheels power for vehicle as:

N,=N,/17,,, ()

where N, — power that was brought to the vehicle wheels, kW;
n,, — transmission efficiency.
Fuel consumption on the road is determined by the formula, taking into account dependencies (2 - 5):

B 360- N,
Va'pt : HH '77i '77,11 '77”5(}

Q (6)

When the car is "moving" on a roller stand, it is convenient to create and measure power not on
wheels, but on the stand rollers. Then the formula for determining the fuel consumption of vehicle at the
stand, taking into account the loss of energy in the wheels, will be:

B 360- N,
Va 'pt : Hu '77i '77.11 .nmp .nk

Q ()

where 7, —wheel efficiency,
N, — power on bench rollers, KW. N, =N, /7,

, 2023, Nel (20)
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The components of 4 efficiency: for the engine, transmission and wheels, can be expressed in terms of
the general vehicle efficiency, i.e. , =7, -7, -7, -7, . Then formula (7) can be written as follows:

Q

360- N,

V,opcH,

(7)

In [8], there are calculated dependences for determining the engine indicator efficiency and engine
mechanical efficiency and the transmission efficiency and wheels efficiency, as well as the dependence for

determining the overall vehicle efficiency.

Table 1 shows the values of the efficiency of the car and its components, which were calculated for the
VAZ-2107 when the vehicle is moving on the road.

Table 1 — The results of calculating the fuel consumption for a VAZ-2107 car

Va: km/h i m e Hmp Mk Na PK! N NK! kW | Qv 1/100 km
25 0,300 | 0,380 | 0,214 | 0,910 | 0,480 | 0,050 | 261,95 1.819 11,24
35 0,304 | 0,460 | 0,240 | 0,870 | 0,517 | 0,063 | 299,30 2.910 9,04
60 0,311 | 0,569 | 0,277 | 0,770 | 0,660 | 0,090 372,27 6.211 6,3
90 0,320 | 0,728 | 0,233 | 0,730 | 0,452 | 0,077 | 473,83 11.846 7,38
120 0,330 | 0,788 | 0,260 | 0,737 | 0,292 | 0,056 | 671,24 22.375 10,2
150 0,340 | 0,783 | 0,266 | 0,757 | 0,228 | 0,046 | 836,70 34.862 12,26
The value of the force on the vehicle wheels was calculated by the formula:
P, =G, -w+0.077-kF -V, ®)
where G, — vehicle weight, N;
w — total road resistance coefficient;
kF — streamlining factor, N» s?/m?.
Values  and kF are recommended to be calculated using the following formulas:
001V .
=] 9)
Va
kF=k-«, -B,-H (10)

where V__ — maximum vehicle speed, km/h;

K — air resistance coefficient, N-s?/m*:
a, — frontal area fill factor;

B, — vehicle width, m;

H, — vehicle height, m.

If you know the power that is supplied to the vehicle wheels, you can calculate the power at the

vehicle wheels in watts.:

P -V
N — _Kk a 11
=36 (11)
Finally we get the power that is supplied to the vehicle wheels in kW:
N, =2.78-10*-(G, -0.01-V_, +0.077-k -, -B, - H, -V,*). (12)
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Table 1 summarizes the values of wheel force and wheel power, which were calculated using formulas
(8) and (12). The last column of table 1 shows the calculated values of fuel consumption for the VAZ-2107
when the vehicle was moving along the road in running order.

The following initial data were adopted for the VAZ-2107 vehicle in the calculations of fuel
consumption, power to the wheels and efficiency of the vehicle: G,=10400 H; V,, =160 km/h; ¢, =0.9; k =
0.36 Hes’/m*; B, =1.6 m; H_=1.4m; p, =0.76 glcm®; H =44000 kJ/kg.

If we substitute the initial data in dependences (6), (8) and (12), then we can obtain simplified
formulas in relation to the vehicle VAZ-2107. Then the formulas for calculating the wheel force and wheel
power, as well as fuel consumption will take the following form:

— power on vehicle wheels P, , N:

_ 15600

P +1.13-V.%; (12)

a

— power, which is connected to vehicle wheels N, , KW:

N, =4.33+3.14.10*-V,°; (13)
— fuel consumption Q, 1/100 km:
o 0.0108-N, _ (14)
Va 'ni '77,11 'nmp

DISCUSSION OF THE RESEARCH RESULTS

A graphical dependence was built, which shows how fuel consumption changes depending on the
power supplied to the car wheels, according to the calculated data. The results of the calculation were shown
graphically in Figure 1.

As you can see from the graph, the power at the vehicle wheels has an ambiguous effect on fuel
consumption. In the wheel power range from 1 kW to 6 kW, fuel consumption decreases with increasing
power at the vehicle wheels. When the power at the wheels increases from 6 kW and above, the fuel
consumption increases almost linearly. For the VAZ-2107 vehicle, the value of the minimum fuel
consumption corresponds to the wheel power, which is 6 kW.

13 1

12 //"
P
/

= =
o [
2 2

Fuel consumption, | / 100 km
o

i /

N

0 5 10 15 20 25 30 35
Power on the vehicle wheels, kW

Figure 1 - Theoretical dependence of fuel consumption on wheel power for a VAZ-2107 vehicle

Experimental characteristics were obtained for several vehicles of VAZ models. Figure 2 shows how
wheel power affects fuel consumption when cars are driven on a wheel stand. This makes it possible to
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compare the results of calculations by the mathematical model with the experimental results. The range of
power change from 7 to 20 kW was determined by the technical capabilities of the roller stand. Simulate
power less than 7 kW did not allow the design of the stand.

11 \ ,

— — BAS3-2101 / /
10 e
—e— BA3-21011
—o— BA3-2106

.
/
//

N

—¥— BA3-2101

Fuel consumption, 1/100 km

=

-

5 7 9 1 13 15 17 19 21
Power on stand rollers, kW

Figure 2 - Graph of fuel consumption in 1/ 100 km, which varies with the wheel power on the vehicle

From Graph 2 you can see an almost linear fuel consumption versus wheel power curve for a car.
The deviation of the theoretical and experimental characteristics of the vehicle VAZ-2107 does not exceed
3 %. The intensity of change in fuel consumption from wheel power varies slightly for different vehicle
models.

CONCLUSIONS

The minimum fuel consumption is for the speed range from 60 to 90 km / h for the VAZ 2107
vehicle. When the VAZ-2107 vehicle is moving on the road, the minimum fuel consumption corresponds to
the wheel power when it is 7 kW. Then, at this power, fuel consumption will correspond to 6 1 / 100 km. In
the load range from 7 to 20 kW, the fuel consumption of vehicles increases almost linearly. The results of
these studies can be used to improve the methodology for rationing fuel consumption in transport.
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IO. T'op0ik, C. KpuBomamnoB. BusHaueHHs BUTpPaTH NaJMBa ISl JErKOBOr0 aBTOMOOiIsA 3a
NOTYKHICTIO i IIBUAKICTIO HA iMiTANIITHOMY POJIMKOBOMY CTEHAI

Butpara nanuBa - oJJMH 3 MMOKAa3HHKIB, 1[0 XapaKTEPU3yIOTh EKCIUTyaTalliliHI BIaCTHBOCTI JOPOXKHBO-
TpaHCTIOpPTHUX 3ac00iB. B po0OoTi Oynu mpoaHamizoBaHi OCHOBHI (pakTopw, IO BIDIMBAIOTH HAa BUTPATY
MajrBa aBTOMOOLTIB Y MPOIIeCi eKCIuTyaTaItii.

Binpmricte  yMOB ekcrutyaTamii MOXYTh OyTH TIOBTOPEHI Ha pOJHMKOBOMY CTErHi 3 OIrOBHMH
Oapabanamu. [IpoaHanizoBaHO MaTeMaTH4YHI METOJM PO3PaxXyHKY BUTpaTH MANMBA y JOPOXKHIX yMOBax Ta
CTEHIOBUX BHUIPOOYBaHHAX. BKa3zyerbcs, MmO Uil CTEHIOBHX BHUIPOOYBaHb Ha MaJMBHY EKOHOMIUHICTH
Ba)KJTUBO MPABUIILHO BCTAHOBIIIOBATH 1 KOHTPOJIIOBATH HABAHTAXKEHHS Ha KOJIecax aBTOMOOLIIS.

Y poboTi 3ampomoHOBAaHO MaTeMaTWYHy MOJENb BWU3HAYEHHS BUTPATH IalMBa 4Yepe3 PEeKUM
HaBaHTAXEHHS Ta MIBHIKICTH pyXy aBTOMOOLIs. Po3paxyHkoBuil meron 3acHoBanuii Ha orpumanHi KK/I:
IHAMKAaTOPHOT0, MEXaHIYHOT0, TPAHCMICIi Ta Koiic, 3 akux Oyno otpumano 3aranbHuil KK TpancrnopTHOTro
3aco0y. YV TaOIuIll HaBeJIEHO Pe3yIbTATH PO3PAXyHKY BUTPATH NAMBA, KOJNICHOI MOTYXHOCTI Ta 3arajbHOro
KK/, a takoxx #oro ckimamoBux ejeMeHTiB. Bci mapamerpu Oynu BU3Ha4YeHi IJisi Pi3HOI IIBHAKOCTI
aBTOMOOLIIS.

HaBeneHo anroput™ Ta pe3ysibTaTH PO3paxyHKy BUTPATH MMajMBa Ha JIOPO3i Ta HAa CTCHI 3 OIrOBUMU
OapabaHaMu 3a pi3HOI MOTYKHOCTI Ha KoOJIecax aBTOMOOUIS Ta pOJHMKax CTeHAy. HaBeneHo pes3ynbTaTv
EKCHEPUMEHTAIBHUX JIOCIIKEHb IIOA0 BU3HAYEHHS BUTpATH NanuBa A aBTomoOiuniB BA3. Burtpara
najuMBa 3pocta€e B fiama3oni Big 6 g0 11 1/100 kM, SKIIO MOTYXHICTh Ha KOJIeCaX 3MIHIOEThCS Big 7 10
21 kBt. Lle no0pe y3rojKyeTbcsi 3 PO3PaXyHKOBUMH JaHUMH y TOMY K Jialla3oHi 3MiHM TapaMeTpiB.
Po3paxyHKHM MOKa3ylOTh 301/IbIIEHHS] BUTPATH MajHBa, SKIIO MOTY)KHOCTI 3HWXKYETbCA Bl 5 KBT Ta HIXKUe.
Ile MOXHa TOSCHUTU TUM, IO y LBOMY PEXUMI TPaHCIOPTHHUH 3acid pyxaeTbcs Ha HM3BbKHX Iepeaad
KopoOku nepenad. [ToBTOpUTH TIeHt peKUM y MPOTIeCi EKCIIEPUMEHTY OYII0 HEMOKIIHBO.

CdopmMynp0BaHO BUCHOBKH Ta HAIPSMH HOAAIBIINX JT0CITIKEHb.
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INVESTIGATION OF DYNAMICS OF A PIPE ROBOT WITH SELF-STOPPING
MECHANISM

Pipe robots are used in agricultural engineering for transportation of various materials inside the pipe as well
as for cleaning of internal surfaces of the pipes.

In this paper a model of a pipe robot with self-stopping mechanism is proposed and described in detail.
Numerical investigations are performed, and the obtained results are presented in the form of graphical relationships.
Variations of displacements as well as variations of velocities of the exciting mass and of the case of the pipe robot as
functions of time are investigated. Results for steady state regime of motion are presented.

Displacement of the first degree of freedom, velocity of the first degree of freedom, displacement of the
second degree of freedom, velocity of the second degree of freedom as functions of time in the steady state regime of
motion are investigated. Also, difference of displacements as well as difference of velocities as functions of time in the
steady state regime of motion are represented.

Results for three typical values of the constant force are described in the paper: first the results when the
constant force is assumed equal to zero are presented and then the results for the two typical nonzero values of the
constant force are presented. From the obtained graphical representations, the influence of the value of the constant
force to the dynamic behavior of the pipe robot can be seen.

The obtained graphical representations enable to understand the behavior of the investigated pipe robot with
self-stopping mechanism.

Keywords: pipe robot, self-stopping mechanism, harmonic excitation, steady state motions, parameters of the
system.

INTRODUCTION

Pipe robots are used for transportation of various materials inside the pipe as well as for cleaning of
the internal surfaces of the pipes.

In this paper a model of a pipe robot with self-stopping mechanism is proposed and described in detail.
Numerical investigations are performed, and the obtained results are presented in the form of graphical
relationships.

Variations of displacements as well as variations of velocities of the exciting mass and of the case of
the pipe robot as functions of time are investigated.

The obtained results are used in the process of design of pipe robots.

Implementation of a pipe robot is presented in [1]. Pipe robot with impact interactions is analyzed in
[2]. Pneumatic exciters of vibrations are investigated in [3]. Dynamics of a pipe robot is analyzed in [4].
Vibrations of elements of manipulators and robots are investigated in [5]. Dynamic effects of essentially
nonlinear system are analyzed in [6]. Nonlinearity of specific type is described in [7]. Impact motions in
elements of manipulators and robots are investigated in [8]. Essentially nonlinear systems are analyzed in
[9]. Dynamics of transmissions is investigated in [10]. Synchronization is analyzed in [11]. Robots of high
precision are investigated in [12]. Industrial robots are described in [13]. New mechanisms in robotics are
described in [14]. Specific nonlinear systems are investigated in [15]. Nonlinear effects of vibrations are
analyzed in [16]. Robot of a special type is investigated in [17]. Periodic orbits of nonlinear mechanical
systems are analyzed in [18].

First, a model of the investigated pipe robot with self-stopping mechanism is presented. Then results
of performed numerical investigations for typical parameters of the system are described. Influence of the
constant force on the dynamic behavior of the pipe robot is investigated.

MODEL OF THE PIPE ROBOT WITH SELF-STOPPING MECHANISM

The exciter of vibrations is located inside the case of a pipe robot, and they are mutually
interconnected by a spring and a damper. The case of a pipe robot interacts with the walls of the pipe by a
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self-stopping mechanism, which allows the motion of the case of the pipe robot in one direction and does not
allow the motion of the pipe robot in the opposite direction.

Dynamics of the pipe robot with self-stopping mechanism takes place according to two regimes of
motion: self-stopping mechanism allows the motion of the pipe robot; self-stopping mechanism does not
allow the motion of the pipe robot.

DYNAMICS OF THE SYSTEM WHEN THE SELF-STOPPING MECHANISM ALLOWS
THE MOTION OF THE PIPE ROBOT

Dynamics of the investigated system is described by the following equations:

n]15<1+H(X1_X2)+C(X1_X2):F1’ (1)
m,%, +H (%, —%)+C(x,—x)=F,, 2)

where x; is the displacement of the pipe robot, x, is the displacement of the exciter of vibrations, m; is the
mass of the case of the pipe robot, H is the coefficient of viscous friction between the exciter of vibrations
and the case of the pipe robot, C is the coefficient of stiffness between the exciter of vibrations and the case
of the pipe robot, F; is the force of resistance to the motion of the pipe robot, m; is the mass of the exciter of
vibrations, F, is the exciting force of the exciter of vibrations and the upper dot denotes differentiation with
respect to the time.

It is assumed that the force of resistance to the motion of the pipe robot has the following form:

F=A-Bx, (3)

where A and B are constants.
It is assumed that the exciting force of the exciter of vibrations has the following form:

F, = fsinat, 4)

where f is the amplitude of excitation, w is the frequency of excitation and t is the time variable.
Thus, the equations of motion of the investigated system have the following form:

mX +Bx +H (% —%,)+C(x —X,)=A (5)
m,%, + H (%, =% )+C(x, —x )= f sinat. (6)

This regime of motion takes place until the following condition is satisfied:

X =0. (7)
DYNAMICS OF THE SYSTEM WHEN THE SELF-STOPPING MECHANISM DOES NOT
ALLOW THE MOTION OF THE PIPE ROBOT
In this case it is assumed that:

%, =0. 8)
Dynamics of the exciter of vibrations is described by the following equation:
m,X, + HX, + Cx, = f sinwt + Cx,. 9)
Also, the following force is calculated:
P=A+HX —C(x —X,). (10)
This regime of motion takes place until the following condition is satisfied:

P=0. (11)
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INVESTIGATION OF DYNAMICS OF THE PIPE ROBOT WITH SELF-STOPPING
MECHANISM

The following parameters of the investigated pipe robot with self-stopping mechanism were assumed:

w=1m =1 B=01 H=01 C=1m,=1 f =1 (12)

Investigations for the three values of the constant force of resistance to the motion of the pipe robot
were performed:

A=0, (13)
A=-0.2, (14)
A=-04. (15)

INVESTIGATIONS FOR THE VALUE OF A=0

Variations of displacements as functions of time and of velocities as functions of time are presented in
Fig. 1.

125.62 1.83
115.49 t 0 3
144,51 157.08 144.51 157.08
8) X, =x(t) b) %, =% (t)
Xﬂ ).(2
125.23 117
11509 t 0.50 t
144.51 157.08 144.51 157.08
C) X, =X, (t) d) X, =%, (t)

Figure 1. Results of investigation of dynamics for =1, m =1, B=0.1, H=0.1, C=1, m,=1, f =1, A=0

Variations of difference of displacements as functions of time and of difference of velocities as
functions of time are presented in Fig. 2.

INVESTIGATIONS FOR THE VALUE OF A=-0.2

Variations of displacements as functions of time and of velocities as functions of time are presented in
Fig. 3.

Variations of difference of displacements as functions of time and of difference of velocities as
functions of time are presented in Fig. 4.

INVESTIGATIONS FOR THE VALUE OF A=-0.4

Variations of displacements as functions of time and of velocities as functions of time are presented in
Fig. 5.
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a) Difference of displacements as function of time b) Difference of velocities as function of time

Figure 2. Relative motions for =1, m =1, B=0.1, H=0.1, C=1, m, =1 f =1, A=0
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C) X, =X, (t) d) %, =%, (t)
Figure 3. Results of investigation of dynamics for
w=1m=1B=01H=01C=1m=1f=1 A=-02
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a) Difference of displacements as function of time b) Difference of velocities as function of time

Figure 4. Relative motions for =1, m =1, B=0.1, H=0.1, C=1 m, =1, f =1, A=-0.2

Variations of difference of displacements as functions of time and of difference of velocities as
functions of time are presented in Fig. 6.

The obtained graphical representations enable to understand the behavior of the investigated pipe
robot with self-stopping mechanism.
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Figure 5. Results of investigation of dynamics for
w=1m=1B=01H=01C=1m,=1f=1 A=-04
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Figure 6. Relative motions for =1, m =1, B=0.1, H=0.1, C=1, m, =1 f =1, A=-04

CONCLUSIONS

Pipe robots are used in agricultural engineering for transportation of various materials inside the pipe
as well as for cleaning of internal surfaces of the pipes. In this paper a model of a pipe robot with self-
stopping mechanism is proposed and described in detail. Numerical investigations are performed, and the
obtained results are presented in the form of graphical relationships. Variations of displacements as well as
variations of velocities of the exciting mass and of the case of the pipe robot as functions of time are
investigated. Results for steady state regime of motion are presented.

Displacement of the first degree of freedom, velocity of the first degree of freedom, displacement of
the second degree of freedom, velocity of the second degree of freedom as functions of time in the steady
state regime of motion are investigated. Also, difference of displacements as well as difference of velocities
as functions of time in the steady state regime of motion are represented.

Results for three typical values of the constant force are described in the paper: first the results when
the constant force is assumed equal to zero are presented and then the results for the two typical nonzero
values of the constant force are presented. From the obtained graphical representations, the influence of the
value of the constant force to the dynamic behavior of the pipe robot can be seen.

The obtained graphical representations enable to understand the behavior of the investigated pipe
robot with self-stopping mechanism.
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of dynamics of a pipe robot with self-stopping mechanism.

TpyOHi poOOTH BHUKOPHCTOBYIOTHCSI Y  CLIBCBKOTOCHOJAPCHKOMY  MAalIMHOOYIYBaHHI  JUIS
TPAHCHOPTYBAaHHS PI3HUX MaTepiaiB ycepenuHi TpyOH, a TaKOX JUIsl OYMIICHHS BHYTPIIIHIX MOBEPXOHBb
TpYyoO.

VY mif craTTi 3ampoIOHOBaHO 1 JOKIJIAJAHO OMKMCAHO MOJIENh TPyOHOro poOoTa 3 MeXaHi3MOM, IO
caMO3ynHuHAEThCA. [IpoBeNeHO dYHCENbHI MOCHIHKCHHSI, a OTpPUMaHi pe3yNbTaTH TOMAaHO y BHIJIIIL
rpadiuyHuX 3aJeKHOCTEeH. JIOCIIKYIOTHCS 3MIHH MTEPEMIILICHB, a TAKOX 3MIHHU IIBUIKOCTEH 30yAIHBOT Macu
Ta KopmIycy TpyOompoBigHoro podora sik ¢yHkuii yacy. [IpeacraBieHi pe3ynbTaTu Ol peKUMY PyXy, IO
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BCTaHOBHUBCH.

JLOoCTIKYIOTBCS TIEPEMITTIICHHS TIePIIOro CTYIEHS CBOOOM, MBUAKICTh MEPINIOTO CTYICHSI CBOOOIH,
nepeMillleHHsT APYroro CTYNeHs CBOOOIM, INBUAKICT APYroro CTyHeHs CBOOOAM SK (YHKOIl yacy y
CTaLliIOHAPHOMY PEKUMi pyXy. Takox MpeacTaBICHO Pi3HULIIO MEePEMIlIeHb, a TAKOXK PI3HHUIIO IIBUAKOCTEH
SIK (PYHKIIIT 9acy B CTalliOHAPHOMY PEXHMI PYyXY.

VY crarti ommcaHi pe3ynbTaTH TPHOX THUIIOBHX 3HAYEHb MOCTIMHOI CHIIM: CHOYATKYy MpeACTaBIEHI
pe3ybTaTH, KOJM TMOCTiHHA cuiia MpUKAHATAa PIBHOI HYJIIO, a MOTIM IpeACTaBieHi pe3ylbTaTH Uil JBOX
THUIOBHX HEHYJIHOBHX 3HAU€Hb MOCTIHHOI CHIIM. 3 OTpHUMaHHX rpadidyHNX ySBICHb BHIHO BIUIMB BEITHIHHH
MTOCTIHHOI CHITM AMHAMIYHE ITOBEIiHKa poOoTa.

Otpumani  rpadiuni  300paKeHHS  JO3BOJSIOTH  3pO3YMITH  MOBEOIHKY  JOCIHIHKYBaHOTO
TpyOONpOBiTHOTO po0OTa 3 MEXaHI3MOM CaMO3YIHHEHHS.

KaiouoBi cioBa: TpyOompoBigHHMiI poOOT, CaMOTOPMO3HMK MeXaHi3M, TapMOHIYHE IOpPYIIECHHS,
BCTaHOBJICHI PyXY, IapaMeTpH CUCTEMHU.
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INVESTIGATION OF TWO-SIDED SOFT IMPACTS

In various engineering devices used in robotics, transport and agricultural engineering two-sided impacts take
place. In this paper two-sided soft impacts are investigated.

Model of the investigated vibrating system with two-sided soft impacts is described in detail. Dynamics of the
investigated system with two-sided soft impacts takes place according to the three typical regimes of motion: vibrating
system is not connected with the supports, vibrating system is connected with the first support, vibrating system is
connected with the second support.

Results of numerical investigations are presented in the form of graphical relationships.

Variation of displacement of the vibrating system, variation of velocity of the vibrating system, variation of
displacement of the left support, variation of displacement of the right support, variation of the value of the force and
variation of the quantity characterizing the regime of motion of the vibrating system as functions of time are
investigated.

Investigation of steady state regimes of motion for various stiffnesses of the supports is performed. Results for
several typical values of stiffnesses of the supports are presented in the paper. The obtained graphical representations
enable to understand the behavior of the investigated vibrating system with two-sided soft impacts in steady state
regimes of motion for various stiffnesses of the supports.

The obtained results of the performed investigation are applied in the process of design of pipe robots and
other engineering devices.

Keywords: two-sided impacts, soft impacts, harmonic excitation, nonlinear dynamics, left support, right
support.

INTRODUCTION

In various engineering devices two-sided impacts take place.

In this paper two-sided soft impacts are investigated. Model of the system is described in detail.
Results of numerical investigations are presented in the form of graphical relationships.

Variation of displacement of the vibrating system, variation of velocity of the vibrating system,
variation of displacement of the left support, variation of displacement of the right support, variation of the
value of the force and variation of the quantity characterizing the regime of motion of the vibrating system as
functions of time are investigated.

The obtained results of the performed investigation are applied in the process of design of pipe robots
and other engineering devices.

Ideal impacts are investigated in [1]. Special type of nonlinearity is analyzed in [2]. Impact dynamics
is investigated in [3]. Theory of systems with impacts is presented in [4]. Impacts in transmissions are
investigated in [5]. Vibrations with impacts are analyzed in [6]. Manipulators and robots are investigated in
[7]. Dynamics of robots is analyzed in [8]. Dynamics of mechanisms is investigated in [9]. Nonlinear
dynamics is presented in [10]. Impact interactions are investigated in [11].

First model of the system with two-sided soft impacts is presented. Then results of numerical
investigations are presented in the form of graphical relationships.

MODEL OF THE SYSTEM WITH TWO-SIDED SOFT IMPACTS

Schematic representation of the investigated system with two-sided soft impacts is presented in Fig. 1.

Dynamics of the investigated system with two-sided soft impacts takes place according to the three
typical regimes of motion: vibrating system is not connected with the supports, vibrating system is connected
with the first support, vibrating system is connected with the second support.
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Figure 1. Vibrating system with two-sided soft impacts: the vibrating mass m is attached to the immovable
support by the spring with the coefficient of stiffness C and the damper with the coefficient of viscous
damping H, the impacting surfaces are attached to the immovable supports by the springs with the
coefficients of stiffness C, and the dampers with the coefficients of viscous damping Hy

DYNAMICS OF THE SYSTEM WITH TWO-SIDED SOFT IMPACTS WHEN VIBRATING
SYSTEM ISNOT CONNECTED WITH THE SUPPORTS
Dynamics of the vibrating system is described by the equation:
X+hx+cx = fsinat, (1)
where X is the displacement, h is the coefficient of viscous damping, ¢ is the coefficient of stiffness, f is the
amplitude of excitation, w is the frequency of excitation, t is the time variable, and the upper dot denotes

differentiation with respect to it.
Dynamics of the left support is described by the equation:

ho).(1+coxl =Ga, (2)

where X, is the displacement of the left support, hy is the coefficient of viscous damping of the supports, ¢, is
the coefficient of stiffness of the supports, a is the position of the left support in the status of equilibrium.
Dynamics of the right support is described by the equation:

ho)-(z TG X, = Cob' (3)
where X, is the displacement of the right support, b is the position of the right support in the status of

equilibrium.
This regime of motion takes place until the following condition is satisfied:

X=X, 4)
or until the following condition is satisfied:
X=X,. (5)

DYNAMICS OF THE SYSTEM WITH TWO-SIDED SOFT IMPACTS WHEN VIBRATING
SYSTEM IS CONNECTED WITH THE LEFT SUPPORT
Dynamics of the vibrating system is described by the equation:

X+ (h+h))x+(c+c,)x= fsinawt+ca. (6)
Dynamics of the right support is described by the equation:

hoxz +CoX, =Cob' (7)
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Also, the following force is calculated:
P =h,X +C,x —c,a. (8)
This regime of motion takes place until the following condition is satisfied:
P=0. 9)
DYNAMICS OF THE SYSTEM WITH TWO-SIDED SOFT IMPACTS WHEN VIBRATING

SYSTEM IS CONNECTED WITH THE RIGHT SUPPORT
Dynamics of the vibrating system is described by the equation:

X+ (h+h))x+(c+c,)x= fsinawt+cb. (10)
Dynamics of the left support is described by the equation:
h,X +C,X =C,a (11)
Also, the following force is calculated:
P =hyX, +C,x, —C,b. (12)
This regime of motion takes place until the following condition is satisfied:
P=0. (13)

INVESTIGATION OF DYNAMICS OF THE SYSTEM WITH TWO-SIDED SOFT IMPACTS
The following initial conditions are assumed in the performed investigation:

x(0)=0, x(0)=0, x,(0)=a, x,(0)=h. (14)
The following parameters of the investigated system were assumed:
0=02,f=1h=01 c=1 h, =04, ¢c,=16, a=-0.4, b=0.4. (15)

Variation of displacement of the vibrating system is presented in Fig. 2. Variation of velocity of the
vibrating system is presented in Fig. 3. Variation of displacement of the left support is presented in Fig. 4.
Variation of displacement of the right support is presented in Fig. 5. Variation of the value of the force is
presented in Fig. 6. Also, the following quantity characterizing the regime of motion of the vibrating system
is introduced:

1, when the mass is not connected with the supports,
I =3 2, when the mass is connected with the left support, (16)
3, when the mass is connected with the right support.

Variation of this quantity is presented in Fig. 7.

The obtained graphical representations enable to understand the behavior of the investigated vibrating
system with two-sided soft impacts.

INVESTIGATION OF STEADY STATE REGIMES OF MOTION FOR VARIOUS
STIFFNESSES OF THE SUPPORTS

The following parameters of the investigated system were assumed:

=02 f=1h=0.1 c=1 h =04, a=—04, b=04, (17)
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Figure 2. Displacement of the vibrating system as
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Figure 7. Regime of motion of the vibrating system
as function of time

For the following values of the stiffness of the supports:

c, =16,
c, =8,
c, =4,
C, =2,
c, =1

o

(18)
(19)
(20)
(21)
(22)

results of investigation of steady state regime of motion are presented in Fig. 8, Fig. 9, Fig. 10, Fig. 11, Fig.

12.

The obtained graphical representations enable to understand the behavior of the investigated vibrating
system with two-sided soft impacts in steady state regimes of motion for various stiffnesses of the supports.
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Figure 8. Steady state regime of motion for ¢, =16
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Figure 9. Steady state regime of motion for ¢, =8
X X X,
0.553 0.336 -0.400
-0.553 -0.336 -0.553 t
94.248 157.080 94.248 157.080 94.248 157.080
a) x(t) b) x(t) c) x(t)
% p I
0.553 0.617 3.000
0.400 t -0.617 1.000 t
94.248 157.080 94.248 157.080 94.248 157.080
d) x,(t) e) P(t) f) 1(t)
Figure 10. Steady state regime of motion for ¢, =4
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Figure 11. Steady state regime of motion for ¢, =2
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Figure 12. Steady state regime of motion for ¢, =1

CONCLUSIONS

In a number of engineering devices two-sided impacts take place. Investigation of two-sided soft
impacts is performed in this paper. Model of the investigated vibrating system with two-sided soft impacts is
described in detail. Results of numerical investigations are presented in the form of graphical relationships.

Variation of displacement of the vibrating system, variation of velocity of the vibrating system,
variation of displacement of the left support, variation of displacement of the right support, variation of the
value of the force and variation of the quantity characterizing the regime of motion of the vibrating system as
functions of time are investigated.

The obtained graphical representations for various stiffnesses of the supports show the behavior of the
investigated vibrating system with two-sided soft impacts in steady state regimes of motion.

The presented graphical representations enable to understand the behavior of the investigated vibrating
system with two-sided soft impacts.

The obtained results are applied in the process of design of pipe robots and other engineering devices.
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VY pi3HUX TEXHIYHHX TMPHCTPOSX, IO BUKOPHCTOBYIOTHCS Y PpOOOTOTEXHIilli, TPaHCHOPTHIH Ta
CLTBCBKOTOCITO/IAPCHKIM TEXHIlll, MAalTh MICIle JBOCTOPOHHI ymapu. Y MmbOMYy pPOOOTI HOCHIIKYIOTHCS
JBOCTOPOHHI M'SIKi YAapH.

JeranpHO omucaHa MOAENb JOCHIPKYBaHOI KOJMBAIBHOI CHCTEMH 3 M'SIKUMH JBOCTOPOHHIMHU
ymapamu. JlmHaMika JAOCHIKYBaHOI CHCTEMH TIPH JBOCTOPOHHIX M'SKHX yAapaxX BiIOyBaeThbcs 3a TpPhOMa
THUIIOBHMH PEKUMaMH PyXy: KOJIHMBAIbHA CHCTEMa HE TOB'I3aHa 3 ONOPaMH, KOJIMBAJIbHA CHCTEMA TIOB'sI3aHa
3 MIEPIIOI0 ONOPOIO, KONHMBAIbHA CHCTEMA TTOB'sI3aHa 3 APYTOIO OIMTOPOIO.

PesynpraTi uncenbHUX TOCTiIKEHB IPeACTaBIeH] K rpadidHuX 3aIeKHOCTEH.

3MiHa TmepeMimeHHs KOJMBAIBHOI CHCTEMH, 3MiHa IIBUAKOCTI KOJHMBAaJIbHOI CHCTEMH, 3MiHA
MEPEeMIIIICHHS JIIBOT OMOpH, 3MiHA MEPEMIIICHHS MPABOi OMOPH, 3MiHA 3HAUEHHS CHJIM Ta 3MiHAa BEJIIMYUHH,
IO XapaKTEPU3y€e PEXKUM PyXy KOJIMBAILHOI CHCTEMH, TOCIIIKYIOThCS K (QYHKIIIT yacy.

[IpoBeneHO AOCHIIKEHHA PEXHUMIB PyXy, II0 BCTAHOBWIIMCS, NPH ONOpax Pi3HOI JKOPCTKOCTI. Y
po0OTi TpescTaBiieHl pe3yabTaTh sl KiIBKOX THUIOBUX 3HA4Y€Hb KOPCTKOCTI omop. OTpumani rpadidni
300pakeHHS JI03BOJISIIOTh 3PO3YMITH MOBEIIHKY JIOCTIKYBAaHOT KOJHMBaIBHOI CHCTEMH TIPU JBOCTOPOHHIX
M'SIKHX yJapax Ha peKUMax pyxy IPH ONOpax pi3HOI KOPCTKOCTI.

OTtpumaHi pe3yibTaTH HPOBEACHUX AOCIHIIKEHb 3aCTOCOBYIOTH IPH NMPOEKTYBAaHHI TPYyOONIPOBITHUX
POOOTIB Ta IHIIUX TEXHIYHUX MPUCTPOIB.

KurouoBi cioBa: 1BOCTOpPOHHIN yaap, M'IKHil yaap, rapMoOHiliHe 30y/KeHHs, HelliHIliHa TUHaMIKa,
JiBa O1opa, rmpasa oropa.
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INVESTIGATION OF CUTTING FORCE DURING BORING OF SCREW NON-RIGID
MACHINE PARTS

In the work, the peculiarities of boring of screw workpieces are described. The regularities of the processes of
boring screw non-rigid parts have been established. The specifics of the design of the equipment for boring screw non-
rigid parts and the expediency and prospects of using screw workpieces are substantiated. It is based on theoretical and
experimental studies. A theoretical generalization and a new solution to the scientific and technical problem expressed
in the development and creation of technological processes for processing non-rigid screw workpieces, are presented.
This will make it possible to ensure the expansion of technological capabilities and the improvement of technical and
economic parameters. Calculations were carried out using a package of applied statistical programs for processing and
analyzing the results of experimental studies for a PC. According to these results, the dependences of the response
surfaces of the optimization parameter and the two-dimensional section of the response surfaces were constructed and
analyzed for a visual representation of the results of the experimental studies. The dependences of the change in
cutting force on feed and cutting depth were constructed and analyzed. The dependences of the optimization
parameter, that is, the dependence of the cutting force on the change of one input factor with a constant value of the
other two factors, were also substantiated. After carrying out research using the program «Statistika», a two-
dimensional section of the response surface of the dependence of the cutting force on the feed and depth of cut and the
response surface of the dependence of the cutting force on the feed and depth of cut were constructed. The obtained
experimental broken line was built based on the results of the conducted research. Approximation of it was carried out
according to known standard methods, while the amount of deviation (mismatch) was determined by the method of
least squares.

Key words: cutting process, feed, cutting depth, nature of loads, boring process, statistical analysis, lathe and
screw-cutting machine.

INTRODUCTION

Modeling of cutting processes depends on many factors: physical and mechanical properties of the
material, feed, cutting depth, nature of loads, etc. The specified factors are of a stochastic random
nature, so it is necessary to conduct a set of experimental studies to determine the dominant factors that
significantly affect the boring process. In order to perform a statistical analysis of the obtained results,
empirical dependencies should be introduced into the selected mathematical model. They will show the
change in the cutting force depending on the cutting depth and feed.

ANALYSIS OF LITERATURE DATA AND STATEMENT OF THE PROBLEM

To determine the cutting force during boring screw non-rigid machine parts [3-4], experimental
studies were carried out on a screw-turning machine with different spindle speeds. Cutter material of the
brand T16K5 was chosen for the boring process [4-5].

The part was installed in a special device and fixed in a three-jaw chuck of the lathe and screw-
cutting machine 16K20 so that the researched process could be carried out on machines that are widely used
in repair shops of enterprises engaged in equipment repair. The workpiece was installed in the device
manually.

In addition, experiments were conducted for different values of feed and cutting depth [3]. In this
way, an experimental array of optimization parameter data was obtained depending on the feed and cutting
depth. From the entire obtained experimental array of data, a data sample of one specific feed value with
different values of the cutting depth was created [1-2]. The obtained numerical results of the cutting force
were entered in the table of a conditional full-factor experiment [1].

Processing of the obtained data of the experimental array was carried out according to well-known
methods of correlation and regression analysis of experimental data to obtain the final result of empirical
regression equations [1].

To obtain a regression model of the optimization parameter in the form of a full quadratic
polynomial, a suitable conditional plan of a full factorial experiment was chosen. Its implementation was
carried out in a specified sequence.

PURPOSE AND TASKS OF THE RESEARCH

The purpose of the work is to analyze the features of the boring process of screw workpieces and to
establish the regularity of the boring processes of screw non-rigid parts.

The tasks of the research: plot the dependencies of the response surfaces of the optimization parameter
and a two-dimensional section of the response surfaces for a visual representation of the results of the
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experimental studies; plot and analyze the dependence of the change in cutting force on feed and cutting
depth; plot the dependence of the optimization parameter, that is, the dependence of the cutting force on the
change of one input factor with a constant value of the other two factors; plot a two-dimensional section of
the response surface of the dependence of the cutting force on the feed and cutting depth and the response
surface of the dependence of the cutting force on the feed and depth of cutting on the basis of research results
using the program «Statistika.

RESEARCH RESULTS

Since, in the process of conducting experiments, variable independent factors are heterogeneous and
have different units of measurement, and the numbers expressing the values of these factors are of different
orders, they were brought to a single system of calculations by replacing real values with coded ones.

The relationship between coded x; and natural X; variable factors was established by dependence:

__ A&i—&ip
AX;

i , 1)
where X;, — natural value of the i-th factor at the zero level;

AX; — variation interval of the i-th factor.

The zero level or average value of the input factor was determined by the formula:

XD — EmaxtEmin (2)

~ ’
i

where Xp — the numerical value of the zero level of the input factor;
Xnax — numerical value of the upper level of the input factor;
Xnin — numerical value of the lower level of the input factor.

The intervals of variation by factors are determined:

AX; = Emoaxtimin (3)

" .
=

Conventional designations of the upper, lower, and zero levels of factor variation were entered,
respectively +1, -1, 0 to construct a conditional plan-matrix for the planning of experiments. The results of
the coding of the experimental factors and the levels of their variation are shown in Table 1.

Table 1 — Results of factors coding and their levels of variation

Natural Coded Variation Levels of variation
Factor designa- | designa- irterval natural code
tions tions upper lower zero upper lower zero
Feed, S,
mm/stroke X1 X1 0,08 mm 0,2 0,04 0,12 +1 1 0
Cutting
depth, t, mm X2 X2 1,0 mm 2,5 0,5 1,5 +1 1 0

After coding the input factors, a plan-matrix of a conditional full factorial experiment of the FFE 3°
type was compiled for the total number of experiments N=P¥, where P is the number of levels of variation
(three), k is the number of active input factors (three) in the experiment, shown in Table 2.

Table 2 — Conditional plan-matrix of the FFE 3° type experiment

e Interaction of | Optimization parameter, Y Average
the Factor levels Factors values
experi- Frequency %
ment Xg X1 X2 X1X7 1 2 3 Yoo,
1 +1 -1 -1 +1 Y11 Y1, Yis Y.
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2 +1 +1 -1 -1 Ya1 Y2 Y23 Yac
3 +1 0 -1 0 Ya1 Y3 Y33 Yse
4 +1 -1 +1 -1 Yu Y Y43 Yie
5 +1 +1 +1 +1 Y51 Y52 Ys3 Yse
6 +1 0 +1 0 Ye1 Ye2 Ye3 Yec
7 +1 -1 0 0 Y71 Y72 Y73 Y7e
8 +1 +1 0 0 Ya1 Ya2 Yes Yse
9 +1 0 0 0 Yo1 Yoo Yo3 Yo

In order to reliably estimate the cutting force when boring screw non-rigid parts during experimental
studies, the required number of measurements of the controlled parameters (repetition of experiments) was
determined according to the methodology outlined in [1-2]. The experiments were carried out three times.

To implement the plan-matrix and to preclude the influence of uncontrolled and unregulated factors on
the research result, randomization of the plan-matrix was carried out using the method of random balance,
which was implemented by getting the serial numbers of the experiments from the urn.

The obtained results of the calculations were entered in the table of the obtained results of
experimental studies. The analysis of the obtained results of the experiments was carried out using a well-
known method of processing and analysis of the conducted experimental studies [1-2].

At the same time, the response function (optimization parameter) was taken as an approximate
mathematical model of a full quadratic polynomial [1-2], which describes the real experimental process:

¥

P, = by + byxy + BoXa + byoX %o+ byy x5 + byyx3,  (4)

where P, — experimental value of cutting force, H;

bo, by, by, by, byg, bay, — regression coefficients of the corresponding values of the input factors x;;

X1, Xo — input coded factors.

The coefficients of the approximating polynomial, presented in the form of a complete quadratic
equation under the condition of orthogonality and symmetry, were determined according to the appropriate
formulas [1]:

- free term by and coefficients of the b;i-th factor:

b _ E‘z}_:‘_x[ﬂf _ EJ:}:‘_I[HE_ (5)
t EJE}: G [zh N !

- interaction coefficients b and bjj:

b — I xinda, b — I s XX jux i ()

: N Tt N

where x;, — the value of the coded variable in the appropriate column of the experimental design;

3, — the average result of the u-th experiment;

u — serial number of the experiment

i — factor number;

J, k — factor number other than the i-th factor;

N — the number of conducted experiments.

The statistical significance of the coefficients of the regression equation bi was performed according to
the Student's test and determined in the following sequence:

- the dispersion of experimental errors in the lines of the FFE plan was determined as:

2 1 vn o —2
Su= T N1 O — W), )
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where n — number of parallel experiments (repetitions of one experiment);
j=1,2,.,n.

- the dispersion of the reproduction of the experiment was determined as:

-

- 1 I
Si :;Eiqsﬁ (8)

- the reproduction error was determined as:

-
Sy = .JS}' C))
- the significance condition of the b; coefficients of the regression equation was determined as:
tTSy
b,:_;,-k} = ﬁ' (20)

where t; — the tabular value of the Student coefficient, which is selected from the table depending on the
degree of correspondence f and the level of significance « [1-2].
The degree of compliance is determined by the formula:

f=(n-1)N, (11)

If (9) is not fulfilled, then the coefficient bi of the regression equation was taken equal to zero, and the
appropriate term x; was excluded from the regression equation.

Verification of the adequacy of the selected mathematical model with experimental data, that is, the
correspondence of the mathematical model to the real process, was carried out according to Fisher's F test as
follows [2]:

- the variance of adequacy was determined as:

539 = ‘-,'.-fg.' Yo=a0m — )2 (12)

where N-g’— the number of degrees of freedom of the adequacy variance;
g’ —the number of significant coefficients in the regression equation;
3, — average response value in the u-th trial;
37, — the response value at the u-th point of the plan, calculated by the regression equation;

- calculated Fisher's correspondence criterion F, was determined as:

5!1
B=T (13)

where 5 — dispersion of experiment reproduction.

The tabular value of Fisher's F+ test was determined at a given level of significance « and two
degrees of correspondence f,;=N-g Ta f,=N(n-1) [1].

The adequacy condition of the selected mathematical model was checked according to the inequality:

Fo<Fr (14)

If the condition F,<F+(0,05, f,,, f,) was fulfilled, i.e., the calculated value of F, - Fisher's test is less
than the table F+ for the 5% level of significance, the number of degrees of freedom of the variance of
adequacy, f,,=N-g and the number of degrees of freedom of the variance of reproducibility f,=N(n-1), then
the PFE regression equation is adequate to the experimental data.

DISCUSSION OF RESEARCH RESULTS

According to the results of the calculations, which were carried out with the help of a package of

m , 2023, Ne1 (20)




© R. Redko, O. Povstyanoy, R. Polinkevich, T. Chetverzhuk, O. Zaleta 2023

applied statistical programs for processing and analyzing the results of experimental studies for a PC, the
dependencies of the response surfaces of the optimization parameter and a two-dimensional section of the
response surfaces were built for a visual representation of the results of the experimental studies.

To build and analyze the dependence of the change in cutting force on feed and depth of cutting, we
used the statistical program package for PC «Statistika». The analysis of randomness of the process was
evaluated according to standard methods [2].

The dependence of the optimization parameter, that is, the dependence of the cutting force on the
change of one input factor with a constant value of the other two factors, was built using the «MathCad 11»
PC application package.

Approximation of the obtained experimental broken line, which was constructed based on the results
of the conducted research, was carried out according to known standard methods, while the amount of
deviation («mismatch») was determined by the method of least squares, which is described by the
dependence:

@=3%L, e =3" (m;, —m;)* (15)

where @ = =2 — amount of «mismatchy;
m;,, my, — respectively, the theoretical, determined by the empirical formula, and the experimental

g
value of the i-th experiment.
After conducting the research, a two-dimensional section of the response surface of the dependence of
the cutting force on the feed and depth of cut and the response surface of the dependence of the cutting force
on the feed and depth of cut were constructed using the program «Statistika».
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Figure 1 — Two-dimensional cross-section of the response surface of the dependence of the cutting
force on the feed and cutting depth
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Figure 2 — Response surface of cutting force dependence on feed and cutting depth

CONCLUSIONS

The work examines the peculiarities of the process of boring of screw workpieces. The regularities of
the processes of boring screw non-rigid parts have been established. The equipment for boring of screw non-
rigid parts is presented on the basis of theoretical and experimental studies, substantiation of the feasibility
and prospects of using screw workpieces. A theoretical generalization and a new solution to the scientific
and technical problem, which is manifested in the development and creation of technological processes for
processing screw non-rigid parts, are presented, which will allow to ensure the expansion of technological
capabilities and the improvement of technical and economic parameters.
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OcHameHHs st po3rodyBanHs ['H3 Ha OCHOBI TCOPETHYHHMX 1 €KCIICPUMEHTANBHHUX OCIHIKEHB, & TaKOX
JOIIJIBHOCTI Ta TMEPCHEKTUB BUKOPHUCTAHHS TBUHTOBUX 3aroTOBOK. HaBeneHO TeopeTHyHe y3arajJbHEHHS i
HOBE BHUPILICHHS HAYKOBO-TEXHIYHOI 3aJadyi, 10 BUSBISAETHCA B PO3POOLI i CTBOPEHHI TEXHOIOTIYHHX
nporeciB  0OpOOKM HEXOPCTKUX TBHHTOBHX 3aroTOBOK, IO JIO3BOJIMTH 3a0€3MEYUTH PO3MIMPEHHS
TEXHOJIOTIYHUX MOJXJIMBOCTEH Ta TIOKPAIICHHS TEXHIKO-eKOHOMIYHUX IIOKAa3HUKIB. 3a pe3ynbTraTaMu
PO3paxyHKiB, sIKi MPOBOAMIIN 32 JTOTIOMOTOI0 MAaKeTy MPUKJIAJHUX CTaTUCTHYHUX MPOrpaM OOpoOIeHHS Ta
aHaJTi3y pe3yJbTaTiB eKCIepUMEHTAILHUX nMociimkens g 1K, moOynoBaHi i mpoaHanmi3oBaHi 3aJICKHOCTI
MMOBEPXOHb BIATYKY HapaMeTpy ONTHMI3aIlii Ta ABOMIPHOTO IEpepi3y MOBEPXOHb BIATYKY TSI HAOYHOTO
300paXeHHS Pe3yNbTaTiB MPOBEACHUX EKCIepUMEHTATbHUX HociimkeHb. [loOymoBani 1 mpoaHami3oBaHi
3aJIeKHOCTI 3MiHM CHJIM pi3aHHS Big momaui i riauOuHm pizaHHs. Takoxx OOIpyHTOBaHI 3alieKHOCTI
napameTpy OonTuMiszalii, ToOTO 3aJ1eXHICTh CHIIM pi3aHHS BiJ 3MiHM OJHOTO BXiZHOTO ()aKTOpy 3 MOCTIHHUM
3HAYCHHAM IBOX IHmMUX (pakTopiB. Ilicims mpoBemeHHS MOCTIKEHb 3a JOIMOMOTOI0 Tporpamu Statistika
no0yJ0BaHO ABOMipHUI Mepepi3 MOBEpXHi BIATYKY 3aJ€KHOCTI CUIIM Pi3aHHs BijA mojadi i rmuOuHN pi3aHHS
Ta MOBEPXHIO BiATYKY 3aJI€XKHOCTI CHUJIM Pi3aHHs BiJ Mojadi # TIMOMHM pi3aHHS. ATPOKCHMAII0 OTPUMaHOI
eKCIIepUMEHTATBHOI JIOMaHOi1 JIiHii, sika moOy/IoBaHa 3a pe3yIbTaTaMu MPOBEICHNUX JOCIIIKEHb, IPOBOIMITH
3a BIJIOMUMH CTQHIAQPTHUMH METOJUKAMH, IPU [IbOMY BEJIMUUHY BiJXWICHHS (HEY3TrOJUKEHHS) BU3HAYAIN 32
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INVESTIGATION OF THE FUNCTIONING OF THE TRANSPORT AND PRODUCTION
SYSTEM OF A METALLURGICAL ENTERPRISE QUARRY

Timing of the time parameters of the technological routes of the transport and technological system of the
quarry of the metallurgical enterprise was carried out. The statistical characteristics and laws of distribution of the
above-mentioned parameters are determined.

In order to identify the correlations between the parameters of transport service indicators of technological
routes and to identify the statistical characteristics of these parameters, the timing of the operation of rolling stock on
the technological routes of the transport and production system of the quarry of the metallurgical enterprise was
carried out.

The study presents the results of timing of two technological routes of the section of the transport and
production system of the quarry. Timing was carried out during four working days in two shifts (from 08.00 to 20.00
and from 20.00 to 08.00).

Timing was carried out according to the following values: loading time, unloading time, driving time with a
load, driving time without a load, technological and physiological idle time, number of drives.

The study was conducted using the Wialon software package.

Analyzing the obtained results, it is possible to conclude that idle vehicles before loading (unloading) cargo
can occur on any shift during a work shift. This is due to the fact that during the time the car is traveling on the route,
the value of the time parameters may be such that the conditions of vehicle downtime arise. In this regard, it can be
concluded that the occurrence of idling vehicles on technological routes is of a probabilistic nature.

Key words: timing, distribution law, loading time, unloading time, technological downtime, technological
routes, rolling stock, carrying capacity

INTRODUCTION

Quarry dump trucks are an important element of the transport and technological system of quarries of
mining enterprises. In this regard, the task of solving the problem of increasing the efficiency of the system
as a whole by choosing a rational fleet of rolling stock, taking into account the change in transportation
conditions and the random nature of the time parameters of the transport process. Solving the given task
requires obtaining the characteristics of the time parameters of the transportation process for further
performance of the given task.

ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

The transport network in the quarry is a complex system consisting of a large number of active
elements - dump trucks and excavators of individual types. This system is characterized by a relatively rapid
change in traffic flow parameters in space and time, as well as by random values of the time of individual
processes, such as vehicle maneuvering, loading and unloading, movement along the route. Optimum
operational planning and management of quarry transport can increase its productivity by more than 20%
due to reduction of idle time and queues. [1] As a result, the process of transporting technological raw
materials by dump trucks in the conditions of mining and extractive production does not meet the
requirements of the modern transportation process due to the inefficiency of the existing methods of
managing fleets of heavy-duty dump trucks, which are not sufficiently adapted to the conditions of operation
in the technological cycles of metallurgical and mining production. [2]

The analysis of works [3-12] devoted to the aspects of selection and approaches to the selection of
rolling stock shows that the issues of selection, formation, calculation, economic feasibility of using one or
another type of rolling stock on the technological routes of industrial enterprises were sufficiently studied.
Thus, in the paper [3] it is stated that when choosing vehicles, a comprehensive approach is necessary, the
essence of which is, first of all, that the issues of transportation, unloading, loading and storage should be
considered simultaneously and in relation to other issues of technology and organization production The
choice of vehicles is based on the generally accepted method of assessing the economic efficiency of new
equipment and capital investments. The initial data necessary for the selection of the most economical means
of transport include: the characteristics of the goods being transported; route information; data on the volume
of cargo transportation by the consumer, etc. The existing approaches to the definition and understanding of
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the term "rolling stock selection™ in transport logistics are considered in the paper [4]. In work [5-6] issues
regarding the existing and modern methods of calculating the rolling stock fleet and their shortcomings are
highlighted.

THE PURPOSE OF THE WORK PURPOSE AND OBJECTIVES OF THE STUDY

To identify the relationship between the parameters of transport service indicators of technological
routes and to determine the statistical characteristics of these parameters by timing the operation of moving
vehicles of the transport and production system of the career of a metallurgical enterprise.

RESEARCH RESULT

In order to identify the correlations between the parameters of transport service indicators of
technological routes and to identify the statistical characteristics of these parameters, the timing of the
operation of rolling stock on the technological routes of the transport and production system of the quarry of
the metallurgical enterprise was carried out.

The rolling stock of the transport and production system of the quarry is represented by BeLAZ dump

trucks with a load capacity of 30 and 42 tons. On some dump trucks, the load capacity was increased to 36
and 30 tons. The road transport division serves the technological routes of sections of the transport and
production system and carries out the transportation of technological waste and products of their processing
to ensure the continuous production process of the main production of the metallurgical enterprise.
The study presents the results of timing of two technological routes of the section of the transport and
production system of the quarry. Timing was carried out during four working days in two shifts (from 08.00
to 20.00 and from 20.00 to 08.00).

Timing was carried out according to the following values:

-loading time, min.;

-unloading time, min.;

-the time of the trip with the cargo, min.;

-the time of the trip without the cargo, min.;

-downtime of a technological and physiological nature, min.;

-the number of rides.
The study was conducted using the Wialon software package.
The results of statistical data processing are presented in Table 1.

Table 1 — The main statistical characteristics of the time parameters of the technological routes of the
transport and production system of the quarry

Parameter, min. Mean, min. Variance Standard Error M'?T']w]um’ Maximum, min.
1 2 3 4 5 6
Route A
Loading time 5,515 3,026 0,107 3,32 11,12
Unloading time 12,787 2,619 0,099 9,25 19,38
The time of the trip 2273 0,809 0,055 1,250 5,920
with the cargo
The time of the trip 11,131 3,205 0,110 8,500 18,100
without the cargo
Route B
Loading time 3,199 2,469 0,091 1,430 10,50
Unloading time 3,086 2,989 0,099 1,270 10,70
The time of the trip 5,927 1,671 0,075 24 12,1
with the cargo
The time of the trip 2,070 0,395 0,036 1.2 5,19
without the cargo
Waiting time in the 5,971 34,479 0,338 0 24,52
queue
Downtime per shift 30,813 319,983 3,322 2,04 77,86

Values - loading time, unloading time, the time of the trip with the cargo, the time of the trip without
the cargo, waiting time in the queue were obtained for 650 rides. The values - downtime per shift, the
number of rides are obtained for 27 shifts, and the value in the last line is the total idle time during one shift.

, 2023, Nel (20)




© B. Sereda, D. Mukovska, D. Sereda 2023

As a result of the statistical analysis, the laws of random values of the time parameters of the
technological routes of the transport and production system of the quarry were established.

The results of the analysis are shown in Table 2.

As a result of the statistical analysis, it was found that the number of trips of each car during the shift
is not a constant value, the average value of which is equal to 20.41 min.

Table 2 — Results of the statistical analysis of the time parameters of the technological routes of the

transport and production system of the quarry of the metallurgical enterprise

Technological routes

Parameter, min The law of distribution Distribution function
Route A
_[lnx—515)"
Loading time Lognormal Flx) = Je 2(0107)%
“[] 107
_(lnx—12.787)"
Unloading time Lognormal flx) = (———)e 200557
v/x0,0992
The time of the trip 1 _f=—2, JE};
with the cargo Normal flx) = m g Z(0.055)
v
. . (Inx—11131)*
The time of the trip I
without the cargo Lognormal &) = (77— Jx0,1102 D FOHD
Route B
_(inx—3.1%8)"
Loading time Lognormal flx) = (———)e 2000517
Vx0, 091
_[(Imx—3.086)~
Unloading time Lognormal flx) = (——— 7 e 2(0,093)2
x0,099°2
The time of the trip 1 (=552 ?’_:l;
with the cargo Normal f(x} — m e Z(0.075)
W
. . _(inx—3.088)"
The time of the trip Lognormal £0x) _( e S 3703557
without the cargo \ x[] 3952
iting time i —01&7x
X\L/jaeljéng time in the Exponential flx) =0,167e
Downtime per shift 1 _-ix—'HEhSlEI}‘
Normal flx) = me 2(3,33Z)7

DISCUSSION OF THE STUDY RESULTS

Figure 1 presents a histogram of the distribution of idle time on routes. This time parameter belongs to
the normal distribution law and is difficult to analyze compared to other researched parameters. For the most
part, it is quite difficult to analyze the situation of downtime on the routes, which may arise as a result of
poor-quality ongoing repairs of rolling stock, installation of poor-quality spare parts, unsatisfactory physical
and psychological condition of drivers, and unsatisfactory condition of the road surface.
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Figure 1 — Graphic representation of the empirical distribution law for the parameter downtime of a

technological and physiological nature for technological routes

According to the obtained data, the loading time on the routes is presented in Figures 2, 3. Using the
Chi-Square test, the hypothesis that the obtained samples belong to the logarithmic-normal distribution was
tested. At the significance level of 0.95, the loading time obeys the logarithmic-normal distribution law with
the parameters for route A - x = 5,515; & = 0,107, forroute B - x = 3,199; ¢ = 0,091.

Variable: Varl, Distribution: Log-normal
Chi-Square test = 5,98538, df = 3 (adjusted), p = 0,11232
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Figure 2 — Graphic representation of the empirical distribution law for the parameter loading time for

technological route A
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Variable: Var5, Distribution: Log-normal
Chi-Square test = 5,50485, df = 3 (adjusted) , p = 0,13835
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Figure 3 — Graphic representation of the empirical distribution law for the parameter loading time for
technological route B

The unloading time, the distribution histograms of which are presented in Figures 4, 5, are also subject
to the logarithmic-normal distribution law with parameters for the route A - x = 12,787; ¢ = 0,099, mus
mapuipyty B - x = 3,086; ¢ = 0,099.

Variable: Var6, Distribution: Log-normal
Chi-Square test = 4,39302, df =2 (adjusted) , p =0,11119
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Figure 4 — Graphic representation of the empirical distribution law for the parameter for technological route
A
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Figure 5 — Graphic representation of the empirical distribution law for the parameter for technological route

route was tested A - x = 2,273; o = 0,055, for the route was tested B - x = 5,927; ¢ = 0,075.

B

Figures 6, 7 present histograms of the time distribution of the trip with cargo. Using the Chi-Square
test, the hypothesis that the obtained samples belonged to the normal distribution law with parameters for the
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Variable: Var5, Distribution: Normal
Kolmogorov-Smirnov d = 0,02818,

Chi-Square test = 3,15701, df = 3 (adjusted) , p = 0,36805
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Figure 6 — Graphic representation of the empirical distribution law of the parameter the time of the trip with
the cargo for technological route A
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Figure 7 — Graphic representation of the empirical distribution law of the parameter the time of the trip with

the cargo for technological route B

The travel time without cargo, the distribution histograms of which are presented in Figures 8, 9, are
also subject to the log-normal distribution law with parameters for the route A - x =11,131; ¢ = 0,110,
with parameters for the route B - x = 3,086; & = 0,395.

No. of observations

Variable: Var4, Distribution: Log-normal
Chi-Square test = 5,85630, df = 3 (adjusted) , p =0,11881
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Figure 8 — Graphic representation of the empirical distribution law for the parameter the time of the trip

without the cargo for technological route A

, 2023, Ne1 (20)



© B. Sereda, D. Mukovska, D. Sereda 2023

Variable: Var8, Distribution: Log-normal
Chi-Square test = 3,84770, df = 2 (adjusted) , p = 0,14604
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Figure 9 — Graphic representation of the empirical distribution law for the parameter the time of the trip
without the cargo for technological route B

The histogram presented in Figure 10 describes the waiting time in the queue for reordering by
unloading to the crushing and sorting complex and is subject to the exponential law of distribution with the
parameter ¢ = 0,167,

Variable: Var9, Distribution: Exponential
Chi-Square test = 8,97494, df =5, p = 0,11007
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Category (upper limits)

Figure 10 — Graphic representation of the empirical distribution law for the parameter waiting time in the
queue for technological route B

CONCLUSIONS

1. Timing was carried out and the main statistical characteristics of the time parameters of the
transport service cycle of technological routes were determined.

2. A statistical analysis of time parameters of technological routes was carried out. The obtained
distribution laws of random variables.
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Analyzing the obtained results, it is possible to conclude that idle vehicles before loading (unloading)
cargo can occur on any shift during a work shift. This is due to the fact that during the time the car is
traveling on the route, the value of the time parameters may be such that the conditions of vehicle downtime
arise. In this regard, it can be concluded that the occurrence of idling vehicles on technological routes is of a
probabilistic nature.
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OyJIO MPOBEICHO XPOHOMETPYBAaHHS pOOOTH PyXOMOTO TPaHCIIOPTY Ha TeXxHosoriyHux Mmapmpyrax TBC K
MII meramyprifinoro mignpuemcrsa. Pyxommii cxoramr ~ TBC K MII npencraBnenHuii caMOCKUIaMu MapKu
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EFFICIENCY OF KINEMATIC CHIP BREAKING ON A CNC LATHE

When turning many materials, especially such as high-alloyed steels and a some of non-ferrous metal alloys,
long continuous chips are usually formed which clutter the working area of the machine tools and are dangerous for
the workers. One of the effective and reliable methods of chip breaking during turning is vibration cutting, when the
uniform motion of the cutter relative to the workpeace during the turning process is superimposed with an additional
vibration motion of the cutter. The use of oscillating movements of the cutter in the direction of longitudinal feed is
the most effective for chip breaking during longitudinal turning. To ensure the necessary amplitude-frequency range of
cutter oscillations, the use of a toolholder with an elastic part in the form of a machined spring of cross slot
configuration and directional stiffness. The toolholder is equipped with a mechanism of oscillating movements of the
elastic part, which receives movement from the drive of the tool spindle of the machine tool. The development and
research of the mathematical model of the cutting tool elastic system determined the conditions under which reliable
chip breaking takes place regardless of the cutting modes and the properties of the processing material. The conducted
experimental studies confirmed the effectiveness of the proposed toolholder with elastic elements for reliable chip
breaking during longitudinal turning.

Key words: chip breaking, vibration cutting, mathematical simulation, toolholder with machined spring of
cross slot configuration.

INTRODUCTION

The problem of controlling the chip formation process arose when using automated production, CNC
machine tools and "unmanned" technologies in modern engineering. In the conditions of automated
production, breaking and removal of chips becomes especially important when their accumulation disrupts
the automatic cycle of the machine tool. During high-speed turning of structural steels, a long continuous
chip is usually formed, which is wound around the toolholder and the processed workpeace, interferes with
monitoring the machining process, clutters the workplace, is inconvenient to remove from the machine tool,
and is dangerous for the workers.

ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

The chip breaking process on the machine tools is carried out depending on the nature of the
interaction between the cutting tool and the processed workpeace and is divided into cutting with constant
and variable parameters. When cutting with constant parameters, the invariance of the cutting speed, feed
and depth is ensured within the limits of this technological operation. In this case, they mainly use methods
of mechanical breaking of chips without the supply of additional energy, which is carried out by adjusting
the cutting modes and geometry of the cutter, as well as with the help of notches and ledges, which that
change the movement of the chips in the direction of its steeper twisting [1].

When cutting with variable parameters, the most effective is the method of vibration cutting, which consists
in adding to the traditional forming movements the vibration movement of the cutting tool relative to the
workpiece, as a result of which the cutter of the toolholder performs the sum of the feed and additional vibration
movements. However, this method requires the introduction of additional mechanisms into the design of the
machine tool to create oscillating movements of the cutting tool in the range of up to 200 Hz with amplitudes of
up to 0.3 mm and synchronizing them with the rotation of the workpiece. At the same time, the cutting tool
relative to the workpiece can oscillate parallel to the directions of axial and radial feeds and the cutting speed
vector (tangential vibrations) [2, 3].

Turning with axial vibrations in the direction of longitudinal feed affects the change of the cut area and
increases the roughness of the machined surface in relation to turning with uniform feed. Therefore, turning with
axial vibrations is used for rough and semi-finish operations, which do not have strict requirements regarding the
quality of the machined surface. When cutting with radial vibrations, the cutting tool relative to the workpiece
performs oscillating movements in the direction of cross feed and is effective especially in operations with cross
feed. A feature of the turning process with tangential vibrations is the practically constant dimensions of the
longitudinal and cross sections of the cut, which makes the use of such vibrations of the cutter for kinematic
breaking of chips inefficient.

Depending on the cutting modes and additional vibrations of the cutter, the kinematics of the cutting
process with vibrations can provide a continuous or intermittent cutting process. In the latter case, regardless
of the cutting conditions, a breaking chip form is obtained. In the case of a continuous process of cutting with
vibrations, chip breaking will take place when the thickness of the chip fluctuates significantly, when its
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strength in the hollow during interaction with the rotating surface of the workpiece or a special projection of
the cutter may become insufficient [4, 5].

The purpose of the research is to increase the efficiency of turning with chip breaking by using toolholders
with machined spring of cross slot configuration of directional stiffness to ensure a given amplitude-frequency
range of oscillatory movements of the cutter and modes of vibration-resistant cutting.

PURPOSE AND OBJECTIVES OF THE STUDY

During the processing of workpieces on a machine tool using vibration cutting, additional ones arising
under the action of alternating loads and due to the properties of the elastic system of the machine tool are
superimposed on the oscillations set by the vibration drive [6]. Both during vibration and during
conventional cutting, three components of the cutting force P(t) act on the cutter - axial P(t), radial P(t) and
tangential P,(t), the current values of which, especially depending on the methods of vibration cutting,
change during each cycle of the cutter oscillation. As a result, the total amplitude of cutter oscillations can
cause the technological system of the machine tool to go beyond the limits of stable cutting. Considering
this, there is a need to simulate the turning process with additional oscillations of the cutting tool in order to
determine vibration-resistant cutting modes while ensuring effective chip breaking.

For the mathematical description of the elastic system of the machine tool in its technological system,
the cutting tool system that exerts a dominant influence on the chip breaking process is highlighted. It is
advisable to build the model of the elastic system of the cutting tool using the main coordinates, which will
allow to completely separating the variables that determine the movement of the cutting tool in an arbitrary
xyz plane. In Fig. 1 shows a generalized dynamic diagram of a lathe designed for modeling dynamic
processes during chip breaking in turning. The elastic system of the cutting tool includes sub-systems of the
cutter-carriage, the feed drive-carriage and the drive of oscillatory movements of the cutter.

Fig.1. Generalized dynamic scheme of the cutting tool elastic system

The elastic system of the cutting tool consists of the reduced masses of the toolholder m; and the carriage
m,, connected to each other and the base of the machine tool by links with elastic and dissipative properties, on
which the cutting force P(t) acts. The system takes into account the reduced stiffness and damping coefficients
of the toolholder - €1y, h12y @and Ci2;, iz, and the carriage - ¢, h,y and ¢y, hy,, respectively, in the directions Oy
and Oz; I3 and I, - moments of inertia of the rotors of the feed drive motor and oscillatory movements of the
cutter; ¢,, @3 - rotation angles of the engine rotor and the feed drive screw; hgs, has, Cor, C23 - total reduced
coefficients of torsional damping and torsional stiffness of feed drives; hy,, Cyx2 - total reduced coefficients of
damping and stiffness of the toolholder in the Ox direction; My, and M; - torques of the motors of the feed drive
and the drive of the oscillating movements of the cutter; F7» — the total frictional force in the slide carriage
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guides, screw gear, bearings and seals; Py(t) is the axial component of the cutting force (in the direction of
longitudinal feed); t, — pitch of the lead screw. Mechanism K is designed to convert rotary motion into
oscillating motion of the cutter along the Ox axis.

In modern CNC lathes, the feed drive consists of a high-torque motor, a belt (gear) transmission, a roller
screw, and a feedback sensor. In addition, the carriage contains a tool accumulator - a turret head, in the
working position of which there is a drive for rotating the tool spindle of the toolholders for drilling and milling
operations. It is this drive that can be used as a source for oscillatory movements of the cutter.

The drive of oscillatory movements of the cutter is presented in the form of a reduced mass of the toolholder
m;y, a vibration drive of the tooholder with a torque M;, a reduced moment of inertia of the motor rotor |, the angles
of rotation of the motor rotor and the drive shaft of the tool spindle - ¢, and ¢, which with the help of a transmission
mechanism K transforms the rotational movement of a drive into oscillating movement of the elastically deformed
part of the toolholder with the cutter.

The system of equations of motion of the cutting tool elastic system in the direction of longitudinal
feed has the following form:

J3 9, + hzs((bs _¢2)+ C23((03 (02)_ M,
m2 X2 + hx12(¢3 ¢2)+ CX12(¢3 )

27
_hza‘_(% ¢2)+C23t ( ) (1)

tg B
m - X, + hx12(¢’3 —¢2)—CX12(¢3 _§02): —P,
Jo-o + h01(¢1 _¢0)+001(¢1 _%): M;

The cutting force P(t) can be represented as [7] P(t)=K,,-a(t)-b(t), were a(t) and b(t) - time-

varying thickness and width of the area of metal being cut, K,,;, - specific cutting force.

When cutting without vibrations, the distance a(t) between the trajectories of the cutter end on two
adjacent rotations of the workpeace is constant and equal to the axial feed S. When cutting with axial
vibrations, this distance is variable and depends on both the feed and the amplitude of oscillations, phase
angle and phase shift as [3]:

a(t)=S+A-sinot—Asin(ot—2-7-w /w,), (2)

were @, = ¢, - circular frequency of oscillatory movements of the cutter; @, - angular velocity of the workpiece.

The ratio wy/w, can be represented by the sum of the whole part k, which is the whole number of waves included
in one revolution of the workpiece, and the fractional part g, that is: o, /o, =k +q. It is obvious that the relative

position of the sinusoids of oscillations is determined only by the fractional part of the ratio wy/w,. In particular, at
g = 0, an increase in the amplitude A of the cutter vibrations does not ensure chip breaking due to the whole
number of vibration waves that are included in one revolution of the workpiece and leave a constant value a(t) at
each subsequent revolution of the workpiece (machining on the previous trace). Therefore, it should be taken into
account that the ratio wy/w, should not be a whole number to ensure chip breaking.

Cutting with axial vibrations affects the change of the cut area, which is proportional to a(t), and
increases the roughness of the machined surface in relation to cutting with a uniform feed. Therefore, cutting
with axial vibrations is used for rough and semi-finished operations, which do not have strict requirements
regarding the quality of the processed surface. From the analysis of the kinematics of vibration cutting, it
follows that with axial vibrations of the cutter, chip breaking with a minimum amplitude is achieved only
with a strictly defined ratio between the angular speed of the workpeace w, and the angular frequency of
oscillations of the cutter w; , that is[8]:

wyw, = k+0,5 Ta A=0,5-S. (3)

The simulation of the process of chip breaking in the direction of axial feed is carried out on the
mathematical model of the cutting tool elastic system in the form of a system of differential equations (1),
which takes into account the elastic-damping characteristics of the elements of the dynamic scheme and,
using expression (2), the kinematic characteristics of the chip breaking process and the influence of one of
sources of self-oscillations during cutting - machining on the previous trace (3).
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RESEARCH RESULT

In Fig. 2 shows the results of the simulation of the chip breaking process in the form of graphs of the
dependence of the current value of the thickness of the cut area a(t) and the cutting force P(t) from the
frequency ratio w/w,. The graphs were calculated at the values of S = 0.1 mm/rev, A = 0.05 mm and at the
ratio w/w, = 3.5, which corresponds to condition (3), and at the ratio w/w, = 3.0. Modeling of the breaking
process under the condition w/w, = 3.5 shows that its consideration ensures periodic crossing of the zero
coordinate by the a(t) graph, which means periodic interruption of the cutting process (Fig. 2, a) and zeroing
of the cutting force P(t) (Fig. 2, b). On the other hand, disregarding condition (3) and the effect of processing
after the trace at the ratio w/w, = 3.0, with all other parameters of the model being the same, a process of
continuous cutting with variable parameters and slight fluctuations in the thickness of the cut area a(t) (Fig. 2 ,a)
and cutting forces P(t) (Fig. 2, b) are observed without chip breaking.
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Fig.2. The results of the simulation of the chip crushing process in the form of graphs of the current
values of the cut area thickness a(t) (a) and the cutting force P(t) (b) taking into account the condition (3) for
w/wy = 3.5 and with an arbitrary ratio, for example w;/w, = 3.0

To implement the specified amplitude-frequency range of cutter oscillations, a toolholder with
machined spring of cross slot configuration and with the axis of greatest stiffness oriented relative to the
normal to the processed surface is proposed [10]. The use of such a machined spring for cutter oscillations
provides an increase in the modes of stable chip breaking and the necessary amplitude-frequency range of
vibration movements of the cutter due to the sufficient cyclic endurance of its elastic elements at maximum
amplitudes of its oscillations.

In Fig.3 shows the kinematic diagram of the two-coordinate turret carriage 1, which has a turret head 2
with a 16-position faceplate 3. The faceplate 3 of the turret head in the working position is fixed on the gear
semi-couplings 4 by a hydraulic cylinder 5. The rotation of the faceplate is carried out when the semi-
couplings 4 are unfixed from the high-torque motor 6 through the gear pair 7. The rotation of the tool spindle
8 is also provided by the engine 6 through the toothed belt transmission 9, the toothed gear 10 and the clutch
11. The rotation of the tool spindle 8 of the toolholder for chip breaking is transmitted only after the
faceplate is fixed, when the faceplate rotation drive is turned off.

In Fig. 4 shows the general view of the elastic elements (Fig. 4, a) and the polar diagram of the
flexibility of the elastic part of the toolholder in the yOz plane (Fig. 4, b).

From Fig. 4,b, it can be seen that the special design of the elastic element of the toolholder in the form
of a machined spring of cross slot configuration ensures the directionality of the axes of greatest and least
flexibility in accordance with the recommendations that ensures the increased vibration resistance of
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processing with non-rigid tooling, i.e. that the angle of rotation of the main axes of stiffness y'Oz' (8 = 15°)
was approximated in value to half the angle o (¢=30° was taken in the calculations), which determines the
direction of action of the cutting force P, that is § = o/2 [7, 10].

IIpuBoj NonepeuHUx
nogay
A,
i} Ll

5 Lslgo
=
>
3 ez
7
4
Agwiz gL
L —
Z IIpueog nozaoBkHIX
I-: .r.:. mogay
W ]ii \L
X o0 ag
T RTU T TO 9
2 oo _|_ _|_ e T
| |
T
8 11 10 z 1

Fig.3. Kinematic scheme of the turret carrifage of a CNC lathe
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Fig.4. Machined spring of cross slot configuration of the toolholder (a) and experimental polar diagram of
the flexibility of the elastic part of the toolholder (b)

Experimental research of the toolholder with elastic elements in the form of machined spring of cross
slot configuration showed the following results: - stiffness in the directions of the components of the cutting
force ¢, = 67.5 N/um, ¢, = 23.45 N/um, ¢, = 11.18 N/um. Frequencies of natural oscillations of the elastic
part of the toolholder in the following directions: - P, without pretension - 93 Hz, with pretension of 0.2 mm
- 86 Hz; - P, without pretension - 140 Hz, with pretension of 0.2 mm - 150 Hz; - P, without pretension - 155
Hz, with pretension of 0.2 mm - 157 Hz. Increasing the value of the pretension did not lead to a significant
change in the frequencies of natural oscillations.

The test for cutting workpieces made of steel 45 was carried out on a stand based on a 1A616 lathe
equipped with an additional drive for rotating the tool spindle of the tooholder. In all cutting modes at feed
S=0.16 mm/rev, range of cutting speeds V = 72-167 m/min., amplitude of cutter oscillations A = 0.08 mm,
cutting depths t=0.25; 0.5; 0.75; 1.0; 1.25; 1.5; 1.75 mm and an odd w/w, ratio, stable chip breaking was
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registered.

DISCUSSION OF THE RESULTS OF THE STUDY

Based on the analysis of known methods and devices for chip breaking during turning, it was
established that the use of elastic elements for oscillating movements of the cutter is the most effective way
to provide vibration processing with an amplitude of up to 0.5 mm and a frequency of up to 200 Hz for
reliable chip crushing in a wide range of modes cutting.

The results of mathematical modeling established that the choice of the shape, location and stiffness of
the elastic part of the toolholder relative to the direction of the external load on the cutting tool has a
significant impact on the efficiency of the segmental chip formation process.

It is proposed to choose the parameters of the elastic elements of the toolholder, taking into account
ensuring its maximum stiffness with minimal external loads for oscillatory movements of the cutter. At the
same time, it is recommended to use oriented stiffness for the machined spring of cross slot configuration
due to the special placement of jumpers between two rows of slots.

SUMMARY

According to the results of research, the effectiveness of using vibration cutting with low-frequency
oscillations for reliable breaking of chips during turning processing has been confirmed. The most effective
and reliable in longitudinal turning is the chip breaking process with axial vibrations of the cutter, taking into
account the odd ratio of the spindle rotation frequency and the frequency of oscillatory movements of the
cutter. Conducted research using a mathematical model of the cutting tool elastic system showed that when
using axial vibrations of the cutter, the reliability of chip breaking is determined by the ratio of the amplitude
of these vibrations and the amount of longitudinal feed of carriage.

The use of a toolholder with an elastic part in the form of machined spring of cross slot configuration
and with the drive of its oscillating movements provides the necessary amplitude-frequency range of cutter
oscillations for chip breaking in the direction of longitudinal feed. The positive effect of chip breaking
compensates for some disadvantages associated with a slight decrease in the quality of the treated surfaces.
The execution of the elastic part of the toolholder in the form of machined spring of directional stiffness
ensures a sufficient level of vibration resistance of the cutting tool elastic system due to the reduction of the
influence of the coordinate connection, that is, the condition when the cutter is pushed away from the
processed surface of the workpiece when the cutting force increases.
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IHllesuenko O.B. Benacsa A.1O. Egexmuenicmv KiHeMamuunozo OpoONeHHA CMPYIHCKU HA
mokapnomy eepcmami 3 YIIK

I[Tpu TokapHiii 06poO1i OaraTboX MartepianiB, 0COONIHUBO TAKUX, SIK BHCOKOJETOBaHI CTalli 1 psiji CIIaBiB
KOJIbOPOBHUX METaJiB, 3a3BUYall YTBOPIOETHCS 3JIMBHA CTPYXKKa, SIKa 3axapalrye podody 30HY BepcTaTa Ta €
TpaBMOHEOE3MeqHOI0 s poOiTHUKA. OxHNM e(peKTHBHHUX 1 HaAIHUX CIOCO0iB IPOOIEHHS CTPYXKH IMpH
TOKapHii 00poOIIi € BiOpalliiiHe pi3aHHA, KOJIW Ha PIBHOMIPHUH PyX IHCTPYMEHTY BITHOCHO JIETalli B POIIeci
TOUIHHS HAKJIaJa€ThCsl NONATKOBUH BiOpaumiHuil pyx iHcTpymeHTy. [Ipu mpaBuibHOMY BHOOpI HampsiMy
KOJIMBaHb, iX YaCTOTH Ta aMILTITY/IH, BiOpamiiiHe pi3aHHs J03BOJISE HAIIHHO 1 €(heKTUBHO IPOOUTH CTPYKKY.
Haii6inpm eekTHBHO NP MO30BKHBROMY TOYiHHI BiOYBA€ThCS APOOJEHHS CTPYKKH 3 BHKOPHCTAHHSAM
KOJIMBANBHUX PYXiB pi3ls B HANPsMKY MMO3J0BXHBOI Mofadi. Pe3ynpraraMu MaTeMaTHYHOTO MOJEIOBAHHS
Ha pPO3pOOJICHIM MaTeMaTHUYHIA MOJENi JUHAMIYHOI CHCTEMH IHCTPYMEHTY TOKapHOTO BepcTara, IIIo
BpaxoBy€ KOHCTPYKTHBHI OCOOIMBOCTI BiOpaIlifHOTO MPHUBOAY 3 MEPEeIaTOYHUM MEXaHI3MOM pi3lieTpruMada
y BUIJISIIII TIPY>KHOTO €JIEMEHTY CIeliabHOl MpocTOpoBoi KoH]irypamii 1ist 3abe3nedeHHs] HanpaBieHOTO
BiOpaliifHOTo pyxy pi3lisl, MOKa3aHo, MO CyTTEBUN BIUIMB HA €PEKTUBHICTH MPOLIECY YTBOPEHHSI CETMEHTHOI
CTPYXXKH Ma€ BUOIp (QOpMH, MiCIS pPO3TallyBaHHS 1 BEJWYMHH >KOPCTKOCTI 30HH TPYKHOTO KOpITyca
pisuerprMaya BIHOCHO HAmpsSMKYy 30BHINIHROTO HAaBaHTAXEHHA Ha pi3aNbHUN iHCTpymeHT. Jlis
3a0e3MeUeHHsT HEOOXiHOTO  aMIUNTYyIHO-4aCTHOTO Jialla30Hy KOJHMBAaHb PI3ld  3alpOIOHOBAHO
BUKOPUCTAHHS pi3LeTpuMada 3 MPYKHOK YaCTHHOI Yy BHUIVIAAI IPOPi3HOI NpPYKUHHM HANpaBIeHOI
XKOPCTKOCTI Ta BUKOPUCTAHHS IUTAaTHOTO MNPHBOAY IHCTPYMEHTANIbHOro wmmuHAens Bepcrara 3 YIIK.
Po3pobkoto Ta gociipKeHHIM MaTeMaTHYHOT MOJIENl MPY>KHOT CUCTEMH 1HCTPYMEHTY BU3HAUEHI YMOBH, MPH
SIKUX HE3aJICKHO BiJ PEXKUMIB pi3aHHSA Ta BJIACTHBOCTEH OOpPOOJIOBAIBLHOIO MaTepiany BinOyBaeThbes
HafiiiHe APOOIEHHS CTPYKKH.

KawuoBi cioBa: 1poOieHHS CTpYKKH, BiOpalliiiHe pi3aHHS, MaTeMaTHYHa MOJEINb, TMPOpi3Ha
MpyKWHA pi3leTpuMaya.
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DIAGNOSING OF CAR ON THE SHORT ROAD

This article describes methods of calibrating car speedometer on the road without expensive equipment. The
most accurate results are obtained by using marking elements, for instance, the standard road guard fence. The most
practical method is synchronous video recording of speedometer and the display of receiver for satellite signals GPS
or/fand GLONASS. Also, the KhNADU has substantiated methods of checking a car for acceleration and running out
onto the road with simple measuring devices - a speedometer and a phone stopwatch. Experiments have shown that the
real picture of countermeasures does not fit into generally accepted models, and this should be taken into account
when calculating the standards of diagnostic parameters - the path and time of run-outing and acceleration. For check
of the car by a known method the horizontal section of the road 2.5...3 km long is necessary. On the most part of the
territory of Ukraine such sections are very rare, so it is proposed to check up a car on an acceleration on Il and 1il
gears and on a coasting down from 50 or 40 km/h to 20 km/h, using accessible length of 0,5 km. Behavior of car in
such conditions was studied, some unknown specificities are discovered and described. The methods of calculation of
control values for time of acceleration and time of coasting are offered. The speedometer is a frequency converter of
the output shaft of the transmission or the wheels of the car. It inevitably reflects all the errors caused by the
uncertainty of the rolling radius of the wheel, including due to atmospheric conditions, the degree of tire warm-up,
vehicle loading and its distribution in the longitudinal and transverse directions, etc. Under these conditions, it is
necessary to improve the standless diagnostic methods available to ordinary drivers, i.e. on-the-road inspection
methods without complicated or prohibitively expensive equipment. So the calibration of the speedometer is a
necessary test step and, in critical cases, must be performed at the beginning and end of each test day. Experimentally
estimated the error, the required duration of measurement and speed variation when maintaining it by driver or by
cruise control. Grading on GPS better when driving south. Calibration equation was obtained for the 2006 Honda
Civic: Vgps = 0,9528 Vpeeqo. — 0,83.

Keywords: short road, car test, acceleration time, coasting time, GPS, car, speedometer.

INTRODUCTION

In operation, the performance of cars is gradually deteriorating, which must be detected in a timely
manner. This problem is solved with the help of traction roller stands. However, traction stands are
expensive and many service stations do not have them. Service station owners believe that there is no
demand for such services: a client arrives with a specific complaint about the deterioration of the technical
condition, and the service station is required not to confirm this fact, but to search for and eliminate a defect
that causes the car to become inoperable. Another argument is that a modern car has on-board diagnostic
tools and therefore does not need external diagnostics. Both of these arguments are invalid.

The driver turns to the service station when he noticed a deterioration in the traction properties of the
car and could not fix it on his own. But the experience of drivers is not always enough to detect this
deterioration in a timely manner. There are cases when the driver noticed a decrease in traction properties by
two or even three times. But at the same time, the car does not just “drive badly” - it wastes fuel, i.e. non-
renewable natural resources, and this is no longer a personal concern of the car owner, but a problem for the
whole society.

References to the equipment of a modern car with on-board diagnostics are irrelevant for Ukraine. The
average age of the country's passenger car fleet is 18.5 years, which means that half of all cars are even older.
So most of the cars in our countries do not have on-board diagnostics.

KhNADU substantiates methods for checking a car for acceleration and run-out on the road with
simple measuring tools - a speedometer and a phone stopwatch. Experiments have shown that the real picture
of resistances does not fit into generally accepted models, and this should be taken into account when
calculating the standards for diagnostic parameters - the path and time of run-out and acceleration. It is
recommended to accelerate to 100...120 km/h in direct or IV gear, followed by coasting to a stop. But for
such tests, horizontal sections of the road 2.5 ... 3 km long are needed. We have such sites are very rare.
Therefore, it is proposed to check cars on a short road in terms of acceleration time in downshifts and run-out
time from 50 or 40 to 20 km/h.

ANALYSIS OF LITERARY DATA AND PROBLEM STATEMENT

The car develops the maximum traction force of interest to the diagnostician at maximum speed, with
very high resistances or during acceleration. The easiest way to do an acceleration road test is in calm
weather on a level road with good coverage. We will not determine the absolute value of the traction force
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P+, but we will know that, minus the total road resistance Pt and air resistance Py, this force is sufficient to
give a car with a mass m an acceleration a, that is

Pr — Py — Pyy=ma. (1)

The average acceleration is a fairly objective indicator, it is easy to evaluate it without special
instruments: for example, put the car into direct gear, develop a speed of 50 ... increasing speed from V; to
V,, say from 60 to 100 km/h. If the length of the measured section of the road is insufficient, then
acceleration should be carried out in downshifts.
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Figure 1. Scheme of general diagnostics of the traction and speed properties of the car for acceleration and
run-out
(solid lines - known method, dashed lines - proposed)

After the end of acceleration, i.e. reaching speed V,, you can disengage the clutch and measure the
car's run-out time, i.e. coasting from V, to V5 and/or to a stop. If the measured road is short, you can first
slow down, for example, up to 50 km/h, and then start the car coasting. The deceleration of the run-out
characterizes the sum of external resistances plus losses in the suspension and disconnected transmission. To
assess the technical condition of the car, it is these losses that are of interest.

Coasting distances are given in the literature (usually from 50 km/h to a stop). The coast down path
can exceed 1000 m, so it is better not to bring the coast to a stop, but to limit it to some small speed range,
for example, from 50 or 40 to 20 km / h. But measuring the run-out distance on the odometer in this case is
too rough (the absolute error is 100 m with a full path of 300 ... 500 m. It's easier to measure not the path, but
the run-out time.

In order to use the obtained values of the acceleration and run-out times as diagnostic parameters
characterizing the technical condition of the car, it is necessary to have standards (control values) for these
indicators. And to calculate the standards, it is necessary to study the features of the car in the selected modes
and, accordingly, adjust the theory of movement.

AIM AND TASKS OF THE RESEARCH

The purpose of this work is to improve the standless diagnostic methods available to ordinary drivers,
i.e. on-road testing methods without sophisticated or prohibitively expensive equipment and a general
familiarization with them.

RESEARCH RESULTS

For the case of operation at full fuel supply, i.e. according to the external speed characteristic of the
engine (ESCE), the tractive force P, in newtons is calculated from the curve of the effective torque M. in
newton meters:

M -uU -U, -
PT — e IR 0 77T , (2)
d

where u; is the gear ratio of the i-th gear engaged:;
Uo - gear ratio of the main gear (main pair)

nr is transmission efficiency;

Ry is the dynamic radius of the driving wheel, m.
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The torque curve M, is found in the literature. For old carburetor and diesel engines, it can be
calculated using the well-known formula S.R. Leiderman:

2
M, =M, .| A+ B(LJ_C[LJ 3)
nN nN

where Men max IS the torque at rated (maximum) power, Nm;

n — crankshaft speed (crankshaft) current, min™;

n, is the speed of rotation of the crankshaft at the rated (maximum) power, min™*;

A, B, C - coefficients, individual for each engine and depending on its coefficients of adaptability in
terms of rotation frequency of the crankshaft and in terms of torque. Many methodological sources
recommend the same coefficients for all carburetor engines and somewhat different ones, but also the same
for all diesel engines. In this version, the formula gives a satisfactory power curve, but not torque - the torque
curve calculated in this way does not even pass through the points of maximum torque and rated power
specified in the vehicle and engine characteristics.

For modern electronically controlled engines, the Leiderman formula gives satisfactory results only in
a limited range of rotational speeds, for example, from 2500 to 4500 min ™.

However, the nominal torque curves published in the literature were obtained in static modes, i.e.
according to measurements at each point at a constant speed, without acceleration. Acceleration during
acceleration noticeably distorts the configuration of the torque curve (Figure 2). The entire curve descends
slightly, dips appear at the beginning and end, and the point of maximum moment shifts along the abscissa
axis to the right or left.
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Figure 2. Torque measurement results for VW Passat 1.8 T
on the Rototest VPA-RX 2WD [1] (left) and our processing [2]

The engine acceleration rates (450...750) used by the Rototest researchers are not exaggerated. So, in
our experiments, a car Lada 111 weighing 1260 kg accelerated in second gear at a rate of 320...360 min—1/s,
and in first gear — 920...1080 min-1/s.

DVS theory explains this reconfiguration verbally, not quantitatively. It is not even clear where the
maximum torque will shift - to the right, to higher crankshaft speeds, or to the left. Prof. A.N. Poida believes
that this sets the engine setting, which is manifested by the shape of the torque curve according to the ESCE.
If the curve has a clearly defined maximum (as, for example, in the Lada Priora car), one should expect a
shift to the left, but if there is a platform (as in the VAZ-2111), the maximum will shift to the right. Note that
for cars of the Volkswagen Audi Group, the maximum is usually shifted to the right.

The generally accepted models of resistance to vehicle movement simplify the real picture. This is
shown by the processing of published field test data (Figure 3). Discrepancies appear in all speed ranges,
which indicates an insufficiently accurate description of all acting forces|[3].
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Figure 3. Comparison of calculated and experimental dependencies
deceleration of the free run of cars from speed
(processing of the results of field tests "Autoreview")

Note that these discrepancies are not the result of incorrect processing. The results of our experiments
on different cars have a very similar configuration. The speed dependence of the DAEWOO Matiz 0.8 car
deceleration (Figure 4) built on the basis of experimental data has exactly the same shape as shown in Figure
3, in particular, a clearly pronounced decrease in the deceleration module (i.e., resistance forces) on speeds
below 20 km/h. Since this diagram was built using the data of 21 runouts - both upwind and downwind, and
on two different roads (i.e. at different angles to the direction of the wind), such a deviation from the
theoretical diagram cannot be attributed to incorrect processing, negligence performers, wind influence,
unaccounted for slope, random factors, etc.
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Figure 4. Experimental dependence averaged over 21 run-outs

Calm periods on open roads are extremely rare, so you can not completely clear the results from the
influence of the wind. But with a weak wind (about 1 m/s), similar rundown diagrams were obtained in both
directions, with a clear drop in resistance at low speeds, especially below 8..10 km/h (Figure 5).
Consequently, this feature of the resistance to vehicle movement at low speeds can be considered proven and
taken into account in the calculations.
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This drop can be caused by the peculiarities of all acting forces. Idling losses of the transmission
depending on the speed are usually described by a linear law (V.V. Moskovkin et al.). However, our
experiments show a progressive decrease in these losses as the speed decreases (Figure 6).
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Figure 6. Idling resistance of a passenger car transmission

Many sources suggest that the rolling resistance coefficient be considered constant in the range from
zero to 100 km/h. More conscientious authors simply do not show its values at speeds below 15 km / h
(Figure 7) - apparently, due to the peculiarities of the measuring systems of tire stands. But even in these

cases, the downward deviation of the experimental points is clearly visible [4].

Figure 7. Dependence of rolling resistance on speed according to [5].
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Air resistance to vehicle movement is usually described as a quadratic dependence on speed:
P,=05p, C, -F -V 4

where p,, is the air density, on average 1.2 kg/m?;

C, is the drag coefficient;

F is the frontal area of the vehicle, m?;

Vv is the speed of the vehicle relative to the air, m/s.

It is generally accepted that when blowing in a wind tunnel, the coefficient Cy is measured. In fact, the
forces and moments acting on the object along three axes and the flow velocity are measured, and Cy is
calculated based on formula (4), i.e. a priori taking the exponent equal to 2. In fact, the exponent is not equal
to 2 and is not a constant at all. It essentially depends on the speed, it was shown back in the 20s of the last
century, this is well known to specialists. However, the literature does not provide guidance on how to
calculate it. We tried to explore its connection with the speed of the means available to us. It turned out that
the qualitative picture of 84 studied cars is almost the same, although the variation is very large, especially at
speeds below 20 km/h. But the absolute values of the force Pw are small here, so you can use the averaged
dependencies shown in Figure 8.
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Figure 8. The dependence of the exponent in the air resistance formula on speed: variation across
different vehicles (left) and polynomial approximation [6].
DISCUSSION OF THE RESEARCH RESULTS
Traction balance equation (1) is essentially a differential equation of the form

dv P -ZP
=—=-m "~ ¢ (5)
dt m,-o

where a is the acceleration of the vehicle, m/s?;

>'P. is the sum of resistance to movement, N;

ma is the progressively moving mass of the vehicle, kg;

d is the coefficient for accounting for rotating masses.

Traditionally, all components of the traction balance are described by polynomials of no higher than
the second degree. In this case, the differential equation is solved in general form. But if we take into account
the refinements of the mathematical models of these components described above, then the equation
becomes much more complicated:

M u.u v (8,9410710v*-4,12107v3+9,24107°v?-0,0105%+2,45)
dV eV 077 5pC F [ j 1
e rko—/lMMeuiuon 3,6 sm
(1,36, ~1.2q,, ) (-1,4-10°v* +3,22-10°v® - 2,33-10“V? +0,00854v + 0,098) :
(6)
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VRIVAT
0,377(r,, — Ay M U;uy77)

M, =2,29-10"°n® -5,76-10™°n° +5,78-10"'n* —=2,94.10"n* +7,9-10"*n® —1,0376n + 65,504, n =

In this form, it does not have a general solution, but is easily solved by numerical methods, for
example, by the well-known finite difference method. The method is simple, clear and easy to use. Its key
point is the choice of the discretization step of the considered range of the argument (in our case, the speed)
when constructing the grid. The analysis showed that too small a step is not required to calculate the
acceleration or run-out time: for example, a calculation error of less than 1% is provided at a step of 20 km/h,
and an error of less than 0.1% is provided at a step of less than 6.4 km/h (Figure 9) [7].
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Figure 9. Dependence of the calculation error by the finite difference method on the grid step [8].

Felative errar,

The standard values of the acceleration time and the run-out time are calculated as solutions of the
differential equation of motion by the finite difference method for given boundary conditions (for example,
V=60, V2=1OO).

The standards should be calculated for specific test modes. Based on calculations and experiments, the
following modes are recommended: acceleration in third gear from 50 to 100 km/h, in second gear from 20
to 80 or to cutoff; rear-wheel drive vehicles can be additionally checked by acceleration in gear | from zero
to 40 km/ h or to a cutoff. Run checks from 50 or 40 km/h to 20 km/h [9].

The difficulty in calculating the acceleration is the choice of the torque curve equation, taking into
account the influence of the acceleration of the KV and the age of the engine. Our research allowed us to
propose empirical corrections that bring the results of calculating the acceleration time according to the
nominal torque curve closer to the experimental results. We recommend taking into account the reduction in
the maximum torque in the lower gears (accepted within 8%) by the coefficient

K,=1-0,02-u,, (7
where ui is the gear ratio of the gear for which the calculation is being carried out.
Assume that the largest displacement of the point of maximum torque Any along the axis of the
rotation frequencies of the crankshaft is 1000 min—1 in the lowest gear. Calculate the specified offset using
the formula

An,, =+275U.. (8)

In addition, it is known that as the cylinder-piston group wears out, the branches of the torque curve to
the right and left of the maximum point fall steeper and steeper. It is recommended for vehicles that are in
operation for T years from the date of issue or overhaul to enter a reduction factor into the torque formula
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K, =1-T -[0,006+0,010-(n/n,, —1)°1, (9)

where ny, are the maximum torque revolutions, min .

The smallest discrepancy with the experimental data is given by the calculation of the acceleration
standards according to the nominal torque curve, approximated by a polynomial of the 6th degree, with the
indicated empirical corrections.

CONCLUSIONS

The study showed the possibility of diagnosing cars on a short road by accelerating in 11-111 gears and
coasting from 50 or 40 km/h to 20 km/h. This greatly expands the possibilities of using such diagnostics in
operation. In the course of the study, new results were obtained that made it possible to improve the theory of
car movement.
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FO.B. 3ubues, I1.A. Bopomnios. [iaznocmuka aemomoodina na Kopomkii 00po3i

VY wmifi crarti ommcaHi cmocoOM KaniOpyBaHHsS CHiZOMeTpa aBTOMOOLIS B JOpo3i Oe3 mopororo
oOmagnanHs. HaiOinpln TOYHI pe3ynbTaTH Ja€ BUKOPHCTAHHS EJEMEHTIB PO3MITKH, HaNpUKIA],
CTaHIapTHOI oropoxi. HalnpakTudiliHUM CrocoOOM € CHHXPOHHHM BIJ€O3aNuC CHiJOMETpa Ta JUCILICS
npuitmMaya cymyTtHukoBuX curHainiB GPS rta/abo ['NIOHACC. Takox y XHAJ/IY oOrpyHTyBanu MeTonau
NepeBipKyu aBTOMOOLIS Ha PO3TiH 1 BHOIT 10 J0PO3i MPOCTUMH BUMIPIOBATEHUMH MIPUIAJJAMH — CITIZIOMETPOM
1 TeneoHHUM cekyHIoMipoM. ExcriepuMeHTH MoKa3aiy, 10 peaibHa KapThHa MPOTH/IT HEe BKJIAJA€THCS B
3arajJbHONPUAHSITI MOZETI, 1 [Ie CJIiJl BpaxOBYBaTH IIPH PO3PAXyHKY CTaHAAPTIB 11arHOCTUYHUX HapaMeTpiB -
ouisiXy 1 yacy BuWOiry i mpuckopeHHs. s mepeBipku aBTOMOOUIS BiJOMHM METOAOM HeoOXinHa
TOPU30HTAJIbHA JIUISHKA JOPOTH JTOBKHHOIO 2,5...3 kM. Ha Oibinili vacTuHi TepuTOpil YKpaiHu Taki TiISHKA
3yCTPIivalOThCS AYKE PiJIKO, TOMY HPOMOHYETHCS EepPeBipsATH aBTOMOOLIb ipu po3rodi Ha Il ta 11l nepemagax
Ta Hakati Big 50 abo 40 xm/rox g0 20 Km/ron, 3 BUKOPHCTaHHSM JOCTYMHOI noxuHu 0,5 kM. BuBueHO
MOBEMIHKY aBTOMOOUIS B TaKMX yMOBax, BHSBJICHO Ta OIKCAHO JESIKI HEBIZOMI OCOOJIMBOCTI.
3anponoHOBaHO METOMIU PO3PaxXyHKY KOHTPOJBHUX 3HAUEHb Yacy pO3roHy Ta dacy BUOIry. Cmigomerp - e
MEPEeTBOPIOBAY 4YacTOTH BUXIJHOTO Baja KOPOOKH mepenady abo Koiic aBTOMOOLIs. Y HbOMY HEMHHYYeE
BiJOOpakatoThCs BCi MOXMOKH, BUKJIMKAaHI HEBU3HAYEHICTIO pajiyca KOYEHHs Koyieca, B TOMY YHMCIi depe3
aTMOC(epHiI YMOBH, CTYIIIHb MPOTPIBY ITUHU, HABAHTAKECHHS aBTOMOOLISI 1 HOTO PO3IOALT B TTO3I0BKHHOMY
1 TIonepeyHoOMy HampsiMKax i T. 1. 3a OUUX YMOB HEOOXiJHO BIOCKOHAJIUTU JOCTYIHI 3BUYAHHHUM BOIisIM
ABTOHOMHI METOJM AiarHOCTHUKH, TOOTO METOIM OIJIAAY Ha I0po3i 0e3 ckiagHoro abo He AyKe JOPOroro

m , 2023, Ne1 (20)



http://repository.kpi.kharkov.ua/handle/KhPI-Press/11516
http://www.nhtsa.gov/staticfiles/safercar/pdf/PneumaticTire_HS-810-561.pdf

© Zybtsev Y.V., Voroshylov P.A. 2023

obnmagHanasa. OTke, KamiOpyBaHHS CITiIOMETpa € OOOB’S3KOBHM €TalloM TECTYBAaHHSA, 1 B KPUTHYHUX
BUITaJIKax BOHO Ma€ BUKOHYBATHCS HA TOYATKy Ta B KiHIII KOXXHOTO JHS TecTyBaHHS. ExcrepuMeHTaIbHO
OLIIHEHO MOXUOKY, HEOOXiAHY TPUBAIICTh BUMIPIOBaHHS Ta 3MiHY IIBUAKOCTI MpH Il MiATPUMLI BOAIEM abo
Kpyiz-konTponeMm. Ominka 3a GPS kpame mix uwac pyxy Ha miBaeHb. KamiOpyBaibHe piBHAHHS OyIio
orpumano a1 Honda Civic 2006 poky: Veps = 0,9528 Vgpeeqo. — 0,83.

KarouoBi ciioBa: kopoTka gopora, BUpoOyBaHHS aBTOMOOIIIS, Yac pO3roHy, Yac pyxy Hakatom, GPS,
ABTOMOO1JIb, CITITOMETP.
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Anppycenxo C.L', Bynunuenko 1B, lembinbknit B.M.2
'Hayionaneruii mpancnopmuui yunisepcumem, m.Kuis, Ykpaina,
zﬂyubkuﬁ HAYioOHanbHUti mexHiunuu ynisepcumem, m. JIyyvk, Vxpaina

3ACTOCOBHICTbB IIOKA3HUKIB OHIHIOBAHHS EHEPIT'OE®EKTUBHOCTI
TPAHCIIOPTHUX 3ACOBIB

Y po6oTi pO3IIIHYTO 3aCTOCOBHICTH MMOKA3HUKIB OLIHIOBAaHHS €HEProe(eKTUBHOCTI TPAHCHIOPTHHX 3ac00iB,
CHJIOBI YCTQHOBKH SIKHX MAIOTh ABUTYH BHYTDILIHBOT'O 3rOPaHHS Ta €IEKTPUYHMII IBUTYH. BCTaHOBNIEHO, 110 Mij yac
OLIIHKH BUTpPAT €HEPrOHOCIS B IBUTYHAX BHYTPILIHBOTO 3rOPSHHS 3aCTOCOBYIOTHCS IIOKa3HUKH BUTPATH CHEPTOHOCIS B
JiTpax Ha OJUHHUIIO TpaHCIOPTHOI pobotu B kM abo Ha 100 kM, B TOH 4Yac, SIK Uil OBUTYHIB 3 €JNEKTPUYHUM
MPHUBOJIOM TAaKW €IWHUHA MiAXiN BifACYyTHiH. BCTaHOBJIEHO, IO OCHOBHOI MPOOJIEMOIO TiJl 4Yac: IOPIBHSIHHS
eHeproe(eKTHBHOCTI TPAHCIIOPTHHUX 3aC00iB Pi3HUX BUPOOHUKIB 3 €IEKTPHYHOIO TATOBOI YCTAaHOBKOIO; IUTaHYBaHHS
Ta KOHTPOJIIOBAHHS BUTPAT EHEProHOCIS TPAHCIIOPTHUM 3aCO00M 3 EJISKTPHYHOIO TATOBOIO YCTAHOBKOIO € BiJICYTHICTh
€IMHOTO TTOKA3HWKA OLHIOBAHHA. PO3IIITHYTO pe3yNbTaTH MOCIHiIKEHb OO0 BIUIMBY Pi3HUX YMHHHKIB HA BUTPATH
€HEPTrOHOCIsI TPAaHCIIOPTHUMH 3aCO0aMHU 1 MOKA3HWUKH OI[IHIOBAaHHS BUTPAT €HEPrOHOCiA. AKIEHTOBAHO yBary Ha
MMOKAa3HUKAaX CHEPreTHYHOI HABAaHTA)XEHOCTI aBTOMOOLNIB, pPIiBHSI EHEPreTHYHOI HABAaHTAXXEHOCTi, CHEPreTHYHOI
E€KOHOMIYHOCTiI aBTOMOOITS, BHTpaT eHeprii B kBT*roxg B 3amexxHocTi Big mpoOiry Ta KiJIBKOCTI IEepeBE3EHUX
MacaXupiB 3a MEBHUH MEpioA Yacy, KUIBKOCTI BHTPAYCHOTO EHEPTOHOCIA Ha ONUHHMINI0 TPAHCIOPTHOI poOOTH s
3aaHuX YMOB pyXy. B po0oTi BcTaHOBIEHO, IO HOCIIUKEHHST BUTPAT SHEPrOHOCIS TPAHCIIOPTHUX 3aco0iB KaTeropil
M3, kmacy I , mo MaroTh TATOBY YCTAaHOBKY 3 €JICKTPUYHHM JIBUTYHOM IlepeOyBaroTh y IOYATKOBI crafil i
MOTPeOYIOTh MOAAIBIINX JIOCHIKEeHb. Tako)K BCTAHOBICHO HEOOXITHICTH PO3POOJICHHS i BIPOBA/UKEHHS, KPUTEPiiB
Ta METOMIB OILIHIOBaHHS e(EeKTHBHOCTI BHKOPHCTAaHHS €Heprii Ha aBTOMOOUIBHOMY TPaHCIIOPTI 3 ypaxXyBaHHSIM
pEabHUX YMOB EKCIUTyaTallii.
KiouoBi ciioBa: TpaHCHOpTHHI 3acid, TATOBa ENEKTPUYHA YCTAHOBKA, BUTPATH CHEPTOHOCIS, KpUTepiit
eHeproepeKTUBHOCTI , OI[IHIOBaHHS €HEProe(eKTUBHOCTI.

BCTYII

IlouaTkoMm akTuBi3amii eHepro30epiraroyoi MisTILHOCTI HAa TPAHCIIOPTI MOXKHA BBaYKATH TMPUHAHATTS
3akony Ykpainu «[Ipo eneproz0epexenHs» [1] sxkuil B momaiabpiioMy OyB 3aMiHCHHMI Ha 3aKOH YKpaiHU
«IIpo eneproedexkTuBHicT [2].

Ykazom mpesunenta Ykpainu «Ilpo HeBiakmamHi 3axoau oo 3a0e3mnedeHHs e(eKTHBHOro
BUKOPHUCTAHHS NTAIIMBO — €HEPIeTUYHUX PecypciBy [3] BU3HaYEHA HEOOXIIHICTb:

-3aMpoBaPKEHHS CHCTEMH TOKa3HUKIB eHeproeeKTUBHOCTI Ta iX MOHITOPHHTY AJsl pi3HUX cdep

E€KOHOMIKH JIep)KaBu;
-3alpOBAPKCHHA CUCTEMHM HALlIOHAJIBHUX CTaHIApTiB y cdepi e(QeKTHBHOrO BUKOPHUCTAHHS
EHEepPreTHYHUX PECYPCiB;

-Y/IOCKOHAJIEHHSI MEHEJDKMEHTY 3 €Hepro30epeskeHHsl y TPaHCIIOPTHiH ramysi;

-YI0CKOHAJICHHSI ITOPSIKY HOPMYBaHHsI IMTOMHX BUTPAT MaJIMBO -€HEPreTHUHUX PECYPCiB;

-3a0e3MeueHHs] TMPOBEACHHS HEOOXIHMX CTAaTHCTUYHHX CIOCTEPEKEHb 32 IOKa3HUKAMH

eHeproe(eKTUBHOCTI, (hopMyBaHHs iHGOPMALIMHUX 0a3 JaHUX JJIS aHATI3y JMHAMIKH 3MIiH [IUX
MOKa3HHUKIB.

Eneprosbepiraroua AisuIbHICTS Ha TpaHCHOPTI nepeadavae Oynp Ky AisUIbHICTB, SKa CIIPSIMOBaHA Ha
paimioHallbHe BHKOPHCTaHHS Ta €KOHOMHE BUTpauaHHs TIEPBHHHOI Ta TIIEPEeTBOPEHOI eHeprii, a
eHeproeeKTHBHICTD 3TiIHO 3a3HAYEHOTO 3aKOHY SBISIE COOOI0 KUIBKICTh CHEPreTHYHHUX PECypCiB, sfKa
BUTPAYAETHCS HA BUKOHAHHS 3aJ1aHO1 poOOTH.

Bimomo, 110 aBTOMOOUTBHUI TPAHCTIOPT € OJIHUM 13 HAHOUIBIIUX CIIOYKUBAYiB MMaTUBO-CHEPTeTHIHUX
pecypciB, TOMY JOCIIKEHHS , 1[0 CTOCYIOTHCS PaIliOHAIBHOTO IX BUKOPUCTAHHS, BUKOHYIOTHCS MTOCTIHHO
JUIsl TOCSATHEHHSI MAaKCUMaJIbHOI €(DEeKTUBHOCTI BUKOPHCTaHHSI €HEPIeTUYHUX PECYPCiB B YMOBaX iCHYIOUOTro
PiBHS PO3BUTKY KOHCTPYKLii TPAaHCIIOPTHHX 3ac00iB Ta 3a0€3Me4YeHHs YMOB IX eKCILTyaTaLlii.

JisUTbHICTD MiJIPUEMCTB TPAHCIIOPTY, 30KpeMa 3 pecypco30epeeHHs Ta HOro CKIQJI0BOi —
eHepro30epeKeHHs, BU3HAYAIOThCS Takox Yka3zamu [Ipesunenra Ykpainu [3,4,5,6], [loctanoBamu KabGinery
Miwictpis [7,8,9,10], Jlep>xaBHnMu crannapramu Ykpainu [11,12,13,14].

OueBHaHO, IO JOCKOHATICTH IUIAHYBaHHS 1 poO3poOKa HAyKOBO OOTPYHTOBAaHUX METOJIB
OIIIHIOBAaHHS BHUTPATH CHEPTrOHOCIS € OIHHUM i3 HaNpsSMKIB pecypco30epekeHHS Ha aBTOMOOUIBHOMY
TPAaHCHOPTI Ta 3HWKEHHS co0iBapTOCTi mepeBe3eHs [15].
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AHAJII3 JIITEPHATYPHUX JOKEPEJI TA IIOCTAHOBKA ITPOBJIEMUA

Po3p’s13anHs mpobiieMu pecypco30epekeHHsT Ha aBTOMOOITBHOMY TPAHCIOPTi, SIK 3a3HaYCHO B
poboti [16], moTpedye po3pobieHHS i BOPOBa)KEHHA B YKpaiHi HallOHAIBHOI MPOTpPaMu MPOBEACHHS
JOJTATKOBUX BHUMPOOYBaHb MIOJ0 BU3HAYEHHS €(PEKTHBHOCTI BHKOPHUCTAHHA €HEPrii Ha aBTOMOOLTBHOMY
TPaHCIIOPTI, @ 3HAYUTH, KPUTEPIiB Ta METO/IB OI[IHIOBAHHS 3 ypaXxyBaHHSIM pEabHUX YMOB €KCILTyaTallii.

Hax Bupimennsm npoOnemMu pecypco3OepexxeHHss Ha aBTOMOOIIBHOMY TpaHCHOPTI B YKpaiHi
MpamioTh Oarato ¢axiBmie HarionamsHOro TpaHcmopTtHOTO YHiBepeuteTy (M.KuiB), XapkiBchkoro
HaI[IOHAJIFHOTO aBTOJOPOXKHBOTO VHiBepcuTeTy, HamionampHOi akamemii HarionansHOI TBapzii Ykpainu
(M.XapkiB) , XapKiBCbKOTO HAIliOHAJLHOTO TEXHIYHOTO YHIBEPCHTETY CIJIbCHKOTO TOCIOAApCTBa,
JepxaBHOro yHiBepcuTeTy <«KHTOMHpChKA MOJITEXHIKa», XapKiBChKOI HAIIOHAIHHOI akaJeMii MiChKOTO
rOCIOAAPCTBA TA IHIINX HAYKOBUX 3aKJIA/IB.

Tak A7 OUIHKM €HEePreTHMYHOI €(EeKTHBHOCTI TPaHCIOPTHOTO 3aco0y il BUPILICHHS HasiBHOT
npobaemu psin aBTopis [17,18] 3amponoHyBanyu BUKOPUCTOBYBATH KOe(illiEHT KOPUCHOT Ail aBTOMOOIIB, SIK
KUIBKICTh BHTpau€HOi €Heprii MBUTYHOM IIiJl Yac BHKOHAaHHS KOPHCHOI pOOOTH, fKa € TepeMillleHHSIM
BaHTaXy MK IBOMa KOHTPOJIbHUMH ITyHKTaMH.

Po3po0ui Ta ymocKoHaleHHIO METOJIB BU3HAYCHHS BHTPATH €HEPrOHOCIS Ui KOHKPETHHUX YMOB
eKCIUTyaTalii TPaHCHOPTHUX 3aCO00iB 3 TSITOBHUMH CHJIOBUMH YCTAaHOBKaAMH 3 JIBUTYHOM BHYTPIIIHBOTO
3rOpaHHs MPHUCBIYEHO Pl poOIT BITYM3HSHUX Ta 3apyOiKHUX HAYKOBIIB , Hanpukiaa: ['oBopymenka M. 5.
[19], Pemsoka A.M. [20,21], Caxma B.IL.[22,23], 'yrapesuua l0.®. [24], bimiuenka B.B. [25],
Kpusomanosa C.I. [26, 27], Bonkosa B.II [28], Kpaitnuka JI.B., [29], Maska M.M. [30], Jlursuna B. B.,
[31], IBanymko O.M. [32] Ta iHIHX .

VY Bcix 3a3HaueHHid BUILE poOOTaX 3aCTOCOBYBABCS MOKA3HUK OLIHKA BHUTPATH €HEPrOHOCIS B JIITpax
Ha OAMHUIIO TPaHCHOPTHOI poboru B kM abo Ha 100 kM, mix wac OOTpYHTYBaHHS 3HAYCHHS MOKa3HUKA
eHeproe(heKTUBHOCTI JUIS:

-TPaHCHOPTHOTO 3ac00y MEBHOI KaTeropii Ta BU3HAUYCHUX YMOB PYXY;

-OKpeMOi CUCTEMH TPAHCIIOPTHOTO 3aCO0y Ta BU3HAUCHHX YMOB PYXY.

VYci 3a3HaveHi Bumie poOoTM B YKpaiHi , SK MpaBHJIO, TMOKIAJCHI B OCHOBY HOPMATHBHOT'O
nokymeHTa [33] Ta 3MiH OO HBOTO, SIKi PErJaMEeHTYIOTh HOPMH BUTpPAT €HEProHOCIS 3a MOKa3HUKOM, ILO
BuUMiproeThes B /100 KM Tpu eKcITyaTallii TpaHCIIOPTHUX 3ac00iB 3 JIBUTYHAMU BHYTPIIIHBOTO 3TOPaHHSI.
Leit mokazHUK TpU3HAYEHUI ISl TUIAHYBAaHHs T4 KOHTPOJIOBAHHS BUTPAT €HEPrOHOCIS B TPAHCIIOPTHHX
M IPUEMCTBAX.

OxpeMo 3a3Ha4YMMO, L0 AHAIOTIYHOTO JOKYMEHTY Ul TPaHCIIOPTHHUX 3ac00iB 3 EJIEKTPUYHOIO
TSATOBOI) YCTAHOBKOIO HE iCHYE.

[lopanpmmii po3BUTOK BUMOT JI0 TPAHCIIOPTHOI ranysi Ykpaiau Ha nepion 1o 2030 poky 3 METOIO
30JIMKeHHSI 3 KpaiHaMHM €BPONEHCHKOro como3y mependadae OOMEXKEHHs Ha KyIIBIIO Ta EKCIUTyaTalliro
aBTOOYCIB 3 JIBUTYHAMH BHYTPILTHBOTO 3rOpaHHS Ta 3017IbIICHHS BUKOPUCTAHHS JUIS MICBKUX IMEpeBe3eHb
MAacaXUPiB TPAHCIIOPTHUX 3aCO0IB 3 €JIEKTPUYHOIO TATOBOIO YCTAHOBKOIO. 3aKOHOJIABYE 3aKPIMJICHHS TaKkol
TEHJCHIN TiATBEPIKYE aKTyalbHICTh JOCHIJKCHHS EHEeProeeKTUBHOCTI TpPAaHCMOPTHUX 3aco0iB 3
SJIEKTPUYHOIO TATOBOI YCTAaHOBKOIO , 0c00IMBO Kateropii M3 kinacy [.

HIJb TA 3AJAYI JOCJII)KEHHSA

MeToro AOCHiIKEHHS 32 HANpSMKOM IOKpAIIEHHsS eHeproe(eKTHUBHOCTI TPAaHCIIOPTHHUX 3aco0iB 3
CJIEKTPUYHOIO TATOBOi yCTAHOBKOIO Mae OyTH HayKoBe OOIPYHTYBaHHS IIOKa3HMKa Ul OLIHIOBAHHA iX
eHeproe(heKTUBHOCTI SKHUH JO3BOJIUTh BUKOHYBATH:

— TMOpIBHSHHA €HEProe()eKTUBHOCTI TPAHCIOPTHUX 3acO0iB Pi3HUX BHPOOHHKIB 3 EIEKTPHUYHOIO
TATOBOI YCTaHOBKOIO [l MOXJIMBOCTI BHOOpY HalKpamioro Ha erami ix NpUaOaHHS TPaHCIIOPTHUMH
HiANPHUEMCTBAMU;

— IUIaHYBaTH Ta KOHTPOJIOBAHHS BUTPATH EHEPrOHOCIS TPAHCIOPTHUM 3acO00M 3 EJIEKTPHYHOIO
TATOBOIO YCTAHOBKOIO ITiJT 9ac HOro eKcIuryaTarii.

JocsirHeHHsT METH Ha TEpIIOMY eTami JOCHiDKeHb Mae OyTH 3IiHCHEHO 32 YMOBHM BHUKOHAHHS
aHai3y 3acTOCOBAaHOCTI TMOKAa3HHWKIB OIIHIOBaHHS €HEpProe(eKTHBHOCTI TPaHCIOPTHUX 3aco0iB 3
CJICKTPUYHOIO TSTOBOK YCTAHOBKOIO IM1J1 YaC BUKOHAHMX PAHIIIE JOCIIIKCHb.

PE3YJIbTATHU JOCIIIKEHb

Brnepuie aBropu pobotu [34] Bimifnum BiJ TpaAULIIHHOTO MMOKA3HUKAM €HEProe()eKTUBHOCTI , SIKUH
OIIIHIOBABCS 3a OOCSArOM BUTPAa4YCHOI'O IMajHBa aBTOMOOLIEM Ha OJMHHUINO TPAHCIIOPTHOI POOOTH Ta
3alpONOHYBaId  IMOKAa3HUK — pPIBEHb CHEPreTMYHOi HABAHTAXEHOCTI aBTOMOOLNIB, SKUH MOXe OyTH
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3aCTOCOBAHO JIISI TPAHCIIOPTHHUX 3acO0IB 3 ENEKTPUYHOI0 TATOBOIO yCTaHOBKOIO. llel moka3HHMK
BU3HAYAETHCSI HACTYITHOIO 3AJICKHICTIO!

Y, = ——emax 1
w ) ( )
mp Vﬂm ax

ne N, _ - MakcuMmanbHa e(EeKTHBHA MOTYXKHICTh [BUI'YHa, KBT; mp MakcMMaibHa Maca TPaHCIOPTHOTO

3aco0y, kr; ¥,
B mopmanpmux AOCTIMKEHHAX aBTOpH poOoTH [35] 3ampomnoHyBaivd IHIIWH TOKa3HHK, IO €

BEJIMYMHOI0, 3BOPOTHOKD PIBHIO EHEPreTHYHOI HAaBAaHTaXKEHOCTI Ta Mae po3MipHicTh JIk/Bt (xIx/kBT).

TOOTO:

— MaKCUMaJIbHA IBUJIKICTh TPAHCTIOPTHOT'O 3aC00Y, M/C.

1 vE
€, = = max (2)

Yy ZNemax:

3 iHIIOi CTOPOHH, 3alPONIOHOBAHUN aBTOpaMH PoOOTH [36] MOKa3HUK SHEPreTUYHOI CPEKTUBHOCTI,
0 OOYHCIIOETHCA 3TITHO BHpa3y 2, € 4acOM PO3TroHYy aBTOMOOiNS Bix Va =0 1o MakCUMalIbHOI IIBUAKOCTI
3a YMOBH, III0 BCS MAKCUMalTbHA e(DeKTUBHA MOTYKHICTh aBTOMOOIJISI BUTPAaYa€ThCs TIILKK HAa HOTO PO3TiH.

ABTopu pobotu [36] MPONOHYIOTH BUKOPHCTOBYBAaTH MOHSTTS «CHEPreTHYHAa EKOHOMIUHICTh
aBTOMOOIJISD» 3aMICTh IMAJMBHOI €KOHOMIYHOCTI Ta 3a3HA4YaloOTh , IO paIliOHaJIbHE BHUKOPHCTAHHS €HEpril
JBUTYHA aBTOMOO1ISI MOXKITBE, KOJIHM IOCATHYTO MiHIMyM HEMPOAYKTUBHUX BTPAT Y IBUTYHI Ta TPAHCMICii.

[Tix yac pocnmiKeHb BIUIMBY PEXKUMIB pPyXy MICBKHX aBTOOYCiB Ha TajJMBHY EKOHOMIYHICTbH
aBTopamu podotu [37] Oyna 3amponoHOBaHa PO3paxyHKOBA MOJIENb Ha 0a3i piBHSAHb CHIIOBOTO Ta MAIWBHUAX
OanaHCiB, sIKa JTO3BOJIIE BU3HAYHMTH BIUTMB OKPEMHX yYMOB eKCIUTyaTamii Ha mporiec (popMyBaHHS BUTpAT
naJMBa MICBKMMHU aBToOycamu. B miii po6oTi OyB 3acTocoBaHMi 3araibHWi MOKa3HUK Kr/ KBT roj mis
OLIIHIOBAHHS BIUIMBY T'YCTHHM TajliBa, MEXaHIYHUX BTpaT B JBHUTYHi, BUTPAaT Ha POOOTY AOTOMIKHOTO
YCTaTKyBaHHS, TPAHCMicii, OMOpYy KOYEHHS IWH, AaepOIWHAMIKH, CHJ 1HEPTIii Ta MOJOJIAHHS ITiTHOMIB.
Kpim Toro, aBTopu po6oTH [37] Takox 3alipONOHYBaIM BUKOPUCTOBYBATH MMOKA3HUK BUTPATH €HEPTOHOCIS B
k/I>k Ha OMHMIIIO MIpHOT AUISHKY IUISIXY B METpax Ta 3BOPOTHY iii BenunHy B M/ KJ[K.

@DyHIaMEHTAIbHOI0 POOOTOI0, 3 TOYKM 30pY €HEepro30epexeHHs Ul TPAHCIOPTHUX 3aco0iB 3
€JICKTPUYHOIO TATOBOIO YCTAHOBKOIO € poOoTta [38] B sAKifl 3a3HAYCHHUI KpHTEpid 3araIbHOTO OIiHIOBAHHS
BUTpAT €HEPrOHOCIS TPAHCIOPTHUM 3aco00M B KBT*Tom Ta HamaloThcs PeKOMEHJAIi MIOA0 HAIPSIMKiB
HOro 3MEHINEHHS 32 PaxyHOK 3aCTOCYBaHHSM CyYaCHHMX KOHCTPYKII1 JIOJATKOBUX JKEpPEN >KUBJICHHS, HE
MOB'A3aHUX 3 3araJIbHOI0 CHCTEMOIO XHMBJICHHA TPAaHCIOPTHHUX 3aco0iB. B miii poboTi  3amporoHOBaHO
1HIIIe piBHSHHSA OaJlaHCy €HepTii , Jie MOKa3HUK eHeproeeKTUBHOCTI Ma€e po3MipHicTh KBT*rox :

Eaux = -[r_qr'a Pﬁ.auxdt + frmh“ Pﬁxdt 1 (3)

ne Pspuy - BHUXiIHA TIOTYXXHICTh JKepesia >KUBJIEHHA O3 BpaxyBaHHS HETSITOBOTO HaBaHTAKEHHS
(momomi>kHOTO); Pg px 1 MOTYKHICTh peKynepaTuBHOTO TaIbMyBaHHSI.

Jnst TpaHCIOPTHHX 3aco0iB 3 €NeKTPUYHOIO TITOBOK YCTaHOBKOIO kiacy I B poboti [39]
MIPOTIOHYETHCS EHEProeeKTHBHICTD OI[IHIOBATH 3a MMOKa3HUKOM BUTpAT eHeprii B KBT*rox B 3anexHoCTI Bif
MpoOiry Ta KiJbKOCTI ITEPEBE3EHNX MACAXKUPIB 3a TICBHUH MEpioJ1 yacy.

B po6Goti [40] po3risgaeTbes MOKAa3HUK OIIHIOBaHHS €HepProeeKTUBHOCTI B KBT*rom/km , skuii
BU3HAYAETHCS 32 MMOKa3HUKAMH JIIYMIBHUKIB, IO BCTAHOBJIEHI Ha TPAHCHOPTHOMY 3ac00i 3 €NEKTPUYHOIO
TSATOBOIO YCTAHOBKOIO.

B pobori [41], mo mnpucBIYEHAa METONy OOTPYHTYBaHHS EHEPreTHYHOi €MHOCTI TIroBOI
aKyMyJSITOpHOI OaTapei, 3aCTOCOBYETHCS MOKA3HUK €HEProeeKTHBHOCTI TPAHCIIOPTHOTO 3acoly, SKUH €
MUTOMHMH BUTPAaTaMH €HEProHOCis Ha OJUHUIII0 TPAHCIOPTHOI POOOTH.

BnuB ekcruryaraiiiHuX YMHHUKIB HA BUTPATy €HEPTOHOCIS TPAHCIOPTHUM 3aCO00M 3 €JIEKTPHYHOIO
TATOBOIO YCTAHOBKOIO JIOCIIIKEHO B poOOTi [42], B AKiii BUKOPHUCTOBY€ETHCS MMOKa3HUK €HEProeeKTUBHOCTI
, IO € BUTpaTaMy €HEeProHocis B KK /11 BU3HAUYEHUX YMOB PYyXY.

B monmanbmmx IOCITiKEHHSIX €HeproeeKTHBHOCTI TPAHCIIOPTHUX 3ac00iB 3 €IEKTPHUYHOIO TATOBOIO
YCTAaHOBKOIO , aBTOp [43] 3acTOCOBye KpHUTEpii OIHIOBAHHA , IO SBISE COOOIO KUTBKICTH BHUTPAT
eHeprorocist 8 MJ/[)k Ha OAMHUII0 BUKOHAHOIO TPAHCHOPTHOI pOOOTHM B KM, KOJM BHPIIIYEThCS 3aaaya
BHU3HAYCHHS ONTHMAJIBLHOIO PEKUMHU PYyXY , 110 3a0e3Meuye MiHiMalIbHI BUTPAT CHEPTOHOCIS .
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OkpeMo 3a3HaUYMMO, IO TOCTATHHO BEIMKAa KUTBKICTh MOCHTIIKEHb  TPAaHCIIOPTHHUX 3aco0iB 3
CJIEKTPUYHOI0 TATOBOIO YCTAHOBKOIO IPUCBSYEHA BU3HAUEHHIO XapPaKTEPUCTUK MOro  eJIeKTPUYHOIO
NpUBOLY Ta YympaBiiHHA HUM [44 — 49], B SIKMX 3aCTOCOBYIOTHCS NMOKAa3HUKU €HEProe(eKTUBHOCTI, IO
3a3HavyeHi BUILE.

JocmipkeHHss BIJIMBY Ha BHUTpPATy €HEPrOHOCISI  yMOB €KCIUTyaTalii Ta KOHCTPYKTHBHHX
0COOIMBOCTEH TPAHCIIOPTHUX 3aCO0IB 3 €JIEKTPUYHOIO TATOBOIO CHIIOBOIO YCTAHOBKOIO OITMCAaHO B poOOTax
[50— 58], me KifgbKiCTh BUTpaueHOi CHeprii OIliHIOBasach MokasHukamMu MJDk/kM, MJDK/T/kM, TOOTO
KIUIBKICTIO BUTPAUE€HOTO €HEPTOHOCIS Ha OJTMHUIIIO TPAHCIIOPTHOI pOOOTH IS 3aJaHUX YMOB PYXY.

OBI'OBOPEHHA PE3YJIBTATIB JOCJIIKEHb

3 TOYKM 30py 3a0e3MeyYeHHs IMOCIiAOBHOCTI BHpILIEHHS HAyKOBOI MpoOJeMH, MOB'A3aHOI0 3
CHEPTeTHYHOI0 EKOHOMIYHICTIO TPAaHCIIOPTHOTO 3aco0y 3 €JIEKTPUYHOIO TATOBOIO YCTAHOBKOIO , HEOOXiAHO
BHKOHATH JTOCTIPKEHHS 3 OIIHKA BUOOPY MOKa3HMKA, [0 XapaKTePHU3ye HOTO eHeproeeKTUBHICTD.

Bimomo, mo ans TpaHCIOpTHHX 3aco0iB kareropii M1 mel mokasHWK BH3HAUCHHH €BPONECHCHKAM
crangapToM [60], skuii He MOIMIMPIOETHCA HA 1HIII KaTeropii TPaHCHOPTHUX 3aco0iB 1 pPeriaMeHTye, IO
pe3ynbTaTH BUMIPIOBAHHS BUTPATH EJIEKTPOCHEPTii MOBHHHI BHPAXKAaTHUCS y BaTT-TOAWHAX Ha KUIOMETP
(BT.rom/xm), i BAKOPUCTOBYETHCS TIIBKH B PEKIIaMHiN iH(OpMAIIil Tpo TPaHCIIOPTHHUX 3aciO.

Kpim Toro, amns BUOpaHOro MOKa3HHKAa €HEProe()eKTHBHOCTI TPAHCIIOPTHOTO 3aco0y Ui 1HIIHX
Kateropiii Mae OyTH TaKOXX PerJaMeHTOBAHHI METO]] HOTO BU3HAYCHHSI.

BUCHOBKH

AHai3 3aCTOCOBHOCTI ITOKa3HUKIB OIIHIOBaHHS CHEProe(EeKTHMBHOCTI CBIAYUTH , IMIO IiJ Yac
JOCII/PKEHHsI aBTOPH 3aCTOCOBYIOTH Pi3HI NOKAa3HUKH, ajie HalOUIbII YacTO BUKOPUCTAETCS TTOKA3HUK , IO
BHAMIPIOETHCS B:

-JiTpax Ha OJUHHUITIO TPAHCIIOPTHOT PoOOTH ISl TPAHCIIOPTHHUX 3aCO0iB 3 ABUTYHAMHU BHYTPILTHHOTO

3rOpaHHS;

-kBr*rox Ha OIWHUIO TPaHCIOPTHOI POOOTH I TPAHCIOPTHUX 3ac00iB, 3 EIEKTPUUYHUMH

TATOBHUMH yCTAaHOBKAMH.

st oriHOBaHHS eHeproe(eKTHUBHOCTI TPAHCIOPTHUX 3ac00iB Kiacy I, 110 MarTh TATOBI CHIIOBI
YCTAHOBKHU 3 JIBUTYHaMHU BHYTPIIIHBOTO 3TOPaHHS, MIMPOKO 3aCTOCOBYIOTh IIOKa3HWK BUTPATU IMANMBa Ha
OJMHHUIIIO TPAHCIIOPTHOI POOOTH, HOPMATHBHA BEJIMUMHA SIKOTO KOPUT'YETHCS B 3aJIEKHOCTI BiZl YMOB PyXYy.

[Ilo crocyeThCsl OIIHKK €HEProe(eKTHUBHOCTI TPAHCIIOPTHUX 3aCO0IB 3 EJIEKTPUYHUMH TATOBUMH
YCTaHOBKaMH, TO TIOKa3HUK €Heproe(eKTHBHOCTI pEerlaMeHTOBaHWH TUIbKKM Juis  Kareropii M1 i
XapakTepu3ye KiIbKICTh eNeKTpU4HOi eHeprii B Br*rox, sika Oyna BUTpaueHa Ha OJUHHUIIO TPAHCIIOPTHOI
pPOOOTH B KM 1 pEKOMEHIYETHCS TUIBKU JJIs1 BAKOPUCTAHHS 3 PEKJIAMHOIO METOIO.

[Monanemmii BUOIp Ta OOTPYHTYBaHHs TOKa3HWKA eHeproe()eKTUBHOCTI JJIsl TPAHCIIOPTHUX 3aC0O01B 3
CJIEKTPUYHOIO TATOBOIO YCTAHOBKOIO Kiacy | Mae rpyHTyBaTHCA Ha pO3IVIAIl ICHYIOUMX METOIIB HOTo
OLIIHIOBAHHS Uil 3a0€3MeYeHHs] MOXKIIMBOCTI 3aCTOCYBaHHSI BUOPAHOTO MOKAa3HUKA HE TINBKH B PEKIAMHHUX
LISAX, e ¥ ISl TNIaHyBaHHS Ta KOHTPOJIIOBAHHS BUTPATH €HEPTOHOCISI TPAHCIIOPTHUM ITiJIIPUEMCTBOM.
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Andrusenko S.l1., Budnychenko 1.V. Dembitskyi V.M. Applicability of energy efficiency
assessment indicators vehicles

The paper examines the applicability of indicators for evaluating the energy efficiency of vehicles,
the power plants of which have an internal combustion engine and an electric motor. It has been established
that when evaluating energy consumption in internal combustion engines, energy consumption indicators are
used in liters per unit of transport work per km or per 100 km, while there is no such unified approach for
engines with an electric drive. It was established that the main problem during: comparing the energy
efficiency of vehicles of different manufacturers with an electric traction unit; planning and control of energy
consumption by a vehicle with an electric traction unit is the absence of a single evaluation indicator. The
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results of research on the influence of various factors on energy consumption by vehicles and indicators of
energy consumption evaluation are considered. Attention is focused on the indicators of the energy load of
cars, the level of energy load, the energy efficiency of the car, energy consumption in kWh depending on the
mileage and the number of transported passengers for a certain period of time, the amount of spent energy
per unit of transport work for the given traffic conditions. In the work, it was established that the research on
the consumption of the energy carrier of vehicles of category M3, class I, which have a traction unit with an
electric motor, is in the initial stages and requires further research. The necessity of developing and
implementing criteria and methods for evaluating the efficiency of energy use in road transport, taking into
account real operating conditions, was also established.

Keywords: vehicle, traction electrical installation, energy carrier costs, energy efficiency criterion,
energy efficiency assessment.
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bonak B.1.
Jhyybkuti HayioHanbHUL MEXHIYHUL YHIgepcumem

HHOPIBHAHHSA CYMAPHUX BUKUAIB BYTJIEKUCJIOI'O I'A3Y ABTOMOBUISIMA
RENAULT KANGOO 3 JU3EJIbHUM TA EJJEKTPUYHUM JIBUT'YHAMU

PoGoTa BKJIIOYa€E pO3paxyHKd BUKHIIB BYIJIEKHCIOTO rasy MpH MOPIBHSHHI IBOX TPaHCHOPTHHX 3aco0iB,
CTBOpPEHHX Ha OAHaKoBiii 0asi. Renault Kangoo 1.5 dCi — aBroMoO0ine 3 AW3ENBHAM JBHTYHOM BHYTPIiIIHBOTO
sropstuast Ta Renault Kangoo Z.E.— 3 enekrpoasuryHoM. B poGoti mpexcrasieni po3paxyHku Bukuais CO, mpu
BUPOOHHUITBI, eKCIUTyaTallil, MHpPOBEAEHHI TEXHIYHOIO OOCIYroByBaHHS, YTHII3amii JBOX TPAaHCIIOPTHHX 3acOOiB.
[NopiBHIOBaNNCH BUKUAN BYTJICKHCIIOTO ra3y MpH BUKOPUCTaHHI aBTOMOOLUIIB HpoTsaroM 5 pokis, 10 pokis, 15 pokis.
Bynu mpoBezneHi po3paxyHKH BUKHIIB IIPH BHKOPHCTaHHI €JEKTpOeHeprii, BHpoOieHol B YKpaiHi, IS 3apsIku
enexrpomoOist. [IpoBeneno mnopiBHsHHS BukuniB CO, Ipu BHPOOHHITBI €NEKTPOMOOLISA, eINeKTPOCHeprii st
3apsAKy Horo Oartapei Ta IpH CHATIOBaHHI TU3EIBHOTO MAlIWBa aBTOMOOLIEM.

[lo3uTuBHHUK EKOJNOTIYHUI €(EeKT CIOCTEepIiracThCs B JIOKAJBHOMY MICIIl BHKOPHUCTAHHSA EIEKTPOMOOLIA,
OCKIJTBKH TPU [[bOMY HE CHAIIIOETHCS OpraHiuHe manuBo Ta He BuuumsieTbes CO,. [lpu cepenHpopivHOMy HpoOiry
MeHmoMy HiK 10 Tuc. kM, 3 mo3umii BenmuumHH BUKUAIB CO,, epeKT Bil BHKOPHUCTAHHS €IEKTpoMOOins Oyre
HE3HAUYHUM, OCKUIBKHM, B KIHIIEBOMY pe3yJbTaTi Taka 3aMiHa Npu3Bene a0 30iabmieHHs BukuHyToro CO,, mo
3IIACHIOETECS] TIPH BUPOOHMIITBI HOBOTO €JIEKTPOMOOLI. SIKIIo cepenHpopiuHuil mpoOir craHoBHTh 30 THC. KM Ta
Oinbirie, To micis mpobiry 160 Tuc. kM, a0 6 POKiB eKCIUTyaTallii y 000X TpaHCHIOPTHHX 3ac00iB cymapHi Bukuau CO,
OynyTh omHakoBuMH. IIpm momampmmiii excruryatamii eleKTpOMOOLIsS OTPHUMYEThCS 3HAYHUH EKOJNOTIYHHH e(eKT.
OTpuMaHi pe3ylIbTaTé CBiIYATh PO Te, II0 aBTOMOO1Ib, 3 METOIO 3MEHIIICHHS BUKHUIIB, PAIliOHAIbHO 3aMiHIOBAaTH HA
HOBHIH €JIEKTPOMOO1ITB, SKIIO BIACHUK TPAHCIIOPTHOTO 3aCO0Y aKTUBHO HOTO BUKOPUCTOBYE, TOOTO MIOJCHHHIA IPOOir
cknazae He MeHme 100 km.

KurouoBi cioBa: enekrpomMobinab, aBTOMOOLUIb, OBUTYH BHYTPIIIHBOTO 3TOPSHHS, €JIEKTPOABUTYH, BHUKHUIU
BYTJICKHCIIOTO Ta3y, eKOJIOTis, JIiTii-ioHHa GaTapesl.

BCTYII

VY 3B’s3Ky i3 3pOCTaHHSAM KiIbKOCTI aBTOMOOUTIB 3 JBUTYHAMH BHYTPIIIHBOTO 3TOPSHHS BHKHIU
IIKI/UTMBUX Ta3iB BiJl CIIaJIOBAHHS MAIMBO-TIOBITPSAHOI CyMillli B aTMOocdepy HaOynu BeJIMYE3HUX 3HAYCHD.
Bukugu CO, 3a ocranni 100 pokis 3pociu Ha 25%. Lle npu3Beso 10 MiBHUILEHHS TEMIIEpaTypH Ha MJIaHeTi
Ha 1,5 rpag C Ta mocwieHHs MApHUKOBOTO e(QeKTy. YpsSOu PO3BUHYTHX KpaiH Ta wWieHH €BpoKoMicii
NpUMaroTh Mipu Juisd 3HWKEHHS BHKHIIB CO,, OCKUIBKHM, HE KOHTPOJBOBAHICTh LUX BHUKHUJIB MOXE
MPU3BECTH HE TIJIBKH 10 3a0pyJHEHHS MOBITPS Ta HETATUBHOT'O MAPHUKOBOTO €(eKTy, ajie i 10 BAHUKHEHHS
aHOMAaJILHUX MPUPOHHUX SIBUIIL Ta 10 HE3BOPOTHHX IporieciB B atMocdepi [1].

AHAJII3 JIITEPATYPHHUX J’)KEPEJI TA IOCTAHOBKA ITPOBJIEMHA

binbme Hixk 30% BUKUIIB MIKIAIMBUX ra3iB B aTMocdepy poouTts TpancnopT. Ha choroaninHii AeHb
B CBITiI HAPaXOBYETHCS OIU3BKO 1,5 MIIpPJ. OJMHHUIL aBTOMOOUIEHOTO TpaHcnopty. 72 % sukuaiB CO, Bcix
BUJIIB TPAHCIIOPTY— I1€ BUKUAW HAa3eMHHUX TPaHCIIOPTHHX 3aco0iB (puc. 1).

1;

® HazemHMWH, B T.4. aeToMobiNnbHMIA ® BogHWi = MNOBITPAHKMIA B |HWI BUAM

Pucynoxk 1. Yactunn Bukunis CO, 3a BUIaMH TPaHCIIOPTY

HaiiGinpiy 4acTMHY BHKHZIIB POOJATH JIETKOBI aBTOMOOLI, TaK $SK BOHH IO YHCEIBHOCTI
MEPEBAKAIOTh BaHTaXHI aBToMOOUT. Crip BIAMITHTH, IO aBTOMOOUT 3 OCH3WHOBUMH Ta IU3CIBHUMHU
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JIBUTYHAMU 3IHCHIOIOTh BEIHKY YaCcTKy BHKHIIB TOMY, III0 BOHH BCTAHOBJIOIOTHCS Ha JIETKOBUX Ta
BaHTaXHHUX aBTOMOOILISIX, aBTOOycax, OyAiBeNIbHIM Ta IHINIH TexHili. (puc.2).

Pucynoxk 2. Yactku Bukuzis CO; aBTOMOOITBHUM TPAHCIIOPTOM 33 BUIOM IAINBA

{06 3MeHImINTH 3a0pyAHEHHS y BEJIIMKUX MicTaX B OaraThOxX KpaiHax €BpOIM BBENU 3a00pPOHY Ha
B’13]] TpaHCIIOPTY, 1110 HE BiANOBigae BUMoraM HOpM €Bpo-4. s [bOro B MiCTax BCTAHOBIIOIOTH AOPOXKHI
3HaKH, 300pakeHi Ha puC. 3.

- » -~
Pucynoxk 3. JlopoxxHiii 3HaK, 1110 3a00pOHSIE B’13/] TPAHCIIOPTY, SIKMI HE BIJIMOBIA€ EKOJIOTTYHUM
BUMOTaM.

JlerkoBi, BaHTa)KHI aBTOMOO1II Ta aBTOOYyCH, sIKi B’DK/IKAIOTh B MICTa Y 30HM 3 HU3bKAM DiBHEM
BUKHUIB, MalOTh Ha BITPOBOMY CKJIi HAaKJIEHKY 3€JIEHOr0o KOJbOPY, IO BiamoBinae €Bpo-4, abo BUIIUM
BUMoOTaM €Bpo-5, €Bpo-6 (puc.4).

Pucynok 4. Hakneiika Ha aBTOMOO1ISAX, SKHM JIO3BOJICHO B’13]] B 30HU 3 HU3LKUM PiBHEM BUKH/IIB
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VY Bumanky 3ai3ny B 30HY 3 HU3BKUM PiBHEM BUKHIIIB TPAHCIIOPTY O€3 3eJICHO1 HaKJICHKH BOMIH, ITPH
BUSIBJICHHI TOpYIICHHs , oTpuMye mTpad B po3mipi 100 eBpo. B HiMeuunHi Taki 30HH ICHYIOTh Maiike y
BCiX BeIMKHX MicTax (Oinbie 70 MicT).

3 meroro 3MeHIIeHHS 00’emiB BUKHAIB CO; aBTOMOOINSMH, KOHCTPYIOIOTh JABUTYHH 3 MEHIIOIO
BATPATOI0 TAlMBa, 3aCTOCOBYIOTH OiNBIN e(eKTHBHI KaTami3aTOpH B CHUCTEMi BHUITYCKY BiIIpalbOBaHHUX
raziB. Jlmsg BupimeHHS 1€l poOIeMu aBTOMOOLTI TEPEBOMATh HA albTEPHATHBHI BUIOW TAIHB, SKi IPH
CHAJIIOBaHHI BUKHJIAIOTh B aTMOC(Eepy MEHIIIE MIKINTUBUX Ta3iB.

TpancropTHi 3ac00M 3 €IEKTPOABUTYHOM acOIIOIOTHECS 3 THM, IO BOHH HalMEHIIE 3a0pyIHIOIOTH
HaBKOJIHIITHE CEPEIOBHIIE, OCKITIFKY HE CHAIOITH OpraHivHe NaauBo Ta He BUKUAaoTh CO;, B aTMOChepy.

Bemyui cBitoBi kpainu Taki, sk CIIA, fAnonis, Himeuuuna, Aunrmis, ®@panuis, Hopseris, Itanis,
Icnanis, IliBnenna Kopes, [naist Ta iHIi NpUAHSIIN pilIeHHS MIOAO BiAMOBH, mounHarouu 3 2035 poky, Bix
aBTOMOO1JTIB 3 IBUTYHAMHU BHYTPIITHHOT'O 3TOPSIHHS, SIKIi BAKOPHUCTOBYIOTH OpraHiuHe majmBo. Ha Teputopii
WX KpaiH 10 BUKOPUCTaHHS OyIyTh JO3BOJICHI JIUIIC EICKTPOMOOLI Ta aBTOMOOIN, SIKi BAUKOPUCTOBYIOTh
MAJIMBO HEOPTaHIYHOTO IMOXOKCHHS Ta HE MAlOTh Y BUKMAAX BYTJIEKHUCIIOro rasy [2].

TBepmKeHHs PO Te, M0 BKe BUPOOIIEHNH pobodnii aBTOMOO1ITb 3 TBUTYHOM BHYTPIIITHHOTO 3TOPSTHHS
Bukunae B armocdepy Oumpme CO,, HiXK BHPOOHHIITBO Ta EKCIUTyaTaliss HOBOTO EJIEKTPOMOOLIs Ta
BUPOOJICHHST eNIeKTpOeHeprii A 3apsaku Horo Oarapei He € Oe33amepeuHuM ¢axtom. [Ipu BUpOOHHUITBI
HOBOTO €JIEKTPOMOOINIS BUIIIAETHCS Benrka KibkicTh CO,, MPUYoMy 3HAYHO O1ITbIINA, HIXK MPU BUPOOHHUIITBI
aBromo06ins 3 JIB3. Kimekicte BukwmHyTOro CO, 3al€KUTh 1 Bif CITOCOOY OTPHMAaHHS €IEKTPOCHEPTii Ha
CJICKTPOCTAHIIII.

[Ipu BUPOOHUITBI eneKTpoeHepTii B YKpaiHChKil eHeprocucteMi Ha 1kBT nmpunanae 0,8 xr BUKHIIB
CO..

Cnig 3amiTuTH, 10 aBTOMOOLIEOYIiBHI 3aBOJM, SKI po3MilleHI B €BpoOIl 3aTpadaroTh MEHIIE
eJIEKTpOCHEeprii Ta BUKUAAIOTH B aTMocdepy MeHme CO,, HiX Taki X 3aBoju, po3MimieHi B Kwurai [3].
Bumoru eBpomneiichkux KpaiH MIOJ0 BHKHIIB 3HAYHO XOPCTKimm. Kurtait 3mificHOE BUKMAW HaNOIMBIION
kinmbkocTi CO, y cBiti - 0ins 30 % CBITOBUX BUKHUIIB.

3nayni Bukugun CO, BiAOyBalOThCS TpU BUPOOHMLTBI Ta MpH YTWIi3awii TATOBUX Oarapeit
enekTpomoOLiB [4]. Henocimkeni npoiecu nepepoOKu BUKOpUCTaHUX OaTapel [5].

Xoua 3aBOM-BUPOOHHMKH DPEKOMEHIYIOTh 3aMiHIOBAaTH Oartapei uepe3 5 pOKIB eKcIulyartallii, Taka
3aMiHa He € 000B’si3koBot0. [IpH parioHaIbHOMY BHUKOPHCTaHHI TAroBa OaTapes BTpadae Timbku 3 %
€MHOCTI 110piuHO. T00OTO, BTpava€eThCsi EMHICTh, 3MEHIIYEThCS MPOOIr HAa OJAHOMY 3apsii, aye OaTapes
3aJIMIIAETHCS POOOUOIO T HE BUXOIUTD 3 JA1y.

Henocratapo mocmimkennm € mporec BukuiiB CO, mpu BHPOOHUITBI €JIEKTPOMOOUTIB Ta TpH
BUPOOHUIITBI €JIEKTPOCHEPTil I 3apsaKu Oarapel. Tak, BUKWAM €IeKTPOCTaHIi Mmpu poOOoTi Ha pi3HOMY
TAJTMB1 3HAYHO BiJIPi3HSAIOTHCS.

EKOHOMIYHMM CTHMYJIIOBAHHSM PO3BHHYTI KpalHH CBITY 320XOUYYIOTh CBOiX T'POMAJISIH TEPEBOIAMTH
TPaHCHOPT Ha eNEeKTpU4Hy TATy. JlimepoMm 3 Mpoaak HOBUX eJNEeKTPOMOOiTiB Ha choroani € Hopgeris.
Hotamii npu kymiBii enekrpomo6iniB B 2022 pori B Hopgerii cxiianu 4 muipa. nonapis. YacTka eIeKTpokapis
B CETMEHTI JIETKOBOTO TPAHCIIOPTY B IIiif KpaiHi € HAaWBUIIWHN y CBITi (puc. 5 ).

Ene;rpoy[oﬁini JluzenpHi, 0eH3HHOBI Ta riOpUAHI aBTOMOOLII
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Pucynoxk 5. Jlunamika npoaaxiB aBToMOOLTIB HAa OpraHiYHOMY MaJiBi Ta eaekTpoMoOiniB y Hopaerii
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HIJII TA 3AJAYI JOCLIKEHD

Mertoro pobortu € mopisusaas Bukugie CO, asromobizem Renault Kangoo 1.5 dCi 3 amsensHum
aBuryHom Tta BukuaiB CO, mpu BUPOOHHUITBI, eKCIUTyatanii HoBoro enekTpomooiias Renault Kangoo Z.E.
Po3paxyHku mpoBoguimuch A mepiogiB 5 poki, 10 pokiB Ta 15 pokis, pu cepeqHbopiyHOMYy mpobiry 30
THUC. KM.

Pozpaxynok BukuzgiB CO, m1si BHPOOHHUIITBA EIEKTPOCHEPTIi 3 METOI0 3apsAaKku OaTapei MPOBOIMBCS
MPU BUKOPHCTAHHI eIEKTPOCHEPTrii, OTpUMaHoi B YKpaiHi 3 pi3HUX JKepel BUPOOHHLITBA.

[TopiBHSHHS TIPOBOAMIOCH HA IMEHTUIHUX MOJEISIX TPAHCIIOPTHHUX 3aCO0IB, K1 BIAPIZHAIOTHCS JIHIIE
JIBUTYHAMH Ta CUCTEMaMH MPHUBOAY (CHCTeMa >KUBIIEHHSI, BUIYCKY BiIIpPallbOBAaHMUX Ta3iB IJIsl aBTOMOOIIIA 3
JIB3 Ta inBepTopa mis enektpoMobins). Renault Kangoo 1.5 dCi 3 amsenbauM asurysoM 06’ emom 1461 em®,
90k.c., Burpata mamuBa 4,71/100km (micekuit mmkia) 6 ta Renault Kangoo Z.E. , 3 moryxHicTiO
enexkrponBuryHa 60 k.c./44 kBt, emnicTio 6aTapei 33 kBt*rox. [7].

AHamni3 MpOBOIUBCS 3 METOI BHU3HAUCHHS YU TPU3BEAC IMPOAOBKEHHS BUKOPHCTaHHS HAsSBHOTO
aBToMOO1Is 3 au3enbHUM JIB3 no Oinbmux Bukuaie CO,, HiXkK 3aMiHa HOro Ha HOBUW CICKTPUYHHMA, MPU
BHPOOHMIITBI Ta BUKOPHUCTAHHI SKOTO BUKHUIAETHCS TIEBHA KITBKICTh CO,.

B pesynbprari ananizy HE0OXiTHO 3pOOUTH BUCHOBOK IIPH SKOMY MPOOIry TpaHCIIOPTHUX 3ac00iB, abo
Mepiofy eKCIuTyartallii 3aMiHa BHUPOOJIEHOro Ta poOodoro aBromoOiis 3 /IB3 Ha HOBHIl €EKTPUYHUE €
JOLITFHOIO 3 TOYKH 30py 3MeHmeHHs BUKUAiB COs.

PE3YJIbTATH JOCIIIKEHb

3araneHi Bukugu CO, paxylTbCsi CYMOIO BHKHAIB MO OKpeMHX eramax. [lepmmii eram- me
BUPOOHHUITBO TPAHCTIOPTHOTO 3ac00y, IO BKJIIOYAE BUTOTOBJICHHS METaly, ACTaleil Ta KOMIUIEKTYIOUHX 1
CKJIalaHHsl TOTOBOTO BHPOOy. [pyruii eram- me BHPOOHHIITBO eNEKTpOeHeprii uia 3apsakd Oarapei
CJICKTPOMOOLIIS, BHUPOOHHUIITBO JAU3EILHOTO MaJIMBa JUIsl aBTOMOOLUISA. TpeTiii eran- MpoBEACHHS TEXHIYHOTO
00CITyTOBYyBaHHs, TOOTO BHUKHIW IO BUHMKAIOTH MPU BUPOOHUIITBI HOBHMX 3allaCHUX YaCTHUH Ta yTHIi3alii
BiJITpanboBaHUX. YeTBepTHil eTamn- e yTUIi3allisi BAKOPUCTAHUX TPAHCIIOPTHUX 3aCO0iB.

Tak, sk Mapka Ta MOJeNh BHOpPAHHMX TPAHCHOPTHUX 3aco0iB € momiOHumu, Bukumu CO, npu
BUPOOHHUITBI Ky30Ba, IIaci, BHYTPIIIHHOTO OONaAHaHHS OyayTh OJHAKOBUMH. Binmpizustucs OynyTs awuiie
BUKUJM TIPH BUPOOHUIITBI IBUTYHA aBTOMOOIJIS 1 eleKTpoKapa Ta CUCTeMHU NpuBoy ( y elIeKTpoMoOiIi- 1e
iHBepTOp Ta OaTapes, y aBTOMOOINIS — IIe CUCTeMa >KUBIICHHS Ta CUCT€Ma BUITYCKY BiIpallbOBaHHX Ta3iB).
JlaHi Ipo BUKWAM BYTJIEKUCIIOTO Ta3y MPH BUPOOHUIITBI OYII0 B3STO 3 JiTepaTypHUX Jxkepel [8].

[Tpu BHUPOOHUITBI MeTaly, BUTOTOBJICHHI Ky30Ba, JieTalel, KOMIUIEKTYIOUMX Ta IX CKIaJaHHA , 0e3
JBUTYHA Ta CHUCTEMH INPHUBOAY, BUKUAM cTaHOBIATH 4050 kr. [l BUpoOHUNTBA ABHUIYHAa BHYTPILIHBOT'O
3ropsiHHs  Ta cucreMu npusoay Bukuan CO, ckmagaote 1100 kr. Cyma BUKHMIIB Ha HEpIIOMY €Tari AJs
aBToMo01Jis 3 JIB3 ctaHoBuTh 5150kT.

VY mporieci BUTOTOBJICHHS €IEKTPOABHUIYHa Ta iHBepTopa Bukuaun CO, craHoBisaTe 1700 kr. daHi npo
BUKH]IM TIPY BUPOOHHUIITBI OaTapell BiAPI3HAIOTHCS B 3aJI€KHOCTI BijI BAKOPUCTOBYBaHHUX MaTepianiB. Hamu
Oyno BuOpano cepemane 3nadeHHss CO,, sike piBHe 180 krCO,/xBt*roa. [lpu BupoOHUIITBI 10l Oarapei
Renault Kangoo Z.E. Bukumaetbes 5940 kr CO,. ToOTO, cyMa BHKH[IIB IO MEPIIOMY eTari Jis
estekTpoMoOisst craHoBuTh 11690 xr CO,.

ABTOMOO1IIB, IO MPAIIOE Ha TU3EILHOMY MaNbHOMY , cripuunHsie Bukuaun CO, Ha eTari BUpOOHHUIITBA
najmBa Ta Oe3MOCepeslHhO TPU CHANIOBAHHI TMANMBA JIBUTYHOM KOJIM 3JIHCHIOETHCS PyX aBTOMOOLIS.
KinbKicTh BUKUIB aBTOMOOLIEM 3aJICKUTh BiJl BUTPATH MAJIMBA, MUTOMHUX BUKHIIB BYTJIEKHCIIOIO Ta3y Mif
qac 3ropsiHHs | JIiTpa JU3eNBbHOrO MAIBHOTO Ta MpoOiry aBTOMOOLIS 3a MEeBHUI nepion yacy. 3riTHO JTaHUX
[9], mpu criamoBanHi 1 miTpa musnanusa Buginserbes 2,6 kr CO,. Toxi sukuan CO, Renault Kangoo 1.5 dCi
MPOTSTOM IEBHOTO Mepiofy abo MeBHOro Npodiry Mo>KHa BU3HAUUTH 32 (OPMYIIOI0

G;= U *S*H/100, 1)

ne G;- 3aranpHa KibKicTh BUKuAiB CO, MpH CHaNOBaHHI JIW3EIBHOTO MAMBA ISl PyXY aBTOMOOLIS
3a 3a7]aHui Mepios excIuTyaTanii, abo 3aganuii mpooir;

U; — nutomi Bukuau CO, nipu cniayitoBaHHi qu3nanusa, 2,6 kr CO,/i;

S — poGir aBTOMOOIIIS 32 3a1aHuid TIepio]] ekcrutyaranii (mpuiitMaemo 30 THC. KM. 3a PiK);

H — BuTpaTa au3nanuBa aBTOMOO1JIEM ITpH MicbKOMY UK, 4,71/100 KM.
B mponeci BUpoOHMITBa AM3ENBHOIO NajiKBa, IO BKJIIOYAE AOOYBaHHS, TPAHCIOPTYBaHHA, NepepoOKy
HatH, Tex BuAugerbes CO,. 3rimHo JiTepaTypHUX HaHUX [9], MUTOMI BUKHAW BYTJIEKHCIIOTO Ta3y IPHU
BUPOOHHUITBI qu3nanuBa ckiaanawTb 0,2krCO,/m.
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st aBToMOOins momatkoBi 3aranbHi BUKAIU CO, TIpu BUPOOHUIITBI AW3EIHHOTO MAJTLHOTO MOJKHA
BHU3HAYUTH 32 HOPMYIIOIO

G,= U,*S*H/ 100, 2
ne G, — noaarkosi 3ainpHi BuKUaU CO; npu BUPOOHUIITBI AU3IIAJINBA,;
U, — muroMi BUKHIM BYTJIEKHCIOTO Ta3y MPH BHUPOOHUIITBI IOU3ENBHOTO MajbHOTO, 0,2
krCOy/m1.

[IpoBenemo mmst enekTpoMoOins po3paxyHok BUKUAIB CO, mpu BUPOOHHUIITBI €IEKTPOSHEPTIl AT 3apsSaIKu
Oarapei. [luToMi BUKHAM BYTJIIEKUCIIOTO Ta3y MpH NPOAYKYBaHHI €JIEKTPOEHeprii 3rifiHO JiTepaTypHHX
nanux [10] cranoButh 0,8 kr CO/kBT*ron. CepenHe crioKMBaHHS €IEKTpOCHEprii enekrpomoding Renault
Kangoo Z.E. cknanae 18 kB1/100kM.

3aranpHy KinbKicTs BUKAAIB CO2 emekTpoMoOineM 3a 3aJaHdN MEpioj eKCIuTyaTallii Mo)KHa
BU3HAYUTH 32 (POPMYIIOI0

63: U3*S*W/ 100, (3)

ne Gz — zaranpHi Bukuan CO2 mpu BUPOOHHUIITBI €NEKTpOSHeprii s 3apsaku OaTtapei 3a
3aJlaHui Mepioj] eKcIuTyarallii, abo 3aanuii mpooir;

U; — muromi Bukuau CO, Ha 1 kBTt BupobGienoi enexrpoeneprii, 0,8 kxrCO,/kBt*rox;

W — cepenHe CHOXHBaHHS ejleKTpoeHeprii enekrpomobinem Renault Kangoo Z.E., 18
kB1/100 xMm;

S — po0ir eekTpoMOoOLIIA 3a 3aaHUl TIepioT eKCIuTyaTallii, mpuiiMaemo 30 THC. KM. 3a piK.
Pozpaxynok cykymamx BukunaiB CO, mpoTaroMm Big BHUPOOHHWIITBA IO YTHUII3allii MPOBOIMBCS  CYyMOIO
3HauYeHb po3paxoBaHux 3a popmynamu (1), (2), (3) Ta ganux, oTpuMmanux 3 niteparypu. [lepionn Oynu
BUOpani 5 pokis, 10 pokis, 15 pokiB 3 cepeaubopidanM mpodirom 30 tuc. kM, T06T0 150 THC. KM, 300 THC.
KM, 450 THC. KM.

[Ipu TexHiYHOMY OOCITYTrOBYBaHHI aBTOMOOLISI HEOOXiTHO TPOBOINTH 3aMiHy Maciia B IBUTYHI depes
10 THC. KM., 0X0I0MKYI0UO01 piguau yepe3 100 tuc. km.

Takoxx BpaxoByBanuch Bukuau COp, 10 3IIHCHIOIOTHCA TMPU BUPOOHMIITBI MaTepialiB JyIs
BUTOTOBJICHHSI CBHHIIEBO-KHCIIOTHUX aKyMYyJISITOPIB IIPH 3aMiHi Yepe3 5 poKiB eKCIUTyaTalil Ta IIMH Yepes3
60 ThC. KM. TIpOOITY.

Bukunu CO, npu yrunizaiii € HesHauHuMmu. OJIHAK, €JIEKTPOMOOLIb Ma€ BUIIl BUKUAU NIPU IBOMY
Yyepe3 HasBHICTh OaTapei. Y OLIBIIOCTI JOCIHIKEHb [TUM 3HAUYE€HHSIM HEXTYIOTb.

3a manmmu ['piamic, mo 2030 poky 3aKiHYMTBCS CTPOK CIyXOM Oinst 13 MIIH.TOH HiKeJIb-lOHHUX
Oarapedt Bij enekTpoMoOUTiB. MOXKIMBHI NpPH IOMY PEIMKIIHT BHUKOPHCTaHUX Oartapeil. 3okpema,
kommaHis Tesla ckasana, 110 Hi OJHA 3 BHIYYEHHX 3 €KCIUTyaTallii 6atapeil He Oyje 3HHIICHA. PerukiiHr
JIO3BOJISIE BITHOBUTH 710 92% KOMIIOHEHTIB OaTapei.

[Mpu yrumizanii BukopucraHoi Oartapei moxke Bukumatucs 1o 30% CO, 1Mo BiJHOUIEHHIO 10
BUpOoOHUIITBa HOBOI. It 3HaueHHs BukuAiB CO, ipu yrumizamii npuitHsTo 30% Bij BUpOOHUIITBA HOBO.

Jani po3paxyHKiB 3Be/IeHO B TaoI. 1.

Tabn. 1. CykynHi BUKHIM BYTJIEKUCIIOTO ra3y 3a MOBHHH IIUKJI BUKOPUCTAHHSI TPAHCIIOPTHOTO 3aco0y, KI
CO,

Bceroro
0e3
BpaxyBaH
Bupobun | Bupobuu Hs
. CnaimoBa
Ilepion LTBO LITBO Tex. L rpouecy
HHS Yrunizai
BUKOPHUCT | TpaHCIOp ranvBa obcyroB Bceboro BUPOOHUI]
U3NAJIIB A
aHHS THOTO eJIeKTpoe a YBaHHS TBa
3aco0y Heprii OEH3UHOB
oro
aBTOMOO1I
A
5 pokiB
Hm?"““ a60 150 5150 1410 18330 1650 150 26690 21540
THC. KM
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10 poxkiB
a6o 300 5150 2820 36660 3300 150 48080 42930
THC. KM

15 pokiB
a6o 400 5150 4230 54990 4950 150 69470 64320
THC. KM.

5 pokiB
abo 150 11690 21600 - 1120 1487 36192 24502
THC. KM

10 pokiB
a6o 300 11690 43200 - 2240 1487 58912 47222
THC. KM

Enextpuu
HUH

15 pokiB
abo 400 11690 64800 - 3360 1487 81632 69942

THUC. KM.

OBI'OBOPEHHS PE3YJIBTATIB JOCJIIAKEHHSA

AHaI3yI0UN TPEICTaBIeHI PO3paxyHKH 3 Ta0i. 1 MOkeMO 3pOOUTH BHCHOBOK, SIKIIIO TPAHCIIOPTHUI
3aci0 BUKOPHCTOBYETHCS Malio, TOOTO mpoOir ckimagae He Oimbmie 100 Tuc. kM. 3a 10 pokiB JOLIIHHOCTI B
3aMiHi aBTOMOOLIS Ha eJIeKTPOMOOLTL HEMa€, OCKUIBKH 11e TIPpU3BeIe 10 OLbIol KibkocTi BUKUAIB CO,, 110
3YMOBJICHO BUPOOHHUIITBOM HOBOTO eneKTpoMoOins. OxnakoBumu BUKUAN CO, cTaHyTh JHIIE MPU TPoOiry
TpaHcmopTHUX 3aco0iB 160 thc. km.( puc. 6 ).  [nsg emekTpoMoOins BpaxoBaHI BHKHIU TPH HOTO
BUPOOHUIITBI, Ui aBTOMOOUIS Ili BUKHIM HE BpPaxOBaHi, OCKUIbKM BiH 3a HAIIMM IPHUITYIICHHAM YKe
BUT'OTOBJICHUH, eKCIUTyaTyeThes 1 BUKuau CO, Bxke BIIOYIIHCS.

120000
100000
80000
60000
40000
20000

0
MoyaToK 5 pokis abo 10 pokis abo 300 Tu1c.15 pokis abo 400 tuc.
ekcnayartauii 5 pokis abo 150 Tuc. KM KM.
KM

e [113€/IbHUN e E @KTPUYHWN

Puc. 6. IlopiBasians BukuaiB CO, AM3€IbHOT0 aBTOMOOLIS Ta €IEKTPOMOOLIISl TIPHU CEPEAHBO PIYHOMY
po6iry 30 Tuc. kM. (BIacHUN PUCYHOK)

BUCHOBKHU

3rigHoO po3paxyHKiB, KiJIbKICTh BUKUAIB BYTJIEKHCIOrO ra3y nNpyu BUPOOHHIITBI Ta €KCILTyaTalii HOBOro
eJIeKTPOMOOiNs piBHA KUTbKOCTI BUKUAIB CO, aBTOMOOIIEM, IO BXKE EKCILTYaTy€eThCs, MicIs podiry oboma
TpaHcnoptHuMH 3acobamu 160 tuc. kM. Haiibinbme Bukunis CO; y enekTpoMoOisisi MPOIYKYEThCS TPU
BUpOOHMITBI  Oatapei Ta enexkTpoeHeprii ans ii 3apagku. Y aBToMoOing HaiiOinbme Bukugia CO;
3MIACHIOETHCS TIPH CHATIOBaHHI au3nanuBa. OTpuMaHi pe3yinbTaTd CBigYaTh HpO Te, IO aBTOMOOUIb, 3
METOI 3MECHIICHHS BHKHIIB, palllOHAJIbHO 3aMIHIOBATH Ha HOBHH €JIEKTPOMOOLIb, SIKIIO BJIACHHK
TPaHCHOPTHOTO 3ac00y aKTHBHO HOTO BUKOPHCTOBYE, TOOTO IIOACHHUH NpoOir ckinagae He MeHe 100kM.
Komn HeoOxigHO mpuadaTH HOBHUH TPaHCHOPTHUM 3acid Kpalle KyNnmuTH HOBUH enekTpomMoOinbk. Take
pIMICHHS MPU3BE/E 10 3HIDKCHHS CYKYITHHUX BHKHIIB BYTJICKHCIOTO Tra3y. Y BHUIAAKY 3aMiHH €(eKTHBHOTO
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po60o9oro aBTOMOOLIS HA HOBUW €NEKTPUIHMN , 3MeHIIeHHS BUKUIIB CO; BiOYIETHCS JIUIIE TICII PoOiry
160 Trc. kM ab0 6 POKIB eKCILTyaTaIlii HOBOTO €IEKTPOMOO1IIA.
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Bodak V. Comparison of total carbon dioxide emissions of renault kangoo cars with diesel and
electric engines

The work includes calculations of carbon dioxide emissions when comparing two vehicles created on
the same basis. Renault Kangoo 1.5 dCi — a car with a diesel internal combustion engine and Renault
Kangoo Z.E. — with an electric motor. The paper presents calculations of CO2 emissions during production,
operation, maintenance, and disposal of two vehicles. Carbon dioxide emissions when using cars for 5 years,
10 years, and 15 years were compared. Calculations of emissions were carried out when using electricity
produced in Ukraine to charge an electric car. A comparison of CO2 emissions during the production of an
electric car, electricity for charging its battery, and when burning diesel fuel by a car was made.

A positive environmental effect is observed in the local place of use of the electric car, since organic
fuel is not burned and CO2 is not released. With an average annual mileage of less than 10,000 km, from the
point of view of the amount of CO2 emissions, the effect of using an electric car will be insignificant, since,
in the end, such a replacement will lead to an increase in the emitted CO2, which is carried out during the
production of a new electric car. If the average annual mileage is 30,000 km or more, then after a mileage of
160,000 km, or 6 years of operation, the total CO2 emissions of both vehicles will be the same. A significant
environmental effect is obtained during further operation of the electric vehicle. The obtained results indicate
that, in order to reduce emissions, it is rational to replace the car with a new electric car, if the owner of the
vehicle actively uses it, that is, the daily mileage is at least 100 km.

Key words: electric car, automobile, internal combustion engine, electric motor, carbon dioxide
emissions, ecology, lithium-ion battery.
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OIIHKA E®EKTUBHOCTI BIIPOBAI’KEHHSA 3ACOBIB 3ACIIOKOE€HHSA
JOPOKHBOI'O PYXY HA IIEPEXPECTI

JloBeneHa aKTyalbHICTh BHUPIMIEHHS MPOOJIEMH MOCTIHHOTO YZOCKOHAJICHHS OpraHi3amii JOpPO>KHBOTO PYyXY,
[0 TIOB’S3aHO 3 Oe3MepepBHUM 3POCTAHHSIM YHCEIBHOCTI MapKy aBTOMOOLUIIB Ta BiZCTAJUM PO3BUTKOM BYJIMYHO-
JOpOKHBOI Mepexki MicT. IlocTifiHe 30UIBIICHHS CKPYTHOCTI JOPOXXKHBOTO PYyXy, a OTXe, pi3Ke IMOYacTilIaHHI
Oe3mocepeIHiX KOHTAKTIB YYaCHUKIB PyXY, sIKi y 6arathoX BHIAJKaX HOCATh XapakTep KOH(IIKTHUX CUTYaLlilf, 4acTo
[IePEePOCTAIOTh B AOPOKHBO-TPAHCIOPTi npuroau. Came TOMy B CTaTTi 3alIPOIIOHOBAHO PO3IIIHYTH TaKWi Cy4acHUH
3acib opraHizanii JOPOKHBOTO PYXY SIK HOTO 3aCIIOKOEHHS.

AHani3 ICHYIOYHX 3acO0IB 3aCHOKO€HHS JOPOKHBOTO PyXy IO3BOJHMB BHSBUTH IX OCHOBHI HENOJNIKH Ta
TIepeBary, sIKi sIK BUSIBUJIOCH HE BUPINIYIOTH IPOOJIEeMy FOJIOBHOTO IIPOTHUPIYYsi BUMOT OpraHi3alii JOpOoXXKHBOTO pyXy —
3a0BUIBHEHHS OE3MIeKH JOPOKHBOTO PYXY Pa3oM i3 MaKCHMAaJIbHUM 3a0e3IeueHHsIM H0To epeKTHBHOCTI.

B cratTi mpoBeneHUi aHaNi3 3aCTOCYBaHHS PI3HUX CXEM OpraHizalii JOpOKHBOTO PyXy Ha IepexpecTi, 1e
MOPSIA 13 BIIPOBALKEHHSIM CBITIO(OPHOTO peryaroBaHHS PO3TJIIHYTI BapiaHTH BIPOBAKCHHS Pi3HUX THIIIB 3aC00iB
3aCHOKOEHHS TOPOKHBOTO pyXy. B pesymprari HOCHiKeHHS e pa3 JOBEACHO, IO CBITIO(OpPHE PEryioBaHHA —
edexTHBHUI 3aci0 3a0e3meyeHHs OE3MEKH JOPOKHBOTO PYXy Ha IEPEeXpecTi, ale MpH LHbOMY CIiJ PO3TILIIATH
MOJKJIMBOCTI 3aCTOCYBaHHS 3aC00iB 3aCIIOKOEHHS JOPOXKHBOTO PYXY, SIKI MOXKYTh HTH JOZATKOBHUMH OOMEXCHHSIMHU
IIBUAKOCTI TPH TPOi3di TPAaHCHOPTHUMH 3acobaMu IiepexpecTb. | Xxodya e MoXe HPU3BOAUTH 1O 30UIBIICHHS
3aTPUMOK, JOJATKOBUX 3yNHHOK Ta 30UIBIIECHHS JOBXHHU 3aTOPiB, ajie Iie 3aci0 3MEHIIEeHHs aBapiifHOCTI Ta TSHKKOCTI
TpaBMyBaHb yYaCHHKIB JIOPOKHBOro pyxy. HaiGinpmr eekTHBHHM 3acO000M 3aCIOKOEHHS PyXy Ha HEepexpecTi €
JIOPOXKHIH maropo.

KurouoBi ciioBa: 3aco0u 3aCIOKOEHHS PyXy, CBITIO(GOpPHE DEryIIOBaHHA, MEPEXpecTs, IOPOKHBO-
TPAHCIIOPTHA MIPUT0/1a, MOJCIIOBAHHS, KPHTEPIH.

BCTYII

[{opiune 30iMBIIEHHS KIIBKOCTI aBTOMOOITIB y BCbOMY CBIiTi Ta 3pOCTaHHsS OOCSATIB TEPEBE3CHb
cripusie 30UTBIIEHHIO IHTEHCUBHOCTI pyXy. B ymoBax MmicT, a came XapkoBa, 3 icTOpHYHO chopMOBaHOIO
3a0yZI0BOIO, 11€ IPU3BOJIUTH JI0 BAHUKHEHHS TPAHCIOPTHUX MpobJeM, a caMe 3a0pyTHEHHS! HABKOJIHUIITHHOTO
cepeIoBHILA, NEPEeBaHTAKEHH BYJIULb TPaHCHOPTHUMH 3acobamu (T3) Ta 3pocTaHHs 3aTPUMOK Ta KiTbKOCTI
nopoxubo-Tpancnoptanx mpurox (ATIT). Tomy, 3 meroro momimmmeHHs Oe3nekn Ta ePEeKTUBHOCTI
JOPOKHBOTO  PyXy, [IyXKe€ BaXJIMBO TIOCTIHHO BJOCKOHANIOBATH Ta PO3LIMPIOBATH TPAHCIIOPTHY
1HQPACTPYKTYpy LUIIXOM 3aCTOCYBaHHS Ta BIPOBAKEHHS CYYaCHUX TEXHOJIOTIH.

Oco06aMBO TOCTPO TPAHCHOPTHA MpoOIeMa MPOSBISIETHCS Y BY3JIOBHX MYHKTaX BYJIWYHO-TOPOXKHBOT
Mepexi (BJAM), ToOTO Ha mepexpectsx, siki € ocHoBHMMH MicusMu KoHmeHTpamii JTTI. Cratucruka
TOBOPHUTH, 1110 On3bko 40% JITII BinOyBaeThes came Ha nepexpectsix [1].

VY Oinpmocti MicT YKpaiHM HaBHO CKiajocsi icropuyHe IutaHyBaHHsS BJIM: By3bpki Bynumi Ta
HEpIBHOMIipHa Mepexa, sKa He BiJmoBigae cydacHUM moTtpebam pyxy T3 i mimoxoniB. Yepe3 30inbIIeHHS
KUTBKOCTI TpPaHCTIOPTY BUHHKae nepeHacudeHHs BJIM pyxom T3, mo He BiAMOBiIAaE BUMOraM Cyd4acHOTO
nopoxHboro crtany [2]. Lle BmimBae Ha 3HMKEHHS €()EKTUBHOCTI BHUKOpHCTaHHS T3, M0 TOB’sA3aHO i3
3HW)KEHHSIM MIBHIKOCTI PyXy uepe3 HpocToi Ha MepexpecTsX, a 3BiACH 1 MiIBUIICHHS PIBHI MIyMy,
301IBIIICHHS 3ara30BaHOCTI MOBITPSHOTO OACeiHy MiCTa 1 IEPeBUTPATH MMATMBHO-MACTHIIBHUX MaTepiaiiB.

Croromui B YKpaiHi 6arato yBaru HpUBEPTA€THCS O PO3POOKH ITOBrOCTPOKOBHX IUIAHIB PO3BHUTKY
B/IM 3 BpaxyBaHHSIM 3pOCTaHHS KUIBKOCTI MEIIKaHIIB MIiCT Ta 3MiH TPaHCIOPTHOI cUTyalii. 3’ SIBIAIOTHCS
Ha JIOporax IiJISHKH, SKi BCEe OUIbIIE BiAMOBIAAIOTH CyYaCHHMM BHMOTaM, IO B CBOIO 4YEPry J03BOJISE
BUPIIIUTU TPOOJIEMH JOPOKHBOTO PyXy - 3a0e3meduTd KoMpopTHEe Ta Oe3nedHe NepecyBaHHS BCiX Horo
YYaCHHKIB.

OpnHMUM 13 HaIPSIMIB 3a0€3MEeUSHHS MBUIKOTO 1 0E3MEYHOT0 PyXy B MIiCTaX € 3aCTOCYBaHHS KOMILJICKCY
apXITEeKTYPHO-TIAHYBaJIbHUX Ta OpraHizamiiHux 3axojiB. CTymmiHb 3aXHMIIEHOCTI Woro ydacHukis Big JITTI
Ta 1X HACHIIKIB € CKJIaJOBOK 4YaCTHHOK Oe3meku JopoxHbOTo pyxy [3]. OcobmuBO HIMPOKOTO
BUKOPHUCTaHHS, SK HaWOUThInl edeKTHBHOrO 3aco0y IiIBHIICHHS O€3MeKH JOPOKHBOTO pyxXy, HalOyio
3aCTOCYBaHHS 3aCIIOKOEHHS JOPOKHBOTO pyxy (3/IP).
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AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA ITPOBJIEMH

3JIP sik 3aci0 KOHTpOJIIO IIBHAKOCTI Ta IHTEHCHBHOCTI PyXy B)K€ IOBI'MH Yac Ma€ BEJIIMKHH JOCBIJ
3acTOCYBaHHS y OaraThox KpaiHax cBiTy. B ykpaiHcbkiii micToOymiBHIM miTepaTypi Takuil 3axim pigko
po3risiaaBcs i PakTHUHO He 3acTocoByBaBcs Ha mpaktulli [4]. o 2020 poky B Ykpaini OyB BigoMuii nuiie
«rexaunit momineicekmity. Jopeun, 3/[P - me 3axomu, cOpsMOBaHI Ha 3MEHIICHHS IIBHIKOCTI Ta
IHTEHCHBHOCTI pyXy Ha BYIHUIIX Ta AOPOTax 3 METOIO MiBUIIEHHS 0€3MEKH JOPOKHBOTO pyXy Ta KOM(MopTy
MIIIOXOJIB 1 BEJIOCUTICANUCTIB. 3aCTOCYBAaHHS TaKUX 3aX0JliB MOXE OyTH KOPHCHUM y MICHKUX pailOHax Ta Ha
BY3bKHX BYJIHYKaX 3 BEMKOIO KUTBKICTIO MIMIOXOIB Ta BEJIOCHIEANCTIB, ¢ 3BHUYAHUI pyX aBTOMOOLTIB
MOKe OyTH HeOEe3MEeTHIM.

AmHani3 JiTepaTypHHX JDKepel I0Ka3as, 10 KUTBKICTh 3aco0iB 3/IP myke Benmuka Ta KOKHHM 3aci0 Mae
CBOI mepeBaru i Hesomiku [5]:

1 lopoxni maropbu (AIl) 3meHmyroThr MmMBUAKICTE pyxy T3, moO Jomomara€ 3HU3UTH PH3UK
BunukHeHHs1 JITII, 30inpmmTy vac peakiii BojiiB Ha HeOesmewHi curyamii Ha mopo3i. Bomnouwac [II1
301IBLIYIOTh 4Yac pyxy T3, BUTpaTH mNaiuBa, IO MPU3BOAUTH OO 30UIbIIEHHS HETaTHMBHOTO BIUIMBY Ha
JOBKUIIS, TOTIPIIYIOTh CTaH JOPOKHBOTO TOKPHUTTSA Ta X HENOUIJIbHE DPO3MIIICHHS MOXE CIPHATH
301BIIEHHIO KiJTbKOCTI 3aTOpiB HAa BJIM.

2 Iligpumeni mimoxigai nepexomu (IIIII) pasom i3 3abesneueHHsiM Oe€3MEKH MIIIOXOMIB Ta
3MEHIIEHHSM PU3UKY iX TpaBMyBaHHS IiJ 4Yac MEPEeTHHY AOPOTH, 3HWXKYIOTh MBHUAKICTH pyxy T3, mo
BUKIIMKA€E 3aTOPH Ha MIAX0/IaX M0 MIMIOXiAHUX repexo/iB. OMHaK 3HIKEHHS IIBUAKOCTI CIIPUSE 3MEHIIICHHIO
pusuky JITII. HasBHiCTH TiABUIIEHHS MOXE 3MIHIOBAaTH 3BHYAHHMN pyX BOIiiB, MPHU3BOAUTH IO
HECTaOUTBHOCTI y IX pyci Ta CHOPUYMHATH HEOOXiAHICTH AomaTkoBoi yBark 3 ix Ooky. Takoxk, IIIIII
BUMAraroTh MOKPAIIEHHs JOCTYILY AJIs JE0AEH 3 0OMEXECHUMH MOMIINBOCTSIMH.

3.IMixeummeni nepexpects (I1I1), sk 1 [T, 3amKy0TE BUAKICTE pyxy T3 Ha mepexpecti, THM caMUM
MOKpAIIyI0Uu Oe3MeKy pyxy JUId MIIOXOAiB Ta BEJOCUIIEAUCTIB. AJle, 3MyIIYIOUH BOIIB IXaTH MOBUIbHIIIE,
[IT 36impmryroTe yac pyxy mo BIAM, mo He € edextmBHMM Tipu BupimeHHI 3amad 3 OJIP B wactuni
MepekeBoro ympanmiaHA. Bucoka mina OyniBamiTBa I1I1 mMoxxe OyTw anst Hamoi KpaiHW TOCHTH TOPOTUM
3aX0JI0M, 30KpeMa depe3 motpedy y JOoAaTKoBii rwiomii Ta marepiamax. Ciim BIAMITHTH 1 MOTipIICHHS
KOMQOPTY pyxy Ul MacaKupiB TPOMaJChKOr0 TPAHCIIOPTY 4Yepe3 MOCHICHHS BiAIITOBXYBAJIBHOI CHIIM Ta
30inpenHs nomrosxyBaHHs. I BuMararoTs nmoctiiiHOro o0ciIyroByBaHHsA, TOOTO BUTpAT Ha YTPUMAaHHS,
10 MOXKYTh OYyTH TIOB’513aHi, HAIPUKJIA, 3 YUCTKOIO CHITY Ta JIbO/IY B3UMKY.

4.1llukany HaOymu HAHOITBIIOT MOMYJIAPHOCTI B MICISIX 3 BEJIMKOKO KUIBKICTIO MIIIOXO/IB, 0COOIMBO
niteid. BoHu Takox 3HMWKYIOTH IIBHAKOCTI pyxy T3, mo cnpusie 3HmwkeHH0 KigpkocTi ATII ta TsxkocTi ix
HacniakiB. [llukaHu 3MEHIIYIOTh PiBEHb IIYMY, 3a0pYAHEHHS HABKOJIMIIHBOIO CEPEeIOBUIIA Ta JOIIOMAraloTh
3HM3WTU BUTPATH HA yTpuUMaHHs jopir. OmHak, mopsj 3 nepeBaraMyd MarOTh 1 HEJIOMIKH: 1HOMI MPU3BOIAThH
10 yCKJIagHeHb npoi3ny aeskux tumiB T3, a came BelIMKi BaHTaXKiBKU Ta aBTOOycH; 301IBLIYIOTH Yac pyxy
IUIsl TPAHCTIOPTY, OCOOJIMBO B MIKOBI TOAMHU J100HM; CTBOPIOIOTH HE3PYUHOCTI AJIsI PyXY BEJIOCUIETUCTIB Ta
MOTOLMKITICTIB.

5.MiHI-KiJIbIs, SK JOBEICHAa OUIBLIICTIO HAyKOBHX JIOCHIDKCHb, OJMH 3 HAWMI€BIIUX CHOCOOIB
30iTbIIEHHST TPOMYCKHOI CIIPOMOXKHOCTI Tmepexpects [6], OCOOMMBO B TOAWHHM «IIiK», KOJHM 1HIII
MepEeTHHAHHS MOXKYTh BUKIHMKATH 3aTopu. Sk 1 monepenHi 3acoou 3/IP MiHi-KiJbIIs 3HWKYIOTh MIBUIKICTh
pyxy T3, a 3Bincu i pusuk unukHenns [ATII. Ha momavy, 3MeHIIyIOTh Yac o4iKyBaHHS Ha cBiTiogopax,
TOMY IO PYX BiIOyBa€eTbcsl Maiike 0€3 3yMUHKH Ta B LIJIOMY MOJIMIIYIOTh €CTETHYHUNA BUTIIS IEPEXPECTS,
OCKIJIBKM OCTpiBELIb MOXKE OYTH NPUKpALICHUH 3€JICHUMH HAacaPKEHHSIMHU a00 CKYJIBITYPHUMH CIOPYIaMH.
OnHak, HaBITh MiHI-KUIbIIE MOKE BUMAaraTh PO3MIMPEHHS JOPOTH, 10 CKa3yeThCS HA PO3Mipi BUTpaT Ha
OymiBHULTBO Ta 0COOJIMBO YBa)KHOT'O TIOBOJDKEHHS BOJIIB MpH Mpoi3ai nepexpects. ToMy Taki mepexpects
BUMararoTh J0JaTKOBOTO OCBITJIIEHHS, OCOOJIMBO BHOYI abo B yMoBax oOMekeHOi BUAMMOCTI. Jlo Toro x,
MIHI-KIJIBISL € CKIaAHMMK eneMeHtamu BJIM s mpoismy iX BeJOCHICAUCTAMH Ta IMPOXODKCHHS
MIIIOXOJIAMH, SIKI MOXKYTh MaTH MPOOJIEMH 3 TIEPETHHAHHSAM BYJIHII Yepe3 HECKIHYCHUH IIJTMH TPaHCIIOPTY.
TpynHoui nmpu mpoi3ai BUHUKAIOTH 1 y BenukoraOapuTHUX 13, sIKi HE MOXYTh MOBEPHYTH Ha POTOHAL 3
JOCTATHBOK INBHMJKICTIO, IO TaKOX MOXKE BIJIOOpa3uUTHCS Ha IMOSBI TUMYacOBUX 3aTopiB. Ilpu
BIIPOB/DKEHHI MiHi-KijJiellb B paioHi JlicocMyr, BoHM 3aarHi 3MeHmmTd Takui Buj JTII sk Haizm Ha
TBapHHY.

6.KananmizyBaHHS TPaHCIOPTHUX MOTOKIB HAJA€ MOMJIMBICTH 3MEHIIUTH KiJIBKICTh KOH(MIIKTHHUX
TOYOK Ha eneMmeHTax BJIM, OCKimbKM pyX BiOyBaeThCA IO BH3HAYCHHMX HampsMKax. JlJIs KOXKHOTO
HampsIMKy MOJKHA IUIaHYBaTH CBOIO palliOHAJbHY pPOOOTY CBITIO(QOPHHX OO0’€KTIB, IO 3MEHIIYE Yac
ouikyBaHHs pyxy T3 Ha cBiTiodopi. [Ipu kanamizyBaHHi Moxe OyTH 30iJbIlIeHa BUAUMICTD CBITJIIOPOPHUX
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00’€KTiB, JOPOKHIX 3HAKIB, PO3MITKHA TOINO, OJHAK HACIIIKOM IThOTO € 30OUTBIIEHHS BHUTPAT Ha iX
00JamTyBaHHS Ta TOAAJIbIIe 00CTyroByBaHHI. HemomikoM KaHaM30BaHOTO PYyXY € 1 oTpeda B TOAATKOBUX
MPOCTOPOBHUX pecypcax IUId OpraHi3alii po3IiieHHS MOTOKIB Ta 3MEHLICHHS MPOIYCKHOI CIPOMOKHOCTI
JIOPOTH, IO TAKOXK TIOB’S3aHO 3 PO3IICHHSIM TOTOKIB.

7.IlepexpuBaHHS TEpEXpPecTs] 3MEHIIYe HOro MPOMYCKHY CIIPOMOXKHICTh, CTBOPIOIOYH JOJATKOBI
3aropu. Yac Ha Tpoi3 mepexpecTsi BOAISIME 3aJ€KUTh Bif KOH(DIryparii nepenrkoau, 6ap’epis, ki B CBOIO
4epry YCKJIaTHIOITh PyX MINIOXOMAIB Ta BEJIOCHIEAMCTIB depe3 mepexpects. OmHaK Taki MepeKpHBaHHS
BILTMBAIOTH 3MEHIIICHHS itMoBipHOCTI BuHUKHEHHS J[TII, a came 3iTKHEHB, 3MEHIICHHS KUJTBKOCTI HEIACHUX
BHIIAJKIB 3 MIIIOXOAaMH Ta Bemocureauctamu. [lokpamryerscst 1 KOHTpoIb 3 a pyxoM T3 Ha mepexpecri.

8.Yokepu 3HIKYIOTH MIBHAKICTH PYXy TPaHCIOPTY, IO 3MEHINYE PHU3MK BHHUKHEHHS aBapild Ta
3a0e3neuye OUbIny Oe3MeKy Ui MIIIOXOMAIB Ta BEIOCHIIEAMCTIB. TakoX 3MEHIIYEThCS PU3UK MEPETHHY
po3miTtku goporu T3 Jlo HemoMiKiB BIAHOCUTHCS Te, M0 YOKEPH ITiIBUIYIOTH PH3HUK 3aTOPIB Y MIKOBI TOJUHH
n00u TpHu BenHWKHUX obcsirax pyxy T3, depes 10 3MEHIIYEThCS MPOMYCKHA CIIPOMOJXKHICTH esleMeHTiB BJIM,
Ta YHEMOXXJIMBIIOIOTh PyX BenukoradaputHux T3.

9.BcraBku moO OcCi JOporn 3abe3neuyroTh Oe3MeKy JOpPOXKHBOTO PyXy IIISIXOM IOKpPAIIeHHS
BHJIUMOCTI, 0OCOOJTMBO B YMOBaX HH3bKOi OCBITJIICHOCTi 200 IMOTaHWUX IMOTOAHUX YMOB; 32 PaXyHOK CTBOPEHHS
JOJAaTKOBOTO TMPOCTOPY Uil PYXy TPaHCHOPTY Ta KEPYBaHHS MIBUAKICTIO PyXy; MUIIXOM 3MEHIICHHS
B3aemomii Mixk T3, mo 3MeHIIye HMOBIPHICTh 31TKHEHB; MUISIXOM 3a0e3nedeHHs "iTkoi HiHii pyxy T3, mo
JoriomMarae BoJiisiM 30epertu cBiit (hokyc. B 1itoMy Taki BCTaBKM MOKPAIIYIOTh MOTIK pyxy T3, 3MeHmIytoun
3aTOpH Ha JUISHKAaX JIOpIT 3 BEJIMKAMH I1HTEHCHBHOCTSIMH PyXy 3a PpaxyHOK J03BOJIy aBTOMOOLUISIM
3MiACHIOBaTH OOTiH MOBUIbHMX TUHIB T3. OgHak, BCTAHOBJICHHS BCTABOK IO OCI JIOPOTM MAa€ BHCOKY
BapTIiCTh, OCOOJNMBO Ha BENHMKHX MOIISHKAX JOPOTH; 4Yepe3 BHUCOKI IHTEHCHBHOCTI pyxy T3 Moxke
301IBIIYBATHCS IIIYM BiJl TPAHCIIOPTY, 110 CTBOPIOE MPOOIEMH 3BYKOI30JIALIT JIjIsl MEIIKAHINB OYIUHKIB, SKi
pO3TalIoBaHi B3I0BX A0pir. Taki BCTaBKU MOXKYTh 30UIBIINTH PO3PUB MiXK CMyTaMH, L0 MPHU3BOAUTH YacTO
710 TIOTIpIIeHHS PIBHOCTI JOPOTH Ta 30UThIIeHHs BiOpamii anms BoziiB. OKpiM I[bOTO, BCTaBKH MOTPIOHO
MOCTIHHO TATPUMYBAaTH B 3aJ0BITFHOMY CTaHiI Ta OOCIyTOBYBaTH, KyAH BXOAHUTH iX PETyIsSpHE MUTTA,
peMoHT Ta 3amiHa. He ciig 3a0yBaTv 1 mpo MOTIPIICHHS BUIUMOCTI IS BOMIIB Ha JUISHKax JOPOTH 3
KPYTHUMH TIOBOPOTaMH 200 0OMEXECHOIO BHINMICTIO.

Amnaniz 3aco6iB 3/IP no3Bosisie 3p0OMTH BHCHOBOK, IO BOHM MOXYTh OyTH €(EeKTHBHUMH 3aCO00M
KOHTPOJIIO IBUAKOCTI pyXy TPaHCHOPTY Ha BYJIHMIIX MiCTa, MPOTE IX CIIiI BAKOPUCTOBYBATH 3 PO3YMIHHSIM,
peTenIbHO OOTPYHTOBYIOUH 3aCTOCYBaHHSI TOTO YH 1HIIOTO BUIY 3ac00Yy.

Jns Bupimenns npoGiem OJIP ocraHHiM dYacoM Jyke IIUPOKO 3aCTOCOBYIOTH IHCTPYMEHTH
MOJICITIOBAaHHS JOPOXKHBOTO pyxy. IIpm HEOOXiMHOCTI mepexoay Ha MIKpOpiBeHb, TOOTO INPH IUIAHYBaHHI
pYXy Ha OKpeMoMy IepexpecTi, Tpymi mnepexpecTb abo HAao4HIN JEeMOHCTpallii rpoMaJiCbKOCTi 3MiH, SKi
BiIOYAyThCS B palioHI MicTa y BUNAAKY OYyIiBHUIITBA HOBHX JOPIT, PO3B’S30K TOIIO, 3aCTOCOBYETHCS
MOJIeTIOBaHHs B iporpamuomy 3abesneuenni PTV Vision VISSIM. Jlist ouinku edextuBHOCTI 3aco6iB 3/1P,
crpoOy€eMO TPOBECTH aHalli3 BIpoBapKeHHs pizHuX MeToAiB OJIP Ha omHOMY i3 aBapiiHHMX MEpeXpecTh M.
Xapkie Bys. Mapmiana Pubanka — Byi. A. OmenkoBa. A mporpamue 3abesneuenns PTV Vision VISSIM
J03BOJIMTH HA CTBOPHUTH TPAHCIOPTHI Mozeni pyxy T3, 10 J03BOJHTH ONEPAaTHBHO JOCTIIUTH Ta OLIHUTH
e(eKTUBHICTh PiI3HUX 3aX0/iB 3 ynockoHaneHHs O/IP.

OIJIb TA 3AJAYI JOCJIKEHHSA

MeToto 1ocHiIKEeHHS € MiABUILEHHS Oe3MeKH JOPOXKHBOTO PYXy Ha nepexpecti Byaunb A. Ouienkosa
ta Mapmana Pubanka y M. XapkiB 3a paxyHoK BHOOpy HaiieexkTuBHimoro 3acody 3/1P.

Hnst  peamizaiii MeTH HEOOXiTHO TPOBECTH JIOCHIDKEHHS JIOPOXKHIX YMOB Ta MapaMeTpiB
TPAHCHOPTHHUX 1 MIIIOXiAHMX MOTOKIB, HA OCHOBI SIKUX CTAHE MOXJIMBUM PO3POOHTH iMiTalliiiHI TPaHCHOPTHI
MOJIeNTi TIepexpecTs y mporpamuomy cepenosuiie PTV Vision VISSIM.

PE3YJbTATHU JOCIIIKEHDb

ITepexpectss Byn. A. OmienkoBa (ByJHId MICBKOIO 3HadeHHs) — Byl Mapmana Pubanka
(MaricTpangbHa BYJIHUISI PaAiOHHOTO 3HAYCHHS) BiAHOCHUTBCS 110 X-00pa3HOro THUILy, Ma€ OpraHi30BaHUI
JIBOCTOPOHHIH pyX TPaHCIOPTY, Yepe3 yCi BYJIHUII 3AIHCHIOEThCS MIIOXi1AHUH pyX. [lepexpecTs B iCHyIOUOMY
BUTIISNL 300pakeHo Ha puc. 1. Cratucruka JITII Ha 1iboMy miepexpecTi CBiJYUTh, IO OCHOBHOIO MPUYHHOKO
€ oOMe)xeHa OIISIIOBICTh HA HbOMY (IHB. puC. 1).
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Pucynok 1 — ®oto 3 npuknagom ATII Ta cxema po3ramryBaHHs TEXHIYHAX 3aCO01IB peryalOBaHHS
JOPOXKHIM PyXOM Ha nepexpecti Byi1. A. Omenkosa —
Bys. Mapmmana Pubanka mo 2020 poky

[Ticas BeMMKOI KiJIbKOCTI YCHUX Ta MUCHMOBHX 3BEPHECHb B MPO(MUILHI OpraHu, 1 HaBiTh B BepxoBHy
pany, Ta NOBIZOMIICHb B COLIaIbHUX Mepexax Ha mepexpectss BoceHH 2020 poky Oyio BCTaHOBIECHO
CBITI0(OpHE pery/IroBaHHs (JIUB. puC. 2).

)t Mapaane Adaw

(S0
Ll B

Pucynok 2 — IcHyroua cxema mogasHoro po3’i3ny Ta po3TalnyBaHHS TEXHIYHHUX 3ac00iB
peryoBaHHs JOPOXKHIM PyXOM Ha mepexpecTi By, A. OmienkoBa —
ByJI. Mapiiana Pubanka

Omnak postamyBanHs MA®, ski 3IIHCHIOOTh MIAIPHEMHHIBKY JiSUIBHICTE 3 MPOJAKY
MPOJIOBOJIBYUX TOBAPIB, TaK 1 3aJIMIIAIOCH, IO HE 3aHANTO BimoOpasmiock Ha 3MeHmieHHi JITTI, oco6nmBo
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T 9aC BOEHHUX MOiii, KOJHM BiIOYBAIMCH BIMKIIOUCHHS CBITNIA. Y CKJIAIHIOIOTH MOpOokHIN pyx 1 T3, sxi
3MIUCHIOIOTh PO3BaHTAXKEHHS TOBapiB B MA®D, mo Takox OOMeXye HEOOXimHY g OE3MEYHOTO PyXy
BUJIUMICTb.

Jns migBuieHHs: Oe3MeKH TOPOKHBOTO PyXy Ha AaHOMY IepexpecTi HeoOXiAHO MiABUIIMTH Mepll 3a
BCE BHIWMICTB, JJI YOTO HEOOXITHWI MpPOBECTH NeMOHTax icHyrounx MA®. OpnHak, Takux 3axif, IO-
nepie, He € MOIMYJIIPHAM, TaK SIK MOKe IMPHU3BECTH 10 BTPATH pPOOOYNX MICIlb, a MO-APYTe, 3TiIHO JaHUX 3
KaJlacTpy psi 3eMEIbHUX AUITHOK i 1My MAdamu MarOTh BiAMOBIIHI TO3BIIbHI JOKYMEHTH.

Tox, nmist migBUIIEHHS OE3MEeKH TOPOKHBOTO PYXy Ha JTAHOMY BY3Ji, 3 YpaxyBaHHSM ICHYIOUHX
JOPOXKHIX YMOB, HEOOXiIHO 3MEHITYBAaTH MBHUIAKICTE pyXy T13. I3 3HWKEHHAM MIBHUAKOCTI 3MEHIIUTHCS 1
HOPMAaTHBHE 3HAUCHHS BUAUMOCTI [7], sike OyJie BiAMOBIIATH ICHYFOUOMY CTaHYy IIEPEXPECTSL.

3HIKECHHS IBUAKOCTI MOYKIIMBO Peai3yBaTH i3 3aCTOCYBAaHHSIM:

-BIMIOBITHUX JOPOKHIX 3HAKIB (HEMIEBHH 3aXil);

-3aCTOCYBaHHS CBITIO(OPHOTO peryatoBaHHS (HEIi€BUH 3axXif);

-3acTocyBaHHs 3aco0iB 3/IP.

B xoxHOTO 13 BUITIENIEpETIIYCHUX 3aX0iB € CBOI IIepeBaru Ta HeAOMIKH. SIKHif i3 X BapiaHTIB OUIBIT
edekTUBHHUIT CTpoOyeMO BU3HAYMTH 13 3aCTOCYBaHHsIM iMiTamniiiHoro MmoaemoBants B PTV Vision VISSIM.
VY Xoai eKCrepUMEHTAILHUX AOCIIIKEHb OyJe 3MIHIOBATUCS 1HTEHCHBHICTH PyXY TPaHCIOPTHOTO MOTOKY.
Bomna BapitoBaTuMeThCs Bi 0a30BOi iHTEHCHBHOCTI 110 + 260 — 20% i3 kpokom 10% .

Tox, posrmsHemo Taki Bapiantm MomemoBanHs OJIP Ha mepexpecti Byn. A. OmenkoBa —
ByJI. Mapmiana Pubanka: perymboBane mnepexpects (PII); BmamryBanHs Ha mnpoi3Hiii wactuni JIIT;
BJIAINTYBaHHs Ha npoi3Hiit yactui [I1I1; BnamryBanHs Ha npoi3Hii yacTusi [1I1.

[Ticns mpoBeneHHst MoaemoBaHHA pi3HUX BapiaHTiB OJIP mpoBeneHo aHami3 KpuTepiiB GyHKIIFOBAaHHS
O/IP [8]. Byno oOpaHo HalOIMBII BILTMBOBI KPUTEPIi U1 OLIHIOBAHHSI PO3POOJIEHUX 3aX0/(iB T4 BU3HAYCHO
piBenb oociyroByBanHs (LOS) [9]: cepenns 3aTpumka pyxy T3; KinbkicTb 3ynuHOK T3; cepeqHs JOBXKHHA
3aTOpy; MaKCHMaJbHa JOBXKHHA 3aTOPY.

HinpoBa hyHKIS KpUTeEpiro omiHoBaHHA BapianTiB OJ[P Ha mepexpecTi Mae BU:

PIT - [Ny,
H L3aT0p ]
A =4 ™ =f(N)—>min, (@)
oo |t
il L

3aT

ne N - iHTEeHCHBHICTH TPAHCTIOPTHOTO MOTOKY, aBT./TOJI;
T3 . . .
N,y - KibKicTb 3ynuHok T3, ox.;

t,, - cepenns 3arpumka 13, c;

L, - OBXKMHA 3aTOPY, M;

L. - MakCHMallbHa JOBXKHHA 3aTOPY, M.

Jlnist BU3HAYCHHST BUJLY Ta MMapaMeTpiB MoJeliei OyJiM BUKOpHCTaHa CydacHa KOMI'FOTEpHA Iporpama
00poOku cratuctuku Statgraphics, ska m03BoJiss€ ONMCATH OTPUMAHY CTaTHCTUKY DPi3HUMH BHUJIaMHU
MaTeMaTUYHHUX QYHKIIH. Pe3ynbTat 0OpoOKH eKCriepUMEHTAILHUX JIAHMX HAaBECHI B Ta0MuI 1.

Ha pucynky 3 HaBeleHi 3aJIe)KHOCTI 3MiHHM KPHUTEPI€B OLIHKK 3aXOJiB MPH 3MIHEHHI 1HTEHCHBHUCTI
pyxy T3 mns pisaux Bapiantis OJP.

OBI'OBOPEHHA PE3YJBTATIB JOCJJIIAKEHHSA

Amnari3 pe3ynbTariB MoJiestoBaHHs BapianTiB O/IP 3a oOpaHrMU KpUTEpisMU Ha MIEPEXPECTI MPH 3MiH1
intencuBHocTi T1I mokasas:

- pe3yJbTaT MOJACTIOBAHHS KPUTEPIIO «CepeAHs 3aTpUMKa TPAHCIOPTHUX 3ac00iB» MOKa3aB, IO MPH
0a3oBiit (968 aBT./rox) Ta HaiiMeHmii (774 aBT./TOJ) IHTEHCUBHOCTI Kpaniuit pe3ynbraT Mae JI1 («iexauuit
noJrinelcekuiin) — 8,3 ¢ Ta 6 ¢ cepeHbOT 3aTPUMKH Ha TIepexpecTi. Xoua, py 301IbIIeHI i IHTeHCUBHOCTI Ha
20 % (1161 aBT./rom) — Kpamuii MOKa3HUK Ma€ «cBITIOGOpHE peryiaoBaHHs», a came 11 ¢ cepeanboi
3aTPUMKH Ha MEPEXPECTI;

- pe3yibTaT MOJCIIOBAHHS KPUTEPII0 «KUIBKICTh 3ymWHOK T3» ToKaszaB, IO TMpH BCIX
3allPONIOHOBAHMX 1HTEHCHBHOCTSX KpallWii pe3ylbTaT Mae «cBiTIodopHe perymroBanHs». A came, 0,01
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KUTBKICTh 3yIMHOK TPAHCIIOPTHUX 3aco0iB mpu 0a3oBiil iHTeHCcHBHOCTI, 0,52 Ta 0,58 KiIBKICTH 3ynmuHOK T3
pu -20 % ta +20 %;

Tabnuiis 1 - PedyapTaTi 00pOOKH eKCIIepUMEHTAIBHUX TaHUX Yy mporpami Statgraphics

) o Durbin- Cepenns
Bapiantu OJIP SaeKHICTE Koegiuient Watson abcomoTHa
Ha TIEPEXPECT1 KOpersil statistic MOMMJIKA
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Pucynok 3 - I'padiku 3a1€:KHOCTI KPUTEPIiB €(hESKTUBHOCTI B 3aJICIKHOCTI BiJl 3aX01y 3aCIIOKOEHHS
PYXY IpH Pi3HUX 3HAYCHHSAX IHTEHCUBHOCTI PyXy
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- pe3yabTaT MOJECTIOBAHHS KPUTEPIIO «CepemHs TOBXKHHA 3aTOpy» I0Ka3aB, IO Npu 0a3oBikd (968
aBT./rom.) Ta HaWOutemii (1161 aBT./rom.) IHTEHCHBHOCTI KpalllMii pe3ylbTaT Ma€ «CBITIIOGOpHE
perymoBaHHs» — 2,9 M Ta 3 M cepeqHbOi JOBXHHM 3aTOpy Ha IepexpecTi. Xoua, NpU HalMEHIIid
inTencuBHoCTI B — 20 % (774 aBr./rom) — xpamuii nokasuuk mae JII, a came 2,1 M cepeaHboi TOBKUHH
3aTOpy Ha MEPEXPECTi.

BUCHOBKH

B pesynbTaTi mochimKeHb J0BEACHO, 10 BIPOBAKEHHS CBITIO(GOPHOTO peTyIIOBaHHS Ha IepexpecTi
Byn. A OmenkoBa - Byn. Mapmana Pubanka € momimeanmM Meromom OJIP, ane mpu 1mpomy HE Cimif
BHKITIOYATH 3aCTOCYBaHHS €(EeKTHBHHX JOMOBHEHb J0 OOMEXKEHHS IIBHIKOCTI Ha emeMeHTax BJIM —
3aco0iB 3/IP. Cepen MOXIMBUX il 3aCTOCYBaHHs 3aco0iB 3/IP HaMu 3ampOIOHOBAHO BIPOBAJUTH HA
nepexpecti BukopuctanHs came JII, skuii MeHII HiX BCi BIUIMBAaE Ha 3aTPUMKH PyXy HOpU Mpoi3mai
MIEPEXPECTS Ta JO3BOJISIE SMEHITUTH HEOE3MEeKy Ta TSHKKICTh TPaBMYBaHb YIaCHUKIB JOPOKHBOTO PYXY.
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