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Abstract. Problem. The relevance of the problem under consideration is due, firstly, to the traditionally
highest share of road transport in the structure of passenger transportation, and, secondly, the
predominance (more than 75 %) of transportation by large class city buses in the structure of road
passenger transportation. Under such conditions, improving the performance of large class city buses
is of particular relevance. Goal. The goal of the article is to study the influence of design characteristics
on the performance of large class city buses. Methodology. The research on the influence of design
characteristics on the performance of city buses employs the following methods: the method of analysis
and synthesis, systems approach, the observation method, comparative analysis, factor analysis,
simulation modeling, and the experimental method. Results. The results of the conducted analysis have
allowed the authors to develop and test a methodology for assessing the effect of carrying capacity on
the performance of large-class city buses; to develop and test a methodology for assessing the impact
of speed characteristics on the performance of large-class city buses; to conduct a factor analysis of the
influence of design characteristics on the performance of large-class city buses. Originality. The
research has made it possible to get an insight of the influence of design characteristics (in particular,
carrying capacity and speed) on the performance of large class city buses. Practical value. The results
obtained can be recommended to enterprises engaged in passenger urban transportation for
determining the carrying capacity of buses, which is the major characteristic set when designing a new
model of a city bus.
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Introduction “Transport of Ukraine 20207, in 2020, 42 % of all
passenger transportation in Ukraine was carried
out by road transport enterprises.

At the same time, of great interest is the pecu-
liarity of the distribution of passenger transporta-
tion by road in the country for the mentioned pe-
riod in the context of transportation type: inter-
city, suburban and intracity transportation. As it
was revealed based on the analysis of the data of
the statistical compilation “Transport of
Ukraine — 2020”, 76 % of passenger transporta-
tion was accounted for by intracity transporta-
tion, 18 % — suburban transportation, 6 % — inter-
city transportation.

Accordingly, when studying passenger road
transportation, it is advisable to focus specifically
on intracity services, where passenger transporta-
tion is carried out by large class city buses.

Among the large number of characteristics of
city buses, of particular importance is their

Road transport is an integral part of the transpor-
tation industry of Ukraine. Given the uncondi-
tional manoeuvring advantages of road transport
in comparison with other modes of transport, it
has won a leading position in carrying goods and
passengers over short distances. Ukraine’s road
transport has significant potential: in the post-cri-
sis period, the volume of freight and passenger
transportation by road decreased but at a slower
pace than the volume of freight and passenger
transportation by other modes of transport. Thus,
it can be concluded that Ukrainian road transport
is more resistant to the negative impact of exter-
nal conditions than other modes of transport,
which determines its leading position in the trans-
portation industry of the country.

Road transport plays an important role in
providing passenger transportation services in
Ukraine. According to the statistical publication
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performance — the passenger carrying capacity,
which is the first characteristic that is set when de-
signing a new model of a city bus. Up until now,
there has been no methodology for qualitative and
guantitative assessment of city bus performance
that implies presetting specific characteristics for
the desired performance at the design stage.

Therefore, the study of the influence of design
characteristics on the performance of large class
city buses is relevant.

Analysis of publications

Theoretical, methodological and applied aspects
of ensuring efficiency and effectiveness of urban
transport are considered in publications of such
Ukrainian  scientists as I. Shevchenko,
I. Dmytriiev [1, 2], S. Niemyi [4], D. Omarov,
H. Prokudin, Yu. Bilokobyla, [5-7], V. Shynka-
renko, K.Vakulenko [8], O. Kunytsia,
V. Prodan [9], I. Bashynska, V. Fillipov [10].

These scientists comprehensively study vari-
ous aspects of city transport ensuring efficiency.

Thus, in the articles [1, 2], the authors analyze
methodological aspects of the formation of indus-
try associations of enterprises engaged in inter-
city passenger road transportation. The study re-
veals that the formation of an industry association
of enterprises engaged in intercity passenger road
transportation is economically feasible only if
there is an annual need for transportation of more
than 3.3 million passengers.

The author of the publication [3] describes the
main indicators of the development of road
transport in comparison with the development of
other modes of transport and the whole transpor-
tation industry of Ukraine in the last decade.

The research by S. Niemyi [4], presents an
analysis of the impact of passenger carrying capac-
ity of buses on the efficiency of urban passenger
transportation. In his study, the author argues that
in case of busy passenger flows, when using buses
with large and extra-large passenger carrying ca-
pacity, the cost of transportation is significantly re-
duced compared to buses of small passenger ca-
pacity. It is worth mentioning the studies [5, 6, 7],
where the authors associate the improvement of
performance of passenger transportation with ser-
vice quality. In their work, the researchers deter-
mine the significance of the quality parameters of
public transport services, which were determined
based on field survey data, for passengers.

But despite extensive research efforts in this
field, the issue of influence of design characteris-
tics (in particular, such as passenger capacity and
speed) on performance of large class city buses
has been paid not enough attention.

Purpose and Tasks

The purpose of the study is to investigate the in-
fluence of design characteristics on performance
of large class city buses.

To achieve the set goal, it is necessary to de-
velop a methodology for assessing the effect of
passenger carrying capacity on the performance
of large class city buses; to develop a methodol-
ogy for assessing the impact of speed character-
istics on the performance of large class city
buses; to conduct a factor analysis of the influ-
ence of design characteristics on the performance
of large class city buses.

The solution of these tasks requires a step-by-
step implementation of the following subtasks:

—assessing the effect of the overall length on the
passenger capacity of large class city buses as a fac-
tor of their performance (according to the options
when the overall length of large class city buses is
10.5m, 11.0m, 11.5m, 12.0 m);

—assessing the impact of the engine layout on
the passenger capacity of large class city buses and
provide recommendations on the most rational en-
gine layout from the standpoint of optimizing the
utilization of the usable area of the passenger com-
partment and, thereby, improving the performance
of large class city buses;

—studying the influence of key parameters of
movement speed (in particular, acceleration charac-
teristics, average speed between stops on the route,
passenger exchange time, braking characteristics)
on the performance of large class city buses;

—determining the weight of the factors that af-
fect the performance of large class city buses based
on the analysis of changes in their performance de-
pending on the overall length, dynamic properties,
passenger capacity, floor height, width of passenger
doors.

City bus performance is usually understood as
the number of passengers transported on a certain
city route at a certain speed per hour.

To calculate city bus performance, it is cus-
tomary to apply the formula:

CBP=(QV, 8y)-, 1)

where CBP is the performance of a city bus, pas-
sengers per hour; Q is the maximum passenger ca-
pacity of the city bus, passengers; V, is the operat-
ing speed of the bus, km/h; # is the distance utili-
zation rate; y is the capacity utilization rate; | is the
average length of the passenger trip, km [2].

It is necessary to note that the article examines
not the actual performance of large class city
buses under specific operating conditions, but the
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potential or maximum design performance, deter-
mined only by design characteristics.

Therefore, in the formula (1): f =1; y = 1;
I =500 m (the average distance between stops on
the city route).

V, is the speed developed by a large class city
bus on the segment between two stops of the
route (500 m) under the following conditions: ac-
celerating from a rest to a speed of 60 km/h; mov-
ing at a given constant speed; slowing down
50-60 m before coming to a stop; rest.

Considering the constants 3, v, 1 and changing
the value of Vo, it is possible to measure the de-
gree of influence of speed characteristics and pas-
senger capacity on the performance of a city bus.
Indicators that have the most significant impact
on the indicator under study are determined based
on the relative value (%) of the influence of each
indicator on the performance of a city bus. This
approach allows to assess the significance or
weight of individual indicators (in particular,
overall length, passenger compartment layout,
engine layout) and, respectively, their priority in
the design of city buses and the impact on the re-
sulting indicator — passenger capacity.

In almost all countries of the world, it is cus-
tomary to produce large class buses with an over-
all length of 10.5m, 11.0m, 11.5m, 12.0 m. In
the practice of bus manufacturing, the overall
length intervals are 0.5 m, since at the same di-
mensions of the front and rear parts of the bus,
they differ in length due to the number of body
sections.

The study of the effect of passenger capacity
on the performance of a city bus was carried out
by the authors using the initial data on the impact
of the engine layout and overall length of a city
bus on its capacity for models of city buses with
an overall length of = 10.5 m (Mudan MD 6100,
Higer KLQ6118GS, Daewoo BS-406); an overall
length of ~ 11.0 m (Jelcz M11, Jelcz M11, Zonda
YCK 6117HC, Hyundai Super Aero City, Irisbus
B951E, Zonda YCK 6105HC, BAZ A148); an
overall length of = 11.5 m (JAC HK 6118G,
Golden Dragon XML 6112UE, Ankai GK15,
Higer KLQ 6118G, Zonda YCK 6116 HC, Mer-
cedes-Benz 0405, Ikarus IK-112, Ikarus IK-103,
Yutong ZK 6118 HGA); an overall length of
~12.0 m (zZhong Tong Sunny, Irisbus Citelis
12M CNG, Higer KLQ 6118 GL, Irisbus Agora
12M, Mercedes-Benz Conecto, Mudan MD6120,
Golden Dragon XML 6123UE).

In order to exclude the influence of other de-
sign factors on the passenger capacity of a city
bus, a number of limitations were set, in particu-
lar, the number of seats was conventionally

assumed to be 22, based on the averaging of the
options (Xaver = (25 +21 +19+21 +23 +22 +
+23+25+15+17+24 +21+23+25+ 27+
+19+28+21+26+20+22+24+20+ 16+
+20 + 31) + 26 = 22.23 = 22 seats).

The placement of the seats was taken the same
for all options: two double seats on each of the four
wheel arches (16 seats) and three seats at each side
(6 seats). The interval between the seats (650 mm)
and their dimensions were also taken the same.

The area occupied by one seated passenger
was taken as 0.36 m? the area occupied by one
standing passenger — 0.125 m?,

For all options, a single layout of the engine
providing the maximum utilization of the useful
area of the city bus interior — outside the passen-
ger compartment — was taken.

The number of doors (three) and their width
(1200 mm) were assumed to be the same for all op-
tions. The minimum area of the platforms in front
of the doors was 2.5-3.5 m?. The total area of the
footboards and steps was taken to be 1.75 m2

The area of the driver’s cab was also the same
for all options and amounted to 2.3 m?,

It should be noted that the area of bumpers
(0.2 m?), driver’s cab, footboards and steps is not
included in the usable area of the city bus. Thus,
the floor area for standing passengers is equal to
the internal area of the city bus, excluding the
area of the driver’s cab, footboards and steps, the
seating area, and the free floor area that cannot be
used to accommodate standing passengers.

In accordance with the above methodology,
the actual usable floor area and, thus, the capacity
of the city bus for the reference case, with the en-
tire usable area of the interior utilized to accom-
modate passengers, were determined.

The analysis of the results has made it possible
to clearly identify the influence of the overall
length on the capacity of a city bus. So, in the
range of the overall length from 10.5mto 12.0 m,
an increase in the length of a city bus for every
0.5 m allows increasing the passenger carrying
capacity by 9-10 passengers, or 6-7 %. The pas-
senger capacity of a city bus with an overall
length of 12.0 m exceeds that of a city bus with
an overall length of 10.5 m by an average of 28
passengers, or 23.5 %.

Another indicator that affects the passenger
capacity of city buses (with equal overall lengths)
is the layout (or location) of the engine.

In the practice of the world bus manufactur-
ing, the commonly used layouts of engines in city
buses are as follows:

— within the passenger compartment: next to
the driver’s workplace; in the rear; under the floor
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within the wheel base, under passenger seats,
closer to the left side;

— outside the passenger compartment: under
the floor within the wheel base; under the driver’s
seat [2].

In the first case of engine layout, there are
losses of up to 2.5 m? of the usable area that could
be utilized to accommodate standing passengers,
which reduces the capacity of a city bus by 12-15
passengers. In the second case of engine layout,
there are no losses of the usable area of the pas-
senger compartment.

The formula (1) employs the indicator of op-
erating speed, which includes all parameters of
the actual movement of a bus along the city route
(traffic flow intensity, intersection operation reg-
ulations, downtime at route stops and terminals,
technical factors affecting the bus speed, etc.). It
is the indicator of operating speed that is advisa-
ble to use when assessing the city bus perfor-
mance under operating conditions.

In calculations of the potential or design per-
formance, it is customary to use the design speed
on the route Vg, which is influenced by such tech-
nical characteristics of a city bus as weight,
powertrain capacity, power output, torque, etc.

The route of city buses is organized in such a
way that the distance between stops is no less
than 300 m, and the actual distance is 300-750 m,
depending on real needs for improvement of the
stop, proximity of facilities to it, considering the
convenience of passengers’ approaching it.
Therefore, the calculation had the constraint: the
average distance between stops is | = 500 m.

As a standard for assessing the dynamic param-
eters of a city bus, the time to accelerate to a speed
of 60 km/h (16 m/s) was taken. This was the sec-
ond methodological limitation of the study.

Accordingly, the purpose of the research is to
determine the optimal values of time to accelerate
to a given speed to ensure high performance of a
city bus. Too low acceleration values will lead to
a decrease in the speed and a decrease in the per-
formance of a city bus; too high acceleration is
limited by the value of the maximum permissible
acceleration.

To comply with safety rules, it is advisable to
take the acceleration of a city bus when starting
from rest as 0.2q for seated passengers and 0.15q
for standing ones. This was assumed as the third
methodological limitation of the applied re-
search. Moreover, it should be borne in mind that
high dynamic parameters set in the design of a
bus often cannot be realized under real urban con-
ditions with heavy traffic flows.

The movement of a city bus along the route is
clearly cyclical. With relatively equal average
distances between stops in the city, the average
bus speed on one segment of the route between
two stops can be adequately extrapolated to any
other segment, as well as to the whole route. Ac-
celeration has the greatest influence on the aver-
age speed of a city bus, and braking has the least
influence, since the braking distance differs in-
considerably for different models of city buses.

By setting constant values for the indicators
that determine the braking intensity, it is possible
to estimate the degree of influence of the acceler-
ation intensity on the average speed on a certain
segment of the route.

To simplify the calculations and obtain compa-
rable results, the same braking deceleration value
Jjo = 2.3 m/s was set for all models of city buses.

Further, for the braking to rest from the maxi-
mum speed of V = 60 km/h, allowable in the city,
we determined the braking time t, using the for-
mula (2) and the braking distance S, using the for-
mula (3):

To=V +(3.6)=60+(3.6-23)=7.2s (2)

Sb:AV+V2+(26jb): (3)
=0.19 60 + 60? + (26 2.3) =71.6 m

The time to accelerate modern large class city
buses from rest to a speed of 60 km/h is usually
from 25t0 42 s.

The formula (4) is used to determine the ac-
celeration distance in the case when the accelera-
tion time of the motor vehicle is known [2]:

S:=2/3- Vst (4)

where S, is the acceleration distance, m; Vais the
acceleration, m/s; tais the acceleration time, s.

In the study, the calculated values of the dis-
tances to accelerate large class city buses to a
speed of 60 km/h at a given acceleration time
were obtained using the formula (4).

It was determined that buses that accelerate to
a speed of 60 km/h for 40 and 45 s, cannot not
reach the maximum allowable speed on limited
segments of the urban route between two stops.

Knowing the distance and time of acceleration
and braking, it is possible to determine the time
the bus takes to cover a given segment of the
route moving at a given speed using the following
formulas:

t = (L — Sa— Sp) = Vi, (5)
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or
tr = SI’ - Vl'l (6)

where S, is the route distance the bus covers at a
given speed V,= Vg

Sr = L - Sa— Sb. (7)

The average speed of the bus on the segment
of the urban route between two stops is deter-
mined by the formula (8):

Vaver = 3.6 - (L - tq) = (8)
=36- ((Sa + Sr + Sb) - (ta + tr + tb)),

where tq is the time taken by the bus to cover the
distance between two stops on the urban route, s.

By setting the value of acceleration time and
the corresponding value of acceleration distance,
using the values of braking time and distance cal-
culated by formulas (2), (3), we determined the
route length by the formula (7), and the time of
the bus movement on the route by formula (8) for
different values of acceleration of a city bus.

In the study, the average speed of a city bus
on the segment of the route between stops with a
length of 500 m was determined for different ac-
celeration values.

The analysis of the results obtained has al-
lowed to conclude that a decrease in the acceler-
ation time of a city bus by 5 s contributes to an
increase in its average speed between stops and a
decrease in the bus movement time by an average
of 4 %. Accordingly, a decrease in the accelera-
tion time of a city bus by 10 s contributes to an
increase in its average speed between stops and a
decrease in the movement time by 8 %.

Passenger exchange time depends on: bus oc-
cupancy rate; number and width of passenger
doors; number of boarding and alighting passen-
gers; boarding and alighting time and in general
can be determined by the formula (9) [2]:

toe = (tbo * AQpo + tar - AC]aI) +N, (9)

where tp is the passenger exchange time, s; tyo iS
the boarding time per passenger, s; ta is the alight-
ing time per passenger, S; Ao is the number of
boarding passengers; Aga is the number of alight-
ing passengers; N is the number of passenger
doors. For large city buses, N = 5.

The results of observing 24 runs of large class
city buses BAZ A148 and Zhong Tong Sunny on
a city route with 28 stops show that the average
passenger exchange time was 16.8 s. At the same

time, the occupancy of these buses varied from 6-
14 passengers to 113-139 passengers, i.e., it al-
most completely included the range of the calcu-
lated values of the capacity of large class city
buses for different engine layouts. According to
the experiment results, the average boarding /
alighting time per passenger was 2.9 s. Using the
formula (9), the average number of boarding and
alighting passengers was calculated. It amounted
to 29 passengers (when changing the indicator
value from 6 to 49 passengers).

The estimated (design) performance of a city
bus was determined by the formula (1), which, in
view of the indicated methodological limitations
of the study, has the following form:

CBP=3.6-q+05-V, (10)

where Vjq is the average speed of a bus on a city
route, which is conditioned by the preset design
technical characteristics, m/s:

Vo= L+ (tg + toe). (11)

To assess the degree of influence of passenger
capacity, which depends on the engine layout,
floor height and door width, on the performance
of a large class city bus, comparative calculations
were made using the formula (10).

To make it possible to compare the results, in
the first case, for all options, the same design
speed, obtained for large class city buses with the
engine located within the wheel base, was set; in
the second case, for the specified intervals of
overall lengths, the capacity of large class city
buses with the engine located within the wheel
base was set using the same values as for large
class city buses with the location of the engine in
the rear.

The results of assessing the significance of in-
dicators that affect the performance of large class
city buses have allowed to draw the following
conclusions.

The most significant indicator that affects the
performance of large class city buses is passenger
carrying capacity, which is mainly determined by
the layout of the interior. The maximum utiliza-
tion of the usable area of the interior and the larg-
est passenger capacity, i.e., the highest perfor-
mance of large class city buses, can be achieved
by optimizing the passenger compartment layout
due to locating the engine outside the interior un-
der the floor within the wheel base. The use for
urban passenger transportation of large class
buses of an overall length of 12.0 m with an en-
gine located outside the passenger compartment
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under the floor within the wheel base instead of
large class buses of an overall length of 10.5 m
with an engine located in the rear within the pas-
senger compartment allows to increase the per-
formance by 16 %.

Increasing the floor height from 740 mm
(when the engine is located in the rear within the
passenger compartment) to 920 mm (when the
engine is located outside the passenger compart-
ment under the floor within the wheel base), with
three levels (footboard — step — floor) at the en-
trance door, practically does not cause any de-
crease in the time of passenger exchange.

For a large class city bus with mid-engine in-
stallment the same passenger capacity as for a
large class city bus with rear-engine instaliment
can be achieved by reducing the overall length of
the bus by 0.5 m.

Conclusion

Thus, on the basis of the study, the authors have
obtained the following results:

—the influence of the overall length on the
passenger capacity of large class city buses as a
factor of their performance was assessed (for
large class city buses with the overall length of
10.5m, 11.0 m, 11.5 m, 12.0 m). In the range of
the overall length from 10.5 m to 12.0 m, an
increase in the length of a city bus for every 0.5 m
allows increasing the passenger carrying capacity
by 9-10 passengers, or 6-7 %. The passenger
capacity of a city bus with an overall length of
12.0 m exceeds the passenger capacity of a city
bus with an overall length of 10.5 m by an
average of 28 passengers, or 23.5 %;

—the influence of the engine layout on the
capacity of large class city buses was assessed,
and recommendations for the most rational
engine layout from the standpoint of optimizing
the utilization of the usable interior area for
accommodating more passengers and, thereby,
increasing the performance of large class city
buses were given. It was found that the engine
location outside the passenger compartment
under the floor within the wheel base allows to
increase the capacity of a large class city bus by
12-15 passengers compared to the layout option
when the engine is located within the passenger
compartment in the rear of a large class city bus;

—the influence of key parameters of the
movement speed (in particular, acceleration
characteristics, average speed between two stops,
passenger exchange time, braking
characteristics) on the performance of large class
city buses was studied. It was determined that a

decrease in the acceleration time of a city bus by
5 s contributes to an increase in its average speed
between stops and a decrease in the bus
movement time by an average of 4 %; a decrease
by 10 s contributes to an increase in its average
speed between stops and a decrease in the
movement time by 8 %. Furthermore, reducing
the passenger exchange time from 21 s to 16.8 s
contributes to an increase in speed by 7 %;

—the weight of the factors that affect the
performance of large class city buses was
established based on the analysis of changes in
their performance depending on the overall
length, dynamic properties, passenger capacity,
floor height, width of passenger doors. It was
found that the most significant indicator that
affects the performance of large class city buses
is passenger carrying capacity, which is mainly
conditioned by the layout of the interior. The
maximum utilization of the usable area of the
interior and the largest passenger capacity, i.e.,
the highest performance of large class city buses,
can be achieved by optimizing the passenger
compartment layout due to locating the engine
outside the interior under the floor within the
wheel Dbase. The use for urban passenger
transportation of large class buses of an overall
length of 12.0 m with an engine located outside
the passenger compartment under the floor within
the wheel base instead of large class buses of an
overall length of 10.5 m with an engine located in
the rear within the passenger compartment allows
to increase the performance by 16 %. Increasing
the floor height from 740 mm (when the engine
is located in the rear within the passenger
compartment) to 920 mm (when the engine is
located outside the passenger compartment under
the floor within the wheel base), with three levels
(footboard — step — floor) at the entrance door,
practically does not cause any decrease in the
time of passenger exchange.

For a large class city bus with mid-engine in-
stallment the same passenger capacity as for a
large class city bus with rear-engine installment
can be achieved by reducing the overall length of
the bus by 0.5 m.
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JocaigaxeHHs] BIVIMBY KOHCTPYKUiliHMX XapakKre-
PHUCTHK Ha NPOAYKTHBHICTH MiCBKHX aBTOOYycCiB
BEJIUKOr0 KJacy

Anomauyin. Ilpoonema. Axmyanvhicms Oanoi npo-
bnemu 00yMo81eHOo, no-nepuie, MpaouyitiHuM aioepc-
MeoM a8moMOOLIbHO20 MPAHCNOPMY 8 CHPYKMYpL
NACANCUPCLKUX NepeseseHb, No-0pyze, NepesadcaH-
Ham (binbwe 75%) nepesesenb y GHYMPIUHbOMICH-
KOMY CHOYYeHHI 8 CIPYKMYPI NACANCUPCLKUX nepe-
8e3¢eHb A8MOMODITbHUM MPAHCNOPMOM, AKe 3abe3ne-
YYEMbCS MICLKUMU A8MOBYcamu 8eiuKozo kiacy. ¥
MaKux ymoeax nioguuerts npooOyKmueHOCmi MiCbKux
agmobycie 8enUK020 KIAcy OmMpUMye 0COONUBY AKMY-
anvricms. Mema. Memoto € 0ocniodxcenns 6naugy
KOHCMPYKYIUHUX XApAKMepUCmux Ha npooyKmue-
Hicmb Micbkux aemobycie genuxozo kuacy. Memooo-
no0zin. B pobomi ona docniodcenns 6naugy KOHCMpYK-
YITIHUX XAPAKMEPUCMUK Ha NPOOYKMUGHICIb MICLKUX
a8mooOYCie BUKOPUCAHO MemO0 AHANi3y Ma CUHMeS),
cucmemHuil nioxXio, Memoo CHOCMEPed’CeHHs, Nopis-
HATLHUL AHATI3, MEMOO PAKMOPHO20 AHANIZY, MEMOO
iMimayiino2o MOO0ent08anHs, eKcnepumMeHma bHul
memoo. Pesynomamu Ompumani pe3yromamu aua-
N3y 00380AUMU AGMOPAM PO3pobuUmu 1 anpobyeamu
MEMOOUKY OYIHIOBAHHS BNAUSY MICMKOCHIE HA NPOOY-
KMUBHICMb MICLKUX A8mo0YCi8 8eIUK020 KIACY, PO3-
pobumu U anpobysamu MemoOuKy OYIHIOGAHHS
8NIUBY WUBUOKOCHIE PYXY HA NPOOYKMUBHICHb MICHKUX
asmobycie enuKo2o Kiacy, 30IUCHUMU aKkmopHuu

aHani3 6naU8y KOHCMPYKYIUHUX XAPAKMEPUCMUK HA
NPOOYKMUGHICTb MICOKUX A8MOOYCI8 8eIUKO20 KIAC) .
Opuzinansnicms. Ilposedene 00cniodicents HAOAN0
MOACIUBICIE OMPUMAMU YABTICHHS NPO 8NJIUE KOHC-
MPYKYILHUX XApaKmMepucmux (30Kkpema, maxkux sax mi-
cmKicms i WeUOKicms pyxy) Ha NPOOYKMUGHICMb Mi-
coKux agmoobycig genuxozo xkiacy. Illpakmuune 3na-
yennsa. Ompumani pe3yromamu Mox#Cyms Oymu pexo-
MeHO08aHi 0I5l NIONPUEMCINE NACAICUPCLKO2O MiCb-
K020 mpauncnopmy OJi GU3HAYEHHS NepesizHoi 30am-
HOCMI, 5IKA € NePULOI0 XAPAKMEPUCMUKOIO, AKA 340a-
€MbCsL NPU NPOEKMYBAHHI HOBOT MO0 MICbKO20 a6-
mobyca.

Knrouosi cnosea: npooykmuericmos, MiCoKUll mMpanc-
nopm, mMicmkicmos agmo0ycie, WeUOKICMb PYXy, KOHC-
MPYKYIUHI XapaKmepucmuku.

Illepuenko Inna IOpiiBual, 1.e.H., goueHT, nekaH
(axysbpTeTy yrnpaBiiHHs Ta Oi3Hecy,

e-mail: shevchenko.khnadu@gmail.com,

ten.: +38-066-187-28-30,

ORCID: https://orcid.org/0000-0003-0758-9244
Jmutpics Luns Angpiiiosua!, m.e.H., mpodecop,
MPOPEKTOP 3 HAYKOBOI POOOTH, 3aCIyKCHHUI JisTd Ha-
YKH 1 TEXHIKH YKpaiHu,

e-mail: dmitriev.khnadu@gmail.com,

ten.: +38-050-587-97-66,

ORCID: https://orcid.org/0000-0001-8693-3706
Jmutpiea Okcana Lnnisnal, n.e.1., npodecop, 3a-
BiZlyBau kadeapu eKOHOMIKH 1 MiAPUEMHUIITBA,
e-mail: oksanahnadu@gmail.com,

ten. +38-063-353-79-98,

ORCID: https://orcid.org/0000-0001-9314-350X
IXapkiBchkuii HallioHAIBHUI aBTOMOGIIEHO-0POK-
Hill yHiBepcuTeT, By SIpocinaBa Mynporo, 25, M. Xa-
pKiB, Ykpaina, 61002.

Automobile transport, Vol. 50, 2022


mailto:oksanahnadu@gmail.com
https://orcid.org/0000-0001-9314-350X
mailto:shevchenko.khnadu@gmail.com
https://orcid.org/0000-0003-0758-9244
mailto:dmitriev.khnadu@gmail.com
https://orcid.org/0000-0001-8693-3706
mailto:oksanahnadu@gmail.com
https://orcid.org/0000-0001-9314-350X

