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ASSESSMENT OF THE SERVICE QUALITY IN PUBLIC TRANSPORT
(ANALYSIS OF RESEARCH IN LVIV, UKRAINE)

Summary. The paper assesses the quality of public transport services and the influence of
individual components on the value of the overall satisfaction level with transport services. Public
transport has many benefits in terms of energy savings, environmental impact, social equity and
urban economy. The analysis of existing research confirms that the quality of service provided by
the public transport system affects the intentions of potential passengers to use it more. However,
the level of economic well-being, the state of development of the transport system, and the national
strategy for developing social mobility influence the different perceptions of the importance of
similar parameters of public transport functioning. The research was conducted based on the results
of surveys of the population of Lviv. It was found that the perception of value indicators (fare and
methods of paying for travel) differs the most depending on age, average monthly income and type
of employment. The socio-economic indicators of the respondents have the least influence on the
change in the estimation of time indicators of displacement. In this case, the level of satisfaction
correlates with the actual durations of individual components of the movement (the time of the trip
and the waiting time at the stop). According to the results of the surveys, the time parameters of the
movement, the occupancy of the vehicle, the cleanliness of the vehicle, and the behavior of the driver
have more influence on the overall assessment of the transport service quality indicator than the
equipment of the stop, the convenience of boarding/alighting, the noise in the vehicle, and the
convenience of paying for the fare. The obtained results can be useful for providers and customers
of transport services when determining priority measures to improve the quality of public transport.

Keywords: public transport, service quality, satisfaction level, travel time, waiting time,
socio-economic indicators.

1. INTRODUCTION

Managing the demand for transport services to increase the efficiency of the urban transport system
involves reducing the level of use of private transport within the city by promoting more sustainable types
of transport, in particular public transport. Public transport has many benefits in terms of energy savings,
environmental impact, social equity and urban economy [1]. Urban transport systems play a decisive role
in ensuring the sustainable development of cities [2].

When evaluating the operation of public transport, two categories are distinguished — satisfaction
and loyalty [3]. Satisfaction is defined as the ratio between the level of service received by the consumer of
the transport service and the level of service he expected to receive. Loyalty is a more difficult criterion to
evaluate and characterizes the consumer's willingness to use services based on his previous experience.
The survey is one of the main ways of obtaining information about the expectations of consumers and their
perception of specific parameters of transport service, and it allows getting an actual assessment from the
point of view of the consumer of the service.
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2. RELEVANCE OF THE STUDY

The quality of services provided by the public transport system directly affects the intentions of
potential passengers to use it more, which helps to reduce the flow of private cars and has a positive effect
on the urban environment [4].

The European Union supports a customer-oriented service policy and encourages the study of
passenger needs and expectations to improve the quality of trip demands [5]. Regional features affect users'
perception of the quality of transport services [6]. The level of economic well-being, the state of
development of the transport system, the national strategy for the development of social mobility, etc., can
explain different perceptions of the importance of similar parameters of the functioning of public transport.

3. FORMULATION OF THE AIM AND ARTICLE TASKS
The purpose of the study is to assess the quality of the functioning of the urban public transport
system and to study the influence of the socio-economic characteristics of the user of transport services and
the time parameters of the movement on the change in the overall assessment. In connection with the set
goal, the following tasks are defined:

— to analyze literary sources to determine general and distinctive features in users' assessment of
the quality of transport services;

— based on the analysis of the results of the surveys conducted in the city of Lviv, to determine the
overall assessment of the quality of transport services by urban public transport and the impact
of individual components of the quality indicator on the overall result;

— to assess the impact of the socio-economic characteristics of the respondents on the perception
of the quality of transport services provision;

— to form mathematical models for evaluating the quality of transport services depending on the
change in time parameters of the trip.

4. ANALYSIS OF RESENT RESEARCH AND PUBLICATIONS
The analysis of the available literary scientific sources allows us to identify nine groups of indicators
used to evaluate the quality of the provision of transport services (Fig. 1) [7]:

SERVICE QUALITY ATTRIBUTES
S . Environmental
Availability Information Care Comfort .
impact
Geographical availability, Travel planning in Staff Service elements
availability of alternatives in stan dm{) d and ngon_ behaviour and (stops facilities, The impact of public
the modes choice of transport, standard attitudes, and seating, trip transport on the
time availability (operation conditions ticketing comfort, vehicle environment
hours, frequency) options. condition ets)
\ \J v A2
Accessibility Time Cost Safety
Access to the Trip time, Protection
public transport adherence to Fare Srom crime
system schedules and accidents

Fig. 1. Groups of transport service quality indicators [7]

Quality assessment can be carried out from the standpoint of various participants in the transport
process: service providers, their consumers, management and control authorities [8]. Each party has
different views on the importance and priority of separated quality components. However, even
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representatives of the same group of participants can evaluate the same parameter differently. In particular,
this concerns the population as users of transport services. Loyalty to public transport services depends on
demographic and socio-economic factors [9—11].

Table 1 presents the results of literary sources analysis regarding studies of the importance of
individual components of service quality indicator by urban public transport based on the results of surveys
of the population in different countries.

Table 1
Importance of individual components of the transport service quality (theoretical analysis)

Article | Location Sample size Public transport quality indicators
the most important medium importance the least important
[12] Germany ~3000 Travel time, ease of Trgyel cqst, Delay, access and
transfers walting tume egress time
[13] Grangda 258 . Frequ.ency, speed, . Safety, access and Cleanliness
(Spain) information, punctuality egress time
Travel time,
. information, comfort | Cleanliness, safety,
[14] Ig/slaquc)l 293+520 Freqtit:l};;lsi?fety’ and access of free courtesy of drivers,
P p y seats, network, access network, comfort
and egress time
Customer
[15] Stockholm | satisfaction Frequency, reliability Crowding, Cleanliness,
(Sweden) survey ’ courtesy of drivers information
2008-2016
Stockholm Cleanliness, frequency, Information, The opportunity to
[16] (Sweden) 859 punctuality, reliability comfort and access of work while
’ free seats traveling
Safety, courtesy of drivers, Travel cost,
[17] Itajuba 220 punctuality, the adaptation cleanliness, Travel time, vehicle
(Brazil) of the vehicle for people information, waiting age, intermodality
with special needs environment, comfort
Travel time, crowding, .
[18] Accra 134 comfort and access of free Ease of transfer Safety, security of
(Ghana) . luggage
seats, punctuality
Travel cost, travel
Amman Safety, comfort and access . .
[19] (Jordanian) 210 of free seats time, speed, Information
reliability, directness
Cleanliness, ease of
transfer, speed, safety,
[20] Shenyang 424 crowding, comfort and Information, courtesy Temperature on
(China) access of free seats, of drivers board
punctuality, waiting
environment

The theoretical analysis shows some regional differences in the assessment of individual quality
indicators. For example, indicators such as cleanliness in the vehicle, awareness, safety, and even travel
time are among the most important for respondents from some regions and have the smallest impact on the
perception of the quality of transport services for respondents from other ones.

5. PRESENTATION OF BASIC MATERIAL
Experimental context. The research used data obtained in a survey of public transport users in Lviv
city under the auspices of the Department of Transport and Communications of the Lviv City Council.
Lviv is a large city with a population of 754.000 persons as of the beginning of 2022 and a population
density of 5.060 people/km®. The city route network of public transport consists of 67 routes, of which
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eight tram routes, ten trolleybus routes and 49 bus routes (18 routes are served by high-passenger buses, 31
by medium-passenger buses). In Lviv, diametrical routes passing through the city center predominate
(40 %), and another 33 % are radial, and the remaining 27 % are chordal. Also, more than 60 suburban
public transport routes pass through the urban street and road network.

Data collection was carried out during October — December 2022. As a result of the survey, 4765
relevant answers were received: 52 % from male and 48 % from female. The general characteristics of the
sample regarding age, employment, average monthly income and the type of public transport that people

prefer are presented in Fig. 2.
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Fig. 2. General characteristics of the sample of interviewees

‘

When filling out the questionnaire, the respondents provided answers regarding the characteristics of
their regular trips through the city and evaluated parameters of the functioning of public transport on a 5-
point scale:
— the quality of the route network (nearness to a public transport stop, coverage of the city by the
route network, equipment of stops);
— time parameters of movement (waiting time at the stop, trip time);
— parameters of comfort of movement (comfort of getting on/off, fullness of the vehicle during the
trip, cleanliness of vehicles, comfort of seats, noise in the vehicle);
— cost parameters of movement (fare, ease of payment);
— other parameters (behavior of drivers, safety during the trip).
Respondents were also asked to choose the most important indicator when traveling by public
transport for them. The answers were distributed as follows:
— for 45 % of respondents, the most important thing is to minimize the time they spend on trips;
— 28 % of respondents called the availability of a direct route to the destination as the main thing;
— another 23 % of respondents consider the short waiting time at the stop to be the most important.
The rest of the respondents did not decide on the answer.
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General characteristics of public transport service quality assessment. In general, the quality of
public transport services in Lviv is rated by passengers at 2.92 points out of 5. The indicator “nearness to a
public transport stop” received the highest rating — 3.49 points. The fullness of the vehicle has the lowest
rating by the respondents — this parameter received an average rating of 2.12 points. Complete information
is given in Fig. 3.
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Fig. 3. Passengers' overall assessment of the quality of Lviv urban public transport

The impact of socio-economic characteristics of respondents on the evaluation of the quality of
transport service. A general analysis of the groups of respondents who named a particular parameter of
public transport as the most important saw that a direct route is more important for younger travelers with a
lower income level. Older and more well-heeled people seek to minimize their waiting time at a stop

(Table 2).
Table 2

The predominant type of interviewees among those who chose a particular parameter
of movement by public transport as the most important

The rrill?szclzlgrortant Gender Age Employment Income level
Direct route female up to 39 years students, unemployed, retired < 15000 UAH
Waiting time male more than 40 years | employed, part-time employed > 30 000 UAH

Trip speed — — pupils 15 000-30 000 UAH

The socio-economic characteristics of the respondents have the greatest influence on the parameters’
estimation of the cost of a trip. The smallest fluctuations are among the estimates of the time parameters of
the trip. As for other elements, the assessment of the parameters of movement comfort and the driver's
behavior is most influenced by age, and the assessment of the parameters of the route network quality and
the safety of movement is influenced by the type of employment. The value of the dispersion of the
average assessment of each parameter of public transport service quality by respondents with different

socio-economic characteristics is presented in the Table. 3.
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Table 3
Dispersion of the assessment of quality indicators by respondents
with different socio-economic characteristics
" Dispersion of estimates of quality indicators, %
S -8 ie] 2 o0 4 B gy 23873 Q 2w
2228 | 228, | BESet| 25, | P. | 295|222 g g3
w8 e E2 %2 EEBE &8 g & el S .EE =58 2 < =5
8 g fEBE5% | 85R25 | 2855 3 S ETZ | 38358 z g2
S ﬂ% L= 8 3 = m ° = 08 2 S é = O S
Age 1.26 3.95 2.34 3.07 0.34 2.28 0.92 7.28
Employment 2.07 2.58 3.61 1.28 0.42 1.92 2.61 4.18
Income level 1.15 0.58 0.19 0.64 0.74 0.41 0.71 0.99
o8
2 g ﬁ Comfo‘ft of Noise inthe | Overcrowding | Ease of Behavior of . .
g8 28 seats in hicl fthe vehicl ¢ Fare PT dsi Safety during the trip
A 8 g vehicles venicie &) C venicle paymen TI1Vers
iR
Age 4.11 4.55 4.38 10.50 14.16 1.41 3.94
Employment 5.71 2.96 3.31 14.87 5.66 1.18 4.99
Income level 1.00 0.11 0.81 3.92 16.39 0.54 0.88

A more detailed analysis for parameters of public transport service quality with the largest
dispersion in relation to socio-economic characteristics is presented in the Table. 4.

Table 4
Dependence of the evaluation of quality indicators
on the socio-economic characteristics of the respondents
. The highest The lowest
lit Socio- average value of | average value of
'Qu'a Y economic . . Additional Information
indicator o the quality the quality
characteristic o o
indicator indicator
Regression function:
¥=0.079- x> —0.6027 - x +3.99
2 _
Ease of Age more than 60 24-29 years old: R =087 . oo .
payment g years old: 3.74 782 y — evaluation of the indicator of the ease of paying
the fare
x=1+7 — age range (according to the division by
age presented in Fig. 1)
Regression function:
Fare Age more than 60 up to 17 years old: y=0.04-x —0.47-x* +1.655-x+1.27
years old: 3.75 2.58
R*=0.83
' Regression function:
Cleanll'ness Age more than 60 50-59 years old: $=0.02-x° ~0.191- x> +0.4- x+2.51
of vehicles years old: 3.13 2.37
R*=0.83
Ease of Employment retired: 3.91 unemployed: 2.91 -
payment ploym T proyed: =
Regression function:
y=0.1843-x+2.4094
2 _
Fare Tncome level | ~ 40 000 UAH: > 000-10 000 § - 0.917 tion of the fare indicator
3.74 UAH: 2.7 Y~ cvaluation ot the fare Indic ,
x=1+7 — the range of the average monthly income
level (according to the division by income level
presented in Fig. 1)
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In general, age is the indicator that, among socio-economic characteristics, has the greatest impact
on the change in the quality assessment of transport service parameters. The variation of estimates
depending on the level of income is the smallest (except for the estimate of the fare). Young people under
23 years and people over 60 years old (when compared by age), students and pensioners (when compared
by type of employment) and the population with an income of up to UAH 5000 (= € 125) or more than
UAH 30000 (= € 750) rate the quality of transport service the highest.

The influence of time parameters of trip on the evaluation of the quality of transport service.
The correlation between the quantitative parameters of the time characteristics of trips by public transport
and the qualitative assessment of these parameters by passengers’ is presented in Fig. 4.
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Fig. 4. Parameters of a qualitative assessment of time characteristics: a) waiting time at the stop; b) trip time

When the waiting time is up to 10 minutes, the most frequent rating of this parameter is 4 — “good”,
and rating 3 (“normal”) is found most often when the actual waiting time is between 10 and 15 minutes.
Longer waiting times are mostly negatively perceived by passengers: a third of the respondents rate a time
of 15-20 minutes as 2 (“bad”), and for a duration of more than 20 minutes, the most likely rating is 1 —
“very bad”. The probability of a rating of 5 (“excellent”) is highest when the waiting time is up to
5 minutes and is 0.16. At longer waiting times, this probability drops to values less than 0.05.

Trip duration up to 25 minutes is mostly rated by respondents as 4; a rating 3 prevails among
respondents for whom the average trip time is within 25-60 minutes, and longer trips are rated by the
majority of respondents as 1 point. The probability of the highest score is greatest for the shortest trips,
lasting up to 15 minutes, and is 0.11. For trips lasting from 15 to 20 minutes, the probability of a score of 5
is 0.08. For longer trips, this probability is less than 0.05.

Analytical functions of changes in the level of satisfaction with the quality of movement on the
waiting time at the stop and the trip time were formed based on information about the time parameters of
movement and the evaluation of these parameters by consumers of transport services. These functions are
presented in Fig. 5.

An increase in the waiting time at a stop reduces the average assessment of this indicator fairly
evenly: minus 10-15 % to the value of the average assessment for every 5 minutes of increase in the
waiting. The rate of decrease in the estimate of the trip time increases with the increase of the trip: if the
difference between the estimate of a trip lasting up to 10 minutes and a trip lasting 10—15 minutes is 1.3 %,
then the difference between a trip lasting 40-50 minutes and a trip lasting 50-60 minutes — 9 %. Overall,
the effect of waiting time on the mean quality score is greater than the effect of trip time: the range of
change in mean waiting time scores is 1.72 to 3.58 (108 % difference), and the range of change in mean
trip time scores is 2.05 to 3. 47 (a difference of 41 %).

The regression model of the dependence of the overall average assessment of the quality of public
transport system functioning on the time parameters of the trip has the form:
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y= —0.023- X — 0.295- Xy + 37979

where x, =1+10 —ranges of trip time; x, =1+6 —ranges of waiting times at a stop.
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The coefficient of determination of the function is R? = 0.88, parameter Significance F = 0.5-107°,
the actual value of Fisher's test is 201, which is greater than the table value 0.31 (for probability 95 %).
P-value for parameter “trip time” is equal 0.01, for parameter “waiting time” — 2.56-10”’ (both values are

less than 0.05).

Assessment of the influence of individual components on the general indicator of the quality of
transport services. The search for correlations between the general assessment of the quality of the
functioning of the public transport system and assessing the individual functioning parameters did not
show a sufficiently significant correlation (the maximum observed value of the coefficient of determination

was R’ =0.57). However, the obtained results make it possible to form different groups of factors
depending on the degree of their influence on the overall assessment:

group 1, factors of greatest influence. These factors include the coverage of the city by the route
network and the waiting time;
group 2, factors of medium influence: trip time, cleanliness in the vehicle and comfort of the
seats, availability of free space (overcrowding of the vehicle), driver behavior and safety during
the trip;

group 3, factors with the least influence: the availability of a route within 500 m to the stop,
comfort at the stop, comfort of getting on/off, noise in transport, and convenience of payment
have little influence on the final assessment of the quality of transport services.

Based on the construction of four correlation matrices for four randomly generated parts of the
available data sample, it is also possible to select pairs of indicators for which the value of correlation
coefficients exceeds 0.5 in all samples:
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“the availability of a route within 500 m to the stop” and “coverage of the city by the route
network”;

“equipment of the stop” and “comfort of getting on/off”;

“cleanliness in the vehicle” and “comfort of the seats”;

“noise in transport” and “availability of free space in vehicle”;

“safety during the trip” and “driver behavior”.

The obtained results can be useful both for providers and for customers of services for the
transportation of passengers through the route network for the formation of correct criteria for assessing the
quality of these services.

6. CONCLUSIONS AND FUTURE RESEARCH PERSPECTIVES

As a result of this research, such conclusions can be made:

1.

The perception of public transport by users of urban transport system directly affects the
population's willingness to use public transport and, therefore, the possibility of sustainable
development of the city. Understanding what factors are essential for passengers when they
evaluate the quality of the operation of public transport opens up wider opportunities for service
providers, allowing them to form a plan of priority measures, especially in conditions of limited
resources. The theoretical analysis revealed some regional differences in the assessment by
passengers of individual components of the quality of the urban public transport system, which
confirms the feasibility of analyzing Ukrainian conditions.

Data from surveys conducted by the Transport and Communications Department of the Lviv
City Council during October — December 2022 were used for the analysis. The questionnaire
consisted of three parts: socio-economic characteristics of the respondent, characteristics of
regular trips through the city, and evaluation on a 5-point scale of the general level of the quality
of transport service and separated parameters of public transport functioning (route network
quality, time parameters, parameters of comfort of movement, safety and fare parameters).

In general, the quality of public transport services in Lviv is rated by passengers at 2.92 points
out of 5. Passengers rated the indicator “nearness to a public transport stop” the highest
(3.49 points), the lowest — overcrowding of the vehicle (2.12 points).

Socio-economic characteristics of respondents have a different impact on the assessment of
various parameters of the quality of transport service: the smallest difference between the
assessments of respondents with different socio-economic characteristics is observed in the
assessment of the quality of time parameters of public transport service, the largest difference is
in the assessment of the cost and convenience of fare payment. Age has a greater influence on
the assessment of the parameters of the comfort of movement and the behavior of the driver, the
type of employment — on the assessment of the parameters of the quality of the route network
and the safety of movement. Young people under 23 years and people over 60 years old (when
compared by age), students and pensioners (when compared by type of employment) and the
population with an income of up to UAH 5.000 (= € 125) or more than UAH 30.000 (= € 750) rate
the quality of transport service the highest.

Numerical values of time parameters of movement directly affect the quality assessment of these
parameters by consumers of transport services. The formed mathematical models have high
correlation coefficients. Most passengers have a negative perception of waiting times of more
than 15 minutes. Trip duration up to 25 minutes is rated mostly by respondents as 4, a rating 3
prevails among respondents for whom the average trip duration is between 25 and 60 minutes.
According to the results of surveys, time parameters, vehicle occupancy, vehicle cleanliness, and
driver behavior have a greater impact on the overall assessment of the transport service quality
indicator than stop equipment, the convenience of boarding/disembarkation, noise in the vehicle
and convenience of fare payment. The obtained results can be useful for providers of transport
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services when determining priority measures for improving the quality of public transport. The
presence of a correlation between particular parameters of quality assessment can be taken into
account when forming the correct criteria for assessing the quality of services provided and
composing questionnaires for passenger surveys (to find a compromise between the size of the
questionnaire and the completeness of the received information).
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OLIHKA AKOCTI HAJAHHSA ITOCJYI T'POMAJICBKUM
TPAHCIIOPTOM (AHAJII3 JOCJIIKEHD Y JIbBOBI, YKPAIHA)

Anomauia. B podomi 30ilicHeH0 OYiHIOBAHHA AKOCMI HAOAHHS NOCLYe 2POMAOCHKO20 MPAHC-
NOpMy Mma 6HAUSY OKPeMUX KOMNOHEHMIE HA 3HAYEHHS 3A2albHO20 PIBHS 3A0080NEHOCHI MPAHC-
nopmuum  obcuyeosyeannsm. I pomadcokuil mpancnopm mac 6azamo nepesaz wjoo00 eHepeo3-
Oepexcents, GNAUBY HA HABKONUUIHE cepedosuue, COYIANbHOI CNpagedau8oCcmi ma MicbKoi
eKOHOMIKU. AHANIZ BUKOHAHUX 00CTIONCEHb NIOMBEPOIICYE, WO AKICHb HAOAHHS NOCIYe CUCMEMOTO
2POMAOCHKO20 MPAHCROPMY DE3N0CEPeOHbO 6NAUBAE HA HAMIPU NOMEHYIUHUX nacaxcupis Oiibuie
Hum xopucmysamucs. [lpome pieenv eKOHOMIYHO020 00OpPOOYMY, CMAH PO3GUMK)Y MPAHCHOPMHOL
cucmemu, HaYiOHATbHA CMpame2is w000 pO3GUMKY COYIANbHOT MOOILIbHOCII MOWO BRAUBAIOMDb HA
pi3He CHpuiiHAMMmS  ANCIUGOCMI MUX CAMUX NApAMempie (QYHKYIOHYBAHHS 2POMAOCHKO20
mpancnopmy. Jlocniodcennsa IpyHmMyIlOmubCa HA pe3yibmamax ONUmy8aHv HaceienHs M. Jlbeosa.
Busisneno, wo cnputinamms nokasnuxis eapmocmi (yinu ma cnocodieé onaamu npoizoy) Haubitbuie
BIOPIZHAEMbCS 3ANEHCHO BI0 BIKY, CEPEOHbOMICAUHO20 PiGHsi 00X00y ma eudy 3auusmocmi. Hail-
MeHule COYio-eKOHOMIUHI HNOKA3ZHUKU PEeCnoHOeHmi8 6nausaioms HA 3MiHY OYIHKU 4YACOBUX
NOKA3HUKIG nepemiwenns. B yvomy eunadxy pisenv 3a00601eHOCHI KOpemoe 13 (Dakmuunumu
MPUBALOCMAMY  OKPEeMUX KOMHOHEHMI8 nepemiujenus (mpueanocmi noi3oku ma mpuganocmi
OYIKYBAHHA HA 3YNUHYi). 32i0HO 3 pe3yrbmamamu ONUMY8aHb, 4aco8i napamempu nepemiujenHs,
3ANOBHEHICMb CAJIOHY MPAHCHOPMHO20 34C00Y, YUCMOMA 8 CANIOHI Ma NO8EOIHKA 600is iCMomHiule
BNIUBAIOMb HA  3A2ANbHY OYIHKY NOKA3HUKA SKOCMI MPAHCHOPMHO20 00CIY208Y8AHHS, HIdNC
001aUMYBaHHS 3YNUHKU, 3PYYHICMb NOCAOKU/GUCAOKU, WYM 8 CANOHI ma 3PYYHICHb OnAAmu
npoi3dy. Ompumani pe3yrbmamu MONCymb Oymu KOPUCHUMU Ol HAOABAYI8 MA 3AMOGHUKIE
MPAHCNOPMHUX ROCIYe N0 4AC BUBHAYEHHS NePUiouepeo8Ux 3axo0ie Oasi NONINULeHHS] SAKOCHI
2POMAOCHKO20 MPAHCIOPHLY.

Knwuoei cnosa: cpomadcviutl mpancnopm, sKicms 00C1y208y68anHs, pigenb 3abe3neyents
nompet,; mpusanicmv pyxy, mpuganicms O4iKy8anHsl.



