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DETERMINATION OF THE PASSENGER TRANSPORT FATIGUE
IN URBAN MASS TRANSPORTATION

The article deals with the determination of the transport fatigue arising in urban passenger transportation to
decrease the passengers' labor productivity and quality in a sector of material or non-material production.
Considering the passengers' origination from the different population segments and the different results of their job,
it has been suggested to use the passenger's workplace adaptation time when estimating the transport fatigue. From
the analysis of approaches to obtain the fatigue initial data it has been found that the questionnaire survey
combined with the subsequent statistical data processing is the procedure of choice. From the survey on the effect of
the travel parameters and the passengers' age on the transport fatigue, it has been revealed that changing the
passenger adaptation time at the workplace can best be described by a logarithmic equation. The transport fatigue
assessment resulted from the passengers' adaptation time should be used as a part of social effect in planning the
operation or improving the quality of urban mass transit and developing the passenger transportation systems in the

present-day cities.
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Problem statement

Passenger transportation is of the main role to
provide the vital functions of the present cities. This
mode of transportation determines the accessibility of
production, educational, cultural and everyday life
institutions for the population, in other words, ensuring
the sustainable development of urban areas [1].
However, the operation of urban passenger transport
comes along with the significant negative effects,
among which one of the most important is the transport
fatigue [2]. Transport fatigue is the psychological and
physiological state of a human, which is the result of
uncomfortable travel conditions. Typical manifestation
of this kind of fatigue is a loss of labor productivity and
job quality of workers in various sectors of the national
economy. To estimate the efficiency of passenger's
activity at the main workplace of the material or non-
material production, the transport fatigue with the
working conditions, environmental impact,
biomechanical and physiological factors are important
to be considered [3].

Analysis of recent research and
publications

For the first time, the effect of transportation
fatigue on the productivity and job quality performed
could be traced experimentally in the 70s of the last
century at the Moscow Silk Plant [4]. It appeared that
out of 270 surveyed workers in the weaving department,

47 weavers (17 %) were allowed to decrease the grade
of products (instead of the first-class products, the third-
class products were made). Thus, it should be noted that
the transport fatigue of workers significantly affects not
only the productivity but also the quality of job, and can
lead to an increased likelihood of illness and
occupational injuries in the workplace [5]. A long and
constant transport fatigue can lead to overstrain, which
is dangerous for a human health.

A generalized estimate of the trip time effect on
productivity in labor specialties is given in the study [6].
Thus, the travel time up to 15 minutes practically does
not affect the productivity of workers, while the time
from 30 to 45 minutes reduces it, on average, by 4 up to
9 %.

Another effect of transport fatigue on the labor
characteristics is also given in [7]. Increasing the time of
labor trips by 10 minutes from the specified limit (40
minutes for 80 % of the population of large and super-
large cities, 30 minutes for other cities) leads to a
decrease in labor productivity by 3 — 4 %, and for the
persons living within a radius of 5 km from a workplace
the level of labor productivity is 12 % lower than those
living in the area of pedestrian access to the place of
employment. The average weighted decline in worker's
productivity is approximately 4 %.

This above-stated technique is of significant
disadvantage, since only the travel time is used as an
indicator affecting the transport fatigue. Although the
studies have established that the transport fatigue occurs
with an action of both the travel time and other
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transportation factors — trip comfort (vehicle capacity
rate), number of transfers, and mode of transportation.
Another disadvantage of the approach is the negligence
of the age of the examined workers, whereas it is known
that biological age is one of the important reasons for
the different types of fatigue to appear [8].

During the second half of the 1980s and the
beginning of the 1990s, further development in the
survey of the transport fatigue was the acquisition and
study of analytical dependencies on its impact on the
productivity of working people that use the services of
urban passenger transportation [9].

Experimental studies were conducted to determine
the effect of the so-called passenger's "functional state"
on the workplace productivity. The functional state, in
turn, was a function of 25 socio-economic factors,
which, according to the author, fully described the
transportation process impact on a human body. But as a
result of a large number of factors, the regression model
obtained was too inaccurate, so their number was
reduced to few ones — the so-called transportation or
travel factors (travel time, vehicle capacity rate etc.).
The basis to determine the functional state (in points)
was the passenger's heart rate variability, which required
the use of expensive medical equipment [9].

In the 2000s, a continuation of the transport fatigue
research as the functional state derivative was the use of
obtained and other specified dependencies to assess the
passenger's route choice [10-13], the selection of
vehicles for the passenger transportation [14, 15], the
design of transport hubs and bus stations taking into
account the transport fatigue growth and the search for
ways to minimize it [16].

The foreign papers, for example [17-23], do not
consider the transport fatigue effect on passengers and
are mainly related to the study of the fatigue of bus,
taxi, truck drivers, aircraft pilots and the resulting
generation of recommendations and efforts to reduce the
risk of road accidents, to increase the timetable
fulfillment, freight safety and passengers' travel
conditions.

So, the approaches to the study of transport fatigue
have some general disadvantages, namely:

1) the use of valuable and unwieldy medical
equipment;

2) the failure to take into account the age of a
passenger, which significantly affects the different types
of fatigue including the transport one;

3) the calculation of a decrease in productivity as a
result of transportation fatigue only among the
passengers of working specialties, while for the persons
with the higher education, teachers, representatives of
"creative" professions this determination cannot be
made because of the lack of their labor result
quantitative measurement.

Tpancnopm

Taking into account the disadvantages of the above
approaches, in our opinion, the most universal indicator
of the transport fatigue would be the use of the
passenger's adaptation time in a workplace, regardless
of the of material or non-material production.

Aim of the study

The purpose of the study is to establish the laws of
the impact of the transportation process parameters and
the passenger's age on the transport fatigue in the urban
mass transit.

The object of the study is the formation of
passenger fatigue as a consequence of the transport
factors and passengers' age to impact.

The subject of the study is the influence of
transport factors on the passenger adaptation time in the
workplace.

To achieve the research aim, the following tasks
should be solved:

- selection of the survey technique to obtain the
statistical data;

- experimental studies to disclose the
transportation parameters impact on the passengers'
transport fatigue in urban mass transit;

- analysis of the study results for the influence of
the transportation and biological parameters on the
passengers' fatigue;

- obtaining the dependencies to best describe the
change in transport fatigue expressed as the adaptation
time.

Study material presentation

Transportation  fatigue is accompanied by
significant physiological and psycho-emotional changes
in the human body during the trip. It can be expressed as
the loss of labor productivity of the workers or
employees due to staying in urban passenger transport;
affects the human body within the first hours of working
and depends on the transport factors (travel parameters)
and the human biological age [24]. To record the
changes and, accordingly, to determine the rate of
fatigue there are some medical and test methods [2], a
brief analysis of which will be presented below.

Medical instrumental techniques are mostly
represented by the encephalogram and
electrocardiogram recording as well as the skin galvanic
response determination [2]. Advantage of the
instrumental methods consists in completely excluding
an ambiguous person's opinion and ensuring the reliable
fatigue data. The disadvantage is the need to use
expensive medical equipment and to have a researcher's
special education when obtaining and then correctly
interpreting the data.

Test methods should be conducted in the form of a
questionnaire survey that is a statistical discontinuous
observation, which involves the distribution of special
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questionnaires with a list of questions [25]. Despite the
disadvantages, the most important of which are the
subjective and inaccurate assessment of the functional
state by the persons to be examined, the use of the test
methods in the form of a questionnaire survey is of
obvious advantage, namely: it does not require an
expensive medical equipment; provides a large coverage
of respondents and comparatively low labor
consumption of testing and results' processing; allows a
verification of the obtained results by the methods of
mathematical statistics.

In the case under consideration, the purpose of the
questionnaire is to record the travel parameters, the age
of the passenger, the mode (or modes) of transport taken
for travel, and the adaptation time, that is, the time to
accommodate the passenger's body to physical or other
(mental, psychoemotional) stress in the workplace [26].

As it was mentioned, without using the special
instruments it is quite difficult for the individual
(passenger or employee) to determine this time
objectively. From this, for the fatigue characteristic, the
concepts and language constructions to describe the
person's subjective fatigue perception [3, 8, 20], have
been proposed: instability, severity of basic production
functions; refusal of some production functions; activity
annoyance; attention lost; unwillingness to make the
necessary movements, communicating with colleagues,
subordinate staff, etc.

It should be noted that in the absence of the
possibility to statistically evaluate the required number
of experiments and assuming that the population is
unknown but large enough, in accordance with the law
of large numbers it is necessary to obtain at least 384
results for ensuring a sufficient accuracy of observations
at the 95% confidence level [27].

Thus, there were 84 respondents belonging to
different strata of the working population aged between
18 and 60 years, who daily use the public transport for
journeys to and from working places. Within 5 days 420
questionnaires were received to demonstrate the trip
parameters, the approximate adaptation time and the age
of passengers as workers in a material or non-material
production.

Of the total, 405 questionnaires were completed in
accordance with the requirements, which allowed their
further statistical processing, and met the above
requirements for a minimum number of experiments or
observations [27]. An example of the completed
questionnaire is shown in Fig. 1.
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Fig.1. Completed questionnaire extraction to
survey the trip parameters and the passenger's age

Note: * — 1 — there are seats available in the cabin;
2 — all the seats are unavailable; 3 — all the seats are
unavailable, but the passengers are free to stand in the
cabin; 4 — the vehicle seating capacity is entirely used; 5
— the vehicle is crowded, some passengers stayed at the
bus stop.

** _ the approximate workplace adaptation time is
to describe by shattering, lack of assimilation,
reluctance to perform some appropriate functions,
dissipation or attention violation, heaviness or
unwillingness to carry any actions, communicate with
colleagues, etc.; please, specify in minutes how long
you feel this situation after a trip if it is available.

The distribution of passengers by average time of
adaptation in the workplace obtained from the of the
questionnaire results is presented in Fig. 2.
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Fig. 2. Passengers' distribution by the average
workplace adaptation time




Tpancnopm

As already noted, the age of passengers
significantly affects the fatigue in the workplace
regardless of the origin reasons [3, 24]. Distribution of
passengers by average adaptation time depending on
their age is given in Fig. 3.
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Fig. 3. Passenger distribution by the average age
adaptation time

In some papers [6], there was a significant effect
of the travel time on the adaptation time. The
distribution of passengers according to the average time
of adaptation depending on the trip time to the
workplace using urban passenger transport is shown in
Fig. 4.
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Fig. 4. Passenger distribution by the average adaptation
time depending on the travel time

In accordance with the questionnaire data, the
average adaptation time was calculated to be equal to
24,18 minutes. However, this value is influenced by
random factors, therefore, when using it in further
calculations, it is necessary to check its statistical
significance by calculating the Student's t-test [29]

il

tcalc. = ’ (1)

where X is the adaptation time average value, X =
24,18 min.;

S is the adaptation time standard deviation, S =
7,32 min.;

n is the number of observations.

Then

:ﬂ:&gz_

t
=~ Ja05 2

7,32

If the t_ >t condition is satisfied, then the

average adaptation time can be considered as non-
random and statistically significant one. In accordance
with [28], at the 0,95 confidence level the tabulated t-
criterion value is 1,965. Since, the average time of
adaptation is nonrandom and it can be used in the
further research.

To assess the reliability of the data obtained, the
sampling limit error is used, which is the maximum
possible discrepancy between the mean sample and the

total population
2
a=0x S @

where Q is the distribution quartile with the
confidence level of 0,95, Q =1,64;

d is the variance of observations, d
min?.

So, for the 95% of the confidence level, the limit
error will make

= 28,42

28,42?

4 =1,64x = 2,32 min.

Thus, it can be stated that with the probability of
0,95, the maximum deviation from the mean adaptation
time is 2,32 minutes.

Since the size of the representative sample was not
determined because of the too large general population,
the relative error of observations would be

A4

4, ==x100, (3.4)

all

232

b 24,18

-100=9,5 %.

According to [29], this value is acceptable, since
for too large samples it should not exceed 10%.

To assess the impact of travel parameters and the
age of the passenger for the adaptation time, a pair
correlation analysis was performed using the Microsoft
Office Excel 2010 [30]. However, as with the adaptation
time, the correlation coefficient is also affected by a lot
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of random factors, so it should be verified by calculating

the above used t-statistics from the results of
observations

rx\/n-2

= (3)

tca c. ™

where r is the calculated correlation coefficient for
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For example, to prove the correlation coefficient
significance in the "adaptation time — travel time" pair,
the calculated value of the t-statistic is

_ 0,78-/405-2
calc. m

=25,02.

_ ' . The correlation density between the other
the investigated parameter pair. parameters under research is given in Table 1.
Table 1
Adaptation time, travel parameters and passenger' age correlation

Parameter Travel time, min. Vehicle capacity Number of Passenger's age,

rate transfers years

Adaptation time, min. 0,78 0,71 0,57 0,81

Student's test calculated, tcaic. 25,02 22,31 19,05 26,7

Student's test tabulated, tap.

1,965

As can be seen in the correlation table 1, in
accordance with the values of the pair correlation
coefficient, all the parameters demonstrate a sufficiently
close relationship with the resulting adaptation time,
which exceeds 0,5 [31]. For all pairs of variables, the
pair correlation coefficient is statistically significant and
nonrandom, since the calculated t-statistics value
exceeds the tabulated t- statistics value.

The next stage of the study is to obtain the
dependences for describing the change in the adaptation
time under the influence of the above parameters. This
can be achieved using the mathematical, simulation or
economic and statistical modeling [32].

Mathematical modeling uses the strict analytical
dependencies as the models. Its advantages are the
simplicity and speed of calculations, and the
disadvantages are the impossibility to take into account
the changes in the parameters included into the model
over time, as well as the external environment impact.

Simulation (computer) modeling is based on the
use of computer models (programs). The advantage of
simulation is the reconstruction of processes and the
consideration of many its conditions, the flexibility of
the models obtained, however these approach may
require a considerable amount of time for the researcher
to create them, and also lead to different results if they
are used by different researchers due to the lack of
standardized procedures.

Economic and statistical modeling uses the models
that describe, by means of regression equations, the
relationships between the influence factors and the
resulting factor. The preference of regression analysis
methods includes the ability to quantify the factor
influence rate, reproducibility, reliability and visibility
of the results obtained, relatively small costs and the
implementation time.

Thus, from the analysis of modeling methods, as
well as taking into account the time of the survey and
the processing of its results, the parameters to be
determined, the method labor consumption, it is
expedient to use the economic and statistical modeling
through the listed above advantages.

Using the regression analysis as a tool for
obtaining the models, it is necessary to consider the
following requirements [29]: the list of factors into the
model must be justified; the list should contain the most
important factors that significantly impact on the object
under research; the number of factors should not be very
large (3-5 factors), because a large number of factors
reduces the model accuracy; the factors should be
correlatively rather than functionally related, since in
this case it is advisable to use strict analytical
dependencies; it is necessary to establish the range of
each factor in order to justify the limits of the model.

From the practice of regression analysis, it is
known that the selection of the model to most
adequately describe the process under investigation is
done wusing a variety of linear and nonlinear
dependences, from which linear, power, logarithmic,
hyperbolic and exponential equations are most widely
used. When choosing a model, the main attention should
be paid to the simplicity and the results' visual
interpretation [29].

From the above-stated recommendations, using the
Microsoft Office Excel 2010, the single-factor models
were obtained to reveal the impact of each
transportation factor (travel time, vehicle capacity rate
and number of transfers) and the passenger's age on the
adaptation time. The general form of the models and
their statistical characteristics are given in Table 2.
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Table 2
Single-factor models description
- rgglr!t;gloen Detgrrnination
Dependence type Equation coefficient coeff|C|er21t value,
value, R R
Travel time
Exponential y = 13,239¢0:0098 0,791 0,627
Linear y =0,1662x + 13,15 0,896 0,802
Logarithmic y = 4,3332In(x) + 3,5457 0,726 0,527
. y = -0,0049x? + 0,4342x +
Polynomial +97392 0,791 0,6242
Power function y = 7,4874x0.2567 0,743 0,559
Vehicle capacity rate
Exponential y = 12,812¢043% 0,792 0,627
Linear y = 7,3456x + 12,666 0,754 0,568
Logarithmic y =5,8601In(x) + 16,094 0,867 0,751
. y =-19,587x? + 38,9x +
Polynomial +0,9025 0,681 0,463
Power function y = 19,991x0:3516 0,801 0,641
Number of transfers ( x >1)
Exponential y = 17,261e0.04% 0,732 0,535
Linear y=1,1667x + 17,583 0,689 0,474
Logarithmic y =3,242(x) + 7,183 0,814 0,662
. y =-1,1187x% + 18,631x+
Polynomial, 0,8233 0,726 0,527
Power function y = 15,292x0.718 0,879 0,772
Passenger's age
Exponential y = 11,613e0:0123 0,627 0,393
Linear y = 0,2053x + 11,013 0,721 0,519
Logarithmic y = 7,0429In(x) + 2,5022 0,921 0,848
Polynomial y =-0,0109x? + 0,957x - 0,7951 0,764 0,583
Power function y = 3,9633x%4291 0,831 0,69
As can be seen in the Table 2, from the values of  passenger fatigue, we have investigated both
the multiple regression and the determination dependencies. After converting the recommended

coefficients, the influence of the travel time on the
adaptation time is better described by the linear
function, the capacity rate is logarithmic, the number of
transfers is power-law, and the passenger age is also
logarithmic.

The next task is to obtain a general dependence
between the adaptation time, the trip parameters and the
age of the passenger. Resulting from a large number of
factors and the above advantages, the regression
analysis was also chosen for this purpose.

It should be noted that in the current papers on
psychophysiology, experimental psychology and labor
physiology to describe such human states as fatigue,
irritation, etc. the Weber-Fechner logarithmic law and
the Stevens power law can be distinguished [26].

Thus, in order to choose the most appropriate
model using the collected statistical material, which
would describe the effect of these parameters on

dependencies to the linear form for regression analysis
in the Microsoft Office Excel [30, 33] and performing
the inverse transformations, the logarithmic and the
power-law models have been obtained as

Y =4,172+1,863-InX, +1,314-InX, + ’
+0,742-InX, ++2,946 - InX , @

Y = 2,156 Xf,ZOG . X;),lSl . XS,OBQ .X2,942 ’ (5)

where X, is the travel time, min;

X, is the vehicle capacity rate, points;
X, is the number of transfers;

X , is the age of passenger, year.

The obtained model characteristics are presented
in Table 3.
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Table 3
Regression statistical description
Regression dependence
Parameter
Logarithmic Power-law

Multiple regression coefficient value , R 0,878 0,77
Determination coefficient value, R? 0,771 0,59
Factor significance:
-X° 0,024 0,461
- Xi; 0,036 0,771
- Xo; 0,006 0,671
- Xs; 0,006 0,659
-Xa. 0,042 0,358
Fisher value:
- calculated; 21,57 1,432
- tabulated. 0,271 6,25
Mean approximation error, A, % 8,75 30,12

As can be seen in table 3, the power-law model is  statistical characteristics — the regression and

unsuitable for describing the passenger adaptation time.
In the meantime, the logarithmic dependence
demonstrates the necessary statistical characteristics —
multiple  regression  coefficient,  determination
coefficient, significance of factors, information capacity
and adequacy.

The taken logarithmic model is valid under the
following restrictions (the actual parameters of the
transportation process and the age of the passenger)

15< X, <90;
1< X, <5
0<X,<2
18< X, <60.

The above model limitations are significant for the
existing transport system of the city of Kharkov and can
be revised when changing the public transport services.

Conclusions

Using the "workplace adaptation time" as the
general indicator and taking into account all the
transportation factors that are significant for the
passengers (travel time, travel comfort, number of
transfers) and the biological indicator — the age of the
passenger allows determining the transportation fatigue
regardless of the material or non-material production, to
which the passengers are to be assigned as the workers.

It has been determined that the general effect of all
the travel parameters and the passenger's age for the
time of adaptation is best to describe by a logarithmic
equation that demonstrates the acceptable basic

determination coefficients, significance of factors and
adequacy.

Considering the transportation fatigue originated
from the adaptation time can be used as a component of
the social effect when planning or improving the quality
of public transport services and developing the
passenger transportation systems in the present cities.
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Tpancnopm

BU3HAYEHHS TPAHCIIOPTHOI BTOMH ITACAKUPIB ITPU MICBKHUX ITACAXKHUPCBKHAX
INEPEBE3EHHAX

J.M. Konutkos!, O.C. Jlepuenko?, O.B. Pocconos?, I'.O. Camuyk?

IXapkiBchkuil HaLiOHANIBHUI aBTOMOGIILHO-IOPOKHIM yHiBepcuTeT, YKpaina
ZXapKkiBchKHii HalliOHATBLHUM YHIBEPCUTET Michkoro rocrojaperea iM. O. M. Beketosa, Ykpaina

Poboma micvkozo nacadcupcokozo mpancnopmy, pazom 3 ROZUMUGHUMU, CYNPOBOONCYEMbCA U 3HAYHUMU
He2amusHuMy HACIOKamu, ceped AKUX OOHUM 3 HAUGANCIUGIUUX € mpaHcnopmua emoma. Bona xapakxmepuszyemubca
K 8mpama npooyKMueHOCmi npayi poOIMHUKIE, W0 NO3ZHAYAEMbCS 8 nepuii 200uHU pobomu Ha GUPOOHUYMEI |
3anexcums 8i0 Oii MPAHCHOPMHUX paKmopis.

Bukxopucmanna yuigepcanvnozo nokasnuxa "yac adanmayii na pobovomy micyi" ma epaxysamms 6cix
MPAHCHOPIMHUX YUHHUKIS, WO € 8A2OMUMU Ol NACAXCUPIE (Yac nepecysamnHs, KOM@Opm noi3oKu, KirbKicmb
nepecaoiceny), a makoic 0ioN02iuHO20 NOKAZHUKA — GIKY NACANCUPA, 00360JA€ GUSHAUUMU MPAHCHOPMHY 6MOMY
He3aNedNCHO 8I0 2aly3i Mamepiarbho2o abo HeMamepiarbHo20 GUPOOHUYMEA, 00 AKOI HANEHCaAMb NACANCUPU K
pOOImHUKU.

Ipynmyrouuce Ha ananisi nioxoo0ié w000 UIHAYEHHS MPAHCROPMHOL 6MOMU, MOJICHA OIiMu GUCHOEKY, U0
MeOUYHI IHCMPYMEHMAIbHI Memoou Maroms HU3KY 3HAYHUX HeOOliKis, a came:

®  BUKOPUCMAHHA KOUWMOBHO20 MEOUUHO20 OONAOHAHHA,

e  nompeba y cneyianvHili MeOUuHili 0cGimi ONsl OMPUMAHHA [ NPABUTLHOCO MIAYMAYEHHS OaHUX,
OMpUMaHUX y ueisioi kapoiocpam abo enekmpoenyehanozpam.

B moii orce uac, euxopucmanus awkem mac nepeeazu, moomo — He NOMpeOye KOUIMOBHO20 MeOUUHO20
0011AOHAHHA, 00360A€ OXONUMU eNUKi epynu niodeti, 3abesneuye Gopmaniayito pe3yibmamis; onepamusHicmy,
EeKOHOMIIO KOWMI8 | Yacy, a makodic Nepesipky HAOIHOCMI OMPUMAHUX De3VIbmamie Memooamu MamemamuyHoi
CMamucmuxu.

LInaxom ankemnozo onumy6ants ma HACMYNHOI CMAMUCIUYHOL NepesipKU 1020 pe3ybmamis, 6CMaHo61€eHo,
wo cepeoniil wac adanmayii nacaxcupa Ha pobouomy micmi ckiadae 24,18 xa., 1l ye 3HAUeHHA € CIMAMUCTIUYHO
SHAYYUWUM.

3 memoio nodanvuioco MOOen0eanHA uacy adanmayii GUHAYEHO CUTY KOPeNAyilino2o 36 A3KY Midc
MPAHCHOPIMHUM NAPAMEMPAMU, SiKOM nacaxcupa ma 1ioz2o yacom adanmayii na pobouomy micyi. Bcmanosneno,
wo eci napamempu maromes docmamuiti 38'a30k (r = 0,5 — 0,7) 3 uacom aoanmayii, 1 modxcyms Oymu 6xkir0ueHi 00
MoOeni, a 3HaueHHs KoeiyieHmy Kopenayii € MmaKo’c HeGUNAOKOBUM MA CIAMUCHUYHO 3HAYYUWUM.

3a donomozoio memooie pezpecilino2o ananizy oyiHeHo GnaUe OOUHUYHUX NAPAMEempie nepesizHo20 npoyecy Ha
yac adanmayii nacaxcupa Ha pobouomy micyi. BuxoOsuu 30 3HaueHb KoepiyicHmy MHONMCUHHOI pecpecii ma
Koegiyicumy OemepMinayii, MONICHA 3pOOUMU BUCHOBOK, WO BNIUE YACY NEPECY8AHHA HA 4ac adanmayii Kpauje
onucyemvcs NiHIHOI0 QYHKYIEI0, 8NAUE CMYNEeHs HANOBHEHHA — N02APUPMIYHOI0, 6NIUE CHIYNEHS HANOGHEHH
KLIbKOCTI Nepecaoiceb — CIMynenesoio, 6NUS 6iKY NACANCUPA — N102APUPMIYHOIO DYHKYISIMU.

Busnaueno, wo 3acanvnuii enaue ecix napamempis nepecy8aHHs ma 6IKy nacaxcupa Ha yac adanmayii
HauKpawe Onucyemvbcsa JN02apu@MiuHOIO 3aNeNHCHICIIO, WO OeMOHCMPYE NPUUHAMHI OCHOBHI CMAMUCMUYHI
xapakmepucmuxu — Koeiyicum muodxcunnoi peepecii (0,878), rxoeiyienm oemepminayii (0,771), snauywicme
yunHuKis, adexksamuicmo (21,57 > 6,25), cepednto noxubky anpoxcumayii (8,75 %)/

Kniouoei cnosa: nacasicup, mpancnopmua 6moma, 006Cmedicents, peepeciinui anais.
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