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Abstract

The organization of pedestrian traffic is one of the most urgent problems. A large number of road
accidents involving pedestrians are caused primarily by conflicts between road users when crossing the
roadway. Road accidents involving pedestrians are of great social significance, as they are associated with
the death or injury of people. The organization of the movement of pedestrians can be performed on
sidewalks along the roadway or when crossing. The latter type of pedestrian traffic is the most dangerous.
Crossing the roadway is carried out at pedestrian crossings of various types and different degrees of
equipment with technical means of traffic control. Both pedestrians and drivers of vehicles have an impact
on the risk of a road accident. But mostly they are caused by pedestrians. The reasons for this is the transition
of the roadway to a forbidding traffic light signal or in the wrong place. Also, the reasons are inattentiveness
of the pedestrian or driver. It is possible to reduce the probability of a traffic accident involving pedestrians
by observing the basic rules, namely: the movement of pedestrians in specially designated areas; the use of
retroreflective elements by pedestrians; pedestrians crossing the roadway in accordance with the rules; cross
an unregulated intersection under safe conditions. Special attention should be paid to bad weather conditions.
Visibility worsens, braking distance increases. In this regard, it is necessary to increase the vigilance of both
pedestrians and drivers. Unregulated pedestrian crossings are the most dangerous. The type of pedestrian
crosswalk is selected based on the intensity of traffic and pedestrian flows. However, a large number of
factors affect the occurrence of conflict situations. To assess the level of compliance of a pedestrian
crosswalk with traffic conditions, a pedestrian crosswalk hazard coefficient is entered that is equal to the
ratio of the number of conflict situations based on traffic conditions to the maximum possible one. When
calculating the number of conflict situations.
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One of the main problems of traffic management in cities and localities is ensuring the safety of
pedestrians. Road accidents involving pedestrians are one of the most important components of a high
accident rate. According to various data published in the open press, for various regions of the country,
accidents involving pedestrians account for up to 40%. Pedestrians and cyclists account for about 26% of all
traffic deaths.

The most common type of accident in the Republic of Kazakhstan is hitting a pedestrian, which is
42.3% of the total number of accidents in 2018, while pedestrians account for 32% of the total number of
deaths in accidents and 30% of victims. The consequences of accidents involving pedestrians are of great
social significance as they are associated with death or injury [1].

In modern conditions of the city, due to the growth of the population and the number of cars, the
problem of traffic safety is acute. Additionally it is caused by the following reasons:

- insufficiently developed road network, especially in the old, historical parts;

- sharply increased traffic intensity of transport and pedestrian flows, that use the same sections of
the road network for traffic;

-the presence of a large number of routes for urban passenger transport;

-availability of Parking along the roadway.
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The significant number of injured pedestrians in road accidents indicates that insufficient attention is
paid to their safety. The complexity of the problem is that it is necessary to ensure the interaction of two
streams: transport and pedestrian, which differ significantly from each other in their characteristics.

The main causes of injuries are related to the conditions of movement of pedestrians on roads and
can be divided into three groups [2]:

* Related to traffic conditions.

» Related to pedestrian traffic conditions.

* Related to the psychophysiological characteristics of movement participants.

Traffic flow conditions are characterized by technical parameters of UDS, intensity, speed,
composition and density. These parameters are random variables that are affected by a large number of
factors, such as the width of the roadway and sidewalks, the equipment of the traffic control, the time of day
and year, and the availability of infrastructure.

Pedestrian traffic conditions are determined by the quality of communication routes and are
characterized by the width of pedestrian sidewalks, the presence of pedestrian crossings, as well as the
equipment of sections of the control system.

Conditions related to the psychophysiological characteristics or subjective properties of road users
which include factors related to the education, culture, and upbringing of road users. The subjective
parameters of pedestrian traffic also include the age and gender of traffic participants, the purpose of
pedestrian movement, the degree of compliance with traffic rules and the main disregard for traffic rules and
their own safety, the desire of people to save effort and time.

The complexity of this task is due in particular to the fact that pedestrian behavior is more difficult to
regulate than driver behavior, and it is difficult to take into account psychophysiological factors with all the
deviations inherent in individual groups of pedestrians in the calculations of regulatory regimes.

Improper behavior of pedestrians is largely due to the most elementary indiscipline, disregard for the
rules of the road.

A sociological study on the opinion of pedestrians shows that 72.4% of them deliberately commit
offenses and only 27.6% - by negligence [2].

number of traffic violations

doesnotviolateat
all
31%

everyday
29%

several timesa several timesa

month week
21% 19%
" Ka )K,El,blf/ll,ﬂ,e Hb " HECKO/IbKO pa3 B He AeNto HECKONbKO pa3 B mecdal, " HWKoraa

Figure 1-Frequency of traffic violations by pedestrians of various age groups

Data on the frequency of traffic violations by pedestrians is shown in figure 1. previously, all
pedestrians Were divided into age groups: 18-24; 25-34; 35-44; 44-59; 60 or more years. The frequency of
violations is represented by the following groups: every day, several times a week, several times a month,
I do not violate traffic rules.

Data on violations indicate that the majority of pedestrians deliberately violate traffic laws.
Moreover, in the age group of 18-24 years, violations of the first three types prevail. In group 45 and higher
— the third and fourth groups.

By time of day, the largest number of accidents (about 50%) occurs in the period from 18 to 0 hours.
This period is characterized by psychological fatigue of both drivers and pedestrians.

In the organization of road traffic, the following types of pedestrian traffic are distinguished[2]:
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- pedestrian traffic on sidewalks;

- traffic on pedestrian crossings;

- movement within the pedestrian streets and routes (zones);

Pedestrian traffic on sidewalks and crosswalks is the most dangerous. The distribution of the number
of accidents caused by pedestrians is shown in figure 2.

Pedestrian traffic on sidewalks is often accompanied by access to the roadway, which is a
consequence of the discrepancy between the width of the sidewalks and the intensity of traffic and crossing
in the wrong place. It can be assumed that the arrangement of pedestrian sidewalks of the required width and
the use of pedestrian barriers, the prohibition of car Parking will significantly reduce this type of violation. It
can be assumed that the use of prohibitive measures will direct pedestrian traffic to the authorized crossing of
the roadway.

The distribution of traffic violations by pedestrians is shown in table 1 [2].

Table 1-Types of traffic violations by pedestrians

Ne Types of traffic violations %
1 Going to an unknown location 29,1
2 Walking along the roadway if there is a sidewalk 5,7
3 Crosswalk in front of a nearby vehicle 59,5
4 Unexpected exit due to transport, structures, trees 16,2
5 Crossing at a stop light 3,4
6 Drunken state 28,7
7 Other traffic violations 16,9

As follows from the data in table 1, such types of violations as crossing in the wrong place, in front
of a nearby vehicle, or unexpectedly entering the roadway are mostly associated with crossing the roadway
and are the most dangerous.

To organize pedestrian crossings, the following indicators are required: the traffic intensity for eight
consecutive hours on a working day should be 600 units per hour or more (for motorways with a dividing
strip — 1000 units per hour) on the main road in both directions; or 150 citizens per hour crossing the
roadway for the same 8 hours.With the current degree of saturation of cities with vehicles, this means the
need to organize pedestrian crossings at each intersection of the roadway and on street stretches [3].

Pedestrian crossings are divided by type of regulation into:

* regulated (pedestrian traffic in a separate regulation phase);

+ unregulated;

* with partial regulation (pedestrians move together with turning vehicles, provided that this conflict
is permissible).

Types of pedestrian crossings, conditions of use and equipment are shown in table 2

Arrangement of pedestrian ways of communication by technical means of traffic management
(TMTM) should be performed in accordance with ST RK 1412-2010[3].

In accordance with [3]. the following technical means are used to equip pedestrian crossings:

- road sign;

- marking;

- traffic lights;

- road fence;

- artificial irregularities;

- stationary outdoor lighting.

Table 2-Types of pedestrian crossings and equipment for road traffic management

Type of Terms of use Instruments Disadvantages Advantages
pedestrian TMTM
crosswalk
1 2 3 4 5
Adjustable High intensity of pedestrian Traffic lights with an The decrease in | High security
and traffic flows additional section, road | throughput of
signs, markings the streets
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1 2 3 4 5
Unregulated Insufficient intensity of Road signs and road High accident Low cost of
pedestrian traffic, location markings, artificial rate equipment

near the objects of pedestrian
traffic formation

obstacles

With The intensity of pedestrian
frequency flows in excess of 120
regulation vehicles/h

Traffic lights, road
signs, road markings

Reducing the
throughput of
turning streams

Less security

The main factors taken into account when placing pedestrian crosswalks are the intensity of traffic
and pedestrians. However, a large number of factors remain unaccounted for, such as the width of the
roadway and pedestrian crosswalk, the composition of the pedestrian flow, the generating capacity of
adjacent objects, and the arrangement of the pedestrian crosswalk.
The presence of a large number of factors that are not taken into account when organizing pedestrian
crossings and that undoubtedly affect safety requires an indicator that evaluates the quality of the pedestrian
crossing by the safety criterion. Based on this, recommendations for optimal placement and arrangement of

pedestrian crossings are justified.

The mechanism of an accident is the occurrence of a conflict in the “car-pedestrian-environment"
system. The term "environment” refers to the degree to which pedestrian crossings are equipped with
TMTM. A conflict is a situation in which pedestrians change their speed, i.e. they pass a vehicle that did not
allow them to finish driving. Then the hazard coefficient (Ch) will be equal to:

HI:IEI: =
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Where Y, — is the actual number of conflict situations per unit of time; Y, — is the maximum

theoretical number of conflict situations; N, — is the intensity of transport;

Nper - pedestrian

Multiplicative power models are used to describe the actual number of conflict situations.
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Where x factors that affect the probability of conflict situations: o indicator of the weight of this

factor.

A priori ranking method was used to determine the list of factors affecting pedestrian safety. This
method is used when processing data obtained from a survey of specialists or from research published in the
literature. This experiment allows us to more correctly select factors for the subsequent experiment,
justifiably excluding some of them from further consideration [4].
The results of the experiment are shown in table 3.

Table 3 - Results of the experiment are shown

Name of factors Specific weight Name of factors Specific weight
of factors of factors
The intensity of traffic flows 0,31 Average pedestrian speed 0,12
The intensity of pedestrian flows 0,20 Length of pedes_tnan 0,11
crosswalk barriers
The width of the roadway 0,17 Other 0,09

Based on this data, the pedestrian crosswalk hazard coefficient will be determined in the future,
which will serve as a basis for adjusting the type of pedestrian crosswalk, the degree of compliance with the
actual conditions of the established means of traffic management, and determine the main parameters of

pedestrian crossings.
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TYWIH

Kasy xypriHmiiaep Ko3ranbiChiH YHBIMAACTHIPY - 63¢KTI Mocenenepain 6ipi. XKasy kypriHminepain
KATBICYBIMCH OONAThIH JKOJI-KOTIK OKUFATAPbIHBIH Ko OOMVbI, €H alJbIMEH, YKOIABIH KHUBIIBICHIHAA JKOJIBI
MaiJaNnaHyIbLIAP apacklHAA JKAHKAI KA aiIapelHBIH TYBIHAAYRIMEH OalinanbicThl. XKagy xyprisminepaiy
KATBICYBIMCH OOJIATHIH JKON-KOTIK OKHFAIaphl VIKEH JJICYMETTIK MaHBI3BI Oap, eWTKCHI onap ajaMaapIbiH
KaWThIC OONYbIHA HEMECE JKapaKaTTaHyblHA OGainaHeicThl. JKasdy »ypriHIIiiep KO3FaNBICBHIH YHBIMIACTHIPY
JKON OOMBIHIAFBI TPOTYapiapJa HEMECE OHBIH KHBUIBICBIHAA KY3Ere achlpbLTybl MYMKiH. JKasay sxypynaig
COHFBI TYPL - Oyn TeTcHIne kargad. JKoaabiH KUBLIBICHL JPTYP/Il THUOTET] KOHE SPTYPJl ACHICHICTI JKasy
SKYPTIHIIICP OTKEIACPIHAC, KO3FANBICTHI 0ACKApPYAbIH TEXHHUKAIBIK KYPaIAapPbIMEH KaOJbIKTanFraH. EH
KAyINTICl - PETTEIMETCH JKasy JKypriHminep etkeni. JKady skypriHumaep eTKemiHiH Typl KO3FaIblC KAPKbIHbI
MEH JKasgy JKYPTiHLIIICP AarFbIMBIHBIH KApKbIHIOBUTBIFBIHA Colikec TaHmanaiasl. Amnaiina, KaKThIFbIC
JKarJaiIapblHBIH Naiaa OonyeIHA KenTereH daxTtopiap ocep ereai. JKasdy :KypriHImaep eTKemHiH KO3FaIbIC
JKarJalblHA COMKECTIriH Oaranay YINiH Kagy JKYPTiHIIIIEp OTKETiHIH KayinTimik Ko3QQHUUHUCHTI KO3FaIbIC
JKarJafblHA HET13JCNICH JKAHKAN JKaFrJaHIaphIHBIH CaHBIHBIH MYMKIH OOJATBIH MaKCHUMYMFa KATHIHACHIHA
TeH. JKamkan okarmailapblHBIH CaHBIH —CCENTEY KE3IHAE MYJIBTHIUIMKATHBTI KyaT MOJCIbACPI
naigananenagp, MyHaa GakTopnapabsH Ti3iMI aIPHOPIIEIK capanay 9d1CIMCH aHBIKTAIATbI.

PE3IOME

Oprasuzaius NCMICXOIHOTO JBIDKCHHUS SIBSCTCS OJHON M3 akTyajbHEHINUX mpobjem. bosbimoe
YUCJIO JOPOKHO-TPAHCIIOPTHBIX TMPOUCIICCTBHH ¢ YYACTHEM MCIICXOJOB BBI3BAHBI IEPBYIO OUYCPEIb
BO3HUKHOBCHHECM KOH(DIUKTHBIX CHUTYAI[MA MEKAY YYACTHHUKAMH JOPOKHOTO ABMIKCHUS MPH MEPCCCUCHUH
mpoeskelt yactu. JlOpOoKHO-TPAHCHOPTHBIC MNPOUCIICCTBHS € YYACTHEM IICIICXOJ0B HMCIOT OOJNBIIOS
COLMAIPHOC 3HAUCHHUE, TAK KaK CBIA3aHbI C THOCIBIO WK TPABMHPOBAHHUEM JtoAcH. QpraHuzaiiuu ABHKCHUS
MICHICXO0B MOXKET OCYINSCTBJISITHCS MO TPOTYapaM BIOJb MPOCIKESH YaCTH WM NPH €€ MCPSCCUCHHUH.
IMocnequuit BU MEIIEXOJHOTO ABMKCHUS SIBIICTCS HanOoJice aBapuiineiM. llepeceucHne mpoesxked yacTu
OCYIICCTB/SICTCS MO MEHICXOAHBIM MEPEX0JaM Pa3jvdHOTO BUJA M PA3NHYHON CTCIICHBI) OCHAIICHUS
TCXHUYCCKUMHU CPEACTBAMH  YIIPABJICHUS JOPOKHOTO ABMKEHUS. Haubosiee OmacHBIMH  SIBJSFOTCS
HCPETYJUPYCMBIC TMCIICXOAHBIC MEPeXoabl. BpiOOp BHAa MEHMICXOAHOTO NEPEX0Aa MPOU3BOIUTCS TIO
KPUTCPUIO HMHTCHCHUBHOCTH TPAHCIOPTHOTO M MEHICXOAHOrO MOTOKOB. (IHAKO HA BO3HHUKHOBCHHC
KOH(IUKTHBIX CUTyalud, BAUSeT  O00bimoe uncio (axktopos. IS OLCHKH YpPOBHS COOTBETCTBUS
MCHICXOJHOTO TEPEXOA YCIOBUSAM JIBHUKCHUS BBOIUTCS KOI(PPHUIMEHT OMACHOCTH MEMICXOIHOTO MEPEeX0aa
PaBHBIN OTHOLICHUIO YHCIa KOH(IMKTHBIX CHUTYAlUH KCXOAS M3 VCAOBHH JMBIKCHUS K MaKCHMAJIbHO
Bo3MokHOMY. Ilpu pacdere Koau4yecTBa KOHQIHUKTHBIX CHUTYALMH HCHOJB3YIOTCS MYJIbTHILNTHKATHBHBIC
CTCTICHHBIC MOJC/IH, I'IC TICPSUCHD (PAKTOPOB OMPEASSICTCS METOIOM ANPUOPHOTO PAHKUPOBAHUSL.
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AHHOTALHS
MHTCHCHBHBI POCT HACEJACHUS TOPOJOB W KOJHYCCTBA TPAHCIOPTHBIX CPEACTB BBIIBUTACT
mpoOaeMy TOBBIIICHHS OC30IACHOCTH ABMKCHUS TPAHCIOPTHBIX CPeACTB. YHCIO MOPOKHO-TPAHCIIOPTHBIX
MPOUCIICCTBHN U UX THKCCTh HEMPEPBHIBHO PacTeT. JOPOKHO-TPAHCTIOPTHRIC MPOUCHICCTBIS MPUMEPHO HA
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