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Annotation. Problem. The functioning of road transport in regions of long-term armed conflicts is
associated with additional risks for road traffic safety. The degree of influence of additional risk factors
can be investigated by analyzing traffic accident statistics in such a region. Goal. The purpose of the
work is to study the impact of martial law conditions on road safety indicators in the Kharkiv region of
Ukraine by comparing statistical data on accidents and road deaths due to road accidents.
Methodology. To achieve the goal, the work uses methods of statistical analysis of data and construction
of trends, methods of determining relative indicators of the severity of road accidents. Results. As a
result of the analysis of statistical data on road accidents in the Kharkiv region, the distribution of
accident rates for the period from 2019 to 2023 was obtained, which made it possible to reveal their
significant differences during the period of martial law compared to previous periods. In particular, it
was established that with a decrease in the total number of road accidents, there was an increase in the
severity of the consequences of road accidents. This regularity was confirmed by analyzing the relative
indicators of road accident severity. The identified differences in accident and death rates on the roads
of the Kharkiv region in 2023 compared to the periods before the start of hostilities indicate a change
in road traffic conditions. Originality. The paper investigated the impact of martial law conditions on
road safety on the example of the Kharkiv region of Ukraine. As a result, the degree of influence of the
risk factors that arose as a result of the deployment of the armed conflict on the increase in the level of
danger for road users was established. Practical value. The obtained results can be used for planning
and implementation of measures to ensure traffic safety on highways in regions that are the zone of
long-term armed conflicts.

Key words: road traffic, road safety, road traffic accidents, martial law conditions, severity factor,
distribution of road accidents.

law and the reorientation of transport
infrastructure to the needs of ensuring the
country's defense capability [2].

After the start of armed aggression against

Introduction

In the context of ongoing military aggression,
when Ukraine defends its territorial integrity and
independence, as statistics show, road accidents

are the second most important factor in danger to
the life and health of citizens, that is, Ukraine
loses more than on the roads only as a result of
hostilities [1].

Over the past two years, the conditions for
the functioning of road transport in Ukraine
have changed slightly, which has affected road
safety. In addition to the previously existing
accident factors, new ones have arisen related
to the functioning of road traffic under martial

Ukraine in February 2022, the Kharkiv region
immediately became a war zone and for six
months, until September 2022, a significant part
of the region was under occupation. As a result of
hostilities, the transport infrastructure of the city
and the region, which, despite everything,
continued to work in new conditions, suffered
significant destruction.

Changes in traffic conditions during martial
law were supposed to affect road accident and
mortality rates both in Ukraine as a whole and in
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its individual regions. A comparative analysis of
road accident statistics in the Kharkiv region will
allow to identify special accident factors that
allow for a deeper study of the causes of their
occurrence and the development of appropriate
measures to prevent them. Based on the analysis
of accident rates, it is possible to develop
effective measures to improve road safety both in
the current conditions of martial law and in the
period of post-war reconstruction of the country.

Analysis of publications on the problem of
road safety in the conditions of military
conflict

Research on the analysis of traffic conditions and
hazards during hostilities is of great importance
for understanding and managing road safety
under martial law. Some of the findings and
recommendations obtained as a result of such
studies can be useful for ensuring road safety
during armed conflicts and the long-term
instability inherent in this period.

Due to the complexity of the issue of
analyzing road safety indicators in the context of
the military conflict in Ukraine and the small
amount of available initial data, there are almost
no publications on this topic [1]. As for foreign
publications related to this problem, there are
those in which the authors analyze data for
regions of the world such as Syria, Iraq,
Afghanistan, the former Yugoslavia, etc.
Analysis of such publications [2-11] shows that
traffic problems during martial law and direct
hostilities have their own specific features. The
main issues on which the authors focus can be
identified:

1. The impact of hostilities on transport
infrastructure.

2. Issues of safety of passengers and personnel
of the transport industry.

3. Problems of functioning of the transport
system and society.

4. Humanitarian aspects.

First of all, as a result of hostilities, road
networks, bridges and infrastructure can be
damaged or destroyed, which affects the overall
ability to transport people and goods. Research in
this area is aimed at determining the mechanisms
for restoring transport infrastructure and ensuring
traffic safety in armed conflict.

During hostilities, all road users are at risk of
becoming victims of accidental shelling, actions
of armed groups, etc. Here, research focuses on
understanding risks and developing safety
measures such as vehicle protection systems,

passenger evacuation, and communication
strategies in conflict settings [4,5]. As hostilities
can have a serious impact on a country's economy
and society, some studies focus on examining the
economic consequences of the conflict and
developing strategies to improve the transport
system after the end of hostilities. Researchers
also analyze social and humanitarian issues
related to road safety in the face of hostilities. For
example, they study the impact of conflict on the
health and psychological resilience of road users
and develop psychological support and
rehabilitation programs [3].

The overall objective of such studies is to
improve road safety and efficiency in the context
of military conflict, as well as to ensure
convenient and safe movement for the population
and road transport personnel in the conflict zone.
Almost all authors note that during military
conflicts or hostilities, the level of road safety
decreases due to additional factors, such as
increased traffic, traffic congestion, lack of traffic
lights and other means of regulation, damage and
pollution of road infrastructure, as well as sudden
movements of military equipment and military
personnel. This leads to an increase in the number
of accidents and injuries on the roads.

Analysis of Specific Road Traffic Hazards
under Martial Law

Analysis of specific traffic conditions in Ukraine
allows us to better understand the causes that
affect road safety during armed conflicts, to
create recommendations in the future to reduce
the risks of accidents and their consequences.
This can help governing bodies and organizations
to develop and implement effective measures to
ensure road safety in similar conditions.

The conditions of martial law have a
significant impact on road traffic both in Ukraine
as a whole and within individual regions and
settlements, depending on their proximity to the
immediate war zone. War risks may include, in
addition to hostilities, terrorist acts or other
threats to civilian security. This obviously leads
to a violation of the stable mode of operation of
the street and road network and an increase in the
number of accidents, as drivers and pedestrians
may be forced to drive on dangerous sections of
roads or ignore traffic rules.

Under martial law, access to certain sections
of roads may be restricted or modified, for
example, entry or movement near important
military facilities or approaching a war zone is
prohibited. This can lead to increased congestion
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on other highways, which can cause additional
delays and traffic congestion.

The next important factor is the risk of
interference with the movement of vehicles. In
particular, the conditions of martial law have
led to the appearance of checkpoints,
checkpoints on the country's roads, as well as
artificial obstacles created to protect military
facilities or control traffic. It requires drivers to
comply with special requirements and traffic
rules that may differ from normal traffic rules.

Also, under martial law, there is an
increased movement of military equipment,
including trucks, armored vehicles and other
types of special equipment. This can lead to a
change in traffic patterns and an increase in the
risk of accidents.

Martial law conditions may include
additional restrictions and traffic controls. For
example, drivers and vehicles may be subject
to additional checks and other control measures
at checkpoints or checkpoints. This can lead to
traffic delays and an increase in mental stress
on drivers, which in turn will have a negative
impact on road safety.

Martial law conditions can also lead to
violations of traffic rules by both military
personnel and the public. Some studies indicate
that during military conflicts, drivers increase
speed, ignore traffic signals and other means of
regulation, run red lights and do not give
priority to traffic [4]. This increases the risk of
an accident and increases the number of
victims.

During hostilities, the availability of
medical care on the roads becomes problematic
due to the destruction of infrastructure,
equipment, and overload of medical facilities.
Lack of timely medical care can increase the
number of deaths due to injuries that victims
receive as a result of road accidents.

Drivers of military equipment also face
special road safety challenges during hostilities.
They must take into account not only the general
rules of road safety, but also take into account
the characteristics of their vehicle. Failure to
follow safe handling practices for military
equipment can lead to serious accidents. Also, in
light of the threat to traffic safety during martial
law, special attention should be paid to the
training of drivers of military equipment. This
may include inspections of the technical
condition of vehicles, updating driving skills,
conducting training on safe driving in traffic
conditions, etc.

These factors and their relative importance
may vary depending on the specific situation
and conditions of the region, but in any case,
these factors change the conditions for the
functioning of the transport system. In general,
it can be noted that the conditions of martial
law in Ukraine have a significant impact on
road traffic and its safety, requiring additional
attention, caution and responsibility from all
road users.

Analysis of direct road accident rates

The city of Kharkiv is one of the largest cities in
Ukraine  with a  developed transport
infrastructure.  According to the Main
Department of Statistics in the Kharkiv region, as
of January 1, 2022, more than 1.4 million people
permanently lived in the city, which causes
significant volumes of traffic and pedestrian
flows on the city's road network. All this
naturally led to a significant level of accidents
and deaths as a result of road accidents.

At the first stage of the study, it is expedient
to analyze the distribution of absolute accident
rates in the region. Such indicators include the
total number of road accidents registered (Z, ),

the number of road accidents in which victims
(dead or injured people) were found ( z, ), as well

as the number of deaths (D) and the number of
injured (W) as a result of road accidents.

To assess the level and indicators of road
traffic safety in the Kharkiv region after the
introduction of martial law, it is advisable to
conduct a comparative analysis of statistical data
on road accidents and road traffic injuries as a
result of road accidents in the Kharkiv region for
the period from 2019 to 2023 inclusive.

Generalized statistics on road accidents for the
three pre-war years, as well as for 2022 and 2023,
are shown in Table 1. Figures 1 and 2 show the
corresponding graphs.

Table 1. Statistical data of road accidents in Kharkiv
region

Year 2019 | 2020 | 2021 | 2022 | 2023

Z, 11949 | 11912 | 12477 | 4565 | 6265

1835 | 1820 | 1597 | 880 1402

ZV
D 188 174 214 156 193
W 2223 | 2188 | 1817 | 992 1729

It can be seen that in the period 2019-2021, the
transport network of the city of Kharkiv and the
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Kharkiv region functioned in a stable mode, so
the total number of accidents at the end of each
year was almost the same. There was a certain
tendency to increase the number of people killed
as a result of road accidents while the number of
injured people decreased.
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Fig. 1. Graph of changes in the number of road
accidents in Kharkiv region
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Fig. 2. Graph of changes in the number of dead
and injured as a result of road accidents

The main factor influencing the transport system
of the city of Kharkiv was the mass evacuation of
the city's population at the end of February and in
March 2022.According to the estimates of the
Kharkiv Regional Military Administration, in the
spring of 2022, 300-400 thousand residents
remained in the city [12]. But starting in May,
residents began to gradually return to the city. Thus,
in July 2022, the city had from 700 to 800 thousand
inhabitants, and in November 2022, the number of
permanent population of the city approached one
million one hundred thousand inhabitants. As of
February 2024, the city's population was estimated
at 1.3 minions of residents.

Given the predominance of personal vehicles in
the traffic flow, these factors led to significant
changes in the number of accidents and deaths in
the Kharkiv region during martial law compared to
previous periods. At the end of 2022, there was a

significant decrease in the number of registered
accidents on the roads of the region, as well as a
decrease in the number of deaths and injuries due to
road accidents. In the following year, 2023, the total
number of road accidents, as well as the level of
injuries and deaths, showed a significant increase,
and the number of deaths and injuries almost
reached the pre-war level.

Analysis of the distribution of road accidents
by months of the year

You can trace the above changes in accident and
mortality rates on the roads of the Kharkiv region
during martial law in more detail on the graphs of
changes in the number of accidents, the number of
dead and wounded by months of the year. The
corresponding graphs are shown in Figures 2, 3, 4.
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Fig. 3. Distribution of the number of accidents by
months of the year

As can be seen from Figure 3, the monthly total
number of road accidents in the Kharkiv region from
2019 to 2021 was approximately constant, taking
into account some seasonal changes. The largest
number of cases was recorded in December, which
can be explained by the deterioration of road
conditions in winter. Also in September, there was a
slight surge in accidents, which may be caused by an
increase in the transport activity of the population
after the summer vacation period. If you look at the
corresponding graph for 2022, you can see a sharp
decrease in the number of road accidents in March
related to the outbreak of hostilities in the region.
However, from April to the end of the year, there was
a gradual uniform increase in the monthly number of
road accidents.  During the next 2023, the
distribution of the total number of road accidents
remained almost uniform and amounted to only 52%
of the annual average for the period 2019-2021, that
is, for the three pre-war months. Thus, it can be stated
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that under martial law, the total number of road
accidents in the region has almost halved.

Fig. Figure 4 shows the distribution of the
number of road accidents with victims by months
of the year. In general, the picture of changes in
this indicator is similar to the previous one, but
the values for 2023 are almost equal to the values
for the pre-war period. The number of road
accidents with victims in 2023 was only 20%
lower than the average for the period 2019 - 2021.
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Fig. 4. Distribution of the number of road
accidents with victims by months of the
year

The distribution of the number of fatalities in road
accidents by month in 2022 (Fig. 5) also shows a
sharp drop in this indicator in March. However, the
death toll rises sharply the following month and
reaches the pre-war average by August. It can also be
seen that the distribution of the number of deaths in
2023 does not differ much from the pre-war figures.
Against the background of a relative decrease in the
total number of road accidents in 2023 compared to
pre-war values, this indicates an increased average
severity of road accidents under martial law.
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Fig. 5. Distribution of the number of fatalities as
a result of road accidents by months of
the year

An analysis of the monthly change in the
number of injured as a result of road accidents
(Fig. 6) shows that in 2022 there was also a sharp
drop in this indicator in March and its further
increase with reaching pre-war values by
December. In 2023, by analogy with the number
of fatalities, the monthly number of people
injured in road accidents remained stable on
average, with a value 17% lower than the average
for the three pre-war years.
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Fig. 6. Distribution of the number of injured as a
result of road accidents by months of the
year

Thus, having evaluated the above results in
totality, we can say that 2022 can be called a
transitional year for the Kharkiv region in terms
of traffic functioning, when both residents and
transport infrastructure adapted to the conditions:
from the threat of destruction of the city and
occupation in 2022 to sustainable functioning in
the conditions of a prolonged military conflict on
the borders of the region during 2023.

Analysis of the distribution of road accidents
by type

The analysis of the distribution of accidents by
type is aimed at identifying the features of traffic
conditions that have an impact on safety and can
contribute to the occurrence of various types of
accidents. Determining the frequency of
occurrence of certain types of accidents allows
you to understand which emergencies are the
most common and potentially the most
dangerous, to help identify the main factors that
contribute to accidents of a certain type. Such
information can be further used to develop and
implement measures to prevent accidents.
General data on the distribution of road accidents
by type are given in Table 2. and 3.
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Table 2. Distribution of road accidents by type in
Kharkiv region in 2021

Type of accident | Z, Z, D w
Collision 8472 | 691 69 912
Hitting a

stationary vehicle 1686 | 37 6 36
Hitting a1 1292 | 129 | 17 | 155
obstacle

Hitting a1 623 | 527 | 87 | 471
pedestrian

Ovirtuming — the | »e, | 104 | 24 | 160
vehicle

Hitting a ciclist 84 64 8 58
Hitting animals 43 1 0 1
Falling loads 16 0 0 0
Falling passengers | 21 17 0 17
Collision with

horse-drawn 0 0 0 0
transport

Table 3. Distribution of road accidents by type in the
Kharkiv region in 2023

Type of accident | Z, Z, D W

Collision 3626 | 643 59 951

Hitting a| 823 14 2 14
stationary vehicle

Hitting an obstacle | 1057 | 195 32 240

Hitting a| 439 | 385 65 341
pedestrian

Ovirturning  the | 233 114 28 137
vehicle

Hitting a ciclist 50 38 7 32
Hitting animals 18 0 0 0
Falling loads 3 0 0
Falling passengers 15 13 0 14
Collision with 1 0 0 0
horse-drawn

transport

As a result of the analysis of statistical data,
changes in the structure of types of road accidents
during martial law compared to the previous
period were established. Since, as noted above,
there was a significant outflow of population
from the city of Kharkiv during 2022, and part of
the region was in the occupation zone for a
significant time, it is advisable to choose 2021
and 2023 for comparison, when traffic conditions
can be considered stable throughout the year.

Displaying the data in the form of a bar graph
allows you to visually assess the relative shares
of different types of accidents in their total
number for both periods of the study (Fig. 7
and 10). Figure 7 shows the distribution by type
of the total number of road accidents.
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Fig. 7. Distribution of the total number of road
accidents by type

As you can see, in 2023 compared to 2021,
there was a 10% decrease in the relative share of
collisions, with an increase of almost 7% in the
relative share of collisions with obstacles and a
2% increase in collisions with pedestrians.

The distribution of the number of accidents with
victims by type is presented in Fig. 8.
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Fig. 8. Distribution of the number of road
accidents by victims by their types

Here we can note an increase of almost 8% in
the relative number of collisions with obstacles
and a decrease of 5.5% in the share of collisions
with pedestrians.

Figures 9 and 10 illustrate the breakdown by type
of accident, respectively, of the number of people
killed and injured as a result of road accidents.

ABTOMOOiABHUH TpaHCcHOpPT, Bun. 54, 2024



38

Road safety

M Collision

M Hitting a stationary vehicle

M Hitting an obstacle

H Hitting a pedestrian

M Overturning of the vehicle

M Hitting a cyclist

H Hitting animals

H Falling loads

H Falling passenger

M Collision with horse-drawn transport

2023

2021

0% 20% 40% 60% 80% 100%

Fig. 9. Distribution of the number of fatalities in
road accidents by their types

M Collision

M Hitting a stationary vehicle

M Hitting an obstacle

H Hitting a pedestrian

i Overturning of the vehicle

M Hitting a cyclist

H Hitting animals

H Falling loads

H Falling passenger

M Collision with horse-drawn transport

0% 20% 40% 60% 80% 100%

Fig. 10. Distribution of the number of injured in
road accidents by their types

Similarly, in 2023, we can state an increase in
the relative number of deaths (by 8.5%) and
injuries (by 5%) as a result of a vehicle hitting an
obstacle. At the same time, the relative number of
dead and injured as a result of hitting a pedestrian
decreased.

Thus, it can be stated that the structure of the
distribution of accident and mortality rates by
types of accidents under martial law as a whole
has not undergone significant changes, at the
same time there has been an increase in the
relative weight of collisions with an obstacle. The
reason for this phenomenon, in our opinion,
deserves further analysis.

Analysis of changes in the severity of road
accidents

Relative indicators of severity help to assess the
negative consequences of accidents for society
and are important characteristics of the level of
traffic management. These indicators also make
it possible to quantitatively identify and compare
the severity of road accidents in different regions,
on different sections of the road or over different
periods of time.

There are several methods for calculating the
relative severity of road accidents, such as
average severity (MRT), severity and loss rating
(IRL), and others. In addition, severity indices
can be used, which include the number and
severity of injuries, doctor's examinations,
duration of treatment, and other factors [13, 14].

One of the most accessible methods is the
calculation of the so-called accident severity
coefficients [15]. These coefficients are obtained
by comparing the number of fatalities or injuries
and the total number of events in the region and,
depending on the combination of specific
indicators, can reflect certain aspects of the
severity of the accident. Their numerical values
can be obtained as:

C, =R-100, (1)
t
D+W
C,= 7 -100, )
t
D
Cs ZW- 3

To assess the level of social danger from
traffic, the social risk indicator RH (human risks)
is widely used, which is the relative number of
fatalities in road accidents per 100 thousand
inhabitants:

D
HR=1" (4)

p

where Np is the average population of the
region in the reporting period.
It can be seen that the coefficientsC, and C,

reflect, respectively, the average number of dead
and injured per 100 cases of road accidents. The
coefficient C, characterizes the relative
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mortality among the victims. The value HR C, HR
shows the average number of deaths in road 013 20,0
accidents for every 100 thousand inhabitants.

As a result of the calculation of these  %'° 180
coefficients, the graphs presented in Fig. 11, 12, 0,08 16,0
and the values themselves are given in Table 3. 0,05 14,0
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Fig. 11. Change in the coefficients of severity of
road accidents by years for Kharkiv
region

Figure 6 shows that during 2019 - 2021, the
coefficients C, and C, almost did not change,

while under martial law there was a significant
increase in these indicators.

Table 3. The values of the coefficients of the severity of road accidents and the value of social risk are calculated

Year | 2019 | 2020 | 2021 | 2022 | 2023 On average for On average for | Growth,
2019-2021. 2022-2023. %
G 1,57 1,46 1,72 3,42 3,08 1,58 3,25 105
C, 20,18 | 19,83 | 16,28 | 25,15 | 30,68 18,76 27,91 49
C, 0,08 0,07 0,11 0,14 0,10 0,09 0,12 38
HR 13,00 | 12,06 | 14,92 | 18,35 | 15,44 13,33 16,90 27

This indicates that the accidents that occurred in
the region during 2022 and 2023 were more severe.

Figure 6 also shows an increase in relative
mortality among victims of road accidents, as
well as the value of social risk during martial law.
At the same time, as noted earlier, in terms of the
absolute number of deaths, the peak was in 2021.

As can be seen from Table 3, under martial
law, the relative risk of death or injury to a person
in an accident increased by 105% and 49%,
respectively. Relative mortality among victims
increased by 38%, and the social risk of death in
road accidents increased by 27%.

Conclusion

The conditions of martial law usually lead to a
violation of the stable mode of operation of the
transport network and an increase in the risk of
accidents due to the formation of additional
danger factors. Among the main ones are damage
to transport infrastructure, restriction of access to
certain sections of roads, obstacles to traffic,
movement of military equipment on public roads;
additional traffic restrictions and controls;
psychological burden on road users.

As can be seen from the results of the analysis,
at the end of 2022, there was a decrease in the
total number of road accidents in the Kharkiv
region, as well as the number of deaths and
injuries. In the following 2023, the total number
of road accidents, as well as the level of injuries
and deaths, showed a significant increase, and the
number of dead and injured almost reached the
pre-war level.

The study of the distribution of statistical
indicators of road safety by months of the year
for the periods of 2019 - 2023 showed a sharp
decrease in the number of accidents in March
2022, and its uniform increase from April to the
end of the year. During the next 2023, the
distribution of the total number of road accidents
remained almost uniform and amounted to 52%
of the average for the period 2019-2021 in
annual terms.

The structure of the distribution of accident
and mortality rates by type of accident under
martial law as a whole has not undergone
significant changes, but there has been an
increase in the relative weight of such a type of
accident as hitting an obstacle.
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Thus, the identified differences in the accident
and mortality rates on the roads of the Kharkiv
region in 2023 compared to the periods before the
start of the armed conflict indicate a change in
traffic conditions, as a result of which, with a
decrease in the total number of accidents on the
WYD of the region, there was an increase in the
number of dead and wounded.

The analysis of changes in the coefficients of
the severity of road accidents and the social risk
indicator showed that during the period of martial
law, the relative risk of death or injury of a person
in case of an accident increased by 105% and
49%, respectively. Relative mortality among the
victims increased by 38% and the social risk of
death in road accidents increased by 27%. This
requires taking measures to improve road safety
on the roads of Kharkiv region by identifying and
eliminating additional hazards.

Since the Kharkiv region is likely to continue
to be a zone of possible hostilities until the end of
the armed conflict, the conditions for the
functioning of its transport network will not
change. Therefore, the population of the region
will continue to be in conditions of increased
risks from traffic. In conditions when Ukraine
suffers heavy losses every day, defending its
territory and independence from long-term
military aggression, it is even more impossible to
put up with the loss of health and life of people as
a result of road accidents. Therefore, it is
extremely important to conduct further research
on this problem in order to identify and eliminate
additional road hazards associated with the
conditions of martial law.
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AHani3 6e3nexku pyxy Ha qoporax XapkiBcbKoi
00J1acTi B mepiol BOEHHOTO CTaHY

Anomauis. Ilpobnema. DyukyioHysauHs
a8moMobiIbHO20  MPAHCNOpMY 8  pezioHax, oOe
cnocmepieaiomevcsi  Mpusani  30potiHi  KOHGQaikmu
nos8’s3ano 3 000amKOGimu pusukamu 01s Oe3nexu
0opooicHbo2o pyxy. Cmyninb 6naugy  000amKoSuUx
gaxmopie Hebesnexu Mmodxce Oymu OOCHIONCEHO
waxom  ananizy cmamucmuxu JTI 6 maxomy
pecioni. Mema. Memow pobomu € O00CHiONCEHHA
8NIUBY VMO8 BIICbKOBO20 ~ CMAHY HA NOKA3HUKU
besneku 00podCcHbO2O pyxy 6 Xapkiecokiil obracmi
Yrpainu winsaxom nopieuanus cmamucmuyHux 0aHux
asapitinocmi ma cMepmHoCcmi Ha 00po2ax 6HACIIOOK

JTII. Memooonozia. [{ns 0ocsenenns nocmasieHol

Memu 8 pobomi  BUKOPUCNOBYIOMbCSA — Memoou

CMamucmuyHo20  auanizy Oanux ma nooyoosu
mpenoie, Memoou UHAYEHHS IOHOCHUX NOKA3HUKIB
maoickocmi  JJTII.  Pesynomamu. B pezyromami
ananizy cmamucmuynux oanux HTII y Xapkiecokili
obnacmi 6y8 ompumaHuil Po3NO0L NOKA3HUKIG
asapitinocmi 3a nepiod 3 2019 no 2023 poxu, wo
003601UNI0 BUABUMU CYMMES] iX BIOMIHHOCMI 8 nepioo
B0€HHO20 ~ CMAHY  NOPIGHAHO 3  NONEpeoHimMu
nepiooamu. 30Kkpema 6CMAHOBNIEHO, WO NPU SHUIHCEHHT
saeanvroi  kinexkocmi  JTII 6i0bynocs 3pocmanHs.
msiockoemi wacnioxie J{TI. s 3axonomipricmo 6yna
niomeepoxcena  WIIAXOM — aHANi3y  GIOHOCHUX
nokasnukie mssckocmi JJTI. Busgneni giominnocmi y
NOKA3HUKAX — AAPIUHOCMI MA CMEPMHOCMI  HA
odopoeax Xapxiscoxoi oonacmi y 2023 poyi nopieHsHo
3 nepiodamu 00 NOYAMKY GillCbKOBUX OIll 2080PSIMb
npo 3MIHY YMO8 00POHCHL020 PYXY. Opuzinanvhicme.
B pobomi 6yno docniooceno numanms 6naugy ymos
BILICLKOB020 CMAHY HA DE3neKy OOPOICHLOZO PYXY HA
npuxnaoi  Xapkiecekoi  obnacmi  Vkpainu. B
pesyavmami 6y10 8CMAHOBIEHO CMYNIHL GNAUBY
gaxkmopie pusuky, wo GUHUKIU & pe3VIbmami
PO320pmMants 30pOUHUM KOHDAIKMY, HA NiOGUUYEHHS
pisHs HeOe3neKku OJisi YHACHUKIE OOPONCHBO2O DPYXY.
Ilpakmuune 3nauennsa. Ompumani pesyrbmamu
MOJHCYMb Oymu 8UKOPUCMAHI Ol NIAHY8AHHA md
peanizayii  3axo0i@ w000 3abe3neyeHHs Oe3nexu
O00POJICHLO20 PYXYy HA ABMOMOOIIbHUX 00pOo2ax 6

pecionax, AKi € 30HOI0 MPUSANUX  30POUHUX
KOHGhnixmis.
Knwuosi  cnosa:  Oopoocnili  pyx,  bOesnexa

O00POJCHLO20 ~ PYXY,  OOPOACHLOIO-MPAHCHOPMHI
npucoou, yMo8u GilicbKo8020 CMaHy, KoegiyicHm
msiockocmi, poznooin JTII.
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	Annotation. Problem. The functioning of road transport in regions of long-term armed conflicts is associated with additional risks for road traffic safety. The degree of influence of additional risk factors can be investigated by analyzing traffic acc...
	Key words: road traffic, road safety, road traffic accidents, martial law conditions, severity factor, distribution of road accidents.
	Introduction
	In the context of ongoing military aggression, when Ukraine defends its territorial integrity and independence, as statistics show, road accidents are the second most important factor in danger to the life and health of citizens, that is, Ukraine lose...
	Over the past two years, the conditions for the functioning of road transport in Ukraine have changed slightly, which has affected road safety. In addition to the previously existing accident factors, new ones have arisen related to the functioning of...
	After the start of armed aggression against Ukraine in February 2022, the Kharkiv region immediately became a war zone and for six months, until September 2022, a significant part of the region was under occupation. As a result of hostilities, the tra...
	Changes in traffic conditions during martial law were supposed to affect road accident and mortality rates both in Ukraine as a whole and in its individual regions. A comparative analysis of road accident statistics in the Kharkiv region will allow to...
	Analysis of publications on the problem of road safety in the conditions of military conflict
	Research on the analysis of traffic conditions and hazards during hostilities is of great importance for understanding and managing road safety under martial law. Some of the findings and recommendations obtained as a result of such studies can be use...
	Due to the complexity of the issue of analyzing road safety indicators in the context of the military conflict in Ukraine and the small amount of available initial data, there are almost no publications on this topic [1]. As for foreign publications r...
	1. The impact of hostilities on transport infrastructure.
	2. Issues of safety of passengers and personnel of the transport industry.
	3. Problems of functioning of the transport system and society.
	4. Humanitarian aspects.
	First of all, as a result of hostilities, road networks, bridges and infrastructure can be damaged or destroyed, which affects the overall ability to transport people and goods. Research in this area is aimed at determining the mechanisms for restorin...
	During hostilities, all road users are at risk of becoming victims of accidental shelling, actions of armed groups, etc. Here, research focuses on understanding risks and developing safety measures such as vehicle protection systems, passenger evacuat...
	The overall objective of such studies is to improve road safety and efficiency in the context of military conflict, as well as to ensure convenient and safe movement for the population and road transport personnel in the conflict zone. Almost all auth...
	Analysis of Specific Road Traffic Hazards under Martial Law
	Analysis of specific traffic conditions in Ukraine allows us to better understand the causes that affect road safety during armed conflicts, to create recommendations in the future to reduce the risks of accidents and their consequences. This can help...
	The conditions of martial law have a significant impact on road traffic both in Ukraine as a whole and within individual regions and settlements, depending on their proximity to the immediate war zone. War risks may include, in addition to hostilities...
	Under martial law, access to certain sections of roads may be restricted or modified, for example, entry or movement near important military facilities or approaching a war zone is prohibited. This can lead to increased congestion on other highways, w...
	The next important factor is the risk of interference with the movement of vehicles. In particular, the conditions of martial law have led to the appearance of checkpoints, checkpoints on the country's roads, as well as artificial obstacles created to...
	Also, under martial law, there is an increased movement of military equipment, including trucks, armored vehicles and other types of special equipment. This can lead to a change in traffic patterns and an increase in the risk of accidents.
	Martial law conditions may include additional restrictions and traffic controls. For example, drivers and vehicles may be subject to additional checks and other control measures at checkpoints or checkpoints. This can lead to traffic delays and an inc...
	Martial law conditions can also lead to violations of traffic rules by both military personnel and the public. Some studies indicate that during military conflicts, drivers increase speed, ignore traffic signals and other means of regulation, run red ...
	During hostilities, the availability of medical care on the roads becomes problematic due to the destruction of infrastructure, equipment, and overload of medical facilities. Lack of timely medical care can increase the number of deaths due to injurie...
	Drivers of military equipment also face special road safety challenges during hostilities. They must take into account not only the general rules of road safety, but also take into account the characteristics of their vehicle. Failure to follow safe h...
	These factors and their relative importance may vary depending on the specific situation and conditions of the region, but in any case, these factors change the conditions for the functioning of the transport system. In general, it can be noted that t...
	Analysis of direct road accident rates
	The city of Kharkiv is one of the largest cities in Ukraine with a developed transport infrastructure. According to the Main Department of Statistics in the Kharkiv region, as of January 1, 2022, more than 1.4 million people permanently lived in the c...
	At the first stage of the study, it is expedient to analyze the distribution of absolute accident rates in the region. Such indicators include the total number of road accidents registered (), the number of road accidents in which victims (dead or inj...
	To assess the level and indicators of road traffic safety in the Kharkiv region after the introduction of martial law, it is advisable to conduct a comparative analysis of statistical data on road accidents and road traffic injuries as a result of roa...
	Generalized statistics on road accidents for the three pre-war years, as well as for 2022 and 2023, are shown in Table 1. Figures 1 and 2 show the corresponding graphs.
	Table 1. Statistical data of road accidents in Kharkiv region
	It can be seen that in the period 2019-2021, the transport network of the city of Kharkiv and the Kharkiv region functioned in a stable mode, so the total number of accidents at the end of each year was almost the same. There was a certain tendency to...
	Fig. 1.  Graph of changes in the number of road accidents in Kharkiv region
	Fig. 2. Graph of changes in the number of dead and injured as a result of road accidents
	The main factor influencing the transport system of the city of Kharkiv was the mass evacuation of the city's population at the end of February and in March 2022.According to the estimates of the Kharkiv Regional Military Administration, in the spring...
	Given the predominance of personal vehicles in the traffic flow, these factors led to significant changes in the number of accidents and deaths in the Kharkiv region during martial law compared to previous periods. At the end of 2022, there was a sign...
	Analysis of the distribution of road accidents by months of the year
	You can trace the above changes in accident and mortality rates on the roads of the Kharkiv region during martial law in more detail on the graphs of changes in the number of accidents, the number of dead and wounded by months of the year. The corresp...
	Fig. 3. Distribution of the number of accidents by months of the year
	As can be seen from Figure 3, the monthly total number of road accidents in the Kharkiv region from 2019 to 2021 was approximately constant, taking into account some seasonal changes. The largest number of cases was recorded in December, which can be ...
	Fig. Figure 4 shows the distribution of the number of road accidents with victims by months of the year. In general, the picture of changes in this indicator is similar to the previous one, but the values for 2023 are almost equal to the values for th...
	Fig. 4. Distribution of the number of road accidents with victims by months of the year
	The distribution of the number of fatalities in road accidents by month in 2022 (Fig. 5) also shows a sharp drop in this indicator in March. However, the death toll rises sharply the following month and reaches the pre-war average by August. It can al...
	Fig. 5. Distribution of the number of fatalities as a result of road accidents by months of the year
	An analysis of the monthly change in the number of injured as a result of road accidents (Fig. 6) shows that in 2022 there was also a sharp drop in this indicator in March and its further increase with reaching pre-war values by December. In 2023, by ...
	Fig. 6. Distribution of the number of injured as a result of road accidents by months of the year
	Thus, having evaluated the above results in totality, we can say that 2022 can be called a transitional year for the Kharkiv region in terms of traffic functioning, when both residents and transport infrastructure adapted to the conditions: from the t...
	Analysis of the distribution of road accidents by type
	The analysis of the distribution of accidents by type is aimed at identifying the features of traffic conditions that have an impact on safety and can contribute to the occurrence of various types of accidents. Determining the frequency of occurrence ...
	Table 2. Distribution of road accidents by type in Kharkiv region in 2021
	Table 3. Distribution of road accidents by type in the Kharkiv region in 2023
	As a result of the analysis of statistical data, changes in the structure of types of road accidents during martial law compared to the previous period were established. Since, as noted above, there was a significant outflow of population from the cit...
	Displaying the data in the form of a bar graph allows you to visually assess the relative shares of different types of accidents in their total number for both periods of the study (Fig. 7 and 10). Figure 7 shows the distribution by type of the total ...
	Fig. 7. Distribution of the total number of road accidents by type
	As you can see, in 2023 compared to 2021, there was a 10% decrease in the relative share of collisions, with an increase of almost 7% in the relative share of collisions with obstacles and a 2% increase in collisions with pedestrians.
	The distribution of the number of accidents with victims by type is presented in Fig. 8.
	Fig. 8. Distribution of the number of road accidents by victims by their types
	Here we can note an increase of almost 8% in the relative number of collisions with obstacles and a decrease of 5.5% in the share of collisions with pedestrians.
	Figures 9 and 10 illustrate the breakdown by type of accident, respectively, of the number of people killed and injured as a result of road accidents.
	Fig. 9. Distribution of the number of fatalities in road accidents by their types
	Fig. 10. Distribution of the number of injured in road accidents by their types
	Similarly, in 2023, we can state an increase in the relative number of deaths (by 8.5%) and injuries (by 5%) as a result of a vehicle hitting an obstacle. At the same time, the relative number of dead and injured as a result of hitting a pedestrian de...
	Thus, it can be stated that the structure of the distribution of accident and mortality rates by types of accidents under martial law as a whole has not undergone significant changes, at the same time there has been an increase in the relative weight ...
	Analysis of changes in the severity of road accidents
	Relative indicators of severity help to assess the negative consequences of accidents for society and are important characteristics of the level of traffic management. These indicators also make it possible to quantitatively identify and compare the s...
	There are several methods for calculating the relative severity of road accidents, such as average severity (MRT), severity and loss rating (IRL), and others. In addition, severity indices can be used, which include the number and severity of injuries...
	One of the most accessible methods is the calculation of the so-called accident severity coefficients [15]. These coefficients are obtained by comparing the number of fatalities or injuries and the total number of events in the region and, depending o...
	To assess the level of social danger from traffic, the social risk indicator RH (human risks) is widely used, which is the relative number of fatalities in road accidents per 100 thousand inhabitants:
	where Np is the average population of the region in the reporting period.
	It can be seen that the coefficients and  reflect, respectively, the average number of dead and injured per 100 cases of road accidents. The coefficient  characterizes the relative mortality among the victims. The value  shows the average number of de...
	As a result of the calculation of these coefficients, the graphs presented in Fig. 11, 12, and the values themselves are given in Table 3.
	Fig. 11. Change in the coefficients of severity of road accidents by years for Kharkiv region
	Fig. 12. Change in relative mortality among victims and the value of social risk of road accidents by years for Kharkiv region
	Figure 6 shows that during 2019 - 2021, the coefficients  and  almost did not change, while under martial law there was a significant increase in these indicators.
	Table 3. The values of the coefficients of the severity of road accidents and the value of social risk are calculated
	This indicates that the accidents that occurred in the region during 2022 and 2023 were more severe.
	Figure 6 also shows an increase in relative mortality among victims of road accidents, as well as the value of social risk during martial law. At the same time, as noted earlier, in terms of the absolute number of deaths, the peak was in 2021.
	As can be seen from Table 3, under martial law, the relative risk of death or injury to a person in an accident increased by 105% and 49%, respectively. Relative mortality among victims increased by 38%, and the social risk of death in road accidents ...
	Conclusion
	The conditions of martial law usually lead to a violation of the stable mode of operation of the transport network and an increase in the risk of accidents due to the formation of additional danger factors. Among the main ones are damage to transport ...
	As can be seen from the results of the analysis, at the end of 2022, there was a decrease in the total number of road accidents in the Kharkiv region, as well as the number of deaths and injuries. In the following 2023, the total number of road accide...
	The study of the distribution of statistical indicators of road safety by months of the year for the periods of 2019 - 2023 showed a sharp decrease in the number of accidents in March 2022, and its uniform increase from April to the end of the year. D...
	The structure of the distribution of accident and mortality rates by type of accident under martial law as a whole has not undergone significant changes, but there has been an increase in the relative weight of such a type of accident as hitting an ob...
	Thus, the identified differences in the accident and mortality rates on the roads of the Kharkiv region in 2023 compared to the periods before the start of the armed conflict indicate a change in traffic conditions, as a result of which, with a decrea...
	The analysis of changes in the coefficients of the severity of road accidents and the social risk indicator showed that during the period of martial law, the relative risk of death or injury of a person in case of an accident increased by 105% and 49%...
	Since the Kharkiv region is likely to continue to be a zone of possible hostilities until the end of the armed conflict, the conditions for the functioning of its transport network will not change. Therefore, the population of the region will continue...
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