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The aim is to review the impact of climatic
manifestations on the indicators of the transport
sector and analyze ways to reduce it. Transport is
one of the most weather-dependent sectors of the
national economy. All sorts of climate change,
whether high or low, in one way or another
negatively affect the performance of the transport
sector and additional sources of funding are
required to reduce their impact. The transport sector
has traditionally been predominantly publicly
funded area. This is due to the strategic importance
of the transport infrastructure for the socio-
economic development and the defense capability of
the country. Today the main sources of funding are
subsidies and subventions from the state budget, tax
revenues and additional (alternative) sources. One
of the mechanisms for raising funds can be public-
private partnerships and legislative consolidation of
tax benefits for recipients of donations to the
transport sector. Among the representatives of
private capital there is a number of entrepreneurs
who are directly interested in the development of
transportation as a part of their business.
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Of all sectors of the economy, transport is one
of the most dependent on climatic conditions, and it
is vulnerable not only to extreme events, but also to
the so-called “slow-moving” adverse processes [1].

All climatic manifestations in one way or
another negatively affect the efficiency of the
transport sector. The most significant are:

v’ heavy rains;

v fog;

v' snow drifts;

v" snow avalanches;

v blizzards;

v' sandstorms, etc.

On the other hand, heavy rainfall affects the
condition:

v’ roads and railways;

v’ bridges;

v' tunnels;

v' drainage systems.

The Republic of Tajikistan is characterized by
the following factors affecting the efficiency of the
transport sector;

v’ frequent temperature changes destroy the
road surface;

climate,
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v" heat waves and very hot days can cause
thermal expansion of joints in bridges, warping of
road surfaces and deformation of railway tracks.

v" high summer temperature causes softening
of the asphalt pavement, and also lead to restrictions
on the take-off weight of air transport, especially in
high-altitude airports with insufficient runway
lengths, that leads to flight cancellations or reduced
payloads;

v/ warming in the mountains can lead to the
melting of glaciers, which in turn can cause
mudflows and the destruction of transport
communications;

v" heavy rainfall in the form of snow or rain
can overload drainage systems, wash roads, damage
railway embankments and cause landslides. It can
also lead to the failure in the mode of operation of
the entire transport sector;

v/ overall reduction in precipitation can
exacerbate drought and put infrastructure at risk of
forest fires and, as a result, landslides. Visibility at
airports close to fire hazard areas will decrease.

Weather and climatic factors (for example,
negative phenomena) affect the condition of roads
and traffic conditions as follows:

v' The coupling qualities of the coating are
reduced, the interaction of the vehicle with the road
is changing, the evenness of the coating is
deteriorating under the influence of precipitation,
ice, fog, high humidity and other factors.

v Resistance to movement increases due to
deposits of snow, dirt, roughnesses on the road, as a
result of which the free power of the car engine is
reduced.

v' The shape and appearance of the
carriageway and roadsides, the parameters of the
transverse profile due to snow deposits and the
formation of coastlines change, which leads to a
change in the perception of the road by the driver.

v' The meteorological visibility during the
period of fogs, precipitation, snowstorm, dust
storms, blinding action of the sun is reduced, which
leads to a change in the perception of driving
conditions by drivers.

v' The operational and technical qualities of
vehicles are deteriorating, especially systems that
provide comfort and safety, which include the brake
system, steering, visibility, and the alarm system.
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The main impacts of hazardous geocryological
processes on objects of transport infrastructure can
be divided into three groups [2] [3]:

1) pressure on the perceiving surface of
transport structures, due to shifts of large tracts of
soil (landslides, curums, etc.);

2) the formation of voids in the soil, which
leads to a significant change in the stress-strain state
of the transport object or its foundation
(thermokarst, erosion processes, karst, etc.);

3) violation of the road and railroad tracks,
aerodrome coatings, infrastructure of sea and river
ports (ice, flooding, etc.).

Transport is one of the most weather-dependent
sectors of the economy. This is especially true for air
transport, which requires the most complete, detailed
weather information, both about what is observed
and what is expected from the forecast, to ensure
normal operation. The specificity of transport
requirements for meteorological information lies in
the breadth of weather information - the routes of
air, sea vessels and automobile cargo transportation
have a length measured in many hundreds and
thousands of Kkilometers; in addition, weather
conditions have a decisive influence not only on the
economic performance of vehicles, but also on
traffic safety; life and health of people often depend
on weather conditions and the quality of information
about it.

Natural disasters affecting the functioning of
transport:

1. Avalanche - fast descent or collapse
(collapse) of snow cover from a steep mountain
slope.

2. Sel is a stream of stones, mineral particles
and rock fragments, descending from the hills due
to the rapid melting of snow or prolonged rainfall.
In common parlance, the mudflow is called a “mud
stream”.

3. A landslide is the separation and fall of
large masses of rocks on the steep and steep slopes
of the mountains.

4. Rockfalls.  Separation of scree -
accumulation of stones on the slopes of mountains
and rocks, as well as accumulation of rock
fragments of various sizes on the slopes or at the
foot of mountains and hills.

5. Flooding - water flooding of the area
adjacent to the river and other significant water
sources. Because of floods, significant material
damage is caused, damage to human health,
including death.

6. A hurricane is violent storm with a circular
winds of at least 120 km per hour.. The
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destructive power of hurricanes is created by a very
high-speed wind, which carries significant masses
of water, mud and sand.

7. Tornadoes, in contact with the surface of
the earth, cause the same damage as severe
hurricanes, but in much smaller areas.

8. Dust storms caused by the wind, with a
speed of 62-101 km. per hour, cover fields,
settlements and roads with a layer of dust and sand.

9. A blizzard is one of the varieties of a
hurricane, characterized by significant wind speeds,
which contributes to the movement of huge masses
of snow through the air, has a relatively narrow
range (up to several tens of kilometers). During a
storm, visibility sharply deteriorates, both intercity
and intercity transport communications may be
interrupted.

The most typical natural disasters for the
conditions of the Republic of Tajikistan are:
avalanches; sat down; landslides; rockfalls and
floods.

To protect the transport infrastructure from
the negative impact of emergency situations, a
series of measures are being taken to prevent
damage to airports, roads, structures at them and
vehicles to ensure convenient and safe traffic.

Preventive measures for protection against
mudflows include:

1. Prohibition of blasting in the area of
possible mudflows (when laying roads and
railways);

2. Prohibition of quarrying for the extraction
of sand, clay, stone in the mudflow zone with
blasting;

3. Prohibition of civil and military-technical
construction of buildings and structures in the
mudflow zone;

4. Monitoring the condition of the slopes;

5. Protection of mountain pastures, forest
stands (trees, shrubs) and grass on the slopes;

6. Installation of warning signs
inscriptions in and near the mudflow zone.

7. Planting trees and shrubs with a powerful
root system directly in the mudflow zone and
around the perimeter of its upper part;

8. The construction of special engineering and
hydrotechnical facilities that either delay the mass
of rocks or divert them away from buildings and
roads.

There is a set of means to protect roads from
avalanches. Most of them should be provided at the
design stage and implemented during its
construction. All structures, devices and means of

and
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protecting roads from avalanches by their purpose
can be divided into five groups:

1. The first (way of solution) group of means is
designed to prevent snow from getting during the
blizzards to the avalanche slope, to keep it on the
approach to the slope (for this purpose snow-holding
forest stands or fences on mountain plateaus suitable
for steep slopes are arranged).

2. The second (way of solution)group of funds
is designed to prevent snow deposits on the top of the
avalanche hazardous slope, to remove snow from this
site (for this purpose, fences of snow-transmitting or
snow-blowing action are arranged).

3. The third (way of solution) group of tools is
designed to keep the snow on the slope, to prevent or
slow down its slipping (for this purpose they arrange
terraces, earthen ramparts and dams, install snow-
retardant fences, kolktafely, planted on the slope of
afforestation).

4. The fourth (way of solution)group of means
is intended to reduce the mass and energy of a
descending avalanche, to divide it into parts and to
direct their movement in different directions, to
reduce the speed of movement, to take the impact of
an avalanche on oneself (for this purpose avalanche
cutters, fenders and fenders with snow protection
dams).

5. The fifth (way of solution)group of tools is
designed to let an avalanche flow over the road (for
this purpose, avalanche galleries, canopies and
tunnels are built).

Measures to prevent and reduce damage from
landslides, rockfalls and landslides.

1. Observations of the condition of the slopes;

2. Prohibition of construction in areas of
possible landslides and landslides;

3. Protection of mountain pastures, plantations
and grass on the slopes;

4. Planting trees with a branched root system
and deeply penetrating roots in combination with
shrubs. Such plantings in zones dangerous for
landslides and landslides give a double effect: firstly,
they strengthen the soil with roots, and secondly, they
actively absorb water, preventing overmoistening;

5. The construction of special engineering and
hydrotechnical facilities in order to avoid the
descending mass of landslides and landslides over
the road (galleries, canopies and tunnels).

Important measures to protect
communications from floods are:

1. The construction of special flood-control
reservoirs that are used to redistribute the maximum
runoff of their useful volumes;

2. The construction of enclosing dams (shafts);

transport
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3. Carrying out channel straightening works;

4. Plowing land across slopes and planting
forest shelterbelts in river basins;

5. Terracing of slopes, preservation of woody
and shrubby vegetation;

6. Construction of mountain roads at a
considerable height from the level of rivers.

As follows from the above analysis, in order to
reduce the negative impact of climate change on the
transport sector, it is necessary to take appropriate
measures that require significant investment.

— International cooperations play an important
role in mitigating the effects of climate change,
contributes to the implementation of the main
provisions of the National Program at the national
level and includes:

— increasing the country's potential in climate
change activities;

— expanding cooperations with foreign and
international partners on the implementation of
measures developed by the UNFCCC to reduce
emissions of GHG (greenhouse gases);

— attracting foreign investments to adapt the
transport sector to climate change.

The transport sector has traditionally been an
area mainly funded by public funds. This is due to
the strategic importance of transport infrastructure
for socio-economic development and the country's
defense.

Today, the main sources of financing are
subsidies and subventions from the state budget, tax
revenues and additional (alternative) sources.

In addition to allocations from the state fund,
financial support is provided from private capital,
external investments, income from toll roads, bond
loans and voluntary donations.

One of the mechanisms for raising funds may
be public-private partnerships and legislative
fixation of tax benefits for recipients of donations to
the transport sector. Among representatives of
private capital there is a layer of entrepreneurs who
are directly interested in the development of
transportation, as part of their business.

Total spending for the medium term from 2015
to 2030 is projected at $ 6671.5 million. Medium-
term expenses until 2030 are distributed as follows:
roads require $ 2,400 million, railways require $
3,400 million, and civil aviation require $ 680
million. The state’s contribution in this period is
estimated at $ 3,760 million, which will be spent on:
roads - $ 1,600 million (including $ 912 million for
maintenance), and $ 2,100 million for railways (in
including 42 million US dollars for maintenance),
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for civil aviation - 240 million US dollars, for the
development of container terminals and logistics
centers for multimodal transportation - 60 million
US dollars [4].

It is estimated that the remaining $ 2,900
million will be financed from external funds until
the establishment of self-sufficiency mechanisms.

Long-term expenses are associated with the
construction of strategic railways, the establishment
of unmanned aerial vehicles in the Republic of
Tajikistan, the restoration and construction of
airfields and container terminals, the further
development of road, rail and air transport, the
construction of the subway in Dushanbe.

Risks of climate change for transport
communications

1. Climate change risks for transport
communications in our country may arise as a result
of:

— increase in temperature;

— changes in precipitation;

— changes in wind speed;

— increase water levels in rivers, floods;

— changes in solar radiation;

— melting glaciers;

— excessive snowfall,

— avalanches;

— sat down and landslides.

Climatic risks can become apparent during the
implementation and operation of the project, lead to
losses for the infrastructure, reduced productivity, or
lead to higher maintenance requirements and costs.

2. Extreme climatic events can increase the
risk of stopping the transportation process.

3. Achange in flow direction due to changes in
precipitation can have a serious impact on road
infrastructure. There may be direct damage during
and immediately after precipitation. They can
generate problems for the structural integrity and
maintenance of roads, bridges, drainage systems and
tunnels, which necessitates more frequent repairs
and reconstruction.

4. Frequent temperature changes destroy the
road surface. An increase in the frequency and
severity of hot days can lead to a rut on the roads, as
well as the outflow of liquid asphalt (flushing and
flow) on the pavement of old or poorly constructed
roads. The increase in frost-thaw cycles in the
mountainous regions of the country can increase
road degradation.

5. Climate change is a reality and the motor
transport sector with its infrastructure, as the main
sector of the country's transport sector, must be
resistant to climate change.

Table 1.

Hazards, vulnerabilities and adaptive capacity of Tajikistan's transport sector to climate change.

Climate change

Dangers

Sector vulnerability

Adaptation potential

Warming in Central Asia is
above global average

The increase in average
temperature in the lowland
regions from 0.5 to 0.8 ° C
and temperature in the
mountainous regions from
0.3 to0 0.5 ° C over a period
of 60 years

* Melting glaciers;
* Rural landslides

An  increase in  the
frequency and severity of
hot days and a decrease in
summer precipitation

The number of hot days
increased but decreased
with precipitation.

An increase in  the
frequency and severity of
hot days can lead to a rut
on the roads, as well as the
outflow of liquid asphalt
(flushing and flow) on the
pavement of old or poorly
constructed roads.

temperature increase
precipitation changes;
changes in wind speed;
rising water levels in rivers,
floods;

changes in solar radiation;
melting glaciers;

excessive snowfall,

Expert estimates of
expected climate change
suggest an increase of 5-14
percent, as well as fumes of
10-20 percent

Inadequate availability of
water  for  agricultural
production.

A very limited
understanding of exactly
how these climate changes
will affect people, life and
livelihoods in Tajikistan.
Poor understanding coupled
with  limited  resource
problems has led to poor
adaptability to climate
change. These problems are
compounded by the fact
that in almost all areas
there is very little scientific
evidence and data, which
makes the adoption of
adequate adaptive measures
impossible.

Gaps in  the main
institutional structures
include:

- Lack of climate change
risk integration in the
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Climate change

Dangers

Sector vulnerability

Adaptation potential

avalanches;
sat down and landslides.

Decrease in snow cover and
ice

Long periods, for example,
from  1970-1984, low
rainfall.

Direct impact on the
availability of water in
rivers, the size of floods
and the level of moisture in
the soil, which leads to less
available water, for other

sectors - energy and
agriculture
An increase in the Heavy rains, floods caused | « Difficulties in agriculture,
frequency and intensity of | by mudflows, high air problems such as

extreme events, in
particular, heavy rains
causing landslides and
severe floods

temperatures, accompanied
by droughts, strong winds
and dust storms, frosts and
extreme cold temperatures
cause the greatest damage
to agriculture.

irreparable damage to the
cotton crop, especially in
spring.
* Flood
precipitation to
irrigation infrastructure
e Hail damages plants,
breaks stems, reducing the
quality and yield of crops

increase causes
fill

framework of national
development strategies and
sectoral investment plans.

- Weakness of national
systems for the collection

and processing of
meteorological and
hydrological data, with

serious consequences, SO
that the immediate and
long-term climate change
trend can be analyzed, as
well as limited access to

climate change
information;

-  Low awareness of
government officials,
academic institutions,

business and the public
about the negative effects
of the risks and impacts of

climate change, as well as
limited technical skills
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TABCUPHU TAFUPEBUH UKJINM BA
®ABOJMUATH BAXIIIN HAKJIUET BA
POXXOU KOXHUII JOJAHU OH
M.A. Aooynnoes (Mamaoamon Ab6oynno)

Makcang acocuM — Makojau UH
bappacuu 3yXypOTH ba

HUIIOHINXAHIAX0U CEKTOPH HAKJIHUET Ba TaXJIWIN

MasKyp,

TabCUPU HUKJIUM
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POXXOHM KOXHMII IoJaHW OH MeOomran. Haxmuér
SIKE a3 COXAaXOW HMKTHCOAW MHJUIA MeOOomaj, KU
(havoNMATH OH a3 MKJIMM BoOacTaruu xamarapada
Jopan. Tariiupu UKIUM, Aap KajoM IIakje, KH
Habomab,0a uH € oH Tap3, 6a dabonuATH Oaxiu
HaKIMET TabCcHpW MaH(@ MepacoHaH7 Ba Oapown
KOXWII JIOAaHW TabCHPH OHXO MaHOabXOH
nioBaruu MaOiarry3opii Tainad Kapaa MemaBaj.
Coxan HaKkIUET TabpUXaH , COXTOPH JaBiaTi
Oynma, acocaH a3 4OHMOM JaBiaT MaOJarry3opi
N  0Ga

WHPPACOXTOPH  HAKIMETH

MemaBasi. axXaMHuATHu CTpaTeruun
Oapou  pyIau
WYTHUMOMIO UKTHUCOJIA Ba KOOMIUSATH My 10(praBun
kumBap Bobacta act. UmMpy3 MaHOabXOM acoCuu
Mabmarry3opit, cyOcHIusIXo Ba CyOBEHCHSAXO a3
xycoOu OydeTw IaBiiaTH, JAapoMajXxOoW aH/I03 Ba
MaHOabXOW WJIOBari (aJiTepHATUBA) MeOOIIaH/I.
Ske a3 MeXaHM3MXOH YaIOu MalJaF WH MIapUKUU
60 xXycycit
KOHCOJIMAATCUSIM KOHYHTY30P# aHAap UMTHE3XOU

naBiaT CapMOosITy30pOHHU Ba
aHmo3 Oapow THpaHAAroHW Xaiipus nmap Oaximm
Hakér mebomran. [lap OaitHm HaMOSHAArOHU
KamuTanmu Xycycit KaTtop

XacTaHJI, Ku OeBocHTa 0a Py HAKINET XaMIyH

SIK COXUOKOpOHE
SIK KICMH THYOPATH Xy MaH(pHUATIOpaH]I.

Kanmumaxou kanuai: HakauéT, HHYPAcOXTOp,
WKJIUM, CaMapaHOKi, IIApUKUHU JaBiaT Ba Oaxiiu
XYCYCH.
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BJIUAHUE UBMEHEHUS KJIUMATA HA
PABOTOCHHOCOBHOCTDb
TPAHCIIOPTHOI'O CEKTOPA U IIYTHU
EI'O CHUKEHUA
M.A. Aooynnoes (Mamaoamon Aboynno)

OcHoBHass 1enb —  0030p  BIIMSHHE
KJIMMaTHYECKUX MIPOSIBJICHUM Ha
PpaboTOCIIOCOOHOCTh TPAHCHOPTHOTO CEKTOpa U
aHaIu3 IyTH €r0 CHIKEHUs. TpaHCcHopT - o/1HA U3
HambOoyiee 3aBUCHUMBIX OT TIOTOABI OTpacien
HapoAgHOro xo3diictBa. Bce kinmaruueckue
MPOSIBIICHHUSI TaK WM WHAaue OTPUIATEIHHO
BO3JICUCTBYIOT Ha paboTOCTIOCOOHOCTH
TPAHCIIOPTHOI'O CEKTOpa M Ui CHH)KCHUS UX
BO3JICHCTBUS TpedyeTcs JIOTIOJTHUTEIILHBIC
WUCTOYHWKU  (uHaHCUpOBaHMs. TpaHCHOpTHas
chepa  TpamWUIIMOHHO  SABISETCS  OOJACTHIO,
MPEUMYIIECTBEHHO (UHAHCUPYEeMOW 3a CcYeT
rOCYy/IapCTBEHHBIX CPEIACTB. OJTO 00YyCIOBIECHO
CTpaTeTWYeCKUM  3HAY€HHEeM  TPaHCIOPTHON
HHPPACTPYKTYPHI TSt COIlMAIbHO-
SKOHOMHUYECKOTO pa3BUTHUS u
000pPOHOCTIOCOOHOCTH CTpaHbl. Ha ceromHsmrHwmiz

JC€Hb OCHOBHBIMH NCTOYHHKaMU (bI/IHaHCI/IPOBaHI/IH

ABISIIOTCA ~ cyOcuamum u cyOBeHIMH U3
roCyJapCTBEHHOTO OroKera, HaJIOTOBBIE
MOCTYTUICHUS u JIOTIOJTHUTENbHBIE
(anmpTepHaTHBHBIC) MCTOYHMKH. OpHUM U3

MEXaHU3MOB IIPUBJICUCHUSI CPEICTB MOXKET CTaTh
roCy1apCTBEHHO-YaCTHOE MapTHEPCTBO u
3aKOHOJIaTEJIbHOE 3aKPEeIJIeHHE HAJIOTOBBIX JIBIOT
IUISL apecaToB MOXXEPTBOBAHUN B TPAaHCIIOPTHYIO
chepy. Cpemm  mpeacTraBHTENel  YacTHOTO
KaluTajla  ecTb  CJIOM  NpeJIpHHHUMATENEH,
KOTOpbIE HAIIPSAMYIO 3aMHTEPECOBAHBI B Pa3BUTHU
TPAHCIOPTHBIX MEPEBO30K, KaK COCTaBIIAIOLICH
CBOEro Om3Heca.

Karouessbie ciaoBa: TPaHCIIOPT,
UHPpaACTPyKTypa, KIMMaT, paboOTOCIOCOOHOCTS,
roCy1apCTBEHHO-YaCTHOE MapTHEPCTBO.
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METHODOLOGY OF OPTIMIZING PLACEMENT OF MOBILE CAR SERVICE STATIONS
IN SPARSELY POPULATED AREAS
O. K. Bobobekov
Tajik Technical University named after M.S.Osimi

The article deals with the development of a
method of optimizing placement of mobile car
maintenance stations (MMSs) in sparsely
populated areas. The method includes the analysis
of the territorial location of settlements, number
of vehicles in those settlements, calculation of the
MCSS travel time between settlements,
determination of the optimum base site for MMS
by a series of criteria.

Key words: method, mobile car service,
optimizing, sparsely populated areas.

1. Introduction: The necessity of the
development of a method of optimizing placement
of mobile car maintenance stations (MMSs) is
caused by undercoverage of cars in sparsely
populated areas with technical services, therefore,
the number of road traffic accidents (RTAS)
increases due to faulty condition of vehicles. One
of the main measures to ensure operability of
vehicles is carrying out scheduled maintenance
including obligatory state maintenance [1]. In the
Republic of Tajikistan, there are many sparsely
populated areas, for example, to the Republic of
Tajikistan, in which the creation of points
maintenance is not economically feasible [7].
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Therefore, creation of mobile maintenance
stations makes sense, temporary base sites of
which will be in direct proximity to the territorial
placement of vehicles.

2. Main text:The territorial placement of
mobile car maintenance stations base sites is
defined by three factors:

e demand of the population for maintenance
in mobile stations;

e territorial dispersion of settlements where
vehicles are situated;

e technical capabilities of rendering this
service by means of MMS.

When solving tasks of choice of the optimum
territorial  placement of service facilities,
geoinformational technologies [1] and linear
mathematical programming methods [2, 3] are
applied.

Let us assume that according to the
administrative territorial division, there are N
districts in the region. Each district is the location
of consumers — owners of vehicles, living in n
settlements. Let us denote the time of accessibility
to mobile car maintenance stations base site j for
inhabitants of settlement i through tj. The total



