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ANNOTATION

World car park never stops growing. This process entails transport problems.
Mostly, this problem occurs in cities with already established buildings. There has
been a rapid increase in transport delays, and a delay leads to congestion, as a
consequence.

This process "slows down" the movement of vehicles, as a result there is a
decrease in the speed of transports, a considerable over-consumption of fuel, wear of
vehicle parts, and an important factor is the deterioration of the ecological situation in
the street-road network. Air pollution of our mega-cities is one of the major ills of the
big cities in Kazakhstan. Due to the fact that they are too narrow, and even with a lot
of crossroads and traffic lights, cars often have to stop, spend hours in traffic.

At each intersection and in the places of congestion, the amount of automobile
emissions goes off scale, this occurs under idling and speed dialing modes at this time
the maximum volumes of exhaust gases and harmful substances are released into the
atmosphere.

From these infromation it is clear that cars especially pollute the air
environment by frequent stops and by driving at low speed, mostly at intersections.

Almost all the developed models related to the topic of congestion have a
number of limitations, it is difficult to apply for the management of traffic flows in
cities. All this led to the need in research, and also confirms the relevance of the

chosen topic.
Keywords: car, transport, congestion, throughput, intersection,

motorization, highway, road network.



TYWUIH

JyHuexy3iHmeri aBTOKesdik mapki yHemi ecy ycTinge. Byn mporecc kesik
npoGieMalapsIHEIH TYBIHAAyBIHA 9Ken coraibl. KebiHne o, YJIKeH FUMaparTaphl
6ap, ipi MeramonucTepre ToH KacHeT. ABTOTpadMKTIH KONTiriHEH jkoHe OailiaHbIC
XKBIIIAMOBIFBIHBIH ~ TOMEHIEYi HOTHDKECIHZE, KON  KO3FambicTapel  Gasyuar,
ABTOKENTEIICTEP apKACKIHAA Ke3eKTep TyblHAaikAbl. XaHap-xarap MaibIH IIEIFEIHEI
kebeitin, Kedik Kypan OenmekTepiHiH To3ysl apTaabl. OCBHIHEIH GapibIFEl Kelile-
YKOJLIAPHIHEIH XKYMeCiHiH TO3ybIHA, SKOJOTHANBIK JKarJailblH HallaplayslHa SKEI
COKTBIpafbl.

KasakcTanzarel ipi KamanapiblH KeOiHIE KeOJIKTepJeH TaparaH 3HSAHIBI
rasgapiaH atMocQepalblK ayaHbIH JIACTaHYBl Herisri «0ac apyblHa» aHHaJFaH.
OliTKeHi onapIBIH Kelesepi ecKi CoylIeTTik sxobanapMeH canblnraH. Keluenepi Tap,
KMBUIBICTAD MEH OarmapliaMiapibIH KeNTiriHeH KeNiKTepAiH TOKTam ypyi
XUiTeHeNi, X0 Kypy epexenepi Gy3puibil, KenTenicTep kebereni.

Ocpiran GaiilaHBICTH! Ka3ipri TaHa aBTOKENTENICTEp KalalbIK JKepiepae,
TacKIManzay KO3FAlbICHIH Gackapy YIUIH KONTereH KUBIHABIKTAp TYFBI3BII, TYpI
[eKTeyIepMEH JKail KO3FANBICTHIH HITIDKECIHAE aBTOKOMIKTEPACH MIBIKKAH SHSHIbI
3aTTap ayaHsl JiacTayJa.

Kasipri ke3Je aBTOKENTEIICTep KaNaJBIK XEPIEpAe TaCKIMaLIAy KOSFaIBICHIH
Gackapy YIIiH KHBIHIBIK KENTipyiHe OaillaHBICTEI TaKBIPBINKA apHAJFaH yJrinep,
KOITereH IuexTeyiepMeH epekmeneHeni. JKorappiia aWTHUIFAHHBIH 69opi ocH
3epTTeY HYMBICHIHBIH KXETTIIIr{H TYBIHAATHI, TaHAaFaH TaKBIPBIITHIH ©3EKTLNIriH

HAKTBUIAMIBI.

Kairrik ce3aep:
ABTOKOIIIK, TachIMaJiay, KHBUIBICYBI, KenTelnic, aBTOTHIFBIM,

MEXaHu3aluusA, XOJI TOpa6I>I, CBIMBIMABLIBIFBI, TACXKOJI.



AHHOTAIMSA

MupoBoii mapk aBToMoOuiel He IMEpecTaeT IOCTOSHHO YBEJIHYHBATHCA.
DTOT npouecc BieyeT 3a coboit TpaHCOpTHEIE NpobieMel. Yaile BCEro MaHHasA
npobJieMa BO3HMKAaeT B TropoJax C YyXe CIOXHUBLIeHcS 3acTpoHKoH. 3aech
HPOUCXOAUT CTPEMUTENBHOE yBEJIUYECHHE TPaHCIIOPTHEIX 3aJIepKeK,
«3apOXKAAIOTCA» 3aTOPhl, KaK CJIEANCTBHE, BO3HUKAIOT OYepeAd. OTOT IMpolece
«TOPMO3UT» ABW)XEHHE TPAHCIIOPTHBIX CPEACTB, B pE3YJbTaTe€ YEro MPOUCXOAUT
CHIDKECHHE CKOPOCTH COOOLICHUA, 3HAYUTENBHBIA NEpepacxol TOILIMBA, M3HOC
IeTaNell TPaHCIOPTHHIX CPEACTB, @ €I€ HEMaJlo BaXHBIA (GaKTOp yXyAlIeHue
9KOJIOTHYECKON CUTyalluy Ha YIUYHO-AOPOXKHOMI CETH.

3arpsa3HeHus aTMoc(ephbl HalllMX METranojMcoB aBTOMOOMIIBHBIMU BEIOpOCAMH
KpoeTcs B OQHOM M3 riaBHBIX 6el KpymHBIX ropoios Kasaxcrana. W3-3a Toro yto
OHM CJIMIIKOM y3KHE, Ja €lmé U C MHOXECTBOM NEPEKPECTKOB U CBETO(OpOB,
aBTOMOOMIIAM NPUXOMMTCS YaCTO OCTaHABIMBATHCA, YacaMH CTOATH B mpobkax. Ha
Ka)KIoM cBeTo(ope U B MecTax oOpa3oBaHMs 3aTOPOB KOJIMYECTBO aBTOMOOHMIIBHEIX
BHIOPOCOB 3alIKANTMBAET, MOCKONBKY NPU PEeXHMMax XOJNOCTOro xoiaa M Habopa
CKOPOCTH B aTMOC(EDPY BBIIENAIOTCS MAKCUMANLHBIC 0GBEMBI BEIXIOMHEIX Ia30B.

W3 5THX JAHHBIX CJIEAyeT, YTO aBTOMOOWIM OCOOEHHO CHIIBHO 3arpsA3HsIOT
BO3ZYLIHYIO CPEAy NMPH 4acThIX OCTAHOBKAax W IPH ABIXEHHM C MaJIOH CKOPOCTEIO,

yaime BCEro 3TO MPOMCXOAUT Ha NMEPEKPECTKAX.
IIpakTHyeckH BCe pa3paboTaHHBE MOJENH, CBA3aHHBIE C TEMAaTHKOM

3aTOpPOB MMEIOT DSl OTPAHMYEHHH, TPYAHO NPUMEHSIOTCA AN YNpaBICHHA
TPAHCHOPTHBIMM IIOTOKaMK B TOPOZAAX. Bce 310 W mpuBeno K HEOOXOAUMOCTH
MPOBEEHYs HCCIIENOBAHMS, & TAKOKE ITOATBEPIKIACT AKTYAIIBHOCTD BBIOpaHHOM TEMEI.

KoueBble CJI0OBa: aBTOMOOWIb, TPaHCIOPT, 3aTOp, MpoOKa, MpOMyCKHas
CIIOCOGHOCTh,  NEPEKPECTOK,  ABTOMOOMIM3ALMA,  YIMYHO-AOPOXHAS  CETh,

MarucTpaib.
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INTRODUCTION

In Kazakhstan, congestion occurs due to low road capacity; Disorderly parking
of vehicles on the carriageway; Set of traffic lights and time wasting while waiting
for their switching; Lack of pedestrian lanes and indiscriminate street crossing by
pedestrians; Unpopularity of public transport; Culture of drivers, lack of mutual
respect; Disorderly movement of special equipment and heavy vehicles; Unregulated
carrying out of repair-civil work and improvement of a road strip.

Narrowing of roads (when 5 lanes pass into 2 or 3 lanes, thereby causing
motorists to rebuild at very low speed).

The exits at two-level interchanges without acceleration and rebuilding bands
form unregulated intersections, which inhibit the main and adjacent flows.

Unsatisfactory condition of the road (potholes, pits).

At each traffic light and in places of congestion, the amount of automobile
emissions goes off scale, since under idling and speed dialing conditions, maximum
volumes of exhaust gases are released into the atmosphere.

In Almaty, on the roads, as a rule, half of the first row is occupied by cars
parked in the wrong place, even if the left row is even more free, as it approaches the
intersection it stops moving, because not every intersection has a traffic light with an
additional arrow, and as a result, in one period Turn on average only 3-4 cars.

In addition, there are very few intersections in large cities of Kazakhstan,
where there is a separate section for turning left.

As a result, cars occupy a whole lane and significantly reduce the throughput
of the intersection.

To solve these problems, it is enough to prohibit the left turn at the intersection
and let the entire flow of vehicles to the right and forward, so that after driving to the
gap in the dividing strip wherever they tumn left, you can speed up the flow of cars

and keep the whole lane.



1 CORK CONDITION OF TRAFFIC FLOWS

1.1 Basic concepts of congestion

To date, there is no general concept of "congestion". Traffic experts say that if
within one or three cycles of traffic regulation the driver of the vehicle can move
through the intersection in any direction, then this situation can not be called a
congestion.

And if the cycle of traffic light regulation is 90 seconds and the driver of the
vehicle should wait for his turn on the road through the intersection of 3-5 cycles, this
phenomenon can be called pre-congestion.

Being in front of the intersection for more than 7.5 minutes, the driver of the
vehicle is in a harsh situation . In the expert dictionary - auto technology, the concept
of traffic congestion is interpreted as a delay in the movement of vehicles, caused by
a significant reduction in the capacity of a section of the road network.

The congestion occurs at a time when the intensity of arriving vehicles on this
section of the road exceeds the capacity of this section.

With an increase in density exceeding the capacity, the flow rate drops to zero,
which corresponds to the congestion.

The term "traffic congestion" is used in the traffic rules. It states that "it is
forbidden to go to the intersection or the intersection of carriageways, if there is a
congestion that will force the driver to stop, creating an obstacle to the movement of
the vehicle in the transverse direction".

Summarizing all the interpretations, it is possible to interpret "congestion" as a
road situation that causes the driver to stop, contrary to his desire to continue moving,
with the regulating mode permitting this movement.

In fact, not strict concepts on the term "congestion" are used, as a rule, use
obvious concepts that allow one to give subjective vague estimates of this
phenomenon.

The uncertainty of the criteria for this phenomenon partly explains the
uncertainty and ineffectiveness of the management impacts on road traffic in order to
prevent, detect and eliminate congestion [1].

As a rule, congestion is a negative phenomenon that appears as a result of the
impossibility of changing the geometric parameters of road network, as well as
increasing the intensity of movement. As soon as there is an increase in density and a
drop in speed (close to zero) - the operation of the road network becomes completely

inefficient (Figure 1).



Researchers in the field believe that as soon as the value of the traffic flow
intensity approaches the capacity value, the congestion will continue to spread, and as
a consequence, the "paralysis" of the street-road network occurs. [6]

It is known that when there are congestion in the traffic, the participants of the
movement have nervousness, fatigue and irritability. This has a negative effect on the
accident rate.

1.2 Causes of congestion

1.2.1 The influence of the growth of motorization on the occurrence of
congestion

The degree of saturation of the country with transports, which is defined as the
number of all vehicles per thousand inhabitants is called the indicator of
motorization. However, the most often used indicator of motorization, determined by



the number of cars per 1,000 people (Diagram 1). Practically in all countries the park
of cars constantly grows.

According to the database of the Ministry of Internal Affairs of the
Republic of Kazakhstan as of March 1, 2017, 4,425,770 vehicles are registered
in the state register. Thus, there are 250 cars per 1,000 people. Annually, about
540-570 thousand driving licenses are issued. In 2016, 563 thousand 956
certificates were issued, including 194 thousand 559 people for the first time.

At the same time, officially in Kazakhstan, 3 million 845 thousand 301
cars were registered. The population of Kazakhstan in 2016 approached 18
million people.

In 2000, the number of transport in the country did not exceed 1.3 million.
Of these, cars were 1 million 298 units. Then 14.8 million citizens were
registered in Kazakhstan. The level of motorization was 88 cars per 1000
people.

In 2010, the level of motorization in Kazakhstan was 189 cars per 1,000
residents of the country with a population of 16.3 million people.
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Diagram 1. The current level of motorization in the world as of February-
March 2017 (passenger cars per 1000 people)

Motorization includes directly as a positive impact on social development and
economic benefits, as well as negative aspects, such as a significant number of road
accidents, wounded, dead, significant damage caused not only to citizens, but to the
state as a whole. Also, this indicator adversely affects the environment, especially
when located in the ground state [4].



In our country, Almaty and Astana have the highest rate of motorization. In
these cities, the security of the population of cars is at the level of some countries in
Western Europe. So, according to the Ministry of Internal Affairs of the Republic of
Kazakhstan at the beginning of 2016, the level of motorization in Almaty is 342 cars
per 1,000 inhabitants, in Astana 319 [7].

Level of motorization in the subjects of the Republic of Kazakhstan revled
. 2000 | 2005 2010 | 2013 [ 2016
Subject name Level of motorization, auto / 1000
people.

Almaty 138 158 239 284 342

Astana 101 147 212 270 311

North Kazakhstan region 93 112 180 225 263

Kyzylorda Region 66 89 106 121 143

Country average 91 127 189 210 230

in the average in
e ation t0.2000 ] A2 23] 28

Statistics of the level of motorization in the subjects of Kazakhstan are
presented in Figure 2.
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Figure 2. The level of motorization from 2000 to 2016
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Figure 3. Increase in the level of motorization in relation to 2000

Even according to Kazakh standards, the Southern capital is not the most
motorized city in the country, in which the population grows faster than the car park.

On the other hand, there are a lot of new cars from other regions in Almaty.
The lowest density of cars in the Kyzylorda region is 143 cars.

Recently, there has been a strong growth in the automotive industry and an
increase in demand for its products in the Republic of Kazakhstan, as a result of
which the number of vehicles on the roads of Kazakhstan is significantly increasing,

However, measures to reduce the number of accidents do not make a
significant adjustment. The Government and the State Traffic Safety Inspectorate of
the Republic of Kazakhstan find it difficult to correct this situation by applying many
different methods.

1.2.2 Influence of geometric parameters Road traffic network is the
formation of congestion

Street-road network is a collection of streets and roads in a single transport
system of the city. Street and road network of the city, geometric and structural
parameters largely depend on some factors, such as population density, city planning
structure, traffic flow composition, loading level of road network sections, as a
consequence, the speed of cars in these sections, concentration and distribution of
pedestrian flows. Historical urban planning was not designed for the current situation
on the street road network. Significant changes in the speed and traffic intensity of
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the vehicle, as well as the dynamic characteristics of the vehicle, led to the formation
of a deficit in the area of the carriageway and an increase in the requirements for the
organization of traffic and technical facilities. The discrepancy between the level of
development of motorization and the level of development of the street road network
leads to the creation of inconvenience to the movement of the population of cities,
significant economic losses in transport, a decrease in the level of traffic safety, and
an increase in the negative impact on the environment.

The old street road network had to be prepared for the fast-growing traffic
flows that were formed as a result of the rapid pace of motorization indicators. At the
same time, all the disadvantages of the inadequate street road network immediately
appeared:

- the appearance of the vehicle on the existing carriageway, which moved more
than 10 times faster than the pedestrian flow, while conflict situations
developed;

- transport networks for the movement of route transport were built at the points
of attraction, i.e. in those places where there was a large number of real
passengers, i.e. along the main streets. These lines attracted even more
potential - pedestrians, going to and from stops. In this case, there has been an
increase in conflicts;

- arrangements for the preparation of the existing street road network for the
improvement of schemes (the arrangement of dividing strips, the reconstruction
of the carriageway, the arrangement of pavement paths, etc.) were only part of -
the positive effect, thus creating only additional questions in improving the
efficiency of the street network (construction of pedestrian crossings ). In
general, the existing problems were not solved.

In essence, it was necessary to adapt existing street networks not only to old
buildings, but also new ones. First of all, the faces were oriented not only to shops
and shopping centers, but also to residential buildings.

This situation again served as a source of causing transport conflicts between
cars and people.

The process of changing the functions of streets for the cities of North America
and Western Europe is very characteristic. In the 1960s and 1970s, in the city of Graz
(Austria), as a result of the growth in the number of individual vehicles, 28% of tram
lines were provided, a significant part of the sidewalks was used for parking. In the
current situation, the danger of pedestrian movements and bicycle rides increased.

In connection with the awareness of the need to preserve the environment and
the undesirability of increasing conflicts, it became necessary to create new town-
planning solutions. Progressive features of the formation of the street road network
were aimed at reducing conflict points. As a result:

1) the separation of the street road network according to the type of traffic, as
well as the separation of vehicles and pedestrian flows;

2) street road networks, which are intended for traffic flow, having an

increased speed are similar to transport highways;
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3) there is a similarity with the parameters of the mains (construction of
highways passing through the city);

4) lack of connection between residential buildings and highways;

5) carrying out the registration of provisions on environmental protection for
the construction of a road network.

The road network is one of the most important elements of the transport system
of any region. Observing the development level of the street road network, it is
possible to assess the overall economic development of the territory. The broadening
of the road network has a significant impact on the stabilization of the socio-
economic situation in the country.

Thus, the development of the transport system is one of the important factors
that stimulate the social and economic development of the city and helps reduce the
occurrence of traffic jams.

The decisive influence on the characteristics of the traffic flow, as well as the
state of traffic in urban areas is provided by geometric and planning configurations of |
the communication routes. Transport communications historically developed on the
basis of city streets and country roads, which were intended to a greater extent for the
movement of cartage transport. In the early twentieth century, reconstruction of
selected sections of the street network was carried out. Initially, the construction of
streets and roads designed for vehicles with large axle loads and high speed regimes
was carried out in the United States, and then in other countries, which included the
CIS countries. At the moment, some roads do not meet modern requirements [19, 8].

Streets and country roads must meet the requirements of the building codes and
regulations of the Republic of Kazakhstan. In this case, safe conditions for the
movement of the Transports will be created. For the creation of safe conditions, the
following characteristics are of significant importance: the density of the road
network, the density of residential development, the distance from the centers of
attraction to the peripheral points of destination, the coefficient of the non-
rectilinearity of the street road network, which characterizes the ratio of the length of
the route to the minimum distance for travel [9].

Road safety is affected by increased traffic flow and pedestrian flow.
According to statistics, a large number of accidents occur in cities and towns (about
70%). In the urban traffic, intersections are places of concentration of a large number
of accidents. Thus, intersections need to be given special attention in terms of road
safety [10].

Safe and efficient functioning of the street road network of the settlement
should be composed of the interests of road users, using a system of complexes for
traffic management and territory planning.

At the same time, it is important to take into account the social and
environmental functions of streets and squares, the availability of plots for public
transport, pedestrians and cyclists, at the same time taking into account the interests

of people with disabilities.
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1.2.3 Interrelation of urban planning scheme and congestion of road
network

Planning schemes of the street road network significantly affect the main
traffic indicators, as well as the organization of passenger traffic and the solution of .
traffic management problems. '

The layout of the street road network can have very diverse contours. It is
necessary that this scheme is clear and easy to build, do not allow the mutual
imposition of traffic flows due to the merger of various road network in separate
areas. It should include the ability to distribute traffic flows, as well as prevent the
transit traffic of external transport through the entire city and the movement of urban
traffic flows through the central part of the city.

Distinguish the following types of street road network, depending on the
planning scheme: radial, rational-circular, rectangular, rectangular-diagonal,
combined.

In most cases, in cities with historically developed buildings (more than 500
years), in which radial directions pass to suburban roads, a radial scheme is used
(Figure 5, a). When organizing such a scheme, communication of peripheral regions
with the city center is ensured, but there is a negative consequence - the overload of
the central part of the city is inevitable and communication between peripheral
regions is difficult. The radial scheme can be used for small cities. In the conditions
of modern transport requirements in other cities, this scheme in its pure form is
inexpedient. In order to increase the capacity of the street road network of cities, it is
necessary to arrange bypass roads around them, connecting the city center with its
outskirts. This will get rid of the existing shortcomings. In this case, this layout is
radial-circular.

Radial-annular (Figure 5, b) scheme is the development of a radial scheme
using circular lines. The data of the highway free the central part of the city from the
load and provide more free connections between the peripheral areas of the city.

Rectangular scheme (Figure 5, c) can be found in young cities, the
development of which occurred according to well-designed plans. The positive side
of this scheme is its simplicity, high throughput, the ability to distribute traffic across -
parallel streets of the city, the lack of a single transport hub. The absence of a -
pronounced center and the presence of parallel roads is inherent in a rectangular street
network scheme. The movement of the cross-flow in this case is uniform. The
drawbacks of the scheme include the difficulty of the connections between the
peripheral points.

Diagonal trunks that connect the most remote points between them are
envisaged to eliminate the above-mentioned shortcoming, while the street-road
network scheme assumes a rectangular-diagonal structure. The disadvantage of the
rectangular scheme is the considerable distance of the opposite peripheral regions.

Further development of the rectangular scheme is a rectangular-diagonal
scheme (Figure 5, d). To simplify communication between peripheral regions
between themselves and the center, diagonal lines are used. The drawbacks of this
scheme include the presence of nodes with many incoming streets, including at an

14



angle, which greatly complicates the movement of transport along them. The street
network of the city of Detroit is an example of such schemes [11].

a) b) ©) d)
Figure 5. Geometric schemes of the street road network: a) radial scheme; B)
radially annular; C) rectangular; D) rectangular-diagonal

Thus, it is very important when designing cities to correctly choose the -
geometric scheme of the street road network, so that in the future not to meet with
congestion arising from the rapid growth of motorization.

1.2.4 Influence of various factors on the speed of the traffic flow
The following factors affect the speed of the traffic flow:

- driver

- type of vehicle

- type and condition of the road

- traffic intensity

- the environment, etc.
It is known that the driver's gender and the presence of passengers in the

vehicle do not have a significant impact on the speed of the traffic flow. However,
single drivers tend to move at a faster rate than drivers with passengers. Dangerous
speeds are more frequent for men than for women [1]. The type of car influences the
speed much more than the driver factor. In our region on the intercity road, cars
usually travel at a speed of 110-120 km/h, exceeding the permitted speed of 90 km/h.

Trucks with cargo move at a speed of 80 km / h, without cargo - 90-100 km / h.

The speed of cars is significantly affected by the type and condition of the
road, curvature, ups and downs, the number of strips, the type of cover, the distance
of visibility,

Estimates of street traffic congestion by source of occurrence are useful for
guiding the research program of the Federal Highway Administration of the United
States of America, and based on the results of the study, it is possible to identify
which most important reasons should be identified as a percentage (Figure 6) [22].
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Figure 6. Probability of major causes of transport delay as a percentage

On highways in good condition, the speed of movement is determined by the
geometry of the elements of these roads. Thus, the speed depends on the road
category.

In urban conditions, the speed depends on the traffic intensity, traffic signs,
controls and interference to traffic. On city roads, the speed is less than on intercity
roads. The average speed on an adjustable, city road with high traffic intensity rarely
exceeds 35 km / h. On an unregulated, city road with high traffic intensity, the speed
is from 35 to 50 km / h, and on the expressway - 64-97 km / h. |

When the car moves along the curve in the road map, the average speed
decreases and is 80-85% of the limiting speed calculated for the clutch.

The reference [1] gives an empirical formula:

P75 I20% K 1.1) |

Where V - speed a / m, km / h; K =1/ Rn is the curvature, 1 / km; Rn is the |

radius of rotation.
In the formula, the speed of rectilinear motion is 75 km / h.

When moving simultaneously on the rise and along the curve, the decrease in
the speed V, km / h can be calculated approximately by formula (1.2):

V=75-1220x1,37y, (1.2) !

Where K is the turning radius, 1 / km;
y —angle of ascent, %.
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The speed of the car depends on the location of the lane on the road. For .
example, on a three-lane road the highest average speed is observed on the middle =
lane. On the far right lane trucks are moving, which reduces the speed of other cars.
On this strip, the flow velocity is equal to the speed of the trucks. On the left-most
lane, the speed depends on the presence of intersections on which cars perform turns,
interfering with traffic.

Figure 7 shows the distribution of speeds on a four-lane, long-distance road.
The graphs show the accumulated frequency.

Experimental data were obtained by Shevyakov A.P. [2].

Different authors use different notations to denote different parameters of the
transport stream, which introduces some difficulties in the classification of notations.
In this chapter, devoted to the analysis of existing methods for estimating the delays
in traffic on the road network, the parameters of the traffic flow are indicated by ;
those letters that are indicated in the original sources. However, in the future, all the |
parameters of the transport stream are systematized in accordance with the common
notations, the most common in Kazakhstan (N is the traffic flow, V is the speed of
the traffic flow, and q is the traffic flow density).

On the right, extreme lane 1 (see Figure 7) heavy trucks move with an average
speed of 48 km / h. On the right lane 2 trucks are moving at an average speed of 60 ?
km / h. In lane 3, cars with an average speed of 70 km / h are moving. In strip 4, high-
speed cars are moving at an average speed of 93 km/h.

1,0 —
0,8 2'\/ / 1/ / Right roads

1TAY /T |
20,6 3‘/ /{ 4
04 / // /A
0,2 1/ /1
/.
25 55 15 95V

Figure 7. Distribution of speeds on a four-lane road, average speeds:
1-48km/h,2-60km/h,3-70km/h,4-93km/h[2]

The speed of movement of cars depends on the width of the lane. If the band
has restrictions, the speed of the traffic flow is reduced by 2-5 km / h. Restrictions are
created by road restrictions, standing vehicles, etc. |

When the intensity of the flow increases, the speed of movement decreases. In
Figure 8 we see the effect of intensity obtained in the USA on a horizontal road
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without restrictive signs and traffic lights [3]. At high intensity 1100 auth / h the
saturation of the flow is achieved, and the speed of the transport stream is reduced to
the minimum value, practically independent of other factors. The flow velocity is '
usually related to its density by a linear dependence (Figure 9). The average value of
the velocity corresponds to a critical density, which is approximately equal to half the
maximum density [1].

The speed of cars depends on the conditions for overtaking. Usually,
overtaking is performed if the speed of the overtaking and overtaking vehicle is 16
km / h. The overtaking vehicle moves at an average speed of 10 km / h higher than

the flow rate.
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Figure 8. Dependence of the speed of the traffic flow on the traffic at the initial
speed: 1-120km/h, 2 - 100km/h,3-80km/h, 4 -60km/h [2]
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Figure 9. The dependence of the transport flow velocity on the density [2]

Speed depends on time of day and weather. On average, on a city road, the
speed of a car is 2 km / h in the daytime more than in the evening, on a country road -
by 8 km / h. In the rain, the speed drops by 7-23%, with poor visibility by 4-38%,
with simultaneous rain and reduced visibility by 10-50%.
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| In order to take into account the simultaneous influence of factors, special
. studies were carried out. Based on the results of the research, regression formulas
. were obtained.

' Influence of various factors on the intensity of the traffic flow.

In rural areas there is a low intensity of traffic, it is less than 1000 cars / day

(42 cars / hour). On the majority of city roads, the average traffic intensity is 4000

cars / day (170 cars / h, 64% of roads). On busy urban roads there is a high traffic
intensity of 10,000 cars / day (420 cars / hour) and more.

The change in intensity during the year is subject to certain regularities. Almost
on all roads the greatest intensity is reached in the summer and autumn periods. In
Figure 10 shows the distribution of intensity by the months of the year [4] on
unloaded roads.
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Figure 10 - Change in traffic intensity during the year on the roads: 1 - in the
suburban area of megacities; 2 - in industrial areas of the city; 3 - in agricultural
areas; 4 - in the resort area [4]
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The intensity of movement depends on the day of the week. According to [1],
the highest intensity is observed on Friday (Figure 11). It reaches 125% of the
average daily intensity. The lowest intensity of movement takes place on Sunday

(72%) .
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Figure 11 - Change in traffic intensity during the week as a percentage of its
average value [4]

1.2.5 Methods for improving the performance of the road network

The growth of motorization and the lag in the development of the infrastructure
of the street road network in modern cities lead to transport problems related to the
increase in the level of loading, the increase in the number of places for the
concentration of accidents, the deterioration of the environmental situation in the
allotment bands. These factors lead to the inevitable occurrence of harsh phenomena
and indicate the need to take measures to prevent the above factors. The transport
problem can be solved with the help of architectural and planning activities and a set
of organizational approaches.

Activities related to the construction of infrastructure are quite expensive and
in cases of historically developed buildings are not applicable. In this case, it is
necessary to use progressive organizational approaches based on the modeling of the
Transport flow and transport processes, as well as the use of modern technologies and
technical means of organizing traffic, based on information and complete automation
of traffic flow control.

In the scientific field of transport systems, many studies of domestic and
foreign scientists are aimed at improving the efficiency of traffic light facilities [6]
and eliminating the existing problems of Traffic flow on the street network [19].

An important problem that constantly appears on the streets of the road
network is the occurrence of regular traffic congestion. The problem of the formation
of focal phenomena is considered in the study[19].

To solve the existing problem of the constantly arising torrential phenomena,
many authors suggest methods of "fighting" with regular congestion. These include:
the reconstruction of sections of the road network, the optimization of traffic signal
regulation, the construction of multi-level interchanges, etc.

It should be noted that many considered methods shown in the classification
structure are formed on the criteria of effectiveness evaluation, which in certain cases
contradict one another. Increasing the speed of traffic can reduce delays in the way,
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- reduce the number of emissions of harmful substances, but this increases the risk of
© an accident.

The capacity of the road is an important transport characteristic in the
organization of traffic, which makes it possible to determine the efficiency of the
functioning of the street road network. In theory and practice in the field of traffic
management, special attention is paid to increasing the carrying capacity of the street
road network. This is an urgent task of organizing traffic.

To increase the traffic capacity of the street road network, the following
measures should be applied: changing the geometric scheme of the street network,
building multi-level interchanges and bypass roads, organizing an organized parking
space, increasing the speed regime in some sections of roads, developing optimal
modes of operation of a traffic light facility. All this contributes to improving the
quality of traffic and improving the safety of road users.

Thus, at the stage of designing the main ones and taking into account the
existing elements of the street road network of cities, the methods used in planning
the street road network of cities are defined. The methods that determine the
throughput are based on different approaches. There are methods based, in particular,
on modeling the transport flow. In this connection, the data obtained as a result of
modeling may differ. In such cases, it is necessary to check the adequacy of the
model for reliability.

An overview of Section 1.2.5 shows that all the methods presented have their
drawbacks. As a result of the research it was found that the obvious cause of
congestion is an increased level of motorization, and as a result, an increase in the
level of loading of the street road network. Organizational methods sufficiently allow
to solve questions on increasing the effectiveness of the organization of the

movement.
1.3 Consequences from congestion

1.3.1 Deteriorating environmental conditions in cities

The exhaust gases of vehicles contain harmful substances, such as
hydrocarbons, nitrogen oxides and carbon oxides, chlorin(e, splfur dioxide,
phosphorus, aldehydes, etc. These components have a negative impact on the
environment, worsening environmental performance, especially in cities. According
to statistics abroad, more than 40% of emissions of harmful substances into the
atmosphere are in road transport, and in Kazakhstan this figure is 31%.

It is alarming that despite the ongoing work, emissions of pollutants into the
atmosphere from vehicles are increasing by 3.1% per year on average.

More than 70% of nervous disorders in urban residents occurs as a result of
noise effects on the human body. Such negative effects lead to the development of
fatigue, insomnia, heart disease. The specific gravity of noise impact in the city is
about 80%. The noise level in cities located in the urban highways area is in the range
from 70 to 75 dBA, while the norm is 40-50 dBA in the daytime, 30-40 dBA - at

night.
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It is established that there is a dependence of the intensity of motion on the
noise level. When the intensity is increased to 1000 auth/h, the noise level rises by 10
dBA. This indicator also has a dependence on the speed of the traffic flow [4].

In addition to noise, vehicles have a negative impact on the environment. Such
an effect is the emission of harmful substances into the atmosphere. As additive, a
compound called tetraethyl lead is added to the fuel. When burning a liter of gasoline
into the air comes 0.2-0.4 g of lead. As a result, when burning fuel, the amount of
harmful substances per year is up to 26 thousand tons, which is almost 100 times
higher than the intake of lead during volcanic eruptions. The amount of harmful
emissions to the environment during the combustion of one ton of leaded gasoline is
0.65 kg of lead oxides.

An important problem of the deterioration of the environment is the smoke of
cars.

Causes, car smoke different engine malfunction, unreasonable power system or
ignition. If all car engines are properly adjusted, the emission of harmful substances
into the atmosphere will be reduced by about 2 times. Violation of technological
discipline, unwillingness to spend an extra hour digging into the engines lead to the
fact that the car for weeks, and even months, razed the streets with poisonous gas.
Badly inflated tires not only wear out faster but also increase resistance to movement,
which means that more fuel is burnt.

Inadequate behavior of the driver behind the wheel (improper choice of speeds,
sharp acceleration and braking increase in the set speed), as well as self-adjustment
(increasing the idle speed) and violation of the instructions for the operation of the
car often leads to increased environmental pollution, reducing the effectiveness of
efforts For the purposes of the design notes. Therefore, explanatory work of drivers'
environment in this direction is very important.

The main contribution to the pollution of the atmosphere is made by cars
running on gasoline (75%), then cars with diesel engines (about 9%), tractors and
other agricultural machines (about 4%).

It is established that annually one passenger car, absorbing 4 tons of molecular
oxygen, releases into the atmosphere 0.8 tons of CO, up to 40 .k.ilograms of various
nitrogen oxides, up to 200 kilograms of hydrocarbons, in addition, soot, tetracthyl
lead and other substances (aldehydes, organic acids, Polycyclic hydrocarbons and
their derivatives). |

Diesel-fueled engines emit less carbon monoxide into the environment, but
more carbon dioxide and sulfur dioxide. The least amount of harmful impurities is
contained in the exhaust gases of engines operating on liquefied gas (CO is five times
less than that of carburetor engines, nitrogen oxides are doubled, and sulfur oxides
are absent). The composition of the exhaust gases depends largely on the engine
operating mode. So, the content of CO is: idling 0.5-6.5, with a constant speed of
movement - 0.3-3.5, with acceleration (from 0 to 40 km / h) - 2.5-5.0, At braking
(from 40 km / h to 0) - 1,8-4,5% in volume. For nitrogen oxides: 0.005 - 0.01; 0.1-

0.2; 0.12-0.19; 0.003-0.005 (respectively with CO).
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Exhaust gases contain carcinogens (substances that promote the development
of cancer), such as benzapyrene.

Analyzing the above information, it should be noted that the composition of
exhaust gases depends on both the type of engine and the mode of operation of
transport, which is important to consider when implementing environmental
measures.

As a result of the research, it was revealed that when the engine is idling,
carbon oxide emissions amount to 6%, and when driving, this figure is significantly
less - 2%. Provided that the engine of the Vehicle most of the time operates at idle, it
is necessary to reduce the idle time with the engine running the vehicle when driving
in a harsh state of the traffic flow.

A large number of harmful substances enters the atmosphere at:

1) delays of the vehicle ahead of traffic lights;

2) parking with engine running while waiting for an enabling signal;

3) starting from the place and dispersing.

In order to reduce emissions of harmful substances, it is necessary that the
transport stream is in a free state during the movement of the vehicle.

The length of the main streets is about 20-30% of the total length of the road
network. Since the main streets are the busiest sections of the Street-road network, it
is on them that up to 75% of all vehicles moving within the city are concentrated.
Consequently, the territories along the main streets require special attention to

improve the ecological situation. . .
The arrangement in cities of highways with an increased speed regime provides

for increasing the capacity of the road Network, reducing the number of road
accidents, isolating residential areas and making centers of attraction away from the
presence of a high-intensity transport stream, and, consequently, improving the
ecological situation. However, the highway for high-speed traffic is an expensive
construction. Its construction justifies itself only in areas where the traffic flow is
constantly present, having long-distance trips on the territory of the city. As a result,

the main lines are intended only for the largest agglomerations.
Thus, in order to improve the environmental situation in the cities, it is

necessary to minimize the accumulation of vehicles on .tl.w hauls and intersections
with the help of various organizational and planning activities.

It is impossible to completely exclude the negative impact of transport on
Nature, but it is possible and necessary to reduce the negative impact.

The main directions of environmental protection in transport are as follows:

1. Strict adherence to the rules of transportation of people and goods, which
will make transport work more optimal, economically profitable, will reduce the costs

of energy, fuel and other resources. .
2. Conducting reconstruction of engines, which will reduce fuel consumption

per unit of mileage, reduce noise and vibration (due to fundamentally new
technological solutions), significantly reduce the content of harmful impurities in

exhaust or off-gas.

23



3. Development of new types of engines (such as electric vehicles), which
minimally pollute the environment, and introduce them into practice.

4. Development of new fuels that would be more environmentally friendly, i.e.,
when they burned, fewer substances with negative effects on human health and
natural ecological processes would form.

5. Given that the amount of harmful contaminants depends on the engine
operating mode, optimize the mode of traffic on the roads, as far as possible,
excluding the occurrence of "traffic jams" and other difficulties when driving
vehicles.

6. The use of new technologies of fuel combustion without the use of tetraethyl
lead, which contribute to a more complete combustion of fuel.

7. Development of devices that capture or neutralize harmful contaminants
contained in exhaust gases and equip them with vehicles.

8. Development of an optimum mode of operation of engines of different types
and use of a computer for fine control of the combustion of fuel.

1.3.2 The influence of congestion on human psychology
The lower layers of the atmosphere are polluted with dust, which consists of

asphalt concrete, spent rubber, abrasive, lead and other substances, some of which are
carcinogenic and mutagenic. This negatively affects other road users - pedestrians.
The highest concentration of harmful substances is concentrated in the air layer below

1 m from the surface. .
Negative consequences affect not only humans, but also animals. The noise

effect from highways is a negative factor, which leads to a decrease in the quality of
environmental indicators in urban conditions. The noise pressure on highways that
are capable of passing more than two thousand cars per hour is more than 80 dB. To
reduce the level of this indicator set noise protection fences and plant green
plantations along the highways.

Based on the information of the journal Psychological Science, "traffic jams"
on the roads have a negative impact on the human psyche. This can significantly
affect health and lead to serious diseases, which, no doubt, will not manifest
themselves immediately. This statement came from researchers at the University of
California.

In the 90-ies of the twentieth century, scientists conducted surveys. The
respondents were 800 participants aged 25 to 74 years. All participants in the survey
answered the questions asked, which were related to the state of health: anxiety,
anxiety, lack of energy, and how often such conditions occurred. In the 2000s,
scientists conducted another similar survey.

After this event, it became clear that human health depends more on small
shocks (minor accidents or traffic jams) than from serious stressful situations.
Scientists have proved that negative reactions to what happens around, accumulate
and can lead to a serious mental disorder.

It is clear that congestion in the largest cities is long and long, so drivers in
Kazakhstan show aggression towards each other [12]. Researchers argue that frequent
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stays in traffic jams can cause serious harm to health. A study by Australian scientists
showed that about an hour after a person got into a traffic jam, the risk of myocardial
infarction increases. Most likely, it was exhaust gases, noise and stress that became
the main cause of a sudden increase in the number of heart attacks.

Long stay in the mash causes muscle tension, which significantly affects the
fatigue of the driver.

Due to poor health of the driver and a malfunction of the vehicle, a negative
situation may arise which will affect other road users and traffic safety. Therefore, it
is necessary to regularly monitor the serviceability of the car, so as not to cause stress
[13].

E.M Lobanov [14] generalized the influence of psychophysiological qualities
of a person on safety. The change in the psychophysiological qualities of the driver's
organism depends and comes from the influence of the traffic situation. They are
invited to influence the formation of road conditions, based on these human
capabilities.

Thus, it can be argued that psychophysiological characteristics are indicators of
road conditions and causes of road accidents, which leads to congestion.

The psychological reaction of a person and the assessment of the situation that
he makes are not always accurate. The eye, the person's ear react absolutely
differently depending on age and skills. According to G. Knoflacher [15], a person
can not correctly assess the characteristics of the traffic flow.

Traffic jams are the main cause of aggressive driver behavior. The lack of
accurate information about the duration and cause of congestion, as well as the lack
of a general picture of the traffic situation before the eyes can lead to a stressful
situation.

In our time, this problem is important, as people are becoming less stress-
resistant and more nervous. An extremely annoyed person at the wheel of a car can
_ become dangerous to others. Negative emotional state should not affect the driving

style.

1.4 Situation in Almaty ) ) ..
The southern capital of the Republic of Kazakhstan is unique in its physico-

geographical and natural climatic characteristics. Almaty is located in the north of the
mountain spurs of the mountain system of Tien Shan, at t!ie northern foot of .the?
Zailiysky Alatau, on the cones of the interfluve Ul'ken (Big) - Almaty and Kishi
(Malaya) of Almaty. In Almaty, as it were, the natural zones of the severe north and

hot south are crossed. N
The complex terrain, climatic features create unfavorable conditions for the

dispersion of impurities from low emission sources, as a result of which harmful
substances accumulate in high concentrations, which then take part in the formation

of smog phenomena. . .
Pollution of the atmospheric air of the city is one of the major factors of water

and soil pollution, because due to the absence of storm sewage, flushing of pollutants
into water bodies with thawed and storm water occurs.
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The most polluted environment in Almaty, according to the Center for
Environmental Monitoring, is the city's atmospheric air.

The main source of atmospheric air pollution in Almaty is motor transport. As
a result, in the atmospheric air of Almaty, there is an increased content of
formaldehyde, nitrogen dioxide, phenols, carbon monoxide.

The mortality rate (per 1,000 population) increased from 8.6 to 11 with an
average republican figure of 10.1, and as a consequence, the natural increase
(decrease) per 1000 people from 7.2 to the minus value (-).

On the territory of Almaty at the moment there are only 6 posts that monitor
atmospheric air instead of 10-20 points, which are necessary for cities in accordance
with regulatory requirements. Being one of the most beautiful cities of our country,
Almaty remains one of the most dysfunctional in the ecological plan.

Pollution of the atmosphere of our metropolis by automobile emissions lies in
one of the main troubles of Almaty. Due to the fact that they are too narrow, and even
with a lot of crossroads and traffic lights, cars often have to stop, spend hours in
traffic jams. At each traffic light and in places of congestion, the amount of
automobile emissions goes off scale, since under idling and speed dialing conditions,
maximum volumes of exhaust gases are released into the atmosphere.

As a rule, the central, the most densely populated areas of megacities are
exposed to the greatest pollution by motor transport. As a result, from the pollution of
the atmosphere, hundreds of thousands of residents of every major city of Kazakhstan
suffer from automobile emissions. The greatest danger is the exhaust gases for small
children, since the height of automobile emissions does not reach 1 m.

Causes of congestion

Congestion occurs because of low road capacity; Disorderly parking of
vehicles on the carriageway; Set of traffic lights and time wasting while waiting for
their switching; Lack of pedestrian lanes and erratic pedestrian crossings;
Unpopularity of public transport; Culture of drivers, laqk of mutual respect;
Disorderly movement of special equipment and heavy vehicles; Unregulated (on
time) carrying out of repair-civil work and improvement of a road strip.

Narrowing of roads (when 5 lanes pass into 2 or 3 lanes, thereby causing
motorists to rebuild at very low speed). . .

Congresses at two-level interchanges without acceleration and rebuilding bands
form unregulated intersections, which inhibit the main and adjacent flows.

Unsatisfactory condition of the road (potholes, pits);

Absence of parking spaces, violation of parking rules;

Roadworks;

Traffic jams during the working day . .

During most of the year, peak hours are kept in Almaty: in the morning from
3:00 to 10:00 and in the evening from 17:00 to 19:00, and in the evening the load is
one and a half to two points higher than in the moming. In July and August, the
morning rush almost disappears. In September, the situation worsens, first of z.all, in
the morning and in the evening, and in the afternoon the streets are loaded, as in the

summer.
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Experts carefully study all restrictive measures before making any decisions. It
- was proved that the left turns increase congestion and congestion, in connection with
* which it was decided to limit several left turns, which will be established along Abai

" Avenue.

For example, there are very few intersections in Almaty, where there is a
separate section for turning left. As a result, cars are hammered in a number of ways
and significantly reduce the throughput of the intersection, "he said." To solve these
problems, it is enough to prohibit the left turn at the intersection and let the whole
flow of cars to the right, so that after driving to the gap in the dividing strip, wherever
they turn left The most you can speed up the flow of machines and not take up a
whole strip.

On the road with heavy traffic, there may be many who want to turn around,
and the length of the section in the break of the dividing strip, at times, can freely
accommodate up to 2-3 cars, thereby further speeding up the flow of cars.

In Almaty, on the roads, as a rule, half of the first row is occupied by cars

parked in an unauthorized place, and the left row, though freer, as it approaches the
intersection, ceases to move. Not every intersection has a traffic light with an
additional arrow, and in the end, only 3-4 cars rotate on average in one period.

As a result, a lot of emergency situations are created when the car from the
second row approaches the intersection abruptly starts to be rearranged to the first
row, or, for example, when the car clamped to the right of parked cars occupies half

of the second row. ’
It is necessary to liberate all key streets from the parking lot everywhere to

ensure that they pass through and unhindered traffic.

But in addition to this, the city authorities should seriously think about
introducing an additional band to turn left.

Some will argue that the width of the road for this venture is not enough, but
you should take into account the fact that the standard bandwidth we have 3.75
meters, when in other countries are quite cost and smaller strips (3.5 in Europe, 3.25

in Great Britain, 3.2 in Japan).

Conclusions on the first chapter
1. Existing concepts and basic parameters of traffic congestion include the

formation of queues, the loss of travel time, the reduction in speed and throughput
and the increase in traffic density.

2. Geometric parameters The road network, urban planning, organization of the
parking space have a direct impact on the occurrence of congestion and require
constant monitoring and development under the influence of the forecasted situation.

3. The consequences arising from road congestion are presented and analyzed.
The influence of congestion on the ecological situation of cities, as well as the
negative impact on the psychophysiological state and health of people is examined.

4. The analysis of existing models and methods of "fighting" with the
phenomena of congestion is carried out. It is proposed to use the modeling of
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; transport flows, which facilitates the solution of transport problems by an analytical
i method.
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‘ 2 ANALYSIS OF EXISTING METHODS OF ESTIMATION OF
' DELAYS OF TRANSPORT FLOW ON THE STREET-ROAD NETWORK

; 2.1 Analysis of existing methods for calculating and estimating traffic flow
- delays

; The length of delay in motor vehicles has become widely accepted as one of
. the criteria for optimizing traffic management, both at a single intersection and on the
" road network as a whole [11].

To date, there are two main approaches to determining the delay of vehicles.
 The first approach is based on a macroscopic model of the transport stream
- description and defines the transport delay as a loss of time for forced stopping of
vehicles before crossing, railway crossings, during congestion on sections of the road
" network, and also because of the slowing down of the traffic flow relative to the
average Speed of free traffic on a specific section of the road network.

The second approach determines the delay, as the average waiting time of the
vehicle in the queue. The length of the queue is the total number of vehicles waiting
for service before crossing.

At the present time, models that combine both the deterministic and stochastic
components of delay are widely used. The deterministic component is determined in
accordance with the following provisions:

- at the beginning of the enabling signal, the turn of vehicles is zero;

_ ATS arrive in the same groups with a traffic intensity q per cycle;

_ the crossing is made by the same groups with the intensity, which is equal to
the saturation flux S in the presence of a queue, and with an intensity that is equal to
the intensity of arrival at its departure;

- The demand of vehicles does not exceed the capacity of the intersection
element, which is defined as the ratio of the saturation flux S to the ratio of the
resolution signal to the cycle time (g / ¢).

At the moment, there are different models of delays for stationary traffic
conditions with approximation elements and so-called "accurate” models.

For the first time, the model of estimating the delay in rigid traffic
regulation was proposed by Beckman with the assumption of a binominal arrival
process of vehicles and the deterministic nature of the service process :

_c-g |9 c—g+l
_c(l—q/s)[q+ 2 } (1.3)

Where: ¢ - length of the control cycle, s;
g — effective duration of the green signal, s;
g — the arrival rate of the vehicle, aut./s;
S — the intensity of the departure from the queue, aut./s;

Oy - value of the remaining queue, aut.
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The first widely used approximate formula was obtained by Webster with a
combination of the theoretical approach and numerical modeling:

1

_clmgle) | X a5 Sysatse  (14)
q

T 2(1-(g/c)x)  2g(1-x)

Where d is the average delay of one Transport facility per cycle, s;
¢ - length of the control cycle, s;

g - effective duration of the green signal, s;

x - is the degree of saturation of the direction of motion;

q - the arrival rate of the vehicle, aut./s.

The first component of equation (1.15) represents a delay, provided the arrival
of the traffic flow is stationary, and the second component determines the random
component of the process. The latter is known as the "random delay", under the
assumption of a Poisson arrival process and a constant traffic intensity of vehicles
that corresponds to the throughput. The third component corrects the modeled delay
value and, usually, makes up 10 percent of the first two components of the equation
(1.15), which will allow us to simplify the formula further by taking the third

component as the coefficient equal to 0.9. o
Further approximation of the equation was aimed at simplification by reducing

the third and fourth terms of the equation, which, as a rule, are much less order than
the first two. This approach was used by Miller in deriving the approximating

formula:

_ (=gl | q_ 26, |,
d_2(l—(g/s)[c(l gle)+ 7 } (1.5)

Miller also received the expression for a saturated queue with Poisson arrival
and service time equal to the duration of the resolving signal [41,42]:

_exp-133/5g0-0)/] 19
0 21 -x) ’ |

Newell created its own model for delaying the transport flow, which made it
possible to improve the accuracy of determining the delay at an average load [30,31]:

_c -8/’ O U-gle) T 1.7
2-(1-q/s) g 2:S-(1-¢/5)

Further attempts to improve the accuracy of the models did not lead to

significant results.
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The delay models above require stochastic equilibrium. To achieve it, an
infinite time is required under constant traffic conditions (arrival, maintenance,
regulation). With a low ratio of traffic intensity to road capacity, this is achieved
within reasonable time limits, therefore such models are an acceptable approximation
of real processes. When the intensity of the movement is equal to the value of the
capacity, the time that is necessary to achieve such an equilibrium, as a rule, exceeds
the interval within which the demand is stable. In addition, in many cases the
magnitude of the traffic intensity exceeds the capacity in this case, the limitations of
models are violated.

Analyzing the methods for determining transport delays, it can be concluded
that they are aimed only at quantifying them (in seconds for one car). None of the
methods makes it possible to calculate the probability of a traffic congestion (such a
transport delay within which the traffic flow can be classified as a traffic jam) at the
intersections on the basis of which it would be possible to plan the transportation

route in the city

2.2 Investigation of the appearance of a traffic jam at an intersection

Domestic and foreign scientists-researchers G.I. Klinkovshtein, V.I.
Konoplyanko, V.A. Korchagin, Y.A. Kremenets, E. M. Lobanov, V.V. Silyanov,
M.R. Yakimov, P. Przhybil, F.V. Webster in the field of road traffic use a variety of
methods. Some of these can be accessed by only one person without specialized
equipment, others are at a higher level and are very complex, using road laboratories
and modern technologies. A large number of different methods suggest that, firstly,
there is a wide range of tasks that can be solved through organizational approaches,
and secondly, constantly evolving technologies, improvement of hardware to collect
and process the necessary information [4].

The task of the pilot study was to check the validity of the estimation of traffic
jams that occur on the carriageway. In the studies of traffic jams, the following were
included: measurements of traffic flows, in particular, the number of vehicles that
stopped before the stop line at the red traffic light signal (ie, vehicles that did not
have time to pass through the intersection to the green traffic signal), as well as
vehicles that were added To the traffic light already standing on the red; Modes of
traffic signal regulation, geometric parameters, condition of the road surface. The
centers of traffic jams in peak hours, the periods of increase and decrease in the
number of vehicles on the days of the week, months and periods of the year were
determined.

In order to investigate the congestion in Almaty, during the year, problematic
intersections with traffic light regulation were examined. Geometric parameters and
parameters of the transport flow of these sections were studied: the number of bands,
the intersection scheme, weather and climate conditions, the state of the carriageway,
the level of loading. The road network, the "origin" of the harsh phenomena. The data
is collected by video recording on a smartphone and produced. For all the

intersections under investigation, congestion is typical during peak hours.
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In all cases, the maximum congestion was observed street traffic at peak time,
i.e. morning and evening hours. Three intersections of Bostandyks and Almalinsky
districts of Almaty have been investigated. During the year, the data were recorded
during peak hours by the number of vehicles standing at the intersection to the
inhibitory signal and by the number of vehicles added to the vehicle standing on the
prohibiting traffic signal. As a result of the survey, the dependence of the number of
vehicles accumulating on the inhibiting signal from the time interval was revealed.

For each investigated intersection, graphs were constructed that depict the
nature of the origin of the phenomena of the storm, namely, the initial stage of the
formation of congestion, congestion, the stage of the departure of vehicles from the
intersection. The considered intersections are presented in Table 2.

On the basis of experimental data, smoothed values are calculated, in order to
minimize the appearance of points of random deviation from the curve of the
calculated value of the trend process; Calculated predicted values for different

periods of time;

Table 2
Investigated objects
N Name of the investigated intersection
1 Tole bi street - Auezov street
2 Timiryazev street - Zharokov street
3 Zhandosova Street - Auezov Street

In this paper, using the example of one of the considered X-shaped
intersections during the peak hour, having two main lines along the main road in the
forward and backward directions, the following initial data were determined for the
secondary one-one strip in the forward and backward directions: cycle duration,
Component Tc = 60s, the intermediate cycle Tpr = 4s, the green cycfle time is Tgr. =
35s, prohibiting - Tr = 21s. The number of vehicles approachlng the intersection with
2 red traffic light signal, as well as the number of \(ehlcles added.to the vehicle, which
is already in front of the stop line, was detempned every minute and every five
minutes during the whole hour. From the expem.nental data, one can see hQW the
"congestion" of the congestion occurs, the congestion and loss of the vehicle directly
in the area under consideration is the Street-road network. .

Table 3 presents the experimental data: 1) thfe number of. vehicles that
the prohibition signal of the traffic light on the line before the

S, which were added to the already existing vehicles on the basis of
the site in question. The street network of

accumulated on
intersection; 2) T. : .
data collected using video recording on

city (Zhandosova street). o :
Almat)étatztics are collected from Monday to Friday in the morning rush hour. The

number of TCX is the number of transport vehicles approaching the intersection to
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the prohibition signal of the traffic light, the number of TCY- the number of
transport added to the transport facilities that are already in front of the stop line.

Statistical data on the number of transoptent funds are presented in time
intervals (which were currently 5 minutes) and on the days of the week (Monday-
Friday) (Table 3). In view of this, it seems reasonable to use the theory of random
processes for the analysis and prediction of ground states.

Table 3
Statistics on the accumulation of cars at the crossroads
Day of the week
Time, Monday Wednesday Friday
Min
Qty. | Qty. Qty. | Qty. Qty. | Qty.
te.x | TCy | B | ¢, x | TC, ¥ | B | TC, X | TC, ¥ | Beero
5 23 15 38 2 31 33 4 31 35
10 29 22 51 4 52 56 5 52 57
15 37 26 63 21 50 71 23 50 73

20 | 46 | 39 | 8 | 23 44 | 67 | 30 | 44 | 74

25 70 55 125 50 56 106 55 56 111

30 91 79 170 86 67 153 107 67 174

35 119 98 217 196 34 230 183 53 236

40 154 112 266 237 22 259 | 243 21 264

45 | 192 | 101 | 293 | 238 16 | 254 | 229 | 17 | 246

50 200 87 287 92 46 138 101 51 152

55 | 198 61 259 15 61 79 21 71 92
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Continue table 3

60

187

34

221

20

24

26

30

707

2053

968

499

1467

1005

539

1544

Y. | 1346

According to the results of the surveys, it can be seen from the statistics that
The harsh state has a cyclic character, which consists of Three parts, namely:

1) the initial stage of congestion (when the intensity of vehicles increases and
the vehicles facing a stop line do not have time to pass on a permissive signal of a
traffic light, thereby creating a turn on a stretch, also the speed of vehicles drops and

begins to tend to zero);
2) congestion (when the intensity tends to be equal to the throughput ability or

exceeds it, as well as the speed of vehicles tend to zero);
3) the stage of departure of vehicles (when the intensity is reduced and the

vehicles standing on the prohibiting signal of the traffic light manage to pass the
intersection to the resolving signal without leaving a queue, also the speed of the

vehicle is increased).
It is worth noting that the weekend saw the smallest number of cars and the

street road network coped.

2.3 Analysis of methods to prevent traffic jams
As a rule, congestion occurs most often, as well as they are prolonged and

block traffic on the roadway due to inefficient operation of the road network. In order
to prevent these phenomena, a set of measures is needed. As a result of research and
practical experience in this area, comprehensive measures have been developed to
improve the current situation on the street-road network. Part of these activities is
aimed at the specific identification and prevention of the state of fire. Such
technology is developed and works in Helsinki. The essence of such a project is the
use of controlled speed limit signs and information boards that notify . traffic
participants about the available congestion. Such systems are used in other cities, but

the effect of them largely depends on the driver's staff.
The general principles of traffic flow management can be presented in the

following form figure 12:
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Figure 12. General principles of traffic flow management.

In Kazakhstan, the most common method to combat traffic congestion is the
optimization of traffic light. This method is effective only if comprehensive
regulation is implemented on a city or district scale. However, if the trunk is very

heavily overloaded, even this method will be ineffective.
The following methods have been widely used in the world [9,10]:

Some of the measures of the complex are:
_ Road construction; Construction of bypass roads, multi-level interchanges,

overground and underground passages, extra-parking lots and parking lots. As a
result of these activities, the throughput of the city road network increases, and the
delays of the TS associated with the transitional movement are reduced. For example,

regional and road construction projects. . ' .
— Decrease in traffic intensity, i.e. Paid parking, a complete ban on parking,

increasing the attractiveness of route and passenger transport, automatic control
systems for entry into courtyard areas. As a result, the speed of communication
increases, transport delays are reduced, and the shorelines in the city are reduced. For
example, in the city of Belgorod, a transition to a system of paid parking lots, the
prohibition of parking in heavily loaded streets [17].

_ Optimization of the use of the existing road network, i.. Organization of
unilateral and reverse movement, selection of optimal schemes and algorithms for
traffic signal control objects, change of the intersection plan, development and
implementation of automated road traffic control systems and ITS (intelligent
transportation system). As a result of these measures, the capacity of the Street-road
network will increase by 20-30%; When implementing the ACSD and ITS: reducing
the delays of vehicles and passengers en route by 20-40%, reducing environmental

pollution, noise level, gas levels by 20-30% [17].

35



Researchers note that, if there is a deficit in the width of the carriageway,
congestion can not be eliminated with the help of organizational and managerial
measures, and only the places of their localization are transferred, thus the severity of
this problem is temporarily alleviated. Only with a high level of transport
infrastructure development is it possible to improve this transport problem of cities.

Paid entry to the city center is characterized by the presence of a fixed tariff for
the right of access to the restricted area. The cost of payment is made once a day,
regardless of how many times the driver crosses the border of the zone. The form of
payment is diverse, including sms messages.

The most famous method was in London. The number of cars entering the
designated area, as planned, declined, while the number of passengers entering public
urban passenger transport increased.

In large cities, a network of bypass roads is envisaged to solve transport
problems. They perform the basic transport work that connects the city with a
suburban network, and also provides the bulk of traffic across the city.

Organizational measures to prevent congestion are carried out in almost all
countries of the world. Paid parking in the city center is common, as well as the
arrangement of a parking space near public transport stops[18]. .

In European countries, automated parking systems are used.. The mstalleq radio
tag in the car, allows you to transmit information about the location of the vehicle to
radio stations. Payment for parking is charged from the personal account of the owner
of the car. Vehicles with missing radiometrics are accounted for by the specialized
services of the parking space using the method of recognition of registration marks.

The following activities are used to prevent traffic congestion in major cities:

_The use of a certain-road travel system at rush hour;

- The storage of paid parking lots in the central part of the city;

- -Establishment of urban passenger transport routes: construction of new
subway stations, extension of the length of land transport routes; '

- -An automated traffic control system with adaptive regulation of traffic lights;

_ Prohibition of the entry of a large transport;

_ Information boards reporting incidents and congestions;

_ Multi-level interchanges, highways, allowing to unload the roac.l netyvork;

- - navigation devices, through which information about the situation on the
road network is reflected through the satellite;

_ construction of bypass roads;
- separate lanes marked with markings or low curbs for the movement of

passenger vehicles and buses that carry more than one person are allocated, and also

allow traffic congestion during peak hours [19, 20, 21].
The introduction of an intelligent transport system (ITS) based on modern

information technology is an effective way to increase the f:apacity of urban roads.
In this case, information technologies are used to simulate transport processes
in order to determine the optimal location of the centers of attraction, which will
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ensure maximum throughput, both in individual sections and the road network as a
whole, in conditions of growth of the urban vehicle fleet [22].

Repeatedly proved the effectiveness of the application of simulation of traffic
flows. In the process of modeling with the use of modern computer technology, a
great economic effect is achieved with minimal effort and minimal time for
conducting the research.

In scientific practice, analog modeling is widely used to study various
processes, based on the analogy of physical phenomena of different nature, but
described by the same mathematical (differential, algebraic or some other) equations.

One of the types of analog simulation is simulation based on
electrohydrodynamic analogy, with the model choosing the electrical system in most
cases, in view of the convenience of measuring currents and electrical potentials.

In the works of the scientific school of the department "Organization and traffic
safety" of the BSTU named after VG. Shukhov under the guidance of Professor
Shutov A.L. On the basis of the basic laws of electric current, questions were
considered on the development of a methodology for studying the parameters of the
transport flow.

The developed principle of modeling traffic flows, based on
electrohydrodynamic analogy, solves numerous tasks to ensure the safe and efficient
movement of vehicles, but this principle is not applicable in dynamics.

There are several states of the transport flow, one of which is the traffic

congestion, which is of greatest interest for research [23]. .
s of models of the transport flow can be attributed

One of the large group L th :
models, the transport flow in which becomes similar to the flow of fluid, the so-called

ic models [23]. imensi
hydrocggr‘clem the transport flow is understood as the flow of a one-dimensional

compressible fluid. There are assumptions for the conservation of flow [5]:

P +|iVmaxp(1 —_Z‘)i| =0,xeR,t> 0 (17)

sity of the transport flow at the point x at time t> 0 (the

, t) is the den
Where p (%, 1) the density of the traffic flow in the

number of vehicles at a certain distance), p max -

plug; . . . tl
V (x, t) is the vehicle speed at point X at ime .
Vmax - the maximum speed of the vehicle, when the road network is free.

There is a linear relationship between the density of the transport flow and its
speed [5,24,25]:

V(p)=Vmax(1— £ }OSPSPW (1.8)
P

max
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In the. motion, the transport flow, by analogy with the fluid phase transitions
[26], determines the phase states of the flow [27]:

— free flow (drivers choose speed based on free traffic);

— Synchronized flow (drivers determine the speed according to the speed of the

traffic flow);

_ Wide moving "jams" (groups of vehicles move in the same way as pieces of
ice in a stream of water);

_ Start-stop motion (traffic flow resembles the flow of freezing water). Start-
stop motion and congestion are formed in a dense flow, when the distance between
vehicles is less than the critical value [28, 29].

Also, the model of kinematic waves describes the "bounce" movement of
vehicles. Some assumptions have been made in the construction [30]: the transport
flow is continuous; The intensity of the traffic flow is defined as the number of
vehicles crossing the border for a certain period of time; Average speed - is a function
of density; The number of vehicles is saved on the site in the absence of a branch of
the Road Network. ) _

Hydrodynamic models of transport flows inherent in the emergence of an
unstable state, stationarity. Moreover, they do not allow describing the process of
flow return from an unstable state to a stable one at a low level of density [31].

The second-order hydrodynamic models [32, 33, 34, 35] took into account all
these limitations. ) ) ..

In probabilistic (stochastic) theories, the transport stream 18 viewed as the
interaction of vehicles on the Rogd Ne'twork. These models. allow giodelmg of
transport processes at intersections, mgludmg a harsh state at the intersection.

The stochastic model [5] COl’lS'ldel'S the accuriiulatlon of vehicles in fr(int of
adjustable intersections. The four variants proposed in [§] gllow us to say that in the
model the results of the average queue length have a mgmﬁc;ant depen(ience on the

- Jete queuing of the queue. Model [5] is not applicable at the
probability of a complete 4
multi-way intersection- echniques [4, 5], which allow to optimize the

ere are a number of t
To date, th s of the road network. The use of these

vehicles in various areas he r _ |
ino}\l/einenz ::n reduce the number of critical situations and increase the capacity of
echnique

the road net\f;\tiocr;l;;,e application of the above methods it is advisable to use modern
’ For e tee chnologies and software. This helps to significantly increase the
information lectronic storage of input and output data, optimize

: and organize € : X . :
e}il”ﬁmency g:sw;);lfcheir in}%ut, editing, analysis and visual presentation, quickly and
the proces ¢ data and get relevant results.

timely COrFCCt ths - the reliability it is advisable to consider not a single moving car,
To incred a whole. Traffic flows are made up of movements made by

as :
but a transport ST :stics that determine the number of movements

. . ain characterl )
traffic pal’tICIPantS' The m t network are the flow-forming factors of

) o
and their distribution on the city's transpo

the transport network.
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A characteristic feature of the movement is the uneven distribution of traffic
flows over time. Within a day, periods of maximum movement concentration are
formed, so-called peak hours. To effectively solve the problem of congestion, it is
required to numerically express the characteristics of the transport stream.

To do this, it is necessary to create a computerized model, the main task of
which will be the regulation of traffic flows at the intersection. One of the main tasks
is to determine the length of the queue (the size of the traffic jam at the intersection),
as well as the capacity [84].

In order to understand the cause of the situation with traffic jams, it is
necessary to study in detail the process of traffic flow as a transport model [8]. In
[35], the dependence of the queue length on the stop time of the vehicle at the traffic
light object is considered.

Using the obtained dependence, the parameters of the formation of the
congestion (time or queue length) at the intersection with traffic light regulation are
determined. o . .

Today, the software of expert systems is widely used, which specialize in a
narrowly focused field. Widely used such systems as RoadExpert, «TEHZEP»,

i sport Systems.

Intelllgre;;;:ﬁ;? IlioadEzipeﬁa «TEHIEP», Intelligence Transport Systems for the
modeling of the transport flow apply graph theory, since traffic flow forecasting is an

i indicator of the transport process [36].
lmponfﬁiéﬁréﬁaof Pechersky M.P. And Horovich BG. Talk about the phenomena of

the arc in such a way that at first 8 so-called initial congestion occurs, caused by the
i i i tion.
long lines at a regulated intersec . | |
fomat"}(;ln 0nfe:xt %tage with the growth of queues 15 2 secondary congestion, which
appears i?‘l connection with the blocking of an adjacent intersection by the initial
Congesg:;né result of secondary congestion, there are comprehensive congestion that

as of the street-road network. . .
ence of a comprehensive congestion:

long main roads are reluctant to "accept"

cover significant ar€as ¢
Factors contributing t0 the emerg

_drivers of cars moving a

: nd roads; .
altematlg’; :ﬁzg oafrypoor.q;;ality management, the attempt to eliminate the

tion in one direction of traffic can increase the degree of saturation of
sti

conge .

other dlriitelggf;ted intersections do not fall under the sphere of influence of the
-u

traffic control SYSteT. s, a principled approach to the solution of the

ing issue ;
To addrzssd eTmhzrgsﬁﬁtion of the problem is transferred to the dispatch control
problem is neeces :ons includes: determining the place and time of

. 1 sh situat . )
contour, whlclééﬂcgiis’o?g?;e area covered by a traffic jam with the help of a special

the mash; traf ; hnical means; determination of the moment of the
: t of special technica )
algorithm and 2 5¢

end of the congestion [3 7]-
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To prevent congestion on the road, city authorities should pay attention to the
redevelopment of intersections and the expansion of the roadway. In order to prevent
' the emergence of harsh situations, it is necessary to build multi-level interchanges,
~and it is necessary to allocate a separate lane for traffic of urban transport and taxis.
| The most classic way to "fight" with congestion is to increase the capacity of

the City Road Network.
; In order to reduce road congestion to a minimum value, many countries of the
" world have their own methods. Firstly, at the place where the congestion occurs, a
 restriction is imposed on driving with a private car, this means that drivers are
~ obliged to leave their vehicle in the parking lot and change over to the city transport;
- Secondly, the restriction in the center of the city parking lots; Thirdly, in some cities
the movement of Freight transport to the central part is prohibited [16].

Analyzing the considered methods of "fighting" with congestion, we can
conclude that each of them has its advantages and disadvantages.

2.3.1 Transfer of a pedestrian crossing to increase the capacity
Consider how, with minimum costs, increase the capacity of most streets in

Almaty, which have long established themselves as one of the busiest (see Figure 13).

For example: . ' '
Wepmove along the vertical street upwards, we approach the intersection with

the horizontal street. Since there are 2 lanes on this section for movement in one

direction, we take a place in the far right row (the left turn is made from the extreme

ight signali i d the whole right-hand row
. traffic light signaling the trafﬁc. lights up, an : :
L:frzd: :zd lrsatands. gAnd all because the driver of the first car, making a right turn,

; i .-ontal street from point A to point B, and
edestrians Crossing the horizon . ,
S o g to the right paralyzes traffic that moves straight.

car turnin X P
the Secl?él(;iestrian rraffic in the central regions of Almaty, I must say, is quite large.
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Figure 13




Ideally, of course, you need to expand the roadway and attach a third strip, but
because of the lack of space, you can implement a more "budget" option. Namely - to
move the pedestrian crossing from the edge of the intersection with the vertical street
to 10 meters instead of the existing 6.5 meters.
Increasing the distance by only 3.5 meters wi

turning vehicle or for a small bus (see Figure 14).
Transport, which needs to move directly, will be able to continue its movement

without difficulties, thereby significantly increasing the throughput of this transport
hub.

1l make room for another right-

an crossings requires minimal financial and

The work on the transfer of pedestri
tions due to a reduction in the number of

time costs, and the throughput of intersec

congestion will grow at times.
According to preliminary calculations, the

will grow by about 1500-2000 cars daily.

throughput of intersections
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3 MODELING THE PROCESS OCCURRENCE OF A PILEUP AND
CALCULATIONS OF THROUGHPUT OF HIGHWAYS

3.1 Determination of throughput highways and level of congestion
.Throughput of the carriageway is determined by the number of lanes and the
capacity of each of them, the nature of traffic on the highway (continuous or

adjustable).
Calculation of throughput with a mixed flow in the structure is done in the

units given.
The theoretical bandwidth of one lane (NT) is determined by the formula:

73600
(1.9)

— e
—

L

Where V is the speed of flow, m/s, taken depending on the class of highways
according to the building norms and rules 2.07.01-89 * [2] and "Recommendations
for the design of streets and roads of urban and rural settlements” depending on the

category of highways " [4];
It should be taken into account that the actual flow rates are 15-20% lower than

the design speeds of 2 single car; .
L - the value of the dynamic overall dimensions, m.
Dynamic dimension - the minimum distance between the front bumpers of cars

moving behind one another, ensuring traffic safety. N
The calculation of Throughput is carried out from the condition of
full use of the capacity of the

i+ of transition to an adjacent strip with 1u . :
lue of L 18 determined using the third

carriageway. Under these conditions, the valu .
plified dynamic motion models using the formula:

group of sim
L=tPV+(l"m-—l'm)+lo +1, 2.0)

.\ time of the driver from the beginning of deceleration

_ the reaction
Where ion of the rear car.

. o of deceleratl ar Ce
= 0,60-0,83 s. Taking into account the response

: : dopted for calculation = ls;
time of the braking system i5 80P d vehicles (assumed to be 2 m);

[, — safety distance be
], — length of the car (acceP
]’ — braking distance of the
J" . — braking distance ©

43



o Figure 15. Capacity calculation scheme
Simplified formula for straight horizontal path sections

___ V3600
V +7+0,1372 2.1)

The capacity of the multi-lane carriageway (Nwm) is determined taking into

account the distribution of vehicles along the lanes:
a) mixed or same flow
N, = Nye, (2.2)

Where v— is the multi-band coefficient, taken as a function of the number of

lanes in one direction (n):
n=1,y=10
n=2,v=19
n=3,y=2,7
n=4,7= 3,5
o— is a coefficient that takes i

traffic light regulation. .
The coefficient & s determined by the formula

nto account the reduction in throughput due to

L 2.3)

=" 2
L v l+l + AtV
Ln+ 2 (a b)

for the vehicle to pass the distance between

delays, mines;
le to travel the same distance, taking into

the time for acceleration and braking,

Where T1 is the theoretical time

intersections at the design speed without
T2 - estimated time for the vehic

account the delay before the intersection,

mines; . ons, M
L, — distance betwee ersec “:ior; ;

. . a
a —acceleratl ’

b — brake deceleration {1
f cars

{ — the average delay oI €

m/s?);

ghts, which is determined by the

formula:



=Tl!'tg
2

At 2.4)

Where 7, - duration of the control cycle, ¢; #; - duration of the green phase, sec.

For example, with an average vehicle delay at a traffic light of t=16,5c (at T=
60 c, t; =27 c) the throughput is reduced by a 55% drop at 400 m / s at a flow rate of
60 km / h and by 49% at Speed of 50 km / h (Figure 16). For highways of continuous
and continuous motion, the coefficient o = 1.

Influence of sphetophoric regulation on the throughput of highwavs

08
45 0.72
% 07 om__ |00
; 065
/ /
8 57 ,M‘/ " 054 e
08 / 062

g 05! / 058
-9 p oﬁ

8 05 my 0.50

§ /] { 045

0
'8 o 034 / 038
k)

- 03— ——- Flow rate 50 kevh

029

E 02 /

8 017

O 01 4+— I R

0 500 600 700 800 200 1000
200 300 4c0 .
o @ Length of section

Figure 16 Effect of traffic light regulation on the throughput of highways

anes by modes of transport

B) sp ecialization of! ad level are calculated separately for the lanes

In this case, the capacity and lo

intended for each typP® of vehicle. ¢ highway will be determined by

. - carriageway of th
The throughput of the entire caras h mode of transport (Z Ni).

i i bands allocated for eac .
summllilg theell’sgidnv;:.gﬂ:zﬁgtllllgtions, the bandwidth of one lane of the carriageway of
or pr

4 roads is allowed to be accepted according to the r;commendations of the
Streets:guidelines for the design of city streets and roads» [3].
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Table 4

The greatest number of homogeneous physical
vehicles in 1h.
Vehicles At crossings in different levels Wh
On On the main crossing in f)rrlle
highways streets of level
continuous traffic

Cars 1200-1500 1000-1200 600-700
Trucks 600-800 500-650 300—400
Buses 200-300 150-250 100-150

Trolleybuses - 110-130 70-90

of the capacity of the street (road) is characterized by the

The degree of use
flow (Nexis) to the capacity of the carriageway (Ny)

ratio of the intensity of the

7=l @5)

Ny
This ratio is called the traffic load level of the carriageway and is within the

« e <= Z <= 1'
limits O vel Z = 0,3-0,45 the most stable state of the flow is observed

t the loading le . . 15 (
i : the motion. The change in lanes is practically unlimited. The

-1 the characteristics of :
lcrllosei <t:he value of Z to 1, the higher the traffic flow density, the lower the speed, the

difficult the traffic conditions [4]. . . .
mor \;Vork in bandwidth mode is unprofitable in many ways. With a loading level

f the flow is extreme, the flow is unstable, congestion is

7> = 0.8, the saturation 0 ( \ g D
ted, the change 1n the bands is very difficult, the average speed is
constantly geners ing. The exploitation of streets at this level of -

10-12 km / b, transport costs are increasl

o dient.
loading is not expedien i congestion is formed. Therefore, at the loading level Z> =

When Z = 1, a traf '
0.8. the capacity of the streets is almost exhausted.

f the street-road network
32 Throue f the transport nodes depends on the class of the mains

ing decision 0 .
: Th;plﬁgﬁle gand on the size of the transport load that determines the way the
forming the anize, d. The calculation of capacity and loading levels is necessary for
traffic 1s OTg ith the prevailing traffic flow

ffic organization W

. t rational tra .
choosing the mOiSS fl(;r calculating the throughput of unregulated and self-regulating

intgnSig.trihfhzﬁiy of the motion of transport flows, which studies the regularities of
nodes

the distribution of intervals between moving cars.
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The throughput of the regulated nodes is determined by the capacity of the
trunk in the section of the stop line and is determined by the capacity of one band, the
number of lanes, the organization of traffic in the node, and the regulating regime.
Possible schemes of traffic organization for 2-, 3- and 4-stroke regulation are given
and recommendations are given for calculating the capacity in each specific situation
- for different widths of the carriageway, under different conditions of traffic
organization and regulation. .

The throughput of unregulated intersections in one level.

Since the intersecting traffic streets are divided into main and secondary, and
the main right is provided with the right of way, cars of a secondary direction cross
the main stream only if there are sufficiently large gaps in it.

In accordance with the observation data [8], the interval in the main stream 1,
is considered sufficient to perform a maneuver by a secondary vehicle, provided that
> tor.
" tbrWhere #, — is the boundary interval between cars in a stream on the main street,

at the appearance of which a car waiting on a secondary street can perform a crossing

Or merger maneuver.
The value of
acceptable for more than

this interval is determined from the condition that it will be
85% of drivers and is equal to fr = 6,5 s.

In the main stream there are intervals bfetween cars of differ'ent lengths,
SO fm can appear several times larger than tbr. In this case, during a period of time,
several vehicles of a secondary direction can pass. Tl}e number of cars of a secondary
street that has passed through the main stream within one interval #: depends on its

duration. { qumber of all vehicles of a secondary direction that haye trayeled

over tl?ehgnizt?ntewal tm > Irpy Wil give the crossing cap acjty for a given Intensity of

o oo Knowing the distribution function of mtervgls in the main flow

'El;(]e %?lnitdil;e;g:s?{’ e to determine the number of intervals of different duration (#y)
b b

for skipping the i-th number of cars and, consequently, the carrying capacity of the
secondary direction by formula

N, =M™ [(1-e) (2.6)

Noce — is the maximum throughput of one lane of a.seco.ndary direction;
Ehe{;ffi:;c intensity of cars along the main street In two directions;
F al logarithm; L
° bﬁf Oxtl‘ag:;:;z?cal e%(pectation of the number of cars in a given diameter
— € .
per un?tztime (per second) is determined by the formula

m= M /3600 2.7

Intervals between cars that exit at the intersection with a secondary street.
ot — Inte
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As the observations [8] show, 8t varies within rather narrow limits from 5.3 to
2.8 s. For cars, ot = 3,6-2,8 s, which is typical for urban conditions. With the increase
in the number of cars, ot decreases. :

The capacity of the mains in the section of the stop line of the regulated

nodes
The capacity of the main line in the section of the stop line is determined by the

capacity of one strip, the number of lanes, the organization of traffic in the node, the
regulating regime.

The capacity of a strip of streets and roads of regulated traffic is defined as the
maximum number of vehicles passing along the strip (through the line - stop)
depending on the conditions and organization of traffic for one hour in one direction

while observing the conditions of traffic safety. .
The conditions for the organization of movement are expressed in terms of the

fraction of the time from the duration of the cycle allocated for the movement of

vehicles in each direction in which the throughput is determined ( ZTQ ).
When calculating the capacity, two assumptions are made:
1) all cars passing through the intersection can be delayed in front of traffic

lights; . . . '
' 2) all cars after switching on the green signal pass through the intersection with

the same speed and equal intervals of time.
o On tlljlis basis, to calculate the bandw1dth of one lane, formula
3600(t, —¢ ’
Ny = g L) (2.8)
I.t,

_ is the duration of the green traffic signal, s;

rae g hase of the traffic light and the

t, — the time interval between the green p

ing of the first car, S; . .
Sioppine t, time interval between cars when passing the stop line, s.

According to the results of observations Za is is 1-3 s, it is recommended

=2si lations.
totake =251 the calcu
: The value of t, for observ

freight traffic, it is recommended to take Zn

ations is 1-3 s for passenger transport, 3-5 s for
= 9.3 seconds for a mixed flow.

ini Joading levels of highways and nodes : .
Determl?l:g%etlhethroughlg’ut of each direction of r.novemenF in sections 1s
arll.q:; \:i?h the actual traffic intensity (Nfact). The loading level is determined by
comp

the formula

7= Npst £08-09 29)
NM ;

48



The loading level should not exceed:
* at 2-stroke regulation - 0,9;

* with 3-stroke control - 0.85;

» with 4-stroke control - 0,8.

Violation of these conditions indicates the exhaustion of the capacity of the
highway in the cross-section of the stop line or in the node as a whole.
The results of calculating the throughput and load levels of the regulated nodes

are summarized in the table.

3.3. Example of calculating the throughput of an adjustable road junction

To calculate the capacity and loading level of the carriageway in the cross
section of the stop line of the regulated node, the following initial data is necessary:

1. The actual or calculated intensity of motion in the units given in figure 17.

Section 4 - 450 -

100

600
08L - £ Uogaag

00L
150

200

Section 1 - 1050

Section 2 - 650

Figure 17

5. Distribution of flows of different directions along the lanes in figure 18.
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Figure 18

3. The number of lanes of the carriageway in the sections of the stop lines: sec
1 - 4 lanes, sec. 2 and 3 - 3 lanes each, sec. 4 - 2 lanes. '
4. Regulating mode and schemes of organization of movement by phases.

Regulation is 2-stroke (t1 = 245, 12=145). T=24+3+14+3=4d4s.

Section 1
Throughput one lane

iy = 200 0) (3D g,
Tk 443

Throughput of the 4-lane roadway Ny =N (n—2)

Where 1n — 15 @ coefficient that takes into account the throughput of the pivotal

motion bands:

P+ P +F
Tn =—t—t (30)

Where Pr — is the number of vehicles in the section making the right turn per

hour. _
o In the absence of observational data 1, = 1,2-1,4.
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p =L L +P, 1050+200+150
n P - =1,33
1050

N, =1, 33 +600(4 —2)=1596 v/h.

Section 2
Throughput one lane
3600, —t,) _ (3600(14— 2)
i _—————Tut" = a4e3 )—327

Throughput of the 4-lane roadway N y=mNn(n—1)

er of lanes in the section of the stop line

Where » — is the numb
g into account the throughput capacity of the left-hand

m — Coefficient takin

traffic zone:
_P+h -
m="p G

is the total number of vehicles in the section of the stop line per

Where P —

P,—The number O
In the absence of o

les in the section, making a left turn per hour.

hour;
=1,1-1,2.

f vehic
bservational data M

7= P+P _ 650+150=1,23
" P 650
N,=1,23° 3273 - 1= 804 uwh
Section 3
Throughput 0n€ lane
360004, — t,) _ 360024 — 2)) — 600
Nn=""T,1, 4403
Throughput of the 4-1ane roadway N v =MWVn (n-1)
__!:rf_’,—= 780+100 _ 1,13
m="p 780

=1,13° 6003 - 1)~ 1356 en/u.
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Section 4
Throughput one lane

N, = 3600(¢, —2,) _ (3600(14 -2\ _3,
T;ltn 443 =327 -

Twhhroughput of the 2-lane roadway N ,, = 1N, ; 7 = @)
ere 1 — is the coefficient reducing the through i
. . put due to interf
the left-handed motion and depending on the fraction of the left rotatiorf neiefn(?xj from

1 2,0 1,65 [ 1,60 | 1,55 | 1,50
a,%| O 10 | 20 [ 30 | 40

o = 50/450=0,11, 1= 1,65;
N, =1,65+327="540 uh.

Regulation is 3-stroke, figure 19.
Te=20+3+10+3+ 14+3=353s.

f»

2-d tact t2=10s. 3-rd tact = 14 s.

1-st tact 2 =20s.

ws of different directions along the bands with 3-

Figure 19- Distribution of flo
stroke control

Section 1
Nm=NI+N2+N35 (3.1)

Where N1 is the throughput of the bands allocated for skipping the direct

irection; o
dire ’ for the right-handed direction;

N2 - the same, ded ¢
N3 - the same for left-handed direction.
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360020-2) _ 405

N,=2N,;N, =
53¢3

360010-2) 101

M=M="5

Nym= 2408 +2°181=1178 u/h

Section 2

N,=N;s;+ N,;

Nuy=nM;" = fla);
o= 150/650=0,23, N = 1,58;

. 3600014-2) _ 57 wh
5303

v, 3900002 g1
5303

N, =429+181=610 vl

Section 3
Nm = Nl,2 +N3;

3600(20—3) _
-D= ~1)=816 v/h
Ny =MD" 5305 C

N, =816+181= 997 wh

Section 4
Nu =T]Nn N =f((l);
a=011; M7 1,65;
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N, =1,650320%2073) _ 4450

o3
Calculation of loading levels of individual sections and the node as a whole is
reduced to table 4.
Conclusions

With 2-stroke control, the node operates under normal conditions, has a

capacity reserve.
With 3-stroke control, the throughput of sections 1, 2 and 4 is exhausted.

Table 5
Node| Section Directions Actual 2-stroke 3(4)-TakTHOe
Ne of the intensity
movement
1 Right 200 181 | 1,10 | >0,85
Straight 700 816 | 0,86 | >0,85
left 150 181 | 0,83 | <0,85
Total in section 1050 1596 [ 0,66 | <0.9 | 1178 | 0,89 | >0,85
Straight 300 429 | 1,05 | >0,85
— 1Rt 150
Total in section 650 804 | 0.81[<0.9 | 610 | 1,07 | >0,85
B 20 816 | 0,83 | <0,85 | !
3 Right T" |
Straight 600
Tﬁ._——-—-———-—"‘ 100 181 | 0,55 <0,85
e
| 0.58 [ <09 | 997 | 0,78 <0,85 |
‘—’__'T‘_thal in section 780 1356 31
S I
T T | O
Straight 300 ?
I
left 50
| :
: 540 |0.83 [ <0.9 | 448 | 1,0 >0,85 | |
—Total in section 450 s
T % 7796 [0.68 | <09 | 3233 | 0.91 | >0.85 ||
Total junction i
/——'—"___——'—’/-——————_ l B
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3.4 Simulation of intersection with forbidden left turn
At the intersections with the left turn, cars are hammered in a whole row and

significantly reduce the throughput of the intersection. To solve these problems, it is
enough to prohibit the left turn at the intersection and to start the entire flow of
vehicles to the right and forward, so that after traveling to the break in the dividing
strip, wherever they turn left, you can speed up the flow of cars and not take up a
whole strip. fi

For the proposed solution variant, an application based on unity 3d was
developed. The application is based on a simulated intersection with the prohibition
of the left turn, with an animated traffic light and traffic patterns.

€] Unity Personal (64bit) - traffic_gilan.unity - Traffic - PC, Mac & Linux Standalone® <DX11>
File Edit Assets GameObject Component Mobile Input Tools Windew Help

(O 5|3 L Waieivet] @ckal ]
1% |0 il el s clinas gL A E SO S

¥
Ak o ®

Figure 20. Modihg of an adjustable intersection

-platform 3D engine and a user friendly

i d powerful enough for the
ironment. Easy enough for the beginner aix i
developtmjelilttyelsl;g&d ifllzerest zmybod'y who wants to easily create 3D games and
expert; Ul

' ' ktop, the web, and consoles.
applications for mobile, desktop

Unity3D is 2 powerful cross
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, The Upity applicatiqn is a complete 3D environment, suitable for laying out
evels, creating menus, doing animation, writing scripts, and organizing projects. The

user interface is well organized and the panels can be fully customized by dragging

and dropping.
From figure 20 we can see the tools used:
.Scene: This is where you will place any visual assets in your Unity environment
It will update in real-time when you are previewing the game. Note the manipulatm"
on the top right; this allows you to switch between a number of standard views.

Hierarchy: This lists all the objects in the currently loaded scene, and any &
hildren are objects that can be thought of as subordinate to .

children they may have. C
the parent object; wherever the top object moves, they

offset they have to this object.
Game: When you're not actively running the game, it will show a rendering of

how the game will look, ignoring graphical effects that need to be computed at run-
time, from the point of view of the main camera. When you're previewing the game,

you'll be playing through this window.

11 follow, keeping the current

Project/Assets view: This 1
graphical assets, soun
objects), and much more. Our

(titled “traffic_gilan ”)- ,
't have any objects selected in the Hierarchy or

ently don

Inspector: Since we cuIr : |
iew, it's completely blank. The inspector allows us to look at and '
¢ objects and assets, as well as adjust some

the Project/Assets V1 !
tweak individual settings of various game O0J=; .
global settings. The Inspector is content-sensitive and changes 1ts parameters based

lected. This is also a place to show you your project

on which game object/asset is se )
: i em from the Edit menu.

settings and preferences by choosing th !
(%raphigal icons for moving the scene and its contents. The hand allows us to

pan around the scene; when combined with other scene camera controls, Unity
becomes very €asy to navigate (se€ below). The icon on 1ts right, which looks like

jlows you to move a S€ .
fﬁ:roiggé‘t’vﬁf I:e next )i]con allows for rotation of the object, and the final one allows for
. aling of the Obje(l:t' to play, pause, and stop running our game in th
. This allows us to piay; 3 ©
Playback bar iest way to test and tweak the game.

i i is is the quickest and easl .
Unity editor. This is what allows you to look around and move the visual assets
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is a list of all custom assets for our game, including “

d, scripts (more on these later), prefabs (pre- assembled game
current game is currently using only one empty scene

lected object around. We call this transforming - ‘



Figuré 21. Modeling cars and their movement

3.4.1 Implementation

Main Eamerd
P cametas

sl

=FIr

Figure 22. Used codes inC#
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Stopping cars on red traffic light:

PauseOnTrigger.cs
using UnityEngine;
using System.Collections;
using SWS;
public class pauseOnTrigger : MonoBehaviour {
public splineMove car; )

public GameObject red;
public bool Variant2=false;
private bool onRegion=false,onRegion2=false;

// Use this for initialization
void Start () {

} :
// Update is called once per frame

void FixedUpdate () {
if (variant2) {
if (red.active && onRegion2) {

car.Pause (5.0£);

} else {
car.Resume ();

}

} else {
if (red.active && onRegion) {

car.Pause (5.0£);

} else {
car .Resume ()

}
}

void OnTriggerEnter(Collider col) {
if (col.tag == ntrafficRegion") {
onRegion = true;
}
if (col.tag == vt rafficRegion2") {
onRegion2 = true;

}

erExit(Collider col) {

}
.4 onTrigg
Vol nerafficRegion™) {

if (col.tag ==

onRegion = false;
if (col.tag == "trafficRegionZ") {
onRegionZ = false;

}
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Animating and operation of traffic lights:

swtrafficlight.cs
using UnityEngine;

using System.Collections;

public class trafficLight : MonoBehaviour {
public GameObject red,yellow,green;

public int g,y,ri )

public float timer = 0;
void start () {

void Update () {
timer += Time.deltaTime;

if (timer < g) {
green.SetActive (true);
red.SetActive (false):
yellow.SetActive (false);
} else {

if (timer < y+g9)
yellow.SetActive (true);

green.SetActive (false);
red.SetActive (false):

} else {
if (timer < r+g+y) |
red.SetActive (true);
yellow.SetActive (false);

green.SetActive (false);

} else {
timer = 0;

}
}

}
pebug . Log (timerx) i

Car movement according to targets:

mentcar.cs
ityEngine/
.Collections; .
movementCar : MonoBehaviour {
ansform[] targets;

c Transform startPosi

publl i :itialization
NavMeshAgent nVAgent;

int indexOfTarget = 0;

move
using Un
rsing gystem
buplic class

ublic 1% :
public string tagName/
) t . . . . |
VOldtizzrga;LObject.transform.p051tlon = startPos.position;
nVAgent = GetComponent<NavMeshAgent> ():

}
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’

}
void OnTriggerEnter (Collider col) {

Debug.Log ("Find Next Target"+indexOfTarget.ToString()):;

if (?ol.gameObject.tag == tagName) {
if (indexOfTarget+l < targets.Length) {
indexOfTarget++;

} else {
thls.gameObject.transform.position = startPos.position;

indexOfTarget = 0;

}
}

Script which kept track of all the cameras in scene then i could switch cameras

easily:

switchbetweencameras.cs
using UnityEngine;

using System.Collections;

public class switchBetweenCameras : MonoBehaviour {
public Camera mainCamera;
public Cameral] cameras;

void Start (y {

}
void Update () f
if (Input.GetKeyUp (KeyCode.KeypadO)) {

switchOffAllCameras ()
mainCamera.gameObject.SetActive (true);

}
if (Input.GetKeyUp (KeyCode.Keypadl)) {

switchOffAllCameras ()
cameras [O].gameObject.SetActive (true);

}
if (Input.GetKeyUp (KeyCode.KeypadZ)) {
switchOffAllCameras ();
meObject.SetActive (true) ;

cameras [1] .92

}
if (Input.GetKeyUp (KeyCode.KeypadS)) {

switchOffAllCameras ();

2].game0bject.SetActive (true);

cameras [

fAllCameras(){
i< cameras.Length; i++) {
meObject.SetActive (false):

id switchOf

(int i = 07
cameras [1] .ga

ject.SetActive (false);

}
mainCamera.gameOb
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Script where the camera will smoothly look around when the mouse is moved:

SmoothCamera.cs
. using UnityEngine;
using System.Collections;
using System.Collections.Generic;

[Add§omponentMenu("Camera-Control/Smooth Mouse Look")]
public class SmoothMouseLook : MonoBehaviour {

public enum RotationAxes { MouseXAndY = 0, MouseX = 1, MouseY = 2

}
public RotationAxes axes = RotationAxes.MouseXAndY;

public float sensitivityX = 15F;
public float sensitivityY = 15F;
public float minimumX = -360F;
public float maximumX = 360F;

-60F;
60F;

public float minimumY
public float maximumY
float rotationX = OF;

float rotationY = OF;
private List<float> rotArrayX

float rotAverageX = 0OF;
private List<float> rotArrayY

float rotAverageY = 0F;
public float frameCounter = 20;

Quaternion originalRotation;
void Update ()

== RotationAxes.MouseXAndY)

= new List<float>();

new List<float>{():

if (axes

{
rotAverageY = 0f;
rotAverageX = 0f;
Input.GetAxis ("Mouse Y") * sensitivityY;

rotationY +=
rotationX += Input.GetAxis("Mouse X") * sensitivityX;
rotArrayY.Add(rotationY);
rotArrayX.Add(rotationX);
if (rotArrayY.Count >= frameCounter) {

rotArrayY.RemoveAt(O);

}

if (rotArrayX.Count >= frameCounter) {
rotArrayX.RemoveAt(O);

}

for (int j = 07 j <
rotAverageY +=

rotArrayY.Count; j++) |
rotArrayY[jl:

}
i< rotArrayx.Count; it++) |

for(int i = 0; _
rotAverageX *= rotArrayX[il;

}
rotAverageY /= rotArrayY.Count;
rotAverageX /= rotArrayX.Count;

rotAverageY = clampAngle (rotAverageY,

minimumY, maximumY);
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rotAverageX = ClampAngle (rotAverageX, minimumX, maximumX) ;
Quaternion yQuaternion = Quaternion.AngleAxis (rotAve;

ageY, Vector3.left);
Quaternion xQuaternion = Quaternion.AngleAxis (rotAver

ageX, Vector3.up);
transform.localRotation = originalRotation * xQuaterni

on * yQuaternion;

else if (axes == RotationAxes.MouseX)

{
rotAverageX = 0f;
rotationX += Input.GetAxis ("Mouse X") * sensitivityX;
rotArrayX.Add (rotationX); ’
if (rotArrayx.Count >= frameCounter) {

rotArrayX.RemoveAt(O);
}

for(int i = 0; i < rotArrayX.Count; i++) |
rotAverageX += rotArrayX[i]:

}
rotAverageX /= rotArrayX.Count;

rotAverageX = CclampAngle (rotAverageX, minimumX, maximumX);
Quaternion xQuaternion = Quaternion.AngleAxis (rotAverageX,

vector3.up) s
transform.localRotation = originalRotation * xQuaternion;

}

else

{
rotAverageY = 0f;
rotationY *= Input.GetAxis("Mouse y") * sensitivityY;

rotArrayY.Add(rotationY);
if (rotArrayY.Count >= frameCounter) {

rotArrayY.RemoveAt(O);

for(int J = 0; J < rotArrayY.Count; J++) |
rotAverageY += rotArrayY[]l;

Y /= rotArrayY.Count;

rotAverage
Yy = clampAngle (rotAverageY, minimumY, maxim

rotAverage

umY) 7 . ‘ .
i Quaternion yQuaternion = Quaternlon.AngleAx1s (rotAver

3.left)’
transform.

inalRotation * yQuaterni

Vector _ .
age¥s localRotation = orig

on;

}

}
void start ()

pody rb = GetComponent<Rigidbody>();

rigid
if (rb)

rb.freezeRotation = true; .
originalRotation = transform.localRotatlon;
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public static float ClampAngle (float angle,

max)
{
angle = angle
if ((angle >=
if (angle
angle
}
if (angle
angle
}
}

% 360;

-360F) && (angle <= 360F))
< -360F) {

+= 360F;

> 360F) {
-= 360F;

return Mathf.Clamp (angle, min, max);

float min,

{

float
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CONCLUSION

As a result of the analysis, the causes were identified and the interconnectio
between the occurrence of traffic jams at a regulated intersection were identified I;S
was found that the most significant factors are: the discrepancy between the IZ o
operation of the traffic light object and the current and changing paramet mode of
traffic flow and weather and climatic conditions. ep sters of the

Based on the statistical analysis, analytical dependencies are obtained, which

allow to predict the indicators of congestion occurrence and in accordance with the

forecasts to make technical decisions.
A theoretical-methodical approach to predicting the occurrence of congestion

is developed, based on mathematical statistics, which allows to perform a point

forecast of the number of vehicles for a subsequent period of time.
It became clear that not all three-stroke and four-stroke traffic light controls the
traffic and increases the throughput of the intersection, according to the received data
ses this leads to a negative result.

it is revealed that in some ca
At the intersections with the left turn, cars aré hammered in a whole row and
significantly reduce the throughput of the intersection. It was suggested to prohibit

the left turn, and the cars d to the right and forward, so that after driving
to the gap in the dividing s er they turned left, you can speed up the flow

of cars and not take up 2 whole strip.
An application was modeled and developed on the basis of the received traffic

flow analyzes at a regulated crossroads.

to be launche
trip, wherev
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