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Abstract. The design concept of the new structure of Ukrainian highways in the form of
transport corridors with high road and transport potential as elements of the design environment of
the state is substantiated. A new approach is applied that allows taking into account the landscape of
the area, road architecture, traffic management design and peculiarities of traffic flow conditions. A
planning analysis of the road network in terms of linear and quadratic density is presented, the new
highway network is built on the basis of the theory of connection graphs. A radical method of
increasing the speed of transport, increasing the capacity of the network of streets and roads and
ensuring traffic safety is the construction of intersections at the intersections of urban highways at
different levels.In the practice of design and construction, transport intersections at two, three, four
or more levels are used. Highways or expressways are considered as the total potential of the
economy, consisting of the potential of transport routes and roads, infrastructure facilities and the
potential of vehicles (car flows, carriage flows). i.e. exergy, a powerful characteristic of the transport
corridor, where power is the product of a variable in the cross-section of the path (flow intensity) by
a variable in the path space (speed). Of particular importance is the capacity of transport corridors or
specific flow intensity, which is the inverse of intensity and characterizes the distribution of intensity
along the length of the roadway of highways. The instantaneous load is determined by the flow
density. The maximum load of the roadway lane is achieved at the optimal value of the flow speed
and the optimal flow density per kilometer of road. An analysis of the distribution of traffic intensity
on the German highway as an analog of a transport corridor is made.

Keywords: highway network, transport corridors, road and transport potentials, linear and
quadratic densities, capacity, specific intensity.

General statement of the problem and its connection with important scientific and
practical tasks. With Ukraine's acquisition of the status of a candidate for accession to the EU, the
need to bring legislation into line with EU law, implement international standards and integrate the
national transport network into the Trans-European Transport Network (TEN-T) is becoming even
more urgent. The National Transport Strategy also needs to be harmonized with the priorities and
objectives of the European Green Deal in the transport and mobility sector. This, in turn, requires
sufficient organizational, human and material resources and proper legal regulation.

The updated National Transport Strategy of Ukraine will allow increasing the institutional
capacity of transport sector management bodies, will promote the development of human capital,
digitalization of the industry with the aim of further implementing sectoral reforms and supporting
Ukraine's European integration course.

The economy of any state, including Ukraine, will not be able to develop successfully without
appropriate provision of transport infrastructure with high-speed delivery of goods and passengers,
which requires the urgent creation of transport corridors in the form of new high-class multi-lane
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highways. But a new approach is being used that allows taking into account the landscape of the area,
road architecture. design of road traffic organization and the peculiarities of traffic flow conditions.

In some areas that require strategic development planning, there are no program documents,
and the current strategic and program documents in certain areas of the transport sector do not contain
provisions that establish strategic priorities for their development, taking into account the challenges
of martial law and post-war reconstruction, and also do not take into account the need to integrate the
transport complex of Ukraine into the EU transport system, taking into account Ukraine's receipt of
candidate status for accession to the EU.

Thus, the issue of significantly improving sectoral program documents and developing new
program documents in the transport sector in order to improve state policy in priority areas, determine
the sequence of actions to solve identified problems, and achieve the development goals set in the
relevant areas of the transport sector based on the results of implementing planned interrelated tasks
and measures is important and relevant [1].

An analysis of recent studies and publications that have initiated a solution to this problem
and highlighted previously unsolved parts of the overall problem. Congested roads cause people
to delay less urgent trips, change modes and destinations, and forgo avoidable trips. The traffic
generated consists of diverted travel (a shift in time and route) and induced travel (an increase in total
motor vehicle travel).

Highway expansion can stimulate sprawl (dispersed, car-dependent development), which
contributes to a further increase in per capita car travel. The following are examples of solutions that
generate traffic:

- consumers choose closer destinations when roads are congested, and further destinations when
traffic is lighter. “I want to try the new restaurant downtown, but traffic is a mess right now. Let’s
just grab something at the local deli.” This also affects the long-term viability of solutions;

- travelers change modes to avoid traffic jams;

- longer trips may seem cost-effective when traffic jams are light, but not when traffic jams are
heavy.

Large research show that people tend to have a fixed travel time budget, the so-called Marchetti
Stash (Litman 2021; Marchetti 1994). Regardless of the conditions, people devote about 75 minutes
per day to personal travel (Ahmed and Stopher 2014). As a result, travel speeds increase, as do their
travel distances. Road improvements that increase travel speeds tend to encourage additional vehicle
traffic in the long run (Krol 2020). Therefore, it is unreasonable to assume that improvements to the
road surface provide travel time savings; instead, their benefits tend to result from the ability to travel
to more distant destinations, such as taking longer commutes to work or traveling to a more distant
vacation spot.

Generated traffic can be viewed from two perspectives. Highway planners are primarily
concerned with the traffic generated on the expanded road section, as this affects the congestion-
reducing benefits of the project. A broader perspective concerns the changes in total vehicle travel
(induced travel), which affects overall benefits and costs. Table 1 describes the different types of
generated traffic. In the short term, most of the generated traffic consists of trips diverted from other
routes, times, and modes, which is called triple convergence. Over the long term, an increasing
proportion is induced travel. In some situations, adding road capacity can reduce the overall efficiency
of the network, which is called Braess's paradox. Increasing the capacity of a highway can cause
additional vehicle travel on adjacent roads, encouraging more dispersed, car-dependent development.
Although these indirect impacts are difficult to quantify, they are potentially significant and should
be considered in transport policy and planning analysis [2].

The purpose of the article is to substantiate practical ways to overcome the existing lack
of transport infrastructure capacity to meet the needs of all carriers. Namely, the congestion of the
transport system in certain areas, in particular in the direction of border crossings with the EU
countries and Moldova, as well as seaports controlled by Ukraine.
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Presentation of the research material with full justification of the obtained scientific
results. In the current circumstances, it is rational to use the laws of traffic flow, and not only a
separate car, as stipulated by the state building codes (DBN), to improve the quality, external
attractiveness, road safety and capacity of expressways as part of transport corridors.

To solve the set goal, new developments in the theory of transport flows [3, 12] and applied
research [7, 8, 11] are used. Unfortunately, in modern Ukrainian technical literature, a new
generalized theory of transport flows, as such, and almost with criticism, is not stated. Motorways or
expressways are considered as the total potential of the economy, consisting of the potential of
transport routes and roads, infrastructure structures and the potential of vehicles (automobile flows,
wagon flows). i.e. exergy (E). power characteristic of the transport corridor operation, where power
(M) is the product of the variable in the path cross-section (flow intensity N) by the variable in the
path space (speed V), km/h?:

M = NV,

Of particular importance is the capacity of transport corridors or the specific intensity (U) of
vehicles/hour.km, which must correspond to a sufficient level of throughput. The flow is the
reciprocal of the intensity [4] and characterizes the distribution of intensity N along the length of the
roadway L:

U=". (1)

The instantaneous load is determined by the flow density, that is, the number of cars on a section
of road, therefore the specific intensity, or specific load, is better determined through the density Q

[3]:

l’ 0 m Q

Qm — traffic jam density, cars/km.

The maximum loading of the carriageway lane U, is achieved at an optimal value of the flow
velocity equal to 0.5V and an optimal flow density equal to 0.5Qm per kilometer of road and is 2500
cars /h.km on the inner lane. At the same time, the lane capacity allows 50 cars to be accommodated
per kilometer, which provides a distance of 15 meters, and a dynamic clearance of 20 meters.
Reducing the distance leads to traffic congestion or to column traffic and traffic jams after 2 ... 3
minutes. The distributions of the existing road density by region and the planned one are shown in
Fig. 1.

The number of lanes on the transport corridor is determined by the size of the demand for trips,
but the need to create a network of transport corridors for the country is proposed to be established
by their standard linear density from 2 km to 4 km per km? of the country's area. Planning analysis of
the existing linear density of highways in Ukraine, compared to the road network of developed
countries, indicates its very low level - 0.28 km/km?, which is ten times less than the optimal value.
At the same time, the existing roads are not highways, but only directions, with a very low value of
quadratic density - 280 m?/km?, which takes into account the width of the roadway [6].
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Fig. 1. Distribution of existing and planned road density by region

Based on graph theory [13], a new structure of the road network of highways has been
developed in the form of extensions of the transport corridors of the countries bordering Ukraine in
the West-East and South-North directions. The new, close to rectangular, structure of the highway
network has a linear density of 2.8 km/km? and a quadratic density of 700 m?/km? with a carriageway
width of 4 to 8 lanes, excluding local secondary roads (Fig. 2).

Fig. 2. Planned network of transport corridors in Ukraine
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A radical method of increasing the speed of transport, increasing the capacity of the network of
streets and roads and ensuring traffic safety is the construction of intersections at different levels at
the intersections of urban highways. Such intersections eliminate transport delays and ensure the
continuity of its movement. Analysis of literary sources shows that different specialists in their design
see only the functional feature of the intersection [10 - 12] and do not take into account the
architectural requirements and urban environment of the location of the intersections. In the practice
of design and construction, transport intersections are used at two, three, four and more levels. And
this is from 6 to 24, 30 meters in height, that is, 10-story buildings [16 - 18].

The most important factor determining the choice of the type of intersection and the design of
the overpass is the architectural appearance of the structure, its compositional combination with the
surrounding urban ensemble, i.e. design. The practical and aesthetic qualities of the road largely
depend on its technical compliance with the type of transport prevailing in a given era.

As an example, from the transport corridors routed through the Kharkiv region, branches of
expressways are planned for the city center, taking into account the planning studies of the basic
general plan of 1967-87, according to which the city of Kharkiv developed.

Expressways are laid on 4 sides of the center and therefore, together with interchanges at
different levels, create a ring that intercepts traffic flows from the central part of the city. Taking into
account the above, the Kharkiv Development Strategy until 2030 and beyond solves transport and
logistics problems of international cooperation, interconnection with regional centers of Ukraine, with
cities of the Kharkiv region and with the city of Kharkiv itself. Taking into account the further growth
of motorization of the population of Ukraine to 500 cars per thousand inhabitants, the density of
highways should be increased to 4 km/km?, and for transit traffic, separate lanes should be provided
where the speed should be more than 100 km/h (200 ... 250 km/h).

There are no state regulatory documents for the design of highways, but there is a problem in
predicting capacity. Therefore, an analysis of the distribution of traffic flow intensity on the German
autobahn, as an analogue of a transport corridor, was made (Fig. 3).
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Fig. 3. Example of traffic flow intensity distribution on the German Autobahn

The field observation data presented in Table 1 and in the graph in Fig. 4 indicate a complete
inconsistency of domestic regulatory recommendations on road capacity with the realities of traffic. The
highest capacity on a multi-lane highway occurs on the inner lane, where the flow speed is highest, and
gradually decreases with the variability of traffic lanes to the intersection at different levels to the first outer
lane (movement in one direction).
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Table 1 - Actual distribution of traffic flows on the 3rd lanes of the autobahn

Traffic flow Traffic flow by lanes auto/h | Bandwidth coefficient Total bandi:ogr coefficient
behind the

car/hour lanes | left average | rights 12 | 13 | 23 Iazr;Zs I:r;zs I:r;zs
4220 1790 | 1440 990 145|181 | 1,24 | 245 | 426 | 6,51
5180 2070 | 1850 1260 | 1,47 | 164 | 1,12 | 247 | 411 | 595
4710 1860 | 1640 1210 | 1,36 | 154 | 1,13 | 2,36 | 3,89 | 564
5320 2120 | 1930 1270 | 152 | 1,67 | 1,10 | 2,52 | 4,19 | 6,02
5030 2010 | 1780 1240 | 144 | 162 | 1,13 | 244 | 4,06 | 5,89
4760 1910 | 1690 1160 | 1,46 | 1,65 | 1,13 | 2,46 | 4,10 | 5,96
5050 1960 | 1820 | 1270 | 1,43 | 154 | 1,08 | 2,43 | 3,98 | 564
4710 1860 | 1710 1140 | 150 | 1,63 | 1,09 | 250 | 4,13 | 591
4280 1690 | 1500 1090 | 1,38 | 1,55 | 1,13 | 2,38 | 3,93 | 5,67
5260 2070 | 1830 | 1360 | 1,35 | 1,52 | 1,13 | 2,35 | 3,87 | 559
4650 1940 | 1480 1230 | 1,20 | 1,58 | 1,31 | 2,20 | 3,78 | 5,85
4610 1870 | 1550 1190 | 1,30 | 1,57 | 1,21 | 2,30 | 3,87 | 5,77
4910 1970 | 1630 1310 | 1,24 | 150 | 1,21 | 2,24 | 3,75 | 557
4700 1890 | 1610 1200 | 1,34 | 158 | 1,17 | 2,34 | 3,92 | 577
5110 2010 | 1750 1350 | 1,30 | 1,49 | 1,15 | 2,30 | 3,79 | 5,50
4630 1970 | 1650 | 1010 | 1,63 | 195 | 1,19 | 2,63 | 458 | 691
4790 2030 | 1530 | 1230 | 1,24 | 165 | 1,33 | 2,24 | 3,89 | 6,08
4770 1950 | 1540 1280 | 1,20 | 1,52 | 1,27 | 2,20 | 3,73 | 5,66
5100 2040 | 1760 1300 | 1,35 | 157 | 1,16 | 2,35 | 3,92 | 574
A\‘/’aelrjge 4831|1948 | 1668 | 1215 | 14 | 16 | 12 | 24 | 40 | 59
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Fig. 4. Current traffic volume on the 3-lane and projected traffic volume
on the 4-lane on the autobahn

Scientific novelty, scientific and practical significance of the research results, prospects
for further scientific developments. Road projects that are considered cost-effective according to
traditional analysis may actually provide little long-term benefit to motorists and worsen society as a
whole due to induced external travel costs. In general, other strategies may be better. Another
consequence is that highway capacity expansion projects should include strategies to avoid increasing
external costs, for example, stricter vehicle emission regulations to avoid increasing pollution and
land use regulations to limit the spread.

The introduction of new technologies, the development of a new generation of construction
industry within the framework of the formation of the largest urban systems on the globe -
megalopolises, allows us to talk about transport facilities (corridors) as complex integral urban
structures that sprout into the environment of the state and, in fact, shape it anew [19].

The highest capacity on a multi-lane highway occurs on the inner lane, where the highest flow
speed is, and gradually decreases with the alternation of traffic lanes to the intersection at different
levels to the first outer lane (movement in one direction). The proposed solutions, in addition to the
possibility of application not only in a general architectural sense, can also contribute to the
development of narrowly professional industries of applying new options for traffic flow solutions.
And also contribute to more effective cooperation between stakeholders and higher education
institutions [20].
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2Xapxiscokuti HayionanbHull a6mMoMobIiNbHO-00POdICHIL yHisepcumen

Anortania OOIpyHTOBaHO JU3alH-KOHIICIIIIFO HOBOI CTPYKTYpH aBTOMAricTpasei
VkpaiHM y BHIVIAAI TPAHCIOPTHUX KOPHUIOPIB 3 BHUCOKMM JIOPOKHIM Ta TPaHCIOPTHUM
MOTEHIIaJIaMH, K €JIEMEHTH AU3aiiH CepelloBHUINA JEp>KaBU. 3aCTOCOBYETHCS HOBUUM MIIXIJ,
KU TO3BOJISIE BPaXOBYBAaTH JIAHAMIA(PT MICLEBOCTI, apXITEKTypy JOpIir. JuU3ailH OpraHizamii
JIOPOKHBOTO PYXY 1 0COOJIMBOCTI CTaHIB PyXy TPaHCIOPTHUX MOTOKIB. HaBeneHo miianyBaabHUMA
aHaJi3 JOPOKHBOT MEepEXi 32 MOKa3HUKAMH JIIHIIHOT Ta KBapaTUyHOI IIibHOCTI, HoBa Mepexa
aBTOMaricrpaieii moOyqoBaHa Ha OCHOBI Teopii rpadiB 3B'S3kiB. PanukaibHEUM MeTOa0M
M1BUIICHHS MIBUAKOCTI TPAHCIIOPTY, 301IbIIEHHS MPOMYCKHOI CIIPOMOXKHOCTI MEPEXK1 BYJIHIIb 1
Jopir 1 3a0e3mneueHHs Oe3MeKH pyXy € CIopya Ha MePeXPecTsaX MiCbKUX MaricTpalieii epeTHHIB
B PI3HUX pIBHAX.Y MPAKTULI MPOEKTYBaHHSA 1 OyIiBHHUIITBA 3aCTOCOBYIOTbCS TPAHCIIOPTHI
MepeciueHHs Y ABOX, TPhOX UYOTHUPHOX 1 OuLIbIIEe pIBHAX. ABTOMaricrpan, ado IMIBUIKICHI
JOPOTH PO3MIIANAIOTHCS SIK CyMapHUH MOTEHLIal €KOHOMIKH, L0 CKJIAJA€eThCsl 3 MOTEHLIATy
TPAHCIOPTHUX LUIAXIB Ta AOPIT, CIOpyA 1HGPACTPYKTYPH Ta MOTEHIIIATy TPAaHCIIOPTHUX 3aC001B
(aBTOMOTOKIB, BaroHOMOTOKIB). TOOTO €KCeprisi ,MOTYXHY XapaKTepUCTUKYy poOOTH
TPAHCIIOPTHOT'O KOPUAOPY, A€ MOTYKHICTh € T00YyTOK 3MIHHO1 B TIepepi3i NUIIXY (IHTECHCUBHOCTI
MOTOKY ) Ha 3MiHHY B MHPOCTOpi HUIAXY (MBUAKICTH ). OcoOnuBe 3HAUYEHHS Ma€ MiCTKICTh
TPAHCIOPTHUX KOPUAOPIB a00 MUTOMA IHTEHCUBHICTh MOTOKY, SIKA € 3BOPOTHA BEJIWYHMHA
HANpYy>KEHOCTI 1 XapaKTepu3ye pO3MOJUT IHTEHCHBHOCTI IO JOBXKMHI MPODKIKOI YaCTUHHU
aBromarictpasied. MuUTTeBe 3aBaHTaKEHHS BU3HAYAETHCS IIUIBHICTIO MOTOKY. MakcuMmasibHe
3aBaHTa)XEHHS CMYTU MPOTKIKOI YACTUHH JOPOTH JOCATAETHCS MPH ONTUMAILHOMY 3HAYCHHI
MIBUKOCTI TTOTOKY 1 ONTUMAaJIbHIN HIUTBHOCTI MMOTOKY Ha KIJIOMETP1 JOpOTd. 3po0JIeHO aHai3
PO3MOAITy 1HTEHCHUBHOCTI TPAaHCIOPTHOIO IOTOKY Ha aBToOaHi HimewyunHu, sK aHaiora
TPAHCHIOPTHOT'O KOPUIOPY.

KuarouoBi cioBa: Mmepexa aBromaricTpaneld, TpaHCHOPTHI KOPUIOPH, TOPOXKHIM Ta
TPAHCIIOPTHUM TOTEHINIAJIA, JiHIHHA Ta KBaJgpaTHYHA IIUIBHOCTI, MOTYXXHICTh, IHTOMA
IHTCHCUBHICT.
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