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Abstract. The motorization level increase in
the city of Kyiv, taking place since the late 1990s
up to 2008, caused the increase of the traffic$low
intensity in the city and overwork of the city read
street network (RSN). The city streets and roads
intersections became the places of traffic and pe-
destrian flows network concentration. In the City
of Kyiv over a half of all intersections of streets
and roads are unregulated. Therefore, in the
aforementioned conditions (continued motoriza-
tion level increase, limited number of parking
spaces, public transport lanes allocation), as well
as increasing demand for individual vehicles
(Segway, gyro scooters, bicycles), the problem of
unregulated crossings operation assessment is
relevant. Proper traffic organization, taking into
account all traffic participants, is the factortbé
whole system efficient operation.

While analyzing the regulatory framework of
Ukraine for the design and operation of urban
transport infrastructure, there are several problem
areas: the lack of sufficient description of the re
quirements for the unregulated crossings design;

the absence of a comprehensive assessment of the

intersection including all traffic participants (sa
pedestrians, cyclists and public transportation);
the absence of regulatory transportation capacity.
The article proposes to introduce the common
structure of indicators of unregulated intersection
work efficiency of traffic network. Such indica-
tors have been used for more than 50 years by
American, European and other countries’ design-
ers to solve urgent urban construction and
transport problems. This direction uses the level
of service (LOS) Concept that aims to maximize
the comfort of the transportation infrastructure
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elements — roadway, sidewalk, pedestrian crossing
etc. The main indicators in this concept are the
traffic and pedestrians delay control in the unregu
lated intersection area; this article deals wita th
method of its determination. Thus the method of
full-scale traffic and pedestrians delay measure-
ments is provided. Multimodal intersection level
of service (MMLOS) is determined using the au-
tomotive and pedestrian components.

Keywords: road-street network (RSN), un-
regulated intersection, level of service, pedestria
crossing delay, traffic delay.

OBJECT AND SUBJECT OF RESEARCH

The object of the research is a simple (un-
regulated) intersection on the city road net-
work. The subject of the research is the prin-
ciples and methods of functional-planning

MiABOAHI TEXHOMOTIi « 2020 Bun.10, 84-95
NnpPoOMUCIOBA Ta LUBINbHa iHXeHepisa



ApxiTeKkTypa Ta OyAiBHHIITBO

solutions of simple (unregulated) intersections
in the city road-street network.

The unregulated intersectiorof the city
streets and roads is any RSN crossing or adja-
cent, which does not have traffic lights.

The simple intersectiorof city streets and
roads is referred to as RSN crossing or adja-
cent, which do not have straight structures
and elements (islets, road marking, etc.) that
organize traffic.

PROBLEM FORMULATION

The purpose of this study is to develop and
reason the methodology for evaluating the
operation of unregulated intersection on the
city's road-street network.

It requires the research and development of
a scientific base for complex solutions of un-
regulated crossings when choosing them de-
pending on the urban conditions. For this pur-
pose it is necessary to collect and structure the
road network output data — traffic intensity,
flow composition, intersection geometry etc.
The main objective of the study is to establish
the boundaries of the effective functioning of
unregulated crossings, depending on the ur-
ban planning conditions using the specified
evaluation criteria — traffic delays, queuing
length and lines capacity levels.

STUDIES AND PUBLICATIONS
ANALYSIS

The theme of increasing the unregulated
crossings efficiency in the city has been
traced back to the 1960s. In Western Europe,
the USA and the former USSR, cross-
sectional studies have been conducted, based
on which two approaches can be outlined:

- an approach based on Probability Theory,
whose founder is E.M. Lobanov [1, 2]. Also
in this direction worked such scholars as Buga
P.G., Shelkov Yu. D. [3], Romanov A.G. [4],
(USSR); B. Grinschilds [5], T. Metson [6],
(USA); as well as contemporary scholars
Chikalin Y.M. [7, 8], Simul M.G. [9] (Rus-
sian Federation), O.O. Lobashov [10], Gorba-
chov P.F. [11], Shirin V.V. [12] (Ukraine);
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- an approach based on queuing theory
with the introduction of a level of service
(LOS) criterion. This trend has developed
primarily in the USA and the Western Eu-
rope. The scholars D. Drew [13], |.LE. Baer-
vald, A.V. Trofimov [14], A.Y. Mikhailov
[15, 16], Kyte, M., Z. Tian, Z. Mir, Z.
Hameedmansoor, W. Kittelson, M.Vandehey,
B.Robinson, W. Brilon, L. Bondzio, N.Wu
[17] worked in this area.

THE CITY ROAD-STREET NETWORK
UNREGULANED INTERSECTION INDI-
CATORS STRUCTURE

Prior to choosing the basic unregulated in-
tersection model, it is necessary to classify the
object of study according to the set of criteria
characterizing the intersection operation con-
ditions. The RSN unregulated crossings oper-
ation conditions in Kyiv can be divided into
planning and transport ones, which in turn are
divided into the following subtypes:

Planning conditiongnclude the city func-
tional-planning area and the intersection ge-
ometry.

Transport conditions the category of in-
tersecting streets; transport flows priority;
transport flow composition.

Based on the current State Building Stand-
ards [18, 19] there are no clear criteria for the
unregulated intersections operation in the city
[32]. In the previous DBN B.2.3-5:2001 edi-
tion [18] the following transport conditions
restrictions (the traffic and pedestrians inten-
sity) were specified in the area of unregulated
intersection as 700 units per hour of total
transport flow and 150 persons per hour for
one pedestrian crossing in the intersection
zone. There was also a restriction on the cate-
gory of streets — an unregulated traffic and
pedestrian traffic scheme was allowed on city
streets and local roads (residential streets).
There were no planning restrictions regarding
the intersection geometry. There is no regula-
tion on the use of unregulated crossings at the
level of the City Master Plan [20, 33].

The intersection was designed in accord-
ance with the city roads and streets design
rules. In contemporary urban conditions, the
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traffic intensity and its individual types (bicy-
cle, gyro, Segway) increase, pedestrian mobil-
ity augment and growing demand for such
services of the current standards are not suffi-
cient for a comprehensive urban development
assessment of the unregulated crossroads de-
sign solution.

Several parameters have been used to
evaluate the work of the city RSN unregulated
intersection. These parameters are described
the US Highway Capacity Manual [21, 22]
and its German analogue [23]. These include
delay level d, delay of pedestriang, @5"
grade queue length¢§ emissions level M,
intersection safety G, and road transport costs
D.

Table 1. The unregulated crossroads operation
indicators interrelation

Different Assess-
ments Availability
RSN LOS > o g "
Element Criteria | o =l o ?>_, @ 9
<>/ 23| g8
oT| Z2— |:
Unregule_lt- Operation Yes No | Yes
ed crossing| delay
Queue Yes | Yes| Yes
length
Line capacy yos | No | Yes
ity factor

For an unregulated intersection, the main
efficiency indicator idraffic delayandpedes-
trians delayat the junction. These two param-
eters determine the Level of Service (LOS).
The LOS Concept is used from Queuing The-
ory [14]. In the number of publications the
LOS Indicator is defined as "quality charac-
teristics that reflect such aggregate factors as
speed, travel time, free makeover, driving
safety and convenience" [14, 15].

METHODS OF DETERMINING
TRANSPORT TRAFFIC DELAY: THEORY
AND PRACTICE

The methodology for determining the traf-
fic delay according to HCM-2010 [22] is a
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13-step algorithm. The HCM use boundary

conditions for the unregulated intersections

are the absence of influence of closely spaced

crossings, except for those unregulated inter-

sections that are located 0,467 km (0,25

miles) from the regulated intersection. The

necessary model preconditions are:

1. The number of lanes and their width at

each intersection approach;

2. Traffic flow percentage rate;

3. Intensity of traffic of input and output

traffic flows and intensity of pedestrians

crossings at each unregulated crossroads

during rush hour;

Geometric characteristics of intersection:

4.1.Channelization form of traffic flows;

4.2.The presence of the left turn line or the
cumulative line, marked or having islets;

4 .3.Intersection zone surface curves;

4.4 Subordinate street approaches;

4.5.Presence of road traffic lights;

4.6.Rate of drivers yielding pedestrian
movement and pedestrian “jam traffic”;

4.7.The analyzed period length (15 min per
rush hour).

Hereford, all movement directions in the
unregulated intersection area can be divided
into the ranks in relation to the right turn traf-
fic (for X-shaped crossings) (Fig.1):

Rank 1(i): 2 (2-1), 3 (2-3), 5 (1-2), 6 (1-4),
15 (3-3 ped.), 16 (4-4 ped.)

Rank 2(j): 1 (2-4), 4 (1-3), 4U (1-1), 1U
(2-2), 9 (3-1), 12 (4-2), 13 (2-2 ped.), 14 (1-1
ped.)

Rank 3(k): 8 (3-4), 11 (4-3)

Rank 4(1): 7 (3-2), 10 (4-1)

For T-sections, these categories are divided
as follows (Fig.2):

Rank 1(i): 2 (2-1), 3 (2-3), 5 (1-2), 15 (3-3
ped.)

Rank 2(j): 4 (1-3), 4U (1-1), 1U (2-2), 9
(3-1), 13 (2-2 ped.), 14 (1-1 ped.)

Rank 3(k): 7 (3-2)

There are 13 HCM-2010 steps [22]:

Step 1. Determine movement priorities

Step 2. Determine flow intensity rates.
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Fig.1. Priority of pedestrian and transportation flov
at the unregulated T-shaped crossing

Step 3 Determine conflicting flow rates.

Step 4. Determine critical movement inter-
vals and casual intervals

Step 5. Potential capacity calculation.

5a) Potential capacity accounting neigh-
boring regulated crossings.

5b) Potential capacity under road traffic
lights.

Step 6. Determine Rank 1 movement ca-
pacity.

Step 7. Determine Rank 2 movement ca-
pacity.

Step 8. Determine Rank 3 movement ca-
pacity.

8a) One direction highway crossing.

8b) One direction highway crossing.

Step 9. Determine Rank 4 movement ca-
pacity.

Step 10. Determine common lane (right
turn and turns).

Step 11. Determine movement directions
delay.

Step 12. Determine intersection approach
delay.

Step 13. Determine 95 grade queue
lengths.

For the model verification let us use the
calculation of indicators at the intersection of
Vishniakivska street and L. Rudenko street in
Darnytskyi district (Kyiv) (Fig.3, 4). Open air
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Fig.2. Priority of pedestrian and transportation
flows at the unregulated X-shaped cross-
ings

examinations were conducted on June 25,
2019 (6:15-6:40 pm).

Initial data were collected in terms of traf-
fic and pedestrian traffic intensity by the
method [24] developed by the KNUCA MB
Department. According to this method, the
values of the traffic intensity are reduced to
the average daily using the coefficients of
non-uniformity [25]. Some parameters of the
traffic flow, such as composition and time
intensity, can be determined by [10, 26 — 27].
The transition from daily average to hourly
intensity can be made by the formula:

Nps = 0,08N,,, , (1)

hrs

whereNns — hour traffic intensity, veh/h;
Nday — average daily traffic intensity, veh/day.
The theoretical calculation of intersection
operation according to [22] is performed in
MS Excel. The whole algorithm of the prob-
lem is not specified in detail, but in Tables 2
and 3 were given the results of calculating
delays of all movements d, s/vdbinder traf-
fic delays we understand a traffic speed de-
crease compare to normative one, permitted
by the Traffic Rules of Ukraine [28].
Analysis of field surveys is carried out ac-
cording to the method described in [29].
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Fig.3. Intersection location in the road-street network

In order to show the traffic situation, a 15
min video recording (five 3-min videos) was
made (Fig.5). The manual data processing
protocol is presented in Table 4.

The whole video is split into 1 min seg-
ments. The periods of detailed fixation of the
vehicle number make 15 seconds. Each 15-
second segment shows the number of cars
waiting in a queu@;.; and every 1 min video
shows the number of cars that stoppgd, or
drove nonstomis.syn.

The processing of the delay determination
results includes the following steps:

The HCM-2010 traffic delay [22] is deter-
mined by equation:

d === +900T
|| zeoo N
N _ N _ ) L F
X B 1 +.“| (Pl- 1) + 450T +5 (2)

ne d — average traffic delay, s/veh;

Ni — movement intensity, veh/h;

Pi — movement capacity, veh/h

T — observation time (T = 0,25 for 15-min
period).

Fig.4. Intersection scheme
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Table 2. Determination of traffic delay and level of seevidirections, Rank 2-4

Movement T VZ;]’ | G veh/h d, s/veh LOS

1 - - - - -

4 0,25 252 1122 9,13 A

4U - - - - -

1U - - - - -

9 0,25 277 638 14,89 B

12 0,25 - - - -
0,25 182 173 135,99 F

11 - - - - -

7 - - - - -

10 - - - - -

Table 3.Determination of traffic delay and level of sewvidirections, Rank 1

N,

Movement 'ae” g;ﬁx}LeTH vehin | veih | vehh | vehh | ™ Po, s/Séh LOS
2 0 113 o| 2000/ 2000 o| -006d0 o0d0 |A
2 0 113 o| 2000/ 2000 o| -006d0 o0do |A
2 013 194 o| 20000 2004 o778 07517 113 | A

Fig.5. Video fixation of the traffic situation at thet@msection of Vishniakivska str. and L.
Rudenko str. (25.06.2019, 18:15:17)
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Table 4. Traffic delay determination of direction 4 (1-3) the method of field studies

Time N.., vehin period I, s Movement, veh

Hour Minute 0-15 15-30 30 - 45 45 - 60 synN N6 ayn.
18 15 0 2 1 1 0 5
18 16 1 0 1 1 0 3
18 17 1 0 1 0 0 2
18 20 0 2 0 1 2 1
18 21 1 0 1 2 3 2
18 22 1 0 0 0 0 1
18 26 1 2 1 1 1 4
18 27 1 0 1 1 0 3
18 28 0 0 0 0 0 0
18 32 1 2 0 1 0 4
18 33 0 1 0 1 1 1
18 34 1 0 0 0 0 1
18 38 0 1 1 1 0 3
18 39 1 0 1 1 2 1
18 40 1 1 0 0 0 2
) 10 11 8 11 9 33

Movement capacity is determined by equa- 2. One car stop average delay
tion:

AT
_ t, = (5)
1".'|:..If|: 3yn.
g 3600 g Znsyn
Py =keNeor— w57 (3)
1—¢e 3800 where Xn,y,, — the total number of cars that
' o stopped at the intersection during the observa-
ne Pi — potential movement capacity iofine, tion period
veh/n; _ _ 3. Nominal delay of each car passing through
Nrox — highway movement intensjtyeh/h the intersection is given by the formula:
te, — critical movement intervas,
tr, — movement interval s, AT
ks —adjustment factor for steps 5 — 8 [22]. t, = W (6)
3yn. 3.
1. Determination of total delays in one direc- Wherens.y — the total number of cars passing
tion: non-stop through the intersection.
Calculate the appropriate parameters for di-
= rection 4:
AT=3n,1 @
! 1. AT =(10+11+ 8+ 1115 60GseT (&
whereAT — total delays in the traffic direction, 2. t, = 800 66,7c;
veh:s; go 0
n;.. — the total number of cars in a queue, veh; 3. t,. = =14,3c
[ —fixation interval (=15 s). 9+33
90 NIABOAHI TEXHONON i « 2020 Bun.10, 84-95
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We do the same calculations for directions
7 (3-2) and 9 (3-1). The results of theoretical
and practical calculations are summarized in
Table 5 to compare.

Table 5. Delay level comparison results

Traffic | Practical calcu- Error
Directions| delay | lation according % ’
for [3,4] to [14]
4 (1-3) 9,13 14,3 +36,0
7 (3-2) 135,99 24,6 -81,9
9 (3-1) 14,89 15 +0,73

As we can see, in two cases the results of |

theoretical calculations and experimental data
differ significantly (over 10% error). There are
several factors that can affect this:

- Data collection accuracy;

- Data analysis accuracy;

- Data collection quality;

B. Unmarked crosswalk, median safety
islet;

C. Marked crosswalk with visible equip-
ment and median safety islet.

HCM recommends the following data to
determine pLOS:

- Number of lanes on a major street;

- Traffic intensity on a major street, veh/h;

- Crosswalk length without median islet
(optionA), m;

- Crosswalk length with median islet (op-
tion B and C), m;

- Pedestrian crossing speed, m/s;

- No pedestrian “jam traffic”.

As an example, let us take the calculation of
indicators at the intersection of Vishniakivska
street and L. Rudenko street (see Fig.4), Ta-
bles 6 — 8. On-site examinations were con-
ducted on June 25, 2019, 6:15-6:40 pm.

Table 6. Traffic delay and pLOS, crosswalk 1-1

- The need for calculation methods adjust-
ment.

METHODS OF DETERMINING

PEDESTRIANS CROSSING DELAY
ON UNREGULANED INTERSECTION:

THEORY AND PRACTICE

dya dgax | pPLOS
Scen. A| 13,15 13,15 E
Scen.B| 1,01 1,17 2,18 B
Scen.C| 1,01 1,17 2,18 B

The pedestrian crossing delay method ac-
cording to HCM-2010 is a 6-step algorithm
that allows us to determine the level of service

Table 7. Traffic delay and pLOS, crosswalk 2-2

on an unregulated pedestrian crossing.

Step 1. Determine two-way crossings.
Step 2. Determine critical intervals.

Step 3. Probability of delayed pedestrian
crossings.

Step 4. Calculate average waiting interval

dya dyx | pLOS
Scen. A | 13,27 13,27 D
Scen.B| 0,96 1,20 2,16 A
Scen.C| 0,96 1,20 2,16 A

delay.
Step 5. Estimate delay reduction due to
yielding vehicles.

Step 6. Calculate average pedestrian delay,[er

and determine LOS (pLOS).
The pLOS Assessment Model, which was

Since HCM-2010 has no procedure for de-
mining the unregulated pedestrian crossing

capacity, it is necessary to further distinguish

two approaches in the crossing determination —
namely the determination of the traffic lane
capacity in the area of the unregulated crossing

first tested in HCM 5th edition [22], offers
three versions of unregulated pedestrian cross-

ing: : :
: and the capacity of the pedestrian lane across
isé.. Unmarked crosswalk, no median safety the traffic lane.

MABOAHI TEXHOMNOC « 2020 Bun.10, 84-95
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In general, within the framework of urban The crosswalk capacity is determined by
transportation planning, the general tasks of the formula:
pedestrian crossing design are to calculate _ b
their capacity and to select the location in the N, “b.N.K_ (7)
street. nL A

In the former USSR, pedestrian crossing Whereb. — crosswalk width, m;
subject was studied by such scholars as Buga b.1 — crosswalk lane width, m (0,75 - 1,0

P.G, Shelkov Y.D., Lobanov E.M., Romanov ™) , . .
A.G., as well as contemporary Russian re- K, — adjustment factor of traffic road lights.

searchers Chikalin E.M., Simul M.G. etc. In _ Scholars Bug PG, Shelkov Y.D. offered a
1977, an act was adopted [30] that addressedforml?la for estimating traffic delays in a pe-
issues related to improving the pedestrian destrian crossing area[7, 8]:

crossing arrangement. The one lane pedestrian

crossing capacity is determined by the formu- N,
crossing capactty y d,eq =0,0014 V'z\'"’p (8)
futolt]
_ 3600 whereNp ta N, — respectively the intensity of
Nn.l_—jﬂ (6) pedestrian (ped/h) and automobile traffic (veh
1-e 3600 /h); v — speed of movement, km/h.

In Ukraine, the issues of pedestrian crossing
whereM — major street total traffic intensity, in the area of unregulated intersection are reg-
veh/h; ulated by a number of DBN and DSTU,

A=M/3600 —M traffic intensity mathemati-  among them [18, 19] and the new DBN [31].
cal expectancy, veh/s;

At,, — critical interval in major street, s;

ot — traffic interval in subordinate street, s

Table 8. Calculation of pedestrian crossing delay (1-1jH®/method of field studies

Time ni., ped in period, s Movement, ped
Hour Minute 0-15 15-30 30 - 45 0-15 sy Mo aym.
18 15 0 0 0 0 0 1
18 16 0 2 0 0 2 0
18 17 0 1 0 0 1 2
18 20 0 0 1 0 1 1
18 21 0 0 0 0 0 2
18 22 0 0 0 0 0 4
18 26 1 0 0 0 1 0
18 27 0 0 0 0 0 0
18 28 0 0 0 0 0 0
18 32 0 0 0 1 1 3
18 33 0 2 0 0 2 3
18 34 0 0 0 0 0 0
18 38 0 0 0 0 0 2
18 39 0 0 0 0 0 2
18 40 0 0 0 0 0 5
z 1 5 1 1 8 25
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As we can see (Table 9), the results of the-
oretical calculations and experimental data
differ significantly in the two cases (over 10%
error). There are several factors that can affect
this:

- Data collection accuracy;

- Data analysis accuracy;

- Data collection quality;

- The need for calculation methods adjust-
ment.

Table 9. Calculation of crossing delay

Crossing Practical cal-

Dir. delay for culation ac- E[);or,
[22] cording to [29] 0
1-1 13,15 3,63 -72.2
2-2 13,27 8,95 -33.5
CONCLUSION

Nowadays the problem of providing capac-
ity of both the RSN as a whole and its sepa-
rate nodes — streets and their crossroads — is
urgent for the city of Kyiv. Therefore, first,
unregulated crossroads make up about 70% of
the total number of RSN nodes in Kyiv, as the
study of their work and determining the crite-
ria for their effective functioning is an im-
portant part of the complex task of improving
the whole RSN efficiency.

Second, in the current regulatory frame-
work of Ukraine for the RSN design and op-
eration there is no method of applying RSN
design solutions of unregulated intersections.
There is no assessment of its impact on the
entire network operation, nor even individual
criteria for such assessment.

Third, in the Ukrainian regulatory frame-
work there is no assessment of individual
transport, pedestrians, cyclists and public
transportation for their mutual (comprehen-
sive) impact on the intersection operation.

Based on the analysis of foreign literature
and the regulatory framework, three indica-
tors of the city RSN unregulated intersection
operation were identified — traffic delay,
gueue length and load factor in the movement
directions. Traffic delay is used in the United

MABOAHI TEXHOMNOTri « 2020 Bun.10, 84-95
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States and Germany as a key indicator of the
efficiency of unregulated crossings.

However, when determining the movement
delays by the "manual” method, there is a
certain problem of inconsistency between the
theoretical data (according to calculations
[22]) and the data determined by the method
[29].

Based on this, we can make some recom-
mendations:

- Further scientific and theoretical research
with the introduction of correction factors of
reduction in formulas (2-3) is needed,;

- Computer video processing method ap-
plication to show the road situation in order to
determine the traffic and pedestrians delays.
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IIpobseMaTHKa onpeaeIeHUs 3aiePKKHA
JABUKEHUS] TPAHCIIOPTA M IelIeX0/10B B 30He
HeperyJHpyeMoro nepece4eHust Ha ropoIcKoii
YJIHYHO-A0POKHOI ceTH

Huxonaii Ocempun, Anexceit J{opxo

AnHoTamusi. PocT ypoBHS aBTOMOOMIM3AIMH
B ropoge Kueme, KOTOpoe COCTOSIIOCH C KOHIA
1990x rr. no 2008roza, crmocoOCTBOBAIO YBEIH-
YCHHIO UHTCHCUBHOCTH TPAHCIIOPTHBIX MOTOKOB B
ropoe W Teperpy3ke TOpPOJICKOH  yIUYHO-
noposkuoit cetrt (VJIC). MecToM KOHIIEHTpAIMH
TPAHCIIOPTHBIX M TEIIEXOAHBIX TTOTOKOB HA CETH
SIBIISICTCS TIEPECEUCHUS] TOPOJICKUX YIIUIL U JIOPOT.
Ha Y]JIC ropoma KueBa GombIlie MTOJIOBUHBI BCEX
MEPECEUCHHI YIIUI] U JOPOT IPUXOUTCS Ha Hepe-
ryaupyembie. [lo3ToMy, B  BBIIICYNOMSHYTHIX
ycaoBusx  (MPOIOJDKAIOMIETOCST  POCTa  YPOBHS
ABTOMOOMIIM3AINH, HEIOCTaTOYHOM KOJIMYECTBE
MapKOBOYHBIX MECT, PEUICHUN MO BUCICHUS I10-
JIOC ISl IBMDKEHUSI OOIIECTBEHHOTO TPAHCIIOPTa),
a TakXe POCT CIpoca Ha HHANBHUIyaJTbHBIE TPAHC-
MOPTHBIE CpecTBa (CerBei, TUPOCKYTEP, BEIOCH-
MeT) BOTPOCHI OIEHKH PabOThl HEPEryIHPYyEeMbIX
MepeCceueHU ABIAETCS aKTyalbHBIM. [IpaBusibHas
OpraHM3alus JOPOKHOTO JBUXKCHUS C Y4ETOM
BCEX YYaCTHHKOB JIBIDKEHUS SIBISETCS (haKTOPOM
3 pexTHBHOI pabOTHI BCEl CUCTEMBI.

AHamu3nupysi HOpMAaTHBHYIO 0a3y YKpauHBI 110
MPOSKTUPOBAHUIO U OKCIUTyaTallud OOBEKTOB
TOPOJCKOW  TPaHCIOPTHOH  WMHQPACTPYKTYPHI
MOJKHO  BBIZICNTUTH HECKOJNBKO  TPOOJIEMHBIX
HaIpaBJIEHUI: OTCYTCTBUE JOCTATOYHOTO OIKCA-
HUsl TpeOOBaHUH MPOCKTHUPOBAHUS HEPETYIUpYe-
MbBIX TIEPECEUEHUN; OTCYTCTBHE KOMILIEKCHOMN
OIIEHKH pabOTBl TepecedeHusi C Y4eToM BceX
YYaCTHUKOB JOPOXKHOTO JBMKCHUS (ABTOMOOWIIH,
MEMIeXO0/bI, BEJOCHUIEIUCTHl ¥ OOIIECTBEHHBIH
TPAHCIIOPT); OTCYTCTBHE HOPMATHBHBIX TPaHC-
MOPTHBIX Harpy3ok. OCHOBHBIMH TIOKa3aTEIsIMHU B
STOW KOHILICTIIUM SIBISCTCS 3aJePiKKa JIBUKCHUS
TpaHCIIOPTa W TEMIEXOJ0B B 30HE HEpEryimpye-
MOTO TIEPECCUCHHMSI, METOAMKA ONPEACICHHS KO-
TOPBIX PACCMOTPEHa B JaHHOW crathe. [Ipemno-
KE€Ha METOAMKA HATYPHBIX M3MEPEHHH 3aIePIKKH
IBYDKEHHS TPAHCIIOPTA U METIEX00B.

KaroueBbie ciioBa: yIHMYHO-IOPOXKHAS CETh,
HEpeTyJIupyeMoe IepecedeHne, ypoBeHb OO0CIy-
KUBAHU, 3aJlep)KKa ABIDKEHUS TpaHCIOpPTa, 3a-
JICpIKKa JIBYDKEHUS TICIIEX0/I0B.
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