Institute of Information and
Communication Technologies

BULGARIAN ACADEMY OF

CCHAHTE:R | A ANMFTOPATIMA 3A

SYNTHESIS OF 1 FOPH _
ALGORITHMS FOR ONTUMAJIHO YTNPABJEHWE

OPTIMAL CONTROL OF HA TPAHCTIOPTHA
A TRANSPORT SYSTEM CUCTEMA

H .I‘:-.I. .I... -:: Avio ] o 'r' g . P _. . e _ ___.. _. e = _..._._ o
Adiodlid FaviOve RpUucmuHa lfasnosa

ABTONSCIEATH Hl SB[ TaUuH

UHCTUTYT NO MHPOPMALIMOHHU U
KOMYHUKALUMOHHN TeXHONOIMMu

i
WA

3146351



Tlopeouyama ,,Aémopeghepamu na oOucepmauyuu Ha
Hucmumyma no ungopmayuonnu u KOMyHUKAUUOHHU
mexunonocuu  npu  bvneapckama  axademusn  na
Haykume*  npeocmass 6  eleKmpoHeH — gopmam
asmopegepamu  Ha Oucepmayuu 34 NOLYHAGAHE HA
Hayunama cmenen ,,Jlokmop Ha Haykume” uiu Ha
obpaszoeamennama u HayuHama cmenen ,,J[okmop”,
sawumenu 6 Hncmumyma no uH@opmayuomHu u
KOMYHUKAYUOHHU — mexHonozuu  npu  bwreapckama
akademuss Ha Haykume. I[Ipeocmasenume mpyooge
ompasasam HOBU HAYYHU U HAYYHO-NPULOINCHU NPUHOCU 8
peouya obnacmu Ha uHQOpMayUOHHUME u
KoMyHUuKayuonnume mexnonocuu kamo Komniomwvpuu
mpedicu u apxumexmypu, Ilapanennu aneopummu, Hayunu
NpeCMsmanus, Junzeucmuuno Modenupane,
Mamemamuuecku memoou 3a o0bpabomka HA CeH30pHA
ungopmayus, Hupopmayuonnu MexHono2Uul 8
cueypnocmma, Texnonozuu 3a ynpaeienue u obpabomka
Ha  3Hanusi,  [puo-mexwonoeuu U - NPULONCEHUS,
Onmumusayus u esemane Ha peutenusi, Obpabomra Ha
cueHanu u pasnosmasane Ha obpasu, Humenucenmuu
cucmemu, Hngopmayuonnu npoyecu u  cucmemu,
Bepadenu ummenucenmnu  mexnonoeuu, Hepapxuunu
cucmemu, Komynuxayuonnu cucmemu u ycayeu u op.

Penaxkropu

Tenaouii Aepe

WHCTUTYT 10 WHPOPMAIMOHHH W KOMYHHKAIHOHHH
TEXHOJOTHH, bhirapcka akageMusi Ha HAyKUTe

E-mail: agre@iinf.bas.bg

Paiina I'eopeuesa

WHctutyr mno WHPOPMALMOHHM M KOMYHHUKAIIMOHHH
TEXHOJIOTHH, bhirapcka akagemus Ha

E-mail: rayna@parallel.bas.bg

Lanuena bopucosa

WHCTHTYT 1O WMHQOPMAMOHHM M KOMYHUKALMIOHHH
TEXHOJIOTHH, briirapcka akagemus Ha HayKuTe

E-mail: dborissova@iit.bas.bg

Hacmoswemo uzdanue e obekm Ha asmopcko npaeo.
Bcuuku npasa ca sanazenu npu npesoo, pasneuameane,
usnonseame Ha unoCmpayu, yumupanusi,
pasnpocmpanenue, 8b3NPoU3EHcCOane Ha MUKPODUIMU
un no Opyeu HAYUHU, KAKmMo U CvbXpamenue 6 Oasu om
OaHHU HA 6CUMKU UIU HAC OmM Mamepuaiume 6
Hacmosiwemo uzoanue. Konupanemo na uzoanuemo uiu
Ha 4acm om CbObPIUCAHUEMO MY € PAPEUEHO CAMO CbC
cvenacuemo Ha asmopume u/uiu peoaKmopume

The series Abstracts of Dissertations of the Institute of
Information and Communication Technologies at the
Bulgarian Academy of Sciences presents in an
electronic format the abstracts of Doctor of Sciences
and PhD dissertations defended in the Institute of
Information and Communication Technologies at the
Bulgarian Academy of Sciences. The studies provide
new original results in such areas of Information and
Communication Technologies as Computer Networks
and  Architectures, Parallel Algorithms, Scientific
Computations, Linguistic Modelling, Mathematical
Methods for Sensor Data Processing, Information
Technologies for Security, Technologies for Knowledge
management and processing, Grid Technologies and
Applications, Optimization and Decision Making, Signal
Processing and Pattern Recognition, Information
Processing and Systems, Intelligent Systems, Embedded
Intelligent  Technologies,  Hierarchical  Systems,
Communication Systems and Services, etc.

Editors

Gennady Agre

Institute  of Information and Communication
Technologies, Bulgarian Academy of Sciences

E-mail: agre@iinf.bas.bg

Rayna Georgieva

Institute  of  Information and Communication
Technologies, Bulgarian Academy of Sciences

E-mail: rayna@parallel.bas.bg

Daniela Borissova

Institute  of Information and Communication
Technologies, Bulgarian Academy of Sciences

E-mail: dborissova@iit.bas.bg

This work is subjected to copyright. All rights are
reserved, whether the whole or part of the materials is
concerned, specifically the rights of translation,
reprinting, re-use  of illustrations, recitation,
broadcasting, reproduction on microfilms or in other
ways, and storage in data banks. Duplication of this
work or part thereof is only permitted under the
provisions of the authors and/or editor.

e-ISSN: 1314-6351

© IICT-BAS 2012

www.iict.bas.bg/dissertations



"‘""r S

_*— BULGARIAN ACADEMY OF SCIENCES

Abstract of PhD Thesis

SYNTHESIS OF ALGORITHMS FOR OPTIMAL
CONTROL OF A TRANSPORT SYSTEM

Kristina Paviova

Supervisor: Prof. Todor Stoilov

Approved by Supervising Committee:

Acad. Vassil Sgurev
Acad. lvan Popcheyv
Prof. Todor Stoilov

Prof. Soyan Stoyanov
Assoc. Prof. Daniela Borissova

COMMUICTIONTECHNOLOGIES

m Department of Hierarchical Systems




4 Kristina Pavlova

Key words: bi-level optimization, rail transportation, max flow problem, network
design

1. Introduction

The public rail transportation is an important player for the development of Intelligent
Transportation Systems. The rail transportation is giving advantages due to its benefits,
concerning efficiency in exploitation, improving logistics services, reducing the pollution.
This dissertation tries to give priority to rail transport in comparison with the bus transport in
relation with the project with the Ministry of Transport in Bulgaria and project on a Program
for career development of young scientists, funded by Bulgarian Academy of Sciences. The
problems, which are defined and solved, are using data coming from the current practice in
Bulgaria, related with the passenger transportation both by rail and buses. Due to the lack of
full set of data about the intensity of the passenger transport, this research applies only
available information from the schedules of buses and rail transport. To give priority to the
rail transport is an important National policy for managing and implementation of intelligent
transportation systems.

A trivial approach for increase of rail transport is to consider and to provide bus
transportation only on places where rail transportation is missing. But capacity restrictions of
the rail system, cross connections between bus and rail transportation routes, common stops
for bus and rail in towns provide competitions between the rail and bus transportation
services. In such competition environment a special management policy is needed to give
preferences and to increase the exploitation of the rail transport.

2. Obijectives and tasks of the dissertation

The aim of the dissertation is to develop a formal model and algorithms for its application
in solving a research task for intensifying the railway passenger transport by an example of a
section of the Republican Transport Scheme;

The subject of the survey is an integrated transport system including passenger transport
by rail and bus transport.

A two-hierarchy model for the optimization of rail passenger transport is used. A
management algorithm is created that uses prediction coordination, the task from the top level
is to find a maximum flow, and the task at the bottom level is to find the lowest cost flow
distribution.

To develop a bi-level model, to define a two-hierarchical optimization task, to formalize to a
task for management of railway passenger transport for their intensification in the dissertation
the following tasks are solved:

- developing a hierarchical model for managing an integrated transport system. The model
should give priority to rail passenger transport compared to bus transport;
- the hierarchical model should take advantage of the hierarchical approach by applying a
research approach to compose the hierarchical model through interrelated optimization tasks;
- developing an algorithm for quantification of parameters of the hierarchical task of
management under conditions of limited baseline data for passenger traffic;
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SYNTHESIS OF ALGORITHMS FOR OPTIMAL CONTROL OF A TRANSPORT SYSTEM 5

- defining and solving the hierarchical optimization task and evaluating the decisions taken;
- application of the hierarchical management model to a practical engineering task.
3. Methodology of the study

The development of the mathematical model and algorithm for management and
intensification of passenger rail transport for the Republican Transport Scheme is carried out
in the following order:

- Establishment of a graphical structure for passenger transport on the Sofia-Varna section
(GO);

- Definition and determination of quantitative parameters determining the capacity and
potential for passenger transport under the Republican Transport Scheme.

- Develop a quantitative method for assessing the potential of passenger transport
- Implementation of a classical optimization task for finding the maximum flow for the

transport system from Sofia to Varna.
- Modification of the classical optimization task to determine the maximum flow through
expert changes in the optimization task

- Apply a two-hierarchical method for determining the maximum flow and priority flow
distribution for the railway.

This dissertation tries to formalize the problem for increasing the priority of the rail
transport. The formal description of this problem is to provide an optimal allocation of the
rail transportation services over predefined transportation network, taking advantage from the
bus transport. An optimization problem is defined, which generates a solution increasing the
rail transport. The optimization problem is defined in a bi-level form. The upper optimization
problem evaluates the maximal flow which can pass between two predefined points of the
transportation network. In the network the maximal flow is implemented both by bus and rail
transport according to the available capacities of the transportation links.

On the lower level the optimization problem gives preferences to the rail transport in
comparison with the bus one. This priority is defined, applying low cost flow distribution on
rail links. Thus, by minimization of the total costs of flow distribution the optimal solution
will provide intensive utilization of rail links for the flow distribution which will increase the
rail utilization. This low level solution giving flow per link will give new values for the link
capacities for the upper level problem. Thus, the two optimization problems are
interconnected in bi-level optimization one. The later will give optimal solutions both by
maximization of the transport flow between two predefined important nodes of the
transportation network and redistribution of the maximal flow to links, supported by rail.
Thus, predominant part of the passenger transport will be implemented by rail transport.

The dissertation makes an illustration of definition and solution of a transportation problem
by bi-level optimization. The hierarchical order is applied for two optimization problems. The
dissertation does not contain development of new algorithms for solution of bi-level
problems, but it contributes for the increase of the application area of this more complex and
advanced optimization formalism.

4. Graph presentation of the transport network between Sofia and Varna in
Bulgaria

Abstracts of Dissertations 2 (2017) 3-18



6 Kiristina Pavlova

The transport network was estimated for the real case between two important towns in
Bulgaria: Sofia and Varna. The input data for the rail transportation from Sofia to Varna was
taken from the real operating schedule, presented on-line in www.bdz.bg.

Following the rail schedule it has been identified 17 stops, which define the network
structure with 17 nodes. The actual lines for bus transportation were taken from the Ministry
of Transport, which issues the licensees for bus transportation, publically available in
http://rta.government.bg/index.php?page=scategories&scategory=otrts.

All bus lines, which cross the rail lines of the direction Sofia — VVarna are included in the

transportation network. The upper lines of the network correspond to the links of rail
transportation. The others are undertaken by the bus transport, fig.2.3.

1. Codwua 4. MneseH 7. Crapswmua  10.z 13. WymeH 16. AHToHOBOD 1, Y, Z, W — MHMM Bb3EA
2. X 5. NeBckH gy 11. TeprosuiLe 14.1 17. BapHa
3. Mesgpa 6. lopua Opaxoemua  9.MNonosow 12w 15. B. TbpHOBO

2y 17
g

Fig.2.3. Topology of the transportation network between Sofia and Varna

The transport capacities of each link must be estimated. Because data for the passenger
flows are not available, an alternative way for evaluation of the flow capacities of the links is
suggested for this research. It has been taking into consideration the duration of the
transportation per different links of the network. The customers prefer their travel to be faster.
Thus, the smaller time for traveling between couple of nodes gives more preferences for
traveling on this direction by the customers. Additionally, the long travel time is a metric for
low capacity for transportation per corresponding link. Thus, the transport capacities per link
in the network are strongly related with the travel time per this link. For the current case, it
has been chosen simple relation between the travel time t;; per link and the flow capacity v;:

Abstracts of Dissertations 2 (2017) 3-18
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(2.1) vij = 1/ t; i,je N
Relation (2.1) can be complicated with additional considerations, for example costs of

travel. To simplify the numerical evaluations, this research applies relation (2.1). The
numerical evaluations use the schedule of the trains, fig.2.5.

Train information

Train Date Comment
2601 03/05/2017
Station/Stop Arrival Departure
SOFIA = 0700
MEZDRA 03:26 08:27
CHERVEM BRJ1AG 09:04 09:05
PFLEVEM 09:43 09:44
LEWVSKI 10:15 10:16
PANLIKENI 10:30 10:31
GORNA ORJAHOWICA 10:57 11:05
POPOVO 11:52 11:53
TARGOVISHTE 12:22 12:23
SHUMEM 12:54 12:55
SINDEL-RAZFREDELITEL 13:53 13:54
POVELIANONVD 14:02 14:03
VARMNA 14:25 --
Coaches

Copyright ©£2005-2015 I5T "BDZ Passenger services” EQOD. 2ll rights reserved.

Fig.2.5. Schedule of trains Sofia — Varna

The travel duration for the first two nodes in fig. 2.5 - the link Sofia- Mezdra, is 1 hour
and 26 minutes (86 minutes, from 7:00 till 8:26). Using (2.1) the link capacity for
transportation between these two nodes of the network is: 1/86 = 0.011 relative capacity units.
Five trains support this destination, the capacity for transportation on daily basis is: 5 trains x
0.011 = 0.055 relative capacity units. This evaluation considers that the total capacity value is
a sum of the individual capacities, performed by the different trains, according to their
schedule.

The evaluation of the link capacities supported by bus transportation uses data given by
their time schedules. These data are public available and they are presented as EXCEL files.
These average values were obtained considering 55 bus lines and schedules between
nodes, corresponding to common stops both with rail and bus transportations. The final
estimation of the transport network and the capacities per link are presented graphically on
fig.2.11.[5,6]
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Fig.2.11 Estimated link capacities

5. Algorithm for data preparation and definition of hierarchical optimization model

The idea for the bi-level definition of the problem about increase the rail utilization can
be regarded as controversial problem or problem of synthesis, in comparison with the problem
of analysis for evaluation of the maximal flow in a network.

The “maximal flow” problem can be assumed as a problem for analysis of a network
system. The optimization problem can be defined in the form: a topology of a network with
capacity values on the links of the network is given. How much is the maximal amount of the
flow between two nodes, which can be passed through the network.

The analytical definition of the maximal flow problem is presented in the form

(3.1a) maxy, [ fs]
0,i #s,t
(3.1) Zjeap fy = Ljespfii = ) fsei=s
_fst * 1=t
(31C) fl] < Vij (Vl,]) EN

where i, j denotes the number of nodes in a network with N nodes;
A(i) = {j € N}a set of nodes i, which origine incomming links to node j;
B(i) = {j € N} a set of nodes i, which are connected with the outgoing links from node j;

s and t denote the source node and sink node;

v;; are the capacities of the links between node iand j, (i,j) € N;
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fij are the unknown volumes of flows which have to be evaluated as components of the
maximal flow in the network.

Relation (3.1b) describes the continuity nature of the flows which enter and outgo to/from a
node. Relation (3.1c) insists the flows on a link to respect the link capacity, which is
predefined and constrained. The goal function (3.1a) describes the requirement for
maximization of the flow f, which starts from the initial node s and enter to the final one t.

The solution of problem (3.1) gives a value f;; of the maximal flow, which can be
transmitted between s and t trough the network. Additionally, the values of f;; define the
paths which the components of the maximal flow uses through the network.

Hence, for given capacity on the network links, the maximal flow problem (3.1) gives
the amount of flow, which can pass through the predefined network topology.

Another corresponding optimization problem, defined as a problem for synthesis,
provides minimization of the costs for flow distribution in the network for transportation of
predefined value of traffic. Having optimal flow distribution, the corresponding values of the
flow components f;;, i,j=1,...,N can be used for evaluation of the minimal capacity v;; of each
linkij or v;; = fi; ij=1,...N.The analytical form of the minimal cost distribution problem
in linear form can be written as:

(3.2a)
min Z cijfij
Xij &
iJEA
(3.2b)
0,i #s,t
Z fij = Z fii = {fst*'i=5
JEAG) j€BU) —fsexi=t
(3.2¢) aij < fij<by, Vij €N

where f;; are the values of the flows of the links between nodes i and j;
c;; are the cost for transportation a unit flow between nodes i and j;
a;j and b;; are the lower and upper boundaries of the flow between nodes i and j;

fst is the flow, which has to be transmitted from node s to t by minimizing the
transportation costs (3.2a).

Relations (3.2b) correspond to the equations for flow conservation. The solution of (3.2)
gives optimal flow distribution f;;. The values of f;; define the minimal capacities v;; of the

Abstracts of Dissertations 2 (2017) 3-18
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links by means to provide the cheapest flow distribution. A verification of problem (3.2)
related to the design of network topology is introduced by [2].

This dissertation makes an integration of the both optimization problems (3.1) and (3.2).
Problem (3.1) defines the maximal flow and the links used for its transportation, respecting
the given set of links’ capacities v;;. Problem (3.2) will give an optimal flow distributionf;;,
giving priority to the rail transportation. This flow distribution defines the minimal link
capacities v;; = f;; of the network. The integration of (3.1) and (3.2) makes a synthesis for a
network topology, where the value of flow between two nodes st is maximal and the
components of the maximal flow predominantly passes through links, supported by rail. The
integration of these two problems is performed by applying bi-level optimization model.

The graphical presentation of the integration of (3.1) and (3.2) by bi-level optimization
problem is presented in fig. 3.2. The bi-level problem simultaneously makes maximization of
flows between two predefined nodes of the network and performs priority flow distribution
through links, supported by rail transport. The priority to rail transport is implemented by
making minimal cost flow distribution where the costs for rail transport are lower in
comparison with the costs for bus transportation. The low cost flow distribution is used for
estimation the link capacities in the transportation network.

The solution of the upper level problem will evaluate the maximal flow f;, between
nodes s and t. The value f;; will be used as a parameter in the constraints in problem (3.2). On
its turn the lower level problem (3.2) will evaluate the flow distribution f;; = v;;, which on its
turn will change the constraints of problem (3.1). As a result, the bi-level problem will give
optimal solution both for the maximal flow f;, and the flow distribution f;; with priority to
rail transportation in the network. The bi-level formalization will provide maximization of the
flow f;; and will minimize the cost for link flows.

Max [flow] (1)

Fig.3.2 Integration of optimization problems in bi-level optimization one

To identify peculiarities of the bi-level optimization model the next paragraph makes
short overview of the current applications of the bi-level and multilevel hierarchical
optimization.
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6. Definition of the upper level optimization problem

The analytical form of the maximal flow problem is (3.1). Following the network
topology and the estimated parameters from fig.2.11, the analytical form of the “max-flow
problem” is defined as a linear optimization problem. For each node i=2,...,16 of the network
on fig. 2.11 equilibrium relations for the flow continuity are defined. For nodes 1 (s) and 17(t)
the equilibrium equations contain the values of maximal flow fg, which is unknown value.

Example for equilibrium relation for node 5:
fas+fis —f56 = 0, fijis the flow between nodes i and j.
Equilibrium relation for the source node s=1:
fio+ fia+fyatfys + fro+ fr o+ 13 + f1 15 +1 16 -f= 0.
Equilibrium relation for the destination node t= 17
f1a17+ f1317+F1117 + f15 17+ f1617 -fs= 0.
The flows have to respect constraints for the capacities of the links:
fi'j <Vij, i,j:].,...,N.
The goal function of the max-flow problem is maximization of the value fy
3.4

max  (fo)

fse.fijl.j=1,N

The optimization problem has 44 variables and 61 constraints which contain 17
constraints for flow equilibrium for each of the 17 nodes and 44 upper bounds constraints.
The problem has been solved, applying a MATLAB function graphmaxflow(). The solution of
the optimization problem is presented graphically on fig. 3.2.

1. Cogwma 4. MNneseH 7. Crapsmua  10.z 13. WymeH 16. AvToHoBO 1Y, Z, W — MHMM Bb3en
2. X 5. NeBcku ay 11. Teproeunwie 14. t 17. BapHa
3. Mezgpa 6. MopHa Opaxosmua  9.Monosow 12w 15. B. TopHoBO
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12 Kristina Pavlova

Fig.3.5 Graphical presentation of “max-flow” problem solution
To each link of the transport network a fraction numbers is given. The numerator presents
the value of flow, which is a part of the max-flow, passing through this link. The denominator

is the capacity of the link:

numerator component of max flow

denominator capacity of link

The solution of problem (3.1) gives value of the maximal flow which can be transmitted
from node 1 to node 17 (from Sofia to VVarna). The value of this flow is 0, 2485 relative flow
units. Making comparisons for each link it can be identified, that the capacities of links
between nodes 1-2, 2-3, supported by the rail are totally used by the components of the max
flow. Hence, additional traffic between nodes 1 and 17 is not possible to be allocated.
Respectively, this result proves decisions for the rail authorities to increase the capacities of
rail transportation per these directions. This can be done by increasing the frequency of
schedules for trains for these directions.

From Fig.3.5 it is evident that a set of links supported by rail transportation are not used
on their full capacities. This gives potential to redistribute the traffic flows by means to
increase the rail utilization and to decrease the bus transport. Such policy can be implemented
by definition and solution of additional optimization problem. The last will evaluate the
cheapest flow distribution, taking into account the cost for rails lower than the cost for bus
transportation. The flow distribution has to preserve capacity restrictions, defined in fig.2.11.

The optimization problem, which has to be solved, has the form (3.2). The particular
case is that this problem has to respect the value of the maximal flow, which is estimated by
the solution of problem (3.1). The requirement for low cost distribution on rail links will give
priority to the rails transportation. The integration of these two problems is performed by bi-
level optimization model.

7. Application of the hierarchical model for optimization in the management of an

integrated transport system.

A subjective modification of the solutions of the classical optimization task for the
intensification of passenger transport on the railway sections was made. The graphically
presented solution in Figure 3.5 of this case shows that there is an unused capacity for rail
connections. From the solution obtained in Fig. 3.8, it can be subjectively chosen to limit or
remove lines in a column maintained by bus lines. This limits the performance of the bus arcs.

This mode of prioritizing rail transport can be applied by taking into account additional
data or constraints that are currently not taken into account through bus and train running
schedules. The resulting solution in Figure 3.5 was used to evaluate the new optimization
model for hierarchical optimization (Figure 3.8). [3, 4]
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Fig.3.8. Subjective determination of priority for rail passenger transport for 2017.

The upper level problem evaluates the maximal flow, which can be transported between
nodes 1 and 17. The components of max-flow respect the capacity constraints of the links,
estimated according to fig.3.5. As a result, the value of the maximal flow is passed as a

parameter to the lower optimization problem (3.2), defined as minimal cost flow distribution.

The costs are defined in a way to give priority to the rail transport.
The minimal cost flow distribution problem evaluates the flows, which give preferences

to the rail transport. These new values of flow distribution are passed to the upper

optimization problem as new capacity restrictions for the max flow problem.

The solution of the bi-level problem is performed in MATLAB environment. The special
function solvebilevel(), developed under the framework of project YALMIP [10] is applied.

16. AuToHOBO 1Y, 2, W — MHMMBB3EN

The bi-level solution is given on fig.3.10.

1. Cogua 4. MNneseH 7. Crapsmua  10. 2 13. WymeH
2. X 3. NNeBcHKM 8.y 11. Teproenwe 4.t 17. BapHa
3. Meszgpa 6. lopHa OpAxoewua  S.MonoBow 12w 15. B. TepHOBO
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Fig.3.10. Graphical solution of the bi-level problem

The comparisons between the solutions of single optimization case on fig,3.5 and the bi-
level one from fig.3.10 demonstrate that the bi-level problem increases the usage of the rail
transportation. For example:

e Links (7-9) increase from 0.0948 to 1.061, which is the value of the available capacity of
this link. Similar increases are met additionally for a set of rail supported links.

e Links (9-11) increase from 0.0993 to 0.1294, which is the value of the available capacity
of this link.

e Links (11-13) increase from 0.0623 to 0.1305, which is its maximal capacity.

The increase of the rail network utilization is accompanied by decreasing the
transportation flows of bus links. This decrease is performed on optimal way by the bi-level
optimization model:

e Link (1-4) decreases from 0.0861 to 0.0421.
e Link (13-17) decreases from 0.2202 to 0.197.
e Link (11-15) decreases from 0.0917 to 0.0512.

But the bi-level solution contains not only components with decreasing flows through
links, operated by buses. For example, the flow distribution through link (11-16) increases
from 0.0014 to 0.0118; link (15-16) also increase its flow from 0.0289 to 0.0393. That is why
the single and bi-level optimization models have to be assessed and compared under common
evaluation criterion. This criterion has been defined taking into consideration that the
common goal of the optimization models is to increase the utilization of the rail transportation
between two points into a transportation network. That is why this research estimates both the
maximal value of the traffic (the value of max flow) which can be transported through the
network and the flow distribution of the max flow through the links of the network. The
percentage of the max flow, which passes through links, operated by rail transport will be a
criterion for assessment the benefit from the different optimization models. Hence, the model

Abstracts of Dissertations 2 (2017) 3-18




SYNTHESIS OF ALGORITHMS FOR OPTIMAL CONTROL OF A TRANSPORT SYSTEM 15

which provides bigger part of the max flow for rail, is preferable for the management of the
rail transport.[5,6]

The comparisons and assessments between the single and bi-level optimization are
evaluated quantitatively in a following way. The total capacity of the rail transportation is
defined as a sum of all capacities of links, implemented by rail transport or

TOTAL aii=V1,2+V2 3+V3 4+Va 5+V5 6+V6 7+V7 8. 9+V9 1011 FV11,12,13+HV1314FV14,17=0.8198  [relative
capacity]

The part of the max flow, which passes through the links, operated by rails are evaluated as

Part MAX_FLOW aii=f1 2+fp 3+f3 4+ s +f5 6+ 7+f7 8 0 +fo 1011411 10,13 +F13 14+F1417  [relative
capacity].

The flow solution fi;, i,j=1,...,N for the classical and bi-level optimization models are
evaluated as

Part_ MAX_FLOW,4; (single optimization)=0.6046

Part_ MAX_FLOW,,j (subjective optimization) = 0,8365.

Part_ MAX_FLOW/; (bi-level optimization) = 0.7357.

The relative transportation of the components of the max flow for the models is:

Part_MAXF_LOWrail(single optimization)
TOTALrail

=73.62%

Part_MAX_FLOWTrail(manual single optimization
A% ¢ single op ) -83.74%
TOTALrail

Part_MAXF_LOWrail(bi—level optimization)
TOTALrail
This comparison gives advantages for the application of the bi-level optimization

models. The total value of the max flow is the same for both models, but the bi-level gives
considerable priority for the utilization of the rail transport, fig.3.12.

=89.74%

Abstracts of Dissertations 2 (2017) 3-18



16 Kristina Pavlova

4
:'I-IEKCHME-EEHKIIE»HDHIBEIHE Ha ..
MOTOK E %

B3,74% "o mmoommm et

73.64% g

MakcumManes
notTox 0,2960

Meton

¥

Knacuyexa Kn ommmemzaimmac  Hepapxirua
ONTHMH3IAUMA EKCIEPTHO H3MEHEHHE ONTHMHIAONA

Fig. 3.12. Comparisons and advantages of the hierarchical optimization model

These results prove that the bi-level optimization model gives additional benefits for the rail
transport by maximization of the flow between two nodes of the network and simultaneously
providing priority to the rail transport by redirecting the flows to rail transport which support
low cost flow transport. [6]

8. Conclusions

This research presents a new application of the bi-level formalism, modeling and
optimization. It has been defined a real optimization problem, which gives solutions
increasing the exploitation and movement by rail transport. It gives formal basis for providing
policies of transportation authorities to issue licensees for bus transportation. The formal
model for increasing the rail transport founds on the integration of optimization problems for
maximization of the transport flow between two points of the transport network. Additionally,
advantages are given to the rail transport by applying the problem of flow distribution with
minimal costs.

Thus, the bi-level problem gives solution both for rail and bus transportation and takes
into consideration requirements for improving and giving priority to rail in a common
transportation network. The derived solutions additionally identify a set of weak points,
where the rail infrastructure has to be improved, suggest intensification of rail schedule per
link. The parameters of the bi-level problems have been estimated according to the real
transportation policy in Bulgaria.

A perspective approach for improving the models and solutions by giving priority to rails
could be the implementation of fuzzy models and soft computing [1, 8] and/or multi criteria
optimization [7,9] in a multilevel hierarchical problem. By increase the levels of optimization
and the formal content of the problems on different levels, one can expect additional benefits
for the rail management. But currently the modelling using multilevel computation meets
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practical difficulties because of the increase of the computational time, which constrains the
application of the multi-level formalism in practical cases.

Contributions of the PhD thesis

» An algorithm for managing a complex transport system was developed with the
application of a new two-hierarchical optimization model.

> A bi-level optimization task is defined and it is possible to define as optimal solutions
more parameters of the transport system than the classical optimization task. The
hierarchical management task gives priority to rail passenger services.

» The management task is formalized and defined using available real data, and a
dedicated algorithm is developed to determine the conditional pass ability parameters.
This allows the hierarchical optimization task to have specific quantitative parameters;

» The hierarchical management task has been implemented as well as decisions that give
priority to rail passenger transport.
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20 KpuctuHa Nasnosa

Hucepranusta € oOChb/ieHa M JONyCHaTa 0 3alllMTa Ha PA3IIMPEHO 3acelaHue Ha CEeKLHUs
,epapxuunu cucremu* Ha MMKT-BAH.

JuceprannoHHUAT TpyA ooxBama 133 cTpanuny, B Hero ca BKiIroueHu 40 ¢urypu, 6 Tadbmuim
U ca mocoueHu 166 nmuTepaTypHu U3TOYHUKA.

3amuTaTa Ha JUCEPTALMOHHUS TPY/I 11I€ CE€ ChbCTOU HA ..... OT ........ yaca B 3aia ...... Ha OJIOK
2 Ha MHcTUTyTa 110 MHGOPMAIIMOHHN W KOMYHUKAIMOHHU TexHojoruu Ha BAH Ha oTkpuTto
3acejaHNe Ha HAyYHO YpPHU B CbCTaB:

1. axan. MBan [lonmues
akaz. Bacun Crypes
npod. nta Tomop Cromnos - UMKT-BAH

mpod. a.H. CtossH CTOSIHOB
non. A.H. Jlanuena bopucosa - UMKT-BAH

ok wn

Marepuanure 3a 3alUTara ca Ha pasloJIOKEHHE Ha WHTEpeCcyBalluTe ce B cTas 215 Ha
NUKT - BAH , yn. ,, Akaa. I'. borues ““, 6i1. 25A

Asrop: Unx. Kpuctuna Tonoposa IIaBnosa

3armaBue: “CUHTE3 HA QJITOPUTMHU 3@ ONTUMAJIHO YIIPABJIEHUE HA TPAHCIIOPTHA cCUCTEMA
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Oﬁma XapaKTEPUCTUKA HA JUCEPTAUATA

AKTYaJIHOCT HA TeMAaTa U 0030p HA OCHOBHMTE Pe3yJITATH B 00J1acTTA

OHTI/IMI/I3I/IpaHeTO Ha KCJIC3OIIBbTHUTC NPCBO3H LIC IMO3BOJIN, BCJICACTBUC HA Chb3JaBaHC
Ha MAarcMaTu4CeCKu MOJACII, YHCIICHO Ja CC€ OHNPCACIIAT NMOTCHUIUAIHUTC Yy4YaCTbLH, KbACTO
MOXE Jaa cC€ I/IHTCHSI/I(i)I/IHI/IpaT KCJIC30IIbTHUTE IBbTHUYCCKH IIPCBO3H. Karo pe3yirar,
pE€IIaBAaHETO Ha TaKaBa 3aJa4da IIC IMO3BOJIM Ja CE€ YBCIMWYH ITBbTHHUKOIIOTOKA, ITPEBO3CH C
JKCJIC30IIbTHU IBbTHUYCCKH MPCBO3U, KOCTO € TCHACHLUA 3a YBCIIMUCHUC HAa U3IOJI3BAHCTO HA

JKEJIe30IIbTHUSA TpaHCcopT B EBpora.

CTpyKTypa Ha IucepTanMATA

JlcepTallMOHHUAT TPYJ € pa3lelieH Ha YBOJ, TPU IVIaBU M 3akitoueHue. Juceprauusra
ceappxka 133 crpanuny, 40 durypu, 6 Tabmumnm u ca mocoyeHu 165 nmureparypHu H3TOYHHKA.
Ilo nucepranuoHHM Tpyn ca myOnuKyBaHu 6 mnyOnukauuu. M3cienBaHusiTa ca 4acT OT
MOJTyYEHHUTE pe3yJITaTH Ha JIBa HAYYHOM3CIIE0BATEIICKU IIPOEKTA.

B I7naBa | e HanpaBeH 0030p Ha HlepapXWYHUTE ONTUMU3ALMOHHM 3a7a4u. Pa3rienanu ca
0COOEHOCTUTE Ha MepapXWUHUTE MOJENU 3a omTuMu3anus. [lokazaHu ca MpUIIOKEHHUATa Ha
3aJja4uTe 3a fiepapxuuHa onTuMu3ausa. OnucaHy ca NpeIuMCTBaTa U HeIOCTaThLIUTE HA TO3U
THII 33Ja4U.

B InmaBa 2 e paspaboreH HepapXuueH ONTHUMM3AIMOHEH MOJE], KOWTO IeNn
nepuHupaHeTo Ha ¢opMaiHa 3a7ada 32 UHTEH3U(UIMpAHE HA KEJIE30I'bTHUTE MbTHUYECKU
npeBo3u. M30paH U € NpUiIoKeH € MOoAX0J] Ha KOMIIO3UpaHe Ha HepapXUyHa ONTUMHU3AI[IOHHA
3amada. To3um MOAXon € pa3iMyeH C OCHOBHHUTE IMOAXOAM B TEOpUATAa HA HEpapXUYHUTE
CHUCTEMH 3a JEKOMIIO3UIMS U KoopauHauus. Jluceprannonara padora npuiiara KOMIO3upaHe
Ha HepapxM4Ha ONTHUMH3ALMOHHA 33/1a4a Karo B3aMMHOCBBP3aHU ONTUMU3ALMOHHU 33Ja4H.
[locnenguuTte NOOTHENHO HE JaBal B IBJIHOTA PEUICHWE HA MH)KEHEpHaTa 3ajada 3a
MHTEH3U(ULMpaHe Ha >KeNe30MbTHUTE MBbTHUYECKU NMpeBOo3U. B HepapxuyHa opraHuzanus
HOBAaTa 3ajlaya JaBa MparMaTUYHO U MOJIE3HO pPELICHHE 3a YyIpaBlIeHHWE Ha WHTETpUpaHaTa
TpaHCHOPTHA cucTeMa. B Ta3u miaBa e u pa3pabOTeH aJrOpUThM 3a YHCIEHO OIpe/essHE Ha
nmapaMeTpd Ha HepapxuyHara 3ajadya 3a yhpaBieHue. Pa3paboreH € aiaropuTbMm 3a
KOJIMUECTBEHA OIIEHKa Ha YCJIOBHU MPOMYCKAaTeIHUTE CHOCOOHOCTH Ha MBbTHUYECKHUTE
KEJIe30ITbTHU U aBTOOYCHM NMpPeBO3U. TO3M aJITOPUTHM € pa3paboTeH Mopaau OrpaHuvYeHUe Ha

U3XOJHMW OaHHU 3a MHTCH3UBHOCTTA Ha aBTO6y0HI/I M KCIIC30IIbTHU IMBTHUYCCKHU ITIPECBO3H.
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Karo pesynTar oT TO3u ajaropuThM 3a MOATOTOMKAa HAa JaHHU € JAeuHHpaHa HepapXxuyHa
ONTUMU3AIMOHHA 33Jla4ya 3a YIpaBJIeHUE HAa MbTHUYECKUTE NpeBo3u. C Te3u U3XOIHU JaHHHU
ca AeUHUPAHU U JBE KIACHYECKH OTUMU3ALMOHHH 3a/1a4d, KOMIIO3UpAIlX HepapXudHara
TakKaBa: 3aJada 3a HAMHUpPAHE HAa MAaKCUMaJeH IOTOK B MpeXa M 3ajJada 3a ONTHUMAJIHO
[IOTOKOPA3IpEETICHUE.

B InmaBa 3 e npuioxkeH HepapXxudHHs MOJAEN 3a ONTUMM3ULIMA U YIPABJICHHE Ha
IbTHUYECKUTE TPEBO3M B HMHTETPHpPaHa TPAHCIOPTHA CHUCTEMa KaTo ¢ JeduHUpaHa U
pemiaBaHa HepapXWyHa 3ajada 3a onTuMu3anus. PemeHusara Ha iepapxuyHara 3ajada ca
CPaBHSIBAHM C W3BECTHU ONTHUMHM3ALMOHHU 33Ja4d 32 MAKCUMAJEH IOTOK M 3a ONTHUMAIIHO
noTokopasmnpeneneHue. [IokazaHo e npeuMyIecTBo Ha pelIeHUATa Ha HepapXUyHara 3ajaqa,
KOSITO 3ama3Ba CTOMHOCTTa Ha MAaKCHMAJIHHMsS IIOTOK M pealu3upa IIOTOKOpPA3IpENeICHuUE,
KOETO JaBa MpPEIMMCTBO Ha EJIe30NbTHUS TpaHCHopT. HampaBeHW ca W JONMBIHUTEIHHU
aHaJIU3M, OLEHKU U CpaBHEHUs HA MOJYYEHUTE PEUICHUs Ha WepapXMyHaTa ONTUMU3AIMOHHA

3ajgada.

Heau 1 3212494 HA TUCEPTANMUSATA

Heara na aucepranmoHHara padora e jga ce paszpaboru ¢dopmaneH Moumen u
QITOPUTMHU 32 HETOBOTO TMpHJAraHe IpH pellaBaHe Ha HW3CJIeJOBaTeliCKa 3ajada 3a
MHTeH3U(ULIMpaHe Ha >KEIe30I’bTHUTE IBbTHUYECKHU INPEBO3M Ha IMpHUMEpP Ha Y4acTbK OT
Peny6nukaHckaTa TpaHCIIOPTHA CXEMA;

O0eKkT Ha M3CJeIBAHETO € KJIaC WHTETpHpaHa TPAHCIIOPTHA CHCTEMa HM3ITBIHSIBAIIA
PTHAYECKH TIPEBO3M C aBTOOYCEH W JKEJE30IbTEH TPAaHCIOPT Ha y4acThK Ha
Peny6nukanckara TpancnoptHa Cxema.

[Ipu pa3paboTBaHe Ha JIuCEpTAllMOHHATA W3CJIEBaHE ca MOCTaBEHM M peIIaBaHU
CIICTHUTE 3a/1a4, KOUTO KOHKPETH3HMPAT IEJINTE Ha IUCepTallMOHHaTa padoTa:

- pa3paboTBaHe Ha HiepapXU4eH MOEN 3a YIpaBJIeHNE HAa UHTETPUPaHa TPACIIOPTHA CHCTEMA.
MopnenbT TpsOBa Jja JaBa MPUOPUTET HA JKEJIE€30I'bTHUTE IIBTHUYECKH MIPEBO3U B CPAaBHEHME
Ha aBTOOYCHHMS TPAHCIIOPT;

- flepapXUYHUAT MOZET J1a U3II03Ba MPETUMCTBA Ha HepapXUUHHsI OAXO/ KaTo Ce MPUIIOKHU
M3CIIEIOBATEIICKH TTOIXO0] 32 KOMIIO3UpaHe Ha HepapXW4HUS MOJENT Ype3 B3aUMHO CBBP3aHH
ONITUMH3AIMOHHH 33]1a4H;

- pazpa0oTBaHe Ha QJITOPUTBM 3a KOJMYECTBEHO ONpeAeisHe Ha [apaMeTpure Ha

ﬁepapXHqHaTa 3aaa4a 3a YHOpaBJICHUC B YCJIOBUA Ha OI'paHUYCHHU U3XOJHW HJAaHHU 34
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I'bTHUYECKUTE MIPEBO3H;
- neduHUpaHEe W pellaBaHE Ha WepapXWyHara ONTUMHU3AIMOHHA 3a/lada W OIICHKa Ha
MOJIYYCHUTE PEIICHUS;

- IPUJIOKCHUEC Ha ﬁepapXH‘IHPIﬂ MOJECII 3a YIIpaBJICHUEC B IMIPAKTUYCCKAa HHXKXCHCPHA 3aa4a.

B cnenctBue npeduHupaHeTo M pemaBaHeTO Ha TO3M KJac MHepapxuyHa 3ajada 3a
yIpaBlieHHE CE€ OdYakBa Ja ce pa3lupu o0NacTra Ha MPWIOKEHHE Ha HepapXudyHaTa
ONTUMHU3ALMS B 00J1aCTTa HA YIIpaBJIEHUE Ha KJIaC MHTETPUPAHU TPAHCIIOPTHU CHCTEMHU.

B nucepranmonnara paborta He ca pa3pabOTBaHM YHCIEHU aJTOPUTMU 32 pellaBaHe Ha
HepapXM4HU ONTHMM3ALMOHHY 33/1a4H, a Ce pa3paboTBa HepaxmueH MOJEN 3a YIpaBJICHUE U
QJITOPUTMH 3a HErOBOTO MpuiIokKeHHe. B yacTHOCT ca pa3paboTBaHM [Ba ajlropurhbma: 3a
MpUJIaraHe Ha ONTHUMAJIHO yIpaBJieHue upe3 hopMasieH HepapXuieH MOJEIN; 3a MOATOTOBKA Ha
JAaHHWUTE 3a HepapXuyHaTa ONTHMM3AIMOHHA 33j7a4a B YCIOBHUSATAa HA OTPAaHUYEHU H3XOIHU
JAaHHU 3a ONTUMHU3aLMOHHATA 3a/a4a.

[IprHOCHHAT eleMEHT Ha JUCEPTAIMOHHOTO M3CNEABaHE € B JNe(UHUpPAaHE HA HOB MOZIEI
HepapxuyHa ONTUMM3AIMS M TMPUIAraHETO My TpPU VYIPaBICHHE Ha MPEBO3U B KIac

HHTCIpHpaHa TPaHCIIOPTHA CUCTCMaA.

MeTonoJi0rus Ha U3CJIeBaHETO
Pa3zpaGoTBaHeTo Ha MaTeMaTW4YeCKHs MOJEN W QJITOPUThM 3a YIpaBICHUE W
UHTeH3U(ULMpaHe Ha I[BTHUYECKUTE OHKEIE30IbTHH MpeBo3u 3a PemyOnmkaHckara
TpancnoprHa Cxema € U3IBJIHABAHO B CJIEJHATA [10CIEI0BATEIHOCT:
1. Co3gaBane Ha rpadoBa CTPYKTypa 3a MBTHHYECKH MPEBO3M IO TpPAHCIOpPTHATA
cucrema Codus-Bapua(I'O);
2. JlepuHupaHe u omnpenensHe Ha KOJMYECTBEHH MapaMeTpH, ONpeNeNsly Kananurera
Ha JINHUUTE B TPAHCIIOPTHATA CUCTEMA.
3. Pa3paboTBaHe Ha KOJMYECTBEH METOJ 3a OIEHKA 3a IOTEHIMaJ]a Ha MBTHUYECKH
IIPEBO3U
4. Tlpunarane Ha KJacCMYeCKa ONTHMHU3AIMOHHA 3aj[aya 32 HaMHUpaHE Ha MaKCHUMAJHUs
MOTOK, 3a TpaHcnopTHata cuctema ot Codus 1o Bapha.
5. Momudunupane Ha KilacudeckaTa ONTHMM3AlMOHHA 3ajada 3a OIpelessHe Ha
MaKCHMaJIHHS MOTOK, Ype3 eKCIEPTHU IPOMEHHU B ONTUMHU3ALMOHHATA 3a]]a4a
6. Ilpunarane Ha JByliepapXxMuYeH METOJl 3a ONpeAesIHE Ha MaKCHUMAJIHUS MOTOK U

MMPUOPUTCETHO MOTOKOPAIMPECACIICHUC 3a XK.II.
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24 KpuctuHa Nasnosa

I'maBa 1. Oco0eHocTH Ha HiepapXUYHUTE MOJAE/H 32 ONITHMH3AIUS.

B mppBa maBa e HanpaBeH 0030p Ha HepapXUYHUTE ONTHMHU3ALMOHHH 33/1a4H.
1.1. TeopuTHYHHUTE MO/IeJIM B TEOPUSATA HA liepapXUYHUTE CUCTEMH.
1.1.1. BeprukajHa CcbOOTYHHEHOCT. Bcska iiepapxus ce€ CbCTOM OT BEPTUKAIHO
CbIIOAYMHCHH IMOACUCTCMHU, T.C. LdJIaTa CHUCTCMaA IMPCACTAB/IsIBA CHBKYIIHOCT OT
B3aumopeiictBamu cu [IC (¢pur. 1.1). Ilox cucrema wim moicuctema ce pazdupa

peAIM3UPAHETO HA IIpo1eca Ha npeo6pa3yBaHe Ha BXOJHUTC JAaHHH B U3XOJHH.

BXOO = [NC, [——> H3XO0O

Ic; = H3X0M

W

BXOT

W

BXQN ——= m, L = H3X0O

@ur. 1.1. MepapxuuHa CbIOAYUHEHOCT

1.1.2. IIpaBo Ha BMewIaTeJCTBO. Bb3aciicTBUATA HAa TOPHUTE HEpapXUYHM HHUBA HMar
3aJIBJDKUTENIEH XapaKTep CHpsAMO JOJIHWTE HMBA. M B TOBa ce m3pasdBaT NMPUOPUTETHT Ha
NEUCTBHUATA U 1IeJIM HA TOPHUTE HUBA.
1.1.3. B3aumocBbp3aHocT Ha jeiicrBuero. EdexTuBHOCTTa Ha JAelcTBUATa Ha
liepapXU4yHaTa CUCTEMA B LAJIOCT U HA €JIEMEHTUTE Ha BCSIKO HUBO 3aBUCAT OT IIOBEIEHUETO
Ha BCHYKM B3aMMOCBBP3aHU €JIEMEHTH B cucremara. Paborara Ha TOpHOTO HUBO 3aBUCH HE
CaMO OT OCBILIETBEHUTE OT HETO JACWCTBUSA, HO U OT CBIIECTBYBAIINUTE PEAKLUU HA JIOJIHUTE
HUBA. 3a TOBAa MOXeE J1a C€ CUMTA, Y€ Ka4eCTBOTO Ha paboTa Ha LsU1aTa CUCTEMA CE€ OCUTypsiBa
OT OOpaTHaTa Bpb3Ka, T.€. OT PEAKIHUATa Ha BMEIIATEICTBOTO.

HepapxusTa € CHOTHOCUTENIHO TIOHATHE M MMa KOHKDETHH OOIACTH Ha NPUIIOKEHHE.
Tesu obGnactu neduHMUpar Buaa Ha Hepapxusta. B [9] monsTuero fiepapxus ce oTHaca 3a:

- CbhCTaBsHE Ha HHMBA Ha ONKCAaHUE (CTpaTH);

- paslpeAesieHHE Ha IMpaBaTa M 3aJbJDKEHUSATA MEXY W3I'BJIHHUTEIHUTE €IIEMEHTH

(emenoHHa epapxus);
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- pasmpezaeneHue Ha (GYHKIUUTE W 33JaYydTe [0 HUBATa B HepapXuyHa CHCTEMa

(croesa Miepapxusi).

1.2. ®opmasHuTE MOIeJIH B 00J1aCTTAa HA HepapXUyHaTa ONTHMU3AIUSA

1.2.1.MrpoBa 3agaya nHa Crakenbepr. Haii-oOmmsaT momen OT Kjaca Ha JBYHHBOBOTO
HepapXM4HO MporpamupaHe (OT Kjaca Ha JIByHMBOBHMTE HEpapXWUYHHU 3aJadd) € Urpara Ha
Craxen6epr [2]. 3agauara Ha CrakenOepr MOXe J1a c€ HHTEPIIPEeTHpa KaTo Urpa MEexXay JABaMa
Urpayd, KbJETO U JBAMaTa UIpadd B3UMaT peuieHus. Pemennero Ha BOACIIUS UTrpad OTroBaps
Ha CJIAHUTE BBIIPOCU: KaKBa € Hail-1o0para crparerus, Koraro cu 3Hae IejeBara GyHKUUS U
OorpaHUYEHUsATa U TpsOBa 1a u3bdepe cBosta crparerus mbpu? oM karo nuaepsbT pukcupa
yIpaBIsSBalIUTE MPOMEHINBH, IPYTUAT HUrpad CH H30Mpa cTparerus Ja MUHHUMH3HPA
coOcTBeHara cu 1eneBa (GyHKOus. Bropusar wurpad pemaBa craHAapTHa 3amada  OT
KJIACMYECKOTO Iporpamupane. Ho pemenusta Ha Bropus urpad Moauduuupar 3ajadara Ha
JMIepa U Taka JABETe 3a/1a4M Ha BOJEIIHUS M BOJIEH UI'Pay ca B3aMMOCBbP3aHU.

3amawatra Ha Crakenbepr ce ¢opmynupa KaTo JIByHHMBOBa HepapxHyHa
ONITUMH3AIMOHHA 3aJ]ada, KbACTO Urpaud | ¥ 2 CHOTBETCTBAT HA B3EMAIIWTE PEIICHHs Ha
TOPHO M JOJHO HUBO. IIbpBUAT Wrpad ompezens ONTUMATHUTE CTOWHOCTH Ha CBOMTE
IIPOMEHJIMBY (IIapaMEeTpUTEe Ha JOJHOTO HHUBO), Taka 4e Ja MUHMMHU3Mpa LeleBaTa cu
(GyHKLHMSA, AOKATO BTOPUAT Urpady MHUHMMHU3MpaA lLiejeBaTta cd (yHKLHMs, IO OTHOIIEHHE Ha
MIPOMEHJIUBUTE CH TIPH 33JaJICHH OT IIbPBHA MapaMeTpu. B To3u Mozen neneBata GyHKIUS U
OTpaHUYEHUSATa HAa TOPHOTO HUBO ca (PYHKIMH OT JBaTa TUIA MPOMEHIMBH: U OT TOPHOTO, U

OT 10JHOTO HUBO. [10]

1.2.2. IleneBa koopauHanusi B MHepapxuuHu 3aaaum. B ifepapxudnHa cucrema 3a
yIpaBJICHUE KOOPAMHATOPHT MOXKE J1a M3MEHA IIeJieBUTe (QYHKIIUM Ha 3a/[a4uTe€ Ha JOJIHU
lepapxuuyHu HuBa. Ta3um KOOpJAMHALUS € W3BECTHAa C TepMUHA ,lleneBa koopauHanus’.
dopmarneH Mojen 3a TakaBa KOOPAMWHAIIMS MOXE Jla C€ MPUJIOKH TpaBara U oOpaTHa 3ajada
Ha Jlarpamx. [lpu npuiarane Ha ¢opmanuizma Ha Jlarpanxk, pelieHHsTa Ha 3ajadara Ha
KOOpAMHATOpa W3MEHSAT IieneBara (yHKIMS Ha JojHATa HepapxuyHa 3amada. lleneBara
KOOPJIMHAIUS C€ ChCTOU B IIPOMSHA, U3BBPIIBAHA OT KOOPJAMHATOPA, B LIeJIEBUTE (DYHKIMH Ha
JIOKAJIHUTE 3aJa4u Ha mnoacucremute [7, 13, 15, 16]. Marematuueckd TO3M MOJEN C€
OCHOBaBa HAa W3UCKBaHMATAa 3a CHUIECTBYBAHE Ha CEIJIOBA TOYKAa NpPH peIIaBaHE Ha

ChOTBETHUTE IIpaBa U oOparTHa 3a/1a4a Ha JlarpaHx.
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1.2.3. Koopaunauusi ¢ mpeacka3dBaHe B iiepapxuuHu 3agaum. [Ipu Ta3u crparerust Ha
pelIaBaHe Ha epapXU4YHM 334, PEIICHUsATa Ha KOOPAUHATOPA U3MEHST OTPAaHNYCHUSATA Ha
JIOJTHO MepapXW9IHO HUBO. TO3W THIT KOOPAMHALINS € HApEYeH ,,KOPAMHALIHUS C IIpeCKa3BaHe” .
HNkoHOMUYeCcKaTa WHTEPIpETAMs Ha KOOPJAMHAIMATA C TMPEACKa3BaHe € IUIaHOBara
HWKOHOMHUKa [8, 12].

B tpera cekums ca pasmienaHd TPHIOKEHUATa HA 3aJa4dTe C HepapxudHa

OIITUMM3allMs.

1.4. Arperupane u AekoMmno3uuus. JleKOMIO3UIMs Karo MeTox 3a (opMmanu3upaHe Ha
paborara Ha MepapXuuHHTE CHCTEMH 3a yIIPaBIICHHE.

C dopmanHus anapar Ha IEKOMIIO3UIIMATA C€ U3BEXK/IaT HE cCaMO MOJEINH, HO Ce JaBar
¥ KOHKPETHH pEUICHMs 3a HauMHa Ha (yHKIMoHMpane Ha KMCY. Upes wu3BecTHHTE
JCKOMITO3UpPAI TIOAXOAM — HaMalsiBAHE HAa pPa3MEPHOCTTa Ha apryMeHTa W/Win
OTrpaHUYEHUSATA, Ca U3BEJACHHU TOUHUTE 3aBUCUMOCTU M BPB3KH, ONPEACIALIN CTPYKTypara Ha
JICY, paGorara Ha OTIEITHHUTE i KOMIIOHEHTH ¥ B3aHMMOJICHCTBUETO MEXIY THX.

Teopuatra Ha HepapXUYHUTE CUCTEMH H3IIOJI3BAa JEKOMIIO3MIIMS, paseis J0JIHAaTa

3a7a4a Ha HIKOJIKO moa3axauun. dur. 1.9.

’ . s/

@®wur. 1.9. JlekoMno3umus Ha ONTUMHU3AIMOHHHT 3a/1a91
N3cnenoBarenckusaT TOAXOA B JUCEpTallMOHHATa padoTa € KOMIIO30IMS Ha

ontuMusanuonuu 3agauyn. dur. 1.10.

O,
Jaaaual < | T O,
Jasaual 3asaua?
¥
Oomr.
Jaaaua 2

®ur. 1.10. Kommosunust Ha ONITHMH3AIIMOHHH 3a1a9H.
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1.6. IlpeaumMcTBa M HEAOCTATHIIM HA HEePAPXUYHHUTE 321a4H 32 ONTUMU3ALMS.

1.6.1. TlpenumcTBa Ha JepapxuyHara 3aja4ya CHPSAMO KJacuyecka 3ajgada 3a
ontummsanus. OT GopManHa IIegHa TOUKA, ONTHMAIHO pelrenre X' Ha ONTHMH3AIHOHHA
3a/1aua

min, f(x,a)

1.45
gx,a) <0;y €S (xy)

e neMHUpPaHO KaTo CTOMHOCTTA Ha BeKTopa X', KOWTO MOKPUBA YCIOBUATA 32 MUHMMH3AIUS
Ha nesneBata GpyHkys f'(.) 3anma3Baiki U3ITBIHEHUETO Ha OrpaHuyeHusra g (.)
f(x%%a) < f(x,a) Vx€g(x,a)<0

g(x°?ta) <0

1.46

KBJETO X € BEKTOP Ha N KOMIIOHEHTH, x' = (X1, X2,..., Xp); f € IeneBara (pyHKIUS KOSITO TPsOBa
1ia 6bJic MUHIMH3UPAHa; U g € TPYIIa OT M HEPABEHCTBA, &' = (&1, 2. . -,&m)-

B 3amaua (1.45), Bexktopa a neduHuUpa mapameTpu 3a OrpaHuueHusTa g. Tesu
napaMmeTpu ca MpeaBapuTeIHO NeQUHUPAHH M M3BECTHU MO CTOMHOCT ONTHUMH3AI[MOHHATA
3a/aya.

CroifHOCTHTE HAa MapaMeTpd « HE ca 4YacT OT ONTHUMAJIHOTO pemeHne X
.OntuManHnTe perieHns X' ca ONTHMATHM caMoO 3a KOHKpPETHATa ONTHMH3AIMOHHA 3a/a4a
(1.45). MHoxecTBOTO TapaMeTpd a HE ce IMollydyaBaT KaTo pELIeHUS Ha W3XOaHaTa
onTuMU3alMoHHa 3amada (1.45), a ca mpeaBapuTenHO OmNpeleneHd Ha 0aza Apyru
pasmiexxJaHusl.

B xnacuuecku ciydail Ha ONTHMMM3AIlMOHHA 3a/ada caMO YacT OT CHCTEMHHTE
XapaKTEepPUCTUKH HA U3CTe/IBaH OOEKT X Ce MOJIyuyaBaT Karo ONTUMAIHO perienue. [13]

Pemennero Ha ilepapxuuyHara ONTHUMH3AIMOHHA 3a/adya, TMPUTEKaBa TIOBEYE
XapaKTEPUCTUKHU Ha U3CIIEABaH OOEKT.

ApryMeHTHUTE Ha MepapXHyHaTa 3a/iaya BKIIOYBAT apryMEHTHTE Ha KOOpIWHHUpAaIara
W JonmHata 3ajada b, Taka pelieHMeTo Ha ropHaTa ONTHMU3AIMOHHA 3a/laua Urpae polis Ha

napaMeThp 3a JJoJIHaTa WepapXu4Ha 3aja4a u 00paTHo.
1.6.2. Hegocrarbuy Ha liepapXM4YHUTE ONTHMHU3ALUOHHHU 32124 H.

Bcsko omnmcanue Ha roieMM CHCTEMH 3a YIIpaBJICHUC CC HATHKBA Ha 061_[10 IIOHC Ha

CJICAHUTC TPU TPYAHOCTHU:
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ITvpsa mpyonocm. OnucaHueTo Ha BCSKa CHCTeMa TpsOBa Ja ObJe MPEACTaBEHO OT
JIelHa TOYKA HA HEpapXW4YHOCTTAa KAaro KOJUYECTBEHO H3pa3siBaHE HA HEWHUTE IENH U
3amaun. OTTYK TPYIHOCTTA € B HEETHO3HAYHAaTa TpaHCc(hopMalns Ha OMUCAHUETO Ha IENIUTE U
3aJ]a4lTe OT KAYeCTBEHW HHBO HA €CTECTBEHUS €3UK, Ha KOJIMYESCTBEHO HUBO Ha (popMasHUs
€3UK, Ha ThPCEHETO Ha KOJIMYECTBEHA MspKa 3a JOCTUTaHE Ha IIeliTa Ha CHCTeMara , Pecil. Ha
MOJICUCTEMHTE, 32 KOOPIUHAIMS MEKIY TSIX U T. H.

Bmopa mpyonocm. ITHGOPMAITMOHHUTE MPOLIECH BbB BCSIKA CHCTEMA HEETHO3HAYHO Ce
MPEICTaBAT Ha (hopMalieH e3HK Mopaau NoTpeOHOCTTa OT 00paboTBaHETO HA WH(POPMAIIHS OT
pa3iMyHKM HepapXWyHU HHBA, YECTO HA DPA3IMYHH €3UIM TOpaayd HEOOXOIUMOCTTa OT
KOHCTpyHMpaHe Ha ChOTBETHA MIPOrHO3a 32 ChCTOSHUETO HA JIOJTHOTO HUBO U 32 ,,HAMEpeHHusTa"
Ha TOPHOTO HUBO, TIOPAJIM HEIBIHOTATa U HEJJOCTOBEPHOCTTA HA MOTyYeHAaTa HHPOPMALHS U
T. H.

Tpema mpyonocm. BB Besika cuctema € HeoOxoaum n300p U (W) KOHCTpYUpaHE Ha
KpUTEPHUH 3a YIpaBIICHUE, 32 OIICHKA HAa B3E€TUTE PEHICHHS, KOUTO Ja U3MEPBAT U PA3IMIHU

KJIaCOBE HEOTPENIEICHOCT, CyOSKTUBHHU 1 HeopManuzyeMu (akropu u T. H. [ 18]

- TpyaHo ce pemaBaT Te3W 3aJa4yd, 3allOTO TPsAOBa 1a Ce ThPCAT TI0OATHU
ONTHMYMH.

- Tlpumarat ce WTEpaTHBHH W3YHCIICHUS, KOHTO 3a0aBAT IIOJy4aBaHETO Ha
pelieHHeTo Ha 3ajavata. ToBa orpaHu4aBa o0JIacTTa Ha MPUIOKEHHE Ha
fepapxiuyHaTa ONTUMHU3ALKS A0 MpakTHuecku ciydad Ha Off-line onrummzanms-
npoektupane, cunrte3, Off-line B3emane Ha pemenus, Ho He u 3a real-time
yIpaBiIeHHE.

B cekuust ceneM ca Moka3aHd aNrOPUTMHUTE M 33a4lTe OT MOTOLM B MPEXKH, U3IOJI3BAHU B

OIITUMHU3AIIMOHHUTC 3aJa4U.

I'maBa 2. PazpaborBaHe Ha liepapXuyeH MojeJl 32 yIpaBJjieHHe W MOATOTBOKA HAa JaHHHU

3a ONITUMHM3ALIMOHHATA 3aJa4a

B II'bpBa CCKIUA HA BTOPA I'IaBa € OIPCACJIICHA KJIAC HHTCTpHUpPaHa TPAHCIIOPTHA CXCMa

oT aBTO6YCI/I 1 KCJIC30IIbTHU IbTHUYCCKHU ITPCBO3H.

Asmopeghepamu Ha ducepmavuu 2 (2017) 19-60



CMHTES3 HA ANFOPUTMUK 3A ONTUMANHO YNPABJIEHVE HA TPAHCIIOPTHA CUCTEMA 29

2.1. Cp3naBaHe Ha MaTeMaTHYeCKM MoJe] 32 ONTHMHM3HpPaHe W YNpaBJeHHe Ha
JKeJIe30NbTHM IbTHHYECKM INpeBO3H 3a un30paH y4yacrbk oT PenyOumkanckara
Tpancnoprtha Cxema. B Ta3u 1iaBa € MpeAcTaBeH MaTEeMaTHUECKHUAT MOJEN, YHMHUTO
QITOPUTHM 32 YNpaBJIEHUE HWHTEH3U(UIUpPA M3M0JI3BAHETO HA KEJIE30IbTHU ITbTHUYECKU
npeBo3d. Tol wu3mon3Ba IIOCTAHOBKM, W3MON3BaHW W IPWIATaHUd IIpU  Hepapxu4dHa
ONTUMU3ALIHNS.

Pa3paboTrBanero Ha MareMaTH4ecKusi MOJEI M aJIrOPUTbM 3a YIpaBICHUE U
UHTeH3U(ULUpaHe Ha [BTHUYECKUTE HKEIE30I'bTHU MpeBo3u 3a PenyOnmkaHckara
TpancnoprHa Cxema € U3IBJIHABAHO B CIIEHATA I10CJIEI0BATEIHOCT:

1. CezpaBane Ha rpadoBa CTPYKTypa 3a IBTHHYECKHM IPEBO3H IO TPAHCIOPTHATA
cucrema Codus-Bapua(I'O);

2. JlepuHupane u onpenensHe Ha KOJMYECTBEHH MapaMeTpH, ONpeNessly Kananurera
Ha JINHUUTE B TPAHCIIOPTHATA CUCTEMA.

3. Pa3zpaboTBane Ha KOJMYECTBEH METOJ 3a OICHKA 3a MOTCHIHAJA HAa ITbTHHYECKU
IIPEBO3H

4. Tlpunarane Ha KjacMYecKa ONTHMH3AIMOHHA 33jaya 32 HaMUpPaHE HAa MaKCUMAaJlHUS
IIOTOK, 3a TpaHcnopTHara cuctema ot Codus 1o Bapha.

5. Momudunmpane Ha KiIacM4eckaTa ONTHMH3AIMOHHA 3ajada 3a OIpelesisiHe Ha
MaKCUMAaJIHUS IOTOK, Ype3 EKCIEPTHH IPOMEHHU B ONITUMU3ALMOHHATA 331a4a

6. Ilpunarane Ha JBylepapXxvueH METOJ 3a ONpeAeisHe Ha MaKCUMAaJHUS HOTOK M

IMPUOPUTCTHO MOTOKOPA3MPECACIICHUC 3a XK.II.

2.2. AaroputbM 3a omnpejesisiHe Ha NMapaMeTpH 3a ONTHMMM3AalMOHHAa 3agavya. B To3u
naparpad ce nmpoektupa rpad no penyoaukanckoro HanpasieHue Copusi-Bapha (mpe3 I'opHa
OpsixoBuna). I'padbT oTUMTa CHBMECTHHUTE MBTHUYECKU MPEBO3U IO TOBA HANpAaBJIEHUE C

aBTOOYCH U BIIAKOBE.

2.2.1. Enementn Ha rpaga, cbOTBeTCTBAIIM Ha ’Kejie30NbTHH npeBo3n or Codusa 1o
Bapna (I'O). JlanHute 3a ch3gaBaHus rpad 3a MBTHUYECKUTE MPEBO3H, PEATU3HPAHU OT
XKeJNe30nbTHUS TpaHcHopT ca B3eTtd oT cailta Ha BJDK-IIII 3a BnakoBu pasnucaHus
www.bdz.bg .

BovpxoBere oT rpada, mpe3 KOMTO MHUHABa >KEJE3HUIATa, ChOTBETCTBAT HAa TPaJIOBETE,
KbJIETO MMa CIUpPKH Ha Biaka. Cien oOpaboTBaHe HA JaHHUTE 3a BIAKOBUTE pa3MUCaHUs, B

rpada Ha mapupyra Codus-Bapna (I'O) ca BkinroueHu rpajgosere, mokaszaHu Ha Tabmuna 2.1.:
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Ne I'pan Ne I'pan

1 Codus 10 MHuM BB3eI

2 MuuM BB3€ET 11 Twprosuiie

3 Mesnpa 12 MHuum Bb3en

4 [IneBen 13 [Iymen

5 JleBcku 14 MHuMm Bb3en

6 I'opna OpsixoBuiia 15 Benuko TepHOBO
7 Crpaxuna 16 AHTOHOBO

8 MuuM BB3EI 17 Bapna

9 [TonoBo

Tabnuna 2.1. O6o3HaueHue Ha BbpXOBeTe Ha rpada

MHUMHTE TOYKH Ca BBBEJCHH, 32 Ja ce Ae(hUHUpa CaMOCTOSTENIHA Abra, 00CIyKBaHA

CaMo OT KEJIE30IIBTEH HITH CaMO OT aBTOOYCEH MPEBO3.

N36panaTa HOMepalus Ha BPXOBETE UMa TOYHO Teorpad)cKo MOJOKEHHE ChC CIUPKUTE
Ha BJIaKa B M30poeHUTE rpajoBe. B Ta3zu HoMepaius ca BKIOYCHHU U T.H. ,,MHUMH Touku”. Te
ca MOCTaBEHH, 3a Ja Ce OTIENN KEJEe30MbTHHUS OT aBTOOyCHHUs TpaHcnopT. Hanmpumep 1.3 e
IMOCTaBC€HA 3a KCJIC30IIbTHHUA TPAHCIIOPT, TBU KaTo ChbIICCTBYBAT aBTO6y0HI/I JIMHUH, KOUTO
MapajiesHoO C JKeJe30IIbTHUS TPAHCIIOPT 00CIykBaT peBo3u Mexay Codus u Mespa.

AHaNOTHYHO € OTAETSHETO Ha JKeJIE30IbTHUS TPAHCIIOPT B TOUKHU:

- 1.8 3a Crpaxkuna — [lonoso;
- 1.10 3a Tsprosume — [llymesn;
- T1.14 3a lllymen- BapHa.

B Te3m ywacThiu mapanenHO Ha KEJIE30IBbTHHUS TPAHCIOPT C€ OCBHINECTBSIBAT M
aBTOOyCHM TpeBo3u. B mucepramusta rpadbT Ha TPaHCIOPTHUTE MPEBO3U € HAUMEHOBAH

,TpaHcropTeH rpad®.

2.2.2. EnemenTn Ha rpaga, CbOTBETCTBAIIM HAa AaBTOOYCHM NpPeBO3M NpecHYaly
OT/ICJTHUTE Y4YACThIH Ha Kes1e30nbTHUS TpaHncnopT ot Codus 1o Bapua (I'0O)
ABTO6YCHI/ITC MMpEBO3M MU3NBJIHABAT MBTHUYCCKHU TMPEBO3M KAKTO 34 OsdJj1ata

nectunanus ot Codust no Bapua (I'O), Taka u 32 OTACIHMA y4acThIH MO Ta3H >KEJIE30MMbTHA
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nuHus. HeoOxonumo e fa ce uaeHTUQUIUpaT BCUYKA aBTOOYCHU JIMHUU, KOUTO MPEMUHABAT
¥ CIUpar mpe3 BH3JIOBHTE TOYKH Ha Tpada, neduHHpaH OT KEIe30IbTHATA JIMHUS MEXKIY
Coodus u Bapna (I'O). ToBa o3HauaBa, e TpsOBa Aa ce ONPEICNIAT BCHUKA aBTOOYCHU JINHUH,
HE3aBHCHMO OT CBOSITa HayajdHa W KpailHa JecTHHaluWs Jally MpeMUHABaT Mpe3 I'paJoBeTe,
neduHupanu ot xkene3onbrHata JuHUS Codus-Bapna (I'O). Taka Bcuuku aBTOOYCH, KOUTO
MIPEeMHUHABAT TIOHE TIpe3 JBa OT BhpXOBeTe Ha xkene3onbTHUs rpad Codwus, Mesnpa, [lnesen,
JleBcku, I'.OpsxoBuna, Crpaxuna, Ilonoso, Tovprosuime, Illymen, Bapna wusnbiansBar
MapaseHyd MPEBO3U C HKEJIE30MbTHUS TPAHCIIOPT U T€3U aBTOOYCHHM ydacTbhlU TpsiOBa na ce
BKJIIOUYAT B o0miara rpadoBa CTpYKTypa Ha MbTHUYECKUTE TPEBO3H.

3a ompejensHe Ha aBTOOYCHUTE JTUHUHM, KOUTO W3ITBIHSABAT MapalieHH MPEBO3M IO
BCUYKH Y4acThIM OT kene3onbTHUs Tpad Ha nuaEITa Codus-Bapua (I'O) ca m3mon3panu
JAHHUTE 3a W3JaJeHH JUIEH3W 3a aBTOOYCHM MBTHUYECKH MpeBOo3u OT M3mbiaHHUTENnHA
areHIus ,,ABTOMOOMIIHA aIMUHUCTpAIUs ",

http://rta.government.bg/index.php?page=scategories&scategory=otrts

2.3. Ko/inyecTBeHA OLIEHKA HA MPONMYCKATEJTHUTE CIIOCOOHOCTH 32 MbTHUYECKH NPEBO3H
B YCJIOBHSI HA M3XO/AHHU /IAaHHM.
2.3.1. IlocranoBka. KananureTHUTE BH3MOKHOCTH (YCIOBHH MPOITYCKATEITHH CIIOCOOHOCTH)
Ha OT/ICTHHTE IbTU B Tpada TpsaOBa na ObaaT OLEHEHH U onpeseneHn. PeanmucTiuueH moaxon e
32 NpPOMYCKaTeHU CIIOCOOHOCTH Ha JBbIUTE B Mpexara Ja ce M3MOoI3BaT JaHHU 3a
I'bTHUKOMNOTOLM, OIpe/iesIeHH OT Opoit Ha Mpojia/ieH OWJIeTH 1O HalpaBiIeHus. 3a ChKalleHHe,
TakMBa JaHHU HE ca JOCTBIIHH TIOpagd OTCHCTBHE HAa HMH(POPMAIMOHHA CHCTEMa 3a
MpoJiaBaHu OMJIETH 3a JKEJIE30IbTEH TPAHCHOPT B Isiiata crpaHa. OrpaHudYeHue € U JIMIcaTa
Ha JIaHHW 3a IbTHUKOINOTOK, KOMTO M3MbBJIHABAT 4YacTHUTE aBTOOyCHHM mnpeBo3Bauu. [lpu
HaJIMYME M Ha JPYrd JaHHW, CBbP3aHM C KaraluTeTa Ha TPAHCIOPTHHUS y4yacThbK W/WIM Ha
MIPEBO3HUTE CpPEeACTBa, NedUHUpaHATa 3a/a4a 3a ONTUMM3ALMS MOXe Aa ObJe MO CIOXKHA U
OTYHTAIIA TIOBeYe orpaHuueHus. OTpaHMYeHHAT 00eM OT JaHHM 32 TEKYIIUTEe MBTHUYECKU
npeBo3u 1o HampasieHue Codus-BapHa, M3MbIHSABaHM OT aBTOOYCEH M KEJIEe30MbTEH
TPAHCIOPT BIMSAAT W ONpENeNsAT BHUAA Ha JeQUHUPAHUTE MOJAEIM U pelIaBaHU
ONTUMH3AIIMOHHHU 33J1auH.

[Topamm orpanwueH Bua u 00eM Ha W3XOJHU JaHHHW 3a PSKUMHTE Ha paboTa Ha
WHTErpupaHaTta TPAaHCIOPTHA CHCTEMa B TOBAa HU3CJE/IBaHE CE€ IMpUeMa, 4ye IIe Ce OLEHST

MPOMYCKAaTCIIHUTC CIIOCOOHOCTHU Ha BCSIKa Abr'a B TPAHCIIOPTHHA rpa(b. Te3n MMPOMYyCKaTCIIHU
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CIIOCOOHOCTH neUHUpPAT MOTEHIIMAaa, KanauTeTa Ha BCsIKa Ibra B rpada, KOeTo Onpeess
MaKCHMAaJTHUS ITBTHUKOIIOTOK, KOUTO MOe Ja ObJ/Ie TPAHCIIOPTHUPAH 110 ChOTBETHATA JIbTa.
KonnuecTBeHata Mspka 3a OIlEHKa Ha MBTYBAHETO CE€ BBBEXKIA C MPAKTUYECKOTO
MIPABWJIO: T10- JIBJITO MBTYBaHE € EKBHBAJICHTHO HA IO- MaJIKa MPOITyCKaTeJIHA CIIOCOOHOCT Ha
TPaAHCIIOPTA IO TOBA HAIpPaBJICHHE.
dopMaTHO 3amucaHo, U3IM0JI3BA CE€ 3aBUCHMOCTTA:

MflpKa 3a OICHKA: MO-ABJIIO MbTYBAHE —  IIO-MaJjIKa IIPOITyCKaTCIHA CIIOCOOHOCT Ha

TpaHCIIOpTa 110 TOBA HAITPABJICHHUC.
KOJII/I‘ICCTBGHaTa, AHAJIMTUYHA OLICHKA Ha Ta3u MspPKa CC BbBCIKAA C paBCHCTBOTO!

[MpomyckatenHa criocooHocT (yciaoBHa) =1/BpeMe 3a IIbTyBaHe.

2.3.2. OueHka Ha NMPONMYCKATeJIHUTE CIOCOOHOCTH HA ABIUTE HA TPAHCHOPTHHSA rpad,
NpUHAUIEKAIM HA Kejle30mMbTHUsSI TpaHcmopT. OIlleHKara Ha MpoITycKaTelHaTa
CIIOCOOHOCT Ha BJIaKa € HAlpaBeHa C MPUMEp OT Jbrara B TPAaHCIOPTHUS Tpad 10
nanpasienue Codus-Mesapa. M3nons3Bar ce nqaHHUTEe OT pasmucaHueTo Ha Biaka Codwusi-
Bapna (I'O).

B nacrosimiara nucepranuonHa padora € pa3pabOTeH alTepHATHBEH HAYMH 32 OICHKA
Ha KaraluTeTa Ha TPAHCIIOPTHUTE BPB3KU 3a MPOMYCKaHE HA IMBTHUKOMOTOK. M3momn3Bar ce
peallHu JaHHU 32 MPOIBJDKHTEIHOCTTA Ha IIBTYBAHETO IO JaJCHa TPAHCIIOPTHA JIbra.
MoTuBHTE 32 IOJI3BaHETO HA JIaHHU 32 BpeMeTpaeHe Ha MTYBAaHETO MO JajieHa Abra B rpada
MPOU3THYA OT >KEJIAHWETO Ha ITBTHHUIIUTE JIa BTyBaT M0-0bp30 MO JajJeHo HampasieHue. [1o
TO3W HAYMH TO-MAJIKOTO BpeMe 3a MbTYBaHE MEX/Iy J[Ba Bh3eJia J]aBa MOBEUES MPEAMOUNTAHUS
3a MBTYBAaHE B Ta3W IMOCOKa OT MbTHUIMTE. OCBEH TOBa, MPOABIKUTETHOTO BpeMe 3a
IbTYBAaHE € MEPHUKA 32 HUCHK KamaluTeT 3a TPAHCIOpPTHpaHe Ha ChOTBETHATa Bpb3ka. llo
TO3W HAYMH TPAHCIIOPTHUTE TMPOITYCKATeTHU CIIOCOOHOCTH HA OTACIHUTE JBbIH B
TPaHCTIOPTHHS Tpad ca CHITHO CBhP3aHH C BPEMETO 3a ITbTYBaHE 0 Ta3u BPh3Ka. 32 TEKYITUSI

Cily4daii € n3bpana mpocTa Bpb3Ka MEXy BPEMETO Ha IIbTYBAHE t;; 110 JaJieHa Jbra Ha rpada

¥ KaranuTeTa/mporycKareHara ClioCOOHOCT Ha Tasy JAbra Uj;:

Uljzl/tl] l,]EN (21)

Ot pa3snrcCaHuiATa Ha ABUKCHUC HA BJIAKOBCTC U aBTO6y'CI/ITe JAAaHHUTC 3a BPEMCTO 3a

nbTyBaHe t;; € wu3BeCTHO. CleNOBAaTENHO 4Ype3 3aBUCMMOCT (2.1) JeCHO ce W34MCiIsBa
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MpoIycKaTeaHaTa CliocOOHOCT Ha BCsKa OTcevka B Tpada.
Orenkara Ha MPOITYCKATEIHUTE CIOCOOHOCTH Ha ABIHUTE, 110 KOUTO CE OCHIIECTBSIBAT
KEIe30bTHY IMTHUYECKU MIPEBO3H € HAMIPABEHO 10 pasnucanusTa Ha Bnaka Codus - Bapaa,

B3eTH OT caiita Ha komnanusaTa BJDK-T1I1, www.bdz.bg, ¢ur.2.5.

HopMaL WA 3a BNaK

Bnak Ja para KomMeHTap
2601 0z/11/2016
Mapa/Cnupra MNMprcTHra Jamu1Haea
CodlA == 0&6:40
ME3ZAPA 05:13 05:15
YEFBEH EPAr 0s:51 05:52
MNEBEH 09:33 09:34
NEBCKIA 10:03 10:04
MABNIMKEHIA 10:19 10:20
FoOPHA OPAXOBIAL A 10:45 10:50
MoNoBoD 11:36 11:37
TePIOBIALWLE 12:06 12:07
L*MEH 12:38 12:39
CHMHAEN PASMNPELENIAT. 13:39 13:40
BAPHA 14:09 =c
CbcTae

Copyright @2005-2015 MCT "BAMK Memrueckm npeeoz™ EODJ, Bocvien npaga
ZaNazeHH,

Medyar || 3aTECpH

¢ur.2.5. Paznucanus Ha Bnaka Codus - Bapna

[TpoabmkUTETHOCTTAa HA MIBTYBAHETO MO Abrara MeXay IIbPBHUTE J1Ba Bbh3eda OT (UT.
2.5, Codus-Mesapa e 1 wac u 33 munytu (93 munytu, ot 6:40 o 8:13 yaca). CwrimacHo
3aBUcUMOCT (2.1) KamanuTeThT Ha JAbrara MeXay Te3u JBa Bb3ella Ha Mpexara e: 1/93 =
0.011 emuHUIIM OTHOCUTENTHAT TpOIyCKaTeslHa crnocoOHocT. Karo ce wma mpeaBupa OT
JHEBHOTO pas3nucaHue Ha BrakoBeTe oT Codus 3a Bapha ot caiita www.bdz.bg, ue 5 Bnaka
IIPEMUHABAT MO Ta3M Jbra/IecTUHALNSA, KalalluTEeThT 32 TPAHCIOPTUPAHE €XKEAHEBHO HA Ta3U
nbra B TpancnoptHus rpag e: 5 Bnaka X 0.011 = 0.055 equHunm oTHOCUTETHA IPONYCKATEIHA
criocoOHocT. Ta3u oleHka oTuMTa, Y€ obIara MpomycKareiHa CIOCOOHOCT Ha Ta3W Jbra B
rpada e cymMa OT MHJIMBUAYAJTHUTE MPOMYCKATETHH CIIOCOOHOCTH Ha BCEKU MPEMHUHAI BIIAK.
CrenoBatenHo, MpH HYXJIa MOBUILIABAHETO Ha MPOITyCKaTeIHa CIIOCOOHOCT Ha JajieHa JMHUS
Ha rpada MOXe J1a ce peajn3upa upe3 yBeIMYaBaHE Ha Pa3NHCAHUATA/Opoi NMpeMHUHAIH

BJIAKOBE 110 Ta3M JIbI'a Ha TpaHCHOpTHUS rpad. [4, 19, 20, 21]
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2.3.3. OueHka Ha NMPONMYCKATEJIHUTE CMIOCOOHOCTH HA AbIUTE HA TPAHCMOPTHHS rpad,
NPUHALJIEKAIM HA aBTOOYCHUA TpaHcnopT. OlleHKaTa Ha KarnaluTeTa Ha JJUHHUTE, KbJIETO
Ce OCBIIECTBsIBA aBTOOYCEH TPAHCIIOPT M3IOJI3BA U3XOIHU JaHHHU, MPEACTABEHH B TpadUIIUTE
Ha aBTOOYCHHTE MNPEBO3M W NyOIuKyBaHM OT WM3nbiaHHTEeNHa AreHIMs ABTOMOOHWIHA
Anvunuctpanus. Tesu nanau ca 3anucann B EXCEL ¢aitnoBe n Ha ¢ur.2.9 e nmanena

HWJIIOCTpalnua Ha BUAa HAa TC3U JAaHHU 3a NPOABJDKUTCIHOCTTA HA IBTYBAHCTO IO JaJACHA Abra

Ha TPaHCIIOPTHHSA rpagd.

MAPIMIPYTHO PAINHCAHHE Ne 22201
Ha apTodvcHa anaas  COPHA - CHJIHCTPA
HinsaHsABA Ce HeJ0rogHITHO.

HinsamaBa ce ¢ ABaMa BOJAYH.
H:nsamaea ce ¢ ABa aBTOOYVCA.

Pazcron- Yac,muayTH Yac,mMmEEyYTH
gHe ( ¥y)|puacraraCron| Tpereal M APIM PV T IlpucTara CTOIJTpl,l'Ba
13.30 |Codman - lleaTpaana AT 14.12
226.9 16.48 15 | 17.03 |Beanxo Tuproso - x-1 "ETsp] 10.39 15 | 10.54
74.6 18.43 5 18.48 |Ilomoro 8.54 5 8.59
88.5 21.03 5 21.08 |Hcoepux 6.34 5 6.39
31.7 21.55 5 22.00 |Jynoeo 5.42 5 5.47
40.9 22.42 Cuanctpa 5.00
Ofma JpmaHED 462.6 ®M Cpeana TeXHHYECKA CROPOCT 53.2 Em/u
Ofme Epese 3a TEHAEHHE " 842  wamm Cpeana chofIHTeIHA CROpOCT 50.3 wmfu
Odme EpesMe 3a TbTYEaHe 9.12  wMHH

@ur.2.9. Ilpumep 3a rpaduk Ha aBTOOyCHTE

3a ompezensHe Ha MPOMyCKaTelHaTa CHOCOOHOCT Ha ABIMTE B TPAHCHOPTHUS rpad,
KBJETO C€ U3II'BJIHABAT aBTOOYCHU MPEBO3M C€ U3I03BaT JaHHUTE 3a MMbTyBaHe OT ¢ur. 2.9 no
cCleqHUs HayuH. 3a mpumepa Ha ¢ur 2.9 aBToOycHMSAT mpeBo3 3amouBa oT Codus u
JeCTUHaLMITa My € pa3inuHa ot rp. Bapua. Ho ta3u aBroOycHa nunus ot Codus o [lonoso
U3IBJIHABA TPAHCIOPT HA I'BbTHUIIM, KOETO CE€ M3IIBJIHIBA U OT XKEJIE30I'TEH TPAHCIOPT I10
cbioTo Hanpasienue ot Codus 1o [Tonoso. 3aroBa aBTOOYCHUTE IPEBO3U CE OTYUTAT CAMO B
4acTTa UM, JI0 KOSTO T€ Mpecruyar B HAKON Bb3en xkene3ombTHara uausS Ha Codus — Bapha.
CrnenoBarenHo, TMPOMYCKATETHUTE CIOCOOHOCTH Ha JIBIUTE B TPAHCIOPTHHS rpad,
NOJ/IbpKaH OT aBTOOYCHHM IPEBO3M, C€ OTYUTAT CaMO JIO YacTHTE Ha Mpexkara, KbJIETO

aBTOOYCHUTE BpPB3KU IpecHyar BIAKOBHTE BPB3KU. 3a ciydas oT ¢ur. 2.9 Ta3u mpeceuHa
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touka ¢ rpan [lomoBo (pem 3 Ha ¢ur. 2.9). ToBa o3mauaBa, ye or Codus mo Ilomoso
CBILIECTBYBAT J[Ba HaYMHA HA TPAHCIOPT: C BJIAK M C aBTOOyC. 3aToBa B TOMOJOTHATA Ha
TpaHCHOPTHaTa Mpexa ce 100aBs Bpb3ka oT Codus kbM IlomoBo, KoSATO ce momabpka OT
aBTOOYCEH TPaHCIIOPT.

Te3u cpenHM CTOMHOCTH ca MOJIyYE€HH Karo C€ aHAJU3UpaHu 55 aBTOOYCHU JIMHUU U
TEXHUTE pa3NUCaHMs, ONPEACICHH ca BB3JIUTE, B KOWUTO C€ IpecHudaT aBTOOyCceH u
KEJIE30IIbTEH TPAHCIOPT, OLICHEHW Ca BPEMEHATa Ha IbTYBAHE HA BCUYKUTE 55 JUHUM 110
BCUYKM bW HAa TpPAaHCHOPTHUA rpad. Pesyararute OT M3uMCIeHMATA 3a OINpelelsiHE Ha
IPOIYCKaTeIHUTE CIIOCOOHOCTU Ha JIbIUTE Ha TPAHCHOPTHUSA Ipad ca mpeicTaBeHd Ha (ur
2.11. U3uucnenusara ca HampaBeHW N0 AaHHU 3a 2017 r. Ha pa3nucaHMATa HA BIIAKOBE U

aBTOOYCH, BIHSCIN HAa TpaHCTIOPTHUTE noTtoun Mexxay Codus n Bapha.[22]

¢ur.2.11. O6ma rpadoBa CTpyKTypa Ha *KeJe30IIbTHUS U aBTOOYyCeH npeBo3 3a 2017r.

24. MN300p Ha ONTHMHU3ANMOHHA 3aja4Ya 3a WHTeH3U(UIMPaHe Ha KeJIe30MbTHH
NbTHHYECKH MPeBO3H. 3ajaya 3a HAMHPaHe HA MAaKCHMAaJeH MOTOK B TPAaHCIOPTHA
cucrema. M3cienBanero B Ta3W JucepTalus LENH Ja Ce HAMEpU KakBa € MaKCHMaaHaTa
croitHOCT Ha oToka oT Codus no Bapra (I'O), koilTo MOXe J1a ce TPAaHCIIOPTHPA CHBMECTHO
C JKEJIe30IbTHU M aBTOOYCHH cpeicTBa. MaKCUMAHHST MOTOK C€ ChbCTOM OT CHBKYITHOCT OT

OTJENHH ,,ioToueTa”, KouTo Tpbrear oT Codwus, NpeMUHaBaT Mpe3 Pa3IMuHU MapLIPyTH B

Asmopegpepamu Ha ducepmavuu 2 (2017) 19-60



36 KpuctuHa Maenosa

TpaHcropTHHs Tpad W ce chOupaT B KpaiiHata Touka Tp. Bapna. M3scneasanero menm na
OTpeAeNu OTHOCHTEITHATa CTOWHOCT Ha TO3W MOTOK M JABTUTE B TPAHCIOPTHHS Tpad, mpe3
KOMTO CE MUHABA.

[TocneaBamoTo u3cieBaHe ChIbPKAa OLIEHKA HAa Bb3MOXKHOCTTA MO-TOJIsIMAa 4acT OT
MaKCHMaJIHHS MOTOK J1a MPEMUHABA Mpe3 IbI'U Ha TPAHCHOPTHUS rpad, KOUTO ce MOAIAbPKAT
OT KeJIE30IbTEH TPaHCHOPT. Taka, xKeNe30MbTHUTE MbTHUYECKU TIPEBO3HU I11€ CE CTUMYIHUPAT
Y MHTEH3U(HUIHUPAT O CTOHHOCTH, KOUTO Ca OTPAHUYEHHU OT MPOIYCKATEIHUTE CITIOCOOHOCTH
Ha JBIUTE Ha )KeJe30I'bTHUS TPAHCIIOPT.

Pemennero Ha 3amayara 3a MakcUMalleH NOTOK (2.6) ompenens U JOKOJIKO OTICIHUTE
JUHUHM HA KEJE30IIbTHUTE M aBTOOYCHU NMPEBO3W B TPAHCHOPTHHS rpad ce HATOBapBaT OT
KOMITOHEHTUTE Ha MaKCUMAaJIHUSI MOTOK. OT perieHrueTo 3a HaMHpaHe Ha MaKCUMaJIeH TTOTOK
e MOXe Ja ce pazdepe Jaiu UMa HEW3MOJI3BaH KalalUTeT Ha JKeNe30IbTHU BPB3KHU. 103U
KalmaluTeT II€ MOXE Jla C€ 3albJIHU KaTo CyOeKTHBHO ce u30epe OorpaHuvaBaHe WIIHU
MpeMaxBaHEe Ha HAKOW JIMHUW B Tpada, MOIIbPKAHU OT aBTOOyCHHM IMHUHU. Taka ce
orpaHuyaBa ChbOTBETHATa MPOITYCKATEHA CMOCOOHOCT HA JBIUTE OT TPAHCIOPTHHS Trpad,
MoAabpKaHU ¢ aBToOycu. KamanmuTeThT Ha aBTOOYCHTE JIMHHMM, KOUTO Ca MPEMaxHaTH Ce
mpepasnpeaenss MeXAy OCTaHaJuTe JIMHUU B TpaHcmopTtHus rpad. IIpemaxBaHeTo Ha
aBTOOYCHUTE JIMHUHM C€ OIpejeNsl Taka, 4e cjel MOBTOPHO peliaBaHe Ha 3amada (2.6),
KaImanuTeThT Ha )KEJIE30IIbTHUTE JIMHUU Ja ObJIC 3aIIbIHCH.

max_jflow= fzr~ =a;‘g(nkq.rﬁz)

ZA -z
20 =k (2.6)
Z‘f:::— st

Ts nMa MHOrO royiiM Opoil orpaHMYeHHs W HEMHOTO pelllaBaHE HE € TpUBHMAJIHA 3ajadya.
HeitnoTo pemienue e gagae CTOMHOCTTa HA MAKCUMAJTHUS MTOTOK X, KOUTO MOXKE J1a IPEMUHE
npe3 TpancnoptHus rpad mexay Codus u BapHa. OcBeH ToBa 1€ ce ONpeaensT OTASTHUTE

MOTOLU HAa TO3W MAKCUMAJICH TTIOTOK IPE3 KOU IbI'M HA rpa(ba IpEeMHUHABAT.
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2.5. U300p Ha oNTHMH3ALMOHHA 3aJa4ya 32 HHTeH3UW(UIHMPAHe HA KeJe30IIbTHH
MbTHUYECKH NMPeBO3U. 3a/1aBaHe HA IPUOPUTET HA KeJIe30IIbTHUTE NMPEBO3U Ype3 3a1a4a
3a ONTHMAJHO IOTOKOpa3mpeaejgeHue. B HacTosmiara aucepralMoHHa pabora e
pa3paboTeHa AByiiepapXUyHa 3a/ladya 3a ONTHUMH3allKs, ChbCTaBEHA OT JBE ONTHUMH3ALUOHHU
3a/lauu: eJHara € 3a aHaJlu3 U OIpeJesiHe Ha MaKCUMaJHUs OoTOK. Bropara 3ama4a e 3a Haii-
HHCKa II€Ha Ha IMOTOK, IleHaTa € MHapaMeTbp, KOMTO JaBa MPUOPUTET HA IPEBO3UTE IO
KEJIE30IbTEH TPAHCIIOPT Upe3 Mpepa3npeiesieHne Ha KOMIIOHEHTUTE Ha MAKCUMAIHUS TTOTOK.

3agadara e oT Buja:
min_cost_distribution = fj; = arg{r?in [(cz-j,fu-) + (e fi)]

i,j € rail transport,k,l € bus transport

(2.7)
0,i+s,t
fy= Y fii=1fumi=s
JEAU) JEB()) —faxi=t

ﬁj < vl] 'Czj = Cri

[IpropuTEeTHOTO MpepasnpeacieHne KbM JKEJIe30ITbTeH TPAHCIIOPT C€ MPaBH Ype3 ThPCEHE
Ha TMOTOKOPA3IPEAECIEHNE C Hail-Majka CTOWHOCT, KbJIETO CTOMHOCTTA 3a IMPOKAPBAHE Ha
€IMHUIIA TIOTOK 10 JKeJIe30MIbTHUTE IBI'M Ha TPAHCTIOPTHUS rpad € Mo-Majika B CPaBHEHUE ChC
CTOMHOCTTA 3a IIPEMHHaBaHe Ha aBTOOYCEH MOTOK 10 BPB3KUTE Ha TpaHCHOPTHHUA rpad. Taka
BCIIEAICTBUE OT 3aJ]aBaHa I0- MajJKa CTOMHOCT Ha MOTOKOPA3MPENEIECHUETO MO KEIe30IbTHU

JIMHUU OI€ CC€ AaBa ITPUOPUTET Ha U3IOJI3BAHCTO Ha KCJIC30IIbTHUA TPAHCIIOPT.

I'naBa 3. [Ipuiioxkenune Ha iiepapXuYHHsI MO/IeJ 32 ONTHMH3AIMS B YIIPABJIEHUETO HA
WHTErpHpPaHa TPAHCIOPTHA CHCTEMA
B I'maBa 3 e mpuIiIo’KeH M OIIEHEH HepapXWIHUS MOJIET 38 ONTUMH3AIHS KaTo:

- Pemena e neduHupanara AByiiepapXxuyHa ONTUMU3ALMOHHA 3a/1a4a 32 yIpaBJICHUE.

- Omnpeznenena e KaTo pelieHHe rojeMHUHaTa Ha MaKCUMaJlHUs MOTOK Mexay Codus u

Bapna.
- OmnpezneneHo € NOTOKOPA3NPEAECIICHNE AABAIIO IPHOPUTET HA BIAKOBUTE IPEBO3U

- Pemenuero Ha liepapXnyHara 3a7ada € CpaBHEHO C:
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1. xnacnmyecka OINITHUMHU3AlIMOHHA 3a/a4a 3a HAMUPAHE Ha MAKCHUMAJICH IMOTOK
2. ¢ MOHH(bHHHpaHaTa KJIaCHMYCCKa OIITHMHU3AallMOHHA 3aJa4a C CKCIICPTHA OICHKa 3a

MOTOKOPA3IpeCICHHUE.

3.1. ®opmajiHu B3aMMOEHCTBHS B HepapXuyHa 3aja4a 3a ONTHMH3ANUsA. 3aja4yara 3a
aHaJIM3 Ha TPAHCIIOPTHA MpPEka MOXe Ja ObJe AeUHUpPAH KaTO MPU JAJCHA TOTOJIOTHS Ha
Mpeka ChC CTOMHOCTH Ha KalaluTeTa Ha BPB3KUTE Ha MpeKara TpsiOBa J1a ce ONPEIeH KOJIKO
€ MaKCHUMAaJTHOTO KOJIMYECTBO IMOTOK MEXKy JIBa Bb3eia, KOETO MOXKe Jia ObJie IpeIaBaHo Mmpe3
mpexkara.[10, 11]

AnanmutruHara GopMyJIHpaBKa Ha 3ajJa4ara 3a MAaKCHMATHUS MOTOK € IMPE/ICTABEHA BB

dopmara (3.1)

3.1
max[ fy] 2)
fij
0,i #s,t
Yieap fij ~Zjes(pfii = 1 fse vi=s 3.1b)
_f:S‘t *,i = t
al-j < fij < vij . (Vl,]) EN 31 c)

KBJETO I, ] O3Ha4aBa HOMEP Ha BB3JIUTE B Mpexka ¢ N Bb3JIH;

A(i){j € N} nabop oT B3I i, KONTO HHUIIMUPAT BXOJAIINTE BPH3KH KbM Bb3€JIa B |

, dur. 1a ;

- B(i) ={j € N} nabop OT BB3IH i, KOUTO Cca CBbP3aHU C U3XOJSAIIATA BPB3Ka OT Bb3eJ
j, ®ur. 1b;

- Swuto3HayaBaT HAYaJEH M KPACH BB3EJ, MEKIAY KOUTO Ce ThPCH MAaKCUMATHHUS TOTOK,
KOMTO MOYXeE JIa Ce Ipeaajie Mpe3 MpeKaTa;

- v;j OpoIycKaTeJIHaTa CIOCOOHOCT Ha IbIUTe Mexk Iy Bb3ute i 1 j, (i,j ) € N;

- fij HEM3BECTHHTE MOTOIM, KOMTO TpsAOBa 1a OBJAT OIEHEHM KaTo KOMIIOHEHTHTE

OT MaKCUMAaJIHU ITOTOK B MpEKarta.

3aBucumoctra (3.1b) ommcBa 3aKoHa 3a HEMPEKHCHATOCTTA Ha moTonuTe. KomnyecTBoTo
Ha BJIM3AIUs TTOTOK € PaBeH Ha KOJWYECTBOTO HA M3JU3AIIUS MOTOK OT €WH U CHIIH BB3EIL.
3aBucumoctTa (3.1b) 3a HauamHUSA U KpaeH BH3JIM OTpa3siBa, Y€ B HAYaIHHS Bb3EJ § U3IU3a
KOJIMYECTBO MOTOK f¢, @ B KPAWHUAT BB3€J { BIIM3a CHIOTO KOJIMYECTBO MOTOK fy;, KOETO Ce

oTpa3sBa cbC 3HaK MuHyc [1]. 3aBucumocT (3.1¢) oTuMTa (PU3NYECKO OTpaHUYCHHE, Ue
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MOTOKBT MO JaJieHa ’bla HE MOXe Ja ObJe MO-TrojisiM OT IMpOoIlycKaTelHara cocoOHOCT Ha
tasu qbra. llemeBara ¢yHkIuMATa Ha onTUMHU3anMoHHata 3amada (3.1a) dopmanuzupa
M3HCKBAaHETO 32 MAKCUMH3UPAHE Ha TIOTOKA fg;, KOMTO 3aIl0YBa OT HAYAJIHUS Bb3€J S M BJIK3a B
KpaiHara TO4Ka 7.

Pemenusita Ha 3amada (3.1) ompenenar CTOMHOCTTA fg; HAa MAaKCUMAJHHS MOTOK, KOWTO
MOXe Jla Ce MNpelaBa MEXIy Mpexara oT s g0 f. OcBeH ToBa, KOMIIOHEHTUTE f;; Ha
MaKCHMAJHHA TOTOK ONPENEeNAT U IIBTHINATA, IPe3 KOUTO MHUHABAT OTACITHUTE KOMIIOHEHTH
Ha MaKCHUMaJHUA TOTOK B Isiata Mpexa. CrenoBarenHo, HpU 3a/afileH KarmaluTeT Ha
MpPEKOBHUTE IbIH, 3ajlayaTa 3a MakcuManHus NoTokK (3.1) JaBa KOJMYECTBOTO Ha IOTOKA,
KOWTO MOXE Ja MpeMUHE Tpe3 MpeaBapuTesHO JehUHHpaHaTa MpEXKoBa TOMOJOTUS U
IBTULIATA HA OTACITHUTE KOMIIOHEHTH, KOUTO CHCTABSIT MAKCUMATHHS MTOTOK.

W3non3BaHeTo Ha TE3U JABE ONTHUMM3AIMOHHU 33/1a4M, 332 aHAJIU3 U CHHTE3 IIe MO3BOJIA B
o0l MareMaTH4ecKd MOJe] Ja Ce HaMepu Karo pelIeHHWE TaKoBa paslpelelieHne Ha
I'PTHUYECKUTE IPEBO3U, TMPU KOETO KEJIE3OMbTHHUAT TPAHCIOPT IE€ MMa IMIBPBOCTEIIEHHO
3HaYEHHE U IIIe Ce MHTCH3U(HIMPa HEroBaTa eKCIIoaTaIusl.

CBbp3BaHeTO Ha JBETE 3aJayd 3a aHAJIW3 W CHUHTE3 € CE€ HU3MBJIHU B CIleAHATa
MOCJIEJIOBATEIHOCT. 3a/lauyaTta 3a aHalu3 Ile ONpeeNid CTOMHOCTTa Ha MaKCHUMAaJHHS MOTOK,
KOWTO MOXeE Ja Cce IMpenajae B TpaHCIOpTHara Mpexa mo HampasieHuero Codus — Bapha.
Karo orpanmueHusi ce OT4MTa MPOITyCKaTeHaTa CIIOCOOHOCT Ha IBrUTE, ONPEICICHH OT
pasnucaHusATa Ha aBTOOYCH M HKEJEe30IbTeH MPEBO3 M0 OLIEHKaTa 3a BpeMe 3a MbTyBaHE IO
JlaJieHa OTCeuKa.

3amayara 3a CHHTE3 II€ M3MO0JI3BAa CTOMHOCTTA Ha OIpEesIeHHs] MaKCUMaJleH TTOTOK KaTo
orpaHudeHue 3a 00eM HeoOXxoauM mpenaBan Tpaduk. B pesyarar mie ce Hamepu pelieHue 3a
MOTOKOpA3IpeieNieHe, KOeTO € ¢ Hail-HHCKa IIeHa M IIe M3M0JI3Ba C MIPEeAUMMCTBO
KEJe30MbTHUS TpaHcropT. [lonyueHOTO MOTOKOpasmpeneneHue OT 3ajadara 3a CHUHTE3 Ile
neGuHIpa HOBH MPOITyCKAaTEITHH CIOCOOHOCTH Ha 3a/1a4aTa 3a aHallu3.

Bropara 3amaua 3a cHHTE3, KOSTO Ce M3MOJI3Ba B HepapXUYHaTa 3a/1a4a 32 ONTHMU3ALUS -
e neduHMpaHa KaTo "3a7ava 3a HaMMpaHe Ha MOTOKOpAa3NpeieeHne ¢ Hail-HUCKa/MUHIMAaIHa
croitHocT". Ta3u 3aa4a onpenens pa3npeneIeHueTo Ha MOTOLUTE B TPAHCIIOPTHATAa MpeKara.

IIpy HamMMpaHe Ha MOTOKPA3NPENETEHUETO C MUHMMAlHA CTOMHOCT f;; i/=1,...,N BCceku
MOTOK f;; 1O JIbra ij ONpEJENs MUHMMAJIHATa IIPOIyCKaTeIHa CIIOCOOHOCT V;;, KOATO TpsiOBa
Jla IMa Ta3| Jbra. 3aToBa PEIICHHUETO f;; Ha 3a1a49ara 3a MOTOKOPA3IPEIETIEHHE CE U3IO0N3Ba

KaTo nmapaMeThp B 3aa4ara 3a aHaJIn3 Ype3 PaBCHCTBOTO vij = fU .
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AnanmutryHata ¢opma Ha "3a7adara 3a MOTOKOpA3MNpeeIeHUEe ¢ Hali-HUCKa/MUHUMAITHA

croitHocT " ce nedunupa karo: [11]

min Z Cij ij 323)
Xij &
ljJEA
3.2b)
0,i #s,t
:E: fﬁ - :E: fﬁ =1 farxi=s
jeA()) j€B() —faxi=t
aiijiijij’ Vl,] EN , 320)

KBJICTO
- fij ca ThpceHUTE CTOMHOCTHTE HAa MOTOLUTE HA JbIMTE MEXIY BB3IUTE | U | KaTo
peLICHUS Ha 3a/1a4aTa 3a CUHTE3,;
- Cjj ca pa3XoauTe 3a IIpeJlaBaHe Ha eIMHMYEH OTOK MEXLy BB3JIH I 1
- a;j ¥ b;; ca 101HUTE ¥ TOPHUTE IPAHMIIU HA IIOTOKA MEK/Y Bb3JIUTE I U ;
- fst © 00eMBT TPAHCIIOPTEH MOTOK, KOWTO TPsiOBa Ja ce mpeaaBa OT BB3NUTE 10 t upes

MUHHMH3HpaHe Ha TPAHCIIOPTHHUTE pazxou (3.2a).

Pemennero Ha (3.2) 1aBa ONTHMAIHO pasnpesieJieHUe Ha MOTOKA f;; MPH KOETO Ipe3
TPAaHCIIOPTHATa MpeXa ce npekapBa fg; 00em Tpapuk. CToMHOCTHTE Ha f;j ONpENENAT
MUHUMAJTHATE TIPOIMYCKATeIIHA CIIOCOOHOCTH HAa JBTHTE 4YpPEe3 OCHTypsSBaHE Ha
MOTOKOpa3MpeeieHne ¢ Hail HUCKa IieHa. Marematndeckara o00CHOBKa Ha 3aaada (3.2) e
naneHa B [3] B HacTosmara raBa Ta3u 3aj7a4a ce Mpuiiara 3a Jia ce orpeienu TONOoJoTUsITa Ha
MOTOKOPA3IPEeICHHET0 B TPAaHCIOPTHAaTa MpeXa Karo ce JaBa MpeIuMCTBO Ha
KEJIe30ITbTHUTE TPEBO3HM B CpaBHEHHE C aBTOOycHHTE. To3M NPHUOPHUTET ce 3ajaBa Karo ce
W3MOJ3BAT MO-HUCKU CTOMHOCTHU KOS(UIIMEHTH 3a IpenaBaHe Ha TpaduK MO >KENe30MbTHU
MIPEBO3H B CPaBHEHHUE C aBTOOYCHUTE MPEBO3H.

PaGoTHuAT liepapXuueH MaTeMaTHYeCcKu MOJIEN € mpeacTaBeH rpaduyHo Ha ¢ur. 3.2 .
Jlebunupanara MHepapxuyHaTa ONTHMH3AIMOHHA 33jladya pellaBa CIHOBPEMEHHO, a He
MOCJIEJIOBATENIHO, JIBE 3a/1a4d 32 ONTHUMH3AIMS: Ype3 MaKCUMU3UpaHe Ha MOTOKA MEXIY ABa
npenBaputenHo naepunupanu Bp3ena B wMmpexkara (Coduss w BaprHa) u  u3BBpIIBa

MOTOKOPA3NPCACICHHUE, KOCTO AaBa IIPUOPUTET HA IMPCBO3UTE C KCIIC30IIBTCH TPAHCIIOPT.
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Max [flow] (1)

min [cost] (2)

®ur.3.2 MHTerpupane Ha ONTUMU3AIMOHHUATE 3aJ1a4M MPU ABYHEepapXuyHa ONTUMHU3ALIMS.
NuxenepHoro cbabpkanre Ha 3amaum (3.1) m (3.2) e, ye mppBara 3ajada OCHTypsiBa
MpelaBaHeTO Ha MaKCHUMAalleH IMOTOK/00eM Tpaduk Mmexay aa Bw3ena (Codust m Bapna).
Bropara 3amaua W3BBpIIBA ONTHMAIHO Pa3Npe/ICiCHHE HA MOTOKA ¢ MUHUMAJHH Pa3XxOJH,
KaTo JaBa MPUOPUTET Ha MIPEBO3UTE C JKEJIe30MbTeH TpaHcropT. [lpu KJIacu4ecka
ONTUMHU3AIMOHHA 33j1a4a, (3.1) 11e onpenenau Karo ONTUMAIHO PEIIeHHe CaMO CTOMHOCTTA Ha
MaKCUMAQJHHUS TOTOK H TPEMUHABAHETO HA HETOBUTE KOMIIOHEHTH TIO0 JBIUTE Ha
TpaHCTIOPTHHS Tpad, HO HAMA Ja Jdajae MPEAMMCTBO 3a H3MOJI3BAaHE HA JKEIC30PHTHHUTE
y4acThIM B TpaHCHOpTHara mpexa. [lpu kimacuuyacka onTuMu3anudoHHa 3amada (3.2) me ce
Olpe/eNd TOTOKOpasIpeeieHne C Hal-HHCKa IleHa W 1€ ce JaJae MNpPeauMCTBO Ha
KENe30MbTHH TPEBO3M, HO CTOMHOCTA HA HEOOXOIMMHUsS 3a TMpelaBare IOTOK fg €

MMpEABApPUTCIIHO 3aaa/iICHA CTOI\/'IHOCT, a HC ITIOJIy4YaBaHO OIITUMAJIHO PCIICHUE.

WuTerpupanero Ha Te3W JBE HM3BECTHH ONTHMHU3AIMOHHHM 33/1aud B pa3paOOTEHHS
fiepapXu4eH ONTUMU3ALMOHEH MOJIEI 1€ ONPEAESTH KaTo ONTHUMAIHO PELIeHHEe eTHOBPEMEHHO
U CTOMHOCTTa Ha MAaKCUMAaJIHUS MIOTOK M HETOBOTO pa3lpeseiieHHe B TPaHCIIOPTHATA MPEexXa,
KaTo ce JaJie MPeANMCTBO Ha M3IOI3BAHETO HA JKEJIE30ITbTHUTE MpeBo3u. MHTErpupaneTo Ha
TE€3H JIBE 3a7ja4Ml € HalpaBeHO CHIVIACHO MpUETHUs HepapxuueH moaen ot mi.2. [ledunupa ce u
ce pelllaBa JBYHHBOBA iepapxuuHa 3ajada 3a ontummusainus (bi-level optimization), koeto e

AKTYaJIHO HAIlIpaBJICHUC B oOnacTra Ha OIITUMH3aIusATa B TCXHUYCCKHU CUCTCMU.

3.2. Pemienne Ha KJacH4Yecka ONTHMHM3ALMOHHA 3aJa4a 32 MAKCHMAJIEH IOTOK.
AHaIUTUYHUAT BUJ HA 3ajlauaTa 3a HaMHpaHe Ha MaKCHUMaJHUSl IOTOK MEX]y JiBa Bb3ela B
TpancnoptHus rpa¢d e ot Buaa (3.1). epunupara onTUMHU3aLMOHHA 33aja4a B aHAJIUTUYHA
¢dopma karo "3amaya ¢ MakcMMalleH MOTOK" € OT BUJAa Ha JMHEHHO mporpamupane. Karo

OrpaHM4YCHUA Ha ONITUMH3ALIMOHHATA 3aJa4a ca )Ie(i)I/IHI/IpaHI/I HN3HNCKBAaHUsATA 3a 3alla3BaHC Ha
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MOTOKa, MpEeMUHaBaiml mnpe3 aaneH Bw3en, (3.1b). 3a navamunus Bb3en Codwus, KOUTO €
orOensizan ¢ Homep | (s) u kpaitHus Bb3en - Tp. BapHa, koiito € otbenszan ¢ Homep 17 (¢)
ypaBHEHHUATA 3a 3alla3BaHe Ha MOTOKA ChABPIKAT MPOMEHJIMBATA C HEM3BECTHA CTOMHOCT 3a
MaKCUMAJIHUS TIOTOK fq.

VYpaBHEHHETO 3a 3ama3BaHe Ha MMOTOKA 3a HayanHus Bb3en Codus, s =1 e:
S12t fr3t frat fist frot St s + fas fa= 0.
KBJIETO f;j € TIOTOKBT MEXKY Bb3JIHM I U j.

" ypaBHEHHE 3a 3alla3BaHe Ha MOTOKA 3a Bb3el 2 e:
J127 f2.3:f4= 0.

" ypaBHEHHE 3a 3ala3BaHe Ha IMOTOKa 3a Bb3el 3 €:
S23 - f.4t f1575= 0.
[Toka3anu ca ypaBHeHHsITa Ha TpH OT 00110 17 Bh3ena.

HeHeBaTa (bYHKI_II/IH Ha 3a/ia4aTa 3a MAKCUMAJICH IIOTOK € Ia C€C MAKCUMHU3HPaA CTOfIHOCTTaﬁt,

3.4
max
fst,fiji,j=1,1v(f“)

Taka neduHupana 3aa4a 3a MaKCUMaJIeH IIOTOK € YUCIIEHO omnpeneneHa. Ts cpabpika 44
IPOMEHJIMBH M 001110 61 orpanudenus. Ot Te3u orpaHudeHus 17 oTYUTAT HENPEKBCHATOCTTA
Ha 1MoToKa B 17-Te BB31M Ha Tpada u 44 orpaHMUYCHHS ca 3a CIIa3BaHE Ha MPOIMYCKATEITHUTE
CIIOCOOHOCTH Ha IBIUTE B Ipada.

PemaBanero Ha 3aia4ara 3a ,,MaKCUMaJieH MTOTOK™ € HAIpaBeHO, Ype3 M3MOI3BaHe Ha
nporpamHus npoaykt MATLAB. B crangapTHarta cu KoH(pUrypamuss TO3UW MpOrpameH
MPOJYKT HE ChABPKA CPEACTBA 3a pellaBaHe Ha 3ajadara 3a ,,MaKCHUMaJleH MOTOK . 3a TOBa
aBTOPCKUAT KOJIEKTUB ajanThpa AOMBIHUTEIEH MporpaMeH MOAIyJd, KOWTo € poOaBka
uHTerpupaa B cpenata Ha MATLAB, upe3 koATO MoOXKe Ja ce pellM Hy)KHaTa 3ajaya.
JloGaBkara ce chCTOM B HOBa (YHKIHS, KOSATO € HamMeHoBaHa graphmaxflow [23]. Tasu
GbyHKIMS TpueMa HEOOXOJWMH BXOJHH TMapaMeTpd M M3YHCIsIBAa CTOWHOCTTa Ha
MaKCUMAJTHUS ITOTOK U IBTUTE, 10 KOUTO MHHABAT KOMITOHEHTUTE HA MAaKCUMAITHUS TIOTOK.

OyHKIUATA U3YUCISIBA MAKCUMAIIHUS TOTOK U MUHMMAJIHOTO CEYEHHUE C IMOMOLITa Ha

anroputhbMbT Ha boitkoB-Konmoropog.[23]

PemaBanero Ha 3ajauara 3a MakCUMaJieH IMOTOK 4pe3 CIelUalu3upaHara (GpyHKIHUATa Ha
Matlab, graphmaxflow ce mnomydaBa  cToMHOCTTa Ha MakcuMmMasieH moTok  0.2960.

N3non3BaHuTe MaHHU 3a HATOBAapBAaHETO HA TPAHCIIOPTHATa CUCTEMa ca ¢ JaHHW 3a 2016 u

2017r.
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[TapametrspbT flowmatix TOKa3Ba CTOMHOCTTAa Ha KamalMTeTa Ha BCAKa JIbra Ha Ha
aBTOOYCHHUTE M JKEJIE30ITbTHU NpPeBO3U. llomyueHuTe pemeHus ca mpecTaBeHd B rpaduieH
Buj. [lo qprure Ha BB3IMUTE ca HAHECEHW Karo Apo0 aBe uMcia. 3HaMEeHaTelssH Ha Apo0Ta e
M3YHUCIIEHATa MPOIMYCKATEIHO CIIOCOOHOCT Ha Ta3u Jbra ChIVIACHO Pa3pabOTEeHHUs aJroOpuTbM
OT TI.2 Ha JUCEPTAUUOHHHS TpyH. YuciouTenar Ha ApoOTa € pelleHHeTo Ha 3ajadara 3a
MakcMMaJleH NOTOK. ToBa 4YMCIO IOKa3Ba KakBa 4acT OT Ta3uW Jbla C€ H3MO0JI3Ba OT
KOMIIOHEHTUTE Ha MAaKCHUMaJHHUS IOTOK IPU TAXHOTO IPEMMHABAHE OT HayaJlHaTa [0

KpaifHaTa To4Ka.

B rpaduyen Bua pelieHHeTo Ha 3ajadara 3a ,,MaKCHMAaJICH IOTOK € MPEICTaBeHO Ha
¢ur.3.5 u ¢pur.3.6. Hanperenu ca uzuncnenus 3a 2016r. (¢pur.3.5) u 3a 20171, (pur.3.6). Twit
KaTo pa3lUCaHUsATA Ha BJIAKOBETE M aBTOOYCHUTE 3a Pa3lIMYHU 3a Besika roxumHa. OT KbAETO

MaKCUMAJIHHUAT MTOTOK U IIPOITYCKATCIITHUTC CIIOCOOHOCTH ca Pa3JIMIHHU.

1. Codua 4. MneseH 7.Crapsmua 10, z 13. WymeH 16. AnToHOBO 1y, Z, W — MHKMM BB3EA
2. X 3. NeBcKK 8.y 11. Teproeunwe 14. t 17. BapHa
3. Mesgpa 6. lopHa OpAxoenua  9.Monosow 12, w 15. B. TepHoBO

0.0526 0.0526
nosos O oz 7

00185073057
~ Dops7T__

0.0183

00182 — | goo21

\0.027

p.0194
0134

—UdEs 15 T 00261 o
0139 I FETT Vo oo118
—~ [ Do1tE

00077 T Y
0.0072 16

@ur.3.5. I'paduuHo npeacTaBsIHE HA PEIICHUETO HA 3aj]adara 3a MakCuMalieH MoTok 3a 2016 1.
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1. Codua 4. MNneseH 7.Crapwmua 100z 13. WymeH 16. AHToHOBO 1y, Z, W — MHUM Bb3EN
2. X 5. Mlescku By 11. Toprosuule 14. 1 17. BapHa
3. Mesgpa 6. lopHa OpAxoeuya  S.MNonosow 12, w 15. B. TepHOBO

10 12

0,0993
0.0948 § 12594
0.1061

0,0993 0,0623
0.1254 0.130

0,0948 0.0948
oooe © 0.1037 7

14

0018500554

“
\\ 0,2202
~p.2202

.

0.0054

™ 0,0188

0.0293. h 0.0413
00293

17

_———UA557
01557

@ur.3.6. I'paduunO NpecTaBsIHE HA PEIICHUETO HA 3aj]adara 3a MakCuMasieH moTok 3a 2017 1.

CpaBHsiBaHeTo Ha pe3ynrarutre oT ¢ur. 3.5 u ¢ur. 3.6 moka3pa, 4e U3MEHEHUSATA B
pasnucaHusATa Ha BJIaKOBETE M aBTOOyCHUTE BIIMSE HA PEIIaBaHETO Ha 3ajayara 3a MaKCUMaJleH
MOTOK M TIPEpa3MpelesIeHeT0 Ha TO3W TOTOK MO JKEJIE30MbTHUTE M aBTOOYCHU JIMHUH B

TpaHCIOpTHATa Mpexa.[5, 6]

3.3. ExciepTHO M3MeHeHHe HA pelleHMATAa HA KJIacH4YecKaTa ONTHMHU3AallMOHHA 3ajaya
3a HWHTeH3W(UUMpPaHe HA NbTHUYECKUTE MPEBO3H IO KeJe30NbTHUTE YYacCTbIHU.
I'padmunHo mpezacraBeHOTO pemieHHe OT ¢GUr3.6 Ha TO3M cily4yail MOKa3Ba, 4e ChIIECTBYBA
HEHM3IOJI3BaH KalaluTeT Ha JKeJIe30bTHU Bpb3KU. OT MonydeHoTo penieHue Ha ¢ur.3.6 upes
eKCIIEpTHO MHEHHME MOXKe J1a ce n30epe orpaHMyaBaHe WM MPEMaxBaHE Ha JIMHUU B Tpada,
NOAAbpKAHU OT aBTOOyCHM JMHHMM. Taka ce orpaHMyaBa CBHOTBETHATa IPOITyCKaTeaHa
CMOCOOHOCT Ha IBIUTE OT TPAHCHOPTHUS Tpad, HOAIBPKAHU C AaBTOOYCH.

EnHo npumepHo pernieHue e mokasano Ha ¢ur.3.7.
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1. Codua 4. MneseH 7. CTap#mua  10.z 13. WymeH 16. AnToHOBO t, Y, Z, W — MHUM BB3EN
2. X 5. NeBckwn 8.y 11. Teproeuwe 14. t 17. BapHa
3. Mesgpa 6. MopHa OpAxoenua  9.Monoeow 12, w 15. B. TepHoBO

0.0183 4
ooiEs_— |

f.0194
jp.o194

0.024
—__ 01166

0.0118
0.0118

0.0072 —
00072 16

®ur.3.7. JlaaHe mpUOPUTET HA KEIC30IMBTHUTE MBbTHUYECKU MPEBO3H, YPE3 E€KCIIEPTHO

MHEHUE 3a IIpeMaxBaHe Ha aBTOOyCHU JuHuM 3a 2016 .

B To3u cinyuail cyOeKTMBHO ca NpeMaxHaTH BPbB3KUTE, MOJIbPKAaHU OT aBTOOYCH M
OyOonmupaly >KeJIe30MbTHUTE JIMHUU 1o HampaieHus: 7-9 (Crpaxuna - Ilomoso), 9-11
(ITomoBo - Twprosume), 11-13 (TvproBume - Illymen). CyOexktuBeH e u uzbopa 3a
npeMaxsaHe Ha Bpb3kuTe 1-9 (Codus - [Tornoso) u 4-13 (Ilnesen - Lllymen), nogabpkaHu OT
aBTOOycHM JuHMU. [Ipum Ta3u HOBa TomMONOTWs pemieHueTo Ha 3agada (3.1) maBa HOBO
pasnpeneneHuue Ha MaKCUMaTHUS TTOTOK, chIviacHO (ur.3.7.

To3u HaumH Ha MaBaHEe HA MPUOPHUTET HA JKEJIE30IBTHUTE MPEBO3H MOXKE Jla CE TpHuiara
OpU OTYMTAHE HA JONBIHUTEIHM JAHHU WIM OrpaHUYEHMs, KOUTO HE C€ OTYuTar
MOHACTOSIIIEM Ype3 paslUCaHMATa Ha JBM)KEHHE Ha aBroOycu W BiakoBe. IlomydeHoro
peuienre Ha ¢ur.3.6 e U3MOI3BaHO 32 OLIEHKA HAa HOBUS ONITUMH3AIIMOHEH MOJIEI 32 OTUYUTaHE

Ha HepapxuuHa ornrrumu3zanus.(dur. 3.8). [19, 20]
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1. Codua 4. MNneseH 7.Crapwmua 100z 13. WymeH 16. AHToHOBO 1y, Z, W — MHUM Bb3EN
2. X 5. Mlescku By 11. Toprosuule 14. 1 17. BapHa
3. Mesgpa 6. lopHa OpAxoeuya  S.MNonosow 12, w 15. B. TepHOBO

0,0882

0.0948 0.0548
0.0948 6 0.1037

0.0186 B
00BEyges |

14

0258
0.025/3

0,0156
00156 —

0,0003
—__ 01364

Y T p—
0.0036

®ur.3.8. [[aBaHe INPUOPUTET HaA KCJIC3OIIBTHUTC IIbTHHYCCKU IIPEBO3H, YPC3 CKCIICPTHO

MHEHUE 3a IpeMaxBaHe Ha aBTOOycHM JuHuu 3a 2017 .

3.4. Pemuenne Ha qByiiepapXu4Ha ONTHMH3ALMOHHA 3aja4ya. Pequna npakTUUecKky 3aJadu
3a ONTHUMM3alMsg MMaT JIBYHHBOBA HepapXuyHa CTykTypa. OOIIOTO B TIX €, Y€ OT TOPHOTO
JiepapXUYHO HHMBO B pe3yJlaTaT Ha pPEIIaBaHE Ha ONTTHMH3ALMOHHA 33]a4a CE€ ONpPENessaT
ONTUMAJIHU CTOMHOCTH, KOUTO CTaBaT MapaMeTpH 3a JOJHOTO MepapXW4HO HUBO, KBJETO HA
CBOH pell ce pelaBar Ipyrd ONTUMU3ALMOHHU 3a1a4M, B KOUTO C€ U3IOJI3BaT NapaMETPUTE,
ONPENEIEHU OT TOPHOTO HUBO.

3asauata Ha TOPHO WepapXUYHO HUBO M3YMCIIABA pa3Mepa Ha MAaKCUMAJIHMS IOTOK, KOWTO
MOXe Jna ce Tpancrnoptupa Mexnay Bb3au 1 (Codus) u 17 (Bapna) npu 3amaaeHu
MPONYCKATEIHU CIIOCOOHOCTH Ha IbIUTE B TpaHCHOPTHUSA rpad, 3aaada (3.1). Komnonentute
Ha MakCHMAJIHUS MOTOK TpsiOBa Ja cria3BaT IbPBOHAYAIHUTE OTPAaHUYECHUS Ha KamaluTeTa Ha
BPB3KHUTE, OLIEHEHH KaKTO € MokazaHo Ha ¢ur.2.11. B pe3ynrtar cToiHOCTTa Ha MaKCHMaTHUS
MOTOK Cce MpeJaBa Karo mapaMeThp Ha JOJIHAaTa ONTHUMM3AlMOHHA 3aja4ya. T e nedpunupana
KaTo 3a7a4a 3a CHUHTE3, KOSATO OIpPEaeis ONTUMAIHO ITOTOKOPA3IpENEICHUE B TPAHCIIOPTHUSA
rpad. O6eMbT Tpaduk, KOHTO TpsIOBa a ce mpenaje, € CTOHHOCTTa Ha MAaKCUMAaJTHUS MOTOK,

OIPEACIICH OT IroOpHa OINTUMHU3AIIMOHHA 3aJa4a. HOTOKOpa3HpeIIeJ'IeHI/IeT0 CC IIpaBHU KaTro CC
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3a7azie MPUOPHUTET Ha JKEJIE30IbTHUTE NMPeBO3M. [IpnopuTeThT ce maBa upe3 ompenaensHe Ha
MO-MaJIKM CTOWHOCTTH 3a LIeHaTa 3a IpeAaBaHe Ha €IMHUIA TMOTOK IO KEJIE30MbTHUTE JBIU
Ha rpada B cpaBHEHHE C aBTOOYCHUTE AbI'M Ha Tpada. AHATUTUYHUAT BHJ Ha Ta3u 3ajada 3a

Hali-HHUCKa CTOMHOCT Ha MOTOKOPA3MpPeACICHHETO € OT Bua (3.2).

Pemrenusita Ha nmonmHara HepapxuvHa 3amada (3.2) BIMAAT BBPXY NPOIYCKATEITHUTE
cnocoOHocTH Ha Jnbrutre B 3amada (3.1). Taka, aBeTe ONTUMHU3AIMOHHM 33Jaddl ca
B3aMMOCBBP3aHU KaTO pEIICHUSATA Ha eIHaTa ONTUMHU3ALMOHHA 3a/ada BIUSSAT BBPXY
OTpaHUYCHUSTA Ha Jpyrarta ONTHMH3AIMOHHA 33j1a4a M CHOTBETHO PELICHHSTAa Ha BTOpAara
ONITUMH3AIMOHHA 33]1a4a BIHSIST HAa OTPAHUYCHHATA HA IIhPBATa ONTUMHU3AIIMOHHA 331a49a

YucneHoTo pemaBaHe Ha ONTHMM3ALMOHHATA 33Jada € HallpaBeHO B IporpamHara cpena
MATLAB. Cucremara OT W3YUCIICHUS TIpWiara creruain3upana (QyHKIUs 3a perniaBaHe Ha
JIBYHUBOBH HepapxuuHu 3anauu, solvebilevel(). Tazu ¢yHKIusS He BiIM3a B KOH(UryparusaTa

Ha nporpamuara cucrema MATLAB . [24, 25]

Cnen yMciaeHo pellaBaHe Ha JBYHMBOBAaTa HepapXMyHa ONTHMMM3ALMOHHA 3ajada €
MOJIy4eHO pPEUICHHE 3a ONTHUMAajHaTa CTOWHOCT Ha MaKCUMalHUS MOTOK Mexay Codus u
Bapna u e ompeneneHo ONTUMAIHOTO IMOTOKOpAa3IpelesieHHe, KOEeTO JaBa MPUOPUTET Ha

IIPEBO3UTEC C KCJIIC3OIIBTCH TPAHCIIOPT. Pemenuero Ha ABYHHUBOBATa ﬁepapXHqHa 3aJa4da €

npezncraseHo Ha ¢ur.3.10.

16. AvToHoBO 1Y, Z, W — MHMM Bb3EN

1. Co¢wua 4. NneseH 7. Crap#mua  10.z 13. WymeH
2. X 5. NeBcruM 8.y 11. Teproeunuie 14.t 17. BapHa
3. Mezgpa 6. lopHa Opaxosmua  S9.Monosow 12, w 15. B. TopHoBO
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01061 p1z294
0.1061

0.0186 14
00186g0aEe
- 0.0054

| ' / Y
\ ~ 00258 4 {
.. 00063 | = / e \ |
-~ |~ 0.0512 / n.uzs/:
01074/ y |

0062 /
JSoooez” T Ty 00156

- |
ST / 0pisE_—

" naaz )
bosss 0190 e
\ ey

—U3557 00393
0.1557 T Dases

00036 T ———
n.0038

®ur.3.10. I'paduyHo mpeacTaBsiHE HA PEIIEHUETO Ha JAByiiepapXxuyHara 3ajiadara 3a 2017 .
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AHaIIM3BT Ha pelIeHUsATa OT Mojesa 0e3 HepapXxwyHa onTUMU3aus oT ¢ur. 3.6. u
cllydasi Ha MOJIeJI ¢ HiepapxuuHa ontuMuzanus ot ¢ur. 3.10 mokas3sa, 4e pemeHueTo or (ur.
3.10. mpepasmnpenenss €IEMEHTUTE HAa MaKCUMAJHUS IOTOK IO S>KJIE30MbTHUTE IbI'M Ha
TpaHCHOPTHUS rpad.

e [loroxbT Mexnay Bb3nu Codus-IlneBeH, nogabpka OT aBTOOYCEH TPAaHCIIOPT
Hamaigsa oT 0.0861 no 0.0421.
e [lotoxkbT Mexay Bb3mu B. TwpHOBO-THpro,uine, mogabpaH OT aBTOOYCEH

Tpancnopt Hamaisiea oT 0.0917 no 0.0512.

e TlotoxbT Mexay Be3U lllymen-BapHa, mogabpkan OoT aBTOOYCEH TPAHCIIOPT

namaissa ot 0.2202 o 0.1977. [4, 5, 6, 18]

Ho pemenusTa Ha iepapxu4Hara ONTHMM3aLMsA ChIbPKAT HE CaMO HaMaJeHUE Ha
IIOTOK I10 aBTOOYCHHU JIMHUH, HO U TI0 MeCTa uMa yBenudenue. Hanpumep:
e JloToxkbT Mo JgUHUSA MeX1y Bb3IM B. TbpHOBO-CTpaxulia, nogabpxikaH OT

aBTOOyCeH TpaHcmopT HapacTBa oT croiHocT 0 Ha 0.0138.

e [loTokbT Mo nuHUA Mexny Bb3IM B. TwpHOBO- IlonoBo, mogabpxkaH OT

aBTOOyCeH TpaHcmopT HapacTBa oT croiHocT 0 Ha 0.0163.

o [loToKkbT MO NUHHUSI MCKAY BB3JIU AHTOHOBO'T’prOBI/IH_Ie, NOAABPIKIKAH OT

aBTOoOyCeH TpaHcnopT HapactBa oT croiftHocT 0.0014 Ha 0.0118.

3.5. AHAIM3M M CPAaBHEHHS HA MOJIyYEHHTE pe3yaTaTH. AHalIU3MpaHU ca 0OCOOEHOCTUTE,
MpeANMCTBA U HEAOCTATBhIM Ha pPa3pabOTEeHHW HeWepapXW4eH U WepapXWueH MOJea Ha
ONTUMM3AIMA 32 UHTEH3U(DUIIMPaHe Ha MBTHUYECKUTE IIPEBO3H, U3ITBJIHABAHU C 5KEJIE€30IIBTEH
TPaHCIIOPT.

[IbpBu kputTepuid 3a oueHka. CpaBHEHHMETO M OLIEHKAaTa Ha JBaTa Mojena,
HelepapXxuueH M HepapXW4eH Ce OLEHSBAaT KOJMYECTBEHO MO cieqHus HauuH. Oobmara
CTOMHOCT Ha KAaNaLUTETUTE Ha JIMHUWTE B MpEXKara, U3IBIHIBAHU OT HKEJIE30IBTECH

tpancnopt ot Codust 1o BapHo e uzuncieH karo:

TOTAL,qii=v12FVv231V34tVe stVs 61 Vs 7tV7801Vo 10, 11FV11,12,13TV13, 141V 14,17=0,8198 [omnocum
eHU eOUHUYU 30 NPONYCKAMENHU-CROCOOHOCIU]
YacTTa OT MAKCUMAJIHMS IOTOK, KOATO NPEMUHABA 110 JMHUHM, M3IILIHABAHM OT

KEJIC30IIBbTHUA TPAHCIIOPT C€ U3YHCIABA KATO:
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Part_ MAX_FLOW,i=f12% /23 3.4 fast 5.6 67789 o100 11,1213 13,14t 1407
[omuocumennu eOunuyu 3a nNomok].

Pemenusra 3a norokopasnpenenenue f;;, i,j=1,...,.N, KoeTo ce MojyyaBa OT PELIaBAHETO
Ha HelepapxWyHara 3aja4a M HWepapxXhyHara 3aaada AeGUHHpAT CTOMHOCTH Ha 4YacTTa Ha
MaKCHMAaJIHHS [TOTOK, U3IIBJIHABAH OT YKEJIC30IbTEH TPAHCIIOPT KAKTO CIIC/BA:

e 3a ueitepapxuunus mozen: Part MAX_FLOW,;(single optimization)=0.6036 otH. ex.

e 3a Mojena CbC CYOEKTHBHO ONpEAEIsIHE HAa MPHOPHUTETH 3a JKEIE30IbTHUTE JINHHUHM:

Part_ MAX_FLOW,(subjective optimization) = 0,8365. otH. ex.

e 3aiiepapxuunus mozaen: Part MAX _FLOW,,i(bi-level optimization)=0,7357. otH. ex.

OTHOCHTCITHHAT 41 HAa MAaKCUMAJIHHA IIOTOK, Mp€aaBaH IO KCJIC3OIBbTHHUTC BPH3KH B
TpaHCIIOpTHATa MpEKa 3a ABAaTa ONTHMHU3AIMOHHHU MOJCJIa CC HU3UUCIIABA KAaTro CC€ pasaciiv
JacTra OT MAKCHMAJHUAT IIOTOK, KOSATO IHIPEMHHABA 110 XKCJIC3OIITBTHUTC JIMHHM 3a ABATa
MozacCJIa, Ha 06maTa 4acT OT MAKCHUMAJIHUAT IIOTOK 3a KCJIC3HHULUTC B TPAHCIIOPTHHA rpaq).

Pesynrarute OoT U34MCIEHUATA ca AafeHU B Tabnuma 3.1.

Part_ MAX_FLOWrail(single optimization)
TOTALrail

Part MAX_FLOWrail(manual single optimization)
TOTALrail

Part MAX_FLOWTrail(bi — level optimization)
TOTALrail

Pesynrarure oT u3uncieHusTa ca npeacraBeHy B Tadnmma 3.1.

Merton Knacuuecka Monudunupana kinacuuecka | Bi-level
ONTUMM3AIMA | ONTUMH3ALMOHHA 33/1a4a ONTUMU3ALHS

% Ha u3non3BaHe Ha | 73.64% 83.74% 89.74%

XK. IL

ToBa cpaBHeHHE TMOKa3Ba MpEAMMCTBAaTa OT MpUJIaraHe Ha HepapXWYHUsS MOJAeT Ha
ontumuzanus. CTOMHOCTTa HA MAKCUMAJTHUS TTOTOK, KOWTO MoXxe Aa ce npenane ot Codust 10

BapHa € CAHAKLEB U 3a TPUTE MOACTIA, HO ﬁepapXI/I‘IHHSIT MOJECI AaBa 3HAYUTCIICH MMPHUOPUTET

Asmopegpepamu Ha ducepmavuu 2 (2017) 19-60




50 KpuctuHa NaBnosa

Ha MTOTOKOpAa3MpeieJIeHUuE, KOSTO M3I0JI3Ba C IPEIUMCTBO KEJIe30IbTEH TPAHCTIOPT, Gur.3.12

1)
Maxcumanes|Hanonssasie Ha #.01.
MOTOK B %

L L3

83,74% [~-"-"mmoeomommmmmeseeeees

73.64% @

MakcumManes
notTok 0,2960

Meton

.
™

Knacuyecka Kn omomemsaimmac  Hepapxidua
ONTHMH3IAUMA SKCICPTHO H3MEHEHHE ONTHMH3ANHA

®ur.3.12. CpaBHEeHHS U IPEIMMCTBA Ha HepapXUUHUS MOJEI 32 ONTUMH3ALS

['padpuunoTO MpencTaBsHe Ha pe3yATaTuTe, 3a Pa3IMUYHUTE METOH, MTOKA3BaIIH KOJIKO
MPOIICHTa OT MAaKCHMAJIHHUAT IIOTOK Ha OOmMs TpaHCHOpTeH TIpad ce moemMa oOT
Jkene3ombTHUTE uHud. Our. 3.12. Bmkna ce, ye MoeMaHETO Ha MAaKCHMAJIHHAT IOTOK CE
yBenuyaBa oT 73,62% no 89,74%, mnpu iepapxuuHara ONTUMH3ALMA TOEMAaHETO Ha

MaKCHUMAJIHUAT MOTOK OT KEJIEe30IbTHUTE MPEBO3U ce yBenuyana ¢ 13,10%.

Bropu kputepuii 3a oneHka. EIHO TOMBIHUTENHO CpaBHEHUE U OLIEHKA Ha pa3pabOTEHUTE
ONTUMU3AIMOHHN MOJIeNIN € HarpaBeHo Ha ¢ur.3.13. M30panu ca Tpu AU OT TPaHCIIOPTHATA
Mpexka, KOUTO c€ 00CTYXKBaT OT JKeJI€30IIbTEH TPAHCIIOPT:

e [lomoro(Bb3en 9) —Tvprosutie(sn3en 10),

e Twproeume(r3enl0)- Hlymen(sp3en 11),

e Illymen(sb3en 11) —Bapna(sn3en 17).

3a BCsKa OT Te3W ABIM € HalpaBeHa OIIGHKa W CPaBHEHHWE OT TMPHJIAraHeTo Ha TpU
yIIpaBIIsABAIN CTPATETHH:

1. Cmpamecusa 1: npunacane na kaiacuuecka onmumusayus ¢ pesyimamu om ¢hue.3.6.
YucnaurensiT B WHPBOTO JAPOOHO YHCIO € TOoJIeMHHATa Ha YacTTa Ha MaKCHMAalTHUS
MOTOK, KOMTO mNpeMuHaBa Mpe3 CHhOTBETHaTa JUHHUS B Trpada. 3HaAMEHATeNsAT e
TeKyIlaTa MPOIMyCKaTeIHA CIIOCOOHOCT Ha Ta3M JMHUS

2. Cmpamezus 2: npunazane Ha MOOUGuUYUpana kiaceucka onmumuzayus gue.3.8.
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YucnuTenar Ha BTOPOTO APOOHO YMCIIO OTHOBO IMOKa3Ba TOJeMHHATa HAa YacTTa Ha
MaKCHMAaJTHHS MOTOK, KOWTO MpEeMUHABA TPe3 Ta3H JUHHS Ha Tpada.

3. Cmpamezus 3: npunrazane Ha UepapxuiyHa ONMUMU3AYUSL, KOAMO 0A68a NPUOPUIEm HA
BCUYKU JIceNe30NbMHU 8PB3KU 6 epagha ¢ pesynmamu om gue.3.10.
YucnuTenar Ha TPEeTOTo APOOHO YMCIO MOKa3Ba M 3a TO3U Cllydyail ToJeMHHAaTa Ha

4JaCTTa Ha MaCUMAJIHUA MOTOK IIPE3 Ta3W JIMHUA Ha rpa(ba.

0,0993 0,1294 0,1294
0,1294 0,1294 0,1294
e -]
(9) Nonoeo (11) Teproeuwe)

0,0693 0,0882 0,1305
0,1305 0,1305 0,1305

b °

(11) Terosmwe (13) (Lymen)
0,0188 0,0309 0,0413
00413 0,0413 0,0413

© -]

(13) WymeH (17) (Bapwa)

@ur. 3.13. CpaBHeHME Ha CTOMHOCTHTE Ha YacTTa Ha MAaKCHUMAaJHUA IOTOK MEXIYy

neGUHUpaHW JTBIY HA TPAHCIOPTHATA MPEXKa OT TPH MOJIENA.

Fpa(quHo MNpeaACTaBIHC HA HAIPABECHOTO CpaBHCHHUEC OT IIPUWIAraHeTO Ha TpHU

yIIpaBJIsBaIlK CTpaTreruu 3a yuacrbka Ilonoso - Teprosume. dur. 3.14.

r
Sare e ane Ha KararuTeTa
Ha MMHHA [Jonoso - Teproeume
KanamureT
HAIMHHATE | e .
0.1294
0,0993 [------ B [Tttt 1
I Meton

Knacnyecka  Kn ommimvpzaimma ¢ Mepapxuusea
ONTHMHIANUA EKCISPTHO HAMEHEHHe ONTHMHIANNA

@ur.3.14. CpaBHeHUS W NpEIUMCTBA Ha HEpapXUYHUS MOJEN 3a ONTHMHU3ALUA 3a JMHUSA
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[TonoBo- Twsprosuiie.

C HiepapxuyHara onTuMu3anys Kananurera Ha jauHus [lonoBo- Thprosuiie ce 3ambiBa
100%, xakTo M C Kjacuueckara ONTHMM3AlMs CbC CYOEKTHBHO JaBaHE Ha MPUOPUTETH,
JIOKaTOo ¢ KJIacuuecKaTa ONTHMM3AIHS KallalluTeThT ce 3anbiBa 76,73%.

I'padpuuHo npeacraBsHEe Ha HANpPAaBEHOTO CpaBHEHHWE OT IPWIAraHeTO Ha TpU

yIpaBisBalllyd CTpaTeruu 3a yuacrbka Toprosuuie - Hlymen. @ur. 3.15.

Samsaeane Ha EararureTa
Ha nuHud [sproeume- lymen

Kanmanmurter
HA JIHHHATA

0,1305 [ - mmmmmmmm e

00882 ===~~~ I

00693 [_____ _
Meton

k

Knacuyemka Kn ommmamzammac  Mepapxidza
ONTHMH3IAUHA SKCICPTHO H3MEHEHHE ONTHMH3ANHA

®ur.3.15. CpaBHeHUs W TpPEIUMCTBA HAa WepapXU4yHUsS MOJIET 3a ONTHUMH3ALUs 3a JIMHUA
Twprosuie-Ilymen.

C #lepapxuyHara ONTUMU3ALMUs KananuTeTa Ha auHusA TwhproBuuie-lllymen ce 3ambiiBa
100%, mokaro ¢ KjacuueckaTa ONTHMH3AIM KanamuTeThT ce 3ambiBa 53.10% Knacuueckara

ONTUMU3AINS ChC CYOSKTHBHO OIpE/IeIIIHE 3ammbiiBa Kamnamnurera 67,43%

Fpa(quHo MNpeaACTaBAIHC HA HAIPABCHOTO CpaBHCHHUEC OT IIPUWIAraHeTO Ha TpHU

yhpaBisiBally cTpareruu 3a yyacrbka lllymen — Bapna. ®wur. 3.16.
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A
JameBaHe Ha KanaumTeTa
Ha muung [lymen-Bapua

Kanagurer
Ha IMHUATA |
0.0413

0,0309}-------- kbaasmanay

0,0188}------agr}-=vreeeececen-

Mertoa

A

Knacuyecka Kn ommmmzamisc  Hlepapxmdna
ONTHMH3AUMA eKCIEPTHO H3MEHEHHe ONTHMH3ALUHA
®ur.3.16. CpaBHEHUd W IpeIUMCTBA Ha HepapXW4YHUS MOJE] 32 ONTHUMM3alUs 3a JIMHUA

[lTlymen-Bapua

C #epapxuuyHara ontuMuzauus Kanauurera Ha juHus lllymen — Baphna ce 3ambiBa
100%, mokaTo ¢ KjJacuyeckaTa ONTHMH3AINS KallalluTEThT ce 3anbiaBa 45.52%. Kinacudueckara
ONTUMHU3AINS ChC CYOEKTUBHO OIpeeNsiHe 3ambiiBa Kananurera 74.82%

BumHo or mpeacraBenutre nanHu oT ¢ur3.13 m 3a Tpure u30paHW JUHUM Ha
TpaHCIIOPTHHS Tpad HepapXUUHUAT MOJEN Ha ONTUMHU3AIMS JdaBa MIPUOPUTET U MPEIUMCTBO
Ha KeJIE30ITbTHUTE MPEBO3H.

Taka HampuMmep, CTOMHOCTTa Ha 4yacTTa Ha MaKCUMAaJHUs MOTOK 3a juHus 13-17 ce
yBenuyaBa oT 0.0188 (metiepapxuuen wmomen), mpe3 0.0309 (cyOekTMBHO [aBaHe Ha
npuopuTeTy 3a K..JauHuu) 1o 0.0413 (fiepapxuuen mopaen). BuaHo e, ye HepapXUuHUAT
MOZIeNl JIOCTUTa JI0 NIBJIHO HM3MOJI3BaHE Ha Kamanurera Ha JuHUS 13-17, u3uncieHa Ha
ctoriHocT 0.0413 (3HameHarensIT Ha Apodute).

AHAJIOTHYHM PE3yNITaTh C€ TOJydaBaT M 3a OCTAHAJIHWTE JABE ABIU HA TPAHCIOPTHUSA
rpad.

HampaBenurte cpaBHEHMs U OLICHKU JIOKa3BaT, u€ WEPAPXUUHUAT MOEIN 3a ONTHUMU3ALIMS
JlaBa TIPUOPUTET Ha MPEBO3UTE HA KENE30IbTHUS TpaHCHOPT. [IpuoputersT ce moctura upes
M3MBJIHEHHE Ha TMOTOKOpPAa3MpeesieHne, M3MOA3BAII0 ¢ MPEIUMCTBO JTBIH B TPAHCIIOPTHUS

rpad, peanu3upaHu OT K.II. TPAHCIOPT.
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3akiroueHue.

OO1mIecTBEHUAT IKENE30IbTCH TPAHCIOPT € BakeH (akTop 3a pa3BUTHETO Ha
HUHTCIUICHTHUTC TPAaHCIIOPTHHU CHCTCMHU. KenesombTHHUAT TPAHCIIOPT OaBa NOPCAUMCTBA
CBbp3aHU C €PEKTUBHOCTTA MPH EKCIUIOATAIHATa, TOAOOPSIBAHETO HA JIOTUCTUYHUTE YCIIYTH,
HaMaJsIBAHETO Ha 3aMbpcsBaHeTo. OOEKT Ha W3CIEABAHETO € Kjac TPAHCIOpPTHA CHCTEMa,
KOATO HMHTCrprpa MNBbTHUYCCKU MPCBO3HW MIIMBIHABAHW OT IKCIC30IIBTCH U aBTOGYCGH
TpaHcnpot. Llenra Ha TO3W JUCEPTAIMOHEH TPYH € Ja ce pa3paboTH TakbB aITOPUTHM 3a
yhpaBieHUe Ha IbTHUYECKUTE IPEBO3U, MPU KOHTO J1a ce J1ajie MPUOPHUTET Ha JKEJIe30MbTHHUS
TPAaHCIOPT B CpPaBHEHUE C aBTOOYCHMSI TPAHCIOPT. 3ajayuTe, KOUTO ca JedUHUPAHU U
peliCHu, HM310JI3BAaT JAaHHHW, HWABAIKA OT HACTOsAIIATa IIPAKTHKA B E’bJIFapI/ISI, CBbp3aHU C
IIBTHUYECKHSI TPAHCIIOPT KAKTO C KEJIE30IbTCH TPAHCIOPT, Taka W C¢ aBToOycw. [lopamu
JUICaTa Ha IbJIEH HAO0Op OT JaHHU 32 MHTEH3UBHOCTTA Ha MBTHUYECKHS TPAHCIOPT TOBA
W3cIlie/IBAaHEe U3II0NI3Ba camMoO HanuyHara uHopmanus OT rpaduuute Ha aBTOOyCHTE U
KEJIE30MbTHUS TPAHCTIOPT.

Tazm muceprammonHa pabora GopmMaiM3upa 3ajada 3a YIpaBJICHUE Ha KEIC30IMbTHHUTE
[IPEBO3U YpE3 yBEJIMYABAHE HA MPUOPUTETA HA JKEIE30I'bTHUS TpaHCHopT. OnucaHueTo Ha
Ta3W 33/7]a4a € J]a OCUTYpU ONTHMAJHO pa3MpelesieHhe Ha JKeJIe30IMbTHUTE TPAHCIOPTHU
YCIYTH TIO TPEIBAPUTEIHO OIpe/AesieHa TPAHCIOPTHA MpPEXa, MO KOSATO CE HU3MBIHSABA U
aBTOOyCceH TpaHcmopT. Pa3paboren e HepapxwueH MOIEN 3a YIpaBlIeHUE, KOWTO €
dbopmManu3upaH 10 NByliepapXU4Ha ONTHMH3AIIMOHHA 3aj]lada, KOSTO TeHepupa pelIeHue 3a
MHTeH3U(UILIMpaHe Ha JKeIe30MbTHHUS TPAHCIIOPT.

B iiepapxuyHara 3amada 3a ympaBieHHE TOpHATa 3ajlada MaKCHMMM3Upa TOTOKa, Karo
CliasBa OIpaHUYCHUA Ha HIPOIIYCKATCIIHUTC CIIOCOOHOCTH Ha ABrUTEC B TpaHCIOpTHATa
cucteMa. CTOITHOCTTa HA MAKCUMAJTHUS TOTOK C€ U3M0JI3Ba KaTO NapaMeThp B OrPaHUUYEHUATA
Ha J0JIHaTa ONMTUMHM3AIMOHHA 3a1a4da. [locnenHara onpenens MpomnycKkareaTHUTe ClIOCOOHOCTH
Ha ABIUTC B TpaHCIIOpTHAaTa CHUTEMA, KOUTO CC IpHJIarar Karo OrpaHMYCHUA Ha TOpHaTa
OIITUMUH3AIIMOHHA 3a/a4a. Taxka ﬁepapanHm{ MOJZ€CJI 3a OIITUMHU3aIlUA CE€ ChCTaBsi KaTo ABEC
B3aMMOJICBBP3aHM 3aJa4H, KaTO BCAKA OT TSAX U3MEHS OTPAaHUUYEHUSATA HA Jpyrara.

Wepapxnuro ne(MHUPAHATE ONTHMM3ALMOHHM 3aJa4d Ca B3aHMHO CBBP3aHH, KaTo
pelleHrneTo Ha TopHara 3ajada AeuHUpa MapamMeTpud B JoiHATa 3aaada u obparHo. Karo
pe3yarar ﬁepapXHqHaTa ONTUMMU3Al M, JaBa PCHICHUC KAKTO 3a XKCJIC30IIbTHHSA, TaKa U 3a
aBTOOYCHMSI TPAaHCHOPT M B3eMa NpPEIBUJ HM3UCKBAaHUATA 3a MOAOOpsABAaHE M OT/IaBaHE Ha
MIPUOPUTET Ha )KENE30IIbTHUS TPAHCIIOPT B 00111a TpaHCTIOpTHA Mpexa. [lonydenure pemeHus

Ha ﬁepapXHqHaTa ONTUMU3AIMOHHA 3a/ia4a OOIBJIHUTCIIHO YCTAHOBABAT B KOU YYAaCTHIM Ha
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TpaHCIIOPTHATa CHCTeMa TpsiOBa Aa ce TomoOpu >Keje3ombTHara WHEOPACTPYKTypa, WU
MHTCH3U(ULIMPaHEe HA HA KEJIE30ITbTHUS TpaduK.

JlcepTamOHHUAT TPyA pa3paboTBa aarOpUTHM 3a YIPABJICHUE HA CIOXKHA TPAHCIOPTHA
CHCTEMa W aJTOPUTHM 3a MOATOTOBKA Ha JMaHHU. M3ciienBaHETO HE ChIbpiKa pe3yaTard 3a
pa3paboTBaHEe Ha YHCICHH aNTOPUTMHU 3a pEIllaBaHe Ha JBYHEpApXUYHU ONTUMHU3AIMOHHH
3aJa4d WM Ha 3a/auuTe, U3IMOJA3BaHM B HEpapXWUYHUS MOJEI. Pesynrarute Ha
JMCEPTALMOHHUS TPy AOMPHUHACST 3a yBeJIMYaBaHE HA MPUIIOKHATA 00JIaCT Ha HiepapXuyHaTa
ONITUMHU3AIIHS, KOSITO CE XapaKTePU3UPa ChC CIIOKECH-(HOPMATTUIBM.

Upe3 yBennyaBaHe Ha HMBATa HA ONTHUMHU3ALMUS U (OPMATHOTO ChAbPKAHHE HA 33aJa4lTe
Ha pa3WYHH HHUBA, MOXE Jla C€ OYaKkBa JONBIHUTEIHM TIOJ3M 32 YIPABICHUETO Ha
KENe30MbTHUS TpaHcropT. lloHacrosimem i#epapXwuuHH MOJAETH C TOBeYe HHUBA HIMaA
MPAKTUYCCKH pealIn3alliy, MOPaal YBEINYABAHETO HA M3YUCIUTEIHOTO BpeMe, HEOOXOIUMO
3a pelaBaHe Ha HepapXUYHU 3aJ1a4d C MIOBUIIIEHA PA3MEPHOCT.

W3cnenoBarenckuTe pe3ylaTaTUTe OT JAUCEPTALMOHHUTE W3CICABAHUS  BKIIIOYBAT
pa3paboTBaHe Ha HOB MOJET Ha yHpaBJieHHE, (GOpMaTU3UpaH 0 HepapXxuyHa CHUCTeMa 3a
yrpaieHue. [[pakTH4ecKoTo M3IMOI3BaHe Ha JUCEPTAIIMOHHUTE PE3YITaTH € MPeAHa3HaYCHO
3a yIpaBJICHHE Ha JKEJIE30MbTHU ITBTHUYECKHU NMPEBO3U UYpe3 M3MCHEHUE Ha Trpaduiu U 3a

YIpaBJICHUEC Ha TpoHeCa Ha U3JaBaHC Ha JIMICH3HU 3a IbTHUYCCKHU aBTO6yCHI/I IMPEBO3HU.

IIpuHoCH Ha AUCepTALMOHHMSA TPYA

1. PazpaboreH e HepapxuueH Mojiell 3a YIpaBJIE€HHE HAa HHTErpHpaHa TpaclopTHa
cucteMa (aBTOOYCHH U JKEJIC30IIbTHU MBTHUYECKH TPEBO3M) . MonenbT TpsiOBa na
JaBa TPUOPUTET Ha IKENe30I'bTHUTE NBbTHUYECKHM IPEBO3W B CpaBHEHHE Ha
aBTOOYCHMSI TPAHCIIOPT;

2. VepapXWuHMAT MOJeN H3ION3BAa NpPEIMMCTBA HA HEpApXHUHHS IMOIXON KaTo €
MIPWJIOXKEH M3CIIEIOBATENICKU MOJIXO 3a KOMIIO3MpaHe Ha HepapXU4yHUs MOJEN 4pe3
B3alMHO CBBbP3aHU ONTUMH3ALMOHHH 33]1a4H;

3. Pa3zpaGoTBaHe Ha anropuThM 3a KOJIMYECTBEHO OINpEJAEsIHE Ha MapaMeTpuTe Ha
MiepapXxyUyHaTa 3ajaya 3a yIpaBJeHHE B YCIOBHUS Ha OTPAaHUYEHU WU3XOJHHU JAHHU 3a

MMBTHUYCCKUTC NPCBO3U YPEC3 BBBCIKAAHC HA YCJIOBHU MPOITYCKATCIITHU CHOCO6HOCTI/I;

4. Jlepunupana u e pemieHa aByiepapxuuHa (bi-level) onTummsanmonHa 3aadva.
OreHkaTa Ha pelIeHUsATa TIOKa3Ba Y€ MOBEYe MapaMeTpy Ha TPAHCIOPTHATA CHCTEMa

CC OIMPCACIIAT KAaTO OIITUMAJIHU B CPABHCHHUEC C KIITACUYCCKH OINITUMU3ALIMOHHU 3ada4YM,
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Pa3paboreHusiT iepapXxudeH MOJENI € BHEIPEH 3a MPOSKTUPAHETO Ha aJTOPUTHM 32

YIIpaBJICHUC HaA KJIIAaC HWHTCIrpUpaHa TPAHCIIOpTHA CHCTCMA, H3IbJHABAIlA II'bTHUYCCKU

MIPEBO3H C HKEJIE30IbTEH U aBTOOYCEH TpaHcNopT. HayuHu u HayyHO — MPUIIOKHH PE3YNTATH

Ha JUCEPTALMOHHUS TPYyd ca MPUJIOKEHH TpU pPa3pabOTBaHETO HA JOTOBOP JOroBop No

134/20.06.2016r. “bwarapcku AbvpxxaBau Kenezuuru — [IstHHuecku [Ipeso3un” EOO/

Tabmuua 3.1. moka3Ba Bpb3Kara MEXAY pe3yATaTute, CTPyKTypara Ha JAMCEpPTAllMOHHU

TPy ¥ HalpaBEHUTE IMyOIUKAIUH.

3anaua Tun npuxHoc [Ty6nmukarust I'maBa
PazpabGoTBane Ha | Hayuen 1,3,4 2
HepapxuieH Mo 3a

yIpaBJieHUE

Komnozupane Ha | Hayuen 1,2,5.6 2
HepapxuuHus MOJAEN 4pe3

B3aMMHO CBbp3aHH

ONTUMHU3AIMOHHY 3a1a9H

Pa3zpaborBane Ha anroputhM | Hayuno-npunoxen | 1,3,4,5 2
3a KOJIMYECTBEHO OTpeIeIisiHe

Ha TapaMeTpuTe

Hedunupane u pemasane Ha | Hayuno-npunoxen | 5, 6 3
ONT. 3a7ada W OIICHKAa Ha

MONTy4YEHUTE PeIIeHuUs

[Tpunoxenue Ha | [Ipunoxen 2,5,6 32

HepapXUUHUS MOJIEI

bbaemo passurue:

» VYBenuuaBaHe PasMECPHOCTTA Ha MHTETpHpaHa TpaHCIIOpTHA CUCTEMA C IMOBCUC YaCTU

ot Penmyonukanckara Tpancnopraa Cxema.

> I[C(bHHHpaHC Ha HOBU aJITOPUTMHU 3a YIIPABJIICHUC IIPU OTYUTAHC HA AOIBJIHUTCIIHU

AaHHU 3a HAJIWYHU PCCypCHU Ha IMOABHIKCH KCJIC3OMBTCH CHCTAB U TCXHOJIOTMYHU

HU3HUCKBAHMA 3a CKCILIOaTanusATa Ha XKCJIC30IMbTHHUA TPAHCIIOPT.
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» B cnenctBue Ha TOBHIIEHUTE pPa3MEPHOCTH Ha WepapXW4YHHTE 3aja4d, Ja Cce

pa3pa60T51T HOBH YHUCJICHU aJITOPUTMHU 34 TAXHOTO pCIIaBaHC.

yoaukanuu:
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and Informatics’2016, rp. Codus, 4-5 okrompu 2016r PROCEEDINGS: ISSN 1313-1850
CD: ISSN 1313-1869 ctp. 103-106
5. K. IlaBnoBa T. CrounoB - ,MonenupaHe Ha NBTHHUYECKH MPEBO3U OT KOOMHHUpPaHA
KeJe30I’bTHA M aBTOOyCHa TpaHCHOPTHa cxema’, UeTupuHazecera HallMOHAJIHA MIa/lexkKKa
Hayuno-npaxktuuecka koHpepenuus, rp. Codus, 19 — 20 anpun 2016 . ISSN: 1314-8931,
cTp. 41-46.
6. Kristina Pavlova, Todor Stoilov — “Application of bi-level optimization for increase of rail
public transportations. International Conference: Automatics and Informatics’2017,

PROCEEDINGS: ISSN 1313-1850 CD: ISSN 1313-1869 (mpuera, ciry>xeOHa Oenexka)

W3Hecenu oK HAa KOH(PEPEHINU:
1. K. IIaBnosa, T. CtomnoB- “AHanu3 Ha KamanuTeTa Ha JKEIe30IbTHUTE IHETHUYSCKUTE
npeBo3u 3a HampaBienne Codus-Bapua”, Haydyno- TexHuuyecka KoHpEpeHIUs
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M3Bagka ot BhTpemnms npaBwiHuk Ha MUKII-BAH 3a 3amura Ha oOpa3oBaTeiHO-
HayyHaTa CTeMeH ,,JJOKTOp .

. 3., 1. 1.1. MUMKT: J{ucepranusra Ha kaHaugara TpsOBa aa € 6a3upaHa Ha MOHE TPU

Hay4YHH MyOJMKAI[MU, MOHE €JHAa OT KOWUTO J1a € B CIHCaHHWEe C UMIAKT (pakTop Wiu B

CIICHUAIN3NUPAHO MEKAYHAPOIHO U3TAHUC.

Murtupane:

e K. IlaBnosa, T. Crounos. [IPUJIOKEHUE HA 3AJJAYATA 3A MAKCUMAIJIEH
I[TOTOK ITPU IMTPOEKTUPAHE HA XEJIE3OITbTHA TPAHCIIOPTHA CXEMA.
COopuuk TpyaoBe Ha MexayHaponHata koHdenpenuus "ABTOMATUKA U
NHD®OPMATHUKA", 4-5 okromBpu 2016, N ISSN 1313-1850, 103-106.

1. HsanoB B. M3mepBane Ha XapakTepuCTHKH Ha TpaHcrmopteH Tpaduk. Proceedings of
Trans&MOTAUTO’2017, 26.6-1.07.2017, Burgas, Bulgaria, ISSN 1313-5031 (Print),
ISSN 2535-0307(online), yerl, issue 2(2), Sofia, Bulgaria, p.12-115.
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Tpancnopraa Cxema®,
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