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Perspective developments of unmanned aerial systems in the
security sector of the Republic of Bulgaria

Dimitar Nedialkov"" and Viadimir Nedyalkov?

'Military Academy “G.S. Rakovski”, Department “National Security and Defence”, 1000 Sofia, Bulgaria
Technical Univercity — Sofia, Branch Plovdiv, Department “Transport and Aircraft Equipment and Technologies”, 4000 Plovdiv,

Bulgaria

Abstract: In this article the authors presents the advantages of using unmanned aerial vehicles (UAVs)
over piloted (manned) aircraft to perform missions of the Republic of Bulgaria air forces, challenges using
unmanned aerial systems, their vulnerabilities and proposes a mathematical model to calculate the potential

and power of a studied unmanned aerial system (UAS).

1 Introduction

One of the most pressing problems that humanity is facing
is the security of the environment it occupies. These are
problems during peace, war and domestic security. All
these problems pose challenges to science and practice
both in individual countries and globally.

The national security system is built to achieve a
modern management of the efforts of state institutions,
local authorities, business entities, citizens and their
organizations to guarantee the principles of democracy
and sustainable economic development and prosperity of
the country.[1] It represents subsystems, components and
elements thereof, with the respective interconnections,
sources of provisioning, with the potential to achieve a
concrete result in a specific environment related to the
protection of sovereignty, territorial integrity, strategic
and operational interests of the Republic of Bulgaria,
ensuring its political, economic, information, social,
public, legal and demographic security as a level of
conditions. The national security system management and
functioning toolkit includes:

* analysis and assessment of the state and trends in the
security environment and taking preventive action;
timely and adequate exchange of information;
planning, preparation and performance management;
applying a broad and systematic interinstitutional
approach;

coordination of the work of the competent institutions
and organizations;

methodology for assessing the security system and its
components in relation to their resource provision and
the result achieved;

mechanisms for assessing the actions taken and the
results achieved for the purpose;

increasing their efficiency and effectiveness;
establishment of a system for internal control and
correction of the national security system [2].

: Corresponding author: din_ned 2000@yahoo.com
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To minimize the negative consequences of wrong
planning and actions resulting in human casualties and
damage is a main task to solve. This can be achieved by
using highly effective methods, means and technologies
that can guarantee timely and reliable forecasting and
preliminary risk assessment which would allow correct
decision making and taking measures to prevent and
mitigate the negative consequences. Forecasting along
with prevention cannot avert all the consequences and this
imposes the need to use systems capable of precise
surveillance that will provide information during different
stages of planning.

The development of modern technologies,
communication and control systems, and systems for
gathering and processing information open the
perspective to solve wide range of task that even manned
aircraft cannot, using unmanned aerial systems (UAS) and
unmanned aerial vehicles (UAV). Main advantages of
UAS are:

* low risk for the highly qualified personnel that operate
the system;

* the capability to solve wide range of task at any time

with less disturbance from the weather conditions;

it is less expensive and easier to maintain;

in many cases UAS is more effective than using

conventional manned aviation means;

all the negative limits of manned aviation like flight

length, maneuvering and height of the flight drop out;

high level of resilience compared to the manned

vehicles;

lower cost and duration of training of the personnel;

available for manufacturing, training of teams and

operation of unmanned aerial systems by countries that

don’t have a high economic potential.

Unmanned information systems have significantly
lower operating costs (as they are planned and produced)
than manned aircraft systems (MAS). This is an important
asset increasing the effectiveness in tasks requiring
continuous coverage of the surveillance and
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reconnaissance area in the combat area as well as in
operations far away from the base or depth of the enemy.
Under some estimates, UAVs may be 50-70% to several
times lower operating costs than those of the MAS.
Taking into account that operating costs and the cost of
maintenance costs account for almost half of the life cycle
cost of an airplane, with reduced operating costs, total
costs are significantly reduced. There are a number of
reasons why it is difficult to compare the costs of
operating a UAS and a MAS for one flight hour. The first
and most important of these is the lack of established
benchmarks.

The operating price per one hour flight and the cost of
service and maintenance are two of the many measures
that can be used to gain a better idea of when UAS should
be used and where it would be more efficient and more
efficient their application. An example here is the 2011
report of the Government Accountability Office in the US
on the border guard of the country. There the price per one
hour flight of the Predator type UAS is set at $ 859 and
for BPS "Reaper" — § 1,456. In the calculation of the price,
mainly the costs incurred for maintenance, use of
auxiliary equipment and for supporting military personnel
were used.[4] It is noted that other data (Table 1) can be
found for prices per flight hour, as many other costs can
be included in the calculation, such as technical
maintenance costs, hangars, engineering and service
(direct or indirect) personnel, composition, amortization
costs, amounts under logistics support, etc.

Table 1. Cost per hour of UAS flight.

Sytem Type, purpose Cost hI:)::et]ll')gell; ¢
A-10 MAS, military |$18,8M | $11500
Octatron UAS, civil $25-$35K | $10-8100
Skyseer
Bell Eagle Eye |UAS, military [$8,3 M $1000
F-35 MAS, military [$98 M $42000
F-22 MAS, military [$150 M $58000
GA Predator B [UAS, military  |$4 M $1500
MQ-9A Reaper |UAS, military |$16,9 M $4762
IAI Heron UAS, military  [$10 M $12535
28;;2? Hawk UAS, military |$131,4 M | $49089

2 Threats and vulnerabilities

The increasing use of unmanned aircraft systems also
hides its risks. The experience gained over the years has
shown that UAVs have vulnerabilities that can be
exploited by the enemy. One of the most notorious
incidents is the kidnapping of the US RQ-170 "Sentinel"
by the Iranian parties for radio-electronic combat on
December 4, 2011. The circumstances in which the
aircraft is owned by

Iranian forces are contradictory. There are two popular
theories.

According to the first theory, downloading the US
aircraft used vulnerabilities in the sensory and navigation
systems, which allow for the so-called "GPS spoofing"
attack. In this type of attack, misleading GPS signals are
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sent to the receiver of the attacked device, these signals
resembling the standard ones. Initially, the spy signal is
transmitted in sync with the original, and the fake signal
power gradually increases in order to modify the flight
data for its current coordinates.

The second theory explains the loss of the UAV with
a technical malfunction. The theory speculates that a
technical malfunction has led to the landing of the RQ-
170 "Sentinel" on Iranian territory. However, this version
is accepted by most experts as a justification for gaps in
the protective components of the system of impacts.

The common between the two theories is that they
indicate security problems. With GPS spoofing, the attack
highlights the need to include additional components,
such as the risk assessment of UAS. The sensor system
should be seen as an open input channel vulnerable to
attacks. Some incidents require the destruction of the
aircraft in order to preserve the confidentiality of the
sensitive information. The theory of the technical failure
of the RQ-170 excludes self-destruction in the specific
case. Regardless of whether the theory is true or not, it
indicates the need to study the possibilities for autonomy
to choose the right strategy in the event of a severe
malfunction.

Another type of threat to the integrity and capabilities
of existing UAS are computer viruses. An example of
such an attack in 2011 when a keylogger virus infects the
base stations for aircraft management at the Kreache Air
Force Base in the state of Nevada. Although there are no
serious consequences, the case shows that the system is
vulnerable to such attacks.

Practice lessons also confirm a third type of
vulnerability, the purpose of which is to communicate
between UAVs within a given UAS and the base station.
In this type of attack, transmitted video images are
captured by enemy forces. This attack is made possible by
prohibiting encryption of the radio between the station
and the device, which was achieved with a $ 26 software.
A significantly greater imbalance in price relationships
between UAS and countermeasures is expected in the
future in the course of planning and conducting modern
information operations.[3]

Other weaknesses are the relatively low altitude and
speed of the flight (mostly up to 200 km / h), the lack of
maneuverability and the poor protection of a large number
of tactical UAVs, make them vulnerable even by small
arms. Moreover, due to their remote control, they are
critically dependent on the reliability and safety of the
connection line.

3 UAS missions and tasks

Nevertheless, at the current stage of their development,
UAS can perform 67% of intelligence tasks and 50% of
security of the total number of tasks performed in a given
operation.

While the need for UAS over the past few decades has
been driven by the mismatch between the need for
information and the possibility of its obtaining at the
tactical and operational level, under the current conditions
of the NATO Member States' development plans by 2020,
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and then by 2038, particular attention is paid to UAV's
capabilities to solve a wide range of tasks, resulting in
increasing of military forces existing and gaining new
capabilities.

In summary, the views of military experts in NATO
on the tasks that UAS can perform are divided into the
following main categories:

* information and intelligence — investigation and
intelligence of the defined objectives, area, radiation,
chemical and biological, meteorological intelligence,
etc.;

striking — strikes for land, sea, air combat, etc.;
providing interference, impact and impact assessment,
retransmission of messages, targeting, transport, search
and rescue, etc.;

In leading countries in unmanned technologies such as
USA, Israel, UK and others. there are four main categories
of tasks for UAS:

* "Dull Tasks" — low-intensity tasks that can be automated
because they do not require direct control — monitoring
a particular area on a given circuit or coastal
maneuvering, e-war tasks, communications, however,
can generate more complex or time sensitive tasks, such
as identifying high value targets that require more
sophisticated or modern sensors and equipment;

“Dirty Tasks” — UAVs are a perfectly appropriate
choice when the task is in an environment hostile to a
flight crew or its crew, for example, a chemical,
biological, radioactive or nuclear monitoring task;
"Dangerous Tasks" — these are tasks where the risks and
dangers to the crew of a pilot flying aircraft are very
high, such as the task of combating enemy air defense,
destroying improvised explosive devices, and more. and
require special training and instructions;

“Deep Tasks” — usually for tasks related to strategic
purposes, over opposing forces, action on objectives,
time-critical, and generally non-standard tasks.

The "Missions and Tasks of UAVs" report, presented
at the Scientific Conference in June 2015, described six
major markets for UAS: a security system; recreation and
leisure; information and media; monitoring and inspection
(electrical installations, pipelines, industrial installations);
geological sciences (agriculture, environment) and civil
safety (search and rescue operations, pollution, police
operations, cluster control, etc.) and UAS tasks in line
with these six areas.

In the Republic of Bulgaria there is an already
established document which regulates to a large extent the
deployment of a system based on its abilities to use UAS.
This is the Defense Capability Concept "Air Surveillance
and Intelligence with UAS of the Republic of Bulgaria".
There are described the tasks that UAS should be able to
perform on the three missions of the Republic of Bulgaria
airforces. They are as follows:

* on the mission “Defense”:

» conducting aerial intelligence of zones, areas and roads;
* participation in intelligence preparation of the battle
space (including biological and chemical intelligence);

* participation in the information warfare;

« aerial surveillance of certain areas of particular interest;
* participation in combat search and rescue operations;

* participation in electronic warfare;
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* participation in the targeting and targeting process;
* directing high-precision ammunition;
» immediate aviation and fire maintenance;
* participation in the combat management process;
« assessment of actual damage after fire impact;
* participating in the providing the security within the
tactical and operational logistic support;

» digital mapping for the purpose of the operation.

On a mission "Support for International Peace and
Security":
* to carry out regular 24-hour surveillance of certain areas
of responsibility of national and multinational
contingents;
conducting aerial intelligence in the interest of tactical
and operational peace-keeping or humanitarian action;
participation in the fight against terrorism, illicit
trafficking in weapons and mass destruction;
implementation of permanent monitoring of zones,
areas, terrestrial and marine areas;
sea waterways,
* participation in border guards and bases;
* participation in search and rescue operations;
* participation in operational actions to address the

consequences of disasters, accidents and accidents.
On a mission "Contribution to national security in

peacetime":

* observation of zones, districts and road network on the
territory of the country;
monitoring of land and sea borders;
carrying out monitoring of the territorial waters and
shipping;
participation in the protection of critical energy
infrastructure;
chemical, bacteriological and radiation intelligence;
medical intelligence and field telemedicine (eg
identification of injured, victims of disasters, accidents);
early detection and surveillance of fires;
traffic control over air traffic;
* the provision of search and rescue operations to
aircraft and disaster-stricken ships;
eco-monitoring over land and sea (detection of
pollution);
control of sown areas and woodland;
search, detection, and tracking of different objects
(related to ransom payments, human and drug
trafficking, etc.);
cadastral surveying of areas and territories [5].

Even the blunt analysis of the UAS stated tasks on

BA's three missions concludes that they all relate to some

extent to the planning and conduct of independent
information operations or such as part of planning and
conducting joint or operations of aircraft types or other
components of the national or coalition new security
system. The specific for UAS is that the data transmission
lines, meteorological conditions (wind, turbulence, icing,

visibility, etc.) and the preparation of the critical element

of the system - the operator in the ground station, have a

major influence on the completion of the tasks.

Particularly perspective is the joint use of UAS and

pilot airplanes, and information on the targets and
potential threats is available on-board the manned aircraft

in real time. Such interaction allows to increase the depth
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of observation and intelligence and ensures timely
decision-making on an attack on the target or maneuvers
to overcome enemy firefighting zones of antiaircraft
defenses.

4 Method for calculating the UAS
potential

The basis of the UAS assessment is the potential of the
individual components and the system as a whole. Some
specialists interpret it as power or power of the system,
others as a set of material and spiritual factors that
determine the state of the system and its ability to perform
certain missions and tasks, and others as a criterion of
ability that can be used calculated the ratio of the forces
of the parties.

Any system capable of realizing its potential decides
its own tasks and thus achieves the goals set. In this
process, the full realization of the potential depends on
many factors: the system's ability, the quality of the
management and the provision, the environment in which
the system realizes its potential, etc. Practice very often
shows that the achievement of the goal depends on the
available potential and, above all, the ability to realize it
in a given situation.

Ability is a supposed a priori opportunity that can be
achieved when the system is brought into action under
certain conditions. Real ability is manifested as the degree
of utilization of potential, taking into account factually
existing conditions.

In this sense, the potential of UAS can be defined as
an integral indicator characterizing a set of potentials of
individual elements of the composition of the system
expressed in terms of assimilated units or normalized
values.

The degree of realization of the potential can also be
considered as the ratio of the actually achieved states - as
a consequence of the operation of the system, to the
potentially possible ones. This level can be used to
determine the combat, information or other capabilities
and assessment of UAS in the realization of their potential
in the particular conditions of the situation, taking into
account the realities of the management system, the
provision of the personnel and the level of personnel
training.

The primary source supporting UAS is its potential,
considered as the unity of potentials of the component
components and elements that are proposed by it. In
addition to powering the system, it has the ability to
generate its core product - the power, and it also
determines the quality of the system. The ability to exploit
the third dimension, with the help of UAS, is the product
of the accumulation of human knowledge in a very short
time, leading to a qualitative leap.

In the sense of what has already been said, the
potential of UAS is considered as a magnitude, expressing
the state and capabilities of subsystems, components and
elements of the system itself. It can also be considered as
an indicator characterizing the volume of missions and
tasks that can be met by UAS-equipped formations within
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the scope of destination, of estimated,
conditions (of crises of different character).

By its very nature, the potential that serves as a source
for deploying the system in action and can be defined in
three levels — at disposal, deployed, and implemented.

The available potential of UAS is the full potential of
the system built by a state or a coalition of states. It can
be relied upon and it must be realized in extreme
conditions when large-scale crises occur. In fact, each
nation builds BMA on the basis of estimates describing
the ability to effectively realize its potential in line with
the greatest threat from the surrounding environment.

It is not always necessary for the state to apply the full
potential of UAS available. This depends on a number of
factors, the most important of which is the nature of
missions and tasks. Their correct determination also sets
the levels of deployment of a planned portion of the
potential related to the required components and their
composition from the overall system. That said, defines
the concept of UAS's deployed potential. It is based on a
possible option for action chosen in the course of
planning. The end product of the put-to-take potential is
the realized potential. It also defines the level of power
generated in response to the problem or crisis of a military
or non-military nature within an operational period of
time over the operational area. The realized potential also
demonstrates the capabilities of system managers to
operate optimally and efficiently — with a measure of
sufficiency, without over-spending of forces and
resources.

Now national interest dictates the need to create and
maintain efficient UAS that can be subdivided into three
basic subsystems:

* the main means directly related to the implementation
of the assigned tasks through their use;

+ the means of ensuring normal flight operations;

» means of flight management related to command and
control processes.

Such separation facilitates the process of creating and
servicing of a method for calculating the potential and
power of UAS, which in fact reflects and fulfils the
proposed of the system. To facilitate this process, the
potential of UAS, as a source supporting the system, can
be considered in detail as a system of basic subsystems,
components and elements (if necessary) that define it (as
in Fig. 1, for example). There they are grouped on the
basis of the realization capabilities of the subsystems,
components and elements of the system under
consideration. They can be accepted as the main
assessment characteristic for the state of the subsystems
and components themselves in the structure of UAS.

The power of UAS is realized degree of the systems
potential (Py.s) within the airspace over a region with a
given surface over a period of time. Therefore, its level
and its meaning can be expressed in the linear formula:

averaged

Muas — Z?:lAPi I;sp.i Kcon.i’ (1)
where M, is power provided by the UAS; n — the number
of components of the main tools of UAS, generating
power; i — the number of the component of the main
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toolset of UAS, generating power; AP; — the potential of
the i component of the UAS; K, — the coefficient,
expressing the potential of the subsystem of the means for
supporting the i component of the system; Kconi —
coefficient, expressing the effectiveness of the subsystem
for control of the i component of the subsystem; 7 — the
given period of time for realization of P.

Condition and capability of
subsystems supporting the flight

Number and quality
of UAVs
Number and qualification
/ of personnel
. >
Pot(e)r;nal P Number and quality of onboard
UAS B and ground equipment

Condition and capability if
subsystems for flight control

Fig. 1. Subsystems and components of the UAS potential.

The potential of each UAS aimed to solve certain tasks
can be specified by connecting it to the subsystems and
components shown in Fig. 1. This would make it possible
to compare the potentials of groups in examining the role
of components and subsystems of state structures in their
systemic coherence for the course and outcome of
operational actions in crises of varying degrees and
intensity. In peacetime, such UAS groups play the role of
a major active deterrent. They are tactical formations of
the composition of a common national system and their
potential could be expressed as follows:

Puasf = Z?=1 Ni BPi Kp.l.c.i Kef.p.l.c.i Koc.i Kcon.is (2)

where g is the total number of types of UAS in the studied
system, carrying out certain task; N; — the number of
UAVs of type i; BP; — the potential of i-th UAV; K,.; —
the coefficient, expressing the capability for normal flight
support of the i-th UAV; K..; — the coefficient,
expressing the capability for control of the formation
equipped with the i-th UAV; K, .; — average coefficient
of the level of qualification of the personnel, operating the

i-th UAV; Kofpiei = —B4mE _ the ratio, determining the

Nnum.f

effective usage of the personnel; Ny, — the number of
teams in the studied formation; Nums — the number of
UAVs in the studied formation [6].

5 Conclusion

Taking advantage of the potential, unmanned aerial
systems can perform efficiently tasks that are not within
the capabilities of piloted aviation, namely continuous
surveillance and intelligence from the air in a highly
hostile environment, excluding the possibility of losing a
human life and saving time and resources.

With the help of unmanned aerial systems two basic
and important operational functions can be achieved —
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preventive and active. The preventive function implies
collecting and analyzing forward and reliable information
about various disaster processes and the active
information provision of decision-making by state
authorities in the process of resolving a particular crisis
situation. The realization of both functions is a
prerequisite for ensuring the processes for planning and
conducting information operational actions on a joint
national and coalition scale.

The establishment of a single Aerospace Center after
the optimization of its monitoring capabilities through the
deployment of unmanned aerial vehicle systems would
increase the capabilities of the Republic of Bulgaria's
security system in the planning and conduct of
information operations in the prevention and resolution of
crisis situations of military and non-military nature.
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Abstract: Moving target detection (MTD) is one of the most complex jobs in radiolocation theory. The
well known devices used for MTD are delay line cancelers and matched filter with accumulation [1, 2, 3,

4]. In the publication, a device scheme for selecting moving targets is been proposed using a signal
synthesized by the intact reflected signal from an air object and its spectrum.

1 Introduction

In conditions of a priori uncertainly and the background
of strong passive clutter, the matched filters with
accumulation are using complicated multichannel blocks.
The systems for over a pulse period compensation are
simpler, but not optimal; have uneven frequency (speed)
response and transient processes. There are known
methods for suppression of those disadvantages [5, 6, 7,
8]. Usually the both systems are being used together [9].
Every device is complicated [6,10], or is improving the
speed characteristics as increase the length of the transient
processes [6]. On the basis of famous publications [5-11]
and the analysis of advantages and disadvantages of well
known devices for MTD, a correlation - filter device has
been proposed with high clutter resistance in presence of
strong clutter.

2 Exhibition

The correlation — filter device for MTD (Fig. 1) contains
connected in series the following parts: strobe amplifier 1,
compensation rejection filter follower 2, first passband
filter (PF) 3, rejection filter 4, switch 5, combiner 6,
second band-pass filter 7, amplifier 8, modulator 9,
spectrum analyzer 10 - a batch of band filters, witch is the
exit of the schematic, synchronizer 11, tracking frequency
synthesizer 12, controller heterodyne 13, weight function
generator 14.

Fig.1. Functional schematic of Correlation Filter Device for
MTD.

*
Corresponding author: mjeliazov@tu-sofia.bg
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The originality is that in the scheme of a known
correlation - filter device for MTD [2, 3], it is proposed to
introduce further: tracer compensating rejection filter,
second band-pass filter, modulator, tracer frequency
synthesizer and weight function generator, so the tracer
compensating rejection filter, the first band-pass filter, the
rejection filter, the switch, the combiner, the second band-
pass filter, the modulator and the spectrum analyzer are
connected in series.

3 Devise operation

The tracer compensating rejection filter (TCRF) 2 consist
in the main channel an algebraic combiner 15 and in the
compensation channel - heterodyne controlled filter, that
have connected in series first analog multiplier 16, narrow
band filter 17 and second analog multiplier 18, so as first
inputs of the algebraic combiner 15 and the first analog
multiplier 16 are joined together and are the first input of
the tracer 2, which is connected to the output of the strobe
amplifier 1. The second inputs of the first and second
analog detectors are merged and are a second input of the
TCREF 2, which is connected to the output of the frequency
synthesizer 12. The second analog multiplier output is
connected to the second input of AC 15, the output of
which is the output of the tracking compensating filter 2
which is connected to the input of the first band-pass filter
3. Such a structure of the correlation-filter receiving
channel - CFCU effectively suppresses the spectral lines
of the main and side passes of the passive interference
spectrum, while maintaining the useful signal spectrum in
the bandwidth of the second bandpass filter. It is coherent
over the bandwidth with the spectrum analyzer
cumulative bandwidth that has the appearance of a batch
narrowband (Doppler) filters [8, 12, 13]. At the expense
of the smooth weight treatment in the modulator, the
transient process in the rejection filters is being smoothed
and the side lobes of the passive band spectra are rejected
from the second band-pass filter, as it’s even possibly
detection of weak Doppler signals. If at the first and
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second inputs of AC 15, the oscillation of the received and
the compensating signals are in counter phase, it’s been
performed the function of "summing the signals" and
when they are in-phase - the "subtraction" function.

As a Tracking frequency synthesizer 12, a known
frequency synthesizer with a reference stable generator
and connected in series pulse phase detector, a controlled
sine-wave generator and a mixer 5 can be used.

The first input of the phase detector is coupled to the
first output of synchronizer 11 and is controlled by the
frequency of repetition of the gating pulses, and the output
of the sine-wave generator is connected to the second
input of the TCRF 2. The first BPF 3 is a single band filter,
with a bandwidth wider than the maximum pulse
repetition frequency - PRF. BPF 7 is a narrow-band filter,
with a bandwidth equal to the sum bandwidth of the
spectrum analyzer 10. It adjusts itself to a frequency from
the range of Doppler frequencies through the mixer 6 and
the controllable heterodine 13. Modulator 9 is
implemented as an analog multiplier. A known function
generator 6 has been used as the weight-function
generator 14.

TCRF-2 for MTD works at the input of the strobing
amplifier 1 which, by means of the strobing pulses from
the synchronizer 11, traces the signal at time (distance),
the additive mixture (sum) of radio pulses from the
passive interference and Doppler signals, reflected by
moving air objects, generally coincident with time, and
with a repetition period:

T=1F (1
with filling frequency from the impulses of the clutter f/r,
and the Doppler radio signals - Fp:

F= fi+ Fp, (2
where: f - intermediate frequency, F - PRF, Fp - Doppler
shift of the frequency of the signal from the moving AO,
and the amplitude of the pulses from the interference
substantially exceeds the amplitude of the pulses from the
useful signal - Fig.2.

-2F; -2F, Fi F2 2F, 2F; 3F, 3F2

:I I Fp I': |
: $ B 3

AFR BPF1
ﬂ RF\ AFN

F2-Fy 0

a)

b)

AFR BPF2
o / \ A smm
[T\ -
e 1 11 Setting with foy

fir fir+Fp
Fig.2. AFC of TCRF.

On Fig. 2 (a) a spectral component constituting the
passive disturbance at pulse repetition frequencies, F and
F», respectively, and a spectral line of the useful Doppler
signal from BD-SD; b) AFC of the first BPF 3, the cut-off
filter 4 (RFO) and the tracking CRF 2 at a repetition rate
Fi; ¢) AFC at F, repetition rate with heterodyne
rearrangement of the tracker CRF 2 using the tracking
frequencysynthesizer 12; d) BPF 7 AFC with heterodyne
rearrangement of the controllable heterodine 13 in Fig. 2a

17

shows only one spectral component of the useful signal of
BD-SD used in the RLS. When changing the frequency of
repetition F, the side spectral components of the clutter
change the places about the intermediate frequency - fi»
and the central component remains stationary - Fig. 2a.

The setting of the TCRF 2 changes synchronously
with the frequency F. The compensating channel of the
tracking CRF 2 is heterodyne set by AM 16, 18 for which
at its heterodyne inputs a voltage from the output of the
RMS 12 is transmitted at a frequency:

fec=fo+F, ()

where:

fe=fir£fr, 4

where: fr- average frequency of the narrow-band filter
17, convenient for its construction, and f¢ - frequency of
the reference stable generator in the frequency synthesizer
12. This provides automatic tuning of the TCRF 2,
precisely on the side spectral frequency interference
assembly fir+ F.

Possible combinations of FAM 16 in the offset
channel of the TCRF 2 are fed by the narrowband filter
17, and the combinational frequencies of the SAM 18 are
fed by the first BPF 3, which is a significant advantage of
the heterodyne-reshaped TCRF in compared to
conventional heterodyne-adjustable rejection filters.

From Fig. 2, the first BPF 3, with a band-pass slightly
wider than Fiay, passes only the central f;~ and one side
fr+ F spectral constituents of the interference fed by the
cut-off filter 4 and the tracking CRF 2, the working
spectrum consisting of the useful signal with the
frequency f;r+ Fp is separated from the BPF 7 in the band
of narrowband Doppler filters of the spectro-analyzer 10.
The remaining spectral components of the clutter and
signal are fed by the retention strips of first BPF 3 and
second BPF 7. The latter can be heterodyne readjusted in
the range of Doppler frequencies through the mixer 6 and
the controllable heterodine 13 at a frequency:

fcu= fir+ fssrr,

)

where: fsgpr - setting frequency of the second BPF 7. As
an example in Fig. 3 [3, 4] are the oscillograms showing
the operation of the Correlation Filter Channel for: a) a
packet of 300 coherent impulses from the <<burst signal
+ signal>> at the output of the strobe amplifier 1, wherein
the amplitude of the pulse of the maximum useful signal
is 40 dB less than amplitude of impulses from
interference; b) Continuous fluctuations at the output of
the cut-off filter 4 (sign. 1) and the output of the key 5
(sign.2); c) Continuous fluctuations of the output of the
second BPF 7 (sign. 1) and the output of the modulator 9
(sign.2). To estimate oscillograms, amplifier gain 8 is
assumed for K, = 1.

The only side rejection filter 2 provides an automatic
rearrangement of the side-spectral component of the
interference at random repeat rates in the RLS.
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Fig.3. Time characteristics of CF channel.

Fig. 3.1b shows the transient processes on the front
and rear faces of the packet impulses from the mixture
(sign. 1) which "nail" the mixer 6 and the amplifier 8. To
exclude their influence, they are cut by the key 5 (sign.2),
which is controlled by a pulse coming from the second
output of the synchronizer 11, with a duration of 250 T,
and held at the beginning of the batch for the time of the
transient process - Trp = 507.

Significantly weakened (after cut-off of the transient
processes) fluctuations of the mixture create a transient
process at the outlet of the second BPF 7 (sign. 1, Fig. 3,
¢), which are smoothed at the output of the modulator 9
(sign.2, Fig. 3c) by the weighting function, for example,
of the cos?(x) type generated by the function-weighted
generator 14, for the switch-on time of the switch 5.

The oscillograms of Fig. 3 show that the pulses of the
useful signal, in the background of the pulses and the
oscillations of the clutter, are unequal. They are only
distinguishable in the spectral region by the spectro-
analyzer 10. The spectrograms of CF channel operation
are shown in Fig. 4, wherein: a) the spectrum of the batch
impulses from the mixture at the output of the strobe
amplifier 1; b) Spectra at the output of the cut-off filter 4
(sp- 1) and at the output of the key 5 (sp.2); ¢) Spectra at
the output of the second BPF 7 (sp.1) and at the output of
the modulator 9 (sp.2) at gain from the amplifier 8, with
K4 =1. From Fig. 4 a it can be seen that the spectrum of
even the maximum useful signal, with the frequency
fir + Fp, is indistinguishable from the background of the
clutter spectrum. After the cutting of this spectrum into
the tracking CRF 2, the cut-off filter 4 and the filtration in
the band of the first BPF 3, only the main lobes of the
spectrum of the clutter with frequencies: f; and fir + F
are canceled and the side lobes of the clutter spectrum, in
the bandwidth of the first BPF 3 remain unchanged and
are canceled only outside its lane (sp.1, Fig. 4 b), and the
spectrum of the wuseful signal is as before -
indistinguishable.

It becomes distinct after the cut-off of the switching
processes at the output of the key 5 (Sp. 2 Fig. 4b),

18

fl F

Fig.4. Spectral Characteristics of the Device.

however, the level of the side lobes of the clutter is still
significant and does not allow the differentiation of the
weak useful signals from the AO. The second BPF 7
allows a substantial cancelation of the main sheets from
the clutter spectrum, but does not cancel the side lobes of
the clutter into its bandwidth (sp. 1, Figure 4, c), canceling
them slightly beyond the bandwidth. Only the weight
treatment in the modulator 9 allows to completely
compensate the side lobes of the clutter spectrum, and
most efficiently separates the spectrum of the useful
Doppler signal from the AO (Spectrograph 2 Fig.4 c).

4 Conclusion

The advantage of the cut-off of the switching processes at
the key 5 output (Spectrum 2 in Fig. 4) is that the
significantly reduced spectral components of the clutter
frequency fr and f;r + F significantly decrease the level
of the mixing interference from the mixer 6 in the pass-
band of the second BPF 7. Therefore, the rejection-band
filtering of the interference in the tracking CRF 2, the first
BPF 3 and the cut-off filter 4 plays the role of an efficient
preselector of the mixer 6, allowing the limitation to one
nominal of single band filter across the Doppler frequency
range. Thus, by applying the proposed structure of the
correlation-filtration channel - CFC, an efficient
separation of the spectral component of the useful
Doppler signal from the AO at the output of the device, is
ensured against the background of the canceled spectral
components of the side lobes of the spectrum of powerful
impulse interference from local objects affecting at the
input of the device, and provides the effective use of batch
pulses of probing impulses in the impulse - doppler RLS.

Benefits of the proposed device: Cuts transition
processes; Improves the equivalence of the frequency
(velocity) characteristic; Increases the probability of
proper echo detection, does not result in loss of signal-to-
noise ratio, allowing it to increase by 2 dB under
established conditions.
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Survey of the Dopler filter selection for moving targets

Mikail Jeliazov"" and Zlatin Kolibarov'

"Department of Aeronautics, Technical University - Sofia, Bulgaria

Abstract: In the publication is proposed a schematic solution of a "zero" Doppler filter in the composition
of a correlation - filter device, of the "Chebishev filter" with uniform frequency characteristics of the side
lobes, the initial conditions are chosen similar to the characteristics of the real electromagnetic environment
for the simulation. The parameters required for processing are set. A simulation study was carried out on the
performance of the filter under the given initial conditions and the obtained results were compared with the

characteristics of a real RLS of type ATCR 33 M/I.

1 Introduction

Analysis of the publications [1-6] on the problem shows
that the method of comparing performance is used to
assess the performance and optimality of a synthesized
scheme. An evaluation of the interference intensity is
made by selecting the clutter by time, spectral or spatial
differences between the useful signal and the clutter. It is
essential to evaluate both parameters (mean value and
mathematical expectation) if the characteristics of the
RLS and the locality type are known. Under a strictly
defined structure of RLS, the "unconditional criterion of
preference” or the method of sequential analysis could
also be used.

In robust algorithms, a decision for the presence of a
useful signal is taken according to the criterion "m by M",
and the value of the threshold level is usually provided at
the equality of probability of false alarm and the
probability of missed target [1, 3, 6].

In the "selection of moving targets", the detection
mode in the ATCR - 33 M / I primary radar has been
enhanced by expanding the linear dynamic range (LDR)
of the signal processor by means of a Doppler filter
package, Constant of false alarm rate (CFAR), and adding
one or more high-resolution "clutter maps" to suppress
various types of passive interference. To adapt the
continuously changing interfering factors, the ATCR-33
M /I receiver uses a complex of geographic maps of the
nearby area to store information about the presence of
clutter. The MTD process uses a group of 8 Doppler
filters. The ATCR 33 M /I Signal Processor uses adaptive
detection of moving targets to provide a Signal / Clutter
ratio of at least 50 dB for ground clutter and between 15-
30 dB for clutter caused by Rain, snow, clouds depending
on the spectrum of clutter and the predictable speed of the
accompanying target [7].

The MTD process implements coherent integration of
an eight-cycle batch through 8 digital Doppler filters with
a pulse frequency response - PFR; Select weight ratios for
each Doppler filter using a "weight card" (no interference,
low, strong or very high interference); Choice between

*
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fixed and adaptive signal levels; Selecting the threshold
level [7].

2 Exhibition

In a known publication [8, 9, 10, 11], a circuit diagram of
a moving target detection device has been proposed in
which a separate signal, synthesized by the reflected
signal and inputting a second storage device into the
output signal circuit is used for subtraction. When using
the device, there are no limitations and compromises on
the presence of transient processes; Improves the
uniformity of the frequency response and increases the
probability of proper detection of echo signals; no signal
/ noise ratio losses, and allows it to increase by 2 dB,
under predetermined conditions; Reduces the impact of
azimuthal scanning of antenna pattern performance and
leads to a more accurate reproduction of the signal
envelope, and hence increases the degree of compensation
of reflected signals from fixed objects to 17+20 dB, thus
increasing the efficiency of the MTD when detecting
signals in clutter backgroung - "subclutter visibility" [8,
10].

In the performance test, a uniform distribution of
frequency characteristics of the filters throughout the
repetition period of the impulses is required to obtain a
Doppler filter group - Fig.1

f|\|| H r

w '“'ﬂm“ i Ju

I
I |.
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Fig. 1. AFR of batch 4 Doppler Filters.
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In accordance with the cited publication [8, 10], a
single Doppler filter (Fig. 2), which is responsible for
filtering the Zero Doppler frequencies, will be used in the
subsequent simulation, and the others are equally
distributed in the range of measured Doppler frequencies,
thus providing full coverage of the frequency range.

X X=1 Xen

Fa—
ol
o

Fig. 2. Block schematic of Doppler filter.

The AFR of the thus obtained "Zero Doppler Filter"
(Fig. 3) provides about 50 dB passive interference
suppression, located at 0,8 of the Doppler range.

3 Analysis of the results obtained

Reducing loss of mismatch - (up to 0,5 dB) is achieved
by allowing for higher levels of side lobes between 0,3
and 0,8 of the Doppler range, which increases the
maximum Signal / Noise ratio - S / N. By using the filter
group, up to 10 dB greater cancelation than the ATCR
33M /1 Doppler filters is achieved.

In the simulation, this has been achieved by selecting
and applying Chebychev filters, which have even-
numbered characteristics on the side lobes.

To improve the performance of the Doppler filters,
digital signal processing is being used, so simulating the
weight ratios in the Dolph - Chebychev distribution can
be chosen and adjusted more easily. This also results in a
significant expansion of the radar receiver's dynamic
range. To “fight” "the blind speeds", it is necessary to
implement a two channel receiver with I, Q processing,
which is complicated to perform in analog systems. The
only problem is the right choice of a sufficiently fast
analogue-to-digital converter - ADC.

To simulate and check the performance of a filter,
Matlab software was used with the Simulink application.
Input data for the filter calculations are:

* Coherent Processing Interval- CPI (N) = 8 impulses;

» number of Doppler filters = 4;

* level of suppression of Antenna Diagram side lobes = —
40 dB;

The "fdatool" feature, available in the program
product, is used to realize the necessary filters.

A Finite Impulse Response (FIR) filter, also known as
"Non-recursive filter" is selected. These filters work with
a coherent N-pulse interval.

The processing interval [0 - N] is called a "window".
The window of the filter consists of N + 1 impulses. The
main advantages of the selected type of filter are the type
of frequency and phase characteristics and their
symmetry.

To evaluate the characteristics, as optimal was
adopted filter, implementing the division of Dolph -
Chebyshev. This filter has an AFR angle of 40 dB /
decade, which makes it an appropriate choice for the
required simulation. A Chebychev filter of second order
is used, because its AFR has side edges in the cut-off area
and is monotone in the pass — band.

&

We
Type-1 Chebyshev Filter

We
Type-II Chebyshev Filter

Fig. 3. AFR of Chebychev filters.

From the "fdatool" application - Fig. 4, a "bandpass"
filter and the type of the filter - with a Chebychev
distribution is selected, and the desired level of
suppression of the side lobes - 30 dB. For the optimal
option, a 20th order filter is obtained.
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Fig. 4. ’fdatool” application in Matlab.

After simulation of input data, the following
frequency response is obtained for the desired filter - (Fig.
3), which covers a part of the middle Doppler frequencies.

oF —
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Fig. 5. AFR of “Zero” Doppler filter.
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The resulting graph shows reaching about 50 dB
suppression of Zero Doppler frequencies relative to the
maximum, which provides about 5 percent suppression of
“Zero” frequencies. A level of —50 dB suppression of
volumetric disturbance has been reached, which is about
+ 15 percent.

The filters used in the simulation are based on the
block diagram shown in Figure 2, where:

* T-line of retention for one processing period;

* W - weight coefficient;

» Simulation of Impulse - Frequency response of the
Doppler filter group is presented in Fig. 4, made in
Simulink environment. The simulation performed
corresponds to a frequency band of 1 kHz.

Input  Output "-‘@

ChebishevFilterd

Sperum
Analyzer

Fig. 6. Block schematic of realized simulation in Simulink.

In this way, the Doppler filter simulation team covers
the entire range of Doppler frequencies in the repetition
period (PRI).

Fig. 7 shows a Simple Doppler filter (Zero filter)
covering the required low frequency range.

The realized simulation and the analysis made indicate
that the proposed filter device can be used to improve the
Signal / Clutter ratio as it achieves a reduction to —50 dB
at the level of the AFR sidelobes with which they have a
better rejection of passive clutter, caused by reflections of
local objects in the vicinity of the RLS area.

Time history (1st: magenta; 2nd: cyan)
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Fig.7. AFR and PFR of Zero Doppler Filter

It is also possible to use the synthesized circuit and the
simulated Doppler filter group as a Batch Doppler filters.
(1,8, 13].
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4 Conclusion

The analysis of the results obtained from the simulation
shows: full functionality of the proposed circuit solutions;
An opportunity to raise the "Signal / Clutter" ratio; limit
the level of the side lobes to - 50 dB; Better resolution of
passive interference caused by reflections of local objects
in the nearby RLS area; the use of the Chebishev filter
group, which have uniform frequency characteristics of
the side lobes, achieves up to 10 dB better cancelation of
clutter than those used in the ATCR 33M / I Doppler
filters.

In digital signal processing, the performance of
Doppler filters improves considerably due to the simple
choice and adjustment of the weight ratios in the Dolph-
Chebyshev distribution, resulting in a significant
expansion of the radar receiver's dynamic range, and to
“fight” the "blind speeds" a dual-channel receiver with I,
Q processing is used, and a suitable choice of a
sufficiently fast analogue-to-digital converter; decreases
the number of structural elements and reduces the
computational volume of the input signals processing; the
reliability of the system and its efficiency are increased.
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AktyanHu ctaHgaptu B OB[] 3a 3awjuTta Ha rpaxxgaHCKoOToO
Bb3AyXxonsfilaBaHe OT aKkToBe Ha He3aKOHHa Hameca

Hanvo Komubapos!”

'Karenpa TATT, TV - Copust pumman [nous, Bearapus

Pesome: Hpe[[CTaBeHI/I Ca aKTyaJlHu CTaHdapTu OT O6CIIy)KBaHe Ha BB3AYHNIHOTO JABUXCHUE, B

CHTYPHOCTTa Ha TPaXXTAHCKOTO BB3AyXOIUIaBaHE, KAKTO M B MporpaMara 3a KOHTPOJ Ha KadeCTBOTO 3a

MOCTUI'aHE Ha CUTYPHOCT B I'paK/ilaHCKaTa aBUallvs.

1 YBopg

Cnen npucheAMHSIBaHETO Ha cTpaHata HU KbM EC, ce
3aro4yHa paboTa B yCIIOBHATA Ha BEYE PEaiHO WICHCTBO B
Cpro3a. MUHHCTEPCTBOTO Ha TPAHCIIOPTa KOHIEHTPHpa
yCHIMATa CH KbM MPOBEXIAaHE HA LEJICHacOoYeHa |
cboOpazeHa C EeBPONEHCKHTE MPUHOWIHM TPaHCHOPTHA
MOJINTHKA, YTBBPXKJABalla CBETOBHUTE CTaHIAPTH 3a
MOJIEPEH, EKOJIOrochOOpa3eH W CHIYPEH TPaHCIOPT.
OchblecTBH ce MamaOHa 3aKOHOAATENIHA IEHHOCT 3a
XapMOHM3UpaHe Ha OBIrapcKOTO 3aKOHOIATENICTBO C
eBporieiickoto. oM Opoil yacTHU KOMIIaHMM HaBJIs-
30Xa B TPAHCIIOPTHUS CEKTOP, C LieJl MOBHIIABAHE Kaye-
CTBOTO Ha IpeJIaraHuTe YCIyrd Ha Oa3ara Ha m3rpaje-
HUTE€ KOHKYPEHTHH OTHomeHus. bsxa wu3BbpuieHn
penuma JeicTBUS 3a IOBMIIABaHE Oe30MacHOCTTa M
CHTYPHOCTTA Ha BB3IyLIHUS TPAHCIIOPT.

Ha 18 mexemBpu 2007 . MHHHCTEPCTBOTO Ha TpaH-
crnopra, Jlerume Co¢wus u lpabar moamucaxa cropasy-
MEHHE 3a NPUKII0YBAaHE Ha (PUHAHCOBHTE B3aUMOOTHO-
LIEHUsI BbB BPB3KA C M3MBIHEHHETO Ha MPOEKTa 3a
pa3BUTHE, pa3lIMPEHUE M PEKOHCTPYKIMS Ha JIETHILE
Codus-Jlothl1.

Ha 20 nexkemBpu 2007 1. 3aBbpHIMXa YCHEIIHO
M3IUTaHMUATA Ha MSICTO Ha aBTOMAaTH3MpaHaTa CUCTeMa 3a
ynpasieHue Ha Bp3aymHoTo apmwxenue SATCAS, koeto
MOJKE J1a CE€ CUMTa W 3a 3aBbpIIBaHE HA TPETa IocienHa
¢a3za oT mpoekTa 3a mirpakgaHe Ha EnuHEH HEHTHp 3a
yIpaBJIeHHE Ha BB3AYITHOTO nBIkeHue. Ha 14 despyapu
2008 1. ce BBBENE B pENOBHA EKCIUloaTalusd -
OKOHYaTeNHaTa cohTyepHa BepcHs Ha CUCTEMaTa U C Hes
3all0yHa Ja ce O0CIyXBa BB3IYLIHOTO [BIKCHHE B
IUIOTO  BB3AYIIHO TPOCTPAHCTBO Ha PemyOGmmka
B])J'lFapI/IH, BKIIIOUUTEIIHO U YacCcTTa OT BB3AYUIHOTO IIPO-
CTpaHCTBO Haja UepHO Mope, 3a KOETO CTpaHaTa HU UMa
CKJIFOYE€HO MHOTOCTPAHHO CIIOpa3yMEHUeE.

Pazpaborenu Osixa: Hanonanna nporpama 3a curyp-
HOCT B TPaXJaHCKOTO Bb3JIyxoIulaBaHe; HaumonamHa
mporpama 3a KOHTPOJI Ha KayeCTBOTO 3a NOCTHUTaHE Ha
CHUTYPHOCTTa B TPaKAAHCKOTO BB3IYXOIUIABAHE W

: Corresponding author: danchokol@abv.bg
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Hammonanna nmporpama 3a 00y4eHHE N0 CUTYPHOCTTAa B
TPa)XXIaHCKOTO BB3yXOIUIaBaHE.

OcurypeHo € MoJIbPXKAHETO Ha eNIEKTpOHHA 0Oa3a
JNAaHHW 32 aBUAIMOHHHW NPOW3IIECTBHS, OPTraHU3HPAHO
ChBMECTHO chC CHenuanm3upaHoTO 3BEHO 3a pasciel-
BaHe Ha aBHanMoOHHHU chouTHsI kKbM MT, I'J],,BA” u 111
»PBJ1” (ECCAIRS — European Coordination Centre for
Aviation Incident Reporting System). Pasmmpen e u
00xBaTa U ChOBPKAHMETO Ha KOHTPOJIA HA YyKIECTPaH-
HUTE Bb3AYyXOIUIaBaTCJIHU CPEACTBA, ITPU U3II'BJIHCHUC Ha
eBporielickara mporpama 3a koutpoi — SAFA, kato B I'/]
»I BA” € Ha3HaueH HalMOHaJleH KOOPAMHATOp TIO
mporpaMara U € cb3aajeH ekun ot SAFA-uHcnekropu,
MpPEeMUHAII CHOTBETEH Kypc Ha oOyueHwue. JJokmaaure ot
MPOBEpKHUTE Cce u3mpamar B EBpomelickaTa areHius 3a
aunarmmonHa Oe3omacHocT EACA (EASA — European
Aviation Safety Agency).

B AI1 ,,PB/1” e BHenpeHa u cepTudUIpaHa CUCTEMA
3a ymOpaBleHHE Ha KadecTBOTO Mo cranmapra [SO
9001:2000, ot dupma URS, 3a mpemocTaBsiHOTO aepo-
HaBHT'ALMOHHO HMH(MOPMAIOHHO OOCIy)KBaHE M aBHO-
METEOPOJIOTUYHO 00CITyKBaHE.

[TpensnoxxeHu ca CIUCHK OT MPETIOPBKU U IIporpama ot
KOHKPETHH CTBHIIKA 32 MOJ00psBaHe (PYHKIMOHHUPAHETO
Ha CHCTEMaTa 3a YIpaBJCHUE Ha BB3AYIIHUS TPAHCIIOPT.
ITomoOpenust Ovxa MOTJIHU J1a Ce TIOCTHTHAT E€IHMHCTBCHO
MOCPENICTBOM  CHJIHH  (PYHKIIMOHAITHO-PETYIaTOPHU
MepKH ¢ e(eKT TaM, KbICTO Ma3apHHUTE MEXaHU3MH HE
IeiicTBaT, KakTO © TIOCPEACTBOM TIpOMSHA Ha
YOpPaBICHCKUTE CTPYKTYPH 3a MPEONOJsBaHE Ha
HECHOTBETCTBHUATA MEXKIy B3€MAHETO Ha PEIICHUS U
(unancupanero. HeobxonuMo € HaaIMdueTo Ha Crerua-
neH ,KoopaumHatop Ha aBuallMOHHATa cuctema', 3a
noaroMaraHe Ha ﬂeﬁHOCTHTe, CBbp3aHU C KalaluTeTa
KakTO BBB BB3AYIIHOTO IPOCTPAHCTBO, Taka M Ha
nerumiara. Te3n MPermophKU ca W3pa3 HA KOHKPETHATa
MMOJTOTOBKA Ha TMPOMEHH B 3aKOHOJATEICTBOTO 3a
€/IMHHOTO €BPOIEHCKO BB3AYIIHO MPOCTPaHCTBO. Te 1mie
VIIECHST yCIlelHaTa peanmn3anus Ha mporpama SESAR 3a
MOJIEpHHU3MpaHE Ha CHCTeMaTa 3a YIpaBlieHHE Ha
€BPONEHCKNS BB3AYIICH TPAHCITIOPT.
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2 CurypHoOCT Ha netuwiaTa

2.1. UanckBaHuA 3a NnnaHMpaHe Ha neTuwara

Koraro ce miaHupar u u3rpakaT HOBH JICTUIIHU ChOPb-
JKCHHS WIH C€ TPOMEHAT CHIICCTBYBAIUTE TaKUBa, CE
B3EMAT MPEIBUJI M3IUT0 M3UCKBAHUATA 33 MPUIIATaHEe HA
OOIIUTEe OCHOBHU CTAHIAPTH, U3JIOKCHU B HACTOSILOTO
MIPUIOKEHUE U U3ITBIHUTEIHUTE MY aKTOBE.

Ha neruinara ce onpeaensr CIeJHUTE 30HHU:

a) OXpaHseMHU TPaHUIIH;

0) cChOpBHKEHHE 33 N3ITUTAHE U KallaHe;

B) 30HHU C OTPaHUYECH JOCTBHII; U

') KPUTHYHU YaCTH HA 30HUTE C OTPAHUYCH JTOCTBIL.

2.2. KoHTpon Ha gocTbna

JocTeIbT 10 CHOPBKEHHATA 32 M3JIUTAHE M KalaHe e
OTpaHMYEH, 3a Jla Ce MPEA0TBPATH IIPOHUKBAHETO JI0 TAX
Ha JIMIa ¥ IPEBO3HU CPEACTBA, KOUTO HAMAT pa3peleHne
3a TOBA.

Brmuzanero B 30HUTE C OTrpaHWYECH JOCTBII CE
KOHTPOJIUpA, 32 Ja Ce TapaHTHpa, Y€ B TAX HAMA Ja
MIPOHUKHAT JIMI[A W TPEBO3HHU CPEACTBA, KOMUTO HAMAT
pasperIeHue 3a ToBa.

Ha numata w mpeBO3HHTE cpencTBa MOXe na Obie
paspeleHo Ja BIA3aT B CHOPHKEHHUETO 3a U3JIMTaHe U
KallaHe U B 30HHUTE C OTPaHHUYEH JOCTBI CaMO aKO Te
OTroBapsT Ha HEOOXOAUMHUTE YCIOBUS 338 CUTYPHOCT.

Jlunara, BKJIIOYMTEIHO WICHOBETE Ha EKHIIAXa,
TpsAOBa /1a ca NpeMHHAIM YCHENIHO IUIOCTHATA TPOBEp-
Ka, Tpeu Aa UM ObJie M3JaJeHa KapTa 3a CaMOJIMIHOCT
Ha WIEH Ha eKWNaka WIH JICTHIHA KapTa 32 CaMOJIN4-
HOCT, pa3pelraBamia UM Ja BIN3aT HENPUAPYKCHH B
30HUTE C OTPAHUYCH JOCTHII.

2.3. NpoBepkKa Ha nuua, KOMTO He ca MbTHULN, U
Ha NpeHacsAHUTe Belm

Jlumata, KOMTO HE ca II'BTHUIM, 3a€IHO C MPEHACSHUTE
BEIIM CE NpOBEepsABaT Ha MNPHHLMIA HA IOCTOSHHUTE
CJIy4aiiHU IPOBEPKH MPH BIM3aHE B 30HUTE C OTPaHUUEH
JIOCTBII, 32 /1a C€ NPEJOTBPATH BHACSHETO Ha 3a0paHEHU
MpeIMETH B Te3U 30HM. JIunara, KOUTO HE ca MbTHHLH,
3a€JHO C IPEHACSHUTE BEIIM Ce MIPOBEPSBAT IIPU BIU3aHE
B KpUTHUYHUTE YAaCTH HA 30HUTE C OTPAHUYEH JOCTBII, 3a
Jla ce TIPEIOTBPATH BHACIHETO Ha 3a0paHEHH MIPEIMETH B
TE€3H 30HHU.

2.4.NpoBepKa Ha NpeBO3HUTE CpeacTBa

[IpeBo3HuTE CpeicTBa, KOUTO BIM3aT B 30HATa C
OrpaHHMYeH JIOCTBII, CE POBEPSIBAT, 32 Jia Ce IPEIOTBPATH
BHACSIHETO Ha 3a0paHEHH MPEMETH B Ta3U 30Ha.

2.5.Ha6nopeHue, naTpynupaHe v apyru BugoBe
don3nyeckn KoHTpon

Habmronenue, natpyiaupane M Apyru BUAOBE (GpU3NUECKU
KOHTPOJI C€ U3BBPIIBAT HA JIETUINATA U, KOTaTo € yMECT-
HO, B TpHJIEKAIIUTE 30HM, A0 KOMTO MMa OOIIECTBEH
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JIOCTBII, 32 JIa C€ UACHTU(GUIUPAT JTHLA C MOI03PUTEITHO
MOBEICHHUE, J1a C€ OTKPHUAT clabu MecTa, KOUTO Omxa
MOIIH Ja OBbJAT M3IOJI3BAaHM 32 M3BBPIIBAHE HA aKT Ha
HE3aKOHHA HaMeca, M Jla Ce Bh3IpPar JIMIaTa, Bb3HaMepsi-
Balllu ga l/ISB])pHJaT TAaKbB aKT.

2.6. [lemapKknpaHu 30HM Ha neTuwiaTta

Br3nyxomnaBatenHuTe CpeacTBa, MApKUPaHU B IEMapPKH-
paHHUTE 30HM HA JICTHIATA, CE OTACIAT OT BB3IyXOIUIa-
BaTCIIHUTE CPEJCTBA, 3a KOUTO OOMIMTE OCHOBHU
CTaHIAPTH BaXKaT W3IS0, 33 Ja Ce rapaHTHpa, 4e He ce
HapyIIaBaT CTaHAAPTUTE 33 CUTYPHOCT, KOUTO Ce TpHIIa-
rar KbM BB3AYyXOIUIABaTEIHOTO CPEACTBO, IMBTHHUIUTE,
Oaraska, ToBapa ¥ IOIaTa Ha MMOCIEIHUTE.

3 CurypHocCT Ha Bb3ayxonsaBaTenHoTo
cpeAcTBO

[Ipenn wnznMTaHe BB3ILYXOIUIABATEIHOTO CPEACTBO Ce
THojiyIara Ha poBepKa WM MTPEeThPCBaHEe 3a CUTYPHOCT, 3a
Jla ce rapaHTHpa, 9e Ha Oopa HaMa 3a0paHeHH MTPEIMETH.
KBM TpaH3WTHUTE BB3IYyXOIUIABATECIHU CPEACTBA MOTaT
Ja OblaT PHIOKEHHU APYTH MOAXOASAIIN MEPKH.

Bcsiko BB3MyXO0MIaBaTeHO CPEACTBO Ciie/Ba 1a Obe
3aIUTEHO OT HE3aKOHHA HaMeca.

4 MbTHNUM M pBbYEH barax

4.1. NMpoBepKa Ha NbTHULUTE U PbYHUA Barax

TpancepHuTe, TpaH3UTHUTE W KayBallUTe Cc€ OT
CHOTBETHOTO JICTHIE ITBTHUIU, KAKTO U TEXHUST PhUCH
Oaraxx ce MpOBEpPsIBAT, 3a J]a CE MPEIOTBPATH BHACSHETO
Ha 3a0paHeHH MPEJMETH B 30HUTE C OTPAHMYCH JOCThII U
Ha Oop/ia Ha BB3IyXOIUIaBaTeIHUTE cpeacTBa. TpaHcde-
PHUTE ITHULIM M TEXHUST PhueH Oarax Morar jia ObaaT
0cBOOOJICHU OT MPOBEPKA, aKo:

a) MPUCTHUTAT OT JbpKaBa-4IeHKa, OCBEH B CIIyYauTe,
B kouto Komucusita uiam IbpikaBara-uwieHKa ca Mpeso-
cTaBWiIM WHGOPMAIMS, Y€ TE3W MBTHULIU U TEXHUAT
pbueH Oarak He MorarT Jia ce CMATaT 3a IPOBEPEHHU
CBIJIaCHO OOIIMTE OCHOBHM CTaHAAPTH; WIIN

0) mpHUCTUTAT OT TPETa IbpKaBa, KbAETO MPUIIATaHUTE
CTaH/apTH 33 CUTYPHOCT Ca MPU3HATH 32 PABHOCTOHHU Ha
O0IIMTe OCHOBHH CTAaHJAPTH B CHOTBETCTBHE C
mporerypaTa Mo peryimpaHe, HocoyeHa B wieH 19,
naparpad 2.

TpaH3uTHHUTE THTHULM M TEXHHUAT PhUEH Oarax Morar
Jia ObIaT OCBOOOICHH OT IIPOBEPKA, aKO:

a) octaHaT Ha Oopaa Ha BB3AYXOILUIABATEIHOTO
CPE/CTBO; WIIH

0) He ce cMecBar ¢ MPOBEPEHN 3aMUHABAIIN ITbTHHLIH,
pa3iM4HU OT TE3HM, KOUTO C€ KayBaT Ha ChHIIOTO
BB3/1yXOIUIABaTEIHO CPEJICTBO; WIIH

B) MPUCTHIAT OT JIbPKaBa-4JICHKA, OCBEH B CIIy4auTe,
B kouto Komucusta uim IbpikaBaTa-wieHKa ca Mpeso-
cTaBWiIM HWHGOPMAIMS, Y€ TE3W MBTHULIUA U TEXHHUSIT
pbueH Oaraxk He Morar Ja Ce CMATaT 3a MPOBEPEHHU
CBIIIACHO OOIIUTE OCHOBHH CTaHIAPTH; UIIH
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) IPUCTHUTAT OT TPETA ABPKABA, KHJETO MPHIATAHUTE
CTaH/IapTH 33 CUTYPHOCT ca MPU3HATH 32 PABHOCTOIHHU Ha
o0IUTe OCHOBHM CTaHIAPTH B CBOTBETCTBHE C
mporeaypaTa Mo peryjimpade, MmocodeHa B 4ieH 19,
naparpad 2.

4.2. 3aWmTa Ha NbTHULUTE U PbYHUA barax

[IbTHULINTE W TEXHUST pbUeH Oaraxk ce 3aliuTaBaT OT
HE3aKOHHa Hameca OT MSCTOTO MM Ha IpOBEpKa Jo
U3JINTaHEe Ha BB3AYXOIUIABATEIHOTO CPEACTBO, HA KOETO
ce NpeBO3Bar.

[IpoBepeHUTE MINUTAIM IBTHAIM HE CE CMECBAT C MPH-
CTHTAIUTE IbTHUIN, OCBCH aKo:

a) IBTHUIUTE MPUCTHUIAT OT IbPiKABa-UICHKA, CTUTA
Komucusita win appkaBaTa-4jeHKa Jla He ca MpegocTa-
Bwin MHGOPMALMSI, Y€ TE3M NPUCTUTAIlM MBTHUIM U
TEXHUAT pPBYEH Oarak HEe MoOrar Ja ce CMsATaT 3a
IIPOBEPEHH CHINIACHO OOIIMTE OCHOBHU CTaHIAPTH; WK

0) IBTHUIMTE TIPUCTUTAT OT TPETa AbpPXKaBa, KbIETO
NpUIaraHuTe CTAHAAPTH 33 CUTYPHOCT ca MPHU3HATH 3a
paBHOCTOWHM Ha OOIIMTE OCHOBHHM CTaHIApTH B
CBHOTBETCTBUE C MMPOIIEypaTa N0 peryaupaHe

4.3. MoTeHUManNH HapywMTenu

Hpe)m H3JIMTaHC MMOTCHIUAJTHUTE HAPYIIUTEJIHN CE MMOJAJ1a-
raT Ha NOAXOAAIIN MEPKU 3a CUTYPHOCT.

5 PernctpupaH 6arax

5.1. MpoBepKa Ha perucTpmpaHus 6arax

Henusit peructpupan Oaraxk ce MpoBepsiBa, Hpend Ja
Ob/le HATOBAapEH Ha BB3AYXOIUIABATEIHOTO CPEACTBO, 32
Jla ce MPeIOTBPATH BHACSHETO Ha 3a0paHeHH NPeJIMETH B
30HaTa C OrpaHUueH JAOCTBII WM Ha OOpJa Ha BB3IyXO-
IUIABaTEIHOTO CPENICTBO.

TpaHCepHUAT perucTpupaH Oaraxk MOXe Ja HeE ce
MIPOBEPSIBA, AKO:

a) TIPUCTHTa OT JIbpKaBa-wicHKa, ctura Komucusra
WIN IbpKaBaTa-wieHKa Ja He ca MpeoCTaBuiid nHpop-
Mallus, 4€ TO3M PErUCTPUPAH Oarax He MOXKeE J1a Ce CMsTa
3a IIPOBEPEH ChIVIACHO OOIINTE OCHOBHH CTaHAAPTH, UITU

0) mpucTHTa OT TpeTa AbPKaBa, KbJETO NMPUIIATAHUTE
CTaH/IapTH 33 CUTYPHOCT ca MPU3HATH 32 PABHOCTOIHHU Ha
o0IUTe OCHOBHM CTaHIAPTH B CBOTBETCTBHE C
npolLeaypara 1o peryjimpaHe.

TpaH3UTHHUAT pEruCcTpHpaH Oarak MOXKe Ja He ce
NpOBEpSIBa, aKO OCTaHe Ha OOp/ia Ha Bb3/yXOIIaBaTEIHO-
TO CPE/ICTBO.

5.2. 3awmTa Ha perucTpupaHusa 6arax

Perucrpupanust 6arax, IpeHaACsH OT HIKOE Bb31yXOILIa-
BATEJIHO CPEACTBO, CE€ 3alllUTaBa Cpelly HE3aKOHHO
JeficTBUE OT MACTOTO Ha MPOBEpPKaTa My WU OT MICTOTO
Ha TIPUEMaHETO My OT BB3IYIIHHS TIpeBo3Bad (B
3aBUCHMOCT OT TOBa, KO€ OT JIBETE€ MeCTa € IbPBO), A0
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W3JMTAHETO Ha BB3AYXOIUIaBATETHOTO CPEACTBO, C KOETO
TOM ce mpeHacsl.

5.3. ObpaboTka Ha perMcTpupaHus 6arax

Bceekn otneneH peructpupaH Oarax ce HACHTH(HUIpa
KaTO MPHUIAPYKEH WK HEPHIPYIKEH.

Henpuapysxen 6arax He ce TpaHCIIOPTHPA, OCBEH aKO
TOH € OWJI pa3jiesieH OT MbTHUKA TIopaan (GaKkTOpH W3BBH
KOHTpOJIa Ha ITbTHUKA WUJIU € 6I/IJ'I IIOJIOKEH Ha IMOAXOISAII]
KOHTPOJI 32 CUTYPHOCT.

6 ToBap 1 nowa

6.1. KoHTpon no curypHocTTa Ha ToBapa u
nowjara

Bcekn TOBap miam momia ce mojiara Ha KOHTPOJ 3a
CUTYPHOCT, Tpenu 1a Obae HaTOBapeH Ha Bh3AyXOIUIaBa-
TEJIHOTO CPEACTBO. Bb31yiHnTe MpeBo3Bayn He IpUeMaT
3a IPeBO3BaHE Ha BB3AYyXOIUIABAaTEIHO CPEICTBO TOBapU
WJIH 1101112, OCBEH aKO CaMHTE T€ HE ca I'M MOJIOKHIN Ha
KOHTPOJI WJIM aKo IIO/UIaraHeTO Ha KOHTPOJ He €
MOTBBPJICHO M OTYETEHO C JAOKYMEHT OT ITBJIHOIPABEH
KOHTPOJIMPAII CITy>KUTEN, IMO3HAT W3Ipamad WU peru-
CTpupaH wm3mpamad. TpaHchepHHTE TOBapH W IIOIIA
MoraT Ja c€ MOUIOKaT Ha MEpKH 3a alTepHAaTHBEH
KOHTPOJ TIO0 CHUTYPHOCTTa, KOWTO IIe OBIAT ONMCAaHU
MOJPOOHO B M3IIBJIHUTEICH aKT. TpaH3UTHUTE TOBAPH U
TI0II[a MOTaT J]a C€ OCBOOOIAT OT KOHTPOJ 33 CUTYPHOCT,
ako ocraHaT Ha OopAa Ha BB3IYXOIUIABATEIHOTO
CpPEeICTRO.

6.2. 3awmTa Ha TOBapa 1 nowarta

ToBapbT U nomiara, KOUTO CE IPEBO3BAT HA BB3LyXOILIa-
BaTEJIHO CPEACTBO, Ca 3aLIMTEHU OT HE3AKOHHU JICHCTBHS
OT MOMEHTA Ha NPOBEXJAHE HA KOHTPOJIA 32 CUTYPHOCT
JI0 U3IMTAaHETO HAa BB3IyXOIUIaBATEJHOTO CPEACTBO, HA
KOETO T€ CE MPEBO3BaT.

ToBapbT U nomaTa, KOUTO HE €a aJeKBAaTHO 3aIlIUTECHU
OT HE3aKOHHH JCHCTBUS CJIe/ MPOBEXIAHE HAa KOHTPOJIA
3a CUTYPHOCT, C€ IIPOBEPSIBAT.

7 Mowa u maTtepmuanu Ha BbL3AYLWHUA
npeBo3Bay

ITomara 1 MaTepuanuTe Ha BB3AYIIHUS NPEBO3Bau Ce
MoJTaraT Ha KOHTPOJ 32 CHTYPHOCT H CJIEH] TOBa Ce Ma3sT,
IOKaTo OBJaT HATOBAPCHH HAa BH3IyXOIUIABATEITHOTO
CPEeICTBO, 32 Ja ce MIPEIOTBPATH BHACSHETO Ha 3a0paHeH!
peaMeTy Ha 60pa Ha BB3AyXOIUIaBaTeITHOTO CPEACTBO.

8 CTokn npegHasHa4yeHu 3a noneTa

[TpenHa3sHayeHUTE 3a MOJIETA CTOKM, BKJIIOYUTEIIHO Xpa-
HUTEIHUTE TNPOAYKTH, MpeJHA3HAYeHU 3a IPEBO3BaHE
WIM HW3I0J3BaHE Ha Oopla Ha Bb3AYyXOIUIABATEIHOTO
CPEICTBO, CE MOANaraT Ha KOHTPOJI 32 CUTYPHOCT U CJeJ



BulTrans-2017 Conference Proceedings

Sozopol, 11-13 September 2017

TOBa CE Ma3sT A0 HATOBAPBAHETO UM Ha BB3/yXOIlIaBa-
TEIHOTO CPEJCTBO, 32 Jla CE& MPEIOTBPATH BHACSHETO Ha
3a0paHeHH IpeaMeTy Ha 6opra my.

9 CToKM npeaHa3Ha4eHu 3a neTmuiata

Crokure, npeAHa3HAuCHH 3a IPOAaX0a WIN U3MOI3BaHE
B 30HUTE C OFPAaHUYEH JOCTBII, BKIKOUUTEIHO CTOKHUTE 32
0e3MUTHNTE MarasuHu W PECTOPaHTH, CE IoJyularaT Ha
KOHTPOJI 332 CUTYPHOCT, 32 Jja C€ IPEAO0TBPaTH BHACIHETO
Ha 3a0paHeH! MTPEAMETH B TE€3U 30HH.

10 Mepku 3a curypHoCT no Bpeme Ha
noneta

Be3 na ce 3acsArat mpHIOKUMHATE TIPABUIIA 32 0€30IMACHOCT
Ha BB3yXOIIaBAHETO:

a) ce MpeAoTBpaTsABa MPOHUKBAHETO HA JIMIA, KOUTO
HSMAT pa3pellieHre 3a TOBa, B KaOWHATa HA EKHUITaXa I10
BpeMe HaroJeT

0) cpsMO MOTEHIIMATHUTE HAPYIITUTEIH Ce TPHIarat
MOJIXO/ISIIY MEPKH 32 CUTYPHOCT 10 BpeMe Ha I0JIeTa.

[Ipennpuemar ce MOAXOASIIM MEPKH 32 CUTYpPHOCT,
KaTo OOyueHHEe Ha EKMIIa)Ka M CaJOHHHUS MEPCOHal, 3a
NpelOTBpaTsIBAaHE Ha aKTOBE HAa HE3aKOHHA Hameca I1o
BpeMe Ha moier. Ha Oopma Ha BB3IyXOILIABATEIHOTO
CPEICTBO HE C€ BHACAT OPBXKHI, C HM3KIIOYCHHE Ha
MPEBO3BaHUTE B Oara)KHOTO OTIEJIICHUE, OCBEH aKo ca
U3IBJIHEHH HEOOXOIUMUTE HM3MCKBAHHS 32 CHUT'YPHOCT
CHIIIACHO HAIMOHATHUTE 3aKOHU U € JaJICHO Pa3pelieHue
OT ChOTBETHUTE IbPIKABH.

11 HaemaHe n o6y4yeHue Ha nepcoHana

JInuara, npoBexany WM OTrOBapsIuM 3a IMPOBEXIaA-
HETO Ha HpOBepKI/l, KOHTpOJ'I Ha A0CThIIa UWIN I[pyF KOH-
TPOJI 1O CHUTYPHOCTTA, C€ HAaeMaT, 00y4aBaT U, KOrato e
HEOOXOIMMO, UM C€ H3JaBaT CBHAETEICTBA, KOUTO Ja
rapaHTHpar, 4Ye Te OTrOBapsAT Ha H3MCKBaHHATA 3a
HaeMaHe Ha paboTa W ca KOMIIETEHTHH Ja IOeMaT
MOBEPEHUTE MM 3aIbJDKeHUS. JIUIa, KOWTO He ca MhTHH-
I ¥ KOWTO € He0OXOIUMO Jla BITU3AT B 30HUTE C OTPaHH-
9YeH IOCTBII, NPEMHUHABAT OOYUYCHHE MO CHUT'YPHOCTTA,
IPEAr a UM Ce U3Iajie JETUIIHA KapTa 32 CAMOJIMYHOCT
WIM KapTa 3a CaMOJIMYHOCT HAa WIEH Ha eKHIIaxa.
OOyuenuero ce npoBexaa 1noa GopMa Ha BbBEKIAILO U
NEepHOANYHO o0yueHHe. VIHCTpyKTOpHTE, aHTaKHPaHHU C
00ydYeHHETO Ha JIMIaTa CJe[Ba Ja MPUTESKABAT HEOOXO0-
JMMaTa KBATU(UKALUSL.

12060pynBaHe 3a CUTYPHOCT

O6opynBaHeTO, M3ION3BAHO 32 MPOBEPKA, KOHTPON Ha
JOCTBIIa M APYTH BUAOBE KOHTPOJI 32 CUTYPHOCT, Clie/(Ba
Jla CbOTBETCTBA Ha ONpeJeNIeHNTe creluduKanuy 1 fa e
B CBCTOSIHHE Ja HU3BBPLIBA CHOTBETHHS KOHTPON 3a
CHT'YPHOCT.
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13 NpaBuna 3a 6e3onacHOCT No Bpeme
Ha noneTt

Be3omacHocTTa Ha BCEKM €IUH IOJIET 3aBHCH B HEMaJIKa
CTENeH OT IIOBEAECHHETO Ha ITbTHUIIMTE Ha Oopaa Ha
camosiera. Ilpy ToOJeT BCEKHM KIMEHT cjelBa Ja ce
cbhoOpa3sBa ¢ npasuiara. [Ipu HacTaHsIBaHE B camoleTa
TpsiOBa Ja 3aeMeTe TOYHO OIPENEIIEHO MSCTO, OTOEs-
3aHO Ha OOpIHATa BU KapTa. 3aeMaHe Ha IPyTO MACTO WK
pa3MecTBaHe cjiell HaCTaHsIBaHETO He ce pasperiaBa 0e3
W3PUYHOTO pa3pellieHHe Ha 4YIeH OT eKHNaxa Ha
camoniera. [IpernopbyuBaM Ja IpocieauTe BHUMATEITHO
JIEMOHCTpAIlMUTE BbB BPB3Ka C OE30MacHOCTTa M Jei-
CTBHSITA TPH aBapUWHHU CHTYallMH, KOMTO IIe BH ObaaT
MOKa3aHW OT KaOMHHMS ChCTaB, a CHIIO Taka U Ja ce
3all03HaeTe ¢ MHCTPYKUMATA 32 0E30I1acHOCT, KOSITO ce
HaMupa B JpKoOa Ha cejankara npen Bac. [IpenopbuBam
Jla HEe pa3KoIMvaBaTe Mpea3Hus CU KOJIaH 110 BpeMe Ha
ISUIOTO IBTYBaHe. YoTpedaTa Ha BCIKAKBH EICKTPOHHH
ycTpoiicTBa Ha 60p/ia Ha caMoJIeTa 10 BPEMe Ha U3JIUTaHE
U KamaHe e crporo 3abpanena. Cnem HaOupaHe Ha
BUCOYMHA C€ IM03BOJIsABA ymoTpedara Ha MPEHOCHMHU
KOMIIOTPH (C M3KIIOYEHHE Ha yCTPONUCTBATA 3a Oe3KIueH
UHTEPHET), KOMIIIOTBPHH WIPU U  BUACOKaAMEpH.
[Tymenero Ha Gopna Ha camojieta € CTporo 3abpaHeHo.
[IpTHUIIMTE HAa GOpJa ca ITBHKHU Ja U3MBJIHABAT BCUUKU
WHCTPYKIIMY ¥ U3UCKBAHUS HA WICHOBETE HA CKHITaXa Ha
camoJera.

14 NpaBa Ha nacaxepuTe

Br3mymauTe MpeBo3Bavn ca 3aIbIDKCHH 0 3aKOH J1a BU
HHGOPMHPAT 32 BALIUTE IpaBa U KbJE MOXKE Ja [TOIaAETe
OIlJIAKBaHE.

14.1. Npu HeponyckaHe Ha 6opaa Ha camorneTa

Moske ma ce mom3Bare oT IMPaBo Ha KOMICHCAINS MEXIY
125 1 600 EBpo B 3aBUCHMOCT OT JMCTaHIUATA Ha MTOJIETa
W HACTBIIMIUTE 3aKbCHEHUS MOpaau IIpeMaplIpyTUpaHe-
1O Bu.

14.2. MNpu NpoABLIMKNTENHN 3aKbCHEHUA

AKO 3aKbCHEHHETO € MO-ABJITO OT IIET Yaca. Bue Mmoxkere
Jla Touckare na Bu BepHAT mapute 3a OmieTa, HO caMo
aKo Ce OTKa)KeTe Jla IbTyBaTe.

14.3. Npu oTMsHa Ha noneTa

Hmare npaBo Ha (pMHAHCOBA KOMIICHCALUS, aKO CE OTKa-
JKeTe Ja MbTyBare.

14.4. NMomoly OoT cTpaHa Ha aBMOKOMMNaHUUTE

Cnopen oOcrosiTencTBara, ako He ObJeTe JOMyCHATH Ha
Oopra Ha camojeTa WIM HONETHT Bu e oTMeHeH uin
3aKbCHSBA MOXE JIa CE I0JI3BaTe OT IPAaBO HA MOMOI OT
CTpaHa Ha CBOTBETHUTE AaBHOKOMIIAHMH (XpaHa W
0€3aJIKOXOJIHM HAlUTKU B Pa3yMHH KOJIMYECTBA CHOPEX
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BpEMETO Ha M3YakBaHe, oOaxmaHe 1o TenedoH u dakc,
HomryBka). Ilpn Hemomyckane Ha 6opJa WM OTMSIHA Ha
royieta Moxe 1a Bu 071 npeiosxkeHo aa u3depeTe nanu
Jla IPOJBJDKUTE IHbTYBAHETO CH WIIK Jia BbPHETE Ouiera
CH Cpellly Bb3CTaHOBSIBAHE Ha CTOMHOCTTa MY.

[ToBeue mH(pOpPMALKSI U CIUCHK Ha OPraHUTE, KOUTO
OTroBapsT 3a MPHUJIAraHeTo Ha MpaBaTa Ha MacaKepUTe B
JaJeHa  CTpaHa, MOXE Ja  HaMepure  Ha
WWW.apr.europa.eu

14.5. 3aTpyaHeHO npuaBuXKBaHe

WMuBanuaure ¥ JnMmara ¢ HamajeHa IIOABMKHOCT ca
3alIUTEHU Cpelly AUCKpUMHHAIMS U oT 26 ronu 2008 r.
MOTaT Ja ce TOJN3BaT OT CHelHalHa oMol (Tpu
OTIpeNIeJIeH! YCIIOBHSA) 3a IPUABIKBAHE Ha TEPUTOPHATA
Ha netnmara B EC. ABHOKOMITaHWH, JIETHINA WIH TYPH-
CTHYCCKH (PUPMH, KOUTO HE U3ITBJIHABAT HOBUTE MPABHUIIA,
e ObIaT HaKa3BaHU ChC CAHKIIMU U IJI00M.

14.6. U peHTUYHOCT HAa aBUOKOMNAaHUATA

TpsiOBa na ObaETE MPEABAPUTEIHO HHPOPMHUPAHHU 32 TOBA
KOs aBHOKOMIaHMA oOcimyxBa Bamms momer. B
ABHOKOMIIAHHMH, KOUTO HE ca O0e30TacHH, ca 3a0paHeH! 3a
IIOJICTU B EC WM UMAaT HAJIOKCHU OrpaHUYCHUA.

14.7. Opngnyecka OTrTOBOPHOCT

ABHWOKOMITaHUUTE MOTaT Aa ObJaT MOABEACHH TI0]] IOpH-
JINYECKa OTTOBOPHOCT 32 HAHECCHHU IICTH MOPAIH 3aKbC-
HeHue Ha mouieT (B pasmep a0 ok. 4800 EBpo), mopaau
3ary6a Ha Oarax (B pasmep 1o ok. 1200 EBpo) u mopaau
HAaHECCHU (PM3MYCCKU HApaHSBAHUS WU MPEIU3BUKaHA
CMBPT 1O BpeMe Ha npousiiectBre. Te o0aue He Morar Jia
OBJaT MOJBEICHH OJ] OTTOBOPHOCT aKO Ca MPEATPHUEIH
BCHYKHU Pa3yMHHU MEPKH 3a U30SrBaHE HA MICTUTE WM HE
ca pasmojaraif ¢ Bb3MOXHOCT Jla MPEANPUEMAT TaKUBa
MEPKH.

14.8. Typuctnyecku nakeTtu

Typomeparopure TpsiOBa qa MPENOCTaBAT TOYHA HHPOP-
Manus 3a BCEKH Pe3epBHPaH MaKeT, [a Cra3BaT 3a bDKe-
HHUATA CH IO JIOTOBOP M JIa OCHTYpsBAT 3alllUTaTa Ha
00CITy>)KBaHHUTE OT TSAX IBTHULHU IPH HECHCTOATEIHOCT Ha
OpraHu3aropa.

15Ton 5 Ha Han 6e3onacHUTE KOMNaHUU
3a NbTyBaHe

[IpTyBaHETO CBHC CaMOJIET TPAAWIIOHHO Ce CMsATa 3a
M3KITFOYMTEIHO Oe30maceH By Tpancnopt. Eto u oberia-
HaTa mojpenda HA aBHOKOMIIAHMHMTE, C KOUTO CIIOPE[
usganneTo Askmen e 3a mpeamouuTaHe ga Cce JICTH.
To3u Tonm 5 ce Oa3upa Ha MEXITYKOHTUHEHTAJIHU aBUO-
KOMIIAaHUH, ¢ Hal-MajKko MHOHACHTH OoT 1985 r. Hacam.
3aAbIKUTETHO YCIOBHE €, TE 1a Ca U3BBPLUWIM Hall €IUH
MIJIMOH TTOJICTH.
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15.1. British Airways

Muoro Hema ca ka3aHu 3a British Airways m MHOro
MaJIko ca B TsIXHa 1moiyiza. Ho eqHo Hemo He Moke /1a UM
ce OTpeye M TOBA €, Ue Te 3HAAT Haii-100pe Kak ce JIeTH
6e3omacHo. be3 daranen uamneHT ot 1976 r. 1 u3ymu-
TEITHUTE HaJ IECT MUJIMOHA MOJIETa OT TOraBa, 0e3cIop-
HUAT NOOEANTEN B Ta3H KJIacallys € HallMOHAJIHUAT aBHO-
mpeBo3Bad Ha BemmkoOpurtanusa. Ilpes 2019 .
koMmanusaTa e yectBa 100 roarHm OT CBOETO Ch3JaBaHE
M € enHa OT Hal-CTapuTe TaKhBa, KOHTO BCE OIIE
(YHKIIMOHHMPAT, HO M €IHa OT Hai-roJieMHTEe B CBETa.
British Airways 5eTn 10 CTOTHIM JECTHHAIMH, KaTo
NPEBO3Ba MEXAYy MEXIYy TPHIECET W UYETHPHICCET
MHJIMOHA ITBTHHIM BCSIKA TOJMHA.

15.2. Air Canada

OcHoBana npe3 1936 r., KbM HaCTOAILIUS MOMEHT aBUO-
kommanust Air Canada smern 1o 178 mecTUHaLMHU B ST
cBAT. JIocTOIHO 3aeMa BTOPO MSCTO Ha Hai-0e30MmacHUTE
aBMOKOMaHHWH B cBera, m3Bppmmia 4 840 000 momera
cieq mocieqHus cu (aTajeH WHIUACHT, KOUTO Oe mpe3
1983 1. Hsaxom Ouxa ce w3HEeHamai W, 4e 3aeMa BTOPO
MSCTO C TOJIKOBA CKOPOIIIEH TPAarmyeH CIIydai, HO 3apaau
W3KITIOYUTENHO TOoJeMusi Opol TOJeTH ciex TOBa, TS €
U3KITIOYHUTETHO 1O0OBP 300D 3a HECIIOKOMHKTE MbTHHIIH,
JUbprKally Ha cBosita 6e3onacHocT. O6cmyxsa 35 000 000
II'BTHUIIM BCSIKA TOAMHA U U3BBpIIBa okojio 1 400 monera
JTHCBHO.

15.3. All Nippon Airways

3a ;1a BisI3¢ B yesiHATA TPOMKA B CIMCHKA HA Hali-Oe30mac-
HHUTE aBHOJIMHUM, BCSKA KOMIIAaHUs TpsOBa Ja MMa B
O6uorpadusita cu KOJIKOTO CE MOXKE IOBedYe Oe30macHH
moJieTH. 3aena TOoYeTHOTO Tpero Mscto, All Nippon
Airways (ANA) e BTOpHAT IO TOJEMHHA IPEBO3Bad B
Snonust. TpaHcnopTHpaiKy HAKOJIKO MUJIMOHA ACAXKEPH
BCSIKA TOJAMHA U TO A0 35 paznmuuHu ctpaHu, ANA JeTtn
ycremHo ot 1975 1. Hacam, 6€3 HHTO €IHO MPOM3IIEC-
tBHe. KommnanusTa € ocHoBaHa nipe3 1952 ., oTinmyasa ce
C TIpenu3HaTa CH TOYHOCT, KaKTO M C MHOTO JpPYTH
MCXKIAYHApOAHU HArpaan 3a BbPXOBUTC CU MOCTHKCHUS.
B caliTbT Ha aBHOKOMMaHUATAa CUTYPHOCTTA € U3BEJEHA
KaTO IIPHOPUTET HOMEP €JTHO.

15.4. Qantas

Bbnpeku nocnenHute rpbMKH 3aryiaBus 3a MHUUIAEHTH
ChC CaMOJICTH Ha aBUOKOMIaHWATa, Qantas ce paaBa Ha
MHOT0 ycrelrHata cu 97 rogunraa uctopus. OCHOBaHa B
Agcrpanus npe3 1920 r., 14 € eHa OT Hali-CTapUTE aBUO-
koMmaHun B cBera. Jletm no 182 mectmHanmu B 44
pa3nuyHH AbpkaBu. HelHuAT mociened daTtaneH WHIH-
neHt e mpe3 1951 r., xoero cu e moutH 66 TOAWHH, C
noseye oT 2 500 000 mosera Oe3 3HAUNUTEITHA 3JIOTIOIYKA.
3a BCHYKH, KOUTO BB3HAMEPSBAT [1a 3aKYIIST CAMOJIECTHH
OwieTH W Aa JETAT A0 ABCTpaivs, HECBMHEHO TOBA €
KOMIIaHUs, 33 KOSTO TPEBOTHTE ca Ha 3aJIeH IU1aH. SKytrax
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chIo Kinacupa Qantas cpen Hali-T0OpHTE aBHOKOMITAHUHT
B CBETa.

15.5. Finnair

Finnair mma 3abenexxureneH pekopa 0e3 HHIMIEHT 104-
™ 54 rogunu. [locnenuust e npe3 1963 r. [TozHnara kato
Finnair ot 1953 1., KomopuTHaTa UCTOPHUS HA AaBHOKOMIIa-
HuATa 3amouBa B aganeunara 1920 r. Ilpes Btopara
CBEeTOBHA BoitHa Finnair npenocTass ojoBUHATA OT CBOS
(10T 3a 1enKuTe Ha BB3AYIIHUTE CHIH. ABHOKOMIIAHUATA
CBIIO € CpeJl Hal-CTapuTe OMEPHUPAINX B IST CBAT U €
VHHKAaITHa C TOBA, Y€ JICTH HaJ APKTUKA C [EJI MHOTO TI0
KpaTKu Kopumopu a0 A3sus. 3a0eiexuTenHa € U ChC
cpoute 10 000 000 ITbTHUITH B LISUT CBAT, KAKTO 1 TOBA, Ue
M3ITBJIHABA TIOJIETH 10 55 MEKIyHApOIHU IECTHHAIIHH.

Jletrm no wam 30 pasmUYHU CTPaHH W CEIMHYHO
U3BBpIIBa cpeaHo 1o 1600 mosera.

JINTEPATYPA

1. http://www.mtitc.government.bg/sitemap.php
2. http://www.skybrary.aero/index.php/Main_Page
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http://www.eurocontrol.int/articles/prc-and-prb-
publications

http://www.ready.noaa.gov/READY cmet.php
http://ec.europa.eu/transport/modes/air
http://www.atcos.bg/

http://www.bulatsa.com

http://www.check.bg
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http://www.air.bg/safety
10. http://www.europe.bg/

Current standards in aid to protect civil
aviation from acts of unlawful
interference

Dancho Kolibarov!

'Department of Transport and Aircraft Equipment and
Technologies, Technical University of Sofia Branch Plovdiv,
Bulgaria

Abstract: Current standards of air traffic services, civil
aviation security, as well as the quality control program
for the security of in-flight aviation are presented.
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Cuctema 3a KOMNJsieKCHa pexabunurauma u npodunakTmka Ha
HapyLeHUsATa B NICUXOCOMATUYHOTO CbCTOSIHUE Ha
onepaTtopuTe Ha epraTU4YHU KOMMIEKCH

Tennaouii Maxnakos"" u Ilemwp Tenos!

"MucTuTyT 32 KOCMHUYECKH U3cieaBanus u texnonorud BAH, Codus, Beiarapus

Pe3lome. B crarusra ce pasriaexaar MnCUuxXoTeparneBTUIHA METOAU 3a KOMIUIECKCHA peXa6I/IJ'II/ITaHPIH Ha

OIIepaTOPHUTE Ha EPraTHYHH CHCTEMH. AHAIM3MUPAT Ce B3MOXKHOCTHTE Ha METO, ChBMECTSIBAI BUOPOCTH-

MyJanus ¢ apomarepanus Ha MysukaieH (oH. [lokazano e xak TexHomorusita ['PB-Guoenexrporpadus
MOXe J1a Ob/ie IPUIIOKEHA 3a THArHOCTHKA HA ICHX0-€MOIMOHATTHOTO ChCTOSHIE HA OIEPaTOpPHTE.

1 YBopg

Nma 6e30poii moka3aTencTBa, 4e 3a 0e30MacHOCTTa Ha
CIIOKHHUTE epraTHYHA CHUCTEMH pellaBalla pojis Hrpac
YMEHHETO Ha YOBEKa Ja MpreMa MpaBUIiHK pelieHus. B
eKCTPeMaJIHH CUTYyaluu o0aue MCHXHUKATa € MOAJI0KEeHa
Ha CHJIHO HAaTOBapBaHE W Ca BBH3MOXKHH MCUXUYECKU
HapyuieHust. OT CBOsI CTpaHa T€ MHOT'O Y€CTO IPOBOKUPAT
BB3HUKBAHETO MW PA3BUTHUETO Ha CEPUO3HU COMATUYHU
3a00JIsIBaHHS.

I1o Ta3u IpUYrHa Ba)KHa 3aJa4a Ha ICUXO0JIOTrUsATa Ha
0€30MMacCHOCTTa € U3yYaBaHETO HA 3aKOHOMEPHOCTHTE 3a
aJIEKBATHO OTpAa3siBaHE HA OMACHOCTTA U KOHCTPYKTHBHO
peryimpaHe Ha TOBEACHHUETO C e Ja C€ ChXpaHU
LSUTOCTHOCTTA M CTAOMITHOCTTA HA YOBeKa (WM Ha rpymna
X0pa) KaTo MCUXOJIOrMYeCKa CUCTEMA.

Oco0eHo aKkTyalTHO B TO3H IUIaH € pa3paboTBaHETO Ha
MEPKH 32 MPOQUIAKTUKA HA ICUXOCOMATUYHUTE HapyIIe-
HUSI Y OIEpaTOpUTE Ha CJOXKHU EPraTUYHU CHCTEMH.
ParponanHuTe cxeMu 3a BB3CTAHOBSBAaHE YKpENBaT
IICUXOCEMOIIMOHAJIHOTO CbCTOSSHUE U TaKa MOrar na IIoJa-
IMOMOTHAT MPUEMAHETO Ha IMPAaBUIIHU PCUICHUA B CTPECO-
BO CHCTOSIHUE, TPEIU3BUKAHO OT aBapUiiHA CUTyalusl Ha
MeCcTaTa, CBbP3aHU C KpUTHYHUTE TeXHOIorun. TakuBa ca
B YaCTHOCT CIy)XOHMTe 3a ymnpaBieHHE HA aBUALUATA U
KOCMHUYECKHUTE MOJICTU U APYTU BHIOBE TPAHCIIOPT.

HHTepechT KbM METOJHMTE U HAYMHHUTE 32 BH3CTAHO-
BSIBaHE Ha IICUXUYECKUTE PE3EPBH C MIOMOIITA HA pa3iny-
HU BHJOBE MCHUXO-(DU3UYECKO O3[PABUTEIHO BbH3/ICH-
crBue HapacTBa. OT TyK M IEHHOCTTa Ha YCHJIMSTA 3a
Ch3IaBaHETO Ha CHCKTHBHH JIEYCOHO-TIPOPHIAKTHUHI
MEPOIpUATHA 3a BBH3CTAHOBABAHEC HOPMAJIHOTO IICHUXO-
COMAaTHYHO ChCTOSIHHE HA YOBCKA.

2 TeopeTU4HN NpeanoCcTaBKMU 3a
pa3paboTBaHe Ha meToamM 3a
pexabunutauua u npodmnakTuka Ha
HapyLweHO NCUXOCOMATUYHO CbCTOSIHME

: Corresponding author: gmaklakov@mail.bg
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OtkputnsTa B 001acTTa Ha OMOKMOepHeTHKaTa u duodu-
3HMKAaTa IaBaT Bh3MOXKHOCT JIa CE MOIXO0/IU 110 HOBOMY KbM
npouIakTUKaTa M JIEYEHHETO Ha HapyIICHHATa B
MCHUXOCOMATHYHOTO ChCTOSHME Ha 4YoBeKa. bas3oBa
M3XOJIHA TEOPETHYHA MPEANOCTaBKA 32 Ch3/ABAHETO HA
KOMIUIEKCHA CHCTeMa C TaKaBa I1eJ €:

1) YoBeKbT € CIIO’KHA TUHAMUYHA CHCTEMA, Ch3/1aBaHa
OT LIUPOK CIEKTHP CHEPIUMHU U3JIBUBAHUS OT KIETKUTE,
OpraHvuTe, TBHKAHUTC U (l)l/ISI/lOHOFI/l‘lHl/ITe npouecu B
opranusMma. Herosara >xu3HeHa JEHHOCT ce Onpenens OT
MIOCTOSIHEH €HEepronH(pOpMalOHEeH OOMEH C BBHHIIHATA
cpena.

2) 3a cp3aBaHe Ha ONTHMAIHK METOIH 3a JeueOHO-
BbH3CTAHOBUTEIIHU BH3/CHCTBUS HA HAPYLICHUSITA B
MCUXOCOMATUYHOTO ChCTOSIHUE HA ONEPATOPHUTE HA epra-
TUYHH CUCTEMH C TOJISIM yCIIeX MOXe 112 Ob/Ie M3MIOI3BaHO
SIBJICHUETO OHMOpE30HAHC, HAa KOETO C€ OCHOBaBa
My3HuKoTepanusTa [1].

3) 3a guarHocTHIMpaHe HA TEKYIIOTO M MPOTHO3U-
paHe Ha OBJENIOTO MCHXOEMOLMOHAIHO CHCTOSHHE Ha
YOBCKa Haﬁ-l’[O)lXO}lﬂIJ.[ METO C€ sBsIBa TEXHOJIOIrusATa
razopaspsiagHa Busyanusauus (I'PB).

CaMO HSIKOJIKO TOSICHEHHsI OTHOCHO M30paHara KOH-
LEMNys 32 Ch3aBaHe Ha CHCTEMA OT JIE4eOHO-Bb3CTaHO-
BUTEJIHA MEPOIPUATHS HA HAPYLICHUSITA B ICUXOCOMa-
TUYHOTO CBHCTOSIHAE HA OIEPAaTOPUTE HA epPraTuvHu
CHCTEMH.

Uzcnensanmsra, npoenenn B MuctuTyTa 1o Owmo-
¢uznka npu Pyckara akageMusi Ha HAyKUTe, YOSIUTEITHO
MOKa3BaT Bb3HUKBAHE Ha BHTPEIIHO aKyCTHYHO I10JIE TIPH
MPOTHYHETO HA OMOXMMHUYHHM U OMO(DU3UYHU TPOLIECH Y
yoBeka. OT TYK CJI€iBa U3BOABT, Y€ BHbHIIHOTO aKyCTHY-
HO TIOJIe MOXKE Ja HUHTepdepupa ChC COOCTBEHOTO
aKyCTHYHO II0JIE HA OpraHMm3Ma ¥ Ja ONTUMH3Hpa
CKOPOCTTa Ha OMOXUMHUYHUTE ¥ OMO(U3NIHHITE ITPOLIECH.
T.e. mpaBrIHO M30paHaTa My3UKalTHa KOMITO3HLIUSI MOXKE
Jla OCUTYpH BHCOKOS(HEKTHBHO BB3CTAHOBSBAHE Ha
MCUXOCOMATUYHOTO ChCTOSIHUE HA YOBEKa.
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[Mo-noapoOHO BIMSIHUETO HA AaKYCTHYHUTE TOJIETA, B
YaCTHOCT — Ha My3HKaTa BbPXY OMOXUMHYHUTE MPOLECH,
€ U3JI0’KeHO B [2].

KazaHo HakpaTko, MPaBUIIHO T€HEPHPAHOTO BHHIIHO
AKyCTHUYHO T0JIe MOXE J1a HHTep(epupa chC COOCTBEHOTO
aKyCTUYHO II0JIC HA OpraHM3Ma M Ja ONTHMH3Hpa
CKOpPOCTTa HA OMOXMMUYHHUTE U OMO(PU3UUHUTE TPOIIECH.
T.e. npaBuiIHO N30paHATa MY3UKAIHA KOMITO3HIIUS MOXKE
Ja OCUTYpH BHUCOKOE(EKTHBHO BBH3CTAHOBSBAHE Ha
MCUXOCOMATUYHOTO ChCTOSTHUE HA YOBEKA.

3 U360p Ha neyebHO-NpocdunakTUYHa
cTparterus 3a ctabunusunpaHe Ha
NCUXOEeMOLMOHANTHOTO CbCTOSAHME

B mocnenHo BpeMe B MEOMIIMHCKATa MPaKTHKa BCE MO-
LIMPOKO c€ Pa3lpOCTPaHABAT METOLUTE 3a CTAOWIN3HUpa-
HE Ha NCHMXOEMOIIMOHAIIHOTO CHCTOSIHUE Ype3 HeTpajiu-
IUOHHHU IIOAXOIH. HonyanaT TIIPUITIOKCHUEC KOM6I/IHI/I-
paHu JeyeOHM TMPOLEAYypH, PeaU3UpaIlyl KOMIUIEKCHO
BB3ECHCTBUE BBPXY YOBEIIKUS opraHu3bM. [Ipumep 3a
TOBa € M3IOJI3BAHETO Ha apoMareparnusi B ChUYETaHHUE C
HUCKOYECTOTHA BUOpOCTHMYJIanus Ha ()OHa Ha criennal-
Ha My3HWKa. B pemuma seueOHHM 3aBEICHUS 4YECTO Ce
M3II0NI3BAT Pa3pabOTKH Ha (GUPMH 32 BB3ICHCTBHE BBPXY
IJIaBHUS MO3BK IOCPEICTBOM MOJENHMPAaHH 3a IeNTa
CBeTVINHHH W 3BYKOBH BBJIHH. Te3u pa3pabOTKH He
BUHATU ca J00pe NPOBEPEHH U KPHSAT peaHa OIIaCHOCT OT
BPEIHO BIMSHHE BHPXY MO3bKA.

Hue npeanarame ciieninara jie4eOHO-podHIIakTHYHA
npoueaypa:
* BUOpOCTHMYJIallUs BPXY LisIaTa MOBBPXHOCT HA TSUIO-

TO ¢ apomarepanys Ha oHa Ha MY3HKa;
* MY3HMKOTEpaIHsl, ChueTaHa ¢ HUCKOYacCTOTHA (POTOCTH-
MyJIalys BbPXY PEeTHHATA HA OYHTE.

EdextuBHOCTTa Ha TIOCOYCHUTE JICYCOHH TPOLETYPH

Oemre mokaszana omie mpe3 1997 r. [3].

4 U3non3BaHe Ha 'PB TexHonorusaTa 3a
KOMMMEeKCHa pexabunurtaumsa v
npodmnakTuka Ha HapyLueHusTa B
NCNXOCOMATUYHOTO CbCTOSIHME Ha
onepaTtopuTe Ha epraTU4HMU CUCTEMM

Pa3paboTBaHeTo Ha ONTHMAIIHU CXEMH 32 peXaOuInTaLust
€ BB3MOXKHO TIpH HajlMyle Ha CUTYpHH CpEICTBa 3a
AUAarHoCTuurpaHe Ha MCUXOCOMATUYHOTO CbCTOAHHUE HA
JaJleH 4YOBEK, 3a OIpEAENsIHE CTeleHTa Ha HEroBHUTE
OTKJIOHEHUsI OT HopMara. ChlllecTByBaIlIUTEe NPUOOPHU
METO/IM 3a HaOJII0IeHe He BUHATH IT03BOJISIBAT €(hEeKTHB-
HO TIpPOCNEIsBaHEe Ha OCOOCHOCTUTE B TMCHXO-(YHU3HOIIO-
TMYHOTO CHCTOSHHE B PEKUM Ha PEATHO BPEME, KOETO €
CBBP3aHO CHC CIIOKHOCTTa Ha 00pabOTBaHETO HA JaHHU-
T€, 3HAYUTEITHOTO KOJIUIECTBO apTe(hakTH, HECHBBPILICH-
CTBOTO Ha METOANTE 32 HAOIIOICHHE.

[Tono)xeHHeTO KapIMHAIHO Ce IPOMEHS Cile]] MOsBS-
BAaHETO Ha MpHOOpUTE 3a JMarHocThka Ha Oa3ara Ha
MeToAa razopaspaaHa susyanuszanus (I'PB). Mertonst ce
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OCHOBaBa Ha e(eKTa Ha CBETEHETO Ha 0OCKTH OT Pa3ind-
HO €CTECTBO B €JIEKTPOMArHUTHO Toje. TexHomorusra
I'PB-0Ounoesexrporpadus € moapodHO u3aoxeHa B [4].

Tasu TexHOJIOTHA HYE [IPEIopbYBaMe 3a aHAIU3NPaHe
e(l)eKTI/IBHOCTTa OT NpUWJIaraHe€To Ha MY3UKOTEpaIliusa U
pa3paboTBaHEe Ha ONTHUMAJIHA CXEMa 3a peaxOWInTaIus.
Llenecvobpa3Ho e na ce wu3mon3Ba npudopst ,,I'PB
kommakt OKO“, paspaboren ot ¢upma Kirlionics
Technology International. IIpu ToBa Hali-nHPOPMATHBHU
ca CJIeJJHUTE MapaMeTpu: IJIOII Ha CBETeHe, KoeUIeHT
Ha CHMETpUsI, CHTPOIIHSI.

C momomra Ha Metona I'PB ce ompenensr onrumai-
HU [apaMeTpH Ha Ipoleaypara (XxapakTep Ha My3HKara,
TUO BUOpanuy, BUI HAa PACTHTEIHUTE OMOPETyIaTopH,
4ecToTa Ha (POTOCTUMYIALMATA, HMPOIABILKUTEIHOCT Ha
mpoueaypara).

5 Cb3pgaBaHe Ha cuctema 3a
pexabunutaumsa n npocdunakTuka Ha
HapyLeHMATa B NCUXO-
¢n3MoNorM4ecKkoTo CbLCTOAHUE

Kato ocHOBa Ha cucTeMara 3a KOMIUIEKCHa pexaOminTa-
M ¥ IPOQUIIAKTHKA Ha HAPYLIEHUATA B ICHXOCOMaTHY-
HOTO ChCTOSTHUE Ha OIIEPAaTOPUTE HAa epraTUiHU CUCTEMH
CIIy>aT W3CJIe/IBaHus, HAllpaBeH B YKpaitHa npe3 1997-
2000 r.

3a npocnensBaHe Ha Pa3IMYHATE PEKUMH HA BUOPO-
CTHMYJIalLUsi CbBMECTHO C apoMarepanus Ha My3UKaJleH
¢oH e nenecrobpasHo na ce padortu ¢ anda-kamepa (Ha
kommanusATa Sybaritic Inc., CALL).

3a My3HWKaJeH CBIIPOBOX € NPEHOPBHUYMTEIHO Ia Ce
M3II0J3BAT My3UKaJIHHU IPOM3BEACHHUS, ChIbPIKALIN 3aIIUC
Ha HHUCKM M HWHQPAHUCKH YECTOTH, CTHUMYJIHMpPAIIH
YOBELIKHSA MO3BK M IPEIU3BUKBALIN peslaKcupan] e(exT.
Hanpumep, 3amuc "Soft Sounds" (Ha xommnanusita 21st
Centure Industries, CAILI), 3anuc "Egg of Time" (pa3pa-
6otka Ha J[Dx.TomnceH, MHCTHTYT N0 aKyCTHUECKH
BuOpauun, Kamudpopuus, CAIL]). 3a apomarepanus ca
MOAXOSIIM pacTuTesHU Onoperynaropu (PAB) mectHO
MPOM3BOJICTBO (ETEPUYHM Macia OT Kapamul, 1aBaHIy-
Ja, 37ApaBel, eBKAJHWNT) W BHOCHU (KOMITO3HIIUU:
"Cleansing", "Vigor", "Relaxation", "Helth").

XapakrepsT Ha BuOparuute, BuasT PAD u cnenngu-
KaTa Ha My3HKaTa [103BOJIBAT Jla € ONTUMU3MpPAT Iapa-
METpUTE Ha HHUCKOYECTOTHATa BUOpoapoMarepamnus U C
ycIex Jia ce u3moisBa anda-kamepara B 1edeOHO-TIpodH-
JTAKTUYHUTE MPOLELYPH.

3a nosyyaBaHe Ha 00EKTMBHA MH(MOPMAaHs OTHOCHO
neyeOHMs eeKT OT HUCKOYECTOTHaTa (POTOCTHUMYJIalus
BBbpPXY pETHHATa Ha OYUTE € BO3MOXHO JIa CE M3I0J3Ba
ycrpoiictBoto RelaxEase (pa3spaboTka Ha KommaHMsTa
21st Centure Industries, CAIL]), koero ¢ momomra Ha
(doTomoan OCUrypsiBa CBETJIMHHH HMITYJICH, BB3IeH-
CTBAILlMl BEPXY PETHHATA C YyecToTa ayda 1 TeTa PUTMHU Ha
ITaBHUA MO3BK. B CBHOTBETCTBHE C IpENOpPBKUTE Ha
(upmara, mpoussena GpoTocTIMyIaTOpa, Oerre mpoydeHa
BB3MOXHOCTTA 3a M3MOJ3BaHE HA (HOTOCTUMYJIALUATA
€/IHOBPEMEHHO C MY3HKOTEpaITHsl.

MSCJ’IC[{BaHI/IﬂTa HHU TTOKa3BaT, 4€ MPpU U3IO0JI3BAHC Ha
npenopbuaHuTe OT (UpMara PEKUMH B HAKOHM CIIydau
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JNEWCTBUTENTHO c€ HaONIoaBa HW3BECTHO CHIDKAaBaHE
(cpemno 28,4%) Ha WHIEKCA HA HANPEXEHHE B peryia-
TOPHUTE CUCTEMH Ha OpraHM3Ma, HO TOBA CE IIOCTUra Ha
BHCOKa IieHa. [Ipon3Tnda nebanaHcupane Ha WHPOpMa-
UOHHOTO B3aMMOJICHCTBHE HAa TMOACUCTEMHTE Ha
OpraHu3sMa.

Hanara ce u M3BOABT, Y€ M3MOJI3BAHETO HAa HUCKO-
YecTOTHa (OTOCTUMYINAIMS 32 Je4eOHH 1enu TpsiOBa na
Ce OCBIIECTBSIBa MHOTO BHUMATEIIHO MPEABH] CIOKHOTO
n crnenu(UUHO HEHHO BIHMSHHE BBPXY OpraHH3Ma.
[IpakTHueckn BCHYKHM 3aBUCUMOCTH BBPXY (prsnosoru-
YECKUTE IIOKa3aTeN Ha OpraHu3Ma OT PEXHMHUTE Ha
npouenypara  (OTOCTUMYNAIMS HMMAaT  EKCTPEMYM.
Hanpumep oTHOCcHTEenHaTa eHTponMs Ha OHOcHcTeMaTa
MAaJIKO 3aBHCH OT NPOABIDKUTEIHOCTTA HAa MPOLEAypara,
HO UMa MUHUMYM IIpU yectora 7 Hz, npu xoeTo HeMHOTO
3HAa4Ye€HHE € MAaKCHMMaJHO B OTCHhCTBHE Ha MY3HKa.
OTHocuTeNHaTa OpraHu3alys Ha OuocucTemMara ChILo
“Ma MHUHMMYM IpHu 4dectota 7 Hz, HO koHKpeTHHTE I
3HAYEHMs 3aBUCST OT XapakTepa Ha My3ukara. OTHOCH-
TeJHaTa OpraHu3alys Ha OmocucTemMara € MUHMMallHa
IIPY OTCHCTBHE HAa My3UKa M MaKCHMaJIHa IIPY M3II0JI3Ba-
HE Ha KBa3uBepOaseH 3BykoB pexn [1,3].

3aBUCHMOCTTa Ha HHBOTO Ha XapMOHH3alus Ha
OocucremMaTa OT YecToTaTa Ha (GOTOCTHMYNANUATA HOCH
MHOTO €KCTPEMAJIEH XapakTep (IeCTOTHATa XapaKTepHc-
THKa UMa MUHEMYyM Ha dectotd 7,1 Hz m 1,7 Hz),
KOHKPETHHUTE 3HAUCHHUS 3aBUCST OT MPOIBIDKUTEIHOCTTA
Ha npoueaypara (MUHUMYM ce HaOmonasa npu 30 MUH.).
CreneHra Ha pelakcalys Ha OpraHu3sMa MOXKe Ja ce
OLICHM O MHJEKCa Ha HalpeXeHHE Ha peryjaTOpPHUTE
cucremu. Toit uma MakcumyM nipu 2 Hz u cinabo 3aBucu
OT XapakTepa Ha My3HKaTa. 3aBUCUMOCTTa Ha HH/AEKCa Ha
HalpeKeHNUe OT MPOIBDKHTEIHOCTTA HA TPOIEeaypaTa
“Ma MakCHMyM TIpH 15 MUHYTH.

Moske 1a ce oTOeNeKH | Ole €MH HHTEPECEH (haKT.
WMHTeH3uBHOCTTA Ha WH(POPMAIIMOHHO BB3ACHCTBHE
BBPXY OPraHM3Ma ce HaOJIF01aBa Ha 4ECTOTa OT MOPsiIbKa
4 Hz v He 3aBHCH HUTO OT XapakTepa Ha My3HKaTa, HUTO
OT TNPOABIKUTENHOCTTA Ha THpoleaypara (BbB BCEKH
cinydail epeKThT OT (POTOCTUMYIALMATA ce HabromaBa
omie cien 5 MuHyTH) [4].

6 Cucrtema 3a KOMMNNEKCHa
pexabunutauusa m npodmnakTuka Ha
HapyLeH1A B NCMXOCOMaTUYHOTO
CbCTOSIHMEe Ha OCHOoBaTa Ha
Ouope3oHaHCHa NCUXOKOPEKLUS

[MocoueHnTe pa3pabOTKU 3ajierHaxa B CHCTEMa 3a KOM-
IUIEKCHA peXaOmIuTanus W NpoQHIakTHKa Ha Hapylle-
HHUATA B IICHXOCOMAaTHYHOTO CBCTOSHME, Oa3upaHa Ha
OnOpe30HaHCHA IICUXOPEKIUS U IIPOBEXkKIaHA B yCIIOBHS-
Ta Ha KypOPTHO-CaHATOPHUAJIHO JICUCHUE.

OcHOBHAaTa KOHIEIIMSA Ha Ta3U CUCTEMA I10 CBIIECTBO
Ce 3aKJII04aBa B OPraHU3UPAHETO HA PeXaOMIMTAlIOHHH
1 NpoHITaKTHYHA MEPOINPUATHS, KOUTO ClaraT akIEeHT
HE BBPXY 3[paBeTo Ha (HU3MYECKOTO TSUIO, a Npenu
BCHYKO BBPXY Pa3BUTHETO Ha MOTEHIMANa Ha YOBEKa, Ha
HETOBHUTE UHTEJICKTYAIHUA U TBOPYECKH B3MOKHOCTH, Ha
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CcrocoOHOCTTa My Ja TpHeMa aJeKBaTHH pPEUICHUS B
CIIO’KHU aBpUIHH CUTYalWu.

[Mpennaranara cucrema 3a pexadbuinranus U npodu-
JIAKTHKA Ha HAPYIICHUATA B ICHXOCOMATUYHOTO CHCTOSI-
HHE TpPEe/BIKAAa KOMIUIEKCHA peayii3alusi Ha CIEJHUTE
Meponpusitus [1]:

U3I10JI3BAHE HaA IICUXOJIMHI'BUCTHYHO U KBa3I/lBep6aHHO
TECTUpPaHEe ¢ LeJl oJTyJaBaHe Ha 0OeKTUBHA HH(OpMa-
LSt 32 ICUXOCOMAaTUYHHUTE HapyIIeH!s B OpraHu3Ma Ha
KJIETHYHO-MOJIEKYJISIPHO HUBO;
M3II0NI3BaHE HAa METO/IMKA 3a OPMHpPaHE Ha CIICIHATHA
aKyCTHKO-HH()OPMAIIMOHHH TI0JIeTa 32 CTaOMIN3NpaHe
HAa IICUXHKATA;
Ch37aBaHE Ha WHAWBHIyaJTHA PAIlMOHAJIHA CHCTEMa 3a
XpaHeHe Ha 0a3aTa Ha XpaHUTEIHU MPOIYKTH, oOora-
TEHU C MUKPOOPraHu3Mu ¢ CHOCIUATHU )106a131<14,
HACOYEHH KbM KOMILIEKCHO OYHCTBAaHE HA OPraHu3Ma 1
BBb3CTAHOBsBAHC HA HCIOBUTEC (l)yHKLIl/II/I.

Meroaukara 3a popMHUpaHe Ha CIICIUAIHI aKyCTHKO-
nH(pOpMaLMOHHM TIOJIeTa 32 cTaOWIN3MpaHe Ha IICUXU-
Karta e pasrienasa B [2].

7 U3Bop

[IpoBeneHNTE EKCIEPUMEHTH HAIBJIHO MOTBBPKAABAT
MPaBUJIHOCTTA HA OTMMCAHUTE MO-TOPE METOH U CIIOCOOH
3a Bb3CTAHOBSBAHE HA NICUXUIECKUTE PE3EPBU HA YOBEKA
C TOMOLITa Ha Pa3IM4YHU BHIOBE MCHXO-(DU3NUECKH
03IIpaBUTEJIHN BB3JeHCTBHA. EKcnepuMeHTanHo Oeie
MOKa3aHo, Y€ pa3riiekJaHaTa CHCTeMa 3a KOMIUIEKCHA
pexaOwmmranyss W TNpoQHIAKTHKA HA HapyLICHUS B
MICUXOMAaTHYHOTO ChCTOSIHUE, OCHOBaHa Ha OMOpe30HaH-
CHaTa IICUXOKOPEKIHs, C TONIsIM e(eKT MOoXe aa ce
W3II0NI3Ba B CHCTEMaTa 3a pexaOmIuTanus W ImpoQuiiak-
THKa Ha HApYIIEHUS B IICHXOMAaTHYHOTO CBCTOSIHUE Ha
JMLa, HAMUPAIIY CE B 30Ha Ha CTUXUITHO OeCTBUE.

Cren mpoBEXAAaHETO HA MPOLEIYPUTE MALUEHTUTE
oT0ensa3BaT mMoJo0psBaHe Ha HACTPOCHUETO, YyBCTBO 3a
eMolroHaieH nojeM. M3uesBa nenpecusita. AeKBaTHO €
BB3MPUEMaH OKOJHUAT CBAT. OOCKTHBHO ¢ (pUKCHpaHO
yBeJIMYaBaHe HA  aJaNnTallMOHHUTE PE3epBH  Ha
opraHusma.

Pasrnexxnanara cucrema 3a KOMIUICKCHA pexaOuiInTa-
s ¥ Npo(rIIakTHKa MOXKe ¢ J00Bp eeKT aa ce U3IoJl-
3Ba 32 CTAOMIM3UPAHE Ha EMOIMOHAIHOTO ChCTOSHUE Ha
OIIepaToOpUTE Ha CJIOKHU TEXHOJOTWYHH CHCTEMH 3a
yTpaBieHHeE.
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System for complex rehabilitation and
prophylaxis the infringements in the
psycho-emotional state of the operators
of ergatic systems

Gennadii Maklakov' and Petar Getsov!

ISpace Research and Technology Institute of Bulgarian
Academy of Sciences, Sofia, Bulgaria

Abstract. The article discusses psychotherapeutic
methods for the complex rehabilitation of operators of
ergatic systems in extreme situations. The possibilities of
a method combining vibro-stimulation with aromatherapy
on a background music are analyzed. It is demonstrated
how the method gas-discharge visualization can be
applied to diagnose the psycho-emotional state of the
operators.
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My3ukoTepanusa B nporpaMmuTe 3a Bb3CTaHOBUTENTHA KOPeKUus
Ha Ncnxo-M3MonorM4eckoTo CbCTosiHME Ha paboTewuTe B

TpaHcnopTa

Tennaouii Maxnaxos"" u Haodeoxcoa Teopruesa

"MucTuTyT 32 KOCMHUYECKH U3cieaBanus u texnonorud BAH, Codus, Beiarapus

Pe3tome: B cratusra ce pasriexaar METoAu 3a NpujiaraHne Ha My3HUKOTEpalins € 1 CTa6I/IHI/I3I/IpaHe Ha

MICUXO-(DM3HOTIOTUIHOTO CHCTOSHIE Ha PAabOTEeNIWTEe B TPAHCIOPTA. AHAIM3HPAT CE Bh3MOXKHOCTUTE Ha

SIBIICHUETO OMOPE30HAHC 32 Bh3CTAHOBUTENHA Kopekius. [Toka3aHna ¢ BbMOXKHOCTTA Ha TexHoJorusta ['PB-

6uoenextporpadus 3a n300p Ha ONTUMAJIHA CTPATETUs IPH TIPOBEKIAHE HA My3HKOTEPIIHSL.

1 YBopg

3a Ge3omacHOCTTa Ha TPAHCIIOPTa YMEHHETO Ha YOBEKA Jla
IpueMa MPaBWIHM DPEIIeHUs B eKCTPeMajHa CHUTyalus
urpae M3KIIOYMTeNnHa pois. ToBa e moBede OT OCHOBa-
TeJIHA NPUYMHA J1a Ce THPCAT HOBH M BCE NO-€()EKTHBHH
METOIM 32 BB3CTAHOBSBAaHETO, YKPEIBAaHETO M Ola3Ba-
HEeTO Ha (M3MYECKOTO M TICHXUYECKOTO 3/IpaBe Ha pado-
TeluTe Ipy cuieH crpec. Cpel Hall-NepCIeKTUBHUTE OT
TE3W METOJM JHEC pasriekaaMe My3HKalHara ICHXO-
Tepamnus (MICUXOKOPEKITHS).

[a ce cripeM oTHa4YajI0 Ha TEOPETHYHUTE TTOJIOKEHUS
3a My3UKOTEpaIusi, KOUTO MOTaT 1a ObJIaT OCHOBHU IPH
CBH31aBaHETO HA CHCTEMH 3a BH3CTAHOBHUTEIIHA KOPESKLIHS
Ha TICUX0-(U3UOJIOTHYHOTO ChCTOSIHAE Ha padoTenure B
TPAHCIOPTA.

2 TeopeTU4HM NpeanoCcTaBKK 3a
pa3paboTBaHe Ha My3uMKOoTepaneBTUYHMU
MeToAau 3a pexabunurtauusa u
npocmnakTuka Ha HapyLIeHO NCUxo-
COMaTU4YHO CbCTOSIHME.

Uzxoxname ot ¢akrta, 4e BCEKH )KUB OPraHU3bM € CHCTe-
Ma, YHMATO JKU3HEHA JEWHOCT C€ CBIPOBOXKIA C
MIPOTUYAHETO HA MHOXKECTBO MHUKPO- M MaKpO HMPOLECH.

Ome npe3 1968 r. mpod. C. E. Inon (MuCTHTYT 110
onodusnka npu Pyckara akagemus Ha HAyKUTe) TOKa3Ba,
4ye yecToTaTa Ha 00OPOTUTE HA CH3UMHUTE B YOBEIIKHS
OpPraHH3BM CE HaMHUpa B HUCKOYECTOTHHS auanazoH (10-
40000 Hz) [1].

Taka Hampumep LUTOXPOM-peAyKTa3ara, KOSTO €
BKJIIOYEHA B KpUTHYHAaTa (a3a Ha EHEPrUiHUTE JOCTABKH
— TpU YCBOSIBAHE Ha KHUCJIOPOJA, MMa 4YecToTa Ha
obopotute 183 Hz, MHOTO Oiin3ka 10 HoTaTa (a-aue3 Ha
Huckara oktaBa — 185 Hz [1].

®depmeHTHTE, CIOCOOCTBAIHN YCBOSIBAHETO HA TIIIOKO-
3ata — Qocdopuiaza U TIIOKOMyTasa, UMaT Opoi Ha

: Corresponding author: gmaklakov@mail.bg
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oboportute 676 u 1600 Hz. 3a cpaBHeHHe: HOTa MU Ha
BTOpa oKkTaBa — 659 Hz, con Ha BTOpa okTaBa — 1567 Hz.
C npyru tymu chbBMeCTHaTa paboTa Ha €eH3UMHUTE Ch3/1aBa
aKyCTHYHO I10JIe Ha KJIeTKaTa, YUUTO MapaMeTpy CHITHO
KOpeJupaT ¢ napaMeTpuTe Ha MYy3HKaJHHs 3BYKOB Pel
[1].

OTKpI/lTl/IHTa B OGHaCTTa Ha KBAHTOBAaTa I'€HECTHUKaA
JlaBaT Bb3MOXKHOCT J1a C€ TOAXOAM [0 HOBOMY KbM IpO-
(uakTHKaTa ¥ JICYSHUETO Ha HAPYIICHHUATA B ICHXOCO-
MaTUYHOTO ChCTOSIHHME Ha YoBeKa. ba3zoBa m3xoqHa Teope-
THUYHA IPEANOCTaBKa 3a Ch3/1aBAaHETO Ha KOMIUIEKCHA
CHCTEMa C TakaBa Lell € pas3rIeKIaHeTo Ha OHo-
eHepronH(pOpPMAIIMOHHUTE B3aUMO/ICHCTBHS B OpraHu3mMa
OT MO3UIHSATA HA KOPITYCKYJISIPHO-BBJIHOBUS Iyanu3bm. B
WuctutyTa mo kBaHTOBa TreHetnka (Pycmsa, Mocksa)
eKCIIePUMEHTAIHO Oelle MOKa3aHO BIMSHHETO Ha
EJIEKTPOMArHUTHUTE U aKyCTUYHHUTE II0JeTa BbpPXY
cuHTe3a Ha OenThuuHM [2].

Kakto mokas3Bar wuscienBanusata [3-5], sSBJIEHUETO
OHMOpEe30HaHC MOXKE U Ce M3I0JI3Ba C YCIIeX HE caMo 3a
JMarHOCTHUYHM enu. To e IMOoxXOoMsIIo 3a Ch3aBaHe Ha
ONTHMAJIHU METOAM 3a JIe4eOHO-BH3CTAaHOBHUTEIIHH
MEPOIPUATHS.

KazaHo HakpaTko, MPaBUIIHO T€HEPUPAHOTO BHHIIHO
aKyCTUYHO T0JIe MOXKeE J1a HHTepeprpa chC COOCTBEHOTO
aKyCTMYHO [I0JIe Ha OpraHu3Ma W Ja ONTHMHU3Hpa
CKOpPOCTTa HA OMOXUMHYHHUTE M OMO(DU3UUHUTE TIPOLIECH.
T.e. mpaBuIHO M30paHaTa My3UKaJIHA KOMIIO3UIHS € B
CBCTOSTHHE J1a OCUTYPH BUCOKOE()EKTHBHO BBH3CTAHOBS-
BAaHC Ha IICUXOCOMATHYHOTO CbCTOSIHUE HAa YOBCKaA.

KazaHo nHave, npu BB3IPHEMAHETO Ha My3HUKa (PU3HOIIO-
TUYHUTE PUTMH Ha YOBEKA PE30HUPAT M HEBOJIHO CE TIPUCIIO-
co0siBaT KbM HEWHWTE YECTOTHH W JMHAMHWYHU IOKA3aTEIH.
AHanu3bT Ha Hay4yHWTE H3cIeqBaHuS B o0nacTra Ha
MY3UKaIHATa TePAIusi HU [03BOJISBA J1a U3BEJEM JIPYTo
BO)KHO 3aKJIOUCHHE: MYy3HKAaTa MOXKE Ja MPOHUKHE B
OpraHu3Ma He CaMO JUPEKTHO Mpe3 OpraHuTe Ha CiyXa,
HO W mpe3 koxara. [lomoben moaxonm e Obae Imo-
pa3OupaeM, ako HPEICTABUM My3HKaTa Karo MOTOK OT
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3BYKOBH BBJIHH - Ha (pr3HO0IIO3UTE € T0Ope M3BECTHO, Ue
HalllaTa KOXKa BB3IIPUEMa Te3H BBJIHU B Hal-IIHPOK JHa-
ma3oH - oTBBA noyHuTe (16 - 20 Hz) u ropaute (16 000 -
20 000 Hz) mparoBe Ha cIyXxOBO BB3IpusATHE. Taka e
IICUXHUYCCKUTEC U COMAaTUYHUTEC e(i)eKTI/I Ha MY3UKaJIHUTEC
BIUSHUSL Morar Ja Obaar oO0yCIOBEHHM HE caMoO OT
€MOILIMOHAIIHOTO BB3NPHATHE (YPe3 CIIYyXOBH aHAIN3ATO-
pH), HO ¥ OT AMPEKTHH aKyCTUYHO PE30HAHCHU OTKIIMLIU
OT CTpaHa Ha KJIETKUTE, OPI'aHUTE U CHCTEMUTE.

3 N360p Ha neyebHO-NpocunakTuyHa
cMcTeMa Ha OCHoBaTa Ha My3uKoTepnus
3a cTabnnusmpaHe Ha ncuxo-
(pn3NONOrM4YHOTO CHLCTOSIHME

Ja TpBpraeM OT cIEeJHOTO ONpelelieHHE 3a My3HKOTepa-
IUSITa: TOBA € CUCTEMa 3a NICMXOCOMAaTHYHO PeTyJHpaHe
Ha (DYHKUMHTE Ha YOBEIIKHUS OPraHU3bM, UMAKH Ipe-
BUJ €HOBPEMEHHOTO BJIMSIHWE HA aKyCTHYHWTE BBHJIHH,
OpPTaHM3HMpPaHN B MY3HWKaJIHA CTPYKTYpa, BBPXY ICHXO-
€MOIIMOHAJIHATA, JyXOBHATA cepa Ha YOBEKA U AUPEKT-
HO BBPXY IMOBBPXHOCTTA Ha TSJIOTO M BBTPEIIHHUTE
opran# [6]. I3XxoxkmalKku OT TO3H MOAXO0T, HIE MOYKEM J1a
pasrpaHUYMM CIEIHUTE O0JacTH B M3IIOJI3BAaHETO Ha
My3UKaJHaTa Tepamnusi 3a CTaOMIM3MpaHe OT ICHXO-
(DU3MOJIOTHYHOTO CHCTOSIHUE Ha YOBEKa:

1) ncuxo-emMoIMOHANIHA, Bb3 OCHOBA Ha CIIyIIaHE Ha:
CHELUUa]HO TMOJOpaHM MY3WKAJIHH IPOU3BEICHHUS
(HaMoHaHA, KJIacHYecKa, eCTpaJHa My3uKa, 3BbH Ha
I'BPKOBHU KaMOaHH U JIp.);

MPUPOTHHA aKyCTHYHM KOMIIO3WIMHK (3BYK OT Majaima
BOJIa, TIEEHE Ha NTHUIIM, IIyM OT BSTHP, 3BYK OT TOPSIII
OT'BH H II.).

2) ®u3noyornyHa, Bb3 OCHOBA HA:

CiIymiaHe Ha OMHAypal HH KOMIIO3WINH, OaswpaHH Ha
€KOJIOTMYHO-(DU3HOJIOTHYHHUTE NPUHIUIH Ha PYHKIINO-
HHUpaHe Ha CIyXOBHs aHAJIM3aTop;

OMOpPE30HAHCHO BB3JEHCTBHE HAa aKyCTUYHO TOJe
BbPXY KJIETKM, TbKaHH W OpraHH, pPE30HAHCHHUTE
YECTOTH Ha KOUTO CHBIAJAT C YECTOTATa HA 3ByKOBUTE
CUTHaJIH (Upe3 NPSKO BB3JCHCTBHE BBPXY YOBELIKATa
KOXa).

[Ipn n3bopa Ha moxXOAAINA My3WKAIHA TEPaIHs
TpsiOBa Ja ce ppKOBOANM OT (paKTa, 4e YOBEK MMa WHIH-
BUyallHa YyBCTBUTEIHOCT KbM OIpE/ENICHA MYy3HKa, a B
HSIKOU CIy4ad € B3MOXKHA HEIIOHOCHMOCT KbM OIIpesie-
JICHU MY3HKaJIHU KaHPOBE.

4 MpeaBapuTenHu nscnenBaHus 3a
ed)eKTMBHOCTTA Ha My3uKOoTepanuaTa
npu Bb3CcTaHOBsIBaHe Ha NCUXo-
(PU3MONMOrMYHOTO CLCTOSIHUE

Kakro Beue Oemie momdepTaHo, €AHAa W ChIla My3HKa
MOXe J]a HE MOBJIMsE €IHAKBO BbPXY PA3IMYHUTE XOpa.
OTpaSHBaT CC JIMYHHUTC Hpe}lHO'{l/ITaHI/IH, TeKyLlIOTO
IICUX0-EMOLIMOHAIHO CheTossHKE. ETO 3a1110 B HAYaI0TO €
[ENeChoOpa3sHO Ja €€  ONpPEACHAT  BBTPCIIHUTE
MY3UKAIHU MPEAMIOYUTAHUS Ha BCEKU YOBCK.
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3a TazW men € MPEHOPHUYUTENHO [1a CE H3IIOJI3BAT
METOAMTE 3a IICUXO0JOTUIECKO TECTBaHE W MPUOOpHUTE 3a
IUAarHOCTHKa, 0a3sMpaHN HAa METOJa Ha ra3opaspsaHara
Busyanuzanus (I'PB). MetoasT ce ocHoBaBa Ha edekTa
Ha CBETEHETO Ha OOEKTH OT Pa3IM4HO €CTECTBO B €JIeK-
TpomarHuTHO Tnose. Texnonorusita I'PB-Omoenexkrpo-
rpadus e noapoOHO n3noxeHa B [7].

I'PB-TexHosioruaTa HUe MpernopbyBaMe 3a aHAIU3H-
paHe eeKTHBHOCTTA IpH pa3paboTBaHEe Ha ONTHUMAIHA
cxema 3a My3ukorepamus. lleixecroOpasHo e na ce
u3non3Ba npuoopsT ,,I PB kommakr DKO, nmponsseneH
ot ¢upma Kirlionics Technology International. ITpu ToBa
Hali-MH()OPMATHBHU ca CIIEJHUTE MapamMeTpu: IUIOL] Ha
CBETCHE, KOS(DUIMEHT Ha CUMETPHS, CHTPOIIHSL.

[Ipu pa3paboTBaHeTO Ha ONTHUMANHA CXEMa 32 MY3H-
KOTEparivs U3M0JI3BaxM€ AOMBIHUTECIHO CICAHUTE IICHU-
xojoruyecku tectoBe: TecT CAH (omeHka Ha caMouyB-
CTBHMETO, aKTMBHOCTTa U HAaCTPOEHUETO), BBIIPOCHUK 3a
coLMaIHO-TIcuXonornyecka aganranus no K. Pomxspe u
P. Maiimonn; tect Ha Jlromep; Tect Ha Lllynre (onpenerns-
HE YCTOHYHMBOCTTa Ha BHHMAHHETO W IWHAMHUKATA Ha
paboTococoOHOCTTA).

C momomra Ha CHOTBETHOTO AaKyCTHYHO BIIUSHHE
(My3uKaJeH KBa3Hpex) MOXKE /1a Ce TOCTUTHE IPOMEHEHO
cheTosiHne Ha ch3HanueTo (MCC).

Kakro e m3BectHo, ICC Moe a n3MEeHs TEeKyIOTO
(ecTecTBeHO) ChCTOSTHUE HA YOBEKA KAKTO C TIOJIOKUTENICH
3HaK (BABXHOBEHHME, JYIIEBEH NOZEM, 03apeHHe U Ap.),
Taka U C OTpUIATENIeH (Jenpecus, arpeCUBHOCT U Jp.).
NCC moxe na crocoOcTBa 3a CBPBHXOBP30 MpHEMaHe Ha
a/IEKBAaTHO PEILICHNE 32 U3XO0J1 OT aBapHUitHA CUTYaIHsI HIIH
Jla 3aTOpMo3u (a MOHsSKOra W BHOOINE na OJoKupa)
mpolieca Ha B3eMaHe Ha MPaBIIHO pemieHne. [lcuxomo-
3UTE OTIABHA ca 3a0ers3aiy Apyra XapaKTepHCTHKa Ha
NCC: doBeK B TOBa CHCTOSHHE MPOMEHS BB3NPHUITHETO
cH 3a BpeMe (IICUX0JI0THIecKo Bpeme) [8].

[ToBsiBa ce HeBepOATEH MapaOKC - Y HOBEKA BHTPEIII-
HOTO BpEeMeE CSIKaIll ,,ce pa3Tsra®, T.e. CTpyBa My ce, 4e ca
MUHAJIU HIKOJIKO MMHYTH, HO B J€HCTBUTENHOCT (B
peainus CB)IT) Cca MUHAJIU HAKOJIKO CEKYHAW WJIN OOpH
MuncekyHau. C Apyru IyMu, TOM KaTo 4e uMa MoBeue
BpeMe, 3a J1a B3eMe PEIleHNE U YCIIsIBa a2 B3EME NPaBHII-
HOTO pellieHHne B M3BbHpeaHa curyauus. Ilpumepn 3a
NPOSIBJICHNE HA TaKbB IapaJIoKC YECTO COOYaT MUIJIOTH-
W3ITUTATEINH.

3a omeHsABaHE Ha BBTPEIIHOTO (IICHXOJIOTHYECKOTO)
BpeMe H3MO0J3BaXMe BBIIPOCHUKA 32 BpPEMEHHATa Iep-
criekTHBa Ha 3uMOapo (TecT, HAaCOYeH KbM THATHOCTH-
UpaHe Ha JUYHOCTHOTO OTHOIIEHHE KBM BpPEMEBUS
KOHTHHHUYM) U MeToauKaTa ,,CeMaHTH4YeH audepeHInal
Ha BpEeMETO" - 3a OlleHsIBaHE HA KOTHUTUBHUTE U €MOIIH-
OHAJIHUTC KOMIIOHCHTH B Cy6eKTI/lBHOTO BB3MPUEMAHEC Ha
JMYHOTO NICHXOJIOTHYECKO BpEME.

3a na ce npoBepsT HOpPMyITHUPAHNTE MOJIOKEHUS OsXa
M3BBPILEHU NPEJIBAPUTEITHN EKCIIEPUMEHTH.

II'bpBu excnepumeHT. M3yyaBaHe Ha BAMSHUETO HA
My3HKaJlHa KOMIIO3HIIUS BBPXY UYOBEeK: Bapmanum o
TeMa oT mmecata Ha P. @pun "llpomoBeara Ha IIaHH-
HaTa" (cOopHUK ,,KamOanHUAT 3BBH Ha Pycusa‘). Habmio-
JaBaHO € 3HAYMTENIHO yBEJIHYCHWE Ha WHIWKATOPHUTE
CAH (c 15-23%).
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TectsT Ha JTtomep mokasBa cTabWIM3HpaHe HA TICHXO-
€MOIIMOHAIIHOTO ChCTOSHUE. BusyanHo e yBennueHa Ha
miowra Ha ['PB-rpamure, yBenuuaBa ce SIpKOCTTa Ha
TAXHOTO CBeTeHe. MaremaTtndeckaTta oopaboTka Ha I PB-
rpaMHMTe CBIIO [OKa3Ba cTaOWIM3UpaHe Ha IICHXO-
€MOLIMOHAIHOTO ChCTOSHIE HAa YOBEKa.

Bropu excnepumMeHnt. l3ydyaBaHe BIIMSHHETO Ha
CHELMATHO Cbh3AaJeH KBa3UMY3HKAJ€H 3BYKOB pel, B
KOIMTO Ha OCHOBaTa Ha OMHAypaJeH e(eKT ca 3alucaHu
YeCTOTH, ChOTBETCTBALIM Ha TeTa purbMa (4 - 8 Hz) Ha
TJIaBHUS MO3BK. V3cnenBaHusTa IIOKasBar, 4e cieq
H3CIIYIIBAHETO Ha TaKaBa ,,My3MKa* c€ NOBUILABAT MOKa-
3atenute Ha Tecta lllynTe (pukcupanu ca yBenmyeHue Ha
YCTOWYMBOCTTa HAa BHUMAHHETO W JAWHAMHUKAaTa Ha
paborocnocobnoctTa ¢ 25-27 %). Ha I'PB-rpamure ce
MosABABAT XapaKTCPHUTC MPU3HAILIKM 3a BHB3HUKBAHC Ha
HCC [9].

IIpenBapuTtenHuTe M3ciaeaBaHUs MOKa3BaT IEPCIEK-
TUBHOCT IIpU U3MOI3BAHETO HAa MY3HKOTEpamus 3a
BB3CTAaHOBUTEHA KOPEKIHUS HA MCUXO-(H3HOIOTHYHOTO
CBCTOSTHHE Ha pabOTEIIUTE B TPAHCIIOPTA.

5 UsBop

[Tonacrosmiem ocobeHa aKTyaTHOCT MPUIOOMBAT MEPKH-
Te 3a Moo0psIBaHE Ha CHIIECTBYBAIIUTE U Ch3JaBaHE Ha
HOBHU e(DeKTHBHU CPEJICTBA M METOJIM 32 pexaduinTanus
" OpEBCHIUA, KOUTO YBEJIMYaBAT PC3CPBHUA KallallUTCT
Ha opraHu3ma. Ta3u 3ajaya € M3BBHPEAHO BakHA 3a
paboTemnuTe B TpaHCIOpTa.

3a ch3aBaHe Ha ePEKTUBHM METO/M 3a pexaOuiuTa-
LS U TIPEBEHIMS C TOJISIM yCIleX MOXKe Jia ObJe U3Moul-
3BaHa My3HKaJIHaTa Tepamnus - 00JIaCT Ha Bb3CTaHOBHUTEII-
HaTa MEIWIMHA, KOSTO M3MOI3BA Pa3IHYHU MY3UKAITHO-
aKyCTHYHA METOAW, TEXHOJOTHH W TIOOXOOU 3a
KOPUTHPaHE Ha ICUXUYECKOTO U (PU3NIECKOTO 3/paBe.

Bb3aeiicTtBueTo Ha My3uKaTa BbpPXY OpraHu3Ma ce
MpOsIBSIBa HE CaMO Ha €MOIMOHAIHO, HO U Ha (hU3UOJIO-
THYHO HHBO. EZlHa OT NPUYHUHUTC 3a (l)I/ISI/IOJ'IOFI/I'-IHl/ISI
e(eKT OT BB3JEHCTBHETO Ha My3WKaTa €, 4e HepBHATa
cHCTeMa, a C Hesl U MYCKYJINTE, MMaT CIIOCOOHOCTTA Jia
YCBOSIBAT PUTHMA.

3a KOHTpOJIpaHe Ha MCHXOEMOIMOHAIHOTO ChCTOS-
HHUE TIpU NCHXOTEpanus M 3a Ch3/aBaHe Ha e(eKTHBHU
CXEMH 3a My3WKaJ Ha Tepamnusi € MPernophbUYUTEITHO 13 Ce
M3II0JI3Ba METONBT 3a Ta300pa3psgHa BHU3YAIH3ALUS
(I'PB-texuHomorust).
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Music therapy in programs for
restoration of psycho-physiological
state of to transport workers
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Abstract. The article examines methods of application of
music therapy in order to stabilize the psycho-
physiological state of the working people in transport. The
possibilities  of  bioresonance  phenomenon  for
reconstructive correction are analyzed. The ability of the
gas-discharge visualization technology to select an
optimal strategy for conducting music therapy is
demonstrated.
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A service life—time extension program (SLEP) of aircraft rubber

products
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Abstract. Consideration of the issue of extension of the service life—time of aircraft rubber products of
aging aircraft, examining its practical implementation in Bulgaria. For this purpose the aging of these
products is considered, which is the main factor determining their service life. A brief description of the

methodology for extending the service life-time, effectiveness of which is manifested by the results of its

application in extending the life limit of certain aviation rubber products. This gives reason to recommend

its application in the future.

1 Introduction

The problem with the service life of the aeronautical
devices is a main one of modern aviation. It is very
important for ageing (long exploited) planes and
helicopters. Abroad aging aircraft whose service life
concerning time (time of service, calendar time for
service) goes over 15 years. In Bulgaria in this category
are the Russian An-12, An-24, An-26, An-30, Su-25, Mi-
8 and their modifications like the Czech L-410, L-39.
After entering in EU the civil aircraft are operated by
Bulgarian companies in countries where the European
requirements in the area of aviation do not act. Up to this
moment aeronautical technics belonging to state air forces
is used witch are mainly to Bulgarian air force.
Characteristic for them is that due to the economic crisis
in the country the full capacity of this technics cannot be
used because of the expired service life of time.

Abroad (USA, Europe, Russia) is believed that if
under proper technical maintenance and if the necessary
examinationsare done, the service life during transport
aircraft is limited primarily by economic, not by technical
reasons. In this regard, over the last 30 years, numerous
studies have been conducted, international conferences
and amendments to normative documents, aimed at
resolving service life issues during aging aircraft, after
which they are subject to scrapping, as well as the issue of
measures to ensure their flight safety. A small illustration
of this work is published in [1-6] and the greatest
achievement is the publication by the US Federal Aviation
Agency (FAA) in 2008 of the Safety Standards for Aging
Aircraft FAR 26.

In Bulgaria aging aircrafts operate under the planned
warning system. It is characteristic of them, due to the
economic crisis in the country (difficulties in supplying
spare parts and accessories, problems with licensed
production of jet fuel, the reduced flying hours, reaching
the minimum for keeping pilots aliased, the stop of

* Corresponding author: dobsey@tu-plovdiv.bg
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repairs), the planning and manufacturing service life,
including those of their components, aggregates and
systems, can not be spent due to leaked life limits over
time. This makes the resolving of the service life issue
specific and up-to-date for our country, which also
depends on the established material and technical base
and the relevant scientific support [7-9].

In the present work the problem for extension of the
service life-time of aeronautical rubber items and aging
aircraft is discussed and its practical realization in our
country during the last two decades. The present work
deals with the issue of prolonging the service life of
aviation rubber products and aging aircraft by exploring
its practical implementation in Bulgaria over the past two
decades. Aviation rubber products refer to different types
of hoses, durable compounds, soft fuel tanks, sealing
profiles and pads sleeve cuffs, antipacking and alloy
elements of flight suits. For this purpose the aging of
aviation rubber products is surveyed as it is the main
factor for defining their life limits. A short description of
the methodology to extend this service life which is a
concrete realization of the generalized method of
extending the service life-time of aircraft is presented [1,
2]. The effectiveness of the methodology is demonstrated
by the results of its application in the extension of the
service life of some aviation rubber products of aging
aircraft which gives a reason to recommend its
implementation in the future.

2 Aging of aviation rubber products

The aging of the material is the main factor which
determines the service life of aviation rubber products. It
is a change in the qualities of the rubber due irreversible
chemical changes caused by warmth, light, oxygen.
Irreversible local breakdowns under the impact of the
anchorages and environmental corrosion tear can be
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considered as a process aging although that chemical
changes are very small.

The characteristics of aging of tires as compared to
other types of polymers are related to the ease of their
oxidation due to the presence of C=C bonds in most of the
different kind of rubber and the use of type as elastic
material mainly under tension. Aging is associated with
the formation of free radicals initiating destruction or
restructuring. Mechanical stresses help the development
of local destructions due to the reduction of the
recombination of the cleaved regions of the molecules, as
well as the decrease in some cases of the activation of the
chemical reactions occurring during aging.

One of the types of the tire aging in tense state is
chemical relaxation. It occurs under the action of oxygen
at elevated temperature. It results from the fact that due to
the breakage of chemical bonds in the spatial grid of the
deformed tire full stress relaxation and the accumulation
of residual deformation. Under the conditions of constant
deformation this leads to loss of sealing qualities.

The other kind of aging that could occur in aviation
rubber products is ozone aging. It is caused by negligible
concentrations of atmospheric ozone. It is included in the
appearance and increase of cracks in the deformed (by
stretching) tire leading to the tear break. Ozone aging is
characterized by a very weak in the areas of deformations
close to the critical and abnormal dependence of
temperature crack growth. The ozone breakage is strongly
accelerated by sunlight.

For increasing immunity of aviation rubber products
of the different types of aging of rubber compounds, the
corresponding stabilizers which significantly increase the
durability period.

3 A service life—-time extension program
(SLEP) of aircraft rubber products

The methodology for extending the service life of aviation
rubber products whose algorithm is show in Fig. 1 is
based on the fact that the service life of these products is
mainly determined by the different types of aging of their
materials. Because of this in it comparative analysis of
these physic—mechanical properties which depend most
strongly on the aging process is done. For this purpose the
test results showing the technical conditions of aviation
rubber products are compared with the technical
conditions for their production and commissioning. In the
absence of such, technical conditions many he used for
the material from which the articles or the corresponding
properties found in the tests of non-invasive life limits
have been stored in accordance with technical
requirements and having sufficient service life items. In
the latter can it is also necessary to carry out an analysis
of the chemical composition of the tested articles in order
to establish their compatibility.

The economic analysis allows determining the
feasibility of the work related to the extension of the
service life-time of aviation rubber products. The
economic criterion for the effects of the service life-time
must be £ = C; — C1 > E,in > 0 (C1 — valve of the cost of
extending the service life of the product and the ones for
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its one year exploitation then within the newly assigned
service life increase in time, C; — the cost of new item or
the cost of repairing the product with expired service life,
as well as the east of one year operation afterwards within
the service life of the product).

Economic analysis
E=C,-C

Statistic analysis of flight reliability and
safety — 4, A4

2~0 and A~0

yes

Analysis of the operation and storage of
aviation rubber products

Do they fit requirements for
technical conditions?

Analysis of the technical condition of
aviation rubber products: Test of:
- stretching o, &, 0.;
- hardness HS ;
- aging;
- cold resistance o5, K ;
- resistance to working liquids;
- additional indicators.

v

Expert evaluation

Is the service life
increased?

Development of events carried out before
and after the extension of the service life of
aviation rubber products

»
»

End

Fig. 1. Algorithm for extension aviation rubber products.

The operational reliability and flight safety
performance of the investigated aviation rubber products
is determined by statistical analysis of flight safety and
operational safety data. Since these products are mostly
non-repairable the suitability of demonstrable operational
reliability the intensity of the failures can be used A. For
the assessment of the impact of the properties of the
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device and the conditions for their operation on the level
of flight safety is used an integral /4. In order to increase
the service life-time of aviation rubber products it is
necessary A~0 and A~0.

For stretch tests, the tensile strength limits o., are
determined relative extension at break point ¢, and the
residual extension 6. are determined. The hardness is
determined by Shore method i.e. it is measured in HS.

The study of aging consists in determining the change
of the above mentioned percentages after artificial aging
which is heating of the standard sample of the investigated
aviation rubber products in thermostat for the defined time
(144 h at 70°C which corresponds to the natural aging of
the rubber in 3 year time).

The requirement for cold resistance includes
determination of temperature of crushing (the lowest
temperature at which signs of deterioration and the
coefficient of cold resistance Kug = Osua/Onorm, Where Ogna
and J,0m are relative extension respectively in the case of
freezing and at normal temperature.

The resistance of rubber to various fluids (fuel, oil) is
determined by the change in mass of the sample after
holding it in that liquid for 24 h.

Additional tests are performed for some properties
characteristic of aviation rubber products. For example
the hoses (with braiding and without braiding) must be
subjected to additional hydraulic pressure tests according
to Table 1, where p is the working pressure in the hose.
Rubber tanks must be further tested for air tightness at air
pressure of the air 0,2—0,25 MPa for 10 min.

Table 1. Test pressure in the hose.

Kind of testin Hoses with non— | Hoses with metallic
€| metallic braiding braiding
To airtightness 1,25p 1,25p
To strength 3,00 p 4,00 p

Expert assessment is the most important moment of
the entire complex of activities. For each type of product
it is individual. It is performed by an expert commission
based on the parameters of the technical state to these of
the technical conditions. The validity of the decision is
determined to a great extend by the expertise of the
commission experts. As such, in the commission for
service life extension of the aviation rubber products the
best scientist and experts in the field of rubber should be
appointed.

The work and events carried out before and after the
extension of the service life are realized by the respective
exploitation organizations. The volume and periodicity of
these activities are determined both by the decision
comments and recommendations of the expert, as well as
on the basis of the experience gained in the types of
aviation rubber products.

The proposed methodology is applied separately for
each series production for the tested type aviation rubber
products. Where the full technical fitness of the products
in different production series is fully demonstrated, the
number of test pieces may be reduced.
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4 Application of the methodology

Table 2 summarizes the tests results of fuel sample
material 220.6100.0470.00 of the fuel system of MIG-23
BN. The purpose of the test is to extend the expired
service life during storage and unused products of this
type.

The table shows that the markers of the product are
very good and correspond to a newly manufactured
product. The increase of the service life can be done
according to the scheme. The service life of the fuel to
lowing hose of the tested series is extended by 50%. After
the expiration of this service life time new test are carried
out for the already exploited products. On the basis of the
obtained results a decision for further increase of the
service life-time test.

Table 2. Results of the specimen of the material of the fuel
hoses 220.6100.0470.00.

Indicators Test Requirements for
results technical conditions
Tensile strength, MPa 12,8 over 11
Relative extension, % 220 over 160
Residual extension, % 1,0 under 8
Shore hardness, HS 72 from 72 to 79
Aging coefficient 0,91 over 0,6
Mass change after
impact of aviation fuel 6,75 from 0 to 12
at 20°C24 h, %
at-55
Ternpe.raturf of doesn’t under —50
crushing, °C
crush

An example of the application methodology is the
study of lengthening the time elapsed service life of the
rubber tanks for plane L-39ZA, exploited for the time of
the service life, strictly according to the operational and
technical documentation. The economic analysis shows
an extremely high efficiency of this increase. The cost of
extending the service life of the product (in Bulgaria
condition) is much less than 0,1% of the value of a new
product. The analysis of the statistics for these tanks
shows a very high level of reliability and safety of flights
(2=0, 4=0).

Table 3 summarizes the test results of material
samples of two fuel tanks of this available. Tank Nel has
an expired service life-time (10 years), and tank Ne2 is not
used, preserved and stored in accordance with the
operational and technical documentation of the one which
has the necessary residual service life. It is seen that
physical and mechanical indicators of the two tanks do not
differ significantly. The exception is the tensile strength
indicator, which has a higher scale of 30%. However, this
is not essential because the rubber tanks are enclosed in
the bodies of the planes.

By chemical composition the quantities of extractable
substances differ substantially which is normal and does
not determine the quality of the tanks in their operation.

Using tank No2 data as meeting requirements it can be
concluded that the differences between the two tanks are
relatively small. On the basis of the above it can also be
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decided to double the service life-time i.e. 10 more years.
In practice the service life was extended by 50%.
Subsequently the service life was increased to 17 years,
which is the value of a service life-time of the airplane as
a whole. The same methodology was repeated several
times and the service life of the soft fuel tank of MIG-21
BIS which reached 30 years at initially appointed 10
years.

Table 3. Test results of the sample of the fuel tank material of
plane L-39ZA.

Indicat Tanks
ndicator
caors Nl | N2
Tensile strength, kN/m
on a basis 23,7 243
by weft 22,5 20,5
Relative elongation, %
on a basis 18,4 14,2
by weft 17,0 17,0
Stretch resistance, kN/m
on a basis 10,19 13,0
by weft 10,56 13,53
Change of indicators after aging at
70+2°C/144 h, %
a) tensile strength
on a basis +295 | +0,82
by weft -20,2 | —16,6
0) relative elongation, %
on a basis —-0,54 | +4,22
by weft —-19,4 | —-235
Strain strength at 23+£3°C/24 h, kN/m,
after impact of
aviation fuel 1,11 1,14
with 3% fluid ,, 11 1,04 1,05
Mass change after impact of aviation fuel 6.75 from 0
at 20°C/24 h, % > to 12
Mass change at 23+3°C/ 48 h, %, after
impact of
aviation gas 9.4 5,8
with 3% fluid ,, 11 10,8 6,8
Type of polymer nitrile rubber
Amount of the extractable substances, % 1,1 12,6
Rubber content, % 50,3 55,4
Soot content, % 433 38,7
Content of inorganic fillers, % 6,4 5,9

This methodology is used to extend the service life-
time of airplane MIG-21BIS fuel hoses, of anti—g and the
height altitude suits of the pilots. The correctness of these
decisions is confirmed by practice [8, 9].

The authors thank to the research sector of the Technical
University of Sofia for the assistance in preparation and
popularization of this publication by contract 17211/10024-24.
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EKCﬂepMMeHTaﬂHO n3crnenBaHe Ha BUXpoBata criega Ha Kpuio

Cmanumup Tenaes"" u Xpucmuan Tanaitoros!

'Texunuecku yuusepeurer — Codust, bumman [lnosnus, Karenpa TATT, Boarapust

Pesome. Hpe[ICTaBeHI/I ca MCToAuKaTa u 060pynBaHeTo 3a U3CJICABaHE HAa CKOPOCTHOTO I10JIE B pa60THaTa

yacT Ha aepoauHamuyHara Tppoa YJIAK-1. V3mepBanusaTa ce U3BBPIUBAT C M3IOJI3BAHE HA IETOTBOPHA
CKOpOoCcTOMEpHa Tphba B paBHMHA, Pa3oJIOkKeHa 3a] oOeKTa Ha M3clieBaHe. PesynraTure OT ekcnepu-

MEHTAJHOTO U3CJICABAHE C€ U3II0JI3BAT 34 MOJTYy4YaBaHE Ha CKOPOCTHOTO MOJIE, ITOJIETO HA IBJTHOTO HAJIATAHE,
TIOJIOKCHUETO U XapaKTCPUCTUKUTEC Ha KpaﬁHI/ITe BUXPU. HpeI[CTaBeHI/I Cca JaHHU 3a TCUYCHUECTO B Cli€aaTra

Ha KPUJIOTO TP JIBa Pa3IMYHH BIIIM HA aTaka a ChILO U IPH pa3InyHa 'bCTOTA HA U3MEpBaTeIHATa MPEXa.

1 YBop

Exciepumenture B aepoaMHaMW4Ha Tppda ca  OT
CBIIECTBCHO 3HAUEHHWE IPH CH3IABAHETO HA HOBU H
MOJEPHU3UPAHETO HA  CBIIECTBYBAIIM  JIETATEIHHU
amapaty. PasnpeneneHneTo Ha CKOpOCTTa U HasITaHETO
[0 TIOBBPXHOCTTa MM B 00JacTTa OKOJO OOEKTa Ha
U3CleBaHe 1aBaT BH3MOXHOCT 3a OLIEHKA Ha TeUEHHETO
U IIOJTy9YaBaHe Ha pa3IpeesieH! U UHTeTPajIHU aepoAHHa-
MUYHU Xapaktepuctuku [1]. CeliecTByBaT MeETOAH,
OCHOBaHHM Ha 3alla3BaHETO HA KOJIMYECTBOTO Ha JIBIIKE-
HHUETO, KOWTO MO3BOJISIBAT Ja C€ IOJydYaT II0eMHaTa
CHJIa, CHJIaTa Ha YEJHOTO CHIIPOTHBIEHHE W HETOBUTE
CBCTaBAIIM TIPH HECBMBaecMo TedeHHe [2]. 3a ToBa e
HEOOXO0MMO J1a C€ U3MEPST NMPOEKIMUTE Ha CKOPOCTTa U
W3MECHEHHETO Ha IBIHOTO HalIAraHe B ciefara. 1e3u
JaHHM MOTaT Jia CE M3MON3BaT M 3a M3CIEIBAHE Ha
(dbopMHUpaHeTo, pa3BUTHETO U TEOMETPUSATA HAa BUXPOBATa
clella U cucTeMara OT KpaitHu BUXpH [3,4].

3a u3MepBaHEe Ha rojeMHHATa U HAIpaBIEHUETO Ha
CKOPOCTTa Ha BB3AYIIHHS MOTOK B HHCKOCKOPOCTHHUTE
aepoJMHAMHWYHU TpBOM ce M3II0N3BaT NPHEMHHLM 32
HaJIsiraHe cbe cepuyHa (MM KOHMYHA) YelIHA 4YacT U
HSIKOJIKO OTBOpa. [leToTBOpHaTa ckopocToMepHa Tpbda
MI03BOJISIBA €AHOBPEMEHHO J]a CE€ M3MEpBAaT BIJINTE Ha
OTKJIOHCHHE Ha TEYEHHETO BHB BEPTHUKAIHA U XOPH30H-
TaJlHa PaBHUHM, KaKTO M JTUHAMHYHOTO HajsraHe. Te3n
BEIMYMHY CE€ MOJTydaBaT OT OTHOCUTEIHOTO M3MEHEHUE
Ha CTaTHYHWUTE HAJATAHUS B OTBOPUTE HAa IPHUEMHHKA
[5.6].

Ienta Ha U3CIEABAHETO € EKCIIEPUMEHTAIIHO OIpe/e-
JITHE Ha apaMeTpH Ha TeUeHHEeTo (HajsAraHe, CKopocT) B
paboTHaTta yacT Ha HHMCKOCKOPOCTHA aepoAMHaMUYHa
TpbOa M MosydaBaHe Ha CKOPOCTHOTO TIOJIE B cliesiaTa Ha
MoOJIeNl Ha Kpuio. M3BbpiiBa ce mpeMecTBaHe Ha IpUEM-
HUK 3a HaJISITaHe 110 3a/1a/IeH KOHTYP, B paBHUHA MEPIICH-
JUKYJIIpHA Ha HECMYTEHOTO TEUCHHWE M C€ OTYHMTaT
MO3HUIUATA U CTOWHOCTHTE Ha W3MEPEHUTE BEIMUYMHU.
Crnen o6paboTka Ha MOJMYYCHHWTE AAHHU CE OMPEHEIAT

: Corresponding author: spenchev@tu-plovdiv.bg
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CKOPOCTHOTO TOJIE M XapaKTEPUCTHKHUTE Ha BHXpOBaTa
crena.

2 MeTtoguka n obopyaBaHe

W3zcnenBanusiTa, IpeACTaBEHN B HAcTosIara padora, ca
NPOBEEHH B aepoAMHAMHUYHATa JabopaTtopus KbM
katenpa TATT na TY-Codust ¢punuan Ilnosaus. Aepo-
JuHaMH4YHaTa TphOa YT-1 nma oTkpuTa paboTHa 4acT C
MIPABOBI'BJIHO HANPEYHO cedeHue U abokrHa 1000 mm,
pa3Mepu Ha U3XOAHOTO cedeHue Ha aro3ara 600x400 mm
¥ MaKCHIMaJHa CKOpPOCT Ha TedeHneTo 50 m/s.

3a mpemecTBaHE U MO3UIIMOHUPAHE Ha CKOPOCTOMEp-
HaTa TpbOa B paBHHHA 3a1 Moxaena (Pur. 1) u oTunrane
Ha TIOJIOKEHHWETO M CTOMHOCTHTE HAa HAISTaHETO ¢
paspaboTeHa crienmanu3nupana cucrema [7].

vis PaeHHHA Ha
XOJHO CedeHHE HoMepEane //
Ha pozaTa 4
S
S«

@ur. 1. B3anMHO TON0KEHUETO HAa MOZIeTIa M paBHUHATA Ha
HU3MEpBaHe.

EovH OT OCHOBHUTE €JIeMEHTH, KOHTO BKIIOYBA
nmabopatopHata ypenda, € ABYKOOpPIWHATEH CTEHJ 3a
MpEeMecTBaHE W TO3WIMOHHUpPAaHE Ha IPOCTPAHCTBEHA
METOTBOPHA CKOpocTOMepHa TphOa (Pwur. 2), KOWTO €
000py/IBaH ChC CEPBO3aJIBIKBAHE Ha 0a3aTa Ha CTHIIKOBU
neuratenu 1 CNC ynpaBnenue. PaBHuHaTa Ha pemect-
BaHC € MNEPIICHAMKYJAPpHA HAa HAIPaBJICHUETO Ha HECMY-
TEHOTO Te4yeHHe. B cbcTaBa Ha cucremara BIM3aT OILIE:
MOJIYJI 32 OIIPEAENsIHE Ha ITBJIHOTO HAJISATaHe, CKOPOCTTa
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U BIJIMTE HA OTKJIOHCHHE HA TEYCHUETO C M3IMOJI3BAaHE HA
IIPOCTPAHCTBEHA CKOPOCTOMEpHA TPhOa M 5 maTymka 3a
I epeHIralHO HaAraHe; U3MepBaTeHa U yIpaBisiBa-
Iia amaparypa, 0asupaHa Ha MEPCOHAJIEH KOMIIIOTBD H
moxayiu NIcDAQ-9174, N19237, NIUSB-6211. 3a aBro-
MaTu3alys Ha U3MEPBaHUsTA € Ch3AaJICH ClIeHUaTN3HPaH
codryep 3a 00paboTKa Ha pe3yaTaTUTE OT U3MEPBAHUATA
B cpenara Ha LabView.

MopenbT € OKa4eH KbM MEXaHH3bM 33 MO3ULHOHH-
pase (o-f MEXaHU3bM), C KOWTO CE IPOMEHS II0JIOXKe-
HUETO My chpsiMo TedeHueto (¢ur.2). KoopannatHarta
cucTeMa, npencraBeHa Ha dur. 1, e ¢ oc x, ChBIagaIa ¢
0CTa Ha TAJIOTO Ha Mozena (IPH HyJIEeBH BIVIM Ha aTaka U
IUTB3TaHe), 0C Y, KOATO € HacOYeHa Harope BbB BEPTHKAII-
Ha paBHMHA ¥ OC z — [0 IIOCOKA Ha JIABOTO MOJYKPHJIO.
[Ipu npencraBsiHe Ha pe3ynTaTuTe € HEOOXOIMMO Ja ce
NPEU3YUCIAT CTOWHOCTUTE Ha KOOPAMHATHTE 32 Ta3H
CHCTeMa Ha OTYUTAHE.

@ur. 2. PaznonoxeHue Ha MOJiesIa M CKOPOCTOMEpHAaTa Tpbhoa
B pabOTHATa YacrT.

B cucremara e u3nosi3BaHa MpPOCTPaHCTBEHA CKOPO-
CTOMEpHa TPpBH0a ChC ChepuyHa IIaBa ¢ JUaMeThp 3,5 mm
U MeT 0TBOpa 3a HaisraHe. To3W NpPUEMHHUK MMa €AuH
LIEHTpaJIeH OTBOP pi, [IBa CTPAaHWYHH BHB BEpTHKAIIHA
paBHUHA (P2, p3) U 1Ba CTPAHUYHH B XOPH30HTAIHA PaB-
HUHA (P4, ps). KOHCTPYKTHBHUSAT BI'bJ1 HA CTPAHUYHHUTE
orBopu € 45°. 3a momyyaBaHe Ha MPOEKIMHTE Ha
ckopocrra Vi, V,, V., ¢ HeoOXoouMo Aa ce HM3BBPIIH
TapupaHe Ha MIPUEMHUKA 3a HajsAra€e. To ce cbCTOM B
NoJTy4yaBaHe Ha QYHKIMUTE HAa KOS(UIIMEHTUTE Ha HaJs-
raHe OT MECTHHUTE BIJIM Ha 00THYaHE ¢ U [, CbOTBETHO B
XOpU3OHTAlIHATA U BepTHUKanHata paBHUHU (Dwur. 3).

Te3u koeUIUEHTH Ce MPECMATAT OT 3aBHCUMOCTHUTE

[8]:

Cpa =222 = f(a, B); (1
Cpp =22 = f(a, B); @
Cptor =512 = f(a, ); (3)
Cpse = 222 = f(a, B). “)

pP1—PpP
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“+f=0deg =f=5deg

*p=10deg -o-p =15 deg

(=20 deg

0 5 10 15 20
a, deg

@ur. 3. TapupoBbyHa XapaKTEPUCTUKA HA TIETOTBOPHA
CKOpPOCTOMEpHA TpBOa.

B 3aBucumocrure (1) — (4) prr ¥ ps ca CTOWHOCTUTE
Ha MBJIHOTO U CTAaTUYHOTO HaJIAraHusA Ha HECMYTCHOTO
TEUYeHUe, a P — CPeAHOAPUTMETHYHATA CTOMHOCT Ha Has-
raHuATa p; — ps. lIpy Hanu4ue Ha Te3U JaHHM, MECTHUTE
BIVIM HAa TEYEHUETO o U ff C€ ONPEAENAT OT CTOHHOCTHUTE
Ha Koeduuenture Ha Hamsarane Cp,, U C,p CropocTTa
Ha TEYEHHUETO CE OIpeieNis OT 3aBUCUMOCTTA

2 _.
V= [=(p.—D)(A - Cp,tot + Cp,st) 5 ®)
p
KbACTO P € IJIBTHOCTTA HA B'])?)[lyHJHOTO TCUCHUC.
HpoeKHI/II/ITe Ha CKOPOCTTA MO OCUTC Ha KOOPAWHAT-
HaTa CUCTEMaA CC MPeCMATAT 11O CJICAHNS HAYUH!

V., =V cosa cosp; (6)
V, =V sina cosp; (7
V, =V sinf. ®)

3 PesynTtatu

WscnenBaHo e TeyeHHMETO B clienaTa Ha MoOAEN Ha
TPAIEIOBUIHO MPaBO KpuJjo ¢ pasneperoct / = 400 mm,
CTECHEHHE # = 2, cpelHa reomeTrpuuHa xopaa 50 mm,
npoduin Ha cedennero NACA(0012. MoznensT e nzpado-
TEH OT J[BE YaCTH — KOH30JIM, KOUTO Ca 3aKpereHH KbM
OWIAHAPUIHO TSUIO ¢ AXaMETHP 56,5 mm.

W3cnenBanusATa ca W3BBPIICHH IPH CKOPOCT Ha
HecMyTeHOTO TedeHne 20 m/s W IBa BI'bJa HAa aTaka Ha
mozena — a = 6° u o = 10°. PaBHuHATa Ha U3MEPBaHE €
pasmoyiokeHa Ha 6,5 XOpaIu OT U3XOIAIIHsI ph0 Ha Kpak-
HOTO CEYeHHWE W € OTpaHHYCHA B CileJaTa Ha ISICHOTO
nonykpmwio. CTenkaTa Ha u3Mepsase € 10 mm. Pesynra-
THUTE 32 CKOPOCTHOTO TOJIE Ca PE/ICTABEHH B 3aBUCUMOCT
OT OTHOCHUTEIIHUTE KOOPAWHATH. 32 XapaKTepeH JIMHEEeH
pasMep € M3I0JI3BaHa MoJIypa3lepeHoCcTTa Ha Mozena [/2.

Ha cnenBanure rpaduku pe3yaTaTure ca npeicTaBe-
HU 4Ype3 KOHTYPHHU JIMHHH, KOWTO IIO3BOJISIBAT Ja ce
OHATJICIAT 30HUTE HA IPOMIHA HA 3HAKa HA BEPTUKAITHATA
¥ XOpU3OHTAJHATa MPOEKIHUH HAa CKOPOCTTA, a CHINO U
T€3W C MOBHIICHH CTOWHOCTH Ha IThJIHATA MPOEKLIHUS Ha
CKOpOCTTa B paBHHHATa Ha m3MepBaHe. Ha @urypu 4, 5 u
6 ca okazaHU pe3yNaTaTUTE 3a BI'BJ Ha aTaka 6°.
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®ur. 4. PaznpenencHue Ha BepTUKaNHaTa npoekuus Vy B
crienara npu o = 6°.
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®@ur. 5. Pasnpesnenenue Ha XOpU30HTAIHATA TPOEKIUs V- B
cienara npu o = 6°.

L 10.2
0.1
T 2m
-0.1

-0.2

-1.2 -1.1 -1 09 08 -07 -06 -035 -04
221

®ur. 6. PaznpenencHue Ha IPOEKUATa HA CKOPOCTTA B
paBHMHATA Ha U3MepBaHe Ipu o = 6°.

Ha cnenBamure ¢urypu ca mpencraBeHH JaHHHTE,
MTOTyYeHH 32 CKOPOCTHOTO TIOJIE TIPH BI'hI Ha aTaka 10°.
IIpy TO3M eKCTIEpUMEHT SICHO € OYepTaHa 30HaTa Ha ciie-
nata 3a1 kpuwioto (Purypu 7 u 8), a cbIo u popMupaHus
KpaeH BuXbp. CTOMHOCTHTE Ha MPOEKIIMUTE HA CKOPOCTTA
ca o-BUCOKH 1 gocturat 3 m/s (dwur. 9). Tosa mo3Bosia
Jla ce OIIPEIENIH IT0JIOKEHUETO Ha KpallHUs BUXBP U Jia ce
HaMaJIM 30HaTa Ha W3ClIeIBaHe 32 YTOYHSBaHE Ha Xapak-
tepuctukute My. Ha @ur. 10 ca noxasanu pesynraTure
OT HOBO M3MEpBaHe Clie]l TakaBa mpolenypa. Biknaa ce
SIIPOTO Ha BUXbBpa ¢ HaMalsBama ckopoct. Hamanenara
CTBIIKA Ha OTYMTAHE MO3BOJISIBA J1a C€ U3CIIe/[Ba U3MEHE-
HHETO Ha CKOPOCTTA B Ta3H 30HA.
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®ur. 7. Pasznpenenenue Ha BepTUKalIHaTa npoekuus Vy B
cnenara npu o = 10°.
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®@ur. 8. Pasnpenenenue Ha XOpU30HTAIHATA IPOSKIUS V: B
cnenara npu o = 10°.
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®ur. 9. PasnpenencHue Ha IPOEKUATa HA CKOPOCTTA B
paBHMHATA Ha u3MepBaHe Ipu o = 10°.
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@ur. 10. BexTopHo noie Ha ckopocTTa pu o = 10° u cThIKa
Ha M3MEpBaHe 2 mm.

LeHTHpBT Ha BUXpOBaTa OOJNACT € ¢ MPUOIM3UTEITHA
koopauHatu (-0,95; -0,05). Ha ¢wur.11 e mpencraBeHo
M3MEHEHHE Ha BEPTHKAJHATA IPOEKIHS Ha CKOpOCTTa
[IPY TP CTOMHOCTH Ha KOOpJuHaTaTa 2y//, KosTo e mnapa-
METBp 3a KpuBuUTE, a Ha Dur. 12 — u3MeHeHne Ha XOpH-
30HTaAJIHATa NPOEKLMs Ha CKOPOCTTA TP TPU CTOHHOCTH
Ha KoopauHaraTa 2z//.

JlaHHUTE, TIPEACTaBEHU HAa TE3U IUATPaMH, ITO3BOJIS-
BaT Jla C€ YTOYHU IMOJIOKCHHUETO Ha IIEHThPA HA KPaHUS
BUXBpD M Ja C€ TONYyYHd MPHONU3HUTEIIHA CTOHHOCT 3a
IaMeTbpa, KOHTo € B pamkure Ha 18-20 mm. 3a mo-
TOYHA OIEHKA € HEOOXOAUMO Jia C€ MU3BBPIIH JOIIBIHH-
TeJIHa yuciieHa oopaboTka.
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®ur. 11. Pa3npenenenue Ha BepTUKaIHATa IpoeKUus V) B
KpaiHUs BUXBD.
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®ur. 12. Pa3npeneneHyue Ha XOpU30HTAIHATA IPOEKLUA Vz B
KpaiHus BUXBD.

4 3aknroveHue

Pe3yﬂTaTI/lTe OT MNPOBEACHOTO HM3CJICABAHC MOrar Ja
CC U3II0JI3BAT 3a IOJIy4aBaHC Ha (bopMaTa " pasnoJioxe-
HUCTO Ha BUXpOBaTa Cjica, MOJIOKCHNUETO HAa ICHTHPA Ha
AAPOTO U paanyca Ha KpaﬁHHH BUXDBP, U HCTOBATAa UHTCH-
3uBHOCT. Te Mmorar Jla MOCIYKaT 3a CpaBHCHUE C pE3yJiTa-
THUTE OT YUCJICH EKCIIEPUMEHT U IIPOBEPKA aJIEKBATHOCTTA
Ha ONpEACICH MaTeMaTHYC€H MOJECI 3a ONMCBAHE Ha
TE€YCHHUETO, KAKTO U ITPU ONPEACIIAHE HA a€pOAUHAMUYIHN
XapaKTCPUCTHUKH Ha U3CIICABAHUA MOJECII.
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Experimental study of wing vortex wake
characteristics

Stanimir Penchev! and Hristian Panayotov!

ITechnical University — Sofia, Branch Plovdiv, Department of
Transport and Aircraft Equipment and Technologies, Bulgaria

Abstract: The methodology and equipment for the study
of the velocity flow field in open test section subsonic
wind tunnel ULAK-1 are presented. The measurements
are performed using five-hole probe which is located in a
cross plane behind the model wing. Experimental data are
used to obtain the results for pressure and velocity fields,
and also the position and characteristics of tip vortex.
Studies of characteristics of wing vortex wake at two
different angles of attack and grids steps are obtained.
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MeToauka u anapatypa 3a nosfiy4yaBaHe XapaKTepUCTUKNTE Ha
KOpMUIeH xuapaBnu4ieH gemndep

Egeenu Coxonos'”

'Karenpa ,,J[Burarenn, aBTOMOOKIHA TEXHUKA U TpaHcopt™, Texundeckn yausepeutet - Codust, benrapus

Pe3tome: B pabGorara e mpeacrtaBeH MeTOJ Ha H3MHUTBAaHE HAa KOPMUJIHH XUAPABINYHH AeMIIpepH.
OnucaHo € TAXHOTO HPHIOKEHHE, KOHCTPYKLMS M NPHUHLIUI Ha padoTa. 3a moiyyaBaHe Ha pabOTHHTE

JIUarpaMy M XapaKTEePUCTHKH Ha KOPMUIIHHUTE JeMIdepH, ce M3I0I3Ba CIeNUaTIN3upaHo o0opyaBaHe 3a

U3NHUTBAHE.

1 BbBepeHue

Hdemndepure Ha TpenTeHHs, KAKBUTO ca ¥ KOPMHUIIHUTE
JemMiepy HaMUpaT MHUPOKO HMPHIIOKEHUE B TPAHCHIOPT-
HUTE cpeJcTBa. Te ce N3Moi3Bar B:

* MOHTa’ka Ha JBHIaTells 32 HaMaJlsiBaHE Ha BUOpanuure
MpeJaBaHd KbM KYIIETO Ha aBTOMOOMIIA TPUIHMHEHH OT
JIBUTATEIS U TPAHCMHUCHSTA;

oIrpBaIllaTa CHCTEMa Ha MHCTOBUTE PEMBIH Ha JBUTA-
TeNs 32 HaMaJIsIBaHE Ha TPENITCHUATA M OCUTYPsIBaHE Ha
TJIaIKO ABIKCHHE B CHCTEMATa;

MHEepIIMOHHATa CIFpadKa Ha peMapkera U miardopMu
3a CBCXKIAHC O MHHHUMYM IIMKOBETC Ha CIUMpadHaTa
CHJIa, KaTo MO TO3W HA4YMH CE MpeJ0TBpaTsiBa OIoKHpa-
HETO Ha KOJIeNaTa;

cellaJikaTa Ha BOAa4a 3a HaMaysBaHE Ha BpEIHHUTE
TPENTEeHUsI BOJICIH JI0 YMOpa Y BOa4a;

KOpMMJIHATa ypeaba 3a HaMalsIBaHE TPENTEHUATA Ha
KOPMIJTHOTO KOJIEI0 W CIy4alfHOTO 3aBbpTaHEe Ha
npegauTe Komenal1].

KypcoBata ycToifumBOCT Ha aBTOMOOMIIA € eKCIDIoa-
TAI[MOHHO CBOMCTBO, KOETO MYy OCHTypsiBa 3ala3BaHe
TpaeKTOpusATa Ha IBIDKEHHE WIM HEWHOTO BB3CTAHOBS-
BaHe, cje]] Bb3HUKBaHE Ha CHJIOBO Bb3JIEiCTBUE B CTpa-
HUYHO HampaBiIeHue (CTpaHHUYEH BITHDP, HEPABHOCTH IO
BT, 3aBBPTAHE HA KOPMUJIHOTO KOJIeJo u Ap.) [2].

3a mooOpsiBaHE HA KypcoBaTa YCTOMYMBOCT ce€ MpH-
Jlarat peiuiia KOHCTPYKTHBHH PEUIEHUs, €JHO OT KOUTO €
Ype3 BrpaxkJaHe Ha Jemrdep B KOpMUIIHaTa ypenoa.

Kopmunausar gemripep KOMICHCHPa HATOBApBaHUATA
OT yJlapy ¥ MPEOTBPATIBA TPEITCHUATA Ha KOPMUIIHOTO
koneno. [lo To3m HaumH ce yBenmuaBa KoMpopTa u
0e30macHOCTTa Ha ymopaBieHue Ha aBToMoOmma. Toit
TpsiOBa ma nemmdupa (HamamnsgBa) yAapHUTE MOMEHTH
OKOJIO BepTHKaJIHATa OC Ha MPEIHHUTE KOJeJa C eTHAKBa
KOpaBHHA B 1IeJIMs AMANa30H Ha X0Jla, KATO HE HaMaslsiBa
JIEKOTaTa Ha yIpaBjieHHe Ha aBToMoOwna. [Ipu Heouak-
BaHa II0sIBa Ha pas3IMYHU 10 TOJIEMUHA CTpaHUYHU U
Ha/UTHXHU CHJIM BEPXY JISIBOTO U ASCHOTO MIPEIHO KOJIEIO
KOpMIUTHHS emriep TpsiOBa 1a MPeNoTBPaTH TSIXHOTO

: Corresponding author: evg_sok@tu-sofia.bg
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3aBbpPTaHC, a BH3HUKBAIIUTE BHCOKA CKOPOCTH Ha
OyTajoTo mMopaxkgaT ToJieMUd CHIPOTHUBUTENHU CHIIA B
HEro, KOUTO racsAT TPENTEHHSTA.

KopMmmwiausar nemmdep chimo cromara 3a Ipeno-
TBpAaTSIBaHE HA BH3HUKBAIIUTE [IPU OIMPEACICHH YCIOBUS
CaMOBB30YXKIAIll CE TPENTCHUs] Ha YIPaBISCMUTE
KOJIeJIa Hape4yeHu mumH [3, 4, 5, 6].

Heara Ha HacTOsIIATa paboTa € J1a ce Ch3aa/ie METO-
JIMKa U J1a ce NoJydaT pabOTHU JAUarpaMu U XapakTepuc-
TUKH Ha KOpMHJIEH nemiidep, KOUTO Morar na ObaaT
M3M0JI3BaHU 32 1IEJIUTE HA MOZCIMPAHETO HAa KOPMHITHATA
ypea0a u aBToMo0OwMIIa.

2 U3noxeHue

2.1. O6GeKkT Ha uscnegBaHeTo

OOexT Ha W3CIIEIBAHETO Ca KOPMWJIHH XHIPABIUYHH
nemridepu 3a CpeIHO TUTPaskeH aBTOMOOWII THTI Ce/IaH Ha
Mapkata Meprenec-bean. Ha @ur. 1 e mnokazaHo
MECTOIIOJI0KEHHETO Ha M3CICIBAHUTE KOPMIIHH JEMII-

hepmu.

KOPMHJICH
memmdrep

®@ur. 1. MecrononoxeHue Ha U3CICIBAHUTE KOPMUIIHI
nemndepu [4].

W3cnenBanu ca nBa gemidepa oT e1H U ChILY THII 32
TO3HW aBTOMOOMII, KOUTO ca Imoka3anu Ha ®dur. 2. Equnusar
€ 3a IIbPBOHAYAIHO BrpaxkaaHe B apromoOmna (Pur. 2a),
a Jpyrus e Ha anrepHaTuBeH npomsBoauten (Pwur. 20).
Kopmunnusar xunpasnnueH nemidep € 0e3 Hajsrade,
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opaJd KOETO HsAMa M3TJIACKBAIllda W M3IbPIIBAIIA CHIIA.
Toit uMa TUPEKTHO MOMEHTaIHO Aemmdupane. Cuaure
Ha CBHIPOTHBIICHHE 10 BpEME Ha CBHBAHE U pasTATaHE
TpsiOBa J1a ca paBHU W J1a JTOCTUTAT T'OJEMH CTOWHOCTHU
JIOPH TP HUCKK CKOPOCTH Ha OyTanoTo. KoHcTpykiusTa
MY € eIHO TpPBhOHA C KOMIIEHCHpalla KaMmepa.

e ©

a

eS=—————0")®

0
@ur. 2. O011 BU HA U3CIEIBAHUTE KOPMITHH AeMII(epH.

Ha ®wur. 3a e npencraBena KOHCTPYKITUATA HA U3MUT-
BaHHTE KOPMIJIHH JIeMII(epH, KOSATO € elHa OT Hall-4eCcTo
cpeuranute. J[Bara kpas Ha enacTuyHara TpbOa 1 ca
(MKCHpaHU KbM LIMITMHABPA 2 upe3 CBUBAaHE Ha KpaullaTa
Ha 3anuTHara Tpbs0a 3. 3a na ce noo0pHu HaIeKJHOCTTA
Ha XepMEeTH3aLusl U IPEA0TBPaTsIBaHe Ha BIKEHUETO Ha
eJlacTHyHara TpbOa B 30Hara Ha (HUKCHpaHE BBPXY
LWIMHIBPA 2 ca HalpaBeHU KaHanu. B xona Ha cBuBaHe,
koraro OyTamHus TpBT 17 ce NUPUABIDKH, MAacIOTO
MIPOTHYA TIpe3 ABaTa 0TBOpa 4 B KOpIyca Ha KjamaHa 5,
MMOBIWUTAWKH KJIallaHHATa KJama 6, BEPXY KOSITO JeHcTBa
NpyKHHaTa 7 ¥ IpEeMHHaBa B MEXIMHHATa Kamepa 8.
Komnencupamara kamepa ce (opmupa OT KyXHHaTa
MEeXIy enacThyHata TphOa 1 u 3ammrHata TpuOa 3.
Koraro macioTo ce n3noMiBa OT MEXAWHHATa KaMmepa 8
npe3 oTBopuTe 9, enactuyHara TpbOa 1 ce pasmmpsisa.
[IpotuBomnonoxHo B Oytamo 10 ca pasmoiioKeHH Ba
€/IHOTIOCOYHH KJIanaHa, KOMTO JEeHCTBAT IPH CBUBAHE U
pasTsraHe. byTasoTro e yIUIBTHEHO KbM LMIMHIBpA 2
ype3 npbeTeHa 11. B kpas Ha nunuHAbpa BogausT 12 Ha
npbra 17, ymorsrHeHHeTo 13 w omopHms awck 14 ce
¢ukcupaT MeXIy JOBe CBUBaHMA Ha TpbOara 2.
HamreXHUST OTBOp BBB BOJAYBT € 3a M3PaBHIBAHE Ha
HaJIraHeTo. 3aKpernBaHeTO Ha KOPMMIHHA JeMmidep ce
M3BBPIIBA OCPEICTBOM ImapHupHUTE ymu 15 u 16. Ipn
Ta3u KOHCTPYKIHS KOPMUITHUAT Aemiidep TpsaoBa 1a Obie
KOJIKOTO € Bb3MOXKHO IO KbC, KOETO ITOYTH HE 3aBUCH OT
xo/1a. 3a yBeIMYaBaHETO Ha X0/1a CE M3UCKBA yIbKaBaHe
Ha eysacTuyHarta TpeOa 1 W Ha 3ammTHaTa TpHOa 3.
VYabinkaBaHeTo Ha TpbOaTa 3 MOHSKOTA € HEXEJIATETHO
mopajgy JMIca Ha mnpocTpaHcTBo. Ilo panmoHamHO B
TakMBa CiIydyall € Ja Ce U3M0I3Ba KOHCTPYKLUSTA
moka3aHa Ha purypa 36. Ts e cbe chIuTe PYHKIIMOHATHA
yacti. KommeHcupamara kamepa 6 € HaaIbXHA C
paszensiia BTyJIKa 5, pa3loJIOKEHa € B Kpas Ha
LUINHIBPA U UMa YBEJIWYEH IUaMEThp B CPAaBHEHHUE C
Hero. B xonma Ha cBuBaHe Ha mpbTa 7, pazzensinara
BTyJIKA C€ TIpeMecTBa IPEOAOJISIBAMKM Ccuiata Ha
npyxunHata 3. KopaBuHata Ha Tasu TIpyXHHa ce
M3YMCIISBA TaKa, Y€ NPH MaJKO HaliraHe B Kamepara 6
MpBTHT 7 HE ce n3mIacksa. [lomoxeHHeTo Ha pasnesns-
mara BTYJIKa B IMHIBPA ce GuKcupa oT Bogaya 4. 3a
MOHTHpaHE Ha KOPMWJIHHS JAeMidep uMma pe30oBU
ik 1 1 8, eHaTa OT KOHWTO € 3aBapeHa KbM Karaka 2
Ha UIHHBpa [3, 4].
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®@ur. 3. KoHCTpyKINK Ha KOPMHIIHY XUIPABINIHH JeMIIpepn.

2.2 MeToguka n anapaTtypa

Amnaparypara, U3noj3BaHa 3a IMOJly4aBaHE HA XapakTe-
PHUCTHKHTE ¥ paOOTHHUTE AUATPAMU HA KOPMILTHUTE IEMII-
depu, e crnenManu3upaH CTEHA 3a H3MUTBaHE Ha
Jnemridepy Hamupail ce B naboparopus ,,JluHamMuka Ha
aBTOMOOMIIa, TpaKTOpa M Kapa“ B Kareapa ,,J[Burarein,
aBTOMOOWIHA TexHuMKa W TpaHcrnopt™ npu TY-Codwus.
Crenpa e Intercomp®, monen Shock Dyno — Hi Speed
nokazan Ha ®wur. 4. [IBikeHHeT0 Ha OyTaloOTO HA KOP-
MUITHHS AeMI(ep MOHTHPAH BbPXY CTEH/Ia 33 U3MUTBAHE
ce M3BBPIIBA 110 TOYCH CHHYCOUIAJIEH 3aKOH, OCUTYpEeH
OT 3aJIBWKBAIIIUS KYJIHCEH MEXaHU3bM C MPaBOJMHEWHA
Kynuca Ha cTeHpa [7, 8].

®@ur. 4. AnapaTypa 3a U3UTBAHE HA XUAPABIMYHI KOPMITHU
nemndepu: 1. Kopmunen nemndep; 2. Cteny 3a M3MUTBaHE HA
nemngepy; 3. [IpeHocUM KOMITIOTBHP.
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DabpuuHO CTEHIBT € OKOMILICKTOBAH C Bh3IpHUEMa-
TEJl 3a MPEeMecTBaHe, ¢ Bb3IpUeMaTell 3a CHila, C TepMO-
JIBOMKa, C yCTPOMCTBO 3a chOMpaHe Ha JIaHHU Ha upMaTa
National Instruments® tun USB-6009 DAQ u ¢
NPEHOCHM KOMITIOTBD C HWHCTAJMpaH CIeHHaTu3upaH
codryep Ha pupma Intercomp® 3a 3anuc U BU3yaIn3aIus
Ha XapaKTCPUCTHUKUTEC Ha U3INUTBAHUAT KOPMUJIICH
nemiidep. 3aKOHHUTE 3a BT, 32 CKOPOCTTA U YCKOpEHHe-
TO HAa OTHOCHUTEIHOTO MNPEMECTBaHE HAa OyTalioTo Ha
KOPMUTHHS ieMIIpep CIpsIMO LUITUHIbPA MY B aHAJTUTHU-
YeH BH/] Ca CIICTHHUTE:

z=2z) Sinw; )
V=2 =z Ccoswt; 2)
a=7%=—w’z sin wt. ?3)
AMIUIMTYJaTa Ha CKOPOCTTA €:
Vo = wzo = 27 f 2o, 4

KBJICTO zo € aMIUIMTyJa HA MPEMECTBaHE Ha OYyTaJOTO
COpSIMO LWIMHIBbPA Ha jaemidepa, m; @ — Kpbrora
yecrToTa, rad/s; f— gecrora, Hz.

Memoduka Ha ekcriepumeHma:

1. JIoTHOTO MOHTaXXHO TIPHUCIIOCOOICHNE Ha CTEH A CE
IIPEeMecTBa B TOJTHO MBPTBO TOJIOKEHHE Upe3 coPpTyepHa
KOMaH/1a.

2. Kopmumaus nemrdep ce pa3mbBa 10 KpaiHO MOJI0-
JKEHHE U CJIe]] TOBa Ce CBUBA OKO0JIO 3 cm (3a J1a ce n30erne
M34EpIIBAHETO Ha X0JIa [0 BpeMe Ha EKCIEPUMEHTA).

3. Kopmunnust nemndep ce MOHTHpa KbM JIOJHOTO U
TOPHOTO MOHT&)KHO NPUCIIOCOOIEHHE.

4. MI36mpa ce pe:xuM Ha U3MUTBAHE (CepHs OT pa3iiny-
HU CKOPOCTH IpH N30paH NOCTOSIHEH XOJ).

5. Kopmunaust nemncep ce 3arpsiBa 10 paboTHa TeM-
meparypa 1o HAKOH OT CIeIHUTEe HauWHa — paboTa 1o
JIOCTUTAaHE Ha OINpeNeieHa TeMIepaTypa, OTYUTaHa OT
TEPMOJIBOIiKa TIOCTaBeHa Ha TSUIOTO HAa KOPMHIJIHUS
nemmdep win padoTa 3a ONPEaSICHO BpeMe ¢ n3bpaHa
YecToTa.

6. CTeHza ce crapTupa B pe)KUM Ha U3MHUTBAHE.

7. Cnen civpaHe Ha CTEHA MOJIyYEHUTE PE3yJITaTH ce
3aMycBaT U TOUYKH OT 4 10 7 ce MOBTapsT.

2.3. Mony4eHwu pe3ynrtaTtu

[onmyueHnre XapakTepUCTHKH Ha H3CJIECIBAHUTE KOp-
MIIHH JeMdepu npu u30paH Xoa Ha OyTaioTo + 2,5 cm
U CKOpPOCT M3MEHsIIa ce mpe3 10 cm/s B WHTepBana OT
10 cm/s o 50 cm/s ca nokazanu Ha Qurypa ®ur. 5. Ha
@ur. 5a ca Ha nemndepa 3a MbPBOHAYAIHO BrpaXkiaHe, a
Ha Owur. 50 Ha gemmdepa Ha anTepHATHBEH IPOH3BO-
JIATEIL.

Ha ®wur. 6 ca moka3aHu MOTYYCHUTE XapaKTEPUCTHKH
npu u3dpan xojJ Ha Oyramoro + 2,5 ¢cm U CKOpPOCT
u3Mensa ce npe3 10 cm/s B mHTEpBana ot 35 cm/s 1o
125 cm/s. Ilo abcrucHaTa OC Ha XapaKTEPUCTHKHUTE €
HaHEeCeHa CKOPOCTTa Ha OTHOCUTEIHOTO ITPEMECTBaHEe Ha
OyTaJOTO Ha KOPMHJIHHUS JeMIipep CHpsMO LWIMHIbpa
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my. [To opuHaTHATA OC C TIOJIOKHUTENEH 3HAK € HaHeCeHa
cuiiata, Ch3JaBaHa OT Jemmdepa NpuU CBHBaHE, a C
OTpHUILaTEeNIeH 3HAK CHUJIaTa [PU pa3TaraHe.

120

Canpare

=
=,
-]
;f 50 50
Pastarawe
120
a) Cropoct [em/s]
160
CBIBaAKE
3
=
g
=
- 50
pasTarane
160
6) Cropoct [em/s]

®@ur. 5. XapakTepuCTUKH Ha KOPMHUJICH AeMIidep 3a CKOPOCT
ot 10 cm/s mo 50 cm/s: a) nemrmdep 3a MbpPBOHAYATHO
Brpaxnane; 0) nemmdep Ha aNTepHATUBEH TPOU3BOAUTEIL.

consane

125 100 125

Cwea [kg|

pasTArane
180

Cropoct [em/s]

CBHBAHC

100 125

Cwa kgl

pasTaTane

300
Cropoct [em/s]

6)
®@ur. 6. XapakTepuCTUKH Ha KOPMHUJICH JeMIi(ep 3a CKOPOCT
ot 35 cm/s o 125 cm/s: a) nemmdep 3a MbpBOHAYATHO
Brpaxkaane; 0) nemidep Ha alTepHATHBEH MPOU3BOIUTEIL.

OT XapaKTEpPUCTHKHUTE CE BIKAA, Y€ TPH HHUCKH
CKOPOCTH Ha IpeMecTBaHe Ha OyTajJoTo B MHTEpBana OT
10 cm/s o 35 cm/s cunara, ch3laBaHa OT KOPMHWJIHHS
Jemidep 3a bPBOHAYATIHO BrpaXkIaHe, € 110 roJisMa.
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B unTepBana ot 35 cm/s go 125 cm/s cunara, cb3na-
BaHa OT AemIepa HA aNTEPHATUBHUS NPOU3BOIUTEN €
3HAYMTEITHO 110 rojsiMa. B niens nHTepBan Ha U3MEHEeHUe
Ha ckopoctra oT 10 cm/s mo 125 cm/s KOPMHIIHHAT
neMrdep Ha aNTEpHATUBHMS NPOU3BOIMTENl MMa SICHO
U3pazeHa HeCUMETPHs Ha Ch3/jaBaHaTa Cuila IpHU CBUBaHEe
CIPSIMO Ta3u IpU pa3TsraHe.

[onmy4enure pabOTHU auarpamMu Ha M3CIEIBaHUTE
KOPMIUTHH XUJIPABIMYHU JeMiidepH Ipu u30paH XoJ Ha
OyTanoTo + 2,5 cm u ckopocT u3MeHsma ce mnpe3 10 cm/s
B mHTepBaia oT 10 cm/s mo 50 cm/s ca mokasaHu Ha
Qur. 7.

a) 3 25 2 15 1 Xomadyramowo[eml 15 2 25 3

6) 25 2 15 1

Xon ua dyranoro [em| ! L5 2 25 3

@ur. 7. PaboTHH 1uarpaMu Ha KOpMUJIEH nemidep 3a CKOpocT
ot 10 cm/s mo 50 cm/s: a) nemrdep 3a MbPBOHAYAIHO
Brpaxkaane; 0) nemmgep Ha alNTepHATUBCH MPOU3BOANTEI.

200

callil R
= 0 \
S50 N L7
100 S
150 = =
200 ! | | J - i |
a) 2,5 2 L5 1 Xoa na dyraaoro [em] 1 1,5 2 25 3
300
250
200, =
150- ~,

B

£ 50 S 7

100- = ¥

150/

200

250

300 . ! . ] . ! i
6) 2,5 2 L5 1 Xon na Gyraaoro [em]| 1 L5 2 25 3

@ur. 8. PaboTHH 1narpaMu Ha KOpMIIIEH nemiidep 3a CKOpOCT
ot 35 cm/s 1o 125 cm/s: a) pemmdep 3a IbpBOHAYAITHO
Brpakziane; 0) aemrdep Ha anTepHATUBEH IPOU3BOAUTEL.
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Ha ®uwr. § ca moka3aHu oxy4eHUTE paOOTHH AHArpa-
MU 1pU u30paH xoJ Ha Oytanoro £ 2,5 cm U CKOPOCT
u3Mensima ce npes 10 cm/s B uaTepBasia OoT 35 cm/s 110
125 cm/s

KoedunueHTsT Ha CHIPOTHUBIEHHE HA KOPMUJIHUS
nemridep [ e paBeH Ha CPeJAHOAPUTMETHYHATA CTOMHOCT
Ha CBIPOTUBUTENHATA cuia F., BBPXY CKOpPOCTTa Ha
npeMecTBaHe Ha OyTalloTo:

p = P ©)
FCB+F a3
Fp = Tp (6)

KpAETO F¢e € crimata Ha CHIPOTHBICHHE HA KOPMIITHUS
nemidep npu cBuBaHe; Fj.; — CUIaTa Ha ChIPOTHUBIICHUE
Ha KOPMHJIHHA AeMIidep MpH pa3TAraHe.

KoedunueHtsT Ha acuMeTpuss Ha KOPMWJIHHS
nemrdep e
Faa
k=212 (7
FCB

B Tabxmu 1 u 2 ca magenu onpeneneHuTe KoeuIm-
€HTH Ha CBHIIPOTHBICHUE U KOCPUIMCHTH HA ACHMETPHSI
HAa KOPMIJIHUSIT XUJIPABIMYCH JAeMidep 3a mbpBOHAYAI-
HO Brpa)<IaHe IpH Pa3IMyHu CKOPOCTH Ha OYyTaloTo.

Ta6auna 1. Koeguuuentu Ha nemmndep 3a mbpBOHAYATHO
Brpaxaane 3a ckopoct ot 10 cm/s 1o 50 cm/s.

v, cm/s Fep, kg p k
10 38 230 L,I11111
20 62 2525 1,101695
30 84 280 1,024096
40 101 310 0,980392
50 115 380 1

Tadmauna 2. Koedurentu Ha nemndep 3a MbpBOHAYATHO
Brpak/iaHe 3a CKopocT oT 35 cm/s no 125 cm/s.

v, cm/s Fep, kg p k
35 89 254,2857 0,977778
45 105,5 234,4444 0,971963
55 120 218,1818 0,983471
65 133,5 205,3846 0,963235
75 144 192 0,959184
85 152 178,8235 0,974026
95 159,5 167,8947 0,99375
105 165 157,1429 1,012195
115 170,5 148,2609 1,029762
125 174 139,2 1,047059

B Tabmumm 3 u 4 ca mageHu omnpeneeHuTe Koehu-

LMEHTH Ha

CBIIPOTUBJICHUE U

KOC(HUIIMECHTH Ha

acHMETpHs Ha KOPMHJIHHAT XUIpaBiIndeH aemrdep Ha
aITEepPHATHUBEH POU3BOIMUTEIN P PA3TUIHU CKOPOCTH Ha

OyTajoTo.
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Taommua 3. Koeduirientu Ha nemidep Ha aaTepHaTHBEH

npou3BoAUTEN 3a ckopocT oT 10 cm/s 1o 50 cm/s.

v, cm/s Fep, kg B k
10 28,5 285 0,78125
20 58 290 0,784615
30 89,5 298,3333 0,864583
40 121 302,5 0,905512
50 152 304 0,9

Tabauna 4. Koeduuent Ha nemmgep Ha alTepHATHBCH

TIPOU3BOJHTEIN 32 CKOPOCT OT 35 cm/s g0 125 cm/s.

v, cm/s Fep, kg Yij k
35 103,5 295,7143 0,916667
45 134,5 298,3889 0,921429
55 164,5 299,0909 0,901734
65 193 296,9231 0,873786
75 221,5 295,3333 0,830579
85 245 288,2353 0,814815
95 261 274,7368 0,838028
105 271 258,0952 0,875433
115 278,5 242,1739 0,901024
125 282 225,6 0,931507

3 3aknwuyeHue

[IpencraBeHata MeToAWKa JgaBa BB3MOXKHOCT 3a
oTyJaBaHe Ha paOOTHU JHarpaMy U XapaKTEPUCTHKH Ha
KOpMWJIHM ~ XuzapaBinuuHu  jaemndepu. [lomydeHure
XapaKTepUCTHKH MoraT na OBJaT W3IOJ3BaHU NpHU
CBhCTaBSHE HA MOJEIM Ha ABTOMOOWIHO KOPMMIIHO
yIpaBjeHHWE C 1eJ I[IOBHIIaBaHe Ha Komdopra u
0€e301acHOCTTa Ha yIpaBJICHUE.
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A method and test equipment for
obtaining characteristics of steering
hydraulic damper

Evgeni Sokolov!

'Department Combustion Engines, Automobile Engineering
and Transport, Faculty of Transport, Technical University -
Sofia, Bulgaria

Abstract: In the paper is presented a method of testing of
steering  hydraulic =~ dampers. Their application,
construction and principle of operation are described. To
obtain the working diagrams and characteristics of the
steering dampers, specialized testing equipment is used.
Obtained from the test, working diagrams and
characteristics are shown and analysed.
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Bb3MOXHOCTU 3a yBenuyaBaHe Ha paboTHaTa nnouw, npu
NPUBNMYaHe HA AbPBEHUTEe MaTepuanu KbM TpakTopa

Cmanumup Crounos"" u Tuxomup Kpymos!

! Karenpa ,,TEXHOJIOTHHM M MEXAaHM3AIUs B TOPCKOTO CTOMAHCTBO , JlecoTexundeckn yausepeutet, Codus, Bearapus

Pestome: l3cienBanu ca Bb3MOXKHOCTUTE 32 yBeJNM4YaBaHe Ha pabOTHATA IUIOLI HPH NPUBIMYAHE HA

JABPBEHUTE MaTCpUalii KbM TpPaKTOpa 3a M3BO3BAHEC 10 BPEMCHHHS CKJIald. HapaCTBaHCTO Ha pa60THaTa

mIony u obema Ha TOBapa MOXE€ J1a C€ IIOCTUTHE YPE3 3aMAHA Ha TCIJIMTEIIHUTE BBKETA HA TPAKTOpHATa

nebeika ¢ TakMBa C MO-MalIbK JAUaMETBbpP, HO C IO-BUCOKAa HOMHHAJIHA CHUJIa HAa PA3KbCBAHE HA TECJIOBETE U

OiM3Ka IO TOJIeMHHAa HOMHMHAJIHA CHJa Ha Pa3sKbCBAaHE Ha BBIKCETO. MakcumaaHoTo Pa3CTOAHUC Ha

MIpUBJIMYaHE MOXe J1a HapacHe 10 1,78 mbTH, a paboTHATA IJIOIL - 3 IBTU MPU U3MOJI3BAHE Ha BAJIIyBaHU

BBXKETA, KOUTO HMAT YABbJDKECHA MNEPUOAHWYHOCT Ha Mas3aHE, I1O-HHCKa JIMHEWHA Maca, IOBHIICHa

yCTOP’I‘II/IBOCT Ha U3HOCBAHC M Ca MHOT'O IOAXOIAIIH 3a J'IC66,IIKI/I Ha TPAKTOPU U BBKCHU JINHUU B TOPCKOTO

CTOIIaHCTBO.

1 BbBepeHue

JIbpBOIOOUBBT € BaKCH HKOHOMHUYECKH OTPAchil Ha
BCcsAKa efHa cTpaHa. JloOMBBT Ha JBpPBECHHA Yy Hac €
ChCPEIOTOYCH MTPEIUMHO B INITAHMHCKUTE U MOTYTIaHUH-
CKU paiioHM Ha Halata cTpaHata. [ opckuTe HacaxIeHus,
pas3MoNIOKeHH B TE3M palOHM, OKa3BaT 3HAYUTEITHO
BB3/ICHCTBUE BHPXY OKOJIHATA CPEAa.

W3B03bT HA JABPBEHUTE MATEPHAIHU OT bPBOIAOOUB-
HUTE y4acTbIH (CeuHIara) 10 TOBAPHUTE MyHKTOBE UK
BPEMEHHHUTE CKIIQJ0BE CC OCBIISCTBSIBA MPEIAUMHO C
KOJIECHU TPaKTOPH, CHalOJEHH C BBXKEHa ChOMpareiiHa
CHCTEMA B MOJIyHATOBAPCHO MOJIOKEHHE.

TpaHCOPTHUAT MPOIEC HA U3BO3BAHETO HA JbPBEHU
MaTepHalld C ITOMOINTa Ha KOJIECHH TPAKTOPH C BHKEHA
chOupaTellHa CUCTeMa Ce pa3Jiesii Ha CIeTHHUTE Omepa-
LIUH:

* JIBHOKEHHE OT TOBAPHUSI MyHKT (BPEMEHHUSI CKJIA]) KbM
ceunmieTo 6e3 ToBap;

* MaHEeBpPHPAHE;

* opmupane Ha KypCcOBHs TOBAp;

* JIBIDKEHHE C KYPCOBHSI TOBAp OT CEUHILETO JI0 BPEMEH-
HHUS CKJIaJ;

* pa3ToBapBaHe.

Brxkenara chOuMpaTenHa CUCTeMa CE H3IMOJI3Ba 3a
NpUKa4YBaHe Ha JbPBEHUTE MAaTepUaiH, IPUBINYAHE KbM
TpaKTOpa W W3BO3BaHE C NOBIWTHAT MPEICH Kpail 1o
BPEMCHHUS CKIIA].

JleOenkute Ha CHEIMATM3HPAHUTE TPAKTOPH Ca C
eIVH WX J1Ba Thanku OapabaHa, 3aJBM)KBaHU XHApaB-
nmuaHo i oT BOM. B 3aBucumocT ot crierudukara Ha
TErJIMTEIHOTO BbXKE, KbM HEr0 MOTAT JIa ce MpHKayart 1-5
crr0a.

Pa3zHooOpa3HuTE NPOM3BOJCTBEHH YCIIOBHS, B KOUTO

ce Wu3BbpIIBa J00MBa Ha JbpBECHHa OOYCIIaBSIT
* Corresponding author: stoilovs@ltu.bg
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CJIO’KHOCTTA NPU (hOPMUPAHETO U H3BO3BAHETO Ha TOBApa
(Duwr. 1).

@ur. 1. [IpunryaneTo Ha ABPBEHUTE MaTEpUAIH ¢ JiebeaKara
Ha CIICHATU3UPAHHUS KOJICCEH TPAKTOP.

EnuH oT edekTUBHUTE HA4YMHM [a C€ YBEIHYH
MIPOU3BOIUTEIHOCTTA Ha CICHHUAIN3UPAHNUTE TPAKTOPH €
W3MOJ3BAaHE HA IO-IBJITM CTOMAaHEHH BBXKETa 3a
nebenkata. Taka ce yBenuuaBa 00XBaThT Ha MPUBIMYAHE
Ha JbPBEHUTE MaTepHaId KbM TPaKTOpa.

2 TeopeTnyeH aHanus

O0eMbT Ha OBpPBECHHATA, TIPUBIICYCHA OT €IHA TTO3UIIHS
Ha CHCLUATM3UPAHUS TPAKTOP, MOXKE JIa Ce 3aIlUIIIe TaKa:

()

KBAETO (¢ € 3alachT HA XEKTap Ha MOJOTAENA OT
HAcaX/IEHHETO, B KOETO ce MpoBexzaa cedra, m’/ha; S -
IIJIOLITA OT CEYMILETO, KOATO MOXKe Ja Obae oOXBaHara ¢
BBKEHO-ChOUpATEIHATa CHCTEMa Ha TPAKTOpa OT eIHa

— i 3
Qn03 - q3al'l'5' L, m,
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no3uiyst, ha; i - UHTEH3MBHOCTTA HA CEYTa, U3pa3eHa C
JPOOHO YHCITO.

IInomra S, KosiTo MOXKE fa ObJ€ 00XBaHATA C BBKEHO-
chOMpaTeHaTa CHCTEMa Ha TPAaKTOpa, IPEIACTaBisBa
CEKTOP OT OKPBKHOCT C paJnyC, PABCH Ha Ib/DKAHATA HA
TErJIMTEIHOTO BBXKe Ha Jiebeakara (¢ur. 2). 3a na He ce
HapylId YCTOWYMBOCTTA Ha CIELHATH3UPAHUS TPaKTOp
0e3 M3MOJI3BaHe HA OTKJIOHHTEIHHU POJIKHA TCTIIUTEIIHOTO
BBKE MOJXKE Jia ObJIe OTKIIOHEHO IMOJI BI'bJ ¢ MAKCUMAaJTHA
roiemuna 30° [2].

[Tnomrra S MOXe J1a ce u3pas3u Taka:

_0,0001.7.0
360

S 12, ha, (2)
KBJETO /; € ABDKUHATA HA TETITUTEITHOTO BBXKE Ha TPak-
TopHarta nebenka, m; € - roleMHHA HA EHTPATHUS BI'bIl
Ha CEKTOpA.

Crnen 3amectBaHe Ha ¢popmyina (2) B ypaBHenue (1) 3a
obema Ha JbpPBECHHATA, MMPHUBJICYCHA OT €IHO IO3UIHO-
HUpaHe Ha CIELUATU3UPAHUsl TPAKTOp, Ce MOJyyaBa
nu3pasa

_0,0001.g55,..6.1

= L2, md.
Qﬂ03 360 B

3)

Dueypa 2. 30Ha 3a IPUBINYAHETO HA APBEHUTE MAaTEPHAIIH C
nebeqKaTa Ha CIEUANTH3NPAHIS KOJIECEH TPAKTOP.

O06emMbT Ha TbPBECUHATA, IIPUBJICYEHA OT €IHA TIO3H-
LSl Ha CHICLMATU3UPAHUS TPAKTOD, 11e ObZie MaKCHMaleH
IpM TOJEMHHAa HAa LEHTPaIHHUs BB Ha CEeKTopa
0 =2 x 30° = 60°. Cnengoarenno uzpasa (3) npunobusa
BUA

_0,0001.q55,.10.
QH03,max - 6

2 me, 4

Brxemnobupaemoctra Ha 6apabaHa ce XxapaKkTepu3upa
C TBIDKUHATA Ha BBXKETO /5, KOETO MOXKE J]a c€ Hapeau Ha
Oapabana. BmxemobupaemoctTa Ha OapabaHa 3aBHCH OT
JUaMeTBPBT Ha pedopante Dy, nuamMeTspbT D U TbIIHATA
IbIDKMHA Ha OapabaHa Ls, KaKTO W OT ITUAMETHPHT HA

BBXKETO dy. Omipenens ce cbe cnenuus uspas [1, 3]:
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m.(D§-D§).Ls
b=——"z (5)
KBJETO Ls € TbJIHATa JbJDKUHA Ha OapabaHa.

CrnenoBarenHO ako ce HaMmald JWaMeTbpa Ha
HaBUTOTO CTOMAaHEHO BBKE NPH HEIPOMEHEHH IpyTH
napamMeTpy, e e YBEIUYH IB/DKUHATA My M CHIVIACHO
ypaBHeHus (2) 1 (4) 11e HapacHe 00eMbT Ha IPBECHHATA,
MIPUBJIEYEHA OT €JHO MO3WIMOHUPAHE Ha CIIEIHAaIN3HU-
paHus TPaKkTop.

Haii-uecTo M3MOI3BaHUTE CTOMAHEHHM BBXKETA IIPU
CreaIM3UPAHUTE KOJIECHU TPAKTOPHU C BhKeHa ChOupa-
TeJIHa cUCTeMa ca ¢ HoMuHaiHa sikocT 1570 MPa (PS) n
1770 MPa (IPS), c korctpykuus 6x19 FC nim 6x36 FC u
HOMHUHAJEH AMaMeThp Ha BBXKETo dp = 14-16 mm c
pas3iuyHa KOHCTpyKuus. Bpxkerara Hail-uecto ca npous-
BEJICHH OT JBYCIIOWHU CHOITYETa C €IHAKHB Opoii, HO C
pa3MYHU AMAaMETPH Ha TEJIOBETE OT BCEKU CIIOH, KOUTO
ce o3Hauasar “Seale” (,,Cuitn”).

TennenuunTe 3a nogoOpsBaHe HA IKOCTHUTE IOKa3a-
TEU U YABIDKaBaHE Ha CKCIJIOATAI[MOHHUS NMEPHOA Ha
CTOMaHEHHUTE BBXKETa Cca JIOBENH JI0 pa3paboTKaTa Ha T. H.
BaJII[yBaHH BBXeTa. Te ca pa3paboTeHu 3a HaMaJIsiBaHe Ha
NPETOBApBaHETO M IOCTHIaHE Ha PaBHOMEPHO pasmpe-
JieJIeHMe Ha HAaTOBapBaHETO B HAIPEYHOTO CEYEHHE Ha
BBXeTO. VIMaT HambiIHO Kpbria ¢opMa M 3aTBOpeHa
MOBBbPXHUHA C IOBULIEHA YCTOMYHUBOCT Ha U3HOCBaHE. Te
MOJIbPKAT BUCOKA CTENEH Ha I'bBKABOCT IIPH MO-BHCOKA
HOMHHAJIHA IKOCT Ha TenmoBere 1960 MPa (mpu oOuKHO-
BEHHTE CTOMAaHEHH BBXKETa 3a JICOSIKN U BbXKEHH JIMHUH
ceoTBeTHO 1570 mim 1770 MPa), HepascykBamu ce,
MOBUILIEHA SKOCT U ABATOTpalHoCT. Ilo-ronasmara akocTt
Ha BaJllyBaHWTE BBXETa I03BOJISIBA HM3IIOJI3BAHETO Ha
TaKMBa C MO-MaJIbK JHaMEThp, HO C OJNM3Ka SKOCT Ha
pa3KbCBaHE Ha BBHKETO.

3 MeTtoauka Ha nscnegBaHeTo

Meroaukara Ha U3cjIeBaHe Ce OCHOBaBa Ha CPAaBHUTEIICH
aQHAJIM3 HA XapaKTEPHCTHKUTE HA MAaCOBO HM3IIOJI3BaHHTE
MIOHACTOSIIIEM CTOMaHEHH BBKETa C OpraHMYHA CHPLCBH-
Ha (FC) m BammyBaHum cTomMaHeHH BBmXeTa (compacted
wire rope). M3nom3BaHum ca JaHHM OT KaTalo3W Ha
BoJemH (UPMHU-TIPOU3BOANUTEIN HA CTOMAHEHU BBXKETa
[4,5].

JlaHHWTE 32 OTHETHHTE CTOMAHEHH BBHKETa ca CpaB-
HEHM 10 HOMUHAJHA CHJIa Ha Pa3KbCBaHE Ha TEJOBETE,
HOMHMHAJHA CHJla Ha Pa3KbCBaHE Ha BBXKETO, JIMHEWHa
Maca, HOMUHAaJICH INaMeThp.

C nmomornra Ha ¢popmyna (5) e u3drcIeHa IpKAHATa
Ha BBKETO OT CHOTBETHATA KOHCTPYKIHMS THaMeThp, HO
NIPU MTOCTOSIHHH AMaMEThp Ha pedopaure Dy, TuaMeTsp
Ha Oapabana Ds ¥ TbJIHA IBJDKUHA HA OapabaHa Ls.

O06emMbT Ha TbPBECUHATA, IIPUBJICYEHA OT €IHA TIO3H-
st HA CTIENUATM3UPAHUS TPAKTOP Oros max, M>, OT KOATO
Mmorar aa 6’I)ZlaT MPUBJICUYCHU ABPBECHUTC MaTCpHUAJIN KbM
TpaKTOpa € U3UUCIIEHA [0 ypaBHEHHUE (4). YBEINYEHUETO
Ha pa6OTHI/ITe IJIOIIH B % IpH U3I0JI3BAHE Ha BBIKCTA C
pas3yinyueH IUaMeThp ca U3UuciIeHy, kato 3a 6aza 100% e
IpreTa Ta3u Ha croMaHeHo Bwxke Tun Seale 6x19 FC c
IBJDKUHA 77 m.
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Karo mpumep pasrinexxmame qsybapabanHa rebenka ¢
IMaMEThp Ha BCSIKO CTOMAHEHO BBXKE dy 16 mm,
IbIDkHA [y = 77 m, KOHCTPYKIUS THI ,,Seale u HOMH-
HaJHa SIKOCT Ha pa3kbcBaHe Ha TenmoBeTe 1570 MPa.
HomuHanHaTa TeriuTeliHA CWJIA Ha pas3riekIaHaTta
nebenka e 70 kN.

4 AHanu3 Ha pe3ynTaTtuTte

O0eMBbT Ha KYpPCOBHUS TOBap € OTPAaHHYCH OT TETJIUTEI-
HUTE€ BB3MOXKHOCTH Ha CHCLHUATM3UPAHUS TPAKTOP.
[Mopagu TOBa 00EMBT Ha ABpPBECHHATA, KOSATO OM Moria
Jla ce TpHBIIieYe OT €HA MO3UIIKS, € Bb3MOXKHO aa ObJlie
M3BO3€HA C [IOBEYE OT €/IMH KypC Ha TPaKTopa.

AKO ce yBenn4H IBJDKAHATA HA BBKETO, C iebeakaTa
1Ie ce MpHBJCYC KbM TPAKTOpPA 3HAYUTEIIHO IMO-TOJISIM
obem aepBecuHa. ToBa TpsOBa 1a ce OChIECTBH, o0aue,
0e3 1a ce MPOMCHsS OpHUIMHAJIHATA KOHCTPYKIHUS Ha
nebenkata. OT popmyina (5) craBa sicHO, 4e yIbiKaBaHe
€ OCBIIECTBUMO CaMO aKO C€ M3I0JI3Ba CTOMAHEHO BBXKE
C IMO-MaJbK JUAMETHP dy, HO ¢ OJTU3Ka 10 TOJICMIHA CHJIa
Ha pa3KbCBaHe.

AHanu3bT Ha JaHHHATE B Tabd. 1 mmokasBa, 4e MaKCH-
MaJIHOTO Pa3CTOSHHUE HA MPUBIHYAHE MOXE Ja HapacHe
1o 1,78 mbTH, a paboTHATA TUIONI - 3 ITETH NPHU U3ITOJI3BA-
HE Ha BaJIIIyBaHU BBXKETa, KOUTO UMAT YIbJDKEHA MEPHO-
JMYHOCT Ha Ma3aHe, [0-HKUCKa JIMHEHHa Maca, MOBUIICHa
YCTOMYMBOCT HA U3HOCBAaHE U Ca MHOI'O MOJXOJSAIIM 3a
J'Ie6e[lKI/I Ha TPAKTOPU M BBKCHU JIMHUMU B TOPCKOTO
CTOIAHCTBO.

Tabuauna 1. XapakTepUCTUKU HA U3CICIBAaHUTE BBXKETA.
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HenocTtarsk Ha BalIlyBaHWTE BBHKETA € TAXHATA IIO-
BHCOKa IIeHa. Ts obade MOXe Ia ce KOMIIEHCHpa OT
HapacTBaHETO Ha paboTHATA IJIOMNI M NPUBJIEYCHATA KbM
TpaKTOpa IBpPBECHHA, CJIEACTBHE OT MO-TOIsIMaTa
J'BJDKUHA Ha BBXKETO.
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5 3aknwoyeHune

HapactBaneTo Ha paboTHaTa MJIOIL, OT KOATO MOXKE J1a ce
MIPUBJIEKAT ABPBEHHU MaTePHAIN U 00eMa Ha TOBApa MOKE
Jla ce IIOCTUTHE Ype3 3aMsAHa Ha TETJIUTEIHUTE BbXKETa Ha
TpaKTOpHaTa JieOe/IKa C TAKHBA C 10-MalIbK AUAMETHP, HO
C II0-BHCOKa HOMHHAJIHA CHJIa HA Pa3KbCBAHE HA TEJIOBETE
1 0JM3Ka [0 ToJIeMMHAa HOMHUHAJIHA CUJIa HAa Pa3KbCBaHE
Ha BBXKETO. MakCHUMaaHOTO pa3CTOSHUE HA MPHUBINYAHE
MOXe Jia HapacHe 10 1,78 mbTh, a paboTHaTa romy —3
II'bTH NIPH U3IO0I3BAHE HA BAJIL[yBaHU BBbKETA, KOUTO UMaT
yIBbIDKEHA MEPHOANIHOCT Ha Ma3aHe, IM0-HUCKA JIMHEeWHa
Maca, TOBHIIIEHA YCTOHYMBOCT HAa H3HOCBAHE M Ca MHOTO
MOJXOISIIIH 32 JIE0CIKM Ha TPAKTOPU U BBXKEHH JIMHUH B
TOPCKOTO CTOIIAHCTBO.

Henocrarsk Ha BanilyBaHHTE BBXKETa € TAXHATa IO-
BUCOKA 1IEHA, HO TS CE KOMIIEHCHPA OT HapacTBAHETO Ha
IUIOIITA OT CEYUILETO, OT KOATO MOXKE Jla ce NpHUBJIeUE
JbPBECHHA KbM TPAaKTOPa, IOPaH MO-rojsiMaTa JbDKUHA
Ha BBXKETO.
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Possibilities to increase the working
area at the extraction of timber
materials to the skidder

Stanimir Stoilov' and Tihomir Krumov!

! Dept. of Technologies and Mechanization in Forestry,
University of Forestry, Sofia, Bulgaria;

Abstract: The paper deals with study of possibilities to
increase the working area at the extraction (winching) of
timber materials to the tractor to be skidded to the landing.
The increase of the working area and the volume of the
stem load can be achieved by replacing the steel cables of
the tractor winch with those of a smaller diameter but with
a higher nominal breaking force of the wires and a closer
in value nominal breaking force of the steel rope.

The maximum extraction distance can increase to 1,78
times and the working area - about 3 times when using
swage compacted ropes that have extended lubrication
intervals, lower linear mass, increased wear resistance and
are very suitable for winches on tractors and cable yarders
in forest logging.
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U3cnenoBaHe Ha KOMOUHUPAH TPAHCMOPT Ha AbpBECUHA OT

AYHaBCKUTEe OCTPOBM

Cmanumup Crounos"", bopucnasa Tuaesa’ u Tuxomup Kpymos?

! Karezpa ,, TeXHOIOTNN ¥ MEXAHH3ALKs B TOPCKOTO CTOMAHCTBO™, Jlecotexnuuecky yausepeutet, Codust, Bpmrapus

2 PajioHHa TUpEKLHMA 110 Topute, Pyce, Buarapus

3 Katenpa ,,TeXHOJIOrMY M MEXaHU3ALKA B TOPCKOTO CTONAHCTBO, Jlecotexunuecku yuusepeutet, Copust, buirapus

Pe3tome: B nactosimiata pabota e u3cieBaH TpaHCHOPTa Ha AbpBecuHa OT JlyHaBckusi ocTpoB baTtuh.
HampaBena e cpaBHHTEeNHA OIEHKAa Ha €()EeKTUBHOCTTA HA JBAa KOMOMHUpPAHU BapHaHTa HA CyXOIIBTEH U

pedeH TPaHCIOPT Ha IbPBECHMHAa OT OCTpOB baTwH Ha 0a3a Ha OCHOBHHUTE TEXHHKO-MKOHOMHYECKU
[OKa3aTeNny U Pa3XOoAuTe 3a eIUHULA TOBAPOTPAHCIOPTHA pabora. CpaBHEHH ca Pa3XOMUTe 32 eAUHULA

TOBapOTPAHCIIOPTHA paboTa Ha J[BaTa BAPHAHTA, KaTO CE OKa3Ba, 4Ye NPEBO3BT IIPHU BapuaHT 2 ¢ 1no-eBTHUH,

BBIIPEKU I0-TOJIEMHUTE OOIIM Pa3Xo[M, Thi KAaTO CMEHHAaTa MPOU3BOAMUTETHOCT MPH TO3H BapHaHT €
3HAYUTEIHO MO-TOJIsIMa OT Ta3u py Bapuanr 1. [Ipu Bapnant 2 ocHOBHATa YacT OT TpaHCIIOPTa OT IPUCTAH

Ha ocTpoB batun no mpuctan Pyce ce u3BbpIIBa chC caMOXo/eH Kopad Ha pascrosaue 35,5 km, ynuro
pa3xoay 3a eIUHUIIA TOBAPOTPAHCIOPTHA paboTa ca Hal-HUCKU.

1 BbBegeHue

EnvH oT HaumHWTE 3a 33J0BOJIIBAHE HA HAPACTHAJIOTO
norpebiieHne Ha JbPBECHHA OT TOPCKUTE TEPUTOPUH €
4ype3 Ch3aBaHe, OTTJICKAAHE U IMOJI3BAaHE HA HHTCH3UBHA
TOPCKH KYITYpPH OT OBP30pacTAIIN BHAOBE, KAaKBaTO €
Toroata. THITHIHUTE TOIIOJIOBH MECTOpAacTEHHs, obaue,
Hali-4ecTo ca Mo MOPEeYneTo Ha pEeKUTe, B UBHUIIATA JHTa-
Opsr u mo ocTpoBuTe 1O p. [yHas.

TpaHcmopThT Ha OBpPBECHHA OT OCTPOBHTE Ha .
JlyHaB € ciokeH 3a H3IbJIHEHHEe, 3alloTO Ce Hajara
KOMOUHAIMS OT HSAKOJIKO BHJAa TPAHCIIOPTHH CPEICTBA,
BKJI. BojieH TpaHcmopt [1]. Tlopagu ToBa € HEOOXOqUM
apryMeHTHpaH K300p Ha Hail-e()eKTUBHA TPaHCIOPTHA
cucreMa ot J[yHaBCKUTE OCTPOBH 3a TPAHCIOPTHPAHE Ha
JIbPBECHHATA I10 BOJA U CYIIIA.

Ot nposenenn n3cnensanus [2] Ha octpoB Kozmomyit
ONTUMAITHUAT BapHaHT 3a TPAHCIOPT HA ABPBECHHA € IO
CyIla ¢ TOBapeH aBTOMOOWII, a TI0 BOAa — C TPAHCIIOPTHA
Oapoka (cam), 3aIBMKBaHa OT CHJIaTa Ha BOJHOTO TEUECHUE
u o0cimyXBaHa OT €OUH PAa0OTHHK. 3a YCIOBHSATa Ha
octpoBute CkomeH u JloOprHa MKOHOMHYECKH Hai-
H3roJICH € BapuaHTHT Ha U3BO3 C HpI/lCHOCO6eHI/l BOCHHU
MamuHA [2]. TakbB TUII BEpUKEH TPAHCIOPTHOP HMMa
peauiia mpeMCTBA B CPABHEHHUE C APYTHTE CPEICTBA 3a
W3BO3 — TOBapW Ce JUPCKTHO HAa BPEMCHHHUS CKJIA] Ha
OCTPOBA, MPHUIBHKBA CE 110 CYIIa C BEPYXKHUS JIBHKHUTEN,
HaBJIM3a B peKaTa C TIOMOIITA Ha BEPHYKHUS IBIDKATEI H
BHHTOBETE, IUJIaBa, IBIDKEHA OT BHHTOBETE M OTHOBO C
BEPIDKHUS JIBIDKHATEN JAOCTHTAa O BPEMEHHHS CKJIax Ha
opera [1, 2].

Ot octpoBHTe 061130 J0 Opera mpu MajJoBOAME Ha .
JlyHaB e Bb3MOKHO TbPBEHUTE MAaTEPUAIIN J]a CE H3BO3BAT
npe3 pekaTa ChC CIENHUAIM3UPAH COPTUMEHTEH TPAaKTOp
OT BPEMEHHUS CKJIajl Ha OCTPOBa JI0 TOBapHa ILUIOMIA/KA,

* Corresponding author: stoilovs@ltu.bg
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KBJIETO C€ IpeToBapBaT Ha CHELUAIM3UPAHU CEIJIOBU
ABTOBJIAKOBE 3a ITPEBO3 JI0 KPaHUS MOTPEOHTEII.
HacrosmoTo u3cnenBaHe € HACOYEHO KbM CpPaBHH-
TEJHA OIICHKAa Ha €(EKTHBHOCTTA HAa JBAa KOMOWHHpaHH
BapHaHTa 3a TPAaHCIOPT Ha IbpBecHHaTa Ha 0a3a Ha
OCHOBHUTE TEXHUKO-MKOHOMHYECKH IIOKa3aTeld |
pa3xoauTe 3a eqUHHIA TOBAPOTPAHCIIOPTHA paboTa.

2 MeTtoaguka Ha nscnegBaHeTo

ExcnepuMeHTanHOTO H3CleABaHE € TIPOBEICHO Ha
JyHaBckus octpoB baTuH, KOWTO € 4acT OT TEPUTOPUSTA
Ha [IbpaBHO JIOBHO CTOMAaHCTBO ,,JlyHaB*“ — Pyce, B
nogotaenu 1165-g, 1159-c n 1158-r. (®wur. 1). IbpBec-
HUST BUJI Ha TPAHCIIOPTHPAHUTE MaTepUaIIH € TOIOJIA.

OOeKT Ha W3CIEeNBAaHETO Ca CIICUATU3NPAHU COPTH-
MeHTHH TpakTtopu John Deere 1510E, cneumanmsupan
CaMOXOZIeH Kopad, Kopad-BieKad ¢ HecaMOX0IHa Oapika u
CHELHUATN3UPAHT aBTOBIAKOBE.

Cucrtemure OT TPAaHCIOPTHM MAIIMHH YCIOBHO ca
pa3zeneHy Ha Ba BapuaHTa — BapuanTt 1 u BapuanT 2.

BapmuanTt 1 BxiItouBa TpaHCHIOPTHPaHE HA IbPBECHHA C
JIBaTa COPTUMEHTHHM TPAaKTOpa OT BPEMEHHMs CKJaJa Ha
ocTpoB batuH 10 mpUcTaH Ha CBILUSA OCTPOB, HA KOWTO €
pasnoisioxeH camoxoJieH kopad (CK) ¢ miardopma, BEpXy
KOSITO COPTHMEHTHHTE TPAKTOPH ce pa3roBapsar (Pwur. 2).
ITpu nocnenHUs Kypc TPaKTOPUTE C€ KauBaT HATOBAPEHU
u ocTaBat TaM. TpaHCIIOPTHPAHETO Ha IbPBECHHA 10 BOAA
or mpucrtan batun pmo mnpucran Creamume ce
OCBILECTBSBA ChC CaMOXOJEH KOpad C NpHKadyeHa KbM
IperHaTa My 4acT IJIaTgopMa, Ha KOATO € HaTOBapeHaTa
IbPBECHHA, BKJIIOYUTETHO M JABaTa COPTUMEHTHH
TPaKTOpa C IbPBECHHA.
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[MlaneueH TpaHchopT

®mur. 1. Cxema Ha TpaHCIIOPTa OT OCcTPOB baruw.

®ur. 2. HatoBapBaHe Ha miatdopmara ¢ JbpBeCHHa OT J[BaTa
COPTUMEHTHU TPaKTOpa.

PascrostareTo, m3mMuHATO IO BOMa, € 9,5 km. Tpanc-
MOPTUPAHETO HA JbpBECHHATa OT NpucTaH CTHINHIIE 10
IIpEeTOBapHAaTa paMIIa, KbJETO ca PA3OI0KEHH CIIeLIHalIH-
3MpaHM aBTOBJIAKOBE, C€ OCBILIECTBSBA IO MBTHIIA 0e3
HACTHJIKA CBC COPTHMEHTHHUTE TPAKTOPU HA CPEIHO
pascrosiHMe 65 m, KaTo 3a eIMH Kypc Ha JBara COpPTHU-
MEHTHH TPaKTOpa ce HaTOBapBa eauH aBTOBIAK (Dwur. 3).
CreBa TpaHCIIOPTHpaHE Ha IBbPBEHUTE MaTEpUAIH 0
KpaiHUsl TIOTpeOMTENl C aBTOBJAKOBE 110 NIbTHINA 0e3
HaCTWIIKa U acanTUpaHH IIbTHIIA.

@ur. 3. [IpenaToBapBaHe Ha IbPBEHUTE MaTEPUAITH OT
COPTUMEHTHUTE TPAKTOPU Ha aBTOBJIAKOBE.

Bapuant 2 o0xBama TpaHCTIOPTHPAHETO HA THPBECH-
Ha C J]BaTa COPTUMEHTHU TPAKTOPa OT BPEMEHHHS CKIIaJ
Ha ocTpoB baTuH 10 npucTad Ha ChUIUS OCTPOB, HA KOMTO
€ akoCcTUpall caMoxo/ieH kopad (dwur. 3).

JlBata COpPTMMEHTHH TPaKTOpa ce peayBar IpH pa3To-
BapBaHETO Ha JbpBECHHATa B KOopaba, JOKaTo KopadbT ce
HaToBapH. TpaHCHOPTUpPAHETO Ha JIbPBECHHA IO BOJATA
ot npucrad batun 1o npucran Pyce ce ocklecTBsaBa cbe
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camoxomausi kopabd Ha 35,5 km (®ur. 4). Ilo-HaTaThk
J'bpBECHHATa OT Kopaba Ha mpucraH Pyce ce mperoBapsa
Ha TOBapHH aBTOMOOJIM C MOMOIITA Ha TMOPTAJECH KpaH.
IIbTAT, KOMTO M3MHUHABAT T€ OT NPUCTaHA 10 KpanHUs
norpeduten, e 1 km.

i o
i o

®@ur. 4. CamoxoieH Kopad B M34aKBaHEe 3a TOBapeHe.

P3xoaure mnpu nBaTa BapuaHTa ca M3YUCICHU
cpriiacHo Meronaukara Ha FAO [3] u Miyata [4].

3 AHanus Ha pe3ynraTuTe

CpenHure CTOWHOCTH Ha WM3MEPEHHTE U HM3YUCICHU
IOKa3aTely ca Iokasanu B Tabmuma 1.

[Ipu Bapuant 1 Haii-romsim a5 oT paObOTHHUS KB HA
COPTUMEHTHHS TPAKTOP Ha OCTPOBA 3aeMa JABMIKEHHETO C
ToBap (26%), a Hail-manbK — Ha HyjeBus npoder. Haii-
roJIIM Js1 OT pabOTHHS LMUKBI HPU COPTUMEHTHUS
TPaKTOp, IOKATO € Ha Cymara, 3aeMa toBapeHero (32%),
a Hali-MaJIbK — ITOJIrOTOBKATA 332 TOBapeHEe U MOr0TOBKa-
Ta 3a Tpbreane (3%).

Ta6auua 1. CpeHH CTOMHOCTH Ha ITOKa3aTeIuTe
NIPY J1BaTa BapuaHTa

Ioxa3aren Bapunanr 1 | Bapuanr 2
Texuuuecka ckopoct, km/h 34,92 14,38
Excmnoarannonna ckopoct, km/h 0,67 0,52
KoeduuuenT 3a u3nosissane Ha 107 0.89
TOBapOHOCHMOCTTA
061 mpober, km 95,29 73,87
O6eM Ha abpBecHHaTa 3a yac, m’/h 100 109,5
O?eM Ha JbpPBECUHATA 32 CMSIHA, 300 ’76
m’/McM
‘la;cosa [IPOU3BOIUTEIHOCT, 738,50 100835
m?.km/h
CMeHHa TIPOU3BOAUTEIHOCT,

o km/sem 5908 8067
OO0 pazxozw, B./h 259,75 277,56
OO0 pazxoau, JIB./MCM 2078,00 2220,48
Pasxonau 3a eauHuna TOBa?OTpaH- 0.35 0.28
criopTHarta paboTa, 1B./ m’.km

3a camoxoHHA Kopad ¢ maTdopma Hal-TosIM 51T OT
paboTHHSA LIMKBJI 3aeMa pa3ToBapBaneTo (30%). PaboraTta
Ha CeJUIOBH BIIEKay ChC CIIEUATU3UPAHO NOTypeMapKe ce
XapakTepu3upa C TOBA, Y€ HAH-TOISAM AT OT PabOTHHA
LUKBJ 3aeMa JBIKeHUETo ¢ ToBap (41%), a Hall-MarbK —
MaHEBPUPAHETO U MTOJITOTOBKATa 3a ToBapeHe (2%).
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IIpu BapuaHT 2 32 COpTUMEHTHUS TPAKTOP HA OCTPOBA
Hal-TONSIM [T OT PaOOTHHS HIHKBJI 3a€Ma TOBAPEHETO
(25%), a Hali-MamBK — IOJATOTOBKATa 3a TOBAapeHE H
moaroToBkara 3a Tpereane (3%). 3a camoxomHus Kopabd
HaW-TOJISIM asJ1 OT pa6OTHl/Iﬂ IUKBII 3a€Ma JIBUKCHUETO
6e3 ToBap (30%), a Haill-ManbKk — Ha MaHEBPHPAHETO
(0,5%). Haii-romsim fsu1 OT pabOTHUS HUKBII TIPU BIICKAY
ChC CIELHAIN3NPAHO MOIypeMapKe 3aeMa ¢ TOBapeHETO
(34%), a Hali-MaI'BK — IIOATOTOBKAaTa 3a TOBAapEeHE M
tpbreate (3%).

W3uncneHnsT KoeQUIUEHT 3a H3M0JI3BaHe Ha TOBApO-
HOCHMOCTTa TIpu BapmaHT 2 € MO-HHCBK OT TO3W IIpH
Bapuant 1. [Ipu BapuanT 1 ce 3a0ens3Ba HaJBHIIIaBaHE
cbc 7% Ha momyctuMaTa MakcumainHa maca Ha [1IIC [5].

Cpennara cMeHHa TPOW3BOIUTENTHOCT OT 5908
m?3.km/Mcm npu BapuanT 1 e 1,5 mbTn no-Maska ot Tasu
npu Bapuanr 2 (8067 m* km/mcm).

W3unciieHnTe €KCIUIOATALMOHHM TOKa3aTelnu NpHU
Bapuanr 1 ca no-HeOmarompusTHU: MO-MaJKH CMEHHU
pa3xoly, IMOo-MaJlka CMEHHA MPOM3BOAUTEIHOCT, HO TIO-
BHCOKH Pa3Xo/I¥ 3a €IMHHLA TOBAPOTPAHCIIOPTHA padoTa.
CroTBeTHHTE MOKa3aTenu npu Bapuant 2 ca mo-moopw,
BBIIPEKH MO-TOJIEMUTE OOIIN pa3xoau. ToBa ce IbIDKK Ha
MO-TOJIsIMaTa CMEHHA POWU3BOIAUTEIHOCT, TIOPAIH KOETO
pa3xoanTe 3a EANHUIA TOBAPOTPAHCIIOPTHA paboTa ca 1mo-
HUCKH. TpaHcrmopThT o BapuaHt 2 € mo-epekTuBeH.

M3non3Banero u Ha JBaTa BapUaHTa € CE30HHO, Thi
KaTo 3aBUCAT OT CbCTOssHMETO Ha peka JlyHas. Ilpu
3aMpBb3BaHe Ha peKara W JjBara BUJa KopaOu He Morar jaa
ce nBwkar. /lBara BapuaHTa CBIIO Taka 3aBUCIT OT
IIBJIHOBOJMETO Ha peka JlyHaB — NpH MHOTO BHCOKO
paBHHMIE Ha BOJaTa OCTPOBHUTE ca 3ale€TH U JbPBO-
IOOMBBHT, KAKTO M TPAHCIIOPTHT HA JBPBECHHA OT THAX, Ca
HeBB3MOXKHH. [Tpu BapuanT 2, 3a pasnuka ot Bapuanr 1,
“Ma 3aTpyIOHEHUs, BR3HUKBAIIA IPH HUCKOTO PABHHUIIC
Ha peKara, Thil KaTO CaMOXOJHHA KOpad MMa MHHUMAITHO
rasene 2,55 m.

4 3aknrouyeHue

IIpu cpaBHsBaHE Ha pa3XxOgUTe 3a €AMHUIIA TOBAPOTpPAH-
criopTHa paboTa ce oka3Ba, ue MpeBo3bT Npu BapuanT 2 e
1o-e()EeKTUBEH, BBIPEKH MO-TOJIEMUTE OOIIM pa3sxou 3a
IIPEeBO3 Ha ABPBECHHA, TbH KAaTO CMEHHATa IPOU3BO-
JUTENHOCT Npu BapuaHT 2 € 3HaYuTenHo mo-rojisiMa ot
ta3u npu Bapuant 1. [Ipu Bapuanrt 2 ocHOoBHaTta yacT Ot
TpaHcnopTa OT npucraH o-B barun 1o npucrtan Pyce ce
HU3BBPINBA ChC CAMOXO/ICH KOpab Ha pascTosHue 35,5 km,
YUUTO Pa3XOAU 3a €JUHUIA TOBApPOTPAHCIIOPTHA paboTa
ca Hall-HHUCKU.
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Study of combined timber transport
from Danube river islands

Stanimir Stoilov', Borislava Licheva® and
Tihomir Krumov'
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University of Forestry, Sofia, Bulgaria;
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Abstract: The paper deals with comparative evaluation
of operational efficiency of two combined variants of
timber transport from Danube River Batin Island, based
on techno-economic parameters and costs per unit
transport work. The costs per unit of Variant 2 are cheaper
despite greater total costs due to higher shift productivity.
For Variant 2, the biggest part of transport from the port
of Batin Island to the port of Ruse is carried out on a self-
propelled ship at a distance of 35,5 km, the costs per unit
of which is the lower than that of truck timber transport.
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Designing a micro-processor control block for electric traction
with bi-operational semiconductor switch

Lyubomir Sekulov' and Martin Zlatkov"*

'Todor Kableshkov University of Transport, Sofia, 1574, Str. "Geo Milev" 158, Bulgaria

Abstract: A considerable share of the electric transportation vehicles servicing the urban electric transport
lines have a DC electric traction and impulse controls for their main modes of operation (traction and
braking). A MAN trolleybus from the Trolleybus Depot using such controls was experimentally tested in
real exploitation conditions. Its high-power traction was constructed with bi-operational semiconductor
switches of the GTO-type. In the course of the testing, the fluctuation values of the main parameters of
electric traction and the control system were identified within the established and borderline regimes of
operation of the trolleybus, and were used as the baseline conditions for the design. The subject of this report
is the design of a control block for a trolleybus with PWM controls of traction and braking forces. The
control system works in traction mode through a specific algorithm and selectively chooses between
recuperative and resistance braking of electric transportation vehicles. A key advantage to the existing
solutions is the increased energy efficiency resulting from the new algorithm for the control of

semiconductor switches in breaking mode.

1 Introduction

The development of electric transport is extremely
important for all European cities characterized by high
population density. Electric transport is economical,
comfortable for the urban environment and complies with
the principles of environmental protection. The regularity
of the share of electric transport in the performance of
mass urban passenger transport is natural. The
requirements for modern electric vehicles (EV) are related
to comfort, reliability, environmental friendliness and,
last but not least, to energy efficiency. It is determined by
various factors that need to be used optimally and in a
complex way. The main factor to meet the above
requirements is the deployment and operation of new or
upgraded EV’s with a high degree Reliability and
improved performance and energy performance in
traction and braking.

The city of Sofia has the largest and most complex
urban transport system in Bulgaria. The transport system
of Sofia includes the following types of transport - tram,
trolley, bus and metropolitan. As the main transport
operator of the capital, in 2016 "Sofia Electricity
Transport" EAD has transported over 190 000 000
passengers.

At present, the company "Metropolitan Electric
Transport" operates different generations of trolley buses
and tramcars with alternating and DC electric drives,
where the power supply and regulation of the operation of

* Corresponding author: dj_marti79@mail.bg
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the traction motors are realized by means of inverters and
pulse regulators. Their power part is mostly implemented
on the basis of IGBT or GTO technology. This great
variety is a serious challenge to the operation and
maintenance of EV’s. [1,2] For ground urban electrical
transport (GUET), the only competitive system of modern
AC drives remains the DC electric drive implemented
with classic DC or brushless DC motors (BLDC) with
impulse control of the main modes of operation of the
traction motors. In this case, the transducer is one,
significantly simplified circuit, which determines the
higher reliability and energy efficiency of the EV.

The report presents some of the results obtained in the
modernization of the EV traction control system with
impulse regulator, realized with thyristors of type GTO.
A microprocessor driving system (MDS) for the MAN
trolley, designed and constructed in Sofia. The main
purpose of the development is to increase the reliability
and energy efficiency of EV in both main operating
modes - traction and braking. The proposed new technical
solutions have been developed on the basis of the modern
microprocessor technology, enabling optimization of the
trolleybus MSS functions and increasing their reliability,
safety and efficiency. Designing solutions for designing
solutions that maximize vehicle energy efficiency while
retaining all the other benefits of impulse regulation:
dynamic vehicle performance, high energy efficiency in
traction and braking, low operating and repair costs ,
Reliability, long service life, and so on.
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2 Technical parameters and
characteristics of the object for study,
experimental studies

The commented trolleybuses are operated by the Iskar
trolley depot in Sofia. In the present introduction, the
basic technical parameters and features of the trolleybus
are briefly explained. Detailed information on circuit
characteristics and experimental studies under real
operational conditions is given in the published article in
the scientific journal Mechanics, Transportation and
Communications 2017.

Fig. 1 shows the power circuit of trolley bus MAN.
The inlet filter is realized by the capacitors C1, C2 and the
chokes L1 and L2. The trolley bus has a smooth impulse
control of traction and braking forces by defined
algorithms from the control system (CS), the braking
process being a combination of electric and mechanical
braking with pneumatic impact. The traction mode of the
trolley bus is controlled by a given algorithm by the CS of
the thyristor THF, depending on the specific setting of the
control controller (driver's throttle). The field weakening
in this circuit is automatically done via the DA, DB and
RF resistors and no additional control elements are
needed.

The trolley bus performs electric braking in two
modes - recuperation and rheostat. The necessary
excitation of the electric machine operating in generator
mode and the regulation of the anchor and the excitation
current according to the braking assignment is performed
by the thyristor THB. During the pause, the electrical
energy can be returned to the contact network via the TR

thyristors or extinguished in the braking resistors R11,
R12 (located on the roof of the trolley) when the thyristor
is operating. The type of electrical braking is determined
by the set SU algorithm, the values of the voltage signals
(Ul and Ue) and the current (T3 and T4) sensors as well
as the current reference of the brake controller.

In order to optimally design the MDS, experimental
traction and braking modes of the MAN trolley on a stand
in the Iskar depot and in line under real operating
conditions were investigated. The transition processes in
the EV power scheme and the management algorithms of
the Sofia University in its main modes of operation -
thrust and electric braking (electrodynamic and
recuperation) are studied. On this basis a control unit was
designed, built and put into operation, implementing
microprocessor control, control and protection, by
specified algorithms, of all power parameters of the
traction electric drive (TED) in the basic modes of
operation of the trolleybus.

The following figures show some of the graphical
results obtained from the study, taken with a four-channel
digital oscilloscope with Rigoll memory. All impulses of
the semiconductor switches TB, TR, THB, THF in the
figures have an amplitude of 5V- standard TTL level. The
voltages Uc,Ul and the currents Ia, If were measured with
sensors of the company LEM at a conversion ratio of
100:1 and were later visualised on a 1:2 scale.

Fig. 2 shows an oscillogram of thruster thyristor
thruster THF in the hitch and acceleration mode as well as
the change of the traction current la and the trolley's
tripping current If.
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Fig. 1. Power scheme of a trolley bus with GTO thyristors.
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Fig. 2. Oscillogram of control pulse THF (CH1), anchor
current (CH2), excitation current (CH3), contact network
(CH4).

In Fig. 3 is a continuous combinational recording of
the control pulses in traction and then in braking mode. It
can be seen that EV implements sequential recuperation
and resistor braking. Larger length records in most cases
do not allow accurate analysis of the shape and duration
of the impulses, but they give an idea of the nature of the
process.
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Fig. 3. Semiconductor switch control on a given algorithm in
braking and traction modes. Managing impulses (THF) of THF
(CH1), THB (CH2), TB (CH3), TR (CH4).

Fig.4 shows the existing algorithm of the German
company BBC, where Ul is the voltage of the trolleybus
filter, which determines the quantity of recuperated
energy. The oscillogram reveals that the recuperative
semiconductor switch TR starts after the TB has operated
for a long time, 1i.e. the variable resistor releases
considerable energy at the beginning of every breaking.
The solution shown in Fig.4 attributes priority to the
recuperation, which is the major advantage of the
algorithm devised, whereby the energy efficiency is
considerably enhanced. Calculations and measurements
show that, given the same road conditions, the energy
returned to the contact grid during the first 1 second of
every breaking is 15 600 J with the BBC control and
97 500 J for the solution presented herein. This is
observed by the comparison of the two oscillograms as
well. In Fig.4 and Fig.5 are captured the pulses of the three
brake thyristors THB, TB and Tr, as well as the thyristor
control algorithm, are pulled according to the voltage
changes of the trolley filter.
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(CH3), UF voltage filter (CH4) in the BBC control.
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Fig. 5. Oscilloscope (stop) pulses THB (CH2), TR (CH3), Ul
voltage filter (CH4) in the solution presented herein.

In Figures 6 and 7, the THB, TB, and TR pulse control
records are shown in function of the UF filter voltage and
the anchor current Ia.
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Fig. 6 Impulses of TB (CH1), THB (CH2), TR (CH3), Ul
(CH4).

In the experimental study the values of change in
normal, transient and limit modes of the basic power
parameters of TEE (anchor, excitation current, traction
motor voltages, filter and contact network, revolutions),
as well as the change of all control signals from the (CS)
. On the basis of the analysis of the obtained results, a
design assignment for microprocessor control is
formulated to replace the existing and implemented
analogue management and protection algorithm.
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Fig. 7. Impulses of TB (CH1), THB (CH2), TR (CH3), Uce
(CH4).

3 Design of MDS of traction DC electric
drive with GTO thyristors.

The aim of the project is to create a control unit (CU)
to realize effective control of the main thyristors of the
trolley impulse regulator in traction, reverse and braking
mode. It is necessary to implement the new block as a
microprocessor and the driving algorithm to match the
existing original driving.

The designed control unit is based on microprocessors
type PIC16F1786, by means of a given algorithm, realizes
pulse-width modulation (PWM), at a specific frequency,
depending on the mode of operation of Traction electric
propulsion (TEP) — traction or braking. The PIC16F1786
microprocessor has an inbuilt PWM generator, and,
therefore, no need arises to write software for its
initialization, which makes it a very convenient
component for this solution and gives it a major advantage
over the other microprocessors. The specific parameters
of the design assignment for MDS have been established
on the basis of the extended experimental study. They can
be summarized as follows:

Traction mode:

* Regulation mode — PWM Constant frequency fuse
f=500Hz;

* Minimum impulse width of THF - 120ps;

» Pitch control range PWM - from 0.1 to 98%;

* Acceleration time from 0 to 100% - 8.2s;

+ Shape of the control pulse - rectangular;

* Fast response at CU - less than 1 ps;

* Construction of fast-acting protections - maximum
anchor and excitation current, minimum and maximum
voltage - less than 12 ps;

* Protections and prohibitions on the joint operation of
THF and THB thyristors;

* Permission for work of the University in case of specific
initial conditions;
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» Work of the CU on a specific algorithm - corresponding
to the existing CU;

* Traction current regulation - depending on the specific
assignment;

* Adjustment range of la - 20 + 500A;

Braking mode:

* Ability to realize electrodynamic and regenerative
braking;

* Stopping on a specific algorithm depending on the
braking control of the brake controller;

* Starting width of THF - 400 ps;

» THB first pulse width to reverse direction Ia to 120A -
approximately 30 ms;

* THB PWM driving - according to the algorithm,
depending on the current UF value;

* Recovery impulse width of TR - 300 ps;

» Width of the IM for TB - 160 us - in the pause of THB;

* Provide all time-bans and protections within 1 period.

* Trolley filter voltage control - up to 800V;

Fig. 7 shows the traction control algorithm realized
with MDS.
The design of the CU is done in several basic stages:

* Analytical determination of the parameters of the EV
recuperation regime in the urban traffic conditions;

» Software simulation modeling in the MATLAB
SIMULINK environment of various circuit solutions
and controls;

* Analysis of the results obtained from the simulations
and on this basis selection of the final schematic solution
and the structuring elements;

* Building the control system and conducting control tests
for functional suitability and efficiency.

4 Conclusion

The design and implementation of the MDS was done
under a contract concluded with "Sofia Electricity
Transport" EAD, in which the basic parameters of the
assignment were formulated. The aim of the project is to
build a BS that will effectively manage the main thyristors
of the trolley pulse regulator in traction, reverse and
braking mode. The designed control unit is designed and
installed on an experimental trolley. Road trials are being
carried out on a specific methodology.
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U3cnepnBaHe HanpexeHUsATa U ONTUMU3NPaHE KOHCTPYKUMATA
Ha rionaTka 3a Typ6buHa pa6oTelua ¢ ppeoH

Mazoanena qionreposa®!

'Vuusepeurer ,,IIpod. 1-p Acen 3narapos”, Byprac, Beirapus

Pestome. IIpencraBena e nzesra 3a ONTUMHU3MPaHe Ha KOHCTPYKLMATA Ha JIONIATKa 3a TypOuHa, padoreiua

¢ ¢peon. Jlonarkara e uzpaborena upe3 3D-TeXHOJIOTHs HA IPHHTUPAHE OT TEPMO-IUIACTUYHH IJIACTMACH.

C momomTa Ha KOMIIOTBPU3UPAHO MOAENUpPAHE M H3CIEIBaHE HAa TPHUMEPHHTE MOJETH Ha Pa3THIHU

KOHCTPYKIUU Ha JIONIATKHU U UHULIUUPAHE Ha I[eﬁCTBaU.IPITe ycuiiys BbpXY JionaTkara U Ype€3 CUMYJIAlITMOHHO

n3CJI€ABAHE Ha pasnpeCICHUECTO Ha CKOPOCTHUTE CHCTABJIABAIM HA IIOTOKA 110 CEYECHUETO HAa KaHalia, ca

MOJIy4EHUTE Pe3yJITaTH, C KOUTO € ONTUMHU3MPaHa KOHCTPYKILHMATA Ha JIOIATKaTa Ha pabOTHO KOJIEJNO 3a

TypbuHa, pabotema ¢ ¢peon. [IpoBenen e ananus u ce mpeaygara KOHCTPYKIMS Ha JIONATKaTa, KOATO €

MOAXO/sIIA 33 paboTa NPH CHOTBETHH YCIIOBUSL.

1 BbBepgeHue

TexHonorusta Ha 3D-TPUHTUPAHETO € B OCHOBaTa Ha
HOBHUTE TEXHOJIOTHH 33 MPOU3BOACTBO. M3mon3BaneTo Ha
3D-neyat ¢ TBBPAW, TEPMOIUIACTHYHH IUIACTMACH H
BB3MOKHOCTHTE, KOMTO TOH J]aBa Jla ce apMupa 00eMHO
MIPUHTHUPAHUAT JeTailyl ¢ KapOOHOBU HUILIKU WIIM HUILIKU
OT cThKJoMmIacT [1,2], mo3BossiBa CpaBHUTEIHO €BTUHO U
0bp30 1a ce n3paboTBaT TYpOMHHU JIOTIATKH ChC CIIOKHA
¢dopma (Pwur. 1), 6e3 HyKAa OT HUHCTPYMEHTAIHA CKHITH-
poBKa, Oe3 MexaHnYHa 00pabOTKa U JICCHE.

OcBeH TOBa WM3IOJ3BAaHUTE MAaTEpUaH Ca HM3HOCO-
YCTOHYMBH, M3ABPKAT HA MEXaHHYHH HATOBApBAHUS U
MIPUTEXaBaT BHCOK MOJYJI Ha €JIaCTUYHOCT IPH OI'bBaHE
(6,2 GPa) ipu cpenna aedopmaius Ipu paspyiabase (8-
10%).

[Tpu TypOunuTe, padoTtenn Ha ¢ppeoH, 32 ORC nHcTa-
JIaluy, ce paboTH MPU CPABHUTEITHO HUCKU HAJISITAaHUS U
temnepatypu [3-6]. ToBa naBa BE3MOYKHOCT METAJIHHUTE
JIONIAaTKM Ha pabOTHUTE KOJIeNa J1a ce 3aMEHST C TBBPIU
TEpMO-IUIACTUYHM  IIacT™Macd.  M3noszBaHero  Ha
HEMETAJTHM MaTepualld JaBa peluna IperuMcTBa OT
KOHCTPYKTHBEH ¥  TEXHOJOTMYCH XapakTep HpH
m3paboTBaHe Ha TypOMHATa, a MoauduIMpaiiku Gpopmara
Ha JIOIIaTKaTa, Ce II0Jy4aBa Bb3MOXHOCT 38 MAKCHMAJHO
ONTHMH3UpPAHE Ha XHUIPOJWHAMHKATAa Ha [OTOKA H
NIOBUIIaBaHE HA KOe(QUIMEHTa Ha IIOJIE3HO ACHCTBHE Ha
TypOHMHaTa.

CraHaapTHUAT HAYMH 32 U3pA3BaHE Ha JOMATKUTE, C
U3MO0JI3BaHE Ha Mertanopexen Mamuuu (dur. 2), e
JIOCTa CKBII M 0aBeH, M3MCKBA MHOTO MAallMHHO BpEME,
HEoOX0MMO € J1a ce ITPOEeKTUpa 1 U3padoTBa criennaiHa
WHCTPYMEHTAJHA EKUIUPOBKA, J1a CE U3MOJI3BAT CKBIIN U
CIOXHU 1T(poBH (Ppe3u U BHIIPEKH TOBA, MOHAKOTA HE
MOJKe J1a ce KOHPHUTYpHpa TEXHOJIOTUIHO CIIOXKHA (hopma
Ha JIONaTKaTa.

* Corresponding author: mdyulgerova@abv.bg

@ur. 2. TexHOIOTUA C U3PSI3BAHE HA JIONATKUTE.

Enun ot mpobiiemute, KOWTO MOXKE J]a Bb3HUKHE MTPH
U3M0JI3BaHeTO Ha 3D-TeXHOJIOruATa Ha MPUHTUPAHE €, ue
IJIACTMACHUTE, KOMTO CE M3IOJ3BAaT, B HIAKOU CIy4ad HE
MOTaT J1a OCUTYPSAT JOCTaThyHA SKOCT HA JIONATKara.
CehiiecTByBa BB3MOKHOCT Jia C€ TIIOJIyYd TakKaBa
KOMOWHAIMSI OT XapaKTePUCTHKHTE Ha OOTHYAIIUS
MOTOK, Y€ MNpPU 33J3JCHUTEC PEeKUMU Ha pabora Ha
TypOWHAaTa Jla Ce CTHTHE 10 3HAYUTEIHHU HAIPEKEHHE U
JIOpH 110 pa3pymiaBaHe Ha jJonarkara (Dwur. 3).
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[Ipunara ce m TexHomorusta Ha 3D-mpuUHTHpaHE C
M3M0JI3BaHE HAa METAIHM CIUIaBH, HO BCE OILIE HE JlaBa
3aJJ0BOJIMTEIIHA IPAaBOCT U TOYHOCT HAa IOBBPXHOCTHUTE
U € 3HAYUTEIHO MO-CKbIIa.

@ur. 3. PazpymaBaHe Ha Jomarkara.

3a pemaBaHe Ha mpoOieMa ¢ YCTOHYMBOCTTA Ha
JIonaTkaTa, u3paboTeHa OT TEPMOILIACTHYHHM [IACTMACH,
€ HEOOXOMMO J1a C€ M3BBPLIN SIKOCTHO Opa3MepsiBaHe Ha
JIONIATKUTE NPU CHOTBETHUTE EKCTPEMATHU PEXKHMH Ha
pabora Ha TypOuHaTa W Ha 0Oa3a OT MOJyYCHHTE
pe3ynTaTH Aa ce B3eMaT KOHCTPYKTOPCKH pEIlIeHHs 3a
obe3omacsBaHe Ha OMACHUTE 30HU.

3agavyaTa Ha HacTosara paboTa € Ja ce MpOBEpU
BB3MOXKHOCTTA 32 CUMYJIALIMOHHO M3CJIeABaHEe Ha pasmpe-
JICJICHUETO Ha HANPE)KCHUSTA, Bb3HUKBALIM B CCYCHHUATA
Ha JIOMATKaTa, OT JICHCTBAIUTE BHPXY HESl HATOBAPBAHUS
U J1a ce MPEeUIOKHK METOIUKA 33 SIKOCTHO Opa3MepsiBaHe
Ha JIONATKaTa.

2 ®opmynupaHe Ha npobnema

Ilpu cranmapTHa KOHCTPYKIMS Ha TMapHa TypOuHa
(®ur. 4) u npu 3a13aICHA HAYATHA TAPAMETPH HA TOILIO-
HOCHUTENII W YCIOBHA Ha paboTa KaTro TeMIepaTypa,
HaJIATaHe, BIIOBa CKOPOCT, MPEJaBaHO HATOBapBaHE U
Ip., JOMATKUTE C€ KOHCTPYHpaT W Opa3MepsiBaT II0
YTBBPJCHNA W JIOKAa3all Ce 3a OMNpEleNIeHH EKCILIoaTa-
LIMOHHU YCIIOBHSI B TIPAaKTUKaTa METOIUKH [7-9].

®@ur. 4. Koncrpykiys Ha TypOuHaTa.

Jlomatkara OCHOBHO C€ HaMupa IOJ Bb3AECHCTBUETO
Ha HATOBapBaHE, KOETO MOXE J1a Ce MPEICTaBH C 0COBa
cuia P.

OcoBarta cuiia ce Mojy4yaBa B pe3yJiTaT OT peaKiusTa
Ha CTpysiTa Mapa, KOsiTO U3Tu4a OT JIIO3UTE, IPU KOETO ce
TeHepHpa U BBPTAMIUAT MOMEHT My Ha TypOuHara.
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[Ipu dopmynpaneTo Ha HATOBAPBAHETO HA JIOMATKa-
Ta B M3TPaACHUs MaTeMaTHYHMS MOJEN TpsAbBa na ce
OTYETE MOMEHTBT Mpz, KOMTO ce sBsiBAa BCIEACTBHE Ha
MarHUTHOTO TI0JI€ HA TeHEPaTopa.

Cunata P 3aBHCHM OT pa3xoja U CKOpOCTTa Ha
JIBIDKEHUE HA TOIUIOHOCUTEJNS B TYPOUHHUTE CEKLIUH U CE
OIIpeJIesIsl OT CKOPOCTHHSI TPUBI'BIHUK (Dur. 5), 3a Besika
cekus [7-9].

P =G (w, sin B, +w, sin 3, ), (1)
kbaeTo G € MacoB NeOUT Ha TOTUIOHOCHUTETIS, Kg/s; wi, w»
— OTHOCHTEITHH BXOJSIIA U M3XOJSIA CKOPOCTH B U OT
paboTHaTa onarka, m/s; 1 — BXOJSII bI'bJ Ha paboTHATa
JIONATKa; > — U3XOSIL ‘BI'bJI HA Pa0OTHATA JIONATKA,

1

T o
g P/ \ g~ 3
c
= G e} w @
S u u g
WoosfB1+Waooss2
Goosaa+CGaosae
®@ur. 5. CKOpoCTEeH TPUBI'BIHUK.
OTHOCUTETHUTE CKOPOCTU C€  ONpeAeNsiT OT
YpaBHEHHUSITA:
sin ¢
Wy = — - s In/S, (2)
sin £,
Wy =Wy, m/S, (3)

KBJCTO: 0] € HAaKJIOH Ha CTpysATa mapa OT [ro3ara Io
OTHOIIICHHE Ha paOoTHOTO KoJelno (ot 10 mo 25 rpagyca);
€1 — CKOPOCT Ha M3THYaHE OT J(f03aTa, M/S; | — CKOPOCTEH
koeduieHT Ha pabortHara Jyomartka (ot 0,6 mo 0,99),
orpesienst ce oT rpaduvHa 3aBUCHMOCT.

breabt fi ce onpenens oT 3aBUCUMOCTTA!

sin o, sin o,

= arctg

cosay ——
¢

4)

p, =arctg| cj.———
c.sina; —u

AOGcomoTHaTa H3XOJMIIa CKOPOCT Ha IIOTOKa OT
JIoIaTKarTa ¢z, Ce JaBa KaTo:

_ Ww,.sin 3, . m/s,

sina,

)

¢

KBJICTO: ¢ € HAKJIOH Ha CTpysTa mapa Ha H3X0J OT
PabOTHOTO KOJIEIIO, ONIPE/IEIIs C€ OT YPaBHEHUETO:

sin
tga, = 2

u
cosfy ——
W)

(6)

KBJETO: U € TmepudepHa CKOPOCT Ha mapata, m/s.
BbpTAMTe MOMEHTH MOTaT Ja Ce ONpeNessT OT
npefaBaHata B TypOMHATa MOIIHOCT. MakcuMasaHaTa
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TEOpETHYHa MOLIHOCT, KOSTO MOXE Ja ce OTHaie B
TypOWHaTa 1npu aguabaTHoO pasUIupeHue e:

Nyx =Gli —iy), kW (7N

KBJETO: i1 U i» Ca CHTAJIINHH Ha [1apa Ha BXOJ U U3XO0J OT
TypOuHara, kl/kg,
¥ CHOTBETHO

M. = NMAX — 30NMAX Nm. (8)
N (0] Tn ’

KBJICTO: (» € BIJIOBA CKOPOCT Ha PaOOTHOTO KOJIENO; 11 —
000poTH Ha TypOUHATa, 5~'.

M3non3Bailki TOPHUTE 3aBUCHMOCTH 3a OIpeesiHe
Ha MAaKCUMAJTHUTE CTOWHOCTH Ha JIEHCTBAIIMTE HATOBAP-
BaHUS W C TIOMOIITA Ha KOMITFOThPU3UPAHO MOJICIIUPAHE
Y U3CJICJIBAHE HA TPHMEPHU MOJICITU Ha JIONATKATa, MOXKE
Jla ce CUMYJHpa MPOIEChT Ha HATOBapBaHE W Ja Ce Ha-
TIpaBH aHAIIN3 HA OTIACHUTE CEUCHHSI B KOHCTPYKLIUSATA.

3a menTa, U3X0XKIAHKH OT KOHCTPYKTUBHUTE OCOOE-
HOCTH Ha nipo¢miia Ha nonarkaTa (Pwur. 6), u oT cCKOpocT-
HUS TPUBIBIHUK Ha JBIDKEHHETO HA IMOTOKa II0
TeyeHueto (Pur. 5), ce ompenensT CTOWHOCTUTE U
pasmpeneneHneTo Ha CKOPOCTHHTE ChCTAaBIIABAIIM Ha
noroka (dwur. 7).

—

®ur. 7. Pa3npeneneHneTo Ha KOMIIOHEHTUTE Ha CKOPOCTTA Ha
IIOTOKA 10 CEYCHHETO Ha KaHaa.

3a cuMmynHpaHe Ha ABIDKEHHETO HA IMOTOKA B JIOTAT-
KOBHsSI KaHaJl Ce 33/1aBaT Ha4yallHW MapaMeTpHu Ha TOILIO-
HOCHUTEJS M YCIOBHS Ha paboTa KaTo: TemIepaTypa,
HaJIsiraHe, TUIBTHOCT U Jp.

Ha ®ur. 7 e mpenacraBeHo pasmpeiciicHHETO Ha
CKOPOCTHHUTE ChCTABJISIBAIIM HA MTOTOKA 110 CEYCHUETO Ha
KaHasa. 3HaelKU Te3U CTOMHOCTH, MOKEM Ja ONPEIEITUM
peanHo neicTBamata BbpXy Jonarkara cuia P (1) u
MSICTOTO HA HeHATa MPUIIOKHA TOYKA.

Ha ©Oasara Ha Te3d U3XOAHM [aHHH U 3HAECHKH
(U3UKO-XUMUYHUTE XapPaKTEPUCTUKU HA Marepuana, oT
KOMTO ce M3paboTBaT JIOMATKUTE, MOXKEM Ja OIPEACIUM
roJIieMHHATa W PA3NpEleSICHUeTO Ha BBH3HUKBALIUTE B
pa3MuHUTE CEYEHHs Ha JIONAaTKaTa HalpeXeHUs
(Pwr. 8).

@ur. 8. Hanpexxenusi, Bb3HUKBAILHY B JIONaTKaTa.

Ha ®wur. 8 ca npencraBeHu 4MCIEHU pe3yiTaTH 3a
pasmpeneneHeTo M TOJeMHWHATa Ha HAMpPEKCHUATA B
JoraTkaTa Ha TypOWHa, KOsATO paboTh ¢ (peoH, mpu
3a[1a/IcHU TTapaMeTpy Ha MOTOKa.

OT aHasm3a Ha [JaHHUTE MOXE Ja C€ TBPCH
ONTHMHU3MPaHE Ha KOHCTPYKIMATA Ha JIONaTKaTa Taka, ue
BB3HUKHAIUTE HATOBapBaHuWs W jaedopMmaivyd 1a He
MPEBUIIIABAT, C OMPEIENICH 3arac, J0MyCKa Ha TpaHuIlaTa
Ha yCTOMYMBOCT Ha JIOTIaTKaTa 3a JaJIeHus MaTepual.

3 Pe3ynTtatu n ob6cbxpaHe

C mnomorira Ha KOMIIOTHPHU3UPAHO MOJCIHPAHE H
M3CNeIBAaHE HA TPUMEPHHUTE MOJEIN HA Pa3IMdHU KOH-
CTPYKIIMH Ha JIOTATKU 3a TypOuHH, paboTenn Ha (HpeoH
U CHMYJAIMOHHO HM3CIIe/IBaHe Ha pa3lpelesieHHeTO Ha
CKOPOCTHHUTE ChCTABIISIBALIM Ha MOTOKA 10 CEYEHHETO Ha
KaHala, ca MOJyYeHU Pe3yNTaTH, C KOMUTO € ONTUMHU3H-
paHa KOHCTPYKLUSTA Ha JIoNIaTKaTa Ha pabOTHO KOJIeNo 3a
TypOuHa, pencraBena Ha dur. 4.

TypOunara e ¢ momHocT 10 10 kW u pabotu ¢ ¢ppeon
507A npu HansiraHe Ha TOIUIOHOCUTENs Ha BXoA oT 1,5
MPa u nebut Ha ot 0,122 kg/s.
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CpaBHEHHETO Ha pe3yiTaTHTe, IOJIYYCHUTE IO
YHUCIIEH BT M EKCIEPUMEHTAIHHUTE JaHHH, 3aCHETH B
mporieca Ha paboTta Ha TypOMHATa, JaBaT J00pO ChBIIAAe-
Hue. ToBa Noka3Ba, ye MpeUIaraHusT MOoIX0 ] 3a opa3Me-
psiBaHE M KOHCTPYKTHBHO OQOpMsHE Ha Jiomarkara Ha
pabOTHOTO KOJIENO, MOXKE Ja Ce M3IO0JI3Ba 3a pa3padoT-
BaHE Ha HECTaHIAPTHO 00OpY/IBaHE.
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Stress study and optimizing the
construction of a blade of freon turbine

Magdalena Dyulgerova!

"University “Prof. As. Zlatarov”, Burgas, Bulgaria

Abstract. The idea of optimizing the design of a freon
turbine’s blade is presented. The blade is made using the
3D technology of printing from thermoplastic plastics.
For the determination of stresses, computerized modeling
and study of three-dimensional models of different blade
designs were used. The distribution of flow rate
components across the channel section has been
investigated. Results were obtained that optimized the
design of the impeller blade for a freon turbine.
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M3nnTBaTenHa mawuHa 3a eKcnepumMmeHTtarnHu n3crneaBaHnAa B
yCnoBUATa Ha BUCOKU TeMnepaTtypu

Becenun Hones"", Bopuc Bopucos', Hean Myxtapos? u Huxona Kyzmanos

1

'Texanuecku ynusepcuteT — Codus, kareapa ,,ChIPOTHBIEHHE HA MATEPHATUTE”

2Bucreon Enexrponukc Boarapus

Pe3rome. B crarusara e onucana KOHCTPYKIHUATA HAa U3NIATBATCIIHA MAalllMHA 3a U3CJIIEABAHEC IMTOBECACHUETO
Ha MaTCpHUaJIuTE B YCJIOBUATA HA BUCOKU TEMIIEPATYPU. HpI/I MPOCKTUPAHETO U Ca U3IIOJI3BAHU CbBPEMEHHU

coTyepHH TPOMYKTH, MO3BOJSBAINM ONTHMHU3MpaHe HA KOHCTpyknusTta. C HOMOITa HAa YHCICHU

CHMyJIallMM M HATPyMaH ONUT OT MpPEAUIIHM pa3pabOTKH € HampaBeH MpPOEKT M € H3paboTeHa
M3NHUTBATEIIHATA MAIIMHA. Y CTAHOBEHO €, Y€ TS OTTOBaps Ha 3aI0KCHUTE B IPOSKTa MapaMeTPH.

1 BbBegeHue

M3nutBaneTo Ha MaTepUaIUTe HA ON'BH NPU MOBUIICHU
TEMIepaTypd W3WCKBAa CIENHAIM3MpaHa amaparypa
BKIIFOYBAINA: MAallWHA 32 HW3IUTBAaHE, YCTPOICTBa 3a
M3MepBaHe Ha eOpPMAaIIii; HarPeBaTEITHO YCTPOHCTBO U
CHUCTeMa 3a YIOpaBJICHHE, PETHCTPUpaHE W 3aluc Ha
u3MepBanuTe Beanuuan. Crenuaim3upann GUpMHU mpej-
JlaraT TakaBa amaparypa, HO TEeXHUTE IIEHH Ca BHCOKH,
KOETO TH TpaBU HEJOCTBHIIHU 3a MAJIKUTE U CPEIHU
npennpusaTusi. [lo3HaBaHETO Ha TEXHHUTE BBH3MOXKHOCTH
obaue ImIe TOAMOMOrHE OIWTa 33 W3TPAKIAAHE Ha
HM3NUTBATEIHNA CUCTEMM Ha MO-AOCTHIIHA IICHA.

Ha ®wr. 1 ca moka3saHy MHOTONO3HUIIMOHHH H3ITHTBA-
TEJIHA MAIllMHU C IUPEKTHO HAaTOBapBaHE Upe3 TEIKECTH.
Koraro, Tps0Ba na ce mombpika MOCTOSHHO HANPEKECHUE
ce BBBEXKIA IMOJIBMKHA TEXKECT, C KOATO Ce KOPHUTHpa
CcHllaTa B 3aBHCHMOCT OT MPOTCKJINTE aeOopMaiuu.
JlMpeKkTHOTO HAaTOBapBaHE OCHUTYpsBa MPOCTa cxema Ha
peanm3upane. HeroBm HemOCTaThIM ca: OTrpaHUYCHA
CTOMHOCT Ha MpujiaraHata cuja, KOeTo He MO3BOJIsABa Jia
Ce M3MIMTBAT NMPOOHU Teja ¢ HOPMAJICH JUAMETHP OT
BHUCOKO SIKH CTOMaHH; (U3UYECKO HATOBAapBaHE Ha
MPOBEXKJAIINS €KCIIEPUMEHTATHUTE U3CIIEIBAHUS U JIP.

®@ur. 1. 3nuTBaTenHyu CUCTEMH C TUPEKTHO HATOBApBaHE
4ype3 TEeKECTH.

*
Jlune 3a kopecnoHaeHIMS: tzonev(@tu-sofia.bg
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3a mpoBexaaHe Ha eKCIIEPUMEHTH C MOJIbp)KaHe Ha
MIOCTOSTHHA CTOMHOCT Ha HAaIlPeXXEHUETO, B ChBPEMEHHHTE
1a00paTOpHU Ce M3MOJI3BAT M3NUTBATEIHN MALIMHH ChC
CEpPBOYIPABIIEMHA HATOBApBALIM MEXaHU3MH, KOHUTO
MO3BOJISIBAT Ype3 HU(POBO yIpapJieHHE Ja Ce OCUIYpsBa
npenn3Ho HaToBappane (Pwur. 2).

@ur. 2. M3nuTBaTeHU CUCTEMH ChC CEPBOYIIPABIISIEMU
HaTOBapBaIll MEXaHH3MHU.

W3nuTBarennara MaiirHa TpsOBa 1a Oblie MPOBEpeHa
U aa MMa KijiaC Ha TOYHOCT IIOHE 1 B CHLOTBETCTBHE ChHC
crargapt BJIC EN ISO 7500-2 [1]. Mammnata TpsOBa na
Obae u30JIMpaHa OT BBHHIIHM BHOpalMUd M yJapH.
HaroBapBaneTo ce npuiara o ocra Ha MPoOOHOTO TAJIO,
TaKa 4e Jja ce IMOJIyY¥ MUHUMAITHO OT'bBAaHE MIIH YCYKBaHE
Ha pabotHara My dact. Cummara T1psOBa na Obne
mpuioxeHa 0Oe3 ymap. MamuHata TpsaOBa ma Obne
cHablleHa C yCTPOMCTBO, KOETO Ja MHHUMM3HpPA yaapa
IpU pas3pyllaBaHe Ha NPOOHOTO Tso. TumbT Ha
MallrHaTa ce oTOeNsI3Ba B IPOTOKOJIA Ha H3IIUTBAHETO.

[TocraBs ce 3amauara Jja ce NPOEKTUpPa U U3PadOTH
U3IUTBATCIIHA MalllhHa, ocurypsBaiia MMpeuu3HO
HatoBapBaHe a0 10 KN, kosto nma ce wu3monsBa 3a
eKCIIEPUMEHTATHA U3CJIECBAHUS B YCIOBHUTA HA BHCOKH
TeMIIEpaTypH.
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2 KoHcTpyupaHe Ha usnurBaTesrniHaTa
MalluHa

Ha 6a3ata Ha onmrta Ha Kareapa ,,ChIPOTHBICHHE Ha
Matepuamte” kbM TY-Codus v TaHHH OT CHeNHATH3H-
paHara JmTepaTypa ¢ n30paHa KOHCTPYKIHUATA, IOKa3aHa
Ha Owr. 3. Ha ®ur. 4 e nmoka3aH HarpeBaTEITHUAT MOy
[2], xoiiTO ce Brpaxxia B MammnHaTa, a Ha @ur. 5 e mokazax
HATOBapBAIMAT MOTYJI HA MAITHHATA.

®ur. 3. M3nurBarenna MalinHa.

®ur. 4. HarpepareneH Moy
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®@ur. 5. HaroBapsar Moy

3a MammMHaTa € XapakTepHO CIEJHOTO:

e PamaTa Ha M3MUTBaTEIHATA MAIIMHA CE CCTOH OT
cToiika 1, aBe KooHM 2 U TpH TpasepcH 3,4,5. Ctolikara
€ OT BAIOBaHM NPOQWIH, CBBP3aHM Ype3 3aBapeHH
cbeanHeHus. HuBennpaHeTo craBa ¢ moMoIiTa Ha CHeLu-
QIHM BHHTOBE, DPAa3MOJIOKEHH B YETUpUTE oOmopH. B
ropHaTa 4acT Ha CTOWKaTa C IOMOIITa Ha BUHTOBE ce
MIPUCHEANHIBA METaJHa IUIoYa — JIoJHa TpaBepca 3. Ts
CITy’KH 3a 3aXBalllaHe Ha BOJCIINTE KOJIOHU Ha M3IHUTBA-
TeJHaTa MallvHa. B ropHUsI Kpail ABETE KOJIOHH CE CBBP3-
BaT 4pe3 CTa0MIW3Mpalla IUioya — TOpHA TpaBepca 4.
Crio0siBaHeTo Ha KOJOHUTE W IUIOYHTE CTaBa dpe3
MacBalll¥ MOBBPXHUHU M BHHTOBU ChEIUHEHHs. BBpXy
KOJIOHHUTE C€ TTh3Ta CIIelHalHa I1JI04a — CPEeJHA TpaBepca
5. B 3aBHCHUMOCT OT IB/DKHHATA HA U3UTBAHOTO MIPOOHO
TSUTO TS C€ MO3ULIMOHKMPA B ONPEIENICHO TI0JIOKEHUE U Ce
3aKOHTpPS C BHUHTOBE M JONBJIHUTEIHa CcKoba O,
ocurypsiBaiia HEToJBIDKHOCT Ha Bpb3Kara. PascrosiHue-
TO MEXIy KOJOHWTE € ChoOpa3eHo ¢ rabaputure Ha
HarpeBaTeIHUs] MOy 7, KOWTO ce Brpakia B M3ITUTBa-
TeJHaTa MalllHa C [IOMOIITa Ha crenuaieH ¢uaxen 8,
3aBapeH OT TOpHaTa My cTpaHa. To3u ¢uiaHer ¢ momMoITa
Ha OosiToBe ce 3axBamia KbM IOABI)KHATa TpaBepca.
Pamara e m3padorena ot cromana Cr. 45;

¢ HaroBapsarl MOJys — U3rPajieH € Ha 0a3a CTBHIIKOB
enekrpoasuraten 9, peaykrop 10 m cauMeHO-BHHTOBa
nBoiika 11. M30paHa e cauyMEeHO-BHHTOBA JBOHKA ChC
cThiika 5 mm. HeHuAT X0 € ChoOpa3eH ¢ 04aKBaHOTO
JIMHEHHO YIBIDKEHUE Ha MPOOHOTO TSUIO B pPe3yJsTarT Ha
MOBUIIIABAaHETO HA TeMIlepaTypaTa | IPOTHYALIUTE
nedopmanmy OT HaTOBapBaHETO. 3a TUIABHO W MPELM3HO
IpuiIaraHe Ha cujara OT cauMEHO-BHHTOBATa JBOMKa ca
n30paHy 4YEpBSUEH PEAYKTOP C TOJSAMO IPEAaBATEIHO
otHomeHne (50) M CTBIIKOB €NEKTPOIABUTATEN C TOJSM
opoii cTerku (200) 3a 1 060poT. HeoOXomuMusiT MOMEHT
3a 3aJBWKBAaHE Ha CAuMECHO-BUHTOBATa JBOWKa ¢
nmpecMeTHAT 3a MakcumanHo HatoBapBane 10 KN. Crom-
KOBHST €JIEKTPOJBHUTraTeN U PEAYKTOPBT, KAKTO U PEIyK-
TOPBT U CauyMEHO-BHHTOBAaTa JIBOWKA ca CBBP3aHHU 4pe3
3b0HH cheauanuTeN 12. CauMeHO-BUHTOBATA JIBOIKa ce
BBPTU B aKCHAJIHO-paauaieH narep 13, koiiro mocpen-
ctBoM (maHen 14 u jarepHa Kamayka ce MOHTHpa B
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nonHata TpaBepca. OCUTypsSBaHETO CPEIIy MPUILTH3BaHE
Ha BBTpEIIHATa TPUBHA HA JIarepa Cce OCBILECTBSIBA OT
cnenuanHata raiika 15. KOHCTpYKTHBHO Bpb3KaTa MEeXIy
CTBIIKOBUS €JICKTPOIBUTATEN M PEIyKTOpa Ce M3BBPIIBA
nocpencTBoM Quanerr 16, a peIyKTopbT Ce 3aKpernBa KbM
JIOJIHATa TpaBepca upes crelainta [-o0pasHa rianka 17.
OcurypsiBaHETO Ha JIMHEWHO JBMW)KEHHE HAa BUHTA Ha
CauMEHO-BUHTOBATA JIBOIKAa Ce MOCTUTA C MOMOINTA Ha
nuck 18, KolTo ce mrb3ra no Asa Bojaada 19, 3axBaHatu
3a JIOJHATa TpaBepca;

e Cmomep 20, 9UHTO EIEKTPHYCSCKU CHTHAI CITYKH
3a oOpaTHa BpB3Ka C YIPaBICHUETO HA CTHIIKOBHUS
nasurares. VI3MepBaTeaHOTO yCTPOMCTBO 3a CUIIa € u3pa-
00TeHO Ha IPUHIIHIA Ha TpeoOpa3yBaHe Ha MEXaHUYHATA
nedopmanus B mpornopIroHaNeH eNeKTPHYECK CUTHA —
BJIHOMOCTOBA TCH30METPHYHA cXeMa. Bpb3kara Mex iy
HATOBApBAaIHMs MOJYJ W CHUIOMEpa CE OCBHIICCTBIBA C
nomornra Ha ¢aanen 21, 4uATO ABIDKKMHA € ChOOpa3eHa ¢
X0J1a Ha BUHTA HAa CAUMEHO-BUHTOBATA JBONKA;

e Enmactuuen eimemeHT 22 — BBBEXKIA ce ¢ Ied Aa
ocurypu Oe3yJapHO HATOBapBaHEe W Ja MHHHMH3HpA
yaapa Tpu paspyllaBaHe Ha MPOOHOTO Tsmo. Bpwikara
MEXIy HEro M CHIoMepa CTaBa C IIOMOIITa Ha BHHTOBO
CheOUHEHHE. ENacTHYHUAT eNeMeHT € H3paldoTeH OT
cromana Ct. 65 I' (3M-810, OM-400);

e 3axBamamo yCTPOHCTBO, CBCTOSIIO C€ OT TOPEH
3axBar 23, yIbDKeH ¢ TomolnTa Ha credio 24, npobHo
10 25 U JoNeH 3axBaT 26. 3axBaTHTE M CTEOJIOTO ca
U3pabOTEHH OT TOIUIOYCTOHYNBA CTOMAaHA C BUCOKA SIKOCT
Ha OITBhH. 32 J]a ce OCUTYPHU CHOCHOCT Ha TOPHHUS 3aXBarT C
OTBOpa B CpeiHATa TpaBepca (KbM KOSATO TOH ce 3axBaria
C TIOMOIITA Ha raika), ¢ MOHTHPAaHO c(hepruyHO HOCEIIo
ChEIMHCHUE. Bpp3kata  Mexmy ~— 3aXBamiamoTo
YCTPOWCTBO W €IACTHIHIS €JIEMEHT CTaBa C TIOMOIITA Ha
caMOHaraxkJaimara ce raiika 27 u cepudeH OOmT.

[Ipu mpoexTHpaHeTO Ha W3MUTBATEIHATA MAIlMHA €
usnoi3Ban copryeper mpoxykr SOLID WORKS [3].
Upes yuciieHN CUMYJIAIlNK Ha Hallpe)XeHusITa 1 neopma-
MUUTE Ca ONTHMH3MPAHH pa3MEpPUTEC Ha pamara |
CJIACTUYHUAT €JICMCHT Ha U3IIUTBATC/IHATA MallluHa.

3 AkocTHO-AehopMaLMOHEH aHanNu3

SIkocTHO-Ie(hOPMALMOHHUAT aHAIM3 Ha paMara |
€JIaCTUYHUS €JIEMEHT Ha MalIMHAaTa € HaNpaBeH II0
MeToJa Ha KpalHHTE €JIeMEHTH C IporpaMara
COSMOSWORKS.

Ha ®ur. 6 e moka3aHa MpekaTa OT KpailHU eleMeHTH
Y HAJIO)KEHUTE IPAHUYHU YCIIOBUs Ha pamara. M3uucie-
HUsATa ca HampaseHU 3a ocoBa cuna 10 KN. HatoBapsa-
HETO € B MACTOTO Ha ONOPHUTE HA JOJIHATA U CpeAHaTa
TpaBepca. OcHOBaTa Ha pamara e (pUKCHpaHa.

Ha ®ur. 7 ca noka3aHu €eKBUBAJIEHTHUTE HAIPEKEHUS
B pamara. [Topasu H3MCKBaHUATA 32 ITO-TOJIsIMa KOPaBUHA
Ha KOHCTPYKIUTA, TTOJyYCHUTE HAITPEKECHUS B KOJIOHUTE
1 TPABEPCUTE Ca HUCKHU.

Ha ®wur. § ca nmokasaHn mpeMecTBaHHITA IO OC )
(ocoBo HampaBieHHE) B paMaTa Ha MamuHaTa. [Ipeanm-
CTBO Ha Ta3u KOHCTPYKLHMS €, 4e JeOPMHUPAHETO NPH
HaTOBapBaHE HE M3MECTBA NPOOHOTO TS0 CTPAHUYHO IO
OTHOIIIEHHE Ha KOpIlyca Ha HarpeBaTeJIHUsI MOYII.
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@ur. 6. Mpexa ¥ TpaHIYHH YCIOBHSL.

. won Mizes (Mimm®2 (kPa))

51
I a6
- 51

- 45

- 40

. 35

L 30

L 25

]

®ur. 7. EKBUBaJIEHTHU HAPEXKEHUS.

Ha ®wur. 9 e moka3zaHa MpekaTa OT KpailHH eJIeMEHTH
U HAJOXKEHUTE TPAaHUYHM YCIOBHS 32 OKOHYATEIHUS
BapUaHT Ha €NAaCTHYHUS eleMeHT. l3umcnenusira ca
HampaBeHH 3a ocoBa cwia 10 KN. HatoBapBanero ¢ B
MSCTOTO Ha 3axXBalllaHE Ha €JAaCTHYHHUS €JIEMEHT KbM
JIOJIHUSL 3aXBaT Ha MPOOHOTO TsUI0, & (PUKCHPAHETO MY € B
MACTOTO Ha 3axXBallaHE KbM CHUJIOMEpa Ha HU3NUTBATCII-
HaTa MalliHa.
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Uy = 9,03 mm, koero ompemens u eJacTUYHATA
koHcranTa C = 0,9.107 N/mm.

URES (mm)
007

0.0975

1Uy= 0,107 mm . 0.0389

- 0.0

. 00714 URES (min)

. 0.0ez22

oo
W0
S8
LR
0IE ]
TIME
SI8
LR'S
s

o
=3

Si5L
]
0Le

0.0533

0.0444
@ur. 11. [IpemecTBaHUS IO OCEBO HATIPaBIICHHE.

_ 0.0356

00267 4 N3paboTBaHe Ha U3nuTBaTenHara
0.0178 MallunHa

0.00553
Crnenr kato ¢ OMOIITa Ha KOMIIIOTbPHU CHUMYJIallUM Ca

JNOYTOYHEHH ¢opMaTa M pasMepuTe Ha pamara u
€JaCTUYHHS €JEMEHT Ha M3IMATBATE/IHATA MAIlMHA, TS €
n3paboTeHa.

Ha ®ur. 12 e noka3aHo 3axBalliaioTo yCTPOUCTBO, a
Ha Our. 13 e mokasana o0I[a CHUMKA Ha W3IIUTBATEIHATA
MallliHa W BrPaJiCHUST B HEs HArpeBaTeleH MOJYII.
Bmxkaar ce CTHIKOBUST €IEKTPOJABUTATEN, PEIyKTOPHT,
®ur. 8. IIpemecTBaHUs [0 OCEBO HANPABIICHHUE. CauMEHO-BUHTOBATA JIBOMKA, CUIOMEPHT U ENACTUYHUSIT
€JIEMEHT.

g

@ur. 12. CHrMKa Ha U3paOOTEHOTO 3aXBAaIIAI0 YCTPOHCTBO.

f :

1e-030

®ur. 9. Mpexa ¥ rpaHUYHU YCIOBHSL.

Ha ®ur. 10 ca nokazaHu eKBUBaJIEHTHUTE HaIpekKe-
HUSA B eJacTUYHHS eleMeHT. HampesxeHusita B 30HaTa Ha
3axBalllaHe Ha eJTaCTUYHUS SIIEMEHT PEaTHO Iie ObAaT Mo-
HHUCKH TIOpaJl BKOPABSIBAHETO OT CBBP3BAHETO CbC
CUJIOMepa OT eJHaTa CTpaHa U ChC JOJHUS 3aXBaT Ha
MPOOHOTO TAJIO OT Apyrara crpaHa. HeoOnyaitHO BUCOKH-
Te HaNpeKEHMs He MOTaT J1a ce U30erHaT, mopaIu H3UCK-
BaHETO 3a II0-BHCOKA eJacTW4YHa KOHCTaHTa. biaro-
MIPUATHO OOCTOSTEJICTBO €, Y€ CIACTUIHUAT EIEMEHT IIe
paboTH MPHU CTATUYHO HATOBapBaHe.

743 MPa

1226 MPa

van Mizes (Mimm*2 (MPa))

®ur. 10. ExBUBaJICHTHU HAIIPEKCHUS.

Ha ®wr. 11 e noka3ana kapTHHA Ha TIPEMECTBAHUATA
[0 HampaBlieHHEe ) (OCOBO HAIIpaBIICHHE) B €IaCTUYHUS
€JIEMEHT. MaKCHMaJIHOTO B3aWMHO NpPEMECTBaHE Ha
TOYKHUTE Ha 3axBalllaHE Ha €JIaCTUYHUS E€JIEMEHT € ®@ur. 13. CurmMka Ha I/I3p8.60TeHaTa U3IIUTBATCIIHA MalllhHa.

67



BulTrans-2017 Conference Proceedings

Sozopol, 11-13 September 2017

5 3aknouyeHue

W3paboTreHa e M3NMUTBaTeNHa MalldHA 32 MU3IUTBAaHE Ha
MaTepHalInTe B yCJIIOBUSATA HA BUCOKU TeMIeparypu. Ts e
ChC CEpBOYNpPABIIIEM HATOBApBalll MEXaHH3aM, KOMHTO
H03BOJIsABA 4Ype3 HU(POBO yIpaBICHUE Aa CE OCUTypsiBa
Npenu3HO HaroBapBaHe. [IbpBOHAYaNHUTE TECTOBE
NOKa3BaT, 4ye M3MUTBAaTeIHATA MallMHA OTroBapsi Ha
n3uckBanusaTa Ha cranaapt B/IC EN ISO 7500-2.

ABTOpHTE Ha cTaTHATa OilaroxapsaT Ha nou. JlennH Jla3oB u o
T'eopru CroiidyeB 3a LIEHHUTE CHBETH M OKa3aHaTa ITIOMOLI IIPH
MPOSKTUPAHETO U N3pabOTBAHETO Ha M3IUTBATEJIHATA MaLIHA.

INutepartypa

1. BJAC EN ISO 7500-2, Meranau MaTepuau.
IIpoBepka Ha MamMHU 32 W3MUTBAaHE HA CTATHYHO
€HOOCOBO HaroBapBaHe. Yact 2: Mammnau 3a
W3NUTBaHE Ha Mbl3eHe mpu omnbH. [IpoBepka Ha
MIPUJIAraHOTO HaTOBapBaHe.

2. N. Nikolov, V. Tsonev, L. Lazov, V. Georgiev,
Design of a heating device for long material testing at
high temperature, International Scientific Conference
of the Faculty of Machine and Power Engineering,
Sozopol, 17 September 2009, 1, 187-192, (2009)

3. SOLID WORKS Docomentation, (2016)

Testing machine for experimental
investigation in high temperature
conditions

Veselin Tsonev', Boris Borisov', [van Muhtarov?, and
Nikola Kuzmanov'!

ITechnical university - Sofia, ,,Strength of materials*
department
2Visteon Electronics Bulgaria

Abstract. In this paper is described the design of
testing machine for experimental investigation in high
temperature conditions. during its design state of the art
CAD/CAM software was wused witch allow its
optimization. Using FEM and previous experience a
project was mage and machine was build. It was
determined that it met the conditions stipulated in the
project.
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Modeling the behaviour of the Interfaces in FRP-strengthened

structural elements

Todor Zhelyazov'*

ITechnical University — Sofia, 8 Kliment Ohridski Blvd., 1000 Sofia, Bulgaria

Abstract. In structural elements strengthened with Fiber Reinforced Polymer (FRP), debonding failure
modes may affect the overall mechanical response. Such failure modes might be crucial, i.e. their
manifestation could lead directly to a global failure which is often brittle and premature. In other cases these
failure modes should be accounted for in the modeling in order to obtain more accurate results. Despite the
large amount of research work carried out the last few decades, debonding failure modes are still not fully
understood. A number of constitutive relations aimed at modeling the interface between FRP and concrete,
more specifically the loss of bond action, have been proposed. This contribution is focused on a numerical
procedure designed to model the progressive loss of bond action between FRP and concrete. The algorithm
uses a linearized slip-stress relationship defined on the basis of a fracture energy equivalence with an
empirical one. An experimental set-up widely used to investigate debonding is modeled. Results obtained
by finite element analysis are presented. Upon appropriate calibration and generalization, the numerical
procedure can be subsequently employed to account for the loss of bond action in FRP-strengthened

structural elements.

1 Introduction

The accurate study of the mechanical response of hybrid
structural elements, such as concrete or Reinforced
Concrete (RC) structural elements strengthened with
Fiber Reinforced Polymer (FRP) requires modeling of the
interfaces. The mechanical response of the interfaces is
complex and researchers are unanimous that it involves
the consideration of many problems that are far from
being fully understood.

From a practical point of view, debonding should be
taken into account in some specific cases.

Debonding may result in premature failure modes.
Thus for example, the delamination of the FRP strip/plate
bonded to the soffit face of a concrete/reinforced concrete
beam prevents the full utilizations of the laod-carying
capacity of the external reinforcement in composit
material. The structural element fails before the FRP
resisting capacity is reached.

Modeling the mechanical response of concrete beams
strengthened with internal reinorcement in composite
material (e.g. internal rods in basalt fiber designed to
replace traditional steel reinforcement) also involves the
study of the FRP-concrete interface. It should be noted
that such structural elements can not be used without
additional anchorage devices for the reinforcing rods in
composite material with hardware for pre-tensioning.
However, the bond between the FRP material and the
concrete might affect the overall mechanical response of
a given structural element.

* Corresponding author: todor.zhelyazov@tu-sofia.bg
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On the macro-scale, the interface behaviour can be
modeled either by postulating a perfect bond, or by
defining a Mohr-Coulomb type of response.

The former approach could provoke a spurious rigidity
in the overall mechanical response of the considered
structural element. This contribution is focused on the
latter option.

Technically, in the framework of the widely used
Finite Element (FE) solutions, the interface response can
be modeled by using “interface elements”.

An alternative numerical procedure aimed at
managing the state of nodes on the interface (e.g.
“coupled” or “uncoupled”) in function of a predefined
“stress-slip” relationship will be discussed.

The formulation of a slip-stress relationship that
reproduces accurately and correctly the loss of bond
action on the FRP-concrete interface, has been intensively
discussed the last few decades. Multiple approaches have
been proposed and developed:

* Elasto-plastic model by [1] and [2];

* Bilinear model based on the interfacial fracture energy
Ge [3];

* Model based on Popovic’s expression by [4];

* Shear softening model by [5].

In this contribution, a finite element model is built on
the basis of an experimental set-up widely used to
investigate debonding phenomena related to pure shear
delamination. The interface between FRP and concrete is
explicitly defined and a slip-stress relationship is chosen
to model the progressive loss of bond action.
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2 The “Slip-Stress” relationship

The relation between the shear stress (7) and the slip (s)
can be defined by the following equation [6]:

r=2BG, e —e22). ()

In equation (i) G stands for the interfacial fracture
energy and B is material constant. Material parameters Gy
and B should be identified by performing “Pullout bond
test”. A plot of the “s-7” curve for B = 10,79 mm™' and
Gr= 1,034 N/mm [6] is given in Fig. 1.

Stress (MPa)

T 7_.I
02 03 0.4 05 0.6
Slip (mm)

Fig. 1. Slip-stress relationship.

Instead of using the power law given by equation (i)
bilinear slip-stress constitutive relations are often adopted

for numerical simulations [7-10].
A bilinear slip-stress relationship defined on the basis
of fracture energy equivalence with an empirical one [11]

proposed in [12] is plotted in Fig. 2.

10 4
84

6 9

T(MPa)

0 [IN] 0.2 0.3 0.4 0.5 LX)
Slip (mm)

Fig. 2. Bilinear stress-slip law [12].

Alternatively, the local slip-stress relationship can be
approximated by a multilinear relationship calibrated on
the basis of acquired experimental data (see for example

[13]):

a
S ..
s <8 if:T{_J ,ae[0]1]; (ii)
S

1

5| <S8y iT=1; (1ii)

§—5 .
s2<sSs3:r:rl—(rl—r3)( 2}; @iv)
s>s3:7=13=f11 pe[0]]. v)

3 Modeling

3.1. Description of the modeled experimental
set-up

A standard pull-pull set-up for standard FRP-concrete

delamination test (see [11]) 1is simulated. The
experimental set-up is depicted in Fig. 3.
Lize
here
F FRP
e ——————|
Concrete
7
7

Fig. 3. A pure shear delamination set-up [11].

Lrrp 1s the bond length, Arzp is the thickness of the
FRP plate and F stands for the applied load. It should be
noted that the value which will be retained for the
thickness of the FRP plate is to a large extent
conventional. The thickness of the adhesive layer is
neglected in the current consideration.

3.2. Modeling of the loss of bond

A two-stage incremental analysis is presumed. Within
each step, the position of nodes is updated in function of
the adopted stress-slip relationship. It should be noted that
the function which defines the stress-slip law has to be
inverted in order to obtain the expected node displacement
in function of the current stress distribution.

The flow chart of the numerical procedure is presented

in Fig. 4.

F;
Stress distribution
]
Assessment of the bond ‘
a
B Y
g Updating the coincident nodes position
-
F i+l
A\

Fig. 4. Flow chart of the numerical procedure.
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Iterations (Fig. 4) are over the applied load F. After
defining the stress distribution, the chosen bond-slip law
is applied (see Fig. 4: module “Assessment of the bond”).

To model the progressive damage of the FRP-concrete
interface, two sets of coincident nodes are defined. For
every coupled set, one of the nodes is attached to the FRP
mesh and the other — to the concrete mesh (Fig. 5).

LFR.P

hFRP

Fully fixed nodes

Fig. 5. Initially coupled sets of nodes and boundary conditions.

The other relevant boundary conditions are also shown
in Fig. 5.

Further, before the next iteration, the position of the
coincident nodes is updated with respect to the chosen
constitutive relation that describes the bond.

A bilinear slip-stress law is chosen. For simplicity, the
post-peak bond resistance (see Fig. 2) is neglected.

3.3. Material properties

3.3.1. FRP

Generally speaking, the three-dimensional model of the
unidirectional FRP material implies the definition of an
elasticity matrix corresponding to a medium of transverse
isotropy. However, within this study, the FRP material is
modeled as a homogeneous and elastic medium of linear
mechanical response until failure.
40
36
32
28

24

STRESS

o (x10**-3)

] 5 1 1.5 2
.25 .75 1.25 1.75 2.25
STRAIN

2.5

Fig. 6. Stress-strain relationship for concrete: Multilinear
isotropic hardening.
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3.3.2. Concrete

The mechanical response of the concrete is modeled by
postulating a multilinear isotropic hardening rule (Fig. 6).

Mechanical properties of materials are reported in
Table 1.

Table 1. Mechanical properties of FRP and concrete.

FRP elasticity modulus Errp 8400 MPa
FRP Poisson’s ratio VERP 0,35

Elasticity modulus of concrete E. 29075 MPa
Poisson’s ratio of concrete Ve 0,2

3.4. Finite element mesh

The general-purpose finite element code ANSYS is used
to build the solid model and to generate the finite element
mesh which is displayed in Fig. 7.

The finite element model contains 1240 finite
elements having a total of 1522 nodes.

In the three-dimensional model Solid185 — a 3-D
structural solid, defined by eight nodes having three
degrees of freedom at each node: translations in the nodal
x-, y-, and z- directions is used to generate the finite
element mesh in volumes reserved for the FRP material
and for the concrete material.

In order to obtain an uniform mesh, a pre-meshing is
done by employing the “not solved” Mesh 200 finite
element.

Fig. 7. Finite element mesh.

4 Results

Results obtained by finite element analysis are discussed
in this section.

As already stated, the stress-slip relationship depicted
in Fig. 2 is inverted and the interface dispalcement is
obtained in function of the shear stress generated by the
current value of the applyed load F. Local loss of bond
action is modeled by uncoupling initially coupled
coincident nodes. In Fig. 8 the positions of uncoupled
coincident nodes are marked with red ellipses.
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Fig. 8. Uncoupled coincident nodes for 7' =400 N.

The state of the coincident nodes (coupled or
uncoupled) is managed on the basis of the current stress
distribution generated by the applied load (Fig. 9)

NODAL SOLUTION
sTEP=1
SUB =1
TIME=1
svz

REYS=0
DX =.0566

SMN =-7.31284
SMX =6.59398

(ave)

=
-1.13203
-2.67723 413171

-7.31288 —4.22244
-5.76764

1.55837
3.50358

5.04878

6.59358

Fig. 9. Stress distribution (for F'= 400 N) for which the
coincident nodes marked in Fig. 8. Should be uncoupled
according to the adopted stress-slip relationship.

Displacements of three monitored nodes in time
domain are given in Fig. 10, Fig. 11 and Fig. 12. Positions
of the monitored nodes conventionally labeled 1, 2 and 3
are depicted in Fig. 7.

It can be seen that node 1 is “activated” long before
node 2 whereas the displacement of node 3 remains
insignificant compared to the other monitored nodes.

.4
.36
.32 il
.28
.24

.2

.16

DISPLACEMENT ({(mm)

.12

4 1z 20 28 36
TIME

Fig. 10. Displacement of node 1 in time domain.
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.06

DISPLACEMENT {mm)

.04

.02

4 12 20 28 36
TIME

Fig. 11. Displacement of node 2 in time domain.

(x10%*-4)

8

DISPLACEMENT {mm)
[
fo

&

4 12 20 28 36
TIME

Fig. 12. Displacement of node 3 in time domain.

It should be noted that the analysis of the displacement
evoultion in time domain is motivated for quasi-static
loading; in this case a one-to-one corelation between time
and applied load is defined.

5 Concluding remarks and further
research

A numerical procedure designed to simulate the loss of
bond action between FRP and concrete in FRP-
strengthened structural elements has been presented.

The procedure is to be integrated into a general
purpose finite element code.

The implementation of the procedure implies accurate
modeling including explicit definition of the interfaces
where the loss of bond action is a potential failure mode.

Practical use of the procedure requires a calibration of
the chosen slip-stress relationship with respect to the
specific materials employed in a given case study.

It should be also taken into account that the
constitutive laws describing the interface behaviour are
generally derived and calibrated for specific load cases.
Thus, if the procedure is to be used in modeling of
structural elements subjected to more general stress state,
a generalization should be presumed, i.e. to account for
the possible interaction between mode I and mode II
cracks.
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Another option for refinement of the proposed
numerical procedure is to employ the non-linear slip-
stress relationship (i.e. the power law given in section 2.
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CTteHA 3a U3anuTBaHe Ha MeXaHNYHU JTIOKOMOTUBHM

CKopocTomMepu

Henuo Henos"", Emun Jumurpos?, Kpwcmio Kpwseres® n Backo Hukomnos®

'Texanuecku ynusepcutet - Copust u BTY ,,T. Kabnemkos”, Codust, Brarapus

?Karezpa ,,Enexrponna texuuka®, Texunaecku yaupepeuter - Codus, Brirapus

3Karempa ,,Enekrporexnuka, Enexkrponnka u Asromaruka” Texuuuecku yausepcurer Codus, UTI® - Cnuen, Boirapust
“Karenpa ,,Tpancnopraa texuuka®, BTY ,,T. Kabnemkos”, Codus, Brirapus

Pestome. IlpeacraBeHa e cucTeMa 3a H3IHTBAHE HAa MEXaHHYHH JIOKOMOTHBHH CKOPOCTOMEPH,
pa3pabotena 3a Hyxaute Ha /K. Ha 6a3a nparoroguiiHus onuT 1 AefCTBAIIUTE HOPMATUBHU TOKYMEHTH
B ITocodeHaTa o0JIacT, € pa3paboTeH W BHEAPEH B EKCIUIOATalus CTEHJ 3a AMArHOCTHKA, M3IHUTBAHE U
OLICHABAaHE Ha (PyHKIHMOHATHATA TOJHOCT HA MEXaHWYHH CKOPOCTOMEpPH Ha EKCIIOATHPAHUTE MO-CTapo
MIOKOJICHHE JIOKOMOTUBH, YHHTO OPOHi BCe ol1ie € 3HauYuTelIeH. Upe3 HacTOsIIuUs CTEeH]] Ce IOCTUTa IT0-BUCOKO
HHUBO Ha KOHTPOJ Ha CHCTOSIHHETO HA T.Hap. ,,d9€PHH KyTHH* IIPU TSATOBHUS TOJBIDKECH CHCTaB, MPEIBHUL
3a4eCTUIINTE B MOCNIEIHUTE TOANHH SKENE30ITbTHU NMPOU3LIECTBUS U YCTAHOBEHOTO HETOOPO CHCTOSIHUE HA

PErUCTPHPAIIUTE CKOPOCTOMEPH.

1 BbBepgeHue

HacrosimoTo n3cnenBane € NOCBETEHO HA MPOEKTHPAHE,
MOJIeNMpaHe, 3cieIBaHe W BhBEKIAHE B €KCIUIOATALINS
Ha JeWcTBall CTEHJ 3a AWArHOCTHKA, H3IHWTBaHE U
OILICHsBaHE Ha ()YHKIMOHATHATA TOJHOCT HA MEXaHUYHHU
CKOPOCTOMEpH.

B 110-HOBOTO MOKOJIEHUE JTOKOMOTHBH, €KCILUIOATHPa-
HHU TI0 kKeJe30IrbTHaTa Mpexka Ha P. bearapus ce uzmnosn-
3BaT ChbBPEMEHHHU E€JIEKTPOHHU YCTPOUCTBA 3a PETHCTPH-
paHe Ha aHAJIOrOBU M LM(POBH NapaMeTpH Ha IBHIKE-
Hueto. TakuBa ca cucremara ,,Xacnep” tun TEL 1000 u
cucremara KWR tum DSK.

Three-phase
Frequency
Converter

B mo-crapute TOKOMOTHUBH PETHCTPUPAILATA CHCTEMA
HE € eJIEKTPOHHa, a MexaHnyHa. OOmia cxema Ha Mexa-
HUYHATa CKOPOCTOMEpHA WHCTaJalus TUN ,,.Xaciep” e
nmokazana Ha @ur. 1. Twil kKaTo OpPOAT Ha Te3W JOKOMO-
THBHU B €KCIUIOATALNS € BCE OIIE 3HAUMTEINICH, € He00XO0-
JUMO M3TPaXIAHETO Ha CHELUAIU3UPaH CTEHI 3a [IHa-
THOCTHKA W M3IIMTBaHE HA MEXaHMYHUTE PETHCTPUPAILH
CKOPOCTOMEpH.

CkopocroMepHaTa MHCTaNalus € U3rpajeHa oT TpH-
(haseH yecToTEH MPeoOpa3yBaTes, MEXaHUIHO 3aIBIKBAH
OT e1Ha OT KOJOOCUTE Ha JIOKOMOTHBAa M BBB BCSKa
kaOWHA Ha JIOKOMOTHBA MO eAWH Tpu(a3eH CHHXPOHEH
JBHTaTe], KOWTO 3aJBM)XKBA MEXaHHYHO CTPEIKOBH
MHJIMKATOp M 3aIMCBAIL0 YCTPOHCTBO (camo B KabuHa 1).

© ©

Indicator
2 cabin

Indicator
1 cabin

Stator 1

7
|
i
i
i
i
i
i
i
|
|
|
|
! Stator 2

Rotor 1 Rotor 2

@ur. 1. O6ma cxema Ha MEXaHUYHATa CKOPOCTOMEPHA MHCTAIAIUS T ,, Xaciep”.

*
Corresponding author: nnenov(@tu-sofia.bg
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2 MpuvHUMnNM Ha paboTa Ha
CKOpOCTOMepHaTa MHcTanaums

MexaHn4HaTa CKOPOCTOMEpPHA MHCTAIALMS PErHCTpHpa
CKOPOCTTa Ha JIBIKeHHe B nHTepBaia ot 0 go 150 (120)
KM/49ac. B mppBa kabnHa Ha JJIOKOMOTHBUTE € MOHTUPAH
cTeHeH JieHToB Taxorpad tun RT9 (perncrpupanr), a BbB
BTOpa KabmHa — TaxoMmeTbp Al6 (Hepeructpuparm).
CkopocToMepHaTa MHCTaJalusl PErHcTpupa rpadudHo,
Yype3 MHUCLM BbPXY NapaduHUpaHa XapTHEHA JIEHTa C
nepdopanuy B rOpHUS M JOJIHUS Kpail Ha JIEHTaTa II0
JbJDKUHA, CIISHUTE IapaMeTpH:

* aCTPOHOMHYECKO BpeMe - B 24 yacoBa unu(poBa cKaia;
BpEMeIBU)KEHHE U BPEMENPECTON B MUHYTH;

CKOpOCT Ha JBmKeHue - B km/h;

W3MHHAT ITBT;

YCTPOWCTBO 32 OJTUTEITHOCT;

HalsiraHe Ha Bb3/yXa B TJIABHUS BH3IyXONPOBOJ Ha
MHeBMATUYHATA aBTOMATUYHA CITUPAYKA, 10 CTOWHOCT-
Ta Ha KOETO CE€ ChAU 32 HEMHOTO 3aJCHCTBAHE.

CxkopoctomepHara jeHta (Pur. 2) 3a MakCHMaiHa
ckopoct Ha amwxenue 1o 150 km/h ceabpxa 3amuc 3a
CKOPOCTTA Ha JBIDKEHHUE ¢ MaladeH Moy 1.

@ur. 2. 3anuc 3a CKOpPOCTTa Ha ABUKCHUC.

Oco0OeHOCTHTE TIPH PEruCTPUPAHETO Ha BPEMETO
BBPXY CKOPOCTOMEpHATa JICHTa Ca OIMCAHU II0-IOJY.
Upes jocToBa cHUCTEMa YaCOBHHKOBHAT MEXaHU3bM Ha
CKopocToMepHaTa ypembda ,.Hasler” 3anmBmkBa mmcerna,
KOWTO M3BBPIIBA IIOCTHIIATENHO IBI)KEHHE (Harope M
Hajgoxy). MakcuManHuAT X0/ Ha mmucena € 20 mm, KoeTo
cboTBeTcTBa Ha Bpeme 10 min. CrenoBarenHo 3a eIuH
ACTPOHOMHMYECKH 4Yac MHCEbT M3BHPLIBA 6 JBHMIKEHHS
(Bcako ¢ mpoabipkutenHoct 10 min) - 3 Harope u 3
Hazoiy. B ropHust kpaii Ha TOpHOTO I10JIe Ha JIeHTaTa ce
MapKHpa aCTPOHOMHUYECKHST 4ac C ToUKa 1moJ Hero (B 24
YyacoBa ckana). JICHTOABIKEIINAT MEXaHU3bM Ha CKOpO-
CTOMEepHaTa ypenda 3a/BM)KBa PErHCTpHpaliara JICHTa C
pas3IMYHA CKOPOCT:

* IIpH IPECTOH - MPONOPIIHOHATIHA Ha BpemeTo (5 mm/h);
* [IPU JBIKEHHE - NPOMOPLUOHANIHA Ha U3MUHATHS ITBT
(5 mm/km).

CpyeraBaHEeTO Ha TE3U ABM)KCHHUS PETUCTpUpa 3aIluc
BBPXY CKOPOCTOMEpHATA JIEHTa 110/l JopMara Ha HavyIie-
Ha uHMA. Hak/IOHBT Ha OTCEYKUTE Ha HaYyIIeHATA JIMHUS
3aBUCH OT TOBA Jald JIOKOMOTHBBT CE€ JABMKU HJIH €
CIIpSUL.
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B cpemHOTO TONE HAa CKOPOCTOMEpHATa JICHTa Ce
3aliCcBa M3MEHEHUETO Ha CKOPOCTTAa Ha JBIKCHUE BBB
(yHKUIUS OT M3MUHATUS ITBT.

B noneto Ha ckopocTOMepHaTa JIEHTa, Pa3oJIOKEHO
Hail-oTomy ¥ ¢ mupuHa 20 mm ce 3anucBa CTOMHOCTTa
Ha HAJATaHETO B TJIaBHMSA BB3IyXONPOBOJA Ha BIaKa -
I'BII (komaH/iHO 3a ciupavyHaTa CUCTEMa Ha Bilaka, KOsiTO
paboTy Ha MHANPEKTCH MPUHIINIT) ¢ MaIad 5 bar : 5 mm.

3 O6wWwo ycTpOMCTBO U AeACTBUE Ha
cTeHpa

Haii-o6m1 i Ha Gi10KOBaTa cXeMa Ha CTEHJA € MOKa3aH
Ha Owr. 3.

Three-phase
Three-phase Frequency ¢ -~ SRR R Frequency
Converter Mot Inverter
A
Managing
L Interface

Tested Speedometer
Hassler

Computer Control and
Recording System

®ur. 3. biokoBa cxema Ha CTEH/A.

Pa3paboreHa e crenuanu3upaHa eneKTpOHHO-U3Mep-
BaTeIHa, yIIPaBIABAIla U PETUCTPUpAIa CHCTEMA, ChABP-
JKallla KOMIIIOTbPHA YIpaBiIsABalla M PErHCTpHpalia
cucrema, dectoreH uHBeprop (Pur. 4) u Ttpudasen
CHHXPOHEH JABUTraTell.

[IpomennuBoTOKOBOTO  3amBkBaHe TDI1707 —
230VAC, 1,5 kW e ¢ mpok o0XBaT 3a peryjiupaHe Ha
ckopocTTa ( 3a Hy)KOUTE Ha CTEHJIA TOBa € 00XBaTa OT
0 mo 800 min'). OcHOBHHTE XapakTEpUCTHKH Ha
HMHBEpTOpa ca:

* 3axpanBauio Hampexenue — 230 VAC, —10%, +5% ,
50(60) Hz;

* KOHCYMHpaHa MOIIHOCT — 10 1,5 kW;

* raJIBAHWYHO paszierieH uaTepderic RS-232;

* JIMAIla30H 3a 3aJaBaHe Ha CKOPOCTTa Ha BBPTEHE Ha
Baa — ot 0 1o 32 000 min’.

®ur.4. OO0 BUA Ha YECTOTHUS HHBEPTOP.
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Cien MeXaHNMYHOTO CBBP3BAHE HAa U3MHUTBAHUTE TaXO-
npeoOpazyaren (TpudaseH uecToTeH npeodpasysaren) u
perucTpupall CKopocToMep, OT KOMIIOTbPHATA CHCTEMaA
ce craptupa pabotHara nporpama. Ha ®ur. 5 e nokazan
paboTeH exkpaH Ha KOMIIOTbpPHATA [TpOrpamMa Ha CTeH/A.

Ot magamm MeHoTa ce M30Mpa KOMYHUKAIMOHEH
HOPT, OCBIIECTBSIBA CE CBbP3BaHE Ha MOPTa, BHBEXK/A CE
CEpHIHUAT HOMEpP Ha M3MUTBAHUTE arlapaTu U Ce CTapTH-
pa mporeca Ha u3nuTBaHe. B paboTHO mosne mocnenoBa-
TEJTHO ce M30Mpat cToifHocTH Ha ckopoctTa oT 0 10 150
km/h Hanpumep cbe cTpmka 10 km/h.

Cucremara € M3KJIIOYUTENTHO MPELU3Ha, KaTo ornepa-
TOPBT CJIEIM KENaHaTa CKOPOCT IO CTPEITKOBOTO MOKa3a-
HUE Ha U3IUTBAaHHUS CKOPOCTOMED U KOTATO € JOCTUTHATA,
MOTBBPIKIABa TOKA3aHUETO (IIPH 3€JIEH LBST HAa KOHTPOJI-
HHMS KBajJpaT 3a YCTaHOBEH pexuMm). KommorbpHaTta
CHCTEMa 3allUCBa CKOPOCTTA U ChOTBETCTBAIIATA YECTOTA
Ha BBPTCHC Ha CHUHXPOHHUA ABUTATECII. W3uncnssa ce
OTHOCHTEJIHA IIPOLIEHTHA TIpEIIKa MEXIy eTaJOHHUTE
CTOMHOCTH U IEHCTBUTEIIHO U3MEPEHHTE.

B kpast Ha poreca pbUHO Ce W3BBPIIBA IPOBEPKA Ha
muckyemure ot I1IJIC 412/88 mpoBepku Ha CKOpPOCTO-
MepHaTa JieHTa (IIOKa3aHW B JSICHATa YacT Ha €KpaHa) U
TIpU U3IPABHOCT CE MAapKUpar noserara ,,JJA*.

Crnen mnpukiIOYBaHE Ha H3MHUTBAHETO CE 3aIllCBa
apxuBeH (a1 u ce pasneyarBa MPOTOKOJ OT M3MUTBA-
Heto (Dwur. 6).

4 N3Boaun v 3aknyeHus

Crienanu3upaHusT CTCH 32 TUArHOCTUKA U M3IIHTBAHE
HA MEXaHWYHHUTE PETUCTPUPAIIHA CKOPOCTOMEPH Ha JIOKO-
MOTHBHTE € BHEIPEH B €KCIUIOATAlUs B JIOKOMOTHBHO
nerno Tp. [TnoBaus, ,,bJIK [TeTHHIecKH nipeBo3u’ EOO/]
U € eIMHCTBEH B bbarapusi.

OcBeH 3aloxeHUTe (YHKIMU 33 JAUATHOCTHKA |
OLIEHSIBaHE ChCTOSIHUETO Ha CKOPOCTOMEPHHUTE arapar,

-
ol CTEH/[ 3A W3NMTBAHE HA CKOPOCTOMEPK XACNEP

CTCHIBT IMO3BOJIIBA, KAKTO TPOBEXKAAaHE HA 3HAYMTEITHA
M0 BB3MOXKHOCTUTE CH HAyYHOHM3CIIEIOBATENCKa Oei-
HOCT, Taka W W3BBHPIIBAHE W WM3TOTBSHE HAa TPEIU3HU
TEXHUYECKH €KCIEPTH3a NpY BH3HHUKBAHE Ha HEKEITAHH
JKEJIC30IbTHH TPOU3IICCTBHSI U UHIMICHTUA B U3IIBJIHE-
HUC Ha HOPMATUBHUTE M3MCKBaHUsA Ha Hapenoa Ne 59 ot
5 nexemBpu 2006 T. 3a yrnpaBjieHHEe Ha O€30MIACHOCTTA B
JKE€JIe30MbTHUS TPaHCTIOPT [2].

References

1. WMHCTpyKUMS 32 JIOKOMOTMBHUTE CKOPOCTOMEpPHHU
nucrananun "XACJIEP" wa BJIK, TTJIC 412/88.

2. Hapenb6a Ne 59 ot 5 nexemspu 2006 r. 3a yripaBicHue
Ha 0e30macHOCTTa B KEIC30MbTHUS TpaHCHOpT, JIB.
0p.102 ot 19 [dexemBpu 2006 T.

Stand for testing of mechanical
locomotive speedometers

Nencho Nenov, Emil Dimitrov, Krustyu Krastev and
Vasko Nikolov

Abstract. A system for testing of mechanical locomotive
speedometers, developed for the needs of BDZ, is
presented. On the basis of the long-standing experience
and the existing normative documents in this field, a
bench for diagnostics, testing and evaluation of the
functional fitness of mechanical speedometers of the older
generation of used locomotives has been developed and
put into operation, the number of which is still significant.
This electronic stand provides a higher level of control of
the state of the so- "Black boxes" in the traction rolling
stock, given the recent rail accidents and the established
bad status of speed recorder.

=

Control (Only for system tem

Serial port options

- [

Stop

Serial Port  COM1

Start

Speed (rpm): 10 Speed 0 Reached

Homep: RS1Z23|

NMPOBEPKA HA CKOPOCTOMEPHATA NEHTA
Pernctpupane Ha nuT /Bopgoee Bbpry neHTaTtal
Peructpupane va speme /Gogoee ebpxy nedTatal
PerncTpupaHe Ha BpeMe - rpatdHO B MUHYTK

PernctpupaHe Ha HANATGHETO B MaBHUA
Bb3AYX0NpoBoL - rpadmyHo

PerncTpupaHe Ha NOCOKETa Ha JABMKEHUE

,D.DI'I'h.I'I HUTENHW ENEKTPHHYECKKN PErMCTpauUnKn

MEI’IPEBHDCT 2] beHKLLMDHEJ'IHDCT Ha KMJ'IDMQTDDSPDHLIE

MEI’IPBBHDCT Ha enNeKTpU4ecKaTa MHCTanauma

Print Protocol

¥

@ur. 5. PaboTeH expaH Ha KOMIIOThPHATA IIporpamMa Ha CTeHIa.
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LBOR [ITETHUYECKW [IPEBO3M™ EOON
JIOKOMOTHBHC JEINO TUIOBIME
BEJOMCTBEHA JIABOPATOPHA 3A
M3IMTBAHE HA CROPOCTOMEPHM MHCTAJIAUMKW ,XACIIEP™

[TPOTOKROJ

1. CropocroMep THNO: RTH

2. dabpuuen No 444

3. CTEHHOOBU WSTIUTAHMA

CropocT (Kxm/u4) | Erancram OGopoTH | Samanenu OGopoTH | T'peuwka (%)
10 53 54 -1.23
20 107 108 -1.23
30 160 161 -0.62
40 213 214 -0.31
50 267 265 063
60 320 322 -0.62
70 353 35 -0.44
g0 427 428 =5 3T
90 480 482 -0.41
100 933 534 -0.12
110 587 588 -0.23
120 640 43 -0.47
130 693 695 -0.24
140 747 745 022

4. TNMPOBEPKA HA CKOPOCTOMEPHATA JIEHTA

4.1 PerMcTpHpaHe Ha 0BT /BogoBe Bbpxy JgedTara/ (0,5 kM = 2,5 mMMm) .. .. JA
4.2 PeTucTprpais Ha BpeMe /O0M0BSe BLDXY JEHTATAS ¢ v i e v i e ie et ae e e OA
4.3 PerucrprpaHe Ha BpeMe — TPadMYHO B MIHYTH . v v o v o v v v oo v a oo o v ve s unean na
4.4 PerucrTpvpaHe Ha HAJAT3aHETC B DJIaBHUA BBIOYXCOPDOBOO — TpPad@MUHC. .... OA
4.5 PeIrMCTpHMpaHe Ha [IOCOKATA HA JBHMEECHUE . ¢ v v s s s o v s oo nnssanosssnnssanss oA
4.6 JJONBJIHUTEIHY EJEKTPUUSCKHN PETUMCTERALMI . o v o v v v s v oo o s o s v e oo oo osananss oA
4.7 MBOpakRHOCT M QYVHKUMOHAJHOCT Ha KUIOMETPOODOAUE ¢ ¢ ¢ v v v ve v e ot ee ae e e oA
4.8 V2NpaRHOCT HA eeKTPHYeCKATA MHCTAJTALM™ . o v v o v v oo o v e s ve tn o n o e anunns na
HaTa: 27.5.2017 . HMserpWuMa OpoBepKaTa:

@ur. 6. [IpoToK0I OT U3MUTBAHETO.
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MpuBexaaHe B HOMUHaNEeH BUA Ha KpUTepuUs NpoTUB
AepaunupaHe Ha Xenes3onbTHU BO3una

Jobpunxa Atmamxona”

'Karenpa ,,Tpancnioptaa Texauka”, @axynrer ,, TeXHUKa ¥ CTPOMTENHN TEXHOJIOTUH B TpaHcnopra”, Bucie TpaHcmopTHO yqumie

,,Togop Kabnemxos” - Codus, yn. 'eo Munes 158, brnrapus

Abstract. TIpeanoxen e MeTox 3a OnpeaessiHe HA HOMHHAIHUTE CHIIH B KOHTAKTHHUTE TOYKH ,,KOJIEIIO-

penca” Ha €IHa KOJIOOC U € NPOBEACH aHaJIn3 Ha Bb3MOKHUTE METOANYCCKHU I'PELIKH, KAaTO € JJOKa3aHo, Y€

TEXHHAT OTHOCHUTEIICH [T TIPH BB3MOXKHO Hail-HeOIaronpuaTHu ycnosus e mox 1,5 %. W3Benen e 1. Hap.

,,HOMHUHAJIEH KpUTEpUil” cpelly Aepaiianpane Ha 0a3aTa HAa HOMHHAJIHUTE CHJIM U € OIpejeieHa HeroBaTa

II'bpBa r'paHUYHa CTOWHOCT B 3aBUCHUMOCT OT 7 (1)H3I/I‘ICCKI/I BCJIMYUHHU, OT KOUTO C Hal-CHUJTHO BIUSHUE ca

BCPTUKAJTHUTE HATOBAPBAHUA HA KOJICJIaTa U BUCOUMHATA HA JUPEKTpUCATa HA paMHaTa Cujia Yp, TMIPUIIOKCHA

KbM KoJioocTa. OT 3aBUCHMOCTHTE 3a InbpBaTa rpaHuvdHa CTOMHOCT KaTO YacCTHHU Cllydau C€ moJjydaBarT

kpurepunte Ha Nadal u Mapbe.

1 BbBepeHue

[Ipobnemute 3a ocurypsiBaHE OE30MACHOCTTA CpeILy
JepaiMpaHe Ha JKEJIE30IbTHHUS IIOABM)KEH CbhCTaB
CBIIECTBYBAT OT BPEMETO HA 3apa)<IaHETo My. Bwmpexn
BCE TO-TOJIIMOTO M3MOJI3BAHE HA BUCOKH TEXHOJOTUH B
CHCTEMHUTE OCUTYpsIBaIl O€30MacCHOCTTa Ha JABHKEHHE
Ha BiakoBere [1,2,3], Bb3HHKBAa HEOOXOIUMOCTTa U OT
TEOPETHYHO OMNpeJelisiHe Ha 0e30MacHOCTTa CperLy
nepainupane [4]. ITbpBuTe TEOPETUUHU 3aBUCUMOCTH 110
Te3u npobiemu ca naneHu ot [lome B 1882 r. [To-kbCHO
T3 3aBUCHMOCTH ce jiopa3BuBat oT Mapsee I'., Nadal M.
J. m mp., n BIM3AT B OCHOBUTE HA ChBPEMEHHATa TEOPHS
3a YCTOMYMBOCTTA Cpelly IEepaljIupaHe B KEJIE30IbTHHUS
TpaHCTIOPT. V3KIIIOUNTENHO CBHIIECTBEH € MpPUHOCA Ha
Nadal M. J., koiito B 1908 r. npejsara akryanHara u 1o
nHec paborHa ¢popmyna [5,6,7,8]

Y _tef-u _

0 Tings VP

(M

KpAeTo: Y u O ca CbOTBETHO XOPH3OHTAIHATA HAIIpEUHa
CHJIa ¥ BEPTUKAJIHOTO HATOBAPBAHE, IIPEIaBaHU OT aTaKy-
BaIIIOTO KOJIEJIO BBPXY peJicaTa B KOHTaKTHATa Touka; [
— BIBIBT Ha HaKJIOHA Ha oOpasyBamiata Ha pebopnaa B
IpaBaTa My 4acT WiIH B MH(JIEKCHAaTa TO4YKa (aKo HsAMa
IpaBa 4acT); 4 ¥ O - CbOTBETHO KOCPHUIIMEHT Ha TPUEHE U
BI'bJI HA TPHEHE MEKAY pedopaa u perncara.

Ta3zu popmysa, Makap U He CbBCEM TOYHA, OTpa3siBa
CPaBHUTECJIHO ITBJIHO BJIUSAHUCTO HAa OCHOBHUTE CHUJIOBU U
reoMeTpu4HH (HaKTOpH 3a IPeIOTBpaTsIBaHE Ha Jepaiim-
paneto (0e3 oTUNTaHEe BIMSHHUETO Ha CIIUPAYHHS ITPOIIEC
BBPXY BEPTHKAJIHOTO HATOBAapBaHE HAa BATOHHUTE KOJIEJA,
KoeTo e uscaeasano B [9]). B 30-Te roguHu Ha MUHAIHS
Bek Mapsne I'. BHacs kopekuus BsB hopmyrnara Ha Nadal

: Corresponding author: atmadzhova@abv.bg
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C OTYHTAaHE HA TPHUEMIOTO YCHWIINE HAa HEaTaKyBam[OTO
KOJIETIO.

3a mpuBeXIaHE B HOMHHAJICH BHJ Ha KPHTEPHA
[IPOTHUB JiepailiinpaHe € He0OXO0JMMO Y4aCTBAIINUTE B HErO
BEIMYMHHA 1a ObJaT HOMMHAJIHH, T.€. ,YUCTH , Oe3
CTPaHWYHU BIIMSHUSL.

HomuHa/iHa XOpPH30HTAJIHA CMJIa € paMHaTa Cuia
Y,, KOATO € aKTHMBHA BBHIIHA CHJIa MEXIYy pamara Ha
TaJIUraTa 1 KoJioocTa.

HoMMHA/IHM BePTHMKAJHH CWJIM B KOHTAKTHHUTE
TOYKH MEXIy KoJlellaTa M pPEeJCHTEe ca BEPTHUKATHHTE
cuu Q7 1 Q%, KOUTO ca pe3yaTaHTU HAa BCUUKH BEPTU-
KaJTHA CHJIM Ha KOJIOOCTTa; Makap M OT MPEHB MOTIEH 1a
M3TIIeKIAT a0CTPAKTHH, BCBHIMHOCT T€ HMMAaT HAITBIHO
peaTHu CTOMHOCTH, TIOyYeHH OT PelleHHe Ype3 M3MO-
3BaHe MPUHIHUIMA Ha cyneprno3uusaTa. [Ipu Toa B cuiia ca
cnennute 3aBucuMoctH (Puwr. 1):

2
O/ +0; =Y P, =P+P,+P; (2)
=0
b \ b
r_/" E [
Py an P,
y i
Q" : o,
— ¥ : 4
KT.A ! ET.A
a; ¢ a

@ur.1. M3uucnurenHa cxema 3a onpeeisHe Ha HOMUHATTHUTE
BepTUKAIHU ¢yl Q7 1 Q2 B KOHTAKTHUTE TOUKU A7 U A>2.
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Sm, (P)=0: O =[P2b+Pyb—(Pi+P, + B)ay)/c

1 OKOHYATCJIHO — 3a HOMHWHAJIHATA BEpTHUKAJIHA CUJIa Q N

b 2
o} =;<2P1+P0>—“—2 >P;; 3)

C i=0

Ymy (B)=0: Q) =[P2b+Pb—(Pi+P,+ Ry)ay]/c

Y OKOHYATENHO — 32 HOMHUHAJIHATa BepTUKaiIHa cuia Q

b 2
0, =;(2P2+P0)—ﬂ TP, )

C i=0
A@cosoTHaTa rpemika Ha MeToaa AQ 7 u AQ 2 npu
olpeiesiHe HA HOMUHAJIHUTE BepTUKAIHU cuitd Q71 0%
cbrracHO (3) u (4) HamupaMe OT MBJIHUS TU(epeHITHAT
TIPY TIPOMEHJIMBHY: C, d; ¥ A2, T.C.:

, | b a, 2 12
AQ|=|— Q2P \+Py)+—5 L P; |[dc—— X Pr.day; (5)
c c”i=0 Cci=0

, | =b a; 2 12
AQ; =| —(2P,+Py)+— L P; |[dc—— ¥ P, da,, (6)
c c”i=0 Ci=0

KaTo: B I'bPBUS CIOydail, npu onpenensHe AQ 7 NpoMeH-
JUBHTE Ca ¢ U da, IPU KOETO dc W da 1O TPaBUIIO ca C
MIPOTUBOIIONIOKHY 3HALN M €THAKBU a0COJIOTHH CTOWHO-
CTH, T.€. dc = — da,; BbB BTOPUS CIIy4ai, IPH ONpeesHe
Ha AQ%, nmpomennuBara «; (T.e. KOOpAWHATAaTa Ha KOH-
TaKTHaTa TOYKa Ha pedopja) ce M3MeHs HEe3HAYUTEIHO,
TOpaJn KOETO s IpreMaMe 3a KOHCTaHTa U ToraBa da; —»
0, 1 mocneaHus WwieH Ha (6) oTnazaa.

B excruioaTalluOHHU YyCIIOBUS, NPU ABW)KEHHUE Hall-
3HAYUTEIHO € U3MEHEHHETO Ha KOOPJMHATUTE d) U C; IPU
MpreMaHe MaKCMMAaJIeH JHana3oH Ha u3MeHenue 40 mm
un 20 mm crIpsMO CpPelHO TOJIOKESHHE, B3MMaMe 3a
npumep:

1-%° — KO/I00C Ha NPaseH MosapeH 8a20H Mpu:

P;=21kN, P,=19kN, Py=10kN, a; = 290 mm (npuera
3a KOHCTaHTa) a; = 250 mm, b = 1000 mm, ¢ = 1460 mm,
da; = 0 mm, da, = — 20 mm, dc =20 mm, moy4aBame:

01=27,054 kN u Q% =22,945 kN.
AOcCoIOTHATA TpeIIKa:
AQ1=0,314 kN u AQ%=-0,333 kN.
OTHOCHTETHATA TPelKa;
AQ1/01=0,0116=1,16% u
AQ%Q%=-0,0145 =—-1,45%.

2P° — KOJI00C Ha MoBapeH 8a20H 8 HaMOB8apPEeHO
CbCMOosIHUe rnpu:

Py=100kN, P,=90kN, Py =10 kN, 3anma3Baiiku qpyrure
mapameTpu ai, az, b, ¢, dai, da, dc cbc cpumTe Mapa-
METpPH, TOJTydaBaMe:
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1=109,589 kN n Q"> = 90,410 kN.
AOCOIOTHATA IpeIIIKa:
AQ1=1,238kNuAQ2=-1,238 kN.
OTHOCHTEIHATA IPelKa:
AQY/Q1=0,0113=1,13%u
AQ5Q%5=-0,0137 =-1,37%.

CrnenoBareiHo, BbB BCHUKH CIIy4ad OTHOCHUTEIHATA
METOJMYHA IPEelKa Mo NpuioKeHus: meroa e moxa 1,5 %
3a KOJIOOC OT Mpa3eH TOBApEH BaroH; 3a KOJOOC OT HATO-
BapCH BaroH OTHOCHTEITHATA TPEIIKa € OIIe IT0-MajKa, a
[pU CIIEACHE WM PErUCTPUPaHE HA KOOpAWHATATA A2,
PECIIEKTHBHO ¢ MOE J1a C€ IOCTUTHE APACTUYHO HAMAJIsI-
BaHE Ha [OrPEIIHOCTTA.

OcBeH TOBa, ONPECIITHETO Ha BHHIITHUTE HATOBAPBa-
HUS P; 1 P, 1 KOHCTaHTHOTO HaToOBapBaHe Py 1o Teope-
THYEH M €KCIICPUMEHTAJICH T, BKIIFOUUTEIHO B €KCILIO-
ATAallMOHHU YCJIOBHS MPH JBHKCHHE, € BH3MOXKHO OPU
OpU TMpWIaraHe Ha PYTUHHH METOTU U HU3MEPUTCITHH
CpelcTBa.

2 MaremaTuyecka o60CHOBKa Ha
KpUTepun NpoTuUB AepanniupaHe B
HOMUHaneH BuAa u I-Ta My rpaHuyHa
CTOMHOCT

3a MaTemMaTH4eckaTa 000CHOBKa Ha rope-(hopMyirpaHa-
Ta 33ja4a 1€ M3XOJMM OT OOLIONPHETOTO YCIOBHUE, ue
KOJIOOCTA € OCUTYpEHa ITPOTHB Jiepaifiiupane, ako OT IpH-
MOBJMTHATO TTOJIOXKEHHE Ha aTaKyBallOTO KOJIENO, TaKa
Ye TO Jla KOHTAaKTyBa ChC 3aKpbIJICHUs pb0 Ha peincara B
KOHMYHATa WIH WH(QIIEKCHaTa 30Ha Ha pebopma cum —
JEWCTBAINTE CHJIM Ja Ca B ChCTOSHHE /1 TO BB3BBPHAT
KBM M3XOZHOTO HOPMAJIHO TIOJIOKEHUE BBPXY pelicara.
W3uncnurenHata cxema Ha 3ajadaTa € JaJeHa Ha
@ur. 2, KbJETO aTaKyBaIIOTO KOJIENO | KOHTaKTyBa KbM
3a00neHna ppO Ha perncara upe3 pedopaa ¢ KOHTAKTHA
Touka A; B KOHMYHATa 30Ha (WJIM, aKO HsIMa TakaBa, B
nH(IeKCHAaTa 30HA), KBJETO BIBIBT Ha HAKIOHA J
CIPSIMO XOpPU3OHTaJaTa UMa MaKCHMalHa CTOMHOCT, a
HeaTaKyBalllOTO KOJIEJI0O KOHTAKTyBa C KOHTaKTHaTa
TOYKa A> OT TIOBbPXHHHATA HA ThPKAISTHE KbM rOpHaTa
MOBBPXHOCT Ha peJIicoBaTa IJaBa; IOPaaANd MaJKHA
HaKJIOH Ha NOBBbPXHHHATA HAa ThPKaJsIHE B KOHTAKTHATa
Touka 4> (% < 2°), TyK IIpu U3CIeIBaHUATa TOH e Oblie
npuet 3a Hynes (p = 0°). Koedunuenrsr Ha Tpuene u
BI'BIBT HA TPUEHE ,,KOJIENO-perica’ ca O3HauYeHU ChOT-
BETHO C A U PO, HOCELU UHAEKCH ,,1“ miu ,,2° CbOTBETHO
3a aTaKyBalllOTO WM HEaTaKyBalloTo Kosena. Beprukan-
HuTe cwid P u P,, mpegaBaHu OT KOHCTPYKLUSITa, ca
MIPWIOKEHN BBPXY OCHHWTE IIMHKH KbM KoJeJara ChOT-
BetHo 1 m 2, a cwiara Py oT COOCTBEHOTO TErJO Ha
KOJIOOCTA € MPUJI0KEHA B HEIHUS LIEHTBP; XOPU30HTAIIHA
cuina Y, mpenaBaHa OT KOHCTPYKIMATA BbPXY KOJIOOCTa,
U3BECTHa Karo ,paMHa CcWiIa“ € TMpWIOXKEeHa Ha
pascrosiHue s BbB BEPTHKAJHA MOCOKAa OT XOPH30HTAN-
HaTa paBHHHA Ha PEJICOBUTE IJIaBH, IPU KOETO Ce IpHemMa,
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4ye TOBA Pa3CTOSIHUE MOXKE J1a HE € CaMO PABHO, HO ChIIO
Taka MO-MAJIKO WM IO-TOJSIMO CIPSMO paauyca Ha
konenarta. PeaktuBHute crummi Ni u N, B KOHTaKTHUTE
TOYKH CHOTBETHO A1 U A ca ¢ HalpaBJiIeHHs Ha ChbOTBET-
HUTC HOpMaﬂl/I ny U ny KbM OHOpHI/ITe HOB’I)pXHI/IHI/l, a
MOPOACHUTE OT TIX CUJIM Ha TpueHe N1 u toN, — ¢
HampaBjJeHUsS Ha CBHOTBETHUTE TAHI'CHTH [ U f U C
MPOTUBOTIONIOKHU TOCOKH Ha 3aJI0KEHUTE MPEMECT-
BaHHS.

P,

o] N:

T :..-\;

n;

@ur.2. M3uucnurenHa cxema ¢ Mpuiiarale MpUHIMIA Ha
BUPTYaJTHUTE TIPEMECTBAHUSL.

3a pemaBaHe Ha TOpEONMCAaHAaTa CUCTEMa IIe
NPUJIOKUM IPUHINIA Ha BUPTYAIHUTE IIPEMECTBAHUSA OT
aHAIMTUYHATA MEXaHHKa.

CoriacHo IMpUHIUIIA Ha BUPTYAJIHUTEC IIPEMECTBAHUAA,
eJleMeHTapHaTa paboTa 4 Ha cucTemMara € paBHa Ha
cymara OT eJleMeHTapHuTe pabotn XO4; Ha BCHUYKH
AKTUBHU CUJIM NPHU BCAKO BB3MOKHO ITPEMECTBAHEC Ha
CHCTeMaTa, KaTo € paBHa Ha HyJa [IPH PaBHOBECHE, T.€.

=Y =0. (8)

AKTHBHHTE CHJIM ca OOMKHOBEHO BBHIIIHY, 33]1aJICHH,
M3BECTHH M HAITBJIHO ONPENENICHH IO TOJIEMHHA, HAYWH
Ha JeWCTBUE U IPYrH XapakTepucTHku. [Ipu HenaeanHu
CHCTEMH, KaKBaTO € pasrieaaHara TyK KOJI00C, CHJIHNTe
HA TPHEHe ce TPeTHPAT KaTO aKTHBHH.

Karo ce mma npenBup, 4e Bp3MOKHHUTE (BHPTYaIHHU-
TE) MPEMECTBAHMS Ha PasIiIeKAaHaTa KoJIooC B OIOPHUTE
(xoHTaKTHUTE TOUKU A U A2) ca MO HalpaBJiCHUATa Ha
CBbOTBETHUTE TAHTE€HTH f U f, (Dur. 2) KbM ONOPHUTE
MTOBBPXHUHH, TO HOPMAJIUTE 711 U M KbM CHLIUTE TOBBPX-
HUH{ B CBHIIUTE KOHTAKTHU TOYKH IPHU IPECHYAHETO CH
onpezieNsAT Toykata (), M3BeCTHA KaTo IOJIOC HAa
3aBbpTaHe Ha KOJI00CTA — 3aBbPTAHE BbB BEPTHKAIHATA
HampeyHa (crpsiMO ThTs) paBHWHA. MV Taka, TOHExe
BB3MOXKHOTO (BHPTYaITHOTO) IPEMECTBaHE Ha KOJIOOCTa
MIPEICTaBIIABA BI'BII HA 3aBBPTaHE 06, TO eIeMeHTapHaTa
paboTa JA; ipu TOBa 3aBBPTaHE MPEICTABISIBA IPOH3BE-
JIeHHe OT MOMEHTa Ha aKTWBHaTa cuia mo(F;) crpsMo
MOJIf0ca Ha BBPTEHETO T. O MO €NeMEHTApHUsS BI'bl Ha
3aBbpTaHe o6, T.e.:

&4, = my(F;) 60, ©)

a cymara OT Te3H elleMEHTapHU paboTu LOA4; Moxe Jia ce
U3pasu KaKkTo Cle/Ba:
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204, =T my(Fy) 60 = T my(F;) &q, (10)
U TIOHEXe, KAKTO € U3BECTHO, CyMara OT eJIEMEHTAPHUTE
paboTH € paBHa Ha IPOU3BEACHUETO HA 0000IIIeHaTa CUlla
(; o 0000LIEHOTO IPEMECTBaHE Jy; T.€.:

Z5Ai:Qj5qj' (11)
ciiesiBa, 4ye 00oOIIeHara cuia, paBHa Ha HyJia, IpeJcTaB-
JsIBa CyMaTa OT MOMECHTHUTE Ha aKTUBHHTE cuin F; crips-
MO TIOJIFOca Ha 3aBbpTaHe T. O, T.e.

Q; =Xmy(F;)=0. (12)
[Tomyuenoto ypasaenue (12), KOHKpETH3HpaHO 3a
pasriexaHaTa KoJjooc, ipuemMa BUja:

Q; =Xmy(F)+my(Yp)+Xmy(u;N;) =0, (13)

2
KbAETO: Y. my(F) € cyMaTa OT MOMEHTHTE Ha BEPTUKAJI-
i=0
nure cuiu Py, P> u Py, kato:

2
_%mO(Pi) =P1(2b~ay) =Py ay +Py(b~ay);  (14)

mo(Y,) € MOMEHTBT Ha paMHAaTa CHJIa, ONPEAEIEH KaKTO
crenBa:

my(Yp) =—=Yp(c cotgy, — h); (15)

2
Z my(4;N;) € cymara OT MOMEHTHUTE Ha TPUELUTE CHIM

i=

B OITOPHUTE, OTIPEACIIEHA KAKTO CJICABa:

2 c
2mo(u;N;) = —py Ny——— 11 N, ccotgy;. (16)
20 sin y;

ITpu 3amecTBane Ha (14), (15) u (16) B (13) 1 ocBeH TOBa,
ciiel mpeoOpa3yBaHe Ha MOCIEIHOTO B HEPaBEHCTBO,
B3UMaiKu ol BHUMAHHUE, Y€ CaMO BCPTUKAJIHUTE CUJIN
P u Py mie nelictBaT 3a BB3BpPBIIAHE Ha KOJIOOCTA B
HOPMAJTHO MOJIOXKEHUE, T.€. 1€ Bb3NPENITCTBAT Aepaiiin-
paHeTo, umame:

P(2b—ay)—Pa, +Py(b—a,) —Yp(ccotgy, —h) -

-y N, c/siny; — u, N, ccotgy; =0. 17

PeaxktuBnute cunmu Ni u N,, neiicTBalliy o HOpMau-
T€ CHOTBETHO 71 U M2 U TIOPXKIAIIH TPUEIIUTE CUITH L4 N}
u toN, B MOMEHTa (MO-TOYHO — B MHTra) Ha 3allOuBaHe
MPEMECTBAHETO Ha KOJEIOTO KbM HOPMAJIHOTO MOJIOXKe-
HUE, C€ ONpPEAeNsT OT MOMEHTHHUTE YPaBHEHUS CIPSMO
KOHTAKTHUTE TOYKU A| U A2, KAKTO CIIe/Ba:

2
Ny =[§]mA2 (B)+Yph]/[c(cosy, + pysiny))];  (18)

2
Ny =[Zmy (B)=Yph/e. (19)
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Bsewmaiiku ol BHUMaHWE, 9€ 10 Ae(UHUINSA HOMHHA-
HUTE BepTUKATHU cHIK O 1 O 5 B KOHTAKTHUTE TOYKH A |
u A, ca pe3yjiTaHTH Ha CHCTeMaTa PeajlHO JeiicTBaIlu
Beptukanau cum P; (i =0, 1, 2), 3aMmecTBaMe MOMEHTHTE
Ha TIOCTIEIHNTE, T.€. MbpBUTE 3 uieHa Ha (17), c MOMeHTa
Q"c, u o cpimute chodpaxenus B (18) u (19).

Crnen u3BbpIIBaHe Ha ropHUTE 3amecTBaHus B (18),
(19) u (17), nocieqHOTO, MPeoOpa3yBaHO B HEPABEHCTBO,
JOOMBA CIICTHUS BU/I:

‘c+Yph
Olc>Yp(cootgy, —h)+ p — Qe+ - +
sin y;(cos y; + 44 sin y;)

1, [05 ¢ = Yp h]/ tgy;. (20)

[lo-HataTeK, ciel AONBJIHUTENHO PAa3wICHSIBAHE U
rpymupane no cuiu (20) ce npeacTaBs BbB BUA!

Q{c{l— - # - }— vt s
sinyj(cosy, + g4 siny;) tgn
h h
YP|:(CCOtg71_h)+. £ , —L} (21)
siny(cosy; +48iny;) gy

a ciex genene Ha Q) ¥ ¢, 1 000cO0sIBaHE HAa OTHOILICHUE-
To Y,/Q", mony4aBame popmyiara:

1— H _%.ﬁ
Y, y siny,(cosy; +44siny;) O tgy, 22)
a cotg71_ﬁ+ thle _tahie

¢ sinyj(cosy; +psiny;)  tgy

WK C IyMHU: YCIIOBUETO 3a 0€30I1aCHOCT cpelly Aepaniu-
paHe Ha ITOJIBIKHHS JKEJIE30IIbTEH ChCTaB € yJIOBJIETBO-
PEHO, aKo KpUTepus cpely aepainupane Y,/Q %, onpene-
JeH OT XOPHM3OHTAJIHaTa M BEPTUKAIHA CHIIH, 3aeMa
CTOMHOCTH, KOUTO Ca MO-MaJIKH, UJIM B KpaeH Ciy4Yail,
paBHU Ha CTOMHOCTTA Ha [SICHATAa 4YacT Ha (22), KoaTo e
OIIpeZieTIeHa IJaBHO OT KOHCTPYKTHBHH IIapaMeTpH
(banpaxxHus npodusl U BUCOYMHATA /1) U OT pasipele-
JICHWE Ha KOJIECHOTO HaToBapBae (J%/(Q%; a OT cBos
CTpaHa CTOMHOCTTa Ha JsCHaTa 4acT Ha (22), KaKkTo IIe
BUJIUM I10-TI0IPOOHO B Clie[Balara riasa, onpeaens [-ta
rpaHWYHA CTOMHOCT Ha KPHUTEpHsl Cpelly JepaiaupaHe,
o3HaueHa ¢ (Y,/0); 1 npelcTaBisABaIla TPaHHULA MEKITY
0€301acHOTO CBHCTOSIHHE Cpellly Jepainupane (xapax-
TEPU3UPAILO CE ChC CIIOCOOHOCTTA 32 CaMOBB3BPBIIAHE
Ha KOJIOOCTa KbM HOPMAJIHO TIOJIOJKEHHE) U ChCTOSIHUETO
Ha 3acToi (TpUEHe), XapaKTepU3HUPallo Ce ChC 3aryoBaHe
Ha Ta3u CHOCOOHOCT.

T'opHoto onpenenenue 3a I-ta rpaHuyHa CTOMHOCT
(WM CBhKpaTeHO — TpaHWYHA CTOWHOCT) HAa KPUTEPHS
Cpely AepaiimpaHe MOXKe /1a C€ 3allvIle BbB BHJA:

_ H 0 M
( Y, J _ sin yy(cosy +psinyy) Q) tey,
/ 7 e
), cotgyl—ﬁ-k - Amae . e Ll
¢ siny(cosy +siny)  tgy
(22a)
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B cwpkpateH Bun, KoiiTo Moxe na Ob1e yaoOeH 3a Hs-
KOM Clly4dau, yCJIOBHETO 32 0e30MacHOCT cpeuly Jlepai-
JIMpaHe Ce 3alKCBa KaKTo Clie/IBa:

Y_p<ﬂ_Q_é”_z:(Y_Pj (226)

Ql’ uO Ql’ u() Ql’ I

KBbACTO:

Uy :cotgy1—£+ . Hhle . _yzh/c; (23)
¢ siny(cosy; +ysiny)  1gy

up =1— g4 /[siny,(cos yy + gy sinyy)]; (24)

uy =y 11g7. (25)

Hpu h=0u Q50" =0 dopmyna (22), peCrieKTHBHO
(22a) nobuBa Buza Ha (popmy.siaTa Ha Nadal:

Y
L <[l-— A /cotg
9 sin y;(cos y; + 44 sin )
Y, —
M OKOHYATENHO: —L < tg(y, — py) = tenH
| I+ 4 tgy

Hpu h=0u Q%01 # 0 dopmyna (22) pecrieKTUBHO
(22a) nobusa Buna Ha (popmysia Ha Mapse:

_ H
Yp _ sinp(cosy +pmsing) O pp/tegn
| cotg 7, O cotgy,
Y, tgy, — :
Y wn-m &
O l+wmigr, O

[IpaBu BrieyatiieHHe, Y€ BUCOYMHATA /i HA AUPEKTPH-
cara Ha XOPHU3OHTANHATA paMHa CHia Y, CIOpsMO XOpH-
30HTAJIHATA PABHHHA Ha KOHTAKTHHTE TOYKH Ha KoJieJaTa
C peJICHTe, 0Ka3Ba CHIIHO BIIMSHHE BBPXY CTOHHOCTUTE Ha
kpurepus Y,/0 7 ToBa ce Bmxaa ot popmyna (22) u no-
TOYHO OT PE3yJITATUTE OT U3UUCIICHHUATA C PEATHU JAaHHH
OT eKCILI0aTaluuATa, n310keHu B Tabmumu 1 u 2.

[lokasaTenHo € MNPOrpecHBHOTO HapacTBaHE Ha
(Y,/01); c yBenuuaBaHe Ha BUCOUMHATA /i M IOCTUTaHE 10
ellHa ompeJeNieHa T'PaHMYHA CTOMHOCT /), PECIIEKTHBHO
Ha OTHOUIEHHETO (h/c).p, IPH KOSITO (M HAJ KOSTO) HE €
BB3MOXKHO Jla HacThIM Jepainupane. ['paHuvHara
croitHoct (h/c)., 3aBUCH OT MapaMeTpuTe Ha OaHAAKHUTE
npoduin Ha Kojenata ()i, t4, )5, fh) B KOHTaKTHUTE
TOYKH U CE OINpEeJessl OT YCJIOBHETO 3a aHyJMpaHe Ha
3HaMeHaTes Ha (22), ChIIIaCHO 3aBUCHMOCTTA!

t
(ﬁj - wlg 1y . (@6)
c op H _ H -1
sinyy(cosy, +pysinyy)  tgy,
Kato mpu mapametpu: y = 70°, = 0,35, » =0 u

b = 0,25 ce nonyuasa: (h/c),, = 0,679, a mpu: 1 = 60°,
=025, %=0u1=0,25—(h/c)., = 0,779.
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I'paHMYHUTE BUCOYMHHU k. TPHU TE3H YCIOBHA ca
cpoTBeTHO 991 mm u 1137 mm.

Ta6uuna 1. 'paHn4HN CTOWHOCTH HA HOMHUHAJIHUS KPUTEPHIA
cpeuty aepaiinupane (Y,/Q"1)r B 3aBUCUMOCT OT h/c ipu
pas3nu4Hu croitHocTH Ha i 1 Q2/Q'1, 3a pUKCcHpaHu
n=70°% m=0,35u10=0,25.

h, mm hlc (Yp/Q 1)1 mpu Q501
0,5 0,66 1 1,5 2

0 0 1,095 | 1,055 | 0,970 | 0,845 | 0,721
300 | 0,2054 | 1,444 | 1,391 | 1,279 | 1,114 | 0,949
460 | 0,3150 | 1,716 | 1,654 | 1,521 | 1,325 | 1,129
500 | 0,3424 | 1,798 | 1,733 | 1,593 | 1,388 | 1,183
600 | 0,4109 | 2,037 | 1,963 | 1,804 | 1,572 | 1,339
730 0,5 2,440 | 2,351 | 2,162 | 1,883 | 1,605
920 | 0,6301 | 3,352 | 3,229 | 2,969 | 2,587 | 2,204

Ta6uuna 2. ['paHU4HN CTOWHOCTH HA HOMHUHAJIHUS KPUTECPHIA
cpeuty aepaiinupane (Y,/Q"1)r B 3aBUCUMOCT OT h/c ipu
pas3nuYHU cToiHOCTH Ha i 1 Q2/Q", 32 puKCHpaHn
7n=060° m=0,25u 10=0,25.

h, mm hlc (Yp/Q 1)1 ipu Q5/Q1
0,5 0,66 1 1,5 2

0 0 0,908 | 0,868 | 0,783 | 0,658 | 0,533
300 0,2054 | 1,142 | 1,092 | 0,985 | 0,828 | 0,671
460 | 03150 | 1,312 | 1255 | 1,132 | 0,951 | 0,770
500 0,3424 | 1,362 | 1,302 | 1,174 | 0,987 | 0,799
600 0,4109 | 1,499 | 1,433 | 1,293 | 1,086 | 0,880
730 0,5 1,715 | 1,640 | 1,479 | 1,243 | 1,007
920 0,6301 | 2,139 | 2,045 | 1,845 | 1,550 | 1,256

JormyckaHaTa METOQMUYECKa TpelIKa MPH IMpHUjlaraHe
Ha (hopmyia (22) ce IbJDKH INIaBHO Ha ITpeHeOpersaHe Ha
HaKJIOHa Ha OaH/1a)ka B KOHTAKTHATa TOYKa A2, HAMHpaIIa
ce B NOBBPXHMHATA HAa THPKAJISHE Ha HEATaKyBam[OTO
kouteno. [Topaiu ToBa IoMmycKaHe HEHTHPBT Ha 3aBbPTaHE
T. O ce TOJy4aBa Ha BEpTUKaiara, IMpeKapaHa Ipe3
KOHTaKTHaTa Touka A, JI0KaTo B JACHCTBUTEIHOCT TOU €
OTKJIOHEH XOPU30HTAIHO OT Ta3u BEPTUKAIA HABBTPE, T.€.
HAJIIBO Ha Pa3CTOSIHUE O, ChIITacHO Dur. 3 — TaM, KbIETO
Ce MpecHyaT HOPMAIIUTE 71| U Ny KbM KOHTAKTHHTE TOYKU
A1 1 A, Ha CBOTBETHUTE JOIMUPHU TOBBPXHUHH.

b b
a c dz
n;
| 01
i S -
B \ B
t, —, H
- C.COSYy ‘\\ ..‘,7'-;
1N N L ( g
Py 4 C.CCILS,-"z/ T Nzee P, t,
n ke k-
y N Ar oy 3 [T N
i
!
N 4 ¥: c.cosy
LAsiny, i 2 2N,
n; i N,
c.siny;

®@ur. 3. O6sicHuTeNHA cXema Ha Gopmya (26).
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XOpHU30HTAIHOTO OTKJIOHEHHE O Ha IIEHThpa Ha
3aBbpTane T. O CIPIMO BepTUKAJIATa MPe3 KOHTAKTHATA
ToYKa A> 1ie ObJie onpeiesieHa OT ypaBHEHHSTA:

(c=0)/H=tgy;; O/H=tgy,, (27)
KOHMTO Ca ChCTaBEHU Bb3 OCHOBA HA MPABOBIBIHUS TPHb-
IBJIHUK € XUTOTeHY3a 410 U NpUIIENeHUsI KbM HEro Mo-
MaJIbK TPABOBI'BICH TPUBI'BIHUK C XUMOTEHY3a A>0) U
OCTBD BI'bJ }» IpH Bbpxa O (Pur. 3).

Cren 3amMecTBaHe B TBPBOTO ypaBHEHHUE OT (27) Ha H,
OIIPE/ICTICHO OT BTOPOTO ypaBHEHHE HA ChIATa CUCTEMA
ce MoJy4aBa:

0 =ctgy, /[tgy +1gy,], (28)
ot kbaeTo mpu ¥ = 70°, 3 = 3° (1/19), ¢ = 1460 mm ce
noiy4asa 0= 27,33 mm; H = 521,49 mm, a ipu p =~ 1,5°
(cranmapren npodu) ce noinyydasa o= 13,82 mm.

Tbii KaTO BeJTMUMHATA O IPEICTABIIABA PA3CTOSHHUETO,
KOC€TO YydaCTBa B MATCMAaTU4YCCKUTC 3aBUCHUMOCTHU
OOHMKHOBEHO KaTO cyMa C pa3CTOSAHUETO ¢ >> O, TO OT
CHOTHOIIIEHUETO &/C MOXKE Ja ce A00re OPHCHTHPOBbYHA
Ipe/cTaBa 3a JONYCKaHaTa OTHOCHUTENIHA Tpellka IMpH
u3non3BaHe Ha Gpopmyda (22). 3xoaHoTO ypaBHEHHE Ha
000011IeHaTa crla, AUPEKTHO Peodpa3yBaHo B HEPABEH-
CTBO, € IIPEJCTaBEHO KaTo TakoBa ¢ (29), a UMEHHO:

2 2
%mo(Pi) > mqg (Yp)+ %Wlol (4:N;) (29)

M T[0-HATaThK Ca Pa3BUTH OTIEIHHUTE My OJIOKOBE
(cbcTaBnsBalIM), KaToO 3aJaJICHUTE PEATHU BEPTHKATHU
cuu P; (i =0, 1, 2) ca 3aMeCTeHHU ¢ TEXHUTE PE3yITaTH —
HOMUHAQJIHUTE BEPTUKATHU cuiu Q7 u Q% YHWTO
JMPEKTPUCU MUHABAT IPe3 KOHTAKTHUTE TOUKH.

2
Smy(P)=P,(2b—a, &) Py (a, +5)+
i=0

+Py(b—ay,—8)=0](c—5)- 05 6; (30)
m, (YP):YP[(C—é)cotg yl—h]; (31
2 c—90 N,lc—0)cot

S mo, (1:N;) = g Ny~ 4 42 sle—d)eoteny ()
far sin | oS 7,

KbJIeTO peaknuute B onopute N; (i = 1, 2) ce onpenenst
OT MOMEHTHHUTE YPaBHEHHS CHPSAMO KOHTAKTHUTE TOUKHU
A1 u A, KaKTo cieaBa:

or Ym, (F;)=0:

2
o= E‘bmAz(Pi)"'.YPh _ Ql'c+YP}.1 . @3
c(cosy; +pysiny;)  c(cosy| + gy siny;)
or Ymy, (F;)=0:
2
Ny QBeXph -y

2= . - . .
c(cosy, = ppsiny,)  c(cosy, + pysiny,)
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3amectBane B (29) ypasHenus (30) + (34) u npu rpy-
MUpaHe M0 CUITH NOoJTy4YaBame:

Q{{(c—&)— _ mle=d) }yp{[(c_(s)cotgyl_hp
siny,(cosy, + gy siny,)
th(c~35) _ tyh(c=5) }+
cesinyy (Cosy; + gy siny)  ctgy, (Cosy, =t siny;)
+0) {54— t(e=5) _ }, (35)
tgyi(cosy, — 4 siny,)

a cient cbKpamiaBaHe ¢ (¢ — J), pasnensiHe Ha () 3a 000-
cobOsiBaHe Ha Kputepust Y,/0’, onpenessi ycIoBUETO 3a
6€301acHOCT Cpelly AepaiiinpaHe MoTyJaBaMe:

Yp/Q < A/B, (36)
KBJETO:
A=1-p /[siny,(cosy, + usinyy)] -
Q_{ 8lc £ ’
O |[1-6/c  tgy(cosy, — uysiny,)
B=cotgy, - hlc . whic . 3
1-6/c siny (cosy, + 4 siny;)
—[ah/c]/ltgy, (cosy, — pysiny,)]
unu [-Ta rpaHuYHA CTOMHOCT Ha ChHIIUS KPUTEPUI —
(Y,/0]), = A/B. (36a)

Ipu 6=0wu » = 0 popmymna (36a) ce npeBpbila BB
¢dbopmyna (22a).

B Tabnua 3 ca najeHu U3YUCICHUTE CTOMHOCTH Ha
(Y,/Q")1, abcomoTHaTta W OTHOCHWTENIHATa TpEIIKa Ha
(22a) copsimo (36a) mpu 1 = 70°%; = 0,35; 3» = 1,5%
=025, 0501=0,5,1u2; h=460 mm u 600 mm;
¢ = 1460 mm; 6= 14 mm.

Taomauna 3. Croiinoctu Ha (Y,/Q'1)1, abcomroTHaTa U

OTHOCHTEJIHATa IPellKa, H34UciIeH! upe3 Gopmynu (36a) u
(22a) npu pasnuunu croitHOCcTH Ha h 1t Q'2/Q'1.

®dopmynu U rpemky | £, mm 0%/0"
0,5 1 2
Ilo ,,rounara” 460 2,049 1,785 1,258
¢dopmyna (36a) 600 | 2,816 | 2,454 1,729
[lo ,,npubnuzuresn- 460 2,041 1,808 1,342
nara” ¢-na (22a) 600 | 2,769 | 2453 1,821
AOGcomoTHA TpelIKa 460 | 0,0076 | —0,023 | —0,084
600 | 0,0469 | 0,0006 | —0,092
OrHocurenna rpemka | 460 | 0,0037 |-0,0129 | —0,067
600 | 0,0167 | 0,0002 | —0,0533

3 3aknwouyeHusn

1. OTunTaiiky, 4e CbBPEMEHHUTE U3CIIEIBAaHMS BEPXY
MIPOLECUTE Ha JIepaiiiupaHe B XKI TPAHCIOPT, ca aKIEeH-
TUpPaHU MPEeJUMHO KbM aTaKyBallOTO KOJEJNO U
aTaKyBallata KoJooC, HapacTBa akTyaJHOCTTa, fa ObaaT
JeuHUpaHn KaTo HOMHMHAIHH CHJIM, ¥ CHOTBETHOTO
OTHOIIIEHUE MEX/y XOPU30HTAIHATA U BEPTUKAIHA CHIIH,
JehUHUpAaHO KaTO HOMHHAICH KPHUTEPHH  Cpely
Jiepaiiiupase.

2. IlpenioxkeH € METOJ, 3a ONpenesTHE Ha HOMUHAI-
HHUTE CHJIM U Ca aHAJIU3UPAHU BE3MOKHUTE METOIUYECKI

83

rpemky. Jloka3aHo e, ye TEXHUAT OTHOCHTENICH A IpU
BB3MOXKHO Hal-HeOmaronpusTay ycnosus e nox 1,5 %.

3. 3BeneH € T. HAp. ,,HOMUHAJICH KPUTEPUI~ CPeLry
Jepaiinupane Ha 6a3aTa HA HOMUHAIHUTE CHJIH U € OIIpe-
JieJieHa HeroBaTa [-Ba rpaHMYHa CTOMHOCT B 3aBUCHMOCT
OoT 7 (U3UYCCKH BCIMYHMHHU, OT KOWTO C HA-CHIIHO
BJIMSTHUE Ca BEPTHKAJIHUTE HATOBApBaHUS Ha KoJenaTta u
BHCOYMHATAa Ha JUPEKTpHcaTa Ha paMHara cuia Y,
MIPHUIIOJKEHA KbM KOJIOOCTa.

4. Ot 3aBucuMocTTa 3a [-Ta rpaHUYHa CTOMHOCT Ha
HOMHUHAJIHUS KPUTEPHH C€ TI0JyyaBaT KaTo YacTHHU
clly4yau 3aBUCUMOCTUTE 3a [-Ta rpaHnyHa CTOMHOCT Ha
kputepunte Ha Nadal u Mpebe.
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Adduction in nominal type of criteria
against derailment of railway vehicles
Dobrinka Atmadzhova'

Todor Kableshkov University of Transport, Bulgaria

Abstract: A proposed method of determining the nominal
forces at the contact points of the wheel-rail of one axle
and an analysis of possible methodological errors has
shown that their share under the most adverse conditions
is below 1,5%. The so-called "Nominal Criterion" against
derailment based on nominal forces is derived and its first
limit value it is determined according to 7 physical
quantities, of which the vertical forces of the wheels and
the height of application of force Y,. From the first
boundary dependencies, the criteria of Nadal and Mrje are
obtained as private cases.
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CneundunyHn ocobeHOCT Ha NPOU3BOACTBOTO Ha pe3epBHU
YacTu 3a cnUMpavyHaTa CUCTeMa Ha efieKTPUYECKU NTOKOMOTUBU

cepusn 87

Kupun Benkos!”

'Texunuecku ynusepeuret — Codust, karenpa Kenesonbrna texuuka, 1000 Codus, Brarapus

Pesome: B JIOKJIaJla Ca pasrji€cJaHu XapaKTECPHUTE 0COOEHOCTH Ha IIPOXU3BOJICTBOTO Ha JeTanam —

PE3epBHU YacTH 32 THEBMATHYHATA CHCTEMa HA EJIEKTPUUECKHUTE JOKOMOTHBH cepust 87. IloscHenu ca

OCHOBHHTE MPOOJIEMH, CBbP3aHH C pa3iiMKaTa B MEPHHTE CHCTEeMH BbB BenukoOpuranus u B Bearapus.
Pasrienany ca HIKOM OCHOBHH JICTAIIIN KaTO TyMEHH MeMOpaHy, KianaHu 1 Ap. JIoKIaaeT € H3rpajcH Ha
6a3zara Ha 0000IICH OITUT OT MPOU3BOJICTBOTO Ha Te3u AeTaiau ot 2012 . 1o cera.

1 BbBepgeHue

Enextpuueckure JTOKOMOTHUBU cepusi 87 ca BHECEHH OT
AHTIHUS, KaTO MAllluHH ,,BTOpa ymoTpeda™ u ce eKCIuioa-
TUPAT B HAKOU OT YaCTHHUTE KECJIC30IIbTHU KOMITAHUU. Te
ca B EKCIUIOATaIMsl [TI0BEYE OT JIECET TOJUHU M paboTsIT
6e3 0coOeHM TEXHHWYECKH MPOoOJIeMH, CBBP3aHU C TEKY-
LIOTO TMOJUIbPKAaHE U PEMOHTH 1O HeoOxoaumocT. To3m
THUII JIOKOMOTHBH Ca IIPOM3BEICHU IIPE3 CEIEeMIECeTTe
TOJMHU Ha MHHAJHs BeK B AHIVIMS, TaM Te Bede HE Ce
eKCIUIOATHPAT, a ChIIO TaKa M PE3EPBHM YacTH MPaKTHU-
YeCKH He ce NPOM3BeXAaT. [IbpBHUTE OT TAX ca BHECCHH B
Boarapus npe3 2008 r. 1 mopaau n3THYaHE Ha CpOKa Ha
TOZHOCT Ha HAKOM OT JeTalyInTe B ITHEBMaTHYHATa
CHCTEMa Ha Te3H JIOKOMOTHBH (I'yMEHH U METalIOTyMEHH
eﬂeMeHTl/I), KaKTO u HaCTBhIIUINTE mpouecu Ha
W3HOCBAHE, Ce HaJIO)KU YCBOSIBAHETO UM B IIPOU3BOJICTBO.

To3u okian e MocBeTeH MMEHHO Ha HAKOM 0COOEHO-
CTH Ha YCBOSIBAHETO UM B IIPOM3BOCTBO, KAKTO ¥ BHEAPSI-
BaHETO MM B paboTeluTe JOKOMOTHBH. To3u mporiec € oT
roJIsIMO 3HAu€HME, 3alloTO OJjarofapeHde Ha ToBa ce
W3BBPLIBAT KAYECTBEHW DPEMOHTH Ha CIIEMEHTUTE OT
ClIMpayHaTa CHCTEMa W Ce TapaHTHpa NpaBUIIHATA H
Oe3olacHa eKCIUIoaTalys Ha JOKOMOTHBHTE.

2 YcBosiBaHe U BbBeXaaHe B Npouns-
BOACTBO Ha efIeMeHTU Ha NHeBMaTuy-
HaTa cMcTemMa Ha JIOKOMOTUBM cepuna 87

2.1. Ocob6eHOCTM Ha nNpoLeca Ha yCBOsIBaHe Ha
NPOU3BOACTBOTO Ha efleMeHTU (pe3epBHU
yacTu)

VYCBOSBaHETO Ha TE3M PE3EPBHH YacTH, Karo OOEKT Ha
NPOU3BOACTBO C€  XapakTepusupa CbC  CICIHHTE
0COOCHOCTH, Ch3/IABALIM B MOBEYETO CIyYaH CEPUO3HH

* Corresponding author: khvel@tu-sofia.bg 84

3aTPyIHEHUS OT TEXHUYIECKO €CTECTBO M IPSIKO BIMSACIIN

BBPXY BPEMETO 3a BHEIPSABAaHE M KadeCTBOTO Ha

IIPOU3BEXKIAHUTE JIETANIIN:

* IIpU T3 JIOKOMOTUBHU CNIMpayHaTa CHCTEMa € MpPOU3-

BOJICTBO Ha (upmara Westinghouse u mopaau ToBa

CBILECTBEHO CE Pa3lin4yaBa OT Ta3u HAa JOKOMOTHUBUTE,

€KCIUIOaTHpaHU O MOMEHTA y Hac. TsaxHata cnupadHa

cuctema e npousBegeHa oT KNORR BREMSE u B

KOHCTPYKTHBHO OTHOLIEHHE PA3INKUTE ca 3HAYNTEIIHH.

Hanpumep B nokomoTuBHTE cepus 87 ce H3IION3BAT

OCHOBHO T.Hap. ,,O0 TIPBCTEHH KaTO YILTHTHSIBAIIN

€JIEMEHTH, IO0KaTo B JPYTUTE CEPHUHM TOBAa KOHCTPYK-

TUBHO PEIICHUE HE € TIOIYJISIPHO;

pa3pabOTBAaHETO HAa YEPTOXKHATA JOKYMEHTALIUs cCe

M3BBPIIM caMO Ha 0a3aTta Ha MOCTPH OT OTAETHHUTE

€IeMEHTH, KOETO Ch3Jaje 3HAUUTEITHH TPYAHOCTH,

MOpO/IeHH OT (haKTa, 4e Te3u AETaHJM ca C U3HOCBaHE,

MPOU3BEXKJAHU Ca OT Pa3JIMYHU [IPOU3BOAUTENHU U Ca C

3HAUUTEIHU PAa3lMKH B pasMEpUTe, U ChIIO Taka ca

n3paboTeHH B MEpHaTa CHUCTEMa, XapaKTepHa 3a

BenukoOpurarmus — inch. ToBa e mpeamocraBka 3a

TPYAHOTO OIpEAETsIHE Ha JOIYCKOBHUTE IOJeTa Ha

JeTaiimuTe, KakTO WM HEXapakTepHM 3a METPUYHATa

chucTeMa CTOWHOCTH Ha pasmepute. OCBEH ToBa ce

HAaJIOXKH J1a CE Opa3MepsABa LENUST CTIIO0EH Bb3ell, 3a J1a

Cce YCTaHOBAT IMOAXOMAINM pPa3MepH M JOMYCKH Ha

pa3mepuTe Ha POU3BEXKAAHUTE JAETalIn;

* MOpaaAMd MAJKUTE KOJIMYECTBA HA IPOU3BENKIAHUTE
JIETalijIn, TOBa B JCUCTBUTEIHOCT € APEOHO CepUiiHO
WIN TI0-TOYHO TPOU3BOJCTBO Ha €IMHUYHU OpOMKH.
ITopagu TOBa ce HAMMKK HEOOXOJMMaTa MHCTPYMEH-
TaJIHa EKUIIMPOBKA 33 TYMEHUTE JETAiIN, 1a Ce N3IIbII-
HH KaTO €IHOTHE3JHU MaTpunu. ToBa OT CBOS CTpaHa
OCKBIISIBA JIETAMIUTE W TP EBEHTyaJlHa IOBpena
Cbh3/1aBa 3aTPYJHEHH C IPOM3BOACTBEHUS MIPOILIEC;
JUIcaTa Ha JaHHM 332 MaTepHalINTE, BIOXKEHH OT
MIPOM3BOANTEINTE Hajara IOCTENEHHO HaraxiaHe 3a
JIOCTHI'aHE Ha HEOOXOJIUMHUTE MapaMeTpHu Ha 'yMEHUTE
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netaiiim. ToBa Oemie H3BBPIICHO C IIPOU3BOACTBOTO HA
SAMHUYHU MPOOHK OPOKH, BIPpaXXIaHETO UM B armapatu
OT MHEBMAaTHUYHATA CHCTEMA U HAOJII0IeH s 3a paboTara
UM B Tporieca Ha excrutoaranus. Ha 6a3zaTta Ha moxydue-
HUTE PE3YJITaTH CE KOPUTHUPaxa MATPHUIIUTE, TYMCHHUTE
CMECH U T.H. JIO JIOCTUTaHE Ha HOpMayiHa paboTa Ha
[IPOU3BEXKIAHUTE NECTANIN.

2.2. ApmupaHa mem6paHa

Te3u memOpanu — ®ur.1 ca 00O AeceT Ha eAnH JIOKO-
MOTUB U Ca MOHTHPAHHU B CJICKTPO-ITHEBMATUYCH BCHTUII,
paboTemn mpu HaNATaHe Ha CrbCTeHHS BB3AyX 10 bar.
[Mopaau ToBa 4Ye Te3W BEHTIUIH PEATM3UPAT 3HAYUTEIICH
Opoii pabOTHH KN, KaKTO M paboTaTta Ha MeMOpaHaTa
IIPH TOBa CPABHHUTEIIHO BHCOKO 32 TE3W CHUCTEMHU HaIs-
rafe, Te OKa3BaT C BpEMETO MOBPEIH, XapaKTePH3UPAIIN
ce ¢ MpoOMBaHe WM KbcaHe. 3a ChKAJICHHE OPUTHHATHH-
Te MEeMOpaHH ca TOJIKOBa JiehopMHUpaHH, e He Bb3MOKHO
W3MEpPBAaHETO Ha TBBPAOCTTa Ha rymata. llo dmcto
HAIIICHCKU — 3aHASTYUICKM HAYUH Ca MPaBEHH CKCIICpPH-
MEHTH Te J1a ObJaT U3pSA3aHK OT MaTepHal, U3II0JI3BaH 3a
NPOU3BOJICTBO HA MEMOpaHH 3a ABTOMOOHIIHU Ta30BU
ypeadu, na ObaT MoJyTaraHy TeKCTHIIHY IUIATHA | JIp. 3a
CHXKAJICHUE TE3M OIUTH HE Ca JIOBENIU JO OYAKBAHUTE
nobpu pesynratu. B mpomeca Ha ycBosBaHe ce mpue
TBBPIOCTTa Ha TyMaTa Ja Oble paBHa Ha Ta3d Ha
MeMOpaHHTe, W3MOJ3BAaHH B CIUPAYHATE CHCTEMH Ha
npyrute JokoMoTHBH, T.€. 60 o [llop. Okasa ce, ge Ta3u
MeMOpaHH HEe MOXe Ja paOdoTH, Thi KaTo MOYTH BeaHAra
ce kbca. [lopagm ToBa TS Oe apMmmpaHa C TEKCTHIIHO
IUIATHO OIIe B Tpoleca Ha u3paboTBaHe, T.e. CIOU
Kay4yKOBa CMeC, TEKCTHJI U BTOPH CJIOH Kay4yKoBa CMec.
Crnen ToBa ce W3BBPIIM U3NMYaHE B MaTpUIaTa.
W3znonsBar ce cMecH ¢ MaciIoyCTOHYMBOCT, OIIPEAeHa 110
T.Hap. obeMeH MeTo/. He3aBUCHMO OT BCHYKO U BBIPEKH
noOpata paboTa Ha MPOU3BEICHUTE MEMOpaHH B TIporieca
Ha eKCIuIoaTaIus, 30HaTa Imoka3ada Ha dwur. 1, Bce omie e
KpUTHYHA 10 OTHOIICHKE Ha IBITOTpaitHoCcT. Hampasuxa
ce OImMTH MeMOpaHata qa ObAe ¢ mo-rojsiMa aedennHa,
ype3 KOpEeKIHs Ha MaTpHIaTra, HO B TO3W CIIydail He Oe
BB3MOJKHO /Ia C€ HACTPOM BEHTHJIA J]a PaOOTH C TpeIIn-
CaHWTE HAJSTAHS.

30Ha Ha KbCaHe

@ur. 1. Apmupana MeMOpaHa 3a eeKTpO-ITHEBMaTUYCH
BCHTHIL.

2.3. MembpaHa 3a npeBogay Ha HansAraHe

MewmbOpanara e nokazana Ha ®ur. 2. Te ca nBa Opost Ha
€/IMH JIOKOMOTHUB H TIPOOJIEMHUTE C MIPOU3BOJCTBOTO U ca
CXOOHH C Te3W, omucaHu B T. 2.2. Pazngumkara e, de

pasMepuTe M ca 3HAYUTEIHO MO-rojieMH. TOBa HAIOXH
apMHUPAHETO B IIbPBOHAYAIHMUS BAPHAHT ChC CIELUAIICH
,»,CKEJIeT* OT MOJIMAMU/IHU BJIAKHA, HO TSI C€ MOJIY4H MHOTO
MeKa 1 BBIIPEKH paboTara 1 ¢ M3UCKAHUTE IMapaMeTpH, e
OpPOSIBM CKJIOHHOCT KBbM pa3TsraHe u jaedopmMmupane.
IMopagu TOBa, ¢ Pa3BUTHETO HA MPOHM3BOJCTBOTO TO3HU
ckenet Oe 3aMeHeH ¢ apMHUpaHe C MOMOIITA HA TEKCTUIIHO
IUIaTHO, TI0 HAYWHA 10 KOWTO O€ M3ITbIIHCHa MeMOpaHaTa
OT IPEMIITHATA TOYKA.

@ur. 2. MemOpaHa 3a IpeBoJay Ha HaJIATaHE.

2.4. YenHo ynnbTHEHNEe ABOMNHOOTOMBaYeH
BEeHTUN

3HaYeHUETO Ha ABOHHOOTOMBAYHUTE BEHTHIIU B ITHECBMa-
TUYHATA CXEMa Ha eJIMH JIOKOMOTHB € TOJISIMO, 3aIl0TO T
pa3mensaT cucTeMaTa Ha aBTOMAaTHYHATa U HEaBTOMAaTH-
HaTa (IMPEKTHA), IPU B3aWMOJEHCTBUETO UM C €IUH U
CBII CIUpavYeH HWIMHABP. llpu crupadHuTe CUCTEMH,
eKCIUIOATHPaHU y Hac 10 To3u MOMeHT (cucrema Kuop),
VIUTBTHSABAIIATA YaCT HAa TO3M BEHTWI MPEICTaBIsIBA
IUIOCHK TYMEH NPBCTEH, BYJIKAHU3UPAH BHPXY METATHOTO
Tsu10. [Ipu Te3u TokoMOTHBH 00aue, TOW ChIIO € IIOCHK
T'yMEH MPBCTEH, HO C KOHYCHO CKOCEHA BBHIIHA MTOBBPX-
HOCT M C€ 33JbpXa IUIBTHO B HOCEUIOTO METATHO TSJIO
camo Osaronapenue Ha Hes — @ur. 3. KayuyykoBara cmec
€ MacJIOyCTOWYMBa KbM MacjiaTa M3IOJI3BaHE B KOMIIpe-
COpUTE U clie/l u3nu4yaHeTo € ¢ TBbpAocT no Hop 80 £ 5.

KoHycHa noebpxHOCT

®ur. 3. YenHo ymrbTHEHHE JBOHHOOTOMBAUCH BEHTHIL.

2.5. TapHuTYypa 3a npeBoAay Ha HansiraHe B2

Ta3u rapHHUTypa € BakHa mopagu (akra, ge padboTu mpu
3HAYMTENIHA CHJIa Ha IPUTUCKaHe, peajn3upana oT 60i1To-
BUTE BPB3KH Ha METATHUTE KOPITYCH HA IPUCHEANHEHHUTE
crnimpayHy anapatu. [lopaau ToBa T4 ce IPoU3BeXaa ¢ Io-
MalIbK ANaMeThp OT TO3H Ha CheJUHABAIIUTE CE IIOBBPX-
HOCTH, 3a J1a ©IMa IIPOCTPAHCTBO, B KOETO T4 Aa ce Aedop-
MHpa IpH CTATaHETo, 0e3 1a CH pa3pyiu. To3u quaMeTsp
€ TPYAEH 3a ONpeJeisHe, 3al[0TO HAIMYHUTE MOCTPH Ca
paboOTHIM TapHUTYPH H Ca CHJIHO CMayKaHd U
nedopmupann. [IpoGnemarndHo € W MHEHHETO Ha
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PEMOHTHHS IEPCOHAIT, Ha KOWTO TE3H 0COOCHOCTH TPY/THO
Morar jna Obaar oOsICHEHH, U NPH BHIUMAaTa pa3iiuka B
pasMepuTe cliefiBa ObITapCKOTO ,,He cmasa‘ M MPOIEChHT
Ha BHeJIpsIBaHe ce 3aTpyAHsBa. J[pyr BaKeH MOMEHT e, ue
YILTBTHUTEITHUTE PHOOBE ca CMayKaHH, HE JIMYaT U Ce
HAJIOKHU J1a C€ MPOSKTUPAT OTHOBO. TBBPOCTTA HA TO3U
tun uzaenus e 80 £ 5 o Ilop.

YNAbsTHUTENHU
pbbose

®ur. 4. ['apruTypa 3a npeBoaay Ha HayArase B2.

2.6. MeTanorymeHu knanaHm

To3n Tum pneraiinm ca MIMPOKO pasNpOCTPAHEHH B

CIMpAaYHUTE CHCTEMH Ha >KEJIE30NIBbTHUTE BO3WIA. 3a

JIOKOMOTHBHUTE cepu 87 0gxa BBBEICHU B MPOU3BOJCTBO

HSKOJIKO TAaKWBA JIETaliIa C TOJSIMO 3HAUeHHe 3a paboTara

Ha CITUpayHaTa CUCTeMa. ToBa ca: MeTaJoryMeH KiamaH

3a KpaH-MalllMHUCT 32 TUPEKTHATa chupadka Tam SAl,

METaJIOTYMEH KJIallaH 3a KPaH-MaIINHHACT 32 aBTOMATH4-

HaTa crnmpadka Tun MS8AS, mMertamoryMeH KiamaH 3a

MpeBoAay Ha Hajsiranu u ap. Ilpu Bcuuku Te3u nerainu,

Makap M pa3jiMuHH 10 CBOATa KOHCTPYKTUBHA KOH(UTY-

paims ¥ pasmepu, Osixa pa3pabdOTeHH JiBa OCHOBHHU

oJxo/a:

* HOBO IPOM3BOJICTBO: XapaKTepHu3Hpa ce ¢ u3paboTBaHe
Ha MeETaJlopeXella MalldHa Ha MeTajHara 4YacT
(MecHHT) W ByIKaHU3UpaHE Ha KaydyKoBaTa CMeC B
MpOoeKTHpaHa 1 u3padoTeHa MaTpua. M3uckBaHuATA 32
TBBPIOCTTA Ha TyMeHus cioii e 80 £ 5 mo Illop — ®wur.5;

* pPELUKIMpPaHe: Ha Ta3W OIepanus ce MOoAaraT KiIanaHu
¢ c1abo U3HOCBAaHE HAa METAJTHATA YacT. | yMEHUSAT CIIOH,
aKo € C OKOITaBaHe Ha YIUITBTHUTEIIHOTO JIUIIE TO-TBJI00-
ko ot 0,5 mm, ce oTcTpaHsBa Ype3 UHTEH3UBHO 3arpsi-
BaHe. [Ipu ToBa TOM ce oTienBa, YaCTHYHO U3raps U ce
otaesnst. MsCTOTO Ha KOeTo € OWII TO# ce IoYncTBa Ha
ISICHKOCTPYEH arapaTr, o0e3macisiBa ce U ciell TOBa B
chllaTa MaTpHLla C€ BYJIKAHM3Mpa HOB TyMEH CIIOM.
IMopamn HEeM3OEKHUTE ,,MyCTalld M B [(BaTa CIIydas
clle]] BYJNKAaHM3AIUATa TYMEHHAT CJIOH ce Imojjara Ha
nuaiidane — @wr. 6.

OkxonaH rymeH
cnoi

30Ha Ha U3HOoCBaHe

®ur. 5. MeranorymeH Kiianat 3a KpaH-MalIMHHUCT 3a
JIUpeKTHaTa crupayka THI SA1 — noaxoasuy 3a pelUKInpaHe.
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lymeH cnoit

Kanan 3a
, 0" npbcTeH

@ur.6. MeranoryMeH Kianas 3a IpeBoJad — HOBO
MTPOU3BOJICTBO.

3 U3sBoamn

* [Ipon3BOACTBOTO Ha TE3W JETAMIN peliaBa KOHKPETEH
mpobJieM, CBBP3aH C MOIBPIKAHETO B €KCIIOATALIMS Ha
JIOKOMOTUBUTE cepust 87;

* TE3W YaCTH HE ce MPOU3BEKAAT BbB BenukoOpuTanus u

aKO ce JOCTaBsIT OT TaM, Iie ObJaT M0 WHAWBUIAYATHA

3asBKa, U Ha CbOTBETHO BHCOKA IICHA;

mapagokc €, 4e ONpEeAeNICHO KOIMYECTBO CHHPAYHU

amapaTH 3a Ta3W Cepus JIOKOMOTHBU Oelle PeMOHTH-

paHo ¢ BrpakJaHe Ha Te3W YaCTH U CIIE/ TOBA H3HECEHO
3a BenukoOpuranus;

* C BHEIpSBAaHE B INPOW3BOJACTBOTO Ha TE3M YacTU CE
Ch371aJie Bb3MOKHOCT MHOTO CTapu TaKWBa, HE TMOMe-
HSHM OT TOJAWHU M C MapamMeTpu, HEJOMyCTHUMH 3a
eKCIUToaTallus, 1a C€ 3aMEHSIT;

* JI0 MOMEHTa Ca YCBOEHH U ce mpou3BexaaT Haj 40 pas-

JIMYHU JIETAMIN OT CIMpaYHaTa CUCTEMA Ha Ta3U CEpHsl;

MIPOU3BOJICTBOTO Ha YACTHUTE 3aro4Ha B Kpas Ha 2012 r.

U JI0 MOMEHTA Pe3yNTaTUTe OT EKCIUIOATaINATa UM ca

TIOJIOKUTEITHH.

NuTepartypa

1. TexHuyecka TOKyMEHTAaIUsl Ha JIOKOMOTHBH CepuUs
87.

2. TIpaBWUIIHUK 32 PEMOHT M M3IUTBAHE HA CIIHPAYHHUTE
cucreMd Ha noaBrkHUS cbetaB Ha BJDK. Coduwus,
1984 1.

Specific features of the manufacturing
repair parts for electric locomotives
series 87 brake equipment

Kiril Velkov!

!Technical University - Sofia, Department of Railway
Engineering, 1000 Sofia, Bulgaria

Abstract: The report examines the characteristics of the
production of details — repair parts for the pneumatic
equipment of the electric locomotives series 87. The main
problems related to the difference in the measuring
systems in the UK and Bulgaria are explained. Some basic
details are considered, such as rubber membranes, valves
and valves etc. The report is based on a summary of the
production of these details from 2012 until now.
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OnpepensiHe OCHOBHUTE TEXHMYECKN NapaMeTpu Ha BrakoBeTe
Ha ,,BAX — MNbTHNYecku MNMpeso3n*“ EOOL

Kupun Benkos!* Onez Kpwcres’ , Banepu Crounos!, Ceemocnae Cnasues', u Hean Ietpos?

' Texunueckn yuusepcuter — Codus, karenpa XKenezonmbTHa Texunka, Bearapus
2 Buciue TpaucnoptHo yuunuuie ,,T. Kabnemkos* — Codus, beirapus

Pe3tome: Ha ocHoBaTa Ha aHanuM3 Ha KAa4eCTBOTO HA TPAHCIIOPTHATA yciyra mpejmarada ot ,,BJK —
[IpTHUYecku npeBo3u” EOO/] 1 Ha eKOJOrHYHOTO 3HAYCHUE HA KEJIC30IIbTHHS TPAHCIIOPT € AePUHUpaHE

HEOOXOJMMOCTTa OT 3aKyllyBaHE Ha HOBM BIIakoBe. Upe3 aHalM3 HAa MapaMeTpUTE Ha HSIKOM OT Hai-
MOMyJIsIPHUTE BIakoBe B EBpomna, ca onpezeneHy napaMeTpyuTe 3a HOBUTE BIAKOBE y Hac.

1 BbBepeHue

[Ipe3 mociegHUTe OECeT TOAMHU SCHO ce 3alers3Ba
TEHJICHIIMSITA 32 HaMalsiBaHe MPEBO3UTE HA MBTHULIU OT
»bJIK — IlpTHHYecku IIpeBosu* EOOJ (BJIK-IIII),
nnroctpupana Ha Qurypu 1 u 2. OCHOBHUTE PUYMHU 32
Hesl ca wm3sicHeHW B [1], kaTo HacTOSIIMS JOKJIAI €
ITOCBETEH OCHOBHO Ha HEOOXOJMUMOCTTA OT 3aKyITyBaHE
Ha HOB IOJIBI)KEH CHCTAB OT IJIEJHA TOYKA Ha MOI00pS-
BaHE Ha KAadeCTBOTO Ha TMpeUlaraHaTa TpPaHCIOPTHA
yCIyra, €KOJOTHYHOTO BB3ICHCTBHE Ha KEIEe30MbTHHUS
TPAaHCTIOPT W OCHOBHHUTE TEXHHUYECKH IapaMeTpu Ha
HOBO3AKyIICHUTE CIUHHUIN TOABIKEH ChCTAB.

OrnpenensHETO HA OCHOBHUTE MapaMeTpu Ha HOBHUSA
MOJIBM)KEH CHhCTaB € 3ajJaya C ToJiIMa Ba)KHOCT, Thil KaTo
TE3W BO3WJIA CE MPOCKTHUPAT U MPOM3BSKIAT 3a A3 ObaaT
MEXIY TPUAECET U YETUPUIECET FOAUHHU B €KCIUIOATaIIHSL.
3a pemaBaHeTo M Oc¢ HampaBeH OOCTOCH aHAM3 Ha
TEHJECHIIMUTE B TOBA OTHOILIEHUE B Pa3BUTUTE CTPAHU OT
EBpomneiickus cpr03, KaTo 0€ OTYETEHO M CHIIECTBEHOTO
BIUSHHC U Ha CIIEUU(UIHUTE YCIOBHU Ha €KCIDIOATALNS
y Hac.
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®ur. 1. I3menenne Ha 6post MPEBO3EHU IBTHHUIN — B XIS/
3a TOIUHA.

* Corresponding author: khvel@tu-sofia.bg
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®@ur. 2. 'I3mMeHeHue Ha u3BbpiieHaTa pabora ot bJUK-IIIT — B
MJIH. ITBTHUKOKHWJIOMETPA.

2 Exonorm4yHo 3HauyeHue Ha
XXerne3onbTHUA TPaHCNOPT

TpancnoptHuAT cexTop B EBponeiickus cpio3 ce 6asupa
B IIpeo0JiaiaBala CTeleH Ha U3KOMaeMUTe TOPHBa, KaTo
METPOJIHUTE TPOAYKTH OCUTypsiBaT oOkoio 96% ot
eHeprusaTa 3a QyHKuoHupanero my [5]. Lemure npen EC
CBBP3aHU C KIIMMAaTHYHAUTE MPOMEHH N3UCKBAT 3HAUHTEI-
HO HaMaJIIBaHE HAa E€MHCHUTE Ha BBIJICPOJCH THUOKCHI
(CO,) ot tpancmoprta, mpenctasnsBamu moue 20% ot
eMHUCUUTE Ha TapHUKOoBH razoBe oT EC. B u3nmbiiHeHneTO
UM e HeoOxoaumo HamassiBaneto 110 2050 r. ¢ 60% Ha
emucuute Ha CO, mpousBexaanu ot tpancmnopra B EC.
ToBa HamansIBaHe, criope]] POTHO3UTE, OM TIOMOTHAJIO 32
HOJIbp)KaHe Ha KIMMAaTHYHNUTE IPOMEHH B CPABHUTEITHO
JIOYCTUMO CcbcTosiHUE [5]. B TO3M cMuChI € oT chblle-
CTBEHO 3HaYECHHUE aHAIN3BT Ha BIMSIHUETO HA JKEJIE30IbT-
HUS TPAaHCIOPT BBPXY OKONHATA CpPe/la, B CpaBHEHHE C
OCTaHAIUTE BUAOBE.

Ha ®ur. 3 e nmoka3aHo CHOTHOIIEHUETO B OTAEIISTHETO
Ha BBIVIEPOACH MAWOKCHI MEXIy OTICITHHUTE BHUIOBE
TPAHCIOPT, IPU M3TapsSHETO Ha TeUHH ropuBa. JlaHHHUTE
ca 3a o00o06menu 3a EC [1] u sAcHO mnoka3Bar, ue
JKEJIe30IbTHHUAT TPAHCTIOPT MPOU3BEXkAa HULIOKHUTE 1,5
% ot 0611010 NMpon3BoAcTBO Ha CO».
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®ur. 3. Emucun va CO:2 ot Tpancnoptaus cektop Ha EC —
BKJIOUCHH Ca U CICKTPUHULIPAH JKEIe30IIbTCH TPAHCIIOPT,
KpaiOpexeH MOPCKH | Jp.

Baxno e na ce mogueprae, ue 3a nepuoaa ot 1990 r.
o 2010 r. emucuuTe Ha BBIJICPOACH JUOKCHI, MPOU3-
BEXJTaHU OT JKEJIE30IbTHHUS TPAHCIIOPT Ca HAMAaJICHH C
39%, crnpsimo ctoiiHoctute 3a 1990 r. Ilenta e te na
Obaar mombaHUTENHO Hamayienu 1o 2030 r. — dur. 4,
kato 1o 2050 r. B EC ma chpliecTByBa jkene30lMbTEH
TpaHcnopT He npoussexnam CO; [S].
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®ur. 4. MuHaI0 1 IPOEKTHO OBICIIC HA CICHUPHIHATE
emucuu Ha CO2, npu npeso3u ¢ k11 Tpancnopt B EC.

[IpeauMcTBaTa Ha JKENE30MBTHHS TPAHCIOPT IO
OTHOIIICHHE HA EKOJOTUATA, U3IIbKBAT MPU CPABHEHHE C
IpyTuTe BUIOBE TpaHcHopT — Dur. 5 [5].

Emmcum Ha COz2 npu NpeBos Ha egMH NbTHUK
no aectuHauuaTta bprokcen — bepauH — 780 km
160

140

NMpowuseegeH COz, kg
g

n 4
Bnak Nek aetomobun  Camoner

@ur. 5. Emucun Ha CO2 npu npeBo3 Ha €AMH IBTHHUK C BIIAK,
JIeK aBTOMOOMII U CaMOJIeT.

Te3n maHHM MOQUYEepTaBaT, y€ MPH CPABHEHHUETO HA
TpUTE OCHOBHM BHJa TpaHCHOPT, emucunre Ha CO, mpo-
W3BEJICHH OT JKEJIEe30IIBTHUS TPAHCIIOPT MO THIIMIHOTO 32
EC nanpasnenue ca 3,7 0bTH HO-MaJKO OTKOJKOTO MpPH
MPEBO3 C aBTOMOOWI U 4,3 IIbTH TIO-MaJIKO B CPAaBHCHHE
ChC CaMOJIET.

[To oTHOIICHNE HA JTOKATHOTO 3aMBbpPCABAHE Ha BBH3/Y-
Xa ¢ MUKPOYaCTHUIN U a30THU okcuu (NOX), Kene30IbT-
HUSAT TPAHCIIOPT OTHOBO € ¢ Hali-MarbK [su1. TpsiOBa 1a ce
oT0eneXn, 4e UMEHHO IO T€3H IO0Ka3aTeNH! IOJI0KEHHUETO

88

y HacC He € Ha HeOOXOIMMOTO HHWBO W IO TO3H BBIIPOC
Cpelly CTpaHaTa HU € 3aJleficTBaHa HaKa3aTelIHa IpoIe-
Iypa ot crpaHa Ha EBpomnelickus cbio3. CpaBHEHHETO
MEXIy Pa3UIHUTE BUIOBE TPAHCIIOPT IO TO3U IOKa3a-
Ten e noka3aHo Ha Pur. 6, KaTo TO OTHOBO € U3BBPILIECHO
3a MPCBO3 HA €AWH IbTHUK IO ACCTUHAIUATA Bp}OKC@J’I -
Bbepnun. BnakbT € cbC cpelHa CTENEH Ha HACENEHOCT;
aBTOMOOWJIBT € IU3EJIOB, CPeleH Kiac ¢ 1,5 mpTHUKA U
caMoJIeThT € TUnuueH 3a EBpona. BaxxHa e u xapakrep-
HaTa 0COOCHOCT, Y€ CNECKTPUICCKHUSAT JKEIC30IIBTCH TPaH-
CIOPT HE TPOU3BEKAA OT TE3W 3aMBPCHUTENN M JTaHHUTE
C€ OTHACAT CaMoO 3a BJIAKOBETE C AM3EJIOBA TATA.
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@ur. 6. CpaBHEHHUE Ha Pa3IMYHUTE BUIOBE TPAHCIIOPT IO
OTHOIIICHUE 3aMbPCIBaHETO ¢ PM — MUKpOUYACTHUIM U a30THU
okcuau - NOx.

OT BCHYKO Ka3aHO JI0 TYK, KaKTO U OT BCHYKH 3HAYH-
MU CBETOBHHU M3CIIEABAHMS, ICHO M3IIBKBA 3HAYCHNUETO Ha
JKEJIe30I'bTHHSI TPAHCIIOPT KaTo Hal-€KOJIOTHYEH W Hai-
MaJKO BpeIsill Ha OKoiHata cpexa. llopamm Tasu
TIPUYUHA B pa3nungHu foKyMeHTH Ha EC ce mocrass menra
JIe Ce paslIMpH OETbT Ha IPEBO3HUTE C HKEJIC30MBTCH
TPAHCIOPT 32 BCHYKH CTPaHH, WICHYBAIIX B HETO.

B ceBpemMeHHHUTE YCIIOBHUS Ha BCe IMO-HapacTBamara
CBCTOBHA MKOHOMHMKaA, TpaﬁHaTa TCHACHI M 3a yBEJIM4Ya-
BaHe oOwiusi Opoil Ha HacelleHWeTo Ha 3eMsTa, OBP30TO
HaMaJIIBaHC W M3YCPIIBAHC Ha HU3KOIACMHUTC CHepFHﬁHH
W3TOYHHUIY, TIPOMEHUTE B KJIMMarTa M OKOJIHATa cpela U
Jp. HajaraT TNpeaIpHeMaHeTO Ha CEpHUO3HH MEpPKH B
CBETOBEH M €BpONEHCKM Mamal, HeJsIy TPaiHOTO |
YCTOHYMBO HamalsBaHE HAa KOHCYMAIMsITa Ha €HEPIHs.
CriermatHO 3a €BpOIIEHCKUTE CTpaHH CYMapHOTO Hama-
JsIBaHE Ha KOHCYMAIIVSITa HA €HepIHs U YBEINYaBaHE Ha
JIebT Ha W3IIOJI3BAaHATA EJIEKTPUYEeCKa EHEprus Iie
HaMaJi 3aBUCUMOCTTa OT U3KOIIA€MH FOPHUBA M OT BHOCHT
uM oT apyru ctpanu [5]. Ha @ur. 7 e moka3zaHa kpaifHaTta
KOHCyMalusi Ha eHeprust 3a crpanure ot EC BpB hopmara
E27, 1.e. ¢ Butouenu bwnrapus u PymbHUS.

Ot ®ur. 7 cnensa, ye TpancnopthT B EC koHCYMUpa
33,2 % or o0moTo moTpebiieHHe Ha EHEprHs, Karo
JKEJIE30IIbTHHAT TPAHCIOPT U3pasxonasa exsa 1,8 %, npu
Jis1 oT Haj 8,5 % 1o OTHOILIEHHE Ha MPEBO3UTE.

B mnamata crpaHa pasnpeneneHUEeTo Ha KpaiHaTa
KOHCYMAIliisl Ha CHEPTUs ce OTIMYaBa OT YCPEIHEHHTE
nanau 3a EC, kato AenbT HAa TpaHCIOPTa B KPAMHOTO
EHepruiiHo MoTpedieHue ce € yBenuumi ot okoio 23,1%
npe3 2001 r. Ha 34,74% mpe3 2015 r. (nanauTe 32 2016 T.
ouie He ca nmyonukyBanu ot HCU). OcHoBeH KOHCyMaTop



Sozopol, 11-13 September 2017

BulTrans-2017 Conference Proceedings

€ aBTOMOOWIHHAT TPAaHCHOPT, KOWUTO TMOTpedsBa 3a
2015 1. 93% 0T 001110 H3I0I3BAHOTO KOJIMYSCTBO CHEPIUS

B CEKTOpa.
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®ur. 7. Kpaiina koHcyMmanus Ha eHeprus 3a crpanute ot EC,
¢dopmar E27.

O1wie 1Mo-HeOIAronpusITHO €, Y€ TPAHCIOPTHT KOHCY-
MHpa TOpUBA, IPOU3BEICHU Ha 0a3ara Ha He(T, KOUTO €
100% BHoc B bwarapus. Hokaro 3a 2010 r. nanaure
MTOKa3BaT, Y€ JCIHT HA TPAHCIOPTA B KPAHHOTO MOTPed-
nenne Ha Hedrompoxyktu € 83,8%, 1032 2015 1. TO3M AN
e 88,64%.

OT uuTHpaHUTE JaHHU € KaTETOPUIHO SICHO, Ye XKeJle-
30IIBTHHUAT TPAHCIIOPT € C Hal-roJIsIMa eHepruiHa edex-
TUBHOCT Hal-MaJKO BpPEIHO €KOJIOTMYHO Bb3JECHCTBUE.
CrnenoBaTenHO yBEJIMYaBaHETO HA Jeja My, 1€ TOTIPHHe-
ce 3a IPUIOCTHOTO MOAOOpsIBaHE HAa TE3W IOKa3aTelly.
To3u H3BOJ] € B CHHXPOH M C IMOJIMTUKATAa 3a pa3BUTHC HA
TpaHcnopTa B EBpomneiickus cbro3.

3 MNapameTpun, onpeagenswm Ka4eCcTBOTO
Ha TpaHCNOpTHaTa ycnyra npearnaraHa
ot BAX-MM

[Mapamerpute, ompenensmy B 3HAYNTEIHA CTETECH
KkadecTBOTO Ha npeiaraHara ot bJIK-IIII tpancnoptaa

yCIIyTa U OPsIKO BIHUSICIIH C€ OT MOABUIKHUS KEJIE30IIbTEH
cwetaB (IDKIIC), n3mos3BaH 3a pealnu3upaHeTo H, ca:

3.1. BpemenbTyBaHe

JlokomoTus

To3u mapamersp B Hai-rojisiMa CTENEH ce ycela oOT
BTHUIIUTE U € OT CHIIECTBEHO 3HAYCHUE 32 IPUBIAIAHE-
TO WJIM OTJIUBAa Ha macaxepu. Tol 3aBUCH OT opraHu3a-
[UATa Ha ABIKCHHE W OT pealu3MpaHUTE CKOPOCTH Ha
newkenue. OT CBOS cTpaHa CKOPOCTTA CE OMPenens OT
TEXHUYECKUTE Bh3MOXKHOCTH HA JKeJIe30bTHAaTa HHppa-
ctpykrypa u unonassanus [IDKIIC. B Hactosmiust MOMEHT
C U3BBPIIBAHUTE PEMOHTH M PEKOHCTPYKIIUU HAa HIKOH OT
TJIABHUTE JKEJIC30IbTHY JIMHUH Y HAC Ce IICITU JTOCTUTaHe
Ha CKopocTH Ha nBWwkeHue ot 160 km/h, kato Ha
OTIpeNIeICHN YYacThIH, OCHOBHO TIPaBH, TS Ja JOCTHUTHE
u 10 200 km/h. B HacTosmus MOMEHT obade, B mapka Ha
BJIK-TIIT asama [TDKTIC, k0#TO € B ChCTOSTHUE Aa peaju-
3Upa Te3u CKopocTH [2]. CreaoBaTeTHO HOBUTE BO3HIIA,
KOHUTO €BEHTYAITHO Ile ObJaT 3aKyIeHH, 1ie Obae He00X0-
JTIUMO J1a OTTOBapsT Ha TOBA U3UCKBAaHE.

3.2. KomdhopT

B pesynrar Ha mpoyuBammsa u amketm BJDK — IIIT
paspabotu [Ipodui Ha kiueHTa [3] OT KOMTO € BUAHO, Ye
M3UCKBaHUATA 32 KOM(DOPT NPHU IIBTYBAHETO, MPEASBEHH
OT IIbTHULIHUTC, HC MOrar Jga CC€ H3IBJIHAT C HaJIUWYHUA
IDKTIC. KoMpopThT chbIIO Taka € BaKEH IOKa3arell,
KONTO BiMsie B 3HAYMTEIHA CTENCH HAa MHEHHMETO Ha
II'PTHULMTE 32 KAYECTBOTO HA TPAHCIOPTHATA YCIIyTa.

4 OcHOBHM NapameTpu Ha
HOBO3aKyneHusi NoABUXEH CbCTaB

4.1. CKOpOCTHM BrnakoBe

B eBpomneiickuTe Abp:kaBU BIAKOBETE 3a CKOPOCTH IIO-
ronemu win paBHE Ha 250 km/h ca B kareropusta Ha
BHCOKOCKOPOTHHTE. Y Hac MOpajyl JUIcaTa Ha XKeJe30-
I'BTHU TpaceTa 3a TAKUBa CKOPOCTH Oe BbBEJICHA KaTero-
pusAta ckopocmuu enaxose. OT N3BBPIICHNS 33ABI00UEH
aHaJ M3 Ha KOHCTPYKIMUTE HA NPOM3BEXKIAHUTE OT
BOJICILY IPOU3BOIMTEIN BIIAKOBE MOT'aT Aa ce Ae(pUHUpAT
JIBETe OCHOBHM CXEMH Ha KOMIIAHOBKAa Ha BJIAKOBETE —
KJIaCHYeCcKa CXeMa C JIOKOMOTHUB M C paslpeiesieHe Ha
MOIITHOCTTA, T.€. BJIaK OT MOTpHCEH THII, Pur. §.

<
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3 MVA
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@ur. 8. Cxema Ha BJIaK C JIOKOMOTHB M MOTPUCHO pa3MpeeleHIe Ha MOIIHOCTTA.
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BapuaHThT Ha MOTPHUCHO paslpenelieHue UMa CIIel-
HUTE MIPEIUMCTBA:

* KpaifHUTE BarOHM UMAaT caMO KaOWHHU 3a yTpaBiieHUE U
MIPOCTPAHCTBOTO B TAX CHINO CE U3MOI3BA 32 OPTaHU3H-
paH€TO Ha MECTa 3a I'bTHUIIH. Ilo TO3M Ha4uH, OpH
(dbukcupaHaTa Ib/DKMHA HA TE3H BJIAKOBE, CC peaiu3upa
MO-TOJISIM TIPEBO3CH KaIaIUTET;

HaMallsiBa KOJIOOCHOTO HATOBAapBaHE W TOBa OKa3Ba
BIIMSIHAC Ha MHPPACTPYKTYpHATA TaKCa,

MOBEYE TATOBU KOJIOOCH U KaTO PE3YNTaT IMO-TOJISIMO
YCKOpeHHe W T0-IoOpH yCIOBHS 3a CICTUICHHE Ha
TATOBUTE KOJOOCH C PEIICHTE.

EnuH 0T chimecTBEeHHTE HEIOCTATHLIN Ha Ta3HM CHCTE-
Ma € CPaBHHUTEITHO MO-BHCOKATa BEPOSTHOCT OT MOBPEAU
0 eJIEKTPHYECKaTa CUCTEMa, TOPOJICHH OT MO-ToJsIMaTa
ABJKMHA Ha CJICKTPUYCCKUTE CUCTEMMU.

B nacrosums MoMeHT B pa3ButuTe cTpaHu oT EC ce
Cpeliar ¥ JBaTa BU/a, KaToO MbPBHS THII Ca MpeodiiaaaBa-
0 BBB BilakoBeTe oT Gammiusta 7GV, 1okaTo BTOPUST
THUII € XapaKTepeH 3a HeMCKHTe BiakoBe ot tuma /CE, mo-
HOBHTE CEpPUH.

3a OpIemuTe BIAKOBE Y HAC MO-TIOAXOIA € BapHUaH-
THT C MOTPUCHO pasIpeelIeHie Ha MOIITHOCTTA.

Jpyr BaxkeH KOHCTPYKTHUBEH MapaMeThp € TO3H, JajH
OTJENHUTE BaroHW BBHB BJIaKa Ca CHWICHEHH, C 00ma
Tanura MeXIy IBa OT TAX (AkobOc Tanwra) Wid He ca.
CrpuieHeHNTe BaroOHU UMAT CIICAHUTE OCHOBHH IPEIUM-
CTBa:

» Tanurara ce HaMmupa IO KpauIlaTa Ha JABaTa ChUYJICHEe-
HU BaroHa u B ﬂeﬁCTBMTeHHOCT HE € TOYHO 11O ITbTHU-
rute. [1o To3u HAYMH MIYMBT € Ha MO-HUCKO HUBO H CE
MOBHINIaBa KOM(OPTA HA TBTYBAHE;

OTHOCUTETTHUTE CTPAaHWYHU TPEMECTBAHUA MEXIY
OTIEIIHUTE BAarOHW JIAIICBAT, B pe3yiATaT Ha TOBa
IBTHUIATE CE MPHUIBIDKBAT IO IBIDKIHATA Ha BIIAKa IT0-
JIECHO;

IIpy Tasm KOHCTPYKIMSA CBHIIECTBYBAa BB3MOXKHOCT
MOABT Ja ObJie Pas3MookKeH MO-HUCKO, KOETO OOJIeK-
YyaBa JJOCTHIIA JI0 BarOHa;

To3u TUIT KOHCTPYKIIUS, ChIVIACHO MHOXECTBO H3CIIE/-
BaHud, IMpeamnojiara W mOo-ToJisiMa CUTYPHOCT IIpU
JIBIOKCHUE.

ChIIlecTBEH HEJOCTATHK €, Y€ MPH W3BHPIIBAHE Ha
Pa3IMYHE PEMOHTH, OIIEPAIlUNTE CBBP3aHU C H3BAKIAHE
Ha TajiUra ca Io-CJIOXHH U TpynoeMku. [lopamu tasu u
JIPYTH IPUYIHHM, TIPU HIKOU IPOU3BOAUTEIH ce 3a0ems3Ba
TEHJICHIINSI Ha OTKa3 OT U3IOJI3BAHETO Ha AKOOC TalnTa,
JIOKATO MPH APYTH TS € TpaIuIMoOHHA pakTuka. HesaBu-
CHMO OT TOBa 3 HAIIUTE YCIIOBHSL, IPHJIATaHETO Ha FKkobc
TaJIATa € TIO-TIOAXOISIIO.

* Ckopoct

Kakro 6e ka3aHo, B Bbarapus HsiMa BHCOKOCKOPOCTHA
JKele30IrbTHA Mpexka. Llenta Ha pa3BUTHETO Ha Kele30-
IbTHaTa MH(PPACTPYKTypa € JOCTUTAHE Ha CKOPOCTH OT
160 km/h 3a 3HaYMTeNHA YacT HA HAKOW OT OCHOBHHUTE
nuHAN y Hac. [lopamu ToBa e menecho0pa3Ho, HOBO3aKy-
MIEHUTE BIIAKOBE [1a MMAT TEXHHYECKa BBH3MOXKHOCT [a
orepupaT TPOIBIDKATEIIHO BpEeME CBC CKOPOCT OT
160 km/h. Cplio Taka e BaXXHO Ja ce YTOYHH, Ye B Onun3-
KHTE MeT TOAWHH, CBITIACHO NPOCKTHHUTE BIDKIAHHUSA,
wsutoro Tpace ot Codust mpes Ilnoaus mo Byprac e
0b1e moAroTBeHo 3a ckopoct oT 160 km/h. OcBen ToBa ca
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Hanuue yBepenus ot HKOKU, ye Tasum ckopoct wmie e

TakaBa B KPUBUTE y4acTbLM, a M3BbH TSAX BEPOSTHO B

6mm3ko Opmemie me Obxe momycHaTa ckopocT oT 180

km/h, a mopu u 200 km/h. [ToTBBprKIEHHE HA TOBA Ca U

HACKOPO U3BBPIICHUTE MPOOH ChC CKOPOCT Ha IBUKCHUE

ot nopsiapka Ha 200 km/h. IMopagu Te3u BuxIaHus,

KaKTO ¥ (hakTa, 4e MPHU 3aKylyBaHE HA HOB MOJBIKCH

ChCTaB € HEeOoOXOAWMO JIa Ce Tiela B MEPCHCKTHBA OT

okono 30 roauHu, HE € 1IeJIechoOPa3HO MPU CEralIHoTOo

3aKyITyBaHE Ha HOBU BJIAKOBE, MAKCUMAJTHATA UM CKOPOCT
na ce orpanmdana Ha 160 km/h. Te3u BakoBe mie TpsOBa
na ornepupar u cbe 180, a B 0603pumMo Obaemie, Moxke Ou

1 ¢be 200 km/h. B To3u cMHUCHI € 1eechoOpa3HO KOH-

CTPYKTHUBHATA UM CKOpOCT Ja Obae none 200 km/h;

» KonoocHo HaroBapBane: 17 + 4% t/oc;

¢ MakcuMaiHa CTOMHOCT Ha MPOABJKUTCIIHUSA HAKJIIOH —
30 %o;

» TemmnepaTypeH quana3oH Ha pabora: —40 + 40 °C;

* KoH¢uryparmus Ha Biaka: QUKCHpaHa KOMIIO3UIUS C
MPETOPBHUUTEITHO 6 BaroHa, B 3aBUCHIMOCT OT BB3MOXK-
HOCTUTE W MPEUIOKEHUITAa HA JOCTaBYMKA, KOHTO IIIe
O0bae m30paH mpu oOsBsABaHe Ha Mopbhukara. OT TO3U
Opoii 11e ce onpeesy U IbDKHHATA Ha BIIaKa;

* Pasnpezenenue Ha MOIIIHOCTTA: BIAKBT J1a Ob/e U3IIBII-
HEH [0 CXeMaTa Ha pa3lpe/elieHa 10 Ib/DKUHATA MOLI-
HOCT, T.€. MOTpHCEH BapuaHT — Dwur. §;

* Tum TSIroBo €J1eKTPO3a[BIKBaHE: ACHHXPOHHH, C BEK-
TOPHO YIPABJICHUC TAT'OBU ABUI'ATCIIN,

» CnMpaueH KOMIUIEKC: TOM € HE0OXOIUMO Ja BKIIOYBA
[THEBMaTHYHA CIHpayka C JUCKOBH (DPUKIUOHHU
BB31IH, CICKTPOJUHAMUIHA — PabOTEIa KaTo peKymepa-
THUBHA M PEOCTaTHA, MATHUTOPEJICOBA M MAPKUHT;

* CbIiacHO CHBPEMEHHUTE TEHJCHIUH, CHBMECTHO

neiicTBue, ,,.blending Ha cimpaunuTe cucteMu. MuHH-

MallHa CTOWHOCT Ha KOe(HIMEeHTa Ha CIEIUICHHE Ha

KOJIEJIOTO C peJicara, B PEXKUM CIIUpaHe C MHEBMaTHY-

HaTta cnmpadka — 0,13. PexymepaTtuBHata crimpayka e

Heo0X0IMMO J1a oTroBaps Ha u3uckBanusaTa Ha HKOKU,

3a INapamMeTpuTe Ha peKylepupaHaTta eJeKTpUdecka

CHepIrus;

Cucrema 3a curypHoct u koHtposa ETCS nHuBO 1, ¢

BB3MOXKHOCT 3a BITPEHIBaHE 10 HUBO 2;

Yckopenue: mopaau 0coOCHOCTHTE Ha HallaTa CTpaHa

TO3W MapaMeThp € OT MHOTO BaXXHO 3HaucHHe. [Ipu

CKOPOCTHHUTE CBCTABU 3a JBJITH PA3CTOSHUS U IPU

ChCTaB OT LIECT BAroHa, MAKCUMAIHOTO ITyCKOBO yCKO-

penue € npenoprunTeNHo Aa 6bae 0,5 + 0,7 m/s%, 3a na

Morar Jia Jocturuar ckopoct ot 160 km/h no yuacts-

LUTE, HA KOUTO € JIOMYCTHMa Ta3h CKOPOCT U Jia MbTY-

BaT ONpEeNesieH0 BpeMe ¢ Hes. ToBa Iie JoBelne 10

HaMaJIIBaHE Ha BPEMEMbTYBAHETO M EKCILIOATAIIMOH-

HUS pa3X0Jl Ha CJICKTPOCHEPTHsl.

OCHOBHU M3UCKBaHHS Ha KOM(opTa:

BrTpemHo pa3npeneicHrue U YCIOBHS 32 BHCOKO HHBO

Ha KoMbopT. Te3n N3UCKBaHUS ca ChOOPA3CHH C M3BO-

IuTe OT mpoyuBaHeTo, u3BbpuieHo oT B/DK-IIII, Ha

OCHOBaTa Ha KOETO ¢ (OpPMYJIHpaH T.Hap. MPopUI Ha

kimenTa [3];

Mecrtata B mppBa kiaca ca okoio 30 %, kato TO3n

MIPOLICHT 3aBUCH M KOHKPETHUTE YCIIOBHS 110 Obeiara

J0cTaBKa. Pa3nonoxeHneTo UM € 1o TPU Meca B pell ¢

mbTEKA MEXAy JBOHHATA W CAMHUYHA CelajiKa.
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Cepankure ca pasloJIOKECHH Ha Pa3CTOSHHUE, KaKToO €
perJIaMEeHTHPAHO B NPaBUIIaTa 3@ ONEPaTHBHA ChBMEC-
tumocT — TSI. Cemankute BBB BTOpa KJlaca ca pasIolio-
KEHH I10 YETHPH B peJl, C IbTEKA MEXK/Y BETE IBOUKH.
HpeZlBI/l[leHl/I ca MCECTa 3a IIbTHUIHK C HaMajCHa
MOJABMKHOCT, OCHUI'ypsBalli HM MeECTa C YJIECHCH
JOCTBII U JOCTATBYHO MPOCTPAHCTBO 3a KOJHUYKHUTE,
KOWTO M3II0JI3BAT;

Cepankure ca IbJIOOKH, C €prOHOMHYHH MTOJITaBHULN
W TOIJAaKbTHHIM, IOIXOMIIIM 32 HaMalsiBaHe Ha
yMopaTa IpH IIbTyBaHe OT MOpsAAbKa Ha 4 Jaca;
baraxeT Ha MBTHUIMTE CE TIOMECTBA B OAra)XHUIM HAJl
IJIaBUTE, HA CTEHATa Ha BaroHa C Kallaly, CaMOJIETCH
THII, KAKTO ¥ B HUIIM HA CTEHATa, HA HUBO MOJ, OTHOBO
3aTBOPEHU C Karaly;

* BpB Baronure € mpeABHACHA U CIElMalHA 30HA 3a
Oarak, pasmojiokeHa OyM30 1m0 u3xoaurte. MMaiiku
npea BUA HApOAOIICUXOJIOrusTa Ha IbTHUKA Y HAC, HE €
SICHO TS Jaly IIe ce IOoJ3Ba M Jaiy IIe IIOMOTHE 3a
y10o0CTBOTO Ha MBTHULINTE;

B cbcraBa Ha Biaka ce BKIIOYBA. [IbTHUIMTE OT MbpBa
KJlaca ca C BKIIIOUEHM B IIEHAaTa Ha OWieTa HaluTKH U
XpaHa, a € Bb3MOXKHO M CEPBUPAHETO U 110 MECTaTa UM.
ToBa e BBIIPOC Ha OPTAaHM3ALMS, TIPH EKCIUIOATALUTA
Ha BIIAKOBETE, CJIE/ 3aKyIyBaHETO UM;

BbB BaroHute 1a ca MHCTAJIMPAHU €KPaHU 32 PasBIe-
KaTeJIHU ayAn0-BU3YyaJIHH 3a0aBICHUS HA ITHULIUTE.
OcurypsiBane Ha Oe3xuuHa Internet Bpb3ka, WiFi 3a
II'BTHULIUTC,

OcurypsiBaHe Ha HEOOX0AUMOTO 3axpanBane, 220 V, 50
Hz, AC 3a 3axpaHBaHe Ha NPEHOCHUMHTE KOMIIIOTPH,
kakto 1 USB mopToBe 3a 3apexkmaHe OaTepuuTe Ha
cMapThOHUTE;

ToaseTHUTE 1A ca ¢ TOCTaTHYHO MSICTO, C LI MOI3Ba-
HETO M OT BB3pacTeH ¢ JeTe. ABTOMaTH3HMPaHO IMOoJa-
BaHE Ha BOJa M camyH. Hanuune Ha ornepano u enek-
Tpudecku kontakt 220 V, 50 Hz, AC u np.;

Cepro3Ho BHUMaHHUE € HEOOXOIMMO Ja Ce OTIENH NpH
M3rPaKAaHETO Ha ISTIOCTHOTO HH(POPMAIIHOHHO OCHUTY-
psiBaHe, ChIIACHO M3HMCKBaHUsATa Ha kiaueHta [3]. To
BKJIIOUBA SICHO M3IIMCBaHE HAa HOMEpa Ha BaroHa u
JIECTUHAIMATA 10 KOSITO IIe IbTyBa BIakbT. OCBEH
HOMEpHT Ha BaroHa Jia ce JaBa scHa HHpOpManus 1 3a
KJIachT My, KaKTO M 3a MecTara 3a Xopara ¢ HamaJieHa
MOJBIDKHOCT M JIp. BBB Brmaka na mma IOCTaThbuHO
nHpOpPMAMOHHN Tabna ¢ moxpoOHa TeKyma HHpOp-
Manus 3a IBTYBAaHETO IO JecTHHanmsATa. Hammuame Ha
pedeBa nH(MOpMAI HAa OBITAPCKH M aHTIUICKH €3UK
u IIp.

4.2. Bbp3u Bnakose

* 3axpaHBaHe: CTaHJAPTHOTO 3a Hamata ctpaHa: AC
25kV, 50 Hz;

* Mexnaypencue — cranaaptHo 1435 mm;

» CKOpOCT: TpEeaBH[, Y€ TEe3M BJIAKOBE II€ CIUpAT I0-
4eCTo, T.C. IIe UMAT MO-KbCH MEKIYCIHPKOBH Pa3CToO-
SIHUSA € [IeIeChO0Pa3HO Ja MPUTEKABAT TEXHHYCCKATa
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BB3MOXKHOCT Ja orepupar cbe ckopoct 130 + 140 km/h.

3a TAX BaXKaT ChIIUTE ChOOPAKEHUS, KAKTO 32 IIPEIUTII-

HUS THI, a WMEHHO, Y€ TE3H CTOWHOCTH HE €

3aIBJDKATEIHO J]a ca OTpaHMYEHHS 3a MaKCHMallHaTa

uM ckopoct. [Ipu Te3u BiakoBe NpenopbYMTEIIHATA

MakcuMaiHa ckopoct e 160 km/h;

KonoocHo HaroBapsane: 16 + 19 t/oc;

PeanusupaneTo Ha MKOHOMHUYHHU MaJKH ChCTAaBH M Ha

BHCOKH Y4acTBKOBH CKOPOCTH €a pe3yiTaT OT TOJIEMHU

ITyCKOBH ycKopeHus. CpaBHUTEIHO KbCUTE PA3CTOSHUS

MeXIy crupkure (y Hac CpegHO eKBHUBAJICHTHHTE

MEXITyCITUPKOBU PA3CTOSIHAE € OKOJIO 3 KM M MEXIy-

rapoBH pa3cTosiHUs okoJio 10 km) 1 BCOKaTa CKOPOCT,

KOSITO TpAOBa /1a C€ OCUTYpH IPH TSIX, ca MPUIHHA 32

M3UCKBAHETO 3a TojisiMa CrernugpuYHa MOIIHOCT Ha

MOTOpBaroHHute cexuuu. IlpenopbuuTenHu cpeaHu

croitHocTy 3a yckopenueto ca 0,6 + 0,8 m/s%;

* Kondurypauuss Ha MOTpucHMS Biak: (QukcupaHa
KOMITO3HMLIMS C 4 BaroHa U ¢ Bb3MOKHOCT 32 CBbp3BaHE
Ha JIB€ MOTPHUCH 110 CUCTEMA ,,MHOTO EJINHHIIN";

* Tum TATOBO e€NEKTPO3aABMKBAHE — ACHHXPOHHU C
BEKTOPHO yTIPaBIICHUE;

* I3noms3Bane Ha yOOOHW M €PrOHOMHYHH CENANKH, C
IO IX OIS TTOTTIABHUIIN U TIONIAaKBTHUI. B cera pa-
OoreruTe MOTpUCH cepus 31 KOMPOPTHT € TOHMKEH;

* M3non3Bane Ha CBETIMHHH HH(GOPMAIOHHHU Ta0a BbB
BaroHMTe, JAaBallld aKTyaJHa U Moapo0Ha HHpOpMAIHs
3a MPOBEKNAHOTO IBTYBaHE, KAaKTO U 332 BH3MOKHUTE
BPB3KHA C APYIM BJIIAKOBE WM IOPYr BHUI TPAHCIOPT.
PeyeBa nndopmanus Ha OBATapPCKH U AHTJIMHACKH €3HK;

» KilmmaTu3anus Ha BaroHUTE;

* MsicTo BBB BaroHWTE 3a NMPEBO3 Ha JETCKH KOJIMYKH,
BEJIOCUIICITH | JP.

4.3. MbTHUYeCKU BNakoBe

To3u TN BIaKoBe ca OT THIIA €IEKTPUIECKH U AU3EIOBH
MOTpHCH U KaTo 0a3a 3a m300pa UM, MOTaT J1a Ce MOI3BaT
napamerpure Ha cepus 30/31 u 10.

5 U3Boamn

V3BbpIICHUST aHAIM3 Ha MapaMETPUTE Ha MOICPHHUTE

BJIAKOBC, U3IIOJI3BAHU B paSBI/ITI/lTe CTpaHI/l '-IJ'IeHyBaLHl/I B

EC,comara na ce QopMyaupaT CIEIHATE OCHOBHHU

HU3BOJIN:

* OmpeJelieHu ca OCHOBHHUTE BUIOBE BIIAKOBE, KOUTO IIIE
OBJaT JOCTABEHU — CKOPOCTHH, OBP3H U ITETHHYECKH;

* OmpeneneHu ca Hali-00I0 OCHOBHHUTE MM TEXHHYCCKH

napameTpu;

Taka onpejelieHUTe MapaMeTph ca H3MOJI3BAHU 32

I'BPBOHAYAITHO 3aMTUTBAHE 32 TPAHUIIUTE HA JOCTABHUTE

LIEHH;

Te3u mapamerpu Ie MOCIY)Kar 3a pa3paboTBaHe Ha

KOHKpETHUTE criennprKanmuy 3a Obaenara J0CTaBKa;

[MapameTpuTe CiIy’)kxaT © 32 H3BBpIIBAHE HA

CPaBHHUTEIICH aHAIN3 Ha €(PEKTUBHOCTTA HA OBACUIUTE

HOBU BJIAKOBE M HAJIMYHUS TATOB IIOABIKEH CHCTAB.
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Defining the main parameters of the
BDZ - Passenger Services trains

Kiril Velkov', Oleg Krystev!, Valeri Stoilov,
Svetoslav Slavchev!, and Ivan Petrov?

ITechnical University - Sofia, Department of Railway
Engineering, Bulgaria
High Transport School “T. Kableshkov” — Sofia, Bulgaria

Abstract: On the basis of an analysis of the quality of the
transport service offered by BDZ - Passenger Transports
Ltd. and of the ecological importance of the railway
transport is defining the necessity to purchase new trains.
By analyzing the parameters of some of the most popular
trains in Europe, the parameters for the new trains in
Bulgaria are defined.
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OnpepensiHe 6posi 1 TUNA Ha HOBUTE BrlakoBe, HEOOXO0AUMU Ha
., BOX-MbTHMYeckn npeo3n“ EOO[

Onez Kpneres'*, Kupun Benkos', Barepu Crounos!, Ceemocnaeé Cnasues' u Hean Ilerpos?

! Texunueckn yuusepeutet — Codus, karenpa XKenezonmbTHa Texunka, Bearapus
2 Buciue TpaucnoptHo yuunuuie ,,T. Kabnemkos* — Codus, beirapus

Pe3tome: Ompenenen e Opost U TUIA HA HOBUTE BiakoBe, HeoOxoxumu Ha ,,BJJK-ITsTHHUECKH TIpeBO3H™

EOOI[, KaTo C€a OTYCTCHU pasxXoAUTE 3a CHEPrusd;, pasxoauTe 3a 06CJ'Iy)KBaH€ Ha BJIaKOBHs CBHCTaB,

Pa3XoAnTe 32 PEMOHT; Pa3XOAMTE 3a HHPPACTPYKTYPHHU TAKCH; OpOST Ha JHHUTE 3a ABIKCHUE HA BIAKOBETE.

HpI/I OIPEeACIIAHE Ha 6p05[ M TUIIa Ha HOBUA IIOABHKXEH CHCTAaB € B3€TO 104 BHUMAHHUE MPOTrHO3HOTO
HU3MCEHCHHC Ha CKOPOCTHUTE, CJIICA MOACPpHHU3alUA Ha KEJIIC30IIbTHATa MpEkKa OT Harmmonanna koMmanust

"YenezompTHa mHOpacTpykTypa" (HKXKU). IlpoydyeH e ommrta Ha 3HAa4YHTENCH OpOW >KENE30MBTHU
aJIMIHHUCTpAIMH, OCHOBHO B EBpora, a Taka ChIIo ¥ JOCTIKEHUsTA Ha BOACIIUTE GUPMH 32 IPOU3BOACTBO

Ha TATOB IIOABUKEH PEJICOB CbCTAB.

1 BbBepgeHue

Ilocnennure roaunu B ,,BJK-IIbTHHYECKHM npeBO3U‘

EOO/ (BJIXK-IIIT) ce 3abens3Ba mpuiiaraHeTo HaA MEPKH

32 MOCTENCHHO CTa0MIM3MpaHE HMKOHOMHYECKOTO

CbCTOSIHME. 3a ChKaJleHHe o0aue KauecTBOTO Ha

TPaHCIIOPTHATA YCJIyra BUAUMO HE CE IIPOMEHSI.

TPEBO)KHa € TCHACHIMATA 3a HaMaJIIBaHEC Ha U3BBPII-
BaHara paboTa B MbTHUKKHIOMETpH. [IprurHuTE 32 TOBA
ca MHOTO M KOMIUIEKCHH, HO aHAJIM3UTE IOKa3BaT JIBE
OCHOBHH:

* HEJIOSITHA KOHKYPEHIHUS C aBTOMOOWITHUS TPAHCIIOPT Ha
0a3a HeIIaI@aHe Ha TBJIHUTE Pa3XoI P U3BbPIIBaHE
Ha MpeBO3UTE. ABTOMOOMIHHAT TPAHCIIOPT € ITOCTaBEeH
B MHOTO IIO-M3TOHO IIOJOXKEHHE B CpPaBHEHHE C
KEJIC3HUIINTE;

* JIOIIO CBHCTOSHHE HA JKENE3HHUS IbT WM IOJBIKHUA
CBCTaB.

EKCHHO&TMpaHI/IHT IIOHACTOAIIEM IIOJABUXXEH CBHCTAB
(JTOKOMOTHBH, BarOHH ¥ MOTPHCHHU BJIAKOBE) B MO-TOJIA-
Mara cd 4yacT € Ha Hal 35-40 roaunu. U3kinrouenue ca
nocrasenu npe3 2005 n 2006 roauna 25 6post [U3eI0BU
MoTpucHH Biakose (JAMB) 1 25 enekrpuiuecku MOTPUCHU
BiakoBe (EMB) ot tuma Siemens Desiro.

C men nomoOpsiBaHE KayecTBOTO Ha TPAHCIIOPTHATA
yciyra, IpUBIMYaHe Ha TI0BeYe MTHUNN M yBEIMYaBaHe
KOHKYPEHTOCIIOCOOHOCTTa Ha IIBTHUYECKUTE KII IIPEBO-
3", pbkoBoJcTBOTO Ha BJIJK-IIIT BB3mOKM Ha paboTeH
eKHI OT TPHU BHCHIM Y4YeOHH 3aBeICHUS Ja pa3paboTu
JBITOCPOYHA CTPATErus 3a TOBa.

Elea OT OCHOBHHMTEC 3ala4y, BKJIFOYCHU B CTpATCIrusi-
Ta, Oc ompenensiHe Opos M THIAa Ha HOB CHBPEMCHEH
TIOJIBIDKEH ChCTaB, KOIMTO € HeoOoxoaumo Ja 3akynu b/IDK-
[IT 3a na mogoOpH KaYeCTBOTO HA MpEAIaraHuTe yCIyru
1 J1a CTaHe NPUBJIEKATEIICH 3a ITbTHUIINTE.

* Corresponding author: okrastev@tu-sofia.bg
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2 CbCcTOsIHME Ha TAroBUSA NoaBMXKeH
cbeTaB B BAXK-MN

Taroeust noaswkeH cberaB B B/K-IIIT ce chetom ot

CJICTHATE OCHOBHU CTUHUIIN:

* JluzenoBu:

- MaHEBpEeHH JJOKOMOTUBH cepun 52-00, 55-00;

- MoTpucHH Biakose cepust 10-00;

- 1 6poii moTtpuca cepust 19;

MarucTpaiHu (BIakoBH) TokoMoTuBu cepuu 06-00 u

07-00.

* Enexrpuuecku:

MaHeBpeHH JIOKoMOoTuBHU cepus 61-00;

MoTpucHU BiakoBe cepuu 32-00, 30-00 u 31-00;

Maructpaiau (Bnakosu) 43-00, 44-00 u 45-00 u 46-200.
Bceska roguna npes mecen nexkempu HKOKU BbBexaa

HOB ['padmk 3a nBwkenune Ha Bnakosere (I'JIB) mo

HaIlMOHAJTHATA JKeJIe30nbTHA Mpexka. Ha Oa3ara na ['JIB

ce paspaborBa ['papuk 3a 0OopoTa Ha JIOKOMOTHBHUTE

(I'OJI) u I'paduk 3a pabOTHOTO BpeMe Ha IOKOMOTHBHUTE

Opuranu u Ha BnakoBus iepcoHain (I'PB). Ha ocHoBara Ha

I'OJI ce ompenenss HEOOXOAMMHAT IMAapK Ha TATOBH

ChCTaBM (JIOKOMOTHMBM W MOTPHCHH BJIAKOBE), Ha

ocHoBara Ha [ PB — HeoOxomumMusaT Opoii BIIakoB TIepCo-

HaJl (MaH_lI/lHI/ICTl/I, IIOMOIIHUK-MaIIMHUCTH, HaAYaJIHUK

BJIAKOBE U JIPYT 00CITy>KBaIl| IEPCOHAIT).

[To cera peiicTBamuTe pasnucanuss U Ha 0asa
HAJIMYHUA MapK (JIOKOMOTHBH M MOTPUCHH BJIAKOBE) 32
usnbiHeHue Ha ['JIB ca HeoOxoaumu 125 eAMHUIM TSITOB
MOJIBM)KEH CHCTaB. TOBe HE € MOCTAaThYHO, Thil KaTO €
HEO0XOIMMO J]a UMa OlpeelieH Opoil ChCTaBH B EKCILIO-
aTalMOHEH PEe3epB.

B Tabnuua 1 e nokaszad Hannuuuat B bJDK-IIIT taros
MOJBIKEH CBCTaB (IO cepuH) W dYacTra OT HEro,
M3II0JI3BaHa 3a n3nbiaHenne Ha ['1B.
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Ta6auua 1. Taros noasmwkeH cveraB Ha BJDK-TIIT.

Cepust Hannunn Hznou3Banm 3a I'/IB
43/44/45 75 60
46-200 9 6
61-00 5 4
07-100 5 2
07 1 0
52 9 4
55 15 5
75,77 6 4
71 2 1
JAMBI10 25 15
EMB 30/31 24 20
EMB 32 6 4

OBIO: 182 125

Ot tabmmnara ce Bmwkaa, ue B B/K-TIIT uma TsaroB
CBhCTaB, C KOUTO Ja ce u3biaHsgBa AeiicTBanus ['/IB. Ha
MIPaKTHKA TTOPAJH MPOABIDKATEITHIS CPOK Ha €KCIUIoaTa-
1S, HA 3HAYATENIHA YacT OT HAJMYHUS TATOB MOJBI)KEH
CBhCTaB M HEIOOPOTO TEXHWYECKO CHCTOSHHE, OposT Ha
BB3HUKHAJIUTE NOBPCAU, NOBECJIU OO0 T.HAP. pPEMOHTHU 11O
Heobxoaumoct (PH) e rossim. 3a u3TekiiaTa ronuHa 1eibT
Ha PH, no ycpennenu nanau Ha BJK-IIIT e oxono 60 %.
ToBa noBex1a 10 JMIICa Ha pe3epB OT IOKOMOTHBH 1 KaTo
pe3yiTaT HEAOCTUT W HEBB3MOXKHOCT 3a HOPMAajlHO
oOciyxBaHe Ha BiakoBere, npersuaeHu B ['J[B. Karo
D10 BCHYKO TOBA TOBEXAA JIO MMOCTOSITHHO HAMaJsBaHE
Ha e()eKTUBHOCTTA Ha TPTHUYECKUTE MIPEBO3H, a IOBUIIIA-
BaHETO M MOXKE J]a Ce TOCTHTHE Ype3 3aKyIlyBaHETO Ha
HOB TATOB TIOJBIKEH CHCTAaB.

OcHoBHUTE (HAKTOPH, BIHSCIIN Ha e(hESKTHBHOCTTA Ha
IIbTHUYCCKUTE MIPEBO3U Ca:

* CKOPOCT Ha IIbTYBAHE,

* BpEMENBTYBAHE;

* KoMOpT;

* €KOJIOTMYHO BB3/IEHCTBUE;
* eHepruiiHa e(h)eKTHBHOCT.

3 OCHOBHM NPUHLUNKX NPU onpeaensiHe
Opos 1 TMNa Ha HOBUA TATOB CbCTaB

[Tpu n360pa Ha Opoii M THIT HA HOBHS TTO/IBU)KEH CHCTaB €

B3€TO 0] BHHUMAaHHE IPOTHO3HOTO H3MEHEHHE Ha

CKOpPOCTHTE. 3a LeNnTa ca H3MOJ3BaHM IUIAaHOBETE 3a

MOJICpHH3ALMS HA JKENIe30ITbTHATA MPEXKa, IPET0CTaBEeHN

or HKXU. IpoyueHn e ommTa Ha 3HAYUTENeH Opoit

KEJIe30IIbTHH aJMUHUCTPALUU, OCHOBHO B EBpoma, a

Taka CBUIO M JIOCTIDKEHUSTAa Ha BOJACIIUTE (GUPMHU 3a

MIPOM3BOACTBO Ha TATOB IOJBI)KEH PEIICOB CHCTAB.

BpOﬂT Ha HOBUTC €AMHUIU TAT'OB CHCTAB € OIPEACIICH

Ipy Cr1a3BaHEe Ha CJICAHUTEC OCHOBHU NPUHIIUIIN!

* Usnons3Bar ca cera jeiicrBaimure rpaduiy, Kato ca
B3€TH NPEIBUl U EBEHTYaJIHUTE MPOMEHH B TSX, CIEA-
CTBHE Ha NPOTHO3HOTO YyBEJIWYaBaHE HA ITBTHUKO-
MIOTOKA;

* [IpeaBmxna ce qa ce eKCII0aTupaT TPH TUIA ChCTaBH,
Ha 0a3ara Ha MOTPHCHH BJIAKOBE:

- CKOpOCTHH (C BHCOKO HHUBO Ha KOM(OPT);

- Obp3 (C MOBHUILICHO HUBO Ha KOM(OPT);
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- ITBTHUYECKH;

* [IpuopurerHoct:

- CKOpPOCTHH;

- 0Bp3u;

- I'BTHUYECKH (PErHOHAIIHY, KPaHTPaICKU, BTOPOCTEIICH-
HH);

* CpenHa HaceJeHOCT Ha BJIAKOBETE MPHU MPOTHO3HOTO
yBeJMYaBaHE Ha MbTHUKOIIOTOKA;

* PaBHONOCTaBEHOCT HA PETUOHUTE;

* [IlpuopureTHa moAMsHAa Ha BiIakoBe C 1-2 BaroHa,
00CITy’)XKBaHH OT MOIIIHU JIOKOMOTHBH;

* MecTa 3a U3BBPIIBAHE HA CKUIHUPOBKA M TEXHUYCCKH
o0ciTy)XKBaHUSI.

Ha ocHoBara Ha HampaBeHHs aHAIU3 3a PEHTAOWII-
HOCTTA, TTHUKO-TIOTOIIUTE U POSKTHUTE CKOPOCTHUTE HA
newkenue (o 2020-2022 r. u xo 2030 r.), neaecrobpas-
HO € IOJHOBSIBAHETO HA TMOJBHXKHHS ChCTaB 3a OBP3U
BIIAKOBE JIa CTAHE Ha J[Ba eTarna:
 mepBH eTan — ot 2018 10 2023 r,;

* BTOpH eramn — 110 2024-2028 r.

4 Bpoun ¥ TN Ha HOBUA TAINOB CbCTaB

4.1. CKOpPOCTHM BrnakoBe

3a TO3HM THII BIAKOBE CE MIPEABHUK/A 1a 00CITYKBAaT OCHOB-
Ho k11 iuHUK NeNe 1 (Codus-Ceunenrpan), 8 (ITnosnus-
byprac) u 2 (Codwus-BapHa). EauHcTBeHO y4acTbKbBT
Kypuo-Meszpa e 3a ckopocT Ha nBikenue 75 km/h, a
MOpajy CIOXKHOCTTa Ha TEpeHa HE ce NpeABKIa
MOBUINIABAaHETO . TeXHWYeCKOTO 0OCITy)KBaHE Ha TE3U
CHCTaBH 11ie ce N3Bbp1IBa B rp. Codus.

[TpenBua ceramHus NMBTHUKO-TIOTOK W aHAJHM3HTE,
MpEeABMKIANIN YBEIMYaBaHETO My, a CBINO Taka M Ipe-
JBIKIAHOTO BHCOKO HUBO Ha KOM(OPT, € HEOOXOIMMO Te
na ca c¢ xamautetr 300+350-mpTHUIM. Te3n mapameTpu
CHOTBETCTBAT Ha 6-CEKIIMOHEH CKOPOCTEH BIIAK.

IIpu orpaHuYMTEIHUTE YCIOBUS 3a CKOPOCTU H
IIBTHUKO-TIOTOLY, TIOCOYEHH T10-TOpe, Hal-IOIXOISIIO €
3aKyIlyBaHETO Ha 6 OpOsi CKOPOCTHM BJIAKOBE 3a IKII
muaun NelNe 1, 8 u 2. Te TpsiOBa 1a ObIAT ¢ BUCOKO HUBO
Ha KoM$opT u 3a MakcumaiHa ckopoct 200 km/h, koero
me ocurypu OesnpobiemHo onepupane npu 160 km/h.
JIBIXKEHHETO UM III€ € T10 ABa Y9acThKa!

* 2 Opost 3a obcmyxkBaHe Ha ydacTbka Co¢wus-bByprac-
Coous;

* 2 Oposi 3a obcimyxBaHe Ha ydvacTbka Codus-BapHa-
Codus;

* 2 Oposi 3a MOKpPHWBaHE Ha TpaduKa MPH TEXHHYECKO
o0cITy)KBaHe U pe3eps.

Jlo myckaHeTo B eKCIUIOATalUsl HAa CKOPOCTHUS
yuactbk Codusi-Cenremspu (3a 160 km/h) u yuacteuure,
NpeABUACHN 3a MOJEepHM3alus 1o jJuHus Ne 2, n npu
CeralmrHHuTe JOIyCTUMH CKOPOCTH I10 MH(PACTPYKTypara,
ChC CKOPOCTHHUTE ChCTaBH MOTaT Jja C€ JOCTUTHAT CKOPO-
CTH, KOUTO J]a OCUTYPSIT BPEMETTbTYBaHE OT:

* Co¢us-byprac-Codus — 5,5 gaca B eHa MOCOKa;
* Codus-Bapua-Codus — 7 yaca B ejHa ITOCOKA.

ITpu Te3n mapamerpu HO ABETE AECTHHALUH IIE CE

JIBIOKAT 110 ABe nBoikM (dndra) Biaakose. Te 1ie Tpbhraar
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cyrpurta ot Codus, Bapra u Byprac u me ce Bpbmar

00paTHO Be4epTa, KaTo TPHrBaT B KbCHUS CIeJ00e .

Crnen gocTurane Ha TPOEKTHUTE CKOPOCTH MEXIY
Codus u Byprac, 111e ce ocUrypsIT BpeMeIbTyBaHHUs OT:

* Cotus-byprac-Codus — 4 yaca B e[fHa MOCOKa;

* Co¢us-Bapua-Codus — 6 yaca B eHa IMOCOKa.

Torasa me moxxke ['OJI ga ce ynnbTHH U Ja ce MyCHE
olle eHa JBOWKa o0eqHM BrakoBe. ToBa 1aBa BE3MOXK-
HOCT JIOCTaBKaTa Ha IIECTTE CKOPOCTHM ChCTaBa Jia ce
W3BBPIIM HE E€JHOBPEMEHHO, a Ha JIBE YacTH IO TpH
ChCTaBa, IPUMEPHO:

* 2019-2020 r. — mocraBKa Ha TpH OPOS CKOPOCTHH BIIa-
KOBE: JIBa 3a JIBIKEHUE camo 1o AectuHanusata Codus-
[InoBauB-byprac u euH 3a TEXHUYECKU PE3EPB.

* 2021-2022 r. — poctaBka Ha TpU OpOsI CKOPOCTHHU
BJIaKoBe: /iBa 3a necruHanusira Codusi-BapHa u enun 3a
obeneH ckopocTeH Biak 1o aecrtuHanuara Codus-
IInosnus-byprac.

Hacenenure mecra, KOMTO ocTaBaT M3BBH OOCITyX-
BaHETO Ha CKOPOCTHH BJIAKOBE, I1Ie ObaT 00CITYy )KBaHH I10
HOBH pa3MHCaHUsI OT KPaWTPajACKH U PETHOHATHU
BIIAKOBE, U3ITHJIHABAIIN POJISITA HA JOBEK AL TPAHCTIOPT.

OcTaBar B eKCIUIOATallWsA II0 CETAlHuSA Tpaduk
HOIITHUTE BJIAKOBETE, B ChCTaBa HA KOWTO Ca BKIOYCHU
CHaJTHU BaroHM. Te Iie mpoabiDKaT aa ce 00CIyKBaT OT
MOJICpHU3HPAHH JIOKOMOTUBH cepus 44 u 46.

[Topaau cpaBHUTETHO MAJKUS MBTHUKO-TIOTOK MEXKTY
[MnoBnuB u CauiieHrpan, OCOOCHO B MEXIyrapusita
Jdumutposrpaa-CBuiieHTpaj, He e 1eliechbo0pa3Ho TaM Ja
ce JIBIKAaT CKOPOCTHH BJIAKOBE.

IIpe3 Bropus eram — 2024-2028 r., Ha 0a3zara Ha
MIPOTHO3UTE 3a CKOPOCTH M ITBTHUKO-IIOTOLM, MOTaT Ja
ObIaT 3aKyneHH omie 4 CKOPOCTHH BJIAKOBE OT CBHIIUSL
THI, C KOETO Ja ce momoOpu 0oOCIYyXBaHETO W IO JKII
yuauK Ne 7 (no Buaun), Ne 6 (o T'toemeBo) i Ne 5 — one
no bmaroesrpam, ako ce B3eme pemieHHe 3a
MOJIEpPHM3AIMS U Ha Ta3M JIMHUS B MO-KPaTKH CPOKOBE.
OKkoHYATEeTHUAT UM OpOoil M CPOKOBETE 3a JIOCTaBKa €
Henecbo0pa3sHo Ja ce ONpeNelsaT CJel W3SCHSBaHEe
CPOKOBETE 3a 3aBbpILIBaHE Ha MOJEPHHU3ALMUS Ha Te3H
JIMHUH.

4.2. Bbp3u Bnakose

Ha mepBu etan ce npensmxa na ce 3akymsat 10 Op. HoBu
4-ceximonnn EMB 3a cpenHu ¥ AbATH JECTHHALINU, 33
MakcuManHa ckopoct 160 km/h (ckopoct, ¢ kosiTo na ce
omepupa — 130+140 km/h), momoOHu Ha cerammante EMB
—30/31 cepus, HO ¢ TOBHIIEHO HUBO Ha KoMpopT. Llere-
cb0OOpa3HO € Te J1a ce ABMXKAT 0 YYACTBIUTE C BHCOKA
PEHTaOWIHOCT M HaceJeHOoCT. Te e omepupar B ,,Ipo-
30puuTe’ MEXIIy CKOPOCTHUTE BIIAKOBE U IIIe 0OCITY>KBaT
IIBTHULIUTE TI0 JINHUUTE 0€3 CKOPOCTHH BIAKOBE.

B cera peiictBamusat ['JIB ¢ enexkTpuiecku J0KOMO-
TUBU cepust 44/45 ce obcmykBaT 45 Biaka, MPH CpenHa
penraduiHoCcT 27 % U cpeana HaceneHocT 90 HoBeka.

Wmaiiku npeasus GUHAHCOBUTE PAMKH, TPEABHICHH
c OrojpKeTa 3a HOB TIO/IBW)KEH ChCTaB, CE BIKIA Y€ HE €
BB3MOXKHO J1a Ce€ 3aKymsT JocrarbieH Opoii EMB c
MOBHIIIEHO HUBO Ha KoMm¢opt (okomo 20 6p. EMB).
[Topaau ToBa NpemIoKEHUETO € 3aKyIlyBaHETO J1a CTaHe
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Ha JIBa eTara, kato B wepBuAT 10 2018/23 1. ce 3aKkymar
10 6p. EMB. bbp3ure BiakoBere, KOWTO IIE C€
00CITyXBaT OT HOBO3AaKyIIEHUTE ChCTaBH Ca OINPEAEICHU
Ha 0a3aTa Ha peaTHUTE U MIPOTHO3HH MOTPEOHOCTH ¥ HOBH
aKTyaJlu3upanu rpaduuy 3a JBHKECHHUE.

Ha Bropus erar, Ha 6a3a Ha IPOTHO3MUTE 32 CKOPOCTH
Y IbTHUKO-TIOTOLIH, CE NpeJiara 1a ObJar 3aKyIeHH OlLle
10 10 6p. EMB ot cbuust v, 3a yIrbTHsIBaHe rpaduka
Ha JIBIDKCHUE Ha Obp3UTE BIIAKOBE.

B kpas Ha mepBus mepuox (2021-2022 r.), cien
JOITBIIHATEIHA TIPELeHKa Ha TeHACHIIMNTE 32 yBEIN4YaBa-
HE WIN HaMaJsBaHE ThPCEHETO Ha Pa3JINuHHUTE THIIOBE
BIIakoBe (OBp3H, KPaUrpaCKu, pErHOHATHA U BTOPOCTE-
MIEHHN) € BB3MOXHO TO3H Opoil 1a ce HaMmaiH, 3a CMeTKa
Ha 3aKkynyBaHeTo Ha EMB 3a kpalirpagckure, peruoHasi-
HHUTE U BTOPOCTEIIEHHNUTE BIAKOBE.

4.3. MNbTHUYeCKU BrnakoBse

[IpTHHYECKHUTE BIaKoBe mie ce OOCIyXBaT OT 3- U 4-
cexunonnu EMB u JIMB ¢ napamerpu, aHajJOrd4HY Ha
cera u3noJj3Banute Siemens-Desiro.

Kpatiepadcku enakose

Ha nepBust eran — 2018-2023 1. e nenecbo0pa3Ho Ja ce
noamMeHsAT ¢ HoBu EMB BiakoBere, npy KOUTO UMa rOJIsIM
IIBTHUKO-TIOTOK U peHTabmiHocT Hax 20 %. [Ipennara ce
3aKkymnyBaHeTo Ha 8 Op. HoBu 4 cexunonn EMB. Ilo
HaCTOSIINS IpadUK U ChITIACHO IIPEIOCTaBEHATa CIIpaBKa
3a peHTaOMIHOCTTAa Ha IpeBo3uTe, TOBa ca 36
KpaWTpaJCKH  Bllaka, OCHOBHO  OOCIYXBaHH C
EJIEKTPHYECKHU TIOKOMOTHBH cepus 44.

Ha Bropus eram (2024 + 2028 T.) mpemioKeHneTo €
na ce 3akyrt ome 10 6p. HoBu EMB, 3a o6cimyxBane Ha
OCTaHAINTE KPaWTpajCKH BJIAKOBE, IIPU KOUTO IO Cera
neiictanus /B pentabuinoctta e o 20 %.

PezauoHarnHu ernakose

3a oOcimy)XBaHETO Ha TE3HW BIAKOBE Cce TIpenajara
3aKymyBaHe Ha 2 Op. HoBU 3 cexipioHHn EMB, koiito e
3aMEHST BJIaKOBeTe ¢ 2 BaroHa mo ydacteka [. Opsixo-
Bula-Pyce-I". OpsixoBuna, o0CiIyKBaHU cera ¢ JIOKOMO-
TuBU 44 cepusl.

[Mopagu Texkust mpoduir Ha WBTS U HACKATa MaKCH-
MaiHa ckopocT — 65 km/h, Bnakose ot 3 wim 4 BaroHa ¢
EJIEKTPIYECKU JJOKOMOTHBH 44 cepus IIe MPOoabIDKAT Ja
ce mBmwkar mo ydactbka Ct. 3aropa-I'. OpsxoBuma-Cr.
3aropa.

3akymyBane Ha 4 6p. HOBU EMB — 3 cexuuonHm, 3a
yaactbka Jlom/Buaua-Mesnpa-Uepsen Opsar-I'. Opsixo-
Buna u 1 6p. HoB EMB 3a nokpusane na EIl 1 pemoHTH B
neno Meszapa. Te e 3aMeHSAT BIakoBeTe ¢ 2 BaroHa,
KOMTO cera ce 00CITy)KBar ¢ JOKOMOTUBH cepun 32 u 44.

Ha Bropus erar, Ha 6a3a Ha IPOTHO3HUTE 32 CKOPOCTH
U TBTHUKO-TIOTOIH, J1a ObJaT 3akyneHu omnie 15 Hosu 3-4
cekuoHHM EMB, 3a peruoHanHuTe BIIAKOBE IO KII
mmann NeNe 2, 3 (Codus-byprac, mpes Kapnoro), 8 u 9
(Pyce-Bapna). Ilo cerammms I'ZIB Te moeramHo mIe
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3aMCHST ITbTHHYECKHTE BIIAKOBE C IO 2 Barola,
00CITy»KBaHH C JIOKOMOTHBU cepust 44/45.

BmopocmeneHHu eslakose

M300pbT HA yIaCTBLUTE, 110 KOUTO /1a C€ EKCIUIOaTHPa
HOB TSTOB IOJBIJKEH CHCTaB, € HAIPaBEH Ha OCHOBATa Ha
aHaJN3H, KaToO MPHOPUTETHHU Ca yUaCTHIIUTE, KOUTO:

* ce ekcrutoarupat cbe ctapu EMB (32 cepus);

* BJIAKOBETE Ca C JI0 3 BaroHa, 0OCIY>KBaHH OT MOIIHH
nokomotuBH (cepuu 07, 44/45);

* ca C TI0-BHCOKA HACEJIEHOCT Ha BIaKOBETE.

3a mBpBUS eTal ce Mpejyiara 3aKymyBaHeTo Ha 5 Op.
HOBH 3-ceknmonan EMB 3a yuactemure [Mabposo-
Hapesa JluBana, boitunHoBIu-bepkosuma (MoHTana) u
Bpycapuu-Jlom, a Taka cbiro 5 6p. 2-cexnuonan JMB 3a
yaacTeuute JleBcku-CpumioB u JIeBcku-TposH.

3a BTOpHSA eTal ce mpeyiara 3aKyIryBaHeTo Ha 2 6p. 2-
cexiponan JIMB 3a ygactpka Camynn-Crmctpa u 3 6p.
2-ceximonu JIMB — 3a mokpuBane Ha EIl u pemonTH, 1
3a OlepaTUBEH PE3EpB.

5 3aknroyeHune

B 3akirouenne Moxke na ce 0000mu, uYe mpH
W3IBJIHEHHE HA MPEAJIOKCHUETO 32 3aKyIlyBaHEe Ha HOB
TIOZBM)KEH ChCTAB, TOH e ce 0GHOBH CHPSIMO CETrallHOTO
CBCTOSHHE C:

* wbppBH eTar — 40 %,
* BrOopu etam — 45 %.
* 85 % B Kpas Ha BTOpHS €Tall.

Cxemara 3a 3aKymyBaHe (II0 eTay, BUIOBE ChCTaBU U
y4YacThliM, 10 KOUTO Jla CE€ BBBEXKIAT B EKCILIOATALUs
HOBUTE ChCTaBH), € AajicHa B Ta0muua 2.

Ta6a. 2. Cxema 3a 3aKynyBaHe HOB TiroB cbeTas 3a BJK-TIIT.

TUIT HA BJIAKA
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W3pbpiieHara paboTa MO3BOJISBA Ja CE HAMPABAT CIICH-

HHWTE OCHOBHH M3BOJIU:

* HayimuHUAT NOABHKEH CHhCTAB, HE MOXKE J1a OCUTYPH I10-
aTPaKTUBHU BPEMENBTYBAHUS, 4Ype3  CKOPOCTH Ha
IBIWKeHUe oT u Hax 160 km/h, KakBUTO CKOPOCTH C€
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MPEABIKIAT NP MOAECPHU3ALMATA HA KEJIE30IIbTHUTE
JINHUY;
CeramHoTO CHCTOSHHE Ha BIIAKOBETE HE OTroBaps Ha
M3UCKBAHUSITA 32 KOM(OPT Ha IBTYBAHETO;
IIpu 3akymyBaHe Ha HOB TAIOB IOJBUXKEH CbCTaB 3a
BJIK-IIIT, Mmoxxe na ce oyakBa yBeJlU4aBaHe Ha Oposi Ha
NPEBO3EHUTE MbTHULIK. TOBa 11e TONpPUHECE 3a HaMaJIsi-
BaHE Ha BPEJAHOTO €KOJOTUYHO BBH3JCHCTBUE Ha TpaH-
CIIOpTa KaTo LSJ10, 3al[0TO JKEJIE30IbTHHUAT TPAHCIIOPT
€ Hail-eKOJIOTMYEH B CPAaBHEHHE C OCTAHAIMNTE BUJIOBE;
[IpenBua Ba)XHOCTTa Ha HALMOHAIHUS KEJIE30IIBTEH
TPAHCIIOPT 3a CTpaHaTa, OOHOBSBAHETO My IIE OKaxke
LSITIOCTHO TIOJIOKUTENHO Bb3/IEHCTBHUE.

NuTepartypa

1. Otueru, rpaduuy U craTucTHYecKa MH(GOPMALHs Ha
BJK-TIIT.

[Ipodwn va kmmenrta. bJK-IIII, (2017)

3. Otuer Ha MTUTC 3a 2016 r. mo u3NbLIHEHHUE HA
MEpKUTE, MPOU3THYALIMN OT IJIAHOBETE 3a €HepruiiHa
epexruBHOCT. Codust, MTUTC, (2017)

Defining the number and the type of the
"BDZ Passenger Services" Ltd. new
trains

Oleg Krystev!, Kiril Velkov!, Valeri Stoilov,
Svetoslav Slavchev! and Ivan Petrov?

ITechnical University — Sofia, Department of Railway
Engineering, Bulgaria
2High Transport School “T. Kableshkov” — Sofia, Bulgaria

Abstract: The number and type of new trains needed by
,»,BDZ-Passenger Services* Ltd. were determined, taking
into account the energy costs; the cost of servicing the
train stock; repair costs; the cost of infrastructure charges;
the number of days for the movement of trains. When
determining the number and type of new rolling stock, the
forecasting of the speed changes after the modernization
of the National Railway Infrastructure Company (NRIC)
rail network has been taken into account. The experience
of a considerable number of railway administrations,
mainly in Europe, has been explored, as well as the
achievements of the leading traction rolling stock
companies.
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MNono6psiBaHe Ha Npoueca No NOYUCTBaHe Ha TOBapHMU
KONOBO3U Npu TOBapeHe Ha BaroHu ¢ BbIrnuvia B npeanpusaTue
OT BbrneaobMBHaTa NPOMULLSIEHOCT

Csemocnas MaptunoBs'" u Seop I'pozes’

! Karenpa ,,KenezonbTHa Texuuka®, @axyirer no tpancnopra, Texunuecku ynusepcurer — Codus, Brirapus
2 dakyarer 110 Tpancnopra, Texuuuecku yuusepeuter — Codus, buarapus

Peslome. I[OKJ'IaI[’BT NpeacraBs YyCbBbPUICHCTBaAHA TEXHOJIOI'MA 3a IOYUCTBAHE HA TOBAPHUTE KOJIOBO3U OT

pasnnICHU BBIVIMIA W BBIVIMIICH IIpax IIPpU TOBAPCHE Ha BAarOHU B IPCAIIPUATUE OT BT)FJIGII06I/IBHaTa

TMIPOMUILIEHOCT. TexHonmorusiTa MO3BOJISABA IMOYHCTBAHETO Ha KOJOBO3UTE @ Ce€ U3BBpIIBA 0e3

MIPOABJLKUTEIIHO NPEKBCBAHE Ha IIpoLECa I10 IT0JIaBaHe U TOBAPCHE Ha JKCJIC30IIbTHUTE CbCTaBU C BBIIUIIIA.

B noxmama e NPEJIOKEH CPABHUTCIICH aHAJIU3 W OLCHKA Ha MNPOU3BOAUTEIIHOCTTA IIPU TOBApPEHE Ha
BaroHUTE C IpWjiaraHe Ha TEXHOJIOIrUATa U IIpOMsAHA Ha OpraHu3alusaTa Ha TOBApHUTC JICHHOCTH.

1 BbBepeHue

Munn ,Mapuna-uzrox” EAJl [1] e Bwriaenodousen
KOMILIEKC Ha TepuTopusita Ha PemyOmuka bwiarapus,
KOMTO ekciuroatupa V3TOYHOMApHIIKOTO JHMIHUTHO
BBIIUINHO Haxoawie. KeM mpeanpustrero ca 06ocode-
HU TPY PyAHUKA 32 JOOWB Ha BBIJIMIIA 10 OTKPHUT CIIOCO0
— ,,IposHOBO-1%, , TposiHOBO-ceBep* u ,,TpostHOBO-3°.
OTkpuBHUTE PabOTH B PYJHMIMTE CE M3BHPIIBAT YPE3
MIOTOYHA TEXHOJIOTHUS C M3MIOJI3BaHE HAa POTOPHU Oarepu u
TYMEHO-JIEHTOBHM TPAaHCIIOPTHU CHCTEMHU M HacHII000pa-
3yBarenu, (opMupau T. Hap. ,,Pa3KpuBHO-TpaHCIIOPTHU
HACUIMIIHK KoMIulekcu™“. VI3Bo3BaHeTO Ha J00UTHTE
BBIJIMILA YPE3 JKENIE30IIBTEH TPAHCIIOPT OT IIPETOBAPHUTE
ITyHKTOBE JI0 IIOTPEOUTEIIUTE € ChCPEAOTOUCHO B PY/IHHU-
uure ,,TpostHoBO 1° 1 ,, TpostHOBO-ceBep® [2].
XapaktepHa ocobOeHoct [3] Ha eJe30mbTHaTa
nHppacTpykTypa B MunHK ,,Mapua-u3Tok™ ca H3KIIOYH-
TEITHO TEXKHUTE YCIIOBHS HA paboTa, BUCOKAaTa HHTEH3UB-
HOCT Ha JBIDKCHHETO B Y4YacTBLUTE OT TOBAapaduTe IO
MOTPeOUTENNTE U BHCOKATa CTEHEH Ha 3aMbPCSABaHE Ha
xKene3Hus: nbT. [Ipu ToBapeHe Ha BBITIMIIATA BBPXY
BaroHute ce pasnuissa 10 10% ot marepuana mogasaH
OT TIPETOBapHUTE cHUCTeMM (IperoBapauute). Pasmue-
HUAT MaTepuall 3aMbpcsBa TOBapHAaTa IUIOLIAJKA H
KOJIOBO3M, KaTo BJIOIIIaBa XapaKTEPHUCTUKUTE Ha OayacTo-
BaTa npusMa. ToBa 3aTpy/aHsIBa TEXHOJIOTUYHHS IPOLIEC
10 TI0/IaBaHE M M3BaXK/IaHE Ha BArOHWTE, KaTo Ch3/aBa
OIIACHOCT OT JepaillIupaHe W TOBPEAa Ha ITOJBIKHHA
CBCTAB U JKEJIC3HUS ITBT. 3a ITOYNCTBAHE HA PA3IIICHUTE
BBPXYy M OKOJO TOBapHHUTE KOJOBO3H BBIVIMINA U
BBIVIMIIEH Npax C YeNHM KOLIOBM TOBAapadyM CE Hajiara
MIEPUOANYHO Aa ObJIE IPEKbCBAHO [T0JABAHETO HA BATOHU
3a ToBapeHe. TeXHOJIOrMYHUTE NMPECTON 3a MOYUCTBAHE
Ha KOJIOBO3UTE M TPEKbCBAHETO Ha TOBAPEHETO Ha

* Corresponding author: s.martinov@tu-sofia.bg
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BarOHWTE HaMajsiBa EKCIUIOATalIOHHATa MPOM3BOJIHU-
TEJIHOCT Ha TOBapHUsI (PPOHT.

2 AHanus Ha cbliecTByBaljaTa
TEXHONOrnsa 3a NoYMCcTBaHe Ha
KOfoBo3uTe

TexHosorusaTa 3a 100MB Ha IOJIE3HO N3KOMAEMO B PyIHHK
»» | POSTHOBO-CEBEp‘‘ Ce M3BBPILBA MO0 OTKPHUT CIIOCOO Upe3
poTOpHH Oarepw, KOHMTO IIOCPEIACTBOM CHCTEMa OT
TYMEHO-JIEHTOBH TPaHCIOPTHOPH IOAABAT Pa3KOIAaHHTE
BBIVIMINA 10 IPETOBAPHU IIYHKTOBE B KOMTO CE TOBapsT
BaroHu. Ha pynHnka, B TOOMBEH y4acThK, paboTiT 1Ba
poropuu Oarepa SchRs 1200 u 1Ba BEpM)XHH MHOTO-
kodosu Oarepa ERs 710 3a n3zzemBaHe Ha BBIVIMIIA JIO
15 m nox xorara Ha croene Ha Oarepa [1]. Upes cucrema
OT TYMEHO-JICHTOBH TPaHCIIOPTHOPH TOOMTHSI MaTepHa
ce TpaHCIOPTUpa [0 NMPEeTOBapHa CTaHIMs (IpeToBapady)
32 TOBapeHe Ha BaroHuTe. JIGHTOBUTE TPaHCIIOPTHOPH
3axpaHBaT [IPETOBapHaTa CUCTEMa, TOBAPEINa BhIJINIIATA
BBpPXY BaroHdu. ToBapHaTa IUIONIAJIKA pa3moyiara C 1Ba
TIIyXH YCIIOPEAHH KOJIOBO3a C M0JIe3HA TOBapHA ABbJKUHA
135 m u pencu OTKpUT TUI. B HadamoTo Ha TOBapHAaTa
IUIOIIA/IKa € Pa3IOJIOKEH IIpeToBapaya.

PynHuKBT pabOTH THpU HENpPEeKbCHAT JICHOHOILEH
PEeXKHMM, Karo ce Mpuema, 4e TOBapeHE Ha BaroHH ce
u3BbpIBa 336 neHoH./ron. PasnuienuTe, npu ToBapeHe
Ha BaroHMTE, BBIJIMIIA W BBIJIMIICH IIpax ce HaTpyNBaT
OKOJIO U BBPXY TOBAapHHUTE KOJOBO3H, KATO HEJIOITYCTHMO
KOJIMYECTBO Pa3MWIIH Marepuall ce JOCTUTa 3a OKOJIO
46 h. IIpexpatsiBa ce paboTaTa Ha MpeToBapava 1 MoJgaBa-
HETO Ha BaroHW 3a HaToBapBaHe. Clen H3TETJIIHE Ha
MIOCJIEHUSI HATOBAPEH CHhCTaB CE M3BBPIIBA MOYNCTBAHE
Ha 30HaTa Ha TOBAPHUTE KOJOBO3M. 3a IOYHCTBAHE CE
M3I0I3BAaT [jBa YEIHHW KOIIOBM TOBapaya, pabOTelIH
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eIHOBpeMeHHO. PasmmiieHnsT matepuan ce u30yTBa H
HaTpymBa Ha 000COOEHO MSICTO, U3BBH 30HATA 33 TOBape-
HE Ha BaroHUTe. TeXHOJIOTMYHUAT IEPHO HEOOXOAUM 3a
MIOYMCTBaHE HA TOBAapHATa IUIOLIAZKA OT YEIHUTE TOBA-
pauu e okouio 2 h. Cnenn ocBoOok/1aBaHe Ha KOJIOBO3HUTE
OT YEJIHUTE KOIIOBH TOBapayH CE BH3CTAHOBSIBA M0/aBa-
HETO Ha BaroHW 3a HatoBapBaHe. KolloBurte ToBapayu
MIPEeHacsAT HATPyNaHOTO KOJMYECTBO PA3MMIISTH MaTepral
1 TO IpeToBapBaT Ha 000COOEHO 3a LeNiTa MICTO BBPXY
T'YMEHO-TpaHCIOpTHATA JIeHTa. | 0JJuIIHO, 32 MOYHCTBaHe
Ha pasNWICHUS] MaTepHall OT TOBAapHUTE KOJOBO3U HPH
CBILECTBYBAI[ATa TEXHOJIOT U, Ca HEOOXOIMMH MUHUMYM
336 h mpe3 KOUTO HE Cce M3BBPIIBA TOBAPECHE HA BAIOHH.
OCHOBHHUTE CTa0OCTH Ha CHIIECTBYBAIIATa TEXHOIO-
T'Hs 32 IOYUCTBAHE Ha TOBAPHUTE KOJIOBO3H OT PA3IHIICHH
BBIJIMIIIA Ca:
3aTpyJHEHO  IOYMCTBAaHE HAa  MEXIYPEJICOBOTO
MPOCTPAHCTBO Ha TOBAPHHUTE KOJIOBO3H;
HEOOXOAMMOCT OT NPOIBDKUTEIHN TEXHOJIOTHYHU
IIPECTOM 32 MOYHCTBAHE HA TOBapHAaTa IUIOLIAJIKa, Ipe3
KOHTO HE C€ N3BBPIIBA TOBAPEHE HA BarOHM;
HaMalleHa eKCIUIOATAl[MOHHA IPOM3BOIUTENIHOCT 10
TOBapeHe Ha BarOHHTE;
HaJIM4Me Ha BB3MOXKHOCT 33 HAHACSIHE Ha MOBPEIH IO
peICoBUS BT B pe3yJTaT Ha yAapH OT IOYMCTBAIUTE
MalIuHH;
CTPaHMYHM HATOBAapBaHHWS HA pEJCOBHA 1T B
CJIe/ICTBHE HA MPEMHHABAHETO HAa XOJOBUTE KOJIEa Ha
MOYHMCTBALIUTE KOJIOBO3a KOIIOBH TOBapayw;
JIOI'BJIHATENHA PAa3XOAH 3a IMOJIbpKaHEe Ha PEICOBHUS
BT, TOPOJIEHU OT 3aTPyIHEHOTO MY IOYHCTBAaHE M
HeXapaKTepHUTE HATOBAPBAHUs, KOUTO IIOHACS;
Pa3Xxo/u 3a OCHTYpsIBAHE U EKCIUIOATALUs Ha YSIHHUTE
KOLIIOBH TOBapayy 3a IIOYHCTBAaHE Ha KOJIOBO3HTE U JP.

3 TexHoOnorua 3a noyncreaHe Ha
KONMoOBO3UTe C NoYyMcTBalla Tanura

B mpeampusTHETO eKCIIEpUMEHTATHO ce pa3padoTBa
MOYKCTBAIO MPHUCIIOCOOJIEHHE C TOMOIITa Ha KOETO
YaCTHYHO C€ aBTOMATH3Mpa Ipoleca M0 MTOYHUCTBAHE Ha
TOBAapHUTE KOJIOBO3W OT Pa3NMJICHH BBIVIMINA U BBIJIH-
mieH npax. [IpucnocoOnennero no3BossBa fa ce N3BbPIL-
Ba MIOYMCTBAHE HA MEXKXAYPEJICOBOTO IIPOCTPAHCTBO, KaTo
ce HaMalli POJbIKUTEIHOCTTA Ha IIEPHOIUTE, HEOOXO-
UMM 3a TTOYUCTBAHE HAa TOBAPHUTE KOJOBO3U OT pas3iu-
JISIH MaTepyal ¢ 4eIHH KOIOBY ToBapauu. [Ipucnocobie-
HHETO € ChCTAaBEHO OT JIB€ OCHOBHM YacTH — PabOTHA U
MpHUKadHa 4acT. To ce MOHTUpPaA BEPXY pamara Ha IByOCHa
Talura 3a ToBapHM BaroHu [4, 5], ¢dopmupaiiku
KOHCTPYKIIHS - IOYUCTBALIA KOJIOBO3UTE TAJINIa.
PaboTHaTa yacT € CbCTaBEeHa OT JABE INPABOBI'BIHH
IUTOYH — TOpHA U JI0NTHA. | 'OpHaTa 1104a € HeTIoIBM)KHA U
Ype3 3aBapbUHO CHEIAWHEHHE € CBbP3aHa KbM €JHATa
YyelHa rpeja Ha Tanurara. /lonHaTa ruioua € paboTHa U
ype3 Hes ce HM3BbpIIBA 3arpeOBaHe W H30yTBaHE Ha
NOMAaJHAINA BBPXY PEJICOBUS IBT BBIVIMIIEH MaTepHall.
B ropuus cu kpaif T4 e narepyBaHa KbM JOJIHUS Kpai Ha
ropHaTa IUIoYa Ha KOSITO BHHIIHO € MOHTHpPAH JlarepeH
BB3€1, KaTO € OCUTypEHa Bb3MOXKHOCT 32 €JHOCTPAHHOTO
M 3aBbpPTAHE OKOJIO XOpPHU3OHTAJHATa JarepHa oc.
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3aBBPTAHETO B JIpyraTa IocoKa € OrpaHW4YEHO OT OTPaHu-
YyaBallly IUIAaHKK, MOHTHPAHU OT BBTpEIHATa CTpaHa Ha
ropHata Iuio4a. JlojHaTta Iuioda M3MBJIHSIBA PONIATA Ha
rpebito ¢ KoeTo ce n30yTBa MOMagHAIHS BEPXY PEIICOBUS
OBbT MaTepuall. 3a IOYUCTBAHE HA MEXAYpPEJICOBOTO
MPOCTPAHCTBO B JOJIHUS Kpall Ha MOJBIIKHATA ILIOYA ca
odopMeHn 1Ba KaHaJa B KOUTO BIIM3a IJlaBa pelica M
KOWTO HE [T03BOJISIBAT €JIEMEHTUTE Ha ITPUCIIOCOOICHUETO
Jla KOHTaKTyBaT C PEJICHUTE.

[Tpukaunara 4act OT HPHUCIIOCOOIEHHETO CIYXH 32
MpUKaYBaHE HA TAUraTa KbM CBOOOHATA TETIINYHA KyKa
[4] Ha mocneTHUS BaroH OT ChCTaBa, MOJAICH 332 HATOBap-
BaHe. TsI € MOHTHpaHa BbPXY HEMNOIBMXHO 3aXBaHATa
KBbM BBHIIIHATA CTPAaHA Ha CPEIyI0JI0KHATA YellHA TpeJa
Ha TajJMrara MeTajHa Iuo4a. Ypes moABMKEH ENEMEHT -
XxaMyT, opopMeH B pabOTHH paBHHHH U JlarepyBaH 4pe3
JlJarepHu  BB3JIM  KbM  JONBJIHUTCIHO MOHTHpaHaTa
MeTajlHa IUI0¥a, C€ OCBHLIECTBSIBA MPUKAUYBAHETO Ha
TaJIMraTa KbM TETJIMYHATa KyKa Ha BaroHa. [Ipu nonasane
Ha BaroHa KbM TaJIMIaTa U JJONMpaHe Ha KyKaTa KbM e/lHa
0T pabOTHHTE TOBBPXHUHU Ha XaMyTa, TOI ce 3aBbpTa
OKOJIO JIarepHaTa OcC, TOBAWTA C€ W KyKaTa Ionajaa B
CIieMaJIeH OTBOP ¢ Najiel B ropHara yact. [lox neiicrBue
Ha CHjaTa Ha TEXEeCTTa XaMyTa ce 3aBbpTa OOpaTHO,
HNOABIWXHUAT My Kpail maga HaJoidy W IO3MLUOHHpA
najena B paboTHaTa 30Ha Ha KyKaTa, KaTo 110 TO3U HAa4UH
g (UKCHpPa CpelLy CaMOOCBOOOKIaBaHE.

Pa3kauBaHeTo Ha MoYyHCTBAlIaTa Tajaura OT IOCIEN-
HHSI BaroH Ha IOJaJICHUs 32 TOBAapEHE ChCTaB CE OChIIle-
CTBsBA IMPU U3TCTJIAHC HA BArOHUTE OT TOBAPHHUA KOJIOBO3
CJIe/l HATOBapBaHETO MM. 3a OCBOOOKJaBaHE Ha
MPUKAYHOTO IPHCIOCOOJICHHE CE M3II0JI3Ba MEXaHU3bM C
TIOJIBMDKEH TTOBJIUTATENIEH MPBT, PA3MOI0KEH MO XaMyTa
Ha TanuraTa. 3aJBI)KBaHETO Ha ITPBTA CE U3BBPIIIBA YPE3
JOIBIIHATENHA pelica, MOHTHpaHAa Ha PEJICOBHSA NbT B
30HarTa cien nperosapada. [loBauranero Ha xamyTa OT
MOBIMIATENIHUA NPBT CE OCUTYpSBA IPH IPEMUHABAHE
HaJl JOIBJIHUTEIHATA pelica. B octaHanuTe y4acTbiy OT
peiacoBud MbT, NOBAUTAaTCIHUA MTPHT € B KpaﬁHO JOJIHO
MOJIO)KEHHE W He KOHTakTyBa ¢ xamyTa. Ciel moBjau-
raHeTo Ha XaMyTa OT IIPbTa, TAJIUrara ce 0OCBOO0XK1aBa OT
KyKara Ha ITOCJICJHHS BaroH.

TexHoJOTMYHATA TIOCIIEIOBATETHOCT Ha TOYMCTBaHE
Ha TONaJHaiisi BBIVIMILEH MaTepuall BbpPXY TOBapHaTa
30Ha C IOYMCTBAIATa TAJINTA €: TAINTaTa € Pa3NoI0KeHa
B HAYaJOTO Ha TOBapHUS KOJIOBO3 IPEIM 30HATa 3a
TOBapeHe Ha BarOHMTE OT npeToBapaya. [1pu monaBane Ha
CBCTaB 3a TOBAPEHE HA KOJIOBO3a, MOCIEAHUIT BaroH OT
CBCTaBa, JOCTUI'AWKN TalIWrara, ce MPUKauBa KbM Hes C
MIOMOIITa Ha IPUKA4YHOTO npHctiocobsenue. [logaBanero
Ha BaroHUTE ce M3BBPILIBA OT OyTalll JIOKOMOTHB HAYeIo
Ha Biaka. Ciien mpUKayBaHe Ha TOYMCTBAIlATa Tajlkra
KbM IIOCJIEJIHUSI BaroH M MOJaBaHE Ha BAaroHWTE 3a
TOBapeHe, €JHOBPEMEHHO CE M3ITBJIHSIBA U [TIOYNCTBAHE Ha
pasnuienust Marepuai. IIpy IBM)KEHHETO HAa BaroHUTE,
rpedI0TO Ha TajaWrara U3TIAcKBa Pa3IMIICHHSI MaTeprai
BCTPaHMW OT PEJICOBUSI BT M KBM Kpas HAa TOBAPHUS
Kos10B03. Clie/1 HaTOBapBaHE Ha BarOHUTE, II0IaBaHETO Ha
BBIVIMINA OT IPETOBapada ce NMPEKpaTsBa U ChCTaBa CE
M3TEIJIS OT 00CITy KBaIus JOKOMOTUB. Bb3MOXKHOCTTA 32
3aBbPTaHE Ha pabOTHATa IJI0Ya OKOJIO OCTTA CH B €[HATa
MOCOKa  MO03BOJISIBA  PAa0OTHOTO  CHCTOSIHME — Ha
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ToYrcCTBallaTa TAJIUra U MOYUCTBAHETO Ia C€ U3BHPIIBaA
CaMO B ITOCOKa IMOJJaBaHE HAa BaroHUTE 3a TOBApEHE. HpI/I
M3TETJISTHE HA BArOHUTE OT KOJIOBO3a CJIE] HATOBAPBAHETO
UM, KOHCTPYKIMATAa Ha MOYMACTBaIlaTa Tajlura HE
IMO3BOJIsABA Ja CC€ l/I36yTBa pasnuiisiH MaTepuall.

4 CpaBHUTENEH aHanns3 Ha
NPON3BOAUTEINTHOCTTA MO TOBapeHe Ha
BaroHuTe

CpeTHOICHOHOITHHAT OpOM JKENe30IMbTHU ChCTaBH [2],
KOMTO C€ I0JjaBaT 3a HaTOBapBaHE Ha BCEKH IPETOBapay
B pyHmHUK ,, TpossHOBO-ceBep™ e 21-22 Bnaka/meHOH., B
3aBHCHUMOCT OT IperoBapaya. CpenHarta cTaTHYHA Maca
Ha ToBapa e 530 t/Bmak mpu 10 BaroHa B eIUH ChCTaB.
ITeproabT, HEOOXOAUM 32 HATOBAPBAHE HA €IUH CHCTAB C
BBIJIMIIA € CBbC CPEeJHA HPOIBIDKUTEIHOCT OKOJIO
19 min/Bnak.

MuHMMaTHATA UHTEH3UBHOCT Ny, Op./foa. Ha mo-
YHUCTBAHUSTA Ha TOBApHHUTE KOJIOBO3H, OOCITY)KBalH
IIpeToBapaya, KOSATO € HeoOXOAMMO 1a ce OCUTYpH 3a
€/IHOTO/IMIIIEH TIEPUOJ| TPH HENPEeKbCHAT JICHOHOIICH
peXUM Ha paboTa e:

Npr =

M

Tz;ivfc, 6p./rox.,
KbJeTo: Np € OposiT Ha JIECHOHOIIUATA NPe3 KOUTO ce
TOBApSAT BarOHU OT MPETOBapava, ACHOH./ToM.; Ty — mpo-
JIBIDKUTETHOCTTA HA TEPHOAa 3a TOBAapEHE HA BAarOHU
CJIe/l U3TUYAHETO HA KOWTO € HEOOXOAMMO [TOYHCTBAHE HA
KOJIOBO3UTE OT PasmuiisiH Marepual, h; Tc — npoabiKu-
TENHOCTTa HA MEepPUOAa Mpe3 KOWTO C€ I[OYUCTBAT
TOBapHUTE KOJIOBO3M M HE CE H3BBPIIBA [O/IaBaHE U
TOBapeHe Ha BaroHu, h.

KomuuectBoto Bbrimiia Oy, t/rof., KOUTO Ce HATOBAP-
BaT BbPXY BaroHW OT CIMH IPETOBapay 3a MEpuojl eaHa
rO/IMHa, CE OIpeAes 1o:

Qp = Ir Qr Np, t/ron., @)

KpJeTo: Ir € cpeaHaTa WHTEH3WBHOCT HAa BIIAKOBETE,
MOCTBHIIBAIM 332 HATOBapBaHE Ha TOBapHUSA (POHT,
BIIaKa/AeHOH.; Or — CPEOHOTO CTATUYHO HATOBapBaHE Ha
TOBapa B €¥H BJaK, t/BJIaK.

[poxbmkuTenHoctTa Ha nepuona Ts, h/rox., ocury-
PEH 3a TOBapeHe Ha BaroHH OT IIPEeToBapaya e:

TS =24 ND - TR, h/FOH., (3)

KkbaeT0: Tr € 00I1aTa NPOABIKUTETHOCT HA IEPHOIUTE 38
MOYKCTBAHE HA KOJIOBO3UTE OT PA3MWISH MaTepHan C
YEJTHUTE KOLIOBU ToBapayu, h/rox.

Cpennata MacoBa €KCIUIOATAIIMOHHA [TPOM3BOAUTEN-
HocT P, t/h Ha peToBapaya Npu TOBapeHe Ha BATOHUTE
e:

— _ 60Qr
PEL - PTL KTE - T KTE' t/hs (4)
KbeTO: Pr, € CpefiHaTa MacoBa TEXHUYECKA TPOU3BOAM-
TEJIHOCT Ha IpeToBapaya Mpu ToOBapeHe Ha Baronure, t/h;
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Krr — koepuMeHThT Ha U3M0JI3BAHE HA MIPETOBapaya 1o
Bpeme; 17 — cpeJiHaTa NPOABIDKUTEIHOCT Ha Mepruo/ja 3a
HATOBapBaHE Ha €JIMH BJIaK, Min/Blax.

CroiiHocTTa Ha KoehuiueHTa Krr OTIATA IEPHOIUTE
Ha TEXHOJOTHMYHU mpectou [6, 7] mpe3 KOUTO HE ce
M3BBPIIBA TOBAPCHE HA BArOHU OT npeToBapaya. CpeaHo-
JICHOHOII[HATA CTOMHOCT Ha KOC(PHUIIMEHTa, C OTYMTAHE HA
EKCIUIOATAIMOHHUTE YCJIOBUS Ha pa0doTa HAa TOBapHUS
(hpoHT, ce onpeaes mo:

_ItTr
T 1440°

Krg &)

[Tpu cpmiecTBYBamaTa TEXHOIOTHS Ha IOYNCTBAHE HA
TOBAapHUTE KOJOBO3M OT PA3MWJICHH BBIVIMIIA € HE00X0-
IUMO, J1a Ce W3BBPIIBAT MHUHAMYM |68 mouncTBaHUA
roaumrHo. KosmuecTBOTO BBIVINIIA, KOUTO CE HATOBAapBaT
OT eIWH TPEeTOBapad BBbPXY JKEIE30MBTHUTE CHCTABH,
3aBUCH OT PA3IMYHM YCIOBHS — IIJIaH 3a J0OHB, IPOU3-
BOJICTBEHA MOII[HOCT Ha PYAHHUKA 10 JOOUB, OPTaHU3ALHS
3a U3BO3BaHE Ha JJOOUTUTE BBIJIMIIA U JIP.

['onUIIHOTO TIaHMPAHO KOJMYECTBO BBIVIMINA 32
J106uB B Munu ,,Mapurna-u3tok* [8] 3a 2017 1. ¢ 27,5
MIH. t/ron. Ilpu cpeHOIHEBHO HaTOBapBaHE Ha €IUH
npetoBapad Hax 11600 t/1eHoH., TOMUITHOTO KOJIMYECTBO
BBIVIMINA 32 IPETOBApBaHE BbPXY JKEJIE30IIBTHH ChCTABH
OT eJIMH MPeToBapad JOCTUTA OKOJIO 4 MiIH. t/ron. U3moin-
3BaHETO HA IOYKCTBAIaTa TaJWI'a M3MCKBA TOBapHHUTE
KOJIOBO3H J1a CE ITOYMCTBAT MUHUMYM |72 ITbTH TOJUIITHO.
HamaneHusIT nHTEpBaI MEX Ly IEPUOJHUTE 33 OYUCTBAHE
Ha KOJIOBO3HUTE CE€ IBJDKM Ha IO-KPAaTKUTE MEPHOAU 3a
MOYHMCTBAHE HA KOJIOBO3UTE OT KOIIOBHTE TOBApaudl M
HapacTBaHe HAa MHTEH3WBHOCTTA Ha MEPUOAMTE Ipe3
KOUTO C€ TOBApPAT BArOHUTE C BBIJIMIIA. ITouncrBanero
Ha KOJIOBO3UTE OT /IBaTa YEJIHU KOIIOBH TOBapaya B TO3H
ciryyaii oTHema 00110 okosio 1 h. Cpennara exkcrutoaTanu-
OHHa NPOM3BOJUTEIHOCT, IOCTUTHATAa OT IIpeToBapaya
MIPH CHINECTBYBaIIaTa TexHojorus, ¢ 486 t/h ¢ orunrane
Ha MEPUOANTE 32 IT0/IaBaHEe U U3TEIJITHE Ha ChbCTABUTE HA
u oT ToBapHuA ¢poHT. IIpn M3mon3BaHe Ha MOYMCTBA-
maTa Tajura, EeKCIUIOATAallMOHHATa IPOU3BOJUTEIHOCT
HapactBa 110 496 t/h. Ta3u CTOHHOCT € 3HAYMTENTHO TO-
HHCKa OT TeXHHUYECKaTa IPOU3BOJUTEIHOCT HA NIPETOBA-
paduTe, noCTurHara npyu TOBApCHEC HAa BArOHUTC, YUATO
JeficTBUTENIHA CTORHOCT goctura Haj 1670 t/h. onbaHu-
TenHuAT nepuon 164 h/rox., ocurypen 3a paborta Ha
npeToBapaya, npe3 KOWTO MOTaT Jja ce TOBapsT BaroHH,
JlaBa Bb3MOXKHOCT Jla Ob1at HatoBaperu Han 79700 t/rox.
BbINIMIIA. TOBa € Bb3MOXKHOCT 32 HaTOBapBaHE Ha MUHU-
MyM 2% TOBede BBIVIMINA B CPaBHEHHWE C HACTOAIIATA
TEXHOJIOTHS Ha MOYMCTBaHE HA KOJIOBO3UTE Wik Haj 150
BJIAKa/TOJl., HATOBAPEHNU JIOIBJIHUTEIIHO OT €IUH IMPETO-
Bapay. /[BaTa 4YeNHM KOIIOBM TOBapada Ie paboTAT
TOUIIHO 001110 0K0J10 320 h mo-Maiko 3a moYyucTBaHe Ha
TOBapHUTE KOJIOBO3M, B CpaBHEHHE C HacTosllara
TEXHOJIOT'Us.

CpaBHeHHE Ha CTOMHOCTHTE HA OCHOBHHU IapaMeTpH
IPU CHIIECTBYBAllaTa OpraHU3aLMsl HA IOYMCTBAHE Ha
KOJIOBO3UTE W TPH H3IOJI3BAaHE HA TEXHOJOTHUATA C
MOYMCTBAIllaTa TaJUra ca rnokasanu B Tabmumna 1.
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Ta6auna 1. CpaBHuTenHa Tabiuia.

]
g = °=
S £ = |E5
= = 8 o oSS
< 7} ) s Ak
] =9 2 = = = =
s ) =] S 25
= = g |28 €S
=] ~ E 5 =z b=
= = a = ; g
@]
Munumanes 6poii Ha
MMOYNCTBAHMATA HA Op./ron. 168 172
KOJIOBO3HTE
O011a NpoABIKUTETHOCT Ha
TIEpUOINTE 32 MMOYUCTBaHe Ha | h/rox. 336 172
KOJIOBO3HTE
[lepuon 3a ToBapeHe Ha
proA P hiron. | 7728 | 7892
BaroHH
KoedummenT Ha u3nonzpaHe
bun - 029 | 030
Ha IIpeToBapaya 110 BpeMe
Excruioatannonna
5 t/h 486 | 496
HPOU3BOJUTEIHOCT
HaroBapenu Bnaka Biaka/ron.| 7392 7542

5 U3sBoaun

TexHonorusTa 3a NOYUCTBAHE HA TOBAPHUTE KOJIOBO3HU C
noyucTBaliaTta Tajura, npu TOBApE€HE Ha BaroHu ¢
BBIVIMIIA, OCUTYPsIBA:

* PETYJIIPHO TIOYMCTBAHE Ha KOJIOBO3UTE NPHU BCSKO
IoJlaBaHe Ha BaroHW, KOETO HE II03BOJISABA Ja ce
HaTpyIBa 3HAYUTEIHO KOJIMYECTBO PA3NUIISTH MaTeprall
BBPXY PEIICOBHUS IIBT;

HaMaJIeHO M3HOCBAaHE Ha PEJICOBHS IIBT U KoJieJara Ha
BaroHHTE;

JOITBJIHUTEJICH NIEPHOJI 38 TOBApEHE Ha BarOHU;
NOBHIIABaHE Ha EKCIUIOATAIIMOHHATA IIPOU3BOJMTEN-
HOCT Ha IpeToBapaya, 00CIy>KBall TOBapHUsl (PPOHT;
HaMaJIsIBaHe Ha [leproja 3a paboTa Ha YEeIHUTE KOLUIOBU
TOBapa4H 1O IMOYUCTBAHE HA KOJOBO3UTE;
ChKpalllaBaHe Ha Pa3XxOANUTe Ha YEIHUTE KOLUIOBH TOBaA-
pauu, CBbp3aHH C TIOYNCTBAHE Ha KOJIOBO3MTE;
HaMaJsiBaHE Ha BB3MOXKHOCTTa 32 MOBpEXJIaHE Ha
PEJICOBUS BT OT KOIIOBUTE TOBApayH  Jp.

NuTepartypa
1. http://www.marica-iztok.com/ (28.08.2017)
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Abstract: In the article is represented an advanced
technology for cleaning of the scattered coal and coal dust
over track during wagons are loading into a coal mining
enterprise. The technology allows the track cleaning to be
carried out without a long interruption of the loading
process of the freight wagons. In the present study is
suggested a comparative analysis and productivity
assessment of wagons loading by applying of the new
technology.
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Abstract. The so-called “Risk systems” are systems for management of technological processes, which,
on given conditions, can cause severe damages, both material and moral. Therefore, the assessment of risk

for these systems is crucial for their development and exploitation. Usually, it is useful to make quantitative
analysis of such system. Fault Trees can be used for this purpose, which are directed acyclic graphs, whose

leaves model component failures and whose gates - failure propagation. These trees can be applied for a

number of systems, yet they cannot express system features such as: sequence of failures, spare management,
different operational modes and dependent events. The Dynamic Fault Tree, the extension to Fault Tree, is

capable of modelling such features. Naturally, the question of their quantitative analysis arises. This paper
will discuss two methods for quantitative analysis: with Markov chains and with Monte Carlo simulation..

1 Introduction

Risk analysis is a key feature in reliability engineering: we
need to assess how dependable these systems are, in order
to design and build transport systems, smart grids, and
internet shops that meet the required dependability
standards. If they are not dependable enough we must take
the appropriate measures. This analysis is most useful
when carried out at design time [1-3].

One method for risk analysis is a type of graph - more
precisely, directed acyclic graph - the Fault Tree (FT),
which was introduced in the 1960s at Bell Labs. Fault
Tree Analysis (FTA) identifies models and evaluates the
unique interrelationship of events which lead to: Failure,
Undesired Events / States, or Unintended Events / States.
Nowadays FTA plays an important role in product
certification, and to show conformance to legal
requirements.

The Static Fault Tree lacks the ability to model the
dependability behavior of systems in which the
consistency of origins of failures is crucial. Dynamic
Fault Trees (DFTs) extend Static (or Standard) Fault
Trees with a number of intuitive gates. These gates
facilitate the modelling of often recurring concepts in
reliability engineering: spare management, functional
dependencies, and order-dependent behaviour. This paper
will discuss three methods for analysis of DFT's in the next
sections.

2 Static and dynamic fault trees

2.1 Static fault trees

* Corresponding author: edimitrova@bitex.bg
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A Static fault tree consists of two types of nodes: events
and gates. An event is an occurrence within the system,
generally the failure of a subsystem down to an individual
component. Events can be divided into basic events
(BEs), which occur spontaneously, and intermediate
events, which are caused by one or more other events. The
event at the top of the tree, known as the top event (TE),
is the event being analyzed, modeling the failure of the
system or subsystem under consideration.

Fig. 1 shows the symbols for events. A basic event is
presented by a circle (Fig. 1a). An intermediate event is
depicted by a rectangle (Fig. 1b). If a FT is too large to fit
on one page, triangles (Fig. lc, Fig. 1d) are used to
transfer events between multiple FTs to act as one large
FT. Finally, sometimes subsystems are not really BEs, but
insufficient information is available or the event is not
believed to be of sufficient importance to develop the
subsystem into a subtree. Such an undeveloped event is

denoted by a diamond (Fig. 1e).

OCIA AN
/ N\ \
a b c d e
Fig. 1. Symbols for events in a FT.

Gates represent how failures propagate through the
system, that is, how failures in subsystems can combine
to cause a system failure. Each gate has one output and
one or more inputs. Images of the gates are shown in Fig.
2. The following gates are commonly used in Static and
Dynamic Fault Trees:
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* OR - Output event occurs if any of the input events
occur (Fig. 2a);

* AND - Output event occurs if all of the input events
occur (Fig. 2b);

* k/N - it has N inputs. Output event occurs if at least k
input events occur (Fig. 2¢).

Dummy
output oufput output output output output
TN /\
( kIN | trigger-
*\N’ \ / l— +
L.]/ . bl/rj\ . Prim‘ary | De er‘\dlent
inputs inputs  inputs  inputs Spares ev:nts
a b c d e f

Fig. 2. Symbols for gates in a FT.

2.2 Dynamic fault trees

Traditional FTs can only model systems in which a
combination of failed components results in a system
failure, regardless of when each of those component
failures occurred. In reality, many systems can survive
certain failure sequences, while failing if the same
components fail in a different order. For example, if a
system contains a switch to alternate between a
component and its spare, the failure of this switch after it
has already activated the spare does not cause a failure.

The most widely used way of including temporal
sequence information in FT is the DFT [4]. Since a DFT
considers temporal behaviour, the methods used for the
analysis of static FT cannot be directly used to analyze
DFT.

The structure of a DFT is very similar to an FT, with
the addition of several gate types shown in Fig. 2. The new
gates are:

* PAND (Priority AND) - Output event occurs if all inputs
occur from left to right (Fig. 2d).
SPARE - Represents a component that can be replaced
by one or more spares. When the primary unit fails, the
first spare is activated. When this spare fails, the next is
activated, and so on until no more spares are available.
Each spare can be connected to multiple Spare gates, but
once activated by one it cannot be used by another.
Generally, spares components are ordered from left to
right (Fig. 2e).
FDEP (Function DEPendency) - Output is a dummy and
never occurs, but when the trigger event on the left
occurs, all the other input events also occur (Fig. 2f).
Some types of DFT have additional gates, which are:
Hot Spare - Special case of SPARE gate, where the
dormance factor of the spares is 1, i.e. the spare failure
rate is the same as the normal failure rate.
Cold Spare - Special case of SPARE, with a dormance
factor of 0, i.e. spares cannot fail before activated.
Priority OR - Fails when the leftmost input fails before
the others. Can be replaced by a PAND and an FDEP.
Sequence enforcing - Prohibits failures of inputs until
all inputs to the left have failed. Can be replaced by
(cold) SPARE provided the inputs are not shared with
other gates.
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Fig. 3 shows an example dynamic fault tree. The
system fails if both the primary (P) and backup (B) fail, or
if the primary fails when the switch (S) to enable the
backup has already failed.

System failure

il

®

3 Quantitative analysis with Markov
chains

Fig. 3. A dynamic fault tree.

3.1 Analysis with continuous-time Markov
chains (CTMCs)

This method computes the unreliability of the system
during a time window [0; t]. This method converts the
DFT into a Markov Chain, in which the states represent
the history of the DFT in terms of what components have
failed and, where needed, in what order. Since the number
of failed subsets grows exponentially in the number of
BEs, this method is not practical for very complex
systems.

3.2 Analysis with input/output interactive
Markov chains (I/O-IMCs)

Input/Output Interactive Markov chains (I/O-IMCs)

extend interactive Markov chains (IMCs) [4] by

integrating features from input/output automata. An I/O-

IMC (Fig. 4) consists of a number of states which are

connected via transitions. As in interactive Markov

chains, transitions are classified as either Markovian
transitions or interactive transitions. Markovian
transitions represent a system delay. They are labelled
with rates A indicating that the transition can be taken after

an exponentially distributed delay with parameter A.

On the other hand, interactive transitions are executed
instantly. They are labelled with different kinds of
actions:

* Output actions (denoted a!) cannot be delayed and have
to be taken immediately. They emit the output signal a!
on which corresponding input actions can synchronize.

* Input actions (denoted a?) can only be taken, if another
I/O-IMC executes an output action a!; we say that a?
requires synchronization on a!. The action is thus
possibly subject to delays.

I/O-IMCs are input-enabled, meaning that all states in
an I/O-IMC can respond to all input signals from any
other I/O-IMC in the considered system.
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Fig. 4. Examples of I/O-IMCs.

4 Quantitative analysis with Monte
Carlo simulation

The third method, Monte Carlo, can also be used to
compute the system reliability. Each component is
randomly assigned a failure state based on its failure
probability. The FT is then evaluated to determine
whether the TE has failed. Given enough simulations, the
fraction of simulations that does not result in failure is
approximately the reliability.

Quantitative Monte Carlo analysis can be performed
using the method by Durga Rao et al. [4-6], which can
also be applied when the components are individually
independently repairable.

Boudali et al. [5] developed a program to analyze DFT
using Monte Carlo simulation. It allows BE failure
distributions to change over time, and even based on
different clocks for different BE, resulting in non-
Markovian models. This is useful when, for example, a
system takes time to warm up and this affects the failure
rates.

5 Types of parameters of a DFT

5.1 Reliability

The reliability of a FT F is the probability that it operates
for a certain amount of time without failing [6, 7].

5.2 Availability

The availability of a system is the probability that the
system is functioning at a given time. Availability can also
be calculated over an interval, where it denotes the
fraction of that interval in which the system is operational.
Availability is particularly relevant for repairable
systems, as it includes the fact that the system can become
functional again after failure. For nonrepairable systems,
the availability in a given duration may still be useful. The
long-run availability always tends to 0 for nontrivial non-
repairable systems.

5.3 Mean Time To Failure (MTTF)

The Mean Time To Failure (MTTF) describes the
expected time from the moment the system becomes
operational, to the moment the system subsequently fails.
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In repairable systems the time to failure depends on
the system state when it becomes operational. The first
time, all components are operational, but when the system
becomes operational due to a repair, some components
may still be non-functioning. This difference is made
explicit by distinguishing between Mean Time To First
Failure (MTTFF) and MTTF.

While MTTF and availability are often correlated in
practice, only the MTTF can distinguish between
frequent, short failures and rare, long failures.

5.4 Mean Time Between Failures (MTBF)

For repairable systems, the Mean Time Between Failures
(MTBF) denotes the mean time between two successive
failures. It consists of the MTTF and the Mean Time To
Repair (MTTR).

6 Conclusions

Three quantitative methods for analysis of DFT were
examined. The first - with Markov chains (CTMCs) is
only practical for smaller and less complex systems,
because the CTMC becomes too large (its size grows
exponentially with the number of basic events). The other
two methods are more suitable for sophisticated systems.
The analysis with /O IMCs is difficult to implement and
apply, however it allows the creation and computation of
smaller models compared to the method with CTMCs.
The Monte Carlo method has many applications and
advantages, but in order to quantitatively analyse a DFT,
the hardware, on which this simulation is realised, has to
be with enough memory and processing power in order to
benefit from the full potential of this method.
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Abstract. It is known that "Risk systems" are responsible for processes, which can cause severe damages
if the parameters go beyond the preliminary boundaries. It should be taken into account that these systems

are not so simple in most cases. Therefore, the Dynamic Fault Tree, which describes the system will most
probably be complex. For this reason, it is convenient to use automated techniques like calculation with a

computer program. It is sometimes suitable to plot a graph in addition to the numerical results. Two different

software utilities, which rely on different algorithmic principles and have certain capabilities, will be
presented - DFTCalc, which uses Markov chains, and YAMS, which utilises Monte Carlo simulation.

1 Introduction

An important feature in reliability engineering is risk
analysis: in order to design and build transport systems
and nuclear plants, for example, that meet the required
dependability standards, one needs to assess how
dependable these systems are, and take appropriate
measures if they are not dependable enough. When
carried out at design time, this analysis is most useful.
Then important reliability decisions are made concerning
the system architecture, the level of redundancy and spare
management. One relatively popular method for risk
analysis is a type of graph - the Fault Tree (FT).

The better-known Static Fault Tree (SFT) cannot
model the dependability behavior of systems in which the
consistency of origins of failures is important. The
Dynamic Fault Tree (DFT) extends SFT with a number of
gates. They facilitate the modelling of often recurring
concepts in reliability engineering: spare management,
functional dependencies, and order-dependent behaviour.
There are many methods for analysis of a DFT. Some
examples are with Continuous-Time Markov Chains, with
Input/Output Interactive Markov Chains (I/O IMC) and
with Monte Carlo Simulation. Each method has its
advantages and disadvantages. Two software products for
quantitative analysis of a DFT will be presented -
DFTCalc and YAMS. DFTCalc uses /0 IMC and YAMS
utilises the Monte Carlo Simulation.

2 DFTCalc

DFTCalc can compute a number of different reliability

characteristics. This includes:

» Timed-Reliability: the probability that the system fails
until a given time point T or in a given interval [T; T'];

* Corresponding author: edimitrova@bitex.bg
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* Mean Time To Failure (MTTF): the expected time to a
system failure;

* Reliability: the probability that the system fails in the
long-run.

Whereas traditional methods for analysis of a FT
translate a DFT into a large and monolithic Continuous-
Time Markov Chains (CTMC), DFTCalc does this in a
stepwise manner: First, DFTCalc translates each element
(i.e., gate or basic event) into an I/O IMC. Then, DFTCalc
obtains the underlying CTMC by composing all 1/O-
IMCs. DFTCalc composes these I/O-IMCs one-by-one,
and employs aggressive state space compression
technique in each step, in order to keep the state space
minimal.

DFTCalc combines dedicated code and the state-of-
the-art model checkers CADP, MRMC and IMCA..:

* CADP supports construction, minimisation and analysis
of IMCs. It compiles and generates the state space from
a LotosNT [1] specification. The compositional
verification engine of CADP can compose a network of
communicating IMCs. The tool set also enables
minimisation modulo  strong and  branching
bisimulation.

MRMC is a model checker for discrete-time and
continuous-time Markov reward models.

IMCA is a tool for the quantitative analysis of IMCs. In
particular, it supports the verification of IMCs against
unbounded reachability, time- and interval-bounded
reachability, expected-time objectives, and

* long-run average objectives.

DFTCalc can be used either by downloading a stand-
alone version, or via a web interface. DFTCalc is open
source, but requires a license for CADP, which is free for
academic institutions. The web interface is realised with
the use of PUPTOL and extends downloadable version
with a Graphical User Interface (GUI) as well as the plot
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function. It allows the user to input DFT models via a text
screen and select the dependability metrics. This can be
the reliability for one or more mission times X, or the
probability on a system failure during an interval [T; Ta],
or the MTTF. The user can also set various options: which
model checker to use, the error bound, the level of
verbosity, and whether to color output. The results can be
given either by numbers, via the button show result, or as
a plot, via the button plot result. The input and
configuration of the web interface can be saved via the
button permalink.

3 YAMS

In order to analyze quantitavely the parameters of a DFT
with YAMS, it has first to be drawn in KB3, part of the
project Visual Figaro [2], which includes YAMS. The
user also has to export the model from KB3 to FIGAROO
text file, which serves as an input file to YAMS. Of the

new dynamic gates KB3 has only PAND, however [3]

shows equivalent transformations for other dynamic gates

using the static ones and PAND.

The threshold settings allow to limit the search for
sequences.

Certain settings are compulsory because they are
railings intended to prevent the program from remaining
blocked in an infinite loop (number of turns in the
interaction rules and number of fixed time firings), the
others can be inhibited by using the adjacent checkbox
(ticking the compartment consists in activating the
setting).

The setting “max turns in interaction rules” limits the
number of runs of the interaction rules of a stage; if the
stabilization of the system is not obtained at the end of this
number of turns, the sequence is stopped and is not taken
into account for the calculation of the indicators.

The parameter “max fixed time firings” limits the
number of successive instant states; if this number is
exceeded, the sequence is stopped and is not taken into
account for the calculation of the indicators.

The setting “max branches” limits the number of
branches of a sequence (a branch allows to pass from a
state to the other one); if this number is exceeded, the
sequence is stopped and is not taken into account for the
calculation of the indicators.

The setting “max histories simulated” limits the
number of histories (of sequences) simulated; if this
number is reached, the simulation is stopped.

The setting “max real time (mn)” limits the duration
of the simulation (user time in minutes); if this time is
reached, the simulation is stopped.

At least one of the two latter parameters must be active
so that the simulation can be launched (existence of a stop
criterion).

The instants can be described under two forms:

* Instant: absolute time from the O instant which is the
beginning of any sequence,

* Interval: series of instants distributed in an interval
defined by its time of beginning (70 > 0), its time of
ending ( 77 > To) and the number of stages of sampling
(N>0).
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Example: with Ty =0, 71 =20, N = 5, the defined
instants are: 0, 4, 8, 12, 16, 20.
“Add Instant”, “Add Interval” and “Delete” buttons
allow to manage the contents of the list. The settings
must be modified directly in the list.
The instants are always added at the head of the list and
the intervals at the bottom, but the order of definition of
the instants and of the intervals has no influence on the
results of simulation.
* Seed of the pseudo random generator
The pseudo random generator is a Markovian process:
every firing is deduced from the precedent.
By fixing the seed of the generator, one can define in a
fixed way the successive firings done by the generator
and thus exactly replay a simulation.
The next step in our case is to add an indicator - the
unreliability of the top event of the DFT.

4 Quantitative analysis of a DFT using
DFTCalc and YAMS

Electrical power supply is essential in the operation of
process and safety system of any Nuclear Power Plant
(NPP). Grid supply (off-site-power supply) known as
Class IV supply is the one which feeds all these loads. To
ensure high reliability of power supply, redundancy is
provided with the diesel generators known as Class III
supply (also known as on-site emergency supply) in the
absence of Class IV supply to supply the loads. There will
be sensing and control circuitry to detect the failure of
Class IV supply which triggers the redundant Class III
supply. Loss of off-site power supply (Class IV) coupled
with loss of on-site AC power (Class III) is called station
blackout. As mentioned in [4], accident sequences
resulting from station blackout conditions have been
recognized to be significant contributors to the risk of core
damage. For this reason the reliability/availability
modeling of AC Power supply system is of special interest
in the safety assessment of NPP.

The DFT (Fig. 1) has one PAND gate having two
events, namely, sensor and Class IV. If sensor fails first
then it will not be able to trigger the Class III, which will
lead to non-availability of power supply. But if it fails
after already triggering Class III due to occurrence of
Class IV failure first, it will not affect the power supply.
As Class III is a stand-by component to Class 1V, it is
represented with a cold spare gate (CSP). This indicates
their simultaneous unavailability will lead to supply
failure. There is a FDEP gate as the sensor is the trigger
signal and Class III is the dependent event.

For simplicity and in order to compare the results, as
DFTCalc does not analyse repairable systems, we will
assume that the system from Fig. 1 is not repairable.
According to [4] the failure rates of the components are:
s Class IV —2,3x10"* [1/h];

* Sensor — 1,0x10*[1/h];
e Class III - 5,3x10*[1/h].
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Fig. 1. DFT model for station blackout.

These input values, together with computation of
MTTF and unreliability from 0 to 10000 hours and step
500 hours with DFTCalc gave the plot (Fig. 2).
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Fig. 2. Plot of the unreliability of the DFT with DFTCalc.

MTTF is 7830,19 hours.
YAMS was run with the forementioned failure rates
and the following simulation settings:
* Maximum number of branches per sequence: No limit;
e Maximum number of successive instantaneous
occurrences: 10;
e Maximum number of turn in interaction rules before
stabilization of the state: 200;
» Maximum number of histories: 10000.
Table 1 shows the results from YAMS and DFTCalc.

5 Conclusion

Two software products for quantitative analysis of a DFT
were presented. The DFT for station blackout was
analysed quantitatively with DFTCalc and YAMS with
the mentioned failure rates of the components. It can be
noticed that there is very little difference between the
results of the two programs.

Table 1. Unreliability of the DFT computed with YAMS and

DFTCalc.
Hours of operation Unreliability Unreliability
(Time Units) (YAMS) (DFTCalc)
0 0 0
500 0,0584 0,0584
1000 0,1252 0,1256
1500 0,1954 0,1936
2000 0,2645 0,2582
2500 0,3247 0,3176
3000 0,3779 0,3711
3500 0,4239 0,419
4000 0,467 0,4615
4500 0,5017 0,4994
5000 0,5327 0,5331
5500 0,5638 0,5634
6000 0,5931 0,5906
6500 0,6173 0,6152
7000 0,6414 0,6376
7500 0,6614 0,6581
8000 0,6791 0,677
8500 0,6976 0,6945
9000 0,7129 0,7107
9500 0,7266 0,7259
10000 0,7418 0,74
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Abstract. The Transport systems are non-linear dynamic systems that obey the general rules and
fundamental laws that are inherent in all complex systems, regardless of their nature and individuality. This
concept is developed and substantiated by science Synergy. The Transport systems considered in a synergic
aspect are dynamic systems in which order and chaos parallelly exist. They are subjected to a number of
internal and external disturbances caused by random factors. These disturbances lead to fluctuations that can
bring the system from one state to another. Thus, it is gradually getting to self-organizing and complicating
the structure of the system in order to perform new functions. In the present article, the dynamics of a
transport system as a result of random disturbances is investigated based on its modelling through the theory

of non-linear dynamics.

1 Introduction

Transport systems (TSs), in the widest meaning, represent
a combination of transport vehicles, equipment, transport
infrastructure and human resources, through which, when
appropriately managed, passengers and freights transport
is carried out. Therefore, the TSs are complex non-linear
dynamic systems and some general rules that are inherent
in all complex systems, regardless of their nature and
individuality, are valid for them [1, 2, 3]. In the literature,
there are many research of transport systems [4, 5, 6], but
relatively few of these research are based on the basic
synergetic concepts [7] - organization, order, self-
organization [8, 9, 10]

From the positions of synergy [1, 3], the macroscopic
behavior of the system is described by one or more control
parameters and order parameters. The mechanism of
interaction between these parameters and the processes in
the system determines its evolution. In that, any change in
system parameters causes processes that build or break
down its structures (synergies). Thus, it is gradually
getting to self-organizing and complicating the structure
of the system in order to perform new functions.

The transport systems are subjected to different
external disturbances (Fig. 1) caused by many random
factors. According to the conventional classification of
dynamic systems [3], the TS can be defined as an open
dissipative system. Furthermore, there is a continuous

* Corresponding author: edimitrova@bitex.bg
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exchange of information and/or energy with the external
environment as it is shown in Fig. 1.

The disturbances lead to fluctuations that are
fundamentally different from the internal fluctuations
caused by the deviation of dynamic variables, and can
lead to significant changes in system behavior. They have
a multiplicative nature and with an increase in the
intensity of the external impacts, the state of the TS is
moving away from the optimal balanced state.

In according to the fluctuation—dissipation Welton
theorem [8] the fluctuations can bring any system from
one non-equilibrium state to another equilibrium one.
Thus, some transitions from one phase to another exist.
They are associated with the input of energy or substance
from the outside, whereat the system spontaneously
passes into a new in good order state. Transitions are
realized at the system's control parameter changes when it
reaches its critical value.

This expose defines the purpose of the present work -
investigation the dynamics of a transport system as a
result of random disturbances, based on its modelling
through the theory of non-linear dynamics.

2 Modelling of a transport system
From the theory of non-linear dynamics, it is known that

any continuous non-linear dynamic system can be
described by a system of differential equations of the type:
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where Xi(,?) is the set of macroscopic variables of the .
. . . . . where:
non-linear dynamic system in function of spatial
coordinates ¥ and the time #; F; — non-linear functions; A v (x)
— control parameters; i=/, 2, ..., n — number of degrees of v (x) T o (5)
freedom.
From a mathematical point of view, the simplest non- [, 5
linear dynamic system in which both regular and irregular V (x ) = 3 [x —JYo ln(l +x )] (6)

processes are observed is the Lorenz system. It illustrates
mutually agreed behavior of three degrees of freedom and
is given in the form:

x=o(y-x)
y=px-y-xz @)
z=xy— fz

where o, p and f are parameters, x(¢), y(¢), z(f) — variables.

The equations (2) can be written by dissipative
members inversely proportional to the times of relaxation
of the variables , 7, 7 [8, 9]:

. X
X=——+y
T)C
Yo—J¥
=20 g xz+g,0L(t) 3)
T
y
. z
Z=g.xy——
z.Z

where 1y, 7, 7 are coefficients reflecting feedback in the
system; yy — the stationary value to which the function
reaches for the time of relaxation.

External impact is presented as a source of
multiplicative stochastic disturbances &(¢) [9-12].

The simplest case of white noise disturbances is
considered. Then g, =42 [11].

After converting the system (3), a differential equation
for the variable x(2) is obtained:
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Thus, the system (3) is reduced to a one-parametric
stochastic equation of the type (4), which takes into
account the effect of external random disturbances on the
process in the transport system.

According to [13], the decisions of the Eq. (4) are
determined by the Fokker-Planck equation [14] regarding
the density of probability for a transition in a Markov
process:

% =-VJ(x,) 7
0 .
where V =— and the variable
ox
02 2
J(x,t)z f(x)p(x,t)+7V[gxp(x,t)] ®)

is a probability flow.
In [15] a fixed solution of the Fokker-Planck equation
at probability

Py ()= lim plx.7) ©9)

and probability flow is exposed as

16)= 1))+ 2wz =const . 10
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The stationary decision determines the limits of the
sustainable area of variation of the process speed in the
system depending on external disturbances for the model
under consideration.

The extremum of the function (9) is determined by the
condition:

o’ og,

f (x extr )_ 7 & xextr E

X=Xexir

=0 (11)

The following equation is obtained from (11):

(xezxtr + 1)3 = Yo (xzxtr + 1)2 -207 (xezm + 1)+ 462 =0
(12)

From Eq. (12) follows that the process speed for the
extreme point X.., = 0 has critical value:

y =1+207 (13)

The dependence (13) defines curve 1 in Fig. 1.
If the Eq. (12) will be analyzed, besides the zero root,
it has two more real equal roots at the Discriminant:

2 3
ot—o?| F1_ 2| Y (14)
20 3) 8| 2

The Equation (14) defines curve 2 in Fig. 2, which,
along with curve 1, defines the stable area of process
variation in the transport system depending on external
disturbances for the model under consideration.

As can be seen from Fig. 2, with a small variation of
parameter o, due to the disturbances, the transport system
loses its sustainability to some limits.

Then two scenarios are possible — either a complete
loss of sustainability and destruction, or the emergence of
a self-organizing process.

During the self-organization, the interaction between
the structures composing the transport system improves
or new sustainable macro-states (structures) occur. New

Random fluctuations of the
parameters

connections are being created, the system is being
restructured, new features appear, i.e. the system evolved.
This process is illustrated by the algorithm shown in Fig.
3.

o
—»
0 1 2 3 4

Fig. 2. Dynamics of the process in the transport system at
impact of stochastic disturbances

3 Conclusions

Transport systems examined from the position of non-
linear dynamics are modelled with non-linear differential
equations. As in any real non-linear dynamic system, both
regular and irregular processes can be observed. The
proposed model of a transport system, based on the
Lorenz system, enables the dynamics of the process at
impact of stochastic disturbances to be studied.

It is shown that as a result of the disturbances, the
system parameters are changed. This change leads to an
unsustainable state of the transport system, but can also be
a constructive start to a qualitatively new phase of
development. Consequence of occurrence of the
conditions: Openness of the system; Dissipation; A large
number of elements (subsystems); Fluctuations of the
parameters caused by the disturbances, a self-organizing
process may also occur in the system.

External control impacts

——— > Spatial and time changes ¢——

Deviation from sustainable

state
I
: o Yes
Unsustainable state < No Self-organization 1
Destruction ‘ ‘ Equilibrium M Changes in the structure

Fig. 3. Evolution of the transport system at impact of disturbances
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The transition from instability to higher order

equilibrium, at the improvement of the structure of the
system and the performance of new features, determines
its evolution.
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Abstract. This paper presents modern technologies based on geographical information systems (GIS) used
for managing forest road networks and ensuring control of timber transportation. Mobile GIS have been
used to identify unlawful practices in timber transportation. Practical problems in forest roads' networks and
timber transportation were solved on the territory of South-East State Forestry Enterprise, Sliven (Bulgaria),
by GIS applications. On the basis of the results, we discuss ways of reducing illegal logging and assess

forest road construction.

1 Introduction

GIS technology is widely used in the management and
control of forest areas. The aim of this paper is to achieve,
through GIS tools, a higher technical level in the
maintenance of forest road networks and to increase the
efficiency of forest transport control. This will lead to a
reduction in the number of violations and the financial
costs for the state due to financial and material losses.

2 The state of forest areas control
activities

Control of forestry activities, storage, transportation, and
processing of timber are carried out by the Executive
Forests Agency (EFA) and by its 16 Regional Directorates
of Forestry (RDF) in Bulgaria [1].

In 2016, 124883 vehicles were inspected in Bulgaria,
21999 violations were identified in forest territories, and
16684 penalty reports and tickets were issued for illegally
harvested timber amounting to 26182 solid cubic meters
[2]. There has been no significant change in the annual
data reported over the last 5 years, but there has been a
notable trend: repeat offenders constitute a large share of
the total.

The issuance of electronic permits for logging and
transport tickets was introduced in 2009 through the
Internet-based information system of the EFA
(SYSTEM.IAG.BG) [3]. Currently, transport tickets for
timber transported from landings in forest areas,
regardless of their ownership, are issued by the
specialized system PB.IAG.BG [4]. The provisions of the
Forest Law require vehicles transporting timber and non-
timber forest products to be equipped with state-of-the-art
operational GPS devices, which can record the vehicles'
tracks [3]. A very recent measure against illegal logging
was enacted on June 1%, 2017 [5]: it suspends timber

* Corresponding author: m_asenova@abv.bg
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transport using paper-based tickets. By the end of 2017
new software will be introduced for managing reports
correspondence and for tracking the status of the violation
reports, issued by forest-control personnel, law
enforcement officers, and others. We expect significant
increases in the accountability and transparency of the
process of issuing electronic documentation and
significant improvements in tracking subsequent legal
proceedings.

At present, citizens have the right to perform an online
query regarding any timber transport electronic ticket via
TICKETS.IAG.BG website. If an irregularity is
suspected, the person can also verify the corresponding
logging permit or the protocol of cutting area, clearing
certification included in the electronic record of the ticket.
A new feature of the online ticket query service is
searching by vehicle or trailer license plate number. Since
GPS devices mounted on timber transport equipment are
tracked, the systems for logging permit issuance, transport
tickets from landings, and for electronic logbooks and
transport tickets for wood processed in sawmills are all
interlinked.

3 Timber transport control technology
and management of forest road
networks

Mobile GIS applications provide forestry specialists with
direct control over timber transportation, speedier search
for and location of points in space, spatial data
visualization and analysis, and access to and ability to
share data needed to make informed decisions. Timber
transport-related activities carried out with GIS
technology include:

» field mapping of forest roads;

* connecting vector and attribute data of the forest-road

networks with forest inventory data;
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* updating the location of components of forest-road
networks and checking their status;

* control of timber transport through analysis of digital
records of the issued permits/protocols and transport
tickets;

* locating and reporting of violations and incidents;

* evaluation of timber weight compliance with the
requirements for maximum weight limit of transport
vehicles on public roads [6].

When working with mobile GIS, several technologies
are integrated together [7] - mobile devices (mobile
phones, Pocket PCs, Tablet PCs); data from satellite
navigation systems (GPS, GLONASS, BeiDou,
GALILEO, etc.); and wireless Internet access to GIS
servers, file repositories, and databases. Modern GIS
software has a graphical interface suitable for training of
forestry personnel and flexible enough to suit the various
needs of specialists, both in the office and on the field.

4 Results and Discussion

4.1 Experimental area and technical means

The study was conducted in the state forest areas and the
forest road network of Southeast State Enterprise (SSE) -
Sliven (Fig. 1).

Fig. 1. Research area (NUTS 2, code BG34).

The control activities we discuss rely on the following
materials and data - general data (State forest unit, site,
land, date); inventory data (forest subcompartment
number, forest taxation data, sample maps); planned
logging (logging permit number, inspection protocol,
protocol of cutting area clearing certification); yield and
skidding (technical plan for skidding and transport of
wood from the cutting area, in case of a doubt about a
damaged road network or tourist infrastructure); planning

documents (plans, programs); others (confirmation
documents  from the regional environmental
inspectorates).

The raster data used in this study consists of time-
series high resolution spatial satellite imagery from the
Google Earth Pro platform for the period 2010-2016. We
identify forest subcompartments and roads in the imagery
in order to find discrepancies between the planned and
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completed activities and to determine the various
technical control-group parameters, used for estimating
damages from violations.

Our study takes advantage of various software tools
(MAPinr, Google Earth Pro, Google Maps, Global
Mapper, QGIS, ArcPad), hardware (mobile phones, GPS,
tablets), and data formats (SHP, ZEM, GPX, KMZ, KML,
Geo TIFF, JPEG, PDF).

4.2 Control of dispatched timber

The experimental work is carried out with a smart phone
equipped with navigation and other sensors and with high-
resolution display suitable for precise interpretation of
satellite imagery. The smart phone uses the Android
operating system, which can take advantage of a wide
range of freely available applications, can easily exchange
information with others, and works well with vector data
in the KML format. In order to avoid absolute coordinates'
measurement error, we prefer an actual GPS application
over navigation service using cell-tower-provided
location.

During the actual observation of transport tickets, we
paid attention to several details:

* the validity period for timber transportation in the
logging permit, which is the basis for issuing the
transport ticket itself; if the period has expired, no new
transport tickets should be issued;

* the quantity of timber recorded in the protocol of the

cutting area clearing certification and in the transport

ticket from the landings; if the timber volumes do not
match, the landings in the forest unit must be inspected;
matching tree species and wood assortments in the
transport ticket and in the logging permit;
correspondence between the timber volume being
transported and the weight capacity of the transport
vehicle, which can be obtained by querying its
registration number in the public register of EFA and
checking for substantial discrepancies.

The PB.IAG.BG and SYSTEM.IAG websites are the
primary services used to check the electronic transport
tickets [8-9].

Example: A query to PB.IAG.BG confirmed an
employee issued transport ticket Ne 5062 on January 23,
2017 for transporting timber by timber train. The transport
ticket stated 13,75 loose m® of acacia firewood should be
transferred from temporary storage (Fig. 2).

- 1012017/151821-WFEXA271 usdaden Ha 21.01.2017

Fig. 2. Information systems for inspection and control of
timber transportation.
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Upon looking up the ticket in TICKETS.IAG.BG [9],
we found that this auto-train has transported between
27,50 loose m> and 32,50 loose m® on other scheduled
trips, with the rare and only exception of 10,40 loose m?
during a given trip (Fig. 2). The established discrepancies
are good enough grounds for an investigation of the
vehicle, which should take into special consideration the
destination address of the transfer.

When performing a check on a transport vehicle with
a transport ticket issued by a temporary warehouse, we
use the departure time from the transport ticket interpret
as well as the road network information from the existing
forest subunit technical plan. The road information is not
necessarily accurate and up-to-date, so we analyze
satellite imagery (by means of the MAPinr mobile
application) and track the actual path of the forest roads
near the temporary storage location and its connections to
the roads of the national road network. Alternate routes
are also considered in order to pick the most appropriate
point for pulling over for an inspection. The choice of the
checkpoint matches the estimated time of arrival based on
the time of issuance of the transport ticket. The estimate
is obtained via the Google Maps application, which runs
in both Android and iOS environments. It creates routes
based on the existing road network according to
predefined criteria (optimal route, fastest route, shortest
route), and accepts voice commands as well as guides the
driver through voice. Time of arrival at the end point is
estimated according to the driving speed. These features
allow control personnel to significantly improve their
response time to transport inspections as well as their
choice of an inspection site.

Benefits of the PB.IAG.BG website are:

* it prevents issuing a retroactive transport ticket or
tampering with the contents of any accompanying
documentation;
single-point of data entry and single data source for
accountability and control purposes at all levels;
establishment of a central database containing all
documents issued in the country, enabling the
generation of queries and reports;
timely control and verification of documents
authenticity at any time and from any location by
personnel;
ability to continuously update data, improve and evolve
the system;
ability to correct an issued transport ticket, with
sufficient justification; the system allows adjustments to
the ticket for up to 15 minutes after being issued.

The drawbacks of the website service are:
Internet mobile connection can be manually turned off,
preventing transport tickets from entering the system at
the time of issuance, and thus from being checked;
it does not limit the quantity of timber transferred from
a forest subcompartment even if it exceeds the quantity
received at the landing or the quantity set forth in the
logging permit by more than 10%, the lawful maximum
margin of error;
it allows the transfer of wood of species and assortment
different from the ones documented in the logging
permit;
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e there is no feature or service for monitoring and
reporting cases of inconsistencies between transport
ticket data and logging permit data.

4.3 Control of the construction and
maintenance of forest roads

Occasionally forest roads described in the technical plan
of a forest subcompartment are not actually constructed.
Those planned roads are still reported on paper in order to
illegally appropriate state funds. Furthermore, upon
interpreting time-series satellite imagery, it is possible to
find partially built or completed roads that are not part of
the forest subcompartment plan and are not marked on the
map. The timber harvested from those unmarked roads is
not reported and is illegally used or sold. Some roads
slated for repairs get converted to truck roads and are not
correctly described in the forest subcompartments. This
leads to distortion of the road length and failure to locate
and check the repaired areas. To avoid this, it is necessary
to introduce and develop a technical plan for roads
needing repairs.

Example 1: According to the paperwork, a forest road
repair is expected in forest subcompartment "230:1". In
Fig. 3 we can see that, if there is a road, it is within the
boundary of the adjacent forest subcompartment "228:1",
and a new separate subcompartment "228:5" is formed.
Funds have been used to perform a fictitious repair of a
non-existing road.

i o WAL SRR

Fig. 3. Unfinished repair of a forest road declared as an
expense.

Example 2: Interpreting of time-series satellite
imagery and detection of partial or entire roads that have
been constructed but not declared.

The first step is to load KML maps of the observed
forestry. We obtain information about the planned,
constructed, and repaired roads in each forest
subcompartment. We establish the location and the
boundaries of the specific forest subcompartment
("665:8"). We discover plans for the construction of a new
forest road 3000 m long and 6 m wide dated April 18",
2014. The construction expenses amount to BGN 8000.

The second step is to analyze the time-series image
data (Fig. 4). We take advantage of the "Chronology of
Images" tool in order to overlay photos taken between
2009 and 2014. In this case, we load a photo dated
September 25%™, 2009, showing that within the boundaries
of the forest subcompartment there are no constructed
roads. When comparing the latter image to the image from
June 30, 2014, it appears that the boundaries of the forest
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subcompartment have changed because of the
construction of a new road (Fig. 4).

The third step is to calculate the road longitudinal
profile and altitudes, measure its length, and finally
compare the calculated data to the declared costs of
construction. We identify two road sections (Fig. 4) - the
first section is with a length of 761,63 m, the second one
with a length of 638,87 m (Fig. 5) and the actual total road

length is 1400,5 m.

< AN
65;1_'31 J_ﬁ:::-ﬂi.abﬁﬂ
! 664:6d664
; 664 3 M664 "

Fig. 5. Length of section 2 of the road and profile.

In order to determine the real width of the constructed
road, we double check our results. The field studies show
the average width of the road to be 6 m with a one-sided
cut margin of 2 m in the projection at which the forest
subcompartment is absorbed 100%. The length is close to
that established with Google Earth Pro with a 2 m error.
With 1402,5 m x 8 m linear parameters, the area is 11220
m?. The volume of timber, calculated on the new road
surface, is 267 m?, which at an average price of BGN 53 /
m3 means BGN 14151 losses for the state forestry unit.

The advantages of the method are:

* ability to remotely control the execution of planned
roads;

* accuracy in measuring road lengths using Google Earth
Pro, which also accounts for road relief (inclines,
altitudes, height difference);

« facilitating and speeding up of the road measurement
process.

Disadvantages of the method are:

« satellite imagery of the desired time periods is not
always accessible to be used for timely and continuous
annual control according to our method;
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» the width of the skid roads and trails and the
technological corridors cannot always be determined
remotely and field measurement is required.

5 Conclusion

In this paper, we study the application of a method for
controlling forestry activities. Using GIS and mobile
devices, we present innovative solutions for tasks and
problems such as:

* control of the volume of timber transported by transport
vehicles;

control of the execution of forest road construction that
is set forth in forestry plans;

control and assessment of the possible discrepancies
between the weight of the transported timber and the
maximum weight limit of the transport vehicle
travelling on public roads;

ensuring accuracy when locating transport incidents
within forest subunits and identifying and assessing
problematic areas that require a field inspection.

The proposed method of this study is geared towards
using a tablet. The state has purchased tablets nation-wide
for the mandatory issuance of electronic transport tickets
in the Bulgarian forest sector. The same devices can also
used as effective mobile GIS tools for controlling forestry
areas.

This study will be useful for the state-planned training
courses for forestry specialists, who will be issuing
violation tickets, since the latter courses already
incorporate mobile GIS applications and field
measurements with GPS and mobile devices with
navigation.
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Abstract. This survey-based study measures the effect of word-of-mouth information on people with
different education in their choice of car repair services. Conclusions about the intensity of searching and
the source confidence level for this type of information have been made.

1 Introduction

In Rousse, according to various guidebooks [1, 2] there
are more than 29 car repair services. Their large number,
on the one hand, makes it difficult for potential customers
to choose which one to trust, and on the other hand, the
car workshops owners have difficulty in choosing an
appropriate marketing strategy.

According to some research [3], 13-20% of consumers
seek information in traditional advertisements and the
internet, but its effect on purchasing decisions is estimated
at around 4%. Word-of-mouth information for car repair
services has a 28% weight in decision-making, as women
trust more this type of information [4]. Over 80% of the
ladies in the aforementioned research do not use car repair
services, making it difficult to choose an advertising
strategy.

The purpose of the present study is to enable car repair
service owners to choose between traditional marketing
channels and the use of word-of-mouth information as a
marketing channel by examining its impact on consumer
decision-making for people with different education.

In order to achieve that aim, the following tasks are
set:

* to determine the need for average annual car repair
service of residents of the city of Rousse with different
educational background;

* to determine the intensity and type of word-of-mouth
information received about car repair services;

* to determine the confidence level for a particular source
of word-of-mouth information;

* to evaluate the effect of received word-of-mouth
information for customers with different education.

2 Exposition

For the purpose of the present research, a methodology [5]
from a previous research was used and a survey was
conducted among users of different ages and educational

* Corresponding author: mmilchev@uni-ruse.bg
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level from Rousse. This study took place in the months of
March and April 2017.

As a key criterion for the research, the type of
education of the respondents was chosen and it is
distributed as follows:

* 27,18% high social sciences education;

* 34,95% high engineering sciences education;

* 19,42% university degree in social sciences;

* 18,45% university degree in engineering sciences.

This categorization is made in order to distinguish
between the education level according to the main types
of sciences studied (social or engineering).

The following system was used for categorizing the
number of annual visits to car repair services and the
amount of word-of-mouth information received:
category "never": rating 0 times;

"very rarely": an estimate between 1-3 times;
"rarely": an estimate of 4-6 times;
"occasionally": between 7-9 times;

category "frequently": over 9 times.

2.1 Exploring the average annual need for car
repair services

The average annual consumer need of car repair services
is shown in Fig. 1.

The research shows that the need for car repair
services is not influenced by the education of the
respondents. On average over 50% of them very rarely
visit car repair service or between 1-3 times per year. This
could be due to the poor quality of the services or the
unreasonably high prices. The largest share of this group
are those having university degree of engineering sciences
(68%), which implies their ability to repair their own cars.
They probably prefer to save money by visiting car repair
service only in an extreme situation.
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Your education
.High social sciences
school
.High egineerial sciences
school
jUniversity for social
sciences

.Unjversity for engineerial
sciences

Percent

60,0%]

400%

5357% 542%

Very rarely

20,0%]

0%

Never Rarely Occasionally ~ Frequently

How often do you use car repair services, annually?
Fig. 1. Average annual use of car repair services.

The survey found out that the small differences
between respondents with high school engineering
education, high school social sciences education and
university of social sciences degree (2%) have visited car
repair services very rarely. At the same time, a large part
of the respondents (31%) with high and univerity social
sciences degrees are not confident in their engineering
knowledge and visit car repair servises on average
between 4 and 6 times a year. This share corresponds to
13% of all respondents.

2.2 Study of the average annual intensity of
seeking word-of-mouth information

The intensity of seeking word-of-mouth information by
respondents is examined as two main options - active and
passive. In the active search for information, the
respondent has asked for it, and in the passive - it has been
provided by the other side. This can be seen in Fig. 2.

80,0% Your education

WHigh social sciences school
.H\gh engineering sciences
schoal

TlUniversity for social sciences

.Umversity for engineerial

60,0% sciences

Percent

40 0%

20 0%

0%

| asked for advice

It was given to me
How did you receive the recommendation for a car repair service?

Fig. 2. Intensity of searching for word-of-mouth information.

The survey results show that people having a
university degree are more active in seeking word-of-
mouth information (73%) while high education graduates
are evenly distributed in the active and passive search.
This could be due to the fact that people with university
degree have a higher demand to the source of information
and choose it by themselves. The choice is based on the
confidence level, which the person has to this source.
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The question arises - how do users evaluate their trust
level to the source of information. This can be determined
by a survey, with information sources set in advance.

The results of the study are presented in Fig. 3. It
clearly shows that individuals with university education
have a high degree of confidence in the categories
"specialist" (30%) and "friend" (41%). In this case, the
"specialist" category confirms the fact that they prefer to
choose their own source of information.

50,0% Your education

.H|!|}: social soences school

.I ligh engineering sciences
schaol

Duniversity for social stiences

University for engineenal
| J
sciences

40,0%7

30,0%

Percent

20,0%

10,0%

Ralative Friend Acquintance

Specialist Stranger

Which of these sourses would you trust most if you receive a recommendation?
Fig. 3. Degree of trust in different sources of information.

People with high social sciences school education
(46%) trust the opinion of a "specialist", which surpasses
the opinion of "relative" or "friend".

Respondents with high engineering education trust
almost at the same level "specialist", "relative" and
"friend". This is due to their engineering knowledge,
which allows them to assess accurately the word-of-
mouth information received, unlike those with social
sciences education.

2.3 Evaluation of the effect of word-of-mouth
information

To assess the impact (effect) of the word-of-mouth

information received, two options are used:

* an assessment of the likelihood of visiting a given car
repair service prior to receiving the recommendation;

* an estimate of the likelihood of visiting the same car
repair service after receiving the recommendation.

For this purpose, a ten point "Likert" scale is used. The
ratings on that scale are converted in the following way:
each of the ten grades is assumed to be 10%. In this case
1 becomes 10%, 2 - 20%, 3 - 30%, etc. The average value
before and after receiving word-of-mouth information is
used.

The likelihood of users visiting the given car repair
service before and after receiving a recommendation for
it is assessed as follows (Table 1).

The likelihood of visiting the car repair service before
receiving positive recommendation is assessed by
different categories of respondents with approximately 3
points or 30%. High readiness to visit a car repair service
without initial recommendation is expressed by people
with high or university social sciences degree. Among
engineering specialists, there is a higher degree of
mistrust towards unfamiliar car repair services, with
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graduates from the engineering field expressing greater
caution (less than 20% likely to visit the workshop).

Table 1. Assessment of the likelihood of visiting a given car
repair services before and after receiving a recommendation

Mean value Mean value
before after
high social sciences 5,0000 7,2857
school

high engineering

4 3,8333 6,3611
sciences school

university for social 4,6500 8,3500

sciences
university for 1,9474 5,5789
engineering sciences

After receiving the recommendation, the likelihood of
visiting the recommended car repair service increases in
all categories, reaching an average of about 69%. The
ones who trust most the information obtained are the
respondents who are graduates of a social sciences
university (the increase of the likelihood is by 3,7 points),
followed by graduates of an engineering university
(increase of 3,6 points). This proves the aforementioned
tendency for university graduates to be more cautious in
making decisions and assessing word-of-mouth
information. Graduates of high schools are less inclined
to believe in received word-of-mouth information
(average increase of 2,39 points).

Overall, it can be concluded that regardless of
education, the chance of visiting a car repair service after
receiving a recommendation increases by an average of
29%. This confirms that word-of-mouth information has
arelatively greater weight in the field of research than any
other traditional marketing channels.

Word-of-mouth information is considered to be
credible by respondents, regardless of their education, as
compared to traditional marketing channels, which
suggests that owners or managers of car repair services
should pay more attention to this marketing channel.

3 Conclusion

From the research, it can be concluded that about 50% of
the respondents very rarely use car repair services or
between 1 and 3 times annually.

The majority of people with university degree (73%)
are actively seeking word-of-mouth information about car
repair services, as they choose the source of such
information themselves.

For those with high school education, there is no clear
trend towards a preference for how to obtain word-of-
mouth information.

Regardless of education, the probability of visiting a
car repair service after receiving a recommendation
increases by an average of 29%, which means that word-
of-mouth information has a relatively greater weight in
customer decision making about that service.

The study was supported by BGOSM20OP001-2.009-0011-C01
contract of the University of Ruse, “Support for the development
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of human resources for research and innovation at the University
of Ruse “Angel Kanchev””. The project is funded with support
from the Operational Program “Science and Education for Smart
Growth 2014 — 2020” financed by the European Social Fund of
the European Union.
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U3cnegBaHe B3aMMogencTBMETO MeXAyY NewexogHu m
TPAHCMOPTHM NOTOUM 32 NoAOOpsABaHe Ha OpraHu3auusTa u
©0e3onacHocTTa Ha ABUXEHUeTo

Hnusan Namsnos"”, I'eopeu Mnanenos!, Munena Casosa-Mpauenkosa!, I'eopzu Ilanaraues' u Braoumup Xpucros

2

! Texuuuecku yuusepcuter — Codus, karenpa ,,J{Burarenu, aBsTOMOOMIHA TEXHUKA M TPAHCIIOPT*
2 Texunuecku ynusepcuteT — Codus, Katenpa ,,ABTOMaTH3aUus Ha €IEKTPO3aIBHKBAHUATA™

Pe3tome: OGekT Ha M3cieaBaHETO ca TpH cBerodapHu ypeabu 3a nemexonuu B rp. Codus - 6y Cs.
KmumenT Oxpuncku Ha cnupkarta Ha Jlecotexnuueckn yausepcuter, Oyin. Lap Bopuc III mpu Oyi. Ione

Jlem4eB 1o KOMTO IBMXKEHHETO € CIPSHO MOPaaAn PEMOHTHHU AeiHocTH U Oyi. Jumutsp IlemeB mocoka ot

Oyu1. Llapurpancko moce k6M 'apa Mckbp. MecTaTa Ha npecHyaHe Ha yJIMYHOTO IUIATHO OT HEHIEXO/IIH,

peryiaupanu cbe cBetodapHa ypenda, ocUrypsiBa B rojisiMa cTeeH 0e30I1acHOTO UM NpeMUHaBaHe. B Te3n

cilydyau € HeOGXO}lI/IMO IMPUJIOKEHUTE BpEMEHA Ha OTACIHUTEC CUTHAJIM Jla TrapaHTupar MHUHUMaJIHA

3aJpBHKKa M Ha [IBaTa IIOTOKA.

1 BbBepeHue

HenpexbcHaroro HapacTBaHe Ha oOeMa Ha YJIMYHOTO
JBIDKEHUE Hajlara Npoy4YBaHe Ha OCHOBHUTE My IOKa3a-
TENM M 3aKOHOMEPHOCTH C LeJl MOBHIIaBaHe Oe3omac-
HOCTTA Ha JIBIDKCHHUETO U MPABUIIHATA MY OpPTaHU3aIHs U
yIpaBieHHUE.

[Ipu HapacTBaHe HA MHTEH3WBHOCTTA HA AaBTOMOOWII-
HOTO JIBIDKEHHME HApacTBa M MHTCH3UBHOCTTA HA TIElIe-
XOJHOTO JIBWKEHHE, KOETO BOAM [0 YyBeJIMYaBaHE
KOHQIUKTHOCTTA Mexay Tax [l]. B Ttesm cmydam e
HEO0OXO0/IMMO J1a Ce aHATU3UPAT Bb3MOXKHUTE BAPHAHTH 32
NpEeMHHABaHETO Ha IELIEXOALUTE U Jia ce u3depe To3u,
IPY KOWTO CE OCUTYpsiBa Hali-MaJIko BpeMe 3a YakaHe Ha
aBTOM06I/IHI/lTe U NICHIEXO1IUTE.

3a ocurypsiBaHeTo Ha 6€3011acHO IpecHYaHe Ha Iele-
XOJLMTE HAa IBTHOTO IUIATHO 3a JIBM)KeHHE B PemyOiika
bbarapust ce n3non3Bar CIEeOHUTE YETHPU Hal-pa3npo-
CTpaHEHU BapUAHTH:

* [EIIEXO0/HA TbTEKA;

* MElIeX0/IHa MHTEeKa C U3KYyCTBEHA HEPABHOCT Ha IJIATHOTO
3a IBOKEHHE (TIOBIMTHATA MENIEX0Ha ITHTEKA);

* ceetopapHa ypemba 3a memexoquu ¢ OyTOH
YIIpaBJIeHHUE;

* cBero(hapHa ype0a 3a MEemeXo M ChC 33/1a/ICH IUKBIL

Bcesiko perieHue, cBBp3aHO C OpraHu3auusITa Ha
I'BTHOTO JIBMXKEHUETO, TPSIOBA Jla c€ OCHOBaBa HA 3a/IbJI-
0oueHH NpeABapUTEIIHN POYYBAHMS U U3CIIEBAHUS Bb3
OCHOBa Ha IMpoKa MH(popManus 3a CHCTOSHHETO Ha
TPAHCIIOPTHUTE U MEUIEXOJHUTE MOTOLHU. MI3MEHEHHEeTo
Ha TPAHCIIOPTHUTE MOTOLH B IIPOCTPAHCTBOTO M BPEMETO
3aBUCH OT MHOXECTBO (DaKTOpH, KaKTO OT ChIIECTBY-
BalllUTe ITHU YCJIOBHS, TaKa M OT MPEJHAa3HAUYCHHUETO,
LEJIUTE U XapaKTepa Ha U3BbPIIBAHUTE TPEBO3H.

3a

: Corresponding author: idamyanov(@tu-sofia.bg
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3a ocurypsiBane Ha 0€30MaCHO, HWKOHOMHUYHO H
€KOJIOTMYHO MPOTHYAHE Ha TPAHCHOPTHOTO JBHXKEHHE ©
Heo0X0AUMO J1a ce NeQUHUPAT U OICHAT OCHOBHH TOKa-
3areNid Ha MMbTHOTPAHCIIOPTHOTO IBHXKCHUE. AHAIU3BT,
OLIEHKATa ¥ ONTHMU3UPAHETO HA TPAHCIIOPTHOTO JIBHKE-
HUE Ce OCHOBABaT Ha MOJYYCHHUTE Pe3yJITaTH, TAXHATA
B3anMHa Bpb3Ka U TI03HABAHETO Ha JOIYCTUMHTE
TpaHULIM XapaKTepU3upally IOBEICHUETO TPAHCIIOPTHU-
TC U IICHICXOAHHU ITIOTOIIH.

EmuH oT meTHIATa 3a peliaBaHe Ha IMPOOIIEMUTE
CBBP3aHU C OpPraHU3aIMITa U 0E30IMacCHOCTTa Ha IMBTHO-
TPAHCIIOPTHOTO JIBUKCHUE € BHEIPSIBAHE HA CHBPEMCHHU
CHCTeMH 3a HaAOJIOJICHUE, YIIPABJICHHE M ONTHMHU3UPAHE
HAa [MOKA3aTeNIUTE Ha TPAHCIIOPTHUTE MOTOLH.

MetonbT OCHOBABAIll Ce Ha aepo-3aCHEMaHe HaMHpa
BCE 10 TOJISIMO NIPUJIOXKEHHUE TIPH OMpe/IeIsiHE HA OCHOBHH
TOKa3aTeny Ha TPAaHCTIOPTHOTO ABMXeHue [2]. M3mon3Ba-
HETO Ha OC3MHMJIOTHHM JICTATCJIHH anapard, HapeueHHU
,»JJPOHOBE" MIO3BOJISIBA J]a CE YCTAHOBSAT MOKA3aTEIUTE Ha
MBPTHOTPAHCIIOPTHOTO JBHXKCHHUE | Ja CE B3eMAaT HE00X0-
TUMHTE MEPKH 3a IMOJ0OpsSBaHE HA OpraHU3aIMsITa U
0e30IMaCHOCTTa Ha JBIKCHHUETO.

2 NMpennoctaBKU U HAYUHU 3a
pewaBaHe Ha npobnema

CBEeTJIMHHO CUTHAJIM3MPAHE Ha ICIIeXOJHa MBTEKa Ce
mpujiara Mpy OMpeIelieHH YCIoBUs. B 3aBHUCHMOCT OT
CTOHHOCTUTE HAa WHTCH3UBHOCTHUTE HAa NPUCTUTAHE HA
MENICXOAIIUTE W Ha AaBTOMOOWIMTE C€ Ompenens u
MPOIBIDKUTEIHOCTTA HA 3€IEHUTE CHTHAIM 33 ChOTBET-
HuTe norouu. Cropex [3], W3mon3BaHe HAa CBETIMHHHU
CHTHAJIM 32 PEeryJpaHe Ha ABMXKCHUETO Ha IEIIeXOHA
I'bTEKA, Ce MpHUJIara Mpyu MHTEH3WBHOCT HA MELIEXOIHUS
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MIOTOK B ITO-HATOBapeHaTa OT JIBETE MOCOKH MUHUMYM
150 nemexoaun/Jac, a MHTEH3MBHOCTTA Ha ABHKEHUE Ha
[I1C, npecnuamy nemexogHaTa MbTeKa B IPOIBIDKCHIE
Ha 8 yaca OT [EHOHOIIMETO B JABETE IIOCOKH, /1a € IIO-
rosisima ot 600 E/u.

3a ompeessiHe HA OCHOBHUTE MOKA3aTeIM Ha TICIe-
XOJHH MBTEKH ChC CBETO(APHO pEryjiMpaHe, B3auMO-
JNCACTBHETO W ONTHMHU3AIUS MEXAY TMCIICXOJHH U
ABTOMOOWITHH TTIOTOIU CE U3I0JI3Ba AITOPUTHM, TIPECTa-
BeH B [3].

W3cnenBany ca MemexoaHu CBETOpapH, peryIuparin
IBIDKCGHHETO Ha AaBTOMOOWIM ¥ TEUIEXOMIH IIpe3
TenexoaHa MbTeKa THII ,,3e0pa”, pa3mosoxeHa B MbTCH
y9acThK MeXAy KpbcToBHIa. OCHOBHUTE MapaMeTpu Ha
HM3CJIEIBAHUTE MEIIEX0IHH IIBTEKH Cca:

* MIMpPWHA Ha MeUIeX0AHaTa IbTeKa By, M;

IBJDKMHA HAa HEOOXOIUMOTO MPOCTPAHCTBO 3a CJHH
nemexozaen L, - 0,75 m;

NIMPUHA HAa HEOOXOIUMOTO IPOCTPAHCTBO 32 CIUH
nemexozaen B, - 0,75 m;

NIMPUHA HA TFTHOTO TUIATHO B, m;

I'BIDKWHA Ha aBTOMOOWMIA /. - IpreMa ce 5 m;

cpeIHa CKOpPOCT Ha JBIDKEHHE Ha aBTOMOOWIIUTE IpPH
MIPEeMUHABAHETO UM IIpe3 TeIlexoqHaTa mbreka Ve, m/s
- 3aBHCH OT MPOIBJDKUTEIIHOCTTA HA 3€JICHUS CUTHAT U
JIIbJDKMHATA Ha OIAIlIKaTa OT aBTOMOOMIIM;

cpemHaTa CKOpPOCT Ha JBMI)KCHHE Ha TEMIEXOIUTE TIPH
MIPEMHHABAHETO UM II0 IelIexoHara npTeka V,, m/s —
ompeneist ce ChOOPa3HO CKOPOCTTAa Ha JBIIKCHHE Ha
peodIaIaBaIlyuTe MO MMOJI ¥ Bh3PacT MEIIEXOIIH;

MHTEH3UBHOCT HA MPUCTUTAaHE Ha aBroMoOmiuTe [ f ,
a/s;

HWHTCH3MBHOCT HAa HNPUCTUTAHC HaA IMCHICXOAUUTC ]ap 5

p’s;
MAaKCHMAJHO BpeMe 3a LUKBI f.°°, S - OHpelens ce

CHhOOPA3HO CHIIECTBYBAIINUTE YCIIOBHSI Ha JIBH)KEHHE,
HEOOXOAMMOCTTa OT KOOPIMHHUPAHE HA ChCEHN CBETO-
(hapHM ypenOM, HOPMATHUBHU M3UCKBAHUS U APYTH;

3€JIEH CHTHAJl KbM aBTOMOOMIINTE t? U INCCXOqUUTC

ty’ 3a ONpeneNnsAHe Ha HAYaTHA CTOHHOCT HA BPEMETO
3a IUKBJL.
W3N0oN3BaHMAT aITOPUTEM —H3MCKBAa M300p Ha

HayaJHU CTOMHOCTH 3a 3€JI€H CUTHAJI KbM aBTOMOOMIIATE

t? U TEHIIEXOAINTE tfg’s 3a OmpeleNisHe Ha HavallHa

CTOWHOCT Ha BPEMETO 3a UKD {5 , KOETO B MOCIIEACTBHE
CC ONTHUMH3HPA. HpI/I TOBa C€ CIla3Ba YCJIOBHUETO
TIOJTy4YCHUTE CTOMHOCTH Ja TapaHTupar Jdicara Ha
ONAIIKKA OT aBTOMOOMIIN W/HIN NCIICXOAIIH.
S S D AL+t 1, S (1)
=g+ ] tytiy S
KbACTO!:
¢/ - Bpeme 3a 0CBOOOXKJaBaHe Ha IBTHOTO IUIATHO OT

MEIEXOLHY, S;

At - BpeMeTO OT HaYaJIOTO Ha YEPBEHHS CHUT'HAI KbM
aBTOMOOWINTE 1O HA4yaJOTO Ha 3€JCHUs CHUTHAl KbM
TICIEXOIUTE, S;
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t, - BpeMe 3a XKBJIT CHUTHAI Clie]] pa3peliaBanl 3eleH
CHUTHAJI 32 aBTOMOOMIIH (IIpreMa ce 3 CeKyHIH) S;

ty- - BPEME 32 KBJIT CUTHAJI B KOMOWHAIUSI C YepBEeH
CHUTHAJI 32 aBTOMOOMIIH (IIpreMa ce 2 CeKyHIH) S.

Bpemero 3a ocBOOOXXIaBaHe HA MBTHOTO ILIATHO OT
Iemexoanu rapadnTtupa, e IIOCJIC AHUA HaBJIA3BJI
Henexoel e ycree a MpeMHUHE TpeIy CBEeTBAaHETO Ha
3€JICH CUTHAI KbM aBTOMOOMIUTE. [10 ChINECTBO € paBHO
Ha BPEMETO 3a IIPEeMUHABAaHE Mpe3 MEeIeX0/[HaTa MhTEKa,
a IMEHHO:

BW
th=

) S5 (2)
p
M 6p05[ Ha MPUCTUTAIIMATE NMEMEXOAIN 3a €IMH HUKBI -
CTOMHOCTH CE€ OTHACIT 3a MPUCTUTHAJIUTE U B ABETC
IIOCOKH Ha IBHKCHUC:

(€)

P.,=t.1% ,counts. per.;

6p0$[ Ha MPUCTUTALIUTE aBTOMOOMIH 3a CIHNH IUKBJI
CTOMHOCTH CE€ OTHACHT 3a TIPUCTUTHAJIUTE U B JBETE
IIOCOKH Ha IBMXCHHUC!:

Aa=t.I4 , counts auto.; 4)

M3YHCIIABAT CE€ CTOMHOCTH 3a BPEMETO 3a ITPEMHHABAHE
HA IEIIEXOALUTE zg U aBTOMOOUIINTE tf,- Bpemero 3a

NpeMUHaBaHe Ha IEIEXOUTE Ce OpeieNsi ChoOpa3HO
(2), a BpemeTo 3a MpeMHHaBaHE HAa aBTOMOOWMIUTE II0
ciemHarta popMmyna:

c_Se

tp 9Ss
Ve

)

KbJEeTO S. € IBTA, KOWTO aBTOMOOWIAa M3MHHABAa MpPH
NPEeMUHABaHETO Ha IEIIEeXO/HaTa I’bTEKa - PAaBEH € Ha
cOopa Ha ABDKMHATA Ha IEMIeXOJHATa ITbTeKa, AbJDKU-
HaTa Ha aBTOMOOMJIA U PA3CTOSHUETO OT CTOI JIMHUATA 10
NenexoHaTa IIbTeKa;

00111 Opoii eTHOBPEMEHHO NMPEMUHABAIIH MTENIEX0{HATA
bTeKa:

BWW

Nuw , counts per.; (6)

Bp

BPEMETO 3a KOETO MOJKe J1a IIPEMHHE ClIe[BaIlaTa rpymna
OT IeIIEeXOIIH:

(7

p

OposT Ha TpyHHWTE OT MEMEXOIIH, KOUTO MOTaT Ja
MpEeMUHAT TIeHIeX0JHaTa IMbTeKa MO BpeMe Ha 3eleH
CHUTHAI:

(P
G =-£ , counts;
th

@®)

Opoitf aBTOMOOWMIIN, IPEMUHABAIIH 32 BPEMETO Ha 3eJICH
CHUTHAJ:



BulTrans-2017 Conference Proceedings

Sozopol, 11-13 September 2017

1g te
4,=-%, 4,=-%, counts auto; )
ty ty

* Opoii memexoay, NPeMUHABAIH 32 BPEMETO Ha 3eJIeH
CUTHAJI Ha MEIIeXO0HUS CBeTOdap:
P,=GN,,,, counts per. (10)

Omnpenenst fajiy OCTaBaT aBTOMOOMIIN U TICIIEXOIIH B
omamika, KOWTO C€ TIOlIy4aBaT KaTo pas3iuka Ha
MIPUCTUTHAIUTE ¥ IPEMHUHAINTE aBTOMOOMIIN, CHOTBETHO
MeIexXoJIM 332 €AWH IIMKBJ Ha cBerodapHara ypenoa.
AKO U B JBaTa ciy4as He ce TPYIaT ONAalIKHU CIIEIBa, 4e
BpPEMETO 3a 3€JIEH CUTHAI Ha MEMEXOHUTE U BpEMETO 3a
3€JIeH CHTHaj Ha aBTOMOOMIIMTE, KaKTO W H3YHCIeHaTa
NPOOBIDKATEIHOCT HA  cBeTodapHUS  IMKBI  ca
OINTUMAITHU.

[Tpn monoxenue, ye ce HaONIOJaBa HaTpylBaHE Ha
OMaIIK{, TOTaBa yBeJIHMYaBaMe CHOTBETHO BPEMETO 3a
3€JIeH CHTHajJ Ha aBTOMOOWIMTE WJIM BPEMETO 3a 3eJieH
CHUTHAJI Ha MEeNIEXOILUTE C OIpeaesieHa cThika. M3pbpi-
BaT C€ M3YUCICHUSTA B ChIIaTa MOCIEIOBATEIHOCT A0
JOCTUTaHE Ha CTOMHOCTH 3a onamkure. ToBa ce
M3BBPILIBA JOKATO MOJIyYUM, Y€ U 32 JIBaTa MIOTOKA HE Ce
TpyHaT OMAIIKH.

B cnywaii, ge ce Tpymar OMAamK#d OT aBTOMOOWIIH
W/WIM TIEWEXOALH, M ClIeJl JAOCTHraHe Ha MaKCHMAaJHO
olpeneneHaTa CTOMHOCT 3a BPEMETO 3a LIUKBA 1% ce

IpuiIaraT CTOMHOCTHUTE 32 BpeMeHaTa KbM MOTOLUTE, IPU
KOWUTO OMaikata € Hai-maika. B ciywaute, korato
CTOMHOCTHTE Ha OMNAIIKUTE Ca MHOTO T'OJIEMH U NPEMH-
HaBaHETO HA AaBTOMOOWINTE M NEIIEXOIUUTE € CHIHO
3aTpyIOHEHO, ToraBa OW TPSIOBANO Ja ce TBPCIT OPYTH
pelIeHns 3a MPOBEXKAAHE Ha IEMIEXOJHOTO JBIKCHUE
Ipe3 CbOTBETHUS YUacThK OT IBTS.

3 PesynTtatu u guckycus

OOexT Ha W3CIeBaHETO ca Tpu cBeTodapHU ypeadu 3a
nemexouu B rp. Codust - 6yn. C. Kiiument Oxpuicku
Ha crivpkara Ha JlecoTexHuuecKku yHUBEpCUTeT, Oyi. Llap
Bopuc III npu Oyn. N'one JenaueB no KOWTO JBHKEHUETO
€ CIPSIHO Mopagy PEMOHTHHU JIEHHOCTH U Oyi1. JUMUTBD
[emer mocoxa ot Oyn. Llapurpancko moce kbM ["apa
HUcksbp.

IlenTa e na ce u3cnenBa UM aHAIM3MpPA B3aUMOJEH-
CTBHETO MEXAY MEUIEXOAHUTE W aBTOMOOMIIHUTE TPaH-
CIIOPTHUTE MOTOLH, KAaKTO M JIa CE€ OLIEHH Bb3MOXHOCTTA
3a ONTHMH3aLMA M NoxoOpsBaHe Ha OE30IIaCHOCTTa Ha
JBIKCHUETO.

W3cnenBaHe Ha IoKas3aTelMTe Ha TPAHCIIOPTHUTE
MOTOLM € OCBIIECTBEHO, 4pe3 Oe3MMIOTEH JeTaTelleH
amapaT, KOMTO € u3gurHat Ha 90 MeTpa BUCOYMHA U
BHJI€03aCHEMAaHE C MPOABIDKUTEIHOCT OT 15 MHUHYTH, B
pa3yIM4HM 4acoBe Mpe3 CBEeTJIaTa 4acT OT JICHOHOIIHUETO.
[lepnoanTe Ha 3acHEMaHe ca ONPEAEIIEH Ype3 MpeaABapH-
TEJIHM YacTUYHM W3CJICIABAHUS 32 YCTAaHOBSBAaHE Ha
MMMKOBHUTE YacoBe Mpe3 Meceny 10Hu 1 fonu 2017 roauHa.
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WznonsBaHeTo Ha Kamepa C BHCOKA pasJeiHTeNIHa
CIIOCOOHOCT TO3BOJISIBA MOCTUI'AHE HAa BUCOKO KAyeCTBO
Ha 3a111ca ¥ BB3MOXKHOCT JIa C€ MPOCIIEIH IBIKCHUETO Ha
BCEKH IEMEX0/EL ¥ IPEBO3HO CPEICTBO, & OTTaM U Jla ce
MOJy4aT CBOTBETHUTE TpaHcHOpTHH moroud. OT
MOJICTHHUS JHEBHUK Ha OE3NMJIOTHHMS JIeTaTeJIeH arapar
MOXe Jla ce Ipocieu nH(opMaLus 3a MECTONOIOKCHUE
(xoopauHATH), BpeMe, BHCOYHMHA, CKOPOCT, OCTaBaIlO
TI0JIETHO BpeMe (0arepusi) U ApyTH 3a ToJIeTa.

Ha ®uwr. | e npeacraBena nadopmanusaTa oT MOJIET-
HUs 3alyCc Ha OC3MWJIOTHHUS JIETAaTeNIeH amapar, a Ha
@ur. 2 cCHAMKa Ha €JHa OT W3CJICABAHHUTE IICIIEXOIHH
IIBTEKH ChC CBETO(APHO PEryInpaHe.

®ur. 2. M3cnensana nemexoaHa nbreka - JITY.

Crnen u3BBpIIBaHE HA HEOOXOAUMUTE TIPEABAPUTEITHA
M3MEpBaHUsl HA W3CICIBAHUTE TPH IEUIEXOJHH CBETO-
(dapa, cTOHHOCTUTE HA BXOMAALIUTE UM MapaMeTpu ca
MoKa3aHu B Tabuna 1.
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Ta0auua 1. Bxogsum napameTpu Ha U3CiIeIBaHUTE

MEIEeXOIHH CBETO(apH.

Iemexonna Ilemexonna Ilemexonna
ierexa JITY | TPTEKa oy Lap IpTeKa Oyl
Bopuc 111 Humutsp [lemes
B 3m Sm 3m
L, 0,75 m 0,75 m 0,75 m
B, 0,75 m 0,75 m 0,75 m
B, 14 m 12m 9m
Il 5m 5m 5m
V, 1,33 m/s 1,33 m/s 1,33 m/s
V. 5,56 m/s 5,56 m/s 5,56 m/s
At 2s 2s 2s
V4 0,072 nemy/s 0,077 nemy/s 0,056 memi/s
14 0,2 E/s 0,21 E/s 0,12 E/s
th 8s 7s 7s

Cnexn BBBEXKIAHETO HA M3MEPEHMTE JaHHA B
aIropuThMa CE€ YCTAHOBSBA CHOTBETCTBUETO My C
peannaTa 00cTaHOBKa. IIpeIMMCTBO Ha aNropuThMa €, 9€
TIOKa3Ba M BADHAHT, IPH KOWTO BPEMETO 3a 3€JICH CHTHAI
Ha aBTOMOOWIHTE M BPEMETO 3a 3€JICH CHUTHAI Ha
TEemIeX0AMTE MOTaT Ja Ce HaMallaT, 6€3 1a ce MPOMEHAT
CTOMHOCTUTE Ha Af M ¢/}, KaTto Taka LI€ CE€ HAMAIU W

MIPOIBIDKUTEIHOCTTa Ha IMKBJIA Ha cBeTodapa, KOeTo
CTIIOpes alNropuThbMa Ha paboTa € HaH-ONTHMATHUST
BapuaHT. JIeHCTBUTEIHUTE U ONITUMAIHUTE CTOMHOCTH HA
W3CIIEABaHUTE TENIEXOAHH cBeTo(dapu ca IOKa3aHU B
Tabauy 2, 3 u 4.

Ta6auua 2. J[eficTBUTEIHN U ONITUMAIIHU CTOMHOCTH Ha
nemexoeH csetodap JITY.

cs s

[Memexoxnua mereka JITY tg 5 £

JIECTBUTEIIHO 44 s 24 s 82's
20s 8s 42's

ONITUMHU3UPAHO

Ta6auua 3. /IeficTBUTENHN U ONITUMAIHU CTOMHOCTH Ha
nemexoeH ceerodap Iap bopwuc I11.

[TemexoaHa mpTeKa P o s

Oya. Llap Bopwuc 111 g g le
JICHCTBUTEITHO 41 s 15s 71s
ONTUMH3HPAHO 15s 4s 35s

Ta6auua 4. /IeficTBUTENHN U ONITUMATHU CTOMHOCTH Ha
rremexoieH ceetodap Jumutep [lemes.

[NemexonHa mpTeka Oy P (25 P

Jumutsp Iemes g g ¢
JICCTBUTEIIHO 28's 8s 50s
ONTUMH3HPAHO 8s S5s 27s

4 3aknrwueHue

HW3non3BaneTo Ha OE3MMIIOTEH JICTATENNEH anapar Ho3Bo-
JsBa Jla C€ YCTAHOBSAT IIOKa3aTelIUTe ITbTHOTPAHCIIOPT-
HOTO JIBIDKEHHE U Ja Ce B3eMaT HeOOXOAUMHUTE MEPKH 3a
nofoOpsiBaHe Ha OpraHM3aluiTa ¥ Oe30MacHOCTTa Ha
JIBIKEHUETO.

Crnen U3BBPIICHOTO U3CIEABAHE U aHAIIM3 CE IIOCTUTra
ONTUMHM3ALIMS, YPE3 HAMASBaHEe HAa POABIDKUTEITHOCTTA
Ha BpPEMETO Ha CBeTO(apHUs IHMKBJI 3a W3CIICIBAHHUTE
NemexoJHu cBeTodapHu ypendu Oe3 yBenuyaBaHe Ha
TPAHCIIOPTHUTE 3aIPBKKH, KOSTO LIe MOZOOpH OpraHu-
3anMATa M 0e30IacHOCTTa Ha ITBTHOTPAHCIIOPTHOTO
JBIKEHHE.

1. Joxmagpr ce
Nel7111D0001-04

myOnuKyBa BBB BpB3Ka C  IPOEKT

2. PesynraTute myOauKyBaHH B A0KIaza ca cBbp3anu ¢ HUC no
npoexT Nel7111D0001-04 kM TD Ha TY-Codus.

NuTepartypa

1. W. McShane, R. Roess. Traffic engineering. Prentice-
Hall. Englewood Cliffs, N.J, (1990)

2. Highway Capacity Manual. TRB, National Research
Council, Washington, DC, (2000)

3. D. Saliev, Calculation algorithm for pedestrian green
time, Trans Motauto World — International Scientific
Journal, 1, page 17-18, (2017)

Examination of interaction between
carriage and transport flows for
improving the organization and the
safety of movement

lliyan Damianov', Georgi Mladenov!, Milena Savova-
Maratzenkova!, Georgi Palagachev! and
Viadimir Hristov?

ITechnical University of Sofia, Department of Engines,
Automotive Machinery and Transport

Technical University of Sofia, Department "Automation of
Electric Drives"

Abstract: The subject of the survey is three traffic lights
for pedestrians in Sofia - Kliment Ohridski at the station
of the University of Forestry, Tsar Boris III Blvd. at Gotse
Delchev Blvd., on which the traffic is stopped due to
repair works and Dimitar Peshev Blvd.,, from
Tsarigradsko shose Blvd. to Iskar Station. Places of
crossing the roadway by pedestrians, regulated by traffic
lights, provided largely safe passage. In these cases
attached times of individual signals have to guarantee
minimum delay of both streams.
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MU3cneaBaHe, aHanu3 n onTUMMU3aumMAa Ha NoKasaTterniute Ha
NMBbTHOTPAHCMNOPTHOTO ABUXEeHUe Ha CBEeTJIMHHO perysimpaHun

KpbCTOBMLILA

Hnusan Namsnos"”, I'eopeu Mnanenos', Braoumup Xpuctos?, Munena Caposa-Mparnenkosa' u I 'eopzu Ianaraues!

! Texuuuecku yuusepcuter — Codus, karenpa ,,J{Burarenu, aBsTOMOOMIHA TEXHUKA M TPAHCIIOPT*
2 Texunuecku ynusepcuteT — Codus, Katenpa ,,ABTOMaTH3aUus Ha €IEKTPO3aIBHKBAHUATA™

Pe3tome: OGekT Ha M3CIIEABAHETO Ca MET CBETINHHO PeryaupaHu KpberoBuiia B rp. Codust - yi. ,,Akaf.
Credan Mnanenos” u yi. ,,8-mu nekemspu’, yi. ,,Cratuncka™ u yi. ,,ViBan Illepes*, Oyu. ,,CauBauma” u

ymuna L Jlumursp Iletkos”, Oyn.“CrnuBHuua“ u Oyin.“ITlanduo Bnamurepos®, yn. ,,O6opume” u yi.

,,I‘IepKOBHa“. B JOKJIaJla €€ NpeACTaBsA ONTUMAIHOTO PEHICHUC 3a NPOABIDKUTCIHOCTTA HAa CBETIIMHHUTEC

CHTHAJIM HAa CBETJIMHHO PETyIHPaHH KPhCTOBUILA.

1 BbBepgeHue

Opraam3anusaTa ¥ YOPaBICHHETO HA ITBTHOTPAHCIIOPT-
HOTO [BIDKEHHE CE€ OCHOBaBa Ha W3CJIEABAHUSA Ha
HETOBUTE II0KA3aTEIU ChC CHOTBETHUTE KOJIMYECTBEHU
CTOMHOCTM M 3aBUCUMOCTH MeEXAy TAX. Bujga Ha
W3CTIEIBAaHUSITA U METOAMUTE 3a TSAXHOTO MPOBEKIAHE CE
OTpeJieNis OT IENTUTE MOCTABEHH 32 KOHKPETHUTE YCIOBUS
Ha IBUKCHUE M HCOOXOIUMHUTE MEPOIIPHUATHS 32 TAXHOTO
nocrurane [1].

EmuH oT meTHINATa 3a peliaBaHe Ha IMPOOIIEMUTE
CBBp3aHU C OpTaHU3AIMATa M 0€30IMacHOCTTa Ha ITBTHO-
TPAHCIIOPTHOTO IBMKCHUE € BHEIPSIBAHE HA CBBPEMECHHHU
CHCTEMH 3a HaOIIOJCHNE, YIPABICHNE U ONTUMHU3UpPaHE
Ha TI0Ka3aTeNInTe Ha TPAHCIIOPTHUTE TTOTOLIH.

MeTogbT OCHOBaBaIl ce Ha aepo-3aCHEMaHe HaMHpa
BCE I10 T'OJISIMO MPUJIOKEHHUE TIPU OTpeiesITHE HA OCHOBHU
NoKa3aTeIy Ha TPaHCIIOPTHOTO JBMkeHue [2]. M3non3sa-
HETO Ha OE3MWIOTHU JIeTaTeHU amapaTd, HapeuyeHU
,»JPOHOBE" MO3BOJISIBA J]a C€ YCTAHOBST MOKA3aTEJIUTE Ha
ITPTHOTPAHCIIOPTHOTO JABIDKEHHE U J]a CE B3eMaT HE00Xo-
TUMHTE MEpPKH 3a IOJ0OpsSBaHE HA OpraHU3aIMsITa U
0€e30I1aCHOCTTA Ha IBMKEHUETO.

2 NMpeannocTtaBKU U HAYUHU 3a
pewaBaHe Ha npobnema

OCHOBEH BBIIPOC IIPH PETYJINPAHETO Ha JBIXKEHUETO ChC
cBetodapy € ONpeAeTHETO Ha ONTHMAJHA MPOJBIDKHU-
TEHOCTTA Ha [WKBJIA Ha CBeTodapHaTa ypemda mpu
CBIIECTBYBAIUTE YCIOBUS Ha JBIKECHHE. 32 IOCTHIaHE
Ha MHHHMAaJHU CTOWHOCTH Ha 3aJpBKKUTE HAa aBTOMO-
Oounnte € HeoOXOAMMO TOBa Jja Ce M3BBPIIBA CIIE Ompe-
JeNsiHe Ha MEePHOANTE OT TOJMHATa (Ce30HHUTE) M JIEHO-
HOIIMETO, B KOMTO € HEoOXOJMMO Ja Ce€ ONTUMH3Hpa

: Corresponding author: idamyanov(@tu-sofia.bg
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NPOITyCKaHe HA ITbTHOTPAHCIIOPTHOTO ABWKEHHE C pas-
JMYHA NPOIBIDKUTENHOCT HA LMKBJIA Ha CBETO(apHaTa
ypenba, cb00pa3sHO MHTEH3WBHOCTTA HAa TPAHCIIOPTHHUTE
MIOTOLM 10 HAaIIPaBJICHHUS IPUCTUTAIIY B KPBCTOBHILETO.
BbposT 1 Buza Ha (azuTe npu NpoIycKkaHe Ha JIBUKe-

HUETO IMPE3 KPBCTOBUIIETO BIUAAT B rojisMa CTCIICH Ha
NPOJIB/DKUTEIIHOCTTa Ha LUKbJAa Ha CcBeTodapHaTa
ypenba. TSXHOTO ompenensiHe ce W3BBPIIBA CHOOPA3HO
cnempUYHN 32 KPBCTOBHMIIETO YCIIOBHS, KOWTO
BKJIIOYBAT:
CTOMHOCTUTE 38 WHTCH3MBHOCTTA HA TPAaHCHOPTHUTE
NOTOLM II0 HANpaBJICHUsS, KOETO IO TOJsiMa CTENeH
OIIpEe/IeIIAT KOM MOTOLM MOTraT Ja ObIaT NPOIyCKaHH B
enHa ¢asa;
BHUJIa HA KPBCTOBHIIETO — TPUKIOHHO, YeTHPUKIOHHO U
ApYTH,;
KOH(UrypanusTa Ha KPBCTOBHIIETO — OIPEACISL] €
6p0)1 U IUprUHAaTa Ha JICHTUTE Ha BXOJAOBETC U U3XOAUTE
Ha KPbCTOBUILETO;
CJIO’KHOCT Ha KPBCTOBHILETO — 3aBUCH OT Oposi ¥ BUIA
Ha KOH(IIMKTHTE TOUYKU MEXTY pa3IMuHUTE TPAHCIOP-
THH ITIOTOLIY;
IOpYI'H — KOOpOHHALMS CBC CBCEAHH CBETO(apHH
ypenou, mpomyckaHe Ha MEIeXoAH, 3a0paHa Ha JIeBH
3aBOM U JPYrH CHhOOPaKCHUS CBBP3aHU C OpraHM3a-
UATa Ha JABWKCHUETO B palioOHa Ha H3CIEIBAHOTO
KPBCTOBHIIIE.

be3onacHOTO M3TErNsiHE Ha TPAaHCIOPTHUTE HOTOLHM
MEX1y OTAEIHUTE (pa3u ce ocUrypsiBa OT MEXIAWHHUTE
BpEMEHa, KOWTO TapaHTHpaT HEOoOXOJUMOTO BpeMe
TIOCIIEAHUSAT HABIISA3BJI aBTOMOOWII OT OCBOOOXK IaBaIIIUTE
KPBCTOBHILETO ITOTOLH A3 MPEMHUHE KOH(IINKTHATA 30Ha
C TOTerJSILIMTE IMOTOLM OT cienBamara (asa mnpenu
I'BPBHUSAT aBTOMOOMJI OT TSIX JJa JOCTUTHE 10 Hesl. TAXHOTO
OlpeNieNIsiHe 3aBHCH OT KOH(HTypanusta ¥ TeoMeTpHd-
HHUTE pa3MepH Ha KPBCTOBMILETO. BpemerpacHero um
¢dbopmupa HactTa OT UMKbIa Ha cBerodapHara ypezaoda,
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KOSITO HEe MOJKe Jja Obie MPOMEHSIHA OT TJIeHA TOYKa Ha
0e301acHOCTTa IPU MPEMHUHABAHE MIPe3 KPBCTOBHUILETO.

3 PesynTaTu u guckycus

OOeKT Ha HM3CJIEBAHETO Ca MET CBETIMHHO PErbIMPaHH
KpbCTOBUINA Ha TepuTopusra Ha Tp. Codus - yi. ,,Akan.
Credan MianeHoB” u ym. ,8-MH JekemBpu”, YiI.
,»Crnaruacka“ u yi. ,,Ban llepes®, Oyn. ,,CnuBHuIa” 1
ymuua Jlumurep  IletkoB”, Oyin.“CnmBHHDA® U
Oyn.“Tlanuo Bmagmrepos®, ymn. ,,O6opume” u yi.
»JepKOBHA*.

LenTa e na ce u3caeaBaT ¥ aHAIU3UPAT IOKA3aTEINTE
Ha TPAHCIIOPTHUTE MOTOLM, KAaKTO M Ja CE OIECHHU
BB3MOXKHOCTTa 3a ONTUMM3ALUs W TOROOpsSBaHE Ha
0€301acHOCTTa Ha JBHXKCHUETO.

Wzcnenpane Ha moKa3aTeNuTe Ha TPAHCIIOPTHUTE
MOTOLM € OCBIIECTBEHO 4pe3 Oe3NMWIOTEH JeTareseH
armapar KouTo € m3aurHat Ha 90 m BHCOYMHA M BHICO-
3acHEMaHe C IPOABIDKUTEIHOCT OT 15 MUHYTH, B pa3iny-
HU 4acoBe pe3 CBeTJIaTa 4acT oT JAeHoHomueTo. [lepuo-
JUTE Ha 3aCHEMaHEe ca OINpEeJeH 4Ype3 MpeaBapHTEIHI
YaCTHYHM W3CIICABAHMS 332 YCTAHOBSBAaHE HA IHKOBHTE
4acoBe Mpe3 Mecely FoHr U i 2017 1.

W3non3BaHeTo Ha Kamepa € BHCOKA paselHTeNIHa
CIIOCOOHOCT TO3BOJISIBA MOCTUI'AHE HAa BUCOKO KayeCTBO
Ha 3a11ca ¥ BB3MOXKHOCT Jja C€ IIPOCIIEIH IBIKEHUETO Ha
BCEKH IEIIeX0/Iell K IPEBO3HO CPENCTBO, & OTTAM U Jia ce
MoJIy4aT H3CJIEJBaHUTE II0KA3aTeld Ha CHOTBETHHTE
TpaHCIOpTHU moTouu. OT TIONETHUS JHEBHUK Ha
0e3MWIOTHHS JICTATeNIeH arnapaT MOXe Jia ce MpOoCieau
HHOpPMAIHKS 32 MECTOIOJIOKEHHE (KOOPIMHATH), BpEME,
BHCOYHHA, CKOPOCT, OCTaBalllo IMOJIETHO BpeMe (barepust)
u npyru 3a monera. Ha @wur. 1 e mpencraBeHa

nHpOpMaNKATa OT TIOJETHHUS 3amuc Ha OC3MIIOTHHUS
neraTelieH amapar, a Ha Dur. 2 CHHMKa Ha €JHO OT
H3CIeJBaHUTE CBETO(ApHO PEryIupaHd KPbCTOBHIIA.

®@ur. 1. npopmanust oT moJeTeH 3amuc.

Ipn HamassIBaHe HA MHTEH3UBHOCTTA HA TPAHCIOPT-
HHTE IOTOLM TOJsIMAaTa MPOIBIDKHTEIHOCT Ha CBETO(Aap-
HUSl [UKBI HEOOOCHOBAHO 3aIbpiKa MAIKHUAT OpOi
ABTOMOOWMJIM TPHCTHTAINN Ha KPHCTOBUINETO. B Te3m
CIy4al aBTOMOOWINTE, KOUTO MPUCTUTaT Ha KPhCTOBHU-
LIETO 32 €AMH LUKBJI Ha cBeTodapHaTa ypenda oOMKHO-
BEHO Ca MO-MaJIKO WJTH Ca PABHU Ha aBTOMOOMJIUTE, KOUTO
MOraT Ja MPEMHHAT MO BPeMe Ha 3€JeHHs CHTHAI KbM
CBOTBETHHS MTOTOK.
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:I' AT
®ur. 2. CHUMKa Ha eIHO OT M3CJIeIBaHUTE KPHCTOBHUINIA.

IlocnenoBarenHo ce omnpenenar Opos M Buaa Ha
(azure 3a mporyckaHe Ha TPAHCIOPTHHUTE MOTOLH IIPE3
KPBCTOBHIIETO.

3a ompenensHe Ha OCHOBHHTE IIOKa3aTelnd Ha
u3cneaBaHuTe CBeTO(ApHO PEryJupaHd KPbCTOBHIIA H
ONTHMHM3ALMS UM C€ U3IOJ3Ba aJrOPUTHM MPEACTABCH B
[3] n3mom3Bam kpuTepus Hali-MaJIKO BpeMe 3a YaKaHe Ha
BCHMYKM TOTOLM HA KpbCTOBHIUETO. M3cienpaHute
TIOKA3aTely ca:

* NMPOABIKUTEITHOCT Ha IIUKbJIa Ha cBeTodapHaTa ypenda
tCy S;

BpPEMEC 3a UCPBCH CUT'HAJI HA OTACIIHUTC MMOTOUU l‘{i 5 S,
* BpEMC 3a 3CJICH CUTHAJI Ha OTACJIHUTEC [MOTOLHU tﬁ 5 S,

* MCKJIMHHH BpEMCHA f;, S,

* MHTEH3UWBHOCT Ha TPAHCIIOPTHHUTE MOTOLHU [ t{ ,als;
* MpOIIyCKaTeiHa cnocooHoct / I als;

* cpeHa Jb/DKMHA Ha OMAIIKUTe HA TPAHCIIOPTHUTE
nororu Oy, counts;
* 0010 Bpeme 3a gakaHe 1., S.

Uerupu OT M3CIIeIBaHUTE KPHCTOBHUINA ITOKA3BaT, ue
JBIDKEHUETO Ce MpOoIycka B JBe (a3u, KaTo Ha €JHO OT
TSX C pa3KkbcBaHe Ha mbpBa (asza. Ha nmetoTo ot nscnen-
BaHUTE KPBCTOBWIA CC YCTAHOBW, Y€ JBHKCHUETO CE
U3BBPINBA B yeTHPH (a3u.
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Crnen m3BBpIIBaHE HA HEOOXOAUMUTE TPEABAPUTEITHH
H3MEpBaHMs HA HM3CIIEBAHUTE CBETO(ApH, CTOHHOCTHTE
Ha BXOJAAIINTE UM IapaMeTpH 3a TPUTE KPBCTOBHIIA C
NPOIyCKaHe Ha ABM)KCHUETO B 1Be (ha3u ca MOKa3aHU B
tabmuim 1, 2 u 3. Bpemenara 3a 3eleH CUTHAI KbM
notouu 1-3 u 2-4 ¢Gopmupar BpemeHaTta Ha OTAEIHUTE
¢a3u, a uMeHHO — norouu 1 u 3 npemMuHaBat BB ¢asa I-
a, notoru 2 u 4 npemuHaBat BbB (aza Il npencraBeHn Ha
@ur. 3.

ni

(L P————

| p -
[/ ®azall
‘ ‘ LZ

@ur. 3. [11an Ha pa3u Ha TPUTE PA3TIIECKIAHA KPBCTOBHIIA.

‘ ! ”6: daza Il

@ur. 4. [Tnan Ha da3u Ha pasriIeKTaHOTO KPHCTOBHUILE.

Tabauna 4. Bxogsmu napaMerpu Ha KpbCTOBUILETO
Ha Oyu. ,,CnuBHuna” u ynauna ,,JJuMutsp [leTkoB”.

Ta6auua 1. Bxoasum napaMeTpy Ha KPhCTOBHIIETO Oy. ,,Crmpruma” n yomua 1/ O
Ha yI. ,,Akan. Credan MnageHoB” u yiI. ,,8-MH ICKEMBPH. »Jiuvutep Ierkos a
norouu 1 u 3 0,37 7,25
yi. ,,Akan. Credan MOTOK 5 0,11 7,15
Minanenos” u yi. ,,8-Mu ]df O f‘rﬂ tgﬁ ty noronu 2 u 4 0,51 35,25
JleKeMBpu”’ TIOTOK 6 0,10 6,45
moroux 1 3 041 | 12:47] 32 | 20 Ta6uuna 5. Bpemena 3a 3eneH, 4epBeH CUTHAT
norouu 2 u 4 0,38 | 11,43] 33 | 19 M MEXIMHHY BPEMEHa Ha KPhCTOBHILETO

Ta6auna 2. Bxoasum napaMerpy Ha KPbCTOBHUILETO

Ha Oyun. ,CnuBHHIA” U ynuua ,,JJumutsp [leTkoB”.

Ha y1. ,,Cratuacka“ u yi. ,,JiBan lllepes‘. Oyu1. ,,CnuBHUIA” ¥ ynuna i N ‘.

,Jumutsp Ietkos” " g 1

VI ,,CHaTI/IHCKa“I‘/E p 0 AR mortoru 1 u 2 48 35 5

ya1. ,,ViBan llepes “ S I I noTouu 3 u 4 69 14 5

motorw 1 u 3 0,09 | 225 | 26 | 16 | 6 MOTOLH 5 U 6 59 24 5
moronu 2 u 4 0,11 | 2,72 | 24 | 21 | 5

Ta6auna 3. Bxogsum napamerpy Ha KPbCTOBHUILETO
Ha yi. ,,O00puie u yi. ,,YepkoBHa‘.

yiL. ,,O60puine u yi. fi
,,depkoBHa* I‘{ Ouv t’ﬁ tgl li
rmotouw 1 u 3 0,095 | 2,65 | 28 | 21
motouu 2 u 4 0,106 | 1,9 18 | 18

B Tabnuma 4 ca mpeacTaBeHn TaHHHUTE 32 KPBCTOBHU-
mero Oyn. ,,ComBHHnA” u yiuna ,,Jlumutsp IleTko”,
KBJIETO JBH)KEHHETO ce Tpomycka B J1Be (asu ¢
pa3kbcBaHe Ha mbpBata ¢asza. [IpoabmkuTenHoCTTa Ha
cBeTo(dapHus IIUKBI € 88 cekyHIu.

Bpemenara 3a 3eneH curnan kM norouu 1-2, 3-4 u 5-
6 ¢opmupar ¢dasute Ha KpbcToBHIIETO (Dur. 4).
Bpemenara npencraBenu B Tabauia 5 Ha oTaenHUTE (hasu
— mororm 1 u 2 mpemuHaBar BsB (aza [-a, motouu 3 u 4
npemuHaBat BbB (paza [-b u motoum 5 m 6 mpemmHaBAT
BBB (aza Il
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W3scnensanute mokazaTend Ha IETOTO CBETIMHHO
peryiaupaHo KpbcToBuile € Oyin. “CnumBHHLA® U Oyl
“ITanuo BramurepoB®, KaTo € yCTaHOBEHO Ye IBIKE-
HHETO ce u3BbpuIBa B 4 ¢aszu. [IpoabkurenHocTTa Ha
HUKbIa € 97 CeKyHAH.

s

m nz

ns

@ur. 5. [Tnan Ha ¢a3u Ha KpbCcTOBHUIIETO HA Oyir. “CluBHANA
n Oy “ITanvo Bagurepos®

n-;*

=2l

n1oniz

3
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Ha ®wr. 5 u B Tabnuma 6 ca npencraBern (azurte Ha
kpbcroBuieto. [Ipe3 ¢asa 1 ce npomyckar norouu 1, 4,
3 u 6. ®aza 2 npomycka mororwute 2, 5, 9 u 12. ®aza 3

Taomuua 8. OnTuMU3UpaHu BpeMeHa Ha CBETO(QApPHUTE LUKIIU
Ha M3CJICJBAHUTE KPBCTOBHIIA.

npomycka norouure 7, 9, 10 u 12. ®aza 4 mpomycka yi. ,,CraTnHCka™ 1 i tg L
« A
norouure 3, 6, 8 u 10. B Tabnuua 7 ca npeacraBeHu y. ,,Wsan lllepes
CTOMHOCTUTE Ha  H3CJIeBaHUTE I[IOKa3aTelu  Ha norouu 1 u 3 21 18 6
KPBCTOBUIIETO. noroun 2 u 4 18 21 6
Ta6auna 6. [TpoxbxkuTenHOCT Ha (azute yi. ,,O60puie” u
Ha cBeTo(apHarta ypeada Ha KphCTOBHIIETO yiL. ,,depkoBHa
Ha Oyn. “CrnuBHuua‘ u Oyn. “Ilando Bnagurepos S E 21 16 7
Oy “CrnuBHHIA U IIpoabIKUTETHOCT HA norous 2 u 4” 16 21
Oyi. “Ilanuo Bragurepos* taswure, s Oy ,,CruBHuIa” 1
Dasal 31 yiL. ,,JJumutsp IletkoB
@aza Il 20 norouu 1 u 2 36 47 5
Dasa 11 24 notouw 3 u 4 69 14 5
®aza IV 20 noTonu 5 u 6 71 12 5
Oy “CnuBHAIA” U [IpoabixuTeIHOCT Ha
Tabauna 7. Bxogsmu napamerpu Ha KpbCTOBUILETO 6y1. “Ilango Bragurepos™ dasure, s
Ha Oyi. “CruBruna‘ u Oyi. “ITanuo Bragurepos®.
Daza I 38
Oyn. “CnuBHuua‘“ u OyJ. 17 ®daza Il 10
“ITamyo Bragurepos* a Qav daza 111 24
MoTOK 1 0,19 12,87 daza IV 24
IIOTOK 2 0,05 3,79
MOTOK 4 0,17 11,89 n
MTOTOK 5 0,03 1,89 uTepatypa
10TOK 7 0,12 6,43 1. W.McShane, R. Roess, Traffic engineering, Prentice-
MOTOK 8 0,07 6,65 Hall. Englewood Cliffs, N.J, 1990.
noTok 10 0,09 6,51 2. Highway Capacity Manual. TRB, National Research
moTok 11 0,05 4,78 Council, Washington, DC, 2000.
3. . CanueB, Modenupane Ha nomHOMPAHCNOPMHOMO

Crnen BpBEXIAHETO Ha M3MEPEHHUTE AAHHU B H3MOJ-
3BaHUS aIrOpUTHM [3] ce ycTaHOBsIBA ChOTBETCTBUETO MY
¢ peanHaTta o0cTaHoBKa. [Ipy M3BBpIIIEHATA O TUMHU3AIHSI
Ha TIOKa3aTeJIUTe Ha TPAHCIOPTHOTO JWKCHHE 3a
H3CIICIBAHUTEe KPHCTOBHINA CE YCTAHOBW, 4Ye JEHCTBa-
OSIT IUKBI HAa KpbcToBHIEe Vi ,,Akan. Credan
MiageHoB” u yi1. ,,8-MU JeKeMBpH~ € ONTHMAJICH U He ce
HyXIae oT onTuMusnpane. ONTHMU3UpaHUTE BpEMEHA Ha
cBeTo(dapHUS LUKBI 32 OCTAaHAINTE KPHCTOBWINA Ca
npeactaBenu B Tabmuna 8.

4 3aknrouyeHue

HW3non3BaneTo Ha OE3MUIOTEH JICTATENIEH amapar H03BO-
JIBa Ja C€ YCTAHOBST INOKAa3aTeIUTe MBTHOTPAHCIOPT-
HOTO JBIKEHUE U J1a C€ B3eMaT HEOOXOIMMUTE MEPKH 3a
nmoJo0psiBaHE Ha OpraHu3anusTa M Oe30macHOCTTa Ha
JBIKEHUETO.

Cien u3BBPUICHOTO U3CIIEABAHE CE IIOCTUTA ONTHMHU-
3amusi, 4Ype3 TPOMsIHA Ha MPOABIDKUTETHOCTTA Ha
BpeMeHaTa Ha CcBeTO(apHUs LMKbI W HaMaJsiBaHE Ha
TPaHCIIOPTHUTE 3aAPBXKKH.

1. Joxmagpr ce
Nel7111D0001-04

myOnuKyBa BBB BpB3Ka C  IIPOEKT

2. Pesynratute myOauKyBaHu B A0KiIaza ca cBbp3anu ¢ HUC no
npoekT Nel7111P0001-04 xpMm T Ha TY-Codust.
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08UdICeHUE NPU HA CTNBNGAHE HA ABAPULIHIL CUMYAYUU,
Hucepraums, Texumueckn yamBepcuteT - Codwus,
(2013)

Research, analysis and optimization of
the indicators of the road traffic of light
regulated crossroads

Iliyan Damianov', Georgi Mladenov', Viadimir Hristov?,
Milena Savova-Maratzenkova' and Georgi Palagachev!

ITechnical University of Sofia, Department of Engines,
Automotive Machinery and Transport

Technical University of Sofia, Department "Automation of
Electric Drives"

Abstract: Subject of the study are five light-regulated
crossroads in Sofia - Acad. Stefan Mladenov Street and
8th December Street, Slatinska Street and Ivan Shterev
Street, Slivnitsa Blvd. and Dimitar Petkov Street,
Slivnitsa Blvd. and Pancho Vladigerov Blvd., Oborishte
Str. and Cherkovna Str. The report presents an optimal
solution for the duration of the light signals of light
regulated intersection.
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N360p Ha MeTOoA 3a onpeAensHe CKOPOCTUTE Ha ABUXEHNe Ha
aBTOMOOUNUTE NpU yaap mMexay Tax

Teopeu Nxone' u Munena Casoa-Mpanenkosa'”*

'Karenpa ,,J[Burarenn, aBTOMOOMIHA TEXHUKA U TpaHcopt™, Texundeckn yausepeutet — Codust, Beirapus

Pe3tome: B HacTosIaTra Hay4HOM3CIIEJOBATENICKA Pa3pabOTKa ca MPeICTaBeHn METOIH, IPUIIAraHy Ipu

H3CJIEABAHE CKOPOCTTA Ha ABMXKECHUE HA MOTOPHUTE NPEBO3HU CPEACTBA IIPU yAap MEXIY TAX. Bceekn CJIUH
OT aHAJIM3UPAHUTE MOAXOAW WMa CBOUTEC IPEAMMCTBA W HEAOCTATBhLH, KaTO NPU NPUIOKCHUCTO UM B

[PaKTUKaTa € HeoOXOOUMO [a ce u3bepe Hai-e(peKTHUBHMAT OT TAX, CHOOPa3sHO OCOOCHOCTUTE Ha

KOHKPCTHUS pellaBaH Ka3yc. HpI/I CJIOKHHU, TUHAMHUYHHU 3aJa4d MOXKE Ja CC HAJIOXKHU MU3II0JI3BAHETO Ha ABa

WJIK 1OBEYC METO/JIa € 1I€JI Aa C€ OCUT'YPHU TOYHA 000CHOBKa Ha KpaﬁHPITe HU3BOOM.

1 BbBegeHue

OcHOBHaTa 1€ NIPH U3CIIeIBaHE HA MbTHOTPAHCIOPTHH
MIPOM3IIECTBYS € IIpHJIaraHe Ha CbBPEMEHHU U HHOBAaTHB-
HU Metoad. IIpenmer Ha HacrosIIata HayYHOHM3CIEIO-
BaTeJICKa pa3paboTKa € aHAJIN3 U CHIIOCTaBSIHE HA METOIU
32 PEKOHCTPYKIHMS Ha MeXaHW3Ma IpU HACThIIBaHE Ha
[ITII. JeiicrButennara 0OCTaHOBKA Ha €HO TPAHCHOPT-
HO MIPOM3IIECTBHE C€ U3SICHSIBA €AMHCTBEHO Ype3 Bb3CTa-
HOBSIBAHE HA PEAJTHOTO [BMW)KEHHE Ha Yy4yacTBAJIUTE B
WHIOUAEHTa OOEKTH — MOTOPHHM IIPEBO3HM CpEACTBa
(MIIC) u nemexoxauu. M3roTBeHWTE aBTOTEXHUYECKH
€KCIEPTU3U Ca OCHOBEH M3TOYHUK Ha JOKA3aTEeICTBA IPU
paszcneasane Ha IITII, kaTo onpenensiHETO HAa CKOPOCTTa
Ha aBTOMOOWINTE € €AWH OT OCHOBHHTE €TamHu IpH
M3TOTBSIHETO WM. B mpakTukara ce M3Ioi3BaT pa3indyHu
METO/U, KaTO BCEKH OT TSAX MMa ChOTBETHHUTE NPEIHUM-
CTBa M HEIOCTaThLIM B CPABHEHUE C OCTAHAIHUTE IPH
n3cnenBaie Ha koHkpetHo IITII. ToBa wu3uckBa oOT
eKCIIepPTUTE Ja 03HABAT CHEUU(PUIHUTE UM OCOOCHOCTH
U Ja mnpwiarat Haii-e)eKTUBHHS METOJ[ IPH BCEKH
KOHKPETEH ClIy4ai.

2 N3noxeHue

[Ipn excnepTHO HW3cieaBaHE W ONpPENEISTHE CKOPOCTHTE
Ha naBmxkeHne npu ymap mexay MIIC morar ga ce
M3I0JI3BAT CJACTHUTE METON:

2.1. EHeprueH meTogp (,,Delta V”)

MeTogbT ce OCHOBaBa Ha 3aKOHA 3a CHXpaHCHHE Ha
ITBJIHATA MEXaHWYHA SHeprus, KaTo obIara KMHETHYHA
eHeprust npeau yaap mexay ase MIIC ce tpanchopmupa
B OCTaThb4HA KWHETHYHA €HEPTHs 3a BCAKO OT TAX CIEN

: Corresponding author: savova@tu-sofia.bg

126

yllapa U Ha €Heprusi Ha elacTU4Ha W IUlacTh4Ha Jedop-
Marus. Ilpu mpumaraHeTo My ce cha3Ba ajTOPUTHM,
CBHABPIKAI CIIEHUTE eJeMeHTH [3]:

M3MepBar ce AeopMaruuTe Ha aBTOMOOMIIUTE, TIPUIH-
HEHM OT yAapa MeXy TAX (B IIPaKTHKATa ce U3BbpILIBa
B 6 TOUYKH, Pa3NoI0KCHH TIPEe3 paBEH HHTEPBaN);
rpadU9HO Ce MPECTaBAT aBTOMOOMIINTE B MOMCHTA Ha
yAap;

HaHacs ce AUPEKTPUCATa Ha YAAPHHUS MMITYJIC, CKIFOU-
BaIIa pI'eJI s C HOpMaaTa Ha IOBbPXHUHATA Ha yIapa;
M3YHNCIABAT ce 3aryOMTe Ha eHeprus mpu yaapa E;
(i=1, 2) 3a Bcek” OT aBTOMOOMIINTE, KaTO C€ M3MOI3BAT
Kpali Koe(pHuImeHTH;

onpesieNs ce U3BMEHEHUETO Ha ckopocTute AV
OmpeNessiT Ce CKOPOCTUTE HAa MAaCOBHTE IICHTPOBE Ha

aBToMoOMMTe cnen yaapa U;, KaTo ce n3cieasa mpe-

MECTBAHETO Ha BCEKH €IMH OT TSIX OT MSICTOTO Ha ynapa
JI0 KpaitHOTO My MECTOIIOJIOKEHHE;
rpadMIHO WM aHATUTHYHO CE M3YUCISIBAT CKOPOCTHUTE

Ha MAaCOBUTE LICHTPOBC NPEAUn yaapa Vl , KaToO CC€ U3I10JI-

3Ba MOJYYCHHsI IPH AHAITN34a TUIAH HA CKOPOCTHTE.
3a 11a ce onpenersiT CKOPOCTHTE Ha MACOBUTE [ICHTPO-

Be Ipenu yaapa V; e HeoOXoauMo Aa € U3BECTEH BI'bI ),

KOHTO € pa3luKaTa OT BIVINTE MEXIy CKOPOCTUTE Ha
MacoBHS IICHTHpP Ha aBTOMOOWIIA TIpean yaapa o U cien
ynapa f.

Qur. 1 npexacrass medopmarmsTa Ha aBTOMOOWI,
MOJTy4YeHa MPH yJap U ChOTBETHHS IJIAH HA CKOPOCTHTE
[4]. B TpubreiHuka, MoydyeH OT BEKTOPUTE Ha CKOPOC-
U u

1V, e preanT 9, @

TUTE, BI'BJIBT MEXKIY BEKTOPUTE i

BI'BIBT MEXKIY BEKTOPUTE V u AV ¢ broasrt bs.

3a ;a ce mpUIIoKHA METOABT ,,Delta V’ e HeoOxoxmumo
Jla ce OMNpEeNeNAT CTOMHOCTUTE Ha CICOHHUTE H3XOIHHU
nmapaMeTpu 3a aBToMoOmmTe yaactBanu B IITTI, karto ce
M3M0J3Ba MH(pOpMALMATA, ChOpaHa NPH W3BBPILICHUTE
OTrJIeIn HA MECTOMPOUBIIECTBUETO:
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y=a-p;

* CKOPOCTTa Ha MACOBHS LIEHTHD Ha aBTOMOOMIJA CIIE]
yaapa U,

* BIBIBT bs.

® ﬂ i 1

s g

®ur. 1. Jleopmanus Ha aBTOMOOIII 1 IIJTaH HA CKOPOCTHUTE

[4].

I[Ipu mocTposiBAaHE Ha JUpPEKTpUCAaTa HA YHAAPHHS
HMITyJIC MOTaT Ja C€ H3MO0J3BaT [Ba HA4YMHA, KaTo
MBPBUST € aHAIMTUYEH, a BTOPHUIT ce 0a3upa Ha Kade-
CTBEHA OIICHKA Ha JIMHUATA Ha JedopMaluUTe Ha aBTO-
mooOmnute [4]. [locokaTta Ha 3aBbpPTaHe HAa aBTOMOOWIINTE
cienl ynapa TpsOBa Ja € B CTPOrO ChOTBETCTBHE C
[ocOKaTa W TrOJEeMHHAaTa HAa MOMEHTHTE Ha YyAapHUs
HMITYJIC CHPSIMO MAacOBHUTE UM LIEHTpoBe. Jlupekrpucara
Ha yJapHaTa CHJia Ce MOCTPOsiBa MO TaKbhB HAYMH, Ye Ja
ChOTBETCTBA HAa IMOCOKaTa M TOJIEMHHATA Ha BIJIOBUTE
CKOpOCTH.

To4yHOCTTa Ha METO/Ia 3aBHCH OT :

* [IOJX0/[a ¥ TOYHOCTTA MPH HU3MepBaHe Jedopmanusira
Ha aBTOMOOWJINTE yYacTBAIH B CHIIPUKOCHOBEHHETO

* m300pa Ha Kpam-Koe(hUINEHTH

* TOYHOCTTA IIPU ONpeJeNisiHE CTOMHOCTTA Ha BbI'bja bs.

IIpu meroma or gedopmanusTa Ha Y4acTBAIIUTE
aBTOMOOMIN ce ompezens 3arybara Ha KHHETHYHA
EHeprus BCIICJACTBHE Ha ynapa.

2.2. 3aKOH 3a CbXpaHeHue Ha KOJINYeCTBOTO Ha
ABmxeHueTo (metopn ,,Momentum 360“)

Ckopocture Ha aBTOoMOOMimTe V; mpeam ymapa u U,

CJICA yAapa €a CBbp3aHUu CbC 3aBUCUMOCT, OCHOBAaBallla c¢
Ha 3aKOHa 3a CbXPaHCHNUEC HAa KOJINYCCTBOTO Ha ABUKCHUC

Q. ToBa MoXe Ja ce M3pa3u ChC CIEJHOTO BEKTOPHO
ypaBuenue (1) :

(M

KBJETO M1 ¥ My Ca MacuTe Ha aBTomoounure; V; u V,—
CKOPOCTHUTE Ha MAacOBHTE IIEHTPOBE Ha aBTOMOOWINTE
npeau yaapa; U, u U, — CKOpOCTUTE Ha MAaCOBUTE LIECH-
TPOBE Ha aBTOMOOWINTE CIIel yAapa.

Crnen mpoexkTHpaHe Ha BEKTOPHOTO paBeHCTBO (1)
BBbPXY KOOPIMHATHHTE OCH Ha IIPOU3BOIHO HU30OpaHa
KOOpJMHATHA CUCTEMa Ce [oJTy4aBa ajlredpuiHa CUcTeMa

OT JBE ypaBHeHHMs, (2) ciel pelaBaHETO Ha KOSATO
oIpezieIsIME CKOPOCTHTE Ha aBTOMOOMIIUTE ITPEH yAapa:
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miVicosa; + maVacoson = miUicosf + maUascosfs;

miVisina; + maVasina, = miUising; + moUssings,

2

KBJIETO 01 ¥ (2 Ca BIVIUTE HA IOCOKATa Ha JBIYKCHUE Ha
aBTOMOOWJINTE TpeAd yaapa, a ffi ¥ f/» — BIIIUTE Ha
MI0COKaTa Ha JIBHYKCHUE Ha aBTOMOOMIINTE ClIeA yapa.

CrolfHOCTHTE Ha BIVINTE Ha MOCOKATa Ha JBHIKCHUE
Ha aBTOMOOMJIMTE IPeIu M CJel yAapa ce ONpeneiisiT B
CHOTBETCTBHE C IIpHETaTa [0COKa Ha ocTa X Ha KOOp.Iu-
HaTHaTa cucrema. TOYHOCTTA HA METOJA C€ OMPEIeTst OT
JIOCTOBEPHOCTTA HA BBBEJACHHUTE BIVIM U OT JIOCTOBEP-
HOCTTa TIpH CyOeKTHUBHH H300p Ha KOSPHUIHMEHT Ha
CBIIPOTUBIICHHE.

PelieHreTo € CHUIIHO YyBCTBUTEIHO KBbM pa3jMKaTa
(o1 — o). Ilpu (a1 — az) = 180° (wemen ymap) wiu
(o1 — a2) = 0° (3azmeH ynap) U Haii-MajnkaTa MPOMsIHA Ha
€IMH OT BIJUTE BOJAU JIO 3HAYMTEIHO H3MEHEHHE B
CTOMHOCTHTE Ha CKOPOCTHTE IPEH yaapa.

IIpn TO3M MeTon CTOWHOCTHTE Ha CKOPOCTHTE Ha
aBTOMOOWJINTE Tpenu ylnapa He 3aBUCST OT Bbrbja Ha
JUPEKTpHCATa HA YIAPHUS UMITYJIC Uis,

2.3. Teopusi Ha ypnapa

[Ipu TO3M MeTon ce n3noN3Ba KOSQHUIUESHT Ha BH3CTaHO-
BsIBAHE, KOWTO ce ompeaens onuTHO. IIpu chBBpIIEHO
elacTu4eH yaap k = 1, a Ipu ChbBBPIUICHO HEENacTHYCH
ymap k= 0. 3a peamaure Tena 0 < k< 1.

AHaNOruYHO OT 3aKOHA 332 ChXPAHEHHWE Ha KoJn4e-
CTBOTO Ha IBWXXCHHE CE IIOJ[yyaBa CHCTEMaTa OT IBE
CKaJlapHH yPaBHEHHMs 3a CKOPOCTHTE Ha aBTOMOOWINTE
npeau yzaapa. 3a ocrta X Ha KOOpAMHATHATa CUCTEMa
ypaBHEHHETO UMa BHUJA:

(—cosaiex — sinaiey )V1 + (cosazex + sinaze,) Vs =
=[(cosphe + sinfre,)Us — (cospiex + sinfi e,)Uil/(Fk),(3)

KBJETO ¢ € €AUHHYHMAT BEKTOP Ha BEKTOpa Ha yIapHUS
HMITYJIC 33 JJaieH aBTOMOOWI U NPOEKIMUTE MY BBPXY
OCHTE Ha KOOpDAMHATHATA CHUCTEMA Ca: €; = COS Os;
e = sin as; as — BrBIBT, KOUTO BEKTOPHT HA yAapHHS
UMILYJIC CKJIF0YBa € ocTa X.

Henoctarbk Ha AafeHust METO], € JMIcaTa Ha J0CTa-
THYHO JI@aHHU 3a CTOMHOCTHTE Ha KOe(HIMEeHTa Ha
BB3CTAaHOBSABAaHE, KOETO € IMPEANOCTaBKa 3a M3BECTHA
Tpelka IpH ONpeessiHe CKOPOCTUTE Ha aBTOMOOMIINTE
IIpean yaapa.

Ilpu TO3M MeTOA CTOMHOCTHTE HAa CKOPOCTUTE Ha
aBTOMOOWINTE Tpeau yAap HE 3aBUCIT OT BI'bJla Ha
JUpEKTpHcaTa Ha YAApHUS UMIyIC as. M3mom3Ba ce
OCHOBHO TIpH H3CJIEBAaHE Ha YelleH WIN 3aJeH yZap,
KOTaTo € 3aTPyIHEHO M3IO0I3BAHETO HA 3aKOHA 3a ChXpa-
HCHHUC Ha KOJIMYCCTBOTO HA ABUKCHUC.

2.4. MeToA Ha NNaHa Ha CKOpoCTUTe

MetonpT ce mpeanara OT aBTOPUTE M CE OCHOBaBa Ha
IPUIIOKEHUETO Ha CHHYCOBATa U KOCHHYCOBaTa TeOpeMa.
Bceku TPUBTBIHUK, KAKbBTO € IUIAHBT HA CKOPOCTHTE
(¢ur.1), e onpenenen oT 6 OCHOBHU €JIEMEHTa — 3 CTpaHH
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u 3 Brena. 3a Ja ce OmpenessaT CTOMHOCTHUTE WM, €
HEoOXOIMMO ITbPBOHAYAIIHO J1a Ca N3BECTHU TPH OT THX,
OT KOHTO IIOHE €/IH J1a € CTpaHa.

AKO Tipu U3CIIeBaHE Ha yIap MEXKIYy aBTOMOOMIH ca

M3BECTHU CKOPOCTTa HAa MacOBHs LIEHTHP cient ynapa U;

U BraMTe: y1 = 0 — fi U Os 32 BCEKU SAMH OT TAX HE €
HEOOXOIMMO Ja ce€ H3I0oia3Ba MeToasT ,Delta-V.

V.

CxopocTTa Ha aBTOMOOMIa B MOMEHTa IIpeau ynapa V;
MOXe [1a Ce IPeCMETHE aHATUTHYHO WX rpaduvHO, KaTo
ce M3I0JI3Ba NpeJIaraHus OT HaC METONI.

IIpn wu3BecTHM TpH nIApaMeTbpa OT BEKTOPHHUS
TPUBIBIHUK, (hopMHpall IUIaHa Ha ckopocrure (y, U u
Os), MOXxe Jja ce MIPeCMEeTHEe aHAIUTUYHO CTOMHOCTTa Ha
CKOPOCTTa Ha aBTOMOOWIA IIpexu ynxapa, Karo ce
u3nomnssa Gopmynara:

V=Uc0sy+U%,m/s. “)

A

M3menennero Ha ckopocrra AV, KoSTO oOTuYuTa
3ary0aTa Ha eHeprusl IIpU yAapa ce IpecMsTa OT U3pasa:

AV =U smy

, m/s. 5)

sind,

CrolHOCTTa Ha CKOpOCTTa Ha aBTOMOOWIA Ipeiu
ylapa MOXe Jia ce ONpeAeiIn U rpadyHo NPU W3BECTHU
TPY TapaMeThbpa OT HOIYyUYSHHUS IIJIaH Ha CKOPOCTHTE.

PasrnenannTe MeTonu ca MPUIIOKEHH MTPH EKCIIEPTEH
anamu3 Ha [1TII mexmy nBa aBTOMOOMIIA, KATO Ca U3ITOII-
3BaHU CICOHNUTE U3XOAHU JaHHU — 33 ITBPBH aBTOMOOMI:
y1=21°, Ui = 9,30 m/s, Os; = 9°; 3a BTOpH aBTOMOOWI:
2 =2° U, =991 m/s, Os, = 1°, k = 0,3. [Tonyuenure
pe3yaTaTé ca AafeHd B Tabimma 1, KaTo CTOMHOCTH Ha
CKOPOCTHTE Ha aBTOMOOMIINTE MpPEAN yAapa 3a IIbPBUTE
TPHU METOJa ca U34YHUCIIeHH B [4].

Tabauna 1.
Ckopoct N3non3Ban MeTon
npean Momentum |Teopust Ha| I[lnan Ha
yAapa Delta v 360 yaapa | CKOpoCTHTE
Vi, m/s; 30,89 30,64 30,70 29,72
V2, m/s 29,67 29,48 29,52 29,71

3 3aknroyeHune

B HacTosmaTa ctaTus ca OMMCaHH MpeIuMCTBaTa, Hello-
CTaTBIMTE U 00JIACTTAa HA MPUJIOKCHUE HA Pa3rICaHNUTE
METOJIM, M3MOJI3BAaHU TPHU OIPEAETSTHE CKOPOCTHTE Ha
MaCOBUTE IICHTPOBE Ha aBTOMOOWJIMTE Npeau yaapa
MEXIY TSX.

Ot Tabmuma 1 ce BmkAa, 4e MPH JOCTATHYHO TOYHO
ONpeJIeNIeHd CTOWHOCTH Ha BXOJSALIUTE MapaMeTpu ca
MTONTyYeHH TIOYTH €JHAKBH CTOHHOCTH 332 CKOPOCTHUTE Ha
ABTOMOOWMIINTE TIPEIH yIoapa MEXIy TAX.

[IpemnokeHusAT OT aBTOPUTE METOM, OCHOBABAIII CE Ha
MJIaHa Ha CKOPOCTHTE, TIO3BOJISIBA IMPU TOYHO OMpPEIEIeHa
CTOMHOCT Ha bI'biia fs, KOUTO AMPEKTpUCATA HA yIapHHS
HMIyJC CKJIIOYBAa C HOpMajaTa Ha IMOBBPXHUHATA Ha
yaapa, ia ce IPEeCMETHAT CKOPOCTUTE HA aBTOMOOMIIUTE
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Tpenu yaapa MexXIy TsaX, 0e3 ga e HeoOXoamMo Ja ce
n3MepBa aedopmanusaTa M. He3HauYMTEIHOTO OTKIOHE-
HUE B IIOJIy9YE€HUTE pe3yaTaTy, npeacraBeHu B Tabmuma 1,
ce AbKM Ha (akTa, 4e CTOWHOCTTAa Ha BIbiid Og ©
npubanzuTenHa. OCHOBHOTO IPEAMMCTBO MpPU TO3M
HOZXOJ] €, 4e OTMaja HeoOXOJMMOCTTa OT U3MEPBaHE Ha
nepopManuuTe Ha aBTOMOOHIIHTE.
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Abstract: The main idea of this report is to present
different methods, which are used when analysing the
velocities of vehicles in case of an impact between them.
Furthermore, the authors of the study suggest method,
which allows the determination of vehicles' velocities to
happen without the need of deformation measurements.
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BnusiHne Ha brbna Ha AMpeKTpucaTa Ha ygapHUs UMNyJc
BbpPXYy TOYHOCTTA NpU onpeaensiHe CKOPOCTUTe Ha ABUMXEHne
Ha aBTOMOOMNUTEe Npu yaap Mexay TAx

Munena CaBosa-Mpauenkosa'” u I'eopeu Jlxones!

'Karenpa ,,JlBurarenu, asToMOOMIIHA TeXHUKA U TpaHcopt™, Texuuuecku ynusepcuret — Codus, Brirapus

Pe3tome: [Ipu ananu3za Ha meTHOTpaHCTIOpTHHUTE Npoun3mectus (I1TII) ce mpuarart pa3IudHH TOIXOIH 3a

ompeJeNiiHe CKOPOCTUTE Ha JABIKCHHE Ha MOTOpHHTE TpeBo3HHU cpenctBa (MIIC) B MoMeHTa Ha yaapa
Mexnay Tax. Excreprure B Tasum obnact e HeoOXomuMo 1a u30epaT METoZ, C KOWTO IIe Ce OCHI'YpH

HeoOXoIuMaTa TOYHOCT M OOEKTHBHOCT IIPU pellaBaHe Ha KOHKPETeH Kaszyc. B crarusra e m3cneaBaHo

BJIMSTHHUETO Ha BI'bJIa HA AUPEKTPHCATa HA yJAPHUS UMITYJIC BbPXY TOUHOCTTA TIPH ONPEEIIsTHE CKOPOCTHTE
Ha JIBIDKCHHE Ha aBTOMOOWIINTE TIPH yIap MEXIy TSX, KaTo ca W3IIOJI3BaHU M CPAaBHEHH [Ba Pa3IHIHU

MeToAa.

1 BbBepgeHue

OCHOBHHUTE LIENH NPH U3BBPIIBAHE HA aBTOTEXHUYECKA
€KCIIEPTHU3a Ca CBBP3aHU C ONPEEIITHE Ha MPUYMHUTE 3a
BBb3HUKBAHC Ha IMMIBTHOTPAHCIIOPTHUTEC IMPOU3IIECCTBUA
(IITIT), ana;m3 M OlIEHKA HA MOBEAEHHETO HAa YYacCTHU-
nute. Ilpu Bp3cTaHOBABaHE MEXAHU3MA Ha M3CIEABAHUS
HMHIUAEHT € He0OX0IMMO Ja C€ OIpPEeeNH TI0JIOKEHNETO
Ha IPEBO3HUTE CPEJCTBA B MOMEHTA Ha Bb3HMKBAaHE Ha
OllacHa CUTyalHs1, CKOPOCTTa UM B pa3IMYHA MOMEHTH OT
BpeMe, MACTOTO Ha yjaapa Mo JbJDKMHA M NIMPOYMHA Ha
I'bTHOTO TUIATHO H JP.

ABTOTEXHUYIECKUTE EKCIIEPTU3H Ca OCHOBEH M3TOU-
HUK Ha JOKasaTejcTBa Ipu pasciensane Ha IITII, karo
IIPY M3TOTBSIHETO MM CE M3IOI3BAT PAa3IMYHU METOIHM 3a
olpeieNsIHe Ha CKOPOCTUTE Ha aBTOMOOMIINTE B MOMEHTA
Ha ynapa. B craTusaTa ce mocTass 3a L€l 1a Ce ONpenean
MPUIO0KUMOCTTA U TOUYHOCTTA Ha JiBa OT TAX.

2 N3noxeHue

[Ipu mpoBeneHnsi aHamM3 ce HW3CIENBa BIMSHAETO Ha
BI'BJIa Ha JUPEKTpPHCaTa Ha yOApHUS HMITYJIC BBPXY
TOYHOCTTA NP ONpeIeIITHE CKOPOCTUTE Ha JBIKEHUE HA
JIBa aBTOMOOMJIa B MOMEHTA Ha 4elieH, KOC yAap Mex1y
TAX, KaTO U3XOAHNTE TaHHM 32 KOHKPETeH mpuMep ot [1]
ca npencraBenn B Tabauua 1, kbaeTo B; e HajrbxkHa 6a3a
Ha aBTOMOOWIIA, m; Maca Ha aBTOMOOWMJIA, ¢ — BI'bJI IIPEIU
ynaapa, f§; — sI'ei cien yaapa, U; — ckopocT cief yaapa u
05— BI'bJ HA TUPEKTPHUCATA HA YIAPHUS UMITYJIC.
Wznon3Banu ca aBa merona: ,,Enepruen meron Delta-
V”[1] u ,,Meton Ha nnaHa Ha ckopocTuTe* [2], KaTo mpu
MPOBEACHUS aHAIN3 OCTAHAIUTE MapaMeTpH OCTaBaT
MIOCTOSIHHH, a TIPOMEHJIMB € CaMO BIBIBT a5, KOHTO

: Corresponding author: savova@tu-sofia.bg
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JUPEKTpHCaTa Ha yIApHUS UMITYJIC CKIIOYBa ¢ abcrmc-
HaTa oC Ha U30paHara OT HaC KOOPAWHATHA CHCTEMA.

Taoauua 1.
napameTsp| mi, Qi bi Ui, as
aBTOMOOMIT m kg m/s
AsTtomoOmn 1 2,6 1250 0° 339° 9,3 9°
ABTOoMOOMI 2 2,7 1420 188° 186° 9,91 9°

2.1 TMpunoxeHue Ha EHepruen metopa ,,Delta-V”

[Ipu npunaraneTo Ha TO3M METOJ] C€ CIIa3Ba AJITOPUTHM,
moIpoOHO omvcaH B [1], kKaTo ca JaieHu CTOWHOCTUTE Ha
n3MepeHnTe aehopMaii Ha aBTOMOOMIINTE yYacTBAIIN
B IITII, choTBETHO B 6 TOYKHU NIpE€3 PaBHHU UHTEPBAIU -
Tabmmuma 2.

Taoauua 2.
Cl, | C2, | C3, | C4, | C5, | C6,
cm | cm | cm | cm | cm | cm
AsTomoOu 1 135 | 112 | 75 50 23 6
ABTOoMoOuUI 2 108 | 104 | 93 80 51 26

B 3aBuCHMOCT OT IbJDKMHATA Ha Ha UIbKHATa Oa3a Ha
aBTOMOOMIHTE ca N30paHu KOSPHUIIMEHTHTE Ha KOpaBUHA
(xpam koedpummenTn) 1], mokasanu B Tabmuma 3.

Taoauua 3.
Bi, A, B,
m N/cm N/em?
Astomobu 1 2,6 362 483
AsTomobun 2 2,6 362 483
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CroifHOCTHTE HAa CKOPOCTHUTE B MOMEHTa Ha yaapa,
npecMmeTHaTty 1o to3u meron B [1], ca: V1 = 30,89 m/s;
V>=129,67 m/s.

Kato cnazBame onmcanus B [1] anroputsM, HU3MEHS -
KA BI'bJIa HAa JUPEKTPHCATa HA YAApPHUS HUMIIYJIC ChC
creika 0,5° cMe WM3YMCIMIM CHOTBETHHTE 3aryOu Ha
eHeprus, AV; 1 cTOMHOCTUTE HA CKOPOCTUTE B MOMEHTa
Ha ynapa V; 3a pasriiexxnanure apromoown. [lomyuennre
pe3ynTatu cMe npeacraswin B Tabnuma 4.

Tabuuua 4.
as © Ei E> AT AV 4 V2
Nm Nm m/s m/s m/s m/s
8,5 | 259043 | 332923 | 30,88 | 29,66 | 30,88 | 29,66
9,0 | 259740 | 333000 | 22,46 | 19,77 | 30,86 | 29,67
9,5 | 260749 | 333126 | 30,85 | 29,68 | 30,85 | 29,68
10,0 | 261261 | 333304 | 22,49 | 19,80 | 30,83 | 29,69

B pasrnexxnanus nHTEpBal HAa U3MEHEHHUE Ha CTOMHO-
CTUTE Ha BIBJIA as oT 8,5° g0 10° ce mabmromasa, ue
CTOMHOCTHUTE Ha V| MOHOTOHHO HaMaJIsiBaT, a CTOWHOCTH-
Te Ha V), ce yBeliMuaBar, KaTo Te3 U3MEHEHHUS ca B MHOTO
TECHH TPaHHIIH.

IIpu manka cToiiHOCT Ha Brbi Os (Os; = as — 0;), KOUTO
IUpEKTpHCcaTa Ha yIapHUS UMITYJIC CKITFOYBA C HOpMaaTta
Ha TIOBBPXHWHATa Ha YyAapa ce Ha0momaBa ciabo
BIUSHHE BBPXY CTOHHOCTHTE Ha OCTAHAINTE ITapaMETpPH,
ThI Karo BbB (opMysiaTa 3a W34YMCIIsBaHe 3arybara Ha
eHeprust E;, ydacTBa tg Os;, KOHNTO MMa MHOTO MajKa
cTroiHOCT. ChIiaTa TEHACHIUA ce 3abels3Ba W TIpH
cTpanuueH yaap. [lpu mnpuiokeHue Ha TO3M METO/,
OCHOBHO BIIMAHUEC OKas3Ba IMpaBUIHOTO U TOYHO
u3MepBaHe Ha JedopMaldUTe HAa Yy4acTBAJIWTE B
MIPOU3IIECTBUETO aBTOMOOLITH.

2.2. MpunoxeHue Ha ,,MeToa Ha nnaHa Ha
cKopocTuTte*

MetonsT, onucaH B [2] € OpeasiokeH OT aBTOPUTE Ha
HacTosIIaTa CTaTHs U C€ OCHOBAaBa Ha IPAaBUIIOTO, CIIOPE]
KOETO IPH H3BECTHH TPH IapaMeTbpa B TPUBI'BIHHK
o0Opa3yBaH OT BekTopure Ha ckopoctutre (y;, U; u Os),
MOXKE IHUPEKTHO Jla C€ MPECMETHE AaHAJIUTHYHO WU
rpadUIHO CTOWHOCTTa HAa CKOPOCTTa Ha aBTOMOOWIA B
MOMEHTA Ha yapa, Kato ce u3nonssa popmyna (1):

V=Ucosy+Uw,m/s. (1
tg b

M3menenuero Ha ckopocTTa AV; Ha MaCOBUTE LIEHTPO-
Be Ha yuyactBaymTe B [ITT] aBTOMOOMIIHM B 3aBUCUMOCT OT
3arybaTta Ha €Heprus IpH yaapa ce OIpelels, KaTto ce
u3nosBa ¢popmyna (2) :

AV =U2

7 mis. )
sin @,

)
KBJETO Y € Pa3jiuKaTa OT BIJIUTE MEKIY CKOPOCTUTE Ha
MacoOBHs [ICHTHP HA aBTOMOOMIa B MOMEHTA Ha y1apa a U
cien yaapa f3.

Ipu ¢, = 0 Hsima perrenne 3a ckopocture AV

MeTogbT MOXeE J1a ce Mpujiara U B CIIydauTe, Korato
HE ca M3BECTHU TOYHUTE CTOWHOCTH Ha BIIINTE HAa TUPEK-
TpUCcaTa Ha YyAApHUSA HUMIYJIC os. B To3u ciydail e
HEOOX0AMMO J1a CE OIpEEIsT UHTEPBAINTE B KOWTO Ce
U3MEHST TE3H BIIIU, KaTO Ce ClIa3Ba 10CcoKaTa Ha POTalHs
Ha aBTOMOOWJIMTE CIIe] yaapa.

IIpu pemaBanero Ha 3ajayara, KaTo KPHUTEPUH ce
H3II0JI3BA YCIOBHETO, Y€ YJAPHUSIT UMITYJIC 32 BCEKU OT
aBTOMOOMIINTE, CBIVIACHO 3aKOHA 3a H3MCHEHHE Ha
KOJIMYECTBOTO Ha JBYDKCHHUE € eHaKbB (3) :

S:mlAVl =my AVz, Nis. (3)

Ha ®ur. 1 e mpencraBena 070k cxema, OnMcBalia
ITOpUTHMa TIPH ONPE/ENIsIHE Ha TOYHUTE CTOMHOCTH Ha
CKOPOCTHTE Ha aBTOMOOWJINTE B MOMEHTA Ha YAapa, KaTo
ce MpHeMa, Y€ HHTEPBATBT B KOMTO c€ U3MEHS BI'BJIBT O
e [8,5° 10°]. Ilpunaraiiku 4dYHCIEHHWS METOJ Ha
MIOC/IEIOBATEIHUTE TNPUOMIDKEHNS, 4Ype3 JeJCHE Ha
MHTEpBaJIa HAIIOJIOBHHA ONpEesiME TOUHUTE CTOHHOCTH
Ha CKOPOCTHTE Ha aBTOMOOWJINTE B MOMEHTa Ha yzapa.
[Monyuenure pesynraru ca 0600meHu B Tabnuna 5.

Ta6auua S.
Ne as © Vi V2 mAVy maAV2
m/s m/s Ns Ns
1. 9,250 29,15 25,75 25917 22512
2. 8,875 30,03 32,55 27 003 32 160
3. 9,063 29,58 28,55 26 449 26 485
4. 9,156 29,36 27,04 16 180 24 334
5. 9,109 29,47 27,76 26314 25336
6. 9,086 29,52 28,14 26 381 25913
7. 9,074 29,55 28,35 26 415 26 196
8. 9,068 29,56 28,45 26 432 26 340
9. 9,065 29,57 28,50 26 440 26 412
10. | 9,064 29,57 28,53 26 445 26 449

Bposit Ha urepauuute B ciaydas e 10, xaro mpu
as =9,064° ce nony4yaBa CbOTBETHO:

S1 = mlAVl = 26445 NS;
S> =my AV2 = 26449, Ns.

BposT Ha uTepanuuTe 3aBUCH OT CTOHHOCTTA Ha abco-
JIIOTHATa rpelika € MeXay yJapHUTE UMITYJICH S; 32 BCEKU
OT aBTOMOOWJINTE, 3aJI0’KCHA B QJITOPUTHMA HA MPECMSITa-
HUsTA.

CroiiHOCTUTE Ha CKOPOCTHTE B MOMEHTa Ha ynaapa,
MPECMETHATH MO0 TO3U METO/, Ca :

V1 =29,57 m/s;
V,=28,53 m/s.
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BbBeXAaHe HAa U3XOAHUTE AAHHU U
U3uncnsiBaHe Ha U1 7] U2

'

BbBeXAaHe rpaHuLMTe Ha brbna Ha
AVpeKTpucaTa Ha yaapa o
AONHa rpaHMua o, ; FOpHa rpaHuLa o

* ~
BbBeXaaHe CTOWHOCTTa Ha
abconioTHaTa rpewska g

as=(aL+aD)l2

v

n3uymcnsiBaHe CTOMHOCTUTE Ha
V1 7] Vz; AV1 7] AVZ;
S1=m 1.AV1 7] Sz=m2.AV2

@ur. 1. biiok cxema.

3 3aknrouyeHune

3.1. Ilpu metox ,,.Delta-V” croitHocTuTe Ha BriTATE O
OKa3BaT ci1a00 BIMSHUE BBPXY CTOHHOCTUTE HA OCTaHa-
auTe mapaMeTpu. PemaBamoTo mpu TO3M METOH €
MIPaBUJIHOTO W TOYHO M3MEpBaHE Ha Ae(opMalUHTe Ha
y4YacTBAIIUTE B MPOU3IIECTBUETO ABTOMOOWIIH.

3.2. 3uncnennTe cTOWHOCTH Ha cKkopocTute AV; u V;
C IIPEUIOXKEHHMs OT HAaC METOJI, OCHOBABAIIl CE Ha IJIaHa Ha
CKOPOCTHUTE, CHJIHO 3aBHCAT OT CTOMHOCTHUTE HA BIIIUTE
Osi.

3.3. IlpeanoxeHusT OT aBTOPUTE METOJ Ha IJIaHa Ha
CKOPOCTHTE M03BOJISIBA MIPU M3BECTEH MHTEPBAJ HA H3Me-
HEHHE Ha BIJINTE Ha JUPEKTpHCATa Ha YAAPHUS UMITYJIC
oOs, 1a Ce ONPE/IeNAT TOYHUTE CTOMHOCTH Ha CKOPOCTHTE
Ha aBTOMOOWJINTE B MOMEHTA Ha yJapa KaTo ce clas3Ba
YCIIOBHETO yJAPHUAT UMITYJIC 32 BCEKH OT aBTOMOOMIINTE
CBIJIACHO 33aKOHA 32 M3MEHEHHE Ha KOJMYECTBOTO Ha
JBIDKCHUE J]a € €JHAKBB.

3.4. Pa3znukure B CTOWHOCTH Ha CKOPOCTHTE Ha
aBTOMOOWINTE B MOMEHTa Ha YAapa, ONPENEeNeHH IO
pes3rieqaHuTe JBa MeTo/a, Ce ObDKaT Ha I0JIX0Ja
M3I0JI3BaH MpHU H3YHCIIIBAHC Ha CTOMHOCTUTE Ha
ckopoctta AV Ha MacoBHUTE LIEHTPOBE HA aBTOMOOWIINTE
B MOMEHTa Ha yJiapa.
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Influence of the angle of the directory on
the accuracy of the measurement when
determining vehicles’ velocities in case
of an impact between them

Milena Savova-Mratsenkova' and Georgi Djonev!

'Department of engines, motor vehicles and transport,
Technical University of Sofia, Bulgaria

Abstract. When traffic accidents are analysed, different
approaches for determining the velocities of motor
vehicles are used. By comparing two different methods
for determining the velocities of motion, this report aims
to investigate the impact of the angle of the directory on
the accuracy of the measurements that are made.
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