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DEVELOPMENT OF HIGH POWER LASER EMITTERS WITH
SPATIALLY AND TEMPORALLY FORMED EMISSION FOR
IMPROVEMENT OF HARD TISSUE TREATMENT IN THE
DENTAL MEDICINE

MARGARITA DENEVA', STANISLAVA RABADGIISKA', TZONKO UZUNOV?,
TODOR UZUNOV?, NADEJDA KAIMAKANOVA®, MARIN NENCHEV'

Abstract: We have developed and tested special Nd:YAG laser sources that provide convenient
emission for improved teeth problem treatment with laser light in the dental medicine. The
lasers produce a pulsed light that combine ~0.5 ms annular cross section emission with
temporally delayed superimposed short operating Q-switched beam in the internal part,
generated in the internal part of the rod. The principle for improvement of early stage enamel
caries treatment with our laser is related with controlled heating of the annular surrounding
area to the caries before to be illuminated by the high power Q-switched pulse. Thus, the
temperature gradient on the tooth surface decreases and this decreasing prevents the tracking
of the tooth enamel. Experimental results are carried out.

Key words: coaxial beams laser, heating problem a caries treatment

1. Introduction

The lasers traditionally are of interest for
use in health procedures, including in the dental
medicine, and their potential for such treatment, is
actual and are under continuous development. The
application of the high power/energy laser radiation
for treatment of caries or other defects in hard tooth
tissues is considered as a perspective procedure [1].
Increasing the energy parameters of the operating
light, on one hand, facilitates and in many cases —
allows effective treatment of the hard dental tissue,
however, by general reasons, especially due to non-
homogeneous heating of the tooth tissue, can lead
also to tooth damage. The aim of this work is to
introduce the developed and patented by us
specialised coaxial two-beam geometry lasers with
convenient spatial and temporal characteristics for
improved treatment of the hard dental tissue
problems, especially the early stage of enamel
caries.

2. Discussion of the problem with enamel
and the general presentation of the property of
our new lasers, which makes them of interest for
solving the problem.

During our previous study of the
processes of laser light treatment of tooth tissues
[2,3], we have clearly observed the problem of
enamel crack when the tooth surface is treated by
high energy density laser light. From the general
and well clear physical reasons, the problem with
enamel cracking during the caries removal via high
energy and short time duration pulses can be related
with appearance of high temperature gradient that
creates a mechanical tension, combined with the
heated volume expansion. Both non-desired effects
are favoured by the strong temperature difference.
Also, such crack is favoured by appearance of the
structural transformation for long time illumination
(~ 20s, ~0.1J in the pulse) and probably by
enamel melting (after 800°C) [4]. In our work, the
obtained maximal temperature in the treated enamel
areas (to ~700°C) and the use of single pulse
operation permits to not consider the last two
processes. We will accept that for our conditions the
main reason for the cracks appearance is the
mechanical tension as a result of the high
temperature differences. For the cases, considered
in this work, when a small dimension early caries
of enamel with a diameter of ~1 mm and depth of
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part of mm) are treated with single pulses with
relatively low energy of order of 0.5 - 1 J and pulse
with a short duration of order of nanoseconds and
microseconds, focalized on the enamel caries a
crack traces formation is typical phenomenon (our
proper observation, also from the literature [4]).
There are practically not heat dissipation that
provides the noted strong difference between the
temperature of the caries and surrounding and
respectively strong mechanical tension there. The
created by the short pulse laser light temperature
difference between the heated area and its
surrounding is dissipated for a time that can be
evaluated by the formula t = z*/4a [4]. Here a is the
coefficient of the thermo-conductivity depending on
the coefficient of the heat conductivity, the mass
and the specific heat; z is the depth of the light
beam (energy) penetration. For the enamel typically
o~ 2.7 x 107 and for our conditions with z ~0.3 mm
and we obtain 1~10 ms that is essentially higher
time in the scale of used by us nano- and
microsecond pulses. Such laser pulse duration is
also typical for practically applied pulsed lasers in
dental medicine. Thus, practically there is not heat
removal from the illuminated places during the
pulse treatment. The produced temperature
difference can reaches essential values. Really, let’s
evaluate the reached temperature in the place of
small caries, illuminated via focalized laser beam
from Q-switched laser. Let’s, as example accept the
following realistic parameters (according also to our
experiments, described below): A) for the laser light
— 1/. Operating beam focalization on the tooth
surface in the spot with near homogeneous intensity
distribution and with diameter of ~1mm
(dimension of a small caries), 2/. Laser energy of
0.5 J (~ 1.6 J/em® ); laser pulse duration of 100 —
1000 ns; 3/. Laser wavelength 1.06 um ; B) for the
caries on the enamel surface — the depth of
absorption of the laser light of 0.3 mm, (our
experiment, also evaluation from the data in the
literature), the enamel thickness bigger than
0.5 mm, more of 80 % absorption of the light in the
dark-brown caries tissue - evaluation from our
experiments. Also we accept that the caries mass
density and specific heat are such that this one for
the enamel (~ 3 g/cm’and 1J/g. AT°C,
respectively). For the given values of the parameters
(energy density), following the classical physical
dependences between the absorbed energy, object
mass and specific heat and the temperature change
AT, we can calculate that the temperature of the
treated tissue increases with AT~ 680° C to be T ~
720 °C, including the initial temperature of ~36°C.
The temperature of the caries surrounding is the
normal for the human body of ~ 36°C. As
consequence, this temperature difference of ~ 680°C

leads, as a rule, to the cracks of the tooth enamel as
shows our experimental observation.

In Fig. 1 is given the photograph of the
tooth after treating via focalized laser light with
near same parameters that this one given below.
Note that to improve absorption by the caries we
have coloured the illuminated tooth’s surface with
appropriate very thin black dye layer. The crack
traces on the enamel are clearly evident.

-

-

laser treated
area

enamel crack

Fig. 1. Photograph of the dental caries
(diameter ~ 1 mm) on the enamel after treating via
focalized microsecond duration laser pulse with
energy of 0.5 J. The formed cracks in the enamel
can be seen.

Our experimental investigations also
confirm that the crack of the enamel can be
observed for the used by us laser pulses with
duration of 0.1 to 500 us and in this time range the
illuminating light energy has a main influence for
crack appearance. More generally, from our
experiment with many teeth samples, we obtain
that, as a rule, the temperature difference of ~ 650°C
between the non-illuminated enamel and the
blacked or the dark brown caries places with
diameter of ~ Imm as a rule, leads to the presence
of enamel crack traces. In the described above
experimental tooth case, such temperature is
achieved for the illuminated beam energy of ~ 0.3-
0.5 J. For the lower temperature difference less than
~300°C, between the heated place and surrounding
enamel no crack was produced. The lower
temperature than 300°C needs operating pulse
energy lower than ~0.2 J. However, for such energy
the caries treatment is not effective (our
experiments), and such approach is not appropriate.

The noted above discussion incite us to
propose and apply reasonable and general for the
tooth’s treatment method, using the developed by us
new coaxial- geometry two-beam high energy lasers
(the last, on the base of our patented principle,
generally - each beam with different wavelength)
[8,9]. The emitted in a single pump pulse two-
coaxially disposed beams are with independent
energy and temporal control. The external beam has
the annular energy density distribution and the
internal part — the bi-mode (TEMgy+ TEMgx),
Gaussian like, distribution. During of ~ 1ms pump



pulse the annular emission can firstly start with
duration of 0.5 ms and the second beam can be Q-
switched ~100ns pulse. The principle for
improvement of the caries treatment with our laser
is related with carefully chosen heating of the
annular region around the caries by the initial laser
light before to be illuminated by the acting Q-
switched pulse. Thus, the temperature gradient in
the tooth surfaces can be conveniently decreased
and thus prevents the cracking of the tooth enamel.
The other technique that also was tested by us with
specialized laser source, is to heat with pre-pulse
the area around the caries including also the caries.
The pre-pulse in this case is with normal spot (full
disk) what is easy of technical point of view.
However, here we have generation of the two pulses
in common active volume that, due to the
competition effect [7] worsens essentially the pulse
parameters control. Also, the caries heating is
difficult to be reliably controlled when the two
pulses are superimposed in a common area. Thus,
the application of the coaxial geometry two-beam
lasers is advantageous, what shows also our
experimental observation. Our test-realization with
our coaxial-geometry lasers is based on Nd:YAG
active laser medium with a flash-lamp pumping.
The side diode pumping is also convenient.

3. Technical description of our two-beam
laser — principle and construction, action and
calculation of the needed energies for caries
treatment without cracks on the enamel.

Principle and construction of the two
—coaxial beams Nd:YAG laser

Here, a short technical description of our
coaxial geometry laser will be given. More detailed
description is given in our work [6]. The optical
scheme of the laser is presented in Fig. 2. For the
advantageous realization we use low-Nd’"-doped
(in our work ~0.5 at %) Nd:YAG crystal. Such
doping, instead of typical ~1 %, is also commonly
used and assures sufficient efficiency of the
generation in combination with high quality of the
output beam. The cylindrical YAG rod (diameter
@= 0.7 cm and length 1= 8 cm) was with silvered
envelope wall. Our study shows that a laser active
element with the given parameters assures a notable
focusing effect in the axial region, resulting in an
increase of ~2Y: times for the pump power density
in the near axial rod part. In the experimental
arrangement, the laser rod was in a close position
with the pump flash-lamp in a commercial pump-
chamber with UV-absorbing quartz elliptic
cylinder-pump light concentrator (by silvered walls;
axes 23 x 29 mm, length 78 mm) and with holes for
the laser rod and the lamp of & 9.5 mm and 11.5
mm. The lamp (IFP 1200 type, 700 Torr of Xe,

& 0.95 cm, Russia) and the crystal were surrounded
with cooled flowing water at temperature 18+0.3°C.
The electrical supply was standard, homemade,
providing electric energy from 70 to 160 J in
~400 us FWHM lamp pulse duration (at 1 Hz
repetition rate). Typically, we have used pump
energy of 140 J.

The light generation at two beams was
achieved in two, coaxially arranged and optically
separated parts of the Nd:YAG laser rod, each
equipped with its own 40 cm length resonator
(hatched differently in Fig.2 (a)). The optical
separation is realized wusing a rectangular
separating prism SPr with a hole (in our experiment
with 3.7 mm diameter, length of 4 mm) through the
cathetus and the hypotenuse. A thin metal tube with
~0.12 mm thick wall and 30 mm length was
introduced in the hole. The external part is coupled
with its resonator by reflection of the SPr outside
the hole. The described prism separator assures very

——————

- =~
~

Brewster N

Element BE

~7 annular
7

, generation
/"NA:YAG, -~/ "7

- —<

annular
generation

Q-switch
A passive

annular
generation

P

internal
generation

q -
JZAARATIRARILY ANV A1TIVHLAALTIRVITASAUTARHSTCY AMARRANYRY DR

(T L LLLLR LIV L2 0L &L el L L LML L /
~\\\\\\\\\\\\\w AA7AT) FUEARAREATUANTARNATANVANRENRRARANNY ANVANRNARN A

Xe ﬂash-lam’p_, SB, S

PSC Power Supply
and Control

a)

internal
generation

(b) (c)

Fig. 2. Top (a) — Schematic of the
developed two-coaxial beam emitting Nd:YAG
lasers using as separator of the channels a prism
SPr with a hole (or a Brewster cylinder-in the inset)
and selective-flat mirror resonators. Bottom: (b)-
the actual photograph of the installation with SPr —
in the inset SPr, (c) — the Brewster Cylinder
Separator and visualized spots with used for
adjustment He-Ne laser.

good separation of the two channels. The separation
of the channels also was obtained using a Brewster
angle cut at one end of small diameter (3.6 mm)
glass cylinder (BE) as it is shown in the inset in Fig.
2(a). This arrangement is very effective and simple
and permits practically to obtain completely closed
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external ring generation, however needed special
preparation of the cylinder separator. Such
realization is essentially advantageous if the laser
rod is fabricated with this appendix, especially for
dual- generation laser operation. The resonator for
the generation in the annular periphery part of the
laser rod - first channel - consists of the output
mirror My, common for both resonators (reflectivity
R=35 % for 1.06 um), reflection of the prism SPr
and the end mirror M, (with reflectivity of 98 %).
The resonator of the generation in the internal part-
second channel- consists of M,, transmission
through the SPr hole and the end mirror M, (R=99
% for 1.06 pm). In the internal resonator is
introduced the passive Q-switcher (Cr*" :YAG plate
with convenient parameters).

Two-coaxial beam generation.
Calculation of the needed energies for caries
treatment without cracks providing on the
enamel surface.

For the 160 J electric pump energy the
laser produce the desired two coaxial beams
generation with near equal energy of ~ 0.45 J. The
near field pattern of the external generation has
annular shaped with external diameter ~ 6.7 mm
and internal of~ 3. 7 mm; the internal part has the
near disc shape with diameter of 3.5 mm. The
photograph of the spot (laser with BCS) made on
the thermo sensitive paper, used in the range of the
proportionally of the bleaching to the illuminating
energy density, is shown in Figs. 3(a) and 3(b).
When the coaxial beam is focalized (in our study
with a lens with focussing length of 10 cm), the spot
distribution in different distance between the lens
and its focal point conserves its structure. This
permits easily to be obtained the needed
illuminating light spatial distribution on the treated
sample. At the convenient distance of the lens we
obtain the annular shaped light of external diameter
of 2 mm and with internal diameter of ~1 mm and
inside — the spot with quazi Gaussian distribution
(combination of the modes TEMy, and TEM g;+)
diameter of ~ 1 mm. The illumination of the tooth
surface is illustrated in Fig. 3(c). The external
generation is free lasing with duration of 300 pus
(HWFM) and the internal —Q-switched with pulse
length ~ 100 ns (Fig. 3(c)). If the spots are with
different energy densities they heat differently the
two spots and thus create corresponding fields with
different temperature increasing AT; and AT, as it is
shown in the figure. The energy in any generation
can be varied by introducing variable neutral filters
with conveniently chosen transmission. Following
the presented above approach to calculate the
temperature increasing as a function of the energy
in the illuminating pulse, we can calculate the
energy in the two beams that assures convenient

-8-

caries treatment without crack of the surrounding
enamel. We easily assure that the coaxial beams
pattern in the output of the laser to be composed by

Two-channel generation

Annular generation in the . ; )
in the external part in the internal part

external part

(2)

pre-heating me sToP
annular light S ®  00usidiv
(ATZ) ~._ Intemal

Q-switched

carries
operating light
(AT4)

_~ Extemal

£ Freelasing |
'%M
Time 100

(d)

Fig. 3. Actual photograph of the spot of the
external generation at the output of the laser ((a),
annular) and of both generations (b). The picture
(c) of the different heating of the tooth surface by
composite spot of two coaxial beams ( type (b)),
with different energy density, providing different
temperature rising in the illuminated places, (c) the
oscilloscope traces of both generation ( us/div).

the internal disc part with diameter of 3.7 mm
(diameter of BE) and the external annular part with
internal and external diameters of 3.7 mm and of
6.7 mm respectively. This beam passes through a
lens with focus distance of 10 cm and at given
distance from it we obtain the needed dimension of
the complex light spot for illumination of our
object. The needed heating and temperatures in the
internal and external parts of the spot are calculated
in the given above manner. We calculate that if we
adjust the energy in the internal disc part of the spot
to be 0.5] and in the external annular part to be
0.4 J the temperature increasing in the internal part
of the treated tooth area will be AT; = 680°C and in
the external - AT, = 360°C (by adding the initial
temperature of the 36°C -= 720°C and =~ 400°C
respectively total temperatures). For the focusing of
the composite spot in order to be with two-times
smaller diameter and decreased 4 time energy for
each beam, the same temperature values in the
corresponding illuminating places can be achieved.
This transformation we have realized for practical
testing in real situation the improvement of the laser
treatment with new laser, as it is shown below. It is
easy to find two near equal structure places in one
caries if the dimension of the acting focalised laser
beam is smaller in comparison with the dimension
of the caries — e.g. as we have used the caries



dimension of ~2.5 mm and the focused composite
spot with of 0.5 mm.

Experimental
treatment:

We provide a series of test of the
action of the coaxial beams laser on the dental
tissue. As a rule, in the case with pre-heating with
the annular ring with the discussed above
conveniently chosen parameters, the action on the
caries tissue of the internal pulse without cracks is
typical. We will illustrate this with one typical
result. Applying the emission with calculated above
parameters we have illuminated sequently two parts
of the caries lesion on the dentin surface with
diameter of dark-brown spot of 2.5 mm. The tooth
is disposed at a distance from the noted 10 cm focus
length lens where the internal spot was with
diameter of 0.5 mm and the external ring is with
diameters inside and at the periphery approximately
of 0.5mm and 1 mm. respectively. Firstly, we
screening the external resonator and illuminated the
caries only with the partially focused internal beam
(0.25 J, Q-switched pulse with duration ~100 ns).
As it is calculated above, the predicted temperature
rising in the illuminated place in this case is
~680°C and respectively we have obtained the
caries ablation accompanied with strong crack- line
in the surrounding of the formation hole. This case
is illustrated in Fig. 5(a). After translation of the
tooth at distance of ~1.2 mm perpendicular to the

test of the caries

laser beam and removing the screen S the laser
generates the composite two-coaxial beams
emission, partially focused on the new, non-
disturbed place, of the caries. The energy in the
external part was 0.2 J. The obtained picture is
shown in Fig. 5(b), where the high quality treatment
of the caries tissue — the hole without any trace of
crack can be seen.

Caries,
laser treated area
with pre-heating

Caries,
laser treated area
without pre-heating

0.5 mm

Internal laser beam
treated area

cracks

External annular
treated area

Fig.6. The photograph of caries treated are
with direct illumination with a Q-switched pulse (a)
and with annular illumination before high power
pulse — no trace of crack can be seen.

Conclusion
In the work we have described the
developed special Nd:YAG laser sources that

-9-

provide convenient emission for improved teeth
problem treatment with laser light in the dental
medicine. The lasers produce a pulsed light that
combine ~ 500 ps annular cross section emission
with temporally delayed superimposed short
operating Q-switched beam (pulse ~ 0.1 ps) in the
internal part, generated in the internal part of the
rod. We have analysed and demonstrated the
principle for improvement of early stage enamel
caries treatment with our laser. The principle is
related with controlled heating of the annular
surrounding area to the caries before to be
illuminated by the high power Q-switched pulse.
Thus, the temperature gradient on the tooth surface
decreases by two stages of temperature change —
700°C — 420 °C — 36°C and this manner of
decreasing prevents the cracking of the tooth
enamel. The last have places for the temperature
difference high than 400°C that difference is
avoided by the applied two-stage heating field with
our laser. The technique and the laser proposed can
be developed for the other treatment of the teeth
surface including for high caries lesions. In the
work is shown one of the applications of our
coaxial-beam emitting condensed matter laser. The
other applications in development are related with
convenient use of the light pressure. This concern
the bio-cells treating with translation-stopping by
the external annular beam and operating by the
internal; for light collection of nanoparticles with
the annular beam and accelerating by internal (light
pressure “rifle”) [8] and light pressure pump where
the collapsed in time annular beam collect inside
nanoparticle [9].
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TEOPETUYHO U I'PA®OUYHO ITPEJACTABSAHE
HA ITPEXOJHUTE IMPOLECHU B CXEMA 3A
IHOJTYYABAHE HA BUCOKOEHEPI'MEH
NMIVYJIC ITPU BB3bY/KJIAHE HA JIA3ZEP C
I'A3OPA3PATHA JTAMIIA

CBETOCIJIAB UBAHOB, IHKA KMCOBA

Pesrome: 3a 6v36ysicoane na bazpunnu nazepu u nazepu ¢ F- yenmpu ¢ eazopaspaoHu iamnu e
nooxooaw Memoovm ,,080eH UMnyic', KOMOUHUpAW CPDABHUMENTHO MALOMOWEH U
NPOOBIdICUMENEH NPeOpaspsao0 npes 2az0paspioHama J1amMnd, 8bpxy KOUmo ce HACAa28a MOUHUS
OCHO6eH pa3pso. B npednosicenama cmamus ca npedcmaseHu meopemuyHume u3cied8anus Ha
eNeKmpuyecKka cxema 3a 2eHepupaHe HA 064 NOCIe008AMENHU UMNYICA 3d YNpasieHue Ha
eazopaspsiona ramna. Ilpexoonume npoyecu ca uzcieo8anu ¢ KOMRIOMbPHA CUMYIAYUSL, Kamo e
CbCMABEHA 3aMecmeauya cxema Ha 2asopaspsoHama aamna. HzmeneHuemo na moka npes
UMPYICHAMA JIAMAA e ONUCAHO AHATUMUYHO C YPAGHEHUSI OMHACAWU ce 00 OMOSTHUME 8pemMesu
unmepganu Ha npexoonuss npoyec. Iloxazana e 3amecmeawama cxema, U3NOJ36AHA NPU
meopemuunus ananus. Ilpedcmasenu ca epaguunume peulenuss Ha CbCMABCHUME YPAGHEHUS,
NOAYYEHU C KOMRIOMBPHA CUMYTAAYUSL.

KarouoBu aymm: enexmpuuecka cxema ‘‘06oen umnyic‘, anaiuz Ha NPexooOHU Npoyecu,
KCEHOHO8A UMNYICHA TAMNAA.

THEORETICAL AND GRAPHICAL
REPRESENTATION OF TRANSITION PROCESS
IN THE SCHEME FOR OBTAINING HIGH-
ENERGY PULSES FOR EXCITATION OF LASER
WITH DISCHARGE LAMPS

SVETOSLAV IVANOV, YANCA KISSOVA

Abstract: For excitation lasers and of the colorants lasers F - centers with gas discharge lamps
suitable method "double pulse" combining a relatively low-powered and long before discharge
through the gas discharge lamp that superimposes on the powerful main discharge. The
proposed article presents theoretical studies of the electrical circuit for generating two
consecutive impulse for control discharge lamp. Transient processes were investigated by
computer simulation, has been drawn of a replacement sheme for gas discharge lamp. Change
of current through the flash lamp is described analytically with equations relating to individual
intervals of the transition process. Shown is the replacement scheme used in the theoretical
analysis. Are presented graphical solutions composed of equations obtained by computer
simulation.

Key words: electrical system type “double pulse”, analysis of transient processes, xenon flash-
lamp.
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1. Introduction.

Pulse discharge lamps are among the most
common sources of optical excitation due to their
advantages. They are cheaper and allow to be
inflated larger volumes active environment. Their
disadvantage is the lower efficiency of the pump,
because not all radiation spectrum involved in the
resettlement of the upper working level and the
inability to transfer all the energy emitted from the
lamp to the active environment [1]. The main
purpose of this type of source to excite the dye and
solid-state active environment.

Typical requirement for excitation lamps
for dye lasers is radiation energy to be short (~
10us) pulse with a rapid increase in the front. Only
in this case reaches the required power of the
exciting radiation for generation and reduces the
deleterious effect of the resettlement of triplet level
and creation by illumination inhomogeneities
thermoptic [3,4]. For this purpose, is applyd the
method "double pulse".

2. Description of the scheme for for the
preparation of a high energy pulse with a steep
edge "double pulse"

To obtain a high-energy pulse (~ 100 +
300J) with a steep front (~ Jus) is used as a method
of management called a "double impulse". The
circuit diagram for realizing this method is shown in
Fig. 1. In this method, to the electrodes of the lamp
is turned on cumulative capacitor C;.

To cause discharge between the electrodes
through additional Igniter connected to the lamp is
fed a high-voltage (15 + 30kV) low-energy (0,1J)
pulse duration (~ us). This pulse in advance ionize

J ul
gR] Electric discharger

||

T SkV

?mw

the gas. The resistance of the lamp falls and
accumulation capacitor is diluted through it.

As a result of the discharge radiates
powerful pulse duration determined by the capacity
of the accumulator capacitor C; and the inductance
of the discharge circuit L;.

From a source of constant voltage V3 =
400V charging capacitor C;. Upon receipt of a
control impulse management system includes
thyristor D;, resulting in capacitor C; is diluted
through the primary coil of transformer. Thus arises
the initial ionization of the gas in the lamp and it is
ready to be incorporated into their core supply VI =
5kV. The pulse generator generates pulses V, with
TTL - levels.

From the made experiment pulse duration is
26us. The discharge of the capacitor C,, turned
parallel to the first power source V;, formed pre-
ionization preliminary low-energy pulse which
provides intensive ionization of the lamp. The
breakdown voltage of the surge arrester U, is
selected so that, before the discharge of the
capacitor C; the voltage between its electrodes is
less than the breakdown voltage.

During this discharge voltage arrestors U is
constantly increasing and at a given time it reaches
the required value to provide a breakthrough. In this
way the second main high energy pulse starts with a
steep edge (~ ws) by the discharge of the capacitor
C,, connected in parallel to the second power source
V2 =10kV.

Intensive pre-discharge protects the lamp
from damage and provides a very steep front of the
main pulse. This scheme on excitation pulse is very
suitable for the excitation of dye lasers.

[
R3

Flashlampe

Ti V4

D1 L v3
T4oo v

Fig. 1. Scheme for electrical excitation laser type "double impulse"”

On the basis of experimental research of the
shape of the voltage and the current through the

lamp [6] was created replacement scheme of
discharge lamp.
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Figure 2 shows equivalent circuit of the
lamp, through which it is involved in designing an
electric circuit for receiving a high-energy pulse
with a steep edge. It is represented by a resistor
connected in parallel R, and capacitor C,, and
consistently included inductance L,.

In Fig. 3 shows the change of the flash lamp
currents /I;,, coil L; and arrestors /-». Until such time
of turn on a surge arrester in the flash lamp and the
coil L; flows through the same current. After
inclusion arrestors current through the flash lamp 7,
growing by leaps and bounds as follows amendment
of currents arrestors /.

Fig. 2. Equivalent circuit of the flash-lamp

Part of the current through the surge arrester
flows through the coil L; and capacitor C; charging
voltage to a value U, = 5,9kV. Amplitude value of
the current through the arrester is I, = 4,6kA, and
the amplitude value of the current charging the
capacitor C; is I;; = 730A. Voltages of the power
supplies V; and V, are the 5kV and 10kV. Simulation
researches have been done in an programe
environment Multisim.

Transient Analysis

- Ic2

0 itz ta ts

Time (s)

Fig. 3. Gmphs Of ILl(l),]Lg(l) andlcg(f)

3. Results of the graphical solution of the
compiled equations describing transient
processes.

In Fig. 4 shows a substitution scheme of an
electrical excitation of a laser-type "double pulse".
It consists of two resonant loops. The first includes
a capacitance C; with a value of /uF, resistance R,
with a value of /Q and two inductors L; and L,,
respectively, with values 20uH and 10uH.

Moment of the inclusion of the capacitor C,
is simulated by the scheme switch §;, which
replaces the control circuit and surge arrester in the
real circuit (Fig. 1) is replaced by switch S.

The inclusion of two charged capacitors C,
and C, provide the initial conditions of the
transition process.

51 52
—o/ L1
fo— S
L2
| Il
C1 c2
—_ E4 —_

Fig. 4. Replacement scheme for electrical excitation
laser type "double impulse”

The transitional processes prevailing in the
scheme is best described by introducing the four
time intervals. watch: 0 ~ ¢, t;~ 65, 6, ~ 13, 3+ 1,
For a description of these processes are introduced
magnitudes damping ratio and circular frequency of
o and f [5]. They are expressed by the formulas:

R
a = Z (1)
— |2 2
B= |z« 2
These magnitudes represent real and

imaginary part of the complex conjugate roots of
the characteristic equation of the transition process
of RLC-circuit:

2 R 1
P+ o.pt - 3)

In this equation, R, L and C are respectively active
resistance, inductance and capacitance of the
looking circuit. At the moment ¢ = 0 closes the
switch SI (Fig. 4). In the scheme includes a

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria
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capacitor C;, which is charged to a voltage 5kV. In
the scheme includes a capacitor C;, which is
charged to a voltage 5kV.

In Fig. 2 shows the direction of current flow
in the loop. The capacitor C; is diluted to a voltage
approximately 3,16kV, where at the moment ¢, and
closes switch S. In the circuit includes the capacitor
(5, which is charged to a voltage 10kV.

His inclusion is about Sus after inclusion of
capacitor C;, which is the time required for the
appearance of the main high-energy pulse with a
steep front impulse discharge lamp whose control
scheme is considered.

Because in the range 0 + ¢, scheme consists
of only one loop capacity C is represented by the
capacity C; of the contour and the inductance L by
the sum of the two inductances L, = 20uF and
Ly=10uFie. C=C;=I1uFand L =L; + L, =
30uH. Active resistance of the loop is R = R, = 1Q.
By Formula (1) and (2) were obtained the values of
the damping ratio and the corresponding angular
frequency a = 17.10° and B = 182.10°rads.

To be found the law under which vary the
current through the lamp i, in time, using the
formula:

i(t) = %sin(ﬁt}e‘“t 4)

where U, is a voltage means to which is charged
capacitor C;, included in the loop. In this case, the
current iz, is equal to the current through the
inductor L; and its graphic solution obtained by the
program Maplel5, shown in Fig. 5. The examined
time interval has duration of 5us.

At time ¢; the current in the primary circuit
ir; value of about 730A4. It is derived from the
graphical solution of the transition process through
the program MaplelS, as well as through the
simulation of the process made by the software
product Multisim.

At the moment #; in the scheme includes a
second capacitor with capacity C,. In the time
interval ¢; + ¢, is diluted capacitor C, and through
the coil L; flows current i;;, which is due to the
accumulated magnetic energy in it.

At the moment 7, this current is equal to
zero and the current through the inductor L, is
leveled with the current through the capacitor C,
that is ingicg.

The duration of the time interval ¢, = 7, is
about 2us. The period of transition processes is
about T = 34us. The scheme consist of two contour
in contrast to the time interval 0 =+ ¢;, which is
considered only one contour. In the case of
secondary loop L = L, = 10uH, C = C; = 3uF and

R = R, = 1Q. Magnitudes damping ratio and
circular frequency by formulas (1) and (2) for the
second contour values are respectively: a = 50.10°
and = 175.10°vad /s.

Ii(A) /'

. /
/

S0

200 /

LIRS

L1} T T T T 1
0 1L.2x10°® 2.x10% 3 xi0® 4. =|0°

5.x 107"

t(s)

Fig. 5. Graph of I,; (1) in the range 0 ~ t; in
program product Maple

In the time interval #, current i;; changes
direction and starts loading again capacitor C;. To
be found the law under which amends current i;, in
time will use the principle of superposition.
According to him, this current is the sum of the
currents in the two circuits passing through the
lamp, i;; and ic,, ie

i2(t) = i1 () +ica(t) (%)

The change of the current through the
inductor L; at the time is described by the equation

[2]:
i (t) =1,,(0) — [uc%lum] t (6)

In the last formula [7;;(0) is the current
flowing through the first contour at the moment #;,
which is the initial time interval #; ~ ¢, and has a
value of 730A4. The equation describing the change
of the voltage on the capacitor C; in the first
contour is:

C1Uc1(0)—ip t
gy (1) = AP (M)
1
Here Uc;(0) is the voltage to which the
capacitor C; is discharged at the time ¢;. In the case
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Uci(0)=3,16kV. Voltage on the capacitor C, is
amended by law [3]:

Uc2(0 -
uca(t) = pEZcos(Bt —p)e™™  (®)

In the last formula Ug,(0) is the voltage to
which the capacitor C; is charged and has a value of
10kV. 1t is included in the scheme at the time #; by
closing the switch S,. The value y is expressed by
the formula:

y = arctg% ©)

The current flowing through the second
contour, ic, is determined by formula (4). It is
replaced by Uy is replaced by Uc; (0), L is replaced
by L,, a is replaced by the damping ratio for the
second contour a = 50.10°, and f8 is replaced by the
angular frequency of  secondary loop
p=175.10°rad/s.

The current through the lamp is given by
the sum of the two resonant current i;; and ic,
which pass through the inductor L, during the
interval t; + ¢, Its graphical solution obtained
through the program Maple 15, shown in Fig. 6.

2000 4 A,

Tex(A) (/( \\
1500 E H

1000

5095 '\
P
L\

LI s
0.00005 ~—"0.00010

00020

t(s)
Fig. 6. Graph of 11> (1) in the interval t; + t; in
program product Maple

0.00015

In the time interval ¢, + ¢; maximum value
reached by the current through the lamp, in this
case, the current through the inductance L,, is iy, =
3,8kA, and capacitor C; is charged to a maximum
value Uc; = 5,9kV, at the end of current pulse
through its lamp voltage reaches a value -7,4kV.

In this interval the current through the
inductor L, is again expressed through the sum of
the currents flowing through the primary and
secondary circuit, respectively i;; and ic,, formula
(5). The current iL.1 is expressed by similar formula
(4) with the difference that it is a reverse phase. Uy
is replaced by 2,77kV. This is the voltage to which
the capacitor C; is discharged at the time ¢ = ¢,

The law on which amends current ic, in
time in this interval is similar to the law in which
this current changes in the time interval ¢, + £,, but
into account the it’s initial phase ¢, which for the
time interval ¢, - #;, corresponds to

-ty

¢ =" 2m (10)

At time ¢#; the current through the primary
circuit i;; becomes equal to zero, then changes
direction, as shown in Fig. 3.

The current through the lamp 17, is
represented by the sum of the two resonant currents
flowing through the inductor L, during the interval
t; ~ t;. Its graphical solution obtained by Maple
program 15 shown in Fig. 7.

At time #; = 16us from the beginning of this
interval, the current passing through the inductor is
iLg = 3,] kA.

Ta(A) |

2500 //\
2000 \
1500-: \

1000 A \

500 - \
| - o~

T
LA LA b oy |
0000005 0000010 0.000013 0.000020 0000025
t(s)
Fig. 7. Graph of I, (1) in the interval t; ~ t,
in program product Maple

If it continues the transition process in time
two resonant loops behave like a resonant circuit at
a frequency f;) = 29 kHz.

4. Conclusions
In the proposed article presents simulation
and theoretical studies of excitation circuit for a

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria
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discharge lamp of the type "double pulse”.
Described is the principle of operation of the
scheme to generate two successive pulses with
varying energy. Also shown is the equivalent circuit
of the flash lamp used in the computer simulation of
transients with software "Multisim".

Transitional processes of change of current
through the flash lamp are divided into four time
intervals. The resulting separation allows for the
compilation of equations describing analytical
processes in the respective interval.

The analysis is based on the composition
substitute scheme, including the main elements
involved in the formation of the current pulses.
Done equations of transients in individual time
intervals were determined graphically and the
results are presented in the article.

Graphic solutions coincide with the results
obtained by computer simulation of the scheme,
which is a proof of their authenticity. Graphical
solutions are obtained using software Maple.
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THEORETICAL INVESTIGATION OF THE
PENETRATION OF IR LASER RADIATION IN HUMAN
DENTIN

STANISLAVA NENOVA RABADGIISKA

Abstract: In this article we present theoretical investigation of the penetration of IR laser
radiation in human dentin tissue applied the Monte Carlo mathematical modeling the laser light
propagation. For calculations we used appropriately chosen experimental data for specific
absorption and scattering coefficients and real geometry of the investigated dentin. We
compared experimental data with theoretical calculations for coefficients related to penetration
of IR laser radiation with wavelength 1.36 um in human dentin.

Key words: propagation laser radiation, dental tissue, human tooth, Monte Carlo Model,

Nd:YAG laser

1. Introduction

The lasers are of interest for applications
of healthy procedures, including oral soft and hard
tissues. Their potential for such treatment is actual
and are under continuous development.

In the different medical treatments with
lasers, it is very important to be known the dose
and the parameters of illuminating radiation inside
the tissues. Increasing of the dose leads to adverse
side - to undesired for the health effects. Thus the
applications of the laser radiation need careful
physical investigations and good knowledge of the
penetration of the laser radiation in the dental
tissues — depth, absorbed and scattered parts depend
on the laser wavelength, polarization and formulate
the approach for evaluation of the dose of the
absorbed light into the tissue.

In earlier paper [1] we reported results for
reflectivity of human tooth dentin, the spatial
distribution of the intensity in the cross-section of
the penetrated light intensity in the tooth’s dentin
and combining the optical and calorimetric
techniques, we have obtained separately the
absorbed and the diffused part of the light that
permit to calculate the absorption and scattering
coefficients in the dentin.

Our investigation is made for the laser light
of 1.36 um, emitted by the Nd:YAG laser. This
laser is very popular in many laboratories and
medical institutions, but the wavelength of 1.36 um
is not fundamental one. Similar researches, which
are related to interaction between laser radiation
with this wavelength and dentin sample, have
limited results in the scientific articles. The typical
commercially available Nd:YAG laser operates
generally at 1.06 pm, however with easy
modification can produce light in 1.32-1.36 pm
interval. In addition, as it is well known, the light at
wavelength near 1.36 pm (more generally - in range
1.4-1.5 pm in the limits of which is the noted
wavelength) has essentially higher absorption in the
human dentin than the light at 1.06 um and thus it is
of interest for biomedical applications and dentistry.

Dental hard tissues are inhomogeneous
materials. Dentin is a complex structure,
honeycombed with dental tubules of 1-3 um in
diameter. Each of these tubules is surrounded by a
matrix of needle-shaped, hydroxyapatitelike crystals
in a protein matrix largely composed of collagen.
This complex structure has the scattering
distributions which are generally anisotropic and
depend on tissue orientation relative to the
irradiating laser source.

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria
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The laser-tissue interaction is characterized
by laser parameters as the wavelength, repetition
rate, pulse energy, spatial and temporal
characteristics and optical properties of the tissue as
the refractive index, the scattering and absorption
coefficients and the scattering anisotropy.
Derivation of the absorption and scattering
coefficients from a set of measurements requires a
theoretical model whose results to be compared to
experimental data. This comparison leads to more
completely scientific knowledge for laser-tissue
interaction.

Such accumulation of experimental and
theoretical data, is of interest, because of the
different regions in the world, the human teeth
tissues have different material properties (including
optical properties). The study in this paper is based
on vitro-teeth fresh extracted samples from people
of Bulgaria, Sofia region.

In the present article we used the numerical
method Monte Carlo to direct statistical modeling
of light transmission in human dentin by receiving
and converting random numbers. Thus we can
select the appropriate manner, such as scattering
coefficient and the anisotropy coefficient, so the
model can produce results commensurable to those
of the experiment. The aim of this investigation is
made possible fast calculations and estimates the
influence of such radiation on the dentin.

2. Materials and methods

For mathematical modeling we used dentin
piece with plane-parallel sections of 0.5 x 0.5 mm
and 1 mm thickness. Dentin piece is cutting
longitudinally. The samples are chosen to be
without defects and they are not chemically
treated after the preparation. The transmitted light
through dentin was measured using the schematic
setup shown in Fig. 1 [1]. The incident light is
perpendicular to plane-parallel sections. It is very
important in the theoretical model to choose the
scattering coefficient ps. This coefficient changes its
value in the range of 200-1400 cm™ [2].

Fig. 1. Experimental setup. [1]

In the realization, given in Fig.1. GP is the glass
plate, S is the sample, D”) is diaphragm with

diameter 5 mm, L; and L, are the lenses with a
focal distance of 5 cm and 8 cm; L, is with high
aperture of 4 cm, AS; and AS, are the averaged
spheres, R; and R, are nanosecond-resolution
receivers for IR, Osc is two-channels storage
oscilloscope, JM is a energy measurer.

We measured [1] E;, (incident energy), E,
(transmission energy) and increasing of the
temperature of the sample after the illumination
by the laser pulse; we calculated the absorption
coefficient p,. For the wavelength 1.36 pum for the
sample with length | = 1 mm and mass m=0.0632¢g
and measured increasing of the temperature of 0.1
degree after illumination, we calculated that the
absorbed energy is 8.8 x 10 J. The E;, and E,, is
measured to be 10.5 x 10~ J and 0.84 x 107 J.

3. Monte Carlo Model

General scheme of Monte Carlo method is
based on Central limit theorem in probability
theory. It affirms that the random number Y =
YN . X; is equal to a sum of large number of N
random numbers X; with the same mathematical
expectations m and dispersion 6> which are always
normally distributed with mathematical expectation
N.m and dispersion N.c”.

3.1. Photon Initialization

The Monte Carlo method starts launching a
photon into the tissue [3]. If a collimated beam
normally incident on a slab is simulated then the
photon’s initial direction is chosen downwards into
the tissue. If a diffuse irradiance is simulated then
the photon’s direction is chosen randomly from all
possible directions in the downward hemisphere.
The coordinates of the photon are usually identical
for all photons. This allows convolution techniques
to be used to determine influence from a wide
variety of beam shapes.

Variance reduction techniques are used to
reduce the number of photons necessary to achieve
the desired accuracy for the Monte Carlo
calculation. These techniques have a long history
and most important ones were first implemented by
Kahn. One simple technique to improve the
efficiency of a Monte Carlo program is to propagate
many photons along each pathway. Usually only
one photon follows each pathway, and at each step
the photon may be either absorbed or scattered. If a
packet of photons followed each pathway then some
portion of the packet would be absorbed at each
step. The size of this packet is called the weight of
the photon. Its initial weight is set to unity.

3.2. Generating the Propagation Distance
The simplest Monte Carlo method
propagates each photon with small, fixed
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incremental step size. The fixed step size As must
be small relative to the average mean free path
length of a photon in the tissue. The mean free path
length is the reciprocal of the total attenuation
coefficient.

As << =1 (1)
Ut UstHg

where L, [, and pare the total attenuation,
the absorption and the scattering coefficients
respectively. If the step size is too small the photon
will rarely interact with the tissue and the Monte
Carlo method will be inefficient, conversely if the
step size is too large then the distanced travelled by
a photon is a poor approximation to that of a real
photon.

A much more efficient method chooses
different step size for each photon step. The
probability density function for the step size follows
Beer’s law (it is more likely to the photon to travel
short distance than long distance and the probability
is proportional to ¢ "**.) The function of a random
variable (&) uniformly is distributed between zero
and one which yields a random variable with this
distribution and is

—-Iné
As = —> 2
S He ()

The step size As found using equation (2)
represents the distance that the photon will travel
before interacting (through absorption or scattering)
with the tissue.

3.3. Moving the photon

A photon is uniquely described by five
variables: three spatial coordinates for the position
and two directional angles for the direction of
travel. However it is convenient to describe the
photon’s spatial position with three Cartesian
coordinates and the direction of travel with three
direction cosines. The required formulas for
propagation are simple, and the angle variables
describing photon direction do not change unless
the photon’s direction changes. The direction
cosines are specified by taking the cosine of the
angle that the photon’s direction makes with each
axis. These are specified by p. p, and p,
corresponding to each of the x, y and z-axis,
respectively. For a photon located at (x)y,z)
travelling a distance As in the direction (py, Wy,
L.), the new coordinates ( x', y', Z') are given by

X=x+u As
y=ytuAs 3)
z'=z+ u As

3.4. Internal reflection

The possibility of internal reflection occurs
when the photon is propagated across the boundary
into the region with a different index of refraction.
The probability that the photon will be internally
reflected is determined by the Fresnel reflection
coefficient R(0;)

_1 sin?(6;—6;)
R(8) = 2 [sin2(6i+6t) t

“4)

tan? (Gi—Gt)]
tan2?(6;+6¢)

where 0; =cos™ 1, is the angle of incidence on the
boundary and the angle of transmission 6, is given
by Snell’s law

n,sin@, =n, sinb, (5)

where n; and n, are the indices of refraction of the
medium from which the photon incident and
transmits, respectively. The random number §&
uniformly distributed between zero and one is used
to decide whether the photon is reflected or
transmitted. If & < R(0;) then the photon is
internally reflected, otherwise the photon exits the
tissue and the event is recorded as backscattered
light (when the photon exits the top) or transmitted
light (when it exits the bottom). If the photon is
internally reflected, then the position and direction
of the photon are adjusted accordingly. For a slab
geometry, infinite in the x and y directions with a
thickness t in the z-direction, the internally reflected
photon position (x",y", z") is obtained by changing
only the z-component of the photon coordinates

(x",y",z")z (x,y,—z) ifz<0 (6)
(x",y",z")z (x,y,2z' — Z) ifz<t

The new photon direction (u,',p,', 1,') is

(“x'auy'a MZV) = (MX’ ]”I’Y’ - MZ) (7)

And both p, and p, remain unchanged.

3.5. Photon absorption

The technique of implicit capture assigns a
weight to each photon as it enters tissue. After each
propagation step, the photon packet is split into two
parts- a fraction is absorbed and the rest is scattered.
The fraction of the packet that is absorbed is

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria
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where a is the single particle albedo. Consequently,
the new photon weight is given by w'= a.m, which
represents the fraction of the packet that is scattered
on this step.

An absorption event require that both the
location and the amount of light absorbed be
recorded. For example, the appropriate element of
the absorption matrix is incremented by (1-a) .
The number of bins in the absorption matrix is
determined by the spatial resolution desired.
Increasing the number of entries increases the
spatial resolution, but also increases the absorption
uncertainly in each element (because fewer
absorption events will take place in each element
and the error is inversely proportional to the square
root of the number of absorption events). The
influence rate is obtained by dividing the final value
of each matrix element by 1 the equivalent spatial
volume of the element, 2 the absorption coefficient,
3 the total number of photons propagated and 4 the
initial weight of each photon.

3.6. Photon termination

The weight’s photon never reach zero,
however during propagation it decreases enough so
to yield little information. Scattering the photon its
weight falls below a minimum (e.g. 0.0001), then
we can consider that it disappears (or we say it has
absorbed into the medium). The technique called
roulette is used to terminate the photon once its
weight drops below the specified minimum. The
roulette technique gives such of photon one chance
in m of surviving with a weight mo or else its
weight is reduced to zero. The photon is thereby
killed in an unbiased fashion, without sacrificing
energy conservation and without continuing
propagation until its weight has reach zero.

3.7. Changing direction-
scattering

A normalized phase function describes the
probability density function for the azimuthal and
longitudinal angles for a photon when it is scattered.
If the phase function has no azimuthal dependence,
then the azimuthal angle  is uniformly distributed
between 0 and 2m, and may be generated by
multiplying a pseudo-random number & uniformly
distributed over the interval zero to one by 2n (y =
2nE). The deflection angle 0 for an isotropic
distribution is given by

photon

cosd =2&-1 9)

Since scattering in tissue is characterized by
the Henyey-Greenstein phase function, the

generating function for the Henyey-Greenstein
phase function is

_1 2 [ 1-97 z
cosh = 29 {1 +g [1_g+2g§] } (10)

If scattering is isotropic (anisotropy factor
g=0) then equation (9) be used.

If a photon is scattered at an angle (6, y)
from the direction (ux, My, M,) in which it is
travelling, then the new direction (p.',p,, p,') is
specified by

, sin @

W, = ﬁ (ux u, cos — uysimp) + pycoso
— MUz

ug, = \/:u% (uy K, cos P + quinLLr) + pycoso

w, = —sinf cos /1 — pZ + p,coso

4. Results

In the modeling we have assumed that the
photons enter the tissue one by one perpendicular to
the plane-parallel sections. Also we assume that the
azimuthally angular distribution of photons is with
equal probability. The deflection angle 6 (0 < 6 < 1)
and azimuthal angle y (0 <y < 2m) will be sampled
statistically.

Once the photon packet has reached an
interaction site and its weight decreased, the photon
packet with the updated weight is ready to be
scattered.

We consider that the scattering in tissue is
characterized by the Henyey-Greenstein (HG) phase
function [4] with anisotropy factor g=0.3,
absorption coefficient p,=2[cm™] [2] and scattered
coefficient p=850[cm™]. It is known that these
coefficients depend mainly on the structure of the
tissue (its components), their orientation and the
wavelength of the incident radiation.

The photons penetrate into the tissue on the
z-axis at a point with Cartesian coordinates x=0,
y=0, z=0 (Fig.2, Fig.3, Fig.4) and begin to scatter
in different directions determined by the deflection
angle 6 and azimuthal angle y. Length of the free
path of photons between two dissipates is defined
statistically as it shown in Chapter 3. The minimum
weight that the photon exits is 10™. When the
weight (it is related to the energy of the photon) is
smaller than 10 we suppose that the photon was
absorbed in the medium.
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Fig. 2. Graphical results showing the path of the
incident photons in the XYZ Cartesian coordinate
system.
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Fig. 3. Graphical results showing the path of the
incident photons in the XY Cartesian coordinate
System.
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Fig. 4. Graphical results showing the path of the
incident photons in the YZ Cartesian coordinate
system.

The graphs of Fig.2, Fig.3 and Fig.4 have
been obtained by the Monte Carlo method for N =
1000 number of photons introduced into the dentin
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as described above manner. The numerical
calculations in this same method for N = 10000=
1000x10 number of photons are presented in
Table 1. On the base of these results we find the
average number of absorbed (Ab), transmitted (Tr)
and reflected (Ref) photons in the tooth sample.

Table 1.

Calculating the arithmetic mean of the

number of absorbed, reflected and transmitted
hotons through the dentin.

Ne Ab Tr Ref
1. 647 72 281
2. 640 87 273
3. 635 84 281
4. 648 82 270
5. 637 72 290
6. 646 89 265
7. 648 71 281
8. 634 77 289
9. 637 85 278
10. 630 86 284
Average | 640.2 80.5 279.2
number

Average | 64.02 8.05 27.92
number

[%o]

The model gives, as results, approximately 64 %
absorption, 8 % transmission and 28 % reflection of
the incident photons. On the other side the
experiment [1] gives us approximately 80 %
absorption, 7 % transmission and 13 % reflection of
the incident photons. The obtained error of the
experimental data is in the range of 10-20%. The
estimation error for used Monte Carlo method is

roughly proportional to 1/ \/N where N s

independent statistical trials. In the current case N is
the number of incident photons. In this case the
model gives relative close data to the experimental
one. Increasing the number of N we can improve
the accuracy of the numerical -calculations.
However this leads to significantly increasing of the
time for calculation to obtain final results.

If we change the main input, which are
related to the properties of the tissue (g, M., Us), We
can obtain different values for absorption,
transmission and reflection of the light. For
comparison such results are presented in Table 2
where it seems that outcomes are much more
sensitive to change of anisotropy factor g and less
sensitive to change of scattering coefficient L.
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Table 2.

Values of absorbed, transmitted and

reflected parts of the light Ab, Tr, Ref for different

values of anisotropy factor g, absorption p,, and
scattering i coefficients.

g=0.3, ua=20m", =850cm’’
Ab Tr Ref
64% 8% 28%
2=0.4, u;=2cm’’, n=850cm"
53% | 14% ] 33%
g=0.4, p;=2cm’’', p=1100cm™
56% | 8% | 36%
g=0.5, p;=2cm’’, p=1400cm’
42% | 6% | 52%

As we can see in the Table 2 the initial parameters,
which we chose, are the closest to the
experimental data.

4. Conclusions

The Monte Carlo method is convenient for
calculation of absorption, transmission and
reflection of incident photons in the tissue. This
method permits to make fast estimations for
influence of a specific laser radiation on dental
tissue.
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IMPROVING THE EFFICIENCY OF
SQUIRREL CAGE INDUCTION MOTORS

VASIL SPASOV

Abstract. A comparison of the performance characteristics of an induction motor with
aluminium rotor cage and with copper rotor cage is presented. For this purpose a three-phase
squirrel cage motor is modeled by the finite element method. Computed are the current-speed
and torque-speed characteristics, efficiency, power factor, copper and iron losses. Based on the
obtained results, conclusions are drawn about the advantages and drawbacks when using
copper rotor cage instead of the conventional aluminium one. It is shown that due to the total
losses reduction, the motor with copper rotor cage has higher efficiency, power factor and rated

torque.

Key words: induction motor, efficiency, copper rotor cage, aluminium rotor cage, FEM.

1. Introduction

The efficiency of electric motors is of
paramount importance nowadays, since they are
major consumers of energy in modern society.
Electric motors consume 69% of produced energy
in the industrial sector of the European Union [1].
90% of this energy is used to supply three-phase,
low voltage squirrel cage induction motors (IM).
Increasing the efficiency of those motors by only a
few percent can significantly reduce energy
consumption and CO, emissions. In the United
States alone, one percent increase in IM efficiency
could save 20 billion kWhrs annually [2].

To reduce energy consumption, leading
manufacturers of IM motors around the world
adopted an energy efficiency classification that was
put in place by the IEC and has been published as a
globally relevant standard IEC 60034-30 (Rotating
electrical machines - Part 30: Efficiency classes of
single-speed, three-phase, cage-induction motors).
This International Standard classifies motors into
three levels depending on how efficiently they
convert electricity into mechanical energy. IE1 is
the base standard for efficiency, IE2 stands for high
efficiency and IE3 for premium efficiency. The
standard also mentions a future level above IE3 to
be called [E4 super premium efficiency. Products in
this category are not yet commercially available.

The classification system  stimulated
competition among motor manufacturers and
generated massive technology improvements. The

EU adopted it and issued EC Regulation No.
640/2009, which came into effect on 16 June 2011
[3]. As of that date, only motors that meet or exceed
IE2 energy efficiency levels are allowed to be sold
and installed in the EU. In a second stage, from
January 2015 all motors will need to reach IE3
efficiency levels.

The coming dates of EC Regulation No.
640/2009 has motivated induction motors
manufacturers to develop innovative technological
solutions for higher efficiency.

This paper presents a simple but powerful
method for improving IM efficiency. It is based on
replacing the aluminium rotor cage with die-cast
copper cage. The paper is organized as follows. The
methods for improving IM efficiency are presented
in Section 2. The induction motor specifications and
method of analysis are discussed in Section 3. In
Section 4 a comparison is made between
characteristics of the IM with aluminium rotor cage
and with copper cage. Finally, conclusions are
drawn in Section 5.

2. Methods for improving induction motors
efficiency
The cheapest method to produce more
efficient induction motors is to keep designs and use
improved magnetic materials such as premium-
grade low-loss steel and copper rotor cage [4]. In
this case the stator and rotor slots dimensions and
the inner and outside stator diameter are unchanged.
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The second strategy is to change the stack
length and the stator winding. A more expensive
strategy foresees also the change of stator and rotor
slots dimensions. This requires new lamination
punching tools even if inner and outside stator
diameters are unchanged.

The most expensive design strategy requires
to change all motor dimensions and to reduce losses
in the motor [5]. Decreasing windage losses by
reducing the external fan diameter improves motor
efficiency. The tradeoff is temperature rise in
windings resulting in increased stator resistance
losses. Hence when following this strategy,
designers have to find a balance between different
losses in order to optimize motor efficiency.

To fulfill the NEMA Premium efficiency
standard, additional design and production
techniques could also be required [5].

In this paper the simplest method for
improving efficiency is chosen, namely replacing
the aluminium rotor cage with die-cast copper cage.

The use of copper in place of aluminium
rotor cage can lead to significant benefits [6]:

Lower resistive losses and lower operating
temperature, due to the fact that the electrical
conductivity of copper is nearly 60% higher than
that of aluminum. Lower losses mean higher
efficiency.

Extended life expectancy. As motor life is
doubled for every 10°C reduction in operating
temperature, the lower operating temperature results
in extended motor life expectancy. The lower
operating temperature, combined with the high
thermal conductivity of copper, allows for smaller
cooling fans. In this way windage losses are
decreased.

Smaller size and cost. Due to the higher
efficiency when using copper rotor, it is possible to
decrease the motor overall length while matching
the performance of the motor with aluminium rotor.
The shorter stator windings can save up to 500 000
tons of copper in the world annually [7].

Lower CO, emissions. Recycling of copper
leads to significant energy savings. To extract
copper from copper ore, the energy required is
approximately 100 GJ/ton. Recycling copper uses
about 10 GJ/ton. This energy saving leads to the
conservation of valuable reserves of fossil fuels and
consequent reduction of CO, emissions.

Due to the above benefits, copper rotor
motors are proving a cost-effective way of meeting
the new IE4 super premium efficiency level. The
active development of the copper die-casting
technology since 1997 has resulted in a growing
world market of copper rotor motors.

3. Motor

analysis

The specifications of the three-phase

squirrel cage induction motor, analyzed in this
paper, are given in Table 1.

specifications and method of

Table 1
Specifications of the analyzed motor

Parameter Value
Supply voltage, V 380
Frequency, Hz 50
Rated power, kW 1.5
Number of poles 2
Rated slip 0.055
No. of stator slots 24

No. of rotor slots 26
Winding connection Wye

The cross section of the analyzed motor is
shown in Fig. 1. The dimensions of rotor and stator
slots in millimeters are given in Fig. 2.

Fig. 2. Dimensions of rotor and stator slots

To analyze the induction motor, the 2D
Finite Element Method is used [8]. The numerical
model is voltage-fed and takes into account rotor
and stator end turn resistances and leakage
reactances, steel saturation and eddy currents in
rotor bars.

Due to the symmetry, only one pole of the
motor is modeled. The finite element mesh consists
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of 10560 second-order triangles. When generating
the finite element mesh, the depth of penetration

1
§=
Jrfop
is taken into account. Here o 1is the electrical
conductivity and p is the magnetic permeability of

(1

material.

Based on the obtained numerical results,
electromagnetic toque, stator and rotor currents,
steel and copper losses, power factor and efficiency
at different slips are computed.

4. Comparison of the results for aluminium

and rotor bars
Fig.3 shows the motor -current-speed
characteristics computed at different slips by the

P, P-P
n=2-1"7% )
Pl Pl

where P, is the consumed active power and P, is

the output power. The total losses Py include stator

and rotor copper losses, iron losses, windage and
friction losses, and stray losses [9].

Currents, efficiency and other parameters at
rated slip, computed by the finite element analysis,
are presented in Table 2. There is a significant
increase in the overall efficiency of the copper cage
motor produced at lower rated stator current. The
higher conductivity of copper leads to lower total
loss and consequently higher efficiency for the
copper rotor cage.

finite

element analysis. The torque-speed

characteristics are given in Fig. 4.

—O— copper —-2 - aluminium

25
20
15

Table 2

Performance characteristics at rated load
Parameter Al Cu | % change
Rated power, kW 1.5 1.5 0
Rated stator 371 | 301 13
current, A
Full load speed, rpm | 2835 | 2922 +3
Rated slip 0.055 | 0.026 -53
Efficiency, % 81 84 +3.7
Power factor 0.61 | 0.71 +16

10

rotor current [A]

5

0 1 1 | 1 1 O
0 300 1000 1500 2000 2500 3000
speed [rpm]
Fig. 3. Current-speed characteristics

—O— copper —-2 - aluminium

torque [N.m]

0 500 1000 1500 2000 2500 3000
speed [rpm]|
Fig. 4. Torque-speed characteristics

The performance characteristics at rated
load are shown in Table 2. Here Al stands for
aluminium rotor and Cu for copper rotor cage.

The efficiency is computed by the formula:

As seen in Table 2, the copper rotor cage
achieves the rated torque with 53% less slip. This
creates a motor that does not slow down much
under load and is very responsive on variable
frequency drives. When variable torque loads like
fans and pumps are applied, however, potential
problems may arise. With 1% increase in full load
speed, the energy consumed by these applications
goes up by 3% [10].

Table 3 compares the torques produced by
the motor. There is a 12% increase in the rated
torque for the copper cage rotor. The breakdown
torques are very close. Due to the higher
conductivity of copper, the starting torque of the
copper cage IM is 13% lower, but still about twice
the rated torque. This could be problematic for
high-inertia loads.

Table 3
Torques produced by the motor

Parameter Al Cu | % change
Rated torque, N.m 4.85 | 5.45 +12
Starting torque, N.m | 13.65 | 10.46 -13
Breakdown torque, 1555 | 15.67 10,8
N.m

Pull-out torque, N.m | 11.75 | 9.07 -23

Table 4 compares the losses in the motor.

The losses are computed by the formula:
f)* +k,(B,..0)", (3)

p= khB2

max

f+k, (B

max
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where B, ,, is the magnetic flux density amplitude;

X
k,, k. and k, are coefficients taking into account

hysteresis, eddy currents and the steel structure.

As expected, the copper rotor conduction
losses are more than two times lower than the
aluminium rotor conduction losses. This is one of
the main advantages when replacing the aluminium
cage with copper cage.

Table 4
Losses in aluminium and copper cage motor
Parameter Al Cu % change
Stator copper
losses, W 155 148 4.5
Rotor bars
losses, W 94.2 41.3 -56
Steel losses, W 32.4 32.6 +1
Copper, however, has a drawback as

compared to alluminium, namely higher mass
density. This results in higher coefficient of inertia
and damping coefficients, shown in Table 5. The
finite element method simulations showed that the
aluminium rotor motor reached steady state no-load
speed about twice faster than the copper rotor
motor.

Table 5
Coefficients of inertia and damping coefficients
Parameter Al Cu
Coefficient of 0,00257712 | 0,00451673
inertia, kg.m
Damping coeffici-
ent, N.m.sec/rad 0,0017 0,0035
5. Conclusions
The comparison of the performance

characteristics shows that the induction motor with
copper rotor cage outperforms the induction motor
with aluminium rotor cage. The use of copper in
place of aluminium rotor cage leads to a significant
3.7% increase in motor efficiency produced at lower
rated stator current. There is a 12% increase in the
rated torque for the copper cage rotor, achieved at
53% less slip. Due to the higher conductivity of
copper, however, the starting torque of the copper
cage IM is 13% lower but still about twice the rated
torque. The copper rotor bars losses are more than
two times lower than the aluminium bars losses.
This leads to lower operating temperature and
extended motor life expectancy.

Based on the obtained results, it can be
concluded that the use of copper rotor cage results
in significant improvements in induction motor
efficiency and represents a powerful alternative to
conventional motors with aluminum rotor cage.
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SOFTWARE TOOLS FOR THE DESIGN OF ROM
BASED FSM IMPLEMENTED IN FPGA

IVAN KANEV

Abstract: Modern FPGAs have on-chip blocks of memory which can be utilized to build ROM-
based FSMs. The paper presents one approach to developing software tools aimed at facilitating
the FSM design, and referred to as FSM ROMizer. A method for defining FSMs, as well as rules
for describing the states of FSMs, is set forth. The syntax of software tools is defined
through using Extended BNF. The states of the FSMs having been translated, FSM
ROMizer generates an output memory initialization file (MIF) and a timing diagram which is
used to represent the states of FSMs. The application range of FSM ROMizer can be broadened
by means of the output MIF file being converted to some other frequently used formats such as

HEX, COE etc.

Key words: FPGA, ROM, FSM, ROMizer, MIF, HEX, COE, VHDL, Verilog

1. Introduction

Modern FPGAs have on-chip blocks of memory
which can be configured as ROM [1]. This is a
strong basis for the utilization of these blocks for
building ROM-based FSMs [2,3,4,9,12,13].
Compared to the conventional methods of FSM
design which use logic elements (LEs), the ROM-
based FSMs have some specific advantages.

1. Only the resources of ROM are utilized for
the purposes of FSM realization. This results in the
reduction of logic elements in FPGAs. With ROM-
based FSMs the effect achieved by LEs reduction
proves to be of considerable importance when
FSMs have a number of internal states involved
inthe generation of constants and control signals[4].

2. Maximum clock frequency of ROM-
implemented FSMs is not dependent upon their
complexity[3].

3. When designing FSMs, it is possible to
exactly specify the resources of the ROM being
used [2,3,4].

The designing of ROM-based FSMs encounters
serious difficulties due to three basic factors:

1. There are no tools for defining and describing
the states of FSMs.

2. The labored encoding of memory
initialization file (MIF) with the states of FSMs

3. There are no tools for presenting the graphs
or the timing diagrams of FSMs.

It is the building of software tools used to
facilitate the FSM design, and called FSM
ROM izer, that this study is focused on.

The designing of ROM-based FSMs through
using FSM ROMizer requires for the following
problems to be solved:

1. Setting forth a method for the defining of
FSM.

2. Establishing rules for describing the states of
FSM.

3. Defining syntax for FSM ROMizer. This
syntax provides a basis for building the parser
which, having realized the translation, generates
the following: a list of the uncovered errors; an
output file for memory initialization in .mif format;
a timing diagram representing the states of FSM.

Fig. 1. shows: the stages in designing ROM-
based FSMs through using FSM ROMizer; the
integration of the output file into Altera's Quartus II
IDE [11]; the simulation of the VHDL/ Verilog
project through using Altera's ModelSim [10].
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Fig. 1. Design of ROM-based FSM, with "FSM ROMizer"

2. Method for defining FSM

One or more ROM-based finite state machines
implemented in FPGA are defined within Section
of definitions which is confined between the
directives DEFINE FSM and END DEFINE. The
defining of FSM starts with DEFINE FSM.
Immediately following this directive, there is a
colon and the name of the defined ROM FSM.
This name will be used by ROMizer to buildthe
memory initialization file (.mif) containing the
states of the finite state machines.

DEFINE FSM: MyFsmName;
Section of definitions
END DEFINE;

The section of definitions describes the
correspondence between the set of signals which
represents the input alphabet and the signals which
represent the output functions. For the purposes of
terminological coherence in the description of
finite state machines, the input signals are also
designated  “input variables” and the output
functions -” output variables” .

There are two  forms of input variable
declaration:

1. User defined input variables. This form
provides the user with the option of defining
variables equivalent to the variables used in the
VHDL project or the Verilog project.

2. Predifined input variables. Some finite state
machine specific input variables are defined in
advance. In FSM ROMizer these are the variables “
state ” or “addr”. All input variables are defined
through the directive “address”.

User defined variables and predefined variables
are linked to “address” by the assignment operator
,,<=". In the section of definitions this directive can
be found only on the left side of the assignment
operator:

Address [absolute-range] <= Input

Variables [relative-range].

There are two  forms of output variable
declaration:

User defined output variables;

Predifined output variables. In FSM ROMizer
these are the variables “next state” or “next addr”

All output variables are defined through the
directive “q”.

User defined variables and predefined variables
are linked to “ q ” by the assignment operator. In the
section of definitions this directive can be found
only on the right side of the assignment operator:

Output Variables [relative-range] <= q

[absolute-range];

The needed bit range used to define one
directive or variable is put into square brackets.

[index] - defining one-bit directives or
variables pointed by index;

[msb:Ilsb] - defining directives or variables
which are represented by several consecutive bits.
The stated range includes all the bits between msb
(most significant bit) and Isb (least significant bit).
If “C” is used to denote the number of bits which
are needed to define multibit directives or variables,
then C=msb—Isb+1.

Rules for specifying the range.

1. Specifying the range of directives:

[absolute-range]| = [msb : Isb];

[absolute-range] = [index].
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Apart from specifying the range, msb, Isb
and index are also used to denote:
the address inputs which the input variables are
linked to, when the input variables are related to
the directive “address”; which outputs the output
variables are linked to, when output variables are
related to the directive “q” .
2. Specifying the range of variables:
[relative-range] = [msb : 0];
[relative-range] = [index = 1].

Range specification can be omitted for a
variable which points to a one-bit signal In this case
only the name of the variable is used.

A finite state machine having been defined, it is
possible to specify the parameters which are needed
for computating the resources of the used ROM.

If we denote:

mgy (mq) - the number of one-bit input
(output) variables;
ng (nq) - the number of multibit input

(output) variables;
Ca (Cq) - number of bits in a multi-bit
input (output) variable

then:
na
ROMdept = mg + ZCal- , where
i=1
ROMdept is the total number of input variables;
2R0Mdept is the number of internal
states of the finite state machine;
"lq
ROMwidth = mg + )" Cq; , where
i=1

ROMwidlth is the total number of output variables;

M = 2ROMAept o po N pwidth , where
M is used to denote the size of ROM needed for the
realization of the defined finite state machine.
The defining of FSM can be represented by the
following example:
DEFINE FSM: FSM_Example;

enable <=q[0];
strobe <=q[1];
data[3:0] <=q[5:2];

next_state[3:0] <=q[9:6];
address[3:0] <= state[3:0];
address[4] <=S;

END DEFINE;

The FSM FSM_Example generates up to 16
four-bit “data’constants synchronized by the signals
enable and strobe. The variable “S” suggests an
option to implement in ROM one more FSM, which
is defined with the same variables, but using
different values of the internal states.

For the specified range of the directives in

FSM_Example: ROMdept =5,
ROMwidth =10; M =32x10.

3. FSM Description

The states of FSM, which has already been
defined, are described in “section of descriptions”
confined  between the directives CONTENT
BEGIN and END:

CONTENT BEGIN
section of descriptions
END:;.

Generally, the syntax of section of descriptions

can be represented the following way:

address of ROM : Description of states;,

where:

address of ROM is used to specify the
absolute value of the address. Each address of ROM
is used to describe one of the states of FSMs.

With respect to that, address of ROM can also
be interpreted as a number of the states of FSMs.

description of states is used to describe the
values of variables:

<description of states>:= variable[msb : 0]
= b"value”,.., variable= b'value’,

For the purposes of compactness in the
description of the states of FSM, the following
rules are defined: after Reset all input and output
variables are set to zero; if, for a certain state of
FSM, a specified value is assigned to a variable, the
variable will retain this value until it is changed in
some other state of the FSM; the predifined input
or output variables (state, next state) can be
followed by the unary operation “post increment”
(++). The automatic increment continues to the next
state of FSM, in which new values are assigned to
the variables.

Example of description of one version of
FSM_Example:

CONTENT BEGIN

0: state[3:0] = b"0000"++,
next state[3:0] =b"0001"++,
S=0'0', enable = 'l',

data[3:0] =b"0001", strobe = '0";
data[3:0] =b"0010";

data[3:0] =b"0001";

data[3:0] =b"0010";

data[3:0] =b"0100";

data[3:0] =b"0010";

data[3:0] =b"0001";

data[3:0] =b"0010";

data[3:0] =b"0001", strobe = '1";
data[3:0] = b"0000", strobe = '0',
state[3:0] = b"1001", enable ="0',
next_state[3:0] =b"0000";
UNUSED ADDRJA..1F]: 0;

END;

O 00 31O\ N B W —
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The described FSM has ten states in which the
constants data, data = {1,2,1,2,4,2,1,2,1}, and the
control signals enable and strobe are generated.

4. Translating the states of FSMs

One or more finite state machines having been
defined, and their states having been described, it
is possible to proceed to translation. The translation
is realized in three stages:

1. Parsing. At this stage, the translator performs
its typical analyses [6 ,14]. Detailed description of
the syntax of FSM ROMizer is shown in "Table 1 ."
If some discrepancy between the rules of defining
and describing the FSM and the syntax of the FSM
ROMizer occurs, the process of translation is
discontinued and a list of errors is generated.

2. Generating the output file. If the analysis is
successful, an output file with the name of the FSM
and the extension .mif is generated [1]. The syntax,
which the output file is described by, is as follows:

ROM address : ROM data; -- comment,

where:

“ ROM address” is the absolute address in
ROM, which is the result of the concatenation ("&")
of all input variables ;

“ ROM data” is the output function, which
is the result of the concatenation of all output
variables .

For the FSM “FSM_Example”, FSM ROMizer
generates the following output file:

-- FSM_Example.mif :

-- ROM address <= S & state

-- ROM data <= next_state & data &

strobe & enable

WIDTH=10; -- ROMwidlth

DEPTH=32; -- ROMdept

ADDRESS RADIX=HEX;
DATA RADIX= HEX;
CONTENT BEGIN
0:045; --state[3:0]=Db"0000"++,
-- next_state[3:0] =b"0001"++,
--S=0b'0, enable ='1",
-- data[3:0] =b"0001", strobe = '0";
: 089 ; -- data[3:0] =b"0010";
: 0C5 ; -- data[3:0] =b"0001";
: 109 ; -- data[3:0] =b"0010";
1151 ; -- data[3:0] =b"0100";
: 189 ; -- data[3:0] =b"0010";
: 1C5 ; -- data[3:0] = b"0001";
:209 ; -- data[3:0] =b"0010™;
: 247 ; -- data[3:0] =b"0001", strobe = '1";
9: 000 ;--data[3:0] =b"0000", strobe = '0',
-- state[3:0] =b"1001", enable = '0',
-- next_state[3:0] = b"0000";
[A..F]:0;-- UNUSED ADDRJ[A..F]:0;
END;

0N N kW~

The output file also includes the descriptions of
"FSM_Example" as comments ("--").

3. Generating the diagram of the states. To
represent the states of FSMs, FSM ROMizer
generates a timing diagram which is used to display
in a graphical way the states of the input and output
variables (Fig. 2.).

clk ]|_||_||_||_||_||_||_

address 0 Joz )03 o4 05 Jog Jo7 Joa oS
ehable J |_

dta 0 Je JT Mo J4 Y2 Tr J2 1 o
next_state 31 I2 ]:3 I4 I5 I5 I? E-E-
strobe

Fig.2. FSM Example — timing diagram
Source : FSM ROMizer.

In some cases, the timing diagram is not
sufficient for the detailed analysis of the designd
FSMs. The problem can be solved through a
Quartus II-based project, in which the structure of
FSMs is described using VHDL or Verilog. After
compiling the project with the output file included,
ModelSim should be utilized to conduct a precise
research of the designd FSMs (Fig. 1.).

5. Results

FSM ROMizer project is implemented in the
language Perl. Its functional capabilities are tested
with two types of FSM:

1. FSM, whose states are consecutive to a
state machine. This test demonstrates the overall
functionality of the software tools and action of
unary operator "post increment" (+ +). The results

of this test are shown in this article, with
"FSM_Example".
2. FSM, whose states are changed

periodically. Practical tests are used graphs of
automata that implements algorithms "MADM"
[8,9].

Comparative analysis of the tested automata
created in VHDL and FSM ROMizer , it is in
complete compliance.
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Table 1.
Syntax of FSM ROMizer in extended Backus—Naur Form|[7].
digit="0" ‘I’ |22 |3 |4 |56 [ T[8]9;
decimal digit = digit;
number = digit, {digit};
binary digit="°0"]1’;
hexadecimal digit=digit|‘a’ | ‘A’ | ‘D’ | ‘B’ | ¢’ |‘C’|‘d’|‘D’|e’|‘E’| ‘T | F’;
letter="‘a’ | ‘A’ | .. ‘2’| ‘Z’;
word character = letter | number | © ’;
word = letter, {word character} ;
reserved word = ‘q’|’address’|’addr’|’'next _addr’;
legal word = word — prereserved word,;
whitespace = © “ | ‘\t’;
new line = “\n’|’\r\n’;
nl =new line,{new line};
sc=";
end of line = sc,nl;
eol =end of line,{end of line};
ws = {whitespace};
all whitespace= " | ‘\t’ | “\n’;
empty line = {ws},nl;
comment or el = ({comment}|{ empty line });
nonword_character =" [ . | */* [V | 7 [ 7 [ 7 7 CC )T =TT R
single line sequence = {word character|whitespace|nonword character};
comment = (‘--’|’//*),[single line sequence],nl;
fsm name = legal word;
fsm_program = {comment or el},fsm definitions,{comment or el},fsm states,{comment or el};
fsm_definitions = ‘DEFINE  FSM’,ws,’:’,ws,fsm_name,sc,[comment],  definitions,”END
DEFINE’,ws,eol;
definitions = definition, {definition},nl;
definition = input_defintion | output_defintion;
input_definition = (input,ws,’<=",ws,legal variable,ws,sc,(comment|nl))|inc input;
output definition = (legal variable,ws,’<=",ws,output,ws,sc,(comment|nl)) |inc_output;
range = ‘[’,number,[‘:’,number],’]’;
input = ‘address’,range;
output = ‘q’,range;
legal variable = legal word,[range];
defined variable = (legal word|‘state’| ‘addr’|’next addr’),[range];
inc_input = ‘address’,range,ws,’<=",ws,(‘state’|’addr’),range, sc,(comment|nl) ;
inc_output = ‘next addr’,range,ws,’<=",ws,’q’,range, sc,(comment|nl) ;
fsm_states = ‘CONTENT BEGIN’,ws,[comment]nl,state, {state}, "TEND’,sc(comment/nl);
state_code = hexadecimal digit, {hexadecimal digit};
state = (ws,state_code,ws,’:’ws,assignment, {ws,’,”,[comment],ws,assignment}, sc,
(comment|nl)) unused_space;
unused_space = ws,”UNUSED ADDR’,ws,’[,state_code,’..’state_code,’]’,ws,’:’,
hexadecimal digit,{hexadecimal digit},sc,(comment|nl);
assignment = (defined variable,ws,[‘<’],’=",ws,legal value,ws)|inc assignment;
legal value = bin value | dec_value | hex value;
bin_value = ([(‘b’|’B’)],””’,binary digit,””’) |((‘b’|’B’),””,binary digit,{binary digit},”’);
dec value = (‘d’|’D’),””,decimal_digit,{decimal digit},””’;
hex value = (‘h’|’H’),”” ,hexadecimal digit,{hexadecimal digit},””’;
inc_assignment = (‘next_addr’|’addr’),range,ws,[‘<’],’=",ws,legal value,’++’,ws

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria ISSN 1310 -8271
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5. Conclusions

Original software tools, called FSM ROMizer, and
aimed at facilitating and accelerating the FSM
design have been developed. A method for defining
the FSMs has been set forth. The rules, employed
to define the correspondence between the set of
variables that represents the input alphabet of FSMs
and the variables that represent the output functions,
have been described. The parameters needed for
computing the resources of the used ROM have
been defined. Rules focused on compact
description of the states of the defined FSMs have
been set forth. The syntax of FSM ROMizer has
been defined, using the Extended BNF. This syntax
provides the basis for building the parser which,
having realized the translation of the states of
FSMs, generates the following: a list of the
uncovered errors; an output file for memory
initialization in .mif format; a timing diagram
representing the states of FSM.
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N3MEPBATEJHA CUCTEMA HA XUBPU/THA
HNHCTAJIALIUA CbC 3EMHO BASUPAHA
TEPMOIIOMIIA 1 CJIBHYEBU KOJIEKTOPU

EMUIJI TOILIKOB, AJIEKCAHABP I'EOPTUEB, PYMEH I10I10B

Pe3tome: B cmamusma e npedcmasena usmepeamennama cucmema Ha UHCMAniayusi CoC 3eMHO
basupana mepmonomna u CivH4e8U KONeKMOpU 3d KOHOUYUOHUPAHE HA JHCUTUWHU CSPAOU.
Onucanu ca censopume 3a usmepsane Ha napamempume Ha cucmemama u npudbopume 3a
cvOupane u obpabomka Ha Oannu. Hanpasen e awnanuz xou napamempu mpsabea oa ce
uzMepsam npu pasnuyHume pabomuu pelcumMu Ha UHCMAaiayusama — omonieHue, OXaaicoane u
3apesicoane Ha 3eMAMA € U3NON36AHE HA PASIUYHU USMOYHUYU HA eHePIUSL.

KnwouoBu aymm: 3emro Oasupana mepmonomna, civH4esu KONEKMOpU, Xubpuona cucmema,
usmMepeamenHa cucmema

MEASURING SYSTEM OF A HYBRID
INSTALLATION WITH GROUND SOURCE HEAT
PUMP AND SOLAR COLLECTORS

EMIL TOSHKOV, ALEKSANDAR GEORGIEV, RUMEN POPOV

Abstract: The measuring system of an installation with ground source heat pump and solar
collectors for air conditioning of residential buildings is presented in this article. The sensors
for parameter measuring of the system and the devices for data collecting and treatment are
described. An analysis is performed which parameters are to be measured at different
installation working modes — heating, cooling and charging of the ground by means of various

sources of energy.

Key words: ground source heat pump, solar collectors, hybrid system, measuring system

1. Introduction

The Ground Source Heat Pump (GSHP)
systems are promising for long-lived heating and
cooling because they are using the ground like heat
source or sink with nearly constant yearly
temperature. The combination of solar collectors
with GSHP is the way to make such systems more
effective — higher COP and better working
conditions [1, 2]. It is possible also to use the solar
energy from collectors directly for space heating
and to store the thermal energy into the ground
when it is abundant [3]. That helps to keep the
ground temperature constant and to avoid the so

called thermal depletion of soil when the system
operates a long time [4].

The aim of the present paper is to represent
the measuring system of such experimental
installation — the sensors and devices which collect
data during experiments and the parameters in
different modes — heating, cooling and thermal
charging.

2. Description of the GSHP system
An experimental system with ground source
heat pump and solar collectors was constructed at

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria

ISSN 1310 - 8271



L=

Pyranometer

TEMPERATURE
SENSOR

@ FLOW METER
<> FILTER

l% MANUAL VALVE

the Technical University — Sofia, branch Plovdiv

Expansion tank

FM2

SOLAR COLLECTORS

LEGEND
3-WAY PROPORTIONAL
%1 VALVE

% ON/OFF REMOTE
CONTROLLED VALVE

7 AR REMOVER

QPUMP

-34-

(the main scheme is presented in Fig. 1) [5].

£ i(groundheat s i3
3 : ."exch_a:rg'ersl 3%

Fig.1 Main scheme of the hybrid installation [6]

It consists of the following main parts:

- Two borehole heat exchangers (BHE) -
50m of depth and 165 mm in diameter
each; they are of a single and double piping
type;

- Three flat plate solar collectors in
parallel with 2,15 m> area eash
(“Sunsystem” Ltd, Bulgaria); they are
equipped with a pump station P1 and
expansion tank;

- Brazed plate heat exchanger of the type
GEA; it transfers the heat from the solar
loop to the water storage tank;

- Water storage stainless steel tank with a
volume of 300 I - it is thermally insulated;

- Heat pump water — water (production of

“Maxa”, Italy); it is controlled by a
microprocessor based device “Eliwell”,
Italy;

- Buffer vessel with thermal insulation —
150 1;

- Convector of the air-water type — it is
used like a heat consumer;

- Water pumps: two DAB JET 82M
centrifugal pumps with Active Driver 1.1 M
P4 and P5; they are used to deliver flow to
two boreholes;

- Water pumps: two wet rotor circulating
pumps DAB VA 35/130 P2 and P3: they
are used to deliver the flow to the storage
tank and boreholes;

- Water pump of the type DAB Evoplus
P6 with electronic control for the consumer
loop;

- Plastic relief tank with a volume of 10 1;

- Eight remote controlled 2-way valves
Hertz TS 90 with thermal actuating drive
220V (RC1 - 8) are used to control the
water flows in different modes during the
system operation;

- 3-way mixing valves of the type
VMBT4-Italy with proportional actuating
drive MVT57; they are used to inject
thermal energy from the water tank to the
boreholes;

- Manually opened valves V1-V14;

- Piping — 32mm polypropylene tubes
Aquatherm  with  thermal insulation
“Aeroflex”.

3. Measuring system of the installation

A/ Sensors: they are needed to measure
the operating parameters — temperatures, water
flow rates, electric power, integral solar radiation,
and to provide data to the data logger, which is
necessary to calculate the energy transfer between
the main elements of the hybrid system and

effectiveness in the different working modes.
Temperature: the sensors are of the type 3-wire
platinum resistors Pt100, class A in special
copper closed tubes; they are fitted on every
input and output of the constituent system parts
T1-T20 (Fig.2). The sensors are mounted into



polypropylene T-diverter on a water flow — that
assures precise measuring of the inlet and outlet
temperatures.

Fig.2 Temperature sensor Pt 100 in housing

Volumetric flow rate: six flow meters BEL90
FM1-FM6 are mounted on every circulating
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Fig.4 Pyranometer CMP 6 [6]

Electric power: Wattmeter EL-EPMO02FHQ is
used to measure the electric consumption of the
heat pump and the water pumps with accuracy
of 0,5W and till 3,6 kW as a maximum load /7]

(Fig. 5).

loop — the maximal flow rate is till 5 m*h and
the digital pulse output offers sensitivity of 10
1/pulse (Fig. 3).

o —

Fig. 3 Digital flow meter BEL 90

Solar radiation: a pyranometer of the type Kipp
& Zonen CMP 6 (Holland production) is
mounted on the roof with the aim to measure
the global solar radiation, which falls in the area
of the thermal collectors (Fig.4). Its technical
characteristics are as follows [6/:

- Spectral diapason — 285-2800 nm;

- Sensitivity — 12 pV/W/m?;

- Response time — 18 s;

- Maximal radiation — 2000 W/m?;

- Visible field — 180°;

- Temperature diapason: -40 till +80°C.

Fig.5 Wattmeter EL-EPMO2FHQ [7]

B/ Measuring devices: they are used for
the most important parameters — temperature and
flow rate. The hybrid system is equipped with
devices for parameter measuring and logging the
obtained data on PC. It is produced by the
company “Comeco”- Bulgaria /8].

Programmable _Indicator TC800: it has the
following characteristics:

- 8 inputs, 8 outputs and 16 alarms;

- 2 displays;

- Programmable ranges and alarms;

- Self-testing and system-failure alarm;

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria ISSN 1310 - 8271



- RS485 serial interface available;
- 24 VAC power supply.

TC800 performs measuring and logging
of temperature by means of Pt100 with digital
compensation for RTD sensor line resistance and
accuracy of 0,4 % from span. A rich set of
parameters allows programming every aspect of
controller operation and an RS485 serial interface
allows network operation or connection to
operator station. It is possible also to use some
channels for voltage inputs — to measure the value
of the solar radiation from the pyranometer

(Fig.6).
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Fig.6 Indicator TC800 [8]

Programmable Counter CT34: it has the
following characteristics /8/:
- Pulse counting and batch counting;
- One or two 6-digit LED displays;
- Programmable divider and multiplier;
- 2 programmable relay outputs;
- RS485 serial interface available;
- 6 user-selectable operating modes;
- 24 VAC power supply.

With the help of this counter the
volumetric flow rate of circulating water in
different loops is measured and the data are
logged on a PC (Fig.7).

All the measuring devices are coupled to a
PC with an universal USB-to-Serial converter to
log the data in the desired intervals of time 1-15
min.

An universal data acquisition program
“Polymonitor” is used for logging data to a PC
with RS485 interface.
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Fig 7. Programmable Counter CT34 [§8]

4. Working modes of the installation and
the need to measure some parameters

The hybrid installation for heating and
cooling of residential buildings can operate in 6
different modes depending on the seasonal
conditions and needed load. That assures
versatility and flexibility of the installation during
the four seasons of the year with the aim of
effective and low cost operation. The operating
modes are as follows /5, 9/:

1. Solar energy diurnal storage — thermal
energy (when present) is delivered to the water
storage tank from the solar collectors.

2. Charging of the borehole storage —
thermal energy (when present) is delivered
during the summer to the boreholes from the
solar collectors and the condenser of the heat
pump.

3. Direct solar heating — a thermal energy
from water tank is sent directly to the
consumer.

4. Ground-source heat pump heating — the
heat pump is working and the heat delivered to
the evaporator of the heat pump come either
from the single or double borehole heat
exchanger.

5. Heating with solar assisted heat pump —
the heat pump is operating and the heat sources
are the solar collectors, respectively the water
storage tank.

6. Ground source heat pump cooling — the
boreholes are connected in this mode to the
condenser of the heat pump.

There is the possibility to carry out two
modes simultaneously - for example ground
source heat pump cooling with the double BHE
when charging the single one with solar energy.
The main parameters that have to be measured
during different operating modes are presented in
Table 1.
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Table 1. Measuring parameters during different operating modes

N= Working mode Pumps in | Temperatures to be controlled | Flow rate to Solar
operation be controlled radiation
measuring
1 Solar energy diurnal P1. P2 T1, T2, T3, T4 FMI1, FM2 Yes
storage
2 Charging of the P1, P2,P3, T1, T2, T3, T4,T6, FM1, FM2, Yes
borehole storage P4 T7,T10,T11,T12,T13 FM3, FM4
3 Direct solar heating P1, P2, P6 T1,T2, T3, T4, T8, T9, T19, | FMI, FM2, Yes
T20 FM6
4 Ground-source heat P5, P6 T8,1T9,T10,T11,T12,T13,T14, | FMS5, FM6 No
pump heating T15,T16, T18, T19, T20
5 Heating with solar P1, P2, P4, T1, T2, T3, T4, T6, T7, T8, FM1, FM2, Yes
assisted heat pump P5 T9,T14, T15,T16, T18, T19, FM4, FM5
T20
6 Ground source heat P5, P6 T8,1T9,T10,T11,T12,T13,T14, | FMS5, FM6 No
pump cooling T15,T16,T17, T18, T19, T20

The hybrid geothermal system can operate
with either single or double loop borehole heat
exchangers during heating and cooling modes.
Also there is a choice which borehole to be used
for charging of the thermal energy in the soil — the
single or double one.

5. Conclusions
The main conclusions are the following:

A measuring system is equipped to a hybrid
installation with ground source heat pump and
solar collectors. It allows measuring the main
operating parameters — temperatures, volumetric
flow rates, electric power consumption and
integral solar radiation. All the data can be logged
on a PC in desired time intervals.

The installation can operate at different
regimes with the aim to achieve optimal
conditions for space heating and cooling during
the measurement of the working parameters. Also
the hybrid system has the possibility to store
thermal energy to the boreholes and to the water
tank and to use it in different operating modes.
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KATOJIHO NETHO - ®U3UYHU CBOMCTBA,
EKBUBAJIEHTHA I1VIOII HA KATOJAHOTO
HETHO

HUKOJIAI IIETKOB, XPUCTO BAXYE/I)KMEB, TETSIHA YOJIAKOBA

Pe3tome: Mooerupanemo na kamoonume npoyecu no360116a pakpusane Ha 3aKOHOMePHOCIU
U napamempu 6 30HAMA HA KAMOOHUS NOMEHYUAN, GKIIOYUMENHO Me3u, KOUMmo 6ce ouje e
HEeB8b3MOJCHO 0a 0BO0am onpedeieHu eKCHepUMEeHmMAIHo, Kamo UHMeH3umema Ha HNoxemo,
NIMHOCMMA HA MOKA HA eleKkmponume u uonume, u Op. B masu cmamus ce oucxymupa
mepmunvm  "kamoono nemHo", Kakeo Npeocmaennsa, QusUYHUME MY CEOUCmMEA U e
OepuHupana KoHyenyusama Ha mepmuxa "exeusaieHmua niow "Ha KamooOHOmMo nemHo.

KiouoBu AyMH: 0ved 6v6 6AKYYM, KamooHo nemmxo, njiou Ha KamooHOmMOo Nemuo

CATHODE SPOT - PHYSICAL PROPERTIES,
EQUIVALENT CATHODE SPOT AREA

NIKOLAY PETKOV, HRISTO BAHCHEDZHIEV, TETIANA CHOLAKOVA

Abstract: The modeling of the cathode processes allows revealing of the regularities and the
parameters in the cathode fall potential, including those that are still impossible to be
determined experimentally as the intensity of the field, the current density of both electrons and
ions, and etc. In this article is discussed the term ‘“cathode spot”, what is mean by it, its
physical properties and is defined the concept of the term “equivalent area” of the cathode

spot.

Key words: vacuum arc, cathode spot, cathode spot area

1. Introduction

Cathode erosion is still a problem hindering
the wide-spread application of thermal plasmas in
industry. In the last few years a strong interest in the
numerical modeling of the cathode region of the
thermal arc plasma has been aroused. It is motivated
by the need to develop PVD plasma systems with a
better performance.

The phenomenon of arc discharges was discovered
at the beginning of the 19" century. However,
serious efforts regarding their physical explanation
and especially the modeling of electrode processes
did not start until one century later [1].

The theory and conception of the cathode spot, as
well as the cathode material erosion in a vacuum
environment was widely discussed in the literature
by Lee in 1951, 1960, 1961 [2, 3, 4], Ecker in 1963
[5], Hantysche in 1976 [6], Lyubimov in 1978 [7],
Ivanov in 1985 [8], Nazarov in 1990 [9], Puchkarev
in 1990 [10], Mitterauer in 1996 [11], Gayet in
1996 [12], Jiittner in 1997 [13], Anders in 1997
[14], Coulombe in 1997 [15, 16, 17] Anders in 2001
[18], Massaad in 2006 [19], Lefort in 2012 [20].

The modeling of the cathode processes allows
revealing of the regularities and the parameters in
the cathode fall potential, including those that are
still impossible to be determined experimentally as

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria
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the intensity of the field, the current density of both
electrons and ions, and etc [23].

In this article is discussed the term "cathode spot",
what is meant by it, its physical properties and
define the concept of the term "equivalent area" of
the cathode spot.

2. Theory of Cathode Spot

The vacuum arc is a high current, low voltage
electrical discharge between two electrodes situated
in a vacuum ambient. The conducting medium
which is required the arc supplies itself in the form
of a highly ionized plasma of vaporized electrode
material, produced by an intensive interaction of
this plasma with the electrodes.

"Cathode spot" is generally associated with small
brightly lit area of the cathode surface through
which the transmission is performed on a current
between the cathode and the electrode space in the
arc discharge. The very term "cathode spot" uniting
two physically different areas - the surface of metal,
which can be heated in the spot area to a
temperature much higher than the boiling point; and
cathode plasma-sheath which is formed in the
process of spot formation or continuously generated
as a result of vaporization [7, 13]. Even the simple
description of cathode spot and its intrinsic plasma
parameters shows that it is a very particular physical
object [7].

The difficulty in the experimental study of the
cathode spot is associated with its very small size
and very short lifetime, and its very high speed of
moving on the cathode surface - up to 10 m/s. As a
general rule, the cathode spots are non-stationary.
They were born during the time of formation;
change its size over lifetime and then moves. Any
charge moving to area with cold surfaces mean the
end of spot life and formation of a new spot,
because heating and evaporation must restart again
[13].

The mechanism of cathode spot operation is still
enthusiastically debated, and two schools of thought
have emerged. One characterizes the cathode spot
process as a succession of explosions in adjacent
locations, in which a small protrusion on the
cathode surface is instantly vaporized and ionized.
Each explosion produces conditions in adjacent
locations conducive to triggering a further
explosion. The other characterizes the cathode spot
process as being quasistationary. The cathode
surface in a minute region is heated by backflowing
ions and electrons and Ohmic heating within the
cathode but concentrated near the surface. The
cathode spot surface is cooled by thermal
conduction into the surrounding regions of the

cathode, radiation, evaporation, and electron
emission. The electrons are emitted by some
combination of thermionic and field emission
(known as TF emission). The electrons are
accelerated by a local electric field, colliding with
the evaporated metal ions, exciting them, and
ionizing them, forming a dense plasma. The
electrons have a tendency to diffuse away from this
concentrated plasma ball faster than the more
massive ions, and thus a local positive space charge
is formed within the dense plasma, which assists in
the emission of electrons from the cathode and their
acceleration as well as the acceleration of ions in all
directions. However, the primary mechanism for
accelerating the ions to the high velocities and
directed energies observed experimentally is akin to
the mechanism occurring in a jet engine; as the hot
gas expands, there is a conversion of random or
thermal energy to directed energy. In the case of the
cathode spot plasma jet, as the plasma expands, it is
further heated ohmically by the electrical current
passing through it, thus providing further thermal
energy which can be converted to directed energy
[1,24].

3. Spot size

For the cathode spot size is judging by the
crater traces left behind of the arc burning in the
cathode spot. The main crater diameter is 4 um for
arc current of 3 =10 A, and about 8 um for arc
current of 40 <70 A. The crater has a spherical
segment shaped (but is not a semisphere), and its
radius significantly exceeds its depth
(approximately five times) [10]. The spot radius is
determined by the size of the area at the heated
surface [13].

The increase in track width of the crater compared
to the main diameter of the crater can be explained
by the cathode spot division and the coexistence of
several spots. The crater diameter of single cathode
spot weakly depends on the current [10].

4. Cathode
density

spot moving and current

Since the first observations of electric arc
Stark and Reich have found quickly -chaotic
movement and division of "brightly lit area near to
the cathode", named by Stark "cathode spot", later
often have called cathode-sheet field discharge [7].
This concept has always been associated with a
lower surface of the cathode, through which is
passed the cathode current of the arc. Sometimes, it
being considered only a part of the surface of the
cathode, which is connected with certain laws of
emission, erosion, accommodation the charged
particles and etc. Thus it separated as a region of the
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surface that is performed by the transmission of
current from the metal to the plasma between the
electrodes. But such a definition cannot be
physically closed because physical processes passed
on the surface of the cathode in the spot area are
closely related to the processes in the plasma near to
the surface, and its parameters. In this respect, the
surface of the cathode in the spot area and the
plasma near to it are inseparable physically and
generally naturally be regarded as one physical
object - a cathode spot [7].

The moving of the cathode spot represents dying of
the spot on one place and forming of new spot
elsewhere over cathode. It is important to answer
the question of what happens first: both dying of
cathode spot is followed by a jump (forming spot
elsewhere on the surface) or jump is occurred prior
conditions for the death of a cathode spot area [10].
The cleavage of the cathode spot starts randomly
which evidence to the second condition. When
splitting does not take place the crater became
larger. It appears that in this case the jump is a
result of the death of the cathode spot, and is
accompanied by an increase in the voltage of the
arc, the amplitude of which substantially exceeds
the average level of the arc voltage. Cathode spot
moves with step approximately equal to its radius.
There are different explanations for the jump of the
cathode spot. With Joule heating and heat running
of the voltage drop in the cathode body increase
until a new emission center is appeared on the crater
edge [10].

The spot movement or its displacement is the stage
of its life cycle, as in the absence of a magnetic field
it is chaotic. Provided that there is applied a
magnetic field, the movement of the cathode spot is
oriented in the — J x B direction [24], where ] is the
current density and B is the vector of magnetic
induction. The speed of the cathode spot movement
on the hot and cold cathodes is equal and depends
only on the current amplitude [10].

In the current close to a certain minimum value
called threshold, the whole current power is
concentrated in one spot. With the current
increasing is observed growing trend towards
division spot. Moreover, since some current value
the probability to exist two or more spots leads
asymptotically to one [7].

The current at the cathode spot significantly
dependents on the cathode material, the type of the
cathode spot, the rate of the current increase, the
discharge burning conditions, and etc. This is
related to the fact that the physical processes
determining the forming or dying of the spots are
different in these conditions.

The presence of the electric arc burning in a
vacuum environment, or the existence of the electric
arc, means that the processes of forming, growing
and dying of the cathode spots is continuously, i.e.
invariable during the of the arc. Because the
processes time of forming, growth and dying of the
cathode spots are much shorter than the lifetime of
the arc (per unit time we have a steady stream of the
generated sheath-plasma during the existence of the
arc), this allows us to assume that the area in which
is realize the current transfers between the cathode
and an electrode space in arc discharge, at the
constant arc current, is constant value and we call it
"equivalent area of the cathode spot".

5. Conclusions

In this article is discussed the term ‘“cathode
spot”, what is mean by it, its physical properties and
is defined the concept of the term “equivalent area”
of the cathode spot. They are the foundation of the
explanation of the processes of the cathode surface
during burning of the electric arc. Their good
knowledge allows their modeling and simulation, as
well as revealing of the regularities and the
parameters in the cathode fall potential, including
those that are still impossible to be determined
experimentally.
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MATEMATHUYECKHU MO/JIEJI HA
EJEKTPOABI'OBO KATOJHO U3ITAPEHUE
BBHB BAKYYM

HUKOJIAM IETKOB, XPUCTO BAXYE/XKMEB, TETSHA YOJIAKOBA

Pe3tome: B mazu cmamus e npedcmager MamemMamuyecku MoOel U U3HUCIUMeNeH aneopumsm,
dasauu 8pwv3KAMAa MeAncOy MoKa Ha 0beama U U3NAPsI8AHOMO KOAUYEeCMB0 MAmepuanl Ha Kamoo
- eposusi Ha kamooa 8 PVD naasmenu cucmemu. 3a 0a ce unocmpupa mMooen e u3noaséau
npumep ¢ enekmpoobe080 UNAPABAHE HA MUMAHO8 KAmoo 6b6 6aKyyMm. 3a onpedensne Ha
UBNAPEHOMO KONUYECME0 Mamepuanl ce U3NoA3ed UH@OOpMAyus Om eKCnioamayusma Ha
Macueen muman Kamoo. EKxcnepumenmanHomo u3yucienue Ha epo3usma Ha KamooHama
NOBBLPXHOCH De HAnpaseHda U3NOA36AUKU C8PBX YUCMA MUMAHO8A MUUEHA U TMOK HA 0beama
om 70A4. Mooenvm e nooxodsaw 3a npoyeca Ha UNAPSBAHe 8b8 6AKYYM HA MACUBHU KAMOOU
upe3 NOCMOSHHOMOKO08A 0bea.

KarouoBu nymu: ovea 66 eakyym, kamoono nemuo, PVD

MATHEMATICAL MODEL OF THE ELECTRIC
ARC CATHODE EVAPORATION IN VACUUM

NIKOLAY PETKOV, HRISTO BAHCHEDZHIEV, TETIANA CHOLAKOVA

Abstract: In this paper is presented a mathematical model and calculation algorithm which
gives the relationship between arc current and the evaporated quantity of cathode material -
erosion of the cathode in PVD plasma systems. To illustrate the model is used an example of arc
evaporation in vacuum of titanium massive cathode. To determination the value of the
evaporated quantity of material the information from exploitation of massive titanium cathode
is used. The experimental calculation of cathode surface erosion was executed using high purity
titanium target and 704 arc current value. The model is suitable for the vacuum evaporation
process of the massive metal cathodes with DC arc current.

Key words: vacuum arc, cathode spot, PVD

1. Introduction

Cathode erosion is still a problem hindering
the wide-spread application of thermal plasmas in
industry. In this case, in the past years a strong
interest to numerical modeling of the cathode region
of thermal arc plasma is aroused. It is motivated by
the need to develop PVD plasma systems with
better performances such as a lower cathode erosion
rate. Nowadays, the erosion problem in cathodes

continues to be a basic question which has been
intensively investigated in recent years.

Cathode erosion has been theoretically studied by
various researchers using models based on the
balance of energy flux and charged particles
between the spot and the near-cathode region.

The topic of arc discharges has been discovered at
the beginning of the 19" century, serious efforts
regarding their physical explanation and especially
the modeling of electrode processes did not start
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until one century later [1]. One of the earliest
investigations of this area are the works of
Langmuir [2, 3], Tonks and Langmuir [4],
Makeown [5]. As Riemann reported in [6] the basic
features of the plasma-sheath transition have been
revealed in the works of Langmuir [3] — especially
in the famous kinetic analysis of the low-pressure
column due to Tonks and Langmuir [4]. Years later
Dolan and Dyke [7] and Murphy [8] presented their
works “Temperature and field emission of electrons
from metal” and “Thermionic emission, field
emission, and the transition region”, following by
Lee with his works over T-F theory of electron
emission in high current arcs [9], energy
distribution and cooling effect of electrons emitted
from an arc cathode [10], and theory of the cathode
mechanism in meal vapor arcs [11], which has been
turned in a base for the later works over
understanding and modeling the cathode arc
processes.

The theory and conception of the cathode spot, as
the cathode material erosion in vacuum is wide
discussed in literature by Lee in 1951, 1960, 1961
[9, 10,11], Ecker 1963 [12], Hantysche in 1976
[13], Lyubimov in 1978 [14], Ivanov in 1985 [15],
Nazarov in 1990 [16], Puchkarev in 1990 [17],
Mitterauer in 1996 [18], Gayet in 1996 [19], Jiittner
in 1997 [20], Anders in 1997 [21], Coulombe in
1997 [22, 23, 24] Anders in 2001 [25], Massaad in
2006 [26], Lefort in 2012 [27].

As is reported by Kimblin in 1973 [28] the
maximum ion current is in range of 7 — 10% of the
arc current for the both refractory and non-
refractory electrodes with DC arc current level.
Furthermore, the maximum ion current increases
essentially linearly with the arc current. He made
his experiments with wide number of elements (Cd,
Zn, Ag, Cu, Cr, Fe, Ti, C, Mo, and W) and in arc
current range of 50 — 1000 A. A year later in [29]
Kimblin reported that the maximum ion current
from the cathode regions had a wvalue of
approximately 8% of the arc current. This led to the
conclusion that ion currents of approximately 8% of
the arc current are emitted from the cathode regions
associated with arc spots on the cathode materials in
general.

As a Coulombe is reported in [23] that a net positive
space charge sheath, or cathode sheath, of voltage
drop V. is formed at the plasma-cathode boundary
due to the presence, in different amounts, of three
charge carriers [6]: 1) the ion generated by
ionization of the atoms vaporized at the cathode
spot surface, accelerated back toward the cathode;
2) the Boltzmann distributed plasma electrons retro-
diffusing toward the cathode; and 3) the thermo-
field electrons emitted by the cathode spot surface.

Some authors as Boxman [1], Coulombe [22, 23,
24], Massaad [26] and Lefort [27] have suggested
the models of the processes near to the cathode
surface which are based on the knowledge the
temperature of cathode spot and electrons, the
material vapor pressure (some of the earlier works
about material vapor pressure are Langmuir’s [30,
31]). Their models are quite good to understanding
the processes around the electric arc and the cathode
spot region, but in these cases making the
mathematical modeling and simulation require
additional information (the temperature of cathode
spot and electrons, the material vapor pressure) to
predict the cathode erosion.

In this paper is presented a mathematical model and
calculation algorithm which gives the relationship
between arc current, as the only one parameter that
is possible to be changed in the evaporation process,
and the evaporated quantity of the cathode material.
The model is suitable for the vacuum evaporation
process of the massive cathode with DC arc current
for all metals.

2. Cathode surface

The main processes which occur at the
cathode surface are emission of electrons and
neutral species. When both temperature and field
are high, the emission process in strongly dependent
on both variables, it has been named “T-F”
emission by Dolan and Dyke [7, 9]. The electron
emitted current density from the heated metal
surface to the temperature T, by the T-F emission
may be express with the Ridchardson-Dushman
equation for the thermionic emission once corrected
for the Schottky effect is [1, 24, 32]:

__ 4memk*T ePerr
Jrr=——5—¢ P(—k—Ts) (1)
eE
berr =~ |omes 2)

where: m, and e are the mass and charge of the
electron, £ and 4 are the Boltzmann and Planck
constants, ¢.rr and ¢ are the effective work
function and the work function of the cathode
material, & is the permittivity of vacuum, and E is
the electric field near to the cathode surface.

The total current density /; on the cathode surface
is composed of three parts [1]:

]T=]i+]e +]e,p (3)
where the electron current density J, is given
mainly by Jrp, while J., is the electron current

density from the plasma to the cathode, and J; is the
ion current density arriving at the cathode surface.
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The influence of the /., can be neglected and for
the current density is obtained:

Jr=Jit+]e 4)
From other hand the total current density can be
calculated as a ratio between the arc current /, and
cathode spot area S, = mr%, where 7, is the
cathode spot radius [1, 26].

_la
Jr=x

CS )

The electric field at the cathode E is calculated by
Mackeown’s equation [5, 9, 11]:

@B%km%
©

where: M is the ion mass, V, is the cathode fall, s is
the fraction of current carried by electrons in the
cathode spot region; J;(1 — s) is equal to the ion
current density J; and Jrs is equal to the electron
current density, and equation Eq.(6) can be written
as:

=—h{m—s) )h

=gh@9 —Je (52 ]W) (7)

The power density of heat conduction in the cathode
body St can be estimated as [26]:

Sp = Ts:" KT (8)

where: T is the cathode spot temperature, Ty =
300 K is the ambient temperature far from the
cathode spot, 7, is the cathode spot radius, K is
the thermal conductivity of the cathode material.

The Joule heating power density in a massive
cathode is calculated following the method of Rich
[33] reduced to the cathode spot area:

Tes?
§;=10,32 %IT )
where o, is the electrical conductivity of the
cathode material.

The energy balance at the cathode surface is
expressed as is suggested Boxman [1]:

1
~Ji(eVe + Vi — beg) = 2Jebers + —2
(VVED + ZkTS) 1—"1"‘rnn - O-sts + ST + S] — ST =0
(10)

where V; is the ionization potential, S, is the
radiation from the plasma, W,, is the energy of
evaporation (J/kg), and o, is the Stefan-Boltzmann
constant. The first term of the Eq. (10) expresses
ion impact heating. The second term expresses
electron emission cooling. The third term expresses

2kTefep

heating from the back-flux of plasma electrons. The
fourth term expresses evaporative cooling. The fifth
term expresses radiative cooling from the cathode
surface. The plasma radiation is given with sixth
term. The Joule heating term is the seventh, and the
eighth term expresses the conductive cooling. The
third and the sixth term have an insignificant
influence in the equation, so they can be neglected.
In this case the balance expression can be written
as:

1 1
z]i(ch + Vi — Gesr) — E]e¢eff
2kT, 4
- (VVev + )FTmn - Gsts
n

(11)

3. Algorithm
The presented mathematical model of arc

evaporation in vacuum gives the relationship
between arc current, which is the only one
parameter that is possible to be changed in the
evaporation process and the evaporated quantity
material. The calculation algorithm has the follow
steps:

1. Chosen value of the arc current;

2. Determination the cathode spot radius;

3. Calculation the total current density;

4. Calculation the ion and electron current
density;
Calculation the electric field value;

oW

Calculation the effective work function of
the cathode material;

Calculation the cathode spot temperature;
Calculation the Joule heating;

A

Calculation the conductive cooling;
10. Calculation the evaporated
material.

quantity

4. Calculation
For calculation the evaporated quantity of
cathode material we have chosen arc evaporation of
the titanium cathode with 70A arc current.

The cathode spot radius 7, is determined according
the value of the arc current by the extrapolation of
the fig. 12 from [17], and for the chosen arc current
the cathode spot radius is 7., = 4,6125 * 1076 m.

The total current density is calculated by the Eq.(5)
and itis J; = 1,047 * 102 Am~2.

The ion current density and ion current for different
metals is between 7% and 10% from the total
current density and the arc current as it Kimblin is
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shown in [28, 29] and for the titanium it is 8% [29].
Therefore the ion current density is J; = 8,378 *
101° Am=2, and using the Eq.(4) for the electron
current  density is  received [, = 9,635 *
101t Am™2.

The electric field value is calculated by the Eq. (7)
where mass of the titanium ion is M = 8,0123 *
10726 kg, the electron mass is m, = 9,1093898 *
10731 kg, the electron charge is e = 1,60217733 *
1071° ¢, the permittivity of vacuum is &, =
8,8541878176 * 10712 C%/Jm, and the cathode
fall for the titanium cathode is V, = 16,8 V is taken
from [14]. Therefore for the electric field value is
computed: E = 8,635 * 10° Vm™1.

The effective work function of the cathode material
¢err = 0,8037 eV is calculated by Eq.(2) where
the value of work function of the titanium is
¢ = 4,33 eV, taken from [34].

The cathode spot temperature for the chosen
example is calculated graphically by the Eq.(1) and
its value is Ty = 3454,1 K.

The Joule heating is calculated by Eq.(9): §; =
6,8 x 1011 Wm=2.

The conductive cooling Sy = 2,654 * 101° Wm™2
is calculated by Eq.(8) where the thermal
conductivity of the titanium is
Ky = 93,7 Wm™1K~1 taken from [35].

The evaporated quantity of material (the total heavy
particle flux [1]) Ty = 2,236 * 103° atoms/sm?
is calculated by Eq.(11), where the value of the
ionization potential V; = 6,83 eV is taken from
[21]. The obtained result for I'; is the all evaporated
heavy particles from the cathode — those which are
returned to the cathode and those that left the
cathode surface.

For determination the value of the evaporated
quantity of material the information from
exploitation of massive titanium cathode is used.
The calculation of cathode surface erosion was
executed using high purity titanium target. Prior to
arching the target was cleaned by degreasing
solvents in ultrasonic bath, heating in a reducing
atmosphere and degassed in a high vacuum
environment. The cleaning and degassing process
ensured a minimum contamination on the surface.
The exploitation parameters are the cathode life
time or working time in 22 hours and 45 minutes
(81 900 s), and arc current 70 A as it was
calculated the evaporated material matter with
0,2425 kg mass.

For the evaporated quantity of material is obtained
the value of 5,529 % 10%° atoms/sm?, which

means that about 25% from the calculated
evaporated quantity of the material leaves the
cathode, i.e. 5,591 * 10%° atoms/sm? for chosen
case — titanium cathode and 70A arc current.

The presented mathematical model for the arc
cathode evaporation is used to be found the
relationship between arc current and evaporated
quantity matter which leaves the cathode — erosion
of the cathode. The result, the evaporation quantity
velocity of the titanium cathode in kilograms per
second for amperes is shown in fig. 1.
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Fig. 1. The relationship between arc current and
velocity of the evaporated quantity matter which
leaves the titanium cathode.

4. Conclusions
The presented in this paper mathematical
model is based on the physics of metals evaporation
process by electric arc in vacuum and some
empirical dependencies obtained by different
authors.

The model gives the relationship between the arc
current and the evaporated quantity of the cathode
material as is not necessary additional preliminary
information as a cathode spot temperature and/or
vapor pressure of the cathode material.  This
information is necessary to be known if the
mathematical models presented in literature [1, 24,
27] are used.

The developed model is applicable to all massive
metal cathodes evaporated by electric arc in
vacuum.
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MATEMATHUKO CTATUCTHYECKO
MOJEJIMPAHE 110 IBETOBU ITAPAMETPU HA
HETPAAULIUOHHU MACJIA OT CEME HA
HBIIEIII U TUKBA

XAHA IIETKOBA, KPhCTEHA HUKOJIOBA, JIOMYNH BOSJI)KUEB,
AHHA AJIAJDKAJDKWAH, THHKA AHTOBA

Pe3tome: Ypes npunazane Ha mamemamuxko- CMamucmuiecky aHaiu3 Ha Macia om cemeHd Ha
PA3IUYHU COpMO8e MUK6A U Nvheul e O00KA3aHO pasiuyue 6 yeemosume napamempu u
CLOBPIUCAHUEMO HA NUSMeHmU Kamo xaopoguin u f - kapomen. OyeHena e 3HAYUMOCMMA HA
omoennume NOKA3AmMenU npu MOOeIupanemo Ha cpynume om macia. Ypes npunodicenue Ha
OUCKPUMUHAHMER AHAIU3 ca 0O0pabomeHyu OAHHU 30 MACA, NOYYeHU oM CeMeHa HA Pa3iudHu
copmoee mMukeéa u nvneus, ¢ 021ed 0a ce NpoyyU Bb3MONCHOCHMA 34 NPULONCeHUue Ha
MamemMamuko-cCmamucmu4ecko Mooenupane Ha omoeaIHy COpmose ¢ pasiudeH HPou3xoo
KalouoBu paymu: macia om ceme Ha nvnews U Mukéd, OUCKPUMUHAHMEH AHATU3,
Maxananobucosu pazcmoanus

MATHEMATICO - STATISTICAL ANALYSIS OF
SEED OILS FROM MELON AND PUMPKIN BY
USING COLOR PARAMETERS

JANA PETKOVA, KRASTENA NIKOLOVA, DOYCHIN BOYADZHIEV,
ANNA ALADJADIJIYAN, GINKA ANTOVA

Abstract: Difference in color parameters and in the content of pigments chlorophyll and beta
carotene for different sorts, melon- and- pumpkin seed oils, has been proved by applying
mathematico- statistical analysis. The significance of the different indicators for modeling the
oils groups has been estimated. Data on different sorts of melon and pumpkin fruit oils have
been processed by applying discriminant analysis to study the possibility to create
discriminatory procedures for modeling the various sorts and their origin.

Key words: seed oils of melon and pumpkin, color parameters, discriminant analysis
mathematic statistical analysis

1. Introduction
The study aims to analyze a database of
color parameters of seeds oils obtained from of
different varieties of pumpkin and melon grown in
Bulgaria, and to explore the possibility of
application of mathematical and statistical modeling
to different varieties of different origin.

To achieve this objective the following
tasks have been formulated:

- Obtaining and analyzing a database of
colorimetric analysis of seed oils of different
varieties of pumpkin and melon.

- Establishing significant differences
values of investigated indicators

in the
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- Modeling and analysis of the
representing different varieties.

groups

2. Materials and methods

Seed oils from three pumpkin varieties
(Cucurbita moschata, Cucurbita pepo and Cucurbita
maxima) and three melon varieties (Desserten 5,
Medena rossa and Hybrid 1) have been investigated.
Seed oil for investigation has been obtained through
extraction with organic solvent (hexane) in Soxhlet
extractor for 8 hours and subsequently removing of
the solvent in a rotary evaporator under nitrogen
atmosphere [1].

Color parameters in two different
colorimetric systems - XYZ (for large color
differences) and CIE Lab (for small ones) have been
obtained using colorimeter Lovibond PFX 880
(UK) and cuvette with length 10 mm [2]. All
measurements have been carried out at room
temperature immediately after oil extraction. Color
coordinates, color parameters a, b and brightness L
of tested samples have been measured. A software
program developed specially for the equipment
allowed determination of chlorophyll and f-
carotene.

All results have been measured in five
replicates of the experiments.

Programme “Statistica” has been used for
data processing. Data distribution has been found to
be normal according to the criterion of Kolmogorov
- Smirnov [3-4]. To establish statistically significant
differences between the characteristics for studied
varieties Tukey criterion for multiple comparisons
was applied [5]. When modeling the groups per
varieties discriminant analysis with a priori equal
probabilities for hit in groups has been used [6-7].
Data about Mahalanobis distances have been
obtained.

3. Results

Color parameters of investigated seed-oils
from different melon and pumpkin varieties have
been obtained. Data are presented in tables 1 and 2.
Fisher’s test significance is 0,00.

Unlike the other pumpkin seed oil varieties,
the one for variety Cucurbita maxima possesses
negative color component a. This color parameter
means that the green component predominates over
the red in that sample, although none of pumpkin
seed oil contains chlorophyll. Mentioned variety
probably is reach on pigments, different from
chloropyll. Similar observation for the same variety
has been announced by Leila Rezig [8], who has
obtained rather lower values for brightness (44.8) of
seed oil of the same variety pumpkin grown in
Tanzania.

Table 1
Color parameters and pigments in seed oils of
different pumpkin varieties

Cucurbita| Cucurbita Cucurbita
Variety pepo moschata maxima
X |SD| x |SD| x |SD
4.64 10.0734.09(2.56| 26.02 |1.18
X
Y 3.54(0.12[34.582.73| 28.36 | 1.23
z 0.18 [0.02] 4.90 [0.53] 832 |0.61
E”ghmess 22.310.02|66.42(0.02| 60.80 [0.001
a 16.49(0.02] 0.61 |0.00] -7.31 | 0.01
b 35.69/0.05| 71.63]0.05| 48.18 | 0.02
Chloro- 1 135 10.00| 0.00 [0.00] 0.00 |0.00
hyll, ppm
l3 |
carotene, |62.84|4.78(72.91(2.32|1222.33| 0.72
pm

X -average value; SD — standard deviation

Most pronounced yellow component has
been observed for pumpkin seed oil of variety
Cucurbita moschata, the lowest brightness has
been obtained for the seed oil of variety Cucurbita
pepo. Color component b of pumpkin seed oils is
several times higher than that measured in other
vegetable oils such as soybean, sunflower,
rapeseed etc. For the listed vegetable oils this
parameter changes from 9.2 to 10.4 while for
pumpkin seed-oils it lies between 35 and 72.
Similar data for seed oil of Cucurbita maxima has
been obtained by Hsu and Yu[9]

Table 2
Color parameters and pigments in seed oils of
different melon varieties

Melon | Medena rossa| Desserten 5 | Hybrid 1
seed X | SD| X |SD| x |SD
oil

X 53.17 110.02 | 75.78 | 0.50| 19.47 | 0.25
Y 56.74 | 10.64| 80.12 | 0.43 | 20.88 | 0.21
V4 40.88 | 9.44 | 64.72 1037 | 4.17 [0.02
Ssrslfflm 76.70 | 0.94 | 91.78 | 0.06 | 48.29 | 1.83
a -4.04 | 0.10 | -5.21 {0.01 | -3.51 |0.21
b 25441 0.05 | 22.05 |1 0.05| 49.44 |1.22
chlorop

hyll, 0.04 | 0.00 | 0.02 [0.00| 0.02 |0.00
pm

B-

caroten,| 8.73 | 0.71 | 6.58 |0.03| 35.97 |4.31
pm

X -average value; SD — standard deviation
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The brightness for melon seed oils has
highest values for the oil of variety Desserten 5 and
the lowest one for the oil of variety Hybrid 1.
Unlike the pumpkin seed oils, melon seed oils
possess negative color component a for all the
varieties, which means , that in melon oils the green
component prevails over the red one. Last
observation can be explained with the presence of
chlorophyll in all samples of melon oils. In melon
seed oils with raising the content of f — carotene
raises the color component b. Strongest prevalence
of yellow nuance has been observed in seed oils of
variety Hybrid 1 — about twice as higher as this of
two other varieties.

Tests have Dbeen made about the
homogeneity of dispersions. Tukey test has showed
differences between the varieties, which is
sufficient for modeling. After applying the
incremental discriminant analysis with grouping
variable "variety of pumpkin or melon" the
discriminant functions ensuring 100% recognition
of the different varieties have been derived.

The parameters involved in the modeling in
order of their inclusion in the model for oil of

pumpkin seeds are: brightness (L), color
component ¢ and B- carotene. To illustrate the
groups designating studied pumpkin

varieties,additionally canonical analysis has been
made. The result presented in FIG. 1 confirms the
distinct varietal differences and ensures 100%
recognition.

800

700
600
500 .
400
300
200
o
g 100
o
L
-100
-200
=300 ® cPEPO
400 m C MOSHATA
+ C_MAXIMA
500 n

-600
-2000 -1500 -1000 -500 0 500 1000 1500
Root 1

Fig. 1. Location of the varieties of pumpkin seed oil
according to the first two canonical variables

For further clarification of these differences
also Mahalanobis distances between centroids of the
individual groups have been identified. Results are
represented in the table 3.

According to data on the distances between
the centroids of the individual groups, pumpkin oil
from variety Cucurbita pepo is relatively equidistant
from the wvarieties Cucurbita moschata and
Cucurbita maxima. Pumpkin seed oil of variety

Cucurbita moschata is most distant from the one
obtained for the variety Cucurbita maxima.

The parameters involved in the modeling of
melon seed oils in order of their inclusion in the the
model for oils of melon seeds are: chlorophyll,
color component a, B - carotene and color
components b. To illustrate the groups designating
studied melon varieties as well canonical analysis
has been made as in the case of pumpkin varieties.
Again 100% recognition of the groups has been
ensured. The latter fact is illustrated on Figure 2.

Table 3
Mahalanobis distances between different
varieties pumpkin seed oils

Pumpkin Mahalanobis distances
variety

Cucurbita | Cucurbita | Cucurbita

pepo moschata maxima
Cucurbita 0 8966170 | 8205937
pepo
Cucurbita | eq66170 0 1332496
moschata
Cucurbita | 705937 | 1332496 0
maxima

25

20

15 ‘

Root 2
o

> >

# MEDENA ROSA
W DESERTEN 5
+ HIBRID 1

-600 -400 -200 0 200 400 600 800
Root 1

Fig. 2. Location of the varieties of melon seed oil
according to the first two canonical variables

For each sample group (pumpkin oil or
melon oil of studied wvarieties) the mahalanobis
distances have been calculated and in the same time
canonical analysis has been performed, because
mahalanobis distances give an idea about the
peculiarities of observed group in the original area,
while the canonic presentations serve for better
visualization of different groups, since their
canonical variables represent linear combinations of
the primary color indicators. Mahalanobis distances
reveal the dynamics of changing the distance
between the centroids of the individual groups.
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Table 4

Mahalanobis distances between different varieties
pumpkin seed oils

Me.lon Mahalanobis distances
variety

Medena | Desserten Hybrid 1

rossa 5

Medena 0.0 38524 | 985990
rossa
?esse“en 385243 | 0 1409382
Hybrid 1 985990.1 | 1409382 0

According to the distances between the
cntroids of the individual groups the melon seed oil
of the variety Medena rossa is closest to that of
Desserten 5 and most distant of the oil from variety
Hybrid 1. The melon seed oil of variety Hybrid 1
differs strongest from melon seeds oils of the other
two melons varieties.

4. Conclusions
1. The analysis of the database on color parameters
of oils from Bulgarian varieties of pumpkin and
melon fruits showed the possibility to characterize
certain groups varieties by discriminant analysis.

2. Color parameters in CIE Lab colorimetric system
and pigments (chlorophyll and B - carotene)
determine the specificity of oils of different
varieties.

3. Color indicators in the XYZ colorimetric system
are not important in distinguishing oils from
pumpkin and melon.

4.In the case of melon seed oils the oil seed of
variety Hybrid 1 differs the most strongly by color
parameters and in the case of pumpkin oil - that one
of Cucurbita moschata.

5.1t has been statistically shown that there are
differences in the values of the considered
parameters for different groups of oils - pumpkin
and melon ones. This makes efficient the use of the
discriminant analysis for qualitatively differentiate
various oils, non-traditional for food technologies.
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B3AUMOBPDB3KA CTPYKTYPA-UHCEKTULIUIHA
AKTUBHOCT HA TPUTEPIIEHU BbHPXY JIAPBU HA
KOJIOPAICKU BPBMBAP

[NETKO BO30B

Pesrome: Yemupu npupoonu mpumepnenouda uzonupanu om Lavandula spica L. u
oesem NOIYCUHMEMUYHU NPOUIBOOHU €A MeCmEaHu 3a UHCEKMUYUOHA aKMUSBHOC
cpewyy napeu Ha Konopaocku opvmbap (Leptinotarsa decemlineata say), uznonzeaiixu
mecm ¢ u360p npu Xpamere ¢ KapmogeHu OuUckoge, KOUumo UsUCK8a MAiku KOIUYecmed
om eewecmsama: oosu 10 000 ppm (333.33 ug/cm’) and 1000 ppm (33.33 ug/cm’).
Tosa u3cnedsane ycmanosu, uye MmMecmM8aHUme mpumepneHu Oelucmeam Kamo CUIHO
TMOKCUYHU CHEOUHEHUs KO2amo ca Npuiazanu J0KanHo. Ypconogama KuceiuHa noxasea
sucoxa axmuenocm npu 0oza 10000 ppm u 3anazea 3abenexcum egpexm npu 1000 ppm.
3-MOHOXTIOpAYEeMUTHOMO NPOU3BOOHO HA YPCOJI08AMA KUCETUHA NPOABABA NpU 003d OM
10000 ppm axmusHocm O1u3Ka 00 CUHIMEMUYHUS UHCEKMUYUO 8ACMAK NPULONCEH 8 003d
om 50 ppm. Cneyuguunu uzmeneHuss 8 akmugHOCMmMa ca OMHECEHU 68 NPOMAHAMA HA
HAKOU (DYHKYUOHANHU 2pynu Ha cveOuHeHusma. Haxou 3abenexcumu acnekmu Ha
8PB3KAMA CMPYKMYPA-AKMUBHOCH CA OUCKYMUPAHU.

Kmrouosu aymu: Lavandula spica;, Labiatae, mpumepnenu, Xumuyhu nNpoU3800HU,
Leptinotarsa decemlineata Say, uncexmuyuouna akmueHocm.

STRUCTURE-INSECTICIDAL ACTIVITY
RELATIONSHIPS OF TRITERPENS ON THE
COLORADO POTATO BEETLE LARVAE

PETKO BOZOV

Abstract: Four natural triterpenoids isolated from Lavandula spica L. and nine

hemisynthetic derivatives have been assayed for the insecticidal activity against the
Colorado potato beetle larvae (Leptinotarsa decemlineata say), using potato disk in
choice nutritional test that requires only small amounts of the compounds: dose 10 000

ppm (333.33 ug/em’) and 1000 ppm (33.33 ug/cm’). This study shows that tested
triterpenes acts as acute toxic compounds when were applied topically. Ursolic acid
showed strong activity at dose 10000 ppm and maintain observable effect at 1000 ppm.
The 3-monochloracetoxy derivative of ursolic acid displayed at dose 10000 ppm close
results to the synthetic insecticide vastak applied at 50 ppm. Specific changes in the

activity were associated with variance of some functional groups of the compounds.

Some considerable structure-activity relations are discussed.

Key words: Lavandula spica; Labiatae, triterpenoids, chemical derivatives, Leptinotarsa
decemlineata Say, insecticidal activity.
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1. Introduction

The economic important damage in
agriculture caused by Colorado potato beetle
(Leptinotarsa decemlineata Say) resulted in the use
of variety of chemical substances for control of its
population. This insect quickly develop resistance
to many synthetic insecticides [5, 6], which
stimulate the search for knew insect pest control
agents which are biodegradable and demonstrate
low impact on the environment. Some natural
products, mainly alkaloids and terpenoids, show
relevant activity as insecticides and antifeedants that
could be successfully used like source of new
method to protect agriculture crops [2, 7, 8]. Ursolic
acid (1) is a pentacyclic triterpene widespread in the
plants: lavender, apples, bilberries, cranberries,
peppermint, rosemary, oregano, thyme, basil and
others. It is the main compound in the Lavandula
spica L. (L. vera DC), together with other
triterpenoids [4, 14, 15]. Ursolic acid is of interest
on account of its varied biological activity as
antitumour effects [3, 9, 11, 21], anticancer [10],
antibacterial [22], antioxidative property [18, 23],
antiinflammatory, antiviral [24] and many others.
Nevertheless, there is little information
about its action on insects. Insecticide properties
have been report for other natural triterpenes, and
theirs chemical derivatives [12, 13, 16, 17].

I report here on the effect of four natural
triterpenoids: ursolic acid (1), oleanolic acid (8),
betulin (12), betulinic acid (13), isolated from
Lavandula spica and of nine synthetic derivatives
on the insecticide behavior of larvae of the
Colorado potato beetle in order to elucidate the
structural features of the compounds and the
functional groups responsible for higher activity.
The goal of this study was to correlate
phytochemical compounds with their insecticidal
activity to identify possible biopesticides of
botanical origin for insect population control.

2. Description of the force computation
methods
Test compounds. The triterpenes and their
synthetic derivatives Fig. 1 were available from
previous works. Natural compounds 1,8,12 and 13
were isolated from Lavandula spica L. as was
described previously [7,8]. Derivatives 3, 4 and 10
were prepared from 1 and 8, respectively by
treatment with diazomethane in a solution of diethyl
ether and additionally oxidation of 4 [4, 15].
Compound 2 and 9 were obtained in the same
manner. Treatment of 1 and 8 with acetic
anhydride-pyridine or monochloracetic  acid-

pyridine resulted to products 5, 11 and 7,
respectively. Finally, substance 6 was received by
lithium aluminium hydride reduction of 1.

333 mg from each compounds were
dissolved in 1 mL acetone to obtain work solutions.

Insects. Newly emerged fourth instar larvae
of Colorado potato beetle used for bioassays were
collected from potato fields located around Plovdiv
(Bulgaria).

Bioassays. Summary. The bioassay was
carried out in petri dishes (15 x 105 mm), with
covered bottom with filter paper, using potato leaf
disks with 2.0 cm’ area. The upper surface of the
disks was treated with 20 rtL acetone solution of the
test compounds, provided dose 333.33 ug/cm’
(10000 ppm), with a microsyringe and after
evaporation of the solvents received treated disks
(TD). After ten and a hundred multiple dilution
with acetone were prepared solutions for testing of
compounds with dose 1000 ppm and 100 ppm,
respectively. For the arena of bioassays were used
fifteen petri dishes. In thirteen of them were used
fifteen TD prepared by each test solutions. In the
standard sample (S) the potato leaf disks were
treated analogously with the solution of vastak with
dose 100 and 50 ppm. In the control probe (C) was
used pure solvent. In each arena were placed fifteen
newly emerged fourth instar larvae where they were
allowed to feed. Every morning and evening disks
were replaced by fresh ones. Daily, at the same
time, during a week were report on the results to
calculate the relevant toxicity to larvae expressed
like efficiency in per cent. Bioassays were
performed at 25 + 1.C, 65 % RH, and a 16:8 (L:D)
photoperiod.

Evaluation of effectiveness. Mortality was
assessed every 24 hours for 12 days, and mortality
was adjusted using the Abbott formula [1]. Insects
were considered death when tactile stimuli elicited
no visible normal reaction. Data were analyzed
using the Kruskal-Wallis test, and Dunn’s multiple
comparisons test (P < 0.05). The program used for
the analysis of the data was GraphPad Prism 4;
GraphPad Software Inc. Effectiveness was
calculated in per cent.

Statistical analysis. The data were corrected
using Abbott’s formula [1] for the mortalities in the
controls, and the data were subjected to probit
analyses using SPSS [19] for Windows to estimate
LC50 values of the natural compounds. Percentage
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mortality values for different exposure times were
subjected to analysis of variance using the same
statistical program [19] for probit analysis. Data
were transformed using arcsine Vx transformation to
meet normality, which is recommended for analysis
of variance [20]. Means were separated at the 5%
significance level by the least significant difference
(LSD) test.

3. Results
Among the natural triterpenoids and the
hemisynthetic compounds tested against Colorado
potato beetle larvae there are three different groups

Fig. 1. Molecular structures of the triterpenoids tes-
ted against Colorado potato beetle larvae.

*Natural compounds: 1 (ursolic acid), 8 (oleanolic
acid), 12 (betulin), 13 (betulinic acid).

from a structural point of view: with ursane (1-7),
oleanane (8-11) and lupane (12 and 13) skeleton
(see Fig 1).

From the results for natural compounds
(shown in Table 1) can see that 1, 8 and 12,
which are chain isomers, exhibit almost equivalent
activity (Oleanolic acid showed a little bit stronger
action), while 13 demonstrated less effect. That may
Table 1. Insecticidal activity of the test compounds
reported on effectiveness (%)

Effectiveness (%)

Com
po Dose day
und pg/em® N 2 5 8 12
S 333 3 100
1.66 3 80.25 100
1 33333 7  4.05 4430 67.75 75.80
3333 7 - 9.85 2222 2531
2 33333 5 - 31.01 34.23 45.00
3333 3 - - 13.00 22.45
3 33333 5 - 29.14 38.57 45.33
3333 3 - - 14.05 15.55
4 33333 3 - 16.05 22.53 25.49
3333 3 - - 10.00 10.60
5 33333 5 5.66 4778 69.47 75.54
3333 5 - 15.56 25.12 25.92
6 33333 3 - 5.00 15.35 20.60
3333 3 - - 10.40 15.48
7 33333 7 17.89 60.44 81.55 90.05
3333 7 3.15 25.63 40.54 5037
8 33333 7 422 4536 68.88 76.86
3333 7 - 12.55 26.80 28.20
9 33333 5 - 33.23 36.53 48.77
3333 3 - - 14.56 23.74
10 33333 5 - 32.47 39.65 47.53
3333 3 - - 15.52 16.20
11 33333 5 590 48.04 69.98 76.05
3333 5 - 16.25 25.85 26.03
12 33333 7 219 4123 6575 73.38
3333 7 - 8.85 20.04 2322
13 33333 7 431 4423 66.88 75.20
3333 7 - 9.32 21.84 24.67
C - 7 - - - -

RS
28
R2
25\ 24
R'" |R°| R | R* R’
1 OH |H [Me| H COOH
2 =0 |Me| H COOH
3| OH |H |Me| H COOCH;
4 =0 |Me| H COOCH;
5| OAc |H |Me| H COOH
6 | OH |H |Me| H CH,OH
7 |OAcCl |H |Me| H COOH
8 | OH |H | H | Me COOH
9 =0 | H | Me COOCH;
10/ OH |H | H | Me COOH
11| OAc |H | H | Me COOH
12
13

N - number of replications
S - standard sample
C - control probe

be attributed to the exchange of C-28 carboxyl with
hydroxy-methylene group suggesting that more
mobile hydrogen in acid moiety caused antibiosis
mode of action. The different behavior of the
hemisynthetic derivatives 2-7 and 9-11 must be
assigned to their different functionalized carbons C-
3 and C-28. The oxidation of the hydroxyl group at
C-3 in 1 and 8 lead to decrease of activity in

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria
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carbonyl derivatives 2 and 9, while its acetylation
resulted in increase of insecticide effect in 5 and 11.
The substitute of carboxyl group at C-28 with
methyl ester (3, 10) or hydroxy-methylene group (6)
caused reducing of the activity. When in the
molecule there are two chemical conversion: of
carboxyl at C-28 to hydroxyl and of C-3 — hydroxyl
group to carbonyl as in compound 4, the activity
decreased drastically. Extremely high activities
demonstrated the 3-monochloracetoxy derivative of
ursolic acid (7). When it is applied at dose 10000
ppm its efficiency is 90 %, which is close to that of
the standard. The concentration used to achieve this
effect is much higher than for the commercially
available synthetic insecticides such as vastak active
at dose 50 ppm. Nevertheless, triterpenoids could
be used as potential source of novel more ecological
acceptable compounds with insecticidal activity
which may have role as preservatives of the
cultures. The lethal concentration of some
compounds needed to kill 50 % of the pest (LCsg )
was determined (Table 2).

Table 2. Lethal concentration of some compounds
needed to kill 50 % of the pest

dose LCso
compound (u/cmz) (Days)
1 333.33 7
5 333.33 6
7 333.33 4
33.33 12
8 333.33 7
11 333.33 8
13 333.33 7

Ursolic acid is the most perspective in view
of it is represented in big quantity (up to 0.4 % of
the dry stems) in Lavandula spica L., a cultivated
species utilized in the cosmetics and perfumery
industry.

4. Conclusions

The results reached in this study on the
biological action of triterpenoids against Colorado
potato beetle larvae, confirm previous works on the
activity of these compounds against other insect
pests and displayed observable differences in
biological action according to the variance of the
substitutes. It is worth to note that all natural
products demonstrated good insecticidal effect. So
that, it may concluded that some plants are high
efficient in the synthesis of chemical substances
with defensive properties against insects and that
the biological activity depend on the hole molecular
structure of the secondary metabolites.
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N3CJIEABAHE KAYECTBOTO HA IIBETA B
JAUTI'NTAJTHUA CYX O®CETOB IIEYAT C
JAUPEKTHO EKCIIOHUPAHE

POCHLIA CAPJIXKEBA, BJIAJIUMUP AHI'EJIOB

Pe3rome: Jueumannusm cyx ogpcemos neuam ¢ OUPeKmHo eKCnoHUpane ce nO3UYUOHUpa Kamo
Nn00X00AWa NeYamHa MexHoaA02Us, Koo Ou Mo2ia 0a Y0081emeopu aKmyaiHume u3uUCK8aHus
34 e(heKmueHO NPOU3BOOCHBO HA KbCU MUPANCHUU CEPUU C BUCOKO KA4eCmeo HA neuyamd.
Texnonocuunume 0cobeHOCmMuU U XAPAKMEPUCTMUKY HA MA3U NeYamHa MeXHOA02Usl, BUCOKAMA
QUSUMANU3AYUSL U ABMOMAMUZAYUS, WUPOKAMA 2aMA OM U3NOA36AHU CYOCMPamu u Macmuia ca
(axmopume, Koumo ca npeduMcmeama myK U KOumo si npassim 3HAYUMA 8 PaA3IUYHU NA3APHU
ceamenmi.

CtPress oueumannusm ogpcemog neyam uiu kakmo owe e uzeecmen Direct Imaging (DI) unu
Smart offset, ce omauuasa cvc c60emMO UCOKO KAUECME0 U NPOU3BOOUMETHOCH HA OUSUMATIHUSL
pabomen nomok. Tosa oznauasa oupexmen npeHoc Ha paboOmHUs aiil sbmpe 8 neuamHama
MAWUHA, Ype3 MEePMAIHO IA3EPHO eKCROHUpane, 6e3 nposesisane, KOemo 3HAYUMENIHO NOSUULAEA
epexmusHocmma U pPAYUOHATHOCMMA HA Npoussoomceenuss npoyec. Ilocmuenamume
BUCOKOKAUECMBEHU Pe3YImamy Om md3u MeXHOI02Us CbUl0 MAKd Ca pecyimam HaA CyXus
oghcemos nevamen npoyec, a AUNCaAmMa HA OGNAJICHABAW, PAMEOD, HAMAISLEA MAKYIAmMypume
Kamo emuMuHupa npoobiemu, Cebp3aHu ¢ eMyacupanemo Ha Macmuiomo.

KarwouoBu nymm: oucumanen cyx ogpcem, OupekmHuo eKkCROHUpane, Kaiecmeo, Yeam, Xapmus

INVESTIGATION OF COLOR QUALITY in
DIGITAL DRY OFFSET PRINTING with DIRECT
IMAGING

ROSSITZA SARDJEVA, VLADIMIR ANGELOV

Abstract: Digital dry offset with direct laser imaging of information inside the printing
machine is one of those impulses in the information and communication sector which provided
a positive impact for the whole graphic arts industry. It is a relative new printing technology,
named also CtPress or Direct Imaging (DI). The use of computer-to-press systems now is
already widespread and is undergoing continuous development having an example Presstek DI
systems.

In order to achieve a smooth flow of digital data from prepress to press, the integration
networking and digitalization of all processing steps is essential, all which are available in DI
systems. Printing process here is being increasingly controlled and adjusted electronically,
which leads to consistent high color print quality and greater productivity.

The great advantage of this technology is improved product quality, achieving even so called
photographic level of quality. DI technology now offers a high flexibility in the processing of
a large variety of substrates, which is very important for variable packaging products.

Key words: digital dry offset, direct imaging,, paper, print quality
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1. Introduction

Current digital technologies struggle to
meet the standards of classical printing quality
criteria. Digital solution is undeniably better as run
lengths grow shorter, turnaround times get faster,
just-in-time production rises.

Nowadays the trend for permanent high
printing quality of food packaging is a strong and
dominates in current printing development.

Factors defined problem-less printing
process and quality as, type of technology, inks,
substrates and their mutual influences, are the topic
of this study. The purpose is to definite what are
possibilities of digital waterless offset printing with
direct imaging (DI) of information inside the
printing machine, in the field of color packaging
production.

Generally DI presses are digital sheet-fed
waterless offset, highly automated, and available in
4- to 6-colour models. DI presses provide a fast
return on investment and enable easy entry into the
profitable digital offset printing market. A large
diversity of substrates is optional in this technology.
Here can be used different types of papers and
cardboards, chemical papers, coated glossy and
matt papers, aqueous coating is optional on them,
self-adhesive papers, plastics, low grade of
mechanical papers like supercalandered, light
weight coated papers and etc.

For the purpose of this study is used digital
sheet-fed dry offset printing machine, Heidelberg
Quickmaster DI 46-4. Printing process here is
characterized as Computer-to-Press digital method,
with direct thermal laser imaging of roller substrate
on the plate cylinder’s surface inside the machine.
This is a perfect digital (DI) offset printing
machine, proper for the short run series of four
color production, including advertising, packaging
and printing-on-demand products.

Quickmaster DI is an example of satellite
configuration of printing sections with integrated
four plate and four offset rollers, running around
common pressure cylinder with four time bigger
diameter and consequently inks applying.[1]. (Fig.
1) Quickmaster DI 46-4 is on the base of dry offset
principles associated them with requirements of
Toray analogue waterless offset plates and thus are
available 12 chill zones into the inks system.

Printing “plates” here are polyester dry roll
substrate, placed on the plate cylinder surface fully
automatically. These are process free plates, with
silicon layer as a carrier of non-printing elements,
known for yielding dramatic environmental and
economic benefits for customers without sacrificing
quality and output. This kind of process-less
substrate eliminates the need of plate processor,
which requires chemicals, water and energy while

generating waste. Temperature control is essential
for dry offset and realizes by cool water for the
whole four printing sections including zonal
cooling. But for the runs of 5000 copies there is no
need of cooling at all.

This machine is equipped with integrated
imaging system of 16 thermal laser diodes (IR - 830
nm) for each color. Laser heads in the imaging
system expose information on the polyester roller
surface on press. As a result of the thermal sensitive
physical reaction, known as “ablation”, due to the
thermal laser energy, silicon layer of the plate
surface is destructed and then in the same place are
forming printing elements. Unexposed silicon fields
are hydrophilic and become non-printing elements,
repulsive printing inks. The plate surface is cleaned
by the towel damped with cleaning solution and
special device is responsible for sucking the silicon
powder.

Printing plates are inking by forming 12
zones, which can be adjusted manually or
automatically by the blades on duct roller, like the
way in some conventional printing machine.

Fig.1 Heidelberg Quickmaster DI-46, sheet-fed
digital offset printing machine (1-exposure system,
2-offset roller, 3- paper system, 4- plate cylinder, 5-
inks system, 6-output device)

Heidelberg Quickmaster DI 46-4 has a
extremely short starting time, of around 10-15 min,
including plate changing, exposure time, washing
and register adjusting. This machine with its
precise register is offering the lowest cost per sheet
in runs of 500 to 20,000 copies, and it takes even
less than ten minutes to go from digital file to the
first sellable colour print with resolutions of up to
300 lpi AM or with FM (frequency-modulated)
screening. This type of DI technology offers
additional opportunities to use varnish and other
methods for having luxurious products quality.

Compared to digital electro-photographic
dry toner print systems, QM-DI 46-4 is an ideal for
optimal runs of around 10 000 copies, but with
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excellent printing quality, more often named as
photographic quality.[2]

The flexibility towards substrates and ease
of service are advantages, incomparable with other
digital printing machine. More over this machine
can be used as a proofing system for high-
qualitative high runs products, produced by
conventional printing machines.

Table 1
Technical data of Quickmaster DI-46

Ne Parameters
Max size 460 mm x 340 mm
Max print surface 450 mm x 330 mm

Sheet thickness

1

2

3 0,Imm — 0,4mm
4. | Speed of printing

5

6

10 000 sheets/h
0,02 mm
1270 ; 2540 dpi

Register

Exposure resolution

7. | Exposure time 7 min—1270 dpi
14 min-2540dpi
Automat. register,
varnish, anti-copy

powder, t°control

8. | Additional options

2. Experimental

Key elements of our experimental work
include calibrating the printing system, designing
test forms containing legal CMYK images and
colour-managed pictorial images and performing
quantitative and visual tests and analyses. For this
purpose have been wused test files as a
characterization target for device profiling and for
quantitative analyses. Test files were printed by the
press QM DI-46, using 175 Ipi AM screening.

In generated test forms there are several
elements to be measured - single, double and three
inks coverage patches, gray balance, gradation
patches for different process colours, positive and
negative lines under 0° and 45° for small details.
(Fig.2) In the visual test form there are also colour
images for very ease visual colour deviation
assessment.

Test files have been generated by the help
of spectrophotometer x-Rite i1Profiler, which offers
ICC application, optimized on the real halftone
illustrations, using process colors (CMYK), black,
white and different PANTONE colors or other spot
colors.

ilProfiler is equipped with the x-Rite
standard Graphic Arts (XRGA) and its software is
developed for the series of steps as a methodology
aimed for researching of test-tables and profiles.[3]

il Profiler offers an unprecedented level of
flexibility and features a number of unique color
management capabilities. ilProfiler software brings
even more functionality and  workflow
improvements for color management products. You
simply scan the target to generate a high quality
custom ICC profile. The software will automatically
detect and crop the targets, as following:
ColorChecker Classic; ColorChecker Digital SG;
Reflective IT8.7/2; Transmissive 4x5 and 35 mm IT
8.7/1. Principally here there is an option to choose
standard table for test or generating special table in
order to answer of real terms of test (color, CMYK
or Pantone, type of papers etc.).

TC3.5 CMYK i1i0

i1Proflle Test Chart Page: 1012, Size: 6.3 x 12 em

Copyright X-Rite 2012

TC3.5 CMYK i1i0

i1Profller Test Chart Page: 2 of 2 Size: 253 x 12 em

Copyright X-Rite 2012

Fig.2 Table of generated ilProfilerTest

In order to assess printing quality are used
ISO 12647-2, compatible media methods as for
example IDEAlliance Digital Control, FOGRA
Media Color Control. [4, 5] For evaluating color
quality printing were measured and checked fast
and easily such parameters like: optical densities,
color spectral characteristics, color coordinates,
color deviation, papers whiteness and etc.

Test Chart file is created according
integrated x-Rite software: Patch Set, Test Chart,
Measurement, Lighting, Profile Settings, ICC
Profile. For the test-table (Fig.2) are applied first
two steps with editing some changes according to
printing conditions. After steps Patch set and Test
chart then have to be chosen respective adjustments
towards: C, M, Y, K %; double colors and substrate
surface (glossy); ambient lightening; color
separation scheme - way of black generation; source
of light (D50); device type — printing machine;
color space depending of experimental - CMYK;
orientation of paper sheet in the machine.

Also have been printed pictorial test, as an
illustrative test for ease and visual quality control
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assessment of existing specific colors, difficult for
reproducing.

The test-forms are printed on the high quality
three types of coated glossy papers, Premium
Coated, WFC (wood free coated) with different
grades and then they have been compared on the
base of the results achieved. [6]

Paper type 1 — WEFC, two sided coated, glossy
paper, 130 g/m’, thickness 122 pm, density 1,065
g/cm’, smoothness - 1000 s.
Paper type 2 — WFC, two sided coated paper,
glossy, 170 g/m’, thickness 145 um, density 1,172
g/cm3 , smoothness - 1100 s.
Paper type 3 — WFC, two sided coated glossy
paper, 200 g/m’, thickness 178 pm, density 1,224
g/cm3 , smoothness - 1300 s.

This study has processed by using Toyo
CMYK printing inks for dry offset. These types of
dispersions cover large number of substrates
without any requirements. Their characteristics are:
high viscosity, adequate for waterless offset, high
color intensity, drying chemically, high rubber
resistance, compatibility with different varnish
systems and finishing processes. [7]

Quickmaster DI is equipped by automatic
register system which is big advantage for paper
wastages minimizing. Start wastes are at least 40 -
50 copies. During the starting time have to be
adjusted printing conditions as paper, speed of
printing, pressure in the nip zone, inking process in
different zone and etc. All these can be corrected
additionally after measurement and visual printouts
control for each color.

Then for the purpose of this study all
process factors like — workflow, printing speed,
pressure, inking and others have been kept constant
in order to see paper’s type impact on the color print
quality.

3. Results and discussion

The whole results are shown in Table 2 and
Fig.3, Fig4. In our case have been measured
important for the color printing quality parameters,
as: solid inks densities (SID), color coordinates in
CIE L*a*b* space, color deviation (A E) and color
gamut as well.

The results are different according of
paper’s type, but in the same time all they are
typical for the waterless sheet-fed offset printing
process with wood free coated papers.

For achieving optimal inking and optimal
transfer of inks are important solid inks densities —
SID (Fig.3). During the printing process it is
considerable to achieve max value of optical
densities with minimal ink quantity. In our study
SID are measured for the whole process colors
CM,Y. K, depending on the paper used. Towards

our types of papers in advance can be said that on
the WFC papers must be achieved possibly higher
SID values. In addition this reason also can be
resulted by waterless process.

Despite of this preliminary prediction our
three types of papers have their own values, which
correlate with their specifics, like different grade,
smoothness, caliper, coating and brightness. On the
results achieved it is not possible to show clear
preferable type of paper, because differences are not
indicative.

Table 2
Solid Inks Densities and color deviation AE

* * *

CMYK | SID L a b AE
Paper type 1
C 1,58 | 60,62 | -41,63 | -5,02 | 4,31
M 1,49 | 52,74 | 71,83 | 0,89 | 5,72
Y 1,42 | 84,16 | 2,69 | 96,82 | 5,93
K 1,69 | 21,75 | 1,65 0,91 | 2,85
Paper type 2
C 1,58 | 59,7 | -38,8 | -43,9 | 3,95
M 1,48 | 52,34 | 71,95 | 0,75 | 5,18
Y 1,39 | 85,02 | -4,36 | 94,67 | 5,33
K 1,82 1 21,55 | 1,53 0,88 | 2,60
Paper type 3
C 1,56 | 58,2 | -37,5 | -43,1 | 3,68
M 1,44 | 52,11 | 72,02 | 0,69 | 4,86
Y 1,33 | 85,67 | -5,21 | 91,35 | 5,02
K 1,56 | 21,23 | 149 0,83 | 2,15
2
18
1.6
1.4 A
1.2 M paper type 3
! " mpapertype 2
0.8 4
06 - paper type 1
04 -
0.2 4
0

1 2 3 4
1-Cyan, 2-Magenta, 3-Yellow, 4- Black

Fig.3 Solid Inks Densities on printed
samples

Color deviation is a characteristic used for
making comparison between two colors by

calculating AE, according to ISO12647-2. [4]
Colour deviations here are different for process
inks, but for three types of papers there is similarity
as a trend - some values (magenta, yellow) are just
on the limits of nominal tolerances, according to
ISO 12647-2 and for cyan and black AE values are
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very acceptable. (Table 2). All this is attributive
from the total paper quality which according to ISO
is defined as class 1. [4]

On the base of huge of measurements can
be defined what kind of color reproduction will
have each type of paper and what color gamut
would generate each of them. Through our
measuring of color coordinates for each paper type
has generated graph, shown color gamut in the
CIEL*a*b* space (L*, a*, b*). On the Fig. 4 all
curves describes color gamut of the corresponding
papers types and giving possibility to evaluate them.
It is well known that the larger the color gamut the
better the color reproduction paper capabilities.
Color gamut profiles of our papers have shown
some insignificant larger of gamut for paper type 3
compared to other two papers types.

Paper type 1 Paper type 2 Paper type 3

+b

Fig.4 Color gamut of used paper types

The conclusion of color gamut achieved is
that wood free coated papers (WFC) have high
possibilities to reproduce a large color gamut and
therefore to show on the print numerous colors of
originals and thus to have as higher as possible
quality of color printing reproduction. DI waterless
process provides higher color quality with higher
ink densities that expand the color gamut and
present more saturated color. Generally waterless
printing provides approximately 20% larger color
gamut than conventional offset printing. [8]

Detailed analysis of Fig. 4 shows that can
be defined parts of this gamut where our papers are
very similar, with almost overlapped profiles. On
the other hand there are parts where they are
differentiated. For example in red-green field is
observed closer color gamut even crossing in red-
violet, blue-green and yellow fields. But more
visual differences are observed in the fields of

violet-blue and blue-green. Furthermore, in this
space are detected points of crossing for several
color values.

Even in the almost equal class of papers
types color gamut varies depending on detailed
discrepancy which can be important for the print
quality. It is the most important factor when assess
the printing of color capability for reproducing true
colors and fine details. The larger the color gamut,
the closer the color print reproduction to the
original. Printing process always results on the
paper of decreasing color gamut of original, no
matter of printing technology and other
improvements. That is why paper quality with its
cellulose substrate, surface geometry, smoothness
and white thick coatings is one of such factors
which can enlarge the color gamut. In our case we
have such type of papers which proof this
consideration and show the importance of paper
used at all.

The great contribution for these results has
the waterless offset printing process on Quickmaster
DI-46, where we have applied specific offset inks,
completely different of those in conventional sheet-
fed offset .[7] Dry offset process needs strong, tacky
and high viscosity inks, usually up to 100 Pa.s. In
our case inks viscosities have been varied of around
n=85-90 Pa.s, what is an additional reason for
receiving high color print quality. In this case is
very important to keep temperature constant in due
limits. All this is compulsory for waterless offset
technology since the viscosity could be influenced
by the temperature during the printing process,
because of lack of fountain solution. When the
press temperature achieves 30°C, then the viscosity
can be down by 7-8% and thus may cause inks color
problems and plate toning. [9]

Besides that, these kind of offset inks have
not to be dried on the inks rollers during their
transfer to the offset blankets. So this increases
much more the importance of these rheological inks
characteristics as viscosity, tack, flow etc. in dry
offset printing process.

4. Conclusion

The whole results obtained in this research
can be guarantee that this digital printing
technology covers basic requirements for color
quality reproduction, what 1is important for
packaging printing. Also these results confirm that
digital DI offset known also as a Smart offset plays
an important role in the field of printing industry
and its future is not under doubt.

With runs getting shorter and turnaround
times quicker, the highly automated waterless offset
DI press is ideal for short print runs of high-quality
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with fast turnaround times and cutting of wastages.
There is no need for a separate platemaking system.
Waterless printing eliminates the need to maintain
ink/water balance, making operation easier,
reducing operator intervention and variables, and
delivering fast makeready and superior inking. Inks
for this technology are modified, in order to achieve
chemical and rub resistance, what is very important
properties for food packaging. Digital dry offset
printing technology with direct imaging (DI) on
press is proper for high quality printing products.
Possibilities to apply high grade of wood free
coated papers named as premium coated including
cardboards, enlarge the source of substrates for
packaging industry.

Nowadays there are already next generation
DI solution that could give us the print results we
required with the consistency of quality both within
each job and from job to job.
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METOAUKA 3A U3CJIEABAHE HA JIATEHTEH
TOIIVMIMHEH AKYMYJIATOP KATO YACT OT
CJIBHYEBA TOIIVIMHHA CUCTEMA

AHACTAC CTOAHOB

Pestome: Paspabomena e memoouxa 3a uzcieds8aune HA NamMeHmeH MONIUHEH aKVMYAAmop ¢
meueH MONIOHOCUMEN, KAmo Yacm om CIAbHYe8d MONIUHHA CUCmeMd C MepMonomnd.
Ilokazano e nonodicenuemo HaA USNONZ6AHUME UBMEPEAMETHU YPeOu CHPAMO JIAMeHmHUs
akymynamop. /lepunupanu ca uzmepsanume GeiUHUHU U MOYHOCIIING HA USMEPBAHEMO UM.
Iocouenu ca uznonzeéanume usmepsamennu ypeou u nocie008amenHoCmma npu nposexcoane
Ha UNUMEAHEMO.

KaouoBu AYMM: mamepuaiu ¢ npomAHa HA d)a3060m0 CbCmosHue, monjiuHeH Jl1ameHnexn
akymyanamop, mepmonomna, CJAvbHYeBU KoJeKnopu, usmepeamenna cucmema

METHODOLOGY FOR THE STUDY OF LATENT
HEAT ACCUMULATOR AS A PART OF SOLAR
SYSTEM

ANASTAS STOYANOV

Abstract: Methodology for the Study of the heat latent accumulator with a liquid heat carrier
as part of a solar thermal system with heat pump has been developed. The position of the
measuring instruments used compared to the heat latent accumulator is presented. The
measured values and the accuracy of their measurement are defined. The used measuring
equipment and the consistency in the test are specified.

Key words: phase change materials, heat latent accumulator, heat pump, solar collectors,
measuring system

1. BbBeneHue

Lenra Ha pa3paboTkara € Ja ce OmpenesnsiT
TOIUIOTEXHUYECKUTE XapaKTEPUCTUKN Ha CIIbHYEBA
eHeprompeodpasyBaia TOIUIMHHA CHCTEMa C TeueH
TOIUIOHOCHUTEJ, IIJIOCKH CIBHUEBH KOJEKTOPH,
JaTEeHTEH TOIUIMHEH EHEpPrueH akKyMylnaTop Ha
OCHOBaTa Ha Marepualid ¢ MpoMsHa Ha (Ha3oBOTO
cecTostane (MIIDC) m Tepmomomma ,,Boma-Boaa”
0e3 JOIBJIHUTENICH U3TOYHUK Ha eHeprus [1]. Llemu
Ce ChIIO Ja ce Ja/e Bb3MOXKHOCT 3a U3BBPIIBaHE HA
CPaBHHTENHA OIleHKA Ha TaKWBA CIIHYEBH CHCTEMHU

pH u3noia3Bade Ha paznmunaau MIIDC B naTeHTHHS
TOIUTUHEH aKyMyJIaToOp.

HeobOxomqumo e ga Obme mpuitokeHa
TEXHHYECKaTa JOKYMEHTAIMS Ha OOpasluTe KaKTO
cneasa [2, 3]:

2. Texunyecka JOKyMEHTAIL U
2.1. IInocku civHYedU KOJNEeKMopu ¢ meden

MOnIoOHOCUmen:
e Ta0apuTHH pasMepH;
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e IPUEMHA  MOBBPXHOCT,  ChBOAAaIma ¢
aKTHBHATA IO Ha abcopbepa;

® Maca Ha KOJICKTOpa,

®BHJI HAa TOIUIOHOCHTENS W  HETOBOTO
KOJINYECTBO B KOJIEKTOPA;

® paboOTHO HaJATaHE;

o @HSHKO-MGX&HI/I‘IHI/I u XUMHUYHHAU

XapaKTePUCTUKH Ha MaTepuana Ha IMOTIBIIAIIOTO
TTOKpUTHE Ha abcopOepa;

e Opoii, Marepuasl H  (OHU3UKO-MEXaHUIHHU
XapaKTePUCTUKA Ha MPO3PAaYHOTO TOKPUTHE Ha
KOJICKTOPA,

® BUJ, THPrOBCKO HaWMEHOBaHWE U (U3UKO-

MEXaHUYHH XapaKTEPUCTHUKUM Ha  TOIIMHHATA
U30MaLus;

® HU3NKO-MEXaHHUYHH XapaKTEPUCTUKH,
KOHCTPYKTHBHA  OCOOEHOCTH M  Tero  Ha

KOJICKTOpHATa KyTH.

2.2. Jlamenmen mMoONIUHEH AKYMYIAmMop Ha
ocnosama na MIIDC ¢ meuen monionocumen 3a
3apesicoane u paspexncoane:

e BHJ, Opoii M KOHCTPYKTHBHH OCOOCHOCTH Ha
KOHTEHHEPH 3a W3MOJ3BAHHS TMPH H3MUTBAHETO
MII®C;

® TOIIOOOMEHHA TOBBPXHOCT Ha CIUHHYCH
KOHTEHHED;

o CHGLII/I(I)I/IKB,HI/IH Ha H3I0JI3BaHUA npu

memurannero  MIIDOC, cpabpxkama  (QHU3UKO-
XUMUAYHUTE My CBOWCTBA,

eo0eM Ha CbXpaHSBaHHA OT EIWHHYCH
koHTelHep MIIDC;

® (hM3UKO-XUMUYHH XapaKTePUCTUKU Ha

M3II0JI3BAHHS TOTZIOHOCHTETT;

e 00eM Ha TOIUIOHOCHUTEIS B aKyMyJIaTopa;

e TeXHHYECKa Creru(UKanns Ha H3IOJ3BAaHUTE
TOIUIOOOMEHHHIIM 32 TOIUIMHHO 3apeXkaaHe M
paspexnaHe;

e 0011 00€M Ha aKyMyJIaTopa,

® HOMUHAJEH JeOUT Ha TOIUIOHOCHUTENS Ipe3
BCEKH €IMH OT H3IIOJI3BAaHHUTE TOIUNIOOOMEHHMIN B
aKyMyJaTopa;

e TeMIIepaTypa Ha OKOJIHATa CPena;

e TErJI0 Ha TOIUIOOOMEHHHUS anapar;

® HOMHHAJIEH JeOUT Ha TOIUIOHOCHUTENS Mpe3
BCEKHM OT TOIUIOOOMEHHHMIUTE 3a 3apexIaHe H
pa3pexnaHe Ha aKyMyJaTopa;

® HOMUHAJIEH TEMIIEPaTypeH PEXKUM Ha paboTa;

® BUJ, THPrOBCKO HAMMEHOBaHWE W (HH3HUKO-
MeXaHHUYHHM CBOHCTBAa Ha TOIUTMHHATA M30JalUs Ha
aKyMyJaTopa.

2.3. Tepmonomnen azpezam ,,600a-600a”:
e THII, MIPOU3BOAUTE n ThPrOBCKO
HAaUMCHOBaHUE HA TEPMOIIOMIIATA;
® THIT HA KOMIIPECOpa;

® HOMHHAJHA
KOMIIpecopa;

® BUJI Ha XJIQJIWIHUS arcHT;

® X0JI0OB 00€M Ha KOMITPecopa;

® HOMHHAHO CTYJIONPOHU3BOICTBO;
® HOMHHAJIHA TeMIlepaTypa Ha U3napeHue;
[ ]
[ ]
[ ]

HWHCTAaJIUpaHa MOIIHOCT Ha

HOMHWHAITHA TEMITepPaTypa Ha KOHCH3aIHs;
TEeMIIepaTypa Ha OKOJTHATA CPEJia;
rabapuTHU

KOHJICH3aTOpa;

° TOHHOO6MCHH3 NOBBPXHOCT Ha U3MNAPUTCIIA U
KOHJICH3aTOPa;

o GU3UKO-MEXaHUYHH  XapaKTCPHUCTUKH  HaA
W3IMON3BAHUTE MaTepUaid U KOHCTPYKTHBHU
0c0oOEHOCTH Ha WU3MAPUTENs H KOHJICH3aTopa;

® TCrJI0 Ha TEPMOIIOMIICHUS arperar;

® paboTHO HaJIsTaHe BBHB BCEKH oT
TOIUIOOOMEHHUIU 3a 3apeXaHe U pa3pekiaHe B
aKyMyJaTopa.

pasMepy Ha H3MApUTENsT U

3. TeopeTnuna yact

3.1. Epexkmusnocm Ha NIOCHK CIbHYEB
KOJIeKmop ¢ meueH MmonioHOCUmeI:

EdextuBHOCTTA Ha EIMHUYEH CIIHHYEB
KOJIEKTOP C T€YEH TOIUIOHOCHUTEIl Ce OMpEeeNs KaTo
OTHOIIICHUE HA ITHIHUSI TOIUTMHEH IOTOK, OTBEICH
OT KOJIEKTOpa U IIBIHOTO KOJHWYECTBO CIBHYEBA

paauanus, nomaaHalia BBPXY HEroBarta
IOBBPXHOCT, OIIPEACIICHU 3a CIMHUILIA BPEME!
_ QCK
M=~ [ (1
a6 " cx

I[06I/ITOT0 KOJMYCCTBO TOIUIMHHA CHEPTUA
oT CJTI)HLIGTO 3a €IUHUIa BpEME CE€ ONIPCACIIA OT:

0, =mec, Mo =ty) @

Mec —MacoB JEOMUT Ha TOIUIOHOCUTENS TMIpe3
CITbHYEBHS KOIEKTOp, kg / S

C *CHCHI/I(i)I/I‘ICH TOINIMHCH KaIalmuTeT Ha

CK

TOIIOHOCHUTEJSI B CIIBHUEBHS KOJIEKTOP, J / kg K ;

t;ﬁ_m — BXOJAIIa TeMIeparypa Ha

TOIUIOHOCHUTCJIA B CIBHUCBUA KOJICKTOP, OC;

t;_m — U3XofsIma TeMmmeparypa Ha ¢(aymma oT

cpHYeBus koektop, C;
A, —mnom Ha abcopbepa Ha CI'BHYCBHA

2
KOJIEKTOp, M~ ;
[, —uHTEeH3uTET Ha

CK

CymMapHaTta CJIBbHUYCBA

paguanuys, rnomajgHajla Ha TOBBPXHOCTTa Ha

2
KOJIEKTOpA, W/ m- .
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3.2. E¢pexmuenocm Ha JlameHmHUs
monnunen akymyramop na ochosama na MIIDC ¢
meuen monnonocumen [3]:

O6obmenata  edextupHocT 77, ~ Ha

JATEHTHUSI aKyMyJlaTop, BKIIIOUBAI MPOLIECUTE Ha
3apeKIaHe U pa3pexIaHe Ce CbCTOM OT TPU YaCTHU
eKcepruiiHn  e(QeKTUBHOCTH  —  €KCEepruiftHa

epekTHBHOCT TIpH 3apexxaaHe &, eKcepruiiHa
e(eKTHBHOCT OTYMTalla 3aryOMTE KbM OKOJIHATa
cpema &,

paspesxiane &,

U eKcepruitHa e(eKTHBHOCT TpH

N = Ss50cSp )

3.3. Onpeodenane 3azybume KoM OKOIHAMA
cpeoa:

EdexTuBHOCTTA Ha  akymyjaropa ce
ompejieNisi Karo OTHOIICHHE Ha EKCeprusita Ipu
paspexaaHe KbM EKCeprusATa NpH 3apekaaHe H
mpencTaeisBa  (QYHKIHMS Ha OTHOIIEHHETO Ha
TeMmreparypure. B ekcrnepuMeHTaiHaTa ypenda e

Bb3MOXHA €IMHCTBEHO HHCKO TeMIepaTypHa
aKyMYyJIalus:
2kAz
_ Mg .Cpp
Sor =€ “4)
KBJIETO:

2
A — IOBBPXHOCT Ha aKyMmyJiaTopa, m” ;
¢, —cneuu(uyeH TOIUIMHEH KalalMTeT IpH

IIOCTOAHHO HaJAraHE€ Ha TOINIOHOCHUTEIIA IIPE3

W3MIApUTENIl  HA ~ TEPMONOMIIATa  WIM  TIpe3
koHcymaropa, J/kg K ;
m, — aKyMyjiupaiia maca, kg .
U3non3BaHus ~ JIATEHTEH  aKyMyJaTtop

ceappka emHoBpeMeHHO MIIDPC u  TedHOCTEH
TOTIJIOHOCHUTE:

maK = mMHlDC + mmm (5)

OTYETCHO oT MOMCHTa Ha
3apeKAaHCTO Ha JIATCHTHUA

Z — Bpeme
3aBbpLIBaHE Ha
aKyMyJarop, S ;

k —o0000meH  KoepUUUEHT  HAa  TOILIO-
IpeMUHaBaHe, W/ m’ K.
OrnpenenstHeTo Ha kK € KaKkTo clie/Ba:
. 7 (6)
1 1 d, 1 d 1

n—3>+
d2 n.dg.a2

| —BucounHa Ha

Chlla Ha  JIATCHTHUS
aKyMyJarop, m ;
d, —BBTpelICH JaWaMeTbp Ha Chaa  Ha

JIaTEHTHUS aKyMyJiaTop, m ;

d, — BBHIIICH JHaMeThp Ha Cha HA JIATCHTHHSI
aKyMyJiaTop 0e3 TOIUIMHHATa U30j1auus, m ;

d; — BBHIIICH [UaMeThp Ha Cbja Ha JATCHTHUS
aKyMyJIaTOp C TOIJIMHHATA U30Jauus, m ;

¢, — KOe(UIIMEHT Ha TOILIONPEIaBaHE MEKIY

TOIINIOHOCHUTCJIA mpe3 N3IapUTEIIA Ha
TepMoOIoMIiaTa N npe3 KOHCyMaToOpa u
BBTPCIIHATA CTCHA Ha JIATCHTHUA aKyMyJaTop,

2
W/m’ K ;

0, — KOCUIMEHT HA TOIUIONPENABAHE MEKIY

TOIUIOM30JIAIMOHHKS ~ CJIIOW  Ha  JIATEHTHHS
2
aKyMyJIaTOp ¥ OKOJIHAaTa Cpea, W/ m°.K;

&, U O, ce OIpeleliT B 3aBUCUMOCT OT
KOHKPETHHTE YCJOBHs, NMPHU KOUTO CE H3BBPIIBA
TOIUIONPEHACSIHETO M Hal-4ecTo Cce H3IOJI3BaT
CIIpaBOYHU AaHHM. VIMaliku IpeABUA yCIOBUATA Ha

HACTOSILHS CKCIICPUMEHT ce npuemMar
w

a,=3 OOZ—K 3a ciiydast Ha CBOOOIHO JBIKCHHE
m’.

Ha TEYHOCTHHUS TOIUIOHOCHTENl B aKyMyJaropa,
Mopaju MallkKug My JAeOUT Ipe3 IMUPKyIalnOHHATA

nomiia u a2 =4 3a ClIydad Ha BB3AYyX IO

2
m° K
aTMoc(epHO HaJIAraHe M eCTECTBEHAa KOHBEKIHs. 3a
HO-HpCL{I/BHO N3YUCICHUC € BB3MOXKHO

ONIPEIEIAHETO Ha (X, [a C€ U3BBPIIH I10:

aZ = B '4\/ tu30,7 - tUK (7)

KBAETO TPH UWIMHIPHYHA CTCHA Ha IJIATCHTHHS
akymyiarop B =2,56.

3.4. E¢pexmuenocm Ha mepmMonomMneHus
azpezam ,,800a-600a”, 3a0a0ena upes
omonumenen xoegpuyuenm [2, 5]:

OTOIIATEITHAAT Koe(hHUIHEeHT Ha

TepMoOIIoMIIaTa ko CC OmIpeaAcid KaToO OTHOIICHUC

Ha KOHJCH3aTOpHATa MOIITHOCT QK u

KOHCYMUpaHaTa CJICKTPUICCKa MOIIHOCT Nmn .

0,
k, = 8
= ®)

mn

KOH,I[CHSaTOpHaTa MOIITHOCT C€ OIIPCACIIA KaTO:
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0, =mec iy ~1,,)  ©
KBJIETO:
M — MAcOB NeOGWT HA TOTUIOHOCHTENS npe3
KOHJIeH3aTopa, kg / S ;
¢, —cneuu(uUeH TOIUIMHEH KarauuTeT Ha
TOIIOHOCUTENs B KoHnensatopa, J/kg.K ;

!

’

dx BXOJdIIa TeEMIIEpaTypa Ha TOINIOHOCHUTEIIA

B KoHaenszaropa, C;

[y, —H3XOAAImA TeMmeparypa Ha

TOINTIOHOCUTECIIAA OT KOHACH3AaTOopAa, °C.

3.5. Obwa egexmusnocm Ha cucmema ¢
MEYHOCMHU — CIbHYEBU  KOAEKMOpPU,  JIameHmen
akymynamop u mepmonomna ,,600a-eooa’  (be3
OONBAHUMENeH USMOYHUK HA eHepeUs):

EdexTHBHOCTTA Ha cucTeMaTa ce ONpeeNs
KaTo OTHOLIEHHE Ha credeneHoTo oT CIbHLIETO M
OKOJTHATa Cpefia KOJUYECTBO TOIMJIMHA 3a CIMHHUIIA
BpeMe KbM ITBJIHOTO KOJIMYECTBO BIIOYKEHA CHEPTHSI
3a eIMHHIIA BpeMe:

Ha TepMorniommnaTta, W ;

NCK
yn — KOHCyMHpaHa MOIIIHOCT oT

[MPKYJIal[MOHHATA [TOMIIa, BKJIIOYEHA B KOHTYpa Ha
CI'bHYEBHS KOJIEKTOp, W ;
MIdC
N — KOHCYMHpaHa MOIITHOCT oT
yn
[UPKYJIAlMOHHATA TIOMIIa, BKIIFOUYEHa B KOHTYpa 3a

3apexIaHe Ha JJaTeHTHHs akymynatop, W ;
cmp
N,,” — KoHCyMHupaHa MOLIHOCT oT

[MPKYJIal[MOHHATa TTOMIIa, BKJIIOYCHA B KOHTYypa 3a
HaMaJlsiBaHE Ha CTpaTU(UKAIMATA B JIATCHTHHUS
akymyatop, W ;
usn
N,," —xoucymupana MOII[HOCT oT

[MPKYJIal[MOHHATA [TOMIIa, BKIIOYEHA B KOHTYpa Ha
usnapurens, W ;

N,, — xoncymupana MOII[HOCT oT

HI/IpKyJ]aHI/IOHHaTa ImoMIia, BKJIFOYCHA B KOHTypa Ha
KoHzeH3aropa, W ;

N — xoncymupana MOII[HOCT oT

en
yIOpaBisiBaliaTa  CUCTeMaTa  MHKPOIPOIECOpHA
amaparypa, HM3MEpBaTelIHO M APYro oOOpyIBaHe,
w.

HpI/IHLIHHHa cxXeMma Ha HU3IIUTBaHaTa

n = 0. (10) CIbHUEBA CHCTEMa € TIoKa3zaHa Ha @wr.l.
. cK MIDdC om, usn K v
ch+Nmn+Nun+Nwz +N14np+Nun +N1411+Nitp
N,, —KOHCyMHpaHa MOIIHOCT OT KOMIIpecopa
AO AO TB1 TB2
D mCK mMnd)cD
” 1J
| S 7L TB3 m,,
3 J
t, t, ( ( .. _t_.M m
|
uns| ! /q
MMaC @ i
1
| \&
» | TO ’ i
’ ) t 1 tz [T} [] S Y u__________;__
t ¢.ck 6bar t Msxl\ L t BX ) @_ t ¢.n t .k
( un3

_%4

PC1

T )
—

-—
—

MbnHeHe/M3TouBaHe
TonnoHocuTen
nbnHeHe/u3TouBaHe
TonnoHocuTen
-
e

CK - cnbHYeB KonekTop

TO - TONNOO6GMEeHHUK

JNITA - naTeHTeH TONNMWHEH akymynatop
TN - Tepmonomna

LM - umpkynaumMoHHa nomna

PC - 3aTBOpEH paswmpuTeneH cba

)_

AO - aBTOMaTH4eH 06e3BBb3AyLIUTEN

B - pbUeH BeHTUN

TB - TpUNbTEH eNeKTPOMarHUTeH BEHTUN

MMN®C - maTtepuan c npomMsiHa Ha ¢ha3oBOTO
cbCTOsIHME

MNB - npepnaseH BeHTMN 3a 6 bar

Que. 1 llpunyunna cxema Ha CIbHYEBA CUCTMEMA C
MEeYHOCMHU CIbHYEU KOJIeKMOPU, JIAMeHMeH AKyMYAamop U mepmonomna ,,8600a-600a’”



-69 -

4. IIpoBexnaHe HA U3NUTAHUETO

4.1. Buooge uzmepsanu eauduHu:
- aTeH3uTeT Ha cymMapHaTa ClIbHYEBA paHaIus

BbpXY paBHHHATa Ha CIBHYCBUA KOJICKTOP — ICK 5
2
W/ m”;
- Temnepatypa Ha okonHata cpena— ¢, , C;

- Temnepatypa Ha BBHIOIHaTa CTpaHa Ha
W30JIAIMOHHUS CJIOH Ha JIATCHTHHUS aKyMyJaTop —

tu3m 4 C >
- Bxomsima Temmeparypa Ha TOILIOHOCHTENS B
cIbHYeBUs KOnekTop — £, ., C;
- U3xopsiia Temmeparypa Ha TOIUIOHOCHTENS OT
“C:
- TemnepaTypa Ha TOIJIOHOCHUTENS B KOHTypa Ha
CTbHYEBUsS KOJNCKTOp, HM3MEpPeHa Ha BXOAa Ha

CITBHYCBHS KOJICKTOP — 1, .,

ToruoooMeHHust anapar — ¢,, C;

- TemnepaTtypa Ha TOIJIOHOCHTENS B KOHTypa Ha
CITPHYEBMS KOJIEKTOp, M3MEpeHa Ha H3Xoja Ha

TorooOMenHus amapar — ¢, , C;

- TeMnepaTypa Ha TOIIJIOHOCUTCIIA B KOHTYpa Ha
JIATCHTHHUA aKyMyJaTop, HU3MCPEHA Ha BXOJAa Ha

ToII00OMeHHust anapar — ¢,, C;

- Temneparypa Ha TOILIOHOCHUTENS B KOHTYpa Ha
JATCHTHUS aKyMyJlaTOp, MU3MEPEHa Ha M3X0Ja Ha

TOINIOOOMEHHUS arapart — t2 , OC 5
- BXOZ[HH.[B. TEMIICPATypa Ha TOIUIOHOCUTCISA B
¢.u> C ;

- HSXOI{HH.I& TEMIICpATypa Ha TOIIJIOHOCUTCIIA OT

HU3IApUTENL HA TEpMOIIOMIIaTa — [

"

usnapurens Ha repmoniomnara — £, C ;

- BXOZ[HH.IB, TEMIICPATypa Ha TOIUIOHOCUTCIISA B

KOHJIeH3aTopa Ha Tepmonomnara — ¢, ., 'C;
- M3xopsiia Temmeparypa Ha TOIUIOHOCHTENS OT
KOHJIeH3aTopa Ha Tepmoromnara — ¢, ., C ;

-BXO,Z[HH.[a TeMnepaTypa Ha TOIIJIOHOCUTCIIA B

KOHTYpa Ha TOIUIOOOMEHHHS amapaT, U3MEpeHa Ha
.

- U3xomsma Temmeparypa Ha TOTUIOHOCHTENS B
KOHTypa Ha TOMJIOOOMEHHHS amapar, u3MepeHa Ha
C;

- BXOI[)IH.[a TeMnepaTypa Ha TOIIJIOHOCHUTCIISA B
KOHTypa Ha TepMOHOMHaTa nin KOHCYMaTOpa,
M3MEpeHa Ha BXOJa Ha JIATCHTHHUS aKyMyJiaTop —
t,.,C;

- U3xomsma Temmneparypa Ha TOIUIOHOCHUTENS B
KOHTypa Ha TCpMOHOMHaTa Nnin KOHCYMaTOpa,
I/I3MepeHa Ha HU3X0Ja Ha JIATCHTHMUS aKyMynaTop —

£ .°C

uzx

BXO0Jla Ha JIATEHTHUS aKyMyJiaTop — ¢

6x 2

H3X0Ja Ha JIATCHTHUA aKyMYJIaTOp — t

usx 2

- Temmiepatypa u3MepeHa MpU KOHCyMaropa —
KOHC C’

- MacoB 1e0uT Ha TOIJIOHOCUTENSI B KOHTYpa Ha
CITBHUEBHSI KOJEKTOp M TOIIOOOMEHHHUS amapar —

t

M, kg / S ;
- MacoB 1e6UT Ha TOILIOHOCHUTENS B KOHTYpa Ha
TOIIIOOOMEHHMS anapaT U JaTCHTHUS aKyMyJIaTop —

Mmumoc, kg /s ;
- MacoB 1eOHUT Ha TOIUIOHOCHTENS B KOHTYpa Ha
U3NApMTENs Ha TEPMONOMIIATA M JIATEHTHHS

aKyMyJ1aTop —Mou., kg/s ;
- MacoB 1eOHUT Ha TOIUIOHOCHTENS B KOHTypa Ha
KOHJIEH3aTOpa Ha TEPMOIOMIIATAa U KOHCyMaropa —

My, kg/s;
- MaCOB Z[e6I/IT Ha TOIIJIOHOCUTCJIA B KOHTypa Ha

KOHCYMAtopa — Monc , kg / S

- Handrane Ha X7naguiiHUA areHT B U3MApUTEN]
Ha TepMoOIIOMIaTa — p_ kg/ cm’
arelr B

- Hansrane Ha XJTaIATHAS

KOHJICH3aTOpa Ha TepMorioMnara— p_, , kg / cm’

- CKOpOCT Ha BATBpa — V, m/s;

- KonCcymupaHa MOIDHOCT OT KOMIIpEcopa Ha
W,

- Koncymupana MOITHOCT OT IMpKYJIallMOHHATa
MIOMIIa, BKJIOYEHAa B KOHTypa Ha CI'bHUEBUA

tepMmoniomnara — N,

mn 2

xosexrop — N°° W ;

yn
- KOHCYMI/IpaHa MOIIHOCT OT HUPKYJIAallMOHHATaA
MOMIIa, BKJIIOUECHAa B KOHTypa 3a 3apexIaHe Ha

MIIDC 777 .
nateHTHUA akymynarop — N, W,

- Koncymupana MOIIHOCT OT LUPKYJIALOHHATA
MOMITIa, BKJIIOYEHa B KOHTypa 3a HaMalliBaHE Ha
cTpatuuKanuiTa B JIATCHTHUS aKyMyJjaTtop —

cmp .

N, W

- Koncymupana MOITHOCT OT IMpKYJIallMOHHATa
IIOMIIa, BKJIOYEHAa B KOHTYpa Ha W3MapuUTeNsi —

usn .

N LW

- Koncymupana MOIIHOCT OT LUPKyJalMOHHATA
MOMIIa, BKJIIOYEHa B KOHTypa Ha KOHAEH3aTropa —

K .

N

- Koncymmnpana momiHocT 0T ynpasisiBainaTta

cucTteMara MHUKpOIIPOLIECOPHA amaparypa,

M3MepBaTeNHo 1 Apyro obopyasane — N, ¥ W .

4.2. Ycnosus u pescumu Ha usnumeaHe:

4.2.1. I3mepBaHeTO HA BCUYKHU BEITUIMHU B
JaJleHUs PEKUM ce MPOBEKAa SAHOBPEMEHHO TIPE3
BCEKM 3 MHHYTH, B TEUYCHHE Ha 27 MHUHYTEH
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WHTEpBaJ.
4.2.2. 3nutanusata  ce
KBa3UCTAIIMOHAPHU YCIIOBUSI.
4.2.3. 3nuTBanuTe KOJICKTOPH ce
opueHTHpaT KbM CIIBHIIETO U C€ YCTAHOBSIBAT C
BI'bJI Ha HAKJIOH KbM XOPHM30HTA PaBEH HA (@ — O

IIPOBEXKJIAT B

KbIETO ( € reorpa)ckaTa INMpPUHA, a O €
JEeKJIMHALUATA.
4.2.4. B TeueHue Ha 27 MUHYTHUS UHTEPBaI
Ha HM3MEPBaHE € 3aIb/DKUTENIHO Ja CE M3IIBJIHAT
CJIEIHUTE yCJIOBUS:
- MACOBUTE JAEOMTH Ha TOIUIOHOCUTEIHUTE B

KOHTYpUTE Ha: CI'BHYEBUTE KOJEKTOPH Mk,
TOIJIOOOMEHHHUS amapaT M JIATEHTHUS aKyMyJaTop

Mmuyrac , U3MAapUTECIIA Ha TCpMoIoMIiaTa n

JJATCHTHHUA aKyMyJlaTop Mep.u., KOHACH3aTOpa Ha

TEPMOIOMIIATA Mgy« , KOHCYMATOpa Mixonc , TPAOBA

Ia ce MOAIbPXKAT ¢ TOYHOCT + 5% ;
- I3MEPBaHUTE TeMIepaTypu TpsOBa pga ce

nomabpskar ¢ tognoct 1 °C

- I3MCHEHMETO HA MHTEH3MTETa Ha CyMapHaTa
CJIbHUCBA paI[I/IaHI/IH HC TpH6Ba aa HpeBI/IHIaBa
+10%;

- TpelKaTa Ha MOHTaXa Ha  CI'HHYEBUTE
KOJIEKTOPH 110 OTHOLIEHUE HA BI'bJia HA HAKIOH KbM
XOPHU30HTA He TpAOBa Ja npesMmasa + 2% ;

- I3MEHEHHETO HA M3MEPBAHUTE EIEKTPHYECKU
MOIIHOCTH He TpsA6Ba ja npesuiuasa + 5% ;

- I3MEHEHHMETO Ha CKOPOCTTa HA BATHPAa V HE

+0,5m/s
v<2m/s cenpuema v=_0m/s).

TpsiOBa 1@ TpeBHINABa (xoraro

4.3. Obpabomra Ha excnepumenmanHume

pesynmamu:
4.3.1. CpemHOMHTETpATHATE, 3a 27
MUHYTHUA HUHTCPBaI Ha N3MEpPBAHC Ha

TEMIICPATYPUTE CC OMPCAC/IA KAKTO CJICABA:

- [t +t <
110 Z (11)

=2
{, W [, —CrOMHOCTH Ha TEMIIEPATYPHUTE,

MIOJTyY€HH MPU IIBbPBO M MOCIEIHO U3MepBaHe 3a 27
MUHYTEeH HHTepBan Ha u3Mepsane, C;
{, — CTOMHOCT Ha TeMIlepaTypara, Iojay4eHa npu

MEKIUHHN u3MepBanus, C ;
A7, =3 min —IPOMEXIYTBK OT BpeMe MEXIY
JIBE MOCIICIOBATEITHA H3MEPBaHHU;

, =27 min —NpOIBIDKUTEIHOCT Ha  €IUH

WUHTEPBaJ Ha N3MEPBaHE;

4.3.2. CpenmnouHTerpaiina, 3a 27 MUHYTHHS
WHTEpBaJl Ha U3MEPBaHEe, CTOMHOCT HA WHTCH3UTETA
HA CyMapHaTa CI'bHYECBA pajualus  BbPXY
NOBBPXHOCTTA Ha KOJIEKTOpA CE OIlpeless KaKTo
ciezBa:

_ 9

i=2 Ty

4.3.3. CpennounTerpaiina, 3a 27 MUHYTHHS
WUHTEpBal Ha W3MEpBaHe, CTOWHOCT HA MacOBUS
JIeOUT Ha TOIUIOHOCHUTEIIUTE Ce€ ONpeaeis KaKTo
cle/Ba:

: + 4 .
m= mI mIO z l (13)

i=2 2'0

4.3.4. CpenmnounTerpaiina, 3a 27 MUHYTHHS
WHTEPBAJl HA M3MEPBaHE, CTOWHOCT Ha HAJSATAHETO
HA XJIQJIWJTHUS areHT Ha KOHJICH3AIMs U U3MapeHHe:

— + 4 At

4.3.5. CpenHouHTerpaina, 3a 27 MUHYTHUS
MHTEPBAJ HAa U3MEPBaHEe, CTOMHOCT Ha CKOPOCTTA Ha
BATBpPA C€ OIPEAENs KaKTO ClIe/Ba:

- (v, +v 2 At

V= uJrz:vl. —L (15)
2 i=2 Ty

4.3.6. CpemHOMHTETpATHATE, 3a 27

MHUHYTHHS UMHTCPBAJI HA U3MCpPBAHC, CTOMHOCTH Ha
CJICKTPUYCCKUTC MOIINHOCTH Ha KOMIIpECOpa Ha
T€pMoIoMIIaTa W MHUPKYJIAIMUOHHUTE IIOMIIM C€
OIpeaecyIA KakKTO ClICABa:

o 9
V- N, +Nm Z (16)

i=2 Z'o

4.4. Tounocm na usmepsanume GeIUUUHU.
4.4.1. JlonycTUMH OTKJIOHEHHS Ha TMPSKO
U3MEPBaHNUTE BEITUUNHH:
- MHTCH3UTETHT HAa  CcyMmMapHara CI'lbHYCBa
paauarus TpsioBa 1a ce u3MepBa ¢ TOYHOCT + 2% ;
- TeMIepatypure TpsOBa na ce Hu3MepBaT C
ToyHOCT + 2% ;
- MACOBHUAT JCOUT HA TOIUIOHOCHTENIUTE TPIOBa
Jla ce U3MepBar ¢ TouHocT + 2% ;
- CKOpOCTTa Ha BATHpa TPsOBa Ja ce U3MepBa C
TouHOCT +6% ;
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- ENIEKTPUYECKUATE MOIIHOCTH TpsibBa 1a ce
U3MepBar ¢ TOYHOCT + 5% .

4.4.2. lomycTUMU OTKJIOHEHHSI Ha KOCBEHO
HU3MEPBAHUTE BEJTUINHH:

- KOHJICH3aTOpHATa MOIIHOCT HAa TEPMOIOMITaTa
TpsOBa J1a ce u3MepBa ¢ TouHocT +6% ;

- IBJIHUAT TOJIE3CH TOIUIMHEH MOTOK, OTBEICH
OT CITbHYEBUTE KOJIEKTOPH, TPSIOBA [a ce M3MepBa ¢
TouHoCcT +6% ;

- epeKTHBHOCTTA Ha CIIBHYCBHUTE KOJECKTOPH
TpsibBa a ce u3mepsa ¢ To4HOCT + 6% ;

- OTOIUTATETHHUST KOe(UIIUCHT Ha
TepMoOIoMIIaTa TpsiOBa Ja ce U3MepBa C TOYHOCT
+6%;

- obmara eeKTHBHOCT Ha CI'lbHYEBATa CHCTEMa
TpsibBa 1a ce u3MepBa ¢ To4HOCT +6% .

4.4.3. I3non3BaHu M3MEpBATEIHU YpeOu:

- §-kaHajIeH MporpaMUpPyeM HHIUKATOP
TC800 (Tab6mn.1.) ¢ 8 Bxozaa, 8 uzxona, 16 anapmu u
2 nucruiest — 3a CTOMHOCTTa U 3a KaHana. YpenbT
“Ma TporpaMHpyeMH OOXBaTH U  aJlapMEHHU
TPaHUIIA, CAMOJUATHOCTHKA W CHCTEMHA ajlapMma,
KaKTO ¥ Bb3MOXHOCT 3a cepueH uHrepdeiic RS485

[71;

Taén. 1 Texnuuecku xapaxmepucmuxu na TC800

Ananozoeu éxoooee

HUCKOB0J1MoO60

Koucymupana mownocm Makc. 4 VA

Huouxayusa u nacmpoiika

V[ucnaeu 3a Homep Hal 2 paspsaaa LED, 14 mm;
Kanana 3e5eH

V[ucnneti 3a cmotinocmma| 4 paspsna LED, 14 mm;
4epBEH

Pabomnu ycnosusn

Oxonna memnepamypa ot -10 10 65 °C

OKOJIHA 81AAHCHOCI ot 0 1o 85 %RH

Koncmpykyus

abapumnu pasmepu 96x96x107 mm
Tezno Makc. 650 g
Bawuma, rtuye/xnemu 1P54/1P20

- YHuBepcaieH nporpamupyem oposia CT34
(Tabm.2.) cbc 6 pa3nmuyHM pexuMma Ha pabora, 2
peryaupyeMu  peneiiHM  U3XoZa M ONTHYHA
uzonamus Ha Bxoma go 1500 VAC [7]. Ypenst
pabotu kato Oposiy Ha UMITYJICH C IPOTPaMUpPyEMHU
JEeNIUTe] U MHOXHUTEI, 000pOTOMEp, YECTOTOMEP U
KoMOMHUpaH pexuMm. lma BB3MOXHOCT 3a
HaTpYTIBaHe;

Taén. 2 Texnuuecku xapaxmepucmuxu na C134

Bxoooese

Bposiuen umnyicer 6xo0 ¢| MEXaHWYCH KOHTaKT
HacmpolKa Ha pponma (HO) unu enexTpoHeH
(ot PNP/NPN natumk)

\Pt100 (w=1.385) ot -100 1o +200 °C
VIuneen HanpesiceHos oT -999 o 9999,

Maxcumanua yvecmoma 5 kHz

Bxoden ghunmvp 3a TpenTeHus

0..1/2/5/10V IporpaMupa ce Mawabupawu nporpaMupar ce ot 1 110
Vluneen moxoe 0(4)..200 o1 -999 no 9999, Koeguyuenmu 9999
mA porpaMupa ce Pesrcumu
Hughposeu exooose \Peoicumu Ha paboma 7
\bpou 2 Pesicumu Ha b6poene Ha VIMITYJICH WJIA Ha
\BuUO Ha 6x00HUsA CUSHAL KOHTAaKT nmapTuan
Dyuxyus na 1eu Obxeam na bpoene ot 0 1o 2147483647
BBHIIICH U300p Ha KaHaJ

6X00 npocpamupare 4pe3 KllaBuaTypara
Dyuxyus na 2pu BBHIIIHA 3a111Ta Ha Hzxo00u
6x00 nmporpamara Pene enekmpomexanuuno | SA/250V ¢ H3 xoHTaKT

H3zxo0u MOII krou 0,1A/60V, ontu4yHo
\Pene enekmpomexanuymo 3A/250V W30JIMPaH
\Pene enekmponno (SSR) 1A/250VAC H3x00 3a gvHwHO SSR ot 5 10 24V, 30 mA
MOII knou 0,1A/60V, ontuyno Bpeme Ha u3X00HUs ot 0,1 10 99,9 s,

U30JIpaH umnyic [IpOTpaMupar ce
\U3x00 3a 6vHuno SSR or 50124 V,30 mA Huoukayus u nacmpoiika
Cucmemna anapma EMP ¢ HO/H3 koHTaKT, /[ucnneii 3a usmepsane 6 paspssma LED, 9 mm
pene Ne 9 Ceemoouoou 2 LED 3a uzxonure
Cepuen unmepgeiic RS485, uzonupan Knasuamypa 4 memOpaHHu OyTHa
3axpaneane 3axpaneane

\Mpeoicoso 3axpansane 230 VAC Hmnyncno 3axpansane ot 90 o 250 VAC/DC
\Hmnyncuo 3axpansane ot 90 1o 250 V Heusonupano
\Hzonupano or 12 o 24 VAC HUCKOBONIMOBO ot 12 10 24 VAC/DC
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\Koncymupana mownocm | Makc. 6VA
Pabdomnu ycnosus
\Pabomua memnepamypa ot -10 10 +65 °C
\Pabommna enascnocm o1 0 10 85% RH
Koncmpykuus

[ "abapumnu pazmepu 48x48x110 mm
Maxcumanno meano 200 g
Bawuma, auye/xnemu 1P 54/20

- Usmepuren na momtHoct EL-EPMO2FHQ,
nmokasaH Ha ®Pur.2, ¢ TEXHUYECKU XapaKTEPUCTUKU
nocouenu B Taom. 3 /8/.

=

Due. 2 Uzmepumen na mownocm EL-EPM02FHQ

[8]
Tabn. 3 Texnuuecku xapakmepucmuxu Ha EL-
EPMO2FHQ

paxpansaigo 220V/ 50Hz
Hanpeowcerue
Maxcumanen mosap 16A, 3680W
Tounocm Ha +/-0,5 % max
U3MEp8anama MOWHoOCm
Cobcmesena koHcymayus <0,5W
Tounocm Ha YacoeHuKa +/-1min. 3a Mecery

YpenbT uW3MepBa CHOI0O  MaKCHMallHa
MOIITHOCT, TOK M HaIPE)KCHHE.

4. 3akJI0ueHue

CipHueBUTE TOIUIMHHU CHCTEMH
e(eKTUBHO WU3MOJ3BaT YacT OT JOCTHraliara
3eMHaTa TOBBPXHOCT CI'bHYEBAa E€HEprus 3a

MIPOU3BOACTBO Ha TOIUIA BOJA U 3a OTOIUICHHE Ha
crpaay Ha OUTOBM W NPOMHUILIEHH KOHCYMAaTOpH.
Hob6aBsHeTo Ha TOINIMHHK akymynatopu ¢ MIIDC,
ChXpaHsABAIM JIATCHTHATa TOIUIMHA € CBhBPEMEHHO
pelleHne TMpH M3TPaKIAHETO HA  CIBHYEBUTE
TOIUTMHHM MHCTaJallud M TOA00psBa TAXHATa
edpexTuBHOCT. TOBa ce ABIKM Ha BB3MOXKHOCTTA
MIIDC na cpxpansBar 5-14 mbTH MoOBeYe TOILIMHA
3a eIMHHIA 00eM OT MaTepHalHuTe 3a ChXpaHEHHUE
Ha siBHA TorunHa [4,6].

BaarogapuocTn
Paborara Oerire mogkpeneHa (PUHAHCOBO OT:
- Berpemien mpoexkt kM TY Codus 3a
nmonkpena  Ha  pokrtopantm  132[1/10023-24/
28.03.2013.
- Borpemnien Hayuer npoekt kbM TY Codus Ne

10211063-24 ot 05.05.2010.
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KOPO3HWOHEH NOTEHLHAJI
HA CTOMAHA 1.4439

AHTOH JEMIWPEB

Pe3tome: B npomuwinenu ycnogus e onpeoeieH eieKmpoOHUsm NOMEHYUal Ha Hepvaicoaema
cmomana 1.4439. Cmomanama e KOHCMPYKYUOHEH MAmMepuan Ha MexHOIO02UYHO CbOPBICEHUE,
pabomewo 6 cpeda HA CAPHOKUCEN eleKMpOIUm 3d XuopomemanypeuieH 000U Ha YUHK.
Hsmepsanusima ca nposedenu 8 eKChioamayuoHeH Pelcum Ha CbOPbICeHUemo, be3 npeKbceane
Ha mexnonocuunus npoyec. Ilonyuenume pesyimamu noKazeam HAIUHUemo HA NOMEHYUaIHa
PaznuKa mexcoy pasiudHu moyKu Ha CbOPbLICEHUEMO, KOemo e npeonocmaska 3da pazeumuemo
Ha eleKmpoXuMuyer KOpo3uOHeH npoyec.

KmiouoBu nymm: cmomana 1.4439, kopozuonen nomenyuan

CORROSION POTENTIAL
OF STEEL 1.4439

ANTON DEMIREV

Abstract: In industrial conditions defined electrode potential of stainless steel 1.4439. Steel is a
construction material technology of plant operating in an environment of sulfuric acid
electrolyte for the hydrometallurgical extraction of zinc. Measurements were performed in the
operating mode of the unit without interrupting the process. The results indicate a potential
difference between different points of the facility, which is a prerequisite for the development of

electrochemical corrosion process.

Key words: steel 1.4439, corrosion potential

1. BbBeneHue

XpoM — HHUKEJIOBHTE CTOMaHHM ITOKa3BaT
BHCOKO KOPO3MOHHO CBIPOTHUBICEHHE B MHOTO
cpemu [1]. Bempexkm TOBa, cien HarpsBaHe U
mocleiBamo 0aBHO OXJaXKAaHe, 00pa3yBalIuTe Cce
KaTo Pe3yJITaT OT BHCOKATa CKOPOCT Ha AUQy3us Ha
BBIJIEPOAA U a30Ta B CIUIaBTa KapOWIW ¥ HUTPHUIN
Ha  XpoMa TH  TpaBiAT  TMOJATIMBH  Ha
UMHTepKpucTaiHa koposus [2]. Ot apyra cTpaHa, B
CHJTHO KHcena cpeia, (GOopMHUpaIHAT ce Ha MeTana
TIACUBEH CJIOW Ce pa3pyllaBa YaCTHYHO:

Cr,0; + 6H' + 2e — 2Cr’" + 3H,0,
KOETO JiaBa BB3MOXKHOCT 3a Pa3BUTHETO BBPXY
MeTajgHaTa MOBBPXHOCT Ha JIOKAJIHU KOPO3UOHHU

nporiecd. Bcuuko TOBa OOMKHOBEHO Hamara
MEPONPUATHS TI0 3alllUTa Ha ChOPBKEHUSI OT TE3U
CIUTaBH, pabOTeId B TEXKKU MPOU3BOICTBEHU
YCIOBUSL — JIOPH KOTaTO CTOMaHaTa ChIbpkKa W
MOJTUOICH.

OrneHkata Ha KOPO3UOHHUS PUCK MPHU BCSIKA
KOHKpETHa cucTeMa M M300pbT Ha METO/I 32 3allluTa
W3UCKBAT  OMNpENENSHETO  Ha  ENEKTPOJHHUS
MOTCHIIMAJI Ha MeTana. BbB BOJHU pa3TBOpHU
€JIEKTPOJINTE BHHATU CE Pa3TJIekKAaT KaTo CMECEHH
[3], mopamm mTpoTHYAaHETO HAa TIOBEYE OT CIIHA
CIIPETHATH EJCKTPOAHU peakiuu. OnpeIeieHUusT OT
CTAIlMOHAPHOTO CBHCTOSIHUE Ha  CIIEKTPOJHATa
CHCTeMa HEPaBHOBECEH MOTEHIMAI BCBHIIHOCT €
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Kopo3noHeH (cMeceH). Kopo3noHHHAT MOTeHInAa,
E., V, e cBbp3aH ¢ Makpompouec, KOHTO Ipu
JaJeHN YCIIOBHA € JOCTHIHal CTalHOHAapHO
CBCTOSIHHE M MaKap Jia He obe3nevyaBa nHpopMaus
3a HeroBaTa KMHETHKa, TOW MOXKE J1a [a/ie MOJIe3HU
yKa3aHWs 32 aKTUBHOTO (TTAaCMBHOTO) ITOBEICHHUE Ha
CIulaBTa B JajeHH ycioBus. OnpeaensHeTO Ha
MOTEHIIMANA € HAMEPUJIO IIUPOKO PA3NPOCTPAHEHUE
B NPWJIAraHeTO Ha KaTOJHW M aHOAHU CHUCTEMH 32
EJIEKTPOXUMHUYHA 3aiuTa [4].

Llen Ha HacTOSIIOTO M3CiIeABaHe € na Oblae
OmnpeziesieH eJEKTPOAHUAT ToTeHuuan, E., V, Ha
cromaHa 1.4439 B mNpOU3BOACTBEHU YCJIOBHS.
CroMaHaTa € OCHOBEH KOHCTPYKIMOHEH MaTepHal
Ha TEXHOJOTUYHO CBHOPBHKEHHE B MPOMUIIICHO
NPEANPHUITHE, 38 KOETO EKCIJI0ATALMOHHUST OIUT €
MoKa3all HeoOXOJAMMOCTTa OT MPOEKTHPAHETO Ha
AQHTHKOPO3HUOHHA 3aLINTA.

2. MeToauka

KoHcTpykiusiTa Ha ChOPBKECHUETO HE
MO3BOJIIBA  W3MEPBAHETO Ha  ENeKTPOIHHSA
MOTEHIIMAJI HA CTOMaHaTa CHOPAMO HIKOH OT
MO3HATUTE CpaBHUTENHU enekTponu. [lo Tasm
MpUYUHA TOW € OIpEeNeNeH CIPSIMO EIeKTPOIU OT
Hepbkaaema ctomaHa @ 18, obseueHa B JuCT
MUPOMETATYPTUYHO 0510BO 99.95 % c nebenuna 2
mm.

[loTeHnmanbT Ha MeTanUTe € WU3MEpPEeH B
nabopaTtopHu yciaoBusa. M3moii3BaH € HACUTCH
KaJIOMEJIOB €JIeKTPOI, YUHTO paBHOBECEH
noreHman Escg pu 293 K e + 0.242 V [5]. Ilpu
BCUYKH W3MEPBAHHUS Ca OTYUTAHU JIOCTHTHATHTE
CTallMOHAPHH  CTOWHOCTH  HA  €JICKTPOIHUS
MOTEHIIMAN, CIIeJ] KOETO TE€ Ca OTHECEHU KbM
cTaHmapTeH BoaopoaeH enekrpos (SHE).

OtHOBO B 7abOpaTOPHU  YCJIOBHS €
M3MEpeHa W TOTEHIMaJHAaTa pasiuka MEXIy
CTOMaHaTa W OIMCaHUs cpaBHUTENeH enekTpon (Pb
99.95 %). Bcuukum 1a0OpaTOpHM TECTOBE ca
npoBeaeHn Temieparypa 293 u 313 K B pabotHara
cpella Ha ChOPBKEHUETO — CIPHOKHUCEI EIISKTPOIIHT
3a XUJIPOMETAIypriudeH JOOUB Ha IIUHK, C TOMOIITa
Ha JUTHTATIeH MyntuMmersp V 560 ¢ kmac Ha
TOYHOCT 1.5.

[Ipenn mnpoBexTaHETO HAa TECTOBETE B
MIPOMMUIIIJICHU YCJIOBHUS C€ M3BBPIINHN 3aMepBaHe Ha
€JICKTPUYHOTO CHIIPOTUBIICHUE MEXKIy KOpIlyca Ha
CHOPBKEHUETO M IEXOBHA 3a3emsiBail KOHTYp. To
MOKa3a HEroBOTO H30JIMPAaHE OT JKeIe300eTOHHATa
KOHCTPYKITUS Ha CTpajara.

MonTtaxsT Ha onoBHHUTE enektpoau (E1 u
E2) ce wu3Bppmm B MPOCTPAHCTBOTO MEXKIY

3axpaHBalmlsi W M3XOJCH  KOJEKTOp  Ha
ChOPBHKEHUETO, M3OJHMPAHU  CIPSIMO  HETOBUS
kopnyc (K). Temneparypata Ha duynga Ha

BX0J1/u3x0]1 € choTBeTHO 295 1 313 K — durypa 1:

H3XO00

B2 —H BXOMO

Que. 1. Cxema na excnepumenma

N3mepBaHusATa ca W3BBPUIEHU C BOJITMETHP
DT 890 B, kato o0muus nmpoBoaHuk Ha ypega COM
ce CBBp3Ba KbM Kopiryca K.

3. Pe3yaraTu u o0chbxaaHe

WsmepenuTte u nmpuBeIeHU KbM CTaHIAPTCH
BOJIOPOZICH €JICKTPOJ MOTCHIIMAIN Ha CTOMaHaTa W
0JIOBOTO ca TokazaHu B Tabnuma 1. Cwijo tam ca
JMAJCHA W W3MEPEHUTE MEXKIY TSIX IMOTCHIIHATHH
pazmuku. Bsetm ca mpenBun  yCpeIHCHUTE
CTOMHOCTH Ha W3MepBaHaTa BEIMYUMHA IPU
METKPATHO U3MEPBaHE:

Tabmuma 1
CTOWHOCTH Ha ENEKTPOJHUTE MMOTCHI[NAHN Ha
cromana 1.4439 u onoBo 99.95 % B csapHOKUCEN
eNeKTposuT (1a00paTOPHO U3MEPBAHE)

EOHOBO’ V ECTOMaHa: V AEPBMCPCH&’ V
293K | 313K | 293K | 313K | 293K | 313K
+0.140 | +0.100 | +1.104 | +1.082 | +0.964 | +0.987

O4eBHIHO, B YCIIOBHUATA HAa €KCIIEPUMEHTA,
OJIOBOTO JIOCTHTA JIO MACHBHOTO CH CBCTOSHUE —
MOTEHIMAIBT My CE OTMECTBA OT CTaHAApTHATa My
CTOWHOCT B ITOJIOKUTENHA MTOcoKa ¢ ~ 300 mV.

Pasnukata Mexay  H3MEpEHHTE  IIpU
paznuunu  temmeparypu (293 uw 313 K)
CTallMOHAPHU TMOTEHUHMAIN MOXE Ja ce OOSCHH C
W3BECTHOTO BIHMSHME Ha TeMIIEpaTypHHs (aKTop
BbPXY KOpPO3HMOHHOTO IIOBEIEHHE Ha MeETaluTe.
BeposaTHO TOBa BIMSHHE € pa3IMYHO BBPXY
TECTBaHUTE METalM, ThH Karo ce 3alensizBa U
HapacTBaHe Ha MOTEHIIMAJIHATa pa3ihKa MEXIy TIX
C HapacTBaHETO Ha TeMIlepaTypara.

Pesynrarure oT MIPOBEIICHUTE B
MIPOMUIILIICHH YCIIOBUS M3MEepBaHU Ha
€JIeKTPOIHUS TIOTEHIMaJl Ha CTOMaHaTa CIPSMO
CPaBHHUTEIHHUTE €JIEKTPOau — oJ0BO 99.95 %, ca
npencraBeHn B Tabmuma 2. Kopmycsr Ha
cropmkeHneTo (cromana 1.4439) ocraBa mo-
€JIIEKTPOIOIOKUTEIEH ~ CIPSMO  CPaBHUTEITHHUTE
€JIEeKTPOIN TIpH BCUYKH NPOBEIECHH TecToBe. ToBa
MOKa3BaT M TIIOCOYEHHWTE IIO-TOpe pe3yiaTaTh oT
naboparopuutre wm3cnensanus.  ChIIEeBpeMEHHO,
MEXIy 3axpaHBallUsd M U3XOJEH KOJEKTOp Ha
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CHOPBKEHHETO, €
pasimKa:

YCTaHOBCHa IOTCHIIMAaJIHA

Tabmuma 2
CroifHOCTH Ha eJIEKTPOIHUS MOTSHIINAT Ha
cromana 1.4439 crnpsiMo nmoTeHMana Ha 0JIOBO
99.95 % B cApHOKHCEN ETEKTPOJIUT
N | 1 [ 2 ] 3] 4 ] 5
mexay enexkrponu E1 u E2
Erieo,V | $0.05 | +0.02 [ +0.03 | -0.09 | -0.01
Mexny kopnyc K u enextpon El
Eevk,V | -0.93 | -0.96 | -1.03 | -1.00 | -0.97
Mexay kopnyc K u enexkrpog E2
Eex,V | -0.89 | -0.86 | -0.95 [ -0.96 | -0.90

CpemHoKBapaTHdHa HEOMPEAEICHOCT [6]
Ha W3MepBaHaTa BENMYMHA S; WMa CTOWHOCTH
mexay 0.0014 u 0.0017. Toa moka3Ba moOpo
CBhBIIAJICHUE HA JJAHHUTE OT U3MEPBAHUATA, 0OCOOCHO
KaTo ce WUMaT TMPEIBH/] JMHAMUYHATE YCIOBUS MPH
KOHUTO T€ ca IPOBEICHU.

Peructpupanara TOTEHIMATHA pa3uKa
MEXIy 3axpaHBallus W H3XOJEH KOJEKTOp Ha
CHOPBKEHUETO Bapupa MPH OTACITHUTE U3MEPBAHUS
mMexny 40 wm 100 mV, HO BHHarum 1mo-
CJIICKTPOOTPHUIIATENICH OCTaBa Nla ObJie M3X0Ja Ha
¢bayuna. [lpu paznuuHus TemmepaTypeH pexuM Ha
BXOJI/U3XO0]I €JIEKTPOIUT TOBAa € OYaKBAHO C OTJIEeH
TepMOJMHAMMKaTa Ha eJIEKTPOAHUTE CUCTEMHU [7].

ChIIecTBYBaHETO Ha MOTEHIMAIHA Pa3IHKa
MEXIy JBE TOYKH Ha TIOCTaBeHa B KOHTaKT C
CIEKTPOJIUT METalHA TOBBPXHOCT € OCHOBHATA
MPEANOCTaBKa 32 BH3HUKBAHETO U HEMPEKHCHATOTO
MPOTHYaHE HA EIEKTPOXMMHYEH KOPO3HOHEH
npouec. B u3cneaBanus ciiydail TakaBa pa3juka ce
MOAIBPXKA OT TEPMUYHUS (HAKTOP U BBIPEKH CHIIHO
MOJIOKUTEITHUS CTallMOHapeH NoTeHIman (Hag +1V)
Ha CIJIaBTa TaKbB MPOIEC CTaBa BH3MOKEH.

B cpenma Ha cApHa KuceIMHAa MW TIpU
OTpaHWYEHUS JIOCTHII Ha aTMOC(EPEH KHUCIOPOJ ce
ouakBa cromaHa 1.4439 na xopoaupa ¢ BOAOPOIHA
nenossipusanys. Kunernkara Ha MPOIECUTE B TE3U
coyyal  CWJIHO  3aBUCH  OT  BOJOPOAHOTO
CBpPBXHANpPEKECHNE, KOETO OIpenessl CKOPOCTTa Ha
KOPO3HOHHHSI TIPOIIEC.

4. 3akiIl0ueHue

B npomunmiern ycrnoBus € omnpeseneH
KOpO3WOHHHS MOTEHIMA] Ha HepBhKAaeMa CTOMaHa
1.4439. H3mepBanusTa ca TPOBEIEHH TIpU
eKCIUIOaTallMOHeH pPeXUM B paboTHaTa cpema Ha
CIUIaBTa — CSIPHOKHCEIN ENEKTPOJHUT 3a JIO0OHMB Ha
uHK. [TomydyeHnuTe pe3ynratu mokasBar:

- TTOJIOKUTEITHA CTOWHOCTH Ha
KOPO3HOHHHUS (CMECeHHs ) MOTeHIINA Ha CTOMaHaTa
B CpejiaTa, B KOSTO paboTH;

- HAIMYMETO Ha TOTCHIMAHA pa3liuKa
MEXIY Pa3IUYHU TOYKUA Ha METajJHaTa OBBPXHOCT,
KOETO Hal-BEpOSATHO C€ IBJDKH Ha TEeMIIepaTypHHU
pa3nuyus;

- BB3MOXKHA EJIEKTPOXMMHUYHA KOPO3HUs Ha
cTOMaHaTa C YYacTHETO KaTo JEHOJIpU3aToOp Ha
BOJIOPOJAHHTE HOHU OT €NIEKTPOIHTA.
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EJIUH HEJIMHEEH ITAPAMETPUYEH MOJEJI
OT BTOPA CTEIIEH 3A BPEMETO HA KUBOT

HA UV Cu' Ne-CuBr JIABEP
WJININYO WJIUEB

Pesome: 3a nwvpsu nvm e pazeum uenumneen napamempuiern Mooen Oom mopa cmeneH 3a
onpeoensne rusaHuemo nHa 10 Hezagucumu 1a3eprHu 8elUdUHU HA épememo Ha xcusom Ha UV
Cu+ Ne-CuBr nazep. C memooume HA pecpecUOHHUA AHANU3 U HA OCHOBAMA HA 20AAMO
KOJIUYeCmB80 eKCNepUMEHMAaIHU OAHHU e NOLYYeHO PecpecuoHHO YpasHeHue om 6Mmopa CmeneH,
KOemo Onuceéa 6 sA6eH GUO 3ABUCUMOCIMA HA 8PEMEMmO HA JICUBOM HA NA3EPHUS USMOYHUK.
Hanpasena e oyenka 3a adexsamnocmma na pecpecuoHHomo ypaeuerue. Ha nezosa ocnosa e
oyeHeHna cmenenma Ha énusHue Ha ecuuxume 10 nezasucumu eenuuunu. Hanpasen e ananus u
Quszuyecka unHmepnpemayus Ha NOIYHeHUme pe3yamamu.

Kmouosu aymm: UV Cu+ Ne-CuBr naszep, pecpecuonen ananius, HeauHeeH Napamempuier
MoOei Om 8Mopa cmeneH, 8peme Ha HCUBOM HA NA3ePHUL USIMOYHUK

A NONLINEAR PARAMETRIC MODEL OF

SECOND DEGREE FOR Cu" Ne-CuBr
LASER’S SERVICE LIFE

ILTYCHO ILIEV

Abstract: For the first time a nonlinear parametric model of second degree for determining the
influence of 10 independent laser quantities over the ultraviolet (UV) Cu+ Ne-CuBr laser’s
service life is developed. On the basis of a huge amount of experiment data a regression model
of second degree is obtained, which describes in an explicit form the dependence of the laser’s
service life. The adequacy of the regression model is made and the influence of the 10 laser
quantities is estimated. Analysis and physical interpretation of the obtained results is
performed.

Key words: UV Cut Ne-CuBr laser, regression analysis, nonlinear parametric model of
second degree, laser’s service life

1. BbBeneHue
3a mazepure ¢ mapu Ha MEATa W HEHHUTE
CheIMHEHHS C€ CMsTa, 4e ca Oo0pe MOo3HAaTH H
m3ydeHn. Te mpuTexaBar penuna YHUKaITHH
CBOMCTBa - TNPOABIDKABAT Ja ca HaH-MOIIHHUTE
W3TOYHUIM BBB BUAUMUS Auana3oH (516.6 nm u
578.2 nm), UMarT MO-BHCOKAa KOXEPEHTHOCT U

CXOIMMOCT Ha JlazepHUs Jb4. [1o Ta3m mpuyumHa T
MPOB/DKABAT Ja ObIAT OOSKT Ha aKTHBHO Pa3BUTHC
U ca mpeaMeT Ha koMmepcualieH nHTepec. OcoOeHo
aKTHMBHO TO3M THI JIa3epu C€ PA3BUBAT KaToO
u3ToyHunM Ha YB wusnpuBane. MenHusAT HOHEH
nazep ¢ napu Ha meaeH Opomun UV Cut+ Ne-CuBr
€ HMHOBALMOHEH MNPOAYKT C TOJIEMH IEPCIEKTHBU
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mopajy yHHUKAIHWUTE CH CBOWCTBA W CTaOWiIHA
pabora. IIppBUTE mazepu OT TO3U THI Ca
koHcTpyupanu B JlaGoparopusita mo JIMII kem
NDDT na BAH mpe3 1999 r. [1]. Mennausr oHeH
Jazep ¢ mapu Ha MeJeH OpoMHI HU3IbuBa B
IBIIOOKATa  yITPaBHOJIETOBA 30HA TMPH  IET
CIEKTpanHu JuHUM - 248.6, 252.9, 259.7, 260.0 u
270.3 nm. ExcnepuMeHTAIHO € JOCTUTHaTa
MaKCHMaJlHa CpeHa U3X0aHa MolrHocT oT 1.3 W 3a
Bcuukute net auHuu u 0.85 W 3a nunusrta 248.6
nm. YCTaHOBEHO € ChINO, Ye MajJKH J00aBKH Ha
Bomopox (0.02-0.04 Torr) yBenuuaBaT JBOIHO
Ja3epHaTa MOIIHOCT.

[lopagm TecHUs muama3oH Ha W3IIBYBAHETO
B HSKOJIKO CIEKTPAJHU JIMHUM M BUCOKATa
KOXCPEHTHOCT Ha Jb4Ya, METHUAT WOHEH Ja3ep ¢
Iapu Ha MeAeH OpoMHI ce Ipriiara 3a o0pabdoTKH,
KBJETO € HeoOXoauMa BHCOKAa pa3pelInTeTHa
CIOCOOHOCT, KaTo 3anmuc Ha  uHpopMauus,
¢bayopecniernus, ¢GuHO TpoOMBaHe, psA3aHE,
W3YHCTBaHe, MOMU(UIMPAaHE HAa HOBH MaTEpHUAIH,
¢usukoxumusATa M Jp. [1-2]. Hamupa
pa3HOOOpa3HW  TPWIOKEHUS B  MEAMIIMHATA,
MHUKPOEJIEKTPOHUKAaTa, MUKPOOHOIOTHATA, (POTOIH-
TorpadusaTa, TEHETHYHOTO HHXXEHEPCTBO H Jp.
[Ipencron pa3paboTBaHeTO My [0 CTaauid 3a
MIPOMUIILIEHO BHEAPSBAaHE. 3a yCKOpsBaHE Ha TO3U
MpOIleC C€ MPOBEXKAAT KAKTO EKCIIEPUMEHTATHH
W3CIIe/IBaHUsA, Taka M W3CJIEBAaHUSA C IOMOINTA Ha
MaTEeMaTHYECKO M CTATHCTUYECKO MojenupaHe [3 -
4] u cobryepuus nporotun LasSim [5].

N3xonHara na3epHa MOIIHOCT € Hai-
Ba)KHATA W3XOJHA XapaKTEPHCTUKA 32 JIA3ePHHUTE
W3MIeNHA, B T.49. ¥ 32 JIA3€PUTE C IMapy Ha METATUTE U
TEXHUTE ChEIUHEHUs. Ta3u XapaKTepHCTHKAa ¢
mpeaMeT Ha MHOTOOpDOHHHM eKCIIEpUMEHTAIHU U
TEOPETHYHU  W3cliefBaHus. HesaBucumo, de
JA3epHHUTE H3JETHs HE ca TMpeAMeT Ha MacoBO
MIPOU3BOICTBO, YECTO CE€ M3CIE/ABA U JIpyra U3X0AHA
XapaKTepUCTUKa - JiazepHaTa edektuBHOCT. Ha
MPaKTHKa OTCHCTBAT HW3CIENBAHUSA, CBBP3aHH ChC
Cpoka Ha cnyx0a Ha Ja3epHOTO H3lenue. Tasu
M3XOJIHA BEIMYHMHA € W3KIIOYUTETHO BaKHA 3a
MPOMUIIJICHOTO TMPHIOKEHUE Ha Jla3epa KaTo IS0
M TIPHUCHCTBA HABCIKBAE B XapaKTEPUCTHKHUTE Ha
na3epHUs U3TOYHHK.

llenra ©Ha HacrosmiaTta craTHs € 4pe3
METOJUTE Ha pErpecHoOHHUS aHaIW3 Ja ce
NPOJIBIDKH U3CJIECABAHETO Ha CPOKa Ha CITy>k0a Ha
UV Cu+ Ne-CuBr nazep. IIbpBoHauanen auHeeH
napaMeTpuyeH MOZEJ OT I'bpBa CTENEH € Pa3BUT B
[6]. Ilo cepmecTBO Tasm cTaThsl Ce€ SBSBA
npoabkeHue Ha [6]. Teid  kato nazepHUTE
W3TOYHUIM UMAaT CHITHO HEJTMHEEH XapaKTep, BaXKHO
€ yCTaHOBsIBaHE HAa HEIMHEHHWTE 3aBHCUMOCTH W
TAXHOTO BJIMSHAEC HAa BPEMETO Ha KHBOT Ha
JIa3epHUS U3TOYHUK.

2. lIpeamet Ha u3cieaBaHe
[IpenMer Ha u3cinenBaHE € MEOHUAT MOHEH
Jmasep ¢ mapuw Ha MEACH OpOMHI, CBH3IaJcH B
JlaGopaTopusiTa 10 J1la3epH ¢ apyu Ha METaTUTE KbM
HucTutyTa 10 Qu3MKa HA TBBPAOTO TSUIO ,,AKaj.
I'eopru Hamxakos”, BAH [1, 2]. Obma cxema Ha
JazepHaTa TphOa e magaeHa Ha dwr. 1.

A1 1T 1T 11
Klu 2u M

@Que. 1. [lpunyunna cxema Ha 1azepHa mpvoa:

1- pezepgoapu ¢ meder 6pomuo, 2- monIUHHA
usonayusi Ha aKkmusHus obem, 3- MeoHuU ereKmpoou,
4-evmpeutnu ouappaemu (npvcmenu), - U3X0OHU

IHIAN

nposopyu
lle pasrnemame crnegaute 10 He3aBHCHMU
BeMYuHU (TpequkTopu): D (mm) — BBTpEIIeH

IUaMeThp Ha Ja3epHaTa TpwOa, DR (mm) -
BBTPEUICH IWaMEeThp Ha NpbcTeHute, L (cm) —
pascTosiHMe MEXAY €JeKTpoAauTe (IbJDKMHA Ha
aktuBHata 30Ha), PIN (kW) — BXOoAHA MOIIHOCT C
orunTtane Ha 3arybure, PH2 (Torr) — HamsIrane Ha
Bojgopoaa, PL (W/cm) — cnenuduyuHa MOIIHOCT Ha
equauiia nbokuHa, PRF (kHz) — dyecrora Ha
noBToperne Ha umnyincure, PNE (Torr) — Hansrane
Ha "HeoHa, C (nF) — ekBHUBalEHTEH KamaluTeT Ha
KoHJeH3aTopHara O6arepust, TR (°C) — temmneparypa
Ha pe3epBoapa ¢ MeJIeH OpOMHT.

3aBucHMa W3XOJHA BENWYMHA INe OBbIe
Ltime — cpoxk Ha ciryx0a Ha Ja3epHHS H3TOUYHUK.

3. Knacuduxanus Ha Jla3epHUTE
napaMeTpH ¢ MeT0Ja HA MHOKeCTBEeHaTa
perpecust
MHOXECTBEHUAT PErpecuOHEH aHalIHu3 ce

M3M0J3Ba  3a  IIOCTpPOsiIBAHE  HAa  MOJEIH,
KOJIMYECTBEHO  ONMCBALIM  BPB3KUTE  MEXKAY
HSIKOJIKO HE3aBHCUMH IPOMEHIUBH (IPEIUKTOPH

HIIH PETPECOPH) X, X, ..., X,

3aBUCUMHM OT TsAX IHpoMeHnuBd Y. Tbepcu ce

1 €JHa UJIH HAKOJIKO

HsJKaKBa sIBHa (1)yHKL[I/IOHaJIHa 3aBUCUMOCT OT THUIIA
V= (X X500 X300, 0y5..,4,,)
BJIMAHUECTO HA OTACIIHUTEC HE3aBUCUMU ITPOMCHIINBHU
Ha 3aBUCHMara BejMuMHA. Ilpu ycioBHe 3a
HOPMAJTHO pasfpesie/ieHHe Ha BCHYKU MPOMEHJIHBH,
PErpecHOHHOTO yPaBHEHHE € JIMHEHHO OTHOCHO
Koe(HIMEHTHTE Ha PErpecus U UMa BUJIA:

OTpa3ssaBalla

Y, =by+bx, +byx,+..+bx,, O

i=12,....n
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KpIeTO YV, =y, +¢&, i=12,..,n, bysbys...;b, ca

KoeduuueHTHTe Ha perpecust, € =(&,,&,,...,€,) €
BEKTOp Ha IPELIKUTE, 7 € Pa3MepbT Ha H3BaKATa.
3a ompezesHe Ha OTHOCUTEIHOTO BIUSHHE

Ha BCjIKa HE3aBHCHMa BCJIIMYHMHA CC H3I0JI3Ba

TpaHcopmanus C TIOMOINTAa Ha Z-3HAYECHHUS.
[TonyyaBa ce CTaHAAPTH3UPAHO PETPECHOHHO
yPaBHEHHE OT BUJIA:

y:ﬂlzl+ﬂzzz+...+ﬂpzp )

B (2) xoepuumenture S, p,,..., 5, ce napuyar

CTaHIApTU3UpaHu KoepuimeHTd. Te moka3Bar
OTHOCHUTEJIHOTO BIHSHHE Ha BCSIKa €QHA OT
HE3aBHCHUMUTE BEJIMYHHU Ha 3aBHCHMATa
MPOMEHJINBA B HAaMEPEHOTO ypaBHEHHE. 3a
OIPE/ICTSTHETO Ha KOC(PUIIMEHTUTE Ha pEerpecHs ce
W3MON3Ba J00pe W3BECTHHAT METOJA Ha Haii-
MaJIKUTE KBaIpaTH.

Kakro Beue Oe otOenssano, Ieinra Ha
JlazieHaTa CTaTHA € Jla ce OIpeNeNd CTEleHTa Ha
BIIMSIHUE Ha BCSKA €IHa OT JIECETTE HE3aBUCHMU
BCIWUYMHM Ha 3aBHCHUMaTra BeauunHa LIlime.
HampaBenuTte wu3cnenBaHus 110 TO3HM MOMEHT 3a
W3XOMHUTE XapaKTePUCTUKH W3XOJHA Jla3epHa
MOIIIHOCT M Jia3epHa e(EeKTUBHOCT IOKa3axa, ue
T€3W BEIUYMHU 3aBUCAT HEIMHEHHO OT JECETTe
He3aBUCUMH BenuunHU. [lo Tasm mnpuumHa 1Ie

TBPCUM  KOC(QHIMEHTHTE  HAa  PErpecHOHHO
ypaBHEHHE OT BTOpA CTETEH OT BH/IA:
10
Ltime = Z a; XX, 3)

i,j=0
i<j

B ypaBuenwue (3) yyacTBar BEeIUYHMHHUTE OT
I'bpBa CTENECH M BCUYKH Bb3MOKHH KOMOMHAIMU OT
JIBA elleMEHTa, BKIIOYUTETHO W TIOBTOPEHUSTA.
HeoOxomumo e ma Opmar ompeneiaeHH o0mo 65
Hen3BeCTHH Koe(UIMeHTH . OT BCHYKM HEM3BECTHH
Koe(UIIMEeHTH TPsAOBa J1a M30epeM caMo Te3H, KOUTO
ca CTaTHCTHYECKH 3HAYMMH, B YACTHOCT C HHUBO Ha
3HagumocT Sig.< 0,05. 3a Ta3u 1eNn ¢ MoMouITa Ha
nporpamMHuss  npoaykt — SPSS  mpoBexnmame
perpecusiTa ¢ MeToJla Ha IIOCTBIIKOBA perpecus
(Stepwise). Ilocnennata uMa ToBa MPEAUMCTBO, Y€
CIIEM 32 HUBOTO HAa 3HAYMMOCT Ha HEU3BECTHUTE
KoeduieHTn. Beekn equH KoeQUIMEHT, 32 KOHTO
He ¢ WuW3mBIHeHo ycioBuero Sig.<0,05, ce
OTCTpaHsBa KaTo U T[OBeYe HE YydyacTBa B
perpecuonHust ananu3. [lomyueHure pesynratu ca
mokazaan B Tabm. 1. 3a KOHKpeTHHS cCiydail ca
HeoOxoaumu 10 cThoku, 3a Ja ObJAT HM3YUCICHH
BCUYKM CTaTHCTHUYECKH 3HAUYUMH KOE(UIIMEHTH, a
BCHYKHU HE3HAYMMHU J1a OBJAT OTXBBHPICHH.

Ha ocHoBaHue Ha MOJIy4YeHUTE pe3yJITaTH B
Tabm.1, MoxeM Ja  3amMIIeM  CIEAHOTO
HECTaHJAPTU3UPAHO YPaBHEHNUE!

Ltime =4182,369-99,837PL+1,859D.PNE +0,493D.TR —1,132DR.L —4,445DR PNE
—-23,277DR.PL-0,038 PIN.PRF —789,072PNE.PH2+0,104 PHE.C

4
+27,291PH2.TR —0,020TR.C —7,827D* +2,439DR* + 0,056 ®
—0,463PH?2* +0,562PRF* —0,006TR* +197,974PL* +0,006C>

Taobnuma 1
PesynrtaTu OT perpecoHHUs aHaiau3. 3aBucuMa npoMennusa: Llime.
Hecranpaprusupanu Crangaptusu
Mopnen ¢ KOG(I)I/ILII/ICHTI/I paHu
10 koepummentn | Kpurtmuna | 3HauuMocT
MIPOMEHIIUBH B Cranp. CTOMHOCT Sig
rpemKa Beta t

Koncranta | 4182,369 | 171,650 24.366 0,000
PL 99,837 30,456 0,517 3,278 0,001
D.PNE 1,859 1,078 0,178 1,724 0,046
D.TR 0,493 0,017 5,563 29,379 0,000
DR.L 1,132 0,118 -1,007 29,609 0,000
DR.PNE -4,445 1,080 -0,429 4,115 0,000
DR.PL 23,277 3,164 0,616 7,358 0,000
PIN.PRF -0,038 0,007 -0,650 5,314 0,000
PNE.PH? 789,072 | 203,875 -0,765 -3,870 0,000
PNE.C 0,104 0,019 0,969 5,504 0,000
PH2.TR 27,291 6,.800 0,789 4,013 0,000
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TR.C -0,020 0,001 -3,257 -19,829 0,000
D.D -7,827 0,141 -4,800 -55,630 0,000
DR.DR 2,439 0,445 0,515 5,481 0,000
LL 0,056 0,010 0,189 5,524 0,000
PH2.PH2 -0,463 0,116 -0,289 -4,001 0,000
PRF.PRF 0,562 0,113 0,269 4,979 0,000
TR.TR -0,006 0,000 -0,685 -15,131 0,000
PL.PL 197,974 24,432 1,124 8,103 0,000
c.C 0,006 0,000 2,445 17,668 0,000

B (4) yuactBar Bcuukure 10 HezaBUCHMH
BEIMYMHU, KaTO UMa CaMmo €JHa BeTMYHHA OT II'bpBa
crerneH - PL. BcUYKU Ipyry BEJIMUMHU ca OT BTOpa
cterieH. ToBa oIe BeAHBX TOKa3Ba, Y€ MPOIECUTE
B JlazepHaTa TphOA W Jla3epHaTa TeHepalus ca
CWIHO HenuHeWHu. Ha mpakTuka Bcska egHa OT

3a mpoBepka 3a ajekBaTHOCT Ha (4) e
HalpaBeHO M3YMCJICHHE Ha Belu4uHarta Ltime 3a
M3BECTHH EKCIIEPHMEHTATHH  PEe3yJITaTH-KOJIOHA
LtimePre. llonydyenute pe3yiaratd ca JaJ€eHU B
Tabm2. Ot Hes ce BWXKIA, Ye CpeAHATa
OTHOCHTEJHA Tpemika € B pamkute Ha 2.49%. Tosa

HE3aBUCHMUTE BCEIMYMHM HSIMa CaMOCTOSTEIHO MOKa3Ba, dYe Pa3BUTHUAT PETPECHOHEH MOJEN
BB3/ICHCTBHE, a Ype3 CIOXKHO B3aUMOJEUCTBHE C JIOCTaThYHO  aJCKBATHO  OMNKCBA  TOJYyYEHUTE
OCTaHAJIMTE OKa3Ba CBOETO BJIMSAHHUE HA M3XOJHATA eKCIIepUMCHTATHY JTaHHH.
BenmauHa Ltime.
Ta0mwura 2
[IpoBepka Ha aIeKBaTHOCTTA HA Pa3BUTHS MOJIETL.
OmH.
D, | DR, | L, Pin, | PNE, | PH2, | PRF, | TR, PL, C, Ltime, | LtimePre, | epewka,
mm | mm | cm \ Torr | Torr | KHz | °C | W/em | pF Hour Hour %
7 7 87 1300 17 0,03 20 495 | 7,47 735 180 187,6 472
7 7 87 1300 16 0,03 20 495 | 7,47 735 180 176 2,2
7 7 87 1300 17 0,03 20 495 | 7,47 735 180 187,6 472
7 7 87 1300 17 0,04 20 495 | 7,47 | 3722 700 702,4 0,34
7 7 87 1300 18 | 0,028 | 20 495 | 7,47 | 3722 700 679,1 3
7 7 87 1400 17 10,026 | 20 495 | 8,05 | 3722 700 688,4 1,66
7 7 87 1400 17 10,021 | 20 495 | 8,05 | 3722 700 685,9 2,01
7 7 87 1400 17 10,031 | 20 495 | 8,05 | 3722 700 690,8 1,31
7 7 87 1400 17 0,03 20 490 | 8,05 | 3722 700 730,7 4,38
7 7 87 1600 17 0,03 25 490 | 8,05 | 3722 700 711 1,57
Koedumuenture Ha CcTaHAAPTH3UPAHOTO pamkute Ha 10%, u34yncieHa e HoBaTa CTOMHOCT Ha
ypaBHeHHWe ca jgageHn B Tabn.l, KomoHa Ltime 1 HEHHOTO OTHOCHUTEIHO U3MEHEHHE B Y.

Crannmaptmsupann  koedurmentn (Beta). Kaxto
Beue O¢ Ka3aHO, BCCKU SIAMH KOC(HIIMEHT MoKa3Ba
CTETIeHTa Ha BIMSHUE Ha BCAKA €HA IBOMKA OT
HE3aBUCUMUTE BEJIMUMHU Ha Ltime. Ha npakTuka He
€ BB3MOXHO Ja C€ OLEHH CaMOCTOSTEITHOTO
BIUsHUETO HAa 10 HE3aBHCHMHU BEIHYMHU, 3aIIOTO
BCSKA €IJHAa OT TAX HE JeHCTBa HEMOCPEJCTBEHO Ha
Ltime, a camMo0 ¢ KOMOMHAIMs C HIKOS OT
OCTAaHAIUTE BEJIMYUHH, MPH TOBA TOBEYE OT CIUH
BT.

[lo Ta3m mpuunHa, 3a OLEHKa CTEMEHTa Ha
BIMAHNE Ha BCAka eaHa or 10 He3aBHCUMU
BEJIMYMHHU 1€ HW3IO0JI3BaMe HeCTaHAApTHU3UPAHOTO
ypaBHenue (4). Ha 6aza mocnegnus pex B Taom. 2
Bcska enHa or 10 BemuuwHM € yBelIMYeHA B

Pesynrarute ca mokazanu B Tadu.3.

4. AHaU3 ¥ (pU3HYecKa HHTEPIpeTalus HA
NOJIyYEeHHUTE pPe3yJTaTu
Ilomyuenute pesynratu ot Tabm. 3
MOKa3BaT B OTHOCHUTEIHO BEJIMYMHU CTENEHTa Ha
BJIMSIHUE HA BCAKA €IHA OT HE3aBUCHUMUTE BEIMYMHA
Ha BenuuuHarta Ltime. Ille ce cpeM Ha BIUSHUETO
Ha caMO0 4 OT TfX, 32 KOUTO UMa sICHa (u3MYecKa
HWHTepIpeTanus- ToBa ca Beauuunute TR, C, PH2 n
PRF.
Benuunnata 7R uMa HEraTMBHO BIUAHUE
Ha Ltime. C yBenuuaBaHe Ha TeMIlepaTypara Ha
pesepBoapa ce yBeldM4YaBa KOHIEHTpAalusITa Ha
napute Ha CuBr u na3epHara reHepanusi HapacTBa.
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Ho B chmoro Bpeme ce yBennyaBaT 3aryoOuTe Ha
CuBr mopamm mudy3us B CTyIECHUTE 30HH Ha
na3epHata TpbOa. TwHH kaTo masepHaTa Tpbba €
OTTOCHA, yBenmdeHuTe 3aryom Ha CuBr moBexxmat
Ia OBp30 CHajaHe Ha Ja3epHaTa TEHepalus BHB
BpEMETO W 10 TO3W HAYMH BeIWYMHATA Ltime
HaMmaJjsBa.

Bemmunnara PRF chImi0 MMa HETaTUBHO
Bausiae. C  yBenMuaBaHE Ha 4dYecToTaTta Ha
MOBTOPEHWE Ha 3axpaHBallUTe WMITYJICH Ce
yBENMYaBa paslpaliaBaHEeTO Ha CICKTPOANTE U
3aMBpPCSABAHETO Ha JasepHaTa cpema. ToBa
HaMaJIsiBa Jla3epHATa TEHEepalus W BelIMYMHATA
Ltime.

C yBennuaBane Ha BenmunHata C HapacTBa
MoJlaBaHaTa CIIEKTPUYECKa CHEprusi B Jla3epHara

1
TpBOa cerimacHo Gopmynara F ZEU °C, xpaero U

€ Hampe)CHHETO MEXIy eJIeKTPOJIUTEe Ha TphoOara.
ToBa moBexna no (QHU3MUECKOTO paspyliaBaHe Ha
nazepHata Tpb0Oa M 10 HaMaJsIBaHE HAa BPEMETO Ha
JKUBOT Ltime.

Tabnuma 3
Or11eHKa Ha OTHOCUTEIHOTO BiusHue Ha 10
HE3aBUCUMU BEIUYUHU.

HezaBucumn OTHOCHTEITHO
BCJIMYUHH, W3MEHEHHE Ha
yBenuuend ¢ 10% Ltime, %
D 0,720641
DR -1,60659
L -17,3644
PIN 20,83068
PNE -0,03434
PH?2 0,00119
PRF -0,01495
TR -2,98427
PL 21,44909
C -0,80259

Bemumuunata PH2 uMa MO3WTHBHO BIUSHHE
Ha Ltime. C yBenuuaBaHe Ha PH2 nipu eHa U Cbhlla
M0JIaBaHa eJIEKTPUYECKa MOIIHOCT HaMalisiBa TOKBT
mpe3 TpwpbaTra 3a CMETKa Ha YyBEIWYaBaHE Ha
NPWIOKEHOTO  HampekeHue. Ilo-HUCKHUAT — TOK
HaMajsiBa pas3NpalllaBaHeTO Ha EJIeKTPOAUTE U
TpbOaTa )KUBee Mo-1bJIro. Ltime pacTe.

5. 3akar0uenne
3a ITBPBU IBT € Pa3BUT SABEH MapaMeTpUUeH
MOJIe] OT BTOpa CTENEH 3a BPEeMETO Ha JKUBOT Ha
UV Cu+ Ne-CuBr nazep. IlonydeHo e perpecCHOHHO
ypaBHEHHE OT BTOpa CTEIeH, B KOETO y4acTBar
BcuukuTe 10 HezaBucHMMU MpoMeHnrBU. HampaBena
€ OLIEHKa 3a aJeKBAaTHOCT Ha CTATUCTHYECKUS

MOJEJI C W3BECTHH EKCIIEPUMEHTAJIHHU PE3YJITATH.
HamnpaBeHa e kauecTBEHa OLICHKA 32 OTHOCUTEIHOTO
BIMSHUE Ha BCsAKa e€Ha OT HE3aBUCUMMUTE
BEJIMYMHM Ha BeIUM4MHATa Ltime. V3BbplIeH €
aHanmu3 ®W  (uU3MYecKa  HMHTEpIpeTanus  Ha
MOJTyYEHUTE PE3YITATH.
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U3CJEJBAHE MOBEJEHUETO HA
MPUOPUTETHM ONMALIKYA HA MHOKECTBO
HUBA IMPU HENNPEKBCHAT MMOTOK OT
CHOBLIEHUS

NBAMJIO ATAHACOB

Pe3stome: Hacmoswama cmamus paszenedxcoa peanuzayus HA NPUOPUMEMHU ONAWKU HA
MHOXHCECMB0 HUBA C OSPAHUYEH OPOUl npuopumemu U OUHAMUYHO USHUCTABAHE HA NPUOPUMEM.
IIposedenu ca excnepumeHmu, KOUMO NPOCNEOABAM NOBEOCHUEMO HA OnAwWKama npu
HenpekbcHam nomok om cvobujenus. [lenma e da ce ycmano8u no Kakbe HawUH ce 0OCayHceam
PpasiuuHume Clomoee u 0anu He ce Nouyiasa nPoobIICUMENHO HeOOCYIHC6aHe HA 0a0eH Clom
3a cMemKa Ha Opy2u.

Kiro4doBu aymm: npuopumemnu onawiku, HIAHUpAHe, ONEPAYUOHHU CUCMEMU, OUHAMUYEH
npuopumem

ANALYSIS OF THE MULTILEVEL PRIORITY
QUEUES SERVICING

IVAYLO ATANASSOV

Abstract: The current paper offers an implementation of multilevel priority queues with limited
set of priorities and dynamic priority calculation. Experiments are conducted to estimate the
behavior for everlasting message flow. The goal is to obtain the model of servicing and based
on it, to make conclusions about the queuing model.

Key words: priority queue, scheduling, operating systems, dynamic priority

1. BbBenenue

[lpuopureTHuTe OMAamIKKM ca  OIUPOKO
M3M0JI3BaHa CTPYKTypa B KOMITFOTBPHUTE CHUCTEMHU
[1, 2, 3, 9]. Peamusupar upe3 heap, skip lists,
I'bpBETa, MHOXKECTBO HUBA [4, 5, 6, 7]. HacTosimara
CTaTHs paslliek/a pean3alus Ha TMPUOPUTETHU
OTIAIIKM Ha MHOXKECTBO HUBA C OTpPaHUYCH Opoif
npuopuTeTH [5, 7, 8] 1 AMHAMUYHO U3YUCIISIBAHE HA
npuopurera. [IpoBeneHu ca ekcriepuMeHTH 3a Ja ce
MpOCTIeN TIOBEICHWETO Ha OMNAaIlKUTEe M Ja ce
aHaJIM3Mpa Jajiu ce u304rea sBJICHUETO ,,starvation”

[5, 6], mpu KoeTo ce HabIroAaBa MPOABIKUTEITHO
HeoOCITy)kBaHE HAa €IWH WM TIOBEYe CJIOTORBE.
ExcriepuMenTHTE ca MPOBEACHHU CHC CHMYJIAIUI Ha
HENPEKbCHAT MOTOK OT ChOOIICHUSI.

2. CTpyKTypa Ha onauIKuTe
OObmara cTpykTypa Ha IpelJioKeHaTa
IPUOPUTETHA ONAIIKa Ha MHOXECTBO HHMBAa €
npezacraBena Ha ur. 1.
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MIPUOPHUTET (HUBO) JAaHHU
PO CHOOIIEHUS p,m,a,s,c,ridx,widx
Pl
Pm

X

CHOOIIEHUS
@Due. 1. Cmpyxmypa Ha onawxkama.

Besako  cpoOmienne ce  3ammMcBa B
CbOTBETHOTO  HHBO  CHOpe] CTaTHYHHUS CH
MIPUOPHUTET. 3a BCSAKA OT OMALIKUTE CE CIEIH:
- Opoil Ha HOCIeNOBaTEIHO H3BBPIICHU
YECTCHU

- Opoil Ha mocienoOBaTENHU MPOILYCKa,
T.. KOJKO IIbTH IIOCIIEIOBATENHO €
Omta HeoOCTy )KeHa

[Tpu 3asBKa 3a 4YeTeHE 3a BCEKH CIOT ce
W3YHMCIIsIBA OLICHKa W Ha HelHa 0asza ce B3uMa
pellieHre OT KOe HHUBO Jla CE MPOYeTe TMOPEIHOTO
cbobmenue. OTAETHUTE OMALIKK ce 00CIyKBaT Ha
FIFO npununun. ®opmynata 3a AUHAMHYHO
WM3YHCTISIBaHE Ha OIICHKATa (MIPUOPUTETA) €:

Pi*mi*zkHlO
M= (D
a;

KBJIETO:
Si
c;=maxp - P;+d 3)

P — craTuuen npuopuTeT Ha omnaikara

m — Opoii ChOOIIEHHS B OTAIIKaTa

a — Opolf mociemoBaTeTHH OOPBIICHHS 3a
YEeTEHE OT OMallKaTa

S — Opoii mMOCNenOBATEIHN MPOMYCHATH
OOpBIICHHS KBM OIaIIKaTa

maxp — MaKCUMaJICH TPHUOPHUTET

d — nmapamerhp 3a peryimpaHe Ha
HApaCTBAHETO HA OllCHKATA

[Ipounrtane, npeMaxBaHe U U3IIBIHCHUE HA
CHOOIIEHUETO CE M3BBPINBA 32 CJIOTA C Hai-BHCOKA
oneHka. Ha ¢wur. 2 e mpencraBeH anroputrbma 3a
HaMUpaHe Ha Hal-BHCOKATa OLICHKA.

aJropuTnHM 3a yereHe (dequeue)
begin

index=0

current_highest mark = -1
current_index = -1

for each slot do
begin
mark=according (1)
if mark>current_highest mark then
begin
slot[current_index].s++
slot[current_index].a=1;
current_index=index
current_highest mark=mark
end
else
begin
slot[index].s++
slot[index].a=1;
end
index++
end for
if current_index <> -1
begin
slot[current_index].a++
slot[current_index].s=0
read_data for slot(current index)
end
end algorithm

Due.2. H3uucnsasane na Hau-6ucoKama
oyenka.

3. IIpoBenenn ekciepuMeHTH
[IpoBenenn ca eKCIEPUMEHTH, KOUTO Ja
WIIOCTPUpAT TMOBEJACHUETO Ha  Olalkarta 3a
pa3IuYHU CTOMHOCTH Ha mapamMeTsbpa d.

Ta6mmma 1. [TapameTtpu

napamMeTrbp CTOWHOCT
Opoii HUBa 10
Opoii choOIIeHUS 30 000
MaKcHMaJeH Opoi 10000
CHOOIIEHHS B OMAIIKa
Opoii HUIIKY 3a 00CITy)KBaHE 10
Crenparure TaOIHIIN MOKAa3BaT

pe3yNTaTUTe OT eKCIEPUMEHTHTE U TPaUIHOTO UM
NpeACTaBsiHe, pa3leicHo Ha jABe rpaduku. B
TaOJIMLUTE KOJOHUTE ca Opoil OOpBUICHUS KBbM
ChOTBETHATa omamka 3a cepuud oT 5000 uereHus,
06110 6 cepun 3a 30000 crOOIIEHUSI.

Qn — crOTBETHATA OMAIIKA.
Sn — croTBETHATA CEPHsI OT OOPBIICHUS
S1—ot 1 g0 5000
S2 — ot 5001 mo 10000
S3 — ot 10001 mo0 15000
S4 — ot 15001 m0 20000
S5 — o1 20001 mo 25000
S6 — ot 25001 mo 30000
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Tabnuua 2. INapamersp d=1 Ta6mumna 2. ITapamersp d=3
s1 s2 3 S4 s5 S6 s1 s2 s3 S4 s5 S6
Q1 103 108 117 124 153 158 Q1 105 116 122 141 155 173
Q2 141 161 170 182 238 252 Q2 150 182 194 243 258 294
Q3 178 203 253 269 295 296 Q3 | 205 245 284 300 322 313
Q4 | 232 269 292 319 349 392 Q4 | 267 310 335 375 390 467
Q5 | 304 330 358 471 599 596 Qs | 377 407 431 515 558 606
Q6 | 371 419 501 615 565 628 Q6 | 474 491 585 609 557 615
Q7 | 485 524 667 668 693 632 Q7 | 580 608 713 656 675 628
Q8 | 645 722 714 725 744 718 Q8 | 720 786 763 662 678 662
Q9 | 1016 | 918 886 872 905 846 Q | 9% 926 787 722 686 637
Q10 | 1525 | 1346 | 1042 | 755 459 482 Q10 | 1132 | 929 786 777 721 605
@ur. 3a u 36 ca rpa@UUHOTO MpenCcTaBsIHE @ur. 4a u 40 ca rpadUUHOTO MpECTABSHE
Ha pe3yJTaTHTe. Ha pe3yJITaTHTe.
Opoii chOOIIeHUS Opoii cro0IIeHns
1800 1200
1600
1400 1000
1200 800
1000
300 600
600 400
400
200 200
0 - 0
1-5000 5001-10000  10001-15000 1-5000 5001-10000 10001-15000
00OpBIEHUS oOpHIICHMS
@ue. 3a. Cepuu SI1—S3 @ue. 4a. Cepuu S1—S3
Opoii crOOIICHHS Opoit croOIIeHUS
1000 900
9500 200
. S
600 600
500 ~00
400 400
300 300 -
200 200 -
100 100 -
0] o -
1500120000 2000125000  25001-30000 1500120000 20001-25000  25001-30000
OOPBIICHHA OOPBHICHNA
@uz. 36. Cepuu S4 - S6 @uz. 46. Cepuu S4 — S6

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria ISSN 1310 - 8271
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Ta6mmma 4. [Tapamersp d=8

st s2 3 sS4 S5 S6 s1 s2 s3 sS4 S5 S6
Q1 101 112 113 138 159 161 Q1 88 95 95 134 140 139
Q | 148 177 178 280 311 304 Q | 131 150 173 278 277 275
Q3 | 193 270 349 337 341 354 Q3 | 159 258 298 300 299 298
Q4 | 282 369 361 373 398 401 Q4 | 254 322 323 323 423 786
Qs | 417 418 419 531 618 560 Q5 | 346 351 460 803 683 508
Q6 | 465 468 609 625 532 700 Q6 | 376 512 801 618 592 658
Q7 | 534 665 696 665 690 571 Q7 | 412 906 704 661 754 503
Q8 | 675 822 762 650 672 670 Q8 | 815 789 772 637 712 649
Q9 | 1053 | 843 795 718 640 646 Q9 | 1179 | 809 799 718 589 653
Q0 | 1132 | 856 718 683 639 633 Q10 | 1240 | 808 575 528 531 531

@ur. 5a u 56 ca rpaduUUHOTO MpencTaBsIHEe @ur. 6a u 60 ca rpadUUHOTO MpEACTABSHE
Ha pe3yJTaTHTe. Ha pe3yJITaTHTe.

Opoii croOIIeHUs

1200

1000

800

600

400

200

0_

1-5000 5001-10000 10001-15000

OOPBHICHHUA

@Due. 5a. Cepuu S1—S3

Opoit choOIIeHUS

800

700

600

500
400

300
200
100

0]

15001-20000 20001-25000 25001-30000

0oOpBIICHHS

@Duz. 56. Cepuu S4 — S6

Opoii croOIIeHUS

Opoii

1400

1200

1000

800

600

400

200 ~

0

1-5000 5001-10000 10001-15000

0oOpBIICHHS

Due. 6a. Cepuu S1—S3

CHOOIIECHUSA

900
800
700
600
500
400
300
200
100

0]

15001-20000  20001-25000  25001-30000

oOpBIIeHAS

Due. 66. Cepuu §4 — S6
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Tabmuma 5. [Tapamersp d=10

S1 S2 S3 S4 S5 Sé6
Q1 80 85 88 126 127 127
Q2 118 134 166 257 253 254

Q3 142 239 270 273 273 272

Q4 233 288 290 291 609 795
Q5 307 310 596 828 652 516
Q6 329 614 787 642 567 669

Q7 372 999 688 679 738 504

Q8 885 760 763 654 695 645

Q9 1239 786 795 729 572 650

Q10 1295 785 557 521 514 568

@ur. 7a u 70 ca rpadUUHOTO MpeACTaBsSHE
Ha pe3yJTaTUTe.

Opoii croOIIeHUs

1400

1200

1000

800

600 —

400 B

200 - B

0 .

1-5000 5001-10000 10001-15000

OOpPBIICHU:

@Duz. 7a. Cepuu S1— 53

Opoii croOIIeHNs

900
800
700
600
500
400
300
200
100

0]

15001-20000

20001-25000 25001-30000

O0pBIIEHNA

@Duz. 76. Cepuu S4 — S6

4. KomeHTap Ha pe3yJaraTure

3a0ersi3Ba ce BIUSHUETO Ha napaMerbpa d
BBPXy MoJleNia Ha o0chykBaHe Ha omamkute. C
yBelMYaBaHe Ha CTOMHOCTTA My CE YyBellM4aBa
TEHJICHIIMATA 332 MO-HACUTEHO OOCITy)XBaHE Ha TO-
BHCOKOIIPUOPUTETHUTE CIIOTOBE B IBPBUTE CEPHU —
obopbemenust 1 — 10000. Caen ToBa ce HaOmrOmaBa
MTOCTENIEHHO HaMmalsiBaHe Ha Opos Ha oOpbBIIeHHSTA
C HapacTBaHE Ha CEpUUTE, T.€. KOJIKOTO MOBEYE
CHOOIEHUSI C€ MPOYUTAT, TOJKOBA IMO-PSAKO Ce
U3BBPINBA OOPBIICHHE KBbM BHCOKOIPHOPUTCTHHUS
CIIOT, 3a CMETKa Ha TMO-HUCKO TpPUOPUTETHHTE.
OcBeH TOBa ce HaOmoOIaBa W TEHACHIUS KbM
yelHaKkBsBaHe Ha Opos Ha OOpBIICHHATAa C
HapacTBaHe Ha mapameTspa d.

5. 3akir0uenue

3a (QyHKIMOHMpPAHETO HA OMAIIKUTE €
HeoOXoauMo mo0pe nma ce Io3HaBa MOJCITHT Ha
IIOBCACHUCTO HM. C rnmoMoumiTa Ha IIPOBCIACHUTEC
EKCIIEPUMEHTH U O0OOIIaBaHETO Ha Pe3yJITAaTHTE
MOJKE J1a ce TpEeleH! KOU MapaMeTpH Ha ONAIIKHUTE
Jla Ce HACTpOsT, 3a Jla Ce MONlydd OOCITyX BaHe
CIope]T KOHKPETHUTE HEOOXOTUMOCTH.
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H3M10JI3BaHa CTPYKTypa B KOMIIOTHPHUTE CUCTECMU

L . L

N < © Journal of the Technical University - Sofia
z ® v Plovdiv branch, Bulgaria

> ' “Fundamental Sciences and Applications”

sodn  Vol.20,2014

BAJTAHCUPAHE HA HATOBAPBAHETO HA
HHMUIIKH 3A OBCJIY’KBAHE HA
HPUOPUTETHHU ONTAIIKHN HA MHOKECTBO
HUBA YPE3 I''TABHA HULIKA

NBAMJIO ATAHACOB

Pestome: Hacmoswama cmamusi pasenedcoa peanuszayus HA HPUOPUMEMHU ONAWIKU HA
MHOICECMB0 HUBA C 02PAHUYEH OPOUl npuopumemu, OUHAMUYHO USYUCTABAHE HA NPUOPUmMema u
MHOICECMB0 HUWIKU 3a 00CIyJiceane Ha cvobwenusma. [lenma e 0a ce ncomuzhe napaneausvm
npu uemeHne U UNBIHEHUE HA CvbOOWeHUs om onawkama. Buv3uuxnarume npoOiemu 3a
banancupane Ha Opos Ha HUWIKUME 3a 0OCIYICBAHE ce peulasda ype3 nooxooa 21aeana HUWKA,
npu KOUmo eOHA HUUWIKA CAeou 3a HAMOBAPEAHEMO HA GCUYKU HUWIKU U G3UMA PEeuleHust 3d
Cb30a8ane/yHUWoMCasane Ha pabomuy HUWKU.

KiouoBu aymm: npuopumemunu onawiku, HiaHupane, ONEpayuoOHHU CUCMEMU, OUHAMUYEH
npuopumem, 6a1AHC HA HAMOBAPEAHEMO

LOAD BALANCING THREADS FOR
MULTILEVEL PRIORITY QUEUE USING MAIN
THREAD APPROACH

IVAYLO ATANASSOV

Abstract: The priority queues are often used in the area of the computer systems. The current
paper offers multilevel priority queue implementation with dynamic priority calculation and
thread-level parallelism for dequeue operations. The servicing threads are automatically
managed from the system. Thus, synchronization and load balancing issues arise. The count of
the servicing threads is adjusted dynamically. The present paper offers a method for load
balancing based on the “main thread” approach, where one thread estimates the load and
makes decisions about creating/terminating worker threads.

Key words: priority queue, scheduling, operating systems, dynamic priority, load balancing

1. BbBenenne
IIpuopurerHure

MIPHOpPHUTETA.
OTMalllKhH ca IIUPOKO

4yetaT ChOOIIEHHWE OT u30paHaTa.

Cucremara yrpaBisiBa MHOXKECTBO
pabOTHU HUILIKH, KOUTO MUHABAT MPE3 OMAIIKUTE U
bposr Ha

[2, 3, 4, 10]. Peanusupar upe3 heap, skip lists,
IbpBETa, MHOXKECTBO HUBA [1, 5, 7, 8]. HacTosimiara
CTaTHWs Tpeiara peaju3alus Ype3 MHOXKECTBO
muBa [7, 9, 11]. O6cnyxBanero (dequeue) ce
0asupa Ha  JMHAMUYHO  H3YHUCIIIBaHE  Ha

HUIIKUTE CEe peryiupa AuHaMudHo. ToBa e BakeH
3a 100poTO PYHKITMOHMpAHE HA CHCTeMaTa IpoIiec,
karo OanancupaHero Ha HaTtoBapBaHero (Load
Balancing — LB) u Opost e ki1to4oB 3a MOCTUTaHE Ha
Mo-1006p napajieTu3bM u mo-moopa

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria
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MIPOM3BOANTETHOCT. [IpoBeneHn ca eKcrepuMeHTH
3a OIEHKa Ha TIOBEJCHHETO M Ca CpaBHEHH C
aNTepHATUBEH MOAXO/I.

2. CTpyKTypa Ha ONAIIKHTE
OOmara cTpykTypa Ha MNpeasioKeHaTa
MPUOPUTETHA OMAalllka Ha MHOXECTBO HHBa €
npeacraBeHa Ha Qur. 1.

MIPHOPHUTET (HUBO) JAHHH
4« | PO CHOOIIEHUS p,m,a,s,c,ridx,widx
P1
“« | ...
Pm
YETSIIA CHOOIIEHUS
HUIIKA

@Due. 1. Cmpyxmypa Ha onawxkama.

Besiko  cpoOmienme  ce  3ammcBa B
ChOTBETHOTO  HHMBO  CIOpPEA  CTAaTUYHUS  CHU
npuoputeT. YeTsSmuTe HUIIKA TOCTOSHHO YeTaT U
HM3IBJIHABAT CHOOIIeHHI. OTAEIHUTE OIAIIKUA Ce
oocnyxkBar Ha FIFO mnpunmun. ®opmynara 3a

IUHAMHAYHO H3YUCIIABaHE Ha OLIEHKAaTa
(mpuopwutera) e:
Pi*mi*zki+l 0
M= (1)
a
KBIETO:
S
k=
1 o 2)
c;=maxp - P;+d 3)

P — craTuueH npuopuTeT Ha omnarikara

m — Opoif ChOOIIEHHS B OTAIIKaTa

a — Opolf mociemoBaTeIHH OOPBIICHHS 3a
YyeTeHe OT ONAaIlIKaTa

s — Opoli mMOCNeNOBaTEIHU NPOIYCHATH
OOpBINEHMS KbM OMaliKaTa

maxp — MaKCUMaJICH TPHUOPHUTET

d — nmapamerhp 3a peryimpaHe Ha
HApaCTBAHETO HA OlCHKATA

[Ipounrtane, IpeMaxBaHe W MU3IIBIHEHUE HA
CHOOIIEHUETO CE M3BBPINBA 33 CJIOTA ¢ Ha-BHCOKa
orieHka. ToBa ce mpaBu OT T.Hap. YeTany (paboTHH)
HUIIKK. BWHArM cChIIeCTBYBa IIOHE €HA TaKaBa
HUIIIKA, KOSITO ce Hapuya eraeéna Huuwika. OCBEH
CTaHJAPTHOTO W3BJIMYaHE W U3MBIHCHUE Ha
ChOOIIICHUE, Ta3W HHUIIKA U3BBPIIBA U Mpolieca Ha

Oamancupane Ha HaToBapBaHeTro. (OcTaHaIUTE

HHUIIKHK CaMO MU3BJIMYAT U U3ITBJIHABAT.

3. IlpouechbT Ha
HATOBAPBaHETO
Llenta Ha Bcekn mpollec Ha OalaHCHpaHE €
BBB BCEKH €IIMH MOMEHT J]a CHIIECTBYBAT TOJIKOBA
HUIIIKA, KOJIKOTO € HeoOXOaMMO, T.€. He TpsAOBa 1a
HMa TNPEMbJIBAHC Ha OIMAIIKUTEC IOopaanu MajKo
HUIIKA, HATO MaJTbK Opoii CHOOMICHHUS 32 HAKOJIKO
moutu Oe3peiicTBamm Hunku. lIpormecht Ha LB
ChIICCTBYBA B MHOKECTBO CHUCTEMHU u
(YHKIIMOHUPAHETO MY 3aBHCH OT KOHKpETHAaTa
cucTema - garbage collectors [1],
MHOTOIPOIIECOPHU CUCTEMHU, MPEIKOBH CHPBBPU U

Ap.

0ajnaHcupaHe Ha

KnrouoB moment B LB e nma ce Hamepu
TOYEH KPHUTEPHH 3a OlleHKa Ha HATOBapBAaHETO Ha
HULIKATE. B KOHKpETHHs cCilydail ToBa MOXeE Ja
Obzie OposAT Ha CHOOIIEHUATA B omamkuTe. Brcok
Opoii MoXe 1a O3HauaBa HEIOCTaThYCH Opoit
HUIIKY U TPENbIBaHe Ha cHCTeMaTa, HUCHK Opoi
MOXXE€ Ja O3HauaBa Y€ KMa BB3MOXHOCT 3a
HaMallsiBaHe Ha Oposi Ha OOCITyXBallUTE HUIIKH.
CrnemoBaTennHO, MOXKE J1a C€ Kake 4Ye ChIIECTBYBaT
~HODManHu’ HUBa Ha HATOBapeHOCT (T.e. Opoi
cboOLIeHNUS) B cucTeMaTta — Hanpumep Mexay 20%
n 80% ot kxamammrera. Heka Te3m aBe rpaHHIN
O0baaT HapeueHu crorBeTHO MMIN 1 MMAX. 3a
Jla ce pearupa KOPEKTHO Ha IMPOMSHA B 001U Opoit
Ha CHOOIICHUATA, CICAHOTO TPSIOBA J]a CE OTIETE:
1) cB3maBaHeTO W YHHUIIOXKABAHETO Ha
HUIIKA KOHCYMHUpPA BpEeME U Pecypcu U
TpsiOBa Ja ce n30sATrBa BUHATH, KOTAaTO €
BB3MOXHO [6].
2) mpexBBPASHETO Ha TropHaTa TpaHUIA
MMAX wHe TpsbBa nma BoaM 1O
He3a0aBHA peakiusl W Ch3JaBaHEe Ha
HUIIKa. Bb3MOXHO € TOBa Jja € HAKAaKbB
MK ¥ HEPEryJSIPHO CHOWTHE W TOBa
TpsIOBa 1a OBAC OTICTECHO.
3) cbmoro Baxu u 3a MMIN — He Ou
TpsiOBaNO BeJHAra Ja ce YHHIOXKaBa
HUIIIKA
4) criem BCSIKO ChH3/AaBaHE/yHHIOKaBaHE
HAa HUIIAK € HEeOOXOJMM TEpHoJ| Ha
,,0XJaXkaaHe” Ha cucremara 3a LB, T.e.
M3BECTHO BpeMe He TpsiOBa /1a ce MpaBH
OTYHUTAHE, 3a J]a MOXKE chcTeMaTa Ja ce
cTabuimM3upa W ajanTupa KbM HOBHSA
Opoiil HUTIIKH.
CrnenctBrue Ha TOPEH3IIOKEHOTO, BHBEXKIA
Ce CIIeHOTO:
- BBB BpB3Ka ¢ 2) U 3) ce onpeneins Opoit
Ha TIOCJIEOBATEITHUTE IIMKOBE, CIIE]
KOHUTO C€ IpHeMa, Ye TOBA € TIOCTOSHHO
SIBJICHHE U CcJe/Ba Jla ce pearupa. Tosa
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ca COUNTMIN 3a Opoii Ha MUKOBE 3a
MMIN u COUNTMAX 3a Opoii Ha
nukoBe 3a MMAX.

- eamH Oposy counter ¢ IIbpBOHAYAIHA
croHocT (0, KOWTO TIpW dYETeHEe Ha
CHOOIIEHHE:

1) if MMIN<counter<MMAX then
counter=0
2) if counter<MMIN then
if counter<0 then counter—
else counter=0
if  counter<COUNTMIN  then
terminate thread
3) if counter>MMAX then
if counter>0 then counter++
else counter=0
if  counter>COUNTMAX  then
create thread

ITo To3M HayMH ce HM30SArBa BIMAHUETO HAa
NMMKOBETE M 3a Ja C€ B3eMe pelleHHe 3a
Ch3/laBaHe/yHHIO)KaBaHe Ha HHIIKa TpsiOBa na ce
oTyeTe CTaOWIHA TEHIOEHIMS KbM HIKOS OT
KpaiiHuTe croiiHocTh. KakTto ce Bmwkaa oT
aIropuThMa, JOPU CJCI HIKOJIKO IHKa, aKo
cleqBaliata CTOWHOCT € B HOPMAlTHH TPaHHUIU
CTaTUCTUKUTE CE HYJIHUPAT U OTYUTAHETO 3arovyBa
OTHAYAJIO.

Crnen W3BBPIIBAaHE Ha HIKAKBO JICHCTBUE
(ch3maBaHe/yHUIIOKABaHE HAa HUIIKA), MEXaHU3MBT
Ha LB mma T.Hap. nmepuon Ha ,,oxnaxmane” (thread
cooldown — TCD). ToBa e ompenenen Opoii
oOpbieHus, mpe3 kouto LB BpemeHHO He paboTw,
3a Jla MO’KE CUCTEeMarTa Jia Ce CTa0MIn3upa.

3. [IpoBeneHu ekcnepuMeHTH

[IpoBenenu ca eKCIIEpUMEHTH 32 OMaIlKa OT
10 HumBa, KamanmuTeT Ha Bcsgka omamka 10000
cpoOmennss, 30000 3amucaHd CBHOOLIEHHS B
omamkure, COUNTMIN=20, COUNTMAX=20,
MMIN=0.05, MMAX=0.25 u pa3iuuHu CTOWHOCTH
3a TCD (nepuozna na ycnokosisane). Ha rpadukunte
C IUTBTHa ca CTOMHOCTHTE OT IPOBEICHUTE
SKINEpUMEHTH, a C MyHKTUPaHa JIMHHUA Ca TE€3H OT
OpeuIIHA  excnepumeHTH [12] ¢ moaxonm 6e3
TJIaBHA HUIIKA.

Tabmuma 1. TCD=100

o0p., | HUIIKH, o0p., | HMIIKH,
No op. No op.
1000 3 16000 8
2000 5 17000 8
3000 6 18000 8
4000 7 19000 8
5000 8 20000 8
6000 8 21000 8

7000 8 22000 8
8000 8 23000 8
9000 8 24000 8
10000 8 25000 8
11000 8 26000 7
12000 8 27000 6
13000 8 28000 4
14000 8 29000 2
15000 8 30000 1
Bpeme 3a mpounTaHe Ha  BCHYKH
choOmeHus: 6989ms.
opon
MMy - =no main thread main thread
12
10 =
3 \
c L/ \
s L/ W\
\
2 —_\
0 e e s s e s e e |
(vl ellelellellells el ol el ool el
8388388838888 8838
AR Tt =t R IS LN
obprwieane No
Que. 2. TCD=100
Tabmuua 2. TCD=200
o0p., | HMIIKH, o0p., | HMIIKH,
No op. No op.
1000 2 16000 6
2000 3 17000 6
3000 4 18000 6
4000 5 19000 6
5000 6 20000 6
6000 6 21000 6
7000 6 22000 6
8000 6 23000 6
9000 6 24000 6
10000 6 25000 6
11000 6 26000 5
12000 6 27000 4
13000 6 28000 3
14000 6 29000 2
15000 6 30000 1
Bpeme 3a mpounTaHe Ha  BCHUYKH

cpoOmenus: 8414ms
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1/ X
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obpbiIeane No
Q@ue. 3. TCD=200
Tabauna 3. TCD=400
00p., | HHIIKH, o0p., | HUIIKH,
No op. No op.
1000 2 16000 4
2000 2 17000 4
3000 3 18000 4
4000 4 19000 4
5000 4 20000 4
6000 4 21000 4
7000 4 22000 4
8000 4 23000 4
9000 4 24000 4
10000 4 25000 4
11000 4 26000 3
12000 4 27000 2
13000 4 28000 2
14000 4 29000 1
15000 4 30000 1
Bpeme 3a mpouuTaHe Ha  BCHYKH
croOmenus: 11216ms.
Opoit _ :
= ===n0 main thread main thread
HUIIKH
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OOpBIIEHUE NO

Que. 4. TCD=400
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Taomuma 4. TCD=600

o0p., | HMIIKH, o0p., | HUIIKH,
No op. No op.
1000 1 16000 3
2000 2 17000 3
3000 2 18000 3
4000 3 19000 3
5000 3 20000 3
6000 3 21000 3
7000 3 22000 3
8000 3 23000 3
9000 3 24000 3
10000 3 25000 3
11000 3 26000 2
12000 3 27000 1
13000 3 28000 1
14000 3 29000 1
15000 3 30000 1
Bpeme 3a  mpounTaHe Ha  BCHYKH
cro0menus: 13478ms.
6poit _ _
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Due. 5. TCD=600
Tabmuma 5. TCD=800
o0p., | HMIIKH, o0p., | HMIIKH,
No op. No op.
1000 1 16000 3
2000 2 17000 3
3000 2 18000 3
4000 2 19000 3
5000 3 20000 3
6000 3 21000 3
7000 3 22000 3
8000 3 23000 3
9000 3 24000 3
10000 3 25000 3
11000 3 26000 2
12000 3 27000 2
13000 3 28000 1
14000 3 29000 1
15000 3 30000 1




Bpeme 3a  mpouuTane
cboOIeHus: 13536ms.

Ha

Opoit _
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Duz. 6. TCD=800
Taomuma 6. TCD=1000
ref th
1000 1 16000 2
2000 1 17000 2
3000 2 18000 2
4000 2 19000 2
5000 2 20000 2
6000 2 21000 2
7000 2 22000 2
8000 2 23000 2
9000 2 24000 2
10000 2 25000 2
11000 2 26000 1
12000 2 27000 1
13000 2 28000 1
14000 2 29000 1
15000 2 30000 1
Bpeme 3a  mpouuTaHe Ha
cpo0meHust: 16837ms.
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Tabmuma 7 o0000maBa ©  CcpaBHsBA
pe3yATaTUTE OT EKCIEPUMEHTH C TJIaBHA W 0e3
IJIaBHA HUIIIKA,

Ta6mmma 7. CpaBHeHHE HA [BaTa MOIX0/1a

0e3 riaaBHa ¢ IJ1aBHA HMUIIKA
HHUIITKA
TCD max BpeMe max BpeMe
Opoit 3a Opoit 3a
HUIIKY | W3MBJ- | HUIIKA | H3ITBI-
HEHHe, HEHHe,
ms ms
100 10 10787 8 6989
200 10 10109 6 8414
400 10 8591 4 11216
600 10 6853 3 13478
800 8 8200 3 13536
1000 6 10763 2 16837

4. KoMeHTap HA eKCIIEPUMEHTHTE

[IpoBeneHnTe eKCIIEPUMEHTH  TOKa3BaT
OpoAT Ha pabOTHUTE HUIIKM HAa BCEKH XWIAIa
obprwmenns. OTOENI3aHO € U BpEMETO 3a N3UepBaHe
Ha cpoOlmieHusiTa B  omamkure. [ padukute
CpaBHSIBAT PE3yNTATUTE OT TEKYIIO MPOBEICHUTE
eKCIIepUMEHTH (C TJIlaBHa HHUINKA) W TE3U OT
NpeAIIHA eKkcnepuMeHTH [12] 3a moaxonm 0e3
IJIaBHA HUIIKA. 3a0eNsI3BaT Ce U PA3IMKUTE MEXKTY
JIBaTa MOJIX0/a — B MOBEUYETO OT CIAy4YauTe TO3u Oe3
TJIaBHa HHUIIKA HW3I10JI3Ba IIOBCYC HHUIIKU 3a Ja
npoueTe chius Opoii choOIIeHHs 3a TIOBEYE BpeMe,
HO 3a HSIKOWM CTOMHOCTH Ha tcd mapaMeTrbpa paboTu
mo-moope.

5. 3aknouenne
CnenBa 0000IieHHE Ha MpeauMcTBaTa H
HeIOCTaThIHTE Ha ABATa MOAX0AA.

Iloaxox 0e3 ri1aBHAa HUIIKA.

IIpenumcrsa:

- BCHYKM HHUIIKHM y4YacTBYyBaT B mpolieca
Ha OayaHcupane

- KOATO M Ja € HHIIKA MOXKE Aa Oblae
OnokupaHna 0e3 TOBa Ja ce€ OTpa3H Ha
paborara

Henocrarbiu:

- HEoOXOAMMOCT OT CHHXPOHH3AIIHS

IToaxox ¢ riiaBHA HUINKA.

[Ipeaumcrna:

- pa6OTHI/ITe HUINKHU HC Ca Hal"a)KI/IpaHI/I C
OaslaHCcHpaliTe nporeIypu

- HAMA HEOO0XOIUMOCT oT
CUHXPOHU3AIUS

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria ISSN 1310 - 8271
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Henocrarpimu:

- TJaBHaTa HUIIKa He TpsOBa na
OJIoKUpa, T.e. IOpU MpHU eaHa paboTHA
HUIIIKa TPSIOBA Ja € aKTUBHA
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MN3CJIEIBAHE HA CTOXACTUYHH
AJI'OPUTMU 3A ONEHSBAHE HA
ITAPAMETPUTE HA XAOTUYHU CUCTEMHA

PYMEH IIOITIOB, POCULIA KA3AKOBA

Pe3tome: Mzcnedsa ce 6v3mosicHocmma 3a npuiiaeane HA CMOXACMUYHU ANeOpUmMMU 34
oyeHssane Ha napamempume Ha xaomuuHu cucmemu. Hznonzeanu ca 'enemuuen anzopumom
(I'A) u onmumuzayus ¢ unmenexma na smomo (Particle Swarm Optimization — PSO), 3a 0a
b6voam oyeneHu napamempume Ha xaomuuyHa cucmema Ha Jlopeny. Hznvinenu ca Moume
Kapno cumynayuu u ananuz na cmamucmuveckama 3nauumocm Ha @akmopume (F-test).
Pesynmamume ca cpagnenu u anaruzupanu.

KaouoBu AYMU: Xaomu4dHu cucmemu, quHmu(j)uKauuﬂ Ha napavempume, ceHemu4en
aneopumvm, onmumusayusl, UHmMeaeKm Ha Amomno

RESEARCH ON STATISTICAL ALGORITHMS
FOR PARAMETER ESTIMATION OF THE
CHAOTIC SYSTEMS

RUMEN POPOV, ROSITSA KAZAKOVA

Abstract: The possibility to apply statistical algorithms for parameter estimation of the chaotic
systems is investigated. The Genetic Algorithm (GA) and Particle Swarm Optimization — (PSO)
are approved in Lorenz chaotic systems’ parameter estimation task. The Monte Carlo
simulations and uncertainly analysis of the factors (F-tests) are performed. The results are
compared and analysed.

Key words: chaotic systems, parameter estimation, genetic algorithm, and particle swarm

optimization
1. BLBeaenmne

Nma peanna obnactu Ha MAEHTU(UKAUATA
Ha CHCTEMH, B KOHUTO CBIIECTBYBaT HeHoOpe
pemieHn npoGnemu. B 9acHOCT HAKOM IIMPOKO
W3MON3BAaHH aITOPHMHU 32 UICHTU(UKAIIHS HE JTaBat
I0OpH pe3yaTaTH MPH OLIEHKATa Ha MapaMeTpUTe Ha
MOJIENIM Ha CHJIHO HEJIMHEWHH (B IIPOCTPAHCTBOTO
Ha TIapaMeTpPUTE) CUCTEMH WIIN CUCTEMH C HETJIAZKU
MIPOM3BOAHN WIIM HEJIMHEHHU OTpaHUYECHMUSL.

TunuveH nmpuMep Ha HEJIMHEHHM CHCTEMH,
JMHAMMKaTa Ha IPOLECUTE B KOUTO CHIIHO 3aBUCST
OT n300pa Ha HayaJIHUTE YCJIOBHUS Ca XAOTHYHUTE
cucremMu. Ilpe3 1963 JlopeHnm OTKpHI NBpPBUS
Xa0THYEH aTpakTop B TpPUMEpPHa ABTOHOMHA

cHCTeMa, JI0OKarto  uW3ydaBal  armocepHara
kouBekIws [2]. Jla ce cb3aane Xxaoc HAPOUHO MOKE
Jla ce OKake He TPMBHAJIHA 3a]1a4a, HO JaBaiia 6asa
32 MHTEPECHH HOBU TMOJIXOIM B O0OJACTUTE Ha
HayYyHHTE  HM3CJEABAHMA W HH)KCHEPHHUTE
npuiokenus. Ha Tasu 6aza YeH c¢h3aBa XaOTHYHA
CHCTEMa H3IOJI3BAWKA METO/la Ha HWHXKEHEepHATa
obparHa Bpb3Ka [3], KOSTO TOIMONOTHYECKH HE €
eKBHMBaJIeHTHA Ha Te3u Ha Jlopenn [3,8,15].

Ucrtopuueckn cucremara ypaBHEHUS Ha
JlopeH1] € BepoOATHO WbpBaTa OT HEIMHEHHUTE
JUHAMHYHHM CUCTEMH, OTKPHUTH C LIeJ U3pa3siBaHe Ha
CHJIHA 3aBUCHUMOCT MEXIy HAYaJlHH YCIOBHS U
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xaoc. Cucremara Ha JlopeHly ce omnmcBa upe3
crnenHuTe AuepeHIINaTHNA YPABHEHHS:

t=a-(y—x)

y=c-r—r-z—1yY

t=x-y—b-z (1)

Tunu4yHM mapamMeTpu 3a CcHcTeMara Ha

Jlopennt ca a = 10, ¢ = 28, u b = 8/3, cprimacHo
¢dopmaTta Ha oboOIlIeHaTa cucteMa Ha JIOpeHIl OT
Baneuek u CenukoBcku [1],

T a1 apz 0 T 0

:1‘:} = g1 122 0] i —T- 0 o
.éj 0 0 ﬂqu ZJ 01 0 J ZJ

(3)

[ w —10 10 0 " 7:" 00 o " z |
V= 28 1 0 ¥ | Ta 0 0 -1 Y
_zJ 0 0 —asJJ J 01 []J z |
4)

Cuctemara Ha JlopeHn 3aJ10BOJISIBA

YCIIOBHUETO!
ap - daz > 0, (10 - 28 > 0)

Uen koHCTpyHpa JIpyra XaoTHYHA CHUCTeMa
C TIOMOII[Ta Ha METO/Ia 3a YIPaBJeHUE HA oOpaTHaTa
BpB3Ka [3], UMATO TOMOJIOTHS CE€ pa3inyaBa OT Ta3u
na Jlopenn [3,8,15]. Cucrematra Ha Yen wuma
cienHara hopMma:

T=a-(y—x)
y=(c—a)-z—x-z2—C-y
z=zx-y—>b-z (5)

Tunuunu napameTpu 3a cucremara Ha UeH
ca a=35, c=28, u b=3. Ta3u cucrema e IBOWCTBEHA
¥ Ma ToJjo0Ha MPOCTa CTPYKTypa, HO MOKa3Ba Io-
CIIOXKHO JMHAMHUYHO moBenenue [8,15].

Tyk nBoiicTBeHocTTa ce 0Oasupa Ha
KJIacH(DUKAIMOHHUTE YCIOBUS, (POpMyNIHpaHU OT
Baneuek u CenMKOBCKH [1].Cernacuo
reHepaim3upanara cucreMa Ha JlopeHrt, cucremara
Ha UeH MoXe /1a ce OMuIIe Ypes3:

i‘-‘ —-a a (]-‘ .?:W ( 0 1[z]
] = 0 4 ( -1

y =] c—a ¢ y |+
z'J 0 0 —bJ zJ (

—_
by

0 T (
0 y | +z|(
-3 z 0

I
|
o
T &
oo
on

I
|
-1
o oo
2o

g

T
—
Ty

Cucremara Ha YeH 3a10BoJIsIBa:

ap-day < 0,' (35 . (_7) < 0)

Ts moke 1a ce kiacuduIupa MU3MOI3BaAUKH
yCIIOBHE B IMHEWHUA y9acTbK A = [aij]: a;; az; > 0,
KOWTO BKJIIOYBA IMO3HAaTaTta cuctema Ha JlopeHr,
KaTo CHELMANIEH CIIy4aid, 10KaTo cucreMara Ha UeH
3aI0BOJIABA d;y dy; < (. ChnemoBaTeNHO cHUCTEMATa
Ha YeH He MpHUHAAJICKH Ha 00oOLIeHaTa QaMuIns
cucrtemu Ha JlopeHu. B aeiicTBUTENHOCT cucTeMara
Ha YUeH npuHaAIexXy Ha Apyra npuera Gamuius oT
xaotnuHu cuctemu [7-13]. JIro m Yen nammpar
KpUTHYHA HOBa XaoTW4yHa cuctema [7-13], kosTo
3aJI0BOJISIBA YCIIOBHETO ;2. dy; = () M IPECTaBIsABa
npexoa Mexay arpakropute Ha Jlopenn u Yewr.
To3u xaoTUYEH aTPaKTOp C€ MpeaCcTaBs 000OIIECHO
ype3 cieBalaTa TpuMepHa aBTOHOMHA CUCTEMA!

t=a -(y—x)

y=—-z-z+c-y

i=r-y—>b-z (8)
TunuuHUTe MapaMeTpy 3a CHCTeMara Ha

Jto ca a = 35, ¢ = 28, u b = 3. Ta3u cucrema

cBbp3Ba cucremure Ha Jlopeniy u Yen. ChriacHo

obobmieHara cucrema Ha JIo ce onucea upes:

a —a a 0 T 0 0 0 a
7| = 0 ¢ 0 Yy | +z 0 0 =1 y
| £ 0 0 =b z 01 0 z |
)

& " -36 36 0 " T " ) 0 " x
U= 0 20 0 y {+z-| 0 0 =1 y
J 0 0 —3J zJ 0 1 l]J z |
(10)
Cucremarta a JIro 3agoBonsBa a;, - ay; = 0,
(36:0 = 0). Hosara cucrema He ¢ nudeomopduana
(Qupeomopuzom - uzobpascenue om onpedener
mun mesicoy 2n1adku MHO2000pasust) CbC CUCTEMHUTE
Ha Yen u JlopeHn TbHA KaTto CTPYKTypuUTE Ha
coOCTBeHaTa CTOMHOCT HE Cca CEKBHUBAJICHTHU B
TEXHUTE CHOTBETCTBalIM Toukd. Omie moBede, ye
TE3W BEPUTH HE Ca TOMOJOTHYHO €KBUBAICHTHHU ThI
KaTo HE ChIIECTBYBAa HEeNWHHYHA KOOpPIMHATHA
TpaHchopMarus [7]. JIro KOHCTpyHUpa
yHUQHUIHpaHa cucTeMa, KOSITO CBhIBpPKA
MOCOYEHUTE MO-TOPEe TPU XAOTUIHH CUCTEMH, KOUTO
ca cBbp3aHH, HO He ca ekBuBaseHTHH [S]. HoBara
yHUHUIHpaHa CHCTEMa Ce OIMCBA OT:

Z

=N
|

=(25-a+10)-(y—x)
y=(28-35-a) z—z-2+(29-a-1)y
i=z-y-—23% .2 (11)

kpaero a € /0, []. JluHEHMHMST yYacTbK OT
cucTeMaTa B ypaBHeHHE (5), TOCTOSTHHATa MaTpHIla
A = [ay] ocurypsiBa KpUTHYHATA CTOMHOCT d;; * dsj,
KBJETO ChIJIACHO Ta3W KPUTHYHA CTOWHOCT IjsIaTa
(haMmis OT XaOTHYHU CHCTEMH B ypaBHeHHE (5)
MOJXe Ja ce Kiacu(uuupa KakTo ciensa: korato () <
o < 0.8, cuctemata ypaBHeHUs (5) MpUHAJICKN HA
oboOmienara cuctema Ha JlopeHil, 3amoTo ¢ Te3u
CTOMHOCTH Ha o UMaMe d;, * dy; > (); Korato o =
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0.8, cucremata B (5) NpWHAIICKHW HA Kiaca OT
Xa0TOYHU CHUCTEMH, Thil KaTO B TO3MW Ciyya daj, -
ay; =0; xoraro 0.8 < a < I, cucremara B (5)
MIpUHAIIEKH Ha o00oOmeHara cuctemMa Ha UeH,
dopmymupana B [13], 3a kosiTO a;5. az; < 0.

Jio u Yen otkpuBar HoBa JlopeHio-
monoOHAa XaoTWYHA CHCTeMa, KOATO MOXe Jia

JEMOHCTPHPA  €JHOBPEMEHHO JIBa  XAOTHYHH
arpakropa[6].:

I « 11+ BN e
t=—"5-r-y-z+c

y=a-y+zr-z

i=b-z+ax-y (12)

KBIETO a, b, ¢ ca peaaHu KoHcTanTH. KoHnenmumsara
3a 0boOmenara cuctema Ha JIopeHIl € pa3BuTa 0
HOB KJIaC OT CHCTEMH MOJ00HH Ha Ta3u Ha JlopeHi
B kaHoHmuyHa (opma [6]. TakaBa ¢ cnegHarta
(bamunust ot cucremu Ha Jlopenn [6], [14]:

=9
L=}

=a1 T +az Yy t+aiz-T-rraygy-y-z
=b-r+by-y+hg-r-z+bog-y-z+ds

oo
=

=e3-z+cy-r-y+en-xt-zton Yt feas-2+ds
(13)
KBIETO a;, b, a3, biz3ai=1,2, ¢;j3aj=1,2,3, uc; d,
ds, ¢, ca peanmnu koHctantu. CucTeMaTa B ypaBHe-
mue (10) e obma ¢opma 3a MOBEYETO TUITUIHHU
TPUMEPHU KBaJIPATHYHH aABTOHOMHH XAOTHYHHU
CHCTEMH, BIIOYBANIM cucTeMaTa Ha JlopeHi,
cucremara Ha Yen [3], cucremara wa Jlo [7],
CHCTEMH TMOM00HM Ha cuctemaTa Ha Jlopeni [6] u
cuctemu Ha Crpor [9].
2. M3no03BaHul MeTOAHN
3a mpoBekaaHe HA CUMYJIAIUU ChC CTOXACTHYHH
MOJEIN HaWi-4eCTO c€ M3M0J13Ba METOAbT MOHTE
Kapimo. ToBa e yHuBepcaleH METOJ] 3a CUMYJIalus,
KOMTO HaMupa MPUIOXKECHUE B Pa3IMYHU 00IacTH
Ha HAyYHHUTE W3CIEeJBaHUs W B IPaKTHUKaTa.

=¥
al

MeronsTr Monte Kapno wma gBe BaxHU

0COOEHOCTH:

e [Ipocta cTpykTypa Ha  U3YUCIUTCIHUS
aITOPUTHM;

e ['pemkara pu HM3YHCIIEHUATA e
nponopuuonanaa #a (D/N)'% kpaero D =

const 1 N - Opoii Ha U3NUTAHHUATA.

3a ;ma ce HaMaiW TpeuIkara ¢ eIuH Topsi-
'K, TpsiOBa Ja ce yBenWdn OposT Ha omuTHTE N.
MeronsT MonTte Kapiio no3sosnssa ja ce Moaeaupa
MPOU3BOJIEH TPOIleC, HAa YMETO MPOTHYAHE BIIUSAT
ciaydaiiau (akTopu. 3a MHOTO 3a/1adi, HECBbP3aHH
ChC CiydaiiHH (akTOpu MOXe W3KYCTBEHO Ja ce
BbBEJAT BEPOATHOCTHU Mojenu. [lopaau ToBa 3a
MeTobT MoHTe Kapio Moxe 1a ce roBOpH KaTo 3a
YHHBEpCaJeH METO/I 32 PelllaBaHe Ha 3a/Ia4H.

B namms cayuyait me u3BbpmuM mo 90
CUMYJNIAIIMOHHM TecTa Ha JWHAMUKaTa Ha
XaOTHYHATa CHCTEMa C TpHjaraHe ChOTBETHO Ha

I'A u PSO anroputmu 3a OlieHSIBaHE Ha ThPCEHUTE
napamerpu. Llle ce omeHsBar cToMHOCTUTE Ha
HAYaJHUTE yCJIOBUSA II0 TPUTE KOOPAUHATHU X, Vo, U
zy. Ilo BpeMe Ha M3BBpPIIBaHE Ha TECTOBETE IIE Ce
BapupaT CTOMHOCTHTE Ha (PaKTOPUTE, KOHUTO
OKa3BaT BIUSAHHE BHPXY KauecTBOTO Ha paboTa Ha
W3CIIC/IBAHUTE aNTOpPUTMU. ToBa ca BEPOSITHOCTTA
3a KPBCTOCBaHE WM CTeleHTa Ha MmyTtamus 3a ['A
anropuThMa u GakTopa Ha KOPEeKIus (00yUeHHe), ’
uHepuusata 3a PSO amropursma. [lmanbr Ha
eKCIIEPUMEHTHUTE € IIEHTPaTHO KOMIO3HMpaH ¢ 1o 3
HHBA Ha U3MCHCHHE Ha (DaKTOpHUTE.

3a oleHsBaHE HA 3HAYMMOCTTAa Ha
(bakTopuTe THPBOHAYAIIHO CE W3BBHPIIBA TECT Ha
HyJIeBa XHIIOTE3a, U3BECTEH Kato TecT Ha durrep
(F- tecr).

3.CToxacTHYHH aJTOPUTMH 32 TbpCEHE,

M3MO0JI3BAHH NMPH WIEeHTH(HUKANUATA HA

napaMeTpuTe Ha MOJEJIH

Baxno wmsicTo mpu uiueHTHQHKANMATA Ha
CHUCTeMH 3aeMa IMpoleca Ha HIASHTU(UKANWA Ha
nmapaMmeTpure. TexHmdecku Ao0pe ca 0O0OCHOBaHH
penuna MeTOOW KaTo MeTOA Ha Hal-MaJKHhTe
KBaJIpaTH, METOJT Ha WHCTpyMEHTAaIHATa
MPOMEHIIMBA W METOJA Ha  MaKCUMAIHOTO
npaBAoNoaoOue, KOUTO ChIIECTBYBAT 32 OIICHKA Ha
rapaMeTpuTe Ha MOJIENUTE. AKO MPOCTPAHCTBOTO
Ha ThPCEHE He € Mu(EePEeHIUPYEMO WIH JTHHEWHO 110
OTHOIIIEHHE Ha TapaMeTpUTe, YeCTO Te3W TEXHHUKHU
HC yCIABaT B TbPCCHETO Ha riaodaieH OIITUMYM.

[TonacrosimeM HU3MOI3BAHETO HA TEXHUKUTE
Ha wm3KkycTBeHHsa mHTeNeKT (M) craBa BB3MOXKHO
Opu peawlia TpWIOKEeHHs B oOjacTra Ha
ynpasieHuero. EjqHa oT Hali-MOIIHUTE TEXHUKU Ha
NN e renermunust amroputbM (['A), xoiito e
IIMPOKO H3MON3BAaH M TpWIaraH B CHUCTEMHUTE 3a
KOHTPOJL

3.1 I'eHeTHYeH aJTOPUTHM

I'enetnunusar anroputeM (I'A) e meron 3a
pfiiaBaHC Ha ABaTa BUJa ONTHUMU3ANMOHHU 3ala4yun
¢ u 0e3 orpaHuvYeHUs, KOWTO CE€ OCHOBaBa Ha
ectectBeHns1 moxbop. ToBa €  MPOIECHT,
3aIBIDKBAI OMOJIOTMYHATA €BOJIIOIMA. | eHeTHd-
HUSAT AITOPUTHM MHOTOKPaTHO IIPOMEHS
pelleHusATa Ha HHIUBUIyalHaTa Tomynanus. Beekn
BT TEHETUYHHAT ATOPUTHM M30Wpa WHIUBUAHN Ha
CllydaeH MpPUHIMII OT HACTOSIIATA IOIyJNAlMs 3a
POIUTENN W TH H3IMOJI3BA 332 BH3MPOU3BOJICTBO HA
JieTia 3a cienBamioTo mokoneHue. [Ipu ciensarmmoTo
NOKOJIEHHE  TOoMyJjlanusTa Cce€ pa3BuBa  Karo
ONTHUMATHO perieHue. MoxeM ga npuinoxum ['A 3a
peliaBaHe  Ha  pa3iMYHU  ONTHMU3AIMOHHH
mpo0ieMu, TpU KOWTO HE Cca TOAXOISIIH
CTaHAAPTHUTEC OINITHUMU3AITMOHHHU AJIrOpUTMH,
BKIIFOYBAliKM TpoOJjeMHuTe, MPH KOUTO IlesieBaTa
dbyHKIEST € TpeKbcHaTa, HeAudepeHIupyema,
CTOXAaCTHYHA WJIM CHUJTHO HEJTWHEWHA.
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I'A wu3nosizBa Tpu OCHOBHHU MpaBWwia IPHU
Ch3JIaBAaHETO Ha CIEABAIIOTO IOKOJICHHE OT
HACTOSIIATA MOy JIAITNS:

o [lpasuna 3a cenekyus TpU TMOAOOD HAa
WHAWBHUIINTE, HAPEUYCHU pooumeiu, KOUTO
MOTIPUHACAT 3a TOMyJAIUATa Ha CICABAIIOTO
MTOKOJICHHE;

e Jlpasuna 3a Kpbcmocéare, KOMOWHHpPAIIH
IBaMaTa pPOAMTENM TpU (QOPMHUPAHETO Ha
JleraTa 3a CJIeIBaioTo MOKOJICHHE;

e Mymayus npuemar CiIydallHMU XpOMO3OMH Ha
poauTenuTe npu GopMUpaHeTO Ha JelaTa.

T'A e npemnoxen npe3 1975r. ot Xomaun [4] u ce

OCHOBaBa Ha KOHIIEMIHMATA 32 HWMHUTAIMsI Ha

€CTECTBEHATa CBOJIIOIMS Ha TOMyJalusaTa, KaTo

MO3BOJIIBA  PCIIEHUS 32  BB3IPOU3BOICTBOTO,

Ch3/1aBalikii HOBH pPEIICHUs, KOUTO CJell TOBa Ce

ChCTE3aBaT 3a OIleIsiBaHe B CIIE[BAIIaTa UTEpPaIlHsl.

KauecTBoTO Ha MomynanusaTa HapacTBa o BpeMe Ha

TeHepaluTe W HaKpas ce MoIy4aBa Hal- JoOpOTO

pemenne. Hawamnata momynarus P(()) ce xommpa

CIIy4aiiHO 4pe3 CTPUHroBe. BbB Besika reHeparus

ce u30paT eJIeMEHTHUTE C Haiil- T0OpPO KauecTBO KaTto

0a3a 3a MpOIBDKaBaHE Ha PoOJia, CIed KOETO ce
0o0paboTBaT 4Ype3 TpU TCHETUYHH OIepaTopa:
penponyKIusi, KpbhCTOCBAHE W MyTalus, 3a Ja

TeHepupaT HOBOTO TMOKoJeHwe. B®3 ocHoBa Ha

MPHUHIIMIIA Ha OLEIsIBaHE Ha MO-CHJIHHUS Ce

MoJTyyaBa Haii- JoOpaTa XpoMo30Ma Ha KaHAWJATaA.

[IceBno konbT Ha A uIIOCTpUpa W3UKUCIUTEIHATA

MpoleAypa KakTo CieBa:

Mpoueaypa ' A

Begin

t=0
MHUymnanuaupan P(t)
naumcnm P(t)
While nsnbnHeHne Ha ycrnoBMeTo 3a cTon

Begin
t=t+1
n3bepm P(t) ot P(t1)
npomenu P(t)
naumcnm P(t)

End

End

TexHUKUTE Ha TEHETUYHHS aJITOPUTHM
("'A) ce mpumarat edeKTHBHO 3a OIICHABaHE Ha
napamMeTpute Ha wmoxaena. ['A  egHOBpEMEHHO
OLIGHABA MHOTO TOYKH B IMPOCTPAHCTBOTO Ha
napaMeTpuTe W ce MpHOIMmKaBa KbM TJI00aTHOTO
peuienre. Tol HE W3KMCKBa MPOCTPAHCTBOTO Ja €
mudepeHuupyeMo wiIM  HempekbcHato [10,12].
MHoro uscienoBatenu npuiaraT ['A TeXHUKHUTE 3a
uiaeHTH(GHUKAIMA HAa JUHEWHM W HEJIWHEHHU
CUCTEMHU.

3.2 Konnenuust Ha PSO moaxoaa

CopiiecTByBaT MHOKECTBO HW3YUCIIUTEIHH
TEXHUKH BIBXHOBEHH OT OWOJOTMYHU CHUCTEMH,
HampuMep M3KYCTBEHHUTE HEBPOHHH MpEXH ca

OTPOCTEH MOJEN Ha YOBEHMIKOTO MucieHe; ['A e
BIILXHOBCH OT YOBEIIKaTa €BONIOIUA. TyK ce
JUCKyTHpa JpPyr THUI OWOJIOTUYHA CHCTEMa —
colMajHa CHCTEeMa U IO - CHEIHalHO KOJIEKTHBHO
MOBEJICHNEC HAa  OTICITHUTE UWHIAWUBHIA  IIPU
B3aMMOJICHICTBUETO WM C OOKPBKECHHETO U C
JIpyruTe WHAMBUAA. HsAKOM TO Hapuyatr MHTENEKT
Ha ATOTO. BCHuky cuMylaniuu M3MONI3BaT JOKAITHU
MpOLIECH, KaTO HampuMep Te3W MOJeHpamln
KIIEThYHUTE aBTOMAaTH W MoraT Ja Jexar B
OCHOBaTa Ha HempejacKazyema TpyloBa TUHAMHKA
Ha COIMAIIHOTO ToBeneHue. lpu Te3m cumymarim
Ce WM3BBHPIIBA MHTEPIIPETAIUS HA IBHKCHUETO HA
OpraHu3MUTE B STO NTHIHM WIK pUOCH nacax. Te
OOMKHOBEHO C€ W3MOJ3BAaT B KOMITIOThPHATA
aHUMaIUs WK aBTOMATH3UPAHOTO MpoeKTupane. B
obnactra Ha W3YUCITUTEITHUS WHTEIJICKT
CHINECTBYBAT JBa MOIMYJISIPHA METO/Ia, BIbXHOBEHH
OT TOBEJICHUETO Ha sATOTO: Ant colony optimization
(ACO) — onTuMH3anysl TUI KOJOHUS OT MPaBKU U
particle swarm optimization (PSO) — onruMmu3aus
¢parment or sro. ACO e BIBXHOBEH  OT
MOBEJICHUETO HAa MpPAaBKUTE W HaMUpa MHOTO
YCHEIIHA MIPUIIOKCHUS B JIUCKPETHHUTE
ONTUMU3ANMOHHN TpoOiemu. PSO koHmenmusTa
Npou3THYa OT CHMYJAIUsATa Ha OMNPOCTCHU
COIMATTHU CUCTeMH. [IbpBOHAYAIHO HAMEPEHUETO
e OmIo 1ma ce cuMynHpa xopeorpadusTa Ha ITHIIA B
ATO WJIM Ha puba B macax, obadue € yCTaHOBEHO, Ue
PSO wmopmensr MoOXe J1a ce U3MO0J3Ba Karo
ontumuzarop [11].

PSO e IOy JIAITHOHHO Oazupana
CTOXacCTUYHA ONTUMHU3AIMOHHA TexHuka [11],
paszpaborena ot Ebepxapm u Kenemu mpe3 1995,
BIbXHOBEHa OT COI[HAIIHOTO IIOBEJACHHUETO Ha
OTUITE B moneT W pubute B macax. PSO nma
MHOTO OeJle3u C TEeXHHKUTE 3a CBOJIOIMOHHO
n3uncieHue karo Hampumep I'A. Cucrtemara ce

WHUOAJIN3upa C nmomyJjanusa oT cnyqaﬁHM
pecHuA u TbhpCHU OrnTUMyMa qpe3
ochBpeMeHsBaHe Ha reHepanuure. (O6aue 3a
pasmukata ot ['A, PSO He mpurexasa

€BOJIIOIIMOHHU OIepaToOpu KaTo KPbCTOCBaHE U
myTanus. B PSO Bbp3MoxHUTE pelieHns, HapuiaHu
YaCTHIIM JIETAT B TMPOCTPAHCTBOTO Ha MpoOiema,
cleBaiiku TEKyImuTe Hak-700pu yacturu. B
cpauenne ¢ ['A mpeaumctBata Ha PSO ca
MPOCTOTaTa Ha TPWIOXKEHHE W MalKusl Opoi
mapamMeTpu 3a  HacTpoiika, PSO e ycmentHo
OpUIOKEH B MHOro o0macTd: (QyHKIHOHAIHA
ONTUMH3ALNS, TPEHUpPAaHE HAa W3KYCTBEHH HEPBHU
MpEXKH, YIIpaBlIeHUE Ha Pa3MUTH CUCTEMH U JIPYTH
chepu, kpaeTo u ['A Moxe fa Ob/Ie IPUIIOKEH.
PSO cumynupa mnoBeneHueTo Ha JieTAIIa
ntuna. [Ipenmonara ce ciieqHus clieHapwii: rpyna
OTUIU CIIy9alHO TBPCH XpaHa B OMNpPEIEICHO
npocTpaHcTBO. MMa camo eqHO mapuye XpaHa B



-99 -

MPOCTPAHCTBOTO 32 ThPCEHE, HUKOS MTHIIA HE 3Hae
Kbjle € xpaHarta. Te o0ade 3HAsAT KOJKO Jajede e
XpaHaTa mpH Bcska utepanus. Kos e Haii- noOpara
cTpaTerus 3a HaMmupaHe Ha XxpaHa? Enpna ot
no0puTe € Ja ce ciie[Ba NTHIATAa, KOSITO € Haid-
0JIM30 10 XpaHaTa

PSO e Ga3upan Ha TO3M CLEHAPHH U TO
M3ION3Ba 32 pellaBaHe Ha ONTUMHU3ALUOHHH IIPO-
omemu. B PSO Bcsko enHo pemenue e "mruma" B
MPOCTPAHCTBOTO 32 ThPCEHE Ha MACTO. Ts ce HapH-
ga "particle". Bcuuku gacTunm uMat CTOMHOCTH Ha
Ka4ecTBOTO, KOETO Ce U3UHCIsIBA OT (PYHKIMATA HA
Ka4ecTBOTO MOJyIeXKalla Ha ONTHMHU3ALUS U TpUTe-
’KaBaT CKOPOCTH W IOCOKH Ha I0JIeTaTa Ha YacTH-
mute. Te NeTar mpe3 MpocTPaHCTBOTO Ha mpobie-
Ma, CHCﬂBaﬁKH TCKYIIUTE ONTUMAJIHU YaCTHUILIH.

IIpouenypara PSO ce wuHMnmManusupa c
rpyna OT CIy4YaHd dYacTUOW (peIleHHs), Clieq
KOETO TBPCH ONTHMyMa upe3 OOHOBSIBaHE Ha
redeparuute. [Ipu Besika urepanus Besika 4acTUIla
ce OOHOBSBAa Ype3 CICOHUTE MBS HaW-I00pH
croHoctu. IIppBara e Haii-mOOPOTO pemeHue
(xauecTBO), KOETO ce MpHeMa Jia € TBbpJE Jajeye.
(CroifHOCTTa Ha Ka4yeCTBOTO CHIIO C€ 3arOMHS.)
Tasm croitHocT ce Hapwuya pbest. Jlpyrara Haii-
nobpa croitHocT, KoATO ce mpociensBa ot PSO e
Hal-moOpaTa CTOWHOCT TIIOCTHUTHATa OT HIKOS
yacTulla B Tomyjanusata. Ta3su CTOMHOCT €
robanHo Hai-moOpaTa u ce Hapuda gbest. Korarto
YyacTUIlaTa B3eMa y4acTHe B YacT OT TOJITyJIalusITa
KaTo HEWH ChCeI II0 TOIOJNOTHS, Hal-moOpara
CTOWHOCT € JIOKaJTHO Haif- jo0OpaTa W ce Hapwua
Ibest.

Crnex HaMUpaHETO Ha JBETe Hall-mo0pu
CTOWHOCTH YacCTHIINTE OOHOBSBAT CKOPOCTUTE M
IIO3UITUUTE CH, HA3T0JI3BAliKHA CJICIHUTC YpaBHCHUA:

v[ ] =v[]+cl *rand()*(pbest[ | - present[ ] ) +
+ c2*rand( ) *(gbest[ | - present[ | ) (14)

present[ ] = persent[ ] +v[] (15)

v[ ] e ckopocT Ha dHacTHiarta, persent/ | TeKyma
yactuna (pemenue). pbest/ | n gbest[ | ca pa3nu-
9HU, KakTo Oe kazaHo mpeaw ToBa. rand ( ) €
ciydaiitHo wucio mexay (0,1). cl, ¢2 ca dakropu
Ha o0ydeHueTo. OOMKHOBEHO ¢l = ¢2 = 2.
[ceBMOKOIBT HA MPOLICAYPATA € CIICTHHSL:

For Bcsika yactuua
MHnumanusauus Ha Yyactuuara
End
Do
For Bcdka yactuuya
M3uncnsiBaHe Ha CTOMHOCTTA Ha Ka4ecTBOTO
If cTonHOCTTa Ha KayecTBOTO € no-gobpa ot
Han-gobpata npeauwiHa ctonHocT (pBest)
3anoMHK TeKylllaTa CTOMHOCT KaTo HoBa pBest
End
M36epun yacTuuaTa ¢ xar-gobpa CTOMHOCTTa Ha

kayecTBOTO KaTo gBest
For Bcsika yacTuua
M3uncnu ckopocTTa 1 no ypaBHeHue (a)
O6HoBM NosmuudaTa u no ypasHeHue (b)
End
While pocturaHe Ha KkpuTepuss 3a chnvpaHe
(MakcumaneH 6poli uTepauuMuM MAM MUHUMMAHA
rpewka)

CkopocTuTe Ha YaCTUIMTE IO BCsKa
KoopAauHaTta ce (¢ukcupar (orpaHHYaBaT) 0
MaKCcHUMaJIHaTa CKOpPOCT V., B cllydail, ue cymara
OT YCKOpEeHHsTa OU Mpeau3BrKaja MPEeBUIIaBaHETO
Ha cKopocTTa Hanx V,,, KOETO € mapaMmersp,
3a/1aBaH OT MTOTPEOUTEIIS.

4.YncneHu ekcnepuMeHTH

M3nbaHsBaT ce alropuTMHU 3a OIICHSIBAHE,

Oazupann Ha ['A mw PSO, 3a ga ce HamepsT
CTOMHOCTUTE Ha NapaMeTpUTe Ha HEIMHEHa
XaoTH4YHa cuctema. Upes3 mpomsHa Ha (aKkTOpHTE
crerieH Ha myTanus (B ['A) u ckopocT Ha yacTHIINTE
(8 PSO), ce cpaBHsiBa TOYHOCTTa U €()eKTHBHOCTTA
Ha aIropuTMuUTe Ha oIeHsBaHe. llle w3mBIHUM
ekcriepuMenTa mo 90 mbTH, U3NoN3Baiiku MoHTe
Kapmo cumynmamus W mocne 1me W3MOJI3BaMe
CcpelHaTa CTOMHOCT 3a OLleHKa Ha ToyHocTTa. [lle ce
W3ITBJIHA M aHaJN3 Ha 3HAYUMOCTTa Ha (DaKTOpUTE
(F-tect). Crenenta Ha e(QEKTHBHOCT TIIMe Ce
ompeneny dYpe3 H3MEpBaHE Ha BpPEMETO 3a
U3ITBJIHEHUE Ha TecTa.
W3bupame xnacuueckuss mojen Ha Jlopenm 3a
Xa0THYHA cucTeMa, 3a Ja U3CleaBaMe Kak
anmroputmute ['A u PSO me waentudunupar
napameTpure (Ha4aJHUTE YCIOBUS) Ha CUCTEMATa.

Mopnenst Ha JlopeHI] Ha XaOTHYHA CHUTEMa €
ChCTaBeH B cpedarta Ha Simulink 1 e mokazan Ha
@ur. 1.

1 -
s [ =

Integratart v

b J

1
=] 4

Integratorz =z

il
|-:mdud1

@ue. 1. Simulink mooen na xaomuuna cucmema na
Jlopeny
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[Tapametpure Ha cucteMatra SIGMA,
BETA, R u HayanHuTe YCIOBUSA Xy, Yy, U Zyp ca
BBHIIIHM 3a Mozena. Te ce 3amaBaT KaTo TI00aIHu
MMPOMEHJINBH Ha pabdOTHOTO TIPOCTPAHCTBO Ha
Matlab.

Pesynrature oT cuMynanusTa Ha XaOTHYHA
cucreMa Ha JIopeHIl ako HaYaJIHUTE YCIOBUS €A !
x9p=0,y9=1n zy =0, canokazanu Ha dur. 2 B x —
y TpaekTopusi U Ha Pur. 3 B x — z TPaEKTOPHA.

20 T T T T

Y - coordnae

- coordnate

Due. 2. I'paguxa na X-Y pazosa mpaexmopus

Z - coordnate

X- coordnate

Due. 3. I'pagpura na X-Z ¢pazoea mpaexmopus

MogensT B Simulink BpbIlia cuMynupaHuTe
CTOIHOCTM Ha KOOpAMHATUTE X, Y U Z B
npomennmBute X(:,2), y(:,2) u z(:,2). [IspBuar pen
OT Ta3M NPOMECHIIMBYU € BPEMETO Ha CUMYJIALIHA.
[Ipouenypara Ha wu3cnexBaHe, ©Oa3upaHa Ha
TCHEeTUYHMS aJITOPUTHM € 3alucaHa KaTo (QpyHKIUs
B Matlab nznon3Baiua cieqHus] CHHTaKCHUC:

[A B AVvSAE] = ga_proc(err, popsize, mutation_r,
n_generations),

KBAETO:

A e BEeKTOp, ChIbPIKaI OIEHEHUTE 'a' TapaMeTpH;

B e BekTop, chabpxan orieHeHuTe 'b' mapameTpu;
AvVSAE e BeKTOp Ha CpPEeIHOAPUTMETHUYHOTO Ha
abcoJIOTHATA IpelliKa Ha MOJIEJIA 33 BCUYKH MUHAJIH
TTOKOJICHYIS,;

err ¢ J0ITycKa Ha IpellKara;

popsize e pa3zMepa Ha NOIYJIalKsATa;
mutation_r e CKOpOCT Ha MyTaIlHsTa;
n_generations e OposAT Ha MOKOJEHUATA.

Cunrakcucbt Ha Matlab  dyHKIHATA,
peanu3mpalna anropuTbMa 3a OleHsSBsIHE, OazupaH
Ha PSO e:

[A B AvSAE] = pso_proc(swarm_size,
correction_factor, inertia, iterations, err),

kbpaeTo A, B, AVSAE u err umar ChbIHS CMHUCHI
KaTo BbB (PYHKIHSATA ga_proc, a OCBEH TOBA!
swarm_size e pa3mep Ha poska,

correction_factor e ckopocT (CTerneH) Ha MyTaIlus;
inertia e koeUITMEHT Ha HHEPITUATA;

iterations e Opos Ha UTepaUUTE.

5. Pesyararu
Pesynratute or wuneHtudukanuiaTra Ha
mapamMeTpuTe Ha  XaoTHYHa  CUCTeMa  upe3
n3nomBane Ha ['A n PSO ca moka3anu chOTBETHO B
Tabmuna 1 u Tabmuma 2. Tyk ca gageHu camo
nbppBUTE 15 pesynrata or obmo 90 Ha Opoii
MPOBENICHH TECTA.

Ta6auna 1. Pesynratu ot Tecra Monte Carlo 3a 3a
OLICHsABAaHE Ha MAapaMETPUTE Ha XAaOTHYHA CHUTEMa
ype3 u3noJi3Bane Ha ['A

Run |Cross- | Mutation_r [AVSAE _ x0 yo z0
No |over_p fin_value

1 0,6 0,5 0,098505 | 1,542 |-0,98537| -0,052285
2 0,2 0,275 0,1749 2,556 | -2,3089 |-0,0072939
3 0,6 0,5 0,075074 |-0,24461| 1,3216 | 0,057095
4 1 0,275 0,60238 | 3,4545 | -3,4781 | -0,16737
5 1 0,5 0,066335 |0,19064 |0,77132| 0,015057
6 1 0,275 0,22434  1-0,24986[1,2679  |-0,05732
7 0,6 0,05 1,4379 16,4319 |-7,0432 10,52591

8 1 0,275 0,06122 10,31831 |0,57865 |-0,018397
9 1 0,5 0,75645 |-4,0031 |5,9658 10,62677
10 [0,6 0,5 0,023505 |-0,994 [2,2728 |0,0692

11 1 0,05 0,18054 10,86819 |-0,1245410,050029
12 0,6 0,275 0,20538 |-3,3922 |5,3283 ]0,39746
13 1 0,05 0,85293  |-1,5019 [2,7675 |-0,29197
14 0,2 0,5 0,058228 10,63646 |0,18519 |-0,041768
15 |1 0,275 0,33681 16,1416 |-6,7674 |0,82218

Taoaunma 2. Monte Carlo Tect 3a oleHsBaHe Ha

napamMeTpuTe Ha Xa0TH4YHa CHUCTEMaA, U3IIOJI3Ball]
PSO

Run |Correction | Inertia [AVSAE _ x0 yo z0
No |factor fin_value

1 2 0,4 0,26994 1,5792 |-6,9554 | 3,3031
2 2,4 0,4 0,60053 | 4,2597 | -7,0387 | -9,2593
3 2.4 0,4 0,5462 1,9256 | -7,4193 10
4 2 0,8 0,060609 |0,42487 | -1,184 1,145
5 2 0,8 0,11038 | 3,2454 | 5,3091 1,2815
6 1,6 0,4 0,021016 10,13416 |0,29541 |0,1432
7 2.4 0,8 0,12584 2,269  [9,7227 |-2,5956
8 2.4 0,6 0,57805 |-1,1474 [7,2752 |10

9 1,6 0,4 0,39141 |-1,7529 [9,6667 [6,0285
10 (1,6 0,6 0,042522 10,24392 |-0,27394(0,37148
11 1,6 0,8 0,6092 2,059 |-8,2115 |10

12 |2 0,6 0,11712  10,50805 |-1,5928 |[1,5421
13 2 0,4 0,011935 |-0,19543 2,079  |-0,37443
14 1,6 0,4 5,0224  |5,5716  |-10 -1,1942
15 24 0,4 0,021206 [0,20992 |-0,193422,1618
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CpenHute CTOMHOCTH Ha MapaMeTPUTE
m3uncienu ot ['A u PSO anropurmure ca mokasaHu
B cienBamiata Tabmuua 3. Moxke 1a ce oTOenexH,
ye B To3u ciiydail PSO naBa mo-TouHu pe3yiTaTu.

Tabonuua 3. CpegHu cTOMHOCTH Ha OICHKUTE HA
apaMeTpUTe Xy, Vo, Zo U AVASE

Aaroputrsm |Cpeano |Cpenno x, (Cpeanoy, |Cpeano z
AVASE

A 0.9713 |1.3636 0.5796 0.2570

PSO 0.5827 |0.6974 0.3582 2.5293

Opurunaji 0.0000 1.0000 0.0000

EdexruBnocrra Ha T'A e mManko mo-mo0Opa OoT Tasu
Ha PSO.

CpIio ce M3BBPIIBA aHAIH3 HA 3HAYUMOCT
3a pasznuuan mapametpu 3a 'A u PSO, nokazan Ha
Qur4 wu Dur.5 coorBeTHO. Haif-mo6puTe
CTOWHOCTH 3a TIapaMeThpa KPhCTOCBAHE U CTEIICHTA
myTtanus ca 0,2 u 0,5. Hait-no6pute cToifHOCTH 32
Koe(UIIMeHTa Ha KOPEKIMsS U WHepuusara ca 2,4 u
0,6.

Scatter plat AVSAE &, Crossover parareter and Mutation rate

[

e

AVSAE

WLtation rae

Crossover parareter
QDue. 4 Tpumepna nuarpaMa Ha pa3ceiBaHe Ha
AVSAE 6 3asucumocm om pakmopume Ha
Kpvemocsane u mymayus npu I'A

IIpu tect Ha HyneBa xunore3a F-tecra, 3a
BCEKM OT TECTBAHHWTE AaNTOPUTMH HMa pe3yJTart,
KaKTO € IIOCOYEH I0-70Iy:

I'A: F > P 3a Bcuuku akropu

@DakTopbT BeposATHOCT 32 DakTOpBT CTEMEH Ha
KPBCTOCBaHE € 3HAYNM MyTalusATa € 3HAYUM
F=0.5818; P=0.1764 F=9.4417,P=0.1764

PSO: F > P 3a Bcuuku daxropu

DakTOpPBT KOPEKIHUS € ®DakTOpbT UHEPIUS €
3HAYUM 3HAYUM

F= 0.8905; P =0.1764 F=1.6092; P=0.1764

[IponpmwxkuTenHOCTa HA U3MKUTBAHETO 34
Bcruku 90 orenku 3a Beeku ciydait (A u PSO) ce

h3MepBa, 3a Jga Ce IpoBepH e(PeKTHMBHOCTTa Ha
anroputMute. OTYETEHUTE PE3YJITATH Ca:
[poxpmxurenHoct Ha Tecta 3a ['A: 1h 28min
23.5630s.

[Ipomemxurennoct Ha Tecta 3a PSO: 1h
34min 11.1400s

Scatter plot AVSAE ws. Correction factor and Ineria
eI

) 03 .
Correction factor Inertia

Due. 5 Tpumepna ouacpama Ha pasceligare Ha
AVSAE 6 3aucumocm om koepuyuenma na
Kopekyus u unepyusama npu PSO

CnenBamata @wur.6 mokasa COPTHpPaHUTE
croitHoctn Ha AVSAE 3a nBara anroputsma PSO (B
yepBeHo) u ['A (B cuHBO). OT TyK ce BWXKIA, 4e
npouenypara no PSO naBa no-to4yHu CTOMHOCTH Ha
mapaMeTpuTe Ha CUCTeMarTa.

Sotted AvSAE in GA and PS0

Ay SAE
w
T

il 10 20 30 40 50 B0 70 80 a0
Sorted Run number

QDue. 6 Copmupanu cmouHocmu Ha epeutkamad 3a
odsama aneopumovma: PSO-6 uepserno u I'A-6 cunbo

6. M3Boam
1. 1 nBara anroputrsMa I'A u PSO ca noaxonsum
3a M3MOJN3BaHE B IIpoleca Ha OLEHKa Ha
rapaMeTpuTe Ha HEIMHEWHU XaOTUYHHU CHUCTEMHU OT
KJjaca Ha JlopeHir.
2. Tabmmma3 w ¢ur.6 mokasear, ue PSO
aNropuThMa JaBa 3HAYUTEITHO MO-TOYHA OIEHKA.
3. Haii-noGpa ctoifHOCT Ha (akTopa BEpOATHOCT 3a
kpbcTocBane B ['A e 0,2. 3a cremenTa Ha MyTarlus
Ta3u cToiHocTt € 0,5.
4. Haif-noOpu mokaszatenu (MHHUMAajiHa TpEIIKa)
npu npunarane Ha PSO ce neMoHcTpupaT mnpu
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koeummeHT Ha Kopekrusa 2.4. 3a WHepIuATa Ta3H
croiHocT € 0,6.

5.TA orunta ™Manko mo-100pa edeKTUBHOCT
(TIpOM3BOUTEITHOCT), HO pasiuKara B
MIPOIBIDKATETHOCTTA HA TECTA, € MHOTO MaJIKa.
6.Ilpu oueHkaTa Ha HayaJHUTE YCJIOBHUA B
XaoTHYHM cucTeMu ¢ momoinra Ha ['’A u PSO 3a
MMOCTUTAaHETO Ha 3aJI0BOJUTENHA TOYHOCT ca
JOCTaThYHU 30 TTOKOJICHHS (uTepanun).
[TocTuranero Ha MO-BHUCOKA TOYHOCT € BB3MOXKHO
ype3 yBenn4yaBaHe Ha Oposg Ha WTepaluuTe 3a
CMETKa Ha BJONICHATa TMPOW3BOAUTEIHOCT Ha
METOJIUTE.
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CTPYKTYPHA HWIEHTUDOUKALIUA HA
CUCTEMMU C U3ITIOJ3BAHE HA AJITOPUTMMU
HA UBKYCTBEHUA UHTEJIEKT

POCHIIA KA3AKOBA, PYMEH I10ITIOB

Pe3tome: Hzcnedsa ce 6v3modcHOCMmMA 30 NpuiacaHe HA CMOXACMUYHU AN2OPUMMU 34
udenmughuxayuss Ha cmpykmypama Ha JauHeliHu cucmemu. H3nonzeamu ca eeHemuuen
aneopumvm (I'A) u onmumuzayus upe3 unmenekma na amomo (Particle Swarm Optimization —
PSO), 3a 0a 6v0e oyenen peoa na paswuper asmopezpecuoner (ARX) mooen. Hzevputenu ca
Mounme Kpno cumynayuu u pezyimamume om OyeHsA8aHemo ca CPAGHEeHU U AHATUZUPAHU.

KaouoBu aymm: cmpykmypHa udeHmudukayus, ceHemuyeH aieopumvpm, ONMUMU3AYUS,
unmenexm Ha amomo, ARX mooen.

STRUCTURAL SYSTEM IDENTIFICATION
USING ARTIFICIAL INTELLIGENCE
ALGORITHMS
ROSITSA KAZAKOVA, RUMEN POPOV
Abstract: The possibility to apply stochastic algorithms for structure estimation of the linear
systems is investigated. The Genetic Algorithm (GA) and Particle Swarm Optimization — (PSO)
are approved to estimate order of the Autoregressive exogenous (ARX) model. The Monte Carlo

simulations are performed and the results are analysed.

Key words: structure identification, genetic algorithm, particle swarm optimization, ARX

model

1. BbBeneHue

CrpykTypHaTa WACHTU(UKAIUS TPEICTaB-
nsBa W300p Ha CTPyKTypaTa Ha MaTeMaTHYHU
MOJIEJIM, OTHMCBAIM TPOIECHUTE B H3CICABAHUTE
o0exTH. JIo MOMeHTa He ChILECTBYBaT U3UepraTe-
HO paspaboTeHn (opManM3UpaHu NPOIEIypU 3a
m300p Ha CTpyKTypa Ha Moxaen.ToBa ce 0OsICHsIBA C
dakra, ge [5]:
1) B cucremure 3a ympaBieHHE C€ H3MOI3BAT
MaTeMaTHYHU MOJeNH, KOWTO OTpa3sBaT Haii-
BAXHUTE IapaMCTPpU Ha MNPOTUYAIIHWUTE IIPOLICCHU.
3aroBa mpH HMICHTHU(PUKAIMITA C€ HM3MO0I3Ba
NpUHIUIA HA ,,YepHATa KYyTUA
2) OMUTHT Ja C€ M3MON3BAaT (U3WYHU 3aKOHU 3a
ONMCaHWE HA  MPUPOAHM  TPOLECH  MOXKE
CBIIECTBEHO Jla YCIOXHH [MpOIeaypara Io
MosTlydyaBaHe Ha MaTeMaTHYHHUS MOJel, 3aTOBa HE €

HEOOXOJMO J]a CE OIMUCBAT MPOIECH, KOUTO HSAMAT
Bpb3Ka C (U3MUECKH 3aKOHH WM HMaT CIIOKHO
MaTeMaTHYHO MPEACTaBsHE.

3) unenTuduKanuATa Ha HOBH (HEIOCTATHUYHO
n3ydeHun) o0eKTu ce Oa3upa caMo Ha MPUHIMIIA Ha
,depHaTa KyTHus , a TOBa BUHATU BOJH JIO TIOSIBA HA
HEOTIPEIeTICHOCTH, KOMTO € HeoOXOauMo maa ce
IPEOI0ISIBAT;

4) Bcekn peaneH OOEKT BHHAarm € CBBp3aH C
BBHIIHATA cpelJa M 3aToBa Ha eTam n300p Ha
CTPYKTypa Ha MojieNa ¢ HeOOXOJMMO JIa C€ OTYUTAT
peanHuTe orpanndeHus. ToBa ChILIECTBEHO BIUsC HA
caMusl MOJXOJ 32 TOJly4yaBaHE HA MaTeMaTUYHOTO
omucanue. MaremaTHyHHs Mozen TpsOBa noa ce
KOHKpeTH3Hpa OO0 TakoBa HHBO, [JI0 KaKBOTO
Jonmycka HH(GOpMaIHsATa 3a CucTeMara.
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Taka manpumep, B [7] ce oTOensa3Ba, ue "B
MOMEHTa He ChIIEeCTBYBa OOIIONMpPHETa METOJNKA 32
CTpyKTypHa uaeHtuukanus. [IpuunHarta ¢ B TOBa,
Ye cpej CIEeNUANINCTUTE ChIIECTBYBAT JBa Pa3iiny-
HH o0pa3a Ha CTpyKTypHa uaeHTHUuKamms. Ha
KOHIICTITYaJIHO HMBO BCUYKU CHEIHAINUCTU Ca ChI-
JIACHH, Y€ WMHTYMIUATA U JKU3HEHUS OIHT WIPasT
ChIIlECTBeHA poJisi. Ha HUBO KOHKPETHO TEOPETHIHO
W3CTIeIBaHE YCHIIMATA Ca HACOYEHHW KBM CTPYKTY-
pupane u aOcomoTHa (opmanu3anus Ha JaJcH
npouec”.

JlomuHMpama pois B TEOpUsITa HA HIICHTH-
¢ukanuaTa 3aeMar cratuctudeckure meroau. C
rnmoMornra Ha Te3n Meroau [8,9,13] Morar ma ce
permar 3ajadd OT CTPYKTypHATa HWACHTH(DUKAIHS,
KaTo U300p Ha Hal-Ba)XKHU MMPOMEHIIMBH, OLICHKA Ha
CTENEHTa Ha HEJIMHEWHOCT U APYTH, KOUTO MO3BO-
nsBaT 00OCHOBAHO Ja ce MOAXOIW MpH n3dopa Ha
CTPYKTypa Ha MOJIEIIUTE.

B [1] ce mpeanara TeopeTUKO-€MIUPUYCH
monxoj 3a m300p Ha cTpykTypa Ha Moxaena. OTHa-
4aso, Bb3 OCHOBA Ha MpeaBapuTelIHa HH(popManus
3a W3y4aBaHHs Tpolec win o0ekT, ce (dopmupa
mpeanojaragMa CTpykTypa Ha mojena. Crien ToBa
Ha OCHOBa Ha €KCIEPUMEHTAJHH JaHHU C€ H3IIbJI-
HsIBa MPOBEpKa 3a aJCKBATHOCT Ha MOJIENa U B CIIy-
Yaii Ha HEYJIOBJICTBOPUTEIHU PE3YITATH CE TPABST
CTPYKTYPHH W3MEHEHUS WM C€ M3ITBJIHIBA ajarTa-
s Ha mapamerpure. ToBa e o0ImonpueT moaxox 3a
n300p Ha CTpyKTypa Ha Mozena. Cien ToBa ce mpa-
BU NapaMeTpu3anus Ha Mojesia, KOsATO 3a Kiaca Ha
JTUHEWHNTE MOJENN Ce€ CBEeXJa A0 3aJaBaHe Ha
MHOKECTBO MpeNaBaTeIHd (YHKIIMM U MOJEN Ha
Iyma.

B [13] ce npennara nponeaypa, KosTo Ae-
TalM3upa MoIXo/a, IpeioxkeH B [1], ¢ oTunTane
Ha JIOMBJIHHUTEIHA anpuopHa WH(oOpMalus 3a CHc-
TemMata ~oOekT-cpema”’. Ilpomemypara BriIrOUBa
m300p Ha THMa Mojen (JMHEeH, HeJWHESH U Ap.),
Ompe/elisiHe Ha pela Ha monesa. Thi KaTo BCUYKU
(dhopManu3upaHu TMPOUEAYPH C€ TpuiaraT MHOTO
TPYIHO, TIOPay CIIOMEHATHUTE TI0-TOPe MPUIUHH, TO
3a MojlyyaBaHe Ha CTPYKTypa Ha MOJETH OOHKHO-
BEHO C€ MpujaraT UTEPaTUBHU METOIU 3a 3aJaJcH
anpuopH Kiac Mojend. To3u MOIX0/ € TOMIHHPAIIL
¥ € B OCHOBaTa Ha METOJa 3a TPYIIOBO OTYHTAHE Ha
aprymentu [3]. M3mom3Baiiku TakaBa UTEpaTUBHA
mporeaypa TpsioBa Ja ce B3eMe pelleHne 3a CIupa-
He Ha Mpoleaypara 1Mo CTpyKTypHaTa uiaeHTnduka-
nusa. Haif-pazpaborenuTe MeToAM Ha CTPYKTYpHA
uacHTU(UKALKS ca MO MmapaMeTpu Ha mozena. M3-
0opa Ha KpUTEPHil 3aBUCH OT THIIA CMYIIEHUS, Bb3-
JieficTBamy BbpXy 0O€KTa M IeTUTe KOUTO Ce MOoC-
TaBAT NpH UACHTUQUKanuusaTa. Haii-uecTo ce uznoi-
3BaT CICIHUTE KPUTEPUHU, OTYUTAIIH aJIEKBATHOCT U
pen Ha Mozena.

Hudopmanuonen kputepuii Axaunke (AIC) [13]

AIC(k) = —~Ly(e, X, A") (1),
KkpaeTo k — pen Ha mogmena; LN (e, X , A7) —
JorapuTMHYHa  (QYHKOMS  HAa  BEPOSTHOCTTA,
3aBHCeIIa OT rpenIkaTa OT MpeacKa3BaHe Ha H3X0/a
Ha cHCTeMaTa C IIOMOIITa Ha Mojena e, Xe R™ —
BEKTOp Ha 0000meHust Bxoa, A"€ R¥ — BekTop Ha
nmapaMeTpuTe Ha MojienIa.

To3u KpHUTEpUIl CBLIECTBEHO OrPAHMYABA
pbCTa Ha CI0XKHOCT, IOPaan MPUCHCTBUE HA aJUTHU-
BeH wieH k/ N. IlpoOneMbT Mpu W3MOI3BAHETO HA
to3u kputepuii AIC e B ToBa, ye B MPAaKTUUECKHUTE
3agaud (QYHKUOUATa Ha pasnpesacieHue Ha CMyIe-
HUSITA € HEW3BECTHa, ako (YHKIHSITA Ha paslpese-
JIeHWEe Ha CMYIICHHUATAa MMa HOPMAaJHO pasIpeee-
HUE, TO OT 1, moilydaBaMme KpuTepus Ha Maioy3a
[13]:

1,1 1 1 <N 5. . k
AIK (k) = 5+Eln2n+gln(ﬁ 21 en (A )) +ﬁ

2),
KpAETO en € R — Tpemka OT mpencka3BaHe Ha
U3X0Ja Ha cucTemara, n — Opoil u3mepBanus, N —
ObJDKMHA Ha UW3BaJKara oOT EKCIepUMEHTAHH
JAaHHH.
KpuTtepuii baiiec-IlIBapu (BSC) [2]:
BSC = k= + 2 Ine?(4") 3)

Usnon3ea ce mpu roisMa uH3BajgKa OT
eKCIIEpUMEHTATHYU TaHHH.

Kpurtepuii enTponusi Ha moaeaa [11]:

BSC =k + Ine?(4") “4)

Kpurepuii ocTaThyHa cymMa OT KBaJapaTa Ha
rpemkuTe HAa Moaesa (RSS) [13]:

RSS=Yle2=Y m—vn)? (),

KBAETO y"1 — U3X0J Ha MOJeNa.

Benuunnata RSS Moke na ciyku 3a Kpu-
Tepuil 3a U300p Ha CTPYKTypa caMo TMpH JHUICa Ha
cMmyuienus. [Ipu Hannune Ha cMyIIeHUs ce U303~
BaT TMPOU3BOJIHM Ha TO3W KpuTepuid. B yacTHOCT,
aKoO CMYIIEHHETO MMa HOPMAJHO paslpejeseHue,
TO MOJKE J]a C€ M3IOoJI3Ba Kopurupan RSS kpurepui
U ctatucTuka Ha duiiep.
Bb3 ocHoBa Ha KpuTepus oOcCTaTbyHa cyMa OT
KBaJgpaTa Ha rpemkute Ha Moxena (RSS) e
CH3a/IcH KpUTEPHH - KpaliHa MpPOTHO3HA IpeIKa
[13]:
N+k

FRE(k) = =

RSS(k) (©6)

To3u kpuTepuil 3a pasjivka OT IPEIULIHUTE
HE ce HyXIae OT AONbJIHWTEeNHa MH(opMmanus 3a
CBOICTBAaTa Ha CMYLIEHUATA.

3a uaeHTHUKALUS Ha pela Ha TUHAMUY-
HUTE CHCTEMH, OCBEH ONMCAHUTE MO-rope MOAXOAU
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Y KPUTEPHH MOTAT J1a C€ M3IOJI3BaT METOU, OCHO-
BaHU Ha aHajM3a Ha aBTOKO-PEJIAIMOHHU (DYHKIIMU
[1,8], unpopmarmonnn matpuiy [12], Ha crartuc-
TAYECKH METOAW M TPOLEAYPH IO MapaMeTpUIHO
orersiBane [6,13]. ToBa ca Taka HapeUECHUTE HESIBHU
METO/HM 3a ompeensiHe Ha pena. B [4] e npemnoxen
SIBEH METOJ] 32 HAMHpAaHE Ha pejia Ha JUHAMUYHATa
CUCTEeMa KaTo pellIeHHEe Ha OIpe/Ie]IeHO HepaBeHCT-
BO, TIOJTYYE€HO BH3 OCHOBA Ha CHOTHOIICHHS PaHT Ha
MaTpHUIa ¥ ChCTOSIHUE Ha CUCTEMA.

Bb3 ocHOBa Ha 0030pa 3a CTpyKTypHaTa
uaeHTUGUKAIMS ClIe/[Ba, e HaH-TIOpOOHO ca pas-
paboTeHN METOAM 3a Kilaca PErpPECHOHHU MOJCIH.
B ocHOBaTra Ha BCHYKH MPOLIEAYPH ¥ METOAH, N300-
pa Ha CTpyKTypa ce 0a3upa Ha CTaTHCTHUYCCKUTE
XHUIIOTE3W 1 U3IIOJI3BAHE HA pa3IMYHU CTaTUCTUYCC-
KH KpUTEPUH.

2. U3noa3BaHu MeTOaH

B 3agawara 3a wuaeHTHQUKANUA ~HA
cTpykTrypata Ha ARX (aBTOperpecnoHeHEH BhHIIICH
MOZeIN), dYpe3 Wu3MoN3BaHe Ha ¢yHKIuATa sel-
struc.m ce m36mpa cTpykrypara (pema) Ha Momaea
Ha Oazara Ha wuH(]OpMalUATa, ChAbPXKAIIA CE B
MaTtpuiaTta V, moiydeHa KaTo W3X0J Ha Matiab
¢yskunTe arxstruc wim ivstruc.

CHHTaKCUCHT HA KOMAaH/IaTa € CJICIHUS:

[NN,Vm] = selstruc(V,c)

Tyk ¢ e mapameTsp 3a U300p Ha KPUTEPHUH.
CroliHocTTa 1O moApazbupane Ha ¢ ¢ 'plot’
(rpaduxa). ['padmkara moka3zBa MpPOILEHTUTE Ha
BapHallUUTE Ha M3X0/a, KOUTO HE ce 0OOCHOBaBAT
oT Mojena, karo (yHKIWsS Ha Opos Ha
M3MOJI3BAHUTE MapameTpu. Bcsdka cToilHOCT naBa
Hai-goOpara  HACTpolika HA  MoOJena  IpH
CbOTBETHHsI Opoii mapameTpu. Upe3 KIMKaHe BbPXY
rpadukara (Pur.l), Moxke ma ce TMpoBEepH peda Ha
CTPYKTYpHUTE, KOWTO HH HHTepecyBaT. Upe3
KIuKaHe BbpXy Select, mpomennuBata nn ce
eKCIOpTHpa B PaOOTHOTO MPOCTPAHCTBO Ha MaTnad
workspace KaTo onTUMaliHa CTpyKTypa Ha MoJeJia
¢ u30pan Opoil mapameTpu. Moxke Aa ce HampapsT
HAKONKO  m30opa. Ta3m  HacTpoiika  (TO
roapazoupane) mpeamnoara prIcH pexxuM Ha u300p
Ha ONTUMAaJIHaTa CTPYKTypa. 3a 1a ce aBTOMaTH3Upa
mpoleca Ha CTPYKTYpHa HIEHTU(QUKAIHMA Ce
3aaBar Ipyrd CTOMHOCTH Ha MapaMmerspa ¢ - ‘aic',
‘mdl’ u n. B To3u cinyuaid, ¢ 11e1 ycKopsiBaHe Ha
W3YHCIUTEIHUS Mpoliec, rpaduKa He ce U3BEXa.

¢ = 'aic' He HU naBa rpaduka, a BpbhIIa B Nn
CTPYKTypaTa, KOSTO MHHHMH3UpPA HH(POPMAIHOH-
Hus kputepuii Ha Akanke (Akaike) (AIC).

2d
Vooa=V (1 + W) %)

KbIeTO V e dhyHKIus Ha 3aryouTe, d e oommuar 6poii
napaMeTpy BbB BBIIPOCHATa CTPYKTypa U N € OposT
HA TOYKUTE OT JaHHUTE, W3MOJI3BAaHU 3a
OLICHSIBAHETO.

IIpu ¢ = 'mdl' ce Bppa cTpyKTypaTa,
KOSITO MHUHHMH3HMpA KpUTEpHUs HAa MHUHUMAJIHATA
IIbJDKMHA Ha omnucaHuero Ha Rissanen (Minimum
Description Length - MDL) [10].

dlog(N)

Vmod=V 1+ N

(8)
Koraro Ha ¢ ce 3amaae uucieHa CTOHHOCT,
CTPYKTypaTa ce nu30upa upe3 MUHUMHU3ALMATA Ha!

Viod =V (1 + %) 9)

Ms3xopsmusr apryment V,,;, uMa ChbIIMS
(dopMar karo V, HO ChIBpXKa JIOTApUTHMa Ha
CHOTBETHHSI MOAU(DUIIUPAH KPUTCPHIA.

- X OB Tript TS e B e O \_j\_Ja
File Options Style  Help
Model Misfitvs number of par's
= 2 - Mumber of par's
® Green: MOL Choice
< Blue: AIC Choice 8
o
215 Red: Best Fit MIEs  DiERs
@
% na=4
=
E nb=5
=
S k=2
=
54
o5
=
c
> oL LI [ITHTITRATIT]
a & 10 158 20 25
Number of par's
Click other bar or press SELECT

Due. 1. AIC uzbop 3a cmpyxkmypama Ha ARX —
Modena upes uznonzeane Ha Qyukyusma ¢ Matlab
selstruc

Haii-nanpen ce  u3bupar  BXOIHHTE
(akTopu, KOUTO 1Ie ObJAT BapupaHU IpU Pas3auy-
HUTE peau3anun Ha TectoBeTe. B GA Te ca:

e Crossover_p — napaMeTbp Ha BEpOATHOCTTA
Ha KPbCTOCKA;
e Mutarion_r — ckopocT (CTEeTeH) Ha My TaIHsl.
3a PSO tectoBeTte Te3u akTopu ca:
e Inertia — unepuus;
e corrction_factor — kopekuus (pakrop Ha
oOydeHue).

IIpu crnenBamata cTBOKa CE€ ChCTaBs
LIEHTPaJIHO KOMIIO3UpaH IJIaH Ha EKCIIepUMEHTA.
Uznon3Ba ce camMo emHa LEHTpajiHa TOYKa 3a
[I0Jy4aBaHe Ha CHMETPUYHO pas3lpeieieHue Ha
€HAaKBO OTAAJICYEHH CTOMHOCTH B MPOCTPAHCTBOTO
Ha mnapamerpure. 3a IedTa ce npwiara Matmao
hyHKIHITA ccdesign. Pesynratute oT
ruranupanero npu ['A ca mokasann Ha Pwur.2. 3a
n300pa3sBaHeTO UM ce u3non3Ba (yHkumsara plot-
GaSim.m
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DOE Test Matrix
Crossower_p Hutation r
-1 -1
-1 1
1 -1
1 1
-1 -
1 ul
-0 -1
ul 1
n n

@ue.2 Tecmosa mampuya 3a 08ypaxmopeH
YEeHMPAIHO KOMNO3UPAH NIAH HA eKCnepuMeHma.

Cnen ToBa ce
M3MEHEHUe Ha (PaKTOpUTE:
e BepositHocT 32 kpbcTOcBaHe- Crossover_p =0
1
e Myranus- Mutation_r=0.05 ... 0.5.

Tabnuiara ¢ marpuiiata ce yMHOXKaBa C
koeduimeHnt n=10 3a na ce m3mbaHAT HEe 9, a 90
TecTa, 3amoTo m3Xoxdmara ctoiHocT AVSAE () e
CTaTUCTHYECKH 3aBucuMa oT ToBa. Cien ToBa
mapaMeTpuTe c€ KOMIIO3UpaT M HOPMHUPAT KbM
TpaHUIINTE B TMPOCTPAHCTBOTO Ha IapaMeTpuTe,
gpe3 u3Moii3BaHe Ha PyHKIMsATa coded2real.

[Mozumusra Ha ¢dakTopure B
MPOCTPAHCTBOTO Ha mapamerputre npu [A e
noka3ana Ha dwur.3.

3aJaBaT paMKUTE Ha

Centrad Composite Design, 2 Factors

ost - 1
o4} | |
o4l I 1
k== | 1
Li)
L oap | .
5 = L —
fos g ]
ozt : |
sk | 1
RIS | ]
ol ] 1

1 L
u] az 0.4 o0& 0s 1
Crossover pararmeter

@Due.3 losuyusma na paxmopume 6
npocmpancmeomo Ha napamempume npu GA-
mecmosgeme.

AHAJIOTMYHO Ce KOMIIO3UPaT U (aKTOPUTE
mpu PSO TecroBete. [lo3unusata Ha dakropute B
MPOCTPAHCTBOTO Ha mnapamerpute npu PSO e
nmoka3aHa Ha @wur.4.

Central Composite Design, 2 Factors

8L @ 2 2 -

|
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07t | _

|
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T 06F G ————— B S — ] .

= |
nsst | -
05t I -
045t | ]
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16 17 18 189 2 21 22 23 24 25
Caorrection factor

Due.4 losuyus va paxmopume 6
npocmpancmeomo Ha napamempume npu PSO
mecmoseme

B cnenBainara cTbrka CTOMHOCTUTE Ha COr-
rction_factor, inertia, mutation_r u crossower_p
ce pa3dbpKkBar ciaydaitHo. TecThT ce U3MBIHSIBA IO

90 mepTM W 3a paBara anropurbMma. KpaiiHara
cToiiHOCT Ha mpomeHinuBata AVSAE e u3XxoneH
napamerbp. ToBa €  cpegHaTa  CTOMHOCT

(cpeaHOapUTMETHYHO) HA CyMaTa Ha aOCOJFOTHUTE
TPEIIKH — Pa3IMKA MEXIy JaHHUTE M W3XOJUTE Ha
Mojella B Kpas Ha Ipolleca Ha OIeHsBaHe. AKO B
FCHETUYHMST aJrOpUThM ca ochbllecTBeHn S0
MOKOJICHHS, TOraBa IIME C€ H3IO0JI3Ba IOCICAHATA
KoJioHa B nmpoMeHiiiBaTa AvSAE (50).

CuCcTeMHOTO BpeMe ce 3achyua Mpeau
CTapTUpaHEe Ha CHMYJIAINUATA, KOSATO ce moBTaps 90
ITBTH ¢ Pa30bpKaHUTE CTOWHOCTH Ha BapUAIlUUTE HA
tdaktopute. Crem cuMmynamusaTa ce 3acuya W
BpeMeTO 3a chupaHe. B kpas Ha mporeca Ha
TecTBaHe MaTrpuuata AA chabpKa CTOMHOCTHUTE #,
n, W n; Ha omTmMaiHuA pex (crermeH) Ha ARX
MoOjeNla Ha W3CIEABAaHUA TPOIEC 3a BCHYKH
MIPOBEJICHH TECTORBE.

3. Pesyarartu

B ToBa u3cnenBane, B KaueCTBOTO Ha BXO/-
HU Ce W3ION3BaT JaHHHUTE, CHETH OT JabopaTopeH
excriepuMeHTaneH Maket PT326 na ¢upmara Feed-
back [14]. IIpoiuechT npeacTaBiasiBa Bb3IYyIIEH I0-
TOK, MIPOAYXBaH OT BEHTUJIATOp Mpe3 Tphba ¢ Har-
peBaresl. Bp3ayxbpT ce HarpsiBa BbB BBTPEIIHOCTTA
Ha TpbOaTa. BxonHa BennunHa € HAIPEKEHUETO Ha
HarpeBaTens, a H3XOAHA — TeMIepaTypara Ha
Bb3JyXa Ha u3Xoda Ha TpbOaTta. [laHHuMTE OT
peanHuss OOGKT ce MpedaBaT KbM 3ajadara 3a
uaeHTHQUKAIMS Ha CTPYKTypaTa upe3 3apexkIaHe
Ha ¢aitia dry2.mat. BxogHuTe 1 U3XOTHU TaHHU Ca
npencraBeHu rpaguyHo Ha dur.S.
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Temperature
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Time

Duz.5 Bxoonu u usxoouu oannu om obexkma

Wnpekcure 3a pema B ce

orpaHudasar B nuamnasona [1 ... 10].

Mozesa

5.1 Wnentndukanms Ha crpykTypara Ha ARX-
MOJeN upe3 u3noi3pane Ha GA

Pesynratute 3a mepBute 20 (oT 06mo 90)
TecTa, TOJy4deHH upe3 wu3non3BaHe Ha GA ca
nokaszanu B Tabnuua 1.

Ta6muua 1. Pesynratu oT uiueHTH(UKAIMITa Ha

Tabauma 2. Pesynratu ot maeHTHUKANuATa Ha
CcTpyKkTypaTta Ha JuHeeH ARX — Mozen, noiaydeHu
ype3 usnoaspane Ha PSO

Run| Correction| Inertia | AvSAE_ | na | nb | nk
No| _factor fin_value
1 2,4 0,6 0,10694 | 3 10 10
2 2 0,4 0,10694 | 3 10 10
3 2,4 0,4 0,10694 | 3 10 10
4 2,4 0,8 0,10694 | 3 10 10
5 1,6 0,4 0,10694 | 3 10 10
6 2 0,8 0,10694 | 3 10 10
7 2 0,8 0,10694 | 3 10 10
8 1,6 0,8 0,10694 | 3 10 10
9 2,4 0,6 0,10694 | 3 10 10
10 1,6 0,4 0,10694 | 3 10 10
11 2 0,6 0,10694 | 3 10 10
12 2,4 0,6 0,10694 | 3 10 10
13 2,4 0,6 0,10694 | 3 10 10
14 2 0,8 0,10694 | 3 10 10
15 2 0,6 0,10694 | 3 10 10
16 1,6 0,4 0,10694 | 3 10 10
17 2,4 0,6 0,10694 | 3 10 10
18 2,4 0,4 0,10694 | 3 10 10
19 1,6 0,4 0,10694 | 3 10 10
20 1,6 0,6 0,10694 | 3 10 10
[Ipouenypara PSO BpbIna BCeKH BT

CTpyKTypaTa Ha Ha JjmHeeH ARX — wmogen,
MOJIyYeHH upe3 u3non3pane Ha GA.
Run|Crossover_p|Mutation_r| AvSAE_ | na | nb | nk
No fin_value
1 0,2 0,5 -2,0641 5 | 4 2
2 0,6 0,05 -2,0641 5 | 4 2
3 0,2 0,5 22,0646 | 4 | 5 2
4 1 0,5 -2,0621 3 ] 6 2
5 1 0275 -2,0588 5 | s 2
6 1 0,05 -2,0452 7 1 6 1
7 0,2 0,05 2,0636 | 3 5 2
8 1 0,275 -2,0641 5 | 4 2
9 1 0,275 -2,0641 5 | 4 2
10 0,6 0275 20646 | 4 | 5 2
11 0,2 0,5 -2,0641 5 | 4 2
12 0,2 0,05 -2,0233 5 13 3
13 0,6 0,05 20646 | 4 | 5 2
14 1 0,05 20556 | 9 | 4 2
15 1 0,275 -2,0641 5 | 4 2
16 0,6 0,05 2,0597 | 10 | 4 2
17 0,2 0275 20646 | 4 | 5 2
18 0,6 0,275 20646 | 4 | 5 2
19 0,2 0,5 -2,0641 5 | 4 2
20 1 0,05 -2,0537 3 |7 1
B  noBewero caydaum — mpouenypara,

npujaramia reHeTuyHus anropuTeM (GA), BpbIua
croiiHOCTHTE: na =4, nb =5, nk = 2.

5.2 Wnentndukamums Ha cTpykTypata Ha ARX-
Mojena upe3 u3noa3Bane Ha PSO

Pesynrarute oT OIICHSABAHETO Ha
cTpykTyparta Ha nuaeeH ARX — monen (mrppBute 20
ot 06mo 90 Tecra), MOTyYEHN Ype3 M3MOI3BAHE HA
PSO ca nokazanu Ha Taour. 2.

€JHaKBH IOTPEIIHH CTOMHOCTH Ha CTPYKTYPHHUTE
nuaekcu Ha ARX-mozena.

CpaBHEHHETO Ha aJrOPUTMUTE 332 ThPCEHE B
TO3H ciy4ail mokaspa, ye GA pabGoOTH CpaBHHUTEIHO
no0Ope B Ta3u 3ajaya:
na =4, nb = 5, nk = 2 — chmuAT pe3ynrar Karto
¢yskuusta B Matlab function, m (Bmwk Pwur.1).
AnroputrbmMbT PSO He pabotu 1o0pe B Ta3u 3a1aya.

4. N3Boan
1. Crpykrypata Ha ARX Mozena e moaxozsma 3a
OLICHSBAaHE Ha CTPYKTypaTa Ha PealHd 00EKTH, upe3
W3IIOJI3BAaHE Ha OOWYalHU WM EBOJIOIMOHHU
aNTOPUTMH,
2. Pasmep nHa momynarusata ot 30 uHAUBHOA €
JIOCTaThueH 3a TMpoleAypa Ha OICHABaHE Ha
napamerpute Ha ARX Mozen OoT HUCBK pell upe3
M3IIOJI3BAaHE Ha MOAXOJ, 0a3upaH Ha TE€HETHYHUS
aNrOpUTHM;
3. B 3agmavara 3a uneHTH(UKANMA Ha CTPYKTypara
Ha ARX Momen He € OIXO A TOIX0IBT, Oa3upaH
Ha PSO. B To3u cnyuait GA pabotu noOpe u naBa
CPaBHHUTEITHO TOYHA UACHTUUKAITUS Ha
CTPYKTypaTa,
4. B xoHkperHHs ciydaid cTpykrypara Ha ARX
MOJ€da HE CBOTBETCTBA HAa Ta3d Ha MOJEI,
ChCTaBeH Ha 0a3zaTa Ha MaTEMAaTHYHOTO OMFCAHWE
Ha peamHuTe (U3NYHM TPOLECH B Pas3TIekKAaHUI
00ekT. XapaKkTepHa pa3irKa ¢ HATHYUETO Ha YHCTO
3aKbCHEHUE, ABJDKAII0 Ce Ha HEOOXOAMMOTO BpeMe
3a TpaHCHOPTHpaHEe Ha BB3Ayxa mpe3 TprOara Ha
cymoapa. Jlopu npu TakaBa CUTyalys IpoOLEChT Ha
UACHTUDUKAITUSL Ha CTpyKTypaTa naBa
3a/I0BOJIUTEITHH PE3yIITaTH;
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5. loOpe Om Omio Aa ce HampaBAT aHAJIOTHYHH
u3cle/BaHus, Oa3WpaHW Ha W3MOJI3BAaHETO Ha
HenmuHeeH ARX — wmozen u Jga ce  CpaBHAT
pe3ylnaTuTe ¢ Te3W, MONyYeHH B HACTOAIIATa
cTaTus.
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NMHBAPUAHTHU 3A EHEPITOUKOHOMMNYHO
YIIPABJIEHUE HA EJIEKTPOJABUI'ATEJIN

MNBAH KOCTOB, BACUJI CITACOB, 'EOPT'U UBAHOB

Pestome: [lonyyenu ca u ca cucmeMamusupanu MamemMamuyHu MOOelu HA eHepUliHU
UHBAPUAHMU 8 OCHOBHUME BUO08E eNeKMPULECKU MAWMUHY 30 Yeaume Ha MAXHOMO YnpaeieHue
6 omHocumenHu u abcontomuu edunuyu. llpeocmaeenu ca pesyimamuy Om UYUCIUMENHU
npoyedypu 3a KOIUYECMBeHA OYeHKA HA UHBAPUAHMAMA MOWHOCM Ha 3a2ybume 6
omuocumentu eounuyu. Ilpoyedypume ca ocvugecmeenu upes mamemamuyHu MoOeau Ha
npumepa Ha MAwuHa 3a NOCMOAHEeH MOK. J{ocmogepHocmma Ha NOLyYeHume pe3yimamu e
NOMEbPOEHA Upe3 CPAGHUMENeH aHAU3 C HEONMUMANHAMA MOWHOCM Ha 3a2ybume npu
NOCMOsIHEH MOMEHM 6 Nbp8d 30HA U NPpU HOCHMOAHHA MOWHOCH/MOMEHN 6b8 6MOpd 30Hd.
Kpaiinume pezynimamu ca npedcmasenu 6 epaghuuen 6ud. Jladenu ca Hacoxu Ha OvOewu
U3CNe08aHUA.

KaouoBu AyMHU: osuzamen 3a NOCMOSIHEH MoK, ACUHXPOHEH deuzameﬂ, CUHXPOHEH deuzameﬂ,
eHepeuﬁHa uHeapuarma, ynpaesjieHue, MouHocm Ha 3612)/61417’1@.

INVARIANTS OF ELECTRICAL MOTORS
POWER SAVING CONTROL LAWS

IVAN KOSTOV, VASIL SPASOV, GEORGI IVANOV

Abstract: Mathematical models of energy invariants in the main types of electric machines have
been obtained and summarized for their control in relative and absolute terms. Results are
presented of the computational procedures for quantitative evaluation of the invariant power
loss in relative units. The procedures are performed by mathematical models following the
example of DC machine. The validity of the results is confirmed by comparative analysis with
inefficient power loss at a constant torque in the first zone and at constant power/torque in the
second zone. The final results are presented in graphical form. Guidance is given for future
research.

Key words: DC motor, induction motor, synchronous motor, energy invariant, control, power
losses.

1. BbBeaenue

TeXHOIOTHYHHUAT CKOK, W3BBPIIEH TIpe3
MIOCIIETHATE JIBE CTOJICTHS, CE XapaKTephu3mpa
mpend BCHYKO C TOBa, Y€ HA OCHOBaTa Ha
(hyHIaMEHTATHU Hay4YHU OTKPUTHS Osxa HaMEPEeHU
MEXaHU3MH 32 M3M0JI3BaHe Ha MPUPOIHUS SHEPTHEH
IIOTCHIIHNAJI. BBHpeKI/I (] TE3U MEXaHHU3MHU
MIOCTOSIHHO C€ YCBHBBHPILECHCTBAT U HAMHUPAT CBOETO

BBIUTBIICHNE BBB BUJ Ha KOHKPETHH TEXHHUYECKH
pelleHns, eHepruHHOTO ObJele He € CHUTYpHO, a
CUrHajnuTe 3a Objella eHepruiiHa Kpus3a Bede ce
nposiBaBar. OCHOBHaTa d9acT OT H3IIOJI3BaHATa B
MOMEHTa €HEprusi € pe3yiaTaT OT Hu3rapsHe u
npepaboTKa Ha NPUPOJHHM PECYpPCH, 3alacure Ha
KOUTO HENpeKbCcHATO HamainsaBar. CaMuTe mpouecu
Ha MPOM3BOACTBO U MOTpeOJICHHWE HA EHEeprus
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OKa3BaT HETaTHMBHO W 3acera HeoOpaTUMO BIHSHUE
BBPXY €KOJOTMYHATa CUTYalus, 3HAYEHHETO Ha
KOSITO Beue 3aloyvHa J1a ce Mpu3HaBa. Bp3MOXKHO € B
Oim3Kko Opaeme na OBIAT OTKPUTH TPHHITUITHO
HOBU TEXHOJIOTUU M MEXaHU3MH 3a IoJydaBaHe Ha
€Heprusi, JUIIEHH OT OTPHULATENHO BB3JCHCTBHUE
BBPXY OKOJHATA Cpe/ia, U TOraBa IIe Ce OCHIICCTBU
T.Hap. eHeprueH mpoOuB. 3acera obade meHara Ha
noOWBaHATa EHEpPrHus TMOCTENIEHHO HapacTBa U
0coOEHa aKTyaJlHOCT TMPHA0OMBa TMPOOIEMBT 3a
MaKCHUMaJTHO e(QEeKTHBHOTO W pa3yMHOTO i
u3noi3Bane. Hamocnembk 3HAUMTENHA YACT OT
YCHJIMATA HA HAy4YHO-TEXHHYECKaTa OOIIHOCT -
VYEHH, KOHCTPYKTOpPH H  pa3paboTyMIid  Ha
TEXHUYECKH CHUCTEMH - € HACOYCHa KbM ThpPCEHE Ha
MBTUIA 32 UKOHOMHSI Ha €HEPrusi ¥ KbM Pa3BUTHE
Ha CHEPrOMKOHOMHUYHHU TEXHOJIOTHH, MPU TOBA OIIE
Ha CTaJIUsl KOHCTPYUpPaHEe HA TEXHUYECKUTE OOCKTH
(M3moyi3BaHe  HA  TMO-MAJIKO  EHEPrONOTTbLIANIH
MaTepHaiH, YChBBPIICHCTBAHE HA KOHCTPYKIIMU H
T.H.), HA CTauusl MPOCKTHpPaHE HAa TEXHHUUYCCKHUTE
cucreMu (Hampumep, H300p Ha ONTHMalHa OT
eHepruiiHa TieJHa TOUYKa CTPYKTypa Ha cHCTeMara)

nu Ha cragus CKCILI0aTanus (aHeKBaTHO
HaTOBapBaHEC Ha TCXHOJOTHYHOTO o60py)lBaHe n
H3I10JI3BAHEC CHCProuKOHOMUYHHA crocoou u

ITOPUTMH 32 YIIPABJICHUE).

OcHOBeH mTOTpeOMTEN Ha eJIeKTpUIecKa
eHeprus ca enekrpoMmexannyHute cuctemu (EMC) -
€JIEKTPO3a/IBIKBAaHUS, Pa0bOTEIM B CbCTaBa Ha
pa3IM4YHU MPOMHUIIUICHH, TPAHCIIOPTHU U OUTOBU
MEXaHU3MH W arperatd. 3aToBa MNpoOJIEMBT 3a
ocurypsiBaHe Ha MakKCHMalHa eQEeKTHBHOCT Ha
IpoLleCUTe Ha Mpeo0pa3yBaHEe Ha EHEprusirta B
enexkrpo3aasmwkBanusaTa (E3) e tBbpae akryaneHn, a
HEroBOTO pellaBaHe MMa HEChbMHEHa INpaKTHYecKa
CTOHHOCT.

ACHHXPOHHUST JBUraTes € NPeANoYnTaH 3a
M3MOJI3BaHe B Pa3lUYHU TEXHOJOTHYHU YCTaHOBKU
W arperatd Nmopagd NpOCTOTaTa Ha KOHCTPYKIHATA
cH, BUCOKaTa HaAEXKIHOCT, nobpure
MacorabapuTHU U [IEHOBH MOKa3aTelld B CPaBHEHHUE
C JBUraTesis 3a MOCTOSHEH TOK, U 110 BCUYKO JIMYH,
ye B ObJele 1€ CTAHE OCHOBEH €JIEKTPOMEXaHUYeH
npeoOpasyBaren. BeB Bpb3ka ¢ TOBa, 3amayara 3a
OCUTYpsIBAHE ~ HAa  MAaKCHMalHO  e(pEeKTHBHO
€JIEKTPOMEXaHUYHO NpeoOpa3yBaHe Ha CHEPrusTa B
aCMHXpPOHHOTO  enekTpo3angsmkBane (AE3) e
0CO0EHO aKTyaslHa. 3a CBILIECTBEHOTO pa3IIUpeHHe
Ha obmactute Ha mpuwioxkeHne Ha AE3 Ha mbpBO
MSCTO CIOCOOCTBa TEXHHWYECKAaTa pealu3alusl Ha
WIEeUTe Ha YEeCTOTHOTO peryjimpaHe, pa3paboTkara
Ha €BTUHHM €JIEKTPOHHU CHJIOBH NpeoOpasyBaTeny, a

Ha  BTOPO  MSCTO -  U3MOJ3BaHETO  Ha
MaTEeMaTHU4YCCKUA arapar Ha KOOPAWHATHUTE
npeoOpa3yBaHuUsI Ha MIPOMEHJIUBUTE Ha
o0o01meHara eJIeKTpUIecKa MallyHa.

Koopnunaraure npeoOpaszyBaHUs Ha
NPOMEHJIMBUTE CIIyKaT HE caMO KaTo e(eKTUBEeH
MHCTPYMEHT 3a aHauu3 Ha [pOLecuTe B
CJIEKTPUYCCKUTE MAIIMHU 32 TPOMEHIUB TOK -
KakTO aCHHXPOHHHM, Taka ¥ CHHXPOHHH, -
yeIHaKBSBalKM T'M C TE3d HA MAalIMHUTE 3a
IIOCTOSIHEH TOK, HO W 3HA4YUTEJHO ONPOCTABAT
3aJadara 3a CHHTE3 Ha ONTHMAIHH PEryJaToOpH 3a
yIpaBJicHHE.

W3BecTHO €, ye BCsiKa ONTHMAajHa CUCTEMA
Cce U3rpaxaa, HM3XOKIAAWKH OT JOCTHUTAaHETO Ha
eKCTPEMaJIHU CTOMHOCTM Ha OIpEJeNieHa OLIEHKa,
XapakTepHu3Hpalla KauecTBOTO Ha HeiHaTa palorta.
N360ppT Ha oOmEHKa 32  KauyecTBOTO  Ha
CJIEKTPO3a/IBUKBAHETO ce 00yclaBst OT PEKHMUTE
My Ha paboTa M ycJOBHUSTa Ha eKcIioaTaunus. Bus
BpB3Ka C TOBA €JICKTPO3aBI)KBAHUATA CE PA3HCIIAT
Ha JIB€ CHIIECTBEHO pa3indHu rpynu. KeMm nbpBaTta
Ce OTHACAT eJEeKTPO3aJBIKBAaHUATA, PabOTEIH B
JUHAMUYHH PEXUMH, CBBP3aHH C OTpadOTKaTa Ha
OBp30 U3MEHALIM CE€ YIpaBJIsABAIlM U CMYIIABaIIH
Bb3ekcTBHsI. KbM BTOpaTa rpyma ce OTHACST
€JIEKTPO3a/IBIKBAHUAT, PAa0OTEI OCHOBHO B
CTaTUYHU PEKUMH C TIOCTOSIHEH WM OaBHO
U3MEHAL] Cc€ CBIPOTUBUTEICEH MOMEHT. J[BeTe
Tpyny ce pa3iuuaBaT CHLIECTBEHO IO CBOICTBA,
TEXHUYECKa peajM3alus U LIeHa, KaTo LieHaTa Ha
IBPBUTE € C €OUH MOPSAIbK I0-BUCOKA OT Ta3d Ha
BTOpPHTE.

3a enexTpo3aJBWKBAaHUATA OT BTOpara
rpyna cblecTByBaT [1B€ (OPMYIMPOBKH Ha
3amadarta 3a onTuMm3anud. IIppBata e cBbp3aHa c
n3dopa Ha yIpaBJIsABaIIN BB3ACHCTBUA
(Hampe)keHue, YecToTa), OCHUTYpPSBAIId HEOOXOIH-
MHTE 33 TEXHOJOIMYHHS MPOLEC CKOPOCT U MOMEHT
M OIleHKaTa Ha Te3W BB3JCHCTBHS C MOMOINTA Ha
CBHBKYITHOCT OT IIOKa3aTeld Ha KayecTBOTO Ha
ynpasieHne (3aryOM Ha MOIIHOCT, €IeKTPHUYECKH
3aryOM B CTaropa, eJCKTPHYECKH 3aryou B
MalgHata, (GakTop Ha  MOIIHOCTTa  COSQ,
KoeUIUEeHT Ha MOJIe3HO JeiicTBue u ap.). Broparta
bopMynaHMpoBKa € CBbp3aHa ChC 3ajadaTa 3a Haii-
I'BJTHO M3MOJI3BaHE Ha eHepruiHUTE pecypcu Ha Al
IIpY IIPETOBapBaHe Ha 3a/IBUKBAHETO - OCUTYPSIBAHE
Ha MaKcMMallHa MOIMHOCT TMpH HaIW4YHe Ha
OrpaHH4YeHHs] (MaKCUMaJIHO-IOMYCTHMa CTOWHOCT
Ha CTaTOpHHsS TOK, Ha CTaTOPHOTO HAIIPEXKEHHUE, Ha
3aryoute B aBurarens U Ap.). OcurypsiBaHeTo Ha
MakCHMallHa MEXaHM4YHa MOUIHOCT NIpH 3aJajeHa
CKOPOCT BOIM [0 TMOJy4yaBaHE Ha MaKCHUMaJeH
MOMEHT, a NPH 3aJaZeH MOMEHT BOAU IOJTy4aBaHEe
Ha MAakCHMajJHa CKOPOCT, a CJIEAOBATEIHO U [0
MaKCHMAaJIHa IPOU3BOIUTEIHOCT HAa MEXaHU3Ma.

B crarusta e 1mocraBeH W peLIeH
mpoOIeMbT 3a HaMUpaHe Ha 000OIIEeHN KpUTECPHH
3a ompejeNsHe Ha WHBAPHUAHTH HA YTPaBIECHUETO,
OPUWIOKUMH 32 TPOEKTHpPaHe Ha ONTUMAalHH
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CJICKTPO3aJIBMKBAHUA C ABUTATCIIN 34 IMMOCTOSAHEH U
MIPOMCHIJIUB TOK.

Tabmuma 1
Tunnynn naBapuantu B EMC
Tadoaunal.
PemaBane
MNuBapuantu
Ha 3aj1a4a
Enexmpomaznumnu uneapuanmu
TloabpiKaHe HAa HOCTOSHHO MOTOK [LICHU
W, = const OJUIbpIKaHe OCTOSIHHO TIOTOKOCICIIIIEHHE
Ha cTaTopa.
ToabpkaHe Ha HOCTOSHHO HOTOK [LICHH
¥, = const OJUIbPIKAHE HA ITOCTOSIHHO MOTOKOCEILIEHHE
Ha poTOpa.
@ =const | [TogabpKane Ha IOCTOSIHEH MarHUTEH MOTOK.
Enepeuiinu unsapuanmu
D =Dt | Momabpikane Ha ONTHMATIEH MATHHTEH IOTOK.
S=Sopt | IlomybprxaHe HA ONTHMAIIHO XJTb3raHE.
Texnono2uuHY UHEaPUAHMU
® =g Hozml,px(aﬁe Ha 3aJaJicHa YeCTOTa Ha BbPTEHE.
0=0, TosuuroHMpane Ha 3aaJeH bIbJ Ha
3aBbpTaHe.
AO=A0( | 3aBbprane Ha Bana Ha 3a]aJeH BIbIL.
M =My | Homrbpskane Ha 3a1a1€H MOMEHT HA BaJa.
P =Py | [Momaspskane Ha 3a1a/1€HA MOLITHOCT.
o="f(t)
6=1,(1) M3meneHune Ha yecToTata Ha BHPTEHE, bI'bja Ha
M =f3(t) | 3aBBpTaHe, BBPTANMS MOMEHT HJTH MOIIHOCTTA
IO 33]1a/IEH 3aKOH BB BPEMETO.
P=f3(1) ez p

2. MaTtemaTH4eH MOJeJ] HA MOLIHOCTTA Ha
3aryOMTe M eHepruilHM HWHBAPUAHTH B
ejiekTpoMexannynute cucremu (EMC)

2.1. Moaen Ha 3ary0uTe
B TeopusitTa Ha ynmpaBIeHHETO KpUTEPUUTE

Ha YIpaBIE€HHETO M IEJIUTE Ha IPOEKTAHTUTE €
MIPHETO Ja C€ H3pa3siBaT BHB BUJ Ha CHOTBETHA
CUCTeMa WHBAPUAHTH, a MHBAPHUAHTHUTE, CBHP3aHH C
ONTUMH3ALMUATA Ha EHEPrUHHHUTE PEXKHMHU, Ce
HapuyaT eHepruiai [5,6].

Haii-epexTuBHHAT OT eHepruiiHa TrieqHA
TOoYKa ¢ pexkxuMbT Ha EMC, mpu koiito 3arybara Ha
€Heprusi B HEHHHUTE CHJIOBHM KaHAIW € MUHHMMAJHA.
3aroBa AOMBJIIHUTEIHO TI0]] EHEPTHITHA HHBapHAHTH
Ha EMC ce pa30Oupa cBbp3BaHETO Ha (pU3HUECKH
MIPOMEHJINBY B CHOTHOIIEHUS IO OIpEJIeIeH HauKH,
XapakTepu3Upally peXruMa Ha MUHHMMaiHa 3ary0a
Ha CHePT .

KakTo e wu3BecTHO, eHeprusita, IMojaBaHa
keM EMC u B kpaifHa cMeTKa H3MOJI3BaHa 3a
W3BBPIIBaHE Ha MEeXaHWYHa padoTa, MpeMHHaBa B
HEHHMSI CHJIOB KaHaJl eTanmd Ha eJIeKTPUYECKO,
€JIEKTPOMEXaHUYHO M MEXaHWYHO NpeoOpasyBaHe.
[Ipu TOBa wacT OT eHeprusita HEM30EKHO ce TyOH,
ormeneHa moxa (opmara Ha TorumHA. Ho ako
3aryoute B €JEKTpUYECKHUTE (TOKOM3IPABUTEINH,
npeoOpaszyBaTeia, HHBEPTOPH U T.H.) U MEXaHHUYHH
nmpeoOpa3zyBaTeld ce OIpeneisiT OCHOBHO OT

KOHCTPYKTHBHHUTE UM OCOOCHOCTH, TO B €JEKTPO-
MEXaHHYHHUTE TpeoOpaszyBarenu (eNeKTPUISCKUTE
JIBUTATEIHM) CBIIECTBYBA BB3MOXKHOCT Ja C€
MPOMEHsSI B U3BECTHA CTEIEH HMBOTO Ha 3aryoOwre,
0e3 1a ce MPOMEHsI KOHCTPYKLUATA WM peXuMa Ha
pabora. [Norennunannara BB3MOXKHOCT 32
ONTHMU3AIMS HAa  CHEPTHMHHUTE PEXUMH €
oTOemnsi3ana B peaniia ToKyMeHTH [2,3] upe3 aHamms
Ha HW3MEHEHHWETO Ha CBhCTaBsIIUTE 3aryOu B
3aBHCHMOCT OT peXXHMa Ha paboTa.

3aryOuTe Ha eHeprusi B eIEKTpUIECKaTa
MallliHa ca CJIOKHA HeluHelWHa QyHKOuS Ha
EJIEKTPUYECKH, MATHUTHU ¥ MEXaHUYHU BEIIMYUHH.
B o0mmus ciywait 3aryoute Ha eHeprus Morar ja
ObJaT TPEeNCTaBeHW KAaTO CyMa Ha TOCTOSHHHUTE
3aryOu, HE3aBHCHMH OT HATOBapBaHETO U Ha
MIPOMEHIINBHTE 3aryomu, 3aBHCHMU oT
HatoBapBaHeTo [4]. [locTossHHUTE 3aryOn BKITFOYBAT
MarHUTHUTE 3aryoum (3aryOm B cToMaHara oOT
XUCTEPE3UC W BUXPOBH TOKOBE), MEXaHHUYHHUTE
3aryOm m 3aryOuTe BBB BB30OyIMTENHATa BEpHUTa
(eleKTpUYECKU OT BH30YIUTEIHUS/HaMarHUTBAIUs
ToK). [IpoMennuBuTe 3aryOum  3aBUCAT  OT
HATOBapBAaHETO Ha Bajlla Ha JIBUTATeNs H ca
CJIEKTPUYCCKH 3aryOu B MeATa Ha HAMOTKHTE OT
KOTBEHUSI/CTATOpPHUST W POTOpHUS  TOK. B
MOCNeIBAIIUTE Pa3CHKICHUS Cce TMpheMa, de
Bpb3KaTa MEXKJIY MAarHUTEH MOTOK M BH30YAHUTEICH
TOK € JIMHelHa U ue B oOIIus cloydail He ce Hajara
OTpaHHYCHHE BHPXY TOJIEMHUHATA HAa KOOPIUHATHTE
CKOpOCT, MAarHUTE€H IIOTOK M MOIIHOCT. Taka
oOmute 3aryom APy Mmorar ga ObnaT 3amucaHu

KakTo ciezasa [5]:
APZ = APFC + APmech + APe + APCu s (1)

AP mech » APe >

CBHOTBETHO 3aryOuTe B CTOMaHaTa, B MEXaHUYHUTE
YaCTH Ha JIBUTATeNs, BbB Bh30yAUTEIHATA BEpUra U
B MEJATA.

3aryOuTe B cTOMaHara, BKJIIOYBAIIN 3aryou
OT XHCTEPE3UC M BHUXPOBU TOKOBE, 3aBUCAT OT
MapKara/Tuna Ha HW3MO0JI3BaHaTa CTOMaHa M OT
aMIliuTyjara M 4YeCTOoTaTa Ha HN3MCHCHUC Ha
MarHUTHUS MOTOK:

KbeT0  APp,, APc, ca

B 2
f D
APg, = AP — 1, 2
e Fenom f D@ om @

nom
KpaeTo APp, ca HOMHUHAJHATE 3ary0Ou B
nom

cromanata, @ - ITBEIHUAT MarHUTEH MOTOK, f -
4YecToTara Ha MpeHaMarHUTBaHETO, Duom U foom -
HOMHHAJIHUTE UM CTOMHOCTH, & B € KOS(UIUCHT,
3aBHCHM OT MapKaTa/TuIia U3I0JI3BaHa CTOMAaHa.

MexaHU4YHHTE 3aTy0H CE€ ChCTOST OT 3aryOu
B Jlarepure, 3arybW OT TpPHEHE B YETKUTE |
BEHTWJIAIMOHHU 3aryOu. Te ce ompenensit ot
YecToTaTa Ha BbPTEHE:
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n
Omech

APmech = APmech nom ) (3)
mech nom

KBACTO ek © YC€CTOTATA HA BBPTCHE, N —

CTENEHEH II0Ka3aTell, 3aBUCHUM OT MEXaHUYHUTE
cBoifcTBa Ha jABuratenure (0T HHEPLUOHHUS
MOMEHT Ha KOTBaTa, THIIA Ha JIaT€pUTE, HAYMHUTE
Ha oxJaxnaHe u nap.), n=1+1.5, a AP cchnom €@

HOMHHAJTHUTE MEXaHUYHU 3aryOH.

3ary0ute BBB BB3OYIJUTEIHUTE BEPUTH
XapakTepu3upaT pa3CceBaHETO HA EHEprusATa B
HAMOTKHUTE, KOUTO (OpMHUpaT IBJIHUS MarHUTEH
MIOTOK Ha MAIlIMHATA U CE ONPEAETAT OT

AP, =12, u (4)
AP, = T3t (5)
KBJIETO I, € aKTHBHOTO CHIIPOTHUBICHHE Ha
eKBHBaJICHTHAaTa BB30OyauTenHa HamoTka; [.(Iy) —
BB30yIUTENICH TOK (peakTWBHATa CBhCTaBANla Ha
CTaTOPHUS TOK).
3arybute B  MeATa HAa  KOTBEHAaTa

(poTopHaTa) HaMOTKa B oOJlacTTa Ha MAJIKUTE
XJIb3raHHUuA ca

APq, =121, u (6)
APg, =317 (rl +1, ) )

B 6) uw (7) I, uw 1, ca ToK u

2 '
ChIIPOTHUBJICHHUC HAa KOTBATa, 12 n I'2 - IPUBEACHU

KbM CTaTOpHAaTa HaMOTKa TOK U CBIIPOTHBJICHHUC Ha
KOTBC€HAaTa BeE€pura, a 13 € CBOPOTHUBJICHUEC Ha

CTaTOpHATa HAMOTKA.
Or (1)-(7) xaro ce TmpeMHHE KBM

OTHOCHUTCIIHU C€AUHHUIIKM MOrar nga Cc€ 3andmar

CYyMapHHUTE 3aryOu Ha MOIIIHOCT BbB BH/IA:

2 n -2 -2
APZ = kF efr[ild)rel + krnech(”rel + kele rel kCula rel» 3

KbICTO C X Ca O3HAYCHU CBHOTBCTHO
OTHOCHUTEJTHHUTE CTOMHOCTH Ha dYecToTara Ha

npeHamarauTBane f. = ffn_olm , TIBJIHAS MarHUTEeH

-1
HOTOK Qo) = PD 0y, YECTOTaTa HAa BBPTEHE

_ -1
Ore] = Oprech® >

TOKa Ha BB30YKIAHETO
mech nom

i W TOKa Ha KoTBata (poTopa)

C el
e rel = lele nom

. ]
Iyrel =lalanoms @ € Kyx OTHOCUTETHUTE

CHCTaBsIIY Ha 3aryOuTe 3a HOMUHAIHUS PEXUM Ha
AP,

. — XXnom
pabora; ky =——+.

Z1’101’1’1
Bmwxna ce, 4e cymapaute 3aryOu B
eNIeKTpUYecKaTa MalllMHA ca HeJIMHeWHa (QYHKIHS
Ha 4YeTHpH TpoMmeHnuBH. Karo ce wu3mon3sar
ypaBHEHHUSTA Ha BpPB3KUTE OT TEOpHATAa Ha
€JIEKTPUYECKUTE MAIIUHNA M C€ OTYETAT W3BECTHUTE

JIOTTyCKaHUS Ha TEOpHsATa, MOXKe Ja ObIe HaMajieH
OposIT Ha MPOMEHIUBUTE B (8).

Bpb3kata Mexay TOka B KOTBEHaTa
HAMOTKa W  €JEKTPOMarHUTHUS MOMEHT 3a
MOCTOSIHHOTOKOBUTE MamuHu ¢ M=cl,®, a 3a

ACUHXPOHHUTE ABUraTenu - M= cI'2® sing,. Tyk ¢

€ KOHCTaHTa, CBBbp3aHAa C KOHCTPYKIMATA Ha

HaMOTKHTE, & Q) - BI'BIBT MEXKIY BEKTOPUTE I'2 u

D.

3a paboTHUSA Y4acCTBK Ha

T
XapaKTePUCTUKUTE CE INpHEeMa ¢y = Torasa

Bpb3KaTa MEXAy MOMEHTa, MOTOKa W TOKa Ha
poTopa (KoTBaTa) B OTHOCUTEIHU €AWHHUIHN 3a ABaTa
THUIIa MAIIUHH CE 3aIlUCBa C SIH U3Pa3:
Myel =lpelPrel;  M=1¢. %)
B MammHuTE 32 TOCTOSHEH TOK U B
ACHHXPOHHHUTE MAIIMHU OTHOCHUTEIHATA YECTOTa Ha
MpeHaMarHUTBAaHETO Ha CTOMaHaTa Ha cTaropa €
paBHa Ha OTHOCHTENIHaTa 4YecTOTa Ha BBPTEHE Ha
poTopa:
freg=0r; f=o. (10)
Karo ce mpumema maruTHata cucrema Ha
MaIlMHUTE 32 HeHacuTeHa (i=¢), ¢ momomra Ha
(9) u (10), (8) ce 3amucaa:
2

m
APZ = kF ede)Z + kmechmn + ke¢2 + kCu ? > (1 1)

Apy = Ap¢ +Kpmech®' - (11a)

MexaHn4yHaTta eHEprusi, TeHepHupaHa oOT
MalinHaTa, ce OIpeneNs OT MOMEHTa M 4YecToTara
Ha BBPTCHE, KOUTO OT CBOA CTpaHa 3aBUCAT OT TUIIA
Ha 3aJBIDKBAaHUS MEXaHM3BM M OT XapakTepa Ha
o0cTyXBaHUs TEXHOJIOTUYICH TporIec.
CrnenoBaTeTHO MOMEHTHT M YeCTOTaTa Ha BbPTEHE
MPEICTABISABAT BEIMUNHHU, TEXHOJOTUIHO HalaraHU
Ha JIBUTATeNs W YNPABICHWETO HA MArHUTHUS
IIOTOK OCTaBa EAWHCTBEH peaJleH WbT 32
OIITUMU3aUA Ha eHepFHﬁHHTe PEXKUMHU B CUIIOBUTE
KaHaJIH Ha eJIEKTPO3aJIBUKBAHETO.

OnTtuManHusAT OT €HEpruiiHa ToukKa HU3pas
3a MAar"HuTHUA TOTOK IIpU 3aJaA€H MOMEHT U
YyecToTa Ha BBPTEHE MOJKE J1a Ce ONpeesu KaTo ce

8Apz

OTIpeNieT  TTPOU3BOIHATA Ha (11) m ce

HaMepu HEHHUAT CKCTPEMYM OT YPABHCHUCTO
oA
Px 0.
o9
CHeI[ CJICMCHTAapHA MaTeMaTHYCCKHU

npeoOpa3zyBaHus ce MoJlyyaBa U3pa3 3a EHEPrUuiHU
uHBapuanT Ha EMC B o0uus ciyyaii:
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2

A
%:2kFemB¢+2ke¢—2kCu%, (12a)
2
0=kp.o? +2k, —2kCuI$—4, (12b)

ke
dopt=m_ | —L—, (12¢)
ke +kpeoP
0.25
dopt =m"> ke | (12d)
ke +kpeoP
K -0.25
fopt =m"?| ——C— (12¢)
ke + kFeCO

Uzpazute (12d,e) naBat ctarnyHata Bpb3Ka
MEX/Ty MarHUTHHS MOTOK, Y€CTOTara Ha BBPTEHE,
MOMEHTa Ha Bajla Ha JBHratelss W TOKa B
KOTBaTa/poTopa, KOsATO TPpsAOBa Aa ce MOIAbpKa B
mporeca Ha  paboTa 3a  OCHUTypsiBAaHE  Ha
CHEePrOMKOHOMHYHO YIIPaBJIEHHE Ha EeJICKTpoMexa-
HUYHUTE polecu npu cria3BaHe Ha
TEXHOJIOTHYHUTE U3HCKBAHHSI.

Ot (12a) ce mammpa BTOpaTa IMPOU3BOIHA
Ha (11):
82Ap2 m?

= 2kpe + 2K + 6k ey — >0,
¢

W (12d)

KOATO €  TIOJOXXHUTEeTHAa W CJIeNOBAaTEITHO
ONTUMAHUAT MarHuTeH notok mo (12d) ompenens
CTOWHOCT Ha OTHOCHTEIHHTE 3aryOu Ha MOIHOCT
Ap¢ = AP min > 3aBUCUMH OT ¢.

3amectBaiiku (12¢) B (11) ce momyuama
u3pa3 38 APy i

APy min = 2my Ky (ke +kpeo) (13)
CHCHOBaTeHHO 3a Koe(l)I/IHI/IeHTa Ha TIIOJIE3HO
ﬂeﬁCTBHC T] MOXXE Oa C€ HAITUIIC

ma@
n= < (4)

-1 m
mo+ (nnom -1 kFe(*)B(i)2 + ke¢2 +kcy ?

a 3a MAKCUMAJIHUA Mmpax

mm
MNmax = ) b (15a)
mo+2m(Myem  — 1)\/kCu (kpeo” +ke)
N
(O]
Mmax = (15b)

0+ z(rlnom_1 - 1)\/1(Cu(kFe('OB + ke)

2.2. Mopes Ha eHepruiiHATa MHBAPUAHTA
EnexTpoMarHuTHUTE M MEXAHUYHUTE
npomennuBu Ha EMC cu B3auMojeicTBaT BBB
BpEMETO Criopen J00pe M3BeCTHU (GU3WYHH 3aKOHU

W Cce HaMUpaT B H3BECTHH OTHOLICHHUS CbhC
CTaTUYHUTE PEXKHUMHU, H3Pa3cHU B TOIXOMISIIHA
MaTeMaTHYecku  Mogenu. Hskom oT  Te3u
NPOMEHJIMBH  Ca  YOpaBiIsABalld W TpsOBa
IIEJICHACOUYCHO /1A CE MIPOMEHST B ChOTBETCTBUE ChC
cneuupuKara ¥ IenTa Ha (QYHKUUOHHUPAHETO Ha
mstata cucrema. ['eHepupaHeTo Ha HEOOXOAMMOTO
MEXaHUYHO JBI)KEHHE € CBBP3aHO C yIpaBJIeHHE Ha
MPOMEHJIMBY, XapaKTepU3UpAIId TOBa JIBU)KECHHE -
MO3HLUS, CKOPOCT, BBPTSIL MOMEHT. MeXaHUYHHUTE
NPOMEHJIMBU C€ YIpAaBIsABAaT B CBOTBETCTBHE C
M3UCKBAHMATA HA TPOIEca, KOETO Ce OCHUTYpSBAa OT
TEXHOJIOTHYHH  WHBAPHAHTH. CnenosarernHo,
ONTUMM3UPYEMHTE TPOMEHJIMBH TpsOBa xJa ce
u30upar OT Tpylmara Ha eJICKTPOMarHUTHUTE
npomennuBu. ChI0 Taka € OYEBHIHO, 4e
yIpaBlIeHUETO Ha TakaBa IMpPOMEHIIMBa TpsOBa aa e
¢m3uyeckn peammsyemMo, W 4e TpAOBa J1a ce

CHHTE3Wpa HE3aBHUCUM KOHTYp 3a HEHHOTO
yIpaBIICHUE.
3a YCTAHOBEHUS pexUM Ha
€JIEKTPO3a/IBUKBAHETO MOXKE Jla CE 3aIlUIIIe
M=M;j . (16)
Kato ce wmmar npemsun (9) m (12) 3a
onTUMamHHUsT MarHuTeH mnotok Ha JIIT B
a0COJIIOTHY €MHUIIM MOYKE [1a CE 3aIIUIIIE
K 0.25
_ —0.54 0.5 Cu
(Dopt =D pomMpomML B >, AN
ke + kFeO)
K 0.25
_ 0.5 Cu
d)opt =kMy PR . a7
ke + kFe(D

3a onTUMaTHHS KOTBEH TOK CE MOTy4aBa
05 —0.25
M My kcu
ciPopt €1k | kg +kpeoP
To3u mMoaXoa TMO3BONSABA Ja C€ IONyYd
CHCTEMa OT EHEPrUiHM WHBAPHAHTH 3a OCHOBHHUTE
BUJIOBE CIICKTPO3aJBIKBAHHMS C JBUraTead 3a
MIOCTOSIHEH M MPOMEHJIMB TOK, a KpalHHUAT Pe3yjTar
€ 000011eH B Ta0mI. 2.

Koepummenture k wm ¢ 3aBuciatr ot
€JIEKTPOMAarHUTHUTE MMapaMeTPd M MOIIHOCTTa Ha
eJleKTpUIecKaTa Mamrmaa, My € HaTOBapBaHETO Ha
Baja Ha JBHraTels, ® € bIJIoBaTa CKOPOCT Ha
poTopa/koTBara, z, ca dudroBeTe momocu, a Ly,

(18)

Iopt

L #m L, ca B3aumMHatTa ©u COOCTBEHHTE
UHIYKTUBHOCTH Ha HAMOTKHUTE.
3. I'pa¢uuno npeacTaBsiHe Ha
pesyJrarTure.

Ha ¢wur.1 ca mokazanm pe3ynraTd OT
3aBUCHUMOCTTa Ha 3aryOuTe Ha MOIIHOCT OT
CKOpOCTTAa 3a acHHXpOHeH jaBuraten. Ha ¢ur. la e
MOKa3aHO M3MEHEHHETO Ha CyMapHaTa MOIHOCT Ha
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[IOCTOSHHUTE M IPOMEHIMBUTE 3aryOM IIpU
IBY30HHO pETyJMpaHe C TIOCTOSHEH MOMEHT B
ObpBa 30Ha U C MOCTOSHHA MOILIHOCT BBB BTOpa
3oHa. Ha ¢wur. 16 e pmameHa MoImmHOCTTa Ha
MPOMEHJIMBUTE 3aryOu, a Ha ¢ur. 1B — MOIIHOCTTA
Ha TOCTOSHHHWTE 3aryOu. JlBuratensat e Tun
AO90L-4D c napameTpu kc, =0.64,

Kpe=ke=0.18, B=1.3 11 Nyom =75%.

Tabmuua 2

Enepruiian naBapuantu B EMC

Omnrumainza
MIPOMEHIINBA

Enepruiina uaBapuanra

Tlocmosannomokosa mawuna

K 0.25

Marnuten notok | @ = kMY —Cu

ke + ko0
Toxk Ha K 0.25
BB30yqUTEeTHATA Leopt = k¢k1M(ﬂ'5 Cu 5
HaMOTKa ke +kpeo

MO' 5 K -0.25

KoTBeH TOK L [ ®Cu

opt cik; ke +kFe(,0ﬁ

YpaBHeHus Ha

-0.5 -1
ki =@ yomMpom » k:b =D omle nom »

Y KOMIIOHEHTa Ha
CTaTOPHHS TOK

BPB3KUTE ¢ = ZPN(Zna)_l
Acunxponna mawuna
0.25
Poropno ¥ _ kzM(ﬂ'S key
ropt —
MTOTOKOCIIETUIEHNE P ke + kFemB
0.25
X KOMIIOHEHTa Ha I —k kzME'S key
sx opt — X

CTAaTOPHHS TOK P v ke, + kFe(DB

-0.25

0.5
ML kCu

Iy o = —L—
sy opt C2k2 ke + kFe(Dﬁ

YpaBHeHus Ha

-0.5 -0.5
ky =¥, nomMuom = LmIsx nomMnom »

-1 -1
k\ux =Y} nomIsx nom =Lm »

(q KOMIIOHE€HTa Ha
CTaTOpPHHUSA TOK

BPB3KUTE
-1
¢ =3z,L,(2L,)
Cunxponna mawuna
0.25
Potopno 05 ke
ITOTOKOCIEITIEHHE Fropt =ksML B
ke + kFe(D
Tox HA L 0.25
BB30yIUTEHATA L opt =Ky dksMOL'S ¢B
HAaMOTKa ke + ko
-0.25

0.5
ML kCu

1 L
c3k; ke + kFe(DB

sqopt —

YpaBHeHus Ha
BPB3KUTE

-0.5 -0.5
k3 =" nomMuom = Lmdlsx nomMnom -

wol g =}

r nom’'sx nom md »

k‘lfd =

¢y =32,27"

[TapameTsp Ha HM3CIEABAHETO € MOMEHTBHT

Ha jBurarens. Bikna ce, ye cymapHuTe 3ary0ou He

MPEBUILIABAT HOMUHAIHUTE 32 MOMEHTH /IO OKOJIO
60% OT HOMUHAJIHHA.

140 oo

1.20

1.00

0.80

0.60

0.40

0.20 +

0.00

120 A--mmmmmmmmmm b LA

Due. 1. 3asucumocm Ha OMHOCUMETHAMA MOUWHOCT
Ha 3azybume Apy om ckopocmma @ .

a- Apy, - Apcy » 6- (Appe +Ape ).

¢=1,03£1;¢=0)_1,03>1; 0<m<l1.

Ha ¢ur.2 e moka3aHo H3MEHEHHMETO Ha
OTHOCHTEIIHaTa MHHHMAaJIHa MOIIHOCT HA 3aryouTte
AP¢min OT CKOpOCTTa APy min = f((®) 3a pasnnauu
HATOBApBaHUA MEXIy IPa3eH XOI M HOMMHAIHO
HaTOBapBaHe B choTBeTCTBHE C (13).
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Due. 2. 3asucumocm Ha omHocumenHama
MowHOCm Ha 3a2ybume Ap¢ min OM cKopocmma © .

O0<m<lI.

@Duz. 3. 3asucumocm Ha omuocumenHama
MowjHoCm Ha 3a2youme APy iy om

ckopocmma ® . m=o", n=-10,1,2.

Ha ¢ur.3. e moka3zaHa 3aBHCHMOCT Ha
OTHOCHTEIIHATA MOIIHOCT Ha 3aryOHTe Apg iy OT

CKOpOCTTa 3a €JICKTPO3aJBIKBAHUS Ha MEXaHH3MH
C pa3jMYeH XapakTep Ha ChIPOTUBUTEIHUS MOMEHT
B 3aBHCHMOCT OT CKopoctTa — xumnepoommder (1),
nocrosiHeH (2), nuHeeH (3) 1 KBaapaTtudeH (4).

QDue. 4. 3asucumocm Ha M om ckopocmma o .
¢=1; 0<m<lI.

QDue. 5. 3agucumocm Ha 1| om CKOpocmma .

¢=1,03£1;¢=(o_1,oo>1; O<m<l1.

Duz. 6. 3a6ucumMocm HA Myax OM CKOPOCIMMA .

IToxa3anu ca 3aBUCUMOCTHTE Ha
KoeHIMEHTa Ha TIOJNE3HO JEWCTBHE OT CKOPOCTTA
32 ClIydauTe Ha IIOCTOSHEH MAarHuTeH [OTOK
(pur.4) B gBeTe 30HM HaA yNpaBleHHWE Ha
CKOpOCTTa; Ha MOCTOsSIHHa MoUIHOCT (¢ur. 5) BBB
BTOpa 30Ha W Ha MAKCHUMaJHMSA KOC(QHUIMEHT Ha
TTOJIC3HO JeficTBHC (¢wur. 6). [To-ronemu
BB3MOXHOCTU 33 WKOHOMHS Ha €HEPTusi UMa IpH
MO-HUCKH CKOPOCTHU U CBHIIPOTUBUTEIHU MOMEHTH H
[0-MaJIKO — IIPY HOMHHAIHUTE CTOHHOCTH.

Due. 7. 3agucumocm Ha Y| om MOMeHma m .
0=1; 0<w<2.
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QDue. 8. 3asucumocm Ha Y| oM MOMeHma m.

¢=1,m£l;¢=m_1,0)>1; O<w<2.
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Due. 9. 3asucumocm Ha My O MOMEHMA M.
¢=1; 0.1<w<2.

[loxazanu ca 3aBUCHUMOCTUTE Ha
Koe()UIIMeHTa Ha MOJIE3HO AEHCTBHE OT MOMEHTA 3a
CllyyauTe Ha MOCTOSIHEH MarHuTeH MoToK (¢ur. 7) B
IBET€ 30HM HAa YIpPaBICHUWE HAa CKOPOCTTa, Ha
MocTOsIHHA MOITHOCT (ur. 8) BEB BTOpa 30HA M Ha
MaKCHMaJHUSI KOS(QHUIMEHT Ha MOJIE3HO JeHCTBHUE
(¢ur. 9). durypute ca ananoruusu Ha 4, 5 u 6, HO C
pasMEHEHH MeCTa Ha apryMeHTa U IapaMeTbpa.
[lpu ™manku HaTOBapBaHWS BHB BTOpa 30HA W
MOCTOSIHHA MOILHOCT Ha Baja MMa BB3MOXKHOCT
KIIJI na ce yBeauuu HaJl HOMUHAJIHATA CTOMHOCT.

3. 3akmouenue

Tlpemenyuu 3a Hayunu u HAyYHO-NPUNOICHU

npuHocu

Pa3paboTenn ca MaTeMaTHUYECKU MOJISNIN Ha
E€HepruifHM WHBapHaHTH B  OTHOCHUTEIHU U
a0CoOIOTHN enWHHUIN. Pa3paboTeHuTe Momenu ca
NPUIOKEHH KbM AaCHUHXPOHEH JBUTATEN THII
AO90L-4D. [IpoBeaenu ca U3YUCIIUTEITHU
eKCIIEpUMEHTH B  OTHOCHUTCIIHH CIWHHUIHA C
MOJICIIUTE M Ca IOJIy4eHH TrpauuHu pe3ysITaTH.
HampaBenn ca wu3BoAM 3a 3aBUCHUMOCTTa Ha
CyMapHHUTE 3aryOW OT MOMEHTa Ha JBUTATEIs.

ITocTpoeHr ca 3aBUCHMMOCTHTE HAa OTHOCHTEIIHATA
MOIITHOCT Ha 3ary0UTe OT CKOPOCTTA TIPH Pa3IHIHK
HATOBapBaHWs W  pa3jHueH  XapakTep  Ha
CBIPOTHUBHUTEIHUS  MOMEHT.  M3cienBaHa e
3aBHCHMOCTTa Ha KOe(pHIIMEHTAa Ha TIOJE3HO
JEHCTBHE OT CKOPOCTTa M Ca HAIpPaBCHW H3BOIU
OTHOCHO BB3MOXKHOCTHUTE 3a EHEPrOMKOHOMHYHO
yIpaBJieHHE HA  ACHHXPOHHH JBUTATEIIH.
CpaBHUTETHHUAT aHAIN3 C HEONTHMAaIHA MOITHOCT
Ha 3ary0uTe MpHU MOCTOSIHEH MOMEHT B IThPBa 30HA
U [IPU TIOCTOSIHHA MOIIHOCT/MOMEHT BbB BTOpa 30Ha
JOKa3Ba BAIUAHOCTTa M IpaKTHYECKaTa IOj3a Ha
pa3paboTeHUTE MOJICIH.

Hacoku na 6woewu uscnedsanus

IMonydyeHnTe WHBApHaHTH MOTaT Ja ce
W3MOJ3BAT 34 CHHTE3 Ha EHEPrOMKOHOMHYHO
yIpaBjieHHe Ha CTATUYHUTE PEXKUMH B ChbBPEMEHHH
CNIEKTPO3a/IBI)KBAHUSI C BEKTOPHO YIpaBJICHHE Ha
TPUHIIMIIA Ha TIOAYHHEHOTO PEryIHpaHe.
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MPEAUMCTBA HA HOBU CUCTEMU 3A
YIIPABJEHME HA CbOTHOLEHUE
,BB3JIYX-TOPUBO”

3AXAPU KABPOUINJIOB

Pe3tome: B cmamusma ce npedcmaesm ce0UCMEA HA HOBU CUCMEMU 3a YNPAGIeHUe Ha
ONMUMATIHO CHOMHOULEHUE ,,8b30YX — 20PUBO ", KOUMO OONBABAM NPEeOUMCMBEAMA UM CHPIMO
cviyecmaysayu NOO0OHU. AHAIU3UPAm ce Cayuau Ha KOMOUHUPAHU CMYUWeHUs NO 3a0aHue u
npugedenu Kvm obekma cmyweHus. Jlasam ce nooxoou u peuienus, CebP3aHu ¢ NPAKMu4ecKu
acnekmu Ha u3noi36aHemo um.

KnwouoBu nymm:ynpasienue na coomuouienue 6b30yxX-20puso,, ynpasienue Ha Komiu

ADVANTAGES OF USING NEW CONTROL
SYSTEMS OF RATIO ,, AIR-FUEL”
ZACHARY KAVROSHILOV
Abstract: The article presents properties ofnew systems for control an optimal ratio "air-fuel "that
complement their  advantages compared to existing ones. Analyzed cases of combined
interference task and brought to site disturbance.New approaches and solutions related to the

practical aspects are discussed.

Key words: ratio air-fuel control, boiler control

1.BeBenenue

VYnpasneHuero Ha OIITUMAJTHO
CBOTHOLIECHUE ,BB3AyX- TrOpUBO” € OCHOBEH
¢dakTop 3a edekruBHaTa paboTa HAa MIMPOK KIAc
TOIUIOreHepaTopu (MapHU W BOAOTPEHHH KOTIIH),
M3MOJI3BAIlM TEYHH WIM ra3oo0pa3Hu ropusa. B
nopenuna mybmukanuu [1,2,3] ca oOocHOBaHW,
CHUHTC3UPAHU n u3CjicaBaHu HOBH CHCTEMH 3a
yhnpaBlieHHE, CPAaBHEHU C TPaAMLMOHHO-TIPUIIaraHu
ofao0Hu. B [4] e ch3gamena meraiiiHa METOIUKA 32
CUHTE3 M ONTUMaJIHA HACTPONKAa Ha KOHTYpHUTE U
paspabotenute cucremu. Hacrosmara myonukanus
JOIBbJIBA TPEANMCTBATa Ha TE3U CHUCTEMH CIIPSIMO
TPagULIUOHHUTE.

2.ITocTaHoBKa
Pasrnexxgar ce mpemsiokeHM HOBH CXEMH 32
YIOpaBlIeHHE — CENIeKTOpHA C JIOIBIHUTEIHH
obOpatau Bpw3ku (Selector with Additional Feed
Back - SAFB) u KOMIIEHCAIIHOHHA, 0e3
cenektopuu 61okoBe —AFB konTo ca aHanmm3upaHu
U CpaBHEHH C Taka HapeueHaTa CEJIEKTOpHA, MPHU

KOATO C€ W3MOJ3Ba KPBCTOCAHO OrPAHUYABAIIO
ynpasnenune (Cross Limited Control - CLC) [5]
wm “Lead-Lag”. Ilpu mocnemnata 3amaHueTo 3a
BCEKHM OT pPa3XxOIUTE C€ Ompeneinst Wik OT
HatoBapBaHeto Fy, mmm or cToiHOCTTa Ha
ANTePHATUBHUS  Pa3XxoJl UYpe3 BKJIIOYBAHE B
CTPYKTypaTa Ha CEJICKTOPH 32 HUCKO U BUCOKO HHUBO
<" 7). [MpunnunHata cxema Ha Qur.l.
peanu3upa W3CICABAHUTE CUCTEMH, KOUTO C¢
MoJIy4aBaT KaTo BapHAaHTH OT CHCTOSHHUATA Ha
kmoyoBere Swl u Sw2. PasceriacyBanero Ep
MEXIy HOPMHDAHHWTE  pPa3XQAW CIIy)KH 32
dopMupane Ha  TOAXOAAIIM  KOPEKIMOHHU
BB3JICUCTBHSI CTHOBPEMEHHO B JBaTa OCHOBHH
KOHTYpa 3a yIpaBJcHHUE. OcHoBHATa
(yHKIIMOHATHA 3a7ada ce CBeXJa JO TOBa, Ue
HOPMHPAHUTE TIPEXOIHH IPOIIECH Ha JTBaTa pa3xojia
TpsiOBa MaKCHMamHO Ja ce Jo0mmKaBaT, WU
M3MEHEHHMETO Ha OTKIOHEHHETO Ha JUHAMHYHATA
rpemka Ep ma ObIae THKISCTBEHO paBHO Ha HyJa
IIPU BCUYKU CMYIICHHMsI, OTHACAIIH CE JIO 3aIaHUECTO

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria
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WM TIPUIIOKEHU KbM oOekTa. [Ipm mpoBexmaHe Ha
W3CIICIBAHUATA CE MPABSAT PA3IUIHH KOMOWHAITNU
ot cmymenuara Fo(s), Da(s), Dg(s). OcBen ToBa B
MpaBUTE€ BEPUTH Ha [BaTa KaHama ca J00aBeHH
(hyHKIIMOHATHH €JIEMEHTH, OTHECEHU KBM Woa(S) 1
Wor(s), OTpa3siBaIlIu CBOlCTBaTa Ha

CbOTBCTCTBYBAIIIM TCXHUYCCKU CPCACTBA.

Due. 1. [Ipunyunna cxema Ha uscred8anume
cucmemu

3a menTa mpH MpOBEXJaHE Ha CUMYJIALUH ce
M3II0JI3BAT MOJIENH, CBHOTBETCTBAILN Ha
JUHAMUYHUTE XapaKTCPUCTUKH Ha [POMHUIILIEH
naporeneparop JE 25 1/4ac - ropuBo ras, a 4acT oT
33]aydTe ca B pe3ynTaT OT aHaJlHu3a pH
eKCIUIOATalluATa Ha peaqHu OOeKTH OT TO3M KIIac.
[IpenaBarennute GyHKUIMH IO ABaTA KaHaa ca

0.35

—5s
(405 + (255 + D(10s + D ©

WoA(s) =

WOF(S) = m

N360pbT Ha KOMITEHCATOPH, HACTPOIKa Ha
peryiaTopuTe U IMHAMUYHUTE 3BEHA CE€ IIPABH C
U3I0JI3BaHE HA MeToAuKaTa oT[4], uiu

PIDwy:  Ky=3.9;T=70;T=17.4;T=100

PI(FUEL): Kp:004,T1:303,Tt:100
WKA(S) = 19KED:200
Wir(s) = 0.01(4s + 1)/(0.1s + 1)

3. Pe3yaratu
VY 10BIETBOPSIBAHETO HA OCHOBHATa (PYHKIHMOHAITHA
3ajaya Ha YyOpaBJIeHUETO (MHUHMMHU3ALMS Ha
JUHAMHYHOTO OTKJIOHeHWe Ep  Mexny nBara
HOPMHUPAHU pazxojia) € U3CJIEIBAaHO M0 OTHOIICHHE
Ha CMYILEHHUs B HOPMaJHU PEXHMHU Ha pabora [3],
KaTo ce M3II0JI3Ba OLICHKAaTa
5 2
opt
1= [[E ()] dt (1)
4
IIpenyioxkenuTre CcxemMu NPOSBIBAT HaW-3HAYUMO
H}E)C,I[I/IMCTBaTa cH mpH paboTa Ha CHOPHKEHHATA
IIpY TPOMEHIINB TOBAp, TOECT MpPH H3MEHEHHE Ha

3aJaHueTo  OT  TinaBeH  perymatop  Fgp(t).
KommgectBeno omenkute (1) 3a mpemokeHUTE
CXeMH Ce OTJIMYaBaT ChHIIECTBEHO OT TEe3H 3a
TpaJULMOHHATA U Ca B JUANA30HU

(Tsarp, < (107 -10") Iepd) u Lygp< (107 -10™) Iyc

EdextuBHOCTTa Ha paboTa HAa MNPESATOKCHHUTE
CXEMH Ce 3ama3Ba W Tpu paboTa MpHU CMYIICHUS
BBPXYy OOEKTHTE, KaTo NPHU TOBa C€ HaAOIIOmaBaT
CBOWMCTBA, OTJIMYABAlM C€ C JOIMBJIHUTCIHU
MPEIUMCTBA, KOUTO Pa3lpPOCTPAHCHUTE CTPYKTYPH
He mpurexaBaT. OCBEH TOBa pasTIIekKIAHUTE
CUCTeMHU 0siXa HU3CJCIBaHM [0 OTHOILICHHE Ha
napaMeTpuYHa HEYYBCTBUTEIHOCT (TpyOocT) upe3
NpOMsiHA Ha KOCQUIMEHTHUTE Ha YyCUJIBaHE W
BPEMEKOHCTAHTUTE HA MOJICITUTE HA OOCKTHUTE.
HpOBeI[eHI/ITe HU3CjacaBaHUuA OTpassaBat
MOBEJICHUETO Ha pa3rJekKJAaHUTE CHCTEMH MPU

npomsina Ha napamerpute Ky u Tj B 1uanason ot

+(20 -50) % ot mHactpoeunute croitHocTH. [lpm
cxema (CLC)HeOnaronpuatHUTe eQEeKTH  ce
yCHJIBAT TpH yBeIUYaBaHE Ha OTKJIOHEHHATA Ha

Kpn Ti(ouenka 1), xato mpu TOBa ce MOSBSBAT
o0jacTv, CBHOTBETCTBYBAaIld Ha  HEJOCTHT Ha
BB3nyX (Ep <0), koeTo HamaisiBa eekra Ha €IHO
OT HEWHUTE OCHOBHM IpenuMcTBa. PobacTtHocTTa
Ha HOBOCH3/IQJICHUTE CUCTEMH OCTaBa BHCOKA, KaTO
C TIOBUINIABaHE HA OTKJIOHEHUSTA EIWHCTBEHO Ce
MPOMEHS XapaKTepa Ha MPEXOJHUTE MPOLECH, MpHU
MPAKTHYECKH  HEMPOMEHSAIIO C€  ONTHMAIHO
cboTHoIIeHue Ep.

3.1.EnHoBpeMeHHO  Bb3JelicTBHE  Ha
CMYILIEHHS MO0 3aJaHNe U MPHBeIeHH KbM 00eKTa
1O eTHH OT JBaTa KaHAJIa HA Pa3XoJuTe.

ChIIeCcTBYBAIIAITE CXEMH OTpPaboTBaT C
pa3iuYeH ycrex Te3W CMYLICHHUs, KaTro OOl
HEJIOCTaThK Ce€ SBSIBAT BH3HUKHAIUTE IMHAMUYHH
OTKIIOHeHHss  Ep W TPOU3THYAINIUTE OT TOBa
HexenaHnn eexTu.3a W3CieBaHe Cca M3MOJI3BaHU

tenerpadan curHam Dy(t), DAt), c¢ ammuTyna
(0.2*1(t)), MPONBIKUTETHOCT W TEPHOJ], KOHUTO
CMyIl[aBaT KOHTYpUTE W B JIBETE IOCOKH, C KOETO
CTaBa BB3MOXKHO Jla C€ HaNpaBAT KOPEKTHH
CpPaBHEHHsI CBC CEJIEKTOpHUTE cxemH. Karo
MpUMEpH 3a TaKWBa CMYIICHUS — [0 KaHajia Ha
TOPUBOTO — KOJIEOaHWsI B 3aXpaHBAIld MAarUCTPaIIH;
N0 KaHaJla Ha OCHOBEH BB3IYX-CMYIIEHHS Ha
MOJaBalld Bb3AYXOBOIH.

Pesynrarute or ¢ur.2 u ¢ur.3 mokasBar
MPaKTHYECKH TPUTIOKPUBAHE Ha  TPEXOIHHUTE
XapaKTePUCTUKU HE3aBUCHMO OT TOBa B KOH OT
KaHAJIWTE JICMCTBAT CMYIICHUITA 332 CXCMHTE
(SAFB -SA) © 3HaUWTEIHUTE CTOWHOCTH Ha
pasceriacyBaHero Ep 3a TpaauIMOHHAaTa cxema
(CLC -S). Ilo TakbB HaUMH MPU HOBOCH3IAICHUTE
CUCTEeMH TPAaKTUYEeCKH C€ pealn3upa IIbJIHA
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WHBapUAHTHOCT Ha ONTHUMAITHOTO pa3ChIlIacyBaHE
0 OTHOILIICHUE HA CMYIIICHHUATA BHPXY O0CKTA.

3.2. Padora npu CUTYAIUH,
NpeIu3BUKAHN  OT  CMYIIEHHS  OT  THII
»OTPAHNYEHH TEXHOJOTHIHHN pecypcu”.
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@Due. 2. [Ipexoonu npoyecu npu cerekmoprna’S” (a)
celekmopHa ¢ komnencayuu ,,SA”(6)cxemu u
ounamuxa na Ed (8) npu cmywenus no 3adanue u
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@Duez.3.IIpexoonu npoyecu npu ceirekmopna’S” (a)
cenekmopHna ¢ Komnencayuu ,,SA”(0)cxemu u
ounamuxa Ha Ed (8) npu cmywenus no 3adanue u
20puBo

PaboTocmobHOCTTa HA CPaBHSIBAHNUTE CXEMH
ce OIICHSIBA B CIydad, KOraTo B €IWHUS OT JBaTa
KaHalla He Ce JOCTUTraT >KEeIlaHWTE CTOMHOCTU Ha
yIpaBsIeMUTe TIPOMCHIMBHA B TIeNns pabOTeH
WHTEpBal Ha u3MeHeHue. Haii dectro TOBa ce
Ha0JII0/]aBa B 30HHM B TOpHATA YacT Ha JAWANa30HUTE,
KaTo Te3du eeKTH ce KIacU(PUIMpaT KaTo TaKWBa,
MOpPOJAEHH  OT  ,,OTPAaHUYCHU  TEXHOJOTHYHHU
pecypcu”.  IlpuumHuTe 3a TOBa MOrar jga Objar
TEXHUYECKH, TEXHOJIOTMYHH, CHCTEMHH,
CyOCKTHUBHHU W Jp., a IPOSBICHUSATA UM MOTaT Ja
UMaT, CIy4aeH WIHA €MU30]INYeH XapaKTep, a ChIIO
U C OTHOCHUTEITHO NPOABIDKUTENCH mepuoia. Te3u
CITy9ad JOCTAaThYHO TOYHO CE MPENICTaBAT UYpe3
€JIECMEHTH OT THI ,,HACHUIIAHe’, KaTO HUBaTa Ha
HacHuIlaHe MPEJBAPUTEIHO HE Ca U3BECTHHU.

[Tpumepu:
a) 10 KaHaJjla Ha OCHOBEH BB3yX — 3HAYNMO
HEPETIIaMCHTHUPAHO HN3TUYaHC Ha BB3OYX

BCJIE/ICTBUE HEHM3MPABEH BH3YX0BOJI, Hee(heKTHBHA
pabota Ha BB3MYIIHU (UIATPH; HAMANEH KA Ha
BCHTWJIATOPU C pEMBYHU TPAHCMUCUHN, HCU3IPABHU
JPOCETHUPAIIH CIEMEHTH | JIp.

0) 1o KaHaa HAa TOPUBOTO — HAMAJISIBAHE HA
HAJISITaHEeTO B 3axpaHBaly MarucTpaiu
(HeusmpaBHU (GHUITPH, COMarateiHa U OCHOBHA
apMaTypa, BIUSHHE Ha JpPYrd MOTPeOUTENH Ha
TOPUBO TIPH OOIIX 3aXpaHBaIF MATUCTPAIN) U JIp.

Te3u curyanuu ca OCOOCHO 3HAYKMMH,
KOTraTO CTOMHOCTHUTE HA KOPEIUPAHUTE C OCHOBHHUTE
VIpaBJIIEMH TPOMCHJIMBU TEXHOJIOTUYHU BEITHUNHH
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Duz.4.1Ipexoonu npoyecu npu cearexkmopua’S” (a)
cenexkmopHna ¢ komnencayuu ,,SA”(6)cxemu u
Oounamuxa na Ed (8) npu cmywenus no 3adanue u
Hanu4ue Ha HACUWaHe 8 KaHAl 8b30YX
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(HampuMep HAIATaHUS B 3aXpaHBAIIN MarHCTPAIN U
JIUHUH) ca U3BBH JMana3oHa Ha cpaboTBaHe Ha
3a0MTH W OJOKUPOBKH B  aJrOPUTMHUTE 3a
MPOTPaMHO - JOTUYECKO yTpaBJIeHHE.
CrnenoBaTenHO CBHOPBKEHUSITa ca B CTaryc Ha
HOpMajHa paboTa
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@Duez. 5. Ilpexoonu npoyecu npu ceaexkmopua’”S” (a)
cenexmopua ¢ komnencayuu ,,SA”(6)cxemu u
Oounamuxa Ha Ed (8) npu cmywenus no 3adanue u
Hanuuue Ha HacuwaHe 8 KAHAl 20pUso

UscnenBanusTa ca  HampaBeHH  IPHU
CMYIIIEHHE TI0 33J[aHre U BhBEXK/IaHE Ha eJIEMEeHT Ha
Hacumiane ¢ roped mpar 80% ot amama3zona Ha
ynpasiasiemutre  OpoMeHNIuBH  Fa(t) u  Fp(t).
Hanmumero Ha Hacuiane B KaHalla Ha OCHOBEH
BB3AyX NP cTaHmapTHaTa cTpykTrypHa cxema CLC
IIpeJu3BUKBA  [IPaCTUYHO  yBEIUYaBaHE Ha
ONITUMAITHOTO 3a pexxuma CHOTHOILEHHE
(pascwrnacyBanero Ep ) B NOCOKa HW3JWINBK Ha
BB3/lyX. TO ce MposBsiBa IIPU HAMAJIIBAHE HA TOBapa

(dFg(t)/dt<0), nopaju JICHCTBHETO Ha
HHTETpajiHaTa KOMIIOHEHTa B peryiaropa, a
npuiaraHeTo Ha  anti-Windup” ommus e
3aTPYAHUATETHO mopan TPEABAPUTEITHO

HEU3BECTHATa CTOMHOCT Ha Ipara Ha HACHUIIAHE
(dwur.4a,B). Ilpu Hammgre Ha HACHINIaHE B KaHaia Ha
TOPUBOTO ChHIIO Ce HaOJIOJaBa PSA3KO MOBHUIIIABAHE
Ha U3JUIIIBKA OT BB3AYX, KOETO CE JIBJDKU HA JIMICa
HAa OrpaHHuYCHHE Ha 3aJaHHeTO B KOHTypa 3a
yIpaBlieHHE Ha BH3JyX MPH yBelMUaBaHe HA TOBapa
(dFg(t)/dt>0) m HeBB3MOKHOCTTA Ja ce Hamalu
pA3KO pa3xola MpU HaMalsBaHE Ha ToBapa
(dwur.5a,8). B kpaitHa cMeTKa U B BaTa ciaydas IIe

ce Mojyudu 3HauuTenHo HamansBaHe Ha KIIJI wu
yBelMYaBaHe EMUCHHUTE Ha a30THH okucH. OcBeH
TOBa TOPWUBHHUTE TPOLECH CE€ HU3BBPUIBAT C
HapyIIaBaHe Ha ONTHMAIHUTE YCJIOBHA, ITOSBSBAT
ce IyJicallid, Bb3MOXKHA € MPOMsHA TeOMETpHUsTa
Ha TIUIaMbKa CbC CBHIIBTCTBAIM BUOpAIMM Ha
OCHOBHa W cIloMaraTellHa amapartypa. PeamHun
CTaBaT yCJOBHATAa 3a OTKbCBaHE Ha (Qakena u
aBapuilHO crnMpaHe Ha TOIUIOTeHeparopa. B
npemraraaure cxemu (B ciydas SAFB) Te3um
HEJOCTaThIIM  TPAKTUYECKH C€  eIMMHHHpPAT
(¢ur.46,8,0ur.56,8). C  TOBa  MPETUMCTBO
MPEIUIOKCHUTE CXEMU OTTOBApAT HA W3MCKBAHMATA
3a TonepaHTHH KbM Tpemkn cucremu (Fault
Tolerance Systems) ¢ IpPEBaHTUBHO JEHCTBAIU
¢byskunu [6,7].
3.3.CTpyKTYpHa U pe:KUMHA MOOUJIHOCT

[IpenoxennTe cxeMu ca CHHTE3UPAHH U OT TJIeAHA
TOYKAa Ha TAXHOTO KOPEKTHO, YIOOOHO W
YHUBEPCAITHO NPUJIOKEHHUE C M3TIOI3BaHe Ha IHPOK
KJIaC YHHBEPCATHH WH(OPMAIIOHHO-YTIPABIISBAIIN
komiiekcu (DCS, PLC). Pasrnexnanute cucTeMu
uMaT 0a30B XapakTep W MOTaT Ja ce IpujaraT C
KOpeKIMH 1o chabpkanue Ha O,, C ppYHA WK
aBTOMAaTHUYHA poMsTHA CTOWHOCTHUTE Ha
CHOTHOILCHHUETO ,,BB3AyX-TOPUBO” B 3aBUCUMOCT OT
HATOBapBaHETO Ha TOIUIOTEHEpaTopa, KaKTO U C
BBBEXKIAaHE Ha JPYTd HaIATPOKIAHHUS, CIOpEN
NpeleHKa 3a KOHKPETHUTe peanuzanuu.ToBa ce
MOCTHTA Ype3:

1. N36arBane Ha ,,CTPYKTYPHH BpsI3BaHUS B
6azoBu cxemu (Hamp. CLC), ¢ koeTo ce 3amasBa
BB3MOXKHOCTTA 33 IMPEMHHAaBaHE KbM KIACHYECKU
WIH JPYTY TUIIOBU PEIICHHUS.

2. M3nenagBaTr ce AehWHUpaHUTE TpaBIIa B
[7] mpu peanmuzanms Ha CHUCTEMH CBC CIOXKHU
CTPYKTYpH, B YacTHOCT: ’...CbOJNIO/laBaHE Ha
MPUHIMIA 32 WepapXwudHOCT Ha pPEeXKUMHUTE Ha
pabora Ha KOHQHUI'YpHpaHHUTE KOHTYpU TIO
BB3XOMSANI pex — JuctaHimuoHeH oT wmuT (D),
JIOKaTHO pBYEH (pe3epBUpaHH peryJaToph 3a
PBYHO YIIPABJICHUE, KOHUTO aBTOMATUYHO IIO€MaT
YIPaBICHUETO Ha OCHOBHU KOHTYpPHU NPU OTIAJaHEe
Ha Oa3oB koHtTpoiep) (LM), preuer (MAN),
asromatuieH (AUTO), kackager (CAS), a cbio
PBYEH U aBTOMATUYEH OT YIIPaB/IABALIU IIPOTrPaMHU,
U3IIBJIHABAHW B CaMUsl KOHTPOJEP, CHOTBETHO
(SMA, SAU). [lpexomute OT €AWH PEKHM KbM
Ipyr TpsiOBa Ja craBaT CHHXPOHH3UPAHO,
0e3ymapHo, 03 KOH(UIMKTH M aKo JaJeH Cilydail He
MOJKE JIa Ce pemy B 0a30BUTE OJIOKOBE Ce€ pelraBatr
C IpyTUTE HATMYHY CPEICTBA Ha KOHTPOJIepHUTE .

3. IIpennoxxeHUTE CXEMH Ca MOIXOMAALIM U 32
peanmzupane Ha 0e3KOH(MIMKTHOTO W ITOAJIEKAIIO0
Ha YymnpaBJICHUEC TIPEMHHABAHC KbM pPa3IMdYHU
CTPYKTYPH M B XOPHU30HTAIHO HANpaBJICHUE, KOETO
HE HaJlara 0COOCHU YCHIIHS TIPY pealTu3alusiTa M.
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4.He ce Hajiara cbhb37aBaHETO Ha MPOTrpaMHHU
(parMeHTH M ONIMHM, KOWUTO OHUXa 3aTPyIHHIN
KpaifHUTE MOTPEOUTENH.

5.M3mon3Bar ce CpaBHHUTETHO HETOJISIM Opoit
CTaHAAPTHU OHWOJMOTEYHU OJOKOBE, C KOETO Ce
HaMaJIsBa pUCKa OT I10sBaTa Ha CUCTEMHH T'PEIIKH.

4.3akn04enne
IToxa3anute JOMN'BJIHUTEIIHU MMPEANMCTBA HaA
pa3pabOTeHUTe CXEMH WIIOCTPHpAT  TsAXHATa
epeKTHBHOCT  TpH  [NpWIAraHeTo UM 32
pasriexxaanus kiac obektu. Te Osxa ycmemHo
anpoOMpaHH C U3MOJ3BaHE Ha paslpeesieHa
cuctema MUK 5000Ce.
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KOH®PUT'YPUPAHE HA CUCTEMA
3A YIIPABJIEHUE HA POBOTU3UPAHA
BE3’)KUYHA CEH30PHA MPEXKA

CEBWI AXME/[

Pestome: Passumuemo na 6e3dcuunHume KOMYHUKayuu 6 HOCleOHume 200uHu bOenedcu
sHayumenen pvcm. Peduya cucmemu eeue usnonzeam 0e3dmcuyHu KOMYHUKAYUOHHU MOOYIU 6
ponsima Ha NpUeMHO-npeoasamenty eleMenmy, MOOUTHU USHUCTUMENHU YCMPOUCMEd U
censopu. Ha 6azama ma 6OesdxcuuHama KOMYHUKAYUA € 6b3MONCHO 0DeOUHABAHemO Ha me3u
MOOYIU 6 m.Hap. 6e3dxncudHu censophu mpedxcu. Hacmoswama cmamusa e wacm om paspabomka,
yenawja ocueypseane HA AlcOpUMMU 34 YNpasleHue HaA poOOMUUPAHU 6b3MU 6 0e3HCUUHU
CEH30PHU MPeXNCU U NPedCABs HAYAIHOMO U32PaAXCOaHe U KOHQUIYpupaune Ha pasnpeoeieHd
CmpyKmypa om makve mun. AKYeHmupano e 8bpxy ocobenocmume Npu XapOyepHomo u
coghpmyepromo KoHghueypupamne Ha KoMnoHeHmume @ mpexcama. HM3zepaden e npomomun Ha
g3aumooeticmeue  MedxHcoy — yeHmpainus — (cmayuonapen — host) u  nepugpeprume
(mobunnume/podbomuszupanu — target) 8v3uu.

KarouoBu gymu: pobomusupanu cen3opu, 6e34CuyHu CeH30pHU MPedcU, pasnpedeneHu cucmemu

CONTROL SYSTEM CONFIGURATION OF
A ROBOTIZED WIRELESS SENSOR NETWORK

SEVIL AHMED

Abstract: Wireless communications in recent years mark a significant growth. Number of
applications already use wireless communication modules in the meaning of transmission
elements, mobile computing devices and sensors. On the basis of the wireless communication is
possible unification of these modules in the so-called Wireless Sensor Networks (WSNs). A
basic designing and configuration of a robotized WSN control system is presented in this
article. This is the necessary step of developing adaptive control algorithms for the robotized
nodes in modern WSNs. A prototype of robotized WSNs is present, where the central node (host)
is a PC while the peripheral nodes (targets) consist of mobile robots.

Key words: robotized sensors, wireless sensor networks, distributed systems

1. BbBeaenue
PaSBI/ITI/IeTO Ha 663)I<H‘-IHI/IT6 KOMYHI/IKaHI/II/I
B TOCIICJHUTE TONWHU OENEeKU 3HAUYUTEICH PBCT.

B’B3M0)KHOCTI/ITC, KOWTO Impcajiara TO3W BHUI
KOMYHUKal s ce yBE€IM4YaBaTt — peauna
MMPUITOKCHUA BC€UC M3M0J3BaT 0Oe3KIMIHI

KOMYHHUKAIIMOHHH MOJYJH B JIUIETO HA MPHUEMHO-
npe€aaBaTCIHU €JIEMCHTHU, MO6I/UIHI/I U3YUCIINTCIIHU
ycTpoiicTBa U ceH3opu. Ha 0a3ara Ha Oe3xuyHara

KOMYHHKAIIUS € Bb3MOKHO OOCMHSBAHETO HA TE3U
MOJIYJIM B T.Hap. 0€3KMYHU CEH30PHU MPEKH.
[Mo-ronsma qacT oT W3BECTHUTE
W3CJICZIBAHUS B 00JIACTTA HA OC3KUYHUTE CEH3OPHU
MpPEXH TPETHpaT CTATUYHU CEH30pU OOCTUHEHU B
obma Tomomorus [1,2]. [HemmHuTe BrpajcHU
MUKPOIIPOLICCOPHH CUCTEMH IMO3BOJIIBAT BB3JIUTE
Ha Mpekara ga OpaaT MoOWIHH. BB3MoOKHOCTTA 3a
Ta3u peanu3anus ce ChCTOM B PAa3MoJIaraHeTO Ha
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CEH30PUTE  BBPXY  POOOTH3MPAHH  MOOWITHH
wiathpopmMu  (Ha3eMHHM H  BB3AYLIIHA POOOTH).
lomemusiT Opoil TEOPEeTHYHH W NPAKTHUECKH
MIPEeIN3BUKATEIICTBA, CBBP3aHU C TPHIIOKHUTE UM
BBH3MOKHOCTH MPOBOKHPA HUHTEpeca Ha
CHELUAUCTH OT Pa3IMYHUA OOJIACTH.

[IpemuMcTBOTO HAa MOOWIIHOCTTa HE MOXKE
na Oble W3MOJI3BAaHO B IIBJHATA CH CHIIA, aKo
cucremara pazunTa Ha 'bPBOHAYATHO
pas3IoNoKEeHNe, TBBPAU BPB3KH MEXKIY BB3IUTE
WM HEKOHTPOJMpPaHA MPOMSIHA HA TO3HIHATA HIM.
Hacrosimata cratus € 4acT ot pa3paboTka, messia
OCUTYpsIBaHE Ha aJrOPUTMHU 3a yIpaBlieHHE Ha
poOOTH3MpaHU BB3NIU B OE3KUIHU CEH30PHU MPEKH
U TpeACTaBs  HAYAIHOTO  WM3TpaXAaHe |
KOH(pHUTypHpaHe Ha paslpeaeicHa CTPYKTypa OT
TakpB  THI.  llsymocTHata — KOHIENIuMs  Ha
MIPEIOKECHUS MOJIXOT obxBara KaKTO
W3rPaXIaHETO Ha Mpexara OT poOOTH3MpaHH
CEH30pW Taka W OCHTYPSBAaHETO HAa aJaNTHBHU
ANTOPUTMH 32 pa3NpeAesieH0 yIpaBieHHe Ha
BB3JIUTE MIPH U3ITBIHEHUE HA 00Ia 3a1a4ya (MUCHS).

Msuoro or mnpoOneMuTe NPUYHMHEHH OT
TBBPMIO 3aJ0KEHATa TOIOJIOTHA TPH OEIKUIHHUTE
CCH30PHH MpPEXH Morar jJa ObJaT MpeoosicHH
MMECHHO 4Ype3 NpWIAraHeTO Ha WHTEIUICHTHH
ANTOPUTMH 32 YIpPaBIeHHE, KOWUTO Ja OCUTYPAT
JMHAMUKa KaKTO Ha ISUIOCTHATA TOTOJIOTHUS TaKa U
Ha OTAeNHU HeiHu BB31U [3]. C ympaBieHHeTo Ha
MOOMJIHHTE BB3JIM MpekaTa ce NpeBpblla B
aJlanTHBHA CEH30pHA CHUCTEMa C HHTEIUTCHTHO
noBejicHUe. B3anmMoJecTBIETO MEXIY OTACTHUTE
MOOHMJIHM BB3JIM OCHUTYpsiBa HEOOXOIUMHTE NaHHHU,
Ha 0a3ara Ha KOHTO aJTOPUTHMBT 3a yIpaBJICHHE
reHepupa ONTUMAJTHA KOH(HTYypanus Ha
EIEMEHTUTE OT TOMOJIOTHITAa Ype3 aJalTHBHO
pasmpeneneHne Ha moazanaunte. [lo To3m HaywH
0e3KMYHATa CEH30pHA Mpexa IIe U3IMbIHSIBA
OCHOBHaTa cH (PyHKIIMOHAJHOCT, IECTEHKU BpeMe U
eHeprusi. A pecypcute BpeMe U €HEeprus BHHATH ca
Ha JHEBEH peld, OCOOEHO KOraro ce TOBOpH 3a
MOOWIHHM poOOTH, Pa3uUTAIlX HA OATEPUH U UMAIIH
OTpaHMYECHO BpeMe 3a padoTa.

OnwucaHusT MOIXOA U B YACTHOCT CTPYKTYpa
MoraT Ja C€ TpPUYACIAT KbM CHCTEMHTE C
KOJICKTHBHO ToBeneHue. Pa3paborkure B obmactra
Ha OCHIYpsBaHE Ha KOJICKTHBHO IIOBEACHHE Ha
ABTOHOMHHTE MOOWJIHH pOOOTH TeHEpHUpaT HIKOJIKO
ronemu Tnpoekta kato: COGX, ROBOTCUB,
PACO-PLUS, xouTo ce KOHLIEHTpUpPAT BBPXY
camMoo0ydJaBaluTe CHOCOOHOCTH Ha OTIEITHHUTE
arentu (po6otn) [4]. Hpyru kato SPARK, IWARD,
ROBOSWARM u SENSOPAC  wusyuaBar
KOJIGKTUBHOTO TIOBE/ICHHE Ha MOOMITHUTE pOOOTH C
aKIEHT MPUIOKEHUETO My B OE3KUYHUTE CEH30PH
MpeXu ¢ MOOWIHM eneMeHTH. [loBede oT necer
npoekta B pamkure Ha ERA (European Research

Area) Tperupar mpoOieMHTE 3a YINpaBlICHHE Ha
ABTOHOMHMU MO6I/IJIHI/I pO6OTI/I, KOUTO HUMaT CTPOro
ompeJeNeHa 3a/a4a W/ paboTHA cpefa: JCTSIIH
(sFLY u COMETS), nogsogan (MORPH, Co3
AUVs, CoCoRo u NOPTILUS), ceH30pHH Mpexu B
ynotpeba Ha  3agadyud 32 TPAHCHOPTUPAHE,
MOYNCTBaHEe IUIOII, CTPOUTEJICTBO WJIH TATPYJIHpaHe
(ARCAS,MARTHA, [IWARD, DustBot wu
ROBOSWARM). Camo gBa ot Tax (URUS wu
GUARDIANS) ca  KOHIEHTPHPAaHH  BBPXY
Pa3MoIoKEHUETO M aJalNTHPAHETO HA BB3JIWTE OT
cenzopu [4].

Usrpaxknanero Ha cucTeMa 3a YIpaBICHUE
Ha poOoTm3upaHa Oe3KWYHA CEH30PHH Mpeka e
MPEJCTaBEHO B HSKOJIKO eTama. AKIICHTHPaHO ¢©
BBPXY OCOOCHOCTUTE TIPH  XapAyepHOTO H
copTyepHOTO KOH(UTYpHpaHe Ha KOMIIOHCHTHTE B
Mpexkara. M3rpajieH e mpoTOTHII Ha B3aUMOZCHCTBHE
MEXJy LEHTpaJHUs (CTallMOHAapeH - host) w
nepudepuuTe (MOOMITHUTE/pOOOTH3NpaHN - target)
BB3JIH.

2. XapayepHa KOH(pUrypauMsi Ha cucTeMa
3a ynpaBlieHMe HAa  POOOTH3MPAHH
0€3KMYHM CEH30PHU MPeKH

XapayepHaTa KOHQUTYpalus Ha U3rpajgeHara ¢
H3CIIEeNOBATENICKH LeN poboTH3npaHa Oe3kuuHa
CEH30PHA MPE’Ka BKIJIIOYBA:
o [lepconanen kommioTwp (host);
e MooGwuieH pobot (iRobot Create);
¢ Brpanena MUKpONpoLecopHa cucteMa verdex
pro™  XL6P Gumstix Computer-On-Module
(COM) (target), BKIrOUBAIIA HaArpasKAALIA MOIYJIIH
32 KOH30JIEH AOCTBI M 3aXpaHBAIlO HalpeKEHHE,
cepueH mopT, UMM wu anamoroBo-1uppoBU
npeoOpasyBatenu), monayin 3a FEthernet m WiFi
KOMYHHKAIINS;

e CeH30pH.

O06o0OmieHa CTpyKTypa Ha CcHCTeMara 3a
yOpaBicHHEe Ha MOOWIHHS POOOT € TOoKa3aHa Ha
¢wur. 1.

WiFi router

()

.
—5 "
mstix verdex 3

TARGET

()

Matlab/Simulink

QUARC _— iRobot Create

Due. 1. Obobwena cmpykmypa Ha cucmemama 3a
ynpagnenue Ha mobuinus pooom iRobot Create
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2.1. MooOuJjen podot iRobot Create
HexomoHOMHMST KOJeceH MOOWIEH poOOT

iRobot  Create, (¢ur. 2), mnpeacrasisBa
porpamMupyem BapUaHT Ha W3BECTHHTE
npaxocmykadku iRobot Roomba Ha d¢upmara

iRobot, mpu KOHTO ca cBaJleHH KOMIIOHEHTHUTE 3a
npaxoynassie. Toll e mpeqHa3HayeH 32 00ydeHue B
obOjactra Ha poOOTHKaTa W 3a MPOBEXKIaHE Ha
Hay4YHU U3CJICABAHUA.

N
R

Que. 2. J[gykonecer HeXON0HOMEH NPOPaAMUpyem
Mobunen pooom iRobot Create

[Mopamu orpaHudeHHTE BBH3MOXKHOCTH Ha
yhnpaBisiBallaTa MHKpPONPOLECOPHA CHUCTeMa Ha
iRobot Create 3a memute Ha Tasu pa3paboTka e
MpeaBHIcHa TOMBIHUTENHA OOpJOBa yIpaBisBalla
cucremMa, 0a3upaHa Ha BIpaJeH MHUKPOIPOLECOP
gumstix, paboremy ¢ oOIepalMOHHAa CHCTEMa
Embeded Linux.

2.2. BrpajgeHa MHUKpONPOIECOPHA CHUCTEMA
verdex pro™ XL6P COM
U3bpana e BrpageHa MHKpPONPOLECOPHA
cucrema OT THma gumstix verdex pro XL6P c
npormecop Marwell PXA270 XScale ¢ TakroBa
gectota 600 MHz. Cuctemara uma 128 MB RAM u
32 MB ¢mam namer (¢ur. 3).

o ERTElS
2e08 8T EM-"

svan oS!

Due. 3. Bepaoena muxponpoyecopua cucmema
gumstix verdex pro XL6P

3a  ocurypsBaHe HA  BXOJHO-U3XOJCH
uHTEepdeiic Ha MOOWIHHA poOOT W Oe3KHIHA
WHTEPHET BPB3Ka C YIPABIABAIIUS KOMIIIOTBD CE
M3MON3BaT HSKOITIKO CTCIUATN3UPAHU
Pa3UIMPUTEITHH MOJTYJTH, KaKTO CIIe/IBa!

1) modyn metpro-vx 3a mpoBojHA W OE3MPOBOIHA
Ethernet MmpexxoBa komyHukarust (¢pur. 4).

Due. 4. Pazwupumenen Mooy netpro-vx

2) mooyn FCC wifi 3a Ge3xnyHa UHTEPHET BPH3Ka

(dwur. 5).

Due. 5. Pazwupumenen mooyn FCC wifi.

3) modyn console-vx (pur. 6) 32 oOMeH Ha JaHHH
10 CepUeH MHTepQelC ¢ MepcoHaIeH KOMIIIOTHD 32
LEeJINTE Ha KPOC-KOMITMJIAIMATA U TPEXBBPISIHE Ha
yIpaBIsBaIaTa nporpama B OopmoBara
yTIpaBIIABaIla CUCTEMA.

@Due. 6. Pazwupumenen Mooyn console-vx

4) mooyn Sticky Interface (dur. 7) peanusuparg
nHTepdeticHa Bph3ka ¢ iRobot Create mpe3 HeroBus
koHektop DB-25 (Cargo Bay Connector)

DRIZ7-470
450LOT E

$0093000%00%
VB2 22333332808%

@Due. 7. Pazwupumenen modyn Sticky interface.

Csbp3BaHeTo Ha Moayaure 1, 2 u 4 B cTek
(,,caHmBMY) W MOHTHPAHETO WM HAa MOOWITHHS
po6ot iRobot Create e noka3zano Ha ¢dur. 8.
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@uez. 8. Cevpszsane Ha pasuwupumentume mMoOyIu
npu 6opoosama ynpasnaeawa cucmema gumstix

verdex pro XL6P.
2.3. Cenzopu
MobOunuusar  pobor  iRobot  Create

pasmonara C makeT OT BIPaJCHU CEH30PH, KOETO B
KOHKpETHaTa KOH(pHUYpalus MO3BOJIABA TPETUAHETO
Ha poOoTa Kato MoOmiIeH (poOOTH3MPaH) CEH30pEH
Bb3eN B CTPYKTypaTa Ha O€3KHYHATa CCH30pHA
Mpexa.

BopnoBute ceH30pH ca mpeacTaBeHu ot [6]:

e CeH30p 3a IpomaiaHe — B 3€JIEHO: THPPOBH
BxojoBe (Caster, left, and right wheel drop sensors);

e CeHszop 3a COTBCBK — B OpPaHKEBO:
uugposu Bxogose(Left and right bumper);

o ludpauepBeH ceH30p 3a HajlW4yhe Ha
JIEHUBEAIMs — B po3oBo: aHaioroB Bxon (Left,
front left, front right and right cliff sensors);

e MHoOromnocoyeH HWH(ppaYCPBEH MPUSMHHUK
(Omnidirectional IR receiver).

~_

Due. 9. Pasnonosicenue na cenzopume Ha poboma

OtBopenata miargopma Ha iRobot Create
M03BOJISIBA JOOABSHETO HA JOIBIHUTEIHU CEH30pH
chOOpa3eHn C KOHKpETHAaTa 3ajada Ha MOOWITHHS
BB3eIL.

3. CodryepHa KoHpUrypamusi Ha cUCTEMA
3a  ynpaBjieHHe Ha  POOOTH3MPAHH
0€3:KMYHHU CEH30PHH MPEeKH
Crnex [MONBIHWTENTHO HWHCTAJMpaHe Ha

“target” xommoneHTa Ha copryep QuaRC Ha pupma
Quanser Consulting Inc., poboTsT MOXke na ce
ymnpaBisBa uype3 Oe3KW4YHAa WHTEPHET BpB3Ka OT

nepcoHalieH KOMITIOTB] MOCPEICTBOM
yOpaBisBalll  [Oporpamu,  pa3pabOTeHH |
koMmmupann B Matlab/Simulink  cpema ¢
WHCTANMMpaH ,host“ KOMIOHEHT Ha codTyepa

QuaRC. M3mbiIHUMHUST KOA Ha YIpPaBIsABaIINTE
IIPOrpaMHu IIE MOXKE J1a C€ MPEXBbPII U U3IBIHABA
B O0opIoBaTa ynpasisBalla cUCTEMa Ha poboTa.

3.1. Koundurypupane u 0co0eHOCTH Ha
QuaRC npu padora B pexum ,host-
target*

[Iporpamute 3a ynpaBnernme Ha iRobot
Create 1ie ce cb3/1aBaT Ha MEPCOHAICH KOMITIOTED C
uHcTamupana Matlab/Simulink cpena u codryep 3a
pabora B peamno Bpeme QuaRC. Kakro O0e
cnoMeHato QuaRC uma naBa xommoHeHTa: QuaRC
host 1 QuaRC target.

QuaRC target ¢ xomnoHeHT Ha QuaRC 3a
paboTa B peanmHO BpeMe, KOWTO W3IMBJIHSIBA KOJ
rerepupad oT Simulink Momen chC 3amaneHa CTHITKA
Ha muckperm3amus. [lo-komkperHo QuaRC target
MOXE JIa U3IBJIHSBA CIICAHUTE 337a4u:

o [lpuemane Ha W3UBIHUMHS KOA Ha
nporpamara oT QuaRC host kommoHeHTa.

e Craptupade Ha mporpamara 3a paborta B
peaiHo BpeMe.

o [logappkaHe Ha  KOMYHHUKAIUs  ChC
cebp3annTe QuaRC host koMmoHeHTH.

e TpaHcdep HAa AaHHU B peaHO BpeMe IpH
3asBKa oT QuaRC host kommoHeHTa.

e 3amaBaHe Ha BPEMEBH Ipar OT MOTPeOUTENs
3a KOHTPOJIMpPaHE Ha MaKCHMAaJTHOTO IPOIECOPHO
BpeMe, OTJIEJICHO 3a M3MBIHCHHETO Ha KOJa NpHU
paboTa B peairHO BpeMme.

QuaRC host e BTOpUAT cOPTyepeH KOMITOHEHT,
KOHTO U3IBJIHABA CICAHUTE (DYHKIIUH:

e Konseprupane Ha Simulink mogen xpm C
COpC KOJ 4pe3 u3MOoJ3BaHe Ha codryepa Ha
MathWorks - Real-Time Workshop (RTW).

o Kowmynukamws cbe Simulink 3a u3meIHeHHE
HAa BBBEJCHM IIPOMEHM B IapaMeTpPUTE Ha
mporpamara o BpeMe Ha pa0doTa il B peaslHO BpeMe.

e (CBbp3BaHE HAa TCHEPUPAHUS MPOTPAMEH KO/
u KommmanusaTa My upe3 Microsoft Visual C++ ¢
[en Ch3JaBaHE Ha W3MBIHUMAa OMOTMOTEeKa 3a
pabora B peamHO BpeMe 3a  CHOTBETHA
MUKpoIIporiecopHa cuctema (*.wcl).
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e lMmnopTupaHe Ha TOTOBa 3a U3IBIIHEHHUE
oubmmoTeka 3a pabora B peanaHo Bpeme (*.wcl) kbMm
QuaRC target.

e [IpoMsHa Ha mapameTpuTe Ha MporpaMara
Yype3 M3MOJI3BaHE Ha JepUHUpaH OT MOTpeOUTENs
KOHTPOJICH TIaHeTI.

e CrapTupaHe ¥ CHpaHe Ha MPOTPAMHUS KO
3a pabora B peanHo Bpeme BBpxy aaaeH QuaRC
target KOMITOHEHT.

e Jloanppxane Ha TCP/IP xomyHuKanus cbe
cebp3anuTe QuaRC target KOMIOHEHTH.

e CpxpaHeHWe Ha JaHHH OT paboTara Ha
KOHTpOJIEpa B PEaHO BpeMe B TBHPX AWCK WIHA B
paboTtHOTO TIpocTpancTBo HAa MATLAB.

e lM3uepraBaHe W  BHU3yanu3almus  Ha
npeaanenu ot QuaRC target naHHu.

QuaRC host KOMIOHEHTBT ce€ HMHCTaIUpa
BUHarn B YNPaBIABALIUS KOMIIOTHP, JIOKaTO
QuaRC target xoMmoHeHTHTe Morar na Obaar
WHCTAIMPAaHW KAaKTO B YTPABISIBAIIUS KOMITIOTBD
Taka W (B cilydail Ha pasnpezerceHa KOHPHUTypaius)
B JpYyT HEpPCOHAJEH KOMIIOTHP WM IbK BrpajcHa
MHUKpOTIpOIleCOpHa cucTemMa (B ciydas gumstix
verdex pro XL6P 3a ynpasnenne Ha iRobot Create).

3.2. Konjpurypupane Ha gumstix verdex
pro XL6P COM (target)

CpBMecTHMa OIlEpallMOHHA CHCTEMa 3a
gumstix verdex pro XL6P e Angstrom Linux
muctpubynusta. Ts e pesyarar OT ChbBMECTHATa
paboTa Ha HSIKOJKO €KuIa OT pa3paboTuviyu (B
paMKuTe Ha MIPOEKTHTE OpenZaurus,
OpenEmbedded, OpenSIMpad) u e mpunoxxuma 3a
LIMPOKa raMa BIrpajeHu cucreMu. MHcTananusara Ha
BrpaJicHaTa OTepalruoHHa CHCTEMa CE OCHIISCTBIBA
Ha microSD kapTa um e pa3gercHa Ha HIKOJKO
ocHOBHH CTHIKHU ((pur. 10), omucanu meTaiTHO Ha
WHTEPHET CTpaHWIara Ha Miargopmara -
http://www.gumstix.org/getting-started-guide.html

@] Hardware setup
-

1

@] Get an image

o 2

Create a bootable
) microSD card

(-\ Boot your
@] Gumstix system 4

b

@ue. 10. Emanu na uncmanayuama na Angstrom
Linux 3a gumstix verdex (1-Koughueypupane na
xapoyepa, 2-Hzmeznsine na umuooic,
3-Uncmanupane na OC na microSD kapma;
4-Cmapmupane Ha cucmemama,)

Cnen uHCTamanusiTa Ha  BIpajJeHara
oreparoHHa cucTeMa e BB3MOKHO
KOH(HUTYpHUPaHETO Ha MHUKpOTIpOLIeCOpHaTa

cuctema gumstix verdex XL6P COM kato QuaRC
target. 3a menra mpenoctaBenute oT QUARC
JINEH3 (your_quarc_license_name.qlic) u
HHCTATAllMOHEH MMaKkeT (quarc_2.3.0-
r1_armv5te.ipk) TpsOBa ma ce KommparT Ha
BrpajicHaTa MUKPOIIPOIIECOPHA CUCTeMa (HAIpuUMeEp
B nupekropus /home/root). WHcranmamusita ce
cTapTHpa Ype3 KOMaHIaTa:

root@quarc-gumstix:~$ ipkg install
quarc_2.3.0-rl_armv5te.ipk

U TIPOJBJDKABA B HAKOJKO CTHIIKU:
Installing quarc (2.3.0-rl1) to root...

TouHaTa MOCNEAOBATETHOCT U OCOOEHOCTHTE IPH
MHCTaJalusITa ca ONMCcaHu B cekuusra Single-User
Linux Verdex Setup: QUARC Installation and
License Configuration na [7].

3.3. Kondurypupane Ha Mpexara
3a  mpaBWIHOTO  (YHKIUOHHpAHE Ha

W3rpajeHaTa  TOMOJIOTHS  THI — ,j3Be3na’ e
HEOOXOIUMO J1a C€ HANpaBsST HIKOJIKO HACTPOHKH
Ha Mpexkara. KoHpurypupaHero Ha mapaMeTpuTe
Ha Oe3KUYHATA KOMYHHKALUS C  YIpaBIsBALIMS
MOJyJI 32 MOOWITHHS poOOT MOXe Ja ce 00600mm B
HSIKOJIKO CTBIIKH:

e 3amaBane Ha cratudeH I[P ampec Ha
yIpasjsiBaliara cucreMa gumstix verdex (pobora);

e 3amaBaHe Ha HACTPOMKM 3a Oe€3KMYHATA
MpeKa OT CTpaHa Ha gumstix verdex.

3a KOHKpeTHaTa peamu3almus, B KOATO

ydgactBa Oe3zxkudeH pyrep Sweex LWO0O50V2,
eXtended Range™ 54Mbps Wireless Router , 3a
target cuctemara e 3amajaeH crartumdeH [P anpec
192.168.50.199. A UHTEPPEHCHUST u
KoH(pHrypaunoHHus ¢aiinose 3a gumstix verdex ca
peIaKTUpaHU B JIOJHATA MOCIIEIOBATEIHOCT, C IIE
3aJaBaHe Ha MapaMeTpuTe Ha Oe3KUIHATA MpeKa:

root@gumstix-custom-verdex:~$ vi
/etc/interfaces
auto wlane
iface wlan@ inet dhcp
wireless_mode managed
wireless_essid any
pre-up wpa_supplicant -Dmarvell -iwlan@ -
c/etc/wpa_supplicant.conf -Bw down killall
wpa_supplicant

root@gumstix-custom-verdex:~$ vi
/etc/wpa_supplicant.conf
network={
ssid="Breeze"
psk="Breeze_password"

}
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Mpexkara ce moctemBa upe3 SSID-to cw,
KoeTo B ciyyas ¢ Breeze u cwoTBeTcTBamara My
napona (psk). KopexktHoTo ¢QyHKIMOHMpaHe Ha
MpeXaTa € OT H3KJIIOYHTEIHA BAaXXHOCT, IOPAIH
NOCTOSTHHHSL OOMEH Ha JaHHU MEXIy BB3JIUTE H.

4. ExcriepuMeHTAJHA MOCTAHOBKA

Kakto 06e ommcano mo-rope, ©6a3oBaTta
KOHQUTYpalusi Ha TMpeJyioKeHara cucreMa 3a
ynpaBiieHHE Ha POOOTU3HNPAaHU OE3KUUYHN CEH30pHH
MpEXH ce ChCTOM OT LIEHTpaseH (ympasisBail) host
KOMIIOHEGHT W pOOOTH3MpaH CEH30peH BB3eNl B
JuIeTo Ha MoomHus pobot iRobot Create (target).
OyHKIMOHUPAHETO HA  Taka IPOSKTHpaHaTa
TOIIOJIOTHSI € W3CJIC[BaHA EKCIIEPHUMEHTAIHO Ype3
mopenuna OT TPOCTH 33Ja4yd, 3aJaBaHd OT
Matlab/Simulink upe3 Oubmuorexata QuaRC. 3a
menTa e ch3maneHa Simulink gumarpama (dur. 11)

e (S )

W quarc_gumstix_target_demo_mode|_roomba *
s

File Edit View Simulation Format Tools QUARC Help

OErE 2 NF) [Gwm -] BBBe BOE
Play Connect to Target

QUARC gumstix Target Demo - Model #1

[
| Raomba.
Initial oo
I Run Demo
L
| Roomba Run Demo
[
i
I
Roomba.
i Dames
| Roomba Demas
I
1l
L
Ready 100% FixedStepDiscrete

Due. 11. Simulink ouacpama na
eKcnepumMenmanHama nocmaHosKka

[TapameTpuTe Ha H3MIBIHEHNUE 32 CH3AAACHHS MOJEIT
cresBaT M3MCKBAaHMATA 3a paboTa B peaHo BpeMe, a
HMEHHO: PEeXHMMBT Ha u3MbiIHeHHe e External c
(ukcupanara crenka (¢ur. 11); mocouenu ca target
(haiima (quarc_linux_verdex.tlc) m mapameTpure 3a
KOMITHJIATOpa, CHhOTBETCTBAIM Ha M30paHara target
cucrema (gumstix verdex), IOCOYeH € H
nHTep(elica 3a oOMeHa Ha naHHU (¢dur. 12).

“# Configuration Parameters: quarc_gumstix_target_demo_model_roomba/QUARC Target for Verdex Configuration (Active) =

Select: Target selection -
Solver . "
System target flle: quarc_linux_verdex.tic Broy
Data Import/Export C

- Optimization Language: IC ']
=-Diagnostics Description: QUARC Linux Verdex Target

Hardware Implement...
Il i~Model Referencing
| =-Simulation Target

Build process

TLC options:

- [GuieEEr Makefile configuration
Report
Comments Generate makefile
Symbols Make command: make_rtw
Custom Code
Debug Template makefife;_ quarc_linux_arm_tmf Iy
Interface
QUARC Code Generation Advisor
Optimization

-] [Check moc
I AliasAnalysis

FunctionAnalysis [T Generate code only Build
InlineAnalysis 0

« [ »

BasicAnalysis Select objective:

LoopsAnalysis

Check model before generating code: [Dﬁ'

19 oK | [ Cancel |[ Help || Apply

% Configuration Parameters: quarc_gumstix_target_demo_model_roomba/QUARC Target for Verdex Configuration (Active) X

Select: Software environment
Solver
Data Import/Export
#-Optimization
#-Diagnostics
Hardware Implement...
Model Referencing
li| =-Simulation Target
=-Code Generation

Target function library: [CB9/C9O (ANSI)

Shared code placement: [Auto

Support non-finite numbers

Data exchange
[T MAT-file logging

m

Report Interface: [External mode
Comments .
Symbols Host/Target interface

Custom Code Transport layer: m Etfitenamequarc_can L4
Debug L ST ar— . '
MEX-ile argumentss_-w -d /tmp -uri %u', "tcpip://192.168.50.199:17001'

QUARC Memory management

Optimization

BasicAnalysis [] Static memory allocation

LoopsAnalysis

| AliasAnalysis
FunctionAnalysis

InlineAnalysis

B

2] OK H Cancel H Help. ] Apply

Due. 12. Kongueypuparne na modena 3a paboma 6
peanto epeme

OcBen  mapamerpute  Ha  Simulink
Iuarpamara, TpsioBa Ja ce KOH(GUIypHpaT U Te3U Ha
oubmmoTeKaTa QuaRC (TIpe3MeHtoTo
QUARC/Preferences) (¢ur. 13). B cexkunnure Model
n Target ce 3amaBatr URI (Uniform Resource
Identifier, Ynuduyupan Hoenmugpuxamop Ha
Pecypca) Ha cbOTBETHUTE KOMIIOHEHTH.

[E=mE )
B QUARC Preferences ==
Preferences.
Set the defautt preferences for QUARC.
ot | e | TargetType | = | ™ |

There is a defaul model URI for each target type. Select
a target type first and then il in the defaul model URL

The default model URI may contain the following format specifiers:

%m = the model name

Target type: linux_verdex -

Lk el Topip:/I192.168.50.199: 17001 Znagle=o
Default URI

| I o« ] l cones! ] l = l - I
[E—
B QUARC Preferences =1
Preferences
Set the default preferences for QUARC.
‘ Model ‘ Target | Target Type | Logging | Build ‘
There is a default target UR! for each communication protocol.
Select a protocol frct and then fil n the defaut arget URI
The defaut target URImay contain the folowing format specifiers,
which are used+o derive the target URI from the mods UR!
%4m = the model name i
%h = the hostname from the model URI i
%p = the port from the model URI (not usually used) |
%o = the options from the model URI (not usually used)
Detou arget U
o] o ) ][ - |

Due. 13. Kongueypuparne na cucmemama
,, host-target”
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[Ipu xoudurypupane Ha cucremara “host-
target” ce wm3momBa IP ampeca Ha pobora 3a
3agaBane Ha URI (¢wur. 13). Ilpu noBeye enemMeHTH
B Mpexara (mepudepHH BB3IHM B TOIOJOTHATA
»3BE3/1a) BCEKM BB3EI C€ HICHTHUPUIMPA ChC
cooctBeH URL

MOoOWITHHAT BB3EN B MpexKaTa € MpeICTaBeH
or Omoka Roomba Run Demo (¢pur. 11).
WHunnmanu3vupaneTo Ha KoHpUrypupaHata ¢ podora
Bpb3Ka c€ OChIIeCTBsIBa upe3 Onoka Roomba
Initialize (¢pur. 14).

T -

-
ﬂ Source Block Parameters: Roomba Initialize saw

=)

Roomba Initialize (mask) (link)

Connects to a Roomba.

Parameters

URI of Roomba to which to connect:

serial://localhost: 2?baud=57600,word=8,parity=none,stop=1
Send buffer size in bytes:

100|

Receive buffer size in bytes:
100

[C] Active during normal simulation

[ OK H Cancel ]I Help ] Apply

I =

Due. 14. Simulink ouacpama na
eKCNepuMenmanHama nocmaHosKa

3ajaunte KbM poOOTa ce 3amaBaT IOCPEICTBOM
6moka Roomba Demos (¢wur. 15).

B ’ L 5% -

sbug Parallel Desktop Window Help

9 | & of B | @ | Current Folder: DAprojects\verdex_example -He
B quarc_gumstix_target_demo_model_roomba * =8 % |
Fie Edit View Simulaton Format Tools QUARC Help
FIEEERE = Tt [otoma | B DS | BE@AME

QUARC gumstix Target Demo - Model #1

B Source Block Parameters: Roomba Demos

comba .1 1| Roomba Demos (mask) (link)

This block showis the list of built-in demos of iRobot Roomba.

Parameters

(sartosahost: 2 75auee5T000 nerd=S, sty =no

Demo: |Stop

Roomba.

woomes gemo ||

Figure Eight
‘Wimp

Roomba Demas

Ready

arget_demo_model_sevilmdl —
arget_demo_model_sevilmdl.original -

@Due. 15. Simulink ouaepama na
eKCHepUMEeHmantHama noCmaHo8Kka

Creqn ycremHo KOMITUIIUpaHe, MOJCTBT Ce
m3npama kKeM gumstix verdex. ChoOIIEHUETO B
KOMaHIHUS Tpo3openmr Ha Matlab 3a ycmemrHa
KoMIIWJiagusd W HOPEXBBPJIAHE Ha MOJCTIa KbM
yIpaBisiBallaTa [IaTka WMa CIICIHUS BH/I:

### Created executable
quarc_gumstix_target_demo_model_roomba.
rt-linux_verdex

### Downloading
quarc_gumstix_target_demo_model_roomba
to target
"tcpip://192.168.50.199:17000" ...

#i## Model
quarc_gumstix_target_demo_model_roomba
has been downloaded to target
"tcpip://192.168.50.199:17000"' (110551
bytes)

PaGotara Ha cucTemara 3amouyBa clen
3apeXJaHETO Ha MOJela M II0-CIIEABAIOTO MY
CTapTUpaHe. 3apeXJaHeTo W CTapTHpPaHEeTO ce
OCBIIECTBIBAT aBTOMAaTHYHO CHOTBETHO B MOMEHTaA
Ha CBBP3BAHETO KbM target-a W CTapTUpPaHETO Ha
Mojiena oT KoHTposiute Ha Simulink (¢ur. 15).

Baxen eran B KoHUrypupaHETO Ha
MpeXxara €  CTapTHPaHETO IIPEABAPUTEITHO
UCHTANMpaHuTe Ha gumstix verdex (cexums 3.2)
npuiiokeHust oT oubnuorekara Ha QuaRC, xouto
yIpaBJIIBaT JIMIICH3a U target-a:

root@gumstix-custom-verdex:/etc/init.d$
./quanser_license_manager start

Starting the Quanser License Manager. ..
Quanser License Manager[997]: The Quanser
License Manager service 1s Listening on
Localhost port 16999
The Quanser License
started with PID = 997.

Manager has been

root@gumstix-custom-verdex:/etc/init.d$
./quarc_target_manager start

Starting the QUARC Target Manager. ..

QUARC Target Manager[1010]: The QUARC
Listening on

Target Manager service 1is
tcpip://Llocalhost:17000

The QUARC Target Manager has been started
with PID = 1e@1e.

@Due. 16.Crumka na kougueypupanama cucmema
3a ynpagnenue na pooomusupaHy 6b3uu
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Wndopmarmsara cinexn U3NbIHEHHE HA
CTapTHpaHETO € Toye3Ha 3a aedunupanero Ha URI
B CTBIKUTE 3a HAcTpOHWKa OMNHMCAHU IMO-TOpE.
IIpoBepkaTa 3a CbCTOSHHETO HA TE3U yIPAaBISABAILN
MIPUIIOKCHUSA (S IPEIoOPBHUYUTECIIHA Ipu BCAKO
3axpaHBaHEe Ha KOMIIOHEHTUTE Ha Mpexara.

ExcneprMeHTanHaTa HOCTaHOBKAa JOKa3Ba
paboTocrmocoOHOCTTA Ha KoH(pHUTypHpaHaTta
0e3KUYHa CEH30pHAa Mpeka C pOOOTHU3UpPAHH
eneMeHTH. MoOwiHuAT pobOT, B poisTa Ha
MOOHJIEH CEH30PEH Bb3€J, U3IbJIHABA IOAAJECHUTE
KOMaHIXM W u3Npama KbM host KOMIIOHEHTa
W3UCKaHWUTE JaHHU OT OOPAOBUTE CEH30PU.

5. 3akaoyeHnMe W HACOKHM 3a 0Obaelna

padora
HpOBeHCHI/ITe CKCIICPUMEHTHU JOKa3BaT
paboTocrnocobHOCTTa Ha KOH(QHTypHpaHaTa

crcTeMa 3a YIpaBJICHUE Ha OC3KUYHH CEH30pHH
mpexu. Ch3maneHara KOHPUTypalus € HyKHaTa
OCHOBa 3a TIO-HATATBIIHU Pa3pabOTKHU, KOHUTO
BKJIFOYBAT WHTEIIMTCHTHU (aJallTUBHU) aJTOPUTMHU
3a ymOpaBlieHHE Ha pPOOOTH3MpPaHW BB3IU B
CTPYKTypaTa Ha OC3KHUYHH CEH30PHH MPEXKH.
Uznon3BaHeTo Ha MHKpOINpPOLECOpHA CHCTEMa C
BrpajicHa  OMepalMoOHHA CUCTeMa  IO3BOJISBA
HaJIrpaxJaHe HE caMO Ha HM3YUCIUTEIHUTE
BB3MOXKHOCTH Ha MOOWJIHHS BB3el (poboT), HO U Ha
HeroBusi xapayep. Taka HampuMep B KOHKpETHATa
peanm3anusi ¢ OopxoBara yIpasisBamla CUCTEMa
gumstix verdex pro JECHO MOXke Ja ce 100aBu
KaMepa B KayecTBOTO Ha BH3yalleH CEH30p, KOMTO
Ou MOT'BJI JIa Ce M3IMOJI3BA B 33]]aUM 3a M30sATBaHE HA
TPEMSTCTBUS HJIH PAa3II03HaBaHE HAa OOCKTH.
BB3MOKHOCTTa 3a OCBILECTBIBaHE Ha IIO-

CIIOKHH ~ HM3YUCIHUTEIHHA ONEpald OT  CaMHus
poboTu3nupaH BB3eT M NOOABIHETO HA CEH30PU B
3aBUCUMOCT OT KOHKpETHaTa 3ajada, KOsTO
OexKMUYHATA CEH30pHA Mpeka TpsiOBa Ja pelH,
MO3BOJISIBA MPOCKTUPAHETO HA HOBU — aJIAlITUBHU —
aNropuTMH 3a ympasieHue. Haii-6mu3kara men e n1a
ce MPOEKTHpaT aJrOPUTMHU 3a TPACKTOPHO ClieleHe
U u30ArBaHE Ha TMPEMATCTBUS HA  BB3JINTE,
dhopmupan  poOOTH3UpPaHU OC3KUIHN CEH30PHHU
MpPEXKU. ITo-HaTaTBhIIHUTE OYaKBaHUS ca CBBpP3aHU C
AITOPUTMH 33 YINpaBJICHUE HAa POOOTHU3UPAHU
OC3KUYHM CEH30pHH MpEXH B oOjacTra Ha
KOJICKTUBHOTO IIOBCACHHC, MHOI'OAIr€HTHUTC
CUCTEMHU W TIOBEJCHHETO Ha pOsKa. 3ajaduTe, Npu
KOUTO alNrOpUTMH OT TO3M BUJ  OWXa HMalu
3HAYMTEINICH YCIIeX MOTaT Jja ObJIaT KaTeropu3upaHu
B Tpu rpyn# [4,5]:

o ®dopmarust 0T OeKUYHU POOOTH — MpeKa
OT MOOWJHH POOOTH, H3MBIHABAIIN KOJCKTHBHO
3amaya (MUCHs);

e Be3KUYHU CEH30PHH MPEXKH OOCITYKBaHU
OT MOOWIHH poOoTH — MOOWIHHTE POOOTH ca B
oOciyxBalia poJis Ha BeYe U3rpajeHa U
MO3UIMOHUpaHa O0e3)KUYHA CEH30pHA MPEKa;

e Be3ku4YHM MPEeXH OT pOOOTH U CEH30PH —
OpH TAX BB3IM B Mpexara ca poOOTHUTE U
ceHsopute. Te OCBHIICCTBIBAT B3aUMOJICHCTBHE Ha
€/IHO ¥ CBIIO HUBO KaTO C€ OTYUTAT Pa3HOOOpa3HU
0COOCHOCTH C TIeT J1a ce moao0pu eeKTHBHOCTTa
Ha pabora.
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KHHEMATHUKA HA IBYOCEH ABTOMOBUJI C
BUCOKA ITPOXOANMOCT

BAJIEHTHUH FAYEB

Pe3tome: Bcsaxo mpancnopmuo cpedcmeo npedcmagnasa CRONCHA Mexanuuna cucmema. Ts e
CbCMABEHA OM 36€HA, CEbP3AHU NOMENCOY CU C KUHEMAMUYHU OB80UYU, C ELACHMUYHU U C
eracmuyHo—OemMnupawu eremermu. BubpayuonHomo uzcieosane Ha mpancnopmuo cpeocmeo
BKIOYBA  U3CAEO8AHE HA CB0DOOHUME He3aMUXeawu U 3amuxeauyu mMpenmeHus U Ha
npunyoenume mpenmenus. Ilocieonume ca crnedcmeue om pabomama Ha Ogueamens ¢
BLMPEUIHO 20peHe U OM  KUHEMAMUYHUME CMYWeHUsl, NOPOOeHU Om OBUICEHUEMO HA
MPAHCNOPMHOMO CPeOCHEo N0 NbMHAMA NOSLPXHOCM. 3a paziuyHume 6U008e MpenmeHus ce
cv30asam paziuyHu OuHAMuuHu mooleau. Llenma Ha nacmoswama paboma e 0a 6vOe
U3CNe0B8AHA KUHeMAMUKAMAa HA 08YOCEH ABMOMOOUN C B8UCOKA NPOXOOUMOCH. 3a Cb30a0eHUs
KUHeMamu4en Mooell ca U38e0eHU YPAGHEHUSAMA HA bel0GUME CKOPOCMU HA 36eHAMA MY U HA
JUHEUHUmMe CKOPOCMU HA YeHmposeme Ha mexcecmma Ha 3éenama. llonyuenume ypaguenus ce
U3NOA38aM 3a U3CAe08aHe HA CB0000HUME U HA NPUHYOeHUme mpenmenus: HAd O08YOCHUs
a8mMoMOOUT ¢ BUCOKA NPOXOOUMOCHI.

KarouoBu nymu: Kunemamuuer mooein, 1uHeliHa CKOPOCH, b2108d CKOPOCHL, A8MOMOOUT

KINEMATICS OF A TWO-AXIS OFF-ROAD
VEHICLE

VALENTIN BACHEV

Abstract: Any vehicle is a complex mechanical system. It is composed of units, interconnected
with kinematic pairs, elastic and elastic-damping elements. Vibration study of a vehicle includes
a study of the free non-subsiding oscillations, subsiding oscillations and forced oscillations. The
forced oscillations are a consequence of the internal combustion engine operation and of the
kinematic disturbances, caused by the vehicle movement on the roadway surface. Different
dynamic models are created for the different types of oscillations. The goal of the work
presented is the investigation of the kinematics of a two-axis off-road vehicle. For the created
kinematic model, the equations of the angular velocities of the units have been derived, as well
as the equations of the linear velocity rates of the gravity centres of the units. The derived
equations are used for research into the free and the forced vibrations of the two-axis off-road
vehicle.

Key words: Kinematic model, linear speed, angular speed, off-road vehicle

B craTusTa ca u3noa3BaHu CICTHUTE

Cbkpaenus: ¢ JIKC - noxaiiHa KOOpAMHATHA CUCTEMA;
o JIBT" - nBuraren ¢ BbTPEIIHO FOPEHE; e MC - MexaHUYHA CHCTEMA;
e KC - xoopamHaTHa CHCTEMA; e OKC - oTmipaBHa KOOpJMHATHA CHCTEMA.

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria ISSN 1310 - 8271
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CumBoJn:

e A - TpaHCHOpPMAIMOHHA MATPHIIA;

e C - LICHTBHp Ha TE¥KECT;

e | - TbJDKUHA,

¢ O - meatsp Ha KC;

e Oxyz - T[paBOBIBIHA  KOOPAMHATHA
CUCTEMA;

e r - paguyc-Bektop B JIKC;

e R - paguyc-Bextop B OKC;

e V - BEKTOp Ha JIMHEHHA CKOPOCT;

e 0 - MaJIKa BIVIOBA POTALIHS;

e Q - BEKTOp Ha BIJIOBA CKOPOCT;

® X,y,Z- ocu Ha npaBobrbiHa KC,

® X,Y,Z - TIOCTBITATEIHO IIPEMECTBAHE.

HNugexcu:

HOMEP Ha TSAJIO OT MEXaHWYHATa
CHCTEMA;

e { - TpaHcHanus;

® 1 - poTaius;

e T - TpaHCIIOHHpaHa MaTPUIIA;

o Jloaen - 00eKT, KOWTO ce pasrIeka;

e T'opeH - KOOpAMHATHA CUCTEMA, B KOSITO CE€
MIPOCKTUPA PA3TIICKIAHUSIT OOCKT.

o] -

1.KuHemMaTH4yeH Moj1ej
3a ma ce wmW3ciemBaT TpPENTEHHATA Ha
aBToMOOMIa, IMOCIEAHUAT C€  3aMecTBa ¢
KuHeMatudeH mojen [1, 2, 3, 4]. B kuneMatuuHus
MOJIEJI ca BKITFOUCHH CJICIHUTE Tella Ha aBTOMOOMIIa
(¢ur. 1): xopmyc 1; cumnoB arperar ¢ [ABI 2;
pamuaTop ¢ OXJIaxAalia TeYHOCT U C BEHTHIATOp 3;
pamMeHa Ha OKayBaHE Ha KoJjenara - mpegHure: 4 —
JIICHO U 6 — JI9BO, U 3agHHTE: 8 — JasgcHo u 10 —
JSBO; IIEHKEN C JpKaHTa W TyMa Ha TPETHUTE
KoJieJa JISIBO 5 U JSICHO 7 ¥ Ha 3aJHHUTE KOJeNa JISTBO
9 u mgacuo 11; Bogau Ha aBToMoOMIa 12 ¥ MBTHULIM
B aBToMoOmia 13, 14,..., 21, mmardopma 22,
paboten opran 23. [IpaBu ce A0MycKaHETO, Y€ TE3H
TeJa ca WAcaIHO TBBbpAW. HamokeHHnTe BPH3KH Ha
TejlaTa Ha MEXaHWYHATa CHCTEMa ca XOJIOHOMHH U
craumoHapHu. Taka nepunupanata MC e c 52
CTeTIeHH Ha cBOOOJa. BekTopbhT Ha 0000IICHHUTE

koopauHatu Ha MC e oT Buaa:

q23 ]:2)(1 (1)

q= [q1 9,

9
QDue. | Cxema Ha svziume na asmomoouna [5]

HemonmBmxHO KBM  BCAKO TsJIO  Ha
MEXaHUYHATa cucrTema e MIPUCHEIUHCHA
npaBobrbiHa JlekaproBa KC. Ts ce napwku B
MPOCTPAHCTBOTO 3aeMHO C TSIOTO M Ce Hapu4a
JOKaHa KoopawHaTtHa cucrema. Bceska JIKC ce
HOMEpHUpAa ¢ HoMepa Ha Tsu10To. LIeHThphT Ha BCska
JIKC e pasnonoxeH, KakTo Cle[Ba:

®B I[EHTHpPa Ha TEXECTTa Ha TAJIOTO, 3a
temata 1,2, 3,12, 13,..., 21;

® Ha OCTa Ha CHUMETpHs Ha LWIMHApUYHATA
JIBOUIIA, 32 POTAIIMOHHO JIBUXKEIIUTE CE
tema 4, 6,8,9,10, 11, 22, 23;

®B IIeHTHpa Ha cdepuyHaTra ABOHWIA, 32

Tenata S u 7.

C nomep 0 e nHomepupana OKC, xosto e
HETOJIBUXKHA.

Tenata 1, 2 u 3 ca MOHTUpPaHU BBPXY
eTaCTUIHO-/IeMI(UPAIIH eIeMeHTH. BCAko oT Te3n
TPH TeJa U3BBPIIBA TPH TPAHCIAIMH IO IbJDKUHATA
Ha KOOpAMHATHUTE ocu Ha cboTBeTHaTa JIKC u Tpu
porammm  okoimo TAX [1, 4]. Bexrtopute Ha
000011IeHNTEe UM KOOPJIMHATH Ca OT BUJA!

qilz[xi Vi z Oy 0y ezi]:()xl)a @)
i=1,2,3

Tenara 4, 6, 8, 9, 10, 11 3aegHo0 ¢ KOpIyca
Ha aBTOMOOMIIa 00pa3yBaT BbPTSILM ABOMLHU. Beska
OT TAX MpUTEeKaBa elIHa CTEIeH Ha cBoboma —
porauss okosno oc Ox Ha cporBeTHata JIKC.
Bekropute Ha 0000IIEHHTE UM KOOPIMHATH MMAT
BUJA:

a,=10,, }i=4,6,8,9,10,11 3)

Temata 5 m 7 3aemHo ¢ Temata 4 U 6
oOpasyBar chepuyHH JBOMIM. Bekropute Ha
00001IeHATe UM KOOPJIMHATH Ca OT BU/IA:
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0=, 0, 0,].i=57 @

Temara ¢ momepa ot 12 nmo 21 ca c exgna
CTeIeH Ha cBoOOa. BekTopute Ha 0000IICHUTE UM
KOOPJIMHATH Ca OT BHJA:

q, =[z}i=12,13,....21 5)

Tsmo 22 obpaszysa ¢ Tsu10 1 mUIWHIpUYHA
nBouna. Tsuio 22 e ¢ egHa cremned Ha cBOoOOIA.
BekTopbT Ha 00001IeHaTa KOOPAMHATA € OT BHA!

q, = lezzzj (6)

Tsuto 23 o6pasysa ¢ Tsu10 22 MUIWHAPUYHA
neouna. Tsuo 23 e ¢ eaHa cremeH Ha cBOOOJa.
BekropbT Ha 000011I€HaTa KOOpAMHATA € OT BHJA!

q = leY23J (7)

2. TpancopManHMOHHH MATPUITH
TpancpopmanmonHata  marpuiara Ha
uentepa O; Ha i-tata JIKC, xoiiTo ce mpoekTHpa B

OKC, na Tenma, mnocinegoBaTelHO CBBP3aHU B
KHHEMAaTHUYHA BEPUTa, € OT BUA:
A=A} AL ALLAT, (®)
KBIETO:
A=At Aul, )
1 00 li(;)l(i
. 01 0 1
At = oY | (10)
0 0 1 1‘5;
0 00 1
Au =Au,, Au,, Au,,, (11)
1 0 0 0
0 cosB, —sinb, O
Auy, = oo ! , (12)
0 sinf, cosd, O
0 0 0 1
I cos@Yi 0 sin6Yi 0
A 0 1 0 0 3
U, = ,
Y |—sinf, 0 cosf, O (13)
0 0 0 1

cost, —sinh, 0 0

sing, cosf, O O
S I S O

0 0 0 1
Tpanchopmannonnure MaTpHLH Ha
npoekrupanus B OKC nenrsp O; (i= 1, 2,...,23) Ha

JIKC na Bcsixo 110 oT MC, ca ciieIHuTe:

2.1 Tano 1
Cxemara Ha pasnonoxenuero Ha JIKC,
JIKC,, JIKC; u OKC ¢ npencraBeHa Ha ¢wur. 2.

Due.2 Cxema na nonoocernuemo na JIKC;, JIKC, u
JIKC; 6 OKC

TpancpopmanmonHata  marpuiara Ha
touka Oy, mpoektupana B OKC, e ot Buga:

A=At Au, (15)
KBJIETO:
Au =Au, Au, Au,, (16)
22Tena2u3l
TpaHcOPMAMOHHUTE ~ MaTpUIM ~ Ha

toukute O, u O3, npoextupanu B OKC, ca ot Bupa:

A'=A"A!, i=23, (17)
KbJIETO:

Al = At Aul, i=2,3 (18)

Au} = Au,, Au,, Au,, (19)

23 Tenad,6,8u10
Cxema Ha pasnonoxennero Ha JIKC,
JIKC, u OKC e mnpencraBeHa Ha ¢ur. 3.
TpanchopmarionauTe Matpund Ha Todkute O;
(i=4, 6, 8, 10), npoextupanu B OKC, ca ot Buaa:

A'=A"A' i=4,68,10., (20)

KBJIETO:

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria
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1 0 0 loy, Al=A) Al AT i=9,11 (25)
/|0 cosOy, —sindy, Loy, ‘
0 sind, cosb,, Iy | (1)  KRACTO o
‘ ' i A=At Aul, i=9,11 26
0 O 0 1 1 1 ul 1 ( )
i=4,6,8,10 Aui= Auy. i=9.11, @7

2.6 Teaa 12, 13,...,21

TpauchopMauoHHUTE MaTpHIIU Ha
toukute O; (i=12, 13,...,21), npoektupanu B OKC,
ca OT BHjA:

A=AV A, i=12,13,.,21 (28)
KBJIETO:
100 g,
Duz. 3 Cxema na nonoowcenuemo na JIKC;, JIKC,, Al = 010 li)Yi i=12,13,.., 21 (29)
JIKCs u OKC 00 1 z+lp, [~ 77
0 00 1
24TenaSu7

Cxemara Ha pasznonoxenuero Ha JIKCs,
JIKC,, JIKC; u OKC e mpencraBena Ha ¢wur. 3.
Tpanchopmanmonnute Matpuy Ha Toukute Os H
07, npoextupanu B OKC, ca ot Bua:

2.7 Taao 22
Cxemara Ha pasnonoxxeHuero Ha JIKCy,
JIKCy3, JIKC, 1 OKC e npencraBena Ha ¢ur. 5.

Al =AVAL AT =57 (22)

KBIETO:
AT = At AuLi=5,7 (23)

Au; = Auy Auy Au,,i=57. (24)

25Tena9u 11l
Cxemara Ha paznonoxenuero Ha JIKC,,
JIKCg, JIKCy 1 OKC e npencraBeHa Ha ¢ur. 4.

Due. 5 Cxema na nonosrcenuemo na JIKC;, JIKC,,,
JIKC»;, OKC

TpancopmanmonHata  MaTpulata  Ha
touka Oy, mpoektupana B OKC, e ot Buza:

AL =AlAL, (30)
KBJIETO:
cosb,,, —sinf,, 0 1ng2
. 1
AL - sinf, ,  cosb,, O o | (31
1
0 0 1 10222
Duz.4 Cxema na nonosxcenuemo Ha, JIKC;, JIKCs, 0 0 0 1
JIKCyu OKC
2.8 Tsio 23
TpanchopmarioHHUTE MaTpHULHI Ha TpanchopmanoHHaTa  Marpuiiata  Ha

toukute O9 u Oy , mpoektupann B OKC, ca ot touka 0,3, mpoektupana B OKC, e ot Buza:
BHJIA:
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Ags = A?’Alzz’Ag > (32)
KBJETO:
: 20
cosby, . 0 sinby 10X23
0 1 0 12
AZ=| o | (33)
—sinfy . 0 cosby, 10223
0 0 0 1

3.Pagnyc-BeKTOp Ha EHTbPA HA TeXKeCcTTa
HAa THJI0 OT MeXaHW4YHaTa CHCTeMa,
npoexTupad B OKC

R}, i=1,2,...23 Ha
ueHTspa Ha Texecrra C;, mpoektupan B OKC, e

Paanyc—BexkTopbT

paBeH Ha:
R), =Alr, i= 1,2,..,23 (34)
KBJETO:
rél = [ICiXi’ Leivio ez 1 ]T’ (35)
1=1,2,...,23

€ paguyC—BeKTOpBT Ha TouKa C,, NIPOEKTUPAH B i-
tata JIKC.

4.BexkTop Ha  aOcouqIOTHaATa  BIVIOBA
CKOPOCT HA THJIO OT MeXaHHYHATa
cucrema, npoektupan B JIKC
BekropbT Ha abcomoTHATA BIIIOBA CKOPOCT
Q! Ha i-TOTO TSJIO, IPOEKTHPAH BbPXY OCUTE HA i-
tata JIKC, Oxyiz;, i=1, 2,...,23 ce u3zuucnsgBa c
YPaBHEHHUETO:

Q=0 +Au, Q +Au, Au, Q. (36

Beuukn Tena Ha MexaHWYHATa CHUCTEMA,
OCBEH TsI0 1, ca CBbp3aHH B KHHEMATHYHH BEPUTH
OT MOCIIEOBATEIHO CBbP3aHU Tena. BekTopbT Ha
abcoroTHATA BIIIOBA CKOPOCT Q) Ha i-TOTO TAJIO OT

IMOCJICAOBATEIIHO CBBP3aHUTE TCJIa HA MCXaHUYHaTa
CHUCTEMa CC 3aIllMcBa C u3pasa:

i i T i T T i
Q =Q) +Au, Q. +Au,.Au,, Q). +

T T T i-1
+ Au, . Auy, .Au,, Q7 +

T T T (37)
+ Au,,.Auy,.Auy,.
T T T i-2
Aug, Auy, Auy, Q7+
3a Temara HAa MeEXaHHYHATa CHCTEMA

ypaBHEHUsATA Ha BIIIOBUTE CKOPOCTH Ca OT BUJA!

4.1 Teaa1,2,3

Q’i :AumT'AquT'AquT'Qi +
+Au) Aul Q +Au Q. +Q (38)
i=1,2,3

4.2 Tena 4,6, 8,10
Q =Au, Q +Q,,1=4,6810 (39)
43 TexaSu7

0 =AT AT AT AT O+

+AT AT AT O+
2 g

_ (40)
+Al Al Q) +A! @ +Q
4T 2 i
1=5,7
45 Tena9u 1l
i T T T T
Q =AZi.AYi.AXi AL SZ +
T T T i—1
+AZi .AYiAXi. o+ a
T T i T i i
+A, A Q. +AZi,QYi +Q,,
1=911
4.7 Tena 12,13, ..., 21
Q=0i=12,13,..21 (42)
4.8 Tsao 22
Q2 =Aul_ Q! +0Q2 (43)
4.9 Tsuo 23

QU=AT AT 0 +AT O0F4QF, (44

5.BekTtop Ha a0coOTHATA JIMHEHHA
CKOPOCT HA IEeHThpPa HA TeKecTTa Ha
TANO OT  MeXaHH4YHATa  CHCTeMa,
npoexktnpad B OKC

BekrtopsT Ha aOcomoTHAaTa — JUHEHHA

ckopocT V¢ Ha nenrspa Ha Texecrra C; Ha i-TO
TAJIO OT MEXaHWYHaTa CHCTeMa ce MOoIydaBa, KaTo
ce qudepeHIpa BeKTOpbT RY, ¢ ypaBHEHHETO:

Vgi:dROCi |3 OA!

dt A 0q,

Ay | Ty 45)
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3a Bcako Tsmmo Ha MC BEKTOPHT Ha
abCoM0THATA JIMHEHHA CKOPOCT V., Ha IIEHThpa Ha
TesxkecTTa C; € OT BHA:

5.1 Teaa1,2,3

vo _Ray Ry  Ray |
0X, 8yi 0z,
0 0 0
SR RGG R o
aexl 89“ 00,
i=1,2,3
5.2 Tena4,6,8,10
R’ R’ R’
Vgi_% < Vit d = VY]"'a = Vu+
X, aY1 aZl
0 0 0
aRCl eXl aRCl eYl aR(,l BZI +
To0, T oe, " o0, (47)
LR
GOXI
1=4,6,8,10
53TenaSu7
0 0 0
Vgi = aaRCl Vi + aRCl — Vy + aRCl — V, +
X, oy, 0z,
JRLG L ORLRL,
89 89 66
0
+ ;?Ci éXi—l + (48)
JRLG R R
89 X 89 69
i=5, 7
5.5 Tena 12, 13,..., 21
VO aRgl V aR?A V aR?:l V
0X, 8y] 621
6ROC aR" OR?Y. .
i 9 Ci 9 + Ci 0 +
To0, a6, M Ge, nT (49
aRgl
azi Zi°
1=12,13,...,21
5.6 Tsi10 22

OR} OR} OR}
Vi = 2 o+ 2 VY,
X ¥y 1
0 0 0
aRczz 9X1 L eYl aRczz 921 (50)
GOXI 00, 00,
n OR, 0
2
00
5.7 Tano 23
VO — aRgB aREZS V aROCZ_"i V
P ok, oy, 0z,
0 0 0
aRc23 9x1 Ry 9Y1 IR cs3 (:)21 + (5D
59 00, 00,
6R(é23 aRoczz 0
2 Y23
aezzz aevza

6. 3aki0uenue
Cp3masneH € KHHEMaTHYeH MoOJed Ha
JIByOCEH aBTOMOOWJI C BHCOKa IPOXOIAMMOCT,
JNehuHUpaH KaTO MEXaHWYHA CHCTEMa, ChCTaBECHA
OoT 23 uaeanHo TBBPAU Tena, ¢ 52 cTEneHu Ha
cBoOOa. 3a BCAKO TSAJIO Ha MEXaHWYHATa CHCTEMa
ca M3BEJCHU:
e MaTpHIlaTa Ha TpaHc(opMalus Ha IEHThpa
Ha JIKC, mpoektupan B OKC,
e npoektupanusT B OKC paguyc-BekTop Ha
IIEHTHhpPA Ha TEKECTTA,
® BEKTOPHT Ha abCONIOTHATA BIIIOBA CKOPOCT,
npoektupat B JIKC,

® BEKTOPBT Ha  alCONIOTHATa  JIMHEWHa
CKOpPOCT Ha IICHThpPa Ha  TEKECTTa,
npoektupan B OKC.
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ABTOMATUYHA MAHINHA C MEXAHU3bBM 3A 3APEK/IAHE,
3AZIBUKBAH C IBA I'A3OBHU JIBUT'ATEJIA

BAJIEHTHUH FAYEB

Pestome: 3a mpenuposvuna cmpenba c nucmonem u ¢ NywKd, 8 CHOPMHUME OUCYUNTUHU
,buamnon” u ,,Cnopmna cmpenba”, ce uznonzsam nampoHu ¢ OJI06HU KYPULYMU, KOUMO He
puxowupam npu cpewa ¢ npeepada. 3a oucyunaunama ,, bvpza cmpenba c nucmonem” ce
U3NON36AM NUCTOLEMU C ABMOMAMUYHO 3apedcoane Ha nampor 8 yeema. Koncmpyxkyuume na
me3u NUCMOoAemy Ca pasiuyHy. A8momamuxama um 3a 3apexicoane e ¢ UHEPYUOHEH 3ameop.
Hocneonusm ce 3adeudicea om Osueamens, Koumo yckopsea xypuiyma. Ha 6azama Ha
aemomamuynama mawuna AK-74, 3a mpenuposvuna cmpenba e cvzdaden asmomam, 3d
paboma ¢ nampowu C ONOSBHU KYypulymu. Asmomamuxama My e ¢ UHEPYUOHEH 3Ameop.
Asmomamuunama mawuna AK-74 uma eazoomeooen mexanusvm 3a 3apedcoare Ha NAmMpoH 8
yeema. OCHOBHOMO 3B8eHO HA ABMOMAMUKAMA Ce 3A08UINCEA OM CMPAHUYEH O8Ueamen.
Aemomamuunama mawuna AK-74 pabomu ¢ nampouu, Kyputymume Ha KOUmMo puxowupam, 6
3ABUCUMOCT KAKMO OM beblld HA OONUp C Npensmcmeue, maka u om MexanuyHume ceolucmed
Ha nocaeonomo. [Jpyea ocobenocm Ha me3u Kypuymu e 20JSMOMO pA3CMosHUe Ha
nopaszsgawomo um oeticmsue. llopadu uzbpoenume ocobeHocmu, me3u NAMPOHU Ca HE200HU 3a
MPpeHuposvuHa paboma 6 YCiosus, umumupawyu 2cpadcka cpeoa. Llenma ma nacmoswama
cmamusi e 0a ce u3Cne08a KUHeMamuyHd cxema HA asmoMAmu4yHa MAWuHa ¢ MexaHu3vm 3d
3apescoane, 3a08UNCEAH O 08A 2A306U OBULAMEJIA.

KarouoBu gymu: Mexanuzom 3a 3apedxcoane, UHEpYUOHEH 3aMBOP, MPEHUPO8bUHA cmpenda

AN AUTOMATIC MACHINE WITH A RECHARGE
MECHANISM DRIVEN BY TWO GAS ENGINES

VALENTIN BACHEV

Abstract: For shooting practice with a pistol and a rifle, as well as in the shooting sports and
biathlon, rimfire cartridges are used. Fired, their bullets do not ricochet, when meeting a
barrier. For practical shooting with a pistol, self-charging pistols are used. They have different
constructions. Their automaticity of recharge involves a blowback system. The latter is driven
by a ballistic motor which accelerates the bullet. Based on the automatic machine AK -74, a
machine pistol has been created for shooting practice, for work with rimfire cartridges. Its
automaticity of recharge involves a blowback system. The automatic machine AK -74 has a gas-
offset recharge mechanism. The automaticity basic unit is driven by a side engine. The
automatic machine AK-74 works with cartridges, whose bullets ricochet, depending both on the
angle of touch with a barrier and on the mechanical properties of the latter. Another feature of
these bullets is the big distance of their striking effect. Because of the listed features, these
cartridges are unsuitable for training in conditions simulating urban environment. The purpose
of this article is the examination of the kinematic scheme of an automatic machine with a
recharge mechanism, driven by two engines.

Key words: Blowback system, automatic firearm operation.
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1. YBon

ABromatnyHara MammHa (AM) aBTromar
“KanamaukoB”  (AK)  ©OescmopHo e  Haii—
CBBBPILICHOTO TEPMOra30MEXaHHYHO H3AEIHe Ha
HameTro chBpemue. Moaundukanuara my AK-74
pabotu ¢ marpoHu, kKamuOBp 5,45x39 MMm.
Mexanu3MbT 3a 3apexIaHe ce 3aIABHXKBa OT
cTpanmueH Ta3oB nBuraten (¢ur. 1). PadorHOTO
TAJO0 BiM3a B o0eMa Ha IOCIEAHMS IIpe3 OTBOpP B
CTeHaTa Ha JBHUraTess, yCKopsBall Kypiryma. To3u
JIBUTATE] € OCHOBEH 32 aBTOMAaTHYHATa MallliHa. 3a
Tazu MoaupuKanys € pa3paboTeHa TPEHHPOBBUHA
AM [3], 3a paboTa C MaTpOHU C OJIOBHU KYPIIYyMH.
Te ca ¢ kammObp 5,6x16 MM. MexaHU3MBT 3a
3apexJaHe € HMHEpIUOHEeH M Cce€ 3aJBHXKBa OT
ocHoBHUsi apuraren (¢ur. 2). CTpaHUYHHUAT
JIBUraTel € U30JIMpaH OT OCHOBHUS aBurarein. llpu
M3CTPEN B HETO HE MOCTHIIBA T'a3.

[IpakTukara Ha ynoTpeba Ha
ABTOMATHYHUTE MaIIuHA I0Ka3Ba, qe
WHIUBUIyaTHATE OWOJIOTMYHA OCOOCHOCTH Ha

ornepaTtopa Ha AM IUKTyBaT UHIMBUAYATHOCTTA Ha
HacTpoiikute 3a paborta ¢ Hes. Ilopagm ToBa, 3a
MOBHIIABAHE KadeCcTBOTO Ha IOATOTOBKAa Ha
orepaTtopa, € HeoOXOOMMO Ja C€ H3IOJ3Ba €IHa
aBTOMATHYHA MalllHA, KAKTO 32 OCHOBHA, TaKa U 3a
TpEeHUpPOBbYHA paboTa. KOHCTPYKTUBHO Ta3u uues
MOJe Ja Ob/ie OCBHIIECTBEHA, KaTO OT aBTOMAaTHKAaTa
Ha OazoBaTa MallMHA ce JEMOHTHUpAT JAeTailii u ce
3aMEHST C JPYTW JEeTailin, MPOeKTHpaHu 3a pabora
¢ Hepukomwmpamu mnarponu. llpemmara ce
KMHEMaTH4yHa cxemMa Ha AM ¢ uUHEpUUOHEH
MEXaHU3BM 3a 3apekAaHe, 3aJBUKBaH OT OCHOBHUSA
U OT CTPAaHUYHUSA JBUTaTEI.

2. KuHeMaTHYHHU CXeMH HA AaBTOMAaTHYHH

MAIIHHHA

KunematnuHara cxema Ha aBTOMAaTH4HA
mammHa AK-74 e mpencraBena Ha ¢ur. 1. Ta e
CbCTaBeHa OT OCHOBEH JBHraren l, B KOHTO ce
yckopsiBa KypuryMbT. CTpaHHUYHHAT JABUTATEN 2
3aJBM’KBa MEXAaHH3Ma 3a 3apex/laHe Ha MalIiHaTa ¢
MaTPOH 3a cJeABalll H3CTPeJl.

R 5
1 - il AAAAAAT
|[E[ VNV VYV
| ét

QDue. 1 Cxema Ha agmomamuxa cvC CMpaHuiet
2a3086 osuzamer

ABTOMaTvKaTra € ChCTaBeHa OT OyTtamo 3,
KOETO KHHEMATUYHO € CBBP3aHO CBhC 3aTBOPHUS
MeXaHu3bM 4 U c npyxkuHarta 5. Ta3u aBTOMaTHKa
HE MOXXE Ja paboTH ¢ MaTpoHH C Kamuowsp 5,6x16

MM, TIOPAJIU TIO-MaJIKOTO KOJIMYECTBO OAPYT B TsX, B
CPaBHEHUE C MATPOHUTE ¢ KaIuObp 5,45x39 Mm.

Ha ¢ur. 2 e mpencraBeHa KHMHEMaTH4HA
cxema Ha AM, pa3paboTeHa Bb3 OCHOBa Ha 0a30BHs
mozaen AK-74. Ts e ¢ mHEpUMOHEH MEXaHM3bM 3a
3apexgaHe U paboTH ¢ HEPUKOIIMPAIIU MaTPOHHU.
ABTOMaTHKaTa € CBhCTaBEHa OT  OCHOBEH
OanmucTHueH aBWraTes 1, MHEPIMOHEH MEXaHU3bM
3a 3apexaane 4 u npyxuna 5. Ta3u aBTomaTuka He
MOJKe J1a pabOTH C MMAaTPOHH ¢ KaTHOBp 5,45X39 MM.

@ue. 2 Cxema Ha aemomamura ¢ UHepyuoHeH
3ameop ¢ eOUH 2a308 osueamen

IIpuHuunHaTa KuHEeMaTUyHa cxeMa Ha AM
C HWHEPIMOHEH MEXaHW3bM 3a  3apeXkiIaHe,
3aJBIDKBAH OT JIBa JIBUTATElls, € MpEJCTaBeHa Ha
¢ur. 3. ABTOMAaTHKara ce CbCTOM OT OCHOBEH
OamucTrueH nBuraren 1, cTpaHWyYeH OalMCTHYCH
nBuraren 2, OyTano ChC 3aTBOPEH MEXaHU3BM 4 U
NIpYyKMHA 5.

B paborarta Ha mpejuiokeHaTa aBTOMAaTHKa
MOXKE€ Jla ce pasrienar nBa nepuoza. [Ipe3 mbpBus
OT T#AX, JBWKEI[aTa CHWJIa Ha MeXaHu3Ma 3a
3apekaaHe ce ch3AaBa OT padoTara Ha pabOTHOTO
TSIJT0, TIPE3 BTOPHS — OT paboTaTa Ha IpyXKUHATA. 3a
Ja ce  omeHd  pabOTOCIOCOOHOCTTa  Ha
NpeAsoKeHaTa aBTOMATHKa, € JOCTaTh4HO Ja Ce
OIIEHU paboTaTa M Ipe3 IIbPBUsI IEPHOI.

Due. 3 Cxema Ha a6MOMaAmMuKa ¢ UHepYUoHeH
3ameop ¢ 08a 2a308u dguzamen

3.CxopocT Ha OCHOBHOTO 3BeHO Ha AM c
HHEPIIMOHEH MEXaHU3bM 3a 3apexIaHe,
3aABHKBAH OT €AMH ABUIaTe 1
CxopocTTa X, Ha OCHOBHOTO 3BEHO Ha

MeXaHU3Ma 3a 3apexIaHe 3a IOPEIEeH H3CTpel C
AM mnpe3 mUpOCTaTUYHHS NEepUo] Ha H3CTpena ce
W34YUCIIABA C ypaBHEHHETO [1]:

. J
Xine = ——, (D
@3-y pppy
KBJIETO:
PS
Jne = o (2
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f A
a=—o (3)
Jk{l—Aj
0

¢, € KoepuuueHT Ha (JUKTHUBHA Maca Ha
OCHOBHOTO 3BEHO Ha MEXaHH3Ma 3a 3apeKAaHe,
m,,, — €KBHBAJEHTHA Maca Ha OCHOBHOTO

3BEHO Ha MEXaHU3Ma 3a 3apeK/laHe,
Py — Hansrane Ha QopcupaHe Ha Kyplryma

(2],

Skn — TUTONT HA CBETJIHS OTBOP Ha KaHaia Ha
LICBTA,

f, — cuna Ha OapyrTa,

A - TUTBTHOCT Ha 3apeXJaaHe Ha OapyTa,

Jx — ummync Ha GapyTa,

d - IBTHOCT Ha OapyTa.

IIpemecTBaHETO Ha OCHOBHOTO 3BEHO Ha
MEXaHH3Ma 32 3apeXkJaHe Ipe3 MUPOCTATHYHHS
HEepHOJ Ha U3CTpeJia C€ U3YHCIISABA C YPABHEHUETO:

Xine = XIHC tines 4)
KbBIIETO:
1 P
tinc =g.lnP—0, (%)

b

P, — GapoMeTpudHO HaySTaHE.
CkopocTTa Ha OCHOBHOTO 3BEHO Ha
MEXaHH3Ma 3a 3apeKiaHe X,; B JyJIHHS MOMCHTA

Ha U3CTpeJiia CC U3UnCIsABa C YPaBHCHUCTO!:

: ¢.m +0,5.rnm)
Xine + (q—.VH , (6)
P3-M pp)

X =
KBJIETO:

my — Maca Ha Kypuryma,

V) — LynHa CKOpOCT Ha Kypiryma [5].

[IpemecTBaHETO Ha OCHOBHOTO 3BEHO B
JOyJHHAS MOMEHT Ha WU3CTpella Ce H3YUCIsABa C
YpaBHEHHETO:

((p.mCl + O,S.mw)

P3-My

X Xige +

1, (7

11— “Mmc
KBJETO:

¢ — xoepunHueHT Ha (UKTHBHA Maca Ha
Kypulyma,

1y — BT Ha KypIIyMa B IEBTA.

CkopocTTa Ha OCHOBHOTO

MEXaHHn3Ma 3a 3apCiKIaHC X B Kpas Ha IMepuoaa

3B€HO Ha

Im
Ha OCTaTbYHO HeﬁCTBHC Ha Gap}/THI/IH ra3 Impu
H3CTPEII C€ U3UUCIIABA C YPABHCHUCTO!

: : -0,5)m,
Xim =Xy +u.vo, (8)
(Ps-ml(np)
KBJETO:
1300
= s 9
p v, )

V( — HadanHa CKOPOCT Ha KypIIyMa.
[IpemecTBaHETO Ha OCHOBHOTO 3BE€HO Ha
MeXaHHU3Ma 3a 3apexnane X, B Kpas Ha mepuoja

HAa OCTaThYHO JCHCTBHE Ha OapyTHHs Tra3 MpH
M3CTpEIT Ce 3UYHCIISIBA C YPABHEHHETO:

X =Xy + Xm +M_ 1_L ty,
(0N 'ml(l'lP) b'ts
(10)
KBJIECTO:
P,S
b=— A (11)
(B-0,5)m,.V,

BpemetpaeneTo Ha nmepuosa Ha OCTaTHUYHO
neiicTBMe Ha OapyTHHMA Ta3 IIpH H3CTpeN ce
W3YHUCIIABA C YPAaBHEHHUETO:

1. P
t :Eln—ﬂ (12)

A

4.CkopocT HA OCHOBHOTO 3BeHO Ha AM c
WHEPIHOHEH MEXaHW3BM 3a 3apexaaHe,
3a/IBH:KBAH C IBA IBUTATEJIsI
CKkopocTTa ¥ MPEeMECTBAHETO HA OCHOBHOTO

3BeHO Ha AM JI0 MOMEHTa Ha BKJIIOYBaHE Ha
CTpaHWYHHS OATMCTUYEH JIBUTATEN C€ U3UUCIISABAT C
YpaBHEHHUTA:

((p.mq + O,S.mm)

ch1;z[ = ch +
@3-1Mypppy

Negr,  (13)

o.m_+0,5.m,
e t ( - )'ICE):[ ’ (14)
0, ‘ml(HP)

X X

1CBL

KBJETO lcp 1 Vg €a ChOTBETHO CKOPOCT U IIBT Ha
KyplllyMa B CEUEHHETO Ha CTPAaHUYHUS OTBOpP B
CTEHATa Ha IIeBTA.

CkopocTTa Ha OCHOBHOTO 3BEHO Ha
MEXaHM3Ma 3a 3apexkJIaHe, 3aJIBKBAHO OT paboTara
Ha CTpaHWYHUS Ta30B JIBUTATEl, C€ W3YUCISABA C
YpaBHEHHUETO:
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X, =I—k[1—e-z°(1+zC)], (15)
ml(nP)
KBJETO:
m X
7 — e , (16)
¢ L.t
te=Z.t,, (17)

Bpemero 3a nocturane Ha MaKCHMAalHO
HajsiraHe Ha OapyTHHA Ta3 B CTPAaHWYHHS Ta30B
JIBUTATEN € PaBHO Ha:

=— (18)

Bpemero 3a pabora Ha CTpaHWYHHS Tra30B
JIBUTATEII € PABHO Ha:

=11ty +15), (19)

KBJETO toy € BPEMETO 3a IBM)KEHHE Ha KyplIyMa OT
CEUYCHHETO Ha CTPAaHWYHUS KaHAI B CTEHAaTa Ha
[IEBTA JI0 TyJTHOTO CEUCHUE Ha IMOCJICIHATA;

L =i, (20)

ik = nk'ir’ (21)
(Pro+Pyy) P

= g (22)

nk = nkO'nO’nm ‘an N (23)

CroifHOCTHTE Ha KOC(MUIUEHTHTE Tyo; Vo

Vm; Ume C€ m30MpaT oOT TaONWIH, CIopen
CTOMHOCTHUTE Ha mapameTpure [4]:
— SG . _ Asﬁ . W(JK . — ml
Cs=—>,0,=—>, 0, = ; 0, =—"
S S S S
0 0 0 6
KBIETO:

S¢ - ILIOII Ha OyTanoro,
S, - MHHHMAaJlHa IUIOIl Ha CBETJIUS OTBOP HA

Tra30BUs KaHaJl,

W, - HawyageH o0eM Ha CTpaHUYHUSI

OanucTUycH JABHUIaTCII.

5. IllpuMepHU U3YHNCIEHUS
3a pasrienaHUTE JBa THUIA WHEPLUOHHU
MEXaHU3MH 3a 3apexnaHe Ha AM ca HampaBeHH
W3YMCIICHUS Ha CKOPOCTTa Ha OCHOBHOTO 3BEHO Ha
MEXaHU3MUTE 3a 3apexaaHe. B u3uucnenusra ca
M3MOJI3BaHM NapaMETpPUTE Ha CTAaHAAPTEH MATpPOH C

Kamoepp 5,6x16 MM [6]. PesymratmTe OT
W3YHCIICHUTA ca MPeJCTaBeHH B TpaduyeH BUI Ha
¢wur. 4.

X

4 X\ceg N\

e 0,001 0,002 0,003 0,004 0,005 0,006
t, [s]

@uz. 4 Cxopocm Ha OCHOBHOMO 36€HO HA
asmomamuxama

MakcuManHaTa CKOpPOCT Ha OCHOBHOTO
3BCHO HAa WHEPIMOHHHS MEXaHU3bM 3a 3apekIaHe,
3aIBIDKBAHO OT €IWH OaTMCTUYCH IBUTATEN (KpUBa
1), € 4,53 m/s, a Ha OCHOBHOTO 3BEHO, 33][BHKBAHO
¢ nBa OanucTuyHM ABHUraTend, € 6,33 m/s (kpusa 2).

6. 3aka0ueHune

[Ipennoxena e KWHEMaTHYyHa CXeMa Ha
aBTOMAaTHKa C MHEPIUOHEH MEXaHW3bM  3a
3apekIaHe, 3aIBMKBAH OT JBa  JBUTATEII.
MakcuManHaTa CKOPOCT Ha OCHOBHOTO 3BEHO Ha
MeXaHW3Ma 3a 3apexJaHe, 3aJBIKBAH C JBa
OanuCTUYHU ABUTATENs, € ¢ 28,44 % I0-BHCOKa OT
CKOPOCTTa Ha OCHOBHOTO 3BEHO, 3aJBH)KBAHO C
€IMH OaTUCTUYEH JBUraTell.

[IpenoxkeHUT THUI aBTOMAaTHKAa MOXE Ja
ce pa3paboTH KOHCTPYKTHBHO, Jla C€ HPOHU3BEAC U
Jla ce M3M0JI3Ba B Ipolieca Ha o0ydeHue 3a paboTa ¢
0a3oBaTa MalllMHa.
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MEXAHO-MATEMATHYEH MOJEJI HA
CTUPJIMHI'OB IBUI'ATEJ C POMBUYEH
MEXAHUWU3BM

BBJIbO HUKOJIOB

Pe3tome: B nacmoswyama cmamus e ONUCAH Cb30AOCHUSIM MEXAHO-MAMeMamuyen Mooel Ha
Cmupnuneog 0gueamen ¢ pomoOuder MexaHuzovM, ¢ KOUMo Mo2am 0a ce uscied8am pa3iuyHu
OUHAMUYHU NPOYECU HA Checmaysawu u Hosu ogucamenu om mosu mun. Cneod degunupate Ha
Heobxooumume @QusuyHu U 2eomempuynu napamempu Ha Cmupauneosus oeueamen u
eeKMPUUECKUsl 2eHEPamop, ca ONpeoeieH AHATUMUYHY 3A6UCUMOCIIY 30 KUHeMAMuUYHUume u
cunosu napamempu Ha Ogueamens. CvcmageHo e OupepeHyuarHomo ypasHeHue Ha
POMAYUOHHOMO OBUIICEHUE HA KOJAHOBUSL 641 HA 08UcAMENsl ¢ NPUBEOEHUsL NPOMEHIUE MACO8
UHEpYUOHEeH MOMEHNM Ha dazpeeamad, 3aeuceuj om nonodicenuemo Ha eaia. OnpedeneHa e
@YHKYUAMA HA BeLOBOMO YCKOPEHUe, ¢ KOSAMO 4pe3 08YKDAMHO NOCACO08AMENHO YUCAECHO
uHmezpupare ce onpedensim vei08ama CKOpOCH U b2bid Ha 3a6bPMane Ha KOJIHOSUMe 6a06e.
pombOuueH

KarouoBn nymm: ogueamen,

MoOdenupane.

Cmup/zul-teoeu mexaHusovm, mamemanmuiro

MECHANICAL-MATHEMATICAL MODEL OF
STIRLING ENGINE WITH RHOMBIC DRIVE
MECHANISM

VALYO NIKOLOV

Abstract: This article describes the mechanic-mathematical model of p-type Stirling engine
with rhombic drive mechanism that can explore different dynamic processes of existing and new
engines of this type. After determining of the necessary physical and geometrical parameters of
the Stirling engine and the electric generator, the analytical relationships of their kinematics
and power parameters are obtained. Taking into account the variation of the reduced mass
inertial moment of the system to the crankshaft, a differential equation of rotary motion is
obtained, depending on the position of the shaft. The function of the angular acceleration is
determined, which successively, by double numerical integration, determines the angular
velocity and the angle of rotation of the crankshafts.

Key words: Stirling engines, rhombic drive mechanism, mathematical modeling.

1. BbBenenue

PoMOMUHMAT MexaHW3BM, Mpeodpa3yBall
BB3BPATHO-IIOCTBIIATCIIHUTE ABUKCHUA HA 6yTaJIaTa
BbB BBPTEIMBH Ha KOJSSHOBHTE BalloOBE, HaMHUpaT
MPWIOKEHHE B eTHOIMINHIPOBUTE CTHPIMHTOBH
JaBurarenu ot B-tum [3, 6, 7, 8].

HpI/I U3rpaxJaHe Ha HaACTOAIIHUA MCEXAaHO-
MaT€éMaTH4YCH MOJCII Ha CTI/IpHI/IHFOBI/ISI JABUTIAaTCII
HC C€ HaJlara TpMBUAJIHOTO AOITYCKAaHC, Y€ bIjIOBaTa
CKOpOCT (W Ha BBPTCHC Ha KOJSAHOBHA Ball €
IMOCTOAHHA, T. €. BI'BJIBT HAa 3aBbpPTAHC Ha
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KOJISHOBHUS Ball (0 € HSIKAKBA HEM3BECTHA (YHKIIUSA
Ha BPEMETO t, ITOJIeXkAaIIa Ha onpeesae [2].

2. Kunematnka Ha CTHPJIMHIOB JBHraTes
¢ poMOHYeH MeXaHU3bM

PomOnyHuMAT MEXAHU3bM, CBBbp3Balll
pabotHoTO OyTajio W mpeMmecTBamoTO OyTajgo ¢
KOJITHOBUSL Bajl, € CBbCTaBEH OT [Ba COHAKBU
HECHOCHH (JI€3aKCHAaTHU) KOJSTHO - MOTOBWIJIKOBU
MeXaHH3Ma, Pa3MoJOKEHH OTJIeNANHO CIPSIMO OCTa
Ha UWIMHABPA, CbC 3HAYUTEIHO M3MECTBaHE Ha
ocuTe Ha  CHHXPOHHO  BBPTALIMTIE C€ B
IIPOTHUBOIIOJIOXKHA IIOCOKAa KOJSHOBH Banose. Toi
UMa paBHU IBIDKMHU Ha MOTOBWIIKUTE | M paguycu
Ha koseHara r (¢wur. 1) [3, 6].

Due. 1. Cxema na Cmupiuneog ogueamer ¢
pombuuen mexarnuzom [3]

1 — Haepesamen, 2 — pazwupumentia kamepa, 3 —
pezenepamop, 4 — npemecmaawo oymaino, 5 —
oxnadumen, 6 — cecbcmumenna xamepa, 7 —
pabommuo 6ymano, 8 — bygepna kamepa, 9 —
xkapmep, 10 — pombuuen mexanusovm, 11 —
CUHXPOHUUPAWA NPedasKd.

TBi KaTO pas3riiekIaHUAT MEXAaHU3bM € C €Ha
CTeNeH Ha cB000/1a, 32 He3aBHCHMA IIPOMCHIINBA Ha
CHCTeMaTa BBB BPEMETO C€ IpHeéMa BIBIBT Ha
3aBbpTaHe Ha KOISIHOBUS Ban ¢ = @(t),[rad],

KOMTO MOJJICKU Ha OMPEACIIAHE 3aCIHO C HETOBUTE

oppBa MW BTOpa MHNPOU3BOAHU CIPAMO BPEMCTO,
KOHUTO ca CBOTBCTHO bIjIoBaTa CKOpOCT

o(t)= (0()[ ad /s] W BIJIOBOTO YCKOPECHHE

da)(t)

e(t) = [rad /s’].

MC)K,Z[y BIJIIUTC Ha OTKJIOHCHHUC Ha
MOTOBUJIKHMTE U BI'bJIa HAa 3ABbPTAaHC HAa KOJIAHOBHUTE
BaJIOBC Ca YCTAHOBCHU 3aBUCUMOCTUTC

sinf=k—Asing; (1)
cosﬂz\/l—(k—ﬂsinq))z. )

3a meTA, U3MHHAT OT paboTHOTO OyTamo, ¢
Hayvaj0 B rOpHa MbPTBAa TOYKA W MOCOKA KbM OCTa
Ha BaJia, Ce TOJIy4aBa

1

x,(t)=r (7+

2
=r [%H) —kz—cosw—%«ll—(k—/isinwz ,

2
1) —K —cos(p—%cosﬂ
3)

KBAETO 7,[m] € paauyc Ha KomsHoro, A=r/l -

OTHOCHTEJIEH paguyc Ha KOJISIHOTO
IBJDKAHATA HAa  MOTOBWUJIKHTE [,[m];

CIpsIMO
a,[m] -
U3MECTBAaHE HAa OCHTE HA KOJITHOBUTE BaJIOBE;
k=a/r - OTHOCUTETHO U3MECTBaHE (Je3aKcHan).
Anamormyno Ha (1), 3a TBTI Ha
IPEMECTBAILOTO OyTaJo ce TIoJIyyaBa

4)

Cnen mudepeniupane Ha (3) u (4), 3a

CKOpPOCTHTE Ha paboTHOTO OyTaino u
HpeMecTBaIoTo OyTalio ce ToTydaBa
d
v, (t)= xdt( )_ r[sm (p(p+zsmﬂﬁ}
5 6]
k- Asi
| sing— ( sing)cos @

\/l—(k — Asing)’

v, ()= dx;( ) —r[sm(p(p——smﬂﬂ}

- (6)
(k—Asing)cos@

—(k—Asin gp)z

=r@ sinp+
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Crmen mudepennmpane Ha (5) u (6),
yCKOpeHusita ~ Ha  paboTrHOoTO  OyTalio H
MIPEMECTBAIIOTO OYTaIO CE MOJyYaBaT U3PA3HUTE

dv,(t) _
dt

a,(t)=
= fcosp vsingipLcos i) -

2 L (7
=rKcos¢+ﬂCOS ¢+sm¢7smﬂ+
cos B
/1cos @sin® 7 + Sin(o—COS(pSin’B al:
cos’ B cos 3
dv, (1)
t —_—dv7 _
ad( ) dt
= r[cos Q@ +sin qoqb—%(cosﬂ[fz + sinﬁﬁ’)} =
®)

2 . .
_ r[(cosw— Acos gzlzssllgngosmﬁ B

cos@sinf | ..
cos B j(ﬂ}

Cnen nudepenuupane Ha (1) cmpsaMo BpeMeTo
W u3pa3iBaHe Ha  bIJIOBaTa CKOPOCT  Ha
MOTOBHJIKUTE C€ IIOIydaBa

/1cos (p351n ﬂj(o +(s1n(p+
cos’ fB

Acos@

o, ()= pt) =~ cos B

P> ©)

Cren mudepennupane Ha (9) cupsMo BpeMeTo,
3a BIJIOBOTO YCKOPEHHE Ha MOTOBHJIKHTE C€
MoJTy4aBa

£,(t) =)=
ﬂsm(z) A% cos (psmﬂ Acosg .. (10)
cosﬂ cos’ 8 - cos 3

3.Cuim W MOMEHTH, JelicTBalMm B
CTUPJIMHIOBHUSI JBHraTe]l ¢ POMOMYEH
MEXaHU3bM

3a mpakTHYecKaTa peaju3alis Ha IMKbBJIa Ha
Crupnuar e HeoOxoauMo Bcekn CTHUPIUHTOB
JBUTATeNl Ja UMa OCHOBHUTE €JIEMEHTH, MOKAa3aHU
Ha ¢wur. 1.

Nmaiiku nipeaBUl OCHOBHUTE JIOMyCKAHUS, Bb3
OCHOBAa Ha KOWUTO C€ WU3rpaxia MPUETHUIT
HU30TEPMUYEH MOJEN MU TMOIYYEHUTE 3aBHUCHUMOCTHU
nmpu  HeroBus aHanu3 [l], 3a HamIraHeto B
paboOTHUTE IPOCTPAHCTBA MOXKE JIa CE 3aIluIlIe

mRTk ., (11)
o[V, +V.(t ]+—V +V, +V. (1)

B (11) yuactBar QyHKIHHTE HAa OOEMHTE Ha
pasuIMpuTeNHaTa M CIbCTUTENHATa KaMepH, 3a
KOHMTO ChOTBETHO Ca IOJyUeHU U3Pa3uTe:

Ve(t):Sd [Le+xd (t)];

V. (t)=(S, =S, )[ L. +x,(t)-x, (1) ]

Tbit KaTO 06EMBT HA KAPTEPHOTO MPOCTPAHCTBO
€ MHOTOKpAaTHO MO-TOJIIM OT CyMapHHsS o0eM Ha
paboTHUTE MPOCTPAHCTBA, HAIATAHETO B KapTepa ce
npreMa 3a TMOCTOSHHO W PaBHO HAa MarvCTPAIHOTO

HaJIArae, T. €. P, = CONSt .

(12)

3a pe3yiTaTHUTE CHIM OT HAJSITaHHUATA Ha
ra3oBeTe BBPXY paboTHOTO OyTaino "
INpeMecTBalloTo OyTajlo M0 HampaBleHUE Ha
LHWIMH]POBATa OC, MOXKE Ja Ce 3aITuIle

P (t)=(5,-8)p(t)-S,p,; (13)
P ()=S.[p()-p] (4

WneprmonnuTte CHITH OT  BB3BpATHO-
NOCTBIIATETIHO ABIKEIIUTE C€ MPUBEACHH MAacH,
CHOTBETHO KBbM paboTHOTO Oyrano u
IPEMECTBAIIOTO OyTaj0, MOTAT Ja CE ONPEIETAT 0
dhopmynute

B, (t)=-m,a,(); (15)
m,a,(t). (16)

Py(t)=

CymapHuTe CWIM, TPEACTaBISBAIlM BEKTOPHU

CyMH OT ChOTBETHHUTE I'a30Ba U MHEPIMOHHA CHUIIH,

clel TSAXHATa PeAyKUMsT KbM OCTa Ha KOJISIHOBHS

BaJI, OPMUPAT MOMEHTH, 32 KOMTO CE€ ITOJIydaBar
u3pasuTe

M =P (t)r ————=; 17

()= P 00r=_ a7)
sin(p+ [

Md (l‘):%(l‘).l"c(Tﬁ). (18)

4. JIndepeHnuanHo YPaBHEHHE HA

POTAIHOHHOTO JBUKEHHE

OCHOBHOTO YpaBHCHUC Ha JUHaMHKaTa 3a
MEXaHUYHHU CHUCTEMH, CbAbPXKalllkd MCXaHU3MHU C
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MIPOMEHJINBO ~ TPeJaBaTeTHO OTHOIIEHWE KaTo
poMOuuHuUs [4], MOXKe Ja Cce 3amuilie BbB BHIa
o, , &
red —
Jredg+$7_M2red’ (19)

OTKBJETO 3a YCKOPEHHETO Ha KOJSHOBHUS Bal,
COpsAMO KOHTO € peAyluupaHa CcUCTeMara, ce
MoJTyJaBa

_ a‘]real ﬂz
Zred a ¢ 2
J

red

(20)

e(t)=

[IpuBeneHUAT MacOB HHEPIIMOHEH MOMEHT KBbM
0CTa Ha KOJSHOBUSA Ball, (POPMUPAH KAKTO OT
POTAITMOHHO JBIDKEIIUTE CE MacH, Taka W OT
BB3BPATHO IMOCTHIIATETTHO MBIDKEIIUTE CE€ MAacH,
MO3Ke€ J1a C€ IMPEJICTaBU ChC CyMaTa

Jred = Jred (¢) = JO +Jp (¢)+Jd (¢) . (21)

3a TPOMEHANINTE C€ MAacOBH WHEPIMOHHH
MOMeHTH J, W Jyq 3aBuUCEIM OT CBHOTBETHHUTE
CBCPEAOTOUYEHU BB3BPaTHO-NIOCTHIATEIHO
JIBIDKCIIA C€ MachM MW TEXHHTC KWHEMATHYHU
MpeaBaTe)IHU (PYHKIIMH, CE MTOJy4aBaT U3PA3UTE

2

J(@=m|2|; 22)
(4]

2
T (@)=m, %J - 23)

3a yacTHaTa MPOW3BOJIHA HA TIPUBEICHUS MAcOB
WHEPIMOHEH MOMEHT, CJeJ 3aMecTBaHe Ha (22) u
(23) B (21) u mudepennupane na (21) crpsmo
Br'bJa HA 3aBbpPTAaHE HA KOJSHOBHS Bal @, ce
oJTyJaBa

0,4 (9) _37,(0) 0J,(9)

24
o0 0 op @)

CyMapHUSAT TIpUBEIeH MOMEHT KbM KOJISTHOBHSA
BaJI MOXKE J]a c€ TIPEJICTaBH C U3pas3a

My, (t):Mp (t)+Md (t)_

(25)
—M, (t)=M, (1),

KpIeTo ¢ My €  O3HauyeH  CyMapHHAT
CBIIPOTUBUTEIICH MOMEHT 3a IIPEOJOJIIBaHE Ha
MEXaHWYHHUTE,  XUAPABIMYHUTE U  Ta30BUTE
CBHIIPOTHUBIIEHUS, U ¢ M — MOMEHTa Ha Bajla Ha
EJIeKTPUUCCKUS TeHepaTop.

4. 3aka09eHune

Cp31aaeHUAT MEXaHO-MaTeMaTHYEeH MOJISI Ha
CTUpNIMHTOB JBHWTratel OT [-TUI ¢ pOMOHMYEH
MEXaHW3bM, Clel Cbhb3JaBaHe C HEro Ha
KOMIIIOTBPEH CHUMYJIALMOHEH MOJEN, MOXKE Ja ce
U3II0JI3Ba 3a M3CJEABaHE HA JAWHAMUYHU MPOIECH,
KakTO Ha CBbILECTBYBAllld, Taka U Ha HOBH
JBUraTeIH OT TO3U THII.
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HPEAUMCTBA HA I'EPOJIKOBATA
BE3CEHHAPATOPHA KOHCTPYKIUSA ITPE/]
TAKHUBA CAMO C HUKJIOHUJIHHU MTPODPUJIN

HUKOJIA HAYEB

Pestome: B Hacmoawama nybonuxayus ca paszenedaHu npeouMcmeama HA 2epoaKosama
bezcenapamopna KOHCMPYKYUsL 34 XUOPAGIUYHIY NOMNU NPed MA3U CAMO ¢ YUKIOUOHU npoduiu
Ha 08ama pomopa om 21e0Ha Mo4Ka Ha AKOCMHAMA Meopus 3a KOHMAKMHUMe HANPeICeHUs.

KawuoBu AYMMU: KOHMAKMHU HANPEXMNCEHUsS, 2epomop nomna, 2cepojikosd 6e3cenapam0pHa

KOHCMPYKYU-, npedumcmea

ADVANTAGES OF THE GEROLLER NON-
SEPARATOR CONSTRUCTION OVER THE ONE
ONLY WITH CYCLOID PROFILES

NIKOLA NACHEV

Abstract: In the present publication are examined the advantages of the geroller non-separator
construction of hydraulic pumps over the one only with cycloid profiles of the two rotors,
through the aspect of the rigidity theory for contact stress.

Key words: contact stress, gerotor pump, geroller non-separator construction, advantages

1. BbBenenue.

Krnacuueckata KOHCTPYKIHS 3a TepOTOP
(IBYpOTOpHH) TTOMIIN € ChCTaBEHA OT JBa POTOpa —
BBTPEUIHO U BBHHIIHO 3b0HO KOJIEJO, KaTo U JBETE
KoJIella ca ¢ HIUKIouJeH npodun Ha 3woute. Ilpn
HOBaTa KOHCTPYKIMS C€ 3ama3Ba BBTPEIIHOTO
KOJEJIo, a BBHIIHOTO C€ BHUJOU3MEHS B
UWIMHIPUYHA POJiKH. PonkuTe ca Taka moaOpaHw,
4e ce IOMHpaT eHa 10 JPyra U B CHIIOTO BpeMe OT
BbTPE II0 BBTPEIIHOTO KOJEIO, a OTBBH IO
BBHIIIHATA TPUBHA.

OcHOBHa TIeNT Ha HAcTofAIaTa CTaTHs € Ja
ObaaT pasrieAaHd INpeAMMCTBaTa Ha HOBara
repoJikoBa Oe3cenapaTopHa KOHCTPYKIMS —TPEJ
Ta3W caMoO C NUKIOWIHH MPO(WIH OT TJIeHa TOYKa
Ha AKOCTHaTa TCOPHU 3a KOHTAKTHUTC HAIIPCIKCHUA.

2. llpenumcTBa.
3a ma ce mocoyar MpeIuMCcTBaTa Ha HOBaTa
KOHCTPYKIIMSI € HeoOXoAuMo Ja ce pasriena
W3BECTHA CHUICCTBYBAlla KOHCTPYKLHUS Ha T€POTOP
(mBypoTopHa) momna. Ha ¢wur. 1 e mokasana TakaBa
npousBexkaana ot @upma Bosch.

Due. 1.
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a)

Or ¢ur.2 ce BWxIa,
€THOTIOCOUEH MEXaHU3bM.

IIpennaranata HoOBa
nmokasaHa Ha ¢wur. 3.

4y€ 1omMmiara €

KOHCTPYKITHSL €

Due. 3.

Ot ¢urypara ce BIXIa, Y€ BBTPEITHOTO
KOJIEJIO ce 3ala3Ba, CPaBHSABAMKM C H3BECTHATa
KOHCTPYKIUS, a BBHIIHOTO C€ BHJIOW3MCHS B
UWIMHIPAYHYA poiikd. Te ca Taka moaOpaHu, 4e ce
JOTIHpAT €Ha JIO JPyTa U B CHIIIOTO BpEME OT BHTPE
M0 BBTPCHIHOTO KOJICJIO, 4 OTBLH 11O BBHIIHATA
rpuBHa. [1o TO3M HAYMH BCSAKa POJIKA CE JIOTMHpPA B
YeTUPU TOYKU (YUCTO TEOPETHYHO, aKO HsAMa
XJIAOMHM) U HE € HYXXEH cernapaTop, KOWTO Ja TH
nepku.  [lo Bpeme Ha pabora ponkure ce
MPEeBBPTAT, KOSTO BOJU JI0 CIICAHUTE MPEAUMCTBA:

- 3aMeHs ce TpUEHETO TPH IUIB3raHe C

TaKOBa MPHU ThPKAJISIHE

-  KoHTtakta ce pasmpenmens Tmo IsuIaTa

nepuupusi Ha pojikata, a HE CaMO B

OTIpeeNICHO TIETHO

0)

- Mexny BBHIIHATA TPHBHA W POJIKHTE CE
oOpa3zyBaT MaciieHH IK000Be, KOUTO MpHU
BHUCOKH CKOPOCTH TOBJWTAT POJIKUTE Ha
MAacCIICHH Bb3TJIaBHUIH

- 3a HamMansABaHE HA CTPAHUYHOTO (YEITHO)
TPHUEHE HA POJIKUTE Ca U3PA0OTCHU U YCITHH
MacJeHH IWINHIAPUIHN JHKOOOBE (POJKHUTE
ca 0cBOOOJICHU B IICHTHPA).

-  He Ha nocJiegHa MSCTO e
TEXHOJIOTUYHOCTTa  HAa  KOHCTYKITUSATA,
3amoTo € JiecHa  u3paboTkara  Ha

MUITHHIPUIHA TTOBBPXHUHA.
3.5lkocTHa TeopMsi HA  KOHTAKTHHTE
HaNpeKeHHs.
Hexka pasrnename mpeauMcTBara OT IJIEAHA
TOYKa Ha SKOCTHATa TEOPHsS HAa KOHTAKTHHUTE
HATPEIKEHHUS.
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IMox paBHOMEpEeH TOBAap ¢, OT TEOPHUATA 32
JIONMp HAa NUWIMHIAPUYHU Tejla C YCHOPEIHU OCH
BB3HUKBAT HANPEKCHUS B MAJIKH TUIOIIAIKUA, KOUTO
ce ompezenr ¢ hopmynara [1]:

o, = q EE, !
P H[E] (1_ﬂ§)+Ez(1_Mz)] (1)

be3 cpmiecTBeHn
koepuuuenta Ha Ilyacon
roTyJaBaT ypaBHeHHS (2):

TpElIKA  TpUEMalKu
n=0,25...0,35 ce

E
o, =0.418 |12
pnp
2EE
Enp S s L (2)
(E +E,)
1 1 1
=+
pnp 7’i r2
Kvaero:
E,, e nmnpuBeaeH MOIyl Ha
€IaCTUYHOCT;

Prnp — TIPUBEJIEH PAJIMyC HA KPUBUHA,;
7; M 1, — pamgdyCUTe Ha KPWBUHA B
TOYKaTa Ha KOHTakT. [IpM KOHTakKT C IUIOCKOCT
7y = o0;
3HaKa “MHUHYC” € 3a BBTPELIHO
JOTIMpaHe Ha IMIHHIPHUTE.

[N
o |58

Ha ¢wur. 5 ca mokazanm 1Ba BapuaHTa ChC
CHILIECTBYBaIlla KOHCTPYKIMS Ha 3bOHATa JBOIKa
(msBaTta Qurypa) u HOBaTa C THPKAIALIM CE POJIKH
(mscHara ¢urypa). Pasmeprre ca HarbJIHO €THAKBHU
(T. e. ¥ IOMIIUTE Ca €IHAKBU) 3a IBETEe PUTYpH, 3a
Jla ce HalpaBU pas3iukata. AKO ce ImpHeMe MOCOoKa
Ha BbPTEHE KaKTO € TIOCOYEHO Ha JisiBaTa Gurypa ce
BK/Ia, Y€ KOHTAaKTa C€ OCBIIECTBABA B
orOens3aHuTe € KpbcTde TOYKM. JIMHMATA Ha
KOHTAaKTa 32 BBHITHOTO KOJIENI0 € M300pa3eHa Io-
nebena. B ropHara wact xonenara He ca B KOHTaKT
3apaayd xJlabMHAaTa B JBOMKAaTa aHaJOTHMYHO Ha
BBHIIHOTO 3allelBaHe 3b0a JOomUpa camo C
aTaxKyBalaTa CH 4acT, a J[pyrara He JIOTHpa 3apaan
xnabuHara. OT M3HECEHWTE TOJ JiABaTa U JAsICHA
¢urypa cxemu ce BIXKAA, 4ye caMmo Maika 4act (~10
ObTH) OT TpodwiIa TpPU BBPTEHE 1€ HW3MHTBA
IUKIMYHA HAaTOBapBaHWSA. MHOTO BaXXHO € Ja ce
oTOeNexu, 4Ye TPUEHETO BB BTOpATa JIBOIKa € Ipu
ThPKAJISTHE, a He MPH IUTb3raHe. YnCTo TeopeTHIHO
O creaBano TpaWHOCTTa Ha BTOpaTa JBOWKA Ja €
none 10 (zecet) MbTH MO-TONIAMA.

Ja cpaBHHUM KOHTaKTHHTE HANpEeXEHHs Ha
BBTPEIIHOTO 360HO KOJIENIO C pOJIKAaTa U Ha poJIKaTa
C BBHIITHATA TPUBHA.

3a KOHKpeTHHS ciy4yaid u300paseH Ha
¢ur. 5 e u3BecTHO:

- r;=42/2 =21 mm;

- r;=0,5 mm — Hall-ManKus panuyc
Ha KpPHBHMHA Ha BBTPEIIHOTO KOJEJO, KOTaTo TO
JIOTIApa B POJIKaTa, OTOENA3aHo € Ha JsICHAaTa CXema
C KpbCTUE;

- r;=164,8/2 = 82,4 mm.

[
@ |4 B0
o 1A B

Due. 5.
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M3non3Bailku MOCIEAHOTO OT YpaBHEHUS
(2) ce momyuasa [1]:

L_1 1_1 1 _05+21_
)5 21%0,5

r, 4 n 21 0
”21 5 )
==2"=205mm"’
10,
11 1 1 1 824-21_
n, hon 21 82,4 21*84
61,4 @
=——=0,035mm"’
1730
KonTakTHUTE  HampexeHus o, Ha

BBTPCIIHOTO 3B0HO KOJIETIO C poJiKaTa CC OMPEACIIAT
OT:

o, =0,418,/2,05 [¢ E, =0,5981/qE,, (5)

KonrakTHute HaIpeXCHUsl 0 ,, Ha poJIKaTa
C BbHIIIHATA I'PUBHA CC OIMPECACIIAT OT:

,n =0,418,0,035, [¢ E, =0,00052,gE,  (6)

IIpn ennaxkBM MaTepuanu 3a BBTPEIIHOTO
KOJIEJIO, pOJKaTa W BBHIIHATA T'PUBHA ‘/‘IEnp ec

eIHaKBa CTOHHOCT W B JBeTe ypaBHeHUs (5) u (6).
Axo ce pazgenu o,/ 0,, ceNOIyYaBa:

K=0, /0,,=115219 7)

4. U3Boau

Or ypaBaenue (7) ce BwkzAa, Ue
KOHTaKTHHUTE HANPEKCHHS HA POJIKATA C BHHIIHATA
rpuBHa ca ~1000 (xwrsima) OTHTH TO-MaJKH
OTKOJIKOTO  KOHTaKTHHTE  HaNpEeKEHHS Ha
BBTPEIIHOTO 350HO KOJIENIO C POJIKATa.
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CTYAEHTCKHUTE CTAKOBE "
HPAKTHYECKOTO OBYYEHUE HA
CTYAEHTUTE

XPUCTUHA JAMJISTHOBA, UBAHKA JIEKOBA

Pestome: Awnanuzupam ce muenusima na 50 cmyoenma u mexnume MeHmMOpYU 3a ONUMA UM Om
cmadicanmcexama npoepamva Ha MOH. Tepcam ce npeoumcmea u 8b3MOACHU HeO0Cmamvyu npu
npebusasarnemo Ha cmyoenmume 8 peaina ousnec cpeda.Paszenescoa ce cvujo u cmenenma Ha
nocmuezane Ha nocmageHume yeau 3a npuooOdUSaHe Ha NPAKMUYECKU ONUM U YCbBbPUIEHCMEAHE
Ha NpaKmudecKume YMeHusl Ha Cmyoenmume 6 CbOmeemcmeaue ¢ nazapa Ha mpyod.

KawouoBu qymm: obyuenue, npakmuuecko oOyyenue, npakmuieckume yMeHus, peaiHa ousHec
cpeoa.

INTERNSHIPS AND PRACTICAL TRAINING OF STUDENTS

HRISTINA DAYLYANOVA, IVANKA DEKOVA

Abstract: The opinions of 50 students and their mentors about their experience with the
internship program of the Ministry of Education have been analyzed. Advantages and possible
drawbacks of placing students in a real business environment have been sought for. The
achievement of the goals for acquiring practical experience and mastering the students’

practical skills in accordance with the labor market has also been considered.

Key words: training, practical training, practical skills, real business environment.

1. BbBeneHue

ITocnemaute 20 roAMHM HEMPEKBCHATO CE
MUCKyTHpa  Temara  3a M30CTaBaHe Ha
00pa3oBaHMETO OT HYXAWTE Ha Ou3Heca W
npobiaemuTe B TOBa oTHomeHme.[1] B chmoro
BpeMe  TpaJUIUUTe W  HM3UCKBAHUATA  KbM
MPaKTUYECKOTO OOy4eHHE Ha CTYAEHTHTE BCE IIO-
TPYJHO C€ crha3BaT JOPHU M BbB BHUCIIUTE y4eOHH
3aBEJICHUS, KBJIETO TO € 3aABDKUTENHO. OmuT 3a
MPeoIoIsIBaHE Ha TOBAa M30CTaBaHe € Mporpamara 3a
CTYICHTCKHTE M Y4YeHH4YeCKH cTakoBe Ha MOH.
KakBu mie ca wu3BOJgUTE W pE3yNTATUTE Clel
MPUKJIFOYBAHETO HA TPOrpaMara, O4aKBaMe BCHUYKU
¢ romssM mHTepec. Hacrosmara cratus e cKkpoMeH
OIMUT 33 0000IIeHNe Ha MHEHUATA Ha 50 CTyaeHTH
oT CIEIMATHOCTUTE »AHIyCTpHaieH

MEHWIKMBHT, ,,IHAyCTpHAIHO HH)XEHEPCTBO U
LHlomurpadpus” ot TY-Codus, @unman [1nosaus n
TEXHHUTE MEHTOPH, 32 TIEpHOJa OT CTapTUPAHETO Ha
nporpamata 1o 31 mait 2014 roguna.

2. U3no:xxeHue

bearapckatra  oOpaszoBarenHa — cucTeMa
MpeMrHa TIpe3 pa3IudHu OMUTH Ja OCUTYpHU
MOJITOTOBKA HAa 3aBBPIIBALINTE CPEAHO W BHCIIE
oOpa3oBaHMe 3a  ycnemHa  Tpod)eCHOHATHA
peanmzanusa. BbIpeku ToBa, MOCIEAHUTE TOINMHH
BCE  TMO-4eCTO  cpemame  myOnukamum  3a
Pa3MUHABaHETO MEXKIy OYaKBAaHUATA Ha OU3HEca H
TOBA, KOETO MOKa3BaT JIUTUIOMHUPAHUTE
CIICITUATUCTH.[2] Cnopen MIpOyYIBaHe Ha
BrearapckaTta THProBCKO-IIPOMUIILICHA TTAJIaTa, ¢/1Ba
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8% OoT MEHUIKBpPUTE W COOCTBEHHUIIUTE Ha
¢upmuTe, YIEeHyBalld B HES ca JIOBOJHH BBB
BHCOKAa CTETIEH OT YHHBEPCUTETCKOTO 00pa3oBaHUE
Ha MJIAJUTE CU CIy’)kuTenu. B mpeoOnamaBamiara
gactT oT kommaHuute (77%) ca Ha MHeHHe, 4e
3HAHUATA, IpUA0OHUBaHN B OBITapCKU
YHUBEPCUTETH HE ca JOCTaThYHH 3a TpyJOBaTa
peamm3anus. [3] Ilak cropen ChIOTO HW3CIIEIBaHE,
80% oT mpenmpueMaynTe BIDKAAT HAW-TOJIIEMHU
MPOIMYCKUTE UMEHHO B MPO()ECHOHATHUTE YMCHHSL.
WnTepecHo e, 4ye moBeue oT mojioBHHaTa — 56%
MOCOYBAT M JIMIICA Ha MPEANPHEMadecKO MHCICHE.
[IpaBu BneuaTiieHue, 4e HAMa paboTOAATEN, KOHTO
Ja € 3asBWJI, 4e IIe ca My HEOOXOIUMH HHCKO
KBATHQUITUPaHA pabOTHUIM B ciexpamure 5-10
ronuad. Hail-TepceHn me ObIaT CHEIUAMCTATE C

TEXHUYECKO oOpa3oBaHmue, CJIeIBaHU oT
3aBBPIIAINTE MKOHOMHUYECKH npoduI.
[Ipenopbkute Ha paboTtomarenute KbM

0o0pa3oBaHMETO, OTHPAaBEHM B aHKeTaTa ca 3a
MoBeYe MPaKTUYECKa HACOUYEHOCT HAa 0OyUYEeHHUETO U
3a peaJlHa Bpb3Ka MEXIy IOTPEOHOCTUTE Ha
Ou3Heca W TmpHeMa B YHHUBEPCUTETHUTE IO
CHELMATHOCTH.

W3BoauTe OT eXerojHaTa aHKeTa cpel
repMaHckuTe uHBecTUuTOpu B lleHTpanHa, M3rouHa
n IOromsrouna EBpoma noTBBpKIaBaT TasH
teHaeHnma.[4] Hapen ¢ apyru ¢aktopu, KOUTO
[OCTaBSIT CTpaHaTa HU Ha IIOCIEIHUTE MecTa B
pernoHa Mo MOJMTHYECKA, COLMAIHA M IpaBHA

CUTYPHOCT, JIOIIATa OICHKA, KOSTO TePMAaHCKUTE
WHBECTUTOPH JaBat Ha OBATapCKOTO
npoeCHOHATHO W aKaJeMHYHO 00pa3oBaHUe

nocTaBiIT bbearapus Ha MociaegHO W CHOTBETHO Ha
MIPeOCIeTHO MSICTO B peruoHa. Ha
KaTerOPHYHOTO TIOCIETHO MSICTO - 1O TOKa3aTels
»,HaJlMuMe Ha cIenuajiu3upaHa paboTHa pbKa”.
Tomamr Muapa, uanbiaHuteneH AupekTop Ha Witte
Bboearapus (repMaHCKH ~ TTPOM3BOJUTEIN Ha
aBTOYACTH, HWHBECTHpall B bbiarapus) oueHsBa
Hef00pe oOpa3oBaTeilHATA HA CUCTEMa C JyMUTE
4e ,,MHOTO OT 3aBBPIIMJINTE HAMAT HEOOXOIUMHUTE
YMEHHSI ¥ caMO Majlka 4acT CH CTpyBa Aa Obaar
B3eTd Ha paborta”.[5] Cnopen HAKOM Opyru
aBTOPH[ 6], OTPOMHUSAT Pa3pUB MEXKIY THPCECHETO H
mpeayiaraHeTo Ha pabora € mpoldiieM HE camo 3a
bearapus, Ho u 3a nenus EBponeiickus cbro3.
Criopen Hero TOBa € 3HaK, Y€ BHTPELIHMSAT Ma3ap Ha
Tpyna B OOMmIHOCTTa HE (YHKIIMOHHPA IPABHIIHO.
Hamune ca nBa Mopmena 3a mpeomoiisiBaHE Ha
BB3HUKHAJIaTa MPOMAacT, a MMEHHO — MO-ToJsMa
WHUIAATABAa Ha TpaBUTeNIcTBOTO (CHHTAITyp) WA
Mo-rojsiMa WHUIIMATHBa HAa YaCTHUS  CEKTOp
(Uunus).

KakBo ce npaBu B bbarapus 3a pemasane
Ha TO3W CEpPHO3CH 3a 00pa3oBaHHMETO W OM3HEca
npobnem?

IIpe3 2013 rommna cTapThpa MPOEKT Ha
MOH ,,CtynmeHTCKM TpakTHKH® (AMa HW TaKbB
»YUCHUYECKH  TPaKTHKH’), (UHAHCUpAaH  OT
OmneparuBHa Tporpama ,,Pa3BuTrhe Ha YOBEIIKHUTE
pecypcu”, chbuHaHCHpaHa OT EBpomelickus
comnaneH ¢oua.[7] Llenure, KOUTO CH TOCTaBs
mporpamaTa ca HAacOYEeHU KBM ,,II0I0OpsSBaHE Ha
Ka4yecTBOTO Ha 0Opa30BaHHETO, Ype3 MPeNOCTaBsIHE
Ha BB3MOXKHOCTH 32 MPUA0ONBAaHE Ha MPAKTHIECKU
OMUT W YCHBBPIICHCTBAHE HA MPAKTUYCCKHUTE
YMCHHS Ha CTYICHTUTE...B CHOTBETCTBHE C
moTpeOHOCTHTE Ha MMa3apa Ha TpyJa; YJIEeCHsSBaHE Ha
mpexojila OT 00Opa30BaTENHUTE WHCTUTYIHUA KbM
paboOTHOTO MSCTO ¥ TOBWINIABAHE HA YCICIIHATA
peanmzanys Ha MJaIWTE XOpa Ha TPYJOBHS Ta3ap;
MOJMTOMaraHe MW HachpYaBaHE W3TPAXKIAAHETO Ha
CTaOWJIHM TapTHHOPCTBA MEXKIy OOPa30BaTEITHUTE
WHCTUTYIIMM W  OW3Heca, yBelWYaBaHE Ha
CTUMYJIUTE Ha CTyJeHTHTEe 3a yd4acThe B
JIOTTBTHATETHO TPAKTHYECKO OOydYeHHEe B peayHa
paboTHa cpema; CTUMyJIHpaHE HAapacTBAaHETO Ha
Oposi Ha CTYACHTHTE, KOWTO CH HamupaT paboTa
HETIOCPEJICTBEHO cien JTUTIOMHPAHETO;
OCHUTYpsIBAaHE Ha MPEANOCTABKH 32 OChBPEMECHSIBAaHE
KaKTO Ha y4eOHHUTe IUIaHOBE KaTo IISI0, TaKa U Ha
MPETOIaBaHNTE AHUCHUIUIMHU, KypCOBE W TEMHU
CIope/ HYy)KIHUTE Ha Ta3apa Ha TpyJa; MoAIoMaraHe
Ch3JaBAaHETO HA YCTOMYMBM MEXaHU3MH U
BB3MOKHOCTH Ha paboTomaTrenuTe 3a Mmoadop Ha
CTYJCHTH, JOKa3aJd YMEHHs B peallHa paboTHA
cpena, U 3a HEMOCPEJCTBEHOTO WM BKIIOYBAHE Ha
maszapa Ha Tpyaa’.

B 3agpmokuTenHWTE aHKETH, KOWTO ca
YCIIOBHE 32  YCHEIIHOTO TPUKIIOYBAHE  HA
MpaKTHKaTa, CTYACHTUTE W MEHTOPHUTE OIEHSBAT
pe3yaTaTUTe MO Pa3NUYHU KPUTEPHUH, TPYIIUPAHU B
ciemgHUTe  00JacTH  OT  TAXHOTO  TPYAOBO
MIpEJICTaBsHE: U3IIBIIHCHUE U Pe3yTar; IUIaHUpaHe
Ha 3a/JayuTe, YIpaBlIeHHE Ha BPEMETO U
MUCIWIUINHA, yMEHUs 3a paboTa B  CKWIIL
npo()eCUOHATHA 3HAHUS; MOTHBAIIMS, MEHTOP U
Ch3a/IeHH YCIOBUS 3a MPAKTUKyBaHe.

Karo msamo, KakTo CcaMOOIEHKHTE Ha
CTYJICHTHTE, TaKa W OLICHKUTE HAa TEXHUTE MCHTOPHU
ca MpeIMMHO B IOJIOKUTENHATA YacT OT cKajaTa 3a
otroBopu. Bcemukure 50 CTYIZEHTH OTTOBapsT C
,kareropuuHo na” (80%) u ,,mo-ckopo aa” (20%)
HAa BBOPOCA JAIM Ca TIOCTUTHATH OYaKBaHU
pe3yaTaTH 1Mo BpeMe Ha mpaktukara. OIeHKUTe Ha
MEHTOPUTE Ca B MaJka CTCIEeH IO-yMEPEeHH, HO
CBHINO TaKa MOJOXKUTETHH (72% - KATETOPUYHO 13 U
28% - mo-ckopo aa).

Karo mem Ha mporpamara € OYakBaHETO
CTYJICHTHTE JIa YCBOSAT HOBU MPAKTHYCCKU 3HAHHUSA,
YMECHHS U Ja Pa3BUAT KadecTBa, HEOOXOAMMHU 3a
ObJemaTa UM peayin3ans B pearHa paboTHaA cpera.
Hoxonko e mocturnara tasu 1en? Ha Bpnpoca nanu
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ca yCBOWJIM HOBH 3HaHWS M yMEHHS M JIOKOJIKO
Obp30 Ca HaBJIE3NW B €CTECTBOTO Ha IMPAKTHKATA,
Pa3MHUHABAaHETO MEX/y OICHKUTE HA CTYACHTUTE H
MEHTOPUTE ¢ moutm He3HauutenHa, C
,»KaTEeropu9IHO Aa” OTroBapAt 76% OT CTyAEHTUTE U
74% ot MeHTOpHTE, a C ,,[I0-CKOPO Ja” — CHOTBETHO
22% ot cryaentute u 28% ot MeHTopuTe. Camo
eIMH CTYJEHT ce Koyiebae W TocouBa OTTOBOD ,, HE
Mora ma mperieHs” . Jlopp W Ja mMa 3HAYMTETHA
032 CYOCKTHBH3BbM IPH TE3HW OIICHKH, BCE IMaK
MOJXKE JIa C€ CUUTa, 4e €PEKTHT OT NPECONBABAHETO B
peasiHa pa®oTHa cpeia € BakKeH M TIOJNE3eH 3a
MPaKTUKAHTHUTE. Hanarpaxmanero HaJT
TEOPETUYHUTE 3HAHHS, NPUIAOOUTH BBHB BHUCIICTO
YYAJININE € BspHATa MOCOKa 3a MPEeOoNoJIABaHE Ha
[MOCOYEHOTO  MO-TOpE  pa3MUHABaHE  MEXIY
OYaKBaHOTO OT OW3Heca M TOBa, KOETO WM CE
mpeziara OT BUCIIETO 00pa3oBaHue.

3a CHOTBETCTBHETO MEXAY BBB BHCIIETO
YYMIUINEG W HM3WCKBAaHUATA Ha peanHara paboTHA
cpela MOXe Jia Ce ChJU 10 OTTOBOPUTE Ha HIKOJIKO
BBIIpoca. [IpeobiagaBa MHEHHUETO, Y€ IPHUIOOUTUTE
3HaHUS [0  CICNUAIHOCTTa  [OMaraT  TpHu
M3ITBIHCHUE HA BBH3JIOKCHHUTE 33J]a4d 10 BpeMe Ha
MIPaKTUYIECKOTO OOYyUCHHE B peaiiHa pabOTHA cpeaa
(48% - ,,xareropuuno ma” u 46% - ,,10-CKOpoO 11a”).
JlBama OT CTyIeHTHTE ce 3aTpyJdHSBaT Ja Jaaatr
TOYHA TPEICHKA, a CIUH OTroBaps OTPHUIATEIHO
(,,mo-ckopo He”). Ilo-mMamko ca Te3u, KOHUTO
MPEIICHSBAT, Y€ 3HAHUATA OT BUCIIECTO YUHIIUIIE TIO
CHCIMATHOCTTa ca WM OWiIM JOCTaThUHU 3a
MpPOBEXJaHE Ha MpaKkTHKaTa B peanHa paOoTHa
cpema (26% - ,,kareropmuno ma’; 48%% - ,,mo-
CKOpo 1a”). YBenuuaBa c€ OTHOCHUTEIHUAT i1 Ha
Te3W, KOWTO C€ 3aTpyAHsSBaT Ja [ajaT TOYHA
npeneHka (18%), KakTo M Ha Te3W, KOUTO CMSTAT,
4ye TPUIOOUTHTE 3HAHUS HE Ca JOCTaTh4YHH (,,I10-
ckopo He” — 8%). 3a pa3nMKa OT CTYyJIEHTHTE,
MEHTOpPUTE CMATaT, Ye JodpaTta TeopeTHYHa
MOATOTOBKA W 3HAHUATA MO CIICIHUATHOCTTa Ca
MTOMOTHAJIU 32 U3IIbJIHEHUE HA BH3JIOKCHUTE 3a]]a9n
(lMmicBaT OIEHKWM B OTpHUIATETHATa dYacT OT
ckamara). Camo 2% OT TAX OLEHSABAT Karo
HEJOCTaThYHH 33 MPOBEXKJaHE Ha MpPaKTHKATa
npuaobuTute 3HaHug oT BY3 no crenmanzoctTa. U
TOBa CE€ OTHACA MPEIUMHO 3a CTYIEHTH OT IIbPBH
WIKM BTOPU KypC Ha CICABAHETO, KBACTO B
CHOTBETCTBHE C Y4YeOHWTE IUTAaHOBa NpeoOianaBaT
00moo0pa3oBaTeIHATe  y4eOHH  MHUCHIUTIINHH.
Bceku cTyseHT nMa mpaBo Ha CTaX MO TO3U MPOSKT
JIBa IBTH 32 CPOKAa Ha OOyYEHHETO CH: BEIHBK B
OakamaBbpcKaTa CH TMporpaMa H BEOHBXK B
Mmarucrbpckata. Hsma pernameHTt, koiMiTo Ja
M3WCKBa TOBa Jla CTaBa CIe] 3aBbpIICHA BTOpa
roJuHa OT cliefiBaHeTo Hampumep. Ho cmopen
MEHTOPHUTE, CTYJEHTHTE OT IO-TOPHUTE KYypCOBE

UMar To-7o0pa MOATOTOBKA M HMMAT IO-IT00pO
IPaKTUYECKO IPEACTaBsIHE.

Kakro ce Bmxma u ot ¢urypa Nel,
€IMHOIYIIHO TMOJIOKHUTEIIHM Ca OLECHKUTE 3a
IpuA0OUTUTE HOBU NIPAKTUUECKU 3HAHUS U YMEHUS,
CBbp3aHM C OOY4YEHHETO Ha IIPAKTUKAHTUTE IIO
TEXHUT€  YHHBEPCUTETCKA  CHEHHANTHOCTH U
KayecTBaTa M yYMEHHUSTAa, HEoOXOoOuMHM  3a
peanu3anusiTa B KOHKpETHaTa peajgHa paboTHa

cpena.
100%

LA

(%)

3

- N,
| | Il_ % 1_

kateropwyHo 0A Mo-ckopo LA Hemora oa

NPELEHA

Mo-ckopoHE F

Que. 1. llpoghecuonannu 3uanus — oyeHka.

1. IlpumoOuTHTe 3HAHUS MO CIEHUATHOCTTA
IIOMOTHaxa Jla M3IbJIHABaM BbB3JIOKEHUTE 337a4u
[0 BpeME Ha MPaKTHYECKOTO OOyueHHe B peanHa
pabotHa cpena

2. 3HaHUATA, KOUTO MPHUIOOMBAM BBHB BHCIIETO
YUWINIIE 10 CIELUUAIHOCTTa, Ca JOCTaThbYHU 3a
MpOBEeXKJaHe Ha MPAaKTUKa B peajHa paboTHa cpesa

3. Ilo Bpeme Ha mpakTHKaTa NPUAOOMX HOBHU
NPaKTUYECKH 3HAHUA M YMEHUs, CBBbP3aHU C
00y4YEeHHETO MH IO CIIEHUATHOCTTa

4. Tlo BpeMe Ha MpaKTUKaTa MPUAOOMX U PA3BUX
Ka4yecTBa U yMEHMs, HEOOXOAUMHU 3a peanu3auusira
MU B KOHKpETHa peanHa paboTHa cpena

5. CtpeMs ce KbM YCBOSIBaHE Ha HOBU 3HAHUS U
YMEHHUS

IlogroroBkata Ha CTyIOEHTUTE € eJHaTa
cTpana B To3M mpouec. Jlpyrara crpana ca
oOyyaBamre opraHu3auud. B aHkerara ce naBa
OLIECHKa ¥ Ha TOBAa, JOKOJKO T€ ca IOAXOAMIH
OTrOBOPHO M MPO()ECHOHATHO KbM YYaCTHETO CH B
nporpaMaTa 3a CTYISHTCKUTE CTaxoBe. TpyaHo e
Jla ce TpelieHn OOCKTUBHOCTTA U PEATMCTHYHOCTTA
Ha CTYIEHTUTe 1O To3u noka3zaren. Ho Ha
BBIPOCUTE Al MEHTOPHT € MPOSABSAJ BHUMAHHE U
€ Ch3mal BB3MOKHOCT 3a TpUA0OMBaHE Ha
pa3HooOpa3Hu NMpodeCHOHATHA YMEHUS W Jalli €
JaBal SACHM MWHCTPyKUMH 3a pabora u e
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OCBIIECTBABAJ KOHTPOJI, BCUYKU 0€3 HM3KIFOUYCHUE
OTTOBAPAT MOJIOKHUTEITHO: ,,KaTeropudHo nma” — 90%
u cbotBeTHO 94% u ,mo-ckopo aa” — 10% wu
ChOTBETHO 6%. 3a MEHTOpPUTE U CBb3JaJCHUTE
YCIIOBUSL 3a MPAaKTHKyBaHE HsIMa OTPHUIATEIHH
olleHkH. ENWMH CTyaeHT oTroBaps ¢ ,,He Mora ja
MIPEIIeHs "Ha BBIIPOCHU 32 TOBA JIOKOJIIKO MEHTOPBT €
ocurypsial oOpaTHa Bpb3Ka 10 M3IBJIHCHHE Ha
3aJlauMTe M JOKOJIKO B OOydJaBalara OpraHu3aius
ca OWIIM CH3NIaJICHU YCJIOBHUS 32 MPOBEKIAHETO HA
mpakTukaTta. CaMooIleHKaTa Ha MEHTOPUTE IO Ta3n

rpyIlia moKasaTejir € U3LAJI0 IMOJIOKUTECIIHA.
G0%
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30%
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4 -
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HEMOTA A II0-CE0PO HE

TPELEHS

Due. 2. Meumop u cwv3oadenu yciosus 3a
NpaKmuxyeame.

1. IIpakTUKaHTHT Oelie MOATOTBEH TCOPETUIHO
U TpumoOUTUTE 3HAHUS TI0  CICHUATHOCTTA
MMOMOTHAaXa 3a W3MBIHCHUETO Ha BB3JIOKECHUTE
3aJjaud MO BpeMe Ha MPAKTHYECKOTO OOydueHHe B
peaiHaTa paboTHa cpena

2. llpunoOuTnTe BHB BUCIHICTO YUWIUIIE 3HAHUS
, Ca JIOCTaThYHU 32 TPOBEXJAHE Ha TMPAKTHKa B
peanxHa paboTHA cpema

3. Ilo Bpeme Ha mnpakTUKaTa NPAKTUKAHTHT
npua00M HOBHM TPAKTUYECKH 3HAHWS M YMCHUS,
CBBP3aHM C O0YYECHHETO MY TIO CIIEIUATHOCTTA

4. Tlo BpemMe Ha TNpaKTUKaTa MPAKTHKAHTHT
mpuno0u 1 pa3By KauecTBa M yMEHUs, HEOOXOAUMHU
3a peanuzanusaTa My B KOHKpETHa peaiHa paboTHa
cpena

5. [IlpakTukaHTBT ce cTpeMeme ce KbM
YCBOSIBAaHE HA HOBY 3HAHUSI U YMECHHUS

MHOro BaXHH ca MOCTAaBCHUTE B MPOCKTA
IIEJIN 32 YBEJIMYaBaHE HA CTUMYJIMTE Ha CTYJCHTUTE
32  y4acTHe B JIOBJIHUTEIHO MPAKTHYECKO
o0yJeHne U Ch3IaBaHe Ha MEXaHU3MH Ha MOA00p U
HETOCPEACTBEHO BKJIOUBAHE B Ma3apa Ha TPy[a.
Pesynrtatute oT 0000IIEeHATa OlICHKA 32 YYacTHE B

MPaKTUIECKOTO O0yUeHre ca 0OHaIeKIaBalInd KaTo
Havano. EnBa 6% oT crymeHTHTEe He OMXa HMCKaln
Ja TPOABIKAT Ja pPabOTAT B OpraHH3aIMsTa
pabortomaten. Ha 14% ot TsX € mpennoxeHa TakaBa
BB3MOXKHOCT, a Ha 4% e TMpemIokeHo u
JIOMBJIHUTEIHO  3alljjalllaHe 110  BpeMe  Ha
npakTukara. CaMuTe MEHTOPH ITBK OTrOBapsT, ue
aKo 3aBHCEIIe OT TsIX, OMXa MpeIoKUIN paboTa Ha
MPAKTHUKAHTUTE CH CJIJ] 3aBbpIIBaHE Ha TAXHOTO
obpaszoBanue (94%).

Jpyr cTuMyn e 3amlianiaHeTo, KOETo
CTYJICHTHTE TOJyYaBaT CleJ] MPUKIYBAHETO Ha
craxa. lloBewero cwmsTar, dYe pa3MepbT Ha
CTUIICHIUATA € ChoOpa3eH C MPOABIKUTEIIHOCTTA
(240 dvaca) m BMIA Ha MPAKTUYECKOTO OOyYeHHUE
(70%), Ho octanamure 30% HammpaT, Ue
CcTUNeHIusATa TpsiOBa na Obae nmo-romsma. [logo6HO
€ MHEHHETO W Ha HaCTaBHHUIUTE (,,JOCTATHYHO  —
80%; ,cruneHgusTa TpAOBa Ja € Mo-TomsiMa” —
20%).

Koraro ce mmckytmpa BpeMeTpacHETO Ha
MpaKTHKaTa, npeodiaiaBaiiara 4acT OT MCHTOPUTE
(82%) Hamupar, ye IpenBUACHUTE 3a TOBA YaCOBE B
MpOeKTa ca HaMBJIHO JocTaThyHd. Ho emHa He
MaJika 4acT OT cTynaeHture (26%) cmstar, ue Ou
om0 100pe, ako YacoBeTe ca MoBeye.

Bce mak kato w10 3asBeHaTa
YIOBJIETBOPEHOCT Ha CTYJACHTUTE OT y4YacTHETO B
cryaentckutre mnpaktukn e 100% wu Te Omxa
Mpernopbyaii Ha CBOW TIO3HATH W CBHCTYICHTH
TakoBa ydJactue. He3aBucmmMo OT TOBa eOuH
CTYJCHT BCE MaK W3Ka3Ba KPUTHYHO MHCHUE, 4e
MpaKTHKaTa He € OTTOBOPHJIA HA OYAaKBAHUATA MY.
AHaJOTHYHU Ca OTTOBOPHUTE Ha MEHTOPUTE: BCUUKH
O0uxa MpeIUIOKHIIM Ha CBOM IO3HATH Ja Yy4acTBaT
KaTO MEHTOPH WIX KaTO CTYJEHTH MPH BH3MOKHOCT
B ITpoeKTa. Bece mak envH 0T MEHTOPUTE 3asBsIBa, Ue
y4acTHETO My KaTo MEHTOp HEe € OTTOBOPWIJIO Ha
MIPEJIBAPUTEITHUTE My OUaKBAHUSI.

3a ma ce oOCBXAa JOKOIKO M Kak €
BB3MO)KHO TIOCTHTAHETO Ha LEJIWTE Ha TIPOEKTa,
CBBP3aHH C U3TPAXKIAAHETO HA MAPTHHOPCTBO MEKIY
oOpa3oBaHMeTO U OHW3HEca, BKJIIOYUTEIHO U
OCBBPEMEHSIBAHETO  Ha  y4eOHUTE  IUIAHOBE,
cMsTaMe, 4e € Bh3MOXKHO CJIe/I aHAIHN3 Ha OLICHKUTE
W aHKCTHTE, KOUTO IIOMBJIBAT aKaJICMHYHUTE
HACTaBHHIIM TP MPHUKIIOYBAHE HA MPAKTHYECKOTO
obydyerme. OmuTa Ha €OUHUS OT aBTOPUTE Ha
CTaTWATa KaTo aKaJeMHuYeH HACTaBHUK Ha
nocoueHure S50 CTylAeHTa € HEJIOCTaThbYeH 3a
o0o0meHre. BbIpeku ToBa MOXKE J1a Ce H3Kaxe
MHEHUE, Y NP HAJTMYKEe Ha MTOBEYE YacOBE 33 Ta3H
JIEHHOCT, 11Ie € B3MOXKHO JIa CE TIO0CEIIaBaT BCUYKH
OpraHM3allMd W Ja ce OOCHKIAT 3aeqHO C
MEHTOPHUTE M MPEICTABUTEIUTC Ha OOYUHUTEITHUTE
OpraHM3alid BH3MOXHOCTHTE 32 OCHBPEMEHSBaHE
Ha y4eOHHUTE IIAHOBA B 3aBUCUMOCT OT aKTYaJIHHUTE
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moTpeOHOCTH Ha Ou3Heca. B mpoekTa e mpeaBuieHo
Iporpamata 3a IpPakKTHIECKO 00yUeHHe Ha CTyICHTa
na ObJe TOATOTBSHA W/WIM ChIJIACyBaHAa OT
HacTaBHMKA, CbBMECTHO €  MEHTOpa  WJIH
MIPEACTaBUTEN Ha oOydaBariaTa opranusanus. Tosa
€ 3aIBJDKUTEIHO YCJIOBHE, 3a Jla CTapTHpa BCSIKa
eaHa CTylaeHTcka mpaktuka CroOpaseHo ¢
M3MCKBAHETO IMPAKTHYECKOTO OOydYeHHe Ja e
pasIMYHO OT MpEeABHACHATAa IO y4eOeH IUTaH 3a
ChOTBETHATAa CHEIMAaTHOCT ©  00pa3oBaTeIHO-
KBaJIM(hMKAIMOHHA CTeneH MTPaKTHKA. Ha
Haarpaxmaa, a He Aa AyOommpa oOydYeHHETO BHB
Bucmiero yuwiuie. Ho ocbBpeMeHsSBaHe Ha
y4eOHUTE IUIaHOBE MOXe Ja Oblme  camo
MOKEJIATeTHO KaTo NEHHOCT WM PEe3yiTarT U TO
caMoO KaTo CJEACTBHE OT M3rPajicHO MapTHHOPCTBO
Mexay  oOpazoBaTeliHaTa | oOyduTenHaTa
opranuzanuu. HaganoTto Ha TakoBa MapTHHOPCTBO
BEUe € MOCTaBEHO MEXIy KaTeapa ,, IHaycTpuaieH
MEHUDKMBHT W oOydaBalluTe OpPraHW3aluu: ,.bu
Keit Komepc IlnoBaus” OO/, umiito mpenMer Ha
NEWHOCT € KOHCYATHpAaHE M  TOJIOMaraHe Ha

paboronatenure npu U3ITBIIHECHNE Ha
3abJDKEHHSTA UM 10 OCUT'YpsIBaHE Ha Oe30MacHu U
3/IpaBOCIIOBHU YCIIOBUS Ha TPYZ;

2HpopMmamonno obciyxsane” A/l xnon [1nosaus
u MBAJI ,,TPUMOHLINYM” OO/I.

Enno oT MaJIKOTO KOHKpPETHH
npeioxKeHus, GopMyIHpaHo OT MpeACTaBUTEN Ha
oOydaBariara opraHuzanus ,,3ercodptkom” EOO]]
Kacae MMEHHO ydeOHWTE IUTaHOBE: ,,Jla ce mane
OPUOPUTET Ha OOydeHHeTo mo 0e30macHOCT U
3apaBe npH paboTa 3a KOHKpETHATa CIELHaTHOCT B
yHUBepcuTeTa’.

3. 3akar04eHune

IIpoektsT ,,CTymeHTCKH TpakTUKH  Ha
MOH e n06po Hadano 3a MpeooNisiBaHE Ha Ta3d
4acT OT MpoOjeMHuTe BBB BHCLIETO OOpa3oBaHHE,
OTHACSIIM C€ /0 MpaKTHYecKaTra MOATOTOBKA Ha
CTYyJICHTHTE U B3MOKHOCTHTE MM 3a Peai3alus B
peamHa paboTHa cpega ciel 3aBbpIIBAHE Ha
BUcIIeTo yuniuie. JJokomko me 6bAaT MOCTUTHATH
[eUTe Ha TPOEKTa, OYaKBaMe Ja IPOodYeTeM B
aHaJM3UTE cJell HEroBOTO NpuKIouBaHe. ToBa,
KOETO 3aBUCH OT BHCIINTE Y4YeOHH 3aBEIEHHS €
OCHUTypsIBaHE Ha KayecTBEHa y4yeOHa IOJIrOTOBKA Ha
CTyNCHTHTE, W3rpaXJaHe Ha MApPTHBOPCTBO C
Ou3Heca, 3aBHIIaBaHE HA KOHTPOJA  BBPXY
NPOBEXKJaHE HA NPAKTUKUTE; OTTOBOPHOCT IIPU
OCBIIECTBSIBAHE HAa IIOCTHTE AaHTQKUMEHTH OT
CTpaHa Ha akaJeMH4yHHTe HacTaBHUIHU. OCHOBHO
3aJb/DKEHHE ~ Ha  BHCIIMTE  YYWIMIa  3a
MMPAKTUYECKOTO O6yquI/Ie Ha CTYACHTHUTC BCC IIaK
ca ydyeOHHMTE, Y4eOHO-TIPOM3BOJICTBCHHTE U
CHeUUAM3UPAIINTE MPAKTUKH, KOUTO €A YacT OT
y4eOHUTE TUTAHOBE Ha Pa3NIMYHHUTE CIICIUATHOCTH.

[lopanu pasnuyH{ NPUYUHM TAXHOTO ITBJIHOLIEHHO
MpOBEXJaHe TOHAKOra € TMoJX BBOpoC. 3a
ChKaJeHHe YHHBEPCHUTETUTE He pas3mojaraT ¢
pecypcure 3a  ch3gaBaHe Ha ~ MaTepuaHa
3aMHTEPECOBAHOCT y OHW3HEC OpraHu3aluuTe Ja
NOANOMOIHAT WM J1a Y4acTBAaT B MPAaKTUYECKOTO
oOyueHHe Ha CTYAEHTUTE OTIOBOPHO M KaTo
paBHONpaBHU MapTHBOPH. JlOKaTo OW3HECHT HE
CTaHe MapTHROP HA  BHCIIETO  YYMJIMIIE,
HEJOBOJICTBOTO OT TMpPaKTHUYECKUTE YMEHHUS Ha
MIIaJIATE XOpa ¢ TUILIOMH 3a BHUCIIE oOpa3oBaHUE
11€ IPOIBJDKABA.
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HYBJINYHO-HYACTHO HAPTHBOPCTBO
B BbHJII'APUA

TOHU MUXOBA

Pe3rome: B cmamusma asmopvn e nocovull pasiudHu pa36upauuﬂ ONMHOCHO 3HA4YeHuemo Hda
mepmuna ny6ﬂulm0—uacmHo napnitHbopcmaeo. AKL!@HW['bm 6 cmamuama ca mpydﬂocmume no
novms KoM ocvujecmesisane Ha YCneultno l’ly6ﬂ1/l’{H0-llacmH0 napmHbopcmeo. 3a yeima e
HanpaeeHo uscneosane ¢ npedcmaeumeﬂu Ha wacmuusi duznec u ny6fzulmama eilacm u ca

npeocmaseny pe3yImamume om Hezo.

Kaw4yoBu gymn: 3axono8a pamxa, uH6eCMuyuoHer UHCIMpYyMeHm, UuH@dpacmpyKmyper npoexm

PUBLIC-PRIVATE PARTNERSHIPS
IN BULGARIA

TONI MIHOVA

Abstract: The author presents in this paper different existing views regarding the meaning of
the term public-private partnership. The paper is focused on the difficulties that are encountered
on the way to carrying a successful public-private partnership. To this end, a survey with
representatives of the private business and of public authorities has been carried and its results

are presented.

Keywords: legal framework, investment instrument, infrastructure project

1. BbBenenue
[Ty6nmuano-gactHoTo maptapopctBo (ITUIT)
€ BOJEIl HHCTPYMEHT 3a peanu3anusara Ha

WHQPACTPYKTYPHH  TPOEKTH B IBUT  CBAT.
Heo6xomumoctra oT pa3BuTa nyOim4Ha
uHPaCTPyKTypa, KaTo JIBUTATEIN Ha
MKOHOMHYECKOTO pa3BUTHE Ha CTpaHara, u

OrpaHMYCHHUTE OIOMKETHH CpPEACTBa 3a HEWHOTO
W3rpaXJaHe W HOANbpPXKAaHE, ca OCHOBHHUTE
IIPEINOCTaBKU 3a Bb3HUKBAHETO u
pasmpocTpaHeHHETO Ha  Ta3w  ¢popMa  Ha
CBhTPYAHUYECTBO MEXAY IyOJUYHUTE OpraHd H
YaCTHHSI CEKTOP.

Lenra Ha cratusiTa € Ja  [OCOYH
TPYAHOCTHUTE IO IBTS Ha peaqu3upaHe Ha YCIIELIHO
Iy OIMYHO-4aCTHO HNapTHBOPCTBO. 3a
peann3upaHeTo i, aBTOPBT H3IOJI3BA Pe3yJITaTHTE
OT CcOOCTBEHO WU3ClieIBAHE C YYacTHUIM B

cp3naBanero Ha [TYII — nmpencraBuTeny Ha YacTHHS
Om3Hec 1 myOnmMyHaTa BIacT.

2. CbIHOCT Ha

NMAPpTHLOPCTBO

B boiarapus mma pemuna m3cCieqBaHUS U
nmyOJIMKaIiK, MOCBETCHU Ha TeMaTa 3a IyOJUYHO-
YaCTHOTO MapTHHOPCTBO. Cepro3eH MPHHOC HMa
Esrennii KwvHeB ¢ xnurara ,llyOmmaHO-dacTHO
MMapTHBOPCTBO: IIPUHIUIH, MOJEIN W TOJUTHKH 3a
YacTHO TMpeiarane Ha myonnysu yeayru” [1].

CepliecTByBaT  pa3nuyHH  pa3OupaHus
OTHOCHO 3HAUEHHETO Ha TEepMHUHA MyOIMIHO-
YaCTHO MapTHHOPCTBO. Il[e mocounM HAKOM OT TIX
[2].
- ¢opMH Ha CHTPYAHHYECTBO MEXKIY ITyOINYHHUTE
Biacti (public authorities) W 4YacTHUS MAPTHBOP
(the world of business), kouTo umar 3a 1€l

Ny0JIMYHO-4ACTHOTO

Copyright © 2014 by Technical University - Sofia, Plovdiv branch, Bulgaria
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OCHUTypsIBaHE Ha KanuTana/puHaAHCHPAHETO,
CTPOHTEIICTBOTO, peMoHTa (renovation),
yIpaBIeHUETO u MOJAPBKKATA Ha

nH(ppACTPYKTypaTa MK JOCTABSIHETO HA yCIYTH.

- MapTHHOPCTBO MEXKIY MYyOJUYHUS W YaCTHUS
CEKTOp 3a LEIHWTE HAa MPEJOCTaBSHE HA MPOAYKT
WIH yCIIyTa, KOWTO TPAAWIMOHHO ca OWin
MIPENOCTaBIHN OT Iyonugaus cekrop. I[IUIl ce
peayin3upa 1noj pasnuyHa Gpopma, HO B ChpIICBUHATA
Ha BCEKH YCIeINIeH MPOEKT JIeKH KOHIICTINATA, Je
mo-go0para CTOHHOCT Cpellry Tapd MOXe Ja ce
MTOCTUTHE 4pe3 eKCIUI0aTHpaHe Ha
KOMIICTCHTHOCTTa HAa  YacTHUS  CCKTOp H
HACOYBAaHETO Ha PHCKa KbM CTpaHaTa, KOSTO Haii-
no0pe MoXe Ja TO yhnpamisBa — JC(HUHHUIIUS Ha
MuHHCTEPCTBO HA OKOJHATa Cpella U MECTHOTO
yrnpasnenue, Upnanaus;

- JIOTOBOPHO CIIOpa3yMEHHE MEXAYy ITyOIudIHa
areHius (11aTcka, MecTHa, ¢eepaiHa) U pupma ot
JacTHHS cekTop. Upe3 ToBa crmopa3yMeHHe ce
M3BBPIIBA MOJACISIHE Ha YMCHHMATA U aKTUBUTE Ha
BCEKH  cekTop  (myOnudYeH,  YacTeH)  Npu
MPEeIOCTaBIHETO HAa YCIyra WIH ChOPBKCHHE 32
W3MONI3BaHET0 WM OT  obOmectBoTo.  OcBeH
MOJICNITHETO HAa PECypCH, BCSKAa CTpaHa IO
MMOTCHIMATHUTE PUCKOBE W BB3HATPAXKICHUS TpPU
MIpeIoCTaBsIHE Ha yCIIyraTa W/WiH ChOPBHKEHHETO —
nebuHuis Ha HammonasneH chBeT 3a MyONHYHU-
yacTHU napTHhopcTBa Ha CAILLL

- (hopMa Ha CHTPYIHHYECTBO MEXKIY IyOJIIMYHATA
BJIACT M CBETHT Ha OW3Heca, 4YMATO Ied € Ja
OCHUTYpH (uHaHCHUpaHe, MOCTPOSIBAHE,
BB3CTAaHOBSIBaHe, YIPaBICHUE WM MOIIPHKKA Ha
nH(MPACTPYKTYpa WM TIPEAOCTaBSIHH YCIYTH —
nedbuHuAA OT 3eneHus JokyMeHT Ha EC

- IBJITOCPOYHO JJOTOBOPHO OTHOIICHUE MEXIY JIUIA
OT YaCTHHUS ¥ IMyOJIWYHUS CEKTOp 3a (pUHAHCHUPAHE,
[IOCTPOSIBaHE, PEKOHCTPYKIMS, YyIpaBIeHHE WIN
MOAPHKKA HAa MHQPACTPYKTypa ¢ OIJie] MOCTUTAHE
Ha 1Mo-100p0 HUBO HA YCIYTHTE, KBJECTO YACTHHST
MapTHBOP TI0e€Ma CTPOUTEITHHUS PHCK, U TOHE €IHH
OT JIBaTa PUCKa — 32 HAJTMYHOCT Ha MPEIOCTaBSIHATA
yCllyra WU 3a HEHHOTO ThpceHE - Je(UHUIUS Ha
MunncrepcTBoTO Ha puHaHCUTE Ha P.bhirapus

- IBITOCPOYHO JOTOBOPHO OTHOIIEHHUE MEXIY JINIIA
OT 4YacTHUS W  NyOJUYHHUS  CEKTOp  3a
OCBIICCTBSIBAHETO HA MPOEKT HIIU MPEIOCTABSIHE Ha
yciayra OT IyOJWIHUS CEKTOp W / WM OT ITyOIrueH
HMHTEPEC, KaTo CU MOJACIIAT Pa3XoauTe, nevandara u
pucka — neduHHIMA Ha MUHHCTEPCTBOTO Ha
WKOHOMUKATa U eHepreTukara Ha P. bpnrapus.

Ha caiita Ha MuHUCTEPCTBOTO Ha
(uHaHCHTE Cca CUCTEMAaTU3UPAaHH OCHOBHHUTE
XapaKTepUCTUKH W TPEANMCTBA Ha ITyOJIUYHO-
YaCTHOTO HMapTHLOPCTBO IO CIICIHUS HAYMH:

- IBJTOCPOYEH JOTOBOP MEXIy MyOIrueH U 4acTeH
MapTHEOp 32 TMPEAOCTaBsIHE HA YCIyT'H OT

o0IIecTBeH HWHTEpEC,
1oI00PEHU aKTUBHY;

- YaCTHUST MapTHHOP Y4acTBa BB BCHYKH €Taly Ha
peanm3anusATa Ha TMPOEKTa - IPOCKTHUPAHE,
CTPOUTEINICTBO, (PMHAHCHpaHE, TOATbPKAHE W/HUIH
eKCIUIoaTalusTa Ha 00CKTa;

- MyONMYHUAT OpraH AeQUHHUpA LENUTe, ONpeAes
W3WCKBAHUATA 3a KA4eCTBO MW KOJHMYECTBO U
KOHTPOJUPA U3IBIHEHUETO;

- YaCTHHUAT MapTHHOp (HUHAHCHpa M3ILUIO H TI0-
roJisiMa 9acT OT peau3alusTa Ha IPOCKTa,

- CHOpaBeUIMBO paslpeiielicHne Ha pPHUCKOBETE
MEXy TapTHHOPHUTE Ha 0a3a Ha TOBa KOW MOXKE IT0-
nmo0pe 1a ce CIpaBH C TAX;

- MEXaHM3MBT Ha IUIAlllaHe OT MyOJHYHUS CEKTOP
ce 00BBP3Ba C U3IIBIIHEHUETO;

- momoOpsiBaHE Ha YIpPaBIEHHETO Ha O0EKTa W
MTOBHUIIIABAHE KAYECTBOTO Ha YCIYTUTE;

- mo-700pa CTOMHOCT Ha BIOKEHUTE cpencTaa [3].
AHaNMM3bT Ha CBHIIHOCTTA HAa Te3W NeHUHUIMHN HH
JlaBa BB3MOXKHOCT Jga (OpMyIHpaMe CICTHUTE
M3BOJAM 3a ThiKyBaHusTa Ha [TUII:

1.B mo-mmpox cmucen, ITHII yecro ce ThiIKyBa
Karo  TOKpWBaHE HAa  IpUlata ramMa  Ha
CBTPYOHUYECTBO MEXAY WyOIWIHHS CEKTOp |
YaCTHUTE MapTHbOPH, KOETO B MHOIO CIy4ad BOJU
JIO0 Ch3JaBaHE HA CMECEHU PEATPUSITHSL.

2.B emua mo-tecen cmmchn ITUIl crmeasa ma ce
pasriexna KaTo MyOJIMYHO-YaCTHO
CBTPYIHUYECTBO, LEJISII0 CBHBMECTHO
pa3paboTBaHe ¥ WU3NBIHCHHE Ha CHEIU(QUIHA
MPOCKTH. Toga MIPOEKTHO-OPUCHTHUPAHO
CBTPYIHUYECTBO MOXE, HO HE € 3abDKUTEIHO, 1A
BOJM JI0 CHh3JaBaHE HA CMECEHU ITyOIMYHO-YaCTHU

Oasupan Ha HOBH WA

NpENIPUATHS.
Pasrnexxpaiiku  w3cnenBaHata — MpoOieMaTHKa,
cleABa Ja IIOCOYMM CBhUIO MNPUHLMIUTE U

3aIBJDKCHUATA Ha ITyOJMYHHUS TMapTHBOP, KOUTO ca
mpoxiamupann B 3enenara kaura 3a [IYIl u
OOIIHOCTHOTO MPABO 33 JOTOBOPHTE 3a OOLIECTBEHH
MOPBUKHU U KOHIIeCHH [4]:

1. TIpo3paunoct

2. Ily6nuunocT

3. JIunca Ha AUCKPUMUHAITUS

4. Illupoxa KOHKYpEHLUS

5. be3npuctpacTHOCT Ha TpBAKHATA TPOLIEAYPa
3aIbIDKEHHSITA Ha yOIUYHAS TAPTHROP Ca:

1. ®ukcupane Ha IPUIOKUMHE IIpaBUIIa 3a H300p Ha
YyacTeH NapTHBOP;

2.JlaBaHe Ha ajeKBaTHO OOSIBICHHE 32 HAMEPEHUETO
3a TpBXKHA MPOLeAypa U IpaBuiara 3a u30op;

3. MOHHTOPHHT 3a OE3MPHCTPACTHOCT 1O BpeMe Ha
usiaTa npoueaypa;

4. @opMupaHe Ha pealHa KOHKYPEHLHS MEXIy
ONepaTopuTe, KOUTO HMMAaT HHTEpEC M Morar na
rapaHTHpaT CIpaBsHE C TOCTaBEHUTE 3a/1a4H;
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5. CrazBaHe Ha IIPUHIIMIA 32 PABHOIIOCTABEHOCT Ha
BCHUYKH YYaCTHHUIIM NIpe3 IsU1aTa MpoLeaypa;
6.1360p Ha baza Ha 00EKTUBHU u
HEUCKPUMHUHALMOHHYN KPUTEPHU.

Cnen mnpUHIMINTE, OTTOBOPHOCTHTE H
xapakrepuctukute Ha IIYUIl me Mapkupame u
pa3BHUTHETO Ha HOpMaTuBHaTa Oa3a Ha [TYII.

IIpe3 m.oum 2012 1. HapomHoTo chOpanme Ha
Peny6muka Bboarapus npuema 3akoH 3a myOIHMYHO-
YaCTHOTO HapTHHOPCTBO (00H., AB, Op.45 ot 2012
r., B cuma ot 01.01.2013 r.). OcHOBHHUTE meTH Ha
3aKOHa ca:

- Jla ce OCUTYypHU Pa3BUTHE Ha BUCOKOKAaYECTBEHU U
JIOCTBIIHM YCIyTH OT OOILECTBEH HHTEpeC upe3
MOCTUTaHE Ha MO0-700pa CTOWHOCT Ha BIIOXKEHHUTE
nyOJIMYHU CPENCTBA;

- Ja ce Jage BB3MOXKHOCT 3a HachpyaBaHe Ha
YaCTHUTE  HMHBECTHIIMM B  CTPOHTEJICTBOTO,
MOBbPKAHETO M YIPABICHHETO Ha OOEKTH Ha
TEeXHUUYECKaTa M COLMajIHaTa MHPPACTPYKTypa U B
W3BBPIIBAHETO HAa JEHHOCTH OT 0OOIIecTBeH
HHTEpeC;

- Jla Ch3JaJe rapaHlyH 3a 3alIUTa Ha MyONUYHUTE
aKTMBM M 3a e(EeKTHBHOTO yIpaBlieHHE Ha
MyOJMYHUTE CpENICTBA TPH OCHIIECTBIBAHETO HA
ITYIT .

Pazpaborenra u mpuera € ¥ IOA3aKOHOBATa
HOpMaTHBHa ypenda KbM 3aKOHAa 3a ITyOJIHMYHO-
YaCTHOTO MapTHHOPCTBO [3].

[Ipe3 maii 2014 r. 3amouBa OOCHXKIAHE B
Hapogaoto cn0Opanne Ha TpenyoXeHHETO Ha
MuHHCTEpCKUS CHBET 3a OTMfAHAa Ha 3aKoHa 3a
MyONMMYHO-4acTHO MapTHROPCTBO. B MoTuBHTE Ha
BHOCUTENIUTE € 3aliCcaHo, Y€ € HeoOXOoauMo
3aKOHBT /1a C€ OTMEHH, 3aI0TO ,,uMa MPOOJIEeMHHU

MOMEHTH B TMPaKTHYECKOTO TMpWiIaraHe Ha
MyOJIMYHO-9aCTHOTO MApTHROPCTBO M 3apaau
HE0OXO0IMMOCTTA oT ONITUMU3UPAHE Ha

HAIMOHATHUA pexxum" [5].

3. Pe3yaraTu oT U3ci1€eIBaAHETO

B cratudra HAMamMe 3a 11e11 Ja aHaJIu3Uupame
npaktukara B beiarapus mo ornowmenue Ha [IYII,
TB KaToO TOBa € IPaBEHO MHOTOKpaTHO, 0e3
0co0€HO TrojsiMa IION3a, ThH KAaro BCEKH IIBT
U3BOAMTE Ca  TNPOTHBOPEYMBH,  OTpa3siBaIlU
Pa3NUYHU MHTEPECH, HO HE W Te3HW Ha OOIIECTBOTO.
OcBen Toma, IIUIl ce mpeBbpHa B €aHA OT Haki-
JUCKyTHpaHWTE  TEeMH  TI0O  CEMHUHapu U
KOH(epeHLnH, MOSIBUXA ce MHOKECTBO
“KOHCYITaHTH W ca peaju3upaHd TolsIM Opoi
chenku 3a xotencku komruiekew, CITA meHTtpose,
rond urpumia, Ou3zHec crpagd W Op., OKAaueCTBEHU
karo “[IYI1”. IlomobeH pox mnapTHBLOPCTBO OH
MOTJIO Jla C€ Hapeye CHBMECTHA WHBECTHULIHA,
WHBECTHIIMOHHA  BBH3MOXKHOCT, HHBECTHLIMOHHO
HamepeHue, Ho He u [IUII [6]. W3pa3sBame mbiaHO

ChbIVIACHE C MHEHHETO Ha TOPELUTUPAHUIT
Jlrobomup Pununos B ,,KpuBopazbdpanoro ITUIT”,
ye [TYII He Tps6Ba na ce Knacupuuupa, KAKBOTO H
Ja ¢ OW3HeC OTHOIICHWE MEXIy JbpKaBara U
YacTHHUsSI CEKTOp, a caMO TOBa, KOETO 3acsra
0O0IIECTBOTO KaTo LsJIO.

B Ttasm Bpp3Ka € W NIPOBEIEHOTO
uzcnenaBane cwe 100 mpencTaBuTenw Ha YaCTHHS
6usHec u 100 — Ha my6au4HATa BIAacT, y4acTBaIu B
Ch3/laBaHe Ha IyOJMYHO-4aCTHO MapTHHOPCTBO. B
NPOBEJICHUTE WHTEPBIOTA, TE TOCOYBAT, KOE TOYHO
UM € CB3[aBajo TPYIAHOCTH IO CIOXKHHUS BT Ha
yCTaHOBSIBaHE HA MaPTHEOPCTBOTO.

[Mourn Bcuuku ywactHumM — 95% ot
YYaCTHUIUTE B MHTECPBIOTO H3pa3sBaT MHEHHE, 4e
€IMH OT OCHOBHHMTE NpoOieMH € HecTaOWiIHATa
3aKOHOBa  ypemba  Ha  IyOJMYHO-YaCTHOTO
napTHbopcTBO. Karo aprymeHTn B moakpema Ha
TOBa TBBPJICHHE, TE MTOCOYBAT, Y€ TOJUHU Hape]| Te
ca paboTWiaM 3a CbH3JAaBaHE HA MAPTHHOPCKH
OTHOLICHUS, OYaKBaWKM IIPUEMAHETO Ha 3aKOHA 3a
IT4II, xotito Biau3a B crta ot 01.01.2013 r. 'opuna
NO-KbCHO MMa MPEIJIOKEHUE 3a HeroBara OTMSHA.
Jluricata Ha  SICHM TpaBWia U aJeKBaTHO
3aKOHOAATEJICTBO CE€ OTpas3siBaT M3KIIOYUTEIHO
HETaTHBHO BBPXY pealu3aluATa Ha IIyOJIHMYHO-
YaCTHOTO HapTHHOPCTBO.

CrnenBaiaTa 3Ha4MMa TPYJHOCT 110 IIBTS Ha
peanmzanus Ha ITYII e mocouena or 90% ot
MpeICTaBUTEINTE HAa YacTHHA OHM3HEC M CamMoO OT
10% ot Te3m Ha myOmmuuHara Biact. TS mpowm3THUa
OT ciabusl aIMUHUCTPATUBEH KallalUuTeT U JIUIcaTa
Ha 3psUIOCT B YIPaBJICHUETO HA IMyOIMYHUS CEKTOP.
HHTepBIOMpaHuTe MOCOYBAT CIEOHUTE APTyMEHTH
3a Ta3W Te3a: U3KIFYUTETHO cliaba MoAroTOBKa Ha
nyOJIMYHATa aAMUHUCTPALUSl M JIMIICA Ha BU3US B

YIPaBIEHHETO Ha JBJITOCPOYHH  OOIIECTBEHH
nporecu. Kato pesynrar, wumame HemoOpe
(yHKIMOHHWpAIIa CcHUCTeMa Ha  OOIIECTBEHUTE

MOPBYKH, Ype3 KOSATO ce peanu3upa U u3dopa Ha
yacTtHUs napTHeop B [TUII.

Ha Tpero wmsicto, 85% oT yuacTHUIIUTE
II0COYBAT KAaTO CHIIECTBEH MPOOJIEM HEJOCTAThYHO
KOPEKTHOTO OTHOIIGHWE Ha JIBETe CTpaHW,
MIOPOJICHO CHOPEA TIX OT Pa3IUIHUTE HHTEPECH.
KomenTtapute 1o OTHOIIEHHE HA Ta3W TPYAHOCT ca
CBBP3aHU C JINIICAaTa Ha OpraHU3alMOHHA KYJITYpa,
oOydeHne, Harjgacw 3a pealn3amnus Ha YCIEITHO
ITYII. UuTtepechT Ou TpsaOBaio na ObJe caMo eIuH
— TO3H Ha 00IIECTBOTO KAaTO LISLIO.

Hakpartko, ToBa ca OCHOBHUTE TPYIHOCTH,
IIOCOYEHW OT ToJiIMara dYacT VYYACTHHIHA B
W3CIIEIBAHETO, KOUTO CUCTEMATU3UPAHO, U3TICKIAT
IO TO3U HAYUH:
1.JIutica Ha aJeKBaTHO 3aKOHOJATEIICTBO M SICHH
MpaBUIIa 3a MPUBIWYaHE HA UHBECTUTOPH.

2. Cnab agMUHUCTPATHBEH KallalUTeT.
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3. HexgocrarsyHo 100pH opraHu3allioHHa KyJITypa,
oOydeHHe M HarjlacH 3a peajn3anus Ha e(eKTHBHO
TT4II.

ToBa ca pe3yarature OT HPOBEACHOTO
n3cinenpane. Ille BM 3amo3HaeM W C KOHCTaTallMH
10 TeMaTa Ha MPEJCTABUTEIN Ha IMyOJIMYHATA BIACT
Y YaCTHHS OW3HEC, MPSKO Yy4acTBaIM B MPOEKTH I10
IMyOJIMYHO-YaCTHOTO TAapTHROPCTBO W ITO3HABAIH
penuna nobpu npaktuku [7]. B cuHTe3upan BuI Te
ca:
1.HacTHUAT KamuTal uaBa TaM, KbJETO UMa CTPOT
pernmament — EBrennit KpHeB, ymnpasisBain
CBHAPYKHUK Ha WHBECTUIIMOHHO-(DMHAHCOBA
KOHCYJITAHTCKAa KOMIIaHUS;

2. KiitouoBusT KpUTEepHUil 3a pemieHue 3a npuiiaraHe
Ha [TYII crienBa na Obae 1eHOBaTa €(PEKTHBHOCT —
uHxK.liBaH BOHKOB, HM3M'BIHUTENEH OUPEKTOP Ha
Kamapara Ha crpoutenute B bbirapus;

3. VchnemHoTo mNyOJIMYHO-YaCTHO MapTHHOPCTBO
3aBUCH OT KOPEKTHOCTTa Ha JIBET€ CTPaHU M OT
B3auMHaTa noi3za — Jumutep Hukonos, kMeT Ha
Byprac.

B romsma cremen @ pesyaTtature  OT
HU3CJIEABAHETO C€ TNPUIIOKPUBAT C MHEHHUSTA,
n3pazeHu B pyopukara ,,T'e ToBopaT”, myOIuKyBaHU
B crmcaHue ,,JikoHomuka”. ChbIIECTBCHUAT U3BOJ €,
ye B bearapus nva moOpa mpakTHKa M0 Ch3AaBaHE
Ha IMyOJIMYHO-YaCTHO MapTHROPCTBO, HO BCE OIIE HE
ca CH3JaJICHH aJICKBaTHUTE YCIOBHUS 3a HEromaTa
peanmzanus. ETo 3amo, ciopen Hac Oerlie BaXXHO Aa
MMOCOYUM TPYIHOCTHUTE U MPOOIEMUTE IO CIIOKHHS
BT HA MYOJINYHO-YACTHOTO MAaPTHHOPCTRO.

4. 3akji0uyeHune

B cratusTa pasrienaxme OCHOBHHTE MPCUKH,
KOUTO TPsiOBa Jia ce MPEOJIOJIeAT, 3a J1a MOXKEM Jia
M3II0JI3BaMe HEOOATHUTE BBb3MOkHOCTH Ha ITUII,
JIOKa3aHH oT nmobpara MpaKkTUKa BbB
Benuxkooputanus, Upnanaus, ['epmanns, Mcnanus,
[Tonma u penuua Apyru CTpaHu.

[1y6mu4HO0.9aCTHOTO MApTHROPCTBO MOXKE Ja
Ce M3IO0JI3Ba BbB BCsAKa oOIIecTBeHa cepa, KbIeTo
“Ma HyXJIa OT Mo-1o0pa WHQPaCTpyKTypa, IIo-
I00Bp MEHHDKMBHT, TO-I00pO KayecTBO Ha

nyOnu4HaTa yciayra WM UMa HEJIOCTHT  OT
¢unancupane [1]. bescmopHo, TO € MomepHa
(dhopma, KOSATO  ChueTaBa  peCypcuTe |

KOMITETCHTHOCTTA Ha YaCTHUS CEKTOP C HYKIUTE Ha
oOmiectBoTo. MHTEpec OT HEro uMaT BCHUYKH
CTpaHU, y4acTBaIlM B IIpOIleca Ha peau3anusaTa My
— IbpKaBaTa, OONIMHWUTE, YaCTHUTE MApPTHHOPU H
TPaKIAHUTE WIIH OOIIECTBOTO KAaTO IISIIO.
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