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ANALYSIS OF LIGHT LEVELS IN A CLASS
IN A DAY USING WAVELET METHOD

T. CETIN AKINCI, UNAL SEVER, LEVENT GUNAYDIN, EMINE AYAZ, SERHAT SEKER

Abstract: Nowadays, image-based Wavelet transform is often used in image processing.
Wavelet method is a processing technique for optimizing the image of the modern image.
Diagonal elements of the output data of the vertical and horizontal wavelet can
simultaneously be evaluated and a suitable cross-section, and a pattern can be obtained. In
this study, wavelet, which is the variable light levels, was carried out by using the method
of statistical analysis during the day. In the analysis, at 9 o'clock in the morning, at noon
and in the evening hour’s from3pm to Spm, at the same point in the histogram of the image,
class distributions were investigated. The method is performed by using MATLAB program
and it is observed that in the light of the data obtained are compatible with the observed
changes in the statistical analysis of daylight.

Key words: wavelet method, image processing, image digitization, image modelling,
lighting.

1. Introduction This study focuses on examining the light

Computer vision is the realization of level classroom environment.

computer analysis on one or more images with a

. ; . 2. Computer Vision
single or more master processor according to time

sequence with various techniques. Computer vision
is a field that provides the extraction and analysis of
information over image or image sets both
theoretically and algorithmically by computer [1]. It
includes the concepts dealing with the object and
objects on image, the position and direction of
object, and it’s seize [2]. The earliest studies made
on computer vision dates back to 1970s [2,3]. In the
1980s, by looking at the shapes and boundaries of
object, objects were begun to be identified, and
decisions were taken over these identified objects.
In these studies, algorithms were predicated on such
methods as corner fixation, acquiring shapes by
shadowing, and physically based modelling. In the
1990s, it was achieved to process a lot of images
from different angles [2-5]. Today, image
processing studies are used in a wide range of
applications such as face recognition, extracting
factorization based structure from motion, image
segmentation and three dimensional modelling [4-
8].

2.1. Digitization of Image

Digitization of image is the conversion of
the image in camera into electrical signals with
optical-electric system. The image emerging in the
center focuses on the sensors of camera. On these
light elements, electrical signal are generated
depending on the case of light. In Figure 1, the
digitization stages of image are shown. These
signals are the analogue signals used in image
transfer to computer environment [1].

Electrical corrent

Las?rﬁ”" Beam Daflactor

Fig. 1. Digitization Stages of Image [1]

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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2.2. Image Processing Techniques

After the image is digitized and transferred
to computer environment, the image needs to
undergo some significant processes in order to get
the desired information [11,12]. Image processing,
in general terms, is the manipulation and analysis of
pictorial information [12,13]. Some basic stages
pursued in this analysis can be summarized as: The
first stage is the process of image acquisition. In
Figure 2, it is generally shown the stages of image
acquisition where the image is acquired via optical
form, then converted into analogue form, and
finally into digital form [13,14]. Here, there is an
object enlightened by a source of light. The rays
reflecting from the object are transferred to camera
with optical form. These rays that define the object
are converted into electrical signals in camera. In
the last stage, the image turned into digital form is
now ready to be transferred to computer
environment and be processed. For this process,
there is a need for systems that can convert the
image sensor and the signals generated by this
sensor into digital form. If the signals acquired from
the sensors are still in analogue form, they can be
digitized by analogue-digital convertors [1].

After digital image is acquired, it is passed
to pre-processing process. In this stage, the acquired
image is made apparent and understandable so as to
be processed in the latter process faultlessly and
easily. Here on the image, the processes of filtering,
amending structural faults and making the image
apparent are realized. The later process is, however,
the process of partitioning the image into its
segments that compose the whole, or segmentation.
This is called image partitioning or segmentation
process. Detailed image partitioning processes are
counted among the most difficult processes in
image processing. For this reason, albeit with small
mistakes, roughly image partitioning process is
applied in general [1].

i
M Light Source
¥ tﬁ E Reflected beam from the object

. / e s

Analog Signal Diztial Sienal
[|Camers] ; D/A Converter ————

Analog Digital
Image Image Image

Fig. 2. Figure Caption Stages[1]

2.3. Modelling of an Image

Image is two-dimensional light intensity
function. This function is shown as f{x,y). Here x
and y are cartesian coordinates ang. the digital value

of fin (x,y) point is, however, the brilliance value or
grey level value of the image in the relevant point.
A digital image, line and column indexes can be
considered as a matrix composed of the elements
that identify any point in the image. The numerical
value of each element of this matrix is equal to grey
level value corresponding to it. Each element of this
numerical series is called image element, picture
element of pixel [1,14,15].

In the light of the information given up to
here, what the picture shown in Figure 3 means in
computer environment was found out. In order to
make an image function f{x,y) process able in a
computer, it is necessary to digitize the function in
terms of both spatial coordinates and amplitude.
The digitization of cartesian coordinates is called
sampling and the digitization of amplitude
quantization. This expression is also named
Shanon’s Sampling and Quantization Theorem
[10,11,12-18].

y F(x.y)
Fig. 3. Digital Image and its Axes

3. Mathematical and Statistical Background

In this section, the mathematical
background of wavelet theory and statistical
background is given.

3.1. Wavelet Technique

With this approach, optional time resolution
is good in high frequencies, and optional frequency
resolution is good in low frequencies. As a result,
two very close rises can be parsed out when
progressed to high frequencies in a way to increase
time resolution. As explained, wavelet analysis
becomes most successful with the signals composed
of short time high frequency and long term low
frequency compositions. The approach of changing
resolution in different frequencies can be explained
by describing the concept of “wavelet packets”.
Depending on the signal, in conformity with the
Heisenberg uncertainty condition, random time-
frequency resolutions can be selected [18-25].
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Wavelet method was first used in a thesis
by Haar in 1909. The most important feature of
Haar wavelet function is that it has strong support.
On the contrary to this, Haar wavelet function
doesn’t have steady derivative. In the studies carried
out on sliding scale base functions in 1930s,
Littlewood, Paley and Stein gained functions that
keep their energy while their scale changing. In the
1950s-1960s, Littlewood-Paley theory was applied
to partial differential equations and integral
equations. In the years between 1960 and1980s,
studying on the functions they defined as the
simplest elements of a function space and called
atom, Guido Weiss and Ronald Coifinan could
reconstitute functions space through these atoms.
Using Wavelet method, two and three dimensional
filtration studies can be achieved.

Wavelet method can be expressed by
Wavelet Transform and Multiresolution Analysis.
According to this, assume that L*(R) as a symbol
that indicates a vector space for finite energy signs
and is defined in x(¢), L*(R) space. Here R is set of
real numbers. In this case, finite energy signs
provide the link,

_1| x(t)|2dt<oo (1)

and the continuous wavelet transform of x(z) is
defined as,

CWT, x(a,b) =W (a,b)= TX(I) wo,@dt (2)

Instead of continuous extention and
othering parameters, it is possible to identify the

In this

case, ci(n), composes the approach version of the
original signal and d;(n) composes the detail
presentation of the signal in wavelet transform
form. These are defined as, respectively.

: . m _ m
discrete parameters, a=a,, b=nb,a, .

c,(n) = h(k—2n)c,(k) 3)

d,(n) = g(k—2n)c,(k) 4)

Here A(n) and g(n) are combined filter coefficients
that parse co(n) into ci(n) and d;(n). [24-26]. In the
next scale parse, however, c(n) sign is used as base
again [24-28]. In this study, statistical analysis was
carried out using wavelet toolbox.

3.2. Discrete Wavelet Transform and
Multiresolution Analysis

To use the wavelet transform for image processing
we have to apply a 2D conformation of the analysis
filter banks. In the 2D application, the 1D analysis
filter bank is first implement to the columns of the
image and the applied to the rows. If the images
have rows N1 and N2 columns, than after using the
1D analysis filter bank to each column we have two
sub-band images, each having N1/N2 2 rows and
columns; after applying the 1D analysis filter bank
to each row of both of the two sub-band images, we
have four sub-band images, each having N1/2 rows
and N2/2 columns. This is presented in the Fig.4.
The 2D sub-band synthesis filter bank combines the
4 images to get the original image of size N1 by N2
[27].

dLH

dHL

dHH

Fig. 4. Multi-resolution wavelet decomposition of
an image [19].

(Tf i =(f Vi) = [ L Dw s (x)dx, (5)

Where v, is of the form, and w is mother

wavelet.

—n

Va(x)=a’y(a"x—kb), (6)

CWT has important properties for signal
processing technique. Thus, the use of CWT
requires some approximations; inner product
computation; scale and translation parameters
sampling. A discrete version of wavelet transform is
possible: the DWT Transform (DWT). Theory
which allows getting such a transform is better
explained starting from the Multi-Resolution
Analysis (MRA). A fundamental result of the MRA
theory is that, under some conditions, the DWT can
be obtained through a digital filtering operation
[28].

This transform is computationally very
efficient and, therefore, it is named Fast Wavelet
Transform (FWT). The first component to MRA is
vector spaces. For each vector space, there is

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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another vector space of higher resolution until you
get to the final image. And also, each vector space
contains all vector spaces that are of lower
resolution. The basis of each of these vector spaces
is the scale function for the wavelet.

For all practical purposes one can consider
of an image as a vector space such as V' would be
the perfectly normal image, and V"' would be that
image at a lower resolution until you get to
V’ where you just have one pixel in the entire
image. For every vector space V', there is an
orthogonal complement named W’and the basis

function for this vector space is the wavelet [29].

3.3. Fundamental Statistical Background

In this study, the images are made basic
statistical analysis. In the analysis, standard
deviation, minimum and maximum average values
are calculated. In statistical computation, Matlab ©
Wavelet tool is used. The average of a set
of n data Xi:

S Xi

(7
n

This is the mostly used measure of the
spread or distribution of the data around the mean.
The standard deviation is described as the square
root of the variance (V).

The most repeated in a distribution of
scores, the highest frequency of measurement
results is called Mode. Similarly, the distribution
points located in the middle ranked, called the
median of measurement results [30-35].

G /an%l’” )

Mean Absolute Deviation (MAD) equation
is given below.

X =

Z‘X - )_(‘
. ©

Range is the difference between the lowest
value and the highest value in a data series at
equation 10.

R= (Max. Val)- (Min. Val) (10)

MAD =

In  this  experimental  study, the
determinations of the characteristics of daylight in
the classroom are used statistical methods for a
class environment. Researchers determined from a
fixed point in the classroom, for photographs are
taken at different times (morning, noon and
afternoon). The statistical properties of the
classroom were determined in terms of the light
receiving on the captured photographs. In this
sense, this study evaluated both as a statistical
analysis of an image processing application as well.

4. Application of the Method

In the application of the method, a sunny
day was preferred, in the same day, in a classroom
environment; the analysis of the data acquired from
the same point was made. The photos taken from
the same point were recorded in a JPEG format, and
the records were examined by Wavelet method. In
this method, through Wavelet method, the image
was partitioned into original image segments using
discrete and inverse discrete wavelet method freed
from only noise, and later it was retrieved. In Figure
5, it was tried to reach the segments of the image.

In Figure 4, the images recorded in the class
environment at 9, 3pm and Spm are given. In the
image given at 5pm, it must be paid attention to the
fact that armatures are on in the class.

Time:5pm

Fig. 5. The image recorded at different times in
class environment.
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In this virtual analysis, in the morning and
afternoon hours, as the statistical analysis of
lightening level in class environment was made,
with the analysis of the data acquired in the
evening, the analysis of class lightening level was
also made.

In Figure 6 below, the original image and
histogram at 9 are given. It is a normal situation that
the increasing curves in cumulative histogram are in
increasing form. These cumulative histogram curves
keep the same progress in three analyses.

Original image

1500 2000 2500 3000

a)

Histogram

500 1000

0.06
0.05}
0.04
0.03}
0.0z}

0.01¢

b)

Cumulative histogram

Fig. 6. (a) Original image at 9am, (b,c) Histogram

and Cumulative Histogram graphic.

In Table 1, the statistical data of the
analysis made at 9am are sorted. When the

statistical data acquired for the analysis made at
different times during the day are examined in
particular, it is observed that Mode is distinctive.
The statistical values are examined, it is seen that
some of the values are the same. The reason is due
to the same Cumulative Histogram. Also, as can be
seen from statistics, max and min values are the
same. This analysis makes determining the mode
and median values. In addition, the L1 and L2
values of the statistical wavelet analysis results are
quite satisfactory.

Table 1. Statistical analysis of the image recorded

at 9.
Mean 132.9 Standart dev. 55.68
Median | 136 Median abs dev.| 28
Mode 130.5 Mean abs dev. | 41.88
Max. 255 L1 norm 2.821e+009
Min. 1 L2 norm 6.639e+005
Range | 254 Max norm 255

In Figure 7 and Table 2 again, the analysis
of the data acquired at 3pm is made. Similarly, in
Figure 8 and Table 3, the graphics of the analyses
made at 5pm in the evening are given.

Histogram

0.06F

0.05¢

0.04}

0.03

.02}

0.01}

Cumulative histogram

0 50 100 150 200 250

Fig. 7. Histogram (a) and Cumulative Histogram
(b) graphic at 3pm.
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Table 2. Statistical Data at 15

Mean 153.9 Standart dev. 51.91
Median | 162 Median abs dev.| 26

Mode 171.2 Mean abs dev. | 39.25

Max. 255 L1 norm 3.267e+009
Min. 1 L2 norm 7.482e+005
Range | 254 Max norm 255

Histogram

0 50 100 150 200 250

Cumulative histogram

0 50 100 150 200 250
b)

Fig. 8. Histogram (a) and Cumulative Histogram
(b) graphic at 5pm.

Table 3. Statistical data at Spm.

Mean | 111.4 Standart dev. 56.4
Median| 129 Median abs dev.| 31

Mode | 140.7 Mean abs dev. | 46.65

Max. 255 L1 norm 2.366e+009
Min. 1 L2 norm 5.754e+005
Range | 254 Max norm 255

5. Conclusion

In the study carried out, as a field of work,
one of the classrooms of Kirklareli University was
chosen. In the class were taken photos from the

same point at 9am, 3pm and 5pm. On the acquired
images, a statistical analysis was made with
wavelet. With the statistical analysis conducted,
firstly the differences between the times were tried
to be determined. Again, the analysis about the
photo taken in the evening hours is seen to include
information about the enlightenment of the class.

As this study can be broadened by focusing
on the case of armatures and enlightening the class,
from these images acquired in different times, it can
also be conducted in a way of prediction algorithm
in the form of predicting the times by looking at the
enlightening density in the images acquired in
different seasons. Yet, in this study, it was
contented with the statistical analysis made by using
levels of lightening in different hours during the day

In the analysis performed, when the data
acquired in different times during the day are
analysed, Mode can be said to be changeable and
distinctive. In the lightening technique again, the
use of statistical analysis methods with Wavelet
technique is accepted as a new application.
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HPOAYKTHU C OTBOPEH KO/l U CKAJIA 3A
ABTOHOMHMU BE3IIWJIOTHU CUCTEMUA

AHI'EJI UBAHOB, CTE®AH BUJIMJAEPOB, IIETHP I'ELIOB

Pe3tome: Paspabomeanemo Ha asmomamudny cucmemu upe3 npooyKmu ¢ Omeoper Koo u
MPEdICOBU MEXHONo2UU He NOOMUHABA U obiacmma Ha Oe3nunomuume  iemamennu
anapamu. B nacmoswama nybauxayusi ca npeocmagenu Hanwvino Oe3niamuu Memoou u
NPOOYKMU, U3NON36AHU 3d CH30ABAHEMO HA Nepchnekmuhu cucmemu 3a bJIA.

Karouwosu xymu: bJIA, Apoyuno,Moobwvc, CKA/A, Caiinab.

OPEN SOURCE PRODUCTS AND SCADA FOR
AUTONOMOUS UNMANNED SYSTEMS

ANGEL IVANOV, STEFAN BILIDEROV, PETAR GETSOV

Abstract: The development of automation systems using open source products and network
technologies does not pass by the area of unmanned aerial vehicles. In this publication are
presented completely free methods and products which are used to create perspective

systems for UAV.

Key words: UAV, Arduino, Modbus, SCADA, SciLab

1. BbBeaenue B npodiaema

[Ipunoxennero Ha GE3MUIOTHUTE CHCTEMHU
B JIeHHOCTTa Ha YOBEKa BEYEe HE € EK30THKa,
HaKbpICTO M Jla ce OOBpHE TOTPEOUTENAT, Ce
3a0ena3BaT TEXHOJOTHH, KOWTO ca IPHJIOKEHH B
oesmunotaute cucremu (bC).

A
TpaekTopHO

ynpasicne gyl

na ABJTA

‘Vrnpapnenue Ha
‘BIVIOBOTO
TIOJIOKECHHUE HA
ABJIA

Jlunamuka Ha
TPAaeKTOPHOTO

JluHamuka Ha
. ‘BIIIOBOTO

KOHTYTD

A A

BBHIIHA :(;muamma Ha OIlepaTHBHATA 00CTAHOBKA
cpera

JIONBIHKTEICH KOHTYD.

Que. 1. Cmpykmypa na I[1HK 3a 5C

Ha 6opna Ha BC ce pa3nonara muiaoTaxxHO-
HaBurarmonen komruiekc (ITHK) ¢ mome nBa
KOHTypa: BbTpemieH u BhHIIeH (Pur.1).

BoerpemHusaTr KoHTYyp (peryiaaTopbT) ce
TPIKM 332 BIJIOBOTO mojoxenne Ha bC B
IPOCTPAHCTBOTO, @ BBHIIHUAT KOHTYp (cucTemata
3a aBToMatn4HO yrpasinenue (CAY)) nma 3a 3agada
Jla ymnpaBiisiBa TPAeKTOPHOTO IBIKEHHE Ha Oa3ara
Ha BIJIOBOTO MOJIOKEHUE HA CPEICTBOTO.

[lpu Oe3nuIIOTHUTE JIETATEIHU arnaparu
(BJIA) nBwkeHHeTO € MO MaKCUMalHHUTE ILIEeCT
CTeleHH Ha cB00oa, 3aToBa 1 Ha Pwur.l e mokazaHa
OokoBa cxema 3a aBToHOMEH BJIA (ABJIA).

Ha 0azata Ha chbBpeMEHHUTE KOMIIOTHPHU
TEXHOJIOTHH 32 yNpaBJieHNe, pOJIsTa Ha BETPELICH U
BBHILIEH KOHTYpP C€ H3IbJHABAa OT €IHAa IUIaTKa,
Kato coTyepHO ce 3ajara ajiropuTbMbT Ha
HeliHata paOorta. [lomxoxsima miatgopma 3a
paspaborBaneto Ha [THK na BC e Arduino, 3amoto
camara CcuUCTeMa € JOCTaThYHO JIeCHa 3a
nporpaMupaHe, JOpd M OT  HENpPOrPaMHMCT,
MHTETpUpaHa € MHOro 1o0pe cbc codTyepHH
npoayktu, kato Matlab-Simulink, Scilab u mp.

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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OcBen ToBa € ©OasupaHa Ha  OC3IUIATHH
HWHCTPYMCHTHU, KOCTO s IpPaBU HNPHUBJICKATCIIHA HE
caMO 3a JIFOOMTENICKM  IIeii, HO ®W 34
npodecuonanuctu. Paspaborenn ITHK, kourto ce
HaAMHpaT Ha Ta3apa W paboremu cbc codryep
MPEIOCTaBeH OT Pa3pabOTYMIIUTE Ca TOKa3aHH Ha
Our. 2 u Our.3.

Due. 2. MultiWii MicroWii Flight Controller
oasupan na ATmega32U4

Ha ®ur.2 [1] CAY uma BB3MOXHOCT Aa
rmoilydaBa Jo 6 BBHIIHM BXOAa 3a 3aJlaBaHE Ha
HEOOXOMMHTE BEITMYNHH, 6 M3X0/a 3a yIpaBJIeHHE
Ha M3MBIHUTENHU ycTpoiicTBa (MY). Cucremara ot
@ur.2 pasmonara cbC COOCTBEH H3MeEpBaTeNCH
KOMILIEKC, KOMYHHUKHUPAL C KOHTpOJIepa 4pe3 IC
IIMHA.

Que. 3. Multiwii u Megapirate AIO Flight
Controller 6azupan na ATmega 2560

CAY or Qwur.3 [2] uma BB3MOXKHOCT Ja
roJty4yaBa 8 BXOJIHU CUTHANIA U J1a yrpasisiBa § V.
Chll0 Taka NpuUTEekaBa COOCTBEH H3MeEpBaTelieH
KOMIUIEKC ¥ BB3MOXHOCT Jla YIpaBisiBa U
cTabmn3mpa MocTaBKa 3a kKamepa Ha 6opaa.

Cucremure ot Pur.2 um @dur.3 wumar
BB3MOXKHOCT Ja paboTAT ¢ roTroB codTyep 3a

JMIOOWUTENICKM  LeJd  WMAM A3 M3IbJIHABAT
MpOrpaMUpPaHd  AITOPUTMU 33 MPO(EeCcHOHATHO
MIPUJIOKEHHE.

[Inatpopmara Arduino e BB3MOXKHO Ja ce
W3I0J3Ba 3a MHIYCTPHAIHM IPUIOXKEHUS upe3
nnterpupaneto 1 B SCADA cucremu. ToBa cblio
HE € eK30THMKa, 3all0TO KbM JHEIIHa JaTa e
paspaboreHa kojekius oT Arduino OmOIHMOTEKH —

SimpleModbus, kosATO TO3BOJIIBa  CEpHiiHA
KOMyHHKanus usnonssaiiku Modicon Modbus RTU
MIPOTOKOJ 3a SimpleModbusMaster u
SimpleModbusSlave.

3a Processing cpemata, CBIIO Taka ¢€
pazpaboren  kmackT  ModbusMaster,  KoiiTO
MO3BOJISIBA Ja C€ KOMYHHUKHpa JUpPeKTHO ¢ modbus
RTU slave, Ha kOHTO W Jga € XapayepeH CepHheH
mopt. Ilpmmepna SCADA cuctema ¢ Arduino
KOHTPOJIEPH Ha HHCKO HHUBO € moka3aHa Ha ®wr.4

[3].

(©) WIDGEDUING

— Client 1 1P Address
192.168.1.100

Switch / Router

N~

E———

Connection

Ethernet

Arduino with
Ethernet Shield

Arduino with
Ethernet Shield

Arduino with
Ethomet Shield

Server 2IP Address Server 3 1P Addross

192.168.0.10 192.168.0.20 192.168.0.30

Server 11P Address

Que. 4. llpumepna SCADA c Arduino
baszuparno na Microsoft Windows
niamgopma

[opanun ¢axra, ye Arduino e oTBOpeHa
wiatpopMa ¥ MHOIO pa3paboT4MIM IyOIHKyBatT
CBOUTE YCIEXW B MHTEPHET IPOCTPAHCTBOTO,
pa3BUTHETO Ha YOBEKO-MAIIMHHUS WHTEpdelc e
Hem3bexxeH. B SCADA, To3u uHTepdeiic ¢ B Hali-
TOPHOTO YIPaBJIEHCKO HUBO.

3a paznuKa OT CKBIIO TUIATCHUTE MPOIAYKTH
Ha Microsoft, Ha kouto ¢ Oa3upaHa cUCTeMara OT
®ur.4 Widgeduino, pazpaboTummure Bce IMOBEYE
TBPCSAT HAa4YMH 3a H3II0JA3BaHE HAa OTBOPEHHU
copryepan m XapayepHu IaTGopMu 3a CBOUTE
uzaeu. Ilpumepn 3a pabora BbpXy TakMBa CHCTEMH
Morar Ja ce BUAAT B Hal-rosemMust calT 3a
CBOOOTHO HaeMaIy ce pa3padorunnu [4].

Bwnpocetr e [lpunoxcumu  qau  ca
omeopenume npooykmu u SCADA c¢ bOe3xcuuno
npedasame u npuemane Ha OanHume npu bJIA ¢
Arduino 6azupan ITHK?

B wusBectHuTe HHM  WHQOPMAIMOHHM
M3TOYHHIY UMa MHOTO MaJIKO HH(GOPMALHUS 110 TO3H
BBIIpoc. Hanmpumep B [5] ce oOscHSABAT meTaauTe
OTHOCHO cHCTeMa 3a cOOp Ha JaHHW M CHCTEMa 3a
OexkMyHA TeneMeTpus Npu BUCOKUS kiac BJIA.
I'maBHHMTE W3MCKBAHUS, KOUTO C€ IIOCTABAT KbM
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cucreMara, OOeIWHSBAaIla CIIOMEHATHUTEe JBE ca:
rojsiM  0o0XBar;  HHCKa  KOHCyMmalus  Ha
CJIICKTPOCHEPTUs; KOMITAKTHU pa3MepHu. 3a Ja ce
JMIOCTHTHAT TE3W M3UCKBaHWs Ha Oopma Ha BJIA ce
MOHTHPAT BHCOTOMED, GPS MOy,
MHUKPOKOHTpoIlep, ZigBee Momyn u JuCIUIeH C
YOBEKOMAIIIMHEH UHTep(eic, KOUTO € MOCTaBeH B
HazeMHaTa CTaHIIH 32 KOHTPOJI U YIIpaBJICHHUE.

[TonoxuTenHn cTpaHM Ha  omMcaHaTa
CUCTEeMa ca, Y€ TS € 3aBbpIICHA, C HHUCKA IICHA U
BB3MOKHOCT Jla ¢€ MOHTHpa Ha Bceku Tun BJIA,
OTIEPUPAIIH TIO PAa3TMYHH BUIOBE 3a]a4H.

Lenta, KOHKPETHO Ha Ta3W CHCTEMa € Jia
MOK€ Ja JIOCTaBs IIOJIG3CH TOBap B pa3Mep Ha
okoso 1 xwmmorpam ot BucoumHa 30 merpa mpu
MOHHUTOPUPAHE W YIPaBJIICHUE HAa BHCOYMHATA Ha
moyieta OT 0a3oBaTa CTaHIMSI B PEANHO BpEME.
OcBeH TOBa € HEOOXOAMMO Jla ce 3alucBa
BUCOYMHATA HA TI0JIETA B MOMEHTA Ha OTICISHETO
Ha ToBapa OT MamuHaTa. Ha jgucries ce
n300pa3zsBa TOYHUSAT MOMEHT Ha ITyCKaHETO Ha
TOBapa B 3aBHCUMOCT  OT  BHCOYMHATA,
XOpH30HTAJIHATA W BEpTHKATHATA CKOPOCTH Ha
nonera Ha BJIA.

B gpyr poxkman [6] e  omucaHo
pa3paboTBaHETO HA HHCKOOIO/DKETEH OalloHCeH
caTenuT Ha 3eMsATa, Olepupaln] Ha BUCOYUHA JIO
30km. JlanHuTe OT careauTa €€ H3Opalar 1o
Ha3eMHa CTaHIUSA, KbAETO WHGOpMamusaTa ce
obpaboTBa, amamuzupa u wu300passBa. Taka
roJydeHaTa WH(OpMaIns, OCBEH 3a pelliaBaHe Ha
KOHKPETHHUTE 3a/I1a4¥l MOCTABEHU IIpe]l MHUCHATA Ha
caTeNuTa ce M3MO0JI3Ba U 32 HETOBOTO MPOCIIE/IsBaHe
U ympaBJieHUE B peaiHo BpeMe. Taka 000pyABaHUST
CaTeNUT Ce M3MO0J3Ba M 3a M3IIBJIHEHUE Ha 33a4u
XapakTepHu 3a paznuynu BJIA.

Unesita e nanHute OT CeH30pUTE HA OOpia
Ha OAaJIOHHUS CaTeIUT Jla Ce IpelaBaT B PEaHo
BpeMe Ha 3eMsTa. B HazeMHaTa CTaHIWSA, JAaHHHUTE
MOJTy4aBaHU OT CEH30PUTE BIPaJICHH B CATEIIUTA CE
nzo0paszsiBaT Ha MOHHUTOp OnaromapeHue Ha
roTpeduTencku rpaduden uaTepdeiic. OCBeH TOBa,
TE3W JaHHU Ce 3alKicBar, KakTo B Ha3eMHAaTa
craHius, Taka W Ha SD kapra Ha Oopma Ha
caTenuTa.

Pa3paboTBaHeTo Ha KpPUNTHpPAHETO Ha
nH(popMaruaTa Ipu OE3KUYHO KOMYHHKHpaHE Ha
mosoOHa Ha pasriiexaHaTa CHCTeMa, KaKTO H
W3CIIe/IBaHUS 3a HeWHaTa paboTa W W3pa3Xxo/BaHe
Ha Kamanutera Ha Oarepusra Ha Oopia, TpHU
HAJIMYME W JIMIICA HAa KPUIITUPAaHE Ha JAHHHUTE €
MoKa3aHo B [7].

Benuko xa3zaHo 710 TyK, KaKTO W MaJIKOTO Ha
Opoil JUTepaTypHH W3TOYHHMIIA U TOJUHHUTE Ha
TAXHOTO TyOJIMKyBaHE JaBaT OCHOBaHHE Ha
ABTOPUTE JIa IPUEMAT, Ue pa3riexaaHaTa TeMaTHKa
€ aKTyaJIHa ¥ TIPIIIOKIMa B oOactra Ha BJIA.

2. AHAJIN3 HA TPWJIOKUMOCTTA HA MOJ00HA
cucrema npu BJIA

TakaBa cucrema e HeoOXoaWma, 3a
OTCTpaHsSBaHE Ha METOAMYHATA TIpelika Mpu
aBTOHOMHOTO UW3MEpBaHe Ha aOCOJIIOTHATA U
OTHOCHWTEJIHa BHCOYMHA Ha TOJIeTa HAJ 3eMHara
MOBBPXHOCT, Ype3 OapoMEeTpUdeH BHCOTOMED.
[MpobiemMbT TpU 0Oapo-BHCOTOMEpPHUTE, € 4Ye He
MOTaT Jla W3MepBaT HCTHHCKATa BHCOYMHA Ha
moJieTa, TOpaad MEeToNa, Ha KOWTO ce OCHOBaBa
TAXHATa padoTa.

Paborara Ha GapoBHCOTOMEpa CE CBEXK/IA JI0
u3MepBaHe  Ha  a0COMOTHOTO  aTMOC(EepHO
HayiATaHe, Cjiell KOeTO 4Ype3 XHUIICOMETPHYECKUTE
dbopMys, TOBa HaJAraHe Ce€ IMPEBpPHINA BbB
BrUcOounHa Ha mojera. [lomy4yaBanero Ha Oopja Ha
pearHoTo 0apOMETPUYHO HAIIATaHe, HaJ MSICTOTO 3a
m3nuraHe W kKanaHe Ha  BJIA, mpemaxsa
METOAMYHATA TpelIKa TMpU U3MEPBAHETO Ha
BHCcOuMHaTa Ha monera. [lo To3m HaumH ce naBa
BB3MOKHOCT 32 HM3MEpBaHE Ha HCTHHCKAaTa
BUCOUYMHA, WH(pOpMAIMITA 3a KOATO € KPUTHUYHA
O0COOCHHO B eTara Ha KallaHe.

CoBpemennure BJIA ce xapakrepusupar ¢

MHPOK JHarra3soH Ha HU3MCHCHUC Ha
ACPOMCTPUIHHUTC napamMeTpu Ha noJjera nu
IMOBUIIICHHU N3HUCKBAaHUA KbM TOYHOCTTA Ha

n3MmepBaneto nM. [loBeueto kmacose bJIA metsr Ha
BHCcOYHHH 10 11 KM, TOpaau TOBa pa3riIeKIaHMITA
1€ Cc€ MPaBAT A0 Ta3U BUCOYMHHA TPaHUIIA.

Cren mMateMaTWuecku IpeoOpa3yBaHUs, OT
CTaHJIapTHaTa OapoMmeTpuuecka Qopmyia ce
[0JTy4aBa XUIICOMETpHUecKaTa Gpopmya:

R.T

p=to|i_[ L2 (1)
T Do

KbJIeTO: R e razoBa KOHCTaHTa;

Ty e Temneparypa npu MOBbPXHOCTTA;

T € TeMIIepaTypeH TPaIfeHT;

P € HaJsraHeTo Ha BUCOYMHATA HA TI0JIETa;

Po € HAJSITAHETO HAa MOPCKOTO PAaBHHUIIIE.

HansiraneTo w temneparyparta Ha Bb3jyXa
Ha €JJHa U ChIlla BUCOUYMHA HE OCTaBaT MIOCTOSHHU, a
UMaT 3HAYUTEIHU CIy4YailHW BapHalllH, 3aBUCEIIN
OT BpEMETO Ha JICHOHOIIMETO M TOJWHATA,
CIIbHUEBATa AaKTUBHOCT, OOJIAYHOCTTA U JPYTH
Mmeteopoiornyau ¢aktopu. ToBa Boau a0 penuna
METOJIMYHU TPEIIKH.

Axo creq M3IMTaHETO HA aepojapoMa ce e
U3MEHHMIIO 0apoOMETpUYHOTO HaJsiraHe, NPUOOPHT
IIIe TTOKa3Ba OTHOCUTEIHATA BUCOYHMHA C TPEIIKa:

L (- p)

AH .
o pt p - ™)

2)
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I[lpy wu3MeHeHHWe Ha TeMmIeparypa Ha
MSCTOTO 3a KallaHe (M3JIMTaHe B CpPaBHEHUE C
pa3deTeHaTa 1o CTaHJapTHa aTMocdepa), rperikara
[Py U3MEPBaHE HAa OTHOCHTEIHATA BHMCOYMHA Ha
1oJjieTa e ObJe:

Rt

AH:p(l)?T_p

w0 -1,) 3)
Py
OOuKHOBEHO, MPOMSHATA HAa aTMOC(HEPHOTO
HaJsiraHe € CBbp3aHa € IIpOMsAHaA B TEMIIEpaTypara
Ha OKOJIHATa cpejia, U odpaTHOTO. B TO3M Cityuaii
n3pa3bpT 3a I'peuikaTta B OTUYHUTAHETO Ha
OTHOCHUTEIHATA BUCOYMHA IIie Obe:

T.pRT.(pRT _pRr)
AH = 1°70 1
L,p" Py~ p")

“)

3a KOMITGHCAIlMsI Ha Te3W TPEIIKH, TPsSOBa
Jla ce 3Hae HaIATaHeTO p; U TeMIiieparyparta T mpu
3eMsTa Ha TOUYKaTa 3a KalaHe (M3JINTaHe) U TOBa €
€IH OT MHOI'OTO HNPHUMEPU 3a MNPUIIOKCHUETO Ha
rmogo0Ha cucTeMa rpu chbBpeMeHHUTE BJIA.

3. HUscaenBanusi u EKCIIEPUMECHTH

C menm TpOBeXIAHETO HA  PEaJHH
CKCIIEPUMEHTH € HeoOXoOuMo JAa ce HabaBH
armapatypa, copTyep W Xapayep 3a M3clieBaHe Ha
MPUIOKEHATa CHCTEMA.

OT rnemHa TOYKAa HA IOTPEOUTENHTE,
CHCTEMarTa ce pa3Jielis Ha J[Ba CETMEHTa:

1. Ob6opynBane Ha 6opaa Ha BJIA;
2. OO0opynBane Ha HazeMHaTa
CTaHLUSL.

IMenta € ¢ MUHMMYM CpeACTBa U MPOAYKTH
C OTBOPEH KOJI JIa CE MIOCTUTHE JKEIAHUST PE3yJITaT.
Taka Hampumep, 3a Ja C€ U3NBIHH [O-
TOpHOTO ycioBue, Ha O0opaa Ha BJIA ce moHTHpa
Arduino koHTpoJsiep, KaTro ca BB3MOXHH J[Ba

BapHaHTa:
1. Arduino KOHTpOJIepa Ia
komyHukupa mnpe3 USB ¢ npyr

KOMITIOTBD, Ha KOMTO e

WHCTaNMMpaHa Linux omepanuoHHa
cucTeMa, a TO3M KOMITIOTBD Jia ce
TPHKK 3a O€3KMYHATa BPB3KA C
Ha3eMHATa CTaHIIUS.

2. Arduino KOHTpOJIepa na
KOMYHHUKHpa C Ha3eMHATa CTAaHIUS
gype3 Arduino WiFi Shield.

B mepBHs ciyvail, BapuaHT 3a M3MOJI3BAHE
Ha KOMITIOTBD € MPOJIYKT Ha ObIrapckara ¢upma
OLIMEX LTD, karo manpumep OLinuXino - A13 -
Open Source Hardware Board. 3a uemurte Ha
W3CIIE/IBAHETO, BMECTO TOPECIIOMEHATHSI KOMITIOTHP

Ce M3MO0J3BAaT KOHBEHIMOHAJIHM KOMIIIOTPU C
WHCTanupana Linux omepanuonHa cucTeMa, Kato oT
eMIMpHYHa TJeJHa TOYKa CE CUuTa, 4Ye Ce
YIOBJICTBOPSIBAT M3UCKBAHMATA 34 M3IIBJIHCHHE Ha
MOCTaBeHaTa 3ajjada. 3a apJyWHO KOHTpOJiep ce
nznon3sa MultiWii PRO Flight Controller w/MTK
GPS Module.

[Ipu BTOpHA BapuaHT ce M3MOJ3BAT M3LSIIO
npoxyktute Ha OLIMEX LTD - OLIMEXINO-
32U4, exBuBamentHo Ha Arduino Leonardo, mHo
komyHukupamo upe3 UEXT connector ¢ MOD-
WIFI-ESP8266.

3a HazeMHaTa CTaHIMS C€ HW3I0J3Ba
KOMIMIOTBp ¢ wuHCTanupana Scilab cuctema Ha
Linux rurardopwma.

3.1. IllpexBapuTe/JJHN HACTPOIKH

Cepuiina komyHukauusi mo ModBus c
Arduino oopna ce OCBIIECTBIBA 4pe3
MporpaMUpaHeTo My CBhC ckeda OT examples B
Arduino IDE. [lo TO3u HauMH KOHTpoJiepa ce
MpeBpbIna B slave ycTpoiicTBo.

B ckeua ma modbus slave-a TpsOBa ma ce
KoHQHTrypHpar input/output pins KbM CHOTBETHOTO
aJpecHO TPOCTpaHCTBO Ha mamerrta Ha ModBus
slave-a, 3apagum crnenudukanusta Ha modbus
MPOTOKOJIA.

Paborata nHa Arduino Gopma mo WiFi ce
ocWrypsiBa OT CIlelUaliHa OuOIuMoTeKka Tpu
HAIMYMETO Ha CrHernuanu3upana uiatka - WiFi
shield, = pasmmpsBama  BB3MOXHOCTHTE  Ha
KOHTpOJIepa.

Arduino komynmkmpa ¢ WiFi
M3II0JI3BAlKU SPI HIMHATa, KaTo WiFi
Ooubnmmorexkara e  mojmobna  Ha  Ethernet
OuOnMMoTeKaTa ¥ MHOTO OT (DYHKIIMUTE Cca ChIIUTE.
Ot cBos crpana WiFi kiachT WHHUIHAIH3UpA
Ethernet 6ubroTeKaTa U MpeKoBaTa Bpb3Ka.

3a ocurypsiane Ha TCP/IP xomyHukamusita
ce MpaBM MpOBEpKa, KOM MOPTOBE Ca OTBOPEHU Ha
KommioTbpa oT KbM Internet. ToBa Moxe aa ce
oceiiectBu Ha URL: http://ping.eu/port-chk/, kato
ce BbBeae [P Ha 3anmuTBamusg W mopTa, KOMTO ce
mposepsBa. 32 ModBus TCP xomynmkarusrta, 502
port e craHaapTeH. AKO MOpTa € 3aTBOPEH, TO TOM
TpsiOBa Jia ce OTBOpU, TOBA CE€ OCHIISCTBSIBA OT
HACTPOWKHUTE HA  MapuipyTtm3aropa -  port
forwarding.

IP agpecure Ha master yCTpOMCTBOTO U Ha
slave ycTpoHCTBOTO € MpemophYUTETHO Na OBaaT
peaTHu M CTaTWYHH, KOTaTO KOMYHHKAIAATA IIE Ce
M3BBpINBA Tpe3 Internet mpocTpaHncTBOTO. AKO ca B
€/IHa U ChIla JIOKAJIHA MpeXka, He € HeOOXOJUMO aa
obaar ¢ peannu Internet IP ampecw.

SciLab wmma BB3MOXHOCT nga paboTu ¢
Modbus, HO 3a ToBa € HEOOX0JUMa MpeIBapUTeIHA
nonroroska. Tpsosa na ce uzrernim ModBus Tools

shield
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Atom OT aTOMHUTE Ha CHCTEMaTa 4Ype3 MPEeMHHABaHE
o caegaus meT: All Modules -> Modbus->install.

3a menuTe Ha 3aJayaTa € HeOOXOIMMO /1a ce
Hactpou Scilab 3a paGora ¢ 6a3m ganau. ToBa ce
OCBIIIECTBSBA UYPe3 HWHCTAIUPAHETO Ha aToMa
Database Toolbox mak mo caeguus nbeT: All
Modules -> Database Toolbox ->install. To3u atom
maBa BB3MOKHOCTH Ha Scilab 3a gocrenm g0
ch3aazeHa 0a3a JaHHU.

W nakpas, 3a TectBane Ha modbus
BpB3KaTa, KakTO M 3a COPTyepHH H3MUTAHUS U
EKCIIEPUMEHTH ce MHCTampa B cpenara Wine slave
cumynatopa Mod RSsim.

Cren Taka OCBIIECTBEHATa MOATOTOBKA CE
HpeMI/IHaBa KbM eKCHepI/IMeHTI/ITC.

3.2. CopryepHu eKcriepUMEeHTH U
CUMYJIANHH

3a mpoBepka Ha  BB3MOXKHOCTTA 32
KOMyHHKanus 1o Internet C¢bhC CTaHAAPTHHS
rporokosl Modbus e HeEoOXOauMO Jia ce 3amycHe
MPEIBAPUTEIIHO HHCTATUPAHUST slave cumynaTop u
Ja ca W3IBIHEHW BCHYKH  HACTPOHUKH  OT
MPEUIITHATA CEKITHSL.

IIpu To3u excrnepumeHT Scilab ce sBsBa
master, a Mod RSsim m3mbissiBa ponsita Ha slave.
Tyk uMa JiBa BapuaHTa Ha KOMYHHKAIIHS:

1. eKCHmepUMEHTHT Ce OCHINECTBSIBA HA
JIOKQJIHA MAlllMHa;

2. EKCIEPUMEHTBHT C€ OCBIIECTBSIBA C
OT/IaJICYEHH MALLIUHU;

I[Ipuy  mepBus  BapmanT Scilab u
Mod RSsim ca craptupanm Ha €OUH W CHIA
KOMITIOTBpP, a Bpb3kara Mexay localhost-a u
CHMYyJIaTOpa ce OChIECTBsIBa 10 opT 502.

Connected (0/1000) : (receivedisent) (0/0) Serv. listening.

Address: C Hex @ Dec  |jo |HoldingRegisters  ~| @ Fme [decimal  ~| pro v [MODBUSTCI~| I Clone

Address | +0 1| 42 +3 +4
40001-400... 2
40011-400... 0
40021-400... 0
40031-400... 0
0
0
0

&
&

=

40041-400...
40051-400...
40061-400...

cooooow
cooooo=
coocoooo|,

cscocossos,
&
EE -cccc-<:
5
ER --cc-°=
&

==-‘J 1| comms

QDue. 5. Uszeneo na expana ¢ Mod RSsim
cumyramopa

3a ;ma ce oChINeCTBH BpB3Ka Mexay Scilab
n Mod_RSsim ce ch3aaBa mpoMeHINBa, Ype3 KOSITO
ce otBaps TCP socket xpm Taprer IP-to, kato ce
3amaBa localhost-a mpm pabora Ha JOKamHATa
mamHa. Cliesl KOeTo ce Ch3JaBa BpPB3Ka MEXKIY
JBETC NPWIOKEHHs, KaTo IO TO3M HA4YWH Ce
OCBINECTBABA KOMyHHKanusATa ¢ modbus slave-a.

3a ma ce dyerar M30paHWUTE CHUMYJIHpaHH
Holding Registers na PLC ce 3amaBa TAXHOTO
aapecHo  mpocTtpanctBo. [lo  TO3M  HauumH
CTOHHOCTUTE Ha PETUCTPUTE C€ U3BEXKIAT Ha

eKpaHa, KaTo pe3yirara oT KbM cTpaHa Ha Scilab e
nmokasa Ha Owur.6.

Koratro pmocteObsT 10
OCBIIECTBSIBA  OT  OT/ajiedyeHa

cuMyJjatopa ce
MalluHa €

HeoOXoauMo Ja ce 3amane I[P Ha mammHaTa, KosTo
XOCTBa cuMynatopa. Pe3ynTaThT € moka3aH Ha
®@wur.7.

File Edit Control Applications 2

Z B & HD\’* ‘u|@|==\f“§§©

File Browsem X

——>mbc = modbus_newTcp("127.0.0.1",502);

—->modbus_connect (mbc) ;

—->modbus_setSlave (mbc,1) ;

——>res=modbus_readRegs (mbc, 0, 4) ;

——>res
res =

@R owN
i
9
&
3

Due. 6. Ilpouemenusam pesyrmam 6 SciLab om
localhost

0 Scilab 5.5.0 Console

B & 30O 2 & X = @
File Browser x [EH

B - |[ Na... ||Val. .|| Type||Vis.
- --=mbc = modbus_newTcp("77.70.97.137",502) ; = L
res | [z.. Do..| local

o ; ans 0] Do...| locall
L modbus_cennect (mbe) ; e o

de... o[ Do..| glo.

2 2 x

Name a

D lbscid -->res = modbus_readRegs(mbc, 0, 4]
-loader res =

[ sci_db
[ sci_uti

e wN

file
o= a = Fprintfiviac(file, M
a = FprintfMat(File, re
FprintFMat(File, res)
FprintFMat("testesv.c
FprmtrMat( home/De¢ -
S 11/01/201512:1012] % ]
- 14/01/2015 21:58:1
asinaf2nas 23070

& Casese..

Que. 7. llpouemenusm pezyamam ¢ SciLab om
omoaneyena MauuHa

C mnomomra Ha TO3U CKCIIEPUMEHT Cce
oKa3Ba  pabOTOCIOCOOHOCTTAa Ha  MPOTOKOJIA
ModBus c¢be Scilab.

3.3. XapayepHu eKcliepMMeHTH U
CUMYJIAIUT

XapJlyepHUTE eKCIIEPUMEHTH ca MPOBEICHU
¢ aBa Oopna Ha Arduino, urpaeny possita Ha slave:
mepBuaAT € MultiWii PRO Flight Controller, a
BropusaT € OLIMEXINO-32U4.

[Ipu mepBUs ciyyaii, ot Arduino 6opaa ce
YyeTaT JaHHUTE Ha BrpajicHus OapoMeTpuyeH
cersop o USB BpB3Ka, upe3 KOMIIOTHP Ha Linux
iatgopma. Scilab mocpema ganauTe HA 6opaa Ha
BJIA, monyuaBanu B citydast oT O0apoceH3opa U T'H
3aMucBa B .CSV (aii.

3a ocurypsiBaHe Ha YETCHETO Ha BrPaJICHUS
Gapomerpuduen censop BMP085 1o I’C mmHata ce
cp3nasa cked B Arduino IDE, kM KoiiTO ce qo0aBs
ChIIO U YacT 3a OCUTYpsIBAHE HA KOMYHHUKAIIHATA 10
ModBus Ha Arduino slave ycrpoiictBoto. B ckeua
Ha modbus slave-a, TpsiOBa na ce KoHHUrypupaT
input/output pins KbBM CBOTBETHOTO aJPECHO
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pocTpaHcTBO Ha mameTTa Ha ModBus slave-a,
3apamu modbus nporokosa. Komysukamusra mo I°C
muHaTa ce mnpociensBa Ha Serial Monitor B
Arduino IDE (®wur.8).

Temperature: 254 *0.1 deg C
Pressure: 943 hPa

Temperature: 254 *0.1 deg C
Pressure: 943 hPa

Temperature: 254 *0.1 deg C
Pressure: 943 hPa

Temperature: 254 *0.1 deg C
Pressure: 243 hPa

Temperature: 254 *0.1 deg C
Pressure: 943 hPFa

Autoscroll No line ending . | | 9600 baud -

Due. 8. Pesynmam om pabomama Ha cen3opa
noxaszan 6 Serial Monitor na Arduino IDE

[Monydenusit .csv daiin Ha O6opna Ha BJIA
ce npounta or Scilab Ha Ha3zemHara CTaHLUSA, OT
cBos cTpaHa ScilLab Ha Ha3eMHaTa CTaHIHS Ch3/1aBa
.csv (ain ¢ maHHM 3a TeKymara Temieparypa H
0apoMeTpuyHO  HajJsiraHe Ha  Todkarta  3a
nznurade/kauane. Ot cBos crpana Scilab na 6opna
Ha BJIA npounTa .csv ¢aiin cb3mameH oT Ha3eMHaTa
CTaHIIMsd W BHACs HeO6XOI[I/IMI/ITe KOpCeKIu 1npu
W3YMCIISIBAHE HA  BUCOYMHATa Ha  IOJIETa.
Pesynratute OT TPOYMTAHETO HA JaHHUTE B
Ha3eMHATa CTaHIIUs ca oka3aHu Ha Dur.9.

Scilab 5.5.0 Console

# & & 00O = = @ B &
File Browear x | 5.5 o EECRETY Verisbis Browssr  ® oA x
- = Na... |[Va... |[Ty... [V
= F | o[filename]=getURL (" ftp: /77, 70.57. 157 i ool Do
Mame - | | file;mame - | e L
v B cpp ==|E0) o Do...

locall
local
alo...

= Jtmp/SCI_TMP_24050_zFI0Fx/Testesy .oy
I } T |- =M = csvRead(filename, ";")
b |y e
B2 loade
943,
943,
943, = el
943, res = modbus_read

Sommand Histary — # # x

943, v /f--07/02/201500:20
943, et Ul
943, v //-- 07,

943, cle

a3, getURL(FEp://77.74 - |
saz. clear

243, cle

aa= - e

B Cose se

@Due. 9. Ilpouumare Ha OaHHUMeE 8 HAZEMHANA
cmanyus

BvB BrOpms ciyuai, Arduino Oopna
KOMyHHKHpa aupektHo 1o WiFi ¢ HazemHara
crannus. Scilab wuwHCTamupan Ha Ha3emHara
CTaHUMsI 4eTe W Nuue B Hero. Pesynrarute ot
cbBMecTHaTa pabora Ha OopaoBaTa cucremMa H
Ha3zeMHarTa cTaHuMs ca rmokazanu Ha dur.10, xkato
M3MOJI3BAHMAT ceH30p € kupockon [TG 3200.

3.4. JlocThbIl M OTYETH OT 0a3a JTAHHH

B pasriexnpanus ciyuyad, 3a LenUTe Ha
M3CJIC/IBAHETO € YIO00HO Ja Ce MHIIe M YeTe OT
TEKCTOBH (pailyioBe ¢ pasmmpeHue .csv. llpu
paspaboTBaHe Ha npodecuoHaTHa CUCTEMa, IIe Ce
M3M0JI3BAT BIrpaACHUTC MHCTPYMCHTH 3a 3adBKU U
OTYETH KbM Ch3J1aJIcHa 0a3a JIaHHHU.

3.5. Cp3paBaHe HA YOBEKO-MAaIlIHHEH
uHTepdeiic

-22-

M3non3Baiiku BrpaJieHUTe MHCTPYMEHTH Ha
ScilLab e BBE3MOXHO BBB BCEKHM €IMH MOMEHT OT
BpeMe Ja ce Ch3laje Hail — ylnOoOHHS M MOIXOJSII
32 TEKymOTO TpeJHa3HAUYCHHE Ha CHCTeMaTa
JOBEKO-MAIIMHECH UHTEPQEIC.

Eile Edit Control Applications 2
ZBEIXADO Y & S =X &
File Browser E R sciab 5511 Variable Browser 2 A X
5 o Na... Va.. T Vi...
LU eand readInRegs (mbc, 0, 3) hiiae
Nam: & 1 = = res1 [[59;...|D local
< Fest = jans 0[Dou...| local
111 ~ mbc | N/Afpoin...| local
& .. 7. ldem..| 8.1...|Dou...| global
-5 demos 1.
o ete 6.
£
:V,Q m::;::“ Command History. A
iy ~->resi-modbus_readInRegs (mbc, 0, 3) e Skt et
macros TSl = modbus_dose(mbc);
SES - mbc=modbus_newRt.
| 2165 toolbox arduine v2 ¥ s9. {5 odine. conhectfuhe
- - modbus_setSlave(mbx
h'd : res1=modbus_readIn
[[] Case sensitve []. " 10. = v, u - -modbus dosa(mb();) ¥,

@Due. 10. Cvemecmua paboma na 6opoosama u
Ha3eMHa cucmemu

4. 3akaoueHue

Upe3 peanHu EKCHEPUMEHTH € JOKa3aHa
BB3MOXKHOCTTA 3a mpmioxkeHnero Ha SCADA ¢
0C3KMYHO TIpellaBaHe W MpHUEMaHe Ha JaHHH TNPH
BJIA ¢ Arduino 6asupan IIHK. Pesynrarute ot
TO3M [JOKJIAaX ca MNPWIOKHMH, HE CaMmMo IIpU
KOpHUTHpaHe Ha BHCOYMHATa Ha monera Ha bJIA, HO
U 3a LEeJINSI My BEKTOP Ha CbCTOSIHUE.
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OLIEHKA HA CHEKTPAJIHUTE CBOMCTBA
HA HEPET'YJIAPHU ITPOLUECHU B TUCKPETHU
HEJMHEWHU JUHAMWYHU CUCTEMU

I'AJIMHA YEPHEBA, AHTOHNO AHIOHOB

Peslome: B nacmoswama paboma e pasenedan uecmOmMHUAM CNEKMbP HA npoyecume 6
ouckpemna HeluHelHa OUHAMUYHA CUCTEeMA Kamo Kpumepuii 3a OYeHKd HA MexXHus
xapaxkmep. Hzcrneosanemo e HanpaseHo 6 cpeoa ua Mathcad, kamo e usgvpuieHo
VCPeOHAGaHe HA Pe3VIMmAmuHume 4YeCmomuu CHeKmpu, NOAVYeHU Npu  OmOenTHume
umepayuu,  upes npunacane Ha 6Ovp30  npeodpasysanue Ha Dypue  EbPXY
aA8MOKOPEeNaYyUoOHHAMAa QYHKYUs Ha npoyeca.

KarouoBu AyMHU: ()uCerl’i’IHu HeNuHeluHu OUHAMUYHU cucmemu, Xaomudnu npoyecu,
yecmomern CneKmvp, 102UCmuito ypaeHenue

EVALUATION OF THE SPECTRAL
PROPERTIES OF INREGULAR PROCESSES IN
DISCRETE NONLINEAR DYNAMIC SYSTEMS

GALINA CHERNEVA, ANTONIO ANDONOV

Abstract: In this work is discussed the frequency spectrum of processes in a discrete
nonlinear dynamic system as assessment criterion on their character. The research was
done in an environment of Mathcad, it is done by averaging the received frequency
spectrums. This spectrums are obtained in different iterations by applying a Furier fast
transform on the an autocorrelation function of the process.

Key words: discrete nonlinear dynamical systems, chaotic processes, frequency spectrum

Logistic map

1. BnBeaenne

N3Bectho e [1,2,6], 4e B HEJIMHEHHUTE
muaamuaan cuctemu (HZC) ce pasBuBar KakTo
XaOTHYHH, Taka M  PeryJsipHd  TpOIEcH
(mepuonnyHM M KBazunepuoandHu). Ilpomsnara na
peKuMa ce OChILEeCTBABa OJlarojapeHue Ha CUIHATa
YYBCTBHUTEIIHOCT Ha TIpOIleca KbM HM3MEHEHHE Ha
napaMmerpure Ha cuctemara [3,4]. Pasnuunure
KOJICOaHUSI UMAT PA3JIMYHM CIIEKTPAJIHU CBOWCTBA U
TEXHUAT AaHaIW3 € ChUIECTBEH MOMEHT OT
uscneaBaneTo Ha npouecure B HIC [5,7].

B paborara e u3cneqBaH 4eCTOTHHSA CHEKTBD
[8] na mponecure, renepupanu oT nuckperna HIAC
¢ noructuuHo ypasaenue [1] (Logistic map), mpu

W3MEHEHHE Ha YIpaBIsABallMs HapaMeTbp Ha
cucremara. V3cieBaHeTo € HalpaBeHO B Cpeja Ha
Mathcad [9]. 3akmoueHusITa OTHOCHO XapakTepa Ha
M3CJICABAHUTE NPOLIECH ca M3BBPILICHM Ha Oazata
Ha pe3yNTaTHUTE YECTOTHU CIIEKTPH.

2. TeopeTnuHa MOCTaHOBKA

IIponiecure, reHepupaHu B JIUCKPETHU
HJC, umat cinoxeH xapaktep. MHOTO 4ecTo B TIX
ce HabI0]aBa peayBaHe Ha 30HU Ha MEPHOAUYHOCT
U XaoTU4YHOCT. ToBa MO3BOJIsIBA MPEACTABIHETO UM
Karo CyMa OT JIB€ KOMIIOHEHTH— IEepHOANYHA W
XaOTHUYHA!

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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Xy =2 Xpe!"k vy, (1)
k

KBJACTO NMEPHUOAUIYHHUTE CHCTABALIU CEC IMPOMEHAT C

4ecToTa
Qf = 27 R
Ty,

T} e nepuof,
¥, € XaOoTUYHAaTa CbCTaBALIA.

UecToTHUAT criekThp Ha mporiec (1) Moxke
Jla ce MpeACTaBy BbB BUJIA:

F(w)zFX(a))+Fy(co), )
KbACTO FX (a)) € CIICKTBp Ha IMCpUOJUYHATA
KOMIIOHCHTA ,

Fy ((0)- YECTOTCH CIECKTHP Ha XaOTUYHATa

KOMITOHEHTA.

CeritacHo mpeoOpasyBaHueTo Ha Dypue,
YCCTOTHUAT CICKTBHP HAa NE€pUOAWYHATa ChCTaBsAlla
€ IMCKpeTHa QYHKIMSI U MOXKE Jla Ce 3aIluliie KaTo

Fy(0)=Y X[’ s(@-ap), )
k

KBJETO

0,u=0

oo,u=0

Su)=

e ¢pyHkuus Ha J{upak.

CHCKT’Lp’bT Ha XaOoTH4YHAaTa CbCTaBAIlla Ha
nporeca

Fy(0)=|y()’ )

€ HeTIPEeKbCHAT.

CrnenoBaTenHo, axko IMpH NPOMsIHA Ha
yOpaBisiBallMsl  apaMeTbp Ha  H3CiIeJBaHaTa
cucTeMa ce HalOJroaBa BHE3AITHO NPEMUHABAHE OT
JMCKPETEH KBbM HENPEKbCHAT CIIEKTHp, TOBA IIIE €
yKa3aHHe 3a MPeXoJ KbM Xaoc upe3 Oudypxauus,
Ipu  ycJoBHE, Y€ CHUCTeMara € HW30JHpaHa oT
BBHHUICH OIYM.

3. lirocTpaTuBeH npumep

N3cnenBano e m3MeHEHHETO Ha YECTOTHUS
CHEeKTHpP B 3aBHUCHMOCT OT XapakTepa Ha Ipoleca
3a guckperHa HJIC, ommcana ¢ JOTHCTHYHO
ypaBHEHUeE:
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X1 = exg (1=xz), ©)
X € [O,l]
KBIETO ¢ € YIpaBjsBall IapaMeThp,
k=0L12,.. e nopenen HOMEp Ha
UTEpPALUATA.

UecTOTHHAT CHEKTHP Ha (5) € MoIydeH
ype3 aJropuTbMa Ha OBP30TO MpeoldpazyBaHHE HA
Oypue [2], Ha 6a3a Ha eqHO3HAYHATA MY BPB3Ka C
aBTOKOpeJIallMOHHAaTa (DYyHKIHMS, OIpeesieHa KaTo

[1]:

n

B(n)=lim 1 Z(x —<X>Xxk+n —<X>)9 (6)

n—oon =1

KBJIETO:

<X> = lim 1 ixk ™)

n—© Ny

€ cpefiHaTa CTOWHOCT Ha M3CJICBAHUS CUTHAI.
HampaBeHo ¢ MojenupaHe Ha ypaBHEHHS

(5) mu (6) B Mathcad npu wus3dpanu HavyanHa

croitHoct x(= 0.3 u urepauun k =1023.

YecTOTHHAT CHEKTBP Ha Tporeca e
NOJNyYeH TIpH HW3MEHEHHWE Ha  yIpaBIIsBALINS
nmapamMeTsp ¢ upe3 Brpanenute B Mathcad gpynknmm.

Pasrnepanure CcTOWHOCTH Ha mapameTbpa
ca cpoOpasHo OudypKaIoHHaTa Tuarpama, JajaeHa
Ha ¢ur.1.

Due. 1

CeraacHo  OudypkalMOHHATa IUarpaMa
npu ¢=3 ce HaONOJaBa  HEPHOIUYCH DPEXKUM.
YECTOTHUAT CHEKTHP, MoiydeH B Mathcad 3a To3m
ciydai, e maneH Ha Qur.2.

3a cToWHOCT Ha mapameTbpa c=3.5 Ha
OudypkanMoHHaTa JgUarpamMa ce HaOmro/aBa
penyBaHe 00JIaCTH C TIEPHOIMYCH PEKUM H XaoC.
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0.04 T T T T

0.021~ T
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K
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Qj

Due.2

YUeCcTOTHUAT CHEKTBP Ha Ipoleca 3a TO3U
cilyyail e mokasaH Ha ¢ur.3.

0.04~

| | | | | h |

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Q;

Due.3

IIpu ¢=3.7 HacTbIBa XaOTUYEH PEXUM,
YECTOTHHUAT CIIEKTHP Ha KOWTO € JajeH Ha ¢ur.4.

0.00: T I T T

| YJ 00017 7

0 0.05 0.1 0.15 0.2 0.25
Qj

Duz.4

IIpu no-HaraTbUIHO
napaMerbpa 10 CTOWHOCT
HEMpeKbCHAT CIEKTH,
XaoTH4eH pexuM (¢ur.5).

yBeJIMYaBaHE Ha
c=4 ce mnoayyaBa
KOETO CBOTBETCTBA Ha

0.002

0.001

— 0.00

510

U0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 016

Due.5

Pesynrarture oT cuMysanuuTe MOKa3Bar, ye
P TIEPUOINYCH PSKHUM B CIICKThpPa ce HAOJI01aBa
equH u3onupaH MakcuMmyM. IIpu penyBane Ha
Xa0THYCH C TIEPUOJIMYCH PEKUM MAKCUMYMHTE Ca
noeeue or 1. Koraro mpoiechT € HacliarBaHe Ha
MEPUOJUYHA U XaOTUYHA KOMIIOHCHTA, CIICKTBPBT €
KOMOMHAIUSI OT JIBaTa BUJA —OCTPU ITUKOBE OKOJIO

onpeznenenu () j Ha (oHa Ha MOYTH PaBHOMEPHATA

kpuBa F Y (a)) [Ipr HamBJIHO XAOTHYEH PEXRUM

CHEKTHPBT € HePeKbhCHAT.

4. 3axkarouenue

Pesyaratute oT HacTOSIETO H3CIEBaHE
MIOKAa3BaT, Y€ KaTo KPUTEPHUH 3a OLICHKA Ha MIPEeXoaa
OT TIEPUOJIUYEH KbM XAOTHYCH PEXKHUM B TUCKPETHU
HAC wmoxke pa ce wu3MoOi3Ba XapakTepbT Ha
YECTOTHHUSI CIEKTBhp Ha mporeca. Koraro mpu
mpoMsiHA Ha  YOpaBIsABallUS  IapameTwsp, ce
Ha0ITI0]aBa Ka4eCTBEHO N3MEHEHHUE Ha CTPYKTypara
Ha CTEKTBhpPa OT AUCKPETEH KbM HENpEeKbCHAT, TOBA
€ ToKa3zares 3a IPexo] KbM HEeperyJisipeH PEKUM B
HJIC. Tpsi6Ba na ce mma mpenBum odade, e TO3HU
rokazaTesl He € JOCTaThYeH 3a KaTeropuYHOTO
peleHre, 4e MOJTYYEHHUST CTaTHYEH HENpPEeKbCHAT
YECTOTEH CIIEKTHP CHOTBETCTBA Ha JIETEPMHUHHUDPAH
Xaoc.
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INPOI'HO3UPAHE HA IIOTPEBJIEHUETO
HA EJIEKTPUYECKA EHEPI'YSA HA
OBIIECTBEH OBEKT

AJIEKCAHIABP AHI'EJIOB, HUKOJIA IITAKEB, 'EOPT'Y '’ AHEB

Pe3tome:B doxnaoda ce pazenescoa cvzoasanemo na ARIMA moden 3a npoenosupane ma
nompeonenuemo Ha enekmpudecka eHepeusi Ha oOetcmeumenen 006ekm - obujecmeend
cepaoa, ¢ npedocmasena mowpocm 623 kW. Hzopanusam moden uma 3a yen noayiasane Ha
nouacosa npocHo3a Ha nompebieHuemo npes ciedsauwomo oeronowue. Hanpasenu ca
AHATU3U U €A NPEOCABEHU YUCTIeHU PE3YIMamu.

KutrouoBu aymu: memoou 3a npoerozupate, c60600en nazap na EE, nompebnenue na EE

ELECTRICITY CONSUMPTION FORECASTING
OF PUBLIC FACILITY

ALEXANDER ANGELOV, NIKOLA SHAKEV, GEORGI GANEV

Abstract: The report considers the creation of the ARIMA model for forecasting electricity
demand of real object - a public building, provided with power 623 kW. The model aims to
obtain hourly demand forecast for the next day. An analysis and numerical results are

presented.

Key words: forecasting methods, electricity market, electricity consumption

1. YBog

HemnpexbscuatoTo yBeIHMIaBaHE Ha
HAaceJICHHUETO Ha IUTAHEeTaTa MW pa3BUTHETO Ha
CBETOBHATa HMKOHHMHKA BOAU OO BCE IIO-TOJICMH
MOTPEOHOCTH 3a KOHCYyMallMs Ha CJICKTPUYECcKa
eneprus (EE). Ot apyra ctpana CBEeTOBHHUTE 3amacu
Ha pa3IMYHUTE BUJOBU [OJIE3HU H3KOMAeMH U
ropuBa C€ H34YepHBaT, OT KOETO cjeABa U
yBeIMYaBaHE HA  IIeHaTa Ha  IIbPBHYHUTE
€HEPrOHOCHTENH, HEOOXOIUMH 32 TPOU3BOJICTBOTO
Ha EE, a ot Tam m nenara Ha camara EE. Tesm
TEHJICHIIUY TTOPAXKIAT HEOOXOUMOCTTA OT ThPCCHE
Ha HOBHM BHIOBe m3TouHmi Ha EE m Hauunum 3a
TSIXHOTO PAllMOHAJIHO U3IOJI3BAHE.

Enepruiinara xpusa, 3acrurHana Espona
npe3 70-Te TOMMHM HAa MUHAIHS BEK, MPEIU3BUKA
CEepHO3HU  BBIPOCH  OTHOCHO  e(EeKTHBHOTO
M3M0J3BaHE HA CHEPrUMHUTE pecypcu Ha 3eMsra.
ToBa moBene m0 MpHEMaHETO Ha PEAWIIA BaXHU

ImpaBujia, KOUTO Haco4dYuxa eHCpFHﬁHOTO pa3BUTUC

Ha EBpomneiickute cTpaHu B JBE€ OCHOBHH
HampaBneHWs. EAHOTO €  BBBEXKIAHETO Ha
W3UCKBAHMUS 33 TIPOM3BOJCTBO HAa EHEPTrUUHO

e(eKTHBHHU E€JIEKTPUUECKU YPEeIu U ChOPBKEHHUS, a
JIpyroTo € HaMaJIsIBaHe Ha Jejla Ha IPOU3BOJCTBOTO
Ha  EJNeKTpPOeHepruss  OT  KOHBEHIMOHAIHU
€JIEKTPUYECKU LICHTPAIHN U yBEeIUYaBaHE Ha JieJla Ha
LEHTPAJIN, U3O0I3BAILU Bb300HOBSIEMa CHEPIHsL.

2. IlpeanocraBku 3a pa3padoTBaHe HA
MeTO/[M 32 IPOrHO3UpaHe

[IporHosupanero Ha TOBapoBUTE rpaduLy €
M3KIIIOYUTENIHO BaKHO 3a BCHYKM YYACTHHIM Ha
nazapa Ha EE, xouto u3BBpIIBAT NMPOU3BOJICTBO,
npeHoc, pasnpezaenenue u Teprosust ¢ EE. Tounoro
MOJIEJIMpAaHE Ha TIPOTHO3WTE HA TOBAapUTE ca
ChILECTBEHH 3a paboTara u 1uiaHupanero Ha EEC
[1]. OcHoBna pons B ynpasnenueto Ha EEC urpae
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orieparopa Ha ejekTpornpeHocHara mpexa (EITM).
Yact oT OCHOBHWTE 3ajJjauydl Ha omeparopa Ha
SJICKTPONPEHOCHATA MPEXa U Ha MPOU3BOUTEIIUTE,
MOJI3BAaTEeNI Ha TMPEHOCHAaTa MpeXka, OTHACSIIU ce
JI0 YIPaBIECHUETO HA TPOU3BOJICTBEHUTE MOIITHOCTH
B peayHo BpeMe, ca [2]:

a/ mommppxkaHe Ha OajaHca  MEXIy
MOTPEeOJICHUETO W TPEJOCTABIHETO Ha aKTHBHA
eJIEKTPUYECKa MOIIIHOCT;

0/ monmgppkaHe Ha OamaHca MEKAY
MOTPEOJICHUETO U TPEJOCTaBIHETO HA PEaKTHBHA
CJIEKTPUYECKA;

B/ OCUTypsiBaHE Ha HEOOXOIUMUTE PE3CPBU
OT MPOU3BOJICTBEHH MOIIHOCTH, KOUTO TapaHTUPAT
HQJIGKIHOCTTA W KA4eCTBOTO Ha MapajeiHara
pabora W cHaOmgBaHETO Ha KJIUCHTHTE C
CJICKTPUYECKA SHEPIHS;

r/ TpeojoNsBaHE Ha TECHUTE MeCTa B
MIPEHOCHATA MPEXKa.

3a ja MOXKe Ja M3MbIHSIBA TE3U CBOM
3ajauu, TOM M3BBPIIBA MPOTHO3H Ha
MOTPEOJICHUETO 3a LETUTE Ha [2]:

a/ MHBECTUIIMOHHO TUTAHUPAHE - 33 MEPHOJ
JIECeT TOVHH;

0/ TOAWNIIHO TUIAaHWpaHE - MO0 Mecely 3a
clie/iBalla KajeHaapHa To/InHa;

B/ MECEYHO IUIaHWpaHEe - €IWH Mecel]
MIPEABAPUTEITHO;

I/ CeIMUYHO IUIaHUpAaHE - €IHA CeaMHUIIA
MPEABAPUTEITHO;

I/ JICHOHOIIHO  TUIAHUpaHE -
JIEHOHOIIINE TIPEBAPUTEITHO;

e/ TIaHWpaHE B paMKHTE Ha TEKYIIOTO
JIEHOHOIIIME U CIIEI0NEPATUBEH KOHTPOIL.

Oco0eno BaXXHO 3HAYECHHE uMaT
ChCTABSIHETO Ha TMPOTHO3WTE TPH Ta3apa Ha
ThproBusi Ha cBoboana EE. Bcsiko orTkioHeHue
(mebayaHc) — OT HEJNOCTUT WU W3JIUIIBK, Ce
3arJama, KOeTo BOJIU JI0 MPOIyCHATH (PMHAHCOBU
TIOJI3M 32 yYaCTHULUTE Ha na3apa [1].

B crvotBerctBue ¢ Hupekrtusa 2009/72/EO
1 chriacHo 3akoHa 3a eHeprerukata (3E), mazapsT
Ha eJeKTpuIecKka eHeprus B PenmyOimka bearapus e
mubepanusupat ot 1.07.2007 T., KaTo TPOIECHT Ha
nubepanuzanus ¢ moertarieH W KbM 2013 1. Ha
CBOOOJHMS TIa3ap Ha eJEeKTpHYecKa CHEPrus
ydacTBaT  KJIHMEHTHTE,  NPUCBEAMHEHH  KbM
eJleKTpoeHepruiinata cuctemMa Ha Bucoko (BH) u
Cpenno manpexenue (CpH) [10].

Bpoar Ha TBProBCKHUTE Y4YacTHULHM IIpe3
2013 r. HapacTBa 3HAUUTENHO, KaTO Hal-royisiMa
JUHAMHKa WMa TpHu KpaiHute kiameHTH Ha Cp.H.
YyacTHUIIUTE C pealHu CHENIKM Ha Iaszapa KbM M.
nexkemBpu 2013 1. ca obmo 2157, or xouto 9
npousBoauTenu, 2096 norpedurenu u 52 THProBUH
Ha eJeKTpHYecKa eHeprusi, oT Kouto 13 ca

CIHO

KOOPAMHATOPH Ha CTAHJAPTHU OaJaHCUpAIIX TPYITH
[10].

Eneprusta 3a mokpuBaHe Ha EHEPTUUHUS
Hegoctur npe3 2013 roa. ¢ 79 677 MWh, crpsimo
65 673 MWh, nipe3 2012 r., u npencrasissa 1,15%
OT  perucTpupanute rpadpuom 10  KpaeH
notpeburen. Eneprusata 3a TOKpHUBaHE Ha
eHepruiiHua wm3mumbk npe3 2013 1. e 249 421
MWh, copsmo 239 467 MWh mpe3 2012 1., u
npencrasisiBa 3,62 % ot perucrpupanute rpaduim
1o kpaeH motpeduten [10].

C BBBEXIAHETO Ha CBOOOAHHUS Mazap Ha
EE, xakro wa HmBo CpH, Taka m HuBo BH,
cutyaiusita B bwearapus B oOmactta Ha
CJIEKTPOCHEPreTUKTa ce H3MEHH. Bce moBede
o0exTH, cBbp3anu kbM EEC, TpsOBa aa mimanupar
ceoute moromu koHcymupana EE. Ortxionennero
OoT 3azazeHu rpadpuuu BoOM cien cebe cH
IUTALIaHeTO Ha HaKa3aTelIHU CyMH 3a HeOaaHc.

3. MeToam 3a MPOTrHO3MpPaHe Ha
NMOTPedIEHHETO Ha eJIeKTPUiecKa
eHeprus

N300pbT HA TOUEH MOJIEN 32 MPOTHO3UPAHE
Ha EJEKTPOMOTPEOIICHHETO € ChIIECTBEH (HaKTop
npu paborara u manupanero Ha EEC. Toa nosene
IO  CEepHO3HO  pa3BUTHE B  objacrta Ha
nporuo3upanero. [Ipe3 mocleaHUTe JEeCeTHIICTHS
Osixa pa3paboTeHw TOSIM Opoil MaTeMaTHIeCKH
MOJIeJI,  OCOOGHO  3a  NPOTHO3MpaHE  HA
M3MEHEHUETO Ha TOBapHUTE BHB BpeMeTo [3].

[IporHo3upaneTo Ha TOBapOBHTE T'paduIlH
BKJIIOYBA OTYUTAHETO HA PA3IHYHH (PaKTOPHU, YUETO
W3MEHEHHe OOMKHOBEHO € B JIOCTa pa3In4yHu
BpeMeBH cKkaiu. Haif-o0mo wmorar pa Owaar
oTdyeTeHH (PaKTOpH CBC CE30HHA, CEIMUYHA U
JTHEBHA ITUKIMYHOCT KaKTO U (haKTOpH ChC CIydacH
XapakTep.

3a TOYHOTO MPOTHO3HMpAHE CHIIECTBEHA
poiii  oOKa3Ba KakTo W30paHWA ~ METOJ  3a
MPOTHO3MpaHe, Taka W TMOAXOMSIHUAT H300p Ha
piusierin  ¢akropu  [1,3,4,5].  Meroaure 3a
MPOTHO3MpaHe MoraTr Ja ce Kilacupuuupar B
CIICAHNTE OOIIN TPYIIH:

a/ TpaJUIMOHHU METOJM 3a MPOrHO3HpPAHE.
Haii-yecTo cpemannte TEXHUKH 3a IPOTHO3UPAHE B
TE3U METOJIU Ca: Perpecusi, MHOKECTBEHA perpecus,
EKCTIOHEHIIMAITHO M3TJIaX/IaHe U UTEPATHBEH METOJI
Ha CpEJHOINPETErNICHUTE Hal-Mallku KBaJpaTH
(Iterative Reweighted Least-Squares);

0/ MoaudUIIMPaH TPAIUIIMOHHU METOIH 32
nporHo3upane. KpM Tasu rpymna crnagar aJanTuBHH
METOJI, CTOXaCTHWYHH BpPEMEBH peloBe (Haii-
wupoko u3noizBanu ca ARMA, ARIMA, SARMA,
SARIMA, ARIMAX wu napyru) W MeToga Ha
MallMHU C MOJABPXKAIIA BEKTOpHU (support-vector
machine);
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B/ Jpyrd  CBbBPEMEHHH METOIU 32
nporunosupane (Soft Computing Techniques). Kem
Ta3W rpyna crajgaT METOIH, M3MOJI3BallM pa3MuTa
JIOTUKA, U3KYCTBEHU HEBPOHHU MPEXHU, FCHETUYHH
QITOPUTMH, KAKTO U KOMOWHAIINS MEKIY THX.

Criopesl MPOABIDKUTEITHOCTTA HA IEpUoJia
Ha TIPOTHO3UpPAHE, METOJIUTE C€ pa3JeisIT Ha
CJICTHUTE OCHOBHHM rpymu [1]:

a/  KpaTKOCPOYHH  TPOTHO3H,  KOUTO
OOMKHOBEHO O0XBamaT TMEpUOJ OT €IUH 4Yac JIO
e/IHa Ce/IMHUIIA;

0/  CcpemHOCPOYHU  TMPOTHO3U,  KOUTO
oOXBallla IepuoJI OT ¢IHA CEIMUIIA JIO €/THA TOJINHA;

B/  J'BITOCPOYHH  TIPOTHO3H,  KOHWTO
00XBalIar Nepuo/ Mo-rojisiM OT €Ha TOJINHA.

4. N300p Ha MeTO] 32 MPOTHO3MPaHe Ha
NoTpedJICHHETO HA eTeKTPHYecKa
eHeprus B 001ecTBeHNs 00eKT.
Ocodenoctn

OOeKTbT Ha U3CIEABAHETO € eAWH OT
yuebnute kopmycu Ha TY-Codus, ¢uiman
[ImoBawB, 3a KOHTO ca MPOBEACHW HAOTIOMCHUS U
ca HalMUe JOCTaTh4HO CHOpaHM JaHHHU 32
W3MEHEHUETO Ha eNEKTPONOTPEOICHUETO.

Crpagara ce 3axpanBa OT TpadormocT
20/0,4kV, a mpenocTaBeHata MOIIHOCT € 623 kW.
Oo6moro notpedbnenneto Ha EE ce peructpupa cbe
cucrtemara PowerLogic Ha ¢upmara
SchneiderElectric. ~ Twit  kato  00eKTBT €
npucheauHeH KbM Mpexxka CpH, Toit 6u TpsoBao
Ia yyactBa Ha cBoOoanus mazap 3a EE. Bcuukn
YY4aCTHUIIM Ha Tasapa TpAOBa @ TMPEeIOCTaBST
noyacoBu rpaduiUre 3a TNOTpeOlicHHEe B JCH,
npeaxoxaany JeHs Ha jgoctaBka [6]. Ilo Tasm
MpUYUHA II€ Ce M3I0JI3Ba KPATKOCPOUYEH METOJ 3a
MIPOTHO3HUpPAHE.

ABTOpPErpecCUMOHHUTE (AR) MOJIENH,
MOJIETIUTE ,,IUTB3sO cpenHo”  (MA) kakto u
TaxHata komonHarmsa ARMA ca THIIMYHU METOIU
W3M0J3BAIIN BPEMEBU PEOBE, KOUTO UMAaT HIMPOKO
MPUIOKEHUE 32 MPOTHO3MPaHE Ha MOTPEOICHUETO.
TouHoOCTTa HA TE3W METOM 3aBHCH OT KAYECTBOTO U
obema HA  W3MEpeHUTe CTOWHOCTH Ha
norpebsennero. Koraro craBa  BbOpoc 3a
MPOTHO3HMpaHe Ha HECTAllMOHAPHHU BPEMEBHU PEIOBE
ce npuiaarat ARIMA (Autoregressive Integrated
Moving Average) monmenu [11]. B HacrosimeTo
u3CleBaHe € Ipe]CTaBeHa BB3MOXKHOCTTA 3a

npunarane Ha ARIMA mognen 3a nosnydaBane Ha 24
yacoBa  MpOrHO3a  3a  KOHCymMauusiTa  Ha
€JIGKTPOCHEPTUsl B €UH OT y4eOHHUTE KOPILyCH Ha
TY-Codus, bummain [1noBaus.

Omnpenensauero Ha cTpykrypata Ha ARIMA
MoOJiela ce M3BBPILIBA Ype3 BHUMATENCH aHaIM3 Ha
OCHOBHUTE XapaKTEPUCTUKH Ha BPEMEBUS pel,
MPEJCTaBAll 10YacoBaTa KOHCYMAIMs 3a NEpHona
okTOoMBpH-HOeMBpH 2014 r. OTUeTeHUTE CTONHOCTH
ca TpeacTaBeHM Ha ¢ur. 1, a ciuex TAXHOTO
JorapuTMyBaHe Ha ¢ur 2. 3a KOHKPETHHS CITydai,
JaHHUTE CE€ XapaKTepU3UpaT ¢ HECTAlMOHAPHOCT,
U3MEHEHHE Ha JUCIepcHATa U HaJW4ue Ha
MHOKECTBEHa  CE30HHOCT (ChOTBETCTBAIlA Ha
JHEBHA M CeIMHUYHA MEPUOJUYHOCT). AKOo ¢ P ce
O3HaYM TMOTPEeOJIEHUETO Ha EJIEKTPOCHEPrusl B
MoMeHTa t, To obma dopmynupoBka 3a ARIMA
MOJIETBT MOJKE J1a Ce 3alulle

p(B)P; = 0(B)e; (1

kbeTo @(B) u 0(B) ca GpyHKIMHU Ha orepaTopa 3a
sakbeHenne B: BXPp = Py_yy, a & ¢ rpeukara.
Oynkiuure @(B) u 6(B) ca NOITMHOMHAIHH |
uMarT clieaHaTta Gopma

pB)=(1-32,9B)YA-B%) (2

0B)=(1-XL,6,BH(1-B5)  (3)

B ropHuTe ypaBHEHUs S TIpeJCTaBIsIBa PEAbT Ha
unrerpupane B ARIMA mopena.

[lopann HecranmuoHapHHS XapakTep Ha
BXOJHUTE JaHW IBPBO TpsOBa Ja ce MONy4H
cranmoHapeH 6a3oB mnporec. [Ipu Monenupanero ce
M3IIONI3BAT HE JUPEKTHO BXOJTHUTE JIaHU, a TEXHHUTE
pasznmuku. ToBa CHOTBETCTBa Ha BKIIOYBAaHE B
Mozeina Ha wienose oT Buaa (1 — B¥). Oruuraiiku
M SCHO W3pa3eHUTe JIHEBHA W  CEIMHYHA
MEPUOANYHOCT € M30paHa clieHaTa CTPYKTypa Ha
MoJiena

@(B) = (1 — ¢1B" — ¢4 B** — ¢143B'°° —
©24B*")(1 - B") “4)

0(B) =(1—-6,B*—-06,B>)(1—-BY) (5
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5. lonyyeHu pe3yraTu Ha o06aszara ©Ha wMomema ce W3BBHPIIBA
Ypes MeTona Ha MAKCHMAIHOTO [0YacOBO IPOTHO3MpAHE Ha KOHCyMalusITa Ha
NpaBroONoIo0Me  ca  TONyYeHH ~OLEHKH Ha eNeKTpoeHepruss 3a  ciensammre 24 daca.
mapamMeTpuTe Ha Mojesa. 3a ONPEACIISTHETO UM ca I'pauyHO TpefCTaBsHE HA NAHHUTE 33 PEATHO
WU3MOJ3BAHU ITbPBHUTE 960 HAOJIIOICHUS. HA3pasxo/iBaHaTa CJICKTPOCHEPI NS n
OcrananaTa 4acT OT JIaHHWTE, MPEJICTaBIISIBAILN NpOrHO3upaHara ¢ nokasaHo Ha ¢ur.4. Ilo

U3MEPBAHMSTA 32 TOCJICIHUTE TPU CEAMHIM OT
pasriiexmaHus — TMEpHoj  ca  UW3MOJ3BaHU 34
BepudUKaIus Ha MoJiena.

aHaJIOTMYEeH HauuH Ha Qur. 5 e mokazaHa rpaduxa
Ha TMPOTHO3MpPaHM M M3MEPEeHH CTOWHOCTH Ha
HOTPEOIEHNETO Ha BCEKM Yac 3a €IHOIHEBEH
MEPHOA.

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria

ISSN 1310 - 8271



-32-

Ha ¢ur.
OCTaThIIUTE.

6 e moka3zaHa rpaduka Ha

6. 3akirouenne

B noknana e uscnenBaHa Bb3MOXKHOCTTA Ja
ce TMPOTHO3Upa TI0YaCOBOTO TOTpeOJieHHe Ha
CJIIEKTPOCHEPTUsl Ha KOHKPETeH OOEKT Karo
CTOXaCTHYECH BPEMEBU peJl. 3a menTa € u3dpaHo ja
ce wmsnomBa ARIMA wmozen. CrIecTBeHO
MPEeJMCTBO TIPU IPOTHO3MpAHETO Ha Oa3ara Ha
CTOXaCTMYHM BPEMEBH pEIOBE € TOBa, Ye 3a
(hyHKIIMOHUPAHETO HAa MoOJela HE Ce M3UCKBa
HUKaKkBa JIOMBJIHWATENHA WHQpOpPMAIUs  OCBEH
HaOJIIOJICHUSI HAa MPEAXOJHHUTE CTOMHOCTH. ToBa
CHINECTBEHO YCIIECHSBA aBTOMATH3MPAHETO Ha
nporeca. Kato HeqoCcTaThK Ha TO3W TMOAXOJ MOTAT
Jla ce IMocoYaT HETOYHOCTHTE B OIIGHKUTE, KOUTO Ce
JbJDKAT HA TII0sBaTa HAa HEMOCTOSHHO JIeMCTBaIIH
(MHIICICHTHN) (hakTopm. [Toygenure B
W3CIIE/IBAHETO pe3ylTaTH TOKa3BaT IPHEMIIMBA
TOYHOCT Ha OICHKUTE 3a pa3rJIeKIAHUTE JaHHU.
[TomoOpsiBaHe Ha TOYHOCTTA MOXKE JIa CE ThPCH Upe3
W3IIONI3BaHE Ha XHOPWUIHM MOJICNH ChYeTaBallu
CTOXaCTUYHH U ()YHKIIHOHAITHU TIOIXO/IH.
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EBOJ/IIOIMMOHHHU CTOXACTUYHHU
AJI'OPUTMMU 3A OHEHABAHE - CbCTOSHHUE
N IHHEPCIIEKTUBH

POCHIIA KA3AKOBA

Pe3tome: Pazenedanu ca pasnuunu cmoxacmuyHu mMemoou, U3NOA36AHU 3a peulasane Ha
npobnemume Ha Kiacudeckume onmumuszayuonnu mexnuxu. Hanpasen e ananuz ocnoeno
Ha 6b3MOdNCHOCHUMeE 34 npunoxcenue na cenHemuunus anzopumvm (GA) u memooda na
posika yacmuyu (PSO). Ocnosen npobrem npu cucmemume e HAIUYUEMO HA JOKATHU
onmuMymu, npu Koumo ce nocmuea mpyono enovanen onmumym. GA u PSO ca mmnoeo
00bpu  npu  ONMUMUZAYUOHHU NPOOIEMU € HAKOJKO JIOKAIHU MUHUMYMd, KbOemo
mpaouyuonnume ancopummu epewam. Texnuxume Ha GA u PSO mocam oa 6voam
epexmusHo UNON36AHU 34 OYEHKA HA HeU36eCHUmMe NApaMempu Ha TUHEHU U HelTUuHelHU
cucmemu, CUCIeMU CbC 3aKbCHEHUE, XAOMUYHU CUCEMU, CUCTEMU C 6UCOKO HUBO HA UWYM.
Ha 6asa na nanpasenusi ananus ce udcod, 4e pazpabomkama HA HOBU GepCull Hd
CMOXACMUYHI  eBOIOYUOHHU  AJI2OPUMMU €  AKMYAIHO U AKMUBHO HANPAGIeHUe 6
CbBPEeMEeHHUME HAYYHU U3CIEO8AHUSL NO CEEMd.

KiaouoBn AYMM: JIOKAJIHO MbpCcene, e6oJIYUOHHU cmpamecuu, e6ONI0YUOHHU AJI2OPpUMMU,
ceHemu4eH aicopumovbm, Memoo Ha posAKa dacmuyu, ceHemu4Ho npoepamupane

STOCHASTIC EVOLUTIONARY ALGORITHMS
FOR ESTIMATION - SITUATION AND
OUTLOOK

ROSITSA KAZAKOVA

Abstract: Different stochastic methods used in solving problems of classical optimization
techniques are considered. Analysis of the genetic algorithm (GA) and particle swarm
optimization (PSO) application possibilities is made. When solving a model the presence of
local optimums is a major problem which creates difficulties to achieve a global optimum.
GA and PSO are very suitable for solving optimization problems with several local
minimus where the traditional algorithms make errors. GA and PSO algorithms can be
effectively used for estimating the unknown parameters of linear and nonlinear systems,
delay systems, chaotic systems and systems with high level of noise. Based on the analysis it
can be seen that developing new versions of stochastic evolutionary algorithms is current
and active tendency in the contemporary scientific studies.

Key words: local search, evolutionary strategy, evolutionary algorithms, genetic
algorithm, particle swarm optimization, genetic programming

1. BnBeaenne

[Ipe3 mocnenHuTe TOAWHHM OsiXa pPa3BHTH
MHOTO CTOXaCTHYHHM METOAM C IeJI pellaBaHe Ha
npobjaeMuTe B KIACHYECKUTE ONTUMH3ALMOHHU
TEXHUKH. EBomronimonnute ANTOPUTMHU

NPE/CTAaBIsIBaT METOAM 3a TIJI00ATHO IapasenHo
u3CNeBaHe M ONTHMH3ALMs, OCHOBAaHUM Ha
NPUHOMIINTE Ha ecTecTBeHUs moxbop [1] m
nomynannonHara reHetuka [2]. KopexktHoctra Ha
CTPYKTypaTa Ha EBOJIOIMOHHUTE AITOPUTMH KaTo
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aOCTpakIusi Ha €CTECTBCHATa CBOJIOIMS Oerie
ocriopBana ot Channon and Damper [3], HO TOBa He
TpsIOBa Ja € MOBOJ 3a MPEKaJieHO 0e3MOKOHWCTBO OT
CTpaHa Ha WH)KEHepa, KOWTO U3MOJ3Ba alropuThbmMa
3a SICHO TIIOCTaBeHHM Ienu. YeTupuTe HOBH
CTOXaCTUYIHU MeToda ca: JIokaaHo Thpcerne (LSh -
Local Search), eBomronmonnu craprerun (ES -
Evolutionary Strategy), reHepupaHe Ha
esomononan  anropurMu  (EA - Evolutionary
Algorithms), metonm Ha posika uactuuu (PSO -
Particle Swarm Optimization). Llenta nHa Te3u
METOJIM € CH3/7aBaHE HAa MATEeMAaTHYECKH MOJEJIH,
ype3 KOUTO Jla C€ OIHUIIEe [OBEJECHHETO Ha
TUHaMH4YHaTa cucteMa. llenure, 3a kouto Moxe na
ce M3MO0JI3Ba MOACTBT ca: NpeAcKa3BaHe, ONMCaHue,
OTITUMU3AIMS Ha TIpoIlecuTe, 00ydeHne, OTKpUBaHe
Ha TPEIIKH, TPOSKTUPAHE HA KOHTPOJICPH.

[Ipencka3BaHeTo upe3 MoOAeT MOXE Ja ce
M3IIOJI3Ba TIPH OIpeNeNsTHe Ha KOHCyMaluATa Ha
EHEeprusi WIN THPCEHETO Ha MPOIYKT Ha Tmaszapa.
MonenbT MOXeE J]a Ce Tpuiiara mpu U3y4aBaHETO Ha
BBTPEIIHOTO ¥ BBHIIHOTO TIIOBEJCHWE Ha HE
TEXHUYECKN CHCTEMH, OCOOEHO B CIIydauTe, KOraTo
HE MOTarT Jia ce MPOBEKIAT CKCIICPUMEHTH HIIU ITHK
ca MHOTO CKBITH, KAKBUTO Ca XUMHYHUTE PEaKTOPH,
OMOJOTHYHUTE W WKOHOMHYECKHTE CHCTEMHU. 3a
ONTUMU3AIMSl Ha TIpolleca TIOHSKOra peajHara
CUCTEMa C€ CHMYJIUpa 4Ype3 IUHAMHYCH MOJIE,
KOWTO MOXE J]a C€ M3IMOJ3Ba B PA3IUYHU YCIOBHUS
Ha paboTa. /J[MHAMUYHHTE MOJIENH CBHIIO MOTaT Ja
CC M3MON3BaT 3a OTKPHBAaHE HA TPEHIKU KaTo
W3CTeIBAaHAA W M3MEPBAaH TPOIEC CE CPaBHABA C
MO3HATH MOJIETIH. Koncrpyxkmusita Ha
ChBPEMEHHUTE KOHTPOJepH ¢ Oa3upaHa Ha MOJIEIH,
ONKCBAI TOBEJCHUETO Ha BXO0Ja/M3XoJa Ha
mporeca, KoWrto TpsbBa Ja ce  ympaBisiBa.
[lpunaraneto Ha EBOJIONMOHHUTE  AJITOPUTMHU
OCUTYpsIBA TOYHOCT, Obp30JeHCTBUE, CXOAUMOCT H
YCTOMYUBOCT.

2. AKTyaJIHU npo0JeMH MPHU OlleHKA Ha
CHCTEMH € eBOJTIOIUOHHH AJTOPUTMHU.

OcHOBeH TpoOJIeM TIpH CHUCTEMHUTE €
HAJIMYUETO Ha JIOKAHU ONTHMYMH, IPU KOHUTO CE
MOCTUTa TPyAHO TiobaseH omtumyM. B [3] ce
npejcTaBs OIGHKa Ha Mojen, OasupaH Ha
regerndeH anroputbM (GA) 3a mpeojoiisiBaHe Ha
JIOKAJTHUATE ONTUMYMH, TTOTX OIS 3a
ABTOPETPECHBEH HMHTETPHPAH C B3SO CPEIHO
(ARIMA - Autoregressive Integrated Moving
Average) wmopen. llpu ToBa BCHYKM OICHSBaHU
nmapaMeTpu Ca 3Ha4YMMU, HO B €Talla Ha OLICHABAHC
MMa 3HAYMUTEJIHU 3aKbCHEeHUs. M3rmon3Banu ca Tpu
nmpuMepa 3a JioKa3BaHe Ha eekTuBHOcTTa Ha GA
IIpu NpCACKa3sBaHC Ha LI€HAaTa HAa AVMHAMU4YHaA IMaMET
¢ nipousBoiieH A0cThll (DRAM - Dynamic Random-
Access Memory). Benpekn, ue GA ce Hyxzae oT

MOBCYC KOMIIIOTBPHO BPEMC B €Talla Ha OLICHSABAHC
Ha MoJe€ja, TOBa C€ IIpeoaoJisiBa C IMOMOINTa Ha

CBbBPEMCHHUTE TCXHOJIOTHUHU Karto neiara (&
oJjiy4aBaHe Ha IIO-TOYHH pe3yiaratu npu
MMPpEACKa3BaHETO.

Enun ot Hail-romemutre mpoOiiemMu B
oOmactta Ha o0Opa0oTKara Ha CHTHAJUTE €
npoOJaeMbT C  aJanTUBHOTO (QWITpUpaHE Ha
HEM3BECTHH WHBAPUAHTHH BHB BPEMETO  HIIH
MIPOMEHJIMBH BBHB BpeMeTO TapameTrpu. B [4] ce
npuwiara  XUOpPHIACH EBOJIIOUUOHEH  aJrOpUThM
(XEA) 3a mocTposiBaHe Ha MOJIeNId, KOUTO HE CaMO
“MaT Majka CpeJHOKBajaparhyHa rpemka (MSE -
Mean Squared Error), HO cbIIO ca MmomoOHH Ha
peanHuTe cUCTeMHU. ExcriepuMeHTaHuTe pesyaTaTu
MOKa3BaT, 4Ye NPEIOKCHUST METOJ| YCIsiBa Ja
OLICHU HEHM3BECTHH CHCTEMH JaXe U B CIy4auTe C
BHCOK JONBIHMUTENEH ImyM. XEA ompenend
MIPaBUITHUST TIOPSIIBK HA HEM3BECTHA CHCTEMa, 0e3
Jla W3M0J3Ba MHOTO anpuopu HWHQOpMaIus B
CpaBHEHME C JpPYIM METOAH, MPEACTAaBEHH B
nuTeparypara. Bcudkm Monenu, TMOJXy4eHH dpe3
MPEIOKEHHST alITOPUTBM ca CTaOWIHH. [ ojeMusT
HEIOCTaThK HAa MPEATIOKECHUS allrOpPUTHM € o0eMa 1
CIIO)KHOCTTa Ha pabortaTta mo mpecmsranero. pyr
HEJIOCTATHK € CEJIEKIIHsATa HAa ONTHMYMa.

[loBewero mpomecu B HHAYCTpHUATA C€
XapaxkTepu3upaT ¢ HEIMHEHHO M MPOMEHJIMBO BbHB
BpeMeTo mnosejieHne. OnpesensiHe Ha mapamMeTpuTe
Ha MaTEeMaTUYECKU MOJICIIH Ha TUITHYHH HETMHCHHU
CHCTEMH € BaKHO 32 MHOT'O WH)KEHEPHH 00J1aCTH.

B [5], mpennarat edexruBen xubpuaen GA,
HapeyeH aJanTHBeH TEHETHYeH alropuThM Ha
cumysupanoro 3akansBane (ASAGA - Adaptive
Simulated Annealing Genetic Algorithm), xoiiTo e
ANTOPUTMHUYEH METOJ| 32 pelICHWs] Ha 3ajadyd 3a
rno0aiHa ONTHMHU3AIUS, OCOOCHO JHCKpEeTHa WU
KoMOuHatopHa ontuMmuzanus. Karto mpumep e
MocoueHa JUCKpeTHa cucteMa. lIpeanoxeHusT
aJIropuThM € Mo-1o0bp oT mpocture GA, KaTo
ASAGA  nompuHacs 3a  IpUIaraHeTo  Ha
anropurbmMa Ha u3kayBaHeto Ha Bbpxa (hill-
climbing) u ocurypsiBa mo-0bp3a CX0AUMOCT.

Karo  onTuMumsanuoHHa  TeXHUKa B
aUanTHBHUS MpPOLEC C€ TNpwiara CeJIeKTUBEH
renetnuer anroputbM (BrGA - Breeder Genetic
Algorithm), KOHTO obenuHsBa GA "
CBOJIIOLIMOHHUTE CTPATEruy - CIy4ailiHO ThpPCEHE Ha
Moze, ype3 0e31o10BO pa3MHOKaBaHe.
Pa3zpaboTeHu ca mMaremaTHuYecKd u3pasu [6], KaTo
ce npunara BrGA. Karo Hemo3nara cucrema e
u3MomsBal  QuIThp ¢ Oe3kpailHa  UMITYJICHA
XapaKkTepUCTUKa, OIpeleNieH OT JuQepeHIUaTHH
ypaBHeHHUs1 OT BTopH pel. [Ipu exciepumenTure ce
NPaBU IIbJIHA ONTHMH3ALMA, KaTo MPH yBeJIMUYaBaHe
Ha Opost Ha xoepunmenture B (ARMA —Autoreg-
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ressive Moving Avarage) Mojieiia WMa IO-HHCKa
cpenHa rpemka u qo0pa ga3oBa XapaKTepHUCTHKA.

I'enetmano mporpamupane (GP - Genetic
Programming) e meron 3a oueHka Ha moxenu [7].
GP aBTOMatm3mpa mporieca Ha mpobaTa U rpemkaTa
MIPH OICHSBAHETO HA CTPYKTypaTa W CJIEI0BATEITHO
MOJKE JIa M3IUTBA MHOT'O TIOTEHIMAIHU MOJICIH, HO
TpsiOBa Ja Ce TOCOYAT HAKOU HEJOCTAThIU - BAKHO
3a MPEeCMITaHeTO Ha TOAHOCTTa Ha MOJIeNa € Ja ce
m3bepe (QYHKIUSA, OIEHSABANIA CHOTBETCTBHETO
MEXJIy MoJiejla U XapaKTePUCTUKHUTE Ha CHCTEMATa.
Thit KaTO OpOST Ha OLCHKHTE Ha (YHKIMATA 3a
TOJTHOCT MOXE J1a € TOJISIM, PYTHHHUATE CHUMYJIallun
TpsiOBa na ca Obp3u u TpsiOBa Ja BpbLIAT
nugpoBara CTOWHOCT HA TOAHOCTTa Ha MOJEna,
MTOAXOMASIIO Marabupana 3a orneparopa Ha GP.

PeanHo - xomupaH TeHETHYECH alTOPHUTHM
(RCGA - Real Coded Genetic Algorithm) e
MOAXOMSI 32 OLICHKAa Ha HEJNMHEWHM cuctemu. B
[8], ce mpaBu olleHKa Ha MOJABaTEICH MEXaHU3BM
3a neraiiim (PPM - Pick-and-Place Mechanism),
KOWTO € 3a/JBIKBaH OT CHHXPOHEH JABHTraTeNl ¢
noctossHeH MarHuT (PMSM - Permanent Magnet
Synchronous Motor). Ilpu unenTudukanusra Ha
cuctemara ¢ m3noi3BaH GA, KOAWpaH C pealHH
CTOWHOCTH, HE CaMO 3a HAMHpaHE Ha MapaMeTpHuTe
Ha PPM, HO U eTHOBPEMEHHO C TOBA HA CUHXPOHEH
IBHTaTENl C TMoctogHeH wMaraut PMSM. Ot
CUMYJAIHITa U OT €KCIIEPUMEHTAIHUTE Pe3yTaTh
ce B/, Y€ WACHTU(UKAIMOHHNUTE Pe3yJTaTd Ha
MEXaHUYHMSI MOJIEN ca TO-ONMU3KH JI0 EKCIIepH-
MEHTAJIHUTE Pe3yNTaTH Ha cucremara. llpuiarane-
10 RCGA anropuThM € TOIXOIAII 3a OIICHKA Ha
rojaBaTelIeH MEXaHU3bM, 3aJBMkBaH oT PMSM.
ChIJIacHO CpPaBHEHHETO MEXKIY pe3yaTaTuTe OT
OIICHKAaTa W TPELIKUTE Ha BIJIOBOTO OTMECTBAHE Ha
JBaTa JIMHAMUYHA MOJIEJa - MaTeMaTHYECKH H
MPOCT MOZEN € KOHCTaTUpaHO, 4e: 1) TpOCTHST
MOJIENT C TIO-MaJKO MapaMeTpd CTaBa CXOJIUM II0-
0Bbp30; 2) MaTeMaTHYECKHUAT MOJEN JlaBa 1o-100po
CHOTBETCTBUE C CKCIICPUMEHTAITHUTE Pe3yaTaTu; 3)
napaMeTpuTe Ha poTtopa JedUHUPAHW B JBara
Mojiena ca OJIU3KH.

RCGA ce mpunara npu audepeHIHaIHd
YpaBHEHUSI OT BTOPU pEll, KOUTO MOJEIHPAT
mpobiema 3a omensBaHe Ha emuMmHu  [9].
[TonyueHuTe pe3yiaTaTd MOKa3BaT BB3MOKHOCT 3a
m3non3Bane Ha RCGA 3a olleHKa Ha HEU3BECTHU
KOC(PUIIMEHTH B MaTEeMAaTUYECKH MOJICIIN, OIMHCAHU
¢ oOukHOBeHW aH(DEpeHIMaTHH YpPaBHEHHS OT
BTOPH pel.

RCGA ycnemHo ce mnpunara 3a TOYHO
oTpeJiesisiHe Ha HEW3BECTHUTE MapaMeTph Ha KIac
HenuHeltHu cucteMu. B [10] ce npeanara RCGA 3a
OompejieNisHE HA HEW3BECTHUTE TapaMeTpu H
yIpaBJCHHE Ha Kjac HEJIMHEHHU CHCTEMHU C:

oOekrl-ameproguyHO 3BeHO OT 1 pex  CbC
3aKbCHEHUE, TIPEICTaBeH B JUCKpeTHa Qopma,
00eKT2-HecTabunHa HeJIMHEeHa CUCTEMA.
Kpurepuii 3a ornenka - kBaapatudda rpemika SSE.
CpasusaBa ce RCGA c¢ nBonuHo komupan GA. 3a
NPOMOPLUUOHAIHO - WHTETPAIHO - JUQepeHunaneH
koutposiep (PID - Proportional-Integral-Derivative
controller), RCGA ce cpasnsiBa ¢ L{urnep-Hukomnc
Meroaa 3a Hactpoiika [11]. Cnopea mporHo3Hute
pe3ysiTaTH OT MPEAJIOKEHHUST METOHA, ONTHUMAIHO €
npoektupad PID koHTposep.

TpaauIMOHHUTE METOAM 3a ONTHUMM3ALIMS
UMaT mpoOJeMU CBC CXOAMMOCTTA U KpaHHHAT
pe3yaTaT M OlIEHKAaTa CHUJIHO 3aBHCH OT HA4aJIHOTO
3amaBaHe Ha mapamerpute. B [12] ce mpenmmara
Mojen, 6a3upaH Ha XUOpUAEH NOJAXO0/ Ha HEJTMHEEH
aBTOPETPECUOHEH MoJieN ¢ ek30oreHeH Bxoa (NARX
- Nonlinear  Autoregressive  Exogenous) wu
TEHETHYEH aJrOPUTHM 3a ONpEACNssHE Ha MHJAEKCa
MHCYJIMHOBA YyBCTBUTEITHOCT, KOWTO AaBa I0OpH
pesyntatn. MonenpT He ce HyXJae OT HadalHa
napaMeTpu3alys W CXOAMMOCTTa BHUHArum €
rapaHTupasa. MIHIEKChT, MOJIydeH OT MpeIIoKEHHS
Mozeal uMa Jo00pa Kopenamus € HHJIEKca Ha
WHCYJIMHOBaTa  YyBCTBUTEIIHOCT, Oa3WpaH Ha
IIMPOKO M3MOI3BAaHUS MOJIEN Ha MHCYJIMHOBATa
YYCTBUTEJIIHOCT M TOYHOCTTa Ha CBHBIIAJCHHUETO €
JIOCTa BUCOKA.

Peanno xomupanusar GA wuma MO-ManKo
BpEME 3a  CXOJUMOCT B  CpaBHEHHE C
KoHBeHIIMOHATHUST GA ¢ JBOWYEH KON IIPHU
HenuHeHu cuctemu. B [13] e nmpunoxeH mMeTof 3a
OIICHKa Ha CHCTEéMa M HacTpoWKa Ha KOHTPOJEp B
HenuHeeH pH npouec B unaycrpusra. Pesynrature
OT CHMyJanusTa NMOKa3Bar, 4e MOAXOIbT, Oa3upaH
Ha GA e eeKTHUBEH MPH OIleHKA Ha IMapaMeTPUTE B
pa3MyHU TOYKW OT HEJIMHEWHaTa CHCTeMa U TpH
W3UUCIISIBAHE HA ONTUMAJIHUTE napamerpu Ha PID
KOHTpouiep. Pe3ynrarhT oT cuMmynamusTa moxkaspa,
ye GA [aBa 3aJ0BOJIUTENIHMA pe3yiTaTd 3a
HacTpoiika Ha PID KoHTpoJiepa 1 JaBa Bb3MOKHOCT
3a cliefleHe Ha 3aJjaHueTo OBP30 M C MUHUMAIIHO
OTKJIOHEHHE.

B [14] mpennoxenusrt peanno-koaupan GA
JaBa 1o0pw pe3ydaTaTd TpU  MOJAETUpaHe Ha
pa3iMYHU HEIMHEWHU CUCTeMH. B citydas penpT Ha
Bonrepa ce wm3momsBa 3a  MoJenupaHe  Ha
HEJIMHEWHU cuctemMu. PasznuuHara AbJDKUHA Ha
XpOMO30OMHUTE  KOAWpa  Koe(HIIMEeHTHTE  Ha
CEJICKTHPAHUTE KaHU/IaTH. [Ipennoxenns
QIrOpUTHM JlaBa TOYHHM pe3yiaTaTH, KOraro ce
npujiara KbM CHUCTEMHM OT BTOPH M TPETH pea ¢
OTHOCHUTEITHO TOJsMa IaMeT, C IeJ M3BIMYaHe Ha
MaabpK Opoil CTOMHOCTH Ha simpata. Ilomymarusta
Ha GA u omeparopure ce u30upar Mo TaKbB HAYWH,
4e Ja YycKopsaT pemeHuero. @DyHKIMATA Ha
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TOAHOCTTA HE JOMYCKa HEe3HAYMTEIHUTE KaHIUAATH
Jla IPUCHCTBAT B KPAWHOTO pEIICHHE.

IIpn memsBecTHH HavamHu ycioBus GA ce
mpuiara  3a  ONpeleisiHe Ha  ONTHMAaJHUTE
rmapaMeTpy Ha MaTeMaTW4ecKus MOJeN, dpes
pemraBane Ha TU(EPEHIIMAITHO ypaBHEHHE OT BTOPH
pen [15]. YBenuuaBaneTo Ha OpOs Ha IMOKOJICHUSTA
HamalsiBa CTOMHOCTTa Ha (pyHKIMATA, T.C. JaBa IMO-
mo0pH pe3yaTaTH.

B [16] ce mpemmara momoOpen GA 3a
W3YHCIsIBAHE HA CHCTEMa OT KOC(QHUIMEHTH Ha
mudppoB  pmiaTep ¢ Oe3kpaiiHa  WMIYJICHA
xapaktepuctukada (IIR - Infinite  Impulse
Response). B tpapunuonnata onepanus KpbCTOCKa
ca HYKHH JBa POAMTEICKA XpOMoO3oMa 3a
MMOCTUTaHEe Ha KPBCTOCKA, JIOKATO BBHB (opmysara
3a MHOTOKpaTHa KpPBCTOCKA C€ CEJeKTHpaT TpH
XPOMO30MH 32 KPbCTOCKA, C LIEJI 1a CE TeHepupa Mo-
obermaBaio MOKOJICHNE MIPH pellaBaHe Ha 3a/1a4ara
3a MUHUMHU3UpPaHE Ha QYHKIUATA.

3a oleHsBaHE Ha MapaMEeTPUTE Ha KIiac
HEIMHEWHU CHUCTEMH, KOUTO C€ ONHCBaT B
MPOCTPAHCTBOTO Ha CBHCTOSAHUETO Ype3 MOJEN B
JTUCKpeTHa (opMma cbC 3aKbCHEHHE, C KPUTEPUH 3a
olleHKa - 00IIa cyma OoT KBajapaTtuuHa rpemka (SSE
- Summation of Square Error), ce mnpuiara
nogobpeH peanHo koaumpan GA [17]. Lenta e
Ch3JaBaHe Ha IMO0-100pO  TOKOJIEHHE, KOETO
MIpUTEX)aBa MajKa CTOWHOCT Ha 1eyieBaTa (yHKIIHSL.
Pesynratute oOT cumynamusTa Ha JIBa  BHA
TEXHOJIOTHYHH CUCTEMH TTOKa3BaT, Ye C MpUIIaranus
ITOPUTHM C€ TIOTyYaBaT MO-TOYHH OIECHKH.

3a  ompenensHe ~ HAa  HEW3BECTHHUTE
napamMeTpl Ha CHUCTEMH C T'bBKaBa CTPYKTypa, B
KOUTO C€ U3UCKBAa OBpP30 A0OMMKaBaHe JI0
riobamaust  ontmMyMm, B [18] e mpemioxen
epextuBen GA c HOBa crparerusi, 0asmpaHa Ha
omepanusaTa ouncTBaHe (truncation).

3a 51a ce moiy4yar ONTHMAIHUTE TapaMmeTpu
Ha Mojena B [19] ca mpoydeHu aBe XUOPUIHM
CTpaTerHH: MPUIAraHeTo Ha TPaJIueHTEH aJrOPUTHM
B KauecTBOTO Ha omepanus Ha GA 3a JOKalIHO
M3CcTIe/IBaHe U B3eMaHE Ha HAl-TOOPHIT WHAUBHIL OT
GA karo HayajgHa CTOWHOCT Ha aIrOpPUThMa Ha
MeToAa Ha rpaaueHTa. TyK ca H3MOA3BaHU [JBa
pa3IMYHU alNTOpPUTHMa HA TPAJUEHTA: alrOPUTHM
Ha (LMA - Levenberg-Marquardt) u HOBHAT
anroputbM Ha (TRA - Trust-Region Algorithm).
[Ipennoxennte xubpugan GA ca NPUIOKEHH 32
uaeHTU(OUKALMA Ha NapaMeTpUTe Ha MOJ00peHUs
Mmozein. Upes aHanm3upaHe Ha BB3MOKHOCTHTE Ha
GA B u3clieBaHETO Ce€ TpHJIaraT ABE CTPATETHH:
mbpBaTa XHOpUIHA CTpaTervss € IpHjaraHe Ha
TpaAMEHTHUTE aJrOPUTMH KaTO ONepaiys 3a JOKa-
HO wm3cnenBaHe Ha GA; Bropata XuOpuzaHa
CTpaTerus € M3MoJI3BaHe Ha Hal-100pOTO pelnieHue

Ha GA 3a HavajgHa CTOWHOCT Ha TPagUEHTHUS
AITOPUTHM.

B [20] ce pemaBa 3amauara 3a OLICHSBAaHE
Ha TapaMeTpuTe Ha HeMHHUMAIIHO (ha3oBa cucrema
C KpailHa HUMITyJICHA XapakTepUCTUKA M IIyM, C
NOJYUHBAPUAHTH OT 4eTBbpTH pen u  GA.
CucreMara ¢ KpaiiHa HMITYJICHA XapaKTePUCTHKA CE
3ajaBa 4pe3 CHMETPUYCH, HE3aBUCUM H UJICHTHYHO
NpPEeACTaBEH HEraycoB pel.

B [21] ce mpemmara xuOpuaeH IOAXO/I,
KoWTO BKIOUBa GA W alrOpUTMH Ha THPCEHE Ha
xpana ot Oakrepuurte (BF - Bacterial Foraging) 3a
peliaBaHe Ha 3agadaTa 3a ONTHMHU3ALMs Ha
¢ysknus.  ONTHMU3AUOHHHUAT — QITOPUTBM — Ha
ThpPCEHE Ha XpaHa oT Oaktepuute BF mpunamiexn
KbM TpylaTa ONTHMHU3AIMOHHU aITOPUTMHU Ha
OakTepunuTe M ONTHUMH3ALMS HA posika U B IIO-
HIMPOK CMHUCHI KbM 00JIACTTAa HA W3YHUCITUTEITHUS
MHTEIEKT W Mertanroputmure. CrpaTerusita Ha
IropuThMa 3a MHPOpPMaMoHHa 00padoTKa € Mo3-
BOJISIBAHE Ha KIIETKUTE CTOXACTUYHO W KOJEKTHBHO
Jla ce Tpymar okoJjio onTuMmyma. M3nonssa ce GA 3a
nogoOpsiBaHe Ha CKOpOCTTa Ha OOydyeHHe W
cxomumoctTa. Ch3galieH €  HOB  XUOpHIEH
anroputbM, cbcraBeH oT GA u BF koiito ce
mpujara 3a M3cleIBaHe Ha Pa3IHMYHH TECT-
¢ysaknuu. OT rpaduIHATE U EMIUPUYHE PE3YIITATH
ce BIDKJIA, Y€ TIPE/IOKEHUS] XUOPHICH METOJ € C
J100pHU XapaKTEePUCTHUKH.

3a onpezaensiHe HA HEU3BECTHUTE MapaMeT-
Py Ha HEITHMHEHHH MHOTOBXOJIOBH-MHOTOU3XO/JHU
cucteMu B [22] ce M3MOJ3BAT JBa E€BOJIOIMOHHHU
METOZa 3a MpecMATaHe, a UMEHHO Iu(epeHIrania
esoimonuss  (DE - Differential Evolution) u
JnudepeHIInaiHa eBOIOIHsI, 0a3upaHa Ha OMO3ULIHS
(ODE - Opposition based Differential Evolution) 3a
OTKpHBaHE Ha NPUOTU3UTEIHU CTOMHOCTH B
OKOJIHOCTUTE Ha TJO00aJHHS MHHHUMYM, KakTO H
LMA amropurbMa 3a oOyueHHE Ha HEBpPOHHA
mpexka (NN - Neural Network). Tosa npoyuBane e
HACOYEHO KbM e(PEKTHBHOCTTA Ha METOIHMTE Ha
MekuTe u3unciacHus (soft computing), KakBUTO ca
€BOJIIOLIUOHHOTO npecMsiTaHe (evolutionary
computation) U METOABT HAa HEBPOHHHTE MPEKH
NN 3a onpeensiHe Ha HEM3BECTHUTE TTapaMeTpH Ha
HEJIMHEMHW CHCTEMH C TIpaBH  YIPaBJsIBALLU
curHanu. [locoueHHAT mMoO-rope METOA € HM3MHUTaH
BbPXY CHJIHO HEIWHEHHa MHOTOBXOJIOBA -
MHOTOM3XOAHa cucreMa ¢ nBa poropa (TRMS -
Twin Rotor Multi-input-multi-output System), 3a na
ce npoBepu e(hEKTUBHOCTTA HA MJICHTHU(PUKAIUATA.
[IpeioskeHUAT aaropuTBM HAapedyeH HEBPOHHA
Mpeka, Oa3upaHa Ha ONMO3MLMOHHA Iu(epeHInaTHa
esomonusg (ODE - NN) naBa mo—mo0pu pesynraTu
npy uaeHTH(UKAUITa HA CHUCTEeMaTa B CpPaBHEHHUE
CbC CBILECTBYBAILUS METOA HEBPOHHA MpEKa,
Oasupana Ha nudepennuanna esomoius (DE-NN)
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M0 OTHOLIEHHWE HAa CKOPOCT, CXOAWMOCT, KakTO U
CIIOCOOHOCT 3a OIICHKA.

[lomobpena nBOWYHA ONTHMH3ALUAT Ha
posika yactuiy (IBPSO - Impruved Binary PSO) 3a
CeJIeKITHSI Ha XapaKTepHU Oelle3n, KaTo alropuThMa
Ha K mai-6mmskm  cbcemn  (K-NN-K-Nearest
Neighbor), CITYKU 3a OILICHSIBaHE Ha
KJIACU(UKAITMOHHUTE TIPOOJIeMH Ha TCHHUTE OCJIe3H
[23]. IBPSO otcTpansBa JOKAIHHAS ONTHMYM H C€
CTPEMH KbM TOYHH KITACU(PHUKAIIMOHHU PE3YJITATH B
obnacT ¢ Manbk Opoil renu. IlpennoxeHusT MeTOA
MOXKE€ Jla C€ W3MOoN3Ba KaToO WHCTPYMEHT 3a
npeBapuTenHa 00padoTka ¢ 1ell ONTHMHU3UPAHE Ha
mporeca Ha cejekuuss Ha Oene3uTe, ThH Karo
MOBHIIaBa TOYHOCTTAa Ha KiIacHpHUKaMusi W B
CBIIOTO BpEME H3WCKBA MHHWMAJEH pecypc 3a
npecMmsiTane.  EKcCliepUMEHTanHUTE  pe3yiaTaTd
MoKa3BaT, 4Ye MEeTOIbT €(EeKTUBHO ONpOCTsIBa
CeJlIeKIATa Ha reHuTe (Oene3uTe) W HamalsBa
o0mus Opoii Ha HEOOXOIUMHUTE TCHH.

B [24] e pasrienana mogoOpeHa ONTHMHU-
3amus ¢ nHTeIeKTa Ha AToTo (PSO - Particle Swarm
Optimization), texauka - (IPSO - Improved PSO),
KOSITO M3M0J3Ba MEXaHW3bM C OTPAaHUYUTEIIHU
HEpPaBCHCTBA, HApeyeHa CTpaTerusi Ha TIPUTHUC-
KaHETO Ha TWHAMHUYHOTO MPOCTPAHCTBO HA M3CIIEA-
BaHe (Ollle HApUYaHa CTPATETUs HA CAHJIBUYA) C e
YCKOpsIBaHE Ha ONTHMM3ALUOHHHS MPOIEC U €IHO-
BPEMEHHO C TOBA CE 3ara3BaT 0a30BUTE TOJIOKCHHS
Ha KOHBEHIIMOHAJTHHS METOJ Ha pOAKa YaCTHUIIH.
[Ipenyara ce HOB MOAXOA 3a pelIaBaHe Ha 3a/avaTa
32 ONTHUMAITHO MPOM3BOJCTBO Ha MOIIHOCT C OTJIE]
Ha KPaTKOCPOYHO IIaHWpaHe. MeTogpT €
NPUIOKEH KbM XHUAPO-ENIEKTPUYECKa CHCTEMA.
[lony4yeHuTe yuCIEHM PE3yITaTH Ca CPABHEHUH C
TE€3H, MOJyYeH! Ype3 JTUHAMUYHOTO MPOrpaMHpaHe
(DP - Dynamic Programming), HeJIWHEHHO
nporpamupane (NLP - Non Linear Programming),
eBooninoHHo mporpamupane (EP - Evolutionary
Programming) u audepeHIMaIHn EeBONIONMOHHU
metoau (DE - Differential Evolution). Pesynrarure
OT CUMYyJalusITa MoKa3BaT, ue npeaioxenusit [PSO
METOA € HaW-7o0pusaT OT U30pPOCHHUTE IO
OTHOLICHHWE Ha CKOPOCT Ha CXOJUMOCT, BpeMe 3a
peleHre ¥ CTOWHOCT Ha MUHHMYMa.

AJanTUBHATA ONTHMHU3AIMS HA HEU3BECTHA
cucTeMa [25] e (hopmMynupana KaTo
ONTUMM3ALMOHHA 3aJada M cjell TOBa € pelleHa
ype3 m3non3BaHne Ha PSO m (BFO - Bacterial
Foraging Optimization) texnukure. BFO u PSO
AITOPUTMHUTE C€ TpuWiIaraT KbM CHMYJIUPaHU
cragnaptan HenmuHeinn (MIMO - Multiple Input
Multiple Output) cuctemu. Ilomyyenure pesyaratu
ca CpaBHEHHM C TE€3H, IOJIyYE€HHU OT M3MOJI3BAHETO HA
MO/IX0Jja HEBPOHHA MpeXa OT BHUCOK peIl, KOSTO
W3I0JI3Ba TIO-BUCOKM KOMOWMHAIIMM Ha BXOJa CHU U

obpatao pasmuHokaBane (FLANN-BP - Functional
Link Artificial Neural Network-Back Propagation).
CpaBHEHHETO TIOKa3Ba, Y€ MPEIOKEHUTE HOBH
METOAM ca NO-Obp3M M TO-TOYHH, C MO-MaJKO
BpeMe 3a W3YHUCIICHUS, nmo-e(heKTHBHA
WICHTH(HKAIUS HAa HEIMHEeWHA CHUCTEMa, CIIPSIMO
Te3u mnoayuyeHu oT mnpuiaaraneto Ha FLANN-BP
MOIX0/1a.

IIpequmcTBata wHa PSO moaxoma mpu
HeJWHEeHHa ONTHMHU3AlMOHHA 3a/1a4ya ca MOKa3aH! C
ONpPOCTSIBAHE HA OLICHSIBAHETO HA MapameTpuTe Ha
acuHxpoHeH apuraten [26]. Ilpunmoxxumoctra Ha
MeToja € JIEMOHCTpHpaHa 3a JBa pa3lU4HU
JIBUTaTeNs U TOU ce cpaBHsBa ¢ GA U KIIACUYECKUA
METO/ 3a OIleHKa Ha mapamerpure. Pesynrtarute
MoKa3BaT dYe TMpemIokeHmsIT Metonm Ha PSO e
HAMCTUHA MOIXO/AL] 32 OLCHKA Ha MapaMeTpUTE Ha
HIMPOKa TamMa JIBUTaTeIH.

B [27] ce mpunaraT metogute Ha PSO 1 GA
3a OIleHKa Ha TapaMeTpUTEe Ha IOCTOSHHO-TOKOB
JIBUTaTeNl C HE3aBUCUMO Bb30yknaHne. Pesynrature
OT JBaTa METOJla CE€ CPaBHABAT IO OTHOIIEHHE Ha
TAXHATA TOYHOCT ¥ MPOU3BOAUTETHOCT.

Onpenensaero Ha HEU3BECTHUTE
napamMeTpH Ha CHCTEMHTE € CI0KHA 33/1a4a, opaiu
TAXHATa HEJIMHEHHOCT OIle TOoBeYe B JAMHAMUYHA
cpena. MertoasT 0a3upaH Ha ONTHMHU3ALMATA Ha
posika wactunu (PSO) B pasnuunHu BapuaHTH ce
mpujlara ¢ IeJd pellaBaHe Ha CIOKHU 3aJadd 3a
ontumuzanus. Cucremure ¢ (IIR - Infinite Impulse
Response) ¢untpu ce M3noi3BaT B MOJCIUPAHETO
Ha peaJHO ChIIECTBYBAIlM CHCTEMH, MOPAAH
MaJIKHS UM Opoll KOe(UIMEHTH U IMO-I00pOTO UM
MOBEJICHHE B CpaBHEHHE C (QuiTpUTe C KpaiiHa
MMITYJICHA XapaKTepUCTHKA.

B [28] ce mnpemmara PSO c xBaHTOBa
uadpysus (PSO-QI with Quantum Infusion) 3a
ompeneNsHe Ha HEU3BECTHUTE MapaMeTpu Ha
crangapty [IR cucreMu M peasHO ChILECTBYBAIL
npobiiem B EHEeprUiHNTE CHUCTEMH.
Xapaktepuctukara Ha PSO—QI ce mpecmsTa upes
PSO u nudepeHnmaiHy eBONIONMMOHHE AITOPUTMH
(DEPSO - Differential Evolution and PSO).
Pesynratute mokasear, ye PSO-QI uma mo-go0pa
XapaKTepUCTUKAa B CpPaBHEHHE C AITOPUTMHUTE,
W3MOJI3BAaHN 32 ONpeJeIsHe Ha HEU3BECTHHUTE
napamMeTpH Ha TUHAMUYHU CUCTEMHU.

XapaxrepuctukaTta Ha PSO-QI ce cpaBHsBa
¢ tasu "Ha DEPSO. HM3cnegsaneTro mokasBa, 4e
KBaHTOBUTE aJTOPUTMH, AITOPHUTMHUTE Ha POsKa M
EA wmorar nma ce mpuiaraT mpu ONpeAeNisHE Ha
HEU3BECTHUTE IapaMeTpu Ha CHUCTEMH, KaTo
XUOPUIHUTE AITOPUTMH uMaT no-uo6pa
XapaKTepUCTUKa, Thi KaTo chUyeTaBaT CBOMCTBaTa
HAa  aIrOpUTMHTE, YydYacTBalld B  XuOpuza.
Pesynrarer mokazBa ye PSO-QI mma mno-0bp3a
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CXOIUMOCT W  TMO-TOJsIMAa  YCTOMYMBOCT  OT
OCTaHAINTE AJTOPUTMU M € OOeIIaBam] 3a OHJIAWH
npwioxkeHus.  Hemoctarbk - cimokeH B
W3YHMCIMTENHO OTHOLICHWE W M3WCKBAIl MOBUIICH
Opoii OIIEHKHU Ha TOJTHOCTTA.

PSO e o©Oa3mpamn Ha CTOXaCTUYHOTO
u3cieBaHe M € I'bBKaB U €()EeKTUBEH HMHCTPYMEHT
3a pelaBaHe Ha CJIOXHHU WH)KEHEPHH IMPOOJIEMH.
Mopnennte Ha CHHXPOHEH IBUTATEN C TOCTOSHEH
marauT (PMSM) wMar TromsMo 3HaueHHWE 3a
Cb3laBaHe Ha TOYHH CHCTEMH 3a YIpaBJICHHE.
[locturanero Ha mOOpW TMapameTpu MO BpeMe Ha
pabota Ha nBWTaTeNs € TpPyAHA 3a/aaya, MOpPaaH
HEJIMHEWHOCTTAa HA JMHAMUKAaTa Ha JBurarens. B
[29] ce mpemymara ompeneisHE HAa HEU3BECTHUTE
rmapaMeTpu Ha Monen dupe3 usmon3Bane Ha PSO.
Co3nanex e TpaAUIIMOHEH dg-moznen,
MpeJCTaByIsIBall CUCTEMa C JBa BXOJa M TPH M3X0Ja
B dq «xoopamHatHa cuctema. Ilomyuenure
CUMYJIAIIMOHHY PEe3yNTaTH, KaKTO M pPe3yNTaTH OT
M3MUTAHUATA TIOTBBPXKAABaT e(PEeKTHBHOCTTa Ha
W3MOJI3BAHMS  QJITOPUTBM 10 OTHOIICHHWE Ha
TOYHOCTTA.

B [30] ce npennara HOB MoieN1, IOTYUYECH IO
MeToJla aHanu3 Ha riaaBHUTEe KommnoHeHTH (PCA -
Principal Components Analysis) 3a olieHKa Ha
MPOLIECH ChC CMECEHU CHUTHAIM, KOUTO CE CperiaT
YecTo B yHpaBieHUETO Ha cratuctuyeckure (SPC-
Statistical Process Control) u HHXEHEPHUTE
mpouecn  (EPC-Engineering Process Control).
Curnanute Ha TPOLECHUTE, pa3rieKAaHd B TOBa
W3CcTie/IBaHe BKJIIOYBAT HECHIVIACYBAHM JHMCIICPCHH
penoBe, aBTOPETPECHOHHM  HYHCIOBH  PEOBE,
CTBITIKOBA MPOMsIHA, | aycOBH IIyMOBE B IJaHHHUTE Ha
nponeca. Upe3 mpeanokeHus: MoJeNl CTPyKTypaTa
Ha pa3jeisiHe C el BB3CTAHOBSBaHE Ha
OpPUTHMHAITHUTE CUTHAIM Ce€ pa3riexaa Karo
HEJIMHEEH NpoOiieM 3a ONTUMM3ALUS, KBIETO CaMO
pazzjensimara MaTpuia ¢ HeusBecTHa. Ch3maBa ce
MOJIJI uYpe3 H3MOJI3BAaHE Ha HEKOpeJIaTHBEH
npunnunes xommoneHteH anamu3 (UCCA - Un
Correlative Component Analysis). Mogenstr e
MpenHa3Ha4YeH Ja HaMepH ONTHMAalHa pa3/essina
MaTpulla 4Ype3 MHUHMMHU3HMPAHE Ha ,,rpelIkata Ha
oleHsIBaHE” Ha PEKOHCTpyMpaHaTa CMECBalla
MaTpHIla, TOJJIOKEHa Ha OrpaHMYCHUETO. Bcuuku
PEKOHCTPYHpAIM W3TOYHUIM HSMAT KOpelaTHBHA
3aBUCHUMOCT TIOMEXIY CH T.e. T€ ca ,HeKopena-
tuBHU” (“uncorrelative”). M36pan ¢ PSO aa ciyxu
3a mscneasane Ha mpemnoxkenuss UCCA wmopen,
nopagyd CBOMTE TMpeIuMcTBa: €(PEeKTUBHOCT Ha
MPECMATAHETO U JIECHO NPUJIaraHe B MPAaKTUKATA.

B [31] ce mpeacraBs anropuTbM, KOMTO
W3MOJI3Ba METOJa Ha Hal-MajKuTe KBaJpaTH,
HapeuyeH HacTpoiika Ha Bekrtopa (VF-Vector
Fitting), passut or ['ycraBceH W pasmmpeH Jo
OIlGHKa Ha cUcTeMa OT JpoOeH peJ B 4YeCTOTHA

obmact. To3u anropuThM JCHCTBA B MIPOTUBOBEC HA
nobpe mo3Hatus anroputhbM Ha JIBu (Levy), koiito
W3MO0J3Ba CaMO UTEpalMs 3a TpecMsTaHe Ha
nmapaMeTpure Ha Mojena. M3mom3BaHeTo Ha
UTEPATUBHUS METOH e(heKTUBHO HacouBa
CBOJIOLMATA HA TMapaMeTpuUTe Ha Mojena KbM
onTUMaJIHUTE cTOMHOCTH. [To Bpeme Ha urepauusTa
TIOJTFOCUTE Ha MOJIEJIa Ce MPECMATAT U CE M3IOJI3BAT
3a Ha4aJHU MOJIIOCH 3a CIIEJBAIUs MOJEI, Taka ce
MoJlyyaBa CTA0MIIHOCT Ha OILGHEHUS MOJEI.
AnropursMbT VF ce acomumpa cien ToBa C
eBpucTUYHMUS MeTon Ha ontumuzanus PSO, Boxpemn
JI0O HOB aliTOPUTHM Ha UACHTU(PUKAIUS HA CUCTEMa
OT JpOoOCH MOpPSIbK. AJTOPUTBMBT PabOTH IO
HepapXWdeH HAYWH - Ha HAW-BHCOKOTO HHBO PSO
ompezens IpoOHHS MOPSIbK, HA HA-HICKOTO HUBO
anropuTbMbT VF OIleHsI OCTaHAJIUTE MapaMeTpH.
Onenenuss  MOJen €  TpeaaBaTelHa
(GyHKIMSI, HanKcaHa BB (DOpMa TOIOC-OCTATHK U
MMa CWJIHO HeJIuHeeH xapakrtep. [maBHOTO
MIPEANMCTBO € HajaraHe Ha CTaOMIHOCT Ha Mojena
3a pasnuka oT amropurbma Ha JIBu (Levy).
W3nonzeanero Ha PSO merona 3a ompenensine Ha
nmapaMeTpHUTe Ha CUCTeMa OT IPOOCH MOPSAIBK JdaBa
BB3MOKHOCT 3a  CBb3JdaBaHe Ha  XUOpHUICH
anropuThM. Pe3ynrarhT, moiydeH 3a ChU3MEpPHMH
CHCTEMH TIOKa3Ba, 4e aJTOPUTBMBT MOXKE Ja ce
pasmupu 3a 0000ImEeHH CHUCTEMH OT JpoOeH
MOPSITBK, KBJIETO € HEe0OX0AMMa OIICHKa HEe CaMO Ha
€JIVH MOPSIBbK, a Ha BEKTOP OT IPOOCH MOPS/IBK.
MHOTO OT aITOPUTMHUTE 32 KI'LCTEPHU3AITHS,
0asupanu Ha GA ca mpeayiaraHd C el HaMHUpaHe
Ha ONTUMAJIHOTO pa3leiisiHe Ha MOPEeanLa OT JaHHU.

Manko OT TAX  UW3MNON3BAT  alTEPHATHBHU
CTOXaCTHYHH  wm3ciensBanuss Bmecto GA wu
CUMYIHUpPAaHOTO 3akaisBaHe. J[Ba oOemaBamm

anropuThMa 3a 1UdpoBa ONTUMHU3AINSA, KOUTO HE
ca MHOTO paslpOCTPaHEHH W3BBH EBPUCTUYHUS
JITOPUTHM Ca ONTUMU3AIUATA HA POSKA YaCTHIIH
(PSO) u mudepenumannara esomorus (DE) ca
npencraBeHn B [32]. Pesymrature ot GA 3a
€BOJIIOLIMOHHNAA TIOAXOJ C ONOPHH TOYKH Ha
KII'bcTepu3anusaTa ca cpaBHeHu ¢ te3n PSO u DE.
EmMnupuunure pesyaratu nokassar, ye DE e no-
no0Bp TpU pelmaBaHe Ha TEXKH 3aJadd  3a
KI'bCTEPU3AIUS U YCTOWIUBOCT (PETPOyKTHBHOCT)
Ha pesynarature. GA u PSO paBar cobuiute
pe3yiaTaTH camMO TIpH pellaBaHe Ha 3a/ayH,
CBHABPIKAIIH TPOCTH PEANIIN OT JaHHU.

DE e eBpuctuueH Meroa, KOWTO JaBa
obemiaBaimy pe3ysiTaTH 3a pelllaBaHe Ha CIIOKHH
ONTUMM3ALMOHHM 3aJlauyd. XapaktepHo 3a DE ca
MpocTa CTPYKTypa, JIeCHA ymoTpeda, CXOAMMOCT,
KauyecTBO Ha  pEUIeHHMEeT0 W  yCTONYMBOCT.
Pesynratute oT cumMmynanusATa 3a OLEHKAa Ha
rapaMeTpuTe Ha CTPYKTYpHA CHCTeMa TIPU yCIOBHS,
BKIIFOYBAIIM  OTPAaHWUYEHU  U3XOJAIMA  JaHHH,
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CUTHAM C IOyM W 0€3 MpenBapuTesHO Ja ¢
M3BECTHA MacaTa, Koe(UIMeHTa Ha TMOTITbIIaHe
(memmndepupane) WM KOpaBWHATa, ITOKa3BaT
epeKTHBHOCTTAa Ha mpemiokeHus: meroa. DE
mpenjiara TIpeIdMcTBaTa Ha CHUETABAaHETO Ha
OTHOCHUTETHO TipocTa W edekTuBHa (opma Ha
camoananTupama ce myranus. DE He ce Hyxnae ot
HACTpOHMKa Ha MapaMeTpUTe B CPaBHEHHE CbC
3HauMTeTHATa HacTporika 3a PSO  wmerona,
opuruHamansT GA w Hikon Mmommdurmpann GA
[33]. Pasrmemanu ca fABe pasiauyYHU CTPYKTYpPHH
cucremu. EnHata e cTpyKTypHa CHCTEMa C OCeM
crenenu Ha cBoboma ( 8-DOF), a mpyrara e ¢ 20
creneHd Ha cBoboma. Pesymrature ot DE
MPeBB3XOXKIAT Te3u, monydeHn upe3 PSO mpum
pemaBaHe Ha TPYOHHW 33Jaud  C HEW3BECTHH
npobjieMu B MacaTa U IOKa3BaT YCTOHMYMBOCT Ha
pesyarature. DE e ofOemaBam MeTox 3a
ONTHMHU3ANMSA Ha TapaMeTpuTe Ha CTPYKTypHHUTE
CHUCTEeMH B CIlydyaWTe, KOTaTo HsIMa W3WCKBAaHE 3a
npenBapuTeHa nH(OpMaIus 3a CTPYKTypara.

B [34] ce mpemmara anropuThM Ha
»XUOpWIHA ONTHUMHU3AIMS Ha POsSKAa YacTHIU C
noaBwkHu Trpanuiy” (hmPSO - hybrid moving
boundary PSO), xoiito komOuHHpa e(heKTUBHOCTTA
Ha (BPSO - Basic Particle Swarm Optimization) u
(NM - Nelder-Mead) w™eTon CbOTBETHO 3a
ro0alHU U JIOKAJHK u3cieaBanus. NM MeTonbT e
QITOPUTHM 32 JIOKAJTHO H3CIe[BaHe W € W30paH
3al[0TO € JUPEKTEH aJrOpuThbM - ONTHMH3UpA
ueneBata (QyHKuusATa 0e3 Ja ce HyXKIae OT
uHpOpMaIUs 3a rpajueHTa Ha (QYHKIMATA U HE
m3noa3Ba nmponsBonHa. BPSO crhmio He ce Hykmae
oT uH(popMaIus 3a TPaJUCHTa Ha ONTHMHU3HpaHaTa
¢ynkums. BPSO BkmouBa aBa pasiMuHU poOsKa
YaCTUIM, CJHUTE NPEIUTAIM Tpe3 ,,yiodanHara”
obmact (T.e. W3CIEABANKM IAJIOTO H3Y4aBaHO
MPOCTPAHCTBO) W JpPyTrUTe Hajx ,JOKamHara”
nmonobaact (T.e. HW3CICIBalKKM HaH-oOemIaBaIys
pernoH Ha TbpceHe). OOEKTHT € Mojen Ha
MPOHMKBAaHE Ha BOjaTa B HeHacuTeHM (unsaturated)
MOYBHM, KOWTO TpEICTaBsiBa HENUHEHHa IeneBa
(YHKIMST BBPXY OTpAaHMYEHO MPOCTPAHCTBO Ha
ThpceHe. KomOunammsara or BmPSO u merona 3a
JokajgHo u3ciensaHe NM, mokasBa yBelTHUEHHE Ha
CKOpOCTTa Ha TMpecMsTaHe, JOKAaTO POSKBT Ce
npejrnasBa OT MPEJBAPUTENIHO JOCTHTaHE Ha
CcX0aUMOCT. MeToja 3a JokaimHO u3cienasaHe NM
MMa KJII0Y0Ba POJIs 33 CTECHSIBAHE HA TPAHUIUTE HA
nojobyiactra Ha  m3chnenBaHe Ha  BPSO.
Kom6Ounammsara or BPSO ¢ NM 3HauurelHo

mooopsiBa e(eKTUBHOCTTA u n30sTBa
MPEeKICBPEMEHHATa CXOAMMOCT KbM  JIOKAJICH
MUHUMYM.

B [35] PSO ce usnons3sa 3a pemiaBaHe Ha
JIB€ ONTHMH3AIMOHHM 3aJa4d - OICHSABAT C€

napamMeTpuTe Ha CTaTHYHAa HelMHelWHa (QYHKIUS |
JMMHEHHa JUHaMU4YHa moxacuctema. [lpennoxxenust
METO/I ONpOCTSIBAa 3HAYUTEIHO MpoLeaypaTa Io
oTIpesiesisiHE Ha HEM3BECTHUTE MapaMeTpPH.

OcBeH TOBa He € HykHa MH(pOpMauus 3a
CTpYKTypaTa Ha CTaTHYHATA HEJIWHEWHA (YHKIIHSL.
ExcriepuMeHTaIHUTE pe3ynTaTé ca 3aJ0BOJUTEIHU
JTaXKe U B Cpefia C HAJIMYKE Ha IIyM.

To4yHHAT MaTeMaTHUECKH MOJIEN € TOJIe3EH
WHCTPYMEHT OT TJIEJHA TOYKA HAa CUMYJAIHATA U
aHaliM3a Ha KOHCTPYKIIMSATA HA CUCTEMHU C TOPUBHH
kietku. B [36] e onucana TexHUKa 3a ompeneisiHe
Ha HEW3BECTHUTE MMapaMeTpy Ha TOPUBHA KIIETKA C
MeMOpaHa 3a oOmeH Ha mporoHu (PEM - Proton
Exchange Membrane), upe3 n3nonspanero Ha PSO
B YCJIOBUSITA HA XapaKTCPHCTHUKATa HaIPEIKEHUEC-
TOK. Pe3ynrarure OT cuMynamusTa ¢ TIOMOINTA Ha
PSO ca 3agoBonMTENHN Ja)Ke U B CITydauTe, KOTaTo
MMa HaJIM4YKe Ha ITyM.

B [37] e mnpemnoxken HOB MeETOH 3a
ompesieNiiHE Ha HEW3BECTHHWTE MapaMeTph Ha
cucrema, OasupaH Ha XHOPUIHOTO TEHETUYHO
nporpamupane ¢ nogooper PSO anroputem. Lenra
€ YCTaHOBSIBaHE Ha BHCKO30-€JaCTHYEH MOJEN Ha
CTPYKTypaTa Ha CKaJIUCT MaTepuaj U CBbP3aHUTE C
Mozena mapameTpu. lIpemiokeHusT anropuTbM
CSV-PSO uma anexkBaTHa M OBbp3a CXOJUMOCT H
BHCOKa TOYHOCT Ha TMpEecMsTaHe, IO-BHCOKAa B
cpaBHeHHe ¢ Ta3u Ha GA ¢ IBOMYEH KOJI.

[IpobnemuTe Ha XAOTHYHH CHCTEMH CbC
CiIy4aeH IIyM ce usciensar B [38] ¢ mpuiarane Ha
HOB MeTo, 0a3upaH Ha ONTHMHU3ALMATA HA POsKa
gactui (PSO), ¢ nen pemenue Ha mpoOiema dpes3
HEOTpHIlaTeTHA MHOTOMO/IaJTHa HeJIMHeTHa
ONTUMHU3ALIMSA, KOSITO  HaMupa  Hai-moOparta
KOMOWHAIIMS OT TMapaMeTpu W 3aKbCHEHUS II0
BpeMe, Taka 4e Ce MUHUMH3UpA IesieBa (yHKIIHSL.
Pasrnexxpar ce aBa THNa HEJTMHEHHH XaOTHYHH
CHUCTeMH: XAOTHYHH CUCTEeMH 0e3 3aKbCHEHHE W
XaOTHYHH CUCTEMH ChC 3aKbCcHeHHe. OmnmcBaTr ce
ype3 cucreMa  JOU(epeHIMaTHN  YpaBHECHUSI.
Pesynratute OT cuMynanuaTa 3a XaOTUYHA CUCTEMa
0e3 3akbcHenme (Lorenz, Chen) m cuctemu cbe
3aKbCHEHHE CbC  CIy4aeH IIyM  IIOKa3Bar
edpexTuBHOCTTa HA PSO.

[lo3naBanero Ha rapaMeTpuTe "
3aKbCHEHUETO € MHOTO Ba)KHO 3a YIIPABICHUETO H
CUHXPOHHM3ALIMATA Ha XAOTHYHH CHCTEMH ChC
3akbcHeHUE. B [39] ouenkata Ha mapaMeTpuTe Ha
Xa0THUYHA CHCTEMa ChC 3aKHCHEHHE € JIaJieHa 4pe3
TpeTupaHe Ha 3aKbCHEHHATA KaTO JOMbIHHUTEICH
napamersp. OneHkaTa Ha  [apamMeTpure e
mpeoOpazyBaHa B ONTHMH3AIHOHEH TpoOIeM,
KOWTO Hamupa Hai-700paTa KOMOMHAIUSI KaTo
nesieBa QyHIMsS, KOATO TPAOBa Jla ce MUHUMHU3UPA.
PSO ce uznons3sa 3a ontuMu3MpaHe Ha LieJeBaTa
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(GyHKUMS ~ Ype3  EBOJIIOUMS HA  YaCTHIHUTE.
Cucremure cbhC 3aKbCHEHHWE Ca TIIO-CIIOKHU U
TUHAMHYHO HEAJeKBAaTHH OT Te3W 0e3 3aKbCHEHHE.
[IpobnembT 3a onpeneissHE Ha HEU3BECTHUTE
rapaMeTpy Ha XaOTHYHA CHCTEMa ChC 3aKbCHEHHE €
mpeoOpasyBaH B 3ajada 3a ONTHMH3AlWsA Ha
napameTpurTe, 4pe3 KOHCTpyHpaHe Ha MOAXOJsINa
¢ysakus Ha romHoctta [40]. Ilpemmara ce HOB
ONITUMHU3AIMOHEH METOJ] HapedeH XaOTHUYEH PpOSK
or mpaBku (CAS - Chaotic Ant Swarm), KOHTO
CHUMYJIMpa XaOTUYHOTO MOBEJICHHUE Ha €JHA MpaBKa
W CaMOOPraHU3WpPAIIOTO C€ TIOBEJACHHE Ha
KOJOHUSATa OT MpaBku. llenta e pemaBaneTro Ha
ONTUMH3ALMNOHHUS NPoOJIeM 3a XaOTHYHA CHUCTEMa
CBC 3aKbCHEHUE. UYucnenata CUMYJIAIHSI
MOTBBPXKJaBa €(PEeKTHBHOCTTa Ha TMPEIIOKCHUS
METO/I.

XuOpUIIHUTE CHCTEMH C€ CBCTOST OT
B3aMMOJIeHCTaBaIlM CH AUCKPETHH M HETPEKbCHATH
gactu [41]. BHuManmeTo B TOBa W3CJCIBAaHE €
HAaCOYEHO KbM OIICHSBAaHE Ha MapaMeTpUTe Ha
xuOpHUIHA crCTeMa Ype3 M3IMOJI3BaHe Ha aJalTHBEH
XUOpHUIEH aropuThM Ha posika gyactur (AHPSO-
Adaptive Hybrid Particle Swarm Optimization)
PazpaGorena e MeTojoiorus 3a €IHOBPEMEHHO
ompezieNiiHE HAa HEW3BECTHHUTE TMapaMeTpu Ha
nedeKTH U ChOWTHSI, TPEBKIIOYBAIIM pEXHUMa Ha
pabora Ha cucremure. MetoabT e Oa3upaH Ha
rIo0ATHUSI aHAIN3 HA AHATUTHYHOTO H3JIHIIECTBO
(GARRs - Global Analytical Redundancy
Relations) or mozmena Ha rpada Ha xuOpugHarta
cucreMa. M3prnedeHa e yHubunupana Qgopmyna c
BpEMEBH pejl 3a CMsSHAa Ha peXrMa W HadaIHU
koepuuuentu Ha pexxuma (IMC - Initial Mode
Coefficients) 3a mpeacTaBsiHe Ha NPEBKIIOYBAHETO
Ha pexxuMma. [lopann HempekbcHATHsI XapakTep Ha
MPEBKIIOYBAHETO HA PEKUMa C€  TPEJCTaBs
AHPSO, npezcrapnsBaii KOMOWHAIUS OT PEATHO
koaupan (RPSO - RealPSO) ¢ peannu croiftHOCTH 1
PSO B nBonuen koxa (BPSO - Binary PSO). Lenra e
€HOBPEMCHHA ONTHMH3AIMs Ha Pa3IMYHU YacCTH
OT pemeHuero. MeToabT U3MO0Jd3Ba PAa3MUTH
CHUCTEMH, 32 J]a HACTPOHW AMHAMUYHO MapaMeTpuTe
Ha anroputbMa. GARRS ce usnomns3Bar kaTo HHACKC
Ha rogaocta Ha AHPSO.

Henocrareuute nHa PSO wmeroamte ce
CBBP3BAT C HHCKAaTa CKOPOCT IPH IOJy4yaBaHE Ha
rinofanHusi MUHUMYM. W3cienBanusara Hamociae bk
MoKa3Bar, 4e METOJHTe, 0a3MpaHu Ha TOMyJIaluu
MOCTUraT BHCOKa CKOPOCT 32 CMETKa Ha BHCOKH
n3nuckBanusg kpM (Qynkouute [42]. Ilpennara ce
MoauduKanus Ha TMpaBHjiaTa 3a OOHOBSIBAaHE Ha
ITOPUTHMa 32 ONTHMHU3AIUS Ha POsIKa YaCTHUIIH C
LeJl Ja ce HampaBu CXOAMMOCTTa Mo-Obp3a. B
pe3yaTaT ce moiydaBaT JBe HOBM Bepcud Ha PSO.
[IbpBaTa Bepcusi MoauUIMpa MPAaBUIOTO 32
obHoBsiBaHe Ha ckopocrra (PSO-CIV - with

Constant Interia and maximum Velocity limiting).
Bropara Bepcus wmomuduimpa MOpaBHIOTO 32
oOHoBsiBaHe Ha mosurmsTra Ha (PSO-DIV - with
Dynamic Interia and maximum Velocity limiting ).
Monudukanuure, peiaraHi TyK ca 0a3upaHu Ha
CTOMHOCTHTE Ha mapamerpure. Pesynrarute
MOKa3BaT, 4e MOJOOPEHNTE METOIN UMaT Mo-A00pa
CXOJIMMOCT H TI0-J100pa e()eKTUBHOCT.

3. U3Boam

Ha 06a3a Ha HampaBeHusi aHaJM3 Ce BIDKAA,
qe:

1. PaspaboTkara Ha HOBHM BEpCHH Ha
CTOXaCTHYHU €BOJIOLMOHHU aJITOPUTMHU € aKTyaTHO
U aKTUBHO HallpaBJICHHE B CbBPEMEHHHUTE HAayYHU
W3CIIEeBaHUS 110 CBETA.

2. Ilpu peanuzanusaTa Ha TO3M THUI
QITOPUTMHU  CBLIECTBYBAT peAMLlAa  IIPoOJeMH,
OCHOBHHTE OT KOWTO Ca: TOYHOCT, Obp30/IeHCTBHE,
MIPEOA0JISIBAaHE HA JIOKATTHU ONITUMYMH U JIp.

3. Hamuumero Ha HepemeHu mnpoOiIeMu
Hajara pa3paboTBaHe Ha HOBH BEpCHHM Ha
CTOXaCTHYHHU AJITOPUTMH, KOUTO IPH OIpPENEIECHH
YCIIOBHSL 1aBaT MO-I00pH pe3yaTaTH.
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CUCTEMA 3A ABTOMATHUYHO YIIPABJIEHHUE
HA OCBETJIEHHUETO

BJIIAANMUWP NUBAHOB, AJI/JIEH13 PAIINOB

Pestome: Hacmoswusam 0oknad npedcmags NpOeKm U peanu3ayus Ha Cucmemda 3d
A8MOMAMUYHO YNPABNeHUe HA 0C8EMICHUENO 6 CKIA008U U NPOU3BOOCTIBEHU NOMEWEeHUS,
nocpedcmeom IP uoeo HaOr0O0eHue.

KurouoBu aymu: [P kamepa, konmponep, MSSQL Server.

AUTOMATIC LIGHTING CONTROL SYSTEM

VLADIMIR IVANOV, ALDENIZ RASHIDOV

Abstract: This report presents the design and implementation of a system for automatic

control of lighting in storage and production areas through IP video surveillance.

Key words: /P camera, controller, MSSQL Server.

1. BnBenenune

C 1en elMMUHAPAHE Ha YOBEHIKHS (GaKTop B
VIOpaBJICHUETO  HAa  OCBETUTEIHUTE  ypealu
WHTEH3MBHO CE BHEIPSBAT CUCTEMH 38 aBTOMATUYHO
yhnpaBjieHHEe, KaKTO M CHCTEMH 3a aBTOMATUYHO
perynupane [l]. OcBersieHHETO € MpUYUHA 3a
3HAQUUTETHO TOJIeMHs TPOLEHT Ha pa3xoh Ha
€JIEKTPOEHEPTHs], B KOETO U Ja € 10JIe Ha IeHHOCT: -
10% no 15% B npoMUIIUIEHUS U KWINIIHHUS CEKTOP;
- 35% no 50% B cdepata Ha ycayrure u B
TBPrOBCKUTE Crpagn. B TOA00HM moMenieHus
W3TPaXJIaHETO Ha  OCBETUTENHAa  ypeabda ¢
BB3MOXHOCT 3a pEryJupaHe Ha CBETIMHHUS MOTOK
ou Morimo ga nosene g0 60% mHamansBaHe Ha
KOHCyMaIusiTa Ha eJleKkTpuuecka eHeprus [2, 3].
CrnenoBatenHo, TpsiOBa BHUMATEIHO J1a ce pasriesaa
BBIPOCA 32 TEXHOJOTMUTE, KOUTO CE M3IOJ3BAT, 3a
Ja ce TOCTUTHE ONTHMaleH OalaHc MEKIy
ynorpebata u oO0mus pasxon [4]. Bwmpeku
JOKa3aHUTEe MpeIUMCTBA Ha  CHCTEMHTE 34
yIOpaBiIeHUE Ha OCBETJICHHETO, IIHUPOKOTO UM
pasnpocTpaHEeHHe € BCe OIle OTPaHWYEeHO MOopaau
HEOOXOJMMOCTTa OT JOIIBJIHUTEIHA UHBECTHLIUS 3a
JATYHIM, OKaOeIIsIBaHE M CJI0’KHA SKCIIIoaTanus [5].
MUHUMH3UPAHETO Ha MHBECTHIIMOHHUTE PA3X0/I1 3a
n3rpaxkaaHe Ha 1Moj00Ha cUCTeMa B IPOMUIIUIEHH
TBPrOBCKM CTpagyl MOXE Ja C€ MOCTUTHE upe3

WHTETpUpaHEe Ha CHCTEMara 3a YIpaBJICHHE Ha
OCBETJICHHETO B ChHIECTBYBAIlA CHCTEMa 32 BUICO
HaOmonenne. M3mon3BaHeTo Ha KaMmepuTre 3a
yhopaBlieHHE  HA  OCBETJICHHETO  EIMMUHHpA
pazxonute 3a oOkabensBaHe W 3aKylyBaHe Ha
JAaTYHILIH 32 JBHKECHHE.

Len w©a mnHactosmmMs J[OOKNan € Ja ce
NpeICTaBU CUCTEMA 33 ABTOMATHYHO YIpaBJIeHUE Ha
ocBemiieHrero upe3 [P kamepu — Internet Protocol
Camera Lighting Control (IPCLC) na 6a3ara Ha
CHCMAIM3UpaH  KOHTPOJEp 3a YIpaBleHUE Ha
ocsemieanero (IPCLC xontpomep). 3a ma ce
MOCTUTHE 3a/ajJeHaTa el ca TPOCKTUPAaHU H
pa3paborenu kommnonentute [IPCLC Server, IPCLC
Client u IPCLC xonTpOIIEp.

2. bazoBa apxuTeKTypa Ha cucTeMaTa
IPCLC
ApxuTeKTypara Ha cucreMara e
npezcTaBeHa Ha GUr. 1 U ce ChCTOU OT CIIEJHUTE
KOMIIOHEHTH:
e Copeup 32 [P Buaco HabmoaeHAE;
e KnueHnr 3a Buaeo HaOJI0ACHHUE;
e [P xamepu;
e Konrpomep IPCLC 3a ympaBineHue Ha
OCBETJICHHETO.
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CepBepbT ¢ Oasupan Ha 1mIaTdhopma
Windows 7 Professional. ChpBbpPHOTO HPHIOKHO
MPOrpaMHO OCUTYpSIBAHE Ha CHCTEMaTa BKIJIFOUBa
codryep 3a Bugeo ynpasiaenue Milestone XProtect®
Express nHa Milestone Systems [6], cbpBBp 3a
ynpasnerne Ha ocerineHuero “IPCLC Server” m
cbpBBD 3a 0a3a ot nanuu (/1) MSSQL Server 2012.

Milestone XProtect® e ¢ oTBopeHa
ApXUTEKTypa U € ChbBMECTUM C IIMPOK Kpbr OT IP
KaMepH, €HKOJepu U IU(POBU BUACO PEKOPIACPH.
Ta3su oTBOpeHa apXUTEKTypa © CHBMECTUMOCT
MO3BOJISIBAT MHTETPUPAHE ChC CHUCTEMH OT TPETH
MPOU3BOJUTENN W pa3lIMpsiBaHE Ha CUCTEMaTra ¢
Obaemy nHOBaruu. [lpy 3akymyBaHeTO Ha JTUICH3a
Ha Milestone XProtect® ce mpemocraBst Oe3miaTeH
nmtiens 3a MSSQL Server.

MSSQL Server [7] cbxpaHsiBa JaHHU
OTHOCHO KOH(UTypalmsara Ha cHUCTeMara, OTJCITHH

mapamMeTpu, HOTpe6I/ITeHCKI/I JaHHU, CHUCTCMHHU
AHCEBHUIIU, aJlTapMU U J1P.
T .‘a
-
AR, .
.-—-‘- P " e <

—® ®___®

= - - - 8

@

Due. 1. Apxumexkmypa Ha cucmemama

KiuentsT € Oasupan Ha miardopma
Windows 7 Professional. IIpuioxxHOTO TIpOorpamMHo
OCHUTYpsIBaHE TIpU HEro BKJIIOYBA KJIMEHTCKUTE
npuioxenust XProtect Smart Client u [IPCLC Client.

IP wmm Internet Protocol Bmmeokamepa
npeAcTaBiIsiBa LUPPOBa OXpaHUTETHA KaMepa, KOSITO
Ce TI0J13Ba BCE M0-YE€CTO B ChBPEMEHHUTE CUCTEMH 32
BuacoHabmoaenne. Haii-cpliecTBeHaTa pasiuka B
cpaBHeHue ¢ anasorosute CCTV BuaeokaMmepu e, ue
npu I[P kamepure € BB3MOXKHO H3IPALAHETO U
[I0JTy4aBaHETO Ha JaHHH Ype3 KOMITIOThPHA Mpeka U
Untepuer.  MpexoBure  KaMepd  AMPEKTHO
uudpoBU3NpaT CUTHANIA, KOWTO ce NpeaaBa Ipes3
paznuunu cpeau (LAN, WAN u ap.) 1o neHtpaito

3aIMCBaIlo ycrporcTBo. 1o To3u HauMH ce u30srea
MHOTOKPAaTHOTO KOHBEPTUpaHE Ha CHTHala OT
aHaJioroB B U(poB 1 00paTHO.

Konrponeppr  3a  ympaBieHue Ha
ocsemieanero  IPCLC €  CIelHaIu3upaHo
YCTPOHCTBO, KOETO € IPOEKTUPAHO U pa3padoTeHO 3a
MOCTUraHE Ha LIEJIUTE HA CUCTEMATa 3a aBTOMaTUYHO
yhnpaBlieHHe  Ha  ocBemieHwero.  HeroBoto
MpeJiHa3HaAvYeHHUE € Jia YIPaBIisiBa OCBETICHUETO Ha
0azata Ha cpOpaHara MHpOpPMALUS OT CEH30PH 3a
OCBETEHOCT M MpexoBH Kamepu. Ha d¢ur. 2 e
rmokazaHa GyiokoBata cxema Ha koHTpoiepa IPCLC,
KosATo BKIouBa kommoneHture MCU, LAN
TCP/TP, RS 485, DI (mudpos Bxox), DO (uudpos
uzxon), Analog Input (0-5V) u Analog Input (4-
20mA).

RS485
¢ Al
0-5v
TCP/IP <:> MCU
pa— Al
4-20mA
DI DO

@Due. 2. brokosa cxema Ha CNeYUAIUIUPAHUSL
KOHmpo.ep

MCU e mMukpokoHTposep ot cepusita ATmega328P
Ha Atmel [8]. Moxymute LAN u RS485 o0OesneuaBar
KOMYHHUKAIUATa Ha KOHTPOJIEpa.

OCHOBHHUTE TEXHHYECKH XapaKTePUCTHKH Ha
CHeLUaIM3UPaHusi KOHTPOJIEP ca CICIHUTE:

e 6 ungpoBu Bxoaa (ONTHYHO U30JIHPAHN);
3 nudpoBu u3xoja (penciam);
2 ananorosu Bxoza (10bit);
TCP/IP unrepdeiic;
RS485 unTepdeiic;
Ppuen/aBromMaTiyueH pexum;
Tatimep 0 — 60 min.;
Kondurypupane npez LAN.
Kontponeppr pasmomara ¢ Tpu 30HH
(umdpoBu M3X0/1a) 3a yrpaBlieHHE Ha OCBETICHHE.
[IbpBUTE ABE 30HM CE W3MOJI3BAT 32 aBTOMATUYHO
yhpaBlieHHE TOCPEACTBOM CEH30pM M KaMepH, a
Tperara 3a YOpaBJIeHHE Ha JEKypHO WU
€BaKyaI[lOHHO OCBETJICHWE Upe3 BPeMEBU rpaduIu
WJIM CUTHAJ OT MOYKapOU3BECTHTEIHA LIEHTpaIa.
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3. HpI/IHHHH Ha JelicTBHEe HA cUcTeMAaTa

HenmocpencTBeno mpeau crapTupaHe Ha
pabota cbc cmcTemMara € HEoOXOAWMO Jda ce
U3BBpIIAT MbPBOHAYAIHM HACTpOWKH. TbHU Kato
KOH(QUTYpUpaHETO Ha BHJCOHAOIIOJICHUETO €
MpeIMET Ha JPYT MPOCKT, TO IpUeMamMe, Y€ BCHUKU
HAaCTPOWKM TI0  ycTpolictBara (kKamepu) H
MIPIJIOKHOTO MTPOrpaMHo ocurypsiane (XProtect) ca
m3BbpiieHu. [locnenoBarenHocTra Ha paboTa Ha
crcTeMara € moka3aHa Ha Qur. 3 u ce ChCTOH OT
CIICTHUTE eTarlu:

1. Cnemene  (3acuvaHe) Ha  JIBIDKCHHE
MOCPEICTBOM ~ MPEKOBHTE KaMepu W
u3Ipanane Ha nHpopmanus kbM XProtect.

2. CexpansBaHe Ha wuHpopmarusTa (Jara,
Jac, UJCHTU(DUKAIIMOHEH HOMEP Ha Kamepa)
OT JajieHa MpexxoBa kamepa B b/1.

3. Crnenene 3a HoBo cvoutHe (B bl) ot [PCLC
Server. B 3aBucumoct OT THOa Ha
crouTHEeTO M HOMepa Ha kamepara IPCLC
Server  m3mpamia  wHbOpMammsl  3a
ChOUTUETO KbM CHOTBETEH CICIHATU3UPAH
KOHTPOJIEp 3a yIpaBJIeHNUE.

4. VYmpaBneHWe Ha  OCBETJICHHETO  Upe3
CHCIMATTN3UPAHUS KOHTpOJIEP, B
3aBUCHMOCT OT IPEIBAPUTEITHO 3ajaJIeHU
napaMeTpu (PeKUM, HUBO Ha OCBETCHOCT M
1ip.) u u3npareHara uadopmarus ot [IPCLC
Server.

Due. 3. Ilpunyun Ha Oelicmsue Ha cucmemama

CrienuaJiu3upaHusT KOHTpOJEep paboTH B

JIBa OCHOBHH PEKUMA!
e ABTOMATHYEH;
e Ppuen.

[Ipy aBTOMaTHYEeH PEKUM TPUTE 30HH HA
KoHTpoJepa ce ynpasisBaT oT IPCLC Server, kaTo ¢
Hal-BUCOK MPUOPUTET € HUBOTO HA OCBETEHOCT B
MOMEIIEHNETO, KOETO Ce M3MepBa OT ()OTO COHJA,
CBBp3aHa KBM aHAJIOTOBHS BXOJ, a HH(pOBHUTE
BXOJIOBE JICHCTBAT KaTo OYTOHM 3a CTHJIOHUIICH
aBtomar. [lpm wm3mon3BaHe Ha JjaaeH OyToH
ChOTBETHA 30Ha Ha KOHTpOJIepa C€ aKTUBHpa 3a
OTIpeZIeTIeH TIepuoJ OT BpeMe, 3afajieH OT Taiimepa
Ha KOHTpoJIepa U Taka MO03BOJIsIBa YCTPOMCTBOTO /1a
Ce M3M0J3Ba CaMOCTOATETHO ((ur. 4).

[Ipu ppUeH pexuM 30HUTE CE YIIPABIISIBAT OT
IPCLC Client, a OyToHHTE JelCTBAT KaTO KIOYOBE
— TpU U3MONI3BaHe, 3aJilelicTBaT 30HAaTa, a IMpH
MTOBTOPHO M3MOJI3BaHE 5 H3KITIOYBAT.

IPCLC Server

Ethernet

IPCLC Client

@Due. 4. Camocmoamenua paboma Ha cucmemama

OcBeH 3a HacTpolika Ha mapaMmeTpuTe 3a
ynpasnenune Ha ocBeriieHnero, IPCLC Client (¢wur.
5) MOXKe CBIIO Ja ce M3IM0JI3Ba U 3a HAOJIIOICHNE U
KOHTPOJI Ha IIEPCOHAIA B IIOMEIICHUSATA.

Duz. 5. Obw uzeneo na IPCLC Client
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ToBa ce W3BBpIIBA TIOCPEACTBOM MOJyJa 3a
mouuTopuHT U yrpasneane Ha IPCLC Client. Crien
BU3yaJIM3UpaHe Ha BHUICO KapTHHA OT Kamepara B
peanHo BpeMe, MOTPEOUTENSIT UMa Bb3MOXKHOCT Ja
nojydn HHGOpPMAIUS 3a CKIQJIOBH HATHMYHOCTH,
pabOTHU TPOLIECH WIIM HAlpaBH MOMEHTHA CHHUMKaA
Ha noMmereHneTo (¢pur. 6), KosSTo MOXe na Obje
M3IIpaTeHa Mo eJICKTPOHHA IOINa WIIM 3alucaHa B
apXUB.

[ foron 22 =
(88 8vseorCuaaFerom Mposyesm.

@Due. 6. Buoeo nposopey

3a OCBIIECTBSIBAHE Ha BpPB3KAa C BUAEO
MOTOKa € He0OXOAMMO /1a Ce BbBEAT BXOJHH JaHHH
3a IP agpec, moTpeburencko nme u mapona. OcBeH
TOBa MpEKoBaTa Kamepa TpsiOBa Aa € CbBMECTHMA C
npotokona Real Time Streaming Protocol (RTSP).
RTSP ce uznon3pa 3a ycTaHOBsBaHE M KOHTPOJ Ha
MenuiiHa cecusl. IlpenaBaHeTo Ha JaHHUTE HE €
3amaga Ha RTSP. RTSP pefictBa Kato ,,MpekoBO
JUCTAaHIIMOHHO yIpaBleHHe” 3a MYyJITHMEAUHHH
cepBbpu (IP kamepm) m wm3momsBa Transmission
Control Protocol (TCP) 3a ycraHoBsiBaHeTo u
MOIbPKAHETO HA Bpb3KaTa OT TOUKa J0 Touka [9].

4. KondurypupaHe Ha cucremMaTa

Kondurypupanero Ha crenuann3upaHuTe
KOHTpOJIEPH C€ HU3BBpIIBA uYpe3 codTyepHUTE
nHctpymentu [PCLC Client u [PCLC Server. Ot
OCHOBHHS Tmpo3opernr Ha mnpunoxkenuero [PCLC
Client, motpeburenat uma oOII U3TIIe]] HAJl BCHUKH
CKJIaZIOBU M ITPOM3BOJCTBEHH ITOMEIICHHUS.

3a ;1a ce 3a/1a/1aT MapaMeTpH 3a yIpaBJIeHHEe
Ha  OCBETICHHETO B  JQJCHO  IIOMEIICHHE
noTpeduTenar u30upa BU3YalTHO CHOTBETHOTO
MOMEIIEHHE, MPH KOETO Ce aKTHBHpa JAHAIOTOB
MIPO30pell 3a HACTPOIKa Ha 30HaTa (IIU(POB MU3XOM)
Ha KOHTpOJIEpa, KOSATO OTroBapsl 3a BKIIOYBAaHE M
W3KITIOYBAaHE Ha OCBETJIEHMETO Ha TOBA MOMEIICHHE
(¢wur. 7). IlocpencTBOM TO3HM TPO30OPEI CE 3aaaBaT
CIICTHUTE OCHOBHH HapaMeTPH:

e Taiimep cBeTeHe (min) — onpeens BpeMeTo
32 KOETO Ie pabOTH OCBETIECHUETO, CICI
nojiyuyaBaHe Ha HMH(OpMaIUs 3a 3aCEYCHO
JIBIDKEHHE WIIN 3aJIeliCTBaH OYyTOH;

e Taiimep 3akbcHeHWE (S) — 3amaBa
3aKbCHEHUETO 3a BKIJTFOUBaHE Ha
ocsemienunero. Ilpu croitHoct 0 HsAMa
3akbCcHEHUE. T0o31 mapamMeThbp ce U3IoJI3Ba ¢
men ga ce  w30erHaT — HEXeNaH!
,»(QalmuBU®  BKJIIOYBAaHUS, KOUTO  ca
MOPOJICHH OT ,,IITyM" B KAMEPUTE;

e [pammma ocserenoct (Lux) — 3amaBa
mparoBata  OCBETEHOCT, TPH  KOSTO
OCBETJICHHETO CE€ BKJIIOYBA aBTOMAaTHYHO. B
Clly4aid, 4Ye MHTCH3UTEThT HA €CTECTBCHATA
CBETVINHA B TIOMEMICHHUETO € TO-TOJSIM OT
3a/lafieHaTa TpaHulla, OCBETICHHUETO HE ce
BKutouBa. Ilpu 3aganena rpanuna or 1000
Lux, ocBeTeHOCTTa B MOMEIIEHUETO IIE CE
MpeHeOperHe © OCBETJIICHHETO Ime ce
BKJIFOYBA IIPM 3aCUYaHE Ha JIBIIKCHHE,
HE3aBUCUMO oT OCBETEHOCTTA B
MTOMETICHHUETO;

e ABTOMaTWM4eH pEeXHM — TpH HU300p Ha
aBTOMAaTHYE€H pPEXUM OCBETICHHETO Ce
YIpaBJsiBa B 3aBUCUMOCT OT OCBETEHOCTTA H
JIBIKEHHETO B IMTOMEIIEHUETO;

e PpueH pexUM — TP PBUYCH PEKUM
MIPEIXOAHUTE HACTPOUKH Ce TIpeHeOpersar n
OCBETJICHHETO C€ yIpaBjisBa OT OYyTOHHU
Pas3IoIoKEeHU B TIOMEIICHUETO;

e (CnCTOSHUE BKIIOYEHO/M3KIIOYEHO — TO3HU
nmapaMeTbp € aKTHUBEH caMO TIpU pPbhueH
peXHM ¥ TIO3BOJISIBA Ha IMOTpEOMTENS Ja
YIpaBsiBa OCBETICHHETO JAHCTAHIIMOHHO
WJIHA TTIOCPEICTBOM OyTOHH.

Taimep QcBeTEHOCT

CeeTeHe Mpanvua

0 0

5 0

MoMEHTHD

SaKbrHEHKE

0

0

Pextim ChCToAHKME
@) ABTOMaTHYEH BrnioueHo

) PryeH (@) MsknioueHo

o [ coneal |

Due. 7. Ilposopey 3a koupueypupane

Bpwb3kara mexny xontponepute u [PCLC
Client ce ocwiiectBsiBa nocpenctsom IPCLC Server.
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[IpunoskeHUETO 1aBa BH3MOXKHOCT 3a CBBP3BaHE Ha
MpEeKOBa Kamepa ChC ChOTBETHA 30HA Ha
CTIeUaTTN3UpaHHs KOHTpOJIEp (ur. 8).
[MocpencrBom ceknust ,,Camera Controllers® ce
3ajiaBa ympaBisBaliaTta Kamepa 3a BCSIKa OTJeNHa
30Ha Ha KOHTPOJICPUTE.

Camera Controllers | 5ilos Contrallers | Database | Notification | Connection

Camera Connections

DeviceZone Enable

Camerahame DeviceIP

Que. 8. Cvzoasane Ha 6PB3KA KAMEPA-KOHMPOIED

Bb3MokHO € ejiHa kamepa jJa ynpasiisiBa n
Ha Opoii 30HM WM e[THa 30Ha Ja Ce YIpaBJaBa OT N
Ha Opoll kKamepu. 3a Ja c€ OCBHIIECTBH Bpb3KaTa
MEX]ly KaMepa ¥ KOHTPOJIEP, B CEKIUATA CE TOIbJIBA
tabnuia “Camera Connections” CbC CIEIHHUTE
rmoJjeTa:
e  CameraName” — BBBEXKIa CE MMETO Ha
Kamepara, KoeTo € 3a1ajeHo B XProtect;
e ,DevicelP” — BwBexkna ce IP ampeca Ha
KOHTpOJIEpa;
e . DeviceZone™ — ompezens ce KOsl 30Ha Ha
KOHTpOJIepa Jia ce yIpaBIIsBa;
e  Enable“ paspemaBa WM 3a0paHsBa
YIpaBJICHUETO Ha 30HATA.

5. CpaBHHTe/IHA XapaKTePUCTHKA

B Tabmmma 1 e mpencraBenHa neHoBa crienuuKanys
Ha JONBIHUTEIHATE MaTEepPHANIH, HEOOXOAMMH 3a
aBTOMATHU3MpaHEe Ha OCBETJICHHETO B UYETHPH
noMenienus mo 150 m? B KOMTO MMa H3TpajeHo
Buaeonadmoaenue. Ot cnenqudukanus ce BIKAA, 4e
mpu  u3non3BaHero Ha  cucremara  [PCLC,
HeoOXoquMaTa cymMa 3a  peajlu3upaHe  Ha
AaBTOMATHU3UPAHOTO YIPABJICHUE € HAJ YECTHPH IIBTH
M0-MaJIka B CpaBHEHHUE ChC cyMaTa HEOOX0JuMa MPH
M3IIONI3BaHETO Ha KOHBEHIIMOHAIHA anaparypa. Tosa
ce nwmku Ha ¢akra, ve I[PCLC obGenunsiBa
(YHKIIMOHATHOCTTA Ha HSKOJKO KOHBEHIMOHATHU
YCTPOWCTBA B €IHO €IUHCTBEHO yCTpOMCTBO. Taka
OCBEH TIOHIDKaBaHEe Ha CyMaTa 3a MaTephalu ce
yJIeCHsIBa M MHCTAJIALUSTA, KOETO BOJHU JI0 ITO-HUCKU
pasxozu 3a Tpy/I.

Tabnuua 1. [lenosa cneyugpurayus 3a

mamepuaniu
Amnapartypa Schneider Electric |6p./m |en. neHa |cToiHOCT
JlaTuuk 3a nBwkenue 360° 8| 173.80 mB.| 1 390.40 is.
CThJIOMIIICH aBTOMAT 4] 41.18 mB.| 164.72 nB.
WmmnyncHo peie 4] 31.95mB.[ 127.80 uB.
[TakeTeH ko4 2| 11.00 ms. 22.00 .
Ka6en CBT 3x1.5 mm’ 400 1.50 mB.|  600.00 1B.
Tpyn 800.00 JiB.
Cucrema [PCLC
IPCLC konrponep 2| 180.00 nB.[  180.00 sB.
FTP Cat. 5E 200 0.50 8. 50.00 JB.
Tpyn 400.00 7B.

OcBeH HHCKa IIbpBOHAYa/IHa HWHBECTULIUA
chucTeMara TIpefocTaBs H  Jo0pa eHepruiiHa
edextuBHOCT. Cliell M3MepBaHE W W3YMCIICHHE Ha
eHepruiiHuTe mokasatenu (Tabm. 2) ce ycTaHOBsIBa,
4Ye C M3MO0J3BaHEe Ha pazpadoTeHara CUCTeMa 3a
ABTOMAaTHYHO YIPaBJICHHE Ha OCBETICHUETO Ce
noctura 58% MKOHOMUS Ha CHEPTHSL.

Tabnuua 2. O606wenu enepeuiinu
noKazamenu Ha Cucmemama

Iokazaren CroiiHoCT
LED ocgeturen (6p.) 100
Wucramapana momHocT (W) 10000
Mceuen pasxon Ha eneprust (kW/h) 2880
MceueH pasxo]1 Ha eHepIHsI C
aBToMaTu3upano ynpasienue (kW/h) 1200
Hxonomus 58%

[Ipu cebecroitnoct 0,08240 nB./kWh Ha
HoLIHAaTa Tapu]a Ha eIEKTPOCHEPTUsITa 38 HEOUTOBH
KITMCHTH, NPUCHEAMHEHH KBbM eNeKTPO-
pasnpeneuTeIHUTE MPEKH Ha HUCKO HalpeKeHue,
MECEYHHTE  pa3xoAd 3a  OCBeTJieHHe  0e3
apToMaTusupaHe ce m3uucisear Ha 237,31 aB. C
peanmm3upana ukoHomus ot 137,64 nB. Ha Mecell
nocpeacteoM cucremara IPCLC Bpemero 3a
BB3BPBILIAHE HA MHBECTULHTA € 4,5 Mecela, 10KaTo
C W3IOJI3BAHETO Ha CTaHJApTHUTE pemieHus e 22,5
Mmeceria (¢ur. 9).

Meceum

| |PCLC
B KoHBeHUMOHaIHa anapaTypa

Due. 9. Bwvzspvuaemocm na Kanumanid
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6. 3akiI0uenue

[IpoekTupana e u pazpaboTeHa cucTeMa 3a
ABTOMATUYHO YINpaBICHHE Ha OCBETJICHUETO B
CKIaJIOBU M  TNPOM3BOJCTBEHH  IOMEIICHHUSI,
pxirouBaiia komnonenture IPCLC Server, IPCLC
Client u IPCLC xontponep. Ilocpencrsom [PCLC
Server ce ocurypsBa Bpw3ka wMexmy IPCLC
kontponepure, a I[PCLC Client mpemocrass
BB3MOXKHOCT 32 JUHAMUYSH MOHUTOPUHT U KOHTPOJL.
Cucremara momoOpsiBa 3HAYUTEIIHO CHEPTHIHATA
e(peKTHBHOCT Ha OCBETJICHHETO H CBEXAa JIO
MUHUMYM MaHUIYyJAllMUTe 10 KOHTPOJ Hal
OCBETHTENHUTE MoIlnmHOCTH. ChyeraBaHeTo Ha
BHJICOHAOJIOJICHNETO M CHCTeMaTa 3a KOHTPOJI Ha
OCBETJICHHETO 0Oa3upaHa Ha CICHUATH3UPAHUSL
koHtposep (IPCLC kontponep), IPCLC Server u
IPCLC Client, 3HaunTeTHO HaMaJsABa Pa3XxoIUTE 3a
M3TpaXKJIaHe Ha CTPpajiHa aBTOMATHU3aIUs, C KOETO Ce
HaMaJis ¥ BPEMETO 32 Bb3BPbIaHEe HA MHBECTUIIUATA
3a aBTOMATH3AITUS u BUJICOHAOITIOJICHUE.
VYrpaBieHHEeTO Ha OCBETICHHETO 4Ype3 BPEMEBU
rpa¢unu (KakKTo € B TIOBEUYETO aBTOMATH3UPAHU
CHUCTEMH) HE ¢ e(EeKTHBHO, KOraTo ce padoTh
JICHOHOIIHO Ha cMeHU. To3u mpobiieM JIECHO MOXKe
Jla ce pa3pelu ¢ M3MOoJ3BaHe Ha pa3paboTeHaTa u
HamblIHO  paboTocrocoOHa  cUCTeMa,  KOSTO
ONTUMHU3UPA HM3IMOJI3BAHETO HA OCBETIICHHE CaMo
KOraro, KbJICTO ¥ KOJIKOTO € He0OXO1MO.
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JAANHAMHNYHA CUMYJIAIIUA HA KOJIOHA 3A
ATMOC®EPHA JECTHUJIALUA

CTE®AH KMPAHOB

Pestome: Unisim Design na ¢upmama Honeywell e npoepamen naxem 3a
MoOenupane U CUMYIAYUS HA XUMUKO-MEXHONO2UYHU obexmu. B Hacmoawus
mamepuan e NOKA3aHO U3CIe08aHe HA OUHAMUYHUME CEOUCMEA HA KOJIOHA 34
ammocghepna decmunayusi Ha nempon upes usnonzeane na naxema UniSim.

KarowoBu nymu: Asmomamuszayus, molenupare HA MEXHOIOSUYHU O0OeKmu,
ounamuyna cumyrayus, UniSim, nemponua decmunayus

DYNAMIC SIMULATION OF ATMOSPHERIC
DISTILLATION COLUMN

STEFAN KIRANOV

Abstract: Unisim Design from company Honeywell is software package for
modeling and simulation of chemical process units. In this material is shown study
of the dynamic properties of the crude oil atmospheric distillation unit using
package UniSim.

Key words: Automation, technological systems modeling, dynamic simulation,

UniSim, oil distillation.

1. BnBeaenne

[IepBUAT OCHOBEH pouec pu
npepaboTKaTa Ha CypOB IETPOJI B €IHA IETPOJIHA
paduHepus ¢ HeroBara aTMoc(epHa JIECTHUIIAIIHS.
KonnuecTBOTO W KayecTBOTO Ha TETPOJIHUTE
JIepUBaTH, TMOJy4YaBaHW TNpU JIeCTHIALMATA ca
CWJIHO 3aBUCUMH OT CTaOMJIM3UPAHETO HA OCHOBHU
BEJIMYMHM, KAaTO TEMIlepaTypa, HalsraHe, HUBO U
pas3xo/.

Ilo3naBaHeTo Ha JAUHAMWYHHTE CBOMCTBA
Ha ymOpaBisBaHUs OOCKT MMa Ba)KHO 3HAUCHUE 3a
W3TPaXJAaHETO Ha  MOOXOMSIIM  CUTEMH  3a
peryiupaHe v yrnpaBlieHHE.

CbBpeMeHHUTE “H(OPMAIUOHHU
TEXHOJOTUH MPEAOCTABAT MHOKECTBO
WHCTPYMEHTH 3a MOJIEJIUpaHe W CHUMYJalus Ha
MPOIIECUTE B peaJHH TEXHOJOTUYHHU OOCKTH.
[Ipumepu 3a mporpamMHH NPOAYKTH, U3MOJI3BAHU 32

Tasm 1en ca: Matlab ma Mathworks, Aspen HYSY'S
Ha AspenTech, UniSim Design na Honeywell,
Wolfram Mathematica. Te3n nporpamu 1mo3BosisiBat
CPaBHUTEIHO JIECHO Jia Ce TIOJlydaT MOJEIHTEe Ha
Pa3INYHU TEXHOJIOTUYHHU OOCKTH.

2. I[m{aanHa CUMYyJalusl HA
JAECTHJIAIIMOHHA KOJIOHA

Cumynupanata 4acT OT TEXHOJOTHYHATA
uHCcTanauus e noxkazana Ha ®wur. 1. Anaparurte B
cxemaTa ca JeCTHIalMOHHATa KOJIOHA 1 u
KOHJEH3aTopa 2. Bxomaute W W3XOTHUTE
MaTepUAIIHA TOTOIM Cca CYpOB TETPoJ, HadTa,
KepOCHH, am3ell, KyOOB OCTaThbK W peduiyKc Ha
Hadrata. OCHOBHHWTE BEJIMYMHU, YYacTBalll B
u3cjeBaHETO ca pasxoma Ha pedaykca F,
MonapHuAT pasxon Fy um temmeparypara Ty Ha
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MopenmupaHeTo U AMHAMUYHATA CHUMYJIAIHs
Ha JIeCTWJIAlMOHHATA KOJOHA 3a CYpOB IETPOI ¢
peanu3upaHa B cpefara Ha MPOTPaMHHUS MPOAYKT
UniSim Design Ha ¢pupmarta Honeywell.

Ienta Ha W3CIIEABAHETO € JIa C€ YCTaHOBU
BIMSHUETO Ha pa3xoja Ha peduiykca KaTo BXOIHA
BEIMYMHA BBPXY M3XOJHHTE BEIMYUHHM Pa3Xo] H
TeMIeparypa Ha Ha)TaTa ¥ HUBO B KOHAEH3aTOpa.
[lo TO3M HayMH ce TOJy4aBa ONMCAaHHE Ha
JUHAMUYHOTO TOBEACHHME Ha  KOJOHAaTa II0
MOCOYEHHTE KaHaJIH. brnok-cxemara Ha
pasriekIaHus 00eKT e mpeacTaBeHa Ha dur. 2.

»— N
Fr—»r=zZc o __ »—» Fn

[l Lc

Due. 2.

[IpoBenenu ca EKCIIePUMEHTH 3a
YCTAaHOBSIBAaHE peaKIMsITa Ha M3XOAUTE Ha OOCKTa
ciael EIWHAYHO CTHIAJOBHIHO W3MEHEHHE Ha
pasxoja Ha peduiykca F, mpu MocTosSsHHH CTOMHOCTH
Ha pa3xoja, TeMmIeparypara W HaJsSTaHeTO Ha
BXOJISIINIUSL CYpOB meTpos. Pa3xoasT Ha peduiykca
MOCJIEIOBATEIHO Ce HapacTBa B auamazona 900-
1500 kgmole/h n namanssa B auamazona 1500-900
kgmole/h cbe cThika Ha m3menenne 100 kgmole/h.

Enna yact OT npexojHu MPOIECH 10 TPUTE
KaHaja Ha MOJISIIUPaHus OOCKT Ce OTHACS 3a ClTydast
Ha CTBHIAJIOBUIHO HaMaJIBaHe Ha Je0uTa Ha
pediykcea.

3a Ja ce MmoJiydyd aHaJIUTHYHOTO OIHMCaHUE
Ha T[IOCOYCHHWTE KaHAJM Ype3 IpelaBaTeHu
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(GyHKLIMH, eKclepuMeHTalIHuTe AaHHu oT UniSim
ca WMIopTHpaHu B Takera Mathematica u e
HanpaBeHa HeoOXoJuMaTa anpoKCHMAIIHSI.
CroiiHocTute Ha BPEMEKOHCTAHTHUTE ca
ONpEeNeNICeHH upe3 MWTepaTHBHA IPOLELypa IpH
W3UCKBAHE 32 MUHHUMYM Ha KBaJjpaTa Ha Tpelikara
OT anpoKCcUMaIIusl.

Ha ®ur. 3 e nokazan npexogHUST MPOILEC
no KaHayia pasxon Ha peduykca F, — Monapen
pa3xoj Ha HaTara Fy.

Naphtha - Molar Flow [kgmole/h]
Reflux 900 - 1000 kgmole/h

1280
1260
1240
1220
1200
1180
1160 T T T

[kgmole/h]

0 50 100 150 200
T [min]
Due. 3.
Anpokcumupaiiata KpuBa € ITI0Ka3aHa

CBBMECTHO C €KCIIepUMEeHTaNHaTa KpuBa Ha Our. 4.

[ — Apeo
T l‘". ~ Cirig
1200t H f
11 h
116

Due. 4.
Ha  Tasm  ampokcumanusi  OoTroBaps
npejaBaTesiHa QYHKIUsS OT BUIA:
134p+1
W(p)= £ (1)
(28p+1)(10p +1)(7p+1)

CrenoBaTesTHO pa3riIekKIaHUAT KaHall MOXKE
Ja ce MpeICTaBh KaTo IMOCJIECIOBATEIHO CBBbpP3aHU
dopcupamio 3BeHO W WHEPIMOHHO(ANEPUOAUYHO)
3BEHO OT TPETH pe.

CrnenpamusaT npexoneH npoiec(dur. 5) e
Mo KaHaya pasxoj Ha peduykca F, — Temmeparypa
Ha Hadrata Ty. ChOTBETHAaTa aANMpPOKCHMAIIHS CE
Brokaa ot dur. 6.
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Naphtha - Temperature [C] AmpokcuManusiTa Ha eKCIIepHMEHTaIHaTa
Reflux 900 - 1000 kgmole/h KpHBa € ImoKa3aHa Ha @uwr. 8.
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§38.00\\\ e s S
37.00 ot ;/ Aprox
36.00 ; ; ; |/ Orig
0 50 100 150 200 N4
o
T [min] [
: =
Due. 5.
Due. 8.
: Jlpyra 4acT OT  H3CJIEBaHETO  ca
A MPEXOAHUTE TMPOIECH IO CBHIIUTE KaHAIM Ha
\ o0eKTa, MOJIyYeH! MPHU CTHIAIOBUIHO HApacTBaHE
i
\ SE nebuta Ha pedurykca. Te ca mokazanu Ha Dur. 9,
e N g ®ur. 10 u dur. 11.
T~ R
— Naphtha - Molar Flow [kgmole/h]
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+ .
W(p) = P (2) T [min]
65p+1)(10p+1)
Duz. 9.
ToBa e mpenmaBarenHa (QyHKOHA Ha
TTOCJICTOBATEITHO ChEeAUHEHUE OT (hOpCHUPAIIO 3BEHO
Naphtha - Temperature [C]
Y UHEPIIMOHHO(aMepUOANYHO) 3BEHO OT BTOPHU PEI. Reflux 1500 - 1400 kgmole/h
[IpexoguusaT mnporec MO TPETUS KaHAM
pasxon Ha pedaykca F, — HuBo B koHAeH3aTopa L. e 3450
npezcTaBeH Ha Dur. 7. B =
© 33.00 //
o 3250
Condenser - Liquid level [m] 32.00
Reflux 900 - 1000 kgmole/h 31.50 ‘ ‘ ‘
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266 ;
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['padukute MokaszBar, 4e XapakTepbT Ha
JAMHAMHMKaTa Ha OOEKTa € ChIlarta M CJIeJ0BATEIHO
npejaBaTeHUTe (YHKIMU ca KaTro MOCOYCHUTE B
uzpazure (1), (2) u (3).

3. 3akiIouenne

CBbBMECTHOTO HU3M0JI3BaHE Ha
nporpamuute naketw UniSim m Mathematica ca
moOpa  BB3MOKHOCT 32 MOJCTUpaHe  Ha
TEXHOJIOTUYHH OOCKTU M TSIXHOTO M3CJICIBAHE Upe3
CUMYJIAIHs B PEaTHO BPEMe.

[IpencraBeHOTO B HACTOSIIMS  JTOKJIAd
u3cienBaHe OOXBallla: Cbh3JaBaHe Ha MOJICI Ha
peayiHa KOJIOHa 3a aTMoc(epHa JeCTUJIAIMS B
cpemara 3a cumynanus UniSim, npoBekIaHe Ha
CKCIIEPUMEHTH ¢ MOJiejla B JUHAMUYCH PEKUAM U
M3BEK/IAHE HA AaHAJIMTUYHU U3pa3yu 32 MATEMAaTUIHO
ONMHCAaHWE Ha  JUHAMHYHHUTC  CBOMCTBA  Ha
H3CIIeIBAaHUS 00EKT.

MakcumaniHaTa OTHOCHTENHA Tpemka OT
anmpokcumaliis He Hajapuiasa 1%.

[TomydenuTe NMpexomHU XapaKTEpUCTHKH U
npenaBaTesiHd  (QYyHKIMM  [IOKa3BaT, dYe 10
pasriekIaHuTe KaHatu OOCKTHT CE MPEACTaBs C

MOCJICIOBATEIHO CBBbP3aHU WHEPLUOHHU 3BEHA OT
BTOpU U TpeTH pexd U ¢opcupanii 38eHa. OOEKTHT
MIPOSIBSIBA 3HAYNUTEIHA HHEPIMOHHOCT i
3aTUXBAHETO HA MPEXOJHUTE MPOLECH  Clel
eITMHUYIHO BXOJTHO BB3ACHCTBHE € OKOJIo 1 - 2 "aca.
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CUCTEMA 3A YIIPABJIEHUE HA
CBOTHOILIEHHUE

3AXAPU KABPOUINJIOB, 'EOPI' KABPOIINJIOB

Pesome: B pabomama e u3gvpuien cpagHumeneH aHaiu3 Had pearusupana Hoea
cxema 3a ynpaeieHue na CbOmHoueHue CHPSMo eona Om Hat-0ausKama nodooua ¢
napaneina cmpykmypa. Paspabomenama memoouxa 3a cunme3 u ORMUMATIHA
HACMPOUKA HA KOHMYpume e OONBIHEeHA U OeMAaulu3ayuama e umoCmpupana
Koukpemnu npumepu. Iloxkasanu ca npeoumcmeama Ha paspabomenHama
apxumexmypa upe3 CbnoCmagsane Ha pasiuiiu noKa3ameu.

KumouoBu aymu: ynpaenenue na coomunouierue, SIMC-PID nacmpoiixka

RATIO CONTROL SYSTEMS

ZACHARY KAVROSHILOV, GEORGE KAVROSHILOV

Abstract: In this work is made a comparative analysis of implementing a new
scheme of the ratio control to one of the nearest such a with parallel structure. The
developed methodology for synthesis and optimal tuning of contours is
supplemented and detailed is illustrated with concrete examples. Displaying are
the advantages of the developed architecture by comparing of different criterions.

Key words: ratio control, SIMC-PID tuning

1.BbBenenue

3a MHOIO TEXHOJOIMYHHM HpOLECH €
HEOOXOMMO Jla ce MOIAbpKa IOCTOSHHO WIIN
yOpaBIsieMO CHOTHOLIEHHE MEXIy JABa WIH
oBeye IMOTOKA. 3a wenTa ce HU3M0JI3yBar
pa3IMYHU CXeMHM Ha CHCTEMH 3a YIpaBlIeHHE,
KOHUTO C€ CBEXKAAT IO HAKOJIKO 0a30BU CTPYKTYpH
[1]. CepuiiHaTta CTpyKTypa CBOTBETCTBYBa Ha
TEXHOJIOTMYHA ITOJYMHEHOCT Ha ,,BOOUM~ OT
,»BOJIeNT” TIOTOK OT TJIe/JIHA TOYKa Ha (hopMHUpaHe
Ha 3a/laHusTa Ha  perynaropure [2,3], mpu KosTo
yrpasisieMara MpOMEHJIMBAa Ha BOJCIINS KOHTYD
CIIy’KM 3a 3aJlaHMe Ha TOogYMHEHUs. OCHOBHMST
HEJIOCTaThK Ha CTPyKTypaTa € CBBp3aH ¢
Hee(DeKTUBHOCTTA M B MIPEXOAHU MPOLECH MTOpaan
3aKbCHEHHETO Ha BTOPHWS KOHTYDP BCJIEICTBHE OT
MOBEJICHUETO Ha bpBUA. TO3M HEIOCTATBHK CTaBa

BCE M0 3HAYUM C yBeIMYaBaHE MHEPIIMOHHOCTTA
Ha KoHTypuTe. [Ipm mapanenmHara CTPyKTypa
3aJlaHUeTO Ce 3a/laBa E€JHOBPEMEHHO Ha JBaTa
KOHTYpa C OTYHTaHE Ha KEJTaHOTO CHOTHOLICHHE.
DaKTHYECKOTO CHOTHOIICHWE MEXIY Pa3XoauTe
ce ompenens OT MOMEHTHHUTE CTOWHOCTH Ha
M3XOAMTE Ha ABaTa KOHTypa. [Ipu Te3u cTpyKkTypH
B TPEXOJHHUTE IMPOIECH, MPEAU3BUKAHU KAKTO OT
Obp3u M3MEHEHUS Ha ToBapa (3aJaHHeTo), Taka U
OT 3HAYMMH CMYIIEHHS B KOHTYpHUTE, MOrar Ja
MOJTy4aT TOJIEMH W3MEHEHUS Ha ChOTHOIICHUETO.
Tesn Hexenmanum eQpeKTH ce yBeIuyaBaT C
pa3In4nueTo Ha TMHAMUYHUTE CBOWMCTBA Ha JBaTa
KoHTypa. [lpennoxkenara B [4] apxuTekTypa e
KOMOWHAIIUS OT JIBe€T€ OCHOBHU C HaMMEHOBaHHE
“Bland station”, B kosATO Upe3 MpoMsIHA Ha
TErJOBEeH KOS(UIMHT Cc€ TMoJyyaBaT KakTo
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pasrinenaHuTe 0a30BM, Taka M = MEXIUHHH
XUOPHUIHU CXEMH.

C pasBurtHero Ha  HMH(OPMAIMOHHO-
ynpasisiBaiaTa TEXHHUKa ce npusarat
ChbBpPEMEHHH TIOAXOAM 3a TOJ00psBaHEe Ha

NTOPUTMUTE 32 YIIpajieHHE, B YaCTHOCT METOAM
Ha Pa3MUTa JIOTHKA, HEBPOHHU MPEXKH, CUCTEMH C
mem3sa - pexkumu - (Sliding  mode  control),
U3IIOJI3BAHM TIPM YIpPaBJIeHHE Ha CHOTHOLICHHE
Bb3ayX-ropuBo [l1]. Makap, 4e Te3um MeTOaU
oJo0psIBaT KauyeCcTBOTO HAa YIpaBIeHUE, Te
U3II0JI3BAT YUCIEHU IPOLEAYPH, KOETO BOJIU IO
H3BECTHU 3aTpyIHEHUS pu TAXHOTO
peaanu3upane U ekciuloaranus. He ca mHoro
nyOJIMKAIIMKUTE, KOUTO TIpe/jiaraT CXeMu ¢ BUCOKH
(YHKIMOHANIHU TOKa3aTeJId W CPAaBHUTEIHO
OIIPOCTEHA CTPYKTYpa ¢ Bb3MOXKHOCT 32 IOCTBIIHU
W TPaKTUYHU PEUICHHSA, HarpuMep [5].
Wznonzaiiku  0azoBute  cTpykTypu  Visioli
npejyiara JBe cxemu [6,7], oTinuyaBamu ce ¢
MpoCcTOTa HA  HACTpoOWKata W JOCTHITHA
unTepnperanus. Ilpennoxenata B [1] cxema u
METO/IMKA C€ XapaKTepU3UpaT ChC 3aAbIOOYEH
AQHAJMTUYEH NOAXO0J M JETalIHOCT, HO ce o(opms

MHEHHE, Y€ TMOJYYCHHUTE  pe3ydTaTh  He
ONpPaB/aBaT BIOKCHUTE YCUIIHSL.
2.IlocTanoBka
l'opuBHUTE TpoliecH 3aeMar  MIUPOK
CerMEHT OT TMPHIOKCHUATA Ha CHCTEMUTE,

CBBpP3aHM C YyTpaBlIeHHWE Ha choTHOIIEHHe. B [9]
ca MpeUIoKeHH M MOAPOOHO H3CIeBaHM HOBU
CXeMHU 3a CHOTHOILICHHE BB3JyX- TOPHBO,
OTHACSIIN C€ KbM IMApaJICIHUS THIT apXUTEKTYPH.
EdextuBHocTTa WM € JIGMOHCTpHpaHa IO
OTHOIIIEHUE Ha Pa3lpPOCTPaHEHa CXeMa OT ChIIUs
TUT (CENEeKTOpPHA C KPBCTOCAHO OTPAHWYABAIIO
ympasienue [8]). B [10] e mpemnoxkena MeToanka
3a CHHTE3 Ha HOBUTE CXEMU C JICTAHIIHO U3JI0KEHa
nporeaypa 3a mpuwioxkenue. Ot npyra crpaHa
cxemara, npemiaoxkeHa ot Visioli [11] e
JOCTaThUHO OJIM3Ka JO0 CIIOMEHATHTE, NMPHUTEKABA
penuia ITOCTOWHCTBA M B HacTosimaTa padboTa e
CpaBHsBaHA C €IHA OT MPEIIOKEHUTE CXCMH -
AFB. AnTepHAaTHBHATA  apXUTEKTypa  3a
yhnpaBlieHHe Ha cbhoTHOIIeHneTo (Alternative
Ratio Control Architecture - ARCA) [11], e
TpeaHa3HadYeHa 3a eeKTHBHA paboTa KaKTo MpHU
B’I)3IICI7[CTBH$I 0 3aJaHu€C, TaKa U IMPU CMYLICHUA
npuBeaeHu KbpM oOekTa (Pur.l). Pasriexnat ce
00eKTH OT I'BPBH peJl ChC 3aKbCHEHHUS B JBaTa
kanaga (FOPDT). B «kamama ¢ mo-manka
WHEPILMOHHOCT ce J00aBs Koperupaiio 38eHo Q(s),
OTIpE/IeJICHO KaTO OTHOIIEHUE Ha TPeaBaTEeITHUTE
¢byaxknnm Ha obektutTe Pi(S), Py(s), ¢ koero ce
rapaHTupa MHBAPHAaHTHOCT Ha Pa3ChIIacyBaHETO
e(t) mo oTHowmeHKe Ha 3axanuero. Guntpute H(s)
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n G(s), BkIIOYEHHM ™0 HaumHa Ha  Dwur.l,
pcanm3upar JaCTU4YHa WHBAapHUAaHTHOCT Ha
pa3chriacyBaHETO o OTHOIIICHUE Ha

cmymennata di(s) u dy(s). Cnen mpemBaputencH
n300p Ha QuiaTpUTEe W U3MOJ3BAHE HA CIHAKBU
perynatopu C(s) B koutypute [11], cuHTE3bT Ha
cucTemMara 3a yIOpaBleHHME Cc€ CBEeXAa [0
AQHAJUTUYHO ONpeAesiHE Ha Koe(HUIMEHTa Ha
MIPOTTOPIIMOHATHOCT Ha peryjaTopa.

]

@ue. 1. Cxema Ha cucmemama 3a
ynpasnenue Ha cbomuouenue ARCA[12]

n 7 uy

W|_|+\__

IIpunuunuara cxema AFB, npeamer nHa
TOBa  H3CJIEOBaHE, €  pealu3upaHa  d4pe3
yHHBepcanHata apxurektypa [9,10], xato
cxemara Ha @ur.2 e wyact OT mno-o0ma.
PascbrinacyBanero e(s) MexAy HOPMHpPaHUTE
pasxonu ciyxu 3a (opMHpaHEe Ha KOPEKLHOHHH
BB3JICHCTBHSI €JHOBPEMEHHO B JBaTa OCHOBHH
KOHTYypa 3a ymnpasieHue. U 3a nBere cpaBHSIBaHU
cxemu (ARCA, AFB) ocHoBara 11e1 ce cBexia 10
TOBa TPACKTOPHUTE HA U3XOIUTE

r(s)

@Due.2. Cxema Ha cucmemama 3a ynpaeienue Ha
cvomuowenue AFB

Jla ObJJaT MaKCHMAaJTHO OJIU3KU WM U3MEHEHHETO
Ha JUHaMU4yHata rpemka e(t) ma  Obae
THKJIECTBEHO PaBHO Ha HyJa MPHU BB3ACHCTBUSA 110
3a/laHre U CMYIICHUS KbM OOCKTHUTE.

OcHOBHaA poJyisi B pasriexiaHaTa cxema
nMat auHaMugHATe KommeHcatopu Ki(s) u K(s),
BKJIIOUCHH 10 HaumHa Ha ®ur.2. KmousT Sw
CIIyXH 3a mpeMuHaBaHe oT cTpykTypa AFB kbMm
0a3oBa TmapaliesiHa, KaTo Taka ce peaau3upa
XOpU30HTaTHA  MOOMITHOCT. OcobenocTute,
aHaIM3 Ha Pe3yJTaTUTE U HEWHHUTE MPEINMCTBA ca
orpazean B [10,13] oT rimegHa ToOukKa Ha



NPWIOKEHNETO U B TOPUBHHTE IIpomecH. B
HacTosmara pabora cxemara AFB ce pasriexna
KaTo yHHBEpcajdHa M HelHaTta e(eKTHBHOCT ce
cpaBHsiBa ¢ nipeziokeHara ot Visioli ARCA.

3. Meroauka 3a CHHTE3 Ha Npe/JjaraHara
cucrtema AFB
Pa3zpabotenusaT komriekcen meron B [10] 3a

cuHTe3 ce mnpuiara 3a cxemara AFB B
Hacrosimata  pabota ¢ aKTyalusamus U
JOITBJIHEHUS:

3.1. Anpoxcumanusi Ha 00eKTHUTe 3a
ynpasJieHue (cTbnka 1)
M3xonnure MareMaTU4eCcKd MOJEIM IO JBaTra
KaHaJla ce TPEACTaBsIT 0000IIEHO B CICTHHUS BUA:

;(-T%s+1)

—_Jrjo —0ps
gO(S) T;(Tigs+1) e 5 (1)
[Ipu mommxaBane pexa Ha mofmena (1) mo mMomen
or mwepBu (2) wim BTOpH (3) pex ce mpuiara

,,TIOJIOBHH - mpaBmwiioTo Ha Skogestad [13]:

k —0s
T15+1

g1(s) = (2)

k -
gz(s) - (115+1)(15+1) e (3)

Beexn ot pasrnexnanure aBa oOekTa ce
MIPEJICTaBs C 0 €JHa UJIH C MO JIBE MpeAaBaTeIHN
¢yukumu ot I-Bu m Il-pu pen, B 3aBUCHMOCT OT
W3XOIHUTE MPEJaBaTEIHU (YHKIHH.

3.2. Ompenessine mnapaMeTpuTe
€TAJIOHHUS MPeXojeH npoiec (cTbnka 2).

[Ipunaranusar Meron 3a  HacTpoika
M3MON3Ba  ,oKemaHa” TpexomHa (yHKOHS ¢

arnepuoaNYeH XapakTep, ¢ MOJeI

Ha

-0s

Wi (s) = 25

TeS+1

, 4)

U T, Ce sBsABAa JKEJIaHATA BPEMEKOHCTAHTa Ha
3aTBopeHata cuctema. Koedwurmenra Ky ce
oTipesiesisi OT ChOTBETHUTE MOZENH OT [-BU pen, a
3aKbCHEHHETO @ ce ompenens OT HYHUCTUTE
3aKbCHEHUS 0,; B uzxoguute moaenu (1).

Te3u mapameTpu CiryKaT 3a MpecMsTaHe
Ha HACTPOEYHNTE KOSPHUIIEHTH Ha M3MOJI3BAHUTE
PID (PI) 3akonun. Bpemekoncranrata T, ,
XapakTepu3upania JAMHAMUKAaTa Ha 3aTBOPCHUTE
KOHTYpH € B auamazoHa 6 < 7, < co, Karo IIo
MaJKUTe CTOWHOCTH JIOBSXKIAT JI0 OBp3u
MPOLIECH, a IO TOJIEMUTE TapaHTUPAT BUCOKA
pobGacTHOCT. 3a KOHKPETHH MPHIOKEHUS Ce
OTUNTAT U CTICITU(DUIHN 0COOCHOCTH Ha OOCKTHUTE,
B YaCTHOCT 3a TOPUBHHUTE MPOIIECH, MPEICTABCHH
B [10].
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Baxxna ocoOeHOCT Ha METONIa € TOBa, 4e
KETaHUIT Mofen (4) ce mpueMa eauH W CHII 3a
JIBaTa KOHTYpa, CJICJIOBATEIIHO BPEMEKOHCTaHTaTa
T, ce n30upa Karo KOMIPOMHC C OTYHMTAHEC Ha
OJIM30CTTa HA JKEIAHUTE J[BA MPEXOJHU IpoIeca.
ToBa ce ymecHsBa OT HaclarBaHeTO Ha
MPEXOJHUTE TIPOIECH HA OTBOPCHUTE KOHTYPH,
KOUTO M3I0JI3yBaT PEeAYLUPAHUTE MOJCIN OT I-BH
pex (2).

Upes ChIOCTABSIHETO HA MPEXOJHUTE MPOIIECH Ce
YTOYHSIB W CTOHMHOCTTA Ha TPAHCIOPTHOTO
3akbcHeHHe @ Ha To3u mapamerhp ce MpUCBOsBA
CTOHMHOCTTA HAa IO-MHEPIMOHHHUS OOEKT, TOECT
0 = max{0,,0,} npu HamMuMEe HA YKHCTH
3akbcHeHUs 6, B um3xomaure mojaenu (1). Ilpwm
OTCHCTBHE Ha TaKHBa CE JOIMYyCKa MapameTbpsT @

Responses of the open loops and desired curve

==-ho1it}
—he11it)
——hmit)
——ho2it)
-~ ~ho21it)

10 15

t, sec
@ue. 3. Tounu u anpoxcumupanu 11X na
pasxooume u Xapaxmepucmuka Ha JHeelamusl
npoyec Y,
Ja UMa MEXIUHHa cToiHocT 64 < 6 < 0, (0, -

»CEKTUBHOTO  3aKbCHEHHE” ¢  IMO-Majikara
CTOWHOCT Ha emuHusA OT pasxoaute). C ToBa ce
MO3BOJISIBA  pealM3UpaHeTo Ha ,,JABYCTpaHHA
nedopmanus Ha yNpaBISIeMHUTE MPOMCHIIMBH
CIIPSIMO €TaJIOHHHMS TIPOIIEC.

3.3.0npenesisine Ha  ONTHUMAJIHUTE
CTOHOCTH HAa MapaMeTpuTe HAa OCHOBHHTE
peryjartopu (cTbnka 3).

Hactpoiikata Ha  KOHTypuTe  ce
u3BbpIIBa ¢ usnon3Bane Ha SIMC— npaBunara Ha
Scogestad [10,12]. 3a obextu ot mHpBU pex (2)
usznon3BanusT PI - perynarop uspasure ca:

1 T1

= ioaa U= min{7y,4(7. + 0)}

)
IIpu oGextu ot Bropm pex (3) 3a PID -
perynaropa KbM TOpHHUTE H3pa3u ce a00aBs
n3pasa:

Tp =T (7)
[Mapamerpure k. , 7; u Tp ca BaIugHH 32
,kackamHa” ¢opma Ha peamuzamus Ha PID-PI
3aKOHH.

3.4. H360p
KOMIIeHCATOPH (CThIKA 4).

B [10] ca momydenm wu3pasutre Ha
CKBHUBAJICHTHUTE TIpeJaBaTeNHu (YHKIMH Ha

Ha AUHAMHUYIHHU
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3aTBOPCHHUTE KOHTYPH TI0 3aJIaHHE C OTYMTAHE Ha
KoMIieHcaTtopure (Sw = on):

¥1(5) — W1(5)+W1(s)W5(s)(K1(s)+K3(s))
r(s) 1+Wy (S)K1 () +Wo (s)Wo(s)

Y2(5) — W, (5)+W1(s)W>(s)(K1(s)+K3(s))
r(s) 1+Wy (S)K1 () +Wo (s)Wo(s)

®)

©)

3aBucumoctute (8) u (9) mpencrapnsBat
OCHOBHHM W3pa3H, W3MOJ3BaHHW MpH MOAOOpa Ha

KOMIICHCATOPUTE H TE JOIyCKaT pa3inyHU
koMOuHaruu  otr Aok  Ki(s) u  Ky(s).
[IpupaBHsBaHETO Ha CKBUBAJICHTHUTE
npenaBaTeiHd  QYHKIMM ~ KbM  JKEJIaHATa

npenaBatensa Qynkius Wy, (s) ymoBmerBopsiBa
OCHOBHATa 3ajada W YyJecHsBa mnojdopa Ha
KOMIIEHCATOpUTE

y1(s) _ ¥2(s)

r(s) - r(s) = WM(S)

(10)

3a gocTUraHe Ha THJIHA WHBAPHAHTHOCT
Ha Pa3ChIVIACYBAHETO MEX]Y pazXxojuTe e(s) 1o
OTHOIIICHUE Ha 3aJIaHMEeTO I(S) € HEeoOXO0JMMO
MpelaBaTeIHUTe (PYHKIUU HAa  3aTBOPCHUTE
cucTeMu 1a ca pasuu, Toect Wi (s) = W, (s).

B omimume OT KOHKypeHTHaTa cxema
ARCA, B pasraexnanata cxema AFB nBere
npenaBarenuan  GyHkimmn Wi(s) u W,(s) ce
moOmmkaBaT — 9pe3  TMOAXOMANl  IMomdop Ha
komriencaropure K;(s) u Ky(s) (Dwur.2), karo npu
TOBa Ce 3ara3Ba poOaCTHOCTTA MM TI0 OTHOIICHUE
Ha cmymiernsTa d;(s) u da(s). 3a menta exuHUAT
OT JBaTa KoMIleHcaropa, Hampumep K,(s) ,
Koperupany mno-osp3ust kananr — y2 (8, < 6;),
ce m30upa oT BHUIA

Wi (s)

K,(s) = Wy(s)

(11)

3amectBatiku (11) B (8) u B choTBeTcTBHE C (10)
cIies1 mpeoOpa3oBaHus MOTydaBame:

1 w: -w
Kl(S) — _ [( 1(5) M(s))]’

T wis) L) -wa(s)

(12)

mpu yciosue Wy (s) #= Wy (s) (13)
VYenoue (13) ce wm3mBIHABA, THU KaTo
KENaHWsT MOJIel HEe MOXEe Ja ChBIaga ¢
npenaBaresiHaTa  (QYHKOMS ~ Ha  TI0-MajKo
WHEPIHOHHUAT  OT [BaTa KaHana, B CiydJas
W5(s). Ilpy Hanuuue HAa YHUCTH 3aKbCHCHHS B
W3XOJHUTE MOJICNIU WIH Ha 3HAYUMH e(EKTHBHU
TakuBa, ce m3bupa Wy, (s) = W;(s). Torasa ot

(12) cenBa

1

Ki(s) = — Wi(s)

(14)
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I[Ipu 6; <6, mo momobeH HAYMH Ce
n3oupar
w.
Ki(s) = 323 (15)
_ 1 [(W(s)-Wu(s))
K0) =55 [(wl(s)—wms))] (16)
1
Kz (S) - - (17)

Wa(s)

3.5. N300p Ha TeXHHYECKH peaausyeMu
AMHAMUYHHM KOMIIEHCATOPH M 1oadop Ha
napamMerpure uM (cTbika 5).

M360pbT Ha  KOMIIGHCATOPUTE  CE
choOpa3siBa ¢  HW3MCKBAHMATA 3a  TsAXHATA
¢usnyecka W TEXHMYECKAa peaju3anus, C

rapaHTHpaHe  yCTOHYHMBOCTTa Ha CHCTEMaTa,
KaKTO M C M3MOJ3BAHETO HAa MUHHMAJIEH OpOii
KOH(HUTYypanlnoHHN CIIEMCHTH. N36panute
KOMIIEHCATOpU ce mpeoOpasyBaT 10 pealn3yeMu
oubmmoteunu OmnokoBe. Ilpum HeoOXommmocT ot
mpernu3npane Ha n3bopa, m3pazute (12) u (16) ce
KOHKpPETH3HpAT Ype3 M3MOI3BaHEe NpeIaBaTeTHATE
(YHKUMH Ha 3aTBOPEHUTE CUCTEMHU HA OCHOBHHUTE
KOHTYPH

Wi(S) — Wei(s) Woi(s) i= 1’2’ (18)
1+Wei(S)Woi(s)

W,;(s), W,;(s)- npenasarennu (GpyHKLUH
ChOTBETHO Ha peryiaropa u obOekTa 3a
CbOTBETHHTE KOHTYypu cmopex (2), (3) wu
HacTpoeuHuTe Koehuiuentu (5-7).

Karo wactHm ce sBsiBar ciyyaurte, 3a
KOHTO Ce J1aBaT CICAHUTE MIPETOPBKHU:

1.AKO H3XOJHUTE MOJEIN Ha OOEKTHUTE
W,;(s) He chABPKAT YKCTH 3aKHCHEHUS U:

1.1 KomOuHamuute OT THpeaaBaTeITHU
(YHKIMH HAa OOCKTUTE UBITBIHABAT YCIOBHETO

(ny < 3)or(n, <3),
TO KOMIICHCATOPUTE Ca MPOTOPLIUOHAIHYU 3BCHA C
JOCTaThYHO TOJISIMA CTOMHOCT Ha K.

1.2. Ilpu pemoBe Ha nperaBaTEIHUTE
GyHKIHH go;(S), CHOTBETHO 3a JBaTa KaHaia n; u
7, TIPU U3ITBJIHEHNE HA YCIIOBHETO

(ny = 3)and (n, = 3)
ce m3dmpar KommeHcatopu or Buma PD. Ilpu
NIBYCTpaHHA KOPEKIHA Ce TpHiIaraT OCHOBHHUTE
m3pasu (12) u (16). B mporuBen cuyuaii ce
npunarat u3paszu (14) u (17).

2. llpn Hanwume Ha YUCTH 3aKHCHEHHSA B
M3XOJTHUTE MOJIENIH, Ce M3MOoN3BaT uzpasute (14) u
(17) nnu ce mpaBu  €HOCTPaHHA KOMIICHCALMSI Ha
KOHTypa, KOHTO € aJTepHaTWBeH Ha TO3U C
YHCTOTO 3aKbCHEHUE WM Ha TO3M C MO-TOJsIMaTa
OT JIBETE CTOWHOCTH Ha 3aKbCHEHHUSATA.

Hactpoeunute Koe(UIMEeHTH Ha
komriencaropure (Ky, Ky), ce mombupar mpu



OKOHYATeIHaTa HAacTpOWKa C OTYMTAaHE Ha
3amacuTe Ha ycroiumBocT (3a cimydau 1.1 He ce
Hajara).

4. PesyaraTu

N3cinensa ce mnpuMmep, U3NON3BAaH B
cpaBHsBanata cxema ARCA Visioli [11] ¢
OpuiaraHe Ha  CGIHAKBH  BB3JCHCTBUS U
ChONIIOJIaBaHE HE €JHW M CHINU CHMYJIAIIMOHHU
ycnoBusi.  JIBara mporeca ce H3passBaT upes
cieHuTe QYHKINU:

Wy1(s) =
02( )

(19)
(20)

(s+1)4
=S
(s+1)2

3a cxemata ARCA cuMymnanmoHHHTE
JaHHM ca npuBeneHH B [11], a 3a mpeanaranata
AFB ce pasriexxaa moapoOHO 10 -HaTaThK.

Penyuupame mzxonuute momenu (19) u
(20) (cTpmka 1), CBOTBETHO J10:

— —2.58
Wir(s) = 5 (21a)
— —1.5s
Woi(s) = (155+1)(s+1)e (218)
_ _+ _-15s
We2() = soem (22a)
— —S
Wo3(s) = (s+1)(s+1) (228)
Ha BpemekoHcTaHTara ce€ NpPHUCBOSBA
CTOMHOCT ¢ =1 'upe3 chmocraBsHe Ha

npexogHuTe (YHKUMM [0 JBaTa KaHaja H
JKEeJIaHUS XapakTep Ha MpexoaHuTe mporecu (dur
3), a 3akbcHeHuero 6 = 2.5 ce paBHsBa Ha
CTOWHOCTTAa Ha TMO-WHEPIUOHHHMA KaHan (21a).
Taxka eTaJoOHHUAT MOAEN (4) IpreMa BUJ

—2.58

_ KMe
Win(s) = 25—, 22)
Hactpoeunure mapameTpd, TOJyYCHH
upe3 (5), (6) u (7) ca: kg =0.3; Tj=2.33; u
ChOTBETHO k., = 0.29 T;=1.5;. Tsii xaro

(6, < 6;), 3a u3d0op Ha KOMIICHCATOPUTE CE
npuirarat choTBeTcTBamuTe u3pasu (11) n (14)

- __1 RAC)
Ki(s) = e 1K (s) )
[lopagu  Omu3KkWTE  CTOHHOCTTH  Ha
CKBUBAJCHTHUTE CyMapHM  3aKbCHEHHUS  Ha
obextute (19) m (20) ce mpuema
Wi(s) = Wo(s) = Wy(s), (23)
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TOECT KOHTypUTe M  MoJena  pealu3upar
JIOCTaThYHO ONMU3KHK TpackTopuu. Cie10BaTeHO

1 s+1

Ki(s)=———= _—
1( ) Wl(S) k1 9_2'55
Crnen anpoxcuManusrTa €255 =1 4 2.5s,

roJtygaBaMe TipenaBarenHata QyHKITHS

(s+1)(1+2.55)

K1(S) = ki 1

24
KOsITO € (u3uuecku Hepeanusyema. [lombupame
PD xomnencarop

Ki(s) =

(1+2.15)
kit Goorss (25)

0.001s+1)

Bropusat xomnencatop ciopen (11) u (23)

Ky(s) =1 (26)
EnuHcTBEeHUAT napamMeThp 3a HaCTpOHKa €

KoedUIlMeHTa Ha ycuiBaHe kjq, KOUTO ompenerns

ITBJIIOOYMHATA HA KOMIICHCAITMOHHATA 00paTHa

Process variable - proposed scheme AFB

18 T T T T w7

16 i —ylit)
14k -—-y2(t)
=12 . — ity
l;l_‘ ) Sm— —d1if)
= oe [—a
‘;‘ 06 I
04 :
02 |
o 4
. : t SF!C. . .
Duz.4. Ynpasnsiemu npomeHIusU 3a
npeonodicenama cxema - AFB
BpBh3ka 3a mbpBH KOHTyp. Ormpenenst ce
o K
KpuTHUHaTa cToitHocT K h=51,8 upes usnomspane
Ha YECTOTHM KpPUTEPUM 338  YCTOHYMBOCT.

Pesynratute ca monydenu npu Ki;=17 , koiito ce
rnmpreMa 3a HOMUHAJIECH C OIJieJ HEOOXOIUMUTE
3amacy Ha yCTOHYUBOCT.

Process variable - Visioli's scheme ARCA

18 T T

f\ —yi(t)

A : : A —y2(t)
N

; / })( —r(t)

y1(t), yait)

—di()
—d2(t)

il i i i i i
[] n 40 “ 80 100 120 o

QDue.5. Vnpasnsemu npomenaueu 3a cxemama Ha
Visioli- ARCA

I'pajpukure na Dur.4, 5 mnokasBar
npenumcTBo Ha cxemata AFB copamo ARCA,
ype3  CBIIOCTaBAHETO  HA  yIpaBIIsiEMHTE

npoMmernuBH Y (t) 1 y»(t). ToBa ce mmocTpupa u
Ha Our.6, Ha KOATO ca TIOKa3aHW TPEHIKUTE
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MCKAY ABaTa U3X0Jda CbOTBCTHO 3a ABETC CXEMU,
a CBIIO W 4Ype3 TMPHUBEICHUTE CHOTBETHU
eKCTpeMaHu CTOMHOCTH:

el (£)=0.092; el (£)=0.536

et (t)=-021; et (t)=-0.694

OLEHKH Ce MpaBiAT W upe3 KPUTEpHs
1 (tk 2
]jopt = ifo [eopt(t)] dt (26)

CpaBHUTETHUAT  aHalIM3 Cc€  TpaBU  4pe3
MpecMsATaHETO My 3a TpH ciydast: (i) —CMyIIeHHe
camo 1o 3ananue r(t); (ii)- CMyIIEHHS CaMO BBPXY
obektute di(t) m dy(t); (iii) —eqHOBpEMEHHU
BB3jIercTrs Ha 1(t), d;(t) u da(t).

Ratio error for both compared shemes

;
it Eprit)
“r i ---Evstt
i
, ; d

; i
B o
_— - [
- —

Eprity. Evs(t)
1]

=

t, sec
Duz.6. Cvemecmno npedcmassime Ha
OUHAMUYHUME 2PeUKU 34 CPABHABAHUNE CXeMU

S = 12,1075 g0 =7.10%; 27)
Jrape = 461075 80 =1.8210%;  (28)
WH - —g6210*; JUD —182107; (29
]PTOPt : > ]vsopt : > ( )

Ot croiinoctute (27, 28, 29) cneasa:

1. BbB BCcHYKHM ciydyau CTOMHOCTUTE Ha
kputepuii (26) 3a cxema AFB ca mo-manku B
cpaBHeHue cbe cxema ARCA. Peaknuute u Ha
JIBETE CXEMH CaMO Ha 3a/IaHUETO Ca ChbU3MEPUMHU
(27), xoeTo ce o0O0sCHSABA ¢ BKIIOYBAHETO Ha
3BeHoTOo Q(s) B cxemara ARCA (Qwur.l) u
e(eKTUBHOCTTA Ha Ipeiokenara cxema AFB.

2. Ilpu cmymieHust mo JaBaTa KaHaiga 0e3
cMymieHne 1o 3amanue (28) ce HaOmomaBa
3HAYUTENHO TpreMyliecTBo Ha cxemara AFB, a
neknapupanara eexTuBHOCT Ha cxematra ARCA
Npyd CMYIICHUS BBPXY OOEKTHTE MOXe Ja ce
TIOJVIOKH HA TUCKYCHSL.

3. [ToTBBpKIaBa ce IbJIHATA

nHBapuaHTHOCT Ha cxeMa ARCA 1o oTHomeHue
¢ N (11))

]vsopt - ]vsopt ), a

MpeaoKeHara cxema AFB ce SIBSIBA

WHBapUaHTHA KaKTO MO 3aJlaHue, Taka U 10

)] ~ g _

ropt — Jpropt —

caMo Ha 3amaHuero (

CMYIICHUSI BBPXY OOCKTHUTE (]zg

(iif)
]propt: )-

-58 -

4. 3aka04eHue
[Ipennoxenara cxema AFB mnputexana
npeauMcTBa npen cxemara ARCA.
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ABTOMATUYHA UWIEHTUOUKAIIUSA HA 1IN U
1IN/ PET'YJIATOPH

T'EOPT'U TEP3UMCKU, UBAH JIPATOTUHOB

Pe3tome: Ilpeoracam ce cxemu 3a agmomamuuna udeHmuukayus Ha pecyiamopu u
npoeepka Ha Hopmannama um paboma. Hscneosam ce npexoonume npoyecu, Koumo ca om
CbujecmeeHo 3naveHue NP aHaIu3a U CUHmMe3d Ha CUCeMU 34 A8MOMaAmMU4HO ynpasieHue.
Ilpeonazanume pewlenuss ca axmyainy KaKmo 3d npousgooumenume Ha — NpOMUULIEHU
pezyramopu, maxka u 3a nompeoumenume um.

KarouoBu nymu: asmomamuuna uoenmugpuxayus, npomuniienu pecyiamopu

AUTOMATIC IDENTIFICATION OF PI AND PID
CONTROLLERS

GEORGI TERZIYSKI, IVAN DRAGOTINOV

Abstract: There are schemes for automatic identification of controllers and verification of
their normal operation. The transitional processes that are essential for the analysis and
synthesis of systems for automatic control are explored. The proposed solutions are actual

for the producers of industrial controllers and their users alike.

Key words: automation identification, industrial controllers

1. OcHOBHH MOJIOKEHUA

BakeH MOMEHT NpU CHHTE3a Ha CUCTEMH 32
aBTOMAaTUYHO PpEryJIMpaHe € OIpPEeAeNsHeTO Ha
napamerpure (KoeHUIMEeHTHTE) Ha PErylaTOpHUTE.
Haii-uecto ToBa craBa Ha 0a3aTa Ha TUHAMHYHHTE
XapakTepUCTUKH Ha o00eKkTa 3a YNpaBJICHUE W
’KEJTaHOTO KauecTBO Ha perynupane. Enna ot
NPUYUHATE 332 OTKJIOHEHHE MEKIY JKEIAHUTEe H
NEUCTBUTEIHO  MOJYy4YCHUTE  IIOKasaTelu  3a
KayecTBO Ha peryiupaHe €, 4e B NPOMUIUICHHTE
perynaTopu ce peamu3HpaT pealHd 3aKOHH 3a
ABTOMATUYHO pETyJIUpaHe, a € Bb3MOKHA U Pa3iiKa
MEXJy 3aJaJIcHuTe KOeQUIIMEHTH B peryjaTopa u
JEUCTBUTEIHO TIOJNyYEHUTE T.€. peaM3UpPaHHTE.
CrnenoBartesHO € HeoOXOAMMa MPOBEPKAa KaKTO Ha
3aKOHA 3a pErylHpaHe, KAKBO € OTKIOHEHHETO MY
OT WACATHHUS TaKbB, Taka W Ha TOYHOCTTa Ha
peanuzanys Ha TapaMeTpuTe My.

2. U3no0/13yBaHe Ha CTBOAJHO BXOJHO
Bb3/elicTBUe 32 uaeHTH(UKanus Ha [TH-
peryJjarop

ToBa e Hail-yuecTo mpujaraHusi MeTOJ 3a
UACHTU(UKAAA Ha PETYNaTOpH - MPOMHUILICHH
uin TexHu mojenu. [lo excrnepuMeHTanHO cHeTa
MPEXOJHa XapaKTePUCTUKA U HECIOXHU rpaduuaHu
Meronu [l] ce  ompemensT  CbOTBETHUTE
koedurmerTr. [IpexoqHusT mporec Ha TPOMHUIILIICH
[MU-perynarop e nokaszan Ha ¢wur. 1.

A

@ue. 1. [lpexoden npoyec na npomuuLieH
nponopyuonarno-unmezpanen I1H-pezynamop

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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Hpenasarentusr xoepuuuent K, moxe

na ce ompexenu ot orceukata (OA, Thit Karo
OA=KpX,.

3a WHTErpajHaTa KOMIIOHEHTA ChOTBETHUTE
u T,

koeduuuentn K, :

ce OIpenensIT 4pe3

CKOPOCTTA Ha M3MEHEHHe  _ DM _ Mo —H1 (1)
At 1,1

no gopmynara [1]: . 1 _ V' (2)
' i X(xx

OueBuaHO €, Ye 3a HHTErpajHaTa KOMITOHEHTa
cKopocTTa V' TpsOBa Ja € mpaBo MPOMOPIUOHAITHA

Ha ToJIeMHHATa Ha BXOAHOTO Bh3zeiicteue X . Ilo

TOBa CBOMCTBO MOJE J1a C€ MPOBEPABA JTMHEEH JIN €
WHTErpaTopa, KOUTO OMUTHO CE M3CIIe/IBA.
[Mponienypara  3a  ompejensHe Ha

koeduimenture K, u T; ce Moxke xa ce cBele u

no HamupaHe Ha Toukute A u B. ['paduunmsr
ITOAXO0/ € Hal-JIeceH, Thil KaTo ¢ HeoOXOAUMO Ja ce
OPOIBDKM HAa JISIBO MpaBaTa JIMHUS, KOSATO €
HaKJOHEHAa W C€ JAb/DKM Ha HaauuueTto Ha M-
KOMITOHEHTa. ThpCeHHUTE MapaMeTpH €€ OMPenesiT

no popmymure [1]: - _ OA4 u T, =0OB 3)
P ng

B croTtBeTcTBHE C TpaBMiaTa 3a rpadudHa
00paboTKa Ha MPEXOHUS IMPOLEC € Bb3MOXKHO Jia
ce ch3aje ChbOTBETEH alrOPUTHM 3a 00paboTKa Ha
MacuBa OT JIaHHU BBBEXKIAINM B KOMITIOTHPA
MpexXoHUsl Tporiec Ha perymaropa. Ha ¢wur.2 e
MOKa3aHa CTPYKTypHAaTa cXeMma 3a aBTOMaTH4HA
nnearudukanus Ha [1-perynatop, ochiecTBeHa ¢
nporpamuus nponykt SIMULINK B cpemara Ha
MATLAB. TIlomaBa ce cThHAJIHO  BXOIHO
BB3JCHCTBHE ¢ roneMuHa x=X,..1(t) Ha BXoja Ha
[IU-perymatop cbC ciegHara  TperaBaTeITHA
¢bynkuus [1]:

w,(s) =4S _ e [14 L )

x(s) T;s
C nomorra Ha cxema (ChCToALIA CE OT JBE
3BEHA CbC 3aJIpbXKKa Ha TaKT) ce OIpees BTopara
[IPOM3BOJHA HAa M3XOIHUAT CUTHAJ Ha peryjaropa
HeoO0Xo/MMa 3a onpezensHe Ha BpemeTo f;(dur.1)

U CXeMa Ha TPHUIIO3MLIMOHHO pelie ce pearnsupa
cxema 3a (popMHpaHe Ha CTPOO-UMITYIICH, KOHTO Ce
MOJaBaT Ha 3allOMHSINUTE KIETKH Memory W
Memoryl, xouro ca noacuctemu (¢ur.1). Ilo To3m

Myt 0T
npexoaHus mpouec 4 . IIpe3 exHo 3BeHO ¢ 4MCTO

Ha4YuH CC OIpeaAcssAT KOOPAUHATUTC

3aKbCHEHHE 7 = 1§, CTpPOO-UMITYJICHTE CE MOjaBaTr
U Ha OLIE JBE 3alOMHSIIM KIeTKu Memory2 u
Memory3, kouto cwiio ca nojacuctemu (¢ur.1l). 1o
TO3W HAYWH OTHOBO CE€ OMpPENEeIsT KOOPAWHATH, HO

TO3W IIBT O3HA4YCHH, KaTo /'IZJIZ OT MPEXOAHUA

npouec 4 . Hamupanero Ha koopauHaTuTe ff,f, U

Has t2
CTOMHOCTHTE Ha MapaMmeTpuTe Ha perynaropa. [Ipu

rnomara 3a AaBTOMATUYHOTO HaMHPAHC

sanagenn koepuumentn K, =1, T, =10s ca
oruerenn K, =0.9991, T; =9.991s. Hamnue e

BUCOKa TOYHOCT. CleZIoBaTeIHO 1O TO3U METO]
Morar Ja ce WICHTH(QHUIMpAT 3aKOHWTE 3a
peryaupaHe © Ja Ce  ONPEACTHAT TEXHHTE
napameTpH.

3. U3non3yBaHe Ha CHHYCOMAAIHO BXOJHO
Bb3lelicTBHEe 32 MICHTH(UKALUS HA

A /I-perysaTop
B mpakTtukara BciencTBHE Ha CIIOJKHATa
TEXHHUYECKa peanu3alus MO-PSAKO ce H3MOoI3yBa
CHUHYCOUIaJTHO BXOJIHO BB3JICHCTBHUE 3a
naeaTudukanud. [lpun mHanmane Ha nepudepust KbM
KOMITIOTBPHUTE TEHEPAaTOPH Ha CHTHAJIH TO3M
HOAXOJ CTaBa aKTyaJleH. AKO Ha BXoja Ha
peryinaropa ce IoJaBa CHHYCOWAAJEH BXOAEH

curHa: X, (1) = A, sin(arx) (5)
U3XOIHUST My CHTHAJI CHIIO LIE € XapMOHHUYEH HO C
Jpyra amIumryzaa u (asoBo m3MecteH. Onpenens
CE OT KOHKPETHHS 3aKOH U HETOBHUTE MTAPaMETPH.
X, (1) = A, cos psin(ax) + A, sinpcos(ax) (6)
Taka na mnpumep 3a IIM-3akoH 3a
peryjivpane u3XxoaHus CUrHal e uMa Buaa:

(7

. K/)Aex
@ =K,A, sin(wr) + 7

i

Xzx

t

J.sin(a)t)dt
Upe3 mnpupaBHsIBaHE Ha U3Pa3UTE IIPE]

sin(wt) 1 cos(wt) MOXKE J1a Ce ONPENENST ThPCEHUTE

KOHCTAHTH 34 TO3HM 3aKOH:

K =Ii”3xcosqo Uo7 —— ! (®)

b2l i

a g @

3a HamupaHe Ha ammmaryaure A, , A, ,

gecrorarta ® M (1)8.30BOT0 N3MCCTBAHC (P MOXKE Oda

Cce W3MON3YyBaT MPEUIOKEHUTE B [2] CXeMHH
pemenus. Ha ¢ur.3 e nmokazana OnokoBara cxema
peanusupaiia Tasu uzaes 3a ugeanen [IA]J]
anroputbM. Twil karo mnmapamerpure Ha [IM/I-
perynaropa ca TmoBeue 3a HACHTH(HKalusITa €
HEO0OXOJMMO OTYHTAaHE Ha aMIUTUTYAuTe W (hasure
3a nBe pasnuuHu 4ectoTH. DopmynuTte 3a
M3YHUCIIIBaHE Ha TMapaMeTpuTe, peaju3upaHud B
CTPYKTypHaTa cxema ca:

11
» 71:: cos o ’ 7 - w? w3 ’
gy, g9
[225) (2]
[N — 1
T, = 1 I8Py 2 I8 P> 9)

2 2
W) — @,
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Ha ¢ur.3 e moka3zama cxema 3a
aBTOMAaTHYHA HACHTU(UKALMS HA IapaMeTpuTe Ha
[MN-perynaTop MNpuH CHHYCOMAATHO  BXOJHO
BB3JeiicTBre. [lomaBa ce CHHYCOMIATHO BXOJHO
BB3/ICHiCTBUE C rojieMuHa X = A, SIn @ Ha BXoJa

Ha [IM/I-perymaTtop cbc cienHara mnpenaBaTesiHa
¢bysaxmust [1]:

w ()= g [+ L i1 5| (0
p x(s) r T:s

[lapameTpuTe Ha CHHYCOWAAIHMAT CUTHAI
ca: A=1mV; w=0.1rad/s. Ha cxemara c
OyKBEHH 03HAYCHHMSI Ca 3aMECTEHU ChOTBETHO:

X(t) e reHepaTop Ha CHHYCOMIAJICH CUTHAJ,

ed; e MeXXIIMHHA TIPOMEHJINBA, HEOOX0OMMa
3a YTOYHsIBaHE HA BpeMeHaTa ¢,,f; U {3;

ed, e MeXXIIMHHA TIPOMEHINBA, HEOOX0ANMA
3a yTOUHsIBaHE Ha ekcTpemymute X, X5 u X;;

es; ca CTpOO-UMIIyJICH 3a BpEeMeHara f,,f; 1
3 Ha BXOJHHS CUHYCOUJAJICH CUTHAI,

es; ca CTPOO-UMITYJICH 32 EKCTPEMYyMHTE
X;,X> 1 X; Ha BXOJHUSI CUHYCOUAAJICH CUTHAT;

es; ca CTpOO-UMITYJICH 32 BpEMeHaTa #;,t; U
¢; HA U3XOJHHS CUTHAJ Ha PErylaTopa;

es, ca CTPOO-UMIIYJICH 32 EKCTPEeMyMMTE
X;,X> m X; Ha U3XOTHUS CUTHAJI Ha PErysaropa,

SICIFI- Bb3en 3a WbPBUYHO (OpMUpPAHE
Ha wumnyncun S/, Opossa Ha wmmmyncu Cl wu
(hopmupoBaten Ha cTpoO-uMITysicu F/, ¢ momorira
Ha KOWUTO C€ ONpEAeNAT ChbOTBETHHTE BpEeMEHa Ha
MPEBKIIOYBaHE HA BXOJHATAa CHHYCOMAA OKOJIO
CTOMHOCTTA Ha BXOIHUS CUTHAII;

S2C2F2- BB3en 3a WBPBUYHO (opMUpPAHE
Ha wuMmnyincu S2, Oposdy Ha wumnyncu C2 u
(hopmMupoBaTen Ha cTpOO-UMITYIICH F2, ¢ TTOMOIITa
Ha KOHUTO CE€ ONPENENAT ChbOTBETHUTE EKCTPEMYMH
Ha BXOJTHHST CHHYCOHJIAJICH CUTHAI;

S3C3F3- BB3en 3a MHPBUYHO (PopMUpaHE
Ha wummyncn S3, Opossa Ha wmMmiyincu C3
¢dopmupoBaTen Ha cTpoO-ummyncu F3, ¢ momornra
Ha KOUTO C€ ONpENEeNAT ChbOTBETHHTE BpEMEHa Ha
NPEBKIIOYBAHE HA UW3XOAHATa CHUHycoMIa Ha
peryiaTropa OKoJIO CTOHHOCTTA Ha BXOAHUS CUI'HAJ,

S4C4F4- BB3en 3a WBPBUYHO (hopMHUpaHe
Ha wummyncn S4, Oposa Ha wnmmyncu C4 u
(hopmupoBaTen Ha cTpoO-UMITyIIcH F4, ¢ moMorra
Ha KOUTO CE€ ONPEJENAT ChOTBETHUTE EKCTPEMYMH
Ha  M3XOJHHMAT  CHHYCOHMJAJIEH  CHUTHal  Ha
peryinaropa;

Three Memoryl- ca Tpu 3allOMHSIIN
KIETKH, W3XOIUTe Ha KOMTO Ca CBHOTBETHUTE
BpeMEHa Ha BXOIHHMsS CHHYCOWIAJNCH CHUI'HAl T.C.
Vi=t, yo=t, y3=t:=1};

Three Memory2- ca Tpu 3alOMHSIIN
KJICTKH, M3XOIUTE Ha KOUTO Ca CBOTBETHUTE
EKCTPEMYMH Ha BXOJHHSI CHHYCOUIAICH CUTHA T.€.
V=X, y2:=X5, y33=X;3,

Three Memory3- ca TpW 3alIOMHSIIA
KJIETKH, M3XOAUTE Ha KOHTO Ca CBHOTBETHHUTE
BPEMCHA HA HM3XOJHMS CHHYCOMJAJCH CHUTHAl Ha
peryjiaartopa T.€. y; =t;, V2 =t,, V3 =3,

Three Memory4- ca Tpu 3alOMHSIIN
KJIETKH, W3XOAUTE Ha KOHTO Ca CBHOTBETHUTE
CKCTPEMYMH Ha HM3XOJHHS CHHYCOMAICH CHIHAI
Ha perynaropa T.€. y;; =X, v, =Xo, y33 =Xz

Two Memory- ca 1Be 3allOMHAIINA KJIETKH,

HEOOXOOUMHM 33  omlpejensHe Ha  (a3oBOTO
3aKbCHEHUE;

Subforphase- ¢ moacucTeMa 3a OmpeesTHE
Ha Qazara;

Subsysteml- e moacucTemMa 3a ONpeAessiHe
Ha aMIUTUTY/1aTa;

Subforvtoriexperiment- € TomcucTeMa 3a
BTOPHSI EKCIEPUMEHT, C IOMOIITa Ha KOWTO ce

M34HCIBAT IapamMeTpute Ha perynatopa K ,, T, n

T, . 3a peanuzanuaTa Ha BTOPHUsS E€KCIIEPHMEHT Ce

M3II0JI3YBAT EMIMPUYHO u3BenaeHUTE (hopmynu (9)
npu uneHtudukamms Ha [IW/]-perymarop mpu

CHHYCOHJIaJICH CHTHAJL. Ipu 3a1a/IeHH
koepuumentn K, =1, 7, =10s n T, =5s ca
orserern K, =0.9996, T, =9.99s u

T, =5.007s. Hanuue e ChIIO BHCOKA TOYHOCT.

CrnenoBareslHO M IO TO3M METOA MOrar na ce
WACHTH(QHUIUPAT 3aKOHUTE 3a PEryJIMpaHe W Ja ce
ompenenar TeXHuTe mnapameTpu. IIpemioxkenara
METOAMKAa O€ EeKCHEPHUMEHTAJIHO IIPOBepeHa NpH
WACHTH(PHUKALIUATA HA MPOMUIIUICH PEryiaTop THUI
RT 484 na dupma KOMEKOQO. Toit ochliecTBsiBa
peanen IIM]J[-3akon 3a perynupane. 3a 3amuc Ha
NPEXOAHUTE MNPOLECH NPU H3CICABAHUTE 3aKOHHU
(ITM u TTM[) e u3mon3yBaH MpPOTPaMHUS TPOJTYKT
Polymonitor na KOMEKO. Tlony4eHusT MacuB OT
JaHHK € O0O0padOTeH C TMpeajaraHuTe CXEeMH
peannzupanu ¢ nporpaMuust npoayktr SIMULINK B
cpenata Ha MATLAB. TounoctTa € MHOTO J100pa.
Taka nanpumep 3a [IM-perymnaropa npu 3anaaeHu

Kp =4 u T, =2min chumre CTOHHOCTU Ca U

oruetenn. 3a I[IWJl-perymatop mpu 3amafcHH

KOE(HIMEHTH Kp =3,7,=2min, 7, =3min u

T, =1min ca oruerenu cborBeTHO K = 3,

I'=2mmn, 7,=33mn wu 7T,=1.1min.
I'pemikaTa € OCHOBHO TpPH ONPEACISIHETO Ha
BpeMekoHcTanTuTe Ha [l-uactra (T4 m T,), kKoeto
npu rpadudHaTa 00paboTKa ce OCHINECTBSBA IO
METO/a Ha IUIOIITa M Ype3 AOonHpaTesHara B T.Aj,
METOAM BOJEIM 10 m3BecTHa HeTouHocT [3]. Ha
¢ur.4 u ur.5 ca MokazaHU CHHYCOUIAJICH BXOJCH
u u3zxozaeH curnanu Ha [IM]{-perynaTtop cbe cTpoO-
UMITyJICH 33 ONpeAeisiHe Ha BpeMEHaTa |

eKCTpeMyMHUTe.
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4. 3akarouenue 2.

[IpennokeHn M W3CIEABAHU Ca CXEMHU 3a
aBTomMatnyHa wuaeHTu(ukanus Ha [IUM wu TIAJ]-
perynaTtopu pearu3upaHd C MPOTPAMHUS MPOIYKT
SIMULINK B cpenata na MATLAB. Usnonsysaru 3
ca JBa BHJAa BXOJHM CHUTHAId — CTBHIATHO U
CHHYCOUJAIHO BXOJIHO Bb3AciicTBue. Bucokara
TOYHOCT € TIOTBBP/ICHA U MPHU HUACHTU(DUKAIUATA HA
CEPUITHO MPOU3BEKTAH MPOMHUIIIIICH PETYIATOP.
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HEO-PASMUTA HEBPOHHA MPEXKA 3A
MOJEJTAPAHE HA MHOI'OMEPHHU
HEJIUMHEUHU TUHAMUWYHUA TPOLECH

MAPI'APUTA TEP3UMCKA, SHUYO TOAOPOB, JIFOBKA JTYKOBCKA

Pe3tome: B mosu 0oknaod ca npedcmasenu CmpyKmypama u ajieopumsma 3a ooyuenue Ha
MHO20MEPHA HeO-pasMuma He8POHHA MPedcd 34 MOOEIUPAHe HA HEeIUHEUHU OUHAMUYHU
npeoyecu. [Ipunoscenusm nooxoo ce 0CHOBABA HA UOCSIMA 3d HEO-PA3MUN HEGPOH, YUSIMO
OUHAMUKA 3A6UCU eOUHCIBEHO OM 8PEMEeBOMO PA3npeoeieHue Ha OaHHUME HA 8X00d MY, d
uzxooa ce 2eHepupa Kamo cuHebaAmon Qyuxyus. 3a oa ce mecmea pabomocnocoonocmma
HA NPeONoNCeHUSIN MOOE, CA OCHUICCTNECHU CUMYTAYUOHHU eKCEPUSHMIU 6 COpmYyepHama
cpeda Mamaab 3a modenrupane Ha HeIUHEHA MHO2OMEPHA CUCTEMA.

KiarouoBn  aymm:neo-pasmum — HegpoH,
udenmuuxayus,, HelUHeuHa cucmemda

Heo-pasmMuma  mpedica, — MoOenupate,

NEO-FUZZY NEURAL NETWORK FOR
MODELLING OF NONLINEAR MIMO
DYNAMICS

MARGARITA TERZIYSKA, YANCHO TODOROV, LYUBKA DOUKOVSKA

Abstract: This paper presents the structure and the learning algorithm of a multi-input
multi-output (MIMO) Neo-fuzzy neural network for nonlinear system modeling. The applied
approach lies on the idea of Neo-fizzy neuron whose dynamics depend on its own temporal
behavior, while his output is generated as a singleton function. To demonstrate efficiency of
the proposed modeling structure, a simulation experiments in Matlab environment
modeling a nonlinear MIMO process dynamics are performed.

Key words: neo-fuzzy neuron, neo-fuzzy network, modeling, identification, nonlinear

system

1. Introduction

Neural networks, fuzzy logic and their
synergy resulting in neuro-fuzzy structures have
gained much popularity in the recent decades. The
fusion of the fuzzy logic with the neural networks
allows combining the learning and computational
ability of neural networks with the human like IF-
THEN thinking and reasoning of fuzzy system. This
makes them a very active subject in many scientific
and engineering areas, so they are widely and
successfully used in nonlinear system modeling,
signal processing and intelligent control.

A lot of architectures have been proposed in
the literature that combines fuzzy logic and neural
networks. Some of the most popular are ANFIS [1]
and DENFIS [2]. They are all composed of a set of
if-then rules. A serious drawback for their
application in purpose of dynamical modeling is the
number of parameters under adaptation at each
sampling period, since it grows with the increasing
level of modeled nonlinearity.  Another
disadvantage of the neuro-fuzzy systems, especially
when they operate in on-line mode is the slow
convergence of the conventional gradient-based
learning  procedure and the computational
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complexity of second-order ones [3]. As well, such
structures cannot handle major process uncertainties
in many complex situations.

To overcome the deficiencies of the FNN
networks, it has been introduced the idea for NEO-
Fuzzy Network. According to many authors among
the most important advantages of the NFN are: the
learning rate, the high approximation properties, the
computational simplicity and the possibility of
finding the global minimum of the learning criterion
in real time [4].

NEO-Fuzzy Networks have already been
proven as universal approximators. Such structures
have been used: in prediction of chaotic time series
[5]; for classification [6]; as filter [7-9]; as
dynamics observer [10].

The NEO-Fuzzy Networks have great
potentials as modeling solutions into model based
control strategies. Since, most of the complex
dynamical processes are mostly nonlinear with
many inputs/outputs; this requires the design of
appropriate MIMO modeling solutions.

Therefore, in this paper a design approach
and simple learning algorithm for a proposed
MIMO NEO-Fuzzy neural network are studied in
Section 2. The results from the performed
simulation experiments in modeling a nonlinear
MIMO system are shown in Section 3.

2. Neo-fuzzy network

The idea for a NEO-Fuzzy neuron was
proposed by Yamakawa et al. [11] and its simple
structure is shown on Fig.1.

e oW

X ‘ X,

—

Im

Fig.1. Single NEO-Fuzzy neuron

The NEO-Fuzzy neuron is similar to a zero
order Sugeno fuzzy system where only one input is
included in each fuzzy rule, and to a radial basis
function network (RBFN) with scalar arguments of
basis functions [12]. The NEO-Fuzzy neuron has a
nonlinear synaptic transfer characteristic. The
nonlinear synapse is realized by a set of fuzzy
implication rules [14]. The output of the NEO-
Fuzzy neuron is obtained by the following equation:

@ =3 a )W, ()

where x(k) is the input, w; is the weight coefficient
and p; for j=1:m is a defined set of Gaussian
membership functions:

()= —exp 5| 2
o ) = —€X _—
(5 = exp| =5 )

where ¢ and o represent its centre (mean) and width
(standard deviation).

Each nonlinear synapse is expressed by a
fuzzy rule matching to singleton rule consequents:

If x,is A then the outputis f(x,)  (3)

Using the basic concept for a NEO-Fuzzy
neuron it can be easily designed a network of such
neurons capturing the dynamics of a set of multiple
inputs and outputs. The typical NFN structure is
presented on Fig.2., where the system output is
expressed as:

Y (k)= f(x(k)) (4)
where x(K) is an input vector of the states in terms of
different time instants. Thus, the output is

determined by the membership functions z; and the
weight coefficients wy;(k):

IRCED WACKOED B WHEAIRGIE

i=l j=1

where ¢ and o represent its centre (mean) and width
(standard deviation).
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Fig.2.NEO-Fuzzy Network
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2.1. MIMO neo-fuzzy network

In this section is presented proposed MIMO
NEO-Fuzzy Network. This five-layer structure is
shown on Fig. 3. The first layer accepts the input
variables and then nodes in this layer only transmit
the input values to the next layer directly. The
second layer performs fuzzification using (2). On
the third layer the obtained membership degrees are
multiplied by two different group weight
coefficients wii(k) and vji(k). On the fourth layer are
computed two groups of functions:

Fy0) =Y, (xkyw, ©
G, ()=, (x(hY, )

The outputs of the MIMO NEO-Fuzzy
Network are obtained on the last fifth layer:

Y = 2 F (%) (8)
Jj=1
V2 = 2,G,; (%) 9)

Fig.3.MIMO NEO-Fuzzy Network

2.1.1. Learning algorithm

To train the proposed MIMO NEO-Fuzzy
Network an supervised learning scheme has been
used. For that purpose, a defined error cost terms
are being minimized at each sampling period in

order to update the two group weights in the
consequent part of the fuzzy rules:

E =¢/2=y,,(k)=p, (k) (10)

E,=¢6,/2=y,,(k)-7,,(k) (11)

where y.,; and y,, are the reference outputs
measured form the process and ¥,,; and ., are the
outputs being estimated by the model.

As learning approach is used the
conventional gradient descent procedure, resulting
in the following weight update algorithm:

wy (k1) = w, (k) + Aw = Wv‘("””(aafvl((g J (12)

=w, (k) + ne(k) u, (x, (k)

v (k+1) =vy(k)+Av:vU(k)+n(%] "

= v; (k) +ne(k) ;; (x, (k)

where w and v are vectors of the trained parameters:
the synaptic links in the consequent part of the rules
and m is an adaptive learning rate which optimal
value is obtained by following expression [12]:

7 =015, e o) a9

3. Simulation experiments

In this section, simulation results with
specific example are provided to demonstrate the
performance of the proposed MIMO neo-fuzzy
network. The following multi-input multi-output
nonlinear system is considered as reference
dynamics [13]:

yr (k=1

yl(k):m+0'5y2(k_l)
_ yi(k=1) B 15
= e ey teEy U9
k- )
ys(k)_y§(k—1)+1+0’3y4(k 1)
vi(k)= yi (k=D +0.5u, (k—1)

yitk=1)+yi(k—1)+y;(k-1)

where ul(k) and u2(k) are the system inputs, y1(k)
and y3(k) are the outputs.

The above-described nonlinear system (15)
has four inputs and two outputs. Their values for the
current time k and for the previous time k-1 are
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used as inputs to the proposed MIMO neo-fuzzy
model, i.e. the model has 12 inputs and 2 outputs.
As a test signal is used Mackey-Glass chaotic
time series, which is is described by the following
time-delay differential equation:

x(i)+ax(i—s)
(Ix° (i —s5)) — bx(i)

wherea=0.2; b=0.1; C=10; initial
conditionsx(0)=0.1ands=17s.The learning rate 1 has
a fixed value0.05.

u, (k) = u, (k) =

(16)
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Fig.4. MIMO NEO-Fuzzy model validation with
Mackey-Glass chaotic time series

Results on model validation by using
Mackey-Glass chaotic time series are shown on Fig.
4. As it can be seen, the proposed model structure
predicts accurately the generated time series. On
Fig.5 are presented model errors for the both
outputs which very small values close to zero. It can
be seen that the model error for the second output
y2 is less than first output yl, which is due to the
structure of the considered nonlinear system (14).

Model errors
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{
J
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Fig.5. Model predicted errors in a case of
Mackey-Glass chaotic time series

Table 1 summarizes the values of Mean
Square Error (MSE) and Root Mean Square Error
(RMSE). The value of the MSE in the 50-th time
step is 5.5e-8 for the first output y1 and 3.7e-9 for
the second output y2.

Table 1. Table with MSE and RMSE values in a
case of Mackey-Glass chaotic time series

Steps | RMSE1 | MSE1 | RMSE2 | MSE2
50 2.0e-4 | 5.5e-8 6.le-5 3.7e-9
100 1.8e-4 | 4.8e-8 4.6e-5 3.4e-9
150 5.5e-5 3.7e-8 3.4e-5 2.8e-9
200 4.2e-5 3.1e-8 3.1e-5 2.2e9
250 3.8e-5 2.4e-8 2.7e-5 1.8e-9
300 3.5e-5 1.9¢-8 2.1e-5 1.3e-9

Another test of the proposed MIMO NEO-
Fuzzy model is made with Rossler chaotic time
series. These series is described by three coupled
first-order differential equations:

dx
a7
% —x+ay (17)
% =b+2z(x-c¢)
where a=0.2; b=0.4; c¢=5.7; initial

conditions x0=0.1; y0=0.1; z0=0.1. The results are
given respectively on Fig.6, Fig.7 and Table 2.
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Fig.6. MIMO NEO-Fuzzy model validation with
Rossler chaotic time series
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Fig.7. Model predicted errors in a case of
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Table 2. Table with MSE and RMSE values in a
case of Rossler chaotic time series
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Steps | RMSE1 | MSE1 | RMSE2 | MSE2

50 1.69e-4 | 2.85e-8 | 4.8e-5 | 2.32e-9

100 1.62e-4 | 2.6e-8 | 4.97e-5 | 3.1e-9

150 1.58e-4 | 2.5e-8 5.6e-5 6.2e-9

200 9.8¢e-4 9.7e-7 2.7e-4 7.5e-8

250 6.4e-3 4.1e-5 1.5e-4 | 2.12e-7

300 3.8¢e-3 1.5e-5 1.2e-4 4.4e-6

4. Conclusions

In this paper are presented architecture and
learning procedure of MIMO NEO-Fuzzy network.
The proposed model is similar to a O-th order
Sugeno fuzzy system and to a radial basis function
network. Two benchmark chaotic systems (Mackey-
Glass and Rossler chaotic time series) are chosen to
demonstrate the ability of this model.

The obtained results show that the proposed
MIMO NEO-Fuzzy network model predicts
accurately the generated time series, with minimum
prediction error and fast transient response of the
RMSE, reaching values closer to zero. The main
advantages of MIMO NEO-Fuzzy network are its
simplicity and the small number of parameters for
learning (only one parameter for each fuzzy rule).
Another feature of the proposed MIMO NEO-Fuzzy
network is that the fuzzification process is done
only once for the two outputs, which facilitates the
computation procedure. This makes it suitable for
real-time applications such as predictive controllers.

10.

11.
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NETWORKED SENSORS FOR ROBOT
MONITORING AND CONTROL

ROBERT KAZALA, ALBENA TANEVA, STOICHO PENKOV

Abstract: In this work a network development for monitoring and robot controlling is
presented. Solutions related to the network protocols and standards for predefined
application are summarized. The main goal is focused on net operation by using low
energy  protocols. In the developed project for sensors data exchange was use MOTT
protocol. The real test and verification with sending and receiving data between the
connected nodes are made. The advantages of the networked sensors are given.

Key words: Networked system, [oT Ethernet, MOTT protocol

1. Introduction

Monitoring of air and land pollution on a
large area, of radiation during nuclear power plant
failure are complex and sometimes dangerous tasks
[4]. In order to determine an accurate map of the
degree of pollution is necessary to perform multiple
measurements at different locations. This task over
a long period of time is performed. It is case of
highly dynamic phenomena, such as spread of
contamination or irradiated particles in the air,
means that the results do not reflect the real value.
A solution of such problem is to use mobile nodes
equipped with relevant networked sensors for data
collection. Several robots can be organized and
formed a grid. This way can be covered large areas
and different surfaces. Can be used mobiles and
flying robots. One of the main factors for such
system development is the implementation cost. In
order to achieve it is appropriate to use small, low-
power mobile nodes, which are controlled and
supervised by a main robot.

Mobile robotics platform that grants access
to robotic resources over a network, more
specifically, the robot’s communication model
within the platform is introduced in [1]. The paper
presents a  WSN extension to provide
communication between the robot and the platform
server over IEEE 802.15.4, instead of IEEE 802.11
(WiFi).

This paper is focused on configuration and
development of the networked sensors for robots
monitoring and control. A number of works review
shows variety of protocols and communication
networks [2, 3, 4, 5]. Generally efforts are focused

on problems with network delays, packet dropouts,
address channel limitations related to the packet-
rates, but there is no universal solution. In the paper
problems definition, development suggestions and
maintenance for networked sensors are made. This
work summarizes solutions related to the network
protocols and standards for predefined application.
Proposition of mobile robot based sensor network
with specified low energy protocols are also
presented.

2. System design and configuration

It is a difficult task to gather information
from many and different points. In a stage of
problem definition the task is related to a network
design and configuration of robots equipped with
sensors. The possible solution is to have a grid of
networked robot nodes. If there is a lot of
equipment, it is important to find a low-cost
solution with low energy consumption. In order to
reduce costs it is necessary to minimize the tasks of
networked robots (to develop a grid of nodes). This
network allows reducing the requirements for
computational power and can eliminate the data
processing of the separate node. Whereas in the
network design have to be include few different
nodes (or robots). Therefore cable connections are
not relevant or suitable. In such case of many
distributed robots cooperation the option is to use
radio communication. The solution performs the
data transmission from the sensors to the central
computer (or robot). This allows using of low-cost
microcontrollers. Hence, they must be equipped
with relevant communication interface. Another
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cost factor influencing for the system is
communication interface. The power consumption,
easy operation and reconfiguration of the system are
also given and discussed in [6].

Nowadays there are many radio
communication standards, but not all are well suited
to the task. The ability and widely used popular, not
expensive modules with easy connection to the
Internet is very important.

One solution that comes to mind is the
standard IEEE 802.11 (WiFi). It allows connecting
multiple devices to the network, and easy
integration with the Internet. However, it has the
disadvantage of relatively high demand for energy,
which is particularly important in the case of using
small flying robots to collect data. Among the
standards for devices with low power the most
interesting solution is IEEE 802.15.4.

IEEE standards are for the physical layer of
the OSI model. They allow transferring data. But do
not provide a convenient way to control
communications and meeting the requirements of
QoS (Quality of Service). Accordingly, the next
step is the selection of a transport layer protocol.

The choice of transport protocol is not an
easy task. If there is need to connect to the internet
there are basically only two options TCP and UDP.
These protocols allow multiple devices to
communicate effectively using the Internet.
However, they require determining ways, for
different types of data, how they are divided and
stored in frames. In the case of a system design for
collecting data in order to reduce the workload,
related to the organization of data exchange, it is
possible to use application-layer protocols.

3. Application-layer protocols

Depending on the solution and hardware
layer there are different and possible choice options.
One of them is to use industrial automation
protocols. The arising problem in this case in
general is high cost of implementation. Another
solution that can be implemented for data exchange
is the use of open Internet protocols, e.q.:

* Hypertext Transfer Protocol (HTTP)

» Representational State Transfer (REST)

* XMLHttpRequest (XHR)

* Comet

* WebSocket

These protocols are used to exchange data
between clients, which are usually web browsers
and servers providing http websites. They allow
transferring data in a standardized way and
providing easy integration of a robot with the
Internet. However, they have the disadvantage of a
large overhead of transmitting data frames, based on
the complexity and data structures used by these

protocols. This limits their use to efficiently transfer
data between the small robot nodes.

Today, one can still consider the option of
using protocols developed for the exchange of data
between devices connected to the Internet, the so-
called M2M or devices called IoT (Internet of

Things). Among these protocols can be
distinguished:
e Constrained Application Protocol (CoAP),
e MQTT,
e ZeroMQ,
e Advanced Message Queuing Protocol
(AMQP),
e Streaming Text Oriented Messaging
Protocol (STOMP).

By analyzing network protocols, extra
attention should be pay to the model they use for
data exchange. Many of the technologies used in
modern computer systems use a data exchange
model referred to as Request-Response. In these
systems, the client sends a request to the server and
then waits for a response. In the case of websites
this kind of communication in most cases is
working correctly. However, when you try to use
such a model for data exchange in the sensor
network you can encounter some difficulties. For
the clients receiving the data it is necessary to
continuously  polling the server, therefore,
communication is carried out even if the data has
not changed. In the robot sensor network, it is better
to use a mechanism in which the robots send the
sensors data to the main computer, when they
change or in the specified time interval. Such a
solution is possible using the Publish-Subscribe
method. In this method, the data publishing
modules send it to a server called the broker, which
then sends the data to clients subscribed to certain
information. Using these methods of data exchange
allows the clients to receive not all the information
sent by the node, but only the data that interest.
There is also no need to constantly calling the
modules that generate information about the data.

4. MQTT protocol

Among the protocols previously described
one of the most appropriate is MQTT protocol
(Message Queue Telemetry Transport), details in
[6]. It was designed in 1999 for transferring data
from telemetry devices. The main goal of the
designers was to create an efficient protocol to
transfer data from devices with limited hardware
resources, which is equipped with a low-
performance microprocessors and a small amount of
memory. Also expected to work in networks with
severely limited bandwidth for data transmission.

The protocol wuses a publish-subscribe
method and transmits the data over TCP/IP or UDP.
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In its implementation requires a special computer
called a messages broker. The task of the broker is
to collect messages and sending them to devices
interested in specific information. Figure 1 shows
the organization diagram for data exchanging
between Publishers and Subscribers by MQTT
Broker.

Subscriber 1 |

Subscriber 2

Topic 2

MQTT Broker
Publisher 1
Topic 1

Publisher 2

i

Subscriber 3

Fig. 1. Organization of data exchange in MQTT.

MQTT protocol messages are assigned to
names that are topics. In context of the client and
the broker, there is no need to configure the topic.
The client sends a message to a specific topic. If
there is a particular topic the broker will update its
data, in the absence a new topic will be created
automatically, to which will be assigned the
information transmitted in the message. Topics may
be organized in a hierarchical manner using the
separator in the form of a forward slash (/). This
allows us to organize data in a broker in a manner
similar to the file system. Example topic for
networked grid nodes may have the following form:

network/NODE/sensor/DATA

An important feature of the MQTT protocol
is the ability to manage the quality of service by
implementing QoS (Quality of Service). It allows
you to manage the way to deliver a message and
confirmation of its receipt. There are three levels:

® QoS 0 - At least one delivery.
e QoS 1 - At least one provide.
® QoS 2 - Only one supplied.

5. Sensors network proposals for the robots
monitoring and control system

This work is devoted on configuration and
investigations of the sensors network for monitoring
and control. A solution is found out by combination
between the standards 802.15.4 and Wi-Fi 801.11.
These two protocols can be used on one device and
allow obtaining the Gateway to the Internet. On the
fig. 2 is shown the general proposal of standards for
the separate and for the master nodes in the
network. In the case study of low energy nodes the
IEEE 802.15.4 is used with 6LoWPAN protocol
(shown in the upper grid of the fig.2). For other
cases with more powerful nodes it is easier to use

IEEE 802.11 Wi-Fi protocol (lower figure part).
Hence as to the each node is made MQTT client
installation It can communicate with broker
installed on the main robot.

Advantages of the system are: easy
maintenance; low cost; low energy consumption;
reliability and security; easy connection to the
Internet. The networked sensors system (the grid)
can be enlarged with up 1000 nodes.

In the particular test application for the
sensors network development it is obtained the
simple topology which uses only IEEE 802.11
equipped nodes. There are three connected nodes in
this case study. Furthermore it will be possible and
very easy to extend the node numbers if necessary.
The idea is associated with networked sensors for
robots to perform wvarious tasks. Each “node”
presents robot sensor and is connected with the
main robot with IEEE 802.11 protocol.

- -

~
e IEEE802.15.4 RN

1
Node 14 /
/
/
,
-’

7
-

Fig. 2. The developed and investigated sensors
network

In application test for the robot sensors
network only IEEE 802.11 nodes were used. To
build the system standard microprocessor modules
equipped with wireless communication interface
were used:

-the main control module - mobile computer
installed on a central robot,

-the data collector - a prototype system
Connected LaunchPad Tiva with Wi-Fi module
from Texas Instruments.

The most important element of the system
using MQTT protocol software is a broker running
on the main control computer. In the project only
open source software were taken into consideration:

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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. Mosquitto,

. Moquette,

. Mosca,

. RabbitMQ.

Of the listed above brokers the

implementations of Mosquitto was used. This is due
to the support of the development of this version by
the Eclipse Foundation, and high availability in
different versions of Linux repositories. Once
installed, the broker can be configured via a file
mosquitto.conf. After installation Mosquitto requires
no configuration and in most cases and applications
work properly in a default configuration. To test the
operation of the broker, the universal client
applications can be used that are available as
independent programs, web applications run in the
browser or applications for mobile devices. The
project used mgqtt-spy application, which is an
independent application written in Java. After testing
the operation of the broker the next step was to
implement clients sending and receiving data. The
MQTT protocol, there are many versions of client
libraries for various programming languages. The
project used the following versions:

. Eclipse Paho MQTT C/C++,

. Eclipse Paho Python.

For all Connected Lunchpad Tiva modules
PAHO MQTT Eclipse C / C ++ library was used to
write applications. PAHO Eclipse Python was used
in the client installed on your computer to remotely
control the robot and covering August sending the
data generated from the control falls. The last set of
libraries mgqtt.js used to build web applications,
whose task is to monitor the work of the individual
modules robot. An important step in designing
communication layer using MQTT protocol is to
determine the structure of topics and related
messages. In current system only test messages were
send, which allows reading data from nodes sensors.

6. Conclusion

The paper shows an example of the use of
open network protocols in networked mobile robot
sensor system. MQTT protocol allowed for the use
of standardized methods for data exchange in the
sensor network. Also greatly simplified the
integration of new nodes, the use of nodes
information from other systems and integrating with
the Internet. The use of open protocols simplifies
software development work, especially when it
consists of a large number of independent nodes.
Also simplifies the maintenance process, since it is
possible to read information about the robot and the
status of individual sensors without having to use
special tools. Future work will be focused on real
time robot network implementation.
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TRAFFIC LIGHTS CONTROL VIA WEB
APPLICATION

VERICA ALEKSOVSKA, ALBENA TANEVA, IVAN GANCHEV

Abstract: High speed internet is widely used in modern life. Furthermore, server based
systems for remote monitoring and control is widespread used. It simplifies the design
process and allows internet connection of different control systems. The Web servers are
microcontrollers that maintain complex and well established TCP/IP communication
standard protocol. This way web based devices can be easily added in any Ethernet
network. That allows users to monitor and control their embedded applications and can be
used in any standard browser. In this work web based application, a case study for
monitoring and control is developed. A laboratory networked control system (NCS) with
two programmable controllers, two servers and web application to monitor and control the
traffic lights is used. The advantages and disadvantages of such systems are summarized

in the paper.

Key words: web based system, PLC, web server

1. Introduction

The networked control systems (NCS) are
promising structure in modern automatic control.
These structures reduce system wiring, ease
maintenance and diagnostics [1]. However, the
introduction of networks also brings some new
issues, such as network-induced delays, packet
dropouts, etc [7]. With the increase in urbanization,
many cities around the world are experiencing a
very rapid growth in the number of vehicles which
lead to serious traffic congestion problems. This
places a greater demand on operating roadway
systems with maximum efficiency. One major
factor that affects the traffic flow is the control of
the traffic at road intersections. Hence a good
traffic management system is needed to maximize
the efficiency of the traffic flow. In this work the
emerging web server technology to design a web-
based traffic control system is applied. It allows
remotely monitoring and control the traffic at
various intersections simultaneously, [2]. In this
way the traditional traffic control system is
improved and acquires better operating and
monitoring schemes [3].

The tendency nowadays is that advanced
system components communicate with each other
via Ethernet. This way operators have real-time
information through web applications. The
described below laboratory system includes server
technology and becomes multifunctional, fig.1.

The Web-Server, FP Series, unit allows
accessing via Ethernet only for Panasonic PLCs. It
is not solved to the controllers from other vendors
as Omron Sysmac CP1H PLCs. In this work an
application for using other controllers with Modbus
TCP protocol is developed. This paper is organized
as follows: Section 2 is devoted to the description
of the Web-server based control systems [4,5,6].
The Panasonic and Omron laboratory equipment is
described in Section 3. The developed algorithm
and web application is presented in Section 4. Some
results for data monitoring and conclusions are
given in the Sections 5 and 6.

Fig. 1 NCS for traffic lights
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2. Configuration and main set up of the
server based system

In this work an advantage of the FP Web-
Server that can work as Ethernet-to-serial interface
converter is used. It is known as a MEWTOCOL
protocol and allows connecting the Panasonic FP
series controllers to an Ethernet Network. On the
other hand, the presented solution is based on open-
source client side server XAMPP. This way
network with Panasonic and Omron PLCs for traffic
lights control is achieved, fig.1. The incorporated
interfaces of the server unit with Web Expansion
is shown in the next Fig.2.
rEes Sene et 7y 1)USB host port
: D i Oy e USB 1.1 host port for Panasonic
E =l . Products supported by the FP-WEB2
. i |, ~ (@ 2)RS485
Screw terminal
B @ 3)High-speed digital output
Optocoupler, phototransistor output

4)SD card slot
SD/SDHC memory card support

R

Fig. 2. The web unit in the system

It is supplied with a 10BaseT Ethernet
with twisted pair, pier to pier connection. Thereby
it receives all data via an Ethernet port, e.g. from a
computer, it is routed to its respective port
(RS232C, RS485 or USB) and vice versa. The data
received at the serial interface is sent back to the
computer via Ethernet.

- =
Advanced Http settings: PLC access &
HTHML pages with PLC data
+ | Pazswaord protection
FLC address range definitions:
The PLC register address range can be limited for
http initiated wirite operations. *"Af1ite enabled range:
R oo R 995 F Standard N

he [l 993 F Standard

oT 0O . DT| 22765 Standard
FL 0O . FL| 32765 Standard
LD 0 . LD| 22765 Standard

MEWTOCOL wia Hitp zerver:

" Dizable METOLCOL wia http 'get’ [plc?301...]
" Emnable MEwTOCOL H#R [PLC read] commands
* Allows all commands [full PLC access] |

| Configurator ject: Tr ightCon
g Proy

Modbus |  FTPcient/SDmemorycad | Datalogger |  SNMP |

Pgject | Config | Emal Web | Pots | Diahin | Diatout | Tme |
Select fil to edit Ensblesever: P bt [ htps
g2 Offjpg 235 kB JPEG Image = fer
img2Onjpg  7kB JPEG Image
mainhtm  3KkB Fiefox HTML Document
stertjpg 5kB JPEG Image
stopJpg 5kE JPEG Image
ymanhtm  2KkB Fiefox HTML Document
Remote unit:
PLC acoess:
===

Project folder info <F5> Refresh
{C:\Users\Verica\DesktophTraficLightC. .cLihtControl TraficLightControhitp

r T N
@' Configurator project: TrafficLightControl W S o @ﬁlg

Project | Config | Emal | Web | Pots | Diakin | Datout | Tme |
Modous |  FTPclent/SDmemoycad | Datalogger |  SNMP |

Modbus-TCP server:
Eroe e (et | o
¥ ModbusTCP cent > PLC ) Detais ...

™ Modbus-TCP cient > PLC (*) ) A Wizard
™ Modbus-TCP client ~> Modbus RTU slave (%)

[~ Modbus-TCP clent:
Enable interface:

Remote server
[V PLC —> Modbus-TCP server Detais ... ‘\
™ PLC-> Modbus RTU slave (*) Wizard
l ™ Modbus RTU master (*) > Modbus-TCP server
ik ATU m p

(x) = Uses the Modbus-to-PLC address transiation table ~Address offsets ...
() = Uses 2nd RS232C (3-pin sub-D connector)

Fig. 3. The communication settings in the
FP Web Configuration project

The unit is connected to the PLC with
corresponding settings. In proposed configuration,
the FP Web-unit is the server and the computer is
the client. The server IP address is set
corresponding to the local laboratory NCS. Hence,
is possible to reach it from inside (e.g from
localhost XAMPP server) of this network. The PLC
is serial connected to the computer. The FP Web-
Server is connected via MEWTOCOL port. It is set
up as Modbus-TCP Client for the PLC. To
configure the server related Tool: FP WEB
Configurator 2 (fig.3) is used. A configurator
project with necessary settings including HTML
pages is developed and loaded to the server. The
Modbus TCP client-server options is used in this
project and advanced settings of the PLC memory
areas. The data from the specified devices is
collected and stored in the FP Web-Server unit's
RAM and written to an SD memory card of the FP
Web expansion unit. The date and time of the
logging data are recorded in a CSV format on the
SD card. This function has to be enabled. The data
registers are configured for the PLC and will be
polled by the FP Web-Server at the interval
specified.

2.1. Communication module CP1W-
MODTCP61

The CP1-WMODTCP61 module is used in
order to connect Omron’s PLC in Ethernet
communication network. It is supplied with a
10BaseT (pier to pier) Ethernet connection. The IP
address is set corresponding to the local network.
The Omron PLC acts as a slave device in Modbus
TCP Slave/Server network. The adapter responds to
Modbus TCP commands from the master device
XAMPP server using the Modbus TCP protocol. In
proposed configuration the localhost XAMPP
server is installed on the computer. The Omron PLC
is connected to the computer via Ethernet. CX-
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Programmer software is used to change Serial Port
communication settings for the PLC port with CP1-
MODTCP61 unit mounted in.

2. The Networked control system

The laboratory set up consists of Panasonic
controller FP-X C14R series wired to the FP Web-
Server with Expansion, controller Omron Sysmac
CP1H, with mounted CP1W-MODTCP61 unit and
installed PC with localhost XAMPP Server client
side, in the common network. With the developed
web application, it can access and manage both
controllers, Fig.4.

FPWeb

Server Switch
= : Ethemet e Internet
s 1921680.1

ey

FPC14R CPIH XA

Panasonic MODTCP61
Omeon

Fig. 4. The developed system with two servers

4. Algorithm and performance of the
laboratory NCS

The main goal in this work is to develop
and establish the communication between the
controllers as a local station and a web application.
The Panasonic FP-X C14R and Omron CP1H PLCs
are managed and served from FP Web-unit and
localhost XAMPP Servers respectively. Therefore a
programming module (based on PHP language for
ModbusTCP protocol) is developed. The user
programs are uploaded for the traffic lights control
in two nodes, fig.5. In this work an algorithm for
data transfer between Panasonic PLC and Web
application by using a Web Server, in two
directions is developed. The procedure includes
three main Modbus functions form the FPWIN Pro
software environment:

Modbus Function 3: Read Registers
Modbus Function 15: Write Multiple Coils
Modbus Function 16: Write Registers

The Panasonic working mode: The related
addresses and variables of Panasonic controller are
used for data exchange with developed web
application and are incorporated in the web project
(source code). The traffic signal operation is loaded
in Panasonic PLC FPWIN Pro environment. These
data were requested from the PLC using the
predefined addresses in the Configurator project
loaded in FP Web-Server. To integrate PLC data

display fields into an HTML code, the register
number parameters (or addresses) are enclosed in
braces {...} and inserted directly at the respective
location on the HTML page. The static input
parameters of a Modbus TCP communication
instance only need to be initialized once upon PLC
starts (server IP, data range, etc.). However, it is
possible to read and write all registers with only one
statement. In this way, the web traffic control and
data exchange is achieved. Therefore, the inputs
(control and mode buttons and settings of the time
values) from the web correspond to the controller
internal relay (R2). This has been achieved by
writing a JavaScript to monitor and control the
traffic lights (red, amber, green). It is made for two
nodes of the intersection road and for automatically
inserting the information into HTML file. The
algorithm supports the setting data from the web to
the PLC registers and in opposite direction, as well.
The controller has to be in RUN mode, hence in
predefine time the data are refreshed. This program
runs in the PLC main task. It is possible to use an
option to close the connection if there is no data
transfer after specified time.

Traffic Lights

.

Traffic Signal Operation Program

FPWIN Pro CX-
Programmer

JavaScript JavaScript

Web Pages HTML

Panasonic Omron control
control and and monitor
monitor page page

Integrated
Modbus TCP
communication

Developed
Modbus TCP
communication

Ethernet

Fig.5. Software modules that run at each
node
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The algorithm in steps is given in fig.5. In
STEP1: The operation programs for traffic lights
signals are loaded in each node (Panasonic PLC or
Omron PLC) in the environments FPWIN Pro and
CX-Programmer respectively.

STEP 2: The source codes for controlling
the output’s status of the traffic lights signal is
written in JavaScript language and is loaded into the
nodes (FPWeb Server and XAMPP server).

STEP 3: The web server at the selected
node will send its status as dynamic contents
inserted into the HTML file. Hence is generating a
Dynamic HTML file, which will be translated to a
web page by the WEB browser. The web
application will be invoked from the corresponding
node (FPWeb Server or XAMPP server) indicating
the current status of traffic lights. There is an
option to set the desired time interval for each
traffic light or change the working mode.

STEP 4: The selected node sends or
receives the desired information using HTTP
protocol.

STEP 5: The Modbus
manages the entire communication.

The Omron working mode: To connect
the Omron PLC in the same local network and web
application, a source code is developed and
incorporated. In this way the data transfers between
controller and web application is made by using a
localhost XAMPP server, in two directions. The
XAMPP server is free and open source cross-
platform web server solution stack package with no
integrated module (option) for ModbusTCP
communication, as in the case of FP Web Server.
Therefore a ModbusTCP communication module is
developed based on PHP language (light.php). The
file contains functions for reading and writing data
from Omron, ModbusMaster.php - class with
implemented Modbus master function,
ModbusMasterTep.php — extends ModbusMaster
class with implemented Modbus master function
using TCP, PhpType.php - the class includes set of
methods that convert the received Modbus data
(array of bytes) to the PHP data type and
IecType.php - the class includes set of IEC-1131
data type functions that converts a PHP data types
to a IEC data type.

The traffic signal operation is loaded in
Omron PLC CX-Programmer environment. The
algorithm  consists of ModbusMaster and
ModbusMasterTCP functions:

FC 1: read coils
FC 3: read multiple registers
FC 16: write multiple registers

It is achieved by setting data from the web
to the PLC registers and vice versa, as well. The
related (I/O) addresses are used to execute the

TCP protocol

Modbus communication. To enable monitoring and
control of the traffic lights (red, amber, green) script
on JavaScript language is loaded. It is made for two
lights of the intersection road and for automatically
inserting the information into HTML file.

5. Web application for data monitoring and
control

For real-time data monitoring and control,
HTML pages are designed (fig.6-fig.8).
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Traffic lights monitoring and control
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Wodus TCR/P i s TCH/IP el

Tme!

«
Tae w Equipment:
Tane} 73
Tamed 3 !

Wrte o H

FP Web-Server Data Exchange
s
atafor the baryragh demo
Sé bargraphs DT
S bagaphs OT2

Web control
Read PLC memory (PLC

Fig.6. The main page view of the developed
traffic lights control project

Through the main page the operator can
select the controller to be monitored or controlled.
Web browser will be invoked with an embedded
Java applet allowing to the operator to select the
desired control operation for the given controller,
shown on fig. 6.

J [ Laboratory set up for Ene: x
= c 192.168.0.100/¢

Pa 2 automation bg
NASONIC .. aauomation be
ideas for life

Laboratory set up for Traffic Lights Control
WEB Contorl of the PLC Outputs (PLC)

mode 1 (traffic lights 1)
‘mode 2 (traffic lights 2)

.
Tnternal Relay R2 - Start Stop Traffic Lights
ack to the may

Fig.7. The developed traffic lights monitoring
and control with Panasonic PLC

When the operator selects PLC Outputs
control the Panasonic server is invoked. Hence, the
desired information using HTTP is sent or received,
and ModbusTCP protocol manages entire
communication. The FP-Web server will send its
status as dynamic contents inserted into the HTML
file at the time when the input button START is
selected. The dynamic HTML file is generating
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which will be translated to a web page by the web
browser, fig.7. The web application will be
responsible for the change of the PLC outputs
conditions. In this case study an instant respond of
the traffic lights working mode is observed.

When an operator selects START button the link:
192.168.0.100/plc?yman&R2=0

will changed to:

192.168.0.100/plc?yman&R2=1

and will enable the internal relay. The same
principle is, if the operator wants to stop the traffic
lights working mode or to change the settings.
Actually, the real time traffic lights working mode
can be monitored from the web page.

& ocathostaosontratic x NN 59 -—

&« € | [ localhost:8080/omtraffiunction1/omtraffigjinction3/

r—Traffic light control with CP1H

#Modbus

Panasonic

ideas for life

Time 1 sec
Time 2 sec
Time 3 sec
Time 4 sec

Write changes

Start

()
- .

Fig.8. The traffic lights control and set up with
Omron PLC

When an operator selects input buttons:
Start and Stop, from the left side on the main page,
(fig.6) the XAMPP server is invoked to send or
receive desired information using HTTP, and
Modbus TCP protocol will manage the entire
communication.

With implemented PHPModbusTCP source
code and modbus function the user can change the
Omron PLC outputs conditions, by clicking Start
button. The respond can be monitor visually from
the web page, actually the traffic lights working
mode. Also the operator is able to manage directly
the time intervals of each traffic light (red, orange
or green). Hence, the lights will operate according
to the desired selected time intervals with the web
page. The XAMPP server sends the request to
Omron PLC, writing in the relevant registers and
returns a response that is visually monitored by web

page.

6. Conclusions

In this work, a web based application for
monitoring and control of traffic lights using PLCs
and servers is presented. The main problem is that

may industrial Web-Servers are designed and
communicate only with relevant devices. The paper
presents solution based on open-source client side
server XAMPP. In this way, a networked system
with various industrial devices is achieved. The
problem with traffic control remains a challenge.
Hence, a good traffic management system is
needed to maximize the efficiency of the traffic
flow. In this work the emerging web server
technology to design a web-based traffic
management system is utilized. It was used to
demonstrate the performance of the developed
laboratory NCS. The advantages and disadvantages
of such systems are summarized as follows.

Advantages: The solution presented in this
paper allows accessing FP Series PLCs (or any) via
Ethernet. In the developed application open source
cross-platform web server solution stack package —
XAMP is used. Some of the advantages of the FP
Web-Server are:

e Use standard browser, saving SCADA software
e Use existing Intranet, saving wiring
e Representation of PLC data in HTML pages
e Value inputting and changing in the PLC (set
value, outputs, internal relays) via HTML
pages.
e Password protection for access
e Email send function Data transfer: process
control system, PLC programming, telemetry,
monitored state function
Thus projects can be developed and added more
controllers having separate control tasks in NCS. It
is possible to develop and enhance effective traffic
control.

Disadvantages: The presented work can be
seen as a step towards for NCS with servers
developing. There is no standard solution for
communication between any sever and any PLC (as
to the case with Omron CP1H PLC) The XAMP
server that is used has no integrated module (option)
for Modbus TCP communication, as in the case of
FPWeb Server.

One can assume that the advantages worth
the effort to develop and implement such web based
systems for monitoring and control.

Future work can be focused on archiving
the information and network security for the
developed traffic lights NCS.
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BULGARIA

MOJIEJIUPAHE HA ACUHXPOHHH
JABUT'ATEJIM C IIOMOILITA HA 3AMECTBAIIIA
CXEMA

NBAH KOCTOB

Pestome: [lpednooicen e nooxod 3a modenupane HaA acunxpouumu oeueamenu (A1) 6
npoepamuama cpeoa Simulink na MATLAB ¢ nomowma na 3amecmeawama cxema. 3a
Quzuuecko moodenupane na zamecmeaujama cxema na A/l e usnonzeana npoepammama
cpeoa SimPowerSystems na MATLAB. Ilo mo3u nauun ca cvuemanu npeoumcmeama Ha
dgeme cpedu 3a MOYHOMO ONUCAHUE HA (usudecKume npoyecu 6 eneKmpoMexaHuyHume
cucmemu u 3a yemume Ha ynpasieHuemo. Paspabomen e mooden na A/l 6 nenoodsusichu
KOOPOUHAMHU ~ CUCEMU 3d U3CLe08AHE HA CUMEMPUYHU PedNCUMU U Npoyecu 8
CNIeKMPO3A0BUICEAHUSL, KOUMO CHUECMBY8AuUme MoOeiu He Mo2am 0a CUMYIUPAm.
Hocmosepnocmma Ha noxyuenume pesyimamu € NHOMEbPOEHA ¢ NOMOWMA Ha
CUMYTAYUOHHU npoyedypu Ha eepugurayus. I100xo0vm e npunoxcum u 3a opyeu MawluHu
U KOOPOUHAMHU CUCEMU.

Karo4oBu nymu: acunxporner osueamen, 0000ujena eiekmpuiecka Mawuna, MooeiupaHe,
cumynIupane, KOOpOUHaAmHuU u asHu npeodpasysanus, mpauncopmayus na Knapx.

MODELING OF INDUCTION MOTORS BY
MEANS OF AN EQUIVALENT CIRCUIT

IVAN KOSTOV

Abstract: An approach for modeling of induction motors (IM) in the MATLAB Simulink
software using an equivalent AC circuit has been proposed. For physical modeling of the
equivalent circuit of the IM has been used the MATLAB SimPowerSystems software media.
This way the advantages of both software environments have been combined for the exact
description of the physical processes in electromechanical systems and for control
purposes. A model to IM in the fixed coordinates systems has been developed. The model
can be used to investigate the symmetrical modes and processes in electric drives, which
the existing models can not simulate. The validity of the simulation results is confirmed
using simulation procedures of verification. The approach is applicable to other machines
and coordinate systems.

Key words: induction motor, summarized electric machine, modeling, simulation,
coordinate and phase transformations, Clarke transformation.

1. BnBenenne

WscnenBanero Ha  €JIEKTPOMEXaHHYHOTO
npeoOpasyBaHe Ha eHeprusita B  TpudazHus
acuaxpoHeH gsuraten (AJ]) 3a menuTe Ha
YIPaBICHUETO, KAKTO aHAJIMTUYHO, TaKa U YUCIICHO,
Hail-uecto ce  0Oasupa  Ha  TPABOBI'BIHHU
koopauHatHU cuctemu [1,7]. Te ce momywaBar cien

nmpeoOpasyBaHe Ha eCTeCTBEHaTa KOOpPJIUHATHA
cucrema Ha AJl, B KOSTO H3CIEABAHETO Ha
JTMHAMUYHUTE XapakTepucTHku Ha AJl B TpudasHa
HernpeoOpa3yBaHa KOOpJMHATHA CHCTEMa € II0-
cinoxHo [8,9]. Ho m3yuaBaHeTo Ha MUHAMUYHUTE
pexumMun Ha pabora Ha AJ[ B H3KYCTBEHH
KOOpJIMHATHU CHCTEMH BOJIM 10 3aryba Ha
Herocpe/cTBeHa WHGOpMAIHs 32 TOKOBETEC BEHB

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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(azuTe Ha craropa u poropa [5,9]. 3a aHammza Ha
AJl ¢ ympaBiieHHE OT  OJYIMPOBOJHUKOBU
npeoOpasyBaTeiy,  XapakTepU3Upalid ce  C
MMPOMEHJIMBA CTPYKTypa Ha CHJIOBaTa BEpHUra ChC
CIIO)KEH W TIOHAKOra TIPEeKbhCHAT XapakTep Ha
€JIEKTPOMATrHUTHUTE TPOIIECH, € IeNiechoOpa3Ho B
KaueCTBOTO Ha MaTeMaTHYEH MOJIEIN JIa CE U3I0JI3Ba
cucteMa AudEpeHIIMAIHA ypaBHCHUS BBB (ha3Hu
HETIOABMXHU KoopawHaTHH ocu [6,10]. B Takama
cucremMa Ime ce pabotu ¢ peagHute (Ha3zHH
CTOWHOCTH Ha TOKOBeTe. llopaam Tasm npuywmHa B
CTaTusiTa ce IIOCTaBs W pellaBa 3ajadata 3a
Ch3JaBaHEe Ha MOJXOA 3a MojenupaHe Ha All B
TpHuda3zHa HernpeoOpa3yBaHa KOOPJAUHATHA CHCTEMA.
ToBa ce mocTura upe3 pa3padboTBaHE Ha KOHKPETECH
Mojen Ha A/l B a1Be vactu:

- IMUTAI[MOHHA YacT, KOSTO ChABPKA B
ssBeH BuUJ T-3amecTBamiata cxema Ha AJ[ BBB
BapUaHTa NPUBEJICHA KbM HETOJIBUKEH POTOP;

-Ha BHpTyajHa 4acT, KOSATO ChIbpXKa
a0CTpaKTHUTE MaTeMaTHYCCKH TPAHCPOPMAIMH H
YPaBHEHUETO Ha JIBUKEHUETO B CJICMEHTAPHHS MY
BapHaHT.

I[Ipu HEoOXomMMOCT MEXaHHWKaTa Ha
JIBUTATEIIS] M CIIEKTPO3aIBIIKBAHETO MOXKe Ja ObJie
CHII0 MMHUTAIIMOHHO MOJICNIUpaHa, Harpumep 3a
CIy4auTe HAa MHOTOMACOBH CHUCTEMH, €IaCTUYHH
BpBb3kM U XJ1a0buHM [2,3]. OOCKT Ha aHaM3a B
o0mus crmydaii Moxke 1a ObJe HECHMETpHUYHA
TpudazHa HAMOTKa, OPOST Ha HABUBKHTE 32 (aza Ha
KOSITO Ca TPOW3BOJIHU BEIUYMHHU, MATHUTHUTE OCHU
Ha (hazuTe ca PasNoNIOKEHU Ha MPOWU3BOJIHH BIIIH.
[Ipuema ce, 4ye BBB BpB3KAa C AaCUMETPHIITA,
HamMoTKarta ¢ TpudasHa, T.e. HE € HU3POJCHA IO
nBydasna wiu exHodasna [4,6,10].

2. CbecTBYBAIIO MOJT0KEHHE

W3BecTHH ca peauiia MporpaMHH MPOIYKTH
(MATLAB, Psim, 20Sim, CASPOC, Multisim,
OpenModelica u mp.) [11], B kouTO 3a MEenUTE Ha
aHanmu3a W ynpasieHuero Ha AJl ca paspaboteHH
OuOIMOTEKN c MOJeIU (powerlib,
motordrivemodule u 1p.), 0OCHOBaBaIX C€ UMECHHO
Ha MaTeMaTUYHUS anapaT Ha 0000IeHaTa MaliiHa
W TPaBOBI'BIAHM KOOPAWHATHH CHCTEMH Upe3
TEXHUKUTE HA UMUTAIMOHHOTO MOJICITUpaHe™.

B Hali-u3MoN3BaHUS TPOTPaMEH MPOIYKT
MATLAB 3a ananm3, CcHUHTE3, MOJCITHUpaHe U
W3CNe/IBAHE HA  CJCKTPHYECKH,  CJICKTPOHHH,
MEXaHUYHH U YIPABJISIBAIIM CHCTEMH U3MOJI3BAHETO
HA MMHUTAIMOHHM MOJEIN Ha eJIEKTPHYECKHUTE
MAaIIMHHA Ce OCBILIECTBsBA B cpeaara Simulink upes
SimPowerSystems (SPS) software. bubnnorexara
powerlib Ha SPS cbabpixa 6orat Habop OT Mozaenn
Ha EJIEKTPOTEXHUUYECKH CHhOPBKEHHS, MACHBHH M
AaKTHUBHU €JIEMEHTH, CHJIOBA EJIEKTPOHHKA |
CIICKTPUYCCKH  MAIIMHH,  KOMIUICKTOBAHH  C

UHTEepEHCHN WHCTPYMEHTH 32 WHTETpUpaHe Ha
MojeuTe B cpeaara Simulink.

ir qd
- - -F-"""—-—"—"~"~"“"¥“"¥“~"¥“"*"¥“"*"¥*“"¥=”¥"¥"”"¥“""~""~"=”/”"—-= 1
: TL : phir_qd
| |
I I is ab
A is_abc
| A mi
| N + B s ad
| B C | m o is_q
I C I
I : phis_qd
I
: SimPowerSystem software i wm
L]
Te

Que. 1. Ilpumeper mooen Ha ACUHXPOHHO
enekmpo3saosudicéare ¢ mooen Ha A/l 6 cpeda
SimPowerSystems

Ha ¢wur.l e mnokazana cTpykTypara Ha
monena Ha AJ] ot SimPowerSystems DesignTool B
O0OKPBKEHUETO Simulink B enmemeHTapHO
eJIeKTpo3aABHkBaHe. MOJeTbT € peanu3upaH Karo
M3LUI0 BUPTYyaJleH OT TPH YacTd, HHTEperchT
mexay AJl m apyrure obextu B cpemata SPS ce
OCBIECTBSIBA JIUPEKTHO, a cbc Simulink ce
OCBIIECTBSIBA YpEe3 M3TOUHUIM Ha HANPEKECHUE U
u3MepBaTeNHy ypeau. V3xomure Ha Monena Ha
JIBUTATENsT B TPUTE My YacTH (EeKTpUYecKa,
€JIEKTPOMEXaHUYHA ¥ MEXaHUYHA) Ce MHTErpUpaT B

Simulink 3a ymobctBo upe3  yHUBepcaleH
JEeMyITUIUIEKCOp Ha curHanute. MogaensT e
MHOTO()YHKIIMOHAJICH,. HEChbMHEHO  IIPHTEKaBa

MHOTO TIPEAMMCTBa, KOETO TO TpaBHd MacoB H
ynoOeH 3a CHHTE3 M H3Cle/IBaHe HA ChBPEMEHHU
€JIeKTPO3a/IBIKBAHNS U € eTaJIOH 3a HacTpoWKa Ha
JIpyrd Mojaenu. B chmoro BpemMe ¢ HEro He e
MIPUTOJIEH 3a W3CJIEJBAHE TPOIECH, 3aBUCHMHU OT
HECUMETpUsITA Ha MaIllMHATa, OT (DIYKTyalusITa Ha
napamerpure ©Ha AJl BBB BpemMeTo W Ha
€JIeKTPO3a/IBIDKBAHUSI ChC CIICIMANIHA CXEMH Ha
CBBbP3BaHe, KOUTO U3MCKBAT ITPOMSHA HAa HaYMHA Ha
CBBbP3BaHE Ha CTaTOpHAaTa HaMOTKa (Hampumep
3BE371a-TPUBI'BITHUK) U JOCTBHII A0 3BE3THUS IIEHTHP
Ha  MamuHata (HampuMep — BKIIOYBaHE  Ha
TUPUCTOPHU pEryiaTtopu), ako TOW € H3BEJEH B
KJIEMHaTa KyTHs Ha peaHus IBUTATeN U Jp.

3. IlpeacraBsine HAa MOAX0/a U MOAeTUPAHE

Tpute dYacTm Ha eTajoOHHHMA MOZAET Ha
JIBUTATEIS CE pa3lelisaT, KaTo JacTTa, OCHOBaHA Ha
T-zamecTBamara cxema Ha AJ[ ocraBa B cpemara
SPS. Ocrananure Tpancdopmanuu ce MpeHacsT B
HETO/IBIKHA (32 KOHKPETHUSI CIy4ail) MpaBObI'bIIHA
JIeKapToBa KOOpJIWHATHA CHCTEMa, B KOSTO Ce
U3BBpIIBa TNpeoOpazyBaHe Ha Opos ¢dasu Ha
NPOMEHJIMBUTE Ha ABHrarens (TpaHcdopmarus Ha
Kmapkx). B mokazamata cxema — ¢wur.2. ce
npearnonara, 4e rnapamMeTpuTe W MPOMEHINBHTE Ha
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poropa ca HpuBEIEHU KbM OpOsi Ha HaBUBKHUTE HA
craropa.  EnexrtpomarHutHMTE ~ CHCTEMHM ~ Ha
MHOTO(a3HUTE EJEKTPUYECKH MAIIMHH ¢ Opoi Ha
(aszuTe moBeue OT JIBE Ca 3aBUCHUMH B CMHCBHI, 4e
MarHuTOIBIDKENOTO Hanpexenne (M/IH) Ha Bcska
(a3za Ha HAMOTKaTa MOXeE J]a CE HEYTpaJIU3Hupa upes3
CbBMECTHOTO JEHCTBHE Ha japyrure ¢asu Ha
HaMOTKaTa IpU OIpEIeJ]CHU CBOTHOLICHUS Ha
¢azuure Tokose. Ilopanu ToBa, Te3u CUCTEMHU HE
MpUTEXaBaT €IHO3HAYHO CHOTBETCTBHE MEXKIY
rapaMeTpuTe Ha MPOCTpaHCTBEHaTa BbiaHa Ha MJIH
OT €IHa CTpaHa, M CbBKYIHOCTTa Ha (a3HUTE
TOoKOBe, reHepupamu tazu M/IH, ot npyra. B To3u
clydail  CbCTOSIHUETO Ha NPOMEHIMBUTE  C€
n3cieBa ¢ OMOIITA Ha IPOCTPAHCTBEHO-BEKTOPHHU
ouarpamMy, a €OHO OT HpeAuMcTBaTa Ha
HETIOABIKHATA OPTOrOHAIHA KOOPIMHATHA CUCTEMA
€ PAaBEHCTBOTO HA aMIUIUTYAUTE HA BPEMEBUTE U
MOJYJUTE Ha MPOCTPAHCTBEHUTE TPOMEHIUBHU [7].
HamoTkute Ha cratopa W poTopa ce HaMHupaT B
MarHuTHO TI0JIe, KOETO C€ BBPTH B pPaBHHMHATA Ha

HAIpEe4YHOTO CCUCHHWE Ha [BUTaTCiid C BIJIOBA
-1
P’

CKOpPOCT w=w,z IpOTIOpIHUMOHAIHA Ha brijioBaTa

YeCTOTa Ha CTATOPHOTO HANpEKeHUe U OoOpaTHO-
MPONOPLMOHANHA HA YU(TOBETE MOJIOCH Ha
nsuratens. HemonBmkHocTTa Ha KOOpOMHATHATA
cucTeMa M 3acTOIOPEHHST POTOp Ha MalllMHaTa ce
OTYMTAT C  TOMOIITa Ha  JOIBJIHUTEIHU
enexrponBmxkemy Hanpexxenus (EJ/IH) ot BepTene,
MOJIOKUTEJIHUTE TOCOKM Ha KOUTO ChBIAAAT C
[TOCOKUTE Ha CTATOPHUTE U POTOPHUTE TOKOBE.

I Ii sa

| N +| 3 i ra

| amMecTBaia cxema | 11

I B —>
| daza A < € ra
= - I

| ______ SimPowerSystems _ |

e i sb

I N N '——b>
| 3amecTBama cxema | ILT

[ H '_)b
[ ®aza B 142
= - I

| ______ SimPowerSystems _ _ |

r T — i

| N + 1'_Sc

| 3amMecTBalra cxe 1rc

| a cxema : >

| ®aza C < c_rc
= - I

I SimPowerSystems I

QDue. 2. Umumayuonna wacm na mooena na A/l 6
cpeoa SimPowerSystems

3a pasrnexiaHus ciayyail Ha HEMOIBUXKHA
KoopJuHaTHa cuctema naonbianutenuure EJ/IH ce
BBBEXAT CaMO B pOTOpa HA MallllHAaTa.

Ilo To3M HauuH, ¢ [OMOIUTAa Ha
eJeMeHTapHH TpeoOpa3yBaHHs, C€ YCTaHOBSBA
BpB3Ka MeXAy T-3amecTBamiara cxema M TEOpHUsATa

Ha o0oOImeHaTa eJleKTpudecka MammHaa. Tas3u
BpB3Ka € Bb3MOJKHA OJarojapeHne Ha 3aMsHaTa Ha
WHIYKTUBHUTE CBIPOTUBJICHUS CHC CHOTBETHUTE
UM  UHIYKTUBHOCTH M Ha  BBBEICHUTE B
3aMecTBalaTta cxema  gombiaHuTeaHu  EJIH,
HPOIIOPINOHAHA Ha CKOPOCTTA HAa BHPTCHE M BBHB
¢daza ¢ portopHus TOK. ToBa e CBIIHOCTTa Ha
MOJIX0J1a M Ha pa3paboOTeHUsT MOJIEI.

MogenbT ce chCTOM OT UMHUTAIMOHHA YacT
(6nokoBere Ha dasure A, B u C - ¢ur.2) u
BuptyanHa dvact (¢ur.3). MoaenbT Ha exHa OT
¢asure (da3za A) B siBeH BUJ € 1OKa3aH Ha dur.4, a
B SimPowerSystems - B [Ipunoxenne 7.1.

Ha Bxoma wa Omoka Ha ¢asza A or
UMHTAMOHHATA YacT TIIOCTBIIBA HANPEKECHUETO
u,=u,, sin(a)xl). B kadecTBOTO Ha U3XOIHH

NPOMEHJIMBUA C€a IPUETH TOKOBETE B OTACIHUTE
Y4YacThIM Ha 3aMECTBAILaTa CXEMa: CTATOPEH TOK iy,
U POTOpEH TOK i,,. B KauecTBOTO Ha 0OpaTHA Bpb3Ka
€ IIPUETO HANPEKEHHETO OT BPTEHE B POTOPA €.
AHAJIOTUYHU  SIBJICHUS [POTHYaT U B
npyrute aBe (as3u, pa3MecTeHd B MPOCTPAHCTBOTO
Ha Il =120 enekTpuuecku rpaayca. B Tix Ha
BXOO0OBECTEC IIOCTHhIIBAT HaIlpCKCHUATA:

_ _2
Ugie) =Upe) sm(a)st + 37[ . B xauectBoro Ha

HU3XOJHHU MNPOMCHJIMBU Ca TIPUCTU TOKOBETC B
OTJICJIHUTE YYacThIM HA OCTaHAIMTE JiBe (pa3u Ha
3aMecTBallaTa CXeMa: CTATOPHUTE TOKOBE iy H
POTOPHUTE TOKOBE I4(c)-

isa 1isaf—»isa M, |l—>»
ira 1ispH—»lisp o —>»
e ra
abc = af
®¢
isb . .
- o 1 ra—»1ro ¥ ro
ir . .
- i i Y 1B
e rb
abc <« a
p Y B
1sc Y ro |«
. € 1o < ero —
irc — ™ - P
er )
e rc C_I'B < ] B e [€

@ue. 3. Bupmyanna wacm na mooena na A/[ — ook
KOOpOunamHu/pasuu mpaucgopmayuu u 610K
e/1eKmpoMexanuiHo npeobpasysane

Buprtyannara yacT ce moaenupa B Simulink
B ChOTBETCTBHUE C MMOKa3aHuTe Ha (Gur.3 Oyokose. B
Ta3| YacT ca MPEJBHUICHU CIICIHUTE JIBa OJIOKA!
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QDuz. 4. Mooen u exsusanenmua T-3amecmeaiya
cxema Ha gazama A na A/l

- 010K Ha npaBu u oOpaTHH
KOOpAMHATHW/ (ha3HU Tparcopmanun B
HETIOJIBIDKHA OPTOTOHANHA JBYOCHAa KOOpIHMHATHA
cucrema i_sabc—i_sof, i_rabc—i_raf u
e _roff—e rabc;

- OJIOK eJEeKTPOMEXaHNYHO MpeodpazyBaHe
Ha CHEPrusiTa, KOWTO BKJIIOYBA YPAaBHEHHETO Ha
CJIEKTPOMAarHUTHUSI MOMEHT, YpaBHEHHETO Ha
JBIDKCHUETO U 00paTHA BPb3Ka MO HAIPEKECHUE.

Mogenbt Ha BupTyanHata yacT B Simulink
e nokasad B [Ipunoxenue 7.2.

4. MaTeMaTH4YHO OITUCAHHE

MateMaTHYHOTO ONMCaHKWE Ha BUPTyajlHaTa
4acT Ha MoJieJla OTroBapsi Ha ¢Ur.3 U CbOTBETCTBA
Ha U3pasure

u,, =u,, sin(); (1a)

2 2
Uy =U, sin(a)st _3”j SUL=U, sin(a)st +37Zj ; (1b,0)

isa = 2(1.&1 - %(isb + isc )\J ’ ira = 2(1111 _%(iﬂ? + im )\] ’(2a’b)

3 3
C 23], 23
i :3[2(136 _le)j’ Iy = 3[2( =i, )] ;(3a,b)
3 L .o
Me :ELyZp(lsalrﬂ _lralSﬂ); (4)

e

o, :J.Z7P(M9—Mc)dl; w=w0,z; (5ab)

= (L;tlv/? (Lom + L,u yr/i’ )a)e 5 (6a)

=L (Lo + L, )i o, (6b)
€y = (7a)
e, = %em +—3@rﬂ, e. ——%em _ge’ﬂ . (7Tb,c)
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3a paboTara Ha Monena € MPEABUACH m-
(aiin; U3Mon3BaHUTE O3HAYCHUS B MATEMATHYHOTO
OTKCAaHUE M TSAXHOTO ChOTBETCTBHE C m-(aiina ca
nanenu B [punoxenue 7.3.

5. Bepujpuxanus

Cp3maieHuaT Mojenl € BepuduiImpan dpes
CTAJIOHHHUS MOJICNI 3a CHUMETPUYHH PEKUMH C
MOCTOSHHYM TIapaMeTpH Ha 3aMecTBamara cxema
MpH CBBpP3BaHE HA H3TOYHMKA HAa 3aXpaHBAIIO0
HaIPEKCHNE U JABUTATEIs B 3BE3/1a.

Ha ¢ur.5 ca nmokasanu npexoaHH MPOIECH
Ha CJIEKTPOMAarHUTHUTE MOMEHTH B eTtamoHHus (1)

457
407

3571

—'Me f(t) [Me]==Nm [t]'=s :

30711
2571V
200y

Jemmeebccccdecce b el

—_
1
H
1
1
1
1
1
!
]
]
]
]
]

Due. 5. Ilpexoonu npoyecu Ha
enexmpomaenumuusi momenm (Te, M) 6 emanonnus
U NPeONOACEHUS MOOCNU NPU NYCKAHE ¢ HOMUHATHO

Hamosapeane

180T~
1601 A A
1407~
1200
L

checcckafedenaad

[ P P

=}
S
D
e N .

@uez. 6. [Ipexoonu npoyecu Ha b2IOBAMA CKOPOCM
(0w, ©) 6 eMATOHHUS U NPEONONHCEHUS MOOENU NO
yenogusama Ha gue. s

n mpemntokennss (M.) Momen TIpH IUPEKTHO
MMyCKaHe C HOMUHAJIHO 3aXPaHBAI0 HAIPEKCHHE,
HYJICBU HaYallHU YCIOBUSI W CHIPOTHBHUTEICH



MOMEHT M.=M; yon. Ha ¢ur.6 ca mnoxazanu
CHOTBETHUTE IMPEXOJHW TPOIECH Ha BIJIOBATa
CKOpPOCT.

Ha ¢ur.7 ca noka3anu npexoaHHu MPOIecH
Ha EJIEKTPOMAarHUTHUTE MOMEHTH B JIBaTa MoJIeia
NP TyCKaHe OT PEeXWM Ha MPOTHBOBKIIOYBAHE C
HyJICBO HAaTOBapBaHEe C HayaJlHA CHHXPOHHA

CKOpOCT 0,=0,=0z, U TOCJeABAlIO

HatoBapBaHe B t=0.3s B TeHEpaTOpeH pPEXHM C
M= - M uou. Ha ur.8 ca mokaszaHu chOTBETHUTE
MIPEXOJHU MPOLIECH Ha BIIIOBaTa CKOPOCT Ha JBaTa
MoJiena.

407 ' """"" " """""

T
i
'
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30

@Due. 7. Ilpexoonu npoyecu Ha
enexmpomacnumuus momenm (Te, M) 6 emanonnus
U NPeONONCEHUSI MOOCTU C HYIe60 HAMOBAPBAHE OM

PedicUM HA NPOMUBOGKIIOUBAHE C NOCIE08AUO
HOMUHAIHO HAMOBAPEAHE 6 2EHEPAMOPEH PEICUM

180T ",

1357

0T 1

S P (> I |

457"

0

[ R
—_

o

o

RS S
W

o

N
ol
D

457

T

o[
B RE ] — ; 1 i

QO e e

Due. 8. [lpexoonu npoyecu na venogama cKopocm
(@, ®) 6 eManoHHUsL U NPEOTONCEHUS MOOETU NO
yearosusma na Que.7

ITo TO3M wHaumH ¢ OCBIIECTBEHA
BepU(UKaAIUsATa [0 OTHONICHHE Ha pPEKUMUTE
MIPOTUBOBKJIIOYBAHE, IBUTATEICH M TEHEpPaTOpEH
PEXKHUM.
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6. Haxon CUMYJAIIUOHHU €KCIICPUMEHTH

Ha ¢ur.9 e mnokazaHo u3MeHEHHETO Ha
HaMarHUTBAaIlMsl U CTaTOPHUS TOK Ha (azata A 3a
CUMETPUYHMS PEXUM 10 YyCJIoBUsATa Ha ¢ur.7.
HamarmutBamusT TOK € H3MECTEH CIpsIMO
opauHaTtHata oc ¢ 10 A 3a mo-1o0po Bb3MpUEeMaHe
Ha rpadwukaTa.

Ha ¢ur.10 ca noka3anm u3MeHeHHsATA Ha
HaNpEe)KEHUETO Ha HAMAarHUTBAILUS KOHTYp M Ha
pPOTOPHOTO HAINpEKEHUE OT BBPTEHE (OOpaTHATa
BPB3Ka 110 HANpPEXKEHUE) B pa3pabOTeHUS MOJEN 3a
CBILNTE PEXKUMHU.
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@ue. 9. [lpexoonu npoyecu Ha HAMASHUMBAWUS
mok (1,) U hasnus cmamopen mox (is,) 6
npeoiodcerus MoOel No YCiosusama Ha gue.7
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@ue. 10. [lpexoonu npoyecu Ha HANPEHCEHUETO
HA HAMASHUMEAWUA KOHMYD (€yq) U
Hanpeosicenuemo om ebpmere (e,,) 8 NPedIoNceHUs.
Moden no yciosusima Ha gue.7

Ha ¢ur.11ca nokazanu npexogHu mpouecu
Ha €JICKTPOMArHUTHUTE MOMEHTH B JBaTa MOJEIIa,
HO (hazaTa A B IPEAJIOKEHUS MOJET € C IapaMeTpH,
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pasaMYHd  OT Te3W Ha JApyruTe nBe (asu
(Ri;=2.4 Ohm; L,=0.0115 H).
U S R S
soff R
o N
soffbr i e B
103 1| — proceneees S — i
¢ Te= f(t), [Te]=Nm; [t]=s :

107

@Due. 11. Ilpexoouu npoyecu Ha
enexmpomacuumuus momenm (Te, M) 6 emanonnus
U NPedodNCeHUsL MOOETU NO YCI08UAMA Ha hue.7 u
Hecumempus Ha pasa A

2007 awi(t); [wi=rad/s; [(=5, _ i §
B [ A A A
T e O B S
S/ e
o

a1 02 03 04 05
SO
T . S
e R
2Qrererermedem s eneneceed ememememecdoreeeen :

@ue. 12. [lpexoonu npoyecu Ha b2108ama
cxopocm (®y, ®) 8 eManroHHUsL U NPEOI0NCEeHUs.
MoOdenu no ycro8usama Ha gue.7 u Hecumempus Ha
gaza A

3Be3AHUAT LEHTHP € U30JIMpaH, OTHOBO
CJIEKTPOMATHUTHHUSIT MOMEHT € OTMECTEH CIpPSIMO
TO3M Ha eTaJIOHHHSI Mozen ¢ 10 Nm.

Ha ¢ur.12 ca mnoka3aHu CHOTBETHUTE
MIPEXOJIHN TPOIIECH Ha BIJIOBAaTa CKOPOCT Ha JBaTa
Mojena.

Ha ¢ur.13 u ¢ur.14 ca nokasanu nporiecH,
aHaJIOTMYHM Ha Toka3aHute Ha ¢ur.9 u ¢ur.10, HO
3a U3CIeIBaHUS HECUMETPHUEH PEXKHUM.

WscnenBanuara  HAMAT — W34YepHaresieH
xapakrep, HO MOKa3BaT MOTEHITUATHUTE
BB3MOKHOCTH 32 pelllaBaHe Ha 3aJjaunTe KaKTO Ha
aHajuM3a, Taka W Ha CHUHTE3a Ha CHCTEMH 32
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VIIPaBJICHUE, BKIIOYUTEIHO C TMOJYIPOBOIHUKOBU
KJIFOYOBE C PA3JIMYHO JIEUCTBUE.

507,
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QDue. 13. Ilpexoonu npoyecu Ha HAMASHUMBAUSUSL
mox (1ya) u Gpasnus cmamopen mox (is,) 6
npeoodCceHUst MOOeL NO YCA08USAMa Ha gue.7 u
Hecumempusi Ha (aza A
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@Due. 14. I[Ipexoonu npoyecu Ha HANPeI’CeHUEmMOo
Ha HaMazHUmMeawjus KOHmyp (€,) U
Hanpesicenuemo om gopmene (€,) 8 NPeoIoAHCeHUs
MoOen no YCa08Uusma Ha (ue.7 u Hecumempusi Ha
gaza A

7. llpusoxenue
7.1. SimPowerSystems moaesn Ha AJl:
IO o [

T n—a|+ |
l_.l_sigma_sa 1 |_sigma_i ra é
$ = e ]
| : ©
> L_mu e
@ u_ma = 220*2*0.5 I
1 l

QDue. 15. Mooen na umumayuonnama wacm Ha
gaza A na A/l 6 cpeoa SPS

©
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7.2. Simulink moagen na AJl:

P (u(1)-(112)u(2)}+u(3)23
b (Eos2IuEER)2
B -2 e 23
-p{ (3"0.5/2)*(u(3)-u(2)"2/3
E
o = b [w]

=
L

Due. 16. Mooen na npasume Koopounamuu/pasznu
mpanc@hopmayuu u Ha e1eKmpOMEXaHUYHOMO
npeobpazyeane Ha A/l

(L_muru(2)+(_sigma_ra+L_mu)u(4))"u(5)
[e_r_betd]

(12 (1 )+sqri(3)2°u(2)

e r_alfa)

(12)u(1)-sqri(3)2*u(2) |

€ _r_beta]

Due. 17. Mooen na obpamnume
KOOpOUHamHu/asnu mpancgopmayuu u na
eleKmpoMexanuuHomo npeoopasyeane Ha AJ[

7.3. m-¢aiia Ha pa3padoTeHuss MOeNI:

r_sa=4.8; % aKTUBHO CHIIPOTUBJICHUE Ha (ha3a A Ha
cTatopHara HaMoTka, Ohm;

1 sigma sa=0.023; % MHAYKTUBHOCT Ha pa3celiBaHe
Ha ¢a3a A Ha cTaTopHaTa HAMOTKa, H;

r ra=3.87; % aKkTUBHO CHIPOTHUBICHUE Ha (pasa A
Ha poropHata HaMmoTka, Ohm;

1 sigma ra=0.011; % nHAYKTUBHOCT Ha pa3ceiiBaHe
Ha ¢a3za A Ha poTopHaTa HamMoOTKa, H;

L mu=0.240; % uHAyKTUBHOCT HAa HAMarHUTBAIINA
KOHTYp Ha apurareds, H;

r_sb=4.8; % akTHBHO ChIPOTHBIICHUE Ha (a3a B Ha
craTopHara HamoTka, Ohm;

1 sigma sb=0.023;% MHIYKTHBHOCT Ha pa3celiBaHe
Ha ¢a3a B Ha craTopHara HamoTKa, H;

r rb=3.87; % akTuUBHO ChIpOTHBJICHHE Ha (a3a B
Ha poTopHara HamoTka, Ohm;

1 sigma rb=0.011; % uHAYKTUBHOCT Ha pa3celiBaHe
Ha ¢a3a B Ha poropHaTa HamoTKa, H;

r_sc=4.8; % akTHBHO ChIpoTUBICHUE Ha (a3a C Ha
craropHara HaMoTka, Ohm;

1 sigma sc=0.023; % MHAYKTUBHOCT Ha pa3celiBaHe
Ha ¢a3a C Ha craTopHaTa HaMOTKa, H;

r rc=3.87; % akTHBHO chIpoTHBIcHUE Ha (paza C
Ha poTopHara HamoTka, Ohm;
1 sigma rc=0.011; % uHIYKTUBHOCT Ha pa3celiBaHe
Ha (paza C Ha poTopHaTa HamoTKa, H;
zp=2; % Opoii Ha yndToBeTe momocu Ha AJ;
J=0.00284; % unepimonen MomeHT Ha AJl, kgm®;
ws=pi*100; % BrIoBa YecToTa Ha 3axpaHBaIlara
Mpexa, rads™”;
M ¢ nom = 10; % HOMHHaNEH CBHIPOTHBUTEIICH
BBPTSIL MOMEHT, Nm;
u ma = 220*270.5; % aMIuIMTyAHa CTOWHOCT Ha
HaIlpeXeHueTo Ha daza A, V;
u mb = 220*2"0.5; % aMIuMTyJHa CTOMHOCT Ha
HanpexeHuero Ha dasa B, V;
u_me= 220%*270.5; % aMIUIMTyAHA CTOWHOCT Ha
HampexeHneTo Ha ¢aza C, V;

CpoTBeTCTBUSI MEXAy aOpeBHATYpHUTE B
MaTEeMaTHYHOTO OIIMCAHUE U MOAETA:
@, =WS — BIJIOBA YECTOTAa HA 3aXpaHBallaTa MPEKa;

@, - 'BIJIOBA YECTOTA HAa IPOMEHJIUBUTE B POTOPA;

@, - MEXaHWYHa BbIJIOBa CKOPOCT Ha €TaJOHHUA

m
MOJIEIT;
wzwez; - BIJIOBa CKOPOCT Ha POTOpa Ha MOJENa;

M_c_nom =M. ,ou HOMHMHAJHA CTOMHOCT Ha
CT)HpOTI/IBI/ITeJ'IHI/ISI B’pr}IHl MOMCHT.

[IpencraBenusT mMomen u m-QailrbT UMaT
3a I1eJT J]a YIECHAT M YCKOPSAT MpoIieca Ha CHHTES.

8. 3akarouenue

Ilpunocu: IlpencraBeH € NOAXOX 34
n3cnenBane Ha AJl M eJEKTPO3aABIKBAHUS UpeE3
MoJieJIupaHe ¢ noMouira Ha T-o0pa3Ha 3amecTBalla
cxema, KOWTO ce OCHOBaBa Ha 000COOSBaHETO Ha
CBIIECTBEHM YacTH HpPU  MOACIUPAHETO  —
eneMeHTHH u  (opmymHu.  Paspaboren e
HOTpC6I/ITeJ'ICKI/I JUHAMHWYEH MOJCJ B HCIIOJBHM)XHU

KOOpAMHATHH  cucTeMH  —  TpudasHa  Ha
3aMecTBaliata cxema M ABydasHa — Ha
€JIEKTPOMEXAHUYHUTE MIpaBH u oOpatHH

Tpanchopmannu. [IpennokeHusT ToAX0] U MOJIEeN
MOXe J1a TIPEeJICTABIISIBAT HHTEPEC, Ha IIBPBO MSCTO,
B Y4eOHHS IpOIEC - M0 MPUYMHA, Y€ JOCTATHYHO
MPOCTO W HAarjie[HO TO3BOJISBAT Jla C€ HaNpaBU
IpexoJ OT 3aMecTBalla CXeMa KbM TEOpHsATa Ha
o0oO0mIeHara enexTpuiecka Maimaa u oopatHo. Ha
BTOPO MSICTO, pa3pabOTeHUST MOJIEN CE ChIilacyBa
no0pe ¢ pealHuTe (PU3UYECKH SIBIICHUS U MOXE Jia
Ce W3ION3Ba TPH pellaBaHe Ha pa3zHOOOpa3HH
3aJauy, B YAaCTHOCT, IIPY aHaJM3 HA KOMYTAallMOHHU
nporecu c oMoIITa Ha CHJIOBH
MOJTYTIPOBOJHUKOBH KimtodoBe. Ha Tpeto mscto, He
CBIIECTBYBAT OTPAaHMYCHUS MOAXOABT Ja Ce
NPUIIOKU MW 3a JpyrH MalllMHW, B JApPYrd
KOOPJMHATHH CHCTEMH M C pa3indeH Opod Ha
(hazwure.
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Hz600u: 1. OBnaggBaHEeTO HA KOMILJIEKCA OT

3HaHMsT B o0yacTra  Ha  PEryJupyeMoTo
€JIEKTpO3a/IBU’KBAaHE 32 MPOMEHJIMB TOK €
HEOOXOIUM €NEeMEHT OT TeXHUUYecKaTra KyinTypa H
W3UCKBAHUSTA KbM CIELIUAIUCTUTE 1o

CJIEKTPO3a/IBUKBAHE HA Ia3apa Ha TpyJla, Ba)KHA
4acT OT TSIXHATa MMOJATOTOBKA W MPEIMOAr0TOBKa. 3a
TOBa  CIocoOCTBa  OOmmMpHATa  TEXHHUYECKA
JTUTEpaTypa IO BBIPOCUTE 3a IOCTPOSBAHE Ha
CJIEKTPO3a/IBIKBAHUSL C YECTOTHO YIpaBJICHUE,
pealu3upaHo C YHPaBISEMH MOJYIPOBOIHUKOBH
mpeoOpasyBaTe/id  Ha 4YeCcToTa. 3aabJIO0YCHOTO
M3y4aBaHE Ha TMOJO0OHH EIEKTPO3aBHKBAHUS
of0aue mTpexacTaBisiBa OMNpeAeieHa CIOXKHOCT 3a
MIIAJIUTE CHCIUAIUCTH. ToBa € CBBP3aHO C
HEJIOCTUTa HAa  aKTyajHa  y4eOHO-MeTOJUYHa
IuTeparypa 1o ompeesieHH JIMHAMHUYHO
pasBuBamM ce MpodjeMH, a Taka ChIOI0O W OT
(dhaxTopa KOHKYPEHITUS Ha ¢bupmuTe-
MIPOM3BOJHUTENKH, KOETO MPEMSITCTBA CBOOOAHOTO
pasnpocTpaHEeHUEe Ha HAYYHO-TCXHUYECKU 3HAHUS
3a HOBUTE Pa3pabOTKH. B MOCTHITHUTE W3TOYHUIIH
Ha wuHboOpMalMA MeTonuueckata  oOpaloTka,
CTPOTOTO W3JIOKEHUE Ha MaTepualia, IMbJIHOTaTa H
SCHOTaTa  Ha  W3JIOKEHHETO  ca  TBBPJE
HemoctarhyHu. 2. CBIIECTBYBAT U OMNpEACIICHU
JUCTIPOTIOPIAN B Pa3BUTHETO Ha
CJIEKTPO3a/IBIKBAHUSATA 3a MPOMEHJIUB TOK. OT
eoHa CTpaHa ca TOJOOpPEHH TMOTPEOUTEICKUTE
CBOWCTBa, BBBEACHH Ca W Ca YCHBBHPIICHCTBAHU
CepBHU3HH (PYHKIIMA W WHTEICKTYAJHHU CJICMCHTU:
aJanTaiys, pasMpeHo yIpaBieHue, TUarHoCTHKa,
3aIuTa, WHANKAIHS, BU3YaIH3aus U Ip. 38 CMETKa
Ha HOBaTa €JIEMEHTHa 0a3a ¥ BB3MOXKHOCTHTC Ha
mudpoBoto  ynpamienue. Ot jpyra crpaHa,
HE3aBUCHMO OT HapacTBaHETO Ha OOIIOTO TEXHHKO-
HMKOHOMHYECKO HUBO Ha  perylupyeMHuTe
CJIIEKTPO3a/IBIKBAHUS 32  NPOMEHIIMB  TOK,
HaAMpeABKLT B PCIICHHUCTO Ha OCHOBHHU 3aJla4dd Ha
YIPaBJICHUETO, KaTo MTOBUINIABAHE Ha
OBp30JCHCTBIETO, TOYHOCTTA, JMala3oHa Ha
perynmupane ® Ip. HE MOXe Ja Obze
XapaKTepu3upaH KaTto 3HaYnTeseH. 3. BBB Bpb3Ka ¢
TOBa, ¢(DEKTHBEH W YHUBEpPCAJICH WHCTPYMCHT Ha
u3cienoBateNlss ¥ HMHXKEHepa NpW pellaBaHe Ha
3aJauuTe 3a YOpaBICHUE € MaTreMaTHYeCKOTO
Mojenupane. A M300pbT Ha MOAXOIAII MOJEN €
3aJI0T 3a YCIEIIHO PellaBaHe Ha Te3U 3a/1a4H.

* ABTOpBT NpUEMa TEPMHUHA ,,MMHTAIIMOHEH 3a MOJEIH Ha
TEXHHYECKH  OOCKTH,  KOHTO ce  OCHOBaBaT  Ha
CJICKTPUYECKa/CNeKTPOHHA  W/WIH MEXaHHYHa  CXeMa
(eTIeMEHTEH aHaJloT) ChC CHOTBETHO MAaTEMAaTHYHO OIHMCAHHE.
Haii-6si30 10 Hero e TepMUHBT ,,pusndeckn”. ,.Bupryanen” e
TEPMHH, C KOWTO Ce OMHCBAT BPB3KUTE B JAJEH MIPOLIEC CaMO Ha
abcrpaktHo  (popmamHo) HMBO. W TpuTe  TepMHHA
-AMUTAlMOHeH”, ,,hu3ndecku” H ,,BUPTyaJeH’ MpUTEKaBaT
XapakTepucTUKaTa ,,MaTemMaTtuuecku’. Ps3ka rpaHuma Mexmy
TepMUHHTE He OMBa Ja ce Haara.
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Abstract: Development of new control structures and algorithms needs validation using
variety of models that are representative for the dynamics of typical industrial processes.
This paper presents an useful tool for testing and comparing different control methods and
algorithms. Hardware-In-The-Loop simulation gives very flexible and easy way of
modeling variety of plants typical in Process industry. This paper presents the test batch
simulations directed to automatic tuning algorithms validation. Simulation results using

MATLAB/Simulink are given.

Key words: Process Control, Real-time Simulations,

1. Introduction

In the process of developing or comparing
control structures and algorithms it is important to
test their performance under different conditions.
The tests can be carried out on real plants,
laboratory set-ups or through computer simulation.
Depending on the specific task high-level
programming language can be used. The Real-Time
Workshop for use with MATLAB/Simulink [7]
produces code directly from the Simulink models
and automatically builds programs that can be run
in variety of environments, including real-time
systems and stand-alone simulations. This way the
programs are very flexible and give the opportunity
for modeling any kind of dynamics and parameters.
Using additional devices for analog to digital and
digital to analog conversion (ADC / DAC) the
computer easily becomes very powerful and useful
tool for real-time experiments and investigations.

2. Plant models

The results of an investigation depend
critically on the chosen test batch. Models that are
representative for the dynamics of typical industrial
processes [1,2,4] are given in Table 1. Transfer
functions G,(s)+G,(s) describe stable processes.

Transfer functions G,(s)+G,(s) are included to
cover processes with integration. Models G,(s) and
G,(s) represent nonminimum phase plants. Model
G,(s) has significant transient delay.

Table 1. Plant models presented with their transfer
functions and parameter variations

Transfer Function

Parameters

-

G,(s) = Ti - T=0.1,02,05,1,2,5
G, (s) = (T:I)Z T=01,0205125
G;(s) = G +11)" n=234,56,7,8
G,(s) = é ;‘;“;3 =0.1,02,05125
G (s) =

(I+5) 1 +as)1+a’s)1+a’s)

a=0.2,05,0.7

—s

e
Gy(s) =
N
e” _
G, (s) = =0.1,02,0.5,1,2,5
s(s+ 1)
G, (s)= 1= @=02,05,0.7
( s(s+1)
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Another important case in process control is
the cascade plant model. There are two basic
structures — in parallel (fig.13) and in series. They
are clearly distinguished but same way easily
transformable from one to the other. Here, the more
typical structure in process control, where the two
parts are connected in parallel is discussed. The two
transfer functions are [6]:

1 s

G9(S): (S+1)z e (D)
1 as

Gm(s): ((xs+1).e ()

Here the scaling factor « gives different
ratio of the dynamics of the two parts of the plant.
For a=0.1 the ratio of the corresponding ultimate
frequencies is

@y,

=156 3)

wu]

that shows extremely appropriate case for
choosing cascade control structure.
For a=0.5 the ratio of the two ultimate
frequencies is
Duz _ 37 (4)
o,

ul

that is about the minimum value for
effective cascade control.

This way the cascade model covers all the
range for cascade control dynamics. Additionally,
gains can be added easily in the model for some
specific tasks.

3. Real-Time Simulations

MATLAB [7] is one of the most popular
languages for technical computing. Simulink is
MATLAB application software package for
modeling, simulating and analyzing dynamic
systems. The Real-Time Workshop produces code
directly from Simulink models and automatically
builds real-time programs. They can simulate both
main parts of a typical Automatic Control System:

e Controller (Real-Time Control) — The control
algorithm can be designed using MATLAB/
Simulink and code is generated from the block
diagram model. Then the compiled file can be
downloaded to the desired hardware.

e Plant (Hardware-In-the-Loop simulation) — A
Simulink model can be created that represents
real-life measurements, plant dynamics and
actuation signals. The generated code from the
model can be run on a computer to provide a
real-time representation of the physical system.

The key to rapid prototyping is automatic
code generation. It reduces algorithm coding to an
automated process; this includes coding, compiling,
linking, and downloading to target hardware
(Fig.1). This automation allows design changes to
be made directly to the block diagram. The
traditional approach to real-time design and
implementation typically involves multiple teams of
engineers, including an algorithm design team,
software design team, hardware design team, and an
implementation team. When the algorithm design
team has completed its specifications, the software
design team implements the algorithm in a
simulation environment and then specifies the
hardware requirements. The hardware design team
then creates the production hardware. Finally, the
implementation team integrates the hardware into
the larger overall system. This approach leads to
long development processes, because the algorithm
design engineers do not work with the actual
hardware.

The rapid prototyping process combines the
algorithm, software, and hardware design phases.
The process allows engineers to see the results and
rapidly iterate on the design before expensive
hardware is developed.

Traditional Approach Rapid Prototyping Process
Vg Algorithm a Algorithm design
g development & and prototyping
E Y 3
g ‘&
= Hardware and &
software design
Implementation of Implementation of
production system production system

Fig. 1. Comparison of traditional and rapid
prototyping development processes

The rapid prototyping process begins in
Simulink. First, the model is developed in Simulink.
In control engineering, this involves modeling plant
dynamics and including additional dynamic
components that constitute a controller and/or an
observer. In digital signal processing, the model is
typically an exploration of the signal-to-noise ratio
and other characteristics of the input signal. Then
the model is simulated in  Simulink;
MATLAB/Simulink and toolboxes can be used to
aid in the development of algorithms and analysis of
the results.

If the results are not satisfactory, it is
possible to iterate the modeling process until results
are acceptable.
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Once the desired results have been
achieved, Real-Time  Workshop  generates
downloadable C code for the appropriate portions of
the model. Using Simulink in external mode allows
tuning parameters and further refines the model,
again rapidly iterating to achieve required results.
At this stage, the rapid prototyping process is
complete. The final implementation can begin for
production with confidence that the underlying
algorithms work properly in designed real-time
production system.

Rapid prototyping and modeling with RT-
DAC/USB and RT-CON resources can be described
by the presented in Fig.2 scheme. It shows the
general concept that comes within the scope of
RTW and RT-CON.

1

i the frame of

Sirralith Project

2

Shifting to the real-time
application

by Adding the drivers Adding

" drvers

Real-time
“| controller PLANT
Eeal-Time
Experiments

Simulink

Fig. 2. General scheme for RTW control in
MATLAB/Simulink
As it is described above MATLAB/

Simulink is used to design, test and analyse a model
of the plant, control algorithm or data acquisition
system. Once the project is completed, appropriate
input/output device drivers can be added and an
executable code directly from the Simulink block
diagram can be generated. When the real-time
program is running communication  with
MATLAB/Simulink to capture and analyse data or
to change parameters of the currently running real-
time program is possible. This is one of the
advantages of the used software package. Users
dispose of all features and recourses of the intuitive
MATLAB/ Simulink environment. They can
observe signals, modify and tune block parameters
in the real-time without a recompilation of the
model. It allows creating and executing a real-time
program using Simulink models and controls. This

approach reduces the cost and time of development
of new investigation applications. Such solution
allows employing the low-costs computer as a
development and target platform.

The Simulink model for real-time
implementation purposes consists of the device
driver of the used data acquisition RT-DAC/USB
board. The RT-DAC/USB device driver contains all
I/0O signals of the board shown in Fig.4, [8,9].

RT-DAC/USB
o HIL Real-Time Simulation

II} >

Step

p—|In1 Qutl

t— Inf Gutl 4|—.
24
L in10ut
£

Fig. 3. Simulink diagram of HIL
real-time simulation

|

Saturatiof

RT-DACIUSB
Version 1.11
(Terminate)

RT-CON/RTDAC-USB Device Driver
Version 1.11

|
<
o= (1)
=
e
e
RTDAC_USB Device Driver
(rmtsien
(Termination)
1
“iiw | )
I oo
N e — A |
| {5
[

Fig. 4. Configuration of the RT-DAC/USB
device driver

The driver must be reconfigured depending
of experiment purposes and caries out a connection
between the Simulink model and the application
target. In present work device driver is designed to
use all analog outputs of the USB board, in order to
bring out the process outputs of the corresponding
plant models presented in Table 1.

4. Experimental results

The transient responses for the selected
plant models from Table 1 are shown in the
following figures.
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The transient responses of the cascade plant
model (fig.13) are investigated. The structure has
one input and two outputs: y; and y,, respectively.
On the fig.14 are shown experimental results with
the parallel plant model. The solid line is the main
part of the plant represented by the transfer
function G, (s) . The inner transfer function G,,(s) is

presented for two values of the parameter o
- dotted line for ¢ =0.7 and
- dashed line fora =0.5.

Yi
> Go(s) >
u
_> y2
» Gl —»

Fig. 13. The Simulink scheme of the parallel model
structure

These two values illustrate the natural limits
for cascade control. This picture illustrates only the
idea for cascade system. Of course these transfer
functions can be easily scaled with the appropriate
gains and time constants for a specific task.

1.2

plant output
o o
(2] o
T T

o
N
I

0.2

time

Fig. 14 Cascade plant model response

5. Conclusion

This paper presented some possibilities for
real-time simulation of plants in Process Control
Systems. It is well to note that the processes have
nonlinearities, delays and sometimes reverse
reactions. Therefor it is good to find and investigate
the simply structures and lows for process control
tasks. All this shares the experience of the Process
Control Laboratory and might be useful for
students, Ph.D. studies, and automatic control
problems research. Further work is directed to
comparing several low-cost industrial controllers
operating with the plant models that were selected.
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BULGARIA

MN3CJUIEABAHE HA IIPEOBPA3YBATEJI C MEKA
KOMYTALUA C IBA JOITBJHUTEJHHA
KJIIOYA 3A 3AXPAHBAHE HA ACUHXPOHHO
EJIEKTPO3A/IBUKBAHE

JIMMUTBHP CITUPOB, HUKOJIA1 KOMUTOB

Pe3rome: B Ooknada e paspabomen npeodpaszyeamen ¢ ‘“meka komymayus’ ¢ 08a
OONbIHUMENHY KII0YA 3d 3aXpaHéamne HA dACUHXPOHHO enekmposzaodsudicearne. Cxemama
CvLOvPIICa MpUPazer MOCMo8 UHEEPMOP, YUUMO CULOBU KIIOUO08E CA CEbP3AHU 6 Napael C
O00ONbIHUMENHY pe3oHancHu eepuzu. Ilpednodcena e memoduka 3a ynpaenenue Ha
CUn0BUME KIIOU0Be, KOSMO 0CU2YPABA GKIIOYGAHEMO NPU HY1e80 Hanpedicenue. neepmopa
3axXpanea ACUHXPOHHO e1eKmpO3a0GUIICEAHe, KAmo NOJYYeHaAma cucmema e MooeIupand 6
cpedama na PSpice. Cumyrayuonnume pe3ynimamu nHOKA36am, e ¢ npeoiodHceHama cxema
3a “Mmexa komymayus’ ce noxy4asa 3HAYUMENHO HAMAA8aHe Ha 3a2yOume na MOWHOCH 8
cunogume KIO406e U HAMANABAHE HA AMIAUMYOHUME CMOUHOCMU HA MOKA Npe3
Mpan3ucmopume 8 CpagHeHuUe CbC cxemama ¢ “‘mevpoa Komymayus”.

KaruoBu aymm: AcumxponHo enekmpo3adsudiceane, “mexa

Komymayust” ¢ 06a OONBAHUMENHU KII0YA

IIpeobpasyeamen ¢

INVESTIGATIONS OF SOFT-SWITCHING
INVERTER WITH TWO AUXILIARY SWITCHES
FOR AN INDUCTION MOTOR DRIVE

DIMITAR SPIROV, NIKOLAY KOMITOV

Abstract: A soft-switching inverter with two auxiliary switches for an induction motor
drive is developed. The proposed soft-switching inverter is formed from the traditional
pulse-width modulated (PWM) inverter by simply augmenting with auxiliary resonant
circuits, and the soft switching is achieved through applying PWM switching control
signals with suitable delays for the switches. The designed soft-switching inverter is used
for powering an induction motor drive to test its effectiveness. The proposed drive system is
modeled and its performance is simulated in PSpice.The simulation results show that a
smaller switching loss and higher conversion efficiency are obtained by the proposed soft-
switching inverter.

Key words: Induction motor drive, Soft-switching inverter with tow auxiliary switches

MUPOYUHHO-UMITYJICHA  MOIYyJIalluAa

Enna oT BB3MOXKHOCTHTE 3a TOIOOpsIBaHE
Ha pPabOTOCIOCOOHOCTTA M XapaKTEPUCTUKHUTE
KaKTO Ha 3axpaHBalllaTa cXeMma, Taka M Ha ToBapa ¢
YBEJIMYABAHETO HA YE€CTOTATa HA MPEBKIIFOYBAHE Ha
cuioBuTe mpeodOpasyBatenu. [loBummaBanero Ha
4yecToTaTa Ha CHCTEMHTE, 3aXpaHBAHU OT WHBEPTOP

JIOBEXKJIa JIO TIOBHINIABAHE Ha 3aryOHWTe B CHIIOBHUTE
KITFOYOBE W KOMYTAllMOHHU yJapHH HAaTOBapBaHUS
[1].

Ce3laiecHn ca  MHOXECTBO  CXEMHH
pelreHusi, KOWTO 4pe3 €AWH WIH JAPYyT METOJ
OCBHINECTBABAT KOMYTAaIlMsl TPH HYJICB TOK |
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HampeXXeHwe, HO MpH OrpaHWYeH Juara3oH Ha
M3MEHEHHE Ha TOBapa M 3a CMETKa Ha 3aHW)KaBaHe
Ha K.II.JI. IPY MaJIK1 HaToBapBaHus [2].
KBazupezonancunre WHBEPTOPH ce
M3MOJI3BAT IIMPOKO 33 3aXpaHBaHE HAa aCHHXPOHHU
MaIllMHU, BBIPEKH TEXHUTE HEAOCTATBIM KAaTo
HaJUYHMETO Ha BUCOKO HAMpPEKEHUE B PE30HAHCHATA
BepHra, KOeTO TPH HIKOH OT TSIX MOJKE Jia JOCTUTHE
70 J1Ba IIBTH 3axpaHBamoTto. Ilpu muHBepTropure C
napaJenaHa pEe30HaHCHA BepuUra u
CUHXPDOHU3WPAHUTE  PE30HACHH  WHBETOPHU  C
ITOCTOSTHHOTOKOBA BpB3Ka, 'MeKaTa KOMyTarus" ce
OCUTypsiBAa OT JOMBIHUTEIHU KIIOYOBE, YUUTO
PE30HAHCHU BEPUTHU Ca ChC CIIOKHU KOH(UTYpaIiH
U TpyIHU 3a ympasienue [3, 4]. Hanpexenuero B
pe3oHaHCHaTa Bepura JOCTHUTa JIO IHKOBH
CTOHHOCTH MO-TOJIEMU OT  3aXpaHBalIOTO
HaIpeXXeHre, a TOKa Mpe3 TOMbIHUTETHHS K09 He
JOCTUTA HYJIEBH CTOMHOCTH TPH YCTAHOBEH PEXUM,
KOETO BOJM JI0 yBEJIMYaBaHE Ha 3aryOuTe mpH
npoBexknane. B [3] ca pa3paboTeHw cxemm 3a
MM, wna ©Oazata H©Ha jgemndepw, KOHUTO
OTCTPaHSABAT JO W3BECTHAa CTENEH CIIOMEHATUTE
HEJIOCTaThLH. Paspaborenure B [4]
mpeoOpaszyBatenu ¢ "Meka Komyrtanus' —TpH
BKJIIOYBAHE TMIPU HYJIEBO HAINPEKEHUE W3MCKBAT
MHOTOKPATHHU MPEXOAM 3a MOCTUTAaHE Ha KEITAHOTO

MOJIOXKEHUE, OCBEH TOBAa ca  HEOOXOIUMH
OTpaHMYUTEIHN JHOAM 3a Ja ce u30erHe
[IpEHANpEKEHNE BBPXY JIOTTBTHUTEITHNATE
PE30HAHCHM  KIIOYOBE /10  HYJMpPAaHETO  Ha

PE30HAHCHUS TOK.
Ilenta Ha  HacroslMs — JOKIAx €
H3CIeBaHETO Ha mpeoOpasyBaren C  '"Meka
KomyTauuss" ¢ JBa JONBIHUTEIHH KiIo4ya 3a
3aXpaHBaHE HA ACHUHXPOHHO €JIEKTPO3a/BUKBAHE.
HeoOxonumo e na ce usciensa eeKTUBHOCTTA U
KOMYTallMOHHUTE 3aryOM Ha  pa3paboTeHaTa

CHUCTEMA C MOIXO AT IPOTPaMEH TPOIYKT.

2. CumyJ1allMOHEeH MoeJ

[IpuHnIMTTHATA cXema Ha TipeoOpa3yBarteds ¢
"MeKa KoMyTauusa' ¢ aBa JAOMBIHUTEIHU KIOYa U
Ha aCHHXPOHHO €JIEKTPO3a/IBIKBAaHE € IPe/ICTaBeHA
Ha ¢ur.1 [5].

Cxemara chObpka TpuQa3eH MOCTOB
WHBEPTOP W JIONBJIHUTEIHU PE30HAHCHU BEPUTH.
JIOITBIIHUTEIIHUTE BEPUTH  BKIIOYBAT CHIIOBHTE
kimo4yoBe S,; U S, JBYHaMOThUHATa MAarHUTHO
CBBbp3aHa 00OWHA C JBE €THAKBU HAMOTKH L,; U L,,
u xonaenzaropute C,, Cs; u Cs,. Thii KaTO BepUruTe
ca cumeTpuund, L,;= L, u C;=Cj,.

[Ipu paborara Ha cxemara moraT aa ObaaT
OTHeNeHn HsAKOoNKo wuHTepBana (dur. 2). [lpemn
ITEPBUS UHTEPBAI (Zp) TIpeAronaraMme, 4e Kiod S,; e
BKJIIOUCH, a K04 S,, € U3KIoueH. ToKbT mpe3s
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TOBapa i,, Te4e mpe3 o0paTHUS JU0J Ha ChOTBETHUS
TpPaH3UCTOP OT MOCTA, a TOKBT Ipe3 L,; HapacTaa.
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@ue. 1. Ipunyunna cxema npeobpasyeamen c
“mexa komymayus” ¢ 08a OONbIHUMETHU
Kaoya

B mppBUs HTEpBaAJ, KOraTo TOKBT Mpe3 L,;
CTaHe paBeH Ha i,, 0OpaTHUS TUOI Ha HHBEPTOpPA CE
3amymiBa TMpH HYJIEB TOK M CIIEJ] TOBA TOKBT TEUC
rpe3 TpaH3ucropa or Mocra. TOKbT [;,;, HapacTBa
JUHEWHO JIOKAaTO JOCTUTHE CTOMHOCT, JedeHupana
KaTo MUHUMAJIEH TOK, TapaHTHpAaI 3apekIaHeTO Ha
kouaeHzaropa C,.

B Hawanmoro Ha creaBamus wHTEpBaN (1))
CBCTOSTHHECTO Ha TJIABHHUTE KIIOYOBE HAa MHBEPTOpa
ce mpomens. llopamm wHammumero wHa C,
MPEBKIIOYBAHETO CTaBa MPHU HYJICBO HAMPEKECHUE.
3anouBa pe3zonac mexnay C,, Cg; u L,;, KOETO BOAU
JI0 HapacTBaHE Ha 3aXpaHBAIIOTO HaIPEKEHUE.
Konnensaropa C;; e npoekTHpaH Taka, uye Jia oeme
3amaceHata eHepruss B L,, B MOMEHTa Ha
u3KItouBaHe Ha S,;. Bpemeto 3a paspexaane Ha C;
€ He3HauuTedHOo. To3W HUHTEpBald MPOABIKABA,
JIIOKBTO  HampexkeHuero Bbpxy C,, JOCTUTHE
HaIpe)KCHUETO Ha 3axpaHBamara mpexa Us.

B magamoTo Ha ciiegBamus WHTEpBAI (1),
korato Ug, mocturue U, nuoasT D, ce BKIIOYBa
Mpu HyJeBO HampexkeHue. lIpum ToBa 3amouBa na
Teue TOK Tpe3 S,; u L,,. B TO3m wmHTEpBan
CGHEPruATa C€ TMPEXBBPIS OT HU3TOYHHKA KbM
KoHcyMaTopa. To3uW HHTEpBal MNpPOABIKAaBa, [0
MPOMsTHA Ha CHCTOSTHMETO Ha TJIaBHUTE KIIFOYOBE HA
HWHBEpTOpA.

I[Ipu HeoOxmuMocT OT TpOMsSHA Ha
CBHCTOSTHUETO Ha TJIaBHHUTE KIFOYOBE, S,; TpsAOBa /1a
O0bIe M3KII0OYCH. 3amaceHaTta B L,; EHEeprus Ie ce
npexBbpiau B L,, W TOKbT 1€ HapacTsa.
Konnenszaropsr C, mie 3amouHe Ja ce paspexnia.
HesnauuTenna yact or eHeprusira, 3amnaceHa B L,,,
e ce u3moi3Ba 3a 3apexkaane Ha Cy;, Thil kato Cy;
¥MMa MHOTO MO-MaJIbK KamanuTeT, B cpaBHeHue ¢ C,.
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B maganoto Ha WHTEpBama f{; BH3HHUKBA PE30HAHC
mexnay L,; u C,, mpu xkoeto Hampexenuero Ha C,
pPE30HAHCHO HaMajsBa 0 Hyna. S,; c€ H3KII0YBa
IIpH HYJIEBO HAINpeXXeHHe B HAYajJOTO Ha TO3U

WHTEpBAI. S, MOXe 1a ObJie BKIIOUEH IIPH HYJIEBO
HallpeXXeHWe W I[pU  HyJIeB TOK, I[Opaau
npoBexaneTo Ha D). To3u MHTEpBal IPUKITIOYBA C
YCTaHOBSIBAHETO Ha Uc=0.
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QDue. 2. Bpemeouacpamu na npeobpasysamens ¢ “‘mexa komymayus”

B crnenpamus mHTEpBan 0OpaTHUS AWOJ HA
CBOTBETHUSI KJIIOYW HA MHBEPTOpa CE€ OTIYIIBA MPHU
HYJICBO HANPEXEHUE W TMPOTHYa TOK OT L, KBM
3axpaHBalusl  HW3TOYHHK. B TO3Ww  MOMEHT
KIIOYOBETE Ha HWHBEpPTOpa Morar Ja Objaar
MPEBKJIFOYEHU TP HYJEBO HANpPEXKEHHEe W TpHU
HyseB TOK. TOKbT npe3 L,, HamasnsiBa JIMHEWHO OT 1,
no uyna. Korato TOKBT mpe3 L,, HOCTUTHE HyJa,
nuonsT D, ce 3amyliBa Ipyu HyJeB TOK. TOKBT mpe3
L,> cMeHsI TocokaTta CH M IpoTHYa mpe3 S, U mpe3
CHOTBETHHTE KIIFOUOBE HAa MHBEPTOPA.

3. ITosryyenu pe3yaraTu

C momortITa Ha MOTYYSHUTE CUMYJIAIMOHHH
Mojenu B cpenara Ha PSpice e uzcneaBan Tpudaszen
acuuxpoHeH asuraren Tun AO-90S-4 ¢ HOMUHATHH
mamam 1,1 kW, 380 V, 50 Hz, s3axgsmxksai
MEXaHU3bM C KOHCTAaHTEH CHIIPOTUBUTEICH MOMEHT
(M=M_~=0,9735Nm), 3axpamBan ot UM
WHBEPTOP. Marematudecku MoJIe H
aCMHXpOHHAaTa MallMHa B cperara Ha PSpice e
paspaborer B [6]. TexHuueckwte maHHU
mapamMeTpu Ha CJICKTPOABUTATENsI ca JaJeHHd B
IIpunoxenue.

[Ipoextupanero Ha MIPETOKESHUS
WHBEPTOP BKJIFOYBA M300pa Ha mapaMerpure Ha L,
L, C, (s C,, Taka uYe Ja YJOBIETBOPSBAT
nmocraBeHuTe wM3MckBanug 3a du/dt, di/dt wu
MMMKOBUTE CTOWHOCTH Ha TOKAa WM HAMPEKEHHUETO.
Wzpasute ca mnonydeHu OT audepeHIMATHHUTE
ypaBHEHUS, ONWCBAIld BCEKH WHTEPBAT  OT
pabortara Ha cxeMata [5]. Ha 6a3a Ha u3moi3BaHara
METOAWKA, TMapaMeTpuTe Ha EJIEMEHTUTE ca
n3opanu: L,;=L,,=180uH, C,=1nF, C;=C;,=0,01nF.

~

Tpudazen cunocymmanen MM renepatop e
W3MOJI3BaH 32 YNPABICHUETO Ha ILIECTTE KII0Ya Ha
nuBeptTopa. Hocemara gecrora e 2 kHz.
VYnpapneHne Ha UHBEPTOPa CEe OCHIIECTBIBA
Bb3 OCHOBA Ha M3MCKBAHETO IPU T'€HEPHPAHETO Ha
CUTHAJ 3a NPEBKJIIOYBAHE HA OCHOBHUTE KIIIOYOBE,
JIOITBTHATETHATE BEPUTH TpsiOBa 1a ce BKIIOYAT,
Taka 4e Ja TNpeAu3BHKAT pPE30HAHCEH IPeXOo/eH

npouec. IIpeBkimoyBaHeTO Ha KIIOYOBETE Ha
WHBEPTOpa  CTaBa, KOraTo  3aXxpaHBaIlOTO
HaIlpe)KeHHUE CEe yCTAaHOBY HA HYyJIA.

Dur. 3 IIPENCTaBsl  3aXpaHBAILOTO

HalpexXeHWe uUpc, JTUHEHHOTO HANpeXEeHHe Ha
uHBepTopa W (a3oBus TOK. BHcokoTo HHMBO Ha
nyjcanuuTe Ha (a3oBHS TOK ca MPUYMHEHH OT
OrpaHUMYeHATa  LIMPHUHA  HA  YIPaBIISBALIUTE
VIMITYJICH Ha IOMOIIHUTE KIKYOBE.
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Due. 3. 3asucumocmu upc, ,uyp, ig =f(t)

[Ipu ympaBieHHETO Ha HWHBEPTOPHOTO
3aJ[BM)KBAHE € MPUIIOKEH MPETIOKCHUS aTOPUTHM
Ha yhopaBieHre 3a ''Mexka KoMmyTamusa', 110

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria

ISSN 1310 - 8271



Harpe)keHne Ha KrodoBere. Ha dur. 5 ca mokazanu
(dopMuTe Ha TOKa, HANPEKEHUETO U 3aryOuTe Ha
MOIIHOCT B KJIFOUOBETE Ha M3CJe/IBaHaTa cxema. 3a
CpaBHEHHE ca TTOKa3aHMW W 3aryOuTe mpu cxema 0e3

nemrdep (¢ur. 5).

800

0 \ tt, ms

7.298 7.302 7.306

@ue. 4. 3asucumocmu us;, is;, ps; =f(t) npu
ynpasaenue ¢ "mexa komymayus"

x 10

t, ms
7.298 7.303 7.306

DQue. 5. 3asucumocmu ug;, is;, ps; =f(t) npu
ynpagnerue ¢ "mevpoa xomymayus'

Ot ¢ur. 4 ce Bwkga, 4Ye TOKa IIpe3
TpaH3ucTopa §; 3amoyBa Ja MPOTHYA ClIEA
HyJIMpaHEeTO Ha HANpeKeHHWEeTO BBpPXy Hero. Toma
JOBEeKJa 7O  3HAYUTEIHO  HaMalsiBaHE  Ha
KOMYTallMOHHUTE 3aryOum — B cllyyas ¢ HMMIIyJca,
npencTaBeH Ha ¢urypata ot 22,416 W nipu pabora
¢ “rBppaa komyrtauusa” mo 1,971 W npu pabota ¢
“meka komyTtauus’”, T.e. 20,445 W HamansBaHe Ha
OTZEJIeHaTa MOIIHOCT. AMIIIMTYIHaTa CTOMHOCT Ha
TOKa Tpe3 TpaH3ucropa S; mpu pabota ¢ “TBBpIa
komyTauusi” ce mosryyaBa 71,119 A, npu pabora c
“meka komytamus® e 5,914 A, T.e. ¢ 65,205 A
HaMaJIIBaHE Ha aMIDIUTYAHATA CTOIHOCT.

4. 3akiarouenue

B noknana e pazpaboren npeodOpasyBaren ¢
“MeKka KoMyTalus” C JiBa JOIBJIHUTEIHH KIo4a
Mpu  BKIIOYBAHE TMIPH HYJICBO HAMPEKCHUE 3a
3aXpaHBaHEC HA ACHMHXPOHHO €JIEKTPO3aJBUKBAHE.
Cxemara chabpxa Tpu(aseH MOCTOB WHBEPTOD,
YUHUTO CHJIOBM KJIFOUOBE Ca CBHP3aHH B Tapaiiei C

-08 -

TMOTBJTHUTETHU PE30HAHCHH BepurH. [Ipemioxkena e
METOJIMKA 3a YIPaBJICHHEC Ha CHJIOBHTE KIIOUOBE,
KOATO OCHUTypsiBA BKIIOUYBAHETO TIPU HYJEBO
HaIpe)KCHHE. CUMyTaImoOHHAUTE pesynTatu
MOKa3BaT, 4e C MPEAIOKeHaTa cxXeMa 3a ‘‘MeKa
KOMyTaIus” ce IMoJydaBa 3HAUUTEIHO HAMaJlIBaHE
Ha 3aryOWTe Ha MOIIHOCT B CHIIOBHUTE KIIOYOBE U
HaMaJIsIBaHE HA aMIUTUTYJIHUTE CTOMHOCTH Ha TOKa
Mpe3 TPaH3UCTOPUTE B CPaBHEHHE CHC CXEMara C
“TBBpAA KOMyTalus .
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CUMYJIAINNOHHO U3CJIEABAHE HA JIMHEEH
ACHHXPOHEH JIBUTI'ATEJI B CUCTEMATA HA
HHPAKO YIIPABJIEHUE HA
EJEKTPOMAI'HUTHATA CHUJIA

BOXNJIAP MAPKOB
Pestome: Jluneuinume osucamenu ca anmeprHamueer HA4uH 6 peouya UHOYCMPUATHU
NPUNOdCEHUs,  Kamo — Memajopexcewjume — MAawiuHu, —CcuUcmemume 3d  OnAKo8awe,

usmMepeamennu MawluHu, Mpancnopmuu cpeocmea u Op.. Hauunume 3a ynpasnenue na
JAUHeuHume dgueamenu ca noOOOHU HA Me3U, KOUMO ce U3NO0A36am Npu CMaHOapmuume
pomayuonnu oeueamenu. B nacmoawama cmamus e paspabomen u CUMYIAYUOHHO
mecmean MoOel HA OUPEKMHO YNpAeieHue Ha — eleKMpPOMASHUMHAMA —CUuld Hd
NPUOBUICEAHE HA IUHEeH ACUHXPpOHeH dsueamen ¢ nomowma Ha SIMULINK.

KatouoBu oymu: nuneen acunxponen ogucamen, oopamua 6pwv3kda, OUPEKMHO YNpagieHue
HA eNeKmpoMaAcHUMHAMA CUId, CUMYIAYUOHHO U3CTe08AHE

SIMULATION DEVELOPMENT OF LINEAR
INDUCTION MOTOR WITH SYSTEM OF
DIRECT ELECTROMAGNETIC FORCE
CONTROL

BOJIDAR MARKOV

Abstract: Linear motors are an alternative way in a number of industrial applications, as
a metal cutting machines, packing systems, measurement machines, transport, and etc. The
means for control of the linear motors are similar to those used in conventional rotary
motors. This article are developed and tested simulation model of direct control of the
electromagnetic force to move the linear induction motor using SIMULINK.

Key words: linear induction motor, feed-back, direct electromagnetic force control,
simulation development

1. BnBenenue

ACI/IHXPOHHI/ITC CJICKTPO3aJIBUKBAHUA  Ca
Hal-4eCcTo CpCIAHUAT THUIT CICKTPOMEXaHUYHUN
3aABMXKBaHUA 3a TIPOMHIUICHW, TBPTOBCKU U
OuTOBH MPUITOKCHHA. 3a Ja CC IIOCTUTHE Haﬁ—;[06pa

e(i)eKTI/IBHOCT Ha ACUHXPOHHOTO
CJICKTPO3aJIBUKBAHC ce H3II0JI3BAT  pa3/iInuHU
TCXHUKH 3a  YHIPaBJICHHC. Hpe3 IIOCJICAHOTO

JCCCTUIIECTUEC Ca pa3pa60TeHH pa3in4Hu MCTOAU 3a
YHpaBJICHUC Ha IPOMCHJIIMBO TOKOBUTC ABUIaTCIIN.

Karo 1o ympaBieHHeTo Ha MPOMEHIUBO
TOKOBHUTE €JICKTPO3aJIBHIKBAHUSI MOTAT Ce PasJeisiT
Ha OTBOPEHU M 3aTBOPEHH CUCTEMU 32 yIIpaBJICHNUE.

OTBOpEeHHUTE CHCTEMHU 3a YIpaBIeHHE ca
nocrpoenrd Ha npuHuuna Ha U/f perynupane Ha

CKOpOCTTa  M3BECTHO  OLI€  KaTo  CKAaJIAPHO
yhpaBlieHHE.

CpBpeMEHHHTE 3aTBOPEHH CHCTEMH ca
MOCTPOGHW Ha TPUHIMUIA HA  BEKTOPHOTO
yIpaBJieHHE.
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[Ipu BEeKTOPHOTO yIIpaBJICHUE CE yIpaBIIsiBa
[IOTOKOCLEIJICHUETO Ha pOTOpa U  BbPTSIIUSL
MOMEHT Ha JIBUraTelsl.

N3mMepBaHeTo Ha ynpaBisiBaHUTE BEIMUYUHU
MOXe Ja Oblge NPSKO M CE OCBIIECTBSIBA UpPE3
U3MEPBAaHE WM KOCBEHO 4pe3 JOIBIHUTEIHU
u3uucieHus [1].

ANTepHaTHUBEH METOJ 3a YIpAaBJIEHHE Ha
ACUHXPOHHMsI JIBUraTell € Thil HAPEUEHOTO IPSIKO
yIpaBlIeHHE Ha BbPTAMIMI MOMEHT. CxeMa 3a MpsIKo
yIpaBlIeHHEe Ha MOMEHTa € moka3aHa B [2]. Ilpu
TO3M HAuuH Ha YIpPaBICHUE 3HAYUTEIHO C€
HaMaJIsBaT ynpasisiBAaHUTE TapaMeTpH [3].

IIpn Mmeronma 3a mpsKo YIpaBlIEeHUE Ha
CJIEKTPOMAarHUTHHS  MOMEHT  C€  BBBEXKJaT
XHMCTEPE3UCHN 30HW HAa M3MEHEHWE Ha MAarHUTHHA
IIOTOK U HA MOMEHTA Ha JIBUTATEIIsL.

AKO CTaTOpHOTO TIOTOKOCHLEIUIEHHE WIN
MOMEHTBT H3JIS13aT OT 3aJaJCHUTE XUCTEPE3UCHU
30HH, C€ I0JaBa CHTHaJI KbM HHBEPTOpA, KOWTO,
Yype3 W3MEHEHHE Ha H3XOJHOTO CH HaIpeXeHHeE,
JIOBEXI1a [IOTOKOCLIEIIIEHUETO u
€JIEKTPOMAarHUTHUAT  MOMEHT 70  JKEJaHWUTe
CTOMHOCTH.

OCHOBHMAT  HEIOCTaTbK Ha  IPAKOTO
yIOpaBJIeHME [0 MOMEHT ca XHUCTEPE3UCHHUTE
KoJieOaHus Ha MOMEHTa M IOTOKOCLEIJICHHETO.
[Ipu Te3m myncanuu B JBHKEHHETO MOXKE Ja Ce
HapylM TOYHOCTTa Ha CKOpPOCTTa Ha JBUTATEIS.
ToBa cpmO Taka BOJM JO TO-BUCOK IIyM H
XapMOHHUYHH 3aryOu. BnusHueTo Ha myncanuuTe Ha
MOMEHTa W Ha TOTOKOCILICIUICHHETO MOTaT Ja ce
HaMaJsIT KaTo C€ U3I0J3Ba IPOCTPAHCTBEHO-
BekTOpHa Moayiauusi (SVM) [4].

OT MH)XEHEepHa TJIe[HA TOYKa MPEICTaBIsIBa
UHTEpEeC Ja ce H3cie[Ba cucTemMara 3a IPsKO
yIOpaBlIeHUE Ha €JIEeKTPOMAarHUTHATA CHJa MpH
JIMHEEH AaCUHXPOHEH JBHraTell, KaTo C€ HuMaT B
MpenBUJ TPWIUKATE W Pa3iUKUTE My CbC
CTaHJapTE€H aCUHXPOHEH JBUTATEN.

Ilenra Ha HacTOsmara cratus € fAa ce
Ch3/JaJe U CUMYJIAllMOHHO Jla ce u3cieBa paborara
Ha JIMHECH AacHHXPOHEH JBWTaTeN, paboTenr Io
cxemara Ha MPSIKO yhpaBlicHHE Ha
eJIEKTpOMAarHuTHaTa CUJjIa.

2. lmuHaMu4YeH Mojie]I Ha JIMHeeH
ACHHXPOHEH BUraTeJ

IIpu chcTaBsHETO Ha AMHAMUYECH MOJIET Ha
JIMHEEH AaCHHXPOHEH [BUTATe)l HWMa pPEauIa
CJIOXKHOCTH CBBP3aHU CbC B3aMMHATa MarHUTHA
WHAYKIAS MEXAY CICKTPUYHUTE BEITHUYUHU MEKITY
IhpPBUYHATA HAMOTKAa U Clainepa (BTOpHYHATA
HaMOTKa) W OTBOpEHAaTa MAarHWTHAa CHCTEMa Ha
JIBUTATEISL.

Hopazu/l T€3U OCOOEHOCTH npead ga cce
MNPUCTBIIM KbM ONMCAHUCTO HA JUHAMHWYHUSA MOACII
Ha JIMHECH aCHHXPOHCH JABUTATCII TpSI6Ba Ja ce
HaIpaBAT HAKOU JOITYCKaHUA.

JlommyckaHmsiTa TPU  CHCTAaBIHETO  HA
JUHAMHYEH MOJEeN Ha JIMHEeH AaCHHXPOHEH
JIBUTATEII Ca:

1) CaMO cTaTOpHUTE MPOMEHJIMBH MOTaT Ja
ObaaT U3MEpeHH (TOK, HAPEKEHHE);

2) He ce B3ema B mpeaBua BIUSHHUETO Ha
KpaeBUTe e(heKTH B AKCHAITHO HAIIPABJICHUE;

3) He ce pasrnexxnar siBjIeHUsITa OT TPUEHETO;

4) 3axpaHBaHETO HA MMbPBHYHATA HAMOTKA HA
JMHEHHUST aCUHXPOHEH JBUraTell € CUMETPUYHO U
OaJaHCUpaHo;

5) MarautHaTta cucTeMa Ha
ACHMHXPOHEH JIBUTATEJl € HE HACUTEHA.

JIMHEUHUSAT

AHanu3bT HAa JUHAMHYHUTE IIPOLECH Ha
JIMHECH aCHHXPOHEH JBUIaTe]l ce M3BBpIIBa B d-q
KoopauHaTtHa cuctema. B [5] u [6] e mokasan d-q
enekTpuuecku  mojen  (¢ur.l) Ha  JHHEeH
ACHHXPOHEH JBHraTesl 0e3 OTYMTAHE Ha KPAaCBHUTE
eeKTH.

L, (o-0)4k,

@ue.1. /lunamuuen enekmpuiecku Mooen Ha TuHeen
ACUHXpOHeH dgueamer 8 d-g KOOPOUHAMHA
cucmema

Ha ¢ur.1 uma cnegaure o6o3HaueHus: R e
aKTUBHOTO  CBIPOTHBICHHE  HA

HAMOTKa; R, -aKTUBHOTO

IbpBUYHATA
CBIIPOTUBIICHUE Ha
craiigepa

(BTOpHUYHaTa HamoTKa); L, -

HaMarHuTBau@aTa  uHAyKTUBHOCT; L, =L —L -
WHIYKTHBHOCTTa Ha pa3ceiiBaHe Ha ITbpPBHYHATA
KpaeTo L

HaMOTKa, € MHWHAYKTUBHOCTTA Ha

Llr :Lr _Lm_

WHJIYKTUBHOCTTAa Ha pas3ceiiBaHe Ha ciaijaepa,

N

IIbpBUYHATA HaMOTKa);

KbleT0 L, -MHIyKTHBHOCTTa Ha ciaizepa); i,-

TOKBT Ha HIbpBHUYHATA HAMOTKA IO OCTa d 5 isq-
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TOKBT Ha I'bpBUYHATA HAMOTKa IIO OCTa (; U ,-

HAIpeXKECHUETO HA IbpBHYHATA HaMOTKa II0 OCTa
d; usq— HAMpeXKCHUCTO HAa IIbPBUYHATA HAMOTKaA IIO

octa q; @=(7/7).v,- BrIOBaTa CKOPOCT Ha
claiimepa, KbACTO V, € JMHEHHaTa CKOPOCT Ha
OpHUABIKBAaHE HA Craiijepa, a 7 € CTBIKOBOTO

nenenne; @, = 21f, -priopara CKOpOCT Ha

IbpBUYHATA HaAMOTKaA, KBJACTO ﬁ € 4ecTroTrara Ha

3axXpaHBaHC Ha ObpBUYHATA HaMOTKa, ;Lsd -

IIOTOKOCHECIUVICHUETO Ha IIbpBHYHATa HaMOTKa II0
ocTa d; ﬂ,xq- IMOTOKOCHCIVICHUETO Ha IIbpBUYHATA

HaMOTKa I1I0 OCTa (, ﬂ“rd' IMOTOKOCHCIITICHUETO Ha

crnaifizepa mo ocra d; A, -TOTOKOCHEIUICHHETO Ha

craiiiepa mo ocra ;A -MOTOKOCIEIICHUETO Ha

Bb3QyliHaTa MCXK/IUHA.

JlMHaMUYHUTE ypaBHEHMsI Ha JIMHEHHUS
aCUHXpOHEH  jBuraren B d-q  CHHXpOHHA
KOOpAMHATHA CHCTEMa, pa3MucaHu Ha Oa3ara Ha
3aMeCTBalUTE CXEMH, ca MoKa3aHu Ha ¢ur. 1, KakTo
clenBa:

=Ri + 4 A —wl (1)
sd s sd dt sd e sq
d .
Uy = Rslsq + E 5q +o, Ay, (2)

O0=Ri,+ %ﬂrd —(o, —w)4,, 3)

) d
0 = errq + E/Irq + (a)e - a))/lrd (4)

Bpb3kata Mexay MbPBUYHUTE U BTOPUYHU
TOKOBE ¥ TIOTOKOCILIEIJIEHHATA MOKE J]a CE OIHUILIE C
YpaBHEHUSATA:

Ay =Ly + L1, (5)
ﬂ,sq =Li, +L,ji, (6)
Ay = Lyiy + Ly (7)
Ay =L, +L,i, ®)
Aim =1L, (g +1,,) 9)

Apm =L, (i) +i,) (10)

EnexkTpomMarHuTHaTa cujia C€ M34YHMCIISABA 110
dhopmynara:

(11)

Fo= 22 g = i)

VYpaBHEHHETO Ha EJIEKTPO3aJBUKBAHETO
MIpY JTMHEWHNSI aCHHXPOHEH JIBUTAaTE] UMa BUAA:

_ 1o,
¢ M dt

KbeTO: [ - ¢ BbHIIHA CHIPOTHBHUTENHA cHta; M -

+F, +Dv,, (12),

Macarta Ha cjiaigepa (BTOpHYHAaTa HaMOTKa); P -
guciao 4yudToBe TomocH; D - KoehHIHMEHT Ha

BUCKO3HO TPUCHE.

JIMHAMUYHUAT ~~ MOAEN  Ha  JIMHEEH
ACHHXPOHEH JIBUTATell Ce N0JIydaBa OT ypaBHEHHUsATA
(1-10) 1 uma cnegHUAT BUL:

di, 1 R l1-o0| =m .
727“5(/_ — lsq_ivelsd_
dt oL, oL, of, T

(13)
L L
— Wlﬂ V i m ﬂ,"q
oL, L.t oL LT
%—Lu — RS +1_70 i +zvi +
d oL, ' \oL, oT J* ¢ (14)
L L
LN W
oL Lz """ oLLT
dA, L V4 1
—L =y -, -v ), ——A (15)
dt Tr sq r ( e r) rd 7—; rq
diA, L, . 1
— :llsd +£(ve _vr)ﬂ’rq _71)‘11 (16)’
da T T T,
kpaero: I, =L /R, e BpeMeKoHCTaHTaTa Ha
o L 2
cmainepa;o =1—-L, /L L, - xoepummeHnt Ha
pasceiiBaHe.

3. IIpsiko ynpaBJ/ieHue Ha
eJIeKTPOMArHUTHATa CUJIAa

Cxemara, 10 KOSTO ce Mpeajara Ja ce
yIpaBiisiBa MPSKO EJIeKTpOMarHUTHaTa Cuia, ¢
nmokasaHa Ha ¢ur.2.

ﬂ' S
» - @ S WI T CH Gate

[ Ec

Ff A — ignals T
: —{=F— 74BLE Sg'ﬂ

F, Controllers [

FLUX AND FORCE|
ESTIMATOR

““””m““éeeeeeeeéz;z

@Due. 2. [lpunyunna cxema Ha npsiko
ynpaejenue Ha eneKmpoMacHUMHAMAa Cuid

LIM

CroifHOCTHTE 3a OIEHKAa Ha HAMPEKCHHSITA
1 TOKOBETE B cTaropa B d-q KOOpAMHATHA CUCTEMa
IpU AUPEKTHO YNPABICHUE HA E€JIEKTPOMATHUTHATA
CHJIa UMAT CJICAHUSIT BHI:

- - di¢
;S = RS‘ iSe + LS dS
dt

(17
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Te Te d;qi
qu = Rslqs +LS dr (18),

KBACTO C T'OPEH MHACKC € Ca INOKAa3aHUTC
OLICHSIIA CTOMHOCTH.

di; diy;
Uspasure L, P ~ un L, d_ MpeCTaBIIsIBAT
t t

M3MEHCHUSITA Ha CTATOPHUTE MOTOKOCIEIUICHUS 110
ocure d-q. CnenoBarenno, ypaBHerusrta (17) u (18)
MOTaT Jia Ce 3aluIlIaT B CICTHHUAT BHI:
- . 7
Ug =R +—= (19)
dt
e

e qs
oty dt

— —

U;S =R

S

(20)

Pemragaiiku ypasuenust (19) u (20) orHocHO
MOTOKOCLCIUIEHHATA CE MOTy4aBa:

Ao = (U, —Ri%)dt
ds J.( ds s's ) (21)
(22)

VYpaBuenusra (21) u (22) mokasBat, ue
CTaTOPHOTO MOTOKOCLEIVIEHHE MOXKE /1a CE OLIEHU

4ype3 U3MEepBaHe Ha CTaTOPHUTE TOKOBE 10 ocute d-
q.

A, =[5 = Ri)at

IIpyn W3BECTHU CTOMHOCTHM HA CTATOPHUTE

IIOTOKOCHCITICHU ST u TOKOBE ce n34ucisiBa
CTOMHOCTTa Ha CIICKTpOMarHMuTHaTa cuiaa II0
¢dbopmynara:
e 3z P e ae e qe
F=———|i 41 —-i A (23)
e 2 T 2 gs ds ds gs

4. CuMy/1aliiOHHO MO/eTHPaHe HA
CHCTEMATA 32 MPSAKO yNPAaBJICHHE HA
eJIeKTpOMarHuTHarta cujia B Simulink cpena

CUMYJIallMOHHUSIT ~MOJel, T[OKa3aH Ha
¢wur.3, e mocTpoeH Ha 1o ypaBHeHusTa (21), (22) u
(23).

Estimated flux angle
Real-Tmag to __ Complex to
Complex  Magnitude-Angle

Q} 3
Ugs Ry| I ———"
A . Estimated flux magnitude

-

(2 pitany (p12)
Estimated linear force

Que. 3. Cumyrayuonten 60K 3a u3HUCIeHue Ha
NOMOKOCYENIEHUEMO U eNeKMPOMACHUMHAMA
cuna

O4akBaHOTO CTATOPHO IOTOKOCHETICHHUE
ce Koiebae OKOJIO 3ajajieHaTta CTOWHOCT Ha
MOTOKOCHEIJICHHETO. TeKyIoTo MOTOKOCIEIIICHNE
ce Komebae B 3aBUCHMOCT OT UIMPHHATa Ha
XHcTepe3ecHara 30Ha, KOeTo (akTUYEeCKH ce sBsBa
JIOITyCTUMA Tpellika B 3aBUCHMOCT OT IIMPUHATA Ha
xucrep3ucHara 30Ha. CUMyJAIMOHHUAT — OJIOK
peanu3upal KOHTpoJiepa Ha TOTOKOCICIUICHHUETO €
rmokasas Ha ¢ur.4.

Flux error status

=
=1

Controller Outl

Desired
Flux

Estimated
Flux

Due. 4. CumynayuonHer 610K Ha KOHMPOIEPA
10 NOMOKOCYenIeHue

B [4] e moka3zaHo, We elIeKTpOMarHWUTHATa
CWiia € CHHycouaanHa (YHKIUS Ha Brbja MEXIy
CTAaTOPHUTE W  POTOPHU  MOTOKOCICILICHHUS.
CHMYJIalIMOHHOTO peallu3upaHe Ha KOHTpOJiepa Ha
eJIEKTPOMarHUTHATA CHJIa € TOKa3aHo Ha (Qur.S.

Force error Force error Staftusl

(I
7 =] D
Desired Relay Qutl
force
N Force error Status2 D
> |ill
Estimated Relayl Out2

force

@Due.5. Cumynayuonen 610K Ha KOHMpoOJiepa HA
eNeKMPOMASHUMHAMA CULA

CTaTOpHUSAT MOTOK ce MpOoMeHs Obp30 Npu
KOeTo @ 1ie ce u3MeHs 0bp30. ToBa nmpeau3BUKBa
Sr

U3MEHEHNE Ha €JICKTPOMArHUTHATA cua.
CrnemoBaTelHO BEKTOpUTE Ha HWHBEpPTOpa Ha
HAIPEeXKCHUETO TpsOBa Ja OBJAT  MPABHIHO

noJ0paHy, 3a Ja ce MOCTUTHE 100pa AMHAMHUKA.

3a ga ce MOoJlyuyd JKEJIaHOTO CTaTOPHO
MOTOKOCLEIUICHHE ~ Cc€  TpWwiara  BEKTOpHATa
monyiauusi. Ha ¢ur.6 e mokazaH H3TOYHUK Ha
HampeXXeHrue Ha HWHBepTopa, KONTO 3axpaHBa
TpudazeH acHHXpOHEH JBUraTen. MHBEpTOPBHT
npeoOpa3yBa  HOCTOSHHOTO  HAalpe)XEHHE B
MIPOMEHJINBO HAIIpEeKEHUE C TOMOIITa Ha CHUJIOBU
MOJTyTIPOBOAHUKOBH eneMenTH (Hampumep IGBT).
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@Duz.6. llpunyunua cxema Ha uneepmopa
3a ma ce ompoCTH aHanm3a ce IMpeHeOpersa
aKTUBHOTO  CBIIPOTHBIICHWE Ha  TpudazHaTa

Hamotka, T.. R =0. IloTokocuemneHuero B

TpuTe (ha3u MOXKeE J1a Ce U3Pa3H Ype3 YPaBHEHUETO:

s (26)

dt

®opmyna (26) Moxke ga ce 3amuile 4ypes
KpalHH HapacTBaHUs, KaTo:

AL, =U At (27),

kpaero U, A, ca cTaTOPHOTO MOTOKOCLCIUICHUE 1
HaTpeKeHHe.

Or (27) cnemBa, dYe  CTATOPHOTO

MOTOKOCICIUICHHE €
CTaTOPHOTO HAIpEKEHHE.

MPONOPLUOHAIHO  Ha

Ha ¢ur. 7 ca mnoka3zaHu BB3MOXKHHTE
IIOJIOKCHHUSI HAa H3TOYHUKBT Ha HaHpC)KCHI/Ie ‘-Ip63
BKJIIOUBAHO/U3KII0UEHO Tostokenne Ha IGBT.

Tonomenwne 0 [onoxenne 1 Tonomenue 2 [Momomxenne 3

Tonoxenne 4 Tlonoxenme 5 Tomomenne 6 ITomosxenne 7
. B ! b

@ue.7. [Ipunyun na paboma Ha uHeepmopa

Or ¢ur.7 ce Bmkma, dYe UMa 0OCEM
TTOJIOKCHUA HA MPEBKIIIOYBAHEC. HpI/I ABC OT TAX UMa
HYJICBO HANpeKEHHE U CICAOBATEIHO HYJEBO
MOTOKOCHeIyIeHne. ToBa MOXe J1a ce MIIOCTpUpa ¢
BEKTOPH, KaKTO € IOKa3aHo Ha ¢ur.8.

G (010) @ (110)

— (o11) (000) 7 (100)%
« 4

() &

=
s

(oo1) Tt (101)
Que.8. H3x00HO Hanpedicenue Ha uHeepmopa

Hanmuureto Ha W3XOAHO HANpEKEHHE Ha
WHBEpTOpa ce oTOens3Ba ¢ 1, a OTCHCTBHETO Ha

Hanpexenue ¢ 0. Ako ¢ §,,S5, u S, ce orbenexar
KOMOMHAIMNTE Ha BKIIOYBAHE M H3KIIOYBAHE, TO

CTaTOPHOTO HAIPEKCHUE MOXE Jda CC€ HU3pasu II0
CIICIHUA HAYHH:

Ar

U :%U 5, 48,67 456 | (28)

s

®opmynara (28) Moxe a ce peanusupa B
Simulink cpema, kakTo e mokazano Ha ¢ur.9.

Vsxonuute nanpexenns ca U, u U & ca Tesmy,
KOUTO 3axpaHBaT JIMHEUHUST ACHHXPOHCH
JIBUTATEIL.
] E @
@ i J
Inl \
Zero-Order Im4»®
Hold Ugs
Complex to
Real-Imag

-—LRQX
-IF

@Duz.9. Cucmema 3a npeobpa3zysare Ha
mpughazHomo HanpesiceHue 8 08YQPA3HO

HsnoctHusit Simulink mMozen Ha JTUPEKTHO
yrpaBlicHHEe Ha EICKTPOMArHuTHaTa CHia €
noka3zaH Ha ¢wur. 10.

5. CumyJ1aliluOHHO H3CJIeABaHe
3a BepubuKays Ha TPEIIOKCHUS MOJIEI
ce M3M0JI3Ba CUMyJaliMoHara nporpama Simulink.

I/I3CJ'I6)_IB3HI/I$IT ABUTATECII HMa CICOAHUTC
napameTpu:
R, =119Q; R =104Q;
L,=55mH L, =L, =1759mmH,
M =20kg;P=2;U =380V; f =50H:.
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@Due. 10. Cumynayuonen mooen Ha cucmemama
3a NPAKO YNpasieHue Ha eleKmpomMacHumHama
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Que.11. Cumyrayuonuu pesyimamu

6. U3BOog

Or HaIpaBCHUTEC U3CICABAaHUA CE BIXKIA, Y€
npu cucremMara 3a HOpPsAKO  YIOPaBJIICHUC  Ha
CJIICKTPOMArHuTHaTa Cujia, CKOPpOCTTa Ha cnaﬁ)lepa
ciaeaBa 3agajicHaTa CKOPOCT KBbM CHCTEMAara, a
CIICKTPpOMAarHuTHaTa Cujia Ccla€aBa 3aJaaC€HOTO
HaTOBApBAaHEC HA CJICKTPO3aABHUKBAHETO.

JIUTEPATYPA

—

Kazmierkowski, M. P. et al: Review of Direct
Torque Control Methods for Voltage Source
Inverter-Fed Induction Motors, Conf. Rec.
IEEE-IAS, pp. 981-991, 2003.

2. Grabowski, P. Z. et al: A Simple Direct-Torque
Neuro-Fuzzy Control of PWMe-Inverter-Fed
Induction Motor Drive, IEEE Trans. On
Industrial Electronics 47 No. 4 (2000), 863—
870.

3. Marino, P. et al: A Comparison of Direct
Torque Control Methodologies for Induction
Motor, in Proc. IEEE Porto Power Tech
conference PPT’01, September, Porto, Portugal,
2001.

4. Senthil U. et al: Hybrid Space Vector Pulse
Width Modulation Based Direct Torque
Controlled Induction Motor Drive, Proc in conf.
Rec. IEEE-IAS, pp. 1112-1117, 2003.

5. R. Krishnan: Electric motor drives: modeling,
analysis, and control.,Prentice Hall Upper
Saddle River, NJ, 2001, vol. 1

6. E. Da Silva, E. Dos Santos, P. Machado, and M.
De Oliveria: “Vector control for linear
induction motor,” Industrial Technology, 2003
IEEE International Conference IEEE, 2003, pp.
518-523.

YXT,rp.IlnosauB-4002, Texunaeckn
¢akynrer, Karenpa AUVYT;
e-mail: bojmarkov(@abv.bg

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria

ISSN 1310 - 8271



-105-

©Journal of the Technical University — Sofia

Plovdiv branch, Bulgaria

“Fundamental Sciences and Applications” Vol. 21, 2015

International Conference on Engineering, Technologies and Systems
TECHSYS 2015

BULGARIA

STABILIZATION OF GRIDS WITH
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FRANTISEK ZEZULKA, PETR MARCON, ONDREJ SAJDL, IVO VESELY, ZDENEK BRADAC

Abstract: Contribution deals with modelling of smart grid with significant ratio of
renewable energy sources. The physical model of an integrated smart grid — smart
metering system (SEM) enables modelling of different control strategies. Due to the Energy
Efficiency Directive of EU Commission, Article 15.8, authors have applied the Demand
response principle for demonstration of advantages of the dynamic rates for not only
financial profit for individual small energy consumers, but as well as for the stability of
smart grids with significant ratio of renewable energy sources.

In the contribution there are specified technical solution of the smart grid part of the SEM,
a simulated smart metering subsystem, a principle of modelling of remote energy sources, a
principle of utilization of information from weather forecast for smart grid control and a
way how to integrate the demand response idea into the grid control strategy..

Key words: renewable energy source, smart metering, smart grid, dynamic rate, demand

response

1. Introduction

Recent development in renewable energy
sources is a reality. Therefore it is needed so that
the society accepts this development and will be
able to adapt its energy policy to these sources that
don’t exhausts non - renewable natural energy
sources. It requires a greater adaptability and
willingness to change existing style of thinking
from the side of official authorities, professional
associations as well as from the side of specialists
from the energy branch. An example of the small
and non - sufficient adaptability of specialists from
the energy production and distribution branch is an
approach to the Energy Efficiency Directive of EU
Commission, Article 15.8. This directive of the EU
Commission deals with the issue Demand side
Response of energy consumption, shortly Demand
Response principal (1).

Authors are convinced, that a great part of
colleagues from the energy branch and a great part
of the public had not red that directive and are not
familiar with it at all. But according information
from the USA each small energy consumer could
financial profited if the Demand Response system
would be realized in his country. The aim of this
contribution is therefore to present a model, which
demonstrates this principle and shows possibilities

how to use the principle and what is needed to its
realization and which profit for individual
consumers as well as for the national energy could
be achieved.

In the contribution there is presented a
system Smart Energo Model (SEM), what is in
principle a physical simulator of a smart grid,
supplemented by a model of a smart metering
subsystem. In the upper control layer there is
implemented the Demand Response principle.
Shortly the Demand Response principle is the
distributed control system of energy consumption
that uses for the energy control commands from a
central supervisor station as well as from energy
consumers. Authors show (2), that such a system
could contribute not only to financial profit of small
energy consumers, but as well as to a higher
stability of grids with significant ratio of renewable
energy sources in case, that a dynamic rates for
energy will be implemented. System Demand
response legalizes only this idea and specifies the
dynamic rates as the main motivation tool for
cooperation of energy producers and distributors on
one side and energy consumers on the other side.

In the contribution there is described firstly
the physical model of the smart grid with significant
ratio of renewable energy sources and its HW
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solution. In the part of control algorithms there is
applied the demand response principle. The
function of the SEM enables to demonstrate the
influence of demand respond principle on the
stability of SEM.

2. Demand side response the energy
consumption
2.1. Definition of Demand Response (DR)

1

Demand side response (1) are programs and
activities designed to encourage consumers to check
their Electricity Usage Patterns including timing
and level of electricity demand, covering all load
shape and customer objectives. Demand Response
includes time of use and dynamic rates or pricing,
reliability programs such as direct load control of
device and instantaneous interruptible load, and
other market options for demand changes, such as
demand side bidding’s resources. This enables
customers to consume more electricity then the
large amounts of wind generation are available for
example, and whole sale prices are low.

Demand Response (DR) includes loads,
storages, as well as distributed (behind the meter)
generation; the latter includes emergency (back -
up) generation and/or cogeneration (CHPs). It
normally enables a reduction in load, but in fact,
can act as a flexible resource either decreasing or
increasing consumption, as may be needed for
certain balancing services or for the deployment of
intermittent resources. This enables customers to
consume more electricity when large amounts of
wind generation are available for example, and
wholesale prices are low.

The European Commission has
demonstrated strong support for Demand Response.
This is reflected in The Third Energy Package,
which requires network operators to take the
potential of Demand Response and energy
efficiency into account when planning system
upgrades. Article 3.2 in (1) also states “In relation
to security of supply, energy efficiency/demand side
management and for the fulfilment of
environmental goals and goals for energy from
renewable sources, Member states may introduce
the implementation of long term planning, taking
into account the possibility of third parties seeking
access to the system. This language has now been
strengthened further within the Energy Efficiency
Directive (EED).

2.2. Regulatory requirements for Enabling
Demand Response
The organization SEDC of a lot of EU firms

and organizations worked out 10 guidelines for
enabling Demand Response participation, in the

wholesale, balancing and other system services
markets (1). These have been categorized into four
criteria:
1) Enabling consumer participation in Demand
Response.
2) Create products.
3) Develop measurement
requirements.
4) Ensure fair payment.

and verification

2.3. Specification of 10 guidelines for
enabling Demand Response

The 10 guidelines correspond to the fourth
criteria as following roles:

Criteria one: Enabling
participation in Demand Response

consumer

Rule 1: The participation of aggregated load
should be legal, encouraged and enabled in any
electricity market where generation participates.

Rule 2: Consumers should have the right to
contract with any demand response service provider
of their choosing, without interference.

Rule 3: National regulators and system

operators should oversee the creation of
streamlined, simple contractual and payment
arrangements between retailers, BRPs and

aggregators. These should reflect the respective
costs and risks of all participants.

Rule 4: The aggregated pool of load must
be treated as a single unit and the aggregator be
allowed to stand in the place of the consumer.

Criteria two: Create Products

Rule 5: Create standard products that allow
a range of resources to participate, including
demand side resources.
Measurement and

Criteria  three:

Verification

Rule 6: Establish appropriate and fair
measurement and communication protocols

Rule 7: Ensure Demand Response services
are compensated at the full market value of the
service provided

Rule 8: Create market structures which
reward and maximize flexibility and capacity in a
manner that provides investment stability

Criteria four: Payment and risk
Rule 9: Penalties for noncompliance should

be fair and should not favor one resource over the
other
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Rule 10: Create and enforce requirements
for market transparency within the wholesale and
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Fig. 1. Diagram of the SEM

balancing market

3. Technical specification of the smart
energo model

Smart Energo Model (SEM) is a HW
integration of a laboratory smart grid, a simulated
smart metering system and a physical simulator of
energy consumption. The system SEM is depicted
in the Fig. 1.

Small power plants utilizing renewable
energy sources are connected to a grid. Some of
these power plants are placed within the Laboratory
of Automation, where the SEM is located (3).
Firstly, there is a PV panels, which are situated on a
roof of the building. Other plants must be placed in
other locations from practical reasons (4). Electrical
energy (power) of these remote energy sources is
produced and measured far from the Laboratory of
Automation and the measured data of the power and
this information are translated via wireless
datalogger to the central control station of the SEM.

The physical equivalent of the energy
produced in remote power plants is physically
simulated by the controlled power box RES, which
is situated in the laboratory of Automation (Fig. 1)
and connected into the SEM by means of the boxes
CB1 (Fig. 2). The RES box is controlled by a
Compact RIO control system according the
information from wireless datalogger which is

Central
control station
(CCY)
physically
through input
/ output
circuits  via
wired
connections in
non-power  control
1 for better

PLC H,

qo Container

the laboratory.  These
connections are not indicated in Fig.
clarity of the Fig. 1.

The Compact RIO controls flows of energy
from different energy sources and control the
energy consumption as well. This CCS system can
determine the power from different resources
simulated power plants. The SEM has to work
according the “energy law”

ZP,-zO,izl,Z,...,n (1)

Where P i is a power delivered by a power
source or consumed by appliance.

The remote resources supplying energy to
SEM (simulated by the RES) are wind and water
turbine, the really physical power plants connected
physically to the grid are the fuel cell and solar
panels. Each of resource supplies the SEM with
approximately 200 - 300 W peak. Given the
simplicity = of  physical realization, safety
experiments and low cost, the SEM works with 24
V DC of the energy excesses are stored in electric
car batteries. The designed SEM has at its disposal
number of batteries for an each individual power
source instead of large centralized battery storages.
Although the storage of electrical energy into
hydrogen seems to be a less promising, a hydrogen
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fuel cell (FC) (one metal-hydride container as a
hydrogen storage) will be integrated into the SEM.
in order to realize a. peak energy source (5).

The energy consumption from the grid is
controlled by the Compact RIO control system and
by the CB2 box.

The described smart grid part of the SEM is
connected with the smart metering one (6). The
smart metering and consumption control represents
a typical small energy consumer who will
participate in the smart energo system utilizing
demand response principals. Depending on the cost
of energy the individual consumer in cooperation
with the central control station will switch on or

exception of PV source and the fuel cell). The
battery of the RES has to be connected with the grid
via developed control block CB1 which is directly
physically connected to the SEM.

Control block CB1 (2) is a controlled
bidirectional power switcher. It enables pump a
power from and to the grid because of the equation.

(1).

Control block CBI1 consists of a controlled
DC / DC converter for voltage adjustment (upward)
and the power from local 12V batteries (which can
be 8 to 14 V DC according a current recharge
level). Based on information from the meter (IS) the
Compact RIO in the CCS control system regulates a

Table 1. Energy consumption of appliances per day

switch off big electrical appliances in the household
or in general “control” their consumption.

3.1. Communication and Control devices
and instrumentation of the Smart Energo
Model (SEM)

The data transfer from the remote energy
sources is realized with a GSM data logger. Power
meters of these sources are located near the water
and wind power plant and instant power data is
transmitted wirelessly (GPRS) to the central control
station (CSS) with Compact RIO. The laboratory
uses wired connection - RS 232 (RS 485) or
Ethernet — among each controlled power controller
(CBI1) and control appliance blocks (CB2).

Physical model of all remote renewable
energy sources (RES) is simulated with the QPX
1200 SP 1200W DC Power Supply which
represents a common physical source (with the

T [
) \ Hourin da Runetime | Frequenc
Applience | Power[kW] 1 \ y . auency
0 1 v 121 22 23 [min.] per day
Washi | |
a5ning 3 0 0 | 10 0 0 150 1
mashine I |
Dishwasher 1,5 0 0 |i 10 0 0 72 0
Fridge 0,5 1 1 | 11 1 1 10,2 24
Freezer 0,5 1 0o | i 1 0 7,5 12
Oven 2,5 0 0 | 1o 0 0 120 0
Iron 0,7 0 0 o 0 0 120 0
V1 0,2 0 0 , ! 1 1 60 4
V2 0,15 0 0! 10 0 0 60 5
Radio 0,02 0 0! 10 0 0 90 2
PC 0,25 0 0! ! 1 1 60 14
Notebook 0,07 0 0! 11 1 0 60 4
Light 1 0,04 0 0! L1 2 1 5
Light 2 0,06 0 01 i 1 0 60
5 5 5 5 M 1 5 5 5 5
, , , N - , , ,

voltage and controls the CB1 power supplied into
the SEM. This power corresponds with power of the
remote energy source or from the PV panels.

For a case when the energy supplied to the
SEM is greater than a total consumption of the
SEM, an each current regulator (CB1) is equipped
with a controlled battery charger SE. According to
the chosen algorithm, the SEM is charging batteries
with controlled power until a selected recharge level
is reached.

Another physical SEM source is a fuel cell
(FC). The fuel cell (FC) is connected via its own
voltage regulator and a power regulator to the SEM.
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3.2. Control system of consumption
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Fig. 3. Control unit CB2 of appliance

In the Fig. 1 there is shown what can be
involved in the controlled system consumption.
Firstly it is the instrumentation of the laboratory -
programmable Logical Controllers (PLCs), with the
24V DC supply, therefore, they are connected via
CB1 (DC/DC converter. After that it is lot of PCs,
which are connected via non-controlled DC/AC
converter and in the future we plan to design,
realize and connect a model of an e-car supply
station ST. The last one will be equipped by a
controlled double current direction ST to have a
possibility not only to charge e-cars batteries, but
also to take energy from e- car batteries in case of
energy deficiency in the grid.

For purposes of the promised main aim of
the contribution — the Demand response idea
demonstration - the Controlled system of
consumption is equipped by a control load device
the STARTRON Electronic Load Type 3229
(LOAD), which enables more than 50A load on the
24V. The Electronic Load is controlled by the CCS
according a smart control algorithms and enables
physical simulation of the all energy consumption
of simulated typical small energy consumer(s).

4. Control strategy of the CCS

CSS has several functions. Firstly it is
establishment, assessment and saving of the

wireless communication with dataloggers of remote
energy sources (water and wind turbines), next the
communication  among  devices  connected
physically with the grid (CB1, CB2, EL and the
hydrogenous network and the RES simulator). The
other function of the CCS is a control of the grid
according eq. (1) in real time. Next function is
receiving and assessment of data from internet
servers of weather forecast, assessment data in a
predictive module of the control program and
generation of appropriate action of CB1, CB2,
LOAD. Next function of the CCS is data acquisition
from the smart metering subsystem in order to
correct the table of the expected and planned energy
consumption and use the information about the
dynamic tariff. Due to it, that in SEM we can free
apply a dynamic tariff, the logical algorithm for the
dynamic tariff is applied: the more energy is in the
grid, the lower tariff. And it is a real application of
the demand response principal, while it has sense
for consumers to move energy consumption of
bigger appliances into the time of lower tariff. The
predictive algorithm and on —line data processing of
the actual as well as future amount of energy in the
grid utilize information from weather forecast and
enables a smart strategy of small consumers as well
as center of producers and distributors.

The hierarchical structure of the control SW
is in the Fig. 4.

Lower level Higher level
Transfer of Weather
energy forecast
information
Control of Hz ﬁ
network General control
Control of CB1 ———
Smart metering
data acquisition
Batteries LA subsystem
protection —
SAEL consumption
WLS and Wired .~ Dynamic tariff
communication strategy and
control of
Control of RES consumption
-
Control of Demand
LOAD response
strategy

Fig. 4. Structure of the SEM control and data
acquisition

For modeling purposes of the demand
response principle was defined a table of energy
consumption of a typical household Tab 1, where
are values of expected (requested) consumption
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during one typical day. According to the Tab.1 the
control algorithm of the CCS gives into the eq. (1)
values of the immediate consumption and of the
amount of energy which will be requested in longer
period. The algorithm also defines the tariff (from
the immediate as well as predictive lack or access of
energy in the grid) and switch on or switch off the
appliances. Instead of the smart metering subsystem
which is not realized in the SEM, the Tab.1 is used.

In the next period of the SEM development
the smart metering model will be realized including
distributed smart electrical sockets and a central
smart meter. This system will enable correction of
the Tab.1 by actual as well as historical data about
the consumption or a total replacement of the Tab.1
by real — time information from the smart metering
subsystem.

5. Conclusion

Paper shows physical realization of the
smart grid model (SEM). The SEM is a model of
smart grid with significant deal of renewable energy
sources combined with intelligent control due to
information from a smart metering subsystem.
There are connected the simulator RES of remote
energy sources (water and wind turbines), PV
panels, the fuel cell, the electrolyzer in the SEM.
The SEM enables modelling of different strategies
of the grid control and application and
demonstration of the demand response principle.
The energy consumption is physically simulated by
a controlled load (LOAD). The control system of
the SEM has two levels and is realized by the
Compact RIO control system. The control SW is
programmed in LabView. The low level control
system provides firstly protection of batteries,
control of grid devices (CB1, CB2, RES) and
control of the energy flow from local to the central
batteries and vice versa. The higher control level
utilizes information from internet server, due to the
demand response principle defines the dynamic
rates and according the energy score in the grid and
requested consumption data from the Tab.1 (applied
instead of a physical smart metering model)
controls the energy consumption. Authors plan to
realize a physical model of a full smart metering
subsystem in a near future.
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REMOTE MEASUREMENT AND
PERFORMANCE MODELING FOR SMART GRID

ZDENEK ROUBAL, PETR MARCON, ZOLTAN SZABO, ONDREJ SAIDL, IVO
VESELY, FRANTISEK ZEZULKA

Abstract: This paper discusses the sensing of physical variables used in smart grid power
modeling. In the applied distant power sources, we measured the interdependence between
physical variables such as lighting (in the photovoltaic power plant) and water level (in the
hydroelectric power plant). The data were transferred via a DA4 datalogger, which used
the GPRS; the data represented physical variables stored in an SOL database. In our 24 V
smart grid, the power obtained from a power source was measured. The module designed
for accurate power measurement included an analog multiplier, and it was powered —
together with the datalogger — by a small photovoltaic panel. Functionally, the module was
directly connected with a cable to a PC hosting the Compact Rio program. The last of the
renewable energy sources utilized was a battery-powered, self-charging wind power plant.

Key words: Experimental energy network; photovoltaic power plant;, micro-hydropower

plant; modeling, smart grid.

1. Introduction

The distant power source experiments were
performed using an experimental energy network
(E.E.N.) formed within the Centre for Research and
Utilization of Renevable Energy (CRURE). The
obtained energy was measured on the spot, directly
or indirectly, and transmitted via a DA4 datalogger
and the GPRS to an SQL database. The values
accumulated in the database were subsequently
processed by CompactRIO and employed during the
laboratory simulation. For correct modeling of the
performance, we placed sensors in the given
locations and measured the power transfer
characteristics of the applied renewable sources [1].

2. Configuration

Small power plants utilizing renewable
energy sources are connected to a grid. Some of
these plants are shown at the Laboratory of
Automation, Brno University of Technology, where
the E.E.N. is located. A PV panel and a small wind
power plant are situated on the roof of the building;
the hydropower plant, however, is located
elsewhere for practical reasons. A hydrogen fuel
cell will be connected to the smart grid in the
nearest future. The electric energy produced by
these remote sources is materialized and connected
into the E.E.N. by means of RES (Remote Energy

Sources) boxes, see the Appendix. Each RES box is
controlled by the CompactRIO and LabView
control systems according to the information
provided by the GPRS wireless data logger situated
near the remote source to measure its power Pi.

The resources supplying the E.E.N. are a
wind and a water turbines, a fuel cell, solar panels,
and possibly other renewable elements (such as a
gas turbine). Each of these items supplies
approximately 200 - 500 W peak to the E.E.N.
Given the simplicity of the physical realization, the
safety experiments, and the low cost, the E.E.N.
works with 24 V DC.

The authors are convinced that this
simplification is acceptable for most variants of the
control algorithm in the smart grid design
methodology. In this context, one of the objectives
is to develop a strategy for switching and
controlling the amount of energy supplied by the
varied energy sources. Within the development of
such a strategy, it will be necessary to consider
consumption fluctuations and stochastic changes in
the wind, sunshine, and partly also the water flow.
The designed E.E.N. is equipped with a number of
batteries for each individual power source;
however, the introduction of centralized battery
storage is proposed. Although the storage of electric
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energy in the form of hydrogen does not seem to be
a promising approach, a hydrogen fuel cell (FC)
(one metal-hydride container as a form of hydrogen
storage) will be integrated into the E.E.N. in order
to materialize a source of peak energy.

Personal computers physically connected
via simple DC/AC converters without the need for
strict adherence to the phasing and frequency
constituted an important portion (appliance) of the
E.E.N. Other appliances so connected to the E.E.N.
included heaters, car battery charges, and also
electrolysers (EL) as a backup to store the energy
produced by overgeneration. The energy
consumption is controlled by the CompactRIO/
LabView control systems and the Control Block
(CB2), see the Appendix. At this point, the
researchers simplified their situation: to switch and
control the sources into a common energy grid, the
CB2 controls the current (and power) only because
the E.E.N. is a DC grid. The authors assume that the
optimal control strategy, developed for the DC
E.E.N., will be adequate to that commonly
developed for a three-phase AC grid, where the
resources are connected and synchronized at the
same frequency and phasing. The reason for such
assumption consists in the fact that the control of
each energy source frequency and its proper
phasing is a standard question and a standard
technical solution of each AC energy source. These
features do not correspond with the higher strategic
algorithms of distribution, production, consumption,
and optimality (the time optimum, and the energy
and fuel optimal real time control) of the grids in
general. Hence, such strategic algorithms to be
developed, simulated, and evaluated in experiments
with the E.E.N. will be appropriate for any other
smart grid.

3. Monitoring

Two solar panels with the total power of
360 Wp were installed on the roof of the central
laboratory building; these devices supply the
experimental Smart Grid. The solar panels are
manufactured by Solartec, which also delivers the
battery charging regulator.

The applied four lead-acid batteries exhibit
the total capacity of 120 Ah. They are connected in
parallel and provide the total voltage of 12 V when
charged. If the solar panel voltage is higher than
that of the batteries, the regulator will initiate the
charging cycle. The regulator includes overvoltage
protection; if the batteries are fully charged, the
cycle is terminated. The device is shown in Fig. 1.

Fig. 1. The battery charging regulator of the solar
power plant.

Generally, the regulator facilitates the
recording of the charging current and battery
voltage from the USB interface. However, the value
of the current did not correspond to reality, and we
had to create a module to measure the current at the
input and the voltage at the output of the regulator.
The related block diagram is indicated in Fig. 2.

Regulator U

RIO

[ Up

Hall @
probe !

h

Voltage
Battery Battery Divider
12v PAY

Fig. 2. The solar cell system: power measurement.

In the previous phases of solar cell
modeling [2], the solar power plant source and the
supplied power values were measured in remote
laboratories; in the current system, the power station
is connected directly to the grid, and this
arranement enabled us to find the transfer function
between the power and the lighting. The solar cells
with the applied photometer are shown in Fig. 3,
and a detailed view is presented in Fig. 4.

Fig. 5 indicates the dependence of both
values (LUX Solar) in winter, on the morning of 15
March. 2014. The main problem we had to face was
the cloudy weather and low angle of the solar rays
illuminating the cells. The transfer function is
linear, and it is shown in Fig. 6.
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Fig. 4. The solar cells and the photometer.
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Fig. 5. The relationship between the lighting and
the power provided by the solar cells.
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Fig. 6. The transfer function between Solar power
and lighting

A problematic aspect lies in the spectral
characteristics of the photometer; within the
planned research, we will use an irradiation sensor
with the same spectral characteristics as the
monocrystalic solar cells (Fig. 7). This sensor is
manufactured by Solartec.

Fig. 7. The Solartec irradiation sensor.

4. Hydropower monitoring

To enable on-line monitoring of the voltage
in the battery positioned in the research laboratory,
we used a DA4 datalogger placed in a telephone
pillar. This datalogger included a SIM card, which
sent the data to a CRURE server via the T-Mobile
GSM network operator [3]. From this server, the
data were resent to the central system server of the
provider. This CRURE-based system allowed us to
observe the electrical variables in a solar panel. The
acquired information was used to simulate the solar
panels in the experimental smart grid. We utilized
the power supply of 80V/50A (Fig. 7) controlled
through Labview. In the measuring intervals, we
established the water level and the voltage of the
datalogger supplied from a small solar panel. Thus,
it was possible to model the behavior of a solar
panel in the smart grid. The selected time interval
was chosen as a compromise between the real
(simulated) hydropower plant and the cost of the
data transfer. The sensing of this variable was
realized by means of an auxiliary CIO unit with
10V analog voltage inputs.

In addition to the solar-powered unit, a
micro-hydropower plant has also been included in
our E.E.N. This plant, located 120 km from our
laboratory, is capable of generating the maximum
power of 350 W. For the modeling of the E.E.N., it
is very important to monitor the performance of the
hydroelectric plant. The performance depends on
the amount of water in the weir used as the water
source for the hydropower unit; this amount is
proportional to the overall level of water in the weir.

Fig. 8 shows the general structure of the
hydropower plant. The main part of the station is a
hydroelectric turbine (Fig. 9), which generates
energy in the form of an electric field. The energy
produced by the turbine is fed to a regulator, which
should keep the harmonic network voltage at 230 V
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and maintain the frequency of 50 Hz. It is possible
to connect a load (and also a charger) to the output
of the regulator. The function of the charger is to
charge the 12V Dbattery of the datalogger
transmitting to an SQL server the data related to the
water level and the current output power value.

Regulator Load
230 V/500W (bulb, heater)
ﬁ% Batery
\ /- charger

Turbine

Fig. 8. A block diagram of the hydroelectric unit.

The measurement was performed at the
small hydroelectric station shown in Fig. 10. Our
aim was to determine the conversion characteristics
between the water level in the weir and the
corresponding actual output power.

Fig. 9. The hydroelectric plant weir.

The switchboard cabinet comprising the
hydropower plant regulator and a load was
completed with a water level measuring module, a
power meter, and a voltmeter for the non-harmonic
waveform.

Fig. 10. The water level sensors (left) and the
measurement module (vight).

Conclusion

The paper presents the output power
characteristics of a photovoltaic and a hydroelectric
power plants; these characteristics can be suitably
utilized in the modeling of an E.E.N. The power
units can be connected directly to the grid loads via
a regulator; alternatively, the energy can be stored
in batteries. Data loggers are located in the stations
to transmit the measured output power data to an
SQL server. In the future, the data could be used to
support the entire process of modeling the E.E.N.
functions.
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COIL OPTIMISATION OF THE FAST
SWITCHED CHOPPER DIPOLE MAGNET FOR
THE MEDAUSTRON PROJECT

MIROSLAV ATANASOV, VASIL SPASOV

Abstract: The MedAustron hadron therapy synchrotron in Wiener Neustadt, Austria uses
protons and carbon ions for deep tumour irradiation. In the extraction line of the machine
a beam chopper system is installed for rapidly switching the beam on and off. The system
consists of four identical fast pulsed dipole magnets. This paper describes the optimisations
of the coil geometry and insulation carried out towards the definitive design of the magnets.

Keywords: MedAustron, CERN, fast switched dipole magnet, optimization, 3d FEM

1. Introduction

The MedAustron hadron therapy centre
which is currently being commissioned in the city
of Wiener Neustadt, Austria will be one of the most
advanced centres for cancer research and treatment
in Europe, and one of only four facilities worldwide
that will be capable of both proton and ion beam
tumour irradiation [1]. To reach depths of about
27 cm in order to irradiate deep-seated tumours, the
particle energy must be in the range of 200 MeV for
'H" protons and 400 MeV/u (4800 MeV total
energy) for *C® carbon ions. The synchrotron is the
appropriate choice for achieving such energies, as it
allows for easy variation of the particle energy and
thus the penetration depth, while remaining
sufficiently compact to be installed in a hospital
environment. The design and development of the
synchrotron have been realized in close
collaboration with the European Organisation for
Nuclear Research (CERN) - the world’s leading
particle physics laboratory [2]. This allows the
MedAustron project to profit from CERN’s
expertise and know-how in building and operating
particle accelerators. Upon its completion expected
in late 2015, the MedAustron centre will be capable
of treating up to 1400 patients per annum.

This  paper presents the  various
optimizations carried out on the design of the coil of
a fast switched chopper dipole magnet (MKC) used
in the extraction line of the MedAustron
synchrotron. The optimizations are performed using
the 3d Finite Element Method (FEM).

The paper is organized as follows. Section 2
outlines the functional characteristics and design
parameters of the electromagnet. Section 3 focuses
on the numerical model development in the Opera
3d environment and presents the main magnetic
performance requirements. The results from the
optimisations of the interturn insulation and the coil
geometry are given in Section 4. In Section 5 the
numerical results are validated by comparison with
experimental data. Finally, conclusions are drawn in
Section 6.

2. The chopper dipole

The beam chopper will allow the treatment
rooms to switch the beam on and off during routine
operation and in case of emergency. The system
consists of four identical fast pulsed dipole magnets
connected in series that create a closed orbit bump
deviating the beam around an internal dump block.
It is capable of rapidly (less than 240 us) switching
the beam on and off without perturbing its position
at the patient. A schematic representation of the
chopper system is shown in Fig. 1.

Fig. 1. Beam chopper principle
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The main design parameters of the MKC
are given in Table 1. The magnet uses a window
frame ferrite yoke with a square aperture in the
centre. The excitation is provided by a set of two
identical water cooled half coils electrically
connected in series and hydraulically in parallel [3].

Table 1. Magnet parameters

Effective magnetic length [m] 0.318

Total physical length [m] 0.402

Max. integrated field | Bdl [Tm] 0.0434
Maximum field B, [T] 0.1364
Maximum beam rigidity [Tm] 6.3464
Deflection angle [mrad] 6.6

Yoke dimensions wx/Xxd [mm] 258%x216%290
Field uniformity [%] +0.2

Current for maximum field [A] 600

Maximum voltage [V] 23(2(1))%))“ Ised) &
Current density [A/mm’] 11.8

DC power dissipation [W] 2500

Magnet resistance [(2] 0.0044 (DC)
Estimated inductance [uH] 85 (per magnet)
Max. coil voltage to ground [V] 10000 DC

An exploded view of the preliminary
mechanical model of the magnet is shown in Fig. 2.

Top ferrite Insulation spacers

Top coil

Bottom ferrite

TN
A [
- |
~
Side ferrite
Aluminium housing
Laminated endplates Water and electrical
Bottom coil connections

Fig. 2. Preliminary mechanical model

3. 3d FEM modelling of the magnet

The Opera 3d package [4] is used for
creating the magnet geometry, defining the
conductors, meshing and solving the problem and
post-processing of the results. It performs 3d finite
element discretization for solving the equations of

the electromagnetic fields. The TOSCA module is
used for the steady state magnetic calculations, and
the ELEKTRA - for simulating eddy current
generated fringe fields during a fast ramp of the
magnet.

The coil is built using the Bedstead
command. Six bedsteads are overlapped to create
the saddle shaped double layer pancake (Fig. 3).

Fig. 3. Creating the bedstead coil

The coil conductors are defined within an
area of reduced potential. Thus the coil fields are
evaluated by direct integration by the Biot-Savart
law without a finite element mesh. The conductors
are current driven with a current density defined by
its amplitude in steady state, or by scaling it with a
drive function in a transient analysis.

The following materials are defined:

- Ferrite. The magnets use a NiZn ferrite
type CMD5005 produced by Ceramic Magnetics,
Inc. The material is set as nonlinear and isotropic.

- Aluminium. Since it is non-magnetic, its
relative permeability is 1.

- Steel. The 12mm thick laminated
endplates of the magnet use cold-rolled, final-
annealed, non-grain oriented steel strips of the type
isovac® 1300-100 of 1 mm thickness produced by
Vostalpine.

The BH curves of the ferrite and steel are
provided by the manufacturers.

Fig. 4 shows the finite element mesh with a
part of the air region hidden. Due to the symmetry,
only 1/8"™ of the geometry is discretised. The mesh
has 1897297 nodes and 10860520 second-order
elements, of which 10782775 tetrahedra, 68850
hexahedra and 8895 pyramids.

Fig. 4. Mesh close up
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The linearization is by the nonlinear
Newton-Raphson update. The solution usually
converges within 10 iterations. The total
computation time for the steady-state analysis on a
mid-range desktop machine (Intel® i5, 8 GB RAM)
takes between 1 and 8 hours.

The RMS error for the magnetic flux
density is about 3.5 % whereas the weighted RMS
with respect to the elements size is 0.0175 %. This
confirms the proper mesh definition and guarantees
high accuracy of the numerical results.

The main goal during post-processing is to
calculate the magnetic flux density, the effective
magnetic length, and to map the homogeneity in the
good field region of the air gap.

To obtain the value of the magnetic flux
density By in the centre of the air gap, the Fields at
a Point command is used [5].

To validate the predictions and to estimate
the uniformity of the deflection angle, the predicted
flux density is integrated (for a given x and y
coordinate) with respect to z. This neglects the
deflection angle (6.6 mrad) which, for a beam
rigidity of 6.346 Tm and an effective length of
0.318 m, would result in a deflection in the x
direction of about 2.1 mm at the downstream end of
the magnet.

The command Field on a Straight Line
yields the value of the field integral Bd!. It specifies
a line along which a sum of the field values is taken
in a discreet number of steps. The values for the
integral are taken in 1000 points along this line.
This provides a smooth graph extending well
outside the magnet gap, where the field values tend
to zero. The small elements size chosen ensures a
negligible error.

The integral in the centre of the gap Byd! is
taken as a reference point for the homogeneity
evaluation diagram. It is used to derive the effective

magnetic length /.5 according to:

Bydl
loy ==~ (1

The values of integrals are calculated for an
area of the gap slightly larger than the good field
region in increments of 1 mm. They are then
extracted and imported in a Microsoft Excel®
macro developed at the CERN Septa section. The
macro maps the Bd/ values as a percentage of the
reference Byd! according to:

_ Bdl-Byd

AB Bydl

100 %. )

The macro displays a colour code of the
field homogeneity as a percentage of the reference
integrated field in the centre of the gap. It is the
main tool used for evaluation of the field
homogeneity.

Next the energy stored in the magnetic field
is computed. Knowing the supply current 7 and the
energy W, the magnet inductance L can be
estimated:

2w
L:i_2 . (3)

4. Optimisation of the coil of the magnet
4.1. Coil insulation optimisation
Two millimetres of insulation are inserted
between the adjacent turns of the MKC coil [3]. The

spacing between conductors is 2 mm. Fig. 5 shows
the initial MKC coil design.

Fig. 5. Initial MKC coil design

The adjacent windings of the bedstead coil,
separated vertically, have a potential difference
approximately equal to one-sixth of the coil voltage.
The adjacent windings, separated horizontally, have
a potential difference approximately equal to one
half of the coil voltage. Hence it is important to
ensure adequate insulation between the adjacent,
horizontally separated windings.

Furthermore, the  initial  functional
specification proposed a rise time of 90 pus which
requires an increase of the supply voltage. In order
to incorporate more insulation and to ensure long
life at the maximum specified repetition rate, a
recalculation of the field homogeneity is required.
Three alternative insulation schemes have been
proposed and studied [6]. Fig. 6 represents a
schematic layout of the coil insulation for each
alternative.

Alternative 1. Each conductor is wrapped
with 1 mm glass-fibre tape. 0.5 mm thick glass fibre
tape is wrapped around each 3-turn column. 0.5 mm
thick glass-fibre tape is wrapped around each 6-turn
coil.
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Alternative 1

Alternative 2

0,5

0,5

Alternative 3

Fig. 6. Alternative insulation schemes

Alternative 2. Each conductor is wrapped
with 1 mm glass-fibre tape. 1 mm thick glass fibre
tape is wrapped around each 3-turn column. 1 mm
thick glass-fibre tape is wrapped around each 6-turn
coil. As a result the insulation between horizontally
displaced adjacent conductors in a coil is increased
from 2 mm to 4 mm. The distance between the go
and return columns is increased to 72 mm. The total
magnet width needs thus to be increased by 8 mm,
and aperture height by 4 mm to 70 mm.

Alternative 3. Each conductor is wrapped
with 1 mm glass-fibre tape. 0.5 mm thick glass fibre
tape is wrapped around each 3-turn column. 0.5 mm
thick glass-fibre tape is wrapped around each 6-turn
coil. 1 mm of glass-fibre is inserted between
adjacent 3-turn columns. So the insulation between
horizontally displaced adjacent conductors in a coil
is increased by 2 mm, whilst retaining the 70 mm

separation between go and return columns, and
66 mm aperture gap height. For a given thickness of
the ferrite yoke the total magnet width will have to
be increased by 4 mm.

The three proposed alternatives have been
modelled and the results compared to the baseline
configuration. The results are shown in Table 2. The
plots for the homogeneity of the integrated field
confirm the feasibility of the examined
configurations. The second alternative, however,
implies an increase of the magnet gap. This leads to
a decrease of flux density for the same excitation
current and is thus not considered any further. The
results of the study provide room for improvement
of the design in case a higher pulse rate is required
for future projects using a similar architecture.

Table 2. Results from the simulations

Alternative 1 Alternative 2 Alternative 3
Baseline configuration Value Relative Value Relative Value Relative
error error error
fBodl [Tmm] | 44.919 44918 0.00% 42.339 —6.09% 44.895 —0.05%
B, [T] 0.1365 0.1365 0.00% 0.1287 —6.06% 0.1365 0.00%
lefy [mm] 329.132 329.126 0.00% 329.022 —0.03% 328.962 —0.05%
W J] 15.049 15.148 0.66% 14.873 —1.18% 15.234 1.22%
L [uH] 84.45 85.004 0.65% 83.46 -1.19% 85.49 1.22%
Homogeneity
plots of the f
integrated B
field
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4.2. Coil shape optimization

The MKC uses a water cooled coil wound
from a hollow square conductor of [§x8] mm with a
cooling water hole of 4 mm diameter. The coil is a
two layer (inner and outer) configuration with 3
turns per layer and end parts bent into a saddle
shape.

The Preliminary Design Report (PDR) of
the magnet was provided by the company to which
final mechanical design and manufacturing of the
magnet was subcontracted. The review of the PDR
discovered an inconsistency between the coil design
requested by MedAustron and the proposal by the
manufacturer. The shaping of the conductor in the
coil heads region had not taken into account the
minimum permissible bending radius accepted by
the subcontractor. As a general rule it cannot be less
than three times the thickness of the conductor. In
addition, the mechanical design showed a coil with
progressively increasing bending radii of 16, 26 and
36 mm. Implementing a sharper bending radius
would result in unacceptable deformations due to
the keystoning effect, which would distort the coil
geometry, and would furthermore flatten the
cooling water hole, thus reducing the water flow.

A 3d FEM simulation of the magnet with
the proposed coil layout was executed which
showed a substantial deterioration of the integrated
field quality. This necessitated the study of several
possibilities for a new geometry of the coil end
parts, and a redefinition of the final coil design. The
main restriction was to maintain the minimum
bending radius and to achieve the desired field
quality in the magnet gap [7].

The manufacturer proposal requires the coil
straight sections to be reduced, as compared to the
MedAustron preliminary design, in order to fit the
larger bending radius within the same overall
length. The outer bending radii follow the shape of
INNETr: Tipner=24 MM, I'nig=34 mm, roue—44 mm. The
height of the coil heads is increased by 20 mm.

Fig. 7 shows the model and the
corresponding field homogeneity plot. It clearly
does not satisfy the stringent field quality criterion
of £ 0.2 %.

Fig. 8 shows the newly proposed coil
geometry and the corresponding homogeneity plot.
It is shown that the length of the straight sections
must be increased if the field quality is to be
preserved. For this the overall magnet dimensions
will not be changed, which will impact the
clearance between the coil and laminated endplate.
The outer bending radii are kept the same as inner:
Finer=24 MM,  Ipi=24 mm,  Toe=24 mm. This
configuration of the conductors satisfies the
homogeneity condition as well as the manufacturing

criteria imposed by the supplier. Therefore this
modification has been accepted by both parties.

y-position [mm)
" ~ e

x-position (mm]

Fig. 7. The manufacturer proposal with
corresponding homogeneity plot

y-position (mm]

3

x-position (mm]

Fig. 8. The newly proposed coil design with
corresponding homogeneity plot

The finished coils after impregnation are
shown in Fig. 9. The interturn insulation and the
gaps between the bends are filled with machined G-
Etronax EP11 glass-fibre epoxy to avoid resin rich
areas which are prone to cracking during the cool-
down of the mould. The coil is wrapped in glass
fibre tape, and impregnated under vacuum in a
precision mould using CTD-101K epoxy resin.
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Fig. 9. MKC coils after impregnation

5. Comparison between numerical and
experimental results

Five magnets were produced and tested at
the manufacturer’s premises in 2013. The testing
and measurements were performed as prescribed in
the technical specification [8]. The good field
regions in the air gap of all magnets were mapped
with an analogue Hall probe under rated DC
excitation. The results of the magnetic
measurements are presented in Table 3. The field
homogeneity, effective length, linearity and the
electrical and mechanical properties conformed to
the technical specification and the magnets were
accepted by MedAustron.

Table 3. Numerical and experimental data

o Opera
Magnet Ne 1 2 3 4 5 model
Bydl [Tmm]|43.89 |43.91 [43.90 [43.89 |43.92 | 43.86

By [T] 0.137 10.137 |0.137 |0.137 |0.137 | 0.137

lofr [mm]  [320.3 |320.4 |320.3 |320.3 |320.2 | 319.9

ABdl, . [%] 10.12 (028 (028 | 0.2 [0.18 0.13

ABdl,, [%] |01 |-02 |02 [-02 [-02 | -0.08

6. Conclusion

The paper discusses the 3d FEM coil
optimisation of the fast switched chopper dipole
magnet for the MedAustron project. Three
alternative coil insulation schemes are simulated.
The results show that the insulation levels can be
doubled between the vertical layers of the coil
which are subject to half the rated voltage. The
modified coil retains both the field homogeneity
and the magnet overall dimensions.

To obtain a highly homogenous magnetic
field, the shape of the coil end parts is also
optimised. A compromise is made between the
mechanical and electromagnetic requirements and a
final coil design is defined. The optimised coil has
also served as a base for the new Proton
Synchrotron Booster Injection magnets currently
under development at CERN.

The 3d FEM simulations are validated by
measurements and the relative error is calculated.

There is an excellent agreement between the
numerical and experimental results.

Five magnets using the optimized coil were
produced and tested. Their magnetic performance
was approved and the magnets were accepted by
MedAustron. The magnets were installed in the
accelerator in Wiener Neustadt in June 2014 and
saw the first proton beams in October 2014.
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OIIPEJEJISIHE HA KOEOUIIUMEHTA HA
JOIIbJHUTEJIHU 3AT'YBU MEXAY HIMHU

NBAH XAJUKMEB, INAH MAJIAMOB, NBAH AYEB, BECKO MUJIEB, UBAHKA JIEKOBA

Pe3tome: B masu paboma ca nposedenu KOMRIOMbPHU USCAEOBAHUSL 30 GIUAHUENO HA CKUH
epexma u egpexma 6aU30CM, KAKMO HA €OUHUYHU MAKA U HA NAPATEIHO PA3NOLOANCEHU
mokogoOdewu wuHy. Ypez KOMRIOMBPHU MOOeIU 6 Cpedama HA NpoSpaMHusi NPOOYKm
Comsol ca nonyuenu macugu om OanHu 3a KoeQuyueHma Ha OONvbIHUMENHUMe 3d2y0u npu
paziudnu pazmepu u paznonodicenue na wunume. Ionyuenume macusu ca obpabomenu 6
paspabomen 3a masu yen copmyepen npodykm. Cvz0adenusm copmyepen npodykm 0asa
BbL3IMOIANCHOCH 3a ONpedesisine Ha Koehuyuenma Ha OONbIHUMEIHU 3a2y0u npu npou3EoIHU
pasmepu i pasnooACeHUs. Ha WUHUMe.

Kiro4uoBu qyMu: koeguyuenm Ha 0OnviHUmenHu 3a2you, mokosooewu WuHu

DEFINING THE COEFFICIENT OF ADDITIONAL
LOSSES BETWEEN BUSBARS

IVAN HADZIEV, DIAN MALAMOYV, IVAN YATCHEV, VESKO MILEV, IVANKA DEKOVA

Abstract: This paper presents computer studies of the influence of the skin effect and the
proximity effect both on single and on parallel current-carrying busbars. Arrays of data
about the coefficient of additional losses are obtained by means of computer models in the
programming product Comsol at various dimensions and locations of the busbars. The
arrays are processed by an especially developed software product. This product allows for
defining the coefficient of additional losses at arbitrary dimensions and locations of the

busbars.

Key words: coefficient of additional losses, current-carrying busbars

1. OCHOBHH MOJI0KEHUSI

M3Bectno e [1], 4ye mpu NpOTHYaHE HA
MIPMEHIIUB TOK Ipe3 TOKOBOJECIINTE EJIEMEHTH Ce
MOJTy4aBaT JOIMBJIHUTEIIHU 3aryOu, BCIEACTBHC Ha
ckuH edekra u edekra Onmzoct. Tesu 3arydu ce
SBSIBAT B CIJIO’)KHA 3aBBUCHUMOCT OT pa3Mepure,
yecroTara Ha  TOKa, XapaKTePUCTUKHTE  Ha
Matepuaira ® Jp. ToBa TpaBH  TPYIHO
HEernocpeACcTBEHOTO MM mn3umcieHne. CkuH edekra
ce ommcBa ¢ gudepeHnuanHu ypasHenus [2], [3],
[4]. AHaTUTUYHO pEUICHUE € U3BECTHO CaMmo 3a IO-
npoctu ciydau gaaeHu B [5]. B [3], [4] e pasrienan
CKUH e(beKTa B MaCHBHa HIINMHaA U HpI/I6JII/I3I/ITe.HHO
aHanuTuyHO pemenue. B [2] e mokaszan
SJIEKTPUYECKH arapar 3a u3MepBaHe Ha MarHUTHATa
WHAYKIHA, a B [6] e pas3rienan ckuH edekra, Karo

MArfvuTHOTO IIOJIE B MPOBOAHUIUTE € HU3YUCICHO
4ype3 MeToJla Ha KpallHWTe ejleMeHTH. Pe3ynraTtute
ca NpeACTaBeHW B rpauyeH BUJ U Ca CPAaBHEHH C
AHAJIMTUYHU pe3ynTaTu. HM3cineaBaHe Ha CKUH
edexra u edexra O6mauzoct npu U-oOpa3Hu MIMHU B
3aBUCHMOCT OT pa3MEpHTE M Pas3loJIOKEHUETO WM,
KaKTO U OT YecToTarTa € JaJicHo B [7].

B Hactosmatra pabora € pa3paboreH
copTyepeH  TpPOAYKT 3a  ONpelelsHe  Ha
KoeHUIMeHTa Ha OMBIHUTEIHATE 3aryon. 3a Taszu
1eN B cpefaTta Ha nporpamuaus npoaykt Comsol [8]
ca TOJy4eHH MAacuBH OT JaHHH, KOHTO ca
00paboTeHn upe3 ch3aaeHus COPTYEpEeH MPOAYKT.

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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2. BunoBe pa3noJioskeHue HA IIMHUTE

B rtabmuma 1 ca jmaneHw BapwaHTUTE Ha
Pa3MoJIO0KEHUE Ha IIMHUTE, 32 KOUTO € OMpECNICH
Koe(HUIMEHTa Ha OIbJIHUTEIHH 3ary0u.

Tabnuya 1. Bapuanmu na
Pa3noodicenue Ha u3cie08anume

WUHY
Bapuanr 1
Y
| ]
A
Bapwuanrt 2
Y
\ X =z +
L J L z J f
Bapmuanr 3
! X 1] Z -
L < J L < J L % J
Bapwuanr 4
Y . o Y . .
X !
?
Sz
3. MaTreMaTH4eH MO e
MareMaTHYECKUST MoJel Ha
KBa3UCTAllUOHAPHO EJICKTPOMAarHUTHO IIOJE Ce

OIIMCBa (¢ YPaBHCHUCTO Ha XCJ'IMXOJ'ILI B

KOMIIJICKCCH BU/:

V2 A- joo=—uld, (1)

KbJETO: A € MarHuTeH BCKTOp MNOTCHIOHUA, @ €
bIJIOBATA 4€CTOTA; € MArHuTHaA MPOHHUIACMOCT,

o e crnenuduyHa eJIeKTpHIecKa IMPOBOAUMOCT; J,

¢ TOKOBa TIUTBTHOCT HA BBHIIHA HW3TOYHUIIH.
BTopusT 4jieH B ypaBHEHHUETO OTPa3siBa BUXPOBUTE
TOKOBE.

PerieHreTo Ha €IEKTPOMAarHUTHATA 3a]a4a
¢ MpH 337aJCHO IPAaHUYHO YCJIOBHE MO IpaHHIATA
Ha OydepHara 30Ha OT BU/A:

nxA =0 2)

Or PEIICHUCTO Ha 3ajJjadara 3a
CJIICKTPOMAIrHUTHO IIOJIC CC MOJIydaBaT BaFy6I/ITC 3a

e/IMHUIA JB/DKUHA TPH MPOMEHJIMB TOK ChHIIACHO
(dhopmyiarta:

P = j j J.EdS 3)
N

3aryOuTe TpH MOCTOSTHEH TOK 3a SIUHUIA
JUBJDKUHA C€ U3YHCIIABAT 110 popmynara:

P = )

KbJeTo / € TOoKa Tpe3 muHara; S € CeueHHe Ha
IIMHATA.

KoedummenTa Ha TOTBIHATETHN 3ary0u ce
ompezens no ¢popmyiara:

Ka = Q)

|\h°|zw

4. AHaJIM3 ¢ MeTO/1a HA KPaifHUTe eJiIeMeHTH

B cpenara na nporpamumust mpoaykT Comsol
[8] ca ch3maneHM YMCIEHW MOJETH 3a ONpEICIIsTHE
XapaKTePUCTUKUTE Ha EJIEKTPOMArHUTHOTO TOJIE 32
BapuUaHTUTE AajeHu B Tabm. 1 mpu gecrota 50 Hz.

MO,Z[CJ'II/ITC IMO3BOJIsIBAT MIPOBCIKIAHEC Ha
H3CJICABAHUS IMPU CIICAHUTEC MapaMCTPpU:
- JUara3oHu Ha HN3MCHCHUEC Ha

reomerpuuHuTe pasmepu: X = (10+120)mm; y =
(1+10)mm; z = (5+120)mm;

- CBIIOCOYHHU M MPOTHBONOCOYHH TOKOBE 32
BapHaHT 2 U BapHuaHT 4;

- CBIIOCOYHM M TpU(a3sHa CHMETPUYHA
cUcTeMa TOKOBE 32 BapHaHT 3 1 BapuaHT 5.

[Mony4yeHoro pasmpesenieHne Ha TOKOBATa
IUTBTHOCT B LIMHUTE 3a Pa3INUHUTE BAPHAHTH INPH
pasmepu x = 120mm, y = 10mm u z = 10mm e
nokasaHo Ha Qur.1, ¢ur.2, ¢ur.3, ¢ur.4 u ¢ur.5.
3a  ocraHanmuTe  pa3Mepu  KapTHHaTa  Ha
pasnpesieieHueTo Ha  TOKOBara IUIBTHOCT €
aHaJIOTMYHA.

B B

¥ 16x10° [ <107 A 4.88x10°
2 25 3 35 4 45

@Due. 1. Pasnpedenenue Ha mokogama
2
npemuocm [A/m”] 3a eapuanm 1.
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B | I e
v 158x10° [ o—<10° A 6.75x10°
2 3, 4 5 6
a)
e

v13x10° [ < 10° A 9.09x10°
2 3 4 ) 6 7 8 9

b)

@Due. 2. Pasnpedenenue Ha moxkosama
2 .
nremuocm [A/m’] 3a eapuanm 2: a) —
cvnocounu moxoge; b) — npomueonocounu
moxoge.

.

] B | T

¥ 1.01x10° [ < 107 A 7.9x10°
2 3 4 5 6 7

a)

iy Il ]

¥ 1.32x10° ‘??:mxlos A 9.19x10°

b)

@Due. 3. Pasnpedenenue na mokosama
nnemuocm [A/m’] 3a eapuanm 3: a) —
CcvnocouHu moxose, b) — mpughasna
CUMEMPUYHA CUCEMA MOKOSeE.

A682x10°
x10° A 3.33x10°
x10°

2
. g
¥ 1.27x10° ¥ 2.15x10°
a) b)

QDue. 4. Pasnpedenenue na mokosama
nwemnocm [A/m’] 3a eapuanm 4: a) —
cvnocounu moxoge; b) — npomueonocounu
moxoge.

A 814x10° A 39x10%
x10° x10°
ALK
7 35
6 3
5
25
4
2
3
15
2
TR q
¥ 1.08x10° ¥ 9.96x10°
a) b)
@Due. 5. Pasnpedenenue Ha mokogama
2
nremuocm [A/m”] 3a eapuanm 5: a) —

cvnocounu moxoge; b) — mpugasna
CUMempuYHa cucmema moxose.

[Tomryuenoro pasmpeneneHue Ha
crenu(UYHUTE 3aryOM B IUHHUTE 32 Pa3InIHUTE
BapHaHTH MpH pazmepu X = 120mm, y = 10mm u z
= 10mm e noka3aHo Ha ¢wur.6, pur.7, ur.8, Gur.9
u ¢ur.10. 3a ocraHanuTe pasMepH KapTHHATA Ha
pasnpeziesieHNeTo Ha 3aryOuTe € aHaIOTHYHA.

V238 L oesss—<10° A 2204
05 1 15 2

Due. 6. Pasnpeoenenue na cneyuguunume
sazy6u [W/m’] 3a eapuanm 1.

[ o |
v 232 x10° A 4224
1 2 3
a)
C - |
¥ 156 o eeeseseee— % 10° A 7658
1 2 3 4 5 & 7
b)

Due. 7. Pasnpeoenenue na cneyuguunume
sazyou [W/m’] 3a eapuanm 2: a) —
CHNOCOUHU moKose, b) — npomusonocounu
moxoage.

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria ISSN 1310 - 8271



| I | [ -
vo48 OO < 10° A 5776
i 2 3 4 5
a)
M T
v 161 [ oree— 10’ A 7826
1 2 3 4 5 6 7
b)

Due. 8. Pasnpedenenue Ha cneyughuunume
sazy6u [W/m’] 3a eapuanm 3: a) —
cvnocounu moxose, b) — mpughasna
CUMemPUYHA CUCmeMa MoKose.

A 4310 A 10293
"~ o o

1

08
2 07
06

0.5

h '7150 "7425
a) b)

@Due. 9. Pasnpedenenue Ha cneyughuunume
3
sazyou [W/m’] 3a eapuanm 4: a) —
CbNOCouHU MoKose, b) — npomusonocounu

mokKoee.
A 6134 ATaLL
' N x10° %10
14
3
12
5
1
4
08
3
06
2
04
i
I )
. u v 109 vols
a) b)

Due. 10. Pasnpedenenue na cneyupuunume
sazy6u [W/m’] 3a eapuanm 5: a) —
CcbnocouHu moxose, b) — mpughasna

CUMEMPUYHA CUCEMA MOKOSe.

5. MacuBH ¢ YHCJIEHH JaHHHA 32
KOe(UIIMEHTA Ha JONbJIHUTETHH 3aryon
3a MPOU3BOJIHM CTOMHOCTH HA pa3MepuTe
HA INMHUTE

5.1. MacuBHu ¢ pazmMepuTe Ha
TOKOBOJCIIHTE eJIeMeHTH

dopMupaT ce CIEIHUTE MacuBU C
JUCKPETHU  CTOMHOCTM Ha  pa3MepuTe  Ha
TOKOBOJICIIIMTE €JICMEHTH:

- MaCHB ChC CTOMHOCTHTE HA IIUPUHUTE HA
HINHHUTE:

x| = x5, | i=1+n ®)

- MaCHMB CbC CTOMHOCTHTE Ha Z[666III/IHI/ITC
Ha IIMHUTEC:

|yj|:|J’1§J’2§---ym sj=1+m (7

- MacMB ChC CTOMHOCTHUTE Ha pa3CTossHusATa
MCKIOY NIUHUTE!

|zk|:|zl;22;...z,|,k:1+l ()

Crottnoctrute B MacuBute (6), (7) u (8) ca B
TPAHUIUTE CHITIACHO T. 4.

5.2. MacHuBH ChLC CTOHHOCTHTE HA
KoedUIEeHTAa HA JONbJIHUTEIHH 3ary0u
32 OTACJHHUTE TOKOBOJCIIN CHCTEMH

Upe3 KOMIIOTHPHUTE MOJCIHU ChIIACHO T. 4
ca QopMmupaHM MacuBH C KOe(UIMEHTa Ha
JOTTBTHUTETHN 3aryOH 32 BCEKH €IMH BapHaHT IMPH
IbJIHA KOMOWHAIMS HAa CTOWHOCTUTE B MAaCHBHTE

(6), (T n (8).

KﬂR(i,j,k),i:1+n,j:1+m,k:1+l )

Kenero ¢ R=1+9 e o3HaueH CHLOTBETHHUS
BapUaHT, OIpPENCIECH OT pasNoJIOKEeHUsATa Ha
MIMHUTE CBIVIACHO Ta0a. 1 ¥ MOCOKUTE Ha TOKOBETE.

6. AJIrOpUTHM 32 onpe/iesiiHe Ha
KoeUIMEeHTa HA NONbJIHUTEJTHUTE
3ary0u 3a Npou3BOJHYU CTOHHOCTH HA
pa3mepure

Ha 6a3zara Ha momydeHUTe MacHBH C JaHHU
3a KoeUIMEHTa Ha JONBJIHUTCIHU 3aryou e
pa3paboTeH  anropuThM 3a  ONpeAeIissHE  Ha
Koe(UIIMEeHTa 32 TOKOBOJICIINTE CUCTEMH 3a JIAJICH
BapUAHT C POU3BOJIHU PA3MEPH x,, y,, Z, -

Pasmepute, KOUTO ce 3amaBaT TpsOBa Jna
OTrOBapAT HA CIICAHUTE YCIOBUS:

<X, <X, 1<y, <V.n <z, <z (10)
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3a I/136paHI/ITe pasMepu Ha TOKOBOACIIUTC

IIHMHA CC OmIpeaciisiT TI'paHUIOUTE Ha

x‘]’y‘I’Z‘I

HWHTCPBAJIUTC B MACHUBHUTC |xi|,|y/|, B KOHTO

Momnaiar:
YcnoBue, KoeTo TpsaOBa 1a 0bJie U3IMTBIHEHO
B TO3M CiIy4aH e:

X SXySX01 YV SV SV Z S24 S 2y (11)

3a wm30OpaHara TOKOBOJEIIA CHCTEMa CE
¢opMupa cnemHHs MacWUB ChC CTOMHOCTH Ha
Koe(UITUCHTAa Ha JIOTITHUTEITHH 3ary0u:

K, (0.1K): Ky, (11,7.0):

K, (1 ],k+1) Ky, (1+1] k+1)
g (12)

Kﬂx (lj-i-lk) (l+l,j+l,k),

Ky, (4, J+1k+1) Kzz (i+1,j+Lk+1).

Ompenenar ce 0e3pa3MepHU KOCPHUITUCHTH
CBIJIACHO CIETHUTE (OPMYIIH:

X, —X;

=1 (13)
Xip1 =X
¥ Yoy =V

B (14)
Yis1 7Y

o Ca Tk (15)
Zk41 2k

KoeduiienTa Ha AOMBIHUTENHH 3aryOu 3a
n30paHaTa MUHHA CHCTEMa ¢ TIPOU3BOJIHU pasMepu
ce ompexaens cbriacHo ¢opmynaa (16), kosaro e
W3BEJICHA OT YCJIOBUETO 3a JIMHEHHA MHTEPIOIAIUs
Mex1y cToitHocTuTe B (9).

K, (xq,yq,zq)zx*y*z*KﬂR (i’j’k)J"
+(l—x*)y*z*Kﬂ (i+l,j,k)+
+x*(l— )z K, (lj-i-lk)
+x*y*( ) R(l+lj+lk)

+x*y*(1 z*) ﬂR(Z ],k—i-l)

+y*(1 X )(l z*) z+1 ],k—i-l)
+x*(l—y )(l z ) z]—i-l k+1)

(1) (1-57)-(1- ). (41 4Lk 1)

7. CodryepeH NPOAYKT 3a onpeaesisiHe HA
KoedUIUeHTAa HA JONbJIHUTEHH 3ary0u

(16)

Ha ©Oasara Ha ONMCaHMS QITOPHTBM €
paspaboten codryepeH mpoaykT Ha C# B cpenara
Visual Studio 2010, KOUTO MMO3BOJISIBA

OTIpEIeJITHETO Ha KOoe(UIIMeHTa Ha AONBIHUTEIHH
3aryou. IlpemuMcTBara Ha cb3ganeHus codryepeH
HPOIYKT ca:

- JeceH W ynoOeH uHTepdeiic 3a padoTa ¢
nporpaMara;

- nurica Ha cnokuu 2D u 3D mogenupane;

- JleceH JOCTBII Ha BCEKU NOTpedUTeN 10
nporpamMara.

PaGorara ¢ mpojaykra ce OChIIECTBSBA MO
CJeIHUS HAaUWH:

-clel CTapTHpaHe Ha Iporpamara ce
OTBaps NPO30PEIbT MOKa3aH Ha dur. 11;

-3a u30paHus BapHaHT B CHOTBETHUTE

rnojera ce BBBEXKIAT CTOMHOCTHUTE Ha
F€OMETPUYHUTE MApPAMETPU HA TOKOBOJECLIUTE
IIUHY;

- QKO BBBEJICHUTE CTOWHOCTH HE OTrOBapsT
Ha ycnoBus (10) mporpamara He Ty preMa;

- aKO CTOMHOCTHUTE OTrOBapsT Ha YCJIOBHS
(10) cnenm wHatuckane Ha OyToH ,,M3umcnm” ce
MOKa3Ba pe3ynaTara 3a ThPCEHUS KOC(UIMEHT Ha
JIOTIBTHUTEITHU 3aryOHu.

a2 Koedp Ha A arybu

Momowy,

Bowin 8OMHULA C3 B MATMMETPY
@ & WHPHETA HE WHHWTE, b & TAXHETA ALMKMHE, G & PASCTORHNETO MEXLY WHHHTE:
Tumra

D a= 100 b= 10 c= 10 Wasmcnn K1 1.185

2 WwHM, PESNONOXEHN YCNIOPEHO HE WMPOKMTE Cit CTDEHM, ChC CHNOCOYHN TOKOBE

H H a= 100 b= 10 c= 10 Wsuacn K1 1413

2 WWHK, PASNIONOXEHA YCNOPEIHO HE WHPOKKMTE C1 CTPEHM, C MPOTMBOMOCO4HN TOKOBE
H H a= 100 b= 10 c= 10 Wauwmcnn K1 W,DB;!

2 WM, PESNONOKEHN YCNIOPEHO HE TECHUTE CA CTPEHM, ChC CHIIOCOYHN TOKOBE

D Em a= 100 b= 10 c= 10 Wswmcn K1 1288

2 LUMHM, PA3NIONOXEHA YCNOPEIHO HE TECHMTE C CTPEHM, C MPOTMBOMOCOYHN TOKOBE
m &= a= 100 b= 10 c= 10 Waumcnn K1 162

3 WMHY, PESNONOKEHM YCMIOPEHO HE WMPOKHTE Ci CTPEHY, ChC CHNOCOYHA TOKMBE

HH H a= 100 b= 10 c= 10 Wsuacin KiuK3: 1624 K2 1588

3 WAHK, PANIONCKEHH YCNOPEAHO HE TECHNTE CM CTPEHM, ChC CHIOCO4HA TOKOBE
b a= 100 b= 10 c= 10 Waumcnn KiuK3: 1513 Kz 108

3 WKHK, PE3NONOXEHN YCNIOPEHO HE WMDOKKMTE CW CTPaHW, C TPMGEsHN TOKDBE

HU |:| a= 100 b= 10 c= 10 Wsuncin KinK3: 1085 K2 1141

3 WMHK, PASNONAXEHM YCMOPEIHD H TECHUTE C1 CTPEHM, € TPMDE3HW TOKOBE

. a= 100 b= 10 c= 10 Waumcnn KinKd: 153 K2 2118

Due. 11. Uzeneo na pabomuus npozopey Ha
npocpamama 3a onpeoesine Ha
Koeuyuenma Ha OONbAHUMETHUME
3azyou.

B Tabn. 2 e HampaBeHO CpaBHEHHE MEXKIY
CTOHHOCTUTE Ha KOe(pULHMEHTa Ha AOIBIHUTEIHH
3ary0M 3a TPOM3BOJIHO H30paHW pa3Mepd Ha
TOKOBOJCIIUTE LIMHHU, MOJYy4YeH OT pa3paboTeHUs
copTyepeH mpomykT u OT mporpamara Comsol.
Koeduruenra Ha nombiHuTeHUM 3aryoum K, 3a
BapUaHT 3 M BapUaHT 5 ce OTHacsi 3a CpeaHara

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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1IrMHa, a KOC(i)I/ILII/IeHTa KJII,3 CC€ OTHACH 3a BbHIIIHUTC
IIWHH.

Tabnauua 2. Cmoiinocmu na
KoeuyueHma Ha OONbIHUMETHU
3azyou 3a x, =100mm, y, =8mm,

z, =8mm
Bun na
Tokoozemara | Codryepen Comsol
cucrema TpOIYKT
Bapwuanr 1 1,14 1,14
Bapuant 2 u
CBIIOCOYHU 1,2374 1,239
TOKOBE
Bapwuant 3 _ _
CBIIOCOYHHU K5=14376 | Kuy=1,4411
TOKOBE K=1,0546 | K,,=1,0547
Bapuant 4 n
CBIIOCOYHU 1,3206 1,3216
TOKOBE
Bapuant 5 u Ko=1,4822 | K,15=1,4836
CHIIOCOYHU ’ ’
TOKOBE K.=1,4836 | K,=1,4865

8. 3akirouenne

Ha 6a3arta Ha mpoBeqeHUTE M3CICABAHUS U
MOJIyYCHUTE PE3YITATH OT KOMITIOTHPHUTE MOJICIIH
B mporpamuus mnpoaykr Comsol, Morat jaa ce
HaIpPAaBsIT CICTHUTE U3BOIH:

- Xapakrtepa Ha H3MEHEHHE Ha
Koe(UIMEHTa Ha JONBJIHUTEIIHA 3ary0u 3aBUCH
CBIIECTBEHO OT pa3MEpUTe Ha CEYCHHETO Ha
LIMHATA;

-mpu TpudazHa CHMETPUYHA CHUCTEMa
TOKOBE KOe(HUIMEHTa Ha JOIIBJIHUTCIIHUA 3aryou
IIPH BapHaHT 3 € TO-TOJISIM OT BapHAHT 5.

-3a  BapuaHT 3  KoepUIMEHTa  Ha
JIOITBJIHUTEIIHN 3aryOu 3a cpejiHaTa IIMHA € 10 —
TOJsIM OT TO3W Ha KpailHWTEe IWHH Tpu TpudazHa

CUMETpPUYHA CHCTEMa TOKOBE,
CBIIOCOYHU TOKOBE € 00paTHO.

Pazpaboren e codTyep 3a JTUPEKTHO
omnpezaeisHe Ha Koe(UIIMEeHTa Ha JIOIBJIHUTEITHH
3ary0ou Ha 6a3aTa Ha MacUBH OT JJaHHH, MTOJIy4YEHHU B
cpenara Ha nporpamara Comsol.
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MN3IIUTBAHE HA TU®EPEHIIUAJTHA
JAIIUTA HA EJIEKTPUYECKU IBUT'ATEJIN

CTE®AH YOBAHOB

Pesrwome: [lpeonaca ce memoouxa 3a cvzoasane Ha moden (template), neobxooum 3a
U3NUMEAHe (C NOMOWmMa Ha ABMOMAMUUPAHA CUCTEMA 34 MeCMEane) Ha Oupepenyuania
3awuma Ha osueamer, pearusupana ¢ yugpoeo ycmpoticmso Sepam MS87. Memooukama e
anpobupana npu uznumeane Ha Oougepenyuarna zawuma Sepam MSE7 na osueamen,
3a0eudiceauy komnpecop 6 Ep Jluxuo - Iupoon.

KarouoBu gymm: usnumeane, ougepeHyuanua, 3auuma, osueamer, mooei

TESTS OF MOTOR DIFFERENTIAL
PROTECTION

STEFAN CHOBANOV

Abstract: With Report is proposed a methodology for creating a model (template), for
testing (using an automated testing system) of a motor differential protection, realized with
a digital device type Sepam MS87. The methodology is approbated in tests of differential
protection Sepam M87 of a motor, driven the compressors at Air Liquide - Pirdop.

Key words: test, differential, protection, motor

HU3MNHUTBAHC C

HaJIUYHUTC

1. ChmHOCT Ha IpodiemMa

OcHOBHH TIPOOJIEMHU TPU M3TPAKIAHETO Ha
mudepeHIanHaTa 3ammra Ha japuratenu (ANSI
code 87M) ca I'BKIMBUTE CPaOOTBaHUA TP IyCK
Ha JBUraTeis, BBHIIHM HEHOPMAIHU PEXHMH,
HacHILaHe 150071 nospena B TOKOBHUTE
TpaHnchOpMaToOpH, KakKTO W NpU MPOTHYAHE Ha
HaMarHUTBall TOK Ha CHJIOB TpaHcdopmatop [1]. B
ChBpPEMEHHHTE LIU(PPOBHU 3aLUTHU YCTPOWCTBA TE3H
npoOjeMu ca pelieHd B ToiisiMa CTENeH, HO 3a
CMeTKa Ha OTHOCHTEIIHO MO-CJIOKHA
(YHKIMOHATHO-CTPYKTYpHAa CXeMa CIPSIMO  TIO-
CTapHUTE CUCTEMH OT CJIIEKTPOMEXaHUYEH THII, KOETO
pedaexTupa BbpXy HAcTpoWKaTa M TECTBAaHETO Ha
3aLIUTHUTE. lonsimoto MHOTr000pasue Ha
npeAsaraHuTe UQPOBU 3alUTH U HEPEKBCHATOTO
UM MonuduIHpane o0yciaBs HEOOXOAUMOCTTa OT
cboTBeTHH crneunpuyan moxenu (templates) Ha
XapaKTEPUCTUKUTE 3a 3allUTHUTE UM (YHKIHH,

HEOOXOIUMHU  TIPH
aBTOMAaTH3UPaHH CHCTEMH 32 TECTBaHE.

2. Cneunu¢uvyHu 0COOEHOCTH HA
audepeHnnagaHa 3amuTa Sepam M87

Hudepennmnannara 3amura Ha ABUTAaTEId
(ANSI code 87M), peanusupana cbc Sepam ME7
[2] 3ammTaBa OT BBTPEUIHM MEXIy(DasHH KbCH
ceeaunenns (KC), kakto u cpenty nBydasHu 3eMHH
CheAMHEHMA. 3alIuTaTa cpaBHABa (a30BUTE TOKOBE
(mo ammmTyga u Qasza) OT [BeTe CTpaHU Ha
cTaTopHaTa HaMoTKa Ha MamuHata (Pur.l) wu
cpaboTBa MpH pasivKa MEKIy Te3d TOKOBE,
HaJBWIIAaBallla BbBEACHHS TOK Ha cpaOoTBaHe, B
CBHOTBETCTBHE C OTHOCHTENHaTa audepeHInanta
XapaKTepUCTUKA u IudepeHaniHara
XapakTepucTuKa C ,,BUCOK® TOK Ha HACTpoHKa
(®wur.2).
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87TM

Que. 1. Ilpunyunua cxema

100 %

ACMMETDHA NPY BbHLWHW NOBPE4W W NYCK HA ABWraTEnA

ld/In A
Bucok Tok Ha HacTpoiika
6 —
Bucok Tok Ha
HaCcTponKa 5.5

5 —5
4 - OTtHocHTenHa AWepeHLIMANHE XapaKTepUCTHRE
3 —
2 —
1 Mupea vact

| 0.5 1

.05

| | | | |

V2 2 3

| = |t/In
4 5 6

Due. 2. Xapaxmepucmuxa Ha oupepenyuannama sawuma Sepam M87

2.1. OTHOCHTeTHA JH(epeHIInATHA
XapaKTepuCTHKA
Upes  orHocuTenHata — AudepeHIHaiHa

XapaKTepUCTHKA ce CpaBHABAT (Pa3oBUAT TOK [, C

IuGepeHIIHAHUST TOK [, :
1, = +T) ()
I-1I
WT T (2)
Kpaero x =123
ITbpBata  4YacT  OT  OTHOCHTEJIHATA

mudepeHnuanHa xapakrepuctuka (Pdur.2) 3aBucu
OT TOKa Ha HACTpoUKa [,
12
A (3)
dx 3 2 s

Kpero x=1,2,3

0<1, <21,
max(0,57,;0,057,) < I, <max(0,51 ;0,51 )

A

n

tpanchopmaropu (TT).

HOMUHAJICH NIBPBHYCH TOK Ha TOKOBUTC

Bropa qacT oT OTHOCHUTEIHATA
mudepeHualHa XapakTepucTHKa ce aeduHHpa
4pe3

L I

: —3—;>(0,051ﬂ ) &)

KbpleTo x =1,2,3

V21 <1,
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2.2. In¢epeHnnanHa XapaKTepUCTHKA C
»BHCOK* TOK Ha HACTPOIKa

Hudepennmantara xapakTepUCTHKA C ,,BUCOK™ TOK
Ha HacTpolika cpaboTBa Oe3 BpeMe3aKbCHEHHE B
CBHOTBETCTBHE C U3PA3UTE:

1, >5,51

i>1 )

x
KpaerTo x=1,2,3

2.3. 3aApbiKKHU HA 321U TATA

IIpy BBHIIHK HEHOPMAIHHU PEKHUMU U IIyCK
Ha MallyHaTa (as3oBHAT TOK € 3HAYUTEIHO II0-
romsiv ot 1,5/ . Jlokato TT He ca HacuTeHu

Z[I/I(l)epeH]_[I/IaHHI/IHT TOK ¢ MajabK. To3u MpexXoacH

pe)KI/IM Cce I/I,I[CHTI/I(l)I/ILII/Ipa CBC cjacaHara
XapaKTepI/ICTI/IKaZ
1, I 2
—=—E 10,251 6
S (0,251,) (6)

B crotBercTBUEe ¢ (6) ce ocChIIeCTBIBA
3aapBKKa TPU BBHIIHU HEHOPMAHU PEKUMH M
MyCK Ha JIBUTATEII.

[Ipu BB3HMKBaHE Ha BBHHILIEH HEHOPMAaJICH
peKUM, MOXE Ja c€ TOSABH, Makap W 3a KpaTtko,
royisiM TudepeHnnaieH TOK, Iopagd KOETO B TO3H
PEXUM € BbBeEeHO BpeMe3akbcHeHue oT 200 ms.

Hacumanero win nospenara Ha TT Mmoxke
Jla € IpUYMHA 3a MosBaTa Ha AudepeHnnaneH ToK 1
LJIBKINBO®  M3KIIOYBAHE, TMOpagud KOeTo ca
OCUTYPEHHU CHOTBETHUTE 3aJPBKKH Ha
cpaboTBaHETO Ha 3alIUTaTa.

BbBenena e 3aapbikka Ha cpabOTBaHETO Ha
3alMTaTa Ipy NPOTUYaHE HAa HaMarHUTBall TOK Ha
Tpanchopmarop, peci. Hanuure Ha Hax 15 % BTopu
xapMoHuk (H2) B mudepennuansus Tok:

I
292 50,15 (7)

dx

3. UznutBaHe Ha Ju(epeHIUATHA 3alUTA
Sepam M87 ¢ aBToMaTH3MpaHa cucTeMa
3a TecTBaHe 0e3 codTyepeH
audepeHnnaIeH MOIYI.

B To3u cinywait e HeoOXogumMo mOa ce
ONpEACNAT MOAXOMSAIMA CTOMHOCTH 3a ,,pbhUHO™
BBBEX/IaHE Ha TECTOBU TOKOBE. 3a LIENITA CE 33]1aBaT
croiiHoctH 3a [,/ [, 3a mbpBaTa M BTOpaTa 4acTu

Ha OTHOCHUTCIIHATAa
XapaKTCpHUCTHKA.

o epeHnraina

B mnppBara komonka Ha Tabmmma 1 ca
3aJIaJIeHN TaKUBa CTOWHOCTU 32 KOHKPETEH CIIydaid:
nudepeHaiHa 3aliMTa Ha JBUTaTen 3a OkV,
3aaBrkBan] kommpecop B Ep Jlukup — Ilupnom,
KBJETO

1,=3944,
I, =1,"=6004,
i, =i'=54,

1.=0,11, =604

B®B BTOpaTa KONOHKA Ha Chiara Tabiuia
ca IOKa3aHH ChOTBETHUTE M3YHCACHH CTOMHOCTH 3a
1,/1, B cporBercTBHE C M3pasute (3) u (4):

3a mbpBaTa YacT HA XapaKTEPUCTHKATA

(8)
3a BTOpaTa YyacT Ha XapaKTePUCTHKATA
I, /0,257 +0,021
—= )
IVI IVI
CroitHOCTHTE Ha I '(x = 1,2,3) ,

CHOTBCTCTBAIIlKX Ha I/I36paHI/ITe CTOMHOCTH 3a Itx

(x = 1,2,3) C€ U3YHCIISIBAT 110 U3pasa
I'=U,-1,) (10)

U TMOIyYEHUTE CTOMHOCTH ca MOKa3aHU Ha
tabmuna 1. B cpmara Tabmuuma ca IMOKa3aHU
CTOMHOCTUTE Ha BTOPUYHHUTE TOKOBE I, H i ' ,
CbOTBETCTBAIld HA M3MMUTATETHUTE TOYKU OT
XapaKTepUCTHKAaTa Ha Ju(epeHIMaTHATa 3alIluTa,
KaKTO M TeCTOBM cToiHocTHi,'=11i ', mpu xouro
3ammrTaTa He TpsiOBa ma  cpaboTBa, pecil.
i,'=0,9 ', mpu xouto 3ammrara TpsOBa na
cpabortsa.

4. U3nutBaHe Ha M epeHIHATHA 3aIUTA
Sepam M87 ¢ aBToMaTH3MpaHa cuCcTeMa
3a TeCTBaHe ChC cOPTyepeH
audepeHnnaNeH MOy, HO 0e3
noaxoasu Mmoaes (template) na
XapaKTepHCTHKATA.

XapakrepucTukata Ha audepeHIHaTHaTa
3amuTa B Sepam M87 moxe na Obae Mojenupana
Yype3 ampoOKCUMHUPAHETO M C MPAaBU JUHUH, YHUTO
Opoii 3aBUCH OT JOMyCTUMATa IpelKa

p = =1100,% (11)
Y,
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KBJICTO:

», €a U3UMCIIEHH B CHOTBETCTBUE ¢ M3pa3u (8) u (9)
OpJIMHATH Ha TOYKH (C IOpPENeH HOMEp n) OT
nudepeHanHaTa  XapakTepuCTHKa  Ha
Sepam M87;

¥, - OpIUHATH HA TOYKHU (C HOpPEJeH HOMEp n) OT
arnpoKCHMHUpaHaTa g epeHIamHaTa
XapaKTepHCTHKA M0 OpAMHATHATA OC.

a, € TpecevHa ToYKa ¢ OpJMHATHATA OC Ha
MpaBaTa JMHUS, C KOATO C€ allpOKCUMHUPA CEKTOpa C
mopeaeH  Homep s OoT  audepeHuHaIHaTa
XapaKTEpPHCTHKA,;

b, - HaKJIOH Ha IpaBaTa JIMHHsA, C KOATO Ce
anpoKCUMHUpa CeKTopa S OT JudepeHLnatHaTa
XapaKTEPUCTHKA;

X, - n30paHH KOOpJMHATH HA TOYKH OT

n

Z[I/I(l)epeH]_[I/IaHHaTa XapaKTCpUCTUKa 110 a6CLII/ICHaTa

Yan = @, +bx, (12) 0C, C/ITHAKBY 332 OPUTHHAIHATA U AlTPOKCUMHUPAHUTE
KPHUBH.
KBJIETO:
Tabnuua 1. ,, Pouno* vgedxcoane Ha mecmosu mokoge
TecToBH BTOpUYHH
OTtHocuTenTHa TOKOBE, A
XapaKTepUCTHKA
OTHOCHUTETHA XapaKTEPUCTHKA Ha
mudepennpantara | AM(epeHInantaTa samuTaTa B aMmnepu 3ampTata He | 3amyTaTa
TpsiOBa 1a | TpsOBa na
3aIuTaTa
(B OTHOCHTEIHH cpabotBa | cpaborBa
SIVHUIIN )
ITbpBa YacT HA XapaKTEePHCTHKATA
It/In 1d/In Itx,A | IdA I'x,A | itx,A | ix,A i'x.1,A ix"2,A
0,00 0,100 0 60,00 -60,0 | 0,00 | -0,50 -0,45 -0,55
0,10 0,102 60 60,93 -0,9 0,50 [-0,008 -0,007 -0,009
0,25 0,109 150 65,60 84,4 1,25 | 0,70 0,77 0,63
0,50 0,133 300 80,08 219,9 | 2,50 | 1,83 2,02 1,65
0,75 0,166 450 99,64 350,4 | 3,75 | 2,92 3,21 2,63
1,00 0,203 600 121,86 | 478,1 | 5,00 | 3,98 4,38 3,59
1,25 0,243 750 145,53 | 604,5 | 6,25 | 5,04 5,54 4,53
1,41 0,269 846 161,14 | 684,9 | 7,05 | 5,71 6,28 5,14
BTopa yacT Ha XapaKTepUCTHKATA
It/In 1d/In Itx,A | IdA I'x,A | itx,A | ix,A i'x.1,A ix"2,A
1,41 0,719 846 | 431,43 | 414,6 | 7,05 | 3,45 3,80 3,11
1,50 0,763 900 | 457,93 | 442,1 | 7,50 | 3,68 4,05 3,32
2,00 1,010 1200 | 605,97 | 594,0 | 10,00 | 4,95 5,45 4,46
2,50 1,258 1500 | 754,78 | 745,2 | 12,50 | 6,21 6,83 5,59
3,00 1,507 1800 | 903,99 | 896,0 | 15,00 | 7,47 8,21 6,72
3,50 1,756 2100 | 1053,42 | 1046,6 | 17,50 | 8,72 9,59 7,85
4,00 2,005 2400 | 1203,00 | 1197,0 | 20,00 | 9,98 10,97 8,98
4,50 2,254 2700 | 1352,66 | 1347,3 | 22,50 | 11,23 12,35 10,11
5,00 2,504 3000 | 1502,40 | 1497,6 | 25,00 | 12,48 13,73 11,23
5,50 2,754 3300 | 1652,18 | 1647,8 | 27,50 | 13,73 15,11 12,36
6,00 3,003 3600 | 1802,00 | 1798,0 | 30,00 | 14,98 16,48 13,49
6,50 3,253 3900 | 1951,85 | 1948,2 | 32,50 | 16,23 17,86 14,61
7,00 3,503 4200 | 2101,71 | 2098,3 | 35,00 | 17,49 19,23 15,74
7,50 3,753 4500 | 2251,60 | 2248,4 | 37,50 | 18,74 20,61 16,86
8,00 4,002 4800 | 2401,50 | 2398,5 | 40,00 | 19,99 21,99 17,99
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a, =yy b (13)

s sk
KBbACTO!
y.s‘k € OpauHaTa Ha TO4YKaTta C Hal-MaTbK nopeacH

HOMED k=n OT alfpOKCUMHpPAHUSA CCKTOP

min

S5

xsk - a6CLII/IC3.Ta Ha TO4YKaTa C Hal-MaJIbK MopeacH
HOMEpP k = nmm OT alfpOKCUMHPAHUSA CCKTOP

S.
Ays :ysl _y.s‘k (14)

KbACTO!

Yy © OpJuHaTa Ha TOYKara € Hali-ToIIsIM nopeacH

HOMED l=n OT allpOKCHUMHUPAHUA CCKTOP

max

S5

X, € a6cuncaTa Ha TOYKAaTa C Hal-TOJIIM nopeacH

HOMep /=n__ OT apOKCUMHPAHUS CEKTOP

max
S5
Toukure (x,,y,) u (x,,y,)ca o0 3a
nudepeHuaiHaTa XapakTeprucTuka Ha Sepam M87
W anpOKCUMHPAIIUTE 5 IPABH JIUHUH.

MakcumanHata  rpemika B oT
anpoKcMMalusATa ~ Ha  IbpBaTa  4acT  Ha
OTHOCHTEJIHATA XapaKTepUCTHKA Ha

mudepennuanHara 3amura Sepam M87, uzuncieHa
B cwhoTBercTBUE C wu3pasa (11) He 3aBucm OT
HomuHanHus Tok /, Ha TT, HO € BBB QyHKIHUA OT

TOKa Ha HacTpoiika / . Ha taGmuua 2 ca mokaszaHu

CTOMHOCTUTE Ha npu pa3jniHd TOK Ha

max
HacTpoiika /, u Opoil ampoKcuMHpally HpaBH
muHuK. B chimmata Tabmmma ca  geduHUpaHH

AIIPOKCUMUPAIINUTEC MMPAaBU JIMHUU YPC3 MPECCUHUTC

Ax, =X, =Xy (15)  um Touku ¢ opaunaTata @, M BIIMTE UM «,
cnpsiMo a0crucara.
KBJIETO:
Tabauua 2. Mooden Ha nvpeama wacm Ha OMHOCUMETHAMA XAPAKMEPUCTUKA HA
oughepenyuannama 3awuma Sepam M87
Bpoii anpoKCMMMPALLY NPaBK IMHUM
1 2 3
s 1 1 2 1 2 3 1 2 3 4
o 8,240 3,830 | 9,180 | 2,520| 7,800 | 9,540 1,740 | 5,220 | 8,080 | 9,560
0,05 a, 0,050 | 0,050 | 0,026 | 0,050| 0,034, 0,017| 0,050 | 0,044 | 0,031 | 0,017
,B,m,x ,% 29,190 6,900 2,890 1,740
o 6,820 2,140 | 7,820 | 1,320| 5,430 | 8,530| 0,890 | 2,970 | 5,740 | 8,540
0,10 a, 0,100 | 0,100 | 0,075 | 0,100| 0,087 | 0,057| 0,100 | 0,096 | 0,084 | 0,057
,B,m,x ,% 20,690 7,960 2,370 2,220
o 4,850 1,110 | 5,650 | 0,690 | 3,150| 6,450| 0,450 | 1,540 | 3,350 | 6,450
0,20 as 0,200 | 0,200 | 0,180 | 0,200| 0,192 | 0,160| 0,200 | 0,198 | 0,190 | 0,160
I, B,:% | 10,910 6,020 2,490 2,490
I,, o 3,650 | 0,740 | 4,280 | 0,460 | 2,180| 4,970] 0,300 | 1,040 | 2,310 | 4,960
0,30 a, 0,300 | 4,280 | 0,285 | 0,300| 0,294 | 0,268| 0,300 | 0,299 | 0,293 | 0,268
,B,m,x ,% 6,320 3,860 1,830 1,830
o 2,900 | 0,560 | 3,400 | 0,340 1,660| 3,950] 0,220 | 0,780 | 1,760 | 3,970
0,40 a, 0,400 | 0,400 | 0,388 | 0,400| 0,396| 0,373| 0,400 | 0,399 | 0,395 | 0,373
,Bmax ,% 4,010 2,550 1,280 1,280
2 2,380 | 0,450 | 2,800 | 0,290 1,320| 3,260] 0,180 | 0,630 | 1,420 | 3,280
0,50 a, 0,500 | 0,500 | 0,490 | 0,500| 0,497 | 0,478| 0,500 | 0,499 | 0,496 | 0,478
ﬂmax ,% 2,730 1,780 0,920 0,920
Tabyuna 2 ¢ anpoOupaH MPU IMUTUPAHUTE TIO-TOpPE
MogensT Ha bpBaTa qacT Ha tectoBe B Ep Jlukun — [upaom.
OTHOCHTEITHATA XapaKTEePUCTHKA Ha MogersT Ha ~ BTOpaTa  4YacT  Ha
mudepeHIanHaTa 3amura Sepam M87, mokazaH Ha OTHOCHUTEIIHATA XapaKTEePUCTUKA Ha
mudepeHIanHaTa 3ammra Sepam M87,
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nepuHUpaH B CHOTBETCTBHE C ToOpeoIucaHara

METOIUKA MpeAcTaBIIIBa enHa mpaBa JIMTEPATYPA

(a, =2648",a, =0.017 ) e yHuBepcanen 3a

1. Schneider Electric (2006). Electrical network
protection. Protection guide, 72. Schneider
Electric, France.

BCUYKM BB3MOXHHU CTOMHocTH Ha [, u [ .
MaxkcuManHaTa TpellKa OT alpOKCUMAaLHUATa IIpH

— 0 . . .
to3u mozxen e 3, =0.31% . 2. Schneider Electric (2013). Sepam series 80.
XapakrepuctukaTta ¢ ,BUCOK TOK Ha Protection, metering and control functions.
HACTpoiika Ha audepeHlMaaHaTa 3alluTa Sepam User’s manual. Schneider Electric, France.

MS87 e nepunupana [2] c ABE NpaBu JIMHUU U HIMA
HEOOXOAMMOCT OT Ch3JlaBaHe Ha MoOJen 3a

M3MUTBAHETO I. Konrtaktn
Anpec
CMC-C EOQL, 2070 lNupdon, yn. I.beHkoscku 3
5. 3akiouenue E-mail: stefan.chobanov@cmc-c.com

Pa3zpaborena e meronuka 3a Ch3laBaHe Ha
Monen (template), HeoOxomuMm 3a H3MHUTBaHE (C
MOMOINTa HAa AaBTOMAaTHU3WpaHa CHCTEMa 32
TeCTBaHE) Ha MudepeHIMaIHa 3allUTa Ha JIBHTaTe,
peanmsupana ¢ nudpoBo ycTpoiictBo Sepam MS87.
Meroaukara 00XBaIa qBaTa Bb3MOXXHU BapHaHTa —
c u 0e3 copryeper nmudepeHIuaIcH MOIyJI.

Ce3mazieH € yHUBEpcalieH Mojen 3a
M3MHWTBaHE Ha JAuQepeHInanHa 3ammra Sepam
MS87, mpunoxxum 3a pazaIuyHU CTOMHOCTH Ha TOKa
Ha HacTpouka [ .

MeronukaTa e anpodupana Ipu H3MUTBAHE
Ha gudepeHnuanHu 3amutd Sepam MS87 B Ep
Jlukup - [upnon.
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JAUATHOCTHUKA HA U30JTAIIMOHATA
CUCTEMA HA CHJIOBU TPAHC®OPMATOPHA

HUKOJIMHA ITETKOBA

Pestome: B cmamuama e pasenedana ouasHoCmukama Kamo cpeocmeo 3a OMmKpusamne Ha
Oepexmu 6 U0AAYUAMA HA CUTOBUME MPAHCHOpMaAmopy, mexHume NOOCUCNEMU U
omoennume my uacmu. Pasenescoanus npodrem npedcmass 3a0v1004eHo uscieosane u
aHanu3 HA CUNOBUA MPAHCHOPMAMOP, NOPAOU CLOHCHAMA MY CIMPYKMYPA U PA3TUYHUME
BL3UONCHOCIU 34 8b3HUKEAHe HaA nospedd. Eoun om naii-mounume memoou 3a
ouazHOCMuKa e enekKmpuyecko usMepeane 3a HAIUNUe HA UACMUYHU PA3pAOU 6
cvopvorcenuemo. 3adauume Ha MexHU4eCKAmMa OUASHOCMUKA ce OMHACAM 00 npuiazane Ha
meopemuyny 3HAHUsA U NPAKMU4ecKy Memoou u cpeocmea 3a uoeHmuguyupane Ha
Oepexmu, NPUYUHU 30 MAXHAMA NOABA U NPOYeCUme UM Ha Pa38Ume 8 CbOPbIHCEHUAMA.

KarouoBu qymu: cuiosu mpanc@opmamopu, vacmuynu paspsaou, OUaeHOCMuKd

DIAGNOSTIC OF POWER TRANSFORMERS

NIKOLINA PETKOVA

Abstract: Diagnostic in this article is investigated like a tool for detection of faults
occurring in power transformers, their subsystems and its individual parts. Depth research
and analysis of the power transformer is presented because of its complex structure and
different possibilities to arise damage. One of the most accurate diagnostic methods for
electrical measurement is the presence of partial discharges in the equipment. The tasks of
technical diagnostics are concerned to the application of theoretical knowledge and
practical methods and tools to identify, reasons for their occurrence and procedure of

development in the facilities.

Key words: power transformer, partial discharge, diagnostic

1. BnBenenue

TexHnyecka JUarHOCTHKA WIH
IUAarHOCTHKA € O0JIACT OT TEOpHsATa, METOAUTE U
CpeacTBaTa  3a  ONpelNeNsiHE  TEXHUYECKOTO
CbCTOSSHUE  HAa  CHOPBKEHUATA.  ]exuuuecko
ouazHocmupane UIH ouazHocmupane e
MPOBEXJaHE Ha MpPOLEAYypH 3a OIpeleNsHe Ha
paborocnocobHOCTTa 3a 1acHO chopbxkeHue. [lox
KOHmMpo. Ha TEXHUYECKOTO CHCTOSHHUE ce paz0mpa
MIPOBEpPKa HAa CTOWHOCTHUTE Ha JAJEH MapaMeThbp B
3aBHCHMOCT OT W3HCKBAaHMATA Ha TEXHHYECKaTa
JTIOKYMEHTAIHSL.

Hanuunero Ha nHpOpManus 3a NPUYUHATE
3a BB3HUKBaHE Ha jaedexTure u (akropure,

BIMSEIlM Ha TAXHOTO pa3BUTHE, CIOMara 3a
OTCTpaHsBaHe WiIH 3a0aBsiHe Ha Te3! JedexTn upes3
aJleKBaTHU Bb31CHCTBHUA.

3ajaunTe, KOUTO C€ HU3MNBJIHIBAT OT
CHELUAINCTUTE II0 JWAarHOCTHKA €a CXEMAaTU4HO
npencraBeHn Ha @wur. 1. Te TpsOBa na aHamu3upar
W CUHTE3UpaT WHPOPMALUITA 33 CHIICCTBYBAIIUTE
neQeKTH, MPUYMHATE U MEXaHU3MHTE 3a TIXHATa
nosiBa W pa3Butue. Bb3 OCHOBa Ha Ta3u JaHHU €
HEOOXOIUMO Te Jla MpenopbhbyarT MPHIaraHeTo Ha
ONTUMAITHA TEXHUYECKH MEPOTPUATHS 3a Obaenara
€KCIUIOAaTalHsl Ha ChOPBKCHUSITA.
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[ Pasnosnasane na /:[e(beKTa ]

A 4

OHpez[eJmHe Ha MIPUYIUHUTE U
ycCioBHATA 32 Bb3HUKBAHEC HA z[e(beKTa

\ 4

Mopgenupane Ha IpolecuTe Ha
pasBuTHe Ha AepeKTa

N —

I B!

VipaBneHue pa3BUTHETO
Ha nedexra

OneHka pecypca
Ha ChbOPBIKECHUETO

@ue. 1. Brokosa cxema 3a ouazHocmudHume
3a0ayu

Meponpusitusita 32 JUarHOCTUKa  Ce
peamusupar B TpPU  OCHOBHHM  HAIpaBJIECHU,
[IPEICTABEHH KAaKTO CIIEBA:

Ozned — TOW € TPAAMIIMOHHO CPEICTBO 3a
HnojabpkaHe Ha paborocrnocoOHocTTa. Upes3 Hero
HE C€ pellaBaT AMArHOCTUYHM 3aJaud U HE ce
[IPEeJOTBpaTsIBa MOBpPEAaTa, a caMo Ce OrpaHHYaBa
pHCKa OT aBapHs.

Luaenocmupane — TO € €IUHEH IpPOLEC,
IpU KOWTO 4pe3 MNpuiaraHe Ha KOMIUIEKC OT
JUAarHOCTHYHM U3MUTBAHUS CE LI ONpeaeisiHe Ha
nedexrture. To3u npouec Moxke aa ObJe pasrienan
Ha eTany, HalpyuMep M0 yCIOBUE HA IIPOBEXKAAHE HA
W3MUTBAHUATA; [0 H3MOJ3BaHA TEXHOJOTHS; II0
CpeACTBa 3a U3MUTBAHE U JPYTH.

3arouBa ce C OIpenessiHe Ha ChCTOSIHUETO
0e3 mpoMsHa B PEKUMa Ha EKCIUIOaTalus, 4pes3
MEPUOJUYHN WM HENpPEeKbCHATH HAOMIOACHUS W
n3mepBanus. Crep ToBa ce H3IOTBSI ONEPATHBHO
IUAarHOCTHPAaHE, KOETO BKJIIOYBA METOAMUTE Ha
(U3UKO-XUMHUYHOTO, TEPMOBHU3HOHHOTO,
aKyCTUYHOTO ¥ BUOPALMOHHO JWArHOCTHpaHe H
HSKOM €JIeKTpuuecKd u3MmepBaHus. OCHOBHATa Liel
Ha ONEPAaTUBHOTO JUArHOCTHPAHE € OINPENEIITHETO
Ha Xxapakrtepa Ha Jedekra, MOTCHUHATHHUTE
OMACHOCTH M CKOPOCTTa Ha HETOBOTO pa3BHUTHE.

[lpp numca HA  MOHMUTOPUHI,  OCHOBHATA
JUarHOCTHYHA (DYHKIMS 3a OCUTYpsBaHE Ha
0e30TKazHa  eKCIUIoaTalus €  ONEepPaTHBHOTO

JIMarHOCTHPAHE.
OO0cnenBaHeTo Ha 00EKTa C€ U3BBPIIBA IIPH
M3KIIIOYCHO  O0OpyJaBaHE ¢  MOMOINTa  Ha
pe3yJATaTUTE OT ONEPATHBHOTO JIUArHOCTHPAHE.
Monumopune — TOBa € HENPEKbCHATO
ClielcHe Ha JaJieH [apamMeTbp WIM Tpymna
napameTpu.  CucremuTe 32 HENPEKbCHATO

HaOMIOACHNE HAa CHOPBKEHUATA TPSOBa Ja CICIAT
€/IHU OT Hal-Ba)KHUTE MapaMeTpH, N3MCHEHHETO Ha
KOUTO CHUTHATU3UpPa 33 MAaKCHUMAHO BB3MOXKEH
Opoit nedexrtn. Te3m wu3MepBaHUS IO3BOJISIBAT
OTKpHMBaHE Ha pa3BUBAIIM C€ JePEKTH B pPaHEH
craamii [1].

2. JluarHocTuka mOpujIaraHa 3a CWIOBH
TpaHcdopmaTopu
Koncrpyxkmusta Ha CUJIOBUTE

tpanchopmaropu (CT) e pasHooOpazHa © ce
XapakTepu3npa ¢ MHOXKECTBO CHUCTEMH C B3aUMHO
CBBbp3aHM BB3JIM M arperaTd, W3rOTBEHU OT
pa3IYHU MaTepHaIH.

KakTto mpM BCHUYKHM E€IEKTPOCHEPTUIHU
CHOPBIKEHUS, TaKa U TIPU CIJIOBHS TpaHCHOpPMATOP
eJeKTpUYecKaTa W30JIallus HMMa  OMPEIeIsIio
3HaYeHHNE 32 HOPMAITHOTO My (hyHKIOHUpane [1].

W3onanuonHara cucreMa Ha ChBPEMEHHUTE
CWJIOBH TpaHC(HOPMATOPH TIPEACTABISABA CIOXKEH
KOMIUIEKC OT KOHCTPYKTHBHHU €JIEMEHTH, paboTeIn
MIPH Pa3IUYHU yCIOBUsl. BB31yXbT OKOJIO BHBOAMTE
M Marepuayia, OT KOWTO €  u3paboTeHO
M30JIAIMOHHOTO ~ TsUI0  (OpMHpaT  BHHIIHATA
m3ojgarmss Ha  CT. Ocramanara d4Yact  OT
M30JIAIMOHHATA CHCTEMa, HamHpaiia ce BBTPE B
kazana Ha CT, odopms BbTpenIHATa W3OJAIHS.

BobTpemna w3onamus  TpUTekKaBaT — CBINO U
BbBOJUTE, KaTO TMpU BBBOAUTE 32 BUCOKO
Halpe)kKeHWe, Ta3W H30JaIusl € He3aBHCHMA.

Boprpemmara m3omanus Ha CT ce mompasmens Ha
IJIaBHA W Ha[IbkHA. [71aBHa e wM3omanusTa Ha
JajeHa — TpaHchopmaropHa ~ HaMOTKa M Ha
TaJIBAHUYHO CBBP3aHUTE C Hesl YaCTH (peryinaTop Ha
Hanpe)XeHHe M H3BOJM) CIPAMO JAPYTH HAMOTKH,
Ka3aH, MarHUTONPOBOA M JAPYT'H 3a3€MEHU YacCTH.
Haurexna e n3omanusara MKy pa3indHUTe TOUYKH
Ha eIHa M ChIIa HAaMOTKA, MEXIy HaBHBKHTE,
CloeBeTe, pa3sHOMMEHHH (a30BH HAMOTKH H
M3BOJIUTE.

3a  moBuWIIaBaHe  OOCGKTUBHOCTTA  Ha
OLIEHKATa Ha TEXHUYECKOTO CHhCTOSHUE HAa CHUIIOBHS
Tpanchopmarop  TpabBa ga ce  Qopmupa
KOMILJIEKCHO ~ JIMarHOCTUpPaHe, OCHOBAaHO  Ha
MHOXECTBO M3IUTBAHUS U aHAIN3U. [IpoBekIaHEeTO
Ha KOMIUIEKCHH JAWArHOCTHYHH MEPONPUSTHSA IPH
CT, MoXe yCIOBHO Ja Ce Tpymupa IO CIeIHHS
HaYMH:

Ilvpéa  epyma  —  3amo3HaBaHe  C
TEXHUYECKaTa  JIOKYMEHTAlMs,  XapakTepHHUTE
0COOCHOCTH M BB3MOXKHH AC(EKTH 3a TaJCHUS THII
CT. 3ano3HaBaHe C pPE3ydTATUTE OT MPOBEKIAHH
M3MEpPBaHUsI W M3MUTBaHMSA TNpH padoTem |
M3KIIIOUEH TpaHcopmarop.
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Bmopa epyna — w3mepBaHuUs, W3BBPIICHH
npu padoten; CT B pexuM Ha Tpa3eH XOJ U TpH
MaKcHUMasieH ToBap. Te MoraT Jia BKJIFOUBAT:

v V3MepBaHe HAa YACTUYHHU Pa3psiiu.

YacTHUHUST pa3ps)] € eNeKTPUYECKH pas3psi,

KOWTO ce pa3BUBa B YacCT OT M30JIAIUSATA MEXKTY

CIICKTPOJIM, HAMHpAIIX C€ IO Pa3IuucH

motenran [2]. IlporechT Ha pa3BHUTHE Ha

YaCTUYHUS Pa3psiyi YCKOpsiBA CTapeeHeTo Ha

n3onmanuonHute  cucremu.  OlleHKara  Ha

CKOpPOCTTa Ha pa3BUTHE Ha Je(eKTa 3aBUCH OT

aMILTUTYyJlaTa, CKOpPOCTTa Ha W3MEHEHUE U

MSICTOTO, KBJCTO BB3HHKBAT YacCTHYHHUTE

paspsiu B o0eMa Ha CHUIIOBUS TpaHCHOPMATOP.

v' AkyctmuHo oOcienBaHe Ha Ka3aHa Ha

TpaHcpopmaropa. Upe3 Hero ce onpeaensTt

W3TOYHUIIUTE HA aKyCTUYHA EMUCHS. 3a Ta3h

el ce M3IO0JI3Ba CIeHUATU3UPAaHO 000pYABaHE

3a JIOKAI¥sI Ha aKyCTUYHUTE CUTHAIIH.

v" BubpanuoHHo o0cienBane Ha

tparcdopmaropa. To ce ocHOBaBa Ha aHAIN3 Ha

BUOPAIIMOHHUS CIIEKThP Ha TMOBBPXHOCTTA HA

Ka3aHa, Ha HUBOTO HA MPUTIATAaHEe HA HAMOTKHUTE

W MarHUTONpoBOJia, oOOmIara sIKOCT Ha

KOHCTPYKIUSITA U CHCTOSHUETO HAa MACIICHHUTE

TIOMITH U IPYTH BB3JIH.

v' Tepmorpadpuuecko oOcieBaHe Ha Ka3aHa,

BBBOJIUTE,  TOIIOOOMEHHUIIUTE, €JIEKTPO

JIBUTaTeJIMTE U KOHTAKTHUTE CheIMHEHUSI.
Tpema epyna — GUUKO-XUMUYHU aHATHM3H

Ha MacIoTo:

v XpomarorpacKu aHajanu3 Ha Pa3TBOPEHHUTE
B MacIlOTO Ta30Be.

V' OnpejensiHe ChABPKAHUETO Ha (PypaHOBH
MIPOM3BOHH B MacJIOTO.

v UndpadyepBeH CIEKTPOCKONMYEH aHAJIN3 Ha
MAacJIOTO 3a OIpENEeNsiHe ChAbPKAHUETO Ha
AHTUOKHCIWTEIHA TOPUCAJKA, IIIaM U
IPyrd TPOAYKTH Ha CTapeeHEeTO Ha
MAacJoTO.

v’ Anamu3 Ha (pakIMOHHUS ChCTaB Ha
MEXaHUYHUTE TPUMECH B MacCJIOTO.

v' V3MepBaHe Ha IUEIEKTPHYHHUTE 3aryOu B

MacjloTO M TAXHaTa 3aBUCUMOCT OT
TeMIeparypara, XapaxkTepusupalia
HaJIMYUETO Ha MOJIAPHU MPOIAYKTH.
Yemsvpma epyna — o0enuHsBa

M3MEpBaHUATA Ha CHUCTEMHTE 3a HENpPEKbCHAT

KOHTPOJI (MOHUTOPHHT) u €XKEHEBHUTE

M3MEpBaHUs Ha OCHOBHUTE MOKa3aTelH,

W3BBPIICHU OT EKCIUIOATAIIMOHHUS TIEPCOHAIT.

Ilema epyna — TpajMLIMOHHU M3MEpPBaHUS
KaTo {go , CHIOPOTHBICHHE HA H30JIAIMATA Ha
HAMOTKUTE ¥ BBBOJIUTE, CHIPOTUBICHHE Ha
HaAMOTKHTE, 3aryOM Ha TMpa3eH XoJI H KbCO
cheauHeHue u ap. [1].

[Ipn BB3HWKBaHE HA ENEKTPOMArHUTHU
CMYIIEHUsI B €JEeKTPOCHEpruiiHaTa cucremMa e
HEO0OXOJMMO M3TOTBSIHE HAa KOMIUICKCHA OICHKA 3a

KagecTBeHaTa  paboTa  Ha  EIEKTPUYECKUTE
ChOpBxKeHUS [3].
Upe3 KOMIUIGKCHATA JIMATHOCTHKA  Ha

CWIOBUSL TpaHC(OpMATOp U Bb3 OCHOBA Ha
pe3yaTaTUTE OT aHAIM3KUTE CE IPABAT IPEIOPHKU 3a
Objaema eKkcIuioaTamnys, MePUOANIHOCT U 00eM Ha
JIUATHOCTHYHUTE MEPOIIPUSTHSL.

3. lnarHocTHKA Ha CHJI0OB TpaHcgopMaTop
Ype3 3MepBaHe HA YACTHYHH Pa3psian

Juarnoctukarta Ha CUJIOBUTE
TpaHchOpMaTOPH Upe3 EINEKTPUUECKO H3MEpBaHE
Ha 4aCTUYHM Pa3psiiy, IoMara Jia ce OLIEHH JaJCHO
CHOPBKEHHE M J1a C€ ONpEeAeNsAT W aHaIu3upar

paznuuusATa  MEXKIY —pa3pylmIUTeNIeH 4YacTH4YeH
paspsin 171 mpooemu, KOUTO 3acsraT
(YHKIIHOHATHOTO MpeTHa3HAYEeHNE Ha

TpaHchopMaropa U ChOPBKEHHUITA CBBP3aHU KbM
Hero. M3cneaBaHusAT 0OEKT € aBTOTpaHCHOPMATOP
KWF 160 001/380 E ;180 MV A; 220/110 kV.

OcHoBHATa I1eJ HA HM3MEPBAHETO € Ja Ce
OIIEHH CHCTOSIHUETO Ha CHJIOBHS TpaHchopmarop.
TexHukuTe 3a OTKpUMBAaHE M H3MEpBaHE Ha
paspsauTe ce Oa3upaT Ha CHEPTUUHUAT OOMEH,
KOMTO ce moiyyaBa MO BpeMe Ha paspsga. [lpu
EJIeKTPUYECKUST METO]T TO3H OOMEH € 00YCJIOBEH OT
HMITYJICEH TOK.

BoiaHHTE Ha  HanpeXeHHE WIH  TOK
MOPOJICHH OT HAIMYME HA YACTHUYCH paspsj ce
PasmpoCTpaHsaBaT ChC 3aKhCHEHHE, KOETO 3aBHCH OT
BUIA M JUCIICKTPUYHUTEC XapaKTCPUCTUKH Ha

pasmpocTpaHsBaliaTa cpeia - BB3AYX WM
TpaHchopMaTOpHO MACJIO.
Enextpuueckata Bepura, IIOKa3aHa Ha

®ur.2 BKIIOYBA M3MEPBATEIHU NpeoOpa3zoBaTely,
CBBP3BaIlM Kalelu C elHaKBa AbDKUHA U LUPPOB
ocruiiockon. VM3mepBarenHure mpeoOpa3oBaTenn
Morar Jla ce MOHTHpaT IUPEKTHO KbM Ka3aHa Ha
Tpancpopmaropa — KbM (1aHIH, OONTOBU BPB3KU
Ha KOpIlyca WM C€ OCBIIECTBSIBA MOHTAX Upe3
CBBp3Ballli  KOHJEH3aTOpU  —  KallalleTUBHH
genutend. 3a Aa ObJAT TOYHM pe3ylTaTHTE ca
HEOOXOIUMH TIOHE TIET HM3MEPBATENHU TOYKH 10
MOBBPXHOCTTA Ha Ka3aHa.

———aEee ECoC
Koakeuanes xabex 10 m - S0C - 3
Ee =g
—0— =
b |
Koascwazer kabea 10 m - 500
-0 ae

v ‘

Koaxcuazen xagen 10 m- 500

Koaxcmaten saea 10 m- 500

Due. 2 H3mepsamenna sepuea
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@Due. 3 Paznonooicenue na usmepsamentume
npeobpazosameinu

[Ipy  u3MepBaHETO HAa  CHUTHATBT C
BB3MOXKHO Hal-Manka aedopManus W C €JHAKBO
3aKbCHEHME, IBJDKMHATA HAa CBBP3BAIIUTE KaOeIH
MEX]y OCLMJIOCKONA M W3CIEABaHUs 00CKT TpsiOBa
Jla € MUHMMAaJIHA 1 €JHaKBa JI0 BCSKA M3MEpBaTEIHA
TOYKA.

[lpuema ce, ye OT eAMH U3TOYHUK Ha
YaCTUYHU pa3psad BPEMETO Ha pPa3NpOCTpaHEeHHUe
Ha EJIEKTPOMAarHWTHAaTa BBIHA [0 TOYKHATE Ha
W3MEpBaHE € pa3IM4HO M € TO-TOJSIMO A0 TOo-
OTJaJICYCHUTE U3MEPBATEIHN TOUKH.

Bb3 ocHOBa Ha HampaBeHO EJIEKTPUIECKO
M3MEpBaHE HA YACTUYHH pa3psad € H3rOTBEHA
IUarHoCTHKa Ha CWIOB TpaHchopMmarop Cbe
3aKJTIOYMTENTHA MIPENOpbKa 32 OTBApSHE W PEMOHT
Ha ChOpBXKeHuero. Ilpm amarHoctukara Oe
YCTaHOBEHO MSCTOTO Ha pa3BUTHE Ha paspsna, a
WMEHHO MEXKIy HaMOTKa BHCOKO HANpeXeHUE U
3aIIUTHUS €KpaH Ha TpaHcdopmaropa.

Duez. 4 Omesapsne na cuios mpancghopmamop

Crnen orBapsiHe Ha TpaHchopMaTopa ce
YCTaHOBHM Hapylui€Ha U30J1allid Ha HaMOTKa BHUCOKO
HampekeHue, mnokaszano Ha dwur.5 u ciaemu or
pas3psIu Mo eKpaHa, KOUTO ca mokaszaHu Ha Our.o6.

@Due. 6 Cnedu om paspsio

4. 3akiaouenune

OT pasrienaHute B CTaTusiTa NpodJIeMu,
clie/iBa 4e BCEKH OT METOAWTE 3a AMArHOCTHKA MMa
CBOUTE NPEIUMCTBA M HeIOCTaThIH. CHBMECTHOTO
WM M3IOJI3BAHEC B pas3jIM4yHU KOM6I/IHaIII/II/I -

AKyCTHY€H,  EJIEKTPUYECKH,  €JICKTPOMarHUTEH,
TEPMOBM3MOHEH W  ApPYTrHW, JIONpUHACA  3a
aHaJIU3UpaHe CBCTOSIHUETO Ha CHUIIOBHS
tpancopmarop. TouHocTra Ha  ompezaensHe

MSICTOTO Ha JAedekta ¢ MOMOINTa Ha M3MEPBaHe Ha
YaCTHYHU Pa3psiid € JO0Ka3aHa Cliel OTBapsSHE Ha
CUJIOBUS TpaHChOpMATOP.
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HACTPOUMKA U N3IIUTBAHE HA

JTUPEPEHLIUAJTHA 3ALIATA HA
TPAHC®OPMATOPH (ANSI CODE 87T)

CTE®AH YOBAHOB

Pe3tome: [Ipeonaza ce memoouka 3a cv3oasane na Mooei, HeobXooum 3a onpeoeisine Ha
HACMPOUKAmMa u U3NUmMeare (C NOMoOwma Ha A8MOMAMUUPAHA CUCIEMA 3d MeCMEane) Ha
ougepenyuanna 3awuma Ha Mpanchopmamop, pearusupana ¢ yu@poso ycmpoucmeo
Sepam T87. Memoouxama e anpobupana npu u3nviHeHue Ha NPOeKm 3a MOOEPHU3AYUs HA
cucmemume 3a 3awuma u ynpaenenue 6 Llemmpanna pasnpedenumenna noocmanyus
(UPI1) na /Jvuou Ipewrnc Memanc Yenoneu EAJ] (IIIMY), kv0emo ca euedpenu Sepam
T87 3a 3awyuma na mpancghopmamopume 110/6 kV u 110/10 kV.

KarouoBu gymn: usnumeane, OugepeHyuanna, 3auuma, mpancpopmamop, mooein

SETTINGS AND TESTS OF TRANSFORMER
DIFFERENTIAL PROTECTION (ANSI CODE 87T)

STEFAN CHOBANOV

Abstract: With the Report is proposed a methodology for creating a template, for
definition of the settings and the testing (using an automated testing system) of a
transformer differential protection, realized with a digital device type Sepam T87. The
methodology is approbated in performance of a project for modernization of a system for
protection and control in the Main Distribution Substation at Dundee Precious Metals
Chelopech (DPMC), where is implemented a the Sepam T87 for protection of the

transformers 110/6 kV u 110/10 kV.

Key words: test, differential, protection, transformer, template

1. ChmHOCT Ha IpodieMa

OcHoBHHTE MPOOJIEMU TPU H3TPAKAAHETO
Ha qudepeHIManHaTa 3ammTa Ha Tpanchopmaropa
ca: OTHOCHTEIHO TOJE€MHTE CTOMHOCTH Ha
HaMarHWTBalUs TOK IPH BKJIIOYBAHE; BIHMSHUETO
Ha CTBIKOBMS pErylatop Ha HalpeKEHUETO;
nosiBaTa Ha TOKOBE Ha HeOalaHC MPH TOBHILEHO
3aXpaHBALll0 HANpPEXKEHUE; OTCTPOMBAHETO OT
TOKOBeTe Ha BBHIIHM Kbcu cbeauHenus (KC);
JTBKIMBUTE CPabOTBaHMsI IIPH MOBpeaa B TOKOBHUTE
tpanchopmaropu [1]. B ceBpemenHute nndpoBu
3alIUTHU YCTPOMCTBA TE3H MPOOJIEMHU ca PElIeHH B
rojsiMa CTENeH, HO 3a CMETKAa Ha OTHOCHTENHO IO-
cllokHa (QYHKLIHMOHAJIHO-CTPYKTYpHA CXeMa CIpPSMO
MO-CTAPUTE CUCTEMH OT €IEKTPOMEXaHWYEH THII,
KoeTo pedriexkThpa BbpPXy ~ HacTpoiikaTa |

TECTBAaHETO Ha 3alUTHTE. [ 0JIsIMOTO MHOTOOOpasue
Ha  mpemyaraHuTe  OuQpoBM  3alUTH M
HEMPEeKbCHATOTO UM Monxuduiupane oOyciass
HEOOXOMMOCTTa OT CBOTBETHH CIEUU(PUIHU
Monenu (templates) Ha XapaKTEpUCTUKHUTE 3a
3aIUTHUTE UM (QYHKUWUH, HEOOXOJUMH TpH
U3IUTBaHE C HAIMYHUTE aBTOMATH3UPAHH CHCTEMH
3a TECTBaHE.

2. Cnenu¢uvHu 0CO0EHOCTH HA
audepennnanHa 3amurta Sepam T87

Hudepennmnannara 3ammTa Ha
tparcopmaropu (ANSI code 87T), peanusupana
cbc Sepam T87 3ammraBa or Mexaydasuu KC B
30HaTa Mexay TokoBute Tpancopmaropu (TT) 3a
m3mepBane Ha TokoBere (I1, 12, 13) u TT 3a
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n3mepBaHe Ha TokoBere (I'1, 12, 1'3), nokazanu Ha

o =%

¢azoBuTe TOKOBE (110 aMIUIMTYyJa U (a3a) OT JBeTe
CTpaHH Ha TpaHCcopMaTopa.
I'3

I'2 11

VAR

| \N

87T

Que. 1. Ipunyunua cxema

¢ur.l. 3ammrata pabOTH upe3 CpaBHEHHE Ha
1 12 13
VAR
\
HezaBucumo oT Ha4YMHA Ha
NpUChEOUHABAaHE Ha  IBPBUYHUTE  HAMOTKHU,

BTOPUYHHTE TPSIOBA J1a OBAAT CBBP3aHU HACPEIIHO,
T.e. W JBaTa 3BE3JIHM IEHTBhpa Jla ca KbM
3alUTaBaHOTO ChOPHKEHUE TN 00PaTHO.

B Sepam T87 ce BbBeKIAaT HOMUHATHUTE
CTOMHOCTU Ha MOLIHOCTTA S, ¥ HampexeHusta U

u U , Ha 3ammTaBaHus TpaHC(HOPMATOp, HA KOSITO

OCHOBA C€ U3YMCIISIBA MPEBOJHOTO MY OTHOIICHUE U
PECHEKTUBHO C€ CBIIOCTABAT aMIUIUTYIUTE Ha
TokoBere. C moMolra Ha BbBEACHATA Ipyna Ha
CBBp3BaHE Ha TpaHCpopMaropa Cce€ OIpenens
(hazoBaTa paszauKa MEXIYy TOKOBETE.
Wsmepenute  croiiHOCTH

Ha asoBuTe

TokoBe I (x=1,2,3) Ce€ Mpeu3uyuciasBaT 3a

OCUTYpSABAHC Ha HCYYBCTBUTCIIHOCT Ha
Z[I/I(l)epeH]_II/IaJ'IHaTa 3aliuTa MpUu BHHIOHW TOBPCIU.
3a neiarTa (] HUrHopupa TOKa C HYyJICBa
IOCJICAOBATCIIHOCT

(1)

Kpaero x =123

[ ,— HOMMHAJIHHMAT TOK B HamoTKa | Ha
Tpanchopmaropa.

Hamorka 1 e BxItoueHa KbM Bepurarta, Ha
KOSITO choTBercrBar TokoBere I1, 12, I3 wu
Hanpexxenuero U ,, a HAMOTKA 2 - KbM BEpHrara,
Ha KoATo choTBercTBaT TokoBere I'l, I'2, I'3 m
Hanpexenuero U , .

HudepeHnuanHuaT Tok [, ¥ u3MepeHuAr
da3oB Tok I, ce m3uMciABAT Ha OCHOBaTa Ha

Tokosere Im u [, .

e JludepeHuunaneH ToK:

I, =|T, +1, )
Kpaero x=1,2,3
o @a3oB TOK:
Itxzmax(g,a) 3)

Kpaero x=1,2,3

3ammrata cpaboTBa, ako IOHE EIUH OT
nudepeHIHaIHITe TOKOBE CTaHE IMO-TOJISIM OT
rpaHUYHaTa CTOMHOCT, NerHUpaHa upes:

o  Bucokuar” mudepeHimaieH Tok Ha
HaCTpoOMKa.

B cporBercTBHE C OTHOCHTENHATA
XapakTepucTuka (percentage-based curve) c
JIBE PA3JIMYHU HAKJIOHEHU YaCTH.

,»HUCKHAT mudepeHnaieH TOK Ha

HaCTpoMKa.

3oHaTa Ha cpaboTBaHe Ha
nudepeHInarHaTa 3aluTa ¢ mokasana Ha ¢ur.2.

, Bucokusm*®  Oughepenyuanen mox Ha

nacmpotixa (High set point) ocurypsiBa OBp30
M3KJIFOUBAHE TPH TOJIeMU TU(EPEHIIUATHA TOKOBE,
0e3 BB3MOXKHOCT 3a BBBEX/AHE Ha
BpeMe3aKbCHEHHE Ha Wu3KIouBaHero. [IparsT Ha
cpaboTBaHE Ha Ta3W 3amuTa TpsOBa na ObIEe TO-
1,/1,

MbPBOHAYAIIHO BKITIOYBAHE HA TpaHCHOpMATOpA.

TOJIAM oT CTOMHOCTTA Ha npu
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ldfin1 A
-~

3oHa Ha cpaboTeaHe / :

3oHa 3a HacTpoWKka
Ha TouKaTa Ha npedynsaHe

e

1d/1t2 max.
(100 %)

ld/it2

|
2
Touka Ha NpedyneaHe

I
|
I
I
|
|
|
|
Idﬂtz min. |
ditmax. |
B0y
e I
I
i
1d/1t :
I
|
,,,,,,,,, I

| Id/tt min.

T (15 %)
= = |
I
|
T R N -2
4 5 18 ItfIn1

Due. 2. Xapaxmepucmuxa Ha oupepenyuarnama sawuma Sepam T87

Omuocumennama xapakmepucmuka ce
ChCTOM OT HIKOJIKO 4YaCTH, KOUTO CC I[e(l)I/IHI/IpaT,
KaKTO CJIcaBa:

e _ Hucek* qudepeHnuaneH TOK Ha HACTPOHKa
/ alow set point (/)

e JIBe mpaBu JMHUH, IpEeCHYAIl HAYATHATA
TOUYKA Ha KOOpJIMHATHATA CUCTEMA C
peryiupyeM HaKJIOH 3a Besika OT TX (1, /1,

ul,/1,)

o Touka Ha cMsHaTa Ha HakioHa / the slope
change point.
XapakrepucTukara  TpsibBa nma  ObIe

MOCTpOeHAa IO HauWH, OTYMTAll TIpellkarta Ha
W3MEpUTEITHUTE TpaHchopMaTopu M TpeliKata B

IIPEBOTHOTO OTHOILIEHUE Ha CHJIOBHS
Tpancopmarop,  KoSITO ~ MOXke jga  Obae
NpeAu3BHKaHa OT CThHATHHUS — peryjaTop Ha
HaIPEXEHHUETO.

HpeZ[BI/II[eHI/I ca CJICAHUTC 3aJPBbKKU Ha
Cpa6OTBaHGT O Ha 3a1urTarta:

e ABTOAamanTHBHA WM KOHBEHIIMOHAIHA
3aJIpbKKa 110 XapMOHHUK.

e [IbpBOHAYATHO 3aXpaHBaHE Ha
Tpanchopmaropa.

e [IloBpemaB TT.

Asmoaoanmuenama 3a0pvoicKa Ha
CpabOTBaHETO Ha 3alWTaTa € 0COOCHO IMOIXOJSIIA
3a TpaHc(hopMaTopH, MpH KOUTO HAMArHUTBAIIUSAT
TOK € mo-MaireK oT 8l,; wim 8l,,, B 3aBUCHMOCT OT
CTpaHaTa Ha 3aXxpaHBaHE Ha TpaHchopMaTopa.

3ajpbKKaTa TpeAma3Ba  3aluMrara  oT
HECENIEKTUBHU HM3KJIFOYBAHUS MPH BHHITHHU TTOBPEIU
Yype3 aHalIM3 Ha BTOPH W TETH XaPMOHHK,
TuQepeHITNaIHUTE U (pa30BUTE TOKOBE. Tsi 3a/Ibpika
CpabOTBaHETO Ha 3aIlUTaTA MIPH:

e I[IbppBOHAYAIHO BKJIIOUBAHE HA
TpaHcgopmaropa

e Hecumerpuunu noBpeau U3BbLH 30HATA HA
JICMCTBHE Ha 3allATaTa, KOUTO
npeau3BUKBaT Hacuiane Ha TT

e [Ipu MoBUIIIEHO 3aXpaHBAIIO HAIIPEKECHUE
(overfluxing).

[Ipu Hamuume Ha XapMOHHUILIM 3aJpbBKKATa
ABTOMATUYHO YBEIMYaBa ,,HUCKUA™ nudepeHnnancH
TOK Ha HACTpoilka U ,,IOBOUra“ OTHOCHUTEIHATa
XapaKTepUCTHKA.

Ta3zu wact or 3amuTHaTa (QYHKIUS € I0-
YyBCTBUTEIHA OT ,,BUCOKUS Tu(epeHIInaleH TOK Ha
Hactpoiika. CrenoBaTeNHO NpU BHBEKIAHETO HA
TO3W THI 3aJpbKKa HAMA HEOOXOJUMOCT OT
M3IO0JI3BAHETO HA ,,BUCOKUA ™ JU(EPSHIINANICH TOK Ha
HacTpoiika. Hemo moBede, Thil KaTo 3aapbiKKaTa
WTHOpHUpA JEHCTBUETO HA TOJIEMUTE TOKOBE, KOUTO
Morat aa Hacutat TT, To BTopaTa HaKJIOHEHAa 4acT
Ha OTHOCUTENIHATA XapakTepuctuka [, /[, Moxe na

HE C€ aKTHUBUA.
Konegenyuonannama 3a0pvoicka nma
HACTpOMKa 1O BTOPM XapMOHMK 3a Bcska (asa H
HACTpOMKA I10 MEeTH XapMOHUK 3a BcsKa (asa.
3anpbKKaTa 1Mo BTOPU XapMOHHUK IMpe/na3Ba
3amMTaTta  OT CpaboTBaHe MpHU ITBPBOHAYAIHO
3axpaHBaHEe Ha TpaHCPOpMATOpa M NPH HACUILAHE
Ha TT. 3agpwxkkara Moxe na Opae oOma (cross-
blocking: nelictBa Ha TpuTe Qasm, HpH
MpEeBUIIaBaHE HACTPOMKAaTa Ha 3aJpbXKKara camo B
enHa oT Tsix) wiu modasHa (no cross-blocking:
nericTBa caMo Ha (pazarta ¢ mpeBUIlIeHa HACTPOIKA Ha
3aapBxkKata). [IpenoppuBa ce obImaTa 3aIpbKKa.
3anppKKaTa 1O MeTH XapMOHMK Ipeina3Ba
3ammTaTa OT cpaboTBaHe IMIpU 3axpaHBaHE Ha
TpaHcopmaropa €  TOBUIIEHO  HaMpeKCHHE.
3aapbkkaTa MOoXke J1a Obne oOmia (T.e. 3aabpxa U
TpuTe (a3u) wim nodasHa (aericTea camo Ha (aszarta
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C IpeBHIIEHAa HACTpoWKa Ha
[IpenopwuBa ce modasHarta 3aApHKKa.

3aopwvoicka npu éxnousare. B HiIKOU ciyyan
CHObP)KAHMETO  HAa  BUCIIM  XapMOHHULIHM B
HaAMarHUTBallMsg TOK Ha TpaHcpopMaTopa He e
JIOCTaThbUYHO Ja  aKTUBHpa  3aJpbKKara Ha
cpaboTBaHeTO Ha  3ammMTaTa. BB3MOXKHO €
AaKTUBHPAHETO HAa JONBJHUTEIHA 3aApbXKKa. Taszu
3aJpBKKa ce TMpuiara KbM  OTHOCHTEITHHUTE
EIEMEHTH Ha XapaKTEepUCTHUKaTa 3a peryaupyeM
nepuon ot BpemMe T. Ts He ce mpunara 1o
OTHOIICHUE Ha ,,BUCOKHMS* nu(epeHnnaIeH TOK Ha
HaCTpoOMKa.

3aopvocka npu nospeoa ¢ TT. TloBpena B
TT Moke a cTaHe MPUYMHA 38 HEOOOCHOBaHA MOSBA
Ha JuQepeHIraieH TOK U PECIIEKTUBHO — HEKEIaHO
W3KITI0YBaHEe. 3aIphKKaTa yCTAaHOBSIBA ClajaHe Ha
M3MEpBaH TOK /10 HyJe€Ba CTOHHOCT, MPUIAPYKEHO C
HeaJleKBaTHU  pe3yaTaTH  OT  aHaiu3a  Ha
nrdepeHIuaHITE U (Ha30BH TOKOBE.

Bexropnata pgmarpama @ Ha  TOKOBETE,
M3MEpEHN OT Sepam MOXKe Ja ce Busyanusupa Ha PC
ype3 copryepa SFT2841. BenencrBue HacpenHoTo
CBBbp3BaHE Ha BTOpPUYHHATE HAMOTKM Ha TT
BEKTOpUTE Ha TOKoBeTe i'l,i'2,i'3 ca 3aBBpPTEHU Ha
180°.  Ilpumep: Bekrtopnata nuarpamMa Ha
Tpanchopmarop S-ta Tpyna, Buszyaiamsupana Ha PC
e uMa Buja Ha 11-1a rpyma.

3aJIpbIKKaTA).

3. ITapameTpupaHe Ha HACTPOWKHUTE HA
audepeHINATHA 3a1ATA

Onpeodensine Ha ,,Huckua' ougepenyuanet
mok na Hacmpoixa [, ~ MHHUMalIHUAT TOK Ha
HAaCTpoOHKa Ha ,,HUCKUs AudepeHuuanet Tok [, ce

olpenens 4pe3 CyMHpaHEe Ha TpelKuTe [2], KakTo
clezBa:

1, >100. (100+5)_(100-a)) 4)
) 100 (100+b)

KBJIETO:

b € MaKCUMaJIHO OTKJIOHEHHE Ha CThIIATHUSL
peryaaTop Ha HalpeXeHUeTo Ha
Tpancdopmaropa [B % ot U, |

a -rpemka Ha TT Ha cTpaHa cpeHO HaNpeKeHHe
[B%or [, ].], ¢HOMHHAIHKS TOK Ha
nbpBUYHATa HamoTKa Ha TT, npuchenuHeHn
BbB BEpUIaTa Ha HaMoTKa 1.

p - rpemka Ha TT Ha cTpaHa HUCKO HaNpeXeHue [B

%or I, ]. I, e HOMHUHAIHHUS TOK Ha

-140 -

IIbpBUYHATA HAMOTKA Ha TT, MNpUCHEAUHCHU
BBB BCpUIraTta Ha HAMOTKa 2.
Yy — I'p€lIKa Ha 3allIUTHOTO PCJI€ B CbOTBCTCTBUC C

n3ucksanugTa Ha IEC 60255-6.

[Mpumep: Tpanchopmarop Ne2 B OPY
110/10/6 kV ma JAIIMY c TeXHWYECKH MapaMeTpH:
S=16MVA, U, =110kV, I =844, U, A =6,3kV,
I ,=1446A4 . TpancdopmaTopbT ce 3axpaHBa KbM
HaMoTKa 1.

MakcuManHO OTKJIOHEHHE Ha CTBINATHUA
perynatop: b = 15%

I'pyna na cebp3Bane YndS

TokoBu Tpanchopmaropu:

e KoM mamorka 1: 150A/5A, 5P20, o = 5%
e KwMm Hamortka 2: 2000A/5A, 5P10, 8 = 5%

I'pemka Ha Sepam: ¥y = 5%

CymapHara rpeika B CboTBeTcTBHUE C (4) €
24,4%.

CrnenoBaTenHo ,,HUCKUAT® nudepeHIuaicH
TOK Ha HacTpoilka [, ce IpueMa paBeH Ha
MUHUMaNHOoIycTUMaTta ctoiHocT 30%.

Onpedensine na nvpeama HAKIOHEHA 4aAcm
Ha omHocumenHama xapakmepucmuxa 1, /1
MuHMManHUAT HakiIoH Ha [, /1, ce ompenens 4pes
CyMHpaHe Ha TPElIKUTE [2], KaKTO clieaBa:

(100 - &).100
(100+5)(100+ ) | 7" ®

]—"2100. 1-
1

t

KBJIETO ¥ € PE3epB 3a CUTYPHOCT: 5%

3a mnpumepa c Tpancdopmarop Ne2
cyMapHaTa rpemka B choTBercTBHE C (4) e 28%,
CIICMOBATEIIHO  IbpBaTa HAKJIOHEHa 4YacT Ha
OTHOCHTENHATa Xapaktepucrtuka [,/ ce mpuema

paBHa Ha 28%.

U360p na 3a0pvoicka — agmoadanmusHa uiu
xousenyuonanna. B cnydas ¢ Tpanchopmartop Ne2
HSIMa JAaHHU OT MPOHM3BOAMTENS 332 MaKCHMalHAaTa
CTOMHOCT Ha HAMarHMWTBAIUUSl TOK, MOPagd KOETO
MOCJIEAHUAT € U3MEPEH C MOMOIITa Ha MOHTHPAHHS
B peneiiHoro Tabmo  Sepam 1000+  T87.
HamarautBammsat tok Ha Tpanchopmatop Ne2 e
3aCHET NPU IbPBOHAYAIHOTO MY IIOCTaBSHE IOJ
HampeKeHHUe cjel ABYMEeceyHo Hu3KitouBaHe (Dwur.
3).
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C1720,05ms

C2 2000,15ms I E—

Delta 1280,10ms

400
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@Due. 3. Hamacnumeauy mok Ha mpaucgopmamop No2 cried 08ymeceuro usKioysane.

Or ¢ur.3 e oTueTeHa MaKCHMallHa
CTOMHOCT Ha HaMarHuTBamusa Tok 430 A.

[lpu mnocnenBamm 1Be BKIIOYBAHUS Ha
TpaHcgopmaropa OTYETCHUTE MaKCHMaJTHU
CTOWHOCTM Ha HaMarHUTBAIIVs TOK Ca 3HAYUTEITHO
mo-manku (190 A u 230 A).

I/\<8 ce

Inr
ABTOAJIAIITUBCH BapHAHT Ha 3aJIphiKKaTa.

B ciyuas BTOpaTta 4act Ha OTHOCHTEITHATA
XapaKTePUCTUKA U ,,BUCOKHST  TU(epEHITUAIICH TOK
HE ca HEOOXOIUMH.

Twit KaTo n3oupa

4. XapakTepucTika Ha AudepeHIHATHATA
3amuTa Ha Tpanchopmartop Ne2 B
OTHOCHUTEJIHU eIMHUIA

Ot ypaBHeHUsITA:

II—" =1, =0,30
Inl (6)
~4.-0,28
I[
CC U3BCXKIa
1
—+=1,07 7
7 (7

nl

T.C. 06maTa TOYKa Ha ABCTC XAPAKTCPUCTUKHU € C
KOOpAWHATH

II—"z 0,30

;l (8)
—=1,07

I

nl

HWJIN  XAapaKTCpUCTHUKATA Ha ,Z[I/I(l)epCHI_[I/IaHHaTa
3allyuTa B OTHOCUTCIHU CAMHUIIN Z[O6I/IBa BUaa

I I

-4 =7,=0,30, npu—-<1,07

Inl nl (9)
II—“’:O,ZSL, npuL21,07

nl nl nl

5. XapakTepncTuka Ha 1M depeHIIHATHATA
3amuTa Ha Tpancpopmartop Ne2 B
a0COJIIOTHH CTOIHOCTH

{I‘k =0,301,, =25,20 4, npul, <1.071,, =90 4 (10)

1,=0,281, npul, 290 4

6. I3nuTBaHe HA 3aI{UTATA

H360p HA  uznumamejaHu  nov4ku  om
Xxapakmepucmukama Ha 3awjumama

Ms3bupar ce 5 croiiHoctn 3a [, B
unrepBana (0+1.07)7,,, nmamp. (0.2, 0.4, 0.6, 0.8 u
1.0)7,, wm (17, 34, 50, 67 u 84)A. B cbmus
unrepsan [, =25204.

Hsbupar ce 5 croitnoctn 3a [, >1.071

x

Hamnp. (2, 3,4,5u6) I, um (168, 252, 336, 420 u
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504)A. CvorBerHuTe cTOMHOCTH 3a [, ca (47.04,
70.56, 94.08, 117.60 u 141.12)A.
CroiiHocTUTE I,'(x=123),

CHOTBCTCTBAIIlKX HaA I/I36paHI/ITe CTOMHOCTH 3a Itx

Ha

(x = 1,2,3) CE M3YUCIIABAT 10 U3pa3a

Y TIOJYYCHUTE CTOMHOCTH Ca TOKa3aHU Ha TaOJwuIia
1. B cpimara Tabauna ca mokasaHyd CTOMHOCTUTE Ha

BTOPUYHUTE TOKOBE I, M [ ', CbOTBETCTBAILU Ha

U3IUTATEIHUTE TOYKM OT XapaKTEPUCTHUKATa Ha
andepeHlanHaTa  3alluTa, KakKTo M TECTOBU
croinoctn i ,'=1.1i ', Ipy KOMTO 3ammraTa He

Tpsa6Ba 1a cpabotBa, pecn. i_,'=0.9i ', npu KOUTO

I'=(,~-1,) gnl (11)  3amwTara TpsbBa 1a cpaboTBa.
n2
Tabnuua 1
TecToBN BTOPHYHHA
Xapalcrzgncnma TOKOBe, I;
audepeHnnaIHaTA XapaKkTepHCTHKA HA 3amurara
3amUTA B An(epeHInATHATA 3aUATA B AMIEPH | ye TpsdBa 3amurara
OTHOCHTEJHH na TpsidBa 1a
eTUHU LU cpaboTsa cpadoTBa
"Hucok'" nudepeHnuaieH TOK HAa HACTPOHKa

L/r, | 1,/1, |\I.A|IL,A| I.A |i ,A| i,A| i A i,'A
0,20 0,30 16,8 | 25,20 | -146,7| 0,56 | -0,37 -0,33 -0,40
0,40 0,30 33,6 | 25,20 146,7| 1,12 | 0,37 0,40 0,33
0,60 0,30 50,4 | 25,20 440,0| 1,68 | 1,10 1,21 0,99
0,80 0,30 67,2 | 25,20 733,3| 2,24 | 1,83 2,02 1,65
1,00 0,30 84 | 25,20 | 1026,7| 2,80 | 2,57 2,82 2,31

O0ma ToYKa Ha IBeTe XapaKTepPUCTHKH
1,07 | 030 [89.88] 2520 | 11293] 3,00 | 2,82 | 3,11 2,54
IIbpBa HaKJIOHEHA YACT HA OTHOCHTEJIHATA Xapakrepuctuka I /1,

/1, | 1,/1, |I.A|IL,A| I.A |i ,A| i,A| i A i,'A
2,00 0,56 168 | 47,04 | 2112,0| 5,60 | 5,28 5,81 4,75
3,00 0,84 252 | 70,56 | 3168,0] 8,40 | 7,92 8,71 7,13
4,00 1,12 336 | 94,08 | 4224,0| 11,20 | 10,56 11,62 9,50
5,00 1,40 420 | 117,60 | 5280,0| 14,00 | 13,20 14,52 11,88
6,00 1,68 504 | 141,12 | 6336,0| 16,80 | 15,84 17,42 14,26

®dazoBara pa3jimKka MEXAYy BCKTOPUTEC Ha

BTOPUYHUTC TOKOBC 1

tx

u i

'
X

TpsiOBa

na

pasmpenenurenna nonacrannust (LIPI1) wa JIbHam
[pemrbc Meranc Yenoneu EAJ[ (JAIIMY), kbaero
Sepam T87

ca

BHCAPCHU

3a

3almuTa

CHbOTBETCTBAa Ha 5-Ta rpymna Ha CBBP3BaHC CbHC

3aBbpTaHe Ha 1 ' Ha 180° T.e. B CHOTBETCTBHE C
11-ta rpyna Ha cBbp3BaHE.

7. 3aKJII0ueHHe

Pa3paborena e meronuka 3a Ch3laBaHE Ha
monen (template), HeoOXomuMm 3a HacTpoWka H
M3NHUTBaHE (C TMOMOINTa HAa aBTOMAaTU3WpaHa
CUCTEeMa 3a TeCTBaHE) Ha MU(epeHITNANIHA 3alUTa
Ha TpaHCchopMaTop, peanu3upaHa ¢ IHPPOBO
ycrpoiictBo Sepam T87.

MeroaukaTa e anpobupaHa npu
M3ITBJIHCHUE Ha TMPOEKT 3a MOJACpPHHU3AIUs Ha
CUCTEMUTE 3a 3alluTa W ynpasieHue B LleHTpaiHa

tpanchopmaropure 110/6 kV u 110/10 kV.
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JOI'BJIHUTEJIHU 3ATI'YBU BbB BB3/1YHIHU
TOKOOI'PAHUYABAILIU PEAKTOPU

JMHBO KOCTOB, 'EOPI'M 'AHEB

Pe3rome: B doknada ce pazenescoam OOnviHUmMerHume 3a2you 6b3HUK8AUU 666 6530V UHU
MOKOOSPAHUYABAWU PeaKmopy Npu HAIuUYUe HA — MeMmAlHU 3aWumuu npespaou.
Hsnonzeatiku memoda Ha Kpatinume elemMeHmu ca onpeoeiieHu OOnvIHumenHume 3a2you
npu XOPU3OHMATIHO U NPU BEPMUKAIHO DPA3NONOJNCEHUEe HA MPU Gb30VIMHU PeaKmopd
BKIIOUEHU 8 MPUPaAsHa Mpedca. AHAMU3UPaAHU ca NPUYUHUME 3a 8b3HUKGAHEMO UM.

KarouoBu nymu: 6v30yunu moxooepanuyasawu peaxmopu, donvanumennu sazyou, MKE

CURRENT LIMITING AIR REACTORS
ADDITIONAL LOSSES

DINJO KOSTOV, GEORGI GANEV

Abstract: The additional losses existing into air current limiting reactors have been
studied in this paper. Using finite element method the additional losses into three air
current limiting reactors with horizontal and vertical position connected in three phase

grid have been determined. The causes of their rising are analyzed.

Key words: air current limiting reactors, additional losses, finite element method

1. BnBenenue

Bb3nymHuTe TOKOOrpaHUYaBAIll PEaKTOPU
Ce M3IOJN3BAaT OT JBaJieCeTTe TOAMHM Ha MUHAIUS
BEK, MbpBOHa4YasHO OT (upmara Westinghouse
Electric, a Bmocnencrteue — u OT Apyrd GUpMH OT
to3u Opanmi. [loHacTosIIIeM, BB3yIITHUTE PEAKTOPH
Ce M3MOJ3BAaT KaTO 9YacT OT (MITPHUTE 3a BHUCIIH
XapMOHMIIM, KaTO U3MJIAXKIAIIH peakTopH u ap. [1]

B mHac BB3gymIHHTE TOKOOTpaHWYABAIIU
peakTopu HaMHpaT MPUIIOKEHNE B MPEKHUTE CPETHO
HalpeXeHWe ChC CPABHUTEIHO T'OJIEMH TOKOBE Ha
KbcO  cheauHeHwe. ToBa ca  HpeIuMHO
BBTPEILHO3aBOJICKU MpPEXKHU 6kV U
pasmpenenurenau Mpexu 20kV ¢ Majka JbDKUHA.
Haii-yecto W3I0JI3BAaHUTE peaxkTopu ca
npousBexaann B ousmarta CCCP.

Te3sn CHOPBKEHHS, HYECTO HapUYaHU
OETOHHM peakToOpH, C€ OTIMYaBaT C TMPOCTOTA,
BHCOKA HaJIS)KHOCT U JIECHA MOAPHKKA.

B nmoknama ca mpepcraBeHH pe3ynaTaTH OT
MPOBEJCHO  CUMYJAIMOHHO  H3CJelBaHEe  Ha
JIOITBJIHATEIIHUTE ~ 3aryou, BB3HUKBAId B

NpeNna3sHuTe METAIHH TPerpagd W3MOJI3BaHH 32
obe3onacsiBaHe Ha OETOHHNUTE PEAKTOPH.

2. 3ary0u B TOKOOTpaHUYaBALLKTE

peakTopu
3aryoute BBHB BB3IYITHUTE
TOKOOTpaHHYaBaId  PEAKTOPH  3a  CPEAHO

Hanpexenue (Cp.H.) ce gpmkar Ha oMuyeckure
3aryOu B IPOBOAHMKA OT KOWTO € HAaBUTa TAXHATa
6o6una [2,3]. Ha ¢ur.1 ca gamenu 3aryOuTe BBHB
BB3JyIIHU  PEAKTOPH, B 3aBHCHUMOCT OT
HOMMHAJIHUS TOK [4].

MarHuTHOTO 10JIe Ha PeakTopa € MpU4uHa
3a Bb3HMKBaHE Ha BUXPOBHU TOKOBE BBHB METAJIHHUTE
JeTaiuii OT  HeroBaTa  KOHCTPYKIMA. Tesu
JOI'BJIHUTEJIHU 3aryOM TPYIHO C€ OIpPEAENsT IIo-
aHaJMTUYEH IbT M OOMKHOBEHO ce IMpeHeOpersaT
[3].

Ha ©Oaszata Ha W3BECTHH HMHXCHEPHU
METOJIMKH, € ChCTAaBE€H AJITOPUTBM 3a OMNpEeIIsIHe
Ha TEOMETPUYHHUTE pa3Mepd U Ha 3aryOure B
TOKOOTpaHUYABAIIUTE peakTopu [2,5].
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B®3 ocHOBa Ha ompe/eieHnTe TeOMETPHIHI
pa3Mepu U OCHOBHHTE KOHCTPYKTHUBHHU MapameTpu
(Opoli HaBUBKH, CEUCHUE HA IPOBOJIHUKA, CIIOCBE HA
HaMOTKata W Jp.), W3MON3BAiikKM MeToJa Ha

kpaituure enementd (MKE) ca cwcraBeHn
CUMYJIAIIMOHHU MOJIEIH.
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@ue. 1. Ilacnopmuu 3a2you 6
moxkooepanuyasawu peakmopu Cp.H.

Cumynupanu ca YETUPHU THIIA
TOKOOTpAaHMYABAlM pPEAKTOPH 33 HOMHHAIHO
Hampexxeane 10kV: PB10-150-4; PB10-300-5;
PB10-500-4 wu  PB10-1000-8.  Ilomyuenute
pe3yNTaTh ca CpaBHEHH ChC CIIPABOYHUTE TaHHU
[4,5]. Twit xaTo MacCIOPTHUTE NAHHU CE OTHACST
O-CKOPO bife) Maco-rabapuTHU pasmepu,
JIOITBJIHUTEITHO € OIPEJICIICHO ChIIPOTHBICHUETO HA
HaMOTKaTa Ha BCEKHM €IWH THUIOpa3Mep OT
WU3CJIEABAHUTE peakTopu. M3UMCIEHUTE CTOMHOCTH
Ha 3aryOMTe M Ha TEXHUTE CHIPOTHUBICHUS Ca
JIaneHu B Taou. 1.

Tabnuua 1. Ilapamempu na
MoKoO2panu4asawume peakmopu

Hom.tok, | 3aryowm, | Cemp.,
Tun A kW mQ
PB10-150-4 150 1,9 84
PB10-300-5 300 3,4 38
P510-500-4 500 3,8 15,2
PB10-1000-8 1000 8 9

Ha ¢wur.2 ca mpencraBeHn OTHOCHTETHHUTE
CBIIPOTUBJICHUA u OTHOCHUTCIHUTEC 3ary61/1,
MONly4eHU 4Ype3 TMpuiiaraHe Ha  WHXKEHEpHa
meroauka u Ha MKE.

Upes m3mon3BaHaTa WHXKEHEpPHA METOIMKA
Ce TOJyd4arT pe3ylTaTH CPaBHUTEIHO OJIM3KU JI0
nacnoptaute.  OTHOCHTENHaTa  pa3luka  3a
M3YUCIIEHUTE CHIIPOTUBICHUS Ha PEaKTOPUTE He

Hagsumasa 1,6%, a 3a 3aryoure - 2,5%.
Pesynratute, nonyuenu upe3 MKE ce ornuuasar
OT MACMOPTHUTE W MaKCHUMalHaTa pa3ihKa 3a
CBHIIPOTHUBIICHUETO U 3a 3aryOute moctura a0 17%.
ToBa ce nbKK Ha akTa, Ye MPU MaTEMaTHIECKOTO
MOJENUpaHe Cce U3MONA3BAT U3UYUCICHUTE CTOMHOCTH
Ha  KOHCTPYKTHBHHTE  IapaMeTpw, a  He
JICUCTBUTEIIHUTE MapaMeTpu Ha peaktopute. He ce
OTYUTAT 3aryounte B W3BOJIUTE u
MPHUCHEINHUTEITHATA apMarypa. Crnenpama
MpUYMHA 33 BB3HUKBAHETO HA CPAaBHUTEIHO
rojsiMaTta paslidKa € TOBa, UYe IIOBEUETO OT
pEaKTOpUTEe ca MPOU3BEKAAHH UM CBHOTBETHO -
MHCTaIUpPaHU B rnepuo/ia 1960-1985r.
Crenu(pu4HOTO CHIPOTUBJICHUE HA HW3IOJI3BAHHUTE
Ipe3 MOCOYCHHS MEePUO] MEAHHU MPOBOJIHULU € OT
3% no 7% mo-rojiiMO OT TOBa, W3IOJ3BaHO MpHU
Ch3[IaBaHETO HA CUMYJIAITMOHHMS MOJICIT.

1,2 T
—— R/Rrate (Calc) : : ;

-B— P/Prate (Calc) : § B
—>— R/Rrate (MKE) 3 3 .
- -B- - P/Prate (MKE) § : S

11

P/P
rate

)
[N
T

rate
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08 i i i i i
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Due.2. Toxose u 3a2you 6 MoKoo2paHU4ABA-
wume peakmopu, onpeoeietu upe3 UHICeHepHa
memoouka u upes MKE

3. OnpenensiHe HA JONBJIHUTEJTHUTE 3aryOH
B TOKOOTPAHHYABANLINTE PEAKTOPH

B HETNOoCpeICTBEHA omm3ocT bi (o)
BB3AYIIHUTE PEaKTOPH C€ pas3mojiaraT 3alluTHU
nperpay, upe3 KOUTO ce rapaHTupa 0e30MacHoOCTTa
Ha oOcmyxBamus nepcoHan (¢ur.3). OOMKHOBEHO,
TOBa ca JIEKH METAIHNA KOHCTPYKIMH, BEPXY KOUTO
€ TIocTaBeHa Mpexa. Pa3CcTOsSHMEeTO MEXIy
peakTopa M 3alIUTHHUTE MPETPaigu Ce Ompenels OT
HOMHMHAJTHOTO HAIpeKEHHEe Ha eJleKTpuvecKara
MpexKa.

Ha ¢ur.4 e nmokazaHo pasmnpenesieHHeTo Ha
MarHATHUS MTOTOK Ha TpH BB3YITHU
TOKOOrpaHu4aBaily peakropa ot tuna Pb10-150-4,
C XOPHU30HTAITHO M BEPTUKAIHO Pa3NojiokeHne. B
HETOCPEICTBeHA OJIM30CT 10 BH3AYIIHUTE PEAKTOPH
Ce pasmollarar 3alliuTHU TpPEerpaju, 4pe3 KOUTO ce
rapantupa 0€30MacHOCTTa Ha  OOCITY KBAIIIHs
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repconan (¢wur.2). OOMKHOBEHO, TOBa ca JICKH
METaJHA KOHCTPYKILHH, BBPXY KOUTO € IIOCTaBEHa
TEJICHA MpeXKa.

@Due.3. Odw 6ud Ha MOKOOSPAHUYABALYU
peaxmopu Cp.H., usnonzeanu 6v6
8LMPEUIHO3AB00CKA NOOCTAHYUSL

\

Volume: Mag"etkﬂuxdw&e&mliuﬁmagueﬁeﬂu:—Tsity %10 o

A 0.09

T I 0.09
| 0.08

5  ¥2.43x10™

density )

A0.1

0.1

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

¥ 4.08x107°

Ducz.4. Pasnpedenenue Ha pe3yimaHmHus
Maznumen nOMOK 0OKOI0 mpu
MOKOO02PaHU1A8aUY peaKmopa ¢
XOPU30HMANHO (@) unu éepmukaino (0)
pasnonodicenue

[IpaBu BmeuaTiieHWe, Y€ TPH BEPTHKAIHO
pa3moNo)KeHHe Ha PEaKTOpPUTe, PE3YITAHTHUAT
MAarHuTeH TOTOK € ChCPEJIOTOUYEH BHB BHCOUYHWHA,
KaTo W B JBaTa CiIy4yass MarHUTHATa WHIYKIUS HE
gagsumana 0,1T.

AKO OKOJIO pEaKkTOpUTEe Cc€ IMOCTaBU
3alllUTHA METajlHa Mperpaja, B Hed ce MHAYKTHPAT
BHXPOBM TOKOBe. BbpXy TsAXHaTta TroJeMHHA

BJIMAHUEC OKa3BaT Pa3CTOAHHUCTO MECXKIAY PEAKTOPUTE
U CHhOPBKCHHETO, KA4YeCTBOTO HA MOHTaXa, OT
CTETICHTa Ha KOpO3usi W JApyrd (aKTOpH, YUETO
BJIMSIHUE € TPYJTHO 32 OICHSIBAHE.

Ha ¢ur.5 u wa ¢ur.6 ca mnpencraBeHu
KapTHHUTE HAa MarHUTHUTE IMOJieTa B JBa YECTO
Cpeliand  ciy4dass -  OpPU  XOPHU3OHTAIHO
pasmosnoxeHn peaktopu u (O-00pa3Ha 3amnTHA
Mperpaja U BEPTUKAIHO Pa3IOJIOKEHU PEaKTOpU U
L-o6pa3na nperpana.

“ Volume: Magnetic flux density norm (T) Fancing protection (Right); Reactors (Lﬁ\\“ o
— | . —

Streamline: Magnetic flux density . |

0.5

2.84% m/

Due.5. Pasnpedenenue Ha pe3yimaHmHus
MazHnumeHn HOMOK OKOJI0 Mpu
MOKOO2PAHUYABAU PEaKMOopa C
XOPUSOHMATIHO PA3NONIONCEHUE 3AUUMHO
cvopwvoicenue ¢ O-obpasna gopma

Volume: Magneti¢ flux density n
Streamli

) Fancing-protection (Right); Ré,é\ct‘brs eft)
gnetic flux density \‘
[ / |

7 /¥ 1.49x107 ¥ 9.52x10™

Due.6. Pasnpedenenue Ha pe3yimaHmHus
Maznumen NOMOK OKOJI0 Mpu
MOKO02PAHUYABAU PEAKMOPA C
BEPMUKANIHO PA3NONONCEHUE U 3AUIUTNHO
cvopwvoicenue ¢ L-obpasna gpopma

TBil KaTo NpHU BEPTUKAIHO PA3NOJIOKECHUE
Ha PEaKTOPUTE, MArHUTHOTO MOJIC € ChCPEIOTOUCHO
BbB BUCOUMHA, MArHUTHATA UHIYKIUS [IPEAU3BUKBA
WHJIYKTUPAHE Ha TO-TOJEMU TOKOBE B 3alllUTHATA
nperpaga. ToBa € 0coOEHO XapaKTepHO 3a
MeTanHaTa BpaTa nmpu L-o0pa3HaTa KOHCTPYKIIHUS.

Ha ¢wur.7 ca nmameHu MONBIHUTETHHUTE
3aryOM  BB3HHUKBAIlM B  TOKOOI'PAHUYABAIIUTE
peakTopu TOpagu M3MOJ3BAHETO Ha METAHU
nperpaau. IlonydeHnure CTOMHOCTH ca MPUBEACHU
kbM ompeaencHure ¢ MKE 3aryOu 3a enuHudYeH
peaktop. Penbr Ha dazure nmpu XOPH3OHTAIHO
pasnonoxenue ¢ A,B,C ot nsaBo Ha nacHo u A,C,B
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OT rope HaJIONy NPH BEPTUKAIHO Pa3IOJIOKCHHUE.
[TocoueHn ca OTHOCHTEIHUTE 3aryOu 3a TpuTe (Qa3u
MOOT/ACITHO U CPEJIHUTE 3aryOu B TpUTe eaHO(a3HU
peakTopa ¢ XOPU3OHTAIHO  Pa3MOJIOKCHHE
(o3Hauenn kato Xop) u cwmmTe peakropu ¢ O-
oOpa3na nperpaja (o3H. Xop_O). YcraHOBEHO €, ue
CPEJIHUTE OTHOCHTEIHHM  3ary0M ca ChOTBETHO
oxono 80,8% n 105% crpsiMO HOMHUHAITHUTE.

08 T 1

rate

PP

04

02

Hop Bep Hop_O Bep_L
Due.7. [lonvanumennu 3a2you 6

peaxkmopume CobC 3auumHiu CoOPBIHCEHUA

OTHOCHTENTHHUTE 3aryOu B TpUTE eTHO(DAZHU
peaKkTopa ¢ BEPTUKAIHO Pa3MoJIOKEHHE U 3aryOuTe
IIPU CBIIUTE PEaKTopu W mperpaga c¢ L-oOpasHa
dopma (o3HaYeHHW CHOTBETHO KaTo Bep m Bep L)
ca 102,4% u 108,2% crpssmo HOMuHanHHUTE. Haii-
ronemu ca 3aryoure B peaktopa C (115,8% mpu
Bep L u 108,9% mpu Bep).

Ha ¢ur.8 ca nanenu 3aryoute Ha eauHUIA
IUTOI BB3HUKBAIIM B MeTajHaTa mperpajga (03H.C
O) u BBB Bparata (03H. ¢ B). OOmmre 3aryom Ha
eIVMHHIIA TUION[ OT MeTalHaTta Tperpaga IpH
BEPTUKAIHO PAa3MOJIOKEHUE HA peakTopuTe ca 3
OBTU TO-TOJIEMH OTKOJKOTO TPH XOPHU30HTAIHO
Pas3MoNoKEHHE.

[MpuunHaTa 3a yBenuuaBaHe Ha 3aryoOuTe
NpU BEPTUKAIHO PA3MOJOKEHUE HA PEaKTOpUTE ¢
M0-BUCOKATa IUNIBTHOCT HA PE3YJITAHTHHUSA MArHUTCH
MOTOK B 30HAaTa OKOJIO peakTopuTe. ToBa BOIM
KakTo JO HapacTBaHe Ha 3aryOMTe B peaxTopa,
Pas3MoNoKeH B Cpeaara, Taka M A0 yBEJIMYaBaHEe Ha
BUXPOBUTE TOKOBE B METAJIHATA IIPETPaja.

4. 3akaoueHnue

M3non3Baiiku MKE e MIPOBEICHO
p3cieaBaHe Ha BIMSHHUETO Ha 3al{UTHUTE METAHHU
mperpagn BbPXY 3aryonre B TOKOOTPAHUYBAITUTE
PEaKkTopH.

30

Hop Bep

Due.8. 3azyou 6 3auumnume coOpvIHCEHUA

YcTaHoBeHO e, 4e CpeAHuTe 3aryOu Impu
BEPTUKAIHO PAa3MOJIOKEHHE Ha TPH peakTopa
MpeBHINIaBaT 3aryOuTe B EIWHUYEH pEaKTop C
nmoBede oT 10%. 3a cpaBHEHHE TPU XOPHUIOHTAIHO
pasnojoKeHue Ha PEaKTOPUTE OTHOCHUTEIHHUTE
3aryOu B €IMH peakTop HapacTBaT ¢ okoJo §8%.
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1. Introduction
The environmental pollution creates a

MOJAEJIMPAHE PABITIPOCTPAHEHHUETO HA
TOIIVIMHA 1 BPEJHOCTH ITPU OTYUUTAHE
ABY®A3ZHUA XAPAKTEP HA TEYEHHUETO

CBETJIMH AHTOHOB

Pe3tome: Pasnpocmpanenuemo na moniuna u 6peOHoCmu (mevpou npumecu, aepo3oiu,
KanKu) 6 OKOIHAMA cpeda Modice YCNewHo 0d ce onue ¢ noMowma Ha meopusima Ha
0syasnume mypoOyneHmHuy HeuzomepMuyHU meyvenus. Bpeonocmume u monaunama umam
AHMPONO2eHeH Ul NPUPOOeH NPOU3X00 U Cb30a8am YCI06UsL 30 3AMbPCABAHE HA OKOIHAMA
cpeoa, uecmo OKA36alku Kamacmpoganuo 6v3delicmeue 6vpxy Hes. Ha Oazama ma
meopusima Ha 08ypasHume mederust € Cb30a0eH MamemMamueck Mooel, KOUmo ompassiéd
MHO20 MOYHO (PusUUecKama KapmuHa Ha medeHUuemo.

KimlouoBu aymu: mamemamuyecku mooen, mypoyieHmen Mooen, 08yQaseHo meyeHue,
HeUu30MmepmMuyHo meyenue

MODELLING THE DIFFUSION OF HEAT AND
POLLUTION IN CASE OF TWO-PHASE NATURE
OF THE FLOW

SVETLIN ANTONOV

Abstract: The diffusion of heat and pollution (solid admixture, aerosols, drops) in the
ambience can be described by the Theory of two-phase turbulent non isothermal flow. The
pollution and the heat have an anthropogenic or a nature derivation. These factors create
conditions for environmental pollution creating a disastrous impact on it. Based on the
theory of two-phase flows a mathematical model is developed showing the physical scene of
the flow in a high accuracy.

Key words: mathematical model, turbulent model, two-phase flow, non isothermal flow

This model takes

in to account the
Archimedean force which intensity is determined by

disastrous impact in our living area. This is
repeatedly often because of the professional or
domestic human actions as blasts in mining or a
manufactory, car crashes etc. Other group of factors
can be the nature features as volcanism and
spreading of a solid admixture in high atmosphere,
forest fires and blasts in mining or a manufactory.

In the previews listed cases related to the
fireplaces, generated pollution occurs a two-phase
convective turbulent flow. The initial velocity of
this flow depends on the power of the fire or
explosion.

the difference of the main parameters of the
environment and the upward flow. The two
components give the nature of the jet and they
affect the parameters of the flow. The difference in
the density and respectively the temperature
difference lead to shrinkage of the jet and the
vertical accelerations.

That’s how follows the effect of unwanted
maintaining at high velocity and temperature of the
flow and probably larger area of influence.

The physical conditions are described in the
next section.
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2. Mathematical model of the flow

Physical conditions: The upward convective
flow is approximated with a vertical upward two-
phase non isothermal turbulent flow. The
stratification is negligible to investigate the range of
the height. It is considered that the small values of
the vertical direction have low influence at the
parameters.

The two-phase flow is examined by the
two-fluid model (scheme). Related to the approach
each phase is considered as a separate fluid medium
with separated velocity, density and temperature.
The impurity phase doesn’t have self-internal stress
tensor and is not applied to the state of the impurity
phase equation. The relaxation time at the collision
of the particles is less than the time between the two
consistent beats:

Tp<Typ (D)

The incomplete variety in the model is
taking in to account that the loss of the quantity of
movement in the phase of impurity is compensated
by the quantity of movement of the gas phase
movement.

The both phases (an impurities and a gas) is
applied the Reynolds type equation for the motion.
The forces of the interfacial interactions related to
the two systems of equations are described below.
These forces are marked with “-” in gas phase and
“+” in impurity phase. The lift force in the
equations is influencing greater and it is added to
the gas phase. The equations of motion [1] are
described below.

The equation (2) and (3) describes
continuity for the gas phase and impurity:

o[ i 0
Il Y Il ISV
Gx[y ngg}rﬁy[y

;[yfvppp};;[yfvppp}o 3)

VgPg }:0 )

The equation (4) describes the density

change:
. op . op
JU }7]) [ Jy }lz
[y Pl ox HIRES- oy
a': _] ' v:| B
“o P PP p

The equations (5) and (6) describes the
quantity of motion of the gas and impurity phases,
including two new terms body forces and lift force

affecting the two-phase non isothermal vertical
flow:

| pgUg | 55 P t[3pere |55 &
)
d 2
—ay[y ppUng} Fyy/ -pomgy
oU
p
[y]ng ] ox *
—\]oU
Jj P _
Y pgV, +p V H = (6)
[ [ g’ pTPP'P |17,

I I A
I R R U I

The equation (7) and (8) describes the
conservation of energy in the two phases:

Oh

. Oh
J -4
[y ngg} ox *

J 8 _
[y ngg} &
6 . ' ' . ' ' 6U
__ 91, |/ 8 _
= ay[y Pgthg} {y Pgthg} P
3 1 1

> Fl'Vgi
i=1

ahp j -V ah
|/ pPUP}E+ (/’p Pj o

a . ' ' /
__ 9, J
T [y Pp thp} +0y

-0y’ +Fy (Vg Vp)

(®)

The equation (9) describes a representation
of Klayperon:

P=pgRTy (9)

Clarifying the influence of forces of the
interfacial interaction on the development of the
two-phase flow is a necessary part in the developed
numerical models. The movement of a single
impurity described by the method of Lagrange is
shown:

N_ .

_Zlfi =fa+/G+/m+fs+/T  (10)

1=

where:

f4 - drag force; E- mass force; m-
force of Magnus; E - force of Saffman;
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ﬁ - force of thermoforesa.

Solving the system of differential equations
is processing by specifying the boundary and initial
conditions for the axis of symmetry (y=0) in
equations (11) and external boundary of the jet
(y—) in equations (12):

4
_07 - _07
Oy Oy oy oy
op — ULV,
Lo ougry =—2% =0,
oy g8 oy
. (1)
—V oU,V
Uy, =—2L -0
pp dy
T GV}/;
pFp
Vop, = =0,V =V =0
pPp oy ’ P
ra— 8U'V'
U |_ gg )
Ung— P =0;
— 8U' V'
Upp=—"L"L =0
oy
prp oy oy 0
Vo= =0;U U,; =0;
g p 2°Pp
T =T =T,;
g pT2Pg TP

3. Modeling turbulent tensions

It is recommended to use a modification of

the K—X turbulent model ask -k —& —& .
g p & p

In this way is taken into consideration the two-
phase character of the flow while modeling the
turbulence.

The equations related to the turbulent
energy and dissipation representing the two phases
are described [1] in equations (13)-(16):

aKg 6Kg

g Oy

2
18| Ue(0K ou
ol o el e

U
g ox

GKP 8Kp _
p ox p Oy
(14)
= — |[Fop| | —¢p
yoy|  or\ oy 0
6$g Ly 6$g _
g ox & oy
10| vg(0dég ég ¢
=y B T8y Bug —(15)
yoy|©T ogl Oy Kg 0
2 2
& 0 &
g P g
—C.1-5- ,p{} +G |-Cpr-2—0,
Kp Kg
agp . 8£p
ot Pox
5 2
0 1Y) & &
PP e o PSP (16)
2
& *
-C ZkL+d>
€2 kp p

where kg .kp, are turbulent energy of the

phases; gg , gp are velocity of her dissipation.

The added dissipation terms in equations
(13)-(16) [1],[2] are:

S G
e =& =—2XFVy 17
p " " pe TV (17)
1\ OVgj
CDp=(Dp*:2vZZ[6F2J gl] (18)
Pg i k\Oxk )\ Oxg
Related to Kolmogorov [3] turbulent

viscosity ot for the both phases are described
below:

2 k2

The turbulent heat transfer can be modeled
by the following two equations:
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12
1 ol Vso | OT,
— ¥ pg [ng * (20)

where R is temperature to dynamical scale
of time ratio; R=0,588, o7=0,9.

The added dissipation terms ep,e}] [3]1.[5]

are described below:

P Pglg ;| Oxf Oxf

(22)

0 2
g 1 orF} 9Tip

P _PpUtpikaxk Oxj

(23)

Turbulence mass transfer is determined by
the model equation:

2 c’2 . a cr2 )
! ox Y oy
2
1 0 Utp |Oc
767 J g(pj 2 - (24)
vl v Oy )

and

2
s 1 .
= vy i oc (25)

The other characterizing turbulent mass
transfer parameters are determined by the
expressions:

u},c'zCDz 2 kp (26)

v
v o =| P |0c
P Scl oy

27

4. Conclusions

In the present paper is given a new and
completely developed numerical model of two-
phase non isothermal flow. In this model are
included all characterizing the flow features, the
turbulent equation components thus solving the
problem in a macro-level (defining the average
parameters of the flow) and on a micro-level
(turbulent transfer of mass, heat and quantity of
movement).

This model is a really near to the physical
scene of a flow, which is consist of pollution and
temperature in the environment. It is possible to
investigate different ecological problems through
the developed model and to control the flows
progress in the environment.
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ONPEJEJSIHE HA EHEPTUHAHU
XAPAKTEPUCTUKHN HA BUOMACA CYHIEHA C
MHUKPOBBJIHU

CEBJIAJIMHA MAHOJIOBA, TEOPTM CTOUMEHOB, CTAHUMMP CTOMHEB

Pe3tome: buomacama e cped wupoxko 00OCmMvbnHUMeE U JECHO U3NOA36AeMU 6b300HOBAEMU USMOYHUYU
Ha enepeus. Cuuma ce 3a eKOJI02UUHO YUCIO 20PUBO, OONPUHACAWO 30 HAMANABAHE HA USXELDIAHUME
6 ammocgepama emucuu om napHuKosu 2azoee. Ilpeobpasyeanemo na 6uomacama, Kamo ycmouuueg
USMOYHUK HA Op2aHuYeH 8b21epod 6 buogvener (bB) ¢ pesynmam na nupoausama, uma pasHoo6pasHo
npunoosscerue. Tevpoama ¢haza Ha nuponuzama -6u06veieH Moxce 0d ce U3NON38aM 3a NOO0OpABaHe
Ha CeolCmeama HA NO46aAma, pacmexnca HA PACMeHuAma U MAXHAmMAa ewmepeutina cmotinocm. B
pabomama ce u3cne08a IUAHUEMO HA OUOBb2IEHA 8bPXY MONIOMBOPHATA CHOCODHOC HA buomaca
Om NueHuYa Kamo CyposuHeHr eHepeuet usmounux. H3non3eano e MUuKpo8vbIHo80 cyuiene Ha npooume
ouomaca. Ionyuenu ca oannu 3a eHepeuling cmotnoCm U enepeuling nIsmHOCm Ha buomacama npu
DA3IUYHA 8IAXHCHOCT HA OuoMacama u 003U OUOBv2IeH.

KarouoBu nymn: 6uomaca, Mukposvinogo cyuiene, enepeutina cmotuHoCm, eHepeuting nibmHocm

DETERMINATION OF ENERGY
CHARACTERISTICS OF BIOMASS DRYING WITH
MICROWAVE

SEVDALINA MANOLOVA, GEORGI STOIMENOV, STANISLAV STOJNEV

Abstract: Biomass is one of the widely available and easy to use renewable energy sources. It is
considered a clean fuel, contributing to reduce atmospheric emissions of greenhouse gases. Conversion
of biomass as a sustainable source of organic carbon in biochar (BC) as a result of pyrolysis, has various
applications. The solid pyrolysis - biochar can be used to improve the properties of the soil, the growth of
the plants and their energy value. The present paper examines the impact of biochar on the heating value
of biomass of wheat as raw energy. Used is microwave drying of the samples of biomass. Data have been
obtained for the energy value and energy density of biomass at different humidity of biomass and biochar

doses.

Key words: biomass, microwave drying, energy value, energy density

1. BBenenne

buomacara e cpen MIUPOKO JOCTBIIHUTE U
JIECHO W3MO0JI3BacMU BH30OHOBSIEMH HM3TOYHHUIM Ha
e”eprusi. Cuura ce 3a eKOJOI'MYHO YHCTO T'OPUBO,
JONpHUHACAIIO 3a HaMaJlIBaHC Ha H3XBBHPJIAHUTE B
aTMocdepara eMUCHH OT ITAPHUKOBH I'a30Be.

Cnamata € CTpaHWYeH MPOAYKT IIpH
OTIVICKIAHE Ha CEJICKOCTONAHCKU KYJITypHU C
TBPrOBCKA LEJ, IIPEeAu BCUYKO 3bPHEHU KYJITYpPU.
Enna wact or oO0wmms 10o0MB Ha ciamMa ce
ynoTrpeOsiBa B CaMOTO CEJICKO CTONAHCTBO — B

YKUBOTHOBBJICTBOTO, 3a MOCTHJIAHE HAa 00OpH | JIp.
3HAYUTETHO KOJWYECTBO CjlamMa Ce H3I0JI3Ba 3a
OTOIJICHHUE u CylLIeHe Ha 3BbPHO B
celckocTomanckure ¢epmu. l[onasgama dbacT oOT
CIICJUKBTBEHUTE OCTATBIIM CE€ HW3HACIAT OT IIOJIETO
WUy u3rapAr. Tasu npakThka BOAW O BJIOIIABaHE
Ha TIOYBEHOTO IUIONOpOJAME, 3aryba Ha CBeka
OpraHMYHa Maca, HapyllaBaHe CTPyKTypaTra Ha
rmouyBatTa M HEWHUTE CBOMCTBa, HaMmajsIBaHC Ha
BBIJIEPOJHOTO ChABPKAHHUE B ITOUBATA, HE3ABUCHMO
JIAJTM Ce YImoTpeOsiBa M3KYCTBEH WM OOOPCKH TOP.

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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ChIIeBpeMEHHO  HEWIIOJII3BAHOTO  KOJMYECTBO
6I/IOMaca, C TOAVWIIHKW Bapualuy B KIIMMAaTUYHUTEC
yCIOBUS, C€ pa3riexaa KaTo IMOTCHUHUANCH
roJIMIIEH eHeprueH peseps [1, 2].

BBb3MoKHOCTHTE 32 €HEPTUMHO M3IOJI3BAHE
Ha  Owomacata ca  MHoroctpaHHu.  Karo
E€HEPrOHOCHUTENIN Ha OMOCHEPTHsl CITy>KaT OMOTeHHH
ropHBa, KOUTO CE€ MOJIy4aBar sIpe3 eHO WIN MTOBeYe
npeoOpasyBanus Ha Onomacara. [IpeoOpazyBaneTo
Ha Ouomacarta, KaTO YCTOWYMB HW3TOYHUK Ha
opranuueH Bbriiepoa B 6uossrieH (bB) B pesynrar
Ha MUPOJIM3aTa, UMa Pa3sHOOOpa3HO MPHUIIOKEHUE B
OWTa — OTOIJICHUE M CKAPH U MPU KOMITOCTUPAHETO.
Teepnata daza Ha nuponuszara -OMOBBITICH MOXKE
Jla ce M3ITOJI3BAT 3a MOJI0OpsSBaHE HAa CBOICTBAaTa Ha
rmoyBara, pacTeXa Ha pacTeHUsITa W TAXHATA
eHepruiina ctoiHocr [3, 4, 5].

Herpancpopmupanata wmaca, B CypoBa
CBCTOSIHUE € C BUCOKO ChJIbPXKAHUE Ha BOJA, KOETO
HaMaJsiBa 3HAYMTEIHO TOIUIOTBOPHATA CIIOCOOHOCT
Ha Ouomacara.

Tomnuuara, oT/e]IeHa IPU TOPEHETO, MOXKE
Jla ce W3MO0J3Ba KAaTO KPUTEPHUH 3a Ka4eCTBOTO WM.
He Bcuukm OuoropuBa OTHENST €JHO U CBHIIO
KOJIMYECTBO TOIUIMHA. TOIIMHHATA MOIIHOCT TpPH
M3TapsSTHETO Ha OWOTCHHOTO TOPHBO ce meduHupa
KaTO KOJIMYECTBOTO Ha TOIVIMHHATa CHCPIusi,
IIOJIy4€Ha OT U3rapsiHETO Ha €JUH KWIOrpaM TBbpAa
Oomomaca. PasnmnuaBar ce ropHa W J0JHA TOIUIMHA
Ha u3rapsHe. 3a NpakTHKaTa ¢ OT 3HAaYeHHUE JIONTHA
TOIIJIMHA Ha nusrapsite. Ta npeacraBjiiBa
KOJMYECTBOTO HAa TOIUIMHHATA CHEPIHs, KOSITO Cce
rojlydaBa OT W3TapsgHETO Ha €AWH KHJIoTpaM
OMOTeHHO TOpHBO, 0€3 OTYMTAHE Ha CHEeprusiTa 3a
u3MapsiBaHe Ha Biarata, oOpa3yBamia ce mpHu
TOPEHETO Ha TOBA TOPHBO.

B paborata ce wu3cnenBa BIMSHHETO Ha
OMOBBINIEHA BBPXY TOIUIOTBOpHATA CHOCOOHOCT Ha
Omomaca OT IIICHHIIA KaTO CYPOBHHEH €HEprueH
W3TOYHHK, TIPU pa3InyHa BIAXHOCT Ha OHMomacara.

2. MeToauka Ha U3cJIeABaAHETO
3a 1ienTa Ha W3CJICABAHETO Ca HM3MOJI3BAHU
npobu ot mmeHura, copt Camoso 1, oT mpoBeneHN

noyicku  exkcnepumentu npe3  2014r, B OII
Hananuna nHa WITA3P “H. IlymkapoB”, BBpXY
W3My’)KeHa ~ JIMBAJHO-  KaHeJeHa  IoYBa B
ceuTO0000pOTHA JIBOMKA TIIEHWIA -IIapeBHIIA.

OnuThT ¢ nmieHuua e 3anoken Ha 2.11.2013r.
Ocurypena e rrctota Ha nocera -600 KbaHsIEeMU
cemena Ha 1m’. TopoBHTe HOPMH 3 MIICHUIATA Ca
Ompe/ieJIeHH  BB3  OCHOBA  Ha  TPEIUIIHHU
n3cienBanns, kato ca BHecenn 10 kg N/da, 12 kg
P/da, 10 kg K/da, mon ¢opmara Ha kapOamun,
TpoeH cynepdocdar, kanues cyndar. DochopHute
Y KallMeBUTE HOPMH Ca BHECEHH TpEAN OCHOBHATA
o0OpaboTka, a asora 3a IIICHUANATa MpH

npencenTOeHaTa 00pa0OTKa, W3BBPIICHO € U
nposnietHo nojxpanBane ¢ 20 kg /dka amonwmeBa
cenuTpa.
OCBhIIECTBEHO ca BapHaHTH, C T00aBsIHE Ha
MTUPOJTU3UPAHN PACTUTEITHN OCTATHIN (OMOBBIJICH):
e KoHTpomna- 6e3 OHOBBITICH
e 6 kg Bppxy mmom ot 300 m2, (20 kg/da)

mpe3 2012 r;

e 20 kg Bppxy mrom 100 m2 (200 kg/da)
npe3 2013 r;

o 18 kg BBpxy maom 40m’ (450 kg/da) mpe3
2014 .

W3nomn3Ban € JecHO MPUIIOKHUM 3a TIOJIETO
MeTox 3a moiyuyBane Ha OuoBbriieH (BB) wu
pa3TpOIIaBaHETO My TMpeAu BHACAHETO MYy B
noyBara[6, 7]. IlmieHumiata e OXbHAaTa Ha
8.07.2014r.

3a 1enure Ha M3CJICABAHETO € H3IM03BaH
MHUKPOBBIHOB MeToxa [8], 3a cymieHe Ha mpooOwTe
Omomaca, TpM BUCOKOMHTEH3MBHO HarpsiBaHe C
yecrotu 2,45 GHz u ppmxuHa Ha BeiaHaTa A =12,23
cm.

Karo ONTUMAJIHA rapaMeTpu Ha
MUKPOBBJIHOBO oOibuBane (MBO) ca mosydeHu
HUBO Ha MoumHoct 800 W, BpemeTpacHe Ha
obmpuBaHe 60 s, BpeMe 3a penakcanus W3BBH
KaMmepara 5 min.

[TocnenoBaTenHocTTa Ha EKCIEPUMEHTA
BKIIIOYBA OBJIQ)KHABaHE 3a 2 yaca Ha mpooOwTe
Omomaca B OTpeNENeHUTE BapHaHTH, OTICIHO 3a
cllamMa M 3bpHO, B TPH MOBTOPEHHs, IOCTaBsHE Ha

npobuTe B UWIMHAPUYHK  NPBCTEHU-THUTEI,
IpETeryisiHe, MHUKPOBBJIHOBO  OONBYBAHE  IIOA
MOXJIynaK, TpecToil W3BBH KaMmepara, OTHOBO

npeTerjieHe W TNOoBTapsHe Ha mpoueca. bpos Ha
MHUKPOBBJIHOBUTE  OOJBYBAHUS  OTroBaps  3a
JOCTUraHe Ha IIOCTOSIHHA CTOMHOCT Ha cyXa Maca, C
BJIaXHOCT mpu arMochepHu ycinosus. Crenena e
TeMIeparypara B LEHTpaJHa TOYKa Ha mpoodata. 3a
BpPEMETO H3BBH KaMmepaTa, 3ary0aTa Ha maca Ha
npobaTa MpoabIKaBa, CHIIPOBOJICHO C HaMallsiBaHE
Ha Temmeparypara Ha Ouomacara. 3ary0ara Ha
BJara € OmpezAesIcHa 4pe3 MPETeryisiHe Ha THUrela C
mudposa Be3Ha ¢ uyBctBuTenHocT 0.01g.

Enepruiinute ekBHBaJeHTH Ha aOCOIIOTHO
CYXO BEIIECTBO Ca MOJYYECHH 4pe3 M3IOJI3BaHE Ha
KaJOpUMETHP IO YTBBPAECHA METOIMKA.

Kanopuunoctra Ha O6uomacara e
ompejiesieHa C JI0JHA TOIUIMHA HA HW3rapsiHe IpH
pa3JIMYHU BIXHOCTH [9].

3. Pe3yaraTu u o0chiKkIaHEe

ExcniepumMenTaiHo YCTaHOBEHHTE
CHEpPrUiiHM CEKBUBAJICHTH HAa 3bPHO W cllaMa OT
MIIEHNIIA W TENeIHO ChIbPKaHWEe ca MOKa3aHW Ha
¢wur. 1.
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B eH. exBUBanNeHT @ nenen
@ur.1l. EneprueH ekBUBaJEHT U CBhABp)KAHUE Ha
nemnesn

EHepruiinure eKBUBaJI€HTH Ha clamMara ca B
muara3ona 19,14 — 19,65 MJ/kg, na 3ppHOTO 18,22
— 18,73 MJ/kg. Cpapp:kaHHETO TIeTeN Ha MPOOUTe
oT cnama e B juama3zoHa 4,93% -8,6%, m Ha
rpobure ot 3pHO B auamnazona 0,13% - 0,41%.

Ha ¢wur.2 u ¢wur.3 e nokasano uMeHeHHe
Ha BJIAroChIbP)KAHUETO HA ClIaMa U 3BPHO, Ha 6a3za

CyXxo BC€IICCTBO, B 3aBUCUMOCT oT
OPOABIDKUTCIHOCTTA Ha MUKPOBBJIHOBO
Bb3/ICHCTBUE.
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@ur.2. BnaxHocT Ha cinaMa OpU  pa3UyHA
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®ur.3. BmaxHOCT Ha 3BpPHO TIPH  pazTUIHA

NPOABIIZKUTCIIHOCT HAa MUKPOBBJIHOBO CYIICHE.

Haii-rosnsima € ckopocTTa Ha BJIAroOT/IEIISIHE
B mbpBuTe 180 S HAa MHKpPOBBIHOBO OOIBYBAHE.
BnaroornensHero mnpu kiaca € ¢ IMO-TossIMa

NMPOABJDKUTEIIHOCT, B CpPaBHEHHE C TOBa IIpU
cjiaMmara.

HpI/I BApUAHTUTC C MO-BUCOKHU  JO3U
OHOBBINIEH ce YCTaHOBsIBa IIO-HHUCKO

BJIAaroCpAbpKaHUC, IIpHU CllaMa W 3bpPHO, KAKTO B
HaA4YaJIOTO Ha CKCIICpUMCHTA, TaKa U B IpolEeca Ha
MHKPOBBJIIHOBO CYIICHC.

Ha ¢ur.4 u ¢ur.5 ca nokasanu croiHOCTH
32 cyXxa Maca Ha cllaMa U 3BpHO  Clefq
MHUKDPOBBIHOBOTO CYIICHE.
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®ur.4. Cyxa Maca Ha cllama clieJi MUKPOBBIHOBO
oOJrpUBaHe
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®wur.5. Cyxa maca Ha 3BPHO CJIEJI MHKPOBBIHOBO
o0puBaHe

Topenero, mTpu  HapacTBamM  HOPMHU
OMOBBIVIEH OKa3Ba TIOJNIOKUTENeH e]eKkT 3a
yBEJIMYaBaHe Ha Cyxara Maca, KakTo IpH cllamara,
TaKa U Ipu 3bPHOTO.

[Ipu Bapuant 20 kg/da BB mpe3 2012 r
mpupacTTa Ha cyxa Maca npu ciamara e 6,49%
cipsiMo KoHTpojara, npu Bapuant 200 kg/da mpes
2013 r e 10,34% cnpsmo koHTpoiara, mpu 450
kg/da mpe3 2014 r e 13,75% cnpsimo KOHTpoJara.

JlaHHHTE 3a cyxa Maca Ha 3bpPHO IOKa3Batr
HO-BHCOKU CTOWHOCTHU OT T€3H Ha cjamara, HO C I10-
HUCBK TEMI Ha HapacTBaHE Ha cyXa Maca C
yBelMUaBaHe Ha J03aTta BHeceH OmoBbrieH. llpu
Bapuant 20 kg/da BB mpe3 2012 r npupactra Ha
cyxa Maca Ha 3bpHOTO € 4,67% copsamo
KoHTponata, pu BapuaHT 200 kg/da npe3 2013 r e
4,67% cnpsimo kouTponara, mpu 450 kg/da mpes
2014 r e 6,33% cupsMo KOHTpoJaTa.

Ha ¢ur.6 wu ¢ur.7 e wiocTpupaHo
M3MEHEHHETO Ha IUTbTHOCTTAa Ha cllaMa U 3bPHO,
NPy BapHaHTHTE HA TOpPEeHE C OHOBBIJICH, B
HOCJIeIOBATETHOCTTA Ha MHKPOBBIHOBO
oOipuBaHe.
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®ur.6. IIrpTHOCT Ha ciamMa

B nuama3zoH Ha BIa)XXHOCT Ha cliamarta 64-
74%, naHHUTE 3a IUIBTHOCT Ha cjamaTa «pu
KoHTpounata ca 146 kg/m3, npu Bapuant bB 2012-
160 kg/m3, npu Bapuant BB 2013- 165 kg/m3 u
npu BapuanT bB 2014- 173 kg/m3. C napactBane
Ha KOJIMYECTBOTO BHECEH OMOBBIJIEH B IIOCOYCHHUS
JUATIa30H Ha BJIAXKHOCT C€ yBEIHYaBa ILTHTHOCTTA
Ha cnamara, cboBeTHO ¢ 9,5%, 13% mo 18,5%
CIIPSIMO KOHTpPOJIATA.

B nmanazon Ha BiakHocT Ha ciiamata 20-
26%, MIBTHOCTTA HA cjlamaTa MpPU KOHTpoOJaTa €
102 kg/m3, npu Bapuant bB 2012- 115 kg/m3, npu
Bapuant bB 2013- 116 kg/m3 u npu Bapuant bB
2014- 128 kg/m3, T.e. yBEeNIHMUEHHETO € CHOBETHO
12,7%, 13,8% u 25,5% copsiMmo KOHTpoJIaTa.

IIpu cyxa maca TUTBTHOCTTA Ha cjamara €
nuarmaszona 85-106 kg/m3.

Ha ¢ur.8 u ¢ur 9 e mokazaHo m3MeHeHHE
Ha CHEpruifHaTa IUTBTHOCT Ha cjaMa W 3bPHO B
eTanuTe Ha Mpoleca Ha MUKPOBBIHOBO CYLICHE.
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®ur.8. EHepruiina mibTHOCT Ha cilama

CpaBHEHMETO Ha JaHHUTE 3a CHEpruiiHa
IUTBTHOCT Ha cjlaMaTa 3a M3CJeBaHUTEe BapUaHTH, B
JMana3soHa Ha BIIaxKHOCT 64-72%, mokasBaT
npupacT Ha eHepruitHata mwrbTHOCT OoT 0,53 GJ/m3
npu koHtponata a0 0,93 GJ/m3 npu Bapuant BB
2014.

B mamazona wma Biaxsoct 10-14%,
EHepruiiHaTta IIIBTHOCT ce€ yBenuuyaBa oT 1,603
GJ/m3 mpu xkomtpomara mo 1,962 GJ/m3 mpu
BapuanT bB 2014, u npu cbcTosiHHE Ha cyxa Maca
eHepruiiHaTta IIBTHOCT ce yBenuyaBa oT 1,626
GJ/m3 npu koutposmata g0 2,028 GJ/m3 npwm
Bapuant bB 2014, xoero e 24,7% yBenndyenue
CIPSIMO KOHTpOJIaTa.
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@®ur.7. ILTbTHOCT HA 3bPHO

3BbpPHOTO B JUMNA30H Ha BIaXHOCT 66-73%
“Ma TTBTHOCT 3a Bapuantute: 0e3 bB -478 kg/m3,
3a BB 2012- 491 kg/m3, 3a BB 2013- 522 kg/m3, 3a
BB 2014- 551 kg/m3. C napacBane Ha Jo3ara
BHECECH OMOBBIVICH YBEIMUYCHHUETO Ha ITBTHOCTTA €
ceoBeTHO ¢ 2,7%, 9,2%, 15,3% copsmo
KOHTpOJIaTa.

B nunasona Ha BIaXHOCT Ha 3BPHOTO 6-
11% mmeTHOCTTA HapactBa oT 307 kg/m3 3a
KoHTponara jo 353 kg/m3 mnpu BapuaHT Cc Haid-
BHCOKa 1032 BHECEH OMOBBIJICH.
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®ur.9. Exepruiina mIbTHOCT Ha 3bPHO

CpaBHEHHETO Ha JaHHUTE 3a CHEpruiiHa
IUTBTHOCT Ha 3bPHOTO 3a M3CJICIBAHUTE BapUaHTH, B
IMana3oHa Ha  BIIaXKHOCT 66-72%, moka3BaT
NpUpacT Ha eHepruiiHarta mrbTHOCT OT 1,485 GJ/m3
npu KoHTponara a0 2,654 GJ/m3 npu Bapuant bB
2014.

B amamasona Ha BaaxkHoct  15-22%,
eHepruiiHata mIbTHOCT HapacTBa oT 4,600 GJ/m3
pu KoHTpoaaTta a0 5,918 GJ/m3 mpu Bapuant bB
2014, B JuamazoHa Ha  BIaxHocT 6-10%
eHepruiiHaTa IIbTHOCT HapacTBa oT 4,888 GJ/m3
pu KoHtponara 10 6,121 GJ/m3 npu Bapuant bB
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2014, xoero e 25,2% yBeaMUYEHHE CIPSIMO
KOHTpOJIaTa.
Ha ¢ur.l0 u ¢wur.ll e mnokazana

(GyHKIMOHAIIHATA 3aBHCUMOCT Ha IUTBTHOCTTa Ha
clamaTa M 3bPHOTO OT ChABPKAHHETO HA Bilara B
6uomacara, pe3 uHTepBai 5%, B nuano3oHa ot 0%
mo 80%, mpu pasTUYHUTE HOPMH Ha BHECEH
OMOBBIJIEH B IOYBATA.
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@ur.11. I[lrpTHOCT Ha 3BPHO TMpPU paszIMvHA

BJIA’)KHOCT

[IrpTHOCTTA Ha OOMacaTa HapacTBa ¢ JOOaBsSHE
Ha OWOBBIVICH M € Hall -BUCOKA TIPH 11032 OMOBBIJIICH OT
2014r, xaTo TOBa € BaJUAHO 3a BCUYKH H3CIICIBAHHU
BJIQ)KHOCTH Ha OMomacara.
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@®ur.13. EnepruiiHa mIBTHOCT Ha 3BPHO NpU
pasyinyHa BJIAXKHOCT

EnepruifHata TurbTHOCT JaBa TpejcTaBa 3a
KOJUYECTBOTO CHEPrHs CBXpPAaHEHO B EIUHHIIA
obeM, Tpm JajeHa BIAKHOCT Ha Omomacara. Ts
3aBHCH OT BJIAKHOCTTa MW IUIBTHOCTTA Ha
Ouomacara, u KOJIKOTO 10 -rojisiMa € eHepruiiHara
TUTBTHOCT, TOJKOBA TIOBEUE CHEPTHsI MOXKE Ja OBbae
ChbXpaHEHAa WIM TPAHCIOpPTHUpaHa 3a CBHIIOTO
KOJIMYECTBO 00eM.

IIpu cpaBHEHHUE MO OpTraHH, 3a €IHA U ChIA
CTOWHOCT Ha BJIAroChIbp)KaHHE, ce HAOJIIOMaBa IO
rojsiMa €HEpruifHaTa IUTBTHOCT Ha 3BPHOTO, B
CpaBHEHHE C Ta3W Ha cjamaTa, KOETO C€ OTHacs
KaKTO 3a KOHTpOJiaTa, Taka W 3a BApUHTHUTE C
OHOBBIJICH.

Ot rpadukuTe ce BUXK/A, Y€ C YBEIUYaBaHE
Ha BIAKHOCTTA Ha OwWoMacata CHepruiiHaTa
ITBTHOCT HaMallsiBa.

C yBenuueHUe Ha BIAKHOCTTA Ha cllamaTa
or 5% no 80%, eHepruilHata MIIBTHOCT, 3a
KOHTpOJIaTa, HaMajsiBa ChOTBETHO, OT 1,652 GJ/m3
mo 0,826 GJ/m3, T.e. ¢ 49.9%, 3a Bapuant ¢ bB
2012r ToBa Hamanenue ¢ ot 1,743 GJ/m3 no 0,315
GJ/m3, 1.e. ¢ 18%, 3a BapuanT ¢ bB 2013t ot 1,858
GJ/m3 no 0,328 GJ/m3, T.e. ¢ 17,6%, 3a BapuaHt ¢
bB 2014r enepruiiHata ILTBTHOCT HaMaisiBa OT
2,028 GJ/m3 mo 0,355 GJ/m3, 1.e. ¢ 17,5%.

C yBenuueHne Ha BIAKHOCTTA HA 3BPHOTO
or 5% no 80%, eHepruiiHata TMIBTHOCT, 3a
KOHTpOJIaTa, HaMallsiBa ChOTBETHO, OT 5,035 GJ/m3
mo 0,826 GJ/m3, t.e. ¢ 16,4%, 3a BapuanT ¢ bB
2012r mamanssa ot 5,222 GJ/m3 mo 0,674 GJ/m3,
T.¢. ¢ 12,9%, 3a Bapuant ¢ BB 2013r ot 5,917
GJ/m3 mo 1,006 GJ/m3, T.e. ¢ 17%, 3a BapuaHTt ¢
BB 2014r enepruiiHaTa IUTBTHOCT HaMmayisiBa OT
6,136 GJ/m3 no 1,084 GJ/m3, t.e. ¢ 17,6%.

[lpu emHa w chla BIKHOCT Ha ClaMara,
BHACSIHETO Ha OWOBBIVICH B IOYBaTa BOIU O
HapacTBaHE Ha HEMHAaTa €HEepruilHa IUIBTHOCT U
TOBAa  HapacTBaHE €  IMPOMOPIMOHAIHO  Ha
YBENIMYCHHETO Ha J03aTa OmoBbriieH. Hampumep,
MpU paBHOBECHAa BIIAXHOCT Ha ciamara 15%,
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CHepruiiHaTta IUTBTHOCT € C IPUPACT, CHOTBETHO
5,45% 3a BapuanT ¢ BB 2012r cnipsimo kKoHTpoara,
12,42% 3a Bapmant ¢ bB 2013r u 21,52% 3a
BapuaHT ¢ bB 2014r cnpsiMo koHTponara.

I[lpu  Bmaxxsoct Ha 3ppHOTO  15%,
eHepruifHaTa IUIBTHOCT € C MPHUPACT, CHOTBETHO
17,58% 3a Bapuant ¢ bB 2013r u 23,16% 3a
BapuaHT ¢ bB 2014r cnipsmo koHTposaTa.

4. 3axil0ueHue

OT HampaBeHMs] aHANU3 CE YCTAHOBSIBA, UE
BHACSHETO Ha OWOBBIJICH B TOYBAaTa Ce OTpa3siBa
MOJIOKUTEIIHO 1O OTHOIICHWE Ha HAapacTBaHE Ha
SHEePIrUIHNTE TOKa3aTeu Ha Onomacara.

[TomyueHuTe CTOHHOCTH 3a KaJIOPUYHOCT U
eHepmﬁHa IUITBTHOCT HaA CljlaMaTa W 3BbPHOTO, IIPpHU
pa3IUYHO BJIArOCHABPIKAHHUE, Ca BAXKEH KPUTEPUIA
IIpU OLICHKAa HAa KaueCTBOTO UM, U JaBaT MpeICcTaBa
3a CGHepruifHaTa CTOWHOCT Ha OMoMacara Karo
TOPUBOTO.

Pesyntat ca ocHOBa 3a MO- HATATBIIHU
W3CIIe/IBaHMsL 32 BB3JIEHCTBHE Ha OWOBBITICHA B
ITOCOKA yBEIMYaBaHE Ha CHEPTUUHUS MTOTEHITHAT Ha
Onomacara, B KOHTEKCTAa Ha ISUIOCTHUS €(eKT OT
MPWJIOKEHUETO My BBpPXY II04Ba, pACTCHHE U
OKOJIHA CpeJia B IBJITOCPOYEH IIJIaH.

JIUTEPATYPA

1. Hocupos, H., Takesa, JI.. (2010). Onpenensne
Ha TOIUIMHATA HA W3rapsHe W CHEPrUiHUS
CKBHBAJICHT Ha JkuTHa cinama. CO. Hayu.
ooknaou  Bmopa — nayuna  kougepenyus
, HHnosayuu 6 copckama npomuwinenocm u
uHoCeHepHus ousatin, 53-55.

2. Hocubos H. (2006). CyposureH pecypc u
XapaKTePUCTUKA HA OMOTCHHUTE rOpUBa OT
pactutenHa Ouomaca. Toniomexuuxa 3d
ouma, op. 1, 25-37.

3. Brandstaka, T. and Other. (2010). Biochar
Filter: Use of Biochar in Agriculture as Soil
Conditioner. Report for BSAS Commitment
2010, 22 pp.

Dimitrova B. and Other. (2011). Equipment and
Technologies for Treatment of Biomass.
Journal of the Technical University Sofia,
branch Plovdiv “Fundamental Sciences and

Applications”, Vol. 16, International
Conference Engineering, Technologies and
Systems TechSys 2011.

Mcelligott K. and Other. (2011). Bioenergy
Production Systems and Biochar Application in
Forests: Potential for Renewable Energy, Soil
Enhancement, and Carbon Sequestration.
Research Note RMRSRN-46. Fort Collins,
USDA Forest Service: 14.

Mattila T. and Other. (2012). Is biochar or
straw-bale construction a better carbon
storage from a life cycle perspective?
Process  Safety  and  Environmental
Protection. Volume 90, Issue 6, 452-458.
Park J.,Y. Lee, C. Ryuw. (2014). Slow Pyrolysis
of Rice Straw: Analysis of Products Properties,
Carbon and Energy Yields. Bioresource
Technology, Vol 155, 63-70.

Burdo O., and Other. (2012). Raw material
dewatering  electromagnetic  technologies.
Problemele energeticii regionale 1 (18), 78-86.
Yamamoto, H., J. Fujino, K. Yamaji. 2001.
Evaluation of Bioenergy Potential with a
Multiregional Global land use and Energy
Model. Biomass Bioenergy 21 (3), Pp.185-203.

Institute  of  Soil Science,
Agrotechnology and Plant

Protection
"Nikola Department of Soil Physics
Poushkarov" (ISSAPPNP)

7, Shosse Bankya str.
1080 Sofia, Bulgaria

E-mail:
sevdalina_manolova@abv.bg
E-mail: stoimenovg@dir.bg




-157 -

©Journal of the Technical University — Sofia

Plovdiv branch, Bulgaria

“Fundamental Sciences and Applications” Vol. 21, 2015

International Conference on Engineering, Technologies and Systems
TECHSYS 2015

BULGARIA

OIHEHKA HA MAKCHUMAJIHATA
ABCOJIIOTHA HETOYHOCT HA KOCBEHO
N3MEPAEMA BEJIMUNHA

MOPJIAH EIIMTPOIIOB, IMMUTBP ®HUJIAHOB, KUPWJI KOJIMKOB

Pestome: Hexa edna xoceeno usmepsema eenuuuna Y e npeocmasena Kamo QyHKyus na
Kpaen Opou npaxo usmepsemu eenuuunu X,,X,,....X,. Lexima na masu cmamua e oa
npeoniodNCUM HO8 U JIECHONPUNIONCUM CMOXACMUYCH Memood 3a NPAKMUYecKa OYeHKd Ha
Maxcumannama abconiomua nemounocm Ha Y . 3amoea oopaszeusame Hawua ancedpuien
Memoo 3a npeocmassHe HA MAKCUMATHUME HEeMOYHOCMU HA KOC6EHO U3MepseMamd
6CUYUHA YPe3 HeMOYHOCIUME HA NPAKO U3MepsAeMume 6eiUdUHU Kamo My npuoasame
Ho8a, cmoxacmuuna @opma. B cmamuama nue uspasaeame Ouchepcusma Ha
Maxcumaniama abconomna HemoyHocm na Y Kamo JuneuHa QyHKyus Ha oucnepcuume
na abcomomuume nemouynocmu na X, X,,....X,. I[lpu mosa oasame aneopumvm 3a

onpe()efz;me yucieHama cmouHocm Ha masu ()ucnepcuﬂ.

KarouoBu aymm: xoceeno usmepsiema 6enuyuHd;, MAaKCUMAaiHa aOCOIOMHA HEMOYHOCH,
ducnepcusl.

EVALUATION OF THE MAXIMUM ABSOLUTE
INACCURACY OF AN INDIRECTLY
MEASURABLE VARIABLE

YORDAN EPITROPOV, DIMITAR FIDANOV, KIRIL KOLIKOV

Abstract: Let an indirectly measurable variable Y be presented as a function of a finite
number of directly measurable variables X,,X,,....X,. The purpose of this paper is to
suggest a new and easily applicable stochastic method for practical evaluation of the
maximum absolute inaccuracy of 'Y . Thus we further develop our algebraic method for
representing the maximum inaccuracies of an indirectly measurable variable using the
inaccuracies of the directly measurable variables by giving it a new, stochastic form. In the
paper we present the variance of the maximum absolute inaccuracy of Y as a linear
function of the variances of the absolute inaccuracies of X,,X,,...,X,. Moreover, we give

an algorithm for determining the numerical value of this variance.

Key words: indirectly measureable variable; maximum absolute inaccuracy; variance.

1. BnBeaenue

[lpy  u3BBpIIBaHE HA  CKCIEPUMEHTH
MIPUHITUITHO € HEBH3MOXKHO J]a CE OTCTPAHIT BCUUIKH
BITUSTHYSI, KOUTO CHITBTCTBAT MPOIleca Ha U3MEPBaHe
Ha efHa BenuwuwmHa. [lopaam ToBa He MOXe ma ce
HampaBu abCOJIIOTHO TOYHO HM3MEPBaHE — TO HMMa
HECHBBPIICHCTBA, KOUTO IMOpaXJaT TIpelika B
nonydyeHus: pesyarar. Crnopea Hac MO-MPABUIIHO €

Jla ce TOBOPM HE 3a Tpellka, a 3a HEeTOYHOCT MpH
M3MepBaHe — HHE pasriexlIaMe mMoYHOCmma Ha
M3MEpPBAaHETO KaTO KayecTBO, KOETO MOXKE Ja ce
M3pa3u KOJINYECTBEHO.

Hexa X e npsako usmepsiema eenuuuna, T.e.
CTOMHOCTTAa W c€ OMNpeJelss HEMOCPEACTBEHO 4Ype3
mMepBade. Heka B k& wHaOmogeHWs TpU eIuH

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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EKCIIEPUMEHT X TpUEeMa CTOMHOCTH X,X,,...,X,,

— 1 k
by p gx, .
MN3mepBaneTo Ha croiiHOocTMTE Ha X €
CBIIPOBOJICHO OT HETOUYHOCTH, KOUTO 10 CBOSI HAYUH
Ha uspasseare ca abCOMOTHU WIM OTHOCHUTENHH |1,
2,3,4].

Abcomomnama  memoynocm — AX  ce
u3passBa B ¢IMHUIATA HA M3MEpseMaTa BEIIMYUHA.
CroitHOCTTa Ha abCONIOTHATA HETOYHOCT MPH i -TO

qUuECTO CpeaHo APpUTMETUYHO €

HaOmofieHue € Ax, = x, —x.

AX
Omuocumennama HemMOYHOCH 52 e

Oe3pa3zmepHa BEJIMYMHA. CroiiHocTTa Ha
OTHOCHUTEITHATa HETOUHOCT IIPH i -TO HAOJII0JICHUE €

A58 (x 20).
X. X.

1 1

Hexa cera Y

€ KOC8eHO usmepsema

eiuyuna, KOATO 3aBUCU SBHO OT 71 MPSKO
n3Mepsemu BennanEn X, X,,...,.X . Jla o3Ha4MM C
f  oHasm peanHa (QyHKOHS C  apryMEHTH

X,,X,,...,X,, ¢ mOMOIITa Ha KOSATO CE€ MPEACTaB]
Y,re Y=f(X.X,...X,).

TouHocTTa Ha CTOHMHOCTTAa Ha KOCBEHO
n3MepsieMara BeJndruHa ¥ MOXKeE Jia ce OIEHH 4pe3
CTaTUCTUYECKH CpEACTBa, KaTo Ce€ H3MOJ3Ba
mamemamuyeckuam moden f . llpuema ce, ue Y

MOXKE J]a C€ MOJeipa MaTeMaTH4YeCKH C TaKaBa
TOYHOCT, KAKBAaTO € HYXKHA, aKO OMPENeIITHETO i ce
OCHOBaBa Ha JIOCTaThUYHO EKCIIEPHUMEHTAJIHU
KOJIMYECTBEHH JTaHHH.

B [6, 7, 8] Hue, wu3cieaBalku
maxcumannama abcomomna Hemounocm (MAH) n
makcumannama omuocumenna nemournocm (MOH)
Ha KOCBEHO n3MepsiemMara BeJIMYMHA
Y=f (XI,XZ,...,Xn), npejajaraMme HOB ajreOpuveH
MPUHIIAIT 33 TMPEJACTaBAHETO WM Karo JIMHEHHH
(yHKIIMH, CHOTBETHO, Ha aOCONIOTHHTE M Ha
OTHOCHUTEITHHUTE HETOYHOCTH Ha MIPSIKO
u3Mepsemure senuuanan X, X,,...,. X, .

HWMeHHO, HEKa B €IMH CKCIECPUMEHT ca
HanpaBeHH k, Ha Opoil HaOmoAeHUs Ha MPIKo X,

i

IIprU KOUTO Ca U3MCPCHU CTOfIHOCTPITe, CbOTBCTHO,

X\, X, X (i=12,...,n). CroiiHocTTa Ha

1972505k,

)
JaCTHaTa MpoMu3BOJIHA a% , U3YUCJICHA IIpU M -TO

0
HaOJII0IeHHE, 03HAYaBaMe C ai (m=12,...k),a

im

CpCAHOTO APpUTMETUYHO Ha MOAYJIHUTEC Ha

o

CTOMHOCTHTE HA 4YacTHATa MMpou3BOJHA 87

(i=12,...,n) o3HauaBaMe C
ol 1| of
AHanoruyHo, ¢
x, of| 1|, of
Fol R E T
03HaYaBaMe CPEJHOTO APUTMETUYHO HA MOJYJIUTE

ﬁ (i=L2,...,n). Torasa
oX,

i

. X
Ha CTOMHOCTHUTEC HA —-.

MAH Ha koCBeHO u3MepseMara BeauuyuHa Y e
TMHEHHaTa QYHKIHS

n af‘
AY = Af =) |=—||AX |

i=1 ax,-
Ha MOJyJIMTe Ha aOCOMIOTHUTE HETOYHOCTH AX, Ha
npsiko usMmepsemure BenumuuHun X, (i=L2,..n).
CprorBetHo MOH Ha KOCBEHO
Benu4uHA Y € JIMHEeHHaTa (QyHKIUs

AY_ Nl of|ax,
Xi

u3Mepsiemara

Yy A Sl e

AX.

Ha MOJIYJIUTE HAa OTHOCHUTEJIHUTE HETOUHOCTH —
i

Ha IpsKo u3Mepsiemure Benuunan X, , i=12,...n.
Hammst nHOB moaxom [6, 7, 8] e 3a
i=12,...,n na mnpuemeMm Koe(hUIIUSHTHTE Ha

L
ox, f X,

i

BIIUSIHUE 3a KOHCTaHTH (B

paMKUTe Ha CBOTBETHHUS  CKCIIEPUMEHT), a

a0COJIIOTHUTE HETOYHOCTH AX, U OTHOCHUTEIHUTE

HETOYHOCTHU — 3a NIPOMCHJIMBU BEJINYNHU.
Xi
Ilenta ©a HacrosmIata CcTaTUS € Ja
MPOJBIDKAM HAIIeTO H3CIIEABAHE KaTo My JajieM
HOBa, cToxacTH4Ha (opma. AKO pasriiexgame
abcosroTHUTE HeTouHoctd Ha X, X,,....X, Karto

n
HE3aBHCHUMH CITy4yailHM BEJIMYMHHU, TO H3pa3sBaMe
mucnepcusita Ha MAH ma Y Kkaro smHeiHa
GyHKIMST HAa TeXHUTEe gucrepcuu. Ilpm ToBa
npremMaMe, e aOCONIOTHUTE HETOYHOCTH Ha MPSIKO
U3MEPSIEMUTE BEJINYUHU AMar HYJIEBO
MaTeMaTH4YeCKO ouakBaHe. Hemo moBede, Hue
pasriekaaMe u ciydasi, korato GyHKUusTa f He e

IuQepeHuupyeMa, HO € HENpeKbCHATa M0 HIKOU
apryMeHTu B gajeHu Toukd. OCBEH TOBa, JaBame
MPAKTUYEH aJrOPUTBM 3a OIpEJeNsiHE 4YHCceHaTa
cTOWHOCT Ha aucnepcusita Ha MAH Ha Y .
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CroifHOCTTa Ha  CpPETHOKBAAPATHIHOTO
OTKJIOHCHHE (KOpPEH OT MAWCIIEPCUATA) CIYXKH 3a
oleHsBaHE pasceiiBaneTo Ha MAH Ha KocBeHO
u3MepsieMaTa BEJIMYMHA OKOJIO  CpeiHara i
CTOWHOCT  (MaTeMaTHYeCKOTO W  OYaKBaHe).
Jedunupame olie eTaqoHHA paBHUHA HA HJICATHUS
CBHBBPIICHO TOYCH CKCIEPUMEHT, a upe3 Hes U
VHUBEpCATHA  YHCIOBAa  XapaKTepUCTUKA  —
Oe3pasMepHa cKala 32 OIEHKAa Ka4eCTBOTO
(TOYHOCTTA) Ha EKCIIEPUMEHTA.

2. CroxacTu4Ha (hopmMa Ha npeaCcTABSIHETO

HA JUCTEPCHATA HA MAKCUMAJIHATA

a0CO/II0THA HETOYHOCT HA KOCBEHO

HU3MepsieMa BeJMYHHA

Hexa npsiko u3mepsieMata BenuuuHa X €
n3MepeHa Bk  HaOjromeHWss OpU  eOUH
EKCIIEPUMEHT U Ca MOJIyYEHU CTOMHOCTHU X,,X,,...,X;
Karo CHOTBETHUTE CTOWHOCTH Ha abCONOTHATa
Ax,Axy,.. AX, .
Ako pasriexgame AX Karo ciydailHa BelIMYMHA,
TO OCHOBHMTE€ U YHCIOBU XapaKTEPUCTHKH ca
HEHHUTE MaTeMaTHUYeCcKO O4akBaHe U aucrepcus [1,
2,3,4].

I[To onpenenenue,

HEeTOYHOCT AX ca, CBOTBETHO,

Mamemamu4eckomo
ouakeane E(AX ) Ha abCOIOTHATA HETOUYHOCT AX

k
e EAX)=lim,_, ! Ax, |. Koraro Oposar Ha
k— k i
i=1

HaOJIOJIeHUsITA Kk € JIOCTaThYHO TOJIsAM, 32
MpaKTUYECKA OlIEHKa (mpubIImKeHmE) Ha
MaTeMaTUYECKOTO OYaKBaHE CIYXKH, ChbriaacHo [3],

k
CPEHOTO aPUTMETHYHO £ (AX ) = %ZAxl .
i=1

Ilo ompenenenue, Jucnepcusma 02(AX )

Ha a0OcosroTHaTa HETOYHOCT AX e

k
o*(AX)=1lim,_, (%Z(Axl ~E(Ax ))Zj . Koraro

i=1
OpoAT Ha HAONIOJCHUATA € JOCTaThUHO TOJISIM,
MpakTU4yecKaTa OIEHKa (MPUONMKEHUETO) Ha
JMCIIepCcusiTa ce JaBa, cbriiacHo [3], ¢ gopmysara

k
0*(A) = X~ E(AX)Y
k-1
CroitHocTTa Ha

o(ax)
pasmpeneneHneTo (pasceBaHeTO) Ha CllydaiiHaTa
BenMYMHA AX OKOJIO MaTeMaTW4ecKOTO OYaKBaHE
E(AX ) Axo AX e HOpMajgHO pa3mpenesieHa, TO

CPEOHOKBAOPAMUYUHOMO

OMKJIOHEeHUe CIIyKH 3a OILICHABAHE

elHa HelHa CTOHHOCT IIoNaja B HUHTEpBaja
E(AX)i O'(AX) ¢ BepositHOCT Hax 0.95 [3].
Y:f(XlﬂXzﬂ""Xr) €

u3MepsieMa BeJIMYHHA, KOSTO 3aBUCH SBHO OT IPSIKO
u3Mepsemure seauunHu X, X,,....X,. llpu ToBa

Hexa KOCBEHO

HEKa BeJu4yuHata Y € OnpeacjicHa B HAKAKBa

OKOJIHOCT Ha TOYKaTa (XI,X2,...,X,1) U B Tasu
OKOITHOCT [ WMa HEeNMpeKbCHATH IHPBU YACTHH
MPOU3BOJHH OTHOCHO BCHYKU CBOM IPOMCHJIMBH.
ITpuema ce, 4e mpsko u3MepsgeMaTa BeauunHa X, €
u3MepeHa C abCcoiroTHa HETO4HOCT AX,, uMmama
HYJ€BO MAaTeMaTH4YeCKO OYaKBaHE E(AX,)zO U
micniepenst o =0 (AX,) (i=1,2,...,n). Torasa,
cropen [3], maTemaTuueckoTo ouakBaHe Ha MAH
AY Ha KOCBEHO M3MepseMara BeuunHa Y ¢

E(AY)=E(Af)= Z % E(AX)=0.

Hucnepcusita Ha MAH AY Ha KocBeHO
n3MepsieMara BeJIMuuHa Y e

P LZAIKYA
2 2
o (AY):O- (Af): zpija_‘_o-io-j (1)
i.j=1 xl. 8xj
kpaeTo o, (—1<p,<1) e xoepuumeHTsT HA
Kopenanust Mex1y aOCOIIOTHHTE HETOYHOCTH AX,
u AX,. Teit kato p, =1 3a i=12,..,n, a npu
J#1 abcomornure HeTounoctn AX, u AX,,

pasriaexKagann  KaTto CJ'Iy‘IafIHPI BCIMYHMHHU, Ca

Hesapucumu, 10 o, =0 u (1) npuema Buna

: R AR
O'(AY)=G(Af)=Z — | o, (2)
i=1 i
Ot (2) ce Bmwxkma, ue aucnepcusita Ha MAH Ha
KOCBEHO M3MepsieMaTa BeJIMYWHA Y 3aBUCH KaKTO
OT JucriepcurTe Ha aOCONFOTHUTE HETOYHOCTH Ha
npsko usMepsemure seauuuHu X, X,,...,X , Taka

1 OT aHAJIMTUYHHWA BHJ Ha caMaTta CI)YHKI_II/IOHaJ'IHa

oY |l

ox. ) |ox,

i

3aBucuMocT  f . Benuumnara

BCBIIHOCT € KoeuyueHmvm Ha 6lusHue Ha
2 .

mucnepcusita o, (i=12,...,n) npu omnpexnensHe

nucnepcusita Ha MAH Ha V.

3. U3pa3siBaHe KaTO JIMHEeHHa (pyHKIUSA
AHCIEPCUATA HA MAKCUMATHATA
a0C0JII0THA HETOYHOCT HA KOCBEHO
uMepsieMa BeJIHYMHA

Hexa croiiHocTTa Ha YacTHaTa MPOU3BOJHA

0
i, W34YHUCIIEHA IPU M -TO HaOJIIOJICHUE Ha
0X,
of
excriepuMent (m=1L12,...,k), e ——, a cpeaHOTO
a im
ApUTMETHYHO HA  KBaJpaTUTE Ha  HEHHUTE
oY 1&(or )
CTOMHOCTH € | —— =—Z - .
Ox, ki Ox,

i
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Hamusar #oB moaxoxn (kakto B [6, 7, 8]) m1e
MPWIOKHM W KbM ONPEJICISIHETO Ha JUCTICPCHATA
Ha MAH Ha kocBeHO M3Mepsiemara BequuuHa Y .
BeB ¢opmyna (2) mnpuemame 3a (UKCHpaHH

BEJIMYMHHM CTOMHOCTUTE 6_ Ha KOG(I)I/IHI/IGHTI/ITC

X,

1
Ha BJIMAHUC, 4 CAMUTC OUCIICPCUU Ha a0CONIOTHHTE
HCTOYHOCTH Ha IPAKO MH3MEPACMUTE BCINYUHU
CUuTaMeC 3a IPOMCHJIMBU BEJIMYUHHU, T.C.

2
S )
2 2

o)=Y Lo (3)
i=1 6)(,'.

1
Taxka, criopen (3), oucnepcusma na MAH na
KOC8eHO usmepsiemama eenuyuna Y e JnumeliHa
(yHrkyusi Ha Oucnepcuume HaA  AOCONOMHUME
HEeMOYHOCMU HA NPsSKO usmepsiemume GeautuHuU

X, X, X,

2 2 2 2
Axo pasrmemame o, ,0;,...,0,,0  Karo
cucrema 00OOIICHH OPTOTOHATHH KOOPIAMHATH, TO

noJyJaBaMe n+1-mepHO METPUIHO
xuneprpoctpanctBo £ B kxoeto (3) e ypaBHeHMe
Ha XWIIEppaBHMHA, MUHABAIlla IIpe3 HAYaJOTO Ha
KOOpJMHATHATa CHUCTeMa. XHUIEPIPOCTPAHCTBOTO
F™' napuuame npocmparncmeo na oucnepcusma

2
Ha abcomomnama wuemoyHocm ua Y, a o
Hapu4YaMe  pasHuHa  Ha  Oucnepcusmd — Ha
abcomomuama Hemounocm na Y .

Jla pasriefaMe XuIEppaBHMHATA o Ha
aucnepcusta o°  or  (3), a  MMEHHO:

- 0
a:ZApf—oZ:o, KbAECTO A = L =const.

i=1 8)0

1

Heka pasriename M xureppaBHuHata £:0° =0.
OueBHIHO PaBEHCTBOTO ¢~ =0 € Bb3MOKHO TOYHO
o _o _ _F

ox, Ox, Ox

n

TOoraBa, KoOrato =0. 3aroBa

cuuTame, KakTo B [6, 7], ue & € emanouHa pagHuna
B TPOCTPAaHCTBOTO  HA  JUCHEpCHATa  HA
a0CONIOTHATA HETOYHOCT — B CMHCBI, 4e
ChOTBETCTBA Ha BHOOpakacM HCAJICH ChbBBPIICHO
TOYCH EKCIICPUMEHT.

Crporo Ka3aHo, TakbB EKCIIEPUMEHT €
HEBBb3MOKEH U €TaJOHHATa paBHUHA & €
HenocTwkuMa. Ho yBenuuaBailku TOYHOCTTAa Ha
peaqHusi  eKCIEpUMEHT, paBHMHATa @  C€
»IpruomkaBa” kpM & . CIemoBaTeHO KOJIKOTO T0-
MajKO € OTKJIOHCHMETO Ha paBHMHATA « Ha
MIPOBEICHUS €KCIIEPUMEHT OT €TaJIOHHATa PaBHUHA
£ Ha WJIeaTHUsl eKCTIIEPUMEHT, T.€. KOJIKOTO BI'BJIBT
MEXIy IBETE PaBHUHH € TO-MajbK, TOJIKOBA IIO-
TOYCH € CKCIEPUMEHTHT. T03W BI'BI € paBeH Ha
BI'blIA MEXIY HOPMAaJITHUTE BEKTOpHU

na(Al,Az,...,An,—l) Ha
n.(0,0,..0,-1) Ha
CTOMHOCTTA HAa KOCUHYCA

paBHHHATAa (24 n

paBuuHara & . Torasa

k, —cosé(; ;) !
JE+ A+ + A +1
Ha TO3W BIBI W30UpaMe 3a Koeuyuenm Ha
mounocm B eOHA Oe3pasmepHa cKald, T.e. 3a
YUCNIO0B8A  XAPAKMEPUCTUKA HA KA4ecmeomo Ha
excnepumenma.

Ckanata 3a OIlEHsBaHE KadecTBOTO Ha
EKCIIEpUMEHTa €  HHTEPBAIBT [0,1]. Enun
TOJIKOBAa  IIO-TOYEH,

CKCIICPUMEHT € KOJIKOTO

CTOHHOCTTA Ha KOe(HIMEHTa Ha TOYHOCT k, € To-
ommka 10 1, ¥ e TONKOBa MO-HETOYEH, KOIKOTO
CTOMHOCTTA Ha Koe(UIMEeHTa HA TOYHOCT k, € Io-
ommska 10 0. Croiinoctra k, =1 chboTBeTCTBa Ha
UJEATHUS. CBBBPIIEHO TOYEH EKCIEPHMEHT, a
croifHocTTa k, =0 CBOTBETCTBA Ha WICAIHU
a0COJIOTHO HETOYEH EKCIIEPHMEHT.

4. Onpe)lemme YHCJIeHATA CTOMHOCT HA
AUCIICPCUATA HA MAKCUMAJIHATA
a0COJIIOTHA HETOYHOCT HA KOCBEHO
usMepsiema BeJininHa

Heka B eqMH eKCIIEPUMEHT ca HalpaBeHU
k wa Opoll HaOmOJIeHUs Ha TPSKO U3MEpsSieMHTE

BemnynEn X, X,,....X  Kato Xx,,X,,....X, ca
CTOMHOCTHTE, W3MEPEHM 3a BeluuumHara X,
(i=12,...,n).

OmpenensHETO HA YKMCIIEHATa CTOMHOCT Ha
nMcniepeusata o (AY ) Ha MAH mna kocBeHO
f(XHXZ""’Xn)
JIOTUYHA IMTOCJIEN0BATEHOCT OT OIEPALMU MOXKE Ja
OIMIIEM AJITOPUTMUYHO B CJIECJHUTE CTBIIKH.

nsMepsaeMa BCJIIMYHHA Karto

° 3a m-10 HabOmOeHUE (IIPU BCSKO
. of

m=12,....,k) ce ompenenaT CTOMHOCTUTE —— Ha
X,

m
of .
yactHara npousBojHa — (i=1,2,...,n).
oX,
° HaMHpa ce cpexHaTa CTOHHOCT

lk
a ‘E;

Ha KBaJpaTa Ha YacCTHATa

8f .
npoussBogHa — (i=12,....n).
P X ( )

° Ot

TIPEJICTABSHETO HA JMCIIEPCHATA O (AY ) Ha MAH

dbopmyna (3) ce moiydaBa

o 2
Ha Y Karo JMHEiHa QyHKIUS HAa AUCIEPCUUTE O,
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Ha  aOCONIOTHUTE  HETOYHOCTH  Ha  TPSIKO
u3Mepsiemure Benuunau X, X,,....X, .

° WN3uucnsBar ce CTOHHOCTUTE Ha
JMCIepcuuTe  G,,0,,....0. HAa  HETOYHOCTHTE
AX|,AX,,...,AX .

° Yucnenara CTOMHOCT Ha

JUCTIepCHsITa O'Z(AY ) ce ompenens karo B (3)

3aMCCTHUM CTOMHOCTHUTE Ha AUCIICPCUUTE

02,0200

Hammust meton, cerimacHo [8], Moxke na ce
MPUIOKH U KbM QYHKIHS (X],Xz,...,Xn), KOSTO
He e nudepeHnupyeMa OTHOCHO HSKOW CBOWM

aprymenT X, (1<i<n) B naneHu Touku a,, HO €

HENPEeKbCHATA 110 TO3M aprymeHt B . Torasa

0
Impou3BoOgHaTa l HC CBUICCTBYBA B TOYKUTC al.j .
oX,
Axko, o0aue, CBIIECTBYBaT JCCHU H  JICBU
NPOW3BOJIHK HAa [ mpU X, —>da,, TO B u3pasa (3)

o

BeJIMYUHATA | ——
Ox,

i

CC€ 3aMCHiA C TasH OT ABCTC

rpaHulu, 3a KOATO KOG(I)I/II_II/IGHT'LT Ha BIIUAHHC

0
il ¥Ma 110-roismMa cToiHocT. (CToHOCTHTE Ha
ox,

JBETe IPAaHULM Ca pa3NWYH{, WHade f Ou Ouia

mudepeHuupyema nmo X,).

5. Inckycus

[Ipenpnoxkenure OT Hac MOpaKTHUYECKa
orneHka Ha nucrepcusita Ha MAH Ha KocBeHO
u3MepsieMa BEJIUYMHA U METOJ 3a ONpeleisiHe Ha
YypcJIEHAaTa W CTOMHOCT ca OT 0COOEHa BaXKHOCT 3a

BCIKa ~ CGKCICpUMEHTAJHA  Hayka, B  KOSTO
W3CIIC/IBAHNTE POIIECH ce MOJIEITUPAT
MaTEeMaTHYECKH.

Kocseno n3MepsiemMaTa BEIUYUHA

Y=f(X1,X2,...,Xn) MOJKE Jla Cce pasIjiexkaa Karo
cllyyaifHa BEJMYMHA, KOATO € peanHa (QyHKIHUsS Ha
CllyyailHM He3aBHCUMH NpoMeHnBU. Hue padotum
C TpSIKO W3MEpAEMH BEIMYMHU C  HYJIEBH
MaTeMaTHUYECKH  OYaKBaHWs, MOpagu  KOETo
CTOXaCTHYHOTO TmpenacTaBsHe Ha MAH nHa Y n
H34HCIeHaTa ¥ CTOMHOCT ca Hail-BeposiTHuTE. B
TO3M CMHUCBHJ HAIIMAT METON € adeKkéameH Ha
00CKTHBHATA PEATHOCT.

6. 3akiarouenue

Hammar wmetom 3a mpencraBsHe Ha
nucnepcusita Ha MAH Ha egHa KOCBEHO U3MepsieMa
BEJIMYMHA KaTO (YHKIHS Ha MPSIKO H3MEPSeMH

BEITUIUHH € YHUBEPCAIeH, 3aII0TO € TIPIIIOKIM KbM
pasIUYHU  HAYYHH  O0JAacTH, MaTeMaTHYECKU
MOJCNIM, BHUJIOBE HM3MEPBAaHUS U TUIIOBE BXOIHU
JIaHHHU.

MeroapT HM MOXKE Ja Ce Ipwiara U KbM
EKCIIEPUMEHTH, MOJICJIUpaHy ¢ (DYHKIIMH, KOUTO ca
C HENpeKbCHATH IBbPBU MPOU3BOJHMU, HO HSIMAT
BTOPU  INPOU3BOJAHUM  OTHOCHO  HSIKOM  CBOM
apryMeHTH B JaJeHH TOYKW. Upe3 HEro 10
npakmuyecku 00Cmvner HAYMH MOXe JIa Ce MOJTyqr
YUCJIEHATa CTOMHOCT Ha MaKCHMajaHaTa HETOYHOCT
TP TaJIeH €KCIIEPUMEHT.

BaarogapHocTn

HacrosmuTe n3cnenBanus ca U3BbPIICHH C
¢unancoBata Tmonkpernra Ha Dounm ,,Hayunwm
W3CIICIBAHUS KBM MUHHCTEPCTBOTO Ha
o0pa3oBaHHMETO M HayKaTa Ha beiarapus mo 10roBop
TO1/2.
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BPB3KA MEXKIY KYJOHOBHUS IOTEHLUAJ
U MOTEHLUAJTHATA EHEPTUS HA
B3AMMOJIEMICTBUE MEXKY JIBE 3APEJEHU
MPOBOJSIILIUA COEPU

CTED®AH BOXKOB

Pestome: B macmoswama paboma ce paszenexcda OMKIOHEHUEMO HA KYIOHOBUS
NOMEHYUAN O NOMEHYUATHANA eHepeUs HA eNeKMPOCTAMUYHO 83AUMOOeLICIEUe MeHCOy
0ge 3apedeHu NposoosWU cepu ¢ NPOU3BOIHU PAOUyCU U NPOU3BOIHU eNeKMPUYHU
3apaou. 3a yenma ce u3NOA36a MOYHA AHATUMUYHA DOPMYAA 3d MA3U NOMEHYUATHA
eHepeus, uzsedena upe3 Memooa Ha 3apa0osume oopasu & npeduwina Haula paboma.

KarouoBu aymm: nposodsuya cepa, nomenyuaina ewepeus Ha eiekmpocmamuyio
e3aumooelicmeue

CONNECTION BETWEEN COULOMB’S
POTENTIAL AND THE POTENTIAL ENERGY OF
INTERACTION BETWEEN TWO CHARGED
CONDUCTING SPHERES

STEFAN BOZHKOV
Abstract: In present work we study deviation of Coulomb’s potential from the potential

energy of electrostatic interaction between two conductive spheres with arbitrary radii and
arbitrary charges. For this purpose we use exact analytical formula for this potential

energy derived in other work of ours using theory of image charges.

Key words: conducting sphere, potential energy of electrostatic interaction

1. BnBeaenne

W3BectHa e ¢opmynata 3a HaMupaHEe Ha
MTOTCHITHAIHATA CHEPTHS TPHU EICKTPOCTATUIHOTO
B3aMMOJICHCTBUE MEXIY ABa TOUKOBHU 3apsanga (O, u

(,, HaMHpalIy ce Ha Pa3CTOSHUE R IOMEXIy CU

[1, 2]. Ha mpakTtuka o0ade HE CH B3aWMOJIEHCTBAT
TOYKOBM 3apsiM, a 3ape/ieHU Teja C OIlpelelleHU
pasmepd, TreoMeTpuyHH GopMH U (PUIUUECKU
CTPYKTYpH. 3aTOBa KAaKTO €JIEKTPOCTATHYHATA CHJIA
Taka ¥ TOTEHIMAJHATa EHEPrusi MEeXAy [IBe
npoBoJsIM  chepu  ce  pazauyaBaT  OT
CJIEKTpOCTaTHYHATA CHJA W [NOTCHUIHAIHATa
CHEpPrusi MEXIy TOYKOBH 3apsiid CBbC CBIIUTE
TOJIEMHUHH, TIOMECTEHH B LIEHTPOBETE Ha cdepwure.

VcranoBeHo €, dYe TOBa C€
pepa3npeeICHIETO Ha 3apsaIuTe 110
MOBBPXHUHUTE Ha cdepure B pesyiaraT oOT
€JIEKTPOCTATHIHOTO B3aMMONIECHCTBHE MEXKIY TIX

[1].

IBIDKA  Ha

B [3] ce mpeacraBs To4YHa aHATIUTHYHA
dopmyna, wuspaseHa ¢ Oe3kpallHU CcymHu, 3a
HAMHUpaHe Ha [OTCHIMAaaHaTta eHeprus W
€JICKTPOCTATUYHOTO B3aUMOJICHCTBUE MEXKIY [BE
chepu ¢ IPOU3BOIIHY 3apsau U paauycu. Hamepena
e omle cuwiata F W MoTeHNMana ) B JaJieHa TOYkKa
OT TIOJIETO, TIOPOJICHO OT TSHX.

B [4] ce pemaBa TeopeTHIHO TPOOIEMBT 3a
HaAMHUpaHe Ha OTKJIOHEHUETO Ha KYJIOHOBUTE CHJIA

F. weneprus W, or peannute cuna [ u eHeprus
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W Ha eneKTpoCTaTHYHOTO B3aUMO/ICHCTBHE MEKTY
JIBC HACIIEKTPUUPAHU cHEPU C PABHU PATHYCH.

B [5] ce pasrnexna oTkiIoHEHHETO Ha F.
ot F npu cdepu ¢ IPOU3BOIHU PaJUYCH.

B Hacrosimata pabota ce  pasriena
OTKJIOHEHHeTO Ha W, or W mnpu cdepu ¢ paBHU

paanycH.

2. Bpb3ka MeK1y KyJIOHOB OTEHIHAJ H
MOTeHLHAJIHA eHeprusl Ha
B3auMo/ieiicTBHe MeKAy ABe MPOBOISIIIH
cepu ¢ HeHyJIeBH 3apsian
Heka S, u S,

IPOBOJAIIY CepH, ¢ IPOU3BOIHU PATUYCH 7, U 7,

ca JIB€ HEmpecHyalm c€

¥ oTHOLIeHHe Ha 3apsiute k=0, /0, .

AKO R>7+7r € pasCTOSIHHETO MEXIy

meHTpoBere Ha cdepure, To B [3] ce Tmomara
6,=r/R u 8, =r,/R. OcBeH ToBa ce BHBEXK/AT 3a
J=1,2,3,..

CIICIHUTEC O3HAUYCHHU:

k _1_ _
Alj =1+Zj:(—l)k z J l-s J k+sj§l2(ks)§22s ,
k=1 5=0 k—s S
k _1_ _
k=1 o\ k-s s
J k — —k
B, :1+2(—1)"Z ST TS g
' k=1 o\k—s s
J=S\J=k+S) o (ks
=1 o)
2, + 71 ; k—s s 1 O

O3HauaBa ce OIIIe:

X = 25'”5'" _25’"5'” 1=i5£|5; ,
l, 2 m=1 1,m-1
yoore o X kY
P &S B,,, o+ x)(1+X,)-YY,
. 1+ X, +k™

C(1+X)(1+X,) -1y,

Ocsen ToBa ipu m =1,2,3... ce momnara:
5mé‘m 1 é‘mé‘m
’ _ ” 1
L2m 1 kLO ’ L2m - L
2,m-1 1,m
5m lé-m 5mé‘m
L | = L2 i L(;, L = =1
1,m-1 2,m

ToraBa pascrosHusTa Ha 3apsauTe 00pasu 10
ueHTposeTe Ha cdepure S, U S, ca CbOTBETHO d

ud ;.’ , KbJICTO:

4 B
0,d, =6R>"",d, =5 R—"~

2,m—1 1,m

d=d! =

A
&3, = SR dL, = 53R

1,m-1 m
Hexka =d/R, a o'=d]/R,
j=0,1,2,.... Toraa B [3, 6] ce moka3Ba, He

MMOTCHIIMATHATA €HEepTHs W Ha eJIeKTPOCTATUIHOTO
B3aMMOJICHCTBHE MOXKE JIa CE€ TIPEJICTaBU BHB BHUIIA

W=W.H (1)

KBACTO CHCPIrusiTa WC € oIlpcacyicHa 3a TOYKOBHU

sapsinn - O,
IIEHTPOBETE Ha chepure, a

n (@,, pasloJOXKEHH CHOTBETHO B

e 0e3pa3MepeH KOSPUITUEHT Ha MPOTIOPITHOHATTHOCT
mexny W u W, . To3u KoeQUIHEHT € U3pa3eH upe3

k=0,/0#0 na

oTHOUIeHUsTa 8, =/ /R n S, =1, /R Ha paguycute

OTHOIICHUETO 3apsAauTe Hu

7, U 1, Ha ABeTe cepu KbM DPa3CTOSHHETO R

MEXy LIEHTPOBE UM.

3a gaBe 3apeieHM MpOBOAAIIU cdepu ¢
paBHU paguycu 7, =1, =r, B [4] TeoperuuHo ca
U3CIEABAHU  CTOMHOCTHTE,  KOMTO  IpHUeMa
KOoe(DULUUEHTBT /1 B 3aBUCHUMOCT OT OTHOIIEHUSTA
k=0,/O wm R/2r. VYcraHoBsBa ce, 4e Ha
OTHOCUTEIHO MaJKH pPa3cTosgHus R crpsamo 2r,
OTKJIOHEHHETO [ Ha W, oT W e 3HauuTeNHO.

3. Onenka Ha OTKJOHEHHETO HA KYJIOHOBHUS
NMOTEeHIHAJ CPSIMO MOTEHIIHAJIHATA
eHeprusi Ha eJIeKTPOCTATHYHO
B3auMo/eiicTBHe MexKay ABe cepu
Hexa S, u S, ca nBe cdepu, ¢ npou3BOIHU

pamuycu 1, r, u 3apsian Q,, Q,. Ilpu O #0 un
0, #0 ot ¢opmyna (1) cnensa, ue abcorromnama
HemouHocm AW, Ha KyJIOHOBHA IIOTEHLUAI,

OTHOCHO MOTEHIMAJIHATA eHeprus Ha
€JIEKTPOCTaTUYHOTO B3auMojeiicTBue W Mexay
nposozsumre chepu S, u S, , e

W =W, —w|=|w.|1-H]| ()

Torasa oTHOCHTeNHAaTa HeTOUYHOCT AW, Ha
W. otocHo W €
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AW, =|1-H|. 3)

Kakro Bede otbemsazaxme, KOCHHUITUESHTHT
H e 0Oe3pa3MepHa BeNWYHMHA, 3aBUCENIA CaMO OT
n/R, n/R u k=0,/O #0. Toil BChIHOCT €
dhyHKIHS, oTMCBAaIIa eexra oT
npepasnpeieieHIEeTo Ha 3apsuTe 1o
noBbpxHUHUTE Ha cdepure. [Ipu ToBa oT Gopmymnu
(2) u (3) crnensa, e konkoro H e MO-0IM30 10
¢/IMHUIIA, TOJIKOBAa aOCONIOTHATA U OTHOCHTEIIHATA
HETOYHOCTH Ca MO-MaJIKH, H 00paTHO.

[To-naTaTbk e  pasriIexgaMe  caMo
OTHOCHUTEIHATa HETOYHOCT AW, , 3amoTo T4 naBa

mo-mpenu3Ha wWH(OpManus 3a OTKIHEHHATA OT
peaHUTE CTOMHOCTH.

CornacHo Cekuus 2, ipu R>n +r,, k#0
U JaIeHUu 7; U 1,, KoehUUUEeHTbT H Moxe na ce

pasriiefa kato (YHKIMS Ha OTHOIICHUETO Kk TMIpH
pa3nuuHM R, WIM Ha pPa3CTOAHUETO R Tmpu
paznuuHu k. 3aroBa MOXeEM Jla HM3Pa3UM

OTHOCHTENTHaTa HETOYHOCT Ha W, Kkarto (yHKIHs
Ha k unu Ha R, aHAJIOTMYHO Ha IIpUMepHTe 3a [
B[5].

IMpumep 1. Ha ®ur.1 u ®ur.2 ca nokazaHu
rpaUKuTe Ha OTHOCHUTEJIHATA HETOYHOCT AWC
kato ¢yHkmms Ha k#0 mpu chepu c paBHH
pamuycu 7, =7, =2x107m u pascTOSHUE MEXKLy
LIEHTPOBETE MM OTIOpPe HAA0Iy, ChOTBETHO:
R=425x10"m, R=4.5x10"m, R=5x10"m u
R=6x10"m.

R=4.25x10"m

R=4.5x102m

80|

R=5x10""m

40
R=6x10""m

-2 -1 —2—-%0

Que. 1. I'paguxu Ha omHocumenHama
nemounocm AW, 6 zasucumocm om k <0

H
L 2 3
3

'
Wabzzzzozajzozygozife
~

Due. 2. I'paguxu na omHocumenrHama
Hemounocm AW, 6 sasucumocm om k >0

Ot rpadukute Ha Our.1 u Our.2 ce BwKa,
qe:

o AWC(k)<£WC(—k) 3a Bcako k>0, T.e.

OTKJIOHEHHETO Ha KyJOHOBMs NOTEHIMal € TIo-
MaJIKO IpH cepH ¢ STHOUMEHHU 3apsaH.

e  OTHOCUTEITHHTE HETOYHOCTH AWC uMar
€IMHCTBEHM MHHUMYMH Ipu k==1, T.e. koraro
0O, =0, , He3aBUCUMO OT Pa3CTOSHHETO R MEXKIy
cthepure.

o AW, (k)= AW, (k’l) , KaTO OTHOCUTEITHUTE
HETOYHOCTH AWC ca IO-TOJIEMH, KOrato R e mo-
MajKO WJIH pa3IuKaTta MExXIy |Ql| u |Q2| e To-

roysma.
IIpumep 2. Ha ®wur.3 3a chepu ¢ paBHH

pamuycu 7 =r, =r=2x10"m ca mnpeacTaBeHu

rpadukure Ha AW, 3a k=1 u k=xI1/4 B
3aBHCUMOCT OT Pa3CTOSHUETO R .

AW %
140

120)
100)
80}
60}
40

20

== Rm]
0.03 0.04 0.05 0.06 0.07 0.08 0.09 010

Due. 3. I'paguxu na AWC 3a cghepu ¢ pasHu
paouycuu k=+1, k==+1/4 6 sasucumocm
om R.
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C HaMansBaHe Ha pPa3CTOSHHETO MEXITY
chepure (t.e. mpu R—7+r,) AWC HapacTsa.
O6parHo, AWC — 0 npu OoTHOCUTENHO rojiemu R,
ciupsiMo  # +r,. Taka peamHara IOTCHIMATIHA
eHeprus W wMexnay 3apeieHu cdepu Ha TOJICMH
pascTostHM R OTHOCHO 7 +7, CBbBHaga cC

KylnoHOBUA moTeHmman W,.. OrHocuTenHarta

HETOYHOCT AW, OTHOBO € IO-Mallka, aKO JIBETE
cepu ca 3apeIeHH C €THOMMEHHH 3apsi/IH.

4. M3unciaenus
AnanoduyHo Ha pasriexjgaHusTa 3a F,. u

F B [5], me npencraBuM eAMH KOHKpPETEH MpUMeEp,
3a J]a BUJUM KOJIKO 3HauMMa B HIKOM CIy4adu €

pasnukaTa MEXKIY NOTCHLUAIHUTE
eJIEKTpOCTaTUYHU eHepruud Wu W,..
Ile CpaBHUM cToMHOCTUTE Ha

noTeHuuannara eneprus W or gpopmyna (1) ¢ W,
KaTo pasrieaame ciaydas, Koraro cdepure ca ¢
pPaBHU pajNyCH.

Ilpumep 3. Hexka S, u S,

HaeJEeKTPU3UPaHU TPOBOIIIMN chepru ¢ pamnycu

ca JIBC

-2
1, =r,=2x107"m 1 OTHOLICHUETO HA 3aPAJAUTE UM

O,nuQ ek=0/0=%1,+1/2,1/4,0.

Ha ®wur.4 npencraBsiMe ceMelcTBO OT
rpaduky Ha eHeprusita W B 3aBUCHMOCT OT
pascrossHueTo R Mexay uentposere O, m O, Ha
chepure S, um S,. I'padukure npu pasnuunuTe
CTOMHOCTH Ha k ca HadepTaHH BbH3 OCHOBAa Ha
dopmynu (1) u (3) ot [4].

Wi

0.00005

0.00000

—0.00005 ¢

—0.00010}F

—0.00015%

Due. 4. I'paghuxu nHa nomenyuarHama eHepausi
W 6 3asucumocm om pazcmosanuemo R
Medcoy yeHmposeme Ha chepume npu

PA3TUYHU CMOUHOCMU HA OMHOULEHUEMO HA

sapsioume k=0,/0, .

Ot rpadukuTe ce BmWKIa, 4e 3a chepu c
paBHHU paauycH ca U3IIBJIHEHU W3BoAUTE (i), (ii) U
(iii) ot Cekuus 3 Ha [4]:
(i) Ilpu npousBosHM cTONHOCTH Ha (O, U
Q,, W<W, karo 3a R HamaniBall0o KbM 2r,
oTkioHeHneTo Ha W, ot W pacte. Ilpu ToBa:
° 3a Q0,<0 (z3a W.<0), H>0.

CnenoBatenHo |W| > |WC| >0.

° 3a Q0,>0 3a W.>0):
- mpu Q, <0280, H>0, H=0
win H <0, t.e. W Moxe 1a cMeHS

3HaKa CH;

- npu Q,=0280, H=0, Tte.
W=0;

- mpu Q,>0.280, 0<H<I1, te.
W>0.

Cneposarenso, ako H <—1, |W| >2W.>0,

aako —1<H <1, 10 WCZ|W|20.

° 3a 0, #0, 0,=0 3a W,.=0):
- npu R=>8r, W=0;
- 1mpu R<8r, W<O0.
CnenoBarenHo |W|2WC =0.

(ii) Ilpu yBemnyaBaHE OTHOIICHHETO MEXKIY
HEHyJeBU croiHoctu Ha (O, u (,, pacraT Hu

croifHocTUTe HAa R OTHOCHO 27, mpu Kouto H =1,
t.e. W.~W. Cneposarenno 3a QO =0,

OTKJIOHeHHeTO Ha W, ot W >0 e Hali-MaJKo.

(iii) llpum QukcupaHu HEHYJIEBH CTOWHOCTH
Ha |Q1| u |Q2

noTeHanHata eseprus W <0 e mo-roisma 1o
a0COJIIOTHA CTOMHOCT OT HOTCHLUAIHATa E€HEPrHs

, 32 BCHUYKH CTOMHOCTH Ha R>2r,

—W >0, nmokarto |WC| € €IHa U Chlla 3a BCIKO
R>2r.

Ha ®wur.5 w @ur.6 ca cwnocraBeHn
rpadukure Ha W, u W B 3aBUCUMOCT OT R 3a

k=-1/4 (pasHoumennu 3apsau) u 3a k=1/4
(eTHOMMEHHHU 3aps/n).
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Wil

Rm]

0.02 004 006 008 010 012 014

—0.00001

—0.00002F

—0.00003

—0.00004 F

—0.00005%

Que. 5. I'paduxuna W, u W 6 3asucumocm
om R npu k=-1/4.

W]
0.000015¢

0.00001F

S.x107¢}

L L L L L Rim)
0.14 0.06 0.08 010 012 014
W

Que. 6. [paguxuna W, u W 6 sasucumocm
om R npu k=1/4.

Ot rpadukuTe ce BUX/a, 4ye rojeMuHaTa Ha
ujeanu3upaHaTa  NOTCHIMAlTHAa  CHEprus  Ha
B3aumozeiicteue W, #0 crporo pacte mo Moy ¢
HaMaJsiBaHe Ha pa3crosHueTo R . Jlokaro:

e [Ilpu k=-1/4 norenumanuara eneprus W
Mekay ABeTe chepu M KyJIOHOBMs MmoTeHuuan W,
MEXJIy JBaTa TOYKOBU 3apsia ca € €JUH M CbI
3HaK, .. W <0 u W,.<0, Ho |W|>|WC| 3a BCSIKO
pascrosaue R (Dwur.S).

o Ilpu k=1/4 ¢ wuamansBane Ha
pasctosHuero R mepBoHawamHO W >0 u
[IOCTENIEHHO pacTre, JocTura Makcumym (W ),
cien ToBa HamaisBa A0 Hyna (W =0) n Hakpas
O0bp30 HamansBa mox abcmucHatra oc W <0

(®dur.6). B TO3M KOHKpeTeH ciydyall peanHara
[OTEHIIMaJIHA eHeprust ¥ ce pas3iudaBa JpacTUYHO

OT KyJIOHOBHS noTeHuuan W, .
BbB  Bemukm chaydam — WIeanv3upaHUsL
KyJIOHOB IOTeHIuan W, Ha MalKu pa3cTosHus R

(oTHOCHO cyMaTa Ha paguycure r, U 1)
CBHIIECTBEHO  CE€  OTKJIOHfABAa OT  peajHara
noreHnuantia emeprua W . Camo Ha JOCTaThYHO
roJeMH Pa3CTOSHUS, KOrato asere chepu Morar ja
ObaT pasMIekTaHW KATO TOYKOBH  OOEKTH,
peanHaTta MOTEHIMAJHA EHEpPrus W KyJIOHOBUS
MOTEHITHA IPAKTUYECKH ChBITAAT.

BbB BcekM €OuMH KOHKpPETeH clly4ai
CpaBHsABaHEe Ha KyJIOHOBUS mnoTeHuman W. c¢

peajHaTa MOTEHIMANIHA eHeprus W Moxke na Oble
HampaBeHo ¢ oMoinra Ha opmyia (1).

5. Iuckycust
ITomyuaBa ce, 4e OTKJIOHEHUETO Ha
KyJIOHOBMsI TIOTEHIMAJ OT peajHaTa MOTEHLHaIHa
€Heprusi Ha EJEeKTPOCTAaTHUYHOTO B3aUMOJCHCTBHUE
MeXAy naBe chepu € MHOro TOJIIMO Ha MAaJKH
pascTosiHusL R, OTHOCHO CyMaTa Ha PaguyCHuTe #, U

r, Ha cdepure. KakTto e M3BECTHO, OTKIOHEHHUETO

Ha KYJOHOBHA TMOTCHHIHAJI WC OT pcajiHaTa

IOTCHIIMAaJIHA CHEprus w ce ABIIKHA Ha
CJIICKTpOCTaTUYHATA MHAYKIOHUA MEXKAY 3apCACHUTE
chepu. Ha orHOcuTeNnHO TOnemMu pazcrosiHuS R
MOXe J1a ce cuuta, ue W,. =W . B [4] ca HanpaBeHU

TC31 U3BOJM B Clly4as, KOrato n =r, =r.

6. 3aki0uenne
YCTaHOBEHOTO OT HAC OTKJIOHEHHE Ha W,

or W B ompejaeneHH cCilydau € JpacTU4HO. ToBa
MOKa3Ba KOJIKO CBINECTBEHO € B Pa3IMYHUTE
MPAKTHYECKU CHUTYallMW Jla CE HalpaBH OICHKA Ha
TOoBa oTKJIoHEeHHE. Taka Hampumep B [7, 8, 9, 10] ce
HAMHpa TOTCHIMATHATA CHEPrUsl Ha BpPH3KATA
MEXJy HYKIOHUTE B aTOMHHTE SJpa, KaTo ce
usnoisea Gopmyna (1).

JIUTEPATYPA

1. Maxwell J. (1954). A4 Treatise on electricity
and magnetism Vol. 1, Dover.

2. Halliday D., Resnick R., Walker J. (2010).
Fundamentals of physics, Wiley.

3. Kolikov, K., Ivanov, D., Krastev, G.,
Epitropov, Y. and Bozhkov, S. (2012).
Electrostatic interaction  between  two

conductive spheres. J Electrostat, 70, 91-96.

4. Kolikov, K. (2015). Theoretical deviation
assessment  of  electrostatic  interactions
between two point charges and two conductive
spheres of equal radii. Journal of Applied
Physics (submitted).

5. Ivanov, D., Bozhkov, S. and Epitropov, Y.
(2015). Deviation of coulomb’s force from the
force of electrostatic interaction between two
conducting spheres. J Electrostat (submitted).

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria

ISSN 1310 - 8271



-168 -

Kolikov, K., Ivanov, D., Krastev, G.,
Epitropov, Y. and Bozhkov, S. (2012).
Erratum to “Electrostatic interaction between
two conducting spheres”. J Electrostat, 70, 91-
96.

Kolikov, K., Ivanov, D. and Krustev G. (2012).
Electromagnetic nature of the nuclear forces
and a toroid model of nucleons in atomic
nuclei. Natural Sciense, 4, 47-56.

Kolikov, K., Ivanov, D. and Krustev G. (2012).
Electromagnetic nature of the nuclear forces
and toroid structure of the deuteron and triton.
Natural Sciense, 4, 123-130.

Kolikov K., (2012). Electromagnetic nature of
nuclear forces and the toroid structure of the

10.

helion and the alpha particle. Natural Sciense,
4, 484-491.

D. Ivanov, K. Kolikov, Short-range action and
long-range action of the electrostatic forces
within atomic nuclei, Natural Science, 5 (2013)
508-513.

Konraktu

Anpec: IlnoBnuBcku YHUBEpCUTET

“I. Xunennmapcku”, yi. ,,Ilap Acen” 24,
ITnosnus, beirapus

E-mail: bozhkov(@uni-plovdiv.bg



-169 -

(,"‘\‘ Yw, ©Journal of the Technical University — Sofia

L
N < Plovdiv branch, Bulgaria

S ‘ v “Fundamental Sciences and Applications” Vol. 21, 2015

w ~ International Conference on Engineering, Technologies and Systems
v ¥ TECHSYS 2015

Sorh BULGARIA

OPTIMAL POSITION SENSOR FOR
ORIENTATION OF PHOTOVOLTAIC PLANTS

RUMEN POPOV, STEFAN LISHEV, ALEKSANDAR GEORGIEV, NADEZHDA VASILEVA

Abstract: The produced volume of an electrical energy in non-concentrated, photovoltaic
plants may significantly increase if the panel orientation is changing, to follow the optimal
position. There are a number of methods and sensors, used to find the PV panel optimal
orientation, which depend not only on sun position, but on sky (sun) insulation factors, too.
In some cases the diffuse component of the solar radiation produces much more electricity,
then direct one. In this article sensor for direct, real time measurement of an optimal PV
plant orientation position is proposed. It uses a rotating sensor array, oriented at different
tilt angles and scanning the sky. The microcontroller unit performs measurement and
control algorithm and allows calculated data through RS485 interface connection.

Key words: Solar photovoltaic system, Optimal Position Sensor, Renewable Energy

1. Introduction beam position inside the sensor. Sometimes the
sensitivity of the sensor phototransistors is raised
due to the inclination of the surfaces where they are

mounted. Fig.1 presented several sun sensors types

There are different sun following
controllers, which provide error signals (normally
one signal per following axis). The sun position
sensors act as a two axes or four quadrant photocell, [1].
giving a mV voltage proportional to the radiation

O o] O
" |

Shading

device :

Photo sensor Collimator

couple

Pointing error
signal
Photo sensor
couple

Fig. 1. Various types of Sun sensors [1]

Let us consider the classical sensor, which
is constructed for one sun position coordinate.
There are two phototransistors, which are situated
on a pair of surfaces with a slope of 90°. Fig.2
shows the sensor construction [1].

The above mentioned sensors possess two
main problems: on the one hand the phototransistors
have to be quasi-identically, on the other hand there
exists the so called ageing semiconductor effect.

The problems of the classical Sun sensor
may be solved by the matrix Sun sensor (MSS).

In the previous solutions, each tracking
direction is controlled by using a Sun sensor made
by a pair of phototransistors.

This proposal is for a single matrix Sun
sensor MSS, which controls both axes of the
tracking system. The main advantages of the new
solution are the robustness and the economical
aspect. The new sensor uses the ancient principle of

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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the solar clock. Photo-elements (CdS cells) are
employed inside the MSS.

Fig. 2. A classical Sun sensor [1]

Fig.3 presents the position of the photo-
resistors [1].

A sensor for measuring the sun position
consists of a four-quadrant photodiode (Fig.4). The
diagram shows four main zones - north-east (NE),
north-west (NW), south-west (SW) and south-east
(SE). A beam of light illuminates a part of the four
zones through an aperture (Fig.4). When the sensor
moves (or the sun’s position changes), the beam

Quadrant Photodiode

South-West| South-East

North-West| North-East
w \j E

S
Beam

illuminates different portions of each quadrant and
consequently produces different currents in the
diode [2].

Fig. 3. The photo-resistors matrix [1]

An electronic circuit is used to measure the
current from quadrants NE, NW, SW and SE. Error
signals for the west—east and north—south axes are
obtained by properly summing and deducting the
currents [2].

Fig. 4. The four-quadrant sensor [2]

Fig. 5 presents another type of sensor. This
sun position sensor acts as a two axes or four
quadrant photocell, giving a mV voltage
proportional to the radiation beam position inside
the sensor. The sensor is intended to keep the
radiation beam as near as possible to the (0, 0)
position of both axes (Fig. 5).

+
;AmsY

Axis X

i

i

i
v

Fig. 5. Sun position sensor [3]

A multicellular photovoltaic sensor uses
specific method to direct any installation with solar
collectors or PV panels. Its construction is as
follows: solar PV cells are situated in several
surfaces on a supporting device. The planes have
the following angles: 0 °, 15 °, 30 °, 45°, 60 °, 75 °,
90 °.

Fig. 6. Sensor with vertical configuration [4]
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The role of the solar cells is to find the insolation
available in the mentioned surfaces. Another role of
the cells is to collect information of the present
global solar radiation in the mentioned directions.
There are two positions of the sensor - vertical and
horizontal. The sensor determines the optimal solar
altitude in the first case (Fig.6). The determination
of the optimal solar azimuth is done by the second
one (Fig.7).

2. Proposed sensor construction

The proposed sensor principal of operation
is based on a full sky scanning procedure, which
allows finding, in real time, an optimal PV panel
inclination and azimuth angles. The multicellular
sensor array 5, mounted on the PCB assemblies 4
(Fig.8) is rotating around the vertical access in 360
degree range, that ensure an real time incoming
solar radiation measurement at approximately all
possible PV panel orientation positions. The sensor
array consists of 9 silicon PV sensors, fixed at
different angles (0, 10 20, 30, 40, 50, 60, 70 and 80
degrees) from the horizon. The PCB assembly is
fixed on the top of the rotating disk 3 by the PCB
support 6. Stepper motor 2 is rotating the disk and
the sensor array. The inside area is covered by the
quartz glass cover in case to protect sensors by the
environment conditions.

ITEM DESCRIPTION QTY.

No.
1 | Stepper Motor Base 1
2 | Stepper Motor 1
3 |Rotating Disk 1
4 | Printed Circuit Board 2
5 | Silicon PV Sensor 9
6 |PCB Support 1
7 | Quartz Glass Cover 1
8 | Plastic Ring 1
9 |Bottom Cover (Fig.9) 1
10 |Level Sensor (Fig.9) 1
11 | Sensor Base (Fig.9) 1

Fig. 8. The mechanical part of the optimal PV plant orientation sensor

The rotating disk motion begins from the
north orientation position and produces a full turn to
the same point. The next measurement is performed
at an opposite direction turn. This is made by the
reason to allow wire signal connection between the
rotating and stationary parts of the assembly. The
optical start/end position sensor (not showed on the
figure) is used to synchronize the movements.

Fig. 9. The common view of the sensor assembly

The bottom cover 9 (see Fig. 9) contains an
electronic control and measurement PCB and
desiccant container, which one is used to avoid wet
condensing on the inner surface of the quartz glass
cover. The whole sensor is mounted on the sensor
base 11, which ensure level screw adjustment, and
north direction correction. The actual level is
measuring by the liquid level sensor 10.

The optimal position angles (elevation and
azimuth) are determined by the comparison of the
signal levels, detected from the sensor array in a
whole turn data frame. The transimpedance
amplifiers are used to gain photovoltaic currents,
produced by the silicon sell sensors. Fig.10 shows
the schematic diagram of the amplifier section. The
9 identical channels are used to gain signal level to
the appropriate value, which may be accurately
measured by the microcontroller analog to digital
conversion (ADC) section. The inverting amplifiers
9 are producing positive voltages, compatible to the
ADC measurement range.
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sensitivities of the 9 measurement channels (sensors
and amplifiers) are identical (Fig.10). This is the
reason to use a special channel sensitivity
calibration procedure. On it the sensor array PCBs,
after assembling, are placed on the rotating disk
horizontally and the standard sun lite source is
situated in front of the assembly. By rotating the
disk and measuring the maximal voltage level,
produced by the each one channel, the sensitivity
coefficients (for all the channels) are determined.

3. Sensor control section

The control unit is based on
PIC24FJ128GA010 microcontroller using
Microchip’s Explorer 16 development board [5].
The board is equipped with various interfaces,
including digital I/O, serial UART module, ADC
inputs and USB device module. RAM memory is
8K bytes which is sufficient for storing input values
from sensors. Processor instruction execution speed
of 250 ns allows processing of input data to be done
in the given time window (Fig.11).

PV sensor array is connected to 9 channel
transimpedance amplifier for amplification and
signal level matching and then to analog-to-digital
module of the microcontroller. The ADC module is
high-speed, pipelined 12-bit A/D converter.

level
if the

PIC24FJ128GA010

RS 486
TRANSCEIVER

DIGITAL I/O

START/END

POSITION SENSOR

home

Fig. 11.

STEPPER MOTOR
DRIVER

KEYBOARD

STEPPER MOTOR O

Control system block diagram
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The start/end position sensor is used to
indicate start point and the full turn end point in
measurement movements. The Texas Instruments
DRV8824 [6] provides an integrated bipolar stepper
motor driver solution. It has built in micro-stepping
indexer and simple step/direction control interface.

The system parameters, such as a scanning
time interval, a number of averaged measurement
samples, sensor array sensitivity data etc. may be
added or changed by using a keyboard and LCD
display.

Start

Initialisation

W:

Output data are available through RS485
interface connection. The USB port supports
controller program development.

MCU read PV sensors array signals at every
step and find the maximum value. At the end of the
rotation the algorithm finds the maximum value of
all and interpolates with its near sensor value to find
the exact optimal angle of elevation. The simplified
algorithm diagram for the measurement procedure
is presented on Fig.12.

Move to home
position

W

and store

Read sensor values
first two
maximum values

Make one step

End/home
position?

Find maximum read value Change G
3 3 : Wait given
and make interpolation with gepper motor ;
= : time constant
the near sensor value direction

Fig. 12.

4. Conclusions

The sensor, proposed in this article, allows
the user actual, real time information about the
optimal inclination and azimuth orientation of the
PV panels, in case to produce maximal electricity
power. The obtained data are based on the fast and
practically full sky observation procedure. Linear
interpolation is used only in elevation access,
between two sensors positions, reporting best

The simplified algorithm diagram for measurement procedure

values. The inclination difference for these two
sensors is only 10 degrees.

The azimuth resolution is set to 0,9 degree
and match to a half step size of the stepper motor.

For the best results in optimal position
measurements, the type of the sensors in photocell
array should be the same, as in PV plant panels.

The chosen data interface (RS485) is
convenient to cover long distances - up to 1200 m.

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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This feature adds flexibility in sensor placement,

inside the PV plant arrangement.
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BULGARIA

®AKTOPHU BJIUSEIIA HA EHEPTUAHTE
HOTPEBHOCTHU HA BUTOBUTE
CTOHAHCTBA. CTPATEI'MM 3A UKOHOMMUA
HA EHEPI'USA

HUKOJIAM ITAYHKOB

Pe3tome: Bcsako 6umoeo cmonamcmeo, He3a8UCUMO OAlu € Kblyd, andapmamennm uiu
KOOnepayusi uma Hyxicoa om eHepeus 3a OMOnieHue, GeHMUIAyUs U OXa1anicoame, monia
600a, oceemuenue, eiexmpuiecmeo. CeemosHama UKOHOMUYECKA Kpuzd 600U 00
Hamanseane Ha 0eld HA NPOMUWIEHOCMMA KAMO KOHCYMAMOpP HA eHepeust 3a CMemKd Ha
bumosomo nompebnenue. Ilokausanemo Ha yenume HA eHEPSUUHUME Pecypcu 600U 00
MmbpceHe HA HAYUHU 30 KOMNEHCUPAHE He2amusHume nocie0Cmesusl. Hakxou om
sapuanmume ca UKOHOMUSL HA eHepeusi upe3 ypeou ¢ GUCOK eHepeUueH Kidc, N0O0OPs8ane Ha
monnousonrayusma Ha scunuwama. Texnonoeuume 3a 000ue Ha enepeus om CivHyemo
npednazam owe armepHamusu. Hcmunckusm —ukoHoMuuecku —egekm uosa  om
ynompebama Ha HAKOIKO MeXHoIo2uu u cmpameeuu. 3a mosa ca HYJHCHU MHO2O
UHGECMUYUU U NPOYUEAHUSL.

KmrowoBu mymm: Texwonoeuss 3a O0obus Ha ewepeuss om CrvHyemo, Bw3oOHossemu
usmounuyu, pomosoarmauyru mooyau (PV), (PV/T)

FACTORS INFLUENCING ON THE ENERGY
NEEDS OF THE DOMESTIC ECONOMIES.
STRATEGIES FOR SAVING OF ENERGY

NIKOLAY PAUNKOV

Abstract: In every domestic economy nevertheless house, apartment or mansions there is a
need of the energy for heating, ventilation and cooling, hot water, lighting and electricity.
The world economy crisis leads to decreasing of the industry side as an energy consumer at
the expense of household consumption. Increasing of the energy resources prices leads to
demanding of new ways for covering of these needs. Some of these methods is saving of
energy through using of energy saving devices, making better thermal insulation of the
lodgings. Technology for power from the sun offers one more alternatives. The real
economy effect comes from using of several technologies and strategies. All these
approaches require investments and researches

Key words: Technology for power from the sun, Renewable energy, Photovoltaic modules (PV),

(PV/T)
1. OCHOBHH HOJI0KEHUS

Pa3BurHeTo Ha ChbBpeMEHHATa TEXHOJOTHS
U HHIYCTpUS M HENPEKbCHATOTO HApAaCTBAHE Ha

HACEJICHUETO  IOCTaBAT  CEPUO3HHU  BBIIPOCH.
[Ipobnema ¢ HemocTMra Ha  €HEprus ce
3a1pJI004aBa. YoeuecTBOTO ynorpeosiBa

MPEeJUMHO HEBBH30OHOBSEMH CHEPIHHHU PECypCH
He(T, TpPHUPOJEH Ta3, BBIIMINA, ypaH. Te3u
EHEepTrHifHN W3TOYHUIN ca IIPOKO
pasmpoCTpaHeH! U ¢ BUCOKA €HepruiiHa IITBTHOCT.
HauynHbT HA TeXHHS JTOOWB € CPaBHHUTEIHO MPOCT
HO ymnoTpebaTa UM € CBbp3aHa C peaulla CepUO3HU
OITaCHOCTH.
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Enun or wHaumamte ga ce momoOpu
MOJIOKEHUETO € Ja ce HaMald Hy)XJara 3a
JOCTaBsSHE Ha €Heprusi 3a OWrTa OT BBHHIIHM,
rII00aTHN €HePrOU3TOYHHMIIN, SIEKTPOCHEPTHifHATA
WIH TOIUIOCHEPTUHHATA HAIMOHAIHA Mpeka. 3a
MMOCTUTAHETO Ha Ta3W IIell I[eiTa Ce Ch3/1aBaT HOBU
TexHonorun. Te TpsOBa 1a 3aJOBOJAT HAITBIHO
WIA OT 4YacTH OCHOBHHTE TIOTPEOHOCTH Ha
OWTOBHTE CTONAHCTBA, a HWMEHHO €HEeprus 3a
3axpaHBaHE Ha EJEKTPOYpPEeIuTe, OCBETICHHE,
TOIJIa BOJIA, BEHTHJIAIIMS M OXJIaXKaHe.

ChbiecTByBat HOBH aITepPHATUBHU

M3TOYHHULU Ha CHEPTrHsl, KATO HAIIPUMEP CIBHIETO.
TexHONOTUUTE 3a TMOJlydyaBaHE Ha EHEpPrusi OT
CITBHIIETO C€ YCHBBPIICHCTBAT M CTaBaT BCE IIO-
aKkTyaiHu. M3moi3Bar ce OCHOBHO JABa BapHaHTa:
eJIMHUAT € CBBP3aH C JUPEKTHOTO IMpeoOpaszyBaHe
Ha CIbHYEBaTa CBETJIMHA B EJICKTPHYECTBO Upe3
Taka HapedeHute QgoTtoBonTanynu moaynu (PV),
MpH  JPYrust Cce W3MO0J3Ba caMO TOIUIMHHATA
ChCTaBKa  IIOCPEJICTBOM  TaKa  HapeyeHHUTE
TOIJIMHHY CTbHYEBU KOJICKTOPH.
TexHonoruute 3a JOOMB Ha €HEPrUsl OT CIBHIETO
ca 0coOEHO MPWIOKUMHU TIPU MAIKUTE aBTOHOMHHU
u OutoBuTe KOHCyMartopu. Enna komOuHHMpana
crerueBa (PV/T) cucrema ot Haii-mpocT Turl Ou
MOTJIa Jla HaMalld HyXJaTa OT eJIeKTPOCHEPTHus U
JI0 TojsAMa CTemeH Ja 3aJ0BOJIM  TSAXHATa
MOTPEOHOCT OT TOIUIA BOJA, OCOOEHO Ipe3 JIETHUTE
Meceny. ChIIECTBYBAT M JIPYTH IMOAXOIU 32 OIIe
TMO-TTBJTHO M3IOJI3BaHe Ha CirbHYeBaTa paxuarms. C
MOMOIITa Ha ONTHYHU BIIAKHA(CBETIIOBOIN) U
CBETJIO YJIOBUTEIM MOHTHpPAHHM Ha TIOKPHBA MOXKE
Jla C€ OCUTYPH JIOCTHII Ha CIIbHYEBATa CBETJIMHA JI0
3aTBOPEHU TIIOMEIIEHHUs, KOWUTO Ca HOPMAITHO
TBMHU Tipe3 jeHs. llpu exHa mo-ycioXHeHa
(PV/T) cucrema e BB3MOXKHO Ja CE€ OCHUTYpPHU U
OXJIKIaHE WM BEHTWJIANUATA Ha €JIHO OHTOBO
CTOMAHCTRBO.

[Topagu cioKHOCTTa Ha CaMUTE CHUCTEMH,
pa3HoOOpa3WeTo Ha W3MOJ3BAHUTE METOAW 32
JMOOMB Ha EHEeprus OT CIBHIETO ce Hajara
W3MOJ3BAHETO HAa  KOMIUIGKCHM  METOAM U
M3MepBaTellHa ~ amapatypa 3a  OIeHKa Ha
pa3IMYHUTE BEIWYMHH yYacTBalld B Ipolieca Ha
npeoOpa3yBaHe, 3amacsBaHe M H3MOJ3BaHE Ha
noburaTta eHeprus. 3a JOKa3BaHE WM ONpelerisiHe
Ha e(eKTHBHOCTTa Ha TMOJ00HAa cHCTeMa Ce
HaJyarat MPOIBIDKUTEITHA HEJIOTOTUIITHH
nu3MepBaHus. HyXHO € Ja ce OT4MTaT IHKIHUTE
“meH-uonr”, “3uUMa-JIsITo”, 00J1a4HO WU
O0e3o00mauno Bpeme. Hamara ce ma ce m3MepBa
npsKara paguanys KOsTO ce IpueMa OT CIBHIIETO,
KaKTO U KaKBa YacT OT OTpa3eHara win audy3HaTta
ce wum3nmomBa. B Hikom  ciayyam — enHa
BHCOKOTEMIIEpAaTypHa TOIUIMHHA CHCTEMa WU

(oToBONTAaMYHA C HacouyBaHe WM (POKycHpaHe,
AMaIy 3Ha4nuTeNHO mo-Bucoko KIIJ[ ca mo-ckbIm.
ToBa ru IpaBu U UKOHOMUYCCKHU Hee(i)eKTI/IBHI/I.

2. 3axoHOBM pa3nopeadoun

Hsxonko ca OCHOBHHTE 3aKOHOBU
pasmopenOM M paMKOBM  KOHBeHIMH  [1]
perlaMeHTHpAIA  HM3I0JI3BAHETO W 00YCIIaBAIIH
OBIemoTO0  pa3BUTHE Ha  Bb3o0HOBsiemMuTe
eHepruitin  u3rtoununw (BEW). Enuausar e
MexayHaposeH. ToBa € PaMkoBara KOHBEHLUs Ha
OOenMHEHUTE HAIWH, TPETHpalla W3MEHEHHETO Ha
kiuMara - PamkoBata koHBeHIMs Ha OOeqUHEHHUTE
Halu 1Mo m3MeHeHwero Ha kiamMmara (PKOHUK).
Tasw KOHBEHIHSI € MHPBOTO MEKIYHAPOIHO
Cropa3yMEeHHE  pas3rjexkjamo  mnpodiiemMa  3a
M3MCHCHHE Ha KJIMMaTa Ha Tj00aqHo HHBO. T ¢
MOANMCAaHa Ha CBETOBHATa Cpella IO OKOJHaTa
cpena B Puo ne XKaueiipo mpe3 1992 r. ot mag 160
ctpanu. Crnen karo beirapus ce nmpuchbeuHsIBa KbM
KonpennusTa npe3z 1995 r. nmoema 1 3abJKEHUETO
Jla pemyInupa KOHIIGHTpaIusITa Ha €MHCHHUTE CH Ha
MApHUKOBU ra3oBe B atmocgepara. [1o-kbCHO mpe3
nexkemBpu[2] 1997 r. B Kuoto — Snonus ce nmpuema
MPOTOKOJ OMpPENeTAI  HaMalsIBaHETO Ha 000
JIEBET BHJA TAa30BH CMHUCHH, KOWTO IPOBOKHUPAT
mobanHoTo 3artorwisine. [IporokonsT ot Kuoto e
BPBOTO  MEXKITyHAPOJIHO criopa3yMeHue 3a
oTla3BaHE Ha OKOJIHATa cpena. Bpwp3kaTa Ha Te3w IBa
JIOKyMeHTa U u3noia3BaHero Ha BEW u oueBuaHa.
HoBuTe TEeXHONOrMM CHWXXaBaT PSI3KO OT/IEISTHETO
Ha BPEIHM ra3oBe B arMocdepara. BamumgrocTTa Ha
IIporokona ot Kwoto wuzreue mpe3 2012 r. (HO
CPOKBT Ha JCHCTBHETO My € B Tpolec Ha
yabkaBane). Llenra Ha EBpomnetickus cpio3 (EC) e
Jla HaMaJIi TTapHUKOBHUTE eMHCHHU Ha ra3ose ¢ 20%
1o 2020 roguna. Cnex 2012 r. B EBpomna ce rosopu
3a cpoOpassBaHe ¢ [Iporokorna, 3a KOHTpOJ Ha
EHepronoTpeOICHNETO, KaKTO M 32 YBeIMJaBaHEe Ha

U3II0JI3BAHETO  HA EHEPrusi OT BB30OHOBSICMHUTE
m3rouHui. Ch3g0Xa Ce€ HOBU TEXHOJIOTUU U
CTaHJIAPTH 3a eHepruiiHa e(heKTUBHOCT.

KonnvecTBOTO Ha BpEIHHTE EMHUCHH Ha Ta30Be
U3XBBPISTHE B aTMOc(epara TpsiOBa 1a ce HaMalH.
Hpyr Ba)KCH JIOKYMEHT e
MPEeINPUCHEIUHUTETHUS. ~ HH  JIOTOBOP  KBM
EBponeiickuss Cpro3. Cnopen Hero Han 9% or
OpyTHOTO TPOW3BOICTBOTO HA EIEKTPOSHEPIHs B
crpanara o 2015 r. TpssoBa ma e or BEU. Cnopen
eHepruifHata crpaterusi Ha bvarapus|[3] to3m msn
TpsoBa na crane 20%. Tosa e u EBpomelicka nern.
Cropen [4] mogoOHa nHTeTpanus Ha EBponeiickus
eHeprueH maszap 1me go0aBm KbM  OpyTHHS
BBTPELICH MPOJYKT HA CTPAHWUTE YJICHKH MEXIy
0,6% u 0.8%, 111e ce pa3KpHsIT MHOTO HOBU paOOTHU
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mecta 1 10 2020r. me crnectaT Han 60 Munuapaa
€BPO OT MO-MaJIKO BHOC Ha He(T U ras .

B1B Bpb3Ka ¢ T€3U AOTOBOPEHOCTU U MOETH
aHraxxuMeHtH, bbhrapus npuema “Haunmonasana
ABbJIrCOCPOYHA IIporpaMa 3a HacbpuyaBaHe Ha
H3M0/13BAHETO HA BH300HOBSIEMHTE €HEePruiiHH
u3TouHunu 2005 -2015 rogmuua”. Ilpuer e u
3akoH 3a BB30OHOBAEMHUTE U AITEPHATHBHU
M3TOYHUIM U OnoropuBaTa. To3u 3akoH [S] ypexna
00IIIeCTBEHUTE OTHOLIEHUS, CBBP3aHU c
HachpYaBaHe Ha MPOU3BOJICTBOTO M MOTPEOICHUETO
Ha eIeKTpHUYEeCKa, TOIUIMHHA CHEPrus W/Wiu
EHEeprusi 3a OXJaXJIaHe OT Bb300OHOBIEMU
GHEpPruiHM M3TOYHUIUM U OT aJITePHATUBHU
SHEPTrUHHN WM3TOYHUIIA. 3aKOHBT OIIE IMOJKPETIS
HayyHUTE wu3cienBaHuss B oOmactra Ha BEU,
ompenens npedepeHIUaTIHd [IEHU 332 H3KyIyBaHe
Ha €HEeprusAra MpousBeAeHa OT TAX. Te3u 3aKOHOBU
pasmopendu ca MHOTO BaKHH, 3allOTO HOBUTE
TEXHOJIOTUM B PA3BUTHE MO MPHUHIIMI Ca MO-CKBIU
OT KOHBEHIMOHanHuTe. HyXHuU ca ronemu
KaIUTAIOBIOKEHUS 32 TAXHOTO YCHBBPIICHCTBAHE.

BcenenctBue  mpeampueTuTe  3aKOHOBU
MEpPKU U PA3BUTHETO Ha camaTa TEXHOJIOTHS 3a
MOOMB Ha 3€lleHa CHepPrus, pa3XoJuTe II0
pasnosiaranero Ha BEW uHcTamauunte HamalsBar.
ToBa BOAM 10 HACBHPUYABAHETO HA UHBCCTUIUUTE B
TaKbB BUJI TEXHOJIOTUU.

Enna or  Hall-iepCreKTUBHUTE  HOBU
TEXHOJIOTUH 33 TOOWB Ha €HEePTUs OT B300OHOBSICMU
WU3TOYHUIM € CBbp3aHa CbC CAbHUETO. lleHuTe Ha
(hoToBONTAMUHUTE MOZYJIN HEIIPEKBCHATO
HamaJisiBa, I0-0ObP30 B CpaBHCHHE C LICHUTE Ha
KOMIIOHEHTUTE U3IOJ3BaHU Ipu aApyrure BEU
texHojorud. JKuBoTa Ha €IMH CBBPEMEHEH
(hoToBonTAaMUeH MaHeN € Beue okojo 10-20 roauHu.
Hapacrsa u taxnoro KIT/.

[Ipes 2009 romuHa (HOTOBONTAMYHUTE
HHCTaJalMM €a HAa TPETO MSCTO MO WHCTAIUPaHU
MOIIHOCTH B CTpPaHUTE 4WICHKHM Ha EBpomneiickus
Cp103, cief BETPOBUTE M Ta30BUTE MHCTAJAIUU.
WHucTanmupannte MOIIHOCTH Ha (POTOBONTANYHHTE
uHcTanamuu gocturat 16 I'Bt (70% ot cBeToBHUTE
MOIIMHOCTH). KBM  HacTOAIMIT MOMEHT ca
uncranupanu 78797 MWp momnoct [6][7].

Pactexxa Ha mazapa Ha (QOTOBOJITAWYHH
cucreMn B bwarapus 3a mepmoma 2007-2013r.
roauHa ot 2,5 MW ps3ko e HapacTHal 10 OKOJIO
30 MW

3. @akTopu BJHMAENId HAa EHEPruiiHOTO
norpedjaeHue Ha OUTOBUTE CTONMAHCTBA

3a [a OLEeHMM HYXIUTE Ha €IHO
JIOMaKMHCTBO OT €HEPTHsl, ITbPBO TPsiOBa J1a OLICHUM
HSKOM MKOHOMHYECKH TEHIACHIIMH ONPEACISINN
[ICHUTC Ha OCHOBHUTE CHEPrOHOCHUTEIM KaTo

CpeacTBa 3a 3a70BOJIIBaHE HA Te3W HYXKIH.
®dakTOpUTe KOWUTO OKa3BaT BIUSHUC BBPXY
OWTOBOTO EHEepromnoTpedicHue ca aAeMOorpadCKus
(hakTOop, COLMANIHO WKOHOMHYECKOTO DPa3BUTHE,
KU3HGHHMsI ~ CTaHAapT. BaumsgHue  oka3Ba u
EBpomnelickaTta NOJUTHUKA, MOJKPENsHA OT HAIIETO
3aKOHOJIATEJICTBO MO OTHOLICHUE HAa CHEpruifHaTa
epextuBHocT. HoBute BEW TexHOmorum chIno
OKa3BaT BITUSTHHE BBPXY KpaifHOTO
EHEeproInoTpedIIcHHE.

Ha nwme e 3acrapsBaHe Ha HAaceJICHHETO B
EBpomnelickus cbto3. UuciieHHOCTa My HamalssiBa 3a
CMeTKa Ha  yIBDKAaBaHETO HA  cpeaHaTa
MPOABDKATEIHOCT HA JKMBOTA. BhIpeku ToBa
JIOMaKMHCTBaTa HE C€ peAylupar, HaMaisBaT ce
camMmo Oposi Ha 4YJIEHOBETE B €IHO CEMEHCTRBO.
Kpaiinoto enekrponorpebienue 3a OuTa HapacTBa.

Ot npennoxeHust aHanu3 Ha HanmonamHus
cratuctuaecku HHCTUTYT (HCU) @ue. 1. ¢ na aume
BJIOIIABAHE HA HWKOHOMHYECKOTO CBHCTOSHUE Ha
HaceneHueTo. Hape ¢ mocTeneHHOTO yBenn4aBaHe
Ha JIOXOJWTE Ha XopaTa Cc€ YyBeJIWdaBaT |

pa3xoauTe, KaTo OAJI0 IPUXOJUTEC CE€ CTOIIABaT.
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roanHn
] Harnasa or B P23X0aM M3 FNINI OT HICENEHHETO

HBanaKe HA NPHXOANTE W PIIXOANTE

Bananc Ha QOXOANTE M PAIXOANTE HA FNABA OT HACENEHHETO
3a nepuoga 2004-2010 roauHa (no aannu Ha HCH)

Due. 1.
CBCTOBHaTa HNKOHOMHNYCCKA Kpma "
CTarHais  ChIIO  OKa3Ba  BIUSHUE  BBPXY
enekTpornoTpediaenuero. HamansBa aensT Ha

WHJIyCTPUATA KATO MOTPEOUTEN HA ENEKTPOCHEPTHs,
B IMoJi3a Ha Owmra [§]

Kakto ce Bmkaa ponsita U TEKECTTa Ha
OuTOBHTE TMOTPEOWTETM B HApacTBAHETO Ha
EHEepronoTpedJeHUETO € BCE MO-TOJIIMa M I10-
3HauyuMa. EJWH 0T HayuMHHTE TOBa Ja Ce
KOMIIeHCcHpa ¢ WKoHomusTa. Ch3llaBaHe HA HOBH
EJIEKTPOYPEI M3HMCKBAIIM MO-Mallka KOHCYMAaIHsI
Ha CJICKTPO CHEPIrHusd, HaMaJIsIBAHEC HA TOIIJIMHHUTE
3aryou npu crpaaure qpe3 mo-700pa
TOIIIIOU30JIAIIHNSI.

4. EHepruiiHu mnoTpeOHOCTHM Ha OUTOBHTE
CTOMAHCTBA

Bcesiko  OMTOBO  CTONMAHCTBO, HE3aBHCHUMO
JlJId € KbIl[a, arapTaMeHT WM KOooIepalus HnMa
HY’KJIa OT CHEePIHsI 3a CIICTHUTE HYKIH.
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- Oronsienue: Haii-mHOTO eHeprus B Oura
€ HyXHa 3a OTOIUICHHE, OCOOCHO Mpe3 3UMHUSA
CE30H.

-BenTuimanusa u oxJgaxkaane: Egna or
TEHICHITMUTE 3a pas3peliaBaHe Ha CHEPTHIHUS
nmpo0JieM e mo-go0para M30Manus Ha KUIAITHUTE
crpagu. [lpu enHa crangapTHa HeU3OJdUpaHa crpaaa
OXJIAKJIAHETO M  IPOBETPSBAHETO CTaBa IO
eCTeCTBEH HauWH. [IpW HOBUTE CTPOUTEICTBA WIIH
IpH 3aTBOPCHH IOMEINEHUs, 0e3 BB3MOXKHOCT 3a
€CTECTBEHA LIMPKYJalus Ha Bb3AyXa C€ Hamara aa
ce TMpEeABMXKIAT MW TEXHUYECKH CpEeACTBa 3a
BEeHTWJIAMsA. MHOrO 4ecTo mpH crpaad ¢ ao00pa
TOIUIO H30JIalldsg  OTOILUICHUETO M OXJIAXKIAHETO
CTaBa 4pe3 BCHTHIAIUATA.

-Tonna Boga: He masika yacTt oT eHeprusra
ce OMOJ30TBOpsIBA 3a 3arpsBaHe Ha Bojaa. Ts e He
[O-MaJIKO HY>KHa OT OTOIUIEHHETO. J[opH moHsKora
pa3XoaMTe 3a OTOIUICHHWE Ja CE HaMajsT, Hy)KIara
OT TOILJIa BOJIa HE OTIA/A.

-OcBersienne: (OCBETICHHETO € CBIIO
BOKHO YCJIOBHE 3a HOPMAJTHOTO CHINECTBYBaHE Ha
e/HO OMTOBO CcTOmaHcTBO. [Ipu Hero pasxoma Ha
CHEeprus € mo-Majabk. BbBexkmarT ce HOBU IMpaBUiIa
3a OCBETUTEIIHUTE TeJla B Leausl. EBponeicku chro3.
JlammuTe ¢ HaxmKkaemMa CcHupaia oOTmagaT oT
ynorpeba u ce 3aMEHST OT HOBH OCBETHUTENH C TO-
BHCOKA €HepruiiHa e(peKTHBHOCT.

-EnexrpuyectBo: KbM Tazu rpymna crnaaar

pa3auyHUTE OWTOBH  EJIEKTPOYpEeau KOETO ce
3aXpaHBaT  HEMOCPEJCTBEHO C  EJIEKTpUYEcKa
EHeprsl.

Cnopen esporetickusaT mpoekr ACHIEVE
paspelieICHUeTO Karo JIsUIOBE Ha Pa3jIMYHUTE
CHepPruifHM Tepa Karo d4acT OT  ofmara
KOHCyMHpaHa €HEeprusi Ha €JHO JIOMAaKWHCTBO ¢
cinennoto. Due.2.

O 3aTonnAHe Ha Bona
B OCBETNEHWE W MArNKH ypeau

O oxnaxaaHe (xnagunHuk,dpusep)
o
50% O roTBeHe
10%
B apyrv

O oTonneHWe

Due. 2.

CriopeJ1 HAKOU EBPOHOPMH M CTPOUTCIHH
CTaHIAPTU C€ BBBEXJAA MOHATHETO ,llacuBHara
kbmwa’[9]. Pa3xogure Ha en.  eHeprus 3a
MOJIbPKAHE HA ONTHMAaJIHA TeMIlepaTypa Mpu Hes
He TpsgOBa 1ga HAAXBBPIAT 15 Kwh/rnz, a oOmara
eHeprusi KOHCYMHUpaHa 3a OTOIUICHHE, TOIlIa BOJa U

enexTpoypenn, He 6uBa ma HaxxBbpass 60 kWh/m®
TOJMIITHO.

5. Crparernu 3a MKOHOMMSI Ha eHeprus.
O0mmM  mosoKeHUs:T M CTAHJAAPTHHU
peleHus.

[Topagu ToBa 4e 3a OTOIUICHHWE C€ OTHENS
Hall-MHOTO €HEeprusi, OT OCOOCHO 3Ha4YCHHE €
n30opa Ha TexHonorusi. Criopen aanau Ha HCU ot
npedposiBane mpoBeaeHo mpe3 2011r. oxomo 58%
OT HACEJICHWETO y Hac Ce OTOIUIIBA Ipe3 3uMaTta C
MEYKH JbpPBa W BBIVIMIIA, C CIEKTPHUUYCCKU IMECYKU
26,2% , ¢ uentpanHo mapHo 13,7%, mocpenctsom
raz okono 1,2 %. Bbopeku due W3MOI3BaHETO HA
BBIUIMIIA C€ OKa3Ba HWKOHOMHYECKH  Haii-
WKOHOMHUYHO, yrnorpebaTta WM JONpHHACA 3a
3aMBPCSIBAaHETO HAa OKOJTHATA CPeia.

ITomoOpsiBaHETO HAa KA4ECTBOTO HA CaMOTO
CTPOUTEIICTBO HE peliaBa 0obaue Jokpai mpobiema.
Konkoro mo-mo6pa e n3onamnusaTa Ha e[HO KHUITUIIIE,
TOJIKOBa W TIeHaTa My HapacTBa. Criem ompenencH
MOMEHT TpeKalieHo ps3ko. Ha nuue e u apyra
BB3MOXKHOCT 33  peliaBaHe Ha  mpoOiema.
Enextpuueckara eHeprusi, KOSTO ce H3IMOJ3BAa 3a
OTOIJICHUE W OXJIAX/JaHE Ha TOMEIICHUATA, 3a
3arpsiBaHe Ha TOIIA BOJa MOKE Jla Ce 3aMEHU OCBEH
C BBIMIMINA W C aITePHATHBHU BBH30OHOBIEMHU
W3TOYHMUIIM Ha eHeprus. Eana ot HoBuTte BEN
TEXHOJIOTUA W €IHAa OT HaH-TIEPCIICKTUBHUTE €
TEXHOJIOTHATA 32 JIOOWB Ha E€HEPTUs OT CIBHIIETO.
[Ipe3 msITOTO CHBHIETO € Oe3CTmopHO Hal-TOOPHs
M3TOYHUK Ha TOIUTMHA. 3aMEHSUKH aJTepHATHUBATA,
HampuMep  3arpsBaHe Ha TOIUIa BOJa C
eIeKTPUYECKH TOK, CBIIECTBEHO HaMamsiBa U
pasxoauTte HU 3a eHeprus. CIbHYEBUTE TEXHOIOTHA
MTOHACTOSAIIEM HaMupaT BCE MO-TOJISIMO
npunoxeHne B Outa. Te ca 0cobeHO TOIXOMISIIN
MpU W3MOJ3BaHE 32 aBTOHOMHH IENH — IKIIIWIIA,
KBIIH, TOPH XOTEICKH KOMILUICKCH.

Enno mpumepHo perieHue 3a pegoBHUTE
KbIIM B YMEpPEeHHs KINMaT € HamnpuMmep 3a
OTOIJICHUE Ha BB3AyXa Ja HE CE€ HaJBUIIABAT
15kW/m” roauuiHo, a 3a eleKTPOYPEIH, TOILIA BOAA
YW BCUYKO APYro J1a HE C€ HaJIBUILIABAT 60kW/m>
ronuntHO Kato oTmpaBHa TOUYKa 32 YMEpeH KIUMAT,
ce usnodssa rpaj Liopux. Pemenuero ce ocHoBaBa
Ha 3ara3BaHe Ha CHEPrusATa MUHUMH3UpPaHE
TOIUIMHHUTE 3aryObm Ha crpamata[10], xaro
W3MOJI3BAHUTE CHEPTOHOCUTENHN Ca CTAHIAPTHH —
KOHBEHIIMOHAJIHU.

[Ipu m3non3BaHe Ha CI'bHYUEBA SHEPIHs 3a
[IEJUTEe Ha OTOIUICHUETO W 3aTOIUISTHETO Ha BojaTa
MOe JIa ce Ipeanpueme apyra crparerus 20kW/m?
3a otomenne u 60kW/m” 3a IpyruTe HyKIu.

W3momsBaneTro Ha KOMOWHANIWS MEXIY
CTPOUTETHH CTaHAApTH 3a HaMalsBaHEe Ha
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TOTUTMHHWUTE 3aryOM W W3IOJI3BAHETO HAa CIIFHYEBA
cUCTeMa MOXeE Jila HaMaju [eHaTa Ha
CTPOUTEICTBOTO. BBIpOChT omupa 10 MpaBWICH
OamaHc, 10 KOJIKO MTOBUIIEHHETO Ha e()eKTHBHOCTTA
Ha cJIbHYCBaTa HHCTAJIallUs BOJHW A0 ITOCKBIIBAHC.
JoObp MKOHOMHYECKH €(PEeKT € BB3MOXKEH Camo
IIPH MIPABIITHO Opa3MepsBaHe.

HNkonomuyeckara e(eKTUBHOCT Ha
CIIbHYEBHMTE KOJIGKTOPU 3a OMTOBa TOIUIA BOJA, 3a
3aTOIUISIHE BOJlaTa HA OacelH WM MOAIOMaraHe Ha
OTOIUICHHETO HE MOXKe Ja Ce HampaBu KaTo ce
CPaBHSABAT IUPEKTHO Pa3XOIUTE 3a H3KOIAeMHU
ropuBa C  aMOPTHU3AI[MOHHUTE  pa3xoau  3a
WHBECTHUIIMATA B CIIBHYEBH KOJEKTOPH, & CaMoO C
ompejensiHe eQUKacCHOCTTa Ha CHCTeMaTa Ipe3
sara roAwHa. ETO 3amo Tpu  onpeneisiHe
e()eKTUBHOCTTA HA CITBHYCBHUTE KOJICKTOPU TPsIOBa
Ja ce B3eMarT TpeaBHJ BCHYKK  (pakTOpH,
KIIMMAaTUYHUTE YCJIOBUS B B’bJII'apI/IH Hu aa ce Clia3Ba
CJIEJTHOTO:

Cucremara 3a OuTOBa Troperia Boaa TpsiOBa
ma Owpme choOpaseHa ¢ pPeajHOTO IIeTTOTOIHIITHO
noTpediieHne Ha JOMakuHCTBOTO. Mexay 40% wu
70% ot u3noi3BaHaTa IMpe3 rojuHaTa 3a OUTOBU
HYXKJH TOIUIa BOJA Jla CE 3arpsiBa OT CIIbHYEBHTE
KOJICKTOPH.

Pazxoav 3a OTONAEHHME B 3aBUCHMOCT OT
UIMOAIBAHMTE CABHUEEH HOASKTOPM
(Oprrtrrrnposturi pasxoass =3 crpaaa ¢ 15 anapramerra)

Pascozm sa 029
OYOMASHKME v
(EURMAMYR) 025 ]

c22

0.15

o1 ] A B }
; | N | | :
A R EFRARAE
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10% 20% 0% 40% 0% X 0% 0% VX
KMNAnacoszpe ®

Due. 3.

CbHYEBUTE KOJCKTOPH Ca TOAXOJISIIH
CBINO 3a TMOJANOMAaraHe Ha OTOIJICHHETO. 3a eHa
mobpe  wm3oiMpaHa — emHodaMMIHA — KBIAa €
HEOOXOMMa OGMKHOBEHO Mexay 16M° m 20M°
KOJICKTOPHA TUTOIII.

3a  mpedoTBpaTsABaHE ~ HA  H3JIHIIHO
npeopaszMepsiBaHe Ha WHCTAIAIMATA, TPIOBa Ja ce
Cra3BaT HACOKUTE M HOPMHTE 3a Opa3MepsiBaHe.

Hauctuna Bcsika WHcTananusi TpsOBa na
OCHUTYPsIBa HSIKAKBU PE3EPBH, TOECT JIa MPOU3BEKIA
H3jyiiHa TOIJIMHA B OHOPCACIICHU MICPUOAU. Ilo
OpUHIMI o0aue B HANIMAT KIUMATUYCH TMOSC ©
nKoHOMHYecKkH edektuBHO a0 70% oOT TOIIara
BOJIa JIa Ce 3arpsiBa OT CI'bHYEBHUTE KOJICKTOPH.

I'padpukata ©Ha Que3. OHarJeasBa
HKOHOMUYECKH e(pEKTUBHO Opa3MepsBaHE Ha
MHOTO()AMHIIHO JKWJIWILNE T[PU H3IMOJ3BAaHE Ha
crpHueBara eHeprus oT 40% narope.[11]

Hamuue e u apyra ocobenocrt, rnonydeHaTta
OT CITBHIIETO €HEeprusi B % Mpe3 JIATOTO € MO-ToJIIMa
OT TIOTPEOHOCTTA U TIOBEUETO CHEPTHUs OT CIBHIICTO
He Moe Ja ce usnoinspa. [11]. TIpe3 3umara u npe3
HOIITA IIBK € TOYHO OOPATHOTO.

CaMmo 4pe3 omnpe/esieHd MEPKH U CTPATETrus
Ta3W EHeprusi Moke 1a ObJe OIMOJ30TBOpEHa WIIN
chbxpaHeHa. Taka Hampumep Ipe3 JIATOTO C
W3JUINHATA SHEPTHs MOXE Ja Ce MOArpsBa Bojara
Ha TUTyBeH OaceiiH. M3mon3BaHeTo Ha TEpPMOIOMIIA
JIOTIPUHACS JIOMBJIHUTEIHO 3a IOArPSIBAHETO Ha
OacenHa

KomOunanusta "Tepmornommna - IOI0BO
otoruieHue"[12], CBIIO BOJIU o JI00Bp
WKOHOMHUYECKHU €KT:

Haii-nonynspaure TEPMOIIOMIIEHU

arperatu ca Te3W, MPH KOWTO 3a TOTUIOHOCHTE/
CTYJIOHOCHUTEN Cce M3Moi3Ba Boja. C MOHTHpAHETO
Ha TakaBa TOMIIa MOJKE J1a C€ TIOCTUTHE MKOHOMUS
Ha eHeprus no 70%. Haii-mobpu pesynratu ce
MOCTUTAT, KOTaTo T Cce KOMOWHHUpa C TIOJJOBO
ororienne. OOMKHOBEHHO TEPMOIIOMITaTa AOCTUTA
MoJrpsiBaHe Ha BoJaTa MakcuMyMm 45 rpajayca,
KOETO € W MakCHUMallHa TeMIepaTypa, C KOSTO
TpsOBa mOa paboTw emHo J00pe MPOEKTHPAHO
M0JIOBO OTOTICHHE.

HesaBucuMo ¢ KkakbB THII TOPHBO C€ Ce€
OTOIUIABA OWTOBOTO CTOMAHCTBO, Pa3XOAbT Ha
EHeprusi ¢ Moj0BO OToruieHue € ¢ okono 10% mo-
HUCBK B CpaBHEHHE C HM3IIOJ3BAaHE Ha PaguaToOpH
W KOHBEKTOpH. OCBEH TOBa KOM(OPTHT € MHOTO
MO-TOJISIM CIPSIMO OOMKHOBEHHS pajinaTop. 3aToBa
Hai-100pHUAT BapuaHT 3a EHEProeeKTHBHOCT €
W3IIOJI3BAHETO HA  TEPMOIIOMIIA W TIOJOBO
otoruteHue. Ta3n WHCTaNAIMs MOXKe Jla Ce U3I0I3Ba
U 3a oxJaxjaaHe. Maesra Ha KIMMaTH3aIUATa €, ue
aKo HaBBH € 32 rpajgyca, B IOMEILEHHETO, KOETO Ce
KITUMaTH3Mpa, TeMIiepatrypata TpsOBa na e c¢ 4-5
rpajgyca Mmo-HHCKa, a He KaKTO HHE CMe CBHKHAJHU C
Haa 10 rpanyca pasnuka. C MOAOBOTO OXJIaXk/aHE
ce  TOCTHra  3ApaBOCIOBHHA  KOMGOPT ¢
teMmrneparypa 4-6 rpagyca IO-HHUCKAa CIPSIMO
BBHIIIHATA TEMIIEpATypa.

Hpyr npumep 3a CHOIYWIMBO TEXHHYECKO
pemeHre ¢ JO00Bp HKOHOMHYECKH €(EeKT ¢
M3IIOJI3BAHETO Ha CIBHYEBH KOJEKTOPH, pabOTeIn
npe3 CTyJeHUs Ce30H 3a 3axpaHBaHE CBHIIO Ha
BoJgHO moaoBo ortoruieHue[12], [13], [14]. 3a nero
ce M3UCKBAT HHUCKU TemrepaTypu (30-45 rpamyca),
HAITBJIHO 10 BB3MOKHOCTHTE Ha CIBHYEBUTE
KOJIEKTOPH, Pa0OTEIH MTPpe3 CTYJCHUS CEe30H;
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Hopu cbC CIIbHUEB KOJIEKTOP OT Hal-IPOCT
TUI MOXKE J1a C€ Ch3/1ajie OTOIUINTEIHA HHCTAIALUs
npe3 3umara. C 1mo-n1o0pu KOJEKTOpU MOXKE Jia ce
nocturae KIIJ[ mo-Bucoko ot 40%. Makcumyma e
80%. 3a mpumep mpu (POTOBONTAUYHUTE MMAHETH €
20%.

6. 3akiaroueHnue

Hapen ¢ mogoOpsiBaHETO Ha CTPOUTEITHUTE
CTaHIIAPTH C [IeJ MKOHOMUS Ha €HEeprus € Halule 1
MPOIIEC Ha ThPCEHE HAa HOBM HEKOHBEHI[MOHAIHU
M3TOYHUIU Ha eHeprus. HoBuTe TeXHOIOruu ca Bce
OIlle MHOTO CKBITH, MIOPATU KOETO CE€ MOAKPEISAT OT
EBponeiickuss CbHO3 M WIEHOBETE MY CBC
CHOTBETHHUTE 3aKOHOJIATEJICTBA. 32 J1a UMa e(PeKT OT
CTbHYEBAaTa TEXHOJOTHS TpsiOBa Ja ce B3eMaT
MIpeIBU]] HEMHUTE CIIA00CTH TPH IIUKIATE JCH HOIIL,
maT0 3uMa. TpsOBa 1ma ce MMa W B TIPEABHI Ue
[Ipeopa3MepsiBaHETO, M3IOJI3BAHETO HA TO-BHUCOKO
e(eKTUBHU CHCTEMH € CBBP3aHO C peauIa
TEXHUYECKH TPYJIHOCTH, OCKBIIIBaHE M I0-Obp3a
aMOpTH3aIHsL. Hampumep CIIbHYCBHTE
(hoTOBONITAMYHU TAHETH OT KOHIICHTPATOPEH THIL..
Tps0OBa na ce MMa B MPEABH]L Ye Ta3H TEXHOJOTHS €
epeKTHBHA 3a JIOKaJHa yrorpeba, HampuMmep OT
OMTOBU JKUIJIHIIA, MATKH XOTCIIH.

OCBeH CIIO)KHUTE H CKBIIM METOIH ca
HaJIAIE M HAKOW TIO-TIPOCTH, E€BTHHH PEIICHWS.
Hampumep koraro wusnon3Bame (HOTOBOJITAUYCH
nanen (PV) tpsOBa na 3HaeM 4Ye wujeaIHHUTE
YCIIOBHS 32 HETO ca Jia He € 3arpsAT U CI'BHIIETO J1a
CBETM  MHOTO  spKO. AKO  KOMOUHHpame
(oToBONITAMYEH U COJIAPEH TaHEN B €IAMH KOPILYC
(PV/T). OcBen ve mie oxiaxkaame (OTOBOJITAHKA
WIK 1€ TPeIoTBpAaTUM pPSA3KOTO HaMalleHHe Ha
HEroBUsi KOS(QUIIMCHT Ha IIOJIE3HO JICUCTBUE IpHU
IperpsiBaHe I1e ce Bh3MO0JI3BaMe U OT ChOpaHara oT
oxiaxmam Gayunn TommHA. TS MoXke ma ce
M3I0JI3Ba 3a 3aTOIUISIHE Ha Boja mpe3 Jiatoto. Ha
€JIMH KBaJpaTeH METbp IPU CPETHOrOJUIIHA
pammarus Ha cibHIETo 1000 Wp/m® momydaBame
okoino 100 W enexTpudecka MOITHOCT U OKOJIO
500W TormiuHHA.

Upez xomOunupana cucrema (PV/T) u
TEPMOIIOMIIA MOJKEM Jla HalpaBUM HAITbJIHO
3aTBOpEHa cucrema. TepmorioMmara Iie mojromMara
OTOIUICHUETO TIpe3 3uMaTa, a M3IUIIHATA TOTUINHA
OT COJIAPHUS €JICMEHT II¢ C€ MOArpsiBa COHIaXa Ha
TEPMOIIOMIIaTa, KOETO II¢ TMOBHINK HeHHAaTa
eeKTUBHOCT TIpe3 3umara. 3eMsara Iie Oble
€CTECTBEH CE30HEH TOIUIMHEH akymyiartop. Camus
(doToBONITAMYEH TAHEJ MOXKE Jia 3aXpaHBa camara
LUPKYJUpalia MoMIla Ha OXJIaJUTeHATa CHUCTeMa
WJIM TEPMOTIOMIIATA.
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SHANNON ENTROPY AND URBAN SKYLINES

SEDA H. BOSTANCI

Abstract: Urban skylines are the aesthetic qualities of cities having communication and
information potentials. Aesthetic codes of urban skylines can be stated as visual
information elements. Shannon entropy, which forms the basis for communication
technologies, and the information theory are used for visual impact evaluation regarding
urban skylines.

Historical skylines that form cities’ basic characteristics are threatened by tall buildings in
big metropolises and in cities with population growth. Urban design guides and controls
are created with reasons such as protecting historical urban skylines and forming aesthetic
values in new settlements. The basic issues in urban design guides include the design and
aesthetic qualities of urban skylines and the public spaces. In the process of creating the
design guides of urban skylines, quantitative and computer-aided design models like GIS
are used. The use of quantitative methods in the analysis of urban design brings various
advantages, and entropy is one of these methods. Here, entropy is used referring to its
definition in information theory. This study discusses the role of entropy approach with its
general characteristics in the evaluation of aesthetic dimensions of urban skylines.
Research is based on the Shannon entropy, deals with the relationship between
communication technologies and urban design theoretically.

Key words: Shannon entropy, urban skyline, aesthetic measure, information theory, GIS for

skyline analyses.

1. Introduction

In the last four decades, it has been
observed that the objective methods used for studies
related to the design and aesthetics has an
increasing importance because they are able to
present more precise and innovative approach in the
evaluation of qualities based on interpretation. “The
application of new technologies, particularly
computers, offers the promise of broader and more
complete understanding of the urban entity in all its
structural and systematic level” [1]. Analytic
measurements [2], visibility analyses [3], spatial
modeling [4], computer models based on cellular
automata [5], entropy analyses for visual diversity
[6] are some of the examples of these quantitative
and computer models, and they are recent fields for
urban design.

The relation between aesthetic measure and
information theory has roots from studies of
Birkhoff [7], Bense [8] and Moles [9]. “From
Birkhoff’s aesthetic measure, Moles and Bense
developed the information aesthetics theory, based
on information theory. The concepts of order and

complexity were formalized from the notion of
information provided by Shannon’s work” [10].
Starting from analytical studies for facades [11, 12],
entropy became a useful method for evaluating the
diversity of facades and skyline and also become a
function of diversity for finding the solutions that
can be generated within a design space [13, 6, 14,
15]. In order to find the relations among different
urban skylines in urban design approaches, there is
an executed area sampling which has the entropy
results for aesthetic dimensions, such as diversity
and clarity. Design data, which are obtained from
the schematic representations of processed
photographs of the urban skylines, are measured
with entropy approach in accordance with design
criteria depending on the coding technique [16, 17].
Entropy is used for space distribution in planning
area [18] and measurement of urban expansion in
urban planning [19, 20].

Shannon’s [21] entropy concept related to
information theory is adapted to urban design study
to measure the aesthetic value of the urban skylines.
Here, measuring entropy is related to the
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distribution of positional figures of a message or
information in terms of probabilities. Design criteria
are evaluated as the visual codes of the urban
skylines. Therefore entropy becomes a kind of
approach which can be used for analyzing the
formal aesthetic quality of the urban skylines. In
addition, with this method, a classification and
comparison of the urban skylines can be made with
entropy  values and  their = mathematical
interpretations.

Here, entropy concept is used for analyzing
the aesthetic quality of the wurban skylines
depending on the design criteria which can be coded
with numerical values. Hence, the output of this
study helps to formulate the design criteria based on
the entropy model for estimating the total impact of
formal aesthetic value. In this manner, the
methodology used in the research can be interpreted
as a holistic approach. This entropy approach based
on the statistical interpretations can be defined as a
useful quantitative method for urban planning and
urban  design. Entropy is an innovative
measurement to find the formal aesthetic values of
the urban skylines. The aesthetic dimensions
measured with entropy helps the classification of
the urban skylines.

2. Entropy Concept Related to Information
Theory and Shannon Entropy

Entropy concept, which has been used as a
part of thermodynamics and redefined by the
information theory, is an approach about the
quantitative measure of the degree of disorder in a
system. This approach has been considered in
various multidisciplinary fields for different
purposes. According to Cover and Thomas [22],
information theory today represents the extreme
points of the set of all possible communication
schemes. In general, the entropy is not only the
second law of thermodynamics, but also a basic
quantity that led to various interpretations such as
Shannon’s communication theory related to
information theory.

A statistical concept of entropy was
introduced by Shannon in the theory of
communication and transmission of information
[21]. It is formally similar to Boltzmann entropy
associated with the statistical description of the
microscopic configurations of many-body systems

and how it accounts for their macroscopic
behaviour [23].
Shannon has developed the mathematical

structure of information theory. For design
measurements, Shannon’s entropy formula is used.
Alongside the measurements in the information
theory on aesthetic value of urban patterns has
found. The equation is shown below;

Hy :_Zpi log, p, (D

Shannon proposes a general communication
system diagram. He has detailed his equation and
introduced numerous situations. Hs represents
entropy where probability of the situations has been
(pi) in the equation.

Here, entropy is used for urban design
studies. In this manner, there are so many
interpretations of the entropy concept. Krampen
[11] states that by applying Shannon’s formula,
Bortz calculated amounts of information for facades
on the basis of relative and conditional probabilities
of occurrence. “The concept of aesthetic
information = measurement based on  the
combinational properties of elements in a given
environmental universe is used. The idea here is to
measure the amount of information relative to the
probability distribution of element types which have
appeared on a given universe, such as the elevation
of a building. This is done by measuring the amount
of information conveyed in a fagade scanning
process and on the basis of transitional probability
distribution” [24]. Entropy formula has a
logarithmic structure. “Logarithmic measure is used
in the information formula because the choice of a
logarithmic base corresponds to the choice of a unit
for measuring information. If the base two is used,
the resulting units may be called binary digits, or
more briefly bits” [21]. Entropy is a concept which
can quantify the amount of information based on
visual and aural codes. With the calculation of
entropy for wvisual codes, aesthetic quality-
enhancing relations among formal design criteria
observed in the formation of urban skylines can be
measured.

3. Formal Aesthetic Dimensions of the
Urban Skylines

The urban design process is a complex
system because of the variety of effects and
expectations of the inhabitants from urban areas.
“Urban design can be defined as the
multidisciplinary activity of shaping and managing
urban environments. Combining technical, social
and expressive concerns, urban designers use both
visual and verbal means of communication and
engage in all scales of the urban socio-spatial
continuum. [25].

“Good cities tend to be a balance of a
reasonably ordered and legible city form, and places
of many and varied comings and goings, meetings
and transactions. What might appear to some as
disorder is very often simply the everyday rhythm
of city life. In the absence of such activity, cities
can lose their urbanity and eventually become
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suburban in character [26]. “City form continually
changes as a result of a multitude of actions, and it
affects many ordinary people in their day-to-day
activities. The city landscape may have value as a
source of delight to people and a possible
restoration from the stresses of everyday life.
Toward this end, the shaping and reshaping of the
city should be guided by a visual plan [27].

Aesthetic qualities of physical environment
have some formal and symbolic values. The
symbolic indicators to be used to define the city can
be evaluated as parts of social studies depending on
the opinion and expression of the inhabitants about
the city structure. The approaches which are
considered to find the characteristics connected with
the general structures of the cities can be accepted
as a kind of formal aesthetic studies.

“An urban skyline represents a memorable
reference value of the city by reflecting its specific
identity, general characteristics and aesthetic
qualities” [28]. Urban skylines have some design
codes, and these codes can be referred to as design
criteria. This paper deals with formal aesthetic
qualities of the urban skylines, and this is a kind of
urban design study. “Urban design is the generally
accepted name for the process of giving physical
design direction to urban growth, conservation, and
change. It is understood to include landscape as
well as buildings, preservation and new
construction, and rural areas as well as cities” [29].
“The analysis and evaluation of urban design are to
a very large extent based on visual data” [30], and
urban skylines are these kinds of visual data. To
understand and analyze the effects of aesthetic
choices in the city, there are some urban design
dimensions and they can be grouped in some ways.
The design value constitutes both the natural and
planned forms of cities. From this point of view,
Cullen [31] groups the townscape place dimensions
as closure, fluctuation, undulation, recession,
infinity, mystery, continuity, anticipation and
punctuation. Lynch [32] gives five basic dimensions
such as vitality, sense, fit, access and control. Lynch
also gave some sources of city values, such as
visual harmony, individual choice, diversity, memo
ability, orientation and clear image, strong
sequential experience, contrast, complex coherence,
human scale, a sense of natural site. Jacobs [33]
describes the physical designable qualities as
variety related to differences and similarities,
topography related to scale, compactness related to
density and intensity, transparency,
complementarily and contrast. “Smith argues that
our intuitive capacity for aesthetic appreciation has
four distinct components that transcend time and
culture, sense of rhyme and pattern, appreciation of
rhythm, recognition of balance, sensitively to

harmonic relationships” [34]. Similarly, Nasar [27]
classifies the likable features in the city by five
kinds of environmental attributes; naturalness,
upkeep/civilities, openness, historical significance
and order. To sum up, “the environmental quality
concerns of urban design are structure, legibility,
form, comfort, accessibility, safety, historic
conservation, vitality, diversity, likeness, openness,
sociability, equity, maintenance, adaptability,
meaning and control” [35].

There are some special design criteria
concerning the architectural form of the facades and
the skylines. These are, proportion, height,
hierarchy, dominance, contour, figure-ground, time
as architectural styles of the facades, color,
horizontal and vertical effect and density. These
design criteria are some of the basic design
principles of architecture and other kinds of art.
Design criteria grouped in this part are about the
formal qualities of the urban structure. For example,
Zevi [36] groups the formalist design criteria as
unity, symmetry, balance, dominance, contrast,
ratio, dimension, character, function, experience
and style. Amheim [37] explains the dynamics of
surrounding space as weight and height, buildings
in context, obliqueness and depth, order and
interaction of shapes, levels of complexity,
balancing elements and the parts of the whole.
Glinay [38] classifies design criteria as order,
space&mass, scale, proportion, enclosure, color,
symmetry, balance. Furthermore, Hedman and
Jaszewski [39] set the basics of urban design as
context and contrast, sense of depth and solidity,
rhythm, monumental effect of building forms,
complexity and richness of detail, visibility and
building height contours.

Formal aesthetic studies have the basics
from Birkhoff’s works. In 1928, “Birkhoff
formalized the notion of beauty with the
introduction of the aesthetic measure, defined as the
ratio between order and complexity where the
complexity is roughly the number of elements that
the image consists of, and the order is a measure for
the number of regularities found in the image” [10].
Formal aesthetic qualities are evaluated with the
total impacts exercised by design criteria that are
analyzable in a visual environment. The concepts
such as diversity, clarity, harmony and meaning are
called aesthetic qualities. From this literature, three
basic formal aesthetic qualities have been found,
which are diversity, clarity and harmony.

Urban skyline scale composes a visual
frame that can be coded with entropy approach. In
order to carry out measurements in this frame,
skyline photos and schemas derived from the
photographs are used.
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In the measurements of the diversity and
clarity matters in terms of their formal aesthetic
evaluation criteria, the mass units of the skylines,
contour effect that composes the skyline, vertical
and horizontal elements and the visual properties of
other elements are analyzed. By gathering the visual
coding quantities from these analyses, an operation
table is composed from these numbers. This is a
kind of counting method.

The visual codes of urban skylines are
counted and grouped in urban skyline analyses.
These aesthetic codes are counted and measured by
Shannon entropy. In Figure 1 some examples of
urban skyline analyses for entropy can be seen.

(P HHp -

o | sl |

ool Sdle®

Contour Effect Vertical Elements

| laa e e

Vertical Elements Hierarchical Phasing

Fig. 1. Urban skyline analyses for diversity

“Urban diversity has been studied by
demographers, sociologists, and planners” [40].
“The interaction between human societies and their
environments can influence urban space in two
different ways: on one hand, natural space has an
impact on physical and social qualities of human
space. On the other hand, human societies have
affected nature by the development of urban space.
The diversity of physical form and natural qualities
have in return influenced the social qualities of
urban space. In the historical process of creating
cities, these conditions have often been employed,
symbolically and practically, to institute difference
and segregation” [38].

In entropy approach the formal features of
diversity is analysed. Diversity gives a freedom of
choice like randomness. Entropy is related to
information, and randomness and these concepts are
also related with diversity. The diversity of the city
in a balanced randomness can provide the aesthetic
quality of it. Based on the literature review, it can
be stated that the formal aesthetic criteria chosen for
defining the diversity of the urban skylines are
contour effect, mass unit, vertical and horizontal
elements, elements of form, elements of color,
hierarchical phasing, elements of dominant effect,
repetition elements, elements of continuity and time
layers.

Contrast of Vertical-Horizontal Effect Contrast of Figure-Ground

Contrast of Natural and Man Made Pattern Contrasts of Color

Fig. 2. Urban skyline analyses for clarity

Clarity comprises concepts of legibility,
spaciousness, openness and contrast. In entropy
approach for clarity, contour effect, mass unit,
hierarchical phasing, elements of dominant effect,
repetition elements, elements of form, the contrast
of vertical-horizontal effects, the contrast of figure-
ground, the contrast of old-new structures, the
contrast of natural and manmade patterns, and the
contrasts of color are specified as measurable
design criteria as seen in Figure 2.

Harmony is a basic aesthetic quality which
has formal and symbolic properties. The relation
between diversity and clarity can give the formal
meaning of harmony. Therefore, with the entropy
analysis for diversity and clarity, some evaluations
can be made for the formal meaning of harmony.

These kinds of aesthetic relations in urban
patterns can be observed with the help of image-
based research and photographic data. There are
different research methods for analyzing visual
variables, the photographic data, graphics and
schematic representations developed in these
studies.

4.GIS Application for Entropy Analyses of
Urban Skyline

Geographic Information Systems (GIS)
used as computer-aided design model and can be a
tool for urban skyline entropy analyses. “Designers
use several mapping techniques to understand and
represent the relations between city levels.
Visualizing and querying information in relation
with space reveals invisible interrelations within the
built environment. Geographic Information Systems
(GIS) mainly used by geographers, own a similar
rationale of mapping. GIS softwares enable; view
spatial data, create layered maps, perform basic
spatial analysis, manipulate shape-files and
geodatabases, edit and analyze 2D and 3D data,
share spatial information” [28]. “Although urban
planning has used computer models and information
systems since the 1950s and architectural practice
has recently restructured to the use of computer-
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aided-design (CAD) and computer drafting
software, urban design has hardly been touched by
the digital world” [41]. “GIS can operationalize
recommendations subscribed by the Urban Design
Guidelines. The 3D GIS visualization affords
viewing perspectives from almost every direction to
determine the extent to which a built structure has
infringed upon the restricted zones or the combined
impact a collection of structures has on the
surrounding townscape” [42].

“Skylines embody all the formal and
symbolic codes of the cities which are integral to
their aesthetic evaluation. In a city skyline formal
and symbolic codes are concealed in building layers
and topography. From the definitions and relations
between city skylines and aesthetics Table 1 can be
formed as below” [28].

Evaluation Criteria High Rise Structures in Cities

J

GIS City Skyline

b gy

Buildings  * Topography

ENTROPY

Form Landscape Formal Symbolic
Function Height Aesthetic Aesthetic
Time Point of View Qualities Qualities

Contour Lines
Slopes
Scale
Diversity Meaning
Harmony Function
Clarity
(notincluded
in this paper)

Table 1. The relations between GIS and
entropy for city skylines aesthetic evaluation,

[28].

“Layers comprising the formal
characteristics of skyline, which are building and
topography, are modelled mathematically via GIS”
[28]. Skylines are visualized by GIS analysis. Then
by the entropy formula aesthetic value of the
skylines have been found

“GIS is an enabling technology and a
support tool for better decisions and more
comprehensive planning” [42].

5.Conclusion

This article discussed the -classification
studies on the aesthetic dimensions of urban
skylines. Theoretical aspects of entropy approach as
one of the means of evaluating the aesthetic
dimensions of urban skylines were presented with
its outlines as a result of literature review.

Analytical studies in this field show that
stylistic and aesthetic qualities are measurable with
Shannon entropy depending on the notions of
diversity and clarity. Especially in developing
metropolises and urban regeneration processes, the
quantitative evaluation of visual and aesthetic
qualities of urban skylines is critical. In order to

protect the characteristic urban patterns, which
reflect the identity of cities, Shannon entropy model
for skylines will create an innovative control
mechanism. GIS is an effective functional software
application for skyline aesthetic entropy analyses.
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ENCRYPTION TIME MEASUREMENT OF AES

YASIN AKMAN, TARIK YERLIKAYA

Abstract: Advanced Encryption Standard (AES), which is approved and published by
Federal Information Processing Standard (FIPS). The AES is a symmetric-key block cipher
algorithm that can be used to protect electronic data. This paper presents encryption times
comparison of the AES algorithm on two different computers. In the study, the AES with
128-bit input and key length 128-bit (AES-128) was coded in C programming language.

Key words: Advanced Encryption Standard (AES), Encryption Time, AES-128

1. Introductions

In recent years, cryptographic development
has been a high priority and challenging research
area in field of engineering. One of the main
subjects in cryptography is the symmetric key
cryptography, where a shared key of a certain size
will be used for the encryption and decryption
processes[1].

The Advanced Encryption Standard (AES)
based on Rijndael algorithm was selected as a data
encryption standard by the National Institute of
Standards and Technology of the United States's
(NIST) in 1997 based on the primary criteria of
security, performance, efficiency in software and
hardware implementation, and flexibility[2]. The
AES algorithm specification is documented in the
NIST's FIPS-197 publication[3].

The AES encryption is an example of the
symmetric key cryptography. AES is widely
adopted for a variety of encryption needs, such as
wireless networks and secure transactions via the
Internet[2].

2. Advanced Encryption Standard (AES)

The AES algorithm is a symmetric block
cipher that can process data blocks of 128 bits [3].
Each 128-bit data block (plaintext) can be
represented as a two-dimensional 4 x 4 array of
bytes called the State as shown Fig.l. There are
three kinds of choices for the cipher key of the
AES: 128, 192 and 256-bits and consist of 10, 12 or
14 iteration rounds, called AES-128, AES-192, and
AES-256, respectively[4]. In this work, we use the
key version of length 128 bits (AES-128) with 10
rounds.

The number of rounds depends on the
length of the key used for the encryption process.
As shown in Fig. 2, uses AddRoundKey (Key
addition) and each of the Nr-1 rounds consists of 4
transformations: SubBytes (Byte Substitution),
ShiftRows, MixColumns, AddRoundKey. Final
round consists of only 3 transformations: SubBytes,
ShiftRows, AddRoundKey.

ng SQJ Sg; Suﬁ

Slg S]J 51; Slﬁ

S:g Sg; Sg; S:;

S3g 53; Ss; Ss;

Fig. 1. AES State Array

Maistexd

' ks 1
Kev Addition = | - P—

L]

Bz Substiuiion
T
ShiftHows
rrrrr d m-1 r
M
' 1
Kev Addition - -
L]
Byte Substitulion
Ll
last round m, < ShifiRows
U L. 1

Cipheniext
¥ AES()

Fig. 2. AES Encryption Structure
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Table 1. S-Box

7 8 9 A B (02 D E F

63 | 7C | 77 | 7B | F2 | 6B | 6F

C5| 30 | 01|67 | 2B | FE | D7 | AB | 76

CA |8 | C9 | 7D | FA | 59 | 47

FO | AD | D4 | A2 | AF | 9C | A | 72 | CO

B7 | FD | 93 | 26 | 36 | 3F | F7

CC| 34 | A5 | E5 | F1 | 71 | D8 | 31 15

04 | C7 | 23 [ C3 | 18 | 96 | 05

9A | 07 | 12 | 80 | E2 |EB | 27 | B2 | 75

09 | 83 | 2C | 1A | 1B | 6E | 5A

A0 | 52 | 3B | D6 | B3 | 29 | E3 | 2F | 84

53 | D1 | 00 | ED | 20 | FC | B1

5B | 6A | CB | BE | 39 | 4A | 4C | 58 | CF

DO | EF | AA | FB | 43 | 4D | 33

85 | 45 | F9 | 02 | 7F | 50 | 3C | 9F | A8

51 | A3 | 40 | 8F | 92 | 9D | 38

F5 | BC | B6 | DA | 21 | 10 | FF | F3 | D2

CD|(0OC |13 |EC | 5F | 97 | 44

17 | C4 | A7 | 7E | 3D | 64 | 5D | 19 | 73

60 | 81 | 4F [ DC | 22 | 2A | 90

88 | 46 | EE B8 | 14 | DE | 5E | 0B | DB

EO | 32 | 3A | 0OA | 49 | 06 | 24

56C | C2 | D3 |AC | 62 | 91 | 95 | E4 | 79

E7 | C8 | 37 | 6D | 8D | D5 | 4E

A9 | 6C | 56 | F4 | EA | 65 | 7TA | AE | 08

BA | 78 | 25 | 2E | 1C | A6 | B4

C6 | E8 | DD | 74 | 1F | 4B | BD | 8B | 8A

70 | 3E | B5 | 66 | 48 | 03 | F6

OE | 61 | 35 | 657 | B9 | 86 | C1 | 1D | 9E

E1 | F8 | 98 | 11 | 69 | D9 | 8E

94 | 9B | 1E | 87 | E9 [ CE | 65 | 28 | DF

MmMmO(O|D|P|loe|o|N[o|jn|b|lw|N| =0

8C | A1 | 8 | OD | BF | E6 | 42

68 | 41 | 99 | 2D | OF | BO | 54 | BB | 16

2.1. SubBytes Transformation

Subbytes transformation uses 16 identical
256-byte substitution table called S-box (non-linear
table) as shown in Table 1. This step is to provide
adequate resistance against differential and linear
cryptanalysis  attacks[5]. The transformation
operates on each byte of the State using a
substitution table (S-box) as shown in Fig. 3.

S-Box

-
Sop | Sox| St | Sos S'.0 %1 S0z | S'oa
S10 S, S1.2 | S13 8.0 S'e 52| 813
S20| S217 822 | S23 S0 | TTTS" 22| S
S3p | Sa1| 83z | Sa3 53,081 82| 8%

Fig. 3. SubBytes Transformation

2.2. ShiftRows Transformation

The ShiftRows transformation is a cyclic
shift of each row by different byte offsets. First row
(r=0), is not changed. Then row 1 is left shifted by
one time. Row 2 is left shifted twice, and row 3
three times. The transformation shown in Fig.4.

S S'
Sop [ Soa | Soz | Soa S'00 | 801 | 8"z | S
Sio| S1a|Suz|Sua| (L | 8| S2| S| S
Sa0| S21| S22 | Spa | [EELLI% | 8'22]| S"23| 820/ S22
Sap | Say| Saz | Saa| (HEETw | 8'33|8"0|8%1|8%2

Fig. 4. ShifiRows Transformation

2.3. MixColumns Transformation

The MixColumns transformation which
operates separately on every columns of the State
using a linear transformation. It is shown in Fig.5.

]_uz 03 01 01—‘ [sy |

|o1 02 03 o1 ] | Seety |

[o1 o1 02 03] | Si2; |

|03 01 01 o2 | | Seas |
S0 | Soa| Soz | Soa Sl S0 |80z S
S10 | S11] S12 | B13 Sl Sz 83| S
S2p | S21] S22 | 823 S'22] 823 ]S40 S
Sap | Saa| Saz| Sa3 S35 830851 S

Fig. 5. MixColumns Transformation
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2.4. AddRoundKey Transformation

Firstly, a Round Key is added to the State
by a simple bitwise exclusive-OR (XOR) operation.
Each round key consists of Nb words from the key
expansion. Those Nb words are each added into the
columns of the State. AddRoundKey transformation
illustrates in Fig.6.

T
z ™
Sop | Soa | S ’330/ S0l 81| 8%z | Sa
S1a koo | ko | koz | koa S'0| 8,1 | Sz | S
S0 kig| kug | kiz | kia S2.0] 81| 842 $1a
530 || kap | kaa | kaz | kaa S'30] 8'31| S92 §'33
kap| kap| kaz | kaa ——J

Fig. 6. AddRoundKey Transformation

3. Encrption Time Measurement Of AES

Firstly, we coded the AES encryption
algorithm by Eclipse Europa using C language and
GCC is used as the compiler. Then we aimed to
measure the encryption times of AES encryption
algorithm on two different computers.

The qualifications of the operating
Computer-1 on which the time is measured are
shown in Table 2.

Table 2. Qualifications of Computer-1

Input (text _in) and cipher key (key) values
are extracted from FIPS-197 ([3]). The same output
(text_out) values are obtained, as shown in Table 4.

Table 4. input, cipher key, output values

Computer-1 Qualifications
Processor Intel Core 15-2400 CPU - 3.10Ghz
Operating Ubuntu 12.04 LTS

System
Memory 4Gb DDR3 - 667Mhz

The other computer qualifications are

illustrates in Table 3.

Table 3. Qualifications of Computer-2

Computer-2 Qualifications
Processor Intel Core 17-2670 (2.2Ghz up to 3.1 GHz)
Operating Ubuntu 12.04 LTS
System
Memory 6GB DDR3 - 1333Mhz

Values
Input 324316a8885a308d313198a2¢0370734
Cipher Key | 2b7e151628aed2a6abf7158809cf4f3c
Output 3925841d02dc09fbdc118597196a0b32
We measured same encryption time on two
computers. The time measurement results are

elucidates in Fig. 7.

[£ Problems | ¥ Tasks | B Console 2 . E Properties
<terminated> aes_ Linux GCC [C/C++ Local Application] /home/owr

X % G oBlelE = 8y

Encryption Time = 11 us

Input = 32 43 f6 a8 88 5a 30 8d 31 31 98 a2 e0 37 07 34
Key = 2b 7e 15 16 28 ae d2 a6 ab f7 15 88 09 cf 4f 3c
Output= 39 25 84 1d 02 dc 09 fb dc 11 85 97 19 6a Ob 32

Fig. 7. Encryption time of AES on two computers

4. Conclusion

In this work, we have presented encryption
times of two different computers of the AES
encryption algorithm. We aimed to measure the
encryption times of the AES.

Initially, we measured the time of
encryption on computer-1 of which the
qualifications are given in Table 2. Then we
measured the encryption time on computer-2 of
which the qualifications are given in Table 3.

Consequently, we reached the conclusion
that two computers encryption time are 11 ps. The
computers encrypted same input with same key and
same output values are obtained in 11 ps.
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ISO 22400 KEY PERFORMANCE INDICATORS
FOR SOFTWARE INDUSTRY

PLAMEN VASILEV

Abstract: The importance of Metric-driven approach of Management in Sofiware Industry
can be explained by finding the necessary indicators showing the execution of set goals and
allocation of opportunities for improvement. These indicators can be introduced following
industrial standards ANSI/ISA 95, ISO 22400, and the application of Manufacturing
Operations Management (MES/MOM) system for the purposes of Software Industry. The
Key Performance Indicators described in the standard have to be transformed in order to
be meaningful to the needs of Software Industry processes.

Key words: ISA4-95, ISO 22400, MES/MOM, MOMA4, KPI, Software Industry

1. Introduction

The software industry is one of the fastest
growing industries worldwide. Characteristic of the
software industry is that it goes through the stages
of development through which passed the
traditional manufacturing industry, but within a few
decades, the emergence of software companies from
only a few people to large international companies
with multiple centers around the world and
hundreds of thousands of employees and customers.
Each company aims to compete with global
companies to ensure same or rapidly increasing
quality at lower prices (Outsourcing), with an
increasing level of standard of living. [1,2]

This requires the introduction of new methods of
management of the software industry, ensuring the
achievement of high efficiency and reducing losses
as their main source of raising the price of the final
product. [7]

Since the software development has become a fast-
developing industry in which every company has its
own Business Process Model, a conclusion can be
made that for the modeling of the software
development process an industrial standard such as
ANSI/ISA-95 can be used.

ISA-95 is the international standard for integration
of enterprise and control systems. ISA-95 consists
of models and terminology for covering all the
activities of for production, maintenance, inventory
and quality. These can be used to determine which
information has to be exchanged between systems
for sales, finance, and logistics and systems for

production, maintenance, and quality. This
information is structured in UML models that cover
all objects in the industry such as Personnel,
Equipment, Material and Process Segment used for
scheduling, execution and analysis tasks.[3]

Key Performance Indicators may also be considered
as economic indicators used to assess the progress
or degree of compliance with regard to important
objectives or critical success factors within an
organization. An economic indicator serves as a
basis for decisions (problem identification,
presentation, information extraction), for control
(target / actual comparison), for documentation
and/or for coordination (behavior management) of
important facts and relationships within the
company.

KPIs alone are not sufficient factors to perform the
necessary management and execution operations for
an enterprise. For many of the indicators, the actual
threshold may have to be defined as company-
specific. If the value of the indicator exceeds or falls
below the limit, actions are intended to be initiated
to improve efficiency. It is necessary to define
warning and action limits. Warning limits help to
detect the trends in process and equipment changes
before enterprise-defined thresholds are violated.[4]

2. IS0 22400

The standard ISO 22400 Automation
systems and integration - Key performance
indicators (KPIs) for manufacturing operations

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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management, comes as a natural extension of the
standard ANSI/ISA-95 (IEC 62264) [5, 6]. Since
the standard ANSI/ISA-95 can be applied for the
purpose of the software industry [8], the
information collected from an ANSI/ISA-95 based
MES/MOM system should be analyzed and
presented in a meaningful manner with the help of
specific KPIs for the software industry.

To realize the intended benefits for the software
industry, the information about the process,
employees, used documentation and equipment,
collected by the system must be efficiently used in
order to improve productivity of the company’s
resources.

Following ANSI/ISA-95, Figure 1 illustrates the
kinds of data that are presented in the Key
Performance Indicators generated at Level 3.

m Enterprise administration domaindata
m Performance Data (KPi)

Detailed schedule data

Job order data
Product data Material data
Work-Time data

Quality data

Process data Equipment data

Level 2 - SCADA,

PLC, DCS Manufacturing automation & Control domain data

Fig. 1. KPIs in MES/MOM systems

The Key Performance Indicators can be grouped in
the following categories:

® Temporal Key Performance Indicators

® Key Performance Indicators by Order

e Key Performance Indicators by Production
Unit

PD - POT

PO - ST PO - TPT

Fig.2. Time lines for order processing

__PCT — processing time De

| POT____ TESUT 3

Fig. 3. Time lines for Production Unit

3. Key Performance Indicators For Soft-
ware Industry

The calculation of Key Performance
Indicators only makes sense if it is a part of an
overall system  which includes Resource
Management, Planning and Scheduling, Execution
and Calendar Management. In such system all the
objects must have the needed properties and
behavior which can be realized by the means of
state transitions of these objects (i.e. Production
Order, Work Order, etc.). The following examples
of state transitions are taken from ANSI/ISA-95
based MES/MOM system MOM4 of the company
NearSoft Europe GmbH.[9]

PO Status Change

WO Status Change

Fig. 4. State transitions of Production Order and
Work Order

Example of state transition for Production Order:

* DRAFT — The Production Order (PO) enters in
state "DRAFT" by default when created in the
system. PO can be edited and deleted, and is open to
group additional Customer Orders.
* ACK - capable of handling PO, PO is accepted for
planning and closed for grouping of new Customer
Orders (if there are such objects in the system). The
PO can be deleted.

* OPO - "Open Production Order" in this state for
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the PO are added production rules, a routing with
Work Orders and material lots in state "Virtual" is
built. PO can be rescheduled.

* FPO - "Freeze Production Order" in this state the
PO is removed from any further rescheduling, any
editing operations are not allowed. The PO takes
capacity in the calendar.

* RELEASE - shows that the PO is ready for
production and the WOs can be sent for execution.
* INPROC - "In Process" is taken automatically
when the first lot of the first WO enters in state
"InProcess"

* FINISHED - shows that all relevant lots to last
WO are completed. Information from PO is
recorded and archived for further reporting and
analysis.

* STOP — The PO passes at a standstill, when a WO
is stopped.

Example of state transition for Work Orders:

* DRAFT — Work Order (WO) accepts state
"DRAFT" when entered manually. WO information
can be entered and edited.

* READY — The WO accepts state "Ready" when it
is ready to be sent for execution. The PO should be
in state "RELEASE".

* RELEASE — The WO enters in state "Release"
when physical consumed batch of materials enters
in state "Reserved".

* PROD or InProcess — The WO accepts state "In
Process" when the first batch of consumed physical
materials enters instate "InProcess".

* FINISHED — The WO enters in state "Finished"
when the last batch of physical material produced
and consumed goes into state "Finished". When the
WO is the last one for a PO, the PO changes its
state to "Finished". The PO 1is archived for
subsequent reports and analyzes.

* STOP — The WO passes at a standstill, when a
task is stopped. [10]

The following Key Performance Indicators will be
presented for the purpose of Software Industry:
A) Temporal Key Performance Indicators
for Production Order

Time to accept PO for planning (TAPO) [hr] =
EnterACK - DateCreated

This indicator shows the time span between the date
of creation of the Production Order and the time

that the Production Order is accepted
(ACKNOWLEDGED) for Planning.
Time to schedule a PO (SPO) [hr] = EnterEXE -

EnterACK

Shows the time span for planning the Production
Order up to the time it is sent for execution.

Planned Order duration PO (POT) [hr] =
ExpectedEndDate —Expected StartDate

Shows the scheduled time span for execution of
Production Order.

Execution time (TPT) [hr] =
ActualStartTime

ActualEndTime -

Shows the actual time span for execution of the
Production Order.

PO OTIF = RecommendedFinishDate - Actu-
alEndTime

Shows the Production Orders delivered on time (if
possitive).

PO Standard Busy Time (pBT) = SUM (WO Stand-
ard Busy Time)

It is calculated as a sum of Standard Busy Times of
the Work Orders included in the Production Orders.

PO Busy Time (eBT) = SUM (WO Busy Time)

It is calculated as a sum of Actual Busy Times of
the Work Orders included in the Production Orders.

Process Time (PCT, BAZ) = BT — DeT SUM (WO
TimelnProcess)

It is calculated as a difference between Busy
Time and the Delays of all Work Orders.

Delay Time (DeT, SU) = SUM (WO Preparation
Time)

The Delay Time is the sum of the preparation times
of all Work Orders

Down Time (DoT, SZ) = SUM (WO DownTime)

Shows the sum of Downtimes in one Production
Order
B) Temporal Key Performance Indicators
for Work Order

WO Standard Busy Time (pBT) = SUM (LOT
StdTime)

Shows the sum of Standard Times for production of
lot (in Software Industry a lot may be a document or
a program code).

WO Busy Time (eBT) = SUM (LOT Split Consumed
Time)

Shows the sum of times for consuming a lot
(reading a specification or a design document)

WO Transport and Waiting Time (TT) = first Lot
(EnterAvailable — EnterRelease)

Shows the time between the finalization of a lot
(preparation of a document or a program) to its
approval. Includes the meetings and discussions.
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Process Time
TimelnProcess)
for processing a lot.

WO Delay Time (DeT, SU) = WO EnterFinished -
WO LatestEndTime

(PCT, BAZ) = SUM (LOT
It is calculated as a sum of times

The Delay Time of Work Orders is calculated as a
difference between the times of finishing a task
(WO) and the scheduled latest end time for this
task.

WO Down Time (DoT, SZ)

It is calculated as a sum of the durations of all
Downtimes
C) Key Performance Indicators by Order

Efficiency = SUM (Standard Time/Split Consumed
Time)

Efficiency is calculated as a sum of ratios between
Standard Time for “consuming” a lot and the Actual
Time for it.

Reworks = SUM (Reworks)

It is an important indicator, showing the sum of the
durations of reworked lots (i.e. bug found and sent
back for development or unclear specification, etc.).

PO Allocation  Degree = BT  (Busy
Time)/TPT(Execution (Lead) Time)[%]

It is calculated as a ratio between the actual Busy
Time for a Production Order and the Lead Time
(the time between receiving the order up to its
finishing). The Allocation Degree is an important
indicator, showing the “density” of the process and
the load of every workplace.

PO Throughput = PQ (Produced Quantity) / TPT
(Execution Time) [units/hour]

The Throughput is a major indicator that shows the
ratio between produced units (documents,
programs, etc.) and the Execution Time. The
tracking of this indicator may lead to correction of
the standard times for execution of a product
(version, release, etc.)

Operational Time (OT) = SUM (Shift Time) Shift
Duration

This indicator represents the operational time in
which the employees can be used.

Planned Allocation Time (PBT) = OT — planned
stops (Total Expected Stoppages)

It is calculated as a difference of the Operational
Time and the sum of all planned stoppages (i.e.
lunch breaks, office administration work, etc.). This
is the time that can be used for execution of tasks.

Busy Time (BT) = PBT — SUM (downtimes with
mainType = SetUp and subtype != Installation 11
Configuration (preparation times))

It is calculated as a difference between Planned
Allocation Time and the sum of all Downtimes with
Main Type — Setup and Sub Types that are not
Installation or Configuration (strictly for Software
Industry).

Processing Time= BT — SUM (DownTimes with
Main Type != SetUp)

It is calculated as the difference between the Busy
Time and the sum of Downtimes which Main Type
is not Setup.

Main Usage Time (PDT) = TimelnProcess (PCT)
= PCT — SUM (Setup Times)

It 1s calculated as a difference between the Time in
Process and the sum of all Setup Times

SetUpTimes (DeT) = SUM (Downtimes with Main-
Type = SetUp and SubType = Installation && Con-

figuration)
It represents the sum of all Downtimes with Main

Type Setup and Sub Type — Installation and Con-
figuration

D) Key Performance Indicators by Produc-
tion Unit (Workplace)

Allocation Efficiency = BT (Busy Time)/ PBT
(Planned Allocation Time) [%]

The allocation efficiency is the ratio between the
real allocation time of a workplace and planned
time for allocating the workplace.

Efficiency = PDT / BT [%]

The efficiency is the portion of the main usage time
of the entire allocation time, thus it is a measure for
the productivity of the workplace. Since only the
operating time is value-adding and is remunerated
by the market, for a company it must be the goal to
increase this portion drastically.

It is calculated as a ratio between Main Usage Time
and Busy Time.

Availability = PDT/PBT [%]

It is calculated as a ratio between Main Usage Time
and Effectiveness = Total Standard Time / Time In
process and Planned Allocation Time

Effectiveness = Total Standard Time / Time In pro-
cess

It represents the ratio between Total Standard Time
for execution of some activity and the actual Time
in Process of the Work Order for that activity.
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Quality Rate = GQ (Good Quantity Prime MLs) /
PQ (Produced Quantity) [%]

It is calculated as a ratio of the produced lots with
no quality issues and the whole produced lots.

OEE index = Availability*Effectiveness*Quality
Rate [%]

In the conventional manufacturing industry Overall
Equipment Effectiveness (OEE) is a measure for
the efficiency of machines and/or plants,
manufacturing cells with several machines or an
entire assembly line. The OEE Index forms the
basis for improvements by better production
information, identification of production losses,
and improvement of the product quality by
optimized processes.

The OEE Index represents the used availability, the
effectiveness of the production unit, and their
quality rate summarized in a characteristic number.
For the purpose of Software development the OEE
Index will be calculated for each workplace.

Reworking Ratio = Rework Quantity / Produced
Quantity

An important indicator that shows the relevant re-
worked quantity of lots is:

Time Utilization = Time In Process / Shift Duration

Actually this is the ratio between the “InProcess”
time spans of all WO and the shift duration.

Standard Time Utilization = Total Standard Time /
Shift Duration

Represents the aim of the performance indicator and
it is calculated as a ratio between the standard time
and the shift duration. [6,10]

4. Conclusions

All these Key Performance Indicators aim
to better visualize the process of software
development by accentuating on temporal and
workplace metrics. Based on these calculations and
measurements, the company management is
responsible to find the opportunities for
improvement and to take the necessary actions to
gain advantages and to update the set goals. For this
purpose, additional embedded Statistical Process
Control (SPC) tools can be used to determine
averages, standard deviations, normal distributions,
correlations, norms, etc. for tasks grouped by
similar characteristics and their calculated KPIs.

GFT Standard Deviation
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Using fully operational MES/MOM system, such as
MOM4, where additional custom specific KPIs can
be easily configured and calculated, enables the
adoption of “Management and Control by KPIs”
concept (Metric-driven management), where a
feedback information from the whole software
development process is available and can be used
for goals revision on every workplace
(automatically or manually by the manager),
pinpointing reserves and optimizing the standards in
the company.

An example of using Key Performance Indicators
may be given for calculation of Lead Time for each
task in the scheduling phase, where depending on
the person assigned (Workplace) for a given task,
the Lead Time can vary. In the scheduling phase
each request is estimated by Story Points or other
tangible indexes in terms of size and complexity
and usually measured in man-hours (mhrs). The
request is decomposed to tasks (Work Orders) that
have to be time-estimated by some Standard Time.
This Standard Time may be approximately set by
executing a spectral analysis on a Task backlog (for
requests with similar characteristics). The Lead
Time then can be calculated by using Standard
Time and OEE index (if OEE index is given in %)
as:

Lead Time = Standard Time / OEE index / 100

Fig. 5 illustrates some of the described KPIs by
workplace. The first two charts visualize the OEE
index as Normal Distribution and its trend by shift
for a given period of time. The rest two charts rep-
resent performance and quality indicators for the
given period.
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Abstract: The search for experts is not a new task for people. The advances in information
retrieval technology, the abundance of digitally available documents and knowledge-
related data, along with the fast growth of social networks phenomena have all led to
increased interest in expertise retrieval area as a sub-discipline of information retrieval.
Fully automated computer systems for expertise location are reality nowadays. Despite the
wealth of results witnessed in the filed there are still challenges to be overcome. This
survey summarizes the base groups of approaches and advances in the relevant methods
and algorithms. Limitations of these approaches are also discussed.
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1. Introduction

Expert is a person or agent with a
substantial knowledge in a certain area/subject [2].

The need for experts can be for answering a
particular question as well as assigning them roles
in a specific organizational setting. A practical
scenario is a conference team searching for a group
of experts to become reviewers, recruiters looking
for skillful employees, consultants for other
consultants to forward inquiries to them to diminish
risk of losing clients [1]. Expertise of the employees
can be of great value for an organization and
effective sharing of knowledge has become a
demand in large organization. This is especially true
in the light of working spaces breaking
geographical and language boundaries.

Initially efforts were focused on unifying
diverse and dissimilar databases in a data
warehouse that could provide easy mining.

Most research today is intent to solving two
main problems in expertise retrieval systems: expert
finding — finding a person in a specific topic area
and expert profiling — determining areas of
expertise for a person. Expertise retrieval is the
broader term used to specify both the area of linking
people to expertise topics and vice versa. Expertise
retrieval is typically part of the enterprise search
engine of a single company [1].

Expertise is an abstract term that is referred
to as ‘tacit knowledge’ as opposed to ‘explicit
knowledge’ which is well defined and documented.
The way to access ‘tacit knowledge’ is through

evidence of ‘explicit knowledge’ (e.g. documents)
[1].This is why document retrieval and expertise
retrieval areas are tightly connected and document
retrieval approaches are widely used in the former
but expertise retrieval brings new challenges [1]:

e Candidate experts are not directly

retrievable entities.
e There is large ambiguity in usage of expert

names.
e Data is gathered from heterogeneous
systems and carry different level of

importance (email text vs scientific article).
e Determining the strength of the associations
made by the system and ranking results is a
complex task.
These challenges make the expert retrieval
process a multi-step process in a protean area. There
are topical, cognitive and social aspects [1].

2. Early work

Research on the topic of enabling effective
expertise sharing dates back to the 1960s. Early
work focused on ways of unifying disparate
organization’s databases to be utilized for data
mining tasks. Early systems include Hewlett-

Packard’s CONNEX, the National Security
Agency’s KSMS, Microsoft’s SpuD, and SAGE
People Finder [1].

They often relied on the self-assessment of
employees to judge their skills against a predefined
set of keywords. As a result once created profiles
quickly became outdated. This led to the increase
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demand of automated Al techniques for initializing
and updating profiles in expert finding.

3. Expertise Retrieval (ER) tasks

The increasing large volume of online data
has led to the development of several public expert
search systems in recent years — ArnetMiner [34],
INDURE [35], Microsoft Academic Search [1],
[36]. These systems offer linking of experts to
topics and topics to experts. ArnetMiner focuses on
the computer science domain and offers search
results and ranking experts, papers, conferences and
organizations. INDURE searches experts in four
states in the State of Indiana, US. Microsoft
Academic Search covers many domains and also
provides ranking of experts and organizations.

Tilburg University (TU) has gathered an
expert collection of TU employees involved in
research and teaching which is based on Webwijs
(“Webwise” [37]) system developed at TU [4].
Webwijs is a publicly available database.

Expert retrieval process is not standalone
and requires important preprocessing steps that are
worth mentioning [1]:

e Data acquisition — from available resources
in the organization or online.

e Preprocessing and indexing — identifying
candidate experts in data gathered from
heterogeneous systems.

e Modeling data — creating associations
between candidate experts and user queries.

e User interaction — results should be
presented to users in an accessible form.
Expertise retrieval tasks can be viewed

broadly as two main tasks — expert finding and

expert profiling.

3.1. Expert finding

The task of expert finding is to come up
with a ranked list of experts with relevant expertise
in a given topic.

We can formalize as the task of finding
candidate experts given a topic. Given a particular
query g the level of expertise of candidate expert e;
should be evaluates — expressed as score s(e;, g) and
then candidates should be rank in descending order
of the evaluated score.

The main focus is on developing content
based algorithms similar to document search. These
algorithms identify matching experts primarily
based on textual content of documents with which
experts are associated with. Establishing
associations between documents and candidate-
experts can be viewed as a two-step process: (1) for
each document in the collection, identify a set of
candidates associated with that document (authors,
people mentioned in content), and (2) for each of

these document-candidate pairs, estimate the
strength of the association. Most approaches focus
on expert finding in specific domains extracting
information from known document types or
alternatively ~ from  heterogeneous  document
collections like the ones found in a corporate
intranet. In recent years research to identify experts
from online data sources has been gradually gaining
interest [2], [28], [29], [30], [31]. In heterogeneous
data from online sources the semantic roles of
people vary and document-candidate associations
are not explicit and unambiguous. Almost all of the
W3C collection (except for the lists and people
parts) and the entire CERC collection are like that.
In such cases, candidates have to be recognized in
documents through one of their representations,
such as name or e-mail address. This is special and
restricted named entity recognition (NER) task.
Person names are inherently ambiguous and have to
be disambiguated and normalized. The strength of
association formed can be measured by our
confidence that the right person has been identified.
Not all documents are equally important for the
purpose of finding experts. Two main questions are
addressed in regard: (1) how to measure document
importance and (2) how to incorporate document
importance into the expertise retrieval models [1].

Not all documents are equally important —
likewise not all candidates are equally important.
The performance of expert finding can be improved
by considering candidate importance [7], [42].

Tsiporkova and Tourwé propose a
prototype of a software tool implementing an entity
resolution method for topic-centered expert
identification based on bottom-up mining of online
source [30]. The tool extracts and unifies
information gathered from a variety of online
sources and subsequently builds a repository of user
profiles to be used for technology scouting
purposes. In [32], [33] expertise retrieval is
approached as an association finding task between
topics and people. In Balog’s PhD thesis, the expert
finding tasks are addressed by the application of
probabilistic  generative models, specifically
statistical language models [32]. In [28] an effort is
made to incorporate a more flexible expert search
method based on different types of user traces
available in structured form within the Linked
Open Data (LOD) Cloud (e.g. DBLP) and Linked
Data Metrics.

3.2. Expert profiling

While the task of expert finding is
concerned with finding experts given a particular
topic, the task of expert profiling is turned around
and asks what topics a person knows about. Expert
profiling task is to create profile of the expert based
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on his knowledge areas. Usually profiles are
represented as vectors of scores for the person’s
degree of knowledge in different expertise areas.
Looking at a skills matrix (see Table 1) it is obvious
that expert profiling is the task that fills the rows
given the column heading (the topic of expertise)
and expert finding fills the columns given arrow
heading (expert candidate). A skills matrix is an
often-used instrument to capture and represent
expertise. Usually, people have to manually input
and update their profiles [1]. Manual approaches
suffer scalability and reliance drawbacks.
Automated methods that draw upon available
evidence data aim to reduce the human effort in
maintaining profiles [43].

Table 1. Skill matrix

Area 1 Area 2 Arean
Candidate 1 ° ®
Candidate 2 ° e
cee ®
Candidate m °

4. Evaluation of methods and test
collections

According to the case scenario users are
interested in ranked results of their queries. The
measures adopted for evaluating the quality of the
ranking produced include standard IR metrics -
(Mean) Average Precision (MAP) and Precision@N
(P@N). If only top ranked results are concerned -
(Mean) Reciprocal Rank (MRR). When the
judgment of a person’s expertise is not binary
Normalized Discounted Cumulated Gain (NDCG)
is used. In ER systems there is demand for high
precision and the cost of a false recommendation in
expert search is much higher than in web search
tasks.

Test collection used for training and
evaluating ER methods include data originating
from TREC [38] — as well as data from researchers
in the field — W3C, CERC, UvT, DBLP,
ArnetMiner, INDURE, Yahoo! Answers [1]. W3C
was the pioneering dataset collection. It consists of
331,037 documents from several sub-collections
that are not equally important: web pages, source
code files, mailing lists, etc. So measures based on
recall are quite rare [1]. Besides, both expert finding
and expert profiling tasks assume that the set of
items is given beforehand which makes pure recall
meaningless.

The CSIRO Enterprise Research Collection
(CERC) was the first dataset using self-assessed
judgments by organization’s employees. The CERC
collection comprises of crawled publicly available

sites hosted at CRISO. The dataset contains 370,715
documents with a total size of 4.2 GB.

The UvT data set was developed from
public data available about employees at Tilburg
University (TU), the Netherlands. The collection
contains information (in English and Dutch) of
about 1,168 experts. All topics are contained in a
thesaurus that describes different types of relations
between topics (i.e., synonymy, topic relatedness)
[6]. Experts are placed in organizational hierarchy.

DBLP database consists of 953,774 records
for articles: they included abstracts of articles
downloaded via Google Scholar, plus topical areas
of the conferences and journals where they were
published (acquired via Eventseer.net [39]).

ArnetMiner has an updated collection of
DBLP databases.

Experiments have been carried also on
INDURE dataset and Yahoo! Answers — which also
provides a multilingual setting and it was
discovered that some top ranked expert are
multilingual and participate in threads in different
languages [40], [41].

5. Base groups of ER approaches

We are wusing the ER approaches
classification proposed in [1]. All approaches
discussed have three main components: experts,
documents and topics as shown in Fig. 1 [1]. The
majority of approaches to expertise retrieval
represent the task as an estimation of the strength of
association between query terms and candidate
experts. These associations are established on the
basis of (textual) evidence that (identifiers of)
people co-occur with.

©,
@
@

Fig. 1. Main components of ER: experts (e),
queries (q), and documents (d) from which the
expertise retrieval systems aim to find the
relationship between the two

© @

All summarized methods estimate the
degree of association between people (candidate
experts) and topics. They differ in their approach
but essentially give answer to three main questions
[1]: how to represent expert entities, how to
determine the evidence of expertise and how to
make the final association without missing
important data.
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The models are grouped in five main groups
but there are numerous methods that fall outside of
the boundaries of this classification — some of them
will be mentioned as well. The first two model
groups are probabilistic approaches that stem
directly from document retrieval area — they are
content-based models.

e Generative probabilistic models

Generative models estimate associations
between topics and people as the likelihood that a
topic was generated (written) by a given candidate
expert (topic generation models) or the opposite —
that a probabilistic model based on the query
generated the candidate (candidate generation
models).

e Discriminative probabilistic model

These methods construct associations by
directly  estimating the binary conditional
probability that a given pair of a query topic and a
candidate expert is relevant.

e Voting models

Voting models use weighing schemes in
which documents ranked for a given query to be
used as votes for expertise evidence of candidate
experts.

¢ Graph-based models

These methods construct graphs, containing
experts, documents and relationships between them
build both in query—dependent or query independent
way.

e Other models

Since expert search is closely related to
document search and other IR retrieval tasks, some
classical IR methods have been applied to expert
search, such as topic modeling (latent Dirichlet
allocation - LDA) [44], the vector space model [45],
and cluster-based retrieval [46].

A number of topic models have been
proposed for expertise retrieval. Most of them treat
topics as latent variables. Deng et al. [47] proposes
a topic-based model where the topics are defined
and known in advance. It eliminates the estimation
of the latent topics, but how to select the topics is a
challenge. The model has been evaluated on the
DBL.

In [48] the classical vector space model
(VSM) is extended for expert search. Experts are
represented as a linear combination of documents,
resulting in expert vectors which are in the same
vector space with documents and queries. Existing
practices for VSM can then be exploited.

Cluster-based retrieval [46] is a class of
retrieval methods that has been proven effective for
ad-hoc retrieval.

6. Limitations and emerging challenges

The models discussed do not directly model
the concept of “expertise”. They develop techniques
for capture the degree of association between topics
and people to be used in the field of knowledge
management. This is simplification that proves to
work in practice but has practical implications in
real-world scenarios. Some recent work try to take
into account the human-centric perspective and go
beyond textual content. Hoffman et al. [5] show that
combining content-based with contextual factors
can significantly improve performance compared to
content-based only models. Studied contextual
factors include social graphs based on organization
hierarchy, geographic location and collaborations
[24], as well as combining experts’ knowledge
information with social networks structure and
propagating queries through expert’s acquaintance
chain [25].

Another limitation is the assumption of a
static and clean data. The rise of large volumes of
user-generated online content makes data content
very dynamic and with a different quality. This
factor requires algorithms that can model changing
expertise knowledge [3].

ER models make associations between
experts and topics but do not themselves provide
human interpretable explanations — they need to be
integrated closely with information retrieval
techniques in order to aid results assessment. If
someone is considered an expert on some topic in
academics providing citations, papers, written
books supplement assessment.

The accuracy of ER models that rely on
document ranking algorithms as evidence of
personal expertise largely depends on underlying
ranking of documents. The quality of the ranking
can seriously affect the expert finding performance.

7. Conclusions

We have summarized expert retrieval
approaches in five major groups used for
associating experts and topics. On top of them
advanced methods can be built to utilizing a range
of content-based considerations - candidate
associations, document and candidate importance,
document structure, and external evidence.

Existing work focuses on a broad, global
notion of the term expertise. In order to meet the
user needs ability for personalized view on
expertise should be developed through modelling
user preferences and interests.
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One of the main obstacles for ER models —
working with large volumes of unstructured data is
changing in the light of emerging professional sites
like LinkedIn and Monster [1], [34], [35] that offer
a (semi-)structured and interlinked data and also
encourage users to keep their profiles up to date
which captures the dynamic nature of knowledge
data.
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SENTIMENT ANALYSIS OF TEXTS IN
BULGARIAN

GERGANA LAZAROVA AND TODOR TSONKOV

Abstract: With the development of web technologies, big data has risen and has become
easier to access. New algorithms and technologies have been created to answer the need
for big data processing. Recently, there has been significant interest in natural language
processing. A modern direction in this area is sentiment analysis. The aim of this
publication is to apply and compare standard machine learning classification algorithms to
the field of opinion mining, using movie reviews in Bulgarian as well as posts from the

social networks.

Key words: sentiment analysis, machine learning, classification

1. Introduction

The human being is an intelligent agent that
can feel emotions, express his feelings and
communicate and understand each other relying on
hidden patterns of sentiment. We can formulate a
simple sentence as a neutral statement, but we can
also impose some emotions in it, which makes it an
opinion.

Sentiment analysis is a modern discipline
which is responsible for extracting subjective
information, understanding the emotions in the text
given. It uses a variety of algorithms in order to
achieve this. Being an interdisciplinary subject,
combining algorithms of artificial intelligence,
natural language processing, information retrieval,
statistics, it simulates intelligent behavior.

The social media (facebook, twitter,
google+, linkedin) contains large amounts of data —
comments, articles - all expressing personal
opinion. What’s the social media opinion about
some topic, is it positive or negative? Big
companies want to understand what the opinion of
the crowd about their product or competitor’s
product is. Is a politician positively accepted by the
people, is a football couch popular among the fans?
These are all important issues that should be taken
into consideration when managing resources. To
answer these questions, we have to process “Big
Data” and learn how to detect sentiment in the texts.

There has been considerable research in the
field of opinion mining in English, it has grown
rapidly to become one of the most active research
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areas in NLP (natural language processing). Most of
the people speak English, make posts in English, the
English language is widespread in the World Wide
Web. Bing Liu [1] analyses the types of sentiment
analysis (sentence and text opinion mining) and
shows a wide variety of practical applications.
Kennedy and Inkpen [2] present two methods for
determining the sentiment expressed by movie
reviews in English.

In Bulgarian there aren’t enough labeled
examples. There’s little data we can use for the
learning process. It is both scarce and incomplete.
In this paper English movie reviews are translated
to Bulgarian. This data is used for the learning
process and multiple classification algorithms are
compared, based on a test set, containing real
Bulgarian movie reviews.

A modern approach in sentiment analysis is
rumor credibility detection, the task of verifying
information credibility on social networks has
received considerable attention in recent years. A
rule-based approach for posts classification is also
proposed in this publication. These posts are
manually labeled beforehand.

2. Sentiment Analysis

Sentiment analysis determines the attitude
of a speaker on some topic. It predicts the
contextual polarity of a document.

There are two main approaches for opinion
mining [1]. The first one is based on a sentiment
lexicon [6] and relies on the polarity of the very
words of the documents. Usually, we sum the
negative and positive words and a final decision is
made based on the summation. The second
approach uses a classification algorithm in order to
differentiate between the classes. Usually, two
classes are used — positive and negative examples
but rarely, we can also use a neutral class.

Modern approaches in sentiment analysis
that are researched in this paper are:

e Review sentiment detection
(positive/negative opinions, rating prediction - a K-
classification task or rating regression function
learning)

e Rumor credibility detection — a rumor can
be either “credible” or “not credible”.

Other popular research areas are: personality
traits - behavior tendencies (nervous, anxious,
reckless, morose, hostile, jealous), emotions -
angry, sad, joyful, fearful, ashamed, proud, elated,
detecting irony in documents, plagiarism, author
recognition, etc.

2.1. Dataset

The burden in sentiment analysis in
Bulgarian lies in the absence of Bulgarian training

data. Bulgarian classified reviews are difficult to
obtain. A teacher should manually label all the
training examples.

On the other hand, the Internet abounds in
English labeled examples — Amazon, TripAdvisor,
etc. So, an English source of classified instances is
easy to find and use. Therefore, such resources can
be used for the training set. This paper uses Amazon
reviews [3] which were translated with google
translate to Bulgarian. The number of the reviews is
992.

A test set of movie reviews in Bulgarian
was extracted from www.cinexio.com. It consists of
38 labeled examples. Each review has a rating
between 1 and 5. It contains user feedback about the
movies. These reviews were very short and
incomplete.

For the rumor credibility 1000 opinions
from social networks were selected and tested.

2.2. Gate

Gate is a NLP framework, solving text
processing problems.

For the reviews in Bulgarian the following
pipeline was created: Document Reset — it enables
the document to be reset to its original state, by
removing all the annotation sets and their contents;
Annie Tokeniser — splits the text into very simple
tokens; BulStem - Bulgarian stemmer, which
reduces derived words to their word stem
or root form. Groovy Script — self-written script for
bigram tf-idf feature extraction.

2.3. Feature Extraction

A bigram model is being used. The weight
of each feature follows the tf-idf standard:
- Term frequency - the number of times

that term t occurs in document d.: i (1,d)

- Inverse term frequency - it measures
whether the term is common or rare across all
documents (N is the number of documents in D):

idf (t,D)=1log

|{d e D,ted}|
- Weights
w, =tfidf (¢, D) =1f (¢,d) *idf (¢, D)
We have extracted 17099 features from the
992 + 38 reviews.

2.4. Classification of the reviews

Classification is the process of identifying
to which set of categories a new example belongs,
based on a training set of data. Usually, an instance
(movie review) would be assigned a class -
either "positive" or "negative". This paper uses 5
classes, corresponding to the stars a review can
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have (1-5 rating). Each rating is considered a
separate class.

It should also be noted that an opinion is
generally subjective. Two people might not agree
on the sentiment of a sentence. Furthermore, some
sentiment  analysis  competitions  (Semantic
Evaluation — “SemEval”) remove the reviews the
judges don’t agree on.

For the classification process of the movie

reviews three classification algorithms are
compared - Naive Bayes Classifier (NB),
kNearestNeighbours (kNN) and
BACKPROPAGATION.

2.4.1. Naive Bayes Classifier
P(yj ’al""am)P(alr"am) :P(al""am ‘yj)P(yj)
_ Play,a, | y)P(y;)

P(yj|a1"'7am)_ P(a a
12°9™m
P(ala'-aam |yJ)P(yJ) _
argmaXV‘ =
- P(a,,..,a,)

arg maxyj P(aIJ"7am | y/)P(y/)

The Naive Bayes Classifier relies on the
preposition that the attributes are conditionally
independent given the class.

Independence:

P(y,)P(ayna, | y,) = P )] | Play | y))

In order to classify new examples it chooses
the hypothesis that is most probable (maximum a
posteriori). The corresponding classifier is the
function f* defined as:

f*:argmaxyl_ P(yj)P(‘xi |yj)

2.4.2. K-Nearest-Neighbours

An instance is classified by a majority vote
of its neighbors. The assigned classification is the
most common class among the example’s k nearest
neighbors. If k is equal to 1, the example is assigned
to the class of the nearest neighbor.

2.4.3. Multi-layer Artificial Neural
Network: BACKPROPAGATION

BACKPROPAGATION implements a multi-layer
artificial neural network. It uses an optimization
method - gradient descent in order to minimize the
loss function. It updates the weights in an iterative
procedure (500 epochs when tested).

Input layer: tf-idf weights
Hidden layer

Output layer: ratings

Rating 1

Rating 2

Rating 5

Fig. 1. BACKPROPAGATION

2.4.4 Rule based approach for rumor

credibility detection

Six heuristic rules are used to detect
whether the opinion is really credible or not. We
want to verify if specific assumptions about an
opinion can be successful in determining whether
it’s credible or not. A formal description of the rules
follows below in Table 1.

Table 1. Rules Description

Rule Description Regular expression | Credible
1. Has length more than | Length (opinion)

80 symbols <40 yes
2.Contains

exclamation/question [Tor[?]or][...] no

mark or ...

3. Contains I he she it I or He or She orit | no

Contains positive
and not negative no
word

4. Tweets in negative
tone

5. Contains positive (+word) and

word. and negative (-emotion) yes

emotion

6. Contains an URL [URL] yes
The algorithm can be described in the

following formal way:
For each post from the social networks do
the following:
For each rule described as a regular
expression by the pattern above
1. Check if the post matches the rule.

2. If the post matches the rule increase
the counter of the current rule

3. Add the opinion to the list of
opinions of the current rule
For each list of opinions if the rule is correctly
classified increase the counter of correctly classified
rules. For each rule calculate the success rate as:
correctly classified rules that are matching this rule
divided all rules classified as matching this rule.

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria

ISSN 1310 - 8271



- 206 -

3. Big data

Big data implies large amount of data which
can’t be processed by a single machine and its
resources. Not only can’t it be stored physically, but
there is no execution power to afford the learning
and prediction processes.

Recently, Apache Hadoop [4] has gained
popularity and turned out to be applicable in such
areas as NLP. Hadoop distributed file system (hdfs)
as well as its cluster management (yarn) makes it
really work well, taking part in important business
fields worldwide.

Furthermore, for the experimental results a
modern Apache Spark [5] framework was used
running on hdfs and using yarn. Spark supports
three languages — scala, python and java. For the
application implementation python was chosen.
Spark runs programs up to 100x faster than Hadoop
MapReduce in memory, or 10x faster on disk.

A cluster of 2 machines was connected and
used for evaluation of the algorithms, both running
under LINUX Mint.

4. Experimental Results

After feature extraction, the three
algorithms were run on the training set. The
classification accuracy of the algorithms is
compared based on the test set (real Bulgarian
reviews). It can be seen in Table 2. that
BACKPROPAGATION outperforms the other
classifiers, achieving 42.11% classification
accuracy (the proportion of correctly classified
examples in the test set). The Naive Bayes classifier
turns out to be the weakest one having accuracy —
36.84%, whereas kNN achieved 39.47%. Having 5
classes, the probability of randomly assigning a
correct classification is 1/5, which is 20%.

Table 2. Movie reviews - classification accuracy

Algorithm Accuracy
kNN 39.47%
Naive Bayes 36.84%
BACKPROPAGATION 42.11%

It can be seen from Table 3. that all rules
have more than 50% accuracy. Having two classes,
the probability of randomly assigning a correct
classification is %, which is 50%.

Table 3. Rule-based Approach - accuracy

Rule 1 2 3 4 5 6

Accuracy | 52% | 68% | 54% |56% |84% | 79%

5. Conclusion

It can be seen from the experimental results
that sentiment analysis, based on direct translation
of English movie reviews in Bulgarian, produces
very good results. The multi-layer sigmoid neural
network (BACKPROPAGATION) turned out to
outperform the other standard classification
algorithms. Being an iterative procedure, applied to
big data, it was easier to test on hdfs, yarn and
spark. For future work more data fields should be
explored and tested.

The rule-based algorithm described above
for rumor credibility detection in Bulgarian texts
also shows promising results. All the rules
described above have more that 52% accuracy.
Future work can include improvement of the rules
in order to include more cases in Bulgarian that
contain deceptive statements.

REFERENCES

1. Bing, L.(2010) Sentiment Anlaysis and
Subjectivity. Invited Chapter for the Handbook
of Natural Language Processing, Second
Edition.

2. Kennedy, A., Inkpen D., (2006) Sentiment
classification —of movie reviews  using
contextual valence shifters, Computational
Intelligence, vol. 22, pp. 110—125.

3. McAuley, J., Leskovec J..(2013) Hidden

factors and hidden topics: understanding

rating dimensions with review text. RecSys.

Holmes A., (2014) Hadoop in practice

Pentreath, N., (2015), Machine Learning with

Spark

6. Taboada, M., Brooke, J., Tofiloski, M., Voll,
K., and Stede, M. (2010). Lexicon-based
Methods for Sentiment Analysis. Journal of
Computational Linguists.

7. Hu, M and Liu, B. (2004) Mining and
summarizing customer reviews. KDD’04.

8. Cunningham, H., Maynard D, Bontcheva K.
(2011) Text Processing with GATE

9. Pak, Paroubek (2010), Twitter as a Corpus for
Sentiment Analysis and Opinion Mining, 2010

10. Godbole et al (2007), Large-Scale Sentiment
Analysis for News and Blogs

@R

Contacts:

Faculty of Mathematics and Informatics,
Sofia University “St. Kliment Ohridski”
E-mail: gerganal@fmi.uni-sofia.bg
E-mail: todort@fmi.uni-sofia.bg



-207 -

©Journal of the Technical University — Sofia

Plovdiv branch, Bulgaria

“Fundamental Sciences and Applications” Vol. 21, 2015

International Conference on Engineering, Technologies and Systems
TECHSYS 2015

BULGARIA

KOMITIOTBPHO BASUPAHO TECTBAHE HA
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cmamucmuyecka Oyenka Ha npaguien usoop u OmMKIOHeHUue Om OYGemA6aAHemo u
NepCoHAIHA OYeHKA HA UHOUBUOYATHU CNOCOOHOCMU.
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COMPUTER BASED TESTING OF VISUAL
MEMORY FOR COLOUR

PETYA PAVLOVA, SVETLOZAR KAMISHEV

Abstract: The present paper describes a development and application of a test of visual
perception and memory of colours. The procedure is based on computer images and
special software for visualization and data processing. The needed environmental
conditions and preliminary adjustments are also indicated. Results from statistical

estimation of fidelity and personal capability for colour recognition are shown.

Key words: computerized tests, visual perception, subjective measurements

1. OcHOBHH MOJIOKEHHUA

3a royisiMa YacT OT CeramiHuTe mpodecu
MPAaBUIHOTO BB3NPHUITHE 32 LBAT U Pa3[0O3HABAHETO
Ha OTpeJiesIeH! [[BETOBE HE3aBHCHUMO OT yCJIOBHUSTA
Ha HaONIOJIeHWe € IIEHHO MpeJuMCTBO. B ToBa
YHCIO Morar jAa ObJaT Moco4YeHH OONacTH Ha
TEKCTUJIHATA  MPOMHIIUIEHOCT,  HoJurpadusTa,
HSIKOW MEIUITMHCKU M3CIIC/IBAHMS.. BKIFOYUTEIHO U
JMCKpETHATa eNIeKTPOHMKa. YOBENmIKOTO 3peHue
nposiBsiBa crienuduyHa ajantanusi KbM SIPKOCT U
LBETOBH chyeTaHus [l], KOSATO BIHUse BBPXY
BepHOCTTAa Ha wu30opa HU Ha [BAT. EaHu oT
edeKTUTe ca: OTMECTBAHE Ha BB3NPHUATHETO KbM
M0-HACUTEH WJIM JOIIBJIHUTENIEH LBAT; IMOJATHCKAHE
Ha yCENIaHETO 3a SIPKU IBETOBE, B 3aBHCUMUCT OT
IUIOILTAa UM .. 3a MPEOJoJIsIBaHEe Ha aJlalTalusITa ce
W3UCKBA ChYETABaHE HA NMPHPOJHM JAATACHOCTH Ha
WH/IMBU/IA C TIpUA0OMBaHE Ha cHenu(UYCH OIHWT.
Hapen ¢ ToBa, Bce moBede TEXHUUECKUTE CPEACTBA

3a  perucTpauuss U BB3INPOM3BEKAAHE  Ha
M300paKeHNUsT M3UCKBAT pa3pabOTEeHH METOIWKHU 3a
CBbBMCCTSBAHE Ha 1LIBCTOBUTC IIPOCTPAHCTBA Ha
Ppa3IMIHUTE CBbp3Balin ce IMOMCIKIY cu
ycTpoiictBa. EnqHa oT mpoueaypute 3a peHAUpaHe
Npyd Ch3laBaHe Ha CBBbpP3BallM MNPOPUIH B
YTBBpPACHHUA CTaHAapT [2] menu 3ama3BaHe Ha
BU3YaJHOTO BB3IPHUATHE Ha IUIOCTHATAa KapTHHA.
HeoOxomumure mnpecMmsiTaHus ca  CIOXKHH, a
pe3yiATaTbT ~ HE ~ BHHArM €  ONTHUMAJICH.
OmnpeenstHeTO Ha TIEPCOHATTHUTE CIIOCOOHOCTH Ha
WHIUBUANTE € OOCKT Ha OLIEHKA W H3CJICABAHUS
Yype3 CHelHUaIn3upaHd TECTOBE C BB3MPOU3BOIUMHU
ycnoBusi. Ilpm MacoBoTo pasmpocTpaHeHue Ha
KOMITIOTbPHATa TEXHHUKA, 0a3MpaHeTo Ha TECTBALH
npoueaypu  BbpXy  HH(POBH  H300pakeHUs
npeiyiara  ToyisiMo  ynoOCTBO M OCHTypsiBa
BB3MOXKHOCT 3a HaOWpaHe Ha TolsIMa Opoi
TECTBAHU WHIUBUIN. [Tocnennoro JaBa
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BB3MOKHOCT u 3a OCHUTYpsIBAHE Ha
MPEJCTABUTEITHOCT Ha CTATUCTHYECKATa H3BaJKa.
[To3BaHeTo Ha KOMMIOTHPHH H300pakeHHUsT obade
M3KCKBa Je(QUHUPAHE Ha YCJIOBHS Ha HAOJIOICHUS
M0 OTHOIICHHE HA OKOJHO OCBETJICHHUE W TIPABUIIHA
IIBETOBa KaaMOpOBKa Ha EKpaHa. 3a TakaBa
KaJIMOpOBKA  CBIIECTBYBAT BB3MPHETH IIBETHU
TecTBamm obpasiu. [Tapamerpure Ha BCSAKO TOJIE ca
3aja/ieHu ¢ GUKCUpPaHU CTOWHOCTH Ha I[BETA, KOUTO
MOJUIeKAT Ha KOJOPUMETPUYHO H3MEpBaHE TIpU
BU3yalM3alus ~ BbXYy  eKkpaHa.  Hacrtpoiikara
MpoABIDKaBa JIO €JAHAKBOCT Ha 33/IaJICHATE U
M3MEpPBaHUTE CTOMHOCTH Ha TIOJIETO.

Ilenta Ha HacTosmIaTa paboTa € Ch3IaBaHe
Ha yCJIOBUS 3a TIpUJIaraHe Ha Be4e pa3paboTeH TecT
4pe3 n3paboTBaHe Ha CHeIHAIN3NPaH
WHTEPAaKTUBEH coTyep 3a BU3yalu3alus Ha
LBETHU I10JIETa U M3BSKJIAHE HA MEPCOHAJICH U300D
C BB3MOXXHOCTH 3a CTaTUCTHYECKa OICHKA Ha
IPYIOBO OTKJIOHEHHE OT BAPHOCT W WH/IWBUAYAITHH
CIIOCOOHOCTH.

1.1. Konopumerpnuen 6a3unc

[lo crammapt, 1BeTOBETE CE CpPaBHSBAT B
ocHoBHata CIE.XYZ cucrema npu aOCONIOTHH
CTOWHOCTH Ha TapaMeTpUTe WIW MPH OTYUTAHE Ha
OTHOCHUTEITHH CTOWHOCTH KBbM pedepeHTHO Osto B
CIE.Lab unmu Luv, cnopen KOHKpeTHAaTa CHUTYLHS
[3]. B cnyuaiiTe Ha olleHSBaHE HAa LUBAT NpU
neuHUpaHaTa e, YIAYHUSAT U300p € cucreMa
CIE.Lab. Upe3 Hest MoraTr Ja ce BB3MPOU3BEIAT
IIBETOBE, OTHECEHW KHbM I[IBETa Ha CBETJIMHHUS
W3TOYHHK, KOETO JlaBa BB3MOXKHOCT Jia Objaar
CHhOOpa3eHN YCIIOBHUSITA Ha TIOSBa Ha IIBETOBETE B
KOMITIOThPHUTE M300paKEeHUsI C KATMOPOBKATa KbM
[BETOBa TeMIlepaTypa Ha MOHHTOpa. SpkocTTa ce
3a7aBa ¢ mnapamersp L, 10 BHUCOYMHATa B
MIPOCTPAHCTBO HA cdepa U LBETHOCT C apaMeTpu a
u b, 3amaBamy KOOpJMHATH B KPBIOBO CEUCHHE B
cdepara, IepreHAUKYISIPHO Ha BUCOYMHATA. 4 U b
ca C TOJOXHUTCTHH W OTPHUIATCITHU CTOWHOCTH,
neduHUpaHu 1o ocu Ha JlekapToBa KOOpIWHATHA
cucremMa. AOIMCHATA OC 33j]aBa KOOPJAWHATUTE TIO a
MEXTy 3elleHO (-a) 1 uepBeHo (+a). [lo opauHaTHa
0C IIBETOBETE C€ M3MEHSAT OT CHHBO ( -b) 10 *KBATO
(+b). Ha ®wur. 1 ca moka3uu o011 BU HAa CUCTEMaTa
Y CeYeHHUe Ha I[BETHOCT.

Due. 1. Lab cucmema u ceuenue Ha y8emMHOCm

CrannmapruTre ChHIIO Taka JaBat
BB3MOXKHOCT JIa ce u30epe OlBETSABaHE Ha IMoJIeTaTa
criopesi HaIM4YeH Tectep. Hali-uecto w3mos3BaHuUs
TakbB [4] ce cbcrom ot 18 mBeTHH W 6
axpOMaTH4YHH CHBU TIOJeTa TOJAPEJICHH BBbB
¢ukcupana mocienoBaTenHOCT. B Tabmmma 1 ca
nmaaenu croiiHoctute Ha CIE.Lab mapamerpure Ha
LIBETHUTE MoJieTa Ha TecTepa Ha GretagMacbeth.

Tabauua 1. Cmotinocmu na
napamempume 3a yeemex
mecmep GretagMacbeth

aop. | L a* b*
TbMHa KOXKa Ds 38 12 14
Caeti1a KoKa Ls 66 14 17
Cunbo Hebe Bs 51 0 -22
Macauneno 3eqeno | Og | 43 -16 20
CBeTJ10 BH0JIETOBO Lv 56 13 -25
CBeT10 CHHBO- Lbg | 71 -31 2
3eJIeH0
OpaH:keBO (0) 61 28 56
Buosaeroso \4 41 17 -42
Yepreno R 51 42 15
IypnypHo P 51 24 -22
Kbaro-3eneHo Yg | 72 -28 57
OpaHKeBO-KbJITO Oy | 71 13 65
CuHbO B 30 26 -50
3eJieHo G 55 -40 32
TbeMHO YepBeHO Dr | 41 49 25
Kbarto Y 81 -4 78
Mopagso M 51 48 -15
HebecHo-cHBO C 51 -20 -23

2. IIporpamMHo npuiokeHne

3a mo-inecHa 00pa0OTKa Ha pe3yJTaTHTE
TECToBaTa MpoLeaypa ce 00CIyX Ba OT CICHUATHO
pa3paboTeHO MPOrpamMHoO Npuiioxkenue. M3mnonspana
e XAML TtexHomorusTa, ¢ IeJl OMPOCTSBaHE NpHU
Ch3/IaBAHETO HA TIOTPEOMTENICKUSI WHTEepdeic B
komOuHauusi ¢ e3uka C#. [Iporpamarta rexepupa
[BETHHU TIOJIeTa criopes JaHHuTe B Lab 3a mBerHUs
TECTep W MPEeABAPUTENIHO 3aJ1aJleHH OTKJIOHEHHS OT
TAX. C nomomra Ha 2 criaiiga, Ha eKpaHa ce
BU3yaJM3UpaT  M300pakeHHEe C  LBAT 34
3anmameTsiBaHe W u300paxkeHWe 3a m300p C
HIOAHCHPAaHU 00JIaCTH CHPSIMO IMPEIXOIHOTO TOJIE.
3a cMmsHa Ha M300paKkeHHMATA € M3I0JI3BAHO
IUHAMUYHO W3BUKBaHe Ha OyrtoHum. [Iporpamara
3amrbpiiBa 0aza gJaHHU 1Mo popmara Ha CTOWHOCTH Ha
napamMeTpure 3a H30paHM IBETOBE. 3a BCEKH
WHAMBHJl C€ U3BEXJa CTAaTHUCTUYEeCKa OLEHKa 3a
npeo0iajaBanio OTKIOHEHHE B I[BETOBETE IIO
HanpaBeHUuTe N300pH.
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3. Onncanne Ha eKCIIEPUMEHTA

[IpeasioxkeHUAT TECT ce MpPOBEXKAA NpHU
HabmroneHue Ha 18 moseraTa Ha UBETHUS TeCcTep Ha
MouuTop. Te ca CHHTe3WpaHHM B JjBa BapHaHTa:
Pa3BHOMEPHO OIBETEH OrnoJie 0e3 paMKa OT CHBO
(Ng) wu c pamka ot cuB ¢oHn (Gr). Ilonerara ca
CHHTE3MpaHU C MAaKCUMaJeH pa3Mep Ha eKpaHa Ha
MouuTopa — ®ur.2. IlomeraTta OT KOUTO ce TMpaBU
n300p ca 9 Ha Opoil kKaTo KOMOMHAIMS OT MoJie Oe3
OTKJIOHEHHE U TOJIeTa C OTKJIOHEHHS B IIBETHOCT
W/WIH SIPKOCT NpH HaMasieHa 1o —Pur. 3.

Due. 2. Tecmosu uzobpadicenus Ha noiema c
20aemMu nIowu

L1 L]0
[ 1L ][]
1L I

Due. 3. Uzobpasicenue Ha KOMOUHUpaHUmMe
nozema 3a u300p

3.1. JlaHHM 32 TeCTOBHUTE MOJIETA

IlonOpannTe CTOWHOCTH HA TOJEMHUTE
LBETHHU ILJIOIIM ca cropen AanHute B Taou. 1.

Pamkupamms cuB GoH e opazmepeH Ha 2%
oT ofmara IJIoNl Ha eKpaHa ChC CTOMHOCTH Ha
[BETOOOpa3yBaIlUTE 3a CpeITHO CUBO
(R=G=B=127) .

N36panuTe OKIIOHEHMS B TIOJIeTaTa 3a u300p
ca caMO B I[BETHOCT [0 BCsSKa OT OCHUTE Ha
JlexapToBaTa KoOp/MHATHA cUCcTeMa: -5a, +5a, -5b,
+5b; u B KOMOMHAIMSI ¢ OTKJIOHCHHE B SIPKOCTTA U
IBa OT 0a30BUTE I[BATA B IBETHOCTTA: -3a-3b-2L, -
3a-3b+2L, +3a+3b-2L, +3a+3b+3L.

Hapenbata Ha aeBeTTe mojera 3a BCEKH
[BAT € pa3IHyHA.

3.2. Illpouenypa mo HavyaIHA KAJIMOPOBKA

Tercbr ce mpoBexAa NP CPEAHO
ocernieHue, (ocBereHoct 121-135 (max 255)) wm
(uKcUpaHa 1BeTHA TeMIIEpaTypa Ha OCBETIICHUETO-
7500 K. Mznon3eanu ca 17 MoHHTOpPH, C HayaslHa
kamuOpoBka kpM 9000 K, rama xopexuusa 2,2. B
Tabnuia 2 ca JajcHW BIJIOBUTE pa3Mepu Ha
HaOJro1aBaHuTe ToJIeTa OT pazcrosHue 40 cm.

Taoénuya 2. benosu pasmepu na

niaowume
HamnpapJIeHHe < v

obmact

Tonsama ot 48° 37°

I'onsiMa 1101 HA CUB 46° 350

¢don

Marxka o 5,6° 4,3°

I[BeToBEeTE HA MOHHMTOpa C€ HACTPOWBAT 1O
CHBIAJICHUC HA I[BETA HA BU3YaTM3HPAHHUTE MOJIETA
Ha TecTepa ¢ U3MEPECHUTE C KOJIOPHMETHD.

3.3. TecToBa npouexypa

TecToBaTa npornenypa BKIIOYBA!
-Ha0IIOIEHNE Ha IIOJIETO C TOoJsAIMa Iuionr 3a 4 c.;
-CMsiHa Ha HW300paXEHHUETO ¢ TI0jeTara ¢ MaJK{
IUTOIIIY;

- n300p Ha MoNe, KOETO CIIOpe]] TeCTBAHUS HMa
CBIUS TBSAT KATO TMPEXIOAHOTO C TOJISIMa TUIONI;
-IIPEMHUHABAHE KbM CJICJIBALL I[BST.

[Ipunoxxenure pe3yaTaTu ca OT TECTBAHE Ha

39 unauBuaa Ha BB3pacT Mexay 20 u 32 T.

4. Pesyaratn

4.1. Pabora c pa3pabdoTeHOTO MPOrpaMHO
NPUHJIOKEHH e

Crnen knukaHero Ha Oyrtona ,rpai® ce
3apexaaT MBPBUAT BT OT 0010 18-Te. M3nmoms3Ban
e OyTOH, HaTUCKAaHETO Ha KOWTO IMpempama KbM
M300paKeHHETOo ¢ pasnuuHuTe Hroancu. Cren
HampaBeHUs1 U300p ce 3apeXxia CISABAIIUAT IBAT
Jo mpeBbpTaHe Ha BcuukuTe 18. C momomnra Ha
MacHB, B KOMTO c€ ChXpaHsIBaT cToiHOCTUTE Ha Lab
MapaMeTpUTe 3a BCEKH €MH OT HIOAHCUTE U300PBT
Ha HIKOM OT TAX, MPEXBBPJS TE3W MapaMmeTpu 3a
chxpaHeHne B Oaszarta oT manHH. llocmemnara ce
W3M0J3Ba 38 CTATUCTUYCCKU OIICHKHU.

4.2. Pe3yJaTaTu oT NpoBeJeH TecT

Pesynratute orT m300pa mpH TECTBaHE ca
nanenu B Tamuna 4, kato 0000LIEHO CTAaTHCTHYECKO
panpeneneHie Ha Opost U300p Ha IOJIE C yKa3aHO
OTKJIOHEHHe. Bcsgko monme e mpencraBeHo ¢
abpeBuarypara, ykazaHa B  Tabmmma 1,
napaMeTpuTe 3a OTKJIOHEHHEATa B MAJIKHUTE 10
TUTOIIL TT0JIETa ¥ OpOs TONaIeHHs TIPU HATIPaBEHUTE
TECTOBE.
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Tabnuua 3. Cmamucmuuecko
pasnpeoenenue Ha

nonaoenusma

THEE

SRR IE IR

< < < <

RO I B

Ds Ng 12 4 11 0 3 1 8 2 8
Gr 14 4 11 4 1 3 3 2 7

Ls Ng 12 0 1] 2 1 3 7 4 9
Gr 10 0 0] 2 2 3 6 10 6

Bs Ng 4 2 31 9 1 1 8 2 9
Gr 1 1 6| 10 0 2 5 0 12

(0] Ng 3 2 21 3 5 1 18 2 3
g Gr 4 4 41 7 8 3 7 0 2
L Ng 9 0 21 2 2 4 13 3 4
v Gr 4 2 51 9 1 4 4 4 6
L Ng 3 4 41 2 5 5 5 0 11
bg Gr 4 4 21 1 11 2 9 0 6
o Ng 10 1 1] 8 4 2 4 1 8
Gr 10 4 21 8 2 2 8 2 1

v Ne [ STsI3[7[5]3[2[1]8
Gr 5 4 31 7 3 8 2 1 6

R L. Ne [0 Jtof6[2]6]6[d4[1]4
Gr 5 14 | 1] 2 3 5 4 2 3

P Ng 2 13 12| 0 6 3 10 0 3
Gr 4 13 11| 4 5 1 6 2 3

Y [ Neg | 4| 206 | 1 [4]16]3]3
g Gr 9 3 3| 4 3 2 10 4 1
(6] Ng 4 2 4| 9 5 4 7 2 2
y | G | 7|5 |43 2] 1 ]16]0]1
g Ne [s[s[7[8[a]o0[3[3]4
Gr 5 5 51 10 4 2 1 2 5

G Ng 4 7 5| 4 4 7 3 3 2
Gr 2 8 T 2 2 6 7 5 0

pe L Ne [ 64 Ti[ol7[8]7[4]2
Gr 2 6 11 3 9 10 2 3 3

v Ng 2 7 41 4 3 3 11 3 2
Gr 2 7 41 6 2 4 9 4 1

M Ng 2 8 11 2 6 7 9 2 2
Gr 0 7 21 2 6 10 4 6 2
clNe [ 36 [1fii[1[e[8[1]2
Gr 4 4 1] 14 2 4 8 1 1

ChIUIacHO MOYYEHUTE AAHHU, MOXKE Jia ce
Kake, 4Ye HaAW-JIECHO C€ pa3lo3HaBa IBETHT Ha
Kokata. Hal-ONM3KoTO 10 HEro yCTOHYMBO
BB3NPHUATHE 3a OLBETSABAHE € KbM OpPAH)KEB LIBST.
Haii-noxBexxpama € npomsiHaTa ¢ €JHOBPEMEHHO
OTKJIOHEHHE B SPKOCT U IIBETHOCT.

Ha ®ur.4 e nokazana rpaduxa cropen Opost
WHIUBUAW CBC CBOTBETHHS BepeH wu30op. Ot
Tekymara wu3Bagka easa 4 (10%) mokaszBar
CIOCOOHOCTH 3a J00pa LBETHA MaMeT MPU IpaHuLa
28% Bepuu mnomazneHus. llpu ToBa, cuBmAT (QoH
TorIoMara BEpHHs H300p.

16 7 I

14 -

12 4

10 -

m Ng

Bpoit MHAUBNan
co

0 1 2 3 4 5 6 7 8 9

Bpoii nonageHua

@Due. 4. Pasnpeoenenue na nonadenusama no
UHOUBUOU

5. 3akaroueHnue

Hacrosimara pabota € mNpoabiDKCHHE Ha
cbpBMecTHa paszpabotka mexny TY Codus, punman
[lnoBnuB u IlaHoHcku VYHuBepcuteT, Becmnpem
(YHrapus) 1o 3pUTEIHO BB3IPHUITHE U OOCKTHBHO
OIICHSIBAHE Ha CITIOCOOHOCTH IPH paboTa B obiacTTa
Ha KOJIOPUMETPHSITA.

Hanpasenara pazpa0oTka moHacTosILEM ce
W3I0J3Ba 3a OLEHABAaHE HA HMHIUBHUIYaIHUTE
CIIOCOOHOCTH Ha CTYJEHTUTE, O0ydaBallu c€ B
cneuuantoct lomurpadust na TY Codus, dunman
[TimoBous.
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IHPOYYBAHE HA BBb3MOKHOCTHUTE 3A
AUCTAHIHMNOHHO OBCJY’KBAHE HA BA3A
JAHHHU OT KOPOHOI'PA®A HA
HAO POKXEH

JVMUTHP I'bPHEBCKU, I1IETS ITABJIOBA

Pe3tome: [lo speme na nayunume uszcnedsanus ¢ HAO Pooicen u ocobeno no epeme Ha
U3CIe06AHUA U 3ACHEMAHe HA CIbHYeBUMe U3PUSGANUS UMA HYydHcOd Om CbXpaHeHue u
npexevpiane na noayuenume mamepuanu. Llenma na moea uscrieosane e oOyemka Ha
OCHOSHUME hakmopu u Ccv30aéame HA USUCKEAHUA KbM cucmemama 3a npeoasane,
CcvXpanasane u OUCMAHYUOHHA 0OPAbOMKA HA U30OPANCEHUAMA HA CTbHUEBAMA KOPOHA U
Cb30a8anemo HA NbPEOHAUATHAMA APXUMEKMYPA, KOAMO 0d USNBIHASA He0OXooumume

@yHryuu.

KirwuoBu aymu: oucmanyuonna obpabomka, 6azu om OaHHHU, Paliosu Gopmamu Ha
uzobpasicenus

STUDY OF OPPORTUNITIES FOR REMOTE
SUPPORT CORONAGRAPH’S DATABASE AT
NAO ROZHEN

DIMITAR GARNEVSKI, PETYA PAVLOVA

Abstract: During scientific research at NAO Rozhen and especially during research and
capturing of solar eruptions there is need of storing and transferring of received materials.
The purpose of this research is estimation of the main factors and setting up requirements
to the system for transfer, storage and remote processing of the images of solar corona and
creating initial architecture that perform the necessary functions.

Key words: distant data processing, database, image file formats

1. OcHOBHH NOJIOKEHHUSA

B mnpomeca Ha HayuyHO-M3CIenOBaTENIKaTa
nerinoct B HAO Poxen u mo-crenuaiHo TpH
u3cie[BaHe M 3aCHEMaHe Ha  CI'bHUEBHTE
W3pDUTBaHMS ~ BB3HUKBA  HEOOXOAMMOCTTa  OT
CbXpPAaHEHHWE Ha IIOJNy4YEHUTE B pe3ydTar Ha
HaOMIOICHUETO Marepuaiu. JlaHHWUTE, MOJUIekKAIH
Ha 00paboTka, ce HW3BIMYAT OT MOHOXPOMHH
nuppOBH HM300paKEHUs, 3aCHETH HA BOAOPOIHA
nuHus Ho - yepBeHo ongersiBane. B 3aBucumoct ot
peructparopa, M300pa’KeHHETO C€ OLBETsBA 4Ype3
nanuTpa (ako € 3ampcaHa caMoO SPKOCT) WIN ce
TeHepUpa C OLBETSABAaHE B TPUTE LIBETOOOpPA3yBAIlU

kaHama. ToBa 3amaBa KakbB (haiiioB Qopmar ce
u3MoJi3Ba U KOsl uHpopMaius TpsOBa 1a Oble
ONTHMAIHO ChXpaHEHa TpU mpeHoc. B mobaska,
€IMH ¥ ChII O0CKT Ce 3aCHEMa OT Pa3UYHU MeCTa
Mo 3eMATa, ¢ Pa3IMIHN HHCTPYMEHTH U OOMEHBT Ha
uHpOpMaIMs 3a HEro JaBa BH3MOKHOCT 3a IIO-
IBJTHO OITMCAHUE HA CHITBTCTBAINUTE BICHUA. ToBa
03Ha4yaBa ChHII0O W HEOOXOJAMMOCT OT anapaTHH
CpeICTBa 3a IMIOCIEABAIIOTO IPEIOCTaBIHE Ha
IMMOJIYy4YCHUTC JaHHU Ha Y4aCTHUIIUTC B
W3CIEZI0BATEIICKHS IPOIIEC W/ APYTH JIHIIA.
IenTa Ha HACTOSAIIOTO MPOYYBAHE € OICHKA
Ha  OCHOBHUTE  (akTopu,  OmIpejelisHe  Ha
W3HUCKBAHUATA KbM CHCTEMA 3a IIPEHOC, ChXPaHCHUE
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W JTUCTAaHITMOHHA 00paboTKa Ha M300pakeHUS Ha
CIIbHUEBATa KOPOHA U Ch3JlaBaHe HA HayallHa cxema
M3ITBJIHSBAIA HEOOXOIUMUTE (DYHKITUH.

2. AHaJIu3 Ha Npoleca nojy4yaBaHe Ha
JTAHHHU OT U3CjaeIBaHuA

ITonyuyaBanute B rpoueca Ha
HaOIIOJICHUETO JJaHHU MOTaT Jia Ce Pa3/iessaT Ha JIBe
TpyIu:

- [IepBaTa rpyna ca 3acHeTUTE Kaapu (MM
MTOCIIEIOBATEIIHOCTH OT KaJpH,) KOUTO Ca MOITyYSHU
oT pabora Ha KOopoHOrpada ¢ MOMOIITa HA EKHWIIa,
KOHTO TO o00cmykBa. 3acHeTHTE Kaapu ca B
pasznuuyHn nMpPoBH (GOpMaTH 3a ChbXpaHCHHE Ha
M300paKEeHUATA, KaTO Hali-uecTo ce u3nonssa JPEG
u RAW

- KbM BTOpara rpyna crnajgar JaHHH KOUTO
ONKCBAT Mpolleca Ha HaOIOJCHWE, TOBAa ca T.H.
MeTa-laHHH. Ype3 TAX ce 3ajaBa OcCTaHajara
rH(pOpMaIs KOSITO € HeoOXoauMa Ha KOJIEKTHBA,
KOHWTO 111e 00paboTBa MOJIYyYCHUTE JaHHU. TUITUYeH
MpUMep 3a TaKWBa JJaHHW BKJIFOYBA OIMUCAHHE HA!
M3M0JI3BAaHATa CHUCTEMa; Jara Ha PErucTpaius;
Ha4yaJl0 W Kpall Ha TIepuoja Ha PErHCTPALUS;
M3I0JI3BaHa EKCITO3UIIS, MOPEAHOCT Ha
oOpaboTkara Ha JaHHWTE; TJI00ATHAa KOOpJIMHATHA
cUcTeMa 3a JIOKaIM3alMs Ha  3acHeMallus
WHCTPYMEHT, KaKTO W JIOIBIHHUTEICH KOMEHTap.
Wudopmarusata Moxke ma Obge d9acT  OT
M3TOJ3BaHMS 3a ChXpaHeHHE (aiioB dhopmar Hiu
na Ob/ie peocTaBsiHa OTAEITHO.

3. Bunose ¢aiisioBe popmaTu HA
n300paKeHHsi, KOUTO ce HU3MOJI3BAT MPH
U3cJaeIBAaHUS

3acHETUTE KaJIpu ca B PA3INYHU ITUGPOBU
(opMaTH 3a ChXpaHEHUE HA M300paXKCHHATA, KATO
Hali-uecto ce m3noimsBa JPEG, RAW m FITS
dhopmarm.

3.1 JPEG

JPEG e ¢aiinoB dopmar, KOWTO TO3BOJIIBA
oomMsna Ha JPEG OaliToBu TOTOIIM MEXIY
pa3zHooOpa3Hu miardopmu U npuiokeHus. Toil He
BKJTIOYBA HAIIPETHAIN TEXHOJIOTUH, KOUTO MOTaT /1a
opner orkputu B TIFF JPEG cnenudbuxamus wim
Hskoi  (ainmoB  ¢dopmar cbc  crnenu(UUHO
npwiokeHne. OCHOBHaTa 3ajaya Ha YHOPOCTEHUS
dopmar e ga mo3Boiam obOmsHa Ha JPEG
KOIPECHPaHU U300pakeHUSI.

Hannaute B JPEG(JFIF) ca opranusupanu
Karo 0aliTOBM TMOTOIM, KOWUTO BHUHArH Ce
chXxpaHaBaT B cToWHOcTH (16-OMTOBM IymMH BBB
(opmara big-endian). B JPEG nanHute 0CHOBHO ce
CHhXpaHABAT MOTOK OT OJIOKOBE, KaTO BCEKH OJIOK ce
UACHTU(UITUPA CHC CTOWHOCT Ha MapKepa.

[IepBuTe nBa Oafita Ha Bceku JPEG moTok
ca Start Of Image (SOI) croitHocTn Ha Mapkepa
FFh D8h. B JFIF cweBMecTuMu  (haiiioBe
cpimectByBa JFIF APPO (Application) mapkep, kato
ciien Hero BegHara ciiensa SOI, cblo Taka MOXKe J1a
uMa eauH minu noseue onmuoHaiaHu JFIF cermenrtu
C pa3UIUpPUTENIHA MapKepH, TMOCIACABAHU OT
CBHINWHCKUTE JIAHHYU Ha N300paskeHueTo [3].

3.2 RAW

RAW e dopmarsT Ha wu300pakeHus,
noJiyyaBaH OT HUGPOBU (POTOKAMEpH, MPH KOHTO
JMAHHUTEC TOJYYeHH OT CCeHcopa Ha KaMmepara
MIPETHPIIABAT MUHUMAaIHA 00padoTka. OOMKHOBEHO
Te3u (QailioBe He MOrat Ja ObJaT pelaKTUpPaHH
JTUPEKTHO, a ce 00paboTBaT OT raw-KOHBEPTOP,
KOMTO MMa ,,lIIMpOKa” BbTPEILIHA 1IBETOBA MaJIUTPA,
KOSITO TO3BOJISIBA  M3BBPIIBAHE HA MPCIU3HU
HacTpoiKy npeau Qaiina ga 6bae KOHBEPTHPAH KbM
JPEG nmu TIFF.

3.3 FITS

FITS (Flexible Image Transport System) e
(dopmar 3a JaHHU, KOWTO HAW-IIUPOKO CE M3TOJI3BA
B aCTPOHOMHMATA 3a MPEHOC, aHAINU3 U apXUBUpPaHE
Ha HayuHute naHHu. Cam 1o cebe ce FITS e nemio
nmoBede ot ¢opmar 3a m3obpaxenus (JPG, GIF) u e
Haii-Bede MperHa3HaueH 3a ChbXpaHEHUE Ha HaOOpH
OT HAyyHHM [JaHHM KOUTO C€ CBCTOAT OT
MHOTOMEpHH MacuBH (m300paxkenus)) u 2-D
TaOIUIM OpraHu3upany noj ¢opmaTa Ha PEIOBE U
KOJIOHU OT MH(pOopManus.

FITS (aiioBe ce CbCTOSAT OT CETMEHTH
mapeuean Header/Data Units (HDUs), xaro
mepBuAT HDU ce napuua ,,ippBuyen HDU” wunu
»IbpBHYEH MacuB”. IIbpBHYHHS MacWUB OT JaHHH
MOXe Ja cbabpxka 1-999 pasmepen macus ot 1,2,
i 4 6alToBM LenovyrciaeHy yrncia (integer) wim 4
win § 0aliTOBM YMCia C TUIaBalla 3ameTas, KOMTO
m3non3ear  IEEE  mpencraBsue.  [lpumepen
IMbPBUYEH MACHUB OT JaHHU MOXeE Jia chiabpxa 1-D
CIeKThp, 2-D m3ob0paxenue win 3-D ky0 nanHU
[2]. MeTta-gaHHUTE ca 9acT oT camusi popmar.

3.4 IRAF u STSDAS

IRAF u STSDAS ca ¢opmaru, Kouto umat
BBTpEIIHA CTPYKTypa Ha mgaHHUTEe TomoOHa FITS,
HO W3MOJ3BAT pasnuuHu (ailioBe 3a XeabpHaTa
4acT ¥ 3a JaHHOBaTa. Te3n JaHHUTE OOMKHOBEHO Ce
npeHacaT W apxuBmpatr karo FITS, xaro
ChBIIECTBYBAT penura WHCTPYMEHTH 3a
npeoOpaszyBane Mexay ¢opmarure. [locrnennara
Bepeus (2.11) na IRAF moxe nupexTHO a paboTH
¢ FITS daitnose. IRAF daiimoBe umaT pasmupeHus
.imh u .pix.
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4. N3uckBanug KbM CHCTEeMaTa

O0600maBaHeTo Ha HYXIIUTE 3a MIPEHOC TIPH
Pa3TUIHATE dhopmatu JaBa BB3MOKHOCT
M3MCKBAHMSTA KbM OOCITY)KBallla cUcTeMa Jia Obar
CBEJEHH JI0:

- BB3MOXKHOCT 3a CBXPAaHCHHE KaKTO Ha
OTIEJIHU M300paKeHHUS, Taka u Ha
MOCJICZIOBATEIIHOCTA  OT TsAX (HE3aBUCHUMO  OT
pasmepa Ha U300pakeHHETO)

- BBE3MOYKHOCT 3a T00OaBSIHE Ha METa-TaHHU
KBbM OTJICJIIHUTE KaJIPH U MOCIIEOBATEIIHOCTH OT TSIX

- TpeloCTaBsHE Ha JOCTBII [0 MeTa-
JMAHHUTE/N300paKEHUS OT HAOIIOACHUS

- BB3MOXHOCT JAaHHATE Ja OBIar
JIOCTBIIBAHH OT Pa3JIMYHU JIUIIA, KaTO CHIIO TakKa Jia
ce TOJIbpKaT NpaBa Ha MoTpeduTenn (A0 KOU
JacTH OT CHCTeEMara MoraT Jia OCBIIECTBIBAT
JOCTBIT M KOU JaHHW/HAOIIOJECHHS Ca JTOCTBHITHO 3a
JlaJieH oTpeduTen)

- UHTErpalns ChC CUCTEMHU BBHIIHM TAKETH
3a oOpaborka Ha wuzobOpaxkenus (IRAF, IDL wu
ACTPOHOMUYECKH OMOIMOTEKN KbM HETO0)

- HWHTETpamus C Jpyr'H CHUCTEeMH 3a
ChXpaHEHHUE ¥ OpraHu3alKst Ha U300PaKCHHS

5. ApxuTeKkTypa Ha cucTeMara

Ha ¢wur. 1 e mpencraBeH ynpocTeH MOl
Ha opraHzanusiTa Ha cucremara. Kakro e Owuio
CIIOMEHATO MO-paHO JaHHUTE KOMTO CE BHBEKAAT B
cUCTeMara ca JiBa BHJA: W300paKeHUS M MeTa-
nanau. OT Kamepara Ha KopoHorpada ce moxyvaBaT
CHUMKHTE B M30paHusi (hopMmar, Karo mapaliesiHo C
TOBa MOrar Jia ObJeT BbBEKJIAHH U METa-JIaHHUTE,
KOWUTO OMHUCBAT TOJy4YeHHTE H300paxkeHus. Merta-
JIAHHUTE C€ BBBEXKAAT npe3 web-uHTepdeiica Ha
cucremMara, KbJETO C€ CBhXpaHsBaT B OTICIHH
JTUPEKTOPHU.

)

'
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\
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5 ®

@ue. 1. Apxumexmypa Ha cucmemama

-
Y

5.1 Oprasmsanus Ha  ¢ailioBara
CTPYKTYPA 32 CbXpaHeHUE Ha H300paKeHHs

Lenra e ch3gaBaHe CTPYKTypa OT (aiinose,
KOSITO Ja OTroBaps Ha  H3UCKBAaHUS  Ha
peanm3upaHaTa CHCTeMa W Jia TapaHThpa J00po
JOTHYECKO U (HU3MYECKO paslpelesieHHe Ha
3aCHETUTE C KOpoHOrpada Marepuaiu BBPXY
IMCKOBeTe Ha ChpBbpa. Karo ce mma Bopeasuj
cnenudukaTa Ha o0jacTTa B KOSTO IIe ce mpujara
cucremara yaadyeH Oum OWJl  HAaYMHBT Ha
pasmpenenieHHe  Ha  M300paXEHWsTa  CIPSIMO
yCTpOKMCTBaTa C KOETO Ca 3aCHETH U IOCIICBAIIOTO
UM MOJpeXKIaHe 10 1aTH (IepUOaHN).

[Ipumepnara cTpykTypa Ha (aitoBara
opraHusainys, H3MO0JI3BaHa 32 ChXpaHEHHE Ha
n300paXeHUsl € MpecTaBeHa Ha auarpamara Io-
noiny. BximouBa: TpamuMmMOHHO —pasnensHE Ha
IUPEKTOpPHUH,  BCSAKA  OT  KOMTO  ChIbpiKa
CTCIUATU3UPAHO TIOJIPEICHU N300paKeHHSI.

root 0 /

N
o = e

2N
B & &

Que. 2. Opeanuzayusma Ha u300paxiceHusma
Ha OucKka

- JIpyr BB3MOXKEH HA4YMH 32 OpraHu3alus Ha
M300paKeHUsATa Ha CHpPBBpPa HAa 0Oaza Ha T.H
"HaOmrojieHue" - B TO3W CiydYail (aiioBeTe ce
IrpynypaT ako ce OTHACAT KbM €AHO ChOHMTHE
(craHaio B OIpeieNieH BpeMEBH WHTEPBa)
-M3M0JI3BaHE Ha HAKOJNKO Root aupexropuw,
cpabpkamy ¢aiinosere. MaTerpupane Ha nopoOHa
HOAJPBKKA OIE B HAYAIOTO TPH MPOCKTUPAHETO
Ha CcHCTeMaTa TMO03BOJISIBA HEHHOTO IOCIIE/BAIIIO
paspacTBaHe M MO-JIECHAa OPraHU3aLusl.

- M3MOJBaHE Ha Xem (YHKIUH 332 TeHepHpaHe Ha
nmenara Ha (sha256, md5 u 1.1.). I[lo TO3M HaumH
ce MO3BOJSIBA KAaKTO OOBBP3BaHE HAa HMETO ChC
chabpKaHue Ha (aiima, Taka M Cb3JaBa
BB3)KMOKHOCTH 32 BJIMIAMPAH HA ChABPKAHUETO HA
¢aiina mpu ochILECTBIBaHE Ha JOCTHIA JIO HETO.
CpIo Taka TOBa MpPEAOTBpPATSIBA BHBEKIAHETO B
UMeHaTa Ha HEBAIMIHH CHUMBOJH (KaKBUTO MOTatr
Ia Obp;aT TMOJMy4eHH OT TOTpPeOWTEeNUuTe Ha
cuctemara). Peanante nmena Ha (aiinosere me ca
3ama3eHd B 0aszaTa OT JaHHHM, KOSTO ChIbpiKa
BCHYKH MeTa-TaHHH.

- HU3IOJI3BAHC Ha TPaH3aKUU IIPU HU3IIbJIHCHUC Ha
onepauu C W300pakeHus/mMera-naHHA. ToBa mie

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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[I03BOJIM 3alla3BaHE HAa MHTETPUTETA HA JAHHUTE B
cucTeMara u 1ie ObAaT U3KII0UYEHHU CIydal B KOUTO
nMaMe Halliuue Ha MeTa-JaHHu 0e3 N300pakeHusl.

- EKCIOPT Ha JaHHUTE OT cucrteMara. Murerpupane
Ha YCIYTHTE 3a eKCIIOpTHUpaHe Ha JaHHWUTE OT
cucTeMara I03BOJIsIBA II0-JIECHO Tpe/laBaHe Ha
JaHHM OT CHCTeMaTa KbM JIMIATa, KOUTO HIMAT
OpsiK A0CTHI 10 Hesl. CaMUST eKCOPT Ha JaHHU OT
cucTeMara BKJIIOYBa ONpejesieHa M3BajJKa Ha 4acT
0T M300paKeHHsATAa B CHUCTEMaTa, KaKTO M MeTa-
MaHHA KBbM Te3u u300pakeHus. Mera-naHHUTE
MoTaT Ja ObJaT MPEACTaBeHN C TIOMOINTA HA HAKON
OT TOMYJAPHHUTE TEKCTOBH (opmarn karo XML
(HTML) umu JSON. Chino Taka eKCIOPTHPAHHUTE
JMaHHWTE TPsOBa 1a ce TMPEAOCTaBAT B apXUBUPAH
(dopmar, KOWTO BKIIOUBA JABETE KOMIIOHEHTHU C IIET
MO-JIECHO MpPEHACSHE.

6. IIpenocraBsine HAa Bb3MOKHOCTH 32
0T/JAJIeYeH JOCThII

[IpenocrapsHe Ha OTHANEYEHH YCIYTH OT
chUTeMara I03BOJSIBA HEHTOTO W  IOCIEBAIIO
HHTETPUPAHE C JPYTHM CHUCTEMHU U IPUIOKCHU.
BcenukuTe yciyrn KOWTO ca HaJIMYHH B CHCTEMara
Morar mga ObmaT omucaHu ¢ TepmmHa API
(Application Program Interface) . IIpenocrassiaute
yCIlyTH MOTar Ja ObAaT pa3lieliecHu Ha JBE TPYIIH:
Te3W KOWTO ce HaMHpaT B CBOOOJEH JOCTHIT M TE3U
3a KoWTO ¢ HeobOxommMma ayreHTH(uKamusa. C
MOMOIITA Ha MBPBUTE MOTAT Aa OBAAT JOCTHIIBAHU
JaHHA 32 KOWTO € TII03BOJICH MyOJMYeH JJOCTBIT
(ompeneHa 9acT OT CHUMKOBHS MaTepyai M 9acT OT
MeTa-TaHHu 3a HaOmoaenusta). C momMomra Ha
BTOpaTa Ipyma Morar Jia ObJar pasriiexkI1aHu KaKTo
JMAaHHWTE KOWTO HE ca MyONMYHW, Taka W Ja ce
MMO3BOJIM W3MBJIHEHWE Ha OMpEeNieHH OIepamnun
BbpPXy HQJIMYHWUTE JAHHU. CTapTHpPaHe Ha
BBTPCUTHH/BBHITHN MOJYJIH, KOWTO aHaIU3UpaT
JaHHW, T00aBsiHE Ha HOBH JJaHHW KbM CHCTEMaTa U

Ap.

7. ABTOMaTHYHO M3NIpalllaHe HA
H300paskeHHs OT KaMepaTa Ha
KOpPOHOrpada KbM cHCTEMATA

ChBpeMeHHUTE IIM(YPOBU KAMEPHU, KOUTO CE
M3M0JI3BaT B IMpoleca Ha paboTa MO3BOJISBAT
mpefaBaHe Ha H300paKeHHWS KbM KOMITIOThpa
MOMEHTA Ha 3aCHEMaHeTo My. M3moj3BaHETO Ha
TO3W MEXaHH3bM T[I03BOJISIBA CTHOBPEMEHHO C
MpeIaBaHeTo Ha H300paKEHNETO KbM KOMITIOThPA
HETOBOTO WM3IMparniaHe KbM CHCTEMAaTa, KOSTO IIe TO
o0Opabotu 1 TO 1Ie ObJIE 3ama3eHo B 0Oa3aTa JaHHU

aBTOMATHUYHO. 3a IeNiTa TpsOBa a 0b/ie U3MOI3BaH
JOIBJIHUTECIICH MOAYJI, KOHUTO CUHXpOHH3Hpa
MOJIyUCHUTC Ha KOMITIOThpa H300PaXKEHUS ChC
ChpBBpa. EJHOBpeMEHHO ¢ TIpeJaBaHETO Ha
M300paXKeHNETO KbM ChPBBpa c€ Ch3/laBa M 0a30B
Habop or MmeramanHu. [Ipu mocneaBama padora
MOTPeOUTENIUTE HA CUCTeMara Morar Ja u3bepar
KOM HM300pakeHWsI a ObAaT 3ala3eHd, a KOW Jia
OBJIET MpeMaxHaTH OT CUCTEMATa.

8. 3akaiouenue

Karo  3akimroueHMe Ha  HaIpaBeHOTO
poyuBaHe TPsiOBa Jia ce OTOCNSHKHU, Y€ 3a HaYaJIHU
TECTOBE Ha BB3MOXKHOCTH MOTaT Ja C€ HW3I0JI3BaT
HQJIMYHUTE  TEXHUYECKH  BB3MOXKHOCTH  BbBB
¢unmmana va TY Codus B [lnosaus. B yactHocT —
CBIIECTBYBALlMsI CHPBBP B JabopaTopusta IO
,»KOMITIOTBPHO 3penue’ u JIOKaJHaTa
yHHBepcuTeTcka Mpexka. Ciex moiyyaBaHe Ha
ONTHMAaJIHAa OpTaHH3alMs, MOXKE J1a C€ ThPCH Bpb3Ka
3a mo-jasedyeH TpaHcdep, AupekTHO kKbM HAO
Posxen.
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1. OcHOBHHY MOJIOKEHHUSA

HAKOU HPUJIOXKEHUSA HA PASIHIMPEHUA
PEJAKTOP HA GPSS WORLD 3A Cb3IABAHE
HA YYEBHU CUMYJALMOHHHU MOJIEJIA

CBETJIAHA BACUJIEBA

Pe3rome: B ooknada ce obcvicoam HAKOU ACNEKMU HA NPUNONCEHUEMO HA cpedamd 3a
umumayuonno mooeauparne GPSS World u netinomo cneyuanno paswupenue Extended
Editor 3a cv3oasane Ha OeMOHCMPAYUOHHU MOOeIU U U3NOJ36AHE 6 0OYHUeHUemo Hd
cmydenmume no Hakou oucyuniunu xamo Onepayuonnu cucmemuy, Komniomvpuu
cucmemu, basu om oamnu u Opyeu. Knacuueckomo npunodicenue Ha UMUMAYUOHHOMO
Modenupare e 3a usciedsane Ha paziuunu cucmemu. Ho nosume paspabomku 3a GPSS
World u ,,npozopyume 3a HaOmoOenue” Ha cucmemama NOOCKA36am 3d 2ojemume
evamoochocmu Ha GPSS 3a cv3dasane Ha umumayuonnu moodenu ¢ yueOHa yei.
Ilpedcmasenu ca npumepu 3a U3NON36aHE HA OEMOHCMPAYUOHHUME Bb3MONCHOCIU HA
Paswupenus peoaxmop na GPSS World ¢ obyuenuemo na cmyoenmu no OnepayuonHu
cucmemu u Komniomvpuu cucmemu.

KiarowoBu nymu: umumayuonnu mooenu, cunxporuszayus Ha npoyecu, mpausaxmu, GPSS,
Paszwupen peoaxmop

SOME APPLICATIONS OF THE GPSS WORLD
EXTENDED EDITOR TO CREATE OF
EDUCATIVE SIMULATION MODELS

SVETLANA VASILEVA

Abstract: The paper considers some aspects of the application environment for simulation
GPSS World and its special extension Extended Editor to create demonstration models and
use in the training of students in some disciplines such as Operation systems, Computer
Systems, Database systems, etc. The traditional application of Imitation modeling is to
investigate different systems. But the new developments for GPSS World and "windows of
observation" of the system suggest the great opportunities of GPSS to create Simulation
models for educational purposes. There are presented some examples of use of
demonstration capabilities of Extended editor of GPSS World in teaching students of
Operating Systems and Computer Systems.

Key words: simulation models, process’ synchronization, transactions, GPSS, Extended
editor

(CHHTaKTUYeH aHaJM3aTop, WHTEPIpPETaTop Ha
CucTeMaTa 3a IMUTALMOHHO MOJEIUpaHe —  MOJEIA, MOJCNCH YaCOBHMK, —YNPABJICHHE HA

GPSS World npenoctaBs Ha TOTpeOUTENUTE
NPOrpaMHU  CPEICTBA 3a B3aUMOJCHCTBHE CbC
cuUCTeMaTa B IIpoleca Ha CHMYJAlHOHHOTO
U3CIIC/IBAHE U TPOTPaMHHU CPEICTBA, PeaTM3Upalf
HEMOCPEACTBEHO  Ipolleca  HAa  MOJENUpaHe

CHUCBHIUTE HA chOuTHsTa U 1p.). [1] B crananara
B€UYe ,,KjJacuuecka’ CHCTEMa 3a HWMHUTALMOHHO
monenupane (MM) mopamgm OTCHCTBHETO Ha
UHTETPUPAHH  CPEACTBA, KOUTO  M3IBUIO  Ja
yIOBJICTBOPSIBAT M3CIIEAOBATENS, 3aHMMaBall CE C
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UM, ce yBenuuaBaT M3UCKBAaHUATA KbM HHUBOTO MY
Ha KOMIIETEHTHOCT. PasmmpeHust pemakrop Ha
GPSS World npenocraBst cpeiicTBa U HaUMHHU Ja Ce
MOHIKAT KBAIM(DUKAIIMOHHUTE M3UCKBAHUS U KbM
exkcriepra o MM, u KbM KpaliHMS TOTpeOuTedn,
M3MOJIBAIl Ch3JaJICHHUTEe MOjaelu. B pasmupenus
pEelaKTOp ca aBTOMATHU3WPAHH MOBEYETO OINepaluu
W JICACTBHSI TIPH TPOBEKJIAHETO HA IENUS IUKBII
UMUTALMOHHY u3caensanus. [1]u [2]

OcnoBuo UMM  ce npunara  mpu
M3CIIEBAHETO HAa Pa3lIMYHU BUJOBE cuctemu. Ho
OIUTHT HU OT pabora B cpemata Ha GPSS World
MpeIn3nKa ujesra, qe MMHUTAI[IOHHOTO
MoOJIeNIMpaHe MOXe J1a Ce M3MO0J3Ba U KaTO CPEACTBO
3a o0ydeHue 0coOCHO MO MHKEHEPHU JAMCUIUTLIMHA
karo Kommtorepau apxutekrypu, OrnepalvioHHA
cuctremu [3], basu or pmamnm, Ilapanenno
nporpamupane, Grid cucremu [4] ¥ APYTH, KbJACTO
Ce W3ydaBaT TEMH, CBbP3aHH ChC CHHXPOHH3AIUS
Ha TapaJjie’HaTa pabora Ha MpouecH (TPaH3aKIUH ).

2. Pazmupen penakrop na GPSS World u
TexcToB pefaKkToOp HA MOJETHTE

OcHoBoroarai OpyHIXI Ha Ch3JaBAHETO
Ha MHTErpUpaHaTa CUCTEMA 3a aBTOMATHU3UpaHE Ha
MMHTAIIMOHHUTE W3CIICBAHUS € OINPOCTSIBAaHE Ha
nporecute 1o GopMyJUpaHe Ha LENTa U 3a/a4uTe
Ha W3CJIeJBAHETO, HAa Pa3pabOTBAaHETO HA MOJENA U
Ha M3M0I3BaHeTo My.” [1]

B PasmmpeHuss pemaktop € BKIKYEH
MHOTOQYHKIIMOHANEH TeKCTOB penaktop 3a GPSS
mozenu (¢ur. 1) 3a mo-rodasiMo ymoOCTBO MpH
paborara Hax wmojenute. Cbhc cpejicTBaTa Ha
TEKCTOBUSI PEIAKTOP MOXKE J1a C€ Ch37aBaT MOJACTH
Ha ,,TuroBu” enementapuu Osokose (TEB). (Moxe
na ce cp3gasat Tpu Buga TED: enemenrtapen, TED-
cxema u TEB-matpuna [2] u [5]) Enementapuust
TED e enemenT Ha Mojiesia OT HaM-HUCKO HUBO. To
MIPEACTaBIsABA JIOTHYECKU 3aBBPIICH €JIEMEHT Ha
MoJIe/iupaHaTa cuctemMa. BBHITHO Moxe na Oble
MpeJACTaBeH KaTo ‘“‘yepHa KyTUsS® M 3a Ja ce
Ompenenu B3aUMOJCHCTBUETO MY C JIpYTUTe
eleMeHTH ce 3aj1aBa unrepderic Ha TEB-a (Bxonose
u m3xomu). [2] m [5] Jlormkata Ha pabora Ha
enementapuus TED ce onucsa c¢be cpeacrBara Ha
esuka GPSS World. Co3gaTensaT Ha Moueila
onpenens jorukata Ha TEb-a B CbOTBETCTBUE CbC
3agauute U Msicroro Ha TEb-a B monenupanara
cuctema. Moxke na ce 3amajae UMe U TMOIXOJSIIO
n3obpaxkenne Ha TEB-a 3a  mo-HariemgHo
mpencTaBsHe B cxemaTa Ha mojena. [2] u [5] ToBa e
VBKIIOYUTETHO TOAXOMSIIO TpU Ch3JAaBaHE W
JNIEMOHCTPUpAHE Ha MOJEIU C ydeOHa IIe.
Pasmmpenust pegaxrop va GPSS World paznonara
¢ OuOnHMOTeKa OT TOTOBU MOJICIH, KOUTO MOraT Jia
ObllaT W3MOJI3BAaHM KaKTO TOTOBM, Taka W 3a
3amo3HaBaHE C BB3MOXKHOCTUTE Ha PasmmupeHus

pelakTop M penakTopa Ha (hopmuTe, pa3padoTeHu U
MOJIbP)KaHU OT “OirHa KoMIbroTep”. [5]

OCHOBHHTE MPUBJICKATETHH 32 00y4EHUETO
BB3MO)KHOCTH Ha TEKCTOBUS PEIAKTOp Ca CIEAHUTE:
- HammenoBaHusiTa Ha OJIOKOBETE M KOMAaHMAHWTE,
pe3epBUpaHUTE IyMH Ha BrpaJcHUS €3HK 32
IporpamMupane PLUS, KOMEHTapuTe u
WACHTH(UKATOPUTE CE BHU3YyalU3UPAT B Pa3IHUUHH
[[BETOBE 3a IO-TojisiMa MPErjefHocT Ha TEKCTa Ha
Mmozena; - Komanaute n 610KoBeTe, apryMEHTUTE
KOMEHTapuTe ce moapaBusBat [2], [5]; - B
penakTopa € BrpajieHa CHCTeMa 3a pPas3lo3HaBaHE
00eKTHTE Ha MoJena; - BbBexk1aHeTo Ha TEKCTa Ha
MoO/Iella CE€ ChIIPOBOXK/IA C KOHTEKCTHO TOJICKa3BaHe
(kakTO € moka3aHo Ha (ur. 2), KOeTo ChIbpiKa
OMUCAHMETO Ha TEKYLIHMs ONEpaH[], MM apryMeHT
Ha (QYHKOMS U CHUCHK C TOAXOASIIM CTOHHOCTH,
TOJIy4CeHU TIpU aHanu3a Ha mojena [2] u [5]. Tosa e
yao0HO 3a CTyAEHTHTE, a W 3a MpernojaBaTes,
KOWTO OOMKHOBEHO He € crienuanuct no M.

PenakropbT ABTOMATHYHO OTKpHBa
CTPYKTYpHHUTE TpEIIKd B Mozena. OmnepaTtopure c
TPELIKK Ce MOAYepTaBT ¢ YepBeHa JuHus (ur. 1), a
caMHTEe TPEIIKM Cce IMOKa3BaT MPH HACOYBAaHE Ha
Kypcopa Ha mumkara. [lognbpika ce rpynupaHe Ha
TEKCT, KOETO TI03BOJIsABA Jla ce 0OCMHSABAT U aKo ce
Hajara Jia ce CKpuBaT HEHYKHHU peloBe OT MOJIeNa.
Crnen cb3aBaHeTO Ha MOJIENA, MOXKE /1a C€ U3I'BJIHN
Mojnenupanero. Ilpu MopenupaHeTo € AOCTBIIEH
CTaHIApTHHUA  JKypHaJd, a clel Kpas Ha
MOJIETTUPAHETO — CTAHAAPTHUSAT OTYET 1oJ popmaTa
Ha Tabnuia.
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@ue. 1. Mooden na uzuuciumenta cucmema
nposopeya Ha Texcmosus pedakxmop ¢ MapKupaua
epeuixa 6 mooend

Hutupanute HOBH BB3MOKHOCTH Ha GPSS
World (B 9acTHOCT Ha TEKCTOBHSI pENaKTOp Ha
MOJICNIUTE) HU  HAcoYyBaT KbM  HJCH 32
UHTErpupaHero My B y4yeOHus mpouec. OcBeH
HOBUsI uHTepdelic, mpeauMcTBO Ha Pasmmpenus
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penakrop u Penakropa Ha ¢opmurte €, ye padoTsT
chC cryneHTckaTta Bepeusi Ha GPSS World v Bcuuku
Te3u cpeu 3a UM ca OesraTHu.

[IepBUAT NpUMeEp, KOUTO pasriiexaaMme € OT
y4eOHUK 1O KOMIIOTBPHO MojenupaHe [6], HO ¢
TTOJTX OISITIIA 3a/1a4w, KaTo HaTpuMep
npenacraBenuTe B [7] u nopabotku B Pasmmpenus
penakTop MoXxe Jia ce M30erHe MpeACTaBsSHETO Ha
MOJICIIUTE YPEe3 CIOKHUTE U CHSHU(PUIHUA CXEMHU Ha
GPSS 0GnokoBere, M3IMOM3BAHU B YYEOHH MOCOOMS
kato [6], [7] u apyru. OrpoMHOTO MPEAUMCTBO Ha
Pasmmipenus pemakTop €, uYe 3a pas3iidka oOT
»kinacuueckata” GPSS World tyk npo3sopiuTte, ¢
KOHTO MOXeE Ja ce HaOmogaBa paboTata Ha Mojena
ca CcTaHzapTHO Ha eKkpaHa (3a pasiamkKa oOT
nokaszanute B [3] GPSS mopenu ¢ ydeOHa e,
KBJICTO TIPO30PIUTE CE apaHKUPAT PHUHO).
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BBEAMTE HAMMEHOBaHHUE B0Ka AW KOMAHABI.
MAME STORAGE A

Kowaraa STORAGE onpeacnser
NamATS.

Que. 2. Mooden na uzuuciumenta cucmema 8
nposopeya Ha Texcmosus pedaxmop ¢ KOHMeKCMHO
noockaseamne

Ha ¢ur. 1 u ¢ur. 2 e nokazan TekcTa Ha
MoJieia Ha M3UMCIIUTEIHA CUCTEMA, ChCTOSIIIA CE OT
4 KOMITIOTBpa, 00paboTBalM MAaKeTH OT JAHHHU C
elHaKbB MPUOPHUTET. AKO CTPYKTypHaTa cxema Ha
cucremara, pasriegaHa  moapodbHo B [6],
MpeACTaBUM BBB BUJA Ha CHUCTEMa 3a MAacoBO
obciyxBaHe ((ur. 3), makeTUTe JaHHU MOXKE Jia Ce
monenupar ¢ GPSS tpanzaktu, kommioTpute — €
ycTpoiictBa  3a  oOciykBaHe — (€IHOKaHAIHU
ycTpoiicTtBa), a BXomHus Oydep u Oydepute mpen
W3YHCIUTEIIHUTE YCTPOWCTBA — C MHOTOKaHAIIHH
yCTpOiCTBa M OMAamKH (KaKTO € KOHCTPYHpaH
MoOJIelIa, PEJCTaBeH B [6]).

Bydep2 Eydepd

Comp 1
186

Comp 3
15£2 >

Bydepl

Comp 4
1512

Comp 2
1816
Bydep3 Bydeps

@ue. 3. Mooden na uzuucaumentna cucmema 666 6Uo
Ha cucmema 3a Maco8o 00CIyIHCEaHe

Osnauenus na ¢ur. 3: Bydpepl — Bxomen
Oydep; bydep2 — Oydep Ha TBPBUS KOMITIOTHP, OT
II'bPBHSI CETMEHT Ha KoHBeliepa; bydep3 — Oydep Ha
BTOPHUSI KOMIIOTBP, OT IIbPBUSL CEIMEHT Ha
KkoHBeiiepa; bypepd — Oydep Ha mbpBUA
KOMITIOTBD, OT BTOpPHS CErMEHT Ha KOHBeWHepa;
Bydep5 — Oydep Ha BTOpUS KOMIIOTBD, OT BTOPHUS
CErMEHT Ha KOHBelepa.

ANTOpUTBMBT  Ha  OOCIy)KBaHe  Ha
TpaH3akTUTe B Mojena ¢ ciuenuus: 1) ['enepupane
Ha TpaH3akTa; 2) Bnuzane B Oydepa Ha cucremara
(BUFYS); 3) PaBHOBeposTeH nipexoa KbM Oydepa Ha
'bPBHS WK BTOPHSI KOMITIOTBP OT IbPBHSI CETMEHT;
4) Bnuzane B onamika 1; 5) Bxom B Oydepa Ha
nepBust KoMmoTep (BUFCI); 6) U3xon oT omamka
1; 7) Usnuzane ot BUFS, 8) 3aemane Ha TbpBUS
KOMIIIOTBp 3a obciyxBane; 9) O0ciayxBaHe or 12
no  24us; 10) OcBoOOkjaBaHe Ha IIbPBUS
kommtoTbp; 11) [IpoBepka Ha ycrnoBHeTo: MMa JIH
aBapuiiHo TpekbcBaHe? Ako JIA, To mpexon KbM
1.8; HE — xpMm T1.12; 12) U3xox or Oydepa Ha
nbpBUST KOMIIOTEDP; 13) PaBHOBeposiTeH mpexox 3a
obpaboTka ot kommtorpu 3 u 4 (OOcmyKBaHETO OT
KOMITIOTBD 2 € aHAJIOTMYHO Ha KOMaHJIUTE OT TOUYKH
5-12 katro Bmecto BUFCI ce usnon3sa BUFC2,
Bmecto COMPI - COMP2 n BMecTo omamika 1 -
omamika 2);

14) Bxon B Oydep BUFC3;
obcmyxBane Ha kommioTep COMP3;  16)
Obpabotka 3a Bpeme 13 — 17 ps; 17)
OcBoboxxnaBane Ha COMP3; 18) IlpoBepka Ha
YCIOBHETO: MMa JIM aBapHiHO NpekbcBaHe? AKO
HA, 1o mpexon kM T.15; HE — xeM T.19; 19)
Wznuzane ot Oydepa Ha Tperus KOMIIOTHP
(ObcnyxBanero B COMP4 € aHaJIOTMYHO Ha
komanauTe ot T.14 — 1.17 kato BMmecto BUFC3 ce
nsnon3sa BUFC4 u Bmecto COMP3 - COMP4);
20) YHuIoxaBaHe Ha TpaH3aKTa.

P e BeposTHOCTTAa 3a TOCTBHIIBAaHE Ha TMaKeTa B
HSIKOI OT Oydepure.

AnropuTbMBT  Ha  OOCHyXBaHe  Ha
TpaH3aKTUTE B MOJICIMpaHaTa CUCTEMa MOXE Jia ce
HaOI0/1aBa B PeXXUM Ha TpacupoBka. [Ipo3opeusT
Ha MOCTBHIIKOBOTO M3ITBIHEHHE € MOoKa3aH Ha ¢Qur. 4.
[Ipu mpocnensiBanero paboTrata Ha MOAEIMpaHATa
cHCTEeMa B TO3M PE&KHM MOXKE Jla ce HalJoJaBa: B
TOpHUS JIECEH MaHel HoMepa Ha TEKYLIHUs TPaH3aKT
U T1OKa3aHUsATa Ha MOJACIHUSA ,,9aCOBHUK (B
MOJIETTHM ~ €IMHUIM); CHOTBETHO 3a TEKYyLIHs
TpaH3aKT MOXE Ja C€ BHUJIIT CTOWHOCTHTE Ha
napamerpute My (Ha ¢ur. 4 — nanensT ,,[lapamerp
3naueHne” BASACHO Ha €KpaHa); CTOMHOCTUTE Ha
CbXpaHSBAaHMTE  BEIMYMHH W MAaTPUIHTE,
W3IION3BaHU B MOJIeNia C€ TIOKa3BaT B JIOJIHUS JIeCEH
BI'bJI Ha ekpaHa. Ha ¢ur. 4 monmy BAscHO ce BUkaa
CIHUCBHKBT Ha 00CITYXBAIlUTE YCTPOICTBA B MOJIENa,
rmokasaH Ha ¢ur. 3.

15) 3aemane 3a
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Due. 4. I[locmvnkoso usnviauenue Ha Mooena Ha
USYUCTUMETHAMA CUCMEMA 8 NPO30peya Ha
Paswupenus peoaxmop na GPSS

3. leMoHCTpanys Ha AITOPUTMH 32
CHHXPOHHU3ALMS HA MPOLIECH C
Pasmupenus pexakrop Ha GPSS World

B HHrepHer Moxe Ja HaMEpPUM MHOIO U
pasnuuyHu peanuzanmu Ha monenu ([8] m ap.) Ha
AJITOPUTMH 32 CHHXPOHH3alUs Ha mpouecH. Te3u
MOJIeJIMpaIld  aIrOPUTMH ca pa3dupaeMu 3a
CTYJEHTHUTE, Thl KaTo ca HaMUCaHW Ha MIMPOKO
paslpocTpaHeHM M M3y4yaBaHW  €3MIM 32
nporpamupane (C++ u np.). Ho Te3m mopmenu ca
,»,CTaTUYHU B CPABHEHUE C MOJICIUTE, KOUTO MOXKE
Jla ce Ch3AanaT M M3MBIHAT C Bb3MOKHOCTUTE Ha
cucremara 3a UM GPSS World. CnoxHoctTa Ha
mpobiieMa  ,,CHHXpOHM3aIMsI’  Ce CbCTOM B
ClIy4ailHOCTTa Ha BB3HHMKBAHE Ha ,,CIIOPHHU
CUTYalluH, ONPENENsIHN OT B3aMMHUTE CKOPOCTH U
MOMEHTUTE Ha MpEeKbCBaHE OOCITY)XBaHETO Ha
mporecure. A TOBa MOXE Ja C€ JEMOHCTpHpa
JIOCTaThYHO M3PA3UTENIHO C T€HEpHpaHe Ha MOTOLHU
GPSS Tpanzakti (Momenupamy mpomecu). Tasu
JUHAMHKa HE ce ,BWKJa B HAMEPEHHTE B
Wntepner yueOnum wmoxmenu ([8] um  ngp.) Ha
anroputmute Ha Jlekep, IIutepewH, [duiikcrpa u
np., Hamucann Ha C++ - B TE3W MOJEIH C€
,,TeHepupaT’ ETHOBPEMEHHO caMO JBa IIpoleca.
Taka cTyneHTHTE HE BIDKJIAT JUHAMHMKATa Ha
pabora Ha cucTemaTa, KOETO € BaXKHO 3a
YCBOSIBAHETO Ha y4eOHOTO ChIbp)KaHHE Ha
no700eH BUA y4eOHH TUCLIUTIINHH.

Ha ¢ur. 5 e mokaszan TekcTa Ha eAUH MOJEN
Ha anroputbMma Ha [lutbpcbH (GPSS mozensT Ha
aJrOpUTHMA € MPEJCTAaBEH U onucaH B [3]).

Cxemata Ha ajropuTbM, MOAEIHpAI]
00paboTBaHETO Ha MPOIECH 10 alropuTbMa Ha
[MuTbpchH e mokazana Ha ¢ur. 6. B npencraBeHus
aJIropuTHbM C€ Mpearnojara, 4ye ChLIECTBYBaT JBa
noroka npouecd. Ha cxemata e mokas3aHo
YNPaBIEHHUETO Ha MPOLIECH Ha EUHHUS MOTOK.
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@Due. 5. GPSS mooen na areopumvma Ha
Humvpcovn 6 nposopeya na Pazwupenus peoaxmop
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@Due. 6. Cxema na 0bpabomka Ha npoyec no
aneopumvma Ha [Tumvpcor

3a cCcpaBHEHHE C BB3MOXKHOCTUTE Ha
Pasmmpenus pemakTop 3a JeMOHCTpanus Ha
aNropuThMa 3a CHHXpOHHM3amus, Ha ¢ur. 7 e
MoKa3aH ,,KOMOUHUpaH” MPo30pell Ha
JEeMOHCTpanusTa Ha paboTaTa Ha alropuThbma B
cpenata Ha GPSS World. B npo3openia moxe 1a ce
HaOIoaBa: TpOMsHATa Ha CTOWHOCTHTE Ha
¢naropere INTERES1 and INTERES2 (momy
BJISICHO); MPOMSHATA B CTOMHOCTUTE Ha EIIEMEHTUTE
Ha Matpunata TURN, monenupama npoMeHnuBara
turn 3a mpolecuTe OT JiBaTa MOTOKa; Mpo3opera Ha
€/IHOKaHAJIHOTO yCTpOMCTBO, MOJIENHpAIIo
KpUTHYHATa CceKUus (Tope BISICHO); Mpo3opena Ha
o0IIMs pecype M ACHCTBUATA MO IPOMSHATA B HETO
Ha MPOIIECHTE OT JIBaTa MOTOKa (o[ Mpo3opena Ha
eAHokaHanHoTo  ycTpoiictBo  RESOU).  Ilpm
KOPEKTHO HW3MBJIHEHHE TpsiOBa  CTOHHOCTHUTE,
3alMCaHd OT WbPBHUS TMOTOK TPOLECH Ja ce
paznuyaBaT ¢ He mHoBeye OT 1 OT CTOMHOCTHTE,
3aMMCaHu OT TPAH3aKTUTE OT BTOPHUS MOTOK.



2 GPSS World - AlgoritymPetersen. 33.5im:6

Fle Edt Seach View Command Windaw Aelp

Dlsl@l 1[=le] a2l

S AIGOTIYIIT ElBTSen 33 SN2 = BLUCK E

NS & AlgonlymPelersen 33 sim:3 = FAUILIIY

Find  Contue Hat  Step Find  Contiue Hat  Step

e 1 T 8 of

Loc | Block Type | Curent Count | Eny Court]_Relry Chan| Line
39

e [ iy || Unfzaton]”Delay Chain|” Acauistions | Avalable | Ave. Time. Qunerah] R
0 5 E 437

[mitrg ADVANCE
§ 15TRA TRANSFER

0
0

27 1 196
2 2 196

|
§ 4TRA TRANSFER 14| [EIResou
Qs6EN GENERATE 0 a4 1
&8N A55(6N £ 17
SE7ADY  ADVANCE s 1 I
¢ 8TRA TRANSFER a3 19
5 DBRESURS1  SAVEVALUE 33 bl OBSTR
10587 SAVEVALUE £ 2
€ 11h34 MAVEVALLE a3 %
¢ cHakal TEST 5 e} % Dim 2
He1ates TEST 13 265 b Dim 1 1

vzl SEIZE
S 17407 ADVANCE
168 MSAVEVALUE

197
157
1%

z]
PR . AlgoritymPetersen. 33.sim:5 - MATRIX WINDOW

B 1358V SAVEVALUE 19 2 TURN
S0REL RELEASE 196 E
£ 21158 MSAVEVALUE 136 £ i
§ NapUs1 TRANSFER 1% % X Dim 2
5 0BRESURS2  SAVEVALUE 33 7 Dim 1 1
B a5y SAVEVALUE 33 k] 1 ‘ 0
B 25Msh MSAVEVALUE 33 a 2 1
Do tresz rest ol 2 BB . AlgoritymPetersen. 33.5im:6 - SAVEVALUE ENTITIES -[ofx]
[l e 27es TEST 145 28 2 -
(mETY) ADVANCE 0 0 | 8 o
scalion -]
¢ 29TR8 TRANSFER 0 “ I Jeil e
ind  Conive Hat  Step
vize SEIZE 186 %5

[mEr ADVANCE 19 4% [Savevalue I Vahie| Rty Chain |

47 | BINTEREST 1.000 0
33547 SAVEVALUE 1% 48 | BINTERES2 0000 0
S HREL RELEASE

FEATE MGAVEVALLIE

13
19

0
0
0

€ M5 MGAVEVALLE 0 18
0
0
i

or Help press P [[Clock.

dse | @@ DB © | ©SvetamavasieveByace |[FGPSS Workd - Algort. 1 snBIFG - Fain

Due. 7. Kombunupan nposzopey 3a HabaooeHue
UBNBIIHEHUEMO HA MOOeNa HA ACOPUMBMA HA
Humwvpcoh

Ha ¢ur. 8 e mokazan renepupanus OT4ET OT
MoJleTIMpaHeT0 Ha airopuTma Ha [IuTbpchH (Ha
GPSS mopena, npencraBeH Ha ¢ur. 5). 3a pasnuka
or oryera, renepupan B GPSS World, Bcuuku
paszeny Ha oT4eTa ca MPEACTaBEeHW aBTOMATHYHO
€IHOBPEMEHHO Ha €KpaHa W He € Heo0XOoAnMOo
W3CIeI0BATEN T (MIPernoiaBaTessaT) na apaHKupa
MPO30PLUTE Ha OTHEIHHTE CETMEHTH Ha OTYera,
KaKTO € HalpaBeHO PBYHO 3a ,,[Ipo3opena’ Ha (ur.
7.
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Due. 8. Omuem om moodenupanemo Ha
aneopumovma na Humvpcon 6 Pazwupenus
peoakmop

Ha ¢ur. 9 e mokasana cHUMKa Ha eKpaHa Ha
Pazmmpenus pegakTop mo Bpeme Ha TpacUpOBKa Ha
Mojena Ha anroputbma Ha [IuThpchbH. 3a ThpceHe
Ha TPEIIKU B MOJICNIUTE, B PEAAKTOpPA UMa BrpajicHa
mojcucTeMa 3a TpacupoBka [5] (MeXaHU3bM,
MO3BOJISIBALI Jla ce ChbOMpAT AaHHU 3a JABUKCHUETO
Ha TPaH3aKTHTEC W W3MCHCHHATA HAa OOEKTHTE Ha

@ o|e5Ee nu

GPSS mozena npe3 unenust nepuoj Ha pabotaTta Ha
Mmozena). Cren U3MBIHEHUETO Ha MOJIENIa MOXE Ja
ce aHamM3uWpa [ABIKEHHETO Ha TpPaH3aKTUTE |
W3MEHEHUETO Ha JaHHHUTE. ToBa CPEICTBO MOXKE
YCIEIIHO /1a Ce M3IO0J3Ba HE caMo 3a ThpCeHE Ha
rpemiki B Mozaena (KakTo ca  TMpeaBUIAHIIH
paspaboTuunmre Ha Pa3mmpeHust penakTop), HO H
3a JeTailiHO HaOmojeHue Ha paborata Ha
MoJenrpaHaTa cuctemMa. Moxe aa ce 3afanaT mo-
MaJIKi TPaHMIM Ha 00JacTTa 3a TpacHpaHe W Ja ce
n3bepe camMo HeoOXOAMMaTa MOCIIENIOBATEIHOCT OT
OJ0KOBE B MoOjeia, HalpuMep, 3a HaCTpOiKa caMmo
Ha Ta3M 4acT OT MOJENa, KbJETO ce Mpe/ronara, e
uMa rpeuka. [2], [6] Pasmmpenust penaktop aaBa
BB3MOXHOCT Jla C€ ThPCH TPaH3aKT M0 HOMEpa My
WIH TI0O CTOMHOCTTa Ha HErOB MapaMmeTbp M Ja ce
MpOocIIe caMo HETOBOTO MPHABMKBAHE B MOJIENA.
[Ipo3operbT  OT  TpacWpoBKaTa  Ha
anroputbMa Ha [lutbpceH  (pur. 9) nama
BB3MOXHOCT JIa Ce€ TPOCIeIIT aBToMaTH4yHO (0e3
pbuHa HACTpOiiKa Ha OTACIHUTE NPO30PLUU 32
HaOJI0/ICHNE) MHTEpeCcyBalllUTe HU CTOMHOCTH. B
CpaBHEHHME C Tpo3opena OT TpacHpoBKaTa Ha
anroputhma B kiacudeckata GPSS World (dur. 7)
TyK aBTOMaTHYHO C€ I[IOKa3BaT IPO3OPLHTE
(maHenuTe) HAa CBHXpaHIBAHWUTE BEIMYMHH (T.HAp
Savevalues) u Ha mMaTpunuTe B Mojena (B JOJHUS
JSIB I HA ekpaHa). OCBeH ToBa aBTOMATHYHO CE
MoKa3Ba M HOMEpa Ha TpaH3aKTa OOCITY)XBaH B
JaJIeHus MOMEHT OT MOJIETHOTO BpeMme (B TOpHUS
nsB  bpren Ha ¢ur. 9). Busyamusupatr ce wu
CTOMHOCTUTE Ha TMapaMeTpuUTe Ha OOCITY>KBaHHS
GPSS Tpanzakr, mopenupamr mpouec (¢ur. 9
BIISIBO).
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Due. 9. Tpacuposka Ha MoOden HA an20pUMbMA HA
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4. 3akarouenue

B Pasmmipenus penakrop Ha GPSS World
ce aBTOMATHU3UpaT TroisAM Opoil omnepanuu H
JNEWCTBUSL 1O BpeMe Ha  CHMYJIAlMOHHOTO
uzcneaBane. [1] ABTOMaTU3UPAHOTO Ch3JaBaHE Ha
CHUMYJIAIL[IOHHH MOJICIIH, ,»CTaHIapPTHUS
KOMOMHHpaH mposopert”  3a  HaOIIOJeHUE
W3IIBJIIHEHUETO Ha MOJeNa M YAOOHHAT rpaduyeH
uHTepdeiic  HAa  pemakTopa, ro  MpaBsT
W3KITIOUYUTETTHO MOJIX OIS 3a yueOHU
JEMOHCTPALlMU Ha paboTaTa Ha Pa3IMYHHU CUCTEMHU.

Or pgpyra cTpaHa, HeoOXOoOUMO €
00y4eHHEeTO MO JUCHMILIMHM KaTo OrnepauuoHHH
cucremMd, KOMIIOTBpHH CHCTEMH H  MPEXH,
Wudopmanmonnu cucremMu aa Objie Mo-aTpaKTHBHO
U OOHOBSIBAHO C pa3IMYHM JAEMOHCTpAllMM Ha
u3yuyaBaHus mMatepual. [IpemiokeHuTe TyK MOJeIH
cien HeoOxoaumarta Bepu(HKaLUs W HACTpOWBaHE
Morar Jla  CiIyXaT 3a BU3yaluM3alus  Ha
MEKAYIPOLIECOPHA KOMYHHUKAIMS MTPH U3y4aBaHETO
¥ Ha Jpyrd JMCUUILUIMHM KaTto nutupanute. [lo
Hallle MHEHHE cpefaTa Ha Pasmupennst peqakTop Ha
GPSS World moxe na ce u3nomssa 3a ObJaeIu
pa3pabOTKM Ha MIMPOK KJac aJropuTMH 3a
CHUHXPOHM3ALUSL.

[o-3apbnboUeHoTO W3I0JI3BaHE Ha
BB3MOXXHOCTUTE Ha PasmmpeHus penmaktop Ha
GPSS World 3a nemoHcTpanusi Ha aaropuTMH H
TAXHOTO MHTETPUpaHE B yUEOHHS MPOIEC MOXKE Ja
MOBHUIIM  KAa4eCTBOTO  Ha  OOydYeHHETO  Ha
CTYACHTHTE.

PaGorara B TOBa HampaBieHHE e
MOPONBIDKH C aHAIM3 W MPWIOKEHHWE W Ha JPYrH
cpemu 3a MIM na “Onuna Kommbrotep” [5] kato
HampuMep YHHBEpCAIHUs pelakTop Ha dopmure,
KOWTO MpeaocTasst olle Mo-00raTi Bb3MOKHOCTH 32
JIeMOHCTpUpaHe paboTaTta Ha Pa3IMYHH CUCTEMH H
QITOPUTMH: CHEeUUaIHN (QOpMHU 3a HaOJronaBaHe
JUHAMUKaTa Ha WM3MEHEHHWE Ha II0Ka3aTeluTe Ha
MoJiefla TI0 BpeMe Ha CHUMYJalMATa; MOCTPOsSBaHE
Ha creHapuu 3a 2-D aHuUManus; aBTOMaTH3HPAaHO
W3rpaXJaHe Ha TUIAHOBE HAa EKCIEPUMEHTHUTE MO
n30panu (PaKTOpPHU W TPAHUIM HA M3MEHEHUETO HM;
WHTEPAKTUBEH aHalU3 Ha  pe3yiaTaTHTe  OT
eKCIepUMEHTa 1O JAWHAMHYHM  (QOpMH, IO
aHMMalMOHeH  3aluc Ha  CHUMyJauusAra W
qUarpaMUTe Ha M3MEHEHHE 10 BpeMe Ha
eKCIIepUMEHTa 10  MPEABAPUTENIHO  H30paH
cucremMeH umcioB arpudyr ot GPSS wmopena;
HaJMyue Ha 0a3a OT JaHHW 3a BXOJHUTE JIAHHU U 32
pe3yATaTHTE OT EeKCIIEPUMEHTHUTE.
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U3I'PAKIAHE HA IPTV CUCTEMA YPE3
WINDOWS MEDIA® ILIAT®OPMA

BJIIAAMUMUP JTUMUTPOB, HAIEXIA CTPAXKAKOBA

Pe3rome: B cmamusma ce pasenesicoa uzepasxcoanemo u uzcieosanemo na IPTV cucmema,
oasupana na Windows Media niam@opma. Upes usnonzeane na HeuHume b3MOAICHOCIL €
rkongueypupana IPTV cucmema, uzivueHo e MyaimumeOutiHo coObPAHCAHUE NO MPENHCAma U
e ananuzupan npedasanusi mpagux. 3a yerma Ha excnepumenmume ca U3NOJ36AHU
npeosapumenio KOHGePmMupanu Kiunoge 8 yugpos gopmam. Mzmounuxvm na uoeomo e
Xapo OucKoso ycmpoucmeo.

KuarouoBu gymmn: IP TB, Windows Media nram¢popma, Windows Media enxooep

DEVELOPMENT OF IPTV SYSTEM THROUGH
WINDOWS MEDIA® PLATFORM

VLADIMIR DIMITROV, NADEZHDA STRAZHAKOVA

Abstract: This article examines the construction and testing of IPTV system based on
Windows Media Platform. Using its capabilities, IPTV system is configured to broadcast
multimedia content over the network and this traffic is analyzed. For the purpose of the
experiments were used previously converted videos in digital format. The source of the

video is a hard drive.

Key words: IPTV, Windows Media Platform, Windows Media Encoder

1. BnBeaenne

IPTV (Internet Protocol Television) e
yciyTa, IpeAHa3HaueHa 3a 3alIUTEeHO MIPEeI0CTaBsIHE
Ha BUCOKOKAYECTBEHO TEJIEBU3MOHHO ChIbpIKAHUE
7/ WM BUAEO N0 TIOMCKBAaHE IO IITUPOKOJIEHTOBA
mpexka. [1] IPTV e TepMmuH, KOHTO ce mpuiara 3a
MpeJOCTaBIHE Ha TPAJAULNUOHHH TEJICBU3MOHHU
KaHa, GUIMH U BHJIEO ChIbpXKaHHE 10 yacTHa [P
Mpeka. OT TiiemHa Touka Ha KpaHMS TOTpeOHTe,
IPTV wmsrnexxga u paboTu caMo KaTo CTaHAapTHA
IlaTeHa TeleBU3nOHHa ycnyra. OdunuaiHoTo
ompezneneHne oAo0OpeHo OoT MexayHapoaHaTa
Tenexomynukannonna opranusanus (ITU) ¢ Gpokyc
rpyna IPTV (ITU-T FG IPTV) e cnexgnoro:

IPTV ce ompenens kato MyJITUMEOUHA
yciyra - TeneBusus / Buaeo / ayauo / TEKCT /
rpaduka /maHHM, nperoctaBeHu mno [P Gazupanu
MpPEXH, CBH3JaJIEHH Jla OCUTYPIT HEOOXOAMMOTO
HUBO Ha KadecTBO Ha yCiIyra, CHTYpPHOCT,
MHTEPAKTUBHOCT u HAaJEKITHOCT. [1]

Ot renHa Touka Ha JocTaBuMka Ha ycmyru [PTV
oOxBamia mpuaoOMBaHe, 00paboTKa M CUTypHa
JOCTaBKa Ha BUIEO chabpkanue no IP Gasupana
MpekoBa HH(PpacTpyKTypa.

2. Windows Media niaatdgopma [3]

Windows Media miatdopmaTa MOXKe JIeCHO
¥ aBTOMATHYHO Ja oOpas3yBa W IpedaBa ayano M
BUJICO TIOTOIM TIO TOJIEMH, OaBHM WM HEHAJICKHH
OOIIECTBEHN CHOOLIMTEIIHU MPEXKH, KAKTO M TI0
MaJKkH, Obp3W YacTHH Mpexu. KommoHeHTHTEe Ha
mwiaropmMaTa ce HU3MON3BAT B IIMPOKa rama oOT
NPOIYKTH M CHCTEMH — OT MOPTaTUBHU YCTPOMCTBA
C HHCKa IpOIyCKAaTelHa CIIOCOOHOCT, WHTEPHET
pagMoOCTaHIMM 10  YCTpoiicTBAa ¢  BHCOKa
JNETalIHOCT ~TpU  HM3IbUBaHEe Ha  (UIMOBO
ChIbpXKaHWe B KuHarta. [lopaam Ta3su BB3MOMKHOCT
3a JIECHO aJlalTHpaHe KbM IIPOM3BOJICH OPOil Mpexn
W BB3MpOM3BEKIaHe Ha cpenara, Windows Media
wiatrgopMaTa ¥ HEHHUTE KOMIIOHEHTH OCUTYpSBAT
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nneamHa cpena 3a MIPEIOCTaBsIHE Ha
BHCOKOKauecTBeHa ycmyra 3a IPTV notpeburenute.

3. Windows Media niiardopma u IPTV

Brerpeku ge, Windows Media
wiathopMaTa MOXKe Ja CE H3IMO0JI3Ba [0 MHOTO
pa3NMYHM HAa4YMHU B HACTOsILIATa CTAaTUs ce
pasraexaar QyHKOUHUTE W, KOUTO ce IpHiIaraT KbM
tenekomyHukanuonsa IPTV cucrema.

Ts ocraBa enHa OT HaH-JOCTBIHHUTE U
KOHBEHITMOHAIHH TIaT(opmu 3a pazBurue Ha [PTV
peuienusi. Bb3MoOXHOCTTa ¥ 3a MHTErpUpaHe Ha
MHOXKECTBO CHEUM(UYHU JOMBIHEHUS KbM JIaJCHO
IPTV npuioxeHHe U TOJSIMOTO  KOJIUYECTBO
JIOCTHITHA JTOKYMEHTAIIWsA, CIIoco0CTBaT 3a m30opa
Ha Windows Media mnardpopmara [4]. Ts e
npoekTupana na paboru edexruBHo npu [P mMpexu
¢ pasim4HO KaudecTBo. Kommonentute i moraT na
OpgaT HAaCTPOGHM [Ja C€  BB3IOA3BAT  OT
MpeMMCTBaTa Ha MpPEXKOBUTE YCJIOBUS, C IEl
ONTUMM3MPAHE Ha PECypCUTE U IPETOBAPBAHUSATA
Ha MpeXaTa KaTo HaMajsBaHe Ha HEOOXOAMMOCTTa
OT KOpeKuusi Ha Tpemkdn u Oydepupane.
Te morar ga ce cBbpKaT U KOHPUIYpHUpAT O HAl-
pa3InyHU HAuMHY, 32 Ja CE Ch3AaaT PelIeHUs 3a
nbJiHa OUppoBa cpella HAa JOCTaBKa OT Kpad 1o
kpai. Hanpumep, Moxe na ce Cb3hane pelleHue,
KOETO HHTErpupa XaplIyepeH €eHKOoIep, KOMTOo
N37pYBa IOTOLM AUPEKTHO KbM LU(DPOB AECKOAEP
Set-Top Box, kakTo e nokazano Ha ¢urypa 1.

TeNegnaop

TENEBN3OD

Windows Media
Player

MpumepHo XapayepHo peleHne

Windows Media

Services 9 Series

§—o— N,

Windows Media nnatcpopma
¥apayepeH eHKOEp/CHPELD

Aaroynme
_.

AarodHng
-
Windows Media
Encaoder 9 Series

@ue. 1. Ilpumep 3a dse IPTV pewenus om
Kpaii 0o kpaui [3]

Windows Media Services pemeHHETO OT
ropata ¢urypa € B CbCTOSHHE Ja MpelaBa B
PSKUM  YHHMKACT WM MyJdTHKacT 10 Windows
Media Player u Moxe 1ma W3Ib4Ba B PEATHO BpeMe
WIJIA BHJIEO JI0 TTOMCKBaHe. XapayepHOTO PEIIeHne €
NpeAHa3HAa4YeHO caMo 3a MpeJaBaHe Ha MYJITHKACT
ChBbpPKAHUE B pEalHO BpeMe, TUPEeKTHO KbM STB.

[3]

4. U3rpaxnane Ha IPTV pemenue

B crarusra e npemioxena IPTV cuctema,
paborerma ¢ kommioTpu ¢ Windows omepammoHHa
cuctema. M3momssa ce aeseta Bepcus Ha Windows
Media mnardopmara, BrmouBama Windows Media
Encoder, Windows Media Services u Windows
Media Player.

ChBpeMEHHUS TEXHOJIOTHYCH KaIlaluTeT Ha
curypHoctTa e BrpajsieH B Windows Media Services.
MexaHn3Mnu 32 aBTEHTHKAIWS W OTOPH3AIHA
rapaHTHpaT CHUTYPHO NPEXBBPJISHE HAa JaHHHU OT
€HKOJIep KbM CHPBBP, OT CHPBBP KbM CHPBBD U OT
KJIUCHT KBM CBPBBP 2] [5].
3a menmute Ha paboTa € M3MON3BaHA BHPTyallHA
manaa ¢ Windows Server 2003 u Windows Media
Services. Bupryamnara wmammHa pasmnojara Cbe
cnequute pecypeu: mpoiecop Intel Core i3, RAM

amMer 1GB, wmpexoBa  kapTa,  JIUCKOBO
npoctpancTBo 12 GB, 3BykoBa KapTa, BHIEO
koHTposep. (OO0oOmeHa cxemMa Ha ONWUTHATa
KOH(QHTypalus € IoKazaHa Ha Gurypa 2.
S
wMs
HOekonep
Windows Media
Encoder €\ Pupexa <&
Windows Media
Windows Media Player
Player
Capenp PC

Duz. 2. Onumua nocmanoéka Ha
uzcneoeanama IPTV cucmema

Ts chabpka CIEAHUTE KOMIIOHEHTH:

- M3mpuBam uzrounuk — Windows Media Services
MOAIbPKAa KaHalu, MO KouTo ce u3nmpyBa [PTV
CBhBPIKAHUETO.

- WzmbuBamg enkoaep — BxojeH nupoB moToK ¢
BACOKa CKOPOCT OT  M3TOYHHKA  (JUCKOBO
YCTPOUCTBO) C€ KOHBEpTHpa KBM  H3XOJEH
KOMITpECUpaH 1 (opMaTHpaH MOTOK 3a IMpeaaBaHe
no [P mpexa. Enkozmepa e codryepHa mporpama,
KOATO C€ U3MBJHSBA HAa BUPTyalHATa MalllHA, HO
Ou MorJIa Jia ce 3aMEHHU OT CIenUu(YUIHO Xap,IyepHO
YCTPOMCTBO. XapAyEepHOTO YCTPOMCTBO MOXKE Ja
BKIIFOYBA (DYHKIIMOHATHOCT, KOATO MYy ITO3BOIISBa
Jla BBPIIU ChIMaTa paboTaTa KaTo MEIUS ChPBBD.
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- UznpyBaiia nmoroyHa cucreMa — Meausi ChpBBD,
KOWTO € M3TOYHUK Ha peaulla KOAUPAHU MOTOLH 32
U3I'bYBAHE 1O KIUEHTH B Mpexara. CbpBbpPBT
MOXKE J]a OCUTYpU NIpPEIaBaHE HAa MYJITHUKACT WIU
YHHUKACT MOTOIH.

- Jlokanna mpexa — IP mpexa, cBbp3Balla Cbpbpa
c KJIUEHTCKUS KOMITIOTBP.
- llorpeburencku xommioTep — I[IpeoGpasysa
MOTOKa OT JaHHHW B CUTHAJ, KOMTO ce BU3yalau3upa
Ha mucmies. Curmanst Moxe na 0sne SDTV wu
HDTYV. [IpoBenenu ca u3cieaBaHus IPU BUAEO ChC
CTaHJapTHa W BHUAEO C BHUCOKa pesomonud. SD
BHJICOTO MIPUTEKABA CICAHUTE XapAKTEPUCTUKU:

- Bunmeo-pezomonims 512 x 384, makcumanHa
ouroBa ckopoct (total bit rate) 1287 kbps, 23fps;
- Aymmo- OuroBa ckopoct 121 kbps, 2 kanana

(stereo), ckopoct Ha cemmmpane 48 kHz.
HD BUIEOTO MpUTEKABA CJIeHUTE
XapaKTEPUCTUKH:

- Buneo-pezomonusa 1280 x 720, makcumanHa
outoBa ckopocT (total bit rate) 1381 kbps, 241fps;
- Aynamo- OutoBa ckopoct 330 kbps, 6 kaHama
(stereo), ckopoct Ha cemmmpane 48 kHz.

Pesynararute or npemaBaHus TpaduK  mpe3
EHKOJIepa ca TMpeJICTaBeHu B TaOJMUuYEH BHJI,
CHOTBETHO B Tabmuiu 1, 2, 3 u 4.

Tabnuya 1. SD ayouo

Tabnuya 2. HD ayouo

Aynno Aynamno KomOunupana
BXO/JT U3XO0]T outoBa
CKOpOCT

en an +—
So |48 | S0 a8 |By | BT
&= &= X = 02
€= |kHz | E = | kHz | 8 = Kb
n %) = pS
= 2 = 2 E = 44
@ @ oo kbps
= 2 =
L 9 5 128. | ‘& 917.
EE| 0 | 8| 2 | wE | 0
B S = kbps | < kbps

= 2 | 128

£ Z 02

O S | kbps

s 128.

O

9 E | 02

< kbps

Aynno Aynano Komb6unupana
BXO/I HA3X0J ouTOoBa
CKOPOCT
en en —
% o | 48 % 3 48 "; o 1%128'
= £ | kHz = £ kHz | & E b
n %) = ps
72 e £ o | 1459
= 2 = 2 E ; 62
5 5 O & | kbps
N o R~ =
L 0 5 128. | 5 1405.
EE| 0 | gE |2 | 8E| 7
B = kbps | < kbps
‘g ﬂ_.c; 128.
g = 02
O S kbps
o 128.
< 2 02
;E kbps
Tabnuua 3. SD suoeo
Bugeo Bxon Buneo uzxon
Width | 512 | Width | 512 | Max. | 800.0
& X & X bit 0
Height | 384 | Height | 384 | rate kbps
Max. |239| Max. |230| 5 & | 7804
f 8 | f 0 | 5= | 2
ps ps O S | kbps
Current | 240 | 5 » |240| AV& | 7889
fos | 0 | & | o | bt | 9
p O rate | kbps
Total | 339 | Total |216| ' |
frames | 56 | frames 1 P
drop
wn D wn In-
o O o O
Y o,
§ S 0 g = 0 comp 0
=~ 5 = 5 drop
Post-
comp 0
drop
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Tabauua 4. HD suoeo

Bumeo Bxox Buneo n3xon
Width 1280 é_:,fn 1280x qu. 1381.
& Iym0| B8 | 720 | 1| 00
Height = T rate | kbps
= 9| 1331.
l\ga:. 238.9 l\ga:. 73.08 ﬂg) g 61
p p O S | kbps
= Avg. | 1277.
Cufrr:nt 1%'0 E&| 1446 | bit | 75
p O rate | kbps
Total . od
Total 1527 | frame | 1446 |2 E & 0
frames < A~ 8 I
82 6% £ o
SE 0| EE| 4 |88
~ 3 ~ 3 k=
&L &g
»n & J
cg5 °

5. 3akjII0ueHne

IIpennoxenoro pemenue 3a IPTV cucrema
e OasupaHo Ha mpoaykture Ha Microsoft. Ot
HaIPaBeHUTE EKCIIEPUMEHTH MOXKE Jla Ce HAIpPaBH
u3BoJ, ue wusnon3Banero Ha Windows Media
Encoder  mpenmoctaBs — mmpok ~ HaboOp  OT
BB3MOXKHOCTH 3a KOJIMpaHE Ha ayauo M BHJIEO
nmaHHu. ToBa € BakKeH MoKa3aTesl Thi KaTo paboraTta
B TJo0amHAaTa Mpexka Mpenarnojara CBbP3aHOCT C
pa3IMYHU  MpPEXH, ~ OpeUlaramy  pasindHH
ckopocTtd. 3a paboTra ¢ TakWBa MpPEKH €
HEoOX0/JMa I'bBKABOCT OT CTpaHa Ha M3IIbuBallaTa
cucTeMa, u3pas3siBamia ce BBB BB3MOXKHOCT 3a
paboTa ¢ paznUYHA CTENEeH Ha KOMIIpEeCHUpaHe Ha
npenaBaHata WH(OpPMANWs C I TMOCTUTaHe Ha
MaKCHMAJIHO Bb3MOXHO Ka4eCTBO.

B tabmumm 1, 2, 3 u 4 ca npencraBeHH
pe3ynTaTH OT MPOBENEHUTE eKCIepUMEeHTH. Brxma
ce, 4e CKOpPOCTTa Ha IMOTOKa NpPU HM3TbYBaHE HA
BUJICO C BHCOKA PE3OJIIOLUS € 0-BUCOKA OT Ta3H 3a
MOTOK ChC CTaHJAPTHA pe3oitoius. ToBa ce JbIKH
Ha TMoAOpaHHWTE TapaMeTpy Ha EHKOoJepa, LESIIH
3ala3BaHe  Ha  NPHEMJIMBO  KauecTBO  Ha

H3JBUBAHOTO ChAbP)KAHWE IPH HaMaJlIBaHE Ha
W3HUCKBAHHSATA KbM IPEHOCHATA CpeJia.

OT pesynraTuTe € BHIHO, Y€ IO-ToJIsiMaTa
ygacT oT Tpadwuka, reHepupan 3a IPTV ce manma nHa
BUJcO AaHHUTE. Ha maHHuTE 32 aynuoTo ce majaT
mox 16% ot obOmus morok. I[lpum mociensario
HaMaJsiBaHe Ha CKOPOCTTa Ha ITOTOKa 3aro4Ba I10-
CHJIHO Ja ce 3a0es3Ba BIJIOIIABAHE HA KAYECTBOTO
Ha KapTUHATAa.

Karo HemocTaThbKk MOKE Ja Ce€ IIOCOYH, Ye
Windows Media Server pabotm caM0O C BHIEO
¢dopmar .wmv. [Ipu Hanmuen ¢aiin B 1pyr Gopmar,
CBHIIUAT TpsiOBa 1a ObAE  MPEIBaApPHUTEITHO
KOHBEpPTHUPaH KbM .wmyv. ChIO Taka OWxa MOTIH
Jla Ce TOCTUTHAT W MO-J00pH pe3yJiTaTH aKo Ce
M3II0JI3BAT Xap/yepHH yCTPOUCTBA.

HampaBeHuTe ekcriepruMeHTH TOKa3BaT, 4e
peanm3anuaTa UM € 10 CHJITTE Ha HICKO OFOJKETHH
OpraHu3alMyd — IIeHaTa Ha JjuueH3 3a Windows
Server Standard niu Enterprise n3nanue Bp3nn3a Ha
oxo510 6008.

Karo cnenBama cThIka MOXKEe Ja ce
npeioxu uscneasadie Ha IPTV cucremara wu
TTOBEJICHUETO 1 B peasiHa MPEKoBa cpena.
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COPTYEP 3A OTKPUBAHE HA
Bb3MOXHOCTHU 3A MHOI'OHUILIKOBO
N3ITBJIHEHUE HA ITPOI'PAMMUTE

MAPUSA MAPUHOBA

Pe3rome:  Hsnonzeanemo Ha Keul HA PpA3IUYHU HUBA 8 NpOYecopume Nno360.116d
U3NONI36AHEMO HA MHO2OHUUKOBUSA MOOE] 3 NPOSPAMUPAHe. 34 MAKCUMAIHO HAMOeapeaHe
Ha npoyecopa u Cv30d8aHe HA ONMUMATIEH OpoU HUWKU e HeoOXOOUuMOo U3NOJ38aHe HA
|IntelVTune Performace ananuzamop. Tosu ananuzamop npediaza epyna om Cemniupauju
MexXHUKU 3a HabII00eHue U AHAIU3 HA NPOSPAMHAMA RPOU3E0OUMETHOCTI.

KawvoBu aymm:
Henonaoexue 8 Keuld

MHOCOHUWUKO8  npocpamMen MOOEJZ, cemniupane, 4dYecmoma Hd

SOFTWARE TOOLS FOR MULTITHREADED
EXECUTION OF PROGRAMS

MARIA MARINOVA

Abstract: Using of cache from different levels gives an opportunity of programmer to
building multithreading programs without data dependencies. In this paper is shown how

to find hotspots in programs with Vtune Analyzer and techniques for avoiding them.

Key words: multithreading program model, hotspots, coldspots

1. OCHOBHH MOJIOKEHHA

ChbBpeMEHHUTE TEXHOJOTHH MO3BOJISABAT Ja
ce B3aUMCTBAT NPUHLIUIUTE HA H3MNBIHEHUE Ha
nporpamMuTe B Cynepkommiorpute. M3momsBar ce
MHOTOSZIPEHH W XETePOreHHH  MPOLECOPHHU
ApXHUTEKTYPH, KOHTO MPEIOCTaBAT "
BB3MOXHOCTHTE 32 H3MOJ3BAaHETO HA Pa3IHYHU
OpOrpaMHU  MOJENM IpPU  HM3IBIHEHHETO Ha
nporpamuTte — ¢ur. 1.

BzaBucumocT OT Kak e peanm3ApaH
JIOCTBITBT J0 MaMeTTa M HauWHA HA CBBHpP3BAHE HA
spara ChBPEMEHHUTE TIPOIIECOPU MoraT Ja
M3IIOJI3BAT EMH WK KOMOWHAIMS OT TIPOTPaMHUTE
Mojenu  mokazaHu Ha  ¢ur.2.  PasnuuHuTe
KOHQUTYpallUd C€ ONpEeACNsIT OT TOBa KElml OT
paznmmunute HUBa(H1, H2) manu me ce mHTEerHpa B
guma W KakbB Kem Ie C€ H3Moi3Ba —
ob6emuuen(KH?2) umu pasnenen (H1-W) 3a nanau u
nHcTpykuuu(H1-/1).

B 3aBUCUMOCT oT XapauepHara
apXUTEKTypara  ChIIECTBYBAaT  OCHOBHO  JBa
nporpaMHH  Mojella —  message-passing W
npoepamupane ¢ odbwa namem -  Qur.2
(multithreading).  Ilpu  mporpamHusi  MozAen
»pefaBaHe Ha choOIIeHns ‘(pur.2a) € HeoOXOAMMO
nporpamara Ja ce KONWpa Ha BCEKH €JIWH ITb3el,
KOUTO M3IBJHABA IMOCICIOBATCIHUTE 4YacTH OT
KOJIa M CaMO YacTa OT MapasieIHUs YIacThK 33/1a/IcH
oT MPI unctpykiuure.

KbMm JHEIICH MOMEHT Hal-4ecTo
MIPOTPAMHUTE CE MHIIAT KaTo TOCaea0BaTeTHH (serial
code) W ce WBNBIHABAT OT CHBPEMEHHHUTE
MHOTOSIIPEHN KOMITIOTpH B multitasking pexxum.
Nma mporpaMHH €3HWIH, KOWTO TPEIOCTABST
BB3MOXKHOCTH 32 TIPOTPAMHIPAHETO HA HIUBO HUIIIKH,
kato Java, C# wmu ga ce usmomsBa PThreads B
nporpamu, HamucaHu Ha C++. Illpm TiIX uma
crenMajeH Kjac, dYpe3 KOHTO ce 3amaBaT |
MaHHITYJIUPAT MHOKECTBOTO HUIIKH. 3a Pa3JiuKa OT

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria

ISSN 1310 - 8271



-226-

tesn e3umm OpenMP (¢dbwur.26) e crammapt 3a
nporpaMupane ¢ o0la namMeT ¥ IpelCcTaBlsiBa
NpwiokHO Tmporpamer  uHTepdeiic (API) 3a
MapayIeTHO MTPOTPaMUpaHe Ha MYJITUIIPOLIECOPH.

Ipouecopno sigpo 1

HI1-J HI1-U1 L1-[1 L1-1

IpouecopHo siapo n

| I
a) KELI H2

I kbM OIT

IIpouecopuo sipo 1 ITpouecopHo siapo n

HI1-/ H1-U L1-1 L1-1
I I I I
I I I I
KEILI H2 KEILI H2
| I
I I
6) | |
kbM OIT B/
Ipouecopuo sigpo IpouecopHo sigpo n
L1-[ L1-U L1-1 L1-U
KEII H2 KEI H2
KEII H3
I I
I
| | |
B) kbM OI1 B/

Due. 1. Paznuunu KOHGUISypayuu npoyecopHu
apxumexmypu.

OpenMP pabotu B xomOunamus ¢ Fortran, C, C++
1 BKJIIOYBA MHOKECTBO JUPEKTHBU 32 KOMIMJIATOpPa
n  OWOJMOTEKH OT TONTbpXKAIKM  (YHKITHH.
Uznon3sa moxena 3a pasnapanensBane fork/join —
nporpamaTta ce HM3IBJIHSIBA IOCIEIOBATEIHO KaTo
MMa caMo eJIHa IJIaBHA HUIIKA T.Hap. master 10KaTo
HE C€ TOSIBM JUPEKTHBA KBM KOMIIMJIATOpa
#pragma, ¢ KOSITO C€ 3a/1aBa, Y€ ClIeIBa KOJ, KOUTO
IIe CE M3IIBJIHU €HOBPEMEHHO Ha HAKOJKO HHUIIKH.
3a menara riaBHaTa HUIIKA Ch3/1aBa HOBH HUIIKH H

0 TO3M HAYMH HaW-9eCTO Ce  IOKpHBa
M3MTBIHEHNETO Ha WTEpaluTe Ha IHKbIa.Beska
HUIIIKA HMMa CBOM U3IIBJIHUTCIICH KOHTCKCT —
aJpecHO TPOCTPAHCTBO Ha IMPOMEHJIMBHTE, JIO
KOWUTO HUIIKaTa MOKE J/ia OCBIIECTBABA OCTBII.
MB3IbIHUTETHUAT KOHTEKCT CbAbpiKa CTAaTUYHU
MIPOMECHIIUBH, JTUHAMUYHO pasmnpezeneHu
CTPYKTYpH, W TIPOMEHIUBU OT run-time creka. B
JOITBJIHEHUE CHABPKA COOCTBEH JOIBIHHUTEICH
run-time CTeK 3a paMKUTEe Ha (PYHKIUUTE, KOUTO
W3BHKBA. YJOOCTBOTO TIpH TPOTPAMHUPAHETO C
OpenMP ce nbmku Ha BB3MOJKHOCTA BCSKA HUIIIKA
Jla ©Ma JIOKAJTHU TIPOMEHIUBH.

IIpenaBane Ha CHOOIICHHS

P1
E L
P2
IIpenaBane Ha naHHKTE IO MpeXaTa
Pn I I —

Ipoyec 0 Ilpoyec I Ilpoyec n

(a) IIporpaMeH MoJieI ,,lIPEIABAHE HA CHOOICHHS
Enna

HUIIKA MHOroOHHIIIKOBO W3NIbJIHEHHE

I'naBHaTa HUIIKA Ch3/1aBa
JIOIIBJIHUTEITHA HUIITKHA

Huwxa

Ipoyec
(0) MHOTOHHIIIKOB MOIEJT

@Due. 2. [lpoepamuu moodenu

W3nomnsBaT ce aHaNM3aToOpy Ha MPOTPAMUTE, C LEl
OTKpHBAaHE Ha Yy4YacTbLUTE, KOUTO 3a0aBsT
m3NbIHEHHEeTO HW. 3a moapoObeH aHaimM3 Ha
H3IIBJIHEHUETO Ha MHOTOHHUIIKOBUTE MPOTpaMu ce
u3noi3Ba copryepHusT umHcTpyMmMeHnT Intel VTune
Performance Analysis.
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2. AHaju3upaHe Ha U3NbJIHEHHETO HA
napaJieJi-HH IPporpaMu ¢ copryepHara
Texnuka Intel VTune Performance

Besika mporpamMa MoKe YCIOBHO Ja ce
pasgeny Ha JBe YaCTH: e[HaTa IOMJISKH Ha
ontumm3arus  (hotspots) W dYacTta, KOSITO HE
TOIeXKHU Ha onTuMu3anus (coldspots). [lpumepu 3a
,,TECHH MecTa™ ca Te3W y4acTbLHU OT Mporpamara,
KOUTO HW3HWCKBAaT MHOTO W3YHCIEHUS, OTHeMar
3HAUYMTENIHATA YacT OT HM3IBJIHEHHETO Ha ISUIOTO
npwiokeHue. duHaTa HACTPOWKA W ONTHMU3AIHS
Ha Kojga € oco0eHo edeKTHBHA B TOJEMH
MIPUIIOKEHUS, U3BBPIIBAIIA 00pabOTKa Ha TOJIEMHU
00eMH JIaHHH, MaTeMaTUYeCKH HM3YHCICHHUS, KaKTO
W TIpU TIpecMsATaHe Ha 3BYK W m300pakeHue. Beue
MOXETe C MHHUMAJIHH YCWJIHS Ja OTKpHBaTe |
npemMaxBaTe  «TECHHTE  MECTa» B  CBOUTE
MPWIOKEHUS, Jia TOJI3BaTe HarjiejaeH TpaduvcH
naTepdeiic 3a mmathpopmu  Windows, TACHO
HMHTETPUpaH ChC cpejia 3a pazpadorka Visual Studio
NET. Cpencrpara 3a Obp3a jeraiiuszanus nomarat
MOMEHTAJIHO Ja C€ MpEeMHHE KbM MpPOOJIEMHHTE
penoBe copc koxa. M3mom3BaHata (GyHKOHS 3a
CeMIUIMpaHe ToMmara Ja ce IMoJlydyaT MaKCHMalIHO
JOCTOBEpDHM  CBeleHMst  3a  paborara  Ha
NPUIOKEHUETO ¢ MUHUMATHH W3KPHUBSIBAHUS TPH
u3MepBaHuaTa. OHUKCUPAHETO Ha CHCTOSHHETO Ha
npolecopa momara Aa ce ONpenueNaT MpodjeMuTe
OoT poma Ha 3aryba Ha WHpOpMANMS OT Kela.
OyHkimaTa 32 aHAIW3 HAa  KJIFOYOBH  TOYKH
»Hotspots Analysis“ mo3BossiBa Aa ce mperiexnaT
pe3ynTaTuTe OT CEMIUIMPaHEeTO 10 BpeMe W II0
CBOUTHSI ¢ HSAKOJKO HUBa Ha m300pa3sBaHe, 1a ce
MOKa3BaT MOAPOOHU CBEACHUS 3a OTIEIHU MPOLECH
B OIlepallMOHHAaTa CHCTEMa, 3a TIOTOKa, 32
paboremust MoOmyJ, (QYHKIUSA/METOZ, KOHKPETCH
pen B KoJa WIM 3a OTJAEIHAa MHCTPYKLIHUS Ha
MalllMHEH €3UK WM Ha aceMOjep, KOeTo momara
SICHO Ja ce wuIeHTHQuIupar npobieMuTre B
paboTara Ha TIporpamMara.

Codryepst Intel VTune BkIouBa: MOmy
cemmuiupane, moxysn Graph Call, moxyn Counter
Monitoring,  Quick  Performance  Analysis.
PasznuuHuTe MOIYNH Ce M3MON3BAT 3a PA3IHUYHH
napameTpu Ha mporpamure. Hampumep moxe na
n3no3Bame cemiuinpane win callgraph texnuku, 3a
3a ompenenuM NOpoOJEeMHUTE MecTa B KojJa
(amropurmute). Mzmomsame Quick or Complete
Performance Analysis wizard, 3a ja u3sciensa cbe
sampling data collector. Ha nHuBO mnpuioxenue
TpsiOBa mga ce HabmomaBa caMoO CBOWTHETO
Clocktick. Axo ce wHTepecyBaMeé H®  OT
MHUKPOApXUTEKTYPHOTO HUBO, MOXKE it}
HaOJroIaBaMe W JIPYTH  CBhOUTHS TpU  TOBa
uscneqBane. ThpcuM 00JIaCTH B KOJIa C BHCOKO
nokazanne Ha Clocktick Oposiua. IIpemunaBane

KBM sourece view, 3a Jla U3cje/[BaMe allTOPUTMHTE,
KOUTO MOTaT Jia ce Moa00psIT.

OTHpaBHaTa TOYKa IIpU ONTHUMHU3ALUA Ha
JAJICHO TPWIOKECHUE, € YTOUYHSBAaHE Ha IIEIUTE,
KOUTO CU TocTaBsaMe. V3CHeHNTE e HA ToMaraT
na n3bepeM HeoOXoaumaTa CTpaTerus, KOSTO IIe
mocTurueM 6e3 MHOro  ycwims. AKo  ce
WHTEpeCyBaMe€ OT TIOCJICTHUTE TEXHOJOTUU B
MPOIIECOPUTE, MOXKEM J]a HACOYMM BHUMAHHETO CH
KbM ChOOpa3siBaHe Ha co)Tyepa C MpeUuMCTBaTa Ha
HOBUTE Mporiecopu. KaTo HampuMep H3MO0I3BaHETO
Ha  HYPER-THREADING texHojoruara B
MPOLICCOPH, KOMTO MOAIBPKAT MHOI033aJa4HUd H
H3rpaacH OT HAKOJIKO HUIIIKHA IMPUIIOKCHUS.

OcHOBHATa METOJOJOIUs 3a ONTHMH3AIIN,
3armo4Ba Ha CHUCTEMHO HHBO W TMPOJbBIDKAaBa B
IBIOOYMHA, KAaTO JIOCTHTa MHKPOAPXUTEKTYPHOTO
HHABO. AKO HE CM€ OTPEACININ IEIUTE CH, TPSAOBa
Jla peamu3upaMe aHaIu3a HUBO 10 HUBO B CIICTHUS
pen — OT Hali- HUCKOTO 0 Hai- BUCOKOTO HUBO:

-Bucoko HUBO — cucremara;
-MeXIMHHO HMBO — IPUJIOKEHUS, IPOIPAMH ;
-HucKko HUBO - MUKPOapXUTEKTYPa;

[IepBO TpsiOBa na ce mpoBepHw Janu HsMa
TECHH MeCTa Ha CHCTEeMHO HHBO. BemHBXK KaTo ce
MOJICUTYPY MHUIIMATU3ANMATa Ha MpoLecopa na ¢
ONTHMAJIHA, TPSOBA J1a Ceé HACOYM BHUMAHHETO KbM
TECHUTE MecTa B caMOTO mnpuiiokeHue. Cien ToBa
KbM TECHHTEC HHBAa B MHUKPOAPXUTEKTyparta.
OCHOBHOTO IPaBHJIO, KOETO TPsiOBa Jia ce cria3Ba e,
e me JOCTUTHE TMo—100Bp pe3yiraT B
MIPOU3BOIUTEITHOCTTA, PAOOTEHKH Ha BUCOKO HUBO,
OTKOJIKOTO aKO C€ HMHBECTHpPA CBIIOTO BpEeME B
paboTa Ha 10 — HUCKO HHUBO. AKO C€ CJellBaT Te3H
CTBIIKH, TIIe C€ JOCTUTHE Hall — No0pus pe3ynTaT 3a
Hall — KpaTtko Bpeme. Hanpumep, ako ce 3amoyHe c
paboTa BBPXY MHKPOAPXUTEKTYPHOTO HHUBO Ha
mporecopa, ce m3non3Ba camo 10% oT BpemeTo,
mopaad TECHH MecTa Ha CHCTEMHO HHBO, TO
YBEJIMYaBaHETO Ha CKOpOCTTa Ha
MUKpPOApXUTEKTypHO HUBO ¢ 50% e noBeae 1o
nofoOperne camo ¢ 5% Ha MPOU3BOAUTETHOCTTA.
[Ipenn na ce mpaBAT OPOMEHU M CIEA KaTo ce
HampaBAT TOJEMH TMPOMEHH B TPHIOKEHUETO,
TpsiOBa Ja MPOBEPUM 3aETOCTTa Ha MpoIlecopa, 3a
la yCTAaHOBMM [ TPUJIIOKEHHUETO HATOBapBa
mpoliiecopa, HaTOBapBa MOBEYE BXOJIHO — U3X0JHATA
cucTeMa WM € HiAKBAe mocpemara. llpwm
0JIO’KEHUE, Ye HaTOBAPBAHETO Ha IpoLecopa e:

Hucko mpu eaHOMpOIleCOpHA CHCTEMa
(6e3 HYPER-THREADING
TEXHOJOTHS) — TMPHIOKCHUETO HMa
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MHOI'O TECHU MECTa: Ha CUCTEMHO HUBO
(Mpexa, TUCK, U3I0JI3BaHE Ha MameTTa

v JIp.);
- HI/ICKO l'IpI/I CIUH nJIn HAKOJIKO
npouecopa mOpyM  MHOI'OOPOLECOPHU

cucTeMd (WM TPU  €IHONPOIECOpHA
cucrema ¢ HYPER-THREADING
TEXHOJIOTHSI) — TPHIOKEHHETO OTHOBO
MMa MHOTO TECHH MECTa Ha CHCTEMHO
HUBO U CBIIO MPHIOKEHUETO PaboOTH
caMo ¢ eJHa HHUIIKA WIKM paboTu ¢
HSIKOKJIKO HHUILIKH, KOUTO HE W3IOJ3BAT
e(eKTHBHO HAJIMYHUTE POLIECOPH;

- Bucoko mnpu BcHUKM Tponecopu —
NPUIOKEHUETO HATOBapBa Ipolecopa
MaKCUMAJIHO;

Wma 3 oCHOBHU cTpareruu 3a rojaoopsiBaHe
Ha TIPOM3BOJUTEIIHOCTTA HA EIHO MPUIOKCHHE.
Bcesika eHa okasBa epeKT BpXY HaTOBapBaHETO Ha
mporecopa.

(1) bamancupane Ha BXOAHO — W3XOIHHTE
orepaiyy U u3uncieHusTa. Koraro HaToBapBaHETO
Ha TMpollecopa € HHCKO, 3all0TO TOH H34YaKBa
BXOJHO — M3XOJIHHUTE OINEpaluy Ja MPHUKIOYAT,
OaylaHCHpaHETO Ha BXOA/M3X0Jl M U3UUCILTHHATA TS
nonoOpu  mpuioxkeHuero. ToBa ce TpaBu Ha
CHCTEMHO HUBO U HUBO MPHIIOKCHUE;

(2) TlomoOpsiBaHe Ha HUIIKOBHS MOJEIL.
[IpeBpbInaliku  €THOHHUIIKOBO  IPIJIOKEHUE B
MHOTOHHIIIKOBO WM TIOAO0OpsSBaHE HAa HUIIKOBHUS
MOJAENT B MPWIOKEHUE OT HAKOJIKO HHUIIKU €
TEXHWKa Ha HHUBO NPHUJIOLIEHUE, KOSATO MOXE JIa
Mo100pH TIPOM3BOIUTEIIHOCTTA, KaTO C€ M3IOJI3BAT
Mo — e(SKTUBHO BCUYKU BBH3MONKHHU MPOIECOPHU
pecypcH. Tosa 0OMKHOBEHO MOBUIIIaBa
HATOBapBAHETO Ha MPOIECOpa;

(3) IlomoOpsiBane Ha e(deKTHBHOCTTA Ha
W34YHCIIHUATA. V3M0N3BaHeTO HA Pa3IMuHN METOIH
Opd  W3YHCICHUSATa MOXE Ja TIOBJIHAE Ha
MPOM3BOJAMUTENHOCTTa. ToBa ce MpaBM Ha HHBO
NPUIIOKEHHE U MUKPOAPXUTEKTYPHO HUBO;

KoraTo ce HanpaBsAT HAKOM MOAOOPEHUS HA
CHUCTEMHO U INPOIPpaMHO HHMBO, HaTOBapBaHETO Ha
mpoliecopa Iie ce YBEIUYH U (POKYChT MOXKE Jia ce
HAaco4d KbM MHKPOAPXUTEKTYpHOTO HHUBO. [lo
CHUIMA HAYMH ciiel paboTa BbPXY HNPOrpaMHOTO H
MHUKPOApXUTEKTYPHOTO HHBO HAaTOBapBaHETO Ha
mporecopa Ja ce € TMOHWKWIO W TpsOBa Ja ce
HACOYMM IaK KbM CHCTEMHOTO HHUBO. YCTaHOBEHO
€, 4e MOXE Ja ce IOCTUTHE I0J00peHHe Ha
NPOU3BOAMTEIHOCTTA JIO0 TPH IIBTH TPH MOJ00peHue
Ha CHCTEMHO HHUBO, IO /Ba IbTU IPH NPOTPAMHO

HUBO U nol,1 — 1,5 IbTH MPU MUKPOAPXUTEKTYPHO
HuBO. Ha ¢ur. 3 ca mokazaHu METOAMTE M CTHIIKH
NpY OTKpHUBaHe Ha T. Hap. “hotspots”.

W3bupane Ha 11e1

ITocTposiBane Ha

ITyckane Ha
hotspots analysis

Wnrepnpernpane CpaBHsiBac
Ha D-TH HPEUITHATE
pe3yaTaTH

[Ipernexxnane Ha
KoIa

AJ'[FOpIITMH 3a
YCKODsSABAHE

Due. 3. Memoou 3a omkpusane Ha NpodIeMHU
30HU 6 KOOa.

3. OnTumMHu3MpaHe HA MHOTOHUIIIKOBH

nporpamMu

Haii-uecto B MporpaMmuTe ce
pasmapainensBaT IUKIUTE. B 3aBUCHMOCT OT
MPUIOKCHUETO TMOHSIKOTa aKo CE€ HMHBEPTUpAT
LUKJIUTE 1€ CE€ YBEJIUYM MapaMeThpa MOnajcHue B
kema. [lapameaHuTe anropuTMu, KOUTO U3TOI3BAME
3a Tectupane c¢ Intel VTune codryepa ca
MHOXKECTBOTO Ha MaHJEeNOpOT U YMHOKEHUETO Ha
MaTpPHILIH.

ManaeadpoT MHOKEeCTBOTO ¢ Habop OT

KOMIIJICKCHH YHuCJIa )Z[e(bI/IHI/IpaHI/I 10 CiIcaHu:d
HA4YUH:
M={ceC1i_r£Zn¢°o}
(1
KBJIETO:
Z,=0
Zo=Zn1 Fc

HpI/I TO3U aJITOPUTHM NOCJICAOBATCIHOCT OT
BCHYKHW KOMIIJICKCHHM 4YHCJId, KOHUTO HM3IIBJIHABAT
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YCIIOBHETO MO-TOPE, @ UMEHHO — aKO CTOHHOCTTa Ha
¢yHkuusiTa Zm 32 CTOWHOCTTa Ha € HE ¢©
Oe3kpallHOCT, Koratro mn ce jgoOmmKaBa 10
Oe3paifHOCT, TOraBa € NPUHAJICKH HA peIUIaTa.
[IbpBusT unen Ha pemunara e 0, BTOpUST € ¢, a
BCEKM clieBall € PyHKIHs OT IPEAXOIHHUS:

Jio)=x"+c 2

3aMECTUM  BbB
KOMIUICKCHO ~ YHCJIO  OT  MHOXECTBOTO  Ha
MannenOpor, TofydeHaTa pemuia 1Ime Obae
OrpaHMYCHAa MHAYE KOTaTO € ¢ KOMIUIEKCHO YHCJIO,
KOETO HE € eJeMEHT Ha MHOXECTBOTO Ha
Mannenbpor, pemuiiata me ObIe HEOrpaHHYCHA.
Kommiekcuure umcia ca JABYJAUMCHCHUOHHU T.€
CBCTOSIT CE OT JIBE YaCTH — peajHa U UMaruHepHa. B
MaTeMaTHKata T€ C€ TMPEACTaBIT B KBaJapaTHa
KOOpJIMHATHA CHCTEMa,  KBICTO X IPEICTaBs
peayiHaTa 4acT Ha YUCJIOTO, & Y — MMardHepHaTa
(mamp. 1-2i, me ObAe TOYKa ¢ KOOpAWHATH X=1 u
y=2). 3a ompeaensHe Oamd OageHO KOMILIEKCHO
YKCJIO C € €JICMEHT Ha MHOXKECTBOTO, TPsiOBa Ja ce
ompeAeNnd JNajaM cleiHaTa Oe3KpallHa 4HCIIOBa
penuiia € orpaHnYeHa, KOrato OposiT Ha YJICHOBETE
¢ 6e3kpacH.

Korato (dopmynata ¢

0,¢c2+c (c2+c)2+ec,... 3)

CobluecTByBa alropuTbM, KOHTO MOXKE
MpUOIM3UTETHO J1a ONPEAEH Jali JaleHO YHCIIO €
CJIEMEHT  OT  MHOXECTBOTO.  AJITOPUTBMBT
nU34YMCIsiBa KpaeH Opoil eneMeHTH OT peauuara
(Opo¥i mTeparuu). 3a BCEKH OT TAX C€ MPOBEPsBa
Jall cé HaMupa U3BBH OKPBKHOCT C LEHTBP
HAYaJIo0TO Ha KOOpAMHATHAaTa CHUCTEMa U KpaeH
paauyc. AKO HSKOM 4ieH OT peauliaTa NpeMHHe
M3BBH TO3M Pajlyc, TOBAa 0O3HaUaBa, ue peaulara He
€ OrpaHHyEeHa, a OT TOBA CJIe/IBa, Y€ KOMILIEKCHOTO
YHCIO ¢ HE € EJIEMEHT Ha MHOXECTBOTO Ha
Manzaen6pot. B mpoTuBeH citydail 4ucIOTO Modtce
Ou e eneMeHT Ha MHOXecTBOTO. Ha ¢ur.4 e nanen
yacra OT Iporpamara, KosTO € paslapajielieHa Ha
OpenMP.

TpagnoHHUAT MeTOn 3a YMHOKEHHE Ha
MaTpUIM € HW3BECTEH OIlle KaTo aIrOPUThM Ha
Thomas (Llewellyn Thomas). To e nmpocra ¢opma
Ha Gaussin eJIMMHHUPAHETO, KOETO Ce M3I0JI3Ba 3a
pelaBaHe Ha CHCTEMa OT ypaBHEHHUSI.

TopHUSAT MeTom € W3BEeCTeH oOlle KaTo
YMHOXEHHE ,,peJl M0 CThJIO”, T.¢ BCEKH pea OT
I’bpBaTa MaTpUIa A ce YMHOXaBa ¢ BCEKH CTHJIO OT
BTOpara marpuiia B, 3a jga ce mony4yar BCHYKH
€JIEMEHTH Ha npou3BesicHreTo AB.

double mandelbrot_set(double sx,double sy,double
scale)

double start_time,end_time;

float REALMAX =1%*scalet+sx, REALMIN =-
2*scaletsx,IMAGMIN =-1.2*scaletsy, IMAGMAX =
1.2*scale+tsy;

const float inc r=((REALMAX-
REALMIN)/WIDTH),inc_i = (IMAGMAX-
IMAGMIN)/HEIGHT);
int 1;
for (i=0;i<WIDTH*HEIGHT;++i) {
Image[i].R=0;

#pragma omp parallel for schedule(dynamic)
private(i) shared(Image)
for (i=0;i<WIDTH*HEIGHT;++i)
{
const int x=1%WIDTH, y=i/WIDTH;
const float ¢ _re = (float)(REALMIN + x*inc_r);

//Peanna wacm na C

const float ¢_im = (float)(IMAGMAX - y*inc 1);
//Hmazunepna wacm na C

floatz re =0, z_im = 0, tmp; //uwynupane na Z

for(int iterate = O;iterate<iter;iterate++) //Ijuxvn sa
usyucAsane na onpeoeier OPou enemenmu om peouyama

{
if ((z_re*z_ret+z_im*z_im)>4) {
Image[y*WIDTH+x].R =
(iterate * 8);
break;
}

//Hamupane na ciedsawusim eiemenm om peouyama
tmp=z_re;
z re=z re*z re-z im*z im+c _re;
z_im=2*tmp*z im + ¢ _im;
h
}
end_time=omp get wtime();
return end time-start time;

}

@Due. 4. lapanenna sepcus na Mandelbrot.

k
C; = Zai&,bsg =a.b ; +a,b,; +..+a,b,

- (4)
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a

Que. 5. Ymmuoorcenue na mampuyu

B pesynrar ot cemrumpanero(pur.6) ce
BWKJIAa, Y€ HUIIKUTE, KOUTO YIPABIABAT TO3U
Moxayn (mandelbrot.exe) ca mBe. [lpu thread3 mma
eqHo emunctBeHo cwrbutne DTBL MISSES.ANY,
nokato npu threadl0 ce naGmonmaBat kakto CPI,
Taka u BR_INSTR_RETIRED.MISSPRED.
MHOTOOpPOWHUTE TECTOBE IMOCJIEBAHN OT aHaJHM3 Ha
pesyiTaTUTe IOKa3BaT, 4Ye KOJKOTO Opos Ha
CHOUTHATA, KOUTO HCKAMe Jia TMPOCICAUM € M0 —
TOJISIM, TOJIKOBA ITOBEYEC HUIIKH CE BKJIIOYBAT B
oOpaboTkaTa Ha nporpamara. Ha ¢ur. 7 e mokasan
pe3yATaThT OT CEMIUTUPAHETO Ha MporpaMara 3a
YMHOKEHHE Ha MaTpuiu. Hamuumero Ha BHCOK
Opoii clocktick moka3zBa, 4Ye wuMa HyXAa OT
ontumm3anus Tasu pyHukus. Hotspots yacture npu
multithreding w3mBIHEHWETO ca caMO B eaHA
¢dynkims — ToBa ¢ multiply mt.

|- Viune(TM) Performance Environment.-Sampling ) -ISun Jun 2620;24:17.2011 .- Sampling Results [ADWN 0A6AB3ABA]1) [~ [= X ]
BAEw €0t yow acwity Confurs Wi e = x|
268% & BT Y

] ZIpEux|(eN ¥ ||® % @

S5 5588 VR0 4108

Pesynmamu 3a Mandelbrot

CroiiHoctra Ha cwoutnero CPI e 14,34 Opos
clocks, xomTo mporecopa TpsOBa 1a W3ITBIHH.
Bpemero, koeto mporecopa octaBa He 3aeT € —
CPUO - 0.17%, CPU1 — 0.09%.

ImancelEnViTonment il >ampUneMoaUles S Fry Jun 22 208 0 L0 0  SempInE Hesul s  AUMIN-UAGABSAB2]
Configure. Window el -2 x|
Banse»

<Ipm X [N\ |¥ || |]% ||
S SF@EEIPRIEIX

Evns Tas
o j— |
[y INST_RETIRED ANy 2

Py cLX unaLTE 0.0

68_ST_RETIRED. PeY
USBRORT.SY ST RETRED A % 22

BR_INST_RETIRED. 100000.00
INST_RETIRED ANY
CPU_CLX UNHALTE

haldl

w2k sys

S—
=
=
—
=
—
- =
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Que. 7. Pezyrmamu 3a npoecpamama yMHONICEHUE
HAa Mampuyu.

4. 3akiaouyeHue

Bucokara npou3BOAUTEIHOCT U HEUHOTO
MIOCTUTaHE, M3II0JI3BaHE Ha pecypcure,
pasnapansiBaHeTO U ONTHMU3ALUATA Ha IPOTPaMUTE
¢ 1en u3bsreaHe Ha hotspots ca ocHOBHATa 1) Ha
mporpamuctute aHec u IntelVTune e wmomHO
CPEACTBO 3a M3TpakJaHE€ Ha MHOTOHMIIKOBU
porpamH.
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MOAEJIUPAHE HA CUCTEMMU 3A
NMHKPEMEHTAJIHO APXUBUPAHE ITPU
N3I'PA’KJAHE HA UHOOPMALIMOHHA

CUI'YPHOCT B ITIYBJIMYHUSA CEKTOP

NBAIJIO HUKOJIOB

Pe3rome: Bakonooamennuume U3UCKEAHUS KbM u32pa9fcdaﬂe HA4 uH¢0pMaL;u0HHama
cuzcypHocnt 6 ny6]lu'—lHLlﬂ CeKmop ouyepmaeant OCHO6HAmMa pamKa KoM npujlostcenume
noaumuKu 3a cucypHocm, qu)OpMaLﬂlOHHu U KOMYHUKAYUOHHU cucmemu u ycmpozlcm@a. B
HacmoAuwuA 00Kna0 e npedcma@eHa Kpamka meopemuina nocmaHoeKkda HA HAKoOU
npo6ﬂeMu npu  u3nojizeaHe Ha UHKpeMeHmAaiHomo apxueupane, Kamo elemeHm Ha
qu)OpMLZLﬂAOHHama cuzcyprocni. Hscneosana e evamodicHocmma  3a TUNCA HA apxueu npu
YMUWIEHO UJIU HEeBOJIHO MAHUunyiupaHe Ha cucmemuama oama u 4ac Ha KomniomvpHume
cucmemu. ﬂOi’l‘bﬂHeH u Modu¢uz4upaH € meopemuyHus Mmooen 3a UHKpEeMEeHmMAalno
apxusupane, 6 Koumo ca 0obasenu npomeniueU, capanmupawiu Haaiuduemo Ha apxueu npu
MAHUNyIuUpaHe Ha cucmemuama oama u uac.

Kuio4uoBu xymu: ungopmayuonna cueypHocm, apxusupane, UHKpPemMenmaio apxueu

MODELING OF SYSTEMS FOR INCREMENTAL
BACKUP IN PUBLIC SECTOR INFORMATION
SECURITY DEVELOPMENT

IVAYLO NIKOLOV

Abstract: Legislative requirements for building information security in the public sector
outline the framework of applied policies for security, information and communication
systems and devices. In this report we have brief theoretical formulation of issues that
appear while using incremental backups as part of information security. We also examined
the possibility of lost records caused by intentional or unintentional manipulation of the
system date and time of the computer systems. We developed modified model for
incremental backups with added variables to ensure the availability of records even when
the system date and time is manipulated..

Key words: information security, backup, incremental backup

HNKOHOMHYECCKaTa TCOpHUA 3a

TBPCEHETO

HapacrBamust o6eM ganHu Boau ciies cebe
CH BCE MO-BUCOKH M3MCKBAHUS KbM Ch3aBaHETO HA
TEXHHUYCCKHU HOCHUTCIIN Ha I/IH(I)OpMaHI/ISI C IMO-T'OJIAM
kamamurer. lloHsSTHETO ,,rOMAM KalamuTer  ce
sBSBa  MEPMAHEHTHO HE  YIOBJIETBOPSBAIIO
HU3HUCKBaHUATA Ha HOTpC6I/ITCJ'H/ITC, B 3aBUCHUMOCT OT
BpEMETO, B KOETO ce mpmiara. To3u Tpolec Ha
MPaKTHKa € Oe3KpaeH M CIIY)KU 3a JOKa3aTeJICTBO Ha

npeanaraHero. ApXMBHpaHETO Ha JaHHUTE obaye
¥Ma 3a I1eJ1 He caMo OYKBaJIHO Jia ,,apXHUBHpA‘, T.€.
ChXpaHH 3a OMPEICIICH MePUOoJI OT BpeMe, HEHYKHU
KbM MOMCHTA AaHHH, HO W Ja OCUT'ypU TIAXHATa
HAJKIHOCT U CUTYPHOCT IPY O'BAEIIO U3MOI3BaHE.
[To cBosiTa CHUIHOCT TO MpEACTaBiIsIBa MpeaaBaHe
3a CbXpaHEHHE Ha UWHPOPMAIUSL, KOATO KbM
MOMEHTa He € He0OX0ANMO Ja ObJie 3MoI3BaHa, HO
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Ou OwnJIa IeHHA Ha eIUH MO-KhCEH eTall OT Bpeme. B
MaTepHalHUA  CBAT  JKM3HEHUS  IUKBI  HA
apxuBHpaHaTa MH(opMaIys e orpaHuveH Mo BpeMe
U Ts1 OMBa yHHIIO)KaBaHAa. B WHPOpMaMOHHHS CBAT
obaue TOBa € BBIIPOC Ha YIPaBJIEHCKA OTTOBOPHOCT
17§ OpTaHU3allMOHHO-TEXHIUECKA MOJIUTHKA,
JIOKOJIKOTO 3aKOHOJATEIICTBOTO HE MOCTaBsl APYTH
W3HCKBaHMSL

MHoroo6pa3uero ot NpUIOKEH U CUCTEMEH
copTyep mpeanonara M3MOI3BAHETO HA Pa3THUYHH
METO/IM ¥ CPENICTBA 332 OCUTYpsIBaHE Ha HAICKTHOCT
Ha JJaHHHW TOCPEJICTBOM H3MOJI3BaHE Ha Pa3UYHH
1o (yHKIIMOHATTHOCT CUCTEMH 3a apXuBupaHe. Taka
HampuMep  ajrOpUTBMBT 32 apXuUBUpaHe Ha
cucTeMHUTE (paiijloBe Ha ONepalMOHHATa CHCTEMa
He OM MOrBJl Ja ce CpaBHM C apxXHBHpaHE Ha
JaHHUTE B KOsl J1a € miardopma 3a yrnpaBiieHHE Ha
0a3u ot manuu (Microsoft SQL, MySQL, Oracle u
Ip.). B Hacrosimmst gokiman apXuBUpaHETo 1ie Obae
pasriekAaHo 1O OTHOUIGHWE Ha pPaOOTHHTE
¢aiinoBe KaTo pe3yaTaT OT M3MOI3BAHETO Ha
pasnuyeH NpuiokeH coTyep, KOMTO ca He ToOo-
MaJKO BaXXHU OT (DYHKIMOHHMPAHETO Ha cHcTeMaTa
KaTo ISUI0 MM CHCTEMHUTE 3a YIpaBJjeHUE Ha 0a3u
OT JIJaHHH, TIOAJIEXKAIN CBIIO HA apXUBUPAHE.

ChIIHOCTTa Ha HACTOSIMS JOKJIax € Ja
MpPEeAOCTaBU KaKTO OCHOBHHM TMOJOXKEHHUS TpH
pa3paboTKka Ha  HMHKPEMEHTAJIHH AJITOPUTMH 32
apxuBHpaHe, Taka M Ja pEld HSIKOM OCHOBHH
npoOieMu CBBP3aHM C  3JIOHAMEPEHOTO WM
CIy4ailHO MaHMITyJMpaHe Ha JaraTa ¥ dYaca Ha
KOMITIOTBPHUTE CHCTEMH, KOETO Ou Morjio na
Ch3l1a/ie MPENNOCTABKY 3a JIMIICA HA apXUBH.

WHKpeMeHTanHoTOo apxXuBHpaHe e
TEOPETUYHO M MPAKTHYECKH 00OCHOBAHO B peAMLa
Hay4yHH wu3TOuHHMUHM. llpakThkara mokasBa, 4ye B
cllydyaWTe, KOoraTto Jarata W  4achT Ha
KOMITIOTbpHAaTa CHCTeMa OMBAaT MaHUITYJIMPaHHU I10
eIMH WIM JpYr HA4MH, alrOpUTMUTE 32
WHKPEMEHTATHO  apXHWBHpaHE HE  OTYUTAT
NPEANOCTaBKY Ha apXUBHpPAHE, PECHEKTHBHO HE
W3BBpIIBAT TakoBa. Jlumcara Ha NEPHOJUYHH
apXuBU MOCTaBs OpraHM3aIHUTE npen
HEBB3MOXKHOCT 332 OCHUTYpsSIBAHE Ha HAICKIHOCT Ha
JaHHHUTE KaTO IISI0.

HenocraTpyHa ce oOka3Ba NPOMEHJIMBATA
Bpeme (mara u dYac Ha MomudUKanHs) Ha
¢aiiioBere, THIl KaTO TA JIECHO MOXe aa Obne
NpOMEHEHa TMpH TPOOJEMH CBhC CHCTEMHATa
OaTepuss Ha  KOMIIIOTBPHHUTE CHCTEMH WU
Hajgnguero Ha Bupycu kato W32.Bolzano, Virut,
Sality u npyru. Axo ca HajuIle MPEINOCTaBKA 3a
3JIOHAMEPEHO WJIU CIy4YalHO NEHCTBUE CBBP3aHO C
OpoMsSHa Ha JaTata W 4Yaca, CHCTeMara 3a
MHKPEMEHTATHO apXUBHPaHE HE OTYNTA HAIMYUE Ha
Moan(UKaNUs 0 BpeMe M ChOTBETHO HE M3BBHPIIBA
apXMBHUpaHe, IOPY aKO TaKOBa € HAIIPAaBEHO MpPEan

3JIOHaMEPCHU nin
MnmapaMCHTUTE Ha

CIydyaeH  JIOCTBII  JIO
¢aiima Created, Modified,

Accessed. ToBa € BB3MOXKEH BapHaHT TMpH
M3NO0I3BaHE HAa  HMHKPEMEHTAJEH  allTOPHTBM,
OCHOBaBall c€ CaMO W  EIMHCTBEHO Ha

MIPOMEHJINBATA ,,BpeME".

3a ma Obme m30eTHAT TakbB MPOMYCK B
aNrOpUThMa 32 WHKPEMEHTAIHO apXHBHpaHE €
HeoOxXomuMo nda OBbAe wW3rpajgeHa CHCTeMa OT
HSKOJIKO TITapaMeThpa 3a OMpeNesiHe Ha TOBa Jaild
e Omnm mpoMmeHsH (aitma, 3a ma TOmMISKH HA
apXuBUpa WM MBK HE, 3a Jna OBJe MPOITyCHATO
aApXUBUPAHETO MOPAAH JIUTICAa HAa MOJU(PHUKAIHS BHB
(haiina.

2. 3aKkoHOJATEeJIHH U3UCKBAHUA KbM
opraHu3aluuTe MPH U3rpakaaHe HA
HH(OPMAIUOHHA CUTYPHOCT

B Hanmonasen mama0® HM3HCKBaHUSATA KbM
PBKOBOJUTEINTE Ha MyOJMYHUTE OpraHH3alldd 32
ocUrypsiBaHe Ha WH(OpPMAIIMOHHA CUTYPHOCT ca
periaMeHThpand B wi. 7, air. 1, T. 6 or 3akoHa 3a
(UHAHCOBOTO yIpaBiieHHe 17§ KOHTPOJL
WNndopmanmonnata CHUTYpHOCT Ha JaHHHATE TIO
CMHCBHJIAa Ha 3aKOHA 3a 3allMTa Ha JMYHATE JAHHU
3aabJKaBa aIMUHUCTPATOPUTE HA JIMYHU JJaHHU Oa
Cla3Batr CTPOro ONpelesieHH MpaBuia 3a chOupaHe,
00paboTKa, ChXpaHsABaHE M Pa3MpPOCTpaHSIBaHE Ha
JaHHU, KOHUTO 110 CANH HJIN apyr Ha4YHH
UIACHTU(HUIUPAT KOHKpeTHO Jjuie. [lo cmuchia Ha
3aKOHA CBHXPAHSIBAHETO ¥ YHHUINO)KABAaHETO Ha
JaHHH € TPOCKTUPAHO B CHOTBETCTBUE C
MPUHIUIHATE Ha (QYHKIMOHHpaHE Ha OOMKHOBEH
YUYPSKICHCKA apXuB, HO IIpU YCIOBUATA U Ha
aBTOMaTHM3MpaHa  o0pa0oTka  Ha  JIAHHUTE.
MuHMMaJIHUTE W3UCKBAHHMS I10 OTHOIIIEHHE Ha
WH(POPMAIMOHHATA U KOMYHHKAIIMOHHA CUTYPHOCT
MO0 CMHChJa Ha 3aKkoHa ca perjJaMeHTUpaHH
enHosHayno B Hapen6a 1 or 30.01.2013 r. 3a
MHWHHUMaJIHO HHBO Ha TEXHHUYECCKU u
OpraHv3alilMOHHN MCPKHU MW JONYCTUMHA BUIA Ha
3aliyMTa Ha JUYHUTC JaHHU.

ApXUBUpaHETO  Karo  €JIEMEeHT  Ha
MH(OpPMAIIMOHHATA CUTYPHOCT HA OPTraHU3aI[HUTE €
B OCHOBaTa Ha [aHHUTE HE CaMO KaTo KpaeH
MNpoAYKT, HO MW KaTO OCHOBCH TIIpUHIMUITI 3a
¢yHKUMOHUpaHE Ha WH(POPMALMOHHUTE CHCTEMH
KaTo IsU10. 3a TapaHTHpaHe CHTYPHOCTTA H
HAJIOKJHOCTTA HA JAHHUTE B TAXHATA ILUIOCT H
CHBKYITHOCT OT CHCTEMHH ¥ TIPHJIOKHU SJICMEHTH ©
HE00XOAMMO J1a ObJIe M30paH MPABWITHUS IMOAXO]T 3
apXvMBUpaHE M CbXpaHsBaHE, KAaTo eJIEeMEHT Ha
BHEJIpeHaTa MOJIUTHKA 32 CUTYPHOCT [5].

B 3opara Ha uWHPOpPMALMOHHUTE W
KOMYHUKAIIMOHHH TEXHOJIOTHH, 32 apXWBUpAHE Ha
JaHHHUTE € OWJIO TOCTAThYHO KOIMPAHETO UM BBPXY
JpYr, OOMKHOBEHO  BBHIICH, HOCHTEI  Ha
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nHpopmarust [1]. ToBa obadye KbM JTHEIIHHS
MOMEHT MOCTaBsI HOBH M3MCKBaHUS KbM KararuTera
HAa TEXHWYECKUTE HOCUTENH Ha WHQPOpMAaLUs 3a
CbXpaHsBaHE HA JaHHUTE.

Hayunara oOuHoCT € M3NpaBeHa Ipend Bce
MO-TOJIEMH TIPETU3BUKATENICTBA TPH OpPTaHHU3aLUs 1
yrpaBiieHHe Ha MH(pOpMaIlMOHHATa CHTYPHOCT H B
YacTHOCT HAa  METOAMTE U  CcpeAcTBaTta  3a
apXMBHpaHE Ha JaHHH.

3. TeopeanHa MOCTAHOBKA Ha l'lpOﬁJ'lCMa.

ApXHMBHpAHETO NPEACTaBIIsIBA Ch3/IaBaHE Ha
KOMHE Ha JaHHWTE, OOMKHOBEHO B KOMIIpECHpaH
BUJ, KOETO IpH HEOOXOAUMOCT MOXKe jaa Obae
W3IION3BaHO. ApXMBUpAaHETO Ha JIaHHUTE € B
OCHOBAaTa Ha CHCTEMHHUTE MOJUTHKH 3a M3Tpa)KiaHe
Ha MH(OPMAIMOHHA CUTYPHOCT B OpraHU3aI[HTe.

WHKpeMEeHTHOTO apXHBHpaHE Ce Pas3riiexaa
KaTo uacT OT CHUCTeMaTa 3a apXUBHpPaHE,
rapaHTupania WHQOpMaOHHATA CHUTYPHOCT, MPH
KOSITO 3ab/DKUTEICH €IeMEHT € HalM4uero Ha
HepapxuuHO Oa3upaHH apXWBH, B3aBHCUMOCT OT
BpeMeTO Ha  mocjegHa  MomupUKanMsg — Ha
¢aiinosere.

WHKpeMEeHTaNHOTO apXHWBHpaHE € YacTeH
ciydyai Ha  OUQepeHUUalHOTO  apXHWBHpPaHE,
ONTHUMM3HMPAaH IO BpEME W pa3Mep Ha apXHBHTE.
Wznon3sane Ha pa3IMyHU MOJENH 332 apXUBUPAHE €
BB3MOXHO U 32 IPEANOYUTAHE 3a TIOCTUTaHe Ha To-
BHCKa CTENEH Ha HAJeXKIHOCT MPU U3TPaKIaHe Ha
WH(POPMAIIMOHHA CUTYPHOCT B OPraHU3aIUUTE.

Hugpepenyuannomo apxueupane
MPEACTaBIsABAa APXUBHUPAHE HA OHE3W JAHHH, KOUTO
ca mpeTbpHeny MoAu(UKAIMS el Ch3AaBaHeToO Ha
I'bJIeH (ISUTOCTEH) apXyB Ha JaHHUTE.

HHerMEHma]lHOWIO apxueupane cC
OCHOBaBa Ha NMPHUHLMIA 33 Ch3[aBaHE HA apXUB Ha
oHesu  (ailyloBe,  KOUTO ca  MNPETHPIEIH
MoauduKanus cliel NOCIeqHOTO apxuBupane. [lpu
WHKPEMEHTAIHOTO  apXUBHpaHe Cce HU3rpaxia
HepapxuueH MoJe] Ha apXWBUTE, B3aBUCHMOCT OT
nocneaHara MoauuKkanys Ha (aiinosere.

WunkpemenTannute ANTOPUTMH 3a
apxXUBHpaHE ca KOHLEHTPUPAHH BBPXY OTACIHU
OTpSI3bLIM, HApEYCHW WHKPEMEHTH. TO03M IOIXo.n
MHHHAMH3HpPa BPEMETO 32 apXHBHpPAHE, Thil KaTo Ha
apXMBUpaHEe TOIeKAT OTISTHUTE HMHKPEMEHTH, a
HE IsU1aTa ChbBKYIHOCT OT JIaHHU, MOAW(HUIMPAHH
CIIe]T TTOCIIEIHOTO apXHBUPAHE.

OTr riemHa TOYKa Ha HEOOXOAUMUS
KamanuTeT Ha  TEXHUYECKUTE HOCHUTEIH  Ha
uHpopMalMs 3a ChXpaHSABAHE HA APXHUBHTE,
MHKPEMEHTATHOTO apXUBUpPAHE CIIECTSBA MJCTO,
KaTo B CBIIOTO BpeMe caMHs Hpolec Ha
apXvBUpaHE OTHEMa HaH-KpaThbK IEpUOA OT BpeMe
B CpPaBHEHHE C OCTAHAIITE METOM 33 apXUBHPAHE.

MonenupaHnero Ha cucTeMara 3a
WHKPEMEHTAJ HO apXWUBUpaHE € OlO03HABaTEIeH
mporec Ha JEHCTBHSATa TIO ChXpaHsIBaHE Ha
naHHWTE. M3rpakmaHero Ha MOAXOISII MOJIEN,
KOUTO HAaW-TOYHO OTpassiBa MPHUOIKEHUSATA,
NEHCTBHUATA M peakIusATa Ha peajHaTa 0OCTaHOBKA,
rapaHTHpa MPUEMIIMBO HHWBO Ha HMH(OPMAIMOHHA
CHUTYPHOCT B OPTaHH3AIINNTE.

4. Ilea Ha u3caeaBaAHETO

Hacrosmmst nokmag ce ©Oasupa BBPXY
crenHara paboTHA XHITOTE3a:

Hanuue e peanHa Bb3MOXXHOCT CUCTEMHATA
JaTa W Yac Ha KOMITIOTHPHHUTE CHCTEMH Ja ObJle
MaHUTyJIHpaHa, T.e. JAa ObJe YMHUIUIEHO WIH
HEBOJTHO IMPOMEHEHA Taka, 4e /1a He ObJe aKTyajHa.
Tosa 6u goOBeNO 10 JIMTICA HA TIEPUOJUYHA APXHUBH.
HeBonna maHunmynanusi Ha CHUCTEMHOTO BpEME €
BB3MOXKHO TIpH JeeKkThpaHe Ha CHCTEMHATa
Oarepus Ha KOMIIOTHPHUTE CHUCTEMH. YMHIIICHO
MaHUIIYJIUPAaHE € BB3MOXKHO IpU HAJIWYUE Ha
BHpycH ot Tura Ha W32. Bolzano, Virut, Sality.

B cmydaii, de paboTHaTta xXumoreza ce
MOTBBPIM, aBTOpa HMMa 3a IeNl Ja MomuduImpa
MoJleNa 3a MHKPEMEHTATHO apXUBHpaHe 10 HAYHH,
KONTO HE TMO03BONsSABA MPOMYCK HAa apXuB MpHU
MaHUITyJIHpaHe Ha CHCTEeMHATa /1aTa | Jac.

B ciydaii, ye BBB BpeMeBUs MHTEpPBAI OT

IIbPBOHAYANIHOTO  CBh3JaBaHE Ha  apxXuB, [0
Ch3/1aBaHE HA UHKPEMEHTAJIHNSI apXUB, CHCTEMHOTO
BpeMe Jla  KOMHIIOTBPHHUTE  CHCTEMH  ObJe

MaHUITyJIUpaHe, TO HAJIULE € pealHa Bb3MOKHOCT
cucremata 3a apxuBupaHe naa HE wu3pspum
apXHMBHUPAHE.

5. 3apauum Ha u3cjieIBaHETO

5.1. IIporpaMHua peanu3anus Ha MOJIEN 3a
WHKPEMEHTATHO apXUBHPAHE;

5.2. N3cnenBane Bb3MOXKHOCTTA 32 MIPOIYCK
Ha apXWBH IIPU MaHUITYIMpAHE Ha JaTaTa U
qaca B CKCIICPUMCHTAJIHU YCIIOBUA,

5.3. Monudunupane Ha MOjeNa 3a
MHKPEMEHTAIIHO apXUBUPAHE 110 HAYNH,
KOMTO HE I103BOJISIBA IIPOITYCK HA apXHBHU.

6. Pe3y.11TaTn OT U3CJICABAHETO

3a menuTe Ha U3CIEABAHETO IPOrPaMHO €
peanusupan TEOPETUYHUS MoJell 3a
UHKPEMEHTAJIHO apXUBHUpaHE, OCHOBaBalll CE€ Ha
eIMH MaHumylatop (Mapkep Ha BpeMeHaTa 3a
Chb3/1aBaHE Ha ISUIOCTEH MWJIM YacTHYEH apXHB).
W3cnenpana € BB3MOXKHOCTTa 3a IPOIYCK Ha
ApXUBHU npu YMULLJICHO MaHUITyJIUpaHe Ha
CHCTEMHaTa J1aTa ! 4ac Ha KOMIIIOTbPHATA CUCTEMA.
B exkcnepuMeHTanHu yCIOBHS € TE€HEpUpPaH apXUB,
KaTo MEXAy BCEKH JIBa apXUBUpa € CHMYJUpaHa
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MpOMsiHA B CHCTEMHOTO BpeMe Ha KOMIIOThpHaTa
cucrema.

PesynTatute OT U3ciaenBaHETO IIOKa3Bart, 4e
€ BB3MOXHA JIMIICaTa Ha apXWBU IPpU YMUIUICHO
HJIM HCBOJIHO MAHUITYJIMPaHEC HA CUCTEMHOTO BpEME
Ha KOMITIOTBbPHUTEC CUCTEMU.

[IpuunHaTa 32 TOBa €, Y€ MHKPEMEHTHOTO
apXuMBUpaHE Ce OCHOBaBa Ha MaHUIYyJaTOp, KOMTO
IIpeAcTaB/IsABa MapKep Ha BpeMEHaTa 3a Ch3JjaBaHe
Ha OJIOCTCH MJIM YaCTHYCH apXUB.

OcHOBEeH mNapaMeTbp B alIropurbMma 3a
WHKpEMEHTaJHO apXuWBHpaHe € ,BpeMe Ha
Moaudukanusa. HemoctaTbyHO yCIOBHE ce OKa3Ba
IIpOBEpKaTa CaMO M EJUHCTBEHO Ha BPEMETO Ha

Momubukanus. B oOmms ciydaii BpemMero Ha
pOMSsHA HE orpenens €THO3HAYHO
MogudukanuaTa Ha  Qaiia, ToANeKall ~Ha

apxuBupane. [IpomsHata Ha pasMepa Ha daiina
Hajara BBBEKJIAHETO Ha BTOPH MapaMeThp.
CBbBKyNMHOCTTa OT ,,BpeMe€ 3a MOAUQUKAIMI‘ |
,»pasMep Ha Qaityia“, ChIIOCTABEHU C MPETUIIHOTO
My CBbCTOSIHHE OHM  ONpeAeiuia  YCIOBHETO
,.TIOJTIeKAaI Ha apxuBupane™. Thi KaTO BPEMETO 3a
apXUBUpPaHE € MO-TOJIIMO OT BPEMETO 3a MpPOBEpKa
Ha TIOCTaBEHHUTE YCIOBHS, aJITOPUTBMBT 32
WHKPEMEHTaJHO  apXWBHpaHe 1€  HaMmalu
3HAYUTEIHO OOIIOTO BpeMe 3a HU3IBJIHSBaHE Ha
nporeca. [IpequMcTBOTO Ha NMpEIOAKEHHUS] METOJ, €
CIMMUHUPAHE Ha BB3MOXKHOCTTa OT JHICa Ha
apXUBH MU NPOOJIEMU ChC CUCTEMHATa OaTepus Ha
KOMITIOTBPHUTE CHUCTEMH WJIM HAJIMYUETO Ha
BHpPYCH.

B o0ums cioywyaidk  HanM4yMeTo  Ha
WHKPEMEHTaTHO ¥ JU(EepEHIIMANIHO apXUBUPAHE
MHUHHMH3UpA BPEMETO 3a apXUBUPaHE, KaKTO HU
HEOOXOMMHUTE pecypcu Ha cucreMara
(mporiecopHO Bpeme, BpeMeHHa M MOCTOSIHHA TTaMeT
U 1p.)

[locpenctBoM cb3maBaHe Ha MarHUTEH
apXMB W M3II0JI3BAaHE HA TOYKU 32 BBH3CTAHOBSBAHE
NpOrpaMHUTE METOAM 3alllUTaBaT JOaHHUTE [4].
Bw3moxxkHOCTTA 3a TAXHOTO MTOCJIEABAIIIO
BB3CTAHOBSIBAHEC TrapaHTUPa  OCUTYypsSBaHE Ha
JIOMTYCTUMO HUBO Ha HH()OPMAIMOHHA CUTYPHOCT.

7. MomupuuupaHe Ha TeOPeTHYHUS MO
3a MHHKPEMEHTAJTHO apXUBHPaHe

[lpunoxkenrero Ha  WHKpPEMEHTAITHUTE
ANTOPUTMH 32 apXUBUpPaHE € HepasJellHa 4acT OT
ISJIOCTHOTO  apXuBUpaHe.  VHKpEeMEHTaTHOTO
apXUBHUpaHE ce pa3rIekIa KaTro HepapXudeH
MaTeMaTU4YecKu METoA [2], MOCpEeacTBOM KOHTO ce

Ch3laBa apxWB Ha MOIUGHUIMPAHUTE  ClIEA
MOCTIENHOTO apxwBHpaHe (aioBe. 3a menra,
NPOCKTUpAaWKK  MoJela Ha  cHUCTeMaTa  3a

apXuBUpaHEe € HeoOXOomWMO na ObJaT B3ETH IOJ
BHUMAHHE  aJITrOPUTMHTE 32  Ch3/laBaHE W

MONAbpPKaHE Ha IBUIOCTEH apXWB Ha CHCTEMATaA.
WNHKpeMeHTaTHOTO apXHWBHpaHE € HEMHCINMO 0e3
HaJMYMeTo Ha IPUIOCTEH, B3aMMOCBBpP3aH C
MOCTIEIHOTO apXUBUPAHE aPXHUB.

WNukpementanHoTo ©  audepeHIIHaIHO
apXuBHpaHe WMaT €AWH ¥ ChHII NPHUHIOWI Ha
JeficTBHe, KaTO OCHOBHaTa pa3ihnka € B
M3MOM3BaHeTo  Ha  OazoBus  apxuB. llpm
I epeHIIMaTHOTO apXUBHUPAaHE TOBA € IIBPBUA
apxuB, JOKaTO TpPH  WHKPEMEHTAIHOTO  —
MTOCTITHUA.

[lepromnunocTTa 3a  TeHepupaHe Ha
pa3TMYHUTE BUIOBE APXUBH B MPEIOKEHUS MOJIEI,
ce ompenenss oT Taiimep. I[lpum um3rpaxxjaHero Ha
MOJIell Ha cHcTeMaTa TpsAOBa 1a ce B3eMe MOJ
BHMMaHHE, Y€ TPOMEHJIMBAaTa BpeME € TBBPJE
HEJIOCTaThYHA 32  KOPEKTHO W HaJIeKIHO
(hyHKIMOHUpaHE HAa CHCTEMATa.

Ha ¢ur. 1 e mpencraBen Moauduimpax
MOJIENT 32 UHKPEMEHTATHO apXUBUPAHE, TIPU KOHTO
MaHUTIYJIHPAHETO HAa CHCTEMHAaTa JaTa M Yac HiIMa
Jla TOBEAAT 70 JINIICA Ha MEePUOINYHH apXuBH. ToBa
€ peajr3upaHo MOCPEICTBOM J00aBsIHE Ha cyMa OT
MIPOMEHIINBY (KOHTPOJIHA CyMa).

KOHTpOJIHa CyMa

T

KOHTpOJIHa CyMa

T

KOHTpOJIHa CyMa

N-TU apxXUB

TPETU apXUB

BTOPH apXHB

IIBPBU apXHB

Due. 1. Moougpuyupar mooen 3a
UHKPEMEHMATHO apXUGUpaHe

3a ocurypsBaHe Ha HAASKIHOCT Ha
cucTeMaTa 3a OIpeAeisHe Ha MOMEHTa Ha
MomuuUKalKs € HeoOXOAMMO BBBEXKIAHETO Ha
JOIIBJIHUTCIIHU HpOMeHJ'II/IBI/I HOCpe)Z[CTBOM KOUTO
na ce obpasyBar koHTposHu cymu [3]. Takupa
HpOMeHHI/IBI/I Mmorart aa 6’b)Z[aT OCBCH JaTaTa U 4aCbT
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Ha MojuduKanus, oOlle JbDKMHATa Ha (alina,
¢aiinoBn aTpulytH, chAbpKaHue Ha (Qaina u
apyru. ITocpencTBom Tsx Ou MOIJIO 1a ce TeHepupa
YHUKaJIHA KOHTPOJIHA CyMa, KOSTO 1Ie Obae
omnpenensia NMpH yCTAHOBABAaHE 3a HAIMYUE WIN
OTCBHCTBUE Ha MO (UKALIHS.

Bpewmero 3a reHepHpaHe Ha
MHKPEMEHTAJIHUS apPXUB BbB BCEKH €IMH MOMEHT ¢
PaBHO Ha pa3iuKaTa MKy TEKYIIUSI U MPEAUIITHHS
apxuB. [Ipu nudepeHnnasHoTO apXUBHpPaHE TOBA
BpeMe € paBHO Ha pasjiuKaTta MEKAYy TEKyUIHsS H
'bPBHS APXUB.

KanmaguTeT Ha
TCXHUYCCKHUA HOCUTCII

4

t ot

ty t4 ts tg t; tg to tyo BpEME

B uxpeventancs apxus
B wuiocren apxus

@Due. 2. Pasnpedenenue 88 pememo npu
UHKPEMEHMATHO apXusupate

8. Hsaxom mpakTH4ecKH HACOKH 32
peanu3npaHe HA NPeNJI0KEeHUS] MO/Iel.

OCHOBHHAT MapaMeTbp MpU MpaKTHYeCKaTa
peanu3anys Ha MozeNa € BpEMETO Ha Ch3JaBaHe Ha
MOCIEAHNSl apXWB. 3a YCTaHOBSIBAHE Ha TO3M
mapamMeTpp cucremarta TpsOBa Oa  ChABpKA
nH(pOpMaIs 3a BpEMETO (J1aTa U 4ac) Ha Ch3IaBaHe
Ha MOCTEIHHs apXUB. AKO BPEMETO € Pa3InYHO OT
MOMEHTa Ha MOCJIEABAIIO apXWBHpaHEe, TO Qaiina
MOJICKH Ha apXHBUpAHE.

CpueraBaHeTO Ha TMONy4YeHATa CTOWHOCT C
ApYTM TapaMerpu, Karto pasmep Ha (Qaiina
HarmpuMep, OW TOBHIIMIO HAJASKIHOCTTa Ha
CHCTeMaTa 3a apXHBUpAHE.

[IporpamuaTa peanu3anyisi B CbOTBETCTBHE
C aJNropuThMa 3a WHKPEMEHTAIHO apXWBHpaHE
MOXXe Ja ObAe peailH3upaHa  IOCPEICTBOM
pa3IUYHE METOJHM W CPEICTBA, KOETO Mpeirosara

HEroBaTa YHHBEPCATHOCT M TPHIOKHMOCT B
Pa3IUYHU YCIOBUSI.

ITocturanero Ha HaAEKHOCT Ha JAHHHUTE
o0ade M3MCKBAa M3TPAKJaHE Ha ISUTOCTHA CHCTEMa
3a apxuBHpaHe, KOATO Ja BKIIOYBAa BH3MOKHOCTH
KakTO 3a ITBJIEH, Taka W 3a HMHKPEMEHTalleH W

mdepeHIaieH apXUB. [TonyuaBane Ha
nHpopMaruss 3a Bpemero (maTa W dYac) Ha
MomupuKanus MOXe Ja Oble peaJu3upaHo Io
CIIETHUS Ha4WH, HU3II0I3Bal KN cpena 3a
nporpamupane Delphi:
procedure TForml.BitBtnlClick(Zender: TChiject):
rar
fileMName : string:;
fileDate : Integer:;
newbateTime : ThateTime;
bhegin
if Openlialogl.Execute then
bhegin
fileMName := COpenDialogl.FilelName:
fileDate := Filelge (filelName)
if filelate > -1 then
begin
Showlessage (fileNawe+' last modified date = '+
DateTimeTo3tr (FileDateToDateTime (£ileDate) )]
newbateTime := StrTolateTime ('01.01.2015 12:34:56');
FileZetDate (fileName, DateTimeToFileDate newlDateTime));
end:;
filelate := Filelge (fileMNsme):
if fileDate > -1 then
Showlessage (filefame+' last modified date = '+

DateTimeTo3tr (FileDateToDateTime (£ilelhate)) )
end;
end;
end.

B npumepnus nporpamen kop aiina Moxe
na Obae u3dpaH NPOM3BOJIHO mocpenctBoM Open
Dialog 1. To3u napamersp MoXxe Ja ObJie ChUETaH
olle C JBbJDKMHATA Ha (Qaiina, ¢aiinoBu aTpulyTH,
chbIbpkaHue Ha (aityia u Apyry, ¢ orjes MOCTUraHe
Ha HAJSKJHOCT MPH ONpeiessHe HeoOX0ANMOCTTa
OT WU3BBPUIBAHE HAa TOPEACH apxuB IpH
ABTOMATHYHO apXUBUpPAHE Ha JAHHUTE.

OmnpenensiHero Ha pa3Mmepa Ha aiina B
ChYECTAaHHETO C JaTa W 4Yac Ha Moauduumpane
rapaHTupa MPaBHIHO ONpeeNsiHe Ha BEpOSTHOCTTA
3a BHACSHE Ha MPOMEHU B JaHHHTE, MOJIEKAIIN Ha
apXUBHpaHe.

[Ipeanoxenata mporpamMHa peaju3anusi HE
€ eJMHCTBEHA W ONpelenslla KOHKPETHUs MOJed U
aNropuThbM. B 3aBUCHMOCT OT YCIIOBHATA W
MOCTaBEHUTE IIeIM 3a pealli3upaHe Ha CHCTeMa 3a
apxXUBHpaHe, TOH MOXe Ja ObJe MPHIOKEH KaKToO B
CHCTEMH 3a IU(EepeHIINaIHO, Taka U B CHCTEMHU 32
WHKPEMEHTATHO apXUBHPaHE.

Crnenpamusi mpuMep MoXke Ja Obae
W3IION3BaH 3a OMNpeAcisiHEe IbJDKMHATa Ha (aiina.
CbyeTaHueTo OT TE3H JBa MapaMeTbpa 3HAYUTETHO
1ie YBEJIWYHM HaJSKAHOCTTa Ha MpoLeaypara Io
apxUBHpaHe, ThH KAaTO ENMMUHHpPA BB3MOXKHOCTTA
OT JIMIICA HA apPXHUBH, BCIEACTBUE HA MPOOJIEMH ChC
cucTeMHara OaTepus Ha KOMIIOTBPHUTE CHCTEMH
WM HaJM4uMerTo Ha BHUPYCHM OT Tuma Ha W32.
Bolzano, Virut, Sality u apyru.

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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[lonyuaBane pa3smep Ha  (aiisoBere,
moJIC)Kaln Ha MEPUOANYHO apXUBHUpPAHEC, MOXKE a
ObJIc pealu3uPaHoO 0 CICTHUS HAYUH:

procedure TForml.ButtonlClick(Sender: TOhject):
rar
f: f£file of EByte;
size: Longint;
F3: string;
v: Integer;
hegin
if Cpenlialogl.Execute then
hegin
AzszignFile(f, Cpenlialogl.FileName) :
Reset (f);
try
size := FileZ3ize(f):
ShowMessage ('File size in hytes: '+IntTol3tr(size)):;
finally
CloseFile (f);
end;
end;
end;
end.

9. Hayqu N HAYIYHO-TIPUJIOKEH IIPUHOC

JokazaHa e XxuWmoTe3aTta 3a peaiHa
BB3MOXKHOCT OT TPOIMYCK Ha MEPHOJUYHH apXUBH
Opyd  W3M0JMI3BaHE Ha TEOPETHYHMS MOJeN 3a
MHKPEMEHTAJIHO  apXWMBHpaHe, BCJICACTBHE Ha
MaHUITyJIUpaHe Ha JlaTaTa U Jaca.

JIOTIbJIHEH € TEOPeTHYHHUAT MOoIen 3a
MHKPEMEHTAIIHO apXMBHUPaHE ChC CHBKYITHOCT OT
MPOMEHJIMBH B KAYECTBOTO CH HA KOHTPOJIHU CYMH,
C el eIMMUHHUPaHEe Ha BH3MOKHOCTTA 3@ MPOIYCK
Ha apXHBH.

IIpencraBenn ca  HAKOM  TEOPETHUYHU
0000IIeHHsT W TPAKTHYECKd  HACOKH  TpH
nporpamMHaTa peaju3alds Ha TPEACTABEHHsS HOB
MoAMGUIMPAaH  MOIEN 32  HWHKPEMEHTAJIHO
apXUBHpaHE.

10. 3akJoueHnue

WHKpeMeHTaTHOTO apXWBHUPaHE OCHTYpsBa
HAJA©KIHO apXWBHpaHe, MPU MHHUMHU3UpAHE Ha
BPEMETO 3a apXMBHpAHE U CIIECTSABAHE Ha PECypcU
Ha cHCTeMaTa KaTo KalaluTeT Ha TEXHUYECKHUTE
HOCUTENH Ha WH(OpMaIys, MPOLECOPHO BpeMe H
T.H. Pe3ynarature OT HampaBeHUTE H3CIICABAHUS
JIOKa3BaT, Y€ M3MOI3BAHETO Ha €IUH EIUHCTBEH
napaMeTbp BpeMe (Jara W Yac Ha Cb3JlaBaHe Ha
apxuBa) € TBBpPAE HENOCTaThYHO, THH KaTo OH
MOIJIO Ja JOBEele /[0 JHICA Ha apXuBU IIpH
HEMpaBWJIHO OMNpeJeNssHe Ha ClIydyauTe B KOWTO
JaHHUTE ca MOAW(GUIUPAHM, T.C. MOMISKAIIN Ha
apxuBupaHe. CBBKYMHOCTTa OT  ISUIOCTHOTO,
IUQepeHInaNIHO apXUBUpaHe U MHKPEMEHTAIHOTO
apXUBHpaHe, OCUTYPsABa HaJASKIHOCT HAa JaHHUTE B
mpoleca Ha OCHTypsABaHE Ha HH(GOpPMaLMOHHA
CUTYpPHOCT B OpraHU3alUHUTE.

[IpeanoxeHusT MoIen 3a YCTaHOBSIBaHE
HalIM4ue Ha Monu(UIMpaHe Ha JAAHHHUTE, MOXKE A2

OpAe U3MOI3BAaH KAKTO MpH pealu3upaHe Ha
CHCTEMH 332 MHKPEMEHTAJIHO, TaKa M NPU CUCTEMH
3a quepeHIIMaTHO apXUBUPAHE.

LlsmocTHUAT — MOAXOA 32 OCHUTYpsSBaHE
HAJEKHOCT HA JaHHUTE MOXKE Ja ObJe MPHUIIOKEH B
CHUCTEMH 32 apXUBHpaHe, BKIIOYBALIM ITBJICH,
WHKpEMEHTaleH M JudepeHuuanceH  apXuB.
OcHoBHaTa 0COOCHOCT NP NpHIIATaHE HAa MOJENa
ce sBsiBa 0a30BUS apxuB NpH AU(PEPEHLUATHOTO
apXUBHpaHE U MPETUIIHUS MPU MHKPEMEHTAIHOTO
apxXUBHpaHE.

W3scneapanero Ha METOIUTE M CPENCTBATa
3a apXuMBUpaHEe T[I03BOJSIBA M3IPAKAAHETO Ha
MOJETIM 3a OCUTypsiBaHE Ha HH(OpPMaLMOHHA
CHUTYpPHOCT, KOMTO Jla TapaHTUPAT HAJEKIHOCT Ha
JaHHWTE [IPU TSAXHOTO IMOCIEABALI0 U3I0JI3BAHE.

W3yyaBaHeTo Ha aNrOPUTMHUTE, METOIUTE U
CpeacTBaTa 3a  apXuMBUpaHE JONpHHAcA  3a
nogoOpsiBaHe Ha ChLIECTBYBALIMTE MOJECTH 32
apXUBHMpPaHE N0 OTHOLICHUE Ha TIECTEHE Ha PECypcH
U MUHHMMHU3UpPaHE Ha BPEMETO 3a M3BBbPLIBAHE Ha
MPOLIECUTE 3a apXUBHUPAHE.
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CODPTYEP C OTBOPEH KO/ 3A
CUMYJIUPAHE U MOHUTOPHUHI
HA KOMIIIOTBPHU MPE’KH

JUMUTBP BACUJIEB

Pe3rwome: B nacmosiwyusm momenm ca Hanuunu okono 20 niamgopmu ¢ omeoper Koo 3a
CUMyIUpane u MOHUMOPUHZ HA KOMNIOMBPHU MPEddCU U U300pbm HA HA-NOOX00SWUs e
mpyoen. C yen oa ce Hanpasu npaguiien u3o0p 6 cMamusama e peaiusupan CpaeHumeseH
AHAMU3 HA HAKOIKO 600ewu 6 masu obnacm niamgopmu ¢ OmeopeH Koo, KOUmo
MAKCUMATHO U3NBIAHABAM USUCKGAHUSIMG 30 CUMYIUPAHE U MOHUMOPUHS HA MPEICU.
Hs3opanume cucmemu ca nyoauyHo 0OCMBbNHU Upe3 JTUYEeH3 C OMBOPeH KOO, No00bp’CAm
BCUYKU MPENCOBU NPOMOKOIU U CMAHOAPMU U eHe UMAM MHO20 UHCTAAYUL 8 CEENOBEH
Mawab.

KarouoBu naymm: cogpmyep c omeopen K00, KOMRIOMBPHU MPEdNCU, CUMYAUPAHE,
MOHUMOPUHS, CPAGHUMENEH AHANU3.

OPEN SOURCE SOFTWARE
FOR SIMULATION AND MONITORING
OF COMPUTER NETWORKS

DIMITAR VASILEV

Abstract: At present are available about 20 open source platforms for simulation and
monitoring of computer networks and the choice of the right is difficult. In order to make
the right choice in the article is realized comparative analysis of several leading in this
field open source platforms which fully meet the requirements for simulation and network
monitoring. Selected systems are publicly available through an open source license,
support all network protocols and standards and already have many installations
worldwide.

Key words: open source software, computer networks, simulation, monitoring,
benchmarking

1. BbBenenne ciefHUTe TIaT(GOPMU OTBOPEH KO 3a CHUMYJIHUpPAaHE U
IIpn wm3rpaxpaHeTo Ha KOMIIOTBPHH MPEXKH MOHHUTOPHHT Ha KOIMIOTBPHH MPEXH:
MOTPeOHOCTUTE 3a BCSAKA OPraHM3aLUs Ce Pa3ndaBaT B 1. Cloonix;
3aBHCHMOCT OT BHJIa U apXUTEKTypara Ha Mpekara, Opost 2. CORE;
Ha CbPBBPUTE U pabOTHHUTE CTAHIIMH, BUJA HA IAHHUTE U 3. GNS3
ap. B IpaKTUKaTa HAMa YHUBCPCAJIICH cod)pyep 3a 4 IMUNES
CUMYJIHpaHe M MOHHUTOPUHI HAa KOMIIIOTBPHU MPEXH, 5 Marionnet
KONTO MOAXOJSAII 32 BCUUKH ciydau. CHUCTeMHUTE, KOUTO ..
ca aHAIM3MPAHH B CTaTHATA MMAaT CBOUTE IPEIUMCTBA U 6. Mmlpet
HEAOCTATBIM, KAKTO 32 HYXIUTE Ha CPABHEHUETO TE ca 7. Ne.tklt
KATErOPU3MPAHU 110 OCHOBHUTE MM XapaKTEPHCTHUKH U 8. Psimulator2
¢yakmun. CpaBHUTENHHAT aHANN3 € HACOYeH KBM 9. Virtualsquare
10. VNX

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria ISSN 1310 - 8271
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2. AHaau3 Ha XapaKTePUCTHKHUTe H
BBb3MOKHOCTUTEe Ha mIaTGopMH OTBOpPeH KOA 3a
CUMYJIMpaHe U MOHUTOPUHT HA KOMIOTbPHH MPEKH.

Cloonix [1]

MpexoBusat cumynarop Cloonix ocurypsisa
CPaBHHMTEIHO JIECeH 3a  W3Noi3BaHe  TpaduyueH
norpedutencku nHTepdeiic. Cloonix mpenoprusa KVM
3a Ch3JlaBaHe Ha BUPTYAJHHM MAIIMHU, HO CBHIIO Taka
MOJIbpKa M APYTU TEXHOJOTHH 33 BUPTYJIH3ALMSI KaTO
LXC. Cloonix mpeiara ToJsiMO pa3HOOOpasue OT
MIPEABAPUTEITHO M3TPAZCHU (ANWIOBH CHUCTEMH, KOWUTO
MoraTt Ja ObJIaT U3IOJI3BaHU KaTo BUPTYAIHH MallWHH U
OCHUTYpsiBa NPOCTH MHCTPYKLMHK 32 Ch3JaBaHEe Ha APYTH
BUPTYaJIHU MAIIVHU - KOPEHOIUIOAHH (haiijIOBH CHCTEMH.
Cloonix wma eKHI 3a aKTHBHO pa3BHUTHE, KOHTO
aKTyalu3upa HHCTPYMEHTa Ha BCEKM JABAa WIH TPH
Mecela ¥ KOHTO € MHOTO 4yBCTBUTEJICH KbM MIPUHOCA Ha
norpeduTenure.

-
3
=
T
2]
=)
=3
™)
T

Due. 1.
Pabomen expan na Cloonix

CORE [2]

Common Open Research Emulator (CORE)
OCUT'ypsIBA GUI nHrepdeiic u H3I013Ba
¢ynkmonanHoctta Ha Network Namespaces B Linux
Containers (LXC) KaTo TEXHOJIOTHATA 3a
Buptyanm3amusa. ToBa mo3BoisBa Ha CORE Owp3o ma
CTapTHpa TONsM OpoH BHUPTyadHH MAIIWHU. ToOWH
NOAOBPXKA M CHMYyJNAlus Ha (DUKCHpAHH M MOOWIHH
MPEXH.

CORE pab6oru nHa Linux u FreeBSD. CORE e
»BrIHIA” Ha MpexoBust cumynatop IMUNES, u nodass
Hsikou HOBM (yHKIMH B cpaBHeHne ¢ IMUNES.

CORE: n1 (console)
Edit Canvas ew Took Yidgels Session Help =S

2O v EE

A YE
o

-

10.0.8.2037~]

source node né |destination node n13 | eliek to select nodes
Command line.

| * tracerouts  © ping (STSDINCTIO < AMBIpYCOTe.47200/M6 — tracerouts -0 4 0 10.0,
=), canvas) I

et « s ST s+ 318060
(v e BT s e e e
I Mo e o0

GRS -

10.0.6.10 0,100 ms 0054 ms 0,064 ms

Run | Clear | Close

Fa® 1 C 8 7 Ol = xtenminal]

‘coE (472000n... o Two-node Tool

Due.2.
Pabomen expan na CORE

coRe: 1 (eonsola) [l SN 4) 7 1830 ©

GNS3 [3]

GNS3 e rpaduyeH MpEKOBU CHUMYJIATOP
(dokycupanu mnpenuMHO 3a moanomarane Ha Cisco u
Juniper codryep. GNS3 uma romsima nortpeOuTesCcKa
0a3a, chcTaBeHa PEIMMHO OT X0pa, KouTo y4ar 3a Cisco
W3IHUTH, 1 ©UMa MHOTO MH(pOPMaIHs, CBOOOIHO JOCTHITHA
B MHTEpHET 3a usnona3paHeTo Ha GNS3 3a cumynanus Ha
Cisco obopyBaHe.

GNS3 moxe a ce U3N0a3Ba U 32 CUMYJIUpPAHE
Ha MpeXa, ChbCTaBeHa M3KIIOUUTENHO oT VirtualBox u /
mwm Qemu BHPTYaITHNA MAIIuHY, padoTemu Ha copTyep ¢
orBopeH kox. GNS3 mpemmara pasHooOpaszue OT
MIPUTOTBEHH C OTBOPEH KOJ BUPTYaJIHU MPUIIOKCHHUS, a
MOTPeOUTENNTE MOTaT J1a Ch3/1aBaT CBOU COOCTBEHHU.

e L Vo G Cptinn A Stss Tophny T Db ol g

coam xe Qe»BFx B

e e Cot Omicr A

Riwd O 4 IDJJ.-? a4

Duz.3.
Pabomen expan na GNS3

IMUNES [4]

Exun ot H3CJICA0BATCIIM OT YHHUBCPCUTCTA B
3arpe6, paspaboru Integrated Multi-protocol Network
Emulator / Simulator (IMUNES) 3a u3non3Bane kato
HHCTPYMEHT 3a wu3cieaBaHe B Mpexkarta. IMUNES
paboti Ha onepannoHHara cuctemMa FreeBSD wn
M3M0JI3BA TEXHOJOTMATA 3a BUPTyaJlM3alusi Ha HHUBO
MPEKOBO sIIpo , mpegoctaBeHa ot FreeBSD.

IMUNES monmepka rpadudeH MOTpeOUTEeNCKH
uaTepdeiic. Usrnexma, e pabotu modpe W mpeiiara
Jno0pu pe3ydTaTH, AOpU Korato padOTH Ha cHCTeMa
FreeBSD B®B VirtualBox BupTyaiiHa maiimHa.

ann p—
W sovscatn e [9 8 (o o Prun) | wanes -y numpi.. | NS e fmiow I} Cotuma hom Sandm |

sy | gy

Do 0 G Yow Took TopaGn Mgty Cxmis Lipwinent b

e - trpreen

e e

o
o

W bytes captureg (834 wits)
08 (621000 0040 1, Ot T, 00048 (91803
003 (.8,0.01, Get) 226,005 (74.9.9.9)

Duz.4.
Pabomen expan na IMUNES
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Marionnet [5]

Marionnet ce Hapuda web 6asupana "BupTyaiHa
MpexxoBa  Jabopartopus'. Ta MO3BOJIsIBA  Ha
HNOTpeOUTENINTE Ja ONpeAessT, KOoHpUrypupar u
yrnpaBjidaBaT CJIIOKHU KOMIIIOTbPHU MPEXKU Ha XOCT
KomImoThpa. Marionnet Moske n1a ce cumynupa Ethernet
MpeXa IIbJIHA C  KOMIIIOTPH, MapLIpyTH3aTOPH,
KOHIIEHTPATOPH, KOMYTaTOpH, Kabenu u jp. Marionnet e
MpefHa3HaueH Jla C€ M3IMO0JI3Ba KaTo HMHCTPYMEHT 3a
o0ydeHue W MMa aTpakTHBEH TrpaduueH IMOTPeOUTEICKH
nHTepdeiic, W HIAKOM KOHQUTypaluu 3a HPUMEPHH
nabopaTOpHH  TpakTHKH. ToH  HE  TIPemaoCcTaBs
PBKOBOACTBO 3a ymoTpebda, HO MOTPEOUTEINCKUAT
uHTepdeiic e 10cTa HUHTYUTHBEH.

<. (Untitied) - Wireshark

e Edt \iww._Go._Cacture..fralyte_Statatxs_Hob
et - Momelknoppix/lon.fie /1ot -

e |

108 Echo (sing) reply

108 Eche (pina) reques

10,0.200.2 108 Echo (ping) reques
10.0.300.2 108 Echo (ping) reply

2%
10.0.100.2 Echo (p1ng) reply
e D " 00.: 2

E)

Due.5.
Pabomen expan na Marionnet

Mininet [6]

Mininet uMa 3a IeJ Ja MOAINOMara HayYHHTE
H3CICeIBaHUs B 00JaCTTa Ha COPTYECpPHO NePUHUPAHUTE
MPEIKOBH TEXHOJOTMH. TOH H3M0a3Ba MPEKOBH Linux
NPOCTPAHCTBEHW HWMEHa KaTo CBOsI TEXHOJIOTHS 3a
BUPTYAJIM3aIKs, 33 J1a Ch3/1a/IeTe BUPTYAIHH KIIIOYOBE U
BUPTyanHU BB3MU. CaliThT MOKa3Ba, Y€ MHCTPYMEHTHT
MOJXKE JIa TOJIbPKA XWISAH BUPTYaTHH BB3IIM HA €IHA
orepanuoHHa cuctema. Mininet ¢ Haii-mojie3eH 3a
u3cienoBarenu, konuto usrpaxaar SDN koHTposepu u ce
HY)KIasT OT HHCTPYMEHT, 3a Ja CC MPOBEPH MTOBEICHUETO
1 u3nbaHeHueTo Ha SDN xontponepure. Bnageenero Ha
e3nka Ha Python ckpunroBere € MHOTO IOJIE3HO, KOTATO
n3nomsBare Mininet.

Mininet e TpegHAa3HAYeH MPEeJUMHO  3a
N3y4YaBaHC MNPUHOUIIUTE Ha pa60Ta Ha KOMIIIOTBPHUTE
MpEeXH M MapUIpyTH3MpaHEeTo, paboTara Ha MPOTOKOJA
OpenFlow 3a mporpamMHo KOH(UTypHpaHe Ha MPEXHUTE,
CJIOKHHUTE TOIOJOTMU W MHOTro JApyru. EmymatopsT €
nepdeKTeH 3a M3ydyaBaHe Ha CHU(EPU U CBBP3AHUTE C
TAX 3aJaydl [0 MPCSIKOBH aHadW3. BbB BHUpTyalHaTa
MpeKa MOTaT J1a OBJaT BKIIOYCHH yeO-ChPBBPH U JIa Ce
TeHepupa TpaduK 4pe3 MHOMKECTBO MPOTOKOJH, a CIEJ
ToBa upe3 tcpdump wim Wireshark nma ce wm3cmenBa
paboTata Ha MpekaTa TpPHU HWACATHH YCIOBHS C IIET
aHau3 1 moo0psiBaHe.

Haii-xy6Baoro Ha Mininet e ToBa, 4e TOH
HAITBJIHO eMyJIHpa peanHaTta (uzndecka Mpexa. Beumakn
MTOCTaBEHN B Ta3d MpekKa CHPBBPH, BH3NH, TAOIUIH 32
MapIIpyTH3alys W MPOTpaMeH Koa paboTAT MO ChIIHA
HAa4yMH, KaKTO W BbB (u3Mvecka Mpexa. EmyraropbT
Mininet ¢ B cbcTOsIHUE J1a TeHepupa Tpaduk 10 2 Gb/s Ha
CBHBPEMEHEH KOMIIOTHP M moaabpka 10 4096 mpexoBu
BB3€TIA.

Mininet Beue ce mmnomBa B Crandopnm,
[IpuHCTBH U IPYTH BOJCIINA CBCTOBHU YHHBEPCHTCTH.

o Ed yew Go Costws prabue Stavetcs Wleghony Tiok pramsh ik

SEHAMN mEXTS

o[

Due.6.
Pabomen expan na Mininet

Netkit [7]

Netkit e uHCTpYMEHT 3a cuMymnanus 0a3upaH Ha
KOMaH/IeH pejl, KOWTO M3I0J3Ba MOTPEOUTEIICKHUS PEXKUM
Ha Linux 3a ck37aBaHe Ha BUpTyaiHu MamuHu. [IbiHaTa
Linux OS wMoxe pga paboTH Ha BCsSKa MallWHA.
Wucrpymenra wuma g00pa JIOKyMeHTauust W yed
CTpaHHIlATa HAa MPOEKTa pasloyiara ¢ JABIBI CHUCBK OT
WHTEPECHU J1aDOPaTOPHU CLIEHAPHU 3a MPAaKTHKyBaHE, C
JIOKyMEHTalusi KbM Bceku cueHapuil. CpIlo Taka ce
MOJIKPETIst aKTHBHO OT MajIka OOIIHOCT M € aKTyaln3nupaH
nocsieaHo npe3 2011 roauna.

ospl_singlarea_map.png (1535 1251) 5%

b1 ||mbb: (gubbd ) mbbe | @ iMeda

d)ué. 7.
Pabomen expan na Netkit

) P

Psimulator2 [8]

Psimulator2 e ocHoBeH TpaduueH MpPEKOBU
CHUMynaTop, KOHTO MOXE Ja ce U3Moi3Ba  3a
JIEMOHCTpalusl Ha OCHOBHHU NoHATUA 1o [P mpexu 3a
cryneHTH. ToBa He e HambIHO (YHKIHMOHAJIECH
CHUMyJIaTOp, 3allOTO CaMO €JHa MalKa IOArpyna Ha
HOpMaJHaTa (GyHKIHOHAIHOCT Ha MpeXaTa ce IOAIbpKa
Ha BCEKH BB3EI.

Toii paboT Ha BCsKa CHCTEMa, KOSITO
nonabpka Java, BriarountenHo Windows, Mac OS u
Linux. Psimulator2 mnpeanara Bb3MOXXHOCTTA 32
"ynaBsiHe" u "Bb3npousBexnane" Tpaduk Ha JaHHH,
TeHepupaHu oT cuMynanusra. [lakerure ca mokazanu Ha
GUI xato miamkoBe, KOUTO c€ JBUXKAT B MpEXara.

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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Du2.8.
Pabomen expan na Psimulator2

Virtualsquare [9]

Virtualsquare e HHTEpECHO yCHIIHE 3a Ch3AaBaHe
Ha BHpPTyaJleH MPEKOBH HHCTpyMeHT. Paszpabordunnte
ca M3rpaJuiii CBOU COOCTBEHUTE MHCTPYMEHTH, 3a Ja
cb3gagar BHUPTYaJIHHU MPEXKH, BMECTO IMOBTOPHO Ja
U3M0JI3BAT CPEJCTBATa, KOUTO Ca Ha PaslojoKEHHE B
obmure Linux pguctpubynmu. Hsma moarorseHu
11a00paToOpUU Ha PA3IOJIOKEHHE, TaKa 4e HOTpeOuTeIuTe
me TpsOBa Jna ce HaydyaT jaa OopaBsT C MHCTPYMEHTA
MIpean Jia Ch3/1aaaT JIabopaTopHH CIICHApUH 3a cede CH.
IIpoekrpT € nmoOpe moxymentupal. llpwnmua Ha
W3CIIEI0BATEIICKH MTPOEKT M MOXKE Jla ce M3UCKBaT Linux
SOPO WIM yMEHHUs 3a NpOorpaMupaHe, 3a Jia ce OLCHH
HampaHO. Virtualsquare e wm3TouHmka W Ha Virtual
Distributed Ethernet (VDE). VDE ce u3non3Ba B HIKOH
OT JPYTUTE HHCTPYMEHTH 32 MPEXOBa CUMYJIALHS.

JlugHO a3 Bce ome He CbM Ce OIMTBAI Ja
n3non3BaM Virtualsquare.

VNX u VNUML [10]

VNX mnopmbppka ABE pa3IuuyHU TEXHUKH 3a
BUpTyalM3amss © wu3noi3Ba e3mka XML-style 3a
CKpUNTOBE, 3a Ae(pUHUpaHEe HA BUPTyallHaTa Mpexa. Toi
CBIIO Taka IOAIbPKA BEPHKHO 3aE€AHO MHOXKECTBO
¢u3ndeckn pabOTHM CTaHIMM KAaTo IOAKpena Ha
BUPTYQJIHH JIaDOPATOPUH, KOUTO M3BBPIIBAT JACHHOCT B
HAKOJKO  (u3mueckn pabotHu  cranumu. Toit e
NOAKPENsSH OT MajKa OOIIHOCT M € aKTyalu3upaH B
paMKuTE Ha U3MUHAJIATa FOJIMHA.

VNX 3amectBa VNUML. Crapus yebcaiit
VNUML Bce ome MMa mpuMepHH J1ad0OpaTOpuu U APYTro
ChIbpKaHWEe, KOETOo OM OWIo TONe3HO, KOraTo
n3nonzeare VNX.

SWeim®m e 5]

Ducz.9.
Pabomen expan na VNX

3. U3Boau n npenopbKu

B yHmBepcuTeTHTE € TPEMOPBHUUTEIHO Jia Cce
n3nonsBa Mininet - Beye € TeCTBaH M NPHIOKEH B
Crandopa, IlpuHCTBH W APYrd BOJCIIA CBETOBHH
yHHBepcHuTeTH.[ 12]

3a um3cnensane Ha CISCO mapupyTtusatopu e
MOIX0AA1I0 u3nona3BaHeTo Ha GNS3.

3a ocHOBHM wu3cienBaHus Ha [P mpexn
noAXo/ sy copTyep ¢ OoTBOpeH Kox e Psimulator2, Ho
MOJ/IBPKa CaMO CTATHYHO MapIlpyTH3UpPaHE.

CumynatopbsT Marionnet e jieceH 3a ch3/1aBaHe
W yNpaBJeHUE Ha BUPTYaAIHHW MAaIIMHH, PYTEPH, CyHIOBE
1 Kaben B eMyJIpaHaTa Mpesxa.

CORE e c Haii-Oorati (yHKIHH OT BCHYKH
aHATM3MpaHU copTyepu C OTBOPEH KOX U €
MPENOPBUNUTETHO H3MOA3BAHETO My 3a TNPAKTUYECKH
CHUMYJAllMU ¥ MOHUTOPHHT HAa KOMITIOTBPHU Mpexu.[11]
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CBETJIO3AP IIAHKOB, BAJJEHTUHA BOMMHOXOBCKA

Pestome: Hacmoswama cmamus npedcmass uH@OpMAYUOHHA CUCMEMA, Cb30A0eHd 3d
Hyscoume na xamedpa Ileduampus u meduyuncka ecememuxa Kvm Daxyimema no
Meouyuna npu Meduyuncku ynusepcumem — Bapna ,,npo. 0-p Ilapackes Cmosinos “.

KarouoBu nymu: enekmponno oocue na nayuenm, UH@GOpMayuonHa cucmema

INFORMATION SYSTEM PEDIATRICS AND
MEDICAL GENETICS

SWETLOZAR TSANKOV, VALENTINA VOINOHOVSKA

Abstract: This article presents information system designed for the needs of the
Department of pediatrics and medical genetics, Faculty of Medicine, Medical University

Varna-prof. d-r Paraskev Stoyanov.

Key words: electronic patient record, information system

1. BnBeaenue

Mojenute Ha TMpenojaBaHe WU YYEHE B
MenunuHckus yHUBEpcHTET ,,lpod. n-p Ilapackes
CrossHOB® BBB BapHa BKIIOYBAT €IHW OT Haii-
MOJIEpHUTE CBBPEMEHHH TexHoisoruu — 3D
o0y4yeHre M0 aHATOMHSI M CHCTEMa 3a JOIBJIBAILO
€JIEKTPOHHO OOydYeHHe. YHUBEPCHUTETHT Ipejsiara
Ha CBOMTE CTYIeHTH MOJepHa cpema ¢
HEOTPaHWYCHH BB3MOXKHOCTH 32 OOy4YeHHE W
pa3BuUTHE.

®@akynrerbT M0 MeaunMHa € OCHOBHO
3BEHO B CTpPYKTypaTa Ha yHHBepcHTeTa. Tyk ce
MOJTOTBSAT KaJpu B 00pazoBaTeIHo-
KBaMM(UKAIMOHHATA  CTeTMeH  "Maructep”' W
"Maructbp-nekap". ObydaBar ce JOKTOpPAHTH H Ce
MPOBEXKAA CIEJAUIUIOMHO OOyYeHHE 10 IIHUPOK
KpBI' cielManHoCTH [1].

B xarenmpa [leduampus u meduyuncka
ceHemuxa, YTBBpJIeHA KaTo pPEHOMHpAH W
ChbBpeMeHeH  y4e0eH, JJMarHOCTHYHO-JIeueOeH,
KOHCYJITaTUBHO-METO/INYCH u Hay4JHO-
n3cienoBaTencku  HeHTbp B CeBeponsTodHa
Bearapusi, pyHkuuoHrpa YueOHO-HAYUHUSI CEKTOP
10 METUITMHCKA TeHEeTHKA.

B’BHpCKI/I 4c€ ChUICCTBYBAT MHOKCECTBO
KOMEpCHaAIHN I/IH(bOpMaI_II/IOHHI/I CHUCTCMH Ha I1a3apa
CKHIITBT Ha H3CJICJOBaTciICcKara na6opaT0pHﬂ KbM
CCKTOpPA MMOoXKeJ1a pa3pa60TBaHeTo Ha npeJacCTaBCHaTa
B AOKJIaaa I/IH(I)OpMaLII/IOHHa cucremMma.

2. OcHoBaHMe Ha pa3padoTKaTa

EnexrtpoHHMTE ~ MEAMUMHCKH  JOCHETa
comaraT 3a [OAOOpsiBaHE  KayecTBOTO  Ha
MEIUIMHCKUTE IPUKHU 32 TTAIUCHTHUTE.

Yuenu ot XapBapACKUS  YHUBEPCUTET
NPOBEKAAT EKCIEPUMEHTH, YCTAHOBSBAIIM Kak
MEIMLUHCKUTE JIMLA W3M0J3BaT EJICKTPOHHUTE
MEIULUHCKU Jocuera 3a CbXpaHsIBaHE
uHQOpMaMsITa 3a CBOMTE MalueHTH. Pesynrarute
OT  HampaBeHWTE  M3CIEIBAaHMs ~ codyaT, e
€JIEKTPOHHUTE MEIULUHCKU KapTOHU ca
U3KJTFOUUTEITHO TI0JIE3HU, ThU KaTo YJIECHSBAT JIO
rojsiMa CTeleH Mpoleca Ha BbBEXKIaHE W ThPCEHE
Ha MHpOpMaIMs 32 MAUEHT WIN Ipyna ManueHTH
[6, 71.

Bogemmre EMR  (electronic  medical
record) copTyepHH MPOIYKTH C OTBOPEH KOJ 3a
memuimackn 1enu (Practice Fusion, Kareo EHR,
Hello Health, OpenEMR, OpenMRS, VistA,

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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FreeMED [8]), ca 0OCTOWHO W3CIeIABaHH,
aHaNM3MpaHH W W3MOJ3BAHM KaTro OCHOBA TIIPH
NPOCKTHPAHETO HA  ONKCaHaTa B  JOKJIaja
WHPOPMAIMOHHA CHCTEMa 32 EJICKTPOHHH JOCHeTa
Ha MManucHTH.

B  mpomeca Ha  paspaborBaHe ca
CHONIIOJIaBAHN ~ KOHKPETHUTE M  CHCHH(DUIHUTE
W3UCKBAHMS Ha MEIUIIMHCKUS €KW HA KIMHAYHATA
naboparopwus, OTHOCHO unrepdetica u
(GYHKIMOHATHUTE BH3MOXKHOCTH HA TIPOIYKTA.

3. CLIIHOCT U KOMIIOHEHTH Ha
WH(POPMANMOHHUTE CHCTEMH

Wndopmaumonnure CUCTEMHU (1C)
MIPEJICTABIABAT CHBKYITHOCT OT COTyep, Xapayep,
JIAHHH, TTOTPEOUTEIH, TPOLEIYPH U MPEKU, KOUTO
MpaBsT BB3MOXKHO M3II0JI3BAHETO Ha
MH(POPMAITMOHHUTE pecypcu Ha JajeHa
opranuzanus. Te3u mecT BaKHA KoMItoHeHTa (Dwr.
1) nmo3BossiBaT MHQPOpMaIUATA JIa ObJIC BbBEKIAHA,
00paboTBaHa, TpeICTaBsIHa MW ChXpaHsBaHa [3].
Bcexkn or komnoHenture Ha MC uma cBourte
MpeIUMCTBA U HEIOCTATBIM, XAPAKTCPUCTUKU U
npunoxkenus. OcBeH ToBa Bceku KoMmoHeHT Ha VC
“Ma ¥ CBOM M3WCKBAHUS 32 CUTYPHOCT.

o B

i

Xap.nyep Mpexu
Codrtyep
ﬂorpeﬁwrenu
ﬂpouep,ypu ‘J OaHun

@Due. 1. Komnonenmu na ungopmayuonuna
cucmema

Haii-o6mo, MC morat ga OpaaT pasneincHu
Ha MC 3a u3BBpIIBaHE Ha OMpeEJeiIeHa onepanus 1
Ha TaKWBa, 32 ChOMpaHE Ha JJAHHW, HEOOXOJANMH 32
B3€MaHe Ha peuieHus [2].

Coghmyepom e ChBKYITHOCTTA oT
WHCTPYKIIUHU U JTJaHHHU, HEOOX0AUMU 3a paborara Ha
NC w BriouBa TPHIIOKEHUS, ONEPAMOHHU
CUCTEeMH ¥ pa3INdHd KOMaHJHH CpEACTBAa 3a
yIpaBJICHHE.

Xapoyepvm € KOMIJIEKC OT TEXHHYECKH
cpezictBa — (U3MUECKATa TEXHOJIOTHS, HAa KOSITO CE
MOCTaBsI M M3MBIHIBA cOPTyepa, ChbXpaHIBaT U Ce
npejaBaT JaHHU, H KOSITO OCUTypsiBa MHTEpdeiic 3a
MaHUIyJIHpaHe ¢ HHPOpMAIHUsITa B CUCTEMAaTa.

Jlannume OT CBOS CTpaHa ca HaW-IEHHHUTE
AKTUBU, KOWUTO MpHUTEX,aBa NajicHa OpraHU3aIUs.
Cnen mpeoOpa3dyBaHe Te c€ MpeBphIIAT B
nHpopMarus — BUI, yA00eH 3a 00padoTKa — TEKCT,

rpaduka, 3BYK, BHIEO,
00paboTKa OT KOMITIOThPA.

Hompebumenume va VC morar pa Owbaar
CTIICITUAINCTH B 00JIacTTa Ha HWH(POPMAITHOHHHUTE

p€aAHa3HAYCHU 3a

WIA  MpPEXKOBUTE  TEXHOJNOTHM W  KpalHH
MOTPEOHUTEINH.
IIpoyedypume TIpenCTaBISBAT IHCMEHU

WHCTPYKIIMU 32 W3MBJIHEHHE Ha CrIenupUIHA
3aJla4M, OTHACSIIHU Ce JI0 ekciuioarausaTa Ha MC.
Komnromvprnama mpedica € CbBKYIHOCT OT
XapJyepHH KOMIIOHEHTH W KOMITIOTPH, CBbpP3aHU
MOMEXKIY CH 4pe3 IMPEHOCHa cpejia, KOsTo
03BOJIsIBa 00MEH Ha WH(POPMAIIHSI [TOMEXKTY UM.

4. BaskHu XapaKkTepUCTHKH Ha
HH(pOpMAIUATA

CroifHocTTa  Ha
orpenens oT
XapaKTePUCTUKU.

Hanuunocm — 103BOJIsIBA HA aBTOPU3UPAHH
noTpeduTeNn 1a UMar JOCThII 10 MH(OopMmanusTa
0e3 BB3NPENATCTBAHE WM CMYIICHUS W Ja
nojy4yaBat HHGopManusiTa B )Keaanus: Gopmar.

Axypamnocm wWMa ToraBa, KOTaTo HsMa
IpElIKM M  HETOYHOCTHM M HuHpopMmanusara
IIPUTEKaBa CTOMHOCTTA, OYAaKBaHAa OT KpalHUTE
MOTPEOUTEINH.

Aemenmuunocm — TOBa € KauyeCTBOTO HIIH
CbCTOSIHUETO Ha  wmHpopMmamusaTa Jga  ObJe
OpHTMHAJHA, @ HE BB3IIPOU3BEICHA MM U3MHUCIICHA.
Wudopmanusita € aBTCHTHYHA KOTAaTO € Ha ChILOTO
HUBO, Ha KOETO ¢ Ouia Ch3JaJieHa, ChXpaHeHa HIIH

uHpopManusTa - ce
NpUTEXKaBaHUTE  OT  Hed

npesajieHa.
Konguoenyuarnocm — wundopmanusita e
KOHQUICHIMAaTHa  KOraro €  3alluTeHa  OT

pa3KpuWBaHE WJIM W3JIaTaHE Ha HEABTOPU3HUPAHH
NOTpeOUTENM WIM CHUCTEMU. 3a 3aluTa Ha
KoH(pemeHIInaTHOCTTa Ha WHPOpMaNUITa MOXKE 1a
C€ M3IOJI3BAaT MHOKECTBO MEPKH, KOUTO BKIIIOYBAT:
knacupukanus Ha ~ WHPOpPMAIMITA;  CHTYPHO
cbXxpaHeHue Ha uH(opmanusaTta [9]; mpuiarane Ha
o0IM TOJUTUKU 33 CUTYPHOCT, OOy4YeHHE Ha
CITy’)KUTEJIUTE ¥ KPaHUTE OTPEOUTEIH.

Humecpumem — wunHpopMauusitTa uUMa
MHTETPUTET KOraTo € Ijsila, 3aBbpLICHa M HE €
HIOBpEJICHA.

Ilonesnocm — Ka4eCTBOTO WIN ChCTOSHUETO
Ha wuH(popManusATa Ja TNPHUTEXKaBa CTOHHOCT 3a
ompezneseHa uei. Axo uHpopMmanusiTa € HaJIWYHa,
HO He e B mnoxxoxam Qopmar 3a KpalHU
notpeduren, T e Oe3nose3Ha.

Ilpumeosicanue ~ —  KadecTBOTO  WJIH
CbCTOSHUETO HAa COOCTBEHOCT WJIM KOHTPOJI Ha
uHpopmManusiTa. 3a WHPOpPMaLUITAa ce Ka3Ba, ue ¢
COOCTBEHOCT Ha HSKOTO aKo TOH s € MOJy4ul,
HE3aBUCUMO OT ¢opmata W WM JAPYTH HEWHH
XapaKTePUCTHKH.
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5. Uuopmanuonna cucrema Ileguarpusi u
MEAMIUHCKA TreHeTHKA

[IpencraBenara B  HACTOSAMIMS  JOKJIAL
nHPOpPMALMOHHA CHUCTeMa € TPOCeKTUpaHa B
CHOTBETCTBHE CHC CHEIUPUIHNUTE HM3UCKBAHUS Ha
KOJeKTHBa Ha KJIMHWYHAaTa Jjaboparopus Ha
katenpa [lleduampus u MeOUYUHCKA 2eHemuKa.
ATpakTHUBHHS,  JPYKEMOOEH W  WHTYUTHUBEH
notrpeduTeNnicku MHTEpQEic ylecHsBa pyTHHHATa
pabota Ha MeAMIHWTE, TPEAOCTABSINKH UM
BB3MOXKHOCT Ja Ch3JaBaT Obp30, yIOOHO M TOYHO
€JIEKTPOHHU MEIMIIMHCKH JOCHEeTa Ha MalueHTHTE,
Ia  ympaBiusBaT W o0OpaboTBaT  HaJIMYHATA
nH(pOpMaIHs.

5.1. ®yHKIMOHAJIHH BH3MOKHOCTH

Nudopmarmonna cucrema [lleduampus u
MeOUYUuHcKa  eeHemuka TIPEAOCTaBs  CIEIHNTE
(yHKIMOHANHU  BB3MOXHOCTH: Chb3laBaHe Ha
€JIEKTPOHHU MEJUIIMHCKU KapTOHU 32 MalMeHTH Ha
KIMHAYHATa  Jaboparopwsi;  llombnaBane — Ha
H3uepraTeaHa MacrnopTHa u KIIMHUYHA
nH(pOpMaIUs B €NEKTPOHHUS MEIUIIMHCKH KapTOH
(EMK) 3a mamment; /lo6aBsHe, akTyamusupaHe H
W3TPUBAHE Ha uHpopMaIMsl OT EJICKTPOHEH
MEIUIMHCKA KAapTOH, OTMSHA Ha MOCIEIHUTE
HalpaBeHW TPOMEHM;, ThpceHe W M3BEXKIaHE Ha
nH(pOpMAIUs 33 MANKUEHT WM TPYIa MalUeHTH 110
BbBEICHU Kputepuu. Hampumep, TbpceHe Ha
nHpopMmarusa 3a namueHT no EIH; Tepcene mo
MajgKko WMe, CIHAKBM MaJKW WMEHA;, CIHCHK Ha
BCUYKM TAIMEGHTH; TWbiHa wuHpOpManus 3a
MaIleHTy, TOoMajamy B €IHa M Chlla Tpyma
TCHETHYHU 3a00JIIBaHMSI; W3BSKIaHEe HA KIIMHUYIHA
uHpopMaIUs 32 PErUCTPUPAHU MpPerjeaud Ha
MalMEHTH WKW Tpyna MalUueHTH 3a OIpelecH
Meproa OT BpeMe; H3BEXKJaHE Ha NaclopTHA W
KIIMHUYHA WH(pOpMaIMs 3a BCEKH MAlMEHT (UMe,
El'H, mara Ha mbpBOHAYaJieH NpeErJie] W JaTH Ha
MOCTIE/IBAIM TIPETJIeId, TOJ, BB3PACT, JIEKyBaIlll
JeKap, HOMEp Ha KIWHWYHA MhTEeKa, TUArHO3a,
TCHETHYCH KOHCYJITAHT, Tpyma 3a00isBaHUS,
aZipecHa perucrpanus, TenedoH 3a KOHTAKT U T. H.);
JlobOaBstHe, TIpu HEOOXOMWMOCT, Ha HOBH TPYIH

reHeTHYHn  3abonsBanus;  Vmmoptupane  Ha
n300pakeHuss  OT  U3BBPIICHH  MEIUIHMHCKA
u3cnenBaHus  (CKeHEp, pEHreH,  ToMorpad),

[IPUKAaYBaHE Ha pa3JIMYHA BHUIOBE TEKCTOBH U
Bugeo ¢aitnoBun Qopmatu; Unadopmanms 3a
ponurenu, OpaTs, cCecTpU Ha HAUKMEHTa W T.H.;
Hanomusin ¥ 1moncka3Balld  CbOOLICHHS IIPH
OIIpe/IeNIeHH CHUTYyallMd IO BpeMe Ha paboTa CbC
cucremara.

Ha ®wur. 2 u ®@wur. 3 ca npeacraBeHn 9acTi
oT pabOTHHM eKpaHH 1o BpeMe Ha padota ¢ MC.

naTgn i e e (e
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@Due. 3. Cnpaska 3a epyna 3a00/158aHUs

5.2. IlpoexTHpane Ha HHPOPMAIHOHHATA
cHCTeMa

WNudopmarponnara cucremMa 3a
CJIEKTPOHHN MEJIMIIMHCKH JIoCHeTa € pa3paboTeHa
Ha KJacMyeckaTa CHCTeMa 3a YIpaBJCHUE Ha
penanuoHHn 6a3u JaHHU Microsoft Access.

CucreMuTe 3a ynpaBlieHHE Ha pelaliiOHHU
0a3u JIaHHU yNpaBisiBaT JaHHUTE B Ta0umiu. Besika
Tabnuua chbxpaHsBa MHpoOpMauus 3a AafgeH O00eKT
(B cimydas mamUeHT) wWid chOuTHe (HAmpuMep
nperyie]] Ha narueHT). TabuIuTe ca ChBKYITHOCT
OT penoBe (3amucH) U KOJIOHU — TI0JIeTa, aTpUOyTH.
Beska ot konmonuTe B Tabnmiara ChXpaHsIBa
ompeseieH B HHPOpMAITUs 32 00CKT WIH CHOUTHE
(HampuMep UMe Ha MalUeHTa, JaTh HA U3BBPIICHU
nperyieay, aM0. HOMep, TEeHETHYHO 3abolisBaHe,
anpec w np.). PemoBere B Tabmumiata ommcBaT
aTpubyTUTe Ha JajeH OOCKT Wi ChOUTHE (MaHHU
332 KOHKPETCH TAIlUCHT).

IIpu paspaborBane Ha WC akTHBHO €
n3noiBaH e3uksT Visual Basic for Application,
BrpaseH B Microsoft Access.

IIporiechT Ha TpoekTUpaHe Ha Oa3zara
nmanau Ha VIC mpemMuHaBa mpe3 cleqHuTe eTamnu [4]:
OrmpenensHe mpenHa3HAYCHUETO Ha 0aszara JaHHM;
Hamupane wu opraHm3mpaHe Ha HeoOxoaumara
napopmarus; Pasmensne Ha wHOpMmamumaTa B
tabmuiy; I[lpeBpbilaHe Ha WHPOPMAIIMOHHUTE
CJIEMEHTH B KOJIOHW, 3aJlaBaHe Ha ITbPBUYHU
KarouoBe;  Hactpoiika Ha  penmanuu  MEXIy
tabmmnure (Dur 4).

5.3. TectBaHe

TectBanero Ha equa UC e uscienBaHe ¢
men pga ce gJadne wWHPOpPMAINUA HAa  BCHYKH
3aMHTEPECOBAHM CTPaHM 32 KadeCcTBOTO Ha
MPOIyKTa WIH yCIIyrarta.
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=4 Relationships

Poputeni , | Maunent KnnHinuna mHGopMauma
EGHp A= Vet = 7 1ok

EGHD me Amblist

Imeb pol kiputeks

Familign godini Diagneza

db dnknomer Data

mb <t D

® imel ¥ echp

telefonb tell Dz

adresh B snimks inf

EGHm snimka FileData = foto

Imem Animka.FileName foto FileData

Familigm Shimka.FileType foto FileHame

teletanm GeneticPhisianhiame foto FileType

agresm Portom

am -

GeneticPhisianHame

TEHETHUEH KOHCYATAHT 3a00ARBAHMA
Wi I Vioz

ime imez
telefon

QDue. 4.Penayuonnu epv3ku

I/I3B’prHeHO (S TCCTBAHEC Ha BCHUYKHU
xomnonenmu (popma, 3asBKa, OTUYET), NPULONHCEHUE
(moxazBa CHOTBETCTBHETO Ha TIPOAYKTa ChC
3IT0KCHUTE MTOTPEONTEIICKA M3UCKBAHMUS ),
KoHGueypayus v uncmanayusi. Crennduupanu ca
MUHUMAITHUTE M3UCKBAaHUS KBbM Xapayepa H
Bepcuute Ha codryepa mpu kouto MC moke ma
pabotu. Chb3mageHa ¢ (YHKIMOHAJIHA CXEMa Ha
ApPXUTEKTypaTa M ca ONMCAHU (PYHKIIMUTE Ha BCEKU
OTJIeJIeH KOMIIOHEHT. B mporeca Ha TecTBaHE Ha
cucTeMara € MpoBepeHo [S5]: oTromaps U Ha
W3HUCKBAHHUATA, 3aJI0’)KEHU npu HEHHOTO
MpoeKTUpaHe W pa3paboTka; paboTH T CHOpen
OYaKBaHHUATA HAa MOTPEOUTEIIUTE; MOXKE JHM Ja Ce
BbBEJIE B ymorpeba MNpU Te3W CH MapaMeTpH;
OTroBapss JM  HAa  HYXJAHTE Ha  BCHYKHU
3aMHTEPECYBaHH CTPAHHU.

Angpa mecmeane — BB3IArTa  Ce Ha
MOTPEOUTENN, KOUTO KPUTHUIHO PA3TIICKIAT BCHUKU
nerainu Ha gaaena VC. Beeku equH OT TSIX NpaBu
CIIUCHK Ha OTKPUTHUTE TPEIIKH, KOTa U MPU KaKBU
YCIJIOBUS Ca BB3HHKHAIIM, KAKTO W OOIIH 3a0€TIeKKH
1 Tpenopbku. Te3u crnuchim ce 0000maBar, cien
KOCTO T'PEILIKUTE ce OTCTpaHsBar. Ajipa TECThT Ha
nporotuna  Ha  Uugpopmayuonna  cucmema
ne()uampuﬂ u Medm;uHCKa ceHemuKka € U3BbPIICH.

bema mecmeane — u3BBPIIBA CE OT peaNHU
HOTpe6I/ITeJ'II/I, nMalu IpsAKO J5RI0%0 KOCBCHO
OTHOIIICHUE KBbM TMPHIOKEHUETO. Ta3u rpyma ChIio
CBHCTaBsI CITUCHIIN C TPEUIKUTE, KOUTO TO-KBCHO IIIe
ObJaT aHAIU3UPAHH U OTCTPAHEHHU.

Cnen anda m OeTa-TECTBAHETO HACTHIIBA
eTamrbT 3a OIpeNeNsiHe CTelNeHTa Ha TOTOBHOCT
(6bpoH30Ba) W 37MaTHA BEpCHs, KOATO O3HAYaBa, e
MIPHJIOKEHUETO € TOTOBO 32 BHEAPSBAHE.

B  momenTa Ha  pa3paboTBaHe Ha
Hactosimara  cratus  MC  3a  enekTpoHHH
MEJIMIIMHCKU JIOCHETa € MPEeJIOCTaBeHa 3a TECTBaHE
Ha peajHy MOTPEOUTEH, UMAIIH MPSIKO OTHOIICHHE
KbM Hesl U TIPOIIECHT € B JIOCTa HAPEIHAT CTaIHiA.
[Ipencrou BHeApsABaHE HA MPOAYKTA.

6. 3akiaroueHnue

Kakro II0COYBAT
MPOBEACHOTO JIO  MOMEHTa

pe3yJTaTure oT
tectBane, MC

Ileduampus u meouyuncka eeHemuxa JOTIPUHACS
JI0  TIO-IIBJIHOLIEHHU U 3aJbJIOOYCHH HAy4YHH
W3CJEBaHUsl C IeJ JIeYCHHE U IOA00psBaHe

3IpaBeTO Ha  MHAIMEHTUTE, OCBOOOKIABAHKU
MEJMIUTE  OT  PYTUHHTHTE  OMNEPalUd 110
chOMpaHeTo, ChXpaHsIBaHETO, 00pabOTBaHETO U

aQHAJM3UPAHETO HA MOCTBIIMIATA HH(pOpMALHS.
HacTtoAammsar mgOKyMEHT € W3rOTBEH C
(huHaHcoBaTa oMol Ha EBponeiickusi coluaieH
tdonn. Pycenckusar yampepcurer ,,Anren KnpHuer”
HOCH IsIaTa OTTOBOPHOCT 32 CHIBPKAHHETO Ha
HACTOSIIMSL ~ JIOKYMEHT, M  TpH  HHUKaKBU
oOCTOsITENICTBAa HE MOXE Ja Ce MpHeMe Karo
ounmanHa no3uuus Ha EBpomneiickust Cbro3 WM
MuHHCTEPCTBOTO Ha OOpa30BaHUETO M HayKaTa.

[IpoexT:Ne BGO051P0O001-3.3.06-0008
»lloArmomMarane u3pacTBaHETO HA HAYYHUTE KaJpH B
WH)KEHEpHUTE HAyKd W UHQOPMAIIMOHHUTE
TEXHOJIOTHN .
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MN3MOJI3BBAHE HA DATA MINING METOHA

3A PEHTABAHE HA ITPOBJIEMA 3A
3AITA3BBAHE HA CTYJAEHTHUTE

JOPHA KABAKUMEBA

Pestome: [lpobnemvm cwvc 3anazeanemo Ha cmyOeHmume e 0COOEHO aKmyaneH 3a
VHUSepcumemume 6 CbEPEMEHHaAma OUHAMUYHA U CUTHO KOHKYpEeHmHA  cpeod.
Pewasanemo na mosu easicen npodrem modice 0a 6v0e NOONOMOSHAMO Ype3 3A0bIOOUEeHO
AHATU3UPAHe HA HATUYHUMe OAHHU 3a oOyuaemume upe3 NpuldeaHe HA AHATUMUYHU
cpedcmea 3a ussnudane Ha 3Hauus om 2onemu obemu oannu (Data Mining). Ocnosnama
yen Ha masu cmamus e 0d NPeoCcmasu Cbuecmeysawu U3Cie08aHus, NoCeemeHu Ha
usnonzearemo na Data Mining memoou u cpedcmea 3a paHHo npedcKka3éane Ha CmyoOeHmu
6 pUck 3a omnaoame om 00yueHuUemo, 3a OMKPUAHe HA OCHOGHUME (AKmMopu, eruseuu
8bpXy omnaoanemo, u Ha bazama HA NoayueHama unHgopmayus — 3a npeonpuemane Ha
adexsammuu MepKu 3a noguuLagane cmenenma Ha 3anaséane Ha cnyoenmume.

KnrouoBu aymm: 3anaseane ma cmyoenmume, H3zenuuane Ha 3HaHus om coinemu obemu
oannu, Educational Data Mining, Student Retention

USING DATA MINING METHODS FOR SOLVING
STUDENT RETENTION PROBLEMS

DORINA KABAKCHIEVA

Abstract: Student Retention is a very serious problem for universities, especially in the
current dynamic and highly competitive environment. Data Mining technologies could be
very effective for supporting the university management in handling the student retention
problem if they are properly used for analyzing available university data. The main
purpose of this paper is to review existing studies on applying Data Mining methods and
tools for early identification of students in risk of dropping off, finding the most important
factors influencing the dropping off and defining adequate strategies for increasing the
student retention rate.

Key words: Student Retention, Educational Data Mining, Higher Education

1. BnBeaenne

3ama3BaHeTO Ha CTYJEHTHTE € CEpUO3CH
mpo0JIeM 3a BUCIINTE y49eOHH 3aBEICHHS, 0COOEHO
B ChbBPEMCHHATA JUHAMHMYHA U CUJIHO KOHKYPEHTHA
cpena, U TPHU BCE M0-0CE3aTeTHOTO HaMaJsIBAHE Ha
Oposi Ha MOTEHIUAIHUTE KaHauaatu. OTnagaHeTo
Ha CTYJCHTHUTE MOXKE Jia C€ JbJDKH Ha Pa3IudHU
NPUYMHU M OKa3Ba  BJIMSHUE  KaKTO  Ha
HHCTUTYIIUUTE, B KOUTO CE U3BBPIIBA 00YUCHUETO,
Taka U Ha caMuTe CcTyaeHTH. OCHOBHUTE HEraTUBHU
TIOCJIENICTBUS 32 y4eOHOTO 3aBEACHHE ca 3arydara

Ha CpPEeICTBa M HEOOXOAMMOCTTA OT MOIIBPIKAHETO
M OCBIIECTBABAHETO HA CKBIIOCTPYBAIIN MPOIIECH 32
paHHO OTKPHBAHE Ha CTYJCHTU B PHCK 3a OTIaJaHe
0T 00y4eHHUETO.

EBpomneiickata kommcumst  (EK)  cpmio
00pBITa CEpPHO3HO BHUMAHUE Ha TIpoOJieMa ChC
3ara3BaHeTO Ha CTyJeHTHTe. B choOlieHue 3a
Menuute Ha EK ot 22 mait 2014r. [1] ce npencras
JIOKJIaJl HAa Mpexara ,,EBpuauka™ ¢ pe3yiaratd OT
u3cieBaHe, mpoBeaeHo B Hajl 30 abpkaBu (BCUYKH
nepxkau or EC ¢ uskimtoueHne Ha JlrokceMOypr u
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Hunepnannusa, mmoc Wenangusa, JIuxreHiaiiy,
Uepna ropa, Hopserms u Typuus), Ha Tema
»~MoIepHu3upaHe Ha BHUCIIETO OOpa3oBaHHE B
EBpoma: mocThm, 3ambpikaHe Ha CTYJISHTHTE W
MPUrOHOCT 32 3aeTocT . (OCHOBHHMTE W3BOJAU
[IOKa3BaT, Y€ HEJOCTAaTbYHO ABP)KaBU H3MOJI3BAT
cbOMpaHara OT TAX HHQPOpPMaLUs 3a BHCLIETO
obpazoBaHne, 3a Ja  IMOAOOPSBAT  CBOWTE
YHUBCPCUTETU u BB3MOXKXHOCTHUTEC, KOUTO TC
npepiarar Ha cryaeHture. KoHcratupa ce, ue
MHOTO JTbPKaBH HE NW3YUCIISIBAT CUCTEMAaTHIHO JeNa

Ha 3aBBPIINUIIUTE niIn HaITyCHaJIUTe
MIPEKIACBPEMECHHO CTYACHTHU, BKJIIOYUTCIIHO n
CTpaHu, KOHUTO umartr TIOJIMTHUKH OTHOCHO

3aMa3BaHeTO Ha CTYJCHTUTE W 3aBbPIIBAHETO Ha
00pa30BaHMETO, HO OYCBUJHO HE pasroyarar ¢
OCHOBHH JIaHHH, 3a JIa aHAIU3UPAT PE3yJITATUTE OT
TE3U MOTUTHKH.

CbBpeMEHHUTE MOIIIHU AHATTUTHIHN
CpelicTBa 3a HW3BIMYAHEC HA 3HAHHWS OT TOJEMH
obemu maHHW, W3BecTHH Karo Data Mining, ce
MpujiaraT MHOTO YCIICIIHO 3a pellaBaHe Ha BaKHU
Om3Hec  mpoOlieMd B Pa3iUYHH  CEKTOPH
(MapKeTuHr, npoaxowu, yIpaBiicHUE Ha
B3aMMOOTHOIIICHHUATA C KIHCHTH, YIpPAaBJICHUE Ha
KauecTBOTO MpPH MPOU3BOACTBO U T.H.), OCOOCHO B
KOMIIAHUHUTE OT YaCTHHS CEKTOp. 3a ChKaJCHHE,
TE3d HOBU METOIU M CPEICTBA HE ca OCOOCHO
momyJIIipHU B cdepata Ha obOpa3oBaHueTo. EnBa
pe3 MOCJIEIHUTE TOJMHHU 3allo4yHa Ja ce o0pbiia

[0-CepHO3HO  BHUMaHWEe  Ha  (akxTa, qe
o0pa3oBaTeIHUTE WHCTUTYIIUH — YHUBEPCHUTETH,
VUIIALIA, KOJIC)KH, IbPKaBHA arcHITHH,

OpUTCIKABaT YHUKAJIHMU JOaHHU 3a O6y'—IaCMI/ITe,
KOUTO aKo ObJaT MBIHOICHHO W3MON3BAHU |
aHaJM3UPAHU Ype3 MOJXOISANIN HHCTPYMEHTH, Onxa
OCUTYPWJIM ~ MHOTO  IMO-700p0  IO3HaBaHE U
pa3OupaHe Ha MPOIECUTE M YYACTHHUIMTE B TSIX,
KakTo W OwWxa IOBHIIWIA €(QEKTUBHOCTTa Ha
B3UMAHUTEC peUICHUS. Brn3nukna )51 HOBa
nscnenoBatencka obiact — Educational Data
Mining (13BIMYaHe HA 3HAHWS OT JaHHH B c(hepara
Ha 00pa30BaHMETO), B KOATO OCHOBHO BHUMAaHHUE Ce
oOpbllla MMEHHO Ha aHajuW3a Ha JIAHHUTE OT
chepata Ha O0Opa3OBAHHMETO, W UHATO HAYYHA
OOIIHOCT HEMPEeKbCHATO CE Pa3pacTBa M BKIHOYBA
MPEJICTABUTEIN OT BCE MO-TOJISIM OpOil JbpiKaBH 110
CBETA.

2. AKTyaJIHOCT Ha npodeMa chC 3ana3Bane
Ha CTY/IEHTHTe

C w3cnmenBaHe Ha  3ama3BaHETO  Ha
CTYACHTHTE C€ 3aHMMaBaT W3CJIEIOBAaTEIH OT
pa3TUIHN HAy9IHHU 001acTH. ABTOpPUTE, paboTeIm B
oOynactra Ha 0Opa30BaHMETO M PA3BUTHETO Ha
00pa3oBaTeHUTE MOJUTUKA HAcOYBaT CBOETO
BHUMAaHHE BBPXY OMNpPEACISIHETO Ha OCHOBHHUTE

¢dakropu, BIHMSACIM BHPXYy OTMNAJaHETO Ha
CTYyICHTUTE, W CH3JAaBAHETO Ha OIMHUCATCITHH
moaenu. M3scnemoBaTenuTe, wu3NOd3BamM Data

Mining TtexHonorum, ce (okycupaT NpPEIUMHO
BBPXY TEXHOJOTWYHHUTE AaCIEKTH, CBBP3aHH CBC
ChOMpAHETO M TpeaBapUTeNHAaTa MOATOTOBKA Ha
aHaNM3UpaHUTE JaHHW, H300pa Ha TOAXOASIIH
METOAW M CpPEACTBAa 3a H3BBPUIBAHETO HA
aHaIN3UTE, OIEHKAaTa Ha MOJYyYCHUTE MOJCIH U
3aBHCUMOCTHU.

2.1. ®axkTopu, BJHMsACLIH BbPXY OTHAJIAHETO
HA CTYJAEHTHUTE

CeoiecTByBaT TOISIM Opoil W3CienBaHMS,
MIOCBETCHHU Ha 3alla3BaHeTo Ha CTyJIeHTUTe. Enun oT
Hali-uecTo  IMTHpPaHUTE  MOJENH B  TE3HU
W3CIIEIBAHUST € MOJICNBT, MpeyIokeH oT Tinto orme
mpe3 1975r. w®  gopa3BUT B TOCICABAIIH
nyOnaukaruu  [2], CBIVIACHO KOWTO OTIagaHEeTo
3aBHCH OCHOBHO OT TOBa KaK CTYICHTBT Cce
WMHTETpUpa B akaJeMWUYHaTa cpela Ha ydeOHOTO
3aBEJICHUE M B YCTAaHOBEHATa COIMAlHA Cpeja.
Hpyru aBTropu CBIIO TpepIarar MoOJIENd  3a
u3Cle/BAHE W OlEHKAa Ha  OTNQJaHeTo Ha
cryaenture, Hanpumep Thomas [3] nopa3BuBa
Mozena Ha Tinto karo OOsICHSBa JETaWIIHO
dakTopuTe OT aKaJeMHUYHATA M COIMAIHATA Cpea,
a Seidman [4] npe/yiara gopmysa 3a onpeseisHe
Ha 3aIla3BaHETO Ha CTYJICHTHTE KaTO CyMa OT PaHHO
uaeHTU(UIIIpaHe U TOAX0/A11a Hameca. Hait-uecto
MMOCOYBAHNTE TIPUYNHU 3a OTIIAJaHe Ha CTYJICHTHUTE
ca TdXHaTa HCHOOAIOTBCHOCT 3a aKaaCMHUYHO
o0OydeHue, HEeMOIXOISIUAT H300p Ha mporpaMa u
KypcoBe, WJIM HECHOTBETCTBHE C IMbPBOHAYATHHUTE
O4YaKBaHUA, TPYyAHO COLIHAIHO HUHTETPHUPAHC. Ot
aKaJeMHyHa TJeJHA TOYKa, JOOPOTO MHTErpUpaHe
Ha CTYJICHTA 3aBUCH MPEIU BCUYKO OT IMOKA3BAHUTE
pe3yarar, JUYHOCTHOTO n3pacTBaHe,
aKajeMHyHaTa CaMOOIICHKA Y HAJIWYHMETO Ha
WHTEpEC KbM H3YyYaBaHWTE TUCIHUILIMHH. B T0-
MajKa CTeTleH BIWSHAE OKa3BaT (hMHAHCOBUTE
pecypcu (IIOBEYETO TIPOYYBaHHs JIOKa3BaT, dYe
(¢uHaHCHpaHETO HE € OCHOBHAa MpPUYHMHA 34
OTMHaNaHeTO Ha CTYACHTHUTE), JUIHHUTE IPOOIeMH
(31paBOCIOBHO  CBCTOSIHHWE, HEOOXOAUMOCT  OT
rpuka 3a OJHM3KH) U Jp.

Benukn Te3m Mozenu ce Oka3BaT MHOTO
MOJIE3HU 3a HM3CIIEJIOBATENINTE TPU pEIaBaHETO Ha
Data Mining 3amauu, cBbp3aHu C TpodiemMa 3a
3ama3BaHe Ha CTyJeHTuTe. lM3momsBar ce kaTo
OTIpaBHA TOYKA MPH CHOMpaHEe Ha HEOOXOIMMHTE
JIAHHHU, KOUTO Jia ObJIaT aHAIIM3UPaHH upe3 n30paHu
Data Mining MeTonu W CpeAcTBa, 3a Jga Obaar
OTKPUTH ChHIIECTBYBAIId CMUCIEHH KOpPEJallHH,
3aBHCUMOCTH, TIOBTApsAIN ce obpasmm (patterns),
TCHACHIINH.
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2.2. llpunarane Ha Data Mining metoau
1IpU pa3padoTBaHe HA CTPATernu 3a
3ana3BaHe Ha CTyJCeHTHUTE

Haif-yuecto wm3nmomsBanure Data Mining
aNTOPUTMH TIPU U3CIEIBaHE Ha mpoliieMa CbC
3ama3BaHe Ha CTYJICHTHTE ca QJITOpPUTMHUTE C
BB3MOXKHOCTH 3a IMpeJCKa3BaHe, 3aToBa W Hail-
yecto pemaBaHa e Data Mining 3amavara 3a
npejicKa3BaHe M IO-TOYHO — 3ajadyara 3a
Kiacu(UKaIys, 9YUsTO OCHOBHA IIEJT € MpeJIcCKa3BaHe
CTOHHOCTUTE Ha W30paHa MPOMEHJMBA OT THII
Kareropust (MHOrO YecTo OMHapHAa NPOMEHJINBA)
9pe3 CTOMHOCTHTE Ha OCTAHAJIHTE MPOMEHINBU B
nmananTe. Data Mining 3amadata 3a 3ama3BaHe Ha
CTYACHTHTE MHOIO NpPWINYAa HA €AHA OT YECTO
pemraBaHuTe 3amadn B Om3Heca - Data Mining
3ajavata 3a 3aJbpKaHe Ha KIMEHTUTE Ha elHa
¢upma (customer churn), ocobGeHO akTyanmHa B
TEJIEKOMYHHMKAaLMOHHATa HWHIyCTpus (MOOWIHHUTE
OIIEPaTOpH), KAaTO OCHOBHATA IIeJ1 € OTKPUBAHETO Ha
KJINEHTU »B pHUCK* Ja [IpEKpaTsIT
B3aMMOOTHOILICHUATA CH C KOMIaHUsTa. ToBa ¢
MHOTO Ba)XHO, ThI KaTo € JI0Ka3aHO, Y€ Pa3XoauTe
3a Tpuj0OMBaHE Ha HOB KIHEHT ca MHOTO II0-
roJeMd OT pa3XxoAMTE 3a 3aa3BaHe Ha Beye
CBIIIECTBYBAIIl KIINCHT.

IIpe3 nocnenHuTe roAMHU C€ MOSIBUXA M
MHOKECTBO W3CIIeABAHUS, MOCBETCHU Ha
npuiaraneto Ha Data Mining 3a paHHO OTKpHBaHe
Ha CTYJICHTH B PUCK Ja OTMAJHAT OT OOyYCHHETO.
OOuKHOBEHO TIeNTa € Ha Te3W o0ydaeMu Ja ce
OKa)K€ CBOEBPEMEHHO JOMBJIHUTEIHO MOAXOISIIO
ChACHCTBHUE, 3a Ja OBJAT 3aJbpiKaHM, WIH Ja ce
YCTaHOBSAT OCHOBHUTE (haKTOPH, KOUTO BB3/eiicTBAT
HEeOIaronpusTHO BHPXY OTMAJAHETO Ha CTYJICHTUTE
U J1a ce B3eMaT MEpPKH 3a Mo00psiBaHe Ha cpefaTa.

Hampumep, agmuaucTpaTtopute B South
Texas College [5] oTkpuBar, ue CTyICHTUTE, KOUTO
ce 3amucBaT B MOCJEAHUS MOMEHT 3a JaJieH Kypc,
94eCTO OTMmajaT OT Hero, 3aroBa I[POMEHST
IpaBUjIaTa M HE TO3BOJIABAT KbCHO 3amucBane. [Ipu
W3IBIHEHUETO  Ha  CTYJEHTCKH  IPOEKT  3a
pa3paboTBaHe Ha MOJENM 3a IpeJCKa3BaHEe B
University of Alabama [5], ce oTkpuBa ¢akra, de
CTYJICHTHTE, KOWTO €XKEJHEBHO WHTYBaT JIO
YHHBEPCUTETa, MHOTO  [O-4ecTO ca  Cpef
OTHAaJalINTe, 3aTOBA B pa3pabOTeHaTa CTpaTerus 3a
3ama3BaHe Ha CTYJCHTUTE C€ BKIIOYBA WM3HCKBaHE
I'BPBOKYPCHUIIMTE 3aJBJDKUTEIHO Ja JKUBEIT Ha
TEPUTOPHATA HA YHUBEPCHUTETA, a CTYACHTUTE B
PHCK Ce BKJIIOYBAT B CHEIUATM3UPAHH CEMUHAPH H
npyru nporpamu. B Purdue University [5] upe3
Data Mining ce pa3paboTBar kiacu(puKaToOpH, 4pes3
KOHWTO CTYJCHTHTE C€ TPYNHpPAT B TPH KATETOPUH —
,»HHACBK®, ,.cpelleH” U ,,BUCOK* PUCK OT OTMaJaHe,
KaTo Ha TpuUTE KaTeropuu CTYACHTH
MpernoJaBaTeInTe U3NpamaT pa3iniHy ChOOIIeHNS,

B KOUTO C€ TIPErnophuBaT MOIXOMASIIN 32 Te3U
CTYJIEHTH PeCypCH, 3a/IaHus, MHUIMATHBY, C e J1a
ObJaT MOANOMOTHATH B MAaKCHMalHA CTeleH
ChOOpa3HO €  KOHKPETHHTE  WHIMBHUIyaHU
notpedHOCcTH. B State University of New York at
Buffalo [5], npueTute CTyJeHTH Ce MOIPEKAAT IO
paHr mo 7 akaJeMH4YHH IOKa3aTenu Ha Oa3aTa Ha
pe3ynTaThTe OT MPUEMHHUTE TECTOBE, U aKO HIKOM
OT TAX TOKaXe ITO-HUCKH pe3ynraTd 3a 5 OT
MoKa3aTeunTe, MoJryyaBa IpernopbKa oT
YHUBEPCUTETA Ja C€ BKIIOYH B OpPTaHU3UPAHH
CIIeIMaIN3upaly MoAroTBUTENHN KypcoBe. B Tiffin
University [5] dupe3 momenu 3a mpeickasBaHe ce
yCTaHOBSIBA, Y€ (AKTOpUTE, KOUTO OKa3BaT Haii-
TOJISIMO BJIMSIHUE BBPXY OTIJaHETO Ha CTY/EHTHUTE
ca aKaJIeMUYHH, COLMANTHA W (UHAHCOBH, 3aTOBA
HOBaTa CTpaTerusi 3a 3ala3BaHe Ha CTYJEHTHUTE
BKJIIOUBA M30MpaHETO Ha MEPCOHATHH MEHTOPH 3a
CTYJIEHTHTE B HAK-TOJSM PHUCK, CH3/IaBaHETO Ha
CHEIUATN3UPAHO 3BEHO B YHHMBEPCHUTETa, KOETO
HENMpEeKbCHATO Jla HaOioJaBa CTYyIEHTUTE OT
rpynara CcbC CpeIeH pPHCK, U aBTOMAaTHYHO
perynsipHo uHQOpMHUpaHEe HA HHUCKO-PUCKOBHTE
CTYJEHTH 32 HINYHETO Ha MOAXOISIIN JEHHOCTH
M3BBH OCHOBHATa yuyeOHa Iporpama, KOeTo BOJIH J10
MOBHIIIABAaHE  CTEMEeHTa Ha  3ama3BaHe  Ha
nbpBOKypcHUITE OT 51% 10 63% B pamkuTe Ha 5
TOAMHU. MHOro 4YecTo MpH MPOBEKIAHUTE
W3CJeBaHUSl CE€ W3IMOJ3BAaT KaKTO JaHHU 3a
o0ydaeMuTe, ¢ KOUTO pasroiaraT WHCTHUTYIIUUTE,
Taka ¥ JaHHW, CHOMpaHH Ype3 IPOBEXKIaHE Ha
peTyIsapHU MpOyYBaHUs, 0CO0CHO cpen
HOBOIIPHETUTE  CTYJIEHTH, 3a CbhOMpaHe Ha
WHpOpMAaIHsI CBbpP3aHa C aKaJeMHUYHHUTE, COLUATHH
Y €MOIIMOHAIHU OCOOCHOCTH Ha aHKETUPAHUTE.

[Tocoyennte mo-rOope MpHUMEpH ITOKAa3Bar,
4ye ype3 M3moi3BaHeTo Ha Data Mining meronu u
CpeAcTBa 00pa3oBaTEIIHUTE WHCTUTYLHUH YCIISBAT
Jla TIOJ00pST CBOsITA CTpaTeTHs 3a 3ala3BaHe Ha
CTYJIEHTHTE KaTo B3UMAT HH(POPMHUPAHH PEIICHUS U
npeArnpreMaT ajgeKBaTHU JCHCTBHs, Oa3MpaHu Ha
pe3ynTaThuTe OT aHalu3a Ha TEXHUTE HAIWYHU
JaHHUu. B neiictBuTenHocT, TrojsiMa  4acT  OT
YHUBEPCUTETHTE pasfoyiaraT ¢ HEO0OXOJIUMHUTE
JaHHW, HO Ha TMpaKTUKa Te3W JaHHU He ce
u3noisBar  e(peKTUBHO TMOpajy  Hepa3Oupane,
HETNO3HAaBaHE Ha HOBHUTE TEXHOJOTHH WX JIUTICA HA
NOOXOMSIIM  AaHAIUTHYHH  CPEACTBA,  KOETO
3aTpy/HSABA B3UMAHETO HA HABPEMEHHH TOIXOISIIN
YIPaBICHCKH PEIICHUSI.

OCHOBHOTO TIPEAMMCTBO OT H3IIOJI3BAHETO
Ha Data Mining npu pemaBaHeTo Ha mpobiema e
BB3MOXKHOCTTA Jla C€ aHaJM3upar TroiisiM Opoi
CIOXHHA (PAaKTOPH, KOUTO YECTO OKA3BaT BIHSHUE
BBPXY OTIIQJIaHETO Ha CTYJIEHTUTE OT OOyYeHHeE.
Upe3 Data Mining ce aHanu3upaTr HCTOPUUYECKUTE
JTAHHW Ha WHCTUTYIIMATA, OTKPUBAT CE KOMOWHAIHH
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oT (GaKTOpH, KOUTO HAW-CHITHO BIHUSAT BBPXY
OTIAJIAaHETO, Ch3AaBaT Ce MOJEIH, Ype3 KOUTO Ce
MpPEJICKa3BaT CTYJICHTUTE B PHUCK, KOETO BOJU JO
mo-mo0po  pazbupane Ha  TpoOJIeMHTE |
BB3MOKHOCTH 3a IPOAKTUBHO )Z[CI>'ICTBI/IC.

3. Yecro uzno3Banu Data Mining meToamn
IIPU U3CJIeIBaHe HAa NIPodJeMa Cbhe
3ana3BaHeTO HAa CTYJACHTUTE

AHanm3uTe MOKA3BaT, Y€ MPH MPOBEKIAHE
Ha  UW3CIEABAHUSATA OTHOCHO  3ama3BaHe  Ha
CTYACHTHTE, OOMKHOBEHO C€ H3IOJI3BAT HIKOJIKO
pasmmuam  Data Mining wmeTtogm, THH Karto B
MOBEYETO CIyyaW Pa3IMYHUTE TOAXOIU BOIAT JIO
MoJIy4aBaHe Ha pe3yiaTaTd B pasnuuHa (opma HIH
ce mojy4aBa HH(pOpPMAIHUS C PA3IMYHO KadyecTBO.
W360pbT Ha Data Mining MeTOIU NMpH aHAIW3 Ha
n30paHy AaHHH 3aBUCH OT Pa3IMYHU (aKTOpU — OT
cneuuduKara Ha caMHUTe JaHHM (THUI IPOMEHIIUBH,
pasnpesielieHd Ha MPOMEHJIMBHUTE), OT IENUTE Ha
W3CIIEIBAHETO U BUAA HA OYaKBAHUTE PE3yJITaTH, OT
BB3MOXXHOCTHTE HAa  HAIMYHUTE  CO(PTYyEepHH
WHCTPYMEHTH, OT 3HaHWSITa ¥ YMCHHUATA Ha
uscnenoBarenure u Ap. llpm Bcuukm  ciydaw,
korato ce peamusupar Data Mining mpoektu ce
IpernopbyBa NpUaraHe Ha Pa3iIMdHU METOIH, ThH
KaTo Mopajav pa3iiMuyHaTa UM MPHUpPOJA M HAYMH Ha
paborta ce moiy4aBaT pe3yiaTaTH, KOUTO MOTaT Ja
ObAaT MOJIC3HM NPHU IOJy4daBaHE OTTOBOPUTE HA
pa3In4yHU BBIIPOCH Ha KpailHUTE TOTPEOUTENH.

Uscnenosatenn  or  Thames  Valley
University (UK) mpe3 2010r. [6] cu mocTaBsT 3a
LeJT []a aHAJIM3UPAT IIOBEICHUETO HA CTYACHTUTE, 3a
Jla OTKPUBAT OIle HA PaHEH eTall 3acTPalICHUTE OT
ornanane. M3nomsear tpu pasnuunu Data Mining
Meroqu — beiicoB nmoaxox (Naive Bayes), Support
Vector Machine n /IppBO Ha pemieHUsATa, BHPXY
WHTETPUPAHH JaHHU OT Pa3lnYHU YHUBEPCUTETCKH
MH(OPMAIMOHHU CUCTEMH (aIMUHUCTPATHBHH 0a3n
JaHHU, OMOIMOTeKa, CHCTEMH 33 OHJIAWH O0ydYeHHUE
W TECTBaHe, W Jp.). Pe3ynraTture OT M3BBPIICHUTE
aHaJNM3M Cce W3MOoN3BaT 3a pa3paboTBaHETO Ha
NWIOTHA MH(OpPMALMOHHA CHCTEMa, KOATO Ja
moJirioMara paHHOTO OTKPHBaHE Ha CTYACHTHTE B
PHUCK ¥ OCBIIECTBSIBAHETO HA CTpaTerus 3a
noJo0psiBaHe TPEACTABSIHETO Ha Te3u 00ydyaeMu.
[Ipn BnM3aHe B cucTeMara, CTYyIEHTHT MOXE 1a
momydyn moapoOHa wuHGpOpMAIUs 3a  CBOWTE
pe3yATaTH MO Pa3luuHU TUCUUIUINHH, Aa pazdepe
uMa Jd  [pobieMH M 1O  KakBU IIPUYMHHU.
[IpenogaBarenuTe W3MOJI3BAT CHCTEMara, 3a Ja
OTKpPHBAT HaBpeMe 3acTpallleHUTEe OT OTHaJaHe
CTYACHTH, TP HEOOXOIUMOCT Aa OOILyBaT C TSAX H
ma cpaBHABaT uWHMoOpMamuATa 32 MTOJAOOHHU
JVCUUTUTUHA B PA3JIMYHUTE CEMECTPH.

B uscnensane Ha mpobiiema chC 3ama3BaHe
Ha cTyaeHTd, npoBeaeHo mpe3 2010r. B Arizona

State University [7], ce W3mon3BaT TpuU pa3indHU
Data Mining meTona — kJ1acu(puKarmoHHO IHPBO Ha
peuienusta, mnoaxoabT MARS  (Multivariate
Adaptive Regression Splines) 3a perpecrmoHHO
MOJenUpaHe U HEBpOHHU Mpexu. [lomyuyenute
pe3yiTaTH IoKa3BaT, 4e (aKTOpuUTe, KOUTO ca C
Hail-rolsiMO  3Hau€HWe 3a  3ala3BaHeTO  Ha
CTYACHTHTE, ca OposT TpaHcdepupaHu yacose,
MECTOKMBEEHE M €THHYecKa NpuHaiexHocT. Ilo-
roJeMusiT Opoil TpaHcdepHpaHH YacoBe O3HAYABA,
4ye CTYJCHTUTE Ca MO-TIOATOTBEHH 33 aKaIeMUYHO
oOyueHue. lHTepecHH ca H3BOAWUTE OTHOCHO
BIMSHUETO Ha (pakTopa MectoxmuBeeHe. Oka3Ba ce,
4e ONpeleNsano € He  pPa3CTOSHUETO  J0
YHMBEpPCHUTETa, a  KOHKPETHOTO  Treorpa)cko
MoJIOKeHNE (CTYEHTHTE OT M3TOYHHSA OpAT TIO-
pAIKO OTmajaT OT OOyYEeHHETO B CpPaBHEHHE ChC
CTYACHTHTE OT 3amagHus Opsr).

B npyro uscnensane ot 2011r. B Western
Kentucky University [8], ce aHanu3upaT JaHHU 3a
HOBONPHETH CTYJCHTH Ipe3 TPU IOCIECIOBATEIHH
roguHy, m3momsBa ce copryep SAS Enterprise
Miner U ce cpaBHSBAT pPE3YJTATHTE OT HSIKOIKO
pasznmmunu Data Mining aiaroputMu — JIOTHCTHYHA
perpecusi, IbPBO Ha PELICHUSITa W HEBPOHHH
mpexu. C Haii-rojiiMa TOYHOCT Ha TpeJICKa3BaHEe
pabotu KIacCu(UKATOPBT, NOJTy4eH 9pe3
ITOPUTBMa JABPBO Ha pELICHUSTa, M TOW ce
M3M0JI3Ba 32 PAaHHO OTKPHBAHE Ha CTYICHTUTE B
PHCK OT OTIaJIaHe.

IIpes 2013r. wuscnemoBatenu oT Eastern
Washington University [9] cbmo wu3nonssar
pasmuuam  Data Mining Meromum — IBpPBO Ha
pelleHMsITa, HEBPOHHU MpexH, beilcoB meTon
(Naive Bayes) u reneparopu Ha mpaBuia, 3a Aa
NoJay4aT KiIacMpUKAaTOpH 3a MpeACKa3BaHe Ha
'BPBOKYPCHUIIM, KOUTO Ca B PUCK 3a OTIAJaHe OT
00y4YeHHUeTo. WzBbpiieHara OLICHKA Ha
KJIacu(pUKaTOpUTE MOKa3Ba, Y€ BCEKH OT TIX HUMa
CBOMTE IPEAMMCTBA M HENOCTaTbLM, a Hai-
BOXHUTE (AKTOPH 32 OTMAJaHE Ca CPEJHUST yCIeX
Ha cryaeHture (GPA - Grade-Point Average) u
TSAXHOTO (DHAHCOBO CHCTOSTHUE.

B nscnensane ot 2012r. uscnenoBaren oT
Wnnnitckn  yHuBepcurer [10] wusnmomsBar Data
Mining cobryep WEKA wu upe3 tpu paznuvnHu
AJITOPUTMH TI0 METOJa IhPBO Ha pemenusTa (ID3,
C4.5 u ADT) renepupar kinacudukatopu 3a
OTKpHBAaHE Ha CTYICHTH B PHCK OT OTIQJaHe.
HanpaBenata  omeHka Ha  KauecTBOTO  Ha
KJIacu(UKATOPUTE TOKa3Ba, 4Ye 4Ype3 IMONYyUCHUTE
MOJENM MHOTO YCIeNIHO Morar Jja Objar
NPEACKAa3BaHU PHCKOBUTE OOy4aeMHTE U CIPSIMO
TAX Ja ce IpelrnpueMaT HAaBPEMEHHH IMOAXOISIIH
JEWCTBUS C 1eJl HamalsiBaHe Oposi Ha OTIaTHaH
cryaentu. Ilpes 2014r. e mpexactaBeHO MOAOOHO
uzcnenBane [11], B KoeTo u3cienoOBaTenuTe
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aHaIM3MpaT YHUBEPCUTETCKHM HaHHUM upe3 Data
Mining copryep WEKA wu anroputbm IbpBO Ha
pewenusta (ID3), u momyyaBaT CBBKYIHOCT OT
KIacU(UKALMOHHA MpaBWiIa, Ype3 KOUTO Ce
OTKpHBaT (hakToOpUTE, KOWUTO B Hal-royisiMa CTETEeH
BIIHSAAT BBPXY MIPEICTABSHETO HA CTYICHTUTE.

B mayuna nyOmukamms mpe3 2013r.
n3cnenoBatenu oT Asia Pacific University of
Technology and Innovation [12] amamm3upar
CBUICCTBYBALIUTE 1O MOMEHTAa  M3CIEIBAHUS
OTHOCHO 3alla3BaHETO Ha CTYIJCHTH U OTHOBO
MOTBBPXKJIABaT, Y€ TO3W TMpodieM €  OT
W3KITIOUMTENTHA BAXKHOCT 32 BHUCIIUTE Y4YeOHH
3aBEICHUS U PEIlaBaHETO MY MOXKE YCIICIIHO Ja ce
MOJITIOMOTHE Upe3 Tpuiiarade Ha moaxojsmu Data
Mining anaropuTMHu 3a M3ClieIBaHE HA HAIUYHUTE
nannu. Haii-yecto m3mossBanm ce okaszBaT Data
Mining mMeTonuTe 3a MpeicKa3BaHe, Ype3 KOUTO ce
reHepupar Kiacu(QUKaTOpH 3a PaHHO MpeJICKa3BaHe
Ha cTyleHTH B puck. Ha 0Oasara Ha momydyeHata
nHGOpMaLMsl OT aHAIU3UTE, AAMUHHCTPATOPH H
MperojaBareid B3UMAT HABPEMEHHH MEPKH 3a
noJiroMarate Ha Te3u o0ydJaeMu ¢ LeJl HaMallsiBaHe
Opos Ha OTIAJHAIIM CTYJICHTH.

Besko  or mpeacraBeHuTe  MO-TOpE
W3CIIEIBAHUSI IMa CBOU CIIEIIM(DUIHU OCOOCHOCTH M
W3II0JI3BA PAa3lMYHU TOAXOAM 32 IpelCKa3BaHe
MIPEICTaBSIHETO HA 00y4aeMHUTE U PAHHO OTKPUBAHE
Ha CTYJIGHTH B PUCK. AHaJIM3BT MOKa3Ba, ye Data
Mining MeToauTe CTaBaT BCE MO-TIOMYJISIPHU TPH
pelaBaHeTO Ha Te3M MpoOJeMHu, Karo Hali-4ecTo

mnoim3Bann ca Data  Mining wMeTtomuTe 3a
npeacka3Bane, ocobeHo MeToasT JBpBO Ha
peuenusTa. I'enepupar ce pasauYHU

KJ'IaCI/I(i)I/IKaTOPI/I, BCCKH CHC CBOUTC NPCAUMCTBA U
HEAOCTAThIM, YPE3 KOUTO C AOCTATHYHO BHCOKa
TOYHOCT MoOrar Aa cC€ HNpeiacCKasBaT CTYACHTUTC B
pUCK OT OTHaJgaHe U Ja C€ TI0JlydaBa IICHHaA

nHpOpMAITUs ~ OTHOCHO  pa3paboTBaHETO  Ha
paboTemy cTparernd 3a CHpaBsHE C OTJIMBA Ha
CTYIEHTH.

OCHOBHHTE  TIPEIM3BHKATEIICTBA  TPH

npuinaranero Ha Data Mining METOIM M TEXHUKH 32
aHaJIM3 Ha JIaHHU B cepata Ha 00Opa3oBaHHUETO, ca
CBBpP3aHH KAaKTO ChC CaMHUTE JaHHH, Taka U ChC
crienmupUIHUTE  OCOOCHOCTH  Ha  W30paHWTe
AaHAIIMTUYHU MeToau. EaHOo oT Hall-Ba)KHUTE
OTPaHUYCHHS € CBBP3aHO C KOPEKTHOTO ChbOUpaHe U
OpraHvM3WpaHe Ha JaHHATE — BCE IIOBeYE OT
HaJIMYHUTE JAaHHU Ca HECTPYKTYypUpPaHHU (HAIIp. BbB
BH/JI HA CBOOOJICH TEKCT) WM MOJYCTPYKTYPUPAHH,
KOETO 3aTpyJHsBa TEXHHsS AaHAJIM3 W Hajara
M3MONI3BAaHETO HAa HOBH TIOAXOIM 3a TAXHATa
o0Opabotka. MHTerpupaHeTo Ha JaHHU C pa3jiuuHU
(hopMaTH, TIXHOTO M3YHCTBAHE U TpaHCHOPMHUpPAHE
B TOAXOASAIl 3a aHalu3 BHJ, CBIIO YECTO
MIPENICTaBIABAT TOJSIMO IMPEIU3BHKATEICTBO 32

aHanmuzatopute. ChINECTBYBAIIUTE AHATUTHYHH
METOAM CBHINO TpsAOBa 1a OBAAT TpHIATaHH
BHHUMATEIIHO, KaTO HM300phT MM TpsAOBa 1a Oble
ChOOpa3eH ChC CHEIUPUIHUTE OCOOCHOCTH Ha
HAJIMYHUTE JaHHU W C OYaKBAHHTE PE3yJITaTH.
W3pneueHata wuHpoOpMaIMs Ype3 HU3MOJI3BAHUTE
AHAJIMTUYHU CPEACTBa TPsOBA Jla ChOTBETCTBA HA
HYKJUTE Ha KpalHUTE MOTPEOUTETN — MEHUKBPH,
aJMHHUACTPATOPH, MpPENojaBareid, CTYICHTH B
00pa30BaTeIHUTE UHCTUTYIIUH, U Jia CE TPEOCTaBs
B pa3bupaem 1 y00€eH 3a M3M0I3BaHE BH/I.

4. 3akiaouenue

Hpe}ICTaBeHI/ITe n3CJICABaHUsA ITIOKa3BarT, 4c
npoOJeMbT ChC 3alla3BaHETO Ha CTYJCHTUTE € OT
M3KITIOYUTENTHA BAXKHOCT 3a 00pa30BaTEITHUTE
WHCTUTYIUH, & PEIIaBAHETO Ha TO3H MPOOIEM MOXKE
Ja ObJie YCIEIHO MOAIIOMaraHo 4pe3 aHaJIu3upaHe
Ha HamuuHUTe JNaHHM ¢ Data Mining Metoau u
cpenctBa. M3crmemoBarenmnte B Tazw  oOmact
oOpbIIAT CEpUO3HO BHHMAaHME Ha u300pa W
npeABapUTeNIHaTa IOAIOTOBKA Ha JaHHUTE 3a
aHaim3, u3noi3BaT pasnudau Data Mining meronn
M aNrOpUTMH KaTo Hai-4yecTo 0coOeHO e(eKTHBHU
ce OKa3BaT METOJHTE 3a TNpelcKa3zBaHe (METOIBT
JbpBO Ha peleHMsATA € Hai-4ecTO M3MOJI3BaH) U
mojrygaBaT BaXHH 3aBUCUMOCTU U KHaCI/I(bI/IKaTOpI/I,
Ype3 KOUTO Ha PaHEeH eTall ce OTKpUBAT 00ydaeMuTe
B PHCK 3a oOThajaHe oOT OOY4YeHHETO U ce
mpeanpueMaT aJeKBaTHA MEPKH 3a IOBHUINABaHE
CTETICHTa Ha 3ara3BaHe Ha CTyJdeHThTe. ToBa
n3cjaeaBaHe € MMPpOABIKCHUEC Ha peaAnuIIHO
MpOyYBaHe Ha aBTOPA, IOCBETEHO HA M3IOJI3BAHETO
Ha Data Mining wMeTtomn ® CpeacTBa 3a
MpeJIcCKa3BaHe MpeAcTaBIHeTo Ha cTyaeHtute [13],
W MO0Ka3Ba, Y€ MpoOJeMbT OTHOCHO 3ala3BaHeTo Ha
CTYJICHTHTE OCTaBa aKTyalleH M MpOoJbJDKaBa Jia
IMpUuBJIMYa BHUMAaHHUETO Ha MHOTI'O M3CJICI0BATCIIN,
paboremu B obnactra Ha Educational Data Mining.

OCHOBHHUTE TIPEAMMCTBAa OT H3IOJI3BAHETO
Ha Data Mining MeTOOW W CpeACTBA TIPH
pelaBaHeTo Ha TPOOJIEMHUTE ChC 3ara3BaHETO Ha
CTYJIEHTHTE 3a YHUBEPCHUTETHTE, ca I0-100po
pazbupane Ha (pakTOpUTE, KOUTO OKA3BAT BIUSHHUE
BBPXY OTIaJaHeT0 Ha o0y4yaeMHuTe, paHHO
npecKa3BaHe Ha CTYJCHTH B PHUCK, MpenpHeMaHe
Ha aJIeKBaTHM MEpKH 3a IIOJIIOMaraHe Ha Te3u
CTYJIeHTH, pa3pa0OTBaHE Ha HOBH CTpAaTEeTHH 3a
MOBHIIIABaHE  CTEMeHTa Ha  3ama3BaHe  Ha
CTYACHTHTE, pa3OupaHe Ha BIMSHUETO Ha
OTIaJaHeTO Ha o0ydaeMH BBPXY (HHAHCHUPAHETO.
3a CTyIeHTUTE ChHIO € BAKHO HaBpeMe Ja
OCB3HAAT, Y€ 3a TAX CHIIECTBYBA PUCK 3a OTMAJaHE
oT 00yueHnero. AKo ObJaT YBeJOMEH! HaBPeMe OT
PBKOBOJICTBOTO Ha YHUBEpPCUTETA u
npenojaBaresiuTe, TE Morar Ja NpearnpueMar
nmeiictBus (T.e. Ja OBAAT MPOAKTHUBHM) U Jia
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HampaBAT HEOOXOAMMOTO, 3a Ja  HaBakcaT
M30CTaBAHETO U Jia MOJy4aT JAOMBJIHUTEIIHA TOMOI]
U CBbICUCTBUE.
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NoAXOAU 3A YCBbBbPHIEHCTBAHE
N3HOJI3BAHETO HA UHOOPMAIIMOHHHA
TEXHOJIOI'MU B COPEPATA HA BUCHIETO

OBPA30OBAHHME B BBJI'APUA

AHTOHHO XA/DKMKOJIEB, KPACEH IIEHYEB

Pe3tome: B ycroguama na enobarusayus u Ha@u3aHe Ha UH@GOPpMaAyuoHHume mexHoio2ul
U UHMEpHem 6b8 GCUYKU Cpepu HA UYOGEUIKUSI JICUBOM, Memooume 3d Npenoodsame,
UBNON36AHU 6 YHUGepcumemume, mozam 0a 0vOam NPOMEHeHU NO HAYUH, Yensy
nocmueane Ha NO-BUCOKA eheKmusHocm u 006asena CMOUHOCH U YCRewHa NPakmuiecka
peanuzayus Ha cmydenmume. B 0oknada ce nocougam pasnuunu npumepu 3a usnoi3gaHe
HA UHOPMAYUOHHUME MEXHONIOSUU 6b8 GUCUUEMO 00paA308aHue — Bb3MOICHOCH 34
obyueHue upe3 uU3NOI36aHe HA COYUATHU MPEXNCU, Cb30asane HA MOOUNHU NPUTLOHCEHUS 8
yecHenue Ha cmyoeHmume, U3epadicoane Ha HeooXoouMama mMpeicosa UH@PpacmpyKmypa
¢ yen nodowvpoicane na menoenyuama BYOD, pazeumue na oucmaHyuonHomo ooyuyeHue,
usnoaszeane Ha pabommua cpeda, Oiuska 00 masu 8 pearnama npaxmuxa. Ha 6aza ma
u3Ccne08anus ONUm 6 c8emoser Mawao, ce NPassam nPenopvKy NO KaKkb8 HaA4UH Mo2am Hali-
yenecvobpasno 0a 6vOAm U3NON3EAHU CbEPEMeHHUmMEe UHDOPMAYUOHHU MEXHON0UU 8
cpepama na sucuiemo obpasosanue 8 bvieapus.

KarouoBn nymm: gucwe obpaszosanue 6 Boaeapus, uHGOpMAyUOHHU MEXHONO2UU,
uHmepHem, COYUaIHu mpeogcu, mooburnu npunodicenusi, BYOD (Bring your own device),
MOOC (Massive online open course)

METHODS FOR IMPROVING THE
IMPLEMENTATION OF INFORMATION
TECHNOLOGIES IN THE HIGHER EDUCATION
IN BULGARIA

ANTONIO HADZHIKOLEV, KRASEN PENCHEV

Abstract: In the global world we live in, the role of information technologies and Internet
in our lives is getting bigger every day. This requires changes in the teaching methods used
in higher education institutions, so they can be as effective as possible, and their graduates
can be specialists in their respective fields. There are different examples of integrating
information technologies in higher education around the world like social networks and
mobile device apps that support the learning process, building and maintaining the
infrastructure which makes the existence of the BYOD trend possible, using MOOC and
interactive methods which help to prepare the students for the life after graduation. Based
on the researched experience in the report, recommendations are made about how the
modern information technologies could be used in the most efficient way in the area of
higher education in Bulgaria.

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria ISSN 1310 - 8271
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1. OCHOBHHU I0JIO:KEHH S

Janum enno oOpa3oBaHHE € KAYeCTBEHO MIIH
He, OMXMe MOTJIH Jia ChIUM IO TOBa KaKBa 4acT OT
3aBBPUIMJIIMTE CTYJCHTH YCISIBAaT Jla HaMepsT
paboTa TO cHenMamHOCTTa, KOATO H3ydaBaT. 3a
CHKaJeHHe, CTAaTUCTHKHUTE HW3CIeIBAaT E€INHCTBEHO
KOJIKO OT 3aBbpIIBAIlUTe yHHUBEPCHUTET ca
Hamepwin pabora, 0e3 3HadeHWE Jdamu TSI
KOPECIIOHIMpa C M3y4aBaHaTa OT TSIX CIEIHATHOCT.
B bwarapus To3m mpoueHT € Mainko Hajy 65. 3a
CpaBHEHHE B Pa3BUTH JIbpKaBU Karto ['epmaHus u
ABgcTtpus ol e Hax 90.

[IpenBua  TeKymoTo  CHCTOSHHE  Ha
OBJITApPCKOTO BHUCIIE O00pa3oBaHUE, CTaBa SICHO, Ue
ca HEoOXOIWMH Cepuo3HH pedopMH, KOWTO [1a
MOBHIIAT HETOBOTO Ka4deCTBO M Ja OCUTYPAT IIO-
noOpara peanu3amnus Ha cTyaeHTHTe. Te TpaOBa na
ca CBBpP3aHHM C IPOMEHHU B CAMUTE y4eOHH IIJIaHOBE,
OCHBpPEMEHSIBAHE Ha CHETMATHOCTUTE B
CHOTBETCTBHE C THPCEHETO Ha Ia3apa Ha Tpy/Aa,
mpoMsHa Ha HayuHa Ha (UHAHCHpaHE Ha
YHHBEPCUTETUTE M  MO-TOJNISIMa  MpaKkTHYecKa
HAaCOYeHOCT Ha oO0ydeHHeTo. OT H3KIIOYHTETHO
BaXHO 3HAYCHHE € Jla MMa M NMPOMSHAa B METOJNTE
Ha TIpernojiaBaHe, Thil KaTo B MO-TOJsIMaTa CH 9acT B
JTHEITHO BpEeME Te Ca OCTapeld M HEeJ0CTaTbhyHO
e(heKTHBHHU.

[Ipes 21. Bex oOpa3oBaHueTo TpsOBa na ce
00bpHE KBM HWHPOPMAIMOHHHUTE TEXHOJOTHUH,
KOMUTO TpeayiaraT peAnna BB3MOXHOCTH 32
MpujiaraHe Ha pa3jIMdHU WHTEPAKTUBHU METOIH 32
MpescTaBsHe Ha MH(POpPMANHUATA, W3IOI3BAHETO Ha
KOMUTO HEMHHYEMO IIe JIOBeJe N0 YBeJHYaBaHe Ha
Ka4yeCcTBOTO Ha 00y4eHneTo u
KOHKYPEHTOCIIOCOOHOCTTa  Ha  00pa30oBaHMETO.
HeoOxogmmo e ObarapckuTe BUCIIM — y4eOHH
3aBEJICHUS Ja IMOYepHSAT OMUT OT JPYTd CTPaHy,
KBJETO H3IMOJ3BAHETO Ha TAaKWBA TEXHOJOTHH €
(¢akT oOTHaBHa W BeyYe € JaJ0 HEOOXOIUMUS
pesynTar.

2. MeTtoau 3a YCbBBPIIEHCTBAHE
U3M0J3BAHETO HA  HMH(OPMALUOHHHU
TEXHOJIOTMH BbB BHCIIETO 00pa3oBaHMe
B Buarapus

B CHBpPEMEHHUS CBAT MOHSATHETO
“H()OPMAITMOHHH TEXHOJIOTHH € TIPSIKO 00BBP3aHO C
HaJIMYUETO Ha JOCTHII 0 MHTEpHET. 3a 1a ce joone
mo-sicHa MpejcTaBa 3a TO3M  IOKaszaTread B
KOHKpEeTHaTa TIpeiMeTHa objact, e u3cienBaH
nepuoabT 2004 — 2013 1. Mo NPOLEHT Ha y4alluTe
BBB BHUCIIH YYCOHU 3aBEJCHUS, KOUTO H3IOJI3BAT
MHQOPMAITMOHHN TEXHOJOTHUM W HWHTEPHET B
CBHOTBETHOTO BHcIIEe yumuiie [5]. Ot rpaduxata ce

BIJK/IA, Y€ U3I0I3BAHETO HA UHTEPHET BbB BUCIIUTE
yueOHM 3aBefeHHs OT EBpomeickus Chio3 pacTe
ymepeno — ot 58% mnpe3 2004 r. go 76% npe3 2013
r. B bearapus e Hanune psA3Ko yBeJIMYEHUE HA TO3U
IOKa3aTel, KaTo 3a paslJIeXJaHus NEepuoj TOH €
HapacHaJl IOYTH 4eTupu nbTu. Pasnukara B
npouentHo otHomenue 3a 2013 r. mexay EC u
bearapus e exsa aBa mporeHTHH IMyHKTa — 3a EC
TOH € 76, a 3a bearapus — 74.

—EBponeiicku ¢b103 bnarapus
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@Due. 1. Ilpoyenm na yuawume 68 BY3 6
bvreapus u Eeponetickus cvio3,
U3NON38aAUU UHMEPHEM b8 BUCULEMNO
yuebno 3asedeHue, 8 Koemo ce 0byyagam

IIpenBua BUCOKHS MPOLEHT HA HM3MOJI3BaHE
Ha WH(GOPMAIMOHHU TEXHOJOTHH W WHTEPHET B
OBATapCKUTE BHUCIIN Y4eOHU 3aBEJCHHS, MOXE Ja
ce 3aKIIoYd, Y€ Te pearupar CBOEBPEMEHHO U
aJIeKBaTHO Ha  EBPOMEHCKHTE W  CBETOBHHU
TEHACHIIUY. Wsnon3Baiiku ChLIECTBYBAaIlaTa
MpekoBa WH(PACTPYKTypa, YHHUBEPCHUTETHTE Omxa
MOTJIM Ja BBbBeJaT HOBH METOAW 3a OOy4eHHeE,
KOMTO Ja ca Oa3upaHM Ha W3MOI3BAHETO HAa
ChBpEeMEHHHUTE MH()OPMAIIMOHHN TexHOonoruu. Karo
KOHKPETHH  BB3MOXKHOCTHM B JOKJaja  ca
pasrieganu:

- M3MOJI3BaHEe Ha COUMAIHH MPEeXH,
MpeHa3HAYCHH 32 00yUCHUE;

- JoM3rpakaHe Ha  MpekoBara
MHQpAacTpyKTypa C el  HOAAbp)KaHe  Ha
Hajaramara ce B MoMmeHTa TeHmeHmus BYOD
(Bring your own device) ;

- J0pa3BUBaHE Ha JANWCTaHIMOHHATa
¢opma Ha oOyuenme u wusrpaxnane Ha MOOC
(Massive open online course) cucrema ¢ OHJIAWH
KypcoBe, KOSITO € JOCTBITHA 32 BCHYKH, HE3aBUCHMO
OT TOBa JIAJI T€ ca CTYJCHTH WIH HE;

- paspaboTBane Ha MOOWITHA
MPUJIOKEHUsT C 1ed yJeCHsABaHe JOCThIIa Ha
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CTYICHTH A0 aKkTyajdHa WH(pOpMaIus, CBbp3aHa C
BHCIIETO YUHMJIUINE U Y4eOHHUS IpoIIec.

2.1 U3noa3BaHe Ha COLMAJHU
npeaHa3HAYEHH 32 00yyeHHne

MpeKH,

VYeb-6azupannte cucTeMH 3a 0OydeHue
mpeaoCTaBAT BB3MOXKHOCT 3a HpI/II[O6I/IBaHe Ha
3HaHHUA 1O BCAKO BPEME, HABCAKBIAC U CHC CKOPOCT,
ompexnensHa OT oOy4aBammusa ce. Yecto obade
CTYAEHTUTE UMAT HYXXJa Ja CIOACHAT, Ja 3ajaBar
BBIIPOCH W Ja OO0ImyBaT ¢ Xopa, KOUTO ca ce
COIBCKBAIM  CBC ChIOUTC HpO6JIeMI/I Win uMart
CXOAHM BBIpocH. B momobnHa onmnaitH cuctema e
HAJIOKUTEIHO JIa Ma U (HopyM, B KOWTO Xopara ja
KOHTaKTyBaT - 4eCTO 00aue TOBa He € JOCTaThUuHO,
3a na OBAe HapedyeHO OOY4YeHHETO aKTHBHO B
HNCTUHCKHA CMUCHJI HA AyMara.

CounanHuTe MpEeXH CbHIIO HUMAT CBOETO
MSICTO B aKaJIEeMUYHOTO 0Opa3oBaHUe, MPH yCIOBUE
Ye ce CIa3BaT ONpeieieHn IpaBmia. Te yBenndaBar
CBOSITA IIOJIE3HOCT C HapacTBaHe Opos Ha
noTpeOuTeNIMTE MM - TOBa Ce OTHAacs B ocobOeHa
CTETIeH 32 MPEXUTE, NMpeJHa3HauYeH! 3a O0ydYeHHeE.
B Tax ce 3aaBaT BBIIPOCH U CC BOOAT AUCKYCHH,
MOPOJICHU OT JAaJieH NpoOJjeM WM BBIPOC, KATO
BCCKM B Mpexata MOXe Ja B3eMe Yy4YacTHe.
Pesynratpr € wMacoBo oOydeHHe, 3aIlOTO HE
ChIICCTBYBa OIpaHUYCHHUE KBM XOpara, KOHUTO
Morar Jia U3MoJ3BaT MpeaocTaBeHara HHpopManus.
ConpanHuTe MpeXH, NpeJHa3HAuYCHH 32 00yUYeHHe,
Ca N3KJIKYHUTCIHO I'bBKABHU U Mama6preMH, KOCTO
JOIBJIHUTEIIHO YBEJIM4YaBa TAXHATa IMOJC3HOCT. 3a
CHKaJeHue, ToBa € (opMa Ha OOydeHHE, KOSATO €
c1abo 3acThIeHa OT OBATAPCKUTE aKaJIeMHUYHU
UHCTUTYIIUHU, HO KOATO ou JOBECJIa OO0 3HAYUTCIIHO
IIOBUIIIABAHC Ha e(beKTI/IBHOCTTa n Ka4e€CTBOTO Ha
BHCIIIETO 00pa30BaHMUE.

OOy4eHneTo 4pe3 CONMATHH MPEXKH CBHIIO
Ou MOTIIO Ja KpWe W HSIKOM HEJOCTATHIN. TaKbB
HalpuMep € BB3MOXKHOCTTA OT NpEHACHIIaHe Ha
Mpekara ¢ TOTpeOWTedN WIM KOMEHTapH II0
pa3M4Hu TUCKycuH. B mojo0eH ciyyail € MHOTO
BEPOATHO CTYACHTHT Ja NPOITYCHE HCIIO BAXXHO U
HUHTCPECHO B A300MIITHETO OT KOMCHTAapu U TJICIHU
TOYKH TI0 0OCHXKmaHus mpobieM. [IppBoHAaUANTHO,
oOyJaBammre ce OWxa MOTIM Ja U3MHUTBAT
3aTpyIJHEHHSA B IIpolleca Ha W3IIOJI3BAaHE Ha e/Ha
TakaBa colMajiHa Mpexa. JluzaliHeputre U
NPOCKTaHTUTE TPsOBa Ja HampaBaT Taka 4e Ja ce
HaMaJI1 IbPBOHAYAJIHUAT IIOK OT U3IIOJI3BAHCTO H.
Te TpsOBa ma majgaT HACOKM Ha MOTPEOUTENHTE Kak
Ja paboTAT ¢ Hesl ePEKTUBHO, 32 J]a CE BH3IOI3BAT
OT BCHYKH ITOJI3M Ha HEWHOTO CBIICCTBYBAHC U THA
Jla ©Ma Haif-ronsMa 1o0aBeHa CTOMHOCT 3a TAX.

2.2 Jlopa3BuBaHe Ha MpesKoBaTa
HH(PpPACTPyKTypa ¢ el NOAIbpiKaHe HA
TexHosoruaTa BYOD

l'omsiMa 4wacT OT CTyJAEHTHTE IpHUTEXaBaT
HSAKAaKbB BHJ TNPEHOCHMO YCTPOHCTBO — JIAIITOM,
Tabner, cMapTdoH u Ap. Te dYecTo HOCAT Te3H
yCTpoOiicTBa B cCrpajaTa Ha y4eOHOTO 3aBeJCHHE
KaTo IIOMOIIHM 3a CBOETO OOy4eHHEe CpeCTBa.
Bring your own device mpexacraBisiBa TeHICHIHA,
MpH  KOSTO TMOTPEOHMTENHWTE H3MON3BAT CBOWTE
MPEeHOCHUMH YCTpOMCTBa Ha OOIIECTBEHH MECTa,
Ype3 KOWTO JOCTBIIBAT MpexkaTa, H HE ¢
HE00X0ANMO na M3ITI0JI3BAT HAJINIHATE
CTalMOHApHU TakWBa. MOOWIIHHTE YCTpOHCTBa ca
MPENOCTaBKa 332 CaMOCTOSITETHO 00y4YeHHe, KOeTo
C TAXHA MOMOIIl MOXE JIa C€ OCHINECTBU HABCAKD/IE
W 10 BCSIKO BpeMe, INpeArnonaraiiku Bce II0-
rojgsmMara WM poyii B cdepara Ha BHCIIETO
obpasoBanue.

Enno or Hali-roseMuTe MNpeauMcTBa Ha
MOOWJIHHTE YCTpOMCTBa €, 4eé Te MoraT jJa ce
CBBP3BAT KbM HMHTEPHET HaBCAKBAE, KaTO 3a Ta3u
[en € HeoOXOIWMO YHHMBEPCHUTETHUTE Ja H3TPajsT
MOIXOJsAINaTa  MpexoBa  HHPPacTpyKTypa C
KalmamuTeT, KOMTO Ja € JOoCTaThbyeH, 3a Ja
obOcayxBa Oposi CTyAEHTH, KOWTO I H3IMOJ3BAT
Mpexkata. OcBeH (u3MYeCKO CBBpP3BaHE HA
KOMMIOTPHUTE, HAMHUpAIIN C€ B y4eOHHTE 3alu Ha
YHUBEpCUTETHTE, TpsOBa Ja ce W3rpagiar w
JOCTaThYeH OpPOI TOYKH 32 AOCTBHII C e OE3KUIHO
M3IIOJI3BaHEe HA MHTEPHET OT CTpaHa Ha CTYAEHTHUTE.
B romsma wacT OT akajieMHYHHTE HHCTUTYIHH B
CTpaHaTa MoJ00HAa Mpeka Bede CHIIECTBYBA, HO
9YecTO TS ce OKa3Ba HEJAOCTaTh4HA, 3a Ja ITOCPEIIHe
BCEKHIHEBHO yBeNW4aBamus ce Tpapuk —
HEOOXOAMMO € Ja Ce HW3BBPIIAT JONBIHUTEIHU
WHBECTHIMHM B Ta3uW Hacoka. OT M3KIIOYUTETHO
3Ha4YeHHE € CBINO PEeCypCUTE Ha JaJI€HOTO BHUCIIE
y4eOHO 3aBeneHHMe Jga ObgaT JOCTBIHM HA
pa3IuyHU BUAOBE MOOWIHH YyCTPOWCTBA, 3a Ja
MOTaT T€ Ja C€ M3IMOJI3BaT IBJIHOLEHHO B IpoIleca
Ha o0y4eHwue.

B JHEIIHO BpeMe poirsaTa Ha
MIPEToAaBaTeINTe C€ IPOMEHS OT XO0pa, KOHUTO
TpsiOBa J1a mpegaaat nHpopMaIusaTa Ha JOCTAaTHYHO
JOCTBHITHO HUBO KbM TaKHBa, KOMTO IOKa3BaT Kak
oOydJaBamure ce Jla HaMHpaT Hy)XKHaTa WM
nH(pOpMaIs B WHTEPHET, KOSTO B HAIIM JHU €
caMO0 Ha ,eOWH KIHK pasctosaue”. Hmaiiku
MOCTOSTHEH M HENPEKbCHAT JOCTBI A0 HHTEPHET,
CTyJeHTHTe OWXa MOTJHM Ja y4JacTBaT aKTHBHO B

y4eOHHs  Tpolec, 3aJaBallkl  CBOEBPEMEHHO
BBIIPOCH U THPCEHKN TOMBIHUTETHA HH(OPMAITHS.

MHoro OBATapcKu YHUBEPCUTETH
pasmonaratr ¢ OHMOIMOTEKM C W3KIIOYUTEITHO

WHTEpEeCHa ¥ TIOJIE3HA 3a CTYIEHTHUTE JIUTEpaTypa.
Axo Ta ObIe OUTHTANW3WpaHa, HECBMHEHO Ou

Copyright © 2015 by Technical University - Sofia, Plovdiv branch, Bulgaria
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JIOCTUTHAJNA 0 MHOTO IMOBe4e Xopa 0e3 3HadyeHue
OT TSAXHOTO MECTOIIOJIOKEHUE HIIM BPEMETO Ha
M3M0JI3BaHe HAa CHOTBETHHUS pecypc. [1o To3u HauuH
me ce MOpeaoCcTaBd JOCTBII HA  MO-TOJISIMa
ayJUTOpHsL 70 PEAKU €K3eMILIIPH Ha JajieHa KHHUra
WM y4eOHHUK, KOUTO ¢a B OTPAHUYCHO KOJIUYESCTBO
M HEe Morar Ja ce 3aeMaTl HM3BbH YHTAJIHATA Ha
CHOTBETHATA OMOIMOTEKA.

2.3 YcbBBpIIEHCTBAHE HA TUCTAHIIMOHHATA
¢opma Ha 00yueHHe U U3TPaKIaHe HA
MOOC cucrema

HaBnuzaiiku B ObATapcKuTe YHUBEPCHUTETH,
JTUCTAaHIMOHHOTO 00ydYeHHe B MHOTO CIIy4ad JIOPH €
BB3NPHEMAaHO KaTo ObAen 3aMecTUTeN  Ha
3agoyHata ¢opma Ha oOydenme. Ilpm Hero
0o0ydeHHeTo 10 TojJsMa CTeleH Ce W3BBPIIBa
MOCPEICTBOM ~ HWHTEPHET, KOETO  IpeJmoiara
W3IIOJI3BAaHE Ha BeYe TOTOBM WH()OPMAIMOHHU
TEXHOJIOTHH OT BHCIINTE Yy4eOHHW 3aBEACHHS WIH
Ch37aBaHE HA TaKHUBA.

[IporuBomonoxuo Ha CBETOBHUTE
TEeHACHINW, CTYyACHTUTe B bbarapus Bce ore
MPeaNnoYnTaT MPUChCTBEHAaTa (opMa Ha oOydeHne
npen 3a09HaTa WA JTUCTaHIIMOHHATA.
HocTpHOCTTa Ha BHCHIETO OOpa3oBaHWE y Hac
croMara 3a TOBa peloBHara ¢opma na Obae mo-
MPEANoYNTaHa ¥ HAIIUTe YHUBEPCUTCTH Ja HE
ycemaT HyX/1aTa OT BbBe)XJJaHe Ha HOBH ITOJIXOIHN H
TEXHOJIOTHM B Tpolleca Ha TpenojaBaHe W
oOyuenne. B Hemaneuno Obnemie, obade, IIe mMma
oce3aeMa HYXXJa Jla Cce H3IO0J3BaT eJIeKTPOHHHU
CUCTEMH, KOHUTO na rmoxamomaraT
KOHBEHIIMOHAIHUTE METOJU Ha IperojaBaHe.
MacoBocTTa Ha OBJITapCKOTO BUCIIE 00pa3oBaHHUe U
00eMBT Ha TIpenoJaBaHUs MaTepuan BOIAT MO
HY)KIaTra OT JONBIHUTEIHO CaMOOOydeHHEe, KOeTO
MOX€ Ja cTaHe caMo ''C €IHO KJIWKBaHe Ha
MHUIIKaTa", IPU YCIOBUE Y€ CHILECTBYBAT YCIOBUS
3a TOBa.

MOOC (Massive online open course) e
TEPMHH, C KONTO ce ONMMCBaT OHJIAWH IIAaTQOPMH,
CBABPKAIMA KYypPCOBE IO DPA3NMYHU NHUCIUTLINHH,
KOHUTO ca JOCTBIIHH 3a BCHYKM O€3IUIaTHO WIIN
Cpenly CHOTBETHOTO 3alulamiaHe. TeHaeHIHATa B
CBETOBEH Mamad € CBBbp3aHa ChC CH3/IaBAHETO HA
TakuBa ye0-0a3mpaHW  ENEeKTPOHHU  CHCTEMHU,
MpeaHa3Ha4YeH! 32 00y4YeHHE W CBhABPIKAIIH TOJISIM
obeM mHpOpMAIUI U yIeOHN MaTepHalId, CBOOOTHO
JOCTBITHH 32 JKeJIaellnTe Ja MoueprsT 3Hauus. [lox
y4eOHH MaTepHalii ce€ WMa TPEABHI JIEKIUH B
eJeKTpOHEH (opmar, 3alaHus 3a JOoMalrHa padoTa,
ayJIuo- W BHICOKIWIOBE, yeO mpumiiokeHus. Enux
OT OTPOMHHTE IUTIOCOBE HA OHJIAWH OOYYEHHETO €,
Ye MOTraTr Ja Ce CHMYJIpaT CUTYyallidl W TPOIECH,
OMM3KM 7O Te3W B TPaKTHKaTa, KOETO Ou
CIIOMOTHAJIO 32 TIOBHWINABaHE 3HAHWATA Ha

CTYyIEHTUTE U TMO0-7Io0paTa WM peamu3anus Ha
mazapa Ha Tpyaa. YeOcaiitoBe kxato Coursera u
Udemy ca mpuMepu Kak TpsOBa Ja M3MVIEKAa €aHA
TakaBa nH()OpMAITHOHHA cucrema. [Ipu
pa3paboTBaHe Ha Mo 00HA CHCTEMa € BAXXHO Ja ce
ompenenan  00EMBT W 3aIBIO0YEHOCTTAa  HA
mpempocTtaBeHata wuH(OpMarusA. Te 3aBUCAT OT
xXopaTa, KbM KOUTO TS € HaCOUCHa, a [0 MpruMepa Ha
Coursera mopyu He € 3aTBIDKATETHO Te Aa OBaaT
CTyIeHTH. AKO cHucTeMaTa WM YacT OT Hesl OBjae
M3MOJ3BaHa OT CTYACHTH B AWCTAHIMOHHA (popma
Ha o0yueHme, mperocTaBeHaTa HHpopmanus TpsOBa
na 0bJe AJOCTATHYHO M3UEpIIATETHA, 33 1a MOTaT Ja
ce MOKPUAT LIeJIUTE Ha ciieBaHeTo. B ciyuail ye T4
BKJIIOYBA Y4YeOHH MaTepwamud 3a CTYICHTH B
penoBHa ¢Qopma Ha o00yueHHE, O00EMBT U
M3YepHaTeIHOCTTa TPSOBa J1a ca TaKWBa, 4e Ja He
OTHaJHE HYy)XKJaTa CTyJCHTHUTE Ja NPUCHCTBAT Ha
aKaTeMUIHUTE 3aHATHUSL.

ITonswure, KOUTO OBIATapCcKUTE
YHUBEPCUTETH MOTAT Jla U3BJIEKAT OT BBBEXAAHETO
Ha ToAo0HM yeO-0a3mpaHu HMH(DOPMALMOHHU

CUCTEMH, Ca CBBpP3aHH C T[IOBHIIABaHE Ha
e(eKTHBHOCTTa Ha OOYYEHHMETO W KAdeCTBOTO Ha
BHCIIETO 0Opa3oBanue. EMHO TakoBa TEXHOIOTHYHO
HOBOBBBEJCHHE MOXE Ja TOBHIINA HHTEpPeca KbM
BHCIIETO Y4YeOHO 3aBEeACHHE, N1a T'O HAMpaBU IIO-
MOITYJISIPHO U JKeJaHo. ToBa obaye OM MOro 1a ce
OKaxe HEraTus, aKo KayeCTBOTO Ha
MpEeIOCTaBeHUTEe YyYeOHM MaTepwalid HEe € Ha
JOCTaTHYHO BICOKO HUBO. BBB BPB3Ka ¢ TOBa MOXKE
Ja ce II0OCOYM BTOpa TMON3a - YHHUBEPCHUTETHUTE,
MMalKi TpeABU HEOOATHOCTTa HA HHTEPHET
MPOCTPAHCTBOTO M BB3MOKHOCTTA Ha BCEKHUTO 1A
JOCTHIIM T€3W MaTepuaiu, Ouxa ce CTPEMMIIH J1a Ce
MPEACTaBsIT Ha BBH3MOXHO HAW-BUCOKO pABHHIIE,
Ipeaaraifiki M3KIIOYUTETHO CTOWHOCTHU yd4eOHU
Matepuand. ToBa OM JOBEIO JO OCE3aeMO
MOBUIIABAaHE KA4eCTBOTO Ha OOydeHHWe © Ha
3HaHUITa  Ha CIIEIUAJINCTUTE, KOUTO C€
TUTUIOMUpPAT oT JajeHara aKaJeMH4Ha
uHcTUTynws. ChInecTByBamaTa BB3MOXKHOCT 3a
(¢vHaHCOBAa W3TOAAa CBHINO OM Morna na Objae
JNOIMBITHUTEIICH CTUMYJ 32 YHHBEPCUTETUTE. AKO
HalpuMep BCUYKU WA YacT OT MaTepUaNInTe ObaaT
HaJU9YHA €JUHCTBEHO Cpelly 3amamaHe 3a
CTYIIEHTH, KOWUTO He ce oOydaBaT B Y4eOHOTO
3aBEACHHE, TO MOTAT Ja C€ MOJy4aBaT IPHUXOAHA OT
TOBA TEXHOJIOTMYHO HOBOBBBEIEHHUE, KaTO 110 TO3H
Ha4YWH C€ M3IUIATH TbPBOHAYAIHATA HHBECTHUIIUS 32
Hero. ToBa o6adue 70 roisiMa CTETEH MPOTHBOPEYH
C OCHOBHATa HJEd Ha TE€3U CHCTEMH, a MMEHHO -
0e3IIaTHO OHJIAWH OO0ydYeHHWE W CBOOOJEH IOCTHII
70 uHpOpMAaIHsL.

Karo IIpUMEpHU 3a aKaJeMUYHU
MHCTUTYLIMM, KOUTO Ca BbBEIM U M3MO0J3BAT
MofoOHM  OHJAWH  CHCTEMH,  TPEAOCTaBSIIN
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CBOOOJEH JOCTBI JO pAa3IHYHA KypcOoBE Ha
obyuenme, Mmorat ga ce nocovar Harvard, Stanford,
Oxford, Yale, MIT, Carnegie Mellon u napyru.
W3bpocHuTe YHUBEPCUTETH Ca H3KIIOYUTEIHO
pEHOMUpAHU, a CTYICHTUTE, AUILUIOMHpPAINIA CE B
TAX, ca O€3CIIOPHO CPeA BOJCIIUTE CICITHATINCTH B
CBeTa.

2.4 YcbBbplLIEHCTBAHE HA JMCTAHUMOHHATA
¢popma Ha oOyyeHHe M H3rpaxkaaHe Ha
MOOC cucrema

OT BaxHO 3HAUYEHHWE € pecypcure Ha
CHOTBETHOTO y4eOHO 3aBeleHHMe Jga Obaar
JOCTBITHHU 32 BCHYKH BHJIOBE MOOMJIHU YCTPOMCTBA.
MHOTO YHUBEPCUTETH pa3paboTBaT NPUIOKEHHS 32
Android, iOS u Windows Phone, upe3 xouto
CTYACHTHUTE OCHUIECTBSIBAT JOCTBII A0 YUCOHUTE CH
MaTepHaH, npoBepsBAT CBOETO y4e0HO
pasnHcaHWe WIH CTYACHTCKO CBhCTOSHHE, WMAT
BB3MOXHOCT 3a ITPOBEpPKa Jalli NaJeH YICOHUK HITH
KHUTa ca HAJTMYHU B OMOJIMOTEKATa MM YUTATHATA.
3a cBXKaleHne, KbM TO3M MOMEHT OBJITapCcKHUTe
VHHBEPCUTETH HE  pasmoiarar ¢  TO0A0OHHU
MPUJIOKEHMs, a 4YecTo yeOd cailToBeTe MM He ca
ONTHUMHU3UPAHU 32 MOOWIHHU YCTPOHCTBA, KOETO
JOTIBITHUTEITHO 3aTPY/IHSBA JKEJIACIIUTE J1a MOJTyqaT
CBOEBpEeMEHHa HH(pOpMaIUs Ha CBOETO TTOPTATHBHO
YCTPOMICTBO.

CehIecTByBaT peaulla BUCIIM  YICOHH
3aBEJICHUS IO CBETa, B KOMTO Bede ca pa3paboTeHH
U BHEJPCHU YCIEHIHO TOJOOHU MPHIOKCHUS —
Texas A&M University, University of California,
University of Alabama, Ohio State University,
Massachusetts Institute of Technology, Harvard un
pemuna apyru. OCBEH OCHOBHUTE BBH3MOXHOCTH,
MOCOYCHHU MO-TOpE, B TSIX €a BrPaJCHU W KapTH Ha
KOpPIYCUTE Ha YHHBEPCUTETUTE C I MO-JIeCHATA
OpHCHTAIMS W HABUTAILMS HA CTYJCHTHTE Ha 0a3za
Ha TexHonorusta GPS, nHbopmaius 3a rpajckus
TPAHCMOPT W HETOBOTO aKTyallHO pa3IHCaHHe,
TeaeOHH W KOHTAKTH Ha aJMHUHUCTPATUBHUTE
LHEHTPOBE B CHOTBETHOTO BUCIIE YUCOHO 3aBElICHHE,
uHpOpMaI¥s 32 METCOPOJIOTUYHUTE  YCIIOBUS,
BB3MOXKHOCT 32 3allUCBaHE B Pa3lIMYHU KypcoBe H
cBOOOHOM30MpaeMH AWCHUIUIMHN, BPH3Ka C Bede
IUIUIOMUpPAIA €€ CTYyIEHTH OT CHOTBETHUS
YHHBEPC