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TIME VARIANT TOPIC TREND ANALYSIS BASED ON
LATENT DIRICHLET ALLOCATION AND CUSUM

Stoyan Y. Garbatov and Jodo P. Cachopo

Abstract: This article represents an approach capable of analysing and identifying topic trend variations
observed in a document corpus over time. The topic distribution identification is performed based on Latent
Dirichlet Allocation. The time variance analysis is carried out through the CUSUM approach. The work has
been evaluated over the Reuters Corpus Volume | and has been shown to produce useful information with
respect to the evolution of topics over time.

AHaJM3 HA HA Pa3BUTHETO HA TeMH BbB (pyHKIMsA oT BpemeTo ype3 Latent Dirichlet
Allocation u CUSUM

Crosu M. I'sp6atos u XKoao I1. Kamono

Pe3stome: Ta3u cratus mnpeiacTaBs METOA 3a aHAIUW3 W WACHTU(UKAIMA Ha pPa3BUTHETO Ha TEMHU,
HaOJII0JIJaBaHU B KOPITYC OT JOKYMEHTH, BbB (DYHKIUS OT BpemeTo. MeroasT u3mon3Ba Latent Dirichlet
Allocation, 3a ma unentuduimpa pasnpeneneaueto Ha Temure 1 CUSUM 3a BpeMe-3aBUCEIIHs aHAIU3.
Amnammsupan e Reuters Corpus Volume | 1 momryueHuTe pe3ynraTé mokKa3BaT, 9€ € Bb3MOXKHO Jla Ce M3BJIeUe
noJsie3Ha HHGOpPMAIUs OTHOCHO Pa3BUTHETO Ha TEMHUTE BbB BPEMETO.

1. Introduction

The volume of textual data being generated has been in an exponential growth for the last
couple of decades. If anyone sought to make sense of a significant volume of data, they would be
hard pressed to do so, even making use of semi-automatic approaches. There is a distinct need for a
fully automated approach, capable of analysing large volumes of data, identifying what semantic
themes are subjacent in it and tracking the way these evolve, as a function of time. Taking this into
account, the current work develops a fully automatic approach capable of analysing and identifying
topic trend variations observed in a document corpus over time.

This paper is structured as follows. Section 2 describes the system, covering the modules
responsible for corpus parsing, Latent Dirichlet Allocation algorithm application, time
agglomeration approaches and, finally, the Cumulative Sum Control Chart module. Section 3
introduces the corpus used as input for the validation of the system, and discusses the results
achieved this way. Lastly, Section 4 concludes the paper with some final remarks. The remainder of
this section considers related works within the scope of the context introduced so far.

A lot of research has been performed in the area of topic trend discovery. The aim of topic
trend discovery is to identify how the topics of a corpus evolve over time. A key component of
topic trend discovery is the identification of the variations observed at the topic level, during the
periods of time being considered.

Morinaga et al. [1] approached the issue of topic trend discovery along three lines of action.
These are Topic Structure Identification, Topic Emergence Characterization and Topic
Characterization. The topic structure identification is defined as the process of learning a topic
structure in a text stream, or, in other words, identifying what kinds of main topics exist and how
important they are. The topic emergence detection corresponds to detecting the emergence (of a
new) or the disappearance (of an old) topic, along with being able to identify the speed of growth
(in either positive or negative direction). Finally, topic characterization deals with the identification
of the characteristics/properties for each of the existing topics.
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In the work of Morinaga et al. [1], the topic structure is modelled employing a finite mixture
model. A finite mixture model has the form of a weighted average of a number of probabilistic
models. The topic structure is identified by the statistical parameters of the mixture model. The
parameters are learned by using a timestamp based discounting learning algorithm [2]. The
algorithm incrementally and adaptively estimates the model parameters by gradually forgetting out-
of-date statistics, making use of the data timestamps. The learning procedure can adapt to changes
in the nature of text streams.

Variations in the topic structure are recognized by tracking the change of the main
components in the mixture model. The authors apply the theory of dynamic model selection [3] to
detect changes of the optimal number of components and their organization in the finite mixture
model. In this way, the emergence of a new topic is detected through the detection of a new mixture
component that remains for a certain period of time. Dynamic model selection is performed under a
non-stationary environment, in which the optimal model may change over time.

Rajaraman et al. [4] dealt with the problem of topic detection and tracking. The authors
proposed an incremental solution formulated as a clustering problem. The approach followed in this
work is based on the Topic Detection and Tracking initiative [5]. This relates mainly to analysing
information sources that have been sorted according to their occurrence in time. For the incremental
solution, the authors employ a fuzzy variant of Adaptive Resonance Theory (ART) networks, which
are a class of self-organizing neural networks. With regards to the solution itself, the neural network
nodes are used to simulate topics. The initial phase of the topic detection algorithm initializes the
network and control parameters as well as deals with the loading of any previously existing network
or cluster structures. Once this is done, the algorithm iterates, presenting the document vectors and
training the network with ART learning algorithm until it converges. Finally, the net is pruned to
eliminate low confidence nodes. With regards to the topic tracking algorithm, it consists in
presenting each document to the network and, based on the category to which it belongs, assigning
it to the winning node for the given category. These two algorithms combined with the sorting of
documents according to timestamps allows for the execution of a trend analysis focused on the
topics. The results achieved indicate it is possible to discover trends that are not directly mentioned
in the documents but deducible only by reading all the relevant documents.

Rzeszutek et al. presented in [6] an approach for tracking topic trends over time. The authors
made use of LDA's capacity to identify and quantify the thematic clusters (topics) existing in text
documents along with the dimensionality reduction properties of Self-Organizing Maps. This work
uses the document vectors that can be extracted from the topic-distribution matrix generated by
LDA. These vectors qualify the relation between documents and all existing topics. Each of these
vectors places its respective document within the document space, making it so that semantically
similar documents are placed close to one another. Consequently, the process of finding similar
documents can be reduced to a k-nearest neighbour search, within the document space.

Due to the fact that the vectors correspond to probability mass functions, the sum of their
components equals one. This leads to the possibility of calculating distance in the document space
as the dissimilarity between two probability mass functions is calculated.

The authors employ the Kullback-Liebler divergence to measure this dissimilarity. It belongs
to a family of divergences that perform this task without resorting to Euclidean distances.

To analyse the topic trend evolution over time, the authors use Self-Organizing Maps (SOM),
employing them as a method capable of capturing the distribution of documents in the documents
space, for a given time period. The SOM approach maps a high-dimensional feature space into a
lower dimensional representation. The representation (map) takes the form of a regular lattice -
rectangular or hexagonal grid, where each of the nodes is characterized by a vector that indicates its
position in the input (feature) space.

The authors use the SOM as a classifier, by examining the amount of data points that each
node is associated to. The trend analysis is performed in two steps. In the first step, the SOM is
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trained on a small portion of the input data, so as to resemble it loosely. It is not strictly necessary
for the SOM to model the data accurately.

The training procedure uses the Kullback-Liebeler divergence, resulting into a lattice, whose
nodes represent clusters of similar documents. During the second step, all input data is filtered
through the trained SOM, generating the response maps. Based on this, it is possible to identify the
number of documents classified by each of the nodes, and, subsequently, belong to the associated
thematical cluster. According to the SOMs generated in this way, it is possible to observe elaborate
variations in the corpus (topics) that take place over time.

As can be seen from the works that were just discussed, there is a series of solutions for the
topic trend evolution analysis. The current work seeks to develop an alternative approach for
analysing and identifying topic trend variations observed in a document corpus over time.

2. System Description

This section presents the system developed with this work. It covers several sections, each of
which deals with a single system component. An overview of the usual system workflow, along
system components, is shown in Fig. 1.

2.1. Corpus Parsing

The first component is responsible for parsing the corpus that is to be used as input and
transform it into a format suitable for further processing by the system (see Fig. 1). This involves
analysing each of the corpus documents, identifying the terms that compose them as well as their
frequency (the number of times each term appears in a given document). It should be noted that this
term identification and counting is performed only after the bodies of the documents have been
cleansed from any special symbols, stop words and shorter than three-letter words. The output of
this phase is an ordered listing, for each of the documents, of the terms that compose them and the
number of times these occur within the respective document.

£ / \

* RVC1 “ ¢ LDA m e Final

* Parsed results || * Parsed results

Corpus results
= e

o

Fig. 1. System workflow

2.2. Latent Dirichlet Allocation

The way how the Importance Analysis model operates is presented here. The data acquisition
process, for the model, is decomposed into several steps. While the application is executing, at each
field access, the surrounding context is determined. The context has a set of PClass instances,
which contain the data about what types of accesses have been seen. Once the surrounding context
is available, the system performs a lookup over the collection of PClasses, resulting in the PClass
whose field is currently being accessed. After this has been done, the data of how many times the
field has been accessed is updated, and the application may proceed with its normal operation.

The results generated by the first system component are subsequently used as input for the
second module, which is responsible for applying the Latent Dirichlet Allocation (LDA) algorithm
and, ultimately, generating the qualitative description of the topics that have been identified to exist
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within the documents. The "qualitative” term is employed here to indicate that the LDA algorithm
is responsible for identifying the composition of the topics subjacent in the considered corpus. The
algorithm does not estimate the appropriate number of topics that are to be found in the document
collection. The number of topics is supplied as input parameter to the algorithm.

LDA was first presented by Blei et al. [7]. LDA is described as a generative probabilistic
model for collections of discrete data (e.g. text corpora). In probability analysis, a generative model
corresponds to a model that can generate randomly observable data, based on some hidden
parameters. The generative model specifies a joint probability distribution over observation and
label sequences. With this in consideration, LDA is a three-level hierarchical Bayesian model.

The latent multinomial variables shall be referred to as topics. This is done to make the
discussion easier to understand. The latent multinomial variables can be associated, without any
issue, to different concepts.

In the LDA model, each collection item (e.g. document) is modelled as a finite random
mixture over an underlying set of topics. The topics are modelled as an infinite mixture over a set of
underlying topic probabilities and are characterized by a distribution over words. From the point of
view of text modelling, the topic probabilities consist in an explicit representation of a document.
The approximation inference techniques employed for LDA are based on variational methods and
an estimation maximization algorithm for empirical Bayes parameter estimation.

LDA assumes the following generative process for each document w ina corpus D :

1. Choose N[ Poisson(§&).
2. Choose 6 Dir(a).
3. For each of the N words w, :

(a) Choose a topic z, U Multinomial(6) .

(b) Choose a word w, from p(w,|z,4), a multi-nomial probability conditioned on the
topic z,.

There are a few simplifying assumptions made in this model, among which is the fact that the

dimensionality k of the Dirichlet distribution (and the dimensionality of the topic variable z) is

assumed known and fixed. The Poisson assumption is not crucial for any part of the model and
other more appropriate document length distribution may be employed as is deemed necessary.

A k -dimensional Dirichlet random variable 6 can take values in the (k—1)-simplex (a k -

vector @ lies in the (k—1)-simplex if 6, 20,2;6% =1), and has the following probability density
on this simplex:

p(01a)=(r(X,a ) /T, (@))or 0 1)

where the parameter « is a k -vector with components «, >0, and where I'(x) is the Gamma

function. The Dirichlet distribution, as a distribution on the simplex, has several useful properties
that make it easier to develop algorithms for inferring and estimating parameters for the LDA. The
Dirichlet distribution belongs to the exponential family, it has finite sufficient dimensional statistics
and is conjugate to the multinomial distribution.

Given the parameters o and /S, the joint distribution of a topic mixture 6, a set of N topics

z,and aset of N words w is given by
N
p(6.z.wla,B)=p(0la)[ | p(z,10)p(W, |Z,.5) )
n=1

where p(z,0) is simply 6, for the unique i such that z,=1. By integrating over ¢ and summing
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over z, the marginal distribution of a document is obtained. Finally, taking the product of the
marginal probabilities of single documents, the probability of a corpus is obtained:

M Ny
p(Dla.B)=[][p(6;12) HZp(zdnlﬁd)p(wdnIzdn,ﬂ)}iﬁd (3)
d=1 n=1 z4

A graphical representation of the probabilistic model of LDA can be observed in Fig. 2. As
can be seen, the LDA representation has three levels. The parameters « and g are corpus-level
parameters and are sampled once in the process of generating a corpus. The variables &,

correspond to document-level variables, which are sampled once per document. Lastly, the
variables z,, and w,, are variables at the word-level. These are sampled once for each word per

document.

)
Pl _J
OOV LY l..
N \_/ N/
o 5] z W
M

Fig. 2. Graphical model representation of LDA

It is important to note that LDA is distinct from a simple Dirichlet-multinomial clustering
model. The classic clustering model would consist in a two-level model where a Dirichlet model is
sampled a single time per corpus, a multinomial clustering variable is chosen, once per each
document in the corpus, and, finally, a set of words are selected for the document, conditional on
the cluster variable. This would lead to the restriction of every document being associated with a
single topic. Conversely, the LDA model is composed of three levels, where particular attention
should be paid to the topic node, which is sampled repeatedly within the document. Consequently a
document can be related to several topics at the same time.

2.3. Time Agglomeration

Once the LDA module has processed the input, the resulting data can be divided into two sets,
namely a set of data containing information about the relations between topics and terms (beta set)
and a set of data describing the relationship between topics and documents (Gamma set). It is the
second set of data that is further used by the system developed with this work. What the Gamma set
effectively consists in, is a set of vectors, one for each of the corpus documents. Each of these
vectors holds the “affinity” values between each of the topics that have been identified by the LDA
algorithm and the document to which the vector belongs to.

As stated earlier, the goal of this work is to develop a system capable of analysing the trends
that the topics existing in a given corpus are subject to, as time passes by. Consequently, it is
important to combine the topic information generated by the LDA algorithm with the time
information associated with the documents. The approach chosen to perform this association is by
agglomerating the topic — document vectors with the document timestamps. The timestamps
correspond to the dates when the documents have been created. There is a variety of alternatives for
performing this time-topic agglomeration. With the current work, two distinct approaches have
been employed.

The first approach groups the documents according to the months in which they have been
created. Once this is done, the topic vectors of documents belonging to the same group are merged

KOMITIOTBPHH HAyKH U TEXHOJIOTHH 2 2011 9




into a single topic vector. This vector is used as a descriptor for the topic affinities of the documents
of a given month. Based on this time agglomeration approach, it is possible to analyse the
fluctuations in topic trends over the months.

The second approach clusters together documents that have been created on the same day of
the week. In an analogous way to the previous approach, the document topic vectors are merged
into a single one, for all documents belonging to a given week day. Based on this document
grouping, it is possible to identify the topic trend evolution that occurs as the week days pass by.

Once the topic vectors, for each of the two time agglomeration approaches, are available, they
are supplied as input to the last system module (CUSUM).

2.4. CUSUM

The goal of this work was to develop a system capable of performing a time variant topic
trend analysis. With this in mind, for the task of time variant analysis, the Cumulative Sum Control
Chart, CUSUM [8] technique was selected.

In the context of statistical quality control, the CUSUM is a sequential analysis technique
used for monitoring change detection. Change detection corresponds to attempting to identify
variations in the probability distribution of a stochastic process or a time series. CUSUM control
charts have been demonstrated to boast better sensitivity than similar change detection techniques
(for instance, Shewhart charts [9]), when it comes to detecting small variations in the mean of the
parameter under analysis.

The operation of CUSUM charts is explained next. Firstly, k samples of size n are collected.
The mean of each sample is computed. The control chart is formed by plotting the following
expression:

S, =i(2 ~ fy) /ax (4)

against the sample nr m, where z, corresponds to the estimate of the in-control mean (target
value) and o, is the known (or estimated) standard deviation of the sample means. Additionally,
there are the so called upper and lower control limits, which are expressed as:

Shigh(i):max(o’shigh(i_1)+Xi _[‘o_k) (%)
and

Slower(i):max(o’ Slower(i_l)-":[lo_k_xi) (6)

where k is a coefficient indicating how much oscillation is to be tolerated within the samples that
are being examined. It is these upper and lower control limits that are effectively used to detect if
there is a significant positive or negative variation in the sample that is being examined.

The way that the CUSUM charts have been used in this work is to consider as samples the
topic affinity values achieved from the previous phase, through the agglomeration of data from all
documents that are associated with a given week day or month, depending on the approach
employed. The implementation was based on the CUSUM R library by Scrucca [10].

3. Results

This section starts off with a brief overview of the corpus used as input data, followed by the
presentation and discussion of the results. The results themselves shall be presented in three parts,
namely the topic results, the time agglomerated results and, lastly, the CUSUM time-variant
analysis results.
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3.1. Corpus

The Reuters Corpus Volume I, RCV1 [11] was selected to be used as input data source for the
validation of the system developed with this work. The RCV1 corresponds to an archive of over
800,000 categorized newswire stories written in English, produced between August 20, 1996 and
August 19, 1997. The stories were made available by Reuters, Ltd. The corpus was created with the
purpose of being used for research.

3.2. Topic Results

The LDA algorithm was configured to cluster the terms and documents present in the
approximately 800,000 Reuters news stories into 20 different topics. A sample of the output
generated by the LDA can be seen in Fig. 3. It depicts the affinity between corpus documents (x-
axist) and topics (y-axis), represented by their (normalized) Gamma values (z-axis).

Fig. 3. Document - topic affinity

3.3. Time Agglomerated Results

As was referred to, in Section 2.3, once the LDA results are available, they are subject to two
distinct time agglomeration approaches.

0m

Gamma
Gamma

Fig. 4. Week day (left) and monthly Gamma values (right)

The approach groups together data associated to documents that have been generated on the
same day of the week. A global view of the topic trends, along the week days, can be seen in Fig. 4
(left). The x-axis represents the 20 topics, whilst the y-axis indicates the strength (in terms of
normalized Gamma values) of the topics, for a given day of the week. The trend lines that connect
each of the data points do not have any meaning and are only present to make it easier to distinguish
the information associated with one week day from another.
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It is possible to infer some interesting conclusions from Fig. 4 (top). Among these is the fact
that Tuesday reveals itself as the day of the week where topics are either most strongly exhibited, or
barely at all. The Wednesdays could be considered as a transition between the strongly
characterized Tuesdays and the more or less uniform rest of the week, with regards to the topic
trend distribution.

Fig. 5. Week days’ topic variation (left), topics' weekly Gamma variation (right)

An alternative representation of these results can be seen in Fig. 5. Fig. 5 (left) depicts the
min-max topic Gamma value variations observed, for each of the days of the week, while Fig. 5
(right) presents the min-max Gamma range for every topic. Based on this representation, it is
possible to identify the days where there is a greater asymmetry, in terms of Gamma values,
indicating a certain predilection towards given topics. It is also possible to infer what topics are the
ones subject to the most significant variations, along the week. The day of the week where the most
irregular topic distribution is observed is, by far, Tuesday, whilst, from the point of view of the
topics, the most accentuated oscillations are present in topics nr 7, 9 and 12.

Fig. 6. Monthly topic (left) and topics' monthly Gamma variations (right)

With regards to the results achieved through the monthly time agglomeration approach, an
overview of these can be seen in Fig. 4 (right), while Fig. 6 presents the min-max Gamma
variations.

Analysing Fig. 6, it is possible to observe that the months with bigger variations are March,
June and August, whilst the topics observed to have the most significant variations are topics nr 5,
12, 14 and 20. When comparing these results with the ones achieved through the days of the week
agglomeration approach, a conclusion that can be reached is that the monthly approach leads to a
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more uniform view of the topic distributions, while the other approach offers (at least for the data
generated with this work) more interesting aspects and phenomena.

Cusum Chart im Chart
for Tepic 1 for Tepic

™
G

Decision sed w25

St

o of parts

Fig. 7. Weekly CUSUM for topic nr 1 (top) and topic nr 7 (bottom)

3.4. CUSUM Results

The time variance analysis results based on the CUSUM methodology shall be presented here.
The results of the days of the week agglomeration approach are presented first, followed by the
monthly agglomeration alternative. An aspect that should be pointed out is that any instance of a
CUSUM analysis is always performed with regards to a reference value called the target. This was
introduced first in Egn (5) and subsequently (6) and (7), where the target value, with regards to
which the variation analysis is performed, is represented by u,. There is a distinct CUSUM

analysis performed for every single topic. The unit of all metrics plotted in the CUSUM analysis
graphics is the standard deviation.

CUSUM results for the weekly time agglomeration approach can be seen in Fig. 7. The target
value for all of the weekly results is the one associated to the state of the topic on Monday. There
are two functions plotted. The one above corresponds to the upper control limit function, while the
one below represents the lower control limit function. As long as both limit functions remain within
the established bounds, the analysis concludes there are no significant variations during the period.
The bounds have a value of 5 standard deviations. Any other value may be used instead, as long as
it is deemed appropriate.

Cusum Chan Cusum Chan
for Topic 3 for Tepic 14

Meamer of groups = 12
vt =0 0805
208

Fig. 8. Monthly CUSUM for topic nr 3 (left) and topic nr 14 (right)

The CUSUM analysis results for the monthly time agglomeration are presented in Fig. 8. The
target against which the analysis is performed is the state topics have during the month of January.
Analogously to the weekly approach, a different target may be chosen leading to (potentially)
different conclusions.
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Fig. 8 (left) demonstrates a significant positive oscillation taking place during the month of
September, since the upper control limit function exceeded the bound. The control limit function
returns back to within the bound for subsequent months. Fig. 8 (right) shows that after the upper
control limit function exceeds the bound, during the month of August, it remains outside the bound
for the remaining months.

4. Conclusion

This work presented an approach capable of analysing and identifying a corpus’ topic trend
variations over time. The topic composition identification was preformed through the use of LDA,
while the time-variant analysis was carried out through the CUSUM technique. The approach has
been evaluated against the RCV1 corpus and demonstrated capacity to produce meaningful
information about the topic evolution as a function of time.
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PASMUTO YIIPABJIEHUE HA POBOTHHO 3A U3BAI'BAHE HA
INPEIIATCTBUSA

Muxaunn B. Ckonmuanos

Pe3tome: 30sirBaHeTO Ha MPEMSITCTBUS U NPUABIKBAHETO B JIAOUPUHT C€ SBSBAT KIACHUYSCKU 3a7addl B
obmactra Ha MoOmIHATa poOoTHKa. OOMKHOBEHO CE€ W3IOI3BAT HIKOJIKO JNBOWYHH CEH30pa 3a ONpEeIeisHE
HAIMYMETO WM OTCHCTBUETO Ha OOEKT Ha OMpEAETICHO OTCTOSHHE OT pPoOoTa, ciiell KOeTo ce GopMmupa
QITOPUTBMBT 3a YIpPAaBICHHE HA IOBEJACHHETO My Ha 0a3a Ha TBbpAa Joruka. [lamed mo-rojieMu
BB3MOXKHOCTH IIpeJylara M3MOJ3BAaHETO HA pa3MHTa JIOTHKA 3a yIpaBlieHHe. B Hacrosmiara cratusi ce
npeJiara peaau3alys Ha pa3MUTa CHCTEMa 3a yrpaBlieHHe Ha MoOuieH poooT Poboruno Ha ¢upma Decto
Ha 0a3a Ha aHaJOrOBO U3MEPBAHE Ha Pa3CTOSHHUE.

KarouoBu nymu: n30srBaHe Ha MPEMSITCTBUS, MOOMIIEH po0OOT, pa3MuTa JIoruka, Po6oTHHO

OBSTACLE AVOIDANCE FOR ROBOTINO USING FUZZY CONTROL
Michael Scopchanov

Abstract: Obstacle avoidance and navigation through a maze are common tasks in mobile robotics. Usually
several binary sensors are used detecting the presence of an object within a certain range. Then a
conventional logic is used to form a control algorithm for the robot behavior. Much more interesting is to use
more advance techniques to control the mobile robot. This article introduces an implementation of fuzzy
logic controller based on analog distance measurements for Robotino.
Key words: fuzzy logic, mobile robot, obstacle avoidance, Robotino

1. Introduction
Robotino is a fully functional mobile robot system (Fig. 1) with omnidirectional drive. The

three drive units (Fig. 2) allow for motion in all directions — forward, backward and sideways — and
the robot can be turned on the spot as well.

=YW

NI i

Fig. 1 — Overview of Robotino

Robotino is also equipped with a webcam and several types of sensors — analog for distance
measurement, binary for collision protection and digital to check the actual speed. This assures that
all of the wide ranging demands placed upon systems of this type are fulfilled. The robot might be
used with or without a PC, using the on-board controller. Robotino’s controller consists of an
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embedded PC with a compact flash card and can be directly accessed via wireless LAN (WLAN).
Additional sensors and actuators can be connected via an 1/O interface.

Fig. 2 — Technical sketch of Robotino
2. General software architecture
The programming of Robotino could be performed in several different ways, using both text

and visual programming languages.

Variable
initialization

v

Connecting to
Robotino

Succsessfull
connection?

Reading the distance
sensors of Robotino

v

Evaluating the
fuzzy controller

v

Sending control values to
Robotino’s OmniDrive

Activated No

Bumper?

Fig. 3 — Flowchart of the control algorithm
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In our case Robotino has been programed in Matlab using the provided APIs. The flowchart
of the control algorithm is shown on Fig. 3. After initializing the variables, Matlab attempts to
connect to the mobile robot. If the attempt is successful, it begins reading the infrared sensors to get
their distance measurements, evaluates the fuzzy controller and sends back control values, which in
turn are used by the omni drive to control the three DC motors.

3. Fuzzy controller for obstacle avoidance

3.1. Fuzzy controller structure

In order to control the movement of the mobile robot a fuzzy controller is designed. Its
structure is shown on Figure 4.

o / M

X

LeftDistance

xSpeed
robaoting i : i
[marmcani)

\ ySpeed

e Spesd

/

|

CenterDistance

RightDistance

1l
\

StarhoardDistance

Fig. 4 — Structure of the fuzzy controller

Five distances to the surrounding objects are measured using the three front sensors of
Robotino and the two sensors, placed at its left and right side. The output variables are the speed of
Robotino along x and y axis, as well as the rotational speed .

3.2. Fuzzification of input and output variables
Figure 5 depicts the fuzzy terms used to describe the distance measured by each of the IR

sensors. Five membership functions suitable for this type of measurements are used — one of type z,
one of type s and three of type pi.

; : “eryFar
) ISUN VN SR W A AN L SO Far ||
' ' ' Mear
' ' ' Close
e £ i s bbbt Rl & ety YeryClose [™7]

L RIS o L S A

A1) SRS S SO SR WO A

Fig. 5 — Fuzzy input variables
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The description with fuzzy terms of the control values for both x and y speed are shown on
Fig. 6 and on Fig. 7 for the rotational speed . In [5] it is shown, that triangular membership
functions are more suitable for drives control, so in our case seven triangular membership functions
are used, allowing the robot to take turns more smoothly.

1 : : T T LI
: FastBack

)= ) S U A S £ SN S S Back 1
SlowBack

Stop

N i o S A A A — SlowF orward ]
: H : . Fareard

7 S SN O S SO N OO U 1 S FastForward |

A S AT AU W A AR WO VR AU

-500 -400 -200 a 200 400 GO0

Speed

Fig. 6 — Fuzzy output variables for linear speed along x and y axis

1 T T T T 7
. . ' . FastRight
E e R ECTEET SEPL EEEEERY . SEEREEr S EEEES — Right N
X . " ' SlowRight
: : : : : Stop
R A e o S L S S| [
Z : Z Z ' Left
[ 1) RO U UpUpURpROn U JROUFIONPNPROROUUIL A DRSS DU B SIS S Fastleft [
I AT I AU W AP AP NP SR AN I A R
-600 -400 -200 0 200 400 G000
Speed

Fig. 7 — Fuzzy output variables for rotational speed m

3.3. Fuzzy rules

Using the above defined fuzzy terms a set of sixty rules is constructed, describing the
behavior of the control system. These rules are listed in Table 1.
Table 1

If(portDistance is VeryFar) then (ySpeed is stop)

If(portDistance is Far) then (ySpeed is SlowBack)

If(portDistance is Near) then (ySpeed is Back)

If(portDistance is Close) then (ySpeed is FastBack)

If(portDistance is VeryClose) then (ySpeed is FastBack)

If(StarboardDistance is VeryFar) then (ySpeed is Stop)

If(StarboardDistance is Far) then (ySpeed is SlowForward)

If(StarboardDistance is near) then (ySpeed is Forward)

©| 0| N o g & W N| B~

If(StarboardDistance is Close) then (ySpeed is FastForward)

[
o

If(StarboardDistance is VeryClose) then (ySpeed is FastForward)

=
[N

If(LeftDistance is VeryFar)and(CenterDistance is VeryFar)Then(xSpeed is Forward)(wSpeed is Stop)

=
N

If(LeftDistance is Far)and(CenterDistance is VeryFar)Then(xSpeed is SlowForward)(wSpeed is SlowRight)

18
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13 | If(LeftDistance is Near)and(CenterDistance is VeryFar)Then(xSpeed is Stop)(wSpeed is Right)

14 | If(LeftDistance is Close)and(CenterDistance is VeryFar) Then(xSpeed is SlowBack)(wSpeed is FastRight)

15 | If(LeftDistance is VeryClose)and(CenterDistance is VVeryFar)Then(xSpeed is Back)(wSpeed is FastRight)

16 | If(LeftDistance is VeryFar)and(CenterDistance is Far)Then(xSpeed is SlowForward)(wSpeed is stop)

17 | If(LeftDistance is Far)and(CenterDistance is Far)Then(xSpeed is SlowForward)(wSpeed is SlowRight)

18 | If(LeftDistance is Near)and(CenterDistance is Far)Then(xSpeed is Stop)(wSpeed is Right)

19 | If(LeftDistance is Close)and(CenterDistance is Far)Then(xSpeed is SlowBack)(wSpeed is FastRight)

20 | If(LeftDistance is VeryClose)and(CenterDistance is Far)Then(xSpeed is Back)(wSpeed is FastRight)

21 | If(LeftDistance is VeryFar)and(CenterDistance is Near)Then(xSpeed is SlowForward)(wSpeed is Stop)

22 | If(LeftDistance is Far)and(CenterDistance is Near)Then(xSpeed is SlowForward)(wSpeed is SlowRight)

23 | If(LeftDistance is Near)and(CenterDistance is Near)Then(xSpeed is Stop)(wSpeed is Right)

24 | If(LeftDistance is Close)and(CenterDistance is Near)Then(xSpeed is SlowBack)(wSpeed is Right)

25 | If(LeftDistance is VeryClose)and(CenterDistance is Near)Then(xSpeed is Back)(wSpeed is FastRight)

26 | If(LeftDistance is VeryFar)and(CenterDistance is Close) Then (xSpeed is SlowBack)(wSpeed is Stop)

27 | If(LeftDistance is Far)and(CenterDistance is Close) Then (xSpeed is SlowBack)(wSpeed is SlowRight)

28 | If(LeftDistance is Near)and(CenterDistance is Close) Then (xSpeed is Back)(wSpeed is Right)

29 | If(LeftDistance is Close)and(CenterDistance is Close) Then (xSpeed is Back)(wSpeed is FastRight)

30 | If(LeftDistance is VeryClose)and(CenterDistance is Close) Then (xSpeed is FastBack)(wSpeed is FastRight)

31 | If(LeftDistance is VeryFar)and(CenterDistance is VeryClose) Then (xSpeed is Back)(wSpeed is Stop)

32 | If(LeftDistance is Far)and(CenterDistance is VeryClose) Then (xSpeed is Back)(wSpeed is SlowRight)

33 | If(LeftDistance is Near)and(CenterDistance is VeryClose) Then (xSpeed is Back)(wSpeed is Right)

34 | If(LeftDistance is Close)and(CenterDistance is VeryClose) Then (xSpeed is FastBack)(wSpeed is FastRight)

35 | If(LeftDistance is VeryClose)and(CenterDistance is VeryClose) Then (xSpeed is FastBack)(wSpeed is FastRight)

36 | If(CenterDistance is VeryFar) and (RightDistance is VeryFar) Then (xSpeed is Forward)(wSpeed is Stop)

37 | If(CenterDistance is VeryFar) and (RightDistance is Far) Then (xSpeed is SlowForward)(wSpeed is SlowLeft)

38 | If(CenterDistance is VeryFar) and (RightDistance is Near) Then (xSpeed is Stop)(wSpeed is Left)

39 | If(CenterDistance is VeryFar) and (RightDistance is Close) Then (xSpeed is SlowBack)(wSpeed is Left)

40 | If(CenterDistance is VeryFar) and (RightDistance is VeryClose) Then (xSpeed is Back)(wSpeed is FastLeft)

41 | If(CenterDistance is Far) and (RightDistance is VeryFar) Then (xSpeed is SlowForward)(wSpeed is Stop)

42 | If(CenterDistance is Far) and (RightDistance is Far) Then (xSpeed is SlowForward)(wSpeed is SlowLeft)

43 | If(CenterDistance is Far) and (RightDistance is Near) Then (xSpeed is Stop)(wSpeed is Left)

44 | If(CenterDistance is Far) and (RightDistance is Close) Then (xSpeed is SlowBack)(wSpeed is FastLeft)

45 | If(CenterDistance is Far) and (RightDistance is VeryClose) Then (xSpeed is Back)(wSpeed is FastLeft)

46 | If(CenterDistance is Near) and (RightDistance is VeryFar) Then (xSpeed is SlowForward)(wSpeed is Stop)

47 | If(CenterDistance is Near) and (RightDistance is Far) Then (xSpeed is SlowForward)(wSpeed is SlowLeft)

48 | If(CenterDistance is Near) and (RightDistance is Near) Then (xSpeed is Stop)(wSpeed is Left)

49 | If(CenterDistance is Near) and (RightDistance is Close) Then (xSpeed is SlowBack)(wSpeed is FastLeft)

50 | If(CenterDistance is Near) and (RightDistance is VeryClose) Then (xSpeed is Back)(wSpeed is FastLeft)

51 | If(CenterDistance is Close) and (RightDistance is VeryFar) Then (xSpeed is SlowBack)(wSpeed is Stop)

52 | If(CenterDistance is Close) and (RightDistance is Far) Then (xSpeed is SlowBack)(wSpeed is SlowLeft)

53 | If(CenterDistance is Close) and (RightDistance is Near) Then (xSpeed is Back)(wSpeed is Left)

54 | If(CenterDistance is Close) and (RightDistance is Close) Then (xSpeed is Back)(wSpeed is FastLeft)

55 | If(CenterDistance is Close) and (RightDistance is VeryClose) Then (xSpeed is FastBack)(wSpeed is FastLeft)

56 | If(CenterDistance is VeryClose) and (RightDistance is VeryFar) Then (xSpeed is Back)(wSpeed is Stop)

57 | If(CenterDistance is VeryClose) and (RightDistance is Far) Then (xSpeed is Back)(wSpeed is SlowLeft)

58 | If(CenterDistance is VeryClose) and (RightDistance is Near) Then (xSpeed is Back)(wSpeed is Left)

59 | If(CenterDistance is VeryClose) and (RightDistance is Close) Then (xSpeed is FastBack)(wSpeed is Left)

60 | If(CenterDistance is VeryClose) and (RightDistance is VVeryClose) Then (xSpeed is FastBack)(wSpeed is FastLeft)
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The set of control rules is constructed in such a way, so the mobile robot is able to avoid
obstacles as walls and other large objects on its path. Finding the way out of the maze is not set as a
goal. In that sense the control is not goal oriented. Figure 8 shows how the output variable wSpeed
relates to the input variables LeftDistance and RightDistance. It could be easily seen, that the speed
of rotation increases when the distance to the obstacle is getting smaller. The robot rotates

clockwise or counterclockwise depending on the relative position of the obstacle. This way it is not
possible for the robot to hit a wall.

20047

wopeed

-200 4

LeftDistance RightDistance

Fig. 8 — Relation of the output variable wSpeed to the input variables LeftDistance and
RightDistance

4. Experiments

For experimental purposes a working environment is build using light concrete blocks. The

configuration of the robot’s working environment used for testing the proposed fuzzy control is
shown on Fig. 9.

I —

Fig. 9 — The robot’s working environment

The blocks could be easily and quickly rearranged, which allows for more flexibility in the

experiments. The behavior of the proposed fuzzy logic controller is tested using Robotino and the
build working environment (Fig. 10).

20
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Fig. 10 — Experimenting the proposed fuzzy control algorithm with Robotino

5. Conclusion

The obtained experimental results show that Robotino is avoiding the walls successfully. The
next step is to implement the proposed fuzzy algorithm directly into the mobile robot using its on-
board controller. Furthermore a challenging task is to make more elaborate fuzzy control system
taking into account the rest of the available infrared distance sensors.
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IMAGE ACQUISITION AND PROCESSING WITH
BEAGLEBOARD

Hristo Petrov, Ayhan Mehmed, Michael Scopchanov

Abstract: As a consequence of the increased performance of digital processors the topic of embedded
machine vision has become more common. Open hardware and software platforms like BeagleBoard and the
different kinds of Linux distributions are allowing the development of more affordable vision systems, based
on advanced techniques and algorithms, used in a mobile robot control. This paper introduces the concept of
combining an open hardware, operating system and user application to form a low power embedded image
acquisition and processing system for machine vision in mobile robotics.

Keywords: BeagleBoard, image acquisition, image processing, machine vision, OpenCV

IMonyyaBaHe u 00padoTKa Ha M300pakeHus ¢ u3noja3Bane Ha BeagleBoard

Xpucrto E. Ilerpos, Aitxan U. Mexmen, Muxaun B. CkonyaHos

Pe3tome: B ciieicTBre Ha MOBHUILICHATA MTPOU3BOIUTEIHOCT Ha IIM(PPOBUTE MPOLIECOPH, BIPAJCHUTE CUCTEMU
3a MallMHHO 3PEHUE NMPUIOOMBAT MIMPOKA MOMYJIpHOCT. OTBOPEHUTE amapaTHU M HMPOrpaMHU IiaTGopmMu
kato BeagleBoard n pasnuunurte auctpuOyin Ha JIMHYKC MO3BOJIABAT Pa3BUTHETO HA JOCTHIHU CHCTEMHU
32 MaIlMHHO 3pEHWE, W3MOJN3BAaHM TMpPH YIPaBICHHETO Ha MOOWIHHM poOoTH, Oaszupamm ce Ha
YCHBBPUICHCTBAHH METO/U U alropuT™u. Taszu cTaTus pasriexia KOHICMIHATA 3a ChUeTaBaHe Ha OTBOPEH
XapJyep, OlepanuoHHa CHCTeMa M IMOTPEOWTENICKO NPHIOKEHHE 3a Ch3JaBaHE HA BrpajJieHa CHUCTEMa 3a
moJiyuyaBaHe U o0OpaboTKa Ha M300paKCHHS 3a IICJIUTE HAa MAIIMHHOTO 3PCHHE, M3MOJI3BAaHO B MOOMWIHATA
poboTuka.

Kuarouosu qymu: BeagleBoard, OpenCV, mammbHO 3peHne, 00paboTka Ha M300pakeHHs, MOJyYaBaHe Ha
M300paKCHUS

6. Introduction

With the increase of the processing capabilities of the processors, it’s becoming practical to
incorporate machine vision functions into a wide range of embedded systems, enabling them to
analyze their environments via video inputs. The use of machine vision algorithms in embedded
systems is referred as “embedded vision”. Stated another way, “embedded vision” refers to
embedded systems that extract meaning from visual inputs. Such an embedded system is the
BeagleBoard, a low-cost, fan-less single board computer from Texas Instruments that has laptop-
like performance and expandability without the bulk, expense, or noise of typical desktop machines,
thus making it suitable for the described applications. BeagleBoard is highly popular in the open
source community and has its own drivers included in the mainstream Linux kernel. A special
Linux distribution called Angstrom was developed in order to deliver a stable and user friendly OS
for this hardware platform.

7. Hardware setup
The proposed hardware setup is shown on Figure 1 and consists of the following main

components:
- Processing unit — A single board computer by Texas Instruments named BeagleBoard,
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- Storage unit — 2 GB SD card plugged into the SD card slot of the BeagleBoard’s,

- Capturing unit — ordinary webcam with USB interface,

- Debugging device — a PC with serial connection to the BeagleBoard used to send commands
from the terminal.

5VDC

Ansgstrom OS

UsB

V HDMI-DVI
k-

Keyboard

®

Mouse
&)

Webcam

BeagleBoard rev. C4

USB Hub

Fig. 1 — Hardware setup
8. Software implementation
8.1. Operating system and libraries

BeagleBoard is running Angstrom, which is a Linux distribution. Similar to BeagleBoard
Angstrom is an open source product supported by a large community of developers and users,
providing a big variety of free building blocks, e.g. hardware designs and drivers, software snippets
and libraries. Therefore there are a number of ways to implement computer vision on this platform.
The most used ones are:

- OpenCV - open source computer vision library with large community contributing to the
development process. It scales from small handheld devices to powerful desktop computers with
vast selection of processing algorithms available. OpenCV has interface to different programming
languages. It also offers platform independent generalization, but doesn’t allow for specific
platform acceleration (for example the utilization of the BeagleBoard’s DSP core)

- EmbedCV - small and fast open source vision library intended for small processors of slow
embedded systems. It doesn’t have big community supporting, hence almost no new development
since 2006. The library is available only in C but offers an easy to understand programming
concept. Only a small number of algorithms are available within EmbedCV

- Video4Linux2 (V4L2) — the Linux’s kernel library for access to imaging devices, intended
for video capture, so no processing algorithms are available. It provides direct communication with
the camera driver and allows platform specific accelerated algorithms to be developed and tested.

In the proposed embedded vision system the combination of V4L2 and OpenCV is used,
based on the advantages and drawbacks of these libraries. The API of V4L2 provides three different
ways to access image data from the device:
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- read() function — directly read from the device file as any normal file

- mmap — maps device memory buffers into the application’s address space

- user pointers — the driver copies data directly to the application memory and only returns
pointer to the data and its size.

Figure 2 shows a flowchart of the procedure for capturing frames from the web camera,

connected to the BeagleBoard.

| | Create & setup camera object| |

Start streaming

¢ =

Acquire image

v

Perform processing

v

Save result

Reached end condition?

Stop streaming

v

Destroy camera object|

Fig. 2 — Capture algorithm

This algorithm is intended for continuous processing, but for experimental purposes the image
is written on the storage media and then loaded from another program for processing.

8.2. Image processing

Edge detection is one of the fundamental steps in image processing, image analysis, image
pattern recognition, and machine vision techniques. That is why the edge detection is chosen as an
image processing task to demonstrate the capabilities of the proposed embedded vision system.
Amongst many edge detection algorithms the Canny detector will be used. It comprises of the
following steps [3]:

- Smoothing — this step is performed in order to remove the noise from the image,

- Finding gradients — parts of the image where the gradient has large value are considered as
edges,

- Non-maximum suppression — removing false detected edges at this stage,

- Double thresholding — potential edges are determined by thresholding,

- Edge tracking by hysteresis — edges are finally determined by suppressing all of them which
are not connected to a certain strong edge.
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A flowchart of the implemented image processing procedure is shown on Figure 3.

Initialisation of required libraries

v

Load the main program, declare
and load the main image

v

Create windows to show
the input and outputimages

Check, ifimage
can be divided by 2

Create image to hold the outputimage,
which is halfthe size

v

Reduce the size ofthe original image
in half

1]

Apply simple
blur filter

v

Apply Canny detector

v

Show the result of detection

Y

Copy the resulting image
into a new file

v

Save in a newfile

a
-

y

End

Fig. 3 — Processing algorithm
9. Experiments

The proposed algorithms are implemented in C and tested on the BeagleBoard with different
test images, one of which is shown on Figure 4a. As expected, the result of applying the edge
detector to the test image led to a set of connected curves that indicate the boundaries of objects in
the scene. Thus, the amount of data to be processed at later stages is significantly reduced.
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Fig. 4 —a) Test image, b) Smooted image and c) Final image

10. Conclusion and future work

Using BeagleBoard along with an open OS and user applications based on V4L2 and
OpenCV allows the design of an embedded image acquisition and processing platform for machine
vision. Compared to a regular PC the proposed platform lacks performance, but considering the low
power consumption and its small size, it could be regarded as a better choice for battery operated
devices. The next step is to use the proposed platform as a base for relatively inexpensive mobile
robots and experiment with different image processing algorithms, thus allowing the robots to
perceive their environment.
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»KpaeBo* Hy/IlUpaHe HA JAHHUTE BbB BOKOAEP ¢ TBHPAO OJJOKMPaHa
¢aza 3a MmamadupaHe Ha 3ByKOBH CUTHAJIM BbB BpeMeTO

JIvuesap Un. I'eoprues, Cranucnas b. Kupuion

Pe3rome: B noxitana ce mpejiara MeTo 3a ,,KpaeBo‘* HyJIMpaHe MpU MaliabupaHe Ha 3BYKOBH CHT'HAIH BHB
BpeMeTo upe3 (a3oB BOKOJEP ¢ TBBPAO OjokupaHa (ha3a, KOSTO BOIM JO0 3HAUYUTEIHO MO-100pa 00paboTka
Ha mpexoauTe. MeTOABT Ce ChbCTOM B HyJHUpaHE Ha BTOpATa MOJOBHHA OT 0JIOKAa C KOMIUICKCHU TaHHHU He-
ITOCPEICTBEHO MIPEIH MIPEMUHABAHE B Y€CTOTHATA 00NacT (T.€. U3ps3BaHe Kpauiara Ha ,,impo3opena’). To ce
ChueTaBa C yIBOSIBAHE HA ,,3aCTHIIBAHETO ¥ HAMaJIsIBAHE HAMMOJOBHHA HA pa3Mepa Ha ,,CKoKa™.

Endmost data zeroing in a rigid-phase-locked vocoder for time-scaling of audio signals
Latchezar 1. Georgiev, Stanislav B. Kirilov

Abstract: The paper offers a method for ,,endmost“ data zeroing in time-scaling of audio signals via a rigid-
phase-locked vocoder, which leads to a considerably better transient processing. The method consists of ze-
roing of the second half of the complex data block immediately before the transition in the frequency domain
(i.e. cutting the ,,window* ends). It’s combined with doubling the ,,overlap“ and halving the ,,hop* size.

1. YBox

Enno ot moOpure cpencTBa 3a He3aBHCHMMa IPOMSHA HA Maiiada BbB BPEMETO M BHCOYMHATA
Ha TOHa npu HudpoBa 06paboTKa Ha 3BYKOBU CUTHAIH € hazosusam eokodep [1]. 3a chxaneHue Toi
CTpajia OT JIBa XapakTepHH npobiyiema: (pa30BU M3KpUBSBaHMA (T. Hap. ,,pa30BOCT™) U HU3IIIAXKAaHE
(,,pa3ma3BaHe ) Ha IPEXOMTE.

B [2] e pasrnenan ¢a3oB Bokojep ¢ T. Hap. ,,TBBPO OM0OKUpaHe Ha (a3aTa“, KOUTO perraBa
MOYTH HAI'BJIHO IMTBPBUS IPOOIIEM U IOHSAKBAE BTopus. B [3] € majgeH HecnokeH METOo/T 32 YaCTHYHO
pemaBaHe ¥ Ha BTOPUS MPOOJIEM ¢ BB3MOXKHOCT 3a paboTa B peasHoO Bpeme. B HacTosmms pokiaz
ce mpejyIara mpocT METO/T 32 3HAUYUTEITHO TOJJ00psIBaHE HA CITYXOBOTO BB3NPHUATHE HA MPEXOTUTE.

2. CBIUIHOCT HA METOA

B pasrnemanus B [3] da3oB Bokoaep awmkuHara Ha BII® (FFT_SIZE) e 4096 touku (mpu
2048 TOuKHM € HeIoCTaThueH OOXBaThT Ha Mailabupane), a ,3acTbinBaHeTo (OVERSAMP) — 4,
peci. pa3mepsT Ha ,,ckoka“ (HOPSIZE) — 1024 otuera. ToBa e T. Hap. ,,0bp3a‘“ Bepcusi.

B macrosmus g0KIa1 ce nmpemiara T. H. ,,ipodecuoHaHa“ (,,lipo-*) BepcHust — C JBOMHO IM0-
roJsIMO ,,3acThlBaHe’ (8), IBOWHO MO-MalbK pa3mep Ha ,,ckoka™ (512) u ,,kpaeBo HynHpaHe Ha
naHHuTe. Ts1, Makap ¥ IOYTH TBOMHO M0-0aBHA U C MO-MaTbK 00XBaT Ha KOS(UIIMEHTHTE HA Mala-
OupaHe B HIKOM cliyyau, 00paboTBa mpexoaute no-aoope. ETo mpunnmna Ha paboTa Ha Tas BepcHsl.

3a JOIBJIIHUTENTHO HaMallsiBaHe Ha XapaKTepHOTO ,,pa3Ma3BaHe’ Ha MpexoauTe TpsOBa Ja ce
HaMalu pa3MepbT Ha Oyioka, HO Oe3 3aryba Ha pas/eiHuTesHa CIOCOOHOCT B YEeCTOTHATa 00JIacT.
ToBa MoXke Ja ce MOCTUTHE, KaTo ce M3BIMYAT MO-MajJKo JaHHM OT BpeMeBaTa objacT, HO 06e3
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mpoMsiHa Ha pa3Mmepa Ha Obp3oTo npeobdpazyBanue Ha Dypue (BIID). Jluncrammre nanHu Owmxa
MOTJIH J1a C€ 3aIbJIHSAT C ,, JWHEHHO MpeICKa3BaHe"’, HO € MO-MPOCTO... Ja C€ 3aMBIHIT C HYJH.

3a menTa B rmaBHaTa GyHKIMS Ha Ga3oBus BOKoep, ako koHcTanTtara PRO e onpenencHa ka-
TO 1, ce yaBosiBa ,,3aCTHIIBAaHETO OT 4 HA § C €AHOBPEMEHHO HaMaJISIBAHE HAIIOJIOBHMHA pa3Mepa Ha
,»CKoka“ oT 1024 na 512. Cp110 Taka ce HyJIMpa BTOpaTa MOJ0BUHA HA OJIOKA ¢ KOMIUIEKCHU JTaHHU
Comp (Bx. ¢ur. 1 3a BepcusTa ¢ U3MOI3BaHE HA MHCTPYKIIMK HA KOIPOliecopa C IUIaBalla 3amneTasi).
CXOJHO € U pelIeHNneTO PU BEpCUHTE C U3MOoI3Bane Ha Habopurte nHcTpykuuu 3DNow! u SSE.

and ebx, [esi] .VB.QuadInBlSamsk ;% (4*INBLOCKSAM)
fstp reald ptr [eax+2*edit+reald]; Comp[i].i
fstp reald ptr [eaxt+2*edi] ; Comp[i].r

if PRO

mov dword ptr [eaxt+2*edi+FFTSIZE*reald],O
mov dword ptr [eax+2*edi+FFTSIZE*reald+reald],O

endif

add edi, reald ; 1++
.until edi == FFTSIZE*reald4 shr PRO
invoke fft, eax,FFTBITS, -1

®ur. 1. Hynupane Ha BTopara MoJOBHHA Ha OJI0Ka NpH ,,ipodecronanHara‘“ Bepeus (u3 pvoc_fpu.asm)

Upes ropeonucaHiTe MPOMEHU CE HaMaJlsiBa B3aMMHOTO BIIMSTHHE HA HAacJIarBaHUTE OJIOKOBE B
Kpaumiara Ha ,,ipo3opena’ (¢ur. 2). ToBa Boau 10 MHOTO TO-100pa 00paboTKa Ha MPEXOIUTE HA
IieHaTa Ha 3a0aBsiHE U HaMaJIsIBaHE JMaria3oHa Ha ManjabupaHe 3apajiy myMa B ClieKThpa (BXK. T. 3).

®ur. 2. HamansiBane Ha B3aMMHOTO BJIMSTHUE HA HAcJIarBaHUTe OJIOKOBE upe3 U3PsA3BaHE B KpauIiaTa

3. IIpunokenne, M3NUTAHUS U Pe3yJTATH

[IpemiosxkeHUAT METOX 3a ,,KpaeBO*“ HyJIHMpaHE Ha JAHHUTE € MPUIOXKEH B OmOIuoTekara 3a
BpeMeBO MalabupaHe Ha 3ByKOBU CUTHAJM B PEAIHO BpeMme ,,Metaypov* Kato ,,npodecnoHaiHa’
Bepcust. [logoOHO Ha ,,06p3ara“ Bepcus [3] ro uMa u BbB BUI Ha Moy 3a ,,Winamp* (dur. 3).

AHTJI0€3UYeH BapHaHT HAa JEMOHCTpPAIIMOHHA MporpamMa 3a npocBupBane Ha .WAV-daiinose
(¢ur. 4) ¢ u3non3BaHe Ha KOMPOLIECOPHHUTE ,,0bp3a™ M ,,IpodecnoHamHa™ Bepcuu (MOJ HUMETO
»IIpokpovotnc) 6e mpemioxeH Ha mpodecrnonanuus aucko-posent Pon JIsH oT rp. benauro, AB-
ctpanusi. ETo Herosara oleHka:

,, Hoeama npo-eepcusa mu xapecsa. Tpemupanemo na npexooume e MHO20 n0-000p0, 6bNpeKU
ye 6ce NAK yceujam HAKAKEO 610uasane, Ko2amo uma 0vilOoKa 21aco8a CbCmagka no Cbujomo epe-
Me, HO KOemo uma u yoap... npexoovm Majiko ce 3a21yuasa 8 moea epeme.*
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®wur. 3. Monyn 3a LIOC (,,npodecuonanna’ Bepcus) kbMm ,,Winamp* (aa Pentium 111/ 1,4 GHz). [Tnb3raust
BJISICHO € 32 HACTpoiiBaHe Ha npara R 3a oTkpuBaHe Ha npexoaute (,,aTakuTe ) — BxK. T. 2 B [3]).
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@ur. 4. /[eMoHCTpallMOHHA TIpOorpama 3a aaroputsema ,,Metaypov™ (aa Pentium II1 / 1,4 GHz).

ChInata JeMOHCTpAIIMOHHA TporpaMa Oe mpeacTaBeHa u B ,,Usenet”, B rpymara ,,comp.dsp®.
Tam Gerre moxBaneHo 100POTO KaueCTBO Ha MOJTYYEHUS IPU MaIlabupaHeTo Ha BpeMeTo 3BYK. Cb-
1o Taka 6e 3abens3aHo, ue ,,mpodecruonamHaTa’ Bepcrus UMa MHOTO IMO-MajbK M3I0I3BaeM Juarna-
30H Ha ,,pa3TATaHeTo" IpH ,,YUCTHU" 3BYIIM ¢ O€JEeH CHEeKThp (Hamp. MUaHo) OT ,,0bp3aTa‘“ BepcHsl.

Ha ¢ur. 5 e mokaszana ¢opmara Ha curnain, obpadboreH ¢ ,,0pp3ata® u ,,ipodecrnoHamHaTa*
Bepcus. Bikaa ce kKak mpuiaraHeTo Ha MPEJIOKEHHs TyK MeToJa moao0psiBa oOpaboTkara Ha
npexoaute. ['paduku BBB BpeMeBara U 4yecTOTHAaTa 00JIacT Ha 3BYK, 00paboTeH ¢ OubinoTexkaTa
,»METaY POV U C MporpamMu OT APYTH aBTOPH Ile ObJAT MPEAMET Ha CIICBAIIN MyOIUKAIIUH.
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@ur. 5. 3ByKo3anuc Ha KaCTaHETH, ,,pa3TerHaT" ¢ ,,0bp3ata‘ (rope) u ,,po““-BepcusiTa Ha ,,MeTaypov™

4. 3akaouenue

[IpennoxxeHUsT METO 3a ,,KpacBo * HyJIMpaHe HA JaHHUTE € MPEeeHO MpocT. B chueTanue ¢
METOJIa 32 OTKpPHBAHE W 00pabOTKa Ha MPEXOAUTE, ONMKUCaH B [3], C HEro MPAKTUYCCKU CE pelraBa
MPUCHLIUAT Ha (a30BUs BOKOAEP MpobIieM ¢ ,,pa3Ma3BaHeTO " Ha MpexoauTe. ToBa cTaBa Ha 1I€HATa
Ha ABYKPAaTHO HaMaJIIBaHC Ha 6Lp3OHeﬁCTBH€TO 1 3HAYUTCIIHO HaMaJIsIBaAHC B HAKOU CJIydau HA U3-
MOJI3BaeMHUsl JUAMa30H Ha MalabupaHe Ha BPEMETO B MOCOKA ,,pa3Tsarane’. Toil e mo-moaxosi 3a
OpPKECTpOBa My3UKa ¢ 0orar CrekTbp. 3a ,,4UCTU 3BYIIM OT €IMHUYEH MHCTPYMEHT C Oe/eH CIeK-
THP € MO-TMIOAXOASI OPUTHHATHUAT (,,06p3°‘) METO/1, OCBEH MPHU HE3HAYUTEIHO ,,pa3TAraHe’. 3aToBa
3a MOCTUTAaHE Ha YHHBepcallHa MPWIOKHMOCT € YMECTHO HW3Ioji3Bamiata Oubmmorekara ,,Meto-
Y POV Iporpama Jia laBa Bb3MOXHOCT 3a JIECHO MPEBKIIFOYBAHE OT €IUHUS METOJ KbM JIPYTHSL.
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MOJEJIMPAHE HA XAPAKTEPUCTUKHUTE HA OIITUYHO
BJTAKHO HA BPET

Kenno Us. XKeiinos, ropz[aH P. YpymosB

Pe3iome: B cratusra ce aHanu3upa U3MEHEHHUETO Ha ONITUYHUTE CBOMCTBA Ha BIAKHO Ha bper mpu npomsiHa
Ha MapaMeTpuTe U qu3aiiHa Ha BIAKHOTO. [Ipemnoxken e Moaen Ha BIaKHO, MPECTABEHO KaTO MHOTOCTIOWHA
IUeneTpuyHa CTpyKTypa. [lameH e meron Ha MaTeMaTHYecKO OIMCAaHWE Ha ONTHYHUTE MY CBOMCTBa Ha
0a3aTa Ha MPUHIUIINTE HA TEOMETPUYHATA ONTUKA. V3UMCIICHO € 3aTMXBAHETO Ha BIAKHOTO KaTo 3ary0u OT
OTPaXEHHETO OT AHWeNeKTpUuYHaTa OOBHMBKA 3a pa3MYHU THIIOBE MOIU TIPWU paziudeH Opoil cioese.
AHaNM3UpaHO € BIMSHAETO Ha OI'bBaHE BHPXY XapaKTEPUCTUKUTE HA BIAKHOTO. BKirtoueH e mpumep.
KarouoBu nymu: Bnakuo na bper, 3aryou, moau, aedopmariusi.

Modelling of the characteristics of a Bragg optical fiber
Zhejno I. Zhejnov, Jordan R. Urumov

Abstract: In the paper the shifting of the characteristics of a Bragg fiber due to changing the optical
properties and the design of the fiber is analysed. A model of optical fiber, represented as a multilayer
dielectric structure, is proposed. A method for mathematical description, based on the principle of geometric
optics, is given. The attenuation of the fiber is calculated as losses of the dielectric cladding for different kind
of modes and layers number. The influence of a bending on the characteristics of fiber is analyzed. An
example is included.

Keywords: Bragg fiber, losses, modes, deformation

1. YBox

[Tpe3 mocnenuute necermneTst GoToHHO — KpuctanauTe BiakHa (PCF) mpuBmuyat uHTEpeca
Ha y4YeHHUTe 3apaau cBoute yHukanHu cBoiictBa. C tepmuna PCF (Photonic Crystal Fiber) nmm
MHUKPOCTPYKTYPHUPAHH BJIaKHA c€ 00O3HAYaBaT IMOBEYETO ONTHYHHU BJIAKHA CHC CIIOKHA CTPYKTYpa
Ha oOBuBKara. [Ipu TsAX Hali-uecTo OOBMBKAaTa Ha BJIAKHOTO ChIbp)Ka €IHOMEPHU WU JBYMEPHU
NEPUOJANYHN CTPYKTYpH, BIIMSCHIM CHIICCTBCHO HAa HETOBUTE ONTHYHHU cBokcTBa [3]. To3u Tum
ONTUYHU BJIAKHA J1aBaT BB3MOXKHOCT 3a HaMalsgBaHE Ha OrPAHUYEHUATA, KOUTO TIOCTaBAT
MaTepHaUTe M KOHCTPYKIHATA HAa OOMKHOBEHHUTE OINTHYHU BJIAKHA M II03BOJISIBAT MO-JIECHO
yIipaBJIeHHE Ha XapaKTePUCTUKUTE Ha BIAKHOTO KaTO pabOTHUS MPO30pell OT AbIKUHH Ha BhIIHATA,
AMcIepcusTa, AMamMerbpa Ha MomoBoTo mosie u jap. [5]. Ilpum mnpenaBane Ha wuHGOpPMAIHS
3aTUXBAHETO MPHU PA3NPOCTPAHEHHETO HAa CBETJIMHATA BbB BIAKHOTO € OT I'bPBOCTENEHHA Ba)KHOCT,
KaTo B OOMKHOBEHHUTE KBApIIOBH BIIAKHA TO € OTPAaHUYEHO OT PEJIEEBCKOTO pa3ceiiBaHe B MaTepuaa
Ha BiakHOTO. Bemuku PCF cblo Taka mo3BosisiBaT JiecHa MPOMSHA HAa XpOMaTHYHATa JUCIIEPCHUS.
ToBa maBa BB3MOXKHOCT Ja C€ Ch3[aJaT ONTHYHM BJIAKHA 33 KOMIICHCHUpaHE Ha IHCIIEpCUsATa Ha
BJIAKHATa, W3IMOJ3BaHU B TEIEKOMYHHKAIMMTE. BUCOKOTO 3aTWXBaHE MBK C€ IPEOAOJIABA Upe3
Ch3/IaBaHE Ha BIIAKHA C HOBA KOHCTPYKIIHS.

B oOukHOBeHHMTE ONTHYHM BIIaKHA NMPUYMHATA 32 PA3NPOCTPAHEHUETO HA CBETJIMHATA CaMo B
CBpIICBHHATA € IIBJIHOTO M BBTPEIIHO OTpAXKEHHE OT OOBMBKara. ToBa ce MOCTUTA KaTo
e(eKTUBHMAT MOKa3aTes Ha MpedylnBaHe Ha ChpLIEBUHATA CE MPaBH MO-TOJISIM OT TO3U Ha OOBHBKATA.
Ontuuynoto BimakHO Ha bper (Bragg fiber) e eqnomepHo, n3paboTeHO KaTO CHOCHU HWJIWHIPUYIHU
cinoeBe. OOBHBKaTa Ha BIAKHOTO TIPEACTAaBIABA JUENEKTPUYHO OIJIEAANo, PEaTU3UPaHO Karo
MHOT'OCJIONHO JTUENIEKTPUYHO TIOKpUTHE [2].
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[Tpumepu 3a paznuuan BugoBe Kpbrim ontuunu PCF BiiakHa B HampedeH pa3pes ca Mmoka3aHu
Ha ¢ur. 1. Te3u BIakHa UMAT pa3IMueH MEXaHU3bM Ha yIbpKaHE Ha CBETIIMHATA B OOBHUBKATA.

(@) )

®ur. 1. [Ipumepu ua PCF. (a) Biakuo Ha bper, ¢ 00BHBKa OT KOHIIEHTPUYHH CIOEBE, C
eTHOM3MEpHa MepuoAnIHOCT; (D) TpubrbiIHa penieTka OT Bb3IYIIHU TPHOUYKH B OOBHBKATA C
JIBYM3MEpHA MEPUOAUIHOCT; (C) TyMYeCTO BIAKHO C Ae0esa ChpIleBHHA U Pa3IndH CEKTUBHU HHICKCH
Ha ChpPIEBUHATA H OOBUBKATA.

B MomeHTa He chlllecTBYBa YHUBEpCAJEH U JOCTAThYHO TOYEH METOJ 3a OLIEHKa Ha 3aryoure
Ha pa3NpOCTPAHEHHE, KOMTO J1a MO3BOJIsIBA ONTUMU3AIMS HA BJIAKHOTO B YECTOTEH AMANa3oH U IO
KOHCTPYKTUBHHU XapaKTEPUCTUKU (IMaMeThp, NeOenHa Ha CIOeBeTe, MOKa3aTeNl Ha MpedynBaHe Ha
MaTepuainTe U Jap.). B cTtaTusita ce mpenjara euH WHXKEHEPEH METOJI 32 aHAJIU3 Ha 3aryouTe Mnpu
pasnpocTpaHeHHe Ha CBETJIMHATa B MHOTOCIOMHO BIIakHO Ha bper c BB3IylIHA CHPIEBUHA,
BB3HUKHAIIM B PE3YJITAT HA TYHEIUPAHE.

2. Anaiu3 Ha bperoBcku PCF BilakHA 0 MeTO/1a HA reOMEeTPUYHATA ONTHKA

Heka pasrnegame BbperoBcko onTHYHO BIaKHO, KOETO MMa ChPIEBHHA C KOEPHUIMEHT Ha
npeuynBaHe n, ¥ M mumuHapuyHu cnosi. Ha ¢ur. 2 e npeacraBeH oceB pa3pe3 Ha TaKOBa BIAKHO.
[Topanu meHTpamHaTa CUMETpPHUsi Ha BIAKHOTO Ha (urypara € Iroka3zaHa caMO IOJIOBUHATa OT
HaJUTb)KHOTO CEUEHHWE Ha BIAKHOTO. To MOXe Ja ce pasriexja KaTo IJIOCKa MHOTOCIOWHA
TueNeKTpudHa cTpykTypa [1]. OTnsBo HamsICHO ce pasmojiaraT ChOTBETHO ChPIIEBHMHATA, CIION 1,
cioit 2,... cnoii M Ha oOBuBKaTa. Heka n, € koeUIIMEeHTHT HA MpeuymnBaHe HA ChPIIEBHHATA, Nj €
KOC(HUIIMEHTHT Ha MpedylBaHe Ha I-TUS CJIOH, Ny € KOeDUIIMSHTHT Ha MPEUyNBaHe HA Hal-TOPHUS
cioii. JlebenuuuTe Ha i-THs cloi e o3HaueHa ¢ 1, 1=1,2,3...M. C Ets, k=1,2,...,M+1 ca o3nadyenu
naganiuTe (+) U oTpazeHuTe (-) KOMIIOHEHTH Ha eJIEKTPUYECKOTO MOJie Ha TPaHUIlaTa MKy ClIoi k
U JeBHs Ha Quryparta mpeau Hero. M3THYamoTo OT BBIHOBOAA €JIEKTPUUYECKO MOJe € 03HAYEHO C
E’1Mm+1+. 3akonsT Ha CHenmyc CBbp3Ba BIVIUTE HA MAJaHE M OTPAXKEHUE U KOCPUIIMEHTHUTE Ha
MpeuynBaHe OT JIBeTe CTPaHU Ha BCSKa TpaHUIAa MeXKAY ABe oT 00110 M+1 rpaHiYHN TOBBPXHOCTH:

N,sinBa=n;sin0;=npsinOy, i=1,2,3,....M (1)

e e T o e B o T

Hg ny ny n; ny | My

Erpper

X
Lﬁ ‘01’}
oy 6 o o Oy,

Epjs |En: | Bpy Erie \Epiqs]  Epye Erpini

P Pro| Prs Pri| Priv Pry| P+
1 2 I o M M+l

®@ur. 2. Kocu 141 BbPXy MHOTOCIIONHA JUEICKTPUYHA CTPYKTYpa
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Ille mpenmnosiarame, 4e OTAACHO Ha CTPyKTypara HsAMa majgamo mnosie. Tyk prj O3HadaBa
Harpe4eH KOe(HUIIMEeHT Ha OTPaXEHUE OT MOBBPXHOCT 1, AeUHUPAH KATO:

pr= = o3 MH )
Nriy Ny

KBJIETO CME MOJIOKHITU NTo=NTa U NTM+1=Np. Jedaszupanero 3a magammure TbYU IpU MPEMUHABAHETO
npes i-tus cioit e 8i=Konicos;, kbaeto Ko € BBIHOBOTO YuCIIO 3a BakyyM ko=271/A. BbB Bceku cioi
HaNpevYHUTE KOe(UIIMEHTH Ha OTpaskeHHe ce onucaar 3a TM u TE monspusanust CbOTBETHO KaTo:

N TM nonsip u3a
nTi =14 COS 9 p e ’ i:an 1 72)' .. JMJb (3)

n TE nonsip uzanus

ManI/II_[aTa Ha pasnnpoCTpaHCHUCTO CBBbpP3Ba PCKYPCHUBHO CICKTPHUYCCKOTO IIOJIC 3a Imaaaliusd
H OTpa3CHUA JIbY, KAKTO CJICABa:

|:ETi,+j|_A|: exp(jd)  pr eXp(_j&)}{ETi+1,+
Eni- pri@p(jd)  exp(-joi)

I

}:M,M-l,...,l , (4)

ETi+1,—

KbJETO KOSUITUCHTHT Ha oTpaxkenue € [ 1i=E~i./Eri + u e cBbp3an pexypcuBHo ¢ [y

_ pritlriaexp2jo) .
FTi - l+pTir-:'i+1leXp(_2j&)  IEMM-1L. ®)

a I'tmri=prm+1- [logoOHa pekypcuBHA Bpb3Ka HMa MEXKIY €IEKTPUIECKOTO U MAarHUTHOTO IOJIE Ha
rpaHuLaTa MEXIY 2 CI0s:

E. ol jn sindl) | Ey
Ti = C_?S - J J77T| sin ) Ti+l , iZM,M-l,...,l , (6)
H, 115 sindi COS O Hig

B (6) HanpeuHUTE XapaKTEpPUCTUUHU UMIIEAAHCH ce 1eUHUpAT C u3pasa:
ncos@ TM nonspusais

M = n
cosd

, 7
TE nonsip uzanys )

npu 7y =1,/ Ny, . O0ImaTa MONITHOCT Ha MAJAIINS JIbY Pj, B HampaBiIeHHETO Ha BBIHOBUS BEKTOD,

KOMIIOHEHTAaTa Z W MOIIHOCTTA, BbBeAeHA B mbpBusA ciodl P1, 32 TE m TM nonspuzauuu ce
n3pas3sBar Taka:

2 2
Po=7|Ef.  Pu.=Pycosd.m=n/n,  P=P _@-5|). (®)
3aryOuTe OT OTpakeHue ca
2
oy =1-r) ©

a HopMHpaHOTO 3atuxBaHe B(A) e

B(ﬂ) — P,z (A)—PL(2) — |F(Z)|2 . (10)

Pn.2 (4)
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BbB Bi1akHO € paguyc Ha ChplieBUHATA a, IOKa3aTes Ha MpeduylnBaHe Ha ChpLIEBUHATA Ny M HA
OOBMBKAaTa Nj, CBETJIMHATA CE PA3MPOCTPAHABA UPE3 ITBJIHO BHTPEUIHO OTPaXCHUE aKo sinfa>N1/n,.
Tpaektopusita Ha MEpUIUOHATHHUTE JTbYM (JBUMUTE, KOUTO IpEcHYaT oOcCcTa Ha BIAKHOTO) B
ChpIIEBHHATA € MoKa3zaHa Ha ¢ur. 3. PasnpocTpaHsBamuTe ce MOJIU C HHICKC M C€ XapaKTepU3UpaT
C IUCKPETHU CTOMHOCTH Ha bI'bla 0, YCIOBUETO 3a HampeueH (a3oB pEe30HAHC € 3a €IUH 3Ur-3ar
Ha Jrpua (azara Jaa ce MPOMEHH ChC CTOMHOCT, KpaTHa Ha 27T

4akgn,cos0,+¢=2mm, (11)

KBJETO (0 OTYMTA MpOMsHATa Ha (pasaTa MpH OTpa3siBaHE OT TPAHMIIMTE HA CHPIICBHHATA U
oOBuBanus ciou. [IbTAT, UBMHHAT OT JTbY MEXAY 2 TOCIEA0OBATSIIHA OTpaKeHHS ¢ 1z=4a.tg0,.

®@ur. 3. MepuIMOHAIHY JTbYHU B ChPIICBHHATA

BbB BiakHO ¢ abmkuHa L umame N O6post otpaxenus B cbpueBunara N=L/Iz. 3aryoute B(L) BbB
BJIakHO ¢ AbJpkrHA L 3a TE n TM nonspusanus ca nponopuroHanHu Ha N:

2
B(2) =N[r(2)| = % (12)

KoedunueHTbT Ha OTpakeHHE € F(/’L)=|F (ﬂ,)| exp(arg(I'(1)) u daszoBara mpomsHa MpH

NpeMUHABaHEe Ha cBeTNIMHATa mnpe3 I1sutoto BiakHo ¢ N.arg(['(A)). I'pymoBute 3akbCHEHHs Ha
npunte ¢ TE u TM nonsipuzanmsi ca CbOTBETHO Te M Ty . 1€ ce mipecmsiTataT [4] upe3 u3pasza:

_ 22 d(ag(Tr()
7(A) = 2.77.C dA ’ (13)

kpaeTo I'(A) e xoepunueHnt Ha oTpaxenue 3a TE m TM moau. XpomaTuyHata AucIepcHsl Ha
BJIAKHOTO C€ J1aBa ¢ U3pasa.

dz.(4) dz,(4)
dA dA

HpI/I OI'bHATO BJIAKHO CE€ IIpCAroJjara, 4€¢ 3aKpuBABAHCTO HA TPACKTOPHATA HA JTBYHUTC CTaBa KaTo
IMMOJIOBHUHATA JIBYM CC€ OTpa34ABAT OT I'paHULIATA MCKAY [ABa CJIOA MMOA BI'bJI 0a , 4 pyrara 1noJIOBUHa

d, (1) = TE nomspuszawmst,  d,5(4) = TM nonspuzanusi. (14)

10 BbI'bJI Hm . Te3u brim 3aBUCAT OT paanyca Ha OI'bBaHC Ru paauyca a Ha CbplicBUHATA TaKa:

(R—-a)sing,

R+a (1)

6. =arcsin

3aTuxBaHETO 3a IsUIaTa JbDKUHA Ha BiIakHOTO Bn(A) ce cymupa ot 3atuxBanusta Bi(A) B
OTJICITHATE yYaCThIIM HA OTPaKEHUS Ha JibunTe ¢ Homepa 1,2,3...N:
N
2

By () = B,(2).B,(2).By(2)...By (1) = B (1) = (% () ? (T (A) %, (16)
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kbaero I, (1) ca koedhuIMEHTHTE HA OTPaKeHUE B ydacThIUTE ¢ BI'bI Ha mamane 6,, a I (1) ca
KOe(DUIMECHTHTE Ha OTPAKEHHE B yYaCTBIUTE, KBJICTO BIBHIBT HA MajaHe € 6, . 3aKbCHEHHUsATA Ha

JBYUTE U JAUCTIEPCUUTE, IPECMETHATH 3a PA3IMYHHUTE y4acThIM ChOTBETHO 1O (¢opmynure (13) u
(14) 3a pa3nu4HM BIVIM HA TTaJIaHEe, TPSIOBA 1a c€ CyMUpar.

3a ;1a oT4eTEeM BIHMSHUETO HA HEMEPHIMOHATIHUTE JIbYM (JIYMTE, KOUTO HE MPECHYaT OcTa Ha
BBJIIHOBOJA, a4 OIKMCBAT CIHUpaja OKOJO Hes), L€ IOCTPOMM paBHUHATA, B KOATO JIeXaT 3
IIOCJICZIOBATEIHM TOYKM Ha OTpakeHHME Ha Jbya. Heka Tasu paBHMHA Ipecrnya LMIMHIPUYHATA
IIOBBPXHOCT Ha CBETOBOJA B €JIUIICA MO BI'bJI ¢ CIIPSAMO OCTa Ha BJIAKHOTO. MaJKuAT AMAMETHD Ha
eJIMIcaTa € paBeH Ha IMaMeThpa Ha BJIAKHOTO. HeMepuauoHaHUTE 1bYM e 0Tpa3siBaT OT TOYKHU Ha
IIOBBPXHOCT C KpaeH paauyc Ha 3akpuBsBaHe. Heka mpeamnonokuMm, ue 3aTMXBAHETO Ha
MEpPUIMOHAIHUTE JIbYM B OI'bHAT CBETOBOJ| € €IHAKBO C TOBAa HAa HEMEPHUIHOHAIHUTE, KOraTo
paauychT Ha 3aKpUBSIBAHE Ha IOCIIEJHUTE ChBIIAJa C paJuyca Ha OI'bBaHE HA CBETOBOJA. Torama
TpsiOBa J]a U3YMCIUM pajauyca Ha 3akpuBsiBaHe R . Ha ¢ur. 4 e noka3zaHo eIMIITUYHOTO CEUEHHE

Ha BJIAKHOTO C PAaBHHHA, B KOATO CC PaslpoOCTpPaHABAT HAKOJKO CbCCIHHM HEMEPHIHNOHAIHU JIb4a.
Te ca KbCH, O3HAYCHU C MYHKTHUP U ObJTIA, O3HAYCHU C IIJIbTHA JIMHUA. PaIII/IyC”bT Ha 3aKpHUBsABAHC €
MaKCHUMAJICH B KpaﬁHHTC TOYKM Ha MAJIKU] OAUAMCTbP Ha CJIMIICaTa. HOpaI[I/I TOBa I'PaHUYHUTC
HECMCPUAWMOHAIHHA JIBbYM 3aTUXBAT IMOBCYC M TCXHUAT IIPHHOC B O6HII/IT€ 3aFY6I/I € IIO-T'OJIAM. H_IC
OI'paHUYHM aHaJIu3a CaMO 0 TAX.

2a

A B
D
®@ur. 4. HemepuInoHaH! JIBYU B ChPIICBHHATA
Ot Qurypara ce onpeaensT Bpb3KHUTE:
2a
AB =22 (17)
SInax
AB 1

6, =arctg— =arctg ——, 18
2 g CD g sina (18)
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_AB? 2a
NCD  sinla

(19)

0
Koraro 0<0<90" , Torasa 6, <@, <45°.
3aTUXBaHETO 32 IsJ1aTa JIbDKUHA Ha BIaKHOTO BN(A) 32 MEpUAMOHATHUTE JIBYH CE CYMHUPA OT
u34KCIcHUTe 3aruxBaHus Bj(A) B OTmenHHMTE ydacThIM Ha OTPaKEHHS Ha JIBYHTE C HOMEpa
1,2,3...N 3a orpHaTo Bi1akHO NOA paguyc Ry :

By (1) = B,(2).B,(4).B,(4)..B, () = (C*(A)". (20)

IIpumep:

[Ile pasriaemame M-cioitHO BperoBcko BIIaKHO ¢ BB3IYIIHA ChPLEBUHA U MApPaMETPHU: PagnycC
Ha ceppueBnHata a=100 pum; Nna=1.0; nx1=2.32; nx=1.38; (k=1,2,3...), n,=1.5. [lcOenunara Ha
cioeBeTe € n3bpaHa TakaBa, ue Jia ch3aaBa JacdasupaHe Ha 90° 32 CpelHaTa IbJDKMHA Ha BhJIHATA
Ao=1550nm: l5k.1=179 pm; 1x=393.5 um. Cnex pemaBane Ha XapakTepUCTHUHOTO ypaBHeHue (11)
3a m=1 ¥ U3BBPIIBAHE HA NMPECMATAHUATA, CHIJIACHO JAJCHUS [IO-TOPE MAaTEMAaTHYECKH MOJEN C€
noyrydaBat Hopmupanute 3atuxBanus B, (A4)3a TE nomspuzanus u B, (1) 3a TM nonspusanus B

[dB] npu BnakHo 0e3 nedopmanus, nmokazanu Ha ¢wur. 5. ChlnuTe IpecMATaHUs ca HalpaBEeHU 3a
BJIaKHA ChC pasinycH Ha chpueBuHara a=20-200 um u 3a m>1 (Bucmu Moan).

Ha ¢ur.6 e nokazana 3aBUCUMOCTTa Ha XpOMaTHYHATa TUCHIEPCUs OT IbJDKUHATA Ha BhJIHATA
npu TE u TM nonsipusanus 3a cpI10TO BIAKHO.

[m}
—5S0an0
1000 ™| I IO B
SN S| \
e VAT
i) U -

= 7]371::“3(71)*25DD ~|I|
—=Z00a
—=500
—=00a
—=1500 =
—E0 hoo 11z0 1240 1Ze0 1=1=0 100 1720 1==10 1960 20=0 Z=00

N

T

@ur. 5. 3aTuxBane Ha HeneopMHUPaHO BIaKHO, M=9 ciost

dain0
g el

d »

(N

0
1210% 115107 12107 1 32107 1 4107 1 5:10% 1 610° 1 T=10°F 1 8x10° 1 9=10° 2x10° 2.1%10° 2 2=10°

*
Im

®@ur. 6. ucniepcus Ha HeneGopMupaHo BiIakHo, M=9 cros

[IpecMsiTanusi ca M3BHPIICHU U 32 3aTUXBAHETO Ha BIAKHOTO KaTo (DYHKIHMS HA pajuyca Ha
orbBade R 3a TE u TM nonspusanus. [lonydeHoro HopMupano 3atuxBade B [dB] 3a pasnuunu
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IBJDKMHU Ha BBJIHATA TP BIAKHO ¢ Aedopmanus € nmokazano Ha ¢ur. 7. Ha ¢ur. 8 ca nmokazanu
3aryOuTe OT pa3snpOoCTpaHEHHE HAa HEMEPHUIMOHATHHUTE Y B HeAe(OPMHUPAHO BIAKHO Ipu M=9,
a=100um, A0=1550nm, 0=0.5°, 3a TE u TM mou.

ful
— 2.5=10"%F

=
Bt=l1350 — S=10 E—
— F.Swl0 T

— ool
Bite=l1550
= — 0.0125
Bitelas0 ,-f

—0na1s
Bitels00 aai7s &
' P

— ooz
— O.022s
— o0z

Bt=14%0

(= 08

®@ur. 7. 3aTuxsane BbB BiakHO ¢ M=21 cnos, TE monspuzauus, paauyc Ha orbBaHe R

1
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@ur. 8. 3aTuxBaHe Ha HEMEPUIUOHAIHH JTHYH BHB BIAKHO 0e3 JedopManus

3. 3akiaouyenue

B ontruno bperoscko BiakHo BeiIHATE ¢ TM mnossipusanys ce pa3lnpoCTpaHsIBaT ¢ MHOIO I10-
rojieMu 3aryou ot BeiaHuTe ¢ TE monspusanus. [lopaau ToBa Te3u CBETOBOIH Ca €CTECTBEH (DUITHD
3a TM u Bucmure moau. Biustauero Ha TM BbIHUTE € 3a0€NEKUMO MPU TOJIEMH CTOMHOCTH Ha
paaunyca Ha chpreBuHata. OOmmMTe 3aryOu Ha BIAKHOTO HaMalsBaT ¢ yBelM4YaBaHe Ha pajuyca Ha
ChbplieBUHATa U ¢ Oposi Ha cioeBeTe Ha oOBHBKaTa. [Ipu ronemu paguycu Ha chplieBHHATa T€ ca
CBIIOCTAaBUMHU CBbC 3aryOMTe Ha pPAa3MpOCTPaHEHHE B KIACUYECKUTE €JHOMOJIOBH CBETOBOJIU.
3aryOute B bperoBcko BIakHO pacTaT ¢ HamajsBaHE Ha paJuyca Ha Or'bBaHE M B Kpaullara Ha
YECTOTHHs JAuana3oH. lomsmara pasinuMka B 3aTUXBAHETO HA Pa3IMYHUTE BHUJIOBE MOAU
JNEeMOHCTpUpa aBToMaTuyHata wmojoBa ¢untpauus B PCF. Xpomartnunara nucnepcus 3a
M3CJIEeIBAHOTO BIAKHO OCTaBa Mo-Hucka oT 50 ps/km B IIMPOK 4ECTOTEH UAMa3oH.

[TpennoxeHnsAT MaTeMaTUYECKH MOJEN HE OTYMTa AUENIEKTPUYHUTE 3aryon B oOBHMBKaTa Ha
BJIAKHOTO.

Jlureparypa

[1].Orfanidis, S. J. Electromagnetic waves and antennas. Rutgers, State University of New
Jersey, 2004, pp. 105-109.

[2].Russell, P. St. J. Photonic Crystal Fibers: A Historical Account. //IEEE Leos Newsletter,
2007, Ne10, pp.11-15.

[3].J.D. Joannopoulos, S.G. Johnson, J.N. Winn, R.D. Meade. Photonic crystals: molding the
flow of light. New Jersey, Princeton University Press, 2008, pp. 44-46.

KOMITIOTBPHH HAyKH U TEXHOJIOTHH 2 2011 37



[4].Yariv, A. P. Yeh. Photonics. New York, Oxford University Press, 2007, pp. 95.
[5].[TaBnoBa, E.I'.. Mexanu3msbl moreps B (POTOHHO-KpHCTALTMYECKUX BOJNIOKHAX. //Lightwave
Russian Edition, 2005, Ne3, ctp.55.

3a KOHTAKTH:

. ac. XKeitno Us. XKeliHoB

Karenpa ,,KoMIIOTHpHU HAYKH U TEXHOJIOTHN
TexHn4ecku yHuBepcuteT — BapHa

E-mail: zh_viv@abv.bg

o1, 1-p uwk. Mopnau P. Ypymos

Kareapa ,,KoMyHUKallMOHHA TEXHUKA U TEXHOJIOTUN
TexHn4ecku yHuBepcuteT — BapHa

E-mail: jurumov@abv.bg

Peuenzenr:
no1. a-p I'eopru Kupos

bseosvsrews | CISCO NETWORKING
ACADEMY PROGRAM

Cisco SYSTEMS
CERTIFIES

Technical University - Varna - Computer Science Department

AS A REGISTERED
NETWORKING ACADEMY F

Dete of Joining: 27/601 Signed for and on behal! of Clsco Systems Ing
7 A
7

Jacek Murawsk|

Director, Cisco Networking Academy Program
mn@ul“

38 2 2011 KoMmioThbpHHM HAYKH M TEXHOJOTHH


mailto:zh_viv@abv.bg
mailto:jurumov@abv.bg

KIBCTEPU3ALIUSA U ITPOI'HO3UPAHE HA BPEMEBU
PEJOBE C HEBPOHHU MPEXH
(pe3roMe Ha AMCepPTAIMA 32 MOJyYaBaHe HA 00pa30BaTeJIHA H HAYYHA
cTeneH “a0KTop”)

Beunmucmnas I'. Huxkomnos

Pe3ome: B aucepranuonHust TpyZ ca M3CIEABaHU JETAHINTE U OCOOCHOCTHTE HA METOJ 3a MPOTHO3UpPAHE
Ha BPEMEBH PEJIOBE C MPEABAPUTEIIHA KIIbCTEPU3AIUS, YpE3 HEBPOHHU MPEXKH, YUUTO 00yJaBally MPUMEPU
MOTaT J1a UMaT acOIMHUPAHH MPHOPHUTETH CIIOpPE]] aKTyaIHOCTTa Ha naHHuTe. V3BeneHn ca MomuuIupanu
oOydyaBaly TMpaBWJIa Ha CaMOOpraHm3mpamiata ce kapra Ha KOXOHEH W MHOTOCIOWHHS TEPCENTPOH C
OTYUTAHE Ha TMPUOPUTETUTE KbM OOydaBalluTe mpuMmepu. Pa3paboTeHW ca MeToAM 3a yBEIUYaBaHE Ha
OBp30JcHCTBIETO MPHU O0Y4YeHHE HA caMOOpraHu3upaniata ce kapra. lIpeicTaBeHH ca eKCIepHUMEHTATHU
JTOKa3aTeJNICTBa, MOKA3Ballh Y€ Pa3padOTEeHUTE METOJM ca MO-eEeKTUBHHU MPH MPOTHO3WPAHE Ha BPEMEBHU
penoBe ¢ rojsiMa IbJKUHA U CII0KHU 3aBUCHMOCTH.

Clustering and Prediction of Time Series using Neural Networks
(summary of a dissertation for a doctor’s degree)

Ventsislav G. Nikolov

Abstract: In the dissertation the details and characteristics are examined of a method for time series
clustering and prediction using neural networks with training patterns that allow using of priorities according
to the data actuality. Modified training rules of the Kohonen self-organizing map and the multilayer
perceptron are derived giving an account of the priorities to the training patterns. Performance improvement
methods are developed for the training stage of the self-organizing map. Experimental evidence is presented
showing that the developed methods are more effective in prediction of large-size and complicated time
series.

YBoa

[IporHo3upaneTo Ha BPEeMEBH PEIOBE UTpae BakHA POJs B MHOIO 00JacTH Ha YOBEIIKaTa
neitHocT. To € BakHO, 3alllOTO XOpaTa MCKaT Ja B3eMaT MH(POPMUPAHU PELICHUS, a MPOTHO3UTE
HOCSIT MoJyie3Ha HH(OpMaIHs 3a MOBEJCHUETO U TEHACHIIMUTE HA pa3BUTHE HA U3CJIEIBAHUS MTPOLIEC.
Borpeku ye mporHo3uTe Moke J1a He ce COBAHAT, T€ MOTaT YCIEIIHO Ja Ce U3IMOI3BaT 3a aHAIN3 Ha
Pa3BUTUETO HA CHOTBETHHS MPOLEC B MUHAJIOTO M Ja MOJNOMOTHAT B3€MAHETO HAa MPABWIHHU U
o0ocHOBaHU pernieHus. [IporHo3upaneTo € BaXKHO HE caMO OT TEOPETHYHA, HO U OT MPaKTHYeCKa
rieHa Touka. Hanpumep KoHlenuusTa 3a MHBECTHUPAHE U3IISJI0 C€ OCHOBaBa Ha IPOTHO3UPAHE.

[lenTa Ha nUCcepTAIMOHHUS TPY/I € CHh3/IaBaHE M M3CJIC/IBAHE HA CHCTEMA 3a MPOTHO3UPAHE HA
€HOMEpPHU BPEMEBHM PEAOBE, M3TpaZeHa OT JIOKAJHU HEJIMHEHHU MOJENIM C HEBPOHHU MPEXKH,
M3MOJ3BAIM OOydYaBally TPUMEPU C acOIMMpaHW Teryia. BBB Bpb3Ka ¢ ToBa ca JedUHUpPAHH
CICIHUTE 3aa4uH:

1) Jla ce u3Beae METOM 3a KIIbCTEPU3AIUS Ha JAHHOBU €JIeMEHTH (BEKTOpPH), KATO BCEKH OT TAX
MOXe€ J]a MPUTEXKaBa pa3iMueH IPUOPUTET, IPEACTABIISBAI TPOU3BOIHO PEATHO MOJOKUTEITHO
YHUCIIO.

2) la ce onTMMHU3Mpa BpPEMETO 3a KIbCTEpPH3AllMs C IeJI MOCTUTaHe Ha OaJaHCHPAHOCT BBHB
BpeMeTo 3a 000ocoOsiBaHE Ha JIOKAJTHUTE O0JIaCTH OT JaHHU W OOYYEHHETO Ha JIOKAIHUTE
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MOJICTIH.

3) [a ce ompenenu HaOOp OT MpeIBaAPUTETHH 00PaOOTKH BBPXY BPEMEBHS PeJl B OrOTBUTEIIHATA
¢asza u 1a ce yCTaHOBHU IMOPEAHOCTTA Ha TAXHOTO M3IOI3BAHE.

4) 3non3Baiikyu KIbCTEpU3ALMUATA Ja CE€ Pa3padOTH MOJEN, ChCTABEH OT JIOKAJHHM HEIMHEHHH
MOJIETI ¢ HEBPOHHU MPEXH 3a IMPOTHO3MPAaHE Ha BPEMEBH pell, KaTo OOydyaBalluTe JaHHH Jia
UMarT ChIIUTE MPHUOPUTETH, U3MOI3BAHU MPH KIICTEPH3AIHATA.

5) [la ce pa3paboTu IUIOCTHA CTPYKTYpa, CBBbp3Ballla KOMIIOHEHTUTE Ha MOJEia, C JCTAHIHO
OIIMCAaHUE U U3CJIeBaHE HA HeliHaTa pabora.

OOeKT Ha HM3CIEeIBAaHETO € MPOTHO3MPAHETO HA BpeMEBH penoBe. [Ipenmer Ha M3CieABaHETO
ca Jerailure M OCOOCHOCTHTE HAa KOHKPETEH METOJ 3a IPOTHO3UpAHE C IpeiBapuTesHa
KII'bCTEPU3ALUs, Ype3 HEBPOHHH MPEKH, YUUTO 0OydaBallyd MPUMEPU MOTaT Ja UMaT acOLUUPAHU
IPUOPHUTETH CIIOPE aKTYaTHOCTTA HA TAHHUTE.

1. AHaau3 HA ChCTOSIHUETO HA MpodJieMa

BpemeBusT pen ce meduHMpa KaTo MOCIEIOBATEIHOCT OT HabmwomeHus X, t = 1, 2,..., n,
HapeJeH BBHB BPEMETO WJIM NPOCTPaHCTBOTO. CTOMHOCTUTE HAa BPEMEBHS pel Xi, X2, ...,Xt CE€
HapuyaT peajHu Wi U3MEPEHU CTOMHOCTH (HAOMIOCHUS), & Xt+1, Xt+2...Xt+s - IPOTHO3HHU CTOHHOCTH,
KaTo S ce Hapuya XOPHU30HT Ha MporHo3upane. llenta Ha MPOrHO3UpaHETO €, Ype3 M3MOJ3BaHE U
aHaJM3 Ha CTOMHOCTUTE X1, X2, ...,Xt, @ C€ OMPEAEIAT Xi+k, K = 1, 2, ... S. IIpOrHO3HpaAHETO Xi+,
HampaBeHO B MoMeHTa t + K — 1, ce o3HauaBa ¢ X, W IpeACTaBIsABa MPUOIM3MTENIHA OLCHKA Ha

CTOMHOCTTA X.
)‘Zk B Xk +& (l)

KBJIETO & € TpelKa.
To3u Tun mporHo3upaHe ce Hapuya Olle €IHOMEPHO, WIH eTHO(AKTOPHO, MPOTHO3HPAHE.
[Ipu Hero 3a moiyyaBaHe Ha X, CE M3MOJ3BAT €AUHCTBEHO UCTOPUYECKUTE CTOMHOCTH HA BPEMEBHS

pen. EnHodakTOpHOTO NporHo3upaHe € MOAXOJAINO 3a MOJEIMpPaHe Ha NPOLECH, MPU KOHUTO
CBIIECTBYBAT OIPENEICHN TNPHYNHHO—CIICJACTBEHH BPB3KM BBB BpeMeTo. To HamMupa MIUPOKO
MPUIIOKEHUE TIaBHO MOPaau (pakTa, ue mpu onpeesieHn 00CToSTeNCTBa, HA0II0JaeMUAT IPOLIEC Ce
BJIHsIE OT MHOTO ()aKTOpH, KOUTO TPYIHO MOTaT Jia C€ MU3MEpPAT W/WIM CBBPXKAT B OIpeeseHa
3aBHCUMOCT.

B nucepranmoHHUS TPy C€ pasriiexkaaT METOH, OCHOBAaHW HAa HEBPOHHU CTPYKTYPH, YUUTO
oOyyaBan npumepu ce GopMHpaT OT BpeMeBHs pell, upe3 T. Hap. “TIIb3rail ce BpeMEeBHU
npo3oper;”’. OCHOBHUSAT aKLEHT Ce€ MOCTaBs BbPXY H3I0J3BAHETO HAa MHOXECTBO OT HEJIMHEHHU
MOJIEJI, BCEKH OT KOUTO PabOTH ChC cOOCTBEHA Ipyma OT OJIM3KO PasMojioKEHH BEKTOpH. Te3u
MOJIETI C€ HApHyaT JIOKAJIHH, Thil KaTO BCEKHM OT TAX CE€ MOCTPOsSBa M pabOTH caMO C JIOKaJIHA
1no1001acT OT HaNMYHUTE JaHHU. OOETUHEHHETO OT BCHUKHU JIOKAJTHH MOJENIH B JHcCepTaLusiTa €
HapeyeHo “ChCTaBeH MOJEN .

[TocTpoeHHUAT OT ONMUTHHUTE JAHHM MOJEN 3a MPOTHO3UpPAaHE MOXKeE Jla ce pas3riexkaa KaTo

oneHka f(x) Ha Hakaksa HemsBecTHa GyHkuus f(X). IIpu TokamHUA METO 06IACTTA HA H3BECTHUTE

CTOMHOCTH Ha X ce pasacis Ha JIOKaJIHU 00JIaCTH U 3a BCIKA OT TAX CE OoCTpPOsABa OTACJICH MOACII,
TaKa 4€ 1sj1aTa (I)yHKLII/IH CC MpCACTaBA KaTO O6C,Z[I/IHCHI/IG OT JIOKaJIHUTC MOJCIIN.

f09=Jfix @)
i=1

B kadecTBOTO Ha IJIOKaTHH MOJETH B AHCEPTAlUATa CE€ pPa3MIIekKIAT MHOTOCIOWHHTE
HEepPCeNTPOHN, OO0YYaBaHU MO aITOPUTBMa ¢ OOpaTHO pas3NpPOCTPaHEHHWE Ha TpelIKara, KOUTO
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CHOpE]l JIUTEPATYPHUTE U3TOUHUIIM CE€ M3MO3BAT B OKOJIO 95% OT MpakTUUYECKUTE MPHUIIOKEHUS C
HEBPOHHU MPEKU. MoraT Jia ce M3MOJA3BaT W APYTrd THUIIOBE METOJH, BKIIOUUTEITHO U XUOPHIHH
cucteMu. B nucepranuoHHUS Tpyd, 3a 000coOsBaHEe HA JIOKAIHHUTE OONACTH, C€ W3I0J3BA
caMOOpraHu3Mpallara ce Kapra, KoATo MMa MPEeAUMCTBaTa, Y€ OCBEH KIBbCTEpU3AlUs U3BBPIIBA U
MPOCTPAHCTBEHO TIOJPEKIAHE HA KIBCTEPUTE, KOETO HOCH JONBIHUTENHA WH(GOpMaNus 3a
pasnpeneneHueTo Ha gaHHuTe. TpsiOBa, obaye, ma ce OTOENEkKH, Y€ KIbCTepU3alusATa OTHEMa
BpeMe, KOETO 3aBUCH KaKTO OT 0O0eMa Ha JaHHUTE, Taka W OT Oposi Ha KiIbcTepuTe. ChIECTBYBAT
pas3IMYHU OMHUTH 3a MOoA0OpsBaHe Ha €(DEKTHBHOCTTA HA OOYYCHHETO HA CaMOOpraHu3Upalnara ce
KapTa, OCHOBHUTE UJIEH Ha KOUTO Ca pasrjieJaHd U aHAIM3UPAHU B JUCEPTALIMOHHUS TPY/I.

B Ta3m rmaBa oT aucepranusATa ca ONMCAHUM U OCHOBHUTE HENOCTAThLUM HA Pa3TJICIaHUTE
chlllecTBYBaIM MeToau. Haif-o0mo nercTBHusATa, CBBP3aHU C IOCTPOSIBAHETO Ha MOJENa, Ce
OCHOBAaBaT Ha MPEIIOJI0KEHUETO, Y€ TOCIEA0BATEIHUTE CTOMHOCTH B OPUTMHAJIHUSL BPEMEBU PENl
BOJIAT KaTO CIEJICTBHUE JO ONpEeSieHa ciieiBalla CTOMHOCT. ThIKYBaHETO Ha olepanuara €: “ako
II0CJIEIOBATEIHOCTTA OT IOCIEHUTE P CTOMHOCTH € Xj+1, Xj+2, ... , Xi+p, TO CJIEABALIATa CTOMHOCT ILE
Obae Xi+p+1”. Ilpu mpuemaneTo Ha TOBa TBBpJAEHHE TPsAOBA Ja CE OTUYETE, Y€ aKO Ha JPYro MsCTO
BbB BPEMEBUS pEJl CE€ Cpella MOCIEIOBATENHOCT Xj+1, Xj+2, ..., Xj+p, JOCTaTb4YHO OJM3Ka, CIOPEN
nu3bpaHaTa METPHKA, 10 HOCIEAOBATEIHOCTTA Xi+1, Xi+2, ... , Xi+p 1 CTOMHOCTTA Xj+p+1 € JOCTATBUHO
pasM4Ha OT Xj+p+1 U KO CE€ NPHUEME, Y€ NPUYMHHO-CJIEICTBEHUTE BPH3KH HA CTOMHOCTHUTE B TE3U
JIBa MPO30pera ca B3eTH C €IHAKBA TEKECT MPHU IMOCTPOSBAHETO Ha Mojeia, TO BbB (pasaTa Ha
IPOTHO3UPAHE LIE CE IPUEME CTOMHOCT OJIM3KA 10 CPEAHOAPUTMETUYHATA HA Xj+p+1 U Xj+p+1. TOBA
MOBJMIa BBIIPOCA 3a 33/1aBaHE Ha PA3JIMYHA TEXKECT 3a PA3IUUYHUTE JaHHU, KATO MO-AKTYaJIHUTE, T.
€. Te3U KOUTO C€ HaMHupar IMo-0JIM30 0 Kpas Ha BpEMEBUsI pell, MOraT Jla UMaT Mo-roJjisiMa, a Te3U
KOWTO Ca B HAYaJI0TO Ha peJia - MO-MajKa TeXECT.

B kpast Ha mBpBa 11aBa ca 00OOIICHH HEIOCTATHIIUTE Ha U3BECTHHUTE TIOOATHU W JIOKATHU
MOJIEJIU C U3MOJI3BAHE HA HEBPOHHU MpekHU. KbM Hall-ChIIIECTBEHUTE HENOCTATHIIM CIIAJIaT:

e [Ipu npomsiHa, 100aBsHE HAa HOBU WJIM MpeMaxBaHE Ha CHIIECTBYBAIIM JaHHU TPsOBa Ja ce
HAIpPaBAT IPOMEHH B LEIUS MOJEN.

e [lpu romsma ABIKMHA HAa BPEMEBHS pe€l C€ yBEIMYaBa CJIOKHOCTTA HAa MOJENa, KOETO
3aTpPYyJIHSIBA MPAKTUYECKOTO MY H3IOJI3BAaHE W 3HAYMTEIHO CE€ YBEJIMYaBa BPEMETO MY 3a
pabora.

e Ot mpakTuyecKka TJieHA TOYKa CHINECTBYBAT 3aTPYAHEHUS OTHOCHO MHTEPIPETHPAHETO HA
JEUCTBUSITA B MOJIeIa — TOM € HEpa30MpaeM M 4eCTO C€ pasriek/aa KaTo YepHa KyTHs.

e TecTBammre JaHHU NP TT00ATHUTE MOJIETH OOMKHOBEHO C€ B3eMaT B Kpasi Ha BpeMeBHUS pel,
MopajJy KOETO T€ HE MOTaT Jia ce U3IMOJI3BaT 3a 00yuyeHUe Ha HEBPOHHATA MPEXKa.

e (CplecTByBaT HEU3SICHEHH BBIPOCH, CBBP3aHM C TOPEJHOCTTa Ha TMpUJlaraHe Ha
MpeABapUTEIIHUTE 00paOOTKH BHPXY IIbPBOHAYATHUS BPEMEBH PEl.

e ['oysiMa yacT OT U3BECTHUTE PELICHUS], PEATUZUPALLM JOKAJIHUS MOAXO/, U3I0JI3BaT MPOCTH
JIMHEWHU MOJEIIH.

e HewusBecTHO € ChUETAHUETO Ha TETJIOBHUS METOJ U JIOKAJTHUTE MOJICNIN, CBbP3aHH B €I1H OO0II]
MOJIEN 32 MPOTHO3UPAHE.

2. TeopeTnyHH U3CJIeIBAHUSA

B ta3u rmasa Ha AUucepranusaTa CC pasriiexKaaT TCOPECTUIHHUTEC BLIIPOCH 3a OTCTPAHABAHE Ha
HAKOU OT HEAOCTATBUUTEC HA PAa3rJICAAHUTC B IIbpBaTa I'NilaBa MCTOAH, OTHACAIINU CC N0 JIOKAJTHHUTEC
MOZCIIM C HCBPOHHU MPEKHU 3a ITPOrHO3UpPAHE.

Tpanchopmanuu Ha BpeMeBHUs pel

[IspBUTE nmelcTBHs 3acAraT MpeABapUTEIHUTE 00paboTKM Ha AaHHUTE. B mucepramusita e

KOMITIOTBPHY HayKH M TEXHOJIOTHH 2 2011 41



MpeAcTaBeH MeToa 3a AchuHupaHe, W300p W OpraHu3dpaHe Ha TpaHCPOpPMAIMH, KaKTO U
BB3CTAHOBSIBAHE CJIEJ TPOTHO3MpaHE M Ce€ TMpenjara pelieHne Ha mpodieM, CBbp3aH ¢
HOpMaJTM3alUsITa Ha JaHHUTE TPEAW W CJeJ IMosiBaTa Ha HOBU CTOWHOCTH. TO3M TpaKTUYECKH
mpo0yieM BB3HHUKBA MOPAIN HEBH3MOKHOCTTA 32 HEMPEKHCHATO MOJIbpPIKAHE HA aKTYaTHOCTTa HA
Mojena. 3a ja ce m30erHe M3MECTBaHE Ha JaHHUTE 3a OOyueHHe, ce BBBEXKIAT MapaMeTpH,
3aJaBally CTENEHTa Ha ManladupaHe W TpaHciaupane. Te ce 3amas3BaT 3aeqHO ¢ MH(popManusaTa 3a
W3BBPIICHUTE APYTd TpPaHCPOPMALMKU W CE€ M3IMOJ3BaT 3a BBH3CTAHOBSBAHE HA OPHUTHHAIHHS
JMana3oH Ha BpeMeBHs pex cien mnporuozupane. OcBeH ToBa TpsOBa Ja ce yTOYHH, Y€ 3a
VIIOBJICTBOPSIBAHE HA M3MCKBAaHHMATA HAa WM3IOJ3BAHUTE MOJICIH, BPEMEBHAT pei Cce Iojylara Ha
Pa3IMYHM 10 XapaKTep TpaHchopMaIum, KaTo MmocjaeIHaTa OT TSAX 3abJDKUTEIHO € HOPMAaJTH3allHsl.

O0xox1aHe HAa BpeMeBHUS pejl C BpeMeBH Mpo3opel

Tyx, 3a paznuka OT TI00aTHUTE MOJENH, ITbPBOHAYAIHHUIT BPEMEBH PEI HE ce paslels Ha
YacTH 3a 00yd4aBalllo U TECTBAIIO MHOKeCTBO. OOX0KAaHETO Ce U3BBPIIBA I10 IsIaTa JbKUHA HA
pena, B pe3yaTar Ha KOETO Ce MOJy4aBaT BEKTOPH, OT KOUTO ce GopMupaTr oOydaBamiy MpuMepH.
Crnen ompenensHeTO Ha BEKTOPUTE, KbM BCEKH OT TAX c€ J100aBi WACHTU(PHUKAIMOHEH HOMEp
(uamekc) u mpuoputeT (Terno). MHAeKchT ce ompenens CIopea MOPEIHOCTTa Ha BEKTOpa, a
IPUOPHUTETHT CE 3a/laBa CyOEKTUBHO OT E€KCIIEPT, KaTO OCHOBHATA LIEN € M0-aKTyaJHUTE JAaHHU Ja
NoJydJaT Mo-BHCOK mpuoputeT. Ha ¢urura 1 e mokasana mpumepHa (yHKIUS 3a 3a/JaBaHe Ha
MPUOPUTETH.

-
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O6yuasawy npumMepn

@ur. 1. Dopmupane Ha IPUOPUTETH 3a 0OyUaBAILUTE TPUMEPH

OO0yuyeHue HA CHCTABHUS MOJEJ

OOydyeHHeTO Ha CHCTaBHHS MOJEN BKJIIOYBA KIbCTEpPH3AIUATA Ha NPUMEPHUTE, KaKTO H
u3rpaxkaaHe 1 oOyuyeHue Ha caMOCTOSITEeNIHA JIOKaJIHa HEBPOHHA Mpeka 3a Bceku Kiberep. [lo-ngomy
ca pasriieJaHu HIKOM OT MO-BaXHUTE ONEpalliy OT Ipolleca Ha 00ydYeHue.

Kabcrepusanus

KH’bCTCpI/BaI_II/I}ITa Hurpac nmoAroTBUTCIHA pOJId U € €AHAa OT HaI‘;I-BpeMCOTHCMaH_II/ITC (bazn Tsa
CC U3BBpIIBA CJIC IMpUIaraHe Ha NpEABAPUTCIIHUTC 06pa6OTKI/I BBPXY JAHHUTE U CJICO OMPECACIIAHC
Ha TPUOPUTCTUTC KBM BXOIAHHUTC BCKTOPHU, KATO OCHOBHATA HCJI € Oa CC€ IOJydaT Tpynu OT
XOMOI'€HHH JaHHH CBC CXOJHU XAPaKTCPHUCTUKH. Taka nmoxamHATE MOJCIN, KaTO KOMIIOHCHTH Ha
ChCTaBHUA MOJACI, MOoraTt ga c€ 06yanaT HC3aBUCUMO C€IOHUH OT APYT. 3a Ta3u (1)213& CC HU3BCXKIA
3aBUCHUMOCT, IMO3BOJIABalla KIIBCTCPU3UPAHEC HA 00EKTH C Ppas3jiniHu TerJia. OcHoBHaTa naes € aa ce
HaMCpH 3aBUCUMOCT, KOATO AUPCKTHO IMMOKA3Ba KAKBa MO,[[I/I(I)I/IKaLII/I}I Tp}I6Ba Aa CC U3BBPIIN BbPXY
IMPOTOTUITHUA BEKTOP, aKO CC MPHUEMEC, Y€ HAKOJIKO ITbTU HAa CaMOOpraHuisrpalnara cec KapTa € oun
noaaacH €AWH U ChIIHU 06yana1u IpuUMEp. KpaﬁHOTO YpaBHCHUC € HU3BCIACHO IIO [IBa pa3JIMYHU
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HadyuvHa U UMa CJIICAHUA BUA:

m; (t+7) =[m; (£) = x@OI[1 - a()hy; (O] + x(1) ®3)

KBJETO Mj € MPOTOTHUITHUAT BEKTOP Ha Bb3eI I]

X € BEKTOPBHT OT 00yUaBaIius mpumMep;

o € obyyaBaiaTa CKOpocT;

hci € Bb31CHCTBUETO KbM Bb3eJia B 3aBUCMOCT OT IIPOCTPAHCTBEHATA MY OJIM30CT 710 TIOOCTUTEIIS;

t ¢ BpeMeTo Ha MOAU(UKAIIHS,

T € Opoil mpeAcCTaBsHUS HAa €IUH M CHIIM OOydaBall MpUMEpP M CE MHTEPIPETHpa KaTo HETOB
MIPHOPHUTET.

Tyk npakTrdeckara MoJe3HOCT C€ ChbCTOU BBbB Bb3MOKHOCTTA MPUOPHUTETHT 7 JIa IpUeMa He
caMmo Ie/Id, HO M pealHd 4ucia. BaxHO € ga ce oTOeneKd, Y€ MHTEPBAIBT OT CTOHHOCTH Ha
MPUOPUTETUTE € OT CHIINECTBEHO 3HAYCHHME M TE TPsAOBA Ja ce 3a/JaBaT BHUMATEIHO — TOJIEMHU
Pas3IMKK B IPHOPUTETHTE MOKE J1a KMa CaMo IPH MHOT'O TOJIsIM OpOoii BEKTOPH, IOIYIEHH OT JBJITH
BPEMEBHU PEJIOBE.

IMonoOpsiBaHe HA e()eKTHBHOCTTA HA 00YYEHNETO HA CAMOOPTraHHU3UPANIATA Ce KapTa

[Ipenu na ce pasriena oOy4eHHETO Ha JOKAIHUTE MOJENH, Ce Mpeanarar MoAu(pHUKaluu Ha
HSIKOU €Tany oT paboTara Ha caMOOpraHU3MpallaTa ce Kapra, Ipu KOeTo Ce IIOCTUTra yBEJINYaBaHE
Ha OBP30JECHCTBUETO MPU THPCEHETO HAa MOOEAWTENs 3a TeKylus oOydaBalll MpuUMEp U TMpHU
olpeziesiiHE Ha HEBPOHUTE B PaJinyca Ha CbCEJICTBO OKOJIO OOEIUTEIIS.

Oﬁyqe}me Ha JOKAJHHUTE MOoJa¢e/In

OOy4eHneTo Ha BCEKM €IUH OT JIOKAJHUTE MOJEIN € aHAJIOTMYHO Ha TOBA INPH IJI00ajeH
MOZCII OT ChIIHA THUII, KaTO PA3JIMKUTE CC CbCTOAT I'NIABHO B TOBA, Y€ BCCKHU 06yana1u IMpuMEp UMa
acoIlMMpaH NPUOPUTET M OCBEH TOBa BalIMJAlMATAa C€ H3BBPIIBA HE BBPXY OPUTHHAIHUTE
CTOMHOCTH, a BbPXY JJaHHUTE CJIE]] IpeABapuUTEIHUTE 00paboTku. JlokanHute Moaenu ce odydaBaT
no MoAU(HUUMpPaH BapuaHT Ha AIrOpUThMa C OOpaTHO pa3NpOCTpaHEHUE Ha TIpelikara, 3a
MHOTOCJIOIHM TIEPCENTPOHU C OTYUTAHE HA MPUOPUTETUTE KbM 00ydaBalIuTe IPUMEPH, IPU KOWTO
KOpPEKILIMATA Ha Terjara ce onpeess Mo CIeJHHUS HauMH:

Awjy (t +1) =nzoch; 4)

KBJETO 77 € OOyuaBalata CKOpocT;,

7 € IPHOPUTETHT Ha 00yUYaBaIUs TIPUMED;

Oy € TpeIKaTa Mpyu HeBpOoH K OT JajeHus Clloif;
hj e ©3x0/1a Ha HEBPOH | OT NPEIXOIHUS CIIOH;

IIporno3upane

Cren xKaTto ChCTABHHUST MOJIEN € ITOCTPOEH, HACTPOEH, OOyYeH M IIPOBEPEH 3a afeKBATHOCT,
TOM ce M3IMOoJI3Ba 3a MpOrHo3upaHe. BpemeBUAT pen ce mojyiara Ha MpeiBapUTeIHU 00paboTKH B
ChIllaTa MOCIEA0BATEIHOCT, B KOSTO TON € Ouil 00paboTeH HEMOCPeACTBEHO Mpear 00yueHneTo Ha
Mmojena. Thif KaTo, cies Mody4yaBaHe Ha MPOTHO3HUTE CTOWHOCTH, 32 BH3CTAHOBSIBAHE Ha JAHHUTE
ce MpuJjiara ChIlaTa IMoCIeI0BaTeIHOCT OT 00pabOTKH, HO B 00paTeH pell, B AUCEPTAUOHHUS TPYA
€ MpeAJIokKEeH BapHAHT 3a MOJPEKIAHETO UM B CIIMCBHK ChC CTEKoBa opraHm3auus. Ha durura 2 e
MOKa3aHa CTPYKTypaTa 3a IPOTHO3UPAHE ChC ChCTABEH MOJIEI, B KOSITO C HOMEpa OT €IHO JI0 IIeCT
€ MoKa3aHa MoCJIeI0BAaTeTHOCTTA Ha JIeHCTBUATA.
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BpemeBun peg MocnegHu cTolHoOCTU
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@ur. 2. [IporHo3upaHe Ha BpeMEBHU PeJl CbC ChbCTABEH MOJIEN
O00061eHNEe HA CHCTABHUS MO/IeJI M U3TPaKiaHe HA HiepapXuyHa CTPYKTypa

[IpennoxxeHUsAT TeOpeTUYeH MOJeN MOXKe Aa ce 0000Iu 3a M3rpakaaHe Ha CTPYKTypa Ha
HSKOJKO HMBa. [Ipu JIOKaqHOTO MOJenupaHe HE ChIIECTBYBAa OTpaHUMYEHHE 3a TUIIA Ha MOJENa,
aCOLIMMPAaH ¢ BCEKH OT/EJIeH KirbcTep. MoraT 1a ce mpuiokar Tpu pa3IuvyHU MOAX0/a:

e Hsxonko peanuzanuu Ha €IUH TUII MOJEI;
e [Ilo enna peanuzanus Ha HIKOJIKO TUIIOBE MOJIEIIN;
e KomOuHanus OT HSKOJIKO pealn3alli Ha HSKOM THUIIOBE MOJENIU M MO €Ha peanu3anus 3a

OCTaHaJINTE.

M360pbT Ha enHa OT TE3W BB3MOXKHOCTH 3aBHUCH OT o0eMa M XapakTepa Ha JIaHHHTE.
Bb3MOXkHO € ha ce opraHusupa ClOKHa HepapXuyHa CTPYKTypa OT ChCTaBHU JIOKAJTHU MOJEIH.
Cxemara 3a IpOTHO3MpaHe ¢ TakaBa CTPYKTYypa € Moka3zaHa Ha ¢urura 3, B KOSTO ¢ HOMepaTa OT
€IHO JI0 JeceT € I[IOKa3aHa IIOCJIeOBaTeTHOCTTa Ha omepanuuTe. B 3aBUcHMOCT OT
MHTEpIpeTalyaTa Ha BpeMeBHUs peJl 3a ChOTBETHATA MPUJIOKHA 00J1aCT, TOBA JJaBa Bb3MOXKHOCT U 32
MO-MOAPOOHO MOJEIMpPaHEe Ha HSIKOM BaXHM CHOUTHUS, HAIpUMEpP HACThIIBaHE Ha KPU3HUCHU
CUTYyallud, TIOBPEM B ONpe/eieHa TEeXHUKAa WIM MEXaHW3bM M T. H. BhIpeku ye e Bb3MOXKHA,
CTPYKTypaTa € CJIO0XHa 3a MOCTPOsSBAHE U HACTPOWBAaHE U € MPUJIOKUMA IIaBHO 33 MHOTO TOJIEMU
BPEMEBHU PEJIOBE ChC CI0KHU 3aBUCUMOCTH.

Hpelll/IMCTBa U HEA0CTATHIMN HA NPEATOKCHUA TEOPETUICH MOIAEJ

B Kpasgd Ha BTOpa I'JlaBa Ca O606IJ_ICHI/I npeauMCcTBaTa U HEAOCTATBIIUTC Ha NPCIIIOKCHHUA
MOICI, Hal-BaXXHUTE OT KOUTO ca nNpeaACTaBCHHU IMO-A0TY.

MpexnmcrBa

e Bw3MoxHOCT 3a mapanenHo oOydyeHue B pasmpeseseHa cpena. Bceku KiabeTep Chabpika
He3aBHCHMHU 00ydaBallld IPUMEPH U JIOKAJIHa HEBPOHHA MpEka, KOSITO MOe Ja ce o0ydaBa
Ha OT/IeJIHA MallluHA.

e Bb3MoXHOCT 3a MO-MoAPOOEH aHajdu3 Ha ONpeAeNieHH OTps3bLM OT BpemeBus pen. Cren
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KIIbCTEpU3aLMATA T€ MO-JIECHO MoraT na Obaar oTkpuTu. Hampumep Moke 1a ce HampaBu
AQHAJIN3 Ha SIBJICHUATA, IPEIIECTBAIIN KPU3HCHU CUTYAllMH WU ITOBPEIN B HAKOU MAIIVHU U
Jla ce M3BBPILIU NMPOTHO3UPAHE MO HAKOJIKO METOJa C MOCJIEABAII0 CpaBHEHHE, KOMOMHHUpaHEe
Ha pa3JIMYHU METOJU U T. H.

e Bceku nokaneH Mojel ce 00y4aBa [0 €JHOTUIICH HAYKH, KOETO MT03BOJISIBA 10-1€CEH KOHTPOII
Ha 00y4EHHUETO, HE3aBUCUMO OT JIbJDKUHATA Ha pejia.

e [lo-necHo uHTEepHperupaHe Ha padoTara Ha JOKATHUTE MOJEIU B CpPaBHEHHUE C IJIOOATHUTE.
Bb3MokHOCT 3a IpociiesiBaHe Ha HEBpPOHMTE noOenuTenu B kaprara Ha KoxoHeH, TexHHUTe
XapaKTEpUCTUKU (LEHTHp, PAa3sIpPbCHATOCT HAa INPUMEPUTE OKOJO LIEHTHpA), YECTOTa Ha
CIeyeJIBaHe Ha ChbCTE3aHUETO, TPAEKTOPUS HA JABM)KEHHE Ha OOEIUTENUTE B U3XOAHHUS CIIOM.

e [lpu nosiBa Ha HOBU WJIM MIPEMaxBaHE HA CTapH 00y4aBalIH IPUMEPH, CE€ U3BBPIIBAT IPOMEHH
CaMo B CbOTBETHHUS JIOKAJIEH MOJIEIN, @ OCTAHAIUTE MOJEIIU OCTABAT HEIPOMEHEHH.

e DBB3MOXHOCT 3a M3I0J3BAHE HA PA3JIMYHM METOAU 3a IPOTHO3HMPAHE IPU BCEKU KIIBCTED.
Hanpumep 3a eauH KIIBCTEP MOXKE Jja €€ M3I0JI3BA JIMHEEH PETPECUOHEH MOJEI, a 3a IPYT -
HEBPOHHA MpEKa WIN APYyr MaTeMaTHYeCKU MOJIET.

e DBb3MOXHOCT 3a HepapxXxWU4HO pa3lelsiHE Ha KIbCTEPUTE HA HOBH, IO-MAajJKU KIBbCTEPH.
[TpennoxkeHusaT METO ] MO3BOJIsABA U3IrPAKIAHE HA WepapXU4Ha CTPYKTYpa U Bb3MOXKHOCT 3a
IIOCTPOSIBAHE, HACTPOMKA U U3II0JI3BAHE HA CII0KHU JIOKAIHUA MOJEIIH.

Bpemesu pea lMocneaHn cTolHOCTW
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@ur. 3. [IporHo3upane ¢ fiepapXxudHa CTPyKTypa OT JIOKAITHA MOJIENN
Henocrarsun

e HecrabunHocT Ha Mojena HpU HEPAaBHOMEPHO paslpenesieHH oOydaBalid NpUMEpU B
KI'bCTEPUTE.

e TpyaHocTH npy Bamuaanusl.
e VYBenauyasa Ce CII0KHOCTTA Ha MOJEIIA.

3. IlpakTHyecka peaau3anus

B Ta3u rnaBa ce pasricixkKaar pa3pa60TeHHTe KOMIIOHCHTU Ha MIporpaMHaTra CUCTCMAaTa, B
KOATO Ca pCalM3HMpaHU OIMMCAHUTE B HNPCAXOAHHUTE TIJIaBU MCETOIU. Ts ce cbcTom OT OTACIIHHU
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MOJIyJH, TPOCKTHPaHW Ja ObAAT JIECHO paslIUpseMH C JONBIHUTEIHH (DYHKIIMOHATHU
BB3MOXHOCTU. [IpencTaBeHr ca TPOEKTUPAHETO U M3rPaXTAHETO HA MOIYJIHUTE 32 HEBPOHHU
MpPEXH, CTPYKTYPUTE OT JaHHU 3a oOydeHHE W NpeaBapuTeHuTe 00padboTku. [IbpBO ce ommcrar
KJIaCOBETEe M METOJHTE, peallu3Upalld €IHH JIOKAJIEH MOJEN, CIeJ KOETO Ce pas3riexia TIXHOTO
arperupaHe 3a MOJy4aBaHE Ha ChCTaBEH MOJIEI OT JIOKAJTHHM MOJeNU. Beeku JokaneH Mojen Moxe
7la c€ M3MOJI3Ba KaTO CAMOCTOSITEJICH U HE3aBHCHUM TJI00aJICH MOJIEN 32 IPOTHO3UPAHE.

4, EKCHepI/IMeHTaHHI/I H3CJIcABAaHUA

3a mpoBe/1aHe Ha eKCIIEPUMEHTAIHUTE U3CJICABaHMS € pa3paboTeHo rpaguyHo cCOPTyepHO
MPUIIOKEHKE, M3NOI3BAIO (PyHKIMHUTE Ha OnOaroTekaTa. OCHOBHHUTE e HAa EKCIIEPUMEHTAITHUTE
M3CIIEBAHUS Ca!
e OnpeznensiHe Ha eeKTa BbPXY BPEMETO 32 KIIbCTEPU3ALUS HA IPEIOKEHUTE MOTUPUKAIHH.
e VYcraHOBSIBaHE Ha e(i)eKTI/IBHOCTTa Ha KOM6I/IHaI_[I/I$ITa OT JIOKAJICH W TCTJIOBCH MOAXOI IIpH
00y4eHue U NPOTrHO3UPAHE.
e (CpaBHeHUE Ha JOKAJIHUS TETJIOBEH C IMI00AIHUS METO/1 3a IPOTHO3MpaHe Ha BPEMEBH PENIOBE.
e AHamu3 Ha MOBEIEHUETO Ha JIOKATHWUTE MOJIENH IPU MPOTHO3MPAHE HAa BPEMEBHU PEIOBE C
Pa3IMIHN XapaKTCPHUCTHUKHU.

H3cienBane Ha BpeMeTO 32 KJIbCTEPH3alUsl NPU HATIPABEHUTE MOAUPUKAIMHU

IIpu excnepuMeHTAIHUTE HU3CIEABaHMA Ha MOIUGUIMPAHUTE METOAU 32 OOyuyeHHETO Ha
CaMOOpraHU3MpaInaTa ce Kapra ce JOKa3Ba 3HAUUTEIHO HaMalIsBaHE HAa BPEMETO 3a oOydeHue, B
HSKOM citydau ¢ Haa 50%, kaTto ¢ HapacTBaHe Ha Opos enoxu eQeKThT e no-roiasM. Pesynrature ca
MIOJIYYEHU MPU YETUPU PA3JIMYHU pazMepa Ha u3xoaHus KoxoHeH ciol, ¢ Opoii HEBpOHU Bapupall
ot 375 mo 2000.

IIpoBepka Ha paGoTaTa Ha CAMOOPraHU3MPALIATA ce KAPTa NMPH 00y4YaBaIi MPUMePH C
PAa3JIUYHU NPHOPUTETH

[Ipu kmbCcTEpHU3aLMATA Ce PA3INIEkKAAT JABa HAUMHA 3a 3aJlaBaHe Ha NMPUOPUTETU — C LU
qucia ¥ ¢ peasHu uucia. Korato mpuopuTeTuTe ca 1esiu YHcia € OChIIECTBEHA YHCI0Ba IPOBEpKa
Ha KOPEKTHOCTTa Ha MoaupuiupaHoro oOydasamo npasBmwio. Ha ¢ur.4 e nokasan edekrsT or
M3IIOJI3BAHETO Ha MPUOPHUTETH. J[BeTe (UTrypu mpeacTaBsAT KIICTEP, B KOWTO MOMAaaT caMmo JBa
BEKTOpa, KaTo B IIbPBUS Cllydyail, BISBO, €IUHUAT OT TAX (BeKTOp 19) € ¢ mo-BHCOK MPUOPUTET U
KaTo pe3yyTaT TOW OKa3Ba IMO-CUJIHO BIUSHHUE BBPXY MPOTOTHITHUS BEKTOP, TOKATO BJISCHO, JBAaTa
BEKTOpa Ca C €HAaKbB NPUOPUTET U NMPOTOTUIIHHUAT BEKTOp CE HaMHUpa Ha €JHAKBO Pa3CTOSHHE
MEXIy TAIX. UHCIOBUTE CTOMHOCTH Ha BCHYKHA BEKTOPH, pa3IpENeNIeHH MO KIbCTEpH, KaKTO U
CTOMHOCTHTE Ha MIPOTOTUITHUTE BEKTOPH, ca MPEJICTABEHU TAOIUYHO B IUCEPTALIMATA.

Knbctep 5 | ———-BeKTop7 ------- BekTop 19 npototuneHsektop| [ Knbetep5 | ———-Bektop7 @ ------- BekTop 19 LUEHTLP

1,0 1,0

0,5

0,5

y(t)
()

0,0 0,0

-0,5 -0,5

-1,0 i -1,0

®ur. 4. Bextopu 7 u 19: BisiBo BekTop 19 MMa no-BHCOK PUOPUTET, BISACHO ABaTa BEKTOpa HAMAT
MIPUOPUTETH
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IIpoBepka Ha pagoTaTa Ha MHOTOCJIOHHMS MEPCENTPOH MPH 00yYaBaLIM MPUMEPH €
Pa3IMYHU NPUOPHUTETH

ExcriepumeHnTanHaTa MpoBepKa Ce€ U3BBPIIBA C TIJ00AJeH MOJEN 3a YCTaHOBSIBaHE Ha
OPUIOKUMOCTTa Ha MOIUGUIMPAHOTO TEHEpAIM3MpPAHO [eNiTa NpaBWiIo 3a OO0y4YeHue Ha
MepCernTpoHa MO alropuTbmMa C OOpaTHO pa3mpocTpaHeHue Ha Trpemkara. DyHkuuATa Ha
IpUOpUTEeTa MMa BHJA, TMOKa3aH Ha ¢urypa 1. Equn ot pesynratute € mokasaH rpaduyHo Ha
¢durypa 5. [IporHo3HUTE CTONHOCTH ca CPaBHEHH C HAJIMYHHU TECTBAIM JaHHH, MOMAJAllyd U3BBH
00yu4aBalioTO MHOXECTBO. BbIpeku ue onmutute ca U3BBPUICHH BBPXY BPEMEBU PEIOBE C SCHO
U3pa3eHU MPEACKa3yeMH CE30HHM IIOBTOPEHMsI, PE3YJITaTUTE JaBaT OCHOBaHME 00y4aBalloTO
MIPaBWJIO Jia CE€ M3IO0JI3Ba 3a U3CIeBaHe Ha paboTaTa Ha JIOKAJIHU MOJIETH ¢ 00y4yaBally IpUuMepH ¢
aCOLMHPaHU IPUOPUTETH.

M3mepeHu MporHo3unpaHun

Bpon nbTHUUM

450 A

350

N A
NP NAVA'S
ANV

x(t)

150

‘ bpoii mpTHULIM ‘ CymapHa rpemika: 997.57 ‘

@ur. 5. [IporHo3upaHe 0T MHOTOCIIOEH TIEPCENTPOH, 00yUEH C MPUMEPH C Pa3IHIHU IPHOPUTETH

CpaBHeHne Ha pE3yjaTaTuTe OT FJIOﬁaJ'lHI/Iﬂ, JOKAJIHUSA U JIOKAJIHHUSA TEIJIOBCH METOA 3a
NMPOrHo3upaHe HA BPEMEBU peaoBe

C nen cpaBHsABaHE Ha PAa3JIMYHUTE METOJHU, Ca MU3BBHPIIECHU E€KCIIEPUMEHTAIHU H3CIIECABAHUS
BbPXY PA3JIMYHU BPEMEBU PENOBE, 3a 00yuyeHUE HAa HEBPOHHU MPEXH, peajlu3upaliy riodajieH u
nokamHu Monenu. Ilpu sokanHus MeToa OoOyuyeHHEeTO € M3BBPIIEHO ChC M 0e3 mpujaraHe Ha
NPUOPUTETH KbM oOOydaBamuTe npumepu. [Ipu wu3non3BaHe Ha NPUOPUTETH € U3IOJI3BaHA
¢byHKLIMATA 32 3aJjaBaHe HA NPUOPHUTET, NOKa3aHa rpaduuHo Ha ¢urypa 1. Ilpm BcHuUKM OMUTH
JIOKAJTHUTE MOJENIN Ca MHOTOCJIOMHHU IEPCENTPOHH, KAaTO IMpH OOYYEHHETO MM C€ H3IOJI3Ba
TEeXHUKaTa Ha paHHO crupane. [IpenBapurtenHuTe 0OpabOTKM W apXUTEKTypaTa Ha HEBpOHHATa
MperKa ce ONpPENENT OT XapaKTEPUCTUKUTE Ha BpeMEBHsS pell. AKO JIMHEHHUST TPEH Ha cepusiTa €
¢ HaKkiIoH no-roisiM oT 30%, BepXy Hesd ce mpuiarar oOpabOTKH 3a NMpeMaxBaHe Ha TpeH/Aa WM
ype3 qudepeHnypane, Wik upe3 AudepeHnupane 1 JorapuTMyBaHe. 3a ONpeielisiHe Ha pa3Mepa Ha
BpPEMEBUS IIPO30PELL, KOUTO ONPENEII U pa3Mepa Ha BXOIHHUS CJIOW Ha IEPCENTPOHA, CE€ aHAIU3UPAT
aBTOKOpEJIALMOHHATA M 4YacTHAaTa aBTOKOpelIalMOHHA (yHKuMU. IIporHo3ure ca 3a TUCKPETHH
MOMEHTH OT BPEMETO, 3a KOMTO Ca HAJMYHU HAOIIOEHUs, C KOMUTO Ce U3BBPIIBA CPaBHIBAHE, KaTO
ca M3YHMCIIEHW U CTOMHOCTHTE HAa CyMapHUTE KBaJpaTHMYHU Ipemkd. B tabmuma 1 ca moxazanu
pe3yaTaTuTe OT MPOrHO3UPAHETO HAa BPEMEBHUTE PEI0OBE, MOAPEACHN B HU3XOIAIL pell criopesa Opos
CTOMHOCTH. B mocneaHuTe Tpu KOJOHM ca MOCOYEHH MecTara Ha METOAMUTE CIOopel TAxXHaTa
TOYHOCT 10 OTHOLIEHME Ha CyMapHaTa KBaJpaTH4YHa Ipenika. Pe3ynarature mokasBar, 4ye Ipu
IBITUTE BPEMEBU PENOBE JIOKAIHUTE U JIOKAJHUTE TETJIOBHU MOJENIW MPOrHO3HpAT MO-TOYHO B
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cpaBHeHHE ¢ mioOanHuTe. ToBa € B CHJIa W 3a BPEMEBH pEIOBE, NPU KOUTO ChHIIECTBYBa
nepuoandHa nmpomMsaHa Ha pCKrUMa Ha MOBCACHUC.

Tadauna 1 MeTtonu 3a MporHo3upaHe Copea TOYHOCTTa

BpemeBu pen Abikuna Meton
I'1o00anen Jlokayen JIokaJieH TerJji0BeH

PagmoaxktusHOCT 4300 3 2 1
Axnun Ha IBM 3000 3 2 1
CIpHYEBH IIETHA 3000 3 2 1
Kypc EUR-USD 2300 3 1 2
Cunycouna 900 2 3 1
Kypc TWI 550 2 3 1
3Be31Ha SIPKOCT 500 1 3 2
EnextpuuectBo 400 1 2 3
Nunexc S&P 320 2 3 1
ITokazaren M1 304 2 1 3
BHoc Ha cTokn 300 1 3 2
Komnuecta CO2 300 2 3 1
Hansarane 270 1 3 2
[lenHu KHMXKA 250 3 2 1

[lpu exkcrepuMeHTaTHUTE H3CJIEABAHUS ce 3a0eisI3BaT HAKOM XapaKTEpPHU CBOWMCTBA Ha
MOJIETIUTE, KOUTO ca BAXHU 3a (OPMYJIMpAaHETO HAa M3BoAuTe. B mporeca Ha pPEKypCHBHOTO
IPOTHO3UPAHE BEKTOPHT OT MOCIEAHUTE CTOMHOCTH MO-4ECTO ce Kiacu(UIMpa KbM €IHU U CHIIU
KI'bCTEPHU W TO-PSAKO WIM HHUKOTa KbM Jpyru. Taka, ako HSKOM OT JIOKAJHUTE MOJEIHU HE ce
U3M0JI3BaT, TO MHQOpMALUATa B KIIBCTEPUTE, KbM KOUTO T€ Ca aCOLMHMPAHU, OCTaBa HEHM3IOJI3BaHA
OT MOJICJIUTE, KOUTO C€ aKTUBUPAT TMOHE €IUH ITbT. TOBa € eKBUBAJICHTHO HA NMPEMaxBaHE HA HIKOH
MHTEPBAIM OT BpPEMEBMs pej, KOETO MO IMpaBWJIO BOAM JIO BIOIIABaHE Ha aJ€KBaTHOCTTA Ha
cbcTaBHUS Mozen. [lopaay ToBa € HEOOXOAMMO J1a ce MOIBPXKA ChITACYBAHOCT Ha OPOS KIIbCTEPH
CHIPsIMO JBJDKMHATA HAa XOPU30HTa Ha MporHo3upane. KonkoTo e mo-Mambk OposT Ha KI'bCTEPUTE,
TOJIKOBA € TO-TOJISIMAa BEPOSTHOCTTA TIOBEYE OT TAX Ja C€ AKTHBHPAT W KOJIKOTO € IO-IBJIBT
XOpPHM30HTa Ha IPOTHO3UpPAHE, TOJKOBA € IO-TojisiMa BEPOSATHOCTTa BEKTOPBHT OT MOCIETHHUTE
CTOHHOCTH Ja ce Kiacuuuupa KbM BCEKH €IUH KIBbCTEp B TIpoleca Ha pPEKypCHBHOTO
IPOTrHO3UpaHe. AKO HampuMep € HEoOXOJUMO MPOTHO3UpAaHE caMO Ha TpU CTOWHOCTH, HE €
1enech00pa3Ho Jla ce MPaBH KIICTEPU3ALNS B AECET KIIBCTEPA U Jla ce 00ydaBaT JIOKAJTHU MOJIEIN
3a BCEKHU OT THAX, Thi KaTO € CUTYPHO, Ye HsAMAa BCHUYKUTE J]a C€ aKTHBHPAT. BposT Ha KIbCTEPUTE
TpsiOBa Ja € He MOo-TOJISIM OT IpejanojaraeMus Opoil HeoOXoauMM HporHo3u. Taka Moxe Aa ce
MOCTUTHE PAaBHOMEPHOCT MPH KIACH(PUIIMPAHETO MO KIIBCTEPH, KOETO BIIHSAE TOJOKHUTEITHO BHPXY
aJIeKBaTHOCTTA Ha MoOJena.

Pesynrature oT poBeneHUTE B CHOTBETCTBUE C IIENITA U 33/Ia9NTE HA TUCEPTAIMOHHUS TPY/
TEOPETUYHH U eKCTIIEPUMEHTAIHU M3CIICABAHNUS Ce CBEXKJIAT 10 CIETHUTE OCHOBHH IPHHOCH:

e ll3Benena e mMoaudukanys Ha oOydyaBalIMTE MpaBWIIa HA CAMOOPTaHU3MpAIla ce KapTa Ha
KoxoHeH M MHOTOCIOWHHUSI TMEPCEeNTPOH C OTYUTAHE Ha IMPHOPUTETHTE, ACOLMHMPAHH KbM
oOyuaBaluTe MPUMEPH.

e Upe3 BBBEXJAHE Ha JONBIHUTEIHM CTPYKTYpU OT JaHHU U OIEpalud € MOBHIIeHA
e(pEeKTUBHOCTTA HAa U3YUCIUTEIHUTE MPOLEypH Ha CaMOOpraHU3upaliara ce Kapra, B pe3yiarar
Ha KOETO € IIOCTUTHATO yBEINYaBaHe Ha ObP30AeHCTBHETO pH 00ydIeHue.

e PazpaboTeH € TeopeTHueH MOEJ, pealu3upal] HEeTUHEEeH JIOKaJIeH TErJOBEeH MOAXO0J 3a
MIPOTHO3UpPaHEe Ha BpeMeBM penoBe. ONMUCAHM ca KOMIIOHEHTHTE M TOCIEIOBATEITHOCTUTE OT
OIlepaIyy B MOJIENa.
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e lmmniemenTupana e copryepHa OUOIMOTEKA, peaar3upalia IpeyIoKeHUs] TEOPETHUEH MOJIEN.
CodTyepHOTO pelieHne e MPOSKTUPAHO N0 HAUKH, MO3BOJISIBALL PA3IIUPSBAHE C TOMBIHUTEIHA
(YHKIIMM ¥ HOBH METOJIU 3a IPOTHO3UPAHE.

e Pesynrature OT pa3pabOTEHUs METO[ 3a NPOTHO3MPAHE HA BPEMEBU PEIOBE Ca U3CIEABAHU U
aHaIU3UPAHU.

OcHOBHH H3BOAHU U NMPEAJTOKCHUSA 3a IPAKTUKATA

B nucepranyoHHUS TPyA € NpPEIACTaBeH METOJ 3a MPOTHO3UpPAaHE C HEBPOHHU MPEXKH Ha
€HOMEPHHU BPEMEBHU pEIOBE, ChUETaBalll KIbCTEPU3aLUs M H3MOI3BAaHE HAa MPUOPUTETH KbM
oOyyaBamute npumepu. [lokazaHu ca MPUHIMINTE HA JCHCTBHE M PE3YJITAaTHUTE OT paboTara Ha
OTJENHUTEe KOMIOHEHTU. [lpemnoxkeHn ca TEXHUKHM 3a MOBUIIaBaHe Ha e(EKTHUBHOCTTa Ha
o0y4eHHeTO Ha camMooOydaBallUTEe Cc€ HEBPOHHM Mpexu. JlokazBa ce HaMmalasiBaHETO Ha
W3UYUCIIUTEIHUTE OMNEepaluyd U OT TaM - Ha BPEeMeTo 3a 000co0siBaHE Ha JIOKATHUTE OOJIACTH OT
TaHHU TIPU JIOKAJTHHUS METO/I, KaTO MO TO3W HAYMH C€ MOCTUTA OaIaHCHPAHOCT Ha OBP30ACHCTBHETO
3a oTAeTHUTE (Pa3u Ha UAJIOCTHUS MPOLIEC.

[IpennoxeHusT J0oKajleH TErJOBEH METOJ € MPWIOKHUM 3a pelllaBaHe Ha Hail-pazHOOOpa3HU
MPAKTUYECKH 33/1a4 B PA3IMYHU MHKEHEPHH, UKOHOMHYECKH, COIIMAIHU U APYyru obnactu. BaxkHo
e Ja ce oTOenexu, 4e eIHOMEPHOTO MPOTHO3UpPaHE € TMOJXOMAANI0 MPEIUMHO 3a IMPOLECH, TPU
KOUTO CBIIECTBYBAT OMpeEeNIeHN MPUUNHHO-CIIEACTBEHN BPBH3KH BbB BPEMETO, MOPAINd KOETO TO HE
TpsiOBa na ce M3moi3Ba Oe3ycinoBHO. B penuma ciydan TO3W TUI MPOTHO3MpPAHE JlaBa HACOKA 3a
OpUEHTHpaHEe, KOSATO C Ienecho0pa3Hu MPOMEHH MOXE Ja Oble MoJie3Ha NpU B3eMaHETO Ha
pelIeH sl ¢ OTYMTaHE U Ha 00J1acTTa, 3a KOSITO TO Ce OTHACS.

32 KOHTaKTH:

Bennucinas I'. Huxonos

karezpa “KoMmoTspHM HAYKH U TEXHOJIOTUN
TexHuuecku yHupepcuteT — BapHa

E-mail: v.g.nikolov@ gmail.com

S TU-Varna

L]

puter Science & Engineering Department

KOMITIOTBPHY HayKH M TEXHOJIOTHH 2 2011 49



CUCTEMATA 3A PABBUTUE HA AKAJJEMUYHUSA CbCTAB
HA PYCEHCKUS YHUBEPCUTET "AHI'EJI KbHYEB"

Xpucro besioeB, Auresn CMpukapos,
OpJun IlerpoB, Anesust UBanoBa, 'anuna UBanosa

Pe3ome: B cratusta e mpeinctaBeHa cucTeMara 3a pa3BUTHE Ha aKaJeMHYHHS CbhCTaB, W3rpajicHa B
Pycenckus yamBepcuter "Anren KbHueB" cien mpremaHeTo Ha 3aKOHA 3a pa3BUTHE Ha aKaJeMHIHUS
cbcTaB B PenyOnuka bwirapus u [IpaBuiiHuka 3a NMPUIIOKEHUETO MY, KAKTO U HAKOW JTOOPH MPAaKTHKU MPH
MIPUIATAHETO H.

KuarouoBu gymu: cuctema 3a pa3BuTHE Ha aKaJeMHYHSI ChCTaB, IDIaH-Tpad K, BUACOKOH(PEPEHTHA CHCTeEMa

The system for academic staff development at the University of Ruse
(good practices)

Hristo Beloev, Angel Smrikarov,
Orlin Petrov, Aneliya lvanova, Galina Ivanova

Abstract: The article presents the system for academic staff development, established at the University of
Ruse "Angel Kanchev" after adoption of the Law for development of academic staff in Bulgaria and the
Regulations for its application, as well as some good practices in system’s implementation.

Keywords: system for academic staff development, schedule, video conferencing system

Crnen nmpuemaHeTo Ha 3aKOHA 3a Pa3BUTHETO HA aKaJeMUYHHS ChCTaB B PemyOmuka brirapus
u IlpaBuiiHKKa 32 HETOBOTO MPHJIOKEHUE, B PyceHCKHUS yYHHBEpCHTET Oelle Cch3/ajieHa CUCTeMara
3a pa3BUTHE Ha aKaJeMUYHHS ChCTAaB, OCHOBHUTE KOMIIOHEHTH Ha KOSTO ca:

- [IpouienypHuTe mpaBwiia 3a NpUAOOMBAHE HA HAYYHH CTEIICHH M 3a€MaHE Ha aKaJeMUYHH
TUTBKHOCTH,

- YHUBepCUTETCKaTa KOMUCHS 32 Pa3BUTHE HA aKaIEMUYHUSI ChCTAaB;

- QakynTeTHUTE KOMUCHHU 332 HAYYHO U KaJpOBO Pa3BHUTHE;

- OTensT 3a pa3BUTHE HA aKaJEeMHUYHUS ChCTAB,

- CaliThT 32 pa3BUTHE HA aKaJIEMUYHHUS CHCTaB.

[IpouenypHute mpaBuia MpeACTaBIsABAT COOPHUK OT MOAPOOHO pa3MHCAHMU MPOIEAYypU 3a
npuIOoOMBaHE Ha BCSKA €JHA OT HAyYHHWTE CTETEHH (IIOKTOP W JOKTOP HAa HAYKWTE) U 3aeMaHe Ha
aKaJIeMUYHUTE JUThKHOCTH (aCUCTEHT, TJ1. aCUCTEHT, JOLEHT, mpodecop u 1p.).

Komucusra 3a pa3BuTre Ha akaJeMHYHHsI ChCTaB Ce TPEACEaTe]ICTBa OT PEKTOpa U B Hes ca
BKJIFOUEHH BCHYKHM 3aMECTHUK PEKTOpH, JAeKaHH Ha (akyliTeTd W AUPEKTOpU Ha (uiIHau.
OcHoBHaTa ¥ 33/1a4a € Ja cJeu 3a CIa3BaHeTO Ha MPUETOTO OT AKaJIEMUYHUS CHBET CHOTHOIICHUE
mexnay mpodecopu (10 %), mouentu (40 %), ra.acuctentu (35 %) u acuctentu (15 %) u ga
pemaBa Ha KOil (hakynTeT, peCleKTHBHO (pHUIIHal Ja ce MPEAOCTaBIT OCBOOOJCHUTE aKaJEeMUYHU
JUTHKHOCTH.

dakynTeTHUTe KOMHCHM 32 HAyYHO M KaapOBO pa3BUTHE Ce€ TIPEeACeAaTeicTBaT OT
CHOTBETHUTE JCKAHM U B TAX Ca BKIIOYCHM BCHYKH 3aMECTHUK JEKaHH M PBKOBOJHWTENU Ha
karenpu. OCHOBHaTa WM 3ajada € Ja peliaBar, Jajd KaHIUJATUTE 3a 3aeMaHe Ha JaleHa
aKaJieMH4YHa JIBKHOCT OTrOBapsAT Ha 3aliokeHuTe B 3akoHa, [IpaBunnuka u IlpomemypHute
MpaBUJIa OCHOBHH W JOIBIHUTEITHA N3UCKBAHHUSL.

OTnenbT 3a pa3BUTHE HA aKaJIEeMUYHHS CbCTaB MMa 3a 3a7ada Ja CIeAW BCsIKa eaHa
mporietypa 1 J1a oiroMara y9acTHUIIUTE B Hesl. HeroBoTo MsICTO B CTpYKTypaTa Ha YHHBEPCHTETA
€ Moka3aHo Ha ¢urypa 1.
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KOMUCHUA
3A
PA3BUTUE HA AKALEMUYHUA CBbCTAB
( PEKTOP)
PECOP
HAYYHO U KAOPOBO PA3BUTUE
( 3AM.-PEKTOP )
OTAEN OTAEN
YOBELLKWN PECYPCU PA3BUTUE HA AKADEMWUYHUA CBCTAB
(PBbKOBOAOWUTEN ) (PBbKOBOAWUTEN )
EKCNEPT, YNPABNEHUE HA YOBELUKUTE PECYPCH -
TPYAOBU NPABOOTHOLLEHUA WHCMNEKTOP / KHN
EKCMNEPT, YNPABJIEHUE HA YOBELLKUTE PECYPCHU -
M3BBLHTPYI0B/ NPABOOTHOLLEHMS AOMUHUCTPATOP HA CAWTA
TNMABEH MHCMEKTOP / OXPAHA HA TPYOA SAELIBUIHELAGKAIEMIBHUCICECTAE
Our. 1

To3u oTaen BkIOYBa:

- PHKOBOJIUTET;

- HHCIIEKTOP KaJIpOBU HAay4€H IOTEHLIUA,

- aIMUHUCTPATOp Ha caiiTa 3a pa3BUTUE HA aKaJIEMUYHUSI ChCTaB.

PpkoBoguTEnAT Ha OTAENA Ce Ha3HAyaBa CbC 3allOBEJ] HAa PEKTOpa IO IPENJIOKEHUE Ha
3amecTHUK pekropa no HKP. PbkoBomutensaT € wieH Ha akaJeMHU4YHHsS CbCTaB Ha PyceHckus
YHUBEPCUTET W W3IBJIHABA JIBKHOCTTA 4YpPE3 BBTPEIIHO CHBMECTUTEICTBO. T0M OCBIIECTBsIBA
OIEPAaTUBHOTO PBKOBOACTBO HA OTJENa, OTrOBaps 32 peaJIu3upPaHeTO Ha BCUYKHU IIOCTABEHU 3a/1a4H,
IIpeICTaBIsiBa OTHAE]a INpeJ OpraHUuTe 3a YIPaBICHHME HA YHUBEPCUTETA M OCBIIECTBABA
KOOpJMHALMATA Ha AEMHOCTTAa My C JPYTUTE 3BEHA Ha CHIIUS.

Nucnexroppr KHII e ciyxwuren, Ha3Ha4eH Ha IIAaTHA JUITBKHOCT M OTroBapsi OCHOBHO 3a
o0y4JaBaHWTE B YHHBEPCUTETA TOKTOPAHTH.

AJMUHUCTPATOPBT HA CaliTa 3a pa3sBUTHE HA aKaJEMHUYHHUS ChCTaB C€ Ha3Ha4yaBa ChC 3aIlI0BE]
Ha pEKTOopa IO MpeasiokeHHne Ha 3amecTHUK pekrtopa no HKP. AnMuHucrparopbsT € wieH Ha
aKaJeMU4YHUs CbCTaB Ha PyCEHCKHS YHMBEPCHUTET M M3IBJIHABA IBKHOCTTA 4pe3 BBTPELIHO
CBBMECTUTEJICTBO.

B caiita 3a pa3Butue Ha akaaemuuHus cbcraB (http:/kr.uni-ruse.bg), umsATO HauanHa
CTpaHWIIa € TOKa3aHa Ha (urypa 2, CBIIAaCHO H3HWCKBaHHMATA Ha 3akoHa, [IpaBWIIHUKA H
[TponienypHute mpaBmiia, ce MyOJMKYBAaT OOSIBUTE 3a KOHKYPCUTE, a ChLIO M JOKYMEHTUTE Ha

KaHANAATUTE — PE3IOMECTA HAa TPYAOBETC UM, pCUCH3UUTE, CTAHOBUIIIATA U JP.

Opera || 8 py ~asren Kysen”
* 2

- ==

7)‘ PYCEHCKW YHUBEPCHUTET "AHIEN KbHYEB™
‘ < Pa3BUTHE Ha aKaJ]leMWUHHA CbCTaB

Hauano 3awowosa Gasa  Kowsypcn Permcipaums  fpouenypw  Coobuienms  Monessw spuaxe  Kostaxs

Ha 13.02.2012 USTHUE ABYMECEMAT
CPOK 33 NDRABaHE Ha AOKYMEHTH MO
KoricyponTe 33 Afl T, acuCTeRT”,
NPYETH Ha SACERAHKATA Ha AC Ha
18.10 n 22.11 2011,

Oraen PAC

Copyright © 2012 by Ruse University.
All Rights Reserv
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3a Ka4uecTBOTO Ha W3TpajieHaTa B YHHBEPCUTETa CHUCTeMa roBopu (aKkThT, Y€ OT HEHHOTO
npueMaHe 0 MoMeHTa 0e3 mpoOiemu oT (GopMmalieH XapakTep W HpU CTPUKTHO CIIa3BaHE Ha
[Ipouenypuure mnpaBuia, HaydyHata creneH "moktop" ca momyuunu 18 konerw, "mOKTOp Ha
HaykuTe" - 2, akaJieMUYHaTa JUTHKHOCT "moreHT" e 3aeta ot 12 koneru, a "mpodecop” - ot 11.

[To-momy ca mpeacTaBeHH HSAKOM OT JOOpHUTE MPAKTUKH Ha PYCEHCKHS YHUBEPCHTET MpHU
MpakTUyeckoTo mnpuijaraHe Ha 3akoHa 3a PACPD, I[lpaBunHuka 3a NPUIOKEHHETO MY U
[IponienypHuTe npaBuiia Ha yHUBEPCUTETA.

CwriacHo 3akoHa u [IpaBunHuka, CpoKbT 3a M0aBaHE HA JJOKYMEHTH 3a y4acTue B KOHKypca
3a 3a€MaHe Ha aKaJeMUYHUTE JUTHKHOCTH "moueHT" u "mpodecop” € He Mo-KpaThK OT JBa Mecela
oT o0siBsiBaHETO MY B "JIbprkaBeH BecTHUK". OT TyK MOXe J1a Ce HAalpaBU U3BOJIBT, Y€ TO3H CPOK OH
MOT'BJ J1a ObJie U MO-IBJIBI — HAPUMep, TpU WK YyeTupu Mecena. Ho TpsOBa ce B3eme mpenBun
TOBA, Ye€:

1. UneHoBere Ha HAYYHOTO KypH TPsAOBa J1a MPEACTABIT B IbPBUYHOTO 3BEHO PELIEH3UUTE U
CTAaHOBHIIIaTa CH B CPOK A0 JIBA Mecella OT ONPEICIIIHETO UM B ChCTaBa Ha KYPHUTO.

2. B cpok mo emmH Mecell Ipeau 3aKIIOYUTEIHOTO 3acelJaHHe Ha HAy4yHOTO >KypuU Ha
WHTEPHET CTpaHWIlaTa Ha ChOTBETHOTO BHUCIIE YUIIMINE WM HA HAydyHATa OpraHu3aius TpsOBa aa
ce MyONMKYyBaT M3FOTBEHHUTE OT YYACTHHUIIUTE B IpolieaypaTa pe3loMeTa Ha TPYIOBETE UM CIe]
3allMTa Ha JOKTOPCKA JUCEPTalrs, KAKTO U PELICH3UUTE U CTAHOBMILIATA HA YJICHOBETE Ha JKYPHTO.
A ToBa 3acenanue TpsOBa na ObAe MPOBEACHO B CPOK A0 6 Mecema OT MyOJIMKyBaHETO Ha
o0siBieHneTo B "JIbpikaBeH BECTHUK'.

Karo ce umat npen BUJ U HAKOU IpYrH (PUKCHUPaHU MEPUOJH, HAMP., 14-THEBHUAT CPOK Clie]
M3TUYaHEe Ha CPOKa 3a M0/aBaHe HA JOKYMEHTUTE, B KONTO, 10 MHUIMATUBA Ha PHKOBOAUTEINS HA
KaTre/apara, )KypuTo TpsOBa Ja MpOBEZe MbPBOTO CH 3aceAaHue u Ja u30epe eAuH OT BHTPEIIHUTE
YJICHOBE 3a MpejceaarTe, cle/iBa, ye CPOKbT 3a [0JaBaHe Ha JJOKYMEHTHUTE 3a yJacTue B KOHKypca
HE MOXe Ja ObpJe Mo-IbJIbI OT ABa Mecena. IIpu TpumecedeH CpOK BpEMETO 3a HalMCBaHE U
IIpelaBaHEe Ha PELICH3UUTE U CTAHOBUILATA CE€ HaMaJlsBa Ha €IMH MECEL], HO TOBA € Bb3MOYKHO CaMO
C M3PUYHOTO ChIVIACHE HA BCHUYKM WIEHOBE HA JKYPUTO U KpHUE peallHa ONacHOCT OT
KOMIIPOMETHUpPaHE Ha Isy1aTa MpoLeaypa.

C orunTaHe Ha Ka3aHOTO JOTYK, OTAENBT 3a Pa3BUTUE HA aKaJeMUYHMs ChCTaB Pa3pabOTH
OINTUMaJIeH IIaH-rpaduK 3a npoueaypure 3a "noueHt" u "mpodecop”, KOWTO e Mmoka3aH Ha Gurypa
3. AHanoruynu miaH-rpaguiy 6s1xa CbCTaBEHU U 32 OCTAHAINUTE MPOLEAYPH.

YaaduHo € mpoueaypure Ja CTapTupar B Kpas Ha Mecel] HOEMBpH, ThH KaTO MECELUTE
JIEKEMBpPU U 0COOEHO SHyapu KaTO MPAaBHJIO Ca MO-MAJKO HATOBAPEHM U MOraT €()eKTHBHO Ja ce
U3MON3BAaT OT KaHAMJATUTE 3a IOJArOTOBKA HAa MAaTepUaluTe 3a KOHKypca. ToBa, 4e BCHUYKH
IPOLEypH UMaT €IUH U CBII TpaQuK MHOT'O YJIECHSBA TSAXHOTO ciaeleHe ot otnen PAC ¢ nen na ce
NpeJoTBpaTAT (popMaiHu HapymeHus. [Iponenypure NpUKIOYBAT MOYTH €IHOBPEMEHHO U MAJIKO
Cclie/l TOBa, HAa ThP>KECTBEHA LIEPEMOHMS, 110 OTPAOOTEH BEU€e CLIEHApUH, pEKTOPBT HAa YHUBEPCUTETA
BpbUBa JTUILUIOMHUTE HA HOBUTE IOKTOPH, JOLEHTU U MPO(ECOpH.

Tpii karo pemieHusATa Ha >KYpUTO Morar Ja ObJaT B3eTH M HENPUCHCTBEHO, KaTo
00CBHK/IaHETO U TJIACyBaHETO C€ M3BBPUIBAT C MOMOIITAa HA ChOTBETHUTE TEXHUUECKU CPEJICTBA, C
11eJI NKOHOMUS Ha BpEME M CPE/ICTBA, Oellle BbBEJCHA NIPAKTHKATa IbPBOTO 3aCelaHUE, Ha KOETO Ce
n30MpaT npejceaaTeN U pelieH3eHTH, 1a ce MPOBeK/Ia MMEHHO 10 TO3M HAa4MH. 3a IeNITa B IIEHThpa
3a JOKTOPaHTH HAa YHUBEpCUTETa Oellle Ch3Ja/leHa CUCTEMa 3a IPOBEXAAHE HAa HENPUCHCTBEHU
3aceaHus Ha Oa3aTa Ha BUJICOKOH(pEpeHTHA Bpb3Ka (Dur. 4).
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CbcTaBsHe Ha rpadwmk Ha npoueaypaTta ot p-n o-n PAC v p-n k-pa.
M36upaHe Ha Hay4Ho xypu — KC, aeknapauumn, ®C, 3anoBeq Ha pekTtopa.
ManpallaHe Ha yBe[OMUTENIHU MUCMa OT p-11 K-pa A0 YNEeHOBETE Ha XypuTo,
BKI. 3aMoBeATa Ha pekTopa 1 rpaduka.

My6nukyBaHe Ha ob6aBaTa B 1B
MopaBaHe Ha gokymeHTUTe B 0-n PAC — camo 1 nbfieH KOMNMeKT.

CbCTaBsHe v noanvceaHe Ha npoTtokon. ¥ My6nukysBaHe Ha Tabnuuara ¢
HayKOMETPUYHUTE aHHU B canTa —
oT kaHauaaTa.

MpoBexaaHe Ha 1-BOTO 3acefjaHne Ha XypuTo — HEMPUCHCTBEHO.

WM3bupaHe Ha npefcenaten v peLeH3eHTu.

CbcTaBsiHe M NoAnucBaHe Ha NpOTOKON.

MpepocTaBsHe Ha MaTepuanuTe Ha KAHAUAATUTE Ha YIEHOBETE Ha XypUTo —
nankara ¢ obLmMTe MaTepuany Moxe aa ce npeaocTaBmn 1 No-paHo,

T.e. cnep usbupaHe Ha XypuTo.

ManpalyaHe Ha nucma [0 kaHauaaTuTe.

Mosxe aa ¢e HanpaBu 1 no-paHo

+ iPaarnemane Ha gokymeHTuTe oT KHKP.4 PeructpupaHe Ha kaHaugatuTe B caiTta

M3roTBsiHe 1 NpefaBaHe Ha peLeH3nnTe 1 cTaHoBuLaTa.

My6nukyBaHe B caiita Ha:

- peLieH3nnTe 1 cTaHoBHMLLAaTa — OT aAMUHUCTPaTOpa Ha caiTa;

- pestomeTa Ha TpygoseTe (y4.nocobusi, y4ebHuum, kHurm,
cTyaumn, MoHorpadum) — oT kaHauaaTa.

[MpoBexaaHe Ha 2-poTo 3aceaHne Ha XypuTo.
OueHsiBaHe U KnacupaHe Ha kaHauaaTuTe.
CbCTaBsiHe ¥ noAnMcBaHe Ha NPOTOKON.

W3roTesiHe Ha npeanoxeHve go ¢C

OT NPeAceaaTensiT Ha XypuTo. M3npalyaHe Ha yBe4OMUTENHM NUCMa A0

KaHOAngaTuTe C pelleHneTo Ha XypuTo.

PasrnexgaHe Ha npeanoxeHueto Ha ®C. ~

3anosHaBaHe Ha 3anHTepecoBaHuUTe
Cc nyGHMKyBaHMTe B caWiTa MmaTepuanu.

W3npauyaHe Ha cboTBeTHUTE fokymeHTn B HALIMI kbm MOMH.

dwur. 3
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CucremaTta 1Mo3BoJsiBa:

- €IHOBPEMEHHO pasIyiekJaHe M OOCHXKJaHe Ha JOKYMEHTH M TPE3EHTAllUd OT BCHYKHU
YYaCTHUIIM B 3aCEIaHUETO;

- OHJIAMH TJIacyBaHE U ObP30 OOSBSIBAHE HA PE3YJITATHTE;

- ay/IM0 ¥ BUJIEO 3aIUC HA 3aCEJaHHUETO.

[Ipu HEoOXOIUMOCT, 3acelaHusATa Morar jaa ObaaT HaONlloJaBaHW M OT JIMLATA, B YHHTO
MIPABOMOIIIMS BIIM3a MOHUTOPUHI'BT BbPXY MPOBEKAAHUTE MPOLIECAYPH.

C M3moN3BaHETO HAa CHCTEMara e HaMmalsBaT 3HAUYMUTEIHO PAa3XOIUTE 32 KOMAHIUPOBKU Ha
YYaCTHUIIUTE B 3aCE/IaHUATA U CE HKOHOMKCBA BPEMETO HM.

Pazpaborenara cucrema e TecTBaHa ycnemHo ¢ 10 ydacTHHKA, KOETO € HAII'BJIHO JIOCTaThUHO,
THI KaTo TOBa HAAXBBHPIS MAKCUMAIHUA OpOil Bb3MOKHU YYaCTHHIIM B 3aCEIaHUETO HA KYPHUTO — /
OCHOBHHU U 2 PE3EPBHU YJICHA.

3a KOHTAKTH:

npod. nTH. Xpucto benoes, pektop Ha Pycenckus ynusepcuret "Anren KbHues"

npod. 1-p Arren CMpHKapoB, 3aM.-pEKTOP 10 HAYYHOTO U KaAPOBOTO pa3BUTHE HA
PyceHnckus yHuBepcurer

ri.ac. A-p OpauH [lerpos, pekoBoauten Ha OTaena 3a pa3BUTHE HA aKaJIEMUYHUS CbCTAaB Ha
YHHUBEpPCUTETA

ri.ac. 1-p Anenus MlBaHoBa, aAIMUHUCTPATOP Ha cailTa 3a pa3BUTHE HA aKaJIEMUYHUS ChCTaB
ri.ac. 1-p 'anuna MBaHOBa, pbKOBOJUTEI HA LICHTHPA 3a JOKTOPAHTH

tscoSvsiews | CISCO NETWORKING
ACADEMY PROGRAM

|

Cisco SyYSTEMS
CERTIFIES

Technical University - Varna - Computer Science Department

AS A REGISTERED
NETWORKING ACADEMY

hdm 27801 mmumwdwm;
// Z
> Z
LIS
Jacek Murawskl

Director, Cisco Networking Academy Program
&m“lﬂ’—w

54 2 2011 KommoTepHU HAyKU U TEXHOJIOTUH



JAEH HA POBOTUKATA B TEXHUYECKHU YHUBEPCUTET -
BAPHA

Muxanjg CKonyaHoB

B mnocnemnute roaunu Jlesat Ha poOoTHKaTa ce YTBBPAU KaTo
eXerogHo cwoutne B TexHumuecku yHuBepcuTer — Bapna. Opra-
HU3UPAHO B HAYAJIOTO OT Kareipa ‘“ABTOMaTH3allvds Ha MPOU3BOJI-
2 CTBOTO”’, MEPONPUATUETO CTaHA MOBOJ 3a cbhb3faBaHe Ha CTYyIEHTCKHU
’ '.;,,’,, g Ki1y0 “PoboTHKa M MexaTpoHUKA” B YHHBEPCHTETA W 3aJeTHa TBHPJIO B
paboTHus TuiaH Ha kiyOa. llenta Ha CHOMTHETO € TMOBHUIIIABAaHE HA
MHTEpeca Ha MIIAJUTE CIICHUAJIUCTH B 00JlacTTa Ha poOOTHKAaTa, aBTOMAaTHKaTa U CHUCTEMHUTE 3a
MHTEIUTeHTHO yrpaBieHue. JleHAT Ha poOoTmkata mpoTthya moj ¢Gopmara Ha H3JIOKEHHE Ha
po0OTH, NEKLWU, cCeMUHAp U mpe3eHTanuu Ha ¢upmu. KyamuHanusta B mporpamara ca cbCTe-
3aHusATa ¢ podotrn B aucuuiuiHu “llpemunaBane mpe3 nmabupunt’, “CrnenBaHe Ha JTHHUA U
“Pobodyr6on”. TpaguIMOHHO CHOUTHETO 3aBBPIIBA C IUCKYCHS MO MPOOIeMUTE HA 0OYICHHETO B
obractra Ha pobOTHKATA.

Jlenst Ha poOoTHMKaTa ce pajaBa Ha IIHPOKA
MOMYJISIPHOCT CPeJ YICHUIU, CTYIEHTH, JOKTOPAHTH U
npernojaBaTeld W TPUBIMYA YYACTHULIU OT TeX-
HUYECKUTE YHUBEPCUTETH B CTpaHara, bwirapckara
aKaJieMus Ha HayKUTe, ClIelUaIN3uPaHUTe YUYUIHILA 110
poboTHKa, KaKTO W MPOPECHOHATHUTE TUMHA3UH B
rpang Bapua. Cnbutuero ce moakpenss ©  OT
MIPEJICTaBUTENN Ha OM3HEca, KOUTO MPAaBAT JOCTOSHUE
Ha IIMpOKaTa NyOJWKa TIOCIEIHHUTE JOCTBIIHH Ha
na3apa TeXHOJIOTMH, U3MO0I3BaHU B POOOTHKATA.

Cnenmanau roctd U Jekrtopu Ha Jlens Ha pobotukara B TY-Bapua mpe3 romuaute: mpod.
1.7.H. uvk. Emun Hukonos — TY-Codus, nou. n-p unx. Poman 3axapues — BAH u 1. ac. 1-p unx.
Haiinen [lIuBapos — bAH.

Tasu roauna J[lenst Ha poboTukata Oeme mpoBeaeH Ha 16-tu jgexkemBpu. Cren
TBPKECTBEHOTO OTKpuBaHe OT 3am. Pektop mo Hayka u HayuHO-TIpHIIOKHA IEHHOCT JO1I. - UHK.
Xpucto CkyneB, ayquTopusATa UMallle yI0BOJCTBUETO J1a M3CIylla JIEKIMATA HA IJI. ac. JI-p UHXK.
Haiinen [lluBapoB ot MHcTuTyTa MO CUCTEMHO HMH)KeHepcTBO M poOotuka npu BAH nHa Tema
“CepBH3HH pOOOTH 32 MOJIIOMAaraHe Ha CaMOCTOSITETHOTO KUBEEHE Ha BB3PAacTHU xopa”. PupmuTte
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I'emamexc u MeTpucuc mnpeacTaBuxa Ha BHUMAaHUETO Ha
YYACTHUIIUTE TPWIOKEHHETO Ha pobotute MotomMaH B
WHIYCTPUSTA, KAKTO U XapIyepHUTEe U copTyepHHU miaThopmu,
npeiarand - ot National Instruments B oOmactra Ha
poborukata. B mocimenBamus ceMuHap 1O poOOOTHKA HMaxa
BB3MOKHOCT Jla TPEACTaBAT pPE3YyJITaTUTE OT CBosATa padora
cryaentute ot TY - Bapna Brnagumup BbiiueB — crienr. Cumenc
PLC Texnonmorumu 3a ympaBieHue, AlxaH Mexmen — CcCIel.
ANUYT u Xpucro IlerpoB — cnen. EnexkrpoHuka, KakTto u
npenogaBatenuTe Anekcanasp IlaBmoB or yuwmiuinero mo poboruka “Robopartans” u Iasmuu
Henemues ot TY-Codus.

Cpen 1eMOHCTpPUpPAHUTE HAa U3JIOKEHUETO Pa3pabOoTKH ce OTKpouxXa: XeKcaroj, pa3padboTeH
ot unxk. Iumutep Kyprtes - cnen. KCT; cucrema 3a pasno3HaBaHe ¢ BUAEOKaMepa Ha yuciaaTa OT
3apoBe, mpeacraBeHa oT yuyeHnuute Hukomna ManosnoB u ®@epxan Xamun ot III'E - Bapha; yueben
pobor ma National Instruments, mpencraBen ot umk. Ilenuo XpuctoB oT ¢upma MerpHcuc,
CHCTEMA 3a MAIIMHHO 3pEHUE 3a MOOMJIEH poOOT, pearupall Ha CUTHAJIA OT CBEeTOdap C JIB€ CEKIUH,
pa3paboTeHa OT 1. ac. I-p uHkK. Muxaun CKOIMYaHoB.

Crpactute Ha MyOJIMKaTa U Y4aCTHULIUTE Pa3BUXPU CHCTE3AHUETO MO POOOTHKA B TPUTE JHC-
LUIUTMHY, KbAETo nobenutenu craHaxa otoopute Ha TY - Codus B qucuumimnara “CrenBaHe Ha
muHus”, Ha TY - Bapna B nucuuruinHara “IlpemMuHaBaHe npe3 JaOMPUHT U Ha YYHIMIIETO IO
poboruka “Robopartans” B mucrumnmnaata ‘“Pobodyrbon”. Crex TpaaulMOHHATa TUCKYCHS,
MpecenaTeNICTBaHa OT PHKOBOAUTEINS Ha KaTeapa “ABTOMaTH3aIMs Ha MPOU3BOJCTBOTO’ JOIL. A-P
K. EMun MapuHOB, CHITMAT BpbUM HAarpajuTe Ha yYacTHULIUTE B Kade-craakapHuna “Mojepa”,
KbJIETO Oellle U ThP)KECTBEHOTO 3aKpPUBAHE HAa MEPOIPUSTHUETO.

1. ac. A-p uHXK. Muxaun CKomuyaHoB
P-1n1 CK ”Po0oTrka U MexaTpoHuKa”
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N3NCKBAHUA 3A OOOPMAHE HA CTATUUTE HA ABTOPUTE 3A

CIIMCAHUE "KOMIIIOTHbPHM HAYKHM 1 TEXHOJIOI TN~

PpromucuTe Ha craTHATa Ce NPEACTaBAT paslieyaTaHH B JBa €K3eMIULIpa (OpUTHHAT U
Komue) B pazMep 10 6 ctpaHuny, Gopmar A4 U B eleKTpOHEH BUJ Ha ajpec: TexHUYecKH
yHUBepcuTeT — BapHa, karenpa “KoMmnioTbpHU HayKu U TeXHONOruu”, yi. ,,CtyneHrcka” 1,
9010 BapHa.
TekcrwT Ha cratudra TpsadBa na BxiatouBa: Y BOJI (nocrassine Ha 3amayara), U3JIOXKEHUE
(m3mrprHeHUE Ha 3amadata), SAKJIFOYEHUE (nmomydyenu pesynaratu), BJIAT'OJJAPHOCTHU
KbM CBTPYIHULIUTE, KOUTO HE Ca ChbaBTOPU Ha pbkomnuca (ako uma takusa), JIUTEPATYPA
U aJpec 3a KOHTAKTH, BKJIIOYBALI: HAYYHO 3BaHME U CTEINEH, UMe, MHUIMaIH, (paMunus,
opranu3saiysi, mojaenenue (kareapa), e-mail agpec.
Bceunuku maremaruyecku popmysn TpsOBa Aa ca HalMCaHU SICHO M YeTJIMBO (IIPErnopbyBa ce
u3nomysane Ha Microsoft Equation). Homepanusita Ha dopmynuTe ce naBa BISICHO OT
HAyauo0To Ha pesa. TeKCcThT Ha GOpMyJIUTE ce MO3ULUOHUPA B CpeiaTa Ha peJia.
TekcrbT TpsiOBa 1a Obae BbBeneH BbB (aitn BB popmar WinWord 2000/2003 cbe mpudt
Times New Roman. ®opmarupanero TpssOBa 1a Obe KaKTo CieaBa:
1. Pa3mep Ha nucra - A4, moneta: nsBo - 20MM, 1sicHO - 20MM, TOpHO - 15MM, 10JTHO -
35mm, Header 12.5mm, Footer 12.5mm (1.25¢m).
2. 3arnaBue Ha OBJTApCKU €3HK - pa3Mmep Ha mpudTa 16, ynedeneH, rimaBHu OyKBU.
3. Enun mpaseH pen - pa3mep Ha mipudra 14, HopmasieH.
4.  lmeHa Ha aBTOpUTE - UME, MHUIIMAIN HA Tpe3ume, Gpamuius, 0e3 3BaHus U HAYyIHU
CTEIeHH - pa3Mep Ha mpudra 14, HopmaseH.
5 JIBa mpasuu pena - pazmep Ha mpudra 14, HopMaeH.
6. Pestome Ha Obirapcku e3uk, 10 8 peaa - pasmep Ha mpudTa 11, HopmaseH.
7. 3arnaBue Ha aHTJIMHCKH €3WK - pa3Mmep Ha mpudTa 12, ynedeneH.
8.  Enun mpaseH pen - pasmep Ha mpudra 11, HopmasieH.
9. NwmenHa Ha aBTOpHTE Ha aHTJIIMICKH €3UK - pa3Mmep Ha mpudTta 11, HopMaieH.
10.  Enun npaseH pen - pasmep Ha mpudTa 11, Hopmases.
11.  PesromMe Ha aHTJIMIICKH €3WK, 10 8§ pena - pazmep Ha mpudTta 11, HopManeH
12. OcHoBuuTe pasgenu Ha cratusta (YBox, Mznoxenuwe, 3akiitoyeHHE,
bnaromapHocti) ce popmaTtupar B €THOKOJIOHEH TEKCT KaKTO CIIe/Ba:
a. HammeHoBaHue Ha pa3zen WM Ha mojpaszen - pa3mep Ha wmpudra 12, ynebenes,
[EHTPHUPaH,
b. Exun npasen pex - pazmep Ha mpudTa 12, HopmaseH;
c. Texkct - pa3mep Ha mpudTa 12, HOpMaeH, OTCTHI HA IBPBU pea Ha maparpad — 10
MM; pascrosiHue ot naparpad go cecenuute (Before u After) 3a nenus texcr — 0.
d. Ilutupane Ha JnMTEepaTypeH HM3TOYHUK - HOMEp HAa HM3TOYHHKA OT CIIUCHKA B
KBaJIpaTHHU CKOOWU;
e. Howmepauus Ha popmynuTe - AICHO MOJPABHEHA, B KPBIIIH CKOOH.
I'paduku - neHTpUpanu, pasnojoxkeHue cupsmo tekcta: “Layout: In line with text”.
JIuteparypa — BCEKH JINTEpATYPEH M3TOYHUK C€ MPEICTaBsi C: HOMEpP B KBaJpaTHH
CKOOM M TOYKa, CHHCBK Ha aBTOpHUTE (IIBPBUAT aBTOp 3amoyBa ¢ (paMuius,
OCTaHAJIUTE — C UM€), 3arjaBue, U3AaTeICTBO, TPaJl, TOJANHA HA U3/[aBaHe, CTPAHUIIH.
h. 3a xoHTakTH: Hay4yHO 3BaHHE W CTEIEH, WMe, Npe3uMe (MHHUIMAIH), (aMuIns,
opraHu3aiysi, nojeaeHue (kareapa), e-mail aapec, ¢ mpudT 11, 15CHO MOAPaBHEHO.
Oopazen 3a popmarupane (kommpecupan Word ¢aiin) MoxeTe Aa U3TETNIUTE OT aJIpec
http://cs.tu-varna.bg/ - Crimcanue KHT, Spisanie_Obrazec.zip.

« ~h
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TbPKABHUS OIO/KET.
G 9

To3u Opoit OT cliHCaHHETO ce OTIeuaTBa
ChC CpeACcTBa OT HAYYHO-U3CIIEJOBATEIICKU
NPOCSKT, (PUHAHCHUpAH LIEJIEBO OT
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