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RDFARM - A SYSTEM FOR STORING LARGE SETS OF RDF TRIPLES AND
QUADRUPLES BY MEANS OF NATURAL LANGUAGE ADDRESSING

Krassimira lvanova

Abstract: In this paper we present results from experiments for storing middle-size and large sets of RDF triples
and quadruples by means of Natural Language Addressing. For experiments we have realized program RDFArM
aimed to store RDF triples and quadruples in multi-layer hash tables (information spaces with variable size). The
main features of program RDFArM are outlined in the paper. Analysis of the experimental results and rank-based
multiple comparison are discussed.

Keywords: Natural Language Addressing; Rank-based Multiple Comparison
ACM Classification Keywords: H.2 Database Management; H.2.8 Database Applications

Introduction

The idea of Natural Language Addressing (NLA) [lvanova et al, 2012a; 2012b; Ivanova et al, 2013a; 2013b;
2013c; 2013d; 2013e; Ivanova, 2013; Ivanova, 2014] consists in using the computer encoding of name'’s
(concept's) letters as logical address of connected to it information stored in a multi-dimensional numbered
information spaces [Markov, 1984; Markov, 2004; Markov, 2004a]. This way no indexes are needed and high
speed direct access to the text elements is available. It is similar to the natural order addressing in a dictionary
where no explicit index is used but the concept by itself locates the definition.

In this paper we present results from experiments for storing middle-size and large sets of RDF triples and
quadruples [Klyne & Carroll, 2004] through Natural Language Addressing. For experiments we have realized
program RDFArM based on NLA Access Method and corresponded NLA Archive Manager called NL-ArM
[lvanova, 2014]. RDFArM is aimed to store RDF triples and quadruples in multi-layer hash tables (information
spaces with variable size). Each RDF element can be stored by appropriate path, which is set by a natural
language word or phrase.

Below we will present shortly main features of program RDFArM and after that we will present several
experiments with middle-size and large data sets. Analysis of the experimental results and rank-based multiple
comparison conclude the paper.

RDFArM

The data of RDFArM are encoded in N-Triples or N-Quads format. The N-Quads is a format that extends
N-Triples with context. Each triple in an N-Quads document can have an optional context value [N-Quads, 2013]:

<subject> <predicate> <object> <context>.
as opposed to N-Triples, where each triple has the form:

<subject> <predicate> <object>.
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The main idea for storing RDF-graphs in RDFArM follows the one of multi-layer representation
[lvanova et al, 2012b]. In other words, the RDF-relations are assumed as layers and the RDF-subjects are
assumed as paths valid for all layers. The objects as well as contexts are stored in the containers located by the
path in the corresponded layers.
Screenshots from the RDFArM program are shown on Figures 1a and 1b. The main functions are RDF-Write and
RDF-Read for which there are corresponded buttons.
By “RDF-Write” button the function for storing RDF triples or quadruples from a file can be activated. The
recognition of the case (triples or quadruples) is made automatically. The lines of triples do not contain the fourth
element, i.e. the context of the quadruples.
Each triple (subject, relation, and object) or quadruple (subject, relation, object, and context) occupy one record in
the input file. There is no limit to the number of records in the file. After pressing the “RDF-Write” button, the
system reads records sequentially from the file and after storing the triples or quadruples, it displays two
informative lines in the panel near to the “RDF-Write” button (Figure 1a):

— Total time used for storing all instances from the file;

— Average time used for storing of one instance (in milliseconds).

The time used is highly dependent on the possibilities of the operational environment and the speed of the
computer hardware.

By “RDF-Read” button the function for reading RDF triples or quadruples from the RDFArM archives can be
activated (Figure 1b). RDF-Read uses as input a file with requests similar to SPARQL requests [SPARQL, 2013]
and extracts from the archives the requested information. The requested elements may be given by <?>. In other
words, if any of parameters are not given, i.e. <subject>, <predicate>, <object>, or <context>, as in SPARQL
requests, the rest are used as constant addresses and omitted parameters scan all non empty co-ordinates for
given position. This way all possible requests like (?S-?P-?0), (S-P-?0), (S-?P-0), (?S-P-0), efc., are covered
(S stands for subject, P for property, O for object).

In the panel next to the RDF-Read button, two informative lines are shown (Figure 1b) (in milliseconds):

— Total time used for extracting of all quadruple instances;

— Average time used for extracting of one instance.
The time used is highly dependent on possibilities of operational environment and speed of computer hardware.
The RDFArN form has three service buttons:

—  The first ( &3
archive;

) serves as a transition to the form for manual input and output of data to/from the system

— The second () is connected to the module for adjusting the environment of the system — archives,
input and output information, etc.;
—  The third ([£)) activates the help text (user guide) of the system.

In the same panel there is a button which enables deleting the work archives of the RDFArM (for test control in
this version, they are stored on the hard disk but not in the computer memory). RDFArM is completed with
compressing program and after storing the information prepares small archive for long time storage.
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Figure 1a. Content of RDFArM RDF-Write panel with  Figure 1b. Content of RDFArM RDF-Read panel with
informative lines informative lines

Experiments with middle-size datasets

We have compared RDFArM with well-known RDF-stores:
—  OpenLink Virtuoso Open-Source Edition 5.0.2 [Virtuoso, 2013];
— Jena SDB Beta 1 on PostgreSQL 8.2.5 and MySQL 5.0.45 [Jena, 2013];
— Sesame 2.0 [Sesame, 2012)],

tested by Berlin SPARQL Bench Mark (BSBM) team and connected to it research groups [Becker, 2008;
BSBMv2, 2008; BSBMv3, 2009].

We have provided experiments with middle-size RDF-datasets, based on selected real datasets from DBpedia
[DBpedia, 2007a; DBpedia, 2007b] and artificial datasets created by BSBM Data Generator [BSBM DG, 2013;
Bizer & Schultz, 2009].

The real middle-size RDF-datasets, we have used, consist of DBpedia's homepages and geocoordinates
datasets with minor corrections [Becker, 2008]:

— Homepages-fixed.nt (200,036 triples; 24 MB) Based on DBpedia's homepages.nt dated 2007-08-30
[DBpedia, 2007a]. 3 URLs that included line breaks were manually corrected (fixed for DBpedia 3.0);

—  Geocoordinates-fixed.nt (447,517 triples; 64 MB) Based on DBpedia's geocoordinates.nt dated 2007-08-
30 [DBpedia, 2007b]. Decimal data type URI was corrected (DBpedia bug #1817019; resolved).

The RDF stores have different indexing behaviors: Sesame automatically indexes after each import, while SDB
and Virtuoso allow for selective index activation which cause corresponded limitations or advantages. In order to
make load times comparable, the data import by [Becker, 2008] had been performed as follows:

— Homepages-fixed.nt had been imported with indexes enabled;

— Geocoordinates-fixed.nt had been imported with indexes enabled.
In the case with RDFArM no parameters are needed. The data sets were loaded directly from the source files.
The artificial middle-size RDF-datasets are generated by BSBM Data Generator [BSBM DG, 2013] and
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published in Turtle format [BSBMv1, 2008; BSBMv2, 2008; BSBMv3, 2009]. We converted it to N-triple format
using “rdf2rdf’ program developed by Enrico Minack [Minack, 2010].

We have used four BSBM datasets — 50K, 250K, 1M, and 5M. Details about these datasets are summarized in

following Table 1.

Table 1. Details about used artificial middle-size RDF-datasets

Name of RDF-dataset: 50K 250K 1M 5M

Exact Total Number of Triples: 50,116 250,030 1,000,313 5,000,453
Number of Products N 666 2,785 9,609
Number of Producers 2 14 60 199
Number of Product Features 580 2,860 4,745 3,307
Number of Product Types 13 55 151 73
Number of Vendors 2 8 34 196
Number of Offers 1,820 13,320 55,700 192,180
Number of Reviewers 116 339 1432 12,351
Number of Reviews 2,275 6,660 27,850 240,225
Total Number of Instances 4,899 23,922 92,757 458,140
File Size Turtle (unzipped) 14 MB 22 MB 86 MB 1,4 GB

In accordance with multi-layer representation [Ilvanova et al, 2012b] the RDF-relations are assumed as layers and
the RDF-subjects are assumed as paths valid for all layers. The objects are stored in the containers located by
the path in the corresponded layers. Information about quantities of Subjects, Relations, and Objects in the used
middle-size RDF-datasets are presented in Table 2.

Table 2. Quantities of Subjects, Relations, and Objects in used middle-size RDF-datasets

dataset subjects (locations) relations (layers) objects
BSBM 50K 4900 40 50116
homepages-fixed.nt 200036 1 200036
BSBM 250K 60884 22 250030
geocoordinates-fixed.nt 152975 6 447517
BSBM 1M 92757 40 1000313
BSBM 5M 458142 55 5000453
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To make experimental results comparable we have proposed special methodic and corresponded proportionality
constants [lvanova, 2014]. This way, all results from experiments are normalized to the next computer
configuration:

Processor: Intel Core2Quad Q9450@2.66GHz, CPU Launched:2008;

Physical Memory: 8GB DDR2 667 (4 x 2GB);

Hard Disks: 160GB (10,000 rpm) SATA2, 750GB (7,200 rpm) SATA2;

Operating System: Ubuntu 8.04 64-bit, Kernel Linux 2.6.24-16-generic; Java Runtime: VM 1.6.0,
HotSpot(TM) 64-Bit Server VM (build 10.0-b23); Separate partitions for application data (on 7,200
rpm HDD) and data bases (on 10,000 rpm HDD).

Loading of BSBM 50K - The loading time’ results from our experiment and from [Bizer & Schultz, 2008]
are given in Table 3 and shown on Figure 2. Virtuoso has the best time. RDFArM has same loading time
as Sesame and 40% better performance than Jena.

Table 3. Benchmark results for BSBM 50K

system | loading time in seconds
Sesame 3
Jena SDB 5
Virtuoso 2
RDFArM 3

loading time in seconds

RDFArM Sesame

system

Jena SDB

Virtuoso

Figure 2. Benchmark results for BSBM 50K
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» Loading of homepages-fixed.nt - The loading time’ results from our experiment and from
[Becker, 2008] are given in Table 4 and Figure 3. Virtuoso has the best time (about 42% better result
than RDFArM). RDFArM has about 5% better time than Sesame and 36% better time than Jena (we
take in account only the best result of compared system, in this case — Jena).
Table 4. Benchmark results for homepages-fixed.nt
system loading time in seconds
Virtuoso (ogps, pogs, psog, sopg) 1327
Jena SDB MySQL Layout 2 Index 5245
Jena SDB Postgre SQL Layout 2 Index 3557
Jena SDB Postgre SQL Layout 2 Hash 9681
Sesame Native (spoc, posc) 2404
RDFArM 2272
12000
10000 9681
B
S 8000
g
£
g 6000 5245
F
:": 4000 3557
2 2272 2404
2000 l 1327
0 T . T T T 1

RDFArM  Virtuoso (ogps, Sesame Native SDB Postgre  SDB MySQL

pogs, psog,
sopg)

(spoc, posc) SQL Layout 2 Layout 2 Index SQL Layout 2

Index

system

SDB Postgre

Hash

Figure 3. Benchmark results for homepages-fixed.nt
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» Loading of BSBM 250K - The loading time’ results from our experiment and from [BSBMv2, 2008] are
given in Table 5 and shown on Figure 4. Virtuoso has 66% and Jena has 12% better performance than
RDFArM. RDFArM has 22% better performance than Sesame.

Table 5. Benchmark results for BSBM 250K

system loading time in seconds
Sesame 19
Jena TDB 13
Virtuoso TS 05
Virtuoso RDF views 09
Virtuoso SQL 09
RDFArM 14.79

30
25
(%]
o
s
§ 20
£ 14.79
.g 15 13
=)
oo
£ 10 <A
®
° 5
5 .
0
RDFArmM Virtuoso TS Virtuoso RDF  Virtuoso SQL Sesame Jena TDB
views
system

Figure 4. Benchmark results for BSBM 250K
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> Loading of geocoordinates-fixed.nt — For this dataset we have six layers with 152975 NL-locations
(containers) which contain 447517 objects, i.e. some containers in some layers are empty. The loading
time’ results from our experiment and from [Becker, 2008] are given in Table 6 and Figure 5. RDFArM
has the worst performance (we take the best time of Jena). Virtuoso has 64%, Sesame has 33%, and
Jena has 5% better performance.
Table 6. Benchmark results for geocoordinates-fixed.nt
system loading time in seconds
Virtuoso (ogps, pogs, psog, sopg) 1235
Jena SDB MySQL Layout 2 Index 6290
Jena SDB Postgre SQL Layout 2 Index 3305
Jena SDB Postgre SQL Layout 2 Hash 9640
Sesame Native (spoc, posc) 2341
RDFArM 3469
12000
10000 9640
B
c
S 8000
@
c 6290
g 6000
2
5 4000 3469 3305
o 2341
2000 1235 .
0 T - T T T T 1

RDFArM Virtuoso (ogps, Sesame Native SDBPostgre SDBMySQL  SDBPostgre
pogs, psog, (spoc, posc)  SQLlayout2 Layout2Index SQLLayout?2
sopg) Index Hash

system

Figure 5. Benchmark results for geocoordinates-fixed.nt
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> Loading of BSBM 1M - The loading time’ results from our experiment and from [BSBMv2, 2008;
BSBMv3, 2009] are given in Table 7 and shown on Figure 6. Virtuoso has 62% and Jena has 32% better
performance than RDFArM. RDFArM has 67% better performance than Sesame.

Table 7. Benchmark results for BSBM 1M

loading time in min:sec
system (a) (b)
[BSBMv2, 2008] [BSBMVv3, 2009]

Sesame 02:59 03:33
Jena TDB 00:49 00:41
Jena SDB 02:09
Virtuoso TS 00:23 00:25
Virtuoso RV 00:34 00:33
Virtuoso SQL 00:34 00:33
RDFArM 01:00 01:00

250

213
200

150

100

loading time in seconds

50

RDFArm Virtuoso TS Virtuoso RV Virtuoso SQL Sesame Jena TDB
system

Figure 6. Benchmark results for BSBM 1M
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» Loading of BSBM 5M - The loading time’ results from our experiment and from [Bizer & Schultz, 2008]
are given in Table 8 and shown on Figure 7. RDFArM has best loading time (about 85% better than
Sesame, 71% than Jena, and 51% than Virtuoso).

Table 8. Benchmark results for BSBM 5M

system |loading time in seconds
Sesame 1988
Jena SDB 1053
Virtuoso 609
RDFArM 301

S TYaTatal
1_!_’_]_’ B AT -
]
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] - e
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609

loading time in second

.
Y

Pt
-
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[
Qo
[ R -
| |

RDFArm Sesame Jena SDB Virtuoso

system

Figure 7. Benchmark results for BSBM 5M
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Experiments with large datasets

We have provided experiments with real large datasets which were taken from DBpedia's homepages [DBpedia,
2007c¢] and Billion Triple Challenge (BTC) 2012 [BTC, 2012)].

The real dataset is DBpedia's infoboxes-fixed.nt (15,472,624 triples; 2.1 GB) based on DBpedia's infoboxes.nt
dated 2007-08-30 [DBpedia, 2007c]. 166 triples from the original set were excluded because they contained
excessively large URIs (> 500 characters) that caused importing problems with Virtuoso (DBpedia bug
#1871653). RDFArM has no such limitation. Infoboxes-fixed.nt was imported with indexes initially disabled in SDB
and Virtuoso. Indexes were then activated and the time required for index creation time was factored into the
import time. In the case with RDFArM no parameters are needed. The datasets were loaded directly from the
source file.

The RDF Stores, tested by [Becker, 2008], are:
—  OpenlLink Virtuoso Open-Source Edition 5.0.2 [Virtuoso, 2013];
— Jena SDB Beta 1 on PostgreSQL 8.2.5 and MySQL 5.0.45 [Jena, 2013];
— Sesame 2.0 beta 6 [Sesame, 2012)].

The RDF stores feature different indexing behaviors: Sesame automatically indexes after each import, while SDB
and Virtuoso allow for selective index activation.

Artificial large datasets were taken from Berlin SPARQL Bench Mark (BSBM) [Bizer & Schultz, 2009; BSBMv3,
2009; BSBMv5, 2009; BSBMv6, 2011]. Details about the benchmark artificial datasets are summarized in the
following Table 9:

Table 9. Details about artificial large RDF-datasets

Number of Triples 25M 100M
Exact Total Number of Triples 25000244 100000112
Number of Products 70812 284826
Number of Producers 1422 5618
Number of Product Features 23833 47884
Number of Product Types 731 2011
Number of Vendors 722 2854
Number of Offers 1416240 5696520
Number of Reviewers 36249 146054
Number of Reviews 708120 2848260
Total Number of Instances 2258129 9034027
File Size Turtle (unzipped) 2.1GB 8.5 GB
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Information about quantities of Subjects, Relations, and Objects in the used large RDF-datasets are presented in

Table 10.
Table 10. Number of Subjects, Relations, and Objects in used large RDF-datasets
dataset subjects (locations) relations (layers) objects
infoboxes-fixed.nt 1354298 56338 15472624
BSBM 25M 2258132 112 25000244
BSBM 100M 9034046 341 100000112

> Loading of infoboxes-fixed.nt - For this dataset we have 56338 layers with 1354298 NL-locations
(containers) which contain 15472624 objects, i.e. some containers in some layers are empty. The
loading time’ results from our experiment and from [Becker, 2008] are given in Table 11 and Figure 8.
RDFArM has the worst loading time. Virtuoso is 95%, Sesame is 84%, and Jena is 48% better than
RDFArM (we take in account only the best results of compared systems).

Table 11. Benchmark results for infoboxes-fixed.nt

system loading time in seconds
Virtuoso (ogps, pogs, psog, sopg) 7017
Jena SDB MySQL Layout 2 Index 70851
Jena SDB Postgre SQL Layout 2 Index 73199
Jena SDB Postgre SQL Layout 2 Hash 734285
Sesame Native (spoc, posc) 21896
RDFArM 136412

800000
700000

734285

w

e
£ 600000
& 500000
o

‘v 400000
£

% 300000
=

S 200000
S

100000

0

N

16412

70851 /3199

7017

21896

RDFAM
pogs, psog,
sopg)

Virtuoso (ogps, Sesame Native

(spoc, posc)

SDBMySQL SDDB Postgre  SDB Postgre
Layout 2 Index SQLLayout2 SQLLlayout2
Index Hash

system

Figure 8. Benchmark results for infoboxes-fixed.nt
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» Loading of BSBM 25M - The loading time’ results from our experiment and from [Bizer & Schultz, 2009;
BSBMv3, 2009] are given in Table 12 and Figure 9. Jena (with 30%) and Virtuoso (with 29%) are better
than RDFArM. RDFArM has 97% better performance than Sesame.

Table 12. Benchmark results for BSBM 25M

system loading time in seconds
Sesame 44225
Jena TDB 1013
Jena SDB 14678
Virtuoso TS 2364
Virtuoso RV 1035
Virtuoso SQL 1035
RDFArM 1453
45000 44225
40000
£ 35000
]
§ 30000
£ 25000
(]
£ 20000
o 14678
£ 15000
©
©
© 10000
5000 1253 1013 2364 1035 1035
0 | . . — . . - . — . .
RDFArM Sesame Jena TDB Jena SDB Virtuoso TS Virtuoso Virtuoso
RV sQL
system

Figure 9. Benchmark results for BSBM 25M
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» Loading of BSBM 100M - In this case we have 341 layers with 9034046 NL-locations (containers)
which contain 100000112 objects, i.e. some containers in some layers contain more than one object.
The loading time’ results from our experiment and [Bizer & Schultz, 2009; BSBMv3, 2009] are given in
Table 13 and Figure 10. Virtuoso is 35% better than RDFArM, and Jena is 4% better than RDFArM.

RDFArM is 98% better than Sesame.

Table 13. Benchmark results for BSBM 100M

system

system loading time in seconds
Sesame 282455
Jena TDB 5654
Jena SDB 139988
Virtuoso TS 28607
Virtuoso RV 3833
Virtuoso SQL 3833
RDFArM 5901
300000 282455
250000
3
c
S 200000
3
£
.;
5 100000
3
50000 78607
5901 5654 3833 3833
O I T T I - ,
RDFArM Sesame Jena TDB Jena SDB  Virtuoso TS Virtuoso RV Virtuoso SQL

Figure 10. Benchmark results for BSBM 100M
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Analysis of experiments with semi-structured datasets

In this work, the applicability of NL-addressing for middle-size and large semi-structured RDF-datasets was
concerned. We have provided experiments based on selected datasets from DBpedia's homepages and Berlin
SPARQL Bench Mark (BSBM) to make comparison with published benchmarks of known RDF triple stores.

We have used the Friedman test to detect statistically significant differences between the systems
[Friedman, 1940]. The Friedman test is a non-parametric test, based on the ranking of the systems on each
dataset. It is equivalent of the repeated-measures ANOVA [Fisher, 1973]. We have used Average Ranks ranking
method, which is a simple ranking method, inspired by Friedman's statistic [Neave & Worthington, 1992]. For
each dataset the systems are ordered according to the time measures and are assigned ranks accordingly. The
best system receives rank 1, the second — 2, etc. If two or more systems have equal value, they receive equal
rank which is mean of the virtual positions that had to receive such number of systems if they were ordered
consecutively each by other.

Let n is the number of observed datasets; k is the number of systems.

Let i; be the rank of system j on dataset i. The average rank for each system is calculated as
R]- = H; r]. '

The null-hypothesis states that if all the systems are equivalent than their ranks R; should be equal. When null-
hypothesis is rejected, we can proceed with the Nemenyi test [Nemenyi, 1963] which is used when all systems
are compared to each other. The performance of two systems is significantly different if the corresponding
average ranks differ by at least the critical difference
k(k +1)

6N

CD=q,

where critical values g, are based on the Studentized range statistic divided by /2 . Some of the values of q,, are
given in Table 14 [Demsar, 2006].

Table 14. Critical values for the two-tailed Nemenyi test

number of systems

2 3 4 5 6 7 8 9 10

Go.05 1.960 2.343 2.569 2.728 2.850 2.949 3.031 3.102 3.164

Go.10 1.645 2.052 2.291 2.459 2.589 2.693 2.780 2.855 2.920

The results of the Nemenyi test are shown by means of critical difference diagrams.

Benchmark values from our experiments and corresponded published experimental data from BSBM team are
given in Table 15. Published results do not cover all table, i.e. we have no values for some cells. To solve this
problem we have taken in account only the best result for given system on concrete datasets (Table 16). Sesame
had no average values for tests 10a and 10b. Because of this we did not use these tests in our comparison. They
were useful to see the need of further refinement of RDFArM for big data.

The ranks of the systems for the ten tests are presented below in Table 17.
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Table 15. Benchmark values for middle size datasets

TEST
system
2 3 4 5a 5b 6 7 8 9 10a 10b
RDFArM 2272 14.79 3469 60 60 301 136412 1453 5901 15742 31484
Sesame Native (spoc, posc) 2404 19 2341 179 213 1988 21896 44225 282455
Virtuoso (ogps, pogs, psog,
1327 1235 609 7017 6566 14378
sopg)
Virtuoso TS 05 23 25 2364 28607
Virtuoso RDF views 09
Virtuoso SQL 09 34 33 1035 3833
Virtuoso RV 34 33 1035 3833
Jena SDB 13 129 1053 14678 139988
Jena TDB 49 41 1013 5654 4488 9913
Jena SDB MySQL Layout 2 5245 6290 70851
Index
Jena SDB Postgre SQL 3557 3305 73199
Layout 2 Hash
Jena SDB Postgre SQL
9681 9640 734285
Layout 2 Index
Table 16. Chosed benchmark values for middle size datasets
TEST
system
2 3 4 5a 5b 6 7 8 9 10a 10b
RDFArM 2272 14.79 3469 60 60 301 136412 1453 5901 15742 31484
Sesame 2404 19 2341 179 213 1988 21896 44225 282455
Virtuoso 1327 05 1235 23 25 609 7017 1035 3833 6566 14378
Jena 3557 13 3305 49 4 1053 70851 1013 5654 4488 9913
Table 17. Ranking of tested systems
ranks for the tests
system average rank
1 2 4 5a 5b 6 7 9
RDFArM 2.5 2 4 3 3 1 4 3 2.85
Sesame 25 3 2 4 4 4 2 4 3.35
Virtuoso 1 1 1 1 1 2 1 1.2
Jena 4 4 3 2 2 3 3 2 2.6

All average ranks are different. The null-hypothesis is rejected and we can proceed with the Nemenyi test.

Following [Demsar, 2006], we may compute the critical difference by formula:

CD=q

k(k + 1)

o

6N

where q,, we take as qo.10 = 2.291 (from Table 12 [Demsar, 2006; Table 5a]); k will be the number of systems

compared, i.e. k=4; N will be the number of datasets used in benchmarks, i.e. N=10. This way we have:
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4*5 20
CD.,, =2291%* =2.291%* |2~ =2.291%0.577 =1.322
0-10 6*10 60

We will use for critical difference CDg.10 the value 1.322.

At the end, average ranks of the systems and distance to average rank of the first one are shown in Table 18.

Table 18. Average ranks of systems and distance to average rank of the first one

average Distance between average
place system ank rank of the system and
average rank of the first one
1 Virtuoso 1.2 0
2 | Jena 2.6 1.4
3 | RDFArM 2.85 1.65
4 | Sesame 3.35 215

The visualization of Nemenyi test results for tested systems is shown on Figure 11.

C DOJG
1.322

Virfuoso

1.2

6 Jena

RDFArM

2.85

Sesame

3.35

Figure 11. Visualization of Nemenyi test results

Analyzing these experiments we may conclude that RDFArM is at critical distances to Jena and Sesame.
RDFArM is nearer to Jena than to Sesame. RDFArM, Jena, and Sesame are significantly different from Virtuoso.

Some recommendations to RDFArM may be given. RDF triple datasets has different characteristics depending of
their origination. This causes the need to adapt NL-ArM storage engine to specifics of concrete datasets. For
instance, important parameters are length of strings and quantity of repeating values of subject, relation, and
object.
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Conclusion

We have presented results from series of experiments which were needed to estimate the storing time of NL-
addressing for middle-size and very large RDF-datasets. To make different configurations comparable, special
proportionality constants for hardware and software were used.

Experiments were provided with both real and artificial datasets. Experimental results were systematized in
corresponded tables. For easy reading visualization by histograms was given.

The goal of experiments for NL-storing of middle-size and large RDF-datasets were to estimate possible further
development of RDFArM. What gain and loss using NL-Addressing for RDF storing?

The loss is additional memory for storing internal hash structures. But the same if no great losses we will have if
we will build balanced search trees or other kind in external indexing. It is difficult to compare with other systems
because such information practically is not published.

The benefit is in two main achievements:
— High speed for storing and accessing the information;

— The possibility to update and access the information immediately after storing without recompilation the
database and rebuilding the indexes. This is very important because half or analyzed systems do not
support updates.

The main conclusion is optimistic because RDFArM is at critical distances to Jena and Sesame, RDFArM is
nearer to Jena than to Sesame, and, at the end, RDFArM, Jena, and Sesame are significantly different from
Virtuoso.
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MODEL OF THE MONEY CIRCULATION IN THE BULGARIAN LANDS DURING THE
ANTIQUITY AND THE MIDDLE AGES

Jordan Tabov

Abstract: This article presents a model of the money circulation in Bulgaria, based on the data about coins,
excavated in Bulgaria and published in the Proceedings of the (Bulgarian) Archaeological Society (PAS) during
the period 1910-1920 and in the Proceedings of the (Bulgarian) Archaeological Institute (PAl) during the period
1921-1959. We construct the Chronological Distribution of these coins and its graph using computer technology
(the package MS Excel in our case). The studied material consists of over 280000 coins, which in our view is
large enough to give an adequate picture in a first approximation of the chronological distribution of all coins
excavated in the Bulgarian lands during the period 1910-1959. We think that it also gives a plausible picture of
the monetary circulation in the eastern part of the Balkan Peninsula during the different historical periods. We
discuss some considerable anomalies of the obtained chronological distribution. The results of the analysis
juxtaposed with a peculiarity of the Chronological Distribution of Byzantine coins noticed by A. Kazhdan leads us
to the hypothesis that there are probably certain mistakes in the accepted dating of some ancient coins.

Keywords: model; money circulation; coin finds; chronological distribution

ACM Classification Keywords: .6 Simulation and Modeling, 1.6.3 Applications

1. Introduction: Is it true that patterns in finds of accidentally lost coins mirror to a useful extent
those of the coins in circulation at the time?

The old coins excavated in a given country are important source of information about its past. They bring
information about the welfare of its population, its trade centers, trade relations with other countries, religion, the
names and the titles of its rulers, etc. The well known specialist in Byzantine history A. Kazhdan wrote:

“The coin, that has been a means for trade in ancient times, in the hands of historian nowadays becomes
evidence of the intensity of the trade: the abundance of coins excavated in a given old city can serve as a serious
argument, which proves the existence of manufactory in this city. The chronological definiteness inherent to the
numismatic material advantageously distinguishes it from many other kinds of historical sources. And at last the
coin finds give a mass material, which is more or less uniformly distributed over the time and the space”
([Kazhdan, 1954]).

We ought to add to the above that the coins are a reliable “dating element” for other archaeological evidence,
found together with them. Therefore the old coins are object of special interest not only for numismatic collectors,
but also for archaeologists and historians.

Is it possible the quantity of the found coins, struck by a given ruler, to give us certain objective information about
the monetary circulation during his reign, and thus about the intensity of the trade relations in his country and
between it and other countries? In the cited article [Kazhdan, 1954] A. Kazhdan gives positive answer to this
question with some reservations of little importance.
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A. Gandhi [Gandila, 2009] points to the D. M. Metcalf [Metcalf, 1958; Metcalf, 1960] as one of the pioneers in the
application of statistical methods for the study of monetary circulation in the Byzantine Empire, and adds the
names of V. E. Metcalf and S. Morrisson [Morrisson, 1980; Morrisson, 1981]. According to him, after 1980, there
has been a real "explosion” in the use of more or less sophisticated statistical approaches.

But especially to justify the claim that the number of found old coins of a certain period of the past can serve as
an indicator for the amount of monetary circulation, a special place is taken by the study of Douglas Newton
[Newton, 2006]. Comparing the extant information on the quantities of coins minted in the past in a certain region
with the archaeological data he established a correlation with a large coefficient of Pearson (about 0.9) between
the numbers of "minted" and "found" coins [Newton, 2006]. Such a correlation gives us the opportunity to
"measure” the changes in economic activity in the city, region or state by applying quantitative analysis of the
found in the respective territory of old coins.

Hence to build a respective model of the money circulation one has to handle in a proper way the data about the
coin finds. We do this here, applying the modern computing technology to the ideas of A. T. Fomenko about his
concept of the so called “volume function” introduced in [Fomenko, 1981a] and [Fomenko, 1981b] (for more
details see [Fomenko & Rachev, 1990]. We ought to stress that it is spoken about a research involving hundreds
of thousands of coins; it is clear that the past attempts of the scientists to make such investigations have raised
problems. To achieve our goals we used the Chronological Distribution of Coins (abbreviated CDC) described in
[Tabov, 2003], which is similar to the “volume function” of A. T. Fomenko.

Variations of this concept and its construction techniques were used for building specific "historical distributions":
of coins ([Tabov et al, 2003; Tabov & Panayotova, 2011]), of old manuscripts ([Tabov et al, 2004a]) and museum
exhibits ([Hristova & Dobreva, 2004]) and others.

Here we use essentially the same procedure for the construction of the function of the chronological distribution
and its graph.

2. Data Description

Our sources of information are the Proceedings of the (Bulgarian) Archaeological Society (PAS) during the period
1910-1920 [PAS, 1910-1920] and the Proceedings of the (Bulgarian) Archaeological Institute (PAl) during the
period 1921-1959 [PAI, 1910-1920] (in a certain sense PAS has been continued by PAl). For the studied period
these journals were the only scientific ones, in which regular reports of Bulgarian archaeologists on excavations
and finds in Bulgaria have been published. We have extracted data about more than 280000 old coins grouped in
more than 1050 finds from these journals. The high scientific verification of our data is based on this approach.
There are no repeatedly reported finds, which might occur if for example additional information from newspapers
or other journals is used.

We denote by CFBP-1910-1959 (Coins Found in Bulgaria and Published 1910-1959) the set of coins, excavated
in Bulgaria and published in the above Proceedings during the period 1921-1959.

The rulers, who struck the respective coins, are usually given in the reports of the archaeologists. We use their
time of reign for dating the coins. For about 20% of the coin finds there are given neither the rulers, nor some
approximate dating — for example “there were found 70 gold Byzantine coins. | saw 4 of them”. Such a peace of
data is ill suited for use in this study because of uncertainty of the dating and therefore has been left out.
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The data about the quantities of the coins for several coins finds in PAS and PAI is given in kilos or pots. We
assumed that each kilo equals 50 coins and that a pot contains approximately 500 coins and below we will stick
to this dimension.

Admittedly there were also found other ancient coins during this 50-year period (1910-1959), which have been
published neither in PAS, nor in PAI. Many times some coins were found by treasure-hunters and then sold to
private collectors without the civil authorities or any scientist to be informed about it. But the “split” of coins to
“identified and published” and to “not published” has a random character. Furthermore the quantity of the
identified and published coins is very large (more than 280000 items) and for this reason it will be plausible to
suppose that our sample is representative for all the coins found in Bulgaria. Therefore we assume that our
conclusions for CFBP-1910-1959 hold with a high probability for all coins found in Bulgaria.

3. Construction of the Chronological Distribution of Coins Found in Bulgaria and Published
1910-1959

We construct the Chronological Distribution (CDCFBP-1910-1959) of the set CFBP-1910-1959. The procedure of
constructing this chronological distribution follows the standard procedure, described e.g. in [Tabov et al, 2004]
and [Tabov et al, 2005]. The result is represented in Figure 1.
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Figure 1. The graph of the Chronological Distribution of Coins Found in Bulgaria and Published 1910-1959

The above explanation gives us the opportunity to consider this graph as a model of the money circulation in the
lands of modern Bulgaria.

4, Stability of the graph and representativeness of the studied data

Since the coins’ excavation is a random process, it is natural to expect that after entering large enough quantity of
data the shape of the graph of the CDC would become stable. This expectation proved to be true. To show this
fact we consider the graphs in Figure 2 and Figure 3, which present respectively the Chronological Distribution of
parts of CFBP-1910-1959, namely the Chronological Distribution of the coins found during the first 25 years of the
studied period (published in [Tabov et al, 2004], and the Chronological Distribution of the coins found in
1910-1950. Comparing them to the graph in Figure 1, we conclude that the differences between the shapes of the
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three graphs are very small: the high peaks and the deep downs are distributed in the same way. It might be

checked that the sequence of the CDC for the first 26, 27, ..., 40, ..., 49 years “approaches” the CDCFBP-
1910-1959.
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Figure 2. Chronological Distribution of Coins Found in Bulgaria and Published 1910-1934
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Figure 3. Chronological Distribution of Coins Found in Bulgaria and Published 1910-1950

On the basis of this observation it is natural to expect that:

1. Further data adding would not change the main properties of the graph in Figure 1, especially the

distribution of the minima and maxima and the ratio between their values.

The CDCFBP-1910-1959 gives us an adequate picture for all excavated coins, including those, which

were not published. The adding of non-published coins would not significantly change the graph in
Figure 1.
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5. Anomalies in the Chronological Distribution of Coins Found in Bulgaria and Published
1910-1959

We will consider four anomalies, which leap to the eye and are the most significant in our view.
1. About 60% of all found coins belong to the interval (-400, 400].
2. The amount of coins dated to the period (400, 1050] is negligible.

3. The percent of the found Turkish coins from the period of the Turkish slavery, i.e. minted after 1400, is
very small, which looks very strange for the epoch of 16t -18t century.

4. The periods (200, 260] and (1180, 1240] are represented with great amounts of coins.
The first two anomalies show that the mistakes in the dating of some old coins are quite probable.

We will consider at length the second one.

6. The problem with the Byzantine coins from 8th and 9th century

In his research on Byzantine towns, published in [Kazhdan, 1954], A. Kazhdan studied every peace of data on
the old coins as objective archaeological material. He used sources of information of two types:

1. Catalogues of big museums.
2. Reports on coin find (excavations and collective finds).
Kazhdan wrote:

“The catalogues of the big collections contain descriptions of hundreds of coins and provide opportunities to
present more or less tentatively the minting intensity during one or another period of the Byzantine history’
[Kazhdan, 1954].

In other words, without restriction in the limits of Byzantium and its history, the analyses of information of big
enough and randomly chosen quantity of coins delivers opportunities to model the intensity of the monetary
minting in the past.

On the basis of the data on the Byzantine coins in the collection of the British Museum, published in
[Wroth, 1908], Kazhdan created the table given in Table 1:

Table 1. Data on the Byzantine coins from the collection of the British Museum, tabulated by A. Kazhdan

Period in years, during Ratio of the number
Period which the coins were in | Number of coins | of coins to the years
circulation of circulation
From Anastasius | to Maurice
111 1349 12,3
(491-602)
From Phocas to Constantine IV
83 1134 13,7
(602-685)
From Justinian Il to Michael II
144 423 2,9
(685-829)
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From Theophilus to Nicephorus Il Phocas
140 226 1,6
(829-969)
From John | Tzimisces to Nicephorus Il
112 283 25
(969-1081)
From Alexius | Comnenus to Alexius Il
114 349 3,0
(1081-1195)

The right column of the table defines a function, which in fact is a simple version of what we call here
Chronological Distribution of Coins (CDC). We distributed the data from the above table in 20-year time units in
the manner described in § 3, put it in a new MS Excel's worksheet and made the graph of what we entered in the
computer. The graph is shown in Figure 4.

This graph provides us information on the Chronological Distribution of the Byzantine coins from the period 491-
1195 considered by Kazhdan.

Table 1 and the graph in Figure 4 represent (almost) the same information. Comparing them we notice the
advantages of the visualised presentation in Fig. 4 in comparison with the systematized numerical information in
Figure 4. Such an approach and the specialized software used for visualization of the data give our study various
advantages.
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Figure 4. Chronological Distribution of Byzantine coins from the collection of the British Museum according to
Kazhdan [Kazhdan, 1954]

Since the “basic intervals” in Table 1 (about 100 years and more) are longer than those used in our construction,
the function in Figure 4 is rougher. Nevertheless the table gave Kazhdan the opportunity to notice a peculiarity:
the period 8h-10t century is presented by lesser amounts of coins. The analogous table and graph in Table 2 and
Figure 5 constructed for the Byzantine coins from the collection of count I. I. Tolstoy [Tolstoy, 1912-1914] show
the same peculiarity.
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Table 2. Data on the Byzantine coins from the collection of count I. I. Tolstoy, tabulated by A. P. Kazhdan

Period in years, during Ratio of the number
Period which the coins were in Number of coins | of coins to the years
circulation of circulation
From Anastasius | to Maurice
111 1578 14,3
(491-602)
From Phocas to Constantine IV
83 1129 13,6
(602-685)
From Justinian Il to Michael II
144 532 3,7
(685-829)
From Theophilus to Michael Il
38 72 1,9
(829-867)
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Figure 5. Chronological Distribution of the Byzantine coins included in the collection of count I. I. Tolstoy

Considering further the generalized data of finds of Byzantine coins Kazhdan makes the following conclusion:

“Considering the data in these catalogues one may suppose that at the border between 7t and 8 century
Byzantium had entered in a period of significant economical alterations, which found expression in diminishing
the intensity of minting. This conclusion, however, remains hypothetical and should be seriously checked out. The
matter is that the collections always have subjective and random character: in particular the more common is one
or another kind of coins the minder is the collector’s interest in it. Therefore there are mostly rare coins in the
collections. Moreover the coins struck by the Comnens and Palaeologs during the last centuries of the empire are
of minder interest for the collectors than the earlier ones. All these factors of course deform the picture and
therefore the catalogue data should be verified with the data in the publications on archaeological excavations
and collective coin finds... Having in mind all these facts, all the following reasoning and calculations might have
preliminary and tentative character, even though it scems to me that the mass character of the coin finds is a
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certain guarantee for the relevancy of the conclusions deduced on the base of analyses of the numismatic
material” [Kazhdan, 1954].

Following this logic Kazhdan directs his attention to publications on archaeological excavations and collective
coin finds and uses their data to confirm his expectations that (this phrase deserves to be repeated) “the mass
character of the coin finds is a certain guarantee for the relevancy of the conclusions deduced on the base of
analyses of the numismatic material.” Kazhdan finds out that the numismatic material found by excavations and
treasure findings has the same property — negligible quantity of coins from 8t and 9% century. Details can be
found by the readers in his article [Kazhdan, 1954]. It is important to notice that in his research he involves data
for more than 50000 Byzantine coins; we put all them together and construct their Chronological Distribution in
the interval (500, 1000]. Its graph is shown in Figure 6.
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Figure 6. Chronological Distribution of all Byzantine coins considered in [Kazhdan, 1954]

Thus Kazhdan convincingly shows the existence of a “monetary crisis” in the Byzantine history. It comprises the
period 8h-9h century. Similar conclusion is proved also by the data of R. Lazer [Lazer, 1980] (cited by A.
Romanchuk in [Romanchuk, 2003] on Roman and early Byzantine coins (1641 coins in total) excavated in East
Germany, and the results of V. Kropotkin [Kropotkin, 1961] and [Kropotkin, 1962] on finds of the same type coins
on the territory of the ex-USSR and East Europe (11729 coins in total). The number (given by V. Kropotkin) of
Byzantine coins found in East Europe and dated to 8t-9t century is clear enough: 2 coins from 8t century and 11
from 9t century [Kropotkin, 1962, Table 1].

This phenomenon appears to be a serious scientific problem, because the life in a city, even a small one, is
impossible without coins. The majority of the citizens do not produce agricultural products like bread, milk, meat,
etc and they should purchase their food, needing money for this. It's known that in some countries instead of
money were used leathers; but as far as it is known from the sources in Byzantium for “money” were used only
coins. Hence in Constantinople and other big cities of the empire, especially in Serdica (Sofia) and Philippopolis
(Plovdiv), which are in Bulgaria today, there should have been monetary circulation. Hence coins were struck in
Byzantium for sure.

But where they are? Why the archaeologists don't find them in Bulgaria?
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7. Why no coins came to us from 8th — 9th century?

Kazhdan suggests an answer, which likely follows from his research: during 8!-9t century there were decays and
degradation of the towns. According to him all Byzantine towns had stopped to exist or became villages and
some towns like Constantinople, Thessalonica and Nicaea survived but had lost their leading economical status.
Kazhdan wrote in his article [Kazhdan, 1954]:

“The material studied by us does not allow us to agree with the statement, wide-spread in the bourgeois historical
literature, that Byzantine Empire has always been an urban country. Indeed with the fall of the slave-holder way
of manufacture in the East Roman Empire gradually disappeared almost all slave-holder Antique pollises on
Balkan Peninsula and in Asia Minor: the slave-holder polis had collapsed together with the slave-holder way of
producing...Only a few towns besides Constantinople survived the fall of the slave-holder society, but they also
had lost their economical functions” [Kazhdan, 1954].

The wording here outwardly reminds the attacks on the “bourgeois historical literature” but the core idea is that
the towns disappeared. It is in accordance with the concept of the “dark ages” — namely in the 8%, 9t and 10t
centuries.

It is worth to pay a special attention to the “exceptions from the rule’, i.e. to those towns, for which Kazhdan wrote
that they had preserved their urban appearance. It makes at once the impression that for none of them Kazhdan
gave any data about the number of the coins found in the respective town or in the surrounding area. Considering
the catalogue data of the British Museum and the collection of count Tolstoy we see that the number of coins in
the “survived” towns, which came to us from 8™ and 9t centuries, is too little. Hence the quantity of the found
coins with a high probability is small not only in the survived towns. Therefore no objective data is visible except
probably of some written sources, which might allow making such “exceptions”.

All this creates the feeling that Kazhdan had tried to soften the clear results from his research and thus partially to
hide the contradiction between them and the generally accepted historical picture of the epoch 8t — 10t century.

Several years after the publication of the article of Kazhdan another soviet historian — . V. Sokolova — suggested
other explanation for the lack of coins during the period mentioned in her article [Sokolova, 1959] and tried to
solve the problem stated by Kazhdan.

First of all we ought to point out that she had understood very well the meaning of the coin finds for the work of
the historians and especially for the decay of the towns during 8t-9t century. Her position on it is expressed in
the introduction of her article:

“Coins are very rich, many-sided and interesting historical source. Designed for serving as a tool for trading they
are in position to reflect to a considerable degree the state and the level of the economical development of a
country during given period. Therefore the investigations of the coins themselves, of the monetary system, of the
distribution and the content of the collective coin finds, random coin finds and the coin finds in cases of
archaeological excavations as well create opportunities to make clear the picture of the monetary circulation,
characterizing the economical centers and regions, the inner trade paths, international trade relations, etc”
[Sokolova, 1959].

But this acknowledgement of the role of the coin finds does not mean at all that she was ready to accept of
Kazhdan’s methodology and conclusions. This is clear from her words further down:
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“One has to take into consideration that the numismatic material can be valuable only when it is studied from all
the sides, with correct methods and comparing it with the data from the written sources. The one-sided selective
usage of it may lead to wrong conclusions” [Sokolova, 1959].

This gives us the opportunity to see that Sokolova has seen well the contradiction between the conclusions of
Kazhdan and the generally accepted picture of the past and in final account with many pieces of information from
the narrative sources.

Sokolova puts the specific understanding of the concept collective coin finds in the root of her disagreement.
Since the coins are frequently found “many on the same place” in sets of some or several hundreds or even
thousands (namely for such coin sets she uses the term “collective coin finds”), she starts her criticism to the
work of Kazhdan with the note:

“Therefore Kazhdan is not right considering a collective coin find not as an overall memorial from the epoch of its
burial but as a randomly accumulated material. Decomposing the finds in parts of coins from same centuries and
then summarizing the respective parts of all the collective coin finds, A. P. Kazhdan compares the results thus
obtained considering them as a measure of the intensity of coins’ minting or their distribution in foreign countries
during one or another historical period. At that he doesn'’t take into account the size of the minting area and the
metal of the coins, which form the collective coin find” [Sokolova, 1959].

Kazhdan really has ignored the material of the coins and also a number of insignificant other things, which
influence on the studied problem is relatively small in first approximation. For example for the minting area size
Sokolova is not right, because Kazhdan considers a group of towns of the Byzantine Empire, which is
representative for the latter and as such it gives completely adequate view on the economic life of the whole
country.

But her main objection to the conclusions of Kazhdan is based on the following:

“Influxes and refluxes in burying collective coin finds in one or another region depend directly on how much the
population of these regions was threatened by war.” [Sokolova, 1959]

With other words she states that the people in the past had buried their money in the ground because of fear of
enemy invasions. But then we must ask: what the people had done to hide money from their relatives — wife,
children, and grand children? And from friends and enemies, from thieves and burglars? Put their money in Swiss
banks? This concept of Sokolova is unacceptable. In the most cases people hide money not because of war
danger but for other reasons.

But even if we suppose that Sokolova is right, then taking into account the frequent Bulgarian raids in Byzantium
during the period 8t — 9t century, it is natural to expect that because of warlike danger in today’s South Bulgaria
lots of coin treasures have been buried there. However, as we have already seen, the archaeological data shows
just the opposite.

So, the objections of Sokolova against the conclusions of Kazhdan are unacceptable. First because they are
based on a wrong concept of the “peace” on the Balkans during the period 8t — 9t century, and second because
they are not consistent with the logic of the people’s behaviour when they try to hide their money from other’s
eyes and hands.

Recently in his article [Romanchuk, 2003] A. Romanchuk took a medium position between the described opinions

of Kazhdan on one hand and Sokolova on the other about how far the quantities of the found old coins reflect the
state of the coins’ minting during different periods of time. He took a note of the fact that some coins were
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probably in circulation during periods of time, considerably surpassing the period of reign of the ruler, who struck
the respective coins. He advances arguments noticed by V. Kropotkin [Kropotkin, 1961] that in the archaeological
finds of Roman coins from 3 century there are always coins from 1st and 2" century as well. If this is true, it
points in our opinion to the fact that there are systematic errors in coins’ dating.

8. The third and the fourth anomalies in CDCFBP-1910-1959

We will consider another two anomalies, pointed in § 5.

Let compare the quantities of the coins dated to the intervals (220, 320] and (1480, 1580]. From the modern
historical point of view of the picture of the past there should be expected that the coins from the second interval
are much more than these from the first one. We point two arguments pro this thesis:

1. The Roman reign on the Balkans was in crisis during the first half of the first period. The Barbarian raids
lead to stagnation in many aspects of life over the territories of today’s Bulgaria, especially in the field of
economics. During (1480, 1580] the territories of today’s Bulgaria were parts of the Ottoman Empire and
undergo economical growth. The stories of travellers, who had crossed the Balkan Peninsula on their
way to Constantinople, mention caravanserais and dozens and sometimes even hundreds of shops in
each town (see for example the recent monograph of L. Klusakova ([Klusakova, 2002]), i.e. obvious
signs for brisk trade.

2. The second interval is later and the percent of the extant coins should be greater (at least not lesser)
than the same percent for the first interval. But from the graph in Fig. 2 it follows that the most intensive
monetary circulation through; Bulgarian lands was namely in the period (220, 320]. It means ten times
more coins in circulation than those in the period (1480, 1580]. Such levels, so high, are unrealistic,
having in mind that a part of Balkan population was slaves during the 3 century and they didn’t partake
in the monetary circulation.

9. Conclusions

The analysis of the graph of the CDCFBP-1910-1959 (chronological distribution of the coins found in Bulgaria and
published during the period 1910-1959) from the point of view of today’s historical science on the picture of the
past points a number of contradictions. Their explanations have to be searched in different directions and the
most natural of them is to propose that much of the discrepancies are due to certain incorrect dating of coins. The
scale of the anomalies gives us merits to suspect that there are mistakes in the dating of some old coins.
For the justification of this hypothesis further investigations are necessary.
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KOMMNEKCHBIE UHCTPYMEHTAJIbHbIE CPEACTBA UHXEHEPUM OHTONIOT UK

Butanuit Bennuko, Kupunn Manaxos, Butanuit CemeHkoB, Anekcanap Ctpuxak

AnHomauyus: B cmambe npedcmaeneH 0630p akmyarbHbIX CNeYUanu3upo8aHHbIX UHCMPYMEHManbHbIX
cpedcme UHXeHepuu OHMOmMoeul, a makxe cpedcme aHHOMUPOBAHUS MEKCMO8 Ha OCHO8e OHMOMORUL.
PaccMompeHb! 0CHOBHbIE (OYHKUUU U 803MOXHOCMU OaHHbIX UHCMpyMeHmaribHbIX cpedcme, ux 0ocmouHcmea
u Hedocmamku. OnucbiBaKMCsi OCHOBHbIE KOMNOHEHMbI CUCMEMbI (hOPMUPOBaHUSI OHMOMO2UL Ha OCHOBE
CEeMaHMU4YeCKo20 aHanu3a mekcmoebIx Maccugos. [aemcsi cucmemHbil cpagHUMesbHbIU aHanus cpedcme
UHXEHEepUU OHMOoI02ull.

Kntoyesble criosa: OHMOMO2US, UHXEHEePUS 3HaHUli, NpoeKkmuposaHue OHMoMo2uU npedmemHoli obracmu,
UHCMPYMEHMaTbHbIL KOMNIEKC OHMO02UYECKO20 HAa3HAYEHUS.

ACM Classification Keywords: 1.2 ARTIFICIAL INTELLIGENCE - 1.2.4 Knowledge Representation Formalisms
and Methods, H. Information Systems — H.2 DATABASE MANAGEMENT - H.2.4 Systems

BBeaeHue

MeTogonorus npoekTMpoBaHust oHTonorun npeametHonm obnactv (MpO) [ManaruH, 2012] ocHoBbIBAETCS Ha
KOHCTPYKTMBHOM WCMOMb30BaHUM CMEAYIOLLMX KaTEropuili — MHOXECTBA KOHLENTOB, OTHOLUEHWA, (YHKLMIA
WHTEpNpeTauMm 1 akcuom. [loCTpoeHMe yKa3aHHbIX MHOXECTB SIBMSETCS TPYAOEMKAM MPOLECCOM, Kak Mo
BPEMEHW, TaK M MO KOMMYECTBY BOBMEYEHHbIX B MPOLECC MPOEKTUPOBAHWS BbICOKOKBANMM(ULMPOBAHHbIX
cneynanmctoB. OcobeHHO TPYLOEMKO pyYHOE NMPOEKTUPOBAHWE OHTONOMWN, KOTOPOE Mano Yem OTNNYaeTcs OT
TEMaTUYECKOrO MPOEKTUPOBAHMS SKCMEPTHBIX CUCTEM.

lMoHUMaHWe BaXHOCTM pelleHust Npobnembl co3aaHust 3hEKTUBHBIX MHCTPYMEHTANBHBIX CPEACTB NOAAEPXKKM
NPOLECCOB NMPOEKTUPOBAHNS OHTONOMK 3agaHHoi MMpO, NpuUWNo NpaKkTUYeckn OAHOBPEMEHHO C OCO3HAHWEM
napagurMbl  KOMMbIOTEPHBIX OHTOMOTMIA. B HacTosiiee Bpemst M3BECTHO 6ornee cTa MHCTPYMEHTamNbHbIX
nporpammHbIx cuctem [Faspunosa, 2000; Manaruu, 2009], HO TOMBKO OrpaHUYEHHOE KOMMYECTBO KOMMIEKCHBIX
NPOrpaMMHbIX CUCTEM BKIHOYAOT PEAAKTOP OHTONMOMMYECKUX CTPYKTYp, aBTOMATM3MPOBAHHOE MOCTPOEHWE
oHTonorui MpO, cpeacTBa NOBEPXHOCTHOTO CEMAHTUYECKOrO aHamnm3a TEKCTOBbLIX JOKYMEHTOB, UCMOMb3YeMbIX
ANS NOCTPOEHNS OHTONOTAM.

OcHoBHbIe XapaKTepPUCTUKN KOMNIEKCHbIX NPOrpaMMHbIX CUCTEM NPOEKTUPOBaAHUA OHTONOrMK

K OCHOBHbIM XapaKTepuCTKaM KOMMMEKCHbIX NPOrPaMMHbIX CUCTEM OHTOMOMMYECKOTO WHXMHUPUHIA MOXHO
OTHECTU: NOAJEpPXKMBaeMble opManiamMbl U opMaThbl NPeCTaBNEHNS OHTOMOMMI, apXUTEKTYpa NPorpaMMHOro
obecneyenus, UHTepdeiic nonb3oBaTens, PYHKLUMOHaN peaakTopa OHTOMOMW, CPeacTBa XPaHEHUs! OHTONOTUIA,
JOCTYMHOCTb, AOMONHUTENbHbIE  BO3MOXHOCTW. Hwxe paccmoTpum Gonee noapobHO HekoTopble U3

NPUBEAEHHbIX XapakKTePUCTUK.
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ﬂonp,ep)KMBaeMble d‘)OpMaﬂM3Mbl n (bOpMaTbl npencrtaBneHnsa OHTONOrNi

Mo chopmanuamMom NoHUMaeTcst HekoTopas hopmanbHas Teopus [KnuHm, 1957], nexalas B ocHoBe cnocoba
NPeACTaBNEeHNs OHTOMOMMYECKUX 3HAHUIA (NOrMKa NpeaukaToB, (PPEeMMOBbIE MOZENM, AECKPUNTUBHAS IOTUKa,
KOHLeNTyanbHble rpadbl 1 Ap.). BoibpaHHbIA (hopManiam CyLeCTBEHHO BAMSIET HA OpraH13aunio BHYTPEHHWX
(KOMMBIOTEPHBIX) CTPYKTYP AaHHBIX U MOXET ONpefensTb UX hopMaT NpeacTaBneHus.

®opmaT npeacTaBNeHnst OHTOMNOTU 3a4aéT BUA UX XpaHeHus B Gubnunoteke, cnocod nepeaaym OHTONOrMYECKNX
onucaHui gpyrum notpedutensm u metoa 06paboTku ee KOHLENTOB. B kayecTBe pOPMATOB OHTONOrMYECKNX
OnucaHuii paspaboTaHbl ONpeaeneHHble A3blki NPEACTaBNEHUs OHTONOTMI, Hanbonee U3BECTHBIMM U3 KOTOPbIX
senatotcs OWL, RDFS, KIF.

HekoTopble M3 M3BECTHbIX PEAAKTOPOB OHTOMOMMW MOAAEPXWBAIOT PaboTy C HECKONMbKMK (hopManuamamu
NPeACTaBeHNs, OAHAKO crefyeT Y4nTbiBaTb TOT (DakT, YTO OObIYHO KOHKPETHbI hopmanuam SBRSeTcs
npeanoyTUTENbHBIM 415 KOHKPETHOro pefaktopa [ManaruH, 2009).

®YHKLMOHANLHOCTb peaakTopa OHTONOrMM

OYHKUMOHANBbHOCTb PeAaKTopa OHTOMOMM SIBASIETCS OfHOW W3 CaMblX BaXHbIX XapakTEPUCTUK, MOA KOTOPOM
MOHUMAETCSt MHOXECTBO NpeaoCTaBNseMbIX NOMb30BATEN0 CEPBUCOB PaBOThl C OHTONOMMYECKUMM CTPYKTYPaMK.

Ba30BbIit Habop hYHKUMIA pegakTopa OHToNoMMK 06bI4HO 0becneunBaeT:

paboTy C OAHMM MMM HECKOMBKAMM OHTONOTMYECKUMM ONUCAHNSIMM (MPOEKTamMm) OAHOBPEMEHHO;
rpacmyecknii MHTepdenc nonb3oBaTens;

O pefakTUPOBaHUE OHTOMOrUM (Co3aaHue, pefakTMpoBaHue, yaaneHue KOHLENTOB, OTHOLIEHWI, akCuoM
MPOYMX CTPYKTYPHBIX 3NIEMEHTOB OHTONOrWK);

O VHKaMCynMpoBaHWe OHTONOMIA B Cpeay MHAOPMALMOHHBIX CUCTEM.

JononHuTenbHble BO3MOXHOCTH

K ONONHUTENbHBIM BO3MOXHOCTSIM OTHOCSIT MOAAEPXKY A3blka 3anpoCoB, aHanM3 LeNoCTHOCTH, UCMOoNb3oBaHMe
MexaH13Ma NorM4eckoro BbiBOAA, MOAAEPXKKY YAaNEHHOro A0CTyNa Yepe3 VIHTepHET, AOKYMEHTMPOBAHME.

/13BeCTHbI TpU rpynnbl UHCTpYMeHTanbHbix cpeacts (MHC) oHTonoruyeckoro uHxuHupuHra [Ospen, 2006]. K
NepBON rpynne OTHOCAT WHCTPYMEHTbI CO3[aHWs OHTOMOMMI, KOTOpble NpeanonaralT NOAAEPXKY COBMECTHOM
pa3paboTkm M NPOCMOTpPA, CO3haHUE OHTOMOMK B COOTBETCTBUM C 3a4aHHOW (MPOU3BOSLHOM) METOLONOTMEN,
NoAAEPXKKY PaCCyXOEHWI.

Ko BTOpOM rpynne OTHOCAT MHCTPYMEHTbI OB6bEAMHEHWS, OTOBpaXeHWs W BbIPaBHUBAHWS OHTONOTUIA.
ObbeavHeHre npegnonaraeT HaxoXAeHWe CXOACTB U PasnMunin MEXZY WCXOLHbIMU OHTONOTUSMW U CO3[aHue
pesynbTUPYIOLLEN OHTOMOMK, KOTOpas COAEPKUT SNEMEHTbl WCXOAHbIX oHTomoruir. [ns atoro WHC
aBTOMATWUYECKN ONPEedenstoT COOTBETCTBUS MexAy KoHuentamu wunn obecneumBatoT rpadmyeckyto cpedy, B
KOTOPOW Nonb3oBaTenb Cam Haxo4uT 3T COOTBETCTBUA. MpoLeaypa 0TOBPaXEHNs 3aKMYaeTCs B HAXOXAEHUN
CEMaHTUYECKMX CBA3EH MEXOY KOHUEeNnTamu pasnuuHbiX OHTOrorui. lpouedypa BbipaBHUBAHWS OHTOMOMN
YCTaHaBNMBAET pas3fnyHble BWAbI COOTBETCTBUS MexZy [BYMS OHTONOMMSIMM, WH(OPMauMs O KOTOPbIX
COXpaHseTca Ans AanbHENLIero MCnosb3oBaHWs B NpunoxeHusx nonb3osatens [Noy, 1999].
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K TpeTbeIh rpynne OTHOCAT UHCTPYMEHTbI AN aHHOTUPOBaHUA Web-pecypcos Ha OCHOBE OHTOMOrYIA.

CopepxatenbHbln 0630p N3BECTHBIX MHCTPYMEHTOB MHKXEHEPUW OHTONOMMI, B KOTOPOM PacCMOTPEHbI OCHOBHbIE
(YHKUMM 1 BOMOXHOCTU VHC, UX JOCTOMHCTBA, HeLOCTaTKX, CPABHUTENbHDIA aHanu3 1 onucaHue U3BECTHbIX
JOCTYMHbIX OHTOPEAAKTOPOB, Takke npueeaeH B [Osaen, 2006; Noy, 1999; Calvanese, 2007; dunatos, 2007].

OGLLI,MMVI HeJoCTaTkaMun OOrbLIMHCTBA M3BECTHBIX MHCTPYMEHTalbHbIX CPEACTB ABNAKTCA:

o OTCYTCTB/E NPOLEAYP aBTOMATUYECKOrO (aBTOMATU3MPOBAHHOTO) POPMMPOBAHIS KOMMOHEHT OHTONOTUM;

O aHrmos3blYHbIA MHTEPdENC ¢ nonb3oBaTenem, B KOTopoM (ansa 6onbwwuHcTBa MHC) He npeaycmoTpeHo
NPUCBOEHME UMEH KOMMOHEHTaM OHTOMOIMM Ha PYCCKOM MIN YKPAUHCKOM A3bIKeE;

O CTPYKTypW3aLms KOHLENTOB BbINOHAETCS TOMbKO N0 OAHOMY TUMY OTHOLLEHWIA;

o ans 6GonbwuHcTBa 06wenocTynHblx WHC He npepycmoTpeHa pabota ¢ Gonbwumu no o6bEMY
oHTONorusMu (Hanpumep, ans OntoEditFree — go 50 koHuenToB);

a GO0MbWWNHCTBO MHCTPYMEHTOB XPaHWUT CBOWM OHTOMOTMM B TEKCTOBbIX (painax, YTo OrpaHU4MBaET CKOPOCTb
[0CTYyNa K OHTONOTMSAM;

O 3a/eknapupoBaHHble OYHKLMOHANbHbIE BOSMOXHOCTM ANs 06LLEeA0CTYNHBIX MHCTPYMEHTOB 3a4acTyko Tak
11 OCTaIOTCS Hepeanu3oBaHHbIMK;

B HeJoCTaToK MHGopMaLMV Ans Nonb3oBaTenem B UHCTPYKLMSIX.

Paccmotpum Bonee nogpo6HO HEKOTOpbIe MHCTPYMEHTANbHbIE NPOrPAMMHbIE CUCTEMbI, NPeAHA3HAYEHHbIE ANs
MOCTPOEHNSI OHTOMOMMIA W WX UCMONb30BaHUS NS pelleHns 3aaad. YHUBepcanbHble W CrneumanianpoBaHHble
000M04KN NpPOrpaMMHBIX CUCTEM SIBNSKOTCA CPEACTBOM, YNPOLLAIOLMM NPOLECC CO3AaHUS WHTENNEKTYanbHOM
cuctembl [AptembeBa, 2008]. YHuBepcanbHble OOONOYKM OCHOBaHbl Ha MCMOMb30BaHUM  HEKOTOPOrO
YHWBEPCANbHOTO Si3blka MPefCcTaBneHns 3HaHuin. B cneumanuavpoBaHHbIX 060noYkax npu npeactaBneHum
3HaHWI ucnonbayeTcs cneundunyHas Ans npegMeTHoi obnactu cxema, onpefensiemas OHTONOTMENR TOM
obnacti, ans KoTopoi cosgaetcs 0bonoyka, YTo Mo3sonseT cogasaTtb Gasy 3HaHWIA AKCMepTy NpegMeTHoON
obractm 6e3 yyactus NOCPEAHMKA, KOTOPbIM SIBISETCS MHXKEHEP 3HaHWA. B CROXHO-CTPYKTYpPUPOBAHHbIX
NPeaMETHbIX 06nacTsX, CBA3aHHbIX C HAyKOW, MOTYT U3MEHATLCA HE TOMbKO 3HAHWUS, HO W OHTONOMAW, U, Kak
CNeACTBIE, MHOXECTBO KIaccoB peluaeMblx 3agay. OnucaHue ocobeHHocTel cnelnanmanpoBaHHbIx 060moyex
WHTENNeKTyarnbHbIX CUCTEM ANS CMOXHO-CTPYKTYPUPOBAHHbLIX NpeaMeTHbIX obracTen npuBeAeHO Ha OCHOBe
cTaTbu «MHTennekTyanbHas cuctema, OCHoBaHHast Ha MHOTOYPOBHEBOW OHTOMOMMM Xumuny [ApTembesa, 2008).

CneuunanusupoBaHHas 060M104Ka MHTENNEKTYallbHON CUCTEMbI ANA CNOXHO-CTPYKTYPUPOBAH-
HbIX NpeAMeTHbIX obnacTein

MHMDOPMALMOHHEIMUA KOMMNOHEHTaMU  CreLnanu3npoBaHHoin 0Bomnovdkn Ans CRoXHO-CTPyKTypuposaHHoi [pO
SBNSATCA MHOrOYPOBHEBAs MOAYNbHAs OHTONMOMMS 1 MogynbHas 6asa 3HaHui. CosgaHue W peaakTUpoBaHwe
WHOPMALMOHHBIX KOMMOHEHT OCYLIECTBMISETCS MHOrOYPOBHEBbLIM PEJaKTOPOM OHTOMOMMA W pefakTopoM
3HaHuiA, pa3paboTka KOTOPbIX OCHOBLIBAETCS HA OHTOMNOTMM YPOBHS N.

PefakTopbl MHOTOYPOBHEBLIX OHTONMOTUIA 1M 3HAHWA JOMXKHbI MO3BOMSTL CO3AAHWME UM pedaKTUpoBaHMe
MOZLYIIbHbIX OHTOMOTMA U 3HAHWA, @ Takke 0BecneynBaTb BO3MOXHOCTb MOBTOPHOMO WCMONb30BAHUS MOAYNE
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Mpu CO3L4aHWWN OHTOMOTMA M 3HAHWIA HOBbIX pa3denoB W NOApa3AenoB obrnactu, npuyem MPoLecc Co3haHns u
pedaKkTMpOBaHUS MOAYNS OHTOMOMMM YPOBHA i-1 [JOIDKEH YNpaBnsTbCA OHTOMOMMEH YPOBHSA /, @ Mpouecc
CO30aHNs M pefakTMPOBaHUS MOZYNS 3HAHWA — OHTONOTMEN YPOBHS 2.

PepakTop oHTOMorum fomkeH obecneynBaTb BO3MOXHOCTb BbiGOpa TOTO M3 CYLLECTBYIOLLMX MOLYEN OHTONOM
YPOBHS i, KOTOpbIA YynpaBnsieT MNpOLECCOM pedakTUPOBAHWS CO34aBaeMoro Moayns. AHanorMyHo npu
PEeAaKTYPOBAHUWN MOZYNS 3HAHWN JOMmKHa 0becneymBaTbCsl BOSMOXHOCTb BbibOpa «ynpaBnstoLWero» Mogyns
OHTOMNOMNM YPOBHS 2.

PenakTopbl OHTOMOrMM U 3HaHUIA [OMKHbI 06ecneynBaTb BO3MOXHOCTb 3afaHust CTPYKTYPUPOBAHHOM U
HECTPYKTYPUPOBAHHON 4acTW OHTONOMW, a TakKe CTPYKTYPUPOBAHHON M HECTPYKTYPUPOBAHHOW YacTy 3HAHWN,
T.€. NPOrpaMMHbIM KOMMOHEHTOM 3TUX PEAAKTOPOB [OMKEeH ObiTb  CreuuaniuavupoBaHHbI - PeaaKTop
YTBEPXAEHWIA, NO3BONAIOLLMIA BBOAUT OHTOMOIMYECKWE COrMNaLLeHMs U 3aKOHbI NPeAMETHOM obnacTy.

PepakTop 3HaHuit JomkeH obecneumBaTb BO3MOXHOCTb BBOAA/BbIBOAA 3HAYEHUII HECTAHAAPTHbBIX BEMUYNH NPy
pedakTUPOBaHUM 3HaHWA. [ns 3HAYEeHUMA HEeCTaHAAPTHbIX BENMYMH B MpedMETHOM obnactm  Moxer
cyllectsoBath C€nocob wux rpaduyeckoro npefctaeneHns. Hanpumep, ans xumum [Aptembesa, 2008]
rpacdpmyecks MoxXeT ObITb 3adaHa kpaTkas CTPYKTypHas ¢hopmyna Wnm CTPYKTypHas ¢opmyna XUMWUYECKOro
coeaunHeHus. MoaToMy pefakTop 3HaHWil AormkeH obecneunBaTb BO3MOXHOCTb MCMOMb30BaHWUS MPUHSATOMO B
npeameTHoM obnactu rpadmyeckoro cnocoba nNpefacTaBneHUs 3HAYEHU HeCTaHZAPTHbIX BEUYMH Npu
CO3aHnM W pPedakTUPOBaHWM 3HaHWA. BenuumHa, KOTOPOM NPUHAONEXWT 3HAYEHME HEKOTOPOro CBOWCTBA,
3a0aeTcs OHTonornen ypoBHs 2. MoaTomy pegakTop 3HaHWM LOMmkeH obecneumBaTb aBTOMAaTUYECKMA BbiGOp
(ynpaBnsiemblit OHTOMOMMEN YPOBHS 2) CPeACTB AN rpacpuyeckoro NpefcTaBleHns 3HaYeHW HeCTaHaaPTHBIX
BEMUYMH NpU PeAaKTUPOBAHWM 3HAHWIA.

PenakTop OHTOMOTMM MHTEPNPETUPYET OHTONOMAI0 YPOBHS i MPU CO34AHUM MOLYAS OHTONMOMMM YPOBHS i-1.
Pegaktop 3HaHWA MHTEPMPETUPYET OHTOMOMMK YPOBHS 2 MpW CO34aHMM mogyns 3HaHuid. OgHa u Ta xe
OHTOMNOTMS MOXET MHTEPNPETUPOBATLCS PasHbIMM Cocobamm B pasHbiX peaakTopax 3HaHWi. Pegaktopbl 3HaHuiA
MOryT OT/IMYATLCS HE TOMbKO CMOCOOOM MHTEpRpeTaLum 3HaHWA, HO WU MHTepdeincom. OuesnaHo, Yto Gonee
yaobHbIN MHTEPdEC M 6onee NOHATHBIN SKCMepTy cnocob MHTepnpeTaLum MOXHO obecrneunTs 4Nns pegakTopa,
npeaHasHa4YeHHOro [N WHTEpnpeTauuu OAHOM  OHTOMOTMM, a He Knacca OHTonoruit.  [loatomy
cneynanmanpoBaHHas 060mo4Yka AOMKHA NO3BONSATbH MCMOMb30BaHWe PeaakTopoB, MOAAEPKMBAIOWMX pPasHble
cnocobbl MHTEpnpeTauuy MOLyns OHTOMOMMW YPOBHS 2 W NPeAoCTaBNsTb BO3MOXHOCTb 3JKCMepTy Bblbopa
Tpebyemoro emy pegaktopa 3HaHuM.

3HayeHNs HecTaHOAPTHbIX BEMMYMH WUCTONb3YKTCS He TONMbKO MPU PeaaKTMPOBaHWW 3HAHWA, HO TaKke npu
BBOZE MCXOAHbIX AaHHbIX 3apad. Mpadmyeckuin cnocob 3afaHns UCXOAHbIX AaHHbIX 3agay bonee ynobeH ans
cneynanucta npeameTHoi 0bnacTi, MOCKOMbKy B 9TOM Crydae OTCYTCTBYeT HeobXoauMOCTb rPOMO3AKOTO
BepbanbHOro onucaHust aTWX AaHHbIX. [padnyeckoe NpeAcTaBneHWe pesynbTaToB pelleHns sBnsetcs bonee
HarnsigHbIM cnocobom npeacrtaeneHust. Moatomy obonouka gomkHa obecneumBaTh BO3MOXHOCTL BBOAA/BbIBOAA
3HAYEHWN HECTAHAAPTHbIX BENMYMH NPK 3afaHWM UCXOAHBIX JaHHbIX 3afay, a Takke No3BONsATb UCNONb30BaAHME
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NPUHATOrO B npe,qmeTHon obnactu FpaCbVI‘-IeCKOFO cnocoba npeactaBneHna 3Ha4EHUI HeCTaHOapTHbIX BEMUYNH
npu BBOAE UCXOAHbIX AaHHbIX 3aAay W BbIBOAE Pe3ynbTaToB UX PeLUeHNA.

Kak yxxe oTMe4anochb, BenuunHa, KOTOpoM NPUHAANEXNT 3HAYEHNEe HEKOTOPOro CBOWMCTBA, 3a4aeTCs OHTOMNOrMEN
ypoeHsi 2. Ob6onoyka gomkHa obecneynBaTtb aBTOMATUYECKNIA BbIOOP (yNpaBnsieMblii OHTONOTMEN) CPeacTB ans
rpagpm4eckoro NpeaCcTaBneHns 3Ha4eHUN HeCTaHAAPTHbIX BEMWYMH NPU 3a4aHUN UCXOAHBIX AaHHbIX 3aau.

Kaxabiin pasgen crnoxHo-CTpykTypupoBaHHomM [pO xapaKTepuayeTcs CBOUM MHOXECTBOM KIacCOB MPUKNaaHbIX
3ajad, npuyem pasHble MHOXECTBa MOrYT copepkatb kak obue knaccbl 3agady, Tak M CneunuduyHble s
pasgena. Pewwartenb 3agay MoxeT 6bITb NpeaHa3HayeH NS PeLLeHns KnaccoB 3aAady OgHOro pasgena (B aTom
Cryyae OH UCMONb3YeT OHTONOTMIO W 3HAHWS 3TOr0 pasaena), MMbo pasHbix pa3aernos (B 3TOM Cryyae OH MOXET
MCNONMb30BaTh pasHble OHTOMOMMM U 3HaHus). B nepBoM cryyae MCnonb3yemas peluateneM OHTOMorus
onpegensieTcs Knaccom 3agay. Bo BTopom crnyyae Tpebyetcs AONONHUTENBHOE yKa3aHWe, Kakue OHTONOrUS 1
3HaHWS JOMKHbI MCMOMNb30BaThCA B MpoLecce pelleHus. CneluanmampoBaHHas 060M04Kka WHTENNeKTyanbHbIX
CUCTEM Af191 CIIOKHO-CTPYKTYPUPOBAHHOM NpeaMeTHO obnacti aomkHa obecneynBatb BO3BMOXHOCTb PELLEHMS
3ajay pasHbIX KnaccoB, MpUYeM MOMb30BaTeNb JOMKEH UMETb BO3MOXHOCTb YKasaHWs MOLYMs OHTOMOrMM M
MOZYNS 3HAHWIA, KOTOPbIE HAZO UCMOMNb30BaTh NPU PELLEHUM 3agau.

Takum 0Bpa3om, cneunanuanpoBaHHasl 060M04Ka AOMKHa COAEpKaTh paclumpsiemMble 6ubnMoTekn cuctem ans
PELLEHNs 3afay pasHblX KNaccoB, CUCTEMbl aBTOMATUYECKOTO MOCTPOEHWUS METOAOB PeLleHUst 3ajady no wx
cneumndmkaumm (puc. 1).

Cuctema noaaepxkm
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paboTbl C HeCTaHAAPTHLIMU
BENMYMHaMu

CuncTeMbl aBTOMaTU4ECKOrO
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peLeHnsa Knaccos 3agav

Cuctema nogaepxku
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Puc. 1. Cuctembl 4ns peweHns 3agay 1 CpeacTea ux paspaboTku
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MeTop pelleHus 3aAad MOXeT ObiTb npeacTasneH Nubo B Biae anroputMa, NGO B BUAE MHOXECTBA NpaBun
cucCTeMbl Mpofykuuii. B nepBom cnyyae Ans co3jaHMs pellatens 3ajay  MCMONb3yeTcst MpoLeccop
anropUTMUYECKOTO s3blka, BO BTOPOM Cry4ae — MpOLLECCOP s3blka, OCHOBAHHOTO Ha MpaBurax, KOTOpbIM
SIBNAETCS OAHUM 13 NPOrpaMMHbIX KOMMOHEHT CreLyan3upoBaHHoN 0BONOYKM.

CneunanuanpoBaHHasa cuctema oopaboTku TEKCTOBbIX JOKYMEHTOB «JI0TA»

CneunanuanpoBaHHas cuctema 06paboTku TekcToBblx AokymeHTOB «JIoTA» [Hes3soposa, 2001] sBnsetcs
cuctemon knacca Text Mining. Cuctema npegHasHaveHa 4ns aHanuaa creumanmaMpoBaHHbIX TekcToB «Jlorvka
paboTbl», ONUCHIBAOWMX NOTUKY paboThl CROXHOM TEXHWYECKOW CUCTEMbI B  Pa3fMYHbIX  PEXMMaXx
(YHKUMOHMpOoBaHMs. OCHOBHOM 3afajveil aHanmsa sBMSeTCs W3BNEYEHNE N3 JaHHBIX TEKCTOB MHAOPMALMOHHOM
MOZJENM anropuTMOB, peLlatoLux onpegeneHHylo 3agady B onpegeneHHoi npobremMHon CUTyaunm, 1 KOHTPOrb
CTPYKTYPHOI 1 MHOPMALMOHHON LieNOCTHOCTM BblAENEHHO CXEMbI anrOpUTMOB.

VHopmaLmoHHas Mogernb anropuTMa BKITloYaeT:

O OnKCaHWe BXOAHOTO MHAOPMALMOHHOMO MOTOKA (TWMbI MHGIOPMALMOHHbIX CUTHANOB MMM CEMAHTUYeCcKoe
OnucaHne MHGOPMALIMOHHOIO MOTOKA C YKasaHWeM WCTOYHMKA WHGOPMaLMM — KOHKPETHbIA anropuTm,
KOHKPETHOE M3MEepPUTENbHOE YCTPOCTBO);

o OnycaHue NpoLeccoB NpeobpasoBaHmMst BXOAHbLIX AaHHbIX B BbIXOAHbIE (4OMYCTUMbIA CNocob paspeLleHns
npobnemsbl);

O OnyCaHWe BbIXOAHOMO MHGOPMALIMOHHOIO NOTOKA (TUMbI MHAOPMALMOHHBIX CUTHAMOB MM CEMAHTUYeCcKoe
OnMcaHne MHAOPMALMOHHOIO NOTOKA C YKa3aHWEM TOUKW npuema MHopMaLmm).

PeLueHne 0CHOBHOI 3aaaum 06ecneunBaeTcs KOMMIEKCOM TEXHONOrMi 06PaboTKN TEKCTOB, BKIKOYAOLLMX:

o TEeXHonornu MOp(*)OCVIHTaKCVIL{eCKOFO aHanusa;
O TEeXHONorMm CeMaHTNKO-CUHTAKCMYECKOro aHannsa;
O TEXHOMOruM B3anMOOENCTBISA C I'IpIAKJ'Ia,EI,HOVI OHTOMOrUEN.

YkasaHHas Cymma TEXHOMorni hopMMUPYeTCsl Ha OCHOBE LEHTPArbHOrO sgpa — MPUKMNAgHOM OHTOMorum (B
JanbHenwewm, asuaoHTonorma [Jlykawesuy, 2004]), obecneunBatolieid COrmacoBaHHOE B3aUMOLENCTBME
Pa3nMYHbIX MPOrpamMMHbIX MOAYNen. ABWAOHTONMOMMS KOHLENTyanbHO OMUCbIBAET NpeaMeTHylo obrnactb
WHOPMaLMOHHOTO  oBecrneyeHnst  pasnnyHblX  MOMETHbIX — PEXMMOB  aHTPOMOLEHTPUYECKNX — CUCTEM.
ABnaoHTOnorMsa nNpeacTaBnseT coboi ceTb NOHATUI NpeaMETHON 0BnacTu. ABUAOHTONOMS OTHOCUTCS K Knaccy
NIMHTBUCTNYECKMX (NEKCUYECKMX) OHTOMOMMI W NpefHa3HayeHa Ans BCTpamBaHWs B pasnnyHble IMHIBUCTUYECKNE
MPUNOXEHMS.

MporpamMMHbIA KOMMIIEKC COCTOMT W3 TpeX B3alMOLENCTBYIOLMX MOACUCTEM: MOLCUCTEMbI MMHIBUCTUYECKOTO
aHann3a TeXHUYECKNX TEKCTOB «AHanM3aTopy, NOACUCTEMbI BeAeHUs oHTomnorn «OntoEditor+» 1 noacuctemb
«MHTerpatop». B3anmopgelicTeue nogcucTeM peann3oBaHo Ha 0ase TEXHOMNOMMM «KMMEHT-CepBep», MpuUyeM B
Pa3NNYHbIX NOA3aAavax NoACUCTEMbI BbICTYNAKT B PA3NUYHBIX PEXUMAX (DEXUM cepBepa Uiu PEXUM KIMEHTa).

MHCTpyMeHTanbHas cuctema BM3yanbHOro npoektupoBaHusi «OntoEditor+» siBNsieTcs CneumanvavpoBaHHOM
CYB[. Cuctema npegHasHaveHa ans pyvyHOro pegakTUPOBAHWUS OHTOMOMUIA, XpaHSLWMXCS B pensUMoHHoON Base
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JaHHbIX B chopmate TPS, a Takke 06CnyxMBaHWS 3anpocOB NOMb30BaTeNen W BHELWHWX nporpamm. Hosble
BO3MOXHOCTW CUCTEMbI 0DecneYnBaloTCca (PYHKUMOHANBHBIM HABOPOM «JTIMHTBUCTUYECKUIA UHCTPYMEHTapUInY,
MoCpPesCcTBOM KOTOPOrO peanu3yetcs BCTPauMBaHUE NPUKNALHON OHTONOTUM B MIMHIBUCTUYECKME MPUIIOXEHMS.
Hanbonee TunMuHbIMM 3apadamu, pelwaemMbiMi C NOMOLWBKD MHCTPyMeHTapus cuctembl  «OntoEditor+y,
SBMSAIOTCA: U3Y4YEHWE CTPYKTYPHbIX CBOWCTB MPWKMAAHOW OHTOMOMMM C MOMOLUBbI  MCCNEA0BATENLCKOMO
WHCTPYMeHTapust cuctemMbl «OntoEditor+»; nocTpoeHWe NUHMBUCTUYECKON O0OONOYKM MPUKNAZHOM OHTONOTUM;
3afa4a NoKpbITUS TEKCTA OHTONOMMYECKMM BXOAAMM; NOCTPOEHNE BbIBOAOB MO NPUKIAAHON OHTOMOMMW 1 ap.

Mogcuctema  «AHanusaTop»  peanu3yeT  OCHOBHblE  dTambl  JIMHMBUCTUYECKOW  00paboTkM  TekcTa
(rpademaTnyecknil, MOPGOCUHTAKCUYECKUA M YACTUYHbBIA CUHTAKCUYECKUI aHANK3).

Mogcuctema «MHTerpatop» WCMOMHSET BHEWHWA 3anpoC Ha M3BMeEYeHWe 3HaHWi u3 Tekcta. CTpykTypa
BHELWHEro 3anpoca COAEPXWUT KOMMOHEHTbl WHGOPMALMOHHOW MOAenu anroputMa. BHewHuin 3anpoc
WHTepnpeTupyeTcs npu B3aumogencteum ¢ noacuctemoin «OntoEditor+» kak CTpykTypa, npuBsisaHHas K
NPUKNaaHOM OHTONOTMU. BbldeneHne KOMMOHEHT WH(OPMALMOHHOW MOJEnW MPOMCXOAUT Ha  OCHOBe
MExXaHWU3MOB OTOXOECTBMEHUS ONEMEHTOB [AepeBa CErMEHTOB BXOAHOTO TeKkCTa (B3aWMOAENCTBME C
NnoacuCTEMON  «AHanusaTop») U SMEMEHTOB CTPYKTYpbl 3anpoca (B3aMMOAENCTBME C  MOACMCTEMOM
«OntoEditor+y).

WHcTpyMeHTanbHas cuctema BuayarnbHOro NpOeKTUpoBaHus oHTonoruid «OntoEditor+» BkntoyaeT:

O IMHIBUCTUYECKUA MHCTPYMEHTApMIA (3a4a4v KOPMYCHOTO 1CCnefoBaHmMs (3arpyska Kopnyca; CermeHTaums
Ha NPeAnOXEHNs; aBTOMATUYECKOE BEAEHWE CTAaTUCTMKM NO Pa3nnyHbIM 06bekTam Kopnyca), NoCTpoeHne
NIMHFBMCTMYECKOA OBOMOYKM OHTOMOrMM, 3afjaya NOKPbITUS TEKCTA OHTOMOTMYECKUMM  BXOAAMM,
NOCTPOEHWE BbIBOZOB MO OHTOMOTMM, MOAZEPKKA NPOTOKONOB MHGOPMALMOHHOrO OOMeHa CUCTEMbI
«OntoEditor+» ¢ BHELWHMMK NPOrPaMMHBIMI MOZYNSIMU, B TOM YUCTIE C BHELUHUMW MH(OPMALMOHHBLIMM
pecypcamu);

@ 1ccnefoBaTenbCKUin MHCTPYMEHTapUIA.

OcHoBHblE thyHKLMK NOLCUCTEMbI «AHANN3aTOPY:

a rpademaTnieckuit aHanus;
O MOP(OCHHTAKCUYECKUI aHaNN3;
O MOKPbITUE TEKCTA OHTONOMMYECKUMU BXO4AMM (B3aumogencTame ¢ cuctemont «OntoEditor+»).

OCHOBHble (hyHKLMM nogcucTembl «/HTerpatopy:

O aHanu3 1 UCNOJTHEHWe BHELLHero 3anpoca (MHgopMaLMoHHas Mogenb anropuTMa);

O MHTEpnpeTauns BHELLHEro 3anpoca B TEPMUHAX MPUKMNaAHON OHTOMOMMN (B3aUMOAENCTBIE C CUCTEMOM
«OntoEditor+»);

O VHTepnpeTauus BHELHEro 3anpoca B CTPYKTYPHbIX KOMMNOHEHTaxX AepeBa CEerMeHToB (B3auMOAENCTBME C
CUCTEMON «AHANU3aTop»);

B KOHTPOMb MH(OPMALMOHHON LIENOCTHOCTM (aHanM3 KOMMOHEHT BHELLHEro 3anpoca).

MeToq KOHTEKCTHOMO paspelleHnsl OMOHMMWM SBNsieTcl 6a3oBbIM METOAOM B WHTErpanbHOM TEeXHOMOruu
paspeLueHnsi oMoHuMumn B cucteme «JloTA». OpHaKo npakTUYeckue 3adauu CUCTEMbl BbISIBUNIM Psif BaXHbIX
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acnekToB JIMHIBUCTUYECKOro aHann3a, KOTopble CTUMynupoBann pas3BUTUE HOBbIX METOOO0B pa3pellueHusa
MHOro3Ha4YHOCTW.

WHTerpanbHas TEXHOMOrMs paspeLleHrs MHOro3Ha4YHocTH, paspabateiBaemas B cucteme «J10TA», BknovaeT
cnegytoLme MeToabl:
B MeToq KOHTEKCTHOTO paspeLLeHmst hyHKUMOHATbHON OMOHUMMK;
O MeToq paspelleHns (YHKLUMOHANbHOW, rpamMMaTUYeckoi U NEeKCUYEeCKOW OMOHUMMM Ha OCHOBE
MHAEKCMpYyeMON 6a3bl YCTONYMBBIX KOMNMOKALIMIA;
O MeTog paspeleHns (hyHKLUMOHANbHOW, rpamMMaTUMYeckor U NEeKCUYECKOW OMOHMMMM Ha OCHOBE
TIMHTBUCTINYECKO 0BONOYKI OHTONMOMNK.

[ns adhdekTUBHOrO BCTpaMBaHWA B NWHIBUCTMYECKME npunoxeHus cuctema «OntoEditor+» nopmepxusaet
rpynny NpOTOKONIOB MHGOPMALMOHHOTO 06MEHa C BHELLUHMMM NPOrPaMMHbIMIA MOZYMSIMU CUCTEMbI U BHELLUHUMM
cnoeapHbIMK H6asammn gaHHbIX, obecneumBas paboTy B pexume KnueHT-cepsep. PaspelueHne MHOrO3HauHOCTY
(ChyHKLMOHANBHOW, MOPCHONOTMYECKOH 1 NEKCUYECKOit) BO BXOAHBIX TEKCTaX MPOUCXOAMT Ha OCHOBE MeXaHu3Ma
pacno3HaBaHsi KOHTEKCTOB OMOHMMOB, 3a(hMKCMPOBAHHBIX B MHOEKCMPYEMOW Ba3e KOHTEKCTOB.

Pa3pa60TaHb| TPW OCHOBHbIX MEXaHW3Ma NOMONHEHUA VIHﬂeKCVIpyeMOVI 0asbl KOHTEKCTOB qJYHKLl,VIOHaJ'IbeIX
OMOHMMOB:

O PYYHOI BBOA U PEAAKTMPOBaHME AaHHBIX MO TUMOBbLIM KOHTEKCTAM OMOHMMOB;

O VMMOPT TUMOBbIX KOHTEKCTOB OMOHMMOB M3 TEKCTOBOTO chaina, MOArOTOBNIEHHOrO B CreuuanbHoOM
chopmaTe npeacTaBneHNs AaHHbIX;

O VMMOPT TUMOBbIX KOHTEKCTOB OMOHWMOB, OGHapyXeHHbIX CreuuanbHbIMA  MeXaHu3MaMn  nowucka
NnofCUCTEMbI «AHANM3aTopP».

[laHHbIi MexaHW3M OpraHM30BaH kak 3ampoc K moacucTeme «AHanusaTop» ¢ nepefadeit emy oT NoacUCTEMbI
«OntoEditor+» TekcToBOr0 KOpmyca, Mo KOTOPOMY NpoBoauTcs nouck. B npouecce obpabotkn nogcuctema
«AHanusatop» nepegaet noacucteme «OntoEditor+» nHdopmaynto 06 obHapyXeHHbIX KOHTEKCTaX OMOHMMOB,
KoTopas 3anucbiBaeTcs Nbo B MHAEKC OMOHMMOB, TGO B aBTOMATUYECKOM pexume, Nbo B pexuMe guarora ¢
onepatopoM. OTnMYMTENBHON OCOBEHHOCTBIO pexuma Auanora SIBNSETC Pexum CcamoobyyveHus, KOTOpbIi
peanuayeTcs C UCNONb30BAHMEM MeXaHu3Ma XypHana cobbiTuil. B gaHHOM XypHane B 3aBWCHMOCTW OT €ro
HaCTPOVKN (DUKCUPYIOTCS T€ MMM UHble BaxXHble COBbITUS B CUCTEME, HaNpUMeEp, UMEHEeHWe MHGopMaLun B
WHOEKCe OMOHWUMOB MMM OMepaLyv B3aUMOLEeNCTBIS C NOACMCTEMON «AHanu3aTopy. B pexume camoobyyeHus
COXPaHSETCA 1 KOHTPONMPYETCA NOCnefoBaTeNbHOCTL paHee CreHepUpOBaHHbIX 4UanoroB, Y4To obecneynsaeT
reHepaLyio TONbKO YHUKaNbHbIX AMANoroB Ha paspeLleHne OMOHUMIUM Ge3 NOBTOPEHNN.

JIuHrBMUCTMYECKUIT MHCTPYMEHTapuin noacuctembl «OntoEditor+» obecneunBaeT BCTpavBaHWe OHTONOTUM B
pasnuuYHble MPUNOXEHUs, CBA3aHHble C 06PabOTKON TEKCTOB. JIMHIBUCTUYECKMIA MHCTPYMEHTAPUA peannayet
(OYHKUMM 3arpy3ku Kopryca TEKCTOB; aBTOMaTMYECKOE BEAEHWE CTAaTUCTUKW MO pasnuyHbiM 0BbekTam Kopmnyca;
(OYHKLMM NpefCcUHTaKCMYeckon 06paboTku TekcTa (CermeHTaums NpeasioxeHuin, pacnosHasaHne abbpesuatyp,
paspelleHne OMOHWMMM Ha OCHOBE CreuuanbHbIX MPOTOKONMOB B3aMMOAENCTBUSI C BHELIHWMM CIOBApPHbLIMU
pecypcamut); MOCTPOEHWE NMHIBUCTMYECKOW OBOMOYKW OHTOMOTMM; Pacno3HaBaHUE TEPMWHOB NPWKMaAHOM
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OHTONMOTMM BO BXOOHOM TeKCTe (3agaya noKpbiTWS). COnpsikeHWe OHTOMOMMYECKOr0 U JIMHMBUCTUYECKOrO
(rpamMmaT4ecKoro) pPecypcoB peann3yeTcs Yepe3 MeXaHW3Mbl JIMHFBUCTUMYECKOW O6O0MOYKM  OHTONOrUM.
NwHrBucTmyeckas  obornoyka  OHTOMOrMM  CO3AAETCH € MOMOLWb  pas3paboTaHHOro  MPOrpamMMHOro
WHCTPYMEHTapusi, MOCPEACTBOM KOTOPOro (OUKCUpYeTCs rpammatiyeckas MHGopmaums 06 OHTOMOrMYecKmx
KOHUenTax M WX TekcToBbIX popmax. Kaxablil OHTONMOrMYecKnid BXOA (Kak MPaBWO, MHOTOCIOBHbIA TEPMUH)
CHabxaeTcs COOTBETCTBYIOLLEN paMMaTUYeCKon MHQOPMaUMen, Npu 3TOM [Ans OMOHWMa paspellaeTcs
COOTBETCTBYIOWAA  ((PYHKUMOHAmNbHAA, Nekcuyeckas, Mopdornormyeckas) OMOHUMMA.  [pammaTuyeckas
WHpopmauns nepepaetcs B nogeuctemy «OntoEditor+» oT noacucTembl  «AHamu3aTop» Ha OCHOBE
cneumarnbHbIX NPOTOKOOB B3aUMOAENCTBIS. PaspeLueHne NekcUYeckom, hyHKUMOHANBHOM 1 MOPhONOrnYecKoi
OMOHMMIV BbIMOMHSETCS HA OCHOBE CrewmarbHbIX AanoroB ¢ aKCnepToM-nMHrBucToM. OTAenbHbIe npoLeaypb!
peanu3yloT NpOBepKA CrioBOOpM B COCTaBe TEPMUHOMOTMYECKOro BXOAA Ha COMMAacoBaHHOCTb WX
rpaMMaTUYeCcKUX XapaKTEPUCTUK, Takxe OCYLLEeCTBNSETCH KOHTPOMb AOCTOBEPHOCTW CIOBApPHOM MH(OPMALMK.
KoHTponb gocToBepHOCTM 0becneunBaeT OTCREXMBaHE N3MEHEHMI, Kak B COCTABE rpaMMaTYecKoro Crnoeaps,
TaK W B COCTaBE OHTONOMMMW. YUnUThIBAS CRIOXHOCTb M MHOTOCTYMEHYATOCTb BbILIENEPEYNCIIEHHBIX NpoLeayp, B
noacucteme «OntoEditor+» paspabotaH MacTep NOCTPOEHUS NMHIBUCTUYECKOM 060MOYKM, KOTOPbINA BbI3bIBAETCS
KOMaHO0W OCHOBHOTO MEHIO.

MoacuctemMa «AHanuaatop» 00ecneuMBaeT peanu3auMio MeToga paspelleHus OMOHUMUMM Ha OCHOBE
KOHTEKCTHbIX MpaBun, T.e. (PaKTUYECKM WCMONb3YITCH FMHIBUCTUYECKME 3HAHWS CUCTEMbl. OTOT MeToq
SIBNIAIETCS YHUBEPCanbHbIM, HE 3aBUCUT OT CrieduKM NpeaMETHON 06nacTh 1 0becneynBaeT B TeKyLLEN BEPCUM
TOYHOCTb pacno3HaBaHust He Hwke 95 %. OpHako, Ans AAHHOTO MeTofa CYLLECTBYHT KpaifHe CROXHble TWMbl
(hyHKLMOHAMbHOM OMOHUMUK, HaMPUMEP, TUM «4acTuLa/colo3y. PaspelueHne AaHHO OMOHMMUN BO3MOXHO BO

MHOIMX Crny4asaXx fnnilb nocrie 3aBepLieHna NoNIHOro CMHTakCUYECKOro aHanmnaa.

BsanmogeincTane noacuctembl «OntoEditor+» u noacucTembl «AHannsaTop» OCYLLECTBMSETCS Ha OCHOBE
cneynanbHbIX MPOTOKONOB  B3aumogencTaus. [pu NPUMEHEHWW WHTErparnbHOM TEXHOMOTMM  paspelueHne
MHOMO3HAYHOCTW NMPOMUCXOAWT B ABa 3Tana. Ha nepsom aTane noacuctema «AHannsatopy» (KNMEHT) nepegaet
3anpoc Ha paspelleHre OMOHMMMM BXOOHOTO TekcTa nogcucteme «OntoEditor+» (cepsep). Mogcuctema
«OntoEditor+» Bo3BpallaeT nogcuctemMe «AHanM3aTop» MHAOPMALMIO O Pa3peLLEHHbIX OMOHUMAX Ha OCHOBE
CBOMX MeToaoB. Ha BTOpoM aTane noacuctema "AHanusaTop” paspellaeT OMOHMMMIO  OCTaBLUMXCS
HepaspeLLeHHbIX OMOHMMOB Ha OCHOBE METOAA KOHTEKCTHbIX MpaBil.

WHTerpanbHass  TEXHOMOTUS  paspelleHnst  MHOTO3HAYHOCTU  PEeKTUBHO  MPUMEHSIeTCs Ha  dTane
npeacuHTakcuyeckoro aHanmsa B cucteme «J1oTAx». [Mo CywlecTBy, MHTerpanbHasi TEXHOMOrUS NpeacTaBnset
coboil coveTaHne MHXEHEPHOro W MIMHIBUCTUYECKOrO MOAXOAA K PELLeHWo NocTaBfieHHoM 3agaun. B ocHose
MPOEKTMPOBAHWS  UHTErpanbHOM  TEXHONOTMM  NexaT MpoLecchl CKOOPAMHMPOBAHHOTO  B3aUMOZENCTBUS
Pa3nMYHbIX A3bIKOBbIX YPOBHEW, MPEXOE BCEr0 OHTOMOMMYECKOro YPOBHA (06ecneumBatoLLero CUCTEMHbIE
MOZENM 3HaHWA O MMPE) U Pa3NNYHbIX S3bIKOBbIX YPOBHEN (MOPEOMOrMYECKOrO M CUHTaKCUYECKoro). B cucteme
peann3oBaH 3pdEKTUBHLIA MEXaHWU3M B3aUMOLENCTBIS pasfnMyHbIX NOACMCTEM, 0BecneumBalowmx peanmusaLmio
pas3nuYHbIX METOLOB B COCTaBE MHTErparnbHOM TexHonoruu. Mpu aTom, cneayeT npusHaTb, YTO cam MpoLecc
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COrNacoBaHMs S3blKOBbIX B3aUMOAENCTBUI OOCTATOMHO CMOXEH K Tpe6yeT onpenenexHna GonbLuoro 4ucna

AeNHALMIA-NPaBNN, ONUCHIBAKOLLMX YCrIOBUS 06PabOTKM KOHLLENTOB OHTONOMMMU.

WUHTennekTyanbHas cuctema u3BneYeHns AaHHbIX U MX aHanu3a (Ha ocHoBe TekctoB) UCUOA-T

LUenbto MCWOA-T [Kopmanes, 2006]; [Kucene, 2004], sBnseTcs W3BMNEYEHWE 3HAYMMON WHGOpMALK

onpegeneHHoro TWna M3 (DOMbLUMX MaccMBOB) TeKCTa [N AanbHedlwen aHanutuyeckon o6paboTku.

Pe3y1'IbTaTOM p860TbI CnCTEM ABNAETCA NONy4eHNe CTPYKTYPUPOBAHHbLIX AaHHbIX U OTHOLLEHMWI Ha HKX.

OcHoBHble koMnoHeHTsl MCUA-T:

WHdpacTpykTypHele  cnyxbbl  (kOHGUrypupoBaHue, napannensHas obpaboTka, B3auMogencTsve
mozynen);

JIMHrBMCTMYECKMIN NpOLLECCOP;

Mogynu paboTsl co 3Hanusmu MpO;

WHTepnpeTaTop NpaBun U3BNEYEHNS MHGOPMALIAN.

PaspabotaHHble B pamkax npoekta MICUOA-T TexHONomMu, MHCTPYMEHTbI M NPOAYKTHI MO3BOMSIOT:

obHapyx1BaTb B 3MEKTPOHHbIX [OKYMEHTaX, W3BnekaTb UM CTPYKTYpupoBaTb MH(opMauuo o
NpeacTaBnsoLLMX UHTEPEC (haKTaX, COBLITUSIX, 0BBEKTAX 1 OTHOLLEHMSIX;

BbINOMHATb MOHUTOPWUHI CAiTOB B CETWU VIHTEPHET Ha npegMeT MOsIBNEHWUS Tam 3Ha4YUMOi Ans
nonb3oBatens MHopMaLmm.

OcHoBHble paboyme XapakTePUCTUKN TEXHOMOTAN W NPOAYKTOB:

NOAAEPkKa PyCCKOro A3blKa;
ObICTpas HacTpoiika Ha NpeaMETHYL0 0BnacTb NpW NOMOLLM 3DMEKTUBHBIX MHCTPYMEHTANbHBIX CPEACTB;
BbICOKAsl TOYHOCTb M MOMHOTA aHann3a 3a CYeT UCNOoNb30BaHUs NPEAMETHbIX 3HaHWIA;

Hanuume BCTPOEHHbIX CPEACTB BU3yanu3aLum pe3ynsTaToB aHanusa B Buae auarpamMmm u CXeM;

nerkas UHTerpupyeMocTb B Apyrue WHAPOPMaLMOHHbIe CUCTEMbI Ha IO6OM ypoBHE (MpOrpaMMHBbIA M
ceTeBoM nHTepdeinc, bM);

yHKUMoHMpoBaHue nog ynpasneHnem OC Windows n 6onblumHcTBa Linux-cuctem;

Onuskas K NMHEHOW MacwTabupyemocTb MpW napannenbHON apXMTeKType aHammaa. BoamoxHOCTb
paboTbl Ha BbIYUCIUTENbBHBIX MALLKMHAX KNAcTEPHOro Tvna.

HekoTopble 06nactv NpUMEHEHUs| TEXHOMOTMA CEMaHTU4YECKOTO aHanu3a W CTPYKTYPUPOBaHWS TEKCTOBOA

WHopmMaLnu:

WH(opMaLmoHHas noaaepxka 6usHeca (business intelligence) u ynpaeneHue 3HaHuamu (knowledge
management);

MapKeTUHIOBble UCCea0BaHuS;

(hMHAHCOBasi aHANUTMKA;

BOEHHas M KOMMepYeckas pa3BeaKka U MOHUTOPWHT;

WHOpMaLMOHHas Noaaep)Kka OpraHoB rocyAapCTBEHHOM BMACTH (B paMKkax HanpaBneHus «ArneKTpOHHoe
NpaBUTENbCTBOY);
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o pabota bubnuotek, nagatenscts u CMU.

Paccmotpum 06Lyto opranusaumio mHdpactpyktypbl cuctemel UCUIOA-T. KpaeyronbHbiIM KamHEM CUCTEMBI
WNCUOA-T sBnsieTca TOYHas HACTpoOika Ha NpeaMeTHY 06nacTb U KOHKPeTHyKo 3agady u3sneveHus. C ogHoW
CTOPOHbI, 3TO [OCTUraeTcs 3a cyeT pefakTMPOBAHUS NMHIBUCTUYECKAX PECYPCOB, PECYPCOB 3HAHWUIA, MpaBun
U3BfieYeHns M npasun TpaHcdopmaumu. C Opyron CTOPOHbI, HACcTpOMKa MOXeT noTpeboBaTh BKMIOYEHUS B
npouecc 06paboTku AOMOMHUTENbHBIX CreLManu3MpoBaHHbIX MeTogoB obpaboTku TekcTa. Kpome Toro, ans
Kaxaon 3apaum Heobxogumo nogobpatb Hauboree NOAXoAsLMe anropuTMUYEcKue CpeacTsa aHanmsa w3
Habopa umelowwmxcs. ATU acnekTbl TPebyloT CO3[aHWS TakoM apXWTEKTYpbl, MPU KOTOPOWA Merko Moryt
A006aBNATLHCS U 3aMeLLaTbCs anropuTMUYECKNE KOMMOHEHTBI NPOLIECCa U3BNEYEHNS.

Mpobnema KOHMIypUPOBaHNA Ha anropuTMUYECKOM YPOBHE NoTpeboBana Co3AaHNs MOAYNbHON apXUTEKTYpbI
W [EeKnapaTMBHOrO MOAXOAA K OMpedeneHnto npouecca u3BneyeHus. Mogynmu nonyuunu  HasBaHwe
0bpabaTbiBaloLLMX PECYPCOB B MPOTMBOBEC NIMHIBMCTMYECKAM pecypcam U pecypcam 3HaHuiA. B koHdurypaumm
AeKnapupyeTcs nopsaok 0bpaboTku JOKYMEHTa aHanMMTUYECKUMU MOLYNSMU, MOTOKM AaHHBIX MEXZY HWAMM, a
TaKke NapameTpbl UX paboTbl.

O6pabaTbiBatoLLe Pecypchbl MOXHO Pa3aeNiTb Ha CeayoLLMe rpynmbl.

o Pecypcol npegobpabotku. Cioga 0THOCATCS CpeacTBa OnpeaeneHns KOaUpPOBKA JOKYMEHTA, U3BNeYeHUs
TeKCTa W CTUNEBOI PasMETKM U3 JOKYMEHTA, NPpeaBapuTEnbHON unbTpaLmi.

o Pecypcbl nuHreucTMYeckoro aHanmmsa. OcywecTBnsioT pa3bop TekcTa Ha OTAenbHble  ChoBa,
MOPEONOrMYeckNin aHanua (B TOM YuChe CneLmanuanpoBaHHble BapuaHTbl ANs pasfnyHbIX KaTeropui
MMEH COBCTBEHHbIX), MOBEPXHOCTHBIA CUHTAKCUYECKMIA aHanN3 1 OnpeaeneHne rpaHuL, NPeanoXKeHN.

o Pecypcbl u3BneyeHus. OCyLEeCTBMAKOT MOUCK B AOKYMEHTE LeNeBOi NEKCUKUM U CUHTAKCUYECKMX
KOHCTPYKLMIA, @ Takxke NepBU4YHOE CTPYKTYPUPOBaHME HGOpMaL.

o Pecypcbl yHumMKaLmm 3HaHWiA 1 BbiBoga. OCYLIECTBASIT YHUMKALMIO U OTOXAECTBIIEHNE 3IIEMEHTOB
3HaHWI, BbIBOA NPOU3BOAHDBIX 3HAHWN.

o Pecypcbl noarotoBku pesynbrata.  OCywecTBNAKT NPUBEAEHWE W3BMEYEHHOW MHGOpMaUun K
onpegeneHHoMy dopmaTy v nepegavy 3a npegers! nocnegosartensHocTy obpabotku (B Bl, rnobanbHbii
pecypc 3HaHui, chaiin, NpUnoxeHue).

B cucteme MCUOA-T BCce mMogynu, B TOM uucrne CpeacTBa OOLIEro NMMHIBUCTUYECKOrO aHanu3a, MCMomnb3ytoT
CTPYKTYPY AaHHbIX — aHHOTaLus. AHHOTaLMS — 0BBEKT, KOTOPbIN NPUNKCLIBAETCS PParMEHTy TekcTa (Hanpumep,
CMOBY, COBOCOMETAHWI, NPEMNOKEHNO, CCbINIKE Ha CYLIHOCTb MPeAMETHOM 0Bbnactu u T. [4.) U OonucbiBaeT
CBOMCTBA 3TOr0 (hparmeHTa. AHHOTALMKM Pa3ObUTLI HA KOHEYHOE MHOXECTBO KnaccoB. Kaxabli Knacc aHHOTaLi
ONMNUCbIBAET TEKCT B OMpedeneHHOM acnekte. WHdopmaums o parMeHTe npeacTaBneHa 3HaYeHUsIMU
WMEHOBaHHbIX aTpubyToB aHHOTaumu. Habopel knaccoB u  aTpubyTOB aHHOTALMA HAMEPEHHO He
cneunduumpoBaHbl, Y4Tobbl MOXHO ObINO UCMOMNb30BaTh NPOKU3BOMbLHLIA HAbop obpabaTbiBatoLmx Mogynen
NPeacTaBnsaTb HeOOXOOMMYKO IMHTBUCTMYECKYID M NpeaMeTHyr uHdopmaumio. OBMEH AaHHbIMKU  Mexay
MOZYNSIMM TOXE MAET B TEPMUHAX aHHOTALMN: HOBbIE aHHOTALMWN MOTYT CTPOUTLCS HA OCHOBAHWW MOMYYeHHbIX
Ha npegpblaywyx atanax aHanuaa [Osgen, 2006]. B peanusaumm cuctemsl UCUOA-T mogens aHHOTauui 6bina
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[OMONHEHa HEKOTOPbIMM MONE3HbIMU CPEACTBaMU. B 4acTHOCTU, ObINO CHATO OrpaHUYeHWe Ha aTOMapHOCTb
aTpubyToB 1 JOOaBNEHa BO3MOXHOCTb YCTaHABNMBATL CChINKM MEXY aHHOTaLMAMM.

[ns pacnosHaBaHWs TEKCTOBbLIX CUTyaLMid UCMONb3yeTcs Habop MpaBws, OMUCHLIBAIOWMX XapaKTepHble AN
KOHKPETHOM 3ajaun cnocobbl BbIpaXeHUs CcuTyauun B TekcTe. OTU npasuna 3agatT obpasel Ans
COMOCTaBNEHUs U [EeNCTBUS, KOTOpble AOMKHbI BbiTb NPOM3BEAEeHbI MOCMe YCMELWHOro conocTaBneHns. Psaa
COBPEMEHHbIX CUCTEM U3BMeYeHns wuHdopmauum (B Tom uucre, cuctema WCKOA-T) bepyt 3a ocHoBy
pasnnyHble gunanekTtsbl s3bika CPSL [Noy, 1999]. Mcnonb3oeaHue 3Toro A3bika NogpasyMeBaeT pasMeTKy TekcTa
NP NOMOLLY aHHOTaLMN.

Asbik npaeun, ucnonb3yembin B cucteme WCWOA-T, saensetca pacwupennem CPSL. [Mpeanaraembie
pacluMpeHns npecneayot gse uenu: 1) obecneuntb BO3MOXHOCTb ONKUCbIBaTb 60Nee CroXHbIE KOHTEKCTbI, B
KOTOPbIX BCTPEYaEeTCs Lienesas Hopmauus, u 2) CHU3UTL 06beM pPyTUHHON paboTbl NPKU CO3AAHNUN CUCTEMDI
npaBun 3a c4eT 6onee KOMNAKTHOrO OnMcaHns koHTekcTa [aBpunosa, 2000].

Otnnuna ot gpyrux peanusauumi, Hanpumep, JAPE [Calvanese, 2007] wnu guanekta CPSL coctosT B
cneaytoem.

o PeanunsoBaHa BCTPOEHHas NOAAEPKKA PaCLUMPEHHOMO CMEKTPA TWMOB AAHHbIX, B TOM YKCNE, CChINOK Ha
aHHOTaLUMN W MHOXECTBEHHbIX 3HayeHui. [JaHHble 3TWX TWUMOB MOrYT WCMONb30BaTbCH B KayecTBe
3HAYEHNN NEPEMEHHBIX W 3HA4YEHUI aTpOyTOB aHHOTALMIA.

o Jlornka paboTbl WHTEpnpeTaTopa npaBuf NpYBEAEHa B MakCUMarbHOE COOTBETCTBME MOBEAEHWHO
WHTepnpeTaTopa 0bbIYHbIX PErynsipHbIX BbipaxeHuit. OTAnYMS OT coBpeMeHHoi peanusauum JAPE w
Montreal transducer [Calvanese, 2007] 3akntoyalTCa B NOAAEPKKE «KAOHBIX» M KHEXAAHbLIX»
KBaHTWU(HMKATOPOB W OMNEpeXatoLLen NPoBEPKH.

o [loaaepknBatoTC KBAHTOPbI CYLIECTBOBAHMA (MO YMOMYaHM0) M BCEOOLIHOCTW, CBSi3biBaOLLME
anemeHTapHble TecTbl. K kBaHTOpam MOXeT f06aBnsaTLCA OTpULLaHme.

o CylecTByloT 3blkOBble CPeACTBa, MO3BONsWMe MOKO NpoBepsATb B3aMMHOE PacronoXeHue
aHHOTaUWi, paccMaTpuBaeMblX B KOHTEKCTE COMOCTABMEHMs, W MPOYMX aHHOTaLUuid BO BXOOHOM
KOnneKLumuu.

a B Tectax moryT ucnonb3oBatbCa (yHKUMM Ans obpalleHns K pecypcy 3HaHui, Hampumep, NpOBEPKY
TaKCOHOMMYECKON MPUHAANEXHOCTN dneMeHToB. [ns 6onee CnOXHbLIX 3anpocOB K Pecypcy 3HaHMiA
NCMONb3yeTCA NPEeAMETHO-OPUEHTUPOBAHHBIA A3bIK, COBMAZatoLLMiA C S3bIKOM OMUCAHWUS NEBON YacTy
npasun TpaHchopmaLmm.

o [na nepegaun MHGOpMaLMM MeXay aremMeHTapHbIMM TeCTaMu, a Takke B MPaBylo YacTb NpaBun MOryT
NCMONb30BaTbCA MMEHOBaHHbIE MEPEMEHHble, 3HAYeHUs KOTOPbIX MPUCBaMBAKOTCA SBHO B Xode
conocrasneHns. MHOXeCTBO 3Ha4eHW NepeMEHHBIX BXOLUT B KOHTEKCT COMOCTaBMEHUS.

MHcTpymeHTanbHOe cpeAcTBO NPOEKTUPOBAHUA OHTONOIMI Protégeé

Protégé [Noy, 1999] - nokanbHas, cBo60aHO pacnpocTpaHsiemas Java-nporpamma, paspaboTaHHasi rpynmnoi
MeauumHekon uHdopmatukn CTaHgdopackoro yHuepceuteta. [porpamma npegHasHaveHa Ansi nocTpoeHus
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(co3maHus, pedakTMpOBaHWS W MPOCMOTPa) OHTOMOMUIA NpuknagHoi obrnactu. E& nepeoHavanbHas uenb —
nomoYb paspaboTymkam NporpaMMHOro obecrneyeHns B CO3AaHUN M NOAAEPXKKE SIBHbIX MOAeNei npegMeTHoN
obrnactm 1 BKMKYEHWe 3TUX MoZeneil HEMOCPEACTBEHHO B MPOrpaMMHbIN kog. Protégé BknovaeT pepaktop
OHTOMOrMI, NO3BONSIOLLMIA NPOEKTUPOBATL OHTONOTMM, PA3BOPAYMBAs MEPAPXNYECKYID CTPYKTYPY abCTpakTHbIX
WNW KOHKPETHbIX KNaccoB M cnoToB. CTpyKTypa OHTONOMMW CAenaHa aHarnorMyHO WepapXMYecKor CTPYKType
kaTanora. Ha ocHoBe chopMMpOBaHHON OHTOMOMMK, Protégé MoxeT reHepuposaTb POPMbI NOMYYEHUS 3HAHWI
AN BBEAEHWS 3K3EMNNSPOB KNacCoB W MOAKNACCOB. MHCTPYMEHT umeeT rpadmyeckuii nHTepdenc, yaobHbIi
ANS UCMOMb30BaHNS HEOMbITHLIMW NONb30BaTENAMU, CHabXEH CripaBkamu U NpUMepamu.

Protégé ocHoBaH Ha (bpeimoBoit mogenu npeactasnenns sHauns OKBC (Open Knowledge Base Connectivity)
[Chaudhri, 1998] n cHabxeH psAoOM NarkHOB, YTO NO3BONSIET adanTUPOBATb €ro Ans peaakTMpOBaHNS Mogenen,
XpaHUMbIX B pa3HbIX dhopmatax (CTaHAapTHbIM TekcToBbl, B 6a3e gaHHbix JDBC, UML, a3bikoB XML, XOL,
SHOE, RDF n RDFS, DAML+OIL, OWL).

Ucnonb3yemble hopmanuambl U hopMamb|

/13HayanbHO eauMHCTBEHHOM MOAENbIO 3HaHWIA, mogdepxuBaemon Protégé, Obina dpeiimoBas mogenb. OTOT
hopmanmam ceivac SBnsSeTcs «POAHLIMY ANs peaakTopa, HO He eIMHCTBEHHBIM.

Protégé umeeT OTKpbITYI0, NErko paclUMpsieMyto apxXMTEKTypy W, NOMWMO (hbperiMOB, MNOAAEPXMBAET BCE
Hanbonee pacnpocTpaHeHHble sI3blkM npeacTaBnenns 3HaHuin (SHOE, XOL, DAML+OIL, RDF/RDFS, OWL).
Protégé nopaepxuBaeT MmogynM paclmpenus yHKuMoHanbHOCTK  (plug-in). Pacwwupste Protégé ans
NCronb30BaHNs HOBOTO A13blka NPOLLE, YeM CO3AaBaTb PEAAKTOP 3TOr0 A3blKa «C HYNS».

Protégé ocHoBaH Ha mogenu npefctasnenHus 3HaHun OKBC (Open Knowledge Base Connectivity). OcHoBHbIMM
aneMeHTaMK SBRSTCS KNacehl, SK3EMNNNAPbI, CrOThl (NPEACTaBNSAIOLLME CBOMNCTBA KMNACCOB W 3K3EMNNSPOB) U
aceTbl (3agatoLme JOMONHATENBHYIO MHGOPMALMIO O CrOTaXx).

Monb3osamenbckuli uHMepghelic

lMonb3oBaTenbCkMn UHTEPGEIC COCTOMT W3 [NABHOrO MEHI W HECKOMbKMX BKNAZOK AN peaakTMpOBaHWs
pasnuuHbIX YacTen 6a3bl 3HaHUN 1 ee CTPYKTypbl. Habop 1 Ha3BaHWs BKNaAoK 3aBUCAT OT TMNa NpOeKTa (A3blka
npeacTaBnenns) U MoryT ObiTb HAacTpoeHbl BpyyHylo. OBbIYHO MMeKTCs credylowpe OCHOBHbIE BKMaZKM:
Knaccel, Cnotsl (nnm Ceoiictaa gns OWL), Sksemnnspel, MeTagaHHble.

MHCTpyMeHTanbHbIN KOMNNEKC aBTOMaTM3MPOBAHHOIO NOCTPoeHUs oHTonorui MpOo

MHCTpyMeHTanbHbIM KOMMMEKC OHTonornyeckoro HasHaveHns (MKOH) ons aBToMaTavpoBaHHOTO MOCTPOEHWS
OHTONOTM B NPOU3BONLHOM NpeaMeTHon obnactu [Manarvh, 2012] sBnseTcs CUCTEMON, peanuayrLen 0gHoO 13
HanpaBneHnit komnnekcHbIXx TexHonoru Data & Text Mining, a umeHHo — aHanu3 u 0bpaboTky 6oMbLInX
00BEMOB HECTPYKTYPUPOBAHHBIX [aHHBIX, B YaCTHOCTW FMHIBUCTUYECKUX KOPMYCOB TEKCTOB Ha YKPAWMHCKOM
WK pyccKoM §3bIKE, U3BMEYEHUE U3 HUX MPEAMETHbIX 3HAHWUA C MOCNEAYIOLMM WX NpeacTaBneHneM B BUae
CUCTEMHO-OHTONOMNYECKON CTPYKTYPbI UM OHTOMNOrMM NpeaMeTHON obracTu.

M3Bneyenne nHgopmaumm (Information Extraction) [ManaruH, 2012] — 370 nogxog, NO3BONSIOWMIA Cy3UTb KPYr
3agay, TpebyioLmx cneumnduyeckoro NpeaMETHO-OPUEHTUPOBAHHOTO PELLEHNS NPU aHanu3e Tekcta. B pamkax
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aTOro noaxoda 3apava 0bpaboTkM TeKCTa OrpaHuMyeHa pacro3HaBaHWEM MHOXECTBA KIAcCOB KIHOYEBbIX
MOHATUIA KOHKPETHOW NMPeAMETHOR 00NacTh U UTHOPMPOBAHWEM BCSIKOW ApYron MHAopMaLuy.

HecMOTps Ha TO, YTO CUCTEMbI U3BNEYEHUS| MHDOPMALMM MOTYT CTPOUTLCS NS BLINONMHEHMS PA3nUYHbIX 3a4ay,
rnogyac CUMbHO OTIMYAOWMXCA APYr OT [pyra, CYLECTBYKOT KOMMOHEHTbI, KOTOpble MOXHO BblAENNTb
MPaKTUYECKM B KAXOON CUCTEME.

B cocTaB nouTu kaxgon cucTeMbl U3BMEYEHUS MHPOPMALN BXOASAT YETbIPE OCHOBHBIX KOMMOHEHTA, @ MMEHHO:
KOMMOHEHT pa3bueHnss Ha FeKCeMbl, HEKOTOPLIA TUM NIEKCMYECKOro MW  MOpEONornyeckoro aHanmaa,
CUHTaKCUYECKUI aHann3 (MUKPO- 1 MaKpOypPOBEHb), MOZYIb U3BMEYEHUs MHGOPMaLMK U MOAYNb 4N aHanu3a
Ha YPOBHE KOHKPETHOM npeameTHo obnactu. B 3aBucumocTu oT TpeboBaHUii K KOHKPETHOMY NpOrpamMmMHOMY
NPOAYKTY B NPWBEAEHHYID Bblle Cxemy A00aBNAT [OMOMHUTENbHbIE MOAYNM aHamu3a (cneumanbHas
0bpaboTka COCTaBHbIX CMOB; YCTPAHEHWE OMOHUMIW; BblAENEeHNEe COCTaBHbIX TUMOB, KOTOPOE MOXET Takke ObiTb
peann3oBaHo Ha Si3bIke NpaBWs U3BMEYEHUS MHGOpMaLK; 06 beUHEHNE YaCTUYHBIX PE3yNbTaToB).

Pa3bueHne Ha croBa npu aHanu3e €BPOMEWCKMX N3bIKOB He ABNSeTCS Npobnemon, NOCKOMbKY CroBa
OTAEnaTCA ApYr OT Apyra npobenom (unu 3Hakamu npenuHaHus). Tem He MeHee, Ans 06paboTkm COCTaBHbIX
cnos, abbpesnatyp, OYyKBEHHO-LUMKPOBLIX KOMMNEKCOB M psga Apyrux ocobbix  cnyvaeB TpebyoTcs
cneyndunyeckne anroputMbl. C rpaHuLaMi NPeasioXeHui, kak Npasuso, Toxe BonbLUMX NPobnem He BO3HUKAET.
OpHako Npu aHanmMae TakuWX A3bIKOB KaK SINOHCKWA WKW KUTAWCKWA, OnpedeneHne rpaHuL, CrnoBa Ha OCHOBE
opdorpacum HeBO3MOXHO. [1o 3TOM MpUUMHE CUCTEMBI U3BMEYEHUST MHGOPMaLMK, paboTarwme ¢ TakuMu

A3bIKaMK, JOMKHbI ObITb JONOMHEHbI Moaynem CermeHTMpoBaHNA TeKCTa Ha CrnoBa.

B HekoTopble cuCTeMbl Hapsidy ¢ 0BbIYHBIMKM CPeaCTBaMM NEKCUYECKOTO 1 MOPAONIOrMYeckoro aHanmsa MoryT
ObITb BKMHOYEHbI MOMlYNIM ANs OMPELEeneHns W kaTeropusauun aTpubyToB YacTel peyu, CMbICMOBbIX Harpy3ok

CNOB, UMEH UMW APYrUX HETPUBMUANbBHBIX TEKCUYECKUX eanHML,
MKOH npeaHasHaveH Ans peanusauuit MHOXeCTBa KOMMNOHEHTOB eAMHON UHADOPMALIMOHHOM TEXHOMOTWN:

O MOMCK B CETU MHTEPHET n/unmn B OpYyrux SNEKTPOHHbIX konnekumsix (OnK) TekctoBbix gokymeHToB (TH),
peneBaHTHbIX 3agaHHom MpO, ux HAeKcauuto 1 coxpaHeHue B 6ase AaHHbIX;

@ aBTOMaTuyeckas 06paboTka ecTeCTBEHHO-A3bIKOBbIX TEKCTOB;

O V3BMeYeHne M3 MHoxectBa T[] 3HaHWiA, peneBaHTHbIX 3agaHHoi [pO, MX CUCTEMHO-OHTONOrMYecKas
CTPYKTYypU3auus W popManbHO-NOrMYeckoe nNpeacTaBneHne Ha OfHOM (MMM HECKOMbKWUX) U3
OBLENPUHATLIX A3bIKOB OMUCAHWS OHTOMOrMA. Kpome TOro, BHYTPM 3TOM TEXHOMOMMW peanusyeTcs
npoueaypa NOCTPOEHWS, BU3yanu3aLum 1 NpOBEPKM CEMAHTUYECKUX CTPYKTYP CMHTAKCUYECKUX eauHWL,
T v NOHATUIAHBIX CTPYKTYP 3aaaHHo MpO B BUAde oHTOrpada, Ha3BaHHOMO HavansHoM oHTonoruen Mpo;

O CO30aHue, HaKonneHne U UCMonb3oBaHWe OOMblWKX  CTPYKTYP  OHTOMOTMYECKMX  3HAHWA B
COOTBETCTBYHLLUMX GubAMoTEKAX;

O C/ACTEMHas WHTerpauus OHTOMOTMYECKMX 3HAHWM KaK OfHa M3 OCHOBHbIX KOMMOHEHT METOZ4ONOrum
MEXAMCLMNIIMHAPHBIX HAYYHbIX UCCREA0BaHWIA;

@ [pyrvue Npoleaypbl, CBA3aHHbIe C aBTOMaTM3auUmMeln NnpuobpeTeHns 3HaHUN U3 MHOXKECTBA €CTECTBEHHO-
3bIKOBbIX 06 BEKTOB.
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WKOH coctout 13 Tpéx noacucTem M npeactaBnsieT coboit uHTerpaumio pasHoro poga WHGOPMaLMOHHBIX
pecypcoB (P), nporpammHo-annapaTtHbiX cpeacte 06paboTkm W npoueayp €CTeCTBEHHOro wHTennekta (EN),
KOTOpble, B3aWMOAENCTBYS Mexay coboi, peanu3yloT COBOKYMHOCTb anropuTMOB aBTOMATU3MPOBAHHOIO,
NTEPALMOHHOTO MOCTPOEHUSI MOHSTUMHBIX CTPYKTYP NPEAMETHBIX 3HAHWW, WX HAKOMNEHWS W/MAM CUCTEMHOM
nnTerpaummn. O606wWwEHHas 6rok-cxema MIKOH npeacTaBneHa Ha puc. 2.

Mogcuctema «MHMDOPMALMOHHBIA pecype» BKOYaeT Onoku HOPMUPOBAHMS  FIMHTBUCTUYECKOTO Kopnyca
TekcToB, 0a3 [aHHbIX N3bIKOBbIX CTPYKTYP M OUBMMOTEK NOHATUMHBIX CTPYKTYp. [lepBblii  KOMMOHEHT
npeacTasnser cobor pasnmyHble UCTOYHUKM TEKCTOBOM MHAOPMaLMK, NOCTynatLen Ha 0bpaboTky B cuctemy.
BTopoit KOMNOHEHT NpeacTaBnseT cobon pasnuuHble 6asbl AaHHLIX 06paboTKM A3bIKOBbLIX CTPYKTYP, YacTb M3
KOTOpbIX hopMUPYETCS (HANOMHSAETCA AaHHbIMK) B mpouecce obpabotku TL, a opyras Yactb opmmpyetcs o
npouecca noctpoeHus oHtonoru MpO u, no cytn, aengetca AnK pasnuuHbIX crioBapen. TPETUN KOMMOHEHT
npeacTaBnseT coboi COBOKYMHOCTb OMOMMOTEK MOHSTWUIAHBLIX CTPYKTYP Pa3HOrO YpOBHS MpeacTaBneHns (oT
HabOpPOB TEPMMHOB 1 MOHATUIA O BbICOKOWHTErPUPOBAHHON OHTONOTMYECKON CTPYKTYPbl MEXANCLMMIMHAPHBIX
3HaHUIN) 1 ABNSETCA pe3ynbTaToM peann3auun HeKOTOporo npoekta (MpoekTpoBaHus oHTonorim MpO n/mnu
CUCTEMHOW UHTErpaLym OHTONOMMR).

lModcucmema lModcucmema
UugopmauyuoHHbIl pecypc ' [IpoepammHo-annapamHbie cpedcmea

Bnok

|

|

|

|

|

|
dopMUpOBaHUA |——— obpaboTka !
- TEKCTOBbIX JOKYMEHTOB| |
MHoxecTBa EAO AOKY |
|

|

|

|

|

|

|

|

:

AsbikoBasi

lModcucmema
EcmecmeeHHbIlU uHmenaekm

basbl gaHHbIX Ynpasnswowas NHxxeHep OkcnepT
A3LIKOBbLIX CTPYKTYP | obonouyka | no 3HaHUAM Moo

| |
1 1
| t |
BubnuoTeku | O6paboTka |
MOHATUHbIX <—:—> MOHATUHBIX i
CTPYKTYp CTPYKTYp i
|

Puc. 2. O606wwEHHas brok-cxema I/IKOH

Moacuctema «porpamMmHo-annapatHble CpeacTea» BkMYaeT Grioku 06paboTki S3bIKOBbIX M MOHSTUIHBIX
CTPYKTYp 1 ynpaBnsioLlyto rpaciuyeckyto 060moUKy, ¢ MOMOLLbIO KOTOPOI MHXEHEP MO 3HAHWUSIM OCYLLECTBNISIET
obLLee ynpaBneH1e npoLeccoM MCromnb3oBaHHst CBA3aHHbIX MHOPMALMOHHbIX TEXHOOTUIA.

Mogcuctema  «ECTECTBEHHBIN  MHTENNEKT»  OCYLIECTBNSIET  MOATOTOBKY W peanu3auuto  npoueayp
npegBapuTENbHOTO 3Tana MPOEKTUPOBAHWS, @ Ha MPOTSKEHUM BCEro MPOLECCa OCYLLECTBSIET KOHTPOMb W
NPOBEPKY Pe3ynbTaToOB BbIMOMHEHNS 3TanOB NPOEKTUPOBAHWS, MPUHMMAET pelieHne O CTeneHn WX
3aBEPLIEHHOCTH (M B Clyvae He0OXOAMMOCTM — NOBTOPEHUM HEKOTOPBIX M3 HUAX).
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TOAOC - IT-nnatdhopma OHTONOrMYeCKUX MHPOPMALMOHHO-aHANMTUYECKNX IKCNEPTHbIX
cucTem

TOOOC — MHHOBALMOHHBIA KOMMAMNEKC MPOrpaMMHO-MHPOPMALIMOHHBIX U METOAUYECKNX CPELCTB YnpaBneHus
3HaHWAMM C UCMONMb30BAHUEM MOAXOAO0B OHTOMOMMYECKOro YNpaBneHus KopnopaTUBHLIMU MHPOPMALMOHHBIMU
pecypcamy, roe YenoBeK paccMaTpyBaeTCsl Kak MCTOYHWK OMpedeNieHus HOBbIX 3HaHWA Ans nepefjayun ux B
opme COBCTBEHHOrO 3HaHWs uyepe3 uHcTpymeHTapun [Ctpuxak, 2013]. TOOOC obecneunBaet ans
Nonb30BaTeNs €AWHYI0 UHTETPUPOBAHHYKD TOUKY JOCTYNA — «EAMHOE OKHO» — K UHCDOPMALIMU U NMPUIOKEHNAM
cucteMbl Ans obecneyeHns IHTEPaKTUBHOMO B3aUMOAECTBIS NpU PELLEHNW NPUKNaZHbIX 3agay.

MpuHumn TOOOC - «CwuTyalMoHHas OCBEJOMMEHHOCTb» 3@ CYET MpefoCTaBfeHUs MoMnb3oBaTensam
Heobxoaumoi WMHGopMaLWK, Kacalowencs HanpaBneHui WX OesTenbHOCTM W GOCTATOMHOM ANS MPUHATUS
3heKTUBHOIO peLLeHNs:

o Yo6Hoe, MHTYMTUBHO-MOHSATHOE, MHOTOACNEKTHOE NPeACTaBNEHNE aHANUTUYECKON MHGopMaLmK;
o Ob6ecneyeHne paboTbl C HECTPYKTYPUPOBAHHOM M cnabo CTPYKTYPUPYEMOI MHGOpMaLMen;

o Pabota c nHhopmaLmen u pesynbTatamu aHanuaa u3 ntobomn TOUKM CeTEeBOro JOCTYNa;

o Y[OBNETBOPEHWE NOMCKa W 3aNpOCOB MOSb30BaTENEN — M3BNEYEHNE 3HAHWIA,

o O6paboTka 1 aHanu3 KOHTEHTA, arperMpoBaH1e 1 yNopsiao4nBaHUe No 3agaHHOMY KpUTEPHIO;

o [loaaepkka NPUHATIS peLLeHnii Ha OCHOBE aHanmuaa 6onbLnx 06bEMOB HGOPMaLK;

g OT AaHHbIX - K NpOCTpaHCTBEHHO-pacnpedenéHHbiM cuctemam ynpasnenus (MNC) - ot TUC - «
uHcbopmaLmu;

o OGecneyeHne B3anMOOENCTBIS M 0BPaTHOM CBS3N.
Konuenuma TOLOC:

O KOHCONMWUAAUMA W WHTErpaumst BCEM MMEILLERCs KOpnopaTUBHOM WHGopMauuMn U NpeaocTaBreHne ee
yepes CUCTEMY «eOMHOTO OKHa», 3a CHET YEro MOBbLILLAETCS YPOBEHb OCBEAOMMEHHOCTU BCEX KAaTEropuii
nonb3oBaTesnen B UX AeATeNbHOCTY;

o obecneyeHne «BECLIOBHOM» CMCTEMHOM WHTErpaumm MHGOPMALUMOHHBIX TEXHOMOMMA U WHHOBaUWA C
Lenblo Co3aaHnst MHAOPMALMOHHO-aHANUTUYECKUX PECYPCOB AN BHeapeHns B Bu3Hec-npouecchl
opraHu3auuy;

o Cco3faHune yCJ'IOBVIl7I ((CVITyaLMOHHO|7| OCBEOMITIEHHOCTM» aANnA BCEX 3aUHTEPECOBAHHbIX KaTeFOpMVI
nofb3oBaTesie ¢ MHOroacnekTHbIM aHanuM3oM MacCMBOB AOKYMEHTOB, WX aHanu3oM, CpaBHEHWEM,
peI7ITVIHFOBaHI/IeM C BbIBOAOM OTHETOB U PE3YNbTATOB aHasnaa;

o obecrneyeHne OHTONOTMYECKOrO YNpaBneHUs MHPOPMaLMOHHBIMU MaccuBami, KOTOpbIE 06beANHAKTCS B
eaMHOE  KopropaTuBHOE MHOPMaLMOHHOE MPOCTPAHCTBO —  OHTOMOTO-YNpaBNsieMyld  CUCTEMY
KOpMopaTUBHbIX 3HAHMWI;

O TMOuCK B CETU MHTepHeT nB d)aﬁﬂOBbIX ANEKTPOHHBIX KOMNEKUMAX TEKCTOBbIX JOKYMEHTOB, PENEBaHTHbIX
TemaTuke UccrnefoBaHuii u 9KCNepTu3bl;
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aBTOMaTH4eckasn o6pa60TKa €CTEeCTBEHHO-A3bIKOBbIX TEKCTOB C BblAeNneHneM MNOBEPXHOCTHbIX
CeMaHTUYECKMX OTHOLLEHWA ANS AanbHENLLEro UX aHanuaa;

U3BMEYEHNE M3 MHOXECTBA AOKYMEHTOB 3HAHWA, PENeBaHTHbIX BblbpaHHOM MpeaMeTHOM obnactu, ux
CUCTEMHO-OHTONOTMYECKas CTPYKTypu3aums W (hopManbHO-NOrMYeckoe npeacTaBreHne, a Takke
NOCTPOEHWe, BuM3yanusauns U Bepudmkaums CEMaHTUYECKUX CTPYKTYP CUHTAKCUMYECKUX eOuHWL
TEKCTOBbIX [JOKYMEHTOB W KaTeropuanbHbIX 3HAHWA 3adaHHOM npeaMeTHo obnactm B Buae
OHTORNOrNYeCcKoro rpada;

aBTOMaTMU3NPOBaHHOE MOCTPOEHNE OHTOMOMUI 1 Te3aypycoB npeaMeTHbIX obnacreit ana opraHuMsadnun
CUCTEMbI yrNpaBreHUs 3HaHNAMMN,

aBTOMATU3MPOBaHHbIA aHanu3 1 Co3aaHne CUCTEMbl PEATUHIOB 0GBEKTOB MCCMELO0BaAHMUS U NPOLIECCOB C
HUMW CBSI3aHHbIX C Y4eTOM BCEro MHOXeCTBa (hakTOpOB, BIMSIOLLMX HA COOTBETCTBYHOLMNE OOBEKTHI U
npoLeccsl;

obecneyeHe MHOTOBEKTOPHOTO UCCrea0BaHst 0GBEKTOB 1 MPOLLECCOB C LIENbIO BbISIBNEHWS NapaMeTpoB
BNMSIOLLIMX HA UX COCTOSIHWE, Pa3BUTIE U NPUHATUS COOTBETCTBYHOLLErO OGBEKTMBHOIO PELLEHNS.

TOOOC - aTo:

Mooynb KOHCIMEKT - KOHTEKCTHO-CEMaHTMYECKMIA aHanu3 EeCTeCTBEHHO-A3bIKOBOTO TEKCTa W

NOCTPOEHME TaKCOHOMMUM AOKYMEHTOB;
Mogynb KOHOOP — knaccudmkaums u reHepaums OHTONOMiA NpeaMeTHoOR obnacty;
Moaynb SLUTOP — KOHCTPYWMPOBaHWE TPAHCAUCUMMIIMHAPHBIX OHTONOTUIA;

Mogyne ANIbTEPHATWBA - oHTOMorus 3agauu Bblbopa Ang  WMHGOPMaLMOHHO-aHaNUTUYECKON
NOAAEPKKN NPUHATUS peLLeHNin 1 obecneyeHns NpoLEeCcCOB MHOTOHAKTOPHOTO aHann3a 1 PENTUHIOBaHMS;

MONCKOBAA MALLMHA - nouck neKkcuyeckux CTPYKTYp Ha OCHOBE MWHIBUCTMYECKOM 06paboTku
B0nbLLOro KONM4ecTBa pacnpesenieHHbIX CeTEBbIX TEKCTOBbIX MACCUBOB;

NIMHIBUCTUYECKUIA KOPMYC - anekTpoHHas 6ubnuoTeka co CpeacTBaMM accoLMAaTUBHOTO MoMcKa
CEMaHTUYECKM CBA3AHHBIX MHOPMALMOHHBIX MaCcCUBOB;

Mogynb KPUMTO - 3awuta MHPOPMaLMOHHBIX MacCUMBOB OT HECAHKLIMOHMPOBAHHOMO JOCTyna.

Mogyns KOHCMEKT npeactasnser coboit  nuHrBUCTMYECKUA npoueccop [Benmuko, 2009], koTopbin

obecneynBaeT nepenyHOE YOPMUPOBAHME JIMHIBUCTMYECKOTO kopryca [Lupokos, 2005] u no3BonsieT pewatb

crieaytoLme npakTuyeckie 3afadn:

1) BblieneHne 0gHOCOBHbIX M MHOFOCHOBHbIX TEPMUHOB [1OKYMEHTA.

2) (DOpMVIpOBaHMe CMNCKa TeEPMMUHOB C NOACYETOM NX KONMNYECTBA B TEKCTE.

3) Haamrauvm no Cnucky TEPpMWHOB C OT60pOM U OTpaxeHnem KOHTEKCTOB I'Ipe,D,J'IO)KeHI/IIZ M3 TeKkCta C

BblAENEHHbIMW TEPMUHAMMN.

4) ABTOMaTI/I3VIpOBaHHOG NOCTPOEHUE TEMATMUHECKOrO CroBapaA No Konnekuun AOKyMEHTOB ANnA UCNnoNb30BaHWA B

NoKanbHOW NOSTHOTEKCTOBOW NMOMCKOBOW CUCTEME C Lienbio NoBblLLEHNA peneBaHTHOCTI Noucka.
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5) KoHcnekTupoBaHue TekcTa no 3afaHHoi Teme. KOHCMEKT — 3TO KpaTKoe M3MOXKEHWE COAEPKaHWUs CTaTbh Uin
kHurn. Cuctema aBTOMATWUYECKM CO3L4aeT TEKCTyasbHbIA KOHCMEKT, rAe OCHOBHbIE MONMOXEHUS MPOU3BEAEHNS,
[0Ka3aTenbCTBa M BbIBOAbI MEPeAaloTcs CrioBamMu aBTopa, TO eCTb LuTatamu. Tema KOHCMekTa 3afaertcs
nonb30BaTeNEM MporpamMMbl C MOMOLLBLIO KMOYEBOrO CMOBa MMM CroBocoyveTaHus. 13 ucxogHoro Tekcta B
KOHCMEKT OTOMpaloTCH MPEAnoXeHWs, Coaepxallue Temy, U aBTOMaTuyeckn OTbMpaloTCs TEPMUHbI TEKCTa,
accounaTuBHO CBSI3aHHbIe C 3a4aHHON TEMOM. IMpumep KOHCMEKTa, KOTOPbI aBTOMATUYECKM MOCTPOEH B cpede
mozyns KOHCIEKT, npuseneH Ha puc. 3.

OTofpaHHee Gpasel

—CAADUIS\KOHCNEKTHUPOBAHWE ECTECTBEHHOA3BIKOBLIX TEKCTOB.doc— -
<0OT06paHo npeanoxkeHuin: 12 na 70>
KAWMM: A05GTEAT, TOSARGNEHN TORATY, GHTOAOM, GT0E, RREICTRENEHN HETEN.

KOHCAEeKT ABNASTCA pOPpMOM NpeACTABAEHMA TEKCTORE, B KOTOPOH 08 AWHAKTCA AES NPOTUBOPEYMERIX TREEOESHWA
K OG0BWEHHDOMY NPEOCTAENEHUD TEKCTOERX SHAHWA: 1) CORpaWEHWE 08 BEMA TEKCTA NPW COXPEHEHWH OCHOBHEIX
TEMATHUHECKHMX LENER (PEhEPUPOEAHME, BHHOTUROEAHKE); 2) NEPECKAS DCHOBHEX NONMKEHWA COOABPKEHUA NRK
COXPAHEHMK CEASHOCTH TEKCTA,

B noknane paccraTtprESETCA METON KOHCMNEKTHPOESHWA ECTECTEEHHO-AZEIKOEEX TEKCTOE, JEANWME0BAHHEIR B
nporpaMmHoi cucTeme KONSPEET (WR-T kuSepHeTHkK 1, B .M, [ ayvwkoea HAH YkpauHe)

FacnozHaEaHWE CUHTEKCHUUECKMX M CEMAHTHUUECKMY CEAZEN MEXAY SHEMEHATENEHEIMW CAOBAMM OCYWECTENAETCA
NYTEM BHANWEE G NeKCHE 1 NPeanoroe G2 UCNONES0EAHWA KATEMIPWE M NPABWN TPEOAWUMOHHOM FRaMMET KM,

TepruH "aaepHEIE KOHCTEYKUMK MCAONE2YETCA B TREHEh OPMELWOHHON FPEMMAaTIHKE ANA 0803HAYEHMA NPOCTara
E8Z0B0M0 CYAAEHWA, NYTEM TREHShOpHMAaLMK KOTOPOra gOpHMHUpYETEA NPEANOXKEHME B LENOM.

B naHHOM cnydae AAepHOM KOHCTRYKUMER CAYKWT NPEeANDXEeHME, COCTOAWEE W3 NOANENKALLEND, CKASYEMOro M
COEAMHANIWE R HMxX CEAZKM.

ANA kasknoro ue 0TOSPaHHEX NPeAnoXeHUH OpMMPYETCA N - IWaroB0e PacCUMPEHHE AOPNE - YACTE NPELNCHKEHMA,
COOEP#EWARA B 000, & TaKKE CAO0BA, CEAZAHHEIE B AEPEEE SABMCMMOCTER CaNeMeEHTaMM A0pa NYTAMM, AWHE
KOTOPEIX HE NPEBEIWAET N (Za0aHHEIR NapaMeTp).

B pezyneTarte CHHTEKTUKO-CEMAEHTWYECKOrD aHENKM=Ea hOpMMpYeTCA MECCHE N -WAaroEkx JaCcUMpeHMA
NONHOCOCTAEHEX NPeAnoXeHHWH HCXOOHOro TELCTA.

TemMaTHueckdil 8HANKME TEKCTE BEINONHAETCA HE OCHOEE OHTOADM MK SCCOLMALMEA.

ACCOUMALWA NOHATHEA NpeAcTaenAeT CoS0H MHOMECTED NOHATHE, MMEHIWME OSWYH CEMaHTHUECKYH XapakTEpHCT HKY
[BCCOUMATHEHEIR NpWSHakK).

Jns nopnepsxkl CEAZHOCTH KOHCNekTa (abstract) agTope NpeanaranT Noa=on, NpH KOTORoM TEKST paccHaTpuESETCA
KAk COEORYMHOCTE TEKCTOERX pParMeHTOE, PaCKPEERWLHY O0TA2NEHEIE CEAZEHHEIE MAH HEZSEHMCHMEIE TEMEL

Ha ka#aom NporoHeE LMENS M2 MCXOOHOMD TEKCTE B ORMUPYEMEIR KOHCNEKT OTEHRaK TCA NPEAAOXEHHS, N -WaroEkL e
PECUHPEHKWA KOTOPEX COABKAT KAKNYEEOR TEQMMH, KOTOPEIFA MoK 38MNYCKEe UWKNS 3803eTCA NONL30EATENEM CHCTEMEL &
HE NOCASAYHIWMY EM0 NPOroHax pOpMHEYeTCA SETOMATHHECKH.

B pezynetate goprupyeToA 0805WEHHEIR TEKCT, KOTOPEIA N0 6 EEMY M CEAZHOCTH SNMI0K K CAOHMEWMMCR
NpPeACcTABAeHMAM O CEONCTESX KOHCNEKTOE. |

3aeepweHa odpatorka 1 gokymerTos 3a 00 pun 01 cer 260 rmcek

Puc. 3. ®parmeHT cpeabl moaynst KOHCMEKT

PesynbTaTbl, KOTOpble MOXHO NONMY4MTb B GnKaiillee Bpems Npu ycrioBun AopaboTKM pa3paboTaHHOI
nporpaMMbi:

1) MNoBblweHWe kayecTBa 0BpaboTKN TEKCTOB Ha YKPAMHCKOM M PYCCKOM S3blkax 3a CYET yBenuyeHus obbema
CcroBaps CUCTEMbI;

2) ABTOMaTU4ECKOE OnpeaeneHne TeMaTiecknx HanpaBneHUin JOKYMEHTa;

3) CopTupoBka AOKYMEHTOB MO TEMATUYECKUM HaNpaBIEHNAM;

4) MoCTpoeHNe CEMAHTNYECKON CETU TEPMUHOB AOKYMEHTA;

5) ObbeamnHeHNe CeMaHTUYECKNX CEeTE TEPMUHOB ANSt HECKOMbKMX AOKYMEHTOB;

6) Mouck nHcopmaLmmn B ceTh MHTEpHET ¢ NoMoLLbo nouckoBoro Mogyns cuctemsl TOLOC ¢ fONOMHUTENBHO
aBTOMATMYECKOW CeMaHTUYeckonm dunbTpaumen pesynbTaToB noucka. [ng AOMOMHMTENbHOM (unbTpaumm
NCNONb3yloTCA anropuTMbl YOPMUPOBAHMS CEMAHTUYECKWNX KaTEropum 3aJaHHON TEMATUKW, W3BMEYEHHbLIX M3
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TekcTa. CrMCOK [AOKYMEHTOB, KOTOpble MOMyd4aeT Monb3oBaTenb Mocne [AOMONMHUTENbHOM  (nmbTpaLum,
COKDALLIAeTCs B HECKOMBKO pas;

7) KoHcnekTMpoBaHWe TekcTa no 3afaHHoN Teme (Ans YKpauHCKoro s3blka).

Mogyns KOH®OP npegHasHayeH Ans NOCTPOEHUS CEMAHTUYECKUX CBSA3EM mexay obbekTamu npegMeTHOM
obnacTi Ha OCHOBE MHAYLMPOBaHHON 06paboTkK OTHOLIEHMIA Mexay obbekTamu TemaTuyeckux knaccos pO.
[lns 3TO0r0 TEMATUYECKWE KNACChl OMMCLIBAKTCS MOMb30BaTENEM B COOTBETCTBUM C HUKENPUBEAEHHON CXEMOMN:

(Mms knacca obbekToB 1),(MMs cBA3N), (MMs obbekTa 1),...,(MMs 06bekTa n)

(M3 knacca o6bekToB 2),(1Ms cBsA3n), (MMs obbekTa 1),...,(uMs obbekTa j)

(vms knacca 06bekToB m),(ums ceasm), (Mms obbekTa 1),...,(Mms 06bekTa k)

CornacHo cxembl 3anonHsercs Tabnuua, Hanpumep MS Excel, sueitkn ctonbua A KOoTOpoi cogepxaT umeHa
MaTePUHCKVX BEPLLMH rpadia, siuenku ctonbua B — nmeHa cBa3ei Mexay BepLuMHamm, syeitku ctonbuos ot C go
Z — VMeHa [o4YepHuX BepLumnH. BeixogHon ctpyktypoit mogyns KOH®OP ssnsetcs oHtorpad MpO [Manarux,
2012], [Qosruia, 2013], BEPLUMHBI KOTOPOTO HOCAT MMEHa OOBEKTOB.

Mogyns SAUTOP npefgHasHayeH A4S CO3AaHMs, PeOaKTUPOBaHUS, MPOCMOTPa M aHanu3a CETen MOHSTUNM K
(HOPMMPOBAHMA 3aKOHOMEPHOCTE!, MpeacTaBNeHHbIX B BWAe Habopa 3HAYEHUA MPU3HAKOB, KOTOPLIMMU
OMWCLIBAKTCA HavarbHbIe MOHATUS NpeaMeTHon obnacTh. Takum obpasom, onucaHue npegMeTHoOW obnactu
SBMSIETCSA HArNSAHBIM W IETKO MHTEPNPETUPYETCS NONb30BaTENEM.

BblgeneHne 3akOHOMEPHOCTEHN NPOMUCXOAUT METOAOM WHAYKTUBHOrO (POPMUPOBAHMS MOHATUA Ha OCHOBE
nupammaansHom ceTu.

MMpamuzanbHoi CeTbo Ha3biBAETCS aLMKNUYECKUA OPUEHTUPOBAHHLINA rpad, BEPLUMHAMM KOTOPOrO BbICTYNAT
TEPMUHBI (MOHATWA) NpegMeTHO obnactu, a pebpamu (ayramu) — CeMaHTUYECKUE CBA3M MEXIy TepMUHaMu
[MnapyH, 1994].

MpencTaBneHne HAOPMALWMM B BAE rpadha No3BONSET U3yyaTb He TOMbKO OTAEMbHbIN TEPMUH (MOHSTIE), HO U
nonyyaTb BCE €ro CEeMaHTUYECKNE CBS3W C LPYrUMU NOHATUSIMU, TEM CaMbiM OCMbICTUBAst €70 POfb B AaHHO
CUCTEME 3HaHWUIN UMK B X0 PELLEHNS 3aaaun.

OpHako ceTeBOM rpad) MOXET BbICTynaTb He TOMbKO CPEeACTBOM OpraHvsauuu  3HaHwil. Paclumpsis
TpaZANLMOHHbIE (yHKLMKW, rpacd MOXHO NpeBpaTUTb B Cpedy, B KOTOpon obecneynBaeTcs akTuBHas pabota co
3HaHWAMM, @ TaKke OpUrMHanbHbIM 06pa3om peLatoTcs yuebHble 3agayn.

KoHuenTyanbHas mofenb npegMeTHOM o0rnacty UmM OHTOMOTMS COCTOMT M3 rpada (Mepapxum NOHATMI)
npeaMeTHON 0b1acTy, CBA3EN MEXAY HAMM 11 3aKOHOB, KOTOPLIE AEACTBYIOT B paMKax 3TOi MOAENM.

Mogynb AJIbTEPHATWBA obecneunBaeT ynopsgouuBaHue OGBEKTOB-KOHLEMTOB OHTOMOTMM, Ha OCHOBE
WHTErpupoBaHHoN 0BpaboTkM xapakTepuaytoLLmMx MX CBOWCTB. [N 3TOro ucnonb3ytoTcs Becosas, banbHas u
NIMHIBUCTUYECKas LWKanbl. Kaxaas Takas Lwkana onpefenser 3HauyeHre KpUTepues, XapakTepuaytoLwmx cBONCTBa
o0bekToB TemaTiyeckon oHTonorum MpO. B oblem cnyyae cBONCTBa-KPUTEPUN XapaKTEPU3YIOTCS PasnUYHbIMU
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CTeNneHAMIN BaXHOCTW, KOTOPblE NPW pelleHnn 3agadu Bbl60pa 3aaloTCA HEKOTOPbIMK AeACTBUTENbHBLIMM
Yyncnammn — BECOBbIMU KOSdDd)I/ILI,MeHTaMVI. I'Iepe,u, pelweHnemM 3agavm ana Kaxaoro Kputepua H906XO,D,VIMO

chopMmpoBaTh €ro 3HauYeHUe Ans kaxaon anbtepHaTueel [Caatn, 1989].

Mogynu MOWCKOBAA MALWWHA u NUHMBUCTUYECKAA KOPMYC, ofecneunBaioT MapkupoBKY M
WHAEKCMPOBAHME CEMaHTUYECKUX EAMHNL, ONPEeaenstOLWMX 1 ONMUCLIBAIOLLMX KOHTEKCTbI 0O BEKTOB TEMATUYECKNX
oHTonorui MpO. KOHTEKCTbI CEMaHTUYECKNX €ANHNL, COCTaBNSIKOT 3NEKTPOHHYI0 B1bnnoTeky.

Mogyns KPUMTO obecneunBaet 3aliuty MHGOPMALMOHHBIX PECYPCOB 3MEKTPOHHONW BUBAMOTEKN CUCTEMBI.
3awmTa peanusyetcst Ha OCHOBE TOMOMOP(HOro KoaMpoBaHus. [ns cosaaHust 3 deKTUBHbIX METOAOB 3aLUTLI
CUCTEMbI PEAnU3YKTCS MexaHu3Mbl WHGpacTPyKTypbl nybnmyHblx kntodeit (PKI). MHdbpactpykTypa nybnmyHbIx
KNtoYen no3BoNsieT OObEAMHWUTb OMEKTPOHHblE MOAMUCM, NYOMMYHbIE W YaCTHble KMYM W NUpamuay
BMPTyarbHbIX MWL, WKW OpraHv3aLuii, KOTOpble MOFYT BbINOMHATL AEACTBUSI MO YNPaBNEHWIO TeMaTUYeCKUMM
OHTONOTUAMU M OTOBPaXAIOLLMMM NX JOKYMEHTaMW.

Ha ocHoBe aHanu3a COMpOBOAWTENbHOM AOKYMEHTALMKM, CMpaBOYHbIX MaTepuanos, AOCTYMHbIX B OTKPbITbIX
WCTOYHWKAX WHGopMauMn (MHTEPHET, HayuHble TPyAbl), W, B OTAENbHbIX Chy4asx, NpakTuyeckon pabotbl C
NporpaMMHbIMK  cUCTEMaMU KOHCTpyupoBaHus oHTonorun (MKOH, TOOOC, Protégé), noctpoeHa cBogHas
Tabrmya, oboblyalollas CpaBHUTENbHbIE TEXHWYECKME XapaKTEPUCTUKW HEKOTOPbLIX Creumani3npoBaHHbIX
WHCTPYMEHTabHbIX CPELCTB MHKEHEPUN OHTONOMUIA (Tabnuua 1).

3akniouyeHue

B craTtbe npeacTaBneH 0630p creluanaMpoBaHHbIX MHCTPYMEHTANbHbIX CPEACTB UHXEHEpUM OHTOMOrMiA. Kak
BMOHO M3 CPaBHUTEMNbHOW Tabmuubl, B KOTOpOA NpeACTaBfieHbl PasfinyHble CUCTEMbI KOHCTPYMPOBAHUS
OHTOMNOTUIA, CTPATErMYECKUM HanpaBfEHUEM pa3BUTUSI TaKUX CUCTEM SIBNSIETCS WHTEpPONnepabenbHOCTb.
OhheKTUBHOCTb  MUCMONb30BAHUS  OHTONOMAYECKUX OMMCAHWIA B OCHOBHOM 3aBUCMT OT BO3MOXHOCTEM
nNpUMeHeHNsi (DOPMATOB WX OMUCAHMIA MPU PELUEHUM PasNYHbIX CAOXHBIX MpUKNAgHbIX 3apay. Haubonee
KOHCTPYKTVUBHbIM METOZIOM PEeLLeHUs 3Toi Npobrembl MOXET ObiTh pa3paboTka OHTOMOTMA 3adad, KOTopble
cMoryT  06ecneynTb  CEeMaHTUYECKYI  CUHXPOHM3ALMIO  B3aWMOLENCTBMIA  pasnMyHbIX MO  TemaTukam
NHCHOPMALIMOHHbIX CUCTEM Ha OCHOBE YCTAHOBNEHMSI OTHOLLEHWUIA MEXAY CBOCTBAMM WX KOHLIENTOB.
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HAYYHbIE NoaxoAbl CACTEMbl ®OPMUPOBAHUA
KOHKYPEHTOCIMOCOBHOIO YYUTENA

Opuit UBaHoBMY 3aBaneBCKUK

AHHOmayus: B cmambe 060CHO8bIBaOMCSA Hay4Hble no0xo0bl, 8 coomgemcmeuu ¢ KOmopbIMu npoucxodum
opmuposaHue  KOHKypeHmocnocobHocmu — yyumens. [Jokasbigaemcs  He0b6X00UMOCMb — KOMNIEKCHO20
NPUMEHEHUs] MUPOB8033peHYecKux udeli 0b03Ha4YeHHbIX N0Ox0008. AHanU3UPYOMCS agmopcKue KOHUenyuu
mpakmosku colepxaHusi 0aHHbIX Nno0xodos, Ha OCHOBE KOMOPLIX BbIOENSOMCS XapakKmepHble Yyepmbl 8
coomeemcmauu ¢ npobieMamu KOHKYPeHmMOoCchocobHOCMU IUYHOCMU, Y4UMens.

Knoyesbie cnoea: memodonoaudeckue OCHOBbI UCCnedosaHus, HayyHble no0xodbl, cucmemHbIl nodxod,
CcuHepaemuyeckuli nodxod, UYHOCMHO-0esmenbHOCMHbII nodxod, akcuonoaudyeckull nodxod, PEecypPCHbIl
nodxod, KoMnemeHMHOCMHbI N0OX00.

AKTyanbHOCTb Npo6nembl

WccnepoBaHne BONPOCOB KOHKYPEHTOCNIOCOGHOCTY YUMTENS, B YACTHOCTU B €70 MHHOBALMOHHO AEATENBHOCTY,
ONMPaeTCsl Ha MONyYeHWe HOBbIX 3HAHUIA O CyTW, YHKUMW, CTPYKTYpe, COAEepKaHUW, MexaHWu3max
CTUMYNIMPOBaHNSI KaK KOHKYPEHTOCMOCOBHOCTW, Tak M WHHOBATMKW, KOTOpble OBecneunBaloT packpbiTue
METOZONOMM KaK Y4eHUS! O HAy4HOM METOAE MO3HAHWUS UMK Kak CUCTEMbI HayYHbIX MPUHLMNOB, HA OCHOBAHUM
KoTopblXx ©a3upyeTcs uUccriefoBaHWe U OCYLLECTBRSETCS BbIGOP COBOKYMHOCTM MO3HABATEMbHbIX CPEACTB,
METOZ0B, NPUEMOB UCCIEA0BAHMSI.

MeToponorus uccnefoBaHus OCHOBLIBAETCS HA KOMMMEKCE HayuHbIX MAEH, OTPaXaWMX HE TOMbKO YPOBEHb
BMafeHNst yveHbIM (DyHAAMEHTANbHbIMM WUCTUHAMKU, TEOPUSIMK, MPUHLMNAMK, HO W WCMOBELYEMYK UM
rnobanbHyto rnocodCcKo-MMPOBO33PEHUYECKYO MO3NLMIO.

Lenb cTaTbu 3aknoyaeTcs B 060CHOBaHWM Hay4HbIX MOAXOAOB B COOTBETCTBUM C NpobneMoii hopMu1poBaHms
KOHKYPEHTOCMOCOBHOCTI yunTENS.

BBepeHue

B nccneposavusix M. Bacunbesoi, B. TpuHes, T. PoroBoi BHUMaHWE aKLEHTMPYETCA Ha MHOrOYPOBHEBOM,
Nepapx14eckoM xapakTepe MeTOAONOrN, KOTopast BbIXOAUT M3 KOHLeNTyanbHbIX nonoxerun W. bnaybepra, 3.
HOouHa [Bacunbesa, 2003], [IpuHeBa, 1970], [Porosa, 2006], [FOauH, 1973].

B Halwem uccnefoBaHMM METOLOMOMMYECKME OCHOBbI PACKPLIBAKOTCS HE HA OCHOBAHWUW XapaKTEPUCTUKN YPOBHEI
meTogonorui no 3. KOaMHy, MOCKONMbKY OHWM YacTO copepkaTenbHO NepecekaloTcsl, a MyTeM PackpbiTUs CyTw
METOZO0NOrMYeCKIX NOAXOL0B.



International Journal "Information Models and Analyses" Volume 3, Number 4, 2014 363

OcHoBHas 4YacTb

MeToa0mMOoMYeCKMMIN OCHOBaMM UCCIIE0BaHMsi BOMPOCOB KOHKYPEHTOCMOCOBHOCTM IMYHOCTU YYNUTENS CYUTaEM
OCHOBHbIE MONIOXEHUSI CUCTEMHOTO, CMHEPreTUYECKOro, JIMYHOCTHO-LESTENbHOCTHOTO, aKCHUONOMNYeCKoro,
PECYPCHOTO, KOMMETEHTHOCTHOTO MOAXOAOB. PaccMoTpeHMe NOAXOAOB kak  METOAOMNOMMYECKMX OCHOB
UCCNEAO0BaHMS BOMPOCOB KOHKYPEHTOCMOCOBHOCTI MMYHOCTW YYNUTENS MO3BOMMANIO BbILENUTH B MCCMELOBAHUN
TPV acnekTa:

1) NONOXEeHMs!, KacatoLMecst PasBUTUS IMYHOCTY yUMTENS:;

2) MONOXEHMs!, Kacaloluecs camopeanusauui NUYHOCTM, B YACTHOCTM MpOdeccHoHamnbHO-Neaarornieckon
camopearnu3sauum yuuTens;

3) WHTErPUPOBaHHOCTb NOAXOA0B B CUCTEME (*)OpMI/IpOBaHVIFI KOHKypeHTOCI'IOC06HOCTI/I yuuTena Ha OCHOBE €ero
VIHHOBaLl,VIOHHOVI AeATenbHOCTN.

OcoBEeHHOCTSIMI CUCTEMHOTO MofXoAa SBASIETCS U3ydeHre oObekTa MosHaHUs UMk ero npeobpasoBaHus kak
CUCTEMbI; BOCTIPUSITIE CUCTEMBI KaK €AMHCTBA OTHOLLEHWI 1 CBA3EH OTAEMNbHBIX YacTel (KOMMOHEHTOB), KOTOPbIE
00yCnaBnMBaloT BbINONHEHNE (DYHKUWNA; BbISIBIEHWE Pa3NMYHbIX TUMOB CBS3e MeXay 4acTsMW CUCTEMbl U
CBEAEHNE WX B E€OMHYK CUCTEMHYID TEOPETWUYECKYH KapTWHY; packpbiTe YacTeil CUCTEMbI B MOTUYECKOIA
nocreaoBaTenbHOCTU — Lienb, 3aayn, cTpaTerus, CTpykTypa, (yHKUMK, NPUHUMNbI, COfepXaHue, cpeacTea
(Npuembl, MeToabl, (DOPMbI, TEXHONOMMM), CUCTEMOODPA3yOLWMA haKTOp, YCNIOBUS, KPUTEpUW, MokasaTenu,
YPOBHW, pe3ynbTaTbl, HanpaBEHUs pa3BUTUS CUCTEMbI; peanu3auus B MPaKTUYECKON AEATErNbHOCTU
CYLLECTBEHHbIX NPU3HAKOB CUCTEMbI — LIENIEYCTPEMIEHHOCTU, LIENIOCTHOCTH, CTPYKTYPHOCTM, (YHKLIMOHAMBHOCTH,
NepapXU4HOCTMU, CaMOOPraHN3aLm, B3aMMOCBS3N C BHELLHEN Cpeaoi.

GOpMMPOBaHME KOHKYPEHTOCTOCOBHOCTU NMUYHOCTU Y4YMTENst C MO3ULWMM CMCTEMHOMO NOAXO0Aa kak mpoLecc
KONMYECTBEHHbIX M Ka4eCTBEHHbIX W3MEHEHMIA, koTopble 06yCnaBnMBaloT NpUoOpeTeHNe YeNoBEKOM HOBbIX
WHTErpaTMBHBIX KA4YecTB, NO3BOMSET paccMaTpuBaTh NPO(ECCUOHANBHO-NEAArOrMYECKA  POCT  YYuTENS,
KOTOpbII OCYLLECTBSIETCS B COOTBETCTBUN C BHELUIHUMM TPeGOBaHUSAMU CyOLEKTOB, BKIIOYEHHBIX B 3Ty CUCTEMY,
W NpeaycMaTpuBaeT:

*  W3yYeHMe KOHKyPEHTOCMOCOBHOCTM yuuTenst ¢ nosuuuu Gonee CrOXHOrO Lenoro — hopMMPOBaHUS U
Pa3BUTUS NIMYHOCTM YUUTENS, ETO CAMOpeani3aLmm;

*  OnpeferneHne Leni KOHKYPEHTOCNOCOGHOCTU YUNTENS, KOTOpasi MONOXMUTENbHO BNUSIET HA €r0 YCMELIHOCTb
Ha pbIHKE TpyLaa;

* 000CHOBaHME KOMMOHEHTOB  KOHKYPEHTOCMOCOGHOCTM  yuuTens  (MIMYHOCTHOMO,  MPOHECCMOHANBHOTO,
MOBELEHYECKOr0), KOTOPble NOAYNHEHBI 0BLLEN Lenn — AOCTUKEHMIO YPOBHS KOHKYPEHTOCNIOCOBHOCTU Ha pbiHKE
TPYyAa;

*  YCTAHOBMEHWE B3aMMOCBS3€/ KOMMOHEHTOB KOHKYPEHTOCMOCOBHOCTH, WX 3HAYMMOCTM B  MpoLecce
NPOeCCMOHaNbHOM  peanuaauu  yYuTensi, Ha OCHOBE KOTOPbIX MOXHO WM3MEHSITb, KOOPAWHMPOBAT,
ynopsiAoumMBaTh CBSI3M MEXAy 4YacTsMM, CO34aBasi TeM CaMbIM YCNOBUS AN1s [AOCTVKEHUS| MONOXUTESNbHbIX
pPEe3ynbTaToB;
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*  YCTAHOBMEHME B3aMOCBSI3M KOHKYPEHTOCNOCOOHOCTM YUMUTENS C BHELLHE Cpeaoi, koTopasi MOXET BNUATb
MOSOXUTENBHO UMM OTPULIATENBHO Ha NPOLECC NPOdECCMOHaNbHOM peanusalum;

* BblABNEHWE HOBbIX WMHTErPATUBHbLIX Ka4yeCTB MO OOCTUXEHUID YPOBHA KOHKypeHTOCI'IOCOGHOCTVI yuutend, B
YaCTHOCTHK ero akTMBHOCTb B OTHOLLEHMM NOCTOAHHOIO CaMopasBUTUA, NCNOJTb30BAHUA VIHHOB&LI,VIVI.

Akmeonorudeckuii NoAxon No3BOMsSieT paccmaTpuBaTb NPUOBPETEHNE ydYUTENeM KOHKYPEHTOCMOCOGHOCTM Kak
MPOLIECC BOCXOXAEHMS K BEPLUMHAM akMe — CamMOM BbICOKOM TOUKW B Pa3BUTUM, CAMOBLIPAXEHMUU.

XapakTepuays LEHHOCTb aKMEeonorMyeckoro noaxoga Ans npolecca camopeanuaauuu bygyuiero yuutens,
N. Poibanko onpepensieT, YTO MHO20ypPOBHEBYID MOAENb akMe ONpedenstoT UNM PaBHOLEHHO BbICOKWE
pe3ynbTaThbl, NONYYEHHbIE YEMOBEKOM B PasnMuYHbIX HanpaBieHWsX AeATENbHOCTU, UM OAUH OYEHb BbICOKMIA
pesynbTaT cpean [Opyrux, bonee cnabbix no 3HauumocTu [Poibanko, 2007]. JencteutenbHo, 4tobbl CTaTh
KOHKYPEHTOCMOCOOHbIM, yYMTENb [OMKEH MPOWTW MPOLECC [OCTVXKEHWS BEPLUMHbI NPOGECCHOHANBHOIO
MacTepCTBa, HO NPX 3TOM OPUEHTUPOBATLCA HE Ha MAeanbHbIE LENM NNYHOr0 NPOGECCMOHANBHOO YPOBHS, a Ha
BHELUHME OPUEHTUPLI B OLIEHKE €r0 Tpyda. Takum obpasom, BeplunHa akMe (KOHKYPEHTOCMoCobHOCTh) ByneT
yeTko o0bycnosneHa Temu TpebGOBaHWAMM, KOTOPbIE ONPEAENstoT OXugaHus obLecTBa OTHOCUTENBHO

pe3ynbTaToB TpyAa y4uTeEnA.

Cne,qyeT 06paTI/1Tb BHMMaHKWe Ha TO, YTO C NO3ULNK CBA3N akKMeOonorm4yeckoro n CUCTeMHOro NoAxoAoB npotecec
[OCTUXEHNA KOHKypeHTOCI'IOCOGHOCTVI ABNAETCA OonTUMalbHbIM Pa3BUTUEM BHYTPEHHErO noTeHuuana y4uTens,
€0 BOCXOXOEHNEM K akme.

HoBbIM MeXAMCLUMNIMHAPHBIM HAyYHbIM HanpaBneHWeM, OCHOBAHHBIM Ha MOESAX CUCTEMHOCTW M LIENOCTHOCTY
MWpa, Hay4HbIX NPEACTaBNEHNSX YeNoBeKa O HEM M camoro cebs B 3TOM MUpe, SBNSIETCS CUHepreTuka — Teopust
camoopraHusauun. Mcnonb3oBaHWe CUMHEPreTMYECKOrO0 MOAXOJA B MEAarorMyeckmx MCCredoBaHUSX cpeau
YYEHbIX W NPaKTUKOB MMEET Kak CTOPOHHWKOB, TaK M NMPOTUBHWKOB MPOHUKHOBEHWS €ro B neparorvky. Cuutaem,
YTO CUHEpreTMKa SIBMSIETCA anbTepHaTMBHOW (HOPMOI TEOPETMYECKOTO OCBOEHMs NEeWCTBUTENbHOCTW, a ee
NOMOXEHMS BrIOSHE NPUEMIEMbI B U3Y4YEHUM BONPOCOB Pa3BUTMS IMYHOCTM, YTO, B YACTHOCTW B paMKax Hallero
“ccnenoBaHust kacaeTcsi npobnembl CamoopraHu3auun NUMYHOCTW B YCMOBUSIX OMHAMUYHO MEHSIOLLEACS
npodeCccMoHanbLHOM cpeabl.

Mpobnema camopeanu3auum NWYHOCTM HA OCHOBE WOEA CUHEPreTMYECKoro nogxoda OTpaxeHa B
nccnegosanusx A. Kosanesa [Kosanes, 1970], KOTOpbIi yTBEPXKAAET, YTO CUHEPrETUYECKMA NOAXOS K npoLeccy
camopeanu3auuM NIMYHOCTU MO3BONSET BblpaboTaTh HOBYO CTpaTervio B OTHOLEHWW 6e360ne3HeHHOoro
nepexoda K HOBbIM, aKTyan13npoBaHHbIM COBPEMEHHBIM COLIMOKYMbTYPHbLIM YCMOBUAM, K Ka4ecTBaM INYHOCTY
BbIMYCKHWKA, KOTOPLIA BCTYMaeT B CaMOCTOATENbHYD XW3Hb; H. Jlocesoit [Jlocesa, 2007] (gokasbiBaet, uTo
npoLecc Camopeanu3aumn NMYHOCTU SBRSETCA CUHEpreTMYeckuM (PEHOMEHOM, a CWHEpreTka no3BonseT
Hanbonee anekeaTHO BbISBATL €r0 CyTb 4epes MOHATME «OTKpbiTas cuctemar) [Hectepenko, 2004]
(paccmaTpuBaeT CUMHEpreTMYECKOE W3MEpEeHWe camopeanu3auuy fMYHOCTM B YCMOBUSX TpaHcgopmMaLuu
obujecTBa, [0OKa3blBaET 3HAYMMOCTb CUHEPreTUKW ANS M3YYeHUs BOMPOCOB Camopeanusauum 6Gygyliero
cneynanucra).
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Pa3BuTie NMYHOCTW B CUHEpreTMke OOBACHAETCS C NO3ULMIA OTKPLITOCTU, HENMHENHOCTH, HEPABHO3HAYHOCTMH,
HEYCTONYMBOCT NIMYHOCTY, Xaoca Kak (haktopa co3gaHusl, KOHCTPYKTUBHOTO MexaHu3ma asontouun. B npouecce
B3aMMOZENCTBUSA NUYHOCTU C OKpYXaloLle Cpedor MpoUCXOAUT OnpeaMeuuBaHue — pacrnpegMeydnBaHne ee
CYLLHOCTHBIX CW, pa3BUTE NOTEHLMANbHbIX BOSMOXHOCTEN. [10TPeBHOCTN pasBuTUS MOTYT peanu3oBbIBaTLCS
TOMNbKO OTKPBITON CUCTEMON. HENMHENMHOCTb NMYHOCTY 06eCcneyYnBaeT ONTUMaNbHbI BbIBOp CnocoboB passuTys.
Pa3BuTie HENMHENHOW CUCTEMBI NOYTU He MpeLcKadyemo, KONMMYECTBO BapUaHTOB Bonblue, YeM B NIMHEMHbIX
cuctemax. PasBuTe OTKPbITBIX CACTEM, K KOTOPbIM OTHOCWTCS JIMYHOCTb, MpOMCXOanT Bnarogaps
HepagHO3HaYyHOCMU, HEYCTOMYMBOCTH, CIy4alHOCTM, KOTOpble MOPOXAAT Xaoc: «TOMbKO CUCTEMbI, Aanekve
OT PaBHOBECMUS, CUCTEMbI B COCTOSHAM HEYCTOMYMBOCTW, CMOCODHbI CMOHTAHHO OPraHW30BbIBaTL Cebs U
paseuBaTbCsi» [LlykaHoBa, 1985]. 3ameTum, YTO Cry4anHocTb NobyxaaeT NMMYHOCTL K HeobxoammocTy Beibopa, a
N3 xaoca COBCTBEHHbIMA CWNMaMu MOXET pa3BMBaTbCi HoBas opraHusauws. CamoopraHusauus B
CUHEpreTMYECKOM U3MEPEHUN BIIUSIET HA Pa3BUTUE JTNYHOCTM.

Mcxoms 13 M3NOXEHHOTO, MOXHO caenaTb BbIBOA, YTO Pa3BUTME IMYHOCTW yuuTens obyCroBneHo ero
CNOCOBHOCTBIO K CaMoopraHm3aLmy, KoTopast BAMSIET Ha BblGOp HanpaBfeHuin u crnocoboB camopeanusauum,
BOCTXKEHUS|  KOHKYPEHTOCMOCOBHOCTM.  MTaK,  CyllecTByeT —MHOXECTBO —HampaBfieHuid 1 cnocoboB
camopeanusalLuy, camopassuTHS 1 yuuTeNb UMEET NPaBo BblOMpaTb Nyylune, onTuMarnbHble Ans Hero. LieHHbIM
B NpodeccuoHanbHOM MoarotoBke Oyaylliero yuutens SBRSETCS 3HaHME O CaMOOrpaHuyeHun B Bbibope
cnocoboB camopeanuaauuu, nbo, ecnv oH bygeT 3HaTb, Ha YTo cnocobeH, To He BydeT nonycTy TpaTUTb BpeMS,
COOCTBEHHbIE yCunuUsi, MaTepuarbHble CpeacTBa. YYWTenb MOXET OnucaTb, paccuuTaThb KEnaemble,
onTUManbHble Ans cebs «cLueHapumy pa3BepTbiBaHWsS CODCTBEHHOTO BHYTPEHHETO MOTEHLMANa, U, B Cyyae ux
cobntoperms, 3aBegomo OyaeT yCKopsTb BPEMS BbIXO4a Ha ammpakmop.

Bemywen cuHepreTMYecko uaeel B NnaHe WUCCNEAOBaHWS  SIBNSIETCS  BbISICHEHWE  B3aUMOCBSI3N
camopearni3alLym 1 CamoopraH13aLmuy yuuTens.

KoHKYpeHTOCNOCOGHOCTL YYMTENSt C MO3ULMM CUHEPTETUKA MOXHO ONpeaernuTb Kak CaMOOpraHW3yHLLyCcs
06BEKTUBALMIO CYLLIHOCTHBIX CiN B NPOLIECCE NEAArornyeckon AesSTENbHOCTH, YCMEWHOCTb KOTOPOK 3aBUCUT OT
B3aMMOAENCTBMS C APYrMU MOACMCTEMaMK MefarorMyeckoro npouecca. VHHoBaTWKa sIBNsieTCst (hakTopoM
KOHKYPEHTOCMOCOBHOCT  yuuTens, ToW MoOYAUTENbHOA CWMOW, KOTOpasi YnopsiiouMBaeT  BHYTPEHHME
CYLLHOCTHbIE NOTEHLMM Nefarora Ans MakCUMAanbHOTO MX BOMMOLIEHUS B XWU3Hb B (DOPME CaMOBBIPAXEHUS U
camoyTBepxaeHus. Peanusaums BHyTpeHHero noteHuuana Tpebyet caMokoppeKLi, CaMoM3MeHeHUS,, KOTOpbIe
MOTYT OCYLLECTBASTLCS B NPOLIECCe Camoobpa3oBaHms 1 CaMOBOCTUTAHMS.

CyTb NMYHOCTHO-EATENBHOCTHOTO NOAXOAA 3aKNYAETCs B MPU3HAHN TOTO, YTO (DOPMUPOBAHNE NMYHOCTY KaK
MPOAYKTa COLMANbHO-MCTOPKUYECKOrO Pa3BUTUS, HOCUTENS KyNbTypbl, €€ YHUKANbHOCTU, UHTENNEKTYanbHON 1
HpaBCTBEHHOI CBOGOALI, NPpaBa Ha yBaXeHWe, NpeanonaraeT onopy Ha ecTeCTBEHHbIN NPOLECC CamopasBUTms
CMOCcOBHOCTEN, CamMoOonpeaeneHns, camopeanisaLmy, CaMoyTBEPXKAEHMUS!, KOTOPbIA MPOMCXOAMT B MpoLecce
AEATENBHOCTYU, CAMOLEATENbHOCTY 1 3aBUCUT OT ONpeaeneHHbIX YCIoBHI.

B 9KCNepuMeHTanbHOM nefarorn4eckoM UccneaoBaHMM  UCKIHOYUTENBHO BaXXHbIM - ABNAETCA COYETaHUe
JNINYHOCTHOrO M OeATeNbHOCTHOrO NOAxXoAoB, MOCKOMbKY UMEHHO TakuM o6p330M aocTuraetcs Heobxogumas
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LIENoCTHOCTb B (HOPMUPOBAHUM NIMYHOCTU. Pa3BuTie NMYHOCTM NpoMCXoanT B AesTenbHOCTU. OHO 0BYCroBNeHO
TEM, YTO, C OfHOI CTOPOHbI, JesTenbHOCTb B MOBbLIX BWAAX, (hopMax HEenocpencTBEHHO U OMocpeaoBaHHO
BIMUSIET Ha U3MEHEHUS B CTPYKTYPe NIMYHOCT, @ C AAPYTOM, - NIMYHOCTL UMEET NpaBo BblGupaTh Te Buabl U hopMbI
AEATENBHOCTH, K KOTOPBIM OHa CKMOHHA 1 KOTOPbe Y0BNETBOPSIOT NOTPEGHOCTY NIMYHOCTHOIO PasBUTHS.

OcoBEeHHOCTSIMI  NIMYHOCTHO-AESTENBHOCTHOTO  MOAX0Aa K BOMPOCAM  KOHKYPEHTOCMOCOGHOCTM  NIMYHOCTU
SBNAETCS NpU3HaHWE ee kak CyObekTa, a [esTenbHOCTW Kak CPeACTBa CTaHOBMEHWS M peanu3auum B
onpeaeneHHoM 06LLECTBEHHOI NPOCTPAHCTBE; HaNPaBMEHHOCTb Ha Pa3BUTME JIMYHOCTH, COCOBHO BbIGUPaTD,
OLIEHMBaTb, NPOrPaMMUPOBATh, KOHCTPYMPOBATL Te BUAbI AEATENbHOCTH, KOTOPbIE SABMAIOTCS afekBaTHbIMU e
npupoge W yOOBMETBOPSKOT ee MOTPEeOHOCTM; OpUeHTaUMst Ha pasBUTUE NIMYHOCTM, CMOCOGHOM K

CaMON3MEHEHHI0, CaMOCOBEPLLEHCTBOBAHNIO.

B pamkax uccnefoBaHusi BaXHbIM SBMSIETCA MPU3HAHWE FMYHOCTM yuuTens Kak cybbekta negaroriyeckoin
[EeATeNbHOCTM, C MO3MUMM KOTOPOM OH MOMHOLEHHO OyaeT peanu3oBbiBaTb COOCTBEHHbI NOTEHUMan,
NOCTENEHHO AOCTUrasi KOHKypeHTocnocoGHocTM B npodeccuoHanbHon cpege. C o nosuumm  cybbekTa
neaarornyeckon AedTenbHOCTU YYUTENb XapakTepuayeTes Kak YenoBeK akTUBHbIN, CNOCOOHbIN K NPOLYKTUBHOM
JEATeNbHOCTH, CaMoopraHu3alui, Camoperynsuum, CamopasBuTMIO, CaMOCOBEPLIEHCTBOBaHMID. OH uMmeeT
npaBo Ha obpalleHne K COBCTBEHHOMY «A», Ha peanu3aumio MMYHOCTHO-NPOGECCUMOHANBHBIX CMOCOBHOCTEN, HA
BbIOOp TEX CpedcTs, KOTOpble HYXHbl eMy AnS MOSIHOW Camopeanu3auuu B npouecce npotecCuoHanbHOM
NOArOTOBKW. BHYTPEHHUM YCNIOBMEM ErO CYLLECTBOBAHMUS ABNSETCS NOHUMaHUE, BocnpusTie cebs kak cybbekTa
Neaarormyeckon AesTenbHOCTM, @ BHELWHUM - NPUBREYEHME K MPOLECcCy Meaarormyeckon LesiTernbHOCTM.
Yuutens MOXHO Npu3HaTb CyObEKTOM nefarornyeckon AesTeNnbHOCTM, KOrga OH akTMBHO OBRajeBaeT
pasnMYHbIMK  Cnocobamn  PackpbiTUS BHYTPEHHErO MOTEHUMana B BOCMWTATENbHOM, WCCNeaoBaTeNbCKON,
y4ebHO-No3HaBaTENbHONW,  camoobpa3oBaTeNbHOM — OEATENbHOCTM,  peanudyeT  CrMocobHocTM K
CamMOCOBEpLUEHCTBOBAHMIO, CAaMOPa3BUTH, TO ECTb MOMHOCTbLIO BOBNEYEH B MHHOBALMOHHYIO AESTENbHOCTL. B
pamkax a1oro TpeboBaHNs CyObEKTOM AeATENbHOCTH SBNSETCS HOBOE, Npeobpa3oBaHHOE KAaYeCTBO NIMYHOCTM,
KOTOpOe CBUAETENLCTBYET O MOSHOW NEPEeCTPOKE BCEM CUCTEMbI NCUXONOTMYECKON OpraHM3aumn NUYHOCTH, a
He TOMbKO O peanwu3aaLii cnocobHOCTEN, Lienei B COOTBETCTBIM C NOTPeBHOCTAMM.

Pa3suTe CyObeKTHOCTM yuuTens sBASETCA nokasaTteneM €ero  NpogeccoHanbHO-Neaarornyeckon
camopeanu3auun. CyObekTHOCTb Kak OCO3HaHWe, peanu3aups YeroBeKOM CBOEW CyTU XapaKTepusyet
onpeaeneHHy cobpaHHOCTb YenoBeKa, OCBOEHUE COBCTBEHHbBIX CYLLHOCTHbIX CWfl. OTO KayeCTBO JIMYHOCTM
NPOSIBNSETCS B OCO3HAHHOM CTPEMIEHUM M3MEHUTb He TOMbKO cebsi, HO WM MONOXMTENBHO MNOBMMATL Ha
OKpyXarowmin Mup. B noHMMaHuM CyObEKTHOCTM Kak KayeCTBa BaxHbIM MPEACTaBNSETCS €AMHCTBO MOTWBA U
HOPMbI NOBeAEHNS, (POPMUPOBAHINE YCTOMYUBON XU3HEHHOW MO3NLMKM, OTHOLUEHMS YeroBeka K ApYruM niogam ¢
pasNyHbIM  OBLYECTBEHHBIM CTaTyCOM — K BbICLUIAM M HW3WKMM, K CTapwuM W MAaAWWM, K nuuam
NpoTUBONONOXHOrO nona. A. BonkoBa HasbiBaeT M CBOWCTBO, B OCHOBE KOTOPOrO NEXWT OTHOLIEHME YemnoBeka K
cebe kak k geatento [Bonkosa, 1998]. K Tomy xe, CyOGbeKTHOCTb JIMYHOCTH CNOCOBCTBYET JOCTVXKEHMIO BEPLUMH
NIMYHOCTHO-MPOCGHECCUOHANBHOTO  Pa3BuTMS. Bnarogaps CyObeKTHOCTM YEnoBeK SBNSIETCA OpraHM3aTopoM
COBCTBEHHOrO pasBUTWS, ONTUMANbHO MCMONb3YeT BHYTPEHHUE U BHELIHWE PECypCbl, YTO CKasblBAeTCs Ha ero

KOHKYPEHTOCMOCOBHOCTH.
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B npouecce npoBefeHHOrO aHanu3a Mbl MPULLIKM K BbIBOAY, YTO C NO3WLMW NUYHOCTHO-AESTENbHOCTHOTO
rnogxoda passuUTME TMYHOCTK HeobXOAMMO paccMaTpuBaTh Kak pasBUTUE ee CyObekTHOCTM, pasBuUTMe
MPOLIECCOB CaMOCTW, B YaCTHOCTM MpOheCCUOHamnbHO-Neaarorniyeckylo peanuaaumio yuntens - CyobekTHyHo
LEATENbHOCTb, KOTOPas CNOCOGCTBYET €ro KOHKYPEHTOCTOCOGHOCTY.

OcoBeHHOCTbI0 aKCHONOrMYeCcKoro Noaxoaa ABMNSETCS U3yYeHne 3Ha4YMMON PO LIEHHOCTEN B XU3HN YenoBeka,
MexaHu3MoB npeobpa3oBaHus 0bLieyenoBeyeckux, OOLIECTBEHHO 3HAYMMbIX LEHHOCTEN B CODCTBEHHbIE,
nMYHOCTHble. OTMETUM, YTO Ha pybexe BEKOB MEHSIOTCS LEHHOCTM, KOTOPbIMWA YenoBeK KW, TBOPWA,
BOCMUTbIBaNCA, yuuncs. Mpuwno BpeMst 0CO3HaHWS BbICLLIEN LEHHOCTU — 3TO BbiTMe YenoBeka, NepeoLieHka
OTHOLLEHWNS K HeMy, CO3[aHue YCnoBuM Ans Bbibopa UM MpaBMibHbIX LEHHOCTHbIX OPUEHTUPOB B XKU3HM,
3aKanuBaHWe KM3HEHHOW nosuumu, 4to 6BygeT cnocobeTBoBaTh  MOTEHUMANBHOMY — CaMOPACKPbITHIO,
camopeanusaumi. B ycnoBusx nepecTpomku pbiHKa Tpyda, pocTa Cnpoca Ha  KOHKYPEHTOCMOCOGHOro,
MOGMMBHOrO CreuuaniucTa YenoBek HauMHaeT OCO3HaBaTb 3HAYMMOCTb MaKCUMarnbHOW peanu3auum CBOWX
NIMYHOCTHBIX  BO3MOMXHOCTEN, [LOCTUKEHMS ONPEAEneHHbIX BEepLIUH, COBEPLUEHCTBOBAHWUS CMNOCOOHOCTEN,
NOCTPOEHNS Kapbepbl Ha COBPEMEHHOM 3Tane NepecTpoiikm 1 0BHOBNEHNS 0BLYECTBEHHOMO rOCYAAPCTBEHHOMO
CTPos B YKpauHe.

B npodeccuoHanbHON peanusauMn  yynTens nog  MOHATMEM  «aKCUOMOMMYECKMW MoAxo4» MOHUMaeM
HanpaBneHHOCTb MeJarorMyeckoro npouecca B LIKOMAaX Ha peanusauuio BegyLiux MONOXEHU akchonorum,
Nefarormyeckonm  akcuomoruW,  YCBOEHWe  KOTOpbIX  crnocobCTByeT  nepesody — 0bLuevenoBeyeckux,
npodeccoHanbHO-NeAarornyecknx LEHHOCTEN Ha YPOBEHb JIMYHOCTHBIX, (DOPMUPOBAHME LIEHHOCTER CaMOCTH.
BeayLwmmn NOHATUSMW aKCHONOrMYeCKoro NoAxoAa ecTb LIEHHOCTb, aKCHONMOrNyeckas XapakTepucTuka INYHOCTH
kak CyObekTa LIEHHOCTHbIX OTHOLLEHWIA, OBLiMe aKCMOMOrMyeckue Kateropum — 3HauMMoCTb, MAaearn, CMbich,
cousanbHble HOPMbl, OLEHKa, LEHHOCTHble OPUEHTALUMM U OTHOLUEHWe, YCTaHOBKA, a Takke NWUYHOCTHbIE
LLeHHOCTH — NOTPeBHOCTW, MOTMBALMS, LieNb, Pa3BUTIE, camopeanuaaLus, npogeccmoHaniam n Tomy nogobHoe.

WTak, akcuomnornieckuii acnekT JOCTUXKEHNS! KOHKYPEHTOCNOCOBHOCTM YuMUTENS NpeaycMaTpuBaET:

*  HanpaBnEHHOCTb Lien1 NpodheccoHanbHO-Neaarornyeckon camopeanisaumm Ha npuobpeTeHne yuutenem
CMbICMia XWU3HW B NpOLEcce MpuUobpeTeHMs oMnbiTa NeparorMyeckoin AEesTenbHOCTM, KOTopas onpeaensercs
(OYHKUMAMM CMbICTTA XWU3HW, @ UMEHHO: MHTErpauuei CUCTEMbI LIEHHOCTEN, LEeneBoi OpraHu3aumen XusHu,
NpOrHo3vpoBaHneM Oyayuiero, ¢OPMUPOBAHMEM HPABCTBEHHOW OLEHKM MOBEAEHUS U AeATernbHOCTH,
0CO3HaHNEM COOCTBEHHOM 3HAUMMOCTH, PELUEHUEM MPOTUBOPEUMIA MEXAY «An-peanbHbiM 1 «A»-naeansHbiM, a
Takke afanTUBHOW, 3aLMTHOW, IKCMPECCUBHOW, KOOPAMHALMOHHOMW, CTUMYMUPYIOLLEN, OpraHu3ytoLlen,
No3HaBaTeNbHOW, perynupytoLlen yHKUUAMU;

* ycBOeHue yuutenem 0asoBbix oOLieyenoBeyeckux 1 NpodeccroHanbHO-Nefarornyecknx LIEHHOCTEN,
peanu3aunst cobCTBEHHO CO3AaHHbIX LIEHHOCTEN B npouecce NpoecCHoHanbHOM LeSTenbHOCTU Ha OCHOBE
TaKMX aKCUOnornyeckmx TpeboBaHMIM Kak Npu3HaH1e YenoBeka B KaYeCTBe BbICLIEN LlEHHOCTU; NpeaocTaBneHne
npaBa yuuTeno Ha CBOOOAHOE CamMOONpedeneHne M camopeanu3auuio; OBMadeHWe YYMTenem JIMYHOCTHOM
CUCTEMOMN 3HaHWA U YMEHWIA; CPOPMUPOBAHHOCTM NPOdECCHOHANBHO-NEJArorMyecknx LeHHOCTEN B npoLecce
WHTEPUOPM3ALIM 1 SKCTEPUOPU3ALIM; MHTETPaLMS COLMOKYNbTYPHbIX, 0Opa3oBaTesbHbIX, NPOGecCMoHanbHo-
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nefarornyecknx LEHHOCTe! B npoLecce hopMMpoBaHist NPoeccoHanMaMa Kak akMeonorMieckoit LIEHHOCTH;
NOAAEpXKKa PasBUTUS BHYTPEHHErO MOTeHLMana yYuTens kKak LEHHOCTM 1 YCTaHOBKa Ha CaMOBblpaxeHue B
npoLiecce NpotheccroHarbHO-NeaarorMyeckoi camopeanmaawny;

¢ BbIsIBNEHWE U ()OPMUPOBAHNE LIEHHOCTHLIX OPUEHTALMIA YYNTENS, @ UMEHHO PA3BUTUE Y HETO LIEHHOCTHbIX
OTHOLUEHWA, TO €CTb €r0 BHYTPEHHEN NPOeCcCHOHANbHOM NO3UUMKM Kak COBOKYMHOCTM OTHOLIEHWIA K cebe,
Neaarormyeckon  OeaTenbHOCTH, yYeHuKkaMm, Konneram, poauTensm, OO6LeCTBEHHOCTH;  (hOpMUMpOBaHME
LLeHHOCTHOTO MOBEAEHMSI KaK LieneHanpaBneHHbIX 4eNCTBUN, KOTOPbIE HAaMPaBNeHbl Ha peanu3aLmio YCBOEHHbIX
LIeHHOCTeW;

*  CO3[aHue ycnoeuii B mpouecce npodheccuoHanbHOM AeATENbHOCTU ANs COAENCTBUS NOCTPOEHMIO CyOBeKT-
CYOBEKTHBIX OTHOLIEHMIA MEXIY Y4acTHMKaMW MeaarorMyeckoro B3auMOZEMCTBIS; CTUMYNNPOBAHNE Pa3BUTUS
NMPOLECCOB CamMOCTK, KOTOpble MMEIOT MNepBOOYEepenHoe 3HayeHre B (DOPMUPOBAHWM  Meaarornyeckoro
MacTepcTaa W npoeccroHanuama.

OcoGeHHOCTSIMI  PECYPCHOTO MOAXOfA SIBNSIETCS M3yYeHWe PecypcoB JIMYHOCTM W BbSIBRIEHME NyTel WX
PACcKPbITUS U peanu3aLmn B pasniyHbiX Biaax AESTENBHOCTM B COOTBETCTBUM C NPUPOAHBIMU HAKMOHHOCTAMM

YernoBeka.

Bedylwie nonoXeHWs  PECYpPCHOTO Moaxoja B acnekTe  WUCCMefoBaHWs — KOHKYPEHTOCTMOCOGHOCTM
06YCroBNMBaETCA B3aMMOCBSA3bI0 TakiX MOHATUIA, KaK «Pecypc», «peseps», «MOTeHLuan». YTOYHUM, YTO nof
MOHSITUEM «PECypC» NoapasyMeBaeTcs TO, YTO YernoBek, 0OLLECTBO UMEOT BOOGLLE, a NOHSTUE «Pe3epB» — 3TO
3anac 4ero-nubo, YTo creumanbHO COXPaHSIETCs; BO3MOXHOCTb, KOTOPas eLLE He UCMOoNb30BaHa B JeNCTBUM.

K pecypcam nMYHOCTW MpUHaAnexaT CYLUHOCTHbIE CUIbl IMYHOCTU (LeNb, NOTPEBHOCTH, MOTUBLI, UHTEPECHI,
CNOCcOBHOCTM), KOTOpble OTpaxXatoT CO3HaTeNbHOe, GEcCcO3HaTENbHOe, NEPEXOAHOE COCTOSIHUE, TO €CTb
SIBNAKTCS 3aMacoM TOro, YeM YeNoBeK MOXET BOCMOSb30BATLCA B CTaHAAPTHBIX 1 HECTaHAAPTHBIX CUTYaLMsX.

Pa3BuTe pecypcoB NMYHOCTM MPOMCXOAWT B MPOLECCEe AOCTMKEHWS KOHKYPEHTOCMOCOBHOCTW. Yenosek Kak
BuocounanbHoe CyLecTBO UHmMepuopusupyem u3 cpefbl 06LLECTBEHHbIE 3anpockl N0 NPOgeccuu, KOTopble
HaKnagbIBalOTCS Ha ero NpMpoaHble 3a4atku M NOTEHLMN. Pecypcbl kak COBOKYMHOCTb BCErO TOro, YeM BnageeT
NIMYHOCTb, TakMM 06Pa30OM NONONMHAKTCS, BOCCTAHABNMBAOTCA, U NPYU MOTUBALMW, aKTUBU3NPYIOTCA B npoLiecce
NPOECCMOHANBHON KOHKYPEeHUMU. YacTb M3 HWUX peannsyeTcs MOCTOSIHHO WA 4acTUYHO, B OnpenerieHHoM
CTEeNeHu, TO eCTb BbICTYNAeT Kak akmyasbHOe JIuYHocmu. [pyras 4acTb pecypcoB Haxogutcs B
Hepeann3oBaHHOM COCTOSHUM, TO €CTb B NOTEHLMAanbHOM COCTOSIHUM, W K TOMY Xe 3aneraeT B YeroBeke B
(hopme aByx nnacTtoB. O4uH U3 HUX SBMSETCS 3anacoM He3adeiCTBOBAHHOIO U «f1» 0 HEM He 3HaeT, a apyroe
«f» 3HaeT, HO cneuuanbHO CKpbIBAET, eCTb pe3epB NoTeHuMana. B nepsom cnyvae MOXHO rOBOPUTb B LIENOM 0
cOBCTBEHHOM MOTeHUMane, a BO BTOPOM - O pe3epBHOM mnoTeHuuane. [Mpu pasHbix 0b6CTOSATENLCTBAX
NoTEHUManbHOe YenoBeka MepexopuT B akTyanbHoe. Takue oBCTosTensCTBa MOrYT ObiTb CYOLEKTUBHBIMM -
YeroBeK XOYET M3MEHEHWI, peanu3auuy CKPbITbIX PECYPCOB, @ Takke OOBEKTMBHbIMM — Kak TOro Tpebyet
npoheccuoHarnbHas NoAroToBKa.

PackpbITe 1 MCMOMNb30BaHME YYUTENEM CBOETO PECYPCHOrO MOTEHLMana CrnocoBCTBYET €ro MPOABMKEHMIO K
CaMOCOBEpLUEHCTBOBAHMIO B NMPOECCUM, COOTBETCTBEHHO BOBMEYEHMIO B MPOLECC WHHOBALMOHHOM
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[EATENBHOCTU. JTO MOXHO OOBACHUTH TEM, YTO B MPOLECCE WHHOBATMKM MPOUCXOAMT HapaliuBaHue
noTeHuMana, YenoBek 06orallaeTcs HOBbIMM CMbICTIaMM, LIEHHOCTSIMU, U3MEHSIETCA cUCTeMa NMOTPEBHOCTE, a B
npouecce peanuaauum TPaHCHOPMMUPOBAHHBIX CYLIHOCTHBIX CUN  PaCLUMPSIOTCS BO3MOXHOCTU MPOSIBUTD,
BblpasuTb COBCTBEHHbIE HOBOOOPA30BaHMS, CBSI3aHHbIE C PA3BUTMEM CMOCOGHOCTEN, HAKMOHHOCTEN WU TOMY
nogoGHoe. MMepeBoa MOTEHUMANbHOTO B akTyanbHOe MO3BOMNSET YEnoBeKy MOCMOTPeTb Ha CeGs ¢ Nosvumm
APYroro YeroBeka, 3aMeTUTb TO, YEero He BbiNo BbISIBNEHO U pean13oBaHo paHee. Hapallveas 1 peanuays ceoi
MOTEHLMan, YeNOBEK COBEPLUEHCTBYETCS, pa3siBaeTcs. OCOBEHHO 3TO 3aMETHO B mpouecce NpuoGpeTeHust
yuuTeneMm npochecCUOHanbHOMO OMbiTa NP €ro akTMBHOCTM B WCMOMb30OBAHUM HOBEMLMX TEXHOMOTUA.
WHTepropu3ys nefarormyeckuit onbiT, YYUTENb MOMONHSET COBCTBEHHbIE PECYPChbl, CO3NAET Neaarornyeckuii
noTeHuman.

CeroaHsi B Haquo-neuarormquKoM nuteparype 1 negarornyeckon NpaKkTuke akTnBHO o6cy>K,qaeT0ﬂ npo6nema
MoaepHu3auum 06pa3OBaHVIFI Ha OCHOBE KOMMETEHTHOCTHOro nNoaxoaa, KOTOprVI ABNAETCA BeCbMa aKTyallbHbIM,
NOCKONbKY noAapasymeBaet LLeJ'IOCTHbIIZ OnbIT PeLleHna XN3HEHHbIX npo6neM, BbINOMHEHNA KNHOYEBbIX beHKLlMI;L
coumanbHbIX pone|7|, KOMI'IeTeHU,VIVI COBPEMEHHOr0 y4uTend.

KoMneTeHTHOCTHbIN noaxog B 0BpasoBaHMM LUMpe, YeM NOAXOL C MO3WLMA NPEAMETHbIX 3HAHWA, YMEHUNA,
HaBbIKOB, 1 BKNKOYaeT B cebS LUMPOKME TYMAHUCTUYECKNE, MOPanbHO-3TUYECKME, KYNbTYpHbIE, ACTETUYECKNE,
MOTMBALMOHHbIE W APYrMe KOMMOHEHTLI, HaleneHHble Ha TBOPYECTBO, AEWCTBME, MHMLMATWBY, BbIMOMHEHWE,
pesynbTar.

[MaBHbIM CTUMYNOM ANS pasBuTMS yCWniA B 06nacT KOMNETEHTHOCTHOTO MoAxXoAa B obpasoBaHuM CTanm
TpeboBaHMs Bu3Heca 1 NpeanpUHUMAaTENLCTBA K KBANU(ULMPOBAHHBIM PAbOTHIUKAM NPUHUMATb OTBETCTBEHHbIE
PELleHNs Ha OCHOBE MOJTYYEHHbIX 3HAHWA U WX WHTerpauuu. CneayeT yunThlBaTb, YTO Ha PhbIHKE TpyAa
Heobxogumbl He camu no cebe 3HaHMA, a CnocoBHOCTM creumanucTa BbINOMHATL COOTBETCTBYHOLLME
npodgeccuoHanbHble U counanbHble (YHKLMKM, NPaKTUYecKW pellaTh pasnuyHble BWAbl MPOU3BOACTBEHHBIX
3apady [boHaapeHko, 2005].

KOMNEeTeHTHOCTHLIN NOAX04 NMpefnonaraeT CMeLleHWe akUeHTa C HaKomneHUs HOpMaTWBHO-OMpefeNneHHbIX
3HAHWA, YMEHWA M HABLIKOB K Pa3BUTUIO Y yunTened CrnocOBOHOCTW MpakTUYECKM LEeNCTBOBATb, MPUMEHSTb
HaBbIKW 1 OMbIT YCNELHbIX AENCTBUI B CUTYaLMSX NpOECCUOHANBHON JeATENBHOCTM W COLMAnbHON NPaKTUKA.

AHanu3 naen KOMNETEHTHOCTHOTO 06pa3OBaHVIFI NO3BONAET YTOYHUTL OTAENbHbIE MONOXEHNA Mno Mccne,qyemoﬁ
TEME:

*  KOMMETEHTHOCTb Y4NUTENS OnpeaensieTcst ero CnocobHOCTbI0 BbIMONHSATL NPOheCCMOHanbHO-Neaarornieckme
33124 B COOTBETCTBIM C TPeGOBaHMSIMM Y4eBHbIX MPOrpamMM; 3anpoCoB YYEHUKOB 1 X POAUTENEN Mo pasBUTHIO
pebeHka BO BHEKMACCHOMN AEATENBHOCTH; K MPOGECCUOHANbHON peanu3aLiny 3a npeaenamu LWKorbI;

*  KOMMNETEHTHOCTb BbI3bIBAET CMOCOBHOCTb K aKTyanbHOMY BbIMOMHEHWNIO NPOMECCHOHANBHON LEATENBHOCTY,
4TO NPOSIBASETCA B NOCTOSHHOM OOHOBNEHWUM 3HAHWIA, BlAZEHUN HOBOW MHGOPMALMeE ANs YCMELHOro peLleHns
npodeccuoHarnbHbIX 3a4a4 B HACTOSILLEe BPEMS 1 B AaHHBIX YCIOBUSIX;

*  KOMMETEHTHOCTb BKIOYaeT B cebsi kak codepxaTenbHblii (3HAHMS), Tak M NpoueccyanbHbin (yMeHue)
KOMMOHEHTbI. JTO 03HAYAET, YTO KOMMETEHTHbIN YENOBeK LOSMKEH He TOMbKO MOHUMATb CyTb NPO6MeMbl, HO 1
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YMETb MpaKTUYeckn ee pelatb. KOMNeTeHTHbI cneyuanucT B 3aBUCUMOCTI OT KOHKPETHBIX YCMOBUIA MOXET
MPUMEHUTL ONPEAENEHHbIN METOA PELLEHst NPobreMbl.

BbiBoAbI

Wtak, metogonoro-Teopetnyeckyto 6a3y npobrnembl KOHKYPEHTOCMOCOBHOCTW yuuTENs paccMaTpuBaeM Kak
CUCTEMY, B KOTOPOW MHTErpupoBaHbl (hyHOaMeHTanbHble PUNOCOdCKMe Naen, pasHble Noaxombl K M3YYeHMHo
nejaroruyecknx  SBMEHUA M TEXHOMOMMYECKUX MPUEMOB, CTUMYNMUPYIOWMX K aKTMBHOCTM B npoLeccax
CaMOCOBEpLLEHCTBOBAHWS.
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Scientific Approaches of the System for Formation of the Teachers Competitiveness
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ON THE TRAINING OF CONSOLIDATED INFORMATION ANALYSTS
Kateryna Solovyova, Andrey Danilov, Olga Pishchukhina, Panasovska Yuliia,

Olga Lashyna, Maria Kozlova, Maryna Khoroshenko, Maksym Voroniy

Abstract: The current development of society requires the use of modern information technologies of business
administration, regardless the field of activity. For automation and informatization an enterprise requires the
introduction of innovative technologies, including technologies for knowledge management. To ensure the
integration of modern information technology corresponding to the noospheric stage of scientific development
organizations require highly qualified analysts for consolidated information (business intelligence analysts,
information analysts, knowledge managers). The Social Informatics Department of the Kharkiv National University
of Radio Electronics is engaged in the training of such specialists, its workers developed a standard for the
preparation of consolidated information analysts in Ukraine. This standard is largely in line with the preparation of
Competitive Intelligence Professionals (Competitive Intelligence)[1, 2].

Special difficulties in the training of consolidated information analysts in a lack of teaching hours are related to the
need of development of a special kind of systematic analytical and creative thinking, as well as the ability to
perceive and implement modern world standards of information and organizational culture. The training program
is formed in a manner to develop thinking and understanding of the relevance, necessity and features of work
with knowledge at the graduates from various universities and bachelor systems. An important role in this process
belongs to the integration of educational and scientific process at the department that allows us to prepare highly
qualified specialists in a short time, but the main feature is the use of training in the preparation of a noospheric
system methodology - systemology and modern systemological method — the systemological classification
analysis [3].

The article deals with the relevance of the training and development of the specialty through the use of modern
tools of knowledge management, some aspects of the training of consolidated information analysts, methods and
tools to improve the quality of their education in terms of reducing academic load and reduce the direct interaction
between teachers and students.

Keywords: Knowledge management, consolidated information analyst, systemological classification analysis,
information technology, classification, social network on the Internet, model, e-learning, UML diagrams, learning
organization, software testing, business process analysis and modeling requirements.

Introduction

Enhancing of the role of information technology in society is a natural process that has accelerated within recent
years. The emergence of new methods, techniques and approaches to work in various subject areas requires the
use of modern information tools, which will significantly improve the efficiency of employees.
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A distinctive feature of the modern higher education in business analysts’ training is growing volume of variable
information, skills, the mastery of which is necessary for graduates to prove their competence and create a
competitive advantage in the labour market.

To improve the quality of information analysts’ training systemology and the modern method corresponding to the
noospheric stage of scientific development should be used — the systemological classification analysis which will
effectively organize and consolidate knowledge and information improving the quality of information processing
and the development of effective managerial decisions that will ensure the sustainable development of the
organization.

Another area of improvement of the educational process in terms of reducing teaching hours and academic load
due to the introduction of the credit-modular system is the development of e-learning (e-learning systems) used
by students for self-development material or for enhancing of their skills. Information and computer technologies
are an integral part of the higher education development in Ukraine, which is currently under the influence of the
European integration process. The learning process of business analysts in the modern university requires the
use of e-learning tools within the organization of independent work of masters, and the creation of computer
systems, allowing partially to master skills without the direct involvement of the teacher is the main direction of
development and improvement of learning while using information technology [5].

It should be pointed out that while working with the knowledge and information semantics the direct
communication between a master and a teacher in the dialogue is vital. Therefore, despite the active
implementation of distance education in the educational process, training of highly skilled analysts is not possible
without a direct interaction between teachers and students in learning and knowledge transfer. To partially solve
the tasks the authors suggest the use of knowledge management in information systems — particularly the
knowledge-oriented social networks.

The Purpose of the Work

The purpose of the work is to present the research to improve the quality of training in the field of information
analysts — namely consolidated information analysts. The proposed methods and approaches are aimed at
improving the quality and level of intellectual capital of the organization through the use of systemological
approach.

The goals of this research are:

-the study of relevance of knowledge systematization in the training of the analysts using the method of
systemological classification analysis at the example of developing of the testing methods classification useful for
learning;

- the study of the methods for optimization of analysts’ training through the use of e-learning technology;

- the study of the methods to develop knowledge-oriented social networking in the training of highly qualified
analysts.

The Method of the Research

As the method of the research and solving the set tasks the method of systemological classification analysis
which refers to the noospheric stage of scientific development and helps to solve complex ill-structured problems
effectively in non-formalized qualitative semi-structured domains [3, 4, 5 etc.] was employed.
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On the Relevance of Knowledge Management Competencies in Consolidated Information
Analysts’ Work

In today's economy, the engine of which is information and knowledge, the organization sees more value in its
intellectual assets than tangible ones [6]. Firms applying knowledge management are increasingly winning in the
market, as the use of knowledge management helps to increase the competitiveness of an organization.

Knowledge management helps to organizations: it creates a competitive advantage, increases productivity,
stimulates innovation, promotes cooperation, encourages and harnesses the power of education to increase
social capital, attracts and retains human capital to create and use structural capital, shares best practices and
processes, and provides leadership and effective decision-making, increases the level of customers’ satisfaction
[6].

Knowledge management is a means for performing multiple tasks meaningful information processing, including:
management, acquisition, storage, presentation and knowledge transfer. To solve these problems it is necessary
to form the analysts’ organization knowledge management competence. These competencies are important
knowledge and skills in the modern consolidated information analysts; they reflect the ability to work with the
knowledge, to manage knowledge and information flows, processes, and contribute to training and the
development of organization.

For an analyst of consolidated information to have full knowledge management competencies, he of she must
possess the knowledge, skills and abilities, with which it is possible to solve the problems of knowledge
management. The most important one is the application of systemological classification analysis as the
noospheric method of systematization, classification, presentation, acquisition, extraction and production of new
deep knowledge. Using this method will allow to visualize and formalize knowledge of almost every industry,
including ill-structured ones.

It is necessary to define the requirements for skills and knowledge for consolidated information analysts obtaining
knowledge management competencies. To solve this problem it is advisable to carry out a study of these
competences and formalize their requirements, for example, in the form of using case diagrams, UML language
and Rational Rose tools. Figure 1 shows a fragment of the diagram for requirements for knowledge and skills of
the consolidated information analysts who possess the competencies of knowledge management.

Diagram requirements for skills and knowledge of analysts who have competencies in knowledge management
identifies and visualizes the basic requirements for skills and knowledge of consolidated information analysts who
have knowledge management competencies and some links arising between these knowledge and skills.

The studies in this field allow to identify the skills which should be developed and the knowledge required for
efficient work of the consolidated information analysts.

On the Development of a Classification Model for Testing Types to Improve the Quality of
Information Analysts

Software testing is a young and developing science. At present there is no single source of information, which
would clearly describe the process of software testing or systematize experience of people working in this field.

As a rule, young professional testers get their knowledge from many different sources — and often it's inaccurate
and contradictory. As a result of the lack of models describing the actual testing area is not completely clear what
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the software testing process is, according to what uniform rules and how it is carried out. In each case, their own
unique system is being produced, and this system may be unsuitable for any other situation.
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Figure 1. Diagram of the Requirements for Knowledge and Skills of Consolidated Information Analysts Having
Knowledge Management Competencies

Nowadays there are many different classifications of software testing on different grounds (not only by testing
types). A distinctive feature of all these classifications is their being contradictory and incomplete. This situation
regularly baffles even the experts with experience.

The most common types of classification models of software testing is divided into functional, non-functional and
regression testing types. This model includes a main field of testing, but does not take into consideration the time
factor and the degree of being prepared for the software testing process. Functional and non-functional test types
are "independent" and used in clearly defined within the scope of application, depending on their purpose.
Regression testing is applicable to all areas, it covers is any type of testing, as is, in fact, screening. Regression
testing, as opposed to a functional or non-functional ones, can only be applied after the first cycle of testing has
been carried out when a portion of errors and defects have been already found, recorded and eliminated.

Functional and non-functional testing forms may be performed independently at any stage of the software
development. Regression testing depends on the functional and non-functional ones, as it's being carried out on
their basis, and often uses their tests results repeating the test cycles.
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Based on the discrepancy identified above (as for the time and procedures), it is logical to assume that a certain
distinction is necessary because the regression testing has properties that cannot be on the same level as the
functional and non-functional test types have.

Functional and non-functional types of testing can be attributed to basic testing, as the test cases related to these
two types, are the basis for software testing process.

Regression types of testing should be attributed to screening test types, which are not always independent, often
repeat functional and nonfunctional tests which have been already carried out, being in some cases aimed only at
test bug fixes.

Besides, the least explored area of software testing is the test of the product's documentation, which is not
mentioned in most of the existing classifications of today.

Documentation testing is hardly paid with attention, because in the process of development of this type of testing
they always lack time for it. However, the time spent on checking and testing of technical documents could save
for a development team more than one working day in the future. Testing of the documents as well as the
regression testing cannot be placed in one line with non-functional and functional types as there is a difference in
time and area of application again.

Testing of documentation is a preparatory kind of testing that is supposed to identify errors, inaccuracies and
contradictions in the documents according to which the project is being developed. It is necessary as well as the
regression, as many mistakes are repeated more than once and lead to even a greater number of deviations from
the requirements in the development and implementation process.

Thus, if we consider the classification of software documents testing not in terms of functional, non-functional and
regression tests, but in terms of the time scale and purpose and include them into a system of preparatory,
primary and verification kinds, the controversy related to the different start time of the tests and different test
facilities are eliminated. Such a classification model of the software testing types can be especially useful both for
those who are now just trying to learn how to become a professional tester and are involved into the collection of
information about the subject domain, as well as for experienced professionals who have been working for many
years and have decided to be engaged into scientific activities and organize their accumulated experience.

The Research and Modeling of E-Learning Systems as a Tool to Support the Educational
Process In Terms of Academic Load Reduction

Peculiarities of consolidated information analysts’ training related to meaningful description of the processes
being studied and the analysis of qualitative information restrict the use of e-learning aimed mainly at the
formation of the solution search skills requiring the implementation of the unambiguous algorithm. However, some
aspects of analysts training in the field of decision-making theory, social processes modeling with the use of
formal methods for their description, etc. allow partial application of computer training programs due to the
parametric representation of problems in these knowledge areas. E-learning systems are considered as auxiliary
means offering only additional ways of learning to the basic functions of a teacher related to the training of
specialists in this field.

E-learning should not only perform functions related to the provision of theoretical material, but also to control the
functions of training, testing, problem solving skills development and assessment of students with the search for
"white" spots in their responses, and providing recommendations to return to the part of the theoretical material
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which caused difficulties, or for additional training in the practical development of the material. Besides, the
guidelines should contain information about the errors, the ways of their elimination and the level of student's
knowledge that forms the distinctive feature of intelligent e-learning is the presence of feedback to the student,
supported by special interactive modules that are responsible for the assessment of the student responses and
errors place and type diagnosis which is an ill-structured area.

The analysis of existing e-learning systems shows that they are presented in the form of testing or information
systems without feedback in the learning process. One of the major disadvantages of such systems is that they
cannot be used during the learning cycle and restricted to a certain set of primitive functions (electronic books,
databases and learning, etc.). The analysis of the existing development of computer training programs in the
preparation of analysts revealed that it is the formation of feedback is most difficult in these developments, as it
includes quite a number of formalized criteria for assessment and diagnosis of the errors causes. The proposed
criteria do not always fully reflect the nature and function of the feedback realized by the teacher as the studied
developments did not take into account features and specificity of analysts’ training. This determines the urgency
of the problem and the need to develop e-learning systems with feedback for the consolidated information
analysts’ training that will make the process of learning more effective and aimed at the students’ self-
development.

In the study of feedback nature of the educational process its main components implemented be a teacher have
been revealed: assessment function, the function of the search of the location where an error occurred in the
case of an incorrect answer and recommendatory functions of re-examination of the material according to the
results determined by the location of the error. The last two functions are combined in a block of errors intellectual
analysis that performs error detection in case of the presence of solution results mismatching to set values. Next
the location of the error is detected at any stage of problem solving process and the status of the error is referred
to a particular lecture topic or type of tasks. Then the problem (the gap) in the student's knowledge is diagnosed
and the recommendations to improve the result are formed, for example a student can be offered to explore the
theoretical material with the topics or chapters, to learn an algorithm for solving the proposed problems, to try the
tasks of a simpler level, etc.

The problem of intelligent e-learning systems development is considered as the creation of complex computer
projects and is closely linked with the development of requirements for their structure, functions and software
content. Requirements describe the behavior of the system, the properties of the system, its classes and
attributes and limit the computer system development process [7].

Analysis and modeling requirements require special formalized approaches that can accommodate the interests
of all those involved in the process of e-learning: students with various psycho-types, basic knowledge levels,
information processing perception and speed and teachers with their experience of "how to do", "how to teach ","
how to assess "and" how to identify the true causes of the error”. Moreover, other external constraints such as
training programs standards, curricula, etc., should also be taken into account.

The study of this ill-structured domain proves that the development of a complex computer system is not possible
without the development of information support requirements. Information support for the requirements
development for an intelligent e-learning system must contain a formal description of its functions, conditions and
transitions, logical aspects of the sequence of actions and interactions between its members in the form of
adequate visual models of functional and user’s requirements.
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User requirements describe the goals and objectives that e-learning can solve and indicate what students can do
with the system. The ways of presenting these options are to use the scripting requirements and an “answer-set”
approach. Functional requirements define the functionality of the software which developers must generate and
users should be able to perform. To cover all the requirements it is necessary to develop models that represent
them at a certain level of abstraction and can detect incorrect, inconsistent, missing or redundant requirements.
Data flow diagrams, state-transition diagrams, cooperation and sequence diagrams relate to such a conceptual
representation of an intellectual computer system. Each model describes a particular aspect of the system, uses
a set of diagrams or formal description as well as reflects the point of view and is the subject of a variety of
people with specific interests, roles or tasks. These models provide a useful tool for the analysis of software
development problems and information exchange between the developed modules. Modeling extends the
coverage and treatment of functional and user requirements, and improves the quality of the system [8].

The most effective way to create visual models is a special standard object-oriented modeling language - Unified
Modeling Language (UML). At the level of abstraction of separation, which is suitable for the requirements
analysis, UML-notation is used for all types of diagrams for intelligent e-learning systems. Analysis modeling
techniques are supported by various business automation software tools known as computer-aided software
(CASE-tools). This choice is due to a number of advantages if compared with conventional methods: 1) they are
easy to improve the diagrams accuracy in case of requirements’ repetition, since it is impossible to create a
model with a high degree of adequacy of the actual processes immediately due to external and internal changes
during the simulation; 2) CASE- tools support rules for each method of modeling and can identify syntax errors,
inconsistencies and detect semantic errors in the scheme , and that is not always possible without the use of
such tools.

Figure 2 and Figure 3 show the sequence diagram and the cooperation diagram which reflect transactions
between the separate modules of the intelligent e-learning system.
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Figure 2. Cooperation Diagram of an E-Learning System
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Figure 3. Sequence Diagram of the Interaction of the Modules of an E-Learning System

The presented diagrams reflect the way the system modules communicate in dynamics and show the interaction
of classes and transmitted messages for a better understanding of user's requirements. A part of the transition
state diagram (the receipt of a student's answer and the comparison with the correct variant) is shown in Figure 4
and forms a complete and clear understanding of the mechanism of a finite number of states.
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Figure 4. Part of a State Diagram of an E-Learning System

The state diagram which contains three types of elements — initial states, final states and transitions - shows the
transition between the states, not as part of the processes performed by the system, but as the only possible
state of changes associated with these processes. The transition diagram helps to understand the expected
behavior of the system, check whether all the necessary state transitions are described correctly and completely
as for the functional requirements.

The presented models are different diagrams related to each other and with their common data definitions in the
data dictionary that allows you to maintain a model in a consistent state, and in accordance with the functional
and user’s requirements for filling software content. A visual modeling intelligent e-learning system is a way of
perception of the problem with the help of visual abstractions, concepts and reproduces the behavior of objects in
the subject area.

Thus, the problems of analysis and modeling requirements in the development of e-learning systems with
feedback during the business analysts’ training have been defined, the subject area requirements have been
determined; the choice of CASE-tools to create models for the generated domain has been proved. The visual
model of functional requirements and the requirements of users in the form of graphs showing the development of
behavior and logical structure of the system, which allows to identify incorrect, inconsistent, missing or redundant
requirements has been developed. Visual models of user and functional requirements of the system of e-learning
have been developed on the basis of CASE- tools and provide information support, explaining the events and the
corresponding response. It is the interaction of modules at a higher level of understanding than the text
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specification requirements give, but it cannot completely replace the technical task in natural language, as each
type of modeling has its advantages and its limitations. E-learning system modelling is an effective procedure to
reflect changes in functional and user’s requirements which resulted in the optimal sequence determined by its
design which improves the quality of the development system by the criterion of coverage and treatment of the
considered types of claims and accordingly improve the efficiency of its use by students.

On the Application of Knowledge-Oriented Social Networking Web-Sites on the Internet in
Competitive Specialists’ Training

With the rapid development of information technology and weave of all spheres of social life with the Internet
technologies the importance of research in the field of education and improving the training quality has enhanced.
Given the rapid pace of innovation in most organizations, a modern person must not only know and successfully
fulfill all his or her responsibilities, but also to be capable to permanent self-learning.

The employees who have been working in organizations for a long time, have the knowledge necessary for young
professionals, but unfortunately most of them do not pay enough time to self-education and further researches.
Thus valuable knowledge of experts (their intellectual capital) is a load of knowledge, which is not being improved
over time, becomes obsolete and non-relevant. Young professionals have the opposite problem, with basic skills
and desire to learn they cannot get work experience and acquire the necessary social capital before the actual
start of work in the organization.

To effectively solve this problem it is advisable to use modern methods and technologies of knowledge
management, in particular the use of knowledge-oriented social networking sites on the Internet as an essential
element of the educational process. For their effective functioning, consider the following factors:

1. Menu and structure of a social network should be user-oriented (the method of systemological classification
analysis is strongly recommended).

2. A framework of motivational techniques to engage the students, academics and experts into work should be
developed.

3. The interaction between the specialists should be based on interest in communication and solving the set
problems.

4. The system of interaction between students of junior and senior courses, graduates of previous years and
teachers should be implemented at the universities.

5. The use of the proposed social networks in the work of practice communities is reasonable.

The use of a social network on the Internet to solve the problems of education and its integration into the real
economy will:

- Increase the competitiveness of graduates, adapting their skills to the needs of business and industry of their
activities.

- Improve the social capital of graduates and employees of organizations.

- Find new ideas and valuable employees for employers.

- Accelerate the exchange of knowledge and the solution of typical problems in the subject area as a result.
- Quickly introduce modern technology in the educational process and the work of the organization.

- Find sources of funding for researches and the practical implementation of scientific developments.
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- Consolidate the knowledge and efforts of specialists from different regions and countries to meet the challenges
of science, business and education, thus ensuring the sustainable development of the state and society.
Implementation of the proposed project on the practice will consolidate the efforts of specialists of subject areas
and to further analyze the efficiency and quality of the training system in the Internet space with a view to making
recommendations for its improvement.

On the Transformation of an Organization into a Learning Organization

One of the priorities of any organization in a competitive environment is the development and training of
employees, the permanent being of the staff at the same level is not profitable for the company. The most
appropriate form of development is a learning organization.

The emergence of a learning organization is seen as a natural reaction to the conditions of the transition from a
knowledge-based economy to a knowledge economy, in which there is a need for a new organizational form,
structure and instruments of coordination. A unique distinguishing feature of such an organization is not just staff
combined with his experience and knowledge, but the culture of organizational learning and development, and
staff perceives work as a process open to continuous improvement.

In learning organizations people are focused on the development of their potential to achieve common results; a
new system of thought is formed, collective desire is expressed freely, and people are continuously learning how
to learn together. A learning organization is an organization that creates, acquires, preserves and transmits
knowledge. It is able to successfully change the type of their behavior to reflect new knowledge or projects that
support the learning process in all fields, promoting training on how to learn [10].

The idea of a learning organization, continuous self-improvement and self-learning of an employee most closely
matches the needs of the development of IT-sphere in modern conditions.

The concept of the learning organization becomes widespread in the knowledge management theory and
practice. The knowledge production process is reduced to the study and development of latent characteristics
and abilities of their staff by continuous training during daily activities.

The key provision of the concept of the learning organization is that any organization can be called learning, the
only question is how big and recognized her ability to learn and self-development is. That is why non-learning
organizations do not exist, and at the same time, there is no organization that can be called learning ones
understanding this kind of a high degree of perfection and excellence. Thus, a learning organization is not a static
condition which the company will sooner or later reach, but the process of continuous learning, self-improvement
and development.

Learning organization is a team united by a common vision and values of employees who are able to develop and
improve the work process (and the result of this process), relations arising in it, as well as their own
understanding of the situation through constant feedback from your colleagues, clients, partners , heads, namely
from the internal and external environment [10].

Distinctive features of a learning organization are system thinking, which allows to make holistic view of the
processes and phenomena and their most effective change; encouraging employees to develop, determines the
identification of values workers and their consistency with the objectives of the organization and society; creating
a common vision to reach the common goal [10].
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It should be pointed out that a single model of a learning organization does not exist - it is rather a philosophical
attitude to the fact that there is such an organization and there are some certain roles of its employees. In a
learning organization, each of them can participate in the identification and resolution of problems based on
knowledge, intelligence and lessons organizational values and culture, and that allows the company to
experiment continuously, to use the newly emerging opportunities. In this case, turn the heads of his subordinates
in the partners, and their main task is to create conditions for the development of learning abilities and make fuller
use of energy and knowledge workers.

Education in some ways improves the efficiency of the company, but no significant impact on the business
process in the company and its financial performance. The consequence of this is the lack of loyalty of the
company and its employees. In a stable industrial environment these are the normal conditions of profitable
functioning of "economic companies." But these companies are unlikely going to be the leaders in the global
market and allow our country to make a breakthrough to the "knowledge economy".

We consider the transformation of a learning organization within the information technology industry, which is one
of the fastest growing industries. According to Datamonitor Research Company, the information technologies
industry consists of two main markets:

1) data processing and outsourcing services (divided into electronic data processing, IT outsourcing and business
process outsourcing services);

2) IT consulting services (service integration and development, support for hardware and software infrastructure
and proper IT consulting). Market BPO brings 43% (239.3 billion dollars) of industry profits, giving the way to IT
outsourcing (50.4%, 280.3 billion dollars). The industry of data processing services and outsourcing has steadily
grown by an average of 11.1% per year companies for 5 years.

Today information technologies can make a decisive contribution to strengthening the relationship between
labour productivity growth, investment and employment. New types of services distributed over networks are able
to create a lot of jobs, and that is confirmed by the practice of recent years.

A number of stages in the transformation of a learning organization with systemological analysis employed have
been investigated:

1. Formation of a highly qualified staff as an intellectual and professional basis of a company.

2. Development and implementation of quality system standards to monitor their compliance to them.

3. Formation of the company's development strategy, including staff development.

4. The introduction of instant availability of necessary information.

5. Improvement of non-financial motivation of employees and the strengthening of staff.

Effective training of an organization is the constant and purposeful process of obtaining a competitive advantage

being held and quality as a key resource of the enterprise which allows to realize the concept of a learning
organization through its constant transformation.

Findings

The paper brings up some solutions proposed to improve the training of highly qualified analysts for consolidated
information having noospheric system thinking, new information and organizational culture and use of innovative
knowledge-oriented tools and methods in their work (for instance, the systemological classification analysis)
aimed at increasing the intellectual capital and sustainable development of the organization.
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Features of high-quality training of consolidated information analysts define a key role of the teacher in teaching
students due to the need to analyze the qualitative aspect of the content of information and knowledge,
describing the studied subject area. E-learning system is an auxiliary tool in the training of highly qualified
analysts and is considered to be an additional opportunity to provide an interactive media student. The proposed
approach allows to partially implement the most significant part of the training — a feedback by which the gradual
control of the learning process is to determine the place of error in some cases to recognize their causes, to form
the recommendations, to address them and to improve the results.

The application of systemological cognitive methods and knowledge management is useful in various fields and
can improve the problem-solving education and improve its quality. In some companies, as yet, the knowledge
management system is a sphere of activity of the professionals working with staff and IT-departments (technical
ability to provide knowledge management for the system activities). The potential of a knowledge management
system is not used to the full; knowledge, human factors, cognitive features of employees are not being taken into
account to the proper extent. Therefore, the actual problem of improving knowledge management in
organizations and the formation of learning organizations that are designed to perform analytics experts -
analysts for consolidated information [11, 12].

The authors express their sincere gratitude to the Krassimir Markov for his continued long-term support and
useful and creative discussion of the new results aquired.
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PHOTOGRAMMETRIC TECHNIQUE FOR THE DETERMINATION OF THE MOMENT
IN TIME AND THE PLACE OF THE LOSS OF STABILITY DURING THE PLASTIC
DEFORMATION OF SHEET METAL

Spilko Hubenov, Georgi Stoilov

Abstract: An experimental study establishing a technique for the contactless optical determination of the local
plastic formability limit on the loss of stability of sheet metal has been conducted. The possibilities for the
recording of the time instant and the place of the localisation of the deformation based on the changes in the
optical images of the surface have been examined. An optical criterion for the determination of the time instance
and the place of the loss of stability derived through a correlation analysis of the images has been proposed. The
experimentally obtained results have been presented and analysed.

Keywords: stable formability limit, loss of stability, photogrammetry, correlation analysis, digital image
correlation.

1. Introduction

Upon the implementation of sheet stamping operations with a variety of variable schemes can be observed an
uneven distribution of stress, strain and strain rates in the volume of the metal during the entire technological
process. The influence of a large array of factors greatly hampers the general summary of the formability and
localisation of the plastic deformation in particular and is the reason for the lack of established unified
methodologies for rational technological design of tools and technologies for sheet stamping.

For the manufacture of complex products with irregular shape with the realisation of combinations of various
operations throughout the entire range of variation of the stress state, the use of marginal sustainable formability
diagrams (MSFD) ensures the maximum usage of the plastic resource of the material. In these cases the
registration of the exact moment of the beginning of the focused macrolocalisation is crucial, and given the
associated technical difficulties, the possibility for the creation of the diagrams and the practical application of the
existing criteria are insufficiently studied [l'eHoB, 2004] . In this regard of particular interest is the study of the
various aspects of focused localisation that leads to the loss of stability of the plastic formability.

In the laboratories “Plasticity and Fracture of Materials” and “Mechanical Testing of Materials” at the “Materials
Science and Technology of Metals” Department at the Technical University — Sofia has been conducted years of
research on the deformability of sheet metal [FeHos, 2007; Stoilov, 2009; Mpuroposckuit, 1983]. One of their main
goals is the study of the options for control and management of the technological process and facilitation of the
creation of marginal formability diagrams (MFD) and MSFD. The efforts are focused on the establishment of a
simple methodology for determination of the moment in time and place of the loss of stability, based on
contactless measuring of the deformations.

There are a number of practically established traditional contactless experimental methods for the study of
displacements and deformations that differ in the complexity of the preparation and the study itself, the
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experimental apparatus used, the nature of interaction with the object and the material from which it is made, the
sensitivity, the accuracy, the reproducibility and the comparability of the results [[puroposckui, 1983; Heymann,
1986; Khan, 2001]. They are based on different optical effects or on the optical recording of images of real
objects.

The experiments conducted so far for the determination of the moment in time and place of the loss of stability by
optical means has used as optical criterion for the determination of the moment of the loss of stability of the sheet
metal the integral intensity of the reflected light from the metal surface [XybeHos, 2008]. Its variation as a result of
the changes during the course of the deformation process in the topography of the surface, when registered
properly, can be used as an indicator of the occurrence of the focused localisation.

This work presents a new series of studies carried out jointly with the “Mechanics of the Deformable Solid Bodies”
Division at the Institute of Mechanics at the Bulgarian Academy of Science, related to the contactless
determination of the marginal sustainable formability of sheet metal based on an optical criterion for the loss of
stability. They include the capture of photographic images of the surface with subsequent correlation analysis
through the use of software for digital processing and analysis of the images recorded with the digital camera.

2. Methodologies

The sustainability of the formability of the sheet metal is a key condition for obtaining high quality stamped items.
One of the most interesting, practically important and not fully explored to date issue that is inextricably linked to
the study of plastic flow is its tendency to spontaneous localization, which in the limiting case (when exceeding a
given critical value of deformation) leads to the coexistence in the material of two types of areas — involved and
not involved in the deformation process [Pbi6uH, 1986].

One of the most important directions in the studies of the processes of plastic deformation is the determination of
the marginal formability. Two approaches are applied for this purpose, based respectively on the plastic resource
and the loss of sustainability of the deformation process. The former one determines the marginal formability by
the disruption ensuing as a result of the depletion of the resource in terms of a given mechanical deformation
scheme. In the latter approach the formability is limited by certain criteria for the loss of stability of the process
and the associated localisation of the deformation.

There are two known macroscopic manifestations of the localisation mechanism after the loss of sustainability of
the deformation process, in which the previously steady deformation localises in a given area. Accordingly, there
is an initial scattered (diffused) deformation, followed by a concentrated local deformation. It is assumed [Hora,
2003] that the type of the localisation depends on the nature of the deformation state (as defined by the
parameter of the deformation state f = €1 / €2, €1 > €2): in the range of B e [0; +1] occurs as scattered
deformation, while in the range of § € [-1; 0] occurs as concentrated local deformation.

The approaches for the determination of the moment of the loss of stability are based on different sets of criteria:
force criteria; criteria for limiting stress; criteria based on patterns of damage; bifurcation criteria. The classic force
criterion for the loss of stability, the maximum force criterion (MFC), is proposed by Swift and is formulated as dFx
=0 ordo1/de1 =01, where g1 and de1 are respectively the maximum principal stress and strain [Swift, 1952]. It
applies to homogeneous state of stress (constant normal stress and neglected tangential stress) and determines
the moment in time of the occurrence of the diffused localisation of the deformation.
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The modified force criterion (MMFC) is formulated by Hora and Tong for three-dimensional stress state [Hora,
1994]. It leads to the emergence of an additional effect of hardenability which displaces the start of the
localisation to higher values of deformation. The additional hardenability is represented as § and is not assumed
as constant, but is included as a variable parameter in the formula that is describing the MMFC:

801/ 8¢1 + 601/ 88 x 58/ 0¢1 = o (1)

Even more accurate is the enhanced modified force criterion (EMMFC), since its formulation includes not only the
additional hardenability, but also takes into account the thickness of the material and the correlated probability for
propagation of the crack.

The field of experimental mechanics uses as methods for the measurement of the deformation of solid bodies
different variants of the so-called close range photogrammetry — analog, analytical and digital [Zeng, 1992].

In recent times the importance of digital photogrammetry is constantly growing. It records a point on the surface
of the object on consistently captured analog or digital images (photographs) with a high resolution camera. Its
spatial coordinates can be derived from those of the corresponding points in the plane of the images. The
geometric data is subjected, including in real time, to mathematical processing through the use of specialized
software [Rastogi, 1999]. Among the distinctive features of digital photogrammetry is the absence of specific
mechanical modules, mechanically induced inaccuracies in the measurement and calibration, the geometrically
stable storage of data, the possibility for combination of different sensors and the reconciliation of recording,
processing, editing, storing and managing of the data in a given system [Jlambun, 1987].

Of increasing importance for the deformation studies are the modern automated systems for optical 3-D analysis
based on photogrammetry, which combine into one all the stages of the information process. The optical systems
ARAMIS, AutoGrid, ARGUS use photogrammetric algorithms to recognise the positions of the points of
intersection of the reference grid placed on the object in space and calculate their movements from their initial
positions. The results converted into deformations are presented most often in the form of graphics or 3-D
visualizations [Feldmann, 2006; www.gom.com, 2009]. The accuracy of the measurement of the automated
systems is dependent on the degree of heterogeneity and the scale of the deformation. The automated optical
systems are most effective when seeking maximum data density with minimum base length of measurement. The
deterrent for their mass practical application is their high price.

The data processing in photogrammetric methods is most commonly performed through the use of digital images
correlation analysis (DIC). The digital (discrete) image represents a matrix of values that correspond to the
average integral value of the vicinity around a given discrete point. The correlation methods compare the
sequentially recorded images, while the evaluation and the measurement of the deformations are based on the
creation of the fields of the vectors of displacement of the individual elementary areas (dots) and the subsequent
determination of the components of the deformation [HanptowkuH, 2008]. There are two approaches used for the
determination of the marginal formability in terms of the localisation of the deformation: space dependent and
time dependent. The various methods differ in the dimensionality of the determined deformations.

The 0D method is not distinguished with high accuracy. It does not consider the focused localisation and
therefore the values of the deformations are adjusted by a factor based on empirical assumptions.

The 1D method determines the marginal formability in pre-selected sections using mathematical criteria. The
method is based on the assumption that after the start of the localisation the deformations outside of its area
remain constant, allowing the assessment to be carried out just before or just at the time of the occurrence of the
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crack [ISO/DIS 12004-2, 2008]. One version of the classic sections based method is the time dependent one with
its two varieties: gradient and differential. The former takes into account not only the distribution of the
deformations, but also the temporal variation of their gradient. An advantage of this method is the ability to
automate the calculation procedure [Eberle, 2008]. The differential sections based method determines the
moment of the loss of stability on the basis of the temporal variation of the differentials of the main deformations.

The 2D method, unlike the sections based one, depending on the moment in time assesses not a single section,
but all of the points from the raster. Based on the global distribution of the coordinates of all the images and under
the assumption of an idealised grid, the deformations can be calculated through the function of Lagrange [Volk,
2006].

3. Experimental Procedure

For the testing purposes of the deformability of sheet metal an experimental rig is constructed, consisting of a
hydraulic unit, a tool for carrying out the deformation process (Figure 1) and an electronic unit for recording and
control. The latter includes a pressure transducer CPT 2500, 0/160 bar with adapter CPA 2500 and software
USBRAM DDR2 by the company WIKA Alexander Wiegand GmbH & Co KG. This allows the moment of the loss
of stability of the deformation process under the classic force criterion to be determined based on the analysis of
the variation in the pressure of the fluid through the specialized software USBsoft 2500.

1I2 11 10 9 g 7
1 - casing; 2 — sealant; 3 — sealant;
! ’ ) i Vi :
) 4 —leading unit; 5 — sealant;
6 - element with a T-shaped section;
N 7 - element with rectangular section;
8 — pressure plate; 9 — specimen;
s N a 10 - punch; 11 — matrix; 12 — cover.
\‘ ]
A NS =wm
I ]
12 3 4 5 b

Figure 1. Deformation tool.

There is a possibility for the realisation of experiments using the two practically established methods - of
Marciniak [Marciniak, 1967] and Nakazima [Nakazima, 1968], and in accordance with the respective punches
(cylindrical with flat end or hemispherical) optical schemes with one or two cameras are used for the recording of
the optical images. The data obtained through the rig can serve to build MFD — at the occurrence of a visible
crack and MSFD - at the occurrence of concentrated macrolocalisation. There is also the option for direct control
of the deformation process through the use of additional hardware and software means.

For carrying out the present study an experimental set has been constructed (Figure 2), comprising the aforesaid
rig, an intense incoherent light source and a fast digital camera with various lenses and filters.
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Figure 2. Experimental set.

The conducted experiments aim to establish the applicability of an optical criterion for the determination of the
moment of the occurrence of a concentrated localisation. In line with this task a methodology has been
developed, based on the photogrammetric determination of the deformations. Upon juxtaposition of the results
with the data recorded under a force criterion for the loss of stability of the deformation process, it is possible to
set an empirically established threshold value that determines the emergence of concentrated localisation.

During the experiments series of specimen of sheet metal are deformed at a constant rate, while the stress is
discontinued following the final destruction of the specimen. Simultaneous with the start of the deformation
process is launched the parallel capturing of sequences of optical images of the surface of the sheet metal in the
area of deformation and the registration of the temporal variation of the pressure over the working fluid.

Since the study of formability through the use of coordinate grids is characterised by certain defects leading to a
difficult and sometimes subjective assessment of the displacement of the nodes during the deformation process,
its use in this case cannot guarantee the accuracy and reproducibility of the results. Therefore another option is
preferred in order to quickly and inexpensively obtains the stochastic raster required for the photogrammetry that
covers the specified requirements. Following the cleansing of the surface of the specimen it is sprayed uniformly
with a coloring agent in the form of an aerosol. The fine colored dots serve to create a unique image in each area.
This facilitates the registration of the vector field of the local displacements of a sufficiently large number of points
from the area of deformation.

The deformations that correspond to the moment of the loss of stability are determined in three steps: specifying
the sections containing the presumed localisation of the deformation; establishing the moment of the occurrence
of the focused localisation by means of a criterion set as a threshold value that allows the determination of the
internal limitation values for the creation of a distribution curve of the deformation; determining the external
limitation values for which for the first time there is a reduction of the curvature of the established distribution.

The setting of the threshold value for the displacement is done in accordance with a suitable force criterion based
on the parallel registration of the temporal variation of the pressure over the fluid. In this case the use of the
classical criterion for the occurrence of a diffused localisation is justified in view of the precision of the available
sensor. The so determined moment of the loss of stability, fixed with some delay following the attainment of the
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maximum pressure value (allowing its random fluctuations to be neglected), can be considered as the start of the
concentrated localisation.

The experiments performed during this study are using the Marciniak method. Round specimen are used with a
diameter of 206 mm with bilateral notches with different radius rm: 0; 43; 53; 60.5; 68; 75.5; 83; 93 mm. Each
series of specimen (for a given radius of the bilateral notches) includes specimen with axes of symmetry at 09,
450 and 90° to the direction of rolling. The numbering of the series is in ascending order from the smaller to the
larger radii. The specimen tested are comprised of sheet steel 08kp with thickness s = 0.7 mm and indicators: R
=190 MPa, R = 600 MPa and a coefficient of deformation hardenability n = 0.370.

A camera UI-1490ME with a USB 2.0 interface and a CMOS sensor by the company Aptina with resolution of 10
megapixels (3840x2760) is used for capturing the images. It is fitted on a tripod above the specimen and the
image is centered at the specimen. Thus, when capturing a specimen with a size of 200 mm is obtained a
resolution of the camera of up to 50 ym. The camera is positioned so that the field of the lens covers the whole
area of deformation in the zone of the specimen that is free of stress. For the series from 5 to 8, in which the
stress state is of a biaxial tensile, the area of the expected thinning due to the localisation and respectively of the
breaking, is at the center of the area of deformation under optimum conditions of deformation or in the vicinity of
the radius of curvature under degraded conditions of friction. This requires the registered image to cover the
entire observed surface and the capturing is done at a lower speed in order to ensure a sufficiently high resolution
of the entire field of the image. Due to the limited bandwidth of the interface and the built-in computing power in
the camera, the experiments with the capturing of the entire surface of the specimen are with a maximum speed
of 2.5 frames per second. This requires the use of a lower capturing speed in order to ensure a sufficiently high
resolution of the entire field of the image. Under a strained state of tension-stress (for series from 1 to 4) the
thinning and breaking are expected to occur in the central area of the specimen, which allows for the increase in
the speed of capturing to 6 frames per second at the expense of a reduction of the scope of the frames while
preserving the image quality. Used is a lens with a depth of focus that is sufficient for operation over the entire
range of variation of the distance during the deformation process due to the relative displacement of the surface
of the specimen (the image plane).

In order to increase the speed of measurement the amount of data is reduced by capturing only the part of the
specimen, in which the localisation of the deformation is expected to occur. For example, for the narrowest
specimen (from series 1 and 2) a rectangle encompassing the central region for width and along their whole
length is used, in order to determine with sufficient precision the correlation between the deformation in this area
and the other areas. The analysis of the results can be based mainly on two orthogonal cross sections passing
through the geometric center of the specimen, one of which is parallel to the notches of the specimen, meaning in
the direction of the maximum principal stress a1.

Software has been developed for the mathematical processing of the results based on the correlation analysis of
the optical images using the classical and the gradient sections based methods. For the calculation of the
deformation the displacement of the points from the raster over the entire surface of the specimen is monitored.

Pretreatment is performed following the registration of the input image in order to correct the distortions of the
input converters. Digital filtering is then used in order to eliminate the impact of the changes in lighting. This is
followed by a reduction of the information in order to reach a compressed representation comprising only of the
essential features for the processing.
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The algorithm performs segmentation of the discretisation grid by dividing it in correlation subareas. In order to
ensure the successful processing of the results of the photogrammetric measurements through correlation
analysis it is necessary that every correlation subarea has a unique image, provided in this case by the fine raster
structure of colored dots. The achievement of high resolution requires good autocorrelation coefficients for the
correlation subareas over the entire observed surface. A size for the subareas of 64x64 pixels is selected for this
case as a compromise between the requirement for greater measurement accuracy and the reasonable
computational time. This results in the stable detection of the correlation maximums at a good resolution for the
grid of correlation subareas. Their number is 60 along the length of the specimen and ranges from 16 to 43
through their width.

The processing of the results is performed through the use of a standard correlation formula of the type:

Cfg(u,v)=%ZZf(iaj)g*(i‘F”aj"‘V)

In which the functions f and g are the values of the intensity of the halftone images of the sought pattern and the
deformed area in which said pattern is sought; u and v are the respective displacements along the axes X and Y;

(2)

* is a complex conjugate of the argument; N is the amount of pixels; i and j are indices of summation.

The binarization enhances the correlation maximum and increases the area in which it can be found with an
increase in the deformation.

The correlation subareas in the area of deformation, as well as the abovementioned main sections, are shown in
Figure 3.

Figure 3. Correlation subareas on the specimen: a) in undeformed state;

b) immediately prior to breaking following the emergence of a concentrated localization.

4. Results and discussion

The following figures contain some of the possibilities for the visualisation of the data obtained from the testing of
the specimen from series 4 with longitudinal axis at an angle of 0° towards the direction of rolling — color
distributions graphics, vector fields, distribution curves for sections.

Shown below are the results from two characteristic moments in time from the deformation process: following the

emergence of a concentrated localisation and immediately prior to breaking. The data for the moment of
breaking, uniquely determined by the distortion of the image plane, is taken from the last valid frame. Reverse



394 International Journal "Information Models and Analyses" Volume 3, Number 4, 2014

temporal synchronisation is performed between the captured series of optical images and the registered data on
the temporal variation of the pressure. Based on the analysis of the results of preliminary experiments is
established a threshold value to define the moment of the loss of stability. It is established that a pressure drop of
0.01 MPa after it has reached the maximum on the curve of its temporal variation eliminates its random
fluctuations to the order of 0.005-0.007 MPa and provides adequate reproducibility of the results.

Figure 4 shows X-Y-cards of the displacement of the correlation subareas. The area with minimal displacements
can be distinguished, in which later forms the area of focused localisation. It is evident, that its location remains
unchanged over time, while in the surrounding areas the displacements increase with the distance from it and in
the course of the deformation process.
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Figure 4. X-Y-maps: displacement of the correlation subareas in color code at the moment of the loss

of stability (a) and immediately prior to breaking (b) and the vector fields of the displacements (c).

The distribution curves of the displacements along the axes X (a) and Y (b) are shown in Figure 5.
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Figure 5. Displacement along the axes X (a) and Y (b) immediately prior to breaking.
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The following figures show in graphical form the deformations in the correlation subareas marked in Figure 3,
calculated using specialised software. The presented X-Y-cards reveal (Figure 6) that the location of the area of
the localisation remains unchanged until the moment of breaking, while the deformation within it is gradually
increasing with the attenuation of the process of plastic flow in the other areas. This is clearly illustrated by the
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vector field of the deformations from the last valid frame before the breaking, in which the area of localisation is
clearly outlined  (Figure 6c).
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Figure 6. X-Y-maps: the deformations of the correlation subareas in color code at the moment of the loss

of stability (a) and immediately prior to breaking (b) and the vector field of the deformations (c).

The distribution curves of the deformations along the axes X and Y, shown in the following Figure 7, confirm
those observations.
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Figure 7. Distribution curves of the deformations.

Figure 8 shows the X-Y-cards of the grid with isolines and vectors of deformation, while Figure 9 shows the three-
dimensional deformations in color code at the moment of the loss of stability and immediately prior to breaking
throughout the entire observed surface of the specimen. These graphs reveal the most accurate presentation of
the location and the shape of the area of the concentrated localization.

Kapra Ha Aedhopmauusta Ha nopoGnacture

Figure 8. X-Y-cards of the grid with isolines and vectors of deformation

at the moment of the loss of stability (a) and immediately prior to breaking (b).
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Figure 9. X-Y-maps of the three-dimensional distribution of the deformations in color code

at the moment of the loss of stability (a) and immediately prior to breaking (b).
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