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@I’T TEOPETWUYHI TA NPUKINALOHI NMPOBJIEMMU |
METOAN CUCTEMHOI'O AHANI3Y

UDC 519.711

GLOBAL ANALYSIS OF SUSTAINABLE DEVELOPMENT IN
CONTEXT OF QUALITY AND SECURITY OF HUMAN LIFE

M.Z. ZGUROVSKY

A system of factors (indices and indicators) and a new method of quantitative and
qualitative evaluation are developed. This system, named “Sustainable Development
Gauging Matrix” (SDGM) and data presented by reliable international organizations
culminated in a Global Simulation regarding quality of life and security of the world
population. Specifically, this study focuses on analysis of the Systematic Regularity
of World Conflicts over the Course of Time. A prognosis is detailed of the next
world conflict, labeled the "Conflict of XXI Century”, and an analysis is provided of
its nature and main characteristics; duration, main phases of the conflict and inten-
sity. This prognosis details a set of basic global threats that spawn this conflict. Us-
ing cluster analysis, its influence on different countries of the world is accurately de-
fined. These results were obtained by applying the capabilities of the world data
centers network as a tool for providing a variety of scientific interdisciplinary data.

INTRODUCTION

We will consider the concept of “sustainable development™ based on the theory of
noosphere created by Vladimir Vernadsky. In the middle of last century in his
work (Vernadsky, 1944) he declared that the Homo sapiens with his mind and
activities began strongly influence the natural development of the environment or
biosphere. The theory and practice has confirmed that after several decades the
noosphere doctrine proves to be a necessary platform for the development of the
“triune” concept of sustainable ecological, social and economic development. In
1996 the United Nations formulated this concept in the following way: “System
coordination of economic, ecological and human development in such a way that
from one generation to the other the quality and safety of life should not decrease,
the environmental conditions should not worsen and the social progress should
meet the needs of every person”.

This concept was generalized by a number of international organizations,
among them Rome Club, International Institute for Applied System Analysis
(IASA), Institute for System Research (USSR), International Federation of Insti-
tutes for Advanced Studies. The problems of environment and sustainable devel-
opment were discussed at the UN conferences and summits, (UN Summit, Rio de
Janeiro, 1992), (UN Summit, Johannesburg, 2002). Thus, the new concept has
united the three main components of the sustainable development: economic, eco-

© M.Z. Zgurovsky, 2009
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M.Z. Zgurovsky

logical and social. It is recommended to carry out «Transition from One-
Dimensional Development to its Harmonization with Respect to Three constitu-
ents: {Economic; Ecological; Social/Institutional}. Thereby the purpose of this re-
search is working out a sustainable development measuring system based on the use of
interdisciplinary data characterizing each of its three dimensions. By using this measur-
ing system which we call Sustainable Development Gauging Matrix (SDGM) we carry
out global simulation of sustainable development in the context of quality of life and
security of population. Also we analyze the impact of the totality of global threats on
this development.

1. DEVELOPMENT OF SDGM MATHEMATICAL MODEL

We characterize sustainable development by two main constituents: security of
population (/g ) and quality of their life (), as fig. 1. Then the generalized

sustainable development measure (Index) may be presented by a quaternary {Q}
with imaginary scalar part j (/g ), describing security of people and real vector

part (1), describing quality of life in the space with three dimensions: economic

(1), ecological (I, ) and social-institutional ( [ ):

(0= jlec +1g (M
. 1 for real positive values of /.. >0,
J= . .
v—1 for zero valuation of /.. =0(conflict).

[ Sustainable Development ]

4~ L 1L

[Security of Population ] [ Quality of life ]

T~

[ {Q}zj]sec+iql }

Fig. 1. Quaternary Approach for Sustainable Development Representation

In this space for each country we have the sustainable development radius-

vector (/) with the Euclidean norm:
JIZ +12+12 2

which we define as a sustainable development index (/4 ). Quality of life compo-

[sd

[sd:

nent (Iql) is the sustainable development vector ( /) projection on the ideal vec-
tor with coordinates (1; 1; 1):

Iy =\1%+ 13 +1] - cos(a). (3)

8 ISSN 1681-6048 System Research & Information Technologies, 2009, Ne 1
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The angle (& ) is defined as a degree of harmonization:

12 +12+17 1
o = arccos e« ¢ S , 0<a<arccos| — 4)

BAI2 412+ 12 V3

as fig. 2.

A
Economic Iec (1, 1, 1)

Isd\

/ Ecological 1
I Social/Institutional

Fig. 2. Quality of Life Component ( / ql) and Harmonization Degree (o)

Since simulation of security and quality of life is carried out using different
methods and different initial data it seems reasonable to fulfill it separately in
three stages. At the first stage we will carry out Data Analysis of Quality of Life
Component of Sustainability. In order to perform this simulation we have to select
of data by means of which each of three sustainable development dimensions can
be presented most adequately. These data are also to be prepared by reputable
international organizations or research centers annually on the permanent basis.

To present economic dimension two global data bases were used: Global
Competitiveness Index (1), annually developed by the World Economic Forum
(The Global Competitiveness Report, 2007-2008), and Index of economic freedom
(1) developed by Heritage Foundation (The news of intellectual centre of Heri-
tage Foundation, 2008).

Ecological dimension (Ie) is defined by the well-known Environmental Per-
formance Index, which is annually formed by the Center on environmental
legislation and policy of Yele University together with Columbia University (EPI
Beta, 2007/2008).

Social dimension is formed by three global indices: Quality of life Index,
developed by the International Living organization (Quality of Life Index, 2008),
Human development index, annually calculated in the framework of United Na-
tions Development Program (Human Development Report, 2007/2008) and Index
of knowledge society, created by UN Department on economic and social devel-
opment (The publications of the United Nations on economic and social affairs —
UNDESA, 2005). All together these six indices are defined by 12 policy catego-
ries and 65 indicators and accumulated at the Ukrainian branch of World Data
center (WDC for Geoinformatics and Sustainable development, 2008).

Based on the description of interconnections between these factors, their
transformation to the unified computational platform, the mathematical model for
Quality of Life simulation, named “Sustainable Development Gauging Matrix”’
(SDGM) was developed as fig. 3.

Cucmemni docnioscenna ma ingpopmayiiini mexnonoeii, 2009, Ne 1 9
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This interdisciplinary model is a large scale matrix compression. It combines
data of various natures and reflects the balance between three inseparable spheres
of the society — economic, ecological and social/institutional. Under such condi-
tions all data, indicators and indices, which are included in the SDGM model, are
measured in different units and have various interpretations. This is why they are
reduced to the normal form in such a way that their changes and the changes of
their indices themselves were in the range from 0 to 1. In this case the lowest val-
ues of the above indicators will correspond to the numerical values close to 0, and
the highest — will approximate these values to 1. Such normalization allows one
to calculate each of the indices /.., /., I, and /iy in the form of an algebraical

compression of its constituents with the corresponding weighted coefficients. In
turn, the weighted coefficients in the calculation formula of the sustainable devel-
opment index (/) are chosen in such a way that allows one to provide the same

weights of economic, ecological and social measures in this index.

Economic dimension Ecological dimension

22 Indicators, 31 Indicators,
3 Policy Categories 6 Policy Categories

I, = ESI(EPI)

Social+Inst.
dimension

33 Indicators,
3 Policy Categories

Total: 65 Indicators,
12 Policy Categories

Fig. 3. Mathematical Model “Sustainable Development Gauging Matrix” (SDGM)

2. DATA ANALYSIS OF QUALITY OF LIFE COMPONENT OF
SUSTAINABILITY

The mathematical model SDGM was used for calculation of quality of life com-
ponents of sustainability for 2005-2008, which are represented in table 1 (col-
umns 4-9). These components are: the Euclidean norm of sustainable develop-
ment radius-vector (/ ), Harmonization Degree (o, column 6) and Quality of

Life Component ( /;, column 5).

ql>

We see that among five leaders (Switzerland, New Zeeland, Finland, Swe-
den and Norway) there are no superpowers with dominating ideologies and
economies. The basic industries of these countries are not oriented at the usage of
considerable natural resources and cheap labor. These countries are leading in the

10 ISSN 1681-6048 System Research & Information Technologies, 2009, Ne 1
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ecological dimension index. They are very active in innovation activities; invest
about 4 % of their GDP for R&D.

G8 countries are placed from the 6™ to 23™ position by quality of life com-
ponent of sustainable development (except Russia). In particulars Canada ranks
6" position, France — 11", Germany — 12", Japan — 13", United Kingdom —
16", United States — 16™, Ttaly — 21, Russia — 56™. Nevertheless they are
world leaders in GDP absolute values, but their quality characteristics of eco-
nomic development, renewal of natural resources and development of social capi-
tal move these countries in the second-third dozen.

Table 1. The results of sustainable development global simulation (dimen-
sionless quantities)

Sustainable )
Country DeVIe;l%[;I;lent Quality of Life Component Cﬁretf:;:)tzn ¢
{Q} =Lty
Rank| {Q} |Rank| Iy « (rad) 1, I I Rank| /I
1 2 3 4 5 6 7 8 9 10 11
Very High
Switzerland 1 3,275 1 1,462 | 0,1394 | 0,680 | 0,955 | 0,898 8 1,813
Canada 2 | 3,258 7 1,377 | 0,1127 | 0,668 | 0,866 | 0,851 1 1,881
Sweden 3 3250 | 4 1,382 | 0,1564 | 0,629 | 0,931 | 0,833 2 1,868
Norway 4 | 3,244 5 1,380 | 0,1729 | 0,605 | 0,931 | 0,854 3 1,864
Finland 5 3,222 3 1,382 | 0,1378 | 0,649 | 0,914 | 0,831 5 1,840
New Zeland 6 | 3,218 2 1,383 | 0,1319 | 0,650 | 0,889 | 0,857 6 1,835
Australia 7 | 3,201 | 14 | 1,353 | 0,1089 | 0,669 | 0,798 | 0,876 | 4 1,849
Denmark 8 | 3,167 | 13 | 1,353 | 0,0970 | 0,674 | 0,840 | 0,830 7 1,814
Austria 9 | 3,148 | 11 | 1,357 | 0,1556 | 0,612 | 0,894 | 0,844 | 10 | 1,791
Luxemburg 10 | 3,139 | 15 | 1,350 | 0,1416 | 0,625 | 0,831 | 0,882 | 11 | 1,789
France 11 | 3,138 8 1,365 | 0,1799 | 0,586 | 0,878 | 0,901 | 14 | 1,773
Germany 12 | 3,133 9 1,364 | 0,1389 | 0,632 | 0,863 | 0,868 [ 15 | 1,769
Japan 13 | 3,128 | 16 | 1,343 | 0,1282 | 0,634 | 0,845 | 0,847 | 12 | 1,785
Netherlands | 14 | 3,124 | 18 | 1,324 | 0,1074 | 0,654 | 0,787 | 0,852 9 1,800
Ireland 15 | 3,109 | 17 | 1,326 | 0,0941 | 0,664 | 0,827 | 0,805 [ 13 | 1,784
Ié?;;e(?om 16 | 3,099 | 12 | 1,353 | 0,1054 | 0,668 | 0,863 | 0,813 [ 20 | 1,746
United States | 17 | 3,062 6 1,379 | 0,1050 | 0,687 | 0,810 | 0,891 | 32 | 1,683
Spain 18 | 3,054 | 19 | 1,309 | 0,1618 | 0,582 | 0,831 | 0,855 | 21 | 1,745
Belgium 19 | 3,043 | 21 | 1,293 | 0,1299 | 0,613 | 0,784 | 0,843 [ 18 | 1,750
High

Portugal 20 | 3,035 | 25 | 1,283 | 0,1852 | 0,546 | 0,858 | 0,819 [ 16 | 1,751
Italy 21 | 3,025 | 22 | 1,290 | 0,2004 | 0,531 | 0,842 | 0,861 | 23 | 1,735
Slovenia 22 | 3,020 | 29 | 1,270 | 0,1983 | 0,527 | 0,863 | 0,809 | 17 | 1,750
Costa Rica 23 | 3,017 | 27 | 1,278 | 0,2081 | 0,530 | 0,905 | 0,778 | 22 | 1,739
Chile 24 | 3,000 | 24 | 1,288 | 0,1082 | 0,638 | 0,834 | 0,759 | 27 | 1,712
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1 2 3 4 5 6 7 8 9 10| 11
Lithuania 25 | 2,999 | 23 | 1,289 | 0,1602 | 0,579 | 0,862 | 0,791 | 29 | 1,710
Latvia 26 | 2,995 | 26 | 1,278 | 0,1801 | 0,562 | 0,888 | 0,763 | 25 | 1,718
Uruguay 27 | 2,995 | 33 | 1246 | 0,1761 | 0,539 | 0,823 | 0,796 | 19 | 1,749
Hungary 28 | 2,992 | 31 | 1,263 | 0,1706 | 0,554 | 0,842 | 0,792 | 24 | 1,729
Slovakia 29 | 2,980 | 30 | 1,269 | 0,1666 | 0,566 | 0,860 | 0,772 | 28 | 1,711
Estonia 30 | 2,968 | 20 | 1,298 | 0,1240 | 0,626 | 0,852 | 0,770 | 35 | 1,670
Greece 31 | 2,939 | 36 | 1,224 |0,1992 | 0,505 | 0,802 | 0,813 | 26 | 1,715
gg;f};lic 321 2,932 | 34 | 1,233 | 0,1391 | 0,572 | 0,768 | 0,796 | 31 | 1,699
Poland 33 | 2,910 | 41 | 1,211 |0,1875 | 0,512 | 0,805 | 0,780 | 30 | 1,699
Medium
Israel 34 | 2,891 | 32 | 1252 | 0,1284 | 0,591 | 0,796 | 0,781 | 39 | 1,639
Croatia 35 | 2,878 | 42 | 1,209 | 02193 | 0483 | 0,846 | 0,765 | 36 | 1,669
Argentina 36 | 2,873 | 43 | 1,208 | 02276 | 0,469 | 0,818 | 0,805 | 37 | 1,665
Korea, South | 37 | 2,866 | 28 | 1,270 | 0,1184 | 0,610 | 0,794 | 0,796 | 52 | 1,596
Bulgaria 38 | 2,861 | 45 | 1,188 |0,1790 | 0,511 | 0,785 | 0,762 | 33 | 1,673
Malaysia 39 | 2,855 | 38 | 1,221 | 0,1509 | 0,578 | 0,840 | 0,696 | 44 | 1,635
Mexico 40 | 2,849 | 40 | 1,211 | 0,1568 | 0,545 | 0,798 | 0,755 | 41 | 1,638
Panama 41 | 2,845 | 39 | 1,218 | 0,1764 | 0,533 | 0,831 | 0,746 | 46 | 1,627
Albania 42 | 2,841 | 48 | 1,170 | 0,2089 | 0,491 | 0,840 | 0,696 | 34 | 1,671
Colombia 43 | 2,818 | 37 | 1,222 | 02121 | 0,512 | 0883 | 0,721 | 51 | 1,596
Thailand 44 | 2,803 | 50 | 1,164 | 0,1442 | 0,553 | 0,792 | 0,671 | 40 | 1,639
Brazil 45 | 2,785 | 46 | 1,181 | 0,2135 | 0,479 | 0,827 | 0,740 | 49 | 1,604
Jamaica 46 | 2,782 | 54 | 1,145 | 0,1604 | 0,529 | 0,791 | 0,663 | 42 | 1,637
Tunisia 47 | 2,775 | 53 | 1,146 | 0,1570 | 0,526 | 0,781 | 0,678 | 45 | 1,629
Jordan 48 | 2,767 | 58 | 1,130 | 0,1457 | 0,531 | 0,765 | 0,662 | 43 | 1,637
Ecuador 49 | 2,749 | 47 | 1,173 | 0,2362 | 0,456 | 0,844 | 0,731 | 58 | 1,577
ggj;‘:;ggi o | 50| 2744 | 61 | 1,123 | 02248 | 0446 | 0,797 | 0,702 | 47 | 1,621
El Salvador | 51 | 2,728 | 55 | 1,137 | 0,1381 | 0,549 | 0,772 | 0,648 | 53 | 1,591
Romania 521 2,717 | 56 | 1,136 | 0,1606 | 0,506 | 0,719 | 0,742 | 55 | 1,581
Turkey 531 2,705 | 59 | 1,128 | 0,1532 | 0,517 | 0,759 | 0,678 | 57 | 1,577
Georgia 54 | 2,700 | 49 | 1,167 | 0,1708 | 0,538 | 0,822 | 0,662 | 69 | 1,533
Ukraine 55 | 2,698 | 66 | 1,097 | 0,1979 | 0455 | 0,741 | 0,704 | 50 | 1,601
Russia 56 | 2,692 | 57 | 1,131 | 02334 | 0459 | 0,839 | 0,661 | 63 | 1,561
Peru 57 | 2,677 | 60 | 1,125 | 0,1682 | 0,511 | 0,781 | 0,657 | 65 | 1,552
Guatemala | 58 | 2,670 | 67 | 1,096 | 0,1731 | 0,496 | 0,767 | 0,635 | 60 | 1,575
Moldova 59 | 2,653 | 76 | 1,068 | 0,1640 | 0,474 | 0,707 | 0,669 | 54 | 1,585
Egypt 60 | 2,651 | 73 | 1,074 | 0,1762 | 0,494 | 0,763 | 0,604 | 59 | 1,576
Viet Nam 61 | 2,650 | 83 | 1,040 | 0,1937 | 0451 | 0,739 | 0,612 | 48 | 1,610
Philippines | 62 | 2,646 | 65 | 1,099 | 0,1877 | 0,484 | 0,779 | 0,641 | 66 | 1,547
%ig;‘giid & 163 | 2643 | 62 | 1,118 | 0,1100 | 0,545 | 0,704 | 0,687 | 71 | 1,525
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1 2] 3 |4 s [ 6 [ 7 ] 8 | 9 [w] u
Low

Armenia 64 | 2,629 | 52 | 1,147 | 0,1459 | 0,540 | 0,778 | 0,668 | 80 | 1483

Namibia 65 | 2,625 | 77 | 1,062 | 0,1399 | 0,498 | 0,706 | 0,635 | 62 | 1,563

Morocco 66 | 2,605 | 80 | 1,048 | 0,1573 | 0,486 | 0,721 | 0,608 | 64 | 1,557

Nicaragua | 67 | 2,596 | 75 | 1,069 | 0,1737 | 0,473 | 0,734 | 0,645 | 70 | 1,527
Botswana 68 | 2,595 | 74 | 1,074 | 0,0968 | 0,541 | 0,687 | 0,632 | 72 | 1,521
Venezuela | 69 | 2,588 | 71 | 1,090 | 0,2557 | 0,407 | 0,800 | 0,681 | 77 | 1,497
Honduras 70 | 2,557 | 69 | 1,094 | 0,1659 | 0,496 | 0,754 | 0,645 | 82 | 1,463
Algeria 71 | 2,555 | 79 | 1,060 | 0,1962 | 0,474 | 0,770 | 0,592 | 78 | 1,495
Indonesia 72 | 2,547 | 87 | 1,009 | 0,1280 | 0,482 | 0,662 | 0,604 | 68 | 1538
Azerbaijan | 73 | 2,510 | 81 | 1,048 | 0,1621 | 0480 | 0,722 | 0,613 | 83 | 1,462

Bolivia 74 | 2,498 | 86 | 1,010 | 0,1672 | 0,444 | 0,647 | 0,658 | 79 | 1488
South Africa | 75 | 2,496 | 70 | 1,091 | 0,1052 | 0,537 | 0,690 | 0,662 | 95 | 1,405
China 76 | 2,496 | 82 | 1,044 | 0,1343 | 0,488 | 0,651 | 0,669 | 85 | 1452
Nepal 77 | 2,466 | 92 | 0,968 | 0,2085 | 0,443 | 0,721 | 0,512 | 76 | 1,498
India 78 | 2,459 | 94 | 0,950 | 0,0857 | 0,488 | 0,603 | 0,555 | 74 | 1,508

Kazakhstan 79 | 2,457 | 84 | 1,035 | 0,1037 | 0,510 | 0,650 | 0,632 | 89 | 1,423
Uzbekistan 80 | 2,439 | 91 | 0,984 | 0,1319 | 0,468 | 0,650 | 0,586 | 84 | 1,455
Tadjikistan 81 | 2,419 | 88 | 1,002 | 0,1965 | 0,441 | 0,723 | 0,572 | 91 | 1,417

Pakistan 82 | 2,397 | 100 | 0,887 | 0,1032 | 0,473 | 0,587 | 0,476 | 73 | 1,511

Senegal 83 | 2,368 | 95 | 0,924 | 0,1266 | 0,472 | 0,628 | 0,500 | 87 | 1,444

Kenya 84 | 2,362 | 93 | 0,967 | 0,1664 | 0,479 | 0,690 | 0,506 | 96 | 1,395

Tanzania 85 ] 2,323 | 97 | 0,902 | 0,1588 | 0,460 | 0,639 | 0,464 | 90 | 1,421

Bangladesh 86 | 2,303 | 102 | 0,861 | 0,1462 | 0,402 | 0,580 | 0,509 | 88 | 1,442
Very Low

Benin 87 | 2,260 | 103 | 0,852 | 0,1001 | 0,450 | 0,561 | 0,464 | 94 | 1,408

Cambodia 88 | 2,237 | 101 | 0,874 | 0,0745 | 0,452 | 0,538 | 0,524 | 99 | 1,363
Zimbabwe 89 | 2,227 (106 | 0,839 | 0,3260 | 0,293 | 0,693 | 0,467 | 97 | 1,389

Zambiya 90 | 2,206 | 105 | 0,849 | 0,0902 | 0,447 | 0,551 | 0,472 | 100 | 1,357
Nigeria 91 | 2,179 | 104 | 0,851 | 0,1018 | 0,462 | 0,562 | 0,450 | 103 | 1,328
Ethiopia 92 | 2,022 | 107 | 0,823 | 0,1671 | 0,430 | 0,588 | 0,408 | 104 | 1,199

Mozambique | 93 | 1,982 | 108 | 0,805 | 0,1125 | 0,434 | 0,539 | 0,422 | 105 | 1,176

The BRIC countries (Brazil — 45™, Russia — 56", India — 78" and China
— 76™) are characterized by rapid growth of their economies which reach 8-12 %
annually. In spite of this BRIC countries by the quality of life component of
sustainable development are ranked from the 45" position for Brazil to 78"
position for India. It is connected with low level of sustainable development
harmonization at the expense of priority economic development and at the same
time lagging in ecological and social fields.

In the lower part of the list there is a group of African countries (Benin —
87", Cambodia — 88", Zimbabwe — 89" Zambia — 90", Nigeria — 91%,
Ethiopia — 92", Mozambique — 93™) which are in miserable conditions in
regard to almost all indicators of quality of life component of sustainable develop-
ment.
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The verification of adequacy of the SDGM model was accomplished by
matching of sustainable development and night lights world maps. The Nighttime
Lights of the World dataset contains the first satellite-based global inventory of
human settlements, derived from nighttime data from the (Defense
Meteorological Satellite Program — DMSP (2007), collecting at the network of
world data centers. It has made possible to check and to adjust adequacy of
SDGM model.

The important application of SDGM model connects with decisions making

at national level and policy development. For this purpose the 4-levels inverse
analysis procedure was developed as fig. 4.

Isd

Level of sustainable
developmentdimensions

Level of

X2 policy categorigs policy categaries

Dimension
of critical
indicators

Level of

65 indicators indicators

Fig. 4. Inverse Analysis Procedure

In accordance with it for a particular country the sustainable development
data are analyzed based on sequentially passing the four levels from the top of the
triangle to its basis. During this “inverse” movement the “worst” values of sus-
tainable development factors are chosen for the given country. It allows to
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Fig. 5. Critical factors for Ukraine
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“the space of critical indicators” necessary for making decisions aimed to
elaborate the strategy of the country’s sustainable development.

For example, the application of this inverse analysis procedure for Ukraine
makes it possible to obtain 2 critical dimensions of sustainable development, 6
critical policy categories and 16 critical indicators, as fig. 5. These critical factors
may be used by people taking political and managerial decisions.

3. ANALYSIS OF SEQURITY COMPONENT OF SUSTAINABILITY

Than we have analyzed the second component of sustainable development — se-
curity of people’s ‘life. This component in our research is presented by index Isec,
which has two statuses: a) Conflict status: j =imaginary unit; /.. =0; b) Regu-
lar development status: j=1; /.. >0.

First consider case a) conflict status. The analysis of historical data on the
sequence of world conflicts which took place starting from 705 B. C. up to now
with the five year quantization interval has shown that in the analysed data six
consecutive evolutionary waves of world conflicts — C, are vividly recognized,
as fig. 6.

If the periods 7(C,) of identified waves are divided by the greatest
common divisor kc which is equal approximately 85, then the periods may be pre-
sented in the form of a temporal series with coefficients F, as table 2.

Table 2. Main characteristics of C,, waves of world conflicts

c, Tme | T(C,) | N(C,) | I(C,)=N/T | F
C, 74%51%%? 1106 1218 1(C)=1.101 | F, =13
c, 402-1074 | 674 756 1(C,)=1.122 | F, =8
C; | 1075-1497 | 422 1618 1(C3)=3981 | F, =5
C, |14981749| 252 1543 | I(Cy)=6.123 | F, =3
Cs  [1750-1919 | 170 1485 | I(C5)=8.735 | Fy=2
Cs | 19202007 | 87 1035 | I(Cq)=11.897 | F,=1
C;(F) |2008-2092 | 85 >1400 1(C;)>16 F =1

Analyzing this series of numbers F, ={13,8,5,3,2,1} we see that it is a se-
quence of Fibonacci numbers with the “Golden section” equal 1.618. Since six
terms of sequence I'(C)),...,T(C¢) respond to the law of Fibonacci series, we
come up with the hypothesis, that occurrence of world conflicts is subordinate to
this law. The intensity of conflicts /(C,) depends on a level of technological
evolution of the society and increases in time according to the hyperbolic law.

* :N(Cn): N(Cn)

! (Cﬂ) T(Cn) F87an . (5)
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From the analysis of the revealed regularity we see that the next element of
this series will correspond to the seventh wave of world conflicts with the length
of the 80—85 years. We call it "the conflict of XXI century". This conflict has the
time interval approximately from 2010 to 2092 with the probable phases: 1 — the
10's years of XXI century — origin; 2 — the beginning 20's, the extremity of 40's
of XXI century — growth, 3 — 50's — of XXI century — the culmination, 1 *
(Cy >16); 4 — the beginning of the 60's — the extremity; 70's of XXI century —

recession; 5 — 80's of XXI century — attenuation.
Now we pass to the analysis of the security status b): Regular Development
(j=1;14, >0). For this status we analyze the risks of "the conflict of XXI cen-

>~ 8seC
tury" emergence. Based on the study of the totality of threats generating this con-
flict we will analyze its nature. We consider the 10 threats defined as the major
ones for the XXI-st century by UN, World Health Organization (WHO), Trans-
parency International and the UN Child Fund (UNISEF).

1. The first important threat is Global Reduction of Energy Resources,
which is stipulated by a rapid decrease of organic fuels resources, accompanied
by an increase of their consumption, first of all, in countries — economic giants.
In the beginning of the 20s of this century there will be the intersection of con-
sumption and production curves of energy produced from oil. Similar phenomena
will be observed for the balances "production-consumption" of the energy pro-
duced from gas — in the beginning of 30s and for uranium — in the beginning of
50s, respectively. Ttherefore, until the mankind have found sources which could
fully substitute organic fuels and nuclear power, the energy security both of a
separate country, and the world as a whole will decrease.

2. Gap between the Planet Bio capacity and ecological footprint is a sec-
ond global threat. By the mid of 2008 our planet’s population constitutes
6.65 billion people living in the territory of 510 million square kilometres. Its de-
mand in biosphere, or in the global ecological footprint, is 14.1 Billion global
hectares. Therefore, at present the global ecological footprint exceeds the bio ca-
pacities of the Earth by 5 Billion global hectares. It means that the planet’s re-
sources are being used up quicker than nature can recover them. By 2050 the gap
between the people’s needs and the Earth bio capacities will be 14 Billion global
hectares. This threat is strongly correlated with the changes of the planet’s popu-
lation demographic structure. For example, the greatest increase in the population
within the next fifty years is expected in the poorest regions of the world: in Af-
rica it will double, in Latin America and the Caribbean basin the population will
increase by 1.5 times, while in Europe it will decrease by 0.8 times.

3. Global warming as a next threat is the process of gradual rise of average
annual temperature of the Earth atmosphere and the World Ocean. As a result,
natural cataclysms would become more frequent, the harvests would become
poorer and many biological species may disappear. The major part of the
warming observed in the last 50 years is caused by human activity. First of all, it
is due to emissions of the gases causing greenhouse effect, such as carbon dioxide
(CO,) and methane (CHy).

4. According to World Health Organization and UNICEF, one more global
threat is connected with reducing access of people to clean potable water and
sanitary means. The fifth part of mankind (more than 1,1 billion people) has no
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access to potable water, and 2,4 billion person are not provided with minimum
sanitary conditions. Especially critical is the situation in urban regions of poor
countries.

5. The next global threat is Income Inequality. According to the World
Bank in 1973 the gap in profits between the richest and poorest countries was de-
fined as 40:1, and now it is 75:1. This threat is rather serious from the point of
view of growing number of conflicts in the world, spreading of corruption, terror-
ism, crimes, worsening of education, ecology and health care.

6. Among new threats to the mankind, World Health Organization (WHO)
points out such global diseases, as cancer, cardio diseases, cerebrovascular dis-
ease, HIV, tuberculosis and malaria in connection with their dramatic global
spreading. During the following twenty two years they expect a considerable
growth of mortality as a result of all global diseases, especially of cancer and
HIV.

7. Corruption becomes the next global threat. Now it’s a big obstacle to
economic growth and social evolution. It has become the major reason for poverty
and pulled up any positive transformations. Its "explosion" occurred at the end of
XX — beginning of XXI centuries in the course of the globalization. In the recent
years this phenomenon has been spreading into all countries of the world, and,
thus, corruption has gained global, international character. The forecast of
“Transparency International” shows the growth of corruption in the next three
years.

8. According to UNISEF infant Mortality is the next global threat.
11 million children under five years of age die annually all over the world. The
reasons are rooted in poverty resulting in mothers’ poor health, bad sanitary con-
ditions, infectious diseases and conflicts.

9. The next global threat, which we included in our model, is the vulner-
ability of the countries to the natural disasters. In our study we consider earth-
quakes, droughts, cyclones and floods as main natural disasters. In the simulation
we take into account the UNDP data on the total number of human losses result-
ing from the four above indicated natural disasters.

10. State Fragility is the last global threat, which we consider in the
course of simulation. It looks paradoxically, but after the end of Cold War the
new geopolitical system has been expanded by the big totality of unstable, unsuc-
cessful and poor countries. Weakening of restrictive mechanisms of bipolar world
stipulated escalation of the new wave of confrontations, terrorism, violence, terri-
torial claims and unequal development. Uncontrollable spreading of nuclear
weapons, wide-scale nuclear power production in such unbalanced world in-
creases a threat to sustainability and the global security of mankind. In this study
for quantitative estimation of this threat we use the State Fragility Index taken
from (Monty G. Marshall and Jack Goldstone, 2007).

Now we define the summarized impact of the totality of examined ten global
threats on different countries grounded on cluster analysis method with the pur-
pose of selecting groups of the countries with "close" performances of summa-
rized threats. To do it, for each country j, we shall put the vector 7,; with the

coordinates which characterize the corresponding threats.

—_—

T,; = (ES,FB,GINLCD,CM,CP,WA,GW.SF,ND). (6)
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Where ES — Energy Security; FB — Footprint and Biocapacity Balance;
GINI — Inequality; GD — Global Diseases; CM — Child Mortality; CP — Cor-
ruption Perception; WA — Water Access; GW — Global Warming; SF — State
Fragility; ND — Natural Disasters.

Initial data on each threat are taken from the mention above International or-
ganizations data bases. This data are normalized, so that its values vary over the
range (0-1).

ES-ES .
ES° =1— min___ [0, 1] ,
ESmax - ESmin
U
7, = (ES° FB® GINI’ ,CD* .CM* CP*,WA® .GW" SF*.ND° ). (7)

After such normalization the security index /.. for each country is defined

=3/2(Tr_;)3 : (8)
j=1

Then relationship of order between clusters of countries has been introduced, as:

: €))

as the Minkovsky norm:

Trj

ISCC =

_—

Trk

—_—

T,

Kk<Kj<:> <

Actually the Security Index /.. is the aggregated degree of remoteness of

the country j from the totality of ten presented threats. Here the maximum danger
for the country corresponds to /i, =0 in terms of closeness of the totality of

threats to a country, and the minimum danger corresponds to 1.

Global simulation with the application of the presented method shows, as ta-
ble 1 (columns 10, 11) that 10 most secure countries also have very high values of
the sustainable development index and degree of harmonization. Thanks to their
peaceful policy they are minimally involved in international conflicts and contro-
versies.

The positions of G8 countries, except Canada, in their security rating are dif-
ferent. It is explained by the lower degree of sustainable development harmoniza-
tion as compared with the first group of countries and their more aggressive eco-
nomic and political behavior in the world.

Post-socialist and BRIC countries are scattered in the ranking table of secu-
rity in connection with quite different internal situations and different groups of
external factors influencing them.

The most vulnerable countries from the point of view of their security are
characterized by low and very low values of the index of sustainable development
and degree of harmonization, high values of state fragility, bad ecological indica-
tors, very wide spreading of global diseases, corruption, and drastic inequality of
people.

To facilitate the analysis and make it easier we use the method of Principal
Compound Analysis (PCA) which allows reduce variables with many properties
to several hidden factors. Analysis shows that currently the most considerable
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threats for most countries are the reduction of energy security, worsening of bal-
ance between bio capacity and human demands and the growth of corruption.

Now, when we have the computed values of the quality of life index (/)

and security index (/. ), it is possible to compute the summarized quaternary of
sustainable development, as table 1 (columns 2, 3).

We see that leaders are countries with high degree of sustainable develop-
ment harmonization, good ecological indicators, high energy security, low values
of state fragility, low level of corruption. And vice versa, worsening of this group
of indicators lowers the ranking of countries in regard to quality and security of
life.

From the presented results of simulation and from the revealed regularity of
global conflicts occurrence important questions arise: why the seventh element of
Fibonacci series degenerates? What will happen with the world civilization in the
course of “the conflict of XXI century” and after it’s over? Maybe here is a clos-
ing cycle of some evolutionary chain C; > C, —»...>C;?

The answer to these questions can be found in the works of two outstanding
scientists of the past century. In particular Vladimir Vernadsky wrote (Vernadsky,
1944): «In the geological history of biosphere human beings will have great fu-
ture, if they do not use their mind and labor for self-destruction». The other Rus-
sian scientist Nikita Moiseyev, the creator of the computer program for global
climate simulation “Nuclear winter” noted (Moiseyev, 2000): «If the mankind is
not going to radically change its behavior on the Planetary scale, then in the
middle of XXI century there may appear conditions under which people cannot
exist».

These conclusions were made for the mankind existence paradigm which
can be described by the formula “to meet people’s own interests”. If we assume
that the mankind will change the paradigm of its existence for another, for exam-
ple, for the paradigm of «harmonious coexistence». Then the systemic regularity
of world conflicts determined for the previous paradigm, obviously, will lose its
validity. Thus, the mankind will find new prospects for prolongation of its mis-
sion on the Planet. The main responsibility of scientists and, in particular, of the
participants of our conference is to make a contribution in this important goal.

CONCLUSION

The new Sustainable Development Gauging Matrix (SDGM) was developed and
argued. This tool allows to obtain quantitative estimations of the quality of life
component of sustainable development process depending on the groups of
economic, ecological, social and institutional indicators and datasets. The list of
most essential global threats to the future of mankind has been selected and
cluster analysis of dependence of sustainability on these threats is held. On the
basis of usage of SDGM model the foresight of the future global conflicting
has been executed. The created mathematical model allows to develop
recommendations regarding the ways of improving the standards of quality and
safety of life in particular countries and regions of the world by the global
computer simulation of sustainable development process.
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MOAEJIMPOBAHUE AJIBTEPHATHUB CHEHAPHUEB ITPOLIHECCA
TEXHOJIOI'HMYECKOI'O ITPEABUJIEHUSA

H.{. TAHKPATOBA, B.B. CABACTbAHOB

IpennoxeH METONOTOTHUECKUH ammapaT MOASTHPOBAHUS albTEPHATUB CIIEHApHEB
npolecca TeXHOJIOTMYECKOro MPEeIBUACHNS Ha OCHOBE MH(MOPMALMOHHON MOAEIH,
oOpasytomeit 6a3y W 1mojie 3HaHWH, OMUCHIBAIOLINX BCE O0BEKTHI, CyOBEKTHI, CUCTE-
MBI, a TaK)Ke OTHOILIEHUS MEX HUMH U OKpyXaroled BHemHell cpenoil. [lone 3na-
HUH (OpPMUpYETCsl C IEepBOro NPeIBAPUTEIBHOIO JTara Ipolecca MpeABUICHUS,
MOIIAr0BO OPTraHM3ys 3HAHUS B BHJE CEMAaHTHUECKU CBSI3aHHOM CTPYKTYpHI (peii-
MOB.

BBEAEHUE

Ornpenensitoiiel TeHACHIIMEH B MUPOBOI JTUHAMHUKE SKOHOMUYECKOTO U COI[UANb-
HOTO TIPOrpecca CTAHOBUTCS WHHOBAIIMOHHAS JIEATEIBHOCTh, KOTOpas HE TOIBKO
MIpeaBeIIaeT MOJ0KUTEIbHbIE Ka9YeCTBEHHBIE U3MEHEHH B KOMITAaHUH, TIPEIITPH-
ATHA UKW PETUOHE, HO U CTAaBUT NPUHIUIINAIBHO HOBBIC OpraHU3alluUOHHBIC, TCX-
HOJIOTUYECKHEe, HAyYHO-TEXHUUECKHE U ApyTrue 3amaqn. PemmeHne takux 3amad B
paMKax mporpaMM M MPOEKTOB WHHOBAIIMOHHOTO Pa3BUTHS PEATH3YETCS C I10-
MOIIBIO METOJ0JIOTUN TEXHOJIOTUYECKOTO MPEABUACHNUA U METOJOB KaUCCTBECHHO-
ro ananusa [1, 2].

Crparerust peIBUICHHS JODKHA HE TOJILKO YJIOBIETBOPSATH HOBBIM TPe0O-
BaHUSM, HO M COOTBETCTBOBATh CKJIA[BIBAIOIIMMCS YCIOBUSM WHHOBAIIMOHHOMN
ACATCIIBHOCTH U KOPPEKTHUPOBATHECA CHUHXPOHHO C M3MCHCHUAMU KOHBIOHKTYPBI
PBIHKAa COOTBETCTBYIOIIETO Kilacca MpoayKIuu. KoppekTupoBka crpareruu I0J-
JKHa aJalTUpOBATLCA K ONCPAaTUBHBIM M3MCHCHHAM KOHBIOHKTYPBLI PbBIHKA IIPpH
COXPaHEHUU CTPATETUUECCKUX IIEJIe HAIIMOHATIBFHOTO IPOU3BOICTBA. B cBOIO Oue-
penb, cTpaTernueckre eI JOKHBI OBITh COTIIACOBAHBI C JOJITOCPOYHBIMH TEH-
JICHIUSIMU Pa3BUTHSL MHUPOBOTO PBIHKA CIPOCa KOHKYPUPYIOLIEH MPOLYyKLUUU H
TUHAMHUKOW Pa3BUTHS COOTBETCTBYIOIIEH HAIIMOHATHHON OTPACIH IMPOU3BOJICTBA.

Bricokuii AuHaMHU3M KOHKYPEHIIMM MHHOBAaIlMOHHOW MPOAYKIMUA HAa MHUPO-
BOM PBIHKC CO3JaJ]1 IPUHIUIINAJIBHO UHBIC YCIIOBUA I/IHHOBaHHOHHOﬁ JACATCIBHOC-
TH, KOTOPBIE XapaKTEPU3YIOTCSI HE TOJILKO KOHIIETITYallbHOW HEOTPEAEIEHHOCTHIO
JUHAMHUKH PBIHKA, HO U MHOTO()aKTOPHBIM PHUCKOM HECBOECBPEMEHHOCTU peajiv-
3alMy ¥ OBICTPOTO MOPAIBHOTO CTAPCHUS M3ACIHS, PEIaracMoro B MPOeKTe, a
TaK)Ke OTCYTCTBHEM TEXHOJOTHYECKHX BO3MOXKHOCTEH ero peanm3anud. B gact-
HOCTH, JUIsl MHHOBAIIMOHHOTO TPOEKTa XapaKTepHa HEMOJHOTA W HEONpEeeICH-
HOCTh MH(OPMAIIMA O MHOTHUX CBOHCTBaxX M OCOOEHHOCTSX BOCTIPHUSATHS H3ICIHUSL
Ha pBIHKE, HampuMmep, 00 OTHOIIEHWH K HEMY MOTEHIMAIbHBIX MOTpeOuTeneil u
KOHKYpeHTOB. CyIIeCTBYIOIINE MEXaHU3MBbl U WHCTPYMEHTAPUU TEXHOJOTUH U
WHHOBaIW# [3] HEe MO3BOIIAIOT B MOJHON Mepe yUMTHIBATh NTWHAMHUKY W3MEHEHUS
CUTYyaIluii, ¥ B IPOIIECCe PeaN3allii MPOCKTa BO3MOXHBI OTKJIOHEHHUS OT BEKTOpa
uenu. Jlns pemierus 3Toi mpooieMsl 1eaecoo0pa3Ho pa3paboTaTh CTPATETHIO

© H./[. l[lankpamosa, B.B. Casacmuvamnos, 2009
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MOJIETMPOBAaHNS aIbTEPHATUB CLIEHApPHUEB IpOoIlecca TEXHOJOTHYECKOTO IMpeIBU-
JCHHUS, TIO3BOJIAIOLIYIO CONPOBOXKAATH U NMPH HEOOXOAMMOCTH BHOCUTH KOPPEK-
THUPOBKY B TIPOIIECC IPUHATHUS PEIICHHUS.

Lenp HacTosmel pabOThl — MPEIIOKUTh METOAOJIOTHUECKUH anmapar Mo-
JEeTUPOBAHUS abTEPHATUB CLIEHAPHEB IIPOIecca TEXHOJOTHYECKOrO IpeABUIC-
HUS B peasIbHBIX YCIOBUSX WHHOBALIMOHHOM NeATENbHOCTH. [ 3TOrO B paMKax
MHQOPMAIIMOHHOHN MIaTGOPMBI CLIEHApHOTO aHanu3a [3] HeoOXomuMmo pa3pabo-
TaThb MHQOPMALMOHHYIO MOZAEJb, 00pa3ymollyto 0a3y M Iojie 3HaHUH, KOTOpHIC
OIUCHIBAIOT BCE OOBEKTHI, CYOBEKTHl M CHUCTEMBl, OTHOIICHHUS MEXIYy HHUMHU U
BHEILTHEH Cpeloii, a TakKe Crocod M3BJICUEHHs 3HAaHUK B MH()OPMAIIMOHHYIO MO-
JieNb Ha TIPeIBAPUTENIEHOM 3Tale TEXHOIOTUYECKOro MPEABUICHHUS.

METOA0JIOI'UsA MOJAEJNPOBAHUS AJIBTEPHATHUB CIIEHAPUEB

Wndopmarmonnas mMozaens 0a3upyercs Ha CTaTHUYECKOW HepapXHUuecKoil CTpyK-
TypHOM KOMIIOHEHTE, COAEprKallel ypOoBHM (LIENOH, CIIOH, cTpaTra) B BUAE pe-
ANBHBIX O0BEKTOB, CYOBEKTOB M CHUCTEM, a TAK)KE OPTaHU3YIOIIUX CBS3YIOIIHX.
DopManu30BaHHOE OMHCAHME HEPAPXUUYECKOH CTPYKTYpPBI, UCIOJIB3YsI TEOPETU-
KO-MHO)KECTBEHHBIC MOHATHS OOIIeH Teopuu cucteM [4], mpenctaBuM B Gopme
JIEKapTOBa MPOU3BEACHUS

Sy =S xS, x++xS; x--xS, (1)

rae S, — HepapXU4ecKUil ypOBEHb, COOTBETCTBYIOIIMN CTPYKTYpHOH KOMIIO-
HEHTE B LIEJIOM; m — KOJIMYECTBO HEpapXUUECKUX ypoBHeH; S;— i - uepapxu-
YECKHH YPOBEHb.

Si =M, B.R, X, Y, i), 2

1

rne M;, P, R; — MHOXECTBO pealbHbIX OOBEKTOB, CYyOBEKTOB U CUCTEM i -I'0
YPOBHS COOTBETCTBEHHO; X, ¥; — COOTBETCTBEHHO MHO)KECTBO BHYTPEHHUX U
BHELIHUX [AapaMETPOB CHUCTEMBI [ -TO YPOBHS U BHELIHEH cpejbl; @, fi —

(yHKUIHOHABI, ONpEeNsIore B3aUMOCBSI3b COOTBETCTBYIOLINX MMapaMeTpOB Ha
BCEX M YPOBHSX B BUJE

¢ X =Y fitYi oY 3)

[IpencraBienue uepapXu4eckor CTPyKTypHOU KoMIoHeHThI B Buie (1)—(3)
MO3BOJISIET IPUHUMATD PEIICHUS M0 CO3J]aHUIO HOBBIX 00BEKTOB, CyOBEKTOB, CHC-
TEM U CBS3eH ¢ M3MEHEHHBIMH ITapaMeTpaMH U XapaKTEPUCTHKaMH, KOTOPEIE MO-
IyT ObITh UACHTH()DUIMPOBAHBI KaK MPOPBIBHBIC (KPUTHYECKUE) HA MCCIICIyEMOM
ypoBHe uepapxuu. Takas uepapxusi HeceT B ce0€ CTaTUYECKHUE CBSI3U, TPYIIUPYS
00BEKTHI B IPEBOBUIHYIO CTPYKTYPY C ITOMOINBIO OTPAaHUICHHON TPYTIIHI CBA3CH
[5]- B ocHOBHOM 5TO BHYTpEHHHE U BHEITHUE CBA3U (KUMEET THUID», «ITOY, «SIBJIS-
€TCS YacCThlO», «KUMEET MOKAa3aTeNb»), a TAKKE CBA3M, OTPAKAIOIIUE HAIPABJICH-
HOCTb Pa3BUTHsI HEKOTOPOW OMHCHIBAEMON MpeaMeTHOH oOmactu. Tak, Hanmpumep,
MMOKa3aHHOe Ha puc.l mepeBo oTpakaeT (parMeHT PhIHKA COBPEMEHHBIX IH]po-
BBIX TE€XHOJIOTUH. J[aHHBINH QparMeHT 0a3upyeTcs Ha 3HAHUSAX, U3BJICUCHHBIX H3
MIEPBUYHBIX UCTOYHUKOB — TMOMYJISIPHBIX CIIEIUATH3UPOBAHHBIX aHATUTHIECKAX
moptajoB [6]. JIOCTOMHCTBOM MOJOOHBIX CTPYKTYP, CO3AAHHBIX TPYIITION dKCIIEP-
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TOB IO pe3yJibTaTaM |-TO 3Tama TEeXHOJIOTHYECKOTO MpeABHICHHUS (dTam nmpeasa-
PUTENBHOTO aHaIWM3a, CKAHUPOBAaHUE TIPOOJIEMBI), SBISETCS SIUHOE 0OOCHOBAH-
HOE COITaCOBaHHOE TMPEJCTABICHUE 3HAHUI O CTPYKTYpE HUCCIEIyEeMOH CHCTEMBI
M O € BHEUIHEM OKPYXCHHHU KaK E€IMHOTO IEeNOCTHOro OOBEKTa MO 3aTaHHBIM
TpeboBaHusIM (), K 0OBEKTY B LieoM [7].

o Z{Kﬁ)

rae K 8 — r -l IOKa3aTellb KauecTBa OOBEKTA.

Orpacib unpoBbIX
TEXHOJIOr Ui

K. <K°<K}'; r=1R, }

ro

PriHok

noTpedHTeILCKOA

INEKTPOHUKH
MoOunbLHbIE
ycrpoiicTsa

Ludposbie

oMa
CMenaHHbIi
THIT CBSI3H

BecnposopHas
CBS3b

Homatnue
ycTpoicTsa

TexHonorun
CBAIM

PriHoK yenyr

O6pazosanue/
npoumne ycIuyru

PriHOK
KOHTEHTa
(passnevenus)

Aynmo/
Buneo/
Hrpei

VoIP/IP-
TV/
AVVID

Corosas/
MOOHILHAS

BeicokockopocTHas/
LIMPOKOMNOJIOCHAs

Puc. 1. ®parMeHT pbIHKa COBPEMEHHBIX IU(PPOBBIX TEXHOIOTHH

OnHako orpaHr4eHue KOJMYECTBA CBA3EH, HEIOCTATOUHBIN yUeT Ha TaHHOM
JTare UCCIIe0BaHUs MPOOJIEMBI THIIOB CBSI3EH, OTPaYKAIOIINX B3aMMOJEHCTBUE U
B3aUMOBJIMSHUE Y3JI0B BHYTPH CTATHUYECKOW CTPYKTYPHOH KOMIIOHEHTHI (IIpH-
YUHHO-CJIEICTBEHHBIE, BpPEMEHHBIE U T.II.), MOXKET HETaTHBHO CKa3aTbCs HA Kade-
CTBE aJbTEPHATHUB IIpelUlaraeMbIX CLEHapHeB Oynymiero. PeanbHo umcio cszei
WIM OTHOUICHUH MEXIy OOBEKTaMHU-y31aMH KOMIOHEHTBHI JIOCTATOYHO BEJHKO.
[Ipu npeacraBieHNn 0OBEKTOB M CUCTEM B BHJE CTaTHUECKOW CTPYKTYpHOHU He-
papxuu ee COCTaBIISAIONINE MOTYT 00pa30BBIBaTh, C TOYKH 3PEHHUS IKCIIEPTOB, CBSI-
3M KaK IIEPBOCTENICHHON Ba)KHOCTH OTHOCHUTENBHO BIMSHUS HA Pa3BUTHE MpeaMe-
THOM 00JaCTHM B COOTBETCTBHUH C IEPBUYHBIMH 33JaHHBIMHU LEISIMH, TaK U
BTOPOCTEIICHHOM, YUUTBIBAIOIIEH PsIIl APYTHX CBsA3EH, KOTOpPBIE, BO3MOXKHO, B pe-
3yJIbTaTe peau3aliy CIeHApHUs OKXKyTCs Ooiee MPHUOPUTETHBIMHU.
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Jlia pacmypeHHs BO3MOXKHBIX CBS3€H MEXAY y3JaMH CTaTHYECKOW CTPYK-
TypHOW HepapXuH HCIONB3YeTCs cTaThdeckas (pyHKIHOHAJIbHAS KOMIIOHEHTA,
COCTaBIISIIOIIAs BMECTE CO CTATHYECKOH CTPYKTYpPHOH KOMIIOHEHTOW WHQOpMa-
IIMOHHYI0 MOJIENIb — OCHOBY JJISl CO3JaHMsI MOJEJEN albTepHaTHB CLIEHapHUEB.
Cratndeckas (hyHKIIMOHAIbHAS KOMITOHEHTA SIBJISIETCSI MHOXKECTBEHHOUM B HH(DOP-
MAaI[OHHOW MOJEIHM W COCTOMT M3 Habopa MepapXuil MpPOIECCOB CO3IaBAEMBIX
aNbTEPHATUB CLIEHAPUEB, YTO MO3BOJISIET KOPPEKTUPOBATH CLIEHAPUH Pa3BUTHS.

Peanuzanmeli npepcraBieHHON WHQPOPMAIIMOHHOW MOJCIH, YIOOHOW Jyist
npencTaBieHus B namsati OBM u oOpa3yromeit 6a3y u rone 3HaHu [8], mpuroa-
HBIE 7151 BOCIIPHUATHS YEIOBEKOM, SBISETCS MOJIENb, TIOCTPOSHHAS HA OCHOBE Ce-
TH QpeiimoB. PpeliMoBas cucTeMa MOCTPOCHUST MOZEJIeH aIbTepHATHB CIICHAPUEB
B TEXHOJIOTUW TPEIBUACHUS — OTO KBa3WJAMHAMUYECKAs CHCTEMa YIIPaBIICHUS
3HAHUSAMH, (PUKCHPYIOIIas BpeMEHHBIE Cpe3bl 3HaUeHNH (HaKTOPOB, OTBEUYAIOIIIX
3a JOCTOBEPHOCTh PAa3BUTHSI BHYTPEHHHUX W BHEIIHUX (DaKTOPOB CUCTEMBI, U Tpe-
JONpeAersIomas uenb npeodpa3oBaHuid, MPUBOAALINX K KOHPHUTYpaLUuu ajabTep-
HATHB CIIEHapHeB OYIyIIET0 B COOTBETCTBHUH C )KEITAEMBIMH IIEIISTMH.

Tak, HanmpuMep, METOABI KaYECTBEHHOTO aHAIN3a B OCHOBHOM HCHOJIB3YIOT-
Csl IUISl WCCIIEJIOBAaHWS allbTEPHATHB CIEHAPHEB C YYETOM CIEIYIOIINUX OOIIMX
(hakTOpOB: colMaNbHBIE, TEXHOJIOTHUECKHE, YKOHOMUYECKUE, OKpYXKatoLel cpe-
IIbl, WHIWBHIYyAIbHO 3HAYUMEBIE, TOJUTHYECKUE, oOpa3zoBarenpHble W T.O. [1].
®DaxTOpBl OMUCAHHS CIIEHAPHEB MPEICTABISIOT TOYKH B3aMMOJCHUCTBUS HCCIIE-
JyeMO#l CHCTEMBI M OKPYXKAlOILero MHUpa, SIBJIAACH OJHOBPEMEHHO BHYTPEHHUMU
Y BHEITHUMH e¢ Xapaktepuctukamu. OT60p (HaKTOpPOB OCYIIECTBISIETCS Ha MPE-
BapHUTEIHHOM JTalle pean3allii METOIOJIOTUU TEXHOJOTHYECKOTO MPEABHICHUS
B pabOYHUX IPyTIIax 3KCIEPTOB.

dakTopbl

CoumnanbHble

Monutuyeckune \ﬁ TexHonornyeckme
»

Skonoruyeckme OKoHOMUYecKne
O6paszoBaHue Pecypchl
eo— AnbTepHaTuea m— AnbTepHatvsa
cueHapus 1 cueHapus 2

Puc. 2. Cxema BU3yaapHOTO OTOOpaKeHUS MPO(HIIS albTepHATUBHI CIIEHAPHUS

ITpumep BU3yalbHOrO OTOOpa)KeHUS NPOQHIS ATBTEPHATUBBI CICHAPUS B
k -1i MOMEHT BpeMeHHOTO cpe3a ¢ =1,2,...,k,...,T moka3aH Ha puc. 2. [logoOHbIi

nmoaxod Mmo3BOJIACT CPpaBHUBATL MCEKIAY co0oit BPEMCHHBIC CPE3bl AJIbTCPHATUBLIL

Cucmemni docnioscenna ma ingpopmayiiini mexnonoeii, 2009, Ne 1 25



H. /. Ilankpamosa, B.B. Casacmvsanog

OJIHOTO M TOTO K€ CIieHapus JIHOO aTbTePHATHBBI HECKOJIBKUX CIICHAPUEB B OII-
peIeNeHHbIl MOMEHT BpeMeHu ¢ . KoopuHaTHBIE OCH O COOTBETCTBYIOIIUM HC-
cienyeMbiM (pakTopaM TpPEeICTaBISIOT OTCYETHl WX KOJIHMYECTBEHHBIX 3HAYCHUHU.
Kaxnprit dakTop OmMuCHIBaeTCS HEKOTOPBIM HMHTETPAJIbHBIM IOKa3aTejeM, B CO-
CTaB KOTOPOTO BXOJISAT JIMHIBUCTUYECKHUE MTEPEMEHHBIC B BUIC BepOaIbHBIX OIH-
CaHUH >KeNaeMbIX PE3yJbTaTOB JOCTHUXKEHUS LEeH, CrpyIIUPOBAHHBIE U YIIOPS-
JIOYEHHBIE 110 3HAYMMOCTH (B3BEUICHHBIE) Ui JaHHOTO QakTtopa. Jns aHammza
npod el arbTepHATHB CLIEHAPYEB M MIPABHUII COCTABIIEHISI BECOB MCIOIB3YIOTCS
pe3yabTaThl KCIEPTHOTO OLIEHWBAHUS HA OCHOBE METOJOB KAYECTBEHHOTO aHa-
m3a.

CTPATEI'UAA MOJEJIUPOBAHUA CIIEHAPUA

PaccmoTpuM B3anMopeHCTBUE MCCIIEAYEMOM CHCTEMBI M BHEIIHErO 110 OTHOIIIe-
HHUIO K HE MUpa B paMKax pa3BUTHS HEKOTOPOTO CLEHApHs C UCIIOJIb30BaHUEM
MpeTI0KeHHON H(HOPMAITMOHHON MOJIEITH.

Ha npenBapuTensHOM 3Tane METOJOIOIMH IPEABUICHUS C HCIIOIb30BAHUEM
MeTOJ]a MO3TOBOT0 IITYpMa OMHUCHIBAIOTCS TEHACHIIMH Pa3BUTHS BHYTPEHHUX U
BHEIIHMX XapakTepucTHK cucremsl [1]. Ilpumenenne Meroma SWOT-ananusa
HI03BOJIAET IPOBECTH KJIACCU(UKAIIMIO YTPO3, BO3MOXKHOCTEH, CIIa0BIX M CUIIBHBIX
CTOPOH BBISIBIIEHHBIX BHEITHUX U BHYTPEHHUX TEHACHLINH.

BHemHue TeHOEHIMH pa3BUTHS MCCIETyeMON CHUCTEMbI MpPHUBEICHBI Ha
puc. 3. D10 MOryT OBITH 3aKOHOMEPHOCTH ITOBEIEHHS PHIHKOB, SKOHOMHYECKHE
3aKOHBI, IIOJIMTUYECKUE BIMAHMS M T.0. Ha OoCHOBaHMM CreHepUpOBaHHOM HH-
(dhopmaruu nuio, npunumaroiiee pemenue (JIIP), nomkHO coriacoBath pa3Bu-
THE CHCTEMBI C OJaronpUsSTCTBYIOIIMMH TpPEHIAMH, HalWTH CIIOCO0 YCIEIIHO
HNPOTHUBOCTOATh HPOTUBOJACHCTBYIOIIMM TPEHAAM, a TaKXe CO3/1aBaTb HOBBIE
TPEHABI B OKPYIKaLIeH cpeie peanu3alnueil MHHOBAIL[MOHHBIX HJIEH.

[IpumepomM Takoro MOBeIEHUS MOXKET CIY>KUTh Pa3BUTHE PBIHKA YCIYT LIH-
pokononocHo# cBs3u. TeHaeHMs conuanbHOi cepbl «OBITh TOCTOSHHO Ha CBSI-
3W», peaj30BaHHas U oOecredeHHas! B BUAE YCIYT COTOBOM CBSI3M OIEPAaTOpaMH,
npeoOpazoBaiiach B XKeJaHWE UMETh MMOCTOSIHHBIA JTOCTYII K JaHHBIM, HOBOCTHBIM
JIeHTaM, KapTam, OJioraM W KOPIOpPaTHBHBIM HOpTanaM. POCT BBIMHCIMTENbHON
MOIIHOCTH MOOWJIBHBIX YCTPOMCTB, YJELIEBICHHE MOPTATUBHBIX KOMIIBIOTEPOB,
HOSIBJICHUE HOBBIX THUIIOB YCTPOMCTB, TAKMX KaK MOOWJIBHBIE MYJbTHMEAUNHHBIE
TepMuHaibl Tuna Apple iPhone u cBepXKOMIakTHBIE HETOYKHM, N3HAYAILHO OPH-
EHTHUPOBAHHbIE HA TIOCTOSIHHOE NMPHUCYTCTBHE B CETH, TOJBKO HMOCIHOCOOCTBOBAIU
pocTy Takoil TeHaeHIMU. HecMOTps Ha MeCCUMUCTHYECKOE OTHOLICHHUE K 3TOMY
YYaCTHUKOB PBIHKA YCIYT HIMPOKOIOIIOCHOW OEeCIpOBOJHOM CBs3M (TIEPEKOC BH-
JICHUsI B CTOPOHY dKOHOMUYeckoro ¢akropa, 2007 r.) [9], peaabHOCTh CUTyaluu
Ha TJI00aTPHOM pBIHKE (HEM30€KHOCTh BIUSHHUS OCTAIBHBIX (akTopoB, 2008 T.)
npuBeNia K HEW30€KHOCTH BHEIPEHUs] TEXHOJOTHH IIMUPOKOIOJIOCHOH Oecmpo-
BoHOM cBs3u [10]. KoMmnanuu, KoTopsle pyKOBOJACTBOBAJIUCH HE TOJIBKO IKOHO-
MHUYECKHM (PaKTOPOM OLIEHKH OyAYyILEro Npu BhIOOpE CTpaTerud, a U MpelaBuie-
HHEM HOBBIX TEXHOJIOTMH M TEHAEHLIMH, CETOIHsS CTalX JIMIEpaMH OTpaciy,
o0ecrieurB He TOJIBKO MH(PACTPYKTYpHBIC PElICHUs, a U TMOATOTOBHB cebe Mo-
TpeOuTeneH, T.e. COrNIaCOBAaB BEKTOPHI CLIEHAPHEB Pa3BUTHsI CBOMX KOMIAHHUHU C
1J100aJIHBIM PBIHKOM.
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IIpoduin Oyayuiero
(BpeMeHHbIEe cpe3bl)

®akTopbl HNudpopmannonHas Mojeab

exHoNorHeckue

ceHapma 2

TenaeHUMU OKpy:KaIOLIEH Tpeny cuenapust
cpensbl

Puc. 3. Cxema nipencTaBieHus] BHEITHUX TEHIACHIIMA Pa3BUTHS CUCTEMBI

Tort e pe3ynbTaT U TO K€ BUACHUE HAOIIOAAI0TCS U Ha IPYTUX PhIHKAX Te-
JIEKOMMYHHUKAIIAN, B 9aCTHOCTH Ha peraKe yciyr IPTV [11, 12].

Tak kak mpeaBUICHHE U CO3JaHHME abTepHATHB CIEHAPUEB — 3TO HETpe-
PBIBHBIN MPOLIECC MPUHSTHS PELICHUS! OTHOCUTEIBHO MOBEACHUS CIIOKHBIX CHC-
TeM B OyaymieM, ToO He00X0auMo (opMabHOE ONMCAHWE TEHACHIUH Ha MpPOTS-
JKEHWU SKU3HEHHOTO IMKJIA mpouecca. HakomieHHBIH ONBIT HEMpPEephIBHO
3aHOCUTCS B 0a3y 3HaHUI HAa OCHOBE CO3JaHHOW CTATHUECKOH (PYHKIMOHAIBHON
KOMIIOHEHTBI, y3JIbl KOTOPOH B3aMMOCBSI3bIBAIOTCSI BHOBb HOSBJISIIOLIMMCS PAIOM
OTHOLIEHUH B CEMAHTHYECKOM ceTu. B ceMaHTHMUeCKMX ONUCAaHUSAX TEHACHLIMN
JOJIZKHBI GI)ITB 3aIllOJIHCHBI I10JId, OIIUMCBHIBAIOIHNE YYAaCTHUKOB U PEryJIsITOPOB.
B nponecce 3anonHAIOTCS CIOTH (PpeiiMOB y3II0B CETH 3HAYSHUSMH, OIpEeIIeH-
HBIMH Ha OCHOBE aHAJIM3a BHELIHEH Cpelbl, OTKPBITHIX M 3aKPBITHIX HCTOYHHUKOB,
SKCIIEPTHBIX OLIEHOK.

Oco0y10 poJib CPEICTB M CIIOCOOOB CO3JaHMS HOBBIX TCHICHIIMA B OKPY-
JKAroIeH cpesie B MOJIENHN MOCTPOCHHUS CLICHAPHEB MIPAIOT KPUTHUECKUE (KIItoYe-
BbIe) TexHonoruu [13]. B mMozensx OyIymiero MOryT HCIIOJNB30BaThCS allbTEpHA-
TUBBl AKTHUBHBIX CHOCHApHUCB U, CJICAOBATCIbHO, TI'CHCpALlMM W BHCIAPCHUA
NPOPBIBHBIX KPUTUYECKUX TEXHOJIOTHUI B paMKax WHHOBAIIMOHHBIX MPOEKTOB, U

Cucmemni docnioscenna ma ingpopmayiiini mexnonoeii, 2009, Ne 1 27



H. /. Ilankpamosa, B.B. Casacmvsanog

AIBTCPHATUBEI MMACCUBHBIX CIICHAPUEB BHEAPCHUS HOBBIX TEXHOJIOTHI, a TaKkKe
UX KOMOWHanuu. BakHO 3aMeTHTh paziuyuie MOHATHH «KPUTHUYECKHE» U «HO-
BbIe» TEXHOJOrMM. HOBBIE TEXHOIOrMH 3aMEHSIOT O0Jiee CTaphie, MO3BOJISISI MTPO-
JIOJDKUTh TOPU30OHTAIBHOE PAa3BUTHE M MEpEpaclpe/IeliecHUe PhIHKA, HE CO3/laBas
NPUHIMITHATEHO HOBBIX BHUJIOB yCIyT. Mcnoiabh30BaHHEe KPUTHUSCKUX TEXHOIOTHH
MOPOXK/JIAeT KAYeCTBCHHBIC CKAYKW B PA3BUTHU CHCTEMBI, OJTHAKO M YCIOXHSET
aHaJlM3 M KOHCTPYUPOBaHUE ClieHapueB. M3-3a O0JIBIIOro Yuclia CBS3CH ¢ y4eTOM
AKTHUBHOTO YYaCTHS JBYKYIIUX CHII B CO3JIAHUU ONPEJCICHHOTO MPOQUIIs CIieHA-
p¥isl B 33/IaHHBII BPEMEHHOW MEPUO/I, T.€. C YBEINYCHUEM CII0KHOCTH MPOOIEMBI,
CHIDKAETCSl YPOBEHb JOCTOBEPHOCTH CO3[aBAEMOTr0O CICHAPUS W TIOBBILIAIOTCS
MHOTOo(aKkTOpHBIE pUCKU. Eciin XapakTep NEHCTBHE IBUXKYIIMX CHJ SIBISETCS
Xa0THYHBIM, «CHUTYAIIMOHHBIM», C YIIOPOM HA SKOHOMHYECKHE (AKTOPBI ¥ JINY-
HBIN HHTEPEC, a CO CTOPOHBI PETYJIATOPA HA YYaCTHUKOB CLICHAPHS HE OKa3bIBACT-
Csl HUKAKUX BO3JCHCTBUN, TO KOJUYECTBO KOHTPIPUMEPOB (AaHTHCOOBITHI) IS
CKaYKOB B albTepHATHBAX OyIET YBEIUYHMBATHLCS, & CICHAPHUN CMEMAThcsi B 00-
JIACTh HEIOBEPHS C TOUKU 3pEHUS colep kaHus crieHapues [1,2].

MOJEJHUPOBAHUE CO3JJAHUS CHEHAPUS UHHOBAIIMOHHOI'O
MEPCOHAJIBHOI'O YCTPOMCTBA CBSI3U

PaccmoTpum mpumep (HopMHUPOBaHUS CTpPATETHH CO3/IaHUsI ClIEHAPHsS WHHOBAIIH-
OHHOTO TIEPCOHAIBHOTO YCTPOWCTBA CBSI3H, OCOOCHHOCTH pealn3allii KOTOPOTO
cTasy ObI OZJHOM M3 MPOPBIBHBIX TEXHOJIOTUH PHIHKA TEJICKOMMYHUKAIIHIA.

B pesynbTare MpoBEIEHHOTO CKAHUPOBAHUS 32 TOCIICAHUE HECKOJBKO JIET
[5, 14, 15] skcriepTamMu BEISBIICHBI CIeAYIONMNE TeHACHINA (Ta0T. 1).

Hpe[LHOHO)KI/IM, 4TO KOHEYHOM LCIbI0 CTPATCIUU ABJIACTCA CO3JaHUC MHHO-
Bal[MOHHOTO TEPCOHAIBHOTO YCTPONCTBA CBS3U C OOJIBIION JOJICH MHHOBAIIMIA,
COBITQ/IAIONICH C OCHOBHBIMU TECHACHIIMSIMU PhIHKA TEJIEKOMMYHHKaIUi. Tabnuma
TEHJICHIIMH Ha dTare CKAaHUPOBAHUS MO3BOJISICT BBIICIHUTh IEPBUYHBIN HAOOp I'H-
MOTE3 U MOCTPOUThH HAa UX OCHOBE MPOCTEHIIYI0 CTATUYECKYIO CTPYKTYPHYIO He-
papxuto.

Taoauuma 1. TeHaeHIUH PhIHKA TEICKOMMYHUKAITUI

Buenrnue TenaeHImn DakTopbl

MoOmipHBIH Teme()OH CTAaHET OCHOBHBIM YyCTPOHCTBOM ConmanbHEIE,
JOCTYTIA K CEeTSM IS OONBINMMHCTBA JIFOIEH TEXHOJIOTHYECKHE
Oxumaercs CTPEMUTENBHOE pa3BepTHIBAHHE CTaI[MOHAP-
HBIX U MOOWJIBHBIX CETEH IIMPOKOIIOJIOCHOM CBS3HU. BBIATH TexHonoruueckue,
B MHTCPHET Ha BBICOKOW CKOPOCTH MOXXHO OyJIeT MpaKTH- IKOHOMUYECKHE,
YEeCKH U3 JI000TO MeCTa, 9YTO KOCHETCS U Pa3BHBAIOIIUXCS MOJINTUIECKHE,
ctpad. B pesynprate chopMupyercs Tak Ha3bIBACMBbIi o0Opa3oBaTeNbHEIE,
Networked World (Mup, oObeqWHEHHBI B TIOOATBHYIO cTpareruueckue
CETh)

ConuaiabHbIe,
ITonyyar pacnpocTpaHeHre Tak Ha3bIBaeMble YCTPOHCTBA 3 TEXHOJIOTUIECKHE,
Screen (TenmeBH30p + MEPCOHAIBHBIN KOMIBIOTEP + Tele- | HHAUBUAYAILHO 3HAYMMEIE
¢on) (sproHomuka, npezrnoyTe-

HUs1), 00pa3oBaTesbHbIC
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[ponomxkenne Tadm. 1

T'omocoBoit u ceHCOpHBIH HHTEP(EHCH CTaHYT OCHOBHBIMHU
uHTepdeiicamu

ConuanbHbIe,
TEXHOJIOTUYECKHE,
HHINBUYaIbHO 3HAYMMBIE
(3proHomuka, mpeanouTe-
HUS, aJarTanus K cpele,
MIPOCTOTA U
CKOPOCTB JIOCTYTIA)

[omyyaT pacnpocrpanenne mozenu SaaS (Software as a
Service, [10 kak ycnyra), [aaS (nHbpacTpyKTypa Kak yciy-
ra) u PaaS (miardopma kak yciyra), 4T0 HAHECET MOIIHBIN
yaap 1o TpaaulUOHHBIM IMOCTaBIIHMKaM MNPOrpaMMHOI0 U
anmapaTHoOro 00eCreueHHs

CorpanbHeIe,
SKOHOMMUYECKHE,
TCXHOJIOTHYCCKUC,
CTpaTern4ecKue

B OynmymieM KoMOaHUsIM TPUAETCS PYKOBOJCTBOBATHCS
CO3JJaHMEM HE BEPTHKAJIbHbBIX, @ TOPHU3OHTAIBHBIX CETEH.
Co BpemeHeM n10oxox oT kKaxzporo abonenra (ARPU) yna-

CornuanbHbie, SKOHOMUYE-
CKHUE, UHMBHYaTbHO
3HAYMMEIC (3PrOHOMUKA,

OyayT pa3MbIBaThCS

JIET, MOTOMY TEIEKOMMYHHKAIIMOHHBIC KOMITAHHH JOJIK- PEANOYTEHHS ),
HBI OYIyT HAXOJUTh HOBBIC CIIOCOOBI H3BJICYCHUS IIPUOBLTH CTpaTeruuecKue
I'panunb MeXTy MHIUBUAYATBHBIM U pa0OYHM BPEMEHEM CoruanbHble,

WHAWBUAYAJIbHO 3HAYUMBIC

EnmHCTBEHHBIM BEpHBIM PEUICHHUEM SIBIIIETCS HEPEXOxd
Ha TEXHOJIOTHIO IIUPOKOIOJIOCHOTO Bemianus Everything-
over-IP, 4uTo kacaeTcs Kak MPOBOJHBIX, TaK U OECIPOBOJ-
HBIX ceTed. DTO HauMeHee 3aTpaTHOE U CaMoe IepCIeK-
TUBHOE PELICHNE, KOT/Aa JaHHBIE, TOJIOC W BHIEO, a TaKKe
CUTHAJIbl YNpaBJIEHUS] NEepealoTcsi MO OJAHUM U TEM XK€
KaHaJlaM

TexHonornyeckue,
MMOJUTHYCCKHE,
3KOHOMHYECKHE,
CTpaTeruniecKue

MHoroyHKIIMOHATBFHOE YCTPOHCTBO — MPUBBIYHBIN MPO-
IYKT JUIS TIONIB30BaTeNsl: 00beANHEHNE TuIeepa U TenedoHa,
tenedona u GoToanmapara, TeacoHa U Paauo B OJHO yCT-

WHuBuyansHO 3HaYMMBbIE
(3proHomuka, nmpeamnoyre-
HUsI, afanTanys K cpese,
MIPOCTOTA JOCTYMA),

pOflCTBO TEXHOJIOTUYECCKHUE,
SKOHOMHYECKHE
IIpennoureHne IMOJB30BATEISIMHI ITOJHOICHHBIX CAMTOB W
pen I CornpanbHbIe,
MTOJTHOLICHHBIX MOOWJIBHBIX Opay3epoB. CHIKCHHE IOCe-
TEXHOJIOTHYECKHUE
maemoctd WAP-moprasios
Pactymue o00BeMBbI MpOAaX ayawo W BHUACO 4Yepes CounanbHsie,
WHIUBUAYATBHO 3HAYUMBIC,
WnTepuer
SKOHOMHYECKHE

[onb3oBarenu Oosnbliie CTaHYT 3aXxonuTh B VHTEpHET ¢
MOOMIJIBHOT'O

ConnanbHble, HHIUBHITY-
aJIbHO 3HAYHMBbIE,
TEXHOJIOTHYECKHUE

BCCCTOpOHHCC Ppa3BUTHEC M-COMMETCEe

ConyanbHble, HHIUBHITY-
aJbHO 3HAYUMEIE,

TEXHOJIOTUYECKHE,
9KOHOMHYECKHE
CounanbHbIe,
Pa3BuTHE TeONOKAIHH, IePCOHATN3MPOBAHHBIX KapT, mep- | THANBHAYAIBHO SHATHMEIC,
COHAJIbHOM HaBUT ALK TEXHOIOTHHICCKHCE,
1 9KOHOMHYECKHE,
obpa3oBaTeIbHbIE
Wuterpauuss B MOOMIIBHBIE YCTPOMCTBAa MEPCOHAIBHOTO ConuansHele,
IU(POBOro ACCHCTEHTa, NMEPCOHAIBHOTO CIPABOYHHMKA W |MHAWBUIYaJIbHO 3HAUYMUMEIE,
opranaiizepa o0pa3oBaTebHbIE
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I'unoTte3bl pa3BUTHS PHIHKA TeJeKOMMYHUKaUMii [16]

1. TexHONMOTHMYECKUH TPOTPECC B MHUKPODIEKTPOHUKE JaeT BO3MOXKHOCTH
co3/1aBaTh Bce 0oJiee MUHHATIOPHBIC U 00Jiee MOIIHBIE YCTPOUCTBA ¢ (PyHKIIUIMU
KOMIIBIOTEPA, K KOTOPOMY OyAyT MOJIKIIOYECHBI [IENH NpreMa Tese-, paJuOCHTHA-
JIOB, OJIOK MOJYJSi COTOBOW Tene(OHHH, CIyTHUKOBOE yCTPOWCTBO HAaBUTAIIHH,
Moy 6ecripoBoanbix ceteit WAN, LAN u PAN, dhoTtomoryin, MOy Il XpaHe-
HUS TaHHBIX BBICOKOW TUIOTHOCTH M T.II.

2. Tlporpecc B obaacTi yCTpOWCTB BBOJA U BHIBOJA MO3BOJIACT JIENATh BCE
Ooyiee TOHKHE, BBICOKOTO Pa3pellieHHs, THOKUE IKPaHbl ¢ BOZMOYKHOCTBIO peak-
MM HAa MHOXECTBEHHOE IPHUKOCHOBEHHE — MYJIbTUCEHCOPHBIE 3KpaHbI
(multitouch), a Takxe ¢ y4eToM pacTylield MOLUTHOCTH BBIYUCIUTEIBHOTO OJ0Ka
NEPCOHAIILHOTO YCTPOWCTBA co3/1aBaTh MHTEP(EHCH, paclo3HaONIIe TOIOCOBBIE
KOMAaH/IBL.

3. C nosiBJI€HMEM BO3MOXKHOCTH MIOCTOSIHHO OBITH Ha CBSI3H C TJI00ATBHBIMU
CEeTSIMH, B TOM 4YHCJIE C CeThI0 VIHTepHeT, NoIh30BaTen BCe OONbIIe 3aXOIT B
UnTepHer ¢ MOOMJIBHOTO YCTPOWCTBA, NPEANOUYUTas IOJHOLEHHBIH Web-
Opay3uar WAP-mopranaMm, HCIONb3ys TaKUE MOMYJIIPHBIE KOMITBIOTEPHEIE Cpe-
ctBa obmienus, kak IM (Jabber, ICQ u T.1m.), y9acTBysI B COIIMAIBHBIX CETAX H
npuMeHsst uHTepHeT-KapThl (Google-maps, Yandex-maps), coBepiiasi MOKYIIKH
yepe3 VIHTepHET Kak peabHBIX TOBApOB, TaKk M BUPTyanbHbIX ycayr (110, my3sI-
Ka, BUIIEO | JIp.).

4. Ionxmouenrne K VIHTEpHET BBITECHSET APYyrHe TEXHOJIOTUH TOIY4YeHHS
YCIIyT, OTJIMYHBIE OT TPAAULIMOHHO KOMIIBIOTEPHBIX (C MCIIOIB30BAaHHUEM B Kade-
CTBE HOCHTEJISI JaHHBIX ycIyru mnpotokoinos IP). Bosiee Toro, noctynHocTs yciyr
yepe3 MHTepHeT u cBoOoAa BbIOOpa MpPU OJHOBPEMEHHOM Pa3HOOOpa3wu BO3-
mokHoctedt [10 (mporpammuoro obecriedeHus) TenedoHa MO MEPCOHATU3AIUU
yeiyT (kak Ha [IK) npuBoaar k oTkasy mois3oBaTeneil oT miatHeix SMS, MMS,
Pa30BOr0 IUIATHOTO MPOCIYIIMBAHUS TOJOCOBOW TOYTHI, TUIATHBIX MENIOAWH, 3a-
CTaBOK U APYTUX OMEPATOPCKUX CEPBHCOB.

5. IlocTossHHOE COEOUHEHNE TO3BOJIET HCIIOJIb30BaTh OHJIANH-TIPHIIOKEHUS
1 web-nipunoxxeHns Ha ocHoBe TexHoyornid HTML, AJAX, XML. Ha cerogmsi-
HUN JEHb IS UCIOJB30BAHHUSA TAKUX TEXHOJIIOTUH HEOOXOJMMO HMETh MOJHO-
(yHKIMOHANBEHBIH MOOWJIBHBIN Opay3ep ¢ MOAIepKKON 3TON TEXHOJIOTHH.

6. IlpuBnedr mOJB30BATENS] MOXKET TEXHOJOTHS, COBMEIIAIONIAst BO3MOX-
HOCTh CKOHIIGHTPHPOBATh BCE CEPBUCHI B allllapare MOJIb30BaTeNs, IPU ITOM He
OTpaHUYMBasi BO3MOKHOCTh IOJIb30BAaThCSl CEPBUCAMHU APYTHUX MOCTABIIHUKOB, C
BHEITHUM ITOPTAJIOM, OXBaTHIBAIOIINM LIMPOKUN CHEKTP IJIATHBIX YCIYT 10 yMe-
PEHHOM 1icHE.

@parMeHT CTaTHYECKO CTPYKTYpHOW MepapXuu, MOJAECIUPYIOLUINI CTPYKTY-
Py CBsi3ell OyIQyIIero pelHKAa TEIEKOMMYHHKAIUKA C TOYKH 3PEHUS BIUSAHUS MPH-
BEJICHBIX THIIOTE3 Ha Pealln3allii0 MHHOBAIMOHHOTO MOOWJIBHOTO YCTpPOWCTBA,
IIpHUBEJIEH Ha puc. 4. 31ech CIUIOMIHBIMU JTMHUSAMH COEAMHEHBI Y3IIbl, CIPYHIIHPO-
BaHHBIE BOKPYT ABIKYIINX CHII ((KJIMEHTBD», «IIPOU3BOJANUTEND TeTIePOHAY, «OTIe-
paTope», «4acTHBIE pa3pabOTIYNKH M KOMMEpPUYECKHE OpTaHH3alun»), ITOTIOIHH-
TEJIbHO IMYHKTHPHBIMH CTPENIKaMH IOKa3aHbl KOCBEHHBIE CBSI3M B3aWMOBIHSIHUS
y3JI0B, IOCTPOEHHBIE C NCTIOIB30BAHUEM JIOTHYECKOTO BBIBOJIA TIO THITOTE3aM.
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Puc. 4. Cxema CTpyKTYpBbI CBS3€H PbIHKA TEIEKOMMYHUKAIMH

PaccmoTpuM feTaibHO OAHY M3 BETOK, HANpUMEpP, B paMKax THIIOTE3bI
MPEINOYTeHNS TI0JIh30BaTEIeM TPAAUIHOHHBIX Web-caliToB ananTHpOBaHHBIM
WAP-nopranam. Tpamunmonsasie Web-caifTbl (COIMAIBHBIC CETH, TOYTOBBIE CEP-
BHUCBI, OHJIAWH-TIPUIIOKEHUS, UIPbl, HOBOCTH M T.XI.) AOCTYIIHBI uepe3 MHTepHeT
nocpeactsom Opaysepa IIK. IlpousBoaurens MOOHIBHOTO YCTPOWCTBA NOJDKEH
MPEJICTABUTh HA PHIHOK ammapar ¢ MOJHO(PYHKIIMOHAILHBIM Opay3epoM JTHbo ¢
Opay3epoM C ype3aHHbIM (YHKIIMOHAIOM, OOpAIIalOIUMCS K CEPBEPY MPOU3BO-
TUTENs U ajantanuu tpaguiuonHoro WEB-caiita (mogo6HO paboTe MOOMITB-
Horo Opaysepa Opera). [Ipu atom HaBuramnus mo Web-caiiTy Ha HEOOIBIIOM K-
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paHe MOOHMJIBHOTO YCTPOWCTBa JOJDKHA OCYIIECTBISTHCS MAaKCHMAIBbHO KOM-
(dhoprtHO.

JormyctuM, 94T0 Yy Ipou3BOIUTENS TeleoHa UMEeTCs OTepallioHHas CUCTe-
Ma (OC) ¢ moHOIIEHHBIM Opay3epoM, HO TpeOyromas TOTIOTHUTEIBHBIX arma-
PaTHBIX BBIYMCIUTEIBHBIX pecypcoB. OHON U3 albTepHATUB CLIEHAPHEB SIBIISCT-
cs1 BEIOOp O0Jiee MOITHOM TUIaTGOPMBI 1 MHHOBAIMOHHOTO YCTPOMCTBA BBOAA, UTO
PEmuT BOIPOC 3amycka WHHOBAMOHHON OC W TO3BOJHT MPEIOCTABUTH IOJIB30-
BaTEI0 KaueCTBEHHO HOBBIE YPrOHOMUYECKHE BO3MOKHOCTH (YAOOCTBO, KOM-
¢opT U T.I.) HA MOOMJIIBHOM YCTPOMCTBE MPH COXPAaHEHUH MOJIHOLEHHOTO (YHK-
nuoHana Opaysepa. A 1O IpenBapUTEIbHBIM OIIEHKAM JKCIIEPTOB COTJIACOBaHUE
(hyHKIIMOHANA YCTPOMCTBA C YKa3aHHOW TEHJICHIINEH ITOJIOKUTETHHO IMOBJIUSAET Ha
KOHKYPEHTOCIIOCOOHOCTh KOHEYHOTO n3aenus [16].

Jlanee paccCMOTPUM MOJIENIb CTPATETWH Pa3BUTHS PEALHOIO MHHOBALMOH-
HOTO NEPCOHAIBHOIO YCTPOMCTBA CBS3M, MOsiIBUBLIErocs Ha pelHKe B 2007 1.,
TOYKH 3pEHHUsI COTIACOBAHUS ¢ WH(POPMATUOHHONH MOJIENBIO U BBIIBUHYTHIMHU T'H-
nore3amMu. TakuM YCTpOWCTBOM CTall MPOAYKT KOMIaHUU Apple mox Ha3BaHHEM
iPhone. HecMoTps Ha BHavalie CKENTHYECKOE OTHOIICHHE MHOTHX JKCIIEPTOB K
TEXHOJNIOTHAM M TIOAXO0JaM, PEaTM30BAaHHBIM B JAaHHOM YCTPOMCTBE, MpaKTHKa
NoKa3aja, 4YTO YCTPOHCTBO HECOMHEHHO SIBJISICTCS PEBOJIIOLIMOHHBIM, OOBEANHSISA
B €IMHOE IIeJI0€ TPYIIY MEPCOHAIBHBIX YCTPONCTB C MPUBSI3KOH K HUM OHM3HEC-
JIOTHKHU Ui M3BJIEYEHUSI KOMMEPUYECKOro ycmexa M mpuoObum. Tak, Hampumep,
CIIOPHOE MHEHHE O NMPUMEHEHHH CEHCOPHOTO JKpaHa, apryMEHTHpPOBaHHOE He-
JOCTaTKOM TaKTHJIbHBIX OLIYIICHUH MPH MCIOIb30BAHUHU KIABHATYPBl YCTPOUCT-
Ba B pexuMe TenedoHa, MPOMaraHaupoBajIoCch MapKeTOJIOraMH Kak HeCOMHEH-
HBI HEOCTaTOK, W3-3a KOTOPOTO TaKoW MPOAYKT HE MOXKET HMETh ycriexa.
OpHaKO 3PTOHOMHKA YCTPOWCTBA YIPABICHUS U BO3MOYKHOCTH, OTKPBIBAIOIINECS
MIPH KUCIOJIB30BAaHUH MYJIBTHCEHCOPHOTO DKpaHa 0e3 MpUMEHEHHs CTHIyca, OKa-
3aJTUCh HACTOJBKO BEJHKH, YTO TOSBHUIACH HOBAS TCHICHIIMS HAa PHIHKE KOMITBIO-
TEPHBIX YCTPOWCTB BBOJIA, alllapaTHBIX M MPOrPAaMMHBIX UHTEp(deHcoB B3anmMo-
JICUCTBUS C YenoBekoM [ 16].

Oransl pa3BuTUs MOOWIBHOTO ycTpoiicTtBa Apple iPhone u cxemarmueckas
MOJIEITb aIbTePHATHBEI CIieHapHs NpuBeaeHb! Ha puc. 5 [17,18]. [IyHKTHpHBIMH
CTpeNIKaM¥ TIOKa3aHbl PYHKIHOHAIBHEBIE CBSI3U MEXIY CyOBheKTaMu U 00bEKTaMu
CIIEHapHsi, COOTBETCTBYIOIINE 3TaraM pa3BUTHS anbTepHAaTUBEL. Oco0oe BHHMAa-
HUE ClIeyeT oOpaTUTh Ha TO, YTO B MPOIECCE CO3MAaHUSI MOJETH MPOMCXOINIO
MOCTETIEHHOE TTOKPBITHE THUITOTE3 | — 6 (DYHKIMOHANBEHBIMU CBSI3SIMH, YTO, B CBOIO
ouepe/ib, MO3BOJISIET BBIBECTH M3 MOJENIU U OoJiee JeTalbHyI0 WHPOPMAIHIO, CO-
MOCTAaBJIAIONIYI0 (DYHKIIMOHAIBHBIE CBS3HM W 3aJeiiCTBOBaHHBIE ISl MX 00pa3oBa-
HUSI OOBEKTHI, CyOBEKTHI W CHCTEMBI COOTBETCTBYIOUIMM TEHACHIHSAM, a TaKKe
OLIEHUTh U YTOYHUTH MapaMeTphl STHX CBS3EH C MOMOIIBI0O METOAOB KAaueCTBEH-
HOT'O aHaJH3a.

Cxema BU3yallbHOTO O0TOOpaskeHUs Mpoduiiel ambTepHATHBBI CLIEHAPHS pa3-
Butusa Apple iPhone mpuBenena Ha puc. 6. [Ipu renepanun npodruteit OpLIH Y-
TEHBI clenyromme (akTopbl: COLHUAJIbHbIC, TEXHOJIOTMYECKUE, WHAWBUAYAIBHO
3HaYUMbIE (IPTOHOMHUKA, MPEATIOYTEHUS, aaNTanrs K BHYTpEHHeW W BHEIIHEH
cpene, MPOCTOTa W CKOPOCTh NMOCTyIMa K (YHKIMOHATY W yCiIyram), oOpa3oBa-
TeJIbHBbIE, DKOHOMHYECKHE, CTpaTernieckue u nonurnieckue. [Ipoduis oxBaTei-
BaeT BpeMEHHbIE cpe3bl Ha 0a3e KIII0YEBBIX AaT 3a [IBa roja.
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Puc. 5. Cxemarnyeckasi MOJENb JIbTEPHATHBBI CIEHApUs MOOHMJIBHOIO YCTPOWCTBa
Apple iPhone

AHanu3 ¢$akTopoB, POCT 3HAYEHUS KOTOPHIX BBI3BaH HCIOIH30BAHHEM IIPO-
PBIBHBIX TEXHOJIOTHi, TOKAa3bIBAET, YTO AaHTHCOOBITHS, BIHSIOIINE HA yCIIEX pea-
JIU3AI[UY AJIbTEPHATUBBI CIICHAPHS, ObLTH HEHTPaAIM30BaHbI JINOO BHEIITHUMH TCH-
JNEHIUSIMA, MO0 TEHACHIIIMUA, WHUIIMUPOBAHHBIMU pa3pabOTYMKOM B XOJe
BBIBEJICHUS Ha PBIHOK W MOMYJISIPU3aLMN MPOPBIBHON TexHoJoruu. Crenayer oT-
METHUTh TaK¥kKe, 4TO (PYHKIIMOHAIBHBIC CBSI3H, 00pa30BaHHBIC HOBBIMH MPOYKTa-
MM, SIBJSIOTCS, B KOHEUHOM CYETE, 3aMKHYTBIMH MEXKJYy LIIMPOKUM KPYroM IIO-
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H. /. Ilankpamosa, B.B. Casacmvsanog

TpeOuTeNell u cepBHCaMU, MPHU STOM MOKPHIBAas 3HAYUTEIBHBIA CETMEHT PhIHKA
TEeJIEKOMMYHUKAITUH.

DakTopbl

ConHalIbHBIC
80
MMOJIHTHYCCKHC TCXHOIOTHYCCKHC

60

HHJAHBHYAJIbHO

CTPATCrHYCCKHC
3HAYHMBIC

IKOHOMHYCCKHC

IProHOMHEKA

06pa3OBaTCJ'IbeIC NpcaAno4TCHHA

CKOPOCTb AOCTyIa ajzanrauus K cpeie
IpOCTOTA JOCTYIA
=09.01.07 06.03.08

29.06.07 “09.06.08

09.06.2008 ¢ yuetom 90% ynoBieTBOpeHUs
noTpeduTeNns

Puc. 6. Cxema BU3yanbHOT0 OTOOpaskeHUs IPOQUIIeH anbTepHATHBEI CLIEHAPHS PA3BUTHS
MOOMIBHOTO yeTpoiicTBa Apple iPhone

BBIBO/IbI

IIpuBeneHHas METOIOIOTUSI MOJIETUPOBAHUSA aJIbTEPHATUB CLIEHAPUEB JKEIAEMOTO
OyAayIero mo3BoysieT B COOTBETCTBUU C BHIOPAHHBIM BEKTOPOM LIENIM COMPOBOXK-
JIaTh MPOLIECC MPUHATUSA PELIEHHs MPU CO3AAHUU CLEHAPUEB C MOMOILBIO MPE-
JIOKEHHON MHGOPMAIIMOHHOW MOJEH, 00pasylolieit 0a3y u 1moJyie 3HaHWUM, OTH-
CBIBAIONINX BCE OOBEKTHI, CYOBEKTHI, CHCTEMBI, a TAK)KE OTHOILICHHUS MEX HUMHU U
OKpy>Karomeld BHemHel cpenoit. [loie 3nanmuit hopmupyeTcs, HaUMHAS C TIEPBOTO
IIPEeIBAPUTEIBHOrO 3Tala Mpolecca NPeABUACHMS, IOIIAroBO OpraHu3ysl 3HaHUA
B BUJIC CEMAaHTHUYECKHU CBSI3aHHOU CTPYKTYPHI (HhPEHMOB.

B cocraB wH(MOpMAaIMOHHOW MOAENH BXOAAT CTaTHYECKas CTPYKTypHas
KOMIIOHEHTA JUIS OTMCAHUS HCCIIEeyeMOl CUCTEMBI, cTaTHdecKas (yHKIMaIbHas
KOMIIOHEHTa KakK Mpoo0pa3 Mojeneil ajlbTepHaTHB CIICHAPHEB, a TaKkKe (aKTOpHI,
XapakTepu3yomue NpoQuiib albTCPHATUB ClIEHApUEB, HA0Op TEHACHIIUH, B TOM
YHCJIe HHAYIMPOBAHHBIX MHOKECTBOM KPUTUUECKUX TEXHOJIOTHM.

[IpumMeHeHue NpUBEAECHHON METOOJIOIMH MOJAEIUPOBAHUS MO3BOJIUT Kade-
CTBEHHO IIOBBICUTh YPOBEHb JOCTMIKEHHS JKEIAEMBIX CLIEHAPUEB, MPEJOCTABUT
JITTP BO3MOXHOCTb KOHTPOJIMPOBATh U YIIPABJISTH IIPOLIECCOM UX CO3/IaHHUS.
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YIK 338:519.81

KOMITAPATOPHASA UWIEHTUOUKALNUA MOIEJIN
®OPMHUPOBAHUS UHJIEKCA YCTOMYUBOT'O PA3BUTUS

K.2. IIETPOB

[Mpennaraercs equHas METOAMKA OIPEICICHHS HHACSKCOB U UHIMKATOPOB, KOTOPbIS
HCIIOJIB3YIOTCS [UIsl OLICHKM YPOBHSI YCTOMYMBOIO pa3BUTHsI cTpaHbl. Paspaboran
MOAXO/ K MOCTPOSHHIO MOAeTH (OPMHPOBAHUS HMHICKCA YCTOWYHUBOTO Pa3BUTHSI,
YYHUTHIBAIOIIETO TPH OCHOBHBIX KOMIIOHEHTa: YKOHOMUYECKHH, JKOJOTHYCCKUN H
conuanbHBIA. PaccMmaTpuBaeTcss METOJ KOMITAPATOPHOH CTPYKTYpHO-TIapamMeT-
pUYECKOW HICHTH()UKAIMH MOJCIH Ha MHOXECTBE BO3MOXHBIX CTPYKTYD,
OMHUCHIBaEMBIX MoIUHOMOM KonmMoroposa—I'abopa.

BBEAEHUE

I'mobGanu3anust MUPOBOI 3KOHOMUKH, YBEITHUCHHE MACIITa0OB IMPOU3BOJICTBA, €TI0
WHTCHCU(UKANNS COMPOBOXKAAIOTCS HE TOIBKO YKOHOMUYECKHM POCTOM, YBEIH-
yeHueM o0beMa BBII, HO W HEraTUBHBIMU COIMAJIBHBEIMHU, 9KOJOTHYSCKUMMU I10-
CIEICTBUSIMHU, KOMIUIEKCHOHM nerpanarueii cpeapl obutanus. [Ipu moBbimeHun
JIOXOJIOB HACEJICHUS W YPOBHSI MOTpeOIIeHNS HAOIIOMaeTCs Olepekaromiee yxyi-
IIeHNEe Ka4decTBa JKM3HM. Bce 3TO MpHBENo K M3MEHEHHWIO IENEeBOH yCTaHOBKHU
pa3BUTHS 00IIECTBA U MEPEXOTy OT KOHIEMIIUU IKOHOMHUYECKOTO POCTa K KOH-
HENIMA YCTOHYMBOTO Pa3BUTHS, KOTOpas Obuia chopMyTUpoBaHa HA KOH(pEPEH-
uuu OOH no oxpyxkaroieit cpene u pazsuruio B Puo-ge-Kaneiipo B 1992 r. Ee
CyTb COCTOWT B OCO3HAHWU B3aMMOCBS3HM M HEOOXOJWMOCTH KOMIUIEKCHOTO CHC-
TEMHOTO TUIAHUPOBAHUSI Pa3BUTHS OOIIECTBA C YYSTOM SKOHOMHUYECKOTO, COIIH-
AIBHOTO M HKOJIOTHYECKOTO acreKkToB. OHAKO Mepexo OT ACKIIapaTUBHOH IMOJ-
JIEP’KKH KOHIIETIITNHN Ha ypoBHE porpamm OOH, MexxmyHApOIHEIX KOHGMEPEHITHH,
MPABUTEIBCTBCHHBIX U OOIIECTBEHHBIX OpPraHU3allil K €€ KOHCTPYKTUBHOU pea-
JU3AIUY HA PETUOHAIHLHOM, HAIMOHATHLHOM, TEPPUTOPHATEHOM, KOPIIOPATUBHOM
YPOBHSIX BBI3BAN Cepbe3HbIC 3aTpyaHeHus [1]. OmHOM U3 IpUYWH SBHIIACh HEIOC-
TaTOYHOCTH WM OTCYTCTBHE CUCTEMBI METPUK I KOIMYECTBEHHOTO CKAJISIPHOTO
WU3MEPCHHUS COCTOSHUS PAa3JIMYHBIX 3JIEMEHTOB OOIECTBA U €UHOU aJanTHBHON
METOJIOJIOTHH CHHTE3a Mojellell X (OpMHUpPOBaAHUS, B CBS3H C YeM aKTyaIbHOUH
cTana pa3paboTKa METOJIONIOTHH CTPYKTYypPHO-TIapaMeTPHUECKOW UACHTU(DUKAITIN
MOJIENIel CKaSIPHOTO MHOTO(AKTOPHOTO OIICHUBAHUS COCTOSIHUS 3JIEMEHTOB 00-
IIeCTBa.

IHOCTAHOBKA 3AJAYHN

Bynem momarate, 94TO OIpenerneHO MHOXKECTBO HMEPAPXUUYECKH OPTaHM30BAHHBIX
moKaszaTesieil, JOCTaTOYHO TOJTHO XapaKTePHU3YIONNX YPOBHHU Pa3BUTHI SKOHOMH-
KM, COIIMAJIbHON c(ephl U COCTOAHME OKpyXkaromel cpenbl. Cienyer OTMETHUTb,
YTO 32 MCKIIOYCHHEM DKOHOMUKH, TJC CIOXKHIACH OOIIENpPU3HAHHAS CHCTEMA
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NEPBUYHBIX U OOOOLICHHBIX IMOKa3aTeNeH, XapakTepU3YIOLUIMX COCTOSHHUE dIie-
MEHTOB YKOHOMHKH, HaYMHAS OT OTAEIFHOTO MPEINPHUATHS, OTPACTH W 3aKaH9H-
Bas HAIMOHAJIHLHBIM U MHUPOBEIM YPOBHSIMH, TAKOTO €IUHOAYIINS HET B COITHAIB-
HOW W 3Koynormyeckoir cdepax. Tak, B HacTosIIee BpPeMs YUCIO MEPBHYHBIX
HKOJIOTUYECKHUX XapakTepucTuk konebnercs oT 70 no 150 [2-5]. Takoit pazdpoc
CBSI3aH CO CTPEMIJICHHEM OTPa3UTh PETHOHAIBHBIE M HAIIMOHAIBHBIE OCOOEHHOCTH
9KOJIOTHYECKUX cucTeM. OJTHAKO 3TO HE UMEET MPUHIIUIHAIBHOIO 3HAYCHUS, TaK
KaK METOJIOJIOTHS OIICHUBAHUS JIOJDKHA OBITh MHBAPHUAHTHON K KOHKPETHOMY KO-
JMYECTBEHHOMY W KadeCTBEHHOMY COCTaBY XapaKTEPHCTHK, YTO ITTO3BOJIUT, HC-
NOJB3Ysl SAMHYIO METOJO0JIOTHI0, (JOPMHPOBATH OLEHKH KaK HAa MHPOBOM, TaK W
Ha TEPPUTOPHATBHO-aJIMUHUCTPATUBHOM (IIPOOIIEMHO-OPUCHTHUPOBAHHBIC OIICH-
KH) YPOBHSX.

O0600meHHBIe MHOTO(AKTOPHBIE CKATIIPHBIC OICHKH OOIIETO YPOBHSI pa3BU-
THs OOIIEeCTBa M €r0 OCHOBHBIX aCIEKTOB MPHUHATO HA3bIBaTh MHACKcamu [1, 6].
Wnpexce pa3BuUTHS TI000T0 TEPPUTOPUATEHO-00IECTBEHHOTO 00pa3oBaHusl OIpe-
nemnseTcs GyHKImeit [7]

IOZFO(AO:]i):i:1a35 (1)

rae I;, I,, I3 — COOTBETCTBEHHO MHIAEKCHI PA3BUTH DKOHOMHUKH, COLMAIBHON

cq)epm 1 COCTOSAHUSA 3KOJIOTHH, AO — KOPTCXK MapaMeTpOB MOJCIIN.

Kaxnaplii u3 nnnexcoB [;, i=1,3 sBusgercs ckaaspHOH MHOrogaxTopHoin

OLICHKOM MHOXecTBa mokaszatened [;;, i =1,3, j=1,n, KoTOpble Ha3bIBAIOTCA

ij >
WHAWKATOpaMHU U XapaKTCPU3YIOT COCTOAHUC (Ka‘{eCTBO) DJIEMEHTOB CUCTEMbI
Il':F'l'(Aialij)a i:1935 jzlans (2)

rie Bce 0003HAUYEHUSI COOTBETCTBYIOT BBEJCHHBIM BhIlIe. Hampumep, nHAEKC co-
CTOSTHUSI DKOJIOTHH — (DYHKIHMSI MHANKATOPOB, XapaKTEPU3YIOMNX KadeCTBO BO-
JIbI, BO3/yXa, MIOYBBI, OMOJIOTMYECKOE pa3HOo00pasue, TOMIIUHY 030HOBOTO CIOS U
T.IL. [4].

B cBoto ouepens, HHANKATOPBHI — 3TO (PYHKINU KOPTEXKEH MEPBUYHBIX I10-
KazaTejaeld kauectBa K ;= <k j,>, j=Ln, I=1L ; COOTBETCTBYIOLIMX JIEMECH-

TOB CUCTEMBI
I;=F(4;,K;), j=1n. 3)

Hanpumep, nHAMKATOp KadecTBa BO3/AyXa yUUTHIBACT KOHIICHTPAIIUU OKCH-
JIOB a30Ta W CEphI, TBEPABIX YacTUIl U T.I. [4]. OTMETHM, YTO pacCMOTpEHHAs
TpEeXypOBHEBast uepapxus HOPMUPOBAHUS UHICKCOB HE SBIISETCS 005I3aTSILHON U
MOJKET OBITh pacuINpeHa WK CyXKeHa.

ens HacTOsMIICH cTaTEH — pa3paboTKa eMUHON METOOIOTHH OIPEICTICHUS
WHJICKCOB U MHIUKATOPOB Ha MHOXKECTBaxX MOKa3aTesei YPOBHS, JICKAIIETO HH-
JKe, BIUIOTh JIO MEPBUYHBIX. Takas METOJOJOTHs JOJDKHA JaBaTh BO3MOXKHOCTh
OTpENENATh B KKIOM CiIy4ae KOHKPETHBIH BHJ (YHKIHH MHOTO(AKTOPHOTO
OIICHUBAHUs, T. €. pellaTh 3aJady CTPYyKTypHO-TapaMeTpUIecKol HACHTHU(HUKA-
UM MOJICTM OIICHUBAHUS U, KPOME 3TOTO, ObITh YHUBEPCAILHOW, HHBAPUAHTHOMN
K BHIY W KOJHMYECTBY OIICHMBAEMBIX (PAKTOPOB, aJalTHBHON K OCOOSHHOCTSIM
COLMAThHO-3KOHOMHYECKOTO YPOBHS, Ha KOTOPOM IPOM3BOIUTCS OIEHKA.
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K.O. I[lempos

METOJ0JI0Irusi ONPEJAEJEHUA NTHINKATOPOB U UHIAEKCOB

[TepBrlii mar Ha MyTH K CO3aHUIO TaKOW YHUBEPCAIbHONH METOMOJIOTUU — IPH-
BEJICHUEC MHOXKECTBA PA3HOPOAHBIX MO CEMAHTHKE, PAa3MEPHOCTH, U3MEPUTEIh-
HBIM IIKaJlaM TIePBUYHBIX XapaKTEPUCTHK K U30MOpGHOMY BUIy. YUUTHIBas pas-
HOOOpa3ue TMoKa3zaTenel, Hauboliee YHUBEPCATHHBIM MOXHO CYHTATh UX
npejiCTaBlIcHHEe B 0e3pa3MepHOM BHJEC U H3MEPCHHE B MHTCPBAIBLHOMN IMKANE C
(hyHKIHEH TpeoOpa3oBaHus

y=ax+b, 4

rae b — Havano orcyera; @ — MacITAOHbBIH KOAQUIMEHT, X — HU3MepseMast
XapaKTepUCTUKA; ) — Pe3yJbTaT U3MEPEHHUSL.

Koobduumentsr a u b BeIOMparOTCA TakuM 00pa3oM, 4TOObI 00ECIICUUTh
OJIMHAKOBBIN I BCEX XapaKTEPHUCTHK MHTEpBaJl BO3MOXHBIX 3HaueHuil [0; 1],
WHBAapUAHTHBIA HAMlPaBICHUIO JOMUHUPOBAHUS IOKA3aTENsl.

Bcem mepeuncrneHHBIM TpeOOBaHHUAM YAOBJIETBOPSIET CXeMa HOPMaJH3aIliH
MIEPBUYHBIX I10KA3aTENEeH YCTOMUMBOIO Pa3BUTHS BUIA

lo
AT hi Io
ki —kj
WJIU B COOTBETCTBUHU C (4)
lo
* 1 kjl (5)
JT  hi o VT T hi lo’
rne k; — KOHKPETHOE 3HaueHwe jl-ro 1me oro mokasarens; k9, k"
ne kj KOHKPETH HAa4YCHUEe j/ -rO MEPBHYHOTO MoKasarels; ki, kj

COOTBETCTBCHHO HaWXyJIIlee W HaWIydllee 3HAUCHUsS I0Ka3areis. JDTO MOTYT
OBITh TIPECTHHO JIOMYCTUMBIC BO3MOXHBIC 3HAUCHUS WM UICATbHBIC 3HAYCHUS,
Ha3HAYCHHBIC IKCIIEPTAMH.

Uto0B1 0OecieunTs TpeOOBaHNE HHBAPUAHTHOCTH HOPMHUPOBAHHBIX MTOKAa3a-

*
teneit k ji K HAlPABICHUIO JOMHHHPOBAHHS MCXOIHOIO [OKA3aTells, 3HAYCHHS
lo hi .
kﬂ u kj, OTIPENIEIISAIOTCS CIEAYIOMIMM 00pa3oM:

max k ;, ecnu k; — min,
lo A '
mink ;, ecnn k ; — max;

VA ‘

max k ;, ecnu k; —> max,

hi Jil
kﬂl = . .

mink ,, ecnu k., — min.
il Jl» Jl

Cremyromasi 3aa4a COCTOMT B CTPYKTYypHO-TITapaMeTPHUYECKOH HAEHTU(H-
Kal[ii MOJIeT MHOTO(aKTOPHOTO OLIEHUBaHUs. TpyIHOCTh pelIeHus dTOW 3aa-
YM OIpeNeNsieTcsl TeM, YTO MHOTro(pakTOpHOE OLICHWBAaHHE — WHTEJUIEKTYalbHas
npouenypa. CrnenoBaTenbHO, HOCUTEIEM HCXOTHOH MH(OpMaIiy, He0OX0aUMON
IUISL CTPYKTYPHO-TIapaMEeTPUUECKON HICHTU(DHUKAIIMNA MOJETH OLUCHUBAHUS, SIBIIS-
eTcs nuuo, npuauMaroinee pewenue (JIIIP) unu cneunanucTsl (3KCIEPTHI).
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Haubonee uzBectHbid MeTon nomydeHust nHpopmanuu ot JIIIP — metox
3KCIIEPTHOTO oueHuBaHUsA. OH 3aKI0YaeTcs B TOM, YTO KOTHHUTOJIOT ITyTeM HH-
TEPBBIOUPOBAHMS, AaHKETHPOBAHMUSA, JKCIEPTHU3 MOOYXKIaeT HocuTens mHpopma-
LM K OCO3HAHMIO, CTPYKTYpHU3aliy U (GopMaiu3auny cBoux 3HaHui. EcrecTBeH-
HO, TOJlyueHHass MH(opManus CyObeKTHBHA, T.€. OTpa)kaeT YPOBEHb 3HAHHH,
MOHWMAaHUS, TMPENNOYTeHHH KOHKPETHOTO WHAMBHAyyMa. [loaTomMy B OCHOBe
9KCHEPTHOTO OLIEHUBAHUS JIKHUT THIIOTE€3a O TOM, YTO yCpPEIHEHHE MHOXECTBA
WHIUBUAYabHBIX CYOBEKTUBHBIX OLIEHOK JaeT OIEHKY, MPHONMKAIOUIYIOCS K
o0bekTHBHONW. OYEeBUIHO, UTO Takas yCpeIHEHHas OIeHKa M3-3a pa3dpoca MHAM-
BUAyaJIbHBIX MHEHUH 3KCIIEPTOB SIBIsieTCS MHTEpBajibHOM. [losTOMy mpu mpose-
JICHUU CIIOKHBIX MHOTOJTAIHBIX JKCIEPTHU3, HANPUMEpP, TaKUX Kak (popMuposa-
HUE 000OIIEHHON OIEHKH YCTOHYHMBOTO PA3BUTHS, IMPOUCXOANT HEpapXUIEeCKOe
HaKOIUIEHUE WHTEPBAJIbHBIX HEONpEAEIeHHOCTEH BIUIOTH A0 MOTEPH KOHCTPYK-
TUBHOCTH OOOOLICHHBIX OLIEHOK, HAlpUMep, HAPYIICHHIO UX TPAH3UTUBHOCTH.
Jpyras 0ocoOeHHOCTh METO/1a SKCIIEPTHOTO OIICHUBAHUS 3aKITFOYAETCs B TOM, YTO
9KCHEPTHl JOCTATOYHO YBEPEHHO PEIIAIOT 33Jady OLCHUBAHHA IapaMeTpOB JIH-
HEWHBIX aJJIUTUBHBIX MOJENICH, HO MCHBITHIBAIOT CEPhe3HbIC 3aTPyIHEHUS TpPU
napaMeTpUIeCcKOr W, 0OCOOEHHO, CTPYKTYPHOU MACHTU(PHUKAIINH HEIMHEHHBIX MO-
JeNiel OLIeHUBaHMs, €CTIM OHM MPEACTABIAIOT COO0H CYNEepHO3ULHIO MEPBUYHBIX
XapaKTePUCTHUK, T. €. JOJDKHBI YYHTHIBATh UX B3aMMHOE BIUSHHUE WM HENWHEH-
HOCTH BKJIa/ia B 0000IICHHYIO OLIEHKY .

[TorToMy B paborax [1, 6] paccMaTpuBarOTCS TOJNBKO AIAUTHBHBIC JTHHEH-
Hble (YHKIMH MHOTO()aKTOPHOTO OLIEHMBAHHUS, NMPUYEM BCE (HaKTOPHI MPUHSITHI
pPaBHO3HAYHBIMH, T. €. IMCIOT OJIMHAKOBEIC BECOBBIC KOYPPHUITUEHTEI. DTO AOITY-
HICHUE SIBHO HE KOPPEKTHO, TAK KaK KOMIO3HIIUS Tapbl WIIK HECKOJIBKHUX TIEPBUY-
HBIX (PaKTOPOB MOKET YCHUIIMBATh WIIM OCNAOJATh UX JEHCTBHUE, a TaKKe BOOOIIE
MOPOKAATh HOBBIE CBOWMCTBA WIIM MMETh HEIMHEWHYIO 3aBUCHMOCTH W3MEHEHUS
BIIUSTHUS OT aOCONFOTHOTO 3HaueHus pakropa. B pabore [6] oTMedeHO, 4UTO B TI0-
CIIEAYIOIIEM BECOBBIE KOA(PPHUUUEHTH (HaKTOPOB aAJUTUBHONW MOAETH JOJKHBI
YTOYHSITBCS, HO HE YKa3aHO, KaK ¥ Ha OCHOBE KaKOW MCXOJHOI HH(OopMaIuu.

ATnbTepHATHBOW MHOTOATAITHOMY JKCIIEPTHOMY OLICHUBAHHIO SBIISETCS Me-
TOMIOJIOTHSI KOMIApaTOPHOH HMACHTU(HUKALNK MOJIENH MHOTO(GAKTOPHOTO OIEHH-
BaHuA [8]. OHa 6a3upyercst Ha JBYX THIIOTE3aX.

IlepBasi. DxcnepTbl CHOCOOHBI MPUHUMATH MPABUJIBHBIE PELICHHUS IyTeM
MOTIApHOTO CPaBHEHUS allbTEpPHATHUB 0€3 MX NpeABapUTENIbHOM CTPYKTypu3a-
uu [9]. B pesynprare ycraHaBIMBaeTCs OTHOIIEHHWE CTPOTOTO WM HECTPOTOTO
NOpsIZIKa Ha MHOKECTBE JOIYyCTUMBIX alIbTepPHATUB, HAIIPUMED:

Xy - Xy - X3 .. (6)
Win

xl>'X2"‘X3 bl (7)
TAC > U ~ — COOTBCTCTBCHHO OTHOILICHHUA NPCANOYTCHUA U SKBUBAJICHTHOCTH.

Bropas. Ha neii 6a3upyetcs teopus noneszsHocta [10]. dnst kaxaon anbrep-
HATUBBI U3 HEKOTOPOTO JOMYCTUMOTO MHOXECTBa X CYIIECTBYET KOJIMYECTBEH-
Has CKalsipHas MHOro(akTopHast OneHKa ((yHKIMs moie3HocTH). [ aTux ore-
HOK BBITIOJTHSFOTCSI CIIETYIOIIHE YCIOBHUS:
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ecim Xx|,X, € X U X > Xp,T0 1(x;) > 1(x,),
€CU X1,X, € X M X; ~ Xy, T0 1(x))=1(x,). (8)

Takum 006pazom, Ha OcHOBE (8) ¢ y4eTOM pe3yJIbTATOB PAHIKHPOBAHUS JKC-
nepTamMu anbTepHaTuB (6) 1w (7) MOKHO CHOPMHPOBATH CUCTEMY OTPaHUICHHM,
KOTOpas MO3BOJHT PEIIUTh 33Ja4y CTPYyKTYpHO-TIapaMeTpUIecKor HACHTU(UKA-
UK MOJIEITH MHOTO()AKTOPHOTO CKAJSIpHOTO oreHnBanus (1).

YHHBEpCaIbHOCTh METO/Ia KOMIIAPATOPHON CTPYKTYpPHO-TIApAMETPUICCKOM
UACHTH()HUKAUU Ha MHOXECTBE BO3MOXHBIX CTPYKTYP MOJEIN MHOTO(aKTOp-
HOTO OIICHWBaHUs (JMHECWHBIX, HEMHEWHBIX) 00CCIIEYMBACTCS TEM, YTO 3ajada
perraeTcss B Kjacce Mojelied, OMHMChIBaAeMBIX MoJnHOMOM KoimMoroposa—
T'abopa [11]. KoppekTHOCT TaKOTO AOITYICHIS 000CHOBaHa B padore [12].

I/chom{ 3 HpI/IHHTLIX BBITIIE 0003HAYCHHH TS (3), TOJTMHOM TIPUMET BH]T

L; L; L;
=do * Zal jr Zzalqkﬂqu + Zzzalqu/lk/qkﬂ tos j=Ln, 9)

I=1 g=1 I=1 g=1r=1
Tae a;, aj, A ,... — 0Oe3pasMepHbIC BECOBbIC KO3(QQHUUMCHTH HOPMUPOBAH-

HBIX MOKa3aTesieit k ; jI » YAOBIICTBOPSIFOLLIE CBOMCTBaM

a,,a,q,a,q,, .. € [O, 1]; l,q,r,.= 1,Lj ,

L L L
Za[ +ZZalq +ZZZLIW =1,
I=1 g=1 I=1 g=1r=1

[IpeobOpazyem (9) x BuIy, KOTOpHIA Oo0Jiee MOJHO OTBEYACT LEISIM HACTOS-
meit pabotsl. st 3Toro nonoxkuM a, =0 (Ipu HyJeBBIX 3HAYEHHSX MOKa3aTe-

v * (V3
neit kj; nr00OM MHAMKATOP MIIM MHJICKC PABEH HYJIO) U OrPAHAYMMCS y4eTOM

YJIEHOB TOJBKO BTOPOTO TOpsAKa (TIOMapHBIMU NPOU3BENECHUSIMH U KBaJIpaTaMu
3HAYCHUHA XapaKTEePUCTHK). Takoe IOMyIIeHHE apryMEHTHPYEeM TEM, YTO BCE
B3aMMOBJIMSIHHS TTOKa3aTelled MOKHO YIeCTh CyMMHUPOBAHHUEM IOTIAPHBIX MTPOU3-
BEJICHUI, & BO3MOXXHYIO HEIIMHEHHOCTh — JO00aBJICHWEM K JIMHEHHON 4YacTh
KBQIpaTOB WX 3HadeHWi. Kpome TOro, BBEIECHHOE OTpaHMYCHHE Ha CIIOKHOCTH
MOJIMHOMAa MO>KHO 00OCHOBaTh TEM, UTO IOCJIe HOPMUPOBaHUs 1o Gopmyie (5)
BCE YaCTHBIC TIOKA3aTEIM U UX BECOBBIC KOA((MUIIUEHTHI (110 ONPE/ICIICHUI0) MO-
ryT OpUHUMATh 3HaueHusa u3 uHtepBana [0; 1]. Bo3BeneHue Takux uyucen B CTe-
MIEHb BBIIIE BTOPOW WIIM TIPOM3BEICHHUE O0JIee TPEeX TaKUX YHUCEN MPUBEAYT K ObI-
CTpoMYy yOBIBAaHHIO 3HAYCHU.
[TonyuyennsIit «ycequHmﬁ» MTOJIMHOM HpI/IMeT BUI

Fj Z“l /l+zzalq Kirkjg - (10)

I=1 g=1

[Monuuom, ananoruunsii (10), OyaeM HCHONIB30BaTh Kak JUIs WIACHTU(DUKALUN
CTPYKTYPBI UHIACKCOB (2), TaK ¥ MpH CUHTE3e MOojenu (popMupoBaHus 000OIICH-
HOM MHOTO(AKTOPHON CKAIIPHOW OIEHKH YPOBHS Pa3BUTHS HEKOTOPOTO TEPPH-
TOpHaTIbHO-001IeCTBEHHOr0 00pazoBanus (1).
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TECTOBOE PEIIIEHUE 3ATAYN UWIEHTUOUKATIUN MOJAEJIN
OLIEHMBAHUA YPOBHS YCTOMUYUBOI'O PASBBUTHUS CTPAHDI

B kauectBe HUCXOAHBIX AAHHBIX HNPHUHATHI PE3YJIbTAThl PAHXUPOBAHUA 48 rocy-

JapcTB s, , ¢ =1, 48 10 ypoBHIO ycTOHUMBOTO pa3BuTHs (Tabum. 1 [6]).

Taoaunma 1. 3HaueHus UHAEKCA YCTOMUMBOro pa3BUTHs 17 48 cTpaH

BBII WNunexc Nnnexc WHnexe Nnnexc
Pamnr, Crpana, Ha XKHUTesi | YCTOMYUBO-| pa3BUTHS cgﬁ‘;ﬁzﬂﬁﬁ COCTOSTHUS
t s, (B ThiC. f1011. | TO Pa3BH- |OKOHOMHKH,| "~ oy, © | IKOJIOTHH,
ClIA) |tus, Iy(s,) | 1,(s,) I,(s,) I5(s,)
1 | Dunnsugus 29,650 0,786 0,567 0,802 0,751
2 |HAcnangus 41,804 0,780 0,561 0,839 0,708
3 |IIserus 30,590 0,774 0,538 0,840 0,717
4 |Hopgrerus 39,590 0,755 0,488 0,829 0,734
5 |IIBenapus 33,580 0,738 0,538 0,820 0,637
6 |JIroxkcemOypr 69,737 0,738 0,558 0,816 0,618
7 |daxus 32,490 0,731 0,563 0,828 0,582
8 |Kanmama 34,150 0,720 0,525 0,777 0,644
9 |Upnanmus 36,790 0,716 0,559 0,779 0,592
10 |ABcrpamus 31,010 0,716 0,532 0,792 0,610
11 |Hosas 3emanaus 25,110 0,713 0,526 0,79 0,610
12 |ABctpus 31,420 0,708 0,504 0,785 0,627
13 |CHIA 41,529 0,695 0,562 0,779 0,530
14 |Iepmanus 28,250 0,687 0,510 0,777 0,570
15 |Hunepmangst 30,920 0,684 0,524 0,787 0,537
16 |SAnonus 30,750 0,680 0,480 0,793 0,573
17 |BenukoOputanus 31,150 0,674 0,543 0,773 0,502
18 |Dcronus 14,800 0,662 0,533 0,658 0,582
19 |VYpyrgaii 8,869 0,647 0,382 0,659 0,718
20 |Ywim 12,120 0,642 0,511 0,678 0,536
21 |Dpannus 30,640 0,641 0,438 0,754 0,552
22 |Ucmanus 25,370 0,626 0,455 0,758 0,488
23 |Uzpannb 21,310 0,623 0,454 0,725 0,509
24 |JlaTBHUs 11,862 0,618 0,420 0,649 0,604
25 |benbrus 30,660 0,615 0,468 0,755 0,444
26 |Utamust 27,960 0,613 0,411 0,759 0,501
27 |Kocra Puxa 9,000 0,607 0,372 0,685 0,596
28 |Yexus 17,600 0,602 0,459 0,703 0,466
29 |CnoBakus 15,513 0,601 0,428 0,673 0,528
30 |Benrpus 16,047 0,601 0,424 0,686 0,520
31 |Xopsarus 11,870 0,596 0,367 0,661 0,595
32 |FOxnas Kopes 23,360 0,591 0,444 0,729 0,430
33 |Mamnaiizus 10,450 0,590 0,413 0,643 0,540
34 |T'perus 22,340 0,586 0,392 0,703 0,501
35 |[lanama 6,760 0,583 0,363 0,646 0,577
36 |bpasunus 8,760 0,581 0,347 0,61 0,622
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Oxonuanue Tadi. 1

37 |KomymoOus 7,330 0,565 0,350 0,597 0,589
38 [[lombmia 12,825 0,559 0,401 0,667 0,45
39 |Bonrapus 8,664 0,549 0,365 0,628 0,500
40 [Mekcuka 10,000 0,546 0,373 0,649 0,462
41 |(Tynwuc 7,910 0,544 0,370 0,586 0,518
42 |bomuBus 3,680 0,542 0,322 0,556 0,595
43 |Pym™mbrazs 6,105 0,519 0,340 0,616 0,462
44 |Poccus 9,810 0,515 0,319 0,520 0,561
45 |MongaBus 2,280 0,506 0,330 0,529 0,512
46 |Tpununman 11,720 0,500 0,391 0,599 0,363
47 |YkpauHa 6,500 0,485 0,319 0,554 0,447
48 |Eruner 3,930 0,484 0,337 0,535 0,440

Ha 6a3e mpencraBienHoro B Tabi. 1 paHxupoBaHusi cTpaH copMupoBaHa
MOCTIeI0OBATENLHOCTh BUa (6) M B COOTBETCTBUU C (8) MMEEeM CHUCTeMy OTpaHH-
qeHuH’

Iy(s)) > 1y(s2),
Iy(s7)>1o(s3)

Lo(s47) > 1y (s4g)
niin

Iy(s))—1y(s) <0,
Iy(sy)—1y(s3) <0, (1T)

To(s47) = Lp(s45) <0

Taxum o0pa3zom, moiydaem cuctemy u3 47 HepaBeHCTB. Kak ObL10 OTMEUYEHO

BBIIIIE, CTPYKTypa MHOTO(AKTOpHOU oueHku [y(s,), ¢ =1, 48 mpencrasiuser co-

00if HEKOTOPEIN (PparMeHT «ycedeHHOTO» MosmmHOMA (10), T. €. ¢ y4eToM IpHHS-
TBIX 0003HAUCHUN

3 3 3
Io(s) =D ad;(s)+ D, > ayl(s);(s;), 1=1,48. (12)
i=1

i=l j=I

Ha mepBoM sTamne ucciieioBaHus METOOM KOMIIApaTOpPHOU WACHTH()UKAIH
Ha ocHOBe (11) permena 3amgada mapaMeTpUICCKON HISHTH(UKAIIMHN B IIPEITIOINO-
YKEHUH, YTO CTPYKTypa Mojenu (GopMHUPOBaHHsI MHOTO()AaKTOPHOHN OLEHKH WHICK-
ca ycToH4mBOro pasButus [,(s,) sBisercs u3BecTHoW. B paborte [2] moznens
OIICHWBAHUS HE MpHUBEIeHA, oqHako B [1] ykazaHo, uro Hambosee pacmpocTpa-
HEHHOW B HACTOSIIIEE BpEMS SIBISIETCA aIIUTUBHAS OLIEHKA BUJla

3
Io(s) =Y al,(s), t=1,48. (13)
i=1

st momenu (13) METOIOM, OCHOBAaHHBIM Ha BBIUYMCICHHH YCOBIICBCKOM
TOYKH [8], a TaKKe C MOMOIIBIO TEHETHIECKUX alTOPUTMOB [13] BeIUKCICHBI 3Ha-
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4eHMsl BECOBBIX KOI(GGHULUUEHTOB a;, i =1,3. B Tabu. 2 npuBeneHbl, NOITyUYCHHbIE

B XOZIC PacueToB YEOBIIIEBCKOE MPHUOIIKEHUE U TPU BapUaHTa PEIICHUs 3a1a4u
TIPH KCTIOIH30BaHNN TeHETHUECKNX anropuTtMoB (I'A).

Tadoamuma 2. 3HayeHUS BECOBBIX KO3 duimeHToB Mojenu (13)

Mero 3HaueHHs BECOBBIX KO3 (HHUIIMEHTOB 23: . .
BBIYUCIICHUS a, a, a, = ! s
Hebbimesckoe | 3764 0,2927 0,3309 1,0000 0,99989
puOIMKEeHNE
TA 1 0,3962 0,2930 0,3208 1,0000 0,99989
TA2 0,4010 0,2802 03188 1,0000 0,99989
TA3 0,3990 0,2844 0,3166 1,0000 0,99989

3naueHne koddduimenta paHroBoil koppemsiun CrnupMmeHa 7, He0OXO0IH-
MO JUTS OI[CHKH KauecTBa MOJYUYSHHBIX Mojienel Buaa (13) U paccunuThiBaeTCs Mo
hopmyme

n
M2
6> (R, —R'")
_ i=I
ry=1- 3 ,
n(n” —1)
. pM
rae R, — paHru crpad m3 Tabn. 1; R;” — paHIu cTpaH, NOJIy4YEHHBIE B XOZE
UICHTU(UKAIIMA MOJEIH, B — KOJWYecTBO cTpaH. Orimane 3Toro Kodddwumm-

eHTa oT | 03Ha4yaeT HapyIIeHWE NCXOIHOTO OTHOIIEHHS TMOPSIKA, IPUBEIECHHOTO
B Tabm. 1.

AHanmu3 pe3yabTaToB (TaOJl. 2) TOKa3bIBaeT, YTO THIOTE3a 00 aJITUTHBHOM
xapakTepe GopMupoBanus 0000IIeHHOH oleHkn Buaa (13) siBIsieTcss HEY0BIIe-
TBOPHUTEIBHOW M HEOOXOIMMO HCIIONB30BaTh 0oJiee CIOXKHYIO HEJTHMHEHHYI0 MO-
Jennb oneHuBaHus. KOCBEHHO 3TO MOATBEPKAACTCS U PE3yJIbTATAMU BBIYHCICHUS

BECOBBIX Kod(dunumentos a,, i =1,3 monemu (13) Ha ocHOBe NaHHBIX TabI. 1

MyTEeM COCTaBJICHHS Pa3IMYHBIX BAPHAHTOB CUCTEM TPEX JTMHEWHBIX YpaBHEHU C
TpeMsl HEU3BECTHBIMHU, B KQUECTBE KOTOPBIX BBICTYNAOT KOIPPUIHEHTHI a;. Pe-
3yJbTAaThl PACCMOTPECHHS JBYX CHUCTEM YpaBHEHUM, C(HOPMUPOBAHHBIX CITydYaii-
HBIM 0Opa3om (ctpoku 1, 5, 29 u 13, 14, 15, cOOTBETCTBEHHO), PUBEACHEI B
Tabm. 3.

Taoauuma 3. 3HaueHHs BecoBBIX K03 durmenTos moaemu (13)

3HaueHHs BeCOBBIX K03 UIIneHTOB 3
CtpaHbl U UX paHTH Z a;
a a, as P
1. OunngHaAS
5. Ilseiinapus 0,4803 0,3142 0,345 1,1440
29. CnoBakus
13. CIIA
14. Tepmanus 0,4276 0,3303 0,3724 1,103
15. Hunepnanasl
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AnnutuBaeie mojenu Bunaa (13) opueHTHpPOBaHBI Ha OIICHUBAHUE SIBHBIX
(TIpsIMBIX) CBOMCTB CHCTEMBI, yPOBEHb KOTOPBIX OTPEAETSAETCS HETOCPEACTBEHHO
KaK CyMMa CBOHCTB 3JICMEHTOB, OOpa3ymOIIMX CHCTEMY (CTOMMOCTh, Macca U
T.11.). OHAKO cucTeMa 00JaIaeT emle U SMEPHKEHTHBIMA (CUCTEMHBIMH) CBOMCT-
BaMH, KOTOPEIE HE CICAYIOT HETIOCPEICTBEHHO U3 CBOHCTB €€ 3JIEMEHTOB, a BO3-
HUKAIOT B Pe3yJbTaTe MX ynopsjaoueHus. Hanpumep, mpo3pavyHOCTh U TBEPAOCTh
anMasa He CIIEAYIOT HETOCPEACTBEHHO M3 CBOMCTB aTOMOB yTJEpOna, a MOPOXK-
JAIOTCS B PE3yJIbTaTe MX OPTaHU3AlMH B CTPYKTYPY (KPHCTAUIMYECKYIO PEIeT-
Ky). J1s onleHKH TakWx CBOWMCTB HeoOXxoauMa Ooiee CIOXKHAs M0 CPAaBHEHHIO C
(13) momenb, mpeAcTaBisioNas COO0W HEKOTOPYIO MPOHM3BOJBHYIO (DYHKIIUIO
MHOTHUX TIEPEMEHHBIX.

O06001eHHast OI[eHKa YCTOWYMBOTO Pa3BUTHI CTPAHBI HECOMHEHHO 00IIaaeT
CTPYKTYPHBIM 3MEPKEHTHBIM CBOWCTBOM, TaK KaK XapaKTEPUCTUKH DKOHO-
MHYECKOTO, COIMATBHOTO Pa3BUTHUS U COCTOSHUS SKOJOTUU TECHO CBSI3aHBI MEX-
Iy coOoi. B cBs3M ¢ 3THM pellleHa 3ajja4a CTPYKTYpPHO-TIAPAMETPHUECKON KOM-
MapaTOPHOW UASHTU(PUKAIMU C UCIIOJIb30BAHUEM T€HETUUECKHUX aITOPUTMOB.
B xadecTBe OCHOBHI MCHOB30BaJICsA (hparMeHT moiamHoMma Kommoroposa—I'abopa
BTOpOTO TTopsinka Buma (12).

B pesynbTare onpeneneHa CTpyKTypa ONTHMaibHOU ciokHocTH [11] Moze-
JIM OIICHUBAHUS YPOBHS YCTOWYMBOTO Pa3BUTHS BUIA

Io(s,) = aly(s,) +ayly(s,) +andi (s,) + anly(s)13(s,) +azsl3 (s,) . (14)

Jnst 3TO# CTPYKTYpHI pelleHbl 3aa4y apaMeTpUiecKod MACHTU(DHKALNH.
PesynbTarhl pacueToB mpuBeAEHH! B Ta0II. 4.

Taoauuma 4. 3HaueHus mapameTpoB Mojaenu (14)

Merox 3HaueHHs BECOBBIX KOI(PPHUIIMEHTOB Z a .
BBIYHCIICHUS a a, ar ys ass Y s
Hepmmuesckas | 5365 | 02043 | 0,1750 | 0,1727 | 02118 | 1,0000 |1,0000
TOYKa
TA 0,1530 | 0,1774 | 0,2632 | 0,2322 | 0,1742 | 1,0000 |1,0000

O6e Momeny 00ECIIEUNBAIOT BBITOJIHEHHE MCXOIHOTO OTHOIICHHS IOPSIKa
JUISL pacCMaTpUBAECMBIX CTPaH IO UHJEKCY YCTOHYMBOTrO pa3BuThs (Tadmn. 1). 3to
03HAYaeT, YTO CYIICCTBYET HE €MHCTBCHHAS METPUKA OI[CHKH.

JIJise OLICHKH COOTBETCTBHS CHJIBI MPEAMOYTEHHS, T. €. COOTHOIICHUS KOJIH-
YECTBEHHBIX 3HAYCHHI MCXOAHOIN 0000IEeHHON oueHKH [('S,) BBIYHCICHBI

1,(s,) no mozenu (14) ¢ mapameTpam, MOJYYEHHBIMU METOJaMH, OCHOBaHHbI-

MU Ha BBIYHCIICHUN Y€OBIIMIEBCKON TOUKH ( / OCP (s,))yul’A (] OGA (s,)). Pe3ynbra-
ThI PACYETOB MPUBEJICHBI B Ta0II. 5.
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Komnapamopnas uoenmughuxayusa mooenu hopmuposanus uHOeKca yCmouiugo2o pasgumus

Tadéaumuma 5. 3HaueHUS WHAEKCOB YCTONYHBOTO pPa3BHUTHA IOCP (s;,) u

15 (s,)

PAT\ Crpana, s, | Io(s,) | 1SP(s,) | A=1o —IEP | 184(s,) | A=1, — 194
1 | DunnaHIMSA 0,786 0,5775 0,2085 0,5517 0,2343
2 |Hcnanpus 0,780 0,5677 0,2123 0,5428 0,2372
3 |IlBeuus 0,774 0,5622 0,2118 0,5369 0,2371
4 |Hopserus 0,755 0,5455 0,2095 0,5195 0,2355
5 |lIsetinapus 0,738 0,5214 0,2166 0,4959 0,2421
6 |JIrokcemOGypr 0,738 0,5210 0,2170 0,4957 0,2423
7 |Janus 0,731 0,5126 0,2184 0,4874 0,2436
8 |Kanana 0,720 0,5052 0,2148 0,4791 0,2409
9 |Wpnangus 0,716 0,4997 0,2163 0,4741 0,2419
10 [Ascrpanus 0,716 0,4992 0,2168 0,4734 0,2426
11 |Hosas 3enangus 0,713 0,4961 0,2169 0,4702 0,2428
12 |ABcrpus 0,708 0,4921 0,2159 0,4660 0,2420
13 |CIIA 0,695 0,4780 0,2170 0,4521 0,2429
14 |Tepmanus 0,687 0,4700 0,2170 0,4438 0,2432
15 |Hunepnanast 0,684 0,4667 0,2173 0,4404 0,2436
16 |Snonus 0,680 0,4637 0,2163 0,4375 0,2425
17 |BenukoOpuranus | 0,674 0,4582 0,2158 0,4318 0,2422
18 |Dcronus 0,662 0,4479 0,2141 0,4210 0,2410
19 |VYpyrsaii 0,647 0,4413 0,2057 0,4134 0,2336
20 |Ywnam 0,642 0,4285 0,2135 0,4016 0,2404
21 |®panmms 0,641 0,4275 0,2135 0,4010 0,2400
22 |HMcnanus 0,626 0,4129 0,2131 0,3859 0,2401
23 |Wspawnib 0,623 0,4100 0,2130 0,3831 0,2399
24 |JlatBus 0,618 0,4076 0,2104 0,3804 0,2376
25 |Benbrus 0,615 0,4028 0,2122 0,3754 0,2396
26 |Uramus 0,613 0,4005 0,2125 0,3740 0,2390
27 |Kocra Puka 0,607 0,3978 0,2092 0,3715 0,2355
28 |Yexus 0,602 0,3915 0,2105 0,3643 0,2377
29 |Cnoakus 0,601 0,3911 0,2099 0,3642 0,2368
30 |Benrpus 0,601 0,3906 0,2104 0,3638 0,2372
31 [Xopsarus 0,596 0,3882 0,2078 0,3619 0,2341
32 |FOxnas Kopes 0,591 0,3816 0,2094 0,3541 0,2369
33 [Manaiisus 0,590 0,3805 0,2095 0,3536 0,2364
34 |I'penus 0,586 0,3771 0,2089 0,3506 0,2354
35 [Ilanama 0,583 0,3757 0,2073 0,3494 0,2336
36 |Bpasunus 0,581 0,3751 0,2059 0,3485 0,2325
37 |Komymbwust 0,565 0,3603 0,2047 0,3338 0,2312
38 |I[Moabia 0,559 0,3538 0,2052 0,3270 0,2320
39 |Bonrapus 0,549 0,3450 0,2040 0,3188 0,2302
40 |Mexkcuka 0,546 0,3420 0,2040 0,3156 0,2304
41 |Tynuc 0,544 0,3403 0,2037 0,3138 0,2302
42 |BonuBus 0,542 0,3399 0,2021 0,3137 0,2283
43 |Pymbiaus 0,519 0,3207 0,1983 0,2950 0,2240
44 |Poccust 0,515 0,3164 0,1986 0,2904 0,2246
45 |MonpnaBus 0,506 0,3074 0,1986 0,2816 0,2244
46 |Tpununman 0,500 0,3069 0,1931 0,2798 0,2202
47 |VYkpauHa 0,485 0,2914 0,1936 0,2662 0,2188
48 |Erumer 0,484 0,2904 0,1936 0,2647 0,2193
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BbIBO/IbI

W3 ananu3a pe3yapTaToB pacueToB CIEAYET, YTO MOJienb [ (?P (s,;) maer cucrema-
TUYECKOE CMEIIEHHE OIIEHKH B CTOPOHY yMeHbIIeHus B uHTepBasie oT 0,2184
(Hanus) no 0,1936 (Ykpauna), a Mojaenb IOGA (s,) — ot 0,2436 (Hanus) no

0,2188 (Ykpauna). Tak kak OIIEHKH HE SBISIOTCS aOCOJIFOTHBIMU, CUCTEMAaTHYC-
CKOE CMEIICHHE OTHOCHUTEIIEHO TOYKHM OTCYETa HE BIMAET HA TOYHOCTH M JOCTO-
BEPHOCTH OIICHUBAHUS.

[Toxazana ageKBaTHOCTh METOJa KOMIAPAaTOPHON CTPYKTYpPHO-TIApaMETPH-
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TANKER ROUTING PROBLEM WITH FUZZY DEMANDS OF
SERVED SHIPS

B. WERNERS, Y.P. KONDRATENKO

The routing problem for tanker-refuellers is considered. The tankers start at the bun-
kering company and must serve several ships in different ports. In principle the
modeling and algorithmic approaches for capacitated vehicle routing problems can
be used. Since the demands of the ships are uncertain and vague they are modeled
using fuzzy sets. The first compromise solution can interactively be modified to
meet the decision makers requirements with respect to the different criteria. The re-
sults are demonstrated using a small example.

1. INTRODUCTION

This paper deals with a very important routing problem in marine practice: the
routing of tanker-refuellers (in the following called tankers) which provide bun-
kering (transportation and unloading) operations for various ships. These ordering
ships are located at different ports or, in general, at different points offshore. The
importance of transportation is continuously growing due to the growing interna-
tionalization of this business. Optimization models and methods are very appro-
priate for transportation and distribution planning. This problem can be modeled
by the so called capacitated vehicle routing problem (CVRP).

The development of efficient models and algorithms to solve routing prob-
lems is an important contribution of operations research to theory and practice. A
lot of different approaches have been suggested and are applied to handle a wide
spectrum of real world problems. An overview can be found in [4]. In particular,
vehicle routing problems (VRP) with various modifications and different ap-
proaches are considered [16]. Some of these approaches use methods to solve the
traveling salesperson problem (TSP) as an integral part. A survey on TSP is given
in [15]. Most of the VRP techniques can be applied successfully also to ship rout-
ing problems [3, 9, 17, 19]. If the demand of the customers is not precisely known
in advance deterministic and crisp models are not appropriate for decision sup-
port. The VRP with stochastic demands of nodes is described in such publications
as [1,2,5, 6, 8] but the efficient solution of SVRP (Stochastic Vehicle Routing
Problem) presumes precise information about probability functions of the de-
mands. To handle imprecise and vague information a fuzzy theory based ap-
proach fits well.

© B. Werners, Y.P. Kondratenko, 2009
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In marine practice information about customers’ demands to be served can
be uncertain too. Such kind of uncertain information characterizes the bunkering
process (BP) by which ships are supplied with ordered fuel [14]. Usually the ship-
owner sends an order for fuel supplying to the bunkering company using such
uncertain terms as “approximately VALUE”, “about VALUE”, “between
VALUE 1 and VALUE 2”, “at least VALUE”, “not less then VALUE”, “not
more then VALUE”. The efficiency of the bunkering operations can be evaluated
by the possibility to serve the orders with a minimum of consumption of own
tanker’s fuel during delivery which depends on the total distance traveled by all
tankers.

A fuzzy set theoretical approach to the vehicle routing problem when de-
mand at nodes is uncertain is considered in [19]. Their model is based on the
well-known heuristic “sweeping algorithm” combined with a set of fuzzy rules
and approximate reasoning to construct routes. They assume that every demand
has to be served and that it is possible to return to the depot and then revisit the
customer again. During the bunkering process considered here there is not enough
time to travel twice. If the demand of a ship cannot be served completely during
the planned trip the exceeding demand is lost.

Therefore a fuzzy multi-criteria mathematical programming model is sug-
gested here to solve the tanker routing problem with uncertain demands. An inter-
active approach is used to find the compromise solution, which considers the
minimal total distance of all routes necessary for all bunkering operations and the
maximal potential total sales of fuel. For small problems it can be solved opti-
mally by using standard mixed integer linear programming software. For larger
problems an adequate heuristic has to be chosen.

2.1. GENERAL PROBLEM STATEMENT

The port where the bunkering company is located is the only depot for the tank-
ers. Here the orders are announced from the ship owners who know the respective
demands of their ships approximately. The ships, which must be served by the
tankers, have various capacities and different demands. Usually the captain of
each ship orders the final crisp volume of fuel he needs at the moment when
tanker and served ship meet in the j-th port, j=1,..., N . The decision maker of

the bunkering company has to solve the tanker routing problem before bunkering
operations start. At the depot 0 the bunkering company has K tankers for bunker-
ing operations at its disposal. The tankers (k=1,...,K ) are identical and they

have the same capacity Cap to transport fuel. We suppose that the bunkers con-
tain sufficient fuel for all demands of the N ships in the marine region and that
the demand of each single ship is less or equal to the capacity of a tanker. Taking
into account that the above-mentioned customers’ announcements for all ships to
be served are uncertain the demand of each ship can be presented using a fuzzy
set. We model the uncertain demand with triangular fuzzy numbers

Jj :(gj,c?j,ﬁj) as shown in fig. 1 [7, 24].

The fuzzy number of each demand can be chosen based on the preliminary
customer’s orders and the decision maker’s experience which deals with his or
her intuition and the “a priori” knowledge about the type of ship, type of ship’s
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cargo, region of voyage, prescribed ports, ship’s captain decisions for analogous
bunkering operations and others. The real world bunkering process with K tankers
and N ships is parallel: each tanker serves all ships on its route which is planned
by the decision maker at the bunkering company. The time period for the whole
bunkering process is much shorter than in the case of an approach where the de-
mands of all the ships must be served sequentially.

4 5

Fig. 1. Triangular membership function of the fuzzy demand d ;of ship j

The problem discussed in this paper deals with solving the tanker routing
problem for fuzzy demands of served ships. A “compromise solution” for the spe-
cific marine operations called “bunkering operations” is determined which takes
into account the following goals:

e maximum possible total quantity of unloaded fuel during the entire bun-
kering process (this value is a main component defining bunkering company’s
profit);

e minimum possible total distance for tankers which serve ordering ships
on all planned routes;

e maximal possibility to serve the demand.

The specific requirements for the bunkering process under consideration are:

e cachport j (j=1,...,N) is visited only once by only one tanker during

the planning period for which the routes are designed and executed;
o cach tanker starts and finishes its route at the depot 0;
e cach demand d; at port;j (j=1...,N) is lower than the capacity Cap of

a tanker;
e there are enough tankers at the depot O to serve any total demand

N N
>d; < ZJ} of all orders of the ships,
J=1 J=1

Additionally, the locations of the depot and all ports with ordering ships, ca-
pacity of the tanker, the distance resp. the traveling costs between the ports must
be known.

In the following a fuzzy multi-criteria programming approach is developed
to solve the above stated problem. The decision maker interactively to improve
the degree of satisfaction with the different goals can modify the compromise
model.
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2.2. TANKER ROUTING PROBLEM WITH CRISP DEMANDS

The problem is modeled as an extension of the one-depot capacitated vehicle
routing problem which can be represented by the following model. Considering
several trips to satisfy given demands at locations with tankers having restricted
capacity available leads to the capacitated vehicle (here tanker) routing problem.
Several models exist for this problem. In accordance with the above formulation
the following model for the capacitated vehicle routing problem is chosen.

The capacitated vehicle routing problem with well-known demand can be
modeled considering two parts of constraints. One part containing constraints (2)
and (3) is the generalized assignment problem. It groups cities to a tour consider-
ing the respective demands and the capacity of the vehicles. The other part mod-
els a traveling salesperson problem for each of these tours. This part contains con-
straints (4) to (8).

First we assume that the demand of each customer is exactly known in ad-
vance and all other information is strictly given. The distribution starts from a
single depot and the vehicle fleet is homogenous that is all vehicles have the same

capacity.
Considering different tours (vehicles, tankers) £ (k=1,...,K) and cities

(ports) i,j (i, j=1,...,N) three types of variables are necessary:

variable x;; is binary with

1 for j follows i on tour £,
0 else
variable y ; is binary with
_ |1 for city j belongs to tour &,
Yk = 0 else
and variable u ; is an integer >0 and for the optimal solution it is the sequence

number of city j on trip k.

Objective function of the classical vehicle routing problem is to minimize
the total distance traveled:
N N

K
Min z z ch-j Xijk » (1)

i=0 j=0 k=1
c; for i, j=0,...,N is the distance from city i to city ;.

The capacity Cap of the vehicle is sufficient to meet the crisp demand of all
cities on tour k

N
Y>.d;yy <Cap fork=1,.,K, )
J=1
d; is the crisp demand at city ;.
Each city belongs to exactly one of the tours except city 0 with the depot

K
Dy =1 for j=1..,N. 3)
k=1
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Each city j must be entered exactly once on the trip to which tour it belongs

N
injk :yjk for j:O,...,N, k:l,“.’K‘ (4)
i=0

Each city i must be exited exactly once on the trip to which tour it belongs
N
D> xj=yy fori=0,.,N, k=1..K. (5)
j=0
No city can follow itself on the tour
X =0 for i=0,...,.N, k=L..,K. (6)
Subtours are forbidden

wy Zuy +1-(1=x; )N fori=0,.,N, j=L.,N, j#i. (7

Each trip starts in the depot
uy =1 fork=1..,N. ®)

This is a mixed integer linear programming model. For small instances it can
be solved exactly by using standard software. For larger instances a heuristic must
be chosen. Constraint (7) is not the only formulation to avoid cycling and might
cause difficulties when solving larger problems [17]. Some of the heuristics sug-
gested in literature first group cities to tours and then solve the traveling salesper-
son problem to optimize the respective routes. This vehicle routing model can be
used to plan the routes for tankers, which are located in a depot and have to travel
to different ports for bunkering.

2.3. EXAMPLE: TANKER ROUTING WITH CRISP DEMAND

Let us consider a small example with 5 ships in different ports. The demand d;,
j=1,...5, for fuel is known (table 1). Several tankers are located in depot 0. The
l'j, i,j=0,...,N,

between the ports in miles. In this example Cyj =Cj holds for all i, j=0,...,N .

capacity of each tanker is 1000. Table 2 contains the distances ¢

The optimal solution of the capacitated vehicle routing problem is calculated
using the model (1) to (8) above and the software package [LOG AMPL CPLEX
System vers. 7.0 (2000). The optimal routes 0 —2 -4 —-0and 0—-3—-1—-5-0 are
shown in fig. 2. The total distance traveled is 340.2 miles. Because this graph is
symmetric the tours 0 —4 —2 -0 and 0 — 5 — 1 — 3 — 0 are optimal too. Exactly
two tankers can serve the demands.

Table 1. Demands of the ships

j 1 2 3 4 5
d; 500 400 300 600 200
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Table 2. Distances between the ports

0 1 2 3 4 5
0 - 70.2 67.5 48.6 59.4 324
1 70.2 - 97.2 78.3 86.4 43.2
2 67.5 97.2 - 21.6 10.8 81
3 48.6 78.3 21.6 - 16.2 70.2
4 59.4 86.4 10.8 16.2 - 81
5 324 43.2 81 70.2 81 -

Fig. 2. Optimal routing considering crisp demands

3.1. ROUTING PROBLEM WITH FUZZY DEMANDS

If the demand at the different cities is uncertain and imprecise we suggest to

model it using a fuzzy set theoretical approach and to use a fuzzy set d;,

j=1,...,N, to represent the demand. The mathematical programming model is
the same as above with the exception of capacity constraint (2). Instead of the
crisp capacity constraint the following fuzzy constraint for the fuzzy demands on
tour & has to be considered:

N ~
> d;y; <Cap fork=1,...K 9)
Jj=1

N
with ]N)k =Zc?jyjk for k=1,...,K .

j=1
Modeling the fuzzy demand we suggest to consider the possibility that the
actual demand of all ships on one tour is less or equal to the capacity of the tanker
to a certain degree. Because of the following considerations this leads to a crisp
equivalent model. This approach to handle these fuzzy constraints is similar to
chance constraints programming in stochastic optimization. If the demand is not
known exactly we suggest to find a solution for which the possibility to serve the
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demand is required at least to a certain degree a € [0, 1]. The decision maker has
to determine « in advance. Considering a fuzzy number as a method of repre-
senting uncertainty in a given quantity by defining a possibility distribution for
the quantity is analyzed in [10]. An even stronger condition is to determine a cer-
tain degree of necessity £ that the demand on the tour can be served. That is

N
Pos [Zdjyjk SCap)JZ a fork=1..K, ae [O,I]Pos (10)
J=1
or even stronger
N ~
Nec | >.d;y; <Cap) |> B for k=1...K, Be[0,1]. (11)
j=1

If the fuzzy demand of each of the ships can be modeled using triangular fuzzy
numbers a crisp equivalent formulation can be developed. For the calculation let
us first consider the possibility and necessity of a triangular fuzzy number @ to
be greater or equal to zero [13].

Pos (@>0) = Pos ; ({x}x>0})=sup s (x), (12)
x>0
Nec (7 >0) = Neca({x|x20})zl—Posa({x|x<O}). (13)

For a triangular fuzzy number & =(a,4,a) with G#a and d#a these

possibility (Pos) and necessity (Nec) can be determined using the following for-
mulas

1 a>0,
Pos (7 >0)={—2— 4<0<a, (14)
a—a
0 a<o.

-+ |

I : T
a a a
Fig. 3. Pos (5 > 0) for a triangular fuzzy number a
1 a>0,
Nec (720)=1-—2— a<0<a, (15)
i-a
0 a<o0
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— 1
Nec (a20)
1 ! L)
Q n & C_l
Fig. 4. Nec ((7 >0 ) for a triangular fuzzy number a

So the requirement for capacity in the above model can be determined as fol-
lows

N
Pos (Zdjyjk <Cap)za

for k=1,...,.N,
j=1

N
< Pos (Cap—Zdjyjk >20)2qa fork=1,.,N. (16)
j=1

If all demands 67]- :(i}.,c;’j,gj), Jj=

1,...,N are triangular fuzzy numbers
then

N N _ N N
Cap—D.d;yy =|Cap—) d;yy,Cap— d;y; ,Cap—D.d yu | (17)
j=1 J=1 J=1 J=1
is a triangular fuzzy number too.

Thus the possibility that the capacity of the vehicle is sufficient to serve all
demands 5k on tour k is equal to

N
1 Cap> Zdjyjk,
j=1
N
Cap-> d;yu N
Pos (Serve l~)k)= ¥ = Zé_ijjk <Cap£2‘;’jyjka (18)
Z(dj _dj)ij A A
j=1
N
0 Cap< d ;v

J=1
The requirements for the necessity that the capacity is sufficient on tour £ is

N ~
Nec (Zdjyjk <Cap) > ﬂ} for k=1,...,N,

j=1

N
< Nec (Cap—Y.d;y; 20)>f for k=1..,N. (19)
j=1
It can be calculated similarly to
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N _
! Cap>3 d;yy,
=1

N
Cap_zdjy./k N N
Nec (Serveﬁk)z N = a?jyjk<capgzdjyjk: (20)
> —dpyy !
j=1

N
0 Cap<Zdjyjk.
J=1

For every possibility and associated necessity measure and every set
A c X the following implication is satisfied [13]

Pos(4)<1= Nec(A4)=0.

The consequence for our application is that it is more demanding to request
the necessity to be greater than 0 than to request the possibility to be less or equal
to 1. For ¢ >0 we can model the following constraints as crisp equivalents for
the fuzzy constraint (9):

Pos (Serveﬁk) <o

N
dad; +(1-a)d )y, <Cap, k=1,...K, ae(0,1] (21)
=

respectively for f>0.
Nec (Serveﬁk) <pe

N
Y (Bd;j+(1-p)d))y,; <Cap, k=1,. K, pe(0.1]. (22)
J=1

To solve this fuzzy mathematical programming model we suggest to deter-
mine the optimal solutions with respect to a given degree of possibility or even
stronger a given degree of necessity that the capacity is sufficient to meet the total
demand of the customers on each tour.

If the decision maker is not able or does not want to require in advance a cer-
tain degree of possibility or necessity for the demand served we suggest to give
him or her additional information about the dependencies between those values
and the minimal total distance the ships have to travel. On behalf of that first the
model (1) and (3) to (8) with constraint (21) is solved with «a € [0,1] parametri-
cally increasing from 0 to 1. Afterwards the second constraint (22) is included
into the model instead of (21). It is stronger than (21) for every £ > 0. Here too,
pe [0,1] is parametrically increased from 0 to 1. The parametrical modifications

for this integer linear programming model exact a lot of calculations. Therefore it
might be more efficient to calculate the maximal degree of possibility or necessity
each time an optimal solution has been determined for the model. The next opti-
mal solution can then be determined by improving this maximal degree by a small
proportion and including this new value into the constraint. The result is an over-
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view over all fuzzy efficient solutions with respect to minimal distance and
maximal possibility respective necessity meeting the fuzzy demand. A solution is
fuzzy efficient if it is not possible to improve one of the values without deteriorat-
ing some of other ones [22, 23].

3.2. EXAMPLE: TANKER ROUTING WITH FUZZY DEMANDS

For demonstration purposes we again consider the tanker problem above but now
the demands of the different ships are not exactly known. What the decision
maker gets is an order d which is not binding and he has some experience what
the demand might be. This is modeled using triangular fuzzy numbers

d= d, d ,d) . For the small example the following data are to be considered with
triangular fuzzy numbers for the uncertain demands.

Table 3. Uncertain demands

Ship No. 1 2 3 4 5
d 400 250 150 500 150
d 500 400 300 600 200
d 600 500 350 800 400

The crisp equivalent model for a requested possibility o =0.2 to serve the
demand is solved by using CPLEX. The optimal solution of the mixed integer
linear programming model are the two tours 0 —3 -2 -4 -0and0-1-5-0
with a total travel distance of 286.2.

Parametric optimization is applied first with constraint set (21) and parame-
ter a e [0,1] and afterwards with constraint set (22) and parameter f e [0,1]. This

will give a general idea of efficient solutions with respect to total distance trav-
eled and possibility or necessity to serve the demand. Solving the mixed integer
linear programming model yields the following results:

For the possibility a of serving the demand with 0 < <0.25 the optimal
routes are 0 —3 -2 -4 —-0and 0 — 1 — 5 — 0 with a total distance of 286.2.

For 0.25<a <1 the optimal total distance is 340.2 and the optimal routes
are 0 —2—-4-0and 0 —3 -1 -5 -0 . Now the decision maker can decide
whether he wants to accept the very small possibility 0.25 of meeting the demand
with a total distance of 286.2 compared to a distance of 340.2 and a possibility of
1 to meet the requirements.

The necessity to meet the demand with the above solution is 0. A higher
necessity can be obtained by the optimal routes 0 —5-1-0,0-4 -0 and
0 —3 —2 — 0 with a total distance of 402.3 and 3 tankers involved. This solution is
— besides symmetrical ones - the only one with necessity greater than 0. Its ne-
cessity to serve the demand is 1. Now the decision maker can decide which of
these three different solutions fits his or her preferences best.

Instead of parametrically varying degrees of possibility and necessity in the
mathematical model it can be more efficient to determine the respective degree of
possibility and necessity by calculations outside the mixed integer linear pro-
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gramming model (MILP). Starting with possibility 0 we get the optimal solution
of the MILP model. This solution contains optimal tours with their fuzzy de-
mands. Using this information the maximal possibility to meet the demand of this

solution can be calculated by using (21) resp. (22) to calculate Pos (Serve 5k)
resp. Nec (serve Bk) for each &k, k=1,...,K, and then -calculating

K ~
min Pos(ServeD, ).
=1

@ @ @ _

[® @ ha@

f B AN

Q} /-(3 \ \ (; \ |
A \ A
\\\ e \‘Na \\ \h
. W
\ \ltﬁ R \\::ﬁ
(_’1“)\?\: — lﬁ @ }{,\\“ LI T )\'-:::\-— S \

» @) _._: :‘_:-_____‘_{ﬁ) \6}-’ S (1)) (\%_ _ —— ©
0<a<0.25 0.25<a<l 0<pB<1, a=

Fig. 5. Optimal routes for different o resp. f

For this example with Pos (Serveﬁk) =0 the optimal routes are 0 —3 — 2 —
4-—0and 0 — 1 — 5 — 0 with fuzzy demands 51 =(900,1300,1650) and

52 =(550,700,1000) and min {0.25,1} =0,25. Then the MILP model is solved

again with « >0.25, e.g. @ =0.3. The results of both approaches are identical.
They are shown in fig. 6.

total
distance
1 Nec
4023 ]
Pos
34021 ) ]
286.2 f—1
1 ] | ]
I ] 1 g
Pos
as i N
0.25 0.5 0.75 1 Nec

Fig. 6. Dependency of total distance and possibility and necessity to serve the demand

4.1. FUZZY MULTI-CRITERIA APPROACH

In general the bunkering company is not only interested in the possibility or even
necessity of serving the demand but the company wants to sell as much fuel as
possible. Sales is restricted by the demand and by the capacity of the tanker for a
tour. A solution is preferable if the amount of the demand served is high. If the
demand is known in advance the capacity constraint (2) ensures that there is
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enough capacity for each tour to serve the entire demand and thus maximize sales.
In the fuzzy environment considered here it is also possible to serve the entire
demand. But here it means that so many tankers must travel so long distances that
their capacity is high enough to meet every possible demand even if the member-
ship degree is very low. Therefore these membership degrees have to be taken
into account too. To maximize sales in this fuzzy context means to determine and
maximize a fuzzy set which results from the fuzzy demand, the tour and the ca-
pacity of the tanker.

The fuzzy set sales S, « on tour k depends o the minimum of the demand 5k
and the capacity of the tanker. The membership function can be calculated

Hpy (x) x < Cap,
H, (x)=1<Pos (Sk > Cap) x =Cap,
0 x > Cap.

The membership function of the total demand to be served on all routes can
be calculated by extended addition of the fuzzy sales. For the extension principle
and extended operations see e.g. (Dubois and Prade, 1980; Zimmermann, 1992).

The fuzzy total sales depended on the routes is @’k(:] §k with

K
455, ()= sup min {#gk (x )}. (23)
> xp=z
k=1
There are rather many calculations to be done to determine this fuzzy set.

Therefore we suggest to use an easy to calculate defuzzification method. We sug-
gest to use

N N N ~
%min{zgjyjk,Cap}+%min{2djyjk,Cap}+%min{2djyjk,Cap}=DSk
=

J=1 J=1
(24)
. . L 5 K 5
to determine a crisp approximation DS, for the sales on tour &k and Z e DS, as

a crisp approximation of total sales.

4.2. EXAMPLE: MULTI-CRITERIA APPROACH

In the example for the routes 0 —3 -2 -4 —-0and 0 — 1 — 5 — 0 the demands on
the tours are as above and the capacity of each tanker is 1000. The membership
function of the fuzzy demand to occur and to be served on tour 1 that is the mem-
bership function of sales pg, is:

0 x <900,
1300=x 460 < x <1000,
ps () =1 400
] x =1000,
0 x>1000.
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It is shown in fig. 7.

M, L

F 3
IE X
0.75 4+
05 —+
025 + /(

: } .
200 1000 Sales

Fig. 7. Membership function of sales S 1

The fuzzy total sales for both routes is a fuzzy set with the membership func-
tion depicted in fig. 8.

,u A
1 —

0.25—+

1 | >

{ »
B total
1450 1587.5 1700 2000 gales

Fig. 8. Membership function of total sales

The crisp approximation of the total sales is

%(900 +1,000 +1,000) + %(550 +700 +1,000) ~ 1,717 .

4.3. FUZZY MULTI-CRITERIA MODEL

The fuzzy multi-criteria optimization model to be considered is

N N
min zl(x,y,u)zz Z

i=0 j=0

Ngle

cl-jxl-jk .

=
Il
ALK

K N
maxzz(x,y,u)=2min Zdjyjk,Cap , (25)
k=1 j=l

N
s.t. Pos Cap—Zdjyjk >0|2a k=1,..,N,
j=1

N ~
Nec|Cap->.d;y; 20|28 k=1,..,N.
Jj=1
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and constraints (3) to (8) x, y,u stand for the vectors of variables in this model.

min means the extended minimum of the two fuzzy sets 5k and Cap. The crisp

set Cap is considered as a fuzzy set with membership function 1cgp.

We suggest to use the interactive approach developed by Werners [21,22,23]
for the solution of this tanker problem with some modifications. Due to the fact
that objective function (25) and constraints (16) resp. (19) are not independent of
each other they should be handled differently and adequately. For (16) and (19)
the crisp equivalent models (21) and (22) are used.

The individual optimum of z! i.e. the minimal total distance should be de-

K N
termined so that at least the lower bound of the fuzzy demand ZZC_] iV ik is
k=1 j=1
served.
The individual optimum of the objective “minimal total distance” is the solu-
tion of the model

min

M=

N K
Z Zcijxijk ’

=0 k=1

il
o

N
st. ».d;y;<Cap k=1,....K (26)
j=l

and constraints (3) to (8).

The optimal solutions are x}jk, y1/~k and u}k, i,j=0,....,N, k=1,....K

1* 2

with zl(xl, yl,ul) =z given by the solution algorithm and zz(xl, yl,ul) =Zx
to be calculated using (24).

To determine the individual optimum of z? the crisp equivalent model (24)
instead of (25) is used. It is easy to prove that for demands d j» J=L.. N the

maximum of (24) cannot exceed %271 (d it d IE d ;) - In case that the number

of vehicles is not restricted and each single demand is less than the capacity then a
solution can be found which takes this value. So this individual optimum can be
calculated without solving a mixed integer linear programming problem. But in
general, there are several solutions which are not all fuzzy efficient. To determine

2, uz) have to be considered implic-

a fuzzy efficient solution all solutions (x2 , V
itly and that one with min z! (x2 , y2 u? )has to be found. Those (x2 , y2 ,uz)
which are optimal with respect to z? all satisfy constraint (22) with g =1.

Thus, a fuzzy efficient individual optimum z? can be ascertained by solving

N N K
min Z Z zciixiik )

i=0 j=0 k=1

N p—
st. > d;yy <Cap k=LK (27)
J=1
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and constraints (3) to (8).

The optimal solution is xz,yz,zz) with Zz(xz, yz, zz)zz

zl(xz,yz,uz)zzi.

Now individual optimal and pessimistic solutions can be used to model
membership functions for the two goals.

*
¥ and

1 zl(x,y,u)Szl*,
z4 _Zl(xayau) 1 1
oy ()= 2B ey <2 (28)
z Zy —Z
0 2 (x, y,u) > 24
and
1 zz(x,y,u)ZZz*,
2 2
(o ()= P2 2 < (29)
zZ T Zx
0 zz(x,y,u)Szf.

The first compromise model is

max A
st (zi — 2! )/1+ZZchijk_z*, (30)
i=0 j=0k=1
2 2% K 1 . N . ul 3
(zx —z )/1+Z— min Zd Y ji»Cap ¢ + min Zdjyjk,Cap +

i3 j=17J j=1

N —_—
+ min Zdjyjk,Cap > 27 3D

Jj=1

and constraints (3) to (8), 0 < A <1.

Constraints (16) and (19) can be omitted because they are implicitly con-
tained in (31).

One can get an equivalent linear model by substituting the following con-
straints for the nonlinear constraint (31).

K, el -
(zf—zz )A+Z§[t +tk+tkj223, (32)
~k

k=1

t
—k

p'%z

d k=1,.,K, (33)

I
—_

J

a? Vi k=LK, (34)

~ >
IA
Mz

~.
]
—

NI
INA
M=
m

Vi k=1..K, (35)

~.
I
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0<t it <Cap k=1,..,K. (36)

4.4. EXAMPLE: COMPROMISE SOLUTION

Considering the small tanker routing example the following table shows the indi-
vidual optimal solutions determined using models (1), (26), (3) to (8) for z!' and
(1), (27), (3) to (8) for z? . Both are efficient with respect to the two goals.

Table 4.Individual optimal and pessimistic solutions

Individual optimal routes ! z2
0-3-2-4-0 and 0-1-5-0 2 22862 22 =1,717
0-1-5-0 and 0-4-0 and 0-3-2-0 2l =4023 22 22367

This small example also demonstrates that the approach to calculate the in-

dividual optimum of z? straight forward is not appropriate. Maximizing the de-
fuzzified version of (25) subject to constraints (3) to (8) without taking into ac-
count the total distance leads to the following result. The optimal routes are 0 — 2
—5—-0and 0—-3—-1-0and 0 — 4 — 0 with identical possible sales of 2,367 but
longer total distance of 497,1.

The crisp compromise model is

max A
N
st 11614+ 2 Xjp <4023,
i=0 j=0 k=1
K
~6502+ - Yoo+, +8,)21717
k= 1

and constraints (33) to (36) and (3) to (8) and 0 < A < 1.
The optimal solution of the comprise model are the routes 0 —1-5-0, 0 —

3—-0and 0-2 -4 -0, the membership degree is 2~ 0,19 with 7' = 380,7 and
2
z° ~1,933.

The possibility to serve the demand is
1 and the necessity is 0. The advantage of
this solution is the higher possible sales
compared with the routes 0 -3 -2 —-4-0
and 0 — 1 — 5 — 0 and even compared with
0-2-4-0and 0-3-1-5-0 with
possible sales 1,816 and a lower total dis-
tance compared with0 —1-5-0,0-4 -
0 and 0 — 3 — 2 — 0. Here the decision
maker accepts the first compromise solu-
tion, which is shown in fig. 9.

Fig. 9. Compromise solution

62 ISSN 1681-6048 System Research & Information Technologies, 2009, Ne 1



Tanker routing problem with fuzzy demands of served ships

5. CONCLUDING REMARKS

In this paper a fuzzy multi-criteria programming model is developed to solve the
tanker routing problem with fuzzy demands. Using standard MILP software a
compromise solution is determined which takes into account several criteria. One
of the main advantages of this model is its generality. Additional aspects can be
included into the model appropriately. Exemplarily the model can be extended to
consider fuzzy distances between the ports. That can be necessary to model
weather conditions. In case that the number of ships to be served is rather large
then the model cannot be solved optimally and a heuristic has to be chosen. In
principle the well known heuristic approaches can be used. Additional research is
necessary to develop modifications which consider multiple criteria and find a
compromise solution very efficiently.
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MWMOBIPHICHE ITIPOTHO3YBAHHS ITPOILIECIB
OIHOYTBOPEHHSA HA ®OHIOBUX PUHKAX

ILI. BITIOK, A.B. PEJOPOB

3anponoHOBaHO JiBa THUIH MAaTEMAaTUYHUX MOJENei Ul NPOTHO3YBaHHS HPOLECIB
LiHOYTBOpeHHST Ha Gipxki. MMOBipHiCHA MOZeNTs y BHIISII AMHAMIYHOI Mepexi
Baiieca Ta aBTOperpeciiiHa MoJeNb € B3aEMHO JIONOBHIOIOUMMH, IO CHPHUSE MiABU-
LICHHIO SIKOCTI MPOTHO3Y 1 pillleHb 100 TOPrOBHX onepamiid Ha Oipxki. [loOymoBanHo
MOZEINb JUIs IIPOTHO3YBAHHS HECTAaHIAPTHHUX CUTYAIil.

BCTVYII

30ibIIeHHS YMCIa oreparii 3 0ip)kKoBUMH Ta OaHKIBCHBKMMH aKTHBaMU BHMAarae
MIBUTIICHHS SIKOCT1 OIIHOK MPOTHO3iB X BapTOCTI 3 METOIO 3MEHIIICHHS BTPAT Ta
miBUIIEHHS 00’€MiB MPUOYTKiB. 3aladya MPOTHO3YBAaHHS CTOCYETHCS SK PIBHIB
3MiHHUX, 1[0 XapaKTepU3YIOTh IIiHA aKTHBIB, TaK 1 MHOXKWHH BiIMOBiTHUX OipKO-
BHX 1HICKCIB, TPCH/IIB MPOIIECIB IIIHOYTBOPEHHS Ta TUCIIEPCil ITiH.

3amadi piHAHCOBOTO MOJEIIOBAHHS Ta MPOTHO3YBAHHS PO3TIIIAIOTHCS, 30K-
pema, B poborax [1 —11].

PoGorta [1] moenHye ocHOBH Teopii piHAHCIB Ta MaTeMaTH4HOi Teopii iX Mo-
JIEITFOBaHHS 3 METOO MOTJIHOICHOTO JOCITIKeHHS (hiHAHCOBUX MPOIIECiB, OILIHIO-
BaHHS ITPOTHO31B Ta YIIPABITIHHS.

Poboty [2] nmpucBsiueHO aHaNi3y Cy4acHHUX aJlallTUBHUX METOIIB KOPOTKO-
CTPOKOBOTO MPOTHO3YBaHHSI, Ki CTAIN MiAPYYHUM IHCTPYMEHTOM ]ISl IPOTHO3Y-
BaHHS (DOHIOBOrO PHHKY, (DIHAHCOBHX IOTOKIB Pi3HOI'O MPU3HAYEHHS, TEXHIKO-
€KOHOMIYHHMX XapaKTEPUCTHK TEXHOJOTIIHUX TPOIIECIB i TEXHIYHUX CHCTEM, aHa-
T3y SKOCTi Ha BUPOOHUIITBI.

V [3] naBeneHo moaudikoBany MeToauky bokca—/lxeHkinca moOymoBu pe-
rpeciiHUX MOJeNICH YacOBUX PSIIB, SIKY YCIIIIHO 3aCTOCOBAHO 10 MOCIIOBAHHS
Ta TPOTHO3yBaHHA (PIHAHCOBO-EKOHOMIYHHX TPOIIECIB, MOKA3HUKIB SIKOCTI TEX-
HOJIOT1YHHX MPOLECIB 1 T. iH.

VY [4, 5] po3msIIafOTHCS. MOKIIMBOCTI ITPOTHO3YBAHHS HEMHIMHIX JUHAMIY-
HUX MPOILECiB, y TOMY YHCII IIPOILECiB 13 3MIHHOIO AMCIEPCi€o (reTepocKe1acTu-
yHi niporecu). [1nis 1iel MeTH 3aCTOCOBYIOTHCS pErpeciiiHi METOAM, HEMPOHHI Me-
pexXi, METO MOMIOHMX TPAEKTOPIH.

VY [6] mochimKyeTbcs MOMKIMBICTh MPOTHO3YBAaHHS HECTA[IOHAPHUX MpoILie-
CIB 3a JIOITOMOTOI0 aJTOPUTMY KIIOHAIBHOTO BiZOOpY, SKHHA MPAKTHIHO HE 3aje-
JKUTh BiJl THITY HECTaI[IOHAPHOCTI Ta 30ypeHb, 10 JIFOTh HA TIPOIIeC.

VY [7] aHanmizyeThCsl 3aCTOCYBaHHs 00epHEHOT0 BifoOpaxkenHs Kacrenbxo B
HPOTHO3YIOUMX HEUITKUX HEHPOHHUX MOJAEISIX Ta HABEACHO NPHUKIAIN YCIIIIHO-
IO 3aCTOCYBaHHS JaHOTO METOIY /A0 KOPOTKOCTPOKOBOT'O TPOTHO3YBAaHHS HEINi-
HIHHUX BITHOCHO 3MIHHUX HECTAI[IOHAPHUX MPOIIECIB Pi3HOI MPUPOIH.

© I1.1. biowk, A.B. ®edopos, 2009
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VY [8, 9] 3amponoHOBaHO METOAMKY MOOYAOBH HMOBIpHICHHX Oal€CciBChKUX
Mepexx (MB) Ta aHami3yrOThCS MOXIIMBOCTI 11 3aCTOCYBaHHS J0O IPOTHO3YBaHHS
CTaHIB TpolieciB y 0i3Heci Ta ¢iHaHcax. [IporHo3, OTpUMaHUH 32 TAKUM METOJIOM,
€ UMOBIpHICHIM, TOOTO BH3Ha4Yae WMOBIPHICTH MOMAIaHHS 3HAYEHHS 3MIiHHOI y
JeSIKUH 1HTEepBaJL.

VY [10] po3mIsTHYTO MOKITMBOCTI BUKOPHCTAHHS TEOPii eKCTPEMAaTbHIX 3HAYCHD
JI0 pO3B’sA3aHHSA 3a/adi iX NporHo3yBaHHs. [le Takox HWMOBIpHICHUI METOJ, AKUN
TPYHTY€ThCS Ha OLIIHIOBaHHI MapaMeTpiB (MOMEHTIB) BiAMIOBIIHMX PO3MOALIIB.

PoGoty [11] mpucBsdeHo aHANi30B1 PO3MOILTIB, BIAMIHHUX BiJl HOPMAJIbHUX,
Ta MOXJIMBOCTEH 1X 3aCTOCYBAaHHSI IO OIIIHIOBAaHHS Ta MPOTHO3YBaHHS (iHAHCO-
BUX PHU3UKIB 3 BHKOpuUcTaHHsIM MeTomuk VaR ta CVaR. HaBemeno mpuxiamu
OLIIHIOBAaHHA XapPaKTEPHCTHK EJINTUYHUX PO3MOJiNIIB, MPUAHATHUX I OMHCY
IHBECTHIIIIfHUX MPOIIECIB.

INOCTAHOBKA 3AJIAYI

Jnst ekcriepuMEHTaIbHUX JaHWUX, MPEICTaBICHUX BUIAIKOBOIO TOCIiIOBHICTIO
{y(k)}, k=0,1,.., N i3 TOBUTBHHM PO3MOIIIOM, TOOYTyBaTH CTPYKTYpPYy ITUHAMI-
4yHOT iiMOBipHiCHOT MB y BHIIIsiII clipsIMOBaHOTO aluKiigyHoro rpada. Po3podurn
AITOPUTMH HaBYaHHS MEpexXi Ta GOpPMYyBaHHS CTAaTHCTHYHOTO BUCHOBKY Ha Horo
OCHOBI. 3aMpONOHYBAaTH METOIUKY OOYHCICHHS KOPOTKOCTPOKOBOIO WMOBIipHiC-
HOTO MPOTHO3Y PIiBHSA 1 IHCIIEPCii BUMAAKOBOI 3MIHHOI 3 IPHHHITHAMH CTaTHUCTH-
YHHMH XapaKTEPUCTHKAMH SKOCTI Ta BCTAHOBUTH MOXKIIUBOCTI HOTO BUKOPHCTaH-
HS TpH TPUHAHATTI pilleHp IMOJO TOPTiBIi aKTHBaMu Ha Oipxki. Buxonatn
arpo0artito po3podJIeHO1 MPoIeypr MPOTHO3YBAHHS Ha PEATbHUX CTATHCTHIHHX
naHuX (POHIOBUX OIpiK.

MNOBYJ1OBA MOJEJII TIPOLHECY

Mojens BUNAAKOBOTO Mpoliecy OyayeMO Y BUTJISII CIPSIMOBAHOTO alMKIIYHOTO
rpada. g dopmMyBaHHS TPHYNHHO-HACTITKOBUX 3B’ SI3KiB MK 3MIHHUMH MO>KHA
CKOpHCTATHCSl B3a€EMHOIO iH(popMalliero a00 BUOIPKOBUMH KOPEISIIHHUME QYHK-
IiIMU, K1 JIETKO OOYMCIUTH IIPU HASBHOCTI CTATHCTUYHUX JTAaHUX.

Taxk, s BU3HAYeHHS HEOOXIHOCTI BKJIFOUEHHS y PIBHSHHS perpecii aBTo-
perpeciiiHoi CKJIaloBOI HEOOXITHO OOYMCIMTH Ta MOCHTIIATH aBTOKOPEIAIiNHY
¢dynkmito 3MinHOl y(k). Ilopsimox aBTOperpecii BU3HA4Ya€THCSA 3a JTOTIOMOTOIO
aBTOKOpeIAiHHOT (QyHKIT, YiciIo KoedillieHTiB AKOi, 10 BiIMIHHI BiJ HYJIS B
CTAaTUCTUIHOMY PO3YyMiHHI, 1 OyJIe TOPSAIKOM aBTOperpecii.

Koedimieatn BubipkoBoi aBToKOpensamiiaoi GyHkii (AKD)

N
pR{GENI ECEDEY
_ _ k=s+1 _
ry(s)_ y(k)y(k=s) — N -1 > 0_)2} » S_172,35"-5
e 05 — BubipkoBa aucnepcis 3miaHOI y(k); Y — BubipkoBe cepenne; N —

noBxuHa BUOipku. Yuncio koediuientiB AK®D, BigMiHHUX Big HyJIS B CTaTUCTHY-
HOMY pO3yMiHHI, BKa3y€ Ha OIIHKY MOPSAIOKY aBTOPETrPeCiiiHOT YaCTHHUA MOJIENI.
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YTOYHUTH TOPSAIOK aBTOPETPECIHOT CKIaI0OBOI MOXHA 3a JOMOMOTOI0 Ya-
CTKOBOI aBTOKOpensAiiiHoil ¢pyHKii (HAKD)

s—1
P Ty _Z(Dsfl,jrsfj
r — N i=1
_ . _h=h .
@ =r); CD22_1—29®SS_ 1
—-n
1= @7
J=1

YAK® wuitkime BimoOpaxae mopsaok AP-mozeni 3aBAsSKd BiICYTHOCTI
BIUIUBY NPOMDKHHX KOe(]ili€HTiB Kopemnswii Ha BUOpaHi 3HaYCHHs 3MIHHOI, SIKi
3HaXOJIATHCS Ha BiZICTaHi OLIbIIE OTHOTO Mepioxy MucKpernsamnii BumipiB. ToOTo,
koediieHT @, XapakTepusye CTENiHb B3a€MO3B 3Ky MK CyCiAHIMM (B uaci)
3HAaYEHHSIMHM 3MiHHOI, a @), — B3a€EMO3B’SI30K TIJILKM MK 3HAUEHHSIMH 3MiHHOI,
110 PO3/IiJIeH] B Yaci ABOMa MepioiaMy AUCKPETH3AIlil.

Jnst BU3HAYEHHS CTPYKTYpPH Me-
pexi po3paxoByemo YAK® i Bubupae-
MO 3MiHHi, CTEIiHb B32a€EMO3B’ 3Ky MiX
SKkuMHu  HanOinmema. Jlami  ¢opmyemo
MIPOCTY AMHAMIYHY Mepexy (puc. 1)

3minHa Y mnpuiiMae ogHe i3
3Ha4Ye€Hb MHOXHWHU CTaHiB M =

T
=[my,my,...,m; |, B€ my,My,..., N

— CTaHW 3MIiHHOI, [0 TPEICTaBISIIOTh

Puc. 1. TIpocta mepesxa, noOynoBaHa 3a COOOIO0 YMCIIOBI iHTepBanu BUIY [a,b],
nornomororo YAK®

ne a,beR.

st Toro mo6 3HANTH OLIHKY MPOTHO3Y, HEOOXiAHO BUSHAYUTH HMOBIpHICTH

ply(k)y=m; , y(k=s))=m,...y(k—s)=m;]=

= pLyk)=my | y(k —s5,) = my oo y(k —5) = m1;] .

Maemo BekTop iMoBipHOCcTel p . [Ipu mpomMy mporHozom Oyjae 3HaUCHHS
m (i), AKe BiANOBiJAa€ HAMOINBIIOMY EIEMEHTY B P .
MuoxuHa M GOpMy€eThCS HACTYITHUM YHHOM:

1. 3 BXinHOi mociigoBHOCTI nanux X YTBOPIOEThCA HOBMIA yacoBMil psf
Pi3HUIL

y(k) = x(k)—x(k=1). 6]
2. Po3paxoBy€eThCs KPOK pO3OUTTS Ha iHTEpBAU
q .
| Y@
stepz—"1| | , )
ky(qg=1)
Je g — HOBXKHHA psfty; k, — KoedilieHT pO3OHTTS, SKHil BIUIMBAE Ha JOB-

KHHY IHTepBaly, a, OTXKE, 1 Ha KUIbKICTh CTaHIB. 3Ha4eHHs Kk, BHOMpa€eThCS

AHAJIITUKOM Y BiJIIOBITHOCTI JI0 KOHKPETHOI 3aj1adi.
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3. 3nilicHIOETHCS pO3OUTTS Ha IHTEpBAIU  17;

[ min y(k)+istep, min y(k)+ (i +1)step].

[Ticnst moOymoBM Mepexi Ta BH3HAUEHHS MHOXXHHHM CTaHIB BHUKOHYETHCS
HaBYAHHS MEPEKi Ta MPOTrHO3YBAHHS 3a OJIHIEIO 13 CXeM, MTOKa3aHuX Ha puc. 2 i 3.

Hapuanpaa Hasuanpaa Hapuanpaa
BHOIpKa 3 BUOIpKa 3 BHOIpKa 3
N=l...n N=2..n+l N=i..n+i—-1

3HAYCHb 3HA4YCHb 3HAYCHb
> > —>

Buxonanus Buxonanus Buxonanus
MIPOTHO3Y MIPOTHO3Y MIPOTHO3Y
Ha (n+1) Ha (n+2) Ha (n+1)

KpPOK KpOK KpPOK
Puc. 2. CtpykTypHa cxeMa IpOTHO3YBaHHS METOIOM «BiKHa)
Hapuansaa Haguansna Hapuanbna
BHOIpKa 3 BHOIpKa 3 BHOIpKa 3
N=1...n N=1...n+1 N=1...n+i-1
3HAYCHD 3HAYCHb 3HAYCHb
> > —>
Buxonanus Buxonanns Buxonanus
MIPOTHO3Y MIPOTHO3Y MIPOTHO3Y
Ha (n+1) Ha (n+2) Ha (n+1)
KpOK KpOK KpOK

Puc.3. CtpykTypHa cxema MporHo3yBaHHS METOJIOM «HAKOMTUYECHHS»

Mpukaax Ne 1 (puc. 4). Posrisaemo gacoBuit psin i3 1667 3HaueHb, eie-

1

1

400

200+

0oo 4

200 4

600 4

2004

P

i

T
250

T T
400 750

T T T
1000 1250 1500 %

Puc. 4. 3mina B yaci ingekcy [IOTC Ykpainu

68

MEHTaMH SIKOTO € 3Ha-
yeHHst iHgekcy [1DTC
(ITepmra ®onnmosa Top-
roBenbHa Cucrema) —
HahOuTbIIa Oipka IliH-
HUX TanepiB YKpaiHu.
OO0poOuBIIM  cTa-
TUCTUYHI IaHl IHIAKA-
TopoM peHko (Renko)
(BUCOTa OJIOKY B PEHKO
JOpiBHIOE 5), OTpUMa-
emo BuOipky r(k) i3
3HAYCHb JIOKAJIbHHUX
MaKCUMyMiB Ta MiHi-
MyMmiB (78 enemeHTiB).
3acTocyemMo I TIPO-
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THO3YBaHHS crodatky baiieciB mimxinx. Ha ocHoBi ananizy HAK® BkirogaeMo y
Mmepexy 1-it enement. HaBuanbHa Bubipka (po3mip KOB3HOTO BiKHA) CKJIaJa€ThCs
3 50 3Ha4eHb, TecToBa — 3 28, KoedimieHT po3ouTTss — 1. [licisa po30uTTs oTpu-

MAa€EMO TaKy MHOXUHY CTaHiB:

0O NN kWD —= O

[—-12 —9,1578947368421 ]
[—9,1578947368421 —6,3157894736842 ]
[-6,3157894736842 —3,4736842105263 ]
[—3,4736842105263 —0,6315789473682 ]
[-0,6315789473684 2,21052631578947 ]

[ 2,21052631578947
[ 5,05263157894737
[ 7,89473684210526
[ 10,7368421052632

5,05263157894737 ]
7,89473684210526 ]
10,7368421052632 ]
13,5789473684211 ]

TouHu TPOrHo3 crany cucreMu orpuManu y 71,43% Bumaakis.
b
Tenep cnporHo3yeMo 3Ha4eHHS 1HOEKCY, BUKOPHUCTOBYIOUH MOJIEJi aBTOpe-
rpecii. YAK® psiny nanux mis y(k) mokasye, o MoJebh IIOBUHHA MAaTH JAPyTUN

HOPSIIOK 110 aBTOperpecii
y(k)=ay +ay y(k =1)+a; y(k =2)+&(k) ,
ne (k) — BUMangKoOBUH Mpollec, SKUH BpaxOBY€E BILIMB BUIIAKOBHX 30ypEeHb Ha

y(k) , HeBpaxoBaHi 3MiHHI Ta iHIII MOXIIMBI HETaTUBHI BILTHBH. [lo0yn0BaHa Mo-
JieNTb Ma€ Taki OCHOBHI CTaTUCTUYHI XapaKTEPUCTUKHU SKOCTI:

R?=0,96; SSE=304906,5; AIC=11,21; DW =1,74,

e R? — koedimieHt nerepminaiii; SSE — cyma kBajpaTiB mOXHOOK MOJIENI;
AIC — indopmariiinuii kputepiii Axaiike; DW — cratuctuka JlapOina—
Yorcona. Bci xapakrepucTHky 3a10BiUIbHI. CTaTHCTHYHI XapaKTEPUCTHKH SKOCTI
OJTHOKPOKOBOT'O (1CTOPHYHOT0) MPOTHO3Y

CKII=116,43; CAII=93,58; CAIlll=18,39%; U =0,07,

ne CKIT — cepennpokBaapatuyHa nmoxudka; CAIl — cepeanst abCoOMOTHA TOXU-
oka; CAIIIl — cepenns abcomoTHa moxuoOKa B mporeHTax; U — koedimieHT
Teiina.

SAxmo BriounTy B piBHAHHS AP(2) TpeHIOBY CKJIaOBY JAPYTroOTo MOPSIIKY,
TO MO/ieTh Oy/ie MaTH TaKi XapaKTEePUCTUKU:

R?=0,96; SSE=304396,2; AIC=11,2; DW=1,74,
a OJIHOKPOKOBHI IPOTHO3 —
CKII =109,66; CAII=86,36; CAIlll=17,74%; U =0,066.
Bximouenns y piBHsiHHS AP(2) TpeHIOBOI CKIIa0BOI TPETHOTO MOPSAKY A€
R?=097; SSE=2796542; AIC=11,18; DW=1,72.

XapakTepuUCTHUKH OJJHOKPOKOBOTO MPOTHO3Y JUIA ITi€l MOaeTi
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CKII=81,74; CAIl=62,25; CAIIll=12,84%; U =0,048.

BuminuMo moxuOKu OCTaHHBOT MOJENI B OKPEMHU Psii 1 BKIOYHUMO B MO-
JIelTb aBToperpecii 3 KOB3HUM CEPEIHIM MEpIIOro MOpsAKY HOBOro psay. Otpu-
MAEMO XapaKTEPUCTHKH

2-097; SSE=2758839; AIC=11,2; DW=1,73.
XapaKkTepUCTHKHA OJJTHOKPOKOBOI'O IIPOTHO3Y MOJIENi, ONMCaH] BULIE,
CKII=74,17; CAIl=57,44; CAIIlI=11,9%; U =0,044.

TakuM 4MHOM, BBEACHHS B MOJICNIb KOB3HOTO CEPEIHBOIO JaJ0 MOXKIUBICTh
HOKPAIIUTH SKICTh IIPOTHO3Y.

pukaax Ne 2. PosrissHeMo mporiec (GopMyBaHHS ITPOMHCIOBOTO 1HIEKCY
Moy [Jxonca. Ile iHaukaTop (OHIOBOIO PUHKY, IO MPEACTaBISIE COOOI0 cepe-
Hill MOKa3HUK 3MiHU KypCY aKuiil rpymnu, ska MicTuTh 30 HaOLIBIINX aMepHKaH-
CHKHX TIPOMHUCIIOBHX KOMIAaHii. A caMme: 3HAYCHHS I[iH 3aKPUTTS 10 BiIOMHUX II0-
nii B CIIA y Bepecni 2001 p. (puc. 5).

[Ticnsa 06poOku inaukaTopoMm ZigZag (mapamerpu oOpodku: ExtDepth=20,
ExtDeviation=5, ExtBackstep=3) orpumanu Bubipku: z(k) — 271 (3HaueHHs

JOKATbHUX MIHIMYMIB i MakCUMyMiB iHAuKaTopa) Ta zd(k) — 270 (KUTbKiCTh

IHIB MK 3HaYCHHSMH iHAMKaTopa). Hama mMeTa B JaHOMY BHIIQJKy — CIIPOTHO-
3yBaTu mo4aTok (001acTp) riodanpHOTO NMaAiHHA iHAeKcy 1o 11 Bepecus 2001 p.,
BUKOPHUCTOBYIOUH T HaBdaHHA gaHi 3 1971.08.10 mo 2001.03.22. Bxtogaemo y
Mepexy MepLIid eleMeHT (puc. 6).

' \.M

§-11421.9
§-11220.5
§-11|:|19.1
5-1031?.5

ifiosiez

\ m ' 0
H\“ -

faan1.29

v alaasEs

Lk agas.al

11 Sep 2000 16 Nov 2000 29 Jan 2001

Puc. 5. ®opmysanns ingekcy oy Jxonca y 2000-2001 pp.

Hapuansna BuGipka mist mporaody z(k) ckmamae 100 3HadeHb, TecTOBA —
171, xoedirtient po3outts — 0,2.
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[Ticnst po30UTTSI MaEMO TaKy MHOKHHY CTaHIB:

0 [-2296,7 ~656,17962962963]
1 [-656,17962962963 984,34074074074]

2 [984,34074074074 2624,86111111111]
3 [2624,86111111111 4265,38148148148]

To4Hi OWIHKKM TPOTHO3Y CTaHy CHUCTeMH OTpuMmano y 81,66% Bumaakis.
IIporHO3 Ha HACTYITHUN KPOK: 3HAYCHHS iHAMKaTOpa Oyje 3HAXOAWTHCS B IHTEp-
Baii [10031,34; 11672,46] 3 tiMOBipHiC-
TI0 68,42%. ToOTO OKpeciieHo 001acTh,
B fAKill i3 3a3HaYEHOI0 WMOBIPHICTIO BijI-
OyneThbcsl maaiHAsg. Bu3HaunMo KidbKiCTh
JIHIB, KOJIHM BIIOyAEThCA (OpPMyBaHHS
Puc. 6. Mepeixa, siKa ONUCY€E IMHAMIKY  JIOKAJILHOTO MaKCHMyMy iHJMKaTopa 3
3HAYCHb IH/IMKATOPIB TIEBHOIO HMOBIPHICTIO.

HaBuanbna Bubipka aiist npornosy zd (k) cxmagae 100 3HaueHb, TecToBa —

170, xoediuient po3outra — 0,4. Ilicis po30UTTS MaEMO TaKy MHOYKHHY CTaHiB:

0 [123 ~60,973977695167]
1 [-60,973977695167  1,05204460966542]
2 [1,05204460966542  63,0780669144981]
3 [63,0780669144981  125,104089219331]
4 [125,104089219331  187,130111524164]

Y 65,08% TOYHO CHPOTHO30BAaHO CTaH CHCTEMH, TOOTO IHTEpBAN, B SKHIA
MOTA/Ia€ 3HAYCHHS 3MIHHOT cTaHy. [IporHo3 Ha HACTYNMHHMH KPOK: KUIBKICTh JTHIB
(iHTEpBaII, IPOTATOM SKOTO BiIOYIETHCS 3MiHA HANpsAMy TpeHAy) Oyiae 3HaXOmu-
THCS B MPOMIXKY [3; 53] 3 imoBipHicTio 78,57% (puc. 7).

F 113507

Flioss.z

| 10825.9

| 105552

F10292.9

'
Tee - - -

9759.90

| 9497.50

F 923510

F #964.50

Farnz.1n

T T T T _ 3429.70
26 Drec 2000 12 Feb 2001 200103 26 00:00 2001.06.08

Puc. 7. IIporHo3yBaHHA iHTEpBaITy, Ha IPOTS3i AKOTO BiAOYIETHCA 3MiHA HATIPAMY TPEHLIY
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[IpsMokyTHUK — 00JIacTh 3MiHU TpeHay. TakuM YUHOM, HaM BJIATIOCS CIIPO-
THO3yBaTH 00JacTh (ITOYATOK) MadiHH iHAEKCY (pHcC. 8).

115227

112041
10878 5

Wl e
v,
i

102183

100219

9289.74

-
hﬂ i

8423643

90783

o922

7702000 §Aug2001 30 Aug 2001

11 2000 & Feb 2001 EUEEE 16 Apr 2001 0010608 000 §

Puc. 8. Criporao3oBana 061acTb nagiHHA 1HIEKCY

ToOTO 3 TOCHTh BUCOKOI MMOBIpHICTIO ( p~ 68,42%) Baanocs CIpPOrHO3Y-

BaTH iHTEpBaJI 3MiHH TPEH/AY Ta KiUIbKICTh THIB, HA MPOTS3i IKUX 3MIHUTHCS TPEH]
(p= 78,57%) nanepenoani Tepakry 11 Bepecus 2001 p.

BUCHOBKH

[ToOynoBaHO MMOBiIpHICHI MaTeMaTH4YHI MOJENi MPOLECY WiHOYTBOPEHHS ISl iH-
nekciB [IOTC Ykpainu ta JJoy /koHca Ha BUOpaHuX 4acoBuX iHTepBasiax. Kpa-
IIOI0 MOJIEIUTIO JIJIsl KOPOTKOCTPOKOBOTO TIPOTHO3YBAHHS BUSIBHIIACS HMOBIpHICHA
MOJeNTb Ha OCHOBI JuHaMiuHOi Mepexi balieca Ta Monens aBTOperpecii 3 KOB3HUM
cepennim nepmoro nopsaaky (CAIIN=11,9%). 1li Mmomeni € B3aEMHO JTOTIOBHIOO-
YUMH, OCKUTBKA KOKHA 3 HUX Hece Pi3Hy iH(QOpMAIi0 MO0 OIiHKKA MPOTHO3Y
npo1ecy.

BcranoBneno, 1mo 3acTocyBaHHS HMOBIpHICHOT MO Ta€ MOXKIIUBICTD Tij-
BUIIHUTHU SKICTh KOPOTKOCTPOKOBOTO TPOTHO3Y CKJIAJTHOTO CTOXAaCTHYHOTO IPOIIe-
Cy UiHOYTBOpeHHs. Lle MOXHa MOSCHUTH MOXKIIMBICTIO BPaxOBYBaTH HEBHU3HAYE-
HOCTI pi3HOTO XapakTepy.

3acTocyBaHHS IMOBIpHICHOTO Mixxoay 1o aHanizy iHnekcy Hoy [xonca na-
JI0 MOXKJIMBICTH CIIPOTHO3YBATH TAMiHHS 3HAYEHHS ITHOTO 1HAEKCY HaIlepeIOIHi
moniii 11 Bepecas 2001 p. B CILIA. CnporHo3oBano obnacte Horo naminas. Lle
CBIJJYUTH MPO MOXKIUBOCTI 3aCTOCYBAaHHS WMOBIPHICHUX MIJXOJIB 0 HPOTHO3Y-
BaHHS ITOTAHO MTPOTHO30BAaHUX HECTAI[IOHAPHUX IPOIIECIiB HA KiJbKa MEpPioiB Ha-
nepe.
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VY nopanbmmux JOCHIIKEHHAX BCl OTpUMaHi OL[IHKH MPOTHO31B OYAyTh BHKO-
puCTaHi TpH MOOYIOBI TIPABMJI TOPTiBIi Ha OipXKi, a TAaKOX MPUHHATTI PIlICHb
I0ZI0 MEHE/DKMEHTY HEeCTaHIapTHUX cutyarii. [lepenbadaeTbcss KOMOIHYBaHHS
OLIIHOK, OTPUMAaHHUX 32 PI3HUMH METOJaMH, IO CIPUSE MiJBUILEHHIO SKOCTI IPO-
THO3Y.
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MOJEJIb HABYAJIBHOI'O WEB-KOHTEHTY TREE-NET K
OCHOBA 1151 IHTEI'PALIIl KEPYBAHHS 3HAHHSMM 1
BE3IIEPEPBHUM HABYAHHAM

C.B. TUTEHKO, O.0. 'ATAPIH

OnucaHo iepapXidHO-MepeKeBy Mojelb HaBdanbHoro Web-kourenty Tree-Net mist
HiITPUMKH Oe3nepepBHOr0 HaBYaHHS Ha OCHOBI YIPAaBIIiHHS 3HAHHAMU. Po3risHyTo
iepapxiuHi, OiHapHi 1 TPyNOBi 3B 3KH MK €JIeMEHTaMH KOHTEHTY, AKi CIIyXKaTh JJIs
HOr0 CTPYKTYpPYBaHHS 1 KaTajoriamii, a Tako)X peaii3alii IMOBTOPHOI'O BHUKOPHC-
TaHHS, MOIIYKYy TEeMaTHYHO-AaCOI[IaTHBHOTO KOHTEHTY 1 MOOYIOBH NEPCOHAIBHOTO
HaBYAJHHOTO CEPEOBHIIIA.

BCTVYII

VYxpaina cToiTe nepen HEOOXiIHICTIO BIPOBAKEHHS 1 MIATPUMKH OCBITHIX HpO-
IIECiB 32 MPUHIMIIOM «HAaBYaHHS BIPOJOBXK YCHOTO XHUTT». B ymoBax «iHhop-
MaliiHOro BHOYXY» 1 OypXJIHMBOTO PO3BUTKY iH(OpMaUiiHUX TEXHOJOTiH, KOJIU
MIOPIYHUHN MPHUPICT 3HAHB ckianae 4—6%, a daxisens orpumye 10 50% 3HaHB Ti-
CIIsl 3aKiHYEHHs HAaBYAJBHOTO 3aKknany i maibke 30% cBoro poboyoro yacy my-
CHUTh BUTpAyYaTH Ha TOHOBJICHHsS MpodeciiHuX 3HaHb [1], mUTaHHA TOOYIOBH
e(eKTUBHUX CHUCTEM MiATPUMKH Oe3nepepeHozo, a TaKOoXK KOPHOPaTHBHOTO Ha-
BUaHHS HaOyBae ocoOamBOi Barn. HaliBUImMM KarriTaaoMm OyIIb-sIKOi OpraHi3ariii €
i1 criBpOOITHUKH, a X 0OCOOMCTHIT PO3BUTOK 1 IHTENEKT — HAHBHUILOIO TEXHOJOTI-
€10. Benmmka yBara ocTaHHIM 9acoM MPUAUISETHCS TEXHOJOTISIM KepYy8aHHA 3HAH-
usamu (K3) opranizanii y koHtekcti HaBuaHHs [2, 3]. 3HaHHS opraHizauii — 1e
pisHOMaHITHA iH(pOpMaIlis, HeoOXiaHa IS MIATPUMKHA OCHOBHHX Oi3HEC-TIPOIICCiB
Ha BHCOKOMY piBHI, a TakoX Ui aJe€KBaTHOTO pearyBaHHS Ha Pi3HOMaHiTHI
BB [4]. K3 dokycyerbest Ha ToMy, SIK OpraHi3ailis BU3HA4Ya€, CTBOPIOE, 3110-
OyBae, pO3MOJIISE 1 3aCTOCOBYE 3HAHHSI.

Sk xopropaTiBHE HaBYaHHSA, Tak i K3 MaroTh cripaBy 3 0OMiHOM 3HAHHSAMU i
CTBOPEHHSIM CITIBTOBApHUCTB, B SIKUX PO3MOBCIOMXKYIOTHCS 3HaHHA. JlucTaHmiliHe
HaBYaHHS B KOHTEKCTi Oe3rmepepBHOi ocBiTH 1 K3 OepyTh CBiif mo4aTok Bij ogHA-
KOBHX 33/1a4: HaBYaHHS Ta MOKpAIeHHS 31aTHOCTI BUKOHYBAaTH poOoUi 3aBIaHHS,
npuiiMati ¢(hEeKTUBHI PIIICHHS Ta MO3UTHBHO BIUIMBATH HA HABKOJWIIHE CITiB-
ToBapucTBO. [lomykn nUIsAxiB cuHTE3y 000X MpoleciB HA0YBAIOTh 3HAYYIIOCTI i
MaroTh TOTEHITIa] ONTHMI3allii MPOoIeCiB, OB’ I3aHUX 13 3HAHHAMU, SKi THTETPY-
OTh 3amaui K3 1 HaBuaHHS.

He 3Baxarouu Ha CIiJIbHI PUCH, AMCTAHIIIHE HABYaHHS y paMKax MiAXOJIiB
Ha 0a3i ki1acuyHuX cucteM nuctanniiHoro HaByanHus (CIH) i K3 marote xapak-
TEpHi BIIMIHHOCTI Y BUKOPUCTaHHI 1 CTaBII€HHI 10 3HaHb Y nuX obnactsax. K3 Ho-
CUTh TUHAMIYHHM XapakTep, MOJa€ aKTyalbHI Y dYaci 3HAHHSI, MPOTE YacoM IIi
3HaHHsS HE JOCTAaTHHO AOOpEe CTPYKTYpOBaHi i HE MiAXOIATH AJS MOBHOLIHHOTO
0e3nocepeTHLOT0 BUKOPUCTAHHS y HaBYaIbHHUX Kypcax. HaToMicTh mucraHIifine
HaBUYaHHSA (OKYCYETHCS Ha TOJAHHI OIpaIbOBaHUX 1 M0Ope CTPYKTYpPOBaHHUX
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3HaHb 3a JOMIOMOTOI0 HABYAIBHMX IUIAHIB, SIKI 9aCTO HOCATH CTAaTUYHHUI Xapak-
Tep. Alle Taki 3HAHHSA YacOM BTPAvarOTh CBIXKICTh 1 aKTyaJdbHICThH, XapaKTEepPHY
s 3aaad K3. ToMy apxiTekTypa KIaCHYHHMX CHUCTEM IUCTAHIIMHOTO HaBYAHHS
MOTaHO 33/I0BOJIbHSIE BUMOrH 1o mpoueciB K3. Taki npoBinHi cucreMu AuCTaH-
uititHoro HaByanHs, sk WebCT i Blackboard, ctBopeni y Oinbmiii Mipi ans mia-
TPUMKH ayIATOPHOI MISITLHOCTI, aHDK IS HE3aJSKHHUX JTOCHTIKEeHb a0 caMoHa-
BuUaHHA [2].

Excnepru K3, 3a3Havatoun HeeeKTHBHICTh CTAaHOAPTHHUX PIlIEHb CHCTEM
nmucTaHIiHoro HaBuauHs it K3 [2, 3, 5], pekoMeHIyI0Th aKTUBHO 30araqyBaTh
i CHCTEMH BHKOHAHHSM JEsSKHX 3afad. 3a3HauuMO JOJAaTKOBI BHMOTH JIO
¢ynkuionansHocti CIH y konTekcTi K3.

1. Excrieptn opranizaiii HOBHHHI OyTH OUTBIN «BUAMMHUMINY OIWH JJIST OTHO-
T0, MTPUMYIOUH EKCIIEPTHI CIIBTOBAPHCTBA JUII OOMIHY 3HAHHSMH 1 JJOCBIIOM.

2. 3acTOCOBYBAaTH MOJAENI KOMIIETEHLIH 1 MpodisiB cremiamicTiB s yao-
CKOHaJICHHS HABYAJIBHUX IPOIIECIB Ta CIIiBPOOITHUIITBA.

3. €aHaTH HAaBYAIBHI Marepiaim 3 pealbHUMH i aKTyaIbHUMH CXOBHIIAMHU
3HaHb.

4. IlinTprMyBaTH €KCIIEPTHI CITIBTOBAPUCTBA Y CTBOPEHHI SKICHUX HaBYaJIh-
HUX 00’ €KTIB.

Crin BUIUIMTH TakoX MpoOJeMH, XapaKTepHI Ui 3aCTOCYBaHHS ITiIXOJIB
K3 1o opranizaiii HaBYaHHSI.

1. CtpykTypyBaHHs 3HaHb cucTeMu K3 mis 3a0e3redeHHs moaanbIioi MoX-
JIMBOCTI iX BUKOPUCTaHHsI Y HABYAJIbHUX [IIAX B PAMKaxX HAaBYAIBHUX MPOTPaM.

2. leneparnis HaBYANTBHUX KYpCIiB 1 EPCOHATBLHUX HABYAJIBLHHUX CEPEIOBHUIIL
Ha OCHOBI pecypciB cuctemu K3.

JominmeHnM i pearizariii cuaTe3y K3 i 6e3nepepBHOTO HAaBYaHHS € 3aCTO-
CyBaHHS KOHIICMIIil, y sIKii KepyBaHHS 3HAHHSAMH BiJirpa€ pojb CXOBHIIA, a0o
peno3uTapito, a HaB4aJIbHUI TPOLIEC € MPOLIECOM HOTO BUKOPUCTAHHS.

OCHOBHOIO CYTHICTIO, MaTepiajioM, skuM MaHinyroTs C/IH i cucremu K3
€ xoumenm. Ilin KoHTEHTOM (BiJ aHTI. content) MPUHHATO PO3YyMITH OYIb-sIKE
3MICTOBHE HANOBHEHHS iH(POPMALIHHOTO pecypcy — TeKCTH, rpadika, MyJIbTU-
Mmenia. Y Web-caiiTax Ui KiHIEBOrO KOPUCTyBaya KOHTEHT OPraHi3yeThCsl y BHU-
ISl CTOPIHOK 3ac00aMH TiMePTeKCTOBOT pO3MiTKU. BypxiuBuii po3BuTOK IHTEP-
HEeTy NpU3BIB A0 MHOSBU OaraTbOX NPOIPAMHHMX CHCTEM, SIKi aBTOMAaTH3YIOTh
KepyBaHHA iHpopmariero Web-caliTiB i 3aCTOCOBYIOTH Pi3HOMaHITHI METOJH Op-
ranizarii i HaBiramii Web-koHTeHTOM (KaTajorizaiis i pyOpHKalis KOHTEHTY Ta
TEXHOJIOT1] MITOK (TeriB), opraHizallisi MEHIO, pO3JIUTIB 1 MiApo3ainiB caiiTy). Taki
CUCTeMHU KepyBaHHs KOoHTeHToM, abo CMS (content management systems), mim-
pOKoO TpencTaBiieHi Ha puHKy. HaBuanbHuit Web-KOHTEHT — 116 KOHTEHT OCBIT-
HiX CaliTiB, MOPTANiB AUCTAHI[IHHOTO HABYAHHA Ta iHIINX [HTEepHET-cUCTeM, SIKUI
BUKOPHUCTOBYETBCS ISl Tiepeiadl 3HaHb KOpPUCTyBadaM. Y 3B’S3Ky 13 crenudid-
HUMHU OUAAKTHYHUMH 3aBraHHaMu C/IH mopaHHs HaBYaqbHOTO KOHTEHTY HE MO-
ke OyTH TIOBHICTIO 3a7i0BOJieHe 3BUYaiiHuMu CMS-cuctemamu. Y 3B’sI3Ky 3 UM
HaOyJIM MOIIMPEHHS CIIeLialibHI KJIACH CHUCTEM, SIKi BUKOPHUCTOBYIOTBCS JUIS KEpY-
BaHHS HaBYaJIBHUM KOHTEHTOM i oprasizauii HaBuaHHsI: CMS (courseware man-
agement systems) — kepyBaHHs1 Kypcamu, LMS (learning management systems)
— kepyBanHs HaBuaHHIM, LCMS (learning content management systems) — Ke-
pyBaHHS HaBYaIBHUM KOHTEHTOM, a Takok C/IH (tepmin CAH xapakTepHuil 1is
BITYM3HSIHHUX CHCTEM).
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Mozenb OCBITHBOTO IPOLIECY 38 BUMOTaMHU Oe3IepepBHOTO HaBYaHHS Ha Oa-
31 K3 moBuHHa MicTuTH erar moOyJ0BY 1 afanTUBHOI MiATPUMKH PEIEBAaHTHOTO
HaBYAJILHOrO Kypcy [6]. [TlinTpumMKy aganTHBHOCTI CJIiJl peayli3oByBaTH Ha OCHOBI
IHTENIEKTYyalIbHOCTI KOHTCHTY, sIKa 3aKJIaJIa€ThCs HA €Tami WOro CTBOpPEeHHS [7].
VY cBOrO Yepry, iHTEIeKTyalbHHH KOHTEHT MAa€ CTaTH IEHTPAIBHOIO CYTHICTIO
KepyBaHHS 3HAaHHAMH B KoHTeKcTi cuHTe3y CIH 1 K3.

Kiracnuni cucteMu nUCTaHIIHHOTO HaB9YaHHS, Taki sk Blackboard, Learning
Space, WebCT, Moodle Ta iH., He 3MaTHI 3a0€3MEYUTH ANANTUBHICTH MPOLECY
HaBUYaHHA, SIKa € OJHIEI0 3 KIIOYOBHX BUMOT Oe3nepepBHOi ocBiTH [6]. YV poboTax,
IO CTOCYIOTBCS IHTEJCKTYIbHUX 1 aJallTHBHUX HAaBYAILHUX CHCTEM, MPOTIOHY-
FOTBCSI PO3BUHEHI MOJIEN KOHTEHTY 1 mpeaMeTHoi obmacTti [8—10], ame He mpumi-
JSETBCSA AOCTAaTHBOI YBaru IMPOLECY YNPaBIiHHA KOPIOPAaTUBHUMH 3HAHHSAMU B
KOHTEKCTi 0e3nepepBHOro 1 mpodeciiiHo-OpieHTOBAHOTO HaBYaHHS [6], a TakoxK
NUTaHHSIM OCTAaHHIX TeHACHUiH y cdepi ynpasmiHHsI KoHTeHTOM Web-caiitis [11].
VY 3B’53Ky 3 IMM TIPOTIOHYETHCS MOJIETh KOHTEHTY SIK CKJIQJ0Ba iHTEIEeKTyaabHOI
cucremu OesnepepBHOro HaBuaHHs [12, 13]. ¥ moeqHaHHI 3 TAKUMH KOMITOHEH-
TaMU, K TOHATIHHO-TE3UCHA Mojenb [14], MOAENs KOHTPOJIO i JiarHOCTUKU
3HaHb 1 MOJIETIeH CTyICeHTa, NPOPECIHHINX KOMIETEHI[IH, OCBITHBOTO 3aIUTY, TIe-
JIarOTIYHOTO TIPOIIeCy, MOKJINKaHI 3a0e3MmednTH (YHKIIIOHYBaHHSI Web-cucteMu
0e3nepepBHOOT0 HABYAHHS 3a KOHIICTIIIEIO, B KM yHpaBIiHHS 3HAHHSAMH BiJi-
rpae poJib MiArOTOBKH PEMO3UTAPI0 ad0 nopmaiy 31Hanb, a OpraHisallisi HaBYaHHS
BiIOYBAETHCS HA OCHOBI TEXHOJIOTI BUKOPUCTAHHS IBOTO PETIO3UTAPII0 Y SKOCTI
2eHepamopa Kypcie i nepconanibHo20 Haguaruo2o cepedosunya [15].

INOCTAHOBKA 3AJIAYI

Po3pobka moneni Web-koHTEHTY, sika CTaHe MIAIPYHTIM JUIs OOY0BU aaarnTruB-
HOi cucTeMu Oe3IepepBHOIO HAaBYaHHS depe3 IHTepHeT y KOHTEKCTiI KepyBaHHS
3HaHHSIMHU. MoJie/ib TOBUHHA 33/10BOJIBHATH TaKi BUMOTHU:

e iepapxiyHe i OaraTopiBHEBE MOJAHHS BEIHKHUX 00’€MiB KOHTEHTY MO pi3-
HUM MPEMETHUM 00JIacTsIM;

® TATpHUMKA MDKIPEIMETHUX 1 PI3HOMaHITHUX BHYTPIITHBOIIPEIMETHHIX
3B’SI3KIB [60];

® HAasBHICTh IIUPOKHX MOMIIMBOCTEH Y TEMaTUYHOMY 1 aCOI[IaTUBHOMY TPY-
IIyBaHHIO TA COPTYBAaHHIO KOHTEHTY;

® MiITPUMKA EBOJIIOLIHHOTO PO3BUTKY OCBITHHOTO MOPTaly SK HEOOXigHA
CKJIaJioBa B YMOBax «iH(opMamiiHOTO BHOYXY», TOCTYMHICTb (PYHKIIOHAILHOCTI
HaBITh IPY YMOBI HETIOBHOTO onucy [6];

® [IOBTOPHE BUKOPHCTAHHS KOHTEHTY 1 OpraHizallisi HOBUX HaBYAJIbHUX Kyp-
CiB Ha OCHOBI iCHYIOYOI iH(pOpMAaIIii;

® IIiITPUMKA TPOLIECY YIPABIiHHS 3HAHHSIMH B TIpolieci Oe3rmepepBHOro Ha-
BYAHHS,;

e peaizallisi IMAPOKUX MOXKIMBOCTEH KepyBaHHS 1 Hapiramii Web-
KOHTEHTOM CYy4YacHHMX IiJIXOMIB 0 opraHizauii IHTepHeT-pecypciB, Takux SK Ka-
Tajorizaris i pyOpHKallisi KOHTEHTY, TeXHOJIOTii MITOK (TeTiB), OpTraHi3aiis MEHIO,
po3nimiB i mixpo3minis caity [11];

e iHTerpauis 3 iHIIMMH KOMIIOHEHTaMH PO3POOJIIOBAaHOT HABYAIBHOI CHCTeE-
MH, cepel SKHUX MOHATIHHO-Te3WCHa MOJAENb K MOHATIHHA CKJaloBa MOJIEIIO-
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BaHHS KOHTEHTY, a TAKOX MOJeNi KOHTPOJIO 1 NIarHOCTUKU 3HaHb, CTYICHTA,
npodeciitHIX KOMIIETEHIIiH, OCBITHBOTO 3aITUTY 1 Ilefaroriqnoro mpouecy [12].

OCHOBHI XAPAKTEPUCTHKH TREE-NET

Tree-Net — iepapxidHO-MepekeBa MOJIENb JaHUX, KA € OCHOBOIO JUIsi hopMalti-
3arii Ta CTpyKTypyBaHHS iH(MOpMAIIii OCBITHIX MOPTAIIB IJIs MATPUMKH Oe3Ie-
PEpBHOTO HaBYaHHS, SBIISE COOOIO CYKYIHICTH ABOX i€papXiuyHUX CTPYKTYp —
JlepeBa eJIeMeHTIB KOHTEHTY 1 iepeBa TeMaTU4IHUX Tpym (puc. 1). Mix enemenra-
MH KOHTEHTY MOXXYTh BCTaHOBJIIOBATHCH OiHApHI 3B’SI3KH, IO JO3BOJISE, OKPIM
iepapxii, MOB’s3aTH KOHTEHT y MEPEXy Ha OCHOBI acoI[iaTUBHOCTI. /lepeso KoH-
menmy BKa3zye Ha (i3MUHE pO3TAllyBaHHS KOHTEHTY, II€ OCHOBHA HaBiramiiHa
MOJIeNIb KOHTEHTY CaiTy. 3aBOaHHs Oepesa memMamuyHux epyn — TONATH iepap-
X110 TeM MmpeaMeTHUX objacted. EneMeHTH KOHTEHTY MOXYTh OyTH BiIHECEHI J0
onuiei un Oinpme TematnuHux Tpyn. Takum umHoM Tree-Net 3abe3meuye sk
3arajbHe CTPYKTypyBaHHS Web-KOHTEHTY OCBITHBOTO MOPTaly, TaK i MOAAHHS
HOro CEMaHTHKH, 3aBISKH MOJEITIOBAHHIO TIPEIMETHHX o0O0JacTei, 10
CIIY’KUTB IHTEJEKTyalli3allii HaB4aIbHOI CHCTEMH.
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IEPAPXIYHA CTPYKTYPA KOHTEHTY

Iepapxiuno-mepexeBa Monenb qaHux Tree-Net € OCHOBOIO (opmMaiizalii i cTpyk-

TypyBaHHs iHpopMarlii [HTepHeT-cucTeM, y TOMY YHCII JUIsl OCBITHIX IMOPTAIB.

OnummemMo iepapXidHy CKJIAIOBY CTPYKTYpH KOHTEHTY Tree-Net-momei.
HalinpocTiyuM eneMeHTOM KOHTEHTY € nooanHs (v; ), K€ BIANOBiIa€ OqHIN

Web-cropinmi caiity. 3ayBakumo, 1o 3aBgaHasIM Web-CTOpiHKH € TIOJJaHHS JI0-
TIYHO 3aBEPIICHOI MOPIIii KOHTSHTY 3 TOYKH 30pY ii CyTi, TOJI IK OCHOBHI HaJIaIl-
TYBaHHS Bi3yalbHOTO O(OPMIICHHSI 33Jaf0ThCs IEHTPAII30BAHO LIS YChOTO TIOP-
Tally 3a JOMOMOror BimmoBigHux Web-texHomnorii. MHOXXHWHa yCiX €lEeMEHTIB
KOHTCHTY

V={v;}, ne i=1...ny.

IepapxiuHa CTpyKTypa KOHTEHTY BHU3HAYA€TBHCS THUM, IIO KOXKEH €JIeMEHT
MOX€E MaTH JOYipHi €JIEMEHTH, 5IKi, B CBOIO Yepry, TaKOX MOXYTb MaTH JOYipHi
eJIEMEHTH, 1 TaK Jai.

Ch:v —2V.

MHouHa 0e3MmocepeIHIX JOUipPHIX EJIeMEHTIB I TaHOTO €JIEMEHTa KOHTE-
HTY @ TIO3HAYA€EThCS

Ch(a), aeV .

BignoBigHo 10 i€papXiqHOI CTPYKTYpH KOXEH €IEMEHT Ma€ OAWH OaTbKiB-
CBHKHH €JIEMEHT, 110 331a€ThCS BiJOOpaKEHHIM

FV-r.

[Ipn mpoMy y BepmuHI i€papXil 3HaAXOAUTHCS aOCTPAKTHUH €JIEMEHT
v =default. Takum ynHOM F(v) TO03HA4Yae OATHKIBCHKUH €IEMEHT IS €lIeMEHTA

KOHTEHTY V.

Mnoorcuna ycix enemenmis-nauaokie TAHOTO eEMEHTa e € V' aBIsie cO0010
MOCITITIOBHE O0’€MHAHHS MHOXKMH JOYIpHIX €JIEMEHTIB BINIMO TIO iepapXidHii
CTpyKTypi. J{11s1 BU3HAUCHHS eJIEMEeHTIiB-HalIa IKiB 3aCTOCOBYBATUMEMO OIIEpaTOp

Desc(e), ecV .

CEMAHTHUYHUM BJOK KOHTEHTY

CemaHTH4HI OJIOKM KOHTEHTY CIy’KaTh AJIsl OpraHisauii KOHTeHTYy OaraTompeamMe-
THOTO Web-moprany i € oTHUM i3 3ac00iB TPYITyBaHHS €JIEMEHTIB KOHTCHTY 3 Me-
TOI0O MOJETIOBaHHS pI3HOMAHITHUX TpeaMeTHUX obnacteld. Cemanmuynuil
610Kk — 11e MHOXKWHA €JIEMEHTIB KOHTEHTY, SIKi MalOTh JIOTIYHY 1 CTPYKTYpHY €1-
HICTh 1 €JJMHE JDKEPENIO MOXOPKEHHS, HAMPUKIAJ, OAHE aBTOPCTBO, i MOJAIOTh
omHy TeMy. Croau MOKHA BiIHECTH TOTOBI CTATHYHI KypCH, KOHTCHT SIKUX 3aBaH-
TaXeHO 10 cucreMu. Di3NYHO CEeMaHTUUHUM OJIOK KOHTEHTY € JESIKOIO TiIKOI0 Y
JepeBi KOHTEHTY. JInsi CTBOPEHHS HOBOTO CEMaHTHYHOTO OJIOKY €IeMEHT, SKHA
CTaHE HOro BEPIIMHOI, CHEIiaIbHUM YHMHOM IMO3HAYAEThCs K OJIOK, 1 TOmi yci
fioro Hamamku OyAyTh BIIHECEHI IO TaHOTO OJIOKY. Y TaKWi CIOCiO CTBOPIOETHCS
CEMaHTUYHMI OJOK Ha OCHOBI JIeSKOI TUIKA y 3arajlbHOMY JCpPEBi KOHTCHTY

(puc. 2).
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Defaml

Puc. 2. [Ipuknag ceMaHTUIHUX OJIOKIB

MHOXHHa €JIEeMEHTIB CEMaHTHYHOTO OJIOKY BH3HAUYAETHCS ONEpaTopoM
Desc(v), ne v — BepuinHa 010Ky y IepeBi KOHTEHTY.

BIHAPHI MEPEKEBI 3B’ SA3KU

MepexeBa CTPyKTypa KOHTEHTY IOJISITa€ y TOMY, IO KOXKEH EJEMEHT, OKpPIM
3B’SI3KIB i€papXii, MOKe MaTH JIOJaTKOBI 3B’ S3KH 13 iHIIMMHU eneMeHTamMu. CemaH-
THUYHA POJIb TAKUX MEPEKEBHUX 3B’S3KiB — BIJHOIICHHS acoliaTUBHOCTI. Takum
YUHOM, KOKCH €JIEMEHT Ma€ CYKyNHICTh TTOB’ I3aHUX 13 HUM eJeMeHTIB. Taka Mme-
peXeBa CTPYKTypa 3a7a€ThC BIAHOIICHHIM

NcVxV.

JlaHe BIiNHOIIEHHS 3aJa€TbCs KBAaAPATHOIO (ny X ny) MaTpuuero Nw=

=“nwl~j , PAIKA 1 CTOBMI $IKOi BiJIOBIJAalOTH €JIEMEHTaM KOHTEHTY. EnemeHT

mart I/ILIi nW;. — YHCIIOBE BHPAXKECHHS 3B’A3KYy EJIEMCHTIB Vv, Ta V.. HKH_IO
) ! J

3 , . . -
nw; =0, BBaXa€EMO, 1O 3B’5130K MiX V; 3 V; BiACYTHIH, a (v;,v;) &N .

Vi Vs Vj
Vi — nwiy nle
Vo) nWy — nWZj

Enement v Moxke Matu npsami, obepHeni 1 63aemui 3B’SI3KHA 3 THITUMU eJIe-
MeHTamu. [Ipy 1IbOMY B3a€MHHI 3B’SI30K MOXe OyTH cumempuunum. [lpsmuit
3B 30K €JIEMEHTIB V; Ta V; icHye, Ko (v;,v;)€ N . OGepHeHHH 3B’A30K LUX

€IIEMEHTIB iCHY€, Ko (v;,v; )€ N . B3aemHuil 38’530k eleMeHTiB v, Ta V; ic-
HY€, aKmo (v;,v;) € N & (v;,v; ) € N. B3aemHmii 3B’ 30K LIUX €JIEMEHTIB € CHMe-

TPUYHUM, FKIIO IEMEHTH NW; = Wy MaTpULl “nw i “ PpiBHI.
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Pi3Hi rpynu eneMeHTiB, 3 IKUMH €JIeMEHT V; OB’ s3aHuil, OyemMo o3Hayda-
TH TaKUM YHHOM:

e npsamuM 3B’s3koM N fromv(v, ) = {vi (v, € N} ;

o obepuernM N tov(v,)=1{v;:(v;,v;) e N};

e B3aeMHUM N comv(v, )= {vl- ((vi,vi)eN&(v,v;)e N};

o cumerpuarnM N symv(vy ) ={v; :(v;, v, ) € N & (v, v;) € N & nwy, =
=Wy } :

e yci noB’s3adi enemeHTd Nv(vy )= N fromv(v, ) U N tov(vy).

IICEBJOHIMMU I IOBTOPHE BUKOPUCTAHHS KOHTEHTY

TenaeHuil npUMHOXKEHHS iHGOpMAaLlii 1 3HaHb YCKJIAJHIOIOTh OJHO3HAYHY Karta-
norizanito iHpopMmariitaux 00’ekTiB. OTHUM i3 eEeKTUBHUX METOJIB THYYKOTO
VIIPaBIiHHS KOHTEHTOM 1 1T0Oy0BH epekTHBHOI HaBiramiitHoi cxemu Web-caiiTy
€ TEXHOIOTis ncegdonimie 'y moaeni Tree-Net. OCHOBHMM 3aBJaHHSIM IIbOTO Me-
TOMy € 3a0e3MeueHHs MOBTOPHOTO BUKOPHUCTAHHS BXKE ICHYIOYOTO KOHTEHTY IS
HOBUX crierupigHuX 1ijaeil. BinOyBaeThcs 1€ 3aBIIKH MOKINBOCTI pPO3TaIlyBaTH
BXKE ICHYIOUHMH B CHCTEMi €JIeMEHT KOHTEHTY B iHIIOMY MicTi iepapxii. [logibne
3aBJIaHHS BUHUKA€E, HAMPUKIIAM, Y BUMAIKAX, KOJH IUIHA PO3aiT a00 OKpema CTo-
piHKa MEBHOTO HABYAILHOT'O KYpCY PO3KPHBAE JEIKY TeMy ab0 MUTAHHS Y KOH-
TEKCTI IHIIOTO HABYAIHHOTO Kypcy. TyT BKIIFOUEHHS TOTOBOI AUISHKYA HABYAJIBHO-
ro KOHTEHTY JI0 HOBOTO KYpCY JACTh 3MOTY CIPOCTUTH 1 MPHUCKOPUTH MPOIEC
fioro dopmyBanns. 11{o6 3amobirté cuTyarliii, KoJM HaBYaldbHA IIJSHKA,
nmo30aBjicHa CBOTO KOHTEKCTY, BTpaya€ JIUNAKTUYHY CQEKTHUBHICTh, HaHYy
(hyHKIiIO CITiJi 3aCTOCOBYBaTH JUIA TaKUX CJIEMEHTIB KOHTEHTY, sSIKi y paMKax
MIPEIMETY BOJIOAIIOTH JIOTIYHOO 3aBEPIICHICTIO.

CyTHICTh 3aCTOCYBaHHSI TEXHOJIOTII TNCEBJOHIMIB TOJISITa€ y BCTAHOBJICHHI
BiZJHOILIEHb MK JIBOMa €JIEMEHTaMH KOHTEHTY, OJMH 3 SIKUX CTa€ 0Jcepenom ja-
HUX, a IHIMUH — 1X 00eporcysauem. BiTHOIIEHHS TICEBIOHIMIB OIMMCYETHCS BiIO-
OpakeHHSIM

AV >V,

TakuM YHHOM, €NEMEHT V; € NCeBOOHIMOM €IEMEHTa V;TOMdi, KOJIH
(v,v;) € 4. Ilpu 11boMy vy BIIITpae poJib OfiepAKyBaya, a v; — JUKepena.

BigHOIICHHS «TICEBIOHIMY PO3MINAETHCSA HA TaKi munu: MOCUIAHHS, CTATHY-
Ha Ta JUHAMIiYHA KOIii, cTaTHYHA Ta JUHAMiuHa BUOipku. THUI BIHOIIEHHS Kepye
THUM, SIKI CaMme BIIACTHBOCTI €JIEMEHTa-DKepesia OTPHMAaE eJIeMEHT-OJepKyBad.
CyKynHICTb THIIB SIBJISE COOOK MHOKHHY

ATypes ={aLink, a Copy, aSelect, a DCopy, a DSelect} .

Tumnizarist BIAHOIICHHS TICEBIOHIMIB 3a1a€ThCS BIIOOPaKCHHSAM

AType:A— ATypes.

Po3kpuemMo posib KOXKHOTO 3 THITIB.

80 ISSN 1681-6048 System Research & Information Technologies, 2009, Ne 1



Mooens nasuanvnozo Web-konmenmy Tree-Net sk ocHosa 015 inmezpayii Kepy8anHsa SHAHHAMU ...

IHocunanusn. AType(4;)=alink. Enement-onepxyBau npuilmae anpecy

(URL) enemenTa-mxepena, ToMmy (GakTHYHO € NMOCWIAHHSIM Ha Hboro. Lle BimHO-
IICHHS JIJA€ MOXKIIMBICTh 3a0€3MEYUTH HABITAII0 JI0 BXKE ICHYIOYOTO €IeMEHTa
KOHTCHTY 4epe3 iHIIe Miclle B iepapxii. TakuM YMHOM €IeMEHT-OJepKyBad CTae
NOCUJIAHHSM Ha JPKEpPENo, TOOTO BiICHIIAE JIO 1HIIOTO Miclisl Y iepapXii KOHTEHTY.
Cmamuuna xonia. AType(A4;)=aCopy. Yci arpubyTu KOHiIOIOTECSI B MO-

MEHT CTBOPEHHS, IICIISI YOTO SIKICHUU 3B’SA30K 13 IDKEpesoM He moTpideH. Bin
eJIeMEeHTa-JDKepesia BUKOPUCTOBY€EThCS JuIe iHdopMaLis npo Oinapui i epynosi
36’a3Kku. 3MiHa aTpUOYTIB CTATUYHOI KOTIii BiOyBaeThcs OE3MOCEPETHIM YHMHOM i
HE MAa€ 3B’S3KY 13 eIEMEHTOM-IKEPETOM.

Cmamuuna eubipxa. AType(A4;)=aSelect. KonitoeTbcst €1EMEHT SIK CTaTU-
YHa KOMIs 1 HOTro HAIaIKU: JJIS €JIeMEHTa KOIii CTBOPIOKOTHCS HAWAOKU — CMA-
muyni Konii yCiX HaaAKIB eJIeMeHTa-DKepea.

Hunamiuna xonis. AType(4;)=aDCopy. CiayXuTh SIK TOCTIHHO aKTyanbHa
KOIisl GSIKOTO eJIeMeHTa 0e3 Horo HamaakiB. ATpUOYTH TaKoro eJIeMeHTa 0e3Mo-
cepenHbO BHIAOOYBAIOThCA 13 e€leMeHTa-IKepeia B KOKEH MOMEHT 3BEpHEHHS.
JonyckaeTbesi 4acTKOBa 3MiHA aTprOyTIB JUHAMIYHOI KOIIil i3 MOMIIMBICTIO BH-
KOPUCTaHHsI TOHOBITIOBAIBHUX 3HaUEHb aTPUOYTIB HKEpena.

Junamiuna eubipxa. AType(A4;)=aDSelect. Cnyxuth K moctiiiHa KoIIis
nesikoi rinku. Taka BuOipka € MOCTIHHO aKTyaTbHOIO KOITE eleMeHTa-pKepena i
BCIX MOr0 HaIaaKiB. YcCi iepapxidHi 3MiHU TJIKH-IDKepena MaloTh BILTUB Ha BHOI-
pky. [lepeabadaeTbest MOKIUBICTD 3MiHM aTpUOYTIB 1 HANAIITYBaHHS €JIEMEHTIB 1
CTPYKTYypH IuHaMi4HOi BUOipku. [y 3MiHM aTpuOyTIB y HaIaAKax CiiJl MOBTO-
PUTH/3MIHUTH 1€papXit0, CTBOPIOIOYH €JIIEMEHTH, TIOYMHAIOYH BiJl BEPIIMHU JUHA-
MivHOi BUOIpKH, 1 BHECTH HEOOXiqHi 3Ha4eHHs aTpuOyTiB. [Ipu mboMy cTBOpeHi
€JIeMEeHTH, HaIlaJKh JUHAMIYHOI KOIii, MOXYThb cami OyTH IWHAMIYHHMH a0o
CTATMYHUMM KOHiSIMH. Y Takui CHOCI0O BMKOHYETHCS THYYKE HaJIAIITyBaHHSI
BHUOIPKH.

TEMATHUYHI I'PYIIN KOHTEHTY I MEPEKEBI 3B’AA3KH HA OCHOBI I'PYII

TemaTuuHi Tpyny IpU3HAYEHI Ul OpraHizamii pi3SHOMaHITHUX MDKIIPEIMETHUX 1
BHYTPIIIHBOIIPEIMETHUX 3B’S3KIB MK €IEeMCHTAaMH KOHTEHTY. TeMaTH4Hi Tpynu
BUKOPHUCTOBYIOTbCSL AJISl MOJICNIIOBaHHS MNpeAMETHHX oOnacTedd, Karamorisarii,
TpYIyBaHHS 1 BUOIPKM acoIliaTUBHOTO KOHTEeHTYy. OpraHizallis TEeMaTHYHHUX TPYII
BiIOYBa€EThCS B iepapxidHiil cTpykTypi. Lle mo3BosIste BUOYIOBYBAaTH TaKCOHOMIIO
npeaMeTHHX obnactell. KokeH eneMeHT KOHTEHTY Moxe OpaTd y4dacTh y JAOBiJIb-
Hill KUTBKOCTI TEMaTUYHUX TPYI, HA OCHOBI SIKMX BH3HAYAIOTHCS 3B S3KH acollia-
TUBHOCTI MK €JIEMEHTaMH KOHTEHTY.

MuoxunHa G BKa3zye Ha TeMaTH4Hi a00 acOLiaTUBHI IPYIH, B IKUX MOXYTb
OpaTtH yyacTh €JIeMEHTH KOHTEHTY.

G= {gla"'ﬂgnG} >
e N — KUIBKICTh TEMATUYHUX TPYI KOHTEHTY.

Opranizanis TeMaTHYHHUX TPYM BiIOYBa€eThCs B iepapxiuHiii cTpykrypi. lepa-
pXig rpyn BHU3HAYa€ThCs BiOOPa)KEHHSM, SIKE€ CTaBUThH y BIAMOBIIHICTH KOXHIN
Ipymi g; MHOXHUHY I JOUipHIX eIeMEHTIiB
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ChG:G—2°.

3ayBakMMO, IO KOXKHA TEMaTHYHA TPYyIa MOXE MaTH JIMIIE OJHY OaThKiB-
ChKy Tpy1y. BimoOpaxenns FG 3amae OaThbKIBCTBO TEMAaTHIHUX TPYIT

FG:G—-G.

AHaJIOri4HO, MHOXHHA YCIX IpyN-HalaAKiB naHoi rpynu g € G sBIA€ Co-

0010 MOCITiIOBHE 00’ €HAHHS MHOKWH JOYIPHIX €IIEMEHTIB BrIMO 10 iepapXiuHiit
CTpyKTypi. i BH3HAYEHHS TPyI-HAMIAAKIB 3aCTOCOBYBAaTHMEMO OIEPATOP
DescG(g)), ge€G. DescGG(A) — MHOXHHA HAIIAJKIB MHOXWHH TpYII

A c G — BU3HAYAEThCS SK MOCiioBHE 00’ eqHanHsA Desc G(g;).
Desc GG(A4) =u(DescG(g;)),
ae g;€d, AcG.

T'eneanociuna ninis TPy @ — MHOXKHAHA YCIX 11 TIpanIypiB — BU3HAYAETHCS
oneparopoM AncG(g), ge€G. I'eneanoriuna miHia MHOXuHH Tpyn A< G

no3Hauaerbcs AncGG(A) 1 BHU3HAYAETBCA SK TMOCTIOBHE 00’ €IHAHHS

AncG(g;) . AncGG(A)=U(AncG(g,)), ne g€ 4, AcG.

EJEMEHTHU KOHTEHTY I iX 3B’S30K 13 TEMATUYHUMM I'PYIIAMHU

KoxeH eneMeHT KOHTEHTY MOKe OpaTH y4acTb y JOBiUIbHIN KiJTBKOCTI TeMaTH4-
HUX TPYI, IO 3aJa€ThCs BiI0OpaKEeHHIM

GV:V =29,

Martpurs GVw=Hngl-j ” 3a/1a€ 1¢ BIAHOMICHHS, pa3oM 3 THUM 30epirarodu
Mipy BiAMOBITHOCTI a00 peNeBaHTHOCTI AaHOTO eyeMeHTa Ipymi. Tak, psaku mat-
puui ||gvw;|| BIANOBINAIOTE €J€MEHTaM KOHTEHTY Vi,V;,...,V,y, @ CTOBIII —
rpynam g,g,,...,&,g - 1aKUM YHMHOM JUI KOXHOTO eJIeMeHTa V; (i-i psIoK)
3aJa€ThCSl MHOKHHA TPyIl {g;} (CTOBMMLI), B SKUX JaHUH €JEMEHT Oepe ydacTb,
PU LbOMY HEHYJIbOBI €JI€MEHTU MAaTPULI gVW;; BKa3ylOTh Ha MIpy BIIIIOBIAHOCTI
eeMeHTa Ipymi. Y CBOIO 4epry, 3B’SI30K MHOKHHHU yCiX €JIEMEHTIB KOHTCHTY 1
TPYIIH, A0 AKOi BOHU O€3IocepeHhO HaIeKaTh, 3a1a€ThCS BIIOOpaKECHHIM

VG:G —2" .

Jlane BioOpakeHHS TAaKOX 3a7a€ThCs 3rajaHoro Marpuieo Glw = ” gvwj;

Beenemo omepatop i 3a Oro IOOMOTor0 Oy/IeMO BU3HAYATH MHOXXHHY €JIeMEH-
TiB KOHTEHTY, KOKEH 3 KUX Oepe yJacTh xoda 06 B OAHIHM rpymi i3 3a7aHOi MHO-
KUHH Tpyn. ToOTO ereMeHTH KOHTEHTY, IO Halle)kaTh MHOXHHI rpyn AcC G,

BU3HAYAKOTHCA OIIEPaTOPOM
VGG(A)={v:GV (v)n A#0}.

MHOXUHY eeMeHTIB KOHTEHTY, sIKi OepyTh y4acTh y Irpymi g abo B JesKii i3
ii HamankiB, Oy/1eMO Ha3UBATH KOHIMEHMOM 2ilKU g .
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VGbr(g) ={v:g e GV (v) abo GV (v) DescG(g)#0}.

MHOXXHHY €JIeMEHTIB KOHTEHTY, SIKi OepyTh y4acTh Xo4ya 0 B OAHIH rpyTi i3
MHOXHHE A C G abo B meskiit 13 ii HamankiB, OyaeMo Ha3WBATH KOHMEHMOM

muooxcunu 2ok A G.

VGGbr(A) = {v:v eVGbr(g;), ne g; € AuDesc GG(A)}.

TEMATHYHO-ACOHUIATUBHI EJEMEHTHA KOHTEHTY

Ha ocHOBI TEeMaTHYHHX TPYI MU MOXKEMO BHU3HAYATHU 3B’ S3KH aCOI[IaTUBHOCTI MIX
eJeMEeHTaMH KOHTEHTY. BuinseMo pi3Hi 00JacTi acoIiaTUBHOCTI IJIs €JIeMeHTa
KOHTEHTY: Haulb1udicue Koo, nomipre (3aran0IIo0de) Ta wupoke (y3araabHIO0-
4e) KOJIO0 TeMaTHYHO-aCOIiaTHBHOTO KOHTEHTY.

Haiibnusicue xono memamuyHo-acoyiamueérHo20 KOHMEHMY eleMeHmd d .,
a €V — MHOXHWHA €JIEMEHTIB KOHTEHTY, 5IKi Oe3mocepeiHb0 OepyTh ydacTh y
TUX CaMHUX TEeMAaTUYHHMX TpyMax, 110 1 JaHWU eneMeHT a, a €V . CuyxuTh as
BU3HAYCHHS CYKYITHOCTI HalOIBII OJIM3BKOTO 32 3MICTOM KOHTEHTY TI€l %K Tema-
TUKU. BU3HAYa€THCS OMEepaTopomM

Vnarrow (a) = {V:GV(V) M GV(a) # 0} .

Iomipue (3aznubnioroue) KoI0 MmeMamuyHo-acoyiamueHo20 KOHmMenmy ene-
MEHTa a, a €V — MHOXHWHA eJIEMEHTIB KOHTEHTY, sIKi OepyTh y4acTh y THX ca-
MUX TpyTax, mo i a, abo B rpymnax, sKi BIAMOBINHO € Hawjaokamu. CIyXuTh s
BU3HAUYEHHS HA0OpPy KOHTEHTY Ti€l K TEMaTHKH, Y TOMY YHUCIi MO TeMaM OilbIl
crienudigHOrO Xapakrepy. BusHadaeTscs onepatopom

Vinedium (@) = Varrow (@) U {v:iv € VGG 1(G,), ne G, =GV (a)}.

Hlupoke kono (yzacanvHionoue) mMeMaAmMudHO-ACOYIAMUBHO20 KOHMEHMY
eIeMeHTa @, a €V — MHOXHHA €JIEMEHTIB KOHTEHTY, SIKi OEpyTh Yy4acTh y THX
caMUX TpyMax, o i a, a TAKOXK €JIEMEHTIB y TPyIax, sKi € TMOCIiTOBHO npauyy-
pamu 1O JiHIT KOXHOI TPyNH 3 MHOKUHH Ipyn efdeMeHTa a . CIyXdTh A BH-
3HAYCHHS KOHTCHTY Ti€i K TEMAaTHKH 1 TEMaTHKHU OiIbII 3arajbHOI. Bu3HawaeTbes
OTIepaTopoM

VideG (@) = Vaarrow (@) U {viv € VGG (Anc GG(G,)), ne G, =GV (a)}.

IlogHe Ko10 memMamuyHo-acoyiamueHo2o Konmenmy eIeMenTa a, aclV —
KOHTEHT MOMIPHOTO TEMaTUYHO-aCOLIaTHBHOTO KOJa, 00 €IHAHUN i3 KOHTEHTOM
IIUPOKOTO Koa eneMeHTa a . Cily’KUThb 11l BU3HAYEHHs IIOBHOTO HAabOpy acolli-
ATMBHOTO KOHTEHTY Ti€i % TEMaTHUKH, a TAKOK CIIOPITHEHUX TeMaTHK OibII 3ara-
JBHOTO 1 OUTBII CHIEIU(ITHOTO XapaKTepy.

Vol (@) = Vinediuma (@) U {v:v e VGG(Anc GG(G,)), ne G, =GV (a)}.

Bennunny, sika BKasyBaTHME Ha Mipy acOLliaTUBHOCTI JBOX €JIEMEHTIB KOH-
TEHTY V; 1 V; Ha3UBATHMEMO acoyiamugHolo 6iocmaHHio 1 MO3HaYaTUMEMO

Dis K -

Cucmemni docnioscenna ma ingpopmayiiini mexnonoeii, 2009, Ne 1 83



C.B. Tumenxo, O.0. ['azapin

Acoyiamusna (memamuyno-acoyiamuena) eiocmanv Dis; ClIyXuTb Ui
BIIOPSIKYBaHHS a00 COPTYBaHHS acOIliaTUBHHUX eJIeMeHTIB. Po3paxyHok 1mi€i Be-
JWYUHHU, OKPIM CTPYKTYPH TPYII, Ma€ TaKOX BpaxyBaTH OiHApHI 3B S3KHU MiXK eJie-
MEHTaMH. ACOLiaTHBHA BiJICTaHb JAOMOMOXKE BUOMPATH i3 YCi€l CyKyMHOCTi TeMa-
TUYHO-ACOI[IaTUBHOTO KOHTEHTY TPYIIM HAWOIMKINX acOIiaTUBHUX EIEMEHTIB i3
3a/IaHOI0 KUTBKICTIO €JIEMEHTIB B TPYIIL.

3ACOBH NOBYJOBU NEPCOHAJIBHOI'O HABYAIOYOI'O CEPEJJOBHIIIA
HA OCHOBI TREE-NET

OCHOBOIO Ul MIATOTOBKH IEPCOHAIBHOTO HABYAIOUOTO CEPEOBHINA € BHU3HA-
YeHHS 1HTEPECiB KOPUCTyBava 1 MOJAIBIINN BimOip HEOOXiTHOTO KOHTEHTY. Po3-
raimyxeHa cTpykrypa Tree-Net 1ae MOXKIUBICTD THYYKO yNPaBIsATH iHQOpMaLi€eio
1 CTBOPIOBAaTH CTpATerii MEePCOHAIBHOTO MOJAaHHS KOHTEHTY KOPHCTYBadyeBi B 3a-
JIEKHOCTI Bix HOTO TOTPED.

AKXTyalbpHOIO CTa€ 3ajada MOUTyKY acoliaTUBHOT'O KOHTEHTY JI0 AESKOl CTO-
PiHKHM Y BHUNAIKy, KOJH iH(opMamis Li€l CTOPIHKM IIKaBUTh KOPUCTyBada. 3Ha-
XOIDKEHHS acOIliaTHBHUX €JIEMEHTIB KOHTECHTY JaHoi Web-cTopiHku BinOyBa€eTh-
Csl Ha OCHOBI JDKepeN acoliaTuBHOCTI. Hmkdue HaBelleHO JpKepera acoliaTHBHOTO
KOHTEHTY CTOPIHKH y MOPSAKY iX 3HAUCHHSI.

1. BinapHi 3B’s3KH MiX eleMEHTaMH KOHTEHTY .

EnemeHTn uieHH Ti€el K rpynu, 10 SKOT HAJICKUTh TaHUH €IEMEHT.
EnemeHTH TOTO X CEMaHTHYHOTO OJIOKY KOHTEHTY.

EnemenTu i3 go4ipHiX rpyIL.

EnemenTy 13 0aTbKIBCHKHX T'PYII.

. lepapxiuHi 3B’S13KH Y IepeBi KOHTEHTY: OATbKIBCHKHIA 1 JOWipHI €TIEMEHTH.

Habip enemeHTIB KOHTEHTY, OTPUMaHHH B Pe3yJbTaTi MOLIYKY acOLiaTHB-
HHX CTOPIiHOK, MOYKHA TTOJIaTH CTPYKTYpPOBAHO 3a JIOIIOMOTOI0 oneparopa Roots.

S U AW

———

Default

Puc. 3. Bubipka eneMeHTIB 1 BU3HaYEHHsI BEpLIMH orniepatopoM Roots
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Po6ora omeparopa Roots TN-mozeni mosnsirae B moiiyky y MHOKuHI V'V
HOBOYTBOPEHHUX HE3AJIKHUX KOPEHIB Ha OCHOBI BimHomeHs Ch 1 F, siKi onmucy-
I0Th iepapxito koHTeHTY. lloTyxHicTh | Roots| BkasyBaTMMe Ha KiTbKiCTh yTBO-

penux nepeB Ha Bubopii V. Tlpukinan po6otu oneparopa Roots 300paxeHo Ha
puc. 3.

HoBoyTBopeHi miggepeBa MOKyTh PO3IIHIOBATHCS SIK OCHOBA /ISl TIEPCOHA-
JTHHUX HAaBYAJIBHUX KYypPCiB Ta 3a IOTIOMOTO BiJHOIIEHB TICEBAOHIMIB (TIOCHIIaHb,
KOITii 1 BUOIPOK) MOJIABATHCS OKPEMO Y SIKOCTI MEPCOHANBHOTO rinepMmenia cepe-
JIOBHIIIA.

BUCHOBKH

3anponoHOBaHO MojzeIs HaB4ambHOTO Web-konTeHTy Tree-Net, sika m03BOJISIE
KOMITJIEKCHO MiAIATH A0 BHUPIIICHHS 3aBAaHb HABYAHHS 1 KEpyBaHHS 3HaHHIMH B
OpraHizamisix i yCTaHOBaX pi3HOTO XapakTepy. Tree-Net MiATpUMY€E €BOIIOLIMA-
HICTh Y CTBOpPEHHI MopTamy. BoHa Hajmae MOKIMBICTh PO3POOIIATH 1 HAKOITUIYBa-
TH HAaBYAILHUI MaTepialn IMOCTYIOBO, MPU IbOMY (GYHKIIT CUCTEMH OyayTh IIO-
CTYHIHI Ha KOXHOMY erami. TakuM YHHOM BHpIIIyeTbca mpolieMa
«BCEOCBIYCHOCTI», XapaKTepHa IJIs BHUMAJAKIB 3aCTOCYBAHHS OPCTKHX MOJCIICH
MIOJJAHHS 3HAHb.

TexHomoris BUOIPOK 1 MCEBAOHIMIB J03BOJISIE TIOBTOPHO BHKOPUCTOBYBATH
(parMeHTH HaBYAIFHUX MaTepialliB Uil HOBHX KypCiB i HaBYaJbHUX MPOIECIB.
Tree-Net 3a0e3neuye THy4YKe KOHCTPYIOBaHHS HOBHX HaBYaIbHHX KypCiB i Ipo-
rpaM Ha OCHOBI B)XK€ ICHYIOUOT0 B CICTEMi KOHTEHTY.

CeMaHTH4YHA CKJIaJ0Ba 1 JEPEBO TEMATHYHHX IPYII A€ MOXKIMBICTH BUOY10-
BYBATH i€papXilo MpeaIMeTHUX obnacteil. BukopucTaHHS 1IMX JaHUX Ja€ MOKIIHU-
BiCTh BUKOHYBAaTH BHOIpKY, (ijbTpallito, KaTeropu3alilo 1 YIOpsSIKyBaHHS Ha-
BYAJbHOTO MaTepialy Ha OCHOBI CEeMaHTHKH BMicTy. Bce me crhpusie
BuKopuctanHio Tree-Net 11 moOyJ0BU CHCTEMU KepYBaHHS 3HAHHIMH.

Mogens Web-kontenty Tree-Net 3a0e3neuye 3py4Hi 3aco0HM HaBiraimii 1mo
HaBYAIbHOMY KOHTeHTY Ha 0a3i WWW. lepapxiuni, GiHapHi i rpymnoBi 3B’sS3KH
MiX €JI€MEHTAaMH KOHTCHTY BIAMOBIIHUM YMHOM BiJOOPaXKarOThCS Ha €JIEMEHTaX
HaBiramii. TakuM YUHOM KOPHCTYBa4 OTPUMYE IMUPOKI MOXKIIMBOCTI JIJIsl Opi€HTA-
il 1 momyky HeoOXigHOT oMy HaB4YanbHOI iH(OpMaIlii i noscHenb. Tak, Ha oc-
HOBI TPyl peayi30BaHO IHTErpaIilo TaKUX CyYaCHHX TEXHOJOTii moOymoBu IH-
TEPHET-NIPOCKTIB, K MITKH 1 KaTajori3aimis KOHTEHTY pa3oM i3 CeMaHTHUYHHMH
TEXHOJIOT1SIMA MOJISTIOBAaHHS MPEIMETHOI 00JIacTi, 0 Ha/lae PO3IIMPEHi HaBira-
[iitHi MOKIMBOCTI KopucTyBauam Web-pecypcy Ha 0a3i Tree-Net. PisHomaniTHI
3B’SI3KM €JIEMEHTIB KOHTEHTY MIKIIPEIMETHOTO 1 BHYTPIIIHBOIIPEIMETHOTO Xapa-
kTepiB Ha 0a3i Tree-Net 1al0Th MOXKIIMBICTh THYUYKO YIPABIISTH HABYAIbHUM KOH-
TEHTOM 1 MojenroBaTH crnernudiuHi o0iacTi 3HaHb, BHU3HAYAIOUM PEIIEBAHTHY
MHOXKMHY KOHTEHTY, IIO BiANOBinae iHTepecam cryneHta. Moxenb Tree-Net €
OCHOBOIO JUIsl PO3pOOKH METOJIIB IeHepallii MepCoOHaIbHOTO HAaBYAIOUOT0 CepejIo-
BUIIIA | TUHAMIYHUX HABYAIBHUX KYPCIB JUIS MIATPUMKH O€3MepepBHOTO HAaBUYAHHS.

Pa3om i3 iHmmMu komnoHeHTaMu Tree-Net € CKJIaJIOBOIO KOMIUIEKCY MOJIe-
neit ms modymoBu Web-cuctemu 6e3nepepsrHoro HaBdanHs [12]. IIpo motouHi i
NOTIepeIHI AOCTiKEHHS 00 PO3BUTKY i BUKOpUCTAaHHA Mogeni Tree-Net nus.
Ha caiti aBTopiB [16]. CeMaHTHYHY MOJeNh HaBUAIHHOTO KOHTEHTY Tree-Net
3aCTOCOBAHO Ha MPAKTULI MPH MOOY0BI OCBITHHOTO mopTaiy [17].
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NMPOBNEMMU | TEXHONOTI AOCTIOXEHHA

MATEMATWUYHI METOOWU, MOLOENI,
@'
CKINAOHUX CUCTEM

YJK. 519.24

MOCTPOEHUE MHOI'OMEPHOM MOJIMHOMUWAJBHOM
PET'PECCHHA. AKTUBHBIA SKCIHEPUMEHT

A.A. TIABJIOB, A.B. YEXOBCKUI

PaccmaTpuBaeTcsi KOHCTPYKTHBHBIN METOJ] BOCCTAHOBJIEHHS MHOTOMEPHOHM I0JIK-
HOMUAJIBHOI perpeccuy, NpeacTaBIeHHOW M30BITOYHBIM omucaHueM. Pacnpenene-
HUE MOMEXU SIBJISIETCS] IPOU3BOJIBHBIM C HEU3BECTHOW, HO KOHEUHOW AMCHEpCHEN.
Pemennie 3amaun OCHOBaHO Ha BO3MOXKHOCTH IIPOBENICHUSI aKTUBHOTO SKCIEPUMEH-
Ta. [IpuBOIATCA IpaKTHYECKHE PEKOMEHIAINH 110 HCIIOIB30BaHUI0 METOIA.

BBEJEHHUE

3agaya KOHCTPYKTUBHOTO BOCCTAaHOBJICHUS MO CTaTHCTUYECKUM JaHHBIM perpec-
CHOHHOI MoJeny (AeTepMUHUPOBAHHOM 3aKOHOMEPHOCTH) — MpPEIMET HCCIe0-
BaHHs NPUKIAJHOTO perpeccoHHOro aHanmsza [l — 8]. Haubonee ymorpeGise-
MBIM SBJSIETCSI METOJ HaMMEHBIIMX KBaxparoB. llpakTHyeckue mnpobiIemMbl
peanu3aluy MeToJa HAaUMEHBIIMX KBaJIpaTOB IPU IOCTPOCHUM MHOTOMEpPHOH
MOJTMHOMHUANBHOM perpeccun 3aKI04aloTcsl B HEOOXOAMMOCTH 00paIieHus IIoXo
00yCJIOBIEHHBIX MAaTpHI U OTCYTCTBUH 3()(HEKTUBHBIX HPOLEAYP BOCCTaHOBIIE-
HUS UCTUHHON MHOTOMEPHOU IOJIMHOMHAILHOW PErPEeCCHH IO €€ M30BITOUHOMY
onucanuto. [Ipennaraemplii aBTopaMul METOJT B 11eJI0M 3((EKTUBHO CITPABIIAETCS
¢ otuMHu npobiemamu. OCHOBEI €r0 TOCTpoeHUsI chopMyIHpoBaHbI B padote [11].

OJ/THOMEPHBIN CJIYYAMN. UCCJIEJOBAHUE METOJIA HAUMEHBIIINX
KBAJIPATOB C NCITIOJIb30OBAHUEM HOPMHUPOBAHHBIX
OPTOI'OHAJIBHBIX ITOJIMHOMOB [9]

[TocTaHOBKY 3a1au¥l ¥ aHAIHM3 U3BECTHBIX PE3yNETATOB MIPUBENIEM B COOTBETCTBHE
¢ paboToii [9].
Moaens perpeccu UMEET BUJL

Y(x)=6,+O0x+...+0,x" + E, (1)
rac x — ACTCpMHHHPOBaHHAsA MCPEMEHHAs, 3HAUCHHC KOTOpOﬁ B 3KCIICPUMCH-
TaxX MOXET 3aJaBaThCs MPOU3BONBHO; O, i = 0,7 — HEU3BECTHbIE ko3P Punmen-
Thl; E — ciyuailiHas BeJIMYMHA C IPOU3BOJBHBIM pacnpeneneHuem; ME =0

© A.A. Ilasnos, A.B. Yexoesckuii, 2009
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(M — 3HaK MaTeMaTU4eCKOTO OXKHAHWS); 5% (mucnepcusi) orpaHUYCHA, €
3HAaYEHNE HEU3BECTHO JM0O0 M3BECTHA BEPXHSIS OLICHKA.
IIpoBeneHO # SKCIEPUMEHTOB, PE3YJITATOM KOTOPBIX SIBJISIOTCS JIBE BBI-

6opku o0bema n (x;, i=1,_n; Y(x;)=y;, i=1,_n).

B cootBerctBuu ¢ (1)

n —
J=0
rae O, — HeM3BECTHas pealu3alys CIydyalHOW BelIMYMHBI E B i-M JKCIEpH-

MenTe. Yucma Vi 5,- MOKHO CYHHUTATh pCarn3alusaIMn CHy‘IaﬁHBIX BCJIIMYHMH Yl .

i=Ln; A;, i=1,n, r0e A; UMeeT paclpeleneHne ClydailHOW BEIUYuHbl F , a

Y;m A; cBA3aHBI COOTHOIIEHHEM
_ J
Y, =>10,x] +A,. 3)
J
Or1eHKHr HEM3BECTHRIX KOd(h(UIINEHTOB & I j=0,r HaXOmATCS U3 MUHUMHU-

3allU1 BBIPpAXKCHUA
2

mirLi yl-—zrgé’jxij . “)
=

Hj’j:O,r i=1
Brengem matpuuHbie 0003HAUCHUS
Ix x; |
1oe005 4] _ »
rP y_(ylﬂ"'yn)lﬂ

n

A:

Ix,,...x

y=r,...Y,)", 6=(6,,...6,)",

6=(6,...6,)".
rue 0 ; OLCHKH 19_]- , J =G B COOTBETCTBHH C (4).
Torma [9]
A | _1 I
0= (A"' A) A"y 5)
1100
o=(a4a)" aty,

ecin 6, j=0,r cuurars ciaydaiiHbIMU BeandMHAMH. CIIOKHOCTH, CBSI3aHHBIC C

-1
oOpareHrneM MaTpPHUIIBI (A g A) ncYe3aroT, eciau ot Mojenu (1) mepelti K Mojie-

JIK PErpeccuu, 3aJaHHON ¢ TIOMOIIBI0 HOPMHPOBAHHBIX OPTOIOHAJIBHBIX ITOJIMHO-
MOB [9].
Y(x)zwoﬁo(x)+ wlﬁl(x)+...+w2¢92(x)+ E, (6)

rae 0;(x), j=0,r — HOPMHPOBAHHBIE OPTOTOHAJILHBIE [IOJTMHOMBL.

0;(x)=q, +q;x+..+q;x . (7)
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n

) 02 (x; =1, 0. \x;)0;,(x;)=0, Vi=l, ¢q,[=0,r.
J A\ TR DA AN
i=1

i=l
Jlx. @opcaiit [10] npennoxun pekyppeHTHYIO GOopMyITy Aisi HaXOXKIECHHS
HOPMHPOBAHHBIX OPTOTOHAJIBHBIX ITOJIMHOMOB

iej(x):xej—l(x)_a‘gj—l(x)_ﬂ‘gj—Z(x)’ ®)

a= zxi ‘9‘/2—1 (xi ): B= in 9,'—1 (xi )9]'—2 (xi )
i=1 i=1

n
A ompenenseTcs u3 ycIoBUs 2«9]2 (xl. ) =1.
i=l

n

A= Z(xlﬂj_l (x;)- ab;_ (xi)_ﬁgj—Z (x; ))2 :

i-1
Jns ucronb30BaHus peKyppeHTHOU Gopmyiisl (8) HE0OXOAUMO MOCTPOUTH
HOPMHPOBaHHBIE OPTOTOHAJbHBIE MOJUHOMBI 6)(x) u 6,(x). OdyeBURHO, UMU
SABIISIOTCS
x x

By (x)=——, 6,(x)=— 4

v S -0 35
i=l i=1

— 1 n
e x = —Z X;.
iz
IMpuMeHeHUe MeToJa HAUMEHBIIIMX KBaJApPaToOB K Mojeidu (6) MPUBOIUT K
CIICIYIONTNAM pe3ysibTaTam [9].

1 A A A 1 A . -
ITyctp w=(w0,...,w,)”', w=(w0,...,w,)”', wj,]=0,r — OIEHKH W,

~ ~ ~ ! ~ —
MOJIyYEHbIE METOJIOM HAaMMEHBIIMX KBaApaTOB Wz(WO,...,W,)', W_]-, j=0,r

— cnyqaﬁHHe BCJIIMYMHBI, I KOTOPBIX % J SABJIAIOTCSA COOTBETCTBYIOIIMMU

peaNTn3aIusIMy.
Torpa
iy =20 =0 =300 (5) ©
MWj =W, jzm, cov(l/f/j, W,)zO, Viji#l.
DW,; =3z (10)
Z”:Yiz _in
Mﬁ:&ﬁ. (11)

Cesi3b Mmogeneti (1) u (6) cnenyrorias:

0 =W, + W, 1qpg Fo A Wiq (12)
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1 COOTBETCTBCHHO

A _

0; =W,q,; +...tWw;q;, j=0,r, (13)
1160

A

eciy @ cuuTath CIy4aiHON BEIMYNHON.

[Ipu nccnenoBanmm Moxenu (1) aubo sxBUBaneHTHOU ei (6) B pabote [9]
MPEaNoaraiochk, YTo0 # — CTENeHb MMOJIMHOMA PErpeccH — M3BECTHA 3apaHee.
Ecnmm 310 HE Tak, TO MPUHATO CUHUTATh [1-9], 9TO JUTSI TPOU3BOIIEHOTO pacIIpee-
neHuss £ HaX0oXJIeHHWE UCTUHHOTO ¥ sBiseTcs npodnemoit. Ecnmu E umeer HoOp-
MaJIbHOE paclpeieiiCHHe, TO HAXOXKICHUE 7 CBOJMTCS K MPOBEPKE CTATHUCCKUX
TUTIOTE3 TI0 KPUTEPHSIM C H3BECTHBIM pactipeaenenueM durmrepa [9].

[Tokaxxem, 4To Ha camMoOM Jeje MmpodiieMa HaXOXKICHUS » MUMeeT KOHCTPYK-
THUBHOE PEIICHUE YIS MPOU3BOJLHOIO pacrpezeicHus F , a TAaKKe MOKaXeM, KakK
MOKHO 3(PQEKTHBHO CBA3aTh HMEIOIUECS IKCIIEPUMEHTATIbHBIE JJAHHBIE C TOYHO-

CTBIO OLICHOK HEM3BECTHBIX KO3 uimentos 6, j=0,r.

n
Ycaosue Z 6’]2 (xi ) =1 ¢ ygerom (7) mepenuieM CiieIyonmM oopa3om:
i=1
. 2
n(J

D2 apx | =1 (15)
i=1 \/=0

Haiinem nucnepeuto €. Vuntbisas, uto COV(WI,WP) =0, u3 (10) u (14)
I#p
0Ty JaeM

. j
DO; =5 q; . (16)
I=r

Tak Kak mpy HEOTPaHMYSHHOM BO3PACTaHWUH YUCIIA UCIIBITAHUN 71 MUHHMYM
(4) acHMIITOTHYECKH JTOJDKEH MTOCTHTAThCS Ha MCTUHHBIX 3HAUYCHHSX KoddQurm-
eHTOB 0, u3 ananusa (15) u (16) cnepyer, 4To NPy yBEIUYCHAN 1 MOJYIIH 3Ha-

, I=r,j, j=0,r DOMKHBI yMEHBIIATHCS.

geHuH K03 HUITIESHTOB ‘q,j

AnanuTHyecku B o0IeM BUE 3aTPyAHHUTENBHO CBA3ATh YHCHIA X;, =11}
n;j(j=0,r) ¢ Benmuuuoii gy, [=r,j, j=0,r. Tem He MeHee B ciydae ak-
TUBHOTO DKCIEepUMEHTa [T 3G (GEKTUBHOTO PEIICHNS MPUKIATHBIX 331a4 (3a1aH-
Hasi TOYHOCTh, HEOOXOIUMOE YMCIIO BHIYNCIICHUH, ONIPEETICHUE YHUCET X |, ..., X, )

MOJXHO CO34aTb COOTBECTCTBYIOIINEC CTATUCTUICCKUC Ta6J'II/II_II>I (Ta6J’I. 1)

Tabnuma nmoctpoeHa i JTUHUHM PETPECCUH, 3aJJaHHON MOJWHOMOM IISTOTO
nopsiaka. B mepBoii KonoHke GUKCHPYIOTCS pa3TUYHbIe 3HAYEHUS 71 (KOJMIECTBO
3HAYEHW JEeTePMHUHHPOBAHHOTO aprymMeHTa x). B KomoHkax ¢ HoOMepoM

j(j=0_,5) 3a/IaHbl AucTepcud KodhpuImenToB éj, j =O_,5 KaK (QyHKIIHS 52
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(6% — o10 qucniepcus £ mubo ee BepxHsist onieHKa). [ mocTpoeHus: TaOIHIlbl

ObUIM HalJICHbl BCC HOPMUPOBAHHBIC OPTOrOHAJBHBIC MONMHHOMBI 6 (X), j=0,5

(ucione3yrorest hopmyist (7), (8)). Ilo dopmyne (16) ompenerneHbl COOTBETCT-
BYIOIIME UCHEPCHU. 3HAYCHUS X;, i =1,n paclpeneneHsl ¢ paBHBIM IIAroM IO
otpesky (—50,0; 50,0).

Tadauuma 1. OparMeHT BO3MOXKHOU CUTyaIUU

n 0 1 2 3 4 5

10 | 020,400466 | ¢*0,0024855 | 6*4,26:10% | 67,5510 | 6*1,41-10" | 6*1,28-10°"°
50 | ¢*0,0706426 | 6*-0,0004607 | 6*4,53-10" | 6*1,15:10% | 6*9,28:107' | *1,43-107'¢
100 | 6%0,0351973 | 6*0,0002298 | ¢>2,22:10° | ¢*5,68:107'0 | 6*4,47-107* | 6*7,02:107"
200 | 6%0,0175833 | 6*0,0001149 | ¢>1,10-10°7 | ¢>2,84:107% | 6*2,21-107* | 6*3,50-107"
300 | 6*0,0117203 | 6>7,66:10° | 67,36:10°% | 61,8910 | 6*1,47-10 | 6%2,33-107"7
500 | 6*0,0070316 | 0>4,59-10° | 6*4,41-10°% | 61,1310 | 5*8,82:107" | 6*1,40-107"7
1000 | ¢*0,0035157 | 6*2,30-10% | 6*221-10%® | 6*5,67-10""" | 6*4,41-10"° | *6,99-107'®
5000 | 6*0,0007031 | 6*4,59-10% | *4,41-10% | ¢*1,13-10"" | 6*8,82:107'® | 6*1,40-107"8
10000 | 6*0,0003516 | 6>2,30-107% | 6*2,21-10% | 6*5,67-107" | 6*4,41-107"® | 6%6,99-107"°

Ha xauecTBeHHOM ypoBHE aHaiu3 Ta0J. | HE 3aBUCUT OT BEIMYUHBI a > 1
oTpe3ka pa3omeHust (—a,a) W BEIWYUH 7 — CTEICHH IMOJIMHOMA. V310)KEeHHBIE

HHUXKE BBIBOJbI ITIOATBECPKACHBI OKCIICPUMEHTAIIBHO.

1. IlpusenenHsie 3HaueHus guctepeuit 6, j=0,5 CTaHOBSTCS KOHCTPYK-

2 2
TUBHBIMH, €CJIM HU3BCCTHA BCPXHAA OLICHKA o AUCniepCcrun E. HOpHZ[OK o E

MO>KHO ONPEIEINUTD [0 peaanu3aluy CIy4yalHOU BelUYuHbI [9]

R"R

n
2 -

i=1

S}
=0

n—(r+1)

n—(r+1)

, TaKk Kak M

R"R
n—(r+1)

=57,

I[anee 6y,I[CT IIOKa3aHO, YTO MCTHHHOC 3HAYCHUEC 7 HAXOAAT OYCBHUIHBIM 00-

pazoM.
2. Yem Oombie j, TeM MeHblie 6; mpu $ukcupoBaHHOM n. [leiicTsu-

TembHO, pu n=10 D@, = 5% -0,400466; DO, =52 -0,0024855; DO, =57 x
x4,26107° ...Dés =52-128-107", 1ee. ¢ YBEJIMYCHUEM | 3HAYCHUE Déj yMe-

HbIIACTCA Ha MOPAIOK.
3. Ilo MHUHHUMAJIBHOMY KOJIMYCCTBY HCHOBITAHUH MOXHO OnpeacjaInTb UCTUH-
HYIO CTCTICHb ITOJIMHOMA JIMHUU PErpeCCUU. B namem MpUMEPE NpU 711 = 10 JnC-

nepcusi ONeHKH Kod(huIMeHTa mpu x? yXe paBHA 5%-426-107%. T.e. ecim

UCTUHHAs JIMHUS PETPECCUH IpsiMasi, TO peanbHO oueHKamu 6,,65,0,,0s Oynyt

HYJIH C TOYHOCTHIO JO COOTBETCTBYIOIIMX 3HAKOB IIOCIIE 3aIlsATOW (3aKOH Tpex
CUTM).
4. HeoOxoamMoe KOJWYECTBO MCHBITAHUN 71 ONpEeAeNsaeTcs 3aJaHHOW TOdY-

A

HOCTBIO AJIs1 HaAXOXACHUA 0. c HaUMEHBIINM ](] = O) Ecau OKCIICPHUMCEHTBI 10-

J
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A

porue, T0 peanbHO >PQeKTHBHO OLeHuBaTh 0,

HaunHast ¢ j =1 (u3 aHanm3a
Tabi. 1 BUIHO, YTO 3HAYCHUS TUCTICPCHIA Déo u Dél OZIHOTO TIOpsIIKA JOCTHTa-
IOTCS Ha YHCIIe SKCIIEPUMEHTOB, OTIIMYAIOIINXCS Ha JBa MOPAIKa).

Takum 006pa3oM, TOYHOCTb OLIEHKH 6, HEOOXOIUMO CBSA3BIBATH C CAMOM UH-
CJIOBOHM OLIEHKOH 6, (duem Oojblle 10 MOAYIIO 3TO 3HAYEHUE, TEM JOCTOBEPHEE
pesynbtar). Ecin onenka 6, okasbBaeTcs HEIOCTATOYHO TOYHOM, TO MOJydEH-
HOE BBIpa)XEHHE JUISl JIMHUHM PErpeccMr HeoOXOAMMO HCIIONb30BaTh B TEX 3aja-
4ax, Ui PeIIeHHs KOTOPBIX BeIU4YMHA 6, HE UMEeT 3Ha4CHUs (HalpuMmep, cpas-
HEHHE 3HAYCHUH JIMHUK PErpeccuy Ul Pa3IMyHbIX 3HAUEHUH ee apryMeHTa).

B HEeKOTOpBIX 3a/1a4ax MaccuB X;, i =1,n MOXeT OBbITh 33a1aH 3apaHee U K-
CIIEPUMEHTATOP HE MOXKET €ro M3MEHHTh. Torzaa 10 MpoBEeIeHUS SKCIepHMEHTa
1o dopmynam (7), (8), (16) moxkuo Haittn nucnepeunt 6, j=0,r (r MOXKHO 3a1aTh

M30BITOYHBIM) M TIPOBECTH TPEABAPUTENHHBIA aHAIIN3 OYIyIUX PEe3yIbTaTOB.
Ipumep 1.
Wctuanas Moieab UMEET BHUJ

y(x)=5+4x+3x2+2x3+x4+0-x5+E. 17

Perpeccronnast Momens Beerma MOJDKHA 3a1aBaThCs M30bITOUHOW. B Hamem
MpUMEpPE UCCIEN0BATENb 3HAET, UTO PErpPEeCCUOHHAs MOJENb SBISETCS MOJUHO-
MOM HE BBIIE NATOW creneHu. CiaydaiiHas BeaMYInHA E MMeeT HyJIeBOe MaTeMa-
THYECKOE OKHJIaHWE, paBHOMEpHOe pacrpezneieHue, oy = 50.Bxoxnsie 3Haye-

HUS X; PaBHOMEPHO pacupezesessl o orpesky (-50,0; 50,0) ¢ marom lﬂ
n

NMHUTHPYIOTCS DKCHIEPUMEHTHI C MOMOILBIO peau3aluid CIydallHON Benu-

unuHbl FE . Mcxomnele naHuble X;, y; =5+4x; + 3xl~2 +2xl-3 +xl-4 +E;, i=Ln.
E, — peammsanus ciydaitHO#H Benu4unHbl E .

Jnst reHepanuy CIy4alHBIX YHCEN MCIOJIb30BaHa 4acTh OMOJIMOTEKH pac-
mmpenuin s C++ boost. http://www.boost.org/doc/libs/1 36 0/libs/random/
index.html.

Jnst BoccraHoBieHus: 3aBucumoctd (17) mo dopmyne (8) cTposiTcs IMIECTbh
HOPMHPOBAHHBIX OPTOTOHAIBHBIX IMOJMHOMOB, a 1o (13) — oueHku ko3 duuu-
€HTOB B JTMHUU perpeccud (16). Pe3ynbraTsl sSKCriepiMeHTa MOKa3aHbl HIDKE.

OmHoMepHas perpeccusi, paBHOMEPHOE pacipeielicHrue (0 E= 50).

Ucxomabie kooddummentsr: 5,4,3,2,1,0; mudpel B KBaApaTHBIX CKOO-
Kax — KOJIMYECTBO YHUCENT B KpPYyribIX ckoOkax. KonndecTBO HCHBITAaHUN
n=10.

OpToroHanbHbIE TOTUHOMBI
[1] (0,316228).

[2] (0,0550482; 0,0110096).

[3] (-0,348155; 0,00435194; 0,000435194).

[4] (-0,12955; —0,0250104; 0,000269896; 1,79931-10 ).

[5]1(0,336581; —0,0155824; —0,00148033; 1,55824-10 °; 7,79122:10 ).

[6] (0,214834; 0,0384315; -0,00134272; —8,35467-10 * 8,95144-10 " 3,58057-10 ®).
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OueHkn K03 PUIHEHTOB
[6] (8,21467; 4,40095; 2,99323; 1,99954; 1; 1,00514-10 7).
Jucnepcun ko3 PuImeHTon
[6](1001,17; 6,21366; 0,0106413; 1,88666:10>; 3,52078-10 ’; 3,20513-10 '?).
KoanuectBo ucneiTanuii n = 50 .
OpTOFOHaJ'IBHLIe ITIOJIMHOMBI
[1](0,141421).
[2] (0,00489996; 0,00489996).
[3](-0,158019; 0,000379853; 0,000189927).
[4] (-0,0112385; -0,0112235; 2.2513-10 °;7,50433-10 ).
[5](0,15878;-0,00127706; —0,000637333; 1,19511-10 %; 2,98776:10 ).
[6](0,0176422; 0,0175761; -9,91938:10°; -3,29849-10 °; 5,97553-10 %;
1,19511-10°%).
Onenku ko3 umeHToB
[6] (5,15354; 3,91832; 3,00231; 2,00013; 0,999999; —3,05835-10°%).
JHucnepcun k03 upeHTon
[6](176,607; 1,15167; 0,00113153; 2,86437-10°%; 2,32095-10 '; 3,57069:10 ).
B Tabmn. 2 npuBeneHs! olieHKH KO3()(UIIMEHTOB, TOYHOE 3HAYCHUE KOTOPBIX
paBHo 5,4,3,2,1,0, COOTBETCTBEHHO, IJI1 KOTUYECTBA UCIIHITAHUH 7.

Tadoaunma 2. OueHku KO3PDUITUCHTOB

n 0,=5 | 6,=4 | 6,=3 | =2 | 6,=1 05 =0
10 821467 | 440095 | 299323 | 199954 1 1,100510 7
50 515354 | 3,91832 | 3,00231 | 2,00013 | 0,999999 | -3,05835-10 "

100 4,13942 | 3,92085 | 3,00063 | 2,00003 | 0,999999 | 1,21093-10°
200 4,5745 3,92143 | 3,00406 | 2,00005 | 0,999999 |-2,61741-10"

300 5,39774 | 3,89625 | 2,99871 2,00013 1 -3,14599-10°"
500 5,23945 | 4,03909 | 3,00081 1,99996 1 11189:10°"
1000 4,8637 4,00444 | 2,99924 2 1 -3,30327-10"°
5000 5,20518 | 4,01987 | 2,99942 1,99997 1 5823-10°°
10000 4,95045 | 3,98802 3,0003 2,00002 1 ~8,36543-10 7

I xonmudecTBa MCHBITAHUH 7 > 50 MOTPENTHOCTh OINeHKH Kodddurmen-

TOB He mpesbimaeT (Tadin. 2) mia 6, —0,15; 6, —0,08; 6, —0,002; 6; —1,3- 10_4;
-6 -7
6,-107"; 65 -10"".

TakuM 00pa3oM, B pe3ysibTaTe MOJCITHPOBAHUS JOCTATOYHOTO KOJIMYECTBA

HUCHBITAHUNA MOYKHO co31aTh CTATUCTUYCCKHEC Ta6HI/IHBI, Kaxgasa U3 KOTOPBIX CO-

CTaBiieHa 7151 PUKCHPOBAHHBIX KOHIIOB OTpe3Ka MPHHAUICKHOCTH apryMeHTa X
U COACPXKUT I psda CTATUCTHUYECCKH OOOCHOBAHHBIX BEPOSITHOCTEH 3HAUCHUS

o . 2
NOTPEIIHOCTe! HaxoxAeHus Koddduuuentos 6, j=0,r (3aBucimux or Of

WIN €€ BepXHEH OIECHKH O 2) JUISL pa3lIMYHOTO KOJIMYECTBa UCIbITaHWUU. Takue

Ta6J'H/ILILI TMO3BOJIAT 3apaHeC ONMPEACIINTb MUHUMAJIbBHO HCO6XOI[I/IMOC YHCJIO HC-
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IbITAHUH, JUIL KOTOPBIX OLEHKM KOd(duuueHToB 6, (Kpome, BO3MOKHO, 6))

HaXOAATCS C MIPUEMIIEMON JUIA MPAKTUKH TOYHOCTHIO.
Ipumeuyanune. OueBuaHO, YeM OOJbIIE AIMHA UHTEPBAJIA H3MEHEHUH apry-
MEHTa X, TEM MEHbLIE MUHIMAJIFHO HEOOXOIMMOE YHCIIO UCIIBITAHUH.

MHOTOMEPHbBIN CJIYYAN

B03MOXHOCTb 711 OJHOMEPHOT'O ClIydasi PAaKTUUECKU FAPAaHTUPOBAHO HAXOIUTh
CTETIEHb MOJMHOMA JIMHUU PETPECCUU U BBIYUCIIATH C JOMYCTUMOM BEPOSTHOCTHIO
C 33JJaHHOM HOTPEIIHOCTHIO KO3((GHUIMEHTHI 3TOr0 MOJUHOMA MO3BOJISIOT Mpel-
JIOKUTh OCTAaTO4HO 3(G(EKTHBHYIO NMPOLENYypYy BOCCTAHOBJIEHMS MHOTOMEPHON
MOJTMHOMHUANBHOM JINHUU PErpeccuu (MpH YCIOBHUU peau3alliil aKTUBHOTO JKC-
MEPUMEHTA).

[TycTs MHOTOMEpHAs! MOZIENb 337a€TCsl B BUAE

W= ot Yol )2 b VB )

V(i) sennniy JEK V() s0ves i JEK (i pevnrly )

- |
rae xz(xl,...,xn )”' — JIeTCPMUHHUPOBAHHBI BEKTOP BXOJHBIX IEPEMEHHBIX;
X, — i-5 KOMIOHeHTa Bektopa X; b/1""*/' _ HemssecTHbIE 03¢ HUITHEHTHI;
f pa x; b; " HEHU3BECTHBIE K HULVECHTHI;
J; — HaTypalpHBIE 4HUCIA; j;,I; — HaTypaJbHbIE HMHAEKCHI U3 MHOXKECTBA
{1,...,n}; E — cnydaiiHas BeMYMHA C HYJIEBBIM MAaTEMaTUYECKUM OKHUJAHUEM

W OrpaHUYEHHON HEW3BECTHOM Jucriepcueit 61% (kak ¥ B OJHOMEPHOM CIIydae

MOJKET OBITh U3BECTHA BEPXHSS OICHKA O é ).

Mogens (18) sBisieTcst H30BITOYHON (BO3MOKHO, HEKOTOPBIE U3 KO3 HIIHU-

oy

" paBHbI Hymo). s yaoOcTtBa nuHUIO perpeccun moaenu (18)

€HTOB blfl"
MPEJCTaBUM HHAYE.
n . .
Jl,m,ft( )/1( )/2 ( )/t
> ¥ Sor e P e b a9
1=1 V(i) iy JEK (g JEK (i1
Cocrasisronme
j1,-~-,jt( , )11( _ )/'2 ( ) )/'z
)y b P, )2 20)
V(i) sernni JEK ] V(1 00 i JEK ] (i] s0nnsly

cozepxar Bce ciaraemblie U3 (18), B kax10e U3 KOTOPBIX BXOAUT KOMIIOHEHTA X;.
CocTaBisromnue

Jlseenndt 1 2 Jr 7 —

b St oy Pl Voo V1220
V(Zl,...,l[ )GKI V(_]l,...,], )EK[(II,...,lt

coJepxaT Bce ciaraemsle u3 (18), B Kakaoe U3 KOTOPBIX BXOAUT KOMIIOHEHTA X,

3a UCKJTFOYCHHUEM TE€X COCTaBIIIONMNX, KOTOphIe Borumd B (20) u (21) mis

V(i sendy )EK s Y (o i )EK y (i 0oty )y m=1,1—1.

Paccmotpum cocrasmnstoniyto (20).
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O6o3naunm M }-, Jj =1,n| KOIUYECTBO claraeMblX, KaXJ10€ U3 KOTOPBIX CO-
JOEpKUT X; B j -H CTENEHH.

M! = max M }-, J=1,ny, nj — MaKkcumasbHas CTENEHb IIOJIMHOMA OT IIepe-
J

MEHHOM X, .

1 o ;s p 1
Quxcupyem M HaOOpPOB 3HAUYEHUIl KOMIIOHEHT x;,...,x:,, s=1,M". Ha

wucna x;, i=2,n, s=1,M ! HaknanpiBaeTCs €IMHCTBEHHOE yCJIOBHE — OIpelie-

JICHHBIC HUKC KBAJAPATHBIC MATPHULIBI JOJIPKHbBL OBITh HEBBIPOKACHHBIMU.

Peamuzyem M ! 9KCIEPUMEHTOB, B KaX/J0M H3 KOTOPHIX (s-M s =1,M 1)
5 .. A~
IePEMEHHbIE X,,...,X, HPUHHUMAIOT (UKCHpOBaHHbIC 3HauYeHust X; (I =2,n), a

X, M3MEHSETCA, KaK IIPU MIOCTPOCHUH OJHOMEPHOM ITOJHMHOMHAIILHON PETPECCHH.
[Ipu QuKcHpOBaHHBIX 3HAYEHUSIX NMEPEMEHHBIX Xj,...,X, B S§-M IKCIIEPUMEHTE

1
(s=1,M") mMHOromepHas JMHMS PErPECCHH NPEBPAILAETCSA B IOJMHOM OT Hepe-
MEHHOM X| CTENEHH 7.

Jlist kakmoro s -To 3kcnepuMenta (s =1, M 1) HaxoauM (16) 3HadYeHUs Tu-

criepcuii DH; , J=1,n 1 3TU uucIa PaHXUPYEM 110 BO3PACTAHUIO UX 3HAYEHUN

npu ¢pukcuposanHoM . Ilomydynm 7, MpoOpaH;KMPOBAHHEIX MOCIEJO0BATENBHOC-

A 1 . —
Teit ouenok koddpduumentos 0" ,..., 0" (j=1n).
DTH pe3yIbTaThl MO3BOISAIOT cPOPMUPOBATH 1, CHCTEM JIMHEHHBIX ypaBHe-

HUH, PELICHNUSIMH KOTOPBIX SIBJISIOTCS 3HAUCHHS BceX KOA(P(HUIHMEHTOB bI{I"lIJ’ B
oy

BEIpakeHnH (20).
JIeiCTBUTENBHO, B KAKAOM U3 § JKCIICPUMEHTOB HEU3BECTHBIC KOA(DDUIIH-

€HTHI 0; (j =1,n) omHOMEpHO! MOIMHOMHUAILHON PErPeCCHH CTEICHH 7] OT

HepeMeHHOﬁ X, OIIPENECIIAIOTCS CJICIYIOLINUM O6paSOM: HEOOXOIMMO M3 BCEX dJIe-

HOB BBIp@XXEHUS (COAEpKaIlMX MEPEMEHHYIO X, B CTENICHU j ) BBIHECTH xlj . Io-
K 1

JMy4eHHOE BhIpaxxeHue st 6 i COIEPXKHT TONBKO M ; HEH3BECTHBIX Koadurme-

HTOB BHIA bl{I"i’h , TAK KaK B KaKIOM S -M DKCIEPUMEHTE IIPU HM3MEHEHHH
i

3HAYCHUH HCpeMeHHOﬁ X, ICpEMCHHBLIC X;, i= 2,}’[ MNPUHUMAKOT OAHO U TO XKC

(uxcnpoBanHoe 3HaueHue X;, i = 2,7 . Takum 06pasoM, IPH IIOCTPOSHUH CHCTEMBI

JIMHENHBIX YPABHEHUHU Ul HaxoxaeHuss M 11 K03 PUIIMEHTOB BUAA blzl“".'/‘

HaII0
oy

S
1 )s1 5 M
MCronb30Bath M, uucen 6,',...,0, ' (OHM NIMEIOT HAMMEHBILYIO JUCIEPCHIO).

HJ’IH OorpeacsCHN BEPXHUX CTATUCTUYCCKUX OLCHOK TOYHOCTHU HAXOXICHUA

1 Jreeedt y y
M, xo3ddunuenta Buaa bil...it MOJTYYEHHYIO CHCTEMY JMHEWHBIX ypaBHEHUH

YCJIOBHO 3aITMIIEM TaK:
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NS
X1 ‘911
A = , (22)
X 1 ,\SMI
M| 1
61
. 1 1
rae x;,i=1,M|; — nepemeHHble (COOTBETCTBYIOIME M| IEpEeMEHHBIM BHIA

bjl---jt)
iy )

OreHkn 6’1‘” R Z:1,M11 C 33/1aHHOW CTAaTUCTUYECKH 3HAUMMOM BEPOSITHO-

S .

CTBIO p OIEHHBAIOT ;' ¢ MOTPEmHOCTHIO, MO MOJYIIO HE IPEeBHIIAOMmeH
Sy 4 1

uucen A}, /=1,M; . Torma ¢ BEpOATHOCTbIO p MaKCHMallbHas BEJIMYMHA I10-

TPENIHOCTH HaXOXKJIEHUsSI TOYHBIX 3HAUeHU M 11 COOTBETCTBYIOIINX K0P HUITH-

€HTOB bl{"’lﬁ]’ AMeeT BUL
el

Al |t (23)

(+) —1,s )| -1
max | max Z a;A’, ‘aﬂ
J=LMy ]

+) —1As _
rae Z( )Cl jl All Oepercs 1O BceM l=1,M11 , IUIS KOTOPHIX a j,l >0;
1

=) 1,5 P - - g ou
Z( )aj, All OepeTcst 0 BceM l=1,Ml1 , ISl KOTOPBIX aﬂl <0; ajll — jl-i
1
3IIEMEHT MATPHUIIBI A7t

L — —1
Kak ykasslBanoch BbIlE, Tpeanonaraetess Xx;,i=2,n,s=1,M BboiOpaHbI

TaK, 4YTO MaTPHIIA A7 CYILIECTBYET.
AHANOTHYHO CTPOSITCS CHCTEMBI JIMHEHHBIX YpaBHEHHH (TIPaBbIMH YacCTSIMH

s 1 _
A AT M 1
KOTOpBIX sIBNsAIOTC crondusl (6,',...,0,"' )", [ =2,n,) pns HaxoxkAeHHs OC-

i

Ji-
TaTbHBIX KOA(DPHUITEHTOB bl.l )

n3 BeIpaxeHus (20). AHATOTHYHO CTPOSTCS BCE

orieHKkHu Buaa (23).
-t
dy

[Iponemypsl HAXOXKIECHUS BCEX HEM3BECTHRIX KOI(PDHUITUESHTOB bI{I' 13 BHI-

paxenuit (21) ansa / :Tn1 IIOJIHOCTBIO IIOBTOPSIIOT IIPOLENYPY, HU3JI0KEHHYIO
It BeIpaxkerus (20).

OneHka KOHCTaHTBHl B BheIpaxkeHUH (18) MoxkeT OBITH MOJydeHa Kak
cpepHee apu(METHUECKOe IO BCEM IIPOBEAEHHBIM HCIBITAHUSIM DPa3HOCTEH
v — ()"/()_ci) -6, ), rae y; — 3HaueHHe BBIXOJHON NepeMEHHON MOJENH, Koraa Ha

BXOJ MOJAETCA BEKTOPHOE 3HaueHHe X;, a J(X;)—6, — 3HaucHHe BHIpaKeHHs
(19) mns x,, U3 KOTOPOro MCKIMo4eH Kod3puuneHt &, 1 BMECTO blfl"lij’ noj-
-y

CTaBJICHBI UX OLICHKH.

Eciu BCPXHASA OLCHKA 51% HEU3BCCTHA, TO €€ MOXKHO 3(1)(1)CKTI/IBHO OLICHUTH

2
KakK cpeHee apupMeTrHyeckoe oueHoK O (11) mo BceM 0HOMEPHBIM PErpeccHsiM.
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OBOBHIEHUW S

1. O4eBHHO, YTO MOJYYCHHBIC PE3YJILTATHI MPUMEHUMBI JJIS CITydasi, KOoraa
BelpakeHHe (18) BMecTO NEpeMEHHBIX Xj,...,X, COACPKHUT IEpeMEHHbIE
ZiseeesZy, M<N, TOC Z; =fj(37j), j=1,m, a KOMIIOHEHTaMH BEKTOPOB X j

ABJISIFOTCS. KOMIIOHCHTBI BCEKTOpPAa X, U MHOXXCCTBA KOMIIOHCHT BEKTOPOB X ;,

J=1,m He mepecekarorcs; f; — HeNpepbIBHBIC PYHKIUHU, OTPAHMYCHHBIC [IPH

OTPaHUYCHHBIX 3HAYCHUSX CBOUX aPTYMECHTOB.

2. 3amada TOCTPOCHHUS MHOTOMEPHOW pErpeccHd OYEBHUIHBIM 00pazoM
000011aeTcs Ha ciy4ail, Korja IpH MOCTPOCHHM OJHOMEPHBIX perpeccuil Ha
MOJenb JEUCTBYIOT pa3Hble CilydyaiiHble BenuuuHbl E; (/ HOMep OJHOMEpPHOM

perpeccun), ME; =0, DE;, =0 éz <. B obmeM Buae pacmpeneneHus ciydai-

HBIX BeNM4UH F, (pu QUKCHPOBaHHOM /) MOTYT HE COBNAJaTh MEXIY COOOIL.
Anamuz ¢popmyn (9), (10), (16) moka3siBaeT, YTO MPH MOCTPOCHUU OAHOMEPHBIX
perpeccuii B 9KCIIEPUMEHTAX Ha PErpecCHOHHYI0 MOJEINb aIJUTUBHO MOTYT BO3-
JeliCTBOBATh HE3aBHCHMBIE CIIyYaifHble BEIMYMHBI E; C pa3In4HBIMH pacrpene-
JICHUSIMH, MMEIOIME HyJIeBble MAaTEMaTHYECKHE OKUIAHMSA U OJUHAKOBBIE JTHC-
nepcun it ukcupoBanHoro /. Jnms pasHeIX [ mucmepcuii o éz MOTYT OBITH

Pa3INIHBIMH.
Ipumep 2 (MHOTOMEpHAS PETPECCHS).
Hcxonnass MOAENs JTMHUN PETPECCUU 337aeTCs B BUJE U30BITOYHOTO TIOJH-
HOMA

y=12+11x; +10x, + 9x3 + 8xx, +7x12 + 6x7x3 +5x1x32 +4x2x32 +
+0-x13x22 +0-x12x2 +0-xx,x3 + E. 24)

O6o3HaunMm ag, ay,dy,...,a;; K03GGUINEHTHl JUHAN PErPecCUu, KOTOPbIE
CUMTAIOTCSl HEU3BECTHBIMH. E — cllydaifHas BeIMYMHA, UMEIoIIasi HOpMalbHOE
pacnpeneneane ME =0, o5 =50.

B stom mpumepe K, ={l;12; 1,3 1,2,3;}; K,(1)=1 K,(1,2)={L1;3,2;2,;};
K, (1,3)= {l,l;}; K(1,2,3)= {1,1,1}. AmnanornyHo ompexpemsorcss  Bce K,
K Giyseoniy), 1=23.

Jlnsg mepeMeHHOH X; IOCIeA0BaTEeNbHO (HUKCHUPYIOTCS CIeAyomue
3Ha4YeHUs IEpPEeMEHHBIX X,, X3: X, =3,39877, x5 =9,36811; x, =9,97516;
x3=0,137846; x, =-2,87215; x5 =8,77249; x, =9,44462; x5 =0,158521;
x, =—4,05535; x; =5,95574.

Jnst kaxaoro Habopa 3HAYEHUH MEPEeMEHHBIX X,, X3 BOCCTAHABIMBACTCS
OJJHOMEpHAsI peTpeccusi OT MEPEMEHHOH X; , KO HUIMEHTHI KOTOPOI TTO3BOJIAIOT
COCTaBHUTh TAKUE CHCTEMBI:

® 13 IATH PaBEHCTB JUIS HaXOXaeHus KodDGUIMEHTOB a,, d,, dy, d,, d;,
(xo2(ddunyenTsl B (24) Ipu X, B IEPBOI CTENEHN);

® U3 JBYX PaBEHCTB Ul HaXOXJIEHUs KO3(D(DULUEHTOB as, a;, (k0dhdu-
LUEHTHI B (24) IpU X; BO BTOPOM CTETICHH);
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Tocmpoenue mMHo2oMepHOU NOTUHOMUANLHOU pezpeccuu. AKMUHbLIL IKChepumMenm

® 13 OZHOTO PAaBEHCTBA AJIS1 HAXOXKACHUS dg (Ko3dduiueHt B (24) npu X,
B TPETHEH CTENEHM).

Jns mepeMeHHOM X, (UKCUPYIOTCA 3HAa4eHUs] IEPEMEHHBIX X[, X3:
x; =1,63987; x5 =8,68112; x; =-7,02188; x; =-2,30255. BoccraHaBnuBaroT-
csl IBE€ OJHOMEpPHBIE PErpeccuu OT NMEPEeMEHHOH x,. CocTaBisercs cucreMa U3
JBYX PaBEeHCTB Juisi Kod(duimeHTos a,,ag (xoddpdunuentsr B (24) nmpu x, B
nepBoil crenenu). Haxonmsarcs a, u ag. Jnd (UKCUPOBAHHBIX NEPEMEHHBIX
x; =6,40309; x,=0,175851 crpourcs omHOMEpHas pErpeccus OT IMEepPEMEH-
HOHU x;. Koaddunuentom npu x5 B mepBoii creneHu sBisercs as. llociennum
HaXoAUTCA KOXQPUIMEHT d, .

B Tabn. 3 npuBeneHbl OLEHKH TOYHBIX KOY()(UIIMEHTOB MHOTOMEPHOH per-
peccuu, NOoTy4YeHHbIe Ul pa3HOTO KOJMYECTBA SKCIIEPUMEHTOB (71) U KaXKIOU
OJHOMEPHOM perpeccuu.

BbIBO/JbI

IIpuBeneH KOHCTPYKTHBHBIA METOJ BOCCTAHOBJIEHHSI MHOTOMEPHOM IIOJIMHOMMU-
AIBHOW perpeccuu, MpeacTaBiICHHOW M30BITOUHBIM omucanueM. [lokazano, 4to
P UCMOIb30BAHUN HOPMUPOBAHHBIX OPTOTOHANBHBIX MOIMHOMOB Dopcaiita 3Ty
3aJa4y MOHO CBECTH K IIOCJEJOBATEIBHOCTH 3aJa4 BOCCTAHOBJICHHS OJHO-
MEPHBIX PETPECCUN U PEIICHUIO CUCTEM JIMHEHMHBIX YPaBHEHUN C MOCTOSIHHBIMU
ko3¢ unmentamu. Ha ocHoBe aHanmu3a MpOBEAEHHBIX BBIYMCIHUTENBHBIX DKCIIE-
PUMEHTOB IPHUBEACHBI KOHKPETHBIE MPAKTUUECKUE PEKOMEHJALMU N0 HCIOIb30-
BaHHUIO MPEUIOKEHHOTO METOA.
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YIK 681.513

WCCJIEJJOBAHUE YCJOBUH WJIEHTU®HUIIUPYEMOCTHA
TP UTEPATUBHOM WJIEHTU®UKAILIUU TUCKPETHBIX
CTAIIMOHAPHbBIX CUCTEM

B.®.I'YBAPEB, A.O. )KYKOB

IIpoBoauTCs BBHISIBIEHHE M AaHAJIUTHUYECKOE O00OOCHOBAaHME OOIIMX YCIOBHI
UACHTUGULUPYEMOCTH TUCKPETHBIX CTALMOHAPHBIX CHUCTEM C HPOCTBHIMH MO-
JaMU Ha OCHOBE aHaIM3a OOIIEr0 BBIPAKEHMS OTKIMKA PAacCCMATPHUBAEMOTO Kiacca
CHCTEM C XOPHAHOBOH (OpMON MaTpwibl COCTOSHHA. JlOKa3bIBaeTcs, 4TO Hau-
6oubITyI0 HH(GOPMATHBHOCTS 10 OTHOLIEHHIO K BO30YKAaeMBIM MOJIaM MMEET Ipsi-
MOYTOJIBHBIA HMITYJIbC JIHOO MEepHOIIIecKoe BO30YKICHIE B 3aBUCHMOCTH OT J[00-
POTHOCTH K0J1e0aTeIbHOrO KOHTYpA.

BBEJEHUE

B nHacrosimee Bpemsi B TeOpHH HISHTH()HKAIIMA MHOTOMEPHBIX IHHAMHUYECKHX
CUCTEeM HanOoJiee aKTyallbHBIMHA M MaJIOMCCIIEIOBAHHBIMU SIBIISIOTCS 3aJ]a4H CHC-
TEMHOU HACHTU(UKALMU B yCIOBHUIX OTPAHHMYCHHON HEOIPEIeIIEHHOCTH UCXO/I-
HBIX AaHHBIX [3]. Jlns pemieHust Takoro Kiacca 3afad HaubOosee Lenecoo0pasHo
MPUMEHSTh UTEPATUBHBIN NOIXO0, pa3paboTaHHbI B [1, 2] 1is cuctem ¢ Hempe-
PBIBHBIM BpeMeHEeM. B yCIOBUSAX OTCYTCTBHS OMOJHUTEIBHONW anmpUOPHONU HH-
(1)0pMaHI/II/I (0] KaKI/IX-HI/IGO BCPOATHOCTHBIX XapaKTCPUCTUKAX IIyMa BOCCTAHOBUTH
MOJIHYIO MOJICNTb PAaCCMaTPUBAEMOM CHCTEMBI B IPUHITUIIE HEBO3MOXKHO. [Topsimok
K€ TIPEIENIbHOM MO CIIOKHOCTH alllPOKCUMHUPYIOIIEH MOJENTH ONpeaesnseTcs B
MEPBYI0 OYEpeb YPOBHEM BO3MYIIECHHA M CTPYKTYPOU BXOJHBIX CHTHAJIOB, HC-
MOJIB3YEMBIX JUTSI BO30OYKIIEHUS CUCTEMBI [4, 6]. B ciryqae mpruMeHEHHS UTepaTH-
BHOTO METO/a TMPHHIWIHAIBHOHN sBigeTcs mpobiieMa OOHapyKEHHUsS YCIOBHH,
MIPH KOTOPBIX MOTYT OBITH BOCCTAHOBJICHBI T€ FTM WHBIE MOJIBI CHCTEMBI, a TAaKXKe
X COBOKymHOCTH. Llenms maHHO# cTaTbm — OOOCHOBAaHHE OOITUX YCIOBUH HACH-
TUQUIUPYEMOCTH YCTONYNBBIX TUCKPETHBIX CTAIIMOHAPHBIX CUCTEM C MPOCTHIMU
MOJIaMH.

OBIHU BUJ OTKJIMKA MHOT'OMEPHOM JUCKPETHOM
CTAIIMOHAPHOM CUCTEMBI C ITIPOCTBIMHU MOJAMH

Jlns obGecrieueHuss HamOosee yAOOHOTO W TPOCTOTO BBHIBOJA OOIIMX YCIOBHU
UACHTUUITIPYEMOCTH OyaeM padoTaTh C MOJENBIO, SBISIOMICHCS ITUCKPETHBIM
aHaJIOTOM MCXOJIHOW HEMPEPHIBHOM MOJENM JIMHEHHON CTallMOHAPHOM CUCTEMBI B
MPOCTPAHCTBE COCTOSTHUH

{X:Ax+Bu+§, O

y=Cx+ Du+n.

HuddepennuanbHoe ypaBHEHHE COCTOSHUS MOXXET OBITh MPEACTABICHO B
MHTErpajibHOM BHJIE C TOMOILBI0 opmyiibl Ko

© B.®. I'vbapes, A.O. XKykos, 2009
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t t
x(t)=e"xy + J‘e(”T)A Bu(t)dr + J‘e(”T)A E(r)dr.
0 0
Cr1e10BaTENbHO, OTKIMK CUCTEMBI

t
We)=Cexy + | ™M Bu(r)dr + Du(t) + w(t),
0
rac pe3yﬂLTI/IpyIOH_[I/II7I H.[yM, HpI/IBe,I[eHHHﬁ K BBIXOHy CHUCTEMBI, UMECT BHU]

w(t) = [cMEydr 7,
0

Ha ocHoBe Bbipaskenust X(f) OCYIIECTBUM BPEMEHHYIO AUCKPETH3AIMIO HC-

XOJHOW HeNpephIBHOW BO BpeMeHH Monenu (1) mpu mpou3BOIBHOM BXOJHOM
yIOpaBIAIOIMIEM Bo3aeiicTBUU. [ MPOM3BOJIBHOIO MepHoAa IUCKpeTH3auuu 1
uMeeM

kT kr
o= x(kT)= M x, + J' MDA Bu(Vdr + J' MDA E(p)dr |
0 0
(k+1)T (k+1)T
= DA J' LEDT=DA By (2 )d T + f N
0 0
. kT
_ M| Ty I ST By(r)dr + Ie(kT M E(oydr |+
0 0
(kDT (k)T
+ [ LT Bu(r)dr + [ SEIT DAL ()T =
kT kr

0

HpI/I JIOCTaTOYHO MaJIOM 3HAYCHHH BEJIWYMHBI I1ara KBAaHTOBAaHHUS T yiupaB-
JIAIOIEEe BO3ACHCTBHUE u([) MOKHO ammpOKCUMUPOBATE KYCOYHO-IIOCTOSAHHBIM

T T
=Mx, + j e Bu((k +1)T —7)dz + j A E((k+ 1T —7)dr.
0

CHUTHAJIOM, T.C.

u(t)=u,, kT <t<(k+1)T, (keN).

CrnenoBatenbHO, IMEET MECTO IPHUOIIDKeHHAs (hopMmyia

T T
J.eTABu((k+1)T—T)de J.eTABdT Uy .
0 0

HOCKOJ’ILKy 34€Ch paCCMATPUBAIOTCA JIMIIb CUCTEMbI C HCHYJICBBIMU co0cCT-
BCHHBIMH 3HAUYCHUAMHU, TO MaTpullia A_l BCeraa CymeCTBYET U HMECT MECTO

dhopmya
T

J.erABdr = A‘leTAB|0T = A‘l(eTA —])B_
0
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Takum 00pa3oMm, JUCKPETHBIM aHAJIOTOM WCXOJHON HENpPEpHIBHOW MOJIEIH
(1) sBnsteTCS MOIETTH

X+l = Axk +Buk +§k’

2
Vi= Cx, +Duy +ny,
rmue
1 1 1
x,(() ul(() yl(()
2 2 2
@ u® y@
Xp = .' ,» Up = ! s YV = : 5
xl(c[) ul((p) ylgq)
x](cn) ”;Em) y/(cl)
A=,
3)

B~ A7l (eTA —I)B,

T
& = [e & +nT —7)dr .
0

[Tpu BO30YXKAEHUN CUCTEMBI UMITYJIBCOM, KyCOUYHO-TIOCTOSIHHBIM HAa HHTEp-
BaJlaX IMCKPETU3ALMH, TONyuYeHHas NpUOIMmKeHHas QopMylia Uil BBIYMCICHUS

MaTpulbI B cTaHOBUTCS aHAIMTUYECKHA TOYHOM M CIIPaBCJIMBO BBIPAKCHUC

k _ ko
X = Akxo +ZAS_1Buk_S +ZAS_1§;{_S .

s=1 s=1

CnenoBarebHO,

k
ye =CA" %)+ Y CA* ' Buy_y + Duy +wy .
s=1
IIpuyem

k
we =, CA &+
s=1
[Ipu sTOM HEompeneaeHHOCTh MIPEAIONIaracTCsl OrPAHUYEHHON M0 aMILTUTY-
ae, T.e. |wy [< w
JManee mMatpuity cocTosiuusi A OyneM CUMTaTh MPEACTABICHHON B KaHOHH-
geckolt ¢hopme XKopmana, 160 B 3TOM cirydae 00eCIeInBaIOTCS BO3MOKHOCTH:
® JIETKO BBIYUCIIUTH COOTBETCTBYIOIIHME IKCIOHEHIIMAIBI MATPHIIBI COCTOS-
HUSl CHCTEMBI, a TaKkXe Hauboyiee MPOCTHIMH COOTHOIIEHHUSIMH BBIPA3UTh KO3(-
(hUIIMEeHTHI pa3IoKEeHHsI OTKIIMKA depe3 dneMeHTs MaTpull B u C
® peanu30BaTh UTEPATHBHBIN METOJ MOCIEN0BATEILHOTO BOCCTAHOBIICHUS
Ka)X10M MO/Ibl, HE3aBUCUMO OT JAPYTUX MOJI UCCIETYEMOM CUCTEMBI.
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Hcnonb3ys nmoydeHHbI NUCKPETHBIM aHAJIOr HENPEPBIBHOM MOJENH, Haii-
J€M Ppa3JIOXKEHUE OTKIMKA CHCTEMbl C IPOCTBIMH MOJAMHM IO COOCTBEHHBIM
(yHKUIUSAM onepaTopa, XapakTepU3yIOLIero HIeHTU(HUIUPYEMYIO CHCTEMY .

HJ’IH CUCTEMBI C 71 IPOCTBIMHU I[eflCTBI/ITCJ]BHLIMI/I COOCTBEHHBIMH qyHuciiaMu,

O4YCBUJHO, UMCIOT MECTO CJICAYIOLINC (I)OpMYJ'ILI A1 MOACIIU C HCTPEPBIBHBIM

BpEMEHEM:
A0 0 by by b
0 0 ﬂ’n bnl an bnm
i Cn Cln dy dy dip
co 02% 02.2 Con D d?l d?z d2.m
cn Cin dy dp i
U3 dhopmyn (3) cnemyeT, 9TO B IUCKPETHOM BpEMEHHU
™0 0
_ T2, _
A= 0 e O , T.¢ ﬂizem",
o o I,
, Jh 1 , oA _q , Jh 1
11 2 12 2 Im 2
— | by by, by, = -1
B= A A Ay |, e by =by ;
. . . A;
TA TA TA
n _1 n _1 n _1
bnl 2 bn2 1 bnm 1
n n n
OTKyJa
L) LN T (p)
o
/11.x +Zﬂul zblpuk]—js
s=1 p=1
2 LN e ()
.
v = | A2 %o + D A5 D by, ul”)
k s=1 p=1 5
) N TN T ()
n S—
Anxg” DA by, uyP)
s=1 p=1
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n — n k m m
enkixg) + 22 Y cuby i ul +Zd1pu£”)
i=1 i=1 s=1 p=1 =
n o n k m

Ve = ZCZi/lik (l) ZZZ Cy; zp;ts 1u(17) +Zd M(P)
i=1 i=l s= p:]

n R .
le cidixl) + Z
i P

ki M»
T Ms

(02]
Z’lk -

+Zd u

C uenbio ympoleHus AalbHeHIero u3noxeHus nonoxuM xo =0 u D=0.

I[OHyCTI/IM, 4qTo B036y)K,Z[eHI/IC HI[GHTH(i)HL[preMOfI CHUCTEMbI OCYHICCTBIISCTCA
Jiaaib 1Mo €€ p -My BXOHY, TOrJa KaK OCTAJIbHBIC BXOAbI TOXACCTBCHHO pPABHBLI

HyJ10. B 3TOM cilyyae npuBEJEHHBIE BBIIIE BBIPAKEHUSI BEKTOPA COCTOSIHUS CUC-
TEMBI U €€ OTKIIMKA IPUMYT CJIEAYIOIINI BUI;

k
b, A _1 T4
blpzll ul(cp?v by, Ze(s )Th /EQ
s=1
k
(p) _1 (s=DTA,  (p)
X = b2p2’12 Uty | = | bap Ze N 2up?)
s=1 s
b, S 2 ) em"_lk'(l)m()
S— o— .
b Z n ukl—)s —Ze ukl_Js
s=1
b, S | 3 Bl e ()
S— s ;
chibip Z/L- u” chiblp ze ul?)
i=1 s=1 i=1 i
n _ k _ n _1
y, = > egiby 2 A u) | ZcZiblp Ze(s DTy ()
=l i=1 4

chlblp

s=1 i

Z (s-DT4, (p)
s=1

Utak, npu Bo30yXKAEHUH JHMIIL p -T'O BXOJA MACHTU(DHUIHUPYEMON CUCTEMBI
Y HYJICBBIX 3HAYCHUSIX OCTAIBLHBIX BXOJOB, HA K&KIOM H3 €€ ¢ -X BBIXOJOB OyemM

HaOIIOAaTh HEKOTOPBIN CUTHAN, JeTEPMHHUPOBAHHAS YacTh KOTOPOTO OMpPEIes-

€TCA BBIPAXKCHUEM
~1¢ =
Ze(s DAL (g

yi0 —Zcql v =110). (4)

Kak BusHO U3 IOIy4YeHHOM (1)0pMyJ'H>I, IpH BO30YKIEHHUH JINIIH p -TO BXO/a
CUCTEMBI B CTPYKTYPY ¢ -TO BBIXOJAa BXOIAT DJIEMEHTHl ¢ -d BEKTOP-CTPOKH

by,

€, :(cqlcqz'”cqn) Matpunsl C U p -TO BEKTOP-CTONONA b, = MaTpulbl B.
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,Z[J'IH CHUCTEMBI C 71 mmapaMu IPOCThIX KOMINICKCHO-COIPSXKCHHBIX COOCTBEH-

HeIx uncen (4, ZT), (4, /f;) nMeeM

b, »
*
b, »
b. =| : =(c Co-c Co)
D b‘ > G = cql ql qn ~qn’ -
np
k
bnp
T/li _ _
Beenem crepytomue 0003HaueHHS © Z; = Cyi bl-p /1—’ Yi=ln

qi
@ ImA; =4,

Imzi =z, Imb,;, = blg,z) " |Im Cqi = c((;)

Ucxons u3 popmymsl (4),

n k n k *
T4 * -D)T4;
2D =323 () LN N A ()
=l =1 i=1 s=1
_ZZZReZ e(V DTZ; (P)

i=1s=1

= 222e<s DTa ( W cos((s - )TP;) — 22 sin((s - TP, )) (r

i=1 s=1

rae
M =Rez =%(€mi (7 cosT B, —y P sinT ;) - y(l))
a;i +pi
zl.(2) =Imz; = L 3 (eT"‘l (7(1) sinT B; +71(2) cosT f;)— 7(2))
ai +p;
ITpu sToM
1 1 1 2 2 2 1 1 2
71()_Re/1 cqlblp_a(c()b() (-)b( ))+ﬂ(c( )b() (i)bzgu)):

2 2 1 1 2 1 1 2 2
7@ —1m e b, = (@b —cDb@ )+ gV bD — D p2),

VIO + ) =4 leq| 3|

*
BBest 1151 KaXk10#i mapbl KOMILUIEKCHO-CONPsDKEHHBIX Mox (A, ,4; ) Bcromo-
raTeIbHBIN NapaMeTp ¢; , YAOBIETBOPSIOIINN COOTHOIICHUSAM

1
71( )

JoO? + ()

2
e

Jo? @)

cos@; =

sing; =
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nojsy4yacm

T

; |/1 | (eTaf cos (¢; +Tﬂl~)—cos¢il

22 _ ‘ ip

l
ZR
Hcxons u3 npuBeneHHBIX BbIE GOpMYJI, OKOHUATETHHO 3aIUIIEM CIEAYIO-

1iee BBIPAKECHHE OTKIMKA CUCTEMBI C MPOCTBIMH KOMILJIEKCHO-COMPSKECHHBIMU
MOJaMH:

( Ta; sin (¢, +T,B,~)—sin(0i)

(o7 cos(p, +5TB) — e T cos(p, + (s DT A JaD). (5)

M=

X
1

N
*

ra€ U — OrpaHu4€HHUE Ha MAaKCUMAJIbHO OOIYCTUMYIO a6COJ’IIOTHy10 BCJIIMYUHY
o *
YHOpaBJIAIOMIETO BO3ACUCTBUA ‘u,((p)‘ <u , KOTOpPOC€ 4aCTO BO3HUKACT B IIpaKTHU4C-

CKHUX 3a/1a4ax ¥ 00YCJIOBJICHO UMECIOIIUMUCS B PACTIOPSIKEHUH 3KCIIEPUMEHTATOpA
OTPaHUYECHHBIMU PECYPCHBIMU BO3MOKHOCTSIMU IO YIPABJIEHUIO, a TAKXKE MOTEH-
[IUAJIbHOW BO3MOXKHOCTHIO BO3HHUKHOBEHHS HEIMHEHHBIX 3()(EeKToB B cHcTeme
BCIICACTBUE HAPYIICHUs TOMYCTUMOIO MOPOTa MO YNPaBICHUIO, YTO MPUBOIUT K
HEBO3MOXHOCTH ONMCAHUS JTUHAMHUKHA CUCTEMBl JIMHEWHOH aNMpOKCUMUPYIOIIEH
MOJEJIBIO

u(p)

—(P) — G[ 1 1]
u'
3ameruM, uto opmyna (4) OTKIMKA CHCTEMBI C MPOCTBHIMH JCHCTBHUTEIIb-

HbIMU MojaMHu npu f3; =0, cos@; ==*1 U OTCYTCTBHM YUCIOBOrO Kod(duuneH-

Ta 2 MOXKET paccCMaTpUBATHCS B KAYECTBE YACTHOTO cirydasi popmyisl (5).
YCJIOBUSA WIEHTUOUIIUPYEMOCTH OTJAEJIBHO PACCMATPUBAEMOM
IMAPBI KOMIIVIEKCHO-COITPSI’KEHHBIX MO/

Hccenenyem HE0OXOMUMEBIE YCIOBUS HASHTHDUIIUPYEMOCTH I - TTaphl KOMILIEKC-
HO-CONPAKCHHBIX MOJ.

Y9 =2u" 2 |Z( T cos (¢, +sTB,) — e V% cos(p, + (s —)TB, )u;pg .
’ | i| s=1
[Ipy HAMMUMK OTPAaHUICHHON IT0 a0COTIOTHON BETMYNHE HEOTPEIETICHHOCTH
Y OTCYTCTBHH JOTIOJHUTEIHLHOHN anpropHOi HHPOPMAIMH O KaKUX-JIMOO ee Bepo-
SITHOCTHBIX XapaKTepUCTUKAX MOJE3HBIMU Ul MIACHTU(HUKALUHU SBISIOTCS, Ove-
BUJHO, JIMIIb T€ YYAaCTKH CYMMApHOIO OTKJIMKAa CHUCTEMBI, B KOTOPBIX AETEPMH-
HUpPOBaHHAsi YacTh CUTHala 1O CBOEH a0CONIOTHOW BEIMYUHE CYLICCTBEHHO

*
MMPEBOCXOAUT MAKCUMAJIbHO JOIMMYCTUMYIO BCIIMYHNHY HCOMMPEACICHHOCTH W . Ilo-
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c 'Hb' ‘
* |V qi ||Yip o
STOMY CIMIIKOM Mauas BelwmduHa Kodpduumenta ¢ =u ————, IpHA KOTOPOU

4
OTKJIMK TI0 CBOEH aOCONIOTHOW BENWYHMHE CTAaHOBUTCSI CPABHUMBIM C BETMUMHON

* v . v
mymMa w , OpUBCACT K (l)I/I3I/I1ICCKOI/I HCBO3MOXHOCTH BOCCTAHOBJICHUSA 1 - MOJBI
Ha ¢ -M BBIXO/JE.

Takum o0Opa3oM, HEOOXOTUMBIME YCIOBUAMHU HIACHTUDUIIIPYEMOCTH MOJIBI
by

3ameTuM, 4TO MOJa, HeHaOIrOAaeMas Ha OJTHOM BBIXOJ/I€, MOXKET OKa3aThbCs
HaOJII0IaeMOH Ha JPYTOM.

JInist CUCTEMBI € IPOCTBIMU JISHCTBUTEIBHBIMUA MOJIAMH HEOOXOUMBIE yCIIO-
BUS UACHTU(DUIIUPYEMOCTH aHAJIOTUYHBI PACCMOTPEHHOMY BHIIIE CIIYYal0 KOM-
TUIEKCHO-COMPSKEHHBIX MO/,

Kpome Toro, MmeHTH(QHUIMPYEMOCTh MOBI MOTCHIUAIEHO MOXET OBITh
yIIydIlIeHa 3a CYeT BBIOOpa uHgopmamueHo2o MO OTHOIICHUIO K HEH YIpPaBIIsIO-
HIETO BO3JICHCTBUS, MPH KOTOPOM OTKJIMK JTAHHOW MOJIBI B CyMMAapHOM OTKITUKE
paccMaTpuBaeMON CHUCTEMBI CYIIECTBEHHO IPEBBICUT MO a0CONIOTHOMN BEIWYMHE

ABJIAIOTCA €€ ynpaejisiemocniob (

#0) u Habaodaemocms (‘cqi‘ #0).

o *
MaKCHUMAaJIBHO JIOIYCTUMBII YPOBEHb HEONPEAEIEHHOCTH W .
B cymHocTH, 3ana4a Bei60pa HHGOPMATUBHOTO BO30YKIAIOIIETO BO3IEHCT-

BUS TIPU OTPaHUYCHUSIX ‘L_tlfp )‘ <1 sBusercs 3amayedl TUHEUHOTO HPOrPAMMUPO-

BaHM. CJ'Ie,I[OBaTGJ'ILHO, MaxKCuMyM ‘yl(kq)‘ MOXET JOCTUIaThCA JIMIIb HAa MHOXC-

CTBE YTJIOBBIX TOUYEK JOIIYCTUMOTO THIIEPKY0a, KOTIa BBIOIHSAIOTCS yCIOBUS
P *
Vs=1k |u P | =u .

HepaBeHCTBO TPEYroJIbHUKAa AJI BBIPAXKCHUS y_k IMOKa3bIBACT, 4YTO Hanbo-

nee ONaronpUSTHBIM JJISl MAKCUMHU3AIUHA OTKJIMKA 110 a0CONIOTHON BEIHYHMHE SIB-
JsieTcsd JMIIb TOT Clydail, Korja MocjiefoBaTeIbHOCTh KOCHHYCOB, a 3HA4uT, U
yIpaBlICHUH, SIBISIOTCA 3HaKodepenyromuMucs. [Iockonbky apryMeHTbl KOCHHY-
COB COCEIHHUX ClIaraéMbIX OTJIMYAIOTCSA APYr OT Apyra Ha BenuuuHy 1[3;, nis

obecreucHus qepCaoBaHud 3HAKOB KOCHMHYCOB NEpHUOJ JUCKPECTU3AIUN T neiae-

T
cooOpa3Ho BbIOMpath U3 ycnosust 75, =x,1.e. T =—.

i
HpI/I OTOM B CjIydac UCIOJb30BaHUA IEPUOANYCCKOTO 3HAKOUCPEAYIOIIETOCA
B036Y)K,Z[CHI/I$I AOCTUTACTCA CICAYIOIICE a0COIFOTHOE 3HAYCHHE OTKIIMKA:

exp k7zﬂ -1

. i
|cos¢)i| exp HF + -
i i

exp| 7— |1
i

« [oi]e]
il

1

Y, = Yik =2u

HpI/I HCIIOJIb30BAHUHU K€ IMPAMOYTOJIBHOT'O UMITYJIbCa JOCTUTa€TCd MCHBIICEC
a0COIIOTHOE 3HAYEHHUE OTKINKA
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£

b;l|c; .
l||cl||cosg0i|exp kﬂ& -1, Y, <.

Y, =
? 4] 5;

VY4uThIBas OTPULATENBHOCTh BEIMYMHBI (; OYEBHIHO, YTO IPHU IIJIOXOMH
. a
noOpoTHOCTH KojebaHMi, kKoraa |—|>>1, momyuyaem Y| =Y,. CnenoBarenbHo,

MPUMEHEHHUE MEePUOTUICCKOTO 3HAKOUEPEAYIOMIETOCS BO30YKICHUS HE JaeT Cy-
IIECTBEHHOTO BBIUTPHIIIA TPH HU3KOW JOOPOTHOCTH KOJIECOAHMIA.

B ciydae xe melictButensHON Mozpl, korna f; =0 u |cos (p,-| =1, BEIOOp Be-

Tu4uHbl ' HE BIHAET Ha 3HAKU CIIAaraeMbIX OTKIIMKA, U, CJIEI0BATENIbHO, B CIIydae
YHCTO 3KCIIOHEHIMAJIbHBIX CUCTEM HanOosiee HHGOPMATUBHBIM SIBJISIETCS MIPSIMO-
YTOJIBHBIN MMIYJIBC MaKCHMAJIBHO JONMYCTHMOHW B YCIOBHSX HICHTH(UKAIIMOH-

HOT'O 3KCIICPUMCHTA aMIIJIUTY IbL u* U NJIUTECIIBHOCTHU k.
(“;a“r,‘“a”LO = (u*,u*,---,u*),
(u;’u;k""ﬂuli—l) = (—u*,—u*,-”,—u*).

,HOCTI/IraeMOC IIpy 3TOM MaKCUMAJIbHOC 3HAYCHNUEC MOOYJISA OTKIIMKa OIIpEac-
JIETCSI, OYEBHIHO, HOPMYJIOii
billei]

4

OTMeTI/IM, 49TO XOTd B ClIy4dac BBEICOKOH I[O6p0THOCTI/I kosebannii Hanbolee

UH()OPMATHBHBIM SIBIISIETCS IEPHOANYECKOE BO30YIK/ICHHE, HA MPAKTHKE, TEM HE

MEHee, MCIOJIb30BaHUE €r0 HEeBO3MOXHO, MO0 OHO IpernojaraeT 3HaHUE HEU3-
BECTHOIr0 anpuopu mapamerpa /f;. Takum oOpa3oM, B Ir00BIX CIydasx HIEHTHU-

*

ik

*

| bl
e

(hMKAITMOHHBIN SKCIEPUMEHT Ileliecoo0pa3HO HAaYMHATHL C IPUMEHEHHS IPSIMO-
YTOJIBHOTO HMMITyJIbCa MaKCHUMaJIbHO BO3MOKHOM AMIIIUTY bl U OJIATCIBbHOCTH.
I[anee, mo MEpPE YTOUYHCHHA OLCHOK HCU3BCCTHBIX MApaMETPOB MOKET IIPpUMEC-
HATHCS TTEPUOTNIECKOE 3HAKOUESPEIYIOIIeecs] BO30YKICHHUE.

[Tepeiinem Kk McCIenOBaHUIO MPOOIEMBbI HACHTH(DHUIIMPYEMOCTH COBOKYITHO-
CTH MOJI. HGO6XOI[I/IMOCTL €€ HCCIICAOBAHUA OGYCJ'IOBHGHa TEM, YTO, HaXXE C€CJIU
HEKOTOPLBIC OTACIBHO paCCMAaTPpHUBACMbIC MO/IbL HCCJ'IC,Z[yeMOfI CHUCTCMBI U yIOBJIC-
TBOPSIIOT YCTAHOBJICHHBIM BBIIIE YCIOBHSIM HICHTH(OUIIMPYEMOCTH, B OOIIEM OT-
KIIMKE€ CHUCTEMBI 3a CUET €Iro a,I[,Z[I/ITI/IBHOﬁ CTPYKTYpPBbI, MOJBI C ONM3KUMU COOCT-
BCHHBIMH 4YHCJIaMH MOTYT CTAaTb TPYAHO Pa3/IMYMMBIMU U PACCMATPHUBATLCA KaK
OJIHa MoJa.

B camom ACJIe, CyMMa JIBYX Iap KOMIUICKCHO-COIIPAKECHHBIX MO C OJIM3KH-
MH COOCTBEHHBIMH YHCIIAMU npeacraBuMa B CJICAYIOMIEM BUIC:

k k *
J/Z =| z, ze(sfl)Tﬂiul({[_Jl + Zi“ ze(sfl)Tﬂl- u]({p) +

-5
s=1 s=1

k—s

k k *
+| z, ze(s—l)T(/il-+A/1l-)u](f:?v + Z; Z e(s—l)T(ﬂl-JrAﬂi) u(p) _
s=1

s=1
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k
(z, +22)Ze(‘vfl)miu(p) +(Zl +z )Ze(g l)mlu(p) +

s=1 s=1

s=1)T; 1
+2Z(s—1)TRe (Ad)zy e [1+2 (s —D)TAA, +- j ul?).
s=1

Kak BUJHO U3 MPUBCACHHOI'O BBIPAXCHUS, OTKJIHUK ABYX IIap KOMIIJICKCHO-
CONPSIKEHHBIX MOJI MPEJCTABUM B BHUJIE CYMMBbI JBYX CUTHaJIOB. [lepBblii cUrHam

* (V]
COOTBETCTBYET mape mof (A;,4;), a BTOpoif — HpupameHusiM COOCTBEHHbIX YH-
cell ¥ IPH MaJoM 3HAYSHHUU BEJINUHHBI |A/1i| CTaHOBUTCS HE Pa3NUUMMBIM Ha (Ho-

HE TIyMa.

ONMCAHME METOJIA UTEPATUBHOMN WJIEHTU®UKAIIAU

B [1, 2] pa3pabotanbl 1 000CHOBaHBI OCHOBHEIE MPOIIETyphl METO/a HTEPATHB-
HOW MICHTU(UKAINA MHOTOMEPHBIX CTAllHOHAPHBIX JIMHEWHBIX CHCTEM C Helpe-
pBHIBHBIM BpeMeHeM. OCHOBHas uzes MpeIoKEHHOTO METO/la COCTOUT B BOCCTa-
HOBJICHWH  aNNPOKCUMHpPYIOLIEH  MOJENH  4Yepe3  IOCIel0BaTeNbHOCTh
CcyOMOJIeINel, COCTaBIIMIONINX OTAEIbHBIC YaCTH UCKOMOM Mozaenr. Metoa urepa-
THBHOM MICHTU(UKAINK MPEANOIAraeT BOCCTAHOBICHHE MaTpullbl 4 B GJI0YHO-
JMaroHaJbHON kopAaHoBod ¢opme. Ecnu Bo3Oyxnaromue Bo3neiicTBUS Hoza-
IOTCSI OTZAENBHO Ha KAXABIM 7 -i BXOX NpPU HYJIEBBIX 3HAYECHUSX OCTAIBHBIX, TO
OTKJIMK CUCTEMBI Ha 7/ -M BBIXOJIC MOKHO IIPEACTaBUTh B BUJIE YPAaBHCHHUS

v ()= ZZI(t (f,fl;})cosﬂp(t—r)+
p=lj=1¢

+ ,2;12.) sin 3, (t — T))eap (tfr)u, (r)dr +

Qg gy | D)
+ j(t )/’ (Dydr +d (6 + w,, (£).
g=1 g=1 (]_l)'

B 1aHHOM BBIpa)XEHHMHM IIEPBBIM MHTErpajl COOTBETCTBYET MOAAM CHUCTEMBI C
KOMILIEKCHO-CONPSKEHHBIMU COOCTBEHHBIMH 3HAYCHUSAMU «, +iff, KpaTHOCTH

n,,a BTOPOU — OTPEACNIICT MOJABI C IEHCTBUTEIHFHBIMA COOCTBEHHBIMU YHCIIA-

MH 7, KPaTHOCTH 7, .
[Iponenypa naeHTH(UKAINN OCYIIECTBIIACTCS B IBa dTAIa.
Ha mepBom sTarme mo 3KCHepUMEHTaIbHBIM ITaHHBIM CIIEAyeT HAWTH IpH-
OJIMKEHHYI0 TOYEUHYIO MM MHOKECTBEHHYIO OIEHKY IEepPBOW TPYMIIBI ITapameT-

poB — COOCTBCHHBIX 3HaYeHHil cyomomenmu («,,[,,7,) W UX KpaTHOCTEH

(n,,n,,,). OTH NApaMeTPBI MOJHOCTBIO ONPEACISIIOT KOPIAHOBY (HOpMy MaT-

punsl A . Ilpu 3TOM Kaxoe U3 m x v ypaBHEHHMN IS y(’)(t) MO>HO HCIIOJIb30-

BaTb HE3aBUCHMMO Ha OCHOBE OaHHBIX IMOCJIICAOBATCIIBHOCTH SJKCIICPUMCHTOB, B
KOTOPBIX BO36y)K)1€HI/Ie CHUCTCMBI IIPOU3BOJAUTCA OTACIIBHO HA KAXIO0M BXO/€ ITPpU
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HYJIEBOM CHUTHAJIE Ha OCTaJbHBbIX. [[0CKOIBKY MapaMeTpbl EpBOM TPYNIbI SBIISA-
FOTCS OOIIMMM ISl BCEX YPaBHEHHUH, TO MOTYT IMPUMEHSITHCS pa3IMIHBIC TIPOIIE-
IypBl YCpPEeTHEHHUS KaK MpH MPUOTMKEHHOM TOYEYHOW, TaK U NMPU MHOXKECTBEH-
HOM uX OIICHKE.

Ha BTOpoMm 3Tame ocymiecTBiseTcs BOCCTAHOBJICHUE BTOPOW TPYIIIBI Mapa-

METPOB — KOO (PUIMEHTOB pa3OKEHUSL f,g;}), f,,(;z), g,(,flzj 10 COOCTBEHHBIM

(GyHKUMAM sijpa CUCTEMBI, a Takke Koddduunenra d,,,. . 3Has 3TH K03 durmen-

ThbI, C MOMOIIBIO JIETKO YCTAHABJIMBACMBIX YPABHEHHH CBSI3U HETPYJHO BBIUHC-
auth MaTpuubl B,C,D MCXOIHOW MOJENH, T.€. YCTaHOBUTh KOHKPETHYIO MOJICIb
B TIPOCTPAHCTBE COCTOSHHIA.

brnaronaps sxopraHoBoit opme, Kaxkaas KIeTKa KOTOPOH ONpe/esseT CBOU
BPEMCHHBIC XapaKTEePUCTUKU OOBEKTA, MOABISIETCS BO3MOXKHOCTh HE3aBUCHMOTO
BOCCTAHOBJICHHsI OTJENBHBIX YacTeld MojaeiH. Jiis KOHKpeTHOro 00beKTa cyoMo-
Je7b MOXKET COJIepKaTh OJHY WM HECKOJBKO >KOPIAHOBBIX KieTOK. IIpu mpo-
CTBIX COOCTBEHHBIX 3HAYCHUSIX CYOMOJIENIb MOXET OBITh OJJHOMOJIOBOW WM CO-
JepKaTh KJIacTep MOJA ¢ OJNU3KUMH COOCTBEHHBIMH XapaKTEPUCTHKAMU
NepexoHoro mponecca. PazmepHocTH cyOMopeneil MOryT OBITh pa3IMYHBIMU.
JlonyckaeTcss Takke MPUCYTCTBHE OJHUX U TeX e MOJ B pasHbIX CyOMOJemnsX.
Ormpenenenue mapaMeTpoB CyOMOAENH O3HAYaeT HICHTH(UKAIMIO COOTBETCT-
BYIOIIUX OJ0KOB MaTpull 4, B,C , a TakKe OTACIbHBIX 3JIEMEHTOB MATPHUILl [ .

Takum 00pa3oMm, M3 IMOCIEAOBATEIBEHOCTH CyOMOJelieli MOKHO BOCCTaHO-
BUTh MOJIEJIb, NIPE/ICIbHAS CIIOXKHOCTh KOTOPOU OMPENENSIETCS] CPEHUM YPOBHEM
BO3MYIICHUIH U CTPYKTYPOH BXOJHBIX CHTHAJIOB, UCIIOJIL3YEMBIX JJISI BO3OYkK Ie-
HUSI CUCTEMBI. HOI[‘IepKHeM, qTo HTepaTPIBHBIﬁ moAaxod IMO3BOJIACT MOJIydYaTh pe-
TYJSIPU30BaHHBIC PEIICHUS 3a/1a4 UICHTU(DUKAIUH, COTJIACOBAHHBIC C TOYHOCTHIO
HUCXOITHBIX MAHHBIX. JTO OCOOCHHO BaXKHO TPH HACHTH()HUKAIIMA MHOTOMEPHOM
CHCTEMBI 110 HpI/I6III/I)KeHHI>IM JaHHBIM, KOI'Zla IIPOABIACTCA HCKOPPEKTHOCTL, CYy-
IIIECTBEHHO BIUSIONIAS HA TOYHOCTh OICHUBAHUS MTAPAMETPOB MO/ICIIH.

INPUMEHEHME 4SID-METOJA JJI5s1 OITIPEAEJTEHUA PASMEPHOCTH
CYBMO/IEJIM U1 EE COBCTBEHHBIX 3HAYEHU

JlJ1s BBITIOJTHEHUS TIEPBOTO 3Tana MeToJla UTSPATUBHOW HJICHTH(HUKAIINHU, T.€. OII-
peneneHns pa3MEepPHOCTH CYOMOEN U €€ COOCTBEHHBIX 3HAYeHHIA, MOKHO BOC-
MTOJIB30BATHCS MTOIXO0OM, IIHPOKO MPUMEHSIEMBIM B METOJaX IMOANPOCTPAHCTBA
coctosiamii (4SID-methods) [7], koTopble 6a3upyOTCS Ha KIACCHYECKOW TEOPUHU
peanuzanuii [5]. Cyts 4SID-meTona CBOAUTCA K CIEAYIOIIEMY .
Bsenem 0603HaueHHS.
u Vi

T T
uh)=| "y =] TR

T T

ukﬂzfl yk+a71

rae k — JUCKpeTHOE BpeMs; & — MPOU3BOJILHOE IEJI0e YHCII0, IPEBBIIIAONICe
NPEANONaraeMblil MOPSIOK CUCTEMBI 7 .
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Torna
Y(k)=Tpx; + @ u(k),

rae I', — MaTpuna HaGIro1aeMOCTH

C
CA
FD! = . s
cA%!
(I)a — HWXH 6nqu0—Tpeyr OJIbHas1 TCIJIMIICBA ManI/ILIa I/IMl'ij'ILCHLIX peaKI_II/IP'I
CUCTCMBbI
D 0 ... 0
CB D - 0
O, = i .
CA°?B ... CB D

OueBuaHO, YTO CUTHAJBI U, U y;, 1npu k=1, N +a—1 MoryT ObITh omnmca-
HBl MATPUYIHBIM yPaBHEHUEM

Y=T[,X+®,U,
rae 6HOHHLIC TAHKCJICBbI ManI/IHBI BXOJO0B U BbIXO0B UMCKOT BHU ][]
U =(u() u(2) ... u(N)),
Y =(y(1) »2) ... »(N)),
" TPpaC€KTOPUA COCTOAHNUA CUCTEMBI
X=(xxy ... xy).

Brenem MaTpHIly opTOTOHAIBHOTO TIPOSKTUPOBAHUS Ha HYJIL-TIPOCTPAHCTBO
Matpuubl U .

., =1 ~vtwuhy'u.

~ def
[Tockonbky Ul'[éT =0,10 Y = Yl'[if =FaXH$T , T.€., IPUMEHUB K Mat-

pHIle BBIXOOB Y mpeoOpa3oBaHHE OPTOTOHAIHHOTO MPOEKTHPOBAHUS HLl]T , MBI

(hakTHUYECKH yAanseM YacTh BBIXOAA, HE CBSI3aHHYIO C COCTOSIHUEM CHCTEMBI.
Hanee 4SID-meTon mpeanoaaraeT UCMONb30BAaHUE CUHTYJISIPHOIO pasioxKe-

Hus (SVD-nipeoOpazoBanns) MaTpuIls! Y .
y=0sv",
rae Q u V — opToroHaibHble MaTpHIlpl; S — JAHArOHalbHas MaTpHIA C He-

BO3PACTAIOLINM IOPSIKOM CHUHTYJIIPHBIX YHCEJ Ha AUArOHAJIH.
Matpuiry S ciemyer paccMaTpuBaTh Kak OJIOYHO JHATOHAIBHYIO MATPHILY

BHUIIA
S, 0
S =
0o S,
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rjie Marpuna §. ¥MeeT Ha CBOCH JHMaroHaiy CyNIeCTBEHHBIC CHHTYJISIPHBIC YHC-
J7a, T.€. YUCIa, COOTBETCTBYIOIUE MoJlaM cyOmonenu. Marpuna S, MpeacTaBis-
€T MOJbI, HC BOICAIINEC B CY6MOI[6J]I>, a TaKiK€ UMCIOIIUCCA B CUCTCME IITYMBI.
CooTBeTCTBYyIOIIEE 07109HOE pa30HeHNe BRITIOMHASTCS TakKe I MaTpuI] (
ub:
0= Q) V=01,
B kadecTBe KpUTEpHs YKa3aHHOTO pa30OMEHHUs MCIIOJB3YETCs, KaK MPaBUIIo,

CBOMCTBO 3HAYUTEIHLHOTO MMPEBOCXOACTBA CYILICCTBCHHBIX CHUHIYJIAPHBIX YHUCCII
HaJa NTYMOBBIMU.

A

Brimomaum Pa3I0KCHNUE MAaTPHUIIbI Ys B IMPOU3BCACHUEC JIBYX JIFOOBIX TTOJTHO-

PAHTOBBIX MaTPHII, HATIPUMED,
5 12y ol/21T
KS‘ :(QS' SS )(SS VS )
[Tockonbky B COOTBETCTBHHM C TEOpUEH peanu3amnuu Jio0oe pasiokeHue

MaTpHulbI Ys B NPOU3BCACHUC JIBYX IMOJIHOPAHTOBBIX MATPHUL IICPBBIM COMHOKH-

TEJIEM TPEACTABIIAET MATPHUIly HAOJII0JAEMOCTH, a BTOPbIM — MAaTpUIly X JUis
HEKOTOpOTo 0a3zuca MPOCTPAHCTBA COCTOSIHUH, TO B KAYECTBE OIIEHKU MaTpHIIbl [
MOJXHO B3Tb BBIPAXKCHUEC

~_ 1/2
I'= Qs S N
s MaTpUIbI Ha6J‘IIO,Z[aeMOCTI/I JIETKO IMOJIYYHUTb CUCTEMY ypaBHeHI/Iﬁ JUTA OIT-

peneneHust MaTpULbl cyomoaenu A

I -1 4, =T, g

rae FZ:]- IMMOJIY4YCHO U3 I' uckmouyeHuem epBoro 6J'IOKa, COOTBCTCTBYIOLICTO

marpuue C; matpuna I.;_; GopmupyeTcst ananoruyso us I' mmyTem HCKIIOYEHHS

MMOCJICAHETO 0JI0Ka.

Hpumep. Ilycts naeaTndumupyemas cucteMa CoIep>KUT TPH MOJIBI, XapaK-
TEpU3YIOLIUECS CIeyIOINMY TapaMeTpaMu:

CHeKTp CHUCTCMBI C HEC- CHeKTp CHUCTEMBI C JUC- b c.
NIPEPBIBHBIM BPEMEHEM KPETHBIM BPEMEHEM ! !
A, =-0,0953 2, =0,9091 1 1
2, =-0,1906 A, =0,8264 1 1
Ay =—0,3812 A3 =0,6830 1 1

Pesynbrar paboTs! anroputMa npu ypoBHe myma ¢ = 0,01 npuBeneH Ha pu-

CYHKE.

OTMeTHM, YTO MPUMEHEHUE MPEOOPA30BaHUsT OPTOTOHAIBLHOIO MPOESKTHPO-
BaHMs K MaTPHIIE BBIXOJOB OCYIIECTBIISIET BRIZEICHHE TIEPEXOIHOTO IpoIiecca 13
o0I1ero curHaiga CUCTeMbl. Bepudukanus 1aHHONW TMITOTE3bI CBOAUTCS K MPOBEP-

L
K€ BO3MOYKHOCTH NEPEYNOPAIOYUBAHUS CTPOK M CTOJIONOB MaTpuubl R =Y,
U

TakuM 00pa3zoM, 9ToObI 00ECTIEYUTh MOHOTOHHOE YOBIBAaHHE MOJYJIEH dIIEMEHTOB
JTAHHOM MATPHIIHI IO CTPOKAM H CTOJIOIaM.
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CuHryasipubie

4,7196e+002
9,8971e-001
9,5696¢-001
9,1439¢-001
8,7695e-001
8,0457e-001
6,9750e-001
6,4418e-001
6,3755e-001

3.8709¢+001
8,5821e-001
8,5694¢-001
8,4130e-001
7,9460e-001
7,2783¢-001
6,9626e-001
6,7718¢-001
6,6540e-001

3.8709¢+001
8,5821e-001
8,5694¢-001
8,4130e-001
7,9460e-001
7,2783e-001
6,9626¢-001
6,7718e-001
6,6540e-001
4,9840e-001

YucCJja OTKJIUK?

npobuILTDOBAHHOIO CUTHAJIA

CuHryJsIpHBIE YHCIa

T

............ T

napamMeTposn

Clbl = 0,9457

Ouenkn

Ay =0,83

Czbz = 0,8956

A3 =0,68

C3b3 = 1,0524

1 ; i
0B 07 ne 0g 1

HacrpauBaemblii napamerp

XoJ paboThl AIrOpUTMa UTEPATUBHOW MIICHTU(PHUKAIN

C maHHOH LIEIBIO MPOBEIEM BBRIYHCIUTEIHHBIA SKCIIEPUMEHT JIJISi CHCTEMEI C

MaTpuLen
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o 5
A= ;
0 -3
OTKyZa
A:(0,1353 0 J =[4J,T-e-b=(l’7293J c=(2 1),
0 00498 5 1,5837
IlycTe, HapuMep, raHkesIeBa MaTpulia YIpaBIeHU UMEET BUJL

-0,4571 -0,4953  0,7515 0,4746 -0,7270 -0,9765 0,7878 -0,6017

-0,4953  0,7515  0,4746 -0,7270 -0,9765 0,7878 —0,6017 —0,4026
U= 07515 04746 -0,7270 -0,9765 0,7878 -0,6017 -0,4026 0,3229

0,4746 —0,7270 -0,9765 0,7878 -0,6017 -0,4026 0,3229 -0,4312

-0,7270 —0,9765  0,7878 -0,6017 —0,4026 0,3229 -0,4312 —0,0616
Torna rankesneBa MaTpulila peakiuii CUCTEMbI PUMET BUJT

0 -2,3049 -2,7477 3,4876 27668 -3,3603 -52835 3,3943

-2,3049 -2,7477 34876 2,7668 -3,3603 -52835 33943 -2,6746
Y= -27477 34876 27668 -3,3603 -52835 3,3943 -2,6746 -2,3152

34876 2,7668 -3,3603 -52835 13,3943 -2,6746 -2,3152 1,373l

2,7668 -3,3603 —5,2835 3,3943 -2,6746 -2,3152 11,3731 -2,0292
R=

4 6 8 2 7 3 1 5
1 -1,8561 08711 —0,0535 29621 04436 -2.8029 -49781 15296
2 02026 00941 —0.0064 03211 -0,0426 -0,3024 -0,5403 0.1566
30,0250 00115 -0,0008 00395 -0.0049 -0.0371 -0,0665 0.0187
4 -0,0033 0,0015 -0,0001 00051 -0,0006 -0,0048 -0,0087 0,0024
5 -0,0004 0,0002 -0,0000 0,007 —0,0001 -0,0006 -0,0012 0,0003
J 40051

1 2 3 4 5 6 7 8
1 49781 29621 -2,8029 -1.8561 15296 0.8711 04436 -0,0535
2 05403 03211 -0,3024 02026 0,1566 00941 —0,0426 —0,0064
3 -0,0665 00395 -00371 0,250 0.0187 00115 -0,0049 -0,0008
4 -0,0087 0,051 -0,0048 -0.0033 0.0024 0,015 -0,0006 -0,0001
5 -0,0012  0,0007 -0,0006 —-0,0004 0,0003  0,0002 -0,0001 —0,0000

[lomydennble pe3ynbTaThl yOeIUTENFHO CBHIIETENHCTBYIOT B IOJNB3Y TOTO,
9TO Ui BO30OYXKIACHUS CHUCTEMBI HEIEIECOO0Pa3HO NPUMEHSTH YIPABIISIONIEE
BO3JICHCTBYE B BHJE CIYYaiHOH IMOCIEIOBATENILHOCTH, HOO TIOCEe MPUMEHEHUS
peoOpa3oBaHusl OPTOTOHATBHOTO MTPOSKTUPOBaHUs Ha sipo Marpuilbl U u3 00-
IIET0 CUTHAJIa CUCTEMBI BBIICISICTCS CUTHAN, TIOXOKUN Ha TIEPEXOIHBIN MPOoIIece.
[ToaToMy BMeCTO MPUMEHEHHUS CIIyYailiHOTO BO30YKIEHHS 3HAYHUTEIBHO MPOIIE
BBIJIEJISITh IEPEXOIHBIN MPOLIECC ITyTeM BO30YKIEHHUS CHCTEMBI MPSMOYTOIBHBIM
HUMITYJIBCOM.

BbIBO/IbI

1. B pe3ynbTare aHanmu3a BBIPAXKEHUsI OTKIJIMKA ITUCKPETHOM JIMHEWHOH cTa-
[IUOHAPHON TUHAMHYECKOW CHCTEMBI C IPOCTHIMH MOJAMH, IPECTaBIEHHOIO B
BUJIC pa3oKeHHs N0 (yHIaMEHTaIbHON cUCTeMe COOCTBEHHBIX (YHKIUMA ee si-
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pa, yCTaHOBJICHBI OOIIKE YCIOBUS HICHTH(GUIIMPYEMOCTH KakK JUIsl OTJCIBHO B3s-
TBIX MOJ], TaK ¥ JUJIsl COBOKYITHOCTHA HECKOJIBKHUX MOJ MCCIEIyeMOro Kiacca CHC-
TEM.

2. TlokazaHo, 4TO camoil TUIOXOW HIACHTU(PHUINPYEMOCTEIO 00JIaIal0T MOIHI,
COOTBETCTBYIOIINE MajbiM aOCOMOTHBIM 3HAYSHHSIM KOA((UIIMEHTOB yrpaBisie-
MOCTH M HaOIFOJaeMOCTH, OOJBIINM aOCOMOTHBIM 3HAYEHHUSM COOCTBEHHBIX UH-
CCJI, a TAKXC MOJbI C OJMM3KUMHU COOCTBEHHBLIMH 3HAYEHHUSIMHU U OJIM3KHMH 110 MO-
JTyJTI0, HO TIPOTHBOIIOJIOKHBIMU TI0 3HAKY K03 dHIimeHTaMu pa3ioxKeHuUsI.

3. JlokazaHo, 4TO U1 BO30YXICHUSI CHCTEMBI B KA4eCTBE BXOJHOTO YIIPaB-
JISIOMIETO BO3ACUCTBHUS HanOoJee 1esiecoo0pa3Ho MPUMEHATh He CITyYaitHyIo T0-
CJIeI0OBaTEIBHOCTh TUMA OEJoro IIyma, UCIOIB3YEMYIO B TPAIUIIMOHHBIX METO-
JlaX UACHTU(UKALINY, a IPAMOYTOJIBHBIA UMITYJIBC JIJISl YUCTO SKCIIOHCHITUATBHBIX
CUCTEM WJIH OCIIJUTHPYIOIIUX CUCTEM C TUIOXOH JOOPOTHOCTHIO KoJeOaHuil, mibo
MIEPUOJANYCCKOE 3HAKOUEPEAYIONIeeCs BO30YKACHUE IS OCHUJLTUPYIOIIMX CHC-
TEM C XOpOIIeH TOOPOTHOCTHIO KOJICOaHUH,

4. Y CTaHOBIICHO, YTO JKOPJAHOBA CTPYKTYpa Marpuilbl A MO3BOJISIET BBIIC-
JSTh MEPEXOJHBIA TpoIlece 0e3 MPUMEHEHUs NpeoOpa3oBaHUs OPTOTOHATHLHOTO
MIPOEKTUPOBAHUS, UCIIONB3yeMoro B 4SID-Mmetoze, myTeM BO30YKACHHS CUCTEMBI
IPpAMOYTOJIBHBIM UMITYJIBCOM.
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@T HOBI METOAU B CUCTEMHOMY AHAITI3I,
1 IHOOPMATULI TA TEOPII NPUUHATTA PILLEHb

YAK 517.9

INITIAL TIME VALUE PROBLEM SOLUTIONS FOR
EVOLUTION INCLUSIONS WITH S, TYPE OPERATORS

P.O. KASYANOV, |V.S. MEL'NIK], S. TOSCANO

For a large class of operator inclusions, including those generated by maps of Sy

type, we obtain a general theorem on existence of solutions. We apply this result to
some particular examples. This theorem is proved using the method of Faedo-
Galerkin.

INTRODUCTION

One of the most effective approach to investigate nonlinear problems, represented
by partial differential equations, inclusions and inequalities with boundary values,
consists in the reduction of them into differential-operator inclusions in infinite-
dimensional spaces governed by nonlinear operators. In order to study these
objects the modern methods of nonlinear analysis have been used [7, 8, 17, 28].
Convergence of approximate solutions to an exact solution of the differential-
operator equation or inclusion is frequently proved on the basis of a monotony
or a pseudomonotony of corresponding operator. In applications, as a
pseudomonotone operator the sum of radially continuous monotone bounded
operator and strongly continuous operator was considered [8]. Concrete examples
of pseudomonotone operators were obtained by extension of elliptic differential
operators when only their summands complying with highest derivatives satisfied
the monotony property [17]. The papers of F. Browder and P. Hess [3, 4] became
classical in the given direction of investigations. In particular in F. Browder and
P. Hess work [4] the class of generalized pseudomonotone operators was
introduced. Let W be real Banach space continuously embedded in real reflexive

Banach space Y with dual space Y, ¢y Y xY >R be the pairing. Further,
as C,(Y *) we consider the family of all nonempty closed convex bounded

subsets of the space Y *. Multi-valued map A: Y ->C, (Y *) refers to be
generalized pseudomonotone on W if for each pair of sequences {y,},-; W

and {d,},> < Y" such that d,eA(y,), vy, >y weakly in W, d, — d weakly
in Y", from the inequality

En (d,,,yn>y S<d7y>)’
n—>00

© P.O. Kasyanov, |V.S. Mel'nik|, S. Toscano, 2009
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it follows that d € A(y) and {d,,,y,)y = (d,»)y. .V. Skrypnik's idea of passing
to subsequences in classical definitions [26], realized for stationary and evolution
inclusions in M.Z. Zgurovsky, P.O. Kasyanov, V.S. Mel'nik and J. Valero papers
(see [12—16], [18-21] and citations there) enabled to consider the class of Wi~

pseudomonotone maps which includes, in particular, a class of generalized
pseudomonotone on W multi-valued operators and it is closed within summing.

Let us remark that any multi-valued map 4:Y —> C, (Y *) naturally generates
upper and, accordingly, lower form:

[A(y), @], = sup {d,w)y, [A(y),@] = inf {d,w)y, y,weX.
deA(y) - deA(y)

Properties of the given objects have been investigated by M.Z. Zgurovsky and
V.S. Mel'nik (see [16, 18, 21]). Thus, together with the classical coercivity
condition for singlevalued maps

(A(y), )y
Iy

which ensures the important a priori estimations, arises -+-coercivity (and,
accordingly, —-coercivity) for multivalued maps

[A), y]i
¥y

+-coercivity is weaker condition than —-coercivity.

Recent development of the monotony method in the theory of differential-
operator inclusions and evolutionary variational inequalities ensures resolvability
of the given objects under the conditions of coercivity, quasiboundedness and the
generalized pseudomonotony (see for example [5-6, 9-10, 23-25, 27] and
citations there). V.S. Mel'nik's results [22] allows to consider evolution inclusions
with +-coercive Wio -pseudomonotone quasibounded multimappings (see [12]—

[16], [31] and citations there).

In this paper we introduce the differential-operator scheme for investigation
nonlinear boundary-value problems with summands complying with highest
derivatives are not satisfied monotone condition. A multi-valued map A4:Y —

=+ as ||ylly >+

— 400, as |[y|ly = +oo.

->C, (Y *) satisfies the property S, on W, if for any sequence {y,},-0 €W

such that y, =y, weakly in W, d, ->d, weakly in Y " as n— +w, where
d,cA(y,) Vn21, from

lim(d,,y, —yo)y =0,
n—>0
it follows that d, € A(y,). Now we consider the simple example of §; type

operator. Let Q=(0,1), ¥ =H$(Q) be the real Sobolev space with dual space
Y =H"" (Q) (see for details [8]). Let A:Y x[-1,1]—> Y" defined by the rule
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Then the multivalued map
AW ={Ay,a)le e[-1,1];, yeY
satisfies the property S, , it is +-coercive, but it is not —coercive, it is not general-
ized pseudomonotone and (—.A) is not generalized pseudomonotone too (see [11]

for detailes). We remark that stationary inclusions for multimaps with S

properties were considered by V.O. Kapustyan, P.O. Kasyanov, O.P. Kogut [11],
the evolution inclusions for +-coercive w Ao -pseudomonotone quasibounded

maps by V.S. Mel'nik, P.O. Kasyanov, J. Valero (see [12]-[16], [31] and citations
there). The obtained in this paper results are new results for evolution equations too.

PROBLEM DEFINITION

Let (V.- ||V1) and (V,,]|- ”Vz) be some reflexive separable Banach spaces,
continuously embedded in the Hilbert space (H,(-,)) such that
V:=V, "V, isdenseinspaces V},V, and H 1)
After the identification H=H we get
VicHcV), V,cHcV,, 2)

with continuous and dense embeddings [8], where (¥} |- ||V*) is the topologically

1

conjugate of V; space with respect to the canonical bilinear form

1

(ol Vi V>R (i=1,2)

which coincides on H x V' with the inner product (-,-) on H. Let us consider the

functional spaces
X;=L, (S;H) NL, S;7),

where §=[0,7], 0<T <+, 1<p;<r, <400 (i=1,2). The spaces X; are

1

Banach spaces with the norms HyHXi = HyHLp,(S;V,-) + HyHLr. (S:H) " Moreover, X
1 1

is a reflexive space.
Let us also consider the Banach space X =X, X, with the norm

Il =[yllx, +[¥llx, - Since the spaces L, (S;Vi*)+L,,l,, (S;H) and X, are
isometrically isomorphic, we identify them. Analogously,
X' =X\ + X5 =L, (S;17)+ Ly, (S;V2) + L, (S; H) + L, (S H),
where 4+ = p g =1,
Let us define the duality form on X" x X
9= [ @y @) de+ [ ([ @) (@) g d7 + [ for (0), (@) dT +
s s s

+ [ @, 7@y, dr = [(/ (), (0))dx,
S S
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where f = fi;+ fio+ o+ /0, fii EL’;” (S;H), fr eLq[ (S;Vl-*). Remark, that
for each feX*

Wl o« = inf max{HfHH (S-H)
X r=fitfiatfatfa by (S:H)

*
fri<Ly, (S:H). friely (S7)(=12)

Vil sy Vol syt Il (S;V;)}

Following by [17], we may assume that there is a separable Hilbert space V,
such that V_ <V, V, <V, with continuous and dense embedding, V,, c H with
compact and dense embedding. Then

VocVicHCV, V., VocVycHCV, cV,
with continuous and dense embedding. For i =1,2 let us set

Xio =L, (SSH)NL, (SiV,), X,=X,, Xy,
Xi,O':Lrir(S;H)+Lqi(S;VJ)> Xa:Xl,G+X2,a’
VVi,O':{yEXi|yI€Xi,U}9 WO':VVl,O'mWZ,O"

For multivalued (in general) map 4: X = X " let us consider such problem:

u'+ Au)> f, 3
u(0)y=a,ueW cC(S;H), )

where ae H and feX " are arbitrary fixed elements. The goal of this work is to
prove the solvability for the given problem by the Faedo-Galerkin method.

THE CLASS H(X")

Let us note that Be H(X *) , if for an arbitrary measurable set £ S and for
arbitrary u,ve B the inclusion u+(v—u)y; € B is true. Here and further for
deX’

1, 7€E,

0, else.

b

(dyp)r)=d(@) yp(7) forae. €S, x,(7)= {

Lemma 1 [30]. BeH(X*) if and only if Vn>1, V{d;}/, B and for

arbitrary measurable pairwise disjoint subsets {Ej};’:l of the set §: u;’-zl E; =S
the following Z_’;:ld JXE; € B is true.

Let us remark, that @, X e H(X ); VfeX {fleH(X);if K:S=V"
is an arbitrary multi-valued map, then
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(feX | f(t)eK(r) for ae. teSteH(X ).

At the same time for an arbitrary ve 7"\ 0 that is not equal to 0 the closed
convex set B={f e xX° | f=av,ae[0,1]} ¢ ’H(X*), as g(-)=v- ;([O;m](-) ¢B.

CLASSES OF MULTI-VALUED MAPS

Let us consider now the main classes of multi-valued maps. Let ¥ be some
reflexive Banach space, Y " be its topologically adjoint, (-,)y :Y "xY >R be the

pairing, A: Y=Y be the strict multi-valued map, i.e. A(y)# VyeX. For

this map let us define the upper |[A4(y)|, = sup Hd”x* and the lower
deA(y)

|A(y)| = inf ||d|| « norms, where yeY. Let us consider the next maps
- deA(y) X

which are connected with 4: co4:Y=Y" and cod: Y=Y *, which are defined
by the next relations (coA)(y)=co(A(y)) and (EA( y))=co(A(y))
respectively, where co(A(y)) is the weak closeness of the convex hull of the set

A(y) in the space Y". 1t is known that strict multi-valued maps 4,B:Y =Y :
have such properties [16, 18, 20]:

D) [A(y), v + v, 1, <[4 ]y +[A(), v, 14,
[AW),vy +vo o 2[A(), v - +[A(), v, ). Yy, v, v el
2) [A(y),v] =-A(»),~v],
[A(V) +B(),v]io) =[AW) V] +[B(V) Vo) Vy,vel;
3) [A)V], () =[cod(»)V], () Vy.veY;
4) [AD) Ly AN vl s [[4) + BN <[ AD)IL +IBOs

partially the inclusions d € co A(p) is true if and only if
[A(y),v], 2(d,v)y VveY.
Let DcY. If a(,):DxY >R, then for every yeD the functional
Y >wi a(y,w) is positively homogeneous convex and lower semi-continuous if
and only if there exists the multi-valued map A4:Y =Y * with the definition
domain D(A)= D such, that
a(y,w)=[A(y),w], VyeD(4),VweY.

Further, y,—y in Y will mean, that y, converges weaklyto y in Y.
Let W be some normalized space that continuously embedded into Y . Let

us consider multi-valued map 4:Y =Y .

Definition 1. The strict multi-valued map A:Y =Y " is called:
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e Ay -pseudomonotone on W , if for any sequence {y,},-o €W such, that

Yp—Yo In W, d,—d, in Y" as n— +o, where d, EEA(yn) Vnz=l1, from
the inequality

lim (d,,,y, - yo)y <0 (4)
n—0
it follows the existence of subsequence { Vi ’d”k Yisy from {y,.d,},s, for that

im (d,,, .y, W)y 2[A(ye).vo —w]. VweY 5)

k—o0

1s fulfilled;
o bounded, if for every L >0 there exists such />0, that

VyeY:|ylly £L, it follows that ||4(y)|, </.

Definition 2. The strict multi-valued map 4: X = X " is called:
e the operator of the Volterra type , if for arbitrary u,ve X, t €S from the
equality u(s)=v(s) for a.e. s €[0,¢], it follows, that [4(u),&, ], =[4A(v),&, ],
V& eX: &(s)=0 forae. seS\[0,¢];

e +(-)-coercive, if there exists the real function y:R, — R such, that
y(s) >+ as s -+ and

(A y]e z vy VyeY;

e demi-closed, if from that fact, that y, >y inY, d,—d in Y *, where
d, e A(y,), n=1, it follows, that d € A(y).

Let us consider multi-valued maps, that act from X,, into X ", m>1. Let

m>
us remark, that embeddings X,, c Y, c X ,*” are continuous, and the embedding
W, into X, is compact [17].

Definition 3. The multi-valued map A: X, — C,(X, ) is called (W,,, X, )-
weakly closed, if from that fact, that y,—y in W,,, d,—d in X,,, d, € A(y,)
Vn>1 it follows, that d € A(y).

Lemma 2. The multi-valued map A:X,, - C,(X ;:,) satisfies the property
S, on W, ifand only if A:X,, —C, (X:;,) is (Wm,X:,) -weakly closed.

*
m» Where

Proof. Let us prove the necessity. Let y,—y in W,, d,—d in X
d,e A(y,) Vn=1. Then y, >y in X,, and (d,,,», —y}Xm —>0 as n— +oo,

Therefore, in virtue of A satisfies the S, property on W,,, we obtain, that

de A(y).

Let us prove sufficiency. Let y,—y in W,, d,—d in X,,
(dn,yn—y)XmSO as n—+o, where d, € A(y,) Vn=1. Then y, >y in
X,, and d € A(y).
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The lemma is proved.

Corollary 1. If the multi-valued map A:X, —C,(X,) satisfies the
property S, on W,,, then A is A, -pseudomonotone on W, .

THE MAIN RESULTS
In the next theorem we will prove the solvability and justify the Faedo-Galerkin
method for the problem (3).

Theorem 1. Let a=0, 4: X — CV(X*) N H(X*) be +-coercive bounded
map of the Volterra type, that satisfies the property S, on W_ . Then for arbitrary

feX " there exists at least one solution of the problem (3), that can be obtained
by the Faedo-Galerkin method.

Proof. From +-coercivity for 4: X = X " it follows, that V yelX

(A, y): 2 7yl
So, 31y, >0: y(ry) > |[f]|X* > 0. Therefore,

VyeX:plx=r [40)-f.y],20. (6)
The solvability of approximate problems.
Let us consider the complete vectors system {4, };5; =V such that

o) {h;},» orthonormal in H ;

a,) {h;};» orthogonalin V'

ay) Vizl (h,v)y =A4,(h,v) VYvel,
where 0< 4, < /12,...,/1j — o0 as j— oo, () is the natural inner product in V',
i.e. {h;}; is a special basis [29]. Let for each m>1 H,, =span{h,;}",, on which
we consider the inner product induced from H that we again denote by (-,-). Due

to the equivalence of H" and H it follows that H:;, =H,; X, =L, (SH,),
X, =L, (S;H,), po=maxin,n}, qo>1: lUpg+lgo=1, (;)y =

=) x| ox , W,={yveX, |y'eX::,}, where y’ is the derivative of an
X, %X,

element ye X, is considered in the sense of D*(S,H m). For any m>1 let

I, € L(X,;X) be the canonical embedding of X,, in X, I, be the adjoint
operator to /,,. Then

o0

Let us consider such maps [12]:
Ay =1, 0dol, X, ->C (X)), f,:=1.1.

So, from (6) and corollary 1, applying analogical thoughts with [12], [14] we
will obtain, that
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J1) 4, is Ay-pseudomonotone on W, ;
Jj2) A4, is bounded;
J3) [An D) = fs 0] 20 Yy e X, oyl =1

Let us consider the operator L, :D(L,)c X, — X ;:, with the definition
domain

D(L,) =4y €W, | y(0) =0} =W
that acts by the rule:
VyeW, L,y=V,

where the derivative )’ we consider in the sense of the distributions space
D (S;H,,). From [12] for the operator L,, the next properties are true:

Ja) L, is linear;

Js) ¥y W, (L,y.9)20;

Jjs) L, is maximal monotone.

Therefore, conditions j; )— js ) and the theorem 3.1 from [13] guarantees the
existence at least one solution y,, € D(L,,) of the problem:

Lm(ym)+Am(ym)3fm’ ||ymHX Sr()’

that can be obtained by the method of singular perturbations. This means, that y,,
is the solution of such problem:

Y+ Ay (V)3 [
_ )
ym(o):():ym eVVm’HymHX SR’

where R=7;.
Passing to the limit.
From the inclusion from (8) it follows, that Vm>1 3d,, € A(y,,):

1°. The boundedness of {d,,}, in X" follows from the boundedness of 4
and from (8). Therefore,
¢, >0: Vm>1 HdeX* <q. (10)

2°. Let us prove the boundedness {y},},s in X ; From (9) it follows, that
Vm21 y, = ]; (f —d,,),and, taking into account (7), (8) and (10) we have:

ull = <vmllw, < ez <. (11)
o

In virtue of (8) and the continuous embedding W,, < C(S;H,,) we obtain
(see [24]) that Ic; > 0 such, that

Vm>1,VteS |y, @)y <cs. (12)
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3°. In virtue of estimations from (10)—(12), due to the Banach-Alaoglu
theorem, taking into account the compact embedding W c Y, it follows the
existence of subsequences

W b2t © Wmdmats Ay Sho1 S bzt
and elements yeW ,de X ", for which the next converges take place:
Y=y in W, d, —d in X’
Vi, (t)—y(t) in H for each t€S§, (13)
ymk(t)—>y(t) in H forae. teS, as k—>wo.
From here, as Vk >1 Vmy (0)=0, then »(0)=0.

4° . Let us prove, that
y'=f-d. (14)
Let pe D(S),neN and he H,. Then Vk>1: m; 2n we have:

([0, @)+ dy ()T )=y, 4 ),
N

where y(r)=h-¢(r)e X, = X . Let us remark, that here we use the property of
Bochner integral [8](theorem IV.1.8, ¢.153). Since for m; = n Hmk D H,, then

g+ ) =Sy -¥7). Therefore, Yk >1: my >n

S 0) = ( [o@)/ (@), h}
N

Hence, forall k>1: m; >n

[I @)y, ()dz, h] =(f =dpv) >
N

—{ j o(7)( f(r)—d(r)dr,hJ as k—> . (15)
S

The last follows from the weak convergence d,, to d in X i

From the convergence (13) we have:

[ [y, (r)dr,h]%(y'w),h) as k — o0, (16)
S

where
VpeD(S) ¥'(9)=-y(p) =] )¢ (t)dr .
N
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Therefore, from (15) and (16) it follows, that

VoeD(S)Vhe | JH, (V'(p)h)= fw(f)(f(f) —d(r))dz,h |
N

m>1

Since UHm is dense in V' we have, that

m>1

VoeD(S) y'(p)= f¢(f)(f (7)—d(r))dz.
N

Therefore, y'= f—de X .

5°. In order to prove, that y is the solution of the problem (3) it remains to
show, that y satisfies the inclusion y'+ A4(y)> f . In virtue if identity (14), it is
enough to prove, that d € A(y).

From (13) it follows the existence of {r;},5; =S such that 7; T as

[ -+ and
Vix>1 ymk(r,)—>y(r,) in H as k—+wo 17

Let us show that for any />1

(d,w)<[A(y),w], VweX:w(t)=0 forae. te[r;,,T]. (18)
Let us fix an arbitrary 7 € {7,},5, . For i=1,2 let us set
Xio(O) =L, (2, H)N L, (7.T;V;), X5(7) =X ,(0) N X, (),

X o)=L, (7, T H)+ L, (£,T5V,), Xo(2)= X[ 5(0)+ X3, (7),
Wio (D= e Xi(D)]y' € X, (D)}, Wo(@) =Wy o(2) Wy 0(2).
ay=y(r), a;,= Vi, (r), k=1.

Similarly we introduce X(r), X *(T) , W(r).From (17) it follows that
a, >ag in H as k—+owo. (19)
Forany k21 let z; e W(r) be such that

{Z}C+J(Zk)36, (20)
2 (1) = ay,

where J:X(7)—> C, (X *(7)) be the duality (in general multivalued) mapping,
ie.
[ @).ul, = [Tl = lulfee = V@I =T, ueX(@).

We remark that the problem (20) has a solution z;, e W(r) because J is

monotone, coercive, bounded and demiclosed (see [1-2, 8, 13]). Let us also note
that for any £ >1
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2 2 , 2
lze MMz =Nl =2z 200 x o) + 2llzellx () =0
Hence,
1
Vk>1 |zl «, . =]z <—I|la <e,.
8l =l 5l s

Due to (19), similarly to [8, 13], as k — +o0, z; weakly converges in W to the
unique solution z, e W of the problem (20) with initial time value condition
z(0) = a, . Moreover,

zp > zoy In X(r) as k—+oo 21

because kﬁn ||Zk‘|§((r) < ||ZO||§((T), z;—z in X(r) and X(r) is a Hilbert space.
—>+00

For any £ >1 let us set
Vo (0, if 1€[0,7], d,, (), if 1€[0,7],
uy (1) = (n=

z, (), elsewhere, d (), elsewhere,

where a?k € A(u; ) is an arbitrary. As {u; };>; is bounded, 4: X=X " is bounded,
then {‘;'k}kzl is bounded in X" . In virtue of (21),(13), (17)

Jim (goug —uy= Tim [(d, (1), y,0) - y)dr =
0
= lim [(£@) =y 0.2 @) = y©)dr = lim [( 0, 30) =y (0)dr =
0 0
1 .
= tim (v O e @ )+ tim Jow .-

- L@ -yl J+ [,y
0

So,
lim (g, ,u; —u)=0. (22)
k—>+o0

Let us show that g, € A(u;,) Vk=1.Forany we X letus set
w(t), iftel0,7], 0, if t €[0,7],
Wf(t):{ (1) [0,7] W,(t):{ if 1 €[0,7]

0, elsewhere, w(t),  elsewhere.

In virtue of A is the Volterra type operator we obtain that
(W) =y W) +(dj, W) <
< LAy )W s+ W) =

= [A(uy ), w, 1, +{(d;,w") <
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< [A(uk)’ Wr]+ + [A(uk)awr]-w

Due to A(u;) e H(X *) , similarly to [30], we obtain that

[AQu), w1y +[AQ ), w1, =A@y ), wl,.-

As we X is an arbitrary, then g; € A(u;,) Vk=1. Due to {u;}, is
bounded in X, then {g;};>; is bounded in X " Thus, up to a subsequence
{ukj 8k, } o1 S g, & b1 » for some uel , ge X" the next convergence takes
place

ug—u in Wy, g —g in X' as j—oo. (23)
We remark that
u(t)=y(t), gt)=d() forae. te[0,7]. (24)

In virtue of (22), (23), as A satisfies the property S, on W, we obtain that
g € A(u) . Hence, due to (24), as A is the Volterra type operator, for any we X
such that w(¢#)=0 fora.e. £ €[7r,T] we have

<d,W> = <ga W> < [A(M),W]+ = [A(y)a W]+' ‘
As 7 e{r;},5 is an arbitrary, we obtain (18).

From (18), due to the functional w—[A(y),w], is convex and lower
semicontinuous on X (hence it is continuous on X ) we obtain that for any
weX (d,w)<[A(y),w],.So, de A(y).

The theorem is proved.

In a standard way (see [17]), by using the results of the theorem 1, we can
obtain such proposition.

Corollary 2. Let 4: X — C, (X*) N ’H(X*) be bounded map of the Volterra
type, that satisfies the property S, on W_. Moreover, let for some ¢ >0

[A(»), y], —cllAW)I,
Il

—> +00 (25)

as ||y||y —> +o . Then forany ae H, fe X  there exists at least one solution of
the problem (3), that can be obtained by the Faedo-Galerkin method.

2
Proof. Let us set ¢ = H;Lf. We consider we WV :
c

w' +&J(w)=0,
w(0)=a,

where J:X —»C,(X") be the duality map. Hence ||w|y <c. We define

A:X 5 C(X)NH(X") by the rule: A(z)=A(z+w), zeX. Let us set

f =f-weX " If zeW is the solution of the problem

Cucmemni docnioscenna ma ingpopmayiiini mexnonoeii, 2009, Ne 1 127



P.O. Kasyanov, |V.S. Mel'nik|, S. Toscano

Z'+1:1(Z)3f,
z(0)=0,

then y=z+w is the solution of the problem (3). It is clear that A is a bounded
map of the Volterra type, that satisfies the property S, on W . So, due to the

theorem 1, it is enough to prove the + -coercivity for the map A. This property
follows from such estimates:

[A(2),2], 2[A(z + W),z + W], —[A(z+w),w], >
>[A(z+w),z+w], —clld(z+w)||,,

Izl 2|z +wily —c.

The corollary is proved.
Analyzing the proof of the theorem 1 we can obtain such result.

Corollary 3. Let A:X — C,(X )" H(X") be bounded map of the Volterra
type, that satisfies the property S, on W, {a,},so<H: a,—>a, in H as
n—+40o, y, €W, n>1 be the corresponding to initial data @, solution of the
problem (3). If y,—y, in X, as n—+oo, then yeW is the solution of the

problem (3) with initial data a,. Moreover, up to a subsequence, y,—y, in
W,.NC(S;H).

EXAMPLE

Let us consider the bounded domain Q < R" with rather smooth boundary oQ,
S=[0,T], O0=Qx(0;T), I} =0Qx(0;T). For a,beR we set [a,b]=
={aa+(1—-a)bla €[0,1]}. Let V = H(l) (Q) be real Sobolev space, vi=H"! Q)
be its dual space, H =L,(Q), aeH, feX * . We consider such problem:

%+[—Ay(x,t),Ay(xJ)]3f (x,1) in Q,

y(x,0)=a(x) in Q,
y(x,t)=0 in Iy,. (26)
We consider 4: X — CV(X*) N H(X*) ,
A(y)={Ay-plpeLl,(S)|p(<] ae. in S}.

where A means the energetic extension in X of Laplacian (see [8] for details),
(Ay- p)(x,t) = Ay(x,1)- p(¢) forae. (x,t)eQ.
We remark that

1AW, =Vl > LA ¥1, =1l - 27)
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We rewrite the problem (26) to the next one (see [8] for details):

V'+A(y)> f,y(0)=a. (28)
The solution of the problem (28) is called the generalized solution of (26).

Due to the corollary 2 and (27), it is enough to check that A satisfies the property

Sy on W. Indeed, let y,—y in W, d,—d in X", where d,=p,Ay,,

€L, (S), |p,(®)|<] for ae. teS. Then y,—>y in Y and up to a

subsequence p, — p weakly star in L (S), where | p(¢)|<1 for a.e. teS. As
_ < _ 3
2adyn =Pl (5. pr-2(cay) < =y >0 then p, Ay, — pAy weakly in

L,(S;H ~2(Q)). Due to the continuous embedding X = L,(S;H 2(Q) we
obtain that d = p A y € A(y) . So, we obtain such statement.

Proposition 1. Under the listed above conditions the problem (26) has at

least one generalized solution y e IV .
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YIK 581.52

CTPYKTYPHA EBOJIIOIIA CIIIVIKYBAHHSA

I'.Il. IOBEIIEHKO

Ha ocHoBIi aHaiizy MacmTabHOro MOUIMPEHHS TEXHOJIOTIH LileCPIMOBAHOTO BHKO-
pHCTaHHS TEHASHLI Ta TpaaMUii MOBEIIHKM JIOACH PO3IIIAIAETHCS MOMKIHBICTD
dhopmanizamii (mpuHaliMHI, HA SKICHOMY PiBHI) CYCIIJIBHUX CTOCYHKIB Ta 3B’SI3KiB, a
TaKOXK JIeSKi acIeKTH aHalli3y CTPYKTYpHHX 3MiH CHCTEMH CHIJIKYBaHHS Ta PETYIIs-
il Ha BiAMOBIAHIA MaTeMaTHYHINA MOIE.

BCTYII

QDyHKIIOHYBaHHS BIAKPUTHX COLIAJBHHUX CHCTEM — MPUKIAJ CKIAJHUX SBHIL
camoopraHisariii, ski 3afiMar0oTh Miclie Jajicke Bij piBHOBaru. Bigomo, mo jwiie
peXMMHU HEPIBHOBAXKHUX CTaHIB (HANIPUKIIAM, COLliadbHA B3a€EMOJIiS B HEPIBHOBA-
JKHUX yMOBaX) MarOTh 3IaTHICTH JO 3MiH, 1 II1 OCOOJUBICTH € OCHOBOIO IS 31iH-
CHeHHs O0iypKalifHUX epexo/liB O SKICHO HOBUX CTaHIB, y TOMY YHCII CTPYK-
TypHHX 3MiH. Lli sBUIIa mepexoxy Big OXHOTO TUIY MOBEOIHKH AO IHIIOTO Tix
BIUTMBOM 30OBHIIIHIX YMOB TOB’s3aHi i3 3/aTHICTIO A0 perysmii. Bigomo, mo B
OKOJTI cTaHy OidyypKarlii 3aKOH BEIMKHUX YUCEN MOPYIIYETHCS, 1 TIpoliecH HaOyBa-
I0Th CYTTEBOI 3aJIeKHOCTI Bijl TUIY HenmiHiiHOCTI cuctemu [1]. (Och YoMy yacto
HE CIIPaIlbOBYE CTATHUCTHUKA COIIONOTIYHUX JOCHTIIKEHb. )

EBomronis CycHiIBHMX CHCTEM AacOLiIOEThCS 3 YCKIATHEHHSIM CYyCIiIbHOI
opranizaiii. Pi3HOMaHITHICTb CYCHIJIBHHX CTPYKTYp Ta CYCIIJIbHOI MOBEIiHKA
CTBOPIOETHCS HEPIBHOBAXHICTIO (MOTOKAaMHM PEYOBHMHH, eHeprii Ta iHdopmaii),
HECTIHKICTIO Ta (IYKTyamisiMH, TOOTO IMICHICHHAM MaJUX 3MiH, III0 MOXJIHBO
JWIIe B HENMHIMHUX TUHAMIYHUX CHCTeMaX. TOMy Mporpec y po3yMiHHI IPUPOAN
CKJIQJIHUX TIPOLIECiB HAMOIIBII MOMITHUH B TEOPii TMHAMIYHUX CHCTEM, METOJIaMHU
K01 (cepen 1HIMX ) OCTaHHIM YacoOM JOCIITHUKN HaMararoThCSl BUBYATH MTPOIIECH
opranizauii y cycminbcTsi [1, 2].

deHoMeH HEBM3HAYEHOCTI EBOJIOINII CyCIHiIbCTBA — PE3YJIbTAT HAsBHOCTI
MHOXHHH MOYJIMBHX PIIlIeHb, TOOTO OidypKaIiitHuX CHUTyaIlil, SKUMHA HEOIMiH-
HO 3aKiHYY€ThCS (1 IOYMHAETHCS) TOM UM IHIIUHA TMEepioNl JeTePMiHOBAaHOTO PO3BH-
TKy. BuOip #oro muisixiB Ta ix 3MiHa Iy’Ke 4acTO peani3yloThCsl il BIUTMBOM He-
3HAYHUX, HECYTTEBHUX ISl CYCIIJIbCTBA 30ypeHb, MPOTE HACHIJKU TaKUX 3MiH
OyBarOTh HEAJACKBATHO BAKKHUMU.

Hacnigku nmoniTHyHOi, eKOHOMIYHO1, COLIaNbHOI, KYJIbTYpHOI KOHKYPEHLIT y
CYCHUIBCTBI CYTT€BO (2 HalvacTilie i pinryde) 3anexars BiJl MEXaHI3MiB KOMYHi-
KaIlii Ta CIUJTKYBaHHS (K OCHOBH <CKHBOI» CUCTEMH) MK MPUXWIEHAKAMH Pi3HUX
i71eil, HampsAMKiB, TeYild, CTHJIB, JKaHpiB TOImIO. TOMYy aHaii3 CTOCYHKIB, BiJHO-
ICHb, 3B’S3KIB Y CYCHiJIbCTBI (TOOTO MOBEAIHKU CYCHITBHHX CHUCTEM), SIKi IOPO-
JUKYIOTBCSl PI3HHLICIO Y CYCITIIBHOMY CTaHOBUIIII, BUXOBAaHHI, PiBHI KHTTSI, OCBITI,
yIoI00aHHIX, CBITOTJISAAI TOIIO, BHTIYMAuUCHHS Ta y3arajJbHEHHS BiIIOBITHOL
iHpopmMaLii B TOMy 4M IHIIOMY BUIJISIII HaOyBalOTh 3HAUEHHS IEPLIOYEProBOl
CYCIIIIBHOI 3a/1aui.
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Opnniero 3 (GopM KOHKYpeHILII MK MaHyl4YdMH B cycminsctBi X Ta Y -
IIEIMU € TIPOTIECH CITUTKYBaHHS MK iX MPUXUILHUKAMH, SKi XapaKTepU3YIOThCS
HasIBHICTIO PI3HUX KOHTAKTiB MiX HOCISIMM KOHKYpyrouuXx ineil. Hacrora mux Ko-
HTAKTiB BIJIMBA€ Ha (JOPMYBaHHS CUMIIATiH Ta aHTHMATiH. 3po3yMino, o Xapak-
TEp CIIJIKYBaHHS BBaXKAETHCS IIUTKOM IMBLII30BaHWUM, a BCi Cy0’€KTH MpoOIeCy
CIIJIKYBaHHS 3BaKAIOTh Ha BIMIOBIAHY 3MICTOBHY apryMeHTallito. Taki mporecu €
paniie KylbTypHHM HaJ0aHHSIM CYCIIJIbCTBA, a HE SBUILEM NPUPOIH, IO U BU-
3HaYa€e iX 3aHANTO XUTKY CTIHKICTh. 3 OINISAy HAa CYTTEBY INTYYHICTh MPOIIECIB
CIJIKYBaHHS BOHW TTOBHHHI MaTH Ti 9 1HIII MEXaHI3MH PETyTIOBaHHS.

OCKIUTBKH B CyCHUTBCTBI MOXYTH ICHYBaTH ¥ 1HIII i/1ei, TO iX MPUXHILHUKIB
OyzeMo BBaXKaTu NpUXWIbHUKAMH Z -ifei («TpeTs cuia»). Taky CTpyKTypHu3aliro
CHCTEMH CIIJKYBaHHS SIK CYKYITHOCTI iJIeif MOXKHA BBKATH MPHHHATHOIO, KOJH B
CYCHUIBCTBI MAHYIOTH MBI MIPOBIAHI 3@ KUTBKICTIO IPUXMIHHUKIB 111€i.

IMOCTAHOBKA 3AJTIAUI

CtpykTypa Ta MOBE/AiHKa CHCTeMH — Iie ii popmu amanTaiii (IUITXOM CTPYKTYP-
HUX 3MiH a00 3MiH MOBENIHKN) A0 OY/Ib-SIKOTO BILUTMBY OTOYEHHS. 3 icTOpii JrozC-
TBa BiZIOMO, IO CTPYKTYPHA EBOJIIOIiSI CHCTEMH CITITKYBAHHS SIK CYKYITHOCTI 11
MaJia i Ma€ pi3Hi HaMPSAMKUA PO3BUTKY BiJl «MOHOIIOJII3AMII» OJHIET i/1el 10 CKOOp-
MUHOBAHOTO y3TOKEHOTO iX CHiBiCHyBaHHsS abo kommpowmicy. [Iporte pizHOMaHiI-
THI THIH CTPYKTYP JEMOHCTPYIOTEH TOBOJII OOMEXCHHI HAOIp THIIB TOBEIIHKH.
[IpoananizyeMo Ha OCHOBI MaTeMaTHYHOI MOJIeI JEKiJIbKa BapiaHTIiB CTPYKTYp-
HOI AMHAMIKH CUCTEMH CIUIKYBaHHS Ta PEryJIsmii.

MATEMATHUYHA MOJEJIb CIIUVIKYBAHHSA

OTxe, MaTeMaTHIHA MOJCINb CIUIKyBaHHS (SIK oxHA 3 GopM y3araapbHeHHS iH)O-
pMamii Ta iHCTpyMEHT aHalily) MOBHHHA ONMCYBaTH HacamIiepe] JBa OCHOBHI
CYCIIJIbHI TIPOIECH: 3rojia — He3roaa. BiAmoBigHo, mpolec CHiIkyBaHHS Ma€ I10-
HaWMEHIIIE IBa CTAIIOHAPHI CTAaHW — CTIHKUH Ta HeCTIHKUH. OCKUTEKH MK HUIMH
ICHY€ He 3aBXIH BiJUyTHA MEXa, TO i1 MOYKHA BBa)KaTH 3a CTaH KOMIIPOMICY.
[epmmii KPOK y MOAEITIOBaHHI CKJIaHOI MOBEIIHKH MOJISra€ y BCTAHOBJICH-
Hi HENIHIMHOTO XapakTepy BiNOBIIHOT AMHAMIKH Ta y BUOOpI 3MIHHHX, SIKi 37aT-
Hi IEMOHCTPYBAaTH HECTIHKICTh Ta Oipypkamii [2]. 3aranbHy KiIBKICTh YYaCHHKIB
MPOIIECY CIIJIKYBaHHS a00 HOro «HECIBHY 3JaTHICTHY OyIeMO BBaXKaTH HE3MiH-
Hoto (N =const) Ha iHTepBaJi Yacy aHaji3y MMOBEIIHKM CUCTEMH CIJIKyBaHHS.
CTpyKTypa CUCTEMH SIK CYKYIHICTh €JI€MEHTIB CKIaaeThCcs 3 MPUXWIBHUKIB X ,
Y, Z-ineii. Jlunamika npolecy xapakTepusyeTbest MacraboM vacy I edexrtu-

BHOTO CHUIKYBaHHS MK NMPUXWIBHUKAMH PI3HUX ifiei (aHami3 TUHAMIKH CYCITi-
JHHUAX CUCTEM y 0araThboX BUMAJIKaX MPHITyCKa€e HAsIBHICThH MEBHUX HAOOPIB 4aco-
BUX MacIITa0iB, HAIIPUKIIA]], MAaCIITa0d Yacy MOJITUYHUX IMOMAii Habararo MeHIle
MaciuTady 4acy KyJbTYPHUX IMPOLECIB, a MacIITad yacy IHIMBIAY BIAPI3HAETHCS
Bij MacmTaOy Ha piBHI cycmiiabcTBa. Tak, ®. Bponens 3amnporonyBaB TpHu 4aco-
BUX IIKaNIW: Teorpadiuny, comiaabHy Ta iHAuBiayansHy [1]. Bimomo, mo y
3B’SI3Ky 3 HASBHICTIO PI3HUX YaCOBUX MacmTabiB I aHAJI3y MOBENIHKH CHCTEM
BUKOPUCTOBYIOTBCSI TIOHSITTS «IIBUAKHX» Ta «IOBUJIBHUX» 3MIHHHUX 3 METOIO
3HIKEHHS PO3MIPHOCTI.
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3minni npouecy x=X/N, y=Y/N, z=Z/N — notouHi BiTHOCHI Be-
au4uHY (200 BIACOTKHM) KUIBKOCTI NPUXWIbHUKIB X,Y,Z-ineit; v =t/T, — 3Be-

JIEHUH TTIOTOYHHUH Jac.
YMoBa KOHKYpeHIIii MK IpUXWIbHUKaMu X, Y, Z - inei Mae BUTIISI

xX+y+z=1, (1)
ﬂ+ﬂ+£=0. 2)
dr dr dr

YwMmona (1) dopmainizye 061acTh iCHYBaHHS CHUCTEMH CITUIKYBAHHS SK TIIO-
IIMHY Y BIJOBITHUX KOOPAUHATAX.

IlIBuaKOCTI 3MiH KINBKOCTI NMPUXWIBHUKIB X, Y, Z-imell BBaXarOThCA
MPOTIOPIIIHHNMH YaCTOTi CIiIKyBaHHg Mix X, Y, X, Z, Y, Z [1, 3]. IIpouec
CYCHUTBHOTO CITUIKYBaHHS (KOHKYPEHINI CYCHUIBHHX imed) (hopMamizyeTses y
BUTJISIL ccTeMH AudepeHiaTbHIX PiBHSIHb

_x:xyzz —xyyz+ Yo =N X% — X1 wlzy —z), 3)
dr b4 (Zz _Zl)
5_yZX2yZ—xyzz $ 702 e iR xy(22 - Z)’ (4)
T Xy (Zz —21)
dz _ 4 (¥1v2 = x231) _
—=xyyz—x,)z w(z; - 2). (5)
dr xiyi(z2 —21)

YmoBa koHKypeHuii (1) Mixk npuxuibHukamMu X,Y,Z-inew e ii nepmmM iH-
Terpaiom, a (xy,¥;,21), (¥5,5,2Z,) — KOOpAMHATAMH CTAI[lOHAPHUX CTaHIB
CUCTEMH, SIKi TEePEeBipIIOThCA 0€3MMOCePEHBOI0 MiACTaHOBKOK. (3ayBaXKUMO, IO
CHCTEMa Ma€ 3HAYHO OUIBINE CTAI[IOHAPHUX CTAHIB.)

OpHy 3 BETUYMH X, y,Z MOKHA BH3HA4UTH 3 oOMexeHHs (1) i, BiAMOBiTHO,
BUKITIOYUTHU OJTHE 3 PiBHAHB cucteMu (3) — (5).

dx

E:xb’(l_xz — o) = (l—x—y)+

+y2(1_xl)_yl(l_XZ)y(x+y_x2_yz):|’ (6)
M(xl TV =X =0
d
d—y=y[x2(1—x—y)—x(l—x2 —y2)+
i

+x1(l—y2)—x2(l—y1)
xl(xl TV =X —J/2)

Le o3Hauae, M0 PO3MIIAAAETHCS MPOEKLIs MpoLecy Ha IUIOMMHY (¥ —X) 3a

X(X+y—xz—yz)}- (7)

BiJINIOBITHOKO KOOPJIUHATOIO Z .
3a nmo3HauyeHb

_Y2m Nt Xy — X1
J’1(x1 +y =X —J’2)

@®)
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p— J’_ —
g= Xy =X T X ) — X1 V) 9)
xl(xl +V =X —yz)
cucrema (6), (7) HaOyBae BUIIIS LY
d
—j=X[y(1—Xz —y2) =3 (l=x=p)+ pplx+y—x, —y,)]=F,, (10)

dy

= rbnll-x=y)=xl—xy ) r @by y—xy - m)l=F (D)
IMapamerpaM p, ¢ MOXHA HaTaBaTH Pi3HY 3MICTOBHY IHTEpIPETAILiIO SK Ma-

pamerpam peryisuii. Hanpuxnaz, skmo 7, (¢), n,(f) € KUIBKICTIO aKTiB CILIKY-

BaHHS, iHINIHOBaHUX X , Y - IPUXUIBHUKAMH, TO

d

p=——(inn,), (12)
d
q:E(lnny) (13)

MOYKHA BBRYKATH YCEPETHCHUMH TEMITAMH CITIIKYBaHHS.
CyMapHuiil SKiCHAN BIUTUB KepyBaHHS
p+q:(le’2_sz’1)(1_x1—y1) (14)
(xl + Y1 =X = ¥2)X
Ha TIOBETIHKY CHCTEMH 3QJIC)KUTH BiJl 3HAKY I1i€1 BETUIHHM.
YmoBa BigcytHocti perymsamii (p =0, ¢ =0) o3HaYae HasBHICTH OJHOTO

CTALlIOHAPHOT'O CTaHYy X| =X, ; V| =V, , KM Moxe OyTu peanizoBaHuM y Oynb-
sKiit Tourti obmacTi (1).
YMoOBa piBHOCTI TEMITiB TIPOIIECIB CITITKYBaHHS

temp_x—temp_yzdiln[ﬁjzo (15)
T\

BHU3HaA4Yae MHO)KI/IHy CTaI_[iOHapHI/IX CTaHiB CUCTEMU y BI/IFJl}I,I[i
(py—gx+1)x+y—x, —»,)=0. (16)

JBa crauioHapHi cranu (x;,y;) Ta (X,,),) CHCTEMH CIiJIKyBaHHS pO3Ta-
IIOBaHi Ha BiJIMOBIIHUX MPSMIX

y= ) (17)
p
V=Xy+y, —x=1-2z, —x. (18)
KoopanHati TOYKH NEpeTHHY LUX MPSIMUX
+ +1
_ plxy + 1) , (19)
p+q
glx, +y,)—1
y, =2t 0)=l, (20)
p+q
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Jlns BU3HAUCHHA CTalliOHAPHMX 3HA4Y€Hb X|, V; 4€pe3 p,q MOXKHA KOpHC-
TyBaTHCA PIBHIHHIM

a(p+ak’ +[p(l=q)y, —a(p+ s = p =gl +(p+ 1), =0, @)
SIKe € Pe3yJIbTaToOM PO3B’si3Ky cucTeMu piBHsHb Fy =0, F), =0, Ta piBHJIHHAIM

(17) MHOXXUHHM CTalliOHAPHUX CTaHIB (X, )

py; —qx; +1=0. (22)

Hamnpuknaz, 1iss KOHKPETHOTO BUITAIKY
g=1 (23)

po3B’s130K (21), (22) mae BUTIAA
x =1 y=0, (24)
xZ —1
Xp =Xy, Y= : (25)
st
=-1 (26)
xl ZO, yl =1, (27)
1-y
X1 = = s N =Y (28)
q
s
p+q=0 (29)
X y
X =,y = ———, (30)
‘I(xz + yz) P(xz + yz)

o G31)

X2 V2

Otxe, 3a ymoBH (29) cramionapHi ctanu (x;,y;) po3TamoBaHi Ha diHii AF
(puc. 1)

y =y—2x. 32)
X2

3a yMOBHU MIPUCTAHOCTI CTAIliOHAPHUX CTaHIB

X=Xy, V=) (33)
MaeMo OidypKalliiiHe CIiBBIIHOIIECHHS MK TTapaMeTPaMu CHCTEMHU

Py —qx; +1=0, (34)

Py, —qx, +1=0. (35)

Touka F Ha puc. | € MHOXHHHOIO OCOOJIMBOIO TOYKOK (TOYKOK Oidyp-
KaIlii), ska 3a yMOBH 3MiHU OidypKamiifHUX 3HAYEHb p, ¢ PO3MICTUIIOETHCA Ha

IBi craumioHapHi Toukd (x[,)y;) Ta (X,,y,). Kpusi FR, FT € MHOXHHaMH CTa-
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LioHapHUX cTaHiB (x[,);) (Hanpukmazn, Touku K,L ), M0 BiANOBIZAIOTH TAaKUM
3HAYeHHSAM mapaMmeTpiB perymauii: FR  (p=-2,5; (py, +1)/x, <g<6,4);
FT(q=2;(qx; =)/ y, > p>-53).
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Puc. 1. bipypkaris B mporieci CIiJIKyBaHHS

3ayBakMMO, 11O 3[IBOEHA CTaIliOHApPHA TOYKAa F € MPOMIKHOI0 MK «Cif-
JIOM» Ta CTIMKUM «BYy3J710M». BOHa BU3HAUAETHCS YMOBOIO

oF, OF
ox _ %y '
o, "o,
ox oy

HeBusnauenicth 6idypkamiiiHoi cuTyauii npru3BOJUTE IO TOTO, IO 3aCTOCY-
BaHHS KEePyBaHHS MOXe JaTH HeOakaHWil pe3ynbraT. OYeBHIHO, IO KepyBaHHS
MPOIIECOM JOCUTh CKJIaHE (3PEIITOIO, SIK 1 peajibHe OyTTs), 00 3MIHU p, ¢ TOPO-
JUKYIOTh sIK cTiiki (L,T'), Tak i Hectidiki (K,R) cranm. Ilepexim 3 obmacti CTili-
Kkux ctaHiB AFG 1o HecTiiikux ADF depe3 rpaHuiio AF (i HaBmaku) 34iHCHIOET-
cs 32 yMOBH (p + ¢ =0). TakuMm 4nHOM, apaMeTpu p, ¢ € 30ypPEeHHSIMH OJUH
Juts iHmoro. Kpurepiem kepyBaHHsS MOke OyTH, HAIIPHUKIIAJ, BTPUMAHHS [IEBHOTO
CTalllOHAapHOTO cTaHy (criiikoro uu Hectiiikoro). Ha puc. 1 minigs DG — rpaHuns
o0nacTi CIIKyBaHHS 3a NEBHOTO 3HAYECHHS Z,, a BC — rpaHui o0nacTi cmin-
KYBaHHSI 32 BiJICYTHOCTI «TPETHOI CHITI Z.

OO0nacTh TSOKIHHS J0 CTAlliOHAPHOTO CTaHY BU3HAYAETHCS JCSKOK CYKYITHI-
CTIO TapaMeTpiB peryisiii, a ii MOpyIIeHHS MOXe CIPUYUHHUTH Je3iHTErparliro
CHUCTEMHU SIK CYKYITHOCTI TPHOX €JICMEHTIB.
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CTPYKTYPHA EBOJIOUIA TPAHUYHOTI' O CIIIVIKYBAHHS

Ha puc. 2 mokazaHO CTPYKTYpHY €BOJIOIII0 CHCTEMH CITUIKYBAaHHS 3a TIOTETHY-
HOi YMOBH MOBHOTO MaHyBaHHS Ha MOYaTKy MpOLECY NpUXWIbHUKIB X-imei (imei
KOMIIPOMICY Ta CITiBIIpaIli), ajie 3a BiZICYTHOCTI 3 iX OOKY BiAIIOBIHOTO KepyBaH-
Hi (p=-2,75; ¢ =4,5; p+q=1,75). SIk BuaHO, X BUTUCKYIOTb IPUXUIBHUKU Z-
el (SIK MPUXWIBHUKY 3MiHHU TIOBEJIHKY ITiJ] BIULTMBOM OOCTaBHH i TOMY 3a BiJIO-
BiTHMX yMOB IIiJICBiIOMI MPHUXWIFHUKA MOHOMOJMI3alii ifei), ame cTpyKTypHa

dhykryaris [3]
o dz
— — <0 (36)
oz\dt )|__
z=0
BUSIBIISIETHCA HECTIMKOIO, 1 BOHU MMOCTYHAOTHCS CBIJOMUM MPUXHIBHIKAM MOHO-
MOJIbHOI Y- 171€i, sIKi 31aTHI i1 3aXUCTUTH

i(d_yJ >0. (37)
oy\dr

OTxe, 32 TPAaHUYHOTO CIIJIKYBaHHS CTBOPHTU CTIMKY CTPYKTYpPY CHCTEMH
CHIJIKyBaHHS HEMO>KIIHBO.

1,0 — T ~
1 \ 2
0,8

0,6 |

N, I\
7 O\

10 20 30 40 z 50 60 70 80 90

y=0

XY, Z

Puc. 2. CtpykTypHa €BOIIOIIS 32 YMOBH TPAHUYHOTO CIIKyBaHHS: [-X; 2— Y; 3-Z

[Tpouiec Ha puc. 2 MPUHIMIIOBO CXOKHH Ha MPOIEC CTPYKTYPHOI €BOIIOLI]
CYCIUIBHUX TPOAYKTUBHHUX CHJ, HaBeAeHWH Ha puc. 1. ['pannyHe cminkyBaHHS
NPU3BOAUTH 10 TMEPEMOTH NPUXWIBHUKIB MOHOMOMI3AMI] i€l K OinblI 3AaTHUX
10 epeKTUBHOI eKCIUTyaTallii OTOYEHHS! Ta BUKOPUCTAHHS PECypCiB Ui iCHYBaH-
Hs (cramioHapHi ctamn X =1, Z =1 — HecrTiliki; cTamioHapHui ctaH ¥ =1 —
CTiHiKHif). ABTOp 3araJIbHOEBOIOIIHHOT «XBHJIHOBOI JHHAMIKI» YKPATHCHKHHA CO-
miosor B. XMenbko (3 BUKOPHCTaHHIM ICTOPUYHHX Ta apXiBHHUX JUKEPEI, Pe3yilb-
TaTiB MEPEMUCIB TOIO) OLIHUB YaCTKH (Y BiICOTKaX) KOXKHOI 3 BUAIJICHUX BHPOO-
HUYHUX c(ep y 3araibHOCBITOBUX BHTpaTax CYCHUIBHOI Mpalli, a TAKOXK iXHi 3MiHU
BIIPOJIOBK ICTOPUYHOTO Yacy. Pe3ysbTaTi Takoi OI[IHKU Jar0Th JYXKE IIKaBy Kap-
THHY CTPYKTYPHOI €BOJIOLII CYCHUIBHUX MPOAYKTHBHHX CHJI, IO MA€ SICKPaBO
BHpaXCHHUI XBUIHOBHH Xapaktep [4—6]. [lepury xBuimo Mu 3actaeMo y ¢asi cra-
Iy, a 'ty — y ¢asi 3pocranns. [lepeBara xoxxHOi HACTYNHOI chepH AisITBHOCTI
3yMOBJICHa iHTEHCU(}IKAII€I0 MOMEePEeHbOT 32 PaXyHOK IOCTYHOBOTO 3pOCTaHHAM
TEMITiB MPOAYKTUBHOCTI Tpali i BUKOpUCTaHHs pecypciB. bo Ko «reHernuHa
pPEYOBHHAY Ma€ 3[AaTHICTh JI0 3MiH, TO 1€ MPU3BOAUTH TUILKU JI0 TIOCUJICHHS €KC-
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ruryaTaii cepefosuiia [3]. 3pocratoya eeKTUBHICTh €KCILTyaTallil JOBKLIIS Be-
MU BaXKJIMBa s po3yMiHHs inei Y. [lapBiHa npo «BIKWBaHHS HAWOLIBII MTPH-
CTOCOBAHHX.

Bupobranya misieHICTE JIT0ICTBA 0a3Y€ETHCS BUKIIOYHO HA TPOIECaX CIIUIKY-
BaHHSA MIX pi3HUMH cepaMyi BUPOOHULTBA, 1 caMe 3aKOHOMIpHOCTI (pazie, TeH-
JIEHIII1 Ta TPaauIlil) TUCSYONITHROTO CITUTKYBAHHS, Ha HAIl TIOTJISA, BiIOOpaxeHo
Ha puc. 3 [4, 5].

{’/z} ‘ tza “'é.?{ _é{;

60

TN

~2000

10 H.C.

Puc. 3. EmnipryHa KapTHHa CTPYKTYPHOI €BOJIIOLIi CHCTEMHU NMPOAYKTHBHHUX CHJI CYCITi-
JIBCTBA (HEMHIKHUHN MacmTal yacy): | — mepBicHa MPHUBIACHIOBATIbHA AiSIIBHICTE; 2 —
arpapse, 3 — iHgycrpiansHe, 4 — iHpopMariiiHe BUPOOHHITBA; 5 — NPOIYKyBaHHS
LLTICHOI JIFOMHA K TBOPYOi OCOOMCTOCTI; 5, f53, ¢34, 45 — MOMEHTH 3MiHH BHpPOO-
HUYHUX JOMiHAHT (TTAPUTETHI TOYKH )

Jo pedi, «epexpecHi» CTpYKTypHi QpayKryamii

i(ﬂj , (38)
oy\dr )| __,

o
Ox [dr} =0 39)

TaKO)X MAarOTh MEBHY 3MICTOBHY apTyMEHTAIIII0 MO0 XapaKTepy IPoIecy CITij-
KyBaHH.

CTPYKTYPHA EBOJIIOUIA CIIIVIKYBAHHS II03A KOMITPOMICOM

Ha puc. 4 moka3aHo €BOJIOLII0 CHCTEMH CIUIKYBaHHS, KOJH Ha ITOYATKy IPOIECY
NPUCYTHI BCi TPH YYacHHMKH, ajie CyKYIHICTh TapaMmeTpiB perymauii ( p=-1;
g=6; p+qg=5) He Ha KOPUCTH KOMIIPOMICYy. 3a Takoi yMOBH IepeMararoThb

MPUXWIEHUKHA MOHOTIONI3amii Y- imei, ToOTo cuTyarlisi pUHIIUIIOBO CXOXa Ha T0-
nepennro. O4eBUIHO, IO B CUCTEMI Ji€ MPUHITAI TOTYKHOTO TTO3UTUBHOTO 3BO-
POTHOTO 3B’SI3KY, SIKHI MIJICUIIIOE HEraTHBHI 30ypPEHHS B HAMPSIMKY MOHOIIOJI3a-
ii imei abo pyiHyBaHHS CUCTeMH CHinKyBaHHS. CaMe Taki cuTyaii Ipu3BOIATh
JIO PEBOJIOIIN, KOHTPPEBOIOIIH Ta 1HIMX CycHiUTbHUX Xaer. CITKyBaHHS 1103a
KOMIIPOMICOM TIPUHIIMIIOBO HE BIJPI3HSAETHCS Bifl TPAaHUYHOTO CITUIKYBaHHS —
MepeMararTh MPUXWIBHUKA MOHOMOJI3aITii i1ei.
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Puc. 4. CtpykTypHa €BOIIOLiSl CHCTEMH CITUIKYBaHHSI 1103a KoMmpomicom: [-X; 2-Y; 3—Z

CTPYKTYPHA EBOJIIONIA 3A HASIBHOCTI IBOX YYACHUKIB
CIIUVIKYBAHHA

Ha puc. 5 HaBeZIeHO €BOJTIONII0 MPOTUCTOSHHS NMPUXIIBLHUKIB 1BOX (X,Y) -imen
(p=-147;, q=147; p+q=0). Takuii craH € HECTIHKUM i IPU3BOJUTH JIO MTOSBU

«TPETHOI CHIIN» — «MYTaHTiB» Z. Ane cTpyKTypHa (prykryaris z (36) 3HOBY He-
CTifika, 1 B pe3yibTaTi BiIOYBAETHCS MEPEPO3MOALT Ha KOPUCTh NMPUXIILHUKIB
Y-inei (six He 3rajgaTh mapaamMeHTChKI Mmoiii).
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Puc. 5. CtpykTypHa €BOJIOLISI CHCTEMH CIIJIKYBaHHS y BHIIAJIKy MYTallii «TpeTboi
cuim»: 1-X; 2-Y; 37

Lett mporiec MOXKHA PO3TIAAATH SK BapiaHT Peakilii CHCTEMH CIiIKyBaHHS
Ha TOSABY MEBHOI KiABKOCTI «MyTaHTiB». CHINKYBaHHS MK JBOMA iJesiMU IpH-
3BOJUTH JI0 TIOSIBU «TPEThOI CHIIM» (HECTiiKoi MyTarlii Z), 0 COpUYHHSE TIepe-
PO3MOALT Ha KOPUCTh MPUXUIFHUKIB MOHOMOMI3aMii Y- imei. ToOTo B eTnuHii Ta
COLAIBHIN cdepax NPUITyCKAEThCSA HASABHICTh MEXaHI3MIB HABYAHHS Ta ajarTa-
1ii, SIKi JOIMOMaraloTh MPUCTOCOBYBATHCS 10 oToueHHs. Hackinbku Baanoro Oyne
Ta YM iHIIA CTPYKTypHA (DIyKTyallisi, MO’KHA BU3HAYUTH 33 3HAYEHHSAMH JIHCHUX
YaCTUH KOPEHIB XapaKTePUCTHUYHOTO PIiBHSHHS JUIS CTalliOHAPHHUX CTaHIB CHCTe-
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miu (10), (11). Bapro 3ayBaxuTy, 10 HACHiIKOM CTPYKTYypHHX (piykTyauiii y Oa-
raThOX BHITAJIKaX € 3pOCTaHHS CKJIAIHOCTI Ta PiBHSA OpraHizarii CUCTeMH, TOOTO
BUHUKHEHHS MPOIIECIB camoopraHizaii [3].

CTPYKTYPHA EBOJIIONIA 3A YMOBHU 31011

Curyariro «3rojia» K CTiiiKe CHiBBITHOIICHHS MK MPUXUILHUKAMH Pi3HUX i/ei
nmokazaHo Ha puc. 6 (p=-28; g=1; p+g=-1,8). Take «3arumms» B mporeci

CIUIKYBaHHS pajllie € KOPOTKOTEPMIHOBOK 3arajbHOKOPHCHOIO JOMOBIICHICTIO
abo «mepemup’sm mig TUCKoMy». CHUTyallis 3r0/Id HABOJUThL HA AYMKY TPO iCHYBaH-
HS KOPCTKOI PETYJIAMII, sIka BUMarae 3Ha9YHUX PECYPCiB i 3HUKAE Pa3oM i3 HUMH.

0,7
0,6 /f‘\ _

0,5 A /3
04 ! \_//f
0,3 - m—-__

0.2 - = A\

0,1

X, Y, Z

15 30 45 60 75 90 105 120 135
T

0

Puc. 6. CTpykTypHa €BOIIOIiS CHCTEMH CIUIKYBaHHS 32 yMOBH 3roau: [-X; 2-Y: 3—Z

He BukII04Y€HO, 1110 HACTYHOO OyJie €BOJIIOLIIS HA KINTAJIT MOMAINA Ha puc. 4.
Xoua Bimomi ¥ cuTyauii 3 JOBroTepMiHOBUMH HE3MIHHUMH yHOAOOaHHIMHU (Ha-
MIPHUKJIaa, BipocnoBiganHs ). MoXHa TPUITYCTUTH, 110 B JaHOMY BHITAJIKy CHCTEMa
CIJIKYBaHHSI Ma€ MEXaHi3M KOMIIEHCAIlll HEKPUTHYHUX JIJIsl CBOTO iICHYBaHHS BijI-
XUJICHb BiJl TMEBHOTO CTiHKOTO CITiBBiJTHONICHHS MiX KUIbKICTIO MPUXHUIHHHUKIB
pi3HUX i7eid.

3ayBa)kMMO, IO Yac CITUIKYBaHHS (HaIPHKIIAI, Jac riepeOyBaHHS MPHU BIIai
NPUXWIBHUKIB PI3HUX ifiell) Mae 6arato cxoxkoro 3 (i3MKO-XiMIYHUM TOHSTTSIM
yacy nepeOyBaHHs (Hampukiaj, yac epeOyBaHHS PeareHTiB B IEBHOMY 00’ e€Mi).
3HavHUil yac nepeOyBaHHS (PaKTUYHO peanizye 3aMKHEHY CHUCTEMY 3 yciMa ii He-
TaTUBHUMH OCOOJMBOCTSIMH (Ha KIITAJIT 3pOCTaHHS SHTPOIIii) BHACTIAOK BTPATH
3BOPOTHHUX 3B’SI3KiB 3 0ToueHHsIM. Och YoMy HeoOXigHi mepeBuOopH (3amiHa pea-
TCHTIB) — BOHHU CKOPOUYIOTh Yac MepeOyBaHHS, 10 U CIIPUYHMHSAE PUTMIYHY IO-
BEJIIHKY CHCTEMH (2 pUTMidHA aKTHBHICTH, K BiJIOMO, € HEBiJl’€MHOIO BIIACTHUBIC-
TIO MO3KY).

KOMITPOMIC SIK KOI'EPEHTHE CIHIBBIJHOIIEHHSA MIK
MPUXUJIBbHUKAMM PI3HUX IJIEA

Puc. 7 (p=-2; ¢g=2; p+¢g=0) BinoOpaxkye KOrepeHTHE CITiBBIJIHOIICHHS MiX
KIJIBKICTIO MPUXWIBHUKIB TPHOX i7led — CUTYyaILil0 KOMIIPOMIicy a00 CTBOpEHHS
TPYIOBOI CHIiBHpall SK OJHOTO 3 BUAIB €BONOIil. CHTyallisi KoMIpoMicy Haii-

140 ISSN 1681-6048 System Research & Information Technologies, 2009, Ne 1



CmpykmypHa e8onoyis CRiIKY8aHHS

Ol peasibHO Haraxye MiHJIMBHN Xapaktep OyTTsa. HaBkosio Takoro cmiBBiIHO-
IEHHS ICHYIOTh TEPIOANYHI BIAXUICHHS MPAKTUYHO 3 MTOCTIHUM TEPiosIoM, M0
HE € KpUTHYHHUMHU JJIsl iICHYBaHHSI CUCTEMH CIIIJIKYBaHHS SIK CyKyHHOCTI ifei. Cu-
CTeMa He KOMIICHCY€E TaKi BIIXUJICHHS, ajl¢ Ma€ MEXaHi3M iX 0OMEeXeHHS B Oe3rie-
YHill 711 CBOTO iCHYBaHHS 00JIacTi (KOJMMBAHHS K MPArHeHHS J0 BIIOPSIKOBAHO-
CTI € OOHMM 3 TPHOX OCHOBHHX THIIIB CaMOOpTraHizamii, IO CIPUIHHSIIOTH
CKJIQJIHy TIOBEJIHKY, a CKJIQ/IHICTh CTOCYEThCSI TUX CHCTEM, IMMOBEIIHKA SKUX 3HAY-
HOFO MipO¥O ITOB’s3aHa 3 1X eBOIOIi€T0 [2]).
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Puc. 7. CTpyKkTypHa €BONIOLIS CHCTEMH CITUIKYBAaHHS 32 YMOBH Komrpowmicy: /—X; 2-Y:
3-Z

HasBHicTs 007acTi O€3MmeYHNX IJIs1 CHCTEMHU KOJIMBAHb TI0B’s13aHa 3 iICHYBaH-
HSM IHTErpana pyxy y BHTIIII CITiBBIIHOIIEHHS MiX IIBHIKOCTSIMH Ta TEMIIaMHU
NpoLecy CHUIKYBaHHs, SKe MOXKHa oTpuMaTH Oesmocepeanbo 3 cucremu (10),
(11) Ta oOmexxennst (2)

d dy) Xdx ydy (40)
dr drt xdr ydr
abo
p(x+y)+x2 1nx+y21ny=C(x,y)=const (41)
3a yMOB
p+q:(x2yl_xly2):0, (42)
X1
Xy 41y =1, 43)
OCKIJIBKY I1i YMOBH BiJIIIOBIJIAIOTH CITiBBiJHOIICHHSIM
1
p=——— (44)
XL+
Xy =—l (45)
X+
y
yy =———, (46)
X+
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TO IHTErpa PyXy MOKHA 3aITUCATH Y BUTIISII
x+y—x11nx—yllny=C(x,y)zconst. 47)

CuiBpinHomeHHs (42) 03Hauae, 10 CTAIlOHAPHI CTAHU CUCTEMH 3HAXOMSTh-
cs Ha JiHiTi AF (puc.1), a criBBigHOMEHHS (44) BU3HAYa€ CyTTEBHH 3MICT TTapame-
Tpa KepyBaHHS K BEJIWYHHY, 3BOPOTHY IO CTAI[iOHAPHOTO 3HAUCHHS CYMH ydac-
HUKIB MPOLECY CIIIKYBaHHS.

TpancuennenTHi piBHsaHHA (41), (47) BU3HaYal0Th MHOXHHY 3aMKHYTHX Ha-
BKOJIO CTaI[ioHapHOi TOYKH (X, );) KPHUBHUX, A€ KOXHIH 3 HUX BIAIIOBIZa€ CBOS

BCIIMYMHaA C, sJKa BU3HAYA€THCA MMOYAaTKOBUMU YMOBaMU (xo,yo) . Taka Touka B

Teopii TUHAMIYHUX CHUCTEM Ma€ Ha3By «IleHTp». KoxkHe 3HaueHHsS KOHCTaHTH C
BiJINIOBiJIa€ MEBHIN aMILTITY1i KorBaHb. KomMBaHHS 0OMEXeHi Jliara3oHoM

C, <Cx,y)<C,, (48)
Ci=x+y —x 1n(x1)—y1 ln(yl)a (49)
C, =1-xIn(x;)—y; In(y,). (50)

Minimansae C; Ta MakcuManbHe C, 3HAYEHHS IHTErpajia pyxy BH3Haua-
IOTbCSL KOOPJIMHATaMH CTALllOHApHUX CTaHiB (x[,y;), (x,,y,) (Hampukiazd, 3a
pe3yJibTaTaMH COIIOJIOTIYHUX JIOCIII/PKeHb, MPOrHO3iB a00 BHOOPIB 3 MEBHUMH
3acTepeKEeHHAMH I0J0 iX cramioHapHocti). Bemmunny C, MOKHa BBakatu 3a

KpUTEpid MOBEAIHKN CUCTEMH CIIUTKYBaHHS, SKAW BIJIOKPEMITIOE 00JIaCTi KOJIHMBa-
asHOTrO ( C < C,) Ta anepioguunoro ( C > C,) pyxy. To6to Bupas (50) e cenapa-

TpUCOIO cucTeMH. PizHUIIO

AC=C;-Cy (51

MO>KHA BBKATH MACIITA0OM KOMITPOMICY.
[lepion xonMBaHB B OKOJIi CTAL[IOHAPHOTO CTaHy (X, V;)

r-2~r, (52)
NS
1—x; — 2
Ay =p(p+1)xy (1-x -y )=xy A (53)

X +tn

Mari BiZXWIJICHHS BiJl IICHTPY BiIOYBAIOTHCS MPAKTHYHO 3 IMOCTIHHUM Tepi-
oJoM. 3Ha4HI BiIXHMJICHHS CYNPOBODKYIOTHCS 30UIBLICHHSAM MEPioNy KOJIHBAHb,
0 BifoOpaxkae 3aBXKIM iCHYIOYi B CyCITUTBCTBI BificTaBaHHS a00 BUIEpEIKEHHS
PI3HHX CYCHUIBHHX iHINIATUB (HA KINTAIT KOJEKTHBI3aIlii, MpUBaTH3aIlii, KaIriTa-
Ji3altii, KOMIT I0TepH3allii TOIIO).

3a ymoB (42), (43) cuctema (10), (11) BuzHauae piBHAHHS (Ha30BOI TPAEKTO-
pii mportecy

d.

d—x=—x(py+yz N-x-y), (54)
r

d

d—yzy(px+x2)(1—x—y), (55)
T
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d x(py+y,)

L cucTema cxoxka Ha MOJIeNb criBicHyBaHHs BuIiB Jlotku—Bonbrepu [3,7],
MPOTE Ha BIAMIHY BijJ Hel Ma€ MPUHITUIIOBY OCOOJIMBICTH: AKIIO B Mozaeni JIoTku-
BonbTepu CHEKTp aMILIiTy[l Ta YacTOT KOJMBAaHb HEOOMEXKEHUH, 10 HABPSI YU
BimoOpaxkae peasbHiCTh, TO B Mozeli (54), (55) icaye oomexenHs (48) obOmacti
CHiBICHYBaHHS. 3a PO3IOIIIIOM 3MiHHUX PiBHSHHSA (56) MOKHA IHTErpyBaTH

[T gy [ P21 g (57)
y X

[Ticnst iHTErpyBaHHS OTpHMAaeMO iHTerpan pyxy (47), CXOKHH Ha MOJIENb
Jlorku—Bounbstepu.
Otxe, 30amaHcoBaHe KEpyBaHHS CHCTEMOIO CIUIKyBaHHA p =—q (42) 3a

ﬂ: y(px+x2) (56)

yMoBH (43) (HampuKiIaj, KOATillis + OMO3UIliS = MapjJaMEeHT) CTBOPIOE MOKIIH-
BICTh CKOOPIMHOBAHOTO CITiBICHYBaHHS, IOMpaBna, B 0OMekeHi obmacti (48).
Jo peui, came 3rigHo 3 (45), (46) PO3MOALIAIOTHCS MiXK MEPEMOXKIISIMH Tapiame-
HTCHKHX BHOOPIB TOJOCH MPUXIIBHUKIB i1eli-HeBIaX (Y JaHOMY BHITAIIKY TIPHUXH-
JHHUKIB Z- i71ei).

Binxunenns 3a mexi obmacti (48) € KpUTUIHUME JJIs1 CUCTEMH CITITKYBaHHS
(puc. 8), 60 pyHHYIOTH ii CTPYKTYpY 1 MPU3BOAATH 1O MOHOMOJMI3aMii oqHi€eT imei.
Ha mexi «kommpomicy» (kpuBa 1) CIiKyBaHHS Ma€e CyTO HENiHIHHAN (HeaieKBa-
THUI) Xapakrep. KpuBa 2 BimoOpaxkae «komIpomicHi» konuBaHHs.[loBeninka
CHCTEMH 1€ ¥ CYTTE€BO 3aJEKHUTh BiJ IOYATKOBHX YMOB (X,,V,) Ipouecy, 60

JIesIKI HaBEJICH1 Pe3yJIbTaTH € HACIIAKOM JIIHIHHOTO aHai3y CTIMKOCTI CTalioHap-
HUX CTaHiB i JilicHi mumie B ix okoni. CTaH KOMIIPOMICY € 3HAYHOK MipOFO MITyd-
HHUM, TOMY CHCTeMa i He «3a0yBae» MOYaTKOBHX YMOB (X(,V() -

0,25 1 ‘ ‘
2 TN T e )
[= 0,2 Mesxa
aI:;r u «KOMMPOMICY»
_=5[ 2 0,15
o 3
ZE o1
X 005
=

0 30 60 90 120 150 180 210 240 270
3BeneHuii uac, ©

Puc. 8. KonBaHHsI THITy «KOMIIPOMIC)»

3ayBakMMO, 110 «KOTEPEHTHY» MOBEAIHKY, sIKa BigoOpaskae peryJaTOpHI Ta
KoopAMHaIliiHI miporiecu [1, 3, 8], HA3UBaIOTh TAKOX «CHUCTEMHOI0», «KOJICKTHB-
HOIO», «y3TroJKeHOI0». OueBHIHO, IO A5 30epekeHHsI CTPYKTYpPH CHCTEMH CITi-
JIKyBaHHS SIK CYKYITHOCTI PI3HUX i/Iel Taka MoBeNiHKa € BUPIMIadbHOW. SIK BUIHO
3 HaBEIEHOTO aHaNI3y, «KOTePEHTHICTHY» CHUCTEMH 3a0e3MeuyeThCsl ICHYBaHHSIM
niepioro interpana (1), SKuif MOKHa TPAKTYBaTH SIK «3aKOH 30€peKeHHs Macu» B
JKUBUX CHCTeMax, Ta iHTerpamna pyxy (40), (41), (47), aHamorivHoro 30epekeHHI0
EHeprii B MeXaHIYHUX CHCTEMax.
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BUCHOBKHU

1. MoxuBicTh X04a 0 IPHOIM3HO aHATI3yBaTH 3a JOIIOMOTOI0 MaTeMaTH4-
HUX MoJeNell Hag3BUYalHO CKJIagHI CYCHUIBHI IPOLECH € camMa cOO0I0 IUBHUM
thaktom [3].

2. Cucrema CHiJIKYBaHHA MAa€ pi3HI CocoOW TPUCTOCYBaHHS 1O BIUIHBY
OTOYEHHS, TOOTO 32 OJHUX 1 TUX K€ 3HAUCHDb MapaMeTPiB CUCTEMH MOKIIHBI Pi3HI
pimeHHs. AjanTauis IMIISIXOM 3MiHU CTPYKTYPH Ta MOBEIIHKHM — OCHOBHE JKe-
pEeIlo TPUBAIIOTO iICHYBaHHS CYCIIILCTBA, BITHOBICHHS Ta PO3BUTKY.

3. OnHi€l0 3 TOJIOBHUX PYIIIHHUX CHJI €BOIIONII € MEXaHI3MH TTO3UTHBHOTO
3BOPOTHOIO 3B’A3KY, SIKi MPHU3BOJAATH JI0 HECTIMKOCTI MOBEAIHKU CUCTEMH 3 Ha-
CTYIIHHM TIEPEX0JI0OM JI0 HOBHX CTaHiB [3].

4. HasBHICTh IBOX CTalliOHApHUX cTaHiB (x[,);), (¥,,V,) cucremu cmin-

KyBaHHsI O3HAYa€ iCHyBaHHS PO301’KHOCTI MiJK peabHUM CITiBBiTHOIICHHSM TIPH-
XWJIBHHUKIB PI3HUX i/IeH B CYCIHIJIbCTBI Ta «3aKOHHUMY» CIIBBIJIHOIICHHSM, SIKE
CTBOPIOETHCSI JICPKABOIO Yepe3 CYCIUIBbHI 3aKOHH, 10 i MOPOHKYE HEOOX1THICTh
perymsmii. [IpucTaiiHiCTh WX CTaHIB O3HAYAE CHUTYAIliF0 Hemepen0adeHoro «Bi-
JHHOTO CIUIKYBaHHS» B yMOBax HeBU3Ha4eHOCTI peryisiii (p=0/0; ¢=0/0) 3
yciMa HeTraTUBHUMU HACIIAKAMH «BOJII».

5. IlpoTHCTOSIHHS JBOX TPOBIMHUX ific € TPaHUYHUM 1 TOMY CTPYKTYPHO
XUTKAM CTaHOM. IMOBIpHUM HACIIiIKOM HOTO €BOJIOIII MOXe OyTH CTPYKTypHA
(uryKTyanis y BUIIISAL «TPETHOT CHITNY — «MYTaHTa» JABOX i1eH.

6. Komnpomic Moxe OyTH pearnizoBaHUM JHIE B 0OMexeHii obnacTi, To0To
NpOIIeC CIINKYBaHHS Mae€ OyTH KEPOBAaHWUM 3a CYCHITLHHUMHU 3aKOHAMH (HAIpu-
KJIaJl, 3pOCTaHHs a0CONIOTHOTO 3HAYEHHS MapameTpa p po3IIUPIoE 00JIacTh KOM-
npomicy). [To3a miei o6nacTi cucTeMa CHIKyBaHHS K CYKYIHICTbD i/1eH J1e3iHTer-
PYEThCA, 10 | MiATBEPAXKYE KPUXKY CTIHKICTh HUBiITi3aLi.
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T'00anbHuUil aHATI3 CTAJ0r0 PO3BUTKY B KOHTEKCTI SIKOCTI i 0e31exH kuTTH Jroaei / 3rypos-
cokuii M.3. / CuctemHi nocmimkeHHs Ta iHpopMaiitai TexHomnorii. — 2009. — Ne 1. — C. 7-21.

3anponoHoBaHO cucTeMy (hakTopiB (IHICSKCIB Ta IHAMKATOPIB) 1 pO3POOIEHO HOBY METPHKY
JUISL BUMIPIOBAaHHS IPOIIECiB cTanoro po3BHTKy (SDGM) 3 MeTo0 TI00aJIbHOTO MOJEITIOBAHHS 3a-
3HAYEHUX MPOLECIB Y KOHTEKCTI AKOCTI i O€3MeKH KUTTSA HaCeNeHHs CBITY. [ IIbOT0 MOIEIIIOBaH-
Hs BUKOPHCTaHO BHXITHI [aHi, MPEICTABICHI aBTOPUTETHHUMHU MIKHAPOAHWMH OpraHizamismu. [3
3actocyBaHHsIM SDGM mpoBeneHO AOCTiIKEHHS BIUIMBY CYKYHMHOCTI TMTOOAaNbHUX 3arpo3 i CBITO-
BUX KOH(JIIKTIB Ha cTanuii po3BHTOK. 3pobieHO crpoly mependaueHHs] HACTYMHOTO KOH(IIKTY,
Ha3BaHOro «koHpikToM XXI cTopiyus», i BAKOHAHO aHali3 HOro MpUPOIH i TOJOBHUX XapaKTepH-
CTHK: TPUBAJOCTi, OCHOBHUX (ha3 IUIMHY Ta iHTEHCHBHOCTI. BH3HaueHO cuCTeMy ri00anpHHX 3a-
rpo3, sIKi TOPOKYIOTh el KOH(IIIKT. 3 BHKOPHCTAHHIM METOJY KJIACTCPHOIO aHalli3y BH3HAYCHO
BIUTHB IIUX 3arpo3 Ha pi3Hi Kpainu cBity. Puc.: 6. Tabu.: 2. Bibmiorp.: 13 Ha3B.

VK 519.711

T'100a0bHBIH aHAJIM3 YCTOWYMBOIO Pa3BUTHS B KOHTEKCTE Ka4ecTBa M (€30MaCHOCTH KHU3HH
miopeii / 3rypoBekuii M.3. // CucremHi pocmijpkeHns ta iHdopmariini texaomnorii. — 2009. —
Ne 1. —C.7-21.

[Ipennoxena cuctema (GpakTopoB (MHIEKCOB M MHIUKATOPOB) M pa3padOTaHa HOBas METPHKa
U M3MEpPEHHs MPOoLeccoB ycToiunBoro pa3sutusa (SDGM) ¢ nenbio roGalbHOrO aHaiIM3a yKa-
3aHHBIX [IPOLIECCOB B KOHTEKCTE KayecTBa M OE30IIaCHOCTU KM3HM HaceldeHus mupa. s sToro
MOJZICIIMPOBAHUST HCIIOJIB30BaHbl JaHHBIC, IPEICTABICHHBIC ABTOPUTETHBIMH MEXIYHapOJHBIMU
opranu3auusiMu. C npumenenrneM SDGM wuccneoBaHo BIMSHHE COBOKYITHOCTH INIOOAIBHBIX YIPo3
¥ MUPOBBEIX KOH(UIUKTOB Ha yCTOH4MBOe pa3BuTHe. ClenaHa IONbITKA PEABUICHUS CIICIYIOMETo
KOH(MIINKTA, Ha3BaHHOTO «KOH(MIUKTOM XXI CTONETHS», U BHIIIOIHECH aHAIN3 €r0 NMPHUPOJBI U TJIaB-
HBIX XapaKTEePUCTHUK: MPOJIOJDKUTEIBHOCTH, OCHOBHBIX (a3 TedeHHs1 1 HHTeHCHBHOCTH. OnpeneneHa
CHCTEMa TIIO0ANBHBIX YIPO3, TOPOXKAAIOIINX 3TOT KOHGIMKT. C HCHOJIb30BaHUEM METO/A KIIacTep-
HOTO aHaIM3a ONPENENICHO BIUSHUE STHX yrpo3 HA pa3fUuHBIE CTpaHbl mMupa. Puc.: 6. Ta0m.: 2.
BuGmuorp.: 13 Hazs.

VK 519.876.2
Moje/1i0BaHHS AJbTEPHATHB ClLiEHAPiiB Mpouecy TeXHoJoriyHoro nependayenns / Ilankparo-
Ba H./I., CaBactbsinoB B.B. // CucremHi nocmimkeHHs Ta iH$popmaniiiai Texaonorii. — 2009. —
Ne 1. —C. 22-35.

3amponoHOBaHO METOOJOTIYHHN amapaT MOJAETIOBAHHS ajJbTEPHATHB CICHApIiB Ipolecy
TEXHOJIOTTYHOTrO nepeadadeHHs Ha OCHOBI iH(pOpMaLiiiHOI MozeNi, sika yTBOPIOE 0a3y i MmoJe 3HaHb,
II0 OMHUCYIOTh ycCi 00’€KTH, Cy0’€KTH, CHCTEMH, a TAKOX BiTHOCHHM MK HUMH Ta OTOYYIOYHM 30B-
HilHIM cepenoBuiueM. [Tone 3HaHB (HOPMYETHCS Bij HNEPIIOro MONEPEIHbOro eTaly MpoLecy Ie-
pendadeHHs i TOKPOKOBO OpraHi3ye 3HaHHS Y BHIVISIII CEMAaHTHYHO 3B’S3aHOI CTPYKTYpHU (peiiMiB.
Puc.: 6. Ta6n.: 1. Bi6miorp.: 18 Ha3s.

UDC 519.876.2
Modeling of alternatives in technology foresight scenarios / Pankratova N.D., Savas-
tyanov V.V. // System Research and Information Technologies. — 2009. — No 1. — P. 22-35.

A methodology for modeling of scenario alternatives in technology foresight process is pro-
posed. It is based on the information model forming the base and field of knowledge which describe
all the objects, subjects and systems as well as the relationships within them and with the environ-
ment. The field of knowledge is formed from the entry stage of the technology foresight process and
step by arranges knowledge in the form of a semantically interconnected frame structure. Figs: 6.
Tabl.: 1. Refs: 18 titles.
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VK 338:519.81
KomnaparopHa inentudikanist mogeni ¢gopmyBanHs inaekcy cranoro po3sutky / Ilerpos K.E.
// CuctemHi gociipkeHHs Ta iHdopmariiiHi texuomorii. — 2009. — Ne 1. — C. 36-46.
3anponoHOBAHO €MHY METOJMKY BHU3HAYCHHsS iHACKCIB Ta iHAWKATOPIB, SIKi BUKOPHCTOBY-
IOTBCS IS OLIHKY PiBHS CTAJIOr0 PO3BUTKY KpaiHu. Po3pobieno miaxin 1o modymoBu mozeni ¢op-
MyBaHHS {H/IEKCY CTaJIOr0 PO3BHUTKY, IO BPaXOBY€ TPH OCHOBHUX KOMIOHEHTH: €KOHOMIYHHH, €KO-
JoriuHuid 1 cowuiangpHui. Po3rismaeTeCs METOA KOMIIApPaTOPHOI CTPYKTYPHO-TAapaMeTpHYHOL
izeHTHdIKaLIT MOIeNi Ha MHOXKHHI MOXJIMBUX CTPYKTYP, SIKi OIHCYIOThCs mosiiHomoM Konmoropo-
Ba—T"abopa. Tab6un.: 5. Bi6umiorp.: 13 Ha3s.

UDC 338:519.81
Comparative identification of model of formation of sustainable development index / Pet-
rov K.E. // System Research and Information Technologies. — 2009. — Ne 1. — P. 36-46.

A uniform technique for definition of the indexes and indicators that are used for estimation
of the level of sustainable development of a country is offered. An approach to construction of
model of the sustainable development index is developed, which takes into account three basic
components: economic, ecological and social. The method for comparative structural-parametrical
identification of the model by using the set of possible structures described by the Kolmogorov-
Gabor polynom is considered. Tabl.: 5. Refs: 13 titles.

INPOI'PECUBHI IH(DOPMA[IlﬁHI TEXHO.HOFli, BU- PROGRESSIVE INFORMATION TECHNOLOGIES,
COKOINIPOAYKTUBHI KOMII’FOTEPHI CUCTEMH HIGH-EFFICIENCY COMPUTER SYSTEMS
VIIK 62-50

IInanyBanHsa Ta onTHMi3auis MapHIPpYTiB TAHKEPiB NPH HEYiTKHX 3aMOBJICHHAIX Cy/JeH, 110
HUMH obcayroByoThesi / Bepuepe b., Konapartenko FO.I1. // Cucremni nocnimxeHss Ta iHpop-
Maniiai rexnosorii. — 2009. — Ne 1. — C. 47-64.

Posrismaerbest mpo6iema IiaHyBaHHs Ta ONTUMI3allii MapIIpyTiB TaHKePiB-3alIPaBHUKIB, SIKi
CTapTyIOTh BijJl OYHKEpYBaJIbHOI KOMIIAHIT i MatOTh 3a0C3MCUUTH TTAJTMBOM CYJHA, IO PO3MIIICHI B
pi3aux noprax. CHHTE3 alropUTMIB ONTUMI3ALi Ta MOJETIOBAHHS 3/ ICHIOETHCS 3TiHO 3 OCTAHO-
BKOIO 33/1aul IUIaHYBaHHSA MapIUpPYTiB TPAHCHOPTHUX OAMHUIB i3 OOMEKEHOI0 BaHTAXKOMICTKICTIO.
IIpu upoMy iHpOpPMAILS PO 3aMOBIICHHS CyJIEH B PI3HHUX IOPTaxX € HEMOBHOIO (HEBU3HAYEHOIO),
3HA4YEHHS 3aMOBJICHb CYyJICH MOJICIIOIOTECS 3 BUKOPHCTAHHIM HEYITKMX MHOXHH. Ilepiie Komrpo-
MiCHe pimeHHs Moxe OyTH MonudikoBaHe B IHTCpPAKTUBHOMY DPEKHMI BIIIOBIIHO IO ACKUIBKOX
KPHUTEPIiB Ta BUMOT OIIEpaTopa, 1o npuimae pimeHHs. EQeKTHBHICTh 3aIIpOIIOHOBAaHUX AITOPUTMIB
HiITBEPDKYETHCS pe3yiibTaTaMu MojeroBanHs. Puc.: 9. Ta6um.: 4. bibniorp.: 24 Ha3Bu.

YK 62-50

IlnanupoBaHue U ONTUMH3AINSA MAPHIPYTOB TAHKEPOB NPH HeYeTKHX 3aKa3ax o0c.Iy:KHBae-
MbIX cynoB / Bepuepce B., Kongpatenko FO.II. / Cucremni pocmimkeHHs Ta iHpopMamiiiHi Tex-
Hojorii. — 2009. — Ne 1. — C. 47-64.

PaccmarpuBaercss mpoOnema IIAHHPOBAaHUS W ONTHMH3ALMM MapHIPyTOB TaHKEPOB-
3aMpaBIIUKOB, KOTOPHIE CTAPTYIOT OT OYHKEPOBOYHOW KOMIIAHUH U JIOJDKHBI 00ECIEYUTH TOIUTUBOM
CyZa, pacIoJIOXKEHHbIE B pa3HBIX HopTaXx. CHHTE3 aJTOPUTMOB ONTHMH3ALUH M MOJEIHPOBAHHE
OCYIIECTBJICHBI COTJIACHO MOCTAHOBKE 3aJlaudl IIAHMPOBAHHS MapIIPyTOB TPAHCHOPTHBIX SIUHHIL C
OrpaHMYCHHOHN Tpy30BMeCTHMOCThIO. [Ipn 3TOM nMHpopMarys o 3aka3ax CyJOB B Pa3HBIX MOPTax
SBJIAETCS HETIOIHOM (HeonpeaeTIeHHOM), 3HaUeHNsT 3aKa30B CyJ0B MOJEIUPYIOTCS C HCIONb30BaHU-
€M HEYETKUX MHOXeCTB. IlepBoe KOMIPOMHCCHOE pelIeHre MOXKET MOANGHIUPOBATHCS B MHTEPAK-
THBHOM DEXHME B COOTBETCTBHU C HECKOIBKHMH KPHTEPHAMH W TPEOOBAHUSIMH OIEpaTopa, MpH-
HUMAIOmero  pemeHus. O(GEeKTUBHOCTh  MPEMIOKEHHBIX  alTOPUTMOB  IOATBEPKIACTCS
pesynbraTamu MozenupoBanus. Puc.: 9. Tabun.: 4. bubmuorp.: 24 Ha3B.

YJK 62-50
BeposiTHOCTHOE NPOrHO3MpPOBaHHME NPOIECCOB HEHO00pPa30BaHUsI HAa (POHAOBBLIX PBbIHKaxX /
Bbuarok I1.1., ®enopor A.B. // CucremHi nocmimkeHas Ta iHGopmaniiiai TexHomnorii. — 2009. —
Ne 1. — C. 65-73.

IIpennoxeHsl ABa TUIA MATEMAaTHYECKUX MOJEICH I IPOTHO3UPOBAHMS IIPOLECCOB LIEHO-
obpa3oBanus Ha Ouprke. BeposiTHOCTHast MoJienb B BHJe AMHaMHU4Yeckol cetr baiieca u aBToperpec-
CHOHHAs MOJIeJIb B3aMMHO JOIOJHSIOT JPYT APYra, 4TO CIIOCOOCTBYET IOBBILICHHUIO KayecTBa Mpo-
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THO32a W peIICHUH OTHOCHTEIHFHO TOPTOBBIX omepanuii Ha Oupxe. [locTpoeHa Monens IS IPOTHO-
3UPOBaHMA HECTAaHAAPTHBIX cuTyalmid. Puc.: 8. bubmmorp.: 11 Ha3B.

UDC 62-50
Probabilistic forecasting of price forming at stock exchange / Bidiuk P.1., Fedorov A.V. // Sys-
tem Research and Information Technologies. — 2009. — Ne 1. — P. 65-73.

Two types of mathematical models are proposed to forecast processes of stock price forming.
The probabilistic model in the form of the dynamic Bayesian network and the autoregressive model
mutually supplement each other, which improves the quality of trading decision making. Also,
a model is proposed to forecast nonstandard situations. Figs: 8. Refs: 11 titles.

YK 004.896

Mopeab yueoHoro Web-kontenta Tree-Net kak ocHOBa JUIsi HHTerpalMy yNpaBjeHUs 3Ha-
HHUSIMM H HenpepbIBHbIM 00y4enueM / Turenko C.B., I'arapun A.A. // CucteMHi JOCIiIKEHHS
Ta iHpopmauiini TexHonorii. — 2009. — Ne 1. — C. 74-86.

OmnucaHa nepapxXuuecKu-ceTeBas Moaeb yueoHoro Web-konrenra Tree-Net 1 moaaepKku
HETIPepLIBHOIO O0yUYEeHHUsI HA OCHOBE YIPAaBJICHMs 3HAHUSIMHU. PaccMOTpeHb! nepapxudeckue, OnHa-
PHBIC U IPYIIOBbIC CBA3H MEXJLY JIEMEHTaMU KOHTEHTA, KOTOPbIE CIIyKaT Ul CTPYKTYPHUPOBAHUS
u Karajgorunzanuu Web-KOHTEHTa, pealn3alyyl MOBTOPHOTO HCIIONB30BAaHMS, MOUCKA TEMAaTHKO-
ACCOLMAaTHBHOTO KOHTEHTA U MOCTPOCHUS IIePCOHAIBHOM cpenbl o0ydenus. Puc.: 3. bubmumorp.: 17
Ha3B.

UDC 004.896

Learning Web-content Tree-Net model as a basis for integration of knowledge management
and on-going learning / Tytenko S.V., Gagarin A.A. // System Research and Information Tech-
nologies. — 2009. — No 1. — P. 74-86.

The article represents a hierarchical network model of learning Web-content for support to
on-going learning on the basis of knowledge management. Hierarchical, binary and group relations
among the content elements are described, which serve for structuring and cataloguing the Web-
content, its reusing, searching for thematic and associative content and building a personal learning
environment. Figs: 3. Refs: 17 titles.

MATEMATUYHI METO/JH, MOJEJI, IIPOBJIEMH I MATHEMATICAL METHODS, MODELS,
TEXHOJIOT'Ii JOCIIKEHHS CKJIATHUX PROBLEMS AND TECHNOLOGIES FOR
CUCTEM COMPLEX SYSTEMS RESEARCH

YK 519.24

IloGynoBa 6araToBuMipHoOi noJiHoMiaJabHOI perpecii. AkTuBHuii excnepumenT / Ilasios O.A.,
YexoBenknii O.B. // Cucremni pocmimkernHs ta indopmaniiai Texnomorii. — 2009. — Ne 1. —
C. 87-99.

PosrisimaeTscsi KOHCTPYKTUBHHK METOJ BiTHOBJIECHHS OaraTOBUMIpHOI MOJIHOMialbHOI pe-
rpecii, IpeICcTaBIeHO] HA/UIMIIKOBUM ONHCOM. Po3moain 30ypeHHs € JOBUIBHUM 3 HEBIJIOMOIO, aje
CKiHYEHHOIO Jucnepciero. Po3B’si3aHHs 3aiadi 3aCHOBaHO Ha MOXKJIMBOCTI MPOBEICHHS aKTUBHOIO
eKcrepuMeHTy. IIpHBOAATBCS NpPaKTUYHI pPEKOMEHpalii 3 BHKOPUCTaHHS Merody. Tabm.: 3.
bi6miorp.: 11 Hass.

UDC 519.24

Multidimensional polynomial regression construction. Active experiment / Pavlov A.A.,
Chekhovskiy A.V. // System Research and Information Technologies. — 2009. — Ne 1. —
P. 87-99.

A constructive method for restoration of multidimensional polynomial regression represented
with extra description is considered. Distribution of noises is optional with unknown but finite dis-
persion. The solution to the problem is based on the possibility of an active experiment. Practical
recommendations for using the method are proposed. Tabl.: 3. Refs: 11 titles.

YK 681.513

JocainkeHHs: yMoB ineHTHdikoBaHOCTI NpH iTepaTuBHIN ineHTHdIKANIT AUCKPeTHHX cTalio-
Hapaux cucrem / I'ybapes B.®., )Kyko O.0. // CuctemHi mocnijpkeHHS Ta iHpOpMaIiiHi
texHouorii. — 2009. — Ne 1. — C. 100-115.
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[IpoBoaWTECS BUABICHHS Ta aHATITHYHE OOIPYHTYBaHHS 3arajibHUX YMOB iIeHTH(]IKOBAHOCTI
JUCKPETHUX CTAIlIOHApHHUX CHUCTEM 3 IIPOCTHMH MOJaMH Ha OCHOBI aHaJi3y 3arajJbHOTrO BHPA3y Bil-
TYKY JJAHOTO KJIaCy CHCTEM i3 KOPJIAHOBOK (POPMOIO MATpHIli cTaHy. JIOBOAMTHCS, 110 HAWOLIBIIY
iHpOPMATHBHICTh TI0 BiTHOIIEHHIO /10 30yIKYBaHUX MOJ Ma€ MPSIMOKYTHHUI iIMITyJbC a00 mepioau-
YyHe 30y/DKSHHsI 3aJIeKHO BiJl JOOPOTHOCTI KOJIMBAIBHOrO KOHTYpY. Puc.: 1. Bibmiorp.: 7 Ha3s.

UDC 681.513

Research of Identification Conditions in Iterative Identification of discrete stationary systems
/ Gubarev V.F., Zhukov A.O. // System Research and Information Technologies. — 2009. — Ne 1.
— P. 100-115.

The article is devoted to revelation and analytical validation of general condition for identifi-
cation of discrete stationary systems with simple modes using analysis of the response common
expression for the systems with the state matrix in the Jourdan form. It has been established that a
rectangular impulse or periodic excitation are the most informative signals in relation to the excited
modes depending on the oscillation circuit quality. Figs: 1. Refs: 7 titles.

HOBI METOJIU B CACTEMHOMY AHAJII3I, NEW METHODS IN SYSTEM ANALYSIS, COMPUTER
THOOPMATHMIII TA TEOPIi MPUAHATTA PIIUEHB SCIENCE AND THEORY OF DECISION MAKING
YIK 517.9

3anaua Kowi mis esosoniiinux BKiIoYeHb 3 BinoOpaxeunsimu tuny S, / Kaceanos IL.O.,

eabHUK B.C.|, Tockano C. // CuctemHi gocmimkeHHs Ta iHGopmariiiHi TexHonorii. — 2009. —

Ne 1. —C. 116-130.
OpepkaHo 3arajibHy TeOpeMy IPO iCHYBaHHS PO3B’SI3KIiB IS MIMPOKOTO KJIACy ONEPaTOPHHUX
BIJIIOYEHB, Y TOMY 9HCHI Ti, IKi OPOJUKYIOTBCS BiIOOpaXXeHHAMHU THITy S, . Pesynbrar 3acTocosa-

HO 1O JESKOro OKpeMoro mpuiiaxy. Teopemy JoBemeHo 3a jomomoror Merony Paeno-
Tanbopkina. bi6miorp.: 31 Ha3Ba.
YK 517.9
3agaya Ko 1151 3BOJIIOHMOHHBIX BKJIIOYEHHH ¢ 0TOOpa)keHUsIMU THNA S k / Kacbsinos I1.O.,
Mensnuk B.C|, Tockano C.// Cucremui mpocmimkeHHs Ta indopmariiai Texnomxorii. — 2009. —
Ne 1. —C. 116-130.

IMonyuena o0mmas TeopemMa O CyIIECTBOBAHWH PEIICHUH 11 MIMPOKOro Kiacca OIepaTOpPHBIX
BKJIIOYEHHH, B TOM YHCJIe T€, KOTOPbIE NOPOKIAIOTCS OTOOpaxkeHUsAMU Tuna S, . Pesynbrar npu-

MEHEH K HEKOTOpOMY 4YacTHOMY mpuMepy. Teopema pokazaHa ¢ mHOMoIubio Mertona Pasmo-
Tanepkuna. bubmumorp.: 31 Ha3B.

YIK 581.52
CrpykrypHasi 3Bonionusi oomenusi / Ilosemenko I'.I1. // Cucremui nocnimxeHns ta inpopma-
wiiiai Texuonorii. — 2009. — Ne 1. — C. 131-144.

Ha ocHoBe aHanM3a MacIITa0HOTO PAacHpPOCTPAHEHUS TEXHOJIOTHH IEJICHANPABICHHOTO
HCIOJIb30BAHUS ONPEACICHHBIX TCHACHIMIA U TPaJULHi TOBEACHHUS JIOICH paccMaTpUBACTCS
BO3MOXKHOCTh (hopMayu3aluu (XoTsi 6bI Ha KQYECTBEHHOM YPOBHE) OOLIECTBEHHBIX OTHOLICHHH H
CBs3€ii, a TAK)KE HEKOTOPbIC aCHEKThl aHAIN3a CTPYKTYPHBIX U3MCHCHHN CHCTEMbI OOILICHUS Ha
COOTBETCTBYIOIIEH MaTeMaTHueckoil Mmoxenu. Puc.: 8. bubnuorp.: 8 Ha3B.

UDC 581.52
Structural evolution of association / Poveshchenko G.P. // System Research and Information
Technologies. — 2009. — Ne 1. — P. 131-144.

Based on the wide-spread technologies for goal-directed use of the existing trends and tradi-
tions in the behavior of people the possibility of formalization (at least at a qualitative level) of pub-
lic relations is considered. Some aspects of the limiting contact analysis on the basis of the corre-
sponding mathematical model are presented. Figs: 8. Refs: 8 titles.
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IMPABUJIA O®OPMJIEHHSI CTATEHA
IJIS1 JKYpPHAJTY

«CUCTEMHI JOCJIJKEHHS TA IHOOPMALIHHI
TEXHOJIOI'Ti»

1. Crarrs 3 aHOTaIsIMH [TO/IA€THCS Y ABOX BapiaHTax:

e Ul peleH3yBaHHS 1 penakuiiHol poOoTH (ApyKyeTbes uepe3 1,5 iHTepBanu Ha

narepi popmaty A4 y 1BOX npum., posMmip mpudty 12 nr.);

® Ul KOMIT FOTEPHOI BEPCTKH — J1Ba (ain (TEKCTH CTaTTi 3 aHOTALISIMH 4epes3

OJIMH iHTepBal, po3Mip mpudty 11 nr.).

2. AHOTaUis MONAETHCS TPhOMAa MOBAMHU: POCIHCHKOIO0, YKPATHCHKOIO 1 aHTTIHCHKOIO
(He OinbIIe 5—6 psAKIB).

3. Texkcr crarti HabupaeTsest y penakropi Microsoft Word 98 (abo mi3Himoi Bep-
cii) mpudrtom Times New Roman i3 BUpiBHIOBaHHSM IO ITUPHHI.

4. Ha mowatky cratTi BKa3zyetscs iHmeke Y/IK, Ha3Ba crarTi, iHiliany Ta mpi3BHIIE
aBTopa (aBTODIB).

5. Cnucok yitepaTypH CKIaJaeTbesl Y HMOPSAKY ITOCHIAHHS B TEKCTI Ta ITOJAETHCS
HATPUKIHII cTaTTi. 3pa3ku oOpMIICHHS JIiTepaTypH AUB. Y KYPHAII.

6. Habip dopmyn 3ailicHroeTbest y penaktopi popmyn «Equationsy.

7. CumBomu y Qopmynax (KpiM 0COOJIMBHX BHUIIQ[IKIB) HAOMPAIOTHCS KYPCHBOM.
JlonyckaroThcst psiMi CUMBOJIH, ajie TX TpeOda po3MITUTH a0 BKJIIOYHUTH JIO CIIUCKY CIIeLi-
AITBHUX CUMBOJIB.

8. Hywmepysaru 6axkaHo TUIBbKH Ti (OpMYJIH (BUHECEH] HAa CEPEIUHY PSIIKIB), Ha sIKi
€ TTOCWJIAHHS Y TEKCTI.

9. Tabnmiii Ta PUCYHKH BUKOHYIOTHCS B OZJHOMY CTHJIi, HYMEPYIOTBCSA Ta TOJAIOTHCS
TICJIS TOCWJIaHb Ha HUX y TeKcTi. He ciix moBTOproBaTy Ti K cami BiTOMOCTI y MiAmucax
JIO PUCYHKIB Ta TaOJHUIIb.

10. CratTs pazoM i3 TaOIUISIMH, PUCYHKAMH 1 CIUCKOM JIITEpaTypu Mae OyTH He
6inbire 15 crop. y dopmarti xxypHany. OrisinoBi crarti obcsroMm 1o 25 crop. npuiima-
IOTBCS 10 IMyOJiKarii 3a JOMOBIIEHICTIO 13 PEIKOJIETIENO.

11. Jlo pyxonucy A0OarOThCS:

® BHCHOBOK €KCIIEPTHOI KOMICii (1Ba mpuM.);

® BIJJOMOCTI PO KOXKHOTO aBTopa (KpaiHa, MicTo, Miclie poboTH, ciry»00Ba rocana,

BYCHUH CTyIiHb Ta 3BaHHS, cepa HAYKOBHUX IOCII/KEHb, KOHTAKTHUI Tee]OH,
anmpeca).
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