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APPLIED RESEARCH IN THE ASPECTS OF LANDSCAPE
OPTIMIZATION AND ORNAMENTAL PLANTS ACCLIMATIZATION
AT THE FACULTY OF LANDSCAPING OF KAUNAS COLLEGE

KAUNO KOLEGIJOS KRASTOTVARKOS FAKULTETE VYKDOMI
TAIKOMIEJI TYRIMAI DEKORATYVIUJU AUGALY INTRODUKCIJOS IR
AKLIMATIZACIJOS ASPEKTU

Laima Markeviciené, Jonas Vaidelys
Kaunas College, Faculty of Landscaping
Department of Green Plantations and Agro technologies
Mokslo st. 2, Mastaiciai, 53313 Kaunas reg.; e-mail: zeldiniu.katedra@gmail.com

Abstract. Urbanizuota aplinka, jos fiziniy komponenty kokybé Siuolaikinei visuomenei yra ypac

svarbi, nes vis daugiau gyventojy telkiasi miestuose. Ji, be plataus spektro ekologiniy reiskiniy, veikia ir
visuomene. Beatodairiskas gamtinés aplinkos urbanizavimas, intensyvus naudojimas ir tarsa yra viena
pagrindiniy Siandienos problemy. Miesty zaliyjy ploty sistemy kiirimas, svarbus tiek urbanizuotos aplinkos
optimizavimo, tiek gamtos vertybiy iSsaugojimo urbanizuotoje aplinkoje aspektu. Urbanizacijos procesai
agresyviai skverbiasi | miesty skverus, parkus, gélynus, todél svarbus tampa konteinerinis zeldinimas. Jam
naudojami vienmeciai, daugiameciai lauko ir kambariniai (vazoniniai) augalai.
Straipsnyje nagrinéjami Kauno Kolegijos, krastotvarkos fakultete Zeldiniy ir agrotechnologijy katedroje
2004 - 2008 metais atlikti taikomieji moksliniai tyrimai: ,, Dekoratyviyjy ir sodo augaly sortimento,
technologijy ir aplinkos optimizavimas®. Introdukcijos ir aklimatizacijos aspektu nagrinétos Sios temos:
. Lauko géliy sortimento ir isplitimo kaitos analizé Lietuvos miesty bendrojo naudojimo Zeldynuose” ir
,, Kambariniy géliy sortimento kaita Lietuvoje”.

Keywords: research, assortment, landscape, container planting, recreation, assortment, taxon,
urbanization.

Introduction
Urbanization of environment, the quality of its physical components is especially important
for the modern society because more and more people settle down in the cities and towns.
Besides the wide spectrum of ecological phenomena it also affects society. Reckless
urbanization of natural environment, its intensive use and pollution are one of the main issues
of the modern world.
During the last years a lot of research on the urbanized environment as well cite landscape
have been performed and published (Burneika, 2000, Godiené, 2002, Ribokas, 2002 etc.).
The scientific and technological progress always used to raise complex issues concerning the
relation between a human being and nature that nowadays gained special importance. During
the process of intensive urbanization it is difficult to preserve town nature: the process of
changes in relief, the condition as well as the area of water pools and green plantations.
The creation of the town green area systems is important both in the aspect of the
optimization of the urbanized environment and preservation of natural values in the urbanized
environment. Processes of urbanization aggressively penetrate town squares, parks and
parterres. Thus container planting becomes very important. Annual and perennial garden and
house (pot) plants are used for this type of planting.
The main tool for the optimization of urbanized environment and town landscape is the
formation of the green area system.
In the department of green plantations and agro technologies at the Kaunas College, Faculty
of Landscaping in the years 2004-2008 applied scientific research on the topic: ,,Optimization
of ornamental and garden plants assortment, technologies and environment“has been carried
out. The following topics have been analyzed in the aspect of introduction and
acclimatization:
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1. ,,Analysis of the changes in the wildflower assortment and outspread in the general use
plantations of Lithuanian cities”.

2. ,,The changes in the houseplant assortment in Lithuania”.

Aim — to evaluate the applied research in the aspect of ornamental plants introduction and

acclimatization carried out in Kaunas College Faculty of landscaping

Objectives:

1. To prepare the differentiated assortment of herbaceous ornamental plants based on

scientific research for different natural and ethno social conditions.

2. To compose houseplant (pot plant) assortment based on scientific research according to the

classification reflecting separate morphological-decorative characteristics of flowers, the

groups of houseplants. To design the assortment of houseplants suitable for the container

planting.

Materials and methods

1. The research was carried out following the methodology of phonological observations of
ornamental herbaceous plants, biometric measurements and assortment formation
prepared by J.Vaidelys. Questionnaire — analysis research was carried out in nine
Lithuanian cities.

2. The houseplant assortment research was carried out in the years 2004-2007 in ,Tik
gelés Itd., ,,Kalmina“ltd., ,,Senuky prekybos centras“ltd., company ,,.Lygus kelias* was
also analyzed.

The list of houseplant assortment was designed once a year (in November). In the year 2008

the assortment of the houseplants grown in Lithuania and imported ones was designed.

Results
While performing the research ,,Analysis of the changes in the wildflower assortment and
outspread in the general use plantations of Lithuanian towns” in the years 2004-2006 the
flower assortment in the community green plantations of Alytus, Anyksc¢iai, Druskininkai,
Marijampolé, Prienai, Ukmergé, Utena, Varéna and Vilkaviskis towns was analyzed and the
received data was compared with the flower assortment recorded in these towns in 1980-
1983.
Flower assortment has been expanded. If in the former years 1980-1983 the flowers of 78
taxons were grown, in the years 2004-2006 — the flowers of 106 taxons were used. There has
been a huge expansion in the assortment of annual flowers (respectively 15 and 30 taxons)
and perennial, flowers that are not wintering outside (3 and 7 taxons). This can be explained
by a longer decorative period of these flower groups. There has been a slight increase in the
use of perennial flowers (54 and 64 taxons), but the use in biennial flowers and roses has
decreased. This can be explained by rather complicated care of roses especially when
preparing for winter and not every town has a full time plantation supervisor (table 1 and
Table 1).
The changes of perennial flower taxons expressed by percentage have altered slightly (69,22
and 62,27 %) this meets the recommendations for the town plantations.
There has been significant increase in the number of flower taxons in the towns of
Druskininkai (21-45 taxons), Anyksciai (12-24 taxons), Varéna (18-27 taxons). The number
of flower taxons decreased in the towns of Vilkaviskis, Utena, Ukmergé and Alytus. The
similar level remained in Marijampolé and Prienai (Figure 1).
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Table 1.
The amount of flower bio ecological groups in Lithuanian towns J.Vaidelys, 2006

Bio ecological group of flowers
Perennials, not
Annuals Biennials Perennials wintering Roses
Total outside
numbe T Year of utst
own
r of research . o o o o
c c c c [
taxons S % | S| % | g w% S % | S %
© © © © ©
- - - — -
28| vt 1980-1983 | 7 | 3043 | 1 | 435 | 14 | 60,87 | 1 435 | 0 0
18 y 2004-2006 | 4 | 2220 | O | 00 | 11 | 6114 | 2 | 1111 | 1 | 555
2 1980-1983 | 9 | 7500 | 0 | 00 | 2 | 1667 | 0O 0,0 1 | 833
24 yksaa 2004-2006 | 12 | 5000 | 1 | 417 | 9 | 3750 | 2 | 833 | 0 | 00
21 | . | 1980-1983 | 5 | 2381 0 | 00 | 12 | 5715 | 2 952 | 2 | 952
45 2004 -2006 | 15 | 333 | 1 22 | 235117 6 | 1330 | 0 | 00
15 | \eriiamnoie | 19801983 | 6 [ 6000 | 2 (1333 | 4 | 2667 | 2 | 1333 | 1 | 667
17 Jamp 2004-2006 | 7 | 41,17 | 0 | 00 | 10 | 5883 | 0 0,0 0 | 00
0 | 1980-1983 | 8 | 8000 O | 00 | 0 | 00 1 | 10,00 | 1 | 10,00
14 2004-2006 | 6 | 42,86 | 2 | 1429 | 4 | 2856 | 2 | 1429 | 0 | 00
25 | e 1980-1983 | 6 | 2400 | O | 00 | 16 | 36,00 | 2 800 | 1 | 4,00
18 cree 2004-2006 | 5 | 2778 | 1 | 556 | 9 | 5001 | 2 | 1111 | 1 | 556
I 1980-1983 | 7 | 3043 | 0 | 00 | 18 | 60,87 | 2 870 | 0 | 00
19 2004-2006 | 3 | 1579 | O | 00 | 14 | 7368 | 2 | 1053 | 0 | 00
8 1980-1983 | 5 | 27,78 | 1 | 556 | 12 | 67,17 | 0 0,0 0 | 00
27 arena 2004-2006 | 8 | 2857 | 2 | 714 | 15 | 57,15 | 2 714 | 0 | 00
31| i | 19801983 | 9 | 2003 | 0 | 00 | 18 | 5806 | 3 968 | 1 | 323
20 v 2004-2006 | 4 | 2000 O | 00 | 15 | 7500 @ 1 500 | 0 | 00
- 50 45
£ 45
; 40 31
35
é 30 T3 27— 25 23 T
x 25 19 Ro—
5 o 3 1ol7 - Ik 13
S 15 10
2 10 -
P54
0 T T B T . T T T T
< R \l-(b\ 0\0 (\'é> cf’ & @ N;.\‘"
& & N & @ & @ & &
® ?@* &,;p‘\ 58 & R © @ 4‘\@4
) N\ o
Miestai
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Fig. 1. The change in the number of flower taxons in Lithuanian towns

The biggest areas in the researched towns were mostly planted with: Begonia semperflorens
Link. Et Otto, Petunia hybrida hort., Salvia splendens Ker.-Gawl., Tagetes patula L., Senecio

bicolor L., Bergenia crassifolia (L.) Fritsch.,

Hylotelephicum spectabile L., Hosta

plantaginea (Lam.) Aschers., Iris hybrida hort., Iris sibirica L., Begonia tuberhybrida Voss.,
Impatiens walleriana L., Canna indica L., Pelargonium zonale Ait..
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New species that were started to be grown are Argyranthemum frutescens L., Calibrachoa
spec, Gazania ringens L., Helichrysum petiolare Ait., Perilla fructescens (L.) Britt., Ricinus
communis L., Sanvitalia procumbens L., Sutera cordata L., Alchemilla molis L., Festuca
glauca L.. There has been an expansion in the assortment of Hosta spec..

However there has been decrease in the use of representatives of Ageratum houstonianum
Mill., Dahlia cultorum Simplex, Lobularia maritima Desv., Zinnia elegans Jacq., Cerastium
tomentosum L., Phlox paniculata L., Saxifraga spec. and Sedum spec. genus.

These are ornamental, however slightly more difficult to grow flowers that require more care.
It was observed that the flower assortment was influenced by the firms cultivating flower
seedlings that are located near the towns (V.A. Zemaiéiy — near Druskininkai, the company of
,,Original Erfurt seeds” — in Anyks¢iai). These are the factors influencing the introduction
process. The assortment of houseplants in Lithuania is partially formed and alters slightly.
The houseplants from Netherlands, Poland, Germany, Scandinavian and other countries
predominate in Lithuanian market. In spite of the huge supply of the flowers from foreign
countries there has been an interest in nice flowering houseplants cultivated in Lithuania:
cyclamens, gorgeous euphorbia, primroses, and chrysanthemums. Because of the good quality
flowers cultivated in Lithuania are popular among the buyers.

In the assortment of ornamental flowers composed in 1971 19 species of nicely flowering
flowers, 26 species of flowers with ornamental leaves and 23 species of succulents were
described.

180 -
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80 ~

60 -

40 ~
20 ~
0

Nicely flowering Flowers with Succulents
flowers ornamental
leaves

Taxons

01971 m. H 2008 m.

Fig. 2. The change in the number of houseplant taxons according to the groups reflecting
morphological — decorative flower characteristics

After performing research in 2008 the list of houseplant assortment has been composed. The
assortment contains houseplants sold by the companies selling and exporting houseplants. The
assortment does not describe plant species as constantly changing taxonic parameter.
Assortment includes 283 taxons of houseplants: 68 taxons (24,02%.) of nicely flowering
plants, 166 taxons (58,65%) of houseplants with ornamental leaves and 49 taxons (17,31%.)
of succulents (Table 2). Comparing the years 1971 and 2008 it was observed that the
assortment of nicely flowering plants has increased by 49 taxons, the assortment of plants
with ornamental leaves by 140 taxons and the one of succulents by 26 taxons (Table 2).
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Table 2.
The amount of houseplant groups according to morphological - decorative

characteristics in the researched enterprises (L. Markeviciené, 2008)
Nicely Flowers with
flowering ornamental Succulents
Total plants leaves
. Year of
number Enterprises
of taxons research 2 e 2
S % | S % | S %
© © ©
~ ~ ~
209 Senuku prekvbos centras Itd 2004 - 2005 43 20,57 | 124 | 59,33 42 20,09
296 | »oenuKuprey © | 2006-2007 | 69 | 2331 | 167 |5641| 60 | 2027
117 Tik selesItd 2004 - 2005 20 17,09 69 58,97 28 23,93
127 »l1K g ' 2006 - 2007 25 19,68 72 56,69 30 23,62
100 ,.Kalmina“ Itd. 2004 - 2005 21 21,00 61 61,00 18 18,00
75 ,Lygus kelias“ Itd. 2004 - 2005 12 16,00 53 70,66 10 13,33

In order to find the most popular houseplants, the volume of sales and the change in
assortment the sales of houseplant were examined in the private limited company ,,Senuky
prekybos centras®.

On the basis of the research data it is possible to assert that plant sales increase every year: in
the year 2005 — 18 822 plants were sold, in the year 2006 — 22 315, and in 2007 — 22 375
plants were sold. The sales increase every year. Plants are bought not only for interiors but
also for the decoration of exteriors and container planting because it is one of the possibilities
for the plantation of blocks of apartments as well as heavily urbanized areas. It is considered
that the demand for houseplants will increase in the future because the plants are decorative;
there is wide assortment of these plants as well as the range of their application. Houseplants
are used to decorate not only different premises, but many plants in summer can grow outside,
in terraces and balconies, they can be used for container planting.

The container planting and the decoration of buildings with pot plants is getting more popular
in Lithuania, but Lithuanian towns still lack this method of plantation. Thus, container
planting is one of the possibilities for the plantation of blocks of apartments and heavily
urbanized areas.

The following nicely flowering plants are best suitable for container planting: Rhododendron
indicum L., Chrysanthemum L.,Fuchsia L., Gerbera L.,Kalanchoe. blossfeldiana Poelln.,
Hibiscus rosa- sinensis L.,Camellia L., Nerium L.,Pelargonium L ‘Her, Primula L., Impatiens
L. Flowers with ornamental leaves: Aspidistra Ker Gawl. ,Begonia L., Dracaena Vand. Ex
L., Yucca L., Nolina Michx (sin. Beaucarnea recurvata), Euonymus L., Peperomia Ruiz et
Pav, Sansevieria Thunb. ,Hedera L., Plectranthus. Succulent: Agave L. , Aloe L. Echeveria
DC., Opuntia ficus — indica Mill., Sedum L. etc.

Conclusions

1. The assortment of flowers in the researched towns (Alytus, Anyksciai, Druskininkai,
Marijampolé, Prienai, Ukmergé, Utena, Varéna and Vilkaviskis) during the last 20 years has
increased by 28 taxons. More annual and perennial flowers that cannot be grown outside in
winter are cultivated because these flowers have longer decorative period. The towns have
regular parterres, accumulated in the town centers. And the free planned parterres in the parks
contain perennial flowers.

The biggest number of taxons (45) was recorded in Druskininkai, their compositions are the
most beautiful and they occupy the largest area.

The most popular flowers are Begonia semperflorens Link. Et Otto, Petunia hybrida hort.,
Salvia splendens Ker.-Gawl., Tagetes patula L., Senecio bicolor L., Bergenia crassifolia (L.)
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Fritsch., Hylotelephicum spectabile L., Hosta plantaginea (Lam.) Aschers., Iris hybrida hort.,
Iris sibirica L., Begonia tuberhybrida Voss., Impatiens walleriana L., Canna indica L.,
Pelargonium zonale Ait..

2. The assortment of houseplants in the year 2008 included 283 taxons of plants: 68 nicely
flowering plants, 166 — houseplants with decorative leaves and 49 taxons of succulents.

The changes in the assortment and the sales of houseplants are mostly influenced by the
following factors: bio ecological characteristics of a plant, its decorative level, season and
possibilities for their application. The most popular are different kinds of Dracaena, Jucca,
Ficus, Saintpaulia, Zamia, Nolina, all types of Succulentus, Pelargonium, Hedera, Fuchsia.
The best houseplants for container planting are the following: Rhododendron indicum L.,
Chrysanthemum, Fuchsia, Hibiscus rosa- sinensis, Nerium, Pelargonium, Primula,
Impatiens, Aspidistra, Begonia, Dracaena, Yucca, Euonymus, Hedera, Plectranthus, Agave,
Aloe, Echeveria etc.
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THE RESEARCH ON THE USE OF WILD ORNAMENTAL PLANTS
AND EVALUATION OF MORPHOLOGICAL AND BIOECOLOGICAL
PECULIARITIES
OL[EHKA MOP®OJIOTMYECKUX U BUODKOJIOTMYECKUX CBOHCTB
JUKOPACTYIIMX JEKOPATUBHBIX PACTEHUY JINTBBI U
UCCIIEJOBAHUE BO3MOXHOCTEH ITPUMEHEHUA

HoaanTa Maprsjiene
Kadenpa nacaxxaenuii u arporextosoruii @akyiabTeT KpaeycTpoOHCTBa
Kaynacckuii kosemx
Mokcno yi. 2, Macraitvaii, Kaynacckuii paiton, Jlutsa, 53313
D-nouTa: j.margeliene@kauko.lt

AHHOTanMsl. B cmamve npoananusuposanmvie Mopgonozuteckue u OUO0IKOIOSUYECKUE CBOUCMEA
OUKOPACIYUWUX OEKOPAMUBHBIX PACTNEHUTL U NPEOCMABIEH AHAU3Z B03MOICHOCIEN UX NPUMEHEHUSL.
Buvicoma uccnedosannvix pacmenuii xonebnemea om 5 cm 0o 101 cm, npeobradarom aucmes memHO-3€1eHOl
OKpaAcKu u benvle YBemKU, OOMUHUPYIOM PACEHUS ¢ OOHUM U HeCKOJIbKUMU cmebNamuy, d NI00bl U CONaoous
boavwen wacmoio Mano oexopamusuvle. bonvuwuncmeo pacmenuii yeemym Oonvuie wem 51 Oemnv. Camoe
appexmusnoe 8pems yeemenus: UIOHb, UIOIbL U MAll, 0eKOpAMuGHOcmsv He ympauueaiom 2-3 mecaya. Omu
pacmenusi MOJICHO UCNOb306AMb OISl 2PYNNOBLIX NOCAOOK, AIbNUNCKUX — 20pOK U 0asi  Oacceinos.
Hccnedosannvie pacmenus umerom no 1-3 603M04CHOCMU NPUMEHEHUS 8 YBETNHUKAX.

Knrouennie CJI0BA: Moquwzoeuuecxue csoﬁcmea, npO()OﬂJfCMme]leOCmb yeemeHus,
npO()OﬂJfCMme]leOCmb ()ekopamueﬂocmu, nO3UYUSL NPUMEHEHUAL.

BBenenue
EcrecTBeHHass M NOJyeCTECTBEHHAsl PACTUTEIBHOCTb 3aHUMAKOT OAHY TPETh TEPPUTOPHU
Jluteel [9]. MHorme AeKOpaTHBHBIC pACTEHHs OTIMYAIOTCS Pa3HBIMH JICKOPATHBHBIMHU
CBOICTBaMM M YKpallaroT cpeay Hamero kpasd. B atmace Bunkonuca K.K. «3enenslil Hapsn
Jlutee» (Vilkonis K.K. Lietuvos Zaliasis ribas. Atlasas) npueaeHb MOP(OTOrHUSCKHIE H
OMO09KOJIOTHYECKHE CBO#CTBA BhIcIMX pacTeHuii JTutebl [10].
Kenast nukopactymiue AEKOpaTUBHBIE PACTEHUS NMPUMEHATh B Cpelie OOMTaHus, HAIO0 UX
no3Hath. ABTOpbI KHUTH «Masblii Ootannueckuii atiac»y Cacnayckacel I1. u B. (Sasnauskas
P.Sasnauskas V.Mazasis botanikos atlasas) nmaror mHpopMaI0 0 pasHOOOPa3HU PACTCHUI
HaIIIero Kpasi, OMUCHIBAIOT MOP(OIOrHIECKUE CBOICTBA pacTeHuit [6].
[To3nath pactuTenbHbIl MHUp momoxkeT M KHura Snonene C. u Illapeiikene M. «Kak
ompenenuTh pactenus» (Janoniené S., Sereikiené I. Kaip pazinti augalus), Beap Ha Hamreit
wianere okosio 500 000 BumoB pacrenuii [1].
O uBerymmMx BECHOM JIMKOpacTyllMx pacTeHusx JluTebl mnucana Jlasayckaiite K. u
oxapakTepuzoBaia uX Mopdosorndeckue u OwosKkoiorumueckue cBoiictBa [4]. Camoe
OnmaronpusiTHOE BpeMs rojia sl paCTeHUN — JIETO, TOTOMY YTO B PAaCTEHHSIX HWHTEHCUBHO
MPOUCXOAT )KU3HEHHBIE MPOIIECCHl U Y HUX HauOoJIblIee IEKOPAaTUBHOE BhIPAKEHHUE.
SuksBuuene P. B u3nanuu «JletHue uperymue pactenus» (Jankeviciené R. Vasarg zydintys
augalai) murrer o 1eKOPaTUBHBIX M OMOIKOJOTMYECKUX CBOMCTBAX TUKOPACTYIIUX PACTCHHH,
nBerymmx jerom [2]. XapakrteprcTuka MOP(OIOTHUECKHX W OHOIKOJIOTHYECKUX CBOMCTB
OCEHBIO IBETYIIUX IUKOPACTYIIMX PACTEHUH MPENOCTaBleHa B U3AaHuU SHKsiBUuYeHE P. n
Jlazayckaiite XK. [3].
HeoOxoauMo TOMHUTH, YTO €CTh pEIKHE U OXpaHsSEeMble JIEKOPAaTHUBHBIE pacTEHUS,
BHeceHHbIe B KpacHyto kaury JIutser [5].
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Ilo cnosam Baiinsnene $1. u Baiigsmuca W., Hemano pacteHuii HaTypanbHOil duopbl JIUTBBI
MOKHO HCIIOJIb30BaTh U yKpaimieHus 3THorpaduyeckux ycaned [7]. B ycampbax s
JUKOPACTYIUX JEKOPATUBHBIX PACTEHUH HYKHO CO3JaTh YCJIOBHS, IMOXOXHE Ha Te, B
KOTOPBIX OHU MPOM3PACTAIH, OyAy4H B HATYpaIbHOH cpere.

B JlutBe n3o0unne AUKOPACTYIIMX JEKOPATUBHBIX PACTEHUH, KOTOPbIe MOKHO BBIPAIIMBAThH
B HacaxaeHusx. [losromy wuccienoBanuss MOpPQOIOTHYECKUX M JEKOPATUBHBIX CBOICTB
JTUKOPACTYIIUX PACTEHHM aKTyallbHbI, IOCKOJIbKY MO3BOJISIIOT MCIIOIB30BAaTh 3TU PACTEHUS B
cpelie, CO3JaHHON YEI0OBEKOM.

Llenp uccnenoBaHus: MPOU3BECTU aHAIU3 MOP(]OIOrHUECKUX U OMOIKOIOTHUECKUX CBOMCTB
JUKOPACTYILUX JEKOPAaTUBHBIX PACTEHUN U IPEICTaBUTh BO3MOXKHOCTU UX IPUMEHEHUS B
HACaKJICHUSIX.

MeTtoanka ucciaenoBanui

WccnenoBanusi TUKOPACTYIIMX JEKOPATUBHBIX pacTeHui mpoBomgmwmch B 2006-2007 r.r. Ha
tepputopun Kaynacckoro paiiona. beuto momobpano 55 nuMKOpacTymMX AEKOPATUBHBIX
pacTeHuii, mo 5 mnpumepoB Kaxaoro Buga. MccimenoBamuch uX MOPQOIOrHUYECKHE —
OMOIKOJIOTHYECKHE CBOWCTBA (BBICOTA pAaCTEHUS, OKpacKa JHCThEB, OKpacka I[BETKOB, (popma
KycTa, JEKOpPAaTUBHOCTb IUIOAOB W  COIUIOAMH, NIPOAODKUTEIBHOCTh  LBETEHUS,
MPOJOKUTEIFHOCTh  JIGKOPATUBHOCTH) U BBIPAXKEHHE JCKOPATUBHOCTU (TMO3MLIMU U
BO3MOYKHOCTH TpUMEHeHHus). McciienoBaHus NpOBOMMINCH 1O Meromuke M. Baiimsmmca
«Meronuka COCTaBIEHHUS COPTUMEHTA, (PEHOJIOTMYECKUX HAOMIOJEHUN M OMOMETPHUYECKUX
U3MEpPEHUH JICKOpaTHBHBIX TpaBsHUCTHIX pactenui» (Vaidelys J., Dekoratyviyjy zoliniy
augaly fenologiniy stebéjimy, biometriniy matavimy ir sortimento sudarymo metodika) [8].

AHaJM3 U pe3yJIbTAThl HCCJIeI0BAHUM
[To coOpaHHBIM JaHHBIM MOKHO PacCTEHMsI paclpeeNIuTh Mo BbicoTe (puc. 1).
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Puc. 1. PacnipenejieHue 10 BbICOTe JUKOPACTYIIHX JeKOPATHBHBIX PacTeHUI

BonbimHCcTBO pactenuid - 34 pactenuss - jgocturaror 21-40 cm Beicoter: (Campanula
rotundifolia L, Consolida regalis S. F. Gray, Origanum vulgare L., Calluna vulgaris (L.)
Hill., Trollius europaeus L. u ap.). B rpymme or 0 mo 20 cm nHaiigeno 31 pacreHue
(Antennaria dioica Gaertn., — Convalaria majalis L., Primula farinosa L., Lathyrus vernus
(L.) Bernh., Anemone sylvestris L., Menyanthes trifoliata L. u ap.).

AHanmu3 pe3ysibTaTOB HMCCIEIOBAHUN TMOKAa3al, YTO HAWJEHBI TUKOPACTYIIHE JICKOPATHBHBIC
pacTeHusl ¢ pa3HOi OKpacKol JIMCThEB (pUC. 2) U BETKOB (pHC. 3).
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Puc. 2. CieKTp OKpacku JUCTheB JTUKOPACTYIIHX I€KOPATUBHBIX PacTeHUH

[To MaHHBIM HCCIENOBAHMSA BHIHO, YTO JIMCThS C TEMHO-3EJICHOW OKpAcKoil umeror 45
pacTeHwuii, a BETHBIC JHCThs HEe HaOmomanuch. CieqoBaTeibHO, B HATYPAIBHOW HPHUPOIC
npeobaaroT JIMCThs TEMHO-3€eH0# okpacku (Salvia pratensis L, Lysimachia nummularia
L., Helichrysum arenarium DC, Nymphaea candida L., Filipendula ulmaria (L.) Maxim. u

ap.).
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Puc.3. PacnipeaesieHne OKpacKu NBETKOB JMKOPACTYIIMX ICKOPATHBHBIX PacTeHUIi

I'amMma OKpaCKU IIBETKOB PAa3HOLBCTHAA U PACTIPCACIIACTC TaK: Oemnas OKpacka — 21 PacTCHUC
(Polygonatum multiflorum (L.) All., Gypsophila paniculata L. u mgp.); duoneroBas okpacka -
16 pacrenwuii (Hepatica nobilis Mill., Pulsatilla patens (L.) Mill., Campanula rotundifolia L,
Consolida regalis S. F. Gray); cunss, kpacHas u xentast — 11 pacrenuit (Centaurea cyanus
L., Papaver dubium L., Caltha palustris L. u ap.).

Ha pucynke 4 BugHbI (hOpMBI KyCcTa JUKOPACTYIIUX I€KOPATUBHBIX PACTEHUH.
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Puc. 4. ®opmbl KycTa JUKOPACTYIIMX 1eKOPATHBHBIX PaCTeHHUIl

Yame Bcero HaOmomarorcsi pactenusi ¢ omuum credomem — 25 (Filipendula ulmaria (L.)
Maxim., Typha angustifolia L. u mp.) u cre6mucteie — 20 (Gypsophila paniculata L.,
Centaurea chanus L., Trollius europaeus L. u xap.) Po3eTOYHBIX M TOYBOIOKPOBHBIX
pacTeHHii HEMHOTO, HO OHH HEOOXO MBI JUTS CO3/IaHHUsI [IBETHUKOB.

[lpu u3yueHHH pacTEHHl 3aMEYEHO, YTO HEKOTOpPhIC PACTECHHS HUMEIOT pasHble IUIONbI U
cortoaus (puc. 5).

40 3

35 4 O HefeKopaTuBHbIE,
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S 25 - B manogekopaTuBHbIE,
?
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P O MHOTO KPaTKOBPEM EHHBbIX
<:) 15 A 10 [EeKopaTUBHbIX MNO/IOB,
7 10 - O MHOrO JOMro

2 COXPaHAIOLLMXCS MMOA0B
1

[JekopaTnBHOCTb NNoaoB

Puc. 5. JlekopaTHBHOCTD IJI0JI0B M COILIOAUI TUKOPACTYIIMX 1€KOPATUBHBIX PacTeHMil

bonpmmHcTBO JAUKOPACTYINUX ACKOPATUBHBIX paCTeHI/Iﬁ HMCIOT MaJIO JCKOPATHBHLIC IJIOABI
u corutoaus (37).

I/ICCJ'ICI[OBaHHLIC ACKOPATUBHBIC PACTCHUA HOBCTYT C amnpeiad no OKTSI6pSI. B I[aHHofI
TUarpaMMe BHJIHO, YTO OOJIBIIE BCErO IBETYIIMX PAcTCHUU HAOMOIaeTcsl B WiOHE — 37
(Trolius europiaeus L., Primula farinosa L., Menyanthes trifoliata L., Leucanthemum vulgare
Lamk., Briza media L., Lythrum salicaria L. u mp.).
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Puc. 7. TIpoaoaKuTe1bHOCTH 1eKOPATHBHOCTH IMKOPACTYIIMX AeKOPATHUBHBIX
pacrenui

Tpu Mecsna COXpaHAIOT AeKOpaTUBHOCTD 23 pactenus, 20 pacteHuil — 2 mecsua. CpaBHUBas
JTUKOPACTYILUE JIEKOPATUBHBIE PACTEHMSI U KYJIbTypHBIE JEKOpPaTHBHbIE PACTEHUS, MOKHO
YTBEPXAATh, YTO NPOAOKUTEIBHOCTh JIEKOPATUBHOCTH JUKOPACTYLIUX JAEKOPATHUBHBIX
pacTeHU 3HAYUTENbHO MEHBbIIIE.

B 1-0if Tabnuiie JaHb BO3MOXKHOCTH IPUMEHEHHUST TUKOPACTYIIUX JEKOPATHUBHBIX PACTCHUM.
Bo3MOXHOCTH MpUMEHEHUs HCCIeA0BAHHBIX JUKOPACTYUINX JEKOPATUBHBIX PACTEHUHN JaHbI
Ha 8-OM PHUCYHKE.

Camas Oompmras rpynma (36) uMeeT TpU BO3MOXKHOCTH TpuMeHeHHs. [lodTomMy MOXKHO
YTBEPXkKAaTh, YTO BO3MOXKHOCTH HPUMEHEHMs AMKOPACTYIIMX JIEKOPAaTHBHBIX PACTEHUH Ha
MHOT'O MEHbIIIE, YeM BO3MOKHOCTH MPUMEHEHUSI KYIbTYPHBIX I€KOPATUBHBIX PACTEHHH.
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IIpumeHeHNe TMKOPACTYIIMX A€ KOPATUBHBIX PaCTeHHIl

Tabauya 1.

g
N 2
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= 5 5
¢ ¢ ¢
1. Campanula rotundifolia L X X
2. Consolida regalis S. F. X X
Gray
3. Origanum vulgare L. X X X X
4. Sedum maximum (L.) X X X X X X
Hoffm.
5. Calluna vulgaris (L.) Hill X X X X X X X X
6. Trollius europaeus L. X X X
7. Antennaria dioica Gaertn. X X X
8. Convalaria majalis L. X X X X X X
9. Primula farinosa L. X X
10. | Lathyrus vernus (L.) X X
Bernh.
11. Asarum europaeum L. X X X
12. | Pulmonaria obscura Dum. X X X X X X
13. | Pulmonaria angustifolia L. X X X X
14. | Anemone nemorosa L. X X X X
15. | Anemone sylvestris L. X X X X X
16. | Anemone ranunculoides L. X X X
17. | Menyanthes trifoliata L. X
18. Caltha palustris L. X X X
19. | Primula veris L. X X X X X X
20. | Corydalis solida (L.) X X X
Clairy.
21. | Bellis perennis L. X X X X X X X
22. | Petasites hybridus (L.) X X
Gaeit.
23. | Pulsatilla pratensis (L.) X
Mill.
24. | Pulsatilla patens (L.) Mill. X X X
25. | Ficaria verna Huds. X X
26. | Gagea lutea (L.) Ker Gawl. X X X
27. | Hepatica nobilis Mill. X X X X X
28. | Papaver dubium L. X X X
29. Jasione mon.tana L. X
30. | Leucanthemum vulgare X X X X X X
Lamk.
31. | Polygonatum multifloru.m X X X X
(L) All
32. | Anthemis tinctoria L. X X
33. | Thymus pulegioides L. X X X X
34. | Gypsophila paniculata L. X X X X X X
35. | Dianthus deltoides L. X X X X X X
36. | Brizamedia L. X X X
37. | Nuphar lutea L. X
38. | Chimaphila umbelfata (L.) X
Nutt.
39. | Maianthemum bifolium (L.) X X
F. W. Schmidt.
40. | Schoenoplectus lacustris X X
(L.) Palla
41. | Oenothera biennis L. X X X
42. | Sagittaria sagittifolia L. X
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Puc. 8. Onenka nmo3uuuii npuMeHeHus TUKOPACTYIIHX 1eKOPATHBHBIX pacTeHuii

BrIBoabI

1. Mopdonoruuecku — JeKOpaTUBHbIE CBOICTBA  HCCIIEOBAHHBIX  JIUKOPACTYIIHUX
JIEKOPAaTUBHBIX PAaCTEHUM: BBICOTA pacTeHHM kosebdnercs ot 5 no 101 cm; mpeobnanaror
TEMHO-3€JIEHbIE JIUCThSI M Oelible LIBETKH; JOMUHUPYIOT PacTEHUs C OJAHUM CTeOJeM U
CTEOJIUCTBIE; TUIOABI U COIUIOAUS MaJIO IEKOPATUBHBI.

2. buoskonoruyeckue CBONCTBA HUCCIIEAOBAHHBIX JUKOPACTYIIUX JEKOPATUBHBIX PACTEHUIL:
OOJNIBIIMHCTBO pacTeHUi IBETYT Ooibime 4deM 51 geHb; camoe IPQPEeKTHBHOE BpeMs
LIBETEHUS - HIOHb, UIOJIb U Mal, JEKOPATUBHOCTH HE YTPAuMBaIOT 2-3 Mecsla.

3. XapakTepuCTHKa XO3SIICTBEHHBIX CBOICTB HCCIIEIOBAaHHBIX PACTEHMI: Yallle BCEro
NPUMEHSIOT JJIS TPYIIOBBIX M0CAJI0K, 0ACCEHHOB U ABITUHCKUX FOPOK; PACTEHUS UMEIOT
1o 1-3 BO3MOXKHOCTH PUMEHEHHUSI.

BaarogapHocth
3a mepeBoJl CTaThU HA PYCCKUI A3BIK BbIpaXkato OJaroJapHOCTb MPEIo1aBaTe0 PyCCKOro
a3pika Kaynacckoro xoitemxka Pome Kapnene.

Summary
Researched 55 wild ornamental plants in Kaunas district in 2006-2007.
Morphological characteristics: there are mostly plants over 100cm height; dark green leaves
and white blossoms are dominating; fruit and collective fruit are less ornamental.
Biological characteristics: most plants blossom more than 51 day; the most effective time of
blossom is May, June and July; keep their ornamental feature for2 or 3 months.
Economic characteristics: plants have 1-3 possibilities of usage; plants usually used for
swimming pools, groups and ponds.
The results of the research will help to use wild ornamental plants in homesteads.
Natural and semi natural vegetation occupies one third of the Lithuanian territory. Majority of
wild plants have different decorative characteristics and enhance the environment of our
country. In order to use wild ornamental plants in the living environment it is necessary to
know them. One should not forget that there are rare plants that are protected and included
into the Lithuanian Red book, that are also considered as ornamental plants.
A lot of natural plants of Lithuanian flora can be used for the decoration of ethnographical
homesteads. In the homesteads wild ornamental plants should be provided similar conditions
as they used to have in the natural environment. There are a lot of wild ornamental plants in
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Lithuania that could be used in green plantations. That is why the research of morphological
and decorative properties of wild ornamental plants is very important because it allows using
them more effectively in the environment created by a human being.

The following paper analyses morphological and bio ecological properties of Lithuanian
ornamental plants. The analysis of the possibilities for the use of these plants is presented in
the article as well.

Wild ornamental plants were researched in the environment of Kaunas district in the year
2008. 55 wild ornamental plants were chosen, five examples of each variety were selected.
Morphological and bio ecological properties (such as plant height, leaf colour, flower colour,
plant shape, decorativeness of fruit and collective fruit, duration of flowering,) as well as
expression of decorativeness (positions and possibilities for use) were researched. The
research was carried out using the methodology of J. Vaidelys (2001), which is presented in
the publication “The methodology of ornamental herbaceous plants phonological observations,
biometric measurements and the formation of the assortment”.

The height of the wild ornamental plants ranges from 5 cm to and above 101 cm, dark green
leaves and white flowers prevail, single and multi stemmed plants dominate, and fruit as well
as collective fruit are less decorative. Majority of plants blossom for more than 51 day. The
most effective flowering time is May June and July. They remain the most decorative for 3
and 2 months. These plants could be used in groups, for pools and rock gardens. The research
plants have 1 — 3 usage possibilities in parterres.
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EFFECT OF THE REGIONAL CLIMATE CHANGE ON RUNOFF
FROM THE LAKE ONEGO WATERSHED
EFFECT OF THE REGIONAL CLIMATE CHANGE ON RUNOFF FROM THE
LAKE ONEGO WATERSHED

L.E. Nazarova
Northern Water Problems Institute, Karelia, Russia
E-mail: nazarova@nwepi.krc.karelia.ru

Abstract. As a result of the statistical analysis of the meteorological and water balance data for
Onego Lake watershed over the period 1950-2000, noticeable changes were detected. It was found that time
series of annual air temperature, precipitation and evapotranspiration over 50-year period contains positive
linear trends, but no change in total streamflow to the lake has so far followed. Potential changes in the
regional climate and hydrological regime for the period 2000-2050 were estimated using the results of
numerical modeling with the ECHAM4/OPYC3 model for two scenarios of the global climate change. The
estimation of these data shows that a general tendency to increase of annual air temperature and precipitation
will remain in the new climate Mean annual precipitation will increase about 30-50 mm, mean average annual
air temperature for the next 50-years period will rise from 1.6 up to 2.7-3.0 °C. Our estimation shows that for
both scenarios all water balance parameters, excluding river runoff, will increase.

Keywords: climatic regime, regional changes, air temperature, precipitation, evapotranspiration,
water balance parameters.

Introduction

According to observation data, the global climate system has been changing since the early
20" century. Ideas about the basic mechanisms behind the changes differ — whether it is
natural processes that dominate or human-induced ones. Climate data for Russian Karelia
were summarized in the 1960s-1980s [2; 4; 7; 8]. Obviously, changes of the last 15-20 years
remained unaccounted. And it is during this time that patterns of change appear most
interesting in view of global climate warming. Close analysis of regional climatic distinctions,
study of the response of natural systems to climate change through representative
observations is a good way to address the challenges of climate change.

Materials and methods

Statistical analysis of the climatic regime in Lake Onego catchment area was based on 1950-
2004 observation data from the Northwestern Hydrometeorology and Environmental
Monitoring Authority’s weather stations situated within the catchment area. Annual
temperature and precipitation averages for Lake Onego catchment area were calculated using
the Thiessen polygon method. Mean weighted annual runoff from three major river systems
(rivers Shuja, Suna and Vodla) over the period 1946-2000 was estimated relying on
hydrologic network data, and the relation of the resultant value with computed annual inflow
to Lake Onego in the period 1960-1975 was found [3]. Calculations yielded multiple
regression equations, which were then used to compute the series of annual inflow to Lake
Onego over the period 1946-2000.

To estimate potential changes in principal characteristics of the climate in the study area, and
to calculate temperature characteristics of Lake Onego and annual runoff from the catchment
area we employed the results of numerical modeling using the atmosphere-ocean general
circulation model ECHAM4/OPYC3 developed by the Max Planck Institute for Meteorology
in Hamburg, Germany [1]. Calculations were made for two climate change scenarios. The
assumption for the first one (named scenario G in the paper) is that the content of CO, and
other greenhouse gases in the Earth’s atmosphere will double between 2000 and 2100, and the
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second one (GA scenario) additionally envisages a rise in the concentration of technogenic
aerosols. To check agreement between observed data from weather stations and modeled data
on monthly and annual precipitation and air temperature, we selected most closely located
“weather station — grid node” pairs and compared instrumental and computed data. Also,
annual air temperature and precipitation averages for the study area based on factual and
modeled data were studied. The time period from 1960 to 1999 was chosen as the control.
Analysis of measured and modeled data for some stations showed good agreement for mean
monthly air temperatures, but correlation for total monthly precipitation was unsatisfactory,
the difference between modeled and measured values deviating far from zero rather often.
The problem of adequacy and accuracy of Karelia’s temperature and precipitation regime
modeling by ECHAM-4 is considered in detail in papers by Yu. Salo [5; 6].

Results and discussion

Regional changes in surface air temLoerature in the study area generally reflect the positive
global temperature trend over the 20" century. The overall trend of surface air temperature in
Karelia on average is + 0.2°C over 100 years (1901-2000) and + 0.6°C over 50 years (1951-
2000). The trend in Lake Onego catchment is + 0.9°C over 50 years. Analysis of changes in
air temperature by months in 1951-2000 has shown that a positive linear trend of mean
monthly temperature that would be significant at a Student’s t-test 95% confidence level
occurs only in March, and amounts to 3.5 to 5.1°C over 50 years in different localities within
the catchment area. Warming tendencies are observed in Karelia from January to June. In the
same years, temperature changes in summer and most of autumn have different directions and
low absolute values (less than 1.5°C/50 yrs.). By November, the tendency changes for cooling
by 0.6-1.3°C/50 yrs. throughout Lake Onego catchment.
A manifestation of change in the temperature regime in the study area is prolongation of the
ice-free period on Lake Onego. Judging by the dates of freeze-up beginning and break-up on
Lake Onego in the period from 1884 to 1998, the number of days when the lake was free of
the ice cover increased by the late 20™ century from 217 to 225 on average. Duration of the
ice-free period on Lake Onego increased because ice break-up in spring shifted by 8 days
towards earlier time.
Analysis of changes in precipitation volumes in the study area over the second half of the 20"
century has demonstrated that although linear trends of total monthly precipitation have
different directions during a year, total annual precipitation in Lake Onego catchment area has
increased over the stated period (by 45 mm/50 yrs. on average). An upward trend in
precipitation volumes is observed at all stations from October through June. Trends from July
through September have different directions.
Since Lake Onego is, in fact, a storage reservoir, we chose to study water supply to the lake as
a climate-dependent element. To estimate the effect of climate change on streamflow from the
catchment area we found the relationship between streamflow and climatic characteristics.
The water budget equation for annual intervals may take the form:

P-R-E[P,E(T)]+W=0 1)
where P is total precipitation, mm;
R — total streamflow, mm;
E — total evaporation from the catchment area;
E, — evaporability, mm;
W — remainder term combining accumulated and unaccounted components of the annual
budget, as well as estimation errors of all characteristics.
Total evaporation from river watersheds was calculated using E. Olderkop’s formula:

E=E, - tanh (P/Eo) (2)
where evaporability E, was calculated to the formula developed for Karelia by Yu. Salo [5]:
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E,= 239 + 62T + 2,14T? (3)
Then we found the dependence of W on catchment-averaged annual air temperature and total
annual precipitation; pair-wise correlation coefficients were —0.81 and +0.59, respectively:

W =-211 + 0,38P — 46,04T 4)
The coefficient of multiple correlations for the resultant relationship equals 0.80, the
estimation error is 5.7%. The formula gained for Lake Onego catchment can be applied to
calculate the parameter W using series of annual air temperature and total annual
precipitation.
Fig. 1 shows the values of total inflow to Lake Onego based on 1951-2000 observations, and
estimates of total inflow to the lake based on the formulae above. It is clear from the graphs
that the computed results agree well with measured values. Correlation coefficient is 0.83,
mean estimation error is 10%. The above computation scheme was then used to process
model data.
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Fig. 1. Total inflow to Lake Onego: observed data from 1951-2000 (R) and calculation
results of equations (1-4) (R1)

One should note that due to high among-year variability of total streamflow to Lake Onego,
there are no positive or negative trends in the series of measured values of this parameter over
the 50-year period of 1951-2000.

The next step was to quantify potential changes in climate characteristics in Lake Onego area
and annual runoff from the catchment for the period up to 2050, if climate change scenarios
(ECHAM4/ OPYC3) come true. The following conclusions were drawn from the analysis of
the modeled data.

Air temperature in Lake Onego catchment may rise by 0.5 — 1.7 °C in the period 2001-2050.
Normal annual total evaporation may increase by values of 20 mm (GA scenario) to 80 mm
(G scenario). Two alternative scenarios are possible for changes in total annual precipitation.
Scenario G envisages an increase in annual precipitation by 40 mm, and scenario GA predicts
a decrease in precipitation by ca. 10 mm. This would result in very minor change (within
measurement (calculation) accuracy limits) in the volume of inflow to Lake Onego (Tab. 1).
In addition to the “greenhouse” scenarios of the ECHAM-4 model, hypothetical scenarios of
change in air temperature and precipitation (air temperature rise or fall by 1-2 °C at an
increase or decrease in precipitation by 10-20%) were employed to assess the impact of
climate change on streamflow to Lake Onego. The results of the calculations are shown in
Fig. 2.

27



Table 1.
Potential changes in multiannual means of air temperature and water budget
components in Lake Onego catchment area

_ Average for the Potential c_hanges
Parameter Period . compared with 1951-
period 2000
Air temperature, °C | 1951-2000 23+0.2"
2001-2050, scenario G 4.0+0.3 +1.7
2001-2050, scenario GA 2.8+0.3 +0.5
Precipitation, mm 1951-2000 744 + 25
2001-2050, scenario G 783 £ 17 + 39
2001-2050, scenario GA 735+ 12 -9
Total evaporation, 1951-2000 434+ 13
mm 2001-2050, scenario G 516 £17 + 82
2001-2050, scenario GA 453 +9 +19
Streamflow, mm 1951-2000 346 + 14
2001-2050, scenario G 351+7 +5
2001-2050, scenario GA 335+7 -11

* - numbers after the sign «£» denote estimation error.
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Fig. 2. Changes in inflow to the lake under different climate change scenarios
(100% - amount of precipitation in the catchment area under current conditions)
1 — if mean annual air temperature rises by 1°C;2 — if mean annual air temperature rises by 2°C; 3 — if mean
annual air temperature falls by 1°C; 4 — if mean annual air temperature falls by 2°C.

If air temperature rises by 1°C, total inflow to Lake Onego may remain the same, given that
total annual precipitation increases by ca. 3%, and if warming reaches 2°C — by ca. 6%. If
mean annual air temperature in the catchment falls by 1°C, streamflow to the lake would not
change, given that total annual precipitation decreases by ca. 3%, and if cooling is 2 °C — by
ca. 7%.

Conclusions
Having analysed the data obtained we found annual air temperature and total annual
precipitation to have increased in Lake Onego catchment over the second half of the 20™
century, so far without leading to changes in total streamflow to the lake. The patterns
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identified in the change of major characteristics of the region’s climate and the results on
potential changes in the hydrological regime of Lake Onego catchment area can be taken into
account when planning water management projects to ensure sustainable use and conservation
of this aquatic system, which is unique in terms of potable water supply, transport, energy
production and recreation.
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Abstract. The problem of invasive plant species is becoming more popular all over the world. The
peculiarities of alien plant species is also growing in Latvia every year. Invasive species are the serious
problem for natural ecosystem and species protection, in traditional landscape visual conservation as well it
shows noticeable economical reducing in farming. Existing flora and its structure was as appearing in
approximately 10 000-15 000 years after the last examining. It is still developing, quantitative and qualitative
plant changes continue to grow in flora. That has an influence on natural narrowing, distribution and species
changes. In Latvia, as well in such city as Daugavpils, such questions as alien plant growing were examined
only in some fragments. An alien plant growing was analyzed. The following facts are found the biggest plant
concentration is noticed in dry and sunny places well near the artificial plant areas.

Keywords: invasive species, Crassulaceae, spatial distribution.

levads

Agresivu sugu sadursme ar viet§jam sugam, sabiedribam un ekosisttmam ir kluvusi loti
aktuala pedgjo desmitgadu laika (Lodge, 1993 a,b, Simberloff, 1996, Rabitsch, Essl, 2006), un
invazivas sugas paslaik tiek apliikotas ka globalo izmainu bitisks komponents (Vitousek et
al., 1996). Ta ka invazivo sugu limenis V€l nav pietiekami detali izpétits, gaidams, ka to
ietekme var izradities Joti bitiska (Mooney, 2005). Sis sugas var radit batiskas izmainas
vietgjas augu sabiedribas, ekosisteémas funkcijas un veicinat biotas homogenizaciju, ka ari
ekologiski Sauras pielagotibas sugu izzusanu. Turklat invazivas sugas rada zaud&umus
tautsaimnieciba (Mooney, 2005).

Sakotngji introducetas sugas ieveda, lai audzetu botaniskajos darzos un privatajos darzos ka
eksotiskas augu sugas. Tacu netika pievérsta pietieckami liela uzmaniba introducéto sugu
lespg€jamajam invazivajam raksturam, un tas sekméja So sugu izplatiSanos (Essl et al., 2002).
Ka pieméru var mingt to, ka spéciga dazu augu vegetativa reprodukcija var izsaukt pozitivu
atgriezenisko reakciju, tapéc dazi augi atri izplatas aiz darzu vai kapsétu zogiem (Aizoaceae,
Apocynaceae, Crassulaceae, Oxalidaceae, Trapeolaceae) (Money, 2005).

Pasreizgja Latvijas flora un tas struktiira ir veidojusies apméram 10 000-15 000 gados p&c
pédgja apledojuma. Ta joprojam attistas, turpinas kvantitativas un kvalitativas parmainas augu
valsti, kas izpauzas ka sugu dabiska areala saSaurinaSanas, paplasinaSanas u.c. veida
parveidosanas (Svilans, 2003). Latvijas floras un faunas sastavu nosaka mérenai klimata joslai
raksturigie klimatiskie faktori. Tapat floras kvalitativo un kvantitativo sastavu ietekmé
Latvijas fiziogeografiskais novietojums un citi abiotiskie, ka arT antropogénie faktori. PE€dgjo
gadu laika floras izmainas ir saistitas galvenokart ar klimata izmainadm Pieméram, Eiropas
mérenaja zona, kurd atrodas Latvija, v@rojama visai intensiva augu sugu imigracija no
dienvidu regioniem, kam seko ari pakapeniska augu sabiedribu parvietoSanas no dienvidiem
uz ziemeliem (Laivigs, 1998). Otrs nozimigakais invazivo augu sugu skaita pieaugums ir
saistams ar cilvéka saimniecisko darbibu. Dati liecina, ka sveSo augu patsvars Latvijas augu
sugu sastava pieaug ar katru gadu — saskapa ar Biologijas institiita Botanikas laboratorijas
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specialistu pétijumiem, jau 33% no paparZzaugu un s€klaugu floras veido citzemju sugas
(Gavrilova, Sulcs, 1999).

Vienotibas par invazivo sugu izraisito evoliicijas atruma palielinasanos un ekologisko ietekmi
nav ari zinatnieku starpa. Liela nozime invazivo sugu ierobezosana ir to genétikas, ekologijas
un evoliicijas izpétei. Invazivas sugas vieglak izkontrolét, lai tas neienak teritorija, neka
izskaust. (Allendorf, Lundquist, 2003). P&tfjumi $aja joma ir nozimigi ar tapec, ka Latvijai ir
saistoSa konvencija par biologisko daudzveidibu, kurai pievienojamies 1992.gada
Riodezaneiro, 2000.gada pienemta Latvijas Biologiskas daudzveidibas nacionala programma,
ka ari tas, ka jau vairakus gadus Latvija piedalas starptautiskaja projekta NOBANIS (North
Atlantic and Baltic Network of Invasive Species).

Pétijuma teritorijas raksturojums

Pilsétvides nozimigs elements ir augajs. Augajs seviski labi vides stavokli parada vietas, kur
vide ir dinamiska, notiek tas straujas izmainas. Sada mainiga un stipri parveidota vide ir art
Daugavpili. MeZu ka mazak parmainitu augu sabiedribu platiba ir tikai 1630,5 ha jeb 22,49%
no pilsetas teritorijas. Pargjo pilsétas teritoriju aiznem nemeza biotopi.
Ziemcietiba ir viens no nozimigakajiem introdukciju limitgjoSiem faktoriem (Ozols, 1959).
Latvijas meéroga Daugavpilij ir raksturigs salidzino$i kontinentals klimats. Viens no
kontinentalitates raditajiem ir relativi liela gaisa temperatiiras amplitida. Absoltais
temperatiiras maksimums +36,4°C un absolitais temperatiras minimums -43,2°C Latvijas
teritorija noverots tieSi Daugavpili. Tadgjadi ekstremalo gaisa temperatiiru amplitida Seit
veido 79,6°C (Klavins u.c., 2008). Tiesi kritiskas temperatiiras ir invazivo sugu izplatiSanas
Jau izsenis sava izdeviga geografiska novietojuma dél Daugavpils ir bijusi nozimigs
transporta, ripniecibas un izglitibas centrs. Attistoties un augot pils€tai, invazivo augu sugu
skaits parasti pieaug.
Ka nozimigakie antropogénas izcelsmes faktori ir:
e augu sugu ievazasana un izplatiSanas pa auto un dzelzcelu magistralém;
e dzivojamo €ku un razoSanas uznémumu biivnieciba, kas sekmé nezalu vietu raSanos, kas
rosina dabigas vegetacijas iznikSanu;
atsevisku pilsetas dalu izmantoSana rekreacijai (idenstilpju piekrastes, mezi);
meZu izcir§ana pagatné pilsétas biivniecibas vajadzibam;
vietgjas nozimes celu ierikoSana, gravas;
notekiidenu piesarnoSana, kas ietekmé atseviSsku udenstilpju kvalitati, ka ar1 pieguloSo
teritoriju;
e pamestu un neapsaimniekotu razoSanas €ku un teritoriju skaita pieaugums, kas Tpasi

novérojams p&dejo gadu laika u.c.
Tadas lielas pilsétas teritorija ka Daugavpils dazadi antropogénas ietekmes faktori parklajas
vai pavada viens otru. Neskaitot jau min&tos antropogénas ietekmes faktorus, svariga loma
pilsétas floras daudzveidibas palielinasanai ir arT viet€§jam agrofitocenozeém — saknu darziem,
darziem, piemajas teritorijam.
Antropogénas ietekmes rezultata pilsétas floras sastavs intensivi tiek bagatinats ar jaunam
galvenokart sveSzemju augu sugam. levérojama So sugu dala turpina augt ieneses vietas vai
izplatities (parsvara pa dzelzceliem, nezalu vietam), dazkart tas ievieSas dabigas cenozes. Taja
pasa laika daudzas vietgjas sugas, kas pils€tas un tas bijusas apkartnes (miisdienu rajonu)
floras sastava bija sastopamas nesena pagatné, ir izzudusas vai turpina izzust.
Daugavpils floras pétiSana sakas 19.gs. Pirmais Daugavpils floras p&tnieks bija E.L&mans,
kur§ 19.gs.beigas public€ja savu darbu par Grivas floru (upes Laucesas ietekd). Pec tam vins
public€ja savu darbu par Latgales floru, par pamatu izmantojot Daugavpils rajona floru —
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»Flora von Polnisch — Livland”. Darba ir apkopotas ne tikai vertigas zinas par vietgjiem, bet
ar1 par citzemju augiem.

19.gs.beigas Kupfers pétija Daugavpils floru, ka ar1 savaca lielu herbariju, bet publicéti dati
tika minimali. 20.gs.sakuma Milenbahs un Villters savaca lielu herbariju un zinas par Seit
augosajam augu sugam.

20.gs. otraja pusé Daugavpils floru pétija A.Sulcs, ka arf Daugavpils Pedagogiska institiita
pasniedz&ji E.Rafalovica un Z.Sondore. Kops 1975.gada Daugavpils floru pétija Latvijas
Biologijas institlita zinatnieki. Vini savaca lielu herbariju krajumu un veica Daugavpils floras
inventarizaciju. Balstoties uz iepriek§ minétajiem materialiem, 20.gs. 80.gadu sakuma tika
sastadits Daugavpils floras saraksts, kas liecina par tas sugu daudzveidibu un specifiku
(I'aBpuiora, TabGaka, 1985).

2006.gada Daugavpils Universitaté tika izveidots Sistematiskas biologijas instithts, kura
darbinieki floristiskos pétijumus veic galvenokart Austrumlatvija, tai skaita Daugavpils un
Kraslavas rajona. Daugavpils pils€tas flora institlita zinatnieki galvenokart péta savvalas augu
sugas, liela uzmaniba tiek veltita aizsargajamam sugam, ir ieceres izpétit pils€tas invazivo
floru.

Materiali un metodes
Lai noteiktu invazivo biezlapju dzimtas augu telpisko izplatibu, invazivo sugu izplatibas
petijumiem pilsétas teritorija tika sadalita kvadratos, kura katra mala daba ir 500 m. Invazivo
augu topografiska piesaiste kartei (taisnlenka koordinatu noteikSana) tika veikta ar GPS
(satelitnavigacijas) iekartas THALES MobileMapper CE palidzibu. Atrasanas vietas
noteikSanas precizitate ir £ 0,5 m. Minéta iekarta lauj veikt taisnlenka koordinatu noteikSanu,
taja skaita art LKS-92 koordinatu sistéma.
Paraugu nemsanas vietas tika fiksétas ka punktveida objekti, to atribiitu tabula tika ievadits
objekta nosaukums. V&lak iegutie dati tika konvertéti par *.shp formata failiem un no GPS
iekartas tie tika eksportéti uz datoru, kur notika to talaka apstrade ar GIS (geografisko
informacijas sistému) programmattru ArcView 9.1.
GIS programmatiira ArcMap 9.1 tika izmantota punktveida objektu (paraugoSanas punktu)
*shp failu redigéSanai, tajos atainojamas informacijas pé&capstradei, atribtitu tabulu
veido$anai un aizpildiSanai, geografiski saistito vides datu vizualizacijai. GIS datu *.shp
failiem tika izveidoti un aizpilditi atribiitu tabulas informacijas lauki ar invazivo augu sugu
nosaukumiem un izplatibas pakapem.
Izplatibas pakapes noteikSanai tika pielietoti $adi kritériji: 1 — viens augs vai augtene: 2 — dazi
augi: 3 — augs doming.
Petijumi veikti 2007. un 2008.gada pavasara, vasaras un rudens meénesos.

Rezultati un to izvertéjums
Petijuma gaita Daugavpils pils€tas teritorija tika konstat€tas piecas invazivas biezlapju
dzimtas sugas: baltais laimin$ (Sedum album L.), maigais laimin$ (Sedum sexangulare L.),
klinsu laimin$ (Sedum rupestre L.), maldu laimin$ (Sedum spurium M.Bieb) un atvasu
saulrietenis (Jovibarba globifera L.).
Visbiezak tika konstatétas maiga laimina (Sedum sexangulare L.) atradnes (skat.1.att.).
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Visam pilsétas teritorija konstat€tajam biezlapju dzimtas sugam telpiskaja izplatiba ir
noverojamas noteiktas likumsakaribas:

augi izvietojusSies sausas, saulainas vietas, piem., dzelzcela, autocelu malas, Tpasi daudz to
ir dienvidu nogazes. Klimata pasiltinaSanas, kas notiek pedgjos gadu desmitos, veicina $o
sugu naturalizéSanos, seviski labveligi ir 1slaicigi sausuma periodi, kas Daugavpili un
Latvija kopuma pédgjos gados vegetacijas perioda nereti atkartojas. Tapéc, iesp&jams,
nakotné Crassulaceae dzimtas invazivas sugas bis sastopamas biezak;

sakotngji tie, visticamak, ieviesti un izplatiti ka kraSpumaugi apstadijumos, 1pasi
akmensdarzos un kapos. Par to liecina iegiito datu telpiska vizualizacija — visu konstatéto
sugu maksimala koncentracija ir pils€tas kapu teritorijas. Otra teritorija, kur pilséta tika
konstatétas vid&ji tris no piecam sugam (Sedum album L., Sedum sexangulare L., Sedum
spurium M.Bieb), ir cela malas pie atseviskiem uzp€mumiem un privatmajam, kur
sakotngji miné&tie augi staditi apstadijumos. Ta ka apstadijumi veidoti €ku dienvidu pusg,
biezlapjiem $adi augSanas apstakli ir loti labveligi un minéto tris sugu parstavji tika
konstateti liela koncentracija pat vairaku desmitu metru attaluma no to sakotn€jas
augsanas vietas.

Diemzgl, bet Crassulaceae dzimtas invazivo augu sugu izplatiba Daugavpili lidz Sim faktiski
nav pétita, tapec iegiitos datus nav iesp&ams apskatit vesturiska griezuma un konstatét So
augu izplatibas atrumu un tendences.
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Secinajumi
Petijuma gaita Daugavpils pilsétas teritorija tika konstatetas piecas invazivas biezlapju
dzimtas sugas: baltais laimin$ (Sedum album L.), maigais laimin$ (Sedum sexangulare L.),
klinsu laimins (Sedum rupestre L.), maldu laimin$ (Sedum spurium M.Bieb) un atvasu
saulrietenis (Jovibarba globifera L.). Augi izvietojuSies sausas, saulainas vietas, piem,
dzelzcela, autocelu malas, 1pasi to dienvidu nogazes.

Summary

The problem of alien plant species is becoming more popular all over the world. The
peculiarities of alien plant species is also growing in Latvia every year. Invasive species are
the serious problem for natural ecosystem and species protection, in traditional landscape
visual conservation as well it shows noticeable economical reducing in farming. Existing flora
and its structure was as appearing in approximately 10 000-15 000 years after the last
examining. It is still developing, quantitative and qualitative plant changes continue to grow
in flora. That has an influence on natural narrowing, distribution and species changes.

The issue of invasive species is very important for the entire territory of Latvia. The first
research of invasive species in Daugavpils was carried out in the end of the 19" century by
Lehmann, whereas in the rest of Latvia, research had already started from the end of the 17"
century. In general, 206 invasive are known in the state. In Latvia, as well in such city as
Daugavpils, such questions as alien plant growing were examined only in some fragments. An
alien plant growing was analyzed. The following facts are found the biggest plant
concentration is noticed in dry and sunny places well near the artificial plant areas.
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METO/JIUKA OHEHKN AHOMAJIBHOCTH IPOCTPAHCTBEHHBIX
PACHPEJIEJEHUN IUMHUYECKAX XAPAKTEPUCTHUK HA
MPUMEPE IOJIEI TEMIEPATYPbHI IOBEPXHOCTH BO/IbI

JIAJTOZKCKOI'O O3EPA
METHODOLOGY OF ESTIMATING OF LIMNOLOGICAL
CHARACTERISTICS SPATIAL DISTRIBUTIONS ABNORMALITY ON THE
EXAMPLE OF LAKE LADOGA SURFACE WATER TEMPERATURE FIELDS

Jlapuca TnMO(l)eeBal, Muxaui HayMeHKo2
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Abstract. Use of probabilistic approach for estimating of synoptic-scale abnormality is shown.
Anomalous deviations of real in situ Lake Ladoga surface temperatures from typical ones were estimated with
the data obtained during 43 expeditions 1960 — 2003. These deviations were mapped and statistically analyzed.
A degree of spatiotemporal abnormality of real temperature fields, its features and heterogeneous character
were revealed. The scales of thermal inhomogeneity are obtained from computation of two-dimensional spatial
autocorrelation functions within the random function network. Ways of analysis of characteristics of anomalies
fields’ correlation ellipses are given. Applicability of the methodology and the results is suggested.

Keywords: spatiotemporal variability, anomalies fields, autocorrelation function, anisotropy

BBenenue

B kpymHBIX TIIyOOKMX NPECHOBOJHBIX 03€pax TEPMOTHAPOJIMHAMUYECKHE IPOLIECCHI
Pa3IMYHBIX IIPOCTPAHCTBEHHO-BPEMEHHBIX MacITaboB ONIPEAEIISIOT peanbHOe
pacnpenesieHue  JUMMHHUYECKHX  XapaKTepHCTHUK, M3MEHSs1 HX  CpPEIHEE  CE30HHOE
pacupenenenue. CTpyKTypa TakUX CIyYalHBIX MOJIEW M3ydaeTcs B paMKaX BEPOATHOCTHOTO
MOX0/a, OCHOBAaHHOTO Ha PAaCCMOTPEHUH OCOOCHHOCTEN HE OT/IETbHBIX MIHOBEHHBIX IOJIEH,
a HEKOTOPBIX OCPEJIHEHHBIX CBOWCTB CTATUCTUYECKON COBOKYNHOCTH peanu3auuid mois [1].
Macmtab ocpeHEeHHUs] 3aBHCHT OT MaciiTada W3y4aeMoro SIBJICHHUS W IEIH HUCCIeOBaHUSI.
[ns pemieHus psna NpUKIAAHBIX U HAYYHBIX 3aJay, B YAaCTHOCTH, ISl OLIEHKH BIUSHUSA
CHHONTHYECKON M ME30MAacIITa0HOW HM3MEHYMBOCTH Ha MPOIECCHl OOMEHa KOJIMYECTBOM
JBW)KEHHUS, Maccod M TEIUIOM Ha TpaHUIEe pa3lena BOAA-BO31YyX, HEIOCTAaTOYHO 3HATh
CpeIHHE 3HAYCHUs, HEOOXOJUMO OXapaKkTEepPU30BaTh OTKJIOHEHUS pPEATbHBIX TOJIEH OT
CpEIHUX, Ha3blBacMble aHOMaNUsAMH. VccrnenoBaHne pealbHBIX MOJEH JIMMHUYECKUX
XapaKTEePUCTUK TOApa3yMeBaeT pa3eiicHHe MX Ha JBe dacTu. [lepBas 4acTb MOXKET OBITH
BOCCTaHOBJICHA Ha OCHOBE MMelolleiics nHdopMaluu, a BTOpas 4acTh MPEACTaBIseT co00i
Pa3HOCTh MEXAY BOCCTAHOBJICHHON U peaIbHON YacCTAMM MOJs — aHOMAJIUIO. {7151 mostydeHus
MEpBOM KOMIIOHEHTHI MOJII — CPEAHEr0 3HAYEHUS HCCIECIYEMOM XapaKTEPUCTHUKH, YacTO
WCIIOJIB3YIOT TIPOIIEAYPY MPOCTPAHCTBEHHO-BPEMEHHOTO OCpenHeHus. B Hacroseit pabdore,
Ha MpuMepe moliell Temnepatypsl moBepXHOCTH (Tr0;) Jlamoskckoro o3epa, mokasaHo, Kak Ha
OCHOBE€ HMCIOIIUXCS aHAJIUTHYCCKHUX 3aBUCHUMOCTENH U TIO JaHHBIM BBI60pOK HE3aBUCHUMBIX
peanu3auuidi CIly4alHOTO II0JiI MOKHO OLEHHMBATh AHOMAJIBHOCTH ITOJIEM JIMMHHYECKHX
XapaKTEPUCTHK.
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Jy1st 3TOr0 HEOOXOIMMO MOCIIEIOBATEILHO PEIIUTD CIEIYIOIINE 3aJaun:

1. Paccuurarh cpeiHME pacHpelesIeHUs HCCIEAYEMOM XapaKTEpUCTUKU (B HaLIEM cllydae
3TO TeMIepaTypa MOBEPXHOCTH T o4 JIamoxkckoro o3epa).

2. IlocTpouTh peanbHBIE paclpeneneHust s, 3a7aB MacIITaObl MPOCTPAHCTBEHHOTO W
BPEMEHHOI'0 OCPEIHEHUS.

3. PaccuuTarh U TOCTPOUTH MOJSI AHOMATHHA.

4. OueHHUTh 3HAUUMOCTh Pa3IUYMi MEXAY CTAaTUCTUYECKUMHU XapaKTePUCTHUKAMH PeabHbIX
U CPEIHUX ITOJIEH.

5. CraTucTH4ecKky NIpoaHaIUu3UpOBAaTh MOJIS AHOMAJIHU.

6. B pamkax TeopuHM KOPPETSAIMOHHBIX (DYHKIUI OIEHUTh CTENEHb CBA3HOCTH IOJICH
aHOMAaJIH.
JlanHas Hymepanus COOTBETCTBYET ITOPSIIKY U3JI0’KEHUS B TEKCTE.

Matrepuajbl M1 MeTOABI
Kaxnas peanuszanus noius T IpeACTaBIsSEeT COO0H COBOKYITHOCTb U3MEPEHUHN TeMIIEpaTyphbl
MOBEPXHOCTH, IPOMU3BEICHHBIX HAa AaKBAaTOPUU oO3epa 3a Mepuoag OT 3 A0 6 CyToK
(cuHonTueckuil mepuon), OydaeM Has3blBaTh ee TepMuuyeckod chéMmKoW. TemmnepaTypy B
KOHKPETHOH TOuYKe [, KOHKPETHOM TEPMUYECKOW CBEMKH, BBINOJIHEHHONM B TEUEHUE
HECKOJIBKUX CYTOK 7, MOXHO BBIPAa3UTh B BUJE CYMMBbI ACTEPMUHUPOBAHHOW U CIIy4aliHON
COCTABJISIFOLIEH:

T, =T, +AT,, 1)
rae To, mpeacTaBiseT coO00i NeTepMUHUPOBAHHYIO KOMIIOHEHTY, KOTOPYIO MbI BBIYHCIISIEM
QHAINTUYECKM M Ha3blBa€M THUIMYHBIM 3HAYEHUEM TEMIIEpaTypbl IOBEPXHOCTH JUIS
BbIOpaHHOM Aatkl. AT, — ciiyyaifHOe OTKIIOHEHHE pearibHOI HaOI0ICHHOH TemnepaTypsl T, OT
tunuuHo. Beraucnus T, u To,, Hatigem oTkiaonenune AT,. Ilpu ¢pukcupoBaHHOM BpEMEHHOM
nepuoJie rnose otkjaoHeHui AT, OyeM Ha3bIBaTh MOJIeM aHOMATHH T 6.

1. Jlagoxxckoe o3epo, KpymnHeiiiee B EBpome, cucremarnuecku uzydaercs ¢ 1956 r. u x
Hactosimemy BpemeHH B HMHctutyre O3sepoBenenuss AH Poccum B Buzme 0a3bl JaHHBIX
opranu3oBaHo Oosiee 250 ThICSY U3MEPEHHI TemIepaTypsl BOJbI U COMYTCTBYIOLIEH
rujipomereoposiornueckoil uHpopmanuu. CToab BBICOKas CTENEHb T'HAPOJIOTMYECKON
M3YYEHHOCTH W WH(OPMALMOHHOW OOECHEYeHHOCTH MO3BOJIAET MONYYUTh THIIHYHBIE U
peasbHbIe MO T pos HA KOHKPETHBIE AAaThl U PELIMTh NOCTaBJIEHHBIE BhIlIE 3a1a4u. J[i1st aToro
HEOOXOJUMO TPUMEHATh METOJbl, IO3BOJSIONINE H30eXKaTh BIUSHUS HEPETYJISIPHOTO
pacripesiesieHus] HaOJII0ICHUI BO BpPEMEHHU U MPOCTPAHCTBE HA OCpeiHeHUE T os. B IHCTHTYTE
ObLT pa3paboTaH TakoW METOJ BBIYMCIEHHUS M MOCTPOEHHUS TUIHMYHBIX MOJNEH Tz BOJBI Ha
aro0yro Jaty Juisd mepuoja OTKpbhITod Boawl [2, 3]. Jlist 3TOro moBepXHOCTh o3epa Obuia
pa3ziesieHa paBHOMEPHOM CETKOW Ha 235 KBaApaToB, CO CTOPOHOW IMpHUMEpHO paBHOW 10 kM.
Ce30HHBIM X0/ TeMIlepaTypbl MOBEPXHOCTH B KaXKIAOM KBajapaTe ObUI alMpOKCUMHPOBAH
AQHAJTUTUYECKOW 3aBHCUMOCTBIO, MpPEJCTaBIsAIomEed €000l KOMOMHALMIO JBYX (YHKIIMH,
OTMCHIBAIOLIUX BPEMEHHON X0 Tz B TEUEHHE PA3TUYHBIX THIPOJIOTHUECKHUX CE30HOB [3].
s ee mocTpoeHus ObUIO MpHBIIEYEHO Oosiee 25 ThICAY JaHHBIX HATYpHBIX M3MEPEHUH 3a
nepuox ¢ 1897 r. mo 2006 r. IlpocTpancTBeHHBIE pacnpeseneHus o, Ha KOHKpETHbIE JaThl
MIOJIy4Y€Hbl MHTEPIOIUPOBAHUEM BBIUMCIICHHBIX 3HAUYE€HUN B Yy3Jbl PaBHOMEPHOW CETKH C
mrarom 5 kM. Yucno pacueTHbIX y3710B ceTku coctaBuiio 713. I[locTpoenHsle Takum 00pa3zom
pacupenenenus [2] Ha3biBaeM TunuuHbiMU (Puc.la), mMOCKOIbKy NOJIydeHbl OHM HE B
pe3yJibTaTe OCPEIHEHUS, a C UCTIOJIb30BaHUEM BBILIEYITOMSIHYTON 3aBUCUMOCTH.

2.—3. JIns mocTpoeHHs pealibHBIX MPOCTPAHCTBEHHBIX pacHpeieNneHuil T, U3 3JIeKTPOHHOU
0a3bl TEPMHUECKUX JaHHBIX ObUIM BbIOpaHbI 43 Cy[OBbIE ChEMKH, BBIIIOJIHEHHBIE 32 IIEPUO]
OoTKpbITOW BoAbl ¢ 1960 r. mo 2003 r. M uMerOImME AOCTATOYHOE A KOMIIBIOTEPHOMN
00pabOTKM YHUCJIO TOYEK M3MEPEHMH, paclpelleIeHHbIX OTHOCHTEIBHO DPABHOMEPHO I10
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akBatopuu. [y Oojiee KOPPEKTHOTO WHTEPIOJIMPOBAHUS B NMPHOPEKHOW 30HE CTPOWIICS
noauHoM T = f (X, Y, z), CBA3BIBAIOLINI TEMIIEPATypy ¢ KOOPAMHATAMU U TIIyOMHON MecTa, U
BBIUUCIISUTUCh €€ 3HA4YCHUsT Ha HyJeBoil wu3obare. OOpaboTKa HATYpHBIX JaHHBIX II0
METOJIMKE, aHATIOTHYHON METOMKE MOCTPOCHHS TUITHYHBIX MOJIeH T HA KOHKPETHBIC JIAThI,
MO3BOJIMJIA MTOJYYUTh peaibHbIC pacnpeneneHus Ty (Puc.16).

Puc.1. Pacnipenenenus: (@) THIMYHON TeMIlepaTypbl IOBEPXHOCTH BOJbI HA 25 u10Ji4,
() peanbHOIi TEeMIIEpaTypPbl MOBEPXHOCTH BOABI Ha 25 uios 1984 r., (6) anHomaymii Ha
25 uroais 1984 r. 3Hakom + 0003HAYEHBI TEPMUYECKHE CTAHIUH. 3AIITPUXOBAHHASA
00J1aCTh - palioH THIIMYHOIO pacnpeae/IeHusl TeMIepaTypbl IOBEPXHOCTH BOJbI.

CpasuuBas nonst T, u To, (Puc.la, 0) 3a onpeneneHHyto aaTy, NOJdy4aeM HOJs OTKIOHEHUH
AT, na sty naty (Puc.1B). AT, npeBbimaromue |0,5/°C, HazoBeM aHOMabHBIMUA. OTKIOHEHHUS
AT, kapTupoBanuch 11 BceX 43 ChEMOK.

Pe3yabTarsl U 00CyKICHTE

4. B nepBylo ouepeb OLEHUBaIach 3HAUUMOCTb PA3INYUil MEXKY pealbHBIMU U TUITMYHBIMU
nossiMA Tos 1o kputepusM Crerogenta u ®dumepa [4]. CpaBHEHHME CpeJHUX BEIHYUH
TEMIEPATypbl pealbHbIX W TUNUYHBIX Tojed npu 1% ypoBHE 3HAYMMOCTH TOKa3ajio
3HAYUMOCTh pasHocTell mid 38 u3 43 cbéMok. OLeHKa PacXxoKIECHUN MEXIy AUCIEPCUIMHU
paccMaTpuBaeMbIX Map BBINOJIHAJIACH CPAaBHEHUEM C KPUTUYECKHMM 3HAUYE€HHUEM IapameTpa
@umepa (Fpur=1). Bee F > Fyur. CnenoBarenpHo, UMEIONIMECS Pa3IHyMs HE CIydYaiHBI, a
BBIOOPKU HE NMPUHAAJIEKAT OTHON COBOKYITHOCTH.

5. Tlocnepyromuii aHanu3 MO3BOJMJI OLEHUTh XapakTep MPOCTPAHCTBEHHO-BPEMEHHOU
AHOMAJIBHOCTH PEANbHBIX MOJEU Tyos, ONPENCTIUTh BEMWYMHBI aHOMAIUN Ty U MUIOHIANEH
UMM 3aHMMaeMbIX [S5]. Jis kakaoro mecsua ObUIM MOJyYeHBI 3HAUYEHUs IUIoMaedl 30H ¢
OTKIIOHEHUSIMH T B Tipenenax |5,5/°C. TlpeoOmanaer uaTepBan otkionennit AT, + 0,5°C...
+ 1,5°C. B nenom nonoxurenbHble aHOMAJINK NPEBAMPYIOT Hall oTpuLiarenbHbiMu (Puc.2a).
Haunbonee anomanbHO pacnpeneneHue Tno; B MPUOPEKHOM MEIKOBOJIHOM —palioHE,
o0JaaroieM MUHUMAIIbHOW TEIIOBOM MHepLueil. To 30Ha TpaHCHOpPMAalUK BO3AYIIHBIX U
BOJIHBIX Macc, rjie HaOJ01al0TCs OpU3bl U CTOHHO-HATOHHBIE SIBJICHUS, COITPOBOXKIAIOIINECS
anBeJUIMHTaMH W JayHBeJUIMHTamMu. 31aeck aHomanmuu jgocturarot  [8,0°C.  Hag
3HAYUTENbHBIMU TJIyOMHaMH LeHTpasibHON Jlajmoru, HauOosiee TEIJIOMHEPTHOM, B MEPHOL
THJIPOJIOTUYECKONH BecHbl OTKJIOHeHHss He mnpesbimaioT [1,0/1°C. Ilocne paspyuieHus
TepMobOapa aHOMATBHOCTh TITyOOKOBOJAHOTO paiiOHA YBEITHYUBACTCS.
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Puc.2. CtaTucTnyecKkue XapaKTepUCTUKH pacnpeaeeHus:
(a) OTKJIIOHEHHUH peaIbHbIX TEMIIEPATYP MOBEPXHOCTH BOABI OT MX THIIHYHBIX 3HAYECHHH,
(6) nuIomIagei ¢ THNMYHBIMHU CPeTHUMH TeMIlepaTypaMH MOBEPXHOCTH BO/bI 1O
Mecsinam

Ma HOHE WHoms 3BMYCT  CEHTABPE  OKTAADS

Ha Puc.20 npencrasieHo pacupezeneHue I0Maaeii He aHOMaIbHbBIX YY4aCTKOB ITOBEPXHOCTU
o3epa. I[lnomans 300 ¢ TunU4YHON Temrepatypoit 1o 44%. B cpeanem T, 20% axBatopuu
COOTBETCTBYET THUIHMYHOW. PeanbHble IO 4Yalle COOTBETCTBYIOT TUIIMYHBIM B HIOHE U
aBrycrte (B cpeHeM He aHOMaJIbHBIC 30HBI 3aHUMAIOT 24% u 20% akBaTopun). Uronb - caMblit
AHOMAJBHBI MecAl, Toiabko 13% moBepxHOCTH B cpeaHeM He aHomanbHO (Puc.20).
BolsiBneHHass HEOAHOPOJHOCTh MPOCTPAHCTBEHHO-BPEMEHHOW HW3MEHYMBOCTU MOJEH Tpop
o3epa OO0YCIIOBJIEHA OCOOEHHOCTSMHU €ro THJIPOJIOTMYECKOT0 peXuMa M MpoleccaMu Ha
rpaHuLe BO3yX-BOJa.

6. KoppensuuoHHBIH aHaINM3 MO3BOJIAET OXapaKTE€PHU30BaTh MPOCTPAHCTBEHHYIO CBS3HOCTb
ciy4aiHbIX mosied. J[is Bcex moseil aHomanuii ObUIM pacCUUTaHbl aBTOKOPPEISLUOHHBIE
(GYHKLIMU ¥ TOCTPOEHBI 3JUIUICH Koppensuuu. X ¢opmbl, pazMepbl 1 OpHEHTAIMs BeCbMa
pazHooOpasuel (Puc.3 a). CraTucTuuecku aHaIM3UPOBATIUCH CIEAYIOIIME MapaMmeTphl IO
3HayeHnto koddduumenra xoppemsuuu K=0,5: Gonbimas u Mmanas ocCh, SKCHEHTPUCHTET
(oTHOLIEHUE OOJIBLIONW OCHM K MaJol) W OpUEHTAlLlUs AJIIUICAa — OTKJIOHEHHE OOJbIION oCH
3JUIMIIca OT HampapiieHus 3 — B mo wacoBoii ctpenke (Puc.3 a). DKCHEHTPUCUTET CIYXKHT
MepO aHU30TPOIUU PAcCMATPUBAEMOTO TOJIsI, U NPU PAaBEHCTBE OCEil AyuinIica paBeH 1, 4ro
COOTBETCTBYET M30TponuH mojs. OpueHTaluus 3JUIMICOB MOXET HEecTH HH(OpMaruio o
npeobyagaromux (akTopax reHepalnuy Mojedl aHOMaJIUW U O COOTHOLIEHUH MEXIY HUMH.
Tak, snurcel Hanbosee BHITAHYTH B HampanieHun C — FO B aBrycre B nepuoj pa3BUTOU
TEPMHUECKON CTpaTU(UKALMK U MAKCUMAIBHON MOIIIHOCTH 3MUJIMMHHOHA. B Mae u okTsa6pe,
IPU TOPU3OHTAIBHON OAHOPOIHOCTH Tros, OpHEHTAMA AIIIHMIICOB Onn3ka K 40°. B mepuost
HECTaOUJIbHOCTU TEMIIEpaTypHBIX MOJIEH, Mocie pa3pylieHus Tepmodapa U B CEHTIOpe, Koraa
yBEJIMYMBAETCS BO3JEiicTBUE BeTpa, oHa mpubmmkaerca K 50°. CHHXpOHHOCTh W3MEHEHUS
OpPHUEHTAINH JUIUIICOB TUMHYHBIX ToJiel Ty ¥ moseit anomanuii (Puc.3 6) MoxxeT ykas3bIBaTh
Ha COOTHOLICHHE MEXAY CUIIaMH, (POPMHUPYIOIIUMH 3TH TOJIS.

Tak, CHHXpPOHHBIM XOJI OpUEHTAIMH 3JUIMIICOB B TEUEHHUE OIPEAETICHHOrO MEepPHoJa MOKET
CBUJIETEJILCTBOBATH O TOM, YTO UX (DOPMUpPOBAHHME B ATOT MEPUOJ OOYCIOBIECHO OAHUMHU U
TeMHU ke (hakTopamu, U Ha0OOPOT.
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Puc.3. (a) lIpumep 1ByMepHOIi MPOCTPAHCTBEHHOWH ABTOKOPPEJISIIHOHHON (PYHKIIUH
1oJisi aHoMaIHii.(0) OpueHTAl U JJTHIICOB KOPPEJSIHN: — THIHYHBIX MOJIeid,
- - - HOJIeH aHOMAJIUil

Ha Pwuc.4 nmpencraBieHbl pe3yibTaThl CTATUCTHYECKONH 0OpaOOTKH OOJNBIINX W MAJBIX OCEH
3JUIMIICOB KOPPEJSILMU MOJell aHoManuil. B cpegHeM OHU HM30TpPOMHBI B pajnyce OKoio 2,5
kM (K=0,9). I30TponHOCTh CYIIECTBEHHO YIIPOLIAET ONKUCAHUE CIIYYaliHOIO MOJIS U SBJISETCS
HEOOXOUMBIM YCIIOBHEM IMPHU PEUICHUH psia 3a1a4 ruApoU3UKH U THAPOIMHAMUKH.
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Puc.4. CtaTucTyecKue XapakTepUCTHKH 00J1bIINX (@) U MaJIbIX (0) oceid
NPOCTPAHCTBEHHbIX ABTOKOPPEJIANMOHHBIX (PyHKIUI 110J1eil aHOMAIHH

Puc.5 noka3piBaeT BpeMEHHOW XOJ Mephl aHU30TPOINHH AIUTUIICOB KOPPEISIUU JIJIS Pa3HbIX
creneHerd omaHopomHoctu mosiei. [lons aHomanmii Oosiee M3O0TPONHBI B OKTSIOpe, Koraa
3HAUUTENbHAS YaCTh aKBATOPUU TOMOTEpPMHUYHA. J[TUTENbHBIA Mepruo CTaOUILHOTO YPOBHS
AHM30TPONMHM B KOHIIE JIETa W Hayaje OCEHU, OYEBHJHO, OOBSICHSETCS MpeoldiiaaHueM
BETPOBOTO BO3ACUCTBUS HaJ IPYTHMH FeHepUpyromuMu dakropamMu. CTeneHb aHU30TPOTUN
MOJICH aHOMaJIUH CYIECTBEHHO 3aBUCUT OT CE30HHOTO X0/1a TEMITEPATyPhI BOIBI.
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BrIBoabI

Takum 00pa3oM, NpPUMEHEHHE BEPOATHOCTHOIO MOAXOJAa U TEOPUU CIy4alHbIX (YHKLUN
MO3BOJISIET KOJIMYECTBEHHO OICHHUTH CTENEHb NMPOCTPAHCTBEHHO-BPEMEHHOW aHOMAIbHOCTU
HOoJIeH IMMHUYECKUX XapaKTepUCTUK BHIOPAHHOI'O MaclITada U BBIIBUTH OCHOBHBIE (DaKTOPHI,
00ycIaBIMBaIONIME 3aKOHOMEPHOCTH paccMaTpUBaeMoro siieHus. MccnenoBanue mokasaio,
YTO AHOMAJbHOCTb TEMIIEPATypHBIX IMOJEH U ee M3MEHYMBOCTh TECHO CBS3aHbl C
3aKOHOMEPHOCTSIMH THAPOTEPMUYECKOTO peknMa JIaokCcKoro o3epa u ero 0COOEHHOCTSIMH.
[TonydyeHHbIE XapaKTEPUCTHUKH AHU30TPONMU U HM3MEHUUBOCTH CIIEAYEeT YYUTBIBaTh NpPHU
MOJICIIUPOBAHIH TEPMHUECKOTO PEXKMMa 03€pa, CTITAKUBAHUM M AKCTPATIONISIIAN ITapaMeTpOB
IpU HKOJIOTUYECKOM MOJIEIMPOBAHUU M TNPOTHO3UPOBAHUM, ONPEAEICHUH COCTAaBIISIOLINX
TEIIOBOTO  OaylaHca, ONTHMH3ALUU  PACIONIOKEHHWs ceTh HaOmozeHuid. Hemoydér
HEOJHOPOAHOCTH TEMIIEPAaTypHBIX MOJEH MOXKeT MpPHUBECTH K OIIMOOYHON TpaKTOBKE
KOJIMYECTBEHHBIX M Ka4eCTBEHHBIX MapaMeTPOB TEPMHUECKOro pexkuma. [IpumHHMas BO
BHUMAaHHE YCJIOBHE COIJIACOBAHHOCTH THUAPOPHU3MUECKUX I0JIel, BBIBOJIBI, MOJYYECHHBIE Ha
OCHOBAHMHW aHAJIHM3a TOJSI TEMIIEPAaTyphl, MOTYT OBITh PAacCIPOCTPAHEHBI U Ha JIPYTHE IIOJIS.
BrImonHeHne 3TOro ycioBHsS HE 3aBHUCHT OT NMPUMEHSIEMOTO B HCCIECIOBAHWU IMOJIXOAA, a
omnpenensercss 00bEKTUBHBIMH (haKTOpaMHM, 3aKIIOUEHHBIMH B CaMOM IMPHUPOJE MPOILECCOB,
MPOTEKAIOIIUX B KPYIHBIX BojloeMax [6].

ABTOpBI TOJIATal0T, YTO NPEJIOKEHHAs METOJMKAa MOMKET C YCHEeXOM NPUMEHSThCSA JUIs
OIICHKA aHOMAJIBHOCTH TIOJICH pa3IMYHBIX D3JEMEHTOB pEXHMa MPUPOAHBIX OOBEKTOB,
CTETEeHb U3yYEHHOCTH KOTOPBIX JI0CTATOUHO BEJIHKA.

Summary
Real random fields of limnological characteristics are greatly variable due to different scales
processes influence. Their typical distributions can be obtained from averaging. However, for
a number of tasks knowing typical values is not enough and deviations real fields from typical
ones, called anomalies fields, are in need. These fields structure and their variability can be
studied within probabilistic approach and random functions theory, which allow estimating
the mean value of a characteristic and its correlation function. For this it is necessary:
1. To estimate typical fields of a characteristic (surface water temperature (Ts)).
2. To estimate real fields at certain scale of averaging.
3. To estimate and map anomalies fields.
4. To test significance of differences between real and typical fields.
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5. To analyze anomalies values and their spatiotemporal variability statistically.
6. To estimate the range of anisotropy and correlation of anomalies fields.
In the paper on the example of Lake Ladoga Ts fields solution of each of the tasks above is
presented on the base of the analytic function describing the typical seasonal temperature
changing and the data obtained in situ. The temperature in a defined point of the surface in a
certain time of a period t T, can be considered as a sum of the determinate and random
components:

T =T, +AT,, (1)
where Ty, characterizes the typical value for the date chosen and the component AT, is a
random deviation of a measured real temperature from the typical one. Having estimated T,
and Ty, quantitatively, it is possible to calculate AT,.
1. Ladoga has been studied by specialists of Russian Academy of Sciences Institute of
Limnology since 1956 and its data base contains more than 250 000 measured T values and
corresponding information. Here the method was worked out to estimate synoptic abnormality
and to avoid influence of spatiotemporal irregularity of measurements distribution over the
lake on T averaging. According to it the lake surface was divided with a regular grid into 235
squares with sides 10 km. T for each square was approximated with an analytic dependence,
a combination of two functions, describing water T temporal change during different
hydrological seasons. Typical Ts fields for the certain dates (TTFs) were created with
interpolating the obtained data in the mesh points (with the step of the regular grid 5 km).
2 — 3. For creating T, spatial distributions thermal vessel surveys, carried out in 3-6 days
(synoptic period), were chosen from the data base. The number of measurements of each
survey is quite enough for computation and they are distributed relatively regularly
throughout the surface. For more precious interpolation in the coastal zone the values of
shore-line Ts were estimated by multi-polynomial regression method. The further thermal-
data processing was carried out by the technique that was analogous to the method, used for
creating Ladoga typical Ts fields for certain dates. As a result real T, fields (RTFs) and TTFs
were created and then AT, fields were estimated. Let us call deviations AT, which are higher
than |0,5/°C anomalous. For all the 43 cases considered AT, values were plotted and anomalies
maps were statistically analyzed.
4. In the early stage the analysis of the AT, maps was aimed to estimating significance of
differences between RTFs and TTFs mean characteristics. For this Student and Fisher criteria
were used. Student-criteria shows that at significance level 1% differences between RTFs and
TTFs mean temperatures are significant for 38 out of 43 cases. Differences between RTFs and
TTFs variances were estimated by comparison with the crucial Fisher-criteria parameter value
(Fe=1). For all the 43 cases F>F.. Thus differences between the fields’ statistical
characteristics are considered to be significant and not random.
5. The further analysis allowed characterizing Ladoga spatiotemporal abnormality, to
determine temperature anomalies values and areas they cover. For each month values of areas
with AT, up to |5,5°C were calculated. The interval of AT, + 0.5 ... + 1.5°C is predominant.
On the whole, positive anomalies prevail. The most anomalous RTFs are observed in July,
when T, does not reach its year highest values yet. The analysis has shown that the most
anomalous SWT distributions are typical for the shallower coastal zone, where thermal inertia
is not significant and water and air masses transform and take place breezes and high tide
phenomena accompanied by down- and upwellings. Here AT, can exceed 5°C. Within quite
deep central Ladoga, which is the most thermal inert, during hydrological spring AT, values
are below |1,0/°C. This is caused by the thermal bar existence, which prevents water masses,
separated by it, from interacting. However, after destruction of the thermal bar abnormality of
this zone increases. Areas of regions where SWT corresponds to the climatic rate vary from
1% to 44%. On average they cover 20% of the lake. RTFs more often correspond to TTFs in
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June and August (when typical T covers 24 and 20% of the surface respectively). July is the
most anomalous month, only 13% of the lake is not anomalous on average. Such significant
abnormality of RTFs in July is caused by unsteady character of hydrological processes while
their changing from spring type to summer one after the thermal bar destruction. Joint
analysis of synoptic-scale abnormality of 43 T fields has not allowed revealing a zone where
T fields are always typical. However, there is a zone situated in the north-west Ladoga where
they are rarely anomalous. To sum up, the heterogeneous character of Ladoga RTFs
abnormality is caused both weather conditions and morphometrical features.

6. For estimating the rate of anomalies fields’ anisotropy their autocorrelation functions were
calculated and correlation ellipses were mapped. At the correlation level 0,5 the following
ellipses parameters were statistically analyzed: major and minor axes, orientation (the angle
between the major axis and west-east direction) and ratio major axes to minor ones, called
eccentricity and being a measure of anisotropy rate. As a result an average radius 2,5 km
within which anomalies fields are isotropic was estimated (K=0,9). Orientation of typical
fields’ ellipses varies according to hydrological seasons change. Anomalies fields and typical
fields ellipses can be oriented both synchronized and a synchronized. It depends on the
relation between main forces of these distributions generating which vary between seasons.
The patterns of Ladoga spatiotemporal abnormality and its anisotropy, revealed by this study,
needs taking into consideration while ecological and thermal regime forecasting and
modeling, extrapolation of characteristics values and rationalization in situ measurements.
Due to hydro-physical fields coordination patterns of thermal fields can be applied to different
components distributions. The methodology presented is recommended for estimating
spatiotemporal abnormality of various characteristics fields of natural objects, which typical
conditions and features are studied to the right degree.
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ECOLOGICAL EVALUATION OF ZOOPLANKTON GROUPS IN
LAKE GERANIMOVAS-ILZAS AND LAKE GARAIS
ZOOPLANKTONA GRUPU EKOLOGISKAIS NOVERTEJUMS
GERANIMOVAS-ILZAS UN GARAJA EZERA

Aija Brakovska, Renite Skute
Institute of Ecology, Daugavpils University
13 Vienibas St., Daugavpils, LV 5401, Latvia
E-mail: aija.brakovska@inbox.lv

Abstract. Lake Garais is the second deepest lake in Latvia. Its maximum depth is 56.0 meters, but its
average depth is 16.5 meters. Lake Geranimovas-llzas is the fifth deepest lake in Latvia. Its maximum depth is
46.0 meters, but its average depth is 9.8 meters [13]. During the research of Lake Gernimovas-llzas and Lake
Garais three zooplankton groups have been found, i.e. Rotatoria, Cladocera and Copepoda. Having analysed
the quality composition of species the authors have concluded that the pollution level of these lakes is low,
because there are such olygosoprobic zooplankton species as Keratella cochlearis, Keratella quadrata, Filinia
longiseta, that die from lack of oxygen in few hours.

Key words: Lake Geranimovas-llzas, Lake Garais, Sorensen index, Renkonen index, physical and
chemical parameters.

Introduction
Lakes are natural bodies of water that occupy inland basins. They are widely distributed
terrain feature in Latvia. There are approximately 40% of all Latvian lakes on Latgale Hills
[4]. Lake Geranimovas-llzas and Lake Garais are also located on Latgale Hills and they are in
the top ten deepest lakes of Latvia [13].
Lake Geranimovas-llzas is located on Feimanu hilltop at 150.3 m above sea level, in Kastulini
self —governing territory in Kraslava District. Its area is 3.28 sq.km and its length is 8.1 km
(ZR-A). Average depth of the lake is 9.8 m, while its maximum depth is 46.0 meters [3]. Lake
Geranimova-llzas is the fifth deepest lake in Latvia [13]. It is in the transition stage between
the mesotrophic and eutrophic lake classes [3].
Lake Garais is located at subglacial trench on the edge of Latgale Hills at 130.2 m above sea
level, between Indra and Piedruja in Kraslava District. Its area is 71.2 and its length is 3.4 km
(DR-ZA), while its largest width is 0.3 km. Average depth of the lake is 16.5 m, while its
maximum depth is 56.0 meters [2]. Lake Garais is the second deepest lake in Latvia [13].
Lake Garais is a meso-eutrophic lake, it is deep along its shores and it is not overgrown. (~5%
of its area) [2].
Lakes are continuously developing and changing all the time from its origin and up to
nowadays. Any lake has kept its original form, content, because as soon as its basin has been
filled with water they both start their interaction.
All organisms living in lakes are also in the interaction with each other and with their
environment. They play particular roles in the circulation of substances and energies. Besides
these organisms interact with environmental factors in their own unique ways depending on
their distinctive biological characteristics that help them to resist the changes in these
environmental factors. Zooplankton plays an essential role in the transformation of substances
and energy in bodies of water. Zooplankton is a very convenient object for the assessment of
biocenosis diversity, because it is represented not only with different taxonomic groups, but it
is also represented at different trophic levels.
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Materials and methods
For the ecological assessment of Lake Geranimovas-llzas and Lake Garais zooplankton
samples were collected on July 12 and 13, August 1 and 31 in 2007. The sampling in Lake
Geranimovas-llzas was carried out on three different localities that have different depth;
however the sampling in Lake Garais was carried out on four different localities that also
have different depth. The authors of the research performed the following studies on the
lakes:
e determined the zooplankton species composition in Lake Geranimovas-llzas and Lake
Garais;
e determined physical and chemical parameters of Lake Geranimovas-llzas and Lake
Garais;
e conducted statistical and graphical computing of the results received during the field
studies using the software Microsoft® Excel 2000.
Hydrometric measurements for the topographic map were performed with a GPS (satellite
navigation) device - GPS Scout Master®. The precision of the site (location) in the Acute
Locate regime is £2 meters. The BioSonics DT-X Digital Echosounder System was used for
the measurement of the depth and the bottom relief of Lake Geranimovas-llzas and Lake
Garais. The sonde HYDROLAB “Minisonde 4 Multiprobe” was used to measure water
temperature, pH, conductivity, dissolved substances, dissolved oxygen, dissolved oxygen
percent saturation, chlorophyll-a, turbidity, oxidation-reduction potential per one imagined
line. During the study the Minisonde was lowered to the bottom of the water bodies. When
the physical and chemical parameters became stabilize on the Minisonde display, they were
saved to the HYDROLAB memory. Then the Minisonde was moved to one meter up. The
activities were repeated until the Minisonde reached the water surface. The final
measurements were taken at depths of one meter and half a meter.
The collection of zooplankton samples and their quantitative and qualitative analysis was
performed using the APHA standard methods procedure for the analysis water and
wastewater.
Apshtein and Gedi plankton nets were used for collecting the samples. Using the Apshtein
plankton net (85 um meshes) the zooplankton samples were taken from 0.5 — 1 meter depth
and 100 | of water were filtered. The column of water was filtered through the Gedi plankton
net. For our research we used the zooplankton samples which we collected on Lake
Geranimovas-llzas from the following depths:
e Locality No 1 —9 m — the volume of filtered water is 100lI;
e Locality No 2 — 44 m — the volume of filtered water is 9401 and 100lI;
e Locality No 3 —19.5 m — the volume of filtered water is 4161 and 100l.
At the localities No 2 and No 3 we also determined physical and chemical parameters of the
water.
The zooplankton samples of Lake Garais were collected from the following depths:
e Locality No 1 — 18 m - the volume of filtered water is 100l
e Locality No 2 — 47 m - the volume of filtered water is 1004l and 100l
e Locality No 3 — 36 m - the volume of filtered water is 7691 and 100l;
e Locality No 4 — 6.6 m - the volume of filtered water is 100lI.
At the localities No 2 and No 3 we also determined physical and chemical parameters of the
water.
Zooplankton samples are usually stored in 0.33I bottles. The collected samples are fixed with
37-40% formaldehyde solution. One part of formaldehyde solution is added to nine parts of
samples. As a result the sample is preserved with 4% formalin.
Then 2 ml of samples, which have been carefully mixed, are taken from the bottle with a
Hensen-Stempel pipette and then analysed in a counting chamber, i.e. Bogorov’s counting
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chamber. The samples are studied in the light microscope Ampival (Carl Zeiss Jena) with a
magnification of 16x10 (160). Each sample is studied three times. Having studied the samples
in the light microscope the zooplankton organisms are calculated and identified as species or
families. We used the following zooplankton key-books [5;6;7;8;10;12].
The following formula was used to calculate the number of organisms in a sample:

N =(ax b x 1000)/ (c x d), Q)
where a — is a calculated number of organisms (average);
b —is a volume of concentrated sample;
¢ —is a sample volume;
d — is a volume of filtered water;
N — is a number of organisms per 1m?®.
The similarity of the qualitative composition of the zooplankton was verified using the
Sorensen coefficient.
. 2a

2a+b=c’

where S — is a Sorensen Similarity Coefficient;
a — is a number of species in the sample A and sample B (the frequency of occurrence);
b —is a number of species which are present in the sample B, but are absent in the sample A,
¢ — is a number of species which are present in the sample A, but are absent in the sample B.
This coefficient is a very important indicator of the species composition similarity.
The similarity of the zooplankton quantitative composition was verified using the percentage
similarity Renkonen index.

P= Zminimum (pli ) pzi)’ (3)
where P — Percentage ratio between the samples 1 and 2;
p1i — the percentage number of species in the sample 1;
p2i — the percentage number of species in the sample 2.
The software Microsoft® Excel 2000 was used to calculate the number of organisms and to
analyse physical and chemical parameters.

(2)

S

Results and discussion

During the research on Lake Geranimovas-llzas and Lake Garais 3 zooplankton groups were
identified, i.e. Rotatoria, Cladocera and Copepoda (see Tables 1, 2). The highest species
diversity was registered in Rotatoria group, followed by Cladocera and Copepoda groups. A
considerable number of young cyclopses were registered in the Copepoda group in both lakes,
i.e. Copepodite cyclopoid and Nauplii. The determined total number of the zooplankton
species in each lake is 30 species (see Tables 1, 2). In Lake Geranimovas-llzas Rotatoria were
the most dominant group consisting of 17 species, followed by Cladocera with 11 species and
Copepoda with 2 species. Similar situation is in Lake Garais, where Rotatoria group had 16
species, Cladocera group — 12 species and Copepoda group — 2 species. Polyarthra vulgaris,
Polyarthra major, Keratella cochlearis and Pompholux sulcata were dominant species in the
Rotatoria group in all localities of the sampling on both lakes, i.e. on Lake Geranimovas-llzas
and Lake Garais. In its turn, Daphnia cucullata and Diaphanosoma brachyurum were
dominant species in the Cladocera group, but Cyclops sp. and Eudiaptomus gracilis in the
Copepoda group. The species number in the samples varied depending on the locality of
sampling and the volume of filtered water. The largest species diversity was observed in the
samples which were collected by Gedi plankton net, because these samples were collected
from the bigger depth and accordingly the biggest volume of water was filtered through this
net.
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Tablel.
Zooplankton community composition of Lake Geranimovas-llzas

Occurrence of species (taxa) in sampling place
Species ( taxon ) Nri(Om) | Nr2(@4m) | Nr3(9sm) | Common
species

Rotatoria
Trichocerca capucina + + + +
Ascomorpha ecaudis + + + +
Polyarthra major + + + +
Polyarthra vulgaris + + + +
Asplancha priodonta + + + +
Keratella cochlearis + + + +
Keratella quadrata + + + +
Kellicotia longispina + + + +
Conochilus unicornis + +
Pompholux sulcata + + + +
Filinia longiseta + + + +
Trichocerca tigris + + + +
Conochilus hippocrepis + + + +
Testudinella truncata + + + +
Ascomorpha minima +
Ascomorpha saltans + + + +
Lecane sp. +

Cladocera
Diaphanosoma brachyurum + + + +
Daphnia cucullata + + + +
Daphnia longispina + +
Bosmina longirostris + + + +
Bosmina coregoni + + + +
Chydorus sphaericus + +
Bosmina crassicornis + + + +
Bosmina longispina + + + +
Ceriodaphnia affinis + + + +
Bosmina reflexa +
Daphnia cristata +

Copepoda
Cyclops sp. + + + +
Copepodite + + + +
Nauplii + + + +
Eudiaptomus gracilis + + + +

Sum: 24 28 26 23

Having analysed the qualitative composition of the zooplankton species it may be concluded
that the level of pollution in these lakes is low, because there are such oligosaprobic species in
these lakes as, Keratella cochlearis, Keratella quadrata, Filinia longiseta, that die out from
lack of oxygen in few hours. Having compared the results of research with the literature
sources [1]., it may be concluded that the qualitative composition of the zooplankton species
in Lake Geranimovas-llzas and Lake Garais is similar to the composition of the zooplankton
in other Latvian eutrophic lakes.
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Zooplankton community composition of Lake Garais

Table 2.

Species (taxon)

Occurrence of species (taxa) in sampling place

Nr 1 (18m
)

Nr 2
(47m)

Nr 3
(36m)

Nr 4
(6,6m)

Common
species

Rotatoria

Trichocerca capucina

Trichocerca tigris

Ascomorpha ecaudis

Ascomorpha saltans

Polyarthra major

Polyarthra vulgaris

Asplancha priodonta

Keratella cochlearis

Keratella quadrata

Kellicotia longispina

Testudinella truncata

Pompholux sulcata

Filinia longiseta

N S S S S [ (o o ) R S S

N S o R N [ (A S S R o P

[+ ||| |||+ +

Lecane luna

Conochilus hippocerpis

+

R o I IR [ I IS o o S N S I e IS

+

Synchaeta tremula

e I I I I I IO e o I [ [ I I I IS

Cladocera

Diaphanosoma brachyurum

Daphnia cucullata

+

Ceriodaphnia affinis

Bosmina longirostris

Bosmina longispina

Bosmina coregoni

[+ [+ ]+

++ [+ |+ +|+

Ceriodaphnia reticulata

Chydorus sphaericus

Kurzia latissima

Bosmina crassicornis

Daphnia longispina

+

[+ ]+

Alona affinis

+

Copepoda

Cyclops sp.

Copepodite

Nauplii

Eudiaptomus gracilis

+|+ [+ +

++ [+ +

++ [+ +

+ |+ |+ +

+ |+ |+ +

Sum:

26

28

29

27

24

Having studied the zooplankton quality indices (Sorensen index) (see Tables 3, 4) we have
found that they are a bit different in these two lakes. The similarity of the localities of
sampling in Lake Garais is between 0.89 and 0.94, it proves that they are very similar.

The locality 1 and the locality 3 show the greatest similarity — 0.94, as well as the locality 2
and locality 4 (see Table 3). The localities of sampling in Lake Geranimovas-llzas are also
similar, where the similarity between the localities of sampling is between 0.87 and 0.94. The
greatest similarity is between the locality No 2 and the locality No 3 -0.94 (see Table 4).
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Table 3.
Sorensen index (Lake Garais)
Sampling place Nr 3 Nr 4
Nrl
Nr 2
Nr 3
Nr 4

Table 4.
Sorensen index (Lake Geranimovas-1lzas)

Sampling place

Nr 1
Nr 2
Nr 3

Having studied the quantitative comparison indices (Renkonen index) (see Tables 5, 6) we
have found that the similarity between the localities of sampling in lake Garais is between 8%
and 72% (see Table 5). The greatest similarity is between the locality No 1 and the locality
No 4 — 72%, the locality No 2 and the locality No 4 — 27%, while the lowest similarity is
between the locality 2 the locality 3 — 8%. However, the Renkonen indices of similarity
between the localities of sampling are low, i.e. it is between 10% and 22% (see Table 6). The
greatest similarity is between the locality No 2 and the locality No 3 — 22%.

Table 5.
Renkonen index (Lake Garais)
Sampling place Nr 3 Nr 4
Nr 1l
Nr 2
Nr 3
Nr 4

Table 6.
Renkonen index (Lake Geranimovas-l1zas)

Sampling place

Nr 1
Nr 2
Nr 3

Having studied and analysed physical and chemical parameters of these lakes we can say that
they have not essentially changed for months when the research was conducted. For example,
on the 13 July 2007 the temperature of water in Lake Geranimovas-llzas (locality No 2)
ranged from 21.17 °C at 0.5m depth to 5.74 °C at 41m depth (see Figure 1). In its turn, on the
13 July 2007 the temperature of water in Lake Garais (locality No 2) ranged from 18.99 °C at
0.5m depth to 4.79 °C at 46m depth (see Figure 2). It can be concluded that water temperature
tends to decrease with depth. The characteristic stratification of these lakes is in the
metalimnion, i.e. at 4-9 m depth. The concentration of dissolved oxygen mg/l decreases with
depth. The concentration of dissolved oxygen in Lake Geranimovas-llzas is between 8.71
mg/l at 0.5 m depth and 6.55 mg/l at 41 m depth (see Figure 2). The concentration of
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dissolved oxygen in Lake Garais is between 8.02 mg/l at 0.5 m depth and 3.51 mg/l at 46 m
depth (see Figure 1). The highest concentration of dissolved oxygen in Lake Geranimovas-
lizas is at 7 m depth, but the highest concentration of dissolved oxygen in Lake Garais is at 4
m depth. Then the concentration decreases. The concentration of dissolved oxygen mg/l in
water is connected with biological and chemical processes. For example, high concentration
of dissolved oxygen in upper water layers may be a result of the plants photosynthesis when
oxygen is evolved r it may be washed away from the atmosphere with waves.
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Fig.1. Comparison of physically chemical parameters of water in Lake Geranimovas-
llzas on 13" July, 2007

The concentration of dissolved substances g/l in lake Geranimovas-llzas ranges from 0.194
g/l to 0.208 g/l, but in Lake Garais — 0.21 g/I.
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Fig.2. Comparison of physically chemical parameters of water in Lake Garais on 12"
July, 2007

The other localities of sampling shared very similar physical and chemical parameters.

Conclusions
Based on the data received in the research, the following conclusions can be made:
1. Three zooplankton groups, i.e. Rotatoria, Cladocera and Copepoda groups were
identified in Lake Geranimovas-llzas and Lake Garais. The total amount of the
zooplankton species in both lakes is 30.
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10.

11.

12.
13.

The level of pollution in Lake Geranimovas-llzas and Lake Garais is low, because there
are oligosaprobic species in these lakes.

The qualitative zooplankton analysis (Sorensen index) showed that the similarity between
the samples from Lake Geranimovas-llzas is within 0.87-0.84, while the similarity
between the samples from Lake Garais is within 0.89-0.94.

The quantitative zooplankton analysis (Renkonen index) showed that the similarity
between the samples from Lake Geranimovas-llzas is within 10%-22%, while the
similarity between the samples from Lake Garais is within 8%-72%.

The physical and chemical parameters of Lake Geranimovas-llzas and Lake Garais have
not been essentially changed for months. Water temperature decreases with depth, and the
concentration of dissolved oxygen decreases with depth.
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PEKPEAIIMOHHBINA NOTEHIIUAJ U UCTTOJIb30BAHUE BOJHBIX
OBBEKTOB KAPEJIMN B PEKPEAIIMOHHBIX HEJAX (Ha npuMepe
TeppUTOPUHN 320HEKDBA)

RECREATION POTENTIAL AND WATER-BASED RECREATION
RESOURCES IN KARELIA (example of the Zaonezhje area)

Bepa bycaposa
Wuctutyt Bonusix [Ipo6iem Cesepa KapHIl PAH
np. Anekcanapa Hesckoro, 50, r. IletpozaBosck, 185030, Poccus
ph: +7 (814-2) 57-63-81, fax: +7 (814-2) 57-84-64, e-mail: arhi9@onego.ru

Abstract: In Republic of Karelia tourism accepted to be one of priority orientations in program on
socio-economic development of region. This paper observes recreation potential of Republic Karelia. More
emphasis is put on to Zaonezhje as an area with rich history and unique natural complexes. We developed a
water route around islands of northern part of Onego Lake. It can become a good alternative tourist product
and will be able to reduce recreation load on another popular destinations. This route can be used in school
educational program also.

Keywords: ecotourism, tourist-recreational potential, tourist rout, Zaonezhje.

BBenenue
Typusm sBisieTcss OIHOM M3 KpyNMHEHIINX, BBICOKOAOXOAHBIX M Hamboiee IUHAMUYHO
Pa3BHUBAIOIIMXCS B HACTOSIILIEE BPEMS OTpaciieil MUPOBOW SKOHOMMKH, 3aHUMasi BTOPOE MECTO
1o 00beMaM MpoIaxk MMOCIe MAIMHOCTPOEHHUS.
Bot Heckonbko udp: Ha chepy Typuzma npuxoautcs a0 11% muposoro BHII, 7% mupoBbix
UHBeCTULUH, Kaxaoe 16-e pabouee mecto, 11% MUPOBBIX MOTPEOUTENBCKUX PACXOAOB, 5%
BceX Hajiorosbix nocrymieHui. [lo onenkam Beemuphoii Typucrckoit Opranuzanuu TypusM
B Ompkaiiiiee Bpemsi OyJieT pa3BUBAThCs OYEHb ObICTPO U AnHaMH4YHO U K 2020 roxy craHer
oTpacibio No 1 Mo MHOTHM TOKA3aTeIsiM.
Ho Typusm — He mpocTo yBieUeHHE WM MOJA. DTO >KU3HEHHAasl MOTPEOHOCTh OOJIBIIMHCTBA
moaeil. B pa3Hble BpeMeHa M 3MO0XH MPUMEPHO OJHO U TO K€ MPUBJIEKAJIO UX B TypU3ME:
pPOMaHTHKa MyTEUIeCTBUH, a 3HAUUT, OErcTBO OT OOBIJEHHOTO, BO3MOXXHOCTh HE(OPMaIIbHOTO
oOuienusi. biaronapst Bce HOBBIM IepeMeHaM, TYPHU3M JIeNIaeT KU3Hb NHTEPECHEH, HalOJHIET
€€ HEeOXKUIaHHBIMU OTKPBITHSIMU B IpUpOe U obmiecTse [5].
Cnoso "Typusm" npousornio oT ¢ppaHiry3ckoro ciosa "tourisme", mpousBoanoro ot "tour" —
IIPOTYJIKa, 3TO MYTEIIECTBUE C LIEJBIO OT/bIXA, HHAYE TOBOPs, OTIBIX BHE A0Ma [3].
B ®enepanbHOM 3aKkoHE 00 OCHOBaX TYPHUCTCKOH nesrtenbHocTH B PD chopmynupoBaHo
HanOoJiee eMKOe IMOHATHE «TYpU3May» — 3TO BPEMEHHBIE BbIE3/bl IPAXAaH C MOCTOSHHOIO
MeCTa JKUTEIbCTBA B O3JOPOBHUTEIBHBIX, IO3HABATEIbHBIX, MNPO(HECCHOHATHHO-ENOBBIX,
CHOPTHUBHBIX, PEIUTHO3HBIX M MHBIX LEIIX 0€3 3aHATHS OIUIAYMBAEMOU JESTEeIbHOCTHIO B
MecTe BPeMEHHOT0 mpeObiBanus [6].
TypusM OCHOBaH Ha IIEJIEBOM M Pa3yMHOM HCIIOJIB30BAHMM TYPUCTCKHX pecypcoB. Ilog
TYPUCTCKUMHU pEeCcypcaMH TOHUMAIOTCS MPHUPOJHBIE, HCTOPUYECKHE M  COLHUAIbHO-
KYJBTYPHBIE 00BEKTHI, BKIIOUAIOIINE 00BEKTH TYPUCTCKOTO MOKa3a, a TAK)XKe WHbIE 00BEKTHI,
CIIOCOOHBIE Y/IOBJETBOPATH JyXOBHbIE M HMHTEJUIEKTYalbHbIE MOTPEOHOCTH TYpPHUCTOB,
COJICMCTBOBaTh BOCCTAaHOBJICHHUIO M Ppa3BUTHIO (uszuueckux cuia [6]. Ipyrumu crnoBamu,
TYPUCTCKHE PECYpChl — 3TO COBOKYIHOCTb NPUPOJHBIX M HMCKYCCTBEHHO CO3JaHHBIX
4eJI0BEKOM O0OBEKTOB, IPUTOJHBIX JUIs CO3/IaHHs TYPUCTCKOTO MPOIYKTA.
[TprHuMast BO BHUMaHHUE TO, YTO TYPUCTCKUE PECYPCHl PACCMAaTPUBAIOTCS B KAYECTBE OJJHOTO
U3 TJIaBHBIX (DAKTOPOB Pa3BUTHUA TypH3Ma B PETHOHE U UCXOIHOTO 0a3uca JUlsl TIIaHUPOBAHUS
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IPOU3BOJICTBA TYPHCTCKOTO IIPOAYKTA, COCPEJOTOYMM CBOC BHHUMaHHE Ha HUX Oosee
OPOOHOM PacCMOTPEHHUHU.

Martepuajibl 1 MeTOABI
Tepputopus Kapenuu HeogHOpoJHA MO KOJIMYECTBY M KA4€CTBY PECYPCOB, KOTOPbIE MOTYT
ObITHh BOBIICYEHBI B TYPHUCTCKYIO JeSTEIbHOCTh. JlaHHOE O00CTOSTENHCTBO OIpenesieT
AKTyaJIbHOCTh 30HHMPOBAHMSI TEPPUTOPUU, NPOBEACHHUS pPabOT MO MPOCTPAHCTBEHHOMY
IUIAHUPOBAHHUIO M OTPEACICHUE TEPPUTOpUM, Hanbojee MEepCIEeKTUBHBIX C TOYKH 3PEHUS
pa3Butus TypusMa. B ['eHepasibHOl cxeme pa3BUTHS 0OBEKTOB U MHPPACTPYKTYpPHI TypHU3Ma
B Pecnybmuke Kapenus, paszpaborannoii ®I'YII HUIIM VYpOaHHCTKH COBMECTHO C
Nuctutyrom skoHomuku Kapenbckoro HayyHoro nentpa PAH mo 3akazy MunucrepcTBa
AKOHOMHUECKOTO pa3BuTHs PecriyOnuku Kapenus, obocHoBaHO co3nanue 12 TypUCTCKUX 30H
(4 — omopHBIX 30H ¥ 8 — BTOpPOCTENECHHBIX 30H): [Is03epckast, [Ipunonspuas, KaneBanbckas,
Kemcko-benomopckas, Myesepckas, Cerexckasi, CyosipBckas, Llentpanshas, [lymosxxckas,
[Tpunanoxckas, Ononenkas u lenrozepckas (Puc.1) [2].

\ NN YenosHbie 06o3HaveHnn

g o TOPPUTOPMA TYPHCTCKON 30N
s £ owa opravaesausn ypucrernx
MapupyTos)
apo TypETCKOM 30wt
(TOPPUTOPUR KOMUONTPAUMM
voxron TypucTCHo

5 A Mynesckan |
TIE TPORKBORCKY—" gk 4
et TROZAVOOSK

NDNE I B
Puc.1. Cxema pa3MelieHls TYPUCTCKHUX 30H Ha TeppuTopuu Kapeaun

B rpanumax lleHTpanpHOW 30HBI HAXOAWTCS  TEPPUTOPHUS  3A0HEKbBs, KOTOpas
paccMaTpUBAETCs B KAUECTBE OJIHOM U3 MEPCIEKTUBHBIX TYPUCTCKUX 30H.

B kommuiekce pekpeanroHHBIX PECYpcoB 3a0HEXKbs 0CO00€ MECTO 3aHUMAIOT KYJIbTYpPHO-
UCTOPUYECKHE PECYpPCHI, MPEACTaBISAIOMUE COO0H HacaeIue MPOLUIBIX 30X — 3TO OOJIBILIOE
KOJIMYECTBO apXUTEKTYPHBIX U UCTOPUUYECKUX MAaMSATHUKOB, PACTIONOKEHHBIX Ha TEPPUTOPUHI
TYpUCTCKOI 30HBI (526 MaMATHUKOB, B T.4. 245 MaMATHUKOB apXUTEKTYpbl, 43 MaMsATHHKA
UCTOpUH, 54 UCTOpPUYECKHX MoceneHus). [[aMSITHUKM HapoJHOTO JEpEeBSHHOIO 30/14eCTBa
octpoBa Kmkn mmpoko M3BECTHBI HE TOJIBKO B Poccun, HO U 3a ee npeaenamu. JlepeBsiHHbIE
LEPKBU W KOJOKONbHS Kumkckoro morocra BKIIOUYEHBI B cnucok BceemmpHoro Hacnenus
FOHECKO [4].

OO6pa3yeMble KyJIbTYpPHO-UCTOPHUUYECKUMH OOBEKTaMH MPOCTPAHCTBA B 3HAUUTEIHLHOU Mepe
ONpPEACIAIOT JIOKAIU3ALUI0 PEKPEAalMOHHBIX IIOTOKOB H HAINPABJICHHUA HKCKYPCHOHHBIX

MapLIpyTOB.
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[lepcrieKTUBHBIM AJI1 JAHHOTO palioHa SIBISETCS KYypOPTHO-03J0OPOBHUTEIBLHOE HaIpaBJICHUE
Typu3Ma. 3aOHEXKCKHH TIOJIyOCTpOB OOrar HaJIMYMEM BBIXOJIOB Ha IOBEPXHOCTD
MUHEpalbHBIX BOJA: UCTOYHUKHM «llapuubi xmouy», «Tpu HWBanay, «ConsHas sma». B
037I0POBUTEBHBIX LEISAX MOTYT MCIIOJIb30BaTbCsl BOJOOUMIIAIOIINE CBOWCTBA IIYHTUTOB,
pacnpoCTpaHEHHBIX Ha TEPPUTOPUU 3a0HEKbS.

Cobvimutinbii mypusm TIO3BOJSIET COBMECTHTH IyTemecTBHe B Kapemuio ¢ mocemeHuem
pa3IMYHBIX CIIOPTUBHBIX M KYJIbTYPHBIX MEpONPUSATHI: BBICTABOK, KOHIIEPTOB, SPMapoK.
CopeBHOBaHUS TPAIULMOHHBIX JIOAOK-KIKaHOK «Kukckast perara», "Kwmxu-macrepckas
JercTBa" - BCEPOCCHUICKUN JNETCKUM MY3€HHBIM Mpa3HUK Ha OCTPOBE, MOXHO IMOCETHUTh
TaKKe Ipoxosaiyto Hepaneko LIlyHprekyro sspmapky.

Tepputopust Kumxckoro apxurenara siBiasieTcsi 0cO000XpaHsIeMOH, MOITOMY HEJb3si 000HUTH
CTOPOHOM 2KOM02UYECKUli Mypu3mM — 3TO TYpU3M, LIEJIbI0 KOTOPOTO CIYXHUT 3KOJIOIMYECKOe
MIPOCBEIICHHUE, COXPAaHEHHE M BOCCTAaHOBJIEHHE Mpuponbl. Ha 3a0HEKCKOM MOJIyOCTpPOBE B
paiione Kipkckoro apxumernara BO3MOXKHAa OpraHU3alus MapLIpyTOB, MPOXOJASIIUX I10
HETPOHYTOM MpHUpOJE, TIe MOXHO B IMOJTHOW Mepe HACHAJAMTHCS KpPAacOTOM STOro Kpas
y3HaTb MHOTO HOBOTO M HMHTEpecHOro o0 ocobenHocTsix mpuponasl Kapenuu. CormacHo
pe3ynbTaTaM OLIGHKM TMOTEHIMana 5JKOJOTHYECKOro TypH3Ma B TYPHCTCKHX palloHax
Pecriyonmuku Kapenust (MeToJl MHTETPATLHOW AKCIEPTHON OICHKHU M0 HAIMYUIO PA3IAIHBIX
BUJ0B cymecTByromux u nepernektuBHbix OOIIT), LlentpanbHas TypucTckas 30Ha o01anaeT
caMbIM BBICOKHM IOKa3atesneM — 142 (cpeaHuil mokasarelb 0 TYpUCTCKUM 30HaM - 42,3) [2].
C urons 2006 roxa Ha Tepputopun octpoBa Kmku Hapsay ¢ TpaJAULMOHHBIMU 3KCKYpPCUSMHU
CTaJId TPOBOJUTHCS  OSKOJIOIMYECKHE MapuHIpyThl. Bo Bpems Mapiipyra MOXHO YBUJIETh
CJeabl TIJICHCTOIIEHOBOTO OJIEACHEHUS, MECTOOOWTAaHWE MHOTHX BHUAOB NTHI] — OOJIOTO
Moruury6a, pasHOTpaBHbIE Jiyra ocTpoBa Kiky, SK3eMIUISIpbl PETUKTOBBIX BHJIOB PACTEHUH,
MO3HAKOMHUTBCS C UCTOpUEH (HOpMUPOBAHMS 3€MHON MOBEPXHOCTH 3aOHEXbS U HCTOpHEH
BO3HUKHOBEHUS U pa3BUTHsI ocTpoBa Kuxwu [1].

OctpoB Kimku ¢ KaabIM roJJoM IMOCeIIaeT Bce 0ojblee U 0ojbliee KOTUYECTBO TYPUCTOB.
Tax, nanpumep, B 2006 1. o. Kwxu mnocermsno 177 Teic. 4enoBeK, KOJI-BO TYpPUCTOB
npojoikaeT pacti. COOTBETCTBEHHO, €ClIU OOIIMN TYPUCTCKUNA MOTOK HAa TEPPUTOPUIO 30HBI
orieHUBaeTcs Ha ypoBHe 450 ThIC. YENOBEK/TON, TO ATOT OOBEKT mocemaer Oonee 1/3
TYpPUCTCKOTO TIOTOKa. BaXHO yd4ecTb, 4YTO OCHOBHOW IIMK TYPUCTHYECKOIO CE30HA
NPUXOJUTCS HA TIEpUOJ C CEepeIuHbl Mas [0 CepEeIUHy CEHTAOps, K TOMYy IKe
B PEKPEALIMOHHON JEATEIBHOCTH 3a/1€HCTBOBAaHA TOJIBKO FOXKHASI YaCTh OCTPOBA, HA KOTOPOH
Haxoautess Kwkckuit moroct. CymiecTByeT cepbe3HOE€ HPOTUBOPEUYHE B TOM, YTO TaKOH
HEOOJIBIIION MO MJIOUIAJM pailioH JOJDKEH NPUHMMATh AHOMAJIbHO OOJBIIOE KOJIMYECTBO
moznet. Jlroqu, mpebbiBasi 37eChb KOPOTKOE BpeMs, BEAYT, KaK MPaBWJIO, OYEHb AKTHUBHBIN
o0pa3 *H3HU, UTO BO MHOTOM MPOTUBOPEUHUT 3ajjaue MOoJJepKaHUs pailoHa B IKOJIOTUYECKU
IIPUEMIIEMOM COCTOSTHUU.

Pe3yabTaThl M 00Cy:KI€HUE
Ecnmu MBI XOTMM MNpoOAODKaTh pa3BUBAaTh TypU3M B JaHHOM paloOHE, TO, YYHUTHIBas
JOMYCTUMYIO PEKPEAlMOHHYI0 HArpy3Ky M AMHAMUKY TYPUCTCKUX MOCEUIEHUH, MOKHO
yTBep)K)IaTI), qTo yBeHquHHe MOIITHOCTH TypI/ICTCKOFO II0OTOKAa B 6HH}KaI>’IIHI/Ie oAbl TOJBKO 3a
CYeT ATHX 00BEKTOB TYPUCTCKOTO MOKA3a MPEICTaBISIETCS HEBO3MOKHBIM.
JanpHenniee pa3BUTHE TYpU3Ma U IPHUBJIEYEHUE TYPUCTCKUX ITOTOKOB HA TEPPUTOPHUIO 30HBI
noTpedyeT BOBJICUEHUS JPYTUX TYPUCTCKO-PEKPEAIIMOHHBIX PECYPCOB B MPOLIECC Pa3pabOTKu
TYPUCTCKUX IIPOLYKTOB.
[lepcieKTUBHBIM BUJUTCS BOIHBIM MapuIpyT BOKpYr ocTpoBa Kk M 1o >KMBONHCHBIM
OKPECTHOCTSIM — OJIM3JICIKAITUM OCTPOBAM.
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OnuH W3 BapuaHTOB TAaKOM OJKCKYPCHM MBI pPa3pabOTalli M XOTHM MPEACTaBHTH €€
BUpTYyalbHbIN BapuaHt (Puc.2).

Puc.2. Cxema mapupyTta no ocrpoBam Kuaxckoro apxunenara «3aoHemkcKne nNpocTopbh»

1. Ilynkr oTnpaBieHus — npuctadb octpoBa Kinku.

2. OcranoBka B 1. ManbKoBO, paccka3 O XO3SMCTBEHHOM OCBOCHHMM paiiOHa, MPOCMOTP
POBHHII ¥ 3200pOB, KAMEHHOH TaTH, IPOJIOKEHHOH uepe3 00I0To.

HHTepecHBIM BapuaHTOM MOXKET CTaTh pa3paboTKa MapUIpyTOB, OTPAXKAIOIIUX CTaTUuU
BOCCTAHOBJIEHMSI TE€OKMILJIEKCOB, MCIBITABIIUX  CEJIbCKOXO3SHUCTBEHHOE  BO3JICHCTBUE.
['eoKOMIUIEKCHl OCTPOBOB HWIJLTIOCTPUPYIOT CTAAMI0 JAETpajallid KyJIbTYpPHOro NaHamadra
(CyxollonbHBIE JIyra), CTaIWI0 BOCCTAHOBJICHHUS (3apacTarollie MEJIKOJIMCTBEHHBIMU
NOpPOJIaMHU JIEPEBbEB U KYCTAPHUKOB JIyTa), U CTAMI0 BOCCTAHOBJIEHHBIX KOPEHHBIX XBOMNHBIX
JecoB (CMEIIaHHbIE XBOWHO-MEJKOJIMCTBEHHbIE Jieca). BrpllllenepeyncieHHbIM CTausiM
XapakTepHO HAJIWYME KAaMEHHBIX Tpsifi — POBHHUIL, KOTOPBIE SIBISIOTCS OJHUMHU M3 SPKUX
UCTOPUKO-KYJIbTYPHBIX OOBEKTOB.

3. . IlogbenbHUKH, SKCKYpCHs K yacoBHE [lapackeesul Ilamuuybl u Bapraama Xymuinckozo
4. n. ErnoBo Ha octpoBe EriioB, ocmoTp wacoBHU bocopoduysl ecex cxopbswux padocmell,
IpOTyJKa CpeAd MOKKEBEJIOBBIX HacaKIAeHWH, Oecela O TPaAMLIMOHHOM HCIOJIb30BaHUU
MOJKKEBEIbHHUKA

5. 1. HaconoBmuua Ha BonkoctpoBe, skckypcusi k uyacoBHe Ilempa u Ilasna, oben Ha
OCTpOBE

6. OctpoB J[lonruii, mnporynka mo psaOMHOBOMY Jecy, Oeceqa O TpagUIIMOHHOM
MCIIOJIb30BaHUU PSIOMHBI

7. Bo3Bparienue k npuctanu octpona Kiku

O61mas npoTseHHOCTh MapuipyTa — 20 KM.

Bpewmst skckypenu — 5 4acoB (MOXKET U3MEHSATHCS B 3aBUCHUMOCTH OT IMOTOJHBIX YCIOBU).
Pa3mep rpymnibl 3aBUCUT OT BMECTUMOCTH TPAHCIIOPTHOTO CY/IHA.

OKCKypcusi pacCcuMTaHa Ha CTapUIMX ULIKOJIBHUKOB (KaK BHEKJIACCHOE MEpOIPUATHE
KpaeBeueCKOl HaNpaBJIEHHOCTH), CTYAEHTOB (B paMKax Kypca MO KpaeBeAueCKUM
JUCLIMIUIMHAM) a TaKkKe uTened U rocreil Kapenuu, MHTEpecyromuxcss UCTOpUEN HaIEro
Kpasi.

OT0 10CTaTOYHO MH(OPMATUBHBIM MapHIpyT, BO BpeMs MPOTYJIKH Ha TEIJIOXOJe, HE CXOJs
Ha Oeper, MOXHO TO3HAKOMUTHCA C YHHUKAJIbHBIMH YacOBHSMHM, PACHOJIOKEHHBIMH HeE
Ha ocTpoBe KmXu, a BOKpYr HEro M CO3JalOUIMMU CBoeoOpa3Hoe obpamiieHue Kuxckoro
ancam6:s1. Bpemst moctpoiiku wacoBeH — XVII-XIX Beka. MapiipyT 3KCKypcHH TTO3BOJISET
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noJit000BaThCsl BHUJIAMU apXHUTEKTYpHOro ancamOmsi Kukckoro morocra, MOYyBCTBOBATb
HEPA3pbIBHOE €JMHCTBO IPUPOJIBI U APXUTEKTYPHI.

[Toka SKCKYpCHOHHBII MapuIpyT CYIIECTBYET TOJIbKO B BHUpPTyalbHOM BapuaHTte. J{is ero
peanu3ay MOTPeOYIOTCS CYIIECTBEHHBIC BIOXKEHHUS Ha MOKYIKY/apeHAy M PErHCTpaLuio
TPAHCIIOPTHBIX CPEJICTB, MOCTPONKY MPUYATIOB U 000OPYJOBAHHE CTOSIHOK.

3akioueHnne

Tepputopuss Kapenuu o0mamaeT BBICOKMM PEKPEAMOHHBIM TMOTEHIIMAIOM, IPHYEM,
MEPCIEKTUBHBIMHU SIBJISTIOTCSI HE BHYTPEHHHUE PaliOHBI, a O€pEroBbIe 30HBI PA3IMUHBIX BOJIHBIX
00BeKTOB, OONanaromme OoJee BBICOKMMH IIOKa3aTeIsIMU IEW3aKHOTO pa3HooOpasusi. B
CBSI3U C OTHUM, OCOOYIO IIEHHOCTh NMPUOOPETAIOT MHOTOYMCIIEHHBIE OCTPOBA, HAXOASIINECS B
3aJIMBaxX KPYIMHBIX 03ep. OCcTpoBa pacrooKeHbl Ha HEOOJIBIIOM PACCTOSIHUM OT MaTEpPUKa, 110
HUX MOXHO JIETKO J00paThCsi Kak Ha MOTOPHBIX, TaKk M Ha OE3MOTOPHBIX CyHdax.
MHoOro4uciaeHHble HCTOPUKO-KYJIBTYPHBIE W HPUPOAHBIE OOBEKTHl, B TOM 4YHUCIE U
VHHUKaJNbHbIE, TO3BOJIAIOT  pa3padaTbiBaTh  Ha OCTpOBaX HE  TOJbKO  0030pHBIE
IIO3HaBaTCJIIbHBIC, HO U CHGLII/IaJII/I3I/Ip0BaHHI)IC E)KCKprI/II/I — I'€OJIOTNYECKUC, 60TaHI/I‘-IeCKI/I€,
opHHTOJOTHYEeCKHE. [IpM TUIaHUPOBAaHWKM MEPONPHUATHH, CBS3aHHBIX C PEKPEalMOHHO-
TYPUCTUYECKON JIeATEIHbHOCTHI0O HEOOXOUMO CO3/IaBaTh IKOJOTUYCCKU COAIAHCHPOBAHHYIO
CTPaTErui0 PEKPEalMoOHHOr0 MPUPOIONOJIH30BAHUS. DTO BO3MOXHO TOJBKO TMpHU
KOMIIJICKCHOM I/13y‘~IeHI/II/I TCOCHUCTECM. HOJIyT-II/IB JTAHHBIC O COBpeMeHHOM COCTOAHHUHN
TEPPUTOPUU, MOXKHO JieJlaTh TPOTHO3BI €€ JaJbHEWIIEro pa3BUTHSA, IEPCIICKTUBBI
XO3HCTBEHHOI'O MCIIOJIL30BAHUS.

Summary

The Zaonezhje area has high recreational potential. It should be noticed that coastal zones are
more promising for recreational development than internal areas, because of higher indicators
of a landscape variety. Numerous historical, cultural and natural objects including unique,
allow developing on islands not only traditional common-informative, but also specialised
excursions — geological, botanical, ornithological, etc. At planning of the actions connected
with recreational activity it is necessary to create ecologically balanced strategy of
recreational wildlife management. It is possible only at complex studying of geosystems.
Having obtained data about a modern condition of territory, it is possible to planning its
further development and practical use.
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ABTOMATHU3UPOBAHHASA KJTACCU®UKALIMA BOJIHBIX
OBBEKTOB 1 OLHEHKA ITPUPOJHOI'O KAYECTBA BO/I
AUTOMATIC WATER OBJECTS CLASSIFICATION AND NATURAL WATER
QUALITY ASSESSMENT

Mikhail Zobkov
Nothern water problems institute, Karelian research center
50 Aleksandra Nevskogo St. Petrozavodsk, Karelia, Russia
Ph: 8 (8142) 576541, e-mail:duet@onego.ru

Abstract. Assessment of water quality and classification of water object plays significant role in an
environmental and ecology study. Water quality evaluation by hydrochemical parameters is fairly difficult and
required a long period of time. Automatic expert system was created to solve this problem. Automatization of
objects classification and quality assessment for humus zone based on Karelian water bodies research data are
presented in this study. Automation algorithms of the surface water geochemical classification based on the
principal chemical transactions was obtained during research. Classification based on implicit scaling data by
classification parameter. Alkalinity, pH, huminity, Fe., and total phosphorous were chosen as the main
classification parameters. For classification by alkalinity were used alkalinity and pH, for huminity
classification were used coefficient of huminity — y,_ iColor-cop,, and Fecom, for trophic state were used

huminity class and total phosphorous concentration. The water objects distribution by huminity, alkalinity and
trophic state was obtained and basic geochemical classes were picked out. Natural water quality was assessed
as combination of geochemical classes. Results of research presented as maps and trends of geochemical
classes and natural water quality distribution over the area of Republic of Karelia.

Keywords: automatic data processing, alkalinity, huminity, trophic state, water quality assessment,
water objects classification.

BBenenue
B mHactosimiee BpemMsi B CBS3M C 3arps3HEHHEM OKpYy)KawoIied cpeabl BCE OONBIIYIO
aKTyaJIbHOCTh MPUOOpETaeT BOMPOC OLEHKM KauecTBa MPHUPOJIHOIN BOJBI M BO3MOXHOCTHU €€
NPUMEHEHUS JUIA  KOHKPETHBIX BHJOB  BOJOIIOJB30BaHUs, a TAKXKE  BBIBICHHUS
AHTPONIOTCHHOI'O BJIWAHHA HAa BOAHBIC OOBEKTEL. O}lHaKO, B CBsI3M C TEM, UTO 3Ta OIICHKAa
MPOBOAUTCA MO HECKOJIBKUM JECATKAM XHMHYECKMX [apamMeTpoB, JaHHBIA aHAIIN3
MIPEACTABIISIET COOOM IOCTATOUYHO TPYAOEMKUN U JUTUTEILHBIN TIPOIIECC.

Martepuajibl 1 METObI
Jns oTux ueneil aBTopoM Oblia pa3zpaboTaHa aBTOMATHU3MpPOBAaHHAs CUCTeMa OOpPabOTKHU
TUAPOXUMUYECKON HH(OPMAIIUU U OLIEHKU COCTOSTHUS BOJIHBIX 00BEKTOB (puc.1).
NudopmanvonHas cucremMa o0O0paOOTKH THUIPOXMMHUYECKONH HMHQPOPMAIIMH COCTOUT U3
porpaMMBbl yITpaBIICHHsI, HATMCAHHOM Ha s3bIKe mporpammupoBanus Delphi u 6a3sl qaHHBIX
B (popmate Paradox, pa3OuToi Ha HECKOJBKO B3aWMOCBs3aHHBIX TaOmwuil. [lepBas Tabnuia
MCXOJIHBIX JIAaHHBIX BKJTIOUAET B ce0s1 001Iy0 nHpOpMAIHio 0 MecTe 0TOOpa MpoOkl: Ha3BaHUE
00BeKTa, HOMEp CTaHIUU, TeorpaduyecKkue KOOPAMHATHI, TOPU3OHT, HOMEp MpOObI, naTa
otOopa. Bropas rpynna Tabaul colepKUT THMAPOJOTHYECKYI0O HHPOPMAIUIO 00 M3ydaeMbIX
o0wekTax. TpeTbs — HEOOXOAUMBIE AJIs PacUeTOB CIIPaBOUYHBIC JaHHbIE. B ueTBepToil rpymnmne
TaOIHI] XPaHATCSA PE3YIbTaThl BEIYUCICHUH. Bee Tabmuibl cBOASITCS B 0OIIyr0 0a3y TaHHBIX
porpaMMoii ynpapieHus nocpeactsoM SQL-3anpocoB U MHIEKCHBIX TOJEH.
PesynpTaThl aHanu3a MOTYT OBITH MPEACTABICHBI B NMEYATHOM BHUJIE WJIM DKCIIOPTHUPOBAHBI B
JIPYTHE CUCTEMBI JJIs JalbHEHIei 00padoTKH.
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I'eoxumuyeckas kinaccuuKanus BoI
IIpupoaHoe kauecTBO BOJ
3arps3HEHHOCTH BOJI
ABoManmuu XMMHYECKOT'O COCTaBa BOJIBI
KauecTBeHHBIN 1 KOTUYECTBEHHBIH COCTAB

e (OOecre4eHHOCTh OMOT€HHBIMU
3JIEMEHTAMHU
e OcoGEeHHOCTH KHCIOPOIHOTO PEXHUMA

CymMa HOHOB
DIIEKTPONPOBOAHOCTh
®opmyna Kypnosa
Knaccuduxkarms mo Anexnny
[IpoueHT HACHIIEHUS BOABI
KHCJIOPOJIOM

OnemeHTHBIN coctaB OB
CootHomurenue hopm
OMOTEHHBIX 3JIEMEHTOB
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Biok BpIBOI2
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CUCTEMBI
JL JL JL
I'cC [TakeTsr TekcToBbIE
aHanusa pelaKTOphI
4L 1L JL
DJNEeKTPOHHbBIE HanpHeimas [TyOnuxarmst
KapThl 0bpaboTka MaTepuasoB
JTAaHHBIX

\/

OTYeTsI:

HMonneblit cocTan
buorennsie 31eMeHTHI
Opranndeckoe BEUIECTBO
OnemeHTHBIN coctaB OB
3arps3HSIONIINE BEIIECTBA

Puc. 1. Cxema uHGOpPMAIHOHHBIX MOTOKOB B CHCTeMe 00padOTKM U aHAIM3A

THAPOXUMHYECKOH HHPoOpMaIIHUU
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[Ipu Hamuuuu reorpaduuecKkod NPHUBS3KA K KOOPAWHATHOM CETKE WM IOCPEIACTBOM
YVHHUKAIBHBIX KaJIaCTPOBBIX HOMEPOB MO pe3yJibTaTaM aHalu3a ¢ ucnoiabzoBanuem [ UC moryr
OBITH MIOCTPOCHBI TEMATUYCCKUE KAPThI pACIIPEICICHUS PA3IMYHbBIX TOKa3aTeeH.

CucreMa IpUMEHSIETCS ISl PEIISHUS KaK KIIACCUYECKHX 33]1a4 THAPOXUMUH, (pacueTa CyMMBI
HOHOB, JJICKTPONPOBOAHOCTH, (opmynbl KypioBa, kmaccudukamus BoJ 1O AJICKUHY,
OTpesicNiecHue CTENCHH HACBIIICHHUS BOJABI KHCIOPOJOM) TakK, W JJs OoJiee CIOXKHBIX
MCCJICIOBATENbCKUX 3a7ad: OIEHKHM 3arpsS3HEHHOCTH M KadecTBa BOJI, UX T€OXHUMHYECKOU
KJIaccu(UKAIIMK, & TAKKE BBIABICHUS IPUPOIbI OPraHHMUECKOro Beriectsa [4].

OObIYHO KJTacCH(UKAIMSA BOJIHBIX OOBEKTOB MPOBOIAUTHCS pa3OMEHHEM OOINEero MacCHBa
JAHHBIX HA 00JIACTH C OJHOPOIHBIME TapaMeTpamu. OHAKO, B CBSI3U C TEM, YTO U3MEHEHUS
TaKUX IapaMEeTPOB IO OJHOMY ITOKa3aTENI0 SBJSIOTCS HEMPEPHIBHBIMH, BCE IHAINA30HBI
OKa3bIBAIOTCS Pa3MBITHIMU U YCTAaHABIMBAIOTCS IMEpPeXOaHble oOmactu. Hamu mpemioxeH
HOBBIA cmoco0 kiaccupukamuu OOBEKTOB MO JABYM CBSI3aHHBIM IapaMeTpaM, MpU 3TOM
MEPEXOJIHbIC 00JIACTH MEXKIy HUMH JIOJDKHBI OBITh COTJIacOBaHBI. TakuMm o0pa3oM, B
JBYXMEPHOM NPOCTPAHCTBE KOOPAMHAT ATHX MapaMETpoOB OOpa3yloTcs YeTKue 00J1acTH,
KaXJasi U3 KOTOPBIX COOTBETCTBYET KJaccy BOJA. DTOT IMOAXOJ TO3BOJSET OJHO3HAYHO
KJIaCCU(UIIUPOBATh KaX/blil BOJHBIA 00BEKT, HE MpHOeras K 4eTKOMY pa3rpaHUYCHHIO I10
KOKIOMY H3 TIapaMeTpPOB.

OcHOBHBIE TOJOXEHUS TCOXUMHUYECKOW Kiaccuukamuu Boj ObUIM CcHOPMYIHPOBAHBI H
uznoxenbl JlozoBukom II.A. [2], koTOpble OBUIM HCIOJNB30BaHbl [UIsl Pa3pabOTKU
ABTOMAaTHU3UPOBAHHOW CUCTEMBI KJacCU(UKAIIMU U OILICHKHA Ka4eCTBa BOJIHBIX OOBEKTOB [6].
PacyeTpl OCHOBHBIX THAPOXMMHUYECKUX TApaMETPOB IOCTATOYHO TPOCTHI U OIMCAHBI B
COOTBETCTBYIOIIEH JIUTEpaType, MO3TOMYy Oosiee MOAPOOHEE OCTAaHOBHMCS Ha METOJe
TCOXUMHUYECKON KIIaCCH(PUKAITUU BO/I.

Pe3yabTaTshl U 00cyxKI1eHUE

[Ipu knaccuuKkaluu BOAHBIX OOBEKTOB MO INEIOYHOCTH, TYMYCHOCTH M YPOBHIO Tpoduu
UCTIOJIB30BaHBl METOJbl HEUETKOTO INKAJUPOBAHHUA C TPUMEHEHHEM JIMHTBUCTHUYECKUX
nepeMeHHbIX [1]. 3HaueHUs JIMHTBUCTHYECKUX IMEPEMEHHBIX BO BCEX CIydasx 3a7aloTcs C
MOMOIIBIO ()YHKIIMOHAIBHBIX 3aBHCUMOCTEH.
Knaccugukanuss BOJHBIX OOBEKTOB MO IIETOYHOCTH OCHOBBIBAETCS HAa HMIHUPHUYECKON
3aBucuMocTd PH Boabl oT e€ menoyHocTu (puc.2), KOTopas HMeeT YETKO BbIpaKEHHbBIN
HKCIOHEHIMAJIbHBIN XapakTep. CpenHue 3HAUYeHUs M OLEHKU Kjacca IIeI0YHOCTH
PacCUMTHIBAJINCH C HCIOJIb30BAHUEM ATOM 3aBUCHUMOCTH, MOJIYy4eHHOH 1o Oonee yem 800
BOJIHBIM oObekTaM Kapenbckoro rujaporpaguueckoro paioHa ¢ Y4€TOM TEOPETHYECKU
000CHOBaHHOTO pa3duenus mkaisl PH c marom 0,6:

Alk =2-107°e*%*P"H (1)
B pesynbraTe BbLIENEHO 7 KJIAcCOB BOJA MO YPOBHIO HLIETOYHOCTH: O€3ILEI0YHOCTHBIE
KHCJbIe, HU3KOIIEIOYHOCTHBIE KHCIBIe, CIIa0ONIeIOYHOCTHBIE KHCIBIE CIA0OKHUCIEIE,
CJ1a0O0IIETIOYHOCTHBIE  CIIA0OKUCIIbIE, CPETHEIIEIOYHOCTHBIE CIa0OKHUCIble HEHTpalbHbIE,
CpEIHEIIEIOYHOCTHBIE HEHTpalbHbIC CJTa0OoIIeTIOYHbIE, BBICOKOIIIEIIOYHOCTHBIC
cJ1aboIIeTI0YHbIE.
[Mpn xnaccupukanus BOJHBIX OOBEKTOB MO TYMYCHOCTH HCIIOJNB30BalCSd KaK ITOKa3aTellb

rymycHoctd Hum=,/I/B- IO tak u coxepxxanue oOmiero xeneza (puc.3). CoriacHo

MCCJIEIOBAaHMSIM TOBEPXHOCTHBIX BOA Kapenuu [5], yctaHOBIEHO, UTO OOJBINIEE COACPKAHNE
JKele3a COOTBETCTBYET Oosblield ryMycHocTH BoA. C y4eToM 3TOro ObUIM yCTaHOBJIECHBI
ypaBHEHHUS JUIs IIKaJIbl JUHIBUCTHUYECKHUX TIEpEMEHHBIX (2a).
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Lg(Alk)

i 0.834 .
Hum™ =2.32-e™"" n=Hum.,,:1..5
(2a)
0.844 .
Hum™ =2.95-e™*"" n=Humg,.:1.5
n Class
3,81
2,33
-2,30 T T T T T T T T
3,70 4,30 4,90 5,50 6,10 6,70 7,30 7,90 8,50 9,10
pH
Puc. 2. Knaccuduxanusi BOIHbIX 00beKTOB 110 PH 1 meno04HocTH
180,00
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X
[ x x
140,00 + X
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[ x % x
120,00 + X
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X
100,00 : il °
’ [ ><2 xx X >e<><
X
0 X
X
X
X
b X
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Puc. 3. Knaccudukauusi BOAHBIX 00bEKTOB 110 TYMYCHOCTH M COJIEP/KAHUIO KeJle3a

Copneprkanue xene3a pacCUuTHIBAIOCH C UCTIOIb30BAHUEM YPAaBHEHHM KpaeBbIX MPSIMBIX (20):
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min

; Hum
min n _ .
[ [W] = gay M= HUMG, L5
; ;nmax (26)
u
[Fem]:“‘x = 0030 - 5 N=HUMg,, 1.5
HpHMBIC, HpOBeI[eHHI)IC Me)KI[y HOHy‘IeHHI—:IMI/I TOYKaMH, p336I/IBaIOT HpOCTpaHCTBO
koopauHat Hum — Fewsy Ha 5 HMHTEpPBAIOB, KOTOPbIE COOTBETCTBYIOT 3HAYCHUSIM

JIMHTBUCTHYECKON TIEPEMEHHOM «T'yMYCHOCTB». B pe3ynbTare BBIICICHBI CIEAYIONIUE TSATh
KJIACCOB BOJI: IOJUTYMYCHBIE, ME30IMOJIUTYMYCHBIE, ME30TYMYCHBIE, OJHMIOTYMYCHBIE,
YIBTPAOIUTOTYMYCHBIE KOTOPHIM IIPUCBAUBACTCSI COOTBETCTBYIOIIHH MOPSIKOBBIA HOMED.
Knaccugukaius BOTHBIX 00BbEKTOB 10 YPOBHIO TOPO(PHH MPOU3BOAUTCS C MCIIOIB30BAaHHEM
HEYETKOTO IIKAJTUPOBAHUS Klacca TYMYCHOCTH M KOHIICHTpamuu oo1iero ¢pocdopa (puc.4).
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Puc. 4. Knaccudukauusi BOAHBIX 00bEKTOB 110 YPOBHIO TPoGuu

Kak u B mpenplaymmx ciydasx, KIacChl BOJHBIX OOBEKTOB OINPENEINSIOTCS IOCPEICTBOM
MOCTPOCHHSI KOOPJMHATHON IUIOCKOCTH MO KJIACCH(HUIMPYEMbIM MapamerpaM. B aaHHOM
clly4ae KOOpJHMHATHAas OCh KJlacca T'YMYCHOCTH SIBJISIETCSI JMCKPETHOW, a TSTHIA M LIECTON
KJIACChl TYMYCHOCTH PacCMaTpPHBAIOTCSl KaK OJMH B CBSI3M C HE3HAYMTEILHOW pa3HUIICH B
TPOQHUU OJIUTO- U YIABTPAOIUTOTYMYCHBIX 00BekTOB [6]. [loaTOMYy Ha KOOpAMHATHOW OCH
KJacca TYMYCHOCTH MUMEETCS TOJBKO YeThIpE JUCKPETHBIX 3HAYCHHUS, B TO BPEMsS KaK OCh
obmiero gocdopa sBrIsIETCS HENPEPHIBHOM.

[Monyuens! cnenyronme GOPMYNbI Ui [IKATAPOBAHUS JIMHTBUCTUYECKOW MEPEMEHHOMN
«rpodHOCTEY (3):
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Hum,, =56 P°™=1473-¢""*" m=1.6

Humg,. =4 P2 =1123-e***" m=1.6 @)
Humg, =3 Prﬁg'“ =0,999.e%"*" m=1.6
Humclass =2 Pn;lﬁm = 01766 . e0.959m, m=1..6

B pesynprare mpoCTpaHCTBO MEPEMEHHBIX Pogy — KiIacc TYMYCHOCTH pa3OuBaercs Ha 6
MHTEPBAJIOB, COOTBETCTBYIOILUX CJIEAYIOLUIMM 3HAYEHHUSM JIMHIBUCTUYECKON INepeMEeHHON
«Tpo(HOCTH» B TOPSJIKE YBEIMYCHHS HOMepa Kilacca M0 Mepe yYMEHBIICHUS COJCpKaHHS
kenesza obmero u Qocdopa obmiero: runeprpodHbIC, BBICOKOIBTPO(DHBIE, 3BTpO(dHBIE,
Me30TpO(dHBIE, OTUTOTPO(HBIC, YIBTPAOTUTOTPODHBIE.

OneHka HPUPOJHOrO KauyecTBa BOJA HPOBOJUTCS IyTEM TI'E€OMETPUYECKOrO YCPEIHEHUs
0ayyIoB KauecTBa I'€OXMMMUYECKOTro Kjacca Boi. [Ipum 3TOM mMopsaakoBbIE HOMEp Kiacca
COOTBETCTBYET OajulaM KayecTBa BOJ, YTO B OIPEAEICHHOM CTENeHHM COoracyercs ¢
NPUTOJHOCTBIO BOJBI JJISi THUTHEBOTO BOJOCHAOXKEHUS W PBHIOOXO3AWCTBEHHBIX IIEJIEH.
CooTBeTCTBYIOIIME Kax/JA0My Kiaccy Oamiabl KadecTBa: |- O€3ILEIOYHOCTHBIE KHCIIbIE,
runepTpodHbie; 2- HU3KOIIEIOYHOCTHBIE KHCIbIE, MOJUTYMYCHBIE, BBICOKOEBTpO(dHEIE; 3-
CJ1a0O0IIETIOYHOCTHBIE KHUCIIbIE CIa0O0KHUCIIbIe, ME30INOJIUIyMYyCHbIE, €BTpo¢HbIe; 4- cinabo-
IEJIOYHOCTHBIE CIIA0OKUCIIBIE, ME30TyMYCHBIE, Me30TpPO(QHBIC; 5- CpeaHEIIeIIOYHOCTHBIC
CJIa0OKUCIIbIE HEUTpalibHblE, OJMIOTYMYCHBIE, OJUIOTPOGHBIE; 6- CpelHEIeIOYHOCTHBIE
HEHTpasbHbIE CIA0O0IIEIOYHbIC, YIbTPAOIUTOIYMYCHBIC, YIBTPAOIUTOTPO(HBIE; 7- BBHICOKO-
IIEJI0YHOCTHBIE ciabouiesnounble. B urore ObulM BbIJENEHBI MSATh OCHOBHBIX KIJIACCOB
KaudecTBa: 6-7 oTiM4HOE, 5-6 BbICOKOE, 4-5 X0opoiiee, 3-4 ya0BIETBOPUTEIbHOE, 2-3 HU3KOE.
Obpabotka uHpopmanuu no 650 obGbekram Kapenbckoro rupporpagpuueckoro paiioHa
[3,5,6], moka3zana, 4TO MO YPOBHIO MIEJTOYHOCTH HaMOOJIEe PACHPOCTPAHCHHBIM SIBIISETCS
KJIACC CPE/IHEIIEIOYHOCTHBIX CIa0OKUCIBIX HEHTpanbHbIX BOJ. Bcero Obu1o BbIsBIEHO 283
00BEKTOB ATOrO Kiacca, u3 HUX 194 Bogoema u 89 BonoTokoB. Ilo rymycHOCTH BOJ cpenu
BOJIOTOKOB Pecriy0nuku Hanbosee MyupoKo MpeAcTaBiIeHbl BOIbI ME30IOIUTYMYCHOTO Kiacca
(86 oO0bekToB). Cpean BoOEMOB HamOoJee pacpOCTpaHEH ME30TYMYCHBIN Kiacc, K HEMY
oTHeceHO 246 BoJHBIX 00BeKTOB, cpeau Hux 190 Bomoemos. Ilo ypoBHI0 Tpoduu Haunbosee
MPEJICTaBUTENIbHBIM SBJISIETCS ME30TPO(DHBIN Ki1acc BoJ, K HeMy oTHeceHo 179 BogoemoB u 73
BOJIOTOKA. B 1enom, mpupogHoe KadyecTBO OOJIBIIMHCTBA BOJHBIX 00BeKTOB PecnyOnuku
Kapenuu cpencrBamu skcniepTHOM MH(POPMAITMOHHON CHCTEMBI OIICHUBAETCSI KaK BBICOKOE U
XOpolIee, pe3yabTaThl OLIEHKH KauecTBa BOJI IIPEACTaBIEHbl Ha pucC. 5.

[MonyueHHbIE pPE3yabTATHl COTVIACYIOTCS C IKCIEPTHBIMH OILCHKAMHU [2] MOMyYeHHBIMH IO
TOMY K€ MAaCCUBY JJaHHBIX.

3akiao4eHue
Ha ocHoBanum mpennoxkeHHOW Kiaccuukanuu pa3paboTaHa aBTOMATU3MPOBAaHHAsS
UHPOPMALIMOHHAs CUCTEMAa OIIEHKM KauecTBa BOJHBIX OOBEKTOB, pe3yJabTaTbl pPabOTHI
KOTOPOM COTJIaCyIOTCSI C AKCIEPTHBIMHU OIIEHKaMU, YTO MO3BOJISIET UCIOJIB30BATh ONMMCAHHBIN
METOJA JUIs pEIIeHUs LIMPOKOTO CIEKTpa MPaKTUYECKUX 33aJad B OOJIACTH YIpaBICHUS
pecypcaMu U 3KOJIOTUU MOBEPXHOCTHBIX BOJ TYMHUIHOM 30HBI.
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Summary
Assessment of water quality and classification of water object plays significant role in an
environmental and ecology study. Water quality evaluation by hydrochemical parameters is
fairly difficult and required a long period of time. Automatic expert system was created to
solve this problem. Automatization of objects classification and quality assessment for humus
zone based on Karelian water bodies research data are presented in this study. Automation
algorithms of the surface water geochemical classification based on the principal chemical
transactions was obtained during research. Classification based on implicit scaling data by
classification parameter. Alkalinity, pH, huminity, Fecm and total phosphorous were chosen
as the main classification parameters. For classification by alkalinity were used alkalinity and
pH, for huminity classification were used coefficient of huminity -

Hum = \/Color - permanganate_oxidation and Fecon, for tropic state were used huminity class

and total phosphorous concentration. The water objects distribution by huminity, alkalinity
and tropic state was obtained and basic geochemical classes were picked out. Natural water
quality was assessed as combination of geochemical classes. Results of research presented as
maps and trends of geochemical classes and natural water quality distribution over the area of
Republic of Karelia.
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TRANSFORMATION OF THE WATER QUALITY IN THE SLUPIA
RIVER (POLAND)
SLUPIJAS UPES (POLIJA) UDENS KVALITATES IZMAINAS

Anna Jarosiewicz
Pomeranian Academy in Stupsk, Institute of Biology and Environment Protection
76-200 Stupsk, Arciszewskiego 22b St. Poland
E-mail: jarosiewicza@poczta.onet.pl

Abstract. The objective of this paper was to present the water quality changes of the one of Polish
rivers - Stupia River, located in the Pomeranian Region. The Stupia River receives pollutants derived from
non-point and point sources of pollution. This is due to the agricultural and forested character of the river’s
basin and the location of the towns of Stupsk and Ustka on the river. The elaboration covers the period from
1988 to 2007 and is based on hydrological data, completed as a part of surface water monitoring programme
run by the Inspectorate for Environment Protection and the Institute of Meteorology and Water Management.
The changes of physicochemical properties of Stupia River i.e. phosphorus and nitrogen concentrations, BOD:s,
and amounts of heavy metals were studied. Presented data, showed that the Stupia River has responded to a
major nutrient loading reduction. The current concentration of nitrogen and phosphorus form in river allows
qualifying the water to first quality class.

Keywords: flowing water quality, river, biogens, heavy metals.

Introduction

The water quality in rivers and streams is strongly associated with the anthropopression
intensity and is an important indicator of the human activity. No matter whether it concerns
agriculture, animal breeding, industry or human subsistence, this activity always affects water
quality. The improving of water parameters, observed in the recent years in European states is
a consequence of many environmental, economic and political factors. In Poland, the
reduction of nutrient inputs has been thus caused primary by the crisis in the agriculture i.e.
by the large decrease in mineral fertilizer use (by nearly 2/3) and by the decrease in livestock
levels. Moreover, after 1989 the significant increase of investment in nature conservation was
noted, especially in wastewater and sewage management causing reduction in point source
discharges.

The aim of this study was to present long-term changes in the quality of the water in the
Stupia River against the background of the changes in the wastewater and sewage
management and in the intensity of fertilization in this region of Poland.

Materials and methods

The Stupia River (Fig. 1) is one of the largest Polish coastal rivers. The total length of the
river is 138.6 km. The surface area of the river’s basin is 1623.0 km?, of which almost half the
land is covered by arable fields (47.8%), 43.4% by forests and 6.6% by meadows and
pastures. The surface waters cover about 2% of the river’s basin [1]. The river’s source is
found near Sierakowska Huta, in the north-west part of the Kaszubski Lake District. The river
flows to the north-west to the Baltic Sea, and in the Ustka town introduces water directly to
the sea. It is supplied with water by a number of several rivers and streams, of which the
longest one — the Skotawa — is 44.6 km long.

The average flow of the Stupia amounts about 14.5 m®d [2], and it is characterised by low
range of flow variability [3], differences between winter and summer half-years not exceed
25% [2].
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Fig.1. Location of the Slupia River

The Stupia River receives pollutants derived from non-point and point sources of pollution.
This is due to the agricultural and forested character of the river’s basin and the location of the
towns of Stupsk and Ustka on the river. The primary sources of pollution are [4-6]:

- the mechanical and biological wastewater treatment plant in Stupsk (22700 m®/d);

- the mechanical and biological wastewater treatment plant in Ustka (6250 m*/d);

- the mechanical and biological wastewater treatment plant in Suleczyno (134 m*/d);

- the streams and rivers flowing into the Stupia, which carries waters affected by agriculture
and waste from the fish farm and some amounts of municipal waste;

- villages lying in the river’s basin, which do not have proper wastewater and sewage
management;

- runoffs from fields and fish-farms.

In the study, the data for selected parameters (nitrogen and phosphorus forms, heavy metals,
BOD:s) for last 20 years were utilised. Measurements of above parameters concentration were
performed as a part of the water monitoring programme by the Institute of Meteorology and
Water Management and Provincial Inspectorate of Environment Protection in Stupsk. The
monitoring assays were performed at one station - Charnowo (Fig. 1), located about 11 km
from the river outlet and covered about 98.5% of the river’s basin surface area. The range of
measurements and analytical procedures were established according to the then binding
executive regulations of the Water Law. The measurement programmes were performed every
year, with the frequency of 4 - 26 measurements per year.

Results and Discussion
1. Changes in the anthropopression intensity in the Stupia River catchment
According to Bogdanowicz (2004) [3] the catchment area of the Stupia River is classified as
the area with “middle anthropopression level”. In this classification into account were taken:
(i) the intensity of agriculture production (arable land and fertilizer consumption); (ii) point
source of pollution (scale and localization of the biggest wastewater treatment plants) and (iii)
pollution level of river’s water.
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Agriculture is markedly abundant in the Stupia River catchment, and therefore the changes in
the agriculture production level influences on the amount of non-point pollution transported to
river.

During the last 20 years, especially at the turn of the 80s and 90s, substantial transformations
in all Polish agriculture took place. After 1989 market economy was introduced so prices of
mineral fertilizers were liberated, state subsidies were lifted and costs of raw materials for
production of fertilizers increased due to the transfer to dollar prices. This meant that mineral
fertilizers as products available on the market became expensive, and their consumption
readily declined. Collected data [7] indicate, that in the Stupia River catchment area the
mineral fertilizer consumption dropped after 1989 from 245 kg per ha of net NPK to 45,5 kg
per ha of net NPK in 1991. Currently, the consumption of fertilizers is about two times higher
but still over two times lower than before 1990. Moreover the gradual liquidation of state
farms diminished the total area of farmland. Quite a large percentage of fields which had been
cultivated by state farms were left fallow, and that meant that the share of uncultivated
farmland increased. Also, the type of land use was gradually changing. Some of the arable
land was forested (about 0.5 thous. ha/year).

Animal rearing in Stupia River region is concentrated on cattle for meat and milk and on pig
breeding [2]. And also in this agriculture field, intensive changes after 1989 were observed.
Liquidation of a lot of breeding centres — above all industrial farms of cattle breeding —
caused significant decrease of animals.

The Stupia River catchment has not a rural character, and the point source of pollutant is
above all associated with a communal wastewater. The region is characterised by small
density of population — 58 persons/km? [8]. And there are only three communities with more
than 10 thous. inhabitants. The Stupsk City is the regional centre with approximately 100
thous. inhabitants. In Stupsk, wastewaters from 100% of inhabitants are cleaned on
wastewater treatment plant, which yearly take 8.29 hm* communal wastewater. The percent of
purification was 98%. The pollution load from wastewater treatment plant, introduced into
Stupia River amounts 40 t/year of BZTs; 90 t/year of Ni; and 6 t/year of Py [4]. With
relation to 90s the total pollution load decreased about over 75% in the case of phosphorus
and about 70% of nitrogen.

2. Changes in the water quality

Changes in annual mean concentrations of biogenic substances in the Stupia River, during the
last 19 years studied are illustrated in Figures 2 — 4. The long-term development in ammonia
nitrogen concentrations (Fig2.) changed markedly in the period 1988-2007. Until 1990, the
concentrations varied the 3™ water quality class (according to 5-class Polish categorisation)
(Tab.1.) and in the 1% class after 1993.

16

y =-0,0011x? + 4,2914x - 4267,8

141 o R?=0,7381

¢ N-NH4 O N-NO3

y =0,0026x” - 10,58x + 10605 *
R? = 0,9041

0 T T T T T T T T T T T T T T T T T T
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Fig.2. Changes of ammonia and nitrate nitrogen concentration (mgN/dm®) in Stupia
River in years 1988-2007
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In the case of nitrate nitrogen, the changes were less dynamic, and just after 1998 the decrease
of N-NO; was observed. Moreover, the level of N-NOjs classified the water between 2™ and
1% quality class and after 2002 in 1* quality class.

Table 1.
Limit values for water quality of chosen physicochemical parameters

Parameter Unit I class llclass | Illclass | IV class | V class
BOD; mgO,/dm’ 2 3 6 12 >12
CODg¢;, mgO,/dm’ 10 20 30 60 >60
Ammonia nitrogen mgN/dm® 0.39 0.77 1.55 4.0 >4.0
Nitrate nitrogen mgNdm® 1.13 3.38 5.64 11.29 >11.29
Total nitrogen mgN/dm’ 2.5 5 10 20 >20
Phosphates mgP/dm® 0.06 0.13 0.23 0.33 >0.33
Total phosphorus mgP/dm’ 0.2 0.4 0.7 1.0 >1.0
Phenols mg/dm® 0.001 0.005 0.01 0.05 >0.05
Chromium mgCr/dm® 0.05 0.05 0.05 0.1 >0.1
Cadmium mgCd/dm® 0.0005 0.001 0.001 0.005 >0.005
Mercury mgHg/dm® | 0.0005 | 0.001 0.001 0.005 | >0.005
Lead mgPb/dm® 0.01 0.01 0.02 0.05 >0.05
Zinc mgZn/dm® 0.3 0.5 1.0 2.0 >2.0

The concentration of total nitrogen in the Stupia River (Fig.3.) decreased two times during the
last 19 years from 4.34 mgN/dm? to 2.02 mgN/dm?. The most intensive drop was observed in
90s.

y =0,0042x2 - 16,885x + 17004
R?=0,8811

2,5 A

Ntot, mgN/dm®
N

154
14
0,5

0 T T T T T T T T T T T T T T T T T
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Fig.3. Changes of total nitrogen concentration (mgN/dm?) in Stupia River in years 1988-
2007

Until 1990 the concentrations of mineral and total phosphorus were increasing (Fig.4). The
level of P-mineral increased up to 0.3 mgP/dm® (4™ quality class), and P-tot up to 0.58
mgP/dm® (3 quality class). The analyses completed in the following years (1991-2007)
showed that the quality of the river water improved considerably in terms of the content of
inorganic and total phosphorus. The mean annually concentration of P-PO,4 in 2006 dropped
to the level of 0.06 mg/dm?® (1% quality class). Total phosphorus concentration decreased to
0.12 mgP/dm? from 2002 (1% quality class).

67



& P-tot O P-min
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Fig.4. Changes of mineral and total phosphorus concentration (mgN/dm?®) in Stupia
River in years 1988-2007

The amount of organic substances is indicated by BODs. As can be seen in Fig. 5 BODs, in
the long-term development, fluctuated in its mean annual values between 5.3 mgO./dm? in
1988 and 2.4 mgO,/dm?® in 2007. Until 1998 the BODs value varied within the 3" purity class
and in the 2" class after 1998.

.

mgQ,/dm?
S

y =-0,1566x + 316,23
R? =0,8595
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Fig.5. Changes of BODs (mgO,/dm®) in Stupia River in years 1988-2007

Concentrations of heavy metals was presented as a sum of Hg, Pb, Zn, Cu, Cd and Cr
concentration (Fig.6.). Zinc constituted about 65%, lead about 17%, and consecutively Cu —
9%, Cr — 6,5%, Hg — 1,5%, Cd — 1%. Measurements performed in years 1988 — 2007
indicate, that amounts of heavy metals fluctuated markedly. Three main stages can be
distinguished during those 19 years: from 1989 to 1996, after 1996 to 2002, and from 2002 to
2007. In the first stage the concentration of heavy metals significant decreased from about
0.07 mg/dm® to below 0.01 mg/dm?. After 1996 the increase of metal concentration to about
0.035 was observed, and after 2002 successive decrease to 0.018 mg/dm? in 2007.
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Fig.6. Changes of heavy metals concentration (mg/dm?) in Stupia River in years 1988-
2007

The long-term changes of different parameters concentration indicate a significant
improvement of Stupia River quality. The concentration changes of respective parameters
were different and associated with different reason. The drop, observed in the case 0 ammonia
nitrogen (Fig.2) was caused by a decrease in the intensity of animal production after 1989,
and by changes in farmland cultivation i.e. especially by reduction of ammonia fertilizer
(water solution of NH4OH), and better farm management control. The long-term changes of
nitrate nitrogen concentration were different. After 1989 no substantial decrease occurred
although the rapid and significant reduction of nitrate fertilizer dosage. Lack of the nitrate
nitrogen reaction to the fertilizer reduction can be connected with a small participation
(several %) of fertilizer — NOj3 in total amount of N-NOj transported with groundwater to the
river. According to the Polish map of spatial-varied of nitrate nitrogen concentration in
groundwater, the Stupia River catchment is characterized by N-NO3 concentration about 15-
20mg/dm?® [9]. Most of nitrate nitrogen come from mineralization of organic matter (organic
fertilizer, after-harvest scraps). The second potential source of NO3 are a soil reserves released
via erosion [10; 11].

Higher phosphorus concentrations in rivers usually are detected near the larger agglomeration.
Therefore the main source of phosphorus are point pollution sources. The participation of
point pollutions in Poland in phosphorus supply amounted about 60% [9]. The drop in P-
concentration (mineral and total) (Fig. 4) after 1990 was caused by increasing investment in
wastewater and sewage management and, as a consequention, construction or modernisation
of a municipal wastewater treatment plant. Moreover, the lifestyle of the local population was
changed i.e. the increase of phosphate-free washimg agents was observed.

The long-term changes of heavy metals concentration were very dynamic (Fig.6.). The
decrease after 1989 was probably associated with the better wastewater situations and, with
the decrease of fertilizer dosage, especially phosphates fertilizer (material used in the
production of P-fertilizer includes some amount heavy metals) (12). The explanation for the
heavy metals concentration increase after 1996 is dificult, but probably associated with the
ability of heavy metals to bioaccumulation and sediment-accumulation [13].

Conclusions
Presented data, showed that the Stupia River has responded to a major nutrient loading
reduction. The current concentration of nitrogen and phosphorus form in river allows
qualifying the water to first quality class. Knowing, that the water ecosystems are strictly
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connected with the catchment area and all changes in the land use change the water quality,
very important becomes the correct land management to achieve a good ecological quality in
water bodies in 2015.
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DAZADU FIZIKALI KIMISKO APSTRADES METOZU IETEKME UZ
MIKROORGANISMU VAIROSANOS UDENI
INFLUENCE OF VARIOUS PHYSICAL-CHEMICAL TREATMENT METHODS
ON MICROBIAL GROWTH IN WATER
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Abstract. Use of the TinO2n-1 electrode for water electrolysis process promotes the destruction of
organic matter as shown by the changes in permanganate index different values of electrolysed and non
electrolysed solution.

Using the TinO2n-1 electrode in the electrolysis process with the presence of chlorine and bromine ions can
create a lasting disinfectant effect that was demonstrated by the sharp decrease in the number of bacterial
colony forming units in electrolysed solutions.

Using the TinO2n-1 electrode in the electrolysis process with the presence of iodine ions can create a
bacteriostatic effect which was maintained for at least 10 days in electrolysed solutions

Keywords: electrolysis, disinfection, titanium oxide, microorganisms.

levads
Jebkura tidens sistéma attistas mikroorganismi, kuri palielina organisko vielu daudzumu tident
un uz Udensvadu sist€mas materialu virsmas veido biopléves [1]. Bioplévju attistiba Gidens
padeves sist€émas var izraisit idens krasas, smarzas un garS$as izmainas, caurulu materiala
koroziju, siltumvaditsp&jas samazinasanos, tidens padeves sistémas aizaugSanu.
Eksisté dazadas tidens apstrades metodes mikroorganismu apkaroSanai. Plasi pétita ir Gidens
ozon&Sana vai apstrade ar UV starojumu, tatu maz ir zinams par mikroorganismu attistibu péc
tdens elektrokimiskas apstrades, kura tiek uzskatita par efektivu un videi draudzigu metodi
[2; 3].
Elektrolizes procesa radusies oksidanti (O-, OH-, HCIO, CIO", H,0,, O3, MnO?%, S,0s), kas
noarda tident esoSas organiskas vielas un iznicina mikroorganismus, darbojas antimikrobiali
un kavé mikroorganismu talaku vairoSanos.
Elektrolizes procesa efektivitati ietekmé pielietoto elektrodu veids. Viens no elektroda
efektivitates raditajiem ir spgja izdalit ievérojamos daudzumos dezinfic&josus savienojumus
(piem., O-, OH-, HCIO, CIO") no atskaiditiem skidumiem. Plasi tiek izmantoti elektrodi, kas
satur Pt, PbO,, Ti/SnO, ar Sh,0s piejaukumu, IrO,, Pt-Ir, RuO2, MnO,, Ti/dimants ar bora
piejaukumu, ka ar1 grafita elektrodi [4].
Par Joti perspektiviem uzskata elektrodus, kas satur nestehiometrisku titana oksidu ar kopg&jo
formulu Ti,Oyn.1, kur n ir skaitlis no 4 Iidz 10. Mainoties titana un skabekla attiecibai, ka ari
izgatavoSanas apstakliem, batiski mainas arT materiala Tpasibas un ta pielietojums. TinOznq Ir
liela izturiba pret koroziju, kura ir lielaka neka tiram titanam un titana dioksidam (rutils,
anatazs), mazs absorbcijas koeficents un laba mehaniska izturiba. TinOxp.1 atSkiriba no anataza
un rutila, kuri darbojas ka izolgjoSie materiali, uzrada pusvaditdja un pat pusmetaliskas
pasibas.
Tai pasa laika titana oksidu saturoSu keramikas elektrodu darbibas mehanisms un atsevisku
tehnologisko parametru ietekme uz elektrolizes procesa efektivitati nav pilniba noskaidrota.
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Darba mérkis bija noskaidrot, ka mainas kopg€jais izdalita halogéna daudzums elektrolizes
procesa laika un mikroorganismu vairosanas intensitate péc tdens Skiduma elektrolizes
atkariba no taja izskiduSajam vielam (anjoniem) un to koncentracijas. Elektrolizei tika
izmantots Ti,O,,.1 satuross keramikas anods, kur$ sintez&ts Rigas Biomaterialu inovaciju un
attistibas centra [5].

Materiali un metodes
Pétijumu veikSanai tika izveidota elektrolizes $tina, kas sastav no TinOgzn.1 saturosa keramikas
anoda ar laukumu 12,1 cm? un katoda, kas izgatavots no neriisgjosa terauda, ar kopgjo
virsmas laukumu 18 cm? (skat. 1.att.). Katods izveidots no divam vienadam plaksnitém, kuras
novietotas paraléli abas pus€s anodam 5 mm attaluma no ta. Elektrolizi veic 0,5 L Skiduma.

1.att. Elektrolizes iekarta un elektrolizes $iina

1- termostats, 2— elektrolizes $tina, 3— magnets, 4— lidzstravas avots ar kontrolgjamu spriegumu un
stravas stiprumu, 5— magnétiskais maisitajs, 6— katods, 7— anods, 8— epoksida sveki, 9— elektribas vadi

Organisko vielu daudzums tdeni un to izmainas elektrolizes procesa tika vértetas ar
permanganata indeksu (Imn), Mg O2/L. Iun noteikSana tika veikta péc standarta metodes [6].
Izdalita halogéna daudzumu analiz&jama Gident noteica, izmantojot spektrometru Jenway 6300
ar kolorimetrisko metodi [7] un ar titréSanas metodi atbilstosi standartam [8] .
Mikroorganismu attistibas intensitates izmainas noteica péc bakteriju kolonijas veidojoSo
vienibu skaita (KVV). KVV vienibu daudzumu tdeni noteica, izmantojot R2A barotni (LAB
M, Lielbritanija) un inkubgjot 20 + 2°C temperatiira 10 dienas [9].

Lai novertétu elektrolizes procesa izdalita halogéna daudzumu, tika pagatavoti dazadas
koncentracijas jonu (CI°, Br’, J)) skidumi, neparsniedzot maksimalo koncentraciju 250 mg/L.
Sada maksimala koncentracija tika izvéléta, lai neparsniegtu dzeramaja tideni maksimali
pielaujamo hlora jonu koncentraciju [10].

Lai novertétu elektrolizes procesa dezinficgjoSo efektu un ta ietekmi uz mikroorganismu
vairoSanas intensitati wdeni, tika izveidota modelsisttma (barotne), kura raditi apstakli
mikroorganismu attistibai. Vispirms tika pagatavots koncentréts baribas vielu Skidums
destiléta Gdent ar sastavu: 4,55 g/L (NH;)2SOyq; 0,2 g/L KH,POy4; 0,1 g/L MgS0O4-7H,0; 0,1
g/L CaCl,-2H,0; 0,1 g/L NaCl; 2,27 g/L CH3COONa-3H,0 [11]. Modelsistemu ieguva,
koncentratu atSkaidot attieciba 1:40 ar destilétu tideni un pievienojot 1mmol/L dazadus kalija
salus ar atskirigiem anjoniem (KCI, KBr, KJ, K;SOy).

Rezultati un to izvertéjums
Ir zinams, ka halogéni (hlors, broms, jods) un to savienojumi ir Gideni dezinficgjoSas vielas,
kas var sadalit organiskas vielas un kavét mikroorganismu attistibu [12; 13]. Halogéni un to
savienojumi var veidoties elektrolizes procesa no Skidumiem, kuri satur halogénu jonus (skat.
l.vienadojumu).
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2Hal" — Hal, + 2¢’, 1)
kur Hal — halogéns.
Elektrolizes procesa no udeni esosajiem hlora joniem (10-250 mg/L hlora joni praktiski
vienmér atrodas centralizétas tidens apgades sistémas udeni) veidojas hlors un hlora
savienojumi, kuri ir spécigi oksidétaji ar dezinfic€joSam ipasibam. No broma elektrolizes
procesa var veidoties bromati, kas nav pielaujami dzeramaja tident vairak par 10 pg/L [10].
Tacu tehnologiskos Gidenos elektrokimiski generéts broms varétu darboties aktivak par hloru —
dezinficgjot ideni un kavgjot talaku mikroorganismu attistibu.
Pievienojot tidenim dazadas koncentracijas halogéna jonus (CI°, Br, J) un elektroliz&jot
iegiito §kidumu pie procesa parametriem (j = 8,3 mA/cm?, pH 7+ 0,2, t° = 25°C), intensivi
maisot, tika noteikts izdalita halogéna daudzums, hlora jonu gadijuma skat. 2.att.

16 :
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op 10 L 0]

8 /+, .2

6 ;/ LE

4 e 4
2 ——————3%
p——— ¢ |
0 15 t, min 30 45

2.att. Izdalita kopeja hlora daudzuma izmainas atkariba no elektrolizes laika pie

dazadam sakotnéja hlora jonu koncentracijam
1-17,72 mg/L; 2 — 35,45 mg/L; 3— 100 mg/L; 4 — 250 mg/L. Elektrolizi veic 0,5 L skiduma

ClL, m

Elektrolizgjot tidens Skidumus ar dazadu sakotn€jo hlora jonu koncentraciju, tika konstatets,
ka izdalita hlora daudzums palielinas, palielinoties elektrolizes laikam un hlora jonu
koncentracijai Skiduma.

Lai noskaidrotu dazadu halogénu jonu ietekmi uz elektrolizes procesu, tika elektrolizéti
dazadu halogénu jonus saturo$i Skidumi ar sakotn€jo koncentraciju 1 mmol/L pie tadiem
pasiem procesa parametriem (skat. 3.att.).

0,35
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3.att. Izdalita kopéja halogéna daudzuma izmainas atkariba no elektrolizes laika dazadu
hologénu jonus saturoSiem Skidumiem
1-CI; 2—-Br; 3— J. Elektrolizi veic 0,5 L $kiduma ar hologénu jonu sakotng&jo koncentraciju
1 mmol/L

Halogéna daudzums, mmol

73



Ka redzams 3.atte€la, izdalita halogéna daudzums pieaug, palielinoties elektrolizes laikam.
Izmantojot vienadojumus (2) un (3) [14], tika noteikts izdalita halogéna daudzums no
teorétiski iesp&jama péc stravas atkariba no elektrolizes procesa laika, dazadu halogénu jonus
saturoSiem Skidumiem ar sakotn&jo koncentraciju 1 mmol/L (skat. 4.att.).

Wo%= 1 *100%, )

mt

kur W% — noteikta izdalita halogéna daudzums no teor&tiski iesp&jama p&c izmantotas stravas
elektrolizes procesa laika;
m — elektrolizes procesa izdalita halogéna daudzums;
m; — teoretiski iesp€jamais halogéna daudzums péc stravas.

m; = I*t/n*F, 3
kur | — stravas stiprums, A;
t — laiks, s;
n — jona ladins;
F — Faradeja konstante, 96485 C/mol.

13

—

Izdalitais halogens %
B e ow oo N o

m]
2
m3
15 30 45
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4.att. Izdalita kopeja halogena daudzums % no teorétiska (pec stravas) atkariba no
elektrolizes laika dazadu halogénu jonus saturoSiem Skidumiem
1-CI; 2—-Br;; 3-1J. Elektrolizi veic 0,5 L skiduma ar halogénu jonu sakotn&jo koncentraciju
1 mmol/L

Ka redzam 4.att€la, izdalita halogéna daudzums no teor&tiski iespgjama péc stravas atkariba
no elektrolizes procesa laika ir no 8 lidz 12% un nedaudz samazinas, pieaugot laikam.
Visvairak no Skiduma esoSajiem halog€na joniem izdalas broms salidzinajuma ar citiem
halogéniem.

Darba [15] tika konstatéta sakariba starp Iy, izmainam un mikroorganismu attistibu
modelsist€émas Skidumos. Im, palielinasanas var€tu netieSi noradit uz mikroorganismu
biomasas un/vai mikroorganismu sintez€to organisko vielu koncentracijas pieaugumu. Lai
noteiktu elektrolizes iesp&jamo dezinficgjoso iedarbibu, modelsistemas Skidumus, kas satur
CI', Br', I, elektrolizgja pie pastavigiem procesa parametriem (j — 8,3 mA/cm? pH 7+ 0,2, t° =
25°C, t = 15 min). Iesp&jamo stravas ietekmi uz mikroorganismu vairo$anos novertéja,
pievienojot modelsist€émai sulfata jonus (SO42'), kas palielina Skiduma elektrovaditsp&ju un ir

stabili elektrolizes procesa. Péc tam tika uznemtas Iy, izmainas laika visiem Skidumiem (skat.
5.att.).
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5.att. Permanganata indeksa izmainas atkariba no izturésanas laika elektrolizétiem un
neelektrolizétam Skidumiem
1 — neelektrolizets; 2 — elektroliz&ts hlora jonus satuross; 3 — elektrolizéts broma jonus satuross; 4 —
elektrolizets sulfata jonu satuross Skidums. Elektrolizi veic 0,5 L §kiduma ar jonu sakotng&jo

koncentraciju 1 mmol/L

Ka redzams 5.attéla, izturot elektrolizétos skidumus Iidz 10 dienam, permanganata indekss
praktiski nepieaug, salidzinot ar neelektrolizétajiem modelsistémas Skidumiem. Tai pasa laika
jaatzimé, ka Iu, vertibas tikai dal€ji raksturo iesp&jamo mikoorganismu daudzumu sist€ma.
Mikroorganismu atistibas izmainas tika novertétas péc bakteriju KVV skaita mL (skat. 6.att.).

1,00E+08
1,00E+07
1,00E+06
1,00E+05
1,00E+04
1,00E+03
1,00E+02
1,OOE+01
1,00E+00

KVV/mL

Pims apstrades 2hpéc apstiades 10 dienas péc
apstrades

6.att. Mikroorganismu KVV/mL atkariba no izturéSanas laika elektrolizétajiem
Skidumiem un neelektrolizétam Skidumam
1 — neelektrolizets; 2 — elektroliz&ts hlora jonus satuross; 3 — elektrolizéts broma jonus satuross; 4 —
elektrolizéts joda jonu saturos$s; 5 — elektrolizgts sulfata jonus satuross Skidums. Elektrolizi veic 0,5 L
§kiduma ar jonu sakotngjo koncentraciju lmmol/L

Skidumos, kas saturgja Cl” un Br jonus, 10 diennaktis péc elektrolizes baktériju KVV nav
konstatetas, kas liecina par dezinficgjoSu efektu. Sulfatu jonu ietekme uz bakteriju KVV
skaitu péc $kiduma elektrolizes praktiski nav novérojama. Skidumam, kur§ saturéja joda
jonus, péc elektrolizes ir bakteriostatiska iedarbiba, kura saglabajas vismaz 10 dienas.

Secinajumi
1. TinOgn.1 saturo$o keramikas elektrodu izmantoSana tdens elektrolizes procesa izsauc
organisko vielu noardiSanos, uz ko norada permanganata indeksa Iy, atSkirigas vertibas
elektroliz&€tam un neelektrolizétam skidumam.
2. Hlora un broma jonu klatbatné Ti,O,n; saturo$as keramikas elektrodi elektrolizes laika
var veicinat paliekosa dezinfic€josa efekta rasanos, par ko liecina krasa bakteriju kolonijas
veidojoso vienibu skaita samazinasanas elektrolizétos Skidumos.
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3. Joda jonu klatbutné Ti,Ozn.1 saturoSas keramikas elektrodi elektrolizes laika var veicinat
bakteriostatisko iedarbibu, kura elektrolizétos $kidumos saglabajas vismaz 10 dienas.

Summary
The lifetime and effectiveness of a water system might deteriorate if the quantity of
microorganisms and organic matter increases. Electrochemical treatment methods are
considered an effective way to decrease such pollutants. Oxidants created by the electrolysis
process destroy the organic matter in the water, decrease the microbiological pollution and
can act as disinfectants to prevent further propagation of microorganisms.
Specially synthesized Ti,O2y.1 containing ceramic electrode was used as an anode. The
quantity of organic matter in the water was given as permanganate index (Iyn), mg O2/L. lyn
was performed by standard methods [6].
Distributed halogen volume in the water was determined according to the standard
colorimetric method [7] and titrated according to standard [8].
Development of microorganisms was determined by counting bacterial colony forming units
according to method [9].
To assess the extracted amount of halogen on the electrolysis process different concentrations
of ions (CI', Br’, J) solutions up to a maximum concentration of 250 mg / L were prepared.
This maximum concentration was chosen in order not to exceed the maximum admissible
concentration of chlorine and sulphate ions in drinking water [10].
To assess the effect of electrolysis process disinfectant effect on microbial growth intensity in
the water a model system (medium) was made, which create the conditions for microbial
growth,
In the electrolysis process with the parameters (j = 8.3 mA/cm?, pH 7 + 0.2, t° = 25°C) of
water solutions with different initial chlorine ion concentration was found that the extracted
amount of chlorine increases with electrolysis time and with chlorine ion concentration in
solution.
To determine the effects of electrolysis process on the different halogen ions-containing
solutions with an initial concentration of 1 mmol/L electrolysis at the same process
parameters was carried out.
The extracted amount of halogen is growing increasing with electrolysis time.
Using equations 2 and 3 [14] theoretically possible amount of halogen by current used in
electrolysis process was estimated.
Theoretically possible extracted the amount of halogen in the electrolysis process from
current is approximately 8 to 12% and slightly decreasing with time. Compared with other
halogens the most released from used halogen ions solutions is bromine.
In [15] the relationship between the Iy, and the changes of microbial multiplication in model
solutions was found. Iy, increases could indirectly indicate the microbial biomass increases.
To determine the electrolysis influence of disinfection, model system solutions containing CI’,
Br, I" was electrolysed at permanent process parameter (j - 8.3 mA/cm? pH 7 + 0,2, t° =
25°C, t = 15 min). The possible impact of the current on the microorganism reproduction was
determined by addition of sulphate ions (SO4>) to model system solutions.
Permanganate index values of electrolysed solution up to 10 days, practically does not
increase compared to non-electrolysed solution. In solutions containing CI" and Br™ ions after
electrolysis and aged up to 10 days bacterial colony forming units have not been identified.
Sulphate ion effect on the number of bacterial colony forming units in electrolysis process
was practically not observed.
Use of the Ti,O,-1 electrode for water electrolysis process promotes the destruction of organic
matter as shown by the changes in permanganate index different values of electrolysed and
non-electrolysed solution.
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Using the Ti,Ozn.1 electrode in the electrolysis process with the presence of chlorine and
bromine ions can create a lasting disinfectant effect that was demonstrated by the sharp
decrease in the number of bacterial colony forming units in electrolysed solutions.

Using the Ti,O2n.1 electrode in the electrolysis process with the presence of iodine ions can
create a bacteriostatic effect which was maintained for at least 10 days in electrolysed
solutions.

10.

11.

12.
13.

14.
15.
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GLOBALA SASILSANA UN TAS STRUKTURALIE ASPEKTI
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Abstract. The manufacture of cements with several main constituents is of particular importance with
regard to reducing climatically relevant CO, emissions in the cement industry. This ecological aspect is not the
only argument in favor of Portland composite cements. They are also viable alternatives to Portland cement
from the technical point of view. Substitution of ordinary Portland cement (CEM 1) by Portland composite
cements (CEM I1) and (CEM II1), which clearly possess different chemical and mineralogical compositions,
results in changes of their reaction behavior with additives like superplasticizers. A common admixture to CEM
I in that sense is limestone (industrial CaCQOs). Its interaction with polycarboxylates is ignored and its inertness
is taken for granted. This study provides a systematic approach in order to better understand the interaction of
these polymeric superplasticizers with CaCOj; by adsorption and zeta potential measurements. The results give
some fundamental understanding in how far the cement industry can reduce the production of cement clinker
by replacing it with limestone as admixture and consequently the CO,-emission is reduced, which is of high
political and environmental interest.

Keywords: Green construction — Limestone — CO, emission.

Introduction

Background
During the cement clinker burning process climatically relevant gases are emitted. CO,
accounts for the main share of these gases. Other climatically relevant gases, such as
dinitrogen monoxide (NO) or methane (CH,), are emitted in very small quantities [1] (Table
1).

Table 1.
Threshold values for mandatory reporting on 19 of the 37 air pollutants covered by the

European Pollutant Emission Register
(sector-specific list for the industrial plants of the cement industry [1])
Threshold value

Pollutant

kglyear
Carbon monoxide (CO) 500,000
Carbon dioxide (CO,) 100,000,000
Non-methane volatile organic compounds (NMVOC) 100,000
Nitrogen oxides (NO,) 100,000
Sulphur dioxide (SO,) 150,000
Fine dust 50,000
Others 15,000

CO, emissions are both raw material-related and energy-related. The raw material-related
emissions account for about 60% of total CO, emissions. Energy-related emissions are
generated both directly through fuel combustion and indirectly through the use of electrical
power. In the year 1995, the cement industry of major European countries committed itself to
make its contribution to global warming prevention by up to 20%. Table 2 lists the updated
proportions of CO, emissions accordingly [2].

The limited ability to reduce CO, emissions in ordinary Portland cement along with
increasing governmental regulations on emissions necessitates the development of alternative
cement binders. Substitution of ordinary Portland cement (CEM 1) by Portland composite
cements (CEM I1) and (CEM I11), would lower the CO, emission by simply limiting the need
of cement manufacturing. Admixtures, which possess different chemical and mineralogical
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compositions, but which still give a similar hardness like pure CEM | are used in applications
like construction materials.

Table 2.
CO; emissions by the cement industry [2]

Specific CO, emissions [tcoz/teement]

Thermal energy Electrical energy Raw material
WEEl? related (1) related related ToEl
2002 0.168 0.069 0.413 0.650
2003 0.156 0.067 0.401 0.624
2004 0.155 0.068 0.428 0.651
2005 0.132 0.068 0.406 0.606
2006 0.123 0.067 0.383 0.573

(1) Only regular fuels

Table 3 shows the development of domestic scales classified by cement type [3]. It has been
reported that when limestone is present in Portland cement, the rate and degree of hydration
change, as does the composition of the hydrated cement paste. The literature findings are not
always in close agreement but the general conclusion is that limestone participates to a certain
extent in chemical reactions during hydration, not being only inert filler [4].

Table 3.
Domestic scales classified by cement types [4]

Cement type [t] Group 2002 2003 2004 2005 2006
Portland cement CEM | 12,816 14,173 13,728 13,226 11,189
Portland-slag cement 4,404 3,719 3,296 3,701 5,170
Portland-pozzolana cement 110 92 54 34 32
Portland-fly ash cement CEM I 0 4 0 5 0
Portland-burnt shale cement 306 283 300 346 400
Portland-limestone cement 2,668 3,331 3,472 3,632 3,546
Portland-composite cement 0 0 45 437 1,480
Blastfurnace cement CEM llI 2,603 2,772 2,438 3,621 4,764
Other cements 246 283 259 193 263

Total 23,153 24,657 23,545 25,095 26,843

In the last century, the cement-liquefying effect of a construction-chemical additive was
discovered by means of lignosulfonates. Better water retrenchments are attainable with
superplasticizers. These are divided into three groups: polycondensates, polycarboxylates and
small molecules. The best effect is obtained by superplasticizers of polycarboxylate-type [5].
When formulating modern durable concretes, the cement-superplasticizer compatibility
becomes a source of major concern. Modification of solid-liquid interface properties and
improvement of the dispersion process to avoid particle aggregation require the use of anionic
polyelectrolytes. These can adsorb onto the mineral surface and act as dispersing and
stabilizing agents even under unfavorable conditions [6]. Excessive adsorption of a polymer
may make the use of the polymer uneconomic for application. Therefore it is important to
study the adsorption behavior of a polymer before it is finally used in the field.

Generally, a certain amount of anionic superplasticizers should be adsorbed on the surface of
the cement grain or its hydrated phases in order to obtain a dispersing effect. The impact of
these superplasticizers can be understood considering that polycarboxylates possess many —
COO™- groups and therefore a high negative charge density. The grain surface will be also
negatively charged, once these superplasticizers adsorb. Due to the repulsion forces between
equal charges, a good dispersing effect is obtained and reagglomeration is avoided.
Interaction between superplasticizers and ecocement has been studied by Sakai et al. [7]. The
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authors found that ecocement consumes more superplasticizer amount that ordinary Portmand
cement.

Therefore fundamental interactions between a commercially available polymeric 1% —
generation type superplasticizer and four different types of cement are studied here. Cements
with different alite-, belite-, C3A- and C,AF-contents are used. The superplasticizer used in
this study is characterized by determining its molecular weight and polymeric radius, as well
as by estimating the anionic charge density in water and in the cement filtrate of four CEM I
cements. The obtained results are compared with the interaction of that superplasicizer with
limestone (industrial CaCQ3), since it resembles a common admixture to CEM | cements.
Application data of the cement-superplasticizer and limestone-superplasticizer combinations
(mini-slump test) are a helpful tool to understand the surface chemistry of the superplasticizer
with the binders under investigation (zeta potentials and superplasticizer adsorption).

The results of Huang et al. [8] followed the conclusion that at pH 8-11 Ca*" and CO5* are the
dominating sites on the calcite surface and that H* and OH" play a less important role. They
further concluded that the strongly adsorbed calcium ion on the calcium carbonate surface is
the dominating surface site and acts as a Lewis acid site. It is obvious that the dissolution of
calcium carbonate is of great importance for its surface charge and colloidal properties as well
as for its interaction with polymers. Adsorption of anionic polyelectrolytes is physical in
nature. Therefore, the amount adsorbed is proportional to the size of the polymer molecule
[9].

CaCOg bears a positive surface charge ranging from 20-40 mV at pH = 9 according to the
particle size of the meal [10] which is very similar in its surface properties to phases of
hydrated cement, particularly ettringite.

Fig. 1 shows a schematic demonstration of a hydrated cement grain. During the process of
hydration, positively charged ettringite is formed upon which the anionic superplasticizers are
adsorbed.

polymer adsorbed
aluminate/ on ettringite
ferrite \ ettringite

superplasticizer
—_—

early C-S-H
and Ca(OH),

alite

Fig. 1. Schematic demonstration of polymer distribution on the surfaces of a hydrated
cement grain

Table 4 shows typical zeta potentials of the hydrated phases of cement and selected CEM |
cement [11]. The presence of an anionic superplasticizer alters the surface potential of the
cement and limestone particles. To quantify this change, zeta potential measurements provide
good information.

A systematic approach in order to better understand the interaction of a polymeric
superplasticizer with cement and CaCOj3 by adsorption and zeta potential measurements is
shown here.
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Table 4.
Zeta-Potential of the hydrated phases of cement and selected CEM I-cements

Hydrated phase Zeta potential [mV]
Ettringite +4,15
Monosulfate +2,84
Syngenite + 0,49
Limestone (calcite) +40,0
CEMI325R +0,78
CEM 425R + 0,45
API Class G-cement +0,31

Cement vs. Limestone

After many years of discussion, in 2004, the ASTM C150 standard specification for portland
cement was modified to allow the incorporation of up to a 5 % mass fraction of limestone in
ordinary portland cements [12]. An extensive survey of the literature conducted by the
Portland Cement Association concluded that "in general, the use of up to 5 % limestone does
not affect the performance of portland cement [13]”. Even higher contents of ground
limestone could potentially be utilized in lower water-to-cement ratio (< 0.45) systems, where
a substantial fraction of the cement clinker particles remains unhydrated, effectively acting as
a rather expensive filler material [14-16].

While these and much higher levels of limestone filler substitution have been employed in
Europe and elsewhere for many years, changing the ASTM standard has been a slow process.
Having computational tools to assist in better understanding the influence of limestone
additions on cement hydration and microstructure development should facilitate the
acceptance of these more economical and ecologically blended materials. The influence of
limestone substitutions on hydration rates is seen to be a strong function of water-to-solids
ratio, as a 20 % limestone substitution substantially modifies the effective water-to-cement
ratio of the blended mixture [17].

Numerous researchers have noted an acceleration of the hydration of cement due to the
addition of fine limestone or other fine particles [17- 20]. Apparently, the surfaces of the
individual filler particles provide sites for the nucleation cement hydration products such as
the calcium silicate hydrate gel (C-S-H) that is the dominant hydration product in most
hydrated Portland cements. Modeling the influence of limestone filler on cement hydration
has been studied by Bentz [17]. It was concluded that limestone substitutions are projected to
be particularly advantageous in lower w/b (<0.4) mortars and concretes. In these systems, up
to 20% of the cement could potentially be substituted by limestone to economize on the usage
of Portland cement clinker and to reduce the energy and the deleterious emissions associated
with its production.

Materials and methods

The experiments are performed with aqueous suspensions of the different cements CEM | (A-
D). Their medium particle size Ds is determined by using laser granulometry (Cilas 1064;
Co. Cilas). The densities of these cements are established by a helium pycnometer.

The polycarboxylate used is an industrial product and is used without further purification. The
solid content of the polymeric solution is established by using an IR-balance. The
characterization of the polymer is made by GPC, coupled with a refractive index and light
scattering detector. This equipment permits calculation of molecular weights and radii of the
polymers. Moreover polymer solutions with a concentration of 10 mg / mL (with respect to
the polymeric solid content) are prepared. The solvent used is a 0.1 mol/L NaNOj solution;
pH = 12.0; adjusted with NaOH). The column material (Co. Waters) used contained three
columns consecutively connected (Ultrahydrogel 120, Ultrahydrogel 250, Ultrahydrogel 500).
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They cover a separation area of 5,000 — 400,000 Dalton. The sample is injected with a syringe
containing a forwarded spaced filter (0.2 pm) in a 2-mL-GPC-sample holder, out of which the
GPC-apparatus injects 100 pL into the system. Therefore the polymeric solution needed for
one run is 1.0 mg. The evaluation is carried out with the GPC-Software Astra 4,908 (Co.
Wyatt Technologies). To calculate the averaged molecular weights, a 3" order fit is used.

The anionic charge of the superplasticizer under investigation is measured by means of the
particle charge detector PCD 03 pH (Co. Miitek). A 100 mL standard solution of polymeric
concentration of 200 mg/L is used. The filtrates of binder pastes with a water-to-binder (w/b)
-value necessary to produce a flow value of 18 + 0.5 cm (mini-slump test) is used as a solvent
for the polymer to measure the anionic charge in the pore solution. The charge density is
determined by means of a titration experiment with the polymer poly-dadmac (0.001 N), a
cationic polyelectrolyte.

Adsorption measurements are carried out at RT by determining the organic carbon content via
High TOC Il analyzer (Elementar) of the centrifugate (20 min at 8500 rpm) previously
produced from the cement pastes with polymeric admixtures.

The zeta potentials of the cement pastes with different amounts of polymer are measured
using Model DT-1200 electro-acoustic spectrometer (Dispersion Technology, Inc.). The
following mixing procedure is used to prepare the binder pastes: the binder is added to water
(according to the w/b-value necessary to produce a flow value of 18 £ 0.5 cm) within 1 min.
This paste is let sit for one more minute. Then, the mixture is vigorously stirred for 2 min in a
casserole by using a spoon. The filtrate is taken for the measurement of the ionic background
of the binder paste that is subtracted from the zeta potential values of the binder pastes
containing the polycarboxylate.

Results and Discussion
Characterization of the four types of cement and limestone
The analysis of the four types of cement and limestone is performed by using the Bogue
analysis- method. The results are listed in (Table 5).
Table 5.
Bogue analysis of the cements CEM | (A-D) and limestone
Binder type/ Composition CEMI(A) CEMI(B) CEMI(C) CEMI (D) Limestone (calcite)

Alite 67.3 60.1 69.8 61.0

Belite 10.9 22.4 6.9 22.0

C;A (cub.) 5.7 2.3 1.3 0.4

C;A (orth.) 5.6 0.0 4.6 1.1

Na,O 0.27 0.21 0.18 0.27 -
SiO, - - - - 0.5
K,0 0.67 0.63 0.72 1.27 -
C.AF 1.7 12.2 6.8 14.0 -
Al,O3 4.47 3.55 3.63 4.15 0.2
Fe,O4 1.2 4.56 2.38 2.46 0.2
CaS0,*2H,0 0.1 2.5 0.1 1.1 =
CaSO, 2.5 0.0 2.4 0.0

CaO free 0.3 0.2 1.1 0.3 -
CaCOs; 3.4 - 4.0 4.1 98.5
MgO - - - - 0.6
Water-to-binder-ratio 0.60 0.46 0.47 0.6 0.41

It can be seen that CEM 1 (C) possesses the highest alite content, which is a measure of early
hardness. The highest belite content is found in CEM | (B), which is responsible for its late
hardness. CEM | (A) has the highest C3A content and gives rise to its fast and early hydration
and reacts significantly with undesirable sulfates. The ferrite phase is responsible for the weak
hardness and the slow hydration of cements of which CEM I (B) shows the highest content.
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Higher positive surface potentials are expected in cases where sulfates are present due to the
enhanced formation of ettringite. Limestone "Schéfer Precal 18" (Schaefer Kalk GmbH & Co
K G, Diez, Germany) is used for all experiments due to its high purity of CaCOs.
The density (g/cm®) and the average particle size Ds (um) of the four cements and limestone
are listed in Table 6.

Table 6.

The density (g/cm®) and the average particle size Dso (um) of the cements CEM | (A-D)
and limestone

Binder type Density [g/cm’]  Average particle size Dg, [um]
CEM I (A) 3.12 7.5
CEM I (B) 3.14 11.28
CEM I (C) 3.14 17.49
CEM I (D) 3.14 8.81
Limestone (calcite) 0.274 9.71

Characterization of the superplasticizer under investigation

The characterization of the commercially available superplasticizer solution starts with
determining its solid content, its pH-value and its molecular weight and radii determined by
GPC analysis. The solid content [%] of the polymeric solution is 38.70 and its pH-value is
found to be 7.97. The GPC- analysis of the 1* generation superplasticizer under investigation
is resembled in Table 7.

Table 7.
GPC-Analysis of the superplasticizer under investigation
Property Value
Molecular weight [g/mol] Mn 28.050
Molecular weight [g/mol] Mw 70.180
Poly-dispersity [Mw/Mn] 2.5
R.M.S. Radius (Rg) [nm] Rgn 8.7
R.M.S. Radius (Rg) [nm] Rgw 10.1
R.M.S. Radius (Rg) [nm] Rgz 12.6
QELS Hydro dynamic Radius moment [nm] Rhn 6.4
QELS Hydro dynamic Radius moment [nm] Rhw 7.0
QELS Hydro dynamic Radius moment [nm] Rhz 8.8
QELS Hydro dynamic Radius moment [nm] Rh(avg) 6.6

In order to understand the adsorption behavior of the superplasticizers, determination of the
anionic charge density is necessary [21]. The cement pastes possess high pH- values, typically
12-13. This medium accounts for the presence of polycarboxylate containing superplasticizers
in the form of anionic polymers. Interaction with the positively charged binder surface takes
place. Superplasticizers with a more negative charge density are attracted to a higher extent to
the positively charged surface. Therefore, molecules with a higher anionic charge density
show higher adsorption rates. The results of the specific anionic charge density measurements
are found in Fig. 2. As expected, the polycarboxylate show in salt free water as well as in the
pore water of the four cements and limestone very high anionic charge densities.

Generally, the anionic charge density of the polymers depends on the pH-value, the ionic
strength and the ions present in solution (e.g. Ca’*; SO,*). The polycarboxylate under
investigation shows a high anionic charge density in deionized (salt free) water which
decreases in pore water of the four cements and limestone significantly. A reasonable
explanation is the complexation of the carboxylate groups with the Ca®* ions, a fact found
with  a-allyl-o-methoxy polyethylene glycol maleic anhydride copolymer based
polycarboxylate [22].
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Fig. 2. Anionic charge densities [10°eq/g] of the superplasticizer in water and in the pore
water of the four cements and limestone

Adsorption and zeta potential measurements

The superplasticizers dosage (with respect to binder) is estimated according to that necessary
to produce a flow value of 26 + 0.5 cm (mini-slump test). The blank value is a binder paste
with a w/b-value at which the flow value is 18 + 0.5 cm. By adding the superplasticizer, the
dosage is adjusted such that a flow value of 26 = 0.5 c¢m is obtained. The water content in the
polymeric solutions is considered.

The total organic carbon (TOC) content in the pore solution without superplasticizer is
estimated as background. Then the superplasticizer dosages necessary to obtain a flow value
of 26 + 0.5 cm are examined by adsorption measurements determining the TOC-content in the
filtrate of non-adsorbed superplasticizer. Subtraction from starting dosages leads to the
amount adsorbed. The results are shown in Fig. 3.
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0.7 -
0.6 -
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0.18
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01 -
O _

CEMI (A) CEMI(B) CEMI(C) CEMI(D) Ilimestone limestone
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Superplasticizer's adsorption
[mg/g binder]

Fig. 3. Superplasticizer adsorption [mg/g binder] on cement and limestone at a dosage
necessary for a flow value of 26 £ 0.5 cm

As expected, the C3A-poor cement CEM | (B) adsorbed the least amount of superplasticizers,
while CEM I(C) and CEM 1 (D) adsorbed the most. These results are consistent with the
finding about dependence of adsorbed amount on the formation of ettringite [23]. In
accordance with this, the high contents of sulfate and free CaO of CEM 1 (C) resulted in a
high consumption of superplasticizers although it has a moderate C3A-content.
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The results show that the CsA-content has a very strong influence on the adsorption of
superplasticizers: the lower it is, the less the adsorption of the superplasticizers. The
dependence of the adsorption on C3A/C,AF-content is also observed. High C3;A/C,AF
contents result in higher adsorption.

Regarding the adsorbed amount of superplasticizers, the adsorption behaviors of CEM 1 (D)
and limestone are very similar. Consequently, this polycarboxylate is good for precast
concrete, because they show a high starting liquefaction of cement pastes with low dosages.
The adsorption behavior is affected by the anionic charge of the polymer in water and in the
pore solutions of the four cements and limestone: The higher the anionic charge, the better the
adsorption [21].

The zeta potentials are determined first without then with superplasticizer (Table 8) according
to the dosages necessary to obtain a flow value of 26 + 0.5 cm. The zeta potentials of the pure
cements depend also on their C3A-content (see blank value in Table 8). Cements with higher
CsA- and sulfate contents can form higher amounts of ettringite during the hydration process
which shows a stronger positive zeta potential [24]. CEM | (C) has the least negative zeta
potential of -1.9 mV. Apparently, this cement builds more ettringite due to its very high
sulfate content than the CEM | (A), which is richer in the C3A-content. This effect is even
more intensified due to the fact, that CEM | (C) possesses the biggest particle size. In the
contrary to that, CEM | (B) shows a very negative zeta potential, because it can form less
ettringite. Besides it has a higher content of silicates that produce a negative surface charge.

Table 8.
Zeta potential [mV] of cement and limestone with and without the superplasticizer at a

dosage necessary for a flow value of 26 + 0.5 cm
Zetapotential [mV]  Zetapotential [mV]

Ellnzler Bes Blank value with superplasticizer
CEM I (A) -2.6 -3.3
CEM | (B) -8.3 -4.3
CEM I (C) -1.9 1.5
CEM I (D) -2.8 0.7
Limestone at pH =9 +40 -32
Limestone at pH = 12.5 -15 -25

The zeta potential of limestone in deionized water is +40 mV. Upon superplasticizers
addition, this potential decreases to -32 mV, which lies in good accord to the adsorption onto
its surface. Adjusting the pH value of CaCO3; with NaOH solution, the zeta potential becomes
-15 mV. Addition of the superplasticizers further decreases the zeta potential to -25 mV. The
zeta potential of the different cement types is dependent on the Cs;A-content. Cements of
higher C3A-contents develop a higher content of ettringite during hydration, which results in a
more positive zeta potential.
Conclusion

The interaction of the superplasticizer with four different types of cement and limestone is
studied. Characterization of the 1% generation type polycarboxylate under investigation
showed that it possesses a very high molecular weight. On the basis of low C3A-content it is
observed that CEM 1 (B) show the best liquefying effect. The two cements CEM I (C) and
CEM I (D) need higher dosages of superplasticizers to obtain the same result due to their high
content of sulfate and free CaO. Limestone shows an evident similarity to the properties of
CEM | (D) and is therefore the most compatible candidate when it comes to cement
substitution by CaCOg in application. Combining limestone with the other types of cement
would afford optimization of superplasticizer dosage first in order to obtain the desired
characteristics of the cement-limestone mixture.
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The results give an insight in how far the cement production (and consequently the CO, -
emission) can be minimized by using economical admixtures or fillers like limestone which
give good workability and compatibility to common cement types, a fact of high
environmental value.
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DAUGAVAS (ZAPADNAJAS DVINAS) ZOOPLANKTONS POSMA NO
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Abstract. The research has been done on qualitative and quantitative composition of zooplankton in
the Daugava between Suroza and Dunava. The investigation was carried out in July — August 2008. The
collection of samples was done using the net with 65u mesh. For analysing the abundance of zooplankton
method APHA 10200 was applied. Samples from 21 places were analysed assembling from the right side, left
side and midchannel of the river. Species Rotatoria, Cladocera and Copepoda were found and zooplankton
communities and diversity of species in the Daugava left side, right side and midchannel were compared taking
into account the factors affecting them.

Keywords: Daugava, zooplankton, pollution, Rotatoria, Cladocera, Copepods.

levads

Daugava (baltkrievu: 3axoowmss /zeina) ir Latvijas lieclaka upe, kas iztek no Valdaja
augstienes Krievija, tek cauri Krievijai, Baltkrievijai un Latvijai, lidz ietek Rigas juras Iici,
Baltijas jura. Daugavas garums ir 1005 km, no tiem 352 km Latvija [4].

Upes zooplanktons ir @idenstilpnu primaras produkcijas paterétajs un viens no tdenstilpnes
produktivitates raditajiem, jo kalpo par baribu daudzam zivim, ta organismi ir bioindikatori,
ar kuru palidzibu nosaka tidens kvalitati. Preciza un bieza planktona daudzuma noteiksana ir
priekSnosacijums preciziem produktivitates aprékiniem up€s un citas wdenskratuves.
Zooplanktona kvalitativa un kvantitativa skaita svarstibas lauj secinat par apkartgjas vides
faktoru izmainam un to ietekmi uz dzivajiem organismiem. Ari Eiropas Savienibas Udens
struktiirdirektiva par galvenajiem tdenu kvalitates raditajiem noteic biologiskos, nevis
tradicionalos kimiskos parametrus

Materiali un metodes
no Surozas (Baltkrievija) 11dz Dunavai (Latvija) (1.att.).Upes posma tika izvél€ta 21 vieta un
ievakti paraugi Daugavas labaja, kreisaja krasta un upes vidii, kopa 59 paraugi. Tika veikta
zooplanktona kvalitativa un kvantitativa sastava analize péc APHA 10200 metodes.

Rezultati un diskusija

Zooplanktona kvantitativa sadale pétitaja Daugavas upes posma ir loti nevienmériga,
organismu kopskaits Daugava svarstijas no 417 Iidz 253000 org./m®, maksimalo daudzumu
sasniedzot pie Silupes pietekas Daugava. Jaatzimé arl, ka visa pétitaja upes posma
zooplanktona daudzuma svarstibas upes vidi ir vienmeérigas, tacu kreisaja un labaja krasta tas
ir daudz ievérojamakas. Sadas svarstibas nosaka upes hidrologisko, hidrometeorologisko
faktoru summa, seviSki liela nozime ir Udens termiskajam reZimam un tdens Iimena
svarstibam upé€, svariga loma ir arT upes aizauguma un piesargpojuma pakapei.

Leéni plustosie posmi tiek raksturoti ar vidéjo zooplanktona organismu skaitu no 5000 lidz
60000 org./1001 tidens, posmos ar atru straumes plidumu zooplanktona daudzums samazinas
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lidz 1000 org./100l. Posmos ar lielu straumes atrumu un tdens caurpliidumu vairak par
1000m? piesarnojuma ietekme uz zooplanktonu nav novérojama [1].
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1.att. Zooplan ktona paraugu ievaksanas vietas Daugava
1- Suroza; 2- aug$pus Vitebskas; 3- lejpus Vitebskas; 4- Besenkovici, 5- Ula; 6- aug$pus Polockas;
7- Disna; 8- Verhnedvinska, 9- 4 km augs$pus Kraslavas; 10- 4 km lejpus Kraslavas; 11- Kaplava;
12- Lidakas; 13- Ververu krauja; 14- Lesovs¢izna; 15- Juzefova; 16- Krauja; 17- 1,5 km lejpus

— =

Daugavpils attiriSanas iekartam; 18- pie Silupes ietekas; 19- Nicgale; 20- lejpus Glaudaniem;
21- Dunava

Zooplanktona daudzums posma no Surozas lidz Verhnedvinskai (Baltkrievijas teritorija) upes
kreisaja, labaja krasta un upes vidil ir vienmerigs, zooplanktona organismu skaits svarstas no
467 1idz 27200 org./m* (2.att.). Sim posmam raksturigi dazadi biotopi, $aja rajona ir daudz
kracu, kur straumes atrums pieaug lidz 2 m/sek. un vairak, péc hidrologiskajiem raditajiem Sis
posms ir nelabvéligs, lai vairotos un attistitos hidrobionti [5].

Daugavas upes posms Latvijas teritorija kopuma raksturojas ar Sauru, bet labi attistitu
piekrastes zonu, kas bagata ar makrofitiem, kas nodroSina labvéligus apstaklus zooplanktona
attistibai. Zooplanktona daudzuma svarstibas pétitaja Daugavas posma bija krasi izteiktas
(2.att.). Piem&ram, upes posma ~15 km augspus Daugavpils (LeSovscizna) un ~20 km lejpus
Daugavpils (pie Silupes ietekas), kur upe ir saméra sekla 2-3 m, maz aizaugusi makrofitiem,
straumes atrums neliels, p&c hidrometeorologijas datiem 0,1-0,2 m/sek, zooplanktona
organismu skaits svarstas no 417 org./m® upes vidi Juzefova lidz 253 000 org./m* pie Silupes
ietekas. Upes labaja krasta 1,5 km lejpus Daugavpils attiriSanas iekartam zooplanktona
organismu skaits strauji samazinas no 184 434 Iidz 5200 eks/m®, ari sugu sastavs klust
nabadzigs. Tas varétu but izskaidrojams ar to, ka upes labaja krasta, kur ieplust Daugavpils
pils€tas neattiritie vai nepilnigi attiritie notekdeni, izveidojas toksiska zona zooplanktona
organismu pamatsastavam, lidz ar to samazinas ari tidens biologiskas paSattirisanas sp&jas.
Apméram 10 km lejpus Daugavpils pie Silupes ietekas Daugava zooplanktona organismu
kopskaits krasi palielinas gan labaja, gan kreisaja krasta, kopa Iidz 381 767 org./m?, pieaug ari
sugu dazadiba. Zooplanktona organismu skaita palielinasanos un sugu daudzveidibas
pieaugumu var izskaidrot, pirmkart, ar upes paSattiriSanas procesiem, otrkart, $aja posma
notekiidenu atSkaidijuma pakape ir pietieckami liela, treSkart, Seit ir bagatigi attistijies
bakterijplanktons — loti laba baribas baze zooplanktona attistibai. Ari péc 1979.-1980.gada
veiktajiem pétjjumiem upes posma lejpus Daugavpils attiriSanas iekartam noverots palielinats
organismu daudzums un samazinajums sugu daudzveidiba [1]. 1961.-1969.gada p&tijumos
atzimets, ka 7-10 km lejpus Daugavpils zooplanktona organismiem ir visuma labvéliga
notekiidenu atS8kaidijuma zona [3]. Visparinot var secinat, ka Daugavpils notektideni piesarno
Daugavas upi saméra gara posma un upes labaja pusé rada seviski netiru joslu, kur notekiideni
uz domingjosajam zooplanktona sugam iedarbojas toksiski.
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Daugavas posma no Ververu kraujas Iidz Dunavai, pateicoties salidzinoSi bagatajam
makrofitu audzém, kas aizsarga no straumes, un bagatai baribas bazei atseviskas upes vietas,
sugu sastavs ir visai daudzveidigs un organismu daudzums ar1 pieaug (2.att.).
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2.att. Zooplanktona organismu skaita (org./m®) svarstibas Daugavas posma no SuroZas
lidz Dunavai

P&tot zooplanktona kvalitativo sastavu upes posma no Surozas lidz Dunavai, kopuma
noteiktas 61 zooplanktona suga: 31 suga no Rotatoria, 24 sugas no Cladocera un 6 sugas no
Copepoda kartam.

Rotatoria visbiezak sastopamas sugas bija Brachionus quadridentatus, Euchlanis dilatata un
Rotifers sp. Rotatoria sugu daudzveidiba ir raksturiga tekoSu tidenu kvalitativajam sastavam,
tidens temperatiirai un upes straumei.

Brachionus quadridentatus tidens kratuvés sastopama starp makrofitiem, pelagialé. Attistibas
20°C. Suga plasi izplatita visas Daugavas vietas, jo tai raksturiga sp€ja pielagoties straumes
atrumiem [2].

Euchlanis dilatata apdzivo piekrastes zonas, fitofili — planktoniska suga 1idz 600 um gara.
Pétijuma noteikta ari vairakos paraugos upes vidd. 2008.gada pétijjuma ir vadosa
zooplanktona suga Daugava. Sastopama saldidenos tikai vasaras méneSos. Optimala
temperatira 18,5-20°C. Oligosaprobs organisms [2].

No Cladocera visbiezak sastopamas sugas bija Chydorus ovalis, Chydorus sphaericus,
Ceriodaphnia reticulata, Latvijas teritorija arT Syda crystalina.

Copepoda karta visbiezak bija parstavéta ar Nauplii, Cyclops sp. un Copepodite.
Zooplanktona sugu sastavu butiski ietekm& Daugavas kraces. Salidzinot sugu sastavu augspus
un lejpus kracém, var konstatét, ka lejpus kracém ieverojami samazinas tipisku planktona
sugu skaits Rotatoria un Cladocera grupas un pieaug fakultativo planktona sugu skaits.
Autohtonu planktona sugu attistibu butiski ietekme upes gultnes forma, straumes atrums un
11¢i upes krastos. Allohtonas sugas parasti tiek ieskalotas upe no palienu ezeriem pavasara vai
rudens palos. Pie tam pieder Euchlanis dilatata, Chydorus sphaericus u.c.

Kopuma Rotatoria daudzums pétitaja Daugavas posma ir nevienmérigs. Maksimalo veértibu
tas sasniedz 16.paraugu nemsanas vieta — Krauja.

Rotatoria sugu daudzums posma no Surozas Iidz Verhpedvinskai (Baltkrievijas teritorija) ir
salidzinoSi zems, sadalijums vienmeérigs. Daugavas posma no Kraslavas 1idz Dunavai
vérojamas Rotatoria daudzuma krasas svarstibas. Upes vidi svarstibas ir mazak izteiktas,
upes krastos izmainas ir ievérojamas ( 3.att.).
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3.att. Rotatoria organismu daudzums (org./m®) Daugavas posma no SuroZas lidz Dunavai

Ir vérojams Cladocera iztriikums abos Daugavas krastos un upes vidi augSpus Vitebskas,
Besenkovicos, Disna, Verhnedvinska un Kaplava. Cladocera daudzuma svarstibas parsvara ir
vérojamas tikai upes krastos, bet vidi Sie organismi ir maz sastopami. Cladocera maksimalais
daudzums ir vérojams 18.paraugu nemsanas vieta — pie Silupes ietekas (4.att.).
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4.att.Cladocera organismu daudzums (org./m®) Daugavas posma no SuroZas lidz
Dunavai

Copepoda iztrikums augspus Vitebskas ir vérojams Daugavas abos krastos un upes vidi.
Zems $o organismu daudzums ir lejpus Vitebskas un Kaplava. Kopuma Copepoda daudzums
upes vidi ir vienmerigs, lielakas svarstibas ir vérojamas labaja un kreisaja krasta. Copepoda
vislielakais daudzums ir pie Ververu kraujas. Vel salidzino$i augsts tas ir 18.paraugu
nemsanas vieta (pie upes ietekas), 9.paraugu nemsanas vieta (4 km augSpus Kraslavas),
19.paraugu nemsanas vietd (lejpus Glaudaniem) un 21.paraugu nemsanas vieta (Dunava)

(5.att.).
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5.att. Copepoda organismu daudzums (org./m®) Daugavas posma no SuroZas lidz
Dunavai

Zooplanktona grupu analize rada, ka vasaras perioda upes krastos kvantitativi vadosas
organismu grupas ir Rotatoria un Cladocera. Daugavas vidi planktona kvantitativi vadosa
organismu grupa ir Rotatoria. Kopuma augusta kvantitativi zooplanktons vienlidz labi
parstavéts ar Rotatoria un Cladocera organismu grupam, kuras ari iepem vadoSo lomu
Daugavas zooplanktona. Vertgjot zooplanktonu p€c biomasas, parliecino$i domingjosa
organismu grupa gan krastos, gan upes vidi ir Cladocera.

Kopuma Rotatoria, Copepoda, Cladocera kartu organismu kvalitativais un kvantitativais
sadalijums Daugavas Skersprofila sakara ar galvenas straumes noliecém, dzilumu, gultnes,
aizauguma un piesarpojuma pakapes ipatnibam ir Joti nevienmerigs.

Secinajumi

1. Zooplanktona kvantitativa sadale pétitaja Daugavas upes posma ir loti nevienmeériga.
Sadas svarstibas nosaka upes hidrologisko, hidrometeorologisko faktoru sinergisms,
seviski liela nozime ir Udens termiskajam rezZimam un tdens Iimena svarsttbam upg,
svariga loma ir arT upes aizauguma un piesargpojuma pakapei.

2. Daugavpils notekiideni piesarno Daugavas upi samera gara posma un upes labaja pusé
rada seviski netiru joslu, kur notekiideni uz doming€joSajam zooplanktona sugam
iedarbojas toksiski.

3. Kopuma kvantitativi vadoSo lomu Daugavas zooplanktona vasaras perioda ienem
Rotatoria un Cladocera organismu grupas.

4. Vertejot Daugavas zooplanktonu p&c biomasas, vasaras perioda parliecinos$i domingjosa
organismu karta ir Cladocera.

5. Rotatoria, Copepoda, Cladocera kartu organismu kvalitativais un kvantitativais
sadalijums Daugavas Skérsprofila sakara ar galvenas straumes noliecém, dzilumu, gultnes,
aizauguma un piesarpojuma pakapes Ipatnibam ir Joti nevienmerigs.

Summary
The quantitative distribution of zooplankton in the investigated span of the Daugava river was
very irregular, the total quantity of organisms vacillated from 417 till 253000 org./m 3. In the
whole investigated span of the river the oscillation of zooplankton’s quantity in the middle of
the river was equable, though on the left and right banks of the river it was much more
considerable. These oscillations are defined by the total number of hydrological,
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hydrometeorological factors, particularly big role play thermal conditions of water and the
oscillation of the water level in the river, and also an important role plays the extent of
outgrowth and pollution of the river.

The division of zooplankton’s quantity from Surozha till Verhnedvinsk (the territory of
Belarus) on the banks and in the middle of the river was equable. This river span is described
with some biotopes, there are a lot of rapids in which the speed of the stream is up to 2m/sec.
and even more, according to hydrological showings this river span is unfavorable for
reproduction and development of biotopes.

The Daugava’s river span in the territory of Latvia is described with narrow but well-
developed littoral zone, which is teeming with macrofits that secure the favourable conditions
for the development of zooplankton. The oscillation of zooplankton’s quantity in the
investigated span of the Daugava River was very considerable. On the right bank of the river
1,5 km below the purification plant of the city of Daugavpils the quantity of zooplankton’s
organisms is decreasing very much, as well as the composition of species is becoming poor,
consequently on the right bank of the river where the sewage from the city of Daugavpils
flows in, the toxic zone for basic zooplankton’s organisms has been formed. Approximately
10 km below the city of Daugavpils at the mouth of the Silupe the total amount of
zooplankton’s organisms in the Daugava river is increasing on the both banks, the variety of
species is also increasing, that could be explained, firstly, with the processes of river’s self-
purification, secondly, in this river’s span the dilution of the sewage is quite big, thirdly, in
this area bacterioplankton has been richly developed — a good food base for zooplankton.
Investigating the quantitative total number of zooplankton it has been stated 61 taxons of
zooplankton — 31 taxons of Rotatoria, 24 taxons of Cladocera and 6 taxons of Copepoda.

The most commonly spread taxons of Rotatoria were Brachionus quadridentatus, Euchlanis
dilatata and Rotifers sp.

From Cladocera the most commonly spread taxons were Chydorus ovalis, Chydorus
sphaericus, Ceriodaphnia reticulata, in the territory of Latvia also Syda crystalina.

Copepoda has been mainly represented by Nauplii, Cyclops sp. and Copepodite.

The analysis of the zooplankton’s group shows that in summer on the banks of the river the
main groups of organisms are Rotatoria and Cladocera. In the middle of the Daugava river
the main quantitative group of organisms is Rotatoria. Estimating zooplankton according to
its biomass, the main group of organisms both on the banks and in the middle of the river is
Cladocera.
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Abstract. The paper presents an effort to single out the basic issues of sustainability that could make
it applicable for the relevant changes in engineering education .The universities are regarded as change agents
and key actors in charge of promoting and achieving sustainable future because of their ability to promote
importance of sustainable development (SD) through their scholarly work and public service.

Keywords: sustainability challenges, engineering curriculum, transdisciplinary approach.

We should confess that societies have so often chosen unsustainable paths of resource
depletion and consumption. As a result nowadays they are faced with enormous
environmental and societal challenges. To face those challenges, the mankind has to find
more sustainable ways of living. Though we have at our disposal a number of definitions of
what sustainability is, the majority of them include the time dimension, and that in a way
means that sustainability encompasses an inherent goal of being able to persist, sustain, and
endure [1].

It can be considered that the sustainability problems that humanity is addressing at the present
moment should be related to three types of changes and challenges: those in environment
change; in society; and in technology, because they result from those changes and challenges
and in the last century the rates those changes achieve in all these three types have been
rapidly multiplied [2].

The first documented efforts to identify goals for education that address environmental and
sustainability challenges can be found in the late 1970s, when the intergovernmental
conference on environmental education took place in Thilisi, Georgia, in 1977. The Thilisi
declaration addresses education at all levels, even outside the formal school system. The
declaration is seen as the first attempt to formulate LOs (learning outcomes) of this kind. At
that time, the concept of SD (sustainable development) had only begun to develop and efforts
in education to reach a more holistic view were normally discussed in terms of environmental
education. Still, societal and economic aspects were emphasized as well as the
interconnectedness between the different dimensions. The insight into the educational
challenges indicated by the text in the Thilisi declaration is remarkable and it is discomforting
to notice how slowly progress has been made in education. Still, few educational efforts have
managed to properly address these goals that were formulated already.

One of the outcomes of the 1992 United Nations conference in Rio de Janeiro was Agenda
21, a collection of measures to achieve SD, which is generally rested on three basic
concepts — ecology, economy, and society, and economic growth is believed to be achieved
by limiting negative impact on environment and increasing positive impact on social issues.
As part of the effort towards sustainability, the United Nations General Assembly
recommended adopting the idea of the Decade of Education for Sustainable Development
(DESD), which began on January 1, 2005 [3]. United Nations established the Decade of
Education for Sustainable Development (DESD) (2005-2015) to promote integration of
sustainability into courses and curricular worldwide or the goal of the decade is “to integrate
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the principles, values, and practices of sustainable development into all aspects of education
and learning” [1].
Zadorsky [3] outlined the key elements of ESD (education for sustainable development as the
following:
- The integration of sustainable development into the education systems at all levels.
- Assistance to the development of education as a basis of a sustainable society.
- Strengthening of the international cooperation for the development of innovative policies,
programs and practices (p. 64).
Institutions of higher education are critically important places of knowledge production,
knowledge perpetuation, and knowledge dissemination. Higher education plays an
enormously important role not only in formal schooling, i.e., teaching specialized subjects and
assisting in developing skills necessary to learn these subjects, but also in moving beyond
these purely professional areas and educating future leaders and professionals about the world
we are living and about the pressing issues in the external environment affecting our lives. As
such, critically evaluating and transforming existing higher educational curriculum to have it
address current environmental problems should become one of the key priorities for higher
education institutions that are striving not just to “school” their students but to educate them
about core environmental concerns and help them become responsible citizens of the world.
To facilitate the Regional Centre for Expertise on Education for Sustainable Development
(RCE Samara) was established in Samara and it was acknowledged by the United Nations
University. The case study of the Institute of Ecology and Engineering Systems (IEES) at
Samara State University of Architecture and Civil Engineering (SSUACE), which is one of
the founding partners of RCE Samara could be a good example for the topic discussed.
Through a detailed description of the ecological curriculum developed and taught at IEES, the
historical background of how this curriculum was developed and introduced into SSAUCE
educational process, as well as the prospects for further development of ecological education
at this institution are treated as a rationale for “ecologizing” campuses, particularly of those
engineering institutions
As society faces unprecedented and increasingly urgent challenges associated with
accelerating environmental change, resource scarcity, increasing inequality and injustice, as
well as rapid technological change, new opportunities for higher education are emerging.
With regard to a societal transition toward sustainability, the primary role of institutions of
higher education can be viewed in two ways: universities can be perceived as an institution
that needs to be changed or universities can be perceived as a potential change agent [1].
Surely, by many, universities are viewed as change agent and key actors in charge of
promoting and achieving sustainable future because of their ability to promote importance of
sustainable development (SD) through their scholarly work and public service. Universities
can serve as role models for others in the community as sustainable organizations and provide
graduates who are trained and acquired necessary skills to become responsible citizens [4]
B.J. Machen, President of the University of Florida, saying “I graduate 15,000 students a year.
If I could turn out half of them with sensitivity to sustainability and turn them loose on the
world, that’s a hell of a contribution”. In sync with President Machen, Chalkley (2006)
commented “...Higher Education’s most valuable contribution to sustainability lies in
providing large numbers of graduates with the knowledge, skills and values that enable
business, government and society as a whole to progress towards more sustainable ways of
living and working” (as cited in [5]).
Many different perspectives and expectations on the role, value and potential of the university
in society translate into many different perceptions of opportunities for the university as a
change agent in a transition toward sustainability, who outlined four categories or perceptions
on how higher education may contribute to building a sustainable future. “First, higher
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education can model sustainable practices for society; this view is based on the premise that
sustainable behavior should start with oneself and by promoting sustainable practices in the
campus environment, learning related to how society can maximize sustainable behavior is
accomplished. Second, higher education teaches students the skills of integration, synthesis,
and systems-thinking and how to cope with complex problems that are required to confront
sustainability challenges. Third, higher education can conduct use-inspired, real-world
problem-based research that is targeted to addressing the urgent sustainability challenges
facing society. And lastly higher education can promote and enhance engagement between
individuals and institutions both within and outside higher education to resituate universities
as transdisciplinary agents, highly integrated with and interwoven into other societal
institutions [1].

On the other hand, institutions are also the places that need to get changed themselves. There
are different ways in which the university can demonstrate its commitment to sustainable
development: by “greening” campuses, by introducing special courses on sustainability, and
by engaging in various collaborative research projects [4].

There are internal (culture and structure of a university) and external barriers (no demand
from the society for a different crop of graduates) that may prevent the university from
becoming a sustainable institution. Drivers for change may also be internal and external.
Internal drivers are the visionary leadership or financial incentives and external drivers may
be pressure from peer institutions or financial bonuses from industries and organizations
willing to support sustainability efforts.

Let us address the issue of sustainability in engineering curriculum. Universities, throughout
history, have always held a critical place in society for advancing science. Given the current
urgent societal challenges associated with environmental degradation and human health, the
university role of advancing science in very practical and applicable ways is growing. This is
particularly true about engineering universities, where science is indeed created and then
shared with humanity. “As pedagogy, environmental sustainability is concerned with
transforming students’ patterns of thinking so that humanity can live meaningfully and
harmoniously in the natural world” [6, p. 114].

“The Thbilisi and DESD initiatives address educational efforts in society as a whole, but there
are also many initiatives that target higher education, sometimes directed towards specific
professions. One example is the Declaration of Barcelona that was formulated during the
Engineering Education for Sustainable Development conference in 2004, specifically dealing
with higher education for engineers (the Barcelona Declaration). For the last 15 years, a set of
concerned businesses have addressed sustainability issues that have become relevant for their
future in what is known as the World Business Council for Sustainable Development
(WBCSD - www.whbcsd.org). The Council is particularly expressing a concern for providing
future professionals with adequate learning for their future professional decision making and
has been laying a strong foundation to foster sustainable development learning.

The example of DESD initiatives is the example of how sustainability should be generally
addressed in the society. In the Declaration of Barcelona it is stated that today's engineers
must be able to work in multidisciplinary teams and that social sciences and humanities
should be incorporated in teaching for engineers; at this point it is relevant to quote J.D.
Bernal's point of view regarding the latter "In the great creative periods of science the artists
and the scientists worked very closely together and were in many cases the same people
(Leonardo da Vinci could serve as one of the best examples). The result of this separation [i.e.
science and art] has been the most incredible mutual ignorance. [1].

Changes need to be made in the way engineering education is conceived and delivered, so that
graduating engineers can become proponents for the implementation of sustainable practices
in their organisations [7]. The Declaration of Barcelona wants engineers to help redirect
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society and want to train engineers who are motivated to participate and who are able to take
responsible decisions

References

1. Svanstrom M, Lozano-Garcia F. J., Rowe D. Learning outcomes for sustainable development in higher
education.International Journal of Sustainability in Higher Education,9(3), pp. 339.-351. Retrieved October
22, 2008, from Education Module database.

2. Stephens J.C., Hernandez M.E., Roman M, Graham A.C.,. Scholz.R. W. Higher education as a change agent
for sustainability in different cultures and contexts. International Journal of Sustainability in Higher
Education, 9(3), pp. 317.-338. Retrieved October 22, 2008, from Education Module database.

3. Zadorsky W.M. Education for sustainable development: integration of sustainable development into
engineering education in Ukraine. Clean Techn Environ Policy, 8. pp. 64.-68.

4. Ferrer-Balas D., Adachi J., Banas S., Davidson C.l., Hoshikoshi A., Mishra A., Motodoa Y., Onga M. and
Ostwald M. An international comparative analysis of sustainability transformation across seven universities.
International Journal of Sustainability in Higher Education. 9 (3), 2008. pp. 295.-316.

5. Shephard, K. Higher education for sustainability: Seeking affective learning outcomes. Higher Education for
Sustainability. 9(1), 2008. pp. 87.-98.

6. Van Kannel-Ray N. Guiding Principles and Emerging Dialogue for Environmentally Sustainable Education.
Curriculum and Teaching Dialogue, 2006. pp. 113.-123.

7. Segalas J., Ferrer-Balas D., Mulder K. Pedagogical strategies for learning sustainability by engineering
students. Proceedings. EESD, 2008.

98
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Abstract. The question is solved in the article what to evaluate connection with specialty of the subjects
of informatics. The course descriptions are given in the internet. The authors offer variant what evaluate course
descriptions by 3 score system. The lecturers’ produced materials show more demonstrative connection with
specialty. The authors show what we need regard evaluating and offer evaluation methodic by 5 score system.
The criterions are offered what to evaluate if methodic works right. The viewpoint based with research between
students.

Keywords: informatics, pedagogy, specialty, University.

levads
Jebkura augstaka macibu iestadé tiek apguti informatikas priekSmeti. Par informatikas
priekSmetu autori uzskata jebkuru priekSmetu, kur$ pilniba vai dalgji tiek apgiits datorklase.
Tajos sniegtas zinasanas, prasmes un iemanas nepiecieSamas praktiski jebkura citd macibu
priekSmeta, lai:
e meklgjot informaciju, gatavotos kart€jiem parbaudijumiem;
e noformétu studiju darbus;
e veiktu pétijumu datu apstradi;
citi lietojumi.
Informatikas priekSmetos glitas zinaSanas, prasmes un iemanas nepiecieSamas profesionalaja
darbiba, kur iemanas rekomendé Profesiju klasifikatora standarti. Misdienas datori tiek lietoti
jebkura nozarg, tapéc zinaSanas, prasmes un iemanas ir nozimiga profesionalas pieredzes dala.
Pétijuma merkis ir radit studiju modela variantu, kur biitu maksimala saistiba ar specialitati.
Daziem autoriem svarigi radit $adu studiju modeli tiesi darba veselibas apriipes studentiem.
Tacu, pec autoru domam, to var veikt jebkura specialitate.
Lai $adu studiju modeli raditu, pirmais, kas nepiecieSams, novertét saistibu ar specialitati.
Literatara un Internet tikla par izstradatajam metodikam saistibas ar specialitati noveértéSanai
nav minéts. Tapec nepiecieSams izstradat informatikas priekSmetu saistibas ar specialitati
novertésanas metodiku, pamatojoties uz profesiju standartiem, augstskolu macibu planiem un
citu informaciju.
Saistibas ar specialitati izveért€Sana pastav vairakas problémas. Pastav jautajumi, kas ir Joti
svarigi specialitaté, un tadi, kuri mazak svarigi, ta¢u nepiecie$ams tos apgiit. Sie jautajumi var
tikt iestradati informatikas priekSmetu uzdevumos. Tapat jebkura specialitate saistita ar
informacijas tehnologiju lietojumiem dazas citas nozarés. Ka to visu nemt véra vértgjumos?
Internet tikla pieejami raksti par informatikas saistibu ar dazadam specialitatém, ka arT kursu
apraksti [1; 2] un macibu spéku sastaditie materiali [3]. Lai saistitu informatikas priekSmetus
ar specialitati, Latvija un pasaul€ jau paveikts daudz, tau pastav iesp€jas to v€l vairak
uzlabot. Saja sakara nepiecieSams kvantitativi izmérit informatikas priek§metu saistibas ar
specialitati cieSumu.
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Dokuments, kas parada informatikas priek§meta saistibu ar apgiistamo specialitati, ir kursa
apraksts. Tajos parasti neparadas detalizta informacija par kursa apglistamo macibu vielu,
tapec nav iesp&jams precizi novertét So saistibu. Tomér kursa apraksti sniedz nedaudz
informacijas par tému nosaukumiem, un p&c tiem var saskatit arT ar specialitati saistitas t€mas.
Autori piedava variantu, ka saistibu ar specialitati varétu noveértét rangu skala.

Saisttbu ar specialitati uzskatamak parada macibu speku izstradatie materiali. Autori
méginajusi So saistibu vértét rangu skala, tacu, ka zinams, rangu skalas novért&jumi nav Joti
precizi. P&c autoru domam, labak biitu vértét intervalu skala. Pieméram, vertet ta, lai butu
iesp&jams atbildeét uz jautajumu, cik % dotaja informatikas priekSmeta uzdevuma pastav
saistiba ar specialitati? Vai var vertet ta, lai butu iespgjams salidzinat divus uzdevumus, kura
vairak saistiba ar specialitati, kura mazak.

Ja metodika izstradata, tad — ka novertet, vai ta darbojas adekvati? Autori raksta piedava
viedokli §aja jautajuma. Viedoklis pamatots ar nelielu pétijumu studentu vidi.

Materiali un metodes

Autori ieviesa kursa aprakstu saistibas ar specialitati novert€sanai rangu skalu 3 ballu sisteéma.
Izmantojot So skalu, tika izvertetas informatikas priekSmetu kursa apraksti vairakas Latvijas
augstskolas. Informatikas priekSmetiem bija loti dazadi nosaukumi — Biometrija, Varbiitibu
teorija un matematiska statistika, Informatika u. c.
Autori apsekoja 214 studentus no vairakam Latvijas augstskolam. Viniem tika dots uzdevums
novertét péc vinu ieskatiem saistibu ar specialitati 5 ballu sistéma informatikas priekSmeta,
kuru vini apguva.
Lai novertetu, vai informatikas priekSmetu saistiba ar specialitati ietekme zinaSanu vertéjumu,
triju macibu gadu laika (2006./07., 2007./08., 2008./09.) tika apsekoti 848 studenti vairakas
Latvijas augstskolas. Parbaudijumi tika sadaliti kategorijas: 1 — visstingrakais parbaudijuma
veids — datorizéts tests ar laika kontroli, 2 — informatikas uzdevumu izpilde dazadas
datorprogrammas (Word, Excel, PowerPoint, Access, SPSS u.tml.) ar laika kontroli, 3 — lidz
eksamenam studentam jasagatavo darba materials (teksts, datu baze u.tml.), iesp€ju robezas
saistot ar specialitati, un eksamena jaizpilda dazadi parveidojumi, tatad Sie parbaudijumi ir ar
daléju laika kontroli, 4 — vispirms jaatrisina macibu spéka dotie uzdevumi un péc tam
studentam jasastada I1idzigi, tos atrisinot nodarbibu laika un arT arpus datorklases, tatad Sie
parbaudijumi ir bez laika kontroles. Tatad, samazinoties parbaudijuma kodetajam
apzimé&jumam, tas klist stingraks.

Autori veértgja ar1 informatikas priekSmetu trenipuzdevumu un parbaudijumu uzdevumu

saistibu ar specialitati péc vinu izstradatas skalas, kurus macibu procesa izmantoja minétie

848 studenti.

Tatad dati tika ieguti:

1) analizgjot Latvijas augstskolu informatikas priekSmetu kursu aprakstu satura saistibu ar
specialitati péc autoru izstradatas skalas 3 ballu sisteéma;

2) analizgjot informatikas priekSmetu treninuzdevumu un parbaudijumu uzdevumu saistibu
ar specialitati Latvijas augstskolas péc autoru izstradatas skalas 5 ballu sisteéma;

3) dodot studentiem, kas apguva informatikas priekSmetu treninuzdevumus un parbaudijumu
uzdevumus, novertét péc vinu ieskatiem saistibu ar specialitati 5 ballu sistéma. Tika
verteti treninuzdevumi un parbaudijumu uzdevumu atseviski;

4) aptaujajot studentus, tika iegiti informatikas priekSmetu un macibu spéka izstradato
materialu vert€jumi 5 ballu skala, nosakot, vai tie ir interesanti, saprotami un kvalitativi.

Datu matematiskajai apstradei tika lietotas $adas metodes:

- aprékinata aprakstosa statistika — centralas tendences raditdji kursu apraksta
novertéjumiem,;
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- Vilkoksona tests un atbilstosa aprakstosa statistika, lai noskaidrotu, vai studentu un autoru
informatikas priekSmetu uzdevumu vért€jumi statistiski ticami atskiras;

- Spirmena rangu korelacija, lai parbauditu, vai starp studentu un autoru vért§jumiem
pastav sakariba un vai saistiba ar specialitati uzlabo attiecksmi pret informatikas
priekSmetiem — vai priekSmeti Skiet interesantaki, noderigaki, augstak tiek verteti macibu
speku izstradatie materiali.

Rezultati un to izvertejums

P&tot profesiju standartus [4] un Eiropas datorprasmes sertifikata prasibas [5], autori

konstatgja, ka jebkura specialitate saistita ar:

e dazam ekonomikas nozarém, pieméram, ar uznéméejdarbibu [6];

dazam psihologijas nozarém, pieméram, saskarsmes psihologiju (darbs ar klientiem);

dazam tiesibu nozarém (katra nozaré pastav noteikti likumi, tiesibu normas) [7; 8; 9];

ar matematisko statistiku (katra nozare nepiecieSama zinatnisko p&tijumu datu apstrade);

ar pedagogiju — jebkura nozaré nepiecieSams apmacit jaunos un paaugstinat kvalifikaciju

jau esoSajiem darbiniekiem [10].

Vertésana tas tika nemts véra. Kursa apraksta izvertésana autori ieviesa Tpasu skalu.

Ar skaitli 1 apzimét, ja maz saskatdma saistiba. Ja kursa apraksta uzskaititi dazadu

datorprogrammu riki vai metodes, bet tikai dazi vardi parada saistibu ar specialitati.

Piem@ram, ja ir §ada veida nosaukumi: feksta formatesana MS Word videé, grafiku zimésana

MS Excel vidé u.tml. Teksti, kas raksturo saistibu ar specialitati, ir Tsi un visparigi, pieméram,

MS Word lietojumi specialitaté vai SPSS lietojumi specialitatg.

Ar skaitli 2 apzimét, ja saskatama vidEja saistiba. Ja kursa aprakstda uzskaititi dazadu

datorprogrammu riki vai metodes ka skaitlim 1, tacu paradas ari specialitates temati,

piem&ram, veselibas apriip€ dzivesveida raditdji atkariba no sirds un asinsvadu slimibu
raditajiem.

Ar skaitli 3 apzimét, ja saskatama cieSa saistiba. Tas, péc autoru domam, ir topoSajam

specialistam labveligakais variants. Ja kursa apraksta centra ir specialitaSu temati un

datorprogrammu r1ki vai metodes ir tikai pakartotas tiem. Tada veida nosaukumi ka skaitlim 1

neparadas vispar, vai tie ir loti maz. Kursa apraksta ir galvenokart specialitaSu temati,

piem&ram, veselibas apripé holesterina limenis atkariba no kermena masas indeksa u.tml.

Tika apsekoti 97 kursu apraksti un konstatéts fakts, ka centralas tendences raditaji tuvi vai

sakrit ar minimalo vértibu (M=1,4, Me=1, Mo=1). Tresa kvartile vienada ar 2, starpkvartilu

amplitida 1. Tas parada, ka vairakums vertibu ir 1. Tatad vél iesp&jams daudz darit, lai
informatikas priekSmetus saistitu ar specialitati. Tacu ir arT stradats par Siem jautajumiem.

DaZzos Latvijas augstskolu kursu aprakstos saistiba ar specialitati paradas jau kursa

nosaukuma, pieméram, Ekonomikas informatika, Mediciniska informatika u.tml.

Arl pasaul€ svariga ir informatikas priekSmetu saistiba ar specialitati. DaZiem autoriem, ta ka

vini strada ar veselibas apriipes studentiem, pasi svarigi bija izpétit veselibas apriipes un

informatikas saistibu. Par to ir loti daudz Internet avotu, tatad §is jautajums ir aktuals pasaulé

[11; 12; 13; 14].

Autori vertgja informatikas priekSmetu treninuzdevumu un parbaudijumu uzdevumu saistibu

ar specialitati péc Sadas skalas:

e 1 balle — darba materials informatikas priekSmetu uzdevumos vispar nav saistits ar
specialitati;

e 2 balles — pastav netieSa saistiba ar specialitati — visas nozares, t.sk. ekonomika,
psihologija utt., kas nav tieSi saistitas ar profesionalo darbu, tacu svarigas, bet ta nav
pamatota (pieméram, dati vai teksts ir ka nejausi saceréti, vienigi tajos atrodami atbilstosi
termini);
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e 3 balles — pastav tieSa saistiba ar specialitati, tau ta nav pamatota.

e 4 balles — pastav netieSa pamatota (atsauces uz literatiiras vai Internet avotiem, studentu
eksperimentalais darba rezultatu izmantoSana u.tml.) saistiba ar specialitati;

e 5 balles — pastav tieSa pamatota (atsauces uz literatiiras vai Internet avotiem, studentu
eksperimentalais darba rezultatu izmantoSana u.tml.) saistiba ar specialitati.

Studenti arT vért§ja 5 ballu sisttma, par autoru izstradato shému nezinot. Starp autoru un

studentu gandriz visiem vertgjumiem pastav statistiski ticama atskiriba (Vilkoksona tests,

p<0,05), iznemot MS Word and SPSS treninuzdevumus. Tika aprékinata atbilsto$a aprakstosa

statistika treninuzdevumiem (sk. 1.tab.). Kolonnas, kur pastav statistiski ticama atSkiriba,

dotas treknraksta.

1.tabula
Studentu un autoru vértejumu par saistibu ar specialitati treninuzdevumiem
salidzinajums
E
—_— o N
S 85| 8 g
> o s | 2| 5
= = 3) S
=
n autoru un studentu vertgjumu
salidzindjumam 78 144 78 85 65
Studenta vertgjums zemaks par
autoru vertgjumu 26,9% 35% | 26,9% | 20,0% | 50,8%
Studenta vertgjums augstaks par
autoru vert§jumu 256% | 84,0% | 474% | 47,1% | 40,0%
Studenta veért&jums sakrit ar autoru
vertg§jumu 474% | 125% | 25,6% | 32,9% 9,2%
Studentu vértéjumu aprakstosa
statistika
n 152 163 151 139 104
Mediana 5 5 4 3 4
Moda 5 5 5 3 &)
Minimums 1 1 1 1 1
Maksimums 5 5 5 5 5
Autoru vértéjuma aprakstosa
statistika
n 80 146 80 87 69
Mediana 4 2 4 2 4
Moda 4 2 4 2 4
Minimums 4 1 1 2 4
Maksimums 5 5 5 5 5
p 0,166 0,000 0,010 0,000| 0,178

Tapat ar tika aprékinata aprakstosa statistika parbaudijumu uzdevumiem (sk. 2.tab.).
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2.tabula
Studentu un autoru vértéjumu par saistibu ar specialitati parbaudijumu uzdevumiem

salidzinajums
£
_— o I

§ 8| 5| 5| g

= | 4 s | £ | g

= = 3—) S

=

n autoru un studentu vertgjumu
salidzinajumam 28 28 28 27 16
Studenta vertéjums zemaks par
autoru vertg§jumu 0,0% 0,0% 0,0% 0,0% 0,0%
Studenta vertgjums augstaks par
autoru vertgjumu 929% | 89,3% | 92,9% | 85,2% | 100,0%
Studenta vertgjums sakrit ar autoru
vertgjumu 7,1% | 10,7% 7,1% | 14,8% 0,0%
Studentu vert&jumu aprakstosa
statistika
n 28 28 28 27 41
Mediana 4 4 3.5 3 4
Moda 4 4 5 4 5
Minimums 1 1 1 1 1
Maksimums 5 5 5 5 5
Autoru vertgjuma aprakstosa
statistika
n 81 111 71 59 41
Mediana 1 1 1 1 1
Moda 1 1 1 1 1
Minimums 1 1 1 1 1
Maksimums 5 5 5 5 &)
p 0,000 0,000 0,000 0,000 0,000

Péc autoru uzskatiem, pirmais kriterijs, ka metodika informatikas priekSmetu saistibas ar
specialitati novertéSanai darbojas adekvati, ja pastav vienadas tendences starp studentu un
nozaru ekspertu vert§jumiem. Eksperti vel pagaidam nav apsekoti. Ja autori dod viszemakos
vert§jumus, tad arT studentu vert€jumiem vajadz€tu bit viszemakajiem. Tie var biit atSkirigi,
ta¢u viszemakie. Sai sakaribai vajadzétu izpildities arf vidgjiem un augstiem vértgjumiem.
Viena no iesp&jamajam metodém — Spirmena rangu korelacija. Tika pétitas datorprogrammas,
ar kuram vairakums studentu informatikas priekSmetos strada — MS Word, Excel, PowerPoint,
Access, SPSS. Pavisam tika apsekoti 214 studenti, tacu informatikas priekSmeti gan
nosaukumu, gan satura zina ir loti dazadi. Visi studenti informatikas priekSmetos neapguva
visas 5 minétas datorprogrammas, tapéc, aprékinot korelaciju, respondentu skaits n ir
atSkirigs. Starp autora un studentu vért€jumiem dazam datorprogrammam pastav korelacija.
MS Word treninuzdevumiem pastav pozitiva un statistiski ticama korelacija starp studentu un
autora treninuzdevumu vért€§jumiem (rs=0,470, p<0,001, n=78), ka ari starp studentu
treninuzdevumu un autora parbaudijumu uzdevumu vértéjumiem (rs=0,628, p<0,001, n=79).
MS PowerPoint pastav pozitiva un statistiski ticama korelacija starp studentu treninpuzdevumu
un autora parbaudijumu uzdevumu vért€§jumiem (rs=0,244, p<0,044, n=69). MS Access
treninuzdevumiem pastav pozitiva un statistiski ticama korelacija starp studentu un autora
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treninuzdevumu vertéjumiem (rs=0,344, p=0,001, n=85). Programmas MS Excel un SPSS nav
statistiski ticama korelacija (p>0,05). Tatad kriterijs izpildas dalgji.

Izpetot sakaribas starp saistibu ar specialitati un zinasanu veért€jumiem, tikai iegiits, ka
sakariba pastav tikai starp parbaudijuma par MS Access saistibu ar specialitati un vidgjo
veért€jumu studentu plisma (rs=0,808, p=0,028, n=7) un parbaudijuma par statistikas
datorprogrammam saistibu ar specialitati un vidgjo vértejumu studentu plisma (rs=0,779,
p=0,013, n=9). Sajos gadijumos n ir studentu plismu skaits, kuras apguvusas tiesi §Ts
datorprogrammas. Tatad, jo parbaudijumu uzdevumi par MS Access un statistikas
datorprogrammam vairak saistiti ar specialitati, jo augstaki studentu zinaSanu veért&jumi. Tas
ir datorprogrammas, ar kuram studenti parasti pirmoreiz saskaras tikai augstskola. Pargjos
gadijumos starp MS Word, Excel, PowerPoint treninuzdevumu un parbaudijumu uzdevumu,
MS Access un statistikas datorprogrammu treninuzdevumu saistibu ar specialitati un studentu
zinaSanu vert€jumiem sakaribas nepastav.

Sakariba pastav art starp parbaudijumu stingribu un vidgjiem veért§jumiem studentu pliismas
(rs=0,594, p=0,001, n=26). Izpildot datoriz&tus testus ar laika kontroli (kod&tais apzim&jums
1), vidgjie vertejumi studentu pliismas ir viszemakie. Tacu, izpildot uzdevumus bez laika
kontroles (kod&tais apzim&ums 4), vidgjie vertejumi studentu pliismas ir visaugstakie.

Tatad studentu zinaSanu, prasmju un iemanu vért€§jumi ir atkarigi no parbaudijuma
stingribas. Tikai 2 situacijas (MS Access un statistikas datorprogrammu parbaudijumu
uzdevumi) no 10 (MS Word, Excel, PowerPoint, Access un statistikas datorprogrammu
treninuzdevumi un parbaudijumu uzdevumi) vid€jie vertgjumi atkarigi no saistibas ar
specialitati.

P&c autoru uzskatiem, otrais kritérijs, ka metodika informatikas priekSmetu saistibas ar
specialitati novértéSanai darbojas adekvati, ja, pieaugot vért€jumiem, pieaug attieksmes
raditaji — attieksme pret informatikas priekSmetu uzlabojas. Par attieksmi pret informatikas
priekSmetu tika aptaujati 68 no 214 studentiem. Tiem studentiem, kuri tika aptaujati par
attieksmi, autoru vert€§jumi par saistibu ar specialitati bija konstanti. Tapéc starp autoru
vertgjumiem un attiecksmi korelaciju nevargja aprékinat. Tacu studentu veértgjumi bija
atskirigi, tapéc viniem vargja aprékinat Spirmena rangu korelaciju. Pieaugot studentu
vert§jumiem  saistibai ar specialitati visam 5 min€tajam datorprogrammam
treninuzdevumiem, attiecigais informatikas priekSmets studentiem $kiet interesantaks (rs>0,
p<0,05), saprotamaks (rs>0, p<0,05), augstak tiek verteéti macibu speka sagatavotie materiali
(rs>0, p<0,05). P&tijumi starp parbaudijumu stingribu, zinasanu vertejumiem un attieksmes
raditajiem parada saistibu ar specialitati, ka saistibas ar specialitati uzlaboSana varétu
ietekmé@t ne tik daudz zinasanu veért€§jumus, ka attiecksmes raditajus. Var ar1 veidot integrétu
raditaju starp zinaSanu vertg§jumiem un attieksmes raditajiem un to izmantot sakaribu
petisana. Tatad otrais kriterijs izpildas ar studentu dotajiem veértejumiem.

Autoriem ir ideja par to, ka informatikas priekSmetu saistibu ar specialitati vertét attiecibu
skala, ta¢u pagaidam aprékinaSanas formulas un atbilstoSie datorzinatnpu lietojumi v€l nav
izstradati, tas ir nakamais darba posms.

Katra specialitaté ir savu raksturigo vardu krajums. Liela dala no tiem ir termini, kurus
nespecialisti reti lieto ikdienas valoda. Tacu starp raksturigajiem vardiem var bt ar1 tadi,
kurus nespecialisti lieto ikdienas valoda, pieméram, fizioterapijas specialitaté vardi ar sakni
,idT” — nortdities, nortidiSanas, nortudijies u.c. Autori piedava nemt véra Sos raksturigos
vardus. Tapat ar1 svarigi, kadas datorprogrammas un rikus lieto absolventi p&tijumu darbos un
attiecigas nozares specialisti praktisku uzdevumu veikSana.

Secinajumi
1. Latvijas augstskolas iesp€jams vél daudz darit, lai informatikas priekSmetus saistitu ar
specialitati.
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2. Studentu zinasanu, prasmju un iemanu veért§jumi ir atkarigi no parbaudijuma stingribas.
Tikai 2 situacijas (MS Access un statistikas datorprogrammu parbaudijumu uzdevumi) no
10 (MS Word, Excel, PowerPoint, Access un statistikas datorprogrammu treninuzdevumi
un parbaudijumu uzdevumi) vidgjie vert&jumi atkarigi no saistibas ar specialitati.

3. Pirmais autoru izvirzitais kritérijs, ka metodika informatikas priekSmetu saistibai ar
specialitati noveértésanai darbojas adekvati, ja pastav vienadas tendences starp studentu un
uzdevumu autoru vert€jumiem.

4. Otrais autoru izvirzitais kritérijs, ka metodika informatikas priekSmetu saistibas ar
specialitati novertéSanai darbojas adekvati, ja, pieaugot vert€jumiem, pieaug atticksmes
raditaji — attieksme pret informatikas priek§metu uzlabojas, izpildas studentu dotajiem
treninuzdevumu veért€jumiem.

5. Turpmakaja darba viens no uzdevumiem izstradat informatikas priekSmetu studiju modeli,
lai saistiba ar specialitati biitu maksimala.

6. P& autoru domam, pétijuma turpinajums varetu bt izstradat vert€Sanas metodiku
attiecibu skala, nemot vera specialitatei raksturigo vardu atkartoSanas biezumu, riku un
metozu pielietojumu praktiz&josu specialistu vidii un citus raditajus.

Summary

In every higher school there are taught subjects of informatics. They are very different and are

named differently. The knowledge, acquirement and skills of these subjects are necessary in

the all other subjects:

e searching of information with aim to prepare for usual examinations;

o for formatting of study works (papers, course papers, diploma paper and others)

o for data processing of researches;

e other usages.

Today computers are used in all branches of science. Knowledge, knowledge, acquirement

and skills of informatics is an important part of professional experience.

The aim of research is to create a study model which would have maximum linking with the

specialty.

In the first it is necessary to evaluate connection with specialty. In literature and internet about

it is not mentioned. Because is necessary to produce methodic for connection with specialty

evaluation, based on professional standards, curricula of higher schools and other information.

The difficulties in connection with specialty measuring exist due to the difference of the level

of knowledge, skills and abilities which are directly and indirectly connected with the

specialty. These questions can be introduced in the tasks of subjects of informatics. Any
specialty is linked with usages of information technologies in other branches of science:

some branches of economics, for example, business;

some branches of psychology, for example, communication psychology;

some branches of law;

mathematical statistics;

pedagogy.

The authors offer following variant:

e 1 point — material of work in the tasks of the subjects of informatics is in general not
linked with specialty.

e 2 points — indirect connection with specialty exists— all branches, including economics,
psychology, etc. which are not directly linked with professional work, but important,
though it is not grounded (for example, data or text are randomly composed, only
appropriate terms can be found).

e 3 points — direct connection exists with specialty, but it is not grounded.
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e 4 points — indirectly grounded connection with specialty exists (reference on literature
sources, use of students' experimental work results, etc.).

e 5 points — directly grounded connection with specialty exists (reference on literature or
internet sources, use of students' experimental work results, etc.).

The authors survey 214 students from some Latvian higher schools. The students evaluated

connection with specialty by 5 score system by their viewpoint.

The articles about informatics’ connection with different specialties are available in the

internet. The document what shows connection with specialty is course description. However

course descriptions give little information about titles of themes and according to them we can
look also with specialty linking themes. The authors offer variant which connection with
specialty could evaluate in ordinal scale.

e With number 1 to mark if visible little connection. If in the course description different
computer programs’ tools and methods are counted but only some words show connection
with specialty.

e With number 2 to mark if visible middle connection. If in the course description different
computer programs’ tools and methods are counted similar as number 1 but also appeared
themes of specialty, for example, in the health care life style indicators in dependence
from hearth and blood — vessels illness indicators.

e With number 3 to mark if visible close connection. By author viewpoint it is best variant
for nascent specialist. If in the course description center are themes of specialties and
computer programs’ tools and methods are only subordinate them. The titles similar as
number 1 are not appear all generally or they are very little. In the course description
center are mainly themes of specialty, for example, in the health care cholesterol level in
dependence from body mass index.

97 course descriptions were evaluated by ordinal scale (M=1.4, Me=1, Mo=1). The third
quartile is equal with 2, the interquartile range 1. It shows that most of values are 1.
The lecturers’ produced learning materials show connection with specialty more
demonstrative. The authors tried this connection to evaluate by ordinal scale but these
evaluations are not precise. The authors have idea to evaluate connection with specialty by
interval scale. Still temporarily calculation formulas and accordant computer science usages
yet is not produced, it is next work stage.
In each specialty is own characteristic word supply. Most of them are terms which are rarely
used by non — specialists’ speech. Still also are words more frequently used by non —
specialists. For example, in the physiotherapy specialty words with root “hard” — to harden,
hardening, etc. The authors offer to regard these words. Just also important which computer
programs and tools graduates are using in the research works and specialists of accordant
branches in the practice.

If methodic are produced that in what kind to evaluate that it works right? The authors’

viewpoint based with little research between students.

The first criteria of authors that methodic for evaluation of connection with specialty of

subjects of informatics works right if equal tendencies exist between tasks’ authors and

students evaluations.

The second criteria of authors: if grown evaluations than grown indicators of attitude — the

attitude improves to subject of informatics.
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KOMIIBIOTEPHAS BU3YAJIM3ALIUSA B OKOJIOTHYECKOM
OBPA30BAHUU
COMPUTER VISUALIZATION IN ECOLOGICAL EDUCATION

Anexceil TosacrukoB, Makcum Iloraxun, Mapus bornanosa
HNuctutyT Bomubix mpobiiem CeBepa Kapenbckoro Hayunoro nearpa PAH
50, mp. A. Hesckoro, . [letpo3zaBojck, Peciyonuka Kapenus, 185030, Poccus
Ten. (8142) 57-63-81, daxc: (8142) 57-84-64
E-mail: tolstikov@nwpi.krc.karelia.ru, potakhin@nwpi.krc karelia.ru, mari-mb@mail.ru

Abstract. The idea to use computer visualization in ecological education is promoted. A fragment of the
virtual ecological trip “Lake Pryazhinskoe” is demonstrated. The approach to create virtual trips is based on
Web-design technologies. The virtual ecological trips will open new innovative and creative possibilities for
ecological education both at the stage of their development and their application.

Keywords: ecological education, computer visualization, virtual ecological trip.

BBenenue
HarnsgHocts uH(OpManuu, ee aJekBaTHas BOCHPUHUMAEMOCTh U TOHSATHOCTh WIPAIOT
pemarolyio poyib B Tporecce obpa3zoBanus u BocnutaHus. CymiecTByronme (QopMbl
MpEJCTaBICHUS] MaTepHuaia: KapTbl, CXeMbl, TrpaduKu, AuarpaMMbl YacTo OOSI3BIBAIOT
npenoaaBareyidi BBOAUTHL AOIIOJIHUTCIBHBIC YTOUYHCHUA, B TO BPEM KaK 00BeEM HH(i)OpMaIII/II/I,
HaKaIllJIMBAIOUICHCsI, HampuMep, B XOJ€ HCCIEA0BaTENIbCKUX pPAa0OT CTYIACHTOB, BCE
BO3pacTaeT. 37eCh MOXKET MOTPEOOBATHCS BHEIPEHUE HOBBIX CPEJCTB BU3YAIH3AINH JAHHBIX.

Marepuanbl 1 MeTOABI

KomnbroTepHas BU3yanu3auus JaHHBIX HCHOJb3yeTcss AaBHO. OnHako He Oyaem KacaTbes
NEPBBIX IIArOB B 3TOM 00JIaCTH, a PaCCMOTPUM COBPEMEHHbIE TEHJIEHIUHU, MOCKOJIbKY 3TO
HauOosiee MHTEpecHO. B mayke W mexuuxke MOXHO BBIJICNUTH, 1O KpallHeW Mepe, nBe
OCHOBHbIE IIPUYUHBI CYIIECTBOBAHUSI KOMIIbIOTEPHON BH3yaln3aluu JaHHbIX. [lepBas - 310
MOJIEJIMPOBAaHUE IOBEACHMS CIIOKHOW CHCTEMBI U1 PELIEHUS IIOCTABJICHHOM 3aJauH;
BTOpas - MpOBEpKa CYIIECTBYIOLIEH TIMMIOTEe3bl MO0 rotoBoi moaenu. Ho mist obpaszosanus
MOYKET CTaTh aKTyaJbHOH ellle OJHa MpUYMHA. BaxkHO MpoIeMOHCTPUpPOBAaTh pabOTy CUCTEMBI
JUIaM, 3aMHTEPECOBAHHBIM B 3HAHUU O HEHl, HO HE UMEIOIIUM BO3MOYXKHOCTH 03HAKOMUTHCS C
00BEKTOM B pealbHbIX YCIOBUAX. K TakuM JHIIaM OTHOCSTCS, HamnpuMep, CTYACHTHI.
OKoJorusl - OJWH M3 NPEIMETOB, IIe KOMIBIOTEPHAs BU3yalU3allds MOMOTaeT y4yalluMcs
BHUKHYTb B CyThb IIpoliecca. be3ycioBHO, B HACTOsIIEE BpPEMsl CYIIECTBYET MHOKECTBO
AIIEKTPOHHBIX PECYPCOB YCHEIIHO pelIalluX 3TH MpobdiseMbl. OIHAKO COBPEMEHHBIE
TEXHOJIOTUM JIOCTUTIM TOTO YpPOBHs, KOTJa y4eOHBbIE MaTepuaibl HE HYXHO C OOJBIIUM
TPYJAOM BBIMCKHBATh; CTAJ0 BO3MOXHO CO37aBaTh MX CaMOCTOATEIbHO, B 3aBUCHUMOCTH OT
3aja4, KOTOpbIE CTaBUT Iepeln co0Ooil mpenojaBarenb. M Aias 3TOro JOCTaTOYHO HMETh
KOMIIBIOTED W HEKOTOPbIE HaBBIKM PabOTHI co crenunduueckuMu mnporpammamu. B cBoeit
paboTre JUIsI KOMIBIOTEPHONH BH3yalM3allUd MbI HCIHOJB3YEeM JUHAMHUYECKHE CXEMBI,
aHUMaIMIo, yueOHO-Hay4Hble prIbMbI U 3D-Busyanuzanuio.

bonpmiasg 4acTe CyIIECTBYIOIIHMX KOMIBIOTEPHBIX IPOrpaMM, KOTOPBIE MBI HCIOJIb3YEM B
HKOJIOTMYECKOM TPOCBEIIEHUH, CO3/laHa JJisi O0OBEMHOIO MOJEIMPOBAHUS ApPXUTEKTYPHBIX
CTpO€HUH WK y310B arperaroB. OgHako HekoTopble nmporpammel (Hanpumep, I'MC «Kapra
2008») ymauHo pemaioT Bompockl 3D-MonenupoBaHusi MPUPOAHBIX OOBEKTOB M XOPOIIO
BOCCO3/IaI0T pelibe( MECTHOCTH TI0 ciienyroie cxeme (puc. 1).
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BHenmaa maTHHITa BexToprpIR Fororpadrm
EBICOT FAHHEIE VHMEAIEHEIX
ob®erTOE
GRD 3XF, DEF, MIF BMF, JPEG, TIFF
¥ ¥
Ilarpeara Kapra T pHARTYIAR OHHAT
EBICOT - MECTHOCTH I MOZeIE peikeda
MTW MIAP, 3IT TIM
\ !
TPEXIJEPHAH
MOIOETE
Hzobpawerme Knaccudrmarop Fororpadee gacTed
[I0EEPXHOCTH K[ TR THTIOERIX 00 EKTOE
RS R3C BMEF, JPEG, TIFF
& F 3 /
FOTOCHHMOK ExbrmioTexa BHenmme mMogem
T8 CTEHO CTE 30-0fE eETOE B 3D-00BeETOR
BMEF, JPEG, TIFF P3D DXF, VRML

Puc. 1. Cxema 3D-Bu3yajM3anuu NpUpPoOAHOro 00beKTa
(B HIDKHEH YacTH KaKJ0ro 0JI0OKa yYKa3aHo paciimpeHue (aiia)
(u3: http://www.gisinfo.ru/3d/databuild.htm)

N3 cxembl cremyer, 4TO ISl CO3JAaHUS TPEXMEPHOH MOJAENHM MECTHOCTH HeoOXoanma
BEKTOpHAs KapTa WHTEPECYIOIIe HAac TepPUTOPHHU, 3HAUCHHE BBICOT M (poTOMarepuabl.
TpexmepHble TPUPOTHBIE OOBEKTHl TAKKE€ MOMKHO YCIEIIHO pEaJH30BBIBATh B IPYTHX
nakerax nporpamm, Hampumep, B Surfer, Grass, AutoCAD.

[loMMMO OCHOBHBIX NPHYMH, KOTOPHIE TOATAIKUBAIOT K CO3/JaHHI0O KOMITBIOTEPHBIX
O00BEMHBIX MOJICTICH, MOXKHO BBIJCIUTh COIYTCTBYIOIIME, HAmpUMep, HEOOXOIMMOCTh
OOBEMHUTH pa3pO3HEHHBIE JaHHbIE 00 00BeKTe B oxHOW Monemu. [lomywaercs, yto 3D-
BU3yaIM3alUsl - 9TO CBOETO pOJia MHTEPIPETalnsl JaHHBIX. B 3TOW CBs3M, BCE CBOTUTCS K
uJiee yIpaBleHUs 3HAHUSMH, TIOCKOJIBKY TOTOBAasi MOJIENb MTO3BOJISIET IPUHUMATH PEIICHUSI.

PesyabTaTsl
B 2006 rogy Mbl HCIIOJIB30BAIM 3TOT MOAXOJ MPU pa3pabOTKe BUPTYaTbHOM HKOJIOIHMUYECKOM
TPOIIBI «IIpsxuHCKOE 03epo» (ToncTukos, IloTaxuH, borganosa, 2007;

CBugeTensCTBo..., 2007). C mOMOIBI0 MPUEMOB KOMIBIOTEPHONW BU3YAIHM3AlUA MBI
MOTBITAIUCH OMUCATh CIIOKHBIN MPUPOTHBIN 00BEKT: CHCTEMY «03€p0-BOJ0COOp» M MOKa3aTh
TUnUuHbIe JanamadTe modbepexuit [IpssKkuHCKOTO 03€pa BO Bce BpeMeHa roja. BupryanbHas
HKOJIOTUYECKAs TPOMa - 3TO CBOETO POJia ANEKTPOHHBIM CIIPABOYHHK, COJIEPKAIIUNA BUIEO- U
doromatepuansl (B JaHHOM ciydae 1o [IpsokuHCKOMY o03epy W €ro Bomocbopy),
CTPYKTYpUPOBAHHBIN OIpeieIeHHbIM 00pa3oM (puc. 2).
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Puc. 2. Aurepdeiic BUPTYaTbHOM IKOJOTHYECKOI TPONbI

Bupryanpnas skonormyeckas Tpoma «O3sepo IlpsokuHCkoe» TpeiacTaBieHa B BUIE
MyabTUMeauiiHOro DVD aucka, BBIOJHEHHOTO Ha ABYX SI3bIKaX: PYCCKOM U aHTJIMHCKOM.
IlepBbIii  pa3men BUPTYaJbHOM OSKOJIOTMYECKOM TPOIBI COJAEPKHUT KapTy oO3epa C
UHTEPaKTHUBHBIMM ToukamMu. Kaxkgas Takas Touka 3amyckaeT JuMOO BUACOPOIIHUK,
JEMOHCTPUPYIOMIMKA JaHAmadT yKa3aHHOM TeppuUTOpuH, MO0 OTKpBIBAET CTPAHUIYy C
¢doromarepuanaMu U TeKcToBOW uHGopmauueil. Pasmen «BupryanbHas Tpoma» - 3TO
UHTEpakTUBHasE Qororpagus mnodepexbs IIpsbKUHCKOro o3epa - TEPPUTOPUM  OTHAbIXA
xurenei mocenka Ilpska. 3mech Takke Kak M B OOBIYHOM 3KOJIOTMYECKOH Tpore, ecTh
UH()OPMAIIMOHHBIE HIUTHI, TOJILKO OHU TPEICTABISIFOT cOOOW THITEPCChUIKY Ha Web-cTpanuily
c mnosicHuTenpHOW uH(popmarmei. Pasnen «Ilone3no 3HATB» CONEPKUT MaTepHalbl IO
Mophometpun 03. IlpsxkuHckoro, Oubnuorpaduio ¢ HEKOTOPHIMU aKTUBHBIMHU CChUIKAMHU Ha
UCTOYHUKHU. «BHUI€0 MPUTIOKEHUA» - 3TO KOPOTKHE BUACOPOJIMKH, CHATHIE BO BCE CE30HBI
roja Ha MecTe OTAbIXa kutenen nocenka [Ipsoka.

B pasnene «Osepo IlpspknHCKOE» MpENCTaBIEHBI OCHOBHBIE IMPHUPOAHBIE KOMILIEKCHI
nanamadTa TEPPUTOPUM, a TaKKe HEKOTOpPble HHTEpECHbIe OOBEKThI, HANPUMEp, O30BbIE
rpsel, nocenka IIpspka, ocHOBHOM NPUTOK 03€epa - pydeit [lerenc.

[ToMrMO MPUPOAHBIX OOBEKTOB OTMEUYEHBI UCTOPUKO-KYJIbTYpHBIE: TPAJAUIIMOHHBIE KUIHILA
KapeJIoB-JIIOIUKOB M CIEABl COBPEMEHHOIO AHTPONOIEHHOIO BO3JAECHCTBHS Ha BOJOEM,
BKJIOYasi pe3yJbTaThl TMOABOJIHBIX HCCIEIOBAaHUI Ha MEJIKOBOAbE CEBEPO-BOCTOUHOTO
noGepexbs (Toncrukos, [loraxun, 2008).

BupryanpHas Tpona, B OTIMYKE OT OOBIYHON IKOJIOTUYECKON MM y4eOHOM TPOIBL, T1Ie BpeMst
Ha IIPOXO0XKIECHNE MapIIpyTa CTPOTO PEIVIAMEHTUPOBAHO, HE OIPaHUYEHAa HU BPEMEHHBIMU, HU
IIPOCTPAHCTBEHHBIMM paMKamu. IIpu Hammuum noctynma k HHTepHeTy Ha KOMIIBIOTEpE
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HOJIb30BATENs] MOXKHO JIETKO PACHIMPUTHh KOJIMYECTBO HMeromuxcs JaHHbIX ¢ 4,7 I'0 no
HEOTPAaHUYEHHOTO O00BeMa C TIOMOIIBIO  JOMOJHUTEIBHBIX  aJpecoB  WeD-caiiTos,
pa3sMEIEHHbIX Ha JIUCKE.

[Ipu Bceit cBoel mpocToTe, YAOOCTBE M HE3HAYUTEIBHBIX JCHEKHBIX BIIOKEHUIX
BUpPTYyallbHasl TPOIla HE HAapyIIaeT NPUHIUIIOB OpPraHu3alMi U TpeOOBAHUN K CO3/IaHUIO
TPAJUIIMOHHBIX IKOJOTHYECKUX TPOI, OJHAKO OHA HE CHOCOOHA IMOJIHOCTHIO MX 3aMEHHTb.
[TosToMy BUpTyasbHas 3KOJIOrHUYecKasi TPOla MOXKET MIPUMEHATHCS KaK JIONOJIHEHUE B cdepe
HKOJIOTHYECKOT0 00pa30BaHuUsl CTYIEHTOB.

Jpyrum acnekToM KOMIbIOTEPHOM BH3yalM3allud B Hamed paboTe SBISETCS CO3JaHME
yueOHO-HayYHbIX (GHIBMOB. BuIeoduabMbl UCTIONB30BaHBl U MPH CO3AAHUU BUPTYaJTbHOU
skosiorndeckoil Tponsl «O3epo IlpsoxuHckoe». B Hacrosiee Bpems co3naercss QUiIbM IO
paboTe ¢ OKEaHOJOTMYECKHMMM IpUOOpaMH, TJAE PacCCMOTPEHBI BONPOCHI THUIPOMETPHUH.
@unbM OpUEHTHPOBAH Ha CTYJICHTOB U aCIIUPAHTOB-OKEAHOJIOTOB, HO MOXKET ObITh HHTEPECEH
U HIMPOKOMY Kpyry croenuanuctoB. CTpykTypa ¢mibMa OpraHHM30BaHa COTJIACHO IUIaHy
OKEaHOJIOTHYEeCKUX pabor. B  mepBoil 4YacTu  MOKa3aHO  yCTPOMCTBO  HAy4dHO-
UCCIJIEIOBATENIbCKOIO Cy/lHA W paccKka3zaHoO O MeTojax HaOmoaeHuil. Bo Bropoil uwactu -
meronuka CTD-m3mepenmii (ot anra. conductivity-temperature-depth, T.e. u3mepenus
AIIEKTPOIPOBOTHOCTH, TEMIIEPATYPhI, TITYOMHBI M HA HX OCHOBE - COJICHOCTH MOPCKOM BOJIBI).
3nech ke pacckasbiBaercsi 0 nocraHoBke ABC - aBTOHOMHBIX OYyMKOBBIX CTAHIIMM, TOKa3aHbI
puOOpbI, PETUCTPUPYIOIINE CKOPOCTh W HAlpaBiICHUE TEYEHUW, U3MEHEHHE YpOBHS MODS,
KOHIIGHTPaLUI0 Kuciopoja. TpeTbs 4acTh COAECPKUT MHPOPMALUIO 110 UCCIEAOBAHUIO JTHA
Mops. 37€Ch MIPOJIEMOHCTPUPOBAHbI Pa3IMUHbIE AXOJIOTHl U THOUepnarenau. Yerseprast 4yacTb
HOCBALIEHA Pad0Te TUAPOXUMHKOB € IIOKAa30M 0TOOpa Mpod 6aToMeTpaMu pa3IuyHOro TUIA U
NepPBUYHOI 00pabOTKON MaTepuasna B MOJIEBBIX YCIOBHIX. buomornyeckuil pasjesn noMeuieH
B IIAITYIO YacTh, KOTOpPasi IOBECTBYET B OCHOBHOM O pa0oTe riaHkToHosnoros. Illecras yacts -
3aKJII0UYUTEIbHAS U PACCKA3bIBACT O HEKOTOPBIX aCMEKTax KaMepaabHOU 00pabOTKU JaHHbIX.

BrIBOaAbI
Hcnonp30BaHnE NPUEMOB KOMIIBIOTEPHON BHU3YyalU3alluU SIBIAETCA OOHUM U3 HalpaBICHUU
yueOHo-HayyHoro IueHTpa WMHcturyra Boanbix mnpobiem CeBepa B MporpamMmax Io
HKOJIOTHUECKOMY 00pa3oBaHMI0. MBI Hajeemcs, 4TO NMPHOOPETEHHBbIH HaMH OMBIT MOXKET
OBITh MHTEPECEH CTYAEHTaM M acClUpaHTaM, IOCKOJIbKY JIE€MOHCTpuUpyeMmas HHQOpMarus
Han0oJiee COOTBETCTBYET PEKUMY PEATbHOTO BPEMEHH.

Summary

Sometimes, demonstration and intelligibility of ecological information are playing the
important role in education. The idea to use computer visualization in ecological education is
promoted.

Virtual ecological trips are one of convenient forms for representing ecological information. It
IS sometimes problematic to create real nature trips because of natural conditions, very
laborious and expensive work. The idea to create virtual ecological trips has been put forward
and realized by the Educational-Science Center of the Northern Water Problems Institute. The
virtual ecological trip is a visualization of a tourist route with the help of computer
technologies. We applied a web-design for joining heterogeneous materials such as texts,
images, audio, video files using HTML (Hyper Text Markup Language).

Given the Institute’s specialized professional interest, the virtual ecological trip “Lake
Pryazhinskoe” has been produced. The virtual trip gives a unique possibility to provide
specific information about the water-body to those who cannot actually visit it. In contrast to a
real ecological trip, a virtual trip is not limited by time frames, not limited by natural frames,

111



cheaper to create, more convenient for perception. The virtual ecological trips are presented in
DVD format.

The virtual ecological trips can be used for educational purposes in a university because this
form of ecological information visualization is easy for real-time demonstration and
dissemination. We hope also that authorities will find it useful and acceptable for local
sustainable development. For example, it can be used for decision-making by a city
administration.

Moreover, we create and use educational-science films for students and post-graduates. At
this time we produce a film about oceanology investigations.

The computer visualization is one of directs of our Educational-Science Center. And we hope
that it will open new innovative and creative possibilities for ecological education both at the
stage of their development and their application.
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STUDENTU MACIBU DARBIBAS PASNOVERTESANA I1ZGLITIBAS
KVALITATES NODROSINASANA
SELF-EVALUATION OF STUDENTS’ TEACHING/LEARNING PROCESS
FOR QUALITY ASSURANCE

Péteris Vucenlazdans
Rézeknes Augstskolas Pedagogijas fakultate
Atbrivosanas aleja 115, Rézekne, Latvija
E-pasts: vucenlazdans@navigator.lv

Abstract: There are students at higher school without enough study motivation. How to educate them
effectively, how to guarantee high quality of education, how to correspond to the demands of the work — force
market and help them to become competitive employees? And alongside with these problems there is a mutual
necessity to succeed in their mental and moral spheres development, be sure that the students get ideas about the
sense of life and about their place in the society and in the university. The process of democratization of our
society allows us to introduce and use humanistic approach in all what concerns the content of studies,
methodology and results. The student’s individual development, self — education and self — control become
especially important.

Key words: self — evaluation, students, quality of education.

levads
Ieklaujoties un attistoties Eiropas un pasaules aprit€, Latvija ir nepiecieSams pilnveidot
izglitoSanas darba kvalitati visas izglitibas pakapés atbilstosi sabiedribas un tautsaimniecibas
vajadzibam, nodroSinot studentu individualo sp&ju attistiSanu. Katram laikmetam ir savas
vertibas un ideali. Demokratija izvirza prieksa cilvéku — atbildigu un patstavigu, kas ir brivs
sava 1zv€l€ un darbiba pamatojas uz iek$€jiem motiviem.
Mainas kvalitates jédziena nozime. Butiskakas kvalitates kategorijas ir [1]:
e kvalitate ka ekselence (absoluta kvalitate) — tradicionala akadémiska pieeja, kur mérkis ir
biit labakajam;
e kvalitate ka atbilstiba mérkiem — jédziens kvalitate ietver klientu (studentu, docetaju,
tehnisko darbinieku, darba dev&ju) vajadzibas;
e kvalitate ka parmainas — uzmaniba vérsta uz paSiem studentiem, kuru viedokli un
izglitibas meérki studiju laika mainas;
e kvalitate ka slieksnis — noteiktu normu un kritériju defin€Sana, kuras sasniedzot vai
parsniedzot, tiek apliecinata kvalitate;
e Kovalitate ka uzlabojums — akcenté nepartraukta uzlabojuma aspektu, pedagoga sp&jas
izmantot savu iniciativu un radoso brivibu maksimalas kvalitates sasniegSanai.
Izglitibas darba svariga virziba uz kvalitati ka uzlabojumu.
Uz studenta zinasanam centréta paradigma uzsveéra zinaSanu transforme&Sanu gatava veida,
paredzot doc€taja — studenta ka subjekta — objekta attiecibas. AtbilstoSi Sodienas
ekologiskajai, sociali ekonomiskajai un kultiiras situacijai pasaule izglitibai jakltst par
personibas kvalitativu izmainu procesu, kur students spg izvéleties pats savas attistibas
mérkus, sp&jot novertet savus sasniegumus un trilkumus.
Docétaja uzdevums ir palidz€t Sos meérkus piepildit, Tpatsvaru parvietojot no maciSanas uz
macisanos, rosinot paSaktualizaciju, akcent&jot sevis izteikSanas, apliecinaSanas, ka arl
saskarsmes prasmju apguvi. To iesp€jams panakt, balstoties uz pasu klausitaja pieredzi un
paplaSinot to, respektgjot patstavibu, pilnveidojot prasmi atrast informaciju un stradat ar to

[2].
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Materiali un metodes
Lai studenti varétu giit panakumus mainigaja pasaulg, viniem japrot atlasit informaciju un
izlemt, kas ir svarigs, kas nav. Ir nepiecieSams praktisku domasanas prasmju kopums, ar kuru
palidzibu var efektivi saskirot informaciju, atlasit nozimigas idejas, izveidot kontekstu jaunam
idejam un zinasanam, rast jégu jaunam situacijam (skat. 1.tab.) [3].

1.tabula
DazZadu pieeju macibam salidzinajums [3]
Faktu zinasanas Praktiskas un konceptualas zinasanas
= Students zina faktu = Students spgj zinasanas izmantot praktiski, rado$i un kritiski
kopumu dazadas problémsituacijas
= Macibu procesa doming = Prot atlasit to informaciju, kas svariga, atteikties no mazsvarigas
macisana, nevis macisanas | ® Prot izveidot kontekstu jaunam idejam, pievienot jauno
= Tiek vertets apgito informaciju jau zinamajai
zinasanu daudzums = Apzinata, motivéta macisanas
= Noveérte ne tikai apgiitas zinasanas, bet ar1 prasmi kontrol&t,
apstridet, parstradat, pielagot vai noraidit informaciju, prasmi
macities

Efektivas macibas ir mérktiecigs, kulturvesturiski konkréts, informativi bagats, maciSanos
organizgjoss, pasnovert§josi novert€joss studenta attistibas nodroSinajums [2]. Personibu
nevar audzinat, nevar macit, bet var rosinat, radit nosacijumus personibas jeb identitates
pasattistibai, jo ta attistas pec saviem iek$gjiem likumiem.

MaciSanas misdienu izpratn€ ir apzinata, pasreguléta darbiba, kas attistas ar pasniedzg&ja
palidzibu, to bagatinot. Problémas rada tas, ka studenta brivibu griiti sam&rot ar vipa vajo
dzives pieredzi un nesp&ju sevi pasSregulét [2]. Ka macit efektivi, nodroSinot izglitibas
kvalitati, atbilstibu darba tirgus prasibam, sekmgjot gariguma attistibu, dzives jégas izpratni,
savas vietas pasaulé aptverSanu?

Viens no kvalitates nodroSinasanas lidzekliem un izglitoSanas procesa komponentiem ir
macibu sasniegumu noveértéSana un analize, So procesu skatot dinamiska saistiba ar
sakotngjiem raditdjiem. Vienadi novertétu audze€knu un skolu darba efektivitate var
ievérojami atskirties, ja Sos rezultatus vertétu, pamatojoties uz to atskirigo sakotngjo Itmeni
[4]. Ar1l atkariba no vért€Sanas mérka un veida iegistami dazadi kontroles rezultati. Ja
kontroli un vértéSanu veic argjs kontrolieris, atbildiba tiek parnesta uz argjiem faktoriem, uz
pasu kontrol&taju.

Saskana ar M.Aurélija domam, viss, kas ienak cilvéka no arienes, ir niecigs un tukss. Cilvéka
bitiba atkariga ne tik daudz no argjiem apstakliem ka no ta, ka vin$ verté pats sevi. Svariga
attieksme, un tas veidoSana ir cilvéka paSa spekos [5]. G.Marsela maciba pauz domu par
1eksgjo koncentrésanos, kas sekmé cilvéka ieks€jo biitibu, ka ar1 izveli un atbildibu. K.Jungs
uzsver paSizzinas nozimi harmoniskas dzives meklgjumos. Ir japievérsas cilvéka ieksgjas
dimensijas jautajumiem, sevis izzinaSanai, savas intelektualas, praktiskas un emocionalas
darbibas paSkontrolei un pasverteésanai.

NepiecieSams pienemt un saprast jaunu filozofiju — brivpratigu kvalitates standartu
pielietojuma principu [4].

Pasnovertéjums ciesi saistits ar paScienu, pasapzinu, parliecibu par sevi, paskontroles sp&jam.
G.Cukermane atzimé, ka nav iesp&jams iedarbinat paSattistibas mehanismu bérnam ar zemu
pasScienas, paspienemsanas Iimeni; arT neapmierinatas vajadzibas péc milestibas, pienemsanas
no citu puses un nedrosibas izjlita apkartgja pasaulé traucé So procesu. Vélesanas bt atzitam
un gt savas darbibas novertéjumu liek studentam nemitigi kontrolét un analizeét savu izzinas
darbibu un tas rezultatus, savu ricibu, uzvedibu, savas personibas ipaSibas, attiecibas ar
citiem. Paskontroles un pasanalizes rezultata veidojas paSnoveért€jums, ko ietekmé citu
vertejums [6].
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Psihologijas atzinumi pamato, ka jaunie$u vecumposms ir periods, kad individs sp&j raksturot
sevi, veidojot savu paSkoncepciju [7]. Pastiprinds interese par savas personibas izpratni,
apzinatas paskontroles loma macibas. Paskontroles iemanas palidz pamatot pienemtos
lémumus, koncentrét domasanu noteikta uzdevuma izpildei, apzinat domasanas procesu gaitu,
tos analizét, novertét. Vini spej adekvatak neka pusaudzi novertét savas personibas morali
psihologiskas ipasibas, savas stipras un vajas puses. Jo labak cilvéks sapratis sevi un atradis
savas dzives jégu, jo vairak uzlabosies vispargja dzives kvalitate, mazinasies iespéja
manipulét ar cilvekiem nehumanu mérku labad [5].

PasnovertéSana ir pasanalizes rezultats, atzinums par sevis padaritd vertibu, kur dominé
intelektualais komponents — domasana. Pozitivs pasnovert€§jums ir paatrinatas macibu
metodes stirakmens, kurS dod iesp€u sasniegt nesaspringtas uzmanibas stavokli, kas ir
optimals izzinas procesu norisei [7].

IevieSot humano izglitibas paradidigmu, nepiecieSams mainit tradicijas, domasanu, studiju
struktiru, veértibas. Vadlinija ir: garigums — pasapzina — pasvertiba — pasrefleksija. Javeido
jauna macibu vide, kur students kliist par aktivu un atbildigu dalibnieku studiju procesa
(1.attels).

Darbibas meérku apzinasanas, uzdevumu izpratne

Sagatavo$anas uzdevumu izpildei, plano$ana

Kritériju noteikSana, precizéSana

Studenta personibas
pasattistibu veicinosa
macibu procesa

HlwiNE

Konkreta darbiba — apzinata darbibas procesa realizacija, sp&ja
paSorganizgties, paSnovertet atbilstosi vertéSanas kriterijiem. Refleksija
— paskontrole, vai daru pareizi

modela

komponenti 5. Uzdevuma noslégums: pasnovertéSana un doc&taja vertgjums -—

lidzdarbiba. Kada liment izpildits? Varbiit darbiba jaatkarto?

6. Ja uzdevums izpildits — jauna izzinas un paSattistibas uzdevuma
izvirziSana

1.att. Studenta paSattistibu veicinoSa macibu procesa komponenti
PaSnoveértéSanas pieredze ieklaujas maciSanas prasmju strukttra, tadeél macibas nevar

norobezoties ar tradicionalam noveértéSanas formam, un docétaja novertéSana ir Iidzeklis §is
pieredzes apgitiSanai un objektivs raditajs pasnovertéjuma salidzinaSanai (2attéls) [2].

Pasnovertesanas un noverteésanas
didaktiskas funkcijas

v
Kontrolgjosi izglitojosa: Audzinosi orientgjosa: Prognozgjosa:
e lauj spriest par macibu e palidz apzinat e veicina maci$anas
efektivitati, noradot uz studentam savas perspektiva mérka
sasniegta un stipras un vajas puses, konkretizeésanu un ir
sasniedzama attiecibam, sasniegumu pamatu pamats operativai
o konkretizg tuvakas un neveiksmju plano$anai;
attistibas zonu celonus; ¢ sniedz informaciju
e orient€ uz turpmako izglitibas politikai
macisanos, izzinas
procesu attistiSanu

2.att. Pa§novertésanas un novertéSanas didaktiskas funkcijas [2]

VerteéSana ir salidzinaSana ar kadu noteiktu paraugu vai etalonu, nosakot procesa atbilstibu
Sim etalonam (pozitivs vert€§jums) vai neatbilstibu (negativs noveértéjums) [8]; iegltais
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rezultats atspogulo attieksmi pret vert€to procesu un rosina talakai darbibas turpinasanai vai
neturpinasanai (3.attels) [9].

Veértesanas operaciias apzinatas cilvékdarbibas istenoSana

l l l

Darbibas merku motiveta Darbibas stenosanas Darbibas galarezultata
noteikSana: mérktiecibas vertgjums: verteéSana:
gribu vai negribu labi, patik vai slikti, nepatik labi vai slikti
darboties

3.att. Vértesanas operacijas [9]

Petijumi liecina (Whimbey A., 1976), ka sekmigie studenti apgiist zinaSanas savadak neka
problémstudenti. Lasot tekstu, problémstudenti neapstajas, lai pardomatu, izprastu materialu,
noskaidrotu nesaprotamo, parlasitu vélreiz. Vini neapzinas, kad materials saprotams, kad né.
Jo lielakas iekS$gji vai argji uzturStas griitibas students sastop macibas, jo pastavigaka un
individuali konkrétaka doc@taja palidziba vipam nepiecieSama. Izradas, ka, izmantojot
metakogniciju, students spgj palidz&t arT pats sev. Rezultatus iesp&jams uzlabot, iemacot
studentiem strukturét apgiistamo materialu, paSiem sekojot ta izpratnei, nepartraukti vertgjot
apgusanas kvalitati, nosakot, kadas korekcijas butu nepiecieSamas maciSanas procesa
uzlabos$anai (2.tabula; NelsonT., Narens L., 1990).

2.tabula
MaciSanas procesa kvalitates veértéSanas posmi (T.Nelson, L.Narens, 1990)
_Vgrtesam_zs Vetca_m “ Darbibas raksturojums
izpildes laiks darbiba
Pirms macibu Noverte vielas apguves | Parskata materialu un noverte. Noskaidro apguves
satura apguves griitibas pakapi jégu, personisko nepiecieSamibu, nosaka jau
zindmo par tému, apzinas savas sp&jas
Izzinas procesa | Noverte satura Seko, cik labi tiek saprasts materials vai apgiitas
laika apgiiSanas procesa noteiktas prasmes. Vai var izklastit vielu saviem
kvalitati vardiem? Vai tiek izmantotas noteiktas
tehnologijas izzinas kvalitates nodrosinasanai
(atkartoSana, materiala sistematizgSana, plana
veidoSana, reproducésana dazados kontekstos u.c.)
Vai ir nepiecieSama skolotaja palidziba,
izskaidroSana?
Materiala apguves | Materiala apguves Vai materials pietickami labi apgiits un izprasts?
nosléguma kvalitates novertegjums | Vai biis iesp&jams to atceréties pec kada laika?
Apguta materiala Zinasanu noturiguma Atsaucot atmina apgiito materialu, noskaidrojiet,
izmantoSanas bridi | vert&jums cik parliecinosi to darat?

Svarigi apzinaties satura apguves personisko nepiecieSamibu un atsaukt atmina jau zinamo
par So tému. Macibu izzina balstdas uz pieredzi, jauna informacija strukturgjas esoSaja
pieredz€, un tas veido maciSanas galveno mehanismu [10]. Generativais jeb radoSais
macisanas modelis kognitivo maciSanos uzliiko par aktivu garigo procesu, kura audzeknus
jarosina pieskirt jégu un nozimi tam, kam tiek veltita uzmaniba, jo tikai §in1 gadijuma
informacija noklust ilgtermina atminas kratuve [8].

Rezultati

Veicot pétijumu Rézeknes Augstskolas Inzenieru fakultates profesionalas magistra studiju
programmas ,,Vides aizsardziba” studiju kursa ,,Inovacijas augstskolu pedagogija” realizacijas
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gaita, tika teor€tiski pamatota studentu darbibas pasnovért€Sanas loma izglitibas kvalitates

nodro$inasana, noskaidrota studentu atticksme pret iesaistiSanu pasnovértésana, vinu domas

par pasnoveértéSanas ietekmi uz studiju procesa kvalitati. Pasnovertésana studenti tika iesaistiti
kursa praktisko macibu nodarbibas, pirms tam apgiistot veértéSanas krit€rijus un iepazistoties
ar vertésanas principiem. Bija realizétas $adas pasnovértéSanas formas:

e saturiska savas darbibas veérte€Sana, atzimgjot trikumus un stipras puses (Kas izdevas? Kas
neizdevas?), noradot kltidas un to nov&rSanas iesp&jas; savu attieksmi; secinot, ko
konkrétas nodarbibas laika var uzskatit par sekmigi apgutu;

e savas darbibas paSnovertéSana ar atzimi; tika salidzinats studenta un docétaja vert&jums,
mekl&jot tam pamatojumu;

e citu studentu darbibas veértéSana, savstarpgja vertésana grupu darba.

Petijuma gaita tika verots studentu paSnoveértéSanas process praktisko macibu nodarbibas.

Tika izmantotas pasnoveértéjuma kartes ar vert€Sanas kriterijiem (3.tabula).

3.tabula
Studentu darbibas pasnovértesanas Kkriteériji praktiskajas macibas
Kriteriji Saturisks vertejums Vertejums ar atzimi

- Materialu izvéle Students Students noveérté savu veikumu
- Precizitate - apraksta paveikta atbilstibu | ar atzimi 10 ballu skala,
- Darba pagemienu vertésanas Kriterijiem; ncirédot pielautas kliidas un

racionalitate, darbibas - analizg nepilnibas, trikumus

planveidigums pielautas kltudas;
- Kuvalitates prasibu - atzim€ savu sasniegumu

ievéroSana dinamiku

- Prasme kontrolét savu
darbibu, novérst pielautas
kludas

Pedagogs H.Gaudigs uzsver, ka ir butiski panakt harmoniju starp skolotdja ieplanotajam
macibu darbibam un jaunieSa paSizteikSanas tendencém: ,,Runa ir par brivu, garigu ricibu péc
pasa iniciativas, ar pasa spekiem, pa pasa izvéletiem celiem uz brivi izvéletiem mérkiem”, par
galveno uzskatot garigi patstavigas, kritiski domajosas personibas attistibu [10].

Lai noskaidrotu Rézeknes Augstskolas Inzenieru fakultates profesionalas magistra studiju
programmas ,,Vides aizsardziba” studentu attieksmi pret iesaistiSanos paSveértéSana, tika
organiz€tas parrunas, kuru rezultati lava secinat, ka 52% studentu paSvertéSana iesaistas
labprat, tacu 39% traucg€joss faktors ir paSvert€Sanas pieredzes trikums, neprasme vertet
objektivi. Jaatzimé, ka, vertgjot citus studentus, klausitaji bija nedrosaki, vertgjumu dazreiz
médza paaugstinat.

Uz personibu orientéto macibu efektivitates kritériji jaizstrada, nemot véra ne tikai studentu
legiitas zinaSanas un prasmes, bet ar1 vinu intelektualo attistibu, kas veido personibu.

Tapéc macibu procesa gaita studentus jarosina atbildét uz §adiem jautadjumiem:

- Vai es uztveru, izpratu, iegaumé&ju macibu vielu?

- Vai noskaidroju nesaprasto?

- Kads plans butu vislabakais §1 uzdevuma risinasanai? Ka pamanit kliidas, ja tas radusas?

- Ka var paredzet vai apsveért uzdevuma iznakumu?

- Ka vislabak parskatit izdarito? Vai rezultats ir ticams?

- Vai biju pietieckami uzmanigs nodarbiba, vai stradaju ar pilnu atdevi?

- Vai tas, ko daru ir virzits uz mérka sasniegSanu?

- Ko es iemacijos? Kadus panémienus izmantoju?

- Kas man sagadaja griitibas un ka es tas parvargju?
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O Pasvértésana iesaistos
9% ar patiku

B Interesanti, tacu trauce
neprasme vertet
52% objektivi

O Nepatik, sagada
griatibas

39%

4.att. Studentu attieksme pret iesaistiSanos macibu darbibas pasSnovértesana

Lai noskaidrotu, kadu personisko nozimi un jégu deva pasveért€Sanas process, tika veikta

studentu aptauja (4.attels), kuras gaita bija nepiecieSams ranz€t p&c svariguma dotos raditajus.

Iegttie rezultati (5.att€ls) liecina, ka par nozimigako tiek uzskatits:

e maciSanas procesa un rezultata vienots skatijums, jo pats students izvert€ ari darbam
pievienotas piles un gribu;

e [idzvertiba ar docétaju;

e kritiskas domasanas prasmes attistiSana;

e labaki macibu rezultati, jo attistas prasmes sistematiski kontrolét savu darbibu, domat, vai
ta ir merktieciga, optimala mérka sasniegSanai — veidojas iek$gjas kvalitates vadiba.

Mazaka méra tika atziméta:

e atbildibas paaugstinaSanas;

e pozitivu emociju veidoSanas, droSibas izjiita;

e paSapzinas paaugstinaSanas.

Studentu skaits

macisanas
procesa un

rezultata vienots
kritiskas

domasanas

veido$ana

skattjums
lidzvértiba ar
skolotaju
labaki macibu
rezultati
atbildibas
paaugstinasanas
pozitivas
emocijas,
dro$ibas sajuta
pasapzinas
paaugstinasanas

S5.att. Pasnovertesanas rezultati studentu skatfjuma

Pielaujama varbiitiba, ka droSibas izjitas un paSapzinas paaugstinaSanas veidoSanos
nelabveligi ietekme pasSnovertéSanas pieredzes trilkums.

P&tijums turpinams, lai noskaidrotu, kadi faktori ietekmé& objektiva macibu darbibas
pasnovertejuma veidosanos, rosinatu docétajus aktivak iesaistit studentus paSnovertésana.
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Secinajumi

Pamatojoties, uz magistrantu pasnovértésanas pieredzes veidoSanu praktiskajas macibas un

témas teoretisko analizi, tika secinats:

» vertéSana jaapliko ka docétaja un studenta Iidzdarbiba, kuras gaita tiek apkopota,
interpretéta, sintez€ta informacija, veicot kontrol&josi izglitojoso, audzinosi orientgjoso,
prognozgjoso funkciju;

= paSnoverteéSana ir biitiska macibu procesa sastavdala, kas nodroSina pilnvertigu izzinas
darbibu un personibas pasattistibu;

» studentu iesaistiSana savas darbibas paSnovért€Sana nodroSina doc€tdja un studenta ka
subjekta — subjekta attiecibas, dod iesp&ju novértét ne tikai rezultatu, bet ari procesu,
attista studenta paSregulacijas sp€jas, sniedz pozitivu pardzivojumu, droSibas izjiitu,
paaugstina atbildibas izjiitu, patstavibu, lauj realiz€ties apzinatam maciSanas procesam;

» studenti atbilstoSi vinu vecumposma Ipatnibam sp&j pasnoveértét savu macibu darbibu un
tas rezultatus, tapec studentiem jadod iespgja sekot izvirzito merku sasniegSanai,
nepiecieSamibas gadijuma koriggjot darbibu;

» docétajiem jaizmanto daudzveidigas metodes un pan€mieni studentu pasnovert€Sanas
prasmju pilnveidoSanai, veidojot izpratni par vert€Sanas kriterijiem.

Summary

Actual method to ensure qualitative results is its evolution and analyses, its dynamic
tendencies. If there is an external controller involved in the process of evaluation, then the
responsibility is transferred to these external factors, particularly to a controller. There is a
necessity to pay attention to internal humans’ dimension, taking into account new
philosophy — the principle of voluntary application of quality standards.
New forms of evolution are being searched for to allow students to become active participants
not just passive part of the process.
During the research students were involved and took part in:
- profound evaluation of their training process;
- took part in self — evaluation of their progress in studies by putting a mark;
- partipated in the intermutual evaluation of group — mates.
Researches prove the fact that participation in intellectual, practical and emotional activities
of self — evolution help students:
- improve and develop self — regulation system;
- develop critical thinking abilities;
- take responsibility for their decisions and action ;
- determine and state positive moments and drawbacks and motivate them to do their best ;
- gradually and continuously set up new objectives in self — development then sure

perpetual self — improvement process.
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Abstract. The studies on the college level are directed towards practical training, thus the applied
research executed in colleges may be involved into the study process as one of the research teaching
methods. This research not only ensures the link between theory and practice, but also trains general
abilities of the students and personal characteristics highly valued by the employers. The article analyses the
experience of Ecology Department to implement the applied researches “Evaluation of Water Quality in
Shaft Wells” and “Determination of Nitrogen Dioxide Concentration in the Environment Air by Applying the
Method of Passive Sampling” into the subjects of Environment Protection and Environment Monitoring. It
discusses the way the studies are held, in what ways the students take part in research, how they evaluate it,
what problems they face.

Keywords: nitrogen dioxide, nitrates, wells, applied environment research, Utena College.

Introduction
The link between theory and practice is very significant in the study processes of colleges. In
order to get ready properly for professional activity, a student has regularly deal with real
situations and applies the gained knowledge in practice during the study process. Applied
research, being one of the most important areas of college activity might be introduced into
the study process and thus create natural conditions for the implementation of theoretical
knowledge into practice. Applied research educates students’ general abilities and personal
characteristics, such as creativity, critical thinking which are under high demand by
employers. According to L. Jovaisa [3, p. 259], creativity is educated by research, as well as
heuristic, problem methods.
Ecology Department sees applied environment research as the most suitable research methods
and implements them into the studies of Environment Protection and Ecology. The article
analyses the application of two applied researches, i.e. the evaluation of water quality in wells
by identifying the concentration of nitrates and microbiological pollution, and the
identification of the concentration of nitrogen dioxide in the environment air by applying the
method of passive sampling. The researches point out the following stages: planning the
research activity, material collection, material analysis, research description and
implementation of research results into practice [3, p. 259-260]. The execution of those
researchers employs the methodologies that are not complicated and understandable by
students and the implementation of which is rather cheap. On the other hand, the
methodologies are acknowledged and applied by scientists and practitioners. The applied
research is financed by the college or project funds are employed.
The aim is to analyse the pedagogical experience of Ecology Department in the
implementation of applied research into the study process.
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Materials and methods

The executed research is of naturalistic character, it employed such methods as observation,
discussion, document collection and analysis. The pedagogical experience of the authors is
revealed with reference to the research method of one-case-study [4, p. 110-115]. The article
analyses the implementation of two examples of applied scientific research into the study
process. The experience was gained in the second and third years of studies of Environment
Protection and Ecology study programme between December 2007 and April 2008. The
research was carried out by two groups of students counting up to 22-25 students. The article
analyses the experience of the authors and a lecturer Inga JakStoniené on how the applied
research related to the study programme is introduced into a subject module. The material in
the article is presented in the form of a descriptive report.

Results

The implementation of the applied research “Evaluation of Water Quality in Shaft
Wells” in the subject Environment Protection of Environment Protection and Ecology
study programme at Utena College. The volume of the subject Environment Protection is 5
local credits (7,5 ECTS), where 70 hours are for theoretical teaching, 56 hours for practicals
and 74 are self-study hours. The subject Environment Protection is taught to the students in
their second year of studies in autumn and spring semesters. The purpose of this subject is to
be able to assess the after-effect of human activity on the environment. The main topics
analysed in the studies of Environment Protection subject are as follows: a man and the
environment; organization of environment protection; legal grounds for environment
protection; public forms of environment protection; informing the society and ecologic
education; ethics of ecology; structure and protection of the biosphere; the atmosphere, its
structure, composition; the sources of anthropogenic pollution; influence of local and global
atmosphere pollution on the environment and a man; water in the biosphere and its resources;
methodology of identification of nocuous materials in effluent; soil, its characteristics,
degradation, pollution, and other topics. The aims of Environment Protection subject are to be
able to analyze the documents regulating the environmental activity, be able to assess the
sources of anthropogenic activity, to understand the influence of local and global atmosphere
pollution on the environment and a man, be able to assess EU requirements in the area of
environmental protection. [1, p. 90].

Preliminary implementation of the research was performed in 2007 when the department
started applied research on the identification of water quality in shaft wells. The lecturer of
the subject Environment Protection Inga JakStoniené suggested involving the students into the
research. Discussions with the students revealed that those students who had used the water
from shaft wells had never been interested what the quality of the water was in their wells in
regard to nitrates and microbiology. During theoretical teaching of the subject the research
methodologies and the possibilities for their execution were analysed. To determine the
concentration of nitrates, a spectrophotometric method was employed by using
phenoldisulphonic acid [5, p. 103]. Phenoldisulphonic acid reacts to nitrates by turning into
picric acid, which combines with ammonia making yellow colour ammonia picrate. The
College did not have a spectrophotometer necessary to determine nitrates thus the tests were
carried out by the laboratory of Joint Stock Company “Utenos vandenys”. Microbiological
laboratory equipped with all the main materials and means necessary to perform
microbiological research has already been established at the college so the microbiological
analysis of water samples was foreseen to be carried out at the Department. After the analysis
on research methodologies and the possibilities for their execution were carried out, one of
the practicals of Environment Protection subject was dedicated to collect water samples. The
streets where the number of shaft wells is high and where their water is used for food were
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selected. Communication with the owners of the shaft wells revealed that majority of them
did not even know what are the dangers of using water of bad quality, what can be the reasons
for well water pollution, what are the requirements for well establishment. The students
communicated with the residents very willingly. The majority of the residents were satisfied
to have their water examined for free; they inquired how and when they would learn the
results of the research. At the first stage, 14 samples from 14 shaft wells were collected and
they underwent microbiological analysis done by Ecology Department laboratory, and the rest
part of the samples was passed to the laboratory of Joint Stock Company “Utenos vandenys”.
The analysis of microbiological pollution of shaft wells was narrowed up to the identification
of the main microbial pollution indicator - Escherichia coli (E. coli), following the Lithuanian
standard LST EN 9308-1 ,,Water Quality. Detection and Calculation of Escherichia Coli and
Coliform Bacteria. Part 1. Membrane Filter Method".[6]. To identify Escherichia coli and to
determine coliform bacteria, a standard analysis was used that consists of membrane filtering
of the sample under examination, membrane incubation on selective medium, calculation of
typical bacteria that breaks lactose and biochemical description of Escherichia coli.
Microbiological research is the process that requires much accurateness and patience as the
execution of such research often faces the problem of the result reliability due to possible
influence of side microorganisms. Due to these reasons only a small number of students could
take part in the research at a time, in addition, the method was already analysed during the
practicals of the module “Microbiology and sanitary” in the first year of studies.
Microbiological research was carried out by two students who had been explained about the
importance of the result accuracy and reliability because the results will be presented to the
residents and the research will be followed by an article for the town community.
Unfortunately, due to small premises, not all the students could observe the determination of
nitrate concentration performed in Joint Stock Company “Utenos vandenys”. The students
who took part in the research observed the way the standard and working solutions were
prepared, how a calibration curve was created, how the samples were processed, how to work
with spectrophotometer and how to record the received data.

All those activities — microbiological research and determination of nitrates took place after
the lectures since a small part of students was involved in it. After the results of both
researches were obtained, on more practical of Environment Protection subject was devoted
for result processing and generalisation. Following the received data, a calibration curve was
drawn on graph paper, nitrate concentration was calculated with reference to optical density
measurements of water samples obtained by using photocolorimeter and compared to
marginal concentration. Nitrate concentration exceeded the indicated marginal concentration
of the indicator [2] in over 40% of the analysed samples, for this reason a leaflet was designed
telling about the requirements for well establishment, the basic quality indicators of drinking
water, possible pollution sources, as well as the negative effect of nitrates and
microorganisms on human health described. The leaflet was decided to be handed to the
residents during the presentation of the research results. A stand of photos was created to
illustrate the processes of sample collection and analysis. The students were questioned on
how they evaluated their participation in the research which they saw very positively. The
report was announced on the Internet website of the College.

Observing the students being so interested in specific activity and changing positively
(communicating with the residents more freely, strengthening confidence in their knowledge,
etc.) it has been decided to continue the research on the college basis. In 2008 the college
obtained photocolorimeter and reagents, and the concentration of nitrates was determined in
the department laboratory. The description of practical assignment “Determination of Nitrate
Amount in Water” was developed that helped the students to get ready. One of the subject
module practicals was devoted to create a calibration curve. The students of a subgroup are
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divided into smaller groups of 3-4 with a separate specific task each of them. During the
practical the students prepared solutions, worked with photocolorimeter, created a calibration
curve. During another practical the students worked in small groups, took samples,
communicated with people. Microbiological tests were carried out immediately.
Microbiological tests were carried out by two or three students and the results of the research
were used for the development of the course papers or the final diploma thesis. Determination
of nitrate amount in sampled water is executed during the next practical and the work is
defended during the next practical. In 2008, 65 wells of Utena town residents were tested for
water quality, an information leaflet was designed and distributed among the residents of the
town, the report developed and uploaded in the College Internet website and local newspaper.
In addition to the organised research of water quality in town wells, two students tested the
quality of well water in their residential area and employed the researches and results in their
final thesis.

The implementation of the applied research “Determination of Nitrogen Dioxide
Concentration in the Environment Air by Applying the Method of Passive Sampling” in
the subject Environment Monitoring. Environment monitoring is the second subject closely
related to the research of environment quality. The subject of Environment monitoring is
taught to the students in their third year of studies, in autumn semester. The purpose of this
subject is to provide with the fundamentals of the knowledge on environment condition, its
anthropogenic changes, influence on the living nature and a man, the methods of its
observation, research and assessment. The volume of the subject in local credits is 4 credits (6
ECTS), where 52 hours are for theoretical teaching, 40 hours are for practicals and 68 are
self-study hours. The most important topics analysed in the framework of the subject are as
follows: the structure of monitoring programmes; data analysis and interpretation; air, water
and soil quality and control over its condition; monitoring of the natural ecosystems of
atmosphere, water, soil, flora and fauna [1, p. 121]. Direct follow-up of this subject is the
practice placement of Environment Monitoring carried out in enterprises, state parks and
other locations where state or economic monitoring is being carried out. The subject carries
the specific character — monitoring is a long-term observation and the subject itself is studied
only for one semester. Since the studies of Environment Protection and Ecology are delivered
in modules at Utena College, the studies of the subject shorten to 8 weeks. Due to this, it is
not possible to perform environment monitoring under real conditions, but it is possible to
execute various practical activities that are applied in real activity by environment protection
professionals. Much valuable information may be collected during some or many years of
observation by following a designed observation plan, performing observations applied in
practice. Since the students are changing, the role of a teacher in environment monitoring
performance and storage and processing of the data becomes very significant. One of the
researches available is the determination of nitrogen dioxide concentration in the environment
air by applying the method of passive sampling. This is a not expensive, not complicated and
rather informative method applied for many years at Vytautas Magnus University and other
institutions [7]. The essence of the method is that a filter saturated with triethanolamine that
reacts to nitrogen dioxide is hanged on a test point, the filter is removed in 4 days and the
average concentration of nitrogen dioxide is determined by using a photocolorimeter. The
research has been implemented after it had been financed by Utena District Municipality
Fund of Ecology Projects with 1500 Litas. The project was coordinated and the research
implemented together with students by the authors of the article under the supervision of
Assoc. Prof. Dr. Gediminas Kilikevi¢ius. That way the scientific character, consistency of the
research and the reliability of the data collection, storage and analysis were ensured.

The preparatory stage of the research started in June 2008 with a lecture of Assoc. Prof. Dr.
Gediminas Kilikevi¢ius “Atmosphere Pollutants, their Sources, Impact and the Methods of
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Determination”. The lecture was delivered to the 2™ and 3™ year students, teachers and
representatives of various institutions. It was followed by the training of the teachers, as a
new research methodology was introduced. Assoc. Prof. Dr. Gediminas Kilikevicius
introduced the method of photocolorimeter determination of nitrogen dioxide concentration
by applying passive samplers. A rsearch plan has been designed, the network for samplers
display, the samplers prepared, a calibration curve created. The training was a very relevant
solution as it would have been difficult to master a new method without the supervision of an
experienced professional. There would always be a chance that something might have been
misunderstood or misperformed.

The second stage of the research was the collecting and storage of the data about the air
quality of the town. The samplers were planned to be displayed tree times in July, September
and October. Since July is a month free of students, the solvents were prepared, saplers
hanged, removed, samplers deployed and concentration of nitrogen dioxide determined using
photocolorimeter by the teachers. In September, during the studies of the subject of
Environment Monitoring the students were involved into the research, however at different
levels: two students developed course papers and their final thesis on the topic thus they took
part in all the stages of the research; the rest of the students were involved in the rsearch
during thier practicals. Two practicals, 4 hours each were devoted to that. To get ready for the
students in advance, a description of the practical assignment was developed. The first
practical was devoted for solvent preparation and creation of a calibration curve. At the
beginning of the practical the teacher introduced the students to the research being carried out,
its financing, indicated the students’ role in it, as well as that the results of the research will
show air quality all over the town, at crossroads, the results will be announced on the Internet
and in the local media. For those reasons the students were asked to work very responsibly.
Theoretical background of the students on how to prepare solvents, work with a
photocolorimeter, draw a calibration curve on graph paper and computer was cheked. The
students worked in groups of 3-4, prepared different solvents and identified one point of
calibration curve each. One of calibration curves is drawn on graph paper and the other — with
a computer using Excel programme. The second practical was devoted for the analysis of
samplers. The samplers were displayed and removed in the planned sites by the students, who
had chosen to develop their course papers and final thesis on this topic. It is rather
complicated to involve the whole group into this activity as there are many sampler sites that
are located in the network covering the whole town territory, transportation of samplers would
last for the whole day and it is difficult for the whole group move around the town. Due to
that, all the students took part only in the analysis of samplers. At the beginning of the
practical, the students account for their activities performed earlier, compare calibration
curves designed by using different techniques, analyse how to use and read them. It may be
concluded that a calibration curve drawn by using Excel programme is more accurate and all
the following calculations may me done on a computer, whereas using a calibration curve
created in hand, one has to do all the calculations mechanically what makes the whole process
more dificult and increases mistake occurance. During discussion, a teacher checks the
students theoretical knowledge on the pollution with nitrogen dioxide, its sources and
dissemination in the environment, the norms for air pollution in Lithuania. Students work in
pairs and are given 3-5 samplers to analyse. Under the teacher’s supervision the students
deploy the samplers, perform measurements by using photocolorimeter. The results are
processed by using Excel programme and are recorded into the annexes of a practical
assignment description. This description was designed by the author of the article Nijolé
Ruksteliené and the annexes were designed with assistance of a student Edvardas Zavackas
[8]. Each of the groups processes at least one result without using a computer and compares
the results. The conclusions are drawn by comparing the received results to the existing norms
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on pollution, as well as to the situation in other towns and cities. The information for
comparison is taken from the website of the Ministry of Environment of the Republic of
Lithuania. The assignment is completed by defending it at the beginning of the third practical.
The student’s knowledge of air pollution with nitrogen dioxide, understanding the
methodology and ability to apply it, the ability to analyse the results and draw conclusions are
assessed.

Two students who had chosen to develop their course papers and the final thesis related to the
research topic, under the supervision of the teachers, planned the time of the research, hanged
and removed the samplers, prepared solvents, collected data, gathered theoretical background
and executed the research. Actions in the laboratory and the town were carried out during the
lectures, practicals and after the classes. The development of course papers and the final thesis
allows looking at the research in various terms. In case of the research the concentration of
nitrogen dioxide was tested in the corners of the chosen net (680 m x 680 m) — 30 points in
total and the received results indicate background concentration of nitrogen dioxide in the air.
Based on the data collected in this net, a course paper is being developed “Structuring of
Background Environment Monitoring in Lithuania” and the final diploma thesis “The
Analysis of Utena Town Air Pollution with Nitrogen Dioxide”. The concentration of nitrogen
dioxide may be determined not only in the intersections of the net, but also at the crossings of
the busiest streets of the town and the streets of residential areas. The analysis of the pollution
at these points is followed up with the development of a course paper “Town Air Monitoring
“and the final diploma thesis “Analysis of Traffic Pollution in Utena Town”. One of the
students is developing a scientific article on air pollution with nitrogen dioxide in Utena town
to be presented for the students’ scientific conference. This creates possibility to improve
scientific skills.

Discussion

Two cases of the implementation of applied research into the study process discussed by the
article illustrate that this might be a good balance between theory and practice. One may
choose these applied environment research for the study process which suit the study
programme. Transfer of the applied research into the study process is positively valued by
students since participation in real activity adds to the students’ research experience,
strengthen their self-confidence, educates an active citizen sensitive to the problems of the
living environment. Students understand that during their studies they perform significant
activities, widely applied in practice, the results of which are interesting to environment
protection professionals and the society. In addition to the gained professional knowledge the
students improve general abilities to communicate, cooperate, listen to and hear different
opinions, defend one’s point of view, and apply information technologies in practice. This
kind of activity improves teacher-student relations, makes them cooperate, lets them reveal
new things and adjust to various situations. Unfortunately, these activities are time-
consuming, and formally allocated time is too short to perform them. The situation may
benefit from strict time planning and application of various forms of work, when a certain
part of the research is carried out during a practical and the rest students who are interested in
the topic more seriously may deepen their knowledge and develop a course paper or a final
thesis. In addition, these activities require certain expenses. The solution to it would be
development of project applications for various funds. Implementation of applied research
into the study process improves professional, scientific and methodological competencies of
the teachers. The announcement of the research results by various information means raise
the status of the college, makes it more attractive for the future students.
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Conclusions

Implementation of the applied research into the study process ensures the implementation
of theory-practice link. Applied research raises the status of the college, promotes the
study programmes it is executed under. On the other hand, execution of applied research
demands for more time and finances from the teachers’ and students’ side.

Execution of applied research is interesting and significant to the students since it makes
the mastery of theory easier, allows applying the knowledge gained in the studies of other
subjects. When executing applied research, the students improve their general abilities to
communicate, cooperate, analyse, present and ground one’s opinion; educate positive
personal characteristics: creativity, diligence, responsibility, accurateness.

Implementation of applied research into the study process is significant to teachers since it
improves professional, scientific and methodological competencies of the teachers,
improves teacher-student relations.
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VIDES AIZSARDZIBAS TEORIJA, PRAKSE UN PIEREDZE STUDIJU
PROCESA
THEORY, PRACTICE AND EXPERIENCE OF ENVIRONMENT
PROTECTION IN STUDY PROCESS

Dzintra Atstaja
Banku augstskola
Valdemara icla 161, Riga, LV 1013, e-pasts: dzintra.atstaja@gmail.com

Abstract. The main accent in the article has been put on theory of environment protection. Besides
there is told about BA School of Business and Finance experience in organizing and realize study courses
connected with environment problems (“Environment economics”, “Environment management”,
“Macroeconomics”, “Environmental management”, “Environment protection”, “Environment management,
organization of civil defense and labor safety”) in different study programs, inter-subject connection, study
results.

Article’s main attention is dedicated to methods, how practical works are done, work with databases,
excursions, student’s further studies (practical researches, bachelor’s work etc.) and guality of study process —
theory’s connection with existing laws and regulations and sustainable development of national economy.
Author is presenting the new study aid “Environment, civil and labour safety” that is prepared for emerging
businessman and other interesents.

Keywords: education, environment protection, sustainable development.

levads
Izglitiba ilgtsp&jigai attistibai ir ciesi saistita ar jaunu cilvéku dzivi un nakotni, kam biitu jabit
vinu augstakajai prioritatei. Kop§ 1960.gada vides priekSmeti un vides zinibu kursi ir integréti
formalaja izglitiba, Apvienoto Naciju Organizacija noteikusi izglitibas ilgtsp€jigai attistibai
desmitgadi no 2005.gada lidz 2014.gadam [1, 7].
Raksta galvenais akcents likts uz vides aizsardzibas teoriju praktisko TstenoSanu un pastastits
par Banku augstskolas pieredzi, organizgjot un vadot ar apkartgjas vides jautajumiem saistitos
studiju kursus ,,Vides ekonomika”, ,,Vides parvaldiba”, ,,Makroeckonomika”, ,,Environmental
Management”, “Vides aizsardziba”, ,,Vides parvaldiba, civilas un darba aizsardzibas
organizacija” dazadas studiju programmas, starppriekSmetu saikni, studiju rezultatiem.
Raksta galvena uzmaniba veltita studiju kursa satura istenoSanas praktisko darbu metodém,
darbam ar datu bazém, macibu ekskursijam un studentu talakajiem pétijumiem (lietiSkie
pétijumi, bakalaura darbi u.c.) un studiju procesa kvalitatei — teorijas saikne ar pastavoSo
normativo aktu prasibam un tautsaimniecibas ilgtsp&jigo attistibu. Studiju procesa ipasa
nozime ir pedagogiskajai meistaribai, prasmei ieinteresét un musdienigam apmacibas
metodém.
Eiropas vidi vajadzetu aplikot konteksta ar socialekonomiskajam aktualitateém, pieméram, ar
Lisabonas procesu un ilgtsp€jigu attistibu, kam ir ari spéciga globala dimensija. Eiropas
Savieniba ir otra lielaka ekonomiska apvieniba aiz Amerikas Savienotajam Valstim. Tai ir plasi
un daudzveidigi resursi, ka ar1 vadoSa loma pasaules parvaldiba. Lisabonas sanaksmes darba
kartibas ekonomiskie jautajumi bija versti uz to, lai nodroSinatu straujaku ekonomisko izaugsmi
un raditu vairdk videi droSas darba vietas. Vides aizsardzibas un ilgtsp&jigas attistibas
nodro$inasana svarigi atrast savstarp€ji izdevigus risinajumus, lai sasniegtu stabilus rezultatus.
Sadi risinagjumi ietver konkurétspgju un inovacijas, socialo un teritorialo saliedétibu, ka ari
nedaudzo dabas resursu un vértigo ekosistému aizsardzibu un uzturé$anu [2, 5]. Sada limena
uzdevumus studiju procesa var Tstenot ar praktiskiem uzdevumiem, sniedzot pamatzinaSanas,
ka organiz€t uznémuma vai iestades racionalu darbibu dinamiska, ekonomiska vidg, veicinot
studentu vides apzinas veidosanu ar vides izglitibas Iidzeklu palidzibu, palielinot sabiedribas
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interesi un zinaSanas par vides saglabaSanas un atveseloSanas problémam, veicinot vides
izglitibu. Studenti pastavigi izstrada studiju darbu par vides politiku konkréta organizacija,
dzivesvieta un sava majsaimnieciba, pamato datu bazes ieguto informaciju, iegiitas zinasanas
pielietojot praktiska darbiba, veidojot prognozes un resursu pat€rina optimizacijas planu.
Petijumu publiski aizstav nodarbiba, kas ir priekSnoteikums sekmiga vért€juma sanemsanai.
Raksta autore ir izstradajusi macibu lidzekli ,,Vides, civila un darba aizsardziba”, kas
paredzets toposajiem uzné€méjiem un plasakam interesentu lokam, lai ar praktiskiem darbiem
nostiprinatu apgiitas zinaSanas. Praktiskos darbus var veikt nodarbibas auditorija, patstavigas
studijas vai e-vide atkariba no izvéeletas studiju formas.

Studiju kursa izveides priekSnosacijumi, materiali un metodes
Profesionalo studiju programmu kursi parasti rosina izprast aktualas ekonomiskas attistibas
likumsakaribas un principus, izvirzot konkrétus kriterijus analizei: ekonomiskos, socialos,
politiskos [3, 39], lai apgntas teor€tiskas =zinasanas nostiprinatu praktiska darbiba.
Patstavigam darbam palidzés dazadi uzdevumi, jautajumi un testi, ka ar1 visparinosa rakstura
zinasanu kontroles jautajumi. Macibu lidzekli nodro§ina zinatniskas informacijas sakotn&ju
izpratni un apguvi, ka ar1 veido bazi patstavigam darbam turpmak, izmantojot piedavato
pamatliteratiiru un papildliteratiiru [4, 3].
Studiju procesa rekomend€ izmantot kvantitativas, kvalitativas, ka arT modeleéSanas metodes
[5, 7]. Pirms kadu metodi pielieto, jaizverteé dazadu metozu atbilstiba pétjjuma raksturam un
mérkim, to priekSrocibas un trikumi. P&tiSanas metodes jalieto apzinati un meérktiecigi,
censSoties but precizam, analitiskam un, kas ir Joti svarigi, kritiskam [6, 15]. Rezultata studenti
prot pielietot ekonomiski matematiskas metodes un ekonomiskos instrumentus vides
parvaldiba, efektivi vadit un planot organizacijas darbu, izprast uznémuma vai iestades
darbibas kopsakaribas, analizét uzpémuma vai iestades darbibas vides aspektus, identificet
vides problémas un formulét risindjumu priekslikumus, ieviest progresivus risinagjumus un
metodes, sagatavot un sniegt prezentaciju par vides problémam organizacija, nozar€, pagasta
un valsti kopuma.
Vides aizsardzibas kursi orientéti, lai studenti izvéletos videi draudzigakos risinajumus gan
sava majsaimnieciba, gan darba vieta. Grutakais ir izv€leties dazus indikatorus vai izveidot
indeksu, kas varétu vislabak atspogulot virzibu uz ilgtspéjigu attistibu. Sis ir griits uzdevums,
jo dazado kapitala formu raksturlielumi (indikatori) parasti atSkiras péc to meérvienibam.
Ekonomiskie indikatori parsvara ir izteikti monetaras vienibas, vides indikatori — fizikalas
vienibas (pieméram, izcirsto mezu platibas hektaros, apdraudéto sugu skaits, piesarnojuma
apjomi, bet socialie indikatori var but saistiti ar realas dzives apstakliem (piem&ram,
nodarbinatibas Iimenis, nabadziba) vai cilvéciskajam veértibam, ko ietekmé kulttira, morale un
religija. Liels indikatoru skaits (ka Latvijas Ilgtsp&jigas attistibas vides indikatoru zinojuma) ir
labs taja aspekta, ka lauj noveértét dazadu ilgtsp€jigas attistibas politikas izvirzito mérku
sasniegSanu [2, 14]. Savukart tas ir slikts, ka nedod nekadu priekSstatu par kop€jo situaciju,
izmaksam un ekonomisko novertgjumu.
Dazas valstis (piem&ram, Lielbritanija) ir izvel&jusas nelielu indikatoru grupu, kas raksturo
gan kvalitativas, gan kvantitativas izmainas apkart&ja vidé un ir vieglak uztverami. Pasaul@ ir
izstradati vairaki agregé€tie indeksi, kuru izstrades mérkis — paplasinat un apkopot vides,
socialos un ekonomiskos indikatorus vienota shéma, kas atvieglotu novertét progresu cela uz
ilgtsp@jigu attistibu. Turklat pastav ar1 virkne citu indeksu, kas raksturo dazadus ilgtsp€jigas
attistibas segmentus vai celu uz ilgtspéjigu attistibu. Sadi indikatori tiek izmantoti arT
nacionalo stratégiju ievieSanas izvertéSanai. Piem., Igaunija un Slovénija savas nacionalajas
ilgtsp&jigas attistibas stratégijas atsaucas uz ,,Cilvéces attistibas indeksu”, ,,Ekologisko pedu”
u.c. raksturlielumiem [2, 16].
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Galvenas vides indikatoru funkcijas ir [7, 91]:

a) nodrosinat informaciju par vides kvalitati un izmainam konkréta teritorija (rajona, valsts,
upes sateces baseina, Eiropas u.c. limeni);

b) nodrosinat 1€émuma pienémé&jus ar informaciju, kas balstas uz konkrétiem un
visaptverosiem datiem,;

c) dot iesp&ju novertet vides kvalitati un izmainas atbilsto$i nacionaliem un starptautiskiem
vides politikas mérkiem;

d) sekmét datu salidzinasanu starp valstim un regioniem, sasaistit vides informaciju ar
izmainam ekonomika un socialaja sfera.

Mingtie priekSnoteikumi ieveéroti, veidojot studiju kursu programmas ,,Vides ekonomika”,

,,Vides parvaldiba”, ,,Makroekonomika”, ,,Environmental Management”, “Vides aizsardziba”,

,»Vides parvaldiba, civilas un darba aizsardzibas organizacija”. Praktisko darbu metodikas

ekonomiskais pamatojums pierada, ka vides aizsardzibas pasakumiem jasasniedz $adi mérki:

- jaieve@ro apkartgjas vides normativu kvalitates prasibas,

- jaatbilst un jaieveéro veselibas aizsardzibas prasibas, ievérojot razoSanas attistibu un
demografiskas tendences,

- japanak maksimalais ekonomiskais efekts tautsaimnieciba, uzlabojot apkart€jo vidi,
saudzgjot un izmantojot dabas resursus.

Istenoto mérku rezultats tieck panakts, samazinot negativo ietekmi uz apkartjo vidi un

uzlabojot esosos raksturlielumus, samazinot piesarnojuma Iimeni, tada veida uzlabojot zemes,

mezu, iidens resursu izmantoSanas kvalitati [8, 239] , kas ietver:

1) péc iespgjas pilnigaku visu iesp&jamo pozitivo (ka ari negativo — ja tadas radisies) sociali
ekonomisko seku apzinaSana, 1stenojot dazadus variantus vides aizsardzibas pasakumiem
sava majsaimnieciba un tautsaimniecibas dazadas jomas — gan tuvaka, gan talaka
perspektiva;

2) pec iespgjas vispusigakas izmaksas saistiba ar alternativu vides aizsardzibas pasakumu
variantu izskatiSanu;

3) laika faktora ievéroSanu, novért&jot (esos$as un sagaidamas) vides aizsardzibas pasakumu
izmaksas un rezultatus;

4) starpnozaru pieeju, pamatojot vides aizsardzibas pasakumus, ievérojot nepiecie$amo
izmaksu ekonomiju apkartgjas vides stavokla un dabas resursu racionalaku izmantoSanu
valsts, rajona vai pagasta meéroga.

Kopgjais sociali ekonomiskais rezultats paaugstinas cilvéku dzives Ilimeni, kopgjo

tautsaimniecibas izaugsmi un labklajibu [3, 39]. Talak ir apskatita konkréta studiju kursa

praktisko darbu seciba.

Rezultati un to izvertéjums

Organizgjot studiju procesu pirma Itmena augstakas profesionalas izglitibas uznémejdarbibas

programmas, ir svarigi pielietot miisdienigas apmacibas metodes. Tas motive studentus apgit

jauno, paplasinat redzesloku un pielietot iegiitas zinasanas prakse.

DaZas no pasaules praksé par efektivakajam atzitas metodes [3], kas integrétas ar1 Banku

augstskolas studiju procesa:

1) Creativity Technigues — metode piemérota, lai problémas risinajumam generétu daudz
labu ideju. Vislabak ieinteresét auditoriju ar pretstatijumiem, laujot improvizét ar
formuléto jautajumu;

2) Debriefing Games — metodes pamata ir aktivitate un analize. Izvirzot uzdevumu,
auditorijai nepiecieSams strukturét ST briza emocijas, iespaidus un pieredzi, nosakot
prioritates, lai nonaktu pie grupu darba kopsaucgja. Iesp€ja salidzinat ieprieks€jo pieredzi
un sagatavotibu grupas, ideala forma uzdoto t€mu parbaudei;
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3) Structured Sharing — debasu princips; metodi izmanto, ja saturs ir iepriek§ zinams. Mérkis
Ir panakt, lai visi doma un iesaistas, svarigi atdzivinat auditoriju ar aktivitatém, pieméram,
vizualo noform&umu;

4)

Paper-and-Games —

ideals variants

komunikativajiem studiju kursiem ar

atru

atgriezenisko saiti. Rekomendé sadalit studentus divas lielakas grupas (autors — kritikis)
un izvirzit noverotajus. Liela grupa rekomendé So metodi izmantot ka papira lociSanas
spéli — atjaunot zinaSanas, kas apgiitas nodarbibas.
Banku augstskola profesionalaja studiju programma ,,Uznémgjdarbiba” 2.studiju gada

integréts obligatais

studiju kurss ,,Vides parvaldiba,

organizacija” (3KP), skat.1.tabulu.

civilas un darba aizsardzibas

1.tabula
Studiju kursa galvenas teémas
Nr.p.k. Tema Metode

1. |Vides terminu raksturojums, juridiskais pamatojums, ietekmes uz vidi noveértéjuma Lekcija
vesturisks parskats. Vides problému c€loni. Starptautiskie normativie akti.

2. |llgtspgjigas attistibas jédziens un kritériji. ES un vides politika. Lekcija

3. | Latvijas ilgtsp&jigas attistibas plans, dabas aizsardzibas pasakumi LR. Vides parskati, |Prakt. nodarbiba
Statistisko datu krajumi.

4. |Vides parvaldiba (EMAS -VPS, standarti, ISO 14000, saistiba ar citam vadibas Lekcija
sisttmam).

5. [letekme uz vidi un novertejums. Vides riski. Ietekmes uz socialo vidi novertgjums. Lekcija
Ietekmes uz veselibu noveértgjums. Ietekmes uz sociali ekonomisko vidi novertgjums.
Normativo aktu prasibas. Stratégiskais ietekmes uz vidi novertgjums.

6. |Vides parvaldibas ievieSanas ieguvumi un izmaksas dabas resursu aizsardzibas Prakt. nodarbiba
pasakumos

7. |Ekonomiskas metodes vides aizsardziba. Dabas resursu vertéSanas pamatjautajumi. Prakt. nodarbiba
Ekonomisko metozu pielietojums, aprékinot vides vertibas. TieSie un netieSie
pan€mieni. Materialietilpiba. Otrreiz&jo materialo resursu izmantosana.

8. |letekmes un piesarnojuma raksturojums, klasifikacija. Atbildiba par videi nodarita Lekcija
kait€juma novérSanu un atlidzinasanu. Princips ,,piesarnotajs maksa”.

9. [|letekmes uz vidi novértéjuma izpratne un nepieciesamiba. Ietekmes un piesarpojuma  [Seminars
raksturojums, noveértéjuma izpratne un nepiecieSamiba. Faktori, kas apgriitina
piesarnojuma ietekmes uz vidi vértéSanu. Minimalas dros$ibas standarta pieeja.

10. |letekmes uz vidi noveértgjuma raksturojums un veidi. Noveértéjuma programmas. Lekcija
Ekonomiskie instrumenti. Metodikas, ekonomiskais novértéjums, alternativas, vides
monitorings, ietekmes uz vidi novert§juma audits.

11. |Piesarnojuma ra$anas novérSana. Atkritumu apsaimniekosSanas hierarhija. Iepakojuma |Prakt. nodarbiba
apsaimniekoS$ana.

12. |Pils€tu un komercsabiedribu attistibas plani, investiciju projekti. Klases kontroldarbs. |Prakt. nodarbiba

13. |Piesarnojuma rasSanas noverSana. Piesarnojuma problémas identificéSana. Vides Lekcija
problému c€loni. Atkritumu apsaimniekoSanas hierarhija.

14. |Piesarnojuma samazinasana. Atkritumu biitiba, apsaimniekoSana, sabiedribas atticksme |Lekcija
atkritumu apsaimniekoS$ana. Bistamie atkritumi.

15. |Piesarnojuma samazinasanas un atkritumu apsaimniekoSanas pieméri, iespgjama Prakt. nodarbiba
macibu ekskursija uz Rigas attiriSanas iekartam vai atkritumu apsaimniekoSanas
poligonu.

16. |,,Videi draudziga” uznémuma veidosana. Tiras tehnologijas. Sabiedribas attieksme pret |Seminars
vides vertibam. Vides un ekonomikas mijiedarbiba. Zalais iepirkums. Uznémuma
izmaksu efektivitates modelésana. Vides parskatu veidoSana. Prakt. nodarbiba

17. |Vides parvaldibas sistémas ievieSana atbilstosi ISO 14001 prasibam. VP attistibas Lekcija
tendences.

18. |Vides politika. Plans. Vides parvaldibas dokumentacija un dokumentu vadiba. Prakt. nodarbiba
Parbaudes. Labojumi. Sertifikacija.

19. |Patstavigo darbu prezentéSana, aizstavésana. Prakt. nodarbiba

20. |Vides aizsardzibas jautajumu izvertéSana finanSu parskatu revizija. SRS 1010 ,,Vides  |Prakt. nodarbiba

aizsardzibas jautajumu apsverumi finansu parskatu revizija”.
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Pilna laika studGjosajiem tiek planotas lekcijas un praktiskie darbi. Praktisko darbu
nodarbibas lauj izmantot dazadas macibu metodes, taja skaita: individualos un grupu
petijumus, macibu ekskursijas, darbu ar datu bazé€m un statistisko informaciju datorklasg,
macibu filmas.

Talak ir apskatiti dazadu studiju kursu praktisko darbu pieméri un nodarbiba sasniedzamais
rezultats, skat. 2.tabulu.

2.tabula
Dazu praktisko darbu raksturojums

Nr. Praktiskas no_d arbibas Materiali, metodes | Norises vieta Sagaidamais rezultats

darba téma

1. Vides aizsardziba, Video materiali, Auditorija vai | Studenti izprot vides un
klimata izmainas, filmas, piem., patstavigais ilgtsp&jigas attistibas problémas
ilgtsp@jiga attistiba ,»11.stunda”, majas darbs pasaul€ un Latvija, ir ieintereseti

,,Klimata iesaistities, lai mazinatu negativas
parmainas”, izmainas daba

,Leiputrija”,

»A-energija”

2. Latvijas vides un Datu bazes [12], Datorklase, Studenti izprot kritérijus, aktualas
ekonomikas Ekologiskas Internet tendences, kas ierindo Latviju péc
salidzinajums ar citam | stabilitates indekss, paveikta vides aizsardziba 8. vieta
valstim eurostat starp 152 valstim, salidzina citu

valstu nozaru struktiiru,
ekonomiskos raksturlielumus

3. ,»Terminu koks” ES un Latvijas Auditorija, Atseviskas vides jomas tiek

normativie akti grupu darbs, izzinati normativie akti un to
ar iepriek§€ju | prasibas, vizuali tiek noformets
sagatavotibu grupas stenda zinojums, publiski
prezent€ svarigakas normativu
prasibas

4. Ekologiskas pédas Dazadi ekonomiskie | Datorklase, Studenti noskaidro sava
kalkulésana [14] raksturlielumi, to Internet vai dzivesveida ietekmi uz apkartgjo

nozime citu valstu patstavigais slodzi vidg, analiz€ pasakumus, ka
ekonomika un majas darbs $o ietekmi mazinat mikro un makro
statistiskajos liment; salidzina dazadus

krajumos ilgtsp&jibas indikatorus

5. Dzimtas pilsétas vides Dazadas datu bazes | Datorklase, Studenti patstavigi apgiist jaunas
izpéte — dabas un un informacijas Internet vai zinasanas, analizg, sistematiz€ un
saimnieciskas darbibas | avoti patstavigais integré iegtito informaciju, prot
objekti, aizsardziba, [10;11;13;15] majas darbs atSkirt biitisko no mazsvariga.
infrastruktiira, Studenti noskaidro piesarnotas un
investicijas vides potenciali piesarnotas vietas,
aizsardziba, Tstenotie pasakumus vides slodzes
vides projekti mazinasanai

6. Videi draudzigu nozaru | Macibu ekskursijas, | Macibu Studenti parzina dokumentu
izvéle. Organizacijas darbs ar konkré&tas ekskursijas, aizpildiSanas, sagatavoSanas un
sakotngjais vides organizacijas, auditorija aprites sistému, dabas resursu
parskats uzpémumu un/vai nodokla aprékinasanu, vides

parskatiem, patstavigais parvaldibas sist€mas ievieSanu, ar

atskaiteém, majas darbs macibu pieméru sastada sakotng&jo

dokumentiem vides parskatu konkrétai
organizacijai

7. | Majsaimniecibas Apréekini, Auditorija, ar | Studenti sastada konkr&tu
resursu optimizacija salidzinasana, ieprieksgju pasakumu planu un pamato sava

analize sagatavotibu majsaimnieciba iesp&jamo resursu
vai patérina ekonomiju, aprékina
patstavigais planoto ieguldijumu atmaksasanas
majas darbs laiku
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2.tabula noraditi tikai dazi pieméri, kas atspogulo studentu un macibspeku radoso sadarbibu
uz rezultatu orientéta studiju procesa. Dala no aprakstitajiem uzdevumiem tiek veikti ari
studiju kursos ,,Vides ekonomika”, ,,Vides parvaldiba”, ,,Makroekonomika”, ,,Environmental
Management”, “Vides aizsardziba”, jo ieguvusi studentu atsaucibu un augstu novertgjumu.
Lai paplaSinatu studiju kursa meérkauditoriju un atvieglotu patstavigo studiju procesu,
izveidots macibu lidzeklis ar studiju darbu aprakstiem un noradém uz papildliteratiiru un
avotiem.

Katru gadu studenti izv€las padzilinati veikt pétifjumus par vides aizsardzibu, piesakot
lietiSkos pétijumus, bakalaura un magistra darbu t€émas gan par atkritumu apsaimnieko$anu,
gan vides parvaldibas sist€mas ievieSanu organizacija, gan videi draudzigu produktu
ievieSanu, gan ekotiirisma veicinaSanu. Kursa darbos tiek pétita darba aizsardzibas prasibu
ievieSana komercsabiedribas un civilas aizsardzibas preventivo pasakumu planosSana,
ieverojot vides aizsardzibas un ilgtsp€jigas attistibas pamatprincipus.

Secinajumi
Praktisko darbu metodologiskais un teorctiskais pamats ir Latvijas un arvalstu ekonomikas
zinatnieku un vides pétnieku darbi, specialo pétijumu rezultati, zinatnisko konferencu un
seminaru materiali. Lielaka dala macibu lidzekla teorétiskaja pamatojuma izmantoto pieméru
ir veidoti, iespaidojoties no Rietumvalstu ekonomistu, vides aizsardzibas un tiesibu specialistu
gramatam un publikacijam, piem&rojot piemérus Latvijas videi un tautsaimniecibas situacijai,
ieverojot saistoSos likumus un citus normativos aktus, vides aizsardzibas politiku,
monitoringu, ekonomiskos instrumentus un attistibas planus.
Istenotas programmas pakartots rezultats ir dzimtas vietas izp&te un nacionali patriotiska
audzinasana. Studiju procesa studenti izzina savu dzimto pilsétu, pagasta veésturi un attistibu,
lai sekmigi uzsaktu uznémeéjdarbibu videi draudzigd nozaré. Studentu izvelétas lietiSko
petijumu, bakalaura darbu témas par vides jautdjumiem apstiprina, ka studenti ir ieintereseti
vides aizsardzibas pétijumos un tatad ir veiksmigi izvéletas studiju kursa macibu metodes.
Lai iesaistitu vides pasakumos un inform&tu plasu sabiedribu, interesentus un institiicijas,
varétu izmantot informacijas tehnologiju iespgjas darba ar statistikas datu bazém, apmacibas
programmam un statistisko informaciju un studijas e-vidé. Sagatavotais macibu lidzeklis
veidots darba burtnicas formata un noderigs gan augstskolu studentiem, gan plasakam
interesentu lokam.

Summary

Education for sustainable development is closely linked to life and future of young people
therefore it should be their highest priority. The main emphasis in the article is put on
practical application of environmental protection theory and it covers the experience of BA
School of Business and Finance in organizing and administrating the courses related to the
environmental issues.

Major attention in article is paid to the methods of how to implement the course content in
practice, data bases, study excursions and further researches (applied research, Bachelor
thesis, etc.) and quality of study process — theory’s connection with the requirements of
effective laws and regulations and sustainable development of national economy.

European environment should be viewed in the context of socioeconomic topical issues, for
instance, Lisbon Agenda and sustainable development which also has a strong global
dimension. It is vital to find mutually advantageous solutions to ensure environmental
protection and sustainable development in order to achieve lasting results. In the framework
of study process tasks of such level can be carried out by virtue of practical exercises,
providing the basic knowledge of rational organization of enterprise or institution in dynamic
economic environment, promoting the formation of environmental awareness in students by
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virtue of environmental education means, increasing society’s interest and knowledge about
problems of environment preservation and recovering thus fostering the environmental
education. Students independently elaborate their study paper on environmental policy in a
certain organization, residence and own household, substantiate the information obtained
from data bases and apply gained knowledge and skills in practice by drawing up forecasts
and optimization plan for resource consumption. Paper is presented to the public during the
lesson and it is a prerequisite for the approved result.

Author of the article has made up a teaching aid “Environmental, civil and labor protection”
intended for emerging entrepreneurs and wider public to improve mastered knowledge with
practical tasks. Practical tasks can be carried out in auditorium during the lesson, during
independent studies or in e-environment depending on the chosen study module.
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VIDES POLITIKAS PLANOSANA PILSETU PASVALDIBAS:
DISCIPLINARAS UN INTEGRATIVAS PIEEJAS
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Abstract. Environment and its integration are recognized as priorities at all governance levels,
however practice reveals gaps at the local (municipal) level. Municipal environmental policy planning (EPP),
implementation and monitoring is not studied sufficiently and discussed. Without understanding of disciplinary
planning there are risks of qualitative integrative planning. The article discusses EPP development in Latvian
municipalities during last 18 years period starting from Local Agenda 21 initiatives to integrated urban
environment planning. The article summarizes EPP experience based on document studies and survey. It
includes overview of EPP driving forces, content and integration analysis, institutional and public
participation issues, outlines needs for further studies. Taking into account that EPP exist in less than 5 % of
local governments, what is contrasting to practice elsewhere in Europe, the intention of the article is to
facilitate discussion about EPP necessity and opportunities in Latvia.

Keywords: driving forces, integrative and disciplinary approach, municipal environmental planning,
public participation, environmental policy instruments.

levads

Vide un tas integracija ka prioritate ir atzita visos parvaldibas limenos, tomér prakse tiesi
viet§jais (pasvaldibu) limenis ir vajakais realizacijas posms. Vides nozares politikas
disciplinara planosSana ka atbilde uz vides kvalitates degradaciju un ierobezotajiem resursiem
ir veidojusies Centralas un Austrumeiropas valstu pasvaldibu prakse, tai skaita Latvija, kop$
1990.gadiem, sava attistiba mijiedarbojoties ar Local Agenda 21 procesiem. Tomér Latvija
pasvaldibu vides politikas planoSanas (VPP) joma nav sasniegti butiski kvalitativi paversieni
sistémiska Iimeni, lai gan var identificét vairakus daudzveidigus un geografiskaja telpa
izkliedetus piemerus ar atSkirigiem panakumiem un kontinuitati.

Nacionala tiesiska regul&juma un stratégiju trikums un/vai nepilnibas veidoja nosacijumus
tam, ka VPP pieredzes veidoSanas pamata ir balstijusies uz ar&jiem virzoSiem spekiem
(politiskiem procesiem un finanSu instrumentiem) un uz motivétu individu iniciativam vietgja
Iimeni. Virkne citu bremzgjoSo faktoru, ka metodiska nodroSinajuma trukums, institucionalas
kapacitates (struktdra, resursi) problémas, papildinati ar vides parvaldibas centralizacijas
pieeju, nav veicinajusi vietgjas kapacitates attistibu ricibam ,,no apaksas”. Ta rezultata Latvija
atSkiras no daudzam ES dalibvalstim ar viet§jo vides politiku un sabiedribas aktivas
lidzdalibas trikumu vides lémumu pienemsanas procesos. Vietgjas vides politikas ir
izstradatas mazak neka 5% Latvijas paSvaldibu. Tas ir savstarpgji atSkirigas un demonstré
dazadas pieejas, ka ar1 nepilnibas vides disciplinaras planoSanas izpratn€. Jaunas perspektivas
VPP paver Eiropas savienibas pilsétvides stratégijas, kas integrétas planosanas pieeju izvirza
misdienu politiku veidoSanas centra. Tas prasa augstaka limena zinaSanas ne tikai par vides
sektoru, bet arT par ta saikném ar citiem sektoriem. So jauno integrativas plano$anas zinasanu
veidosanai ir jabalstas uz disciplinaras pieejas komplementaritates imperativa. Sis raksts ir
autores ieguldijums VPP procesu pétnieciba Latvijas pasvaldibas un kapacitates veidoSana.

134


mailto:erika.lagzdina@lu.lv
mailto:raimonds.ernsteins@lu.lv

Pétijjuma metodika

Pétijuma meérkis ir novertet pieredzi, situaciju un attistibas perspektivas attieciba uz Latvijas
paSvaldibu (pamata pilsétu) vides politikas planosanu 18 gadu perioda (1991-2009) kops
neatkaribas atgiiSanas, citu starpa vertgjot jautdjumus par ietekméjosajiem spekiem, vides
parvaldibas institucionalo kapacitati, sabiedribas Iidzdalibu, ka ari iezim&jot problém-
jautajumus turpmakajiem petijumiem.
P&tijums sastav no 2 dalam:
1) VPP procesu apkopojums un izvertgjums, kas metodiski pamatojas uz:
» multilimenu procesu, stratégiju un politikas dokumentu analizi:
a) starptautiska — Rio un saistitie ilgtsp&jigas attistibas procesi; Local Agenda 21;
b) regionala - Eiropas ilgtsp&jigu pilsétu un ciemu kustiba, Eiropas Savienibas vides un
pilsétvides stratégijas,
C) nacionala limeni — vides politikas plani un investiciju stratégijas, nacionalie zinojumi
par IA istenoSanu u.c.;
» projektu vides parvaldibas joma dokumentacijas analizes: paSvaldibu un to organizaciju
projekti, Latvijas Universitates un citu zinaSanu organizaciju projekti;
* nacionalo normativo aktu analizes (pasvaldibu, vides aizsardzibas, attistibas planosanas);

1.tabula
Pétijuma 2.dala analizétie pasvaldibu dokumenti
Apstipr. Pasvaldiba Dokumenta nosaukums Sp ek.a _
gads (aktualizg)
Vides politikas dokumenti
1992  Ventspils Ventspils Vides politikas plans
1995  Ventspils Ventspils Vides politikas plans - 2
2000  Jurmala Jurmalas pils€tas vides aizsardzibas politikas plans X
2000 Riga Rigas vides stratégija 2000.-2010.9. X
2000  Gaujiena Gaujienas pagasta Vides aizsardzibas ricibas plans
2001  Ventspils Ventspils vides politikas plans 2000.-2010.g. X (aktualize)
2001 Liepaja Vides ricibas programma 2002.-2010.g. X (aktualize)
2001  Jekabpils RP  Jekabpils rajona Vides aizsardzibas ricibas programma
2001  Preilu RP Preilu rajona Vides veselibas ricibas programma
2002  Riga Rigas vides stratégijas ricibas programma 2002.-2010.g. X
2003  Jelgava Jelgavas pilsetas vides politikas plans un ricibas programma
2003.-2007.9.
2005  Cesis Cesu vides politikas plans 2005.-2017.g. X
2008  Livani Livanu novada pasvaldibas vides politikas un integrétas X
vides sadarbibas deklaracija un Vides sektora attistibas
vizija un ricibas vadlinijas 2008.-2014.g.
2009. Rézekne Rézeknes pilsétas vides politikas plans 2009.-2015.9. (apst.proc.)
Vides parvaldibas sisttmu (VPS) dokumenti
2005  Jelgava Jelgavas pas$valdibas Vides politika (ISO:14001) X
2007  Preili Preilu novada domes Vides politika un Vides deklaracija X
(EMAS)
Attistibas dokumenti un vides parskati
2006  Daugavpils Daugavpils pilsétas teritorijas planojuma 2006.-2018.g. X
2007 Vides parskats; Daugavpils pilsétas attistibas programma
Mana pils Daugavpils 2008.-2014.g.
2007  Jelgava Jelgavas pilsétas integrétas attistibas programma 2007 .- X
2013.
2007  Valmiera Valmieras pils€tas sociali ekonomiskas attistibas X

programma 2008.-2014.un Vides parskats
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2) konkrétu Latvijas pasvaldibu VPP pieredzes apkopojums, kas metodiski pamatojas uz:

» dokumentu analizi — paSvaldibu vides politikas, VPS un attistibas plano$anas dokumenti;

= pasSvaldibu anketéSanas un vides specialistu intervijam.

Pétijuma 2.posma veiktas aptaujas noluka anketa tika elektroniski izsiitita 23 pasvaldibam,
adres€jot to personigi vides specialistam, vides nodalai vai attistibas un planoSanas nodalai.
IzvEletas pasvaldibas parstav visus Latvijas regionus un ietver lielas pilsétas, mazpilsétas un
pilsétas un lauku teritorijas apvienojumu — novadus. Anketas jautajumi tika strukturéti
politikas planoSanas procesu raksturojoSos blokos: inici€Sana, izstrade, satura ietvars,
ievieSanas instrumenti, integracija, kapacitate un politiskais atbalsts u.c.. Atbildes bija
jaizvelas no piedavata saraksta, bet bija arl atveérta tipa jautajumi. Aizpilditas anketas tika
sanemtas no 13 pasvaldibam. Notika 7 intervijas ar pasvaldibu specialistiem. Rezultati tika
apkopoti un analizéti kvantitativi un kvalitativi. ST raksta ietvaros diskusija apskafiti tie
anketas jautajumi, kas saistiti ar VPP procesa sakuma posmu (inici€Sana, iesaistiSana, plana
ietvara definéSana).

Rezultati un diskusija
Raksta diskusiju dala ir sadalita nodalas atbilsto$i p&tijuma posmiem. 1.nodala apskata VPP
attistibas procesus un ietekmé&josos spekus starptautiska, nacionala un vietgja Iimenit. 2.nodala
apkopo pétijuma rezultatus par VPP praksi konkrétas pasvaldibas.

1. Vides politikas planoSanu ietekméjoSie procesi un spéki

Pasvaldibu vides politikas planosanas prakse Eiropa, Ipasi bijusaja socialistisko valstu bloka
(Centralaja un Austrumeiropa), tai skaita Latvija, saka veidoties 1990.gadu sakuma. Ta liela
mera ir balstijusies uz trim plasiem starptautiskiem vides politikas procesiem, kas darbojas ka
argjie virzoSie speki, un starptautisko finans€jumu. Tai pasa laika gan nacionala, gan vietgja
limenT vienlaikus pastavéja faktori, kas gan veicinaja, gan bremzgja VPP pasvaldibas. So
speku labilais Iidzsvars atspogulojas mainigos VPP rezultatos Latvija un iezimé tris VPP
attistibas etapus.

1.1. Iigstpejigas attistibas iniciativas

1992.gada ANO konferencé par vidi un attistibu piepemta Rio deklaracija un Ricibas
programma 21.gadsimtam (Agenda 21) aicinaja veicinat viet§ja limena IA ricibas programmu
izstradi. Prakse un projektu pieredze liecina, ka sakotngja izpratne par IA un pasvaldibas
realizétas aktivitates parstav plasu spektru: vides sektora izvert€Sana un ricibas, iedzivotaju
lidzdalibas procesi, socialas un vides dimensijas integracija u.tml. Reaggjot uz kapacitates
trikumu ka bremzgjoso faktoru, 1990.gados Local Agenda 21 procesu metodisko
nodroSinajumu saka koordinét starptautiskie paSvaldibu sadarbibas tikli (piem., ICLEI, UBC),
uzsvaru liekot uz instrumentu izstradi vides parvaldibas sektora. Vienlaikus notika procesu
institucionalizacija - 1994.gada tika ierosinata Eiropas ilgtsp€jigu pils€tu un ciemu kampana,
un tas ietvaros izstradata brivpratiga vienoSanas — Olborgas harta [1]. Tas ir nakamais
mobilizgjosais solis un virzosais speks pasvaldibu VPP veicinasana un nepiecieSama politiska
atbalsta nodrosinasana.

Latvija So laiku raksturo arvalstu partneru ierosinati pilotprojekti IA veicinaSanai pils€tu
sadarbibas ietvaros, starptautiskais finans€jums, aktivitates kapacitates veidoSanai, metodiku
izstrade latvieSu valoda, liela motivacija un interese no vides specialistu puses, piesardziga
lidzdaliba no pasvaldibu administracijas, interese no iedzivotajiem, nevalstisko organizaciju
aktivitates, akadémisko institiiciju mediativais darbs, sabiedribas lidzdalibas metozu test€Sana
un praktiskas demonstraciju aktivitates [2, 3, 4]. Raksturigi pieméri ir pilotprojekts ,,Local
Agenda 21 un vietgja vides parvalde Latvija” (1998., Latvijas Pasvaldibu savieniba), kura
ietvaros 5 iesaistitajas pasvaldibas — Cgsis, Jurmala, Rézekné, Talsos un Rijiena — notika
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paSvaldibas administracijas darbinieku un NVO parstavju apmaciba, ar plasu sabiedribas
lidzdalibu tika identificetas svarigakas IA jomas; Jurmalas daliba projekta ,,Apzinas
veidosana Local Agenda 21 veicinasanai Baltijas juras regiona — SAIL” (1999.-2000., UBC).
LA 21 tipa planosanas aktivitates ar uzsvaru uz sabiedribas lidzdalibu un argja procesu
vidutaja (universitates ka zinaSanu centra) icguldijumu tika praktizétas ari subregionala
Iimeni. Piemérs ir Phare programmas finansgtais projekts ,,Sabiedribas lidzdaliba Iidzsvarotas
attistibas ricibas programmas izveidosana Bartava” (1998.-2000., ASVPC Bartava), kas
apvienoja Liepajas rajona Bartas upes sateces baseina 8 pasvaldibas, kuras test€ja uz
lidzdalibu balstitu IA programmas veidoSanu un vietgjo IA indikatoru izstradi. Eiropas
Savienibas Life programmas finanséta demonstraciju projekta ,Livu zala piekraste’ 217
(2001.-2004., Dundagas pasSvaldiba) ietvaros Ziemelkurzemes pasvaldibas tika Tstenotas
daudzveidigas aktivitates, demonstrétas vides tehnologijas, izveidots Agenda 21 centrs talakai
procesu koordinacijai. Sis projekts ir veiksmigs modelis piekrastes IA veicinasanai [5].
Mingétie projekti bija nozimigs ieguldijjums LA 21 procesu un netiesi ari VPP metodiska
nodro$inajuma izstradé un apzinas veicinaSana Latvija, tomér projektu rezultatu ilgtsp&ja ne
visos gadijumos pieradijas prakse: iestradnes nebija pietickams nosacijums LA21 principu
talakai un plasakai integracijai pasvaldibu parvaldibas procesos. Kad 2002.gada starptautiska
pétijuma [6] tiek novertéti LA21 procesa sasniegumi Eiropa, Latvija tiek identificétas tikai 5
pasvaldibas, kuras ir §1 procesa iezimes, lai gan Nacionalais zinojums Rio+10 atsaucas uz 20
gadijumiem, ietverot arl procesu orientétas pasvaldibas. Pozitivi vert€jams, ka $ai posma giita
pieredze attistija viet€jo cilveékresursu kapacitati un veicinaja VPP vairakas pilsétas (Jelgava,
Cesis, Jurmala, Riga).

1.2. Process ,,Vide Eiropai”

Otrs nozimigs virzoSais speks bija ,,Vide Eiropai” process, kura ietvaros kops 1993.gada tika
1zstradati nacionalie vides politikas plani, valstis intensivi veidojas jauna vides likumdoSana,
izskangja aicinajumi identiskas iniciativas attistit arT viet€ja liment.

Pamatojoties uz pirmaja nacionalaja dokumenta — Vides aizsardzibas politikas plana Latvijai
(1995.) — identificéto finanSu resursu trakumu un vides problému aktualitati, bija
nepiecieSams veikt pardomatu vides parvaldibu, tai skaita planoSanu, vietgja Itmeni. Pirmas
pilsétas Latvija, kas saka stradat pie savas vides politikas, bija rlipnieciski attistitas pilsétas,
kur bija augsts vides piesarnojuma risks un sabiedribas spiediens (Ventspils, Daugavpils,
Rézekne). Zema cilvekresursu kapacitate, pieredzes un metodiska nodroSinajuma trilkums —
galvenie identificétie Skérsli vides parvaldibas joma 1996.gada aptauja, ko veica Regionalais
vides centrs (REC Latvijas birojs) ilgtermina projekta ,,Vietgjas vides ricibas programmas”
(1996.-2001., REC) ietvaros. 1998.gada REC publicé pirmo rokasgramatu latviesu valoda
»Vides aizsardzibas ricibu planosana pasvaldibas” [7], kas pamatojas uz Centralas un
Austrumeiropas VPP pieredzes un amerikanu demokratijas tradicijas balstitam lidzdalibas
pieejam stratégiskas planoSanas procesa. Uz $o VARP pieeju balstitajos apmacibas seminaros
visos Latvijas regionos iesaistijas 80 pasvaldibu specialisti; ka pilotprojekts, iesaistot
Aliiksnes rajona pagastu pasvaldibas, interaktiva apmacibas procesa ietvaros 2000.g. tika
izstradats Gaujienas pagasta Vides aizsardzibas ricibas plans, 2001.g. — Jekabpils rajona
VARP un Preilu rajona Vides veselibas ricibas programma. Bitiski ir atzimét min&to
pasvaldibu un Latvijas Vides aizsardzibas fonda pozitivo attieksmi un pieskirto finanséjumus
Sada tipa projektiem. Diemze€l ar1 Sie virzoSie speki nebija pietiekami neatgriezeniskam VPP
aktivitateém citviet Latvija.

1.3. Integracija Eiropas Savieniba

TreSais nozimigais VPP ietekméjoSais speks ir integracijas ES process, ko iezime 1998.gada
noslégtais ES un Latvijas asociacijas ligums un kas ir saistits ar intensivu vides direktivu
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parpemsanu. Jaunas prasibas veicinaja funkciju decentralizaciju, noteica plasaku atbildibu
vides joma vietgja Iimeni un prasija lielas investicijas atbilstibas nodroSinasanai. Straujo
tempu, ierobezoto cilvékresursu un viet€jas kapacitates triikuma d€] So posmu raksturo
centraliz€ta vides un investiciju politiku ievieSana un sektoralas/ disciplinara planosSanas
pieeja (sakotn&ji tidenssaimniecibas, péc tam atkritumu u.c. jomas), atvélot maznozimigu,
sakotngji pat pasivu lomu pasvaldibam ka galvenajiem ,Jlabuma sanémgjiem”, iesaistot tas
gatavos projektos un ievieSanas shémas, nesaskanojot prioritates plasaka sabiedriba.
PalauSanas uz lemumu pienemsanu nacionalaja ltmeni neveicinaja ne paSvaldibu motivaciju
attistit vides politiku, ne pilnveidot kapacitati un mekl&t resursus vietgja [imeni.

2004.gada pec Latvijas iestasanas Eiropas Savieniba pastiprinajas decentralizacijas tendences,
kas pozitivi ietekm&ja vides parvaldibu pasvaldibas. Ta kluva vietgji orientéta ar plasaku
diskursu sabiedriba, kas liela méra bija ES vides politiku rezultats. Tai pasa laika integracijas
ES procesi turpina doming€joSo disciplinaras pieejas praksi vides parvaldiba, arvien vairak
saasinot konfliktus starp dazadiem pasvaldibas attistibas virzieniem un tajos iesaistitajam
mérka grupam. Pieaug nevalstiska sektora spiediens par sabiedribas tiesibam piedalities ar
vidi saistTtu Iémumu pienemsana un lidzdaliba VPP.

Biitisks pavérsiens VPP praksé un virzoSais spéks ir 2006.gada izstradata ES Pilsétvides
tematiska stratégija [8], kuras uzdevums ir ,,ar integrétas pieejas palidzibu sniegt ieguldijumu
labakas dzives kvalitates nodroSinasana, tpasSu uzmanibu veltot pilsétu teritorijam... un sekmét
pilsonu augstaku dzives Iimeni un socialo labklajibu, nodrosSinot vidi, kura piesarnojuma
lIimenis nerada draudus cilvéku veselibai un videi, un veicinot pilsétu ilgtsp&jigu attistibu” un
ar to saistita ES finanséjuma sanemsanas prasiba péc integrétiem pilsétu planiem. Sis faktors
ir radijis jaunu vilni pilsétu VPP 2007.-2009.gada, kur atslégas koncepts ir integréta pieeja.
Pasreizgjie procesi VPP pasvaldibas Latvija lauj prognozet plasaku integrativo pieeju
izmantoSanu, tai pasa laika neatsakoties no disciplinaras pieejas, arvien vairak meklgjot to
savstarp&jo papildinamibu / komplementaritati. Tapat prognozejams, ka integrativa planosSana
varétu sakotngji but lielako pilsétu pasvaldibu prerogativa, novadu un/vai mazak
pieredzgjusam pasvaldibam koncentrgjoties uz disciplinaru vides sektora planoSanu, kas
2009.gada administrativas reformas konteksta butu svarigs instruments paSvaldibas
paplasinatas teritorijas vides situdcijas apzinaSanai, izvert§jumam un meérktiecigai prioritasu
izvirzisanai.

1.4. Normativais nodrosinajums ka iek$ejais VPP ietekméjoSais faktors

Nacionalas politikas vides sektora un normativais reguléjums ir uzskatami par iekS€jiem
ietekméjosiem faktoriem ,,no augSas” pasvaldibu VPP attistiba Latvija. lepriek§ raksturotie
argjie procesi ietekmé&ja nacionalo vides politiku, kas atspogulojas Vides aizsardzibas likuma
izmainas kop$ 1991.gada, jaunos normativos aktos, kas tikai 1990.gadu vidi sak iezimét
atjaunotas Latvijas valsts pasvaldibu tiesibas un pienakumus.

Raksta ietvaros tiek apskatiti 2 biitiskakie ‘jumta’ likumi, kas veido VPP ietvaru paSvaldiba.
»Likums par pasvaldibam” (1994) nosaka, ka viet€ja paSvaldiba ir vietgja parvalde, kas
nodroSina likumos noteikto funkciju izpildi, ieverojot valsts un attiecigds administrativas
teritorijas iedzivotaju intereses. Likuma 15.panta ietvaros noteiktas pasvaldibu autonomas
funkcijas, kuru izpilde tiek finanséta no pasvaldibas budzeta, to skaita vairakas, kas tiesi vai
netieSi ir saistitas ar vides parvaldibu: organizét iedzivotajiem komunalos pakalpojumus
(Udensapgade un kanalizacija; siltumapgade; sadzives atkritumu apsaimniekoSana;
notekiidenu savakSana, novadiSana un attiriSana); gadat par savas administrativas teritorijas
labiekartoSanu un sanitaro tiribu; pretplidu pasakumi; veicinat iedzivotaju veseligu
dzivesveidu; ar planojumu noteikt zemes izmantoSanas un apbives kartibu; organizet
sabiedriska transporta pakalpojumus u.c. Likuma 12.panta tiesibas teritorijas iedzivotaju
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interes@s brivpratigi realiz€t savas iniciativas ikviena jautajuma ir pamats pasvaldibas VPP
izstradei.

Vides jomu regul&josais “Vides aizsardzibas likums” (2006., VAL) defin€ vides aizsardzibu
ka pasakumu kopumu vides kvalitates saglabasanai un dabas resursu ilgtsp€jigas
izmantoSanas nodroSinaSanai, tas paredz planosSanas procediiras vides joma un iesaistito pusu
(tai skaita pasvaldibu) kompetences. Speka esosais VAL atskiriba no VAL 1991.gada versijas
nesatur virkni prasibu, kas preciz€ja paSvaldibu kompetences vides joma, taja ir atstatas
kontroles funkcijas un pasvaldibu iestazu pienakumi attieciba uz vides informacijas sniegSanu
un izplatiSanu, sabiedribas iesaistiSanu lémumu pienemsana. Pazudis bitisks nosacijums, uz
kuru sava darbiba atsaucas daudzi vietgjie vides specialisti — “paSvaldibas organiz€ vides
aizsardzibas programmu izstradaSanu”; iznemta ara sadarbibas komponente. Ta ka VAL lauj
pasvaldibam ieviest brivpratigus vides parvaldibas lidzeklus un VPP ir viens no tiem, tad
likums netiesi aicina paSvaldibas izstradat VPP. Jasecina, ka likumdoSana teorétiski atbalsta
vides politikas planosanu pasvaldiba, ar to legitimizgjot arT resursu izmanto$anu.

2.Vides politikas planosanas pieredze Latvijas pasvaldibas

2.1. Vides politikas planu esamiba pasvaldibas

Petijuma ietvaros vides politikas planu (VPP) esamiba pasvaldibas tika identificéta caur

dokumentu un aptaujas rezultatu analizi. VPP ir izstradati un speéka 6 no pétijuma ieklautajam

pasvaldibam: 5 pilsétas (Riga, Liepaja, Ventspils, Jirmala, C&sis) un 1 novada (Livanu
novads). VPP ka vides parvaldibas sistémas sastavdala ir apstiprinats 7 paSvaldibas

(Daugavpils pilsétas dome, Preilu novada dome un 5 pagasti).

VPP sagatavosanas stadija ir 2 pasSvaldibas: Rézeknei 2009.gada februari Domes komiteja

konceptuali atbalstits “R&zeknes pilsétas vides politikas plans 2009.-2015.g.”; Ogre,

pateicoties Norvégu finanSu instrumenta atbalstam, top ,,Vides koncepcija Ogres novadam

2009.-2019.g.”

Jelgavas pilsétas 2003.gada apstiprinatais ,,Vides politikas plans un ricibas programma 2003.-

2007.g.” ir zaud@€jusi speku, to aizstaj integrétas attistibas programma.

Rajonu limena vides (vides veselibas) plani ( Jekabpils, Preilu r.) ir izsm€lusi savu kapacitati.

Vides politika (ietverot strat€giskos virzienus, mérkus, ricibas, indikatorus un

ievieSanas/investiciju planus) ka integrativa plana sastavdala uz pétijjuma veikSanas bridi ir

ieklauta 16 pils€tu jaunizstradatajas integrétas attistibas programmas: Daugavpils, Jelgavas,

Jekabpils, Liepajas, Rézeknes, Valmieras, Ventspils, Aizkraukles, Césu, Gulbenes, Kuldigas,

Livanu, Madonas, Saldus, Smiltenes un Talsu. P&tijuma ietvaros tika veikts sakotngjais So

programmu izvert€jums Jelgavai, Daugavpilij un Valmierai, kas liek secinat, ka:

a) visas programmas nozimiga loma ir atvéléta vides politikai, ta ka ir izvirzitas strat€giskas
prioritates, ricibas virzieni, risinamie uzdevumi un rezultativie raditaji, bet to izvert§jums
ir talako pétijumu uzdevums;

b) to saturs, forma, izmantotie planosanas termini un detalizacijas pakape atskiras, lai gan
pastav vienotas vadlinijas pa§valdibu integréto attistibas programmu izstradei [9]. Sis
fakts bitiski apgriitina to salidzinasanas iesp&ju.

Vienota (integréta) paSvaldibu attistibas plana priekSrocibas uzsver aptaujatie specialisti, jo

Sada plana politiska virziba un finans€juma piesaiste, ka arl ievieSanas monitorings ir

vienkarsaks ka vides nozares sektorala plana istenoSana.

2.2. Motivacija un priekSnoteikumi VPP inicieéSanai

Ta ka VPP vietgja liment nav tieSi pieprasita nacionalajos normativajos aktos, tad svarigi ir
apzinat priekSnoteikumus, kas virza vides politikas procesus paSvaldibas. Pétijums rada, ka
pasvaldibu vides politikas tika veidotas ka reakcija uz aktualam vides problémam (Jelgava,
Ventspils, Jiirmala), ne mazak nozimigs faktors ir pasvaldibas specialistu iniciativa un drosme
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parliecinat politikus par plana nepiecieSamibu. Svariga ir ar1 iepriekS€jo projektu un arvalstu
sadarbibas partneru sniegta pieredze. Atseviskas pasvaldibas (Jirmala, Liepaja, Césis) VPP ir
svarigs instruments vides nodalas darba reguléSanai un vides pasakumu ieklausanai budzeta.
Rajonu Itment plani ir ]avusi merktiecigi planot ne tikai liela m&roga vides investicijas, bet ar1
aktualizet attistibas planus.

Vairak neka 70% anket€to pasvaldibu specialistu apgalvo, ka VPP pasvaldiba vajadzigs ka
atseviSks dokuments, jo spiediens no citiem sektoriem un zinama meéra ari nepietickama
politiku izpratne par vides un ilgtsp€jigas attistibas jautdjumiem ietekmé lémumus, kas skar
vidi. Virkne pilsétu, kuram ir spéka integrétas attistibas programmas (Valmiera, Jelgava)
uzskata, ka kvalitativi sagatavota integréta programma un detalas sektoralas strat€gijas tas
ietvaros ir pietiekamas vides politikas ieviesanai pasvaldiba un atsevisks VPP nav
nepiecieSams. Ka atzits anketas, VPP procesu uzsaksanai svarigs ir pils€tas politiskas vadibas
(mera, izpilddirektora) un augstakstavosa struktiirvienibas vaditaja atbalsts. Viens no
iemesliem, kap&c netiek izstradati VPP, ir tas, ka vide nav paSvaldibas politisko prioritasu
saraksta augSgala. Tadejadi var secinat, ka viet€ja [imena ieksgjie faktori, 1pasi cilveciskais/
subjektivais faktors, Latvija tomér ir noteicosie VPP.

2.3. Brivpratigo vides politikas instrumentu loma VPP

Vides politikas ievieSanai Latvija kopuma veért€jama ka brivpratiga iniciativa, jo to nepieprasa
likums. P&tijums rada, ka pasvaldibas strada arT pie citu brivpratigo instrumentu, tai skaita
vides parvaldibas sistemu (VPS), ievieSanas. Jelgavas domé 2005.gada ir notikusi ISO:14001
sertifikacija, kas ir garants vides politikas integréSanai Iémumu pienemsana. Rigas ilgtsp€jigas
attistibas centrs ,,Agenda 21” piedalas projekta ,Eiropas pilsétu parvaldiba — 257, kura
ietvaros no 2007.gada noris 1SO:14001 standarta ieviesana Vides, Komunalaja un Satiksmes
departamenta.

Vides parvaldibas un audita sisttmas (EMAS) ievieSana Latvija notika 2 lielu projektu
ietvaros. Metodisko pamatu procesam sagatavoja projekts ,,EMAS ekspertu parskats
pilsétam” (2004.-2005., LPPC). Ar projektu ,,Inovativa pieeja EMAS ieviesana jauno Eiropas
Savienibas dalibvalstu pasvaldibas” [10] Latvijas vides parvaldibas asociacija koordingja
EMAS ievieSanu 12 Latvijas paSvaldibas un 2007.gada septinas paSvaldibas (Daugavpils
pilsétas dome, Preilu novada dome un 5 pagasti) sanéma EMAS registracijas sertifikatus.
EMAS sastavdala ir sakotngjais vides audits un paSvaldibas vides politikas deklaracija.
lesaistitas paSvaldibas apgalvo, ka vides deklaracija ir vienkar§aka un politikiem
pienemamaka ka visaptveroSs vides politikas plans, tai pasa laikd mazajam pasvaldibam, kur
darbinieku skaits ir zem 10, ari EMAS ir par sarezgitu. Tas lieck domat par vienkarSotu VPS
IstenoSanu pasvaldibas ar ierobezotu kapacitati

Cits nozimigs un efektivs starptautiski instruments vides politikas planoSanai un integracijai ir
brivpratiga vienoSanas — Olborgas harta. No 593 pasvaldibam FEiropa kopuma, kas
pievienojusas Olborgas hartai, Latvija to 1994.gada ir parakstijusi vienigi Riga, tad€jadi
uzpemoties pildit 10 saistibas, kas ietver 50 vadlinijas IA planoSanai, ievieSanai un
izvertéSanai, lielaka dala no kuram ir orientéta uz vides jautadjumiem. 1990.gadu beigas Riga
kopa ar sadraudzibas pilsétu Norcepingu (Zviedrija) istenoja kop€jo projektu, kas veicinaja 2
Olborgas pamatsaistibu izpildi: tika izstradata Rigas vides stratégija 2000.-2010.g. un
institucionaliz&ti procesi, izveidojot Rigas ilgtsp&jigas attistibas centru Agenda 21. Centram
tika uzticéts koordinét Olborgas saistibu ievieSanu. Balstoties uz Vides stratégiju, tika
izstradata Rigas Vides stratégijas ricibas programma (2002-2010). Lai gan 2005.gada veiktais
izverte§jums identific€ vairakas neatbilstibas Olborgas saistibam un nepiecieSamibu pilnveidot
administracijas un politiku kapacitati un izpratni par IA jautajumiem, kas ir svarigs
priekSnoteikums saistibu realizacijai dzivé [11]. Rigas pieredze vides politikas planosana ir
nozimiga Latvijas un Eiropas méroga un atseviski pétama.
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Brivpratigs VPP instruments ir paSvaldibu iesaistiSanas Eiropas Vides izglitibas fonda Zilo
karogu programma (kops 1997.g.), kas Latvija kluist arvien popularaka ne tikai piekrastes, bet
ar1 iekSzemes paSvaldibas ka vides aktivitasu planoSanas instruments.

Jasecina, ka VPP konteksta daudzveidigu brivpratigo instrumentu nozime ir tO
koplementaritate.

2.4. Partneriba un sadarbiba VPP

VPP ir kopuma jauna veida dokumenti un jauna veida Iidzdalibas planoSanas process, kuram
Eiropa pieredze tikai veidojas. Projekta Viet§jas vides ricibas programmas Latvijas
pasvaldibas (1997.-1998., REC) [12] ietvaros veiktas pasvaldibu specialistu anket€Sanu
rezultatu atkartots izveért€jums liecina, ka vides aizsardzibas joma paSvaldibas pamata
sadarbojas ar nelielu skaitu valsts iestadém, lielakoties ar regionalajam vides parvaldém un
iestadém, kas izsniedz finans€jumu. 2009.gada aptaujas dati neuzrada kvalitativi citu pieeju.
Pasvaldibu politikas dokumentu sagatavosana tiek realiz€ta, pamata piesaistot ekspertus
nozaré. Sadarbiba ar tddam nozimigam meérka grupam ka NVO, kas parstav iedzivotaju
dazadas intereses, un ar uznémgejiem netiek plasi praktiz&ta. Tas liela mera ir risks sabiedribas
atbalsta nodroS§inasana planu ievieSana. Arl jaunizstradato paSvaldibu dokumentu darba
grupas ir nepietickams sabiedribas mérka grupu parstavju Ipatsvars.

Petijuma ietvaros tika noskaidrota konsultativo mehanismu lomu pasvaldibas politiku
planosana: tikai 4 paSvaldibas (Cgsis, Valmiera, Rézekne, Jirmala) identifice dazada veida
sabiedrisko konsultativo padomju klatbiitni sava paSvaldiba. Padomju darbs tiek atzinigi
novertéts visas pasSvaldibas. Jasecina, ka Iidzdalibas demokratija Latvija vides sektora
joprojam ir sakuma stadija.

2.5. Vides politikas integracija

VPP svarigi ir skatit arT integracijas konteksta. Vides politikas integracija attistibas un nozaru
planosana ir Eiropas Savienibas un nacionalo politiku uzstadijums. Integrativa pieeja var
aizstat/papildinat disciplinaro planoSanu, ja tiek kvalitativi realizéta. Pilsétvides integrétu
attistibas dokumentu izstrades pieredze Latvija tikai veidojas. AnketéSanas rezultati rada, tad
vides jautajumi tiek integréti dazadas pasvaldibas darbibas jomas, tomé&r ne visas, kur tas biitu
velams. Vides aspektu klatbuitne ir komunala sektora politikas (idenssaimnieciba, atkritumu
saimnieciba, energétika) un jau tradicionali — tiirisma stratégijas. Vides jautajumi pasvaldibu
Iimentd netiek integréti veselibas, labklajibas, izglitibas un jaunatnes politikas.

Vides aspektu integracija péc ,,letekmes uz vidi novertgjuma” likuma (1998) un pakartotajiem
MK noteikumiem par ,,Kartibu, kada veicams ietekmes uz vidi strat€giskais novértéjums”
(2004) butu janodroSina katra nozimiga pasSvaldibas attistibas dokumenta, to atspogulojot
Vides parskata. Lai gan §im procesam ir liels potencials, pétijums liecina, ka process netiek
pienacigi realizéts un biezi tiek sagatavoti formali vides parskati, kas neatbilst savam
uzdevumam,; ieteiktie risinajumi nav faktiskaja informacija un profesionala analizé balstiti.
Par iemeslu tiek minéta pasvaldibu nepietickama kompetence pieprasit no izpilditaja
kvalitativu vides parskatu un vides politikas trukums.

Jasecina, ka Latvija vél ir nepietieckami attistita vides politikas disciplinaras planoSanas
pieredze, lai varétu sagaidit kvalitativus integrétu politiku dokumentus.

2.6. VPP saturs

VPP svarigs ir sakotngjais uzstadijums par ietvaru, kura §1 planoSana tiks veikta, ka art
izmantota planoSanas pieeja.
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Pétijuma tika atkartoti izvértéta jau veikta VPP satura analize [13], kuru papildinot ar

anketéSanas rezultatiem, var secinat:

a) VPP tiek veidoti atskirigi: to pielietojuma mérki, metodika, saturs un forma atSkiras. Tas
padara VPP par griiti savietojamiem ar citiem paSvaldibas planiem, kas neveicina politiku
izpratni un atbalstu;

b) izveértgjot vides situaciju pasvaldiba, ietvars ir plass un daudzveidigs: tradicionalie vides
sektori, pilsétvides problémas, ekonomiskas darbibas jomas, ilgtsp€jigas attistibas un
globalie jautajumi,

Cc) VPP tiek izvirziti meérki, piedavatas alternativas, integréts savstarp€ji papildinoss
risinajumu kopums, tacu tas nav sisteémiski izklastits plana, bet izklied&ts pa nodalam,;

d) vides politikas ievieSanas instrumenti netick izmantoti daudzveidigi, pamata ir
koncentréSanas uz administrativiem instrumentiem un tehniska rakstura risinajumiem/
investicijam. Tiek ieteikti arT risinajumi, kas nav paSvaldibas kompetencg, bet nav atrunati
sadarbibas mehanismi — ka panakt to ievieSanu;

e) vides komunikacijas (VK) ka biutiska vides politikas instrumenta, kas ietver vides
informaciju, izglitibu, lidzdalibu un videi draudzigas ricibas, ieklausana VPP ir
nepietickama, nesist€miska, nav pardomats instrumenta komplementaritates potencials.
Lielakoties VPP aprobezojas ar vides informacijas analizi, iesaka ricibas neformalaja
izglitiba un uzvedibas prakses veidoSanu atkritumu SkiroSana. Nav izvirziti merki un
piedavati indikatori VK monitoringam.

VPP satura talaka studéSana un Iidz ar to metodikas saskanoSana biitu nepieciesams

uzdevums, lai optimizétu VPP procesu no disciplinaras perspektivas vispirms, tadgjadi radot

prieksSnoteikumus kvalitativai vides jautajumu integracijai citos planos.

2.7. Vides parvaldibas institucionala kapacitate

Vides parvaldibai, tai skaita VPP, nepiecieSami atbilstosi institucionalie resursi. Petijuma tika
identificéts, ka dinamika vides struktiiru izveidé pasvaldibas kop§ 1990.gadiem ir nieciga,
citur pat vérojams regress, tomer atzinigi javerte atsevisko vides dienestu darbiba pasvaldibas
(Ventspils, Liepajas, Jurmalas, Rigas). Vides specialistu amata vietas ir 11 pe@tjjuma
ietvertajas pasvaldibas. Ja nenemam veéra Rigu, kur tas méroga dél Vides departamenta pirms
tas likvideéSanas 2009.gada marta stradaja 113 darbinieku, tad tradicionali pasvaldibas strada
no 1 (Cesis, Valmiera, Rézekng, Jelgava, Kuldiga) Iidz 2-3 specialistiem (Ventspili, Liepaja,
Daugavpili), izpemot Jurmalu, kur tas lielo meZu platibu dél ir 7 darbinieki, no kuriem 3 ir
tieSi ar meziem saistitajos jautajumos. Vides jautajumi paSvaldibas parasti ir integréti
attistibas un projektu nodalu darba, lai gan attiecigas specifiskas atbildibas jomas ir ietvertas
lielakoties paSvaldibu uznémumu (ipasi komunalo) darbiba. Vides jautajumos kompetenti ir
ainavu arhitekti, komunalinzenieri un planotaji, tatu neapSaubami vides specialista klatbiitne
veicina kvalitativaku vides aspektu koordinaciju un integraciju visas paSvaldibas darbibas
jomas.

Jasecina, ka institucionalo resursu kapacitate Latvijas pils€tu paSvaldibas VPP ir uzskatama
par pietiekamu, ja krizes apstaklos nenotiek talakas reorganizacijas un saglabajas pasreizgja
dazadu nozaru specialistu kvalifikacija un starpdepartamentu interese sadarboties.

Secinajumi
Vides politikas planoSanas procesi Latvija ir izgajusi visas tas paSas attistibas stadijas, ka
citviet Eiropa, tos ietekm&jusi gan argjie, gan ieks€jie speki. Post-socialismam raksturigais
lidzdalibas demokratijas prakses trikums, nepietickama parvaldibas iestazu kompetence un
zema viet§ja kapacitate, papildinata ar vides politikas un tai paredz€to ievieSanas lidzeklu
specigu centralizaciju, ir trauc€jusi izmantot politisko momentu 1990.gados un izveidot
noturigu, likumdosana balstitu VPP praksi pasvaldibu Iimeni. Vides politikas nepiecieSamiba
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joprojam nav pietickami novertéta ne nacionala, ne viet§ja limeni, ka rezultata VPP ir
pasvaldibu brivpratiga iniciativa, kura tiek realizéta liela pieeju dazadiba. Integrativas pilsétu
attistibas strat€gijas iezimé jaunu iesp&ju VPP, to no disciplinaras pilnveidojot par integrativu
parvaldibas jomu.

Latvija VPP joprojam nav balstita uz sabiedribas un tas mérka grupu plasu iesaisti, kas
Eiropas praksé ir atzita ka vides politikas planoSanas specifiska iezime. VPP procesus liela
mera ietekmé politiskas intereses un ari [émumu pien€méju nepietickama izpratne par IA
kopuma. Sadarbibas un komunikacijas instrumentu plasaka izmantoSana vides parvaldiba
bitu nepiecieSams priekSnoteikums VPP talakai un plaSakai attistibai.

Tomeér, neskatoties uz Sk&rSliem, arvien jaunas pasvaldibas izrada interesi par VPP, ipasi
uzsverot to nepiecieSamibu jaunizveidoto administrativo teritoriju (novadu) veiksmiga vides
parvaldiba, tapec ir javeicina diskusija akadémiska vidé un pieredzes apmaina ikdiena par
VPP jautajumiem.

Pateicibas
Autore izsaka pateicibu pasvaldibu specialistiem, kas iesaistTjas p&tijuma, un Tpasu pateicibu
savam vides parvaldibas doktorantiiras apakSprogrammas studiju vaditajam prof. Raimondam
Ern$teinam par metodisko atbalstu un konsultacijam raksta sagatavosana.

Summary

The goal of this article is to summarize and analyze experience about Environmental policy
planning (EPP), in Latvian municipalities during last 18 years since 1991 when Latvia
regained independence, focusing discussion on initial stage of this process. EPP emerged in
the post-soviet countries, Latvia included, as response to the recognized environmental
degradation in 1990-ties. Since that EPP was driven by external factors- 3 international
processes: sustainable development and Local Agenda 21 initiatives, Environment for Europe
process, EU integration, and national legal and policy framework- as the forth internal driving
force. Numerous initiatives and bilateral projects did not provided stable enough basis for
EPP in Latvia to become strong, politically supported and participatory process mainly due to
centralized environmental policy implementation, limited local capacity and lack of
democracy traditions. As result less than 5 % of local governments have their own EPP, and
this is mainly based on personal motivation and interest of municipal environmental
specialists.

Only after joining EU, Latvian municipalities gained their strength supported by EU policies
and financing means what resulted in attempts to improve integration of environment into
development planning through different tools: SEA, EMAS, urban integrated plans. Still there
are few new municipalities who initiated disciplinary EPP in the recent past. Study based on
survey and documents analysis revealed that lack of uniform approach and methodologies of
EPP result in diverse plans, in respect to their content, strategic approach and process. Lack of
politicians understanding of SD, low priority in local political agenda in general are obstacles
for EPP further development. As regards institutional capacity only 11 municipalities in
Latvia have their environmental specialist position and only 4 have environmental
departments, the number of specialists fluctuate between 1-3. Municipal planning processes in
Latvia still lack public participation, municipalities rely on contracted experts and inputs from
regional environmental agencies. Only 4 of analysed 23 municipalities utilize consultative
mechanisms - public boards for environmental decision making. Environmental policy
instruments are limited to administrative and financial instruments with insufficient attention
to the communication tools (information, education participation and behavior change
actions). EU Urban thematic strategy opened new opportunities for EPP in Latvian
municipalities with stronger integration and more strategic approach, initiating change from
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disciplinary to integrated planning. There are enough positive factors and interest from
municipalities to develop EPP, for this reason wider discussion in public about gains and
challenges of EPP is necessary, and this is one of intentions of this article - to facilitate
discussion.
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RETAIL TURNOVER PREDICTION USING MODULAR ARTIFICIAL
NEURAL NETWORKS
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Abstract. The paper focuses on the retail turnover prediction with artificial neural networks. The
artificial neural networks have the potential to learn complex, non-linear relationships within data. The main
disadvantage is that neural networks are “black boxes”, so the user cannot explain the obtained results and
relationships between data. The modular neural networks allow obtaining more appropriate results by splitting
the task into subtasks, thus giving the user more information in the output. In many cases an additional
advantage of modular neural network is more precise prediction results, which will be shown in the
experimental part of this paper.

Keywords: modular neural networks, artificial neural networks, time series prediction.

Introduction

The traditional statistical methods of forecasting (linear regressions, ARIMA, GARCH etc.)
are not effective in many real-world applications [1, 2, 3]. There are two main disadvantages
of these methods: it is often impossible to describe real world with only few parameters or the
calculation of the model requires much processing time [1, 2]. The artificial neural networks,
which are based on the model of the human brain, have the potential to learn complex, non-
linear relationships within data. The main disadvantage is that neural networks are “black
boxes”, so the user cannot explain the obtained results and relationships between data.

The modular neural networks allow obtaining more appropriate results by splitting the task
into subtasks, thus giving the user more information in the output. In many cases an additional
advantage of modular neural network is more precise prediction results, which will be shown
in the experimental part of this paper. The next paragraph gives the theoretical background of
modular neural networks, while the last paragraph will show the problem domain, prediction
results of the presented method and comparison with “single” multilayer perceptron and
Kohonen self-organizing map.

Materials and methods

Before we proceed to the description of the modular neural networks, let me give short
introduction of two main artificial neural network architectures and learning algorithms. The
multilayer perceptron (MLP) is a collection of single processing units connected one with
other by the mean of weighted links and processing information from input till output as
shown in Fig.1 (the number of neurons is determined by the application).

These units are combined into layers. The first layer, also called input layer, transfers the
input data (input patterns) to the rest of the network without processing. The information is
processed by the hidden layers and output layer. Each processing element (neuron) has many
inputs and only one output. The signal is transferred by the weighted connection link. Each
weight determines the importance of the link.

The first operation of an MLP is the forward propagation. An input vector is propagated from
the input to the hidden layer of neurons. The output of each neuron is multiplied by the
weights of the outgoing connections and then propagated further to the inputs of the next
layer neurons. The neuron has the activation (squashing) function, which produces the output
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of a neuron. These calculations are repeated for all neurons of network until all outputs of
output neurons are obtained.
Input layer Hidden layer Output layer

Fig.1. MLP network architecture 20-15-1

The most widely used training algorithm for MLP is error back propagation. In the beginning
of the learning stage all weights of the network are initialized to small random values. The
algorithm uses the input patterns, which consist of pairs of input vector and desired output
(often called teacher response). These pairs are used to adjust the weights in the network to
minimize the Mean Squared Error (MSE) which measures the difference between the real and
desired output values obtained from all input patterns. After MSE is calculated, the
backpropagation step computes the corrections to be applied to the weights [4].

Another type of artificial neural network is Kohonen self-organizing map, which models the
human brain cortex functions [4]. The Kohonen self-organizing maps may be trained in
unsupervised (in most cases) and in supervised manner. This type of network uses grid of
neurons or a topological structure among the cluster units. There are m cluster units, arranged
in a one- or two-dimensional array: the input signals are n-dimensional. Figure 2 shows
architecture of a simple self-organizing network, which consists of input and Kohonen or
clustering layer. The shadowed units are processing units. In the real problem domains one
clustering unit for each class is not enough; therefore we should understand each Kohonen
layer neurone in the Figure as a number of units (cluster of neurones).

Input layer

Fig.2. The architecture of the Kohonen self-organizing map

When a self-organizing network is used, an input vector is presented at each step. These
vectors create the “environment” of the network. Each new input produces an adaptation of
the parameters. If such modifications are correctly controlled, the network can build a kind of
internal representation of the environment [5].
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Consider the problem of charting an n-dimensional space using a one-dimensional chain of
Kohonen units [4]. The units are all arranged in sequence and are numbered from 1 to m (see
Fig. 3).

neighborhood of unit 2 with radius 1
!

SO @0

m
W3 Wm-1 Wm |

X
Fig.3. A one-dimensional lattice of computing units

The n-dimensional weight vectors wy, Wy, ...,wy are used for the computation. The objective
of the charting process is that each unit learns to specialize on different regions of input space.
When an input from such a region is fed into the network, the corresponding unit should
compute the maximum excitation. Kohonen’s learning algorithm is used to guarantee that this
effect is achieved.

A Kohonen unit computes the Euclidian distance (the dot product metric can also be used)
between an input x and its weight vector w. In the Kohonen one-dimensional network, the
neighbourhood of radius 1 of a unit at the k-th position consists of the units at the positions k-
1 and k+1. Units at both ends of the chain have asymmetrical neighbourhoods. Kohonen
learning uses a neighbourhood functiong, whose value ¢#(i,k) represents the strength of the
coupling between unit i and unit k during the training process. The complete description of
Kohonen learning algorithm can be found in [4] and [7].

Theoretically, a large neural network may be trained to solve the task of any complex function
approximation. The training time, however, for such function may be reasonable long, and the
results of such a network cannot be totally understood and explained. Another advantage of
modular approach is an improvement of generalization (ability to perform well on the test
data) due to decomposition of complex function into simpler ones. The modular neural
networks have been proposed to solve this problem. The main idea is a natural decomposition
of a function of large complexity into simple functions and realization of each function by a
separate neural network [5].

The architecture of modular neural networks is largely determined by the application. The
commonly used architectures are given below [4].

Input decomposition: multiple input system may be split into subsystem in such a way that
the inputs of each subsystem form a set of the inputs of the entire system (see Fig.4).

(2 Module 1

o— \
? Module 2 —— 4 Output

/ Module
(> Module N

Fig.4. Decomposition of the inputs of different modules

Output decomposition: there is a possibility to divide a task into subtasks, each of which can
be solved individually. An example of such architecture is given in Fig.5.

149



Modulel ——>

Module2 —»

000000

ModuleN ——»

Fig.5. Decomposition of the outputs of different modules

Hierarchical decomposition: a multi-input multi-output system often can be decomposed into
simple module hierarchical structure. In this case the outputs of the lower levels act as the
inputs of the higher levels. Fug.6 and Fig.7 shows simple pipelining and more complicated
hierarchical structure examples.

—

’, Module 1 . Module 2 » Module3 +——
) >

Fig.6. A pipelining architecture

[
\
/

O00000

Fig.7. Complex hierarchical decomposition

The next part of the paper presents an implementation of modular neural network approach
for retail turnover prediction task.

Results
The data set consists of three UK retail turnover time series (see Fig. 8, 9 and 10).
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Fig. 8. Food stores turnover in the UK (Jan. 1986 — Sept. 2008)
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Fig. 9. Non-specialized stores turnover in the UK (Jan. 1986 — Sept. 2008)
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Fig. 10. Textiles turnover in the UK (Jan. 1986 — Sept. 2008)

Each data set size is 272 data points, which is big enough for experiments. The first two time
series has a rising trend during almost all period, but the last time series has highly expressed
seasonal component.

The main idea behind the decomposition of these data is the use of interval value prediction.
Most often a person needs precise or exact values as a prediction result, however, in many
cases such a prediction has quite big error and can be replaced with the interval value
prediction, when we obtain value (retail turnover) change intervals. Varying the length of
such intervals, one may obtain required forecasting precision. In this case we have
classification problem.

The interval value prediction is based on the partitioning of time series into number of
intervals, which may represent factor changes in absolute values or percentage. The simplest
case allows using standard windowing method for input value preparation; however, better
results are possible with time series transformation methods. See [8 and 9] for complete
description.

Fig. 11 shows an example of modular neural network used in experiments.

Modular layer consists of seven individual networks (yi, ..., v7), each of which is responsible
for training on different class data (each class denotes value change interval, as shown in
Fig.11). As a result we have modular network with seven modules, which are trained
individually, but in the test phase, when we input test data (unknown for the network), all
modules work together.
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Fig. 11. Modular neural network for interval value prediction

In the input layer (xy, ..., xn) we have description of the intervals (segments) of time series
(see Table 1).

Table 1.
Description of neural network inputs
Identifier label Description
AC Linear regression coefficient a for each approximated segment
BC Linear regression coefficient b for each approximated segment
LS Length of a segment (in data points)
SS Starting point of a segment
ES End point of a segment
CL Class identifier

To achieve this effect we split our data set into seven subsets for each value change
interval (class). For instance, all segments belonging to (-0.5%; 0.5%] turnover change
interval, will be input for module y, and so on. In the test phase we input the unknown data
to each module and compare the outputs. The strongest signal will be the winner, allowing
identifying the class, which denotes the future behavior of the time series.
Table 2 shows the experimental results for different learning algorithms. The standard
Kohonen network architecture cannot be applied for supervised learning, therefore it is not
included.
Table 2.
Classification results for different training algorithms

Learning algorithm Correctly classified cases (in percents)

Training set Test set
Simple backpropagation MLP 89 72
Modular backpropagation MLP 95 91
Modular Kohonen self-organizing map 96 93

Table 2 shows average classification performance on all three data sets with 20
experiments on each time series.
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Discussion

As we can see from the Table 2, the best results are obtained by modular Kohonen self-
organizing map (96% of correctly classified cases in the training phase and 93% of correctly
classified cases in the test phase). The average performance in the training set is quite good
also for simple MLP; however, the poor results on the test set show weak generalization
power of such approach. On the other side, both modular MLP and Kohonen self-organizing
maps are almost equally good on the training and the test sets (the difference is only 1-2% of
correctly classified cases).
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Summary
Modular neural networks allow decomposing complex problems into subtasks, which can be
solved individually. As a result one may obtain better precision, less learning time and more
appropriate explanation of the results. The experiments on the retail turnover data sets show
good prediction performance of modular approach in comparison with single neural networks.
Further research results will show another modular decomposition implementation
approaches for the prediction tasks.
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Abstract. Project management information systems are used to support project management

processes. The typical project management processes are defined by the project management methodologies,
such as PMBOK. It is necessary to formalize representation of these processes to use them in modelling,
analysis and implementation of the project management information systems. The purpose of the article is
defined key processes of project management and to identify appropriate techniques and tools for their formal
representation.
In the article groups of the project management processes are listed and representation techniques such as
UML, XPDL and YAWL are evaluated. The comparison of process representation techniques is shows that the
most appropriate is XPDL. Guidelines for project management process definition using XPDL are formulated.
These formalized processes further will be used in configuration of the project management information
systems.

Keywords: PMXML, project management processes, workflow, XMI, XPDL, YAWL.

levads

Projektu vadiba ir sarezgits process, kura butiska nozime ir informacijas apstrades un
apmainas procesiem. Projektu vadibas veiksmigai realizacijai ir pieejamas dazadas projektu
vadibas metodologijas un projektu vadibas riki. Problémas rodas, ja projektu vadibas riks ir
japieméro projektu vadibas metodologijai, kas nav saistita ar konkréto riku. Sistematiska
informacijas tehnologiju risindgjuma izmanto$ana lautu uzlabot projekta planosanas un izpildes
kvalitati un efektivitati, bet $adas sist€mas ievieSana ir darbietilpigs process. Lai atvieglotu So
procesu, ir nepiecieS§ama projektu vadibas informacijas sistému ievieSanas metodologija.
Sadas metodologijas, kuras pamata ir projektu vadibas problemapgabala formalizéta
att€loSana un projektu vadibas sistémas automatizéta konfiguréSana, pamatprincipi ir definéti
[1]. Viena no nozimigakajam $is metodologijas dalam ir projektu vadibas XML shéma
(PMXML), kuru izmanto, lai problémapgabala formaliz&to att€lojumu no vizuala modelésanas
rika parnestu uz datoriz€tu projektu vadibas informacijas sist€ému atbilstosi modelu vaditas
izstrades pieejas principiem. Saja PMXML shéma var definét visus ar projektu vadibu saistitos
elementus, kurus ir iesp&jams iedalit Cetras grupas: vienkarSi elementi (piem&ram, lomas,
aktivitates un artefakti), saliktie elementi (piemé&ram, izmainu un risku vadiba), metodes
elementi (pieméram, iegiitu vertibu analize) un operativie/ transakcijas elementi (piem&ram,
kalendari un bazlinijas) [4].

Viens no sarezgitakajiem PMXML shémas izveides uzdevumiem ir definét saliktos elementus,
jo tie satur dazadu projektu vadibas dinamisko procesu aprakstus. Procesu definéSanai Sobrid
ir izstradatas vairakas visparigas darbplismu definéSanas tehnologijas un ari XML shémas,
piem&ram, XPDL un YAWL. Vairs nav nepiecieSams izstradat jaunu shému, lai aprakstitu
projektu vadibas procesus, ir tikai janoskaidro, kura ir piemé&rotaka, lai to ieklautu PMXML
shéma ka apaks$shému procesu aprakstam. Lidz ar to ST raksta p&tijuma objekti ir projektu
vadibas procesi, to formalizéta att€losana, izmantojot darbplismu tehnologijas, un
saglabasana XML formata.
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ST raksta mérkis ir noteikt galveno projektu vadibas procesu attélofanu eso$ajam projektu
vadibas metodém un izstradat to formaliz&tus att€lojumus. Lai to izdaritu, sakuma ir
janoskaidro, kadi vispar ir projektu vadibas procesi un ka tos var sagrupé€t. Tapat ari ir
janoskaidro darbplismu modeléSanas lidzekli, ar kuriem var model&t procesus un saglabat tos
kada no XML formatiem. Rezultata, balstoties uz apkopoto informaciju, ir janoskaidro
piemérotakais XML formats procesu aprakstiSanai PMXML shéma un ir jaizvirza vadlinijas
projektu vadibas procesu definé€Sanai, lai tos péc tam var€tu izmantot projektu vadibas
informacijas sistému konfigurésana.

Lai atbild&tu uz izvirzito mérki un uzdevumiem, sakotngji ir apskatiti vairaki projektu vadibas
standarti, lai noskaidrotu projektu vadibas procesus un procesu grupas. Ka pamata standarts
tieck piepemts PMBOK (Project Management Body of Knowledge [5]), bet papildus
informacijai ir apskatiti arT citi projektu vadibas standarti, ka RUP (Rational Unified Process
[6]), MSF (Microsoft Solutions Framework [7]) un PRINCE2 [8]. Paraléli ir noskaidrotas
darbpliismu modelésanas un saglabasanas iesp&jas un izveidota to klasifikacija. Izmantojot
iegtto informaciju, ir izveléti un praktiski izméginati iesp&jamie darbpliismu modeléSanas
riki, un novértetas to iespejas saglabat darbplismas XML formata, raugoties no iegiito XML
dokumentu talakas izmantoSanas parociguma. Rezultata ir noskaidrots projektu vadibas
procesu glabasanai iesp&jami piemérotakais procesu modelésanas riks un procesu defin€Sanas
XML standarts. Nosléguma ir apkopotas vadlinijas projektu vadibas procesu definéSanai.

Projekta vadibas procesi un to grupas
Projekts sastav no daudziem procesiem, kurus visparigi iedala divas pamata kategorijas [5]:
e projekta vadibas procesi, kas apraksta, organiz€, kontrol€ un noslédz projekta darbus;
e uz produktu orientéti procesi, kas specificé un veido projekta produktu.
Projekta vadibas procesus, ka tos definé PMBOK, var iedalit grupas péc diviem kritérijiem —
pec projektu vadibas zinaSanu apgabaliem un projektu vadibas procesu grupam. PMBOK
defing, ka ‘Projekta vadibas plans’ ir galvenais projekta vadibas procesus organizg€joSais
dokuments, kas ietver vairakus apak$planus: satura, grafika, izmaksu, kvalitates, procesu
uzlaboganas, personila, komunikacijas, risku un iepirkumu vadibas planu. Sis saraksts vél ir
papildinams ar izmainu un problému risinaSanas planiem. Dazi no Siem planiem ir apvienoti
viena zinasanu apgabala, tadel viss projekta vadibas process tiek sadalits atbilstosi deviniem
PMBOK zinasanu apgabaliem. Ka vienu procesu var apskatit art visu projektu vadibu kopuma
[5].
Uz produktu orient€ti procesi tiek noteikti atbilstoSi projekta un produkta veidam. Tie tiek
definéti, balstoties uz atbilstoSiem standartiem vai uz uzn€émuma jau eksist€josiem procesiem.
Informacijas sist€ému izstrades apgabala Sadus procesus palidz defin€t tadi standarti ka
RUP [6] un MSF [7].
Rezultata projekta vadibas procesi nosaciti tiek iedaliti tris Iimenos:
| - projekta vadibas process;
Il - projekta vadibas plana apakSplanu procesi;
I11 - produktu un specifisku notikumu orientéti procesi.
Visparigs So procesu limenu struktur&jums un attiecibas ir redzamas 1.att€la. Projekta vadibas
process ir definéts, balstoties uz PMBOK aprakstitajiem procesiem, savienojot tos viena
kopuma [5]. Projekta vadibas process ir noteikts, ta struktiira nedaudz var tikt manita atkariba
no apgabaliem, kas nav saistosi konkrétajam projektam. Piem&ram, projektam nav iepirkumu,
lidz ar to nav ari procesu, kas saistiti ar iepirkumu planosanu, organizéSanu un kontroli. Visi
procesi, kas ir projekta vadiba, nosaciti tiek apvienoti $aja projekta vadibas procesa (1.att€ls).
Ar projekta vadibas plana apak$planu procesiem tiek nodroSinati dazadi projekta planoSanas,
izpildes un kontroles procesi. Apaksplanu grup&jums tiek noteikts pec PMBOK, bet tas, kas
kura plana ir jadara, tiek definéts atkariba no projekta vides faktoriem, uzn€émuma procesu

155



aktiviem vai kadiem izstradatiem standartiem. Bet Sajos planos ietilpst tikai projekta
organizatoriskie procesi, un to savstarp&jo mijiedarbibu nosaka projekta vadibas process.

Projekta vadibas process

valitates nodrosinas
(] Satura

o Procesu ~S—
Kvalitates x
f— zlaboSana
[l —
[l —
Personélag Komunikacijas
(-] !
[
Risku — i
lepirkuma
Q = —
Integracijas

A Projektu vadibas plana otekme
i isinagana:

apak$planu procesi
1. att. Procesu iedalijums projekta vadiba

Produktu procesos tiek ietverti visi procesi, kas konkretizé noteiktu projektu un ta rezultatu.
Sie procesi tiek saistiti ar konkr&tu produktu vai produkta standartu, vai projekta notikumu,
pieméram, noteikta riska iestasanos. Produktu procesi ir pakartoti projekta vadibas
apaksplaniem (1.att€ls).

Gentlfy Risk & Submit to PI'DJ@—> Review Risk
Manager

Update the Risk
Is It Relevant? Yes—» Log & Assign a Submit Change
> >
Priority Control
; I
No Risk Mitigating Yes
Actions
Assign Actions
v
Review the Risk i
Log
Actions Items
Completed

Resolve This
Risk?

END \ o Close Risk &

Update Log

*

2.att. Risku apstrades procesa piemérs

Viens no projekta vadibas procesu piem@riem ir risku apstrades process (2.att€ls), kas Saja
gadijuma ietilpst projekta vadibas riska apakSplana procesos un ir definéts, par pamatu nemot
J.Charvata piedavato risku apstrades procesu [9]. Sis process tiek izmantots turpmakajos
pieméros.

Projekta procesu darbpliismu attéloSanas riki un darbplismu saglabasanas iespéjas
Formala darbplismas definicija tiek teikts, ka darbplisma aptver apstaklus, resursus un

trigerus, kas ir saistiti ar specifisku procesu [10]. Reali darbplisma ir secigu operaciju
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attelojums, kas abstrakti apraksta realus darbus [11]. Darbpliismu sakotn&jais teor&tiskais
pamatojums ir saistits ar Petri tikliem [10].

Aplikojot darbplismu modelésanas iesp€jas, tiek izdalitas vairakas darbpliismu definéSanas
iesp&ju grupas (3.attels). Tr1s galvenas grupas ir:

1) darbplasmas sistému specializétu iek§€jo modeléSanas valodu izmantoSana;

2) specializétu darbpliismu un biznesa procesu modelésanas valodu izmanto$ana;

3) visparigu modeléSanas valodu izmantoSana.

Darbplismas sistémas ir paredzétas gan darbplismu defing$anai, gan izpildisanai. Sadu
sistemu pieméri ir SharePoint Server, Oracle Workflow, Lotus Workflow, YAWL un citas.
Sajas darbpliismu sistémas informacija parsvara tiek glabata ick$gjos darbplasmu glabasanas
formatos. Jaunakas paaudzes sist€émas nodrosina ar1 eksportésanu uz XML bazetos formatos.
Ir pieejamas vairaku veidu specializétas darbplismu defin€Sanas valodas (3.attéls), no
darbpliismu specifiskajam valodam XML bazetas ir, pieméram, XPDL un YAWL. Pargjam
valodam bieZi ir nodroinata eksportésana uz $iem formatiem, visbiezak uz XPDL. Saja grupa
ir ieklautas ar1 grafiskas model€Sanas valodas, kuras ir nodro§inata XML bazeta darbplismas
att€lojuma generésana.

Darbplismu definé$anas iespéjas

I 1
Programmas darbplismu Standartizétas vizualas

Darbplasmu valodas definéSanai modeléSanas valodas
| 1
l IzplldémclJ procesu l Windows Workflow UML:
Darbplasmu definésanas Darb Foundation - Secibas diagramma
specifikacijas valodas, kas definaéréaunas | | - SharePoint Server - Sadarbibas diagramma
valodas bazéjas uz WEB o - Speech Server - Stavok|u diagramma
servisiem formati - Dynamic CRM - Aktivitagu diegramma
- BIZ Talk
Workflow OSID (Open
- BPEL i Sorce)
-XPDL ) SVF;'\"':t
-YAWL Oracle Worklflow
-SCUFL - XLANG
- Wf-XML
- SwsL _I Lotus Workflow |
Java Workflow system
- Enhydra JaWe

n - |

3. att. Darbpliismu definéSanas iesp€jas

Visparigo vizualo modeléSanas valodas izmantoS$ana, lai defin€tu procesus, ir nedaudz
savadaka pieeja neka darbpliismu modelésana, jo tiek izmantota visparpienemtas dinamiskas
modelésanas diagramma. Viena no $adam model&Sanas valodam ir UML, no kuras procesu
modeléSanai var izmantot diagrammas, kas nodroSina dinamisku sistémas skatu, tas ir,
aktivitaSu, secibas, sadarbibas un stavoklu diagrammas [10]. UML diagrammas parasti tiek
saglabatas izstrades videi atbilstosa formata, bet ka UML datu apmainas XML bazets formats
tiek izmantots XMI.

Raksta, aplukojot darbplismu modeléSanas rikus, uzmaniba tiek pieveérsta tikai valodam,
kuras ir bazétas uz XML formata. Visbiezak lietotas $ada veida valodas ir XPDL un XMI [12],
bet ir arT tresa iesp&ja — YAWL.
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<?xml version="1 0" encoding="UTF-§" standalone="no"7>
<Package xmins="http:/fwww wimc.org/2002/XPDL1.0" xmins. xpdi="http: Awww.wimc.org/2002/XPDL1 0" »
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proie
<iActiitios>
<Transitions>
<{Transiion>
<Transition From 12" 19="risk-process_tra12" To="risk-process_act7">
<Condition Typ
4, att. Riska apstrades procesa pieméra darbplusma un generetas XPDL shémas
fragments

XPDL safsinajums nozimé XML procesu definéSanas valoda. So valodu ir izstradajusi
darbplismu vadibas koalicija (WIMC — Workflow Management Coalition) ar mérki, lai
nodroSinatu procesu definiciju apmainu starp dazadiem darbplismu produktiem [13]. XPDL
tieck definéts, izmantojot XML shému, lai specificétu darbplismu/ biznesa procesu
deklargjamas dalas. Ar1 XPDL paslaik ir labakais faila formats, lai nodroSinatu informacijas
apmainu starp BPMN (biznesa procesa darbplismas) modeléSanas vidéem. XPDL tiek
nodro$inati daudzi no darbpliismu Sabloniem [14]. 4.att€la ir izveidots neliels paraugs XPDL
shémai iegtsanai, kura, izmantojot Together Workflow Editor, ir uzziméts process, kas
redzams 2.att€la, un ir apskatiti generétas XML shéma fragmenti.

.org/yawlschems® xmlns:xsi="http://wnr.

o
|denufy Risk

&
Submit to

Prs]ect

o E—Ee—E

l,!pdau the Risk  Reviewthe CanWe Daes t Change

RevieW Risk  Risk Logand Mitigating RiskLog Resolve Impactthe Control
\ / Assigna  Actions This Risk? P""“r Y
\ ‘/ Priority / &
10 d f ’ Assign
Isit / Actions </flowsInto>
Rol.van\? ‘1 <join code=".
\
@3kl
R
Closo Risk Complete
and Update Change __and Assign_a_P: t.
Log Actions

nextElementRef id="Cutputlo

5. att. Riska apstrades procesa darbplisma un generetas YAWL shemas fragments

YAWL (Yet Another Workflow Language) ir darbplismu definéSanas valoda, kas atskiriba no
XPDL balstas uz stavokliem baz&tiem darbpliismu Sabloniem un augsta Itimena Petri tikliem,
tadejadi tiek nodrosinatas daudz plasakas iesp&jas [15]. ST valoda ir izstradata Eindhovenas
Tehniskaja universitaté un Kvinslendas Tehniskaja universitaté péc eksistéjoso darbplismu
sisttmu un valodu problému izanalizéSanas, lai novérstu visus to trakumus. [15, 16]. YAWL
shémas iegtiSanas demonstréSanai 5.attela ir izveidots neliels piemérs, kura, izmantojot YAWL
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Editor, ir uzziméts process, kas redzams 2.attéla, un ir attéloti fragmenti no iegitas XML
shémas.

XMI (XML metadata interchange) ir formats, kuram viena no izmantoSana iesp&jam ir UML
modelu informacijas att€losana XML formata [17,18]. Viens no XMI pamatuzdevumiem ir
nodroSinat vieglu metadatu apmainu starp UML bazeétu model€Sanas riku un programmattras
generéSana riku, lai realizétu modelu vadamu izstradi [17]. UML diagrammas tiek izstradatas,
izmantojot dazadas vizualas UML modeléSanas programmas, kas nodroSina diagrammu
saglabasanu XMI formata. Dazi UML riki piedava ar1 modificétas UML iespgjas, pieméram,
biznesa procesu diagrammu, un atlauj to eksportét uz XMI, bet §1 XMI shéma ir nedaudz
modificeta aktivitasu diagramma izstradataju vajadzibam. VienkarSs piemérs XMI shémas
iegiSanai ir redzams 6.att€la, kur, izmantojot Visual Paradigm for UML, ir izveidota
aktivitaSu diagramma procesam, kas ir redzams 2.attéla, un ir apskatiti fragmenti no generétas
XML shémas.

Project Pigject Manager

Compl|

e actions] Review the Risk Log

Ne Resoive This Rist
= “M(£>7

Assign Actions
Assignad Actions

Execute Change Actions Rems

Completed ftems.

6. att. Riska apstrades procesa aktivitasu diagramma un generétais XM| shémas
fragments

Projektu vadibas procesu modelésana valodas izvéle un procesu definéSanas vadlinijas
Lai saprastu, kuru XML bazéto formatu labak izmantot ka PMXML shémas sastavdalu, ir
izveidots priekSrocibu un trikumu apkopojums, kas ir apskatams 1.tabula. Apskatot Sis
tabulas rezultatus, par vispiemérotako ir jaatzist XPDL sh&ma, lai aprakstitu projektu vadibas
procesus. ST shéma paslaik ir visizplatitaka, salidzinot ar XMI, arf daudz vienkaraka, un
nodroSina visas iesp€jas, kas ir vajadzigas saistiba ar PMXML. Ka pieméri var tikt minéti
artefakti un izpilditaji (lomas), kas ir ieklautas arT pasa PMXML shéma [4].

Lai XPDL formata saglabato projekta vadibas procesu varétu péc iespgjas labak izmantot

projektu vadibas informacijas sistému konfigurésana, tas tiek definéts, balstoties uz $adam

vadlinijam:

1) procesa izpilditaji tiek aprakstiti, izmantojot projekta definétas lomas vai resursu grupas,
kas ir resursu sadalijuma diagramma;

2) aktivitaSu nosaukumi tiek formuléti péc iesp&jas konkrétaki, 1saki un vélams anglu valoda,
lai pec tam tie biitu vieglak apstradajami konfiguréSanas procesa;

3) zaroSanas punkti tiek definéti ar péc iesp&jas precizakiem nosacijumiem, pa kuru zaru iet
un kas to nosaka, tas ir, automatiski vai ar lietotaja ar noteiktu lomu iejauksanos;

4) defingjot procesu, aktivitatés tick noraditi artefakti, lai tiktu nodrosinata procesa darbibas
kontrole. Artefakti jeb sasniegumi tiek definéti ta, lai tos ar1 varétu ieklaut kopgja projekta
artefaktu saraksta.
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1.tabula

Darbplismu XML formata iespéju salidzinajums

PriekSrocibas Trikumi
XPDL | Plasi izmantots formats, daudzas citas darbplismu | XPDL ir ierobeZzotakas iesp€jas
valodas (piem&ram, BPMN) un sistémas nodrosina | kontroles pliismu definéSana,
eksportésanu uz XPDL salidzinot ar YAWL un augsta
Jau ir izstradata transformacija no XMI uz XPDL | Iimena Petri tikliem
[19]
Tiek definéti artefakti, asociacijas, kontroles un
informacijas plismas, kas ir aktualas arT projektu
vadiba
Tiek definétas lomas un citas resursu grupas, kas
izpilda aktivitati
YAWL | Plasakas iesp&jas neka XPDL, jo tiek izmantoti | Nevar tikt noraditi izpilditaji
darbpliismu $abloni (lomas)
Tiek nodroSinata BPMN diagrammu | Nav plasi izmantojama, reali var
transforméSana uz YAWL tiklu [20] tikt izmantota tikai YAWL sistéma
XMI Daudz riku, kuros tiek nodro§inata UML | Sarezgita XML shéma un tas
diagrammu model&sana transformacijas
Ir izstradatas pieejas, ka dazadas UML diagrammas | ModeléSana ir nepiecieSamas
parveidot par procesu diagrammam [21] zinasanas par UML

Secinajumi

Apskatot projektu vadibas procesus un dazadas procesu modeléSanas iesp&jas, izmantojot
darbpliismas, raksta ir atbildéts uz tris jautajumiem, kas ir aktuali PMXML shémas salikto
elementu definéSana. Pirmkart, ir noskaidrots, kadi procesi ir projektu vadiba un ka tos ir
iespgjams sagrupét tris grupas, kas ir pakartotas viena otrai. Sis visas procesus grupas ir
sastopamas PMXML shéma, tikai katra grupa shéma tiek ieklauta citd vieta un attiecibas.
Otrkart, ir apkopotas procesu definéSanas iesp&jas un pieejamie procesu att€loSanas XML
bazetie formati. Salidzinot Sos formatus, ir noskaidrots, ka projektu vadibas procesu
apraksti$anai labak ir piemérots XPDL standarts. ST XML shéma arf turpmak tiks izmantota ka
PMXML sastavdala, lai aprakstitu procesus. Treskart, ir nodefin€tas vadlinijas, lai precizak
aprakstitu procesus, kuri tiks izmantoti PMXML un velak, lai konfigurétu projektu vadibas
informacijas sistému.

Turpmak raksta iegiita informacija tiks izmantota, lai definétu PMXML shémas saliktos
elementus un izstradatu projektu vadibas informacijas sistémas ievieSanas metodologijas
piemérus.

Summary
One problem of implementation of project management information systems is their
compliance with specific project management standards or methodologies. Systematic use of
information technology solutions allows improving the situation, but it is a laborious process.
In order to ease this problem, a semi-automated model driven methodology for
implementation of project management information can be used. Main principles of such a
methodology have been elaborated by the author in previous investigations. This
methodology is based on formal representation of the project management problem domain
and automated configuration of the project management system. One of the most important
parts of this methodology is the project management XML schema (PMXML), which is used
for transfer of the formal representation of project management methodologies from a visual
modelling tool to a computerized project management information system. The PMXML
schema defines all features of the project management that can be divided into four groups:
simple entities (e.g., roles, activities and artefacts), composite entities (e.g., change and risk
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management), methods entities (e.g., earned value analysis) and the operational/transactional
entities (e.g., calendars and baseline). Definition of composite entities is challenging because
they contain description of various dynamic process of project management. Several
technologies are available for definition of general processes and workflows including XML
based workflow modelling languages such as XPDL and YAWL. Therefore, it is not
necessary to develop a new framework for describing project management processes. Though
it is necessary to determine, which languages are suitable for inclusion in the scheme
PMXML as a subschema for process description. This paper answers three questions that are
important to definition of PMXML scheme composite entities. First, characteristics of project
management processes have been explored. Breakdown and grouping of the processes
necessary in order to organize these processes in PMXML scheme are provided. Second,
workflow definition options, which can be used for representation of project management
processes in XML format, are analyzed. Three such representations have been selected:
XPDL, YAWL and XMI. In the paper, all these languages have been viewed, practically
tested and compared. Consequently, it is concluded that the most suitable is the XPDL
standard because it provides all necessary components what are needed to describe project
management processes. Third, the paper summarizes guidelines how the process has been
defined, so that it could be used for configuration of project management information
systems.
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Abstract. Information Technologies (IT) create interconnected application software. Nowadays, one of

the vital problems is the enterprise application software integration. Systems of the transport routing become
more complicated, because in order to efficiently solve transport routing and planning problems, it is necessary
to get more and more information. Enterprise application methods and technologies allow to create effective
transport routing system. To structure integration solutions, can be used different options and solutions, as well
as platform of integration, but vital problem is the choice of the most suitable integration approach.
The aim of this paper is to evaluate several accessible integration solutions. Integration options are identified
and classified according to integration approach and technologies used in this paper. In practical assessment of
integration technologies, post parcel delivery and routing process is used as an example, for which it is
necessary to create effective GPS/GIS/ERP integration solution. For this problem, several alternative solutions
have been developed. They have been evaluated according to their high-speed, easily of development and
modification, as well as other parameters.

Keywords: Integration, transport planning, parcel delivery.

Introduction
The paper investigates application integration for postal services. The problem of postal
application integration is very complicated. One sub-topic of this problem is how to manage
postal pick-up and delivery operations effectively and to rout delivery vehicles to pick-up or
deliver parcels. At first, we must take a look on integration, what it does and what we can get
from it.
An enterprise typically has many of applications that are custom built, acquired from a third
party, part of a legacy systems or a combination. The applications operate in multiple tiers of
different operating system platforms [1]. There are many ways, how we can define application
integration. One of these is: Application integration is the secure and orchestrated sharing of
processes and/or data between applications within the enterprise.
In general, we can highlight the following integration types: loose versus full integration,
horizontal versus vertical integration, intra-enterprise versus inter-enterprise integration,
system versus application versus business integration [4].
Using loose integration two systems are loosely integrated if they can merely exchange
information with one another with no guarantee that they will interpret this information that
same way, they are just connected and coexist in a larger system. Using full integration,
systems are fully integrated and specificities of any one of these systems are only known to
the system itself and not by the other one, the two systems both contribute to a common task
and share the same definition o each concept they exchange. Horizontal integration concerns
physical and logical integration of business processes from product demand to product
shipment, but vertical integration concerns integration between the various management
levels of the enterprise. Integration of the business processes internal to a give enterprise
mean intra-enterprise integration, but integration of business processes of a give enterprise
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with business processes of other enterprises, mean inter-enterprise integration. Physical
system integration essentially concerns systems communication, interconnection and data
exchange by means of computer networks and communications protocols [4].

In the postal pick-up and delivery problem, most likely we can use something of intra-
enterprise, inter-enterprise, system and application integration. In general, to realize this
complex integration architecture and connect together main integration point, we can use
Services.

If we look on integration from another side, we can see different approaches. Application
integration concerns interoperability shared data by various applications. Finally business
integration concerns integration at the enterprise level — business process coordination.
Integration problems arise from different perspectives: integration of markets, integration
between several development and manufacturing sites, integration between suppliers and
manufacturers, integration of design and manufacturing and integration of multi-vendor
hardware and software components. [4] From these perspectives comes out deeper purposes
usage as data integration, process integration, vendor integration and common facade.

Most enterprise integration projects generally fall into one of these project categories:
enterprise application integration (EAI), business-to-business integration (B2Bi), Web
integration, information portals, data replication, shared business functions, service-oriented
architecture, and distributed business processes [1,2].

Application integration can be broadly categorized into three types: manual application
integration, semi-automated application integration, fully automated application integration.
Manual application integration includes higher labor costs that scale badly and subject to
human errors, but required little change from existing low-technology environment. Semi-
automated includes higher technology costs to implement and subject to design-times and
run-time errors, but requires lower labor costs scales better and give faster processing. Fully
automated application integration includes highest technology costs to implement integration
and subject to design errors. This type of integration includes lowest labor costs, does not
have subject to human errors at run time and lose human decision making on business
processes, but faster processing [3]. A postal service main control service must be a fully
automated application integration service; the human part is only pick-up/delivery data
registering. All other services must be fully automated, especially vehicle routing service.
Nowadays, we can implement application integration in a wide variety of ways. Common
choices include miscellaneous services, ETL (Extract, Transform and Load), communications
message protocols, program calls, direct data access, file transfer and only sometimes human
involvement. Application integration can occur at many different levels; the most popular are
presentation level, business process levels, data levels and communication level [3].

As we can see, integration seems to be very complicated process; therefore we must exactly
know what we must integrate. If we look at the postal problem, we must know, how the pick-
up requests are received, recorded, delivered to the next point — sequence, route and time
planning. How the routing part can get the information from GIS system, how the data are
sent to routing algorithm, how the information are represented on the map and how the
planned information is delivered to the postal cars and how we can manage pick-up and
delivery process on-line.

The next section introduces specific issues of parcel delivery services and potentially best
integration solutions to resolve this specifically problem more effective. The following
sections will describe the integration requirement, most important steps, will give some
integration solution examples and comparison chart. Some conclusions are pointed out at the
results section.
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Materials and methods

To manage postal pick-up and delivery operations more effectively, geographical information
system (GIS), global positioning system (GPS), postal information system and wireless
communications technologies must be successfully integrated. The goal of the effective parcel
delivery service is proper transport logistics and flexible routing algorithm. This area is a
typical example of a highly complex and time-critical business environment. This part of
logistic problem is usually known as the vehicle routing problem (VRP) [8]. The main
problem is to minimize the cost expressed as a combination of distance, time and /or money.
As example, emergency fleet management is an example where the service time becomes a
major challenge. Real-Time Decision Tools for the VRP must combine GPS information, GIS
technology, on-line electronic data interchange, Web servers and efficient optimization
algorithms in order to cope with parcels delivery needs. Very important requirement for this
real-time decision system is possibility of decision tools to react in real-time [5]. The actual
situation is shown in Figure 1.

Pickup and delivery request database

Post Office

Postal office call centre

4 4 Dellvery or plcku > i
Dellvery and pickup planning
Percel distribution department
o department

Delivery or plckup

Fig. 1. The real situation of parcel management

As it can be observed, the actual situation has several shortcomings. Parcel delivery and
pickup is planned by human working at the delivery and pickup planning department. This is
time-consuming process. We cannot see where the postal delivery and pickup machines
actually are, therefore in the case of exceptions, changing the routing is difficult.

For maximum performance we need intelligent monitoring and control system. When
customer requests pick-up to the call center, the pick-up request information goes to the
monitoring center server through the post office server, then this server performs address
correction and sequence planning automatically. The main function of this intelligent
monitoring system are routing and trace of vehicle, verification of pick-up and delivery
results, verification of pick-up and delivery location, navigation, information upload from
PDA about pick-up/delivery results and etc. This intelligent monitoring system consists of
three main subsystems: pick-up/delivery sequence planning system, pick-up/delivery
monitoring system, and PDA execution system. All these system parts communicate using
unique services. The main problem is to create pick-up and delivery sequence and time
schedule with the several input/output parameters and constraints. The objectives of the
problem are to minimize the total duration times and travel times of all routes, make pick-
up/delivery process more flexible. As an example, input used in this system is local post
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office, pick-up/delivery request, time windows and time/distance by GIS. Output is pick-up
and delivery sequence and time schedule. As constraints we must use time window, postman
working time, post office revisit during post delivery, priority between customers, therefore
communication between the system parts must be well organized and clear [6]. We must use
separate services, that answering about unique data flow. This intelligent system model is
depicted in Fig. 2.

Post Office main
server

Customer pickup

request B 2 Call centre

— .
» [\§\ Main control
service

1 Address Navigation and
management routing engine
Intranet itori
Sync Monitoring Monitoring
management databases
Resource, vehicle
X R > and operational New pickup and
GIS Engine management delivery
management

Pickup and
delivery
* Navigation
* Barcode scan
* GPS transmitter
* Phone call

Wireles network

Fig. 2. Intelligent post control system

To realize described intelligent system model, we can categorize available and suitable
integration approaches into three types. These types are included in Table 1.

Service integration is the best way to create a flexible route planning module. It is more easily
to integrate all needed components and if we need, we can change these components and all
integration schemes more flexible than using data or process integration.

Results
However, generally integration will be based on service integration, but in some cases it will
be needed to use process integration. As we can see in Table 2, well know service function
correspond to relevant standards and when we formalize what service function we will need,
according to relevant standards we can find best way of integration. Almost all integration
approach has standards what they use. For example, Microsoft BizTalk is a business process
management (BPM) server and it uses adapters to communicate with different software
systems. BizTalk uses such standards as WSDL, BPEL, SOAP, as we can see, if we must use
and integrate our implementation using process services and enterprise service bus, one of the
tools that we can to apply is Microsoft BizTalk [7].
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Table 1.

Main integration standards for routing engine

Type Definition Advantage Disadvantage
Service Process of combining Integration can be Service integration
integration different software using realized using various | technology approach is a

services provided by this services and relatively new
possibly distributed application can be technology; data
software packages. As located at several accessibility depends on
example — web services, servers and places. many factors — network
executable business Standardized business | speed, hardware
processes, UDDI. process language productivity and

BPEL can be used. application speed.

Data integration | Process of Relatively easy Problems with real-time
combining data residing at | integration data processing, data
different sources and technology, can be types
providing the user with a used various data
unified view of these data. | schemas
As example - XML,
schema integration, data
bases integration.

Process Process of combining Can be integrated all Not all application

integration different software using process as one provide specific
access to processes through connectors for accessing
specific connectors. As data
example - unique
components, COM, J2EE.

Table 2.

Service functions and their relevant standards

Service function

Relevant standards

Enterprise service bus

JMS, J2EE, SOAP, XSLT, WSDL, UDDI

Development tools

Eclipse, J2EE, J2SE, J2ME, XML, UML, Java Server
Faces, SWT, XMI, WS BPEL, SQLJ, JDBC, XSLT,
WSDL, UDDI

Business performance management tools

W3 Common Log Format, WS DM initiatives,
CEI/CBE

Interaction services

J2EE, WSEP, VoiceXML

Process services

J2EE, BPEL4WS, WSDL, UDDI

Information services

XQuery, SQL, JDBC/ODBC

Partner services

FTP, sSFTP, HTTP, HTTP/S, RosettaNet, SMTP, JMS,
SOAP/HTTP, WMQ, cXML, EDI

Business application services

J2EE

Application and information assets

J2C, JMS, 110P, JDBC, IMS, CICS

One of the main problems for successful ve

hicle routing is effective navigation engine. Using

service integration approach, an example of navigation engine was implemented. This engine

usually is connected to GIS, maps, routing

algorithm and customer data engines. To connect

these parts, we can use some of the business process management tools, as example Microsoft
BizTalk, to transmit data through the services, are used the Extensible Markup Language
(XML). To develop this integration and create navigation engine service, are used Business
Process Execution Language. At all, under this service, we must integrate customer pick-up or
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delivery request with GIS, then send this data to routing algorithm and at the end send routing
information to the map (Fig. 3).

Pick-up/delivery Executable Obtaining
request business process spatial data
T — (MS BizTalk) ST

Result output and
route tracking

-
b Enscoaails «2p«oae@my
Jre &

\GOCGR 2

Fig. 3. Example of routing service integration

The received information is stored using auto-generated Eclipse or a Microsoft Axapta form.
Then using Microsoft BizTalk BPEL, according to the received data, process obtains spatial
data — location, distance etc. This information through business process service is sent to the
routing algorithm to calculate best delivery of pick-up sequence and create route information.
After that, business process communicates with map service, transfer rout information and
display result using MapPoint service.

This is only one part from main control service, but very important and from this result
depends if the system will be usable, fast, effective and proper.

Results and discussion

In this paper, it was attempted to find the best way to integrate different applications used to
solve the routing problem at a postal-service provider. Various integration technologies and
approaches have been discussed. Effective control of postal pick-up and delivery is very
complex process. Therefore, it is difficult to choose the only one best way how to integrate all
system components. The goal of effective system is proper rout and pick-up/delivery
planning. Effective planning can help save time, work, optimize employment, and monitor car
usage. The main conclusion is that the service-oriented integration is the best suited
integration approach because of usage of external data sources providing addresses of
customers and spatial data. It also allows for easy integration of routing algorithms developed
by third parties. That allows the postal service to avoid from maintaining extensive spatial
data databases and to utilize the state-of-art routing algorithms. However, the process-oriented
integration might yield better performance of the integrated solution.
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Further research will show the possibilities of service integration for addressing real-time
routing in the case of emergency situation and handling of exceptions.
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OCOBEHHOCTMU NPEJICTABJIEHUSI 3HAHUM B TEOPUU I'PYBbIX
MHOXECTB
KNOWLEDGE REPRESENTING FEATURES IN ROUGH SETS THEORY

Ouaer Yikra-PeOpoB
Rézeknes Augstskola, Atbrivosanas aleja, 90, R€zekne, LV 4600, Latvija
talr. +(373)29472205, e-pasts: rebrovs@tvnet.lv

Abstract. Knowledge discovering and representing in information systems has evolved into an
important area of research because of theoretical challenges and practical representing unknown knowledge in
data. Rough set theory is a mathematical formalism for representing uncertainty that can be considered a
special extension of the set theory. In this paper is analyzed knowledge representing problem and attribute
signification’s problem, based on rough sets approach.

Keywords: information systems, knowledge representation, rough sets, significance of attributes.

Beenenue
B nHacrosimee Bpems siBisieTcs OOIIEPU3HAHHBIM, YTO BCE TNI0OaIbHBIE 3a7aud 00pabOTKU
HeompeaesieHHONH HH(pOpMaIi MOTYT OBITh pa3AeieHbl Ha TPU OOJIBIINX KJlacca:
- oOpaleHue ¢ HeTOTHBIMU 3HAHUSIMU;
- KOMOMHUPOBAHUE TIPOTHBOPEYMBHIX YacTe HH(pOpMAIHH;
- HCIIOJIb30BaHUE TPYObIX (HE0OpPaOOTaHHBIX) MACCHBOB JJAHHBIX.
Jiist pemienns 3a1a4 MepBoro Kiacca MpeioskeHo O0JbIIOe YHCIIO AeHCTBEHHBIX METOI0B. K
UX YHUCIY OTHOCATCA PAa3MYHBIE HKCTPAMOJSIHOHHBIE W HHTEPIOJSIIMOHHBIE METOIBI,
HKCIIEPTHOE OIIEHMBAaHME, WHTEpBAJIbHOE OllEHMBaHME, U Jpyrue. Hambonee wu3BeCTHbHIMU
MOJXO0JIaMH K PELISHHUIO 3a7a4 BTOPOTo Kiacca aBiswoTcs Teopus emmcrepa-leiidepa [2],
paznuunbie e€ MoauduKanuu, BKIO4Yas Teopuio Jlesepa-Cmapanmake [3], u mpaBuia
nepepacnpenenenus KoHpuukToB Jlesepa-Cmapannmake. Teopust TpyObIX MHOMKECTB
MpeyCMOTPEHA JJIsl PEeLICHUS 3a/1a4 TPEThEero Kiiacca. ABTOPOM TEOPUHU SIBIISETCS MOJIbCKUI
yuénblii 3. [laBnak. B cuctemaTtnyeckoM BUIE OCHOBBI TE€OpUHU M3NI0KEHBI B [1]. MeTonsl,
MpEeVIOKEHHBIE B paMKaxX JTOW TEOpPHUH, MO3BOJSIOT 00padaThiBaTh OOJBIINE MAaCCHBBI
HEYIOPSAIOUYCHHBIX JaHHBIX M Ha OCHOBE PE3yJabTaTOB TaKOW OOpaOOTKM IMONTy4aTh HOBBIE
3HaHMUSL.
B HacToseil craTtee narTcs KpaTKUe KOHIIETITyalbHbIE OCHOBBI TEOPUU TPYOBIX MHOMKECTB,
paccMaTpuBarOTCS MPOOJIEMBbI TPEACTABICHUS 3HAHUNM B MH(POPMAIMOHHBIX CHUCTEMax Ha
OCHOBE TpyOBIX MHOXeCTB. bonee mnoapoOHO paccMaTpuBaeTcs 3ajada OICHUBAHUS
3HAYUMOCTH OTAENBHBIX aTpuOyTOB B HH(OPMALMOHHOW CHCTEME U Tpejylaraercs
Mo (pUKAIHS CYIIECTBYIOUIETO MOAX0Aa K PEIICHUIO STOU 3a/1auH.

1. KoHuenrtyajabHble OCHOBbI TEOPHH I'PYOBIX MHOKECTB

basa 3uanuii onpenensercs kak K = (U, R), rne U — yHuBepcym aieMeHTOB, R — oTHOIIEHHE
HKBHUBAJIIEHTHOCTH, HA OCHOBE KOTOPOTO MOTYT OBITh BBIAENEHBI KJIACCHI 3KBHUBAJICHTHOCTH
(kareropun) s1ementoB U, kotopeie o6o3nauatorcs uepes IND(R). B kaxayto kareropuio
BKITIOUYAIOTCS AIIEMEHTHI, KOTOpHBIE obnanarot OJIMHAKOBBIMH 3HAYEHUSMU
KJIaCCU(UKALMOHHBIX MpPHU3HAKOB (aTpuOyToB). BHYTpH KaXqoW KaTeropuu 3JIEMEHTHI
CUHMTAIOTCS HEPA3TMUYUMBIMHU.

[TycTh 27€MeHTBHI YHUBEpCYMa KiIacCH(UIIMPOBAHBI 110 KAaTETOPHSIM Ha OCHOBE OTHOIICHUS
skBuBasieHTHocTH R.  Ecnium MBI BO3pMEM  1leJieBO€  MHOKECTBO  DJIEMEHTOB
X € U, to otHocutensHo kinaccuduramuu IND(R) Moryt ObITh pacCMOTPEHBI CIICAYIOIIHE
CUTYaIlUu:
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1. MuoxecTBO X sIBIIsieTcs 00beanHeHrneM HeKoTophix KaTeropuit u3 IND(R). B atom cirydae
MHO>KeCTBO X HasbIBaeTcsi R-mounsim.
2. MHoxecTBO X HE MOXET OBITh BBIPQKEHO KaK OOBEJAMHEHHE HEKOTOPBIX KaTerOpHi
IND(R). B atom cityuae maOkecTBO X HazbiBaeTcsi R-nemounvim unu R-epyowim.
R-nuoicnerr anmpokcuMmarmend rpyoboro MHOXKeCTBa X Ha3bIBa€TCS TIOJMHOXKECTBO TAKHUX €T0
9JIEMEHTOB, KOTOPBIE MOTYT OBITh KJIACCH(UIIMPOBAHBI KaK MpUHAyIekaime X Ha OCHOBE
kinaccupukauu IND(R):
RX =Y € IND(R):Y < X}. 1)
R-sepxneui anmpokcumarueid rpyooro MHoxkecTBa X Ha3bIBACTCS IMOJAMHOXKECTBO TAKUX €TO0
9JIEMEHTOB, KOTOPEIE BO3MOXHO MPUHAIEKAT X:
RX =AY € IND(R):Y n X =}, 2)
R-HIWKHIOIO anMmpOKCHMAIIMIO IIEJIEBOTO MHOXKECTBa X Ha3bIBAIOT R-nososcumenvhoil
obnacmuio X:
POS, (X) =RX. (3)
Ompuyamenvroil obracmvio X Ha3bIBACTCS TIOJMHOXKECTBO AJIEMEHTOB YHUBEPCYMa, KOTOPBIC
C OIPeIeIEHHOCTRIO He IPUHAIekKAT X:
NEG; (X)=U —-RX. 4)
I'panuunou obracmoro X Ha3bIBACTCS TIOJMHOKECTBO €T0 3JIEMEHTOB, KOTOPBIC MTPHHAJICKAT
R-BepxHeilt anmpokcumaryu, HO He TPHHAICKAT R-HIKHEH anmpoKCUMAaIUH:

BN, (X)=RX —RX. (5)
PaccMOTpHM MPOCTOM MPUMEP, WIUTIOCTPUPYIOIINH BbIIIE BBEACHHbIE TIOHSTHSL.
Ipumep 1. Nmeercs 6a3a 3nanuit K = (U, R), U = {Xq, X2, ... , X10) — YHHBEPCYM 3JIEMEHTOB,

R — oTHomieHHe >KBHUBAaJCHTHOCTH, Ha OCHOBE KOTOPOTO BBIAENEHBI CIEIYIOIINE KIACChl
SKBUBAJICHTHOCTH (Kateropun) Ha U:

U ZIND(R) ={{x, %}, {%;, % Xio 3, 1% ) D% h X6 3 D63 DX 3
BamaHel  meneBble  MHOXecTBa X, ={X,X%,, X, X }, X, ={X, %,, %5, X,}. Heobxomumo

OTIpEeIeNIUTh alMpPOKCUMAIIUH, OTPULIATEIbHBIE U TPAHUYHBIE 00JACTH JUISl STUX MHOXKECTB.
Pewenue.

BX:L :{Xm X51 X4 Xs}! F_le =0, NEGR(Xl) ={X31 Xe1 X7, Xg1 Xg, XlO}' BNR(Xl) =.
sz :{Xl’ X5 X4}1 Iixz :{X11 Xys X1 Xgs X7, Xio}l NEGR(XZ) :{Xsl X1 X3 Xg}i BNR(XZ) :{Xa’ X7, Xio}-

®dwmtocodust TpyObIX MHOXKECTB TaKOBa, YTO BBIJICIICHUE PEJICBAHTHBIX KaTETOPHI JIEMEHTOB
Ha YHUBEPCYME, XapaKTepU3allus IeJIeBbIX MHOXKECTB U OTMEpaluy HaJ 3TUMU MHOXKECTBAMH
MIPOU3BOJIATCS TOJIBKO U TOJIBKO HA OCHOBE CYIISCTBYIOIIMX 3HAHWUH. DTH 3HAHUS BKIIOYAOT
B ce0s 3HaueHWs aTprOyTOB W OTHOIIEHHE (OTHOIICHHS) DSKBUBAJICHTHOCTH, HAa OCHOBE
KOTOPOTO (KOTOPHIX) BBIICISIOTCS KAaTETOPUHU JJIEMEHTOB. B NPAaKTHUECKHUX MPHIOKCHUIX
rpyObIX MHOKECTB YaCTO BO3HUKAET BOIMPOC: HYXKHBI JIM BCE CYIIECTBYIOIINE 3HAHUS, YTOOBI
PEIINTh TTOCTABIICHHYIO 3a/1a4y, WIH JUIS 9TOTO JIOCTATOYHA TOJIBKO YaCTh 3THX 3HAHUI?

[Ton coxpawenuem 3HaHMI OyneM MOHUMATH MPOLIECC BBIACIECHUS TOW CYIIECTBEHHON YacTH
CYIIECTBYIOIIMX 3HAHWH, KOTOpas JOCTaTOYHA JUIs OMpEICIICHUS BCEX pEICBAaHTHBIX
KOHIenIuii. Pe3ynpTar Takoro mporecca Takke OyeM Ha3bIBaTh COKpaujeHuem SHAaHUM.
Beeném cnenyromme mnonatuss u onpeneneHus. Ilycte R — MHOXECTBO OTHOIICHUI
DKBHBAJIEHTHOCTH Ha 3amaHHoM yHuBepcyMe U m R € R. Ortnomenue R sBusercs
necywecmeennviv B R, ecmu IND(R) = IND(R — {R}), B npotuBHOM ciy4ae otHomieHne R
SIBIIAETCA Heobxooumbvim B R. MHOXKeCTBO OTHOIIEHUM R HaspIBaeTcs HezasucumbviM, €CIU
Kaxaoe oTHomeHne R € R saBnsercs HeoOxoauMeiM B R, B MPOTUBHOM Clly4ae MHOKECTBO
oTHouIeHn R Ha3BIBaETCS 306UCUMBIM.
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ITycte Q m P — mHOXecTBO oTHoOIIeHWH sSkBuBajieHTHOcTH Ha U. Q < P Ha3wBaetcs
coxkpawenuem P, ecu Q uezasucumo u IND(Q) = IND(P).
A0po 3HaHu (10po MHOKECTBA OTHOIIEHNUH SKBUBAJIEHTHOCTH) OIIPEAEIAETCS KaK

CORE(P) = RED(P), (6)
rie RED(P) — cemeiicTBo Bcex cokpaiieHuii P.
PactipuM faHHbIE OHATHS U ONpEAENICHUs Ha JBa MPOU3BOJIBHBIX MHOXKECTBA OTHOILLIEHUI
SKBUBAJIEHTHOCTH Ha U.
HazoBém POSp(Q) P-nonoswcumenvuoti obnacmero Q. ComepikaTelbHO 3TO TOHSITHE
UHTEPIPETHPYETCS KaK MHOXECTBO KaTeropuid oTHomeHus Q, KOTOpble MOTYT OBITh
KOPPEKTHO OIpe/ieJIeHbl HA OCHOBE MHOXECTBA OTHOILIEHUI KBUBaJIEHTHOCTH P. OTHOIIEHNE
R e P aBnserca Q-necymiectBeHHbIM B P, ecniu

POSIND(P) (IND(Q)) = POSIND(P{R}) IND(Q), (7

B IIPOTUBHOM ciiyyae oTHouleHue R sBusercs Q-neodxooumvim B P.
Ecim kaxmoe ortHomenne R € P Q-mHeobxommmo, To P sBisiercs Q-resasucumwvim
omuocumenvro Q.
MHuoxectBo otHomenuid S € P HazwiBaercs Q-cokpawenuem P, ecnu W TOMBKO eciam S
sBisiercst Q-ue3aBucuMbIM moaMHokecTBOM P 1 POSs(Q) = POSp(Q).
MHuoxecTBO Bcex Q-HEOOXOMUMBIX dSJIEMEHTApHBIX OTHOIIEHWH B P HasbiBaeTcs
Q-s0pom P:

CORE, (P) = RED, (P), (8)
rae REDg(P) MmHOXecTBO Beex Q-cokparuenuii P.
Bce koHmenTyaapbHBIE OCHOBBI TPYOBIX MHOXECTB, PACCMOTPECHHBIC B HACTOSIIEM pasicle,
OCHOBaHbl Ha TIOHATUSAX OTHOILIEHUH SKBUBAJIEHTHOCTH (MM MHOXECTBaX TaKUX
OTHONICHMI). Ecam MBI MMeeM MacCHB HMCXOJHBIX JaHHBIX, TOopa3nao Oosee ymoOHBIM
MPEJICTaBIsIeTC OTKa3aThbCsl OT OTHOLIEHHM OSKBUBAJCHTHOCTH M HEMOCPEICTBEHHO
OTNepupoBaTh  MHOXXECTBAaMU  3HaueHWW  arpulyroB. B  mocnenytomem  paszene
paccMaTpUBAIOTCS TEOPETHUECKHE OCHOBBI TAaKOTO MOJXOAAa W aHAIM3UPYIOTCS MPOOIEeMbI
KJIacCU(PUKAIUU PJIEMEHTOB.

2. TpoGaembl npeacTaBieHns 3HAHUI HA OCHOBE I'PYOBLIX MHOKECTB
KoppekTHoe mpeacTaBieHUE CYIIECTBYIOIIMX 3HAHUW HUIpaeT OYeHb BAaXHYI pOJb B
pa3uyHBIX 007acTAX HAYKH, 0OCOOEHHO B MHOTOUYMCIICHHBIX HANPaBJICHUSAX MCKYCCTBEHHOTO
uHTesuiekTa. CyliecTByeT MHOTO METOJIOB MpejcTaBieHus 3HaHui. Kaxaplii Meton ciyxur
JUISL OTpa’K€HUsl CYILIECTBEHHBIX AaCIEKTOB peJeBaHTHBIX 3HaHMM. B Hacrosmen pabdote
paccMaTpuBaeTcs MOJAX0J] K MPEICTaBICHUIO 3HAHUN Ha OCHOBE TEOPHM I'PyOBIX MHOXECTB.
DTOT TOJXO OCHOBAH HA TJIABHOW KOHIICTIMH TEOPHH, KOTOpAs 3aKII0YAeTCs B TOM, UTO
3HaHUS OTpaXalTcs B pasfelneHuH (Kiaccu(uKaluu) 3JIEMEHTOB YyHHBepcyma. Takoe
pasjieJieHne MOXKET MMOHUMAThCS, KaK CEMaHTHKa TpeIcTaBiIeHus 3HaHni. OIHaKo, ISl TOTO,
4TOOBI YCIEIIHO BBISIBUTh CEMAaHTHKY 3HAHWM, 3TH 3HAHUS JOJDKHBI OBITH MpEACTaBIECHBI B
noaxojsnie cuHtakcuyecko dopme. Takoil ¢opmoil sBisercs TabauIa JTaHHBIX, CTPOKH
KOTOPOU COOTBETCTBYIOT dJIeMeHTaM (00BEKTaM), a CTONOIBI — MPU3HAKAM (aTpuOyTam) 3TUX
3NIEeMEHTOB. B sdelike Ha mepeceveHuu i-if CTPOKM U J-TO CTONOIA OTOOpaXkaeTCsi 3HAYCHUE
J-ro arpuOyTa 1y i-ro dNeMeHTa. B mpakTHYeCcKuX MPHIOKEHUSIX TEOPUH IPYOBIX MHOXKECTB
Takue TaOJMWIBI TPHHATO HA3BIBaTh uHGopmayuonuvimu cucmemamu (MC). PeneBaHTHBIC
ucxonuele AaHHple B IC MOryT OBITh MOMYyYEHBI Pa3iIU4YHBIMH NMyTIMU. WX ucTOYHMKaMu
MOTYT OBITh W3MEpEHUs, HAONOJEHHs, CyObEKTUBHBIC OIIEHKH JKCIEepTOB. B Hacrosmien
paboTe UCTOUHUKU UCXOJHBIX JAHHBIX OCTAIOTCS 32 PAMKaMHU PaCCMOTPEHHUSL.

Beeném dopmanbuble omnpeneneHus. Hugopmayuonnas cucmema — ITO  Tapa
S = (U, A), rne U — KOHEYHOE MHOXXECTBO (YHUBEPCYM) JJIEMEHTOB, A — MHOXECTBO
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atpubyToB. Kaxknpiii arpubyr a € A mMoxeT ObITh oToOpaxkéH ¢yHknuen a : U — V,, e
V3 — MHOXECTBO 3HaY€HU a, HA3bIBAEMOE 00.1aCmbio 8.

C KaxJbpIM MTOJIMHOKECTBOM aTpuOyToB B < A MoOXkeT ObITh CBSI3aHO OMHAPHOE OTHOIICHUE
IND(B), Ha3piBaeMO€ omHOUweHUEM HEPAZIULUMOCTIU.

IND(B) ={(x,y) eU?:VaeB,a(x) =a(y)}. 9)

OueBuaHO, yTo otHOmIeHHE IND(B) siBiIsieTCSl OTHOIICHHEM SKBUBAJICHTHOCTH U
IND(B) =, 5 IND(a). (10)
Otcrona CleyeT, 4YTO MEXIy MOHSATHeM O0a3bl 3HAaHUM M COOTBETCTBYIOIIEH

UHPOPMALIMOHHOM  CHUCTEMBI  CYIIECTBYET  COOTBETCTBHE  OJUH-K-OoAHOMY.  Bce
KOHIENTYalIbHbIE OCHOBBI TEOPUH T'PYObIX MHOXECTB, C(HOPMYIHPOBAHHBIE B MPEABIAYIIEM
paszesie Ha OCHOBE OTHOIICHUU (MHOXKECTB OTHOIICHWIH) 3KBUBAJICHTHOCTH, MOTYT OBIThH
chopMyIUpOBaHBI HA OCHOBE aTPUOYTOB (MHOKECTB aTpuOyTOB).

PaccmoTtpuM mpocToii mpuMep, WIUTIOCTPUPYIOUINI MOHATHS MH()OPMAIIMOHHONH CHCTEMBI U
Mpe/ICTaBICHUS 3HAHHIA.

Ilpumep 2. B Tabnuue | npeacraBiaeHa ycioBHas HH(POPMaLMOHHAsT CUCTEMA.

Tabnuya 1.
IIpeacrasiieHne yc/I0BHOI HH(POPMALMOHHOI CHCTEMBI
3HaueHnus arpudyToB
J1eMeHTBI a1 a as a as
X1 1 2 0 1 1
X2 1 2 0 1 1
X3 2 0 0 1 0
X4 0 0 1 2 1
X5 2 1 0 2 1
Xs 0 0 1 2 2
X7 2 0 0 1 0
Xsg 0 1 2 2 1
Xg 2 1 0 2 2
X10 2 0 0 1 0

HCO6XOI[I/IMO HpOI/I3BeCTI/I pa3/:[eneHI/Ie SJICMCHTOB yHHBepcyMa 10 IMOAMHOXECTBaAM
arpubyroB {ai}, {a1, a-}, {a1, az, as}, {a1, a, as, as}, {a1, az, as, as,as}.
Pewenue.

U/ IND{%}:{{XMXNXs}i{xpXz}’{x31X51X7’X9’X10}};

U/ |ND{81,3.2}:{{X4,Xﬁ},{Xg},{Xl,Xz},{X3,X7,X10},{X5,X9}};

U/ |ND{81, &, as}:{{x41 XG},{XS},{Xl, Xz}’{xeu X7 Xio}i{xs’ XQ}}1

U/ |ND{81, a,, 8, a4}:{{x4, XG},{XS},{Xl, Xz}’{xy X7, Xlo}i{xsi XQ}}’
U/IND{a,,a,,8;,8,, 8} ={{X.} {1} P . {X0 X 1%, X7 X0 {6 {13

[MonyueHbl OJMHAKOBBIC pa3/ieieHHs JIEMCHTOB Ha OCHOBE IMOJMHOXXECTB aTpuOyToB {aj,
a2}, {a1, a, as}, {ai, az, as, a}. Ilostomy mnommHoxkectBa arpubyroB {a;, a8z, as},
{ai, az, as, a4} SABIAIOTCS M3MUITHUMHU. J[OCTATOYHO TIPOU3BECTH pa3jiejCHUEe YHUBEpCYyMa Ha
OCHOBE TIOZIMHOXeCTBa aTpuOyToB {a1, a,}. OHAKO TO 3aKITIOYCHUE HMEET CHITY TOJBKO IS
JTAHHOTO KOHKPETHOTO TIpUMEpa M HU B KOEM Cllydae HE MOXKET CIYXHThb TOBOJOM JUIs
00001IeHUI.

[TycTs MBI HIMeeM J1Ba moaMHOKeCTBa aTprOyToB B, C — A, 1 Ha OCHOBE ATHX MTOJIMHOXKECTB
NPOM3BEACHO pAa3/IelIeHuEe 3JIEMEHTOB YHHBepcyMa. Ilo aHamorum ¢ KiaccuuxamusimMu
JJIEMEHTOB Ha OCHOBE MHOXXECTB OTHOIIEHUM HKBUBAJIEHTHOCTH, PAacCCMOTPEHHBIMH B
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IpeIbIAyIeM pa3jieie, HaC MOXXET MHTepecoBaTh CBS3b MEXKIY 3THUMU pa3AeleHUSIMU. MbI
MOKEM BBIJICJIUTh TOJOXKHUTEIbHYIO 00nacTh paspencHuss C Ha ocHOBe pazaencHusi B:
POSg(C). ConmepskaTenbHO 3Ta 00JaCTh COAEPIKHT T€ dJIeMeHTH pasaenacHus C, KoTopsie
MOTYT OBITh KOPPEKTHO KJIacCH(DHIIMPOBAHBI, WCIONB3Ys pa3[eiCcHHe Ha OCHOBE
noaMHokecTBa B. Torma creneHb 3aBUCHMOCTH MEXIY AByMs pazaeneHusmu 3. [TaBnak [1]
MIPEITIOKUIT OIICHUBATH 110 BBIPAKCHUIO
(€)= cardPOS; (C)

Ve cardU
rae card o3HavaeT KapMHAIbHOCTh COOTBETCTBYIOIIETO MHOXKECTBA JICMEHTOB.
CyIIeCTBEHHBIM AaCIeKTOM NPEJCTABICHUS 3HAHWUW, COJEPKAIIMXCS B HH(POPMAIMOHHOMN
CUCTEMe, SBJISICTCS OLICHKA 3HAYMMOCTH WJIM BECOB aTpHUOYTOB Ui pa3/ielieHUIl 3JeMEHTOB
yHuBepcyma. Takue Beca, Kak MPaBUIIO, HA3HAYAIOTCS HA OCHOBE CYOBEKTHUBHBIX CYKICHUI
sKnepToB-crenuanuctoB. Ho ¢unocodust rpydbIx MHOXKECTB 3aKIIFOUAETCS B TOM, YTO MOTYT
OBITH MCTIOJH30BAHBI TOJHKO CYIIECTBYIONINE 3HAHUS, MIPEICTABICHHBIC B HH(OPMAIMOHHON
cucteme. [lortomy 3. IlaBnak [1] mpenokun cIeAyroly0 UACI0 OLCHUBAHUS 3HAYHMMOCTH
atpuOyToB. IlycTh WMeEIOTCS 1Ba pa3ieiicHUs DJIEMEHTOB YHUBEPCYMaA, BBHIMIOJTHCHHBIC HA
OCHOBE JIBYyX MOJAMHOXecTB arpubdyroB B, C — A. Crenienb 3aBucumoctu Yg(C) Mexay
TUMHU pa3JeIeHUIMU MOKET ObITh OlieHeHa 1o BblpaxeHuto (11). Tenepr npeanonoxum, 4ro
U3 MOoJAMHOXecTBa B yxanen onun atpubyT WM HEKOTOPOE MOJAMHOXKECTBO aTpuOyToB B’ u
MPOU3BEICHO pa3/elicHHe 3JIEMEHTOB Ha OCHOBE MoJIMHOecTBa arpubyroB B - B'. Ilo
BeIpakeHUI0 (11) Moxer ObITh OlleHeHa cTeneHb 3aBucuMoctd Vg - g(C). Torna B kauecTBe
OIICHKY 3HAYMMOCTH ITOJAMHOXeCTBa arprOyToB B’ mpuHMMaercs pa3HoCTh

78(C) =755 (C). (12)
CogepxaTenpHO 3Ta Pa3HOCTh HHTEPIPETUPYETCS KaK CTENEHb M3MEHEHUS MOJIOKUTEITbHON
o6mactu POSg(C) npu mepexojie OT MoAMHOKeCTBa aTpuOyToB B k moaMuoxkectBy B - B'.
PaccMoTpuM ipuMep, HILTFOCTPUPYIONTUH METOAMKY OIICHKH 3HAYMMOCTH aTpUOYTOB.
Ilpumep 3. llpumem 3a 0OCHOBY MH(OPMALIMOHHYIO CUCTEMY, MIPE/ICTABIEHHYIO B Tabnuie 1.
Heobxonumo:
1. Ouenutpb BakHOCTh arpuOyToB M3 moamuHokectBa C = {a;, ap, az} A pasaencHus
3JIEMEHTOB YHHBEPCYMa 10 MOAMHOXecTBY arpuOyToB D = {as, as}.
2.01EeHUTh BAXHOCTh aTpuOyTOB M3 moamHokecTBa D = {a4, as} 11st pasaeseHus 3IeMeHTOB
YHHUBEpCYMa 110 MoAMHOKeCTBY aTpudyToB C = {ay, a,, as}.

Pewenue.

1.U/ IND(D) :{{X31X7’X10}’{X1’XZ}'{XA’XS’X8}1{X6’X9}};

U 7IND(C) ={{X,, X} {xs 3, {0, X . X3, X7, Xoo T {X5: X35

POSC(D) :{Xp Xa1 X3, X7 XlO};

cardPOS.(D) 5

7e(D)= cardU( ! :EZO’S'
U/ IND(C _{31}) :{{Xsi X7y )(10},{X4, Xs}’{xs’ Xe}’{xs}i{)ﬁ' Xz}};
POS(C{al}) (D) :{)(11 Xps X3: X7, Xlo};

cardPOS ,;,(D) 5

D)= —=0,5 D) - .1 (D)=0,5-0,5=0.
y(C{al})( ) cardu 10 7:(D) 7((:{1})( )

(11)

U/ IND(C _{az}) ={{X4’ XG,},{Xg},{Xl, X2},{X3, X51 X71 Xg, XlO}};
POS(C—{aZ}) (D) ={X1’ Xz};

173



cardPOS (., (D) 2

D)= —=0,2; D)- .1(D)=0,5-0,2=0,3.
7(C{a2})( ) cardu 10 7c(D) Ve« Z},)( )

U /IND(C —{a,}) ={{x,, % 1, {6 {0 X 1 %0 X7 X0 1 0% X 315
POS(C{a3}) (D) :{Xv X51 X33 X7, Xm};
cardPOS . ) (D) 5

_=0,5; D — D =0’5_0’5=0.
cardU 10 7 (D)= 7(c4a (D)

TaKI/IM O6p8.30M, Han6onee BaXXHBIM JII  pacCMaTpuBacMoro paS,Z[CJ'ICHI/IH ABIACTCA
aTpuOyT ay.
2. POSD(C) :{X:L’ X51 X3, X7,X10};
cardPOS,(C) 5
C)="""""p\~)_ 2
70(C) cardU 10
U ZIND(D —{as}) ={{X;, X7, Xio}: {X0 %o, X4, X6, X . {X6, X3}
POS 5 a3 (C) ={Xs, %, X0}
card(D — C 3
Y (o~asd (C)= (card{SS})( ) = E =0,3; 7,(C) ~7(o+a) (C)=0,5-0,3=0,2.
u/ IND(D_{as}) :{{X11 X5y X531 X7, )(10}},{X4, X5y Xg1 Xg5 Xg}}’
POS (5 2 (C) =9,

Ve (D)=

=0,5.

card(D—{a,})(C) 0 _ .
y(D{aﬁ})(C) = cardu =E:0, yD(C)_y(D{aB})(C) =0,5-0=0,5.

Ortcrona cinenyer, yto oba aTpudyTa, as 8e, SABISAIOTCS BaXXHBIMM I pa3[elICHUs 3JIEMEHTOB
yHHBepcyMa 1Mo mnoamHoxectBy atpudyroB C ={a;, a, a3} Ha OCHOBe pa3JeicHHs IO
noaMHoxecTBy aTprOyToB D = {as, as}. [Ipu 3TOM, aTpubyT 86 sIBIIsIeTCS] HAUOOJIEE BAYKHBIM.
[To cBoeil cyTu OIEHKAa CTENEHU BAXKHOCTU aTpuOyTOB, mnpemioxkeHHas 3.IlaBmakowm,
XapaKTepU3yeT pPE3yJabTaTbl OJHOTO pA3JEIECHUs DIIEMEHTOB OTHOCUTEIBHO JPYroro
pasneneHus. PaccMOTpUM HECKOJIBKO MHYIO cuTyaluto. [Ipeamnonoxum, 4To Nmpous3BeIEHO
paszierieHne 3JeMEHTOB YHHBEpPCyMa 0 BCEMY MHOXECTBY aTpUOyTOB M HaM HEOOXOIUMO
OLICHUTh BaXHOCTb OTJIEJIbHBIX aTpHOYTOB B TaKOM pazjieieHuu. PopMaibHO Mbl HE MOKEM
UCIOJIb30BaTh JJIS ATOH 1enu oueHky (12), MOCKoibKy y HAac HET OMOPHOIO pasjielieHus,
OTHOCHUTENIbHO KOTOPOTO MOTYT OBITh pAacCUMTaHbl PEJIEBAaHTHBIE CTENEHH 3aBHUCHUMOCTH.
YroObl MpeoaoneTs 3TOT HEIOCTaTOK, Mpelaraercs cieayromuid noaxoa. [Ipennomoxum,
YTO MPOU3BEACHO pa3felieHUue AJIEMEHTOB YHHBEPCYMa 10 BCEMY MHOKECTBY aTpuOyTOB A.
Tenepb NPEANONIOKUM, YTO MBI HPOM3BOJIUM pa3JieIeHUE DJIEMEHTOB II0 MHOXECTBY
atpubytoB B = A. EcTecTBeHHO, UTO MBI MOJIyYUM TOYHO TaKO€ K€ pa3/ieJIeHHE AJIEMEHTOB.
Yucro ¢GopmarbHO MOXKHO paccuuTaTh OLEHKY Yg(A), koropas Oynmer paBHa 1. 3artem,
MOCJIe0BATENbHO YAl U3 MHOXKecTBa B oTnenbHble aTpuOyThl, MOTYT OBITh PacCUMTAHBI
JTr00ble MHTEpECYIOIMe HAac OLIEHKM CTeneHeil 3aBucuMOocTH. UTOOBI MPOAEeMOHCTPHPOBATH
npeJiaraeéMyro METOJIUKY, PACCMOTPUM IpUMeEp.

Ilpumep 4. IlpumMeM 3a OCHOBY HCXOJHBIC HaHHbIE TpuMmepa 2. HeoOxoammo OIEeHUTH
3HaYMMOCTb BCEX OTJENBHBIX aTpUOYTOB JIsl pa3/esieHUs SJIEMEHTOB YHUBEPCYMa MO BCEMY
3aJaHHOMY MHOECTBY aTpHOYyTOB.

Peuwenue. OueBugHO, 4TO

U /IND(B) =U / INFD(A) ={{x,}, {XsJ» {3 {X0, %1 1%, X7, Xy X6 1 DX} 75 (A) =1.

U /IND(B—{a,}) ={{*s, X7, %o}, I, 1 Ixe 1 D6 e % 1 00 %33
U/IND(B—{a;}) =U / IND(A),POS _, ,,(A) =U;

Ve<an (A =L 76(A) = 7@ oy (A) =1-1=0.
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U 7IND(B—{a,}) ={{x,} {X:} {3 {0 X 1 %5, X7 oo 1o AXs 1 {X 1
U/IND(B—{a,}) =U /IND(A), POS(B{aZ})(A) =U;
Yetan(M =L 7s(A)—¥e (A =1-1=0.
U 7IND(B—{a,}) ={{X .}, {x:}. {xeJ {x0 % 1A% X7 X 1 {3 {Xe 31
U/IND(B—{a,}) =U /IND(A), POS(B{%})(A) =U;
Y (B{as}) (A=L r(A- Y (B{as}) (A)=1-1=0.
U 7IND(B—{a,}) ={{x,J {X:}, {x: 3. {0 X 1. {X5, X7, Xoo 1o {X: 1 {X
U/IND(B—{a,}) =U/IND(A), POS(B{%})(A) =U;
Y(BH{a,}) (A= (A ~7Y(Bay (A)=1-1=0.
U/ IND(B _{as}) ={{X4’ Xe}'{xe}a{xv Xz}a{X3’ X7 Xlo}a{xs’ Xg}}1
POS(B{aS})(A) ={X1’ K51 X3y X75 Xg, X10};

cardPOS 5 (., (A) 6

Ve<an(B) = cardU E:O,G; Vs (A) =76 ay(A) =1-0,6=0,4.

Ortcrona umeeM, 4To HanOoJIee BayKHBIM JUIS pa3eIeHus 3aJaHHOTO YHUBEPCYMa JIEMEHTOB
10 BCEMY MHOXECTBY aTpHOyTOB SBJISIETCS aTpUOYT as.

BroiBoabI
Teopust TpyOBIX MHOKECTB 0O0O€CIICUMBACT JEHCTBEHHBIE METOAbI 00pPabOTKH OOJIBIINX
MacCCHUBOB HEYIOPSIIOYEHHBIX UCXOIHBIX JIAHHBIX.
Bce wmerompl Teopum TIpyObIX MHOXKECTB OCHOBBIBAIOTCS MCKJIIOYMTEIBHO HA
UCIIOJIb30BaHUM CYILLECTBYIOIIMX 3HAHUHU, IPE/ICTABIEHHBIX B 0a3e 3HAHUH.
Bce onepanuu, BeimoiHseMble B 0a3e 3HAHUNH HAa OCHOBE OTHOIIEHWH 3KBUBAJIEHTHOCTH,
MOTYT OBbITh BBIIIOJIHEHBI B MH(OPMAIIMOHHON CUCTEME Ha OCHOBE Pa3JIeIeHUH 3JIEMEHTOB
10 MHO>KECTBAM PEJIEBAaHTHBIX aTpUOYTOB.
BaXHOCTb KOHKpETHOTO aTpuOyTa il pa3/ielieHus 3JIEMEHTOB YHUBEpPCYMa He SIBIISETCS
a0coMoTHBIM NOHSTHEM. OHA OIpeeseTCsl TOJNBKO COIepKaHUEM KOHKPETHOU 3a/1auH.
OneHKy BaXHOCTH aTpuOyTOB MOXHO BBIIOJHUTH TOJBKO HA OCHOBE aHalIM3a
PENEeBaHTHBIX pa3/IelIeHUH JIEMEHTOB.
Metoauka, MNpeanoKeHHass B HACTOSALIEM CTaTbe, IO3BOJSET BBINOJIHUTH OLIEHKY
BaXHOCTU OTJENbHBIX aTpUOYTOB (MM JIIOOBIX MOJMHOXKECTB TaKUX aTpuOyTOB) A
paszieneHus AIEMEHTOB YHUBEPCYyMa 110 BCEMY MHOXKECTBY PEJIEBaHTHBIX aTpHOyTOB.

Summary

In this paper is analyzed knowledge representing problem and attribute signification’s
problem, based on rough sets approach. Knowledge discovering and representing in
information systems has evolved into an important area of research because of theoretical
challenges and practical representing unknown knowledge in data. Rough set theory is a
mathematical formalism for representing uncertainty that can be considered a special
extension of the set theory.

This paper permit make following conclusions:

7.
8.
9.

Rough sets theory provides effective methods for treatment with chaotic initial data.

All rough sets theory’s methods are based exceptionally on knowledge in knowledge base.
All operations implementing in knowledge base on the base of equivalence relations can
be implemented in information system on the base of elements’ partitioning. This
partitioning is implemented on the base of attribute sets.
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10.

11.
12.

N

Specific attribute significance is not absolute notion. Attributes’ significance makes sense
only in concrete problem.

Attributes’ significance can be evaluated only on the base relevant elements’ partitioning.
The method proposed in this paper allow evaluate separate attribute’s significance (or any
this attribute subsets) for elements’ partitioning on the base of all relevant attribute.
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DAUDZVALODU E-VIETNES KONCEPCIJA OPERACIONALO IT
RISKU PETISANAI
MULTILANGUAGE WEBSITE CONCEPT FOR OPERATIONAL IT RISK
RESEARCH

Andrejs Romanovs, Arnis Lektauers, Jurijs Merkurjevs, Ruslans Klimovs
Rigas Tehniskas universitates Imitacijas un modelésanas katedra
Kalku iela 1, Riga, 1658, Latvija
Talr.: +(371)67089514, fakss: +(372)67089513, e-pasts: rew@itl.rtu.lv

Abstract. The paper presents an approach of researches effective organization in sphere of
operational IT risk governance. For this purpose, the application of digital multilanguage research area is
advised, which can simplify discussion processes for users/researchers from different countries. The concept of
multilanguage website is developed based on performed analysis of following modern IT application trends of
website development: Web 2.0., social networks, blogs, wiki, etc. Then, practical solutions of advised concept
realization are discussed. The presented concept is developed within the project, which is devoted to the
research of operational IT risk governance in monetary and financial institutions. Still, the advised concept can
be easily adapted for other research areas.

Keywords: operational IT risks governance, Web 2.0., social networking, wiki, collective intelligence.

levads
Mausdienu apstakli arvien vairak ietekmé uzpnéméjdarbibas procesus organizacijas ar
sarezgitam IT struktiram. Biezi vien risku parvaldibas efektivitate tiek atzita par vienu no
svarigakajiem uznéméejdarbibas veiksmes sp&jas nosacijumiem. Savukart Latvijas monetarajas
un finansSu iestadés operacionalo IT risku vadiba aiznem atsevisku risku parvaldibas jomu, kas
paslaik nav nodroSinata pilna méra ar nepiecieSamajam vadibas metodém.
Dotais raksts ir Latvijas monetaro un finansu institiiciju operacionalo IT risku parvaldibas
petijuma turpinajums, kura meérkis ir piedavat rekomendacijas minéto risku efektivai vadibai.
Petijuma ietvaros operacionalie IT riski ir definéti ka operacionalo risku atseviska
apakSgrupa. Ir jaatzime, ka paslaik pasaules regul€joSo iestazu prasibas un rekomendacijas
nav noteiktas prasibas operacionalo risku vadiba izmantojamajam informacijas tehnologijam.
Lidz ar to pétijuma pamata ir izskatiti operacionalo risku vadibas un IT parvaldibas principi,
kas ir atziti gan arzemes, gan Latvija.
Operacionalo IT risku parvaldibas petijumu sféra ir Sauri specializéta un maz formaliz€ta. Tas
rada nepiecieSamibu turpinat izmantojamas terminologijas un metozu precizé€Sanu un
uzlaboSanu. Raksta ir piedavata daudzvalodu e-vietnes izstradasanas koncepcija, kas varétu
bt efektivi izmantota ka specializ€ta vide turpmako pétijumu realizacijai ar vairaku valstu
specialistu Iidzdalibu. Ir paredzets, ka piedavatas koncepcijas realizacija palidz€s nopietni
pilnveidot ieprieks izstradato metodiku operacionalo risku parvaldibai. Tapat daudzvalodu e-
vietnes koncepcija var but veiksmigi pielietota citas pétijumu sferas, ka ar1 apmacibas
nolikiem.

Operacionalo IT risku parvaldibas pétijjumu rezumejums
Iestasanas Eiropas Savieniba ir devusi impulsu straujai Latvijas Republikas ekonomikas
attistibai. Tapat ped€jos gados stipri ir palielinajies Latvijas finanSu un monetaro institiiciju
tirgus, kas radijis nepiecieSamibu atri pilnveidot IT strukttiras. Petjjuma gaita ir konstatétas
vairakas problé€mas, kas ir saistitas ar IT sist€émas vadibu un pielietoSanu (1.tabula).
Nemot véra minétas problémas, ka ar1 faktu, ka ievérojami ir palielindjies finanSu operaciju

apjoms, monetarajas un finansu institticijas ir paplaSinajies ar1 operacionalo risku skaits, kas ir
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cieSi saistits ar IT sisttmu bojajumu problémam. It seviski §1 probléma klust aktuala
ekonomisko gritibu apstaklos.

Visparigos gadijumos izdala Cetras galvenas operacionalu risku rasanas iemeslu grupas [7]:

e cilvéku neadekvatas darbibas;

e pielietotas sistémas bojajumi;

e uznémgéjdarbibas iek$€jo procesu organizacijas un izpildes klidas;

e arpus organizacijas bistamie faktori.

1.tabula
Tipiskas IT problémas monetarajas un finansSu institiicijas
Problemas joma Apraksts
. . Klientu apkalpoSanas servisa pazeminasanas saistiba ar bieziem
Klientu serviss . . o
pieejas partraukumiem IT sist€mas
IT specialistu kvalifikacija Nepi_etiekamg k\(aliﬁcétu I_T sgegiﬁlisgu daudzums, kas varetu
operét ar IT riskiem augstakaja limenit
. . . NepiecieSamiba péc esoso IT sisteému programmnodroSinajuma un
IT sist€mas pilnveidoSana o v . o
tehniska nodrosinajuma pilnveidosanas
IT sistémas lietotaju NepiecieSamiba paaugstinat IT sisteémas lietotaju kvalifikaciju IT
kvalifikacija nozaré
IT uzraudzibas sistema NepiecieSamiba paaugstinat IT sistémas darbibas uzraudzibas
kvalitati
IT specialistu un sisteémas NepiecieSamiba paaugstinat mijiedarbibas kvalitati starp IT
lietotaju mijiedarbiba specialistiem un citiem darbiniekiem
Finansu zaud&jumu NepiecieSamiba p&c finansu zaudgjumu, kas varétu rasties IT
novertésanas sistéma sistému parraukSanu del, adekvatas novert€Sanas sist€émas
IT sistémas stratégiska NepiecieSamiba péc IT sistémas attistibas stratégiska plana, kas
attistiba biitu bazets uz kop€ja organizacijas attistibas plana
IT aizsardziba NepiecieSamiba paaugstinat [T sisteémas aizsardzibas limeni
IT sist€émas atjaunosSanas IT sist€émas atjaunosSanas plana nepiecieSamiba p&c potencialam
plans parrau$anam

Var atzimét [5], ka visas Cetras operacionalo risku rasanas iemeslu grupas ietekmé 1.tabula
mingtas problémas. Tomer paSlaik monetarajas un finanSu institlicijas izmantotajas risku
vadibas politikas ir veltita krietni mazaka uzmaniba operacionaliem riskiem, kas ir tiesi
saistiti ar IT sistéemu neadekvatu parvaldibu.

Miisu pétijjumu ietvaros ir piedavats izdalit operacionalos IT riskus par operacionalo risku
atseviSku apakSgrupu, par kuru parvaldibas aspektu pamatiem tiek nemtas vairakas prasibas
un rekomendacijas gan IT parvaldibas, gan operacionalo risku vadibas nozarés. Rezultata
iepriek$gja petijuma gaita ir izveidota operacionalo IT risku parvaldibas koncepcija, uz kuru
pamatojoties, ir veikta attiecigas metodikas izstradasana.

Tapat ir jaievéro, ka informacijas tehnologijas attistiba noved pie pétnieciskas vides
kvalitativam izmainam. Internet tikls Sodien pats klust par resursu, kas lauj risinat jaunus
petnieciskus uzdevumus un realiz€t eksperimentalu darbibu. Lidz ar to ir konstatta
nepiecieSamiba pec specializétas pé€tnieciskas vides izveidoSanas, kas var€tu palidzet
petniekiem efektivi pilnveidot savas esoSas operacionalo IT risku parvaldibas zinaSanas ar
aktivas informacijas apmainas palidzibu starp vairaku valstu specialistiem. Raksta ir
piedavata daudzvalodu e-vietnes izstradaSanas koncepcija, kura tiek realizéts starptautiskas
operacionalo IT risku parvaldes tehnikas pétiSanas turpinajums.

Miisdienu IT izmantoSanas tendences e-vietnu izstradasana

Analiz€jot miisdienu pétijumus, var izcelt vairakus tos ietekmé&josus faktorus, galvenie no
kuriem, péc misu domam, ir intensivi pieaugoSais informacijas apjoms atbilstosi
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uznéméjdarbibas attistibai un Web 2.0 tehnologijas masveida ievieSana. Pirmais izraisa
izmainas specialitates zinaSanas saskana ar informacijas apjoma intensivu pieaugumu, kas
noved pie galvenas prasibas pétnieciskai videi — atrai dazadu valodu zinaSanu parraidei starp
pétnickiem no dazadiem geografiskajiem regioniem. Otrais faktors lauj palielinat globala
timekla lietotaju radoSo potencialu, nodroSinat droSu informacijas resursu kopigu
izmantosSanu, sadarbibu un funkcionalas iespgjas.

Péc Tima Orejlija [8] defingjuma, Web 2.0 ir sist€ma un projektésanas tehnologija, kuras tiklu
mijiedarbiba uzskaites cela top jo labaka, jo vairak cilvéku tos lieto. Web 2.0 galvena ipatniba
ir lietotaju piesaistiSana ar zinaSanam jeb majaslapas satura aizpildiSanas un daudzkartgjas
parbaudes princips. Sava bazes varianta Web 2.0 nozimé&, ka katrs cilvéks var loti vienkarsi
radit un izplatit zinasanas (content) globalaja timekli. Tas ieklauj rakstiSanu ttmekla Zurnalos,
video satura parraides caur Youtube, bilzu izvietojumu uz Flickr, palidz&t satura veidoSanu
viki, ka Wikipedia, ka arT Myspace tipa socialu tiklu izveido$ana. Tas ir, atS$kiriba no Web 1.0,
kas apkalpo vertikalas ,,Uznémums - Cilveks” informacijas un uznémeéjdarbibas prasibas,
Web 2.0 tehnologijai ir raksturiga horizontala attiecibu attistiba, socialie kontakti un
attiecibas.

Atslégas komponenti Web 2.0 ir vienkars$i izmantojami riki un kopiga jeb sociala mijiedarbiba
ar gaidamajiem rezultatiem. Viens no Web 2.0 paSiem interesantakajiem rezultatiem ir tas, ko
dazreiz sauc par kolektivo intelektu (Collective Intelligence), kad informacijas ietekmes
potencials starp timekla lietotajiem aug loti atri. Loti svarigi, ka §is raditajs palielinas,
palielinoties cilveku skaitam, kuri aktivi kontaktg viens ar otru globalaja tikla, kas nodroSina
cilvékiem savstarp&ju informacijas meklésanas un apmainas iesp&ju.

Web 2.0 tehnologijas ievieSana tapat veicina tehnisku pilnveidoSanu timekli, kltstot par
globalu datorplatformu un piedavajot programmnodros§inajumu ka pakalpojumus (services).
Tuvakaja laika nozimiga programmatiras dala tiks piegadata globalaja timeklt pakalpojumu
veida, un tas pasas lietotnes var tikt izmantotas ka citu lietotnu komponenti.
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1.att. Web 2.0 visparéjas tendences uznéméjdarbiba

Makinsija [3], Forestera [10] un citi p&tijumi par Web 2.0 tehnologijas izmantoSanu
uznémgjdarbiba un pétijumos liecina par to, ka pe€d€jos gados vairakos uznémumos un
organizacijas atri veidojas plasa, aktiva interese par kolektiva intelekta fenomenu, kas izsauc
arl investiciju apjoma palielinaSanos Web 2.0 tehnologija. Tomér misdienas intereses
pieaugums par viki un personalajiem timekla zurnaliem ir plasak jitams neka interese par
lietotném, kas ir akcent&tas uz kolektivo intelektu. Ir atziméts (sk. 1.att.), ka efektivai jaunu
risindjumu un zinaSanu radiSanai ir jaizmanto lietotaju datu ievades iesp&u agregacija,
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kop€jas darbibas metodikas, jaunas razoSanas un izplatiSanas stratégijas, ka ari jaunas
informacijas vaksanas un apstrades tehnologijas (viki, ttmekla zurnali, widgets, mashups utt.).

Daudzvalodu e-vietnes koncepcija operacionalo IT risku pétiSanai

Pétijuma rezultata ir formaliz€tas galvenas konceptualas prasibas izstradajamajai IT risku
parvaldibas digitalai p&tnieciskai videi jeb e-vietnei, izmantojot muisdienigas tehnologijas un
panémienus. Sist€mai ir janodrosina sadu galveno funkciju veiksana:

e iespgja vakt un apkopot IT risku parvaldibas zinaSanas;

e iespgja generet saturu un biit pieejamai lietotajiem ar dazadam saskarsmes valodam;

e iespgja klasific€t zinasanas un izveidot kopsakaribas starp petamajiem jédzieniem;

e esoSo zinasanu apkoposana, sint€ze un jaunu zinasanu izveidosana.

I Iespéja vakt un apkopot IT risku parvaldibas zinasanas

Pétot misdienu informacijas tehnologijas, tiek piedavats nodroSinat zinaSanu vakSanu un
apkopojumu sistéma uz socialas tiklosanas paradigmas Viki bazes. Viki ir timekla vietne, kuras
strukt@iru un saturu veido lietotaji, kuriem ir pieeja Sai vietnei. Kaut gan viki jédzienam nav
precizas definicijas [2, 9], galvena ideja ir ta, ka viki ir kolektiva timekla vietne, kura daudzi
dalibnieki var izveidot vai redigét noteikta satura timekla lapas, izmantojot timekla
parlikprogrammatiiru. Par viki sauc arT programmatiru, kas Jauj izveidot un pilnveidot $ada
veida timekla vietnes. Viki tehnologija, kuras pamata ir grafs, kura mezgli ir atziméti ar
atslégvardiem (terminiem) un ar tiem asoci€tiem Skirkliem, ir piemérota personalas zinaSanu
bazes izveido$anai un pilnveidoSanai un var tikt integréta ar citiem Viki, piem&ram, ar
Wikipedia vai citam vardnicam un enciklop&dijam. Musdienas Vviki izmanto uznémgjdarbiba
ieks€jo tiklu (intranet) un zinasanu parvaldibas sisttmu (Knowledge Management systems)
izveidoSanai.

II Iesp€ja generét saturu un biit pieejamai lietotajiem ar dazadam saskarsmes valodam
ST sistémas funkcija tiek realizéta uz masintulko$anas sistémas bazes. Masintulkosana ir
datoru lingvistikas apak$nozare, kas péta datortehnologiju izmantoSanas iesp&jas teksta vai
runas tulkoSanai no vienas dabiskas valodas citas. Vienkarsakaja varianta masSintulkoSana veic
vienkarSu vienas dabiskas valodas vardu substitiiciju ar citas valodas vardiem. Korpusa
lingvistikas (Corpus Linguistics) metozu izmantoSana sniedz sarezgitakas tulkosanas iespgjas,
laujot labak apstradat lingvistikas tipologijas, frazu atpaziSanas un idiomu tulkoSanas
atSkiribas, ka ar1 anomalijas.

TulkoSanas process ir iedalams divos vispargjos posmos:

1) izejas teksta nozimes dekodésana;

2) nozimes parkodésana mérka valoda.

Eksisté vairakas masintulkoSanas tehnologijas:

1. Likumu balstita tulkoSana — uz lingvistikas likumiem balstita metode, ar kuru vardi tiek
tulkoti lingvistiski — katram tulkojamajam vardam tiek atrasts piemérotakais tulkojums
mérka valoda. Likumu balstitas tulkoSanas paveidi:

- parneses balstita masintulkoSana — visizplatitaka maSintulkoSanas metode, balstoties
uz interlingvas (starptautiska paligvaloda; abstrakta, konkrétas valodas neatkarigs
satura atspogulojums) ideju un izmantojot lingvistikas likumus, kas defingé atbilstibu
starp izejas un mérka valodas struktiiram;

- interlingvala tulkoSana — klasiska tulkoSanas metode, kura sakotn€jo tekstu transforme
interlingva, bet mérka tulkojums tiek veidots no interlingvas;

- vardnicas balstita tulkoSana — tulkoSana, izmantojot vardnicas.

2. Statistiska tulkoSana — tulkoSana ar statistiskam metodem, balstoties uz divvalodu teksta
krajumu.

180



3. Pieméru balstita tulkoSana — tulko$ana, balstoties uz analogijam, un ir uzskatama par
mastnapmacibas lietojumu balstitas sprieSanas panémienu.

I1I Iespéja klasificét zinaSanas un izveidot kopsakaribas starp pétamajiem jédzieniem
Misdienu zinasanu parvaldibas zinatne piedava vairakas tehnologijas zinasanu klasificéSanai
un kopsakaribu izveidoSanai starp jédzieniem. Izstradajamaja sisttma S$1 funkcija tiek
nodroSinata uz kolaboratorijas un socialo tiklu tehnologiju bazes.

Termins ,kolaboratorija” (collaboratory = collaboration + laboratory) apzimé kopigu
zinatnisku infrastruktiiru, kas satur kopigi izstradajamas un izmantojamas datu bazes,
telekonferences un sakaru Iidzeklus, piekliiSanas lidzeklus pie apvienotajiem tiklu resursiem
globalu zinatnisku pétijumu un eksperimentu kopigai veikSanai [6]. Kolaboratorijai ir
jaatbalsta Cetras galvenas iespg€jas: datu un informacijas kopiga izmantoSana,
programmnodro§inajuma kopiga izmantoSana, attalinatd instrumentarija parvaldiSana un
komunikacija ar attalinatiem kolégiem.

Ar socialo tiklu parasti tiek saprasta sociala struktiira, kuras mezglus sastada organizacijas vai
atseviski cilveki, bet sakari starp tiem apzimé uzstaditds mijiedarbibas (uznéméjdarbibas,
gimenes, draudzibas utt.). Internet tehnologiju izmantoSana piedava neierobezotas iesp&jas
digitalu socialo tiklu radiSanai — timeklt ir viegli atrast cilvékus ar lidzigiem uzskatiem,
interaktiva iepazisanas un saskarsme ari notiek vieglak. Sie faktori ir izsaukusi lielo socialo
tiklu skaita rasanos un attistibu. Turklat tehnologijas, ar kuru palidzibu top socialie tikli
(timekla forumi, zurnali, viki, u.c.) ir viegli uzstadami un izmantojami, un patlaban katrs,
kuram ir tada v€l€Sanas, var organiz&t savu tiklu.

IV Eso$o zinasanu apkopos$ana, sintéze un jaunu zinasanu izveidoSana
Zinasanu apkopoSana sistéma tiek veikta, balstoties uz apsprieSanos timekla zurnalos un
forumos.
Misdienu timekla zurnala jeb emuara (weblog, blog) tehnologijas panti ir klasiska t€zu
jédziena analogija. Tas ir personu vai organizaciju timekla vietnes, kuras tiek vakta
informacija par noteiktu tematu vai tematu kopu, to regulari atjauninot. Informaciju timekla
zurnalos var rakstit pats vietnes 1pasnieks, to var parrakstit no citam vietném, informaciju var
piegadat ar citi timekl]a Zurnalu lietotaji, veidojot komentarus un diskut&jot par attiecigajiem
tematiem. Turklat ir iespgjama automatiska Sablona radiSana t€zém, kas ir publicgjamas
emuaros, uz informacijas bazes no Viki lapaspusém un ar tiem asociétam personalajam
piezimém. Timekla Zurnali var tikt integréti ar citam timekla Zurnalu sisttmam. Timekla
Zurnalos tapat var bit ierakstita petijumu gaita, esoSo eksperimentu rezultati, jaunas sintezetas
domas.
Vel viens svarigs, bet jau pietickami sen izmantots asinhronas komunikacijas mehanisms ir
forums. Forums parasti ir saistits ar majaslapu, personu, timekla Zurnalu u.tml. un lauj
lietotajam lasit un apspriest saturu, tadéjadi nodrosinot divpus€jus sakarus starp lietotajiem.
Apkopojot ieprieks teikto, var secinat par izveidojamas sisteémas atklatibu, ar ko més saprotam
tadu sisteému, kurai piemit sp€ja sadarboties ar apkartéjo vidi — cilvéku, informacijas avotu,
citam sistémam, ka arT paplasinaties.
Nemot veéra izstradajamas sist€émas funkcijas un raksturu, var izvirzit attiecigas prasibas
programmnodro$indjumam, uz kura bazes ir veicama IT risku daudzvalodu parvaldibas
sisteémas izstrade.
Galvenas no tam ir §adas:
e internacionalizacija (internationalization) — maksimala lietotaju skaita nodroSinasana
dazadas saskarsmes valodas ar informacijas apmainas iesp€ju, lai varétu apkopot esosas
un izveidot jaunas zinasanas;
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e sadarbibas sp&ja (interoperability) — vairaku aparatiiras un programmatiiras platformu
iespeja sadarboties sava starpa;

e lietotaju mobilitate (users mobility), kad piekluve sist€mai tick nodroSinata no vairakam,
tai skaita arT no mobilajam, iericEém (mobilajiem talruniem, viedtalruniem u.c.);

e atvérto standartu (open standards) un atvérta programmnodro$inajuma (open software)
izmantoSana, kas lauj ne tikai nodroSinat sist€émas sadarbibas sp&ju, bet ar1 kardinali
samazinat komercstandartu un komercprogrammatiiras izmantosanas izmaksas.

IT risku daudzvalodu parvaldibas e-vietnes tehniskas realizacijas projektrisinajumi
Darba piedavatas koncepcijas praktiskas aprobacijas mérkis ir izstradat daudzvalodu socialas
tikloSanas vietni ar pielietojumu IT risku zinasanu parvaldibai. Par praktiskas aprobacijas
pamatu ir izvél&ta socialas tikloSanas paradigma Viki, kas ir vienkarSas, asinhronas, timek]a
balstitas hiperteksta kopigas autoréSanas sistémas.

Daudzas popularas Vviki sistémas ir internacionalizétas, lai uzturétu daudzvalodu atbalstu.
Pieméram, daudzas viki vietnes ir iesp&jams nokonfigurét ta, lai mijiedarbiba starp vietni un
tas lietotajiem notiktu noteikta valoda. Tacu fakts, ka viki sistéma ir internacionaliz&ta, tomér
nenozimé, ka ta ir labi piemérota daudzvalodu saturam. Lielakais vairums socialas tikloSanas
vietnu (pat tas, kuras ir internacionaliz€tas) katra laika momenta spgj uzturét tikai vienu
vietnes valodu un nevar labi darboties situacijas, kad ir nepiecieSams vienu un to pasu saturu
vienlaicigi publicét vairakas valodas. Seit gan eksisté vairaki izpémumi, pieméram,
MediaWiki, TWiki [4] un XWiki, kuras piedava saturu vairakas valodas. Tacu §is nav Tsti
daudzvalodu siste€mas, jo tas nepiedava vienu un to paSu saturu dazadas valodas. Patiesiba tas
ir paral€lu kopienu kolekcijas, kas veido saturu par lidziga satura ttmam dazadas valodas ar
nelielu sinergiju starp valodam — ta ir paraléla autoréSanas pieeja [1]. Kaut gan paralélai
autoréSanas pieejai ir divas priekSrocibas — nav nepiecieSami speciali daudzvalodu riki un
saturs katra valoda ir viegli adaptéjams noteiktam lingvistiskam un nacionalajam ipatnibam,
tomer joprojam pastav probléma, ka nav pilnvertigu daudzvalodu socialas tikloSanas sisteému
ar identisku saturu to uzturétajas valodas.
Pamatojoties uz tradicionalo socialo tikloSanas sisttmu daudzvalodu atbalsta problémam, $aja
darba tiek piedavata jauna zinaSanu daudzvalodu parvaldibas sistemas koncepcija, kura ir
uzlabotas daudzvalodu atbalsta iesp€jas, lidztekus tradicionalajai internacionaliz€tajai timekla
vietnei, izmantojot integrétus masintulkosanas rikus.
2.att€la ir paradita piedavatas daudzvalodu sistemas arhitektiira, kas ir balstita uz trim
vispargjiem darbibas uzdevumiem:
1) informacijas pieejamiba dazadas valodas;
2) satura autoréSana dazadas valodas;
3) dazadu tulkosanas riku un veidu uzturéSana:

- masintulkoSana;

- manuala tulkoSana un masintulkota satura redigéSana.
Timekl]a vietnes pamata funkcionalitates nodroS§inaSanai ir izv€léta atklata pirmkoda LGPL
licencéta sisttema XWiki. Ta ir progresiva ar Java programméSanas valodu izstradata
programmatiira, kas ieklauj vairakas profesionalas funkcijas: lietotaju tiesibu parvaldi (p&c
viki, apgabala, lappuses, lietojuma grupas un tamlidzigi), satura eksportu PDF dokumentu
formata, pilna teksta meklesanu, versiju kontroli, spraudnus, lietotaja lietojumprogrammatiiras
saskarni (API) un programmésanas iesp&jas. XWiki projekti piedava gan platformu sadarbibas
lietojumprogrammu izstradei, izmantojot Viki paradigmu, gan produktus, kas izstradati uz
XWiki platformas bazes.
MasintulkoSanas uzdevumu izpildei ir pieejami gan atklata pirmkoda, gan komercialie riki,
piem&ram, Apertium, Pragma. Atklata pirmkoda masintulkosanas riks Apertium izmanto
,seklas parneses” (Shallow-Transfer) masintulko$anas pieeju, veicot pakapenisku ieejas
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teksta apstradi vairakos etapos: deformatéSana, morfologiska analize, vardskiru
neviennozimibas novérSana, sekla strukturala parnese, leksiska parnese, morfologiska
generéSana, reformatésana.

XWiki sasaistei ar masintulkoSanas programmatiiru ir nepiecieSsams papildus modulis —
tulkoSanas lietojumprogrammu saskarne (TLS), kas nodroSina divpus€ju informacijas
apmainu ar tulkoSanas programmam. XWiki caur TLS nodod tulkojamo saturu
masintulkoSanas programmatirai, un partulkotais saturs caur TLS tiek nodots atpaka] XWiki
sistéma. Talak lietotaju zina ir masintulkota satura redigé$ana un pilnveidosana.

Lietotajs

Timekla

lietojumserveris MasintulkoSana

o ) '_I'ulkoéanas XML-RPC )
- XWiki = lietojumprogrammu ra————| Apertium
saskarne

Apache Tomcat /
JBoss

Vardnica

Datu »
baze Pragma

MySQL Vardnica

2.att. Sistemas arhitektiira

Secinajumi
NepiecieSamiba péc efektivu petijumu operacionalo IT risku parvaldibas joma nodro$inaSanas
noradija uz specializ€tas petnieciskas vides vajadzibu, kura petnieki ar dazadam saskarsmes
valodam var@s vienoti pilnveidot esosas operacionalo IT risku parvaldibas tehnikas un
1zveidot jaunas zinasanas.
Pétijuma ietvaros tika izp@titas misdienu IT izmantoSanas tendences e-vietnu izstradasana,
apskatitas un izanaliz€tas vairakas informacijas tehnologijas, kas var nodros§inat pétniekus ar
iespgjam vakt, apkopot un izveidot jaunas zinasanas daudzvalodu saskarsmes vidé. Uz So
pétijumu bazes tiek izstradata daudzvalodu e-vietnes koncepcija operacionalo IT risku
pétiSanai, ka ar1 piedavati koncepcijas praktiskas realizacijas projektu risinajumi. Piedavata
koncepcija ir pietickami elastiga, lai blitu izmantojama ari citas pétnieciskas sferas, ka ari
pielietojama apmacibas nolakiem.
Daudzvalodu e-vietnes koncepcijas operacionalo IT risku pétiSanai praktiska realizacija,
balstoties uz izstradato koncepciju, ir turpmako pétijumu uzdevums.

Summary

The Latvian Republic integration into the European Union and corresponding economic
growth determines the rapid extension of monetary and financial system. Due to the increased
intensity of performed financial operations, monetary and financial institutions became very
vulnerable to operational risks. In many cases, the high level of operational risks is
conditioned by IT system failures. The conducted analysis indicates inadequate management
of risks in the IT field. The paper presents an approach of researches effective organization in
sphere of operational IT risk governance in monetary and financial institutions.

When analysing applications of IT for operational IT risk research purposes, it is possible to
select a number of influencing facts. In authors’ opinion, the most important of them are the
increased amount of information related to the permanent development of technologies and
entrepreneurial activity, and the mass introduction in research of technologies on the basis of
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the Internet, including Web 2.0 technologies. The first factor causes changes in knowledge of
the specialisation, and determines the main requirements of the environment for research, the
rapid transmission of knowledge and abilities of the researchers from different geographical
regions. The second factor allows an increase of the creative potential of researchers, provides
joint creation and use of information resources and collaboration and expansion of functional
possibilities for researches. For this purpose, the application of digital multilanguage research
area is advised, which can simplify discussion processes for users/researchers from different
countries. The concept of multilanguage website is developed based on performed analysis of
following modern IT application trends of website development: Web 2.0., social networks,
blogs, wiki, etc. The key components of the mentioned technologies are easy-to-use
instruments and general or social relationship systems having the expected results. One of the
most interesting results is the phenomenon which is often named ‘Collective Intelligence’,
describing the situation when the potential influence of information between the users of

World Wide Web grows very quickly.

As a practical result of research, the main conceptual requirements were formalised for the

developed environment of e-research of operational IT risk governance in monetary and

financial institutions. For developed operational IT risk research e-environment the following
basic functionality is defined:

e permanent development of research materials, with the possibility of their modernisation
by different researchers with different native languages;

e generalisation of existing knowledge and the creation of new knowledge — researchers
create materials themselves and communicate with other researchers through
technologies, enabling the distributed creation of materials and division of responsibility
in the process of forming and the use of resources;

e applications in the process of research large sections of the aggregated information
sources which includes in itself all possible formats of files and methods of their
transmission;

e studying of materials takes place at any time and at any place: all information sources can
be used not only by computers but also by mobile telephones, MP3 players etc.

The presented concept is developed within the project, which is devoted to the research of

operational IT risk governance in monetary and financial institutions. Still, the advised

concept can be easily adapted for other research areas.
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EVOLUTIONARY ALGORITHMS AT CHOICE: FROM GA TO GP
EVOLUCIJAS ALGORITMI PEC IZVELES: NO GA UZ GP
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Phone: +(371)4623798, e-mail: peter@ru.lv

Abstract. Nowadays the possibilities of evolutionary algorithms are widely used in many optimization
and classification tasks. Evolutionary algorithms are stochastic search methods that try to emulate Darwin’s
principle of natural evolution. There are (at least) four paradigms in the world of evolutionary algorithms:
evolutionary programming, evolution strategies, genetic algorithms and genetic programming. This paper
analyzes present-day approaches of genetic algorithms and genetic programming and examines the
possibilities of genetic programming that will be used in further research. The paper presents implementation
examples that show the working principles of evolutionary algorithms.

Keywords: evolutionary algorithms, genetic algorithm, genetic programming.

Evolutionary algorithms: an introduction
Evolutionary algorithms (EA) are population-based meta-heuristic optimization algorithms
that use biology-inspired mechanisms like mutation, crossover, natural selection, and survival
of the fittest in order to refine a set of solution candidates iteratively [1].
All EA have three features in common:
1. They use a population of potential solutions to the problem that is to be solved.
2. They rate the quality of these solutions with an objective function, and base the selection
of surviving solutions on this quality measure.
3. They have a reproduction stage in which new solutions are constructed inheriting traits
from current solutions.
Three basic mechanisms drive natural evolution: reproduction, mutation and selection. These
mechanisms act on the chromosomes containing the genetic information of the individual (the
genotype), rather than on the individual (the phenotype). Reproduction is the process in which
new individuals are introduced into population. During reproduction, recombination or
crossover occurs, transmitting to the offspring chromosomes that are common of both
parent’s genetic information. Mutation introduces small changes into the inherited
chromosomes. Selection is a process guided by the Darwinian principle of survival of the
fittest. The fittest individuals are those who are best adapted to their environment, and who
thus survive and reproduce.
In EA the term chromosome typically refers to a candidate solution to a problem, often
encoded as a bit string. The "genes" are either single bits or short blocks of adjacent bits that
encode a particular element of the candidate solution (e.g., in the context of multi-parameter
function optimization the bits encoding a particular parameter might be considered to be a
gene). An allele in a bit string is either 0 or 1; for larger alphabets more alleles are possible at
each locus. Crossover typically consists of exchanging genetic material between two single
chromosome parents. Mutation consists of flipping the bit at a randomly chosen locus (or, for
larger alphabets, replacing the symbol at a randomly chosen locus with a randomly chosen
new symbol) [2].
In that way EA are search methods that take their inspiration from natural selection and
survival of the fittest in the biological world. EAs differ from more traditional optimization
techniques in the way that they involve a search from a "population™ of solutions, not from a
single point. Each iteration of an EA involves a competitive selection that weeds out poor
solutions. The solutions with high "fitness” are "recombined” with other solutions by
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swapping parts of a solution with another. Solutions are also "mutated” by making a small
change to a single element of the solution. Recombination and mutation are used to generate
new solutions that are biased towards regions of the space for which good solutions have
already been seen.

The basic cycle of EA is shown in Figure 1 [3].

Initial Population Evaluation @ Fitness Assignment

Create an initial Compute the objective Use the objective values
population of random values of the solution to determine fitness
individuals candidates values
Reproduction Selection

Create new individuals
from the mating pool Select the fittest
by crossover and w individuals for
mutation reproduction

Fig. 1. The basic cycle of EA

There are several different types of EA [1]. These include:
e evolutionary programming (EP), which focus on optimizing continuous functions
without recombination;
e evolutionary strategies (ES), which focus on optimizing continuous functions with
recombination;
e genetic algorithms (GA), which focus on optimizing general combinatorial problems;
e genetic programming (GP), which evolves programs.

Genetic algorithms overview

GA is a subclass of evolutionary algorithms where the elements of the search space are binary
strings or arrays of other elementary types. GA is an optimization and search technique based
on the principles of genetics and natural selection. GA allows a population composed of many
individuals to evolve under specified selection rules to a state that maximizes the “fitness”
(i.e., minimizes the cost function) [1; 2; 6; 7]. The standard GA is as follows:
{ % Generate random population of chromosomes

Initialize population;

% Evaluate the fitness of each chromosome in the population

Evaluate population; [Fitness]

% Create, accept, and test a new population:

while Termination_Criteria_Not_Satisfied

{ % Select according to fitness

Select parents for reproduction; [Selection]

% With a crossover probability perform crossover or copy parents

Perform crossover; [Crossover]

% With a mutation probability mutate offspring at each position in chromosome
Perform mutation; [Mutation]

Accept new generation;

Evaluate population; [Fitness]
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The simple GA begins by defining the optimization variables, the cost function and the cost.
It ends like other optimization algorithms by testing for convergence (see Figure 2) [5].

Define cost function,
cost, variables and GA
parameters

| Generate initial population |

—>| Decode chromosomes|

| Find cost for each chromosome |

Select mates

4| Convergence check |

!

Fig. 2. Flowchart of GA

There are four main differences that separate GA from traditional search and optimization

procedures:

1. GA uses an encoding of the parameters - not the parameters themselves;

2. GA searches from a population of search points - not a single point;

3. GA uses only the objective function to test solution quality - not other additional
knowledge;

4. GA use probabilistic transition rules - not deterministic rules.

For practical purposes GA activity is implemented in the following way [6]. According to

flowchart in Figure 3, the GA begins by defining a chromosome or an array of variable values

to be optimized. Chromosome is written as an Ny, element row vector -—

chromosome=[p1,p2,...pn]. Each chromosome has a cost found by evaluating the cost function

f at pup2..pn:  cost=f(chromosome)=f(pi,pz,...pn). The initial population has Npgp

chromosomes and is an Npop X Npits matrix filled with random ones and zeros. The GA works

with the binary encodings, but the cost function requires continuous variables. Whenever the

cost function is evaluated, the chromosome must first be decoded.

Next, the variables are passed to the cost function for evaluation. The Np, costs and

associated chromosomes are ranked from lowest cost to highest cost. Then, only the best are

selected to continue, while the rest are deleted. The selection rate Xae is the fraction of Npgp

that survives for the next step of mating. The number of chromosomes that are kept in each

generation is Nyeep=XrateNpop- Natural selection occurs within each iteration of the algorithm.

Two chromosomes are selected from the mating pool of Ny, Chromosomes to produce two

new offspring. Pairing takes place in the mating population until Npop-Nkeep Offspring are born

to replace the discarded chromosomes.

Mating is the creation of one or more offspring from the parents selected in the pairing

process. The most common form of mating involves two parents that produce two offspring

(see Figure 3) [6].
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Fig. 3. The creation of offspring

Random mutations alter a certain percentage of the bits from the list of chromosomes.
Mutation can introduce characteristics not in the original population. A single point mutation
changes a 1 to a 0, and conversely. Mutation points are randomly selected from the Nyop X Npits
total number of bits in the population matrix. Increasing the number of mutations tends to
distract the algorithm from converging on a best solution.

After the mutations take place, the costs associated with the offspring and mutated
chromosomes are calculated. The number of generations that evolve depends on whether an
acceptable solution is reached or a set number of iterations is exceeded. After a while, all the
chromosomes and associated costs would become the same if it were not for mutations. At
this point the algorithm should be stopped [6].

To illustrate the work of GA the following function has been selected f(x)=x**sin(x) with
minimum: f(-8.0962)=-63.635 for -10<x<10 (see Fig. 4). Best cost=-63.635 and best
solution=-8.0962.

60

f(x)=x*x*sin(x)

Fig. 4.Test function f(x)=x**sin(x)

The goal of the experiment was to find the minimum of the function with the help of GA. The
influence of three parameters on the quality of optimization has been investigated:

1. population size;

2. mutation rate;

3. number of bits in parameters.
In the first experiment the initial parameters have been as follows: mutation rate=0.15 and
number of bits=8. In all occasions the number of iterations was 100. Results are shown in
Figure 5.
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The population size has been changed within the boundaries from 2 up to 128. Image a) in
Figure 5 shows that the minimum of the function has been reached in cases when the
population size is 8, 10, 12, 14, 16. The vertical line shows the optimal population size=8, the
value of which has been used further on. It has been established, that the further increase of
population size does not especially affect the quality of optimization. Image b) in Figure 5
shows the cost changes in the process of iterations at optimal population size=8.
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a) Cost dependence on population size b) best solution when population size=8
Fig. 5. Optimization dependence on parameter population size

In the second experiment the initial parameters have been the following: population size=8
and number of bits=8. Results are shown in Figure 6.

The mutation rate has been changed within the boundaries from 0.05 till 1.5. Image a) in
Figure 6 shows that the minimum of the function has been reached in cases, when the
mutation rate is from 0.15 till 0.5. The vertical line shows the optimal mutation rate=0.15. It
has been established that the further increase of mutation rate does not make it possible to
reach the optimal result. Image b) in Figure 6 shows the cost changes in the process of
iterations at the mutation rate=0.15.
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Fig. 6. Optimization dependence on parameter mutation rate

In the third experiment the initial parameters have been as follows: population size=8 and
mutation rate=0.15. Results are shown in Figure 7.
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Fig. 7. Optimization dependence on parameter number of bits

The number of bits has been changed within the boundaries from 2 till 64. It can be seen from
image a) (Figure 7) that the minimum of the function has been reached at the number of
bits=8. Acceptable results have been reached also when the number of bits is 20, 32 and 64.
The vertical line shows the optimal number of bits in parameters=8. Image b) in Figure 7
shows the cost changes in the process of iterations at the optimal number of bits=8.

The experiment demonstrates GA usefulness in solving different optimization exercises.

The significance of genetic programming
The term Genetic Programming has two possible meanings. First, it is used to subsume all
evolutionary algorithms that have tree data structures as genotypes. Second, it can also be
defined as the set of all evolutionary algorithms that breed programs, algorithms and similar
constructs [8].
The GP approach can be described as f=f; +e;, where each individual f; is a function composed
recursively from the set F={fy, ...fxs} of Ny elementary functions and from the set T={t;,...tn}
of N; terminals (e - random error term). Terminals can be arithmetic (+, *, /), mathematical
(sin, cos), Boolean (and, or, not), conditional (if-then-else), looping (for, repeat). Terminals
are operations that take no arguments but return a value (variables or constant values). Beside
the variable x, terminals can be random or user defined constants. The fitness of each
individual should be a continuous function of the corresponding scalar error.
The main difference between GA and GP is the representation of the solution. GA creates a
string of numbers that represent the solution. GP creates computer programs in the scheme
computer languages as the solution and individuals are represented as trees.
GP consists of the following four steps:
1) Generate an initial population of random compositions of the functions and terminals of the
problem (computer programs).
2) Execute each program in the population and assign it a fitness value according to how well
it solves the problem.
3) Create a new population of computer programs (copy the best existing programs, create
new computer programs by mutation, create new computer programs by crossover).
4) The best computer program that appeared in any generation, the best-so-far solution, is
designated as the result of genetic programming [8].
GP also uses reproduction, crossover, mutation and differs from other EA in the
implementation of the operators of crossover and mutation.
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In the case of GP search space (phenotypes) is the set of formulas and trees are the natural
representation of formulas (genotypes). An example of tree-based representation is shown in
Figure 8.

AN e AN\ T
A N AR
a) arlthmetlcformula b) program

Fig. 8. An example of tree-based representation

A typical application of GP is a symbolic regression. Symbolic regression is the procedure of
inducing a symbolic equation, function, or program that fits given numerical data. A GP
system performing symbolic regression takes a number of numerical input/output relations,
called fitness cases, and produces a function or program that is consistent with these fitness
cases [9]. As an illustration the following example has been given.

GP symbolic regression method allows reconstructing of the mathematical function based on
the given set of points. In this context, regression is a process in the course of which the
reconstruction of the function according to a definite data set takes place. In the method of
symbolic regression nor the initial coefficients of the function are known, nor the expression
under search is known. One accepts that there are generated expression trees and calculates

fitness (see Fig. 9).
(+) (*)
(+) (+) (+) (+)
B ® ® 6 6@ ®

y=3x+x2 y=(x*5)*(3*x)=15x2
Fig. 9. Acquired pair of expressions

Afterwards, from the acquired expressions one chooses sub-trees randomly and thus new trees
are obtained (see Fig. 10).

(¥
Q@ ¥

y=3x+x2 y=(X*5)*(3*x)=15x2

y=3x+3 y=(x*5)*(x*x*x)=5x* & @

Fig. 10. Acquired new trees
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On accepting that the fitness of a new tree is the best for the expression y=3x+3, random sub-
tree is chosen to mutate (see Fig. 11).

()
(x) 2
® ®

y=3x+2

Fig. 11. Actual data generated using formula y=3x+2+g

Thus, the solution has been obtained with the best fitness. Other child tree has a worse fitness.
Such methodology is widely applied in constructing of GP trees and is used to solve practical
tasks, which will be further investigated in future work.

Conclusions and future work
EA are viewed as a global optimization method although convergence to a global optimum is
only guaranteed in a weak probabilistic sense:
o GP are well suited for problems that require the determination of a function that can be

simply expressed in a functional form;

o ESand EP are well suited for optimizing continuous functions;
o GA are well suited for optimizing combinatorial problems.
The main advantage of GP is that it performs a global search for a model, contrary to the local
greedy search of most traditional machine learning algorithms. Methodology investigated in
the paper will be used in further scientific research that will deal with the solutions by using
genetic programming.
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Abstract. Today the Latvian blogosphere is a community of almost 200 000 blogs. Blogs have become
an important part of news agencies and web portals because they deliver information to the reader faster than
traditional media. To forecast the computational resources and necessary funding for community development,
it is necessary to design an evolutional model based on the data collected and give an insight into its evolution
ways.

Keywords: blogosphere, simulation, STELLA, system dynamics.

Introduction
The mineral wealth of Estonia — oil shale - is located in a densely populated and The creator
of the first blog is believed to be Justin Hall, who created his first public web diary Links.net
in 1994 while studying at Swarthmore college in Pennsylvania, USA [1]. On December 23"
1997 Jorn Barger decided to create RobotWisdom.com for the purpose of publishing links to
other websites and adding commenting on them. He called his site a “Weblog”. This term was
soon used by other online publishers until in 1999 Peter Merholz transformed Bargers
“Weblog” into “We blog”. For the sake of shortness, soon all online journals were referred to
as blogs.
The simplest way to determine if a website can also be referred to as a blog, is to check it for
some of common indicators. A website can be referred to as a blog if it has appropriate
characteristics. Firstly, a blog is a type of website that is usually arranged in chronological
order from the most recent entry at the top of the main page to the older entries towards the
bottom [2]. Secondly, the content must be unfiltered. As soon as the authors’ opinion gets
censored or edited, it is not a blog [3]. Furthermore, every blog has the possibility to leave
comments, publishes links to other resources and contains content written in an informal
manner [4].
Since 2002 Technorati has indexed more than 133 million blogs worldwide. They are
currently tracking 112, 8 million blogs in 81 languages from 66 countries on six continents.
The authors are unbelievably active and, according to Technorati, 175 000 blogs are created
each day. Many blogs are updated each day which reflects as 1.6 million new entries each
day. That is 18 new publications every second [5].
The Latvian blog community or blogosphere has been evolving rapidly since its beginnings.
In the beginning of 2008 8% or 151 000 of the Latvian population between the ages of 15 and
74 were reading or writing blogs. Most blog readers or creators are pupils, students or
managers between the ages of 15 and 39 [6].
The Latvian blogosphere is constantly evolving but there is lack of research that analyzes its
current situation and the determinative factors. There is no information about the
blogospheres further evolution, its affect on traditional media and the place of blogs in
information exchange processes. Therefore the aim of this article is to propose an evolution
model of the Latvian blogosphere based on empirical data which would empower Internet
service providers to forecast necessary computing resources and funding.
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Sustainability and development of the Latvian blogosphere

The Latvian blog community, according to various sources in the blogosphere, began its
existence in 2000 with the technology blog pods.lv, then under a different domain. Although
at first the blogs publications resembled an online magazine, as once a month a compilation of
several entries was made available, pods.lv can be considered a wholesome parent of the
Latvian blogging culture.

Several new sites (see Table 1), that merit their popularity not only from successful self-
advertising but quality content and individuality as well, have been created since the
emergence of the first Latvian blog.

Table 1.
The 10 most popular Latvian blogs (at the end of 2008) according to the Latvian RSS
top (http://www.onkulis.com/rss-tops/) and Feedburner.com data

Blog name RSS readers
Catonmat.net 3072
Laacz.lv 1267
Journal.lv 884
Pods.lv 855
Krizdabz.lv 769
Onkulis.com 667
Arturs.jaffa.lv 574
Nemirst.lv 545
Zloj.com 420
Archija.info 408

By the end of 2008 there were approximately 500 self-hosted blog platform blogs, as well as
200 000 blog service blogs in Latvia. Furthermore, several corporate and expert blogs, as well
as RSS feed aggregators, which republish content from various blogs, have been developed.
One of the first Latvian corporate blogs was set up in November 2007 for Amigo, a trademark
of Zetcom Ltd [7]. This blog serves company employees as a platform to interact with their
clients and publish information in an informal manner. Latvian telecommunications company
Lattelecom, as well as the editorial staff of the news portal Delfi have created their corporate
blogs to give insight into the undertaking from an employee’s point of view.

Expert blogs began their upswing early in 2008 when nearly every news portal and mass
media agency created specific blogs for professionals in their respective fields. One worth
mentioning is Nozare.lv created by Latvian news agency LETA. At the time of writing
Nozare.lv consists of 25 professional blogs that share opinions and knowledge on everything
from agriculture to technology. The two most popular Nozare.lv bloggers are
telecommunications and IT journalist Juris Kaza and internet and mass media blogger Uldis
Zarin§ [8]. Latvia’s largest newspapers Diena and Dienas bizness have established their own
expert blog sections as well.

Three news aggregators have consolidated their niche in Latvia — Tribine.lv, Lasi.lv and
Nekur.lv. Tribine.lv and Lasi.lv are considered civic journalism portals as all news are added
by the readers themselves. Only a few trusted news sources are republished automatically.
Readers have the opportunity to rate, comment and view the original source of every news
entry.

A couple bigger and smaller blog service providers, which tempt potential bloggers with free
and paid services, have introduced themselves in recent years.
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The evolutional model

Observation, as a data collection method, was used for collecting blog service data. In these
cases the total number of blogs, as well as the amount of active blogs, entries and comments
was determined. Information that is available on the blog service providers’ website, for
example, statistics on klab.lv, also counts as observation data.
Respondents were surveyed electronically with a questionnaire hosted on Visidati.lv. Links to
the survey were published on Orb.lv and the news aggregator Lasi.lv. The survey consisted of
23 questions and was publicly available from October 21* to November 8" 2008. During this
time it was filled in by 146 respondents of which 108 were male and 38 female between the
ages of 14 and 52.
Finally, the data tables involving five data sets which describe most popular blog service
providers in Latvia were created:
¢ Blog count — shows the number of hosted blogs per blog service provider;
e Active blogs — shows the number of active blogs per blog service provider. The term

“active” refers to blogs that have updated content at least once in the last 30 days;
e Entries — the total count of blog entries per blog service provider;
e Deleted blogs — the total count of deleted blogs per blog service;
e Comments - the total count of blog entry comments per blog service provider.
The sixth data set consisted of blog emergence per month data is gained from the conducted
survey.
To collect the initial data for the simulation model, the data were analyzed for compliance to
statistical distributions by utilizing the Kolmogorov — Smirnov test. Some typical distributions
like Poisson and lognormal were tested. The assumption, that the calculated data is
statistically valid for use in the simulation model and corresponds to a normal distribution,
was put forward as the zero hypothesis.
The analyzed data would complies with the normal distribution and the zero hypothesis can
not been dismissed, because all Asymp. Sig. (2 — tailed) values are > 0.05, which means that
the average values of every data set are statistically valid and can be used in model
development (see Table 2). Of course, it is understandable that number of series (only 7) is
not enough for good statistical solution and Z-value in Kolmogorov-Smirnov test is higher
than critical if alpha=0.05, but for justification the tendencies of the development the results
would be good enough. Testing of the rest distributions given worse results.

Table 2.
Blogs data set verification by Kolmogorov-Smirnov test

Blogs per Entries per day|Comments per  |Deleted per

day day day
I 7 7 7 7
Mormal Parameterg®  Mean 30,0314 33,3429 55,2129 2543
Std. Deviation 7071362 26,31072 54 71461 395841
Most Extreme Absolute A74 281 206 302
Differences Positive AT4 281 206 302
Megative -329 - 232 - 206 - 262
Kolmaogorov-smirnov £ 1957 742 45 798
Asymp. Sig. (2-tailed) 087 640 997 548

a. Test distribution is Maormal.
b. Calculated from data.
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The designing of the evolutional model of the Latvian blogosphere was performed in the
STELLA modeling environment [9]. The model consists of 32 elements of which subdivide
into 5 flows, 5 stocks, 8 converters and 14 connectors (see Fig. 1).

Mumbsr of s2If hosted blogs

Blogging s=rvice blog %

Blog formation intemsi

Blogs deleted during simulstion

€3 L
Blog formafion per year Blog deletion
MNew blogs per yesr
* Number of comments
Inactive blogs par month Active blogs per month
€3 L
Comment formatio
mber of entries
Blog inactivity ratio
M formation

Mew entrizs per day

Fig. 1. The Latvian Blogosphere model in the STELLA system dynamics environment

The model was verified by using a checking calculation. A full modeling cycle of 12 months
was chosen and calculations were carried out for all five stocks.

The results of simulation show that the number of comments will increase in proportion to the
number of blog entries (see Fig. 2).
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Fig. 2. Prognosis for blog entry and comment number growth

Faster increase in the amount of blog entries and comments can be seen at the beginning and
end of the year which is self-evident due to the similar growth tendencies of blogs. Stagnation
of entry and comment numbers will not be observed as active blogs will continue to generate
content that readers will comment. Additionally, the amount of blog entries will increase due
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to newly created inactive blogs. This is because most blog service providers automatically
create a test entry in a newly created blog to show the user how published information will
look to a reader. However, most users delete or personalize this test post when they start to
actively use the blog, so it would be wrong to declare that every created blog creates one
useless entry. Serious fluctuations in the growth of blog entries and comments could only be
caused by massive deletion of inactive blogs, though such a scenario is incredible.

In 2008, in order to gain more readers, the tendency to republish self-hosted blog content in
blog service appeared. It is to be expected that this tendency will continue in the next year and
that even more bloggers will distribute their content this way. This republished content will
add to the growing number of blog entries and also spawn more reader comments.

Conclusions
The evolutional model of the Latvian blogosphere in STELLA environment is the first blog
coherence and progress process simulation tool in Latvia. It is designed to be an instrument
for analysis of tendencies in blogs development. It enables to investigate and manage typical
processes (blog formation, disappearance, proportion of active and inactive blogs) on the
Latvian blogosphere.
Simulation results confirm statements made by Latvian bloggers and field experts that in 2008
Latvian blog community has reached its height and during the next 12 months a slowdown of
blogospheres growth is predictable. Blog entry and comment numbers will continue to rise,
however new content will be generated slower and the amount of new entries will be smaller
than in previous years.
Due to this slowdown of progress, it is foreseeable that the number of readers and RSS
subscribers will consolidate rather than increase. Even though many people will discover the
blogosphere as a new information source, it is unlikely that blog reader numbers will double
as it was at the end of 2007. New bloggers will maintain their place in the community and be
responsible for a large part of newly generated content.
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Abstract. The goal of this work is to analyze information about main principles of creating
information systems using service oriented architecture and create RA integrated information system
conceptual model. The proposed system model was developed based on service oriented architecture, with
additional description of main principles. Final part contains RA information system service oriented
architecture conceptual model with development principles. Using knowledge gathered from analyzes and
examinations performed in this work, author gives proposals for integrated information system architecture
development principles.

Keywords: Service oriented architecture, information system, Software requirements specification

levads
Darba ietvaros tika izanaliz€ti informacijas sist€ému servisorientetas arhitektiiras (SOA)
izveidoSanas galvenie principi un izstradats RA vienotas informacijas sistémas konceptualais
modelis.
Darba lielakais ieguldijums ir veiktie secinajumi un izstradatas rekomendacijas. Balstoties uz
SOA arhitektiiras pamatprincipiem un pasreizgjo informacijas sist€ému veicamajam funkcijam,
tika noteikti svarigakie arhitektiiras servisi, ka arT atklata to nozime funkciju veikSana.
Darba izstradasanas gaita tika iegilitas ne vien teorétiskas zinaSanas par SOA arhitekttras
veidosanas principiem un metodologiju, bet arT papildinatas autora informacijas analizes un
model&Sanas prasmes.

1. Peétijuma objekti un metodes
Galvenais iemesls, kapéc autors izvélgjas tieSi SOA arhitektiiru, ir tas, ka atSkiriba no
klientservisa arhitektiras Seit tiek integréti biznesa procesi, nevis dati, kas ieverojami
paaugstina sist€émas efektivitati.
SOA - ta ir koncepcija, zinama méra ideals modelis atSkiriba no klientservisa modela, kur§
val nu ir, vai nav. Tapéc, veidojot sist€emu, var ievérot SOA principus, bet pilniba sasniegt
mérki biitiba nav iesp&jams. SOA galvena ideja ir sadalito biznesa sisttmu komponentu
modelis, kas izmanto gatavus, iespejams, dazadu razotaju produktus, kas automatiski paredz
platformneatkarigu pieeju un atvérto standartu izmantosanu. Sobrid SOA pamata tehnologija
ir Web Services, kas, protams, nav vienigais SOA arhitekttras realizacijas variants. Ka ari
nepareizi tiks uzskatits, ka SOA un Web Services ir viens un tas pats.
SOA paradiSanai bija vairaki priekSnosacijumi: SQL datubazu, tikla protokolu, web servisu,
biznesa procesu aprakstiSanas standartu izstrade.
SOA — ir ne tikai modelis, bet arT ir IT sist€mas realizacijas princips ar orient€$anos uz
biznesa procesiem. Ideala gadijuma SOA ir biznesa procesu kopums, kas nodroSina
uznémuma darbibu, balstoties uz IT komponentiem. Saja gadfjuma otrais tehnologiskais
komponents ir biznesa procesu vadibas (BPM - Business process management) lidzekli.
Apkopojot ieprieksteikto, ir skaidrs, ka SOA projekta realiz€Sanai ir nepiecieSami divi
nosacijumi — atbilstoSa IT infrastruktira un pasititdja gataviba no darba organizacijas
viedok]a.
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Servisorientéta programmésana
Objektorientéta programmésana
Funkcionala programmésana
Procedurorientéta valoda
Lineara programmésana
Asamblers

Masinkodi

v

1.att. Programmeésanas evoliicija

SOA arhitektlira nav nekads jauns risinajums, bet tomér $o tehnologiju loti vaji piedava
sisttmu integratori — jo tiem nav izdevigi piegadat sistému, kura ir platformneatkariga un
kuras atseviSkus komponentus var vienkar$i aizvietot. Savukart tieSi programmproduktu
izstradataji intensivi censas reklam&t un popularizét SOA. Turklat integratori, saprotot, ka
visa atbildiba par sist€mas, kas sastav no dazadu razotaju komponentiem, korektu darbibu
gulstas uz vingu pleciem, nevélas piedavat SOA klientiem.

1.1. SOA konceptualais modelis
Koncepcijas pamata ir arhitektiras stils, kas definé mijiedarbibas modeli starp trim pusém:
servisa lietotaju, piegadataju un starpnieku. Servisa piegadatajs publicé servisu un nodroSina
servisa darbibu. Lietotajs, lai atrastu un izmantotu nepiecieSamo servisu, var griezties pie
servisa repozitorija vai ari caur universalo resursa identifikatoru (URI - uniform resource
identifier) uzreiz izmantot nepiecieSamo servisu.
Metamodelis, kas atspogulo $Ts saites, ir dots 2.attéla.

. . - Servisa piegadatajs
Servisa lietotajs <izmanto> Servisa apraksts <realizé>
+piesaistitServisu ()
: +izsauktServisu()
s :
<satur> | <aprakstits>

1 |
Servisa lietotajs sanem |
servisa aprakstu no Servisa starpnieks
starpnieka vai tiesi no
piegadataja.
(starpnieks nav obligats) +meklétServisu()

2.att. SOA arhitektiras stila meta modelis
1.2. Arhitektiiras stils un principi

SOA arhitektiiras stilu veido parametru un rekomendaciju kopums, kas definé vaji atkarigu
biznesorientéto servisu veidoSanas principus. Sie servisi, pateicoties sadalijjumam, nodroSina
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sistémas elastigumu un neierobezotu modificésanas brivibu, kas lauj reagét uz manigajam
biznesa prasibam.

SOA arhitekttira ir uzp€muma Itmena arhitekttira, kas nodroSina resursu apvienoSanu péc
pieprasijuma. Arhitektlira nodroSina resursu pieejamibu visiem uzpémuma dalibniekiem,
izmantojot servisu grupésanas pieeju. Servisu grupas var veidot ka saliktas aplikacijas, kuras
savukart var inicializ&t, izmantojot standarta protokolus (HTTP, SOAP).

Serviss ir programmatiiras resurss, ko iesp&jams atrast un identific€t un kuram ir ar&jais
apraksts. Argjais apraksts ir pieejams lietotdjiem servisu mekleSanai, sasaistei un izsaukSanai.
Servisa piegadatajs nodroSina gan servisa aprakstu, gan servisa apkalpoSanas kvalitates
prasibas. Servisu vadibai janotiek, izmantojot politikas, un tadejadi nodrosinatu dinamisku
servisu rekonfiguraciju.

Biznesa procesu izmainu adaptacijas atrumu nodro§ina IT sistéma uz SOA pamata. Sis
sisttmas ir loti elastigas, pateicoties saskarnes, realizacijas un protokolu piesaistes
sadaltfjumam, kas savukart lauj samazinat sist€mas izmainu ievieSanas izmaksas.

Servisus ir iespgjams izmantot atkartoti starp iek§€jam biznesa vienibam vai ar1 starp
sadalitiem biznesa partneriem.

1.3. SOA modelésanas principi

Lai biitu iesp&jams pariet uz SOA arhitektiiru, ir janem vera vairaki jautumi, kuri nav saistiti
ar servisu modelésanu. Tie ir:

e Vai uznémums ir gatavs pariet uz SOA arhitekttru?
Vai esosa arhitektiira apmierina jisu prasibas?
Vai SOA ir piem@rota arhitektiira jisu uzp€mumam?
Ka tiek planota pargja uz SOA arhitekttru?
Vai eksist€josas sistemas komponentiem art japariet uz SOA?
Ka ir planots vadit servisus?
Kads drosibas Iimenis ir nepiecieSams?

1.4. SOA komponenti
Galvenos SOA arhitektiiras komponentus vislabak aprakstit ar korporacijas IBM produktu
pieméru. IBM ir viens no aktivakajiem SOA atbalstitajiem un lideris $aja joma. Kompanija
uzskata visu savu programmatiiru ka SOA platformu ar pamatu WebSphere, papildinatu ar
citu zimolu produktiem (Tivoli, Lotus, Rational, DB2). Kopuma SOA infrastruktiira no IBM
letver programmatiiru, kas nodroSina pilnu integraciju visa programmaturas izstrades cikla:
modeléSana, kodésana, ieviesSana, vadiba.
Modelésanai IBM piedava WebSphere Business Modeler — Iidzekli, ar kura palidzibu
specialisti var model&t un projektét procesu struktiiru. Papildus ir iesp&jams izmantot Rational
Software Architect.
Kodgsanai IBM piedava WebSphere Integration Developer - aplikaciju izstrades lidzeklis uz
Eclipse bazes, kas lauj baivét un ieviest biznesa procesus.
Ar Integration Developer palidzibu var izstradat kompozitaplikacijas, uzskatot esoSos IT
resursus, ka servisus, kurus var saistit sava starpa biznesa procesos. Ka papildus lidzekli var
arT izmantot arT Rational Application Developer.
Sistémas ievieSanai tiek izmantots WebSphere Enterprise Service Bus (ESB), kas veido
elastigu komunikaciju infrastruktiiru aplikaciju un servisu mijiedarbibai un integracijai.
ESB uzdevumi:
e zinojumu parsiitiSana starp servisiem;
e transporta protokolu konverté$ana starp zinojuma avotu un servisiem;
e zinojumu formata konvertéSana starp zinojuma avotu un servisiem;
e dazadu biznesa notikumu vadiba.
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Vadibai ir domats produkts WebSphere Business Monitor, kas lauj kontrolét procesu gaitu un
galvenos raditajus.

IBM piedava ari specialus produktus testéSanai: IBM Rational Tester for SOA Quality
(funkcionalo iesp€ju testéSana) un IBM Rational Performance Tester Extension for SOA
Quality (veiktspjas testéSana). Sie produkti automatizé darbsp&as un savietojamibas
test€Sanu, parbaudot sist€émas izturibu pie liela lietotaju daudzuma un nosakot maksimalo
veiktsp€ju, ka ar1 Jauj noteikt funkcionalas problémas daudzservisu videg.

Vel viens IBM produkts Tivoli Composite Application Manager lauj nepartraukti kontrolét
servisu gatavibu, veiktsp&ju un saturu, veicot regularas parbaudes un gatavojot atskaites.

2. Rezultati un to izveértéjums
2.1. Konceptualais modelis
SOA ievieSanas merkis ir izveidot servisus, kuri realiz€tu biznesa procesiem nepiecieSamo
funkcionalitati. Tas tiek darits, izmantojot biznesa procesu arhitektiiru un biznesa procesu
analizes rezultatus. Konceptualais modelis att€lo sistémas arhitektiiras uzbuves principus.
SOA izveidg ir nepiecieSama $adu augstskolas darbibas arhitektiiras sastavdalu izmantoSana:

1) biznesa apgabali, t.i., augstskolas darbibas sféras, pieméram, studentu
imatrikulacija/eksmatrikulacija, studentu maksajumu uzskaite;
2) biznesa procesi — darbibas solu seciba, lai sasniegtu kadu biznesa apgabalam

nepiecieSamo rezultatu, piem&ram, studenta kartites izveide;

3) biznesa aktivitates — atseviSki darbibas soli, pieméram, studenta datu ievade vai eksports
no reflektantu registra;

4) biznesa objekti — materiali vai nemateriali biznesa pasaules objekti, pieméram, studenta
dati, rikojuma dokumenti.

SOA servisu klasifikacija un steka $ablons ir dots 3.attela.

Veidojot arhitekttiras modeli, ir svarigi atceréeties, ka:

1) katrs augsgja slana serviss var izmantot apaksgja slana servisus, bet ne otradi,

2) bazes slana datu centriskie servisi viens otru nevar izmantot.

Pareizai SOA slanu skaita izvélei ir liela nozime. Ja to ir maz, tad var rasties problémas ar

atkartotu servisu izmantoSanu, ja to ir daudz — grutibas var sagadat sist€émas atrdarbiba.

2.2. Studenta eksmatrikulacijas uzdevuma servisu arhitektiira
Saja  apaksnodala ir aprakstits lietojuma gadijuma ,Studenta eksmatrikulacija”
servisorientétas analizes process, un analizes rezultata izveidots modelis, kas var kalpot ka
paraugs citu lietojuma gadijumu projektéSanai.
Saskana ar SOA izveides tehnologiju servisu analizi var veidot, izmantojot vienu no $adiem
panémieniem:
1) ‘no apaksas’— analiz&jot biznesa procesu analizes rezultata iegitas aktivitates, defingjot
tam atbilstosas servisu operacijas un integréjot tas servisu komponentos;
2) ‘no augSas’— analiz€jot uzp€muma visparigakas funkcijas, sadalot tas zemaka Itmena
funkcijas un biznesa procesos.
Pamatojoties uz RA studiju procesa nodroSinajuma darbibas veiktas analizes rezultatiem, tika
izveidots lietojuma piemérs, balstoties uz panémienu ,,no augsas” un veicot §adus solus:
1) biznesa servisa defingsana (skat. 1.tabulu);
2) procesu servisu noteikSana (skat. 2.tabulu);
3) nepieciesamo aplikaciju un atbilstosu saskarnu izvéle (skat. 3.tabulu);
4) servisu savstarp&jas izmantoSanas saiknu konstatéSana (skat. 4.attelu).
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Publiskie uznémuma servisi

ir pieejami uznémuma partneriem un klientiem vai to lietojumprogrammam

Biznesa apgabalu servisi

izmanto

ir pieejami uznémuma citu biznesa apgabalu lietojumprogrammam

izmanto

Procesu servisi v N
servisi-orkestri, kas, izmantojot citus servisus, kontrolg to izpildes rezultatus
‘ J
izmanto
Starpniekservisi Y N
servisi, kas veidoti ar mérki nodro$inat citu servisu savietojamibu
J

R

Bazes servisi

izmanto

datu centriskie servisi — servisi, kuri satur tikai datu centriskas operacijas, t.i.,
veic darbibas ar datu objektiem (saglabasanu, lasisanu, modificé$anu, dz&sanu)
logikas centriskie servisi — servisi, kuru operacijas veic aprékinus, bet neveic
datu centriskas operacijas

3.att. SOA arhitektiiras servisu steka $ablons

1.tabula

Biznesa apgabala servisi

Nosaukums Apraksts
Studenta Saja servisa ir integrétas visas darbibas, kuras tiek inicializétas, veicot RA
eksmatrikulacijas | studenta eksmatrikulacijas procediiru:
procediiras serviss e studenta iesp&jamo saistibu parbaude: ar bibliotekam, kopmitném,
personaldalu, fakultati;
e cksmatrikulacijas rikojuma izveide;
e diploma pielikumu vai atzZimju izraksta sagatavosana;
e studenta datu arhives$ana visas sist€émas.
2.tabula
Procesu servisi
Nosaukums Apraksts
Gramatvedibas datu Servisa uzdevums ir iegit aktualako informaciju par studenta
integracijas serviss finansialajam saistibam, izmantojot bazes servisus ,,Studentu
serviss”, ,,Studentu maksajumu serviss” un ,,Gramatvedibas serviss”.
Datu arhivésanas serviss Datu arhivéSanas serviss veic eksmatrikul@ta studenta datu
parvietoSanu no visam RA sisttmam uz datu noliktavu.
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Bazes servisi

3.tabula

Nosaukums

Apraksts

Studentu serviss

Studentu maksajumu
Serviss

Bibliotékas serviss

Gramatvedibas serviss

E-apmacibas serviss

Lietvedibas serviss

PlanoSanas un
komunikacijas serviss

AtskaiSu serviss

IT atbalsta serviss

Veic datu ievades un modifikacijas operacijas ar bazes aplikacijam.

ﬁBiznesa servisu slanis
Studenta
eksmatrikulacijas
procediras
serviss
-
ﬁ—Procesu servisu slanis \

Gramatvedibas
datu integracijas
serviss

( arhive$anas
serviss

Datu

o

=
azes servisu slanis
( 4 4 4 4 4 4 4 4
—~X —~Y
Studentu Studfnlu Bibliotékas Gramatvedibas E-apmacibas Lietvedibas P\anosgn_asu un - . IT atbalsta
maksajumu komunikacijas Atskaisu serviss
serviss serviss serviss serviss serviss N serviss
serviss serviss
-
ﬁl,ietojumu slanis
|zstradajamas |
4 4 4 4 4 v v v 4
Planosanas un Statistikas IT centra
LAIS RASMUS BIS ALISE LOCIS E-apmacibas IS EDOC IS komunikacijas un vadibas
sistéma analizes IS sistéma
-

4.att. Lietojuma gadijuma ,,Studenta eksmatrikulacija” arhitektiira un servisi

Secinajumi

Darba izpildes gaita sasniegti $adi rezultati:

e izanalizétas RA darbibas plismas;

e izpétiti informacijas sist€mu lietoSanas gadijumi,
e izanalizetas SOA arhitektiiras iesp€jas un izmantosSanas iesp&jas RA IS darba;
e izstradats RA vienotas informacijas sistémas konceptualais modelis.
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Summary

Working in the course was achieved the following result:

analyzed RA activity stream;

researched the information system use cases;

analysis of SOA architectural options and the possible use in RA IS;
developed the single RA information system conceptual model.
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SKAITLISKAS MODELESANAS PAKESU SALIDZINAJUMS
LINEARAS PLISANAS MEHANIKAS UZDEVUMA GADIJUMA
NUMERICAL MODELLING SOFTWARE COMPARISON IN CASE OF

LINEAR FRACTURE MECHANICS

Inga Vanaga, Andris Silin$, Normunds Jekabsons

Ventspils Inzenierp€tniecibas centrs, InZzenieru 101a, Ventspils, LV 3601
E-pasts: inga.vanaga@venta.lv, mob. talr.: 26021571,
andris.silins@venta.lv; normunds.jekabsons@venta.lv

Abstract: The paper deals with the accordance's comparison of resources and results of several
commercial and solid mechanics numerical modelling software. One of the most common fracture mechanics
example is Compact Tension Specimen (CTS) which is used in this paper for testing and comparing the results of
commercial solid mechanics numerical modelling software (for instance SolidWorks module CosmosWorks,
Unigraphics NX technical analysis module, etc.) using nontrivial examinations to their possibility margins.
Standard Griffith (A.A.Griffith) model of energy balance is used in linear models which explores the mesh size
influence to the precision of results. Achieved results have been compared mutually and with the examples found
in the literature.

Keywords: compact tension specimen, computer aided engineering, finite element analysis, plane
strain fracture toughness, strain intensity factor.

levads
Pasaul€ Sobrid eksisté loti daudzas CAD (Computer Aided Design — datorizéta projektésana)
programmu paketes, kas satur ieblivétos galigo elementu analizes (FEA — Finite Element
Analysis) modulus. Aplikotie FEA moduli lauj virtualaja vidé veikt nepiecieSamos
1zstradajamo konstrukciju mehaniskos testus, tadejadi samazinot gan jauna produkta izstrades
laiku, gan ar1 kop€jas izstradnes izmaksas. Turklat $adu digitalo modelu pielietoSana atbrivo
ar1 no dargu realu prototipu izveides vairaku konkurgjoSu dizaina koncepciju gadijuma.
Publikacijas meérkis ir novertét misu riciba esoSo programmatiiru, tas precizitati un rezultatu
atkartojamibu. ST mérka sasniegianai tika modeléta klasisko kompaktas stiepes paraugu
(CTS — Compact Tension Specimen) [3] plisana tiem pielikta monotoni augosa slogojuma
rezultata. Pétijums tika veikts, izmantojot divas CAD/CAE programmu paketes: 1) Dassault
Systemes SolidWorks Premium FEA (Finite Element Analysis) modulis CosmosWorks 2007 un 2) Siemens PLM
Software Unigraphics NX 6.0 FEA modulis Nastran Advanced Simulation.
Rezultatu kvantitativais tests tika veikts, salidzinot model€tos parvietojumus fiksétos parauga
punktos, ka arf aprékinu gaita iegiitos sprieguma intensitates faktorus (stress intensity factor)
lineari elastigas pliSanas mehanikas koncepta ietvaros.

Materiali un metodes
Darba tika izvéléta ASTM standartam [2] atbilstosa CTS geometrija, kas dota 1.attéla.
Par materialu tika izvel&ts tipisks plastisks velv&jams terauds (ductile iron) ar raksturigajiem
parametriem, kas apkopoti 1.tabula.

1.tabula
Izmantojama materiala mehaniskas ipasibas
Parametrs Verttha

Junga modulis 120 GPa
Puasona koeficients 0,31
Bides modulis (shear modulus) 7,7 x 10° N/m®
Stiepes izturiba (tensile strength) 862 MPa
Plastamibas robeza (yield strength) 552 MPa
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1.att. Modeléta CTS geometriskie izmeéri

Neraugoties uz galigas plustamibas robezas esamibu, tabula §1 vértiba netika tiesa veida
izmantota FEA aprékinu gaita, t.i., aprékinos tika lietots lineari elastigs materiala modelis.
Darba iegiitie rezultati tika salidzinati ar Internet vietné [1] atrodamu K, kalkulatoru, kurs§
izveidots p&c neatkarigi iegiitu FEA aprékinu interpolacijas.

Lai atrastu K|, skaitliskajos aprékinos tika lietota virtualo plaisu aizvérSanas tehnika (crack
closure technique), kas lineari elastigas pliSanas mehanikas tuvinagjuma var tikt reducéta uz
diviem parauga slogojumiem ar dazadiem plaisas garumiem. Katra no slogojumiem paraugam
pielikta slodze (100KN — pirmaja slogojuma) tika vienmérigi sadalita uz urbumu ieksgjas
virsmas. Balstoties uz detalas simetriju, FEA tika veikta tikai vienai pusei no detalas tilpuma,
izveloties par simetrijas plakni potencialas plaisas izplatiSanos plakni. Nekontrol&tas
skaitloSanas apgabala translacijas novérSanai tika nofikséts simetrijas plaknes un parauga
aizmugurgjas skaldnes sk€luma linijas viduspunkts.

Nemot véra gaidamo neviendabigo mehanisko spriegumu sadalijumu detala, tika izveidots
neviendabigs un neregulars galigo elementu rezgis (finite element mesh). To detalas tilpumu,
kas neatrodas tieSa plaisas gala tuvuma sadaliSanai tika lietots rupjaks rezgis ar tipisko
elementa skaldnes garumu 10,1 mm. Savukart paaugstinatu mehanisko spriegumu apgabala
netalu no plaisas gala tika lietots daudz smalkaks rezgis ar tipisko elementu skaldnes izm&ru 2
mm. CosmosWorks aprékini tika veikti, sadalot apgabalu ar pirmas kartas tetraedraliem
elementiem, savukart Nastran — ar otras kartas tertraedraliem elementiem [4; 5]. Autoriem
neizdevas veikt talaku rezga sasmalcinasanu SolidWorks pakete, tapéc papildus aprékini uz
smalkaka rezga veikti netika.

Katra paketé tika veikti 2 skaitliski aprékini — ar 1 un 2 mm garam plaisam. Nemot véra
apstakli, ka modelim tika uzlikts simetrijas nosacijums pret plaisas plakni, nolasitie
parvietojumu (displacement) rezultati tika reizinati ar 2.
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2.att. Skaitliska modela galigo elementu rezgis, pielikta spéka vieta un virziens (sarkanas
bultinas), ka arl simetrijas nosacijums (zilas bultinas)

Rezultati un to izverteéjums
Detalas parvietojuma rezultati tika nolasiti kopa trijos punktos: divos izgriezuma plakn@ starp
slodzes pielik§anas urbumiem un uz urbuma iek$gas virsmas, ka tas paradits 3.attéla.
Aprekinos tika iegiitas 3 parvietojuma rezultatu grupas — ar kalkulatora, CosmosWorks un
Nastran palidzibu. Katra grupa ir rezultati ar 1 un 2 mm noguruma plaisu, kas apkopoti
2.tabula.

2.tabula
Parvietojuma rezultati, mm
Noguruma Parvietojuma nolasiSanas vieta (sk.3.att.)
plaisas lielums 1 2 3
1 mm 0,112 0,194
Kalkulators > mm 0.117 0.201 -

] 1 mm 0,14088 0,18150 0,11256
SolidWorks 2 mm 0,14634 0,18860 0,11776
Uniaraphics NX 1 mm 0,14030 0,18094 0,10684

grap 2 mm 014576 0,18790 011172

Ka redzams no 2.tabulas, ar CTS kalkulatora palidzibu iegiitie parvietojumi biitiski atskiras no
FEA rezultatiem, kamér, savstarpgji salidzinot SolidWorks un NX rezultatus, tie atSkiras
mazak. Autori iegutas atSkiribas FEA un kalkulatora dotajos rezultatos skaidro ar
iespe¢jamajam kalkulatora interpolacijas kludam, ka ari iesp&jamajiem atSkirigajiem
robeznosacijumiem slodzes pielik§anai uz urbumu ieks$gjam virsmam.
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3.att. Parvietojuma rezultatu nolasiSanas punkti
1 — uz lielas plaisas uz slodzes linijas; 2 — uz lielas plaisas gala punkta; 3 — pie urbuma uz slodzes
Itnijas

Lineari elastigas plisanas mehanikas t.s. “plane stress” apaksgadijuma sprieguma intensitates
faktors K| [3] var tikt izteikts ka

K, =EG, (1)

kur E — Junga modulis;
G — atbrivota plaisas energija uz vienibas laukumu (plain strain energy release rate).
P&c definicijas G tiek aprékinats sadi [3]:

& —&
G=2"%, 2
5 ()

kur &1 — parauga clastiga energija pie plaisas garuma 1 mm un slogojuma 100kN;
& — parauga elastiga energija ar plaisas garumu 2 mm pie ieprieksgja slogojuma iegita
urbuma parvietojuma.
P&dgja energija tika iegiita, netiesi parrékinot no modela ar 100kN pieliktu slodzi un 2mm
garu plaisu. Lielums S izteiksmé (2) ir noguruma plaisas laukuma pieaugums, plaisas
garumam pieaugot no Imm lidz 2mm. Savukart modela elastigo energiju aprékina péc
formulas:

&= ©)
kur F — pieliktais speks;
U — parvietojums urbuma.
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Ar kalkulatoru iegiitais sprieguma intensitates faktors bija 17,6 MPa/m®°. P&c SolidWorks
programmatiiras iegitajiem parvietojuma rezultitem K, = 17,23 MPa/m®°, bet 5péc
Unigraphics NX programmatiiras iegiitajiem parvietojuma rezultatiem K, = 16,73 MPa/m®°.
Ja salidzina kalkulatora aprékinato K; ar FEA aprékinato K, tad SolidWorks gadijuma tie
atSkiras tikai par 2%, bet no Unigraphics NX rezultatiem aprékinatais K, atskiras par 5%.
ASTM standarts [2] dod $adu nosacfjumu lineara plisanas mehanisma pielietosanai CTS
testam:

B, a, (W-a) > 2,5 (Kic / gy)?, (4)
kur B — apskatita modela biezums (dotaja gadijuma 100 mm);
a — attalums no noguruma plaisas galapunkta 1idz slodzes Iinijai (dotaja gadijuma 31,5 un
32,5 mm atkariba no noguruma plaisas garuma),
W — attalums no modela aizmugures sieninas lidz urbuma centram (102,5 mm);
Kic — kritiska sprieguma intensitates faktors;
oy — maksimalais spriegums apskatamaja modeli.
No izteiksmes (4) izriet, ka apliikoto lineari elastigo pliSanas mehanikas modeli dotajai CTS
paraugu geometrijai var pielietot t€raudu markam, kuru K;c <= 100 MPa/m*?.
4. un S.attéla iesp&jams redzet un salidzinat pakesu dotos von Mises ekvivalento sprieguma
rezultatus. CosmosWorks maksimalo spriegumu uzrada 252 MPa, bet Nastran — 338 MPa
atbilsto$i dazadam atrisinajuma aproksimacijas kartam galigajos elementos.

von Mises (NAnm*2 (MPa))

252323
I 231329
. 210334

. 189.340
& . 168346
147352
126.358
105364
L 84368
| 63375
42381
2387
0393

— Yield strenoth: 551.485

4.att. Von Mises spriegumu sadalijums, iegiits ar SolidWorks CosmosWorks palidzibu
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simZ-feml 3 Sclution | Result
Load Cose |. Static Step |

Stress - Elemental, Von-Mises
Min 2 3.751e-001., Max : 3.383e+D02, NmnAZH
Defermation f Displacement - Nadal

.383e+002

— 2.820e+002

W W

. 102e+002

— 2.53Bet+002

— 2.257e+002

l

»975e+002

.684e+002

4] 2e+002

. | 30e+002
= 8.486e+001

B 5.670e+001
I 2.8545/001
3.751124501‘

5.att. Von Mises sprieguma sadalijums, iegiits ar Unigraphics NX Nastran palidzibu
(skats no apaksas)

Secinajumi

Apréekinu rezultati rada labu K; saméribu (>= 5%) visos apskatitajos gadijumos. Turklat abu
FEA modulu rezultati savstarpgji atSkiras mazak neka par 3%, neskatoties uz dazadu lietoto
galigo elementu tipu. Japiemin, ka maksimalie spriegumi dazadu elementu tipu de] atskiras
par aptuveni 30%.

P&c autora domam, no abam izmantotajam CAE programmam aprékinu veikSanai &rtakais
bija Unigraphics NX Nastran papildinajums. Tacu katrai no programmam bija arT savas
negativas puses. SolidWorks papildinajums CosmosWorks bija lietotajam saprotamaks no
sarezgitibas viedokla, tacu tas biezi ,,trauc€ja lietotajam” ar neizprotamiem pazinojumiem, ka
nespgj pildit lietotdja noradito uzdevumu un bija visai ,kaprizs” uz aprékinu nosactjumu
veidoSanu. Pieméram, CosmosWorks programmatiira visproblematiskaka bija galigo elementu
rezga izveide — ka tika minéts, nebija iesp&jams uzlikt rezgi smalkaku par 2 mm ap plaisas
regionu. Savukart Nastran programmatira spéja izveidot So rezgi pat ar 0,02 mm smalkiem
elementiem un praktiski vienmér veidoja rezgi. Ta¢u Nastran programmatiiras minuss, pec
autoru domam, ir ta sarezgitiba, pieméram, viena simulacija sastav no vairakiem failiem: pasa
modela, rezga un materiala ipasibu un simulacijas fails. Konkrétas darbibas bija iesp&jams
veikt, tikai stradajot ar noteiktu failu, tap€c visu laiku ir japarslédzas starp Siem failiem, kas
nav erti.

Conclusions
Results of the calculations shows a pretty well conformity of K; (>= 5%) at all examined
occasions. Besides, difference of results for both FEA models despite using different finite
element type is less than 3%. To mention is that because of usage of different finite element
type the max tension differ for about 30%.
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Choosing the best of both used CAE software, according to author's thoughts, more
convenient for calculations were Unigraphics NX Nastran software. However, both of the
software programs had some disadvantages aswell. SolidWorks extension CosmosWorks was
more understandable from the complexity point of view but it bothered the user with several
incomprehensible messages quite often saying it is impossible to complete the user given
assignments. It was also pretty “capricious” with it's conditions for calculations. In
CosmosWorks software the most challenging step was to create a finite element grid — it was
not possible to create a grip finer than 2 mm around the region of fracture. On the other hand,
Nastran software was able to create a grid with a fineness of 0.02 mm and there were no
problems making grid in every attempt. The disadvantage of this software is it's complexity,
for instance, one simulation consists of several files: model file, grid and material
characteristics file and simulation file. It is necessary to switch between the files all the time
because specific actions can only be done with particular file.
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GRAVITY —-OPERATED IMPACT FEEDER DYNAMICS
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Abstract. This paper deals with the dynamics of rigid body that collide with a rigid surface; such
motion with impact of bodies takes place in the gravity operated impact feeders. Feeders are mechanisms of the
single- peace feeding for the forced moving of the oriented workpieces. In this work the vertical gravity-impact
feeder for moving of the prismatic or plane details is presented. The parts move on inclined guiding plates, free
fall and collide with the down plates, the impact phenomena may be used both for decreasing of velocity and
for the orientation of the tracking workpieces (lateral reversing). System of equations of plane motion of detail,
including stages of sliding on the slope guideway, free flight, impact and motion to the next guideway, are
written down. System of equations is solved numerically with help of MathCAD program.

Key wards: forced moving, motion of bodies with impact, dry friction, unilateral constrain.

Beeaenne
[Iupoko pacnpocTpaHEHHBIM BHUIOM TEXHOJIOTMYECKOTO TPAHCIOPTA SBJSIOTCS Pa3IMYHOIO
BUJA TPAHCIOPTEPBI, CIYCKH, OyHKepbl, nmutarenu (¢uuepsl). [lurtaTtenun — 3TO pazauMaHOTO
BUJA 3arpy304HO - pa3rpy304HbIE YCTPOMCTBA, KOTOpPbIE CIYXHUT JUIsl MOAAYM JETald B

OPUCHTHPOBAHHOM ITOJIOKEHHH HAa KOHBEHP HIIM K 00pabarhiBaroieMy 000pyaoBaHuio [7; 8;
9].

Puc.1. Moaeanb IPAaBUTAIIMOHHOI'O MUTATECJIA U CXEeMa JIBUKCHUA T1€TAIU

B nanHoi#l paboTe paccMOTpeH BEPTHKAIbHBIM MEXaHWYECKUH MUTATeNb ¢ TPaBUTALMOHHBIM
CIocoO0M TPaHCHOPTHUPOBAHUS; YCTPOWCTBA TAKOTO THUIA CIYXKaT JUIsl TPAHCIOPTHPOBAHUS
JETKUX U3/AETHHA ¢ HEOOIBIION CKOpOCThIO cKoNbxeHus (Puc.l). SIBnenue ynapa B muraTensx
MO>KET MCIOJIb30BaThCs KaK JJII CHUKEHUS CKOPOCTH TPAaHCIIOPTUPYEMBIX AETANIEH, TaK U JUIS
UX OpPHEHTAIMM — MOBOPOTa MPOTUBOMOJIOXKHON cTopoHOi. [luTatens mpeacraBiser coboi
BEPTUKAIBHBIA JIOTOK C NPHUKPEIUISIEMBIMM K CTEHKaM INIACTUHAMH, YroJl HAKJIOHAa K
TOPU30HTY KOTOPBIX MOXHO pEryiaupoBaTh. JleTallb HAUMHAET IBW)KCHHE IO IMOBEPXHOCTH
IUTACTHHBI, KOTJa YroJl HakjJIOHA IJIACTHHBI K TOPU3OHTY CTAHOBHUTCS OOJbINE Yrila TPEHHS.
Jl1 mpaBUIBHOTO OPUEHTUPOBAHMS JI€TAIM B IUIACTUHE YCTPAUBAETCs HANPABIAIOLIUHN Ma3,
MO3TOMY JIBUKEHUE AETAIN IO IUIACTUHE OyAeT IUIOCKUM. JleTaib CKOJB3UT IO HAKJIOHHOU
IUTACTHHE, CBOOOJHO MAaJacT Ha HIDKEPACHOJIOXKEHHYIO IJIACTUHY, NPU yIape C KOTOpOH
MOXXET MEHSATHh IOJIOKEHHE, TepeBOopaynBasch oOpaTHON crtopoHoi. KommdecTBo mimacTuH
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3aBHCHUT OT BBICOTHI, Ha KOTOPYIO HEOOXOAMMO IepelnaTh [eTalld, HAKJIOH IUIaCTUH U
pPacCTOSIHUE MEXJy HUMHU 3aBUCUT OT JIOMYCKAaeMOW CKOPOCTH IBWXKEHHUS JeTajed U OT
HEOOXOJUMOCTH TMOBOpAauYMBaTh JAeTanb. CXema JIBUKEHHS IUIOCKOTO CEUEHHUs NeTalld 0
HaIpaBJISIONIMM [T0Ka3aHa Ha pUCyHKe 1.

1. PacuérHble Moaenun
Jerans paccMaTtpuBaeTcsl Kak abCONIOTHO TBEPAOE TEINO, JABH)KEHHUE KOTOPOTO MPEphIBACTCS
COYIapeHUSIMH C HEMOJABWKHONW a0CONIOTHO TBEPIOW TIMOBEPXHOCTHIO. Takue 3amauu
OTHOCSITCSL K pa3liely MEXaHHUKH, WU3YYalolleMy IWHAMUKY CHCTEM C HEyAEp KHBAIOUIMMHU
cea3smu [2; 3; 5; 6]. Haubonee akTyallbHBIM 3]I€Ch SIBIISICTCS MOJCIMPOBAHUE U aHAIIU3
sBiieHus yaapa [1; 3; 4]. Yaap Tena moaenupyercs Kak yaap aOCOJIOTHO TBEPIOIo Tela, s
pELIEeHUsT HCIOJIb3YeTCsl KJlacCHuecKas Teopus yAapa B COUYETaHUMM C Tunore3oil Paycca,
YUUTHIBAIOIICH TpeHue mpu ynape no 3akony Kymona. [[ns monydeHus mapaMmeTpoB ynapa
COCTaBJISIOTCSA OOLIME ypaBHEHUS AMHAMUKH, IIPU 3TOM BPEMs yJaapa paslessercs Ha JBe
¢a3bl — B KOHIIE TIepBOH (ha3bl HOPMaJIbHASI CKOPOCTh TOUYKH KOHTAaKTa Tejla paBHA HYIIO, 3TO
JMa€T JOMOJIHUTEIbHOE YpPAaBHEHUE CBSI3U Ul ONpEENIEHUsT HEU3BECTHBIX. [l omnucaHus
mpolecca yaapa UCIoib3yeTcsl YAapHbIM UMITYJIbC, MTOJTHbIE UMITYJIBChl HOPMATbHON PEaKuu
B IEpBOil M BTOPOI (hazax cBA3aHBI COOTHOIIEHMEM iy = RSpy | monmele mmmynbcel cun
TpEHHs IPU CKOJIbKEHUH paBHbI 217 = ~f31 Sur = —f51 . Kak nokasano B puc. ITpu miockom
ylape Tela O HENOJBHKHYIO Iperpaay B 3aBHCHUMOCTH OT HadallbHBIX YCJIOBHUH yaapa u
WHEPLHUOHHBIX CBOWCTB TEJIa MOTYT CYILIECTBOBAaTh CEMb Kaue€CTBEHHO PAa3IMYHBIX CIy4acB
yaapa: 1) moysiHOe CKOJBbKEHHE Tejla B OJHOM HAlpaBICHUH, MOPOXKIACMOE OYIAPHBIM
JBIDKCHHEM  Teja;, 2) TOXE, [OPOXKIAeMOe JOYIAPHBIM  PACIIOJIOKCHUEM  Tela;
3) HECKOJIb)KEHHE B TOYKE KOHTAKTa; 4) MOJHOE CKOJILKCHUE CHadaja B OJHOM, a 3aTeM B
IPOTHBOIOJIOXKHOM HalpaBJIEHUHU C PEBEPCOM BO BTOpoH (asze yaapa; 5) Toxke, C peBepcoM B
nepBoii daze ymapa; 6) mpexpaiieHre CKOJIbXEHHS BO BTOPO# (ase yaapa; 7) ToOxe, B epBOi
daze ynapa. Bropoii u Tpetuii ciiyyau yaapa nosiBIsiioTCs TOT/AA, KOIJIa TOUYKa KacaHUsl UMEeT
TOJIKO HOPMAJIbHYIO K IOBEPXHOCTH yJapa CKOPOCTb, YTO B JIAHHOM CiIydae IBUKCHHS

JeTal¥ WCKIIOUEHO. Yap CUMTaeTcs aOCOMIOTHO HEYNpruM, T.e. Koddduumuent R =10
II03TOMY YETBEPTBIN U IIECTOM CIy4yau yAapa TaKKe HE pacCMAaTPUBAIOTCS.

2. YpaBHeHHSl TUHAMUKH
[Ipu ABMKEHUU TeJa MO0 HAIPABJISIIONTUM TIaCTHHAM (GHUIepa pa3InyaloTcs S ITaIoB:
1) ckobKEHHE 0 HAKJIOHHOH IIOCKOCTH - MOCTYMATENbHOE IBUKEHUE;
2) TI0CKOE JIBUKEHUE — CKOJILKEHUE C TOBOPOTOM TPH HAJTMYUHU HEYIECP)KUBAIOIIEH CBSI3H;
3) cBOOOHOE IBMKEHHE TeJIa a T0JI€ CUIIBI TSKECTH,
4) CTOJIKHOBEHHE C HAKIIOHHOM MIIOCKOCTHIO;
5) mockoe ABMKEHNE — CKOJIBKEHUE C BAIllEHUEM JI0 COYAapEHUS C MIO0CKOCTHIO.
Oco0OEHHOCTBIO 3alMCH ypaBHEHWUH TUHAMHKH W ONPEICICHUS MapaMeTPOB JBHKCHHS B
JIAHHOM 3ajiaue SIBISETCS HCIOJIB30BAHUE Ui KaXKIOI'0 BUIA JIBHXKEHHUS CBOCH CHUCTEMBI
KOOpJMHAT, cocTaBlieHUEe (opMya mpeoOpa3oBaHUS KOOPAWHAT WM 3HAYCHUH TMPOCKITUI
CKOPOCTEH M3 OJTHOM cuCTeMBI B Ipyryro. KoHeuHble 3HaYeHHS MapaMeTpOB Ha Ka)XJI0M dTare
SIBIITFOTCS. HAYAJIbHBIMK B HOBOM CHCTEMe KOOPIMHAT JIJIS CIICYFOIIETo dTara JIBIKCHUS.

1) MocTynaTeibHOE ABMKEHHE - CKOJIbKEHUE M0 HAKJIOHHOI MI0CKOCTH (PHC.2).
Koopnnnata — och X, ypaBHEHHE JBM)KEHUS HA TIEPBOM dTare Npu 6€30TPhIBHOM JIBUKEHUU:
%, = g(sin{e) - fros(a))

1

2L
CKOpPOCTE M EPeMA ABMXEHHA: UV = JEQL(Sin[&'} - feos(a)) r= 43{51'1{55} - feos{al) .
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IZI€ o — YroJl HaKJIOHA IIJIOCKOCTH K TOPU30HTY, ¢ — LICHTP Macc Tea,
f — k03 durmeHT TpeHus (MMOKOS U CKOJBKSHHUS TPEyCMAaTPUBAIOTCS OJHHAKOBBIMH).

Puc. 2. IlepBblii M1 BTOPOIi 3TANbI IBUKEHUS Puc. 3. Tpernii 3Tan 1BUKeHHUs TeJa

2) ILnockoe aBH:KEHME - CKOJIbKEHHE C MMOBOPOTOM BOKPYI' TOYKH P J0 OTACICHUSA OT
CBA3HU (pHc2) CBs3p B TOUKE KOHTakTa P ACTaJIM U TUIACTHHBI HCYACPIKUBArOIas, CHUJIa

peakuuMyu B TOYKE KacaHHMsl NOJUYMHSIETCS YCIOBHMSIM 3aKOHAa CyXOIrO TPEHMs, T.€. 3aKOHY
'E_':l
- _ B -
F=-fN o] npH v, =0
Kynona: 2
N - HopmaJibHas cula peakiuu, F — kacaTesnbHas cuila peakuu.
UCTEMBI KOOpIMHAT (PpHUC.2)! XoY- HENOABHWKHAS MPSAMOYTOJIbHAs CHCTEMa KOOpPIMHAT,
C 2): X
HA4aJio KOOPJAMHAT - Kpal MIUTHI, X1CY1 - MPOXOAAIIAs Yepe3 LEHTP Macc JeKapToBa cucTemMa

KOOpJAWHAT, IapajjienbHas Xoy, fCi’] - I[IpAMOYToOJibHasA CUCTEMa KOOpAWHAT , KECTKO

|FlsfNopun v, =0. Nz0

CBs3aHHaA C TCJIOM, IHOJPHBIC KOOPAWMHATHI: r— paanycCc-BEKTOpP, U3 TOYKHU Ps C, 1 @ — yroia
co6CTBEHHOro I0BOpoTa Tena, T = rit), ¢ = @lthx =rcoslp),  y=rsinle),
VpaBHEHUS BHKEHHUS:

N
r@+ 2Fp = —;—n+g cos(e + @)
F
F-rp?* = —H+gsin[ﬁc+fp]
J@ = Nr
Vr10Bas CKOPOCTh 1 YIIIOBOE YCKOPEHHUE Tea:

@ =, o =g
paavalibHas U TaHTEHIMAIBHASA CKOPOCTH LIEHTPa Macc:

HavanbHble yCIIOBHSI BTOPOTO ATana:
w0 =0, 0 =vr=m1 rid=0, @ 0 =0, N0 =mg cos(a),

KOHEYHbIE ITapaMeTphbl BTOPOro 3rama: “i P10 1, Ty
Koner 3Tana —paBeHCTBO HYJIIO HOPMAJIbHOM pEaKMy I PABEHCTBO KOOPAMHATHI LIEHTpa

=@ =
Macc PacCTOSIHUIO OT LIEHTPa Macc J0 Kpast IeTaju: ! f wm Ny =0

Hauanbnbie ycnoBUs TpeThero 3ramna:
Xqq = 1y cos[{@]), Yeo = Ty sin(@q) , Wy =y

kg =Ty cos[(@.]) - r@sin(e,) 6 Vo =7y sini@,) +ri@cosie,)
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3) CBoOoaHoOe IBM:KEHHE TeJIa B M0JIe CHIIbI TSKeCTH (puc. 3) UCIONb3YIOTCS IEKaPTOBBI

KOOPAHUHATEI X0V .
X, = g sin{z)

¥ = g cos{a)
Je=0
YpaBHEHME HUKHEH IIJIACTUHBI B KOOPAUHATAX X0V :
_'x_' 7
fle.y) =0, MM KaK YpPaEHeHHe NpAMOoil B OTpesKax: r +% =1

rac dub- OTPE3KU, OTCEKACMBIC JIMHUEH HIKHEH IJJACTHUHBEI IT0 OCSIM X U V.

Koopaunarsl Touku croskHOBeHHS K
@ a
Scosl(0]) g =1 +5sin(e)

OripezesieHre TOYKU COYJIApEHUsI 1 MOMEHTA yJiapa - BHIIIOJIHEHUE YCIOBUSL OAHOCTOPOHHEH

CBSI3U:

_'X_' 7

E , V& 1,

_'X.'K:xc+

—+—==
o] b
HopMmanbHas u kacartenbHas K IJIOCKOCTH CKOPOCTH TOYKM KOHTaKTa B MOMEHT Hauajla yaapa:
. . a .. . . el
x;,::xc—mlis[m(fp]), }’K=}’s+m1§‘305(fﬂ)J Wy = g
Vgn = kg sin(B) + Vg cos[(5]) Vge = —Xgcos(f) + Vgsin[(F])

Vi = ¥, Sin8) + J cosk(B]) + @y 5 cos(p + )

4) Yiap Tejia 0 HENMOJABUKHYIO MOBEPXHOCTh HHIKHEH IUIacTHHBI (puc. 4), KOOPAMHATHI -

HOpMaJlb M KacaTelbHas K IUIACTUHE, Hayauo KOOPAMHAT — B Touke coymapenus K: MKT
KOOP/MHATHI TeJa 3a BpeMsl yiapa He MEHSIIOTCs, TIOCIeyIapHbIe CKOPOCTHU OIPEACIISIOTCS U3
00IIUX ypaBHEHUIH TUHAMUKY Ui yaapa [1].

a) Bapuasr | b) Bapuanr Il
Puc.4. YeTBEpTHIN M NATHIN 3TAaNbI — yAAP O IVIOCKOCTH U MOCJICyJapHOE IBHKEHHE

Yron MCKIY HAIIPaBJICHUEM OCH a TIAaCTUHBI CKOPOCTHU U HOPMAJIBIO K IIJIOAAKE
e =F+o-Tf
YTOJ MEXY HalpaBICHUEM IPEAYyAAPHON CKOPOCTH M HOPMAJIBIO K IIOIIAJIKE

Ve
& = arctan (—)
vkn .

5) Ilocaeynapuoe nBu:keHue (puc. 4) - MWIOCKOE JBUKEHHUE CO CKOJIbKEHUE IO IIIOCKOCTH
0e3 oTphIBa MpHU YCIOBUM aOCOJIOTHO HEYNpPyroro ynapa. JIBukeHue Tena Iocie ynapa
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onuceiBaeTcs AudQepeHnanbHbIMU YPAaBHEHUSAMH B IPOEKLIUU HA OCH T U N, ¢ Ha4aJIbHbIMU
YCIIOBUSIMH, IIOJIYYEHHBIMU HA IPEABIAYILIEM dTale pacué€ra — yriaoBas CKOPOCTb, CKOPOCThb
LIEHTpa MacCc U IMHAMHUYECKas PeakLys B TOYKE yAapa.

3. YucjeHHbIe IPUMePbI
Hwxe npuBoauTCcs NpuMep YMCICHHOIO pEUICHUs [JaHHOM 3a1adyu Ui TPaHCIOPTUPOBKHU
JIeTaI CO CIEAYIOUIMMHU JaHHbIMU: mMacca M=0,3 ke, anmuna 0, M, MOMEHT WHEPLUU
OTHOCHTEIBHO OCH, TPOXOmimieil depes ueHtp macc Jo = 2,5-10" xem®, mo nym
HampaBiomUM maactuHaM (puc.2 u 3). PaccmMoTpeno aBa BapuaHTa ABMXKEHUS JI€TalIU —
1ojada ¢ OJHOW IUIACTHHBI HA JIPYTyr0 0e3 MmepeBOpauyMBaHMs JACTAIM U [0JIa4a C PEBEPCOM,
JUISL 3TOTO TMPUMSIOTCA pa3Hble CHOCOOBI PACIIONIOKEHUsS IJIACTHH: 1) BIEPBOM BapUaHTE

TIPUHATHI CIEAYIOIIME TapaMeTphl: yroJl HAKIOHA HaNpaB/IAroIMX miactul a=15° £ = 30°,
ypaBHEHHE MOBEPXHOCTU HIDKHEH IUIACTHHBI B OCSX XV, MPOXOSIIMX 4Yepe3 Kpail mepBoi

IIJTACTHUHBLI .
* + 4
0347 " 0.2
2) BO BTOpOM BapI/IaHTe er'IBI HaAKJIOHAa BerHeI/I N HHXHCHU HaHpaBJ’IHIOH.II/IX IIJIACTHH
paznuunbl 0=10°, = 35°, yYpaBHEHHUE NTOBEPXHOCTU HUKHEM IIIACTUHBI B OCAX XY
X ¥

0azsto3 !

KoaduuueHT TpeHHs CKONBXKEHHS M IIOKOS MPHHHAT OAMHAKOBBIM M paBHbiM f=0,15,
K03 PHUIIMEHT BOCCTAaHOBIICHHSI HOPMAJILHOW PEAaKIMU B TOUKE yJapa MpUHAT paBHBIM R= 0.
JIBuKeHHe neTanu HauuHAeTCsl ¢ 0€30TPBIBHOTO CKOJBKEHUSI 110 BEPXHEH MIacTHHE, PacuéT
BbINoJHEH B mporpamme MathCAD, pe3ynbTathl pacuéra npuBeneHb B Tadauie 1.

Kak BugHO W3 TaOauIbl, B MEPBOM Clydae yrioBas CKOPOCTh MEHSET 3HaK IOocle ynaapa,
CKOpPOCTB TOYKH TeJIa, COTMPHKACAOIIEHCS ¢ TIOBEPXHOCTHIO, TAK)KE MEHSET 3HAK, TOCIIe yaapa
TEJIO JIOKUTCSI Ha IJIACTUHY TOW e CTOPOHOM; BO BTOPOM ciydae CKOPOCTH 3HaKa He
MEHSIOT, TOCJE yaapa Telo JIOKHUTCS Ha TIacTUHY oOpaTHO#l crtopoHoi. ['padwuku nms

MEpBOro BapuaHTa 3aBUCUMOCTHU IIApaMCTPOB JABUKCHUA OT BPECMCHU IPUBCACHBI HA PUC. 5-7.
‘1 _
3

(o Ty

-
_____

b ] 0os oty 01 oy ] 0.05 tn 0.1

0 0.05 ty 0.1

Puc.5. IBU:KeHUH TeJia HA BTOPOM J3Tane. ['paduku 3aBUCUMOCTH a) HOPMaJIbHON PEeaKINU
onoproii Touku N=N(t), b) yrnoBoii ckopoctu @ = w{t),
C) ckopocTel paananbHOi Ver = Ver(t) u Tanrennmanbrol Vew = Vew(t) mentpa macc

1 g

a0 0.05 0.1 b) , , 0 005 4 01

ty

Puc. 6. JIBUKeHUe Tesla HA TPeTheM dTane. [ paduku 3aBUCUMOCTH: &) yrJia IOBOPOTA OT

BpemeHH ¥ = @t b) ckopocTH IIeHTpa Macc 0T BPEMEHH V= Vxc (1), Vyc= Vyc (1),
¢) hyHKIMH orpaHndeHus ot BpeMeHu Xi/0.428+y, /0.3 < 1
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Tabnuya 1.

HapaMeprI ABUIKCHMS TEJIA 10 HATIPABJISIIOIIUM IIJIACTHHAM NMUTATEISA

Ao Oman deuoicenust Eo. Bapuanm 1 Bapuanm 2
B THapamemp Osusicenus usm a=15, =30 a=10, p=35
IIpeBelii 9Tan — CKOJIbKEHUE
1 Bpemsi ckonbxeHus c t 0,423 0.887
2 CKOpOCTh B KOHIIE TIEPBOTO ATaIa me | Vg 0.473 0.226
Bropoii aTan — miockoe IBMKEHUE IO OCBOOOIKICHUSI OT CBSI3H
3 HauanpHble KOOpMHATHI IEHTPa MacC m/c Ty 0 0
m/c Py 0 0
4 HauanbHast ckopocTh LIEHTpa Macc Me | Veg 0.473 0.226
me | Vg 0 0
5 HauanbHas yrioBas CKOPOCTh el | wy 0 0
6 Bpewms nemxeHus [+ t 0.879 1.169
7 KoHeuyHbIe KOOpIMHATHI IICHTPa MAacC M r 0.5 0.35
pao @ 0.265 (15.18°) 0.439(45.15°)
8 KoHeuHast ckOpOCTh LIEHTPa Macc mMe | Vpy 0.746 0.527
Mme | Vgy 0.271 0.269
9 Koneunas yriosast CKpoCTb S 5.490 7.637
Tperuil 3Tan — cBOOOHOE MIOCKOE JBIDKEHHUE
10 HauanpHble KOOpMHATHI EHTPA Macc M Xeg 0.049 0.032
M Yen 0.012 0.015
11 HauanpHasi cKOpocTh LIEHTpa Macc MC | Vyen 0.653 0.363
Me | Vyeo 0.461 0.467
12 | VYrnosas ckpoctp e = “1 £t | wy 5.490 7.637
13 Bpewms nemxeHus (% t 0.821 1.417
14 KoopauHats! neHTpa Macc M Xeq 0.111 0.101
B KOHIIE ATaIa M Yer 0.082 0.178
15 Yo NoBOpOTa B KOHIIE 3Tana pao | @y 0.716(41.02°) 1.521(87.15°)
16 CKOpOCTB IIEHTpa Macc B KOHIIE ATara (HaJaje mMe | Vieeq 0.862 0.605
ynapa) Me | Yoy 1.239 1.837
UeTBEPTHIN 3TAIl — CTOJKHOBEHHE C HAKJIOHHOM MJIOCKOCTHIO - yAap
17 Yo MeXIy TeJIOM U HOPMAJIBIO K pao | @y -0.331(18.97°) 0.561(32.14°)
MOBEPXHOCTH MJIACTHHBI
18 KoopauHats! neHTpa Macc M Teg 0,016 -0.027
B HayaJle ygapa M MNeg 0,047 0.042
19 CKopoCTh IICHTpa Macc B Havase yaapa Me | Verg -0.127 0.558
me | Vppng -1.504 -1.852
20 HauanpHast cCKOpoCTh TOUKH TelIa, Me | Virg 0.133 0.881
COYJapSIOIIEHCS C HOBEPXHOCTBIO MCe | Ving -1.593 -1.649
21 Tun ynapa 5 1
22 CkopocTb IIEHTpa Macc B KOHIIE yAapa me | Verg 0,043 0.408
m/c -0,188 -0.851
23 VYrnoBast CKOPOCTb B KOHIIE yIapa g1 iy -11.722 31.972
24 | KoneuHas cCkOpOCTh TOUKH yzapa me | Virg -0,508 0.408
m/c 0 0
I14TBIi 9Tan — JIOCKOE IBUKEHUE 10 CTOJIKHOBEHHMS € INIOCKOCTBIO
25 Bpewmsi iBHKeHHs c t 0.868 0.031
26 KoneuHast yrinoBast CKOPOCTb ct iy -18.837 34.50
27 KoneuHasi ckopoCTb [IEHTpa Macc Me | Verg 0.284 0.527
m/c -0.876 -1.072
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1 104 } | 0.067
0 0.05 0.1
0.041
Np 03 @y -15 Ten -
T g 024
. , 30 “
0 0.05 0.1 t . oy
a) t b c) 0 0.05 01
) tn

Puc. 7. IBu:KeHHe TeJIa HA NATOM 3Tane. [ paduky 3aBUCUMOCTH: a) HOPMAIbHOW peaKIuu
N=N(t), b) yrnosoii ckopoctu ¢ = @), ¢) koopaunar UeHTpaMace T, = T.(t).
ne =n.(t)

BrIBoabI

B nanHoii pabore u3y4yaercs AMHAMHKA JIBUXKEHUs aOCOIOTHO TBEPAOIO Tejia MpHU HAIMYUU
€ro COyJapeHui ¢ TBEPIAOW IOBEPXHOCTBIO. Takoe IABMKEHHUE MMEET MECTO B IUTATENSX
yZlapHO- TPAaBUTALlMOHHOIO TUna. SIBleHME ynapa B IMUTATENSAX MOXKET HCIIOJIB30BATHCSA Kak
JUISl CHDKEHMSI CKOPOCTH TPAHCIIOPTUPYEMBIX JIeTalel, Tak U I uX pesepca. [Ipencrasien
HUTATeNb Ui BEPTUKAIBHOTO MEPEMEIIEeHUs] HEOObIINX JeTalield Ipu3MaTHUECKOH (hOpPMBI.
Jletanp CKOJB3UT IO HAKJIOHHOHM IIJIaCTMHE, CBOOOJHO MaJaeT Ha HUKEPACIOJIOKEHHYIO
IUIACTHHY, IIOCJIE CTOJKHOBEHHS C KOTOPOM MOYKET MEHATH IIOJIOKEHUE, N1EPEBOPAUYNBASIChH
oOpartHoii cTopoHOH. KonndyecTBO MIacTUH 3aBHCUT OT BBICOTHI, HA KOTOPYIO HEOOXOIUMO
nepesaTh AETajad, HAKJIOH IUIACTUH M PACCTOSHUE MEXIYy HMUMM 3aBHCHUT OT JIOIIyCKaeMOM
CKOPOCTH JBMXKEHMs JeTajJeil U OT HEOOXOAMMOCTH NOBOpauMBaTh jAeTanb. s miockoi
MOJIEJIM 3alCaHbl YPaBHEHUS NTUHAMMKHU JUIsI KaXXIOI0 BUJAA JBMIKEHUS C HCIOJb30BAHHUEM
OTJIEIbHOW CHCTEMBl KOOPAMHAT, COCTaBJIE€HbI (OPMYIbl MpPeoOpa3oBaHMsl KOOpPJIMHAT.
KoHeuHble 3HAaueHUs MapamMeTpoB Ha KaKJOM JTalle JBWIKEHUS SIBJIAIOTCS HAdaJbHBIMU B
HOBOW CHUCTEME KOOPJAUHAT JUIA CIEIYIOIIEro dTamna. Y CTAHOBJIECHBI YCIOBHs pEBEPCa ACTAIU
B pe3yiabTare €€ CTOJKHOBEHMS C HAKJIOHHOM IUIOCKOCTBIO: Ui TOTO, YTOOBI JIeTallb
IIepEBEPHYJIAaCh, HEOOXOAMMO, YTOOBI YII0Bask CKOPOCTh IOCIE yJapa HE MOMEHsUIa 3HaK W,
KpoMe TOro, Obula J10CTaTOYHA, YTOOBI TENO Bpallaloch B HY)XKHOM HampasieHuu. [lpu
HAaKJIOHE IJTACTUHBI CJI€BA HANPABO BHU3, MIOJIOKUTEIBHON HAYAJIBbHON CKOPOCTH BpAIICHUS U
MOJIOKHUTEIHPHOM HadyaJIbHOM yIJIe MEKAY HOPMaJblo K IUIACTHHE U JIeTalbio (00JbIleM, YeM
yroJl HakJOHa IUIACTUHBI K TOPU30HTY) CKOpPOCTh BpAIlEHUS IIOCIE yhapa OCTaércs
MOJIOKUTETBHON U HEYNPYTuil yap Oy/€eT C MOJIHBIM CKOJIbXEHHUEM B OJHY CTOPOHY(HAIPaBo
BHU3); OTPULIATEJIbHBIN HAYaIbHBIN YToJl MEX/ly HOPMAJIBIO K TUIACTUHE U JETAJIbIO IPUBOJIUT
K IepeMeHe HaIpaBJICHHs BpAIIEHUsS, NMPH 3TOM aOCONIOTHO HEymnpyruil ymap Oymer c
IIOJIHBIM CKOJIBKEHUEM W IIEPEMEHOM €ro HampasiieHHs. JlaHble YHUCIICHHBIC PEIICHUS
yYpaBHEHMI JABMKEHHS ¢ oMoIIbio iporpaMMbel MathCAD.

Summary
This paper deals with the dynamics of rigid body that collide with a rigid surface; such motion
with impact of bodies takes place in the gravity operated impact feeders. Feeders are
mechanisms of the single - peace feeding for the forced moving of the oriented workpieces.
The impact phenomena may be used both for decreasing of velocity and for the orientation of
the tracking workpieces (lateral reversing). For the vertical translocation of small workpieces
of prismatic form a feeder, in which workpieces are moved under gravity on inclined guide
plates, is presented in this work. Workpiece slides on inclined plates, freely falls on the below
located plate, during impact workpiece can change the position, inverting the back. The
number of plates depends on a height on which it is necessary to pass details; slope of plates
and distance between them depend on the permissible speed of details motion and necessity to
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http://www.multitran.ru/c/m.exe?t=492208_1_2
http://www.multitran.ru/c/m.exe?t=2444582_1_2

overturn a detail. All stages of plane detail motion are considered: 1) translation motion
(sliding on a surface), 2) plane motion (sliding with a rotation) without separation from
constraint, 3) free motion in gravity field, 4) impact (collision with rigid plate), 5) plane
motion after an impact till the contact with a plate. Dynamics equations are written down for
every type of motion; the features of formulae arrangement and motion parameters definition
are the using of proper coordinate system for every type of motion, development of formulas
for coordinates convertion and velocity projections transform from one coordinate system into
another. Finite values of parameters on each stage are the initial ones for the next stage of
motion in new coordinate system. The conditions of inverting of detail as a result of its
collision with rigid plate are found. In order to a body turned over it is necessary, that angular
speed did not change a direction after impact and, in addition, was sufficient for a body
rotation in necessary direction. At inclination of plate from left to right downward, positive
initial angular velocity and positive initial angle between surface normal and detail - greater,
than inclination angle of plate to horizon - angular velocity after impact remains positive and
perfectly inelastic impact will be with complete sliding in one side ( to the right downward); a
negative initial angle between surface normal and detail results in a veer rotation, here
perfectly inelastic impact will be with the complete sliding and changing of sliding direction.
The numeral examples of workpeace motion are given, equations of motion are solved with
help of MATHCAD program.
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RIGIDITY OF RUBBER-METAL ELEMENTS WITH THIN LAYERS
AT COMPRESSION
ELASTOMERA AMORTIZATORA STINGUMA APREKINS, NEMOT VERA TA
STARPSLANA DEFORMACIJU

Vladimirs Gonca, Jurijs Svabs, Romans Kobrinecs
Rigas Technical University, Institute of Mechanics
Ezermalas 6, Riga, LV 1014, Latvia; phone: +371 7089317, Fax: +371 7089748
E-mail: Vladimirs.gonca@rtu.lv; fregl@inbox.lv

Abstract: There is described a method of generation the rigid feature “Force — Settlement” for thin-
layer rubber-metal compensating elements, which consist of several rubber and non-elastomeric layers,
operating when being pressed, taking into account the low compressibility of rubber layers and deformation of
support non-elastomeric layers. Variational method of theory of elasticity for compressible materials is used.
It is recommended to use the acquired analytic dependencies when analysing the element and designing multi-
layer compensating elements, as well as when determining the value of Poisson coefficient for rubber-like
materials.

Keywords: rubber, shock-absorber, rigidity, weak compressibility.

Introduction
The multi-layer thin-layer rubber-metal shock-absorbing elements are widely used in various
fields of mechanical and civil engineering (p = a/h >> 10, a — is a typical geometrical
dimension in the design project; h — is a width of rubber layer), and have lots of structural
advantages, in particular, they ensure greater rigidity under axial compression and lower
rigidity under shift and spinning. In such constructions very thin metal layers are used as
supporting intermediate layers, to which rubber layers are attached by vulcanization.
The calculations of rigid dependencies (of the type “Force - Settlement”) for such thin-layer
metal elements being pressed and by using already classic solutions [1 — 4], showed that there
is inherent difference between the calculated values and the experimental data, when layers of
works [5, 6] have certain geometrical dimensions. At the same time, the closer Poisson
coefficient is to 0.5 and the thinner are rubber and supporting layers in compensating
elements, the greater is the divergence. The result of experimental researches [5, 6] of such
elements being compressed is that the rigid feature of multi-layer compensating elements is
considerably influenced by: low compressibility of rubber material, especially, when Poisson
coefficient of rubber changes within 0,480 + 0,499; deformation of supporting layers being
sufficiently thin.
To ensure safe performance and when designing thin-layer rubber-metal compensating
devices, it is necessary to obtain analytical dependence for rigid feature "Force - Settlement"
of such kind of elements. It is only possible with the correct design model, which will let us
take into account and estimate all the geometrical parameters and physical and mechanical
features of materials of the considered elements.
In this work is proposed one of the design models for analytical calculation of rigid feature of
multi-layer compensating elements being compressed, which lets take into account the low
compressibility of material of rubber layers and deformation of non-elastomeric supporting
layers.

Materials and methods

The method of obtaining analytical dependence “Force - Settlement” of multi-layer
compensating element under axial compression is considered. Only small deformations are
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considered. Application of the proposed method is shown by the example of designing multi-
layer shock-absorber, which consists of thin flat rectangular elements.
The geometrical design model is shown in Figure 1 (a) and (b).
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(b)
Fig.1. Model of calculation: (a) - the shock absorber;
(b) —n™- layer of shock absorber

Proposed method is using the variational method, which is based on the principle of minimal
potential energy [1, 8] for low compressible material. The potential energy of the studied
element in case of small deformations is written this way:

(82xx +82yy +8222 +2(82xz +82yz +82xy)+
J=376[

— [ ] —
Y +3—'uS(gXX+8 W+€ZZ)—MSZ v =Pa @)
1+ u 401+ p)
where: G — modulus of rigidity for each layer;
u — Poisson coefficient of material of each rubber layer;
P — longitudinal force of compression;
A — settlement of the entire element;
s — hydrostatic pressure function in each layer;
u, v, w — displacements of randomly chosen point in each layer of the layer, respectively, in
directions X, v, z;
V —volume of each layer.
The summing up is carried out for all rubber and non-elastomeric layers of a multi-layer
element.
Deformations ;; in each layer are found using formula:
du _dv, _dw

gxx:&1 gyy—d_y; 522—5,
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Ty, = @A S, @
2 dy dx 2 dz dy 2 dz dx
The potential energy for the entire element is calculated by summing up formula (1) for all
rubber and non-elastomeric layers. Physical and mechanical features of the material layers
and geometrical parameters of layers have such indexes: e — for rubber layers; m — for non-
elastomeric layers.
In order to use functional (1) when choosing functions of displacements u (X, y, z), v (X, Y, 2),
w (X, Y, z) and functions of hydrostatic pressure s (X, y, z), it is enough to fulfill geometrical
boundary conditions and the conditions of coupling rubber and non-elastomeric layers for
displacement functions. For simplicity let us suppose all the layers have same dimensions in
the design (a and b), all the rubber layers have width he, and the non-elastomeric layers have
width h,. For the considered problem the necessary geometrical conditions are:
We(X,y,0.5he) = -0.5A; W, (X,y,-0.5h¢) = 0.5A
Ue(X,y, £0.5he ) = Uy(X,y,£0.5h,); Ve(X,y,20.5he) =Vyu(X,y,£0.5h¢) 3)
When writing displacement functions analytically let us suppose that: for rubber layers the
hypothesis of plane sections is true; for non-elastomeric layers the condition of homogeneous
deformation is fulfilled. In this case, taking into account the geometrical conditions (3), the
desired displacement functions can be chosen in the form for:
- rubber layers:
Ue=Ci X (ZZ—heZ/4)+Kix , Ve=Cay(Z2—h/4)+Kay,
We=- C3( 23— zhe2l4)he® = Csz , se=Cs(Z>—he?ld),
- non-elastomeric layers:
uy=Ki X, V,, =Kz y, Wy =Sy =0, 4)
where: C;, Cp, Cs, Cy1, Cy, Ky, Ky — are unknown constants, which can be found using the
settlement of the element A from the minimum condition of full potential energy of
deformation (1) of the entire element:
8J(Cl,C2,CS,C4,Kl,K2):O 5)
J(c,,C,,C,,C,,K,,K)
A — the desired unknown settlement of the element, which, by using equations (3) — (5), can
be found from the equation:
A=-Csh’/6 +C4h, (6)
From algebraic equation system (5) and (6) for the considered element the desired dependence
"Force — Settlement"” can be written as:

gxy_

11125 DB
Phen Z(Bl"'Bz)
A= (7
25G,ab B, B,
* 1-2
B,+B,+- ““BB,
7
where:
2 2
B =1+2% . B, =142/
12 12 ®)
L8 ﬁ_g _G,h,
_he ’ _he ,Z_ Gehe

a, b, he, hy, — are geometrical parameters of flat rectangular rubber and non-elastomeric layers;
Ge, Gm — modulus of rigidity of material, respectively, of rubber and non-elastomeric layers;
n —number of rubber layers in the packet.
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If rubber and non-elastomeric layers have different dimensions, which let us ignore the low
compressibility of rubber layers and flexibility (he < hpm, Ge << Gy, t.i. parameter y — o) of

non-elastomeric layers, then from formula (7) we obtain dependence for element settlement:

A - Ph n 1 )
0 2 2 y
25G aler a” fp
a’+p?

which coincide with the dependence “Force - Settlement”, obtained in work [1] without
taking into account the compressibility of rubber and deformation of non-elastomeric layers.

Results

From formula (7) it follows that neglect of deformation of non-elastomeric layers when
determining settlement of the element may lead to significant quantitative errors. As an
example let us consider the element of such geometry:
a=b=8cm, h.=0,2 cm, Ge = 10 kg/cm?, h,, = 0,02 cm, G,, = 2,8x10° kg/cm?,
From (7) for the desired settlement A of the element and taking into account deformation of
non-elastomeric layers we obtain the expression:

A= [1+1.25i] A =1,298 A" (10)
(B +B,)
where:
A" - is the settlement of the element (see (11)) only taking into account low compressibility of
rubber layer and neglecting deformation of non-elastomeric layers. It is obtained in [1; 8] and
is the particular case of formula (7).
The numerical values are quite well described by formula (10) for the experimental results of
work [6]. In the considered example neglect of deformation of non-elastomeric layers leads to
underrating the value of element settlement approximately per 30%.
If the geometry of thin-layer element is such that it is possible to neglect only flexibility of
non-elastomeric layers, then from formula (7) for settlement of element follows the
dependence:

. Phn 1 1)
25G ab B, B,
* 1-2
B,+B,+- ““B,B,

it can be recommended, using the results of experiment under axial compression for multi-
layer element, with quite rigid non-elastomeric layers, to obtain Poisson coefficient of rubber
material. This problem for low compressible material formulated in [5] requires complicated
experimental technique, and application of formula (11) lets us use quite simple experimental
investigations.

Conclusion
A method proposed for determination of rigidity dependence "Force - Settlement"” for multi-
layer shock-absorbing elements being under pressure, and it lets take into account low
compressibility of material of rubber layers and deformation of non-elastomeric layers. The
considered method is quite simple in use for thin-layer elements of any configuration. The
proposed method makes more thorough analysis of ready elements and lets us make decisions
on optimal design of thin-layer shock-absorbing elements more effectively.
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Abstract: Paper analyses the sliding friction coefficient of rubber on concrete, timber and ceramic tile
surfaces depending on the weight of the sliding object and contact surface area. It has been established that
increase in the weight of the object makes sliding friction coefficient to grow. In the case of increase in size of
contact area, sliding friction coefficient between rubber and concrete also increases, but it decreases between
rubber- timber and rubber- tile. The mathematical model for description of sliding friction process has been
developed which can be used to determine optimal surface area and a pattern as well as optimal weight of the
sliding object in order to provide sufficient sliding friction. Model has five independent constants. It includes the
contact surface area, the weight and the velocity of the sliding object, sliding friction coefficient, temperature
and time.

Key words: friction, mathematical model, rubber.

Introduction
In the design of means of conveyance, tyres, wheelchairs etc. sliding has to be eliminated. In
order to provide good contact with main surface, materials with high sliding friction
coefficient have to be chosen as well as optimal pattern and size of elements which provide
grip on surface. These problems are analysed by many authors in their works, for example [1-
7]. The objective of the paper is to develop the mathematical model describing sliding friction
processes in order to optimize friction affecting parameters.

Materials and methods
In order to develop mathematical model, the initial experimental research has been performed.
Rectangular plates of organic glass with size 44x 42x 3 mm are used as a sample. 2 mm thick
rectangular rubber is glued to the bottom of the plate and a weight is put on top the plate. In
the case of small contact areas instead of the layer of rubber 2 mm thick rubber strips are
glued to the corners of the plate. The sample is steadily pulled on horizontal surface at a
velocity 5+1 mm/s and force of friction is measured. Sliding friction coefficient is calculated:

L ®

H P’

where F — force of friction; P — total weight of weights and the sample. Each sample with the
same loading is subjected to 10 measurements on the different locations on concrete, timber
and tile surfaces. Materials used: 1) rubber: natural rubber NR- 55,46 %, filler K354- 27,73
%, vulcanisation temperature- 160 °C, vulcanisation time- 9 minutes, producer - Baltijas
gumijas fabrika; 2) concrete; 3) timber plank, dry, planed; 4) ceramic tile.

Experimental results
Sliding friction coefficient depending on pressure loading P on the sliding object for different
contact surfaces S between rubber and concrete is shown in Figure 1, between rubber and
timber is shown in Figure 2 and between rubber and ceramic tile is shown in Figure 3. There
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are p median values, accidental error intervals, approximate function graphs, their

mathematical expressions and values of coefficient of determination R? shown in Figures.
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Fig.1. Dependence of sliding friction

Fig.2. Dependence of sliding friction

coefficient between rubber and concrete
on weight for different contact surface
areas

coefficient between rubber and pine
plank on weight for different contact
surface areas
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Examples of the dependence of sliding friction coefficient between rubber and concrete,
rubber and timber, rubber and ceramic tile on contact surface areas are shown in Fig. 4 — 6.
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In the experiments used rubber structure is shown in Figure 7 (got on Scanning Electron
Microscope EVO MA15 in Tallinn University of Technology).
. = —“*‘7-.,\2.‘ -y

2pm EHT = 20.00 kV Signal A = SE1 Mag= 5.61 KX
| WD = 7.0 mm File Name = Rubber_05 tif Chamber = 4.04e-003

Fig.7. Structure of rubber which used in the experiments

Mathematical model

Sliding friction force F is directed on contact area opposite the motion of the sliding object;
this force is created by chemical bonds between both objects (see Fig. 8). Friction force

F=uP, )
where u- sliding friction coefficient, P- the weight of the top object. If P increases, contact
surface is distorted, its area becomes larger, more bonds are formed between atoms of both
objects and mutual sliding of both objects becomes more difficult. Consequently, if P
increases, friction force has to grow.

[ — :F ——
Fig.8. Interdependent positioning of sliding surfaces and bonds between
their atoms

0 X 0 X 0d X 0d Xx 0d x
t=0 0<t<T72 t=T/2 T2<t<T t=T

Fig.9. Rupture and formation of the bonds during process of sliding friction
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Let’s replace curved surface of both objects in contact with flat surface (see Fig. 9). Let’s
assume that: 1) the top object moves on the surface of the bottom object with constant
velocity v; 2) atoms of both objects create cubic lattice with lattice constant d; 3) all bonds
between both objects have the same energy values Q; 4) at time t=0, the top object coordinate
x=0, bonds are not distorted, total number of bonds is N. Moving the top object, bonds are
stretched and ruptured. When displacement x reaches value d/2 all bonds are ruptured. (see
Fig. 9, moment in time T/2). Next follows the formation of new bonds which try to contract
and pull the top object forward. At the moment in time t=T (T- period) bonds are not
distorted, the top object has moved for distance d in relation to the bottom object.
The performed experiments show that increase in the weight of the object causes sliding
friction coefficient to grow. Increasing displacement value x of the top object (see Fig. 9),
bonds are stretched further and the instantaneous value of friction force F grows. Considering
the above, let’s assume that friction forces

F=A-P"-x", (3)
where A, n, m- constants; m>1; if m=1, then bonds are only subjected to elastic distortion,
when F~x; n>1; if n=1, then sliding friction coefficient is constant value, not dependent on P.
It derives from equations (2) and (3) that the instantaneous value of sliding friction constant

fo=A-P".x", 4)
The graph, showing changes in the values of this parameter depending on the top object
displacement x, is given in Figure 10.

3d2 x

d 3d2 x

Fig.10. Instantaneous sliding friction Fig.11. Sliding friction force depending on

coefficient depending on coordinate coordinate x; p-P- median sliding friction
X; p- median sliding friction force

coefficient

Median value p of sliding friction coefficient and instantaneous values p~ are linked
d/2

,u-dzJ.,u*-dX. (5)
0
By putting equation (4) in this expression and doing integration, one has
A-P".d"
AL 6
A= me1)-2m ©

If sliding friction coefficient median values p; and p, at two different loadings P, and P, are
known, constant n can be found from equation above:

n:1+logplﬂ. (7)

p, M2
To determine the number of bonds N at the initial moment t=0, let’s use conditions: 1) if P=0,
then N=0; both objects are not in contact, there are no bonds between them; 2) if P—o, then
N—S/d?, where S — area of bottom surface of the top object, d* — area taken by one atom on
the surface, the top object is pressed to the surface of bearing with such force that all its
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bottom surface atoms form bonds with atoms of the surface of bearing. These conditions are
expressed in function
S -
N=F~(1—e”’), (8)
where C- constant.
Potential deformation energy delivered to one bond Wes is equal to total deformation energy
of bonds divided by number of bonds N. Total deformation energy of the bonds is equal to
work done by friction force. Therefore, considering equation (3),
frac [apara o
Wdef:0 =2 :A-P X : (9)
N N N-(m+1)
Time period T: 1) the top object displacement x=d; 2) considering expression (9), the work of
friction force (see Figure 11):

A' Pn '(%)mﬂ |

.P.d=
H (m+1)

(10)

The displacement of the top object in a case of steady movement:
X=V-t. (11)
It derives from equations (8) — (11) that potential deformation energy delivered to one bond
u-P-(2-v-t)™
S. (1_ e CP ) qm2?’
Energy of the thermal motion, delivered to one bond:
Wi = k T, (13)
where k- Boltzmann constant, T,- absolute temperature. Changes in number of bonds within
time interval dt [8]:

Wdef = (12)

Q

dN =-N(t)-Z-f-e "™ dt, (14)
where N(t) — number of bonds at the moment in time t; Z=6 — coordination number of cubic
lattice; f=1-10"° Hz — oscillation frequency of atomic thermal motion; Q - bond energy;
exponent describes probability of appearance of energetic fluctuation that would be sufficient
for bond rupture. Considering potential deformation energy delivered to one bond and
expressions of thermal motion energy (12) and (13), changes in number of bonds can be
expressed:

Q

k-Taq—f”'P'(zc'vﬁ)mﬁz
dN=-N(t)-Z-f-e St=71" qt. (15)
Initial and final conditions for the solution of differential equation (15):
. S .
if t=0, then N(o)=d—2-(1—e c®); (16)
if t=T/2, then N(T/2)=0. 7)

Consequently, the mathematical model describing friction processes is created. It has five
constants C, d, n, m, Q. The model includes contact surface area S, the weight of the top
object P as well as velocity of movement v, sliding friction coefficient p, temperature T, and
time t.

Examples of use of the model

The model can be used to find optimal contact surface area S with given P and known p. With
equation (15) with different values for S velocity of the top object v is calculated. Optimal S
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value is one which matches the minimal velocity v (it means that the greatest friction is
achieved).

It is possible to find optimal pressure force P with given area S and known relation u=p(P).
With equation (15) with different values for P velocity of the top object v is calculated. It
derives from (15) that the greatest sliding friction (v—0) will be reached if P—oo. Infiniti
force can not be considered optimal. Therefore force P, at which velocity preset limit, e.g.
0.1mm/s, is reached, can be considered optimal.

The model can be used to optimise a pattern of tyre tread. In this case 1) contact surface has to
be divided in small elements AS; 2) mechanical tension field for each AS has to be calculated,
e.g. with multiphysics modeling software Comsol; 3) median pressure force P on each
element has to be calculated; 4) with equation (15) sliding velocity v for each element AS is
found. As all area elements AS are connected and do not mutually move, it can be assumed
that sliding will start when element with least velocity will exceed critical velocity value, e.g.
0.1 mm/s. Tyre tread has optimal pattern in case when minimal velocity values v are obtained.

Conclusion
The dependence of sliding friction coefficient on pressure force for contact surfaces areas
between rubber and concrete, timber as well as ceramic tile is investigated.
The mathematical model, describing sliding friction process that allows searching for the
optimal values of contact areas and weight, as well as searching for the optimal pattern of
contact surface in order to provide the maximum sliding friction, is developed.
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BACKWARD WHIRL OF UNBALANCED SHAFT AT ELASTICALLY
CONSTRAINED JOURNAL BEARINGS AND FLOATING SEALS DUE
TO MECHANICAL CONTACT
NELIDZSVAROTAS VARPSTAS ATGRIEZENISKA PRECESIJA ELASTIGI
NOSTIPRINATAJOS SLIDOSAJOS GULTNOS UN PELDOSAJOS
SABLIVEJUMOS MEHANISKA KONTAKTA REZULTATA
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Abstract. The paper deals with the known phenomenon which takes place at rotor-stator contact. It is
backward precession (whirl) of unbalanced shaft inside rigidly constrained sleeves (journal bearings) in the
range below its critical speed. The purpose of this theoretical work is to research dynamic behavior of
unbalanced shaft at the elastically constrained sleeves and above-resonant range.

Keywords: Contact rotation, dynamics and stability of high-speed rotor systems.

Introduction

The mechanical contact or rub between unbalanced shaft and journal bearing can produce two
qualitatively various dynamic features [1; 2].
Firstly, there is "lunar motion of shaft" at the condition of plentiful liquid lubrication. In this
case the shaft rubs against the bearing by the same party, where the unbalance is located,
while its points whirl in a direct direction (in the rotation direction) with the angular velocity
which equals rotational frequency w.
Secondly, there is dynamic regime "backward whirl of shaft" in the ideal or sliding form at
the conditions of poor or viscous lubrication. Ideal form arises at comparably low rotational
frequency and then the shaft rolls on an internal surface of the journal bearing without sliding.
In this case its center whirls on a circle of radius ¢ in direction opposite to rotation with
constant angular velocity wR/5, where R is shaft radius, o is radial clearance, and anyone
eccentric point of shaft describes the hypocycloids with number of loops which not depends
on w and equals R/ i.e. the number of shaft precessions per its one revolution. For example,
look at a result of one experiment where rotational frequency w=300rpm, shaft radius R=6mm
and radial clearance 6=0.25mm (Fig.1, photo 1). It shows the hypocycloid with number of
loops R/0=24. The shaft can roll and with sliding then its whirl velocity becomes smaller than
®R/6 and depends on wt. For example, the same experimental system at rotational frequency
@=600rpm has produced the hypocycloid with number of loops 7 (Fig.1, photo 2).
Field experience shows the regime "backward whirl of shaft" is most adverse for work. It
conducts to fast heating and wear of journal bearing. Besides, the transition to such regime is
accompanied by significant reduction of rpm (revolutions of shaft per minute), and restoration
of former rotational frequency demands an expense of additional power. Reduction of
revolutions number is connected to the arising resistance moment directed against the engine
moment that approximately is determined by a ratio:

| dw/dt = fNR, 1)
where | — the total inertia moment of shaft and engine;
N — normal pressure of shaft upon bearing.
At regime "lunar motion of shaft" also there is a wear of journal bearing but not such
intensive as at regime "backward whirl of shaft".
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It is necessary to notice the given dynamic features correspond to unbalanced shaft whirling
inside the rigidly constrained journal bearings in the range below its critical speed.
Furthermore, at least according to author’s data, there is no the direct knowledge for shaft
whirl in case of elastically constrained journal bearings [3] or floating sealing rings [4]. It is
unexpected as these elements for a long time are used correspondingly as supports and seals
in the high-speed rotor systems (for example in the turbines).

(1) SN S 38 D 0

Fig. 1. Possible trajectoris of eccentric point of shaft depending on R/J uw

Elastically constrained journal bearings allow providing the small amplitudes of shaft
oscillations and the low forces between shaft and bearings at the passage of critical speeds.
Also they allow suppressing the shaft self-oscillations caused by properties of a lubricant
layer.

Floating sealing rings are placed in the special frame niches stipulated in those places where it
IS necessary to seal the working fluids on constructive reasons. Very small annular clearances
(as a rule less than 0.25mm) formed between shaft and rings provide an effect of the
extremely limited leakage of liquid or gas. Leakage around of rings 1 is prevented by pressing
of their face surfaces to the frame (Fig.2) due to a difference of pressure P1>P, and the axial
springs 3 entered in case of small working pressure. The pins 4 not limiting radial mobility of
rings (Fig.2, a) are usually used in order to the friction surface 2 worked without relative
rotation.

2]
,%‘
s A

a)
Fig. 2. Floating sealing ring 1 of shaft (a) and impeller (b)

Advantage of floating sealing ring in comparison with static seal 6 (Fig.2, b) or rigidly
constrained sleeve consists in the next. Ring is self-aligning in radial direction during work
concerning the shaft surface tracing all its motions. It allows creating a smaller annular
clearance for reduction of leakage and it allows sealing a vibrating shaft.

Fundamental work principle of floating ring is a performance of the self-centering. It is a
condition when the maximal hydro(gas)dynamic force in annular clearance exceeds both the
friction force on contact surface and the elastic force of radial springs 5 in some designs.
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However if this condition is not performed the ring can easily change the position under
action of shaft impulses. Such rings rank between floating rings and static seals.

Simulation of researched system

Taking into account the denoted problem, the technical and dynamic features for application
of elastically constrained journal bearings and floating sealing rings, the following system
was considered (Fig.3). It is a vertical rotor by the mass m with unbalanced disk located in the
middle of rigid shaft. It is supported by two identical gapless bearings positioned
symmetrically, each of which has rigidity k/2 and equivalent coefficient of damping d/2.
Besides the shaft is supported by two identical sleeves constrained elastically, each of which
has radial clearance J, mass my/2, the suspension bracket by rigidity ko/2 and equivalent
coefficient of damping do/2.

Let’s notice the value dy allows taking into account not only the viscous friction of sleeves
induced by an environment but also - the dry friction of sleeves on the frame (in case of
sealing rings). It is possible to put do=4F/(7QA4), where Fy is friction force between rubbing
surfaces, 2 is frequency of sleeve precession and 4 is amplitude of sleeve precession.

k2 d’?

n’D:--’li‘—E
A-A4
i in 4 "O
i’ij:_l; i Shaft %mng
i) P
clo/2 Sleevi o\

—
k/2 g_(‘?.:E X ﬂ:)N

Fig. 3. Calculated model of researched system

The motion equations of accepted system were written down in the Cartesian coordinates and
at a few assumptions. Fluid reactions in the sleeve clearance is ignoring because they is small
in comparison with external forces (koxi, koy1, doXi, doy1). Shaft speed w is a constant due to
the powerful engine. Disk motion is flat. Motion of the sleeves centers is identical due to the
symmetry. Let the next be in this system: x;, y; are coordinates for the centre of sleeve O; (for
top sleeve and for lower sleeve), x», y, are coordinates for the centre of shaft O,, xs, y; are
coordinates for the mass centre of shaft Os, ¢ is rotor eccentricity (¢=0,03), ¢ is angle for the
line of the centers (is angle between a relative displacement e=0;0; and an axis x).

Let's express contact reaction of sleeves and shaft as components Py and fPy, and also let’s
take into account that xz=x,+eCoswt and ys;=Yy,+esinwt. In view of the accepted assumptions
the differential motion equations of system are defined as follows:

My %, +dg% +koX, —(Py cosp— P sing) =0,
My ¥, +do ¥, + Koy, —(Py sing+ R, cosg) =0, o)

mX, +dX, +kx, + (P, cosg — fP, sin ) =mesw’ cos at,

my, +dy, + Ky, + (P sing+ P, cos¢) = mew’ sin at.

The first two equations of system (1) describe oscillations of the sleeve under action of elastic
forces koxi, Koy1, damping forces doxs, doy: and forces of contact reaction Py and fPy, directed
opposite represented forces in Fig.3. The second two equations are close to considered in [5;
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6] and they describe motion of shaft under action of centrifugal forces mew’coswrt,
mew*sinwt, forces of contact reaction Py, fPy, elastic forces kxz, ky, and forces of external
damping dx,, dy,.

If the purpose of the dynamic analysis is not reception of quantitative results and only it is
required the revealing of qualitative laws, the problem of contact motion both shaft and
bearings/seals can be studied loosely (in the different hypothesises) concerning reaction Py.
Only it is necessary to notice, any such reaction should go to zero at the contact absence (e<0)
and it should grow with increase e, by other words for any function Py a condition should be
satisfied: Py =0 for e<d, dPy /de>0 for ¢>4. Besides, it is assumed the second derivative d’Py
/de? is continuous for e>4.

These requirements may be satisfied by the normal nonlinear Hertz’s reaction Py =be®?,
where b is coefficient dependent on curvature of bodies surfaces at the contact domain and b
depends on elastic properties of a material, e is an approaching between the centers of
contacted bodies which has negligible deformations in comparison with their local
deformations [7]. Accepting on analogy with [6] that the relative displacement of shaft and
sleeve e is value of their local deformations e, the definition for Py can be expressed by
following equation:

5 0, (e<9), @)
ke, (e>0).
In order to the equations (1) and (2) formed the closed loop system it is necessary to express
relative displacement e and angle ¢ through the coordinates of sleeve xi;, y; and the

coordinates of shaft x,, y.. Fig.3 allows defining Xx,—x;=ecosep and y,-y;=esing and
consequently:

e:\/(xz _Xl)z +(Y2 _Y1)2’
. (4)

cosp=22"% sinp=Y2"%
e e

Integration of the equations (2-4) in the closed loop form is connected to the big mathematical
difficulties and it is possible only with the help of a computer. Numerical calculations via
Runge-Kutta method at the system parameters m=1.5kg, e=10um, k=1500N/m, d=d,=10Ns/m,
me=0.2m, contact stiffness k.=15000N/m and at the changing of friction coefficient f,
rotational frequency w, radial clearance ¢ and rigidity ko were done.

Results and conclusions
1. At the extreme case f=1 and it was expected a priori, the regime "backward whirl of shaft"
on an internal surface of the sleeve in the ideal form is obtained. Under the critical speed

(w < @, =k /m) the mass centre or any another eccentric point of shaft whirls in the rotation

direction, making characteristic hypocycloids with finite number of loops n=n(d,.ko) due to
superposition of two circular motions at angular velocities @ and -Q=nw, while the central
point of shaft whirls opposite to rotation on the circular orbit at frequency Q.

However over the critical speed (w>wo) there is a revolution in metaphorical and in literal
sense due to the self-centering phenomenon of shaft. The mass centre of shaft receives the
backward whirl at frequency Q=w/n, while the geometrical centre of shaft has direct
hypocycloid whirl formed by motions at angular velocities @ and -w/n. Particularly, it is
visible on displacements of points O, and O3 from their initial states, on the display of
oscillations along one axis and on the frequency spectrum (Fig.4). The displacements of point
O, and its trajectories 1 allow to draw a conclusion the contact motion generates backward
whirl of the sleeve centre at angular velocity Q=nw, when rotational frequency is below
critical speed of shaft, or Q=w/n, when w>wy (Fig.4).
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frequency spectrum for motion of centre 2 at f=1, @=1000rpm, 6=55pum, ky=0

2. At the other extreme case f=0 there is a usual at the unbalance, direct, synchronous whirl of
shaft or any its points all over the range w. At the same time the sleeve performs a reciprocal
motion at frequency w due to periodic contacts between its diametric-opposite points and
shaft.

3. For the middle values f there is a slip to a greater or lesser extent. A battle of tendencies in
dynamics of shaft and sleeve appears.
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Fig. 5. Motions of sleeve 1 and shaft 2centres at f=0.35, @=1000rpm, 0=55pum, k=0
If f<0.35 the tendency No2 gains the upper hand, as consequence the shaft centre reproduces

direct circular motion at angular speed w, and the sleeve centre describes n-pointed stars at
the same frequency (Fig.5) and it is close to results [8]. If f>0.35 the tendency Nol prevails,
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as a result the backward whirl of centers of shaft and sleeve at the angular velocities
unequaled w takes place.

4. If radial clearance ¢ is less than the defined critical value d.=dcr(w) the hypocycloid whirl
of shaft inside of sleeves does not arise, their lunar (direct synchronous) whirl is occurred

(Fig.6).
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Fig. 6. Motions of researched system at f=0.35, ®=1000rpm, 6=30pm, ko=0

5. As against a frequencies range of below critical speed, in the above resonance domain the
number of loops n grows at the increase w (Fig.7, a). Besides, the number n grows at the
increase ko (Fig.7, b).
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Fig. 7. Motions of shaft centre a) at f=1, ®=1200rpm, 6=55pm, Ko=

b) at f=1, @=1200rpm, d=55pum, ko=10°N/m

o

Summary
Dynamics of unbalanced shaft in case of elastically constrained journal bearings and seals at
the contact was researched. Dynamic analysis of that system for pre-resonant and above-
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resonant speeds of rotation was fulfilled. Now a few interesting dynamic features for similar
systems are known. Further scientific inquiry will be devoted to the contact dynamics
between unbalanced shaft and free-rotating sleeves.
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USE OF “CATERPILLAR” — SSA METHOD FOR ANALYSIS AND
FORECASTING OF INDUSTRIAL AND ECONOMIC INDICATORS
“CATERPILLAR” — SSA METODES PIELIETOSANA INDUSTRIALU UN
EKONOMISKU RADITAJU ANALIZEI UN PROGNOZEI

Svetlana Polukoshko, Janis Hofmanis
Engineering Research Center of Ventspils University College
101 Inzenieru St, Ventspils, LV 3601, Latvia, e-mail: pol.svet@inbox.lv

Abstract. This paper deals with the Caterpillar»-SSA method, a novel and powerful model-free method
of time series analysis and forecasting. Alongside with signal processing this method is successfully used to
study the time series in many various areas: in meteorology, hydrology, sociology, economics, traffic analysis,
wherever the trend or periodic behavior can present. Examples of application of the Caterpillar”’-SSA technique
for analysis of one-dimensional time series in Latvian economics are presented in this work. We solve the task of
analysis and forecasting of following time series: agricultural crop yield, milk production and purchase, number
of road traffic accidents and number of registered road vehicles, electricity consumption. The application of
Caterpillary-SSA approach in geotechnical investigation for processing of data of the static penetration test of
soils are offered. This method combines the advantage of many other methods, in particular, Fourier analysis
and regressive analysis. At the same time it is noted for simplicity and clearness.

Keywords: time series, Singular Spectrum Analysis, sequential algorithm, singular value
decomposition, forecast.

Introduction

“Caterpillar” method is new powerful method of time series analysis and forecasting, which
was independently developed in Russia and also in UK and USA (under the name of SSA -
Singular Spectrum Analysis) [3; 4; 5; 6]. The “Caterpillar”- SSA is a model—free technique of
time series analysis. It combines advantages of other methods, such as Fourier and regression
analyses, with simplicity of visual control aids. The "Caterpillar"-SSA approach is used to
study the time series in many various spheres wherever the trend or periodic behavior can
present, for instance, in meteorology, climatology, hydrology, geophysics, medicine, biology,
sociology [2; 5; 13; 16; 9]. SSA technique can be applied for various time series arising in
industry and economics. A lot of problems can be solved by means of “Caterpillar’-SSA
technique: finding trends of different resolution, smoothing, extraction of the seasonality
components, simultaneous extraction of cycles with small and large period, extraction of
periodicities with varying amplitudes, finding structure in short time series, detection of
structural changes, continuation of the time series [5; 6; 16; 1]. A modification of singular
spectrum analysis for time series with missing data is developed and successfully tested. This
method also can be used to low pass filter incomplete time series [14; 8]. A method is
extensively developing, the variants of the 'Caterpillar'-SSA method for anaslysis of
multidimensional time series (MSSA), SSA detection of structural changes are elaborated [7;
5; 11; 14; 15]. The “Caterpillar”’-SSA method is useful tool when short and long, one-
dimensional and multidimensional, stationary and nonstationary, almost deterministic and
noisy time series are to be analyzed.

Mathematical background
The basic version of method consists in transformation of one-dimensional series into multi-
dimensional by one-parameter translation procedure, research of the got multidimensional
trajectory by means of principal components analysis (Singular Value Decomposition) and
reconstruction of the series in accordance with the chosen principal components. Thus, the
result of application of method is expansion of the time series into sum of simple components:
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slow trends, seasonal and other periodic or oscillating components, and also components of
noises. The got decomposition can serve as basis of correct forecasting, both series and its
components. The Decomposition is followed by the Reconstruction, which allows to
reconstruct the time series component on the base of chosen eigentriple numbers.
“Caterpillar” - SSA as a method of analysis performs four steps.

At the first step (called the embedding step) a one-dimensional series F = (fi. ... f,) is
transferred to the L- dimensional series X, = (f,, ...f=;—4)7, i=1,....K, where
K =N—L~+1andL is called by window length. This delay procedure gives the first name
to the whole technique. Very important parameter of the embedding step is the window length
L. It should be big enough but not greater than a half of series length. Vectors X; form
columns of the trajectory matrix: X = [X,:...: X ].

The second step, SVD step, is the singular value decomposition of the trajectory matrix into a
sum of rank-one bi-orthogonal elementary matrices and gives the second name of the
technique: X=X, + ..+ X;.

Elementary matrix X is determined by the equality X, = s,U,V.T, where s, (i —th singular
value) is the square root of the i —th eigenvalue of the matrix XX U, and V; stand for left
and right singular vectors of the trajectory matrix. It is assumed that eigenvalues s;” are
arranged in the decreasing order of their magnitude. The collection (s, U, V;) is called the
i —th eigentriple of the matrix X.

The first two steps together are considered as the decomposition stage of ‘Caterpillar’-SSA.
The next two steps form the reconstruction stage. The grouping step corresponds to splitting
the elementary matrices into several groups and summing the matrices within each group. The
result of the step is a representation of the trajectory matrix as a sum of several resultant
matrices: X=Y, +...+Y,,.

The last step (diagonal averaging) transfers each resultant matrix into a time series, which is
an additive component of the initial series F. If v, stands for an element of a matrix Y, then
the &k —th term of the resulting series is obtained by averaging of v;; over all i.j such that

i +j = k— 1. Diagonal averaging is a linear operation and maps the trajectory matrix of the
initial series into the initial series itself. In this way we obtain a decomposition of the initial
series into several additive components. The result is the expansion of series into simple
components F =F, + ...F,. For a properly made °‘Caterpillar’-SSA expansion, a
component F; in this equation may be identified as a trend of the original series F, an
oscillatory series (for example, seasonality) or noise.

There are two parameters in “Caterpillar” - SSA: the first is an integer L, the window length,
and the second parameter is structural: it is the way of grouping of elementary matrices (or
grouping of the eigentriples. since each matrix component of the SVD is completely
determined by the corresponding eigentriple). The problem of selection of ‘Caterpillar’-SSA
parameters is thoroughly discussed (from theoretical and practical viewpoints) in [4], [6].

As for the way of grouping, it is useful to mention that under the proper choice of window
length L singular vectors in a sense ‘repeat’ the behavior of the corresponding time series
components. In particular, trend of the series corresponds to slowly varying singular vectors.
Harmonic component produces a pair of left (and right) harmonic singular vectors with the
same frequency, etc.

The main principles for identification of eigentriples corresponding to the time series
component of interest are as follows: 1) to extract the trend or to smooth the time series,
slowly changing eigenfunctions are choosen; 2) to extract oscillations, oscillating
eigenfunctionsare choosen; 3) to extract periodic (harmonic) components with period greater
than 2 a pair of eigentriples with the same period should be found and choosen; 4) to
aproximate the time series the leading eigentriples are choosen.
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Examples of applications of SSA technique for analysis of time series in Latvian
economy and agriculture

We used Caterpillar’-SSA method to analysis and forecast of industry indicators, available in
Latvian statistical databases [7]. The algorithm was applied to diferent data sets and
extensively studied; available time series were processed in the interactive mode. Alongside
with CatMV 1.1 software, created in Department of Mathematics of St. Petersburg University
for analysis of time series which may contain missing values, we realized the SSA forcasting
algorithm for class of series govern by the LRF (linear recurrent formulae) on MATLAB
program and used it in our work. Some examples are presented below.
In Fig. 1 the results of analysis of milk production and purchase in Latvia are given, the data
covers the time from 2002 till 2008 years. Monthly time series of 84 month length was
analysed and forecasting was executed for 12 months.
In Fig. 2 the analysis of electricity consumption in Latvia is presented, time series of 36
months length was analysed and prognosis was executed on 12 months.
Analysis and forecast of agricultural crop productivity was made for winter and spring
cereals. The Initial time series length was taken of 51 years (from 1957 till 2007) and
forecasting was executed for 3 years. In Fig. 3 the analysis of winter cereals crops yield (100
kg per ha) is presented, in Fig.4 - spring cereals crops yield. Length of window L=11, series
are reconstructed with 3 eigentriples.
In Fig. 5 and 6 the results of number of road traffic accidents and number of registered road
vehicles (lorries, passenger cars, buses and motorcycles) analysis are presented, time series
length is 27 quarters, forecasting period length is 1 year (4 quarters). It is obviously that
nomber of road accidents does not depend of number of registered vehicles.
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Initial and Reconstructed series
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Fig.1. Milk production and purchase - thousand of tones per month, from 2002 year
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Example of using of «Caterpillar»-SSA method in geotechnical investigations
Geotechnical investigation is executed to determine the ground physical and mechanical
characteristics. One of the methods of soils investigation is the static penetration test which is
used for the determination of the boundary lines between the soil layers of different soil
conditions, constitution, heterogeneity, and also as an indirect method for estimation of the
ground physical and mechanical characteristics. We proposed to use «Caterpillar»-SSA
approach to the processing of results of static probing and dividing the ground into engineer-
geological elements. The results of the static penetration test are recorded by the field
computer point resistance g. (MPa) of penetration into the soil of standard metal cone.
Indicated value are written down through equal intervals a depth (from 2 till 20 cm), the depth
of penetration may reache 30 m. In such series there is generally no periodic components and
its processing with «Caterpillarn-SSA method, in which trend and random component is
selected, simplifies finding of identical layers. Point resistance to standard cone penetration
depenging on the depth and the results of its SSA processing are given in Fig.7, where the
time series component reconstructed from the leading eigentriple and the initial time series,
L=10.
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Conclusion
Several example of application of the Caterpillar’-SSA technique for analysis of one-
dimensional time series in Latvian economics are presented in this work. We solve the task of
analysis and forecasting of following time series: milk production and purchase, electricity
consumption, yield of winter and spring cereals crops, number of road traffic accidents and
number of registered road vehicles.
The results allow improving quality of prediction of industrial and agricultural indictors
characterizing complex non-stationary process, to increase the efficiency of strategic
decisions making in the conditions of existing economic situation, to minimize the losses of
capital.
In geotechnical investigation the using of SSA method make easier the solution of the
problem of division of soil column on geotechnical units.
Future investigation is to create the MATLAB program for analysis of multidimensional time
series and for solving the forecasting problem with the confidence limits.
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A+B — A REAKCIJAS KINETIKAS MODELESANA DALINAS LIELA
BRIVA CELLA GARUMA GADIJUMA
MODELLING OF AN A+B — A REACTION KINETICS IN CASE OF
PARTICLES BIG FREE MEAN PATH

Gatis Gaigals, Juris Roberts Kalnin$
Ventspils Augstskola
InZenieru 101, Ventspils, e-pasts: gatisg@dundaga.lv; simts@latnet.lv

Abstract. The aim of the work is to develop model and program for particle simulations working on

laws of particle diffusion in expansion mode and, using approach of MonteCarlo, allows analyzing regularity in
two-dimensional A+B — A reactions in case of B particle large mean free path, providing visualization of
results and handy further processing of results, using data export ability.
In the work are examined regularities in A+B — A reactions, special issues of these reactions, found
approximate formula to determine velocity of reaction on centre of absorption surface using simulated data,
developed program and made a lot of simulations of different reaction environments. Examined specific features
of processed data and ways to enhance credibility and precision of results, also performed filtration of
processed data to decrease specific of MonteCarlo method. Found out, that in comparison with nowadays
personal computers, there is need for higher performance computing power to process simulation of particle
interaction in acceptable timing.

Keywords: A+B — A reactions, absorption surface, MonteCarlo method, particle diffusion.

levads

Brivi klistoSu dalinu B absorb&$anas uz stacionariem absorbcijas centriem A raksturiga
veselai virknei fizikalu procesu [1;2;3;4] . Sada tipa reakcijas sauc par A+B — A reakcijam.
No praktiska viedokla ir interesanti apliikot reakcijas uz virsmas. Darba [5] ir noradits, ka
iesp&jama $o reakciju analize un modelésana divu dimensiju gadijuma, pienemot, ka A ir
cilindriskas formas. Divdimensiju sistému Ipatnibas ir akcent&tas darba [6]. Lielu B dalinu
briva cela gadijuma dalinu reakcijas atruma noteikSanai ir iegiitas dazadas teor&tiskas
formulas, izmantojot dazadus tuvinajumus [7;8].

Darba meérkis ir izveidot datorprogrammu A+B — A4 reakciju simulé$anai divu dimensiju
telpa, noteikt izveidota modela atbilstibu teorétiskajam uzvedibas modelim dalinu diftizas
izplatiSanas gadijuma un noteikt reakcijas atruma uz absorbcijas centra atkaribu no dalinu
briva noskrgjiena garuma un dalinu generéSanas atruma kinétiskaja izplatiSanas rezima.

Reakcijas atrums uz absorbcijas centra
Apskatisim reakcijas atruma noteikSanai nepiecieSamo formulu izvedumu. Dalipu B
koncentracijas atkaribu no attaluma no atseviska absorbcijas centra A ekvivalentas Siinas
gadijuma plakné apraksta diftizijas vienadojums:
pld dC , dc. W
rdr dr dt
kur
C =C(r,t) - dalinu koncentracija laukuma vieniba,;
I - attalums no absorbcijas centra;
t - laiks;
D - difuzijas koeficients;
A - dalinu gener&Sanas atrums.

Stacionara gadijjuma (jj_ct: =0, un probléma reducgjas uz vienadojuma
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d’C 1dC A

o= 2
dr? rdr D @
atrisinasanu pie nosacijumiem:
dC
- = Koc(ro)v (3)
@, (4)
dr | _q

kur x, - reakcijas atrums uz absorbcijas centra;
C(r,) - dalinu koncentracija uz absorbcijas centra,
R - ekvivalentas Stinas radiuss.
Var pieradit, ka (2)-(4) atrisinajums ir
2 2 2 2 2 2 2
cn="R (L gy R AR (L B Ty A 5)
2D 'x,r, 2R 2D 4D 2D 'x,r, 2R r,, 4D
Kinétikas vienadojums B dalinu vidgjai koncentracijai N(t):
dN (t
T kN, 6)

kur ky - efektivais reakcijas atrums;

Na - absorb&joso centru koncentracija pa visu paraugu.
Stacionara gadijuma ieglistam no (6)

A
Ky = : 7
ef nAN(OO) ( )
kur N (o0) ir [6]:
R
N(e)=n, j C(r)2zrdr . (8)
Pie r, <<Rno (5),(6) un (7) ieglistam
27D
kef = R 1 (9)
n -"+ =
r, 4 K,
un
142 3  R)
ky=— +=—In—| . (10)
ni2k, 4 I

Modela izveide
Literatura [5;4;7;8] noradits uz grutibam, ar kadam jasastopas, modelgjot reakcijas brivu
dazadu izmeéru vai formu ieslégumu gadijuma. Divdimensiju gadijuma modeléSanu veic t.s.
kvadratiskaja rezgi, kad katrs absorbcijas centrs tiek ievietots noteikta izméra kvadrata ar
malas garumu L. Vienu $adu kvadratu sauc par $tnu. Vairakas Stnas kopa veido regularu
Stnu rezgi (skat. 1.att€lu). Visu absorbcijas centru izméri ir vienadi - parasti tie ir rinkveida ar
uzdotu radiusu r,.
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Ta ka visas Sunas ir identiskas, nav nepiecieSams modelét Stnu kompleksu, bet pietiek
model&t vienu $tinu, kuras absorbcijas centru novieto XOY koordinatu sistémas sakumpunkta.
Ja B dalinas klejojoSas kustibas d&l pamet model€jamo Siinu, tad vienlidz iesp&ama ir
varbiittba, ka kada cita dalipa Stna ienaks, tatad uz SOnas malam tiek definéts
robeznosacijums

VC|

kur @ - Stinas robezlinija.

yyew =00 (11)
x . . _ . 1 . e e
Stinas laukums ir S =L?, un absorbcijas centru koncentracija n, = o t.i., katra §tina ir tikai

viens absorbcijas centrs.
Ja viena §0na katra iteracija (nosacitais laiks 7 =1) tiek generétas A dalinas B, tad dalinu B

. e A
generacijas atrums A = —-.

L2
Ekvivalenta rinka gadijuma (skat. 2.attglu) S = 7R* = L, no kurienes
R= =, (12)

Jr

Atzimesim, ka absorbcijas centru aptveroSais rinkis iziet arpus iepriek§ apskatita kvadrata
malam un ,,iespiezas” cita rezga vai ekvivalenta rinka laukuma, veidojot parklajumus.

2.att. Ripkveida Siinu parklasanas un nenoklatie laukumi

Datorsimulacijas modelis realizéts, izmantojot 3.att€la redzamo Stnas veidoSanas variantu:
modela kvadratiskas Stinas izméri ir 1x1 vieniba (L =1); ekvivalenta rinka radiuss (skat. (12))
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R:ﬁ; (13)

Siina novietota XOY koordinatu sistémas ta, ka absorbcijas centrs ir koordinatu sakumpunkta

O.

3.att. Vienibas kvadrats ar ekvivalento diskréto rinki (iekrasots)
Lai aprékinatu diskréto C(r) sadalfjumu, kvadrata velk aploces ik pa dr=r,, kas kopuma

veido n diskrétus ripkus n= int(i-k} kur int(x) — vesela dala no x. Katram diskrétajam

J2

c - . . . r
rinkim tiek noteikts kartas numurs i = Int(—

j+l, kur r reprezenté attalumus no koordinatu
rO

sakumpunkta visam dalinam, kas tiks pieskaititas i-taja diskrétaja ripki. Ta ka C# masivu
numeracija sakas no 0, tad masiva diskréta rinka datu indekss ir par vienu mazaks, bet izvade
tas att€lots pareizi.

Eksperimentu datos figure lielums - iesléguma diametrs d, = 2.
IRV I ... I Ce e
Ta ka iepriek$ piepémam, ka EO <<1, tad r, nedrikst izvéleties parak lielus. Lai, izv€loties

. . C v 1 _ NI f . . _ ..
maksimalo r,, aptuveni staditos prieksa, kada bus attieciba EO un ka ta ietekmés simulacijas

- . R L
rezultatu, var pienemt, ka —~ —
r0 dO
Modela diskrétos rinkus raksturo to argjais diametrs. Diskréto rinki, kura iekSpusé atrodas
ekvivalenta rinka Iinija, sauksim par ekvivalento diskréto rinki (izdrukas un rezultatos -
vienkarsi ekvivalentais rinkis) — skat. 3.att€lu. Modelis lauj saskaitit visas dalinas lidz pat

attallumam R, =T, int(ij =r,n (pie piendmuma modeli, ka L =1). l.tabula apkopotas

2

§ R . o
dazas r,, —, n un R_, vértibas atkariba no d,.
r0
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1.tabula

R el IR
[ o n un R, vertibas pie dazam diskrétam d, veértibam, pie L =1
0

d L R R
0 o d r n max
0,01 0,005 100 112,8 141 0,705
0,02 0,01 50 56,4 70 0,7
0,025 0,0125 40 451 56 0,7
0,04 0,02 25 28,2 35 0,7
0,05 0,025 20 22,6 28 0,7

Realizetaja programma, lai palielinatu viena eksperimenta iegiito datu daudzumu un dotu
iesp&ju eksperimentétajam jau eksperimenta veikSanas gaita piepemt [@mumu par risinama
eksperimenta lietderibu (atkariba no sakotngjiem datiem un jau dalgji giito rezultatu),
vienlaicigi tiek veikti aprékini vairakas atSkirigas vai vienadas $tnas, kas nav saistitas viena ar
otru, bet kuram visam ir vienadi vides un dalinu raksturlielumi, izpemot dalinas briva
noskrgjiena garumu, kas katrai videi var biit savs.

Rezultati un to izvertéjums

Raksta ierobezota apjoma dél modelésanas tiks prezentéta tikai dala rezultatu. Izveidotais
modelis fizikalos procesus model€ kvalitativi pareizi: dalinu absorbcijas atruma atkariba no
dalinu briva cela garuma modeléta korekti (skat. 4. un 5.att€lu, 2.tabulu), absorbcijas atruma
atkariba no iesléguma diametra model&ta korekti (lielaka absorbcijas cetra gadijuma dalinas
absorbgjas atrak), dalinu skaita izmainu atkariba no dalinu generéSanas atruma model&ta
korekti (ja A =0, dalinu skaits laika samazinas, kamér tiek sasniegts stacionarais stavoklis,
kad $tina dalinu vairs nav; ja A >0, dalinu skaits laika var gan samazinaties, gan palielinaties
atkariba no dalinu briva cela garuma un absorbcijas centra diametra: jo lielaks A, jo pie
lielakiem | un d, tiks sasniegts stavoklis, kad dalinu skaits laika samazinas).

Dalinu kopéjais skaits rezgi

Dalinu skaits

Iy

\xwmmsmmn'ﬂﬁﬁiiiii

o
=3
83830
$8888¢gg

IS S 3

S
iteracija

‘El 20000-70000 @ 70000-120000 0 120000-170000 0 170000-220000 M220000-270000 @270000-320000 ‘

4.att. Dalinu skaita reZgi atkariba no iteracijas un dalinu briva cela garuma vide
(A=0, L/d,=40, |, =0,005, |,,=0,05)
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Dalinu kopéjais skaits rezgi
Dalinu skaits /
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‘EI 20000-70000 @ 70000-120000 00120000-170000 O 170000-220000 W 220000-270000 @ 270000-320000 @ 320000—370000‘

5.att. Dalinu skaita rezgi atkariba no iteracijas un dalinu briva cela garuma vidé
(A=8, L/d,=20, |, =0,005, |,,=0,05)

2.tabula
Dalinu skaita rezgi atkariba no iteracijas
(A=8, L/d, =20, 1 =0,005)
Iteracija 0 1000 2000 3000 4000 5000 6000 7000
1.vide | 300000 | 297834 | 298463 | 299604 | 300830 | 302184 | 303609 | 305141

5.att€la un 2.tabula redzams (videi ,,1” ar |1=0,005) efekts, kad sakotn&ji dalinu skaits
samazinas, bet velak pieaug — parejas procesa dinamikas modeléSana netika izvirzita ka
paSmérkis, bet, ka redzams, konkréta modela realizacija ietver arl to, tatad var secinat, ka
modelis pec kvantitativas parbaudes nestacionaraja reZima biitu izmantojams ari A+B — A
reakciju parejas procesu modeléSanai.
Difuzijas reZima parbaude lidz galam netika veikta datorthenikas problemu del] (ierobeZota
atrdarbiba, atmina, datortehnikas parkarSana utt.), jo Montekarlo metodes d&l netika iegiits
pietickami daudz datu, lai parliecinatos par difiiza rezima korektu realizaciju, jo metodes
»trokSnainiba” mazam (10-25) apskatito gadijumu skaitam nedod gludu virsmu, p&c kuras
parliecinaties par difiiza gadijuma vienadojuma izpildi (skat. 6.-8.attelu). Tika wveikti
méginajumi datus filtrét ar dazadiem filtriem, piem&ram, ar §adu filtru (5x5 elements):
1 & zm_ an

F(s,t) 10.47 mZ‘ZZECOS 5 COSC f(s+m,t+n), (14)
(64) matricas trisdimensiju attéls dots 9.attéla. Ka redzams, attéla joprojam novérojama
trokSnu komponente, tikai zemo frekvencu apgabala, bet ari tas nelauj parliecinaties par
difuza reZima realizacijas pareizibu.
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Dalinu koncentracija C(r)

Dalinu skaits
—400000

1350000
UV J1H- 300000

- 250000
1200000

I

‘ 00-50000 @50000-100000 O0100000-150000 00150000-200000 M 200000-250000 @ 250000-300000 M 300000-350000 O 350000-400000

6.att. Dalinu koncentracijas atkariba no iteracijas un diskréeta rinka numura
(A=1, L/d,=20, 1=0,001)

Dalinu koncentracija C(r)
Dalinu koncentracija
450000

400000

350000

300000 +

250000

200000

150000

100000

ool
oo

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
rinka nr.

-0 1000 —<-10000 —*—20000 —e—30000 ——40000 ——50000 ——60000 —e— 70000 80000 —4—90000 —e— 100000

7.att. Dalinu koncentracijas atkariba no iteracijas un diskréta rinka numura (dal&ji dati)
(A=1, L/d, =20, 1=0,001)
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Dalinu koncentracija C(r)
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8.att. Dalinu koncentracijas atkariba no iteracijas un diskréta rinka numura
(A=1, L/d, =20, 1 =0,05, iteracijas 80 000-100 000)

@0,9-1

m0,8-0,9
0o0,7-0,8
®0,6-0,7
00,5-0,6
W0,4-0,5
00,3-0,4
00,2-0,3
®0,1-0,2
@0-0,1

9.att. FiltréSanas matricas trisdimensiju attéls

Lai iegltu reakcijas atruma uz absorbcijas centra virsmas k, atkaribu no dalipu briva
noskr&jiena garuma, jaizmanto tada simulacija, kura pe&c iesp&jas vairak vides iestajies
stacionarais rezims un kura vienlaicigi ir visaugstakais dalinu kopskaits. legiitie rezultati
apkopoti 3.tabula. K(r <R) aprekinats ka vidgjais aritmétiskais pedejam 11 iteracijam, lai
novérstu eksperimenta datu dispersijas ietekmi.
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3.tabula

Reakcijas atrums uz absorbcijas centra virsmas atkariba no briva noskréjiena garuma

(A=4, L/d, =20)

| K(r <R) K,
0,01 46629 32,58
0,02 12829 28,33
0,04 4351 18,78

Tatad, palielinoties dalinas briva noskr&jiena garumam, reakcijas atrums uz absorbcijas centra
virsmas samazinas.

Lai iegiitu reakcijas atruma uz absorbcijas centra virsmas k, atkaribu no dalinu generéSanas
atruma, javeic vairakas simulacijas un jaizvélas vides ta, lai | =const un lai visas datnés butu
iestajies stacionarais reZims pie pec iesp&jas lielaka dalinu skaita, ko panak, izmantojot péc
iespejas mazaku |. Aprékinatas K(r <R) un k, dazadiem A uzdotas 4.tabula. K(r <R)
aprekinats ka vidgjais aritmétiskais péd&am 11 iteracijam, lai noverstu eksperimenta datu
dispersijas ietekmi.

4.tabula
Reakcijas atrums uz absorbcijas centra virsmas atkariba no dalinu generésanas atruma
(1=0,01, L/d, =20)

A K(r <R) K,

1 11762 32,15
2 23303 32,61
4 46629 32,58
8 92886 32,79

Ta ka reakcijas atrums uz absorbcijas centra virsmas mainas maz un nesinhroni ar dalinu
generéSanas atrumu, var secinat, ka abas vértibas sava starpa nav korel&tas vai korelétas ta, ka
korelaciju parsp€j eksperimenta vides raditie troksni, tatad eksperimenti biitu jaturpina.

Secinajumi

Darba rezultata izveidota programma, kur katra dalina defin€ta ka objekts, kas lauj elastigi
definét mijiedarbibas likumus, dalinu un vides parametrus, tacu stipri samazina programmas
veiktsp€ju. Veikta virkne simulaciju, ka rezultata iegiita, analiz€ta un apgiita informacija par
procesiem A+B — A reakcijas. Programma stacionaro rezZimu modelé kvalitativi pareizi.
Programmu iesp€jams izmantot ari parejas procesu model€Sanai. Programma var tikt
izmantota gan diftiza, gan kin&tiska dalinu izplatiSanas reZima model&Sanai. Kinétiskaja
rezima bitiskas kludas varétu rasties no loti lieliem dalipu briva cela garumiem, ja tie
parsniegtu model&jamas Stinas izm€rus un vienas parvietosanas laika dalina spétu parvarét
attalumu, kas wvairakkart lielaks par modelgjamo Stnu. Kvantitativai diftiza reZima
modelésanas pareizibas noteikSanai atbilstosi telpiskas statistikas piepémumiem (ap simts
viena tipa eksperimenti s€rija) biitu nepiecieSams tirais masinlaiks, sakot no gada Ilidz
aptuveni trim, datora operativas atminas apjoms biitu japalielina lidz daziem desmitiem Gb,
lai esoSaja modell nodroSinatu visu diftizaja izplatiSanas reZima iesaistito dalinu apstradi.
Izstradato modeli iesp&jams &rti papildinat dalinu mijiedarbibu pétiSanai. Iesp&jama algoritma
modifikacija, kad modelis dalinas neglaba, kas paatrina atrdarbibu, bet ziid iesp&ja modelet
pasu dalinu mijiedarbibu.

Atrasts, ka reakcijas atrums uz absorbcijas centra virsmas lielu briva cela garuma gadijuma
varétu bt apgriezti proporcionals dalinu briva cela garumam. Hipot€zes apstiprinasanai biitu
nepiecieSams atsevisSks statistiska rakstura p€tijums. Atrasts, ka reakcijas atrums uz
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absorbcijas centra virsmas lielu briva cela garuma gadijuma var€tu nebiit atkarigs no dalinu
generé$anas atruma. Hipot€zes apstiprinasanai nepiecieSsami turpmaki petjjumi.

Biitu nepiecieSams papildinat programmu ar dalinu sakotngja sadalijuma vienmériguma
kvalitates analizi, lai slikta gadijumu skaitla generatora gadijuma netiktu rékinati vieni un tie
pasi uzdevumi, kas Montekarlo metodes gadijuma dotu nekorektus (nobiditus) rezultatus. Uz
programmas bazes var€tu izveidot universalu gazu un Skidrumu plismu mijiedarbibu
aprekinu programmatiiru, ja biitu iesp€jams definét to kustibu nosakoSos likumus dalinu
Itmen.

NepiecieSams papildinat programmu ar automatiz€amu eksperimentu seriju datu
saglabasanu, apstradi un filtraciju, kas automatiz€tu un paatrinatu rezultatu apstradi.
NepiecieSams papildinat programmu ar trisdimensiju un viendimensijas telpu procesu
modelésanu.

Ir iesp€ja izveidoto modeli izmantot turpmakajos pétijumos, ka ari veidot specializ€tus
modelus citu dalinu mijiedarbibas problému risinaSanai (A+B=0 problémas, atomaro un
lielmolekularo savienojumu sintézes problému risinasana u.tml.).
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Abstract: Subconductor methods or partial wire methods yield reliable results for conductor
parameters such as inductance, capacitance, conductance and resistance and can be used to estimate these
parameters for conductor configurations involving complex geometries which cannot be handled using
analytical methods. The values of inductances obtained using partial wire method are critically compared
with values obtained using analytical methods.
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Introduction
The inductance is a parameter of electrical and electronic components dependent on geometry
and material characteristics. The analysis of electrical and electronic circuits is dependent on
the values of circuit parameters such as inductance, capacitance and resistance. As the current
density at 50 Hz in conductors with radius greater than 1 cm, is very much different from that
of a DC current density, due to skin and proximity effects, the inductance is frequency
dependent. In this presentation, only the skin effect is taken into consideration in the
evaluation of inductances.
Very often the estimation of inductance is complicated, especially for conductors with
complex geometries. Generally the length of such cables is very much greater than the
dimensions of the cross section and hence the problem can be viewed as two dimensional.
The skin effect is very often a complicated problem that can be solved analytically only for
very few cases involving conductors with simpler geometries. The most commonly presented
examples found in many text books are infinitely wide flat sheets and long straight cylindrical
lines. The former case leads to the concept of the depth of penetration while the latter
involves Bessel functions in its analytical closed-form solutions. While the cylindrical
conductor model is practically applicable to cases like electric power transmission lines, it
cannot be used to estimate the impedances of conductors with complicated cross sections
(e.g., segment conductors, bus-bar, etc.) under the influence of skin effect.
The inductance can be estimated with Finite Element Methods (FEM) fairly straight forward.
Such programs are easy to handle, mostly they use a friendly Graphical User Interface (GUI).
They are leading to results which are very illustrative, colourful and which help to interpret
the results physically with the help of good tables and field plots.
For a practising engineer with access to measurement facilities, such an estimation of cable
parameters involving FEM methods can be very useful as the values obtained can be used to
optimise the design and production of cables. When the method is established and verified for
given geometries using measurements and quasianalytical methods, the process can lead to
reliable estimates, which can effectively be used in design and production stages.
Such approximate methods have been discussed by many authors, such as Ametani and Fuse
[2]. The method is essentially a quasianalytical method for estimating inductance,

259


mailto:paul.beckmann@fh-oow.de
mailto:jt@fh-oow.de
mailto:Saba.Mylvaganam@hit.no

resistance/conductance and capacitance. Very often such estimates are sufficiently accurate
for a practising engineer.

1. The subconductor method
A. Basics
An alternative to solve the skin effect problem with FEM is a network model based on
coupled-inductance theories [4] in which the conductor cross section is divided into m
subconductors. The current density in each (thin) subconductor will be constant. The current
direction of the subconductor is the direction of the current density.
By assuming uniform current distribution for each partial wire, we obtain m magnetically
coupled R-L circuits parallel. Therefore, the actual current distribution over the conductor
cross section is approximated by the currents flowing in the R-L branches. As long as m is
sufficiently large, accurate results can be obtained. This method has been widely used for
finding impedances of cables.
The coupled-inductance model is basically a circuit-oriented model which, though not as
powerful as the FEM, is familiar to all electrical engineers and easy to code with a high level
computer language.

2a
Fig. 1. Solid triangle conductor with sub conductors and return conductor

To begin with, the resistance and inductance of a conductor is estimated for non-uniform
current density. The bulk conductor is considered as a collection of m cylindrical
subconductors each with resistance R and self-inductance £ with mutual inductances 4, to

all the other conductors. Such a network is excited with a voltage U, . Using the distribution of
the total current I in all the partial wires, the current density &, and the impedance Z, can

be estimated.

A return conductor of radius a is included in the network thus guaranteeing zero as the total
sum of current in the system. As such the return conductor has no influence on the magnetic
field and hence no effect on the calculation of inductance values.

B. Determination of Network Parameters
The resistance of one conductor is
/
R=m— 1
i (2)

with conductivity « and cross-sectional area 4, =7 r;? for each subconductor.

In the estimation of the inductance values, three conductors are taken into account as shown
in Figure 2: conductor », conductor 4 and the return conductor of radius a. The inductance
values can be estimated using [3, chapter 5.23, 6.5] through the calculation of the magnetic
fields.
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Fig. 2. For the calculation of self and mutual inductances using three sample conductors
n, kand a

L, is the self inductance of the conductor loop n,a with the length /, resulting from the n-th
and the corresponding return conductor a surrounded. A4, is the mutal inductance of the loops
with the conductors »,a and 4,a.

L=l @
0
M, = 1n il 3)

The network consisting of these partial wires are then connected to a voltage source as
depicted in Figure 3.

R; Ly
D —
Il R2 L2 > MlZ

I

Uo
Fig. 3. Ladder network of a transmission line involving discrete components

C. Determination of individual currents in each of the conductors in the subconductor
bundle
The equivalent circuit shown in Figure 3 is described by the system of equations, given by
(4):
U, =(R + jwl)I,+ 3 M1, (4)
k=1
k#n
With n=1..m, U, the applied voltage on conductor », resistance and inductance of
conductor » being R and L , and the mutual inductances between conductor » and & being
M, =M, , With k,n=12,.m.
For each conductor, an equation of the form given in (4) will be used and the whole set of
equations can be written as a matrix equation as given in (5).
U=RI+jwuM,I=-Z1I ®)
The alphabets with underscore indicate the different matrices as indicated below:
Y,

1
U =| U, | representing the voltages
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R 0 00
0 R 0O : : o
R= 0 0 & representing the resistances of individual conductors
0O 0 O
L M, M
M, = My L My representing the different self-inductances (diagonal elements) and

M, M, L

mutual inductances.
Then the currents can be expressed as

I-z'U (6)
The total current density will be the sum of the individual currents obtained from (6).

2. Verification for a cylindrical bulk conductor
For the purposes of verification, a bulk conductor with current I(#) =1 coswr is selected.
Figure 4 shows how the sub-conductors are selected for the given bulk conductor.

R

DSEd b a&ans < 0@ =0

V)

ooooo

aaaaa

Fig. 4. Bulk conductor seen as a bunch of wires

As mentioned before the return conductor is a pipe of radius a.
The system will be studied using equations (4) and (5) for estimating the currents.
The inductance is the sum of self- and external inductances = £ +Z . The external inductance

is dependent on the magnetic flux in the surrounding medium of air and hence independent of
frequency but dependent on the radius of the conductor. The self-inductance does not depend
on the radius of the conductor but on frequency.

The self-inductance is given by analytical equations as given in [1, chapter 8.8.1.2]. Due to
the existing rotational symmetry is the value for self-inductance not dependent on angle.

k=0

Fig. 5. Bulk conductor with AC current I(t)
The current density is given by [1, chapter 8.8.1.2].
_taal(a@0) . .. F . .
5( )—EWGO Wlthéo—— a—J(.UK,U (7)

b
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Using the current density, the impedance now can be evaluated as given in (8).

Z, =R, + jwl,
/ La L[(t+j)a’d]  with 5= fi 8)
- 1+ /)2
77Ka2( +'/)52.Z'1[(1+j)a/d'] v

Figure 6 shows the estimated values using equivalent subconductor bundles and compares
these with the values obtained using analytical methods. The analytical methods using close
form expressions and the sub-conductor method gives results which tally fairly well with each
other as can be seen for values plotted for R, &R, and wl, &wl, (subconductor &
analytical).

=lolx|

Fle Edt Vew Insert Tools Deskiop Window Help

DEES|: RQAND|E(0E 1O

4

3581

3|

| | L L | L
0 1 2 3 4 5 B 7

Fig. 6. Results R und wL for solid conductors each normalised w.r.t DC resistance

3. Segmented Conductor
With the power cables connected to consumers in remote areas, these can serve as possible
substitutes for ADSL or for any other electrical signals, thus making it essential to know the
values
R’, L, C°, G, as the transmission characteristics is dependent on these cable parameters. As a
last example in this paper, a segmented conductor as shown in Figure 7 will be studied.

Fig. 7. Segmented conductor used for testing the methodology used in determining the
cable parameters

Figure 8 shows the segmented conductor of Figure 7 in a form better suitable for estimation
purposes.
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Fig. 8. The cross-sectional area of conductor studied

Transmission line models are normally based on the transmission line theory very often based
on the ladder network with discrete components as shown in Figure 9. This will be used for
determining the transmission functions for the network shown in Figure 9.

+ Cau|

MEEE.
C'io [C20 [C'a0

ool 1 T

Fig. 9. Ladder network of a transmission line involving discrete components

The ,,dashes” "' " are used to imply parameter values per unit length, for example R'=R//.
The four conductors in the network shown in Figure 9 correspond to the four bulk conductors
of Figure 7 or Figure 8. Using different combinations of bulk conductors for feeding and
return conductors and the system equations, the current in each wire can be measured.
As an example the cable segments 2 and 3 are supplied with currents. The equivalent circuit is
shown in Figure 10.

2 R% L2 2

o> —llllR——

3 R, M’s; Ls )M’23 3

o1

Fig. 10. Equivalent circuit for the case involving current supply to conductors 1 and 2

Each conductor in such a set of clustered conductors has its own resistance and inductance
and in addition mutual inductances to each and every other conductor in the cluster. The
verification is now limited to conductor segments 2 and 3 only.

Fig. 11. Bulk of conductor viewed as a cluster of snugly lying set of single conductors in
line with partial wire techniques
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The bulk conductor is divided into a set of conductors as shown in Figure 11 and is described
using the equivalent electrical circuit by (4) and (5). Figure 12 shows the locations of all the
conductors for a sub-condcutor system consisting of 2 x 93 conductors. A system of equations
with 186 equations will then be solved.

Fig. 12. Distribution of the cluster of wires for segments 2 and 3 of cable shown in Fig. 8

The current distribution at # =504z is given in Figure 13. For the sake of comparison, the
conductivity of segment 0 and 1 is set to zero.

Fig. 13. Current distribution when only conductor segments 2 and 3 are fed

Figure 14 shows the resistance and inductance values of the segments based on partial wire
method and the values obtained with Comsol Multiphysics for the actual cable geometry
(shown by the blue circles).

[rower =ioix|
Ele [ few [t Lok [esktap Window el P
DEEa kRaM®« 0E =0

as

05
00 200 @0 0 &0 @0 j00 @0 am

Fig. 14. Inductance and resistance values estimated (continuous lines) using partial wire
method compared to estimates using Comsol Multiphysics (circles)

The difference in the resistance values can be attributed to non-conducting areas (filling factor
of the circles with respect to the bulk conductor). This can be improved by improving the
model.

Conclusions
This paper shows the numerical advantage of partial wire method in the estimation of cable
parameters. Partial wire network can easily represent the skin-effect using a network of these
conductors. The methodology developed was tested for some simple cable geometries which
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can be studied using close form solutions. Building upon this, the method was also applied for
massive bulk conductors placed in a magnetic field.
For planar problems, the method is basically a two dimensional problem with dedicated GUI
making the evaluation straight forward and simple.

References
Nethe A., Stahlmann H.-D. Einfiihrung in die Feldtheorie, Verlag Dr. Koster, 2003.
Ametani A., Fuse |. Approximate method for calculating the impedances of multiconductors with cross
sections of arbitrary shapes. Electrical Engineering in Japan. Vol. 111, No. 2, 1992. pp. 117.-123.
Bosse G. Grundlagen der Elektrotechnik II. B.I. Hochschultaschenbiicher Bd. 183.
Kiipfmiiller K. Theoretische Elektrotechnik: Eine Einfithrung, 17. Auflage, 2006.
Jackson J.D. Klassische Elektrodynamik, de Gruyter, 2002.
Herold G. Elektrische Energieversorgung Il. Schlembach Verlag, 2001.

N

ook w

266


http://emdbs2.fho-emden.de:8080/DB=4/SET=1/TTL=1/MAT=/NOMAT=T/CLK?IKT=1016&TRM=K%D3pfm%D3ller
http://emdbs2.fho-emden.de:8080/DB=4/SET=1/TTL=1/MAT=/NOMAT=T/CLK?IKT=1016&TRM=Theoretische
http://emdbs2.fho-emden.de:8080/DB=4/SET=1/TTL=1/MAT=/NOMAT=T/CLK?IKT=1016&TRM=Elektrotechnik
http://emdbs2.fho-emden.de:8080/DB=4/SET=1/TTL=1/MAT=/NOMAT=T/CLK?IKT=1016&TRM=Eine
http://emdbs2.fho-emden.de:8080/DB=4/SET=1/TTL=1/MAT=/NOMAT=T/CLK?IKT=1016&TRM=Einf%D3hrung
http://emdbs2.fho-emden.de:8080/DB=4/SET=2/TTL=4/MAT=/NOMAT=T/CLK?IKT=1016&TRM=Jackson
http://emdbs2.fho-emden.de:8080/DB=4/SET=2/TTL=4/MAT=/NOMAT=T/CLK?IKT=1016&TRM=Klassische
http://emdbs2.fho-emden.de:8080/DB=4/SET=2/TTL=4/MAT=/NOMAT=T/CLK?IKT=1016&TRM=Elektrodynamik
http://emdbs2.fho-emden.de:8080/DB=4/SET=2/TTL=4/MAT=/NOMAT=T/CLK?IKT=8580&TRM=de
http://emdbs2.fho-emden.de:8080/DB=4/SET=2/TTL=4/MAT=/NOMAT=T/CLK?IKT=8580&TRM=Gruyter

Atstd@ja Dzintra

Banakh Ludmila

Bassioni Ghada

Beckmann Paul

Berzisa Solvita

Bogdanova Maria

Bonders Martins

Brakovska Aija

Busarova Vera

Ciplijauskiené
Palmira

Deksne Rasma

Dreija Girts

AUTORU SARAKSTS
LIST OF AUTHORS

Banku augstskola

Valdemara iela 161, Riga, LV 1013

E-pasts: dzintra.atstaja@gmail.com

Mechanical Engineering Research

Institute of Russian Academy of Sciences

4, M.Kharitonjevsky Lane, Moscow, 101990, Russia
Ph: +(7916)5226513, fax: +(7499)1353047

E-mail: n.andre@mail.ru

Chemistry Department, Faculty of Engineering

Ain Shams University, Cairo, Egypt

Phone: +(20)0101832728, e-mail: gbassioni@yahoo.com

UAS O0W, 26389 Wilhelmshaven, Germany
Department of Electrical Engineering

E-mail: paul.beckmann@fh-oow.de

Rigas Tehniskas universitates Datorzinatnes un
informacijas tehnologijas fakultate

Meza iela 1/3 —400b, Riga, LV 1048, Latvija

Tel: +(371)26301110, e-pasts: berzisa@gmail.com
WuCcTHTYT BOAHBIX ITpOOIEM

Cesepa Kapenbckoro Hayunoro uentpa PAH

50, mp. A. HeBckoro, 1. [lerpo3aBonck, PecriyGnnka
Kapenus, 185030, Poccus; ten. (8142) 57-63-81, dakc:
(8142) 57-84-64; e-mail: mari-mb@mail.ru

Institute of Information Technology

Riga Technical University

1 Kalku Street, Riga, LV 1658, Latvia

Ph: +(371)6872638, fax:+(371)659408

E-mail: martins@iti.rtu.lv

Institute of Ecology, Daugavpils University

13 Vienibas St., Daugavpils, LV 5401, Latvia
E-mail: aija.brakovska@inbox.lv

WHCTUTYT BOAHBIX MPOOIIEM

Cesepa Kapenbckoro Hayunoro ueHrpa PAH

50, mp. A. Herckoro, . [letpo3aBojck, Pecriy6mmka
Kapemnus, 185030, Poccust

Ph: +7 (814-2) 57-63-81, fax: +7 (814-2) 57-84-64
E-mail: arhi9@onego.ru

Utena College, Faculty of Business and Technologies,
Ecology Department

Maironio Str. 7, Utena 28142, Lithuania

Tel.: +(370)68506918

E-mail: palmira.ciplijauskiene@gmail.com
Rezekne higher education institution

Latgales research institution of longterm development
Atbrivosanas aleja 76, Rezekne, Latvia

E-mail: rasma.deksne@ru.lv

Vidzeme University of Applied Sciences
Sociotechnical Systems Engineering Institute

4 Cesu Stret, Valmiera, LV 4200, Latvia

Ph: +(372)29266909, fax: +(372)67970126

E-mail: egils.ginters@va.lv

267

LATVIA

RUSSIA

EGYPT

GERMANY

LATVIA

RUSSIA

LATVIA

LATVIA

RUSSIA

LITHUANIA

LATVIA

LATVIA


mailto:paul.beckmann@fh-oow.de
mailto:Aija.brakovska@inbox.lv
mailto:arhi9@onego.ru
mailto:palmira.ciplijauskiene@gmail.com
mailto:rasma.deksne@ru.lv

Elers Gustavs

Ernsteins Raimonds

Gaigals Gatis

Ginters Egils

Gonca Vladimirs

Grabusts Peteris

Hofmanis Janis

Jarosiewicz Anna

Jekabsons Normunds

Kalnins Juris Roberts
Kantane Inara

KijaSko Mihails

Klimovs Ruslans

Kobrinecs Romans

Kononova Olga

Kostjukova Solvita

Lagzdina Erika

Rigas Pedagogijas un izglitibas vadibas augstskola
E-pasts: elers@inbox.lv

Latvijas Universitates Ekonomikas un vadibas fakultate
Vides parvaldibas katedra

Tel: +(371)29476620, e-pasts: raimonds.ernsteins@lu.lv
Ventspils Augstskola

InZenieru 101, Ventspils; e-pasts: gatisg@dundaga.lv
Vidzeme University of Applied Sciences
Sociotechnical Systems Engineering Institute

4 Cesu Stret, Valmiera, LV 4200, Latvia

Ph: +(372)29266909, fax: +(372)67970126

E-mail: egils.ginters@va.lv

Rigas Technical University, Institute of Mechanics
Ezermalas 6, Riga, LV 1014, Latvia

Phone: +371 7089317, Fax: +371 7089748

E-mail: Vladimirs.gonca@rtu.lv

Rezekne Higher Educational Institution
Atbrivoshanas al. 90, Rezekne, LV 4600, Latvia
Phone: +(371)4623798, e-mail: peter@ru.lv
Engineering Research Center of

Ventspils University College

101 Inzenieru St, Ventspils, LV 3601, Latvia
Pomeranian Academy in Stupsk

Institute of Biology and Environment Protection
76-200 Stupsk, Arciszewskiego 22b St., Poland
e-mail: jarosiewicza@poczta.onet.pl

Ventspils InZenierpétniecibas centrs

Inzenieru 101a, Ventspils, LV 3601

E-pasts: normunds.jekabsons@venta.lv

Ventspils Augstskola,

InZenieru 101, Ventspils; e-pasts: simts@latnet.lv
Latvijas Universitate

E-pasts: inara@lanet.lv

Rezeknes Augstskola

Atbrivosanas aleja 115, Rézekne, Latvija
Talr.+37126625775; e-pasts: Mihails.Kijasko@ru.lv
Rigas Tehniska universitate

Imitacijas un modelésanas katedra

Kalku iela 1, Riga, 1658, Latvija

Talr.: +(371)67089514, fakss: +(372)67089513
E-pasts: rew@itl.rtu.lv

Rigas Technical University

Institute of Mechanics

Ezermalas 6, Riga, LV 1014, Latvia

Phone: +371 7089317, Fax: +371 7089748

E-mail: fregl@inbox.lv

Rigas Technical University

Institute of Mechanics

Ezermalas 6, Riga, LV 1014, Latvia

Latvijas Kultiiras koledza

E-pasts: solvita.kostjukova@gmail.com
Regionalais vides centrs Centralajai un Austrumeiropai
(REC Latvija)

Tel: +(371)26551438, e-pasts: erika.lagzdina@Iu.lv

268

LATVIA

LATVIA

LATVIA

LATVIA

LATVIA

LATVIA

LATVIA

POLAND

LATVIA

LATVIA

LATVIA

LATVIA

LATVIA

LATVIA

LATVIA

LATVIA

LATVIA


mailto:raimonds.ernsteins@lu.lv
mailto:gatisg@dundaga.lv
mailto:normunds.jekabsons@venta.lv
mailto:simts@latnet.lv
mailto:erika.lagzdina@lu.lv

Lektauers Arnis

Malers Juris

Margaliené Jolanta

Markeviciené Laima

Martinovs Andris

Merkurjevs Jurijs

Mylvaganam Saba

Naumenko Mihail

Nazarova Larisa

Nikiforov Andrey

Nikolajeva Vizma

Ozolins Jurijs

Rigas Tehniska universitate

Imitacijas un modelésanas katedra
Kalku iela 1, Riga, 1658, Latvija
Talr.: +(371)67089514, fakss: +(372)67089513

E-pasts: rew@itl.rtu.lv

Rigas Tehniska universitate

Materialzinatnes un lietiskas kimijas fakultate
Visparigas kimijas tehnologijas katedra

Azenes 14/24, LV 1048, Riga, Latvija

Talr.: 371 67089211; e-pasts: juris_malers@ktf.rtu.lv
Kadenpa HacaxxieHNI 1 arpOTEXHOIOTHIA
®DaKynIbTET KPaCyCTPOMUCTBA

Kaynacckuil komemx

Mokxkcio yn. 2, Macraiivaii, Kaynacckuii paiioH, Jlutsa,
53313; »-noura: j.margeliene@kauko.lt

Kaunas College, Faculty of Landscaping

Department of Green Plantations and Agro technologies
Mokslo st. 2, Mastaiciai, 53313 Kaunas reg.

E-mail: zeldiniu.katedra@gmail.com

Rezekne Higher Education Institution

Atbrivosanas aleja 90, Rezekne, LV 4600, Latvia
Phone:+371 28325519; fax:+371 4625167

E-mail: andris.martinovs@ru.lv

Rigas Tehniska universitate

Imitacijas un modelésanas katedra
Kalku iela 1, Riga, 1658, Latvija
Talr.: +(371)67089514, fakss: +(372)67089513

E-pasts: rew@itl.rtu.lv

Telemark University College
3901 Porsgrunn, Norway, Department Technology /

Engineering

E-mail: Saba.Mylvaganam@hit.no
WNuctutyT 03epoBeaenuss PAH

J1a00pPaTOPHs THPOJIOTUN

9 yn. CeBactbsiHoBa, Cankt-IlerepOypr, 196105, Poccus
Tem. +7(812)3870260, dakc +7(812)3887327
E-mail: naumenko@limno.org.ru

Northern Water Problems Institute, Karelia, Russia
E-mail: nazarova@nwpi.krc.karelia.ru

Mechanical Engineering Research Institute of
Russian Academy of Sciences

4, M.Kharitonjevsky Lane, Moscow, 101990, Russia
Ph: +(7916)5226513, fax: +(7499)1353047

Email: n.andre@mail.ru

Latvijas Universitates Biologijas fakultate
Mikroorganismu kultoiru kolekcija

Kronvalda bulvaris 4, Riga, LV 1586,

Talr. 371 67034868; e-pasts: vizma.nikolajeva@Iu.lv

Rigas Tehniska universitate

Materialzinatnes un lietiSkas kimijas fakultate
Visparigas kimijas tehnologijas katedra
Azenes 14/24, Riga, LV 1048, Latvija; talr.: 371 67089211

E-pasts: juris_oz@inbox.lv

269

LATVIA

LATVIA

LITHUANIA

LITHUANIA

LATVIA

LATVIA

NORWAY

RUSSIA

RUSSIA

RUSSIA

LATVIA

LATVIA


mailto:juris_malers@ktf.rtu.lv
mailto:Saba.Mylvaganam@hit.no
mailto:naumenko@limno.org.ru
mailto:nazarova@nwpi.krc.karelia.ru
mailto:juris_oz@inbox.lv

Polukoshko Svetlana

Potahin Maksim

Rasnacs Oskars

Reimanis Madars

Romanovs Andrejs

Ruksteliené Nijolé

Rutkovska Santa

Silin§ Andris

Skute Artiirs

Skute Renate

Sokolova Svetlana

Svabs Jurijs

Timmerberg Josef

Timofejeva Larisa

Engineering Research Center of

Ventspils University College

101 Inzenieru St, Ventspils, LV 3601, Latvia
E-mail: pol.svet@inbox.lv

WucTuTyT BOgHBIX ITpOGIeM

Cesepa Kapennckoro HayuHoro rieaTpa PAH

50, mp. A. Hesckoro, 1. [lerpo3aBonck, Pecriy6nuka
Kapenus, 185030, Poccust

Ten. (8142) 57-63-81, dakc: (8142) 57-84-64
E-mail: potakhin@nwpi.krc.karelia.ru

Rigas Stradina universitate

E-pasts: rz15r01@inbox.lv

Rigas Tehniska universitate

Materialzinatnes un lietiskas kimijas fakultate
Visparigas kimijas tehnologijas katedra

Azenes 14/24, LV 1048, Riga, Latvija, talr.: 371 67089211
E-pasts: madars.r@inbox.lv

Rigas Tehniska universitate

Imitacijas un modeléSanas katedra

Kalku iela 1, Riga, 1658, Latvija

Talr.: +(371)67089514, fakss: +(372)67089513
E-pasts: rew@itl.rtu.lv

Utena College, Faculty of Business and Technologies
Ecology Department

Maironio Str. 7, Utena 28142, Lithuania

Tel.: +(370)68506918; e-mail: aplinka@utenos-kolegija.lt
Daugavpils Universitate

Dabaszinatnu un matematikas fakultate

E-pasts: santa.rutkovska@du.lv

Ventspils InZenierp&tniecibas centrs

Inzenieru 101a, Ventspils, LV 3601

E-pasts: andris.silins@venta.lv

Daugavpils University

Vienibas 13, Daugavpils, Latvia
E-mail:Arturs.Skute@du.lv

Institute of Ecology, Daugavpils University

13 Vienibas St., Daugavpils, LV 5401, Latvia
Rigas Technical University

Institute of Mechanics

Ezermalas 6, Riga, LV 1014, Latvia

Rigas Technical University, Institute of Mechanics
Ezermalas 6, Riga, LV 1014, Latvia

Phone: +371 7089317, Fax: +371 7089748

E-mail: fregl@inbox.lv

UAS O0W, 26389 Wilhelmshaven, Germany
Department of Electrical Engineering

E-mail: jt@fh-oow.de

Poccuiickuii rocygapcTBEHHBIH
FHﬂpOMCTGOpOHOFI/I'{eCKI/Iﬁ YHUBCPCUTCT,
I'maponoruueckuii pakyabTeT

98 Manooxtunckuii np., Cankr-Ilerepoypr, 195196,
Poccust; ten.: +(7)9213049836

E-mail: tilarisa@gmail.com
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Tolstikov Aleksei

Uiga - Rebrovs Olegs

Vaidelys Jonas

Vanaga Inga

Vitin§ Maris

Vucenlazdans Peteris

Vyshkin Euphym

Zeila Ingiina

Zobkov Mikhail

Zorins Aleksejs

WHCTUTYT BOAHBIX TIPOOIIEM

Cesepa Kapennckoro HayuHoro rieaTpa PAH

50, mp. A. Hesckoro, T. [lerpo3aBoack, Pecrry6mmka
Kapenus, 185030, Poccust

Ten. (8142) 57-63-81, dakc: (8142) 57-84-64
E-mail: tolstikov@nwpi.krc.karelia.ru

Rezeknes Augstskolas Ekonomikas fakultate
Atbrivosanas aleja 90, Reézekne, LV 4600, Latvija
Talr. +(373)29472205, e-pasts: rebrovs@tvnet.lv
Kaunas College, Faculty of Landscaping
Department of Green Plantations and Agro technologies
Mokslo st. 2, Mastaiciai, 53313 Kaunas reg.

E-mail: zeldiniu.katedra@gmail.com

Ventspils InZenierpétniecibas centrs

Inzenieru 101a, Ventspils, LV 3601

E-pasts: inga.vanaga@venta.lv, mob. talr.: 26021571
Latvijas Universitate

e-pasts: maris.vitins@dati.lv

Rézeknes Augstskolas Pedagogijas fakultate
Atbrivosanas aleja 115, Rézekne, Latvija

E-pasts: vucenlazdans@navigator.lv

Samara State University of

Architecture and Civil Engineering

194 Molodogvardeyskaya ul., Samara, 443001
Russian Federation

Ph: +(7)8462421498, fax: +(7)8462423700

E-mail: euphym@gmail.com

Daugavpils Universitate

Dabaszinatnu un matematikas fakultate

ABSP ,.Vides zinatne”

E-pasts: inguna.zeila@inbox.Iv

Nothern water problems institute, Karelian research center
50 Aleksandra Nevskogo St. Petrozavodsk, Karelia,
Russia; ph: 8 (8142) 576541, e-mail:duet@onego.ru
Riga Technical University

Faculty of Computer Science and Information Technology
1 Kalku Street, Riga LV 1658, Latvia

E-mail: Aleksejs.Zorins@ru.lv
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