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Exmondevtixn AELoAOynon Tov AoyLouLxov
Mathematica oty didaoxadio Mabijuatog
MoaOnuotixov

A. Hogoyenotog
Tunua Avtouatiouov
T.E.L Ilewpaid

N. Adagodnuog
Tunua Avtouatiouov
T.E.L Ilewoaid

K. ALagoodnuog
Tunua Avtouatiouov
T.E.L Ilewpoid

Megidmypn

To vtoloyLotind meQLBdALOV Mathematica ¥ONOLUOTTOLELTAL EVEEMS OLeBVmS, 0TN
OVAOTOTYN EXTOLOEVON e OVVEXEIS PEATLAOOELS KoL OUVATOTNTES TTOV OVIOVOXAOVV TO
TQOOMOTO EVONUOTO QIO TNV JTTOQUYOUEVN OUYXQOVN ETLOTNUOVIXY & TEXVOAOYLXN
¢oevva. H mo.0ovo0 £0yaota TaQovoLdlel TNV eXTTOLOEVTIXY GELOAOYNON TOV VITOAOYL-
0TWMOV meQLBdAAovVTOoC Mathematica OTWS AVTO YONOLUOTTOLELTOL OTNV EXTALOEVTIUY
OLOOLXAOLO TNG OVATATNG EXTTOLOEVONG OTOV AUAUOO UNYOVIXMV/TEYVOLOYWVY %Al OTO
EMLOTNUOVIXO TTedio Twv Mabnuatirav. H pebodoroyio aEloldynong agoQd oTovg ex-
TTALOEVOUEVOUC HOL UEAETE TO TTOQOXATW TTEVTE POOWKA onueia ®AeLOLd: (a) 0QYAvwon
uabmuatog, () 0ELOAGYNOM EXTTOLOEVTLXWYV, (V) TN XONOTHATNTO TOV CVOTHUATOC, (O) TO
ALOUKTINO OYEOLAOUO, (€) TNV AELOAOYNON TWV EXTTOLOEVOUEVIV KOl (OT) OTNV VITOOOWUY).
H épgvva dteveQyndnxe pe ™ xoNom SounuévVmv avavVUI®VY EQMTNUATOAOYIWV 01O Te-
vird Tunue Madnuotirwv xat IIngogoouxnig Tov TEI TTelQatd v oxadnuatxy eQio-
00 2009-2010.

Emotnuovix Exetnoioa E@aouoouévng Egevvag
Vol. X1V, No 1, 2010, pp. 5-25
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Abstract

The computing environment Mathematica is widely used internationally, in the higher
Education with constant improvements and potential that reflect recent findings of
modern scientific & technological research. This paper presents the educational
evaluation of the computer environment Mathematica, as it is used in the educational
process of Higher Education in the sector of engineers/technologists and in the scientific
field of Mathematics. The evaluation methodology involves the learners and studies the
following five key-points: (a) course organization, (b) tutors evaluation, (c) the usability
of the system, (d) instructional design, (e) the learners’ assessment and (f) infrastructure.
The survey was conducted using structured anonymous questionnaires in the department
of Mathematics and Computing in TEI of Piraeus during the academic period 2009-10.

A€Eearg Khewdua: AStoAdynon, Mathematica, MoOnuatixd, ToLoTixY EQEUVA

1. Ewcayoyn

To eXTTOLOEVTIXG AOYLOWXO UTTOQEL Vo TaEvounOel e dapdoovg Tomovs. Evac tood-
7T0G TOELVOUNONG AVEL MGYO YLOL SLARQLOT) TOU AOYLOULAOV OLVAAOYOL e TOV TQOTTO WaOnong
%O TO PoOUO eEAEYXOV TTOV 0 LoBNTNG 0loxel 0e oVTO. ALoxQlVeL TOV TEOTTO UABNoNG e Y-
o1 AoYLouxov: (o) o StdaxTixO (eTTIOELET, OLOXNOELS TTQUXTIXWV EQPUQUOY™Y), (B) uéow
avOroAYPeV (OLOUXTIXA TTALYVIOLO, UEMETN TIEQLITTWOEWY, eEonoiman), () e0evvnTixd
(Mo weofAudTwy) rot (8) xonotixo (LodnuaTnd soxéta, Baoelg dcdoueévav). Evog G-
AOC TQOTTOC TAELVOUNONG elvoL exelvog TOV OLOKQIVEL TO EXTTOUOEVTLIXG AOYLOWXO OF TQELS
Poourég naTNYOQLES CLVANOYO UE TOVS ETTLUEQOVS OTOYOVG TTOV ETTLOLDOKOVV: A0YLoux0 50~
oxnong, drdaoxariog xow eEopotwoewv. AANNOC TQOTOC OLOKQIVEL ATTO TO VITAQYOV EXTTOL-
OEVTIXO AOYLOWXO TOL voNTixd 1) YVawoTixd e0yorelor (mindtools), Ta. omolo T 0Qiler OTL
TTQOGYOUV TNV XOLTLXT ®OL ONULOVOYLXT 0xEYn Tov nobnty (Baoelg dedouévmy, Tolvpéoa,
EUITELQOL OVOTNUATO %.0..). AMOS TQOTTOS TOELVOUNONG TWV EXTTOLOEVUTLIXMV TEXVOLOYLDV
AOL TOV OVT{OTOLYOV EXTTOLOEVTLXOV AOYLOULXOV ELVAL QUTOG TTOV ETTLTOETEL TNV OELOTTOLN-
OmM TOVC, 08 OVVOAQ. UECWV TA OTTOL0L OLAKQLVEL, OVAAOYA UE OUTO TTOV ETTLOLWHOVV. ELOLnd-
TEQOL ETTLOLOXOVV: TNV EQEVVOL 1) OLEQEVVNOT, TNV ETTLXOLVIVIAL e GALC TOUCL, TN ONULOVQ-
vio, 0VUVOEOT 1| ROTAUOAEVUY CVTLXELUEVIV 1) TNV €XPQOON LOEWV Xall CuVOLoOMUdTWYV. TELOG
€vog GANOS TQOTTOS KATOTAOO0EL TO AOYLOWXO OVAAOYO. UE TO Sabud aAinAemidoaons mov
ETTLTQETTEL VOL VITALQYEL OLVAUEDO. OTO UAONTH KoL TOV VITOAOYLOTY, TTOQAOETOVTOS TTOQUOELY-
UOTO, AOYLOULXOU TTOV OVTLOTOLXOUV 0¢ ®ABe TUITOV aAAnAemidgaon, evegyo, auoybaio 1
ovameoowsixt) (AvBovldg, 1989, Bruce & Levin, 1997, Lebrun, 1999, TTomdc, 1989).
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AxOMOVBOVV TO ®KVOLOTEQ ELON EXTTALOEVTLXOV AOYLOULXOV TTOV YQNOLUOTTOLOVVTOL
0Tn OwaxTXn TEAEN (Bruce& Levin, 1997, Lebrun, 1999, Muxgdmoviog & Aadidc,
1998, Mucchielli, 1987, ITammtdic, 1989, Papachristos et al., 2004a, 2004b, Poole, 1997, Pd.-
g & Pamn, 2002, ZoAouwvidoov, 2001):

o HAextoovixd BipAia (electronic books).

o ITooyoduuato eEdoxnong (drill and practice).

o Atdaxtixd mouyviola (electronic games).

o ITooyoduuato eEatoutxevuévns dtdaoxaliag (tutorials).

o ITooyoduuato eEouoimong-roooouoiwong (simulation).

o AAMNAETIOQQOTINES EEOUOLWTELS OTIS PUOLKES ETTLOTHUES.
o T1QOYQGUUATO ONULOVQYIAS KL EXQPOAONS

o I'Aaooeg mooyoouuatiouov yia motold — LOGO.

o E101xd eXTALOEVTIHNG TTOOYQGUUOATO VIO TNV ELOLXT] QY Y.

Befoiwg extog amd T TOQATAVMD HATNYOQLES EXTTALOEVTIXOV AOYLOULKOV, UTTOQOVV VO
xonoLuotomBov otV exTToioevon 1oL GAAC TTQOYQEULOTO. TTOV eV EXOVV 0voITTUYOEl
ue 0toyxo va fondnoouvv otnv expdadnon ®aolov BEUATOC, AALG elval ueyaha TOXETA 1)
AVOLXTA TTEQLRAMAOVTA TTOV TTQOOMPEQOVTUL YLOL TNV TTQOYUOTOTTOLNOT EQYO.OLWY, TNV OV
NTmom %o emTeEeQYAOl0 TTANQOPOQL®Y, TNV TTOQOVOL00T dedouévawv ®hit. Tétola moné-
T €LVOL OL ETTEEEQYOOTES HELUEVOV, TOL AOYLOTIHG QUANC, OL BAoELS dedOUEVMV, TA TTQO-
YOAUUOATOL TTALQOVOLAONC, TA TTQOYQAUUATA VITORONONONS TNG UETAPQAONG, TO. TTQOYQMIU-
UOTO XOMALTEXVIANC EXTTAIOEVONG, TNAEXTTAIOEVONG AL OL YAMDOOES TTQOYQUUUATLOUOV
(Papachristos et al., 2004a, 2004b, Zohouwvidov, 2001).

To Mathematica eivol €vo. AOYLOWHRS TTEQURAAAOV e TTOMAES OUVATOTNTES O OYEdOV
OAOVG TOVS TOUELS TV HoBNUaTXOV (Alyeoa, Oswio ouvOLwY, AVAIUOY, ALOQOQL-
nég EEwomoelg, Ztatiotivn ®Am.) (Ewx.1). O muonvag (kernel) tov Mathematica eivol m
VITOAOYLOTIXY UNYOVY| TOV, EVM 1 GVVOEOT UETOED TOU XONOTN KOl TOV JTTVQNVOL YIVETOL
ueéow tov front end (;eQLAALOV €Qy00i0G) noL Tov Mathematica notebook. O VoG
agoQa TLg nodnuotinég medgelg evad to Front-End asotelel Tnv diemogn (interface) xa
YONOLUOTTOLELTOL VLG TNV ELOOYWYY) TWV OEOOUEVIV XL TTO.QOVCL0ON TWV OITOTEAEOUA-
Twv. Eniong meouhaufdvel tny Mathematica wov eival o OVUPOAKY YADOOO Ue TNV
ool WIT0QOVV VA, EXTEAEOTOVV VITOAOYLOUOL WIS Va Yivouv aQlOunTinés TOAEeLS
(Wolfram, 2003).

O dMuLovEYods Tov Aoywowxov Mathematica eivar o S. Wolfram. To 1979 dnuove-
ynoe 10 SMP 10 TQMTO UOVTEQVO VITOLOYLOTIXO OVOTNUO GAYEBQOS TO OTTOLO XVRAOPO-
onoe euoowxd to 1981. To 1986 dovoe tnv etavpeia. Wolfram m omoio O1éBeoe eutoQL-
%1 TNV TOWTY €xdoom Tov Mathematica otig 23 Tovviov tov 1988, 1 owoia onueiwoe on-
UQVTLXT) ETTLTUY L0 %O TNV XOOLEQWOE G ULOL OTTO TLS TTQMTES ETALQELES O€ TTOLYHOOULOL KO-
TATAEN 0TV ToQOywYY) Aoylouxov. To 1991, nuvxhopdonoe m 21 £xdoom Tov
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Mathematica, v axolovOnoav oL exddoels 3, 4 xat 5 Tig xeoviég 1996, 1999 xaw 2003
ovtioTolyo (onueQa eival otnv £éxooon 8.0). VUV, Ue VITOAOYLOUOVS, EETEQVOUV TO.
2.000.000 ou yonoteg Tov Mathematica ToryrOOWMS, OL OTOLOL AVAXOUV 0€ KAAOOVG
Omov to paBNUOTKG ElvOL £V aTTOQATNTO £QYAAELD TS UABNUOTIXOL, UNYOVOROYOL,
0MOVOROAOYOL xoL GANeg emLotiueg (Wolfram, 2003).

Mathematica

Developer(s) Wolfram Research
Initial release June 23, 1988
Stable release 8.0.0 (November 15, 2010) L]

Preview release

(L]

Written in Mathematica, C

Platform Cross-platform (list)

Available in English, Chinese and Japanese.

Type Computer algebra, numerical computations, Information
visualization, statistics, user interface creation

License Proprietary

Website www.wolfram.com/products/mathematica

Ewove 1. H tavtotnta tov Mathematica (Wikipedia, 2011).

2. MefBodoroyia 'Egeuvag

H ¢0guva ot agpod TNV eEXTTOLOEVTIXNY 0ELOAOYNOT OTTO TTAEVQAS EXTTOLOEVOUEVDYV
TOV AOYLOW®OV Mathematica ®otdl TNV ¥0NOT TOV 0TNV EQYOOTNQLUXY OLOUORAALD TV
EPOQUOOUEVOV HaONUOTIXOVY. YAOTOWONKE e TNV KONON EQWTNUOTOAOYIOV, TO OTTOl0
OLoxQivetal og dVO POond UEQN: TO EXTTALOEVTING KoL TEXVIXG WEQOC. EEetdotray eL-
durdTEQa Ta eENg Béuata:

o 0ELOAOYNON UAONUATOC, EXTTOLOEVTIXMVY KOL LOIWV TWV EXTTOLOEVOUEVIV KL

o OELOAOYNON TEYVIXMDV OTOLYXELWV TOV AOYLOWAROU (XONOM €QYOAELWY, TTOAVUECMY,
EVXELQLOLV, OLOOXTLLOV OYEOLOOUOV HATL.).
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H ¢evva moaynatomomdnxe 0to T€A0g TOV XELUEQLVOU EEQUNVOV TOV ORAONUAT-
710V £€10Vg 2009-10 0TOVG EXTOLOEVOUEVOVS TOV EQYOOTNQLOV YTOAOYLOTIHMY MoOn-
UOTLXMV TOV YEVILOU TUUOTOS Mabnuatirwy ral IIAnoogooinnig, tov TEI ITEIPAIA
og eVraLQLaxd delyna 41 6rtovdaoTd@V (AVOQMV ®at Yuvaxmv). H dieEarymyn tng €0ev-
VO TTQOUYUOTOTOWONKE OTO YMQOV TOV £QYO0TNQLOV VITOAOYLOTIXMY MaONUATIXROV
1oL OxoAoVONONKE M SLadLKAOLO TNG OCVWTANQWONG EQWTNUATOAOYIOV avadvvua. H
ETMEEEQYAOL0. TV OTOTEAEOUATWV TNS EQEVVOG £YLVAV UE YONOM VITOAOYLOTH (MsS
Excel).

Ewdwoteoa 1 €0evva meQuAaupdver Tug ENG LETOPANTES OTTWC (POLVETOL OTOV ETTOUE-
vo gtivara (ITev.1):

Hivaxag 1. MeBodoloyixo mraioto (MeTofAnTés éoevvag).

AVeEGQTNTES UETOPANTES EEaQtnuévec MetafAntég

1. VO exTToLdEVOUEVOV

2. I'vwon H/Y
(notd ONhwon Tov)

AEL0AOYNON nabiuatog (4 vto-ueTaAnTég)
AELOMOYNON EXTTALOEVTIXRMV (4 VITO-UETOPANTES)
AELOAOYNOT EXTTOLOEVOUEVWV (3 VITO-UETAPANTES)
Xonon moAvuéowv

EgQyaheio exmordevouevov

DLAHOTNTA KONOTN — EXTTALOEVOUEVOV

(2 vro-ueTaANTéQ)

ALORTIROC 0YedLAOUOS (3 VITO-UETOPINTES)
AL0QBMOELS OPAAUATOV OTTO TTAEVQAS EATTALOEVOUEVOV
AELOMOYNON EXTALOEVOUEVV OTO EEOUOLTN

10. Eyyewolowo xat fondeta (3 vro-uetapAnTéc)

11. Ymoodour (3 vito-uetafAntég)

SNk =

© ® N

OL eE0QTNUEVES UETAPINTES TTOV OTTOTEAOVV TO KQLTHOLA AELOAOYNONG CLPOQOVV TNV
vevixy Bedonomn tng xonong tov Aoylouxoy Mathematica 0TV OUYKREXQLUEVY EXTTOL-
OEVTLXY] OLOOLXAOLO (EQYAOTNOLOKY] OLOAORAAL EQAQUOOUEVOV UAONUATIRWDV). EAEY-
KOVTOL O OLOOATIHOC OYEOLAOUOS, O TEOTOS TTOQOVOLOONS, TO TTEQLEXOUEVO, 1 doUN, 1
duvaprn %ot oL duvatotntes alinienidoaons. H aEwoldynon éhafe viroym tovg axo-
AovBovg TaQAYOVTES (UE T AVTIOTOLY O XOQUXTNQLOTIAA): OLOUKTIXOL OTOYOL (OLOUKTL-
1OG OYEALAOUOG, OELOAOYNON LOONUOTOC), TO YONOLUOTTOLOVUEVO UECO (YQNON TTOAVUE-
owv, eQYoheia, AELOAOYNON ATt TO UECO, PLALROTNTA XONOTY, eYXELQidLa oL FondeLa,
OL0BWOELS OPAAUATOV, VITOOOWUY]) KoL LOONOLOXA TTOTEAEONOTO (OELOAOYNON EXTTOL-
devouevoy, exmoldevTivdy) (Hennessy 1995a, 1995b, Muwxopdmoviog, 2000,
Papachristos et al., 2010).

H @béoua Tov eQTNoEmV JTOV TEQLAOUPAVEL TO EQWTNUATOAOYLO OELOAOYNONG UE
NV AVTLOTOLYN ®ALpoxa ebvol n oxdhovdn (Zy.1):
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Eomtnon IToAv | Agretd | Métoua | Alyo | KaBoiov

AVOAVEL KOL TTOQOVOLALEL TLG EVVOLES
ue arhd %ol EVOLAPEQOVTA TQOTTO;

Sytjua 1. POgua 0TNONS Ue TNV XAlUoxa a5toAdynong.

H emeEegyaoia & egunveia Tv amtavimoemy o yivel wolotind fAon TV oTovINoe-
WV TTOV VITEQEXOVV (0QLOUNTHA & KOTE TTOO00TO) AVA KOQOATNQLOUO (BGom Tng ®Alpa-
1OC OELOAOYNONG) O€ O%E0N UE TO OVUVOLO TMV QITAVINOEWY. ZXOTTOG ELVAL O OOQPNG TTQOO-
OLOQLOUAC TNG TAONS TOV OELYUATOC TTQOC £VA XUQUXTNOLOUO BEomn TNg ®ALUAXOS OELOAO-
YNONG KOL 1 AVANOYN EQUNVELDL TOV (JTOLOTLXY] AVAAVOT). ZTNV TEQLITTMWON TTOV VITAQ)EL
LOOOUVOULOL O€ TTEQLOOOTEQOVS OITO OVO YOQUXTNOLOUOVS (TT.). O OVVOAO 6 TTOVTINOEWY
VITAQYOVV 2 «ROAN», 2 «UQUETA» %Ol 2 «AiYO») TOTE ATTOOIOETOL O YUQUXTNQLOUOG «AEV
VITAQYEL VITEQOYT ATTAVTNONC» €TeLdON OV UTTOQEl Vo oElohoynOel ue oagpivela  Taom
Tov detyuotog. H pueBodoroyio dteEaymyng Tng €0evvag eQLAAUPAVEL TOL EENG OTAOLAL:

o YEVLXY] EVIUEQMOM YLOL TO OROTTO TNG EQEVVOS OTOVS EXITALOEVOUEVOVG,

e OUUWITANIQWOM TOV €QMTNUATOAGYLOV (OLdQxreLa 20-25 min) ko

e QITOYMQONON AITO TO YWMQEO OLEEAYWYNG TNG EQEVVOC.

‘000 0POQA TO AELYUA N TOVTOTNTO TOV O€ OYEON UE TLS OVEEQTNTES UETARANTES (POLL-
VETOL OTOV €TOUEVO Trivora (IMwv.2):

Hivaxag 2. Tavtotnta Aeiyuoatos (41 droua).

BYAO I'NQXH H/Y
NAI OXI 2YNOAO
ANAPEZ 29 ) 34
I'YNAIKEZ 6 1 7
ZYNOAO 35 6 41

210 yQopNUaTe TV axoAovBoUv astetroviletal n dowr Tov detyuatog (PVro, I'vo-
on H/Y).

®YAO (1:ANAPEE (83%), 2T YNAIKEE (17%)) FNQEIH HIY (1:NAI (85%), 2:0XI(15%))

(o) avaraedotaon @UuAov (B) avamagdotaon yvawons H/Y
Toagnua 1. I'oaguxt) avaradotaon s douts Tov Oelyuatos a5LoAdynons.
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ZTNV TOQOV0U. £QYAOLO TTAQOVOLALOVTOL TO KVQLOTEQM OITOTEAECUATO TNG EQEVVOS
O ELOLROTEQO VT TTOV CPOQOVV TO EXTTOLOEVTLXRGO UEQOC NG OELOAOYNONG.

3. Aroteréonata ‘Egsuvog

H moovoioon Tov amoteleoudTwy IOV 0xohoVOEL £yLve PAon TV dV0 aveEdoTn-
TOV UETOPANTOV: DV (A/T) rat I'vwoelg H/Y (N/O). Ztovg ivares Tov oxoAovbov
QITELOVICOVTAL Ol ETLAOYES QUTAVTHOEMY TOV EQMTNUATOAOYIOV & OL OVTIOTOLYES OV-
KVOTNTES (TTOV VITEQEYOVV) YLO. TNV GVEEAQTNTN UETAPANTY 08 OY£0N UE TG EEQQTNUEVES
UETAPANTEG & VITO-UETAPANTES TNG £QEVVAS 000 QPO TLC EQWTNOELS TOV EXTTOLOEVTL-
71OV UEQOVG TOV EQUTNUATONOYIOV:

o A&LoAdynon Mabniuatos: agpod 4 eQwTNOELS (VITO-UETAPANTES) OYETLRA UE TNV EX-

TTOLOEVTIXY OELOAGYNOT TOV uaBquatog (VAN, VARG ®ATT.).

Hivaxag 3. ATavTioels ue v ueyaAvtegn ovyvornto otnv AELoAoynon Maobriuatog
(4 vo-ueTafAntés) oe oyéon ue to VAo xaL Ty yvwon H/Y.

DPYAO I'NQXH H/Y
Eoamon ANAPES |T'YNAIKES|  NAI OXI
(34) (7) 35) (©)

H ¥\n mov »ohOgpOnue pe «OLQHETA» «OLQHETA» «OQHETA» «TTOAU»
v ponbero tov Mathematica (15) “) (18) 3)
OVTOITOXQLVOTAY OTOVG 44% 57% 51% 50%
0TOYOVG TOV LOONUATOGC;
To extaLdeVTIRG VARG «OQHETA» «OLQHETA» «OQHETA» «OQHETA»
Tov d6ONre Pornoe (18) (6) (20) 4)
OTNV ROAVTEQN RATOVONON 53% 85% 57% 66.6%

TOV GIVTIXELUEVOD;

Tivetal yonom yvooemv ot | «aoxetd» | «xaBO0A0v» | «0OXETA» «Alyo» &

GAAo pobMuaTa; (12) 3) (13) «oforov»
35% 71% (37%) )
33.3%
Iwg notvetal To emimedo «UETOLO» «UETOLO» «UETQLO» «UETQLO»
Ovorohiog Tov pabniuartoc ue (16) “) (16) )
™V fonbera Tov Mathematica 47% 46% 66.6%

Yo TO €T0C TOV;
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o AL1oAOynon Exmaidevtinv: apoQd 4 QmTNOELS (VITO-UETAPANTES) OYETLXA UE TNV
QELOAOYNOT TV EXTTOLOEVTIXMY RATA TNV OLOUXTIXY TTQAEN OITO TOVUS EXTTOLOEVO-

UEVOUC.

Hivaxog 4. ATavtioeis ue v UeyaAvteon ouxvotnta otnv AELoAdynon Exmaidev-

Txwv (4 vro-uetofAntés) ae oxéon ue to ®VAo xat tnv I'vaioon H/Y.

DPYAO I'NQXH H/Y
Eeamnon ANAPES |I'YNAIKES|  NAI OXI

(34 (7) (35) (6)
Twg #olvete TV 0QyAvmOoN «HOAT)» «HOAT)» «HOMD» «HOM»
%O TTAQOVOLOON TN VANG; (19) o) 21) 3)

56% 71% 60% 50%
Ietvyaivel va dieyeiQel To «OQHETA» «OQHETA» «OQUETA» «OQHETA»
EVOLAPEQOV YLOL TO OIVTUKEL- (19) 3) (19) 3)
UeVoO TOv nobnuotog; 56% 43% 54% 50%
AVOAVEL 1AL TTOQOVOLALEL TS | «OQXETA» COLOHETA» «OQOXETA» | «OeV VITdQyEL
EVVOLES e OUTAO KOL (14) “) (17) uITeQoX
EVOLOPEQOVTOL TQOTO; 41% 57% 48.5% AITAVTNONG»
EvO0.0QUVeL TOVG OTTOVO00TES|  «QXETA» «OLOHETO» «OQUETA»  |«OEV UTAQYEL
VO, SLUTVITMWVOVV OTTOQLES KL (17) “) (19) ueQoOx
EQWTNOELS YLOL VO OLVATTTVEOVY 50% 57% 54% AITAVINONG»
™mv ®olom Tovug;

o A&LoAOYNON EXmalOevouevoy: apoQd 3 QTNOELS (VITO-UETOPANTES) OYETIRG UE
™V GUTO-0ELOAOYNON TV EXTTALOEVOUEVIV OYETIXA UE TNV X0NON TOV AOYLOULLOV
YLOL TNV RATOVONON TOV YVWOTLXOU OVTIXELUEVOD (LOONUATIXA).

IMivoxag 5. Amavtnoelg pe tny ueyohiteen ovyvotnta otnv AStoAoynon Exmaidevo-
uevav (3 VIo-petafAntéc) oe oxéon ue To dvAo xar v I'vavon H/Y.

DPYAO I'NQXH H/Y
Eootnan ANAPES |I'YNAIKES|  NAI OXI
(34 (7) (35) (©)
MEeLETM CLOTNUOTIXG TNV VAN|  «UETQLOX <UETOLO» <UETOLO» «OQHETA»
TOV UoOMUaTOg (14) “) (16) & «UEToLa»
41% 57% 46% 2)
33.3%
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Hivaxag 5 (ovvéxeia)

DPYAO I'NQXH H/Y
Eearnon ANAPES |T'YNAIKES|  NAI OXI

(34) (7) (35) (6)
AvTaITonQivouol «OLQHETA» «OQHETA» «OQHETA» «Alyo»
OVOTNUATLXLG OTLG OLOXNOELS/ (14) 3) (16) 2)
eQyooieg 41% 43% 46% 33.3%
ApLeovo gfdopadtaio «0-2 00€5» | «0-2 00eg» | «0-2 0peg» | «0-2 oeg»
YOOV YLoL TN UeAETN TOV 22) “) ©2), “)
uabquatog we v fondela 65% 57% 60% 66.6%
Tov Mathematica

AvTioTolya, 0xohoVBOVYV OL ETTLAOYVES ATTAVINOEWY 08 OYEON UE TLG KVQLOTEQES ECIO-
TNUEVES UETAPANTES & VITO-UETUPANTES TNG £0EVVOG OO0 0LPOQA TLG EQWTNOELS TOV TE-
XVIXOV UEQOVS TOV EQUTNUATONOYIOV:

o Xonon IoAvuéowv: ool TNV OELOAOYNON TNG EXTTOLOEVTIXNG %QNONG TWV JTOAV-
uéowv ato meQldAlov Mathematica (eqOOOV VITAQ)EL).

Hivaxag 6. Aavtijoeis ue Tnv ueyalvteon ovyvornra otnv Xonon Ilolvuéowv oe
oxéon ue to ®UvAo xat I'vaoon H/Y.

PYAO I'NQXH H/Y
Ecamon ANAPES |T'YNAIKES|  NAI OXI
(34 (7) (35) (©)

Iwg #lvete GVVOALXA «HAAT» «HAAT» «HOAT» «HOAT»
™V X10N TWV TTOAVUECWV (18) “4) (19) 3)
(netpevo, eova, Nyo, 53% 57% 54% 50%
animation). Zog fondd
OTNV £OTOVONON
Tov uobniuatog;
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o Eoyoldeia Exsmaidevouevaov: agoQd Ty aEloldynom mg xoMon Twv fondntixmy
eQyolelmv Tov AoyLouxov Mathematica.

IMivaxag 7. ATAVTHOELS Ue TNV UEYOAUTEQN oV vOTNTO 0TV EQyadeia Exmatdevouevaov
yia To ®Uho rat I'vwoerg H/Y.

DPYAO I'NQXH H/Y
Eootnan ANAPES |I'YNAIKES|  NAI OXI
(34) (7) (35) (©)
Twg %QiveTe CUVOALKA TN «ary  |«narny (3) &|  «raAn» «HOA»
¥ONON TWV PonONTIROV (16) «UétoLo (3) (16) “)
eQYUAELWV (YQOUPLKAL, 47% 43% 46% 66.6%

VITOAOYLOTIXGL %.0L.) 0Tt
UEQOVG TOV AOYLOULLOV.
Zag ponda otnv
1OTAVONOT TOV Habniuotoc;

o OrioTnTa Xonotn-Exmaidevouévov: agoQd. ™V aELoAOYNON TG OLETTAPC
(interface) & TNg TAONYNONS TTOV TTAQEYETAL ATTO TOV EEOUOLMT.

IMivaxog 8. AavInoelg ue ™y UeyohiTeen ovxvomnta oty PiAtxotnTa
Xonotn-Exmatdevouévov (2 vIto-UeToPfANTES) o oyEon Ue TO
dvLo now I'vioon HYY.

DPYAO I'NQXH H/Y
Eeamnon ANAPES |I'YNAIKES|  NAI OXI

(34) (7) (35) (6)
Mg nolvete cuvornd «OQHETA» «OQHETA» «OQHETA» «OQHETA»
TNV ELXOVA NS OLETTOPNG (17) 3) (16) “)
(interface) Tov AOYLOWLXLOV. 50% 43% 46% 66.6%
Zag SLlevroAUVEL 0TV XOYOM;
Tlwg ®oivete Ta fondnuato «HOAA» «HOAA» «HOAA» «HOAA»
monynong; (13) o) (15) 3)

38% 71% 43% 50%

o ALOOKTIHOG ZXedLATUOS: APOQE. TOV ALOaxTIXO Zyediaoud og oyéon ue T forbera
Tov Mathematica 7ov TaQéeTal 0TV SLO0OKAMIC VITOAOYLOTIXMV UOONUATIROV
(exTondevTINn YoNom, eilvon TEOBANUATWY).
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HMivaxag 9. ATavijoelg ue Tnv UeYAAUITEQN OUXVOTNTO OTOV ALOOKXTIXG ZXEOLAOUO
(3 vmo-UETUPANTES) O€ oxéon e TO PVAO xatw tyv I'vadon H/Y.

DYAO I'NQXH H/Y
Eoammon ANAPES |I'YNAIKES|  NAI OXI
34 (7) (35) (©)

AELohoynote To Mathematica |  «xaAdn» «HOA» «HOA» «HOA»
G JTQOS TNV TTEOMONOM (13) 3) (12) “)
™G emihvong TEOPANUATWY 38% 43% 34% 66.6%
(OYETHAL UE TLG TEYVIRES
AVVATOTNTES TTOV
TTQOOPEQEL);
H exmowdevting 6Q0otnoLod- «OQHETA» «OQHETA» «OQHETA» «Alyo»
™t 010 Mathematica (14) ) (15) 3)
fonbd oty rotavonon 41% 71% 43% 50%
TOV YVOOTLXOU AVILXELUEVOL
(LaBnuaTLrd);
Iwg %lvete GVVOALXA TNV «HAAT» «HAAT» «HAAT» «HaAT»
OLOOLKOOLOL EXTTALOEVTLANG (18) 3) (18) 3)
¥onong tov Mathematica 53% 43% 51% 50%
070 LoONUOTLXG;

o AL00Owon Zpaludtwy amo UEQOUS TWV EXTALOEVOUEVDV: 0.POQA TG OUVATOTNTES
OV TROOPEQEL TO Mathematica otnv dLOEBWON CPAAUGATWV OTTO TNV TTAEVQE TWV
XONOTWV (XONOM €QYOAELWV, UNVILOTO OPIAUATWYV).

Hivaxag 10. Arovrijoels ue v UeyoAvteQn ouyvotnta otov AtéQbwon Zpoiudtwyv
QIO UEQOVS TV EXTTALOEVOUEVWY O TYEoN e To PUAO xat Tnv I'vadon H/Y.

DPYAO I'NQXH H/Y
Eoaman ANAPES |T'YNAIKES|  NAI OXI
(34) (7) (35) (©)
IMwg %Qivete oVVOALXA «HOAG» «HOAG» «HOAG» «HOAG»
™V OLodLHao i SLOEBwong (15) “) (16) 3)
OQPUALATOV TOV EXTTOLOEVO- 44% 57% 46% 50%
uevov 0to Mathematica;
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o Eyxetoidta xar Bonbeia: apoQd TG OuvatdTnTeS TOV TQO0@EéQeL T0 Mathematica
OTNV VITOOTNQLEN TV XONOT®V (eY)eLQidLa, help menu).

Hivaxag 11. ATovTioels ue Tnv UeyarvteQn ovyvotnta otov Eyyeioidia xat Bonbeia oe
oxéon ue to @UAo xat v I'viwon H/Y.

DPYAO I'NQXH H/Y
Eowryat ANAPES | TYNAIKES | NAI OXI
(34) (7) (35) (6)
Twe noivete TV exudOnon «UETQLO» «xaAn» & «HOA» CUETQLO»
Poowmmy AetTovgyLmv (12) «UAALOV x> (12) 2)
010 Mathematica oo 35% 2) 34% 33.3%
TO EYYELQLOLTL; 28.6%
Iwg notvete TV expdOnon «HoAn» & «HOA» «HOA» CUETQLO»
TTQOYWONUEVOV AELTOVQYLOV «UETQLO» 3) (14) 2)
oto Mathematica oo (11) 43% 40% 33.3%
TOL EYYELQLOLOL; 32.3%
Twg #ivete oVVOALKA «HOAT» «HOAT» «HAAT» «HOMP &
v duvatotnta fondeiag (14) “4) (17)  |«udArov xaxt»
XONONG aItd TO AOYLOULKO 41% 57% 48.6% 2)
Mathematica mQog 33.3%
TOVG EXTTOLOEVOUEVOVG;

o Ymodoun: apoQd TOV EE0TALOUO, MQES EXTTALOEVONS HOL K WDQEOVS (VITO-UETUPANTES)
mov too@éel To TEI ITEIPATA yua tnv yonon tov Mathematica otnv dLd0o10-
MO TV VITOAOYLOTIXMY UAOMUOTIXMYV.

Hivaxag 12. ATovtioels e v UeYQAUTEQN OUXVOTNTO OTOV YITOOOUN] O OXE0N UE
10 QU0 xau TV I'vadon HYY.

DPYAO I'NQXH H/Y
Eeamnon ANAPES |T'YNAIKES|  NAI OXI
(34 (7) (35) (6)
Elvol emoung o eE0TAMOoUOS | «aQxeTd» «OQHETA» «OQHETA» «TTOAU»
TOV €QYA0TNQLOV YL TNV (16) 3) (17) 3
nOAOTEQN OLEEAY ™YY 47% 43% 48.5% 50%)
TOV UoBMuUaTOC;
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Mivaxog 12. (ovvéxela)

DYAO I'NQXH H'Y
Eoamnan ANAPES |I'YNAIKES|  NAI OXI
(34) (7) (35) ©)
Elvau emaorig oL meg «OLOHETA» «OLOHETA» «OLOHETA» «OLOHETA»
TOV £QYOLOTNQLUXOV UoOMUOL- (18) “4) (19) 3)
TOG YLOL TNV HOAOTEQN 53% 57% 54% 50%

OLeEaywyn Tov;

Elvou emaQrig 0 (MQOg €QY0-|  «0QxeTA» «OLOHETO» «OLOHETA» «OLOHETA»
0TNELOV TOV LEONUATOS YL (18) 3) (19) 3)
™V ®OAUTEQN OLEEAY ™YY TOV; 53% 43% 54% 50%

4. Xvintnon

H oELohdynon g amoteheopatixdtTntag twv Texyvohoyuwv ITAngopooinng xat Emi-
nolvaviwyv (TITE) oty odoxtinn medEn faociotnue ®volwg oe Betiniotirég uebddovg,
oL ortoieg OéxovTaL OTL 1 YVAOOoTM UITtoQet vo artodobel LOVO 0g OTL 0LpOQE. OTNV CIVTLXEL-
UEVLXY TTQAYUATLROTNTA, 1) OTTOL0 VPIOTATOL OVEEGQTNTO OTTO TO. TTLOTEVW KoL TLG 0ELES
QUTMV TTOV EMLOLOKOVV VO TNV OVOXOAMMPoUV. ZTnv dLebvi BLpiloyoapia, gpaivetal OtL
N x0NoM TOMATADV UeBOdWV AELOMOYNONG elval TEQLOOOTEQN OTTOTEAEOUATIXY KAl OTL
N OVVOVOOTIXY X0 TTOCOTLXMV AL TOLOTIXMV TTQOOEYYIOEWV TTEQLOQILEL TG OTTOLES
advvauieg ®abepiog amd avtéc. H yvawon eival o mugnivag yiow amrd Tov omoto Ba moé-
TTEL VO OTQOPEL M OLadLraOia OELOAOYNONS KO ETLONG TO GUTOTEAEOUO. TNG OVOQMITLVNG
00dong ov raboElletol aTd QUOLKES OVAYHES UL EVOLOPEQOVTX, TO OTTOLOL 0dN YOV
AOL CUVAUA LOQEOTTOLOVV TOV TQOTTO TTOV OOUELTAL 1 YVHDOT 0TLS OLAPOQES AvOQMITLVES
opaotnoLotnTee. Elvor moopaveég 0Tl artd oA avtd ouvayetal OTL Ol 0TOYOL TG 0ELO-
AOYNONG OO0 %Al TO EVOLAPEQOV YLOL TN YVWON TTQOO0OL0QILOVV TOV TQOTO aELOAGYNONS
%ol o arotehéonata Tng (Brannen, 1995, Bryman, 1995, Carr and Kemmis, 1997, Miles
and Huberman, 1994, Patton, 1990, Petding »at dAlot, 2005).

ATO TNV EUPAVLOT VOGS UEYIAOV aQLOUOV TTEOTOVTWV EXTTALOEVTIXOV AOYLOULXOV,
OMULOVEYNONKE M AvAYXT OLOUOQPWONS OQLOUEVIV KQLTNQLWYV, UE FAOT TO OTTOl0 OL €L~
ool ©oLTéC Bl AELOAOYOVOOV TOL EXTTOLOEVTLAG CUTA TTQOTOVTO. KOl OL EXTTOLOEVTLXOL Ot
UTTOQOVOOV VO, ETLAEEOVV AVAUETH TOVS TA TTLO ®aTAAANAa. Ou Squires now McDougall
070 BLPAlo Toug Ue To TiTAO « Emtdoyn kot Xoron tov Exmaudevtinot Aoyiouixot» (Pd-
g & Pastn, 2002) emionuaivouy, 6Tl oL iOLoL OL TTAQUYWYOL TOV EXITTALOEVTIXOV AOYL-
OULXOV ROTA TNV TOQOVOLOON TV TTEOLOVIWY TOVS OVUVIOMS AVOQEQOVIAV O GUYAE-
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HQLUEVOUS OTOYOVG, EQUTHUATO, XQLTHOLOL KOL YOQUKTNQLOTIXA, TO OTTOL0 SLEPEQUV 0LQ-
HETA UETOED TOVG. MAALOTO 1 EAAELPY KATNYOQLOTTOLOEWY OTOL YOLQUAKTNOLOTIXA TOV AO-
YLOULKOV €lye TTQORUAETEL ALY XA WO OYETLUY OVYYVON OTOVS EVOLUPEQOUEVOVS EXITAL-
OEVUTHOVG. Mg TO %OVO OUMGS, OLOLOQPMBNKE £VOC TQOPANUOTIONOS XOL WO CQXETA
EXTETOUEVN BLBALOYQULO, OTTO TNV OO0 (PalVETOL OTL TO ®QLTNQLOL UE TO OTTOLaL 0ELO-
AOYOUVTOV TO. TTOAETO. EXTTALOEVTLXOV AOYLOULXOV EVIAOCOVTAV 08 OV0 ouddeg (Pdmtng
& Pamtn, 2002):

I Zmv oo Oudd0 VROV YEVIXA LOLTHQLOL TTALOOYWYLXOV TTEQLEXOUEVOV, OIS OLV-
TA, UE TO OTTOL0L KOIVOUV OL EXTTOLOEVTLXROL HAOE UECO KOl VALXO TTOV YONOLUOTTOLEL-
TOL OTNV TAEN YLl TNV ET{TEVEN etBUUNTOV SLOOXRTIRWOV 0TOYWV. Tal ®QLTHOL qVTA
EXOUV OYEON UE EQWTNUATOL, OTTWG:

o KaAvmtetar n dtdaxtéa VAN exaonmg;

e O }00VOG JTOV aaLTELTOL £iVOL OLaBE0LUOG;

o AVTOTTOXQIVETOL TO OLOUXTIXO VALXO OTO ETLTENO TV UAONTWOV;

o Eivai o1 0000TNOLOTNTES EVOLAQEQOVOES 1) 1) TAQOVOLAON EAXVOTLXY;

e Elvol TOo0eyuévo oo moudaywyixl) dmwoyn, xwols avembuuntes ToQevVEQYELES
(TT.). EVIOYVON TTQOXATOANYEWY 1] OTEQEOTUITWYV, QPAVATIOUOV, ETLOETIXOTNTAS X.CL.);

o TIQOOQEQETAL VIOL CUVEQYATIXES 1] OUVOETES OOATTNOLOTNTES;

o Ti eidovg Se&ioTnTeg, otdoelg xat agieg xaAALeQyel;

o SUVOOEVETAL ATO ETOQHELG OONYIES %Ol VALKO OTHOIENG TOV EXTOLOEVTIXOU;

I1. H de0tegn opddo xQLIneimyv meQLAdupove Texvoroynd Bénata o elyov oyéon me-
QLOOGTEQO W€ TOV VITOAOYLOTH XOL TN XQNOT TOV MG EXTTALOEVTIXOV eQYdAeiov. Ta
RQLTNOLO. QVTE ATTOVTOVOOV OF EQWTNUOTOL, OTTWC:

» Exouvv a&ilomoinbei o€ ixavomointixd Lobud oL QAANAETIOQUOTINES dSVVATOTNTES
TOV UTOAOYLOTH;

o A@nveL TO AOYLOoULXO TEQLOMWQLA VL0 EALEYXO TNG UAONTLOXNG OLadLXaoias Ao Ué-
QOGS TOU UOONTY KOl TOV EXTTOULOEVTIXOV;

o Eival oe Béon 10 TQOYQOUUa VA YXELQLOTEL GWOTA TQ ELOEQYOUEVA TTOV ELGAYOVTAL
QIO TOVS UAONTES, OTE VA ATOPEVYOVTUL AOYNUA OLOOXAOTIXA PALVOUEVA QTTO
TEYVIXT] ATToYn;

o [TQOOQEQOVTOL OQLOUEVA YUQOXTNOLOTIXG TOVU AOYLOULXOU (OIS YOaQPLXd, 1)0,
%xivnon x.a.) yLa emotxodounTixny uanon 1 unmws AELTovQyoUv amAd yid eVIUTw-
OLooUo;

* H 01000waon twv Aabmv yivetal ue maitdaywyixd TQo0eyuévo Toomo 1 faociletal
0€ TTA0AOO0TLONES VOOTQOITTLES;

o H evioxvon Twv aviioQdoemy xal TG orod00ns Tov uobnti eival amoTeAeouari-
%1 xow YIVeTal ue xaTdAANAO TOOITO;
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o Eivol 10 TOY0oUUa QLALKO X0l EUX0AO 0TN X010N TOV;
o AE&ilelL TIC amouTOVUEVES OATAVES;
o Kdvel xonon 1o AoyLtoutxo twv véwv TeYVOLOYLxwWV eSEAIEEWY;

A0QoAMDS TO €QWTAUATA, TTOV B wtogovoov va. teBovv yua va. fondnbel o exmol-
OEVTLROC OTNV ETTLAOYY) TOV EXITALOEVTIXOV AOYLOULXOV OV EEQVTAOVVTAL OTO. TTALQOITAL-
VO EQMTNLOTO HOLL 1) XOTTYOQLOTTOINON TOVG YiVETOL e TTOAAOVS TQOTOVG.

H o ouvnBopévn oo ting TQOXELUEVOD VA, AELOAOYNBOVV aITd KQLTEG KL EXTTOLOEV-
TIXOVG OQLOUEVO. YUQUATNQLOTING EVOS OUYHEXQUUEVOD EXTTALOEVTLXOV AOYLOWXOV, ELVAL M
UATOOREVY KOL SLOVOUY] EQTNUATOAOYIWV UE TN LOQQPN XATAAOYWV 1j TIUVAXMV ETLAOYVIG
(checklists). TIQO®ELTAL YLOL VO HATOAOYO ONUOVTLXWV OTOLYELWV 1) ONA@oewv (items) Yol
TO TTEQLEYOUEVO TV OTTOLWV KUAEITAL O AELOAOYNTHC VO ATTAVINOEL 0LV OUUPWVEL, OLUP-
Vel M 0gv YVwQiLet, onuelmvovtag Olmha og ®aOe ONAWON TTOL OTTO TLS OTTAVTHOELS ETTLAE-
veu (Y1 ovto n uéBodog vt ovopdiletan ®oTdhoyos eTLAOYNG) N, ®oBmg TTOALOL aItd TOVg
HATOAOYOVS OLOBETOVV HALUOKES AELOAOGYNONS TV ONAMDOEWY, KOAELTOL. OVYVE VO ONUELD-
o€l o€ 710 PaBUS vouiler OTL Loy el M aEloroywn g B¢om (Pamttng & Pduttn, 2002).

To #QLTNQLOL KOL OL LATNYOQLOTTOLOELS TTOV YQNOLUOTTOLOVVTAL VIO TNV OELOAOYNOM
TOV TAXETWV AOYLOULXOV OO TOVUG UEAETNTEC AL OOOVS TTQOOTADOVV VA HAUTAOKEVH-
00UV EQYUAELD AELOAOYNONG, TTOWIALOVY aITd TTEQITWOT 0€ TTEQLTTWON. Ol EQWTNOELS
QUTEG OTNV TTAELOVOTNTO TOVS OVAPEQOVTAL OE TEXVINA UWAAAOV YOQOATNOLOTIXA, TTAQX
oe LoONoLord omoTeAEoUATO. T XAQUUTNQLOTLXE CUTE OUOOOTTONONKAY OTLG EENG K-
wyooteg (Papachristos et al., 2004a, 2004b, Pdmting & Pasttn, 2002):

o ITowotnta s dtdaoxaAiog

o AVVATOTNTESG TAQEUPOONS TOU EXTAULOEVTIHOU

o ALLoAdynon xat mogaxoAovbnon tng weoodov Tov uanti

o YAuxo otnjoiéng

o TexvoAloyixn ToLoTnTO,

o O{UOTO OVAPEQOUEVA OTO VITOAOYLOTIXO VALXO (hardware) xal TO UGQXETLVYX

I x0Oévay artd TOVS TOQATTAVW™ TETAOVS £XOVV avOTTTVYDEL ®aL GANES VITOXATNYO-
olec. TTQémeL va oNUeELMOOVUE, OTL TO EQYOAELD AELOAOYNONG EXOVV %AL UELOVEXTYUATCL,
AoV CVVHBMC WTOQOVV VA EVIOTLOOVV ETTLPAVELOAA 1] OEVTEQEVOVONS ONUAOLOS YOQO-
UTNOLOTLXA 1 EXEVO TTOV UITOQOVV TTLO EVXOAC. VO, TUTTOTTOMBOOVY %Al Va. LeTONBOVV, ah-
MGV’ OTTOTUYXOVY, OIS OV VA oVUPOiVEL, 0TO V' ayyiEovv oty ovoio. Mdliota oL
Squires wou McDougall we TOMY €UQaor ETTLONUALVOUY OTL UE TO VO XONOLUOTTOLOVVTL
oL Tt{voxeg emAOYHOV S OELOAOYNG €QYOAELD, VITOTLUOUVTOL ONUAVTLXES OLOPOQES
AVAUEDO 08 TTQOYQAUUOTA EVM OVYYXQOVIS VITEQUITAOVOTEVOVTOL GAND, TTLO oVVBeTa Tn-
TAUATA, TTOV EXOVV OYEON UE TNV ETLAOYN KAL TN YXONON TV TEOYQUUUdTwV (Pdmtng &
Pagttn, 2002).
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2TV €0eVva AELOAOYNONS TTOV TTQOYUOTOTTOLNOUUE OYETIXA Ue TO Mathematica ono-
hovbnoaue ™V dLadwaoio xoNong eQWINUATOMOYIWY (0TnV woeg1 checklists) moog
TOVG EXTTOLOEVOUEVOVS OTTOV eEeTdoTNHAY (ZY.3):
o Exstadevtind Oéuato (0ELoAOYNon nabquotog, eXTTOLOEVTIRMYV, QVTO-0ELOAOYN-
OMNG EXTTOLOEVOUEVIV) KL
o Teyvind Bépata (teyvirnd otovyxeta meQudhlovtog Mathematica, OLOUKTINOG O)E-
ALaoUog, fondeta & eyyeLoioLa, vitodoun).
H molotiny emeEepyaoio & avdlvon Twv amoteleoudtwy Ba moayuatomombei PA-
onN TV OUYVOTNTWV TWV ETLAEYUEVOV OTTOVINOEWY (TTOLES OTTOVINOELS VITEQEXOVV- OV-
YHEVIQMVOUV TO UEYAAITEQN OV VOTNTA/TO000TO €TTL TOV Oe{YUOTOS).

Exmaudevtind pnéog
Egotnuatoréyro
(checklist)

Teyvind néog

v

Avdivon
ATTAVTOEWV
(ToLoTLny)

v

ZVUITEQUOUATA

Aglynd EXTULOEVOUEVAV

Synjua 1. Avaduooio dweEaywyns égevvag a&ioAdynons tov Mathematica.

ATO TO AITOTENEOUATO TNG €QEVVAC OTTMC TTOQOVOLAOTNHOV OYETIXA UE TNV EATTOL-
devtwy aElohdynon tov Mathematica To omoio elvor éva xonoTno-eE6.ounong oLda-
OrOoA0g MOYLOWKG RATAMYOVUE OTLS EENC TTOQATNONOELS:

o Ydioyel ®aBoMAUT LXOVOTTOINON atd TTAEVQAS EXTTALOEVOUEVOV (AVEEAQTNTO ATTO
dvAo raL I'vioon H/Y) 600 agpoed tnv AStoAdynon Mabniuatog, ue eEoioeon Tig
VITO-UETAPANTES «yiveTal xoNom yvwoewmv omtd dlha uabquoto» & «emimedo Ov-
OXOMOC TOV LOONUATOS» OTTOV VITALQYOUV U LXOVOTTOMTLXKES OTTOVINOELS TTOV VITE-
QEYOVV («AlYO», «UETQLO», «naBOlov») aveEdomnta 'viwoewv H/Y. Ev avibéoel
ue 1o VA0 OTTOV OTLS OVTLOTOLYES VITO-UETAPINTES OLATTLOTMWVOVUE OTL OL AVTQEC
OlVOUV OYETHA LXOVOTTONTIXES OUTAVINOELS («OLQUETA», «UETQLO»).

o H a&ioAdynon twv extatOevTLH®V RQIVETOL LXOVOTTONTLXT UE TOVG EXITTALOEVO-
uevoug pe un I'viwon H/Y vao potQdlovtol oL oItovInoeLS ToVS UETOED OyeTLRA
LXOVOTTONTLAMVY OTTOVINOEMV («TTOAD», «OQUETA», «UETQLO», «AYO») GO0 apoQd
TNV 0QYEVION %L TTO.QOVCLOON TNS VANG, TTOV onuaivel tL mhovov vo ouvo-
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VIOUV TTQOPANUATO HATAVONONG TOV AOYLOULXOU OAAG OYL 08 ONUOVTIXO TTO0O-
0T10.

o IV a&loAdynon TV exTaldeVOUEVWVY (AUTO-0ELOAOYNON) OLOTLOTMVOUUE WS
7100¢ T0 DVAO: OTNV VITO-UETAPANTY «OVOTNUOTLAY UEAETN» UETOLOL LXOVOTTOINOM
(Avdeg & Tuvaixes) TOV CVUPWVEL e TNV TELTN VITO-UETAPANTY «XQOVO UEAETNS»
TTOV VITEQLOYVEL M ETTLAOYY «0-2» (DQEC, EVAD OTNV OEVTEQT VITO-UETAPANTY «AVTa-
TORQLOM OTLG OLORNOELS» VITEQLOYVEL 1 ETTLAOYY «OLOAETA» TTOV ONUOLLVEL OTL EXTLULG
N TAELOYNPLOL TOV EXTALOEVOUEVV OTL UTTOQEL VO OVTOITTORQLOEL OTLS OLORNOELS
TOV €QYO0TNQLOV pabnuoatmy ue v Ponbetor Tov Mathematica (vtdQyeL wio
avtipaon). Qg meog v I'vabon H/Y dLosmiotmvouue OTL: OL YVMWOTES EXOUV TTOQO-
UOLES emLAOYEG Ue TO DVAO evd oL Un yvaoteg H/Y Onhdvouy 0TL UeheTovV UeTa-
EV «OQRETA» RAL «UETOLO» KOL OLOOETOVV «0-2 MEES» YLl LEAETN GANG OEV aVTa-
TTOXQIVOVTOL TEAKA LXOVOTTOLNTIXGL OTLS OLOXNOELS TOV €QYO0TNQLOV. O TTQETEL
Ouwg oL VevBuvol ToV UABMUATOS Ue HUTAAANAT OYedi0oN (XOMON KLVATQWY, €Q-
YO.0(eC HATT.) VO VENOCOVYV TO YQOVO UEAETNG TWV OTTOVOAOTMV AL ETILITAEOV UE OL0-
ENom TV meMv exsta{dgvong ue TNV Loe@n eheBeQov £QyaoTnlov e 0TOYEVoOVV
VoL €LVOL TTLO ETTOQKNG 1) EXTTALLOEVON OTO CUYHEXQLUEVO YVIOTLXO AVILXELUEVO KOL
vo. fonBnoouv ®VELwg TOvg 0ToVdAOTEG TTOV dev éxovv yvwon H/Y va avtamo-
®QLOOVV OTLS OITALLTNOELCS.

o JTO TEYVXA YOQUXTNQOLOTIXG: xonon IToAUuEéowY, €QYOAELD EXTALOEVOUEVY,
OL6pBwon oealudtwv oo TAEVQAS EXTALOEVOUEVY KoL 0T PLAxdTnte Xon-
01N-Exmoidevouevor SLOTLOTMVOUUE LXAVOTTOLNTIXTY aItdvTinon avesdotnto du-
hov rat I'vadong H/Y (OpoLopoQepio. viteQoyng omtovIiioewy).

o O ALOaxTinog Zyediaouos aELOMOYEITAL aTd GLOVS TOVG EXTTOLOEVOUEVOVS OETL-
%G G TEOC TNV €TTLAVON TQOPANUATWY, OTNV KATAVONON TOV YVOOTLLOV UVTLKEL-
UEVOL (LaONUOTIXG) KOL OUVOALRG M eXTTOLOEVTLIXY TOV xonom. EEaioeon oL un
éxovteg I'vioom H/Y ou omtoiol Bewovv 0T vitdQyel #AToLo OVOKROMIOL OTNV KA~
TOVONOM TOU YVWOTLXOU OVILXELUEVOY UE TNV XONom Tov Mathematica. I'eyovdg
7toV D0l TTOETTEL VO QTOLOYOMOEL TOVS EXTTOLOEVTIXOVS DOTE VO dLeQevvnBovv JTe-
QUUTEQW OL OuTieg (OxL nal) eEonelwon ne To TEQLRAALOV TOV AOYLOULKOV, OV-
OrOAO XONONS EVIOADV & €QYOUAELMYV TOV AOYLOUWLAKOV) XOL VO, BEATLWOEL 1 eXTTOL-
OEVTLXY] XQNOM O€ OYE0N UE TOVS EXTTOLOEVOUEVOUS TTOV OV OLOOETOVV LXAVOTTOLN-
6 emimedo yerplopnov H/Y.

e 210 Eyyetoidia xat Borbeia, dLommotmvouue 600 agood to dUA0: (a) OUonOALa
OTNV KATOVONON TOV AELTOVQYLOV TOV Mathematica astd tor eyyeloidla (oL asta-
VINOELS TTOLXIAOUV UETAED «UETQLOY, «HOM» & «UAAAOV HOr») ROl (B) LrOVOTTOL-
NOM OUVOAMXKA OYETLXA we TV fonbela xonong 0to Mathematica Qog TOVS eXTTOL-
oevouevovs. Ooo agod v I'viwon H/Y: (o) ou éxovieg I'vioon H/Y elvor twavo-
omuevol oo Ponbera oe oxéomn ue TNV x0NON TOV AOYLOUKOV aItd TO. £YXELQLOLL
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%Ol TO TTEQLRAALOV TOV %Al (B) OVOXOALD TNV KATAVONOT TWV AELTOVQYLOV TOV
Mathematica otd To. £yeLQIOLA KO TO TTEQLRAMAOV YONONG TOV.

e Téhog, otV Ymodour, SLmLOTMVOUUE XOOOMKY XOVOTTOINON atd TTAEVQAS €X-
madgvouevov (aveEdotnta amd VAo rot I'vioon H/Y) 600 agpoQd Tov eE0TTAL-
ouo, TIG MQES OLOUOROAOS %L TO XMQO TOV EQYOOTNQIOV TTOV TTOQEYETOL OITO TO
TEI ITEIPAIA.

5. vunepaonoto

ZUVOALXA M EXTTOLOEVTLXT AELOAOYNOT OO TTAEVQAS TWV EXTTOLOEVOUEVOV-YONOTMOV

€0eLEE eVOLOPEQOVTA OTOLYELDL OTTWG:

e To @ULO (AvOpeg, T'uvainreg) dev emnedlel TLC AELOAOYNOELS TWV KONOTWV.

e H I'vwon H/Y amotehel ®a00QLotind maQdyovia otV 0ELOAOYNON OOV TTAQOTN-
ovue OtL oL un éxovteg I'vioon H/Y emhéyouvv aQvntiny aElohdynon 660 apoQd
™V XOTAVONON TOV YVIOOTILOU OVILXELUEVOV, TNV 0QYAVMON %Al TAQOVOL0ON TNG
EXTTOLOEVTIUNG VANG, TOL £YXELQLOLAL %Ol TNV fonBeLa amd To AoyLound Mathematica.

o YaQyel wla avtiaomn oyxetird e v BeTLnn ovIomtOxQLON 0TO EQYOOTNOLOKO WA~
Onua (LOARNOELS) KO OTOV XQOVO UEAETNS (TTOV elvaL TTOAM) UxQOC: 0-2 MEC).

o 2TIG TEQLOOOTEQES UETAPANTES VITNOY OV DETIREC ATTAVTNOELS.

o 2NV ueTofANT Yrodourj wov agod ToV eE0TALOUS, XMQOVG KAl 0QYAVMON TOV
€QYOOTNOLOV Ol OITAVINOELS elvaL ouvolxd Betinég, yeyovoc mov Oelyvel OTL TO

TEI ITEIPAIA maéyel uravomomtixd standards exstoidevong yuo TOVG EXTTOLOEVO-
UEVOUC TOV.

To TOQATAVM CVWTEQAOUATO. 08 0YE0N UE TTEOCEPATY AVTIOTOLYN £QEVVA 0ELOAOYN-
ong (FTearypoToTtoOnxre 0g 0TTOVOAOTES TOV TURUOTOS Avtopatiopov, TET TIEIPAIA)
TOV poOnUoTIHOU TaxETOV eEopoimong Matlab cvppwvouv ota axdlovba 600 apod
TO exmmaLdevTO UéQog (Papachristos et al., 2008, 2010):

o Ymdioyel ®aBohinn travomoinon amd TAeVQAS eXTOLOEVOUEVWV OO0 CpOQd TNV
OELOAMOYNON TOV EXTTOLOEVTLAOV VALLOV, HOL YEVILOTEQX TNV AELTOVQYIC TOV WoON-
UOTOG.

e H 0vT00ELOAOYNON TV EXTTULOEVOUEVOV XOTE LECO OQO OElYVEL OTL CVTOTTOXQ(-
VOVTOL LXOVOTTOLNTIXG OTLS OITALTOELS TOV LOONUATOC. YITAQ)EL OGS ETTLONS (it
avTiQa.on YLoTi 600 apoQd OTNV TEAEVTOLO EQMTNON OYETIXA UE TLS MQES UEAETNG
ue €E0LOEON TOVC EXTTOLOEVOUEVOUS TTOV OLVXOVV 0TO £TOS OTTOVOMYV TOV UobMuo-
T0g OAOL OL GAAOL OTTOVTOVV [Ue TNV ETTLAOYT 0-2 hQES, YEYOVOS TTOV Oely Vel OTL OeV
TTQOETOLUACOVTOL LXAVOTTONTIXA.
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To moQamdve otoyeia delyvouv OTL TEETEL oL vitevBuvol Tov podnuotog (Matlab,
Mathematica) e X0 TdAMAN EXTALOEVTLXY OYEOLOOM VO CVENTOVV TO YQOVO UEAETNG TWV
OTTOVO0OTWYV AUL VO OTOYEVOOVV VO, ELVOL TTLO ETTAOUNG 1 EXTTOLOEVON OTO GUYKREXRQLUEVO
YVOOTLIRG OVTIXELUEVO TTOV 0TtoTelel Paoo aviireipevo ewdinevong. Emurodobeta armd
™V aElohdynon tov Mathematica Siapoivetor 1 amraitnon oo TAEVQAS EXTOLOEVOUE-
VOV Y10 XOADTEQN O eQL0ON TV EQYUOTNOLOAMV 0LOXNOEWV (OLEEQY™WYY) TOVG, EXTTOLOEV-
TGO VALXO), TV €YYELOLOLmY oV va, fondd tovg exmatdevouevovs ue un I'vwon H/Y
otV €€0ELmON TV SVVATOTHTWV TOV Mathematica £T0L WOTE VO, WTOQOVV VO, GVTUL-
TTONQLOOVV ROAVTEQA OTNV EXTTALOEVTLXY OLAOLXAOLOL.

AUTO TTOV TTEETTEL 0TO TEAOG VA, ONUELWDEL ELVOL OTL TO EXTTOLOEVTIRG MOYLOUWHKO OLVE-
EQQTNTOV TUITOV WITOQEL VO, XONOLUOTTOLNOEL TNV EXTTALOEVTIXY JLOOLLOGL0. OTTOOOTLXA
QPTAVEL O SLOAOKOVTOGS VO, OYEOLALOEL UE TTOLOUYWYLLO TQOTTO TLS AVTIOTOLYES OQOOTNQLO-
™TES SLVOVTAS BAQUTNTA TNV OTUOLOKY| TTQOOKTNON YVIDONS EXUETOALEVOUEVOS OTO Ué-
YLOTO TLS OUVOTOTNTES TTOV TTOQEKEL TO EXAOTOTE AOYLOULLO.
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Mathematical modeling of Electromagnetic
Field profiles in the microwave oven

Apostolos Kokkosis
Department of Electronics
T.E.I of Piraeus

Abstract

The Mathematical modeling is widely used for representing transport phenomena
using numerical equations. The solutions for these equations, when solved properly,
would be in close agreement with the behaviour of the material. In microwave heating,
modelling can be a design tool to understand and develop optimum heating procedure for
food. In the modelling process, the food system is broken down into many small elements.
Simulation of the source of microwave is possible and solution to the electric field
equations can be obtained. In the present study, a mathematical modelling technique,
based on the finite element method was employed to analyze the heating behaviour.

Iegiinym
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1. Introduction

The system for generating and utilizing the microwaves at 2,45 GHz is presented in
Fig.1. The geometrical dimensions of the oven, offers us the possibility to heat medium
size bodies, till 40 cm long. In Fig.2, can be seen the microwave oven with the sample.

The study of the electromagnetic field in a microwave oven and the fallowing of the
distribution and the values of the field, gives us some very important information about
the heating process itself.
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Figure 2
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2. The cavity resonator

The cavity present in a microwave oven, is the cavity resonator that we will study.
Cavity resonators may be thought of as rectangular waveguides of finite length having

conducting plates at each end, that is, a rectangular box.

a b
Figure 3

The waveguide structures in Fig 3a and 3b also used in the microwave oven, do not
support the TEM mode (Transversal Electromagnetic Mode). They do support higher-
order modes or field structures where the magnetic field is transverse to the line axis-the
TM or transverse magnetic mode, Hz = 0 or the electric field is transverse to the line
axis-the TE or transverse electric mode, E,=0.

The cavity is excited by one magnetron (frequency 2.45 GHz, average power 1 kW)
through the waveguide feeder where the dominant (TE,,) mode is generated; the walls are
of perfect electric conductivity. A waveguide can be designed to support only the TE,,
mode by selecting the guide dimensions such that the operating frequency (2,45 GHz)is
greater than cutoff frequency for the modeTM , and it’s less than the cutoff frequency of
the higher mode.

The cutoff frequency of the TM_—mode is:

P mu\z | (D2
=iy ) ()
a=7-1072m

b=135-10"2m

we have: {

The cutoff frequency for our dimensions of the microwave oven waveguide feeder is:

1 2 1 2
fc,n=1-5'108\/( ) +< ):1.5-108\/204 +54=15-10%-16=2.4 GHz

7-1072 135-1072
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‘ 1y 2\ o
fc,lz=1-5'108\/< )+< ) =15-10°\/204 + 4 - 54 =

7-1072 13.5-1072
1.5-10° - 20.49 = 3.07 GHz

‘ 2y 1y ,
tc,”=1.5-108\/< )+< ) =15-10°\/4 204 + 54 =

7-1072 135-1072
1.5 10° - 29.49 = 4.42 GHz

f

et < Ty, <f.,, = TE mode for the waveguide feeder

- 1 T 1 _u
€0~ 2m\/ue o 200ue  2a

f.o=15-10°-7-10 =2.14 GHz

The possibility of simultaneous existence of both forward and backward travelling
waves suggests the possibility of standing waves and resonant behaviour. Suppose we
insert conducting plates at z = 0 and z = d, as shown in Fig. 4. These conducting plates
give rise to reflections at the waveguide fields, resulting in standing waves. In this section
we will investigate the resulting fields and the resonant frequencies of this cavity.

X=a P
| e -
“‘ o o
L T -
~ ‘ o
| -
| e
~__ y=b
~
Figure 4
3. TM modes

The total field in these sum of these forward- and backward-traveling waves are:
E, =E/+E = sinBXxsin[?)yy(C*e’yZ +Ce™¥ (1)

Substituting these field individually into the solutions for other field components of the
wave equation of the guide and remembering that vy is to be replaced with —y in these
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equations for the backward-traveling waves yields, from the results for the TM modes for
rectangular waveguides we obtain:

(

By
Ex 62 + BZ

cosf3, xsmB y(—yC*e™¥% + yC™e'?)

E o b
| O TRE
. 2)
. e
_ Jop sinBXXCOSByy(C%*YZ + C e

=y
X 2 2
B2+ B

sinB,xcosB y(—yC*e™” + yC e

\ v BZ—JrI[;l cosp, xsmB y(Cte™ " + C e¥?)

where:
mit
L
3)
ni
=
The boundary conditions imposed by the plates at z = 0 and z = d require:
E =0
EX=O atz=0,z=d 4)
From (2) we see that this requires:
—Cte v+ Cem = 0
at z = 0and z = d. Thus,
C+=C‘=Cand7\=j%§j[3[ 5)
where p = 1,2,..., and we define:
pT
p = — 6
B, d (6)
Substituting (5) into (2) gives:
. 28.8.C
E, = Bzﬁ f Bz cosp, XsmB ysinf3,z
. (7

Mz_ sinf, Xcosﬁ ysinf z

y: Bz
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Using these results in (2) yields:

' E, = 2CsinB xsinByycosBzz
. 2jwef, C
H, = ———sinf_xcosP, ycosp,z
COBRHE T (8)
-~ 2joeB,C ,
v = B+ Bz cosﬁxxsmﬁyycosﬁzz

The time-domain forms of the fields can easely be obtained by multiplying each phasor
by et and tacking the real part of the result. Since these phasors do not contain isolated,
complex exponentials, the time-domain fields will vari with time as sin(wt) or cos(wt).
Thus the field are oscillatory.

Each set of integers m, n, and p is said to be associated with a ™, ., mode. The

resonant frequency of each mode is calculated by substituting (5) into (v + w”ue) =p2 + B'§

(] (5 (5] 28 6T o

Equations (8) show that neither m or n can be zero; otherwise, all field components
vanish. However, p can be zero. Thus, the lowest-order TM mode is the TM,, mode.

110

4. TE modes

A similar development can be obtained for the TE modes. The total fields are:

H=H+H = cosBcosBy(CTe™” + Ce™) (10)
[ . B, fomv —evz
H = Bz " Bz — o7 Sinf, XCOSB y(yCre ™ — yCe")
H = B ———cosf_xsinp, y(yCre " — yC~e%)
y Bz BZ N WYY Y

N o)
]—BLCOSBXxsinByy(C*e’YZ + Ce")

X 62+BZ

» ] B v —AVZ
\ E = B+ Bz >sinp, xcosp, y(C*re ™" + Ce%?)

(11)

The boundary conditions imposed by the conductors at z = 0 and z = d are given by
(4), once again yielding (5) and (6). Substituting it to (11) yields:
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( H, = j2Ccosp,xcosp,ysin,z
H = 288, Csinp_xcosp, ycosp z
X [))2 + BZ X yy 4
. 2
< H, = BTB;_B?Ccos[3xxsin[5yycosﬁ7z
- 20uP, - . :
= -V
E, B+ [35 CcosBxxsmByysmBZz (12)
E = LN Csmﬁ xcosB sin,z
\ y BZ + BZ y

The resonant frequency is the same as in the TM modes. Equations (12) ahow that
either m or n (but not both) can be zero and that p cannot be zero. Hence, two lowest-
order modes are the TE,, and TE, ;; modes.

The fiels of the TE ) mode have the lowest resonant frequency if we assume

o =d =b. For the TE,;, mode the fields become:

. . T T
= j2Ccos—X sin—Z
a d
. 0 A . TTX nz
H, = —]ZdCsm " (Ve d (13)
E _ 20U . . TTX |, TZ
y Csin—sin—
T o d

The electric field is y-directed and has a maximum at x = a/2 and z = d/2. Thus, in
order to excite this mode efficiently, an electric field probe (say, coaxial cable with the
center conductor exposed) could be inserted at the center of the side of largest area.

We will calculate the resonant frequency for the TM,,, TE, ) and TE  modes using
the dimensions that are shown in Figure 2 in concordance with Figure 4.

a=29-10"?m
which are: /| b=29-10"?m
d=19-10"%m

We will use (9) and we must consider that a, b and ¢ are in mm in Fig 2, so we have to
transform them in meters to use in our equation and that u is the speed of light.
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u m)?2 n\2 p\2

f == =]+ +(%

o3 (5] -3 + (3
1 2 1 2

f0=15"10° +
cio = 19 O\/<29-102> (29-102)

£ 10 = 1.5+ 10%\/T1.89 + 11.89

f ..,=0.731 GHz

\ ‘cl10

s Ve
el01 (29-102) (19-102>
£ = 15+ 10°V/11.89 +5.26

f ..,=0.621 GHz

¢, 110

£, =1510 [[——) +[—L—Y
cot (29~ 10—2> (19- 10—2>
fLo = 1.5 10°\/11.89 + 526

f ., =0.621 GHz

c,011

From the values we obtained we can conclusion that the lowest frequency we can

obtain for our microwave oven is more than 0.815 GHz. Next we try to find a relation
between m, n and p for our dimensions we chose in Fig 2. and for the 2.45 GHz resonant
frequency.

fo=15"10° LLE i : C+ )
110 : 18.8 - 1072 25.1-1072 27-1072

f =15-10%\/2829 - m2 + 15.87 - n + 13.71 - p?

¢, 110

| 163 =1/2829 - m* + 1587 - n? + 13.71 - p?

where m,n,p = 1,2,34......
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S. Standing waves in microwave ovens

The solution of the three-dimensional wave equation with boundary conditions (see
e.g. [1]) gives standing waves in the three dimensions x, y and z, which altogether obey

the equation:
11 1 1

—_— = — 4+ — 4+ —
I }\i 1%
The wavelengths A, )»y and ), are determined by the linear dimensions L, L, and L,

of the chamber:

(14)

L, 21% Lyzm%L Lzzn% (15)
where I, m, n are natural numbers. The solutions for given (I, m, n) are denoted as modes of
Table 1. All modes of a microwave oven of the resonator. Obviously equation (2) allows
dimensions 29 cm X 29 cm X 19 cm, which more than one possibility to satisfy the same
lead to a wavelength in the interval 12.0cm <  given value of A. In commercial microwave
< A,< 12.5 cm. Four modes are quite close ovens, the dimensions L, Ly and L, scatter
to the magnetron wavelength of 12.25 cm. appreciably; e.g. a survey of about 20 different
ovens gave values of L, =28-35 cm,

Aglem) 1 m o n L,=27-33 cm and L,=17-21 cm. In the
12.103 | 1 3 following an example with L =29 cm,
12.274 2 4 1 Ly =29 cmand L, = 19 cm will be discussed.
12274 4 2 | Equations (14) and (15) allow a number of
12277 2 3 2 resonator frequencies which lie close to the
12277 3 2 12 emitted magnetron frequency. Table 1
12.375 0 1 3

demonstrates that there are six possible
solutions inthe wavelength range between

12 cm and 12.5 cm.

6. Quality factor

The quality factor Q [1, 7] is a measure of the energy losses and, hence, also the
frequency width Aw of the modes. Q gives the ratio of the energy stored in the resonator
and the energy loss per cycle:

Q = wE/dEAMt) (16)
For Q >> 1 this may be written as:
Q= w/Aw (17)

The energy losses are due to four factors. First, microwaves may exit through the
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housing of the microwave oven. Safety regulations ensure that this contribution is
negligibly small. Second,losses occur due to absorption in the walls, third due to absorption
in the food within in the cooking chamber (the desired mechanism), and fourth, there is the
chance that microwaves are coupled back into the magnetron. The latter mechanism may
play a role if the oven is used empty, and it should be avoided in order to ensure a long
lifetime of the magnetron. The overall quality factor can be calculated from

1/0=1/01 + 1/Q2 + . . .. (18)

If the oven is used empty, wall losses are most important. They can be estimated from
the penetration depth o [1, 7]:
Qempty = V/56 (19)

where V is the volume and S the inner surface area of the chamber. Typically, with air-
filled volumes of about 29 X 29 X 19 ¢m? and 6 = 1 um one finds Q-values of the order
of 10*. For frequencies of 2.45 GHz, this leads to frequency widths of only 0.25 MHz, i.e.
narrow compared with the
magnetron frequency width.
Figure 5 depicts schema-
tically a frequency spectrum
of the modes of a cooking
chamber. If some water
containing food is placed in
the chamber, i.e. a dielectric
- () is inserted, the additional
losses—being much larger
than the wall losses—lead to
a shift of the resonances to
lower frequencies as well as
an appreciable broadening of
the modes. Due to the shifts
and broadening, described by
Figure 5: Schematic diagram showing how Q varies with a quality factor that may well
frequency for two different modes of resonance in a microwave be of the order of 107, more
oven (not to scale): (a) with oven empty, (b) with food. The than one resonator mode may
shaded band shows the frequency of the magnetron. If drawn to be excited. The larger the
scale the widths of the modes in (b) would be about 100 times oven and the more losses are
those in (a). present, the more modes may
be excited simultaneously.
These multimode cavities have a more homogeneous field distribution, which is
desirable for many applications, including cooking.
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7. Quality factor

Food products release their moisture as steam during microwave cooking. When the
food is cooked in a closed container, steam will accumulate in the headspace and this
increases cooking efficiency. The model to be developed will take into account both the
heat and mass (moisture) transfer during microwave cooking. To simplify the model

following assumptions are considered.

(1) The food product in the container was modeled as axisymmetric cylinder geometry

(Figure 6).

(2) Initial temperature and moisture distribution in the sample were assumed uniform.

(3) Shrinkage of food product during microwave cooking was neglected.

(4) Surface cooling is considered only due to evaporation and natural convection.

(5) Bottom of the bowl receives negligible amount of energy due to reflection from

the floor of the microwave oven during microwave heating.

Conduction heat transfer with heat generation with in the food is the primary mode of

heat transfer during microwave heating.

F 3

-l >

— R — ™

Figure 6: Axisymmetric Model of the Food System

Axisymmetric transient heat transfer problem in cylindrical co-ordinates is governed by

the partial differential equation:

Krr—+&£+K aZ—TJrQ— C£
ar? r or 7972 < P ot

Assuming the thermal conductivity (k) as constant,

ST KT P o T
or? r or 972> % ot
With initial condition: T(r,z)=TOatt =0

and the boundary conditions are:

(20)

2n

(22)
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aT
—KA —
d

Jm
- = htA(TS -T)+ X”W atr =R 22)

oT
—~KA— =hAT.—T)+\ atz =L 23)
az U S O

om
Yoot
The increase in temperature in the head space because of the steam release from the

food during microwave heating can be calculated by heat balance:

aT
VhQana atfl htA(Ts - Ta) (24)
and mass transfer is given by,
om oVC_ /9T
—=h AP, —P)+ —2— 25
5t~ AR P+ 5 2(5) @

Microwave energy entering the food from radial direction (r) and from longitudinal
direction (z) must be considered in calculating the heat generation term (Q). Q is given by,

~R — 1) -2
5 5 )

p p

Q= Qrexp< > + Qzexp< (26)

The finite element method was used and the equations were solved over time by
commercial software, FEMLAB.. Linear triangle elements were used and the number of
elements was 1634 and the number of nodes was 878 (Figure 7).
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Figure 7: Finite Element Mesh

8. Model parameters

Thermal properties such as thermal conductivity, specific heat, density, and latent heat
of vaporization are obtained from Polley et al., (1980) and Sanz et al., (1987) and used in
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the modeling. The effect of latent heat of vaporization will be considered only during
heating and not during holding or cooling. Specific heat of steam was used as the specific
heat of food at temperatures greater than 106°C. The surface heat transfer coefficient was
calculated by (Toledo, 1991).

h, = 1.3196<u>025 27
t D
The surface mass transfer coefficient is given by (Sereno and Medeiros, 1990)
b 64.7 P /K (28)
h X, “
The penetration depth is given by (Nelson et al., 1994),
e ) )

The dielectric properties €” and €” were calculated for ground beef patties using predictive
equations given by Gunasekaran et al., (2002a)

¢’ =50.69 — 0.08T + 0.0005T? — 1.23F + 0.03F? (30)

¢’ = 16.70 — 0.05T + 0.0007T% + 0.22F (31)

For frozen broccoli, ¢’ and ¢” were calculated using equations given in Gunasekaran et al.,

(2002b). The average of coefficients for florets and stem parts were used to obtain
coefficients for ¢’ and ¢”,

¢’ =73.55 — 0.25T + 0.001T? (32)

¢” = 18.85 — 0.165T + 0.00145T? (33)

The saturated vapour pressure of air with respect to temperature is given by Weiss (1977):

P, = 614.97 exp| 17.2694( =22 (34)
DO p[ ‘ (T—35.7)]

Partial vapour pressure will be calculated by multiplying the saturated vapour pressure
by relative humidity of air or by water activity of food.

6. Simulation results and discussions

The cavity is excited by one magnetron (frequency 2.45 GHz, average power 1 kW)
through the waveguide feeder where the dominant (TE, ;) mode is generated; the walls are
of perfect electric conductivity. The electric field in the oven simulated by EMC2000-VF
and visualized by HyperMesh is shown in Figure 8a.
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Figure 8a
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Figure 8b

In Figure 8b is shown SAR in the horizontal cut (Quick Wave-3D) Fig 8a.
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The structure turns out to be highly
resonant; at the operating frequency, the
level of reflections is equal to -6.6 dB,
i.e., about 22% of energy is reflected back
to the magnetron. The patterns of
dissipated power suggest that the food
sample is very non-uniformly heated.
The patterns of dissipated power
within a food sample in a thin-wall
package placed in a MW oven have been
also obtained with the use of Quick Wave-
3D. The scenario designed for the
Daewoo 800 W domestic oven (internal
size 320 X 330 X 214 mm)
includes the cylindrical product placed in

the rectangular paper box consisting of two equivalent bottom ans top parts with Imm
gap between them.

The box is centered on the bottom of the oven (Figure 9). The Quick Wave’s model has

been built on the basis of this scenario. Computation was performed on the mesh of the
cubic cells of 4 X 4 X 4 mm size; the total number of the cells in the model was about
570,000.

The Figure 9 shows the computed heat release within the absorbing materials, i.e., the

packaging box and the food sample. It includes the SAR patterns in the three 6mm
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horizontal layers. It is seen that the chosen product in the given oven will be heated
extremely nonuniformly.

Each cross-section possesses a significant «hot spot» placed between the center and
the left surface of the cylinder facing the open end of the exciting waveguide. The
maximum value of dissipated energy in these areas varies with the height and appears to
be largest at the level about 1/4 of the height of the sample from the bottom. The only
cross-section with relatively uniform energy distribution (the top of the cylinder, the
max/min ratio in the pattern is about 3.5) is associated with the smallest value of the
dissipated power.

R Processed
e material

Figure 9: A standard 2.45 GHz oven with the cylindrical food sample (diameter 50 mm, height 74
mm, ¢ = 10.6 — i3.5, conductivity 0 0.47 S/m o = 0.47 S/m, density & = 0.48 g/cn?’) in the paper
box (120 X 60 X 80 mm, thickness 1 mm, ¢ = 2.6 — i0.9, 0 = 0.122 S/m, 5 = 1.2 g/em’) (a): SAR
patterns in the sample’s top (72.5 mm from the oven’s bottom), center (38 mm), and bottom (3.5
mm) horizontal 6 mm layers (b): dominating (vertical) component of the electric field in the
horizontal cuts at the same heights respectively (c).

It turns out that the bottom wall of the package is strongly overheated. In the «hot spot»,
the value of dissipated energy is even larger than the maximal energy released in the
processed material. This happens in spite of the fact that the sample product is characterized
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by larger values of complex permittivity than the box material and the thickness of the
package wall is only 1 mm. The long vertical walls encounter insignificant heating.

The central parts of the short walls are overheated with the ratios about 100 and 30 for
the wall in front of the waveguide and for the opposite one respectively. The maximum
values of energy released in these box walls are comparable with the maximal values of
energy in the «hot spots» of many cross-sections of the food sample.

Computational experiment conducted for the same cavity and the load but in the
absence of the package box shows practically no difference in the SAR patterns of the
food sample. This observation suggests that packages made from typical paper-based
materials can sustain overheating even if the thickness of the walls is very small.
However, such packages are unable to really change the heat pattern of the processed
product contained within. This point resulted from the computer simulation appears to be
consistent with the reasoning derived from the analytical approach estimated
characteristics of the efficient controlling materials.

q

d

(a) (h) (c) (d)

—

Figure 10: Temperature distributions in the top horizontal 2 mm layer of the 1-liter water sylinder
in 1 (a), 2 (b), 3 (¢), and 6 (d) minutes starting from the initial temperature of T = 5°C constant
throughout the layer. Max/min values of temperature in the patterns are 18/6, 28/7, 34/8, and
40/10°C respectively.

In Figure 10 is shown the analysis of the temperature patterns suggests that heating of
the top layer of 1 litter of water load is characterized by strong «hot spots» along the
cylinder’s edges. Air around the load possesses constant temperature (20° C), but since
the patterns reproduce the relative temperature distributions, the air area appears in
different colours from purple (a) through yellow (b) to green (d)). The rate of heating of
the water cylinder is slightly decreased, but (at least within the present time interval) the
trend of the pattern is not changed.

10. The rotating turntable

Once the microwaves have been coupled into the cooking chamber, they are
effectively reflected by the metallic walls. The waves resonate in the cavity and form
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standing waves. The analysis of these standing waves is simplified by the fact that the
wavelength of the microwaves is roughly the same as the linear dimensions of the
chamber.

An ideal microwave oven cooks all
food evenly but the nodes and
antinodes of the standing waves can
cause the food to burn in some
places but to remain cool in others.
The homogeneity of the field
distribution may be estimated
theoretically from the number of
modes that may be excited within a

narrow frequency range close to the
Figure 11: Visualization of the horizontal mode magnetron frequency (see below) or

structure in a microwave oven using infrared thermal stydied experimentally. Figure 11
imaging. A glass plate with a thin water film was placed shows the intensity distribution
at a height of 8 cm and heated for 15 s with a microwave within an oven of 29 X 29 X 19 ¢m?3
power of 800 W without using the turntable. at height of about 8 cm.

A horizontal glass plate covered with a thin film of water was placed in a microwave
(without its rotating turntable) on full power (800 W) for about 15 s. The false colour
image was obtained with a thermal infrared camera. With only a small amount of water
present, the image shows the microwave intensity distribution in a nearly empty
chamber. There is a pronounced horizontal mode structure, which would lead to uneven
heating of food.

This is the reason for having a rotating turntable: the rotation will move the food in
and out of the hot spots. Some ovens have a mode stirrer, i.e. a rotating reflector at the
top to get a more homogeneous field distribution, and there are investigations into how
geometrical changes of the wall structure may improve the situation.

11. The average microwave power

Quantitatively, the average microwave power absorbed by a dielectric may be written as:

P = wee,ELV (35)

2 eff
where V is the volume of the dielectric and Eeff the square of the average electric field
within this volume. ¢ is the imaginary part of the dielectric constant ¢ = ¢, + ie,. For
pure liquid water, the changes of ¢,(w) and ¢,(w) are displayed schematically in figure 12
for various temperatures. These curves are considered to be typical for most kinds of food
containing water.
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Since food is usually heated from about room temperature to, say, 100 °C, figure 12
suggests that choosing a frequency between 10 and 100 GHz will produce optimum power
absorption according to equation (35). As a matter of fact, a different physical criterion
decides which frequency to choose.

5. Dielectric constant and temperature

Frequency in GHz
03 3 El] 300 3000
|

s
C
0 C
C
=

100 °C

40 4 Domestic
IMICTOWave
frequency =245 GHz,
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Wavelength in ¢cm
Figure 12: Real and imaginary parts of the dielectric constant g(w) for microwaves and various
temperatures between 0 °C and 100 °C.

12. Penetration depths of microwave in water

Using ¢ = n, one may calculate the imaginary part of the refractive index and from
this the absorption coefficient o, which is related to the penetration depth o of the
electromagnetic waves (equation 6 = A/4 -7 - n)) by o = 1/0. Figure 13 gives a crude
overview in the form of a double logarithmic plot of the absorption coefficient of water
from the microwave region (0.1 GHz) to the UV region (10'¢ Hz). Obviously water shows
a very pronounced increase of the absorption coefficient with frequencies extending into
the IR region. This may even lead to o > 10°* cm™!, which corresponds to penetration
depths 0 of less than 10 wm. Between the vibrational excitations in the IR and the
electronic excitations in the UV, there is the well known minimum of o < 10° cm™'in the
visible, which leads to 6 well above 10 m for clear water, i.e. the high transmission of water
experienced every day.

Figure 13 also explains why microwave ovens use a frequency of about 2.45 GHz
rather than 20 to 1000 GHz, as may have been guessed from Figure 13. With increasing
frequency, o increases rapidly, i.e. the penetration depth & = 1/a. decreases rapidly. The
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6. Absorption in water food in microwave ovens has
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Figure 13: Absorption coefficient for water from

microwaves to the UV.

13. Coclusions

typical dimensions of the order of
cm, and hence the penetration
depth should be in this range. With
a frequency of 20 GHz, the
penetration depth would be much
smaller, i.e. the energy would be
absorbed in a thin surface layer of
the food (toasting the food) while
the interior would remain cold. The
lower frequency chosen results in
absorption of the microwaves
everywhere in the food. Therefore
the surface will only get a brown
crust if additional grilling facilities
are available.

By analysing the results obtained by the program that computed the resonance
frequency, it can be seen that in the first stage, when we had the air as dielectric, for the
initial sizes we did not obtained the desirable resonance frequency in any of the studied
propagation mode, so that is necessary to modify one of the dimensions of the applicator
in order to obtain the resonance frequency f = 2.45 GHz.
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Abstract

Environmental sounds are signals recorded in areas of environmental or ecological
interest, that convey information as to the status, the inhabitation and the use / human
activities of the area. An increasing research interest in this field has recently produced an
increasing number of databases that contain environmental sounds. The need for automatic
event classification within the recordings of such databases has accordingly grown in
importance. In this paper, a novel method for the automatic recognition of environmental
sounds is presented. The signals tested are echolocation calls produced by different species of
bats. In the proposed method, each signal is processed to yield a time-frequency distribution,
as the basis for the feature extraction. Time-frequency distributions are then compressed by
extracting appropriate features. The feature vectors formed are introduced to an Artificial
Neural Network classifier, in order to obtain classification decisions for each sound / event.
Experimental results obtained from the classification of the bats” echolocation calls verify
that the proposed method is capable to discriminate the aforementioned family of
environmental sounds. The potential of the proposed method to perform well for other
classes of environmental sounds is based on its generic, signal independent nature.

Keywords: Signal processing, feature extraction, pattern recognition of environmental
sounds, time-frequency distributions.
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Iegiinyn

OL 7teQUBUAAOVTLXOL MYOL ELVOL ONUATO TTOV HATOYQUPOVTIOL O TTEQLOYES OLKOAOYL-
1OV EVOLAPEQOVTOC KOl (PEQOVV TTANQOQOQLA VIO TNV HATAOTAON, TNV EVONULXOTNTO KoL
TN XQNOM ULOG TTEQLOYNGS. TO AVEAVOUEVO EQEVVNTLXO EVOLALPEQOV YLOL OLUTO TO ETTLOTNUO-
VG edlo €xel g AITOTELEOUA TN ONULOVQYLL PAoEMV OedOUEVWV TTEQLRUANOVTILRWDV
NYWV. ZUVETMOC, N CVTOUATN TAELVOUNOY TWV TEQLBUALOVIIXMV MWV TOV £XOVV OITO-
Onrevtel o€ avTég TIC Pdoelg OedOUEVV LVOL LOLOLTEQD ONUOVTLAY. Z€ QUTY] TN IUOOT-
€V0M TTOQOVOLALCETAL Wa VEO LEBODOC YLOL TNV CLUTOUOLTY CVALYVMQLOY TTEQLBAALOVTILRMDV
Nywv. Ta ONUOTA TTOV TAELVOUOUVTOL OVIROUV OTNV KOTIYOQLO TV MNYOEVIOTLOTIXWDV
(echolocation calls) ®a TaEYOVTOL ATTO OLOPOQETLXA €(0T VUYTEQIOWV. ZUYHEXQLUEVAL,
OTNV TTEOTELVOUEVT UEDBODO OL YQOVOOUYVOTINES XAUTAVOUES TTOV TTQOXVITTOVV GTTO TO. ON-
UaTO. CVWITLECOVTAL, MOTE VO E0XBOUV TA ROTAAANAO Y0QOXTNOLOTIKG OTTO avTés. Ta
OLOVVIO AT YUQUXTNQLOTLXMV TTOV TTQOXVITTOVV [UE QUTOV TOV TQOTTO OITO T ONUOTC, EL-
odryovton oe éva Texyvntd Nevowvino Alntvo moxelunévoy va. Tagwvounbovv. Ta erQa-
UOTLXE QITOTEAEOUATO TOELVOUNONG TWV NYOEVIOTLOTIXMV ONUATWV ETLPBELALDOVOVY OTL
1 TTQOTELVOUEVN UEOOOOC UTTOQEL VO OLOYMOLOEL ETTLTUYMS TNV TTQOUVOPEQOUEVN OLLOYE-
VELOL TTEQUROAAOVTLRWV NV (NY0EVTOTLOTIXG onuata). H weotewvouevn nébodog duva-
TOL VO EQOQUOOTEL YLl TNV TOELVOUNON KOl GAA®Y TAEEWV TTEQUROAAOVTLIAMV NYWV ETTEL-
oM elval aveEAQTNTN aTd TN PUON TWV YWV TOV YELGLETOL VO TAELVOUNOOY.

A€Eearg nhewdwa: EmeEeoyaaia ofuatos, eEaywyn xaooxTnoLoTixmy, avayvmoLon TQoTU-
TV Y10 TEQUBUALOVTIHOVS 1Y OVS, XQOVOTUYVOTIXES HOTAVOUES.

1. Introduction

The role of content-based classification has become increasingly important due to the
increasing number of audio-visual databases (Wold et al., 1996). In most cases
classification is based on features derived from the visual content of the database.
However, although this approach seems successful, the rate of correct classification is
increased when audio cues are also employed (Paraskevas and Chilton, 2004; Paraskevas
et al., 2006). Moreover, there exist problem cases where visual information is not
available and hence, sound is the only information source for event classification. In this
paper, a new method is presented for the classification of environmental sounds. The
proposed method is based on features extracted from the time-frequency distributions of
the signals (Paraskevas and Chilton, 2003).
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In generally, the application of pattern recognition is divided into two stages, namely:
i) feature extraction and ii) classification. The (correct) classification rate depends on how
efficiently the feature vectors introduced to the classifier encapsulate the information
content of the signals (Webb, 2002).

Features commonly used for the application of audio pattern recognition are:

« the audio signal energy function,

- the average zero-crossing rate,

« the fundamental frequency,

the spectral peak track,

the brightness,

the bandwidth pitch frequency and

« the cepstral / Mel-cepstral coefficients

(Zhang and Kuo, 2001; Wold et al., 1996).

Subsets of the aforementioned features, typically used for speech / speaker
recognition, have been applied ad hoc to sound classification problems / applications. The
features, though, that are employed for speech / speaker recognition use apriori
information, related to the human speech production model and hence, they are not
appropriate or suitable for classes of sounds other than speech. Moreover, in existing
research (Zhang and Kuo, 2001; Wold et al., 1996), the features employed are either
temporal or frequency related; features extracted from time-frequency distributions of
the signal are rarely utilized. Time-frequency distributions present the signal’s frequency
evolution in time. In the proposed method, the feature vectors are formed from statistical
features extracted from time-frequency distributions of the signal.

There exist two types of sound pattern recognition: the «coarse» and the «fine» one.
The first aims to classify sounds that do not belong to the same family, so as to identify
different sports, environmental events etc. based on their sound content, whereas the
second aims to classify sounds that belong to the same family, so as to identify different
species of bats, birds or different kinds of string instruments etc. based on the sounds they
produce. Consequently, «fine» classification is more demanding compared to «coarse»
classification as the features that have to be extracted need to accurately represent the
characteristics of each class to the classifier.

In this work, experiments are carried out using a database of echolocation calls
recorded from fourteen (14) species of bats that exist in the United Kingdom (UK). In
the feature extraction part of the pattern recognition process, the statistical
measurements extracted from the Fourier Magnitude Spectrogram and the Choi-
Williams Distribution form the feature vectors. In the classification part these feature
vectors are introduced to an Artificial Neural Network classifier. The novelty of the
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proposed method is the use of statistical features that encapsulate the evolution of the
spectral content of the signal with time, for the application of pattern recognition of
environmental sounds.

The remaining part of this paper is structured as follows: In Sections 2 and 3 the
feature extraction and the classification parts of the pattern recognition process for this
application are described and in Sections 4 and 5 are presented the results of the proposed
method and the conclusions, respectively.

2. Time-Frequency Distributions and Statistical Feature Vectors

2.1 Time-Frequency Distributions

Probably the most popular time-frequency distribution is the Fourier Magnitude
Spectrogram (FMS). The FMS evaluates the Fourier Transform of the signal using a
sliding window and describes the evolution of the signal magnitude content in time
(Proakis and Manolakis, 1992; Rabiner and Schafer, 1978). Figures 1a, 2a and 3a present
the Time Domain signals and figures 1b, 2b and 3b the corresponding FMS of the
echolocation call signals produced by three of the bat species examined in this work (see
Section 4 for details).

The other time-frequency signal representation employed in the proposed method is
the Choi-Williams Distribution (CWD). The CWD is a relative of the Wigner-Ville
Distribution in that they both belong to the Cohen’s general class of time-frequency
distributions (Cohen, 1989). Specifically, the Cohen’s general class of time-frequency
distributions is defined as:

1 o )
Popn(th) = WJ f f e”*’“'z“f”'“”(p(e,r)x*(u - %)x(u + %) dudtdo )

where: @(0,1) = 1 for the Wigner-Ville Distribution
e

or 0,1) =e¢ @ for the CWD.

Note that the complex-conjugate operator (*) is used, as the signals may be in their
analytic form, i.e. complex-valued.

The CWD is preferred, for our application, to the Wigner-Ville Distribution due to its
cross-term reduction property (Nikias and Petropulu, 1993).
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Figure 1a: Time Domain — Echolocation call of Plecotus auritus bat
Figure 2a: Time Domain — Echolocation call of M. nattereri bat
Figure 3a: Time Domain — Echolocation call of Pipistrellus pipistrellus bat
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Figure 1b: Fourier Magnitude Spectrogram — Echolocation call of Plecotus auritus bat
Figure 2b: Fourier Magnitude Spectrogram — Echolocation call of M. nattereri bat
Figure 3b: Fourier Magnitude Spectrogram — Echolocation call of Pipistrellus pipistrellus bat
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2.2 Statistical Feature Vectors

The information content of each time-frequency distribution has to be expressed in a
more compact form - via feature vectors — in order to be introduced to the ANN in an
efficient manner. Hence, after the time-frequency distributions are computed for each
recording, a group of statistical features (Mood et al., 1974) is calculated from each
distribution. Namely, the eight statistical measurements which form the feature vector for
this application are:

i) Variance:
Variance = ¢ |x, — X|? )
where, X represents the sample mean.
ii) Skewness:

e(x, — X)?

e 3)

Skewness =

where, 0 represents the sample standard deviation.
iii) Kurtosis:

e(x, — X)*

Kurtosis = 'T 4)

where, o again, represents the sample standard deviation.
iv) Inter-Quartile Range (I1.Q.R.):

LOQR. =Q, — Q, ®)
i.e. the I.Q.R. is the difference between the 75" and 25™ data percentile.

v) Median is defined as the central value of the ordered data set.
vi) Mean Absolute Deviation (M.A.D.):
M.AD. =¢|x, — X]| 6)
where X represents the sample mean.

vii) Range is the difference between the maximum and minimum values in the data set:

P = max(x,) — min (x,) (7)

viii)Log-Entropy: N
E(x) = > log(x}) ®)
i=1

where log represents the logarithm and x; represents the signal samples.

In all the statistical features defined above, the expected value operator €(.) is in
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practice estimated as time average along the N signal samples of a single recording, i.e.,

1 N
N Z(.) for a given signal recording producing a discrete-time signal x; of length N
i=1

samples.
These eight statistical measurements form the feature vector of each time-frequency
distribution, calculated for each signal recording.

3. Artificial Neural Network Classifier

In this application, for the classification part of the pattern recognition process an
Artificial Neural Network (ANN) is employed. The type of ANN selected is a Self-
Organizing Map (SOM). Self-organizing networks detect regularities and correlations and
adjust their future responses according to previous inputs (Kohonen, 2001). The neurons
of the self-organizing networks recognize groups of similar vectors. Neurons that are
physically close in the neuron layer tend to respond to input vectors that are similar to
each other. These networks classify the input vectors into classes based on a competitive
layer so as (a) to form subclasses of input vectors and then (b) to combine subclasses into
final output classes (Kohonen, 1988).

4. Experiments and Results

In this Section, the experimental procedure and the results are presented for the
pattern recognition of fourteen (14) species of bats, which exist in the UK, based on the
echolocation calls they produce. These fourteen bat species namely are:

» Barbastella barbastellus,
» Eptesicus serotinus,

e Myotis bechsteinii,

¢ M. brandtii,

« M. daubentonii,

* M. mystacinus,

» M. nattereri,
 Nyctalus leisleri,

* N. noctula,

« Pipistrellus pipistrellus,
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* P. pygmaeus,

« Plecotus auritus,

Rhinolophus ferrumequinum and

» R. hipposideros.

The recordings of the echolocation calls employed for the experiments, are provided
by (see Acknowledgement).

The proposed method is divided in two stages. The aim of the first stage is to
classify the aforementioned fourteen species in four groups and the aim of the second
stage is to classify each one of the species within its group. Analytically, for the first
stage, the feature vectors introduced to the ANN are formed from the statistical
features (Subsection 2.2) extracted from the FMS of the signals (Parsons and Jones,
2000). Thus, the feature vectors introduced to the ANN classify the fourteen species in
four groups:

1. Group A consists of the following five bat species:
Barbastella barbastellus, Plecotus auritus, Eptesicus serotinus, Nyctalus leisleri and
N. noctula,

2. Group B consists of the following five bat species:
Myotis bechsteinii, M. brandtii, M. daubentonii, M. mystacinus and M. nattereri,

3. Group C consists of the following two bat species:
P. pygmaeus and Pipistrellus pipistrellus,

4. Group D consists of the following two bat species:
Rhinolophus ferrumequinum and R. hipposideros.

After the fourteen echolocation calls have been classified in these four groups based
on their magnitude spectral characteristics, the same process is repeated for the second
stage, using the CWD in order to classify each bat’s echolocation call within its group.
Consequently, for the second stage, the feature vectors introduced to the ANN, formed
from the statistical features (Subsection 2.2) extracted from the CWD rather than the
FMS, classify each bat’s echolocation call within its group (figures 4a, 4b, 4c and 4d).

Summarizing, the feature vectors formed by the feature extraction and classification
method previously described, are distributed as shown in figures 4a, 4b, 4c and 4d. For the
experiments, ten samples are employed of each species. Of each species within each
group, only the central «point» is shown in figures 4a, 4b, 4c and 4d, for simplicity. These
central points are projected to a 1 X 2 — dimensional space for presentation purposes,
although they are 1 X 8 — dimensional feature vectors, originally (Subsection 2.2). Hence,
one can observe that the feature vectors employed are appropriate to discriminate the
aforementioned classes as none of the central points coincide or appear to be close to
each other.
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5. Conclusions and Future Research

The aim of this research is to apply pattern recognition methods for the classification
of environmental events based on their sound content. The database tested for this
research consisted of the echolocation calls that produce fourteen species of bats that exist
in the UK. These fourteen classes of sounds belong to the same family and consequently,
the pattern recognition task is demanding due to the similarity among them. The
experimental results showed that the novel method proposed, which employs statistical
features extracted from time-frequency distributions, is appropriate for the classification
of environmental events.

A relatively new research area where the classification of environmental sounds is
applied, is the development of soundscapes (Krause, 2002). Soundscapes are maps which
contain sound rather than morphological information. They are an important tool for the
monitoring of certain areas of interest, such as NATURA 2000 areas (European Union’s
network of nature protection areas). The periodic comparison of the soundscapes of a
certain area can provide useful ecological related observations.
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Megiinym

Katoaorevdlovpe €vo MagrofLove dTumo yuo T OLodHaoio, Tov ZUALOYLOUOV
o g Merég Tlegutwoewv (EMIT). Emituyydivouue e Tov TQOTo avTd Vo, VITOAO-
vioouue Tig havOTNnTES Va. foloxretal 1 dradixacio Tov ZMII 0g ®ATOLO aITO TOL KVQLAL
OTAOLO TNG (AVARTNOT, ETOVOYLONOLUOTTOINON, SLOEBWON, OLATHENON) OF L. GUYKRERQL-
eV pd.om g eTiAvong Tov aviiotolyov teofuatoc. Emxiong dnuoveyotue éva ué-
TQO YLO. TOV €AEYXO TNG GUTOTEAECUATIXOTNTOS €VOS ovotiuatog ZMIT rou dldovue a-
QUOELYUATOL, TTOV OITELXOVILOUV TO ATTOTEAEOUOTO. OIS,

Abstract

We build a Markov model for the Case-Based Reasoning (CBR) process. In this way
we succeed to calculate the probabilities for the CBR process to be in a certain of its
major steps (retrieval, reuse, revision, retaining) at a certain phase of the solution of the
corresponding problem. We also obtain a measure for the efficiency of a CBR system and
we give examples to illustrate our results.

Key words: Finite Markov chains, Case-Based Reasoning, Intelligent systems.
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1. CBR: Foundational issues and applications

The Case-Based Reasoning (CBR) process is a recent theory for problem-solving and
learning in computers and people (Aamodt and Plaza, 2004; Voskoglou, 2008). Broadly
construed it is the process of solving new problems based on the solutions of similar past
problems. The term problem-solving is used here in a wide sense, which means that it is
not necessarily the finding of a concrete solution to an application problem, it may be any
problem put forth by the user. For example to justify or criticize a proposed solution, to
interpret a problem situation, to generate a set of possible solutions or generate
explanations in observable data, are also problem solving situations.

Its coupling to learning occurs as a natural by-product of problem solving. When a
problem is successfully solved, the experience is retained in order to solve similar problems
in future. When an attempt to solve a problem fails, the reason for the failure is identified and
remembered in order to avoid the same mistake in future. Thus CBR is a cyclic and integrated
process of solving a problem, learning from this experience, solving a new problem, etc.

CBR traces its roots in Artificial Intelligence to the work of Roger Schank and his
students at Yale University — U.S.A. in early 1980’s. Scfhank’s model of dynamic memory
(Schank, 1982) was the basis of the earliest CBR system that might be called a case-based
reasoner, the CYRUS system (Kolodner, 1983).

The CBR systems expertise is embodied in a collection (library) of past cases rather,
than being encoded in classical rules. Each case typically contains a description of the
problem plus a solution and/or the outcomes. The knowledge and reasoning process used
by an expert to solve the problem is not recorded, but is implicit in the solution.

For a better understanding of the present work the reader would be familiar with the
basic concepts and methodology of the CBR process (Aamodt and Plaza, 2004).

As an intelligent-systems method CBR has got a lot of attention over the last few
years, because it enables the information managers to increase efficiency and reduce cost
by substantially automating processes. CBR first appeared in commercial systems in the
early 1990’s and since then has been sued to create numerous applications in a wide range
of domains including diagnosis, help-desk, assessment, decision support, design, etc.

More explicitly:
« CBR diagnostic systems try to retrieve past cases, whose symptom lists are similar

in nature to that of the new case and suggest diagnoses based on the best matching
retrieved cases.

» CBR diagnostic systems are also used in the customer service area dealing with
handling problems with a product or service (help-desk applications).

« In the assessment processes CBR systems are used to determine values for variables
by comparing it to the known value of something similar. Assessment tasks are quite
common in the finance and marketing domains.
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« In decision making, when faced with a complex problem, people often look for
analogous problems for possible solutions. CBR systems have been developed to
supporting this problem retrieval process to find relevant similar problems.

« Systems to support human designers in architectural and industrial design have been
developed. These systems assist the user in only one part of the design process, that
of retrieving past cases, and would need to be combined with other forms of
reasoning to support the full design process.

Organizations as diverse as IBM, VISA International, Volkswagen, British Airways
and NASA have already made use of CBR in applications such as customer support,
quality assurance, aircraft maintenance, process planning and decision support, and many
more applications that are easily imaginable.

2. A descriptive framework for the CBR process

CBR has been formalized for purposes of computer and human reasoning as a four
steps process. These steps involve:

R,: Retrieve the most similar to the new problem past case.

R,: Reuse the information and knowledge of the retrieved case for the solution of the
new problem.

R;: Revise the proposed solution.

R,: Retain the part of this experience likely to be useful for future problem-solving.

More specifically, the retrieve task starts with the description of the new problem,
and ends when a best matching previous case has been found. The reuse of the solution
of the retrieved case in the context of the new problem focuses on two aspects: (i) The
differences between the past and the current case, and (ii) what part of the retrieved
case can be transferred to the new case. Usually in non trivial situations part of the
solution of the retrieved case cannot be directly transferred to the new case, but
requires an adaptation process that takes into account the above differences. Through
the revision the solution generated by reuse is tested for success — e.g. by being applied
to the real world environment, or to a simulation of it, or evaluated by a specialist —
and repaired, if failed. When a failure is encountered, the system can then get a
reminding of a previous similar failure and use the failure case in order to improve its
understanding of the present failure, and correct it. In other words, there is a transfer
from R, to R in this case, and the same circle is repeated again. The revised task can
then be retained directly (if the R, task assures its correctness), or it can be evaluated
and repaired again. In the latter case the CBR process remains in fact in step R, for
two successive phases. The final step R, involves selecting which information from the
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new case to retain, in what form to retain it, how to index the case for better retrieval
in future for similar problems, and how to integrate the new case in the memory
structure.
According to the above description one can design the «flow-diagram» of the CBR
process shown in Figure 1.
]

@ﬁ @_}\__Rs R

Figure 1: CBR flow-diagram

Notice that Riesbeck and Bain (1987), Slade (1991), Lei et al. (2001), Aamodt and
Plaza (2004) have already presented detailed flowcharts illustrating the basic steps of the
CBR process. However our brief flow-diagram of Figure 1 will help us to build a stochastic
(Markov chain) model that enables a mathematical representation of the CBR process.

3. The Markov model

Roughly speaking a Markov chain is a stochastic process that moves in a sequence of
phases through a set of states and has «<no memory». This means that the probability of
entering a certain state in a certain phase, although it is not necessarily independent of
previous phases, depends at most on the state occupied in the previous phase. This
property is known as the Markov property.

When its set of states is a finite set, then we speak about a finite Markov chain. For a
detailed exposition of the relevant mathematical theory of such type of chains see
Kemeny and Snell, 1976, to which we refer freely below.

In this paper we present a Markov chain model for the mathematical description of
the CBR process. For this, assuming that the CBR process has the Markov property, we
introduce a finite Markov chain having as states the four steps of the CBR process
described in the previous section. The above assumption is a simplification (not far away
from the truth) made to the real system in order to transfer from it to the «assumed real
system». This is a standard technique applied during the mathematical modelling process
of a real world problem, which enables the formulation of the problem in a form ready for
mathematical treatment (see Voskoglou, 2007, section 1).

Denote by p; the transition probability from state R, to R, for i,j = 1,2,3,4, then the
matrix A = [ p,] is said to be the transition matrix of the chain.

According to the flow-diagram of the CBR process shown in Figure 1 we find that
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where we obviously have that p;, + p,; + p,, = 1.
Further let us denote by @,,@,.9,,..... .. the successive phases of the above chain , and
also denote by
Pi = [pl(l)pz(l)p3(1)p4(l)]
the row - matrix giving the probabilities p,” for the chain to be in each of the states R,

j = 1,2,3,4, in the phase @i, i = 1,2,.... of the chain, where we obviously have that
4

2.pf=1.

=1

The above row-matrix is called the probability vector of the chain at phase ¢,.

From the transition matrix A and the flow diagram of Figure 1 we obtain the «tree of
correspondence» among the several phases of the chain and its states shown in Figure 2 .

From this tree becomes evident that
P,=[1000],P,=[0100],P,=[0010],and P, = [p;, 0 p;; p;,].
Further it is well known that
P, =PA, i=012,...
Therefore we find that
P, =PA =[pyDy; Py Psy” Pyy(Pyy + DI
Py =P,A = [D;,D5) D33Py Py + Py’ Pay(D3s” + Dy + 1]

and so on.
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Observe now that, when the chain reaches state R , it is impossible to leave it, because
the solution process of the new problem via the CBR approach finishes there. Thus we
have an absorbing Markov chain with R, its unique absorbing state. Applying standard
techniques from the theory of absorbing chains we bring the transition matrix A to its
canonical (or standard) form A* by listing the absorbing state first and then partition it as
follows:

R4 R1 R2 R3
R, 1 | 0O 0 O
o - - - - - -
A R, 0 | 0O 1 O
R, 0 | 0o 0 1
Ry [ Py [ Py O by
Symbolically we can write
I | o
Ax=| = | -
R | Q

where Q stands for the transition matrix of the non absorbing states. Then the
fundamental matrix of the chain is given by

adj(l; = Q)

DI, - Q) °
where I denotes the 3X3 unitary matrix, adj(I,-Q) denotes the adjoin matrix and D(I, — Q)
denotes the determinant of I, — Q. A straightforward calculation gives that

N=(0,-Q'=

1 1_p33 1—]333 1

N=———"7-— ~Ps Py 1| =[n]
PPy =Py D3 D3 1 J

It is well known that the entry n; of N gives the mean number of times in state R, when
the chain is started in state R.. Therefore, since the present chain is always starting from
R, the sum

3—-2p,
t=n“+n12+nl3=—’_
=Py =Dy

gives the mean number of phases of the chain before absorption, in other words the
mean number of steps for the completion of the CBR process is t+1. It becomes therefore
evident that, the bigger is the value of t, the greater is the difficulty encountered for the
solution of the given problem via the CBR process. The ideal case is when the CBR
process is completed straightforwardly, i.e. without «backwards» from R, to R, or
«stays» to R, (see Figure 1). In this case we have that p,, = p,, = O and p,, = 1, therefore

t = 3. Thus in general we have that t = 3.
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The following simple example illustrates our results:

EXAMPLE: Consider the case of a physician, who takes into account the diagnosis
and treatment of a previous patient having similar symptoms in order to determine the
disease and treatment for the patient in front of him. Obviously the physician is using
CBR. If the initial treatment fails to improve the health of the patient, then the physician
either revises the treatment (stay to R, for two successive phases), or, in more difficult
cases, gets a reminding of a previous similar failure and uses the failure case to improve
its understanding of the present failure and correct it (transfer from R, to R ). The process
is completed, when the physician succeeds to cure his patient.

Assume that the recorded statistical data show that the probabilities of a
straightforward cure of the patient and of each of the above two reactions of the physician

1
in case of failure are equal to each other. This means that p , = p,, =p,, = 3 and

therefore t = 7, i.e. the mean number of steps for the cure of the patient is 8.
Further, one finds that

bl gl 1] p L1 1 4], 1 1413
513 "3 34 |93 9 9 5 (279 9 27
and so on. Observing for example the probability vector P, one finds that the probability

fi)r the CBR process to be at the step of revision (R,) in the 6™ phase after its starting is

6’

or approximately 44.44%, the corresponding probability to be at the step of retaining the
13

acquired experience (R)) is 7 or approximately 48.15% (in this case it is possible that

the CBR process has arrived to the absorbing state R, in an earlier phase), etc.

Note: Knowing the exact «movements» during the CBR process one can calculate the
number of steps needed for the absorption of the chain directly from the flow-diagram of
Figure 1. For example, considering the above case of the physician, assume that the initial
treatment given to the patient failed to cure him and the physician got a reminding of a
similar failure in the past in order to correct it. Assume further that the new treatment
didn’t give the expected results and the physician revised it again succeeding in this way
to cure the patient. According to the assumptions mentioned above it is easy to come to
the conclusion that the number of steps needed for the absorption is exactly 8.

4. Measuring the efficiency of a CBR system

The challenge in CBR is to come up with methods that are suited for problem-solving
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and learning in particular subject domains and for particular application environments. In
line with the process model described in section 3, core problems addressed by CBR
research can be grouped into five areas: Representation of cases, and methods for
retrieval, reuse, revision and retaining the acquired experience. A CBR system should
support the problems appearing in the above five areas. A good CBR system should
support a variety of retrieval mechanisms and allow them to be mixed when necessary. In
addition, the system should be able to handle large case libraries with the retrieval time
increasing linearly (at worst) with the number of cases.

Let us consider a CBR system including a library of n recorded past cases and let t,, as
it has been calculated in the previous section, be the mean number of steps for the
completion of the CBR process for case ¢, i = 1,2,...,n. Each t; could be stored in the
system’s library together with the corresponding case c¢,. We define then the system’s
efficiency, say t, to be the mean value of the t’s of its stored cases, i.e. we have that

The more problems are solved in future applications through the given system, the
bigger becomes the number n of the stored cases in the system’s library and therefore the
value of t is changing. As n increases it is normally expected that t will decrease, because
the values of the t.’s of the new stored cases would be decreasing. In fact, the bigger is n,
the better would be the chance of a new case to «fit» well (i.e. to have minor differences)
with a known past case, and therefore the less would be the difficulty of solving the
corresponding problem via the CBR process. Thus we could say that a CBR system
«behaves well» if, when n tends to infinity, then its efficiency t tends to 3.

EXAMPLE: Consider a CBR system that has been designed in terms of Schank’s
model of dynamic memory for the representation of cases (Schank, 1982). The basic idea
of this model is to organize specific cases, which share similar properties, under a more
general structure called a generalized episode (GE). During storing of a new case, when a
feature of it matches a feature of an existing past case, a new GE is created. Hence the
memory structure of the system is in fact dynamic, in the sense that similar parts of two
case descriptions are dynamically generalized in to a new GE and the cases are indexed
under this GE by their different features.

In order to calculate the efficiency of a system of this type we need first to calculate
the efficiencies of the GE’s contained in it. For example, assume that the given system
contains a GE including three cases, say . €, and C,. Assume further that c, corresponds
to a straightforward successful application of the CBR process, that ¢, is the case
described in the example of section 3, and that ¢, includes one «return» from R, to R, and
two «stays» to R,. Then t, = 3 and t, = 7, while for the calculation of t, observe that
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1 1
Py =Py = 2 and p,, = X therefore t, = 8. Thus the efficiency of this GE is equal to

_3+7+8
T3
(e.g. see Figure 3 in page 12 of Aamodt and Plaza, 2004). In this case we only need to
calculate the efficiency of the complex GE by considering all its cases, regardless if they
belong or not to one or more of the specific GE’s contained in it. Finally the efficiency
of the system is the mean value of the efficiencies of its GE’s.

= 6. Notice that a complex GE may contain some more specific GE’s

Note: An alternative approach for the representation of cases in a CBR system is the
category and exemplar model applied first to the PROTOS system (Porter and Bareiss,
1986). In this model the case memory is embedded in a network of categories, cases and
index pointers. Each case is associated with a category. Finding a case in the case library
that matches an input description is done by combining the features of the new problem
case into a pointer to the category that shares most of these features. A new case is stored
in a category by searching for a matching case and by establishing the appropriate feature
indices. The process of calculating the efficiency of a system of such type is analogous to
the process described in the above example, the only difference being that you have to
work with categories instead of GE’s. In a similar way one may calculate the efficiency of
systems corresponding to other case memory models including Rissland (1983) and
Ashley’s HYPO system in which cases are grouped under a set of domain-specific
dimensions, the MBR model of Stanfill and Waltz (1988), designed for parallel
computation rather than knowledge-based matching, etc.

5. Final conclusions

CBR is a general paradigm for reasoning from expertise, which is not only a
psychological theory of human cognition, but it also provides a foundation for a new
technology of intelligent computer systems that can solve problems and adapt to new
situations.

In the present paper we built a stochastic model for the CBR process by introducing
a finite, absorbing Markov chain having as states the major steps of the process, i.e. the
actions retrieve, reuse, revise and retain. Thus, by applying standard results of the theory
of finite Markov chains, we succeeded to calculate the probabilities for the CBR process
to be at a certain of its major steps at any phase of the solution of the corresponding
problem, and we also obtained a measure for the efficiency of a given CBR system.

The above results could be useful to the case-based reasoner in several ways according
to each special situation, but this, although we gave some simple examples illustrating our
results, is a subject of further research, which is out of the scope of the present paper.
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Abstract

The response of simply supported lightly reinforced concrete (RC) beams under
monotonic loading is experimentally and numerically investigated. The beams are loaded
in four-point bending with two external vertical concentrated loads. They are reinforced
with longitudinal and transverse reinforcement and strengthened with carbon (CFRP) or
glass (GFRP) fabrics. While experimental methods of investigation are extremely useful
in obtaining information about the behaviour of reinforced concrete, the use of
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numerical models helps in developing a good understanding of the behaviour at lower
COst.

In this study ANSYS finite element program is used to numerically verify the response
of the RC beams obtained experimentally. ANSYS Solid65 nonlinear concrete solid
elements are used to model the concrete, while LINK 180 elements are used to model
longitudinal and transverse steel reinforcement and Shell43 elements for the FRPs. The
material characteristics used in the nonlinear analyses are obtained experimentally. The
numerical results obtained are in good agreement with the experimental. The load
capacity of the beams is within 10% of the experimental values and the failure modes and
crack patterns are in good agreement with the experimental.

ITegidyn

TNV TO.QOVON £QYAO{0. LEAETATAL 1 CUUTTEQLPOQG O€ AAUPT OLULPLEQELOTMV QORMDV
OTTALOUEVOV OHVQOOEUATOS UE ELALPQV KOAUTTTIXA EPEAXVOUEVO OTTALOUO. OL 00ROl av-
T€C VITOPAALOVTOL 08 LOVOTOVIXO KOWTTIXO (POQTLO %Ol OLEQEVVATOL TTELQUUATIXNA T
OUUITEQLYOQA TOVG, M omoia emLpepatwvetal emiong Bewontird. Ot eEeTaloueves 00-
%ol vrtofdAAovToL og ®ApAPN te VO EEWTEQLAA RATAROQUEPA OUYREVTQWUEVO POQTIOL.
Avtég omhiCovrol ue dtaunixn omALoUO AAUYNS KoL EYREQOLO OTTALOUO OLETUNONG,
eV RATTOLES Ot QUTEG eVIoYVOVTOL we avloaxo-, (CFRP), v valo-, (GFRP), vgd-
OUOTA. ATTO TNV TTELQOUATIXY £0eVVa, X0QAXONHOY HVQLWS TO JLOYQAUUATO UETOLO-
M oQTIOV- BEAOVS RAUYPNS TV DORMV HOL TTQOEXVPOV YK ONOLUES TTANQOPOQLES YLOL
™MV avtoyxy, TV TAAOTLUOTNTO %Ol TNV GXROUPIO TOV EANPQO OTTALOUEVOV dOXMYV
OTTALOUEVOV ORVQOOEUATOC, OTIMC ETTLONS HAL TWV EVIOYVUEVWOV UE TO OVVOETA VALXAL.
Ko’ 6oov duwg elval yvwotodv, OTL oL TELQAUOTIXES WEBODOL €QeVVaC elvOl ATTOAD-
TWS OITAQALTNTES YL TNV OLEQEVYNON TNG OCVUWITEQLPOQAS TMV dOUMYV OTTALOUEVOD GRV-
QOOEUATOG, TTOETEL VAL TOVLODEL 0td TNV AAAN OTL M XONON TV 0QLOUNTIX®V UOVTE-
AV fondd otV ®OTOVONOT TNG OVWTEQLPOQAS TTALQAUUOQPOVUEVNS dOXOV UE ULKQO-
T€EQO KOOTOC.

Ze QUTY) TNV QY000 XQNOLUOTTOLELTOL O RMOLKOG TTETEQUOUEVIV 0TOLYElWV ANSY'S
YLoL VO, TTQOOOUOLMBEL 1 dOKOS ®aL Vo exTiunBel BewonTnd M artdrOLoN TS OOXOV O€
HAPYPN. ZTNV aQLOUNTLXT avAalvon, TTov €yuve te To ANSY S, xoNnoLuomomdnxay To aToL-
yeto Solid65 yia vo povtehomomOel n un YOOWULAT) CVWTEQLPOQE TOV GRVQOOEUOTOC, TO
otolyeto LINK180 yia vo. uovtehomombel o dLoumung ®otL o €yraQoLog xaAvBdLvog
0TTAMOUOG KoL TEAOS TO 0ToLYELO Shell43 yia T vpdouata evioyvong g doxov. Ou xon-
OLUOTTOMOEL0ES UNYAVIXES LOLOTNTES TV VALXMOV OTNV GQLOUNTLXY VAAVON TTQOOOLOQ(-
Covtal merpauatind. Ao Tnv dLeEayOeloo €oevva, TEOXVITTEL OTL TO. 0QLOUNTLXE. OITO-
TELEOUOTO BOLOROVTOL O€ CUUPMVIC LE TLS TTELQAUOTIXES UETONOELS. H Bemontinn ovto-
¥ TNG O0XOV TQOEXMPE OTL SLAPEQEL TO TTOA, XOTd 10%, 0ITO TNV OVTLOTOLYT) TTELQOLUOL-



Experimental and numerical investigation of structural response of reinforced concrete... 71

TN TUUN, EVAD OL LOQMES 0LOTOYLOC KoL OL OLAOOOELS QWYUMV 0TN OOXO UOLALOUV UE TLG
OVTLOTOLYES TTELQOUOTIREC.

Keywords: Reinforced concrete, FRP, finite element model, ANSYS.

1. Introduction

The need to strengthen RC structures is encountered in cases of load increase or
damage induced to the structural members by a seismic or other action and in cases of
design and construction faults. Various techniques can be applied to overcome such a
structural deficiency resulting to a partial repair or complete replacement of the structure
damaged. The use of FRP materials for structural repairing presents several advantages
such as the high strength to weight ratio of FRP, the ease of FRPs application on site due
to little equipment needed and finally the improved durability and corrosion resistance in
strengthened structures. Externally bonded FRP laminates and fabrics can be used to
increase shear and flexural strength of reinforced beams and columns. In order to increase
flexural strength of beams, a continuous sheet of FRP can be bonded at its bottom face.

The behaviour of reinforced concrete elements is observed mainly from experiments.
However, experiments take considerably time, labour and great cost and consequently,
the studies are limited. A large number of finite element analysis programs have been
developed over the past years in order to investigate the behaviour of reinforced concrete
(RC) elements. Many of the FEA packages have difficulties in modelling the nonlinear
behaviour of concrete structures adequately. The applicability of the FE models of
different packages has been investigated by a great number of researchers (Cotsovos et
al., 2009).

In this study ANSYS (2006) is chosen for the numerical evaluation of RC beams
strengthened with FRP composites. The use of ANSY'S for the modelling of RC beams has
been reported to be satisfactory by many researchers in the past (Barbosa and Ribeiro,
1998; Kachlakev et al.,, 2001; Fanning, 2001; Elyasian et al., 2006; Ameli et al., 2007
Santhakumar et al., 2007; Sandarraja and Rajamohan, 2008; Ibrahim and Mahmood, 20009;
Cotsovos et al., 2009; Buyukkaragoz, 2010).

The aim of the present study was the numerical evaluation and verification of
structural behavior of tested reinforced concrete beams and strengthened with FRP
composites. The experimental study was on the whole executed in the Laboratory of
Reinforced Concrete at Piraeus TEI (Demakos, 2008). The numerical models applied in
this study provide results close to the experimental results (Demakos, 2008) obtained
from five simply supported beams. The load-deflection curves obtained from numerical
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analyses, were compared with the reported experimental load-deflection plots in order to
validate the model. The crack patterns in the beams at different loadings are also plotted.
After the calibration of the model, it can then be used to extend the experimental results
and study the behaviour of other beams at much lower effort, cost and much quicker,
without having to conduct many experimental tests.

2. Numerical modelling with ANSYS

ANSYS (version 11) (2006) finite element program was chosen for the numerical
evaluation of RC beams strengthened with FRP composites. Concrete is a material
presenting nonlinear behaviour during loading and it was modelled with ANSYS to show
similar behaviour.

2.1 Concrete

Solid65 element was used to model the concrete. This element is used for the 3-D
modelling of solids with or without reinforcing bars (rebar). The solid is capable of
cracking in tension and crushing in compression. The William and Warnke (1975) failure
criterion is used for both cracking and crushing failure modes through a smeared model.

The element is defined by eight nodes and the isotropic material properties. Each node
has three degrees of freedom, translations in the nodal X, y, and z directions. Up to three
different rebar specifications may be defined. In our study reinforcement was modelled as
another element.

Shear transfer coefficient represents conditions of the crack face. This coefficient
represents a shear strength reduction factor for those subsequent loads, which induce
sliding (shear) across the crack face. A value 3, for an open crack and 3, for a closed crack
are given. The value of shear transfer coefficient ranges from 0.0 to 1.0. A value of 0.0
represents a smooth crack with complete loss of shear transfer, while 1.0 represents a
rough crack with no loss of shear transfer. The values used in many studies varied.
Santhakumar et al. (2007) for beams under pure bending used a value of 0.2 for open
crack and 0.22 for closed crack, as proposed by Kachlakev et al. (2001), while for beams
under combined bending and torsion used values of 0.1 and 0.12. Cotsovos et al. (2009)
studied the effect of this parameter and concluded that adopting relatively high values, the
FEA model yield realistic predictions of the response of the ductile beam investigated in
their study, while adopting the same parameters to a brittle beam the FEA model
overestimated the load carrying capacity and the maximum deflection. In this study a
range of values for these coefficients were tested and finally an open shear transfer
coefficient of 0.25 and a closed shear transfer coefficient of 0.65 were chosen. Another
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parameter is the tensile crack factor, which is a multiplier for amount of tensile stress
relaxation, and a value of 0.6 was adopted. The crushing capability was suppressed in this
study and material cracked whenever a principal stress component exceeded the tensile
stress, which was taken 1.9 MPa.

2.2 Reinforcing Steel

Barbosa and Riberio (1998) modelled the same beam using Solid65 element for
concrete, once adopting truss bars as discrete reinforcement connecting solid elements
nodes and once composed uniquely of solid elements, some of which containing a
smeared reinforcement. The results of load-deflection curves were similar. In the current
study a Link 180 element was used to model steel reinforcement. This 3-D spar element is
a uniaxial tension-compression element with three degrees of freedom at each node,
translations in the nodal X, y, and z directions. Reinforcement bars were modelled
connecting the nodes of concrete solid elements. As concrete and reinforcement bars used
the same nodes, a perfect bond was considered between these two materials. This
assumption is made from other researchers too (Kachlakev et al., 2001; Fanning, 2001;
Santhakumar et al,. 2007).

2.3 Steel Plates

Steel plates were present at the supports and loading locations in order to avoid stress
concentration problems. Steel plates were assumed to be of linear elastic material. An
eight-node solid element, Solid45, was used to model the steel plates. The element is
defined with eight nodes having three degrees of freedom at each node, translations in the
nodal X, y, and z directions.

2.4 FRP Laminates

FRP materials consist of a large number of small, continuous, directionalized, organic
(composite) fibers with advanced characteristics, embedded in a resin matrix. Depending
on the type of fiber they are referred to as AFRP (aramid fiber based), CFRP (carbon fiber
based) or GFRP (glass fiber based). In this study the beams were strengthened with GFRPs
and CFRPs at their bottom face.

A Shell43 element was used to model the FRP composites. The element has six degrees
of freedom at each node. The bond between the FRP composites and concrete was
considered also to be perfect. Pham et al. (2006) studied the bond characteristic between
CFRP and concrete. Numerical analyses without perfect bonding should be also checked
in future research.
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3. Numerical Analysis

Experimental results from tests made in the Laboratory (Demakos, 2008) were
compared with the numerical results from ANSYS in order to validate the numerical
representation of reinforced concrete beams strengthened with FRP composites.

3.1 Geometry and materials properties of beams tested

Five 1100 mm long RC beams, with an effective span of 900 mm, were designed,
constructed in the Laboratory and tested under monotonic four-point bending loading
(Fig. 1). These beams are part of a group of specimens tested in the Laboratory
(Demakos, 2008). The loading was applied stepwise through a 200 KN capacity servo-
hydraulic machine in a force-controlled mode at the center of a stiffened spreader
trapezoidal beam, which in turn distributed the load equally on a couple of identical
bearing pads placed on the top of the beams (Fig.2). The beams consist of one control
beam, and four beams strengthened with glass or carbon FRP bonded fabrics at their
bottom face. In two of the strengthened beams the FRP composites were anchored in their
end (Fig. 3).

The control beams (BV1) were designed to fail in flexure. Beams B1/GFRP and
B1/CFRP were strengthened with a glass and a carbon fabric bonded at the bottom face
of the beam, respectively. In beams B1/GFRP/CMAS and B1/CFRP/CMAS one U-shaped
strip of the same FRP as the strengthening fabric was bonded at each end of the FRP.
Through these strips, a tuft of glass fibers, the (CMAS), saturated in the epoxy resin
mixture was inserted in drilled holes at every face of the beam and the (CMAS)’
protruding tips were then splayed circularly over the U-strip. Finally, the anchored U-strip
was covered by a 100x100 mm patch of the same FRP. More details about the
experiments and the specimens are presented by Demakos (2008).

In Tab. 1 all beams evaluated in this study are shown. The cross section of the beams
was 100 mm width and 150 mm depth, and the length of the beam tested was 1100 mm.
The control beam (BV1) dimensions along with the reinforcement details are shown in
Fig. 1. The longitudinal reinforcement was two rebars of 8 mm diameter at the bottom
and two at the top of the beams. Closed stirrups of 8 mm diameter were used, spaced
every 50 mm at shear spans and 150 mm at the center of the beams. Transverse
reinforcement of stirrups was designed in that way to avoid brittle shear failure of beams.
The position of the FRPs in the strengthened beams is shown in Fig. 3.

The stress-strain relation shown in Fig. 4a is used for concrete. Young’s modulus of
elasticity is taken 27.6 GPa and Poisson’s ratio 0.2. Maximum stress value is assumed to
be 24 MPa, near the mean value of the test results. In the ascending part of the curve,
values are calculated from the formula presented by EC2. The strain corresponding to the
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maximum stress is assumed to be 0.002. After the peak-stress value there is a descending
(strain-softening) branch until the ultimate strain of 0.0035. Beyond this value, the stress
values decrease linearly until a small residual value is attained and remains constant
thereafter. The maximum tensile stress of concrete is set to a value of 1.9 MPa.

The stress-strain curve for steel rebars is shown in Fig. 4b. and it is identical in tension
and compression. Young’s modulus is taken 200 GPa and Poisson’s ratio 0.3. Yield stress
of the rebars is 550 MPa, and ultimate stress 610 MPa, as they were obtained from the
experimental results. Steel plates for supports and loading locations have a Young’s
modulus of 200 GPa and Poisson’s ratio of 0.3.

In the present study linear elastic properties of FRP composites are assumed, as shown
in Fig. 4. The material properties for FRP composites used in analysis of the strengthened
beams are shown in Tab. 2. Ultimate tensile strength in primary fiber direction was taken
as 550 MPa and 1100 MPa for GRFP and CFRP, respectively. Elongation at break is 2%
and 1.5%, tensile modulus is 27.5 and 75 GPa for GRFP and CFRP, respectively. Laminate
thickness is 1.3 mm for GFRP and 0.45 mm for CFRP. The stress-strain curves for GFRP
and CFRP are shown in Fig. 4c and Fig. 4d, respectively.

The beams were analyzed using ANSYS finite element model and compared with the
test results of the above specimens. In the experimental analysis (Demakos 2008) it was
shown that U-strip and (CMAS) anchorage improved the load capacity and ductility of RC
specimens. In the numerical analysis the U-strip was modelled for one beam but the
results were similar with the beam without the (CMAS) anchorage. This was expected
since perfect bonding was assumed in analyses. Hence, only beams with a FRP fabric at
the bottom face were finally analyzed, and the results were compared to the experimental
for beams with and without (CMAS) anchorage.

In analysis only one quarter of each beam was modelled due to transversal and
longitudinal symmetry of the concrete beam and symmetry of the applied loading. With this
approach the computational time and computer disk space requirements was reduced
significantly. The finite element mesh and loading regions of the beams are shown in Fig. 5.
FRP composites are modelled in the bottom face of the beam. The boundary conditions are
shown in Fig. 6. Steel reinforcement and stirrups modelling of beams is shown in Fig. 7.

4. Results

4.1 Load deflection curves and failure load

The experimental and numerical load-deflection curves obtained for the beams are
shown in Fig. 8 to Fig. 10. In general, the load-deflection curves and the failure load from
analyses are in acceptable agreement with the experimental.

The experimental and numerical load-deflection curves obtained for the, BV 1, control
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beam are shown in Fig. 8. The finite element model is stiffer than the actual beam. This
difference could have several explanations. The bond between steel reinforcement and
concrete is assumed perfect, although in the actual beam slip of the reinforcement may
occur. Microcracks are present to the concrete to some degree due to shrinkage and
handling. Also, the real material properties may be slightly different during tests than the
ones assumed in analyses. The failure load of the control beam is smaller than the
experimental load by 6%.

In Fig. 9 the experimental and numerical load-deflection curves for the beam
strengthened with glass FRP composites are shown. Both experimental beams, with and
without the U-strip are compared with the analyzed beam, which has only a FRP fabric at
its bottom face, since bonding is assumed perfect in analyses. From the test results it can
be seen that (CMAS) anchorage increase significantly the strength of the beam and the
beam exhibit a more ductile failure mode (Demakos, 2008). The numerical results are
closer to the test results of the beam with the (CMAS) anchorage. The load- deflection
curve is in good agreement and the numerical failure load is larger than the experimental
by 1%.

In Fig. 10 the experimental and numerical load-deflection curves for the beam
strengthened with a carbon FRP composite are shown. In this case the curve is in a good
agreement and the failure load is 10% smaller than the beam with the CMAS anchorage.

In Fig. 11 the numerical load-deflection curves obtained for the beams B1/GFRP &
B1/CFRP strengthened with glass and carbon FRP are compared. The numerical curves
concerning the ultimate loading are very close, unlike the experimental results. This can be
explained because the FRP composites were chosen to have similar axial stiffness. The
stiffness of each strengthened beam was affected by the normalized axial stiffness of FRPs,
which was expressed by the product of 7, - E,, where t, and E, denotes the thickness and
tensile elastic modulus of the fabric used. The stiffness of strengthened beams at their linear
elastic deformation state was almost similar for both types of strengthened beams during
analyses and experiments. This is theoretically verified by evaluating the axial stiffness of
both fabrics used, which was found to be about the same and equal to 35 MN/m:

Glass FRP: t,- E, = 1.30mm - 27.5 GPa = 35.75 MN/m (1)
Carbon FRP: t,* E,=045mm - 75.0 GPa = 33.75 MN/m 2)

4.2 Crack pattern

The crack pattern at each applied load step is monitored by ANSYS. In Fig. 12 the
crack pattern developed for the control beam BV1 at the last loading step is shown.
Cracking is shown with a circle outline in the plane of the crack. Only the first crack at an
intergration point is shown. In Fig. 13 the evolution of the crack pattern developed for
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the strengthened beam B1/GFRP is shown. Finally, in Fig. 14 the crack pattern for, BV1
and B1/GFRP/CMAS. tested beams are also shown, respectively. The crack patterns of
the finite element models are similar with the experimental. Flexural cracks occurred in
the mid span and were followed by diagonal shear cracks near the support. The failure
modes of the finite element models show good agreement with the experimental.

5. Conclusions

A numerical study was carried out for beams strengthened with FRP laminates, using
finite elements adopted by ANSYS. The numerical results were in good agreement with
the experimental values. The agreement between the experimental and numerical load-de-
flection curves as well as the failure modes and crack patterns, suggest that satisfactory
prediction can be obtained with these models.

A parametric study of models with different coefficients for concrete behaviour did
not increase significantly the accuracy of the results. The observed disrepancy may occur
due to slight variations in the material properties taken in analysis and those attained in
experiments. If more appropriate material properties are assigned in the model, the nu-
merical study can be used to predict more precisely the behaviour of strengthened beams
with FRP laminates. Bonding between rebars and concrete or FRPs and concrete may be
modelled to get better results and this is part of future research of the authors.

Numerical analyses can be used to simulate the behaviour of reinforced concrete at
lower cost and predict the failure process as the experimental results reveal. Nevertheless,
experiments will always be necessary in obtaining information about the real behaviour
of reinforced concrete and essential in order to verify the numerical models.

This study has been achieved with the financial support of the research project grant-
ed by Technological Education Institution of Piraeus. This support is gratefully acknowl-
edged.
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Figure 1: Loading and geometrical properties of analysed beams (control beam BV1)

Figure 2: Bending apparatus

Table 1: Summary of tested beams evaluated in the present study

. FRP
Beam # of Stirrups (at 'External thickness FRP end-anchorage
rebars | shear spans) | reinforcement
[mm]
BVI 4 8mm at 50mm B
centers
B1/GFRP 4 8mm at 50mm One GFRP 1.30 mm
centers sheet
B1/CFRP 4 8mm at 50mm One CFRP 0.45 mm
centers sheet
B1/GFRP/CMAS 4 8mm at 50mm One GFRP 1.30 mm GFRP U-strips (400mm lon.g,
centers sheet extended to compression region)
B1/CFRP/CMAS 4 8mm at 50mm One CFRP 0.45 mm CFRP U-strips (400mm loqg,
centers sheet extended to compression region)
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Table 2: Mechanical properties of fabrics

Property GFRP Composite CFRP Composite
Ultimate tensile strength in
primary fiber direction (MPa) 330 1100
Elongation at break (%) 2 1.5
Tensile modulus (GPa) 27.5 75
Laminate thickness (mm) 1.3 0.45

Figure 5: Finite element mesh and loading regions for a quarter beam model
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Figure 8: Load - deflection curve for, BV 1, control beam



Experimental and numerical investigation of structural response of reinforced concrete...

60 , ¥
50 ﬂ, 2 \ S IR ILL AL experimental -
= / \ B1/GFRP

E’ 4 / \ ----- experimental -
3C B1/GFRP/CMAS

4,
20 I'J ansys- B1/GFRP
10
0 T T T
0 5 10 15 20
w (mm)

Figure 9: Load - deflection curve for, B1/GFRP/CMAS, strengthened beam

80
70 T e
= \ T
60 e -
50 ﬂ, i \ D IR TLLTLL experimental -
= / \ B1/GFRP
x 40
= / \ ----- experimental -
3C — B1/GFRP/CMAS
4
20 /'/ ansys- B1/GFRP
10 '/
0 T T T
0 5 10 15 20
w(mm)

Figure 10: Load - deflection curve for, B1/CFRP/CMAS, strengthened beam

80
70 / \ \
v
60 :
[ o\
50 / : 8 \
40 .

P (KN)

/ — N~ ——— B1/CFRP-ansys
s e L B1/GFRP-ansys
20 /
10 /
0 / ' ' '
0 5 10 15 20
w {mm)

Figure 11: Load - deflection curve for beams B1/GFRP & B1/CFRP
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Figure 12: Numerical crack pattern for, BV 1, control beam

Figure 13: Numerical evolution of crack pattern for, B1/GFRP, strengthened beam

(a) BV1 (b) BI/GFRP/CMAS

Figure 14: Crack pattern of experimentally tested (a) control and (b) strengthened beams
with an anchored GFRP
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Abstract

In the present article an effort is made to localize and analyze the factors that affect
and determine the modulation of the clothing in the modern societies. Initially, it is
approached as a man’s basic need in order to protect himself from the climatologic
reverses of his environment. In continuation, as a product of applied decorative art: the
fashion, is designed with aesthetic perspective and also with effectiveness. In conclusion
it functions as the mirror of the society reflecting its modulation and evolution on the
cultural trend of a specific time period.

Megidmypn

270 aOV 60000 RATABGALETOL TQOOTTAOELD VO EVIOTLOTOVV %Al VA avolvBoUV OL
TTAQAYOVTES TTOV EMTNQEEALOVV %L OLOUOQPMVOVV TNV LOQEQOTTOINOT TOV EVOUUATOS OTLS
OVYYQOVES KOWVWVIES. AQY A, TTQOOEYYILETOL S 1 POOLXY AVAYXT) TOV 0VOQWITOV, MOTE
V0. TTQOOTATEVTEL OITO TLS KALUWOTOAOYIXES OVVONKES TOV TTEQLBAALOVTOC. ZTN OUVEXELD,
TTQO0EYYILETOL WS VA TTEOLOV TV EPAQUOCUEVIV SLUKOOUNTLAMV TEXVOV: 1 LOdQ., O)E-
OLACeTOL Ue aLoONTIXY TTQOOTTTLXY| KOl ETTLONG UE ATTOTEAECUOTIXOTNTO. ZVUTEQUOUATL-
%0, AELTOVQYEL (G TO KATOTTQO TNG KOWVWVIOS, OVIOVOXADVTOS TNV SLAUOQEPM®ON KL
€EEMEN TNG TTOMTLOWKNG TAONG OE ULOL OUYREXQLUEVT XQOVIXY TTeQ(0O0.
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Ewayoyn

H évdvom éxeL Gueon oxéon pe Tnv LoToQla, Eivol TUNUOL TNS LOTOQRL0S TOV avBQRMITOU
HOL OVUVOLETAL GLOQNATO UE TNV (PUOLOAOYIC, KOLVWVIOAOYIO, 0VOQWITOAOYIO KAl TNV OiL-
oonTLnm.

Méoa aItd TNV TOQATNENON EVTOTILOVIL KL CUWTEQULVOVTOL OL OXOTTOL TOV EEV-
TNEETNOE M EVOUON O SLAPOQES TTEQLOOOVS KOL OF OLAPOQETIXES HOVATOVQEC.

H avdhvon g eEEAMENS TG €vOUONG KOl TNG (PUOLOY VWIS TOV EVOVUOTOC ETTLXE-
VIQWVETOL OTOV EVIOMLOUO TWV TAOEWV TTOV EMNQEACOVV TOV OYEOLOOUO TNG.

1. Iotoow6 vopadoo

OL ¥ MUATOMOYLXES OVTLEOOTNTES OTNV 0LOYN KOl TO EVTTVNUC NG ALdOVG 0QYOTEQO
elvol oL oLTleg TNG eUPAVLONG TOV £VOVUATOS. TTIOM) Viic 1 owoBnTLxn droyn meémel va
TOQUPAMONKE OTNV aVAyxRN YLoL £VOU0T KoL €TOL 1) AELTOVQYKOTNTA KoL 1| LoONTLXT TOV
evOVOTOC Bal TTEETTEL VO VITAYOQEVOAY TNV UOQPY TOV.

To évduua elval TUNUO TNS LOTOQLOG TOV avBQMITOV KL £XEL OYXEOT UE TNV (PUOLOAO-
via, xotvwviohoyia, avBowoloyia, xat Tnv awodntinn. Amotelel eiong aviukelpevo
UEAETNG TNG EVOUUATOAOYLOC.

21 Pwota evromiCetor M modTn WoQTUEI0 eVOUUATOC %ol VITOAOYICETAL OTL glval
25.000 etv. Bogewa Tng MOoyag avoraligpOnuoy Tgol OITov OL OREAETOL £LVAL OXETTO-
OUEVOL UE YLMAOES YAVTQES XL EAEQPAVTOOOVTO, OYNMUOTICOVTOS UOTIO TTOV pavéQwve
OTL TO OO TOV VIVUEVO UE EVOUUATO TTOV ELYOV OXREAN KL povira. Ot YAVTQES NTaV
HEVINUEVEC TTAVW OTA eVOUUaTA TTOV TLhavd Tov amd 0éouato Cowv. To 0éQuaTo oto-
oVVTEONHROY OAAG OL Y EVTQES TTOQEUELVOLY OTO XMW SLAYQAPOVTIAS £TOL TO £VOUUQL.

e omhana g Tardiog avaraAdgOnuoy xordhives Behdveg e LOtag emmoymg To ev-
ovporta TOOVMS VAL YIVOVTAV agtd 0EQUATO ChHmV 1 VIAUATO TOV RATW OTTO RAVOVIXES
ovvOnixeg omoovvTifevTad.

O avBomITOg 0TO EVXQATA TQOTTLAA KL NULTQOTTLXA KALULOTO NTOV 0ITO TNV CQYY) TTE-
QLOOGTEQO OTOALOUEVOG TTAQE VIVUEVOS KL XAAMVTTTE UE HOOUNUOTO TO YUUVE UEQT) TOV
OMUOTOS TOV KOL TO TTQOOMITO TOV UE UWOKLYLAT (ALYVITTLOL K.0..) €V OVTLOETEL e TOV K-
TOLXO TV YPUYQWV TTEQLOY MV TTOV AVTL VL0 TO OMUA TOV TTQOOTAONoE Va. 0ToAloEL Ta. Boi-
oLd evovuata Tov (Faldrteg ®.0.).

1.1 'Evouvpa %ot dvtizog ToATionog

OL ETLOTYUOVES TTLOTEVOVV OTL OL TTEMTOL GVOQWITOL eEEALYONHay ot Bopeloavato-
Mrn AQouxn #ot OTL 0 AvTtirdg ToMTLOUOS Eexivnoe amd ™ Meoomotauio oy 5.000
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ue 6.000 xoodvio. H evoupaoio Tov, €xel va, TTOQOVOLAOEL Lol LEYEAT TTOLXLALYL OYNUATWY,
VAMKDV KOL AETTTOUEQELMV.

TToAU Aiya evovuata o Tov 18°Y arwva ¢xovv owbel. ITAnQooieg avrhovue uo-
VO aITO TNV EWOVOL TNG AVOQMITLYNG (PLYOVQOS OTTMC TO.QUOTAONKE OITO TOUS HAANMTEYVES
™G %dBe emoyNg v o€ BACo, 08 TOLXOYQUPLES, 08 YNPLOWTA, 08 KEVINUATO N XAALE,
og oryOALOTo M vayAvpa X0 CoyQamULOUS TTIVAXES.

Agv glvar Ouvatov va uabBovue Twg 1ot TOTE oL GvOQWITOL ALY LoV VO, VOTTVO00UV
™V £VOUOT, TO TTAQEAROUEVO KOL AAACL UECTL YLOL VO AANGEOUV TNV EUPAVLOY TOVG.

1.2 Xxomoi tng £vovong

Méoo. amtd TaQOTHONON UWTOQOVUE VO. EVIOTTLOOVUE KOL VO GUUTTEQAVOUUE TOVS OXO-
TTOVG OV EEVTINEETNOE M EVOUOT| 08 OLAPOQES TEQLOOOVGS KL OF OLAPOQETIXES HOVATOVQEC.

Kdmololr oromot eivor xa00d weaxtinol (Toootaoic), evm ®AToLol GAAOL GUUPBOAL-
%0L.

H évovon meootatevel amd Tov NALO, TO ®QUO, TN FROYN TOV GIVEUO, TO EVIOUO KO
atd AAAOVG ULVOUVOUC TOV TTEQLBAALOVTOC.

To evdVUOTA KOL T AEEOOVEQ UITTOQOVV VO. XONGLUOTTONOOVV YLOL VO, LETAPEQOVV ALVTL-
neipevao. T1.y. oL 0TQUTLWTIXES EVOVUOOIES KOl TO AEEOOVAQ OTTMC OL CHVES OYEILAOTNHOY
YLOL VO UETOPEQOVV OTTAC %Al GANC Baod aVTLXELUEVA 0TO TTedto TS Udiyns. IToAAEC nOL-
VOVIES YONOLULOTTOLOVOOV OLAPOQO. (0N EEOTALOUOV 1) LUAVTES YLOL VO, UETAPEQOVV TO. [30E-
1. OL TOETTEG KO TO. TTOQTOPOALOL, CUUITTANQMVOUV TA. OVYYQOVOL EVOUUATOL.

O avBomwmordyog Franz Boaz vitootoilet 0tu «n erttBupio RoAMTEXVIXNG EX(PQOONS
eLvoL TOryROOULO.

Ta roounuota emvondnxoy ol vwig. O Adyog Oev elval Udvo M aydmn Yo Ty
OUOQWLA, OAAGL TTOMAES (POQES LA TTOAVTLUY XOVTQO 1) TTETQAOL ELVOL €VOL PUAOYTO Ue
Bonoxevtiny onuaoio 1 Paynés SOUVAUELS.

IToAAoL Aol aLoBAVOVTOL ULOL EVTOVN KO LWUOTNOLMON OYE0T UE KATTOLOL TTOVALE. 1) TMaL.
OL TOLYOYQOPiES 0 EVQWITOTHA OTNAOLOL UOC TTANQOPOQOVV OTL VTG OUVERULVE O€ TTOA-
AoV TTEOTOTOQLROVS Aovs. H 1TodLd Tov %0000 %at 1 ®ovpégta Twv Ivoudvwv (Chilkat),
WG HOUUATLA EVOUUATOG POOLOUEVE O YOQOXTNOLOTIXE LOTIRa ChwV, dQUUATOTOLOVoAY
%Ol ONUOOLOTTOLOVOAY TO UPANUC TN OLxoYEVeELC. O Pouatrdg 0tQatdc elye ovuPord
TOV TOV 0£TO, eV oNueQa. ou HITA €youv éufANUd Toug TOV AEVXOXEQPAAO OETO.

H avdyxn Tov avOommov va ovoryvoICetal 1) LovodtrdTntd tov ®abmg exiong ot
elvol LELOG LLLOG 1) TTEQLOOOTEQMV GUYHEXQLUEVWY OUAOMY, ELVOL UL OITO TLS XVQLOTEQES
AELTOVQYIES TOV EVOVUATOS TV AWMV 0€ ®AOE TOTTO %A ETTOYT.

Ta evOUUOTA, TO XOOUNUATOL, 1 RKOUUWON, TO LOXLYLAL KOl O AXQWTNQOLOOUOS TOV 0WM-
UOTOS QNOLUOTOLOVVTAL YLaL Vo, delEovv TNV emituyia oe dudpoes TeooTtdbeLes, dtmg
elvol To ®nUVIYL oL oL €xBQOTTQAE LES, T EVNALXIWOT, 1) OLXOYEVELOXY] XOTAOTOOT, O TTAOV-
TOS 1 N VYMAN ®OLVOVIXNY 1 TTOALTIXY O¢0M).
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H evouuooio WTtoQet Vo LEYUAMVEL 1) VO ETTEXTELVEL TO TMWO 1) OROUOL HOL VO, TTOQOL-
ULOQQPMVEL TO oYNUa Tov. O NYOS TWV VPACUATWV TTOV XVUATICOVV TTévw 0TOo oMU,
UITOQEL VO CLUITVIOEL TO TTVEVUQL, VO GCUENCEL TNV QLUTOTTETTOONON TOV ATOUOV %L VO
EVIUITWOLAOEL TOVS TTOONTIRONVS OeaTéC.

To vo. ®QUPBoVUE 1) VO UPUVICOVIE HATTOLOL UEQN TOV OMUATOS UOG, YO VO JTTQOOEYY(-
OOUUE GTOUA TOV GANOV (UAOV, ELVOL KEVNTOO VL0 AVEAO YO EVOUUOITO X0 aEE00VAQ. Elval
TTOAY OVOKOAO VO, OLOXQLVOUUE EVOL OOLPES TTEOTUVITO EVOUUATMV TTOV XONOLUOTTOLOVVTOL VLA,
OVTOVS TOVG OXOTTOVS. AUTO TTOV UOG WITEQOEVEL ELVaL TO YEYOVOS OTL 1) 0eEovaAxT €AEN
ETLTUYYAVETAL GALOTE UE ATTORAAVYT LEQV TOV OMUOTOS KO GANOTE UE ETTLRAANYNY TOUG.

"Eva. 00yxQ0Vvo GTOUO VIQETETAL VO TO dOUV VO (POQE LOVO TOL EGWQOVYE. TOV, KoL OEV
VIQETETOL OTAV HUXAOWPOQEL U ATTORAAVTTIHG poryLd oty BdAccoa.

Katd #01Qovg 0 OL0pOQETIXES HOVATOVQES HOAVITTOVIOL 1) ATTOXAAVITTTOVTAL OLAPO-
Q0. UEQM TOV OMUOTOS. AUTO TTOV UTTOQEL Vo BewQeltal 0eEovahind o€ Uio TeEQLO00 €v-
O¢yetol va. BemQeltal eVIEMDC dyaQo oe Lo GAAN. H avOQuxy ®ot yuvaixeio evovuaoio
EVOEYETOL VO OLOLPEQEL TTAMQWG IO TNV ULDL ETTOYN O0TNV GAAN %aL astd Tomobeota oe To-
mobeatioa.

1.3 Ta €i0m g £vovong

Ou Evgmraiol TV €0y TmV TOYETMVOY ROTOLKOVOOV 0€ 0TALES. Zyedialov Qea-
MOTURG, 0ANG POEOMHOV eMAYLOTES OVOTTOQUOTAOELS UE OTOLYELD £vOvoNng avBemITWV
YLOTL 0T 0Y£€0L0L TOVC GTTOTUITMVOVTOL RKVQIWS WOQPES LV, ATTO TNV TO.QN ®VEIMS, OV-
ureQaivouue OtL oL AvOQMITOL TNV ETOYN AVTH POQOVOAY EVOVUOLTOL.

H avatouio Tov avBQmMITLvou 0OUATOS ®OL O TQOTTOG JTOV KLVOUVTOL Ol 0QBQMaELS
OL OL PVES ETTETQEPAV TNV OVATTTUEN TV PACIHMV ELOMV (LATNYOQLMV) EVOVONC.

ZVUPWVO. e TOV LOTOQLXO evovuotoloyiog Francois Boucher, dha Ta evovwoto pro-
00UV va. TaELvounbovv oe mévie Paoinég ®aTnyoieg .OL OV0 ad avTéc ONUoveynon-
1OV OTTO ETTLTTENO. OLODLALOTOTA TEUYLO VPATUOTOS TTOV TOTTOHETOVVTIOV TTAVW GTO O0WM-
uo. O VITOAOLITEG TOELG KATNYOQIES TEQLAGUPAVOY EVOVUATO JTOV NTOV CWANVOELON 1)
TOLOOLAOTOTO XL OLATNQOVCEOY TO OYNUC TOVS OTOV NTOV APOQETA.

1. Emimedo tendylo amd déoua, youva 1 Vpaoud. xmelg TQUITES 1) OYLOILATO TTOV OXE-
mtdCer M TUALYETAL 0TO OOUO. MItoQel Vo NTOV LAQPLTOOUEVO 1| OEUEVO e ROUWTOVG
1 Covn. Aev ftav Opme QauUEVO. TTaQdaderyna To eEMANVIXO LUATLO, 1 TABEVVOS TV
Pouaiov, To Ivowmo odot.

2. Emimedo tepdylo amd d¢oua, YoUva 1 VQaono te TQUITO 1) 0¥ LoLUO YLa VO TTEQVAEL
atd 1O ®e@dAL. Tuhiyoviav yOow amd Tovg muovs. IMapadeiynato: To TOHVIOO TOU
POQOVOOY AOOL TNG HEVIQUANG KoL VOTLOG AUEQUANG, O YLTOVAS TwV Pouaiowy, éva
eldoc naTag mov aQydTeQa VIoBETNoE 0 PoUotoxaBolrdg ®¥ANQOS Ue 1 wQig Lovi-
L0 OOV GULEPLO.
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3. ZwNVOeLdES EVOUU ®AELOTO OTO TTAAYLOL LE 1 XWQIG LavixLo. POQLETAL aTtO TO Ke-
@daAL. Moldler ue goverdxt, TOVAOPEQ 1 €va LaxQV XLTmVLo. ITaQdderywo 1 Aouo-
UK.

4. ZWANVoeLdES EVOUO KAELOTO OTLG TTAEVQES e 1 XIS wovinio wov avolyel ouviBwg
07tO UTQOOTA UEYOL RATW. TTAQAOELY O TO TTAQUOOTLUXA YLOTTWVELLRA KLUOVO.

5. Avaxhadovuevo (d00 oxelwv) Evovua, £vo eldog PRaxag M avtaloviov. Ememe va
%nOoTel o va Qaptel. TToQAdeLyua T TOVTOAOVLY TTOV PAETTOVUE OTA TTEQOXA OV
YAUQO YAUTTTE %Ol 1) QOUOTHY QEULVAALAL.

2. To évoupa g TEOTOV EPUQUOCUEVMV TEYVAOV

EE’” ooLtouov E@aouoouéveg TEXVES elval ®aT™ aQyNV EXELVEC TTOV TAQHYOVV OVTL-
AELUEVOL, TTOV €XOUV GUEDN AELTOVQYIXY (TTQUXTIXY) EQPAQUOYN 0TV ®aOnueouvr Cwn Tov
avBommov. H évduon M ®eQouxn, 1 eLITAOTTOLL0L, 1 VPAVTOVQYLa, KoL TTOMES GAAES
AVIROVV O€ QVTES, POV TO VPO, TO XEQUULXO, TO £TTLITAO, TO £VOUUM 1) TO YUAL eEV-
TTNEETOVV HAOMUEQLVES OVAYRES TOV 0VOQMITOV.

OL Avaxoountixég TExves elvol exelveg mov avefdlovv v moldtnta Lwng Tov ov-
BOMITOV, LXAVOTTOLWVTAG L. OITO TLG OVOLMWOECTEQES AL TTOVAQYOLES QOTTES TOV: TNV (i~
oOnTixn (n ToLoYQAQia, TO YNPLOWTO, N OXNVOYQAPIX, 1 XQUOOYOELD, 1 TVITOYQUPLQL -
ue v évvola Tv Foopurmwv Texvav) ®ol GALES.

‘Etol, 6tav ta weotdvra Twv Epaguoouévav Texvav, extdg artd ) AELToVQyYIXOTY-
TA TOVC, EXPEACOVY XaL Wio oLoONTLxY avalntnon ot pOQUA, OTO XOWU, KL OTY OLd-
©OOUNON, OTOTEAOVV TTQOLOVTO «EQaOUOTUEVDV ALaxOoUNTIXwV TEXVWV» ROl UITO-
QOVV, KATW aTTO TA XEQLX £VOC dMMULOVEYLXOV HOAALTEYVN, Va. ayYIEOUV TN OpaiQd TS
Téyvng. Omwg .y, To evovuata g Madeleine Vionnet, ta xeoaund tov Picasso, ta
vedouota tov Dufy xau ou tapisseries Tov Lurcat.

H AeLTouQyirOTnTa TOV AVILXELUEVOV TWV EPUQUOOUEVIDV—OLOXOOUNTIXMV TEXVOV
elvol m autia 1, n agoow TS duLoveyiag tovg. H awoBntixn tovg avaliinon €xel oto-
%0 €Va. «oLoONTINd AQTLO OVVOAO», ULOL WQALOTTOIMON. AuTtn 1 avalnTnom, cuTh 1 WQUL-
omoinon elvor wavro dueco eE0QTNUEVN ATt TN AELTOVQYIXOTNTA %Al TO VAMXO PAoNg
TOV OVTIXELUEVOV (TTNAOS, ViU, EVA0, %.4.). MOVO 1 ortdAUTN 0VCEVEN AELTOVQYIXOTY-
TOG KOL ALOONTIXNAS WTOQOVV VO. dWOOVV «WQEAL0 OVTILXELUEVE». OTOV OUWG TO KUVAYL
™G aLoBNTUNG Yivel 0uTooxoTTOS ROl astofel eug BAQOS TS AELTOVQYLXOTNTOGC, TO JTa-
QUYOUEVO OVTUXELUEVO UTTOQEL VO ELVAL EXHEVTQLXO XL OMOEV LOVTEQVO, OAACL OITOOEL-
UVUEL EAAELPN YVIOONG %OL EVQNUOTIXOTNTOS TOU ONULOVQYOV.
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3. 'Evovon zau Téyvy

T T Téyveg emuxQatel N evivmwon (avBoQuNTN 1 XOAALEQYOVUEVN) OTL AUTES, SEV
EXOVV ROULA OYEOT UE TIG AAAES 0VOQMTTLVES OQUOTNOLOTNTES AL AXOAOVOOVV TNV OLKT
TOVC OVEEGQTNTY %Ol «UVOTNOLOON» TToela. H evivmmon avtn yua tig Téyveg yevind
ementelvetol yio ®dBe Téxvn €Tol OV TeEMXA VO TTLOTEVETAL OTL M CwYQOpLrY) eV ExEL
oxéom ue TV Lovoxn, OtL 1 AQYLTEXTOVIXY TORA éva EexmwQLotd dQOUO amtd TNV OLo-
HOOUNTLXY, KOL OTL 1 TTOIMOM elvar «xatL GAAo». H uehétn g Iotogiag not Twv ITolitt-
ouwv Ba nag amodeiEel Tov vouo g aAnieEdotnong Twv Texvav xal Bo TaeL To Ovo-
ua oUUog, OTUA. Od. AYROMAOEL OLES TLG ROANMTEYVIRES EXPQAOELS OITO TNV OLQYLTEXTO-
VIR UEXOL TN WOV ®oL ot TN CwyQoaeuuy UeEXQL TV toinon. Av Bedjoovue vo dm-
OOVUE TOV 0QLOUO TOV OTUA, Ba moUuEe OTL €ivaL «O TQOTOS EQYATIAS XOAALTEX VWV TTOV
EXOVV ULA XOLVY) AVTIANYN TTOAYUATWV>.

‘Evo. otvA umogel vo. med.oel néoa o€ VO 1) TTEQLOCOTEQES LOTOQUAES XQOVIXES TTE-
0L600VS (0 NeoxAaoXLOUOS AQYLoe 0TN JLdQxeLd TG Paotielog Tov Aovdofirov XV
éQa.oe 0T Paotheio Tov Aovdofixov X VI, oty oAl emavdotaon, otnv ITowtn An-
LOXQOTLO KOl TEAEIWOE TOV XVKAO TOV e TNV TTMOON TOV NOTTOAEOVTA) 1) OrOUOL 08 Wia
oL WOV TEQL000 €val 0TVA UIToQel vou dLadeyOel éva GALO (OTTwS TO MITaQd% ®ow 0 Axo-
OMUATOUOS 0N dLderela TNS Paotieiog Tov Aovdofinov XIV). Téhog Tnv (0L xoovirn)
TTEQLOO0 WITOQEL VO VITAQYOVV OVO OLOPOQETLXRE. OTVUA OAAG 08 GAAOVS YwEOVS. 'l TO
MOYO 0UTO elval OWOTOTEQO VO CVOPEQOUOOTE O€ OLAPOQU OTVA O OYEOMN UE TLS OVTi-
OTOLYES LOTOQLUES TTEQLOOOVG.

3.1 O 9doeLg TOV GTVA

Méoa. oo TNV TOQOTHENOT OLOITTLOTMVOUUE, OTTWS 0vapéQel 0 O. TIdvTog oto Biio
TOV «T0 Kovotovur», OTL ndbe 0TUA mTeQVA 0T TQELS (PACELS: TNS AVOLHTNONG, TNS OX-
UNC %O TNG TTOQUAUNG. ZTN OVYYQOVN TTQAYUATIROTNTA 1] XQOVIXT OLEQUELD TWV OTUA €V-
dVoNg TTEQLOQILETOL %O YAVEL TOL OQLA TNG UECO OTOVS KUKAOVS UODAG. AVTO OelAETAL
OTLS QOYOLiES TEXVOLOYIHES EEENIEELS, OTN OOENOT TOV QUOUOV TV KOLVWVIXMDV KO TTO-
MTUROV OVOXOTATAEEWY, OTNV EVKOAOTEQY ETTLXOLVWVIC, UETAED TV AAMV TTOV OLVEL TN
AUVOTOTNTO NG AVTOANOYNS ATTOPEWY, LOEMV %L TEXVIXMV XatoxTtioewv. Etol otov
Khaowriopd, 010 Mmagdxr oto Poxoxd M otov Popavtiound n uovowxn, CwyQagpint, ao-
YLTEXTOVLXT), TTOINOM %Al 1 EVOU0T, AVTLAAUBEVOVTOL TO TTQAYUATO UE TOV (L0 TQOTTO KL
Ta, exEACovv 1 nabeniar e Ta O TOVG EXPQOOTIXG UEDT, OTLS OLLES TOUG LOQWES. Ag-
YOUEVOL CUTH TNV TTQOYUATIXOTNTO WTOQOVUE VO, XOTUVONOOVUE TNV EEEALEN TOV KOV-
OTOVULOY 0oV AdBovue et TAEOV VI’ OYPLV TNV TEOOTTAOELD TOV avOQWITOV VO TTQO-
00QUOOTEL 0TO PUOLKS 1| OTO HOTAOKEVOOUEVO TTEQLRGAALOV TOV.

Ou ITéQoecg dgv Ba (poQOVOOLY TTOTTOVTOLAL UE YVQLOTES WOTES YLOL VO, OITTOQPUYOUVV TLS TTé-
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TQEC OTO TEQIATNU TOVS v dev Ntarv 0Qeaifrot. To Yynid taxrovvia dev Ba epgpaviCo-
viav otn A. Evoomn av 0ev Ntav éva UETQO TTQOPUANENS amtd ™) AEOTN TOV dQOUWY
TOV TOOTOV OOTIHOV %EVIQWYV. OL 0YeILOOTEG KOVOTOVULWV BEGTQOV VITAXOVOVV OTO
OXNVIXO, OTO VPOS TOV €QYOV, OTLS KLVHOELG HOL TN (PUOLKY OWUATIXY OLEITAQON TWV
NBOTOLWY, YLO. VO ATOTEAOVV TO. KOOTOVULO TOUS UEQOS TOV OUVOROU %L OYL KQOVYC-
MEaL, OVAQYIXG KOL ETTLOELATIXA HOTOOXEVAOUOTA.

H Coco Chanel éheye : «To x00TOVUL £LVOL O ROOQEPTNG ULOIG ETTOYNG».

4. 'Evovpa %ot o1hovéta

To évouuo. oV wg TEOTOV emMMEEGLETAL, UETAEY TOAADY GAAWY, OTTd TNV EPOQUO-
OUEVN — SLAKOOUNTLAY) TEXVN KOL TNV UOOM, TTQETTEL VO. ELVOL AELTOVQYLXO, XUTAAINAO VO,
TTUXWOElL (VIQUITAQLOTEL), VO QUPTEL, VO (poQeBel, va CeoTAVEL 1] VO OQOOIOEL HAL VO EXEL
ooONTLxn Yol vo. ovadelEeL To avBQMITLYO OMUO KoL V. OpoQ@UveL Tov dvBowro. H
OLOUOQPWOTN XL M EEERLEN TOV EVOVATOGC, £lVaL 0TEVA SEUEVES e TO OTUA TNG ®AOE £TO-
NS HOL TTEQLOOOTEQO (e VITOMOLITEG EPOUQUOOUEVES OLOXOOUNTIKES TEXVES CQUTOV TOV
oTuvA. TTgooooudteTol oe autéc M TIg emnedlel. To yuvairelo xootovu oTuh Poxoxno,
.Y QOQTWONUE U £Va 0WQEO TEQLTTA OTOACUATO VL0 VO, TTQOOUQUOOTEL OTNV ECMTEQL-
%N OLOHOOUNON %O TO. £TTLITACL QUTHE TNG ETTOYNG. 2T PooLAgior Tov Aovdofinov XV eu-
PAVIOTNHAV TO TEQUOTLA ULTOPOQLO. UE UETOAALXOVS OREAETOVG (XQLVOALVAL) TTOV £pOa-
00V 0¢€ 2,5 TTAATOC, AVAYRAOTNAAY VO TOVG TTQOOHECOVV «UEVTETEDES» YLOL VO WTOQOVV
OL YUVOIXES OVAOUTADVOVTAC TO V. ®EOOVTOL 1) VO, aveBaivOUV OTLS OTEVES TTOMIOTOAL-
oueveg duages. Me To ®QUVOAiva Tov 18° aumva ®aTaQynONKAY Ta LITQATON OTTO TLG JTO-
AMBQOVES TOV OTVA TNG ETOYNC ATA.

Tn poo@n mov otV eEEAMLEN TOV B0l TTAQEL TO KOOTOVL OVOUALOVUE «TLAOVETO».

4.1 Hagayovteg MOV ETNOEEALOVY T1) HLAROQP®WGT] THS GLAOVETOS

Tnv OLOUOQPMWON TNS OLAOVETAGS ETNEEALOVV Ol TTOQUKATW TAQEYOVTEG:
dvro

XmQOg %ol ®ALUOL

Eovaoia xau aoyohio

Evyy Lo ToQoymyr TQmTmy VAWV

Oonoxeia, emimedo TOALTLOUOV KL OTVA

Kotvovird ovotUaTo. OWVWVIRES TAEELS

IotoQud yeyovota

NN RN

TeyvohOYIRES HOTARTNOELS, VEES OVVOTHES Camg
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ZNUEQO TTOALOL QIO TOVC TTAQAYOVTES TTOV R0.B0QITOVV TNV SLAUAQPWON TNG UWOQPNS
TOV XOVOTOVWLOV £YOUV QUTOXATOQYNOEL, AAAOL €XOUV ATOVNOEL, XATOLOL dANOL (Owg
OTOVAOOUV OTO WEAAOV KOL ELPAVLOTOVV VEOL TTOV OEV UWITOQOVUE VO, TTQOPAEYovue. Eva
elval olyovo: H noda éxet dieBvomombetl 0to pueyaAuteQo TURUo TOV JTTAOVITT LS, KOL
UOVO TO PUAO ®aL TO ®ALpa xaBoilovv axduo ™ othovéta. EEaiQeomn amoTeAoVV OL TO-
TURES (POAARAOQLKES EVOVUAOLES HADE YWDQEAS TTOV KQUTOVV TO. TTAQUOOOLUXA TOVS OTOL-
¥el0L, OLLALOAOYNUEVOL OTTO TN AELTOVQYLROTNTO XOL TNV ALoONTIKY TOVS ovalnTnomn ®ATw
07t TTOALOTEQES LOTOQURES HOL XOLVIOVIXES OUVONXKES, TTOV ONUEQO OUMS OEV elvaL TOQA
QOUOVTLXY VITEVOVILOM.

TTémel Vo TOQATNENOOVUE OTL OUY VA ULOL ETTOYT ONULOVQYEL Lall pe TNV wdda %ol
TO TEQL HAMAOVS TTEOTUITO TTOV ELVOL AVTIXELUEVIXO QUTOTELECUOL TOV KOLVWVLXOV TQO-
7ToV NG ™S ETTOYNG, AAAG HOL ULAS ELUOVIS O€ LOEUALOTIXES OTTOWELS TTOV TTOMAEG (PO-
0¢c amofaivouv og A0S TNG CLoBNTLXNC TOV EVOVUATOS KOl TNG VYELUC EXEIVOV TTOV
TO (POQC. AVTQEC 0L YUVOIXES TOTE UE OLAPOQOUS TQOTTOVS (dlaLTa, WOXLYLAL, OQOE-
0€g, FATES %.0..) TEOOTAOOVY VO TO TTANCLACOVY. ZTNV ITOALKY avayEvvnon JT.x. N LOEm-
oMg yuvouxelo oLAOVETA NTOV M POVORMTY KOLALA, 0TV €Oy Tov Egoinov tovu II1
GVTQEG KO YUVOIXES £TTQETTE VO £XOVV (POVOXMTO OTOUYL EVM 0TNV ertoy) Empire mwQo-
TUTTO TNG YUVOLXELOS OUOQMLAS NTAV TO 0QY0Li0. ®AOOOLXE orydApoTa. ZT0 1900 1 yv-
vaino €oeme vo. €xel TAOVOLO 0TNOOC, AETTT UEON KL TEQHOTLOVS TTETAYTOVS YAOV-
TOVG, £V OL AVIQES £0QLYYaV TNV UEON TOVS Ue 0dUVNQOVS HOQOEDES, HOL ETTQETTE VO,
EXOVV LOVOTAXL.

210V 20° 0LVO 0 RLVNUOTOYQAPOS GANALE TOXVTATO TO «TTQOTVITO EVOUONT».

5. O mpaxTnég AerTOVQYiEg Thg £VOUOTS

H évdvon elvor po eldxn woen omuatinoy 6Tolouov. Ot JTEMTOL TTOV TO.QOTHQN-
OOV XOL TEXUNQIMONY TOV OWUATIXG OTOAMOWUS KOl TO OTUA £VOUoNG, TTOV CUVAVINOOV
O0TOV ®OOUO, NTAV OL TTQMWTOL EEEQEVVNTES KL TOELOLDTEC.

Kdmolol eméotoepav amd o TOEOL0 TOUC e XOMALTEYVAUATO Aol OElYUOTa EVOV-
udtov, pe embupio oyl LOVo TQOOMITLKNG TOVS XENoNS OAAN %ol OLdBeon xaTavonong
tovg. H pehétn twv evduudtov onueQa ®atéAnge va elval €évo amodextd TUua Tng
eBvoroylog, g avBQITOMOYLOC, TNG KOLVWVIOAOYOS KL TNG AAOYQOPLOGC.

OL BeENTLXOL TNS KOVATOVQAG HAL OL AVOAVTES TNG £VOVONG EOTLAOTNAAY RATA K-
QL0 AOYO O€ TEOOEQLG TTQUXTLXES AELTOVQYLES TNG EVOUONG: XONOLUOTNTA, OEUVOTNTO, EA-
Aerpn oepvoTTOG (YLor 0eE0OVOALXO BEAYNTQO) ®oL atollouo. O George Sproles 0to [i-
PAlo TOV 1 «ZVWITEQLPOQE TV XOTAVOAMTOV ATTEVOVTL aTNV £vOuon» (1979), moteivel
TEOOEQLS EMLITQOODETEG AELTOVQYIES: TN CUUBOALXY] OLOPOQOTTOINOT, TNV KOLVWVLXY £VTO-
EN, TV YUYOAOYLUY QUTOEXTIUNON, AL TOV WOVTEQVLOUO. OL OYTM aVTES AELTOVQYiES
AVOADIOVTOL TTOQUXATMW EVOELUTIXA.
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5.1 Xonowotnra

H évdvon eEeliybnue €10l 0OTE va EEVNQETNOEL TTOAAOVG TTQUXTLXOVS KO TTQOOTA-
TEVTLROVS 0XOTTOVS. TO TTEQURAAAOV ELVOL ETTLXRIVOUVO %L TO OMUOL KOELALETAL VO UEVEL
oe otafeQr) Oeguoxgaoio. O Bououdvog yQeldletol Vo ®QATLETAL 0QO0EQOS, O PO.QUS
TTOETEL VAL UEVEL OTEYVOC, O TTVQOOPE0TNG YQELALETOL TTQOOTAG(O OO TLS PAGYES KOL O
€QYATNG £VOC 0QUYELOV VO, TQOOTATEVETOL AITtd eMPAULN aéQLa. Ol OVOUOQPMTES TWV
evouudtmy BETovy TumLkd TV xoNnoLtudTTO TAVED oo ®dabe arotntixng doyn. H wéa
™G XONOLOTNTOC SV TTRETEL TOTE VO, VITOTLUNOEL. Ol HATAVIAMTES ETLAEYOUV EVOVUAL-
TO, L€ TO OXETTLXRO TNG IVEONG, TNG AVOEXTIXOTNTAG 1] TNG EVXOANG (PQOVTIONGS. ZNUEQQ. El-
VO TNG UOOAC T ABANTIXG EVOVUOTO G OEIXTES VYELOS, GIVEONG KOL CIVTOYNG %O (POQL-
0VVTUL EVOEMC.

5.2 Xepvotnta

H évovom elvor amaalitntn yio vo xaAvpel o AvBwtog ™ yuuvia tov. H xotvovia
QITOLTEL EVTTQETTELL KOL VYV YAPLOE OVYREVTQMTIXOVS VOUOVS (EVOUONG) YLo. Vo TLBa-
0eVOVV TNV KATAYQNON AL VA XQUTHOOUV TNV ROOUOTNTO. Ol TEQLOCOTEQOL GVOQMITOL
aLoBGvVoVTaL OVAOQULEIS OTOV TTQOKELTAL VO ATTOXUAPOVV TLG PUOLKES OTENELES TOVC,
LA ®OOMS UEYOAMVOUV: 1 EVOUON ROAVTTTEL HOL XQUPEL TLS OTENELES UAC, ElTE TTQAY-
UaTLréC, elte avtaoTxés. H oeuvOTnTo evVOL ROLVWVIRE KOL YEWYQUMLXE TTQOOOLOQ(-
OLUN %Ol OLOPEQEL AVAUEDD. 08 0VOQMITOVS, OUAOES, KOLVWVIES OTTWC ETLONG %Al UECOL
0TO YQOVO.

5.3 'Ebhewn oepvotnrog (6eEovarixn €AEN)

H évovon wiropet vo. yonotpomomBel yia vo tovioer v oeEovahiun ¢AEN raL OLdOe-
on. H maQadooLlaxy ToooeyyLon Twv yUVoLXmV o¢ £vo TtonTind 0eE0volnd avTinel-
UEVO ONULOVQYNOE TOV UEYUAVTEQO EQMTLOUO TOU YUVOLXELOV EVOVUOTOS. TO FQadLVE €v-
OUUOL KOL TO E0MQOVYT. ELVOL PTLOYUEVT, QITO VALXA TTOV £X0UV TNV AETTOTNTA %Ol VPN
TOV OEQUOTOC. AEECOVAQ KO XOUANVVTIXA YONOLUEVOVYV ETTLONG VLA VO, TQOGOMOOVY YON-
tela. XonowpworromOnue ovyva Lo YuxavolUTLIXY TTQOOEYYLON, BAOLOUEVN O UEAETES
tov Sigmund Freud ot tov Carl Jung Yo vo. éEnynBo0v oL aovveldnTeg OLOOLXAOTES TTOV
VITAQYOVV KAl ONULOVQYOUV TLS OANAYES TNG MOOOG.

5.4 Xtolopnog

O 0TOALOUOC UOC ETTLTQETEL VO OITTELXOVIOOVUE TLG TTQOOMITLXES WO EMLBVULES QITO-
TUITOVOVTOS TNV ONUOVQYLAOTNTO HOL OATOULKOTNTO UOS KOL UAS XOTOTAOOOUV O ULOL
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oudda 1 *OVATOVQA. O OTOAMOUOS WTOQEL VAL TTAEL EVAVTLO OTLS AVAYKES TNG GVEONS, TNG
xlvnong o g vyetag, OTwg .. TO SE0LUO TV TOOLWDYV, N XONOT TOV HOQOE .0l OL (V-
BoWITOL YEVIRA KO TTEQLOOOTEQO OL VENQES YUVAIrES TTOOOTO.H0VV VO ONULOVQYNOOUV TO
ETTLXQATOV LOEMOES TNS OUOQPLAS. Ol GMUATIRES OVOOLOUUOQPMOELS KOLL OL ALVOLOYNUOLTL-
Ouot NEoa. Ao TAQAA0OLUXA EVOVUATO, PATES KoL OETTUATA GAMAOENY TNV OLAOVETA TNG
uod0g UEOA 0TO YOOVO.

5.5 vuporixn dwagpogomoincn

OL GvBQMITOL YENOLUOTTOLOVV TO £VOUULA VLA VO OLAPOQOTTOLNOOVY TO ETTALYYEAUDL, TNV
Bonoxevtiny Evtagn, Tnv rowvwvixy B¢on 1 to lifestyle. H emaryyehuotinng évovon m.y. .&i-
VoL oL éxgpoaom egovatag xol fonbder ato va Eexmoifovue oto minbog. H oguvn évov-
on ™S LOVOYNGS OElyVEL TAL TTLOTEVM TNG. Z€ HATTOLES KWDQOES OL OLXALOTIXOL AELTOVQYOL KO-
MOITTOUV TNV RAONUEQLVY TOVS EVOVUOOT0 UE UETOEWTE EVOVOTO KOl (POQOVYV TTEQOVX(-
VIO YLOL VOL EVIOYVOOUV TNV VOWxY LeQoTeleotio. H emihoyr eTmvipwv evouudtwmy,
OAQUPBMV 0EETOVEQ HOL KOOUNUATWVY UTTOQEL VO EEXLVE 0OV OVTLXELUEVO HOLVOVIXNG OLG-
HOLONG, OAAGL CUY VA ELOQEEL UECT. OTO. RATMTEQU XOLVIVIXA OTQWUATO UE OITTOTEAEOUOL,
QUTA VA YAoouV TV 0El0 TOVS WG oVUPBOAA SLAPOQOTOLNONG.

5.6 Kowvovixn évragn

OL GvOoWITOL VIUVOVTUL OVAAOYO e TNV eTTLOVULOL TOVS Lol EVTOEN 08 HATTOLOL KOL-
voviry ouddo. Avtol Tov Oev TEQLAAUPAVOVTOL OTO OITOOEXTA OTVA, VITOTIOETAL OTL
EXOVV OTTOXALVOVOES LOEES KL TEALXA OTTOXALVOUV OITO TO KOLVWVIXG GVVOAO KOL TTEQL-
BwELOTOLOVVTOL. AVTLOTQOPWS T BVUATO TG LODOS TTOV 0XOAOVBOVY YWQILC AVTLOTA-
OELS OTOVC HOVOVES EVOG OCUYREXQLUEVOV OTVA 0LLODAVOVTOL QITEYVWOUEVOL VO OLVIILOUV
070 OOUA TNG TTQOTMITLXOTNTAS KOl TOV YOVOTOV. Z€ KAITOLES TTEQUTTMOELS 1) £VOVOT €~
vou €VOELEN EMTAVAOTOONG EVOVTIOV TNG KOLVWOVIOS 1 ®oL TNG (OL0g ™S wodac. TTagoia
0UTA oL Punks dgv £x0UV ULOL GUYHEXQLUEVY OTOAY}, UTTOQOVV VO, OLVAYVWQLOTOVV OTTO [ALOL
TTAELAOO. Y OLQUUTNQOLOTLAMDV: OYLOUEVOL EVOVUOLTOL, OQUUATINA Y TEVIOWATOL, HOQPLE. TTOQOL-
UGLVES, HATT.

5.7 Wuyoloywxn avtoextipnon

[Tod TNV ®KOLVWVLXY TAOM VL0 €VTOEN 08 (ol UG U TTOMAG TOVTOONUO EVOVLOL-
TOL KOL OTUA JTOV TTOAOVVTUL QITO UEYAAES OAVOIOES RATOOTNUATWY, OTTAVLO, CUVAVTAUE
OV0 avOQMITOVG VIVUEVOUS TTAQOUOLO OTTO TNV ROQYPN G Ta VUyLo. Evw mohlol véol
avBowrol YwviCouv pe @ihovg yio va fonboiv o évag tov dAro, dev aryodlouvv v
oL eEmTeouny) eupdvion. Kdabe dvBommog viroomoilel v dxy Tov povadmotnta
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(ToOVTOTTO) UEOO QITO ETTLAOYES EVOVUATWY, AEETOVEQ, XONOMN TOV WUKLYLAT %ol ROU-
UOONG.

5.8 Movtegviopdg

Ze TOAMEC TQWTEVOVOES TOV KOOUOV, OTWG GVOQEQEL M OVyyodpéac Sue Jenkyn-
Jones, ta LodaTa evOvLOTO EVOL EVOEMS OLOBETLULA ROL UTTOQOVV VAL XONOLUOTTOOOVV
WG UEOOV EXPQOONS UOVTEQVLOUOV, WS UECO EXPQAONS TOV VEOU. TO UECOAOTIHO KOLVE
TV JTQWTEVOVOMY, — £)EL TOQATNONOEL — OTL EVNUEQWVETOL TTQMTO YLOL TLS XOLVOVQYLES
TAOELG, TAQOXOAOVOEL TLC eEeMIEELC nalL €xel TNV OVVATOTNTA EVIUEQWONG OO TNV OLV-
Eavouevn avtoymviotixy oyoed. To évduua eival omotd emheyuévo av eival ovaioyo
Ue TOV TOTTO, TO XOOVO %AL TO XOWVWOVIXO ETTLTTEDD TV avOQMITWY TOV Bl CVVAVOOTQO-
ovue xoL TOTE LWOVO UTTOQEL var eyyunBel emttuyio. H emituyio Tov evovpartoc eEaQtd-
TOL 0ITO TNV XOVATOVQO. TOV KOLVOV TTOV ateVDVVETOL.

6. 'Evovpa xor Moda

H eugdvion tng LOdS OUVOEETOL UE TNV ELPAVLON TNS EUTTOQLRNG KEPAALOLOKQATIOG
TTOOG TO TELOG NS UECOLWVIXNG TTEQLOOOV 0TNV EVQmITn. CUVOELETOL L€ TO UWOVTEQVLOUO:
™ QNEN UE TNV TTOQAO00N AL TNV OXATATTOVOTY TTQOOTTADELD. YLOL TNV ETTLTEVEN «TOV Vé-
ou». H noda, yodgper o Walter Benjamin, €ivol «1 oLvio ETavaAm ToU VEOU».

«MOO0 VITAOYEL UOVO OTAV ETTLOLMUETOL N OANAYT YLOL TNV OAAOLYY] KOL TTQAYUATO-
TTOLELTOAL OYETLHA OVY V>,

2V Ayyhunt) YAwooo 1 AEEN «fashion» mooéQyetal 0rtd To Aatvind «facere», eva o€
molég Evowmatnéc yAmooeg amooéel amd 1o «modus». H Paownn ooy g wodag
OTOXOAVTTTETAL OITO TNV OYE0MN UETOED TV TOQOUYDYWV TOV «modus» %ol ToU OQOU
«modern», e TNV 0QYLXY ONUOLGT0 TOV «TMQEM YLOL TO 0VUQLO». ARONA KU OV VITOOTNQICE-
ToL OTL M LOOa AQyLoe meQimov 1350, Ba Ntav owotdTeQo Vo etwlel OTL VITd TN OVY-
X0OVN £VVOLa. TNG OTTMC YOAQEL 0 A. AaBéTag, «H uoda yevviOnxe amo tm otLyun aov n
EUQAVLON, TO EVOUU TTOVEL VO PAVEQWVEL TNV OTTOLAONITOTE OLXOVOULXT 1} TaELXT TQOE-
Agvom, TaVEL VO ELVOL XOLVOVIXT] ELXOVO OUTOV JTOV TO POQd... OTAV 0 VTUUEVOS YIVETOL
aVTIANTTTOG Oyt aro TNV NALKEO %L TNV xoLvwvixt TaELVOUnon tov gouxov aAld oo
™mv eEaTouixevon Tov oo TNV TEO0WIIXOTNTA TOV. Eival mia 1 otiyutj Iov o T00m0g
(10 «modus») VTUOLUATOSG VITNOETEL TNV EAEVOEQLA TNG ATOULHOTNTAG, ELVAL OTO TN OTLY-
U1 IOV TO QOUXO ATEAEVOEQWVETUL OITO TLG XOLVWVIXES OUNOES KOL AVIXEL OTNV ATOUL-
%1} OUVOEON KAl ONULOVOYIXOTNTA TOV VITOXELUEVOD KOl TOTE aE)iCeL va vdoyel Mdoda.
AUTO, Y0OVOAOYELTAL QIO TNV ETOXN TNG EUPAVIONG TOU UOVTEQVOU avOQWIITOU TNG Uo-
VTEQVAG OXEYNS XAl TNG UOVTEQVOS TEXVNG. ZeXLVA ONAQOT LOTOQLKA ALYO UETA TO TjUL-
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ov Tov 19°Y auwva, dQa ovoLaoTixnd 0to 20° xo OUVEXICETAL UEXQL OTIUEQN». ZNUEQT. M
uoda €xel dreBvomombel. O oyedLAOUOS EVOVONG OITALTEL CVOTNUOTLXY EQEVVOL, TTELQOL-
UATLOUG, EUTTVEVON ROL XOVOTNTO OWOTHS AVAYVOONS TV TTOALTLOTLXMV TAoEMYV. Ou
OMOYES TN EVOVONG CUWITITTTOVY oUVIBMS Ue ONUOVTIXG YEYOVOTA OTTWS KOLWVWVLKAL,
OLLOVOWLAKA KO TTOMTLRA ®.0.. H avaAvomn Pog omtoraAVITTeL OTL UEOW TWV YEYOVOTWYV EV-
OEYETAL VO YIVOUV EVXOAOTEQO OUTOOEXTES OL HOLVOTOULES. EmLITAé0oV TO OTUA NG €vOu-
OoNgG WTOQEL VO AANGEEL KOL KWOLS EUPOVY| «OLTLO.

6.1 AviyvevovTtog Tig TAGELS TN NOdIG

AT TIG OXTM YONOELS-XIVNTEO £VOVONS TTOV NON TTEQLYQUPAUE, 1) PUYOAOYLXY| CUTO-
PeAtion ol N CVUUOQPWOT UE TLS TOEXOVOES TAOELS E(VOL TO OVO OTOLYELD TTOV UETO-
TOETOVV TO QOVYLOUO 08 WOda. TToALOL emBUUOVUE VO QOLVOUOOTE VEWMTEQOL AL VO.
TOLQLACOVUE OTO TTOALTLOTLXO YALUOL TV HOLQWV TTOV OLAERMOS oAAGCeL. H dtopruton
oL TO. GOQ0. TV TTEQLOOLKMV UTTOQOVV VO LOG ®RAVOUV Vo auwoBavBolue avaopoheis
HOL AXOTAMANAOL OV OEV HAVOUUE KONON EVOS CUYREXQLUEVOD TTQOTOVTOS 1| TQOTTOV Lw-
Nc. H noda elvor éva ouvouevo ov @ravel — €. otd TV evOUUaoic. — 0Tov TQOTO
TTOV emmLAEYOUUE VO OLaBEToVUE TOV EAEVBEQO Y QOVO WOG , TO TS ETIXOLVWVOVUE, TOEL-
OgvoVUE, OLOXOOUOVUE TA OTTLTLOL OGS, TQWUE KOL YEVIXOTEQM COVUE.

OL 0.0XOAOVUEVOL IUE TO OYEILAOUS TTQOTOVIWV MOOUG TTQETEL ATTAQULTHTWS VO. £{VLL
EVNUEQOL YLOL TO TL OVUPOLIVEL TTAYROOULWG AL LOLOLTEQWC YL@ TO TL OUUPALVEL OTO UL~
HQOKOOUO TNG AYOQAS YLOL TNV OTTOL0. OYeOLALOVY.

To va aviyvevel ROVELS TLS TAOELS OeV VAL TTAVTA UL EVIEAMDS OVVELONTY AELTOVQ-
via, aALG £VOg OUVTOVIOUOS UE TO «TTVEVOL TWV ROLQMV» (Zeitgeist), uéoo amod po on-
WLOVQYXY gvoLonaio oyedLaoioy CVUPOVA, UE TLS GANAYES TV ETLOVULOV (YOVOTO)
™G ROLVOVIOC. AVTH N avOTNTa. eEehiooeTal-yTiCeToL LEGO 0TO YQOVO %Ol OYETICETOL
GUEOO. e TNV OUVATOTNTO TTOV £)eL O ®ABe AVOOMWITOC UEOM TNG EUTTELQLOS TOV TTOQEADS-
VTOG VO OUYXQUVEL KOL VO CUWTEQOLLVEL.

6.2 XUy 00vEg TAGELS HLANOQYOGS TS EVOVGTG

ZNUEQU OL TAOELS TTOV OLOUOQPWVOUV TO OTVA TNG £vouvong, Bewoeltal OTL yevvioy-
VIOL 0TTO TQELG HVQLES TN YEC:

Tnv vymin zovitovea (AOYOTEY VIO, XAAOLAT) LOVOLXTY, OEUTQO HTA).

Tn dnuogirdy ®ovitovea (TNAEOQAON, IMMUOPLAMIC UOVOLKY, LIVNUOTOYQHMOS %O
KOVATOVQU OLOLONUOTHTWV).

Tn younin xovitovee (SQUOTNQLOTNTES TTOV YIVOVTOL 0ITO OUADES ELOLLMV EVOLAPE-
QOVIMV EXTOS TOV KVOLOV QEVUATOS, OIS YL TOQAdelywa skateboarding). Kouwd ard
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QUTEC TLS TOELS HOVATOVQES O AELTOVQYEL 08 QTOUOVWON, KOl XAOE ULOL UWITOQEL VOL ETTN-
oedoelL TNV eEEALEN TN GAANC.

210 BPBAio Tov, «The theory of the Leisure class», 0 xowvwvioddyog Thorstein Veblen
TTAQUTNQONOE TTWG OL «YOUNAOTEQES» ETLTOYES TNG HOLVWVIOG TTQOCOUOLWVOUV TO OTLA €V-
OUONG TV OVOTEQWVY TOVUS, OTO UEYOAUTEQO dUvVaTO Pabud. Avty N SLOOTAVQOVUEVN
TTQOOOUOLMON HOVATOVQAS ELVAL YVWOTH G «UTOTEAEoUa ®0B0dWwNg QoNg» (trickle-
down effect), éva aLVOUEVO TTOV TOGO OL EUTOQOL OGO KL OL OYEOLAOTES TTQETTEL VUL TTAL-
QUTNQOVYV TTQOOEXTIXA, YLOL VA, YVWQILLOUV TIG EMBVUIES TV RATAVOAWTOV GANG KoL TU
elvol EemeQoouévo. ZNUovTInO elval emiong noL To aviiBeTo QULVOUEVO, TO «OITOTENE-
oo avodrng Qone» (bubble-up effect) dmwg awtod meQrypdpetal atd Tov Ted Polhemus
070 PYPAio Tov, Street style: From sidewalk to catwalk (1994). Edw, ta. 0TUA %ol OL OQa-
OTNQLOTNTES OTTO X WQEOVS EXTOS WOOAS, OTTO OUAOES ELOLXMV EVOLOPEQOVTIWV 1) EVIEAMS
EEYWOLOTMWV OUAOWYV aTOUMYV, ELOBAAAOVY 0TO QeVUO TNS emoyNS (Mmainstream) Ko Xoi-
TOAYOUV VO, XOQUXTNQICOVTOL WG VEN %KoL «UoddTa». Tor uéoo Lalivng evnueéomwaong
OTWS M LOVOLXN %ot 1 TNAESQaON elvar vitevbuva o ueyaho Pabud yio Ty TayvToTn
OLAO00M OQLOUEVOV ONUOPLAMY OTLA.

To TOMTLOTIHG ETTLTTEDO, WITOQEL VO ELVALL KUUOLVOUEVOU EVOLOPEQOVTOS AVALOYOL YLOL
JTOLOL OLYOQGL LOLL YLOL TTOLOL ETTLITEDC TV dMULOVQYEL 0 oyxedLaotis. H aviyvevon twv td-
oewv (trend tracking) oev meQLOQICETOL LOVO OTO VO FAETTOVUE TO QOVYLOWS UECT OTLS
TIYEg VTG, AN OyeTileTol pe ONUOYQUMLXKES OAAYES, TNV OUUTTEQLHPOQA KOl TOV
TEOTO 7OV LEL 0 HOOUOS. AVUTN N RATOVOAWTIXY AVAAVON WTOQEL VO LOg FonOnoeL mote
VO XOTOVONOOVUE TO OTUA TV EVOUUATWV KOl TTOQEAKOUEVIIV TTOV OL XOTAVOAWTES Bl
€XOUV OVAYHN OTO WEANOV.

7. TuumeQdoueto

OL modyOVTES TOV EMNEEACOVV TN OLOUOQPWON TNS £VOVONG:

1. "Exouv dueon ox£on Ue TG ®ALUOTOAOYIXES OVUVOTKES XL TNV TTEQL AlLOOVS dtoym
™G %dOe nowvmviog.

2. Me v avatouio Tov ovBQmITLYOU GMUOTOS KOl TOV TOOTTO TTOV ®LVOUVTL OL 0.Q-
BoWOoEeLg 1oL OL POEC.

3. O oyedlaondg ™G Ao TV EUPAVLOTN TG WS 0MUeQa eEaxolovbel va Paciletol
070 TEVTE POOLKA €LON EVOVUATOC.

4. TIQEmeL VO IXaVOTTOLEL TNV aLoBNTLXY GIToYN TOV avOQMITOV, VO, AVAOELXVVEL TO
OMUA KOL VO OLOQEQALVEL TOV AVOQWITO WEOT AT TIG TTQUKTIKES AELTOVQYIES TNG.
H yuyxoroyirt avto-Pertiomon rot n OLdheon LovieQviopov eival oL foonés ota-
Bepéc OV UETOTEETOVY TNV EVOVoN 0 OO
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. Mo elvar 1 oLdvLaL ETTAVAATPN TOV VEOU» AL VITAQYEL LOVO OTAV ETTLOLMKETOL

N 0AAOYY YLOL TNV OAAOYY KO TTQOY LA TOTTOLELTAL OYETLXA VY VA.

. ZNueoa £xel diebBvortombel 0To UeyalTEQO TUNUO TOV TTAGVHTY %Ol WOVO TO (U-

Ao %o TO nAipa raBogilovv axduo ™ olhovéta g. [ToAlol amtd Toug ToQdyo-
vteg oV ®0BoQILovV TNV dLUUOQPMON TG €XOVV auToraToQYNOEL, dALOL €xouv
OTOVNOEL, ®AITTOLOL AAAOL (0MWS OTOVHCOUY 0TO UEAAOV KAL EUPAVLOTOVV VEOL TTOV
OEV UTTOQOVUE Va. TTQOPAEPYOVUE.

. To oTvh TNC SV SLAUOQPMVETAL TTLOL OTTO TNV GOYOVOd TAEN, AANG YEVVIETOL UE-

00, 07TO TOV EVIOTLOUO KOL TNV OVAYVMON TOV TTOALTLOTIAWMV TAOEMV TNG KOLVM-
viog: VYNAN ©OVATOVQM, ONUOMLANG HOVATOVQM, XAUNAY XOVATOVQM. KOOMS KoL
oo TO. OTTOTEAEOUATO «avOOLXiG QONg» (bubble-up effect) xabodixng Qong»
(trickle-down effect).

. Ta EOTOVTO TNG AVIKOVV OTO TTQOTOVTOL TNG EPOOUOTUEVNS — OLOXOOUNTLXNG TE-

KVNG TNG WOOAC, Ue TNV TEOVITOOE0N OTL M WQEALOTTOIMON TOVS dEV TTQETEL VOL OLTTO-
Patver og fAQOG TNG AELTOVQYLROTNTAC TOVC.
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To Anuua tov Fejér xat E@Qaouoyés

AVOQéas KaofatlixAig

EOvino Metodfio IToAvteyveio
2yor1 Epaouoouévav Mabnuotixwv
& Pvoxav Emotnuaov

Touéas MoOnuatixwv

Megiinym

Emeyerpovue Lo yevirevon tov Anuuotog tov Fejér, fAéme [2, 4], oL amodetviov-
Ue m¢ TOQLOUM TO ®A000LrO Ao Twv Riemann-Lebesgue. Entiong dltvovue LeQurég ev-
dLapéQovoeg eaUoYES. TELOG eEETACOVUE TNV LOYV TOV OVTLOTQOMOV TOV ANUUOTOS
Tov Riemann-Lebesgue.

Abstract

We discuss a generalization of Fejér’s Lemma, see [2, 4], and we prove Riemann-
Lebesgue’s Lemma as a Corollary. We also give some intersting applications and finally
we examine the validity of Riemann-Lebesgue’s Lemma opposite.

Keywords: Fejér’s lemma, applications of Fejér’s lemma, Dirichlet’s kernel.

1. Ewcayoyn

‘Eotw 1 ovvdomon f elvar Riemann ohoxAnowoiun o ®dbe ®AeLOTO KoL PQAYUEVO

©

oLdotnua Tov R ®ot TO YEVIXEVUEVO OMOUMQMUOL f | f(x) | dx vedoyet. Xonowomoud-

vrag Tn Bewplo ohorAnowong Riemann, mogoséumovue oto [5, Chapter 3, Pt II,

Emotnuovix Exetnoioa E@aouoouévng Egevvag
Vol. X1V, No 1, 2010, pp. 103-114
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Problem 118], wroet evmola va. amoderydel OTL

lim f f(x)sinnxdx = 0, (D

n—o

£V lim f £(x) | sinnx | dx = % f f(x)dx. )

Enewdq n fEL(R), n (1) elvow dueon ovvémelo tov Mupatog twv Riemann-
Lebesgue. H (2) elval elduxn meQlmtwon evog JTLo YEVIXOU TOTEAEOUOTOS YVIWOTOV KL
oav Ajuua tov Fejér [2, 4]. Ztnv exduevn moaodyoago Oo dtatvmwoovue xot Ba amo-
oeiEovue auvtd ta xAaoowxd omoteAéouata s AQuovixts Avdivons. MdAiota, Ba
agoodeiEovue Ot TO Ajuua Twv Riemann-Lebesgue eival €va mooLoua ToV AfUUATOS
Fejér.

T T OVVEXELD XQELOLOUAOTE UEQLXOVS OQLOMOVS %ol ovupoitopove. Eotw T eivor
0 HOVODLALOS KVKAOG OTO WLyadxo emiztedo, dnhadn T = {zE€C:|z| = 1}. H ovvaom-
on t — e amerwovilel to R emmi tov T. Av F: T — C, tote 1 f(t):= F(e") eival 2m-meQLo-
own ovvaQTnom.

Avtiotooga, av 1 f:R — C elval eQuodury), e epiodo 21, tote vdoyel F: T — C
tétowa wote F(et) = f(t). Emouéving, WTOQOVUE VO, TOVTICOVUE OVVOQTHOELS TTOV 0QILOo-
vrol 0tov T pe 2m-eQLodrés ouvamoelg otov R. O % meog LD(T), 1=p=ooelvaLn
whGdom OAwv TV uLyodmwy, Lebesgue UeTQNOLU®Y, 2TT-TEQLOOLMV CUVOQTNOEWV
f: R — C ue vooua

1 P 1/p
||f||p=(g j|f<t)|pdt) <o 1=p<oena |[f]], = esssupe, | )]

—It

Emiong yodgouue
1/p 1
= p A — -
£, q|f| du) L= p < omov dp() = ——dt.

Onhad 1o W elvar uéteo Lebesgue otov T sov dvopeitar we 2m. To C(T) elval o ymhog
O oV TV ovvexmv ovvoemoewy f: T — C e ™) supremum vOQuUa.

1£]].. = sup o).
Oguonog 1 Av FEL (T), 101€ TO
T
~ 1 )
foy:= o~ [iwemat, nez,
(n) o ®

elval 0 n-06tog ouvvrereotg Fourier tng f. H ex0ztuxn) (1] pryadixi)) poogn tng oeLedg
Fourier tng f elvol 1 oeL0d

> fmyem 3)

n=-—o
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O TO. UeQWA abQolonatd g elval To.
S,(H => Tkek,
k=—n
H toryovouetouxn poogn tig oe1pdg Fourier tng f elvol 1 oeLod
1 = .
S0t Z}(ancosnt + b, sinnt),
n=
Omov
1 T
a, = p ff(t)cosmdt, neNU{0}
—IT
AOL

T
|
b,=— [fwsinntat, neN.
—TT

Qg yvwotov, av FE L [—a,a], a > 0, tote
o

o
fF(X)dx = 2£F(X)dx av n F elvan dotua,
—a

0 av n F elval meourt.
Emouévoc,

I
2
avn feL(T) eivon douia, o, = Eff(t)cosmdt, neNU{0} xatb, = 0,nEN,
0

T
2
avn feL,(T) eivon wegurn, o, = 0, nENU{0} naw b = . ff(t)sinntdt, neN.
0

2vuporoudg. AvfEL (T), ue
f@ ~ > fmye™

n=-—o

enpEALovue TN oy€on mov ovvdtelL T ovvdotnon f ue ™ oeled Fourier g f. Xonoiuo-
TTOLELTOL AUTOS O GUUBOALOUOS YLO. OUVTORIO OVTE VO YQAPOUUE TLG EELOMOELS

T

A 1 _
= — —int

fn) = — l[ f(he"di, nEZ.

"Evo. TOLYWVOUETQLXO TTOAVMVUUO elval €va TemeQaouévo a0oLopno Tng LoQQNS
n
f(t) = @, + > (a,coskt + b, sinkt), tER,

k=1

OOV 0Of,...,0L, KO Db glvon pryadwrol auBuol. Evo ToLymvouETQUrd TTOAMVUIO
YOGAQETAL HOL OTNV LOQYPT
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n
f(t) => ¢, teER, émov ¢, EC.
k=—n

To. TQLYWVOUETQLAE TTOAVMVVWOL E{VOL 2TT-TTEQLOOLKES CUVUQTNOELS.

2. AnodziEn tov Anuuatog Fejér-Egaguoyég

Ocoonua 1 (Afjupe tov Fejér) Ymobérovue ot novvdotnong :R—=R 1jg: R — C) ei-
vau Lebesgue uetonowun, @oayuevn xou weQrodwxn ue mepiodo T > 0. Av FE€ L (I), omov
I eivau éva dtaotnua tov R, toTe

T
~ _(1
Jim. [ f()gx)dx = (T i g(x)dx)( { f(x)dx). )

T T
AmoderEn. Mogovue vo vtoféoovue OTL f g(x)dx = 0. ITpdyuortt, av f g(x)dx # 0 Bew-
QOUVUE TN GLVAQTNON

1
h(x):= gx) — T f g(x)dx.
0

H h elvau Lebesgue petonoium, @oaryuevn, eQodiny we weptodo T > 0 xol
T T T 1 T T T
!h(x)dx = ig(x)dx — £<?£g(x)dx>dx = !g(x)dx — !g(x)dx =0.

Av amodeiEovue OtL 11m f)h(Ax)dx = 0, a7wd Tov 0QLONd TNg h JTEoRVITTEL 1 OTTOOEL-
Enmg (4). o
T

YroBétovue AOLTOV OTL f g(x)dx = 0. IToémel va detEovue OTL hm f f(x)g(Ax)dx =
‘Eotw

G(x):= f g(tydt.

Av x = kT, KEZ, ertetdn) m g elvor T-sreguodixn éxovus
kT

G(KT):= f a(tydt = k f g(tydt =

AVKT <x<(k + DT, KEZ, 161¢
kT

j g(t)dt + f g(t)dt

kT

1G9 =




To Anfuuo tov Fejér xat EQaouoyés 107

=

+j|g(t)|dt

kT

kT
f a(t)dt
0

T

K f a(t)dt
0

+ f |g(t)| dt (n g eivon T-mteQrodixn)

kT

= [ |5 ] at
kT

(k+ DT

sf le(t) ] dt
kT
T

=f |g®)]dt. (n |g]| eivar T-eorodinn)
0
Emouévwg, yio #dbe x ER
T
[Geo| = [ o] at,
0

onhaon n G etvor opuotduoQ@a peayuévn oto R. Av I eival £€vo 0TToLodITOTE (PQAYUEVO
oudotnua, ¢otw I = (a,b), toTE

Ab
| !
JI g00dx = - J g(dt = = (GOD) ~ GR).

Emouévog
2

-

| g(t) | dt

oY— 3

f g(\x)dx
1

AOL HOTE OVVETELQL

|li‘m gx)dx = 0.

| —o0
Av @ elvol Wo XAUOXOTY oUvVAQTNOM, INAODY YOOUULXOS CUVOVAOUOS YOQUATNOLOTL-
NV CVVOQTNOEWV PQOYUEVOV OLAOTNUATWY, TOTE

lim f P(x)g(x)dx = 0. S)

[M]—e I
‘Eotm 1thoa 1 ovvapmmon f: I =R M f : T — C) eivar Lebesgue ohoxAnowotun 0to dud-
omua I tov R. Tdte, Yo #dBe € > 0 VITAQYEL OMOAANQMOLUN HALUAKOTY] CVVAQTNON ¢
ootouévn oto I ue
f [f(x) — ex) | dx < ¢/]|g]] ...
1
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Emouévog,

‘ f f(x)g(hx)dx
I

Sf [f(x) — @(x) || gAx) | dx +
1

[ oz
1

=¢+

[ @eogna.
I

AQQ., YONOLUOTTOLOVTAC TN (5) TEMKA €xovue ‘ lilm f fx)g(Ax)dx = 0. |
=
1

HMogoationen 1 o g(x) = sinx 11 g(x) = cosx, To Ajuua tov Fejér ovverdyetol 1o Ajuuc
twv Riemann-Lebesgue. I[1odyuatt, av I eival éva dtaotnua tov R, axo 1 (4) éyovue

lim f f(x)coshxdx = hm f f(x)sinAxdx =
M=)

IMogeaderypno 1 No wto)toywm 70

lim sinx

1 e — .4
DR 1 + 3cos?hx

Aven. H ouvaommon g(x) = 1/(1 + 3cos?X) eival ouveync, Qooyuivn 1oL TEQLOSLAY Ue
7eQL000 1. Ao To Mupa Fejér éxouvue

T . T T
lim & = lJ’ fsinxdx
DR 1+ 3coszkx ™y 1 + 3cos’x )

1
=S
n{ 1 + 3cos?X

)
[
=— | ——dx
T 1 + 3cos’x

1
t* +4

dt (aviwtotdotoon t = tanx)

o——3

4
T
_2

t
lim arctan E =1.

t—o0

MNegddewyne 2 Eotw 10 ECR eivar Lebesgue uetoriowuo ovvodo ue m(E) < . Av (k)
elvat pio yviowa avsovoa axorovlia Quawxmv agbuwy xat (a,) eivar pLa 0IoLaonTo-
Te moayuatixy axolovbia, tote

1
lim fcosz(k X + o )dx = —m(E)

n—oo
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AmodeiEn. o tov vIToloylopd Tov 0Qlov Bol YONOLUOTOOOVUE TO ANUUO TV
Riemann-Lebesgue. ITodynott, €7te10M

1
f cos’(k x + a )dx = 5 f [1 + cos(Zk X + 20 )% (X)dx
E R

1 1
= > i Ap(X)dx + > £ cos(Zk X + 20 )yxp(X)dx

_ 1 E+coscxnf de_sinZ(xnf _—
=3 m(E) 5 RxE(X)cos XX = ——— RXE(x)sm xdx,

oo To Aquuo Twv Riemann-Lebesgue €yovue

) 1
fcos (k x + o )dx — —m(E)‘
. 2

= 5 i Ap(X)cos2K xdx —=0.m

1
+ > ‘ £ Ye(X)sin2k xdx

Alvoupe T (a AN eauoyn Tov Auuatog Fejér.

Mogaderyna 3 Eotw oL ovvaoTtioels £, g eival Lebesgue UETONOLUES kL 2TT-TTEQLOOLXES
UE TIQUYUATIXES 1] ULYOOLRES TWES. AV IE L [—TT, TT] %aL 1 8 E(VAL PQAYUEVNG HUUAVONG,
0T

1 = 1 =

f(t) ~ 50‘0 + Z (o cosnt + b_sinnt) o g(t) ~ ECO + Z (c,cosnt + d sinnt).
n=1 n=1

Oo amodelEovue OTL

oo =]

i k@ntD k2n+1 - 0. 6
kllrin;n kﬁm22n+1 klnz Pt ©

Iodryuatt, emeldn M g elval goayuévng xouavons, amtd 1o Bedonuo Dirichlet-Jordan
(PAémte [4, page 74])

1 oo
gt = 7% + Z (c,cosnt + d sinnt), 0%£dOV TAVTOV.
n=1
Emouévog,
1 oo
f(t)g(kt) = 5 f(t)c, + Zl (c,f(tcosnkt + d f(t)sinnkt), 0xedOV TOVTOV.

Emetdn n ovvaomon f etvor Lebesgue 0AoxAnQmoLun, ¥ONOLLOTOLMVTOS TO XAOOOL-
710 BEOONUA KVQLOQYNUEVNS OVYXALONG TOV Lebesgue WTtoQovUe Vo OLORANQWOOVUE KAi-
0e 000 ™S TOQATTAV® OELQAS XWOLOTE OTTOTE



110 Emotnuovixty Exetnoioa Eqaouoouévns Eoevvag, Vol. X1V, No 1, 2010

T
1 1 -
- f f(Hgkt)dt = Sty + > (a,c, +b,,d).
x n=1
‘Ouwe, artd o Mupa tov Fejér éxouvue
T
1 1
l1(1_1)r01c P jﬂ f(H)gkt)dt = > 0Cor

Emouévog,

lim (o
1

k—o p=

b,.d,) = 0.

nkcn +

OemQOVUE TWQO. TLS OELQES

= osinnx <& sin(2n + 1)x = (—1D"cos(2n + 1)x
PELLESY S
= n = 2n+1 = 2n + 1

(N

ol omoleg elval oelpég Fourier ouvaQmoewv @oayuévng xopovone. Tote, amd v (7)

TTQORVITTEL 1) OTTOOELEN TNG (6).

Ioyver 1o avtioTeogo Tov Afupatog Riemann-Lebesgue; Anhaon av (c,) eivon oxo-
AovBia uyadwmmv aeumy tétowo mote lim ¢ = 0, vmdoyer fEL (T) tétown wote

n—*ow

¢, = f(n) ywa #40e n € Z; Amodenvioupe 0Tn ouveyeLo OTL 1) aITavTNom elvar aQvNTLx.

Qg YVoTdv, 0 venvag tov Dirichlet eivon n axohovbia (D,), 6mrov
n
D, (= > e¥ teT.
k=-—n

Elvou

n n
(eit _ 1)Dn(t) — Z eik+Dt _ Z ekt = ein+Dt _ efim’
k=—n

k=-—n

ométe Yyt # 0

) ) 1 1
ifn+—|t —i{n+—|t i —
eiln+ Dt _ g—int  o=it/2 e( 2) —e ( 2) Sm(“ + Z)t

D) = - =T el _ o—it2 =

Anhod1y,
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Anupa 2 Av (D) eivaw o mvonvag Dirichlet, 10te Dy € L (T) xai o1 600t TG axoAov-
Oiag (Dy(n)) eivan tedund undév, ue || Dy||, = 1, N = 1,2,.... Eivar

iim || Dy,
AmodeiEn. H D, NEN, eivauw ovveyng, 2m-teQuodiny ovvaenon, omiadn Dy €L, (T).

N 1 av|n| =N,
Dy = 0 ov|n| >N

Evxola qaivetal OTL

Emopévarg ot 6got g axohoudiog (Dy(n)) eivor tehued imdev, pe || Dy ||, = 1. Ei-

1
sm<N+ )
2
iodl =+ |22
o sin—
2

VOl

sin(2N + 1)x
—|dx

sinx
/2
1
=1
T 0

sin (2N + 1)t
sint

=

sin(2N + 1)x
—|dx
sinx

/2
_1 f
Hinﬂ

17 |sineN + 1
:_J sin( . )X dx
LA sinx

-]

sin (ZN + 1)t

T
dt. <OSSthSt,YLOL0S‘[SE)

2
=
> _
J-l:O

‘Ouwg (D

202N+1)

d_zf

202N+1)

sm(ZN + 1t sm(2N + e,

}/2

0

n+1)m

20N+1)

2N 22N + 1
= 2@N+ D f |sin(2N+ 1)t|dt
n=0 (H + 1)75 ni

2(2N+1)

(n+1)m

[sinx|dx  (aviwatdotoon x = (2N + 1))

o
=
+
—
"’|§l%m
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2 2N 1 /2 ' ) N |
=_ fsmxdx=—
Tasont 1y Ti=on+1
Emouévac,
4 2N 1 4 1 1 1
||DN||12_22 :—21+—+—+...+_.
nnzon‘l‘l TT 2 3 N
Aqa,

lim||D ||, = m
Eotw ¢ (Z) givar 0 xHQog Tmv mny_():émdw ovvaQtioeny @ : Z — C, pue lim ¢(n) = 0.
Ogitovue A

[|@]|., = sup{|pm)|:nEZ}.
O ¢(Z) givau ydQog Banach.

Osoonua 3 H aetnovion
A L(T) = ¢ (Z), pe Alf)y:=1,

elval évag 1 — 1 ®ou QOyUEVOS TEAEOTNS TTOV dev elval emi. Eouévmg, VTd.oyel oxo-
AMovBia pryadmv aobumy (¢, ) ue lim ¢, = 0, yio v omoia ogv woyvel f(n) = ¢, yia
n—*ow

#00e n € Z now o wamoa f& L (T).

AmodeiEn. H A elvor yoauuwxy amewmovion. Ao 1o Mupo Riemann-Lebesgue eivau
lim f(n) = 0 »ow ®otd ovvémewa A(f) = fEc(Z). Ao ToV 0QLONO TOV OVVTEAEOTN

Foﬁrieretvatngoqﬁavég 6w |[fmy| = ||f]] , omore |[T]], = ||f]],- Anhadii [|A]] = 1.
Av f(t) = 1, to1¢
1 oavn=0,

AbDm = f(n) - { 0 oavn#0

Anhadn, |
AoQrel va amodeiEovue OTL f (n) = 0 yo #vdBe n €Z ovvemdyetor Ot f = 0 oxedov o~
vToU. AVTO OUMS LOYVEL %L UAAOTO elvol Gueon ovvémelo tov Bewgnuotog Fejér-
Lebesgue (PAéme Oewonua 4.18.5 010 ovyyoauuo [1]).

Yrobétovpe o 6L n astewmdvion A 1 L (T) = ¢(2) eivau eri. Tote, amd 1o Hewm-
ONUO. OVOLXTHS OTTEWOVLONG (open mapping theorem), o A~ ! : Co(Z) — L (T) givon ovve-
S (Poayuévog) teheoTis. Anhadn VITaQyeL O > 0 TETOLO HOTE

f]] =1=]|t]], Enouévog ||A|| = 1. O0 amodeiZovue 6TLN A givar 1 — 1.

A= d]|f]

Ve L.

1’

Emouévac, ||’?||m26||f|

Ve L.

1°
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Oemweovue Tov uenva Dirichlet (Dy). Ao o Anupo 2
DyEL(M), [[Dy]. =1 o lim [ Dy[f, =

AQa., eV vrtdoyeL O > 0 T€TOLO MOTE

1Dl = 8Dyl

dtomo. |
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T %GBe éva ard 1o OOUKE OTOLYELD TOV TTQOTVITOV : EVIOTLOUAC, OVAAVOT, AVTLUETM-
TTLOT KOL TTOQAXOAOVONON KIVOUVMV VOAVETAL M OX£0N TOVG UE TNV EXTTOLOEVOT| TTQO-
owmxoV. Emurooofeta ol o0ovoioomn Tov OLodLraolmy dLayeloLong ®vouvmy eQyal-
TIUOV OTUYNMUATOV 0 VOV OTTOOMREVTIXO YMDQO UeYAANG eAMVIXNIG BLrounyoviog eu-
PLEAWONG AVOAPVXTIXMV TTOQUTIOETAL TTQOG ETLQOWON TMWV EVENUATWY TOV UEQOVS TNG
OVAAVONS TOV TTQOTVITOV. ZTNV €QYOOL0 VL0 TTOWTN POQA. YEVETOL 1 GVVOEDN TOV EQYOKE-
VIQLXOU TTQOTVITOV OLOIXNONG KLVOUVIV EQYATIXMYV ATUXNUATWVUE TNV EXTOLOEVON TTQO-
owItLroV. TELOG, SLVOVTAL TTQOTAOELS YLOL TTEQULTEQW EQEVVOL.

Abstract

Risks play an important role in all modern business processes .For this reason
management science deals thoroughly and intensively with risk management. Based on this,
we apply a project-based risk management standard to job safety in the warehouses.
Furthermore we explore the relationship between personnel education and risk management
standard. Before we proceed to the analysis we provide a definition of risk, hazard and
danger. Risk is the exposure to a hazard, hazard is a situation of risk or danger while danger
is a liability or exposure to harm. In the literature we observe that two main risks have been
analyzed the risk of fire and the risk of personnel injury. A number of papers deal with the
development of safety processes whereas another number of papers the development of
business culture and labor behavior directed to warehouse safety. Last but not least, literature
concerns job safety standards in geographical areas or industries. Our paper is consisted of
four (4) parts . In the first part, the reasons for job safety is analyzed. In the second part the
management is presented and its relation with personnel education whereas on the third part
a case study is provided. On the last part further research is proposed.

After second World War emphasis is given to the importance of human resource
management for the achievement of satisfactory business performance. Firms became
concerned for the job safety. Main reasons for this are three. The first reason is the
enhancement of safety standards reduces probability of an accident and consequently the
amounts paid for victims’ compensations. The second reason is that companies with high
job safety standards can achieve substantial increases in their financial revenues since they
can attract socially responsible investors. The last reason is that firms with safe
workplaces enjoy high level of labor morale and increased level of labor ‘s productivity.
Safe workplaces attract capable and skilled logistics and warehouse personnel. To achieve
the above mentioned benefits, organizations have to plan and implement an educational
program which applies risk management standard to job safety and ensures the
continuous improvement of job safety standards. Main objective for an educational
program is the development of safety culture. The safety culture should influence the way
business operations carried out.
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Risk identification is the first element of the standard. It concerns the listing of all
risks for the job safety .There are three ways to enlist risks, the first is according to
processes, the second is according to warehouse systems and the third is according to
warehouse areas. To efficiently identify risks the warehouse management must freely
talk about them with the employees. Ways for the risk information exchange are risk
checklists and interviews. Concerning the job safety education, an educational program
must focus on potential dangers, the dangerous places and machinery and the dangerous
workers’ habits as well. The program must also inform workers for the safety
management hierarchy in order to be clear to workers to whom they can mention the
identified dangers. Last but not least, the program should mention the presence of safety
technician.

Risk analysis is based on the formula : Risk Rating = [probability, p]x[severity, s] X
[frequency, F]. The values of risk rating is an evaluation criterion for the impact of a
danger. In the case we would like to assess a set of risks and not just one, fault tree method
can be applied These graphical networks easily offer the probability of a set of dangers.
Another method for risk evaluation is Job Safety Analysis. A safety educational program
must enhance workers’ skills and capabilities to analyze risks. Especially for new
employees the program must motivate to study thoroughly safety manuals.

In the risk response analysis, we distinguish two strategies, proactive and reactive. The
first strategy focuses on the causes of the dangers whereas the second focuses on the
effects of dangers. The proactive strategies include activities for a) safe place b) safe
person c) safe hygiene d) safe equipment e) safe work behavior f) danger sensitive. The
reactive strategies include a) crisis management plans b) feedback for the plans c¢)
improvement of the plans. Risk response also includes crisis management procedures .
The educational program must persuade the workers that the protective measures and
equipment are for their safety. It also must focus on stress management, personnel
capability to forecast and evaluate dangers, communication during crisis, crisis job
allocation and effects management.

The last element of the standard, risk monitoring includes safety checks, system and
standard inspection, safety tours, accident examination. Business education should
develop a safety culture which leads to more efficient risk monitoring.

Our case study concerns a bottling company located in Viotia prefecture. The plant is
certified according to OHSAS 18000 job safety standard and has also the Job Safety
Dangers Analysis. Concerning risk management standard we observe the following

Risk identification : the firm uses two procedures «Job Safety Dangers Analysis» and
«about to happen accidents». The last procedure gives as an output a score which is a safe
basis for job safety risk identification. Risk information exchange is carried out by the
employees’ committee for hygiene and safety.

Risk Analysis It is included in the Job Safety Dangers Analysis and uses the formula
presented in risk analysis section. Concerning educational program for risk analysis,
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company has implemented an introductory program which mainly focus on the study of
safety manual.

Risk response: Company has proactive and reactive strategies. The first ones mainly
focus on the protective equipment whereas the second ones focus on crisis management
plans. Company periodically organizes simulation exercises for fire accidents and first aid
seminars.

Risk monitoring: Company monitors risks through checklists filled by safety
technician. The checklist includes examination of human resources and their working
behaviors, machinery, infrastructure. The standard is reviewed according to new safety
needs. Company also keeps accident records.

For further research we can propose the risk management standard for job safety for
all logistics processes and an study for the risk management standards for all companies
located to Viotia prefecture.

AgEarg Khewdud: Avoixnon, Kivovvog, Aogdleia otnv e0yaoia, AmoOnxevtixd ovotn-
ua, ITpdtvmo, exmaidevon.

1. Ewcoayoyn

Kaigag onuaotac Béua otnv ovyyQovn avalntnon oty emLoTiun g oLoixnong
atoTeLel M OLOXELOLOM TV ULVOVVWV TTOV GTTELAOVYV TOOO £YAATAOTAOELS KOL CVOTHUO-
Ta 600 %L AVOQMITLVO SUVOULXO WA 0QYAVITIXNG douns. To pdona epooUoyis Tng
OLOLYELQLONG HIVOUVV TTEQLAAUPBAVEL AL TLG OLOLUNTIXES OQAOTNOLOTNTES, ATTO TNV OL0-
¥elQLom eOdLAOTIXNG AVGTIOOC UEXOL TNV XONUATOOLXOVOULKY Otayelolom [1]. Yo To
oloua avTd EQPAQUOLOVUE EVOL EQYOREVTQLXO TTQOTVITO OLOYELQLONG KLVOUVWV VL0 TOV
MOYO OTL €lvaL TO TTLO OVYYQOVO TTROTUITO OTNV dLaKeLQLOT ®VOVVMV 0TV €QY0Tio O
OTTOOMAREVTING CVOTHUOTO OLEVQWVADVTOS TTAQAAANAL TNV OYEOT TNG EXTALOEVONG TTQO-
OWITLXOV UE TA. OTOLYELD TOV SLOLANTLXOV TTEOTVITOV. TIQLY OUMC TEOYWENOOVUE OTNV
avdivon uog, oxomuo Bewoovue va dobel évag 0oLouds Tov nivovvov. Kivovvoc eivol
n éxBeon oe otouyelo M maEdyovta ov eoxaiel BAGRN[2]. Ztnv PifAtoyoapio n dio-
YELQLOM HLVOUVV OTTOONKEVTINMV CVOTNUATWV OV £xEL AGPEL TNV OVALOYY TTQOCOYN O
ox€om Ue TNV avTioToLyn TToU £xel AAPBEL N OLOYELQLON KIVOUVWV PLOUNYUVIXMOV OVOTN-
udtwv. Eotidlovtog oto amonrevTind. 0VoTHUATOL, TOQATNQOVUE OTL 1 €QEVVOL 0LPOQUL
OV0 POOLHOVS ALVOUVOUS QUTOV TNG TTVEHAYLAC[ 13],[7] ®ol duTtOV TV TQOUUATLOWDV
TOV TTQOOWIKOV[8]. MEQOC TG €QEVVAG EXEL TTQOONVATOMOTEL OTNV AVATTVEN SLadL-
HOOLWV LA eloLong TS aoaielag [9],[10],[11]. To eviLapéQov emiong TV UEAETNTOV
€YEL OTTOOTTALOEL KOL T AVAITTUEY ETALQIUNG KOVATOVQOS KL EQYOOLOXNG CVWTEQLPOQAS
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JTOV TTQOAYEL TNV AOPAAELQ EQYOOLOG O amobnxevTind ovotiuata [12],[13].Téhog n 0-
Booyoapia eQLhauBdvel eQyaoieg Yo emtimeda aopaleiag TOOO 08 YWOLXO EMITTEDO (Ye-
wyoa@un meQLoyn) [14] 600 xoL 0 AAOOWMO (RAADOL TTOQOYWYLANS OQOOTNOLOTN-
tac)[15].To GeBoo asoteheitol arTd T €ENG UEQT : TO TTEWMTO UEQOS TTOV SLVOVTOL OL AO-
YOL JTOV CVEGVOUV TNV ONUOOL0 TNG CLOQPALELOS OTNV EQYAOLN 0€ QITOONKEVTIXOVG Y M-
QOVC aItd TO OEVTEQO UEQOG TTOV TTOQOVOLALETAL TO TTEOTVITO OLOLYELQLONG XLVOVVWV OTNV
0O0QAARELD. TV €QYOLOUEVDWV HADWDSC %Ol N OYEON TOV UE TNV EXTTOLOEVOT TTQOCMITLKOV
eV 0To TElTo UéQog Tapatifetal N uelétn meQimtwong. TELOG 0To TéTOQTO UEQOS Oi-
VOVTUL TTQOTAOELS YLO. TTEQULTEQW EQEVVAL.

2. O1 AdY0L TOV CVEAVOUY TNV CNUACLO TIS AOQPALELNS GTNV EQYUCLM

ZTNV UETATOAEULKY) TTEQLODO EUPAVIG NTAV M 0TEOPY TN BEMOENONS TV ETTLYELOQNOE-
Vv o€ oxéon Ue To avlMOITLVO duvoxd. AvadelyTnxe 1 0&lo TS eQyaoiog mwg GiAov
0TOLYELOV TOV EVEQYNTLXOV. YTTO TO TQIOUA 0UTO AOYLXT £LVaL ®OL 1 OUVETTOXOAOVON O0-
ENom ™™g onuaotag Tov £9LVaAV OL ETTLYELQNOELS OTNV OLOPAAELL TV EQYALOUEVWV. QOTO-
00 TTEQOL OTTO TNV ETTLOQAOMN TNS ALOPAAELOS 0TO NOKO TV £QYALOUEVOV OL ALOPUAELS €Q-
YOOLOXES OUVONRES €XOUV GUECO KOL OITTO AVTIXTUTO OTNV XONUATOOLXLOVOULKY] AgL-
TovQYl0 TN emyetonong. ITo ovyxexQLUEVA, M QVENON TWV ETTITTEdWV COPAAELUS UELMD-
VEL TNV TLOAVOTNTA EQYATLXOV OTUYNUATOS OTOV OUTOONXEVTIXG X MDQO KOL CUVETTMS TIG
OTTOLES TTQOPAEWELS YLOL TTANQMUN OTTOINULDOEWY OTOVS £QYALOUEVOUS. AV O TTQOOVAL(E-
QOUEVOS AOYOS €0TLALEL OTNV UELWON TOV ROOTOVS O TAQOXATM® AOYOg[16] e0TLdCEL OTNV
QVENOM TV €000V, EVOALOATIRG. ETTLYELOQNOELS Le VYNAL eTTiTtedo aopdieLas, Yauniod
aQLOUO ATUYNMUATOV KoL OTTOOEDELYUEVES OTNV TTQAEN TTOMTIAES TTQOAYWYNS TNS QO
AELOC OTNV OTTOONKEVTLXY] €EQYAOL0 TTQOTEARVOUV ETTEVOUTLAE KEQPANULOL TTQOOUVOTOAL-
ouéva og xoLvovixd vevduveg (socially responsible) etoupleg (e amroTéheouo TNV 0VEN-
01 TV YONUOTOOLXOVOULLMV TOVS £000wV. 00 SIS atd To. AUECH XONUATOOLXOVO-
WG OEAN eTaLQlES e VYMAQ ETTLTTed0 AOPAAELOS ATTOAAUPAVOUY KoL VYMAG eTtimedal
NOxoV TV eQyalouévwy. Q¢ B ovoudovue TNV YuyoroyLx ®OTEOTOON TOV €QYOL-
Couévov M otota ovvdVALeTal e evBoLoLOoUO Lo TNV AITOOTOAN TTOV AVAAOUPEVEL KO
avuITOXOLTN BEANOM RO ALOLOAOE DL YLOL TNV ETTLTUY 0. TOV 0QYavLouov [3]. To vymAo emi-
7ted0 NBoV ovvermaxorlovba ovoyetiletal BeTd pe TNV PEATILON TNG TAQOYWYIXOTY-
TOG TWV EQYOLOUEVDV.

Téhog dev Ba Témel va. oryvonBel OTL eTOLQIES e aTTOONUEVTIRG OVOTHUOTA VYMANG
EQYUOLOXNG ALOPALELOS TTQOTEAXVOUV KL LXAVOTEQO OLOLANTLXG OTENEYT O€ TUNUALTOL EQO-
OLOOTLXNG CAVOIO0G 1) OTTOBMUWV. ZapES YIVETOL QITO TO TTUQOITAVM™ 1) EVEQYETLXY| OYEON
™G COQAAELOS OTNV OTTOOMHY KOl TWV ETLYELONOLOADV ETLOOCEWYV. Q0TO00 OeueAlond
otolyelo oV TEOOTTAOELD. YLo TNV CVENOM TV ETTLITEOWV AOPALELOS ATTOTEAEL 1) EXTTOLL -
OgVom TEOOWITLXKOV. TTQOXVITTEL CUVETMG TO BEUO TOV TYEOLOOUOV TOV EXTTAULOEVTLXOV
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TTQOYQAUUOTOS TETOLOV JTOV VAL TTETUYXOLVEL TOV 0TOYO TNG OIENONS TWV ETTLITEOWV A0~
AeL0g OAAG %Ol TNG EVOMUATMONG TOV 0TO OLOWUNTIXO TTEOTUITO OLAELQLONG KIVOUVMV
OTNV 00QAAELDL OTNV €QYAOL0L EVTOC TNG atoOrNg. TTaQAYOVIES Lo TOV OYEOLOLOUS TOV
EXTTALOEVTIXOV TTQOYQUUUATOS OITOTEAOVV TO €VQUTEQO TTEQLRGAAOY, OL €QyatOUeEVOL, OL
0TOYOL TTOV TTQETTEL VO, ETTLTEVYOOVV, 1 TEYVOLOYIOL TTOV XONOLUOTTOLEL O OQYAUVIOUOS OAAG
%ol M Ol M o g eQyaoiac. EEayouevo g oloduxaoiog oyedLaoio TwV EXTTOLOEV-
TIXWV TTQOYQOUUATWY OITOTEAOVV TO. OTAOLY TOV EXITALOEVTLXOV TTQOYQAUUOTOS TTOV
OTTOTEAOVVTOL OITO 0) TNV OVOAVON TWV EQYAOLOXMY ATTALTHOEWV ) TOV EXTTOLOEVTLXG
oxedLOoUS Y) TNV VAOTTOINOT TOV EATTALOEVTIXOV TTQOYQAUUOTOS &) TNV EXTIUNON TWV
OTTOTEAEOUATV KOL €) TNV OVVEXN TTo.QoxohovOnon[4]. Baowd Tntovuevo otnv exmoi-
OEVON TOV TTQOOMITLXOV YLO. TNV QLOQPALELD. 0TV €QYooior Bo TToémel va. ammoTelel N avd-
JTTVET ULOLS KOVATOVQUS AOPAAELOS TTOV B0 TTQOGOLOQILEL TOV TEOTTO QY00{0C 08 OAES TLG
AELTOVQYiEC HOL 08 ONES TIG LEQUQYHES PUOULOES TOV AITOBNKEVTIXOV CVOTHUATOC.

3. To mEOTLTO TS OLAYELQLONG XIVOUVOV

3.1 O Evromiopdg Tomv xvouvev

H avdivon yio 1o meodTumo aQyilel ammd ToV TQMTO OTOLYEIO TOV TOV 0POQd TOV
EVIOTTLOUO TV XLVOUVWYV. TIQOXKELTAL VL0 TNV KOTAYQOPH OAWV TWV TLOOVOV OLTLOV
TEORANONG PAOPDOV 08 €QYOLOUEVOVS EVTOS TOV OUTOOMKEVTIHOY GUOTHUOTOS. ZVUPOVOL
ue tov Stranks J [2] vitaQyouv TQELS SLOPOQETLLES TTQOTEYYITELS YLOL TNV ROTAYQOPY| TWV
©VOUV@YV. O TEMTOC 0poQd TNV EEETAON TNG RAOE SQAUOTNOLOTNTOS TTOV UTTOQEL VO TQO-
HOAEOEL TQOUUATLOUO. TETOLEG OQOOTNQLOTNTES, CTTOTEAOVV 1 YELQOXIVNTY TaQUAUSN
TOAETOV, N AVOPOOT POQTIWY, RAOMS ®OL 1 OLOLXELQLON EVPAEXTDV 1) EAQNHTLRMDV KO VE-
VIRG ETTRIVOUVOV VALKV, O SeVTEQOS TQOTTOS KATOYQAPNS APOQd TNV eEETOOMN HLVOD-
VOV ROTA OUAOES OIS VL0 TTOQUOELYUOL UNYOVOAOYLXOS EEOTTALOUOG, VALXA TTOV VITO-
eEWVTOL 0¢ dLaryeloLom, uetaoourd Uéoa.. O TOITOC TOOTOS EVTOTLOUOV ALVOUVMWV ELVOL
TTQOCOVATOALOUEVOC OTNV ROTOYQOMPY) TWV KDQWV TTOV EVUITAQYOVV RIVOUVOL OTTMC YL,
TTO.QAOELYUOL OLOUEQLOUATO aIToOMUWY, TOUELS OTToONKMV 1) oxOUo ®oL eQyoTdELla . H
OLOOLROOTL0 ROTOYQUPNS OEV VOE(TAL YWQLS TNV OCUUUETOYY) TWV €QYULOUEVMWV. Qg €X TOV-
TOV OL €QYOOOTEG ELVOL VITOYQEMUEVOL VO CVCNTOUV UE TOVS EQYOLOUEVOUS OYETIHA UE
Oé¢uato aomdlelog roBmG KoL Lo OTTOLN. ETTLKELUEVT TEXVOMOYLXY dANOYY) OTO OTToON-
HEVTLRO 0VOTNUAL. OL YVIOELS XOL M EUTTELQLO TV €QYALOUEVV TTQETTEL VO AELOTTOLOV-
VTOL 0TO €ITAXQO YO TOV EVIOMLOUO XVOUVOV aTuymudtov otnv eyaoia [5]. H dvadt-
1OOL0 TOV OVINTNOEWV TTQETTEL VAL ElvaL au@iOQoun Ue TNV €vvolo OTL XaL O EQYALOUE-
VOG TTOETTEL VO EVNUEQMVETOL ATTO TNV dLolunom 0e 0x€om UE TOV EVIOTTLOUO VEWV KLVOV-
vov. OL athéc oVINTHOELS e TOVS EQYOLOUEVOVS OTNV OTOON®T GITOTEAOVV évay 0.00-
UNTO TEOITO EVTOTLOUOV AULVOUVOV .Q0TO0O0 VITAQYOVV KoL SOUNUEVOL TQOTTOL EVTOTTL-
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OUOV LLVOUVWYV. APOQOVV TOVS RATAAOYOUS ®LvdUVmV [1] (risk checklists) xat Tig 7TQO-
OWITLREC OVVEVTEVEELS. OL ROTAMOYOL ULVOUVV ELVAL £YYQOPA UE KIVOUVOUC EQYOTIXMDV
®WVOUVOV 08 amodNKeg OV €xovv eUQaVLOTEL 0TO TOREADOV 1 EVOEXETAL VO EUPAVL-
0TOVV 070 UEAAOV. OL OUVEVTEVEELS OTTOTEAOVV TOV OEVTEQO OOUNUEVO TQOTTO EVTOTIL-
ouoV. MitoQet va. eival OOUNUEVES, TTOQATIDETAL OTOV EQWTMUEVO L. OELQC EQWTNOEWYV
1 adOUNTES OTLS OTTOLEG O EQWTMUEVOS ROAELTAL VO OMOEL TLS OTTOPELS TOV ETTL EVOG Ve~
VROV EQWTNUATOS . ZTO ONUELD AT TEETTEL Vo onuelwBel av xaL 1 uéBodog Twv ovve-
VTEVEEWV ELVOL (PALVOUEVIXG OTTAY, OTTOLTEL ELOLKES OEELOTNTES ETHOLVOVIOGS OO TOVG
YELWQLOTES TNC (DOTE VA OLOOQUALOTEL OTL O EQWTWUEVOS OftaoTo Bo SLUTUITMOEL TLG
AOPELS ONAAON YWOLC VA «xoTTEAMOEL» aITd TO VYOG KoL TNV TOQOVO(0 TOV YeLLoTi. H
0x£0M NS EXTTOLOEVONG TTQOTMITLXOV UE TOV EVIOTLOUO TWV XLVOVVWV OUVIOTATAL OTO
OTL £VOL EXTTALOEVTIXG OVOTNUA TTQETTEL VAL EOTLALEL OTLG TINYES TV ®LvOUVV. Elval To-
PaVEG OTL €Va. EXTTALOEVTIXO TTQOYQUUUOL OLOPAAELOC TTQETTEL VO OLVAPEQEL KALL VO TOVILEL
TG TTLOAVES OQAOTNOLOTNTES, TLG OUAOES HIVOUVWV OAAG KOl TOVS XMQOVS TTOV OTOTL-
OTUA CUYHEVTQMVOVTUL OL TTEQLOOATEQOL KLVOUVOL YLO. TOVS £QYOLOUEVOVS OTOV aTTOON-
HEVTLKO Y DQO. TT€Qo OUmG oIt TOL TAQOITAVM EVOL EXTTALOEVTIXG TTQOYQOUUOL Oal TTQETTEL
VO OVOPEQEL HOL ONES TLG EVEQYELES KOL OVVNOELES TV EQYOLOUEVIV TTOV OTTOTEAOVV TTN)-
YN ®LVOUVWV OTOV €QYOOLUXO YMQEO OTWS (VAL TO ORUQPALMUC OTO «ITLQOVVLA» TWV
TTEQOVOPOQMV 1 CLUTOOYELOL CYWVES TOXVTNTOS UE TTEQOVOPOQO EVIOS TLS ATTOONANG.
Zaig 0TOYOG ROL TTQOGOUVOTOALOUOS TOV EXTTOLOEVTLXOV TTQOYQAUUATOS elval 1 eEGAEL-
PN TETOLWV EVEQYELMV 1AL 0VVNOELWV. TELOC 1 EXTTOLOEVON TQOOWITLKOV Bal TTQETTEL VAL
TTOQEYEL TG OTTOLQOLTNTES TTANQOMOQLES YLOL TNV OOUN KOL TNV 0QYAVWOT TNG ETTLYEIQNONG
WOTE VO ELVOL 0APES OTOVG EXTTALOEVOUEVOVS TTOV Bal avaEQOVY EVaV VEO EVTOTTLOUEVO
nivouvo.

Emrontiny elval 1 avogoQd Tov EXTTOLOEVTLAOV TTQOYQUUUATOS OTNV VITOQEN TEYVL-
AWV OQPOAEIOG KoL LOTEOV €QY00L0G RUBWG %Al UEBOOWV AVILUETWITLONG (YYOVS KL
aviog 0TV €0Y0.0lal TAQAYOVTES TTOV QUTOTEAOVV EUUECES TTNYES HLVOUVOV.

3.2 Avaivon xivouvov

To 0eVTEQO OTOLYELO TOV TTQOTVITOV OLOYELQLONG HLVOUVWV GO TNV AVAAVON KLV-
OVvv. TIQW SUMS TTEOXWENOOVUE OTNV AVAAVON TV KLVOUVOV OXOTTLUO VO TTOQOITE-
B0V 0L CUVETTELEG TV KLVOVVOV OTNV £QYAOLO EVTOC ATTOOMUEVTIRWOV X WDQWV. AVTOL €i-
ValL oL

o JTTMOELS AVTLXELUEVOV 1) VALKMV 0TO OAITedo artd Mog,
o JTTMOELS EQYATWV 0TO OdTedo arrd Mpog,
e UWUTKOL TQOUUOTLONOL OITO XELQOKIVNTY OLOXELQLON EUTTOQEVLAT™V,

e TQUUUATLOMOL aTTO XQNOT EEOTTALOUOV €QYOOLAC,
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e TQOUUATLOUOL AT AELTOVQYLO OXYNUATWY EVTOS TNG 0TtobrNg,

o EYROVUOTO OITO TTUQRAYLE.

o BAEPEC TTQOOWOELVES 1) LWOVLUES ATTO TNV VITOQEN VYNAMV emLitédwv BoQUPBwv alld
Ol OVYVES OOVNOELS,

e WOANOVOELS ATt QOOLEVEQYES Ol GALES ETTPAAPELS YLOL TOV AVOQMITLVO 0QYOVLOUO
ovoleg,

o PAGPES OO LOKQOYQOVLAL OTTOONHEVOT) EUTTOQEVUATY,

o TQOUUATLOUOL ROt aoBEVeLES aITd HOr) ®OBAQLOTNTO, AXATAMANAO PWTLOUO, EECE-
oLouo %o BeQuoxQaoia

o MAEXTQOTANELO. OTTO KOAXN XONON NAEXTQLOUOV),

o TQUUUATLOUOL OO UNYOVIXES AELTOVQYLES avIPwONg,

Baown oyéon oty avdlvon ®kivovvomv eival 1 eENg

Babuos _ (IMBavOTTOEUPAVLONG)(Q) X (ZofadTNTa) (8) X (ZvyvoTnTaeugpdavions) (f) [2]
Kuivovvovu
O BoBuoS #LvOUVOU AITOTEAEL TOVTOYQOVO. KO XQLTOLO OELOAOYNONS TNG KQLOLUOTN-
Tac TOV ®LvdUvov. H avmtéow oxéon agod évav xivouvo av motooo emtdupotue vo
OVOAVCOVUE TOUG HLVOUVOUC YLOL TO GUVOLO TOV ATTOONAEVTIXOY OVOTHUOTOC TOTE XON-
OLULOTTOLOVVTOL TG, OEVIQO OQUAUATMYV. TIQOKELTOL VL0 YQUPLAES AVOTTAQUOTAOELS TNS
aAAnAovyiag TV TlavaOV FAUSMY TOV aITOONUEVTIXOV CVOTHUATOS TTOV UTTOQEL VL 001-
YooV o€ eMPBAUPEIS RATOOTAOELS VLol TO VITO UEAETN ovoTnua. O Paotnodg AOYOgS oY
ong elval 0 eVXOAOS TTEOOOLOQLOUOS TNG TLHAVOTNTAS VA TQAYUATOTTOMOEL O RivOUVOg
[1]. Two TNV OAORANQWOTN TNG OVAAVONG ®LVOUVWV OeV B TToémel Vo toQoingBel xow n
TEYVLXT) AVOAVONG HLIVOUVOV TTOV OVOUALETOL AVAAVON €QYOOLOXNG AopAaielas [2]. Me
™V OVOTEQW TeXVIXY eEeTdleTor xAbe AettovQyia Tng amodnung, ol oxeTillouevol niv-
OUVOL X0l TO TTQOTELVOUEVO UETQA OLOPALELOS. TTEQUAOUPAVEL TNV EEETAON TWV YWQWV
€QY00LOC, TLC ETTLOQOEC OTNV EQYOOLUKY) OCUWTEQLPOQU, TO OITAQAITNTO ETITTEDO EATTOL-
Ogvong TV eQyatouévav ®oBme ®oL TOV aTALTOVUEVO PoBud emlotactac. ZTo UéQog
TNG AVAAVONS XLVOUVV 1) EXTTALLOEVON TTQOOWITLXOV Bal TTEETEL VoL EOTLALEL 0TO GVOTNUOL
duoyeloLong aogdlelog ITo ovyrexQLUEVA, e OeOOUEVO OTL N AVAAVON KLVOUVOV OITO-
TELEL TTQOOOLOQLOTLXAO TTAQAYOVTO. TOV EXITALOEVTIXOV TTQOYQOUUATOS, EXTTOLOEVTLAN
OVTIXELUEVOL OVOLPEQOUEVO. OTO CVOTNUO. OLoLXelQLONG 0LoAAELAS divouv évauouo. Yo
TNV TTEQOLTEQM AVAAVON KLVOUVWV OTNV €QYACIOS OO TOVS (OLOVS TOVG EXTTALOEVOE-
voug. ATO TNV avdAvon ©vOUVWV TTQOXVITTEL M BO.QUVOVCO. ONUACLO TV OEELOTHTMV
OL TOV LXOVOTHTWV TOV €QYOLOUEVMYV. ZVVETTMG TO EXTOULOEVTIXG TQOYQUUUOL TTQETTEL
VO TTQOYEL TG OEELOTNTES TV eQYALOUEVV O OYEON UE TNV OVAAVOT TV ALVOVUVOV
OL TNV AVENON TV ETUTEOMV OLOPUAELNS HOT™ ETTEATOON.
Emiong M exmotdeutint oLoduraoia eémel va evlaQQUveL TOVS eQYALOUEVOVS OTNV
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UELETN OONYLOOV COPAAELOS. ZTLS 0ONYIES AOPANELOS OUVETOL L. EXTEVIC XOL KONOLUN
AVAALON TV ®VOVVMV OTNV EQYAOLO ATTOTEAMVTAC £VOL OTTO TO KVQLOTEQM. UECO EVNUE-
QWONS TOV AVOQMITLYOV dUVOULKOV 0¢ BEuaTo aopoleiag.

3.3 AVTLUETOTLOT] TOV XLVOVVOV

270 TOITO 0TOLYEIO TOV TTQOTVITOV GUVOVTAUE TNV OVTLUETMITLON TWV XLVOUVWYV. ALO-
%©QIVOUUE OVO €101 EVEQYELDV CVTLUETMITLONG KLVOUVIMV: TIG TTQOANTTTIXES KOL TLS OLOQ-
BwTinéc. Ol TQOMITTINES EVEQYELES EOTLALOVV TLS TTQOOTTADELES TNV UVTLUETMITLON TWV
ALTLOV TV ©VOUVOV. TIOQAOELYUO TTQOANTTTIXNG EVEQYELOG elval O £AEYXOG OAWV MAe-
UTQOAOY XMV CUOTNUATWV ROL 1 ETTLOREVY BAOPOV TTOV EVIOTIOTNRAY 0T OUYHEXQLUE-
VO OUOTHUOTO TOV ATTOOMUEVTLXROV XMQOV. TTQOQAVES elval Ol TTAQUITA VD OVO EVEQYELES
QTOTEETOVV O TTOAD ONUOVTIXO PaBUd ®ivOuvoug amtd BQOXVUAVAAMUATO TOV GITOTE-
AOUV autieg muoraylds. Avtifeta ol OLoBwTIXEG EVEQYELEG OQOUV OTLS OUVETIELES OL
omoieg n0BooiCovv Ty onuacic Tov ®kvdUvov. I'ia Taddelywa N ®oTdoBeon e TVE-
1OYLAG TTOV TTEONABE amtd Pooyurindmua aotehel OLOEBWTIXY eVEQYELD. AVOADIOVTOG
TTEQULTEQW TO OVO €(OT EVEQYELMV OVTLUETMITLONG ALVOVUVMV TTQOXVITTOVV Ol JTTQOANITTL-
AEC OTQUTNYLXES AOPAAELOS TNG EQYAOLAC OTNV AITOO XN %Al OL dLOQOWTIXES OTQUTNYL-
%EC. [2]. OL TQOMITTIRES OTQATNYLXES ATTOTEAOVVTOL OTTO OTQOTIYLXES YLOL:

e 0OQOLEC UEQOC

TTeQLAOUPAVOVTOL EVEQYELES YLOL CLOOAY LOVADO TTOQAYWYNS, OLOMUAELS OLOOLKAL-
oleg 0TV UOVADQ TTO.QUYWYNS, ETTAQKY ETTLTHONOT, LXOVO KOl EXTTOLOEVUEVO TTQO-
OWITLRO AL OLOQPULELS VITOAOLTTES EYAOTOOTAOELS.

e 00QOLES TTQOOWITO

A@oQQ eVEQYELES YLOL TNV EVOLOONTOTTOINOT TV EQYALOUEVIV OITEVOVTL OTOVS KLV-
OUVOUC 0TNV 0Tt KN GAAG KOL OTNV (PQOVTION. ETTLQQETTWMV TTQOS ATVYNUOLTC EQYCL-
Cougvarv

o QOO TTQOOMITLXY VYLELVN

e 0OQAMIC TTQOOMITLLOG EEOTALOUOS AOPAAELOS

e QOO CVUTTEQLHPOQAL

o ETONYQUITYNOTM O€ OYEO0M UE TOVG HLVOVVOUC.

Ze oyfon ue TG OLOEBMWTIXES OTQOUTNYLXES AVTLUETMITLONG XLVOUVWV CUTES TTEQLAOLU-
Bavouv:

o 0£0L0L OVTLUETMITLONG EXTARTWOV TTEQLOTOTIXRWDV

o JLOOHOOTES OVOTQOPODATNONG

o evéQYELES PEATLMONG TV OYESLWV AVTLUETMITLONG EXTAXTWV TTEQLOTATLAWDV

ITéQ0. OUMS ATTO TLS TTQOANTTTIXES %Al OLOQOWTINES OTQATNYIXES M OLVTLUETMITLON TV
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HIVOUVV TTEQLAOUPAVEL KOL TNV KOOLEQMON OLOOLROOLMV UVTLUETMITLONG ®Qioewy. TTLo
OUYXELQLUEVO. OL OVYAEXQUUEVES OLOOLROOTES TTEQLAOUPAVOVV TLS TTQOXATUQXTINES EVEQ-
YELES OIS TNV ETOLUOCL0 0EDLOV ELOUA TTQOOUVOUTOAOUEVOV OTLS ELOLKES QUTALTNOELS
OV ovoTHuaToC. I'ia TaddeLywa AAAO 0%EOLO BOL ®OTAQTLOTEL OV M atoBn T elval evidg
00T Covng xaw Ao oyxédlo Ba Etownaotel av n ammoBnuxn elval eviog Floumyavinng
TTEQLOYNG. EMUITALOV Ol TTQORATOQATIXES OLOOLXAOLES OYEQIMV AVTLUETMITLONG ALVOVVOV
TTEQLAOUPAEVOUY TNV EEOLXELON OMWV TWV EQYOLOUEVV VO OVTLUETWITILOVV nOloELS -
0 NG EXTTOLOEVONS AMNES TTQOROTOQUTIXES EVEQYELES E(VOL M EXTTOLOEVOTN TOV TTQOOM-
TUROV QOQPAAELOC, M VLOBETNOT TTQOYQOUUATWV TAXTIXOV EAEYYOV TV TINYDV TV KLV-
AUVWV OTTWG AUTES £XOVV 0QLOTEL ATTO TO 0TAOLO TNS 0vAAVONS ®IVOUVQY . TTEQa aTd TIG
TTQONOTAQRTIXES €VEQYELES Ba TTOETEL VO ovaTTTVYHOUV OL ROTAAMNAES OLOOLXOGIES TOV
€00V AVTLUETMITLONG KQLOEWV YLO. TNV ELOOTTOINON TV €QYALOUEVV VL0 TNV €AEVOT
TOV ETKELUEVOV XIVOUVOV TTeQhapfdvovtal OAG TO. CVOTHUOTA CUVAYEQUOV AL ELOO-
mtoinone.

Zuveyilovtog ota oyEOL0. AVTLUETMITLONG UIVOUVWV CUVOVIGUE EVEQYELES YLOL TNV
OVTLUETMITLON TOV TWV GUVETTELMV TV XLVOUVWV dTav 0UTol exdnhadvovtol. Taoadely-
LOTO TETOLWV EVEQYELMV ELVAL 1 XQNOT TWV TTVQOORECTIXMV UECWV TOV AITOONUEVTLROV
OVOTHUOTOG, YOO TOV UTOUKXMOV UECWV TAQOYNG TOMTWV FONOEL®MV KOl EL00TTOINOT
CVOTNUATWY TTOQOYNS TTEMTWV fonbelwy dmtwg To EKAB To televtato el00g eveQyelmv
TTEQLAOUBAEVEL TG EVEQYELES HOTEL TOV TEQUATLOUO TNG KQLONG OTTMC 1 RATOYQAPY) TV
TQUUUOTLOUMY, TWV VAXOV CNULDY, TV CLTLMV TTOV 0ONYNOAV TNV TTQOXANOT TOV %LV-
OUVOV. Aopnd OToLYEOL OTO OYEOLOL OLVTLUETMITLONG KQIOEWV ATTOTEAOVV O GUVIOVLOUOS
TWV EVEQYELWV AVTLUETOITLONG, OL ONUOOLES OYECELS TNS ETTLYELONONG HOL QUOLKA M EX-
TO.LOEVOM TOV TTQOCMITLLOV O€ HOTAOTAOELS ®OLOEWV. Tal TOQOITAV®D OTOLYELD TEXUNQLW-
vovtol astd Tov Ramsey J [11] TIoQoVoLELEL TOV OVTIXELUEVIXO OOTTOS TNG OLOLYELQLONG
®QLOEWV TTOV €{VAL «1) ITOTQOTY} TNG UETOTQOTNG EVOG EXTAXTOV CVUPAVTOG O€ ®QLOM KOl
™G ®OLONG O RATOOTQOWPY» . ZNUAVTLLOG TTOQAYOVTOGS ETLTVXLOG TV 0YedlV aVTLUE-
TOITLONG KQIOEWV ATTOTEAOVV KO OL ONUOOLES OYETELS TOV OQYOUVLOUOV HOL ELOLXOTEQO. 1)
OLOYELQLOM TNG ETTLKOLVWVIOSG UE TLG TOTTLXES HOLVIVIES HAL GAACL EVOLOPEQOUEVOL LEQT)
uéow Twv Méowv Maluxig Evnuéomwong. Ze oxéon ue TNV eXTTaiOgVon TOV TTQOOWITLAOV
OTNV OVTLUETMOITLON TWV RkLVOUVWYV, 1 EXTTOLOEVON TTEQLAAUBEVEL T TTQOANTTTIXG UETQO,
TNV EVNUEQMON KOL TLS TTANQOPOQLES YLl TOVS £QYALOUEVOUS OF TTEQLITTMON EXTAXTOV
ovupavtoc. H exmotdeuting ouadiraoio Bo JTQETEL V. ELPUONOEL OTOV EQYULOUEVO OTL
TO, TTQOOTATEVTIXA WETQO. ElvVOL ®VQLOL YLoL TNV Olun Tov aoqdleta. Emiong xot 1 e1do-
TTOINOMN TNG EUPAVLONS EXTOXTWV TTEQLOTUTIXMV TTEQLAAUPAVETAL OTNV EXTTALOEVTLUY dLOi-
owraoia. EEetdurevovrog [10] axoua meQuoodTeQo aTnV 0Y£0N TNG EXTOULOEVONS TTQOTM-
TULROV XOL TNG AVTLUETWITLONG TWV ALVOUVIV TTOQUTNQOVUE OTL £VO. ETTOQAES EXITTALOEVTL-
%0 TOOYQOUUO OTOYEVEL

o OTNV OLAXELQLOT TOV GYYOVS TMV EQYOLOUEVIV OF ROTOOTAOELS TTLEONS OTWS CLLTY

TOV %LVOUVOU OTOV EQYOOLOXO XMWQO NG astodnung,
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e OTNV LXAVOTNTO TOV JTQOOWITLXOV VO. OELOAOYEL HOL VO TTQOPAETTEL UEAAOVTINES
avayreg o€ oyeomn Le Tnv OLayeloLon noloewv

e OTNV MOVOTNTO OLOTHONONG TNG ETTLXOLVWVIOG RAUBOAN TNV OLAQXELD TNG KOIONS

e OTOV ETMLUEQLOUO OLQUODLOTHTWV OTNV OLAXELQLOM TNS ®OloNg

e 0TNV OLOXELQLON TV ATTOTELECUATWV

OL enToLdeVTIXES avayxeS ®aB0QILoVTaL Ao TO TOLTTVYO avtidgaon otov, Kivov-
Vo, OLoyelQLomM TOV ®LVOVVOL KoL OLoyeleion Tng xotong . TELOG 1 exstadevtiny duadi-
naoto Oo wEérel va Paciletol o€ 0orNOELS TTQOTOUOLMONG HOLOEWY TOV AITOONKEVTIXOV
OVOTHUOTOS %L VO TTQOAYOVV TO OUAOLKO TTVEVOL OTNV OLOXEIQLON KQIoEWV.

3.4 [TaguxoAoVONGN TOV XLVOVVOV

To televtaio 0ToLyElO TOV TEOTVITOV TTEQLAOUPAVEL TNV TTO.QUXOAOVONON TMWV KLVOV-
Vv ONAadT TNV TOQUXOAOVONON VAOTOIMONS OLOQBMTIXMV EVEQYELMV AVTLUETMITLONG
HVOUVOV OAAG 1AL TOV EVIOTTLOUS VEWV HLVOUVOV UECWD TWV OLUOLRAOLMYV TTOV GVOITTV-
¥ONHOV 0TO TEWTO OTOLYELO TOV TTEOTVITOV. TTQAXTLXOL TOOITTOL TTOLQAXOAOVONONG HIVOV-
VOV 0ITOTEAOVV:
e 0L €AEYYOL CLOPALELOG
TIQOXELTOL YLl TEYVLXY CVOTNUATIXNG TTOQATHONONS UE HVQLO OXROTTO TNV EALLYLOTO-
TOINOM EUPAVLONS KLVOVVOV . ALAUOQPOVOVTOL OUUQPOVO. LE TNV TTOALTIXY TNG OL-
olunong, TNV 0Taon TV £QYALOUEVOV, TO ETTLITEOO EXTTALOEVONS TOV TTQOCMITLLOV
HOL TO XOQOXTNQLOTLXG TV OLadtraotmv. TIQémel va oyxeddlovial oty FGon g
EWITELQLOG TTQONYOVUEVOV ATUXNUATWV

* Ol EMLOEWENOELS TWV CVOTNUATWV KOl TWV TQOTVITWV COPALELOS
ATOTEAOVV AETTTOUEQELOKY EEETALON EVOS AQLOUOV XOLOLUMV TTAQOUETQMV TNG AITO-
Onrevtinng AeLtovQyiog OITms 0oPAAELD OLOOLKOOLMV, AELTOVQYIES YELQOXIVITNG
OLoyeloLong eutoevpdtmy. EEayouevo Tov emtBemnoemy amoTelel 1 avagpoQd
eTLOEMONONG AOQPALELOG 1) OTTOLAL OTOYO €XEL VO RATUOEIEEL ONES TLC CLOVVALIES TOV
VITAQYOVTOG CUOTNUOTOS OLOYEIQLONG HLVOUVWV OTNV €QYOTLOL.

* Ol JTEQUNYNOELS OLOPAAELOS
OTTOTEAOVV QITQOYQUUUATLOTES ETTLOEMONOELS TV YMOWV EQYOOLOG YL TNV EEETA-
on BeudToV AoQALELOS HOL VYLELWVNC, ETLITEOWV XAOAQLOTNTOS. ZHOTOC TTQETEL VO,
elval M VITOOTNOLEN OTOPAoEWV YL TNV QOQAAELD TWV KATOTEQWYV ETTLTEOWV TNG
OLOLUNTLANG LEQOLQYLOIC.

e %0l M €EETAON OAWV TV CVUBAVTWV TTOV ETANEQY TO amoONKEVTIXG GVOTNUA

H exmaidgvon yLo v maQaxohovdnom Twv ®vOUvey elvol JTQOOUVUTOAOUEVT OTNV
OMULOVQYLA. HOVATOVQUS OTO TTQOOMITLKO TETOLOS (OTE OL KAVOVES OLOQPAAELOS VO TN-
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QOVVTAL 600 TO UVATOV TTLO TTLOTA . H dLodinaoio Tng maQoxoAovdnong Twv ®vouvev
OToTEAEL TNV BALOMN TV TTQOTVTWV OLOYELQLONG ALOPALELAS OLAOLLAOLDV.[9] Me nuQLiTe-
00 EOTLVITO TO0 CCPS OV TTQOEQYETAL OITTO HAADO TV YNULKDV TTOQEXETOL T OUVATOTN-
TA OVVEXOVS BENTIMONG OTLS ATTOOOELS TV OLAOLROTLDV 0LOPAAELAS LETW TNG VLOOETN-
ONG TAXTIXMV OLAOXOOLMV N UE CANAYES OTLG OLOOLROOTES AOPANELDC.

4. Melétn Ilegintmong

270 TeEAeVTAlO UEQOC TNG EQYOOLOG TTOQOVOLALETAL 1) UEAETN TTEQITTWONG ULAC ETOL-
el0g eupLIAmoNg 0TV JTEQLOYT TOV vouov BolwTtiog n omota duabéter ammodnurevtinég
EYNATOOTAOELS 0TV TTRoavapeQBeioa seguoym. H etaipelo elval miotomomuévn ovu-
pwva e 1o mEdTVITo OHSAS 18.000 ®au dwobétel o Merétn EQyaoiomamv Kivduvav
(M.E.K.). 210 TQMTO OTOLYELO TOV TTQOTVITOV, TOV EVIOTLOUS TWV LLVOVVWV 1) ETALQELN
EYEL S KVOLO YVAOUOVOL VL0 TOV EVTOTILOUO TV KIVOUVMV HOL TWV TTAQAYOVIWV HLVOV-
vov v MEK. 210 mhaiowo g MLE.K éxel avotebel otov Texvirnd ao@ilelas vo emL-
BewEel TO ATTOONKEVTING CVOTNUO. UE ETTLTOTTLOVG EAEYYOVS KAL VO TO EAEYYEL O€ OYEOM UE
TOVG TTO.QAYOVTES TTOU OONYNOQV OTNV TTEOXANON atvynuotog. Iéoo dumwg amd v
M.E.K 1 etaLeio €xel viofetoel Tnv dLodtnaoio «tdoa Alyo atuymuo» JTov otoTelel
€va. oVoTNUA TTEOPAEYNS KIVOVVDV. ZTOY0G TS OLUOLKACTOGS ElvaL O EVIOTLOWOS EQYOL-
OLOXMV TTQUATIXMV JTOV WTOQEL VO TTQOXOAECOUV OTVYNUOL OXOUD KOL OV OL TIQUKXTINES
OV £XOUV TTQOROAETEL HAVEVO, OTUYNUOL. ZTNV OLOOLRACG{0L «TTOQE ALYO OTUyNUO» TTEQL-
hapBdver otolteadote amrovoieg Moyw aobevelog ammd v eQyaocio Tévw oo (o té-
Q0L QG EEAYOUEVO TTQOXVITTEL VOIS OEIXTNG TTOV CVIPWVA, LE TNV ETOLQELC. TTQOTPEQETL
VL0 0LOQPUAEOTEQO. OVUITEQUOUATO YLOL TO ETTLITEDO EQYOOLOXNS QLOPAAELOC KOl VYLELWNC. H
OLOOLXOOT0 VTOAAOYNG TTANQOPOQLMV YLOL 0LOPAAELT UE TOVS EQYALOUEVOUC TTEQLAOUSE-
VEL HOTE ®VQLO AOYO OUVEVIEVEELS e TOVS eQyaloueévovus Emiong uetddoon ngogo-
QLIV YLOL VEOUG HLVOUVOUCS YIVETAL %KoL Le TNV Aettoveyio tng Emtoomig YTTEINHE &
AZOAAEIAZ ov ammoteAelital ammoxheloTixd omd eQyalouévous. ASICelL va avagpeQbel
OTL M ETOLQELO £)EL VLODETNOEL ULCL ETOLOLYY KOVATOVQO TTOV £VOOLQQUVEL TNV GUEON KL
aflaotn avopod ®LvOUVVY aItd TOVS €QYULOUEVOVS TNG aItoO®Ng 0TV dLoiXNoM NS
arodnung.

210 dgVTEQO UEQOC TOV TTQOTUITOV, TNV AVAAVON TV KIVOUVMV 1 ETALQEL £)EL OV-
uwrreQLAdfer v Avaivon Egyaowoxmv Kivdvvov otmy MLE.K. H MEK amotelel éva
ouvourd ovoTnuo. ToV Poond eEayduevo eival po fabuoroyio Tov TEOXVITTEL WG
0TaOULON TOV TAQOYOVTWV: NUEQES ATTOVOTAS AOYM™ TQOUUATLONOV, AQLBUOS oVUPAEVTWV
BovaTnEdQV aTVYNUATWOY, TLOOVOTNTA TTEOXANONS ATVYNUATWOY, OVTIXTUITO OTNV AEL-
TovQYla TG etagetag JIgogavég elvar 0TL n fabuoroyic faocieTol et Tov TUITOV TOV
oQotifeTaL 010 ®eEPAAOLO 2.2. OO0 0ol TV evOAQQUVON TmV VEWV €QYOLOUEVOV
OTNV UEAETT OIMYLMV AOPAAELOS M ETALQELD VITOPAALEL OAOVS OLVEEALQETIS TOVG VEO-
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TTQOOAOUPAVOUEVOVS €QYOLOUEVOVS OF £VO. EXITTALOEVTIXG TTOOYQAUUA ELOAYWYNS TO
omolo eoTudlel oe ueyahiteQo Pabud otnv UeAETN oYLV ao@dlelas. Emiong n etol-
el SLOBETEL LULOL OTQATIYLXY] ETTLAOYNG TTQOCMITLXOV TTOV PacileTal otV TQOOANYY TTL-
OTOTTOMUEVOWV Y €V OUVAUEL TTLOTOTTOMNUEVQYV (FonBol TToV VITEYOVTOL 08 TQOYQEULOTO.
on the job training ;Tov 00N YOUV OTNV AITOXKTNON TNG TTLOTOTOINONS ATTO KQUTILO (POQEN.
YELQLOTWV TTEQOVOPOQWV).

T 1O TOlTO UEQOC TOV TEOTVITOV, TNV GVTLUETMITLON TWV KIVOVVMV TTOQOUTNQOVUE
OTL TO. TTQOMITTTLXA UETQOL TNG ETALQELAS ATTOQQEOVV TOCO OITO TLG VOULKES VITOYQEWOELS
000 %ol oo v MLE.K. Ztnv momtn ®atnyoQio, out TwV VOULXMY VITOYXQEMOTEWV TO.
TTQOMTTTLAG. UETQO. ELVAL 1) TOTTOBETNON KOQVAC KOL PAQOV OTA TTEQOVOPOQO. XAl ELOLXT
PwoQoilovoa evovnaoio (YLhéxa) Twv TeCOV €Q0YOLOUEVDV AAAA KOL TV KELQLOTMV
TTEQOVOPOQMYV. ZTNV OEVTEQYN KATNYOQL0L TTEQLAAUPAVOVTOL TO EENG TTQOMITTTLAE. UETQOL :
Q) ®iVNom TV TEQOVOPOQWV 08 CTTOKAELOTIXES OLUOQOUES 3) VITOQEN %UBQEPTWOV O0TA
TTEQOVOPOQOL KL Y) TNV XWQEOOETNON ONUELWY OTAOUEVONG TWV ELOEQYOUEVMV ROL EEEQ-
KOUEVOV QOQTNYMV YL TNV OTTOPUYN 0UY*xQ0VoeWY. To TQOTUITO OLaXELQLONS EXTAXTWV
TTEQLOTOTIXMV E(VOL O YQOITTTY 00N Yia TTOV TTEQLAOUBAVEL ONES TLS OUTAQOLTNTES EVEQ-
veLeg Ommwg autéc oQiovtal omv MLE.K . To extodeutind mdyYQUUUD VIO TNV OVTLULE-
TOITLOMN KQLOEWV TEQLAAUPAVEL OLOXNOELS TTQOCOUOLWONG EXONAWONG TTVQUAYLAG OF OV-
vepyoota e v ITvooPeoTiry Kol OeULvaQLa Taoyns o fonbetdv amd tov EQubod
2100Q0. Ol 0OXNOELS TTQOOOUOIMONS EXONAMONG TTVQXAYLAS OLEVEQYOUVTOL avd OV0
x0ovia. Ta ogpvdoua o fonbelwv maéyovv motomoinom. AEilel va onuelwbetl oto on-
ueto avto OTL o ndbe PAEOLA TNG AITOONUNG VITA.OYEL KOl £VOC TTLOTOTTOMUEVOS TNV TTO-
00N a. fondeLwv VITAAANAOC.

270 TEAEVTOLO UEQOS TOV TTQOTVITOV, AUTO TNG TTO.QUXOAOVONONS TV KIVOVVWV TTO-
QUTNEOVUE OTL OL EAEYYOL EXTEAOVVTOL Unvicio ue v fonbera xataldyov eréyyou
(check list) amd tov texvino aopdielac. Ol Touelc Tov eAEYYOVTOL Elval O) TO AvOQW-
TTLVO QUVAULXO KOL OL EQYO.OLOXES OCUWTEQLPOQES TOV 3) O UNYAVONOYLXOS EEOTTALOUOS
%o Y) M vwodoun, xtigua. To tedTuTo aopdielag dev avabeweitol oe otabeQd TOKTL-
1AL YQOVIXA OLUOTAUOTO OAAG UE BAON TLS OVAYHES TTOV TTQOXVITTOVV OTTMC ULOL VEO KO-
VOVLOTLXY] OLATOEN M L0 ELOCYYN ULOL VEAS CVOXEVAOLOC TTOV OLOYELQICETOL 1 ATTOOT Y.
TéNOG 1 eTOLQela OLoTNel aEyelo cVUBAVTWV Yol GAO TO £QYOOTAOLO OUMG KoL OYL YL
™V 0odnxn EexmELOTA. ATTO TLS VOULKES VITOYQEMOELS ELVOL VITOYQEMUEVN VA, OUVTAO-
OeL TNV €x0E0M HATOYQUPNG CUUBAEVTOC KoL TNV EXOEON ETTLITTMOEWV.

5. Eniloyog %ol TEQUITEQM EQEVVA
2ZTNV €0YA0(0 WO OLOTTQOYUOTEVTHAUE TNV OYEON TNS EXTALOEVONG TTQOTMITLROV UE

€VaL EQYOXEVTOLXO TTQOTUITO JLOYELOLONG HLVOUVWV EQYOTIXMV OTUYNUATOV O aTodn-
HEVTLXROVS YDQOVS, OITOTEAMVTOS UE GUTO TOV TQOTTO TNV OVUPOAN TNG OUYAREXQLUEVNS
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£QYUOLOC OTNV €QEVVA OTOVS TOUE(S TN QOPAAELAC TNV EQYOOLO ®aL TNG dtoixnong ITio
OUYXEXQLUEVD. EEETAOMUE TOVC AOYOVS TTOV AUEGVOUV TNV ONUAOLL TNS AOQALELAG OTNV
€QY0OLOL KOl ETTELTAL OLVOAVOOUE TNV OYEON UETOED TWV TEOTAQWYV OTOLYELWV TOV TTQOTV-
OV (EVIOTILOUOS KLVOUVYV, AVAAION XIVOUVWY, OVILUETMITLON KVOVVMY, TTUQUXOAOV-
BNomn ®LVOUVWV) KOl TNG EXTAIOEVONG TTQOCMITLXOV. ZTO TEAEVTALO UEQOS TNS EQYOOLOG
TO.QUOE00UE Lol UEAETY TTEQITTTMWONC TTOV APOQd FLOUNY VIO ELPLAAMONG OTNV TTEQLOYT
™ Bowwtiag. H meoattéom €oevva o uroQovse vo TQooavaTtoloTel oty eEétaon
TOV ®VOVVWV EQYOTIXMV ATUYNUATMOV GTO OVVOAO TWV AELTOVQYLMV TNG EPOOLAOTIXNG
OAVOLO0G OMAGL HOL ULOL EATEVT] UEAETY TV OVOTNUATOV SLaXelOLoNng XIVOUVWY EQYOOL0-
UNG OLOPAAELOC KOL VYLELWVNC YLOL OAES TLS eMLyeLONOELS Tov Nouov Bowwtiag.
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Eoyaotnotaxds Zvveoydtng Tunua-
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Abstract

Work is a concept that has been a focus of interest since ancient times, obtaining
different meanings over the ages, according to the author and historical references. The
nature of work constitutes a dynamic social meaning, which is continuously modified. This
is confirmed by the historical course of the phenomenon work, which began as a purely
layman’s term and evolved into a totally new and complex science. A negative meaning
of work is the concept of «informal work», widely known as «black work». This «informal
work» is due to the structure of the economy of a country, as well as random, temporary
economic reasons. Researchers into informal work (or labour) use several different terms,
methodologies and theoretical approaches to specify it. There is no universal definition of
the phenomenon, but various definitions associated with the particular perspective of
each research. In this context, a number of alternative terms such as «atypical»,
«uncommon», «flexible», or «marginal» work (or labour) on the agenda.

The purpose of this thesis is to investigate the extent and manner that the production
rates of a building project participate in the private construction sector. Particularly in
regards to the participation of human resources in informal work and the impact such
work has on the final quality of the building, as well as in the economy of the construction,
safety of the construction process and the representation of institutional accountability to
the relevant natural and legal persons

Key Words: Informal or Flexible Labour, Private Construction Sector, Quid pro quo
system, Construction Practices, Illegal Contruction.

Emotnuovix Exetnoioa E@aouoouévng Egevvag
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Iegiinyn

ZHOTOG TNG TTAQOVOAGS UEAETNS ELVAL 1) OLEQEVYNON TNS EXTOONS %O TOV TQOTTOV OULLUE-
TOYNG TV OVVIEAEOTOV TTOQAYWYNG EVOC HTLOLOXOV £0YOV OTOV TOUEN TV LOLWTLXMV A~
TOOREVDV, LOLOLTEQD OO0V APOQE. TN CUUUETOYN TOV EUPUYOV OUVAULKOY OTNV GTUITY €Q-
vooio oA oL TV emidQUoN TS ATUING £QYOOLAS OTNV TEALXKY TOLOTNTO TOU KTLQLOV,
OTNV OLOVOWIC, TNG KOTAOXKEVNG, OTNV AOQAAELD TNG HATOOXEVOOTIXNG OLOOLKOOLOC AL
0NV TQOOMITOTOINON TNG BEOUNS aTTOO0oNS EVOVVADV 0TO EUTTAEXOUEVO PUOLAA %L VO-
WA TEOOWITA.

H drumm eQyaoio 0gv €xel WOVO TNV TTQOMAVY] OLXOVOULAY] GUVLOTMO 0TV OTTOL0L TTOL-
QUITEUTTEL O OQOG UALG €V TTQOXELUEV®, £XEL UL XOOOQLOTLXNS ONUOCLOG — YLl TNV TTOL-
OTNTO. ®OL TNV OLXOVOWLO. TNG RATOOKEVINS — CUVLOTMOW 1) OTTOL0L OYETLLETOL Ue TNV eLdi-
®EVON (REO’ OLOVONTOTE TEOTO), TN YVWOLOMOYLAT OVETTAQUELD KOL TNV TTANON €AY
TLOTOTTOIMONS OYESOV OAWV TV EWTAEXOUE VIV TTQOTMITMWV 0T OLUOLKRATTOL TTAQOYWYNS
EVOS HTLOLOKOV €QYOV.

EmmAéov, ®abLeomdvetol SOVOUEVHS OLATAEN YLa GOOVC €XOUV TNV ETLOTNUOVLXY
LOLOTNTA TOV UNYOAVLXOV OVEEAQTNTO OTTO TLS TTOLQUTTAVM® TTEQLYQUPOUEVES LOLOTNTES
UE TNV ETLROAN OLOUNTIXMYV TTOLVOV TTOLV TNV SLXAOTIXY TUXOV dLeQevvnom Tov o.6-
wov gvduvng toug!. To yeyovdc ovtd #abLotd Beourd who TO VITAQYOV TAALOLO
ATTOO0ONS OLOLXNTIXMYV, TTOLVIXMV KOl TELBAQYLRMV EVOVVOV ®VOIMWG £VAVTL TV UN-
KAVIROV, OEQOUEVOD OTL UE BAOMN TNV LOYVOVO0. VOUOBDED(0, VOUOAOYIO HOL TTQUKTLXY
TOV OLL00TNOLWY, TO OVVOLO TV evBuvmV amodidetal oe avtdv (Apb. 5 § 3 N.
3212).

Ac onuelwBel, OTL To. GAAO OV0 EUTTAEXOUEVO. UEQT TNG HOTAOXEVNS, OTO Omota (Bd-
oel ™S vouoBeaiac) amodidovtal evfuveg («eQYOMIFOC» KoL LOLOATHTING) elTE ElVOL TTQO-
HTURA %o Beouind ovUTTOQRTO (O «EQYORIPOS»), elte elval ovoLaoTiRd adUvVOTOV VO
OVOAGBOVV TO €VQOC TMWV VOVVMOV TTOV TOVG OTTOOLOEL I TOEXOVOW VOUOOEDLA, 0oV OeV
TLOTOTTOLELTOL 10O’ OLOVONTTOTE TQOTTO 1) OTTOLOONTTOTE YEVIXT 1) ELOLXT VWO TOVS (AQH.
22 N. 3212).

ZVVETTIOC, ©aBlOTATAL 00PES, OTL TO SLEQEVVMUEVO BEUa €xeL kol GANN (ial TAQAAN-
A OVVLOTMOA, SEOOUEVOV OTL M EAMAELPN TTLOTOTTOINONS KOl BECULXNC VITOOTOONS YLO. O)E-
06V ONO. TOL EUTTAEXOUEVD, TTQOOMITC, OTOV TOUED HAUTAUOREVNC TV LOLWTLRADV EQYWY, ETTN-
ediCel AQVNTLXA TNV OLOQPALELD. TNG XOTAOREVNS LAl TNV OELOTTLOTIO. TOV TEALXOV TTAQOL-
YOUEVOU TTQOTHVTOC.

AgEeig Khadra: Atvmn Egyaoia, Kataoxevaotinos KAddog, Aviimaooyt, AvOaigetn
Aounon, Kataoxevaotixég IIQoxTIHES.
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1. Introduction

In Greece, the distribution of land ownership and the distinctive nature of the Greek
social set-up led to significant deviations from the common model of land development
that is present in developed capitalist European economies [Tsoukalas K., 1989]. The
expression of social demands and the implementation of social rights (i.e. home, work,
education, etc.) were based on personal or local networks based on patronage and were
achieved by individual and private business practices or by other organizational means,
substituting in this way, the absence of central (or regional) planning and public
intervention. The organised public intervention to post-war European states, especially
in the field of land regulation and practices, never existed in Greek reality. The ownership
of subdivided land, individual - private production, and ownership of the constructed area
combined with lax legislative framework and the nature of the political system generated
the basis for expanded growth of informal employment and construction activities.

In addition, the role of small property in the formation of the special characteristics of
the construction process of the built-up area was conclusive. The marginal subdivision of
urban land prevented the concentration of land on a larger scale and therefore favoured
the division of the construction sector to a number of small company units, whose
characteristics were far from the production of residences of the industrially developed
European countries with extensive standardisation and mechanisation in the construction
of the building parts. The demands of raising capital for private construction companies
to date remain small.

Minimising investment capital necessary for construction companies in the housing
industry strengthened even more by the quid quo pro mechanism. This contributed to
shaping the nature of construction companies; their key characteristic was not their
technical expertise, equipment, or labour force to undertake a project, but only the ability
to finance it. The constructor, therefore, organises, coordinates the construction process,
and is the key factor in the commercial exchange of the final constructed product, namely
the building.

However, the key elements to the entire process, in order to keep the construction cost
to a minimum, provide flexibility in the allocation of work and roles on the building site
was and remains how the state deals with the construction process. Not as specific technical
application, this must be performed in accordance with the rules of aesthetics and the
engineering science, but as a simple operation — production of a commodity that can be
coordinated and implemented by anyone. Therefore, the construction process takes place
without any necessary guarantee on to quality. It is also clear that — from a technical
perspective — informal work favours the economic informal participation of an
undetermined technical work force and in the production sector of private construction,
where — due to illegal construction — a totally inconspicuous component and
corresponding characteristics exist.
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1.1 Research Methodology

The research methodology for the development and documentation of the topic is
structured into three sections. These being:

A. Methodological tools for the research:

The previously stated theoretical approaches were investigated through the use of
relevant sources (such as the Technical Chamber of Greece library, National Technical
University Library, Technical Publications, Periodic Press — Daily Press, National Centre
for Social Research, National Statistical Service of Greece, Real Estate agents, use of
questionnaires, Associations — Associations of Engineers, Manufacturers, Brokers,
Owners, Internet) that assisted in the understanding and interpretation of the topic.
Whilst, also recording and investigating the quantitative and qualitative components that
will determine the extent and importance of the studied subject matter. It is noted that due
to the informal nature of this topic, the collection of primary data was very difficult.
Furthermore, indicative of the research’s difficulty, is the absence of relatively current or
previous literature on the subject.

B. Comparison of the investigated parameters:

The qualitative and quantitative data was correlated and evaluated systematically and
hence formulated the core of the investigation. Further research and re-evaluation of the
researched data was carried out, after it was considered appropriate.

C. Conclusions:

The findings of the research are presented in accordance with the stated purpose and
the possibility of extending the research in other directions is examined.

The research field was organised around the formulation of qualitative findings. The
quantitative characteristics of the research do not allow for generalisations. The
conclusions however are not based solely on the quantitative importance of the research
field and the professional experience of the author. Utilisation of data acquired from the
National Statistical Service of Greece (NSSG) was limited to the description of general
trends, since there is no systematic or detailed information surveyed on work in the
construction industry. One of the elements that is evidence to the «informal»
characteristics of work is the fact that employees and employers are recorded in the same
category as self-employed.

Interviews with contractors and workers have clarified answers that were not fully
understandable from the questionnaires or they addressed more specialised topics. Data
from the Analytical Periodic Statements of Technical Project submitted monthly to The
Social Security Institute (IKA) were used either independently (demographic
characteristics) or in relation to the actual records of the working days resulting from the
supervision processes of the projects.
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1.2 Assumptions and Limitations

This study will deal with conventional and traditional private housing projects i.e.
residential buildings and the phenomena of informal activity that has distinct
characteristics, as will be seen further in this paper.

The construction activity on large-scale building projects, despite the common use of
organisational structures for the production process (e.g. subcontracting, lack of a stable
workforce or fixed equipment, contracting organisation according to the provisions of the
technical and administrative management) is in a transitional phase. While strict
constraints and limitations are in force that impose a more «official» platform in the
companies” employment and economic behaviour?.

Finally, the investigation is limited to a specific geographic region — representative of
the Attica district and not to the whole of Greece as is logical, due to time constraints.

2. Formal and Informal Work in the Construction Sector

Historically, legal and contractual framework for the working standards in
construction activity has been developed. The comparison with the general working
standards is useful insofar as to clarify some baseline deviations of labour in the
construction sector. The standard of “’formal» labour relationship, includes [Kouzis J.,
2001]:

1. Dependant salaried employment. Whereby, the salary relationship requires the
existence and dependence of the worker to the employer. This is an essential
prerequisite for the dependence of the conventional relationship with labour law. The
legal dimension of the dependent work is established on the basis of criteria laid down
by jurisprudence? as follows:

a. economic dependence of the employee toward the employer

b. employer indentifies the location of the services (work) rendered on the building
premises

c. the employer indentifies the time taken to render the service

d. method by which the services were performed by worker, whether in accordance to
employer instruction

e. supervision and inspection of the services carried out in compliance to the
employer’s managerial rights (Art. 19 Law 2910/2001)

2. Stable employment. Whereby, the duration of the employment relationship is
indefinite, the employee starts work with his recruitment and terminates it at
retirement
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3. Full-time employment. By which, working time complies with the applicable legal and
contractual limitation as to full-time employment

4. Stable daily and weekly working hours

5. Guaranteed remuneration, at least equal to that of the current legal minimum pay, as
stipulated by the relevant union contract

6. Inclusion of the employment relationship under the protection of insurance and labour
laws, that guarantees fundamental social and employment rights

The traditional organisation of construction in Greece prevents the application of the
general model structure of employment in the sector. Key points are the full
implementation of the type of dependant work and stable employment. The nature and
the organisational structure of the construction companies do not allow the stable
employment of the workforce. Mediation of subcontractors is the vital link for the
organization of paid work against the constructor or the owner-constructor. However, the
subcontractor is nonexistent in the eyes of the law, since all the responsibilities before the
law (insurance, worker safety etc.) lies with the party that is granted planning permits for
the construction.

A contradictory element of the union arrangement is the agreement between the
Building Federation on one side, the constructors association, and the Hellenic Federation
of Enterprises (SEV) on the other, whilst in fact the subcontractors are the employers in
the construction of a building. The relevant legislation regulating to wages (on per day
basis) covers the gap of stable employment, with the regulation of fixed-term
employment contracts a practice foreign to the construction workplace.

As to the matters relating to the length of employment, remuneration, social insurance
and the establishment of fundamental social and employment rights, are formed
completely informally, as will be seen from the processing of the data from the research
field below. The flexible set up of employment based on the location of the construction
and not the business or construction company is crucial for the creation of informal
regulations.

3. The Structure of Remuneration and Employment Time

Remuneration of employment is central to the regulation of working relations. The
existence of a Collective Labour Agreement, a typical feature of the employment
arrangement is practically unknown by the workers. The amounts of the daily wage, as
well as additional provisions, are mainly applied in the calculation of the insurance
contributions. Hence there is a perception that «IKA charges some daily wages so as
to collect social insurance stamps», confusing the connection of insurance



An Approach to the Employee of the Greek Construction Sector 137

contributions with the minimum daily wage that the Collective Labour Agreement
(CLA) stipulates.

A. The Collective Labour Agreement includes basic daily wages scaled according to the
expertise and experience of the worker’s employment, which is certified by the
amount of working days that they are insured for (i.e. 200 daily wages are equivalent
to three years work), and their marital status. At the same time, the agreement allows
for extra benefits in addition to the basic daily wage, with criteria, the level of
education (e.g. primary or secondary education) and professional training.

However, the agreement is not applied in practice and the free negotiation of wages
between employer and employee prevails. Deviations from the basic daily wages of
the Collective Labour Agreement depend on:

B. The position in the «hierarchy». For The technicians deviation from the basic daily
wages are small and usually exceed the wage threshold. For workmen, deviations are
much larger and on almost all occasions are under the basic daily wage of the
Collective Labour Agreement.

C. Nationality. Greeks, who are generally technicians, and a small percentage of
immigrants (mostly Poles and to a less extent Albanians with greater work
experience) are remunerated above the basic daily wage of the Collective Labour
Agreement.

D. Age. Greeks have the highest average age in the construction sector (avg. 45 years old)
and as technicians or supervisors are paid better. Younger workers, usually assistant
technicians, and workmen are paid less than the basic daily wage of the Collective
Labour Agreement.

E. Type of profession. Smaller deviations are observed in technical professions such as
concreting, brick laying, mortaring (mainly Greeks and Poles) and much larger in
technical professions such as painting and flooring (e.g. tiling)

Regarding indoor professions, there are very small deviations from the agreement, due
to the special circumstances, as previously mentioned. The exact size of the deviation is
difficult to calculate because of the small sample size and the many parameters that must
be taken into account. However, common deviations are as follows: 30% to 35% of
workers are paid the basic daily wage or higher, and the rest of the workers are paid less
(up to 35% less) than the basic daily wage.

The size of the daily wage is not the only point of divergence from the Collective
Labour Agreement for remuneration. The correlation of pay and working time, under the
collective labour agreement and Labour Law is perhaps the most critical point of
regulating working relations. The basic daily wage of the Collective Labour Agreement is
based on 5-day employment, 8-hour shift, and a 40-hour working week. Labour Law
governs any work performed in excess of the previous outlined 40 hour workweek (i.e.
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overtime is paid at a rate not less than time and one-half of the regular rates payable and
overtime hours worked cannot exceed 12 hours). The actual working hours, however, for
almost all workers in the construction sector is beyond that of any Collective Labour
Agreement and Labour Law limits. This overload in working hours has become the norm,
on no construction site does work stop at 14:00, but always one to one and a half hours
later. For some workers the day does not stop there but continues as supplementary
assistance to another part of the construction crew that is working on another project,
overtime is paid the regular hourly rates or a lump sum. As a rule, a 6-day workweek
applies, as well as a part-time Sunday employment that usually comprises of additional
work or preparation for Monday. Weekend work is not paid any overtime, beside the fact
that it is illegal (weekend work is permitted only in exceptional circumstances and with
special notification to the Department of Labour Inspection).

In 1985, there was an effective effort of the Union for the de facto application of a 5-
day 35-hour workweek, in a referendum of employees in the workplace, a fact reflected
in the Collective Labour Agreement. However, after 1990 the 5-day 35-hour workweek
was suspended and retracted from the Collective Labour Agreement. The recession in
construction activity at the start of this decade, as well as the global financial crisis of our
time, was met with the reduction of labour costs and economic coercion of workers to
abandon their working rights. Presently, labourers themselves systematically violate the
working time and remuneration regulations, in order to keep working. The low daily
wages usually require labourers to work overtime (usually work on Saturdays at an
approximate pay of 1300 - 1500 € for the Technician per month), especially when it is
taken into account, that the labourer is the only working member of the family.

4. Conclusions

Informality and flexibility in the construction sector seem to be the rule, since they
form its structural characteristics and not interfering elements or a further development
or transition of previous typical characteristics, as for example in the Post-Fordist*
development of the production industry or the modern organization of services [Vaiou D.,
Chatzimihalis K., 1997]. Similarly, qualitative phenomena are observed in the workforce
as a whole in Greece, both as an object and field for political and social debate of the last
decade. In a recent research of the Institute of Labor (INE), the General Confederation of
Labour Greece (GSEE) and the Association of Public Servants (ADEDY), a relative
decline in formal employment was discovered (for both stable and full-time employment)
«in favour of a variety of different forms of flexible employment» (in companies with an
average stable 21 employees). The flexibility of labour relations tend to take on typical
characteristics since there it refers to the need for changes the current law, and generally
relates to the political term «deregulation».
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The interrelation between the informal and flexible labour regulation cannot be
associated with the general re-organisational tendencies in production, which usually
actuates similar characteristics within the global framework. In Greece, the uncontrolled
structure and operation of the labour market, is both favoured and supported by the thriving
black economy that correspond to 30% of the GNP, according to the estimations of the
Organisation for Economic Co-operation and Development (OECD) [Kouzis J., 2001]. The
relevant regulatory framework at a political and institutional level exhibits ambiguities and
gaps, thus «legalising» the informal flexibility of the organization of labour relations.

The informal peculiarity of the construction sector relates to its general and historical
nature. The industrial, commercial, and operational structure of construction companies
along with the intermediate but decisive role of sub-contracting, the relationship with
small-scale ownership and its social effects, as well as favourable state policies for the re-
structure of the whole system allowed the development of construction parallel to that of
the official economy.

Construction remains the «life support system» of the Greek economy, despite its
technological deficiencies with today’s «innovative» progress, it raises capital, uses latent
resources and expands the sectoral employment in contrast to the general tendency of the
industrial manufacturing sector. For nearly fifty years, it remains one of the main labour-
intensive industries. According to NSSG data, with reservations concerning the reliability of
the quantitative methodology used, employment in the construction sector increased by 53%
in the 90s, while data from the 2nd quarter of 2004 shows that employment in construction
accounts for 36% of industrial manufacturing sector and 8.15% of total employment>.

The informal regulation of the nature of labour relations corresponds to a general
modification of the traditional standards of the labour relations and is summarised as
follows:

 Contractual Labour Relations

 Stable Employment

« Stable Work Shift

 Application of the Labour and Insurance Laws

The occurrences of flexibility in the organisation of labour relations are identified as
follows:

« Employment Flexibility (i.e. redundancies, recruitment, job stability)

» Flexible Working Hours

« Flexibility on direct and indirect Labour Cost

« Flexibility of Labour content, establishment of professions and level of expertise

The issues regarding the organizational and political structuring of the Labour Union
movement have weakened have weakened the possibility any collective claims and the
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formation of an alternative labour support plan. The echo of the traditional fighting
nature of the builder’s Labour Union movement operates as an alibi for the current
weaknesses in the construction sector. In reality, the influence and contribution of the
Labour Union or the GSEE on the development of a collective spirit on small worksites
in private constructing activity is nonexistent. One of the requirements of flexibility is
disdain for collective bargaining and the individualisation of labour remuneration. This
refers to conditions that exist of many years, while the role of the Collective Labour
Agreement has been marginal.

The correlation of the labour structure with the constructed product and the
mechanisms of its distribution to the market have been analysed in the first part of this
paper. The dominance of informal forms of work and regulations on the commercial
exchange of housing and private building, have not prevented the integration of the real
estate market in the formal economy. On the contrary, both the mechanisms and socio-
economic framework have contributed to its tolerance in the uncontrolled real estate
market. The socio-economic framework of production of the constructed area has played
a central and decisive role in organizational and labour characteristics of the private
construction sector. The informal and flexible labour relations do not constitute a
marginal feature of construction; instead, they form an integral part of its fundamental
structure.

Therefore, informal regulation produces and supplies the organisational and
operational flexibility, and vice versa, based on the specificity of capitalist development
in the country distinctiveness of capitalist development in the country. It does not refer
to one of the new features of deregulation based on the new international conditions of
competition. This feature has a historical dimensions related to the distinctiveness of the
social and state formation of Greece.

«Time is the space for a human being». The emergence of working hours as a focal
point of the Labour Union’s demands is perhaps the key factor for change in the
construction sector. The formal regulation of working hours and its correlation with
remuneration could cause discontinuities and gaps to the constant tendency of reducing
labour costs.

The passing on of the increased labour costs to the final commercial value of the
constructed product operates as a forcing argument rather than an actual consequence.
House prices have increased at uncontrollable rates in recent years, during a period of
thriving informal work activity. Any attempt of formal regulation through the market (i.e.
objective values) and the taxation system have proven inefficient. The intervention on the
part of work could function as a modernisation and humanisation factor on labour
relations in construction activity, including the overall modernisation of the construction
sector and consolidation of the market. The prospect of such guarantees should not be
sought in the dynamics of the institutional or legislative regulations only, but also in the
social conditions and correlations that express their dynamic potential.
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5. Further Research

This paper makes way for a series of new research questions. In this section reference
will be made to the most important of these questions. As emphasised repeatedly in this
paper, reference to fundamental productive and geographic standards of Greek formation
and the role of informal work in the development of these standards requires a more
integrated scientific approach than that attempted in this research. Parallel to this, the in-
depth research into the reorganisation of the Greek construction sector and
generalization of the conclusions of the present thesis, as well as other relevant research
through the exploration of additional local or regional industrial systems.

It must be stressed that the ongoing legislative attempts around labour relations, the
emergence of new flexible working standards (e.g. part-time employment in the public
and employment through private agencies that provide contract work), as well as, the lack
of properly guided state bodies to monitor developments in the labour market, require
constant vigilance by all researchers and institutions that want to speak on behalf of the
interests of the working class.
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Yrnoonueinosig
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2 This observation should not lead to confusion about the apparent violation of typical
characteristics of labour (i.e. wages, hours, six and seven day working week - Social
Security) or budget overruns.

3 The science or philosophy of law.
4 The period after Fordism.
> NSSG data
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Megidmyn

‘Evog yoviuog duahoyog avdaueoo otov Tall xol Tovg oUVeQYATES TOU 1AL OF OUPL-
opntieg pe emureoing Tov Inglis oe oéon pe Tnv Bewlo TOV TODOTOV YLOL TOVS TOEIS
HOOUOVS TV UaONUOTIROV avédeLEe OTL M Bewola vty 0TTOTELOVOE OTNV TTQAYUOTIHO-
™o dvo Bewoieg: nio TaELvouLxy ®ot (iok SLOOXTIXNG TV HoONUOTIXMY. AEOOUEVOL
OTL TO YEYOVOC avTd Ogv €yive eEaQymng avtiinmto otov Tall exeivog dev TQoymONoe
OTNV GITOQOLTNTN TOOTOTOINON TV OLATVITMOEWY TOV YLO. TN ONULOVQY IO ULOG OUVE-
HTLRNG OemQIac-TTAOLOLOV Lol TN OLOAKTIXY TV UAONUOTIXMOV. ALQL YVOOROVTOS TO KE-
VO, TO TAQOV ¢BQO TEOYWQEA OTNV SLATVITWON EVOS TETOLOV TTAULOLOV U TQOTTO OUVE-
UTLRO UE TIG OLOTUITMOELS TOV ARy X0V dNuovyov. To mAalolo autd extdg TNg duva-
TOTNTOG VO EVOWUATMOOEL TTOWMIAC OTOLYELD OLOOUTIXNG TTOV €Y0VV OAAOV OLaTVITWOEL,
TTEQLYQUAPEL ETTLITAEOV AOQA L0 SLOOXTIXT UEBOOOAOY IO TTOV EVIOYVEL ONUAVTIXA TLS OL-
OUKTIHES TTAQEUPATELS.
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Vol. X1V, No 1, 2010, pp. 145-156



146 Emotnuovixty Exetnoioa Eqaouoouévns Eoevvag, Vol. X1V, No 1, 2010

Abstract

A fruitful dialogue between Tall and his colleagues and challengers led by Inglis
relevant to Tall’s theory on the three worlds of mathematics showed that this theory was
in fact two theories: one taxonomic and one on teaching of mathematics. Since this was
not perceived by Tall originally, he did not go to the necessary amending the wording to
create a coherent theory framework for the teaching of mathematics. Diagnosing the gap,
this article goes to the formulation of such a framework in a manner consistent with the
wording of the original author. This framework, except from the ability to incorporate
various elements of didactics delivered by others, also roughly describes a didactic
methodology that significantly enhances teaching interventions.

A€EeLg xAeWLA: uabnuatixd aviixeiueva, omelQoeLONs avarTvEn, uabnolaxoi otdyot,
OeUeALDOELS XUHAOL YVOOTIXIG AVATTTUENS, CVOOWMUATWOUEVO AVTIXELUE-
VO, OUUPBOALKO SLaxelueVo, aELmwUaTixy EVVoLd.

1. Ewoayoyn — 'Evag magaymyixog dtaroyog

Ou Gray xou Tall elonyoyov otadtomnd omtd to 1984 émg 10 2001 TNV 1OEQ. TQLWOV TV-
TOV UOONUATLXOV EVVOLOV N/HOL OVTLXELLEVOV OTO TTAOLOLOL TOV uabnuatixmy. Omwe
oL tdLoL To Bétovv oe éva AEBRO Tov 2001 YLOL BEHRETA KQOVLO TOVG OITOLOYOMOVOE 1) LOE
TWV TOLOV OLOPOQETLAMV TUTMWV EVVOLMDV KOL OUYHEXQUUEVO TOV OVOCMUATWOUEVOV
avielpnévou (embodied object), TOV CVUPBOALKOV «dLOMELUEVOV» (Symbolic procept) xo
TéhOC NG 0ELWUATIXNG €VvoLag (axiomatic concept).

H egmhoyn Tov eMAnvixav 6Qwv 0gv fTav avtopatn: T'ia Tov 0o embodied eEetd-
OTNUOV ETTLONG OL ATTOOO0ELS EVOMUOTWUEVO (TTOV OUWG eV ATTEOLOE TNV JLACTAOT TNS
UETOTQOTNG O€ OVILLELUEVO), COUATOTTONUEVO (TTOV OUWS eV OTTEOLOE TNV EVIOEN TOV
o€ €V0. COTpus AELTOVQYLHMV EVVOLMV), VAOTTOMUEVO (JTOV €0LVE ULOL EAOLPOLYL UETOLPUOL-
%M oudotaon). T'ua Tov 6O procept OV AITOTEAEL VEOLOYLOUO TTQOEQYOUEVO OTTO GUV-
dvaoud Twv AMéEewv procedure %ol object emLAéEAUE VO OXOAOVONOOVUE TNV TTQUXTIXT
™G ETTOVAANYMG TNG OLOOXOTTOC 0T EAANVIXE AoV atodMOoaue TO procedure wg duoi-
Ouraota xoL 0L wg dLeQyaoio Tov elval xol To 0Q00TEQO AoV To TehevTailo Bo 0dN-
yovoe o (o ®oxopwvia. Emiong amogiyoue v TQotelvouévn amd tov Inglis avii-
0TQOYY 7OV Ba. 0dNYyoVoE ne dToLa amddoon procedure 0TO VEOAOYLOUO «OVTLXAOLO»
TTOV O€ UOG PAVNHE OLOAOV TTEOTLUOTEQOG.

2NV TQAYUATIXOTNTO AQy A NTav 0voLyTOS 0 0QLOUOS TV TV EVVOLMYV, LE TOVG
OLovg Toug ovyyapeis (Gray xou Tall ) vo TeLQUUATICOVTOL UE EVal OLAXWOLOUO UETOED EX-
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OOV TNG AEYOUEVNS PEVOO-EUTTELQLXNG OIpOLiQEOMS (abstraction) ®oL UTMV TNG EUTTELQLANG
agaigeonc. H 1déa tng OLapoortoinong avaueoo. oty e0tioon oe evéQyeles (actions) stdvm
o¢ vontixd (mental) aVTLKELUEVO KOL OTNV E0TLOON OTLS LOLOTNTES GLPNONUEVIIV VONTLLWDV EV-
VOUOV EYROTOAELPONKE 0OV ®OL OTLS OVO TTEQLITTMOELS TO. Tumtxd (formal) pabnuotind
APOQOVV 0TOV XABOQLOUO EVOC CUOTHUATOS UELWUATMWV YLOL VALY TUITO AELWUATIXNG OOUNG
AOL OVVOYWYN TOV WOLOTHTOV TNG OOUNS UECH TUTTLXMY, AOYLXOBEWONTIXMV OITOOEIEEWY.

Agyodteoa o Tall wali ue tnv Poynter (téte ovopalotarv Watson) ®oL TOV ZT0Q0U EL-
onyoryov 1o 2002 v €vvoLla ToLV ®OoUwV TV Radnuotiroy Baotfduevor xat ot dov-
el g Watson stavew 0TV CVOCWUATWUEVN 0QE.0N 0T WOONUATLAY AVATTTUED.

e UTo TO TAGIOLO TO. CUOOMUATWUEVD AVTIXELUEVA, EIVOL QUTA TTOV AVTLAGUPBAVO-
UOOTE €0TE G TETOLA. ELTE WS AUETES OLPOLQETELS TWV OOV AVTIAAUPAVOUAOTE. ZVUVOETOVV
€vav ®OOUO TTOV elVOL ULOL, EUTTAOVTLOUEVY UE EVVOLOAOYIXES KATNYOQLOTTOMOELS, EXOOYN
TOV OVTLANTTTOV ROOUOV. H 0Y0AX0U ETLITEDOV YEMUETQLO AVIIXEL OF AUTOV TOV KOOUO.

To. «Otoxeiuevor» (OLOOUOOTIXG OVTLXKELUEVA) ElVOL OO0 OVAITOQLOTMVTOL OO €V,
OVUBONO TTOV WTTOQEL UE ULl EMALOTIXOTNTA VO. OTTOOLOEL TOOO YLD OLOOLHAOLOL OO0 KL EVOL
AVTILEIUEVO. ALOTNEMVTOGS KOO TO OVUBOAO YL TN OLdXAOLL KO TO ATTOTEAEOUE TNG
(PAéme 1.y TO dBOLOUA, TO OQLO KATT.) CUVOETOVV EVOV HOOUO EVEQYMV 1) OQUOTLAWDYV OVTL-
HELUEVV, OYL LOLALTEQU OEOUEVUEVO OTTO TOV AVTIANTITO TTOQ’ OTL 08 éva Pobud exxrivel
ortd avtdv. H ox0oAnov emumédou ahyePoa #al UEQOS TOV OTTAOOTOCIOV EVVOLWV TNG TTO-
VETTLOTNWOKNS AVAAVONG OVIROUY 08 0UTOV TOV ROOUO.(BA. rou Gray and Tall 1994).

O a&twuatinég Evvoles M GELWUOTUIAG OVTIXEIUEVO OYNUOTICOVTOL YONOLULOTTOLMVTOG
QELOUATLXOVS 0QLOUOVS KAl TO. XELQLLOUOOTE UEOO OO MOYIXES QITOOEIEELS (HaL TOVTO-
AOYLROVG UETAOYNUATLOUOVC). To aepnonuéva 1) ovateQd. LoBNUATLXA %o ELOLXA VTE. TTOV
QITOTEAOVV EQEVVNTIXGL OVTLXELUEVOL 08 LeYAhO BaBud Covv oe évav aELUATIHO, AOYLHO-
BeoNTHO HOOUO. XUQUATNOLOTLXO TTOQAOELYUO ATTOTEAOVV OL OLAPOQES TOTTOAOYLES.

OL TQELS 0UTOL ROOUOL, UE TLS OLOPOQETIXES TTQUXTLXEC %ol weBodoAOYieS TOVS eEQ-
VIAOUV OPEVOS TO. UAOMUATIRA OVTLRELUEVO. KoL OLPETEQOV BETOVV TLC TTQOXKANTELS YLOL
™V OVAITTUEN TNG WAONUATIXNG OXEYNC.

To 2003 o Inglis xQNoLUOTOLMVTAS TNV POVTAOTIXY 0¢aiQa Tov Lambert, wov dev ta-
ELvoueiTar dLonodnTnd oe ®AITOLOV amtd TOVG TEELS KOOUOVC, OUMLOPNTEL KT TOOOV
ONOL TOL AVTLXELUEVOL UTTOQOVV VO, eVTOBOUV 0TV ®atnyoQLomoinon tov Tall. EmtAéov
XONOLUOTTOLEL TNV dtooOnTixy) avtiAmm tov o Abbott dnutovgyet 0To adxd PLpiio «H
eTTLITedn Yoy (1995) 0TOVS WKEOVS AVOYVIOTES TOV, TOV VITEQUUPOV %O YEVIXOTEQO
ULOC TETQAOLAOTOTNG YEWUETQLOG UEOW OLVUAOYLMV KOL ETTLYELONUOTOAOYEL OTL TO OVTL-
®ELUEVO TTOV OL UHQOL nontég natéxouvv we Tnv évvora tov o Tall et al (2000) divouvv —
AATL TTOV UITTOQOVV VAL OLALELQLOTOVY KOL VO UEAETNOOVV — ETTLONG OEV KATNYOQLOTTOLELTOLL.

To O%ETTIHO TOV PETOEV GAAWV 0TNEICETAL OTNV LOEX TNG AVOLOYIOS G «OOULUNG AE-
TOpoQdc» (Pimm, 1987) nou tng udbnong mg ©VQLo «UeTapoQLric» dtadwaoiog (Davis,
1984) n omota TiCel OVATTOQAOTAOELS VEWV LOEDV YONOLUOTOLDVTOS AUTES OLXELV KL
TQOTTOTTOLWVTAC TEC RATAAANACL.
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O Tall oto ¢Boo tov Introducing three worlds of mathematics (2004) sooomaBel va
YONOLUOTTOMOEL TTAQAYWYLXA TNV ®OLTLXY TOV Inglis yia va Loyvomoinoel tn Bewoia Tov
™V Oolor AVTLUETWITICEL g BewOlal 08 AVATTTUEN. ZTO ®VQLWG emLyelONUOL TTOV O eTICE-
TOL UE TOV TUTO TOV GVTIXELUEVOY (POVTOOTLXY 0@atoa o Tall amovid avapeQduevos
OTNV «UOLXY OLadLraoto» (natural process) TG ETEXTA.ONG TOV YELQLOWOV OVUPOADV
OV £Y0VV VONUO OTOV OLOKELUEVIXO HOOUO OF ULC ROTAOTOO0N OTTOV 1 OVILOTOLYMOM Ue
TOV OVCOMUATOUEVO HOOUO OV VloTaTal TTAEOV. Elval tOLolteQo evOLAQEQOY OTL OVTL-
oToLy(CeL TNV TTEQIITTMON Ue vt TNS XONONG NS TETEAYWVIXNG QILAC EVOS aQVNTIHOU
QOO ™G OLOYELQLOLO CVUBOAO TTOLY VT CVOCMUATWOEL.

ELwodyel €tol, oxeddv amQOoeyTa, Lo EVVOLOL LOTOQLXOTNTAS 0TV Bewio Tov. ArO-
UoL %OL oV aVuTh M TEOoONXN elval ouTior apgLofiTnong tg xoNowmoTnTag e Bemwotog
WS TOELVOULOS LOOMUOTIXMV AVTIAELUEVV WITOQEL VoL TTOLLEEL eYAAO QOAO OTN OLOUOQ-
PWON WA OLOUKTIXNG TWV UAONUATXMV UE PA0M TOVS TOELS KOOUOVS TOVC.

Y1teQaoTiCeTal To 0UVOQA TV ®OOUMY OLEVQUVOVTOS TNV £VVOLOL TNG CVOOMUATW-
ONG. ALEVQUVEL TNV OVILANTTTIXY CVOOWUATMWOY OTNV EVVOLOAOYLAT CVOCWUATWON, TTEQL-
happdvovtag ®dBe CVAAMPN UE OTTTLRO-YWOLHOVS OQOVG KO YL WOVO OOES TTQOXVITTOVV
O7td TV OVTIANPN TTQAYUATLIXOV (actual) avILkeLUEVV.

2NV TEOOTAOELE. TOV QUTH TTEOYWOEL OVOLAOTIXA O€ ETAVOOLATVITWOTN TS Bewiag
TOV M OToloL eV elvaL aveQN 0TOV (OLO OV KO POLVETOL VO TOV TTQORVITTEL PUOLKE. O
(00 AAAMOTE OvOopEQETOL 0T OCUVIOELH TOV VAL TTQOCEYYILEL OLOOTOATIXG TLS £VVOLES
7oV yonotpostotet. 'Hom oty 10éa g ewdvag wag €vvolog (concept image) Twv Vinner
no Hershkowitz (1980) moO00e0e GUYREXRQUUEVO HOL ONUOVTIXO YVWOTIXO BAQOS ATV
070 60000 TOV e Tov Vinner (1981) wEooHETEL OTOV OQLOUO TNG WG «T) TUVOALKY YV®-
ot doUN TTOV CUVOELETOL E TNV £VVOLOL KO TTEQLAAUPAVEL OAES TLS VONTLXES TNG ELXO-
VEC %O TLG OYETLLOUEVES LOLOTNTES (Properties)» TNV OVUTANQWON «XoL OLoOXAoiES». O
(0vog o Tall BewEel OTL TQOKELTOL AITAMDS YLOL L0 OLEVQUVOT TTOV ETTEXTELVEL TNV LOED, TTE-
00, OTTO L0 OTTTLXO-YWOLKY) €VVOLOL (O0TE VO. TTEQLAGLEL ©GDe YvoTivn) doun Tov ovvdé-
ETOL UE TNV eEeTALOUEVN EVVOLAL.

‘Euneoa ohG 0opmg mooHETEL TO (OL0 N TETQLUUEVO YVWOTIXO BAQOS OTNV TTEQL-
Y001 TOOO TNG CWUATOTOIMONG OO0 %KoL TWV TOLWV ROOTUWYV. O dLOOLROCIES TTOLLQVOUV
évary ®0QLo OO, 0TN BEoM TV avILreLwEVoY. Emtiong WA T Y10 EVVOLOAOYIXO-0V0-
OOUOTOUEVO ROOUO AL VL0 OLAKELUEVIXO-OVUPOAKO.

O Inglis 0t0 0oy aLEETLOTIOLO TOV Tall aTodEyETOL TNV VOOLATVTTWON KOL OVOYVIQILEL
Ta OETINA TNG VITOOELLVVIOVTOC OUMGS TTOQAMNAC OTL 1 VEQ TTQOOEYYLOY OTTOXAELEL TNV CLQY(L-
%M 010%00e0(0 OIS TAELVOULOS LAOMUATLIXOV OVTIXELUEVOV. AUQLOPNTEL TNV ATTAVTNOT TOV
Tall og oygom pe ToV TOmO NG POVTAOTLIXNG OQALQUS XWQIG LoLaiTeQn Téom 1 emtvyia.

AVO onuelo TQOVOLACOVV €0 EVOLOEQOV UE TTQMTO TNV ETLUOVH TOV Inglis ot
doturtwuévn xat to 2003 doyn) tov ot ov Gray and Tall éyovv Tnv ovvibela vo xon-
OGLUOTTOLOVV EVOAAOXTINA TOVG OQOVG €VvoLa KoL avTtxeipevo. ITapd To avaugLopitnto
veYovog OtL o Tall dev €xel OTTOVINOEL LXAVOTTOLNTIXG OTNV CLTLOOT VITAQYEL EVHOAT OITd-
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VINON TOL €xEL OYEOMN UE TNV LOED TNG LOTOQLXOTNTOS O€ UL0 BewQia avATTVENS TNS Ua-
Onuatiig onéyng. IleQuoodteQa OUWS OYETING 0TO TEAEVTALO UEQOC.

To deVTEQO €lvaL O LOYVELOUOS TOV OTL N LONON TNS «EVVOLOG TOU COLBUOV» EVAVTL
TOV «OVTLXELUEVOV TOV 0QLOUOV» E(VOL TTLO (PUOLKT| OTTAG KOL UOVO YLOTE O 0QLOUOS eV
elvoL OVTLXREIUEVO 0VTE OIS KOl OLOXELUEVO. AUTO OE TO 0TNEICEL 0TV avuTTaQELD dua-
dmaotag Tov aQLeuov. Oumg av WANCOVUE VLo BETIHOVS PUOLKOVS 0QLBUOVS VITAQYEL
N oLadwaota ®al ebvol avtn e aibunone. H eméxtaor g oe xdbe dLevouvon, ue
OELQQ TTOV LOTOQLHA QTN €YLVE, TNG £VVOLAS TOV 0LoLBUOV WITOQEL Vo YiveL TQooBETOVTOg
wo ortd TG OLadLraoieg ov xabiotovoe ) dlevouvon amaQaitnty. o wodderyua
aItd TOVG TTQAYUATLROVS OTOVS ULYOOLXOUS 1 SLadHOC(O ELVOL O VITOAOYLOUOS TETQO-
yovixng oilog aovnTiov aoLbuov.

T évay TANEOPOQLKS O O OYETLXOS LOYVQLOUOS TOV OTL {vaL TTOQAOOEN N HaTdTO-
EN ™G €VVoLog ouvaQTNnom OTnV (0L XATNYOQLO e OLAPOQES OVUVOQTNOELS TTQOXOAEL
avTLEONoels. H 1tdéeg OtL TO OTLyWOTUITO €VOS AVTIXELUEVOV ELVAL AVTIXELUEVO, TO TTQO-
TUITO EVOS OVTLLELUEVOV ETTLONS KO 1) KANQOVOULAXOTNTO UETAEY AVTLXELUEVWY, ELVOL dO-
WLES OTOV OVTIXELUEVOOTQAPY TTQOYQAUUATIONS. To yeyovog e OTL VITAQYOUV KUAN
OQLOUEVES OIVTIXELUEVOOTQOELS YAWDOOES, TTOV €xouv dounbel oe auty) ™ Pdon, emife-
BoLmvel OTL (ol TETOLO RATATOEN UToQel va. elval Aettovywotaty. Towg o Inglis dev
OVVELOPE TEMKE OAES TG OUVETTELEG TNG OUTO UEQOVS TOV GITOOYNS TNG OVOOLATUITWONG
otV Bdon Twv dLadaolwv Tng Bewotag tov Tall.

2. H rawoaymywxn dwdotaon xoata Tall

IModAAAa, ®ot Oewontixd aveEdetnta, o Tall To 2002 €xel amomelQoOel o avTL-
0TOolyMomn ™G Bewiog TOU — OV €0 AVAPEQETAL WS 3 KOOUOL OVATTOQUOTATEWY, UITO-
OEVIOVTOGS OTL 0UTO VLS €male e evorAorTinég endoyés Tng Bewolog -. ue malda-
YOYRES OTTTIHES KO ®VQLOL TOV Bruner xot g avoBewntinng ool SLd0oraAlog
QITELQOOTIXOV AOYLopo¥ Tov Harvard Onk. Le ToV ®ovova TV TOLMV X0l ®VQLWS TWV
teooqowv (Tall, 2003, oV TOTE TOQOVOLAOTNHE O EVIUTN WoQYN.). 'ETaoL, yLo woQd-
OELYUOL, OVTLOTOLYEL TOV CVOOMUATOUEVO OVATTOQUOTUTIXO XOOUO UE TOVS OVO TTQWTOVS
TOTTOVS udBnong Tov Bruner (enactive, iconic) evad TO00 0 GUUBOALROG-OLUKELUEVIXOG
AVOTTUQAOTATIAOG HOOUOS OO0 %L O TUTTLLOG-OELWUATIXOS AVTLOTOLYICOVTOL e ETLUE-
QOVC AELTOVQYLES TOV CUUPOAKOV TQOTTOV.

ZUYAHEXQUUEVD, O TTQMTOG AVTLOTOLYILETOL OTOV 0QLOUNTLRO oL OAYERQLALG TQOTTO UL~
BoAxng daryeloLong evid 0 OEVTEQOG OLPEVOS OTNV AOYLXN KOL CLPETEQOV OTNV TTQOPOQLXT
(verbal) dvaretoron. H Bewoio Tov Bruner eival dounuévn ®uQime wg OLOUXRTLXY KoL YLl
autd 10 MOYO M evbeia avilotolymon mov o dLog o Tall fAEmel £xel LOLAiTEQN ONUAOTCL.

ToeouoLo cuuBaivouy te TNV avTLoToiynom, Ue evOLdueso Tovg TedToVs Tov Bruner,
UE TOV RAVOVO TOV TEGOAQWYV TNG OVADEWONTIXNC 0YOMS OLOOTRAALOS UTTELQOOTLXOV
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hoyLonov tov Harvard. Aev €yeu wdlaitegn a&io va erextafoue otnv aviLotoiynon mov
YONOLUOTTOINOE, KO OTLS OLOPOQES TTOV EVTOTLOE, AAAG OTO YEYOVOC OTL RO TTAAL TTQO-
HELTOL YLO AVTLOTOLYMON L ol ®at” ovoia ddaxtixy Bewoio. 210 (OLo0 GO0 TEOYWEA
01N oVvoeom ne Tnv taEtvouia SOLO, mov elval ®otd fAon uo TaEvouio oELoAdynong
(assessment) ™G eITEVENG OLOUKTINMV OTOY V.

Elvou yeyovog Ot 0 (010G elval 0opmg EVAUEQOS YL, TLS eEEMEELS TNG YVWOTIXNG ETTL-
OTUNG XOL ETNQECOUEVOC OTO TNV €VVOLOL TN EVOWUOTOUEVNS Yvaoong (embodied
cognition) oTnVv omoio (OO TYUNG AITOTEAEL O OQOG CVOOMUATWUEVOS KOOUOG OTA AYYALRA
YONOLUOTTOLELTOL, CANG Ue OLOKQLTO VoMK, O 1dLog 6og embodied. Muo. eviaiiar LeTApQOON
TV OV0 GQWV 0T EMANVLXA Bol OMULoVEYOVoE oUyvoT. AELoonuetwTn elvol 1 xonon twv
Lacoff »ow Nunez (2000) Tov embodied mg %00oHTNOLOTLXOV TOU GUVOLOV TV WOONUOTIADV
OVTILELUEVOV HOL EVVOLMV. OL TELEVTALOL EVVOOUV ROTA FA0M OTL TA LAONUATLIXG EEQQTM-
VoL ogtd SOUES TOV avBQMITLVOU EYLEPANOV OGO %Ol OTTO TG KOLVES EVVOLES TTOV OLVOITTVO-
0OVTOL OTO. TTALOLO TV OLAPOQMY HoBNUATIXMV TTOAMTIOUMY (mathematical cultures). O
Tall TQOTLUG. VO OVOPEQETAL UE TOV OQO 0€ OXEYM ROTA FGON SOUNUEVN 0TIV CLOONTNOLOUT
OVTEAMPM S OLOHQLTY TNG CVUBOAMAUNS AELTOVQYIOS KL TNG AOYLXNG OLpalQEONC.

‘Oumg Oev eEXTEIVETAL 08 OVVOEON UE TLS YVWOTIXES BewQleg, avtiBeta M TQooeyyL-
oM TOV elval ®VEImg SLOANTLXY. AUTO Oev eUTTodileL TOV (010 08 ULol 0eLRd GANWYV Q-
Bowv ToV GOV CVVOVAELEL TN Bewola Tov e ™MV APOS %ot ouveQydteg Tov (OmTwg IT.y.
o Pegg, 2002) va. v 1QooeyYILovuv wg avagpeQouevn oty axolovbic ue v omoio ot
€vvoLeg OOUOVVTOL 0TO UVAAO TOV OTOUOV, TTEAYUA TTOV TV BACeL 0TV dLa AT YOQiO
ue TIg Bewoleg Twv Davis (1984) Dubinsky (Czarnocha et al, 1999), Stard (1991) x.4.

Ta moamTdvw SOLOAOYOUV TNV VITOWYia OTL «1 BewOLa TV TELOV LOOWWV» (VoL
OTNV TQOYUOTIXOTNTO OV0 Bemies: Wio ETLOTNUOAOYIXY — OVTOAOYLXY] UE OVAPOQES O
OWUOTIXES/ PLOAOYIXES AELTOVQYIES TOV aVOBQMITOV %L (Lol DO OLOUKTLXY| TTOV EVD
OUVOEETOL UE TNV TTQWTN elvaL 08 ®ATOLO PAOUO QUTOVOUN KOl TTAVTWS TTLO KAAG OOUN-
uévn. Elval oty momt mwov amrevBuvel TV TETUYUEVN ®oLtixn Tov o Inglis alAd etvo
1 0eVTEQN CVTY TTOV ATTOOEYETAL.

3. H mpotaon pog: Toeic »6ouotl d1d0oxaliog

ITuoTtevovue OTL €lvoL 0TO TTOLOOYWYLXRO/ SLOUXTIXG TTed(0 OV 1 BewQia TV TQLOV
®OOUWY, OTNV EXO0YY) TNG TTOV APOQC. O€ OLEQYUOLES LAONUATIXNG OREYNCS, EXEL VO TTQO-
opEQEL TO. TeQLOOOTEQA. TTéQOL 0Tt TO YEYOVOS OTL 0€ CUTO TO TTAAIOLO KOL UE TN OUYHE-
HOLUEVT) LOQPN TTAQOVOLALETAL OPOLYNAOTEQT, ETTLTQETTEL XL ULOL OELQO. TQOTTOTTOLOEWY
OV TNV EVLOYVOVV 0HOUTN TTEQLOCOTEQO YLOL TOVS OROTTOVG UOG.

TQOTOMOLMVTAGS TO UVTIXELUEVO DOTE VO TTEQLAGPEL OLeQyaaiec uabnong oto Thaiolo
™G UOONUOTIXNG OREYNS OVOOVETOL ULOL OLULYMDS OVOTTTVELOXT Dol OLOOUTIUNG TV
uaOnuotinov. Tuo va €xel Oumg vonua 1 SLeEvQuVom auty OQelAOVUE VA EEPUYOVIE AITO
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™V évvora (concept) xaf’ equTy) TOV YEnoluosolel o Tall xaL vo TNV avILXaTooTHo0V-
ue pe Ty emova Tng (concept image) Orwg o dLog oL 0 Vinner v €xovv 0QloeL. Avti-
0TOLY0. B0l TTOETTEL VO QITOOEXTOVUE YLO. TOL AVTIXELUEVOL TOV OLEVQUUEVO 0QLoUO TV Tall
et al (2000), drodr) OtL avtixeipnevo elvol ®AaTL TOV oL NaBNTEG UITOQOVV VO, OLOYXELQL-
O0TOVV KOL VO LEAETNOOLV.

Tovtdyoova TBETAL KoL TO BEUA LOTOQLXOTNTOG TTOV VIQILTEQM avapéoaue. H (dla
€VVoLa. UITOQEL VO ®LVELTOL OVAUESO 0TOVS KOOUOVS 000 O UoONTHS-uodnuotixds ege-
MooeTol ®oL OVILAOUPAVETOL (e SLAPOQETIXO TEOTTO KAL AVENUEVY TTANQOTNTA. TA. TTQAY-
uato. Etor olvetar o A oudotoon oty onon touv Lakoff kol twv ovveQyatdv tou
(Lakoff xat Johnson 1999, Lakoff xaw Nunez 2000) dtu OAa. elvol evowuatouévae. Mio-
o€l ertlong n évvoLa VoL LETAXLVELTAL OVAUEDD 0TOVS XOOUOVS AVAAOYO. UE TN OLEQYOT (O
TTOV ETTLAEYEL HOVELS VO EQPOQUOOEL TTAVM TNG.

Me tnv évvola tng ovjong Tov Lacoff, ot dvo 6ot Bo progovoay Eavd va. avTixato-
0T000VV ®aL 0To eEMANVIXG OTTO £vav AoV 1 EVOOUATWOoN/ ovoowudtwon Ba Adupave
KOO0 UE TNV OAOXANQMON TNG YVWOTIXNG TTEOOEYYLONS TNS KADE £VVOLOG/ OVTLLELUEVOV,
AOL TNV ETTOVOPOQC. TNS O £VOL TTAOLOLO OLXELOTNTAS OOV QLUTO TOV CUCOMUOTWUEVOV KO-
ouov. Kot autd ovvdéetal dueco pe Tig O0UES Tov avBomrtivoy woiov ov o Lakoff
AOL OL OVVEQYATES TOV EEETACOLV.

T'wo vou eTLOTEEYOVUE OTO PAOLRO ORETTTLXO, OL EVVOLES KO TOL OLVILKELUEVO OVTLUE-
TOICOVTAL £€TOL WS SUVAULXA, UTTOQOVV VO, CVVOAAALOVV UETAED TOVS TEQVIOVTAS OITO
TOV €V HOOUO OTOV GAAO €V %Al OL (OLOL OL ®OOUOL ELvOL UETUPOMAOUEVOL OTOL TTAL-
0L0 TNG OLOLEUOVS EEEALENC TNG UABMUATIXNG OVTIANYNG TOV UaVOEVOVTOC VITOXELUEVOD,
TO 0TTOL0 WITOQEL VoL ebval 0 LaONTIC-LaONUATLIZOC, O EQEVVNTNG-UOONUOTIXAC, 1} ULOL HOL-
VOTNTO e KOLVO LOONUOTLIXO TTOALTLOUO KOl OVOLYTE TTQOS dleQevnomn Intiuata. Ztnv
TTQUYUOTIXOTNTO PEROLLOL TTQOXELTOL YL TNV ELXLOVA TWV EVVOLMV KOL TO. VONTUXG OVTIXEL-
ueva (Mamona 2006) ;tov UeTARAMAOVTIOL. Z€ 0VTO TO TTACLOLO OEV VITAQYEL HOULE OV-
YHQOVON UETOEV TV Ttooeyyioewv Tall xouw Inglis.

Mol TETOLOL TTQOOEYYLON WITOQEL OXOWUML VAL EVOMUOTMOEL OLOUKTIXOVS 0TOYOVS TTOV
AVTLOTOLXOVV 0TO TéTaQTO (unistructural) emimedo g toEivoutog SOLO (Biggs nal
Collis 1982) 6mov 0 dLaXWELOUOS OVAUETT. GTLS OVO TTLHOVOTNTES YVWOTIKNG AVATTTUENS
TTEQOL ATTO TO OYeoLOnO etTedo €E0QTATOL OITO TO GTOUO XUl TNV OTTTLXY TOV. ANAaOY|
aItd TO AV AVTLAOUBEVETAL TTAEOV S U0 EVLOLOL KOL OUVOTTTIXY OVIOTNTA QLUTO TTOV TTQLY
NTaV N OAOXAQWOT SLOPOQWYV TTTVXWV 1) OV AVTIOETO M VEO TTQOOEYYLON AVILITQOOW-
TTEVEL ULOL TTOLOTLXT OLOPOQOTTOLNOT OTO ETTIITEOO APALQEONS. ZTNV TEAEVTALO TTEQIITTWON
aANGTovue TQOTO 1, 0TO TAALOLO TNG BewOlag LOG, OVTLANTTIXG ROOUO.

e maouoLo haioto xuvidnxe o Pegg (2002) oe ovvegyaoio pe tov Tall oto 6.0000
TOV Y10 TOVG BeUEALDOELS HUHAOVG YVWOTIXNG OVATTTUENC. Exel aoyoleltal ue tomunég
Bewoieg OMWG OLOUOQPDOVOVTOL UECT. 08 £VO OQOLOLXO TAOLOLO Ue TUQAdELYUa TOVS
avaOVOUEVOVG, O OyEon Ue TTOMES aTtd auTés, Bepemdelg xmhovg wdbnone.

H Ouny) nag weooéyyLon avTLUETMITICEL TOVS TQELS HOOUOUS S TO EVQUTEQO TTACLIOLO
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1O TOVTICEL TLS OLOOKTINES OLEQYOLES Ue EUTTQOBETES HLVNOELS UETOL 1) OLOL LECOV CLUTWMV
HOTA TEQIITTWON. AUPLOPNTOVUE TNV OLXOVUEVIXOTNTA TOV BEUEALWODV HIXADV YVO)-
OTUNG OVATTVENS BewomvTag Aoyxd OTL dtouo OLopoeTwoy ®otd Gardner ovTLAn-
TR0V TVITOV B0l WTOQOVV VOL TTQOOEYYICOVV TAL LOONUOTLXE e OLOLPOQETLHY OELQC TTQO-
OEYYLONG TWV TQLOV XOOUMYV TOVG.

AMWOTE %L 0 (0105 0 Pegg avoyvioLoe 0Tl pe Ty 0QoAoyia Tov Pinto (1998) wo
CVOOWUOATWUEV TTQOOEYYLOT WITOQEL VO EVVOEL TOVC QUOLXOVS (natural) dovontéc oANd.
vo. duoyegaivel Tovg Tumkovg (formal). To avTioTQOQO PUOLKA LOYVEL YLOL L0 OVUPO-
AxY) TQOOEYYLO.

ATOOEYOUA0TE WOTOOO TN Aoy} TOV Skemp (1971) GTL elvar adVIVATO Vo 0QLOELS €V-
VOLES VYNAOTEONS TAENG %Ol ELVAL OTTOLQOLTNTO YLOL TO (ITOUO VO OLVTLULETMITLOEL TTOQOOELY-
UOTA (KO OTLYULOTVITO) TNG €VVOLAS YLOL VOL QOUNOEL TO VONUO WmAAGTEQNS TaENS. H wym-
AOTEQOV ETTLITEOOV OREYY CTTOLTEL KATOYT TOV CUVOLOV TV OYETLLOUEVIV LOLOTHTWYV Y-
UNAOTEQOVL emLtédoV. H vymhoTeQoOL emLmtédov oxéym oe autd TO TAOIOLO OEV ONUALVEL
QUTOUOTO UEYONITEQN ALPALQEDT). AVTIOETO VITOOELUVUEL ULOL TTOLOTLAY) RKVQIMWS OLOLPOQE.

O oVVOVAOUOS TV TAQAITTAV™ SLVEL OTN OTTELQOELON AVATTTVEN Tov Bruner po dio-
OTOATIXY eQUNVElD OTTOV O ®oBEvag avepaivel oty ®dBe omelQo Ao OLOPOQETLXG ON-
ueto oAAd dLaoyilel 0VTWS N GAAMS TOVS XOOUOVS-TOLUOQLA YLOL VO (PTACEL OTO CLYOITN-
UEVo TOv onuelo yua Ty emtouevn ometpa. H dvodog tmv emutédmy g WoONUATIRNG
OrEYNS TTOOOOUOLALEL O€ UOG TTEQLOTOTEQO UE TOV KOYALOL TOV AQyLtunidn OmTov To veQd
avepaivel ooy ilovtac ohOnANEN TNV emLpdveLo. TS xdbe OelQac L ovefaivovtag
ometoa omela. H 0Ladnaoia g ammondAuyme g avayung YLo EVVoLeg eVOg OVYRERQL-
UEVOV OQLOUOV TTEQVA £TOL UECO 0ITO TN OLAOYLON TWV HOOUWY, OYL OTTAQAlTNTO Ue TNV
0eLQd JTOV TOVS €L0dyeL o Tall ohAG TAVTWS OELQLOAAL.

=

4
Embodied

Xyua 1: H MoOnuoatixn AvamrtvEn Sto Héoov Twv ToLwV X00UwV
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Téhog elval paveQd artd TN PUON TV TOLMV ROOUWV KOL TWV OLEQYAOLMY TOVS OTL
QITOLTOVV OLAPOQETIXES OEELOTNTES YLOL TO FENTLOTO YELQLOUO TOVC. ACYETO OITO TO AV XL
TTOLES OTTO QTEC el VAL TTEQLOOOTEQO AVETTTUYUEVES 0TO UOONTY) HOTA TNV EVAQEN ULOS UOL-
Onotarng OLadLraoiog 1 L0 1 YVOOLOXY 0VEITTUEN TTROOLOQICETAL YLl OIS 0T TNV LOO-
UEQY) OLVATTTVEN TV TOLMV CUTMV OUVOA®V OEELOTHTWYV, TNV EVXOALD EVOAAAYNS OVALLE-
00 0€ QVTE ®OL TNV CVENON TNG ETTLYVWONG %Ol ETTLTUYI0G Ue TNV OO0 1 EVOAAAYY) QUTh
vivetor. To oLeg oxQUBWS elvol auTég oL OEELOTNTES KoL TG aXQLBDS Oa SLOOPAALOTEL
1 AVAITTUEY] TOVS 0TTOTENEL ULoL eEeLdinevon tov Eegetryel amrd TV euPELELD TOV TTAQOVTOG
aBoV aAld BéTel onuavtind InTiuata ToV B0 LOG ATTOOYOANCOUV 0T OUVEXELO.

Ou Annie kot John Selden (1999) Hewoovoav OTL TOV TOAD VI YLoL Uia vostow-
wévn Bewolo dSUwe artd TOTE UEYOL ONUEQD. UECONGNOE Evag UeYEAOS 0QLOUOC UEAETWDV
JTOV APOQOVV OTA. ETTLUEQOVS TNTOVUEVA KOl TTLHAVOV 1 GUYRVQLO VO £XEL WQLUAOEL.
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Abstract

The aim of this work is the mapping of areas of ecological interest focusing on the
sound rather than the visual features of this area. Mapping of an area focusing on the
visual (morphological) features of the landscape is a mature field with a wide range of
applications. On the other hand, «soundscapes» are maps which convey the sound content
of an area at a certain time instant. Sound features encapsulate information which can be
combined with the visual features of the landscape, in order to derive useful ecological
related conclusions. These include monitoring of the wildlife, or the various human
activities in the area. Of great interest is the monitoring of the change in the use or
inhabitation of the area over time — an aim requiring repeated measurements at regular
time intervals. In this work, a method is described for the combination of pattern
recognition of the sound recordings with the development of the soundscape of the area
of interest.
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Iegiinyn

Z10TOC QUTHE TNG EQYOOLOS ELVAL M YOQTOYQAPNON TTEQLOYMYV OLXOAOYLXOV EVOLOL-
@PEQOVTOC E0TLALOVTAG 0T MYMNTLXA %Al OYL OTO OTTTLRA YOQUXRTNOLOTIXA TOVS. H %a0-
TOYQAPNOM TTOV €0TLALETOL 0T OTTIXA (LOQMOAOYLHA) YOQUXTNQLOTIXG TOU TOTTLOV
oartotelel éva NON avoTTTUYUEVO €QEVVNTIXG TTedi0 pe vV dond epagouoywy. Ta
‘NMYOTOTTLO elval YAQTES TTOV PEQOVV TO MYNTLKO TTEQLEXOUEVO ULOG TTEQLOYNG YLOL LLLOL
OUYREXQLUEVT] X QOVLXY OTLYUN. Ta NyMTLRE XOQAKTNOLOTIXG CUWTUXVAOVOUV TTANQOQO-
olo n oola wtoQel vor oVVOVOOTEL e TNV TTANQOMOQLA TTOV (PEQOVYV TOL OTTTLACL Y 0LQOL-
HTNQLOTLXA TOV TOTTLOV, TTQOAELUEVOL VO, E0XDOVV YONOLUA CVUTEQAOUOTO TTOV O)E-
tiCovtal ue To mMEQUBAAAOV. AVTA TO. CUWITEQAUOUATA TTEQLAAUPAVOUV TNV TTOQUXOAOV-
Onon ™™g ‘ayorac Comg’ M TV dLa@dQWV 0vOQMITOYEVHV OQUOTNQLOTHTWY OTNV ITe-
ooy Idaitepo evdlogéoov maovaldlel N Ta.Qoxo oVONON TNG CALOYNS XONONS 1)
™G OAAOYNS OTNV EVONULXOTNTA ULOG TTEQLOYNS UE TNV TTAQODO TOV QOVOU — OL TTA.Q0.-
TNONOELS CVTES ATTOLTOVV ETUVAAOUPBAVOUEVES UETONOELS VA TAXTA XQOVIXA OLOLOTY-
UATO. 2€ VTN TNV €QYNOLa, TTEQLYQAPETAL o LEBOAOC TOV OCUVOVALEL TNV OVAYVMDQL-
0N TTEOTVITMWV YLOL NYNTIKES KATAYQUPES UE TN ONULOVQOY O TOV MYOTOTTLOV TNS TTEQLO-
NS EVOLAPEQOVTOC.

A€Ea1g vhewda: Hyotomio, nyntixy avoyvwooLon TQoTumwy, eEaywyn xoQaxtnoloti-
xav, TagLvounon.

1. Introduction

Research related to the environmental / ecological information of landscapes is usually
focused on their visual content e.g. geometric or landscape characteristics of the biotopes.
Surveillance engineering methods are typically employed to produce maps at the required
resolution. In this research, the sound content of the landscapes is proposed as an
additional information stream, aiming to produce useful audio-visual features. Hence,
after appropriate processing, sound is used as an additional ecological related indicator of
the area of interest.

The term «acoustic ecology» is first introduced by R. Murray Schafer (Schafer, 1994).
Important work in the research area of acoustic ecology is also contributed by the SEKI
Group (SEKI Group, 2008). The objective of their study is to examine whether
environmental sound recordings convey useful information and consequently, whether
features extracted from these recordings can be employed as indicators for the health of
biotopes and for the biotopes’ dynamic balance. Recently, the interest for the acoustic
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ecology has increased due to the activities of the World Forum for Acoustic Ecology
(WFAE) which was founded in Canada in 1993.

A soundscape (Krause, 1987; Krause, 2002) is the map of a certain region at a given
time instant, which is focused on its sound rather than its visual content. Soundscapes form
a useful feature of natural conservation (Turner et al., 2001). Indeed, periodic comparison
of the soundscapes of a certain area - e.g. regions of the NATURA 2000 network
(European Union’s network of nature protection areas) - can provide useful ecological
related observations. Note that, in this work the terms acoustic / audio are avoided as
natural soundscapes may include sounds that are not necessarily audible by the human ear.

For the case of environmental sounds, there are two types of sound pattern recognition:
«coarse» and «fine». The first aims to classify sounds that do not belong to the same family,
so as to identify the three categories of environmental sounds; namely, human-related,
geophysical-related and animal-related (Gage et al., 2001). The second aims to classify
sounds that belong to the same family, so as to identify different species of e.g., bats, based
on the sounds they produce (Parsons and Jones, 2000). Obviously, the «fine» type is more
demanding, in terms of feature extraction and classification, compared to the «coarse» type.
It is worth mentioning that the majority of existing research work for content based sound
pattern recognition belongs to the «coarse» type (Wold et al., 1996; Foote, 1997, Mingchun
and Chunru, 2001; Zhang and Kuo, 2001) rather than to the «fine» type (Paraskevas and
Chilton, 2003; Paraskevas and Chilton, 2004; Paraskevas et al., 2006).

In the proposed method, each sound recording is classified and then placed on the map
so as to form the soundscape. The application of pattern recognition to environmental
sounds is a hierarchical process. The three main categories of environmental sounds i.e.
human-related, geophysical-related and animal-related are initially classified («coarse»
classification). Then follows the classification into subcategories of each of the three
aforementioned classes of sounds e.g. classification of different species of bats as a
subcategory of the animal-related sounds («fine» classification). Finally, the soundscape is
developed placing each classified recording to the exact area of the map where the sound
was recorded. Consequently, the development of a soundscape becomes more
complicated as the number of sound classes increases.

In the following, a description of the proposed pattern recognition process is provided
along with an example which shows the importance of signal representation for the
application of environmental sound pattern recognition.

2. Pattern Recognition for Environmental Sounds

In this Section, the proposed method for the application of sound pattern recognition is
presented. As for any pattern recognition application, the process can be divided into two
stages: the feature extraction and the classification stage (Duda et al., 2000; Webb, 2002).
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In the feature extraction stage, features that encapsulate the information content of
the signal are extracted from each sound recording while in the classification stage the
sound recordings are classified based on the feature vectors formed in the feature
extraction stage (figure 1).

Feature

C——X  extraction |——>| Classifier ——>

Sound recording Features Decision making
Figure 1: Pattern recognition system model

In the feature extraction stage, class - discriminating features are extracted in order to
classify each sound recording to the corresponding class. As in all pattern recognition
applications, the classification rate depends on the selection of the appropriate features
that form the feature vectors.

The features can be extracted from:

« the time domain signal recordings e.g., zero-crossing rate (ZCR), linear prediction
coefficients (Makhoul, 1975),

« the frequency domain e.g. pitch (Rabiner et al., 1976), cepstral coefficients (Childers
et al., 1967), bandwidth and

« the time — frequency signal representations (Cohen, 1989; Esmaili et al., 2004) e.g.
statistical features (Lambrou et al., 1998) / coefficients extracted from the magnitude
spectrogram (Rabiner and Schafer, 1978; Paraskevas et al., 2006).

The importance of the appropriate signal representation for an efficient feature
extraction is illustrated in the following example, where a sound recording consists of two
simultaneous sound events. Specifically, the two sound events are: «birds croaking» and
«waterfall». Figures 2a, 2b and 2¢ show the time domain signals of the recordings of:

» «sound of birds croaking»,
« «sound of waterfall» and

« the simultaneous occurrence of both sound events i.e. «<sound of waterfall with birds
croaking», respectively.

Figures 3a, 3b and 3c show the magnitude spectrogram of the sounds presented in
figures 2a, 2b and 2c, respectively.

From figure 2c, it is observed that in the case of the simultaneous occurrence of the
two sound events i.e. «simultaneous sounds of waterfall and of birds croaking», it is not
possible to distinguish from the time domain these two events, whereas, these events are
distinguishable from the corresponding magnitude spectrogram (figure 3c). Consequently,
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for this case, the feature vector should be formed from features extracted from the
frequency (magnitude spectrogram) rather than from the time domain of the signal.
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It is known that, for efficient feature extraction, mathematical transforms may be
applied to the signal e.g. Fourier transform (Proakis and Manolakis, 1992), Hartley
transform (Bracewell, 1986). The feature vectors formed from the features extracted from
each recording should present its information content to the classifier in a compact
manner. Different kinds of classifiers e.g. distance metric classifiers, neural networks
(Kohonen, 2001) etc. can be employed depending on the intrinsic characteristics of the
sound classes aiming to classify.

The environmental sounds recorded from microphones that are spread to different
places of an area, form the sound database. Then, each sound recording is classified /
identified via pattern recognition methods. The classified sound recordings are placed to
the corresponding location on the sound map thus, forming the soundscape. Therefore,
the proposed method may be put in steps as follows:

i. Development of the database of environmental sound recordings.

ii. Features are extracted from the aforementioned sound recordings (sound signals)
which will be employed for the classification stage of the sound pattern
recognition.

iii. Classification (coarse / fine) of the environmental sound recordings based on the
features extracted from the sound signals in step (ii).

iv. Development of the soundscape employing the classified sound recordings (sound
signals).

3. Conclusions

The aim of this work is to present a research method which combines the application
of sound pattern recognition with the development of soundscapes for areas of ecological
interest. The periodic development of soundscapes for the same area is a useful tool for
the detection of changes in the ecosystem. Soundscapes can be combined with other
sources of information (e.g. territorial morphology), via Geographic Information Systems
(GIS) software, in order to develop complete models of areas of interest.
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Iegiinyn

Me BE.omM T POLVOUEVO TTOV AAUBAVOUV MO KOTA TN PAON TNS KOVONS 0TOVC TTO-
MVOQOULKOVS RIVNTNQES KOl OVVOETOVTOC XOTAMANAA TLC LOONUATIRES OYEOELS TTOV EX-
@EACOVYV QUTA Ue TN XONON TV CQYMWV TNG HEQUOQEVOTOOVVOULXNIG KOl TNG YNUElog, €l-
VoL SUVaTOV Vo OMULovyYNBel €va «LOVTELO» TTQOTOUOLMONS TOV PULVOUEVOD TNG LAD-
oNg 0€ £VOL ULVNTHQM ECMTEQLXNC KOVONG UE EAEYYOUEVT EVOVON TNS KOVONS, TOV OTTO(-
oV T0. aroteléopato Do TEETEL Vo, eTaANBeVOVTaL e EXEIVA TTOV TTQOXVITTOVV OTTd TO.
TELQOUOTIXG Oedouéva. Me TNV eUQAVLON VEOV YVHOOEDV TMV YNULLDOV KO PUOLKDOV
POLYOUEVMV TTOV AVTA MLUPBAVOVV Y MDQO. OTO (PALVOIEVO TNG HOVONS KoL Ue TN OLaBeom
OUVATMOV VITOAOYLOTIXMV EQYUAELMYV KOL CVOTNUATWV UETQNOEWY, OELYVETOL TQAYUATL
UWLOL TTOAVTLUT LEBODOC YL TN UEAETN TV OLOPOQMYV TTOQUUETQWVY AELTOVQYIOG TOV %L-
VNTNOOL. ZTLS TTAQAUETQOVS AVTES LOLOLTEQO AQOG £XOVV OL TAQAUETQOL TTOV CLPOQOVV
TOV EVOELXVUOUEVO KUXAO €QYOV TOV XLVNTNQO KoL LOLA{TEQO TN (PAOT TNS KAVONG CV-
TOV, 0OV TO TTOOO TNG BEQULXTG EVEQYELUC TTOV EXAVETOL OF QUTY ELVAL EXEIVO TTOV KO-
Bo0iCel TNV aITdOO0N TOV KLVNTNQO. ZTOYOC TNG EQYOOLOS OVTNC ElVaL VO OMOEL VAl Lo
ONUaTLLO LOVTELO TO OTTOLO EEXLVIVTAS OITO TOL TTELQUUATLXG OedOUEVO. TNG TTiEONS TTOV
eTLQATel L€oO 0TO BGAOUO ROVONG VA, ETTLTQEWPEL TN ONULOVQYI £VOS dSUVOTOV VITOAO-
YLOTLXOV €QYOAELOV 08 ®WOLXO matlab yLa TOV TQOOOLOQLOUS TWV PACLHMV TTAQOLUE-
TOWV EVOG EVOELXVUOUEVOV KUXAOV OTOV OTTOL0 1 (PAOT TNS KAVONG ATTOTEAEL fOOLHO UE-
Q0G QUTOV.

A€Ee1g nhewda: EvOetxvvouevos xiixdog, HRR, swieon, OdAauog xavons, xvpLouds, Beo-
uoxaaia.

Abstract

According to the phenomena that take place in the combustion stage at reciprocating
engines and combining the suitable mathematic relations that express the above, as also
with the use of the hot fluid dynamics laws and chemistry laws it is possible to create a
simulation model for the combustion stage in a spark ignition internal combustion engine.
The results from the simulation should be verified with those from the experimental data.
With the evolution in knowledge of the chemical and physical properties at combustion
process and the growth of calculating tools and measurement systems is revealed a
precious method for the study of various engine operation parameters. From these
parameters more significant are the parameters that concern the indicated work cycle of
an engine and particularly at the stage of combustion, since the amount of thermal energy
which is released in this stage determines the output of the engine. The aim of this work
is to give a mathematic model, which starts from the experimental data of pressure that
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exist in the combustion chamber allows the creation of a strong calculating tool in Mat
lab for the determination of basic parameters of an indicated cycle.

Keywords: Indicated cycle, HRR, pressure, combustion chamber, displacement,
temperature.

1. Ewsoyoyn

2TV TEOOTAOELD TNG EEEMENC TV TTAAVOQOULKDV UNYXOVAOV E0MWTEQLANG HOVONG
WOLOELTEQO EVOLAPEQOV TTOQOVOLALEL M UEAETN TV POLVOUEVOV TTOV EUQAVICOVTOL KO
EAEYYOVV TN OLEQYUOLO. TNG KOVONG KOL OTOVS OVO TUTTOVS KLVNTHQWY, O EXE(VOUC Ue
eAEYYOUEVN £VOVON TN HOVONG KOL 08 EXELVOUC UE EVOVOT TNG KOVONS UE CUUTTLEDT. ZTLG
OV0 OVTEC TTEQLITTWOELS M KOVOM eLVOL EXELVN TTOV EAEYYEL TN UETOTQOTN TNG YNULKNC
EVEQYELOG TOV KOWOTUOU 08 BeQULrY) EVEQYELD, OTTOTEAMVTAS £TOL ®VQIOQYM (PAoM AgL-
TOVQYI0G TOU XVHAOV £QYOV TOV ®ivntnoa. TTQdyuatt, ovty €xel emidQaon OTLS EmLO0-
OELG TOV ®LVNTHQO, OTTMS 1) ATTOOLOOUEVN LOYVG KOL 1 XOTAVAAWDOT TOV LAVOTUOV, RAOW0G
%Ol 0TO TTEQLRAAAOV, OIS M OVUVOEON TV 0EQLV TTOV EXTEUTOVTAL O QUTO.

O 10TOC TTOV CVUPAAEL N LOVON OTNV OTTOO00T TOV AVNTHOO PALVETOL AITO TN UOQ-
(PN TTOV £)XEL O EVOELUVVOUEVOS HUXAOG EQYOV TOV KLVNTNQO. TTOV E(VOL YVWOTO OTL QUTOS
arrotehel aELOTLOTO KOLTNOLO, RAOMG TQOXVITTEL AITO TOV (LOLO TOV XLVNTNQO. UE TN XON-
01 TOV ELOLLOV UNYOVLOUOV TTOV KATAYQAPEL TNV TTLEON TTOV EMIXQOTEL UETTO OTOV HVALV-
000. O unyoviouds avtdg NToy SVOROAOS OTN XONOLULOTOMOY) TOV 0OV, EXTOC TV GA-
MOV, GITOLTOV0E ELOLUEL TNV ETTLLOLVOVIOL UE TO TTEQLRAAAOV EVTOS TOV KVALVOQOL. ZVU-
VO UE TO EQEVVNTLXO TTQOYQUUUT «AQYLUNONGS» B0l £TTQETTE VA, ¥ONOLUOTOLNOOVV EVALA-
MIRTLRE HOVOLUOL O€ LOLOVG %Ol 08 SLOPOQETLLOVS RIVNTHQES UE OTOYO TNV EEOLXOVOUNON
EVEQYELOG OAAGL ®VOLWG TN OQUOTIXY UELWON TV EXTEWTOUEVIV OLEQIMV QUITMWV OTN
atuoogoQa. Eival goven n ovayxn g yvaong Tou LKV 0UTOU XKUXAOV £QY0U Lo
VO AITOPACLOTOVY TOOO Ol XOAMITEQES OVVATES TTOQEUPAOELS TTAVM OTOVS KLVNTNEES OO0
1N EAOYN TNG AVONG EXELVNS TTOV £)EL TOL TTEQLOOOTEQO. TTAEOVEXTNUATA. AVTL TNG Aong
NG LATOOREVNS EVOS OUVOUOOELATIXOU UNYOVLOUOU YLOL TNV GITOTVITMON TV XKURAWV
€QYMV AAL M KOTOOKEVY TV VITOOOYWV OLUTOV TTAVMD 0TOVG KLVNTNQES, EYLVE ETTLAOYN M
HOTOOXEVT] VTV TV XUXAMV UE TN PONOELN TV TLUMDV TNG TTLEONG TTOV EMXQATEL Ué-
00, 0T0 HAAOUO ©AVONG AAL OTOV KVALVOQO UE TNV EPAOUOYY EVOS aLoOntmoa mieConhe-
LTOLLOV TUITOV HOUTAMANAA TOTODETNUEVOV TTAVWD OTOV KLVNTNOO. ZTT OCUVEYELD 1 AVAL-
Aom ®oL 1 UEAETN TOV EVOELLVVOUEVOU KUXAOV TTQUYUOTOTTOONKE TS TTLO RATW: Ee-
AVOVTAC OO TO ONUC TNG TTleoNS elval OuvaTdV Vo EEETAOTOVV %Ol VA, UeEAETNBOVV OL
TTAQAUETQOL KO TOL YOQOUXTNQLOTIXA TNG OLEQYOOLOS TNG ®OoNS, N OTTolo aoTeNel Poi-
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0N CUVLOTMOW 0T OLOUOQPWON TOV XUXAOV aUTOV. ZTOY0C NG EQYACTOS QUTNS elval
1N €E0UOLMOT TOV POLVOUEVOD TNG KOVONS UE EVO LOONUATIXG UOVTELO TTOV Ol expdlel
TIG LOOMUOTLRES OYEoeLg Do eEAEYYOVV TO QOLVOUEVO OUTO KO TLS TTOQOUETQOVS EVOG EV-
OELUVVOUEVO HURAOV £QYOV, BEMQMVTOG YVIWOTES TLS TUUES TNG TTleoNS TTOV €XOVV Angbel
UE TTELQUUATIXES OOKLUES TTAVW OTOV %VNTHEO. TO HOVTELD QUTO O€ Vol ETOUEVO OTAOLO
Bo. yoNnoLueVoEeL Yo TN OLOUOQPWON EVOS akyOQLBUOV Ue TN BONBELD. TOV VITOAOYLOTILOV
mtAaLolov matlab TOOO YLOL TNV RATAOKEVN TOV EVOELKVUOUEVOD KUAAOV 00O KOL YLOL TNV
OVAAVOT CVTOV YLOL TOV TTQOGOLOQLOUS TV BAOLADV TTAQUUETQMY TTOV EAEYXOUV QUTOV.

H yvoon tov ®xunhov autov Ba dmoel TV eunalio T mdQa TéQa. BEATmong g
aItdO00NG EVOG TTOALVOQOULLOV KLVITNQO apoV OLVEL TN EVXaLQia Vo LeAeTnBOVV ROl VoL
KONOLUOTONOOVV TOOO VEOL UNYAVLOUOL OTT™C, OL UNYOVLOUOL UETOBANTOV E0MTEQLHOV
YQOVLOUOV, 600 TG QUOULONG QUTOV PEATLAOVOVTAS TOUS EEMTEQLROVS HOL ECWTEQLXOVG
YQOVLOUOVG AELTOVQY(OGC.

2. [Tpooouoimon TOV YALYOUEVOV TS XAVGIC.

Emhéyetal To BeQUuodUvVomxKo LOVTELD TTQOOOUOLMWONG YLo TNV TTO.QOVOLOON TOV
POLVOUEVOV TNG KOVONS OTOVS TTAALVOQOULKOVS ®LvNTHEES. O alyooLBuog exTelel wLo
0ELQA AITO VITOAOYLOUOVS TTOV TTQOGOLOQILOVV TLS XOMOLUES TTOQOUETQES TTOV ELVOL
HOTOMANAES YLOL TNV HOTOOKEVN, TNV AVAAVON KL TN LEAETT) TOU EVOELXVVOUEVOV K-
®AOV. AVTEC TTOUQAUETQES VITOAOYLOTNKAV UE TN XONON TV TTLO KATW UOONUATIROV
OYE0EWV:

e O yeWUETOXOS VOUOS TOU KLVNUATLROU UNYOVLOUOU SLOTHQC — OTQOPAAOPOQOV

dgova.

H petafor tng uéong BeouorQaoiog tmv aeQimv wolmv uéoa 0tov BGAOUO Rov-
ong.

H uetafoAn Tou Inhixov twv 0oV BeQuoThTy CJC, = k o¢ ovvaQTNoN TNG
Beouorpaatag.

H petofoly Tov ouvteheoTy ouvoymyng e evolloyng g Beoudtntac h ue ta
TOLYMWATO TOV KVALVOQOV 08 GUVAQTNON NS BEQUOXQAOLOG.

H petaBols) Tov uéQovg tng UALOS TOV ®AVOLUOV TTOV £XEL XOEL X, 0€ GUVAQTNON
™G YWVIOG 0 TG TEQLOTQOPNS TOV 0TQOPAAOPOQOV GEOVO.

» H vouog wov expodlet To oo g BeQUOTNTAS TTOV EAEVOEQMVETOL AT TNV KAV-
on.
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3. [1p0Go10QLEUAG TOV VOUOU T1)G XIVIIGS TOV XIVI|UATIXOV CEVYOUS
OLMOTNOU — 0TEOPAALOPOQOV AoV

I va 1oodLoQLoTel 1 Béon Tov euPOAOV 08 CUVEQTNON TS YWViaS B TOV 0TQOMA-
AOPOQOV GEOVA. YiveTOL avaoQd 0to oymua 3.1. ' To 0%oTd avTd ELOGYOVTOL TA TTLO
HOTW YEOUETQLUA UeYEON:

« H eowteouxn SLAUETQOG «d» TOV RVALVOQOU UEGO 0TO OTTOLO TTAALVOQOUEL TO EU-

Boho.

e H dtadgoun tov euforov «c» amd 1o (A.N.Z.) 010 (K.N.Z) %ot oopavag Oa
LOOVTOL (e TO OLITAAOLO TNG OXTLVOG TOV OTQOPAAOU «I»TOV GTQOPAAOPOQOV
dEova.

e To W®Og TOV OLWOTNEO «I» e «a» N ATOOTAOT OITO TNV UATW ETLPAVELD TOV EU-
BOLOV UEXQL TO REVIQO TOV TTELQOV OVVOEONS TOV OLWOATNQA UE TO UBOAO.

 H #dbetog dratoun) Tou #uhivogou «A » xat n omoio Oa divetar amd T oyton:
- d?
A==

* O Oy10g evOg nVALVOQOU «V» B divetal amd T oyéom: V. = A - ¢
T
e To mnAino «A» OV diveTal amd T oyéon: A = T

» H oyton ovurtieong «e» M omolal elval To TINAIXO TOV UEYLOTOV GYXOV OTO E0MWTE-
QX0 TOV XVALVOQOV %OL TOV EAGYLOTOV TTOV ElVOLL O VEXQOG XMQOG V,, oL 1 OTTOl
V+V, \%

=1+—.
VM

max __

v v

min M

Ba divetor ammd T oxéon: € =

o H toyvmrto meQlotQognig ToU 0TQOQaAOPOQOY GEOVO TTOV UTTOQEL VO EX(PQOOTEL
0€ 0TQOWES OVTOV OV OEVTEQOAETTTO [N - sec™ '] 1 08 YOVIOKY TOVTNTOL «w» EX-
PQAOUEVN 0g axtivio To dgvTeQdlemtto [rad - sec™ '] M [sec™!] mwov divetar amd

. 2-1w-n .

OYEON: @ = —— o ue n o [0TQ - min~'].

e H yowviounn megLoteo@n Tov 0TQoQaAo@pOQOoV AEOVA «B» ex(podlel ™) ywvio Tov
OLOYQUALPEL M) TTEQLOTQOMY TOV OTQOPAAOV TTOV UETQELTOL OTAV TO EUBONO PIOKETOL

070 (A.N.2) nou B dtvetor amd m oyéon: 0 =w-t=2-m-n-t.

EmAéyovtag wg aQymn Tov xoOvoy Tn oTLyw| Xotd TV 0ol To éuBoro PoloreTol
070 (A.N.Z) dnhadn yua t = 0 n yovia 6 = 0. Me @oQd TEQLOTQOQPNG TOV KLVNTNQM. OLV-
™) TOV alvetol 0To oynua 3.1.

MeTd 0mtd TOVG VITOAOYLOUOUS TTQOKVITTEL:
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x(6)=r-{(1 —0vv6)+%-(1 —OUVB)}=T'{(1 —0vv6)+%-(1 -V —(Xnu6)2}=

=r'{(1—0vv6)+%'(1— 1—kz-nu62)} [1]
x(e)=§-{(1 —0UV8)+%-(1 V1 —)&-nuez)} 2]
§=%- (l—OUV('))-I-%-(l—\/l—Kz-nuez)} [3]

] .

>
N

t0=0

Xyniua 3.1: Kivnuatixo Cevyos Suwotrioa — 0TQOQPaA0PO0oU dEova.

[Mopaywyilovtag T oxéon [2] og TEOS TO XQOVO TTEOOLOQICETOL 1 TAXVTINTA TOV EL-
porov, modynoTi:

dx C 0+ A -nu26
{ i i } ]

iR
dt 2 12-(1—V1-—A\-nu2)

H emitdyvvon tov eufforov Ba divetal amod ™ oyéon

d’x , C owb + A - ouv20
o=

de? 2 {(1—\/1—xz-mﬁe)}
O &ynog 0 0ITol0g RATUAAUPEVEL TO £QYALOUEVO QEVOTO O€ OCVVAQTNOT TNS YwViag O
TOV 0TQOPAAOPOQOV GEOVA. O OTLYULOLOG OYROS 0TO E0MTEQLLO TOV XVALVOQOL Bal asto-

[5]
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TehelToL aTd OVo GEOVGS, €va 0TaHEQO TOV EXPQALEL TO VEXQO XWQO KAl O GAAOG elvalL
AVAAOYOG TNG UETOTOTLONG TOV eUBOLOV X(0):

V(e) V + Vseu%okou [6]
O vexQOg XMQOG eXPEATETAL 08 OCVUVAQTNOT TNG OYEONS CUUITIEONS €:
\"
e=1+—
VM
aItd TNV OTTOL0L TTQOXVITTEL:
\Y n-d?-c
V., = = 7
Moe—1 4-—1) 7]
7w d? - x(0
O 6yrog OV UETOPAMAETOL (e T OXEON: V g0, = A X(0) = %()
T-d-c 7 - d? - x(0) m- d? c
( ) XepOrov {4 . (“5 _ 1) 4 } 4 {(E _ 1) X( )}

OL UE TNV OVTLXATAOTOON NS [5] 0TV TEAEVTALO TTQORVITTEL:

.42
V(G)zTE d { ¢ ¢ |:(1—OUV6)+— (I —\1—=2nu? )]} [8]

4 c-1 2°

4. H petoporn T néong 0eouoxpaciog Tmv aggiov naiov uéca
otov Balano xavong

I'o va TQoodLoQLOTEL M UETABOAT TNG BEQUOXQMOTNS UEoa 0TO BALAUO ®AVONG O OV-
vE.QTNOM TNG YOVIOS TOV 0TQOQPAALOPOQOV GEOVA, Bemweital OTL: M WALO TOV QEVOTOV TTOV
TTEQLEYETOL OTO HVUALVOQO TTOQOUEVEL OTADEQN KATA TN XQOVIXY OLAQXELL EVOS KUKAOV €Q-
YOV XOTA TNV OTTOL0 OL POABIOES ELOAYWYNS KL EEQYWYNS EVOL XAELOTES, ELVOL OUOYEVIG
TO00 OTNV LATAVOUTN TNG BEQUOXQAOTAC KoL OTNV ¥NULKY 0VVOEOT, 0€ QUTES TLS OUVOTKES
Bewoeltal OTL oL 0€QLEG UALES OVUITEQLPEQOVTOL OOV LOOVIXA 0EQLOL, ONACON LOYVEL:

P-v=R-T noxdéum P-V,=m-R-T [9]
omov P elval m mwieon mov emuroatel néoa 0to BANOUO ®avong
V. elval o otryutoiog dtobéonog Gyrog
m elval n ualo Tov aeQlov uelyuatog
R elval n otoBed Tov aeolov uelyuotog (0€Qog, RAVOLUO %Ol TTOQAUEVOVTOL
#owoogoLa), tom pe 287 [J- Kg - K™']
H agyn dtatnonong tg YAng Bo exgedletol amo tn oyéon:

m=mb+mq+mr
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ue m  uala Og (Lo TUXALO XQOVIXY OTLYUN
m, 1M WAL TOV XOVoEUoY
m, 1 UACO TOV EL0EQYOUEVOL OEQUL
m_ 1 UACo TV %OVOCEQIMV TOV TAQUUEVOVY OTOV RVALVOQO UETA TO TEAOG TNG

paong g eEaywync. H ovpuetoyn Tov AuPAavetol oootind vroym oo v
TTAQAUETQO «0.». AuTth 0QICeTaL 0TTd TO TNAIXO TG WALAS TV TOQOUEVOVIWV

m

AOVOCEQLWV TTQOS TN UALO TOV XOWOtUoL o = —-.
m

b

o

m
Agov Angbel vroym To TNAIXO UELYUATOS O = - TOTE B0l Loy VEL:

b
m=mb+mu+mr=mb+a~mb+a’-mb=mb~(1+a+a’) [10]

Ao ™ oéom [9] o VITTEL:

PV, PV,

" m-R m-(l+a+a)-R

T M axoun

_ P@®) - V(0)
T(G)_mb~(l+(x+0c’)~R [

yLo TO AOYO OTL M BeQUOXQUOLA ELVOL OUVAQTNON TNS YWVIOS TOV 0TQOPAAOPOQOV GEO-
va. eTTELON KoL 0 SLOBEOLUOG GYHOC OO0 %O 1 TTLEON EEAQTWVTOL OTT” QUTHV.

I'o To A0 TV eV BeouoTiT®V kK, TOU UElYLATOS ¥ONOLUOTOWONKOV OL-
POQETIXA eTtimedo axQiPeLog e petoffory avtov uovo e tn Beouorgoaior:

k = otabe0d
k=A+B:-T
k=A+B-T+C-T?

T TV TeQoVoa eQYa0ta O TLUES TV 0TabeQwv A, B, nat C divovtal ostd sivoneg
TV OTTOLWV OL TLUES TTQOOOLOQILOVTOL TTELQUUATLAC, XONOLUOTTOLONKAY VL0l TTAQAOELY-
Ua. OL OYE0ELS:

k=1392+8,13-10°5-T [12]

- 1,036 —107*-T+25-1078 - T?

0,037 - a
k=1357— (—)

OelyvOVTOG UE O, TO OTOLYELOUETQULO TINALXO UELYUOTOS TTOV YLOL TO Y ONOLUOTTOLOVUEVO
navouo haupaveton o, = 14,6.
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5. [1gocdogiopndg tng Oeouixns evéQyelag mov ehevBegmveTan
XOTA TV XOV0N)

TNV TOQAYQAMO vt Ba TEOGILOQLOTEL 1 TTEOOOOS TNG ®AVoNS, ONAAON O VOUOS
TTOV eXEACEL TN BEQUAOTNTO TTOV TTOQAYETAL HOTE TNV KOVOT TOV UELYLOTOC, e BEoN TV
TV NS TTEONS TTOV EMXQATEL 0TO OAAAUO ®ovoNg oe ouVAQTNON TNS Ywviag 6 Tov
0TQOQPUAOPOQOV GEOVA.

270 oYNUa 5.1 BemQELTOL WG CVOTNUC UEAETNG, YLOL TNV ETTEAVON TOV 0VTOV BEQUOOV-
VOULXOU TTQOPANUOTOS, TO 0EQLO UELYUOL TTOV TTEQLEXETOL OTO BANOUO KAVONG.

Me v vtoBeon GTL TO ®OVOLUO UeLyua ebval ouoyeves, nabwg emiong xot OTL OL GUV-
e mieong xal BeouonEaolag eival OoUOLOUOQEA RATAVEUNUEVES, TTAQOAO TTOV POt-
OXETOL 0€ €EEMEN M ®OOMN TOV UELYUATOS, EQPAQUOCETAL 1) 0QYN OLOTHONONG TNG EVEQYEL-
0G OTO TTQOC UEAETN oVOTNUA TTOV BeweiTol ®helotd (WéBodog Langrange) uetagy oo-
¥NG oL TEAOVC TNG LOONC.

T woe Tuxovoo Béon tov 0TEOPALOPOQOV GEova B, N pon ™S BeoUdTNTAC TOV

Uch

do
VELOG TTOV OEAETOL 0T WALA TV AEQIMV TTOV ELOEQYETAL OTO OVOTNUA L0 UECOV TNG

eAEVOEQMVETAL OTTO TLS YMULKES OVTLOQAOELS OEELOWONG ( ) %OL 1 TTOOOTNTO, EVEQ-

dm,
ETLPAVELOS EAEYYOV TOV (Z(hi . d—91>) TTQOXOAOVV OTO CVOTNUOL: WO UETOPOM] TNG
i

du
E0MTEQLUNG TOV EVEQYELOG (¥> TNV TOQOYMWYY| EVOS UNYOVIXOU £QYOV 0TO €EMTEQLHO

C

dL
%WMQEO QVTOV Sl LECOV TOV EUPOAOV ( 0

) 10D LAl OGS OTTWAELOS OTTO TOL TOLY MWL

dQ,,
do
dUCh +Z ».%zd_U_}_ dLe + th[
do bodo do do dt
H oyéom vt Loyvel TO0O0 YLo TOUS XLVNTHQES UE EAEYYOUEVT EVAVON TNG KAoNS OGO
AOL YL EXELVOVS e EVAVom TNG KOONG LE OVUITLEON).
TooTNQELTAL OTL M OXQIPELD TWV ATTOTEAEOUATOV EEAQTATAL OTTO TNV aXQIPELQ Ue
™V 0TTota TEOOOLOQLLOVTAL OL OQOL TNG oyxéong [13].
OewEmVTAS OTL N WALO TOV CVOTHUATOS TTOQOUEVEL 0TAOEQN HOTA TN OLAOHELO TOV

To. TOV BOAGUOV HOVONG ( ) YQAETAL M OYEoN:

[13]

dm. dm.
POLVOUEVOV TNG ®OOMG, O OQOG d—el elvor undevinog (d—ﬁl = 0), TTQORVITTEL OTL:
du dL d
——ch _ d_U 4 4 & [14]

do do do do
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AVt M oyéon WIToQEL VO EX(PQALEL TOV VOUO TTQOOOOV TOV (PULVOUEVOD TNS KAVONG,
OMAOOT TN BEQULXNG EVEQYELOC TTOV TTAQAYETAL OF VT XL TTOV ovuPBoiiletal wg HRR
(HRR: Heat Release Rate). To HRR deiyvel tnv Ta0Tnta Ye TV OTTOL0L LETOTQETETAL M
YNULAT) EVEQYELOL TTOV TTEQLEYETOL OTO HOVOLUO OTLS GANES LOQES EVEQYELOS TTOV TTEQL-
YOG.QOVTOL TTLO TTAV®.

O TEMTOC OQOS TOV EVTEQOV OXEAOVS TNG Oyéong [14] yodpeTal:

du dT dm dm
- = . o — 4+ . P A - = 'y .
o m - C, 0 C,-T ) eTTELON 0 0  TTQORVITTEL
du dT
™S e o]

omov C, elvar n ewduxn OeouoTNTa TOV UElYUoTog VItd 0TadeQd OGy®O.

Gas
system

AALARE BN

p
RS AAAE s

0 o+d 0
to to+dt

Yytjua 5.1: ZV0TNUO TAVO 0TO OTTOLO EQUQUOCETAL ) QX1 OLATHONONG TNG EVEQYELAS VL0 TOV
TTOOTOLOQLOUO TNG EVEQVELOS TTOV TTAQAYETOL XATA TN XOVOT.

O vtohoyLopodg ™S uéong BeQUOXQUOIOS TV 0EQLmY WOLWV UECO O0TO HVALVOQO
vrohoylotnure oo Tn oyéon [11] n omoio EovayQdipeTal:
P(©) - V()

T =
©) m o (+tata) R %OL

dT(©) _ P ] dv(o) \% ) dP(0)
do m - (I+a+a)-R do m - (I+a+a)-R dO)

[16]
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AvtixoOotovtag v tedevtaio otny [15] mooxvmteL:

W_ e P L) Y LON 17
o " V(mb~(1+a+a’)-R do m - (1+a+a)-R d(ﬁ))

To £0y0 OV TORAYEL TO GVOTNUN OTOV EEWTEQLXO YMDQO L, avtov Ba divetan armd
oyéon [18]:

Lo=[[T-daxdas=[[pP-daxax=[p@®)-av
As AX 0

dmov T1 givar 0 TavoTic TRMOTOV Pabuov (3) now wg ex tovtov dL, = P - dV xow mmaQa-
vyoyilovtag wg mog do:
dL, dv

=pP.— 18
de do L18]
TOQATNEELTAL OTL 0TNV TeAevTaia oxéon M ieon P %ol o dynog dV agpoQovv OTLyUaies
TUUES OTO E0MTEQLUO TOV ETTLAEYEVTOS CUOTNUOTOS UEAETNG.

ABpoitovtag Tig oyéoelc [17] nau [18] mooxrmtel:

L
dU+&:m. V_( P _dV(6)+ \Y 'dP(G))

4o do m-(+a+a) R d m-(1+a+a) R d@O)
dv
g
d_U+dLe_ P-m-C, .dV(9)+ V-m-C, ~dpP(®) v,
do do (mb-(1+a+a’)-R do m - (1+a+a’)-R d(@)) do
du dL, (P-C, dv@®) V-C,  dP®) av av (C,
— 4 = . + . +p—=P-— (X +1|+
d  do ( R do R d(6)> do do (R )
py S dp 19
R db L19]
C
‘Exovtac: R = Cp - C, nu k= Ep— TTQOXVITTEL:
CV_ c, 1 B 1 1
R ¢ -¢ 6-€ EP—+1 k—1
C, C,

H oyéon mapayduevng Beoudtntag HRR yivetal:

_ dUch _ dU dLe tht
HRR="% "o "o " o
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HRR—P.d_V. &4_1 +V.&.d_P+de— d_V 1 +1 +V.L.d_P+
do (R ) R d0 do do (%—1 ) k—1 do
dQ,
+—
do
Cdo (x—l ) k—1 do = do <k—1) k—1 do
dQ,
+
© [20]

' TOV TEOOOLOQLOUS TV BEQULXMDV ATTWAELDV GO TO TOLYMOWATO TOV Balduov
novong OMutoveynOnxe éva nabnuotind wovtého, ue TV VItdBeomn OTL £xEL ATORATAOTA-
Bel navovirn otabeen AELTOVQYi0 TOV XLVNTHQO, TOV TUITOU:

dQy,

=S h@=T) [21]

Qu
do
yoviog 6 Tov 0TEOPAAOPOQOV AEOVA, e h TOV OTLYWOLO OUVTEAEOTH UETADOONS TNG
BeoudTnTac, ue S To UPAOOV TNG E0MTEQUANG ETTLRAVELAS TOV XVALVOQOU OITOV OTLYUL-
ata ooV Ta xavoaéoua, ue T 1 BeguoxQaoia Twv aeQlimv Halov ®al T, n Beouo-
1QAOLO TWV TOLYWWATWY TOV XVALVOQOV, M omota AauBdvetal, yio AMGyYovg arAovoTey-
ong, otofeon ue ™ Ywvia 0 TEQLOTQOPNS TOV 0TEOYAAOPOQOV dEova. H Bepuoroaaia
ot dev elval ouoLOUOQEN YLl TLS ETTLRAVELES TTOV TTeQLBGALOVY TO BdAaUO ®ooNC.
ZTNV €QPOQUOYT QUTEC OLAXQIVOVTOL 08 TQELS TTEQLOYES TTOV 0e e wio  BeguoxQaoioa
Beweeital opoyevig: n xe@oln (stegimov 550 [K]) to éupolo (rtepimov 500 [K]) ®at 0 ®v-
AvOog (mreptmov 400 [K]). Zvvifmg n Loen Tov £(0VV Ol ETTLQRAVELES TNG KEPOANS KO
TOV eUPOLOV 1AOLOTOVY OVGKOAO TOV VITOAOYLOUO TOV OVTLOTOLY OV eUPAdOV TNG ETTLPE-
VELOG EVOMOYNG NG BEQUOTNTOS OTTOV EQPATTTOVTOL OL 0€QLES UALES, YL TO AOYO OUTO
Beweital OTL aVTég €xouv eUPadOV (00 UE EXELVN TNV ETTLPAVELD TTOV €XEL OLAUETQO (0T
Ue TN OLAUETQO TOV HUALVOQOV. ZT1 OVVEKELD YivETOL OLOQBWON TOV TOTEAEOUATWOV e
OLAPOEOVG OVVTEAEOTEC LOQPNS. H emugpdivela Tov ®VALVOQOV, avTiBeta, uetadAleTol
HOTA TN OLGLOUELD. TOV EVOELXVUOUEVOD HUXAOV €QYOV 08 OUVAQTNON TG BEong Tou el-
BOLOV %Ol TOV RLVNUOTLXOV UNYAVIOUOU SLWOTHQM — 0TQOPALOPOQOV GEOVA TOV ®AOe
®LVNTNQOL.

I'o. TOV VITOAOYLOUO TOV OUVTEAEOTY) UETADOONS TNG BeQudTNTOS h, TOV TEOOOLOQ(-
Cetou pe dSVonoAia, VITd.oyovv dLdgoes uéBodol tov Baaifovral 0to va Bewendel OTL TO
0€0L0 €QYOLOUEVO QEVOTO ULVELTAL Ue TVQPRWON QO %L OTL £XOVV OTTOXRATAOTAOEL OL
ovvOreg otaBeQdTNTaC ™S ®ivnong autng. Me avtéc TIC VITOOE0ELS ETLTQETETOL V.
ovvdefoUv neta&V Toug oL aLBuoi Twv Nusselt ®ow Reynolds pe tn oyxéon:

Oelyvovtog ne ™ BeQUATNTA TTOV EVOAAAYTNAE UE T TOLYWUATO O OVUVAEQTNON NS
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N, = ¢, R 22]

ZTNV TTQOXELUEVT TTEQITTTMWON YONOLULOTOMONKE TO UOVTELO VITOAOYLOUOV TOV h mTov
€yeL mootetvelr 0 Woschni (15). Avtd 10 HovTéAo TEOOOLOQICEL TO ovvTEleoT) h og oUV-
Oreg PefLaouévng ouvoymyng ®oL CUEAVOUEVNS TNG TLUNG TOL Lo va. AngBel vtoym 1o
UEQOG TTOV UETOOLOETOL e axtivoPolia. H oyxéon viroloyiopov xatd tov Woschni etvou:

— n—1 n n 0.75—1.62n W
h=C-d"'-p"-w"-T [mZ-K] [23]
O 6Q0G «W» AOUPAVEL VITOYN TOV TNV TVERMON QO TTOV TTQOXUAEITAL OITTO TNV KAV-
om. ELdwd 0 6Qog avtdg Tov Woschni (15) elval (ol aQaxTnQLOTLRY TaTNTO JTOV AIT0-
TehelTol amrd Ovo uén, €va Tov BewEel TN UEON TaXVTNTA TOV EUPOAOV %Al ELOLUOTEQM
€xEL VO RAVEL UE TNV TAXVTNTO TTOV (VoL OVVOEdEUEVN UE TO PoBUO «SWirl» TOV rivnTY-
Q0, TO AAAO OVOPEQETAL OTNV TVOPWDON QON TTOV OPEIAETAL OTNV KOO, AUTH 1 ETTLITAE-
oV TUER®ON QON AauBaveTal vITOYN Ol LECOV TNS OLOPOQAS UETAED TNG TTIEONS TTOV UE-
TOE(TOL WEOO 0TO BAAOUO KOVONS KOL TNG TTLEONG TTOV UETQELTAL OTOAV O KLVNTNQOS TTEQL-
OTOEPETOL SlMWS VO VITAQYEL KAVON).
AT6 ™ oéom [23] TQORVITTOVV GALES TTOV CUVAVTOVTOL 0T BLBALOYQapia. ATTO Q-
Tég BewEnONKAV YONOLUES 0VTY TTOV TTEOTELVE 0 GatowskKi (9) [24] nol ot TToV TEOTEL-
ve 0 Heywood (10) [26]:

08
h=131-C, -d[m]* - p[atm]®® - T[K]>** - w[?} [24]
V. T, - - P
ue w = 2,28 . (u[ﬂ} + 3,24 . 1073 . C2 . disp vC (pf m) ) [25]
S Vive " Pre
omov C, »aw C, ebvor 0Tabeoés no amd eumelQio TQOTEIVOVTaL TUUES LOEG Ue TN LOVADA.
m
h=326-C, -dm]""" - p[KPa]" - T[K]*>~16n W[?]n [26]
m m V. T, (@ —P
ue  w=228" (u[—] + uswm[—] +324 107 C, - —2_IC P; = Pr) ) [27]
8 § Vive " Pre

Ou otaBegeg C, nar C, edm Ha wvpaivovron uetagv 0,7 #ow 1,3.

2TIG TIQONYOVUEVES UAONUOTIRES OYEOELS «Pp> ELVOL ) UETQOVUEVN TTiEON 0TO OAAOUO
navong, aovoia avthg (firing), xow «p » eivor n wieon Tov emnQatel 0To OGAOUO
7avong Olywg TNV IT0QOVOta TOL avouevow avtg (motored). Ta peyebn «T
AL «V > APOQOVV HEQUOQUOLES, TILEGELS %Ol OYHOVS OYETIXOVG OF ULOL QOVLXT| OTLY-
un Tov ¥VRAOV TOV LIVNTHQO TTOV TTEQLEXETAL UETOED TOV XAELGINOTOS TNS POABIOOS €L~
OaYWYNS ®OL TNG 0QYNG TNG KOVONG, YLO. TTOQAOELYUO OXQLBMC TN OTLYUN TOV XKAELOLUA-
Tog ™G Parpioag (Intake Valve Closing) «V disp” elval 0 OYrog oV dNULOVEYEL TO ¢ufo-
A0 %aTd TNV RivNon TOV, IMMADY O HVPBLOUOS EVOS KVALVOQOV.

», «P o>
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®vowrd 1 mTieon «p » VITOAOYICETAL OL0L LECOV ULOG TTOATQOTILXNG BeQuoduvauLKig
UETAPOANC TNS OTTOLOC O EXOETNC TTQOOOLOQILETOL TTELQUUATLRA.

T ™V TLum ToV €x0€TN «n» TTOV TOEOVOLALETOL 0TN O0YEom [26] avTtdg AauPdveTor
tooc ue 0,8.

Ao Tl TTLO TTAVW TTQOOOL0QIOTNXKE N podnuatixy oyxéon e HHR n omola Ba éxel n
noem:

du Kk 1 p d
HHR=—°h=P-dV < ) d +& [28]

do o \k—1 k-1 do o

OlonAnowvovtag To HHR wg toog ™) ywvio meQlotQogng 6 Tov 01QopaAopdQou
GEOVOL TTQORVITTEL 1 CVOOMQEEVON OMG TNS BEQULKNC EVEQYELAS TTOV TTa.QAYONX®E OTTO TN
UETOTQOTTN TNS YNMULANG EVEQYELOS OITO TO (PALVOUEVO TNG LOVONC.

Elvol ovéyxn va 1ooodLoQLoTelL Ue TTQO00YT TO oNUELO ®OTd TO 0mtoto Ba aEyioeL 1
OAOXANQWOT. OENTIXA, TTOAYUOTL, 1 XNULKY eVEQYELD TTOV ehevBeQmveToL Bal TTEETEL
vo. gbval (om pe To undév péyxol ™ oty tov Ba ayioer n xovon. Ouwg, M TAQOVoLo
TTOMMV EVOYANTIXMV ONUATOV 0TO XVQLWS ONUOL TNG TTLEONS, TTOV CUVOOEVETOL TTQOPOL-
VIOG ATTO TNV ELOAYWYN UPELALOTATWV, KOL M TAQOVOL0 OPAAULATWV TTOV UTTOQOVV VU, TTO-
QOVOLAOTOVV ROTA TN OLAOKELD. ANYNG AVTOV, UTTOQOVYV VAL OMWOOUV UN UNOEVILES TLUES
010 HHR, axdun, #ol 0Tig oTLyUES TOV OeV VITNQYE TO (patvouevo g xavong. H peto-
oA 0TO %QOVO TOV OMUATOG TNS TTLEONG OPEIAETAL OO CUTE TO TTOQUOLTLXG OUOTAL.
Iodryuatt, éva u€Qog avtmv Telvel va eE0V0eTeQOEl LETAED TV, e ATOTEAEOUO. VO
ExouV emtidQOoM TTAVW 0TO VOUO eAeVBEQWONG TNG BEQUIXNG EVEQYELOS AL OTNV OAOXAN-
QWON VNS,

I'io TV €E0VOETEQWOT CVTMV TWV TTOQEUPOADV Bol TEETEL VO YiveL | OAOXANQWON
UOVO 0ItO TN OTLYUN RATE TNV OTTOL0. TO PALVOUEVO TNS ®OONG ExEL NON CLOYLOEL, YOl TTO-
QAOELYUA, OUEOMS UETE TNV QYN TNG KAVONG 1) CUECMS UETE TNV QYN TNG €YXVONG TOV
HOVOTHOV.

AoV XOTAOREVUOTEL TO YQAPNUO TNS CVOCMWQEVUEVNC BEQULRC EVEQYELAS, ELVaL OV-
vaTov va. vivel n emeEeQyaoio avTton we OLdpoQOVS TEOTTOVS, (PEQVOVTAS OTNV ETTLPAVELD.
UEQLAAL XAQOXTNQLOTLXG. UeYED. T'ua TaddeLyua, Le 0TOXO VO TTQOOLOQLOTEL 1 TOXVTN-
TOL KOL 1) YOVLORY] OLAQUELD. TOV (POLVOUEVOY TNG KAVONG OTO E0MWTEQLLO TOV EVOELXVVO-
UEVOV KUXAOV €QYOV, OUY VA TUTTOTTOLELTOL 1 RAUTTUAT TTOV OELYVEL TN OCVOOWQEEVON TNG
YNULANG EVEQYELOG TTOV EAEVOEQMONXKE T TOOC TNV UEYLOTY TLUY avTig. Me v vmdbe-
on OtL #dBe UOQLO TOV HAVOTUOV EAEVOEQMIVEL, KALYOUEVO, TO (OLO TOOO VEQYELOS (aV
HOL OTNV TTQOYUOTLLOTNTO 1 OEQUOYOVOS dUVOUN UETARAMAETAL LETE TN BEQUORQUTTNGC),
OL0 UECOV CUTNG TNS TVITOTTOINONG TTQOOOLOQILETAL O TTQWTT TTQOTEYYLOT 1 UETABOAT TO
UEQOVG NS UALAC TOV LOVOLUOV UeLYUOTOS TTOV €xEL 1ON KaEL.

T va TeoodLoQLaTel N ToTNnTa ®aot M 0¢om Tov LorETOL N ®OVON YIVETOL OVAPO-
QG UOVO O€ OUYAEXQLUEVO ONUELD TNG TWITOTTONUEVNS UE QUTOV TOV TQOTTO CLQYLANS KO-
WTOANG. EwdwdteQa, TQoodloQiCovTal oL ywvieg B Tov 0tQogalopoQov GEOVO 0TLS
omoieg avtoTolyovv: To 10% udlag mov xdnxe (0QyM g xovong), To 50% xoL to 90%
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(téhog xavonc). To yoviaxd dudotnua ueto€ 10% xar 90% Olvel TANQOOQIES YLoL TN
KOOVLXY OLAQXELD AL TN TaVTNTO TG ®avons. H ywvia tov otogparopdoov dEova
OV avTLoTOLYKEL 0T0 50%, avtiBeta, haupdvetal oo deixtng Tng BEomg Tov poLvouévov
™G ®OVONS OTO E0MTEQLAO TOV KVAIVOQOU %Al e{val £Vol 0TO TO ONUELD 0VOPOQAS YLo
™V artd@oon edv Bo TEETEL VO TTQOYUOTOTTONOEL TTOQEUPOOT OTNV TTQOTTOQEL 1| OTNV
©oOVoTEQNON TNG £VORENS TOU (PALVOUEVOD TNG KOVONG.

ATTO TNV ROWTUAN TTOV TTQOARVITTEL ATTO TNV OMOXAQWON TOV VOUOL OITeEAEVOEQWONS
evépyelag HHR eival dSuvatov vo Fyouvv xow GAAG OVUTTEQAOUOTA, OTTMS VL0 TTAQAOELY-
ua edv €xel OMOUANQMBOEL 1) OYL TO POLVOUEVO TNG KOVONS. ATTO TO KAVOLUO TTOV ELOAYE-
TOL 0TO BAAAUO HAVONG VL0 ®AOE ®KUKHAO £QYOV KAl VIO ®AOE ®VALVOQO, ElVOL YVWOTE TO-
00 N UALA TOV #OVOLUOV «mm,» OG0 1AL 1 TN TG RATOTEQNS HEQUOYOVOL dUVOUNG VIO
0100eQ0 Oy1o TOV nooinov «Hp. To yivouevo tng NAtog Tov %avoipov Tov ewotyin
0tov BdAauo rovong el T BeQUoYOVO dSUVOUN CUTOV, TTAQLOTAVEL TN UEYLOTY TLUT TNG
EVEQYELOG TTOV TO ROVOLUO WTOQEL VO EAEVDEQMOEL OTNV LOAVIXTY TTEQLITTWON TNG TEAELOS
1OVONG TV OLAPOQMV YNUAWDYV EVIOOEWY TTOV OUUUETEXOVV OTO POULVOUEVO AVTNS (KO-
vovird Bo oémel vo yonotpostonBel 1 «eE€QyeLo» TS WALOG TOV ROVOLUOV HELYUOTOS
TTOV ELOEQYETOL OTO OVOTNUO UeAETNS. Emeldn 1 duapod Tov peyédoue g «eEEQyeLoc»
#aL TOV ywvouévov m, - H; elvor Tohv wixen, dtver T duvatdmto 0to ywvouevo m, - H,
VO, YONOLUOTTOMOEL 1 TTOGO TNG ELOEQYOUEVNS YNNG EVEQYELOS OTO OVOTNUCL).

Mo duVaTY) TUITOTTOINON TG HKOWTUANG, TTOV TTAQLOTAVEL TT) CVOOMWQEVUEVT YNULKY|
evéQyela Tov ehevbeowbnue, urogel va yiver wg eog Ty Tl « my - Ho». Ze avtiv tv
TEQITTMWON OUWS TTOAD OVOROAM 1) OAOXANQWUEVN XAUTTVAN OO UTTOQOVOE VO (PTACEL 0T
Tun éva, Tov onuatvel 6tL GO TO TOOO TNG YNULKNG EVEQYELOS TTOV BemwONTLHA ELOT-
¥xOnne pe To ®aoLUOo S UETOTQATINXE O BEQULXT| EVEQYELD. OEUEALDVETOL £TOL 1 £VVOLOL
TOV BoBUoV arrdOOooNg TS ®OVONG, TTOV 0QILETOL AT TO TNAIXO UETOED TNg BeQuinnig
EVEQYELOG TTOV eAEVDEQMONUE UL TNG ELOAYOUEVNG YNULXNG EVEQYELAS OTO OVOTNUM. Me
avoQoQd 0g oVTo TO BAOUSG ATTOIOONG «Ny», TO OAOXANQWUOL UITTOQEL VOL TTAQEL G UEYL-
ot TN «ny - my - Hos.

6. MeOBodoroyia agOuntizig avdivong

O poBnuotinég oyéoels Tov LoOMUATIXOU LOVTELOV TTOV OvOTTTUYXON®E OTA TTQONYOV-
UEVOL UTTOQOVV VO eTTLAVBOVV UE TNV EQPOQUOYY TNG 0QLOUNTIXNG avaAvong Ot LECOL:

a) Tng dualeong Twv TEQLOYMV TOV AITOTEAOVV TO ETLAEYEV GVOTNUOL EAEYYOV OF
éva emeQaouévo 0B Cavav TEoraboQLOUEVNS LOQYYIC, TTOV (PEQOVV TO OVO-
ua: GyxoL 1 0ToLyela, ovahoyo pe T uebodoroyio Tov eAQUOCETOL ROl TTOV UOi-
Cl ue Toug avTioToLoVg ROUPOVS OITTOTEAOUV TO TTAEYUA TOV VITOAOYLOUOV.

b) H emiAoyn TV SLapoQLUmV EELOMOEMV 0TO TIAEYU TOU VITOAOYLOUOV, OL0L UEGOV
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ULOC KOVOVIANS OMOXANQMONG KOl ULOG TTQOOEYYLONG O0TO TTEQURAALOV TOV %dDE
Oyrov (1) Tov ®ABe OTOLYELOV), £TOL MOTE VO UETOTQOITEL 08 £V CVOTNUOL OTTAMDV
QRYELOLUMYV EELOWOEMV.

¢) H Aom outot Tov ovoTHUATOS TV OAYERQLLMV EELOMOEMY TTOV OEV ELVOL YQOLIL-
WLAES, TTOV CVVOEOUV TLS TUUES TV EEQQTNUEVOV UETOPANTMV OTOVS XOUPOVS UE
™ %OMOM EVOS HATAAANAOU VL0 TOV OXOTTO AVTOV aQLOUNTIXOV aAyoQiBuov.

d) Tmc yonong ®wdixwv UobONUATIXROV LOVTEAWY ETTIAIONS CVOTNUATWV SLAPOQL-
NV EELODOEWV.

Elval gaveQod Ot o arrotehéouato Oo TEETEL Vo ETUANOEVOVTOL QIO TO. TTELQOUUOITL-
%G OEOOUEV. TTOV TTQORVITTOVV Ot QOULUES TTAVW OF ALVNTHQES.

2TV meQlimTmon ot eQaQUOOTNKE OAYOQLOUOS ETTLAVONG TWV TTQOTELVOUEVV OLO-
(POQLXMV EELOMOEMV e TQOYQUUUO TTOV TTEOTAONK®E 0td to EQyaotiolro Mmyovaov
EowteQuung navong tov T.E.IL TIewpaid yoouuévo te to vitohoyLotixd mAaiolo Matlab
(15). To oVYREXQLUEVO TTOOYQOUUD. EQAUQUOOTNKE O€ TTELQUUATILES UETQNOELS, TTOV TTOAY-
UOTOTTOMONLAY TTAVWD 08 OUYAEXQLUEVOUS KIVNTHQES XONOLUOTTOLMVTAS YL T AN av-
TOV TECONAEXTQIXOVG UETOTQOTTEIS TOTOBETNUEVOVS OTOVG OTTLVONQLOTEC.

To oAoxIMowuUEVo mEOYQAUUO (16) TTOV EPUQUOCTNKE UE TLS TTLO TTAVE TTELQOUUATUAES
UETONOELS £OMOE LUOVOTTOMNTLAG ATTOTEAEOUATA UEQOS TWV OTTOLV POLVOVTOL TTLO HATW:

Motored Pressure

[bar] - C.A. [deq] * pIiring

— Protores ]

Pliing

! The pressure va‘ue #TDC : [ I n mmediumﬂ 203
1is pE48.073 [ba], i | :

[ ihe proa=T I TAS bar] T ;
i for a rotation frof T.0.C.
of 31 [deg]

|
(LY ) 1L | B fennsesennsacn
' '

1
=

.

f=r)
=
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=
[as}
=

.
=

.
=

Fressure [bar]

[
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w
(=]

-360 -180 0 )
Crank Angle [deg] -180

Crank Angle [deg]

ynua 6.1: Awdyoauua Py, — CA. (4244  Xypjue 6.2: Avdyoauua P,

iring iring P motored

[cm’] — 6500 [rpm] — W.O.T.). [cm’] — 6500 [rpm] — W.O.T.).

(4244
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Medium Temperature Heat Trasfer Coefficient h, model WoschniHeywood
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Xynqua 6.7: Avdyoauuo Beguoxoaocios —
C.A. (4224 [cm®] - 6500 [rpm]-W.O.T.). [cm?] — 6500 [rpm] — W.O.T)
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Iynjua 6.9: Audyoauua x, — C.A. (1242 cm’ — 4750 rpm — W.O.T.)
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HRR, model WoschnifHeywood
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Tjue 6.10: Avdyoouuo HHR — C.A. (4244 [cm®] — 6500 [rpm] — W.O.T)

7. IIgoomtinég

To nhexTELrd OMUA TNG TTLEONS TTOV TTQOEQYETOL OITO TO EGMTEQLHO TOV Bahdov ®ov-
ong dev elval UOVO YONOLUO YLOL TNV OAVAAVON TOV EVOELKVUOUEVOD KUXAOV £QYOV TWV
TTOALVOQOULXMV XIVNTHOWYV. MItoQel ertiong va etval GALO TG00 YQNOLUO 0oV ETTEEEQ-
vootel we OLapoec UeBodONOYIES YL VO OMOEL TTANQOPOQIES OIS, OTOTLOTIXES ETTE-
Eepyaoieg mavm o €va aQLOUO EVOEUVVOUEVOV XTHAWV EQYOV, TO. OUTOTEAEOUATO TV
oTolmV WtoQovV va OelE0UV TN UETAPANTOTNTO TOV (PALVOUEVOV TNG ROVONS UE OTOYO
™ QUOULOM TOV HIVNTHQA £TOL HOTE VO, TOQAYOEL O RUAVTEQOS KVKAOG.

IToAMEC dORLUES OelyvOoUY, OTL OTAV VA ALVNTNQOC EQYALETAL OF RAVOVIXES OVVON-
%neg hettovQylog pe 0tafed aolbud 0TQOPMV, £vag ®KURAOS €QYOV TTOTE OEV ETTOVOALL-
PAveTor 0 (OLOg UE TOV TTEONYOUUEVO ONULOVQYWDVTAS €TOL TO YVWOTO (PALVOUEVO TNG
CAVRALUTG OLOLOTTOQUC».

H otatiotix avaivon twv onudtwy Tne Tieons 0o uiroQovoe Vo TQOOOLOQLOEL TLS
OLOPOQES TTOV VITAQYOVV UETAED TOV EVOG HUXAOV KOL TOV TTQONYOVUEVOL VLo OTL 0LpO-
Q4L YL TTOQADELYUD, TNV TTQOOOO TNG KAVONG. O WTOQOVOE ETLONG VAL TTQOGOLOQLOTEL M
UEYLOTN UETAPBANTOTNTO TNS YOviag B yia Tnv omota €xel nael 10 50% TOv ®OVotUov 1
oxOUN TO YOVLORO TOEO UETOED TOV 10 %0l TOV 90% TOV RAVG{LOV TOV €xEL nael. Me [di-
01 QUTMV TOV OTTOTEAEOUATMV elvaL SUVOTOV VO, YIVEL ETTEUPOON TOTO OTN PAOT TNG UE-
MTINS HOL KOTAOREVNG OO0 %L YL TN QUOULOY TOV KLVNTHQOL.
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8. Zvunepaopata

H petafol Tng mieong 010 e0mTEQLXO TOV KUAIVOQOU 0TOVS TTOAMVOIQOULLOVS KLVN-
TNQES EOMWTEQUXANG HAVONG KOL 1 OVAAVOT UTOV WITOQEL Vo dwoeL U og FABog yvaom
TV QOLVOUEVDV TTOV AQUPAVOUV YMQO KOTA TN ONULOVQYIC TOV EVOELXVUOUEVOD K-
*AOV €0YOV. TO EVOLOPEQOV QUTMV TV TTANQOPOOLMV OLLALOAOYEL TNV EEEMEN TV Lo
POQMV UEBOOOAOYLMV TTOV ROTE KOLQOVS EPAQUOOTNHOY OYETLKA.

H mtoooopolmon Tov QoivOuevoy Tng ®oong OLVEL TN EVXOLQLOL YLOL TNV OVAITTUEY
ALOPOQWV AAYOQLOUWY YONOLULOTOLMVTOS OVYY,Q0VOUS VITOAOYLOTLIXOVS UeBOO0VS OTTwg
YL TTOQADELYUOL EXELVIV TTOV TTQOOPEQEL TO VITOAOYLOTIXO TTAaiolo MatlLab. H eqaguo-
Y QUTAOV TOV 0AYOQUOUMV WTOQEL OMOOVV TTANQOPOQLES OTTMC, VL0 TTOQAOELY I, 1) UE-
YLOTN TLUN TNG TTieoms %ot 1 B€om Tov 0TQOPAAOPOQOV AEOVO TTOV ETTLTVYYAVETOL CLUTY,
WTOQOVV ETTLONS VA, CVUPAMAOVV VO TTQOYUOTOTTONOEL ULo og BAB0g avalvom TOv EVOEL-
UVVOUEVOU KUXAOU UE OTOYO TOV TTQOOOLOQLOUO UEQLHMDV POOHMV UEYEDWV OYETINA UE
™ Aettoveyio Tov. H epoouoyn Twv Unyovioimy Tov UETAPAAMAOVY TO ECMTEQLHO Y QO-
VLOUO TOV KLVNTNQO. ELVAL VAL YOQUKTNOLOTIXO TTAUQAOELYLO TMV KLVITHQWY UETOPANTOV
YOOVLOUOV €(VOL YOQUXTNOLOTIXO TTOQAOELYUO. TTOV OQEIAETOL OTN UEAETN TOU EVOEL-
UVVOUEVOU HVKAOV £QYOV TOV KLVNTNQC.

H motoon avtn édwoe v evraigio vo avamtuyBel évag 0ELOmLoTog alydoLBuog ue
pdoer To vitohoyLoTixd TAaiolo MatLab pe wWlaiteQn TEOCoYN 0TV AVAAVON TOV (POL-
VOUEVOU TNG KOVONS TTOV 0poQd TO 000 TG BeQUOTNTOG TTOV eAeVBEQWVETOL XATE TN
oLaxeLo. ovtne. To TEOYQOUUO CVTO WITOQEL VO EQPOQUOOTEL UE ONUAVTLAG OTTOTENE-
OUOTO XOL 0TOVG VO TUITOVS TMWV TTOALVOQOULLMV KIVITHQWV E0MTEQLANS KOONC.

H pétonong g mieong eviog ToU ®LVNTHQO KO 1) ETTEEEQYAOLN TV ONUATWY QVTMV
0 TTQOYUOTIXO YQOVO aITOTELEL TNV EEEALEN TNC TTOOTO.ONG CUTNG UE AITOTEAEOUO VO El-
val OuvoTy 1 QUBULOT TOU %LVNTHQA ELTOL QVUTOUATA ELTE UE TNV TTAQEUPOON TOV 00T YOV
OVAAOYO e TLS OVUVOTKES AELTOVQYIOS TOV KLVNTHQOL.
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IMagdaoTnua

I to dudryeapua , = f(B) Tov oyfuatog 6.9, awtd meonirtteL oo T oyxton:

SR REC=T

AmodelEN g 1o hvw oyéong. Amtd ) oyéon [20]:
av 1 1 dp v / 1 dp  dQ,
HRR=P-—— +Vi———=P.— +V- —+ 20"
do (%—1 )Vk—lde do (k—l)vk—l o do 0

1A POQA TTOV £)EL TTQOOOLOQLOTEL UE CLOKETY) OXQIPELD M UETAPOAT TNS TTiEONS OF OV-
va.QTNOoM TNS Yoviag 6 Tov 6Teo@alodQov GEova p = p(0), £XOVTAS YVWOTY) ROl TN [e-
TAfOoAN TOV OYXROV 08 OVUVAQTNOT TNG YwVviag 0,

V=V (8]

[(1—0UV6)+— (1 —\1—=2-qu? )H

vy = & ¢ c . c.
== {(e -1 3
%o ortd ™ oyéon [10]

P(©) - V(0)

TO) = -
m (I +a+a)-R

MioQel vo. VITOAOYLOTEL M UETOPOAY) TNS HEoNg BEQUONQOOTNS TOV UELYUATOS UEOT
0TOV ®VALVOQO, AoV avtd Bewoenbel wg oporoyevég. Eival Ouvatdv oTn ouveXeLd Vo
VITOAOYLOTOUV OL ATTMAELES TNG DEQUATNTOS L. LETOV TV PUYOUEVIV TOLYWUATWY TOV

HVALVOQO

dQ,,
do

=S-h-(T—-T)
Emeldr) 010 devteQo néQog g oxéong [20'] dAoL oL 6Qot elval yvwaotot, otd auth,

WITOQEL VO VITOAOYLOTEL TO TTO0S TG TTaayouevng Beoudtntog HRR =
™omn g ywviog 0.

IMopatneitot 6Tl To OAorMQWUA TS oxéong [20] artd ™ ywvio Tov aQyilel n xo-
on 6, uéyor ™ ywvia wov terewwver vty B, otver T0 TOOOV TG ohnng BeoudTnTag TOV
ehevbeQbnxe ard TNV ®oVOoM %KL QUTY ELVOL (0N UE TO YLVOUEVO TNG WALOS TOV HOVO(-
Uov m, oV ®dmue og ndbe vrAo el TNV ®oTWTEQEN BeQUoyOVo cvtov H..

ch
do
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==

f

U, = (%)*dﬁzmb*Hi

L

UE Lo TTQOOEYYLON (YEVIRA TTEQITTOV UEQLRMV €TTL TOLS % WOVAOWV) M 0TTol0 EE0QTATOL
artd TO oIS OAOKAQWONS TMV YNULKMV OVTLOQAOEMY OEEIDMONS TOV (PULVOUEVOV TNG
HOVONG KOL OTTO TNV OXQIPELO. UE TNV OTTOLOL £YLVE 1) EVEQYELOXT CLVAIAVON TOV (POLVOUE-
vOu.

Ioiovovtog Tovg AoYaQiBUoUS TV OVO LEQWV TNS TTEONYOVUEVNS OYEONS KL TTOAY-
UOTOTTOLMHVTOS TN OLOPOQOTTOINON CUTNG TTQOXVITTEL:
1 . du, 1 dm,  dx,

U, d® m, o  do

ch
o Lol we TG oyéoelg:

HRR—P-d—V- #4_1 +V.#.d_P— d_V K +V- ! .d_P+tht
do (x—l ) k—1 do do (k—l) k—1 do do
%O 0,
du,,
Uch=ﬂ< o )*d@zmb*Hi
TTQOXVITTEL EVXONDL 1) OYEOM:
0 — 0,

ml
X, =1- exp[—a * ( ) ] oyéon tov Wiebe

0, — 6,

AvTti Olvel pe ovorton Tt} axQIBEL0l TO ¥, Ue TNV XOTAANAN ETLAOYH TOV TLUOV
TV TOQOUETQWYV O XOiL M,

0 TOQAUETQOC AITddOONS M OTTOLa OLVEL TNV OLOXANQWON TOV (POLVOUEVOD

m JTOQAUETQOS LOQPNG TOV BUAGUOV ®avong, ®aBoQIleL TNV TaVTNTO TNG HAVONG.

H mo.oduetQog o Adupdver TLUES TTOV ®UUALVOVTOL UETAED 4,6 ¢wg 6,9.
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Yxomog ot Xroyor g Emotnuovixiig Exetnoidog

H Emotnuovin Exetnoioa Epaguoouévns Eoevvas (EEEE), amotelel Tnv emionun Exiotnuove-
1 Emetnoida tov TEI TTelQotd 0TV 0ol LtoQouy vo. dSNUOTLEVOVTOL TQWTOTVITES EQEVVNTIXES €Q-
yaoieg Uetd amd aELohoyNom (CVVROMS, 2 ®QLTAMV) e BeUaTiRG AVTIXEIUEVO 08 PLol 0Tt TLG TTEQLOYES
TV Mnyavirov Emotnuoy kot Teyvoloyiog, Tng Puownc, Tov Matnuatixoy, twv Texvav, Tov Kou-
voVXOV ®al AvBowrtiotir®dv Emomuav (Iotooud, Kowvovid, Nopxd) ®ol Ty emothun Aloixnong
zat Owovouiog. Ztoyor g EEEE eival, 0.gpevog 1 TaQovoiaon VEWV EQEVVNTIXMV TTOTELEOUATWY,
uefddWV, 1 (1a) OVOAIOEMY, OPETEQOV OF 1 ONULOVQYIC WLOG VEAS TNYNG ETLOTNUOVIXNG TTANQOMOQN-
ONG YQNOWNG OTNV EQPOOUOOUEVT, ®VQIwGS, é0evva. H EEEE exdidetol oe 00 tevym, to 1evyog I meQL-
Mppavel TG eQyaoieg oTLg BeTunég emLOTIUES ROL TNV TEYVOLOYIO ®aL TO TeVy0g IT eQyaoieg 0TLS KOL-
VOVIXES, AVOQWITLOTIXES KOL OLXOVOULKES ETTLOTHUEGS.

0onyieg mpog Tovs Xvyyoageis

H EEEE 0¢éyetaL Qog aELOAOYNON VL0 ONUOGILEVON TQMTOTVITES EQEVVNTIXES EQYUOIES YQUUUEVES
otnv EAAnvixn, 1 oty AyyAunn, tov 0ev €xouvv dnuootevdel ovte Boiorovral vitd xoion oe GALO uéoo.
Mo TowtdTLIY €QYaoto elvar dnmoatevolun oty EEEE epdoov mdxeltal yia eQyaoio Tov oo-
OeLyuéva TQooBETEL 0NV EMLOTNUOVIXT YVADON. TLa TV AGY0 auTd 1 £QY00I0 OPELAEL VO. OIVATTTVOOEL UE
TTANQOTNTOL TNV EMLOTNUOVIXY OXEPN KoL EEEMEN TOV eEeTALOUEVOV BEUOTOG, AVAPEQOUEVT ELTAYWYLXA
0TV VITAQYOVOQ. (ROTA ®VQLO AOYO TQOO@aTN) BLBALOYQApLa, ALK %Ol 08 GALA ATTOOELKTLXE OTOLYELD.

H vrtopoi} mowtdTummy eQyaotmv meog dnuocievon otnv EEEE yivetol ovmgova pe Toug eEng
Yeviroug xavoves. Kdabe egyaoia vitopdiretal moog xoton ot I'oaupateio tng EEEE (Onpov 250 &
I1. PaAAn, 12244 Avydhew) ot Toia (3) avtiyoage. Metd TV 0ELOMOYNON TWV %QLTAY, 1) EQYAGLO TTOV
%QIVETOL dNUOOLEVOLUN ETLOTQEQPETOL UOCE e TIS eXBETELS TV XQUTMV 0TOV VIEVHBUVO OVYYQUEPED. O
0mo{0g, 0oV TQOPEL 0TS VITOOEUVUOUEVES OITO TOVS KQLTES OYETIXES OLOQDMOELS 1) AAAOYES, VITOBGA-
AeL U€oa og QovVIXd dLAoTNUA TV (3) unvev otd TN YVWOTOTOINoT TQOS AVTOHV TV EXDETEMV TV
%®QUTV, Eavd otn F'oauunoteia g EEEE v eQyooia otnv Tehx TS Lo, TTdAL ot teia (3) avri-
YQU.Qe., TQOS dNUOCTEVON. ZTNV TEAXY QUTH QAT O CUYYQOMENS OPELAEL VO TTOLQOOMOEL NOLE 1e Ta 3
avtiyoapo OAng g eoyaociog Tov (vdBe éva avtiyoago meouhaupdaver Keiuevo, ITivaxeg, Toagurég
IMogootdoeis, Potoyoupies, AeCdvreg IIivanwy, AeCdvteg F'oagpuav IMagootdoemy, AeCavieg PwTo-
youpLmv) %ot éva. CD-ROM, mov meQuéyel £vo. oxQuBEC avTiyod@o Tng €0Yyootac Tou (0 0Qyeio
Word97, 1 ved1eQ0) %aOMS %Al OAOL TO VITOLOLITOL 0LQYELOL XMWQLOTE 0€ NAEXTQOVIXT LOQEPY (OL TVITOL Q-
YLV OLVOVTaL 08 OYETLXY TTO.QAYQUPO TTUQUXATW).

Yoy emtixd, ®abe egyaoia wov vropfdihetar otnv EEEE mQog 0EL0AdyNom TQETEL VO GUVOdEVE-
TOL € ETTLOTOAN VITOYEYQUUUEVN ATTO TOV VITEVOUVO GUYYQAPEN TTOV ONAWVEL, OTL 1] EQYXGIC. NE TiTAO
Gy ROTA TO TOQELOOV, OEV £xEL dNUOGLEVDEL 0VTE £xEL VTOPA0El mEOg wELOLOYNGN 0E AAho névo.
ATOV0L0 OYETINNG ETTLOTOMNG €XEL OOV QITTOTELEOUO. TN UN TTQOMONON Yo GELOAOYNON TNG OUYAEXQLUE-
VNG EQYOLOLOS.

Inuetwtéov, OtL ®dbe vtopfAnbeioa mQOg ®Qiom eQYN.aia OEV ETLOTREPETAL OTOV VITEVHUVO GLUYYQU-
@0, TTANV TNG TEQLITTMOEWG TTOV OYETIXT altnom €xel natotebel 0T TQUUUATELD KOTA TNV QYA VITO-
Boin. Emiong, yio Loyoug 0.0xetof£tnong, *oAoUVTaL oL 0VYYQUQElS OTTwS GUVUTTORGALOVY UE TNV KA.
160e0m QO OELOAOYNON TNG €QYATTOC TOVS %Ol CUVTOUO BLoyQaguxd Znueimua.
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ALaU0QPOOT) TEQLEYOUEVOV VTOPULLOUEVIIS EQYOTIAS

» Aopny Kewpévov. To xeluevo va eival yooupévo, oe hevnd xaQti A4 (ot wio Theved), drho OLdoTL-
%0, LOVOOTNAO, OPHVOVTAS CQXETO TTAEVQLXO %(MQO OEELY KOl ALQLOTEQE TNG OeALDAS YL0L VodelEelg amd
TOVG %QUTEC, ®aTd TQOTIUNOM, Ue xooxTioes Times New Roman 12 pts. (;tAnv 1OV T{TAOV, TV OVOUd-
TOV %ot OLEVOVVOEMY TV OVYYQAPEMY, TNG TEQLANYNS KoL TELOS TWV YQUUUATOV 0TS AEEELS HAELOLH
now otig AeCdvreg). H egyaaia oev mmoémet va viregBoivel tug 20 0ehioeg 0TLS OTOLES GUUITTEQLAAUEVO-
VTOL TO. OLOYQUUUOTOL, 1 BLBALOYQOLPICL HOL OL TTIVOXES EVHD TO ELUEVO TNG EQYAOLAS OEV TTQETEL VO, VITEQ-
Baiver Tig 6.500 AéEerc. Katd tv ovyyoagn vo axolovbeital 1 eEng oeld maQovaioons Tmv eVoTiTmv
g eQyaotog: Tithog, Zvyyoapéas, Aevbuvon avyyoapéa, Iegidnyn, AéSelg xAedtd, KuUgLo xeluevo
eoyaoiag, Evyaoloties (.. meog xoonyovs), Iagaotiuata, BifAioyoapia, Tegidnym ota Ayyiixd,
Avayoduuata-Ewdves xau Iivaxes, AeCavies Avayoouudtwv-Ewxovov xat ITvdxwy.

» Zvotnua Movadmv, Madnuotizd Xvppora zar Tomor. Katd tv magovoiaon neyebov mov expd-
COVTOL Ue OLOLOTAOELS AL YEVLXCA O TEYXVIXA OEaTa OL OVYYQa(ElS OQEIAOVY VO XQNOLUOTOLOVV TO Atg-
Ovég Xvotnua Movadov (S.1.).

Elval opmg ouvatoy, epooov €xel emnoatioel 1 ovvnOiCetal OLopoQETIXE., VO TUQUOETOVTOL ETTLITQO-
obétwe, uéoa oe maevhEoels, oL Tiuég neyebmv expoaouéveg o novaoes dAhov Zvotiuatog Movd-
Owv. Khaopotinég maQaotdoels el va. artodidovTal molg T Yo TOU *AGOUATOS, OANG e TOV
aQLOUNTY, LETA OLEOTNUO KAl 0T GUVELELD. TOV TTAQUVOUAOTH VPpopuévo otnv (— 1) duvaun). Etol yod-
getow: m s~ uar oy m/s, ) ms~ 1. Pilec mapaotdoemy 1 aoudumv moémel vo. amrodidovial mg LN
K\etvetol 1 modotaon Héoo o€ TOQEVOEDELS KOL TNV CUVEXELD. VPOVETOL 0TN (BTt 1 aQvnTuxy,
uoog dexadLxov 0LBUo) duvaun mov amodidel T QiCa. IIgoxeluévou yio oiles aQLOUDV Ogv elval
VITOYQEWTLXO Va. yonoporonBouv maeviéoels. ‘OAOL OL LOONUATLXOL YOQOUKTNHQES 1| GVUPOAOL TTOV
YONOLUOTTOLOVVTOL 08 L0 EQYOOL0L TTQETEL VO EQUNVEVOVTAL UECD 0TO RelUEVO VIOyQemTLrd. Ola T
£y0vTa OLOOTAOELS UeYEON TTOV elpaviCoviol o LoONUOTIRES EELOMOELS, 1) EEXMQO, TTETTEL VO OTTOd(-
OOVTOL 0TS OMOTES TOVG OLUOTAOELG.

» Titdog Egyaosiag, Ovopa, O¢on xat Atevbuvon xabe Xvyyeagéa. O TiTAOS TNG £QY00T0C TTQEMEL Va. &l-
VOL BOVG %Al EVVOLOAOYLXA VO, 0tOdidEL TTLOTA TO DU TG eQyaoiag. Xnuwrég eVOELS, 1) LOOMUOTIXOL
TUTTOL O&V TTQETTEL VO. EUPOVICOVTOL OTOV TITAO. ZTNV TEQIITWON TTOV 1 EQYOOLOL 0LPOQE. CUYKEKQUUEVT YE-
WYQUPLKT| TTEQLOYT, TTQETIEL VAL OVOLYQUPETAL (OTOV TITAO) TO OVOUQ TNG TTEQLOYNS. ExTdg TOv ovouatog,
g Béong xaw g dLevbuvong, 0ToLyElo. TTOV aPOQOVV %O UENOG TNG EMLOTNUOVLXNG OUAdAS, Ba. TOEmMEL
VO, 0VOYQAPETAL, VITOYQEWTIXA, 1 TRAEPVLKT KL NAEXTQOVIXY dLevBuvon Tov vevBuvov ovyyQagéd (To
ATOUO TTOV EUPAVILETAL VO EATTQOCMITEL TNV ETLOTNUOVLXT} OUGO), v Béfata Orabétel fax xal e-mail. To.
OVOUATO TV UEAMV OGS ETTLOTNUOVIANG OUAONS TTAQOOETOVTOL CQLOUNUEVO. [LE TN OELQA TTOV EUOVICO-
VIOL 0TIV €0Y00(a, e SLadoyxoVg aoOUOVS 0To TEMOS TOV emvipov. I maodderyua, Jones™) K L.,
Petridis®, P.R. Emuhéov, yio va Eexmoilel, To ETmVUIO TOV LITEVOUVOU OUYYQOpEa (PEQEL VITOYOGULLON.

* Megidnyn. H vo0En IMegidnymg oty aym xdbe eoyaoiog eivar vroyoewtixy. H Iegilnym, tov dev
TTQEmEL Vo EemeQVvd TG 250 AéEgrg, ElvaL (Lol CUVTOUN OALG TAQNG TOQOVOLOON TV BUOIXMV onuel-
®V/ueBOOWV/UTOTELEOUATWOV TTOV TTQOXVITTOVV 1) 0ITodidovV 1B eQyaoia. Ztnv Ileoihmym Oev moérmel
VoL UTTAQYOVV BUBALOYQUPLXES AVOPOQES, 1) eTtavaAmym Tov Tithov. KdBe eQyaoia yoouuévn ota EAln-
vird, oémet var ovvodevetal atd e Megidypn 100-150 AéEewv, yoouuévn ota Ayyhxd, emuthéoy g
navovixng Iegidnymg oto EAAnvixd. H ITegidmym avti tomobeteital apéomg uetd ) Biphioyoacpio.

» AgEerg Khewdrd. EmhéEte 5-6 AEEeLS TOV 0TOLYELODETOVY, AVOQPEQOVTOL 1 KO EXPQALOVY EVVOLOAOYL-
%G TURUOTO TNG EQYAOLAC, EEALQOVUEVIV CUTMV TOV TLTAOV.
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» Keipevo. To xeipevo (yoauuévo ue Word97, 1 vewteQn éxdoomn) xdbe eQyaoiag ywoiletal og evotn-
TEC %Ol xGOe eVOTNTA 08 VITO-eVOTNTES, OLES e €vTovovg TITAOVS aQLOUMUEVOUS dLODOY NG KAl PeQO-
UEVOUG OF ULCL YQOUUN, TTOV YWQILETAL (e OLAOTNUA OTTO TNV OUEcwS eTOUEVN Tadyoopo. H Eloayw-
YN OITOTEAEL TNV TTQMTY EVOTNTO. TOV KVQLWS KELUEVOV, £TOL, onpeldvetal: 1. Ewwaywyn. Zmv Ewoayo-
YN TO.QUOETOVTOL: (0) AVOQOQES OTN (TTQOCATN ®VQIWS) PUBALOYQAPIH, TOV RAMITTOVV TANQWS TO
VITAQYOV ETMLOTNUOVLXO VITORAOQO TO OYETILOUEVO UE TO YVOOTIXO OVILXEIUEVO TNG TTQOS dNUoaievon
eQyaotog. (B) Ou Adyol oV VITOOTNQILOVY XUl UVAOELKVVIOVY TO ETLOTNUOVIXA «(QNOLUO», «TQWTOTV-
TTO», M| «XOLVOTOUO» TNG €QYAO(0C, TTAVTOTE 08 0%£0M WUE TIS TTQONYOVUEVES TQoomadeleg. OL VTo-evo-
™TES, ePO0OV VITAQYOVY, CQLOUOVVTOL OLOOOYLXA e TQMTO TOV aQOUd NG EVOTNTAG, TELELD KoL OTN
OUVEYELD TOV 0QLOO TNG VITO-EVOTNTOS. Ze ®ADE £QY00L0, TQEMEL VO CUUTEQLAAUBAVETOL ULCL TEAEVTOLLQL
EVOTNTO. 0TV OTTOLOL VO, OIVOLPEQOVTOL TC CUUITEQUOUATO. OITO TO. TTQOXVITTOVTQ. OITOTELEOUATA, RODWS
%O TTQOTAOELS VL0 TTEQULTEQW £QEVVOL KOl ALVAITTVEN Ue 0TOY0 TN PerTimon Tov ueyebmv. OtV 0To 1el-
UEVO YIVETOL TTOQOVC{OON UaOMUATIX®V EELOMOE®VY 1 TUTTWYV, B0l TOEMEL VO XONOLUOTOLELTOL 0 MS
Equation Editor (dtaB¢0110g oe OAeg TLg EXOO0ELS TOV TQOYQAUUATOS YOS %eLuévoy Word).

» Evyagiotieg. = 0¢om ovt avaéQovTal G00L GUVELOEQPEQQY, e ®ADe TQOTTO, OTNV TQAYUATWON TOV
EQEVVNTIXOV £QYOV, GITOTEAEOLO. TOV OTTOLOV (VAL 1) TTQOS ONUOTIEVON €QYATLA.

« Mogootiuate. MoxQooxelels LaONUOTIRES ATOdE(EELS, OVAAIOELS TTOV EVOLOPEQOVV UTTOXAELOTIRA.
TOVG TAEOV ELOLROVS 1) OVAAUTIXO VKO VITOOTHQLENGS Béoewv oTo xelpevo ®abe eQyaoiag oémel va. To-
mobeteltar pe ™ poepn IMoQuQTIUATOS, EVOS 1 KOl TEQLOCOTEQWY, Ue dLodoy ) ovouaoia, .y, To-
odotua A, Tladotnua B, %.0.x. EELOMOELS, ELHOVES, YOUPHUATO, TVOKES HATT 0TOLYELD ALQLOUOVVTOL
L0 LHAL, PEQOVTAS TO YQUULLE TOV TTALQUQTNUATOS 0TO 0TT0t0 €xovv evowuatmdel. ITivaxag A.1, TTi-
varog A.2, Ewmdvo B.1, %.0.%..

» Biprioyoagic | Kararoyog Biprioyoaguxdv Avagogmy. Oleg ol BLBAOYQUQIKES 0VAQPOQES KAl UO-

VOV QUTEG TTOV VITAQYOVV OTO KeLUEVO ®GOE QYNOT0C, TTQETEL VO RATAYMQOVVTOL GAPAPNTLXA, Ue Fdon

TO EMMVUUO TOV TTRMTOV OVYYQUPED. 08 ®UTAAOYO VIt TOV TiTAO Biphoygagie, oV ®aTO)WQEITAL e~

16 10 TI0QOQTNUOTO AV VITAQYOUY, OLOPOQETLXG OUEOMS UETA TNV TEAEVTOLO EVOTNTO TOV KELUEVOD.

ITowv ™V vItoPoAt} TEOS AELOAGYNON, xAOE eQYOOia TTQEMEL VO ELEYXETAL VL0 TNV 0QBOTNTA EUPAVLONG

g %#d0e avapodas, TOOO0 WS TQOS T OVOUTA TWV OVYYQUPEDY %Ol TOV £TOVS ONUOCievong, GO0 KAl

¢ QOGS TNV TTOQovataomn oty Bifioyoopia. o v 000N avapoQd (e ouvTunom Tov TiThov JTQo-

UELUEVOV TTEQL OLEBVAV ETLOTNUOVLHWV TTEQLOOLKMYV, VITAQYEL OYETLROS TTLVOXAS UE TOL OVOUOTA TV TTE-

owodwmv oto World List of Scientific Periodicals, 4th Edition. Oleg oL €QY00iES TOV VITOPAALOVTOL

1og a&lordynon oty EEEE moémel va axoAovBolv Toug eENG ®avOVES OUYYQUPNS YLO CVOPOQES 0T

BuphLoyapia:

Haeodeiynota TEQITTOOEDY AVAPOQOV YEVOUEVOY UECE GTO XELUEVO

— Thompson (1990),  (Thompson, 1990), av eival évog dvo ovyyQapéng.

— Thompson and Clog (1996), 1 (Thompson and Clog, 1996), av gival 000 0L GUYYQUELS.

— Thompson et al. (1997), n (Thompson et al., 1997), ov eivar TGvw ard OV OL GUYYQUPELS.

— Thompson, 1990; Thompson and Clog, 1996; Thompson et al., 1997), av yivOovToL 0vVaQOQES O€ TTd-
v otd VO eQYUiES.

— (Thompson, 1990a; 1990b), av avopEQOVTOL dVO N TEQLOOOTEQES EQYAOLES TOV LOLOV OUYYQUPEX.

Hogadeiyuato douijs Tagoveiaons xataywenuévov oto Bifitoyoagizo Katdaioyo avagooov.

— Anuocigvon oe Emotnuovizo Iegrodwd. Emmvuuo ot aQyrd xdbe ouyyQapéa, €1og dnuoaiev-
ong, tithog eQyaoiag, ITANONG TITAOS TOV TEQLOOLXOY, 0QLBndg TOMOV/0QLOUOS TEVYOVS, 0eMiOES
(0T6-uéy QL) 0TO TEVYOG OMUOTiEVoNS.
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Lo ToeadeLyuo:
Thompson D.C., Clog R., and Batman A.Q. (1997). Global and diffuse solar irradiance models. Solar
Energy, 23/5, 208-216.

— A6 oghideg fifriov. Encdrvuuo, xor aQyixd xdbe ovyyoopéa, €tog éxdoong, TitAog fipAiov, oeli-

0gg 010 PPAio (amd-uéyor), AoBnog Exdoong, Ovoua %ot TOAN eX00TIXOV 0IXOV.

Lo ToeadeLyuo:

Duffie J.A., and Beckman W.A. (1991), Solar Engineering of Thermal Processes, pp. 68-83, 2™
Edition, Wiley Interscience, N.Y.

— Avaxoivoon o Xvvédgro. Ovoua, xoL aQywd xabe ovyyapéa, (€Tog ZuvedQiov), Tithog avoxot-
vwong, TitAog téuov Ioaxtixwy, Ovoud outov (-0V) OV eiye TV EMUELELD TNG EXO00NS TOV TO-
uov T®v IEaxTR®V (Omd-UEXQL), UEQOS TTOV EAAPE YWQO. TO ZUVEDQLO.

o ToeadeLyuo:
Marble D.G. (1987). UV-B induced human tissue disorders. In Proceedings of Solar Energy World
Congress, Homested H. and Elbow K. (Eds), pp. 1256-1265, Ithaki, Greece.

» Ewoveg, Toaginata, Mivaxes. Kabe eudva, yodenua 1 Tivaxag o vitdQyeL 0Tny eQyaoia, Toémel
VITOYQEWTIXG, VO OVOPEQETAL KUL UEGA OTO HelUevo. O ELROVES, TO YQUPNUATO KOL OL TTEVOXES TTOV
AVOQPEQOVTOL OTNV QYOOI TOOASIOOVTAL KOTA TO OTAALO TNG AELOAOYNONG 08 dVO UOOWEG:

(0) Extvropéve o ovaAoyo dQLoTng ToldTNTag (aQTi (rGe meQimtwon oe EexmoLoty oehida, ue
AeCavTo 0To ndTm UEQOg TS 0ehidag) %ol TortobeTovueva e xdOe avTiyQopo TS €QY0oiag, OLo-
oy ud, auéoms uetd ™ Biphloyoapia.

() X& nogyn nhextovixodv agyeimv, £Va 0Qyelo Yo ®dOe yodgmua, etxdva 1 Tivoxra (uovov agyeic
pex, jpg, cif, xls, tif, org, cdr yivovrau dextd).

To uéyebog %ot oL QUOLKES OLAOTAOELS TWV ELXOVV, YOUENUATWV XOL TILVAXWV TTQETTEL VO ELVOL KO-

TAAMANAO %Al OvEAOYO TOU UeyEBoUS TV YOUUUATOV/0QLOUMY TTOV €OV xonatuoombel o” avTd.

EmutAéov, ogpelhouv va. elval evavayvwoTto koL LETE TV ouixQuvon (segimov 50%) ov Bo vrootovv

%atd TV extinmwon oty EEEE. Olo. T0 YQOpnuoTa, ®AIT. TETEL VO 0QLOUOVVTOL RATE KOTNYOQIM, e

TN 0€LQA EUPAVLONG KOL TTAQOVOIAONG 0TO KELUEVO, TUVOOEVOUEVA AT TN OXETIXT) ALAVTOL

 AeCavteg. KdabOe yodgnua, emdva, mivanag ouvodeveTal o o emeEnynuating AeCavio, Tov ouvo-
OgVEL TO EXTUTTMUEVO OVTLYQUPO TOV YQUPNUATOS KA., TOTOOETOVUEV 0TO RATW UEQOS TNG OEALDAC.
Emutooobétwg, mapadidetor éva CD-ROM pe dheg Tig heChvteg aQubunuéves ratd oelQd enpdviong
070 %eluevo yuo ®abe raTnyoQio EexmQLoTd (TT.). ROTNYOQIL ELKOVES, ROTNYOQIO YQOPAUATA, KOTNYO-
ota swivaneg), oe Lo@n NAextQovirov agyelov *.doc (Word97 1 vemteQo). ‘Etol, oe ndOe meQimtmon
eugaviCovrat: Zuviunomn ovopaotag xatnyoiag, telelo, auiuog, telelo now oty ouvéyelo n ovti-
otouym AeCdvra. To mapdoeryua: Fig. 1. Model simulation results vs. measurements of daily diffuse solar
irradiance. TTivaxag 1. Evraon oudyung nhloxng axtivoBoilag yuo ke mQa ko nuéQa ®aTd TO Wjva.
Tovho 1999, oe W m~2.

* Aowtd Tuvodevtizd Xrovgeion YrootnoiEns. EQyaoiec mov mQoyuatetoviol eEELOMEVUEVES TTEQL-
TTTAOOELS 1) UEYAANG EXTAONG AVOAVOELS, TTOV GITOTELOVV GUVEYELD. GAAWY, B0 TTQETEL VO, OUVOOEVOVTAL,
%0TA TO TEMTO 0TAOL0 TG Vofolng Tovg oty EEEE, e ®oTdAANAO TTEQLEXOUEVOD VALKO VITOOTH-
QLENS (TT.y. avTLyQapa ECOTEQLLMOV ONUOCLEVOEWY, AVAQPOQMYV, EQYNOLMY, d.oBowv vitd dnuoaievon,
%AT.) 7OV OgV elval VOO OLABEGLUO OTOV EVQUTEQO EMLOTNUOVLXO Y (hQO. To VALK avtd Ba Fonnoet
TOVG 0ELOAOYNTES 0TV %QLON TNG €QYO.OTOC.
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* Aledizacia Yrofohis Octixa AEwohoynuévig Egyaciag (tehxn @aon). Méoo. o€ Qovixd dLGotnua.
ooV (3) unvev oo v ToQo a1 TG x0eong AELOAOYNONG T®V XQLTMYV, O VITEVBUVOG OUYYQUPENS,
oV TEOPElL 0TS OYeTéS OANaYES 1 naL avoDEWQNOELS TTOV TTQOTEIVOVTAL (OV TTQOTELVOVTAL) aTd
TOVG %QUTES, OQelLelL Vol TOQUOWOEeL 1 vo. oTethel et amodeiEel oty I'oappateio g EEEE ta eEng:

1. Toia (3) minon avriyoaga TS avadewNUEVNS EQYAOLOC, TTAVTO CUUPMVA e TLS VITOOEIEELS TV
%©QUTMV. Oheg oL 0ALaYES 1) xOL aVaDEWQNOELS, TTQETEL VO ONUELMVOVTOL XOL VO, VITOOELXVVIOVTOL
U€00. 0TO %ELUEVO, OTTOV €YOVV YiveL, 0e OhO. Ta avtiyoapa. Kdbe avtiyoapo moémel va. ouvo-
OgVETOL oL arto pio extevny meoihmym 1000-1500 AéEewv 0Ta. AyyALrd.

2. 'Eva CD-ROM pe OAaL T OYTLHE 0LQYELOL (HELUEVOU AL YQUPLRMYV), CVUPMVO. UE TLS OOMYIES OVY-
YYQU@C.

3. Yroyeyoapuévy (amd Tov vrevbuvo ovyyoapéa) Ertoto), 0Ty omoia vo. ONAMOVETAL 1 Atod0-
YN TG GELOAOYNONG TWV KOLTWYV, ®ABMOC ®OL OTL N TeEMKY avaUd0Q®OoN TS VITOBUMMOUEVNS OVOL-
Oewonuévng eoyaoiag ¢ywve CULQOVO TOOS OLES TLE YEVOUEVES aTTO TOUC KOLTEC VITOOEIEELS. 2
TEQUITMON TTOV M AELOAGYNON KQLTY} OEV YIVETOL OITOOEXTY GITO TOV VITEVOBUVO OUYYQUEPED XQLVO-
UEVNG €QY00L0C, 0VTOS (O OUYYQAQENS) OPEIAEL OTTMG TQOOXOULOEL (EVTOS TOV TTQOBAETOUEVOD
OLOOTHUATOS TV TOLMVY UNVMV 0ITO TNV XOLVOTTOINOT TNG OYETIANG EX0E0NS) KOTAAANAOL KO OVOL-
YVOQLOUEVOD HVQOVS CTTOOELXTLXG OTOLYELD, € TO. OTTO(C OVOLOOTIXE CLVOLQOVVTOL 1) CLVTLXQOV-
OVTOL MG ABAOLUES, OL VITOOELKVUOUEVES OTNV AELOAGYNON TOV XQLTY} EVEQYELES.

Yoo eQyaotog extds TG avmTéQW dLOOLKOOTOC OEV YIVETOL OEXTY, EVHD CUTOUATWS TTOVEL 1) TTQOM-
Onon g ev Aoyw eQyaoiag TQog dnuoaievon.
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Aims and Scope of the Scientific Journal

Journal of Applied Research Review (JARR), the official journal of the Technological Education In-
stitute of Piraeus, is devoted to the presentation of properly judged (two referees, usually) original pa-
pers. Papers in the areas of Engineering, Physics, Mathematics, Arts, Social Sciences and Humanities
handing in any way administrative, economic, historical, and political aspects are welcome. Main aims
of JARR are to provide a scientific understanding of novel results or analysis, and to serve as a source of
information on research and development in these fields. The JARR is published in two volumes, Volume
I includes papers from Sciences and Technology in the area of Enginering and Volume II includes papers
in the area of Economics, Business Social Sciences and Education.

Instructions for Authors

JARR welcomes manuscripts, not preniously published in any other journal, written in Greek, or
English (authors of articles written in English whose native tongue is not English are advised to have their
manuscripts edited by someone skilled in English prior to submission). An acceptable manuscript must
reflect a thorough knowledge and review of the relevant literature indicated by references to prior pub-
lications, or presentations.

Manuscripts must be submitted in the format outlined below. Originally, Three (3) copies must be
delivered to the Editorial Office (Journal of Applied Research, TEI of Piraeus, 250 Thinon & P. Ralli
Avenue, 12244 Aegaleo, Greece). After approval and within a 3month period from official notification
of acceptance, three (3) revised copies are delivered to the Editorial Office accompanied by a CD-
ROM containing an identical copy of the manuscript (Weord97 or later), as well as oll illustration and cap-
tion files. Note that unless requested at submission, the Editorial Office will not return the original manu-
scripts, or disks to the authors at any stage of the process. Every submitted manuscript must be accom-
panied by a covering letter stating that the manuscript neither has been published in nor submitted to a
journal preniously. In addition, a short C.V. of the authors involved is welcome at submission.

Manuscript Format

» Manuscript Layout. All copies of the manuscript must be double-spaced, single-column, on one side of
A4 white sheets of paper, leaving ample left and right margins, preferably using 12 pts Times New Roman
characters on main text (smaller size for Affiliation, Abstract, key words and captions, accordingly).
Maximum manuscript lenght should be kept at less than 20 pages (all pages numbered consecutively) in-
cluding diagrams, references and tables, with text not exceeding 6500 words. The structare of typed man-
uscript must follow the order: Title, Authors (s), Affiliations, Abstract, Key words, Text, Acknowledge-
ments, Appendix, References, Illustrations, Captions.

» Units of Measure, Mathematical symbols and Formulae. Authors of technical papers are strongly
advised to use S.I. units throughout their work, providing alternate units in parentheses for convenience,
when necessary. When writing fractions, pleace use negative exponents rather than the fraction sign/ and
leave space between symbols, e.g. ms~!, not ms~! or m/s. Where showing roots, the radical sign should
be avoided. To indicate roots, use positive (or negative) exponents, accordingly. Formulae should be
composed carefully and with the utmost economy. Numbers that identify equations should be placed at
the right-hand margin in parentheses. All symbols used (mathematical, or otherwise) are to be explained
in the text. In equations, all (dimensional) figures are to be given with units.
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« Title, Author’s names and Affiliation. Title should be informative, short and precise in describing the
full article. Avoid chemical formulae in title. If the paper covers a specific location, this should usually be
mentioned in the title. The affiliation should be as concise as possible, including complete mailing ad-
dress, corresponding author’s telephone and fax numbers. and e-mail address (if available). When more
than one affiliation (co-authors), please use superscript (), @, etc after each co-author’s name. In addi-
tion, the corresponding author’s name is to be identified by underlining the surname.

« Abstract. An abstract not exceeding 250 words is required at the beginning of each paper. Abstracts
should be complete in themselves giving all main points of the paper, without repeating title, or making
reference citations, but summarizing conclusions/ results obtained, or method(s) used.

» Key words. Include five or six key words (avoid words used in the title) illustrating substantial points
or features in the work.

« Text. Text in the manuscript is to be divided into sections, each section with a separate heading bold
typed on a line of its own, numbered consecutively. The first section should be an Introduction. Intro-
duction offers a scientific background by going throught the literature review, and indicating the rea-
sons for making the paper by explaining and (or) defending how the particular work is an advance on
previous effocts. Subsections, when needed, should bear the section number followed by the consecutive
subsection number, the two separated by a dot. A final section title Conclusions (or Concluding Re-
marks) must be included at the end of the text. When writing in electronic form, only Word97 files (or
later versions) are acceptable. Mathematical equations, in the proper character size and appearance,
should be written using the MS Equation Editor (available to all Word versions).

« Acknowledgements. Any provisional funding, and or help granted, if there are any, should be men-
tioned in this separate paragraph placed right after the main text.

« Appendixes. Lengthy mathematical analyses, items of interest only to specialists, model formulations,
or other material that are subordinate to the main theme of the article should normally be put into one
or more appendices titled accordingly A, B, etc. Equations, Figures, and Tables in the appendix A are la-
beted and numbered consecutively, (i. e. Eqt. (A4), Fig. A1, Table A, etc.).

» References. All articles cited in the text should be presented in a list of references following the Ap-
pendix (if there is one), or otherwise right after the main text of the manuscript. References shown in
the References List should be arranged alphabetically by author’s last name. Before submitting their
manuscript, authors should compare text citations with bibliographic listings shown under the “Refer-
ences List” section to ensure completeness. Also, manuscript should be carefully checked to ensure that
the spelling of author’s names and dates are correct and in agreement in the text as well as in the Refer-
ences List. Journal title abbreviations given in the References List must follow those given in the World
List of Scintific Periodicals, 4™ Edition. In general, references should be given in the following form:

Where cited in the text

— Thompson (1990), or (Thompson, 1990), if only one author.

— Thompson and Clog (1996), or (Thompson and Clog, 1996), if two authors.

— Thompson et al. (1997), or (Thompson et al., 1997), if more than two authors.

— Thompson, 1990; Thompson and Clog, 1996; Thompson et al., 1997), if two or more references are
cited together.

— (Thompson, 1990a; 1990b), if two (or more) same author articles published the same year are cited
together.
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Where listed in the References List

1. Journal article. Author’s name(s), initials, (year of publication), title, full periodical title name, vol-
ume number/issue number, and inclusive page numbers. For example:
Thompson D.C., Clog R., and Batman A.Q., (1997). Global and diffuse solar irradiance models. Solar
Energy, 23/5,208-216.

2. Book. Author’s name(s), initials, (year of publication), Title, inclusive page numbers, Edition, pub-
lisher’s name and location. For example:
Duffie J.A., and Beckman W.A. (1991), Solar Engineering of Thermal Processes, pp. 68-83, 2" Edi-
tion, Wiley Interscience, N.Y.

3. Conference article. Author’s name(s), initials, (year of Conference), title, volume of Proceedings,
Editor(s), inclusive page numbers, location. For example:
Marble D.G. (1987). U.V.-B induced human tissue disorders. In Proceedings of Solar Energy World
Congress, Homested H. and Elbow K. (Eds), pp. 1256-125, Ithaki, Greece.

« Illustrations (Tables, Pictures, Figures, Drawings). All illustrations shown must be referred to in
the text. They are included in the text following the References List. Each illustration should be provid-
ed as a separate electronic file (in a floppy, or CD-ROM), and as a good quality print out hardcopy
(one illustration per page A4) placed right after the References List. Only PCX, JPG, CIF, XLS, TIF,
ORG, CDR electronic files for drawings, charts, or pictures can be accepted. Make sure that the physical
dimensions of each illustration provided are appropriate for the dimensions of the JARR page. Illustra-
tions should be numbered according to their sequence in the text using appropriate naming convention
and must be accompanied by a suitable caption, e.g. Fig. 1. Model simulation results vs. measurements
of daily diffuse solar irradiance.

« Captions. Illustrations and Tables must have a caption. Captions are numbered consecutively for each
category and they are placed in the manuscript following Illustrations. In addition, they are provided in
electronic form in floppy disk, or a CD-ROM as separate (Word97 or later) files.

« Initial Manuscript Submission Supporting Material. Manuscripts presenting particular and (or)
lengthy modeling studies should be accompanied at the refereeing stage (initial submission) by copies of
relevant supporting material e.g. internal reports, items in press, etc.

* Revised Manuscript Submission Procedure. Within a period of three (3) months after receiving
referee notes regarding the submitted paper, followed by the necessary interventions (additions, cuts, al-
terations, corrections), authors are to turn in three (3) copies of the revised manuscript, plus a floppy
disk (or CD-ROM) with all files. Highlight and indicate all interventions performed on the 3 submitted
manuscripts. Please, make sure that a brief letter/note is included and delivered with the rest of the
package expressing corresponding author’s response/conformation to the referee’s comments.















