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5. AEEAMEMEX KAI AOXEIA IIIEXHX

Mio Tpmdn Katnyopio Kataokev®v Bropnyavikod eE0mTAMGHOD gival 01 KOMVOPIKES | COOPIKEG
de€apevée, doyeia amodnkevong evplektov kat To&ikmv ovoldv (NHs, LNG, LPG, nportviévio
KTA.) TO TmepleyOpevo Tmv omoimv Ppioketor vwd atoc@opiky mieon 1 vad onUAVIIKY
eomtepkn mieon (doyeia mieong) kot to SIlOS amobnkevong otepemv mpoidviov (PVC, PP).
[Switepo evolapépov Tapovcldlel M OTOTIKY EMAPKEIL TOV KEADQOVG NG Oefapevng o€
GLVOLOCHO e TNV oTNPIEN TOVG KOt TOV AVOTTUGGOHEVO KUHATIGHO TOV TEPLEXOHEVOV.

Ot woyvovteg kavoviopol 1 d1atdEelg TPoPAETOLY TOV AVTIGEIGUIKO GYESUGHO TOV KATOCKEVDV
QLTOV YL TV TEPITTOON TOV OeEAUEVOV KOTAKOPLPOV KLAIVOIPOV, EVAD EAAYLOTO AVAPEPOVTOL
vy dAAeg yewMeTpieg 6mwg tov opiloviiov KLAIVOPOL Kol TnG oeaipag, ot omoieg gival mTOAD
O100E00HEVES GTNV YNHIKT Kot TETPOYN KN Bropmyovia.

H mapovoa evotta , apyikd meptypdeel Tic vITOYN KOTAOKEVEG GE OYEoN He TG Propmyovikég
EQOPHOYEG TOLG. XtV GLVEXEW TOPABETEL OPIGHEVOLS 1oYVOVTEG KOVOVIGHOUG YeEVIKOD
OYEOCHOV Ko TG ONHOCIELVHUEVES 00MYieg Yo AVTIGEIGHIKO oyedacpd. 210 kepdiowo 5.3
epLypapovTat ot Hoppég aotoyio Hiag deapevng 1 doyxelov migong, kot T€A0¢ 6To Ke@AAiao 5.4
neprypaeetal Mo yevikn HeBodoroyio yio TOV TPOGOOPICHO TWV GEICUIKMOV OLVAUE®V OTIC
VTOYN KOTOGKEVEG.

51 EIZAT'QI'H

AeEapevég Kot doyeio mieoNs SOPOPETIKMDY YEMHETPLOV (KOAVIPIKEG, CQUPIKES, TETPUYMVIKEC)
YPNOHOTOLOVVTOL EVPEMS GTNV YNHKN Propmyovio Yoo TV amodnKevon SlpoOp®V VYPOV OTMC
vepd, TETPELALO, YMHIKE Kot VYpoTOHEVO PLGIKO aéplo. H cupmepipopd TV deCapeEVOV QT®V
KOTA TNV OldpKEWL OCEICHIKNG O1€yepons omotelel OMNHAVTIIKO GTOWEIOD TOL AVTIGEIGHIKOV
GYEOAGHOV.

g oyéon He Vv mieon o610 ecmTEPIKO TG Oe&aeVG, ot deaplevEég dtakpivovTol og

e Y& atoopoipikég OeSoMevég mov cuviBomg eivorl KLAVOPIKEG amoBnkedovion vypd
kavolpa (m.y. apyd, palovt, metpéloto) Kot ynHikd mtpoidvta (m.y. oppovia, abvAévio).
To whyoc TV Toy®UATOV givol oyetikd Aentd (Mepikd mMm) agod oyedidletar yio va
avTéyxel HOVO TNV VOPOCTATIKY TEST) TOV AToONKEVUEVOL VYPOD.

e Y& Ueydro doyeia mieong mov cuvinBmg elvar KLAVOPIKG Kot QAP amofnKevovTal
vypomomuévol vypoyovavOpakeg () TPOmLAEVIO, VOIKO GEPLO) Kat ynHikd mpoidvta
(my. VCM). H ecwtepwkry mieon eivar HPeyoddtepn TG ATHOCQOIPIKAG ®OOTE VO
Bpioxovioar oe vypn katdotaon. Mikpd ooyeion mieong elvar moAd cvvnbiopéva oe
YPOUHUEC Tapay®YNG Kot YPNOUOTO0VVTOL GOV GUOKEVEG (QUGIKMOV KOl YNHIK®OV
depyactov (my. o@idtpa, ovidpaoctipes, evorldkteg Oeppotntog). To whyn TV
TOYOHATOV TOKIAOLY avadAoyo He TNV €0MTEPIKN Tieon Tov doyeiov mov cvvinB®g
KuMaiveton amd 10-500psig.

H enidpaon evdg oeiopol oe delaplevic Hmopel va mpokaréoel cofapég {npieg 1660 oty idw
TNV KOTOOKELT, OGO KOl OTo VTOAOTO oTolyeion mov mepidiiovy v defapevny OTMG
COMVOOES. AvTioToy o ©T0 OYESCHO TV doyelwv mieong Omov t0 TEPIEXOHEVO VYPO
Bpioketar vtd migon Ba mpémel va AapPdvovtor vTOYN Ot 001 YieS OVTIGEIGUIKOV GYeSOGUOD.
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Avolvtikotepa, 1 EUEAvion HEYAAoV agovik®dv (Slapnkdv) tdoemv AdY® aEOVIKOV SUVAHE®V
KOl KOUTTIKOV pOTMV GE GLUVOLAGHO He TNV €0MTEPIKY Tieon Mmopel Vo TPOKAAEGEL TOMIKO
AYIGHO ToV Toyy®UdTov ™G de&apevic tonov “diamond shape” kad’ vyog g deapevic 1 Ko
tomov “elephant foot” otnv Pdon.

O «vpotiopodg “doshing” omv ekevbepn  emedvelor o LYPOL AOY®  €EQVOYKOOUEVNC
TOAGVTOONG KOl 6€ GUVOVOCHO e ThavO PaVOUEVO GUVTOVIGHOU Hmopohv v dNUovpyncovV
TPOPANHO 6TV VOTABELD TNG KOTAGKEVNG 1] VO TPOKaAEGOVY {Nlieg otV 0poPn|.

Ye Oefopevég M doyelar mieong m ovvolkn OlaTUnTiKY dvvapn otnv Pdacon g SeEaMEVIG
(téuvovoa Pacnc) f m ovvolkn pornt| (pomn avoTpomhg) Umopel vo TPOKAAEGEL AGTOYIOL TNG
BeeMmong, He amotélesHa TV oAicOnom, avatponn 1 GAANG HOpPNS GLVETAYOMEVN 0GTOYIOL.
e 0egapevég Un aykvupoOUeves, 1 Tévovoa Paong Hmopel va Eemepaoel TV téon TPPNg mov
avantuooetol HeTa&d g Pdong kou ¢ Oepedimong Tpokaidvtag oAMcOnon g deEapevns, 1
KO OVOTPOTN OV 1] GUVOAIKT] POTY| OvOTpomiG dev 1oootafiotel amd 10 Papog g deEaplevig.
Eniong, n avdywon g Baong (uplifting) oe delapevig ywpic otpielc pmopei va mpokoricet
{nuUia otig cLVEEsELS TNG dEEAMEVAG HE TIC COANVOGELS (aKpOoPLGLL).

H mapovoa epevvntikn epyacio avagépetal o doyeia mieong kot deEapevéG TG HOpONG
e Katakopvgov kvAivopov (gikova 5.1)
o  Yoaipag (ewova 5.2)
e  Opwlovrtiov kLAvpoL (eikova 5.3)
e  OpbBoywviov

H mpotewvdpevn peBodoroyion vroAoyioHoh TV GUVOAIKAOV GEICHIKAOV SVVAHUEDV GTO TAOIGLOL
TOV OVTIGEWGHIKOD GYedocHol TV deEapevav Kot Tov doyeiwv mieong cuUPdiel otov TAEoV
a&10MGTO GYESOGHO TV KATACKEVMOV QLTMV, SGPAAILOVTOS TOVTOYPOVA TNV AELTOVPYIKOTNTA
TOV BOPNYOVIKOV GUGTNHATOV, TNV KAADTEPT] AVTOYY| TOV KOTACKEVMV KOl TEAOG TNV 0COAAELN
TOV EPYOTIKOV SUVOIKOV.

Ewova 5.1: Ae€apevr oynHatog KatakOpLueov KLAIVOpOU.
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Ewova 5.3: Aoyelo mieong oynpatog optldvtion KuAivopov.
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5.2 YIHAPXOYZXEX OAHTI'IEX ANTIZEIXMIKOY XXEAIAXMOY I'TA
AEEAMENEX KAI AOXEIA INIEXHX

Odnyleg avticelopkod oyedoopod  €yxovv  dlatummbel o€  SAPOPOVG KOVOVIGHOVG Kot
TPOOLALYPOPES Ol OTOIOlL OVOPEPOVTAL TOPUKAT®, O Mio TOAD GLVOTTIKY meptypapr. O
avVOyVOOTNG Yo Jio TANPEGTEPN TTEPLYPAPT] TOV KAVOVICUMV OTIG O0eEOUEVES TOPUTEUTETOL GTO
Ke@aiato 4.

521 Evponaikég Koddwkag Avticeisiikov Xyedwaopov (Eurocode ECS, part 4 — Jan.
1998)

O Evpomaikog Avticeiopikog Kavoviepog Eurocode 8, part 4 avaeépetar o Sl0S, de&apevig
kot aywyovg (pipelines). To kepdiaio 4.1 mepthapPdavel yevikég datdéelc oyedlaclon, evd To
4.3 avoeépetal oe oeapevég. To mapdptnUa A avagépetor og €01KA BéHata, Kupiwg 6To
VITOAOYIGHO TV VOPOSVVOUIKOV SVVAHE®V, OAAE KOl GTNV avIOY TOL TOUYMHMATOS NG

de&aplevnc.

210V KEHEVO TOV KOVOVIGHOL avtov €xel otnprydel o Heydho BabHd M mopodoo epeuvnTIKY
gpyacio yuo TV oOviaén odNYyudV OVTIGEICUIKOD OYESIOGHUOD KATOUOKELAOV BLOpmyovikon
eEomMool, vd Vv évvola OTL Ot TPOTEWOHEVES HeB0d0AOYiEC VTOAOYICHOD T®MV GEIGHIKOV
SVVAHE®V UTOopovV Vo eVEOUAT®OOVV GTIC 10TAEEIS TOV PE KATAAANAN TpOGapLOYY.

52.2 Apgpwkaviké Ivetirovro Iletpehaiov (APl 650 — 1998 ko API 620 — 1996)

To Apepwkaviko Ivetitovto Ietperaiov €xet avomtdéet pio cvotnpoatikh tpocéyyion (AP 650)
Y10 TOV QVTIGEIOHIKO GYed6H0, 1 ontoio, Bacileton oty dnpocicvon twv Wozniak ko Mitchell
(1978). InpeidveTor OPOG TS 0popd Tig deEAMEVES GNIOTOG KOTAKOPDPOV KLAIVOpOL Kat Oyt
OeEaeEVEG AAANG Ye®HETPLOG.

523 Apgpwaviki] Evoon Homtikd@v Mnyavikdv (ASCE — 1984)

Ot odnyleg avtéc meptrapfdavovy v texvoyvocio HExpt v enoyn mov dnpociedvtnkav. To
KePAlao TV de&apevmv £xel ypapel and tov Vel etsos, avapépetal OHoc HOVoV oty epintmon
TV deEOHEVOV KATAKOPOOOL KLATVIPOUL.

524 Oodnyieg perétng T National Society for Earthquake Engineering g Néag
Znhavdiag (1986)

Ot Néo-Znhavokés ovotdoelg HEAETNG amoTeEAOVV évol TANPEG KEIHEVO Y10 TOV OVTIGEIGHIKO
oxedOHO deEapevav. Ot odnyiec avaeépovior oe KATaKOPLEES OeSaevEG Kuplwg, OALA
dtvovton Hepucég amAiéc 0onyieg VTOAOYIGUOD TV GEWGHIKOV SLVAHUE®DY G€ deEaeveg Kat doyeia
GAANG YewUeTpiog.

OAZIT - Tehwxr) Teyvixr) ExBeon) - Noépppiog 2002 oeAida 21



Avtioeopikog Xyedraopog Kataokeomv Bropnyavikod E€ormiopod
IMavemot)po Becoaiiag, A.Z. Kapapavog, Blopnyavia Poopopikev Autaopdtov AE

5.3  MHXANIEMOI AXTOXIAX AOI'Q XEIZEMIKHX ®OPTIXHX

H moAbmhokn Koatavol TV TACE®V Kol ToPAHOpPOCE®Y 6TO KEALQOG TG 0eCapevig AOY®
CEIGHIKNG @OPTIONG KOt 1 aAANAoenidpacn HeTa&d TOV PELGTOV KOt TNG KOTAGKELNG EYOVV MG
ATOTEAEGHO TNV EVEPYOTOINGT TOWKIAWY UNYOVIGHOV 0oTOYI0G TN KOTOUGKEVT|G.

['evikd, to onpaviikotepo OEHUa otV O1001KOGI0 VITOAOYIGUOD T®V GEIGUIKOV SUVAHE®DY
amoteAel T0 Qavopevo Tov Kupotiopov (sloshing). To otoygio avtd oeikel va Anedei vwdym
GTOV VTOAOYIGHO TV evTaTiK®V Heyebdv Adym celood. To @atvopevo Tov KLHOTIGHOD givat
vOpodvVaIKO oyetiCeton He TV avOymon TG oTtdbUnNg tng €AedBepng EMQPAVELNS TOL
mePLEYOUEVOL VYPOD AOY® e€avaykaoHévng TaAdvioong g oeCapevns. H avdivon tov
QOWVOMEVOL €ivar TOAD OMHOVTIKY Y0 TOV OVTICEIGHIKO OXeOGHO TV deEaevdy, dlOTL ot
emmAéov TECES ©T0 TOolywMHo 1TNng oeCapevng A0y® Tov KLHOTIoHOO Bo mpémer va
GUVVTIOAOYIGTOVV GTIG GUVOMKEG OLVAUELS, MOOTE Vo VIoAoylotel He aflomotio 1 GLVOMKNY
dvvaun odtpnong Paong kor m avtictoyyn pomn ovorpomns. Emiong, o oyxedocHoc Tov
TOYOHATOG OPEIAEL VO GUVLTTOAOYIGEL TIG VOPOSVVALIKEG TEGELS KOl TIG VOPOSTATIKEG TEsELS. H
M Bedpnomn Tov QOIVOHEVOL TOL KULHOTIGHOD KOl 6€ GLVOLOCHO He mBavr gUEAVIoT TOV
(QOVOHEVOL TOL GLVTOVIGHOY Hmopel vo dnpovpynoet TPOPANHO VOTADENG TG KOTAGKEVTG,
glte v ouvOA® eglte 010 TolYwHO NG Ocgapevng. EmmAéov €dv o ehevBepog ydpog Hetald
KUHOTIGHOV Kot 0popng dev givar apketdg tote Pmopel va mpokvyel (nuion otnv opopn 1 o€
otoleio. mov mepPaAlovy v defapev (cowinvdocelg). To @owvodeEVO TOL KULHATIGHOD
TEPLYPAPETAL 0O PLOIKNG TAEVLPAS (GVVOSELOMEVT o Hio oA Hadnpotikn dlatdnmon) oto
kepaiao 9.1 (e1dkd Oépata).

Ot Baoikég Hopég aoctoyiog Hiag deEapevng elvat

Tomuog Avyiopdc (koptmon | Pwon) g deEapevig

Aoctoyia Aoy oAicOnomng 1 avatpomng

AVENON TOV ECOTEPIKOV TEGEDV AOY® VOIPOSVVAIKOV QOVOUEV®DV
Kvptmwon oty kopuen g de€aplevig AdY® KUHATIGHOV
AvemBOun T avOiymon ¢ EAeVBEPNG EMPAVELNG

Actoyio GUYKOAANTOV GLVOEGEMVY E OKPOPVGLOL - COANVOGEL

Kot avoAvovTol KaTomot.
53.1 Tomkog Avyiopog (koptwon 1 Npwon) g deapevig

O Myiopog (aotdbela) tov Toly®Hatog TG de&aplevig gival Hio KOTOOTPOPIKN aoToyior AOy®
0V 6Tt GLHUPaivel cuVNHBC Eapvikd Kot GuvodeveTat and apeot katappevon. H Hopon avtr| g
actoyio avapépeTon o deEAMEVEG GYNHATOS KATAKOPVEOV KLAIVOpov. Opeileton oty Heydan
T ™G OMITIKTG TAGMS TOL TOY®HATOG 1) omoia gvOE ETAL va vITepPel TV BMITIKY OVTOYT TOL
ocuvnBmg Aemtov TolydMatog ¢ oeapeving. H aoctoyia avty pmopel va mpoxAndei eite otov
noda g deEapevic (elephant’s foot) eite kb’ Hyog g deEaplevic, Kat e181KOTEPA 6TO oNHELD
aAlayng Tov mhyovg (diamond shape buckling). And v Bewpio TV KeEAPOV, gival yYvooTd Tmg
N Hopen ™G actoyion ovtng eival TPAyHUATL KATOGTPOPLKY, GLVOOEVETAL OO ACTOHEGTUTO
HetaAvyiopikd dpOHo 1coppomiog kot TEAOG eivor mOAD gvaicOntn oe apykéc YeE®UETPIKES
atéleles. [Ipopavdg, n actoyio ot dev emTpénel Kapio amoppdENoN OVEAACTIKNG EVEPYELNS
Kol EMOUEVDG 0 GYENAGHAG TG KOTAGKELTG OPEIAEL VAL YIVEL GTNV YEVIKT TTEPITTMON HE EAAGTIKO
QAGHO GUUTEPLPOPAS, ONANST HE GUVTELEGT] CUUTEPLPOPES icoV e TNV Hovada (g=1).
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Inpetdveton g oTic OeCaevéG eivarl ONHOVIIKN 1M TOPOVCIO. TNG ECMOTEPIKNG TIEONG
(vdpoatatikng) n omoia Spa AAAOTE EVEPYETIKA KO AALOTE SVGHEVDS Kat ETOUEVMG Oa TpEmeL va
AoPBAaveTOL 6TOVG LTOAOYIGHOVG.

[a v aropuyn TV avetépm actoyl®mV, Ba mtpénel vo eAEyyovTol ol KAT®wOl dV0 KATUGTACELS
aotoyioag Ady®m KOptoong (Tomkod Avyiopov). Ot 600 HopPEG ovTéC AVYIGHOD TEPLYPAPOVTOL

otov Evpokmdika 8 (Mépog 4 — mapdptnua A).

"Eleyyoc AMoym xbdptwonc 1

O Myopdog avtdc ovvemdystor Mia “Hopery dapovtiov (diamond shape)”, oavagépetar og
«EMOOTIKOC» Ko TPOoKaAgitan amd Tig vynAég alovikég OAmtikég Taoels. Eppavileton kuping ota
MéEPM OV KEADPOLS TG de€apleviig OOV TO TTAYOC HeldveTol o€ oyEon e To Thyog g Paong g
OeEAEVIC KO 1 ECMTEPIKY| TLEST] UEIDVETOL GE GYEoT e TNV PEyioT) T TG otnv Pdor. Ztov
OYEOWOHO Evavil g ™G Hopeng aotoyiog LvmoBETovpe v Un cLppetoyr] ™ kABeTNg
CLVIGTMOGOG TNG SEYEPOTG.

Opiovtag He o, TV HEyoTN KOTOKOpLON TAoM Oa mpémel va kavomoteitor 1 akOAovdn
avVIGOTNTO OOTE VO, amoPevyDel avt 1 Hopen Avyispov [Rotter (1985a)]:

o o
—X<0.19+ 0.81[—’)} (5.2
Ow Ow
OOV
t
GCO = 06 E (Ej

gtvalr  Bewpntikn Téon aoToYiog AVYIGHOD KLAWVOPIKOD €AACTIKOD METAAAIKOD KEADPOLG VIO
OHOOHopen agovikr OAIYT, yopic apyikés aTEAEIEG, EVD

N2 2 1/2
5, =0C0[1—(1—%) (1-:—()} ] <o, (5.2)
c0

etvan o tdon mov e&aptdron omd v mieon g deEapevic, To Oplo dtappong TOL LAKOD, TOV
yYeoMeTPKO AOYo t/R kat tov eKTIUdMUEVO HEYEDOC TOV OPYIKDOV ATEAELDV. ZVYKEKPIUEVA,

Ko

2 f
oo=fy[ —x—j ehv A=—1-<2
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= r 2 _ y
G, =G0, eqv A= =2

Omov

_ > 172
5 =1-1.24(5/t) [1+mj -1

etvar pio adidotatn TocotnTa Tov £EapTdTal amd TV HEYIGTN EKTIUMHEVT OTEAELD, SLOLPOVHEVN
He 10 mhyog Tov Tory®Matog t, kot to A mailel Tov poho g «Avynpdtroc». EAleiyer dAlmv
ototyelov, 0 A0Yog avtog exTIdTon g €Ng:

(9-e=t

6mov 0 “oVVTELEOTHG TOLOTNTOG TG Kataokevng” (quality factor) a opiletar wg akolovOmg
=1 Y10 KavoVIK KOTaoKELT
0=1.5 Y10 KATOGKELT] TOLOTIKA (VM TOL UEGOL OPOL
0=2.5 Y10l KATOGKELT TOAD KOANG TOLOTNTOG

Yy e&iowon (5.2), 0 de01EPOG 0P AOHUPBAVEL VTOYLV TOV TO EVEPYETIKO  OTMOTEAEGHO TNG
E0MTEPIKNG TieoNG, €V 0 TPitog Opog Hag divel v Helworn g Kpioing tdong Aoy tov

OTEAELDV.

"Elegyyoc kuptmwonc 2

Ye Uio Covn xovtd oty Pdaon g 0eapevig avanTOGGETOL VYNAN EPEAKVOTIKY TEPIUETPIKT
Tdon o€ GLVOLAGHO He Mo onUavtiky a&ovikn OMTTIKN TAon Tov TPOoKaAEiTal amd TN POnY|
avatpomns. Edv n mpokdmtovca, AO0y®w ocLVOLAGHOV TAGN OmOKTNOEL T KOVTd GTO Oplo
dtappong Tov VAKOD TG SeEAHEVNC, 1 TOTIKY TAAGTIKOTOINGT Hmopel vo Hetdoel TV axopyio
TOL TOYYWHOTOG TG O0e&apeviig. O AVYIGHOG aVTOC AEYETOL KOl KEAUGTOTANCTIKOG AVYIGHOG»
deEaplevmv.

To amotéleca g actoyiog avtig gival 1 TOPAHOPE®ON TOL TOYOUATOG TG deaplevig Ba
napapopemBel mpog v emTtepikn] TAELPA NG OeCapevng, OMMIOVPYDVIOG TO YVOOTO
"elephant’s foot” (Ewovo 5.4). H tdon actoyiog Paciletoar omnv Bempio. eAacTOTAAGTIKOD
Ayiopod kot vmoAoyileton omd v oyéon, mov mpotdbnke omd tov Rotter (1985b).
2UyKeKPIEVa, 1 AEOVIKT TAOT) TPETEL VOL IKOVOTIOLEL TV 0VIGOTNTOL:

2
r+f. /250
6,.<64|1- PR (1— 1 15) - (5.3
tfy 1.12+r r+1
omov
Rt
400
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f, elvor n tdon dwppong oe MPa, p eivar 1 gowtepwcr) wieon oe MPa, ko, eivol n téon
AVYIGHOD Y10 EAAGTIKOVG AETTOTOLYOVS KLUAIVOPOLG VIO OHOOHopeN a&oviky OATTIKY évtaon

YOPic aTéAELEG

6, =06 E(%) (5.4)

Ao Vv €€icmon TPOKLATEL TO GUUTEPAGHA OTL VYNAT ECMOTEPIKY TEST GUVETAYETAL YOHMAY|
T g thong o,.. H téon o, vmoroyiletor wg cuvdptnon tov Hyovg Z g deEapevig Kat
ovykpivetan He v agovikn Omtiky| tdon o€ kabe B€om g deaplevic.

Ewéva 5.4: Actoyio ommv Pdon Hiag de€apevic Adym tomikod Avyicpol (elephant’s
foot).

5.3.2 Aoctoyio Mym élrenyng svotdOelag, ohicOnong 1| avatpomig

Tooo o1 de&apevig mov €xovv €81k Ogpdedimon 060 kot ot delapevég ywpic othpiEn (amin
€0paom 610 €500G) gival duvatdv va vTooTovv oricOnon M avatponn Otov T0 HEYEDOG NG
dudTpmong Pdong M ™S pomng avaTpomnG Eemepdcel Pio oplakn Ti. EnHoavtikotepn elvan M
nepinToon TV SeEaHEVOV GYNUATOS KATAKOPLEOL KVAIVOPOL TToL amAd £5palovtal 6To £50(pOC.
Ye kdOe mepintmon, n deCapevn Ba mpémer va egetaletanr o oyéomn He Tov TOTO oTNPENG M|
Oeperimong .

1. e neputtOcElc KOTOKOPLO®V KVAWOPIKGOV de&apevav (Ewova 5.1) €yovle eite v omin
£€0paon Toug He to £€00.9og, dpa kot TV mavotnta va TUNHA TS BAoNS Vo avuy®VETOL GE
oxéon Me v Ogperioon (amoxdiinom — uplifting), eite ko1 v cdvdeon tovg He v
Beperioong HEo® KatdAANANG dtdtalng KoyMdv. Xty mpoTn mepintwon, 1 dvvatotnTa
ATOKOAANGNG OEV 0ONYEL ATOPOITNTO GTNV KATAPPELST TNG deEAHEVIC OAAL O1 GUVETELES TNG
evoéyetan va givarl coPapég CnHieg 0TI GLVOEGELS TOV COANVAOCE®Y e TV de&aevn Kot
avénon g agoviknig Taong mov ookeital oto TolywUa ¢ degapevng mov Ppioketal og
emaPT He 10 €600, XNV debTEPN TTEPIMTMOON, 1| CMOGTH SUGTAGIOAGYNON TOV KOYALDV efvat
amopoiTnTN Yo TV gvoTdeia TG deEapEVNC.
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2. Xe defapevég N doxela mieong oealpkoy oynMoatog, M otpin yivetar HEGHO OTOAMV
KOAVOPIKNG StoTopng cuvdedeévav (cuvnBmc) e cuvdéoovg Hoperg X Ommg @aiveTol
omv Ewéva 5.2. Ot otdrol kol ot cOVOEGHOL amoppo@ovy TO HEYAADTEPO HEPOC TNG
oEIGHIKNG evépyelag kot Ba Tpémel va S106Tac10A0yN000V KaTtdAANAQ.

3. Ze kvlwvdpkég deaplevéc M doyela mieong opiloviiog ddtaéng, n otpiEn yivetar PHEcm
dxapmtov ompitenv 0nwg eaivetar oty Ewova 5.3. H nepintmon avatponng ivor PaAlov
Hucpn|, Ba mpémetl OPmG var eE0cOAMOTEL.

Y kd0e mepintmon, Oa mpénel va vToloyioToHV e a&ldmicoTo Tpdmo ot optldvTieg SOLVAUELG AOY®
TOV GEIGHOoV, Mote vo e€acpalotel 1 evotabela g deCapevng. Ot duvapelg avtég eEaptdvTon
Kuplowg amd TIC TEGE TOL OmoONKELVUEVOL PeVGTOD 6T0 TolywHO TG deapevig Kol O
aE10MeTOG TPOGOOPIoHOG TOVG Ba TpémeL va, AaBdvouy vToyn T0 POVOLEVO TOL KUHATIGHOV.

5.3.3 AvEnon TOV E0MTEPIKOV MEGEMV AOY® KOUATIGHOV

To @aivOpevo T0V KUHATIGHOV OV TEPLYPAPNKE OVOTEP® GLVOOEVETOL Omd Miot onUavVTIKN
avénon tev TEGEMV AOY® VOPOSLVOUIK®OV QOIVOHEVOV Kol ETOHEVDS ovTtd Hmopel va
ocuvtelécel oty LIEPPaon g Tieong oxedATHOD TOL TOYMHATOC, Ko TV Thovn actoyio TG
deapevie. To pavopevo avtd elvar waitepa emikivovvo e deEapevEG GYNUOTOS KOTOKOPVPOV
KUAIVOpoL. Ze oealpkd doxeio kot doxeio oyfHatog opilovtiov KLAIVOpoOL, OTOL VLIAPYEL
HeydAn eocwtepikny mieom, m avénon Tov MECEOV AGY® VIPOSLVAHIK®OV QOIVOHEVODV Ogv
Bempeiton 1Wwitepa Kpion. e kabe mepintwon, elval emBupntd va vroAoyileton 1 avEnon TV
TEGE®V Kl Vo AaUBdveTan vtdyn 6Tov 6YESOCHO.

534 Kiptoon oty kopoen s defaleviig AOY® KVLATIGLOD

To @owvdpevo avtd mapovoidletal oe deapevig oxfHaTog KoTtakdpueov Kuiivdpov. H kivnon
TOV PEVGTOV GYETIKA e TNV Oe€apevr] cuvodeveTal, Ommg TpoavaeEPOnke, He TNV Tapovcia
vopoduvapik®dv miEcewv. H katavop tov miécewv avt®v eival O0POPETIK omd TNV
VOPOCTATIKN, Ol HEYIOTEG TECELS EIVOL KOVTA GTNV ETPAVELN TOL PELGTOL Kot HAAGTA AOY® TNG
CTAAOVTMOTIKTG» GUUTEPLPOPAS TOV PEVGTOV, OPICHEVEG TEGELS Uopet va etvarl apvnTucés.

Agdopévov OTL M GLVOMIKY Tieom oto ToryGHoTO TG Oefaevng etvan Hio emoAAnAia TV
VOPOSVVAMIKAOV TEGEMY KOl TOV VOPOCTATIKOV TIEGEMV, OTAV Ol OPVNTIKES VOPOSVVOIKES
TEGELG OVTIGTOOHICOVV TG avTioTol es VOPOSTATIKEG (01 0TTOiEg GNMAVTIKG LIKPEG GTNV KOPLEN
™¢ deapevic) tote To ToiymMe Ppioketon VIO TV emidpacn Hiog eEWTEPIKNG OTHOGPALPTKNG
mieong, Huepng Hev, 0ALL oNUOVTIKNG MGTE Vo TPOKANOel actoyia, Kol EMOMEVMG AUEST| acTOYIN
AOY® KOPTOONG. ZNHUEUDOTE WS 01 dEAMEVES KaTakopO@ov KVAivopov £xovv R/t ~ 1000, omdte
£€YOVV TPOKTIKA UNOEVIKT] avTOYN € EMTEPIKN TiEoT).

INHEIDOVETOL TG YIOL TPDOTH POPA TO PAIVOHEVO avTd €EETACTNKE TEPAMATIKE KOl OVOALTIKA
a6 tovg Natsiavas & Babcock (1988), ywpig Opmg va 600el kamoo, TAnpopopio YpNiotn yio
TNV OVTIUETOTION TOL G€ EMMESO GYedOGHOV. v d1ebvn PipMoypapio Kol €101KOTEPA OTI
avTioTolreg 00MYieg oyedloooh TO0 oVOUEVO auTd dev €xel OVTIHETOMIOTE], TOPOTL £YOVV
avoeepOel  onHOVTIKES KaTOOTPoPEG ot Oeapevéc atHoopalpikng mieong (BA. oelopog
Nwopnodetog, Tovpkia, 1999, ewdva 5.5).
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Ewova 5.5: Kbptowon oty kopopn g de&apevig Aoy® Kupatiopod (ceiopdc Nikopndetog,
Tovpxia 1999)

5.3.5 AvemOduntn aviymon tng erevdepng emeavelag

Mia Hopoer] «actoyio» oe Mia de&apevn (opfoywvikn M katakdpuen KvAvopikn) ropel va
BewpnOei n onHavTik Kot avemBOPNT avoymon g ehevbepng empdvelag (sloshing wave
height). H aotoyia avty onpoaivel Tog pmopel va kataotpopel eE0mTMOHOS 6TV KOPLPN TNG
de€opevng, va kataotpagel (mbavdg) n opoen ¢ defapevic, N va yivel vepyeilon Tov
pevatol. o v amoeuyn g avemBOHUNTG aviymong TG eAe0epNg EMPAVELNG Kot YEVIKGL
mv Heiwon Tov @owvopévov tov KuHaticlo® og oyéorn He v avOywon g eAevubepng
EMPAVELOG, YPNOIomotovVTOL £101K01L amocPectnpeg Onmg meptypdpovtar omd tovg Warnitchai
& Pinkaew (1998). Xe kabe mepintwon 0o mpémer va eKTATOL 1| HEYIOTN OvOW®OON NG
erevbepng empdvelng. o deEopevég cLYKEKPIUEVNC YEMUETPIOG O VTOAOYIGHOS aVTOC givart
EQIKTOG Ko GYETIKOL TOHTOL divovTal 610 emOHEVO Kepaiato 5.4

5.3.6 AoToyio GUYKOAMTOV GUVIEGEWMY LIE UKPOPVOLU - COMVOGELS

INHovTIKOTOTEG AEMTOMEPELES GYEOWCHOD  amoTeAOVV Ol GUYKOAANTEG GLVOECELS TOV
akpoeuoiov (nozzles) pe 1o kOpo onpa g de€apevrg (ewdva 5.6). H aoctoyio evog
OKPOPLGIOL eivol Hev TOMIKT, OAAG Umopel va glval TOAD KOTAGTPOQIKT, 00Tl Umopel vo
dnHovpynoetl gite Bpavon, eite Hia Wwaitepa TAAGTIKOTOMUEVN TTEPLOYN oTNV dealevn, 1 ool
Mropel va mpokaAésel KOBOAKN KOTAPPELON. ZT0 BEUA TV aKPOPLGI®Y EVIOPEPOLY OO
Boaokd BT
e H oxapyio g ovvoeong yio Tov KaBoploHd KATAAANA®Y GLVOPLOK®Y GLVONKOV Yo TV
aVAALGT TAGEWV YEITOVIKMY COANVAOGEWMV.
e H opuwkf tOovg avroyf kot 1M TAACTIHOTNTA TOVG GOOCTE Vo €E0CQOAMOTEL M
TOPOHOPPOCIHOTNTE TOVG GE 1GYVPO GEIGHO.
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Ocov apopd v akapyio Piog TETO0G KATAGKELOGTIKNG AETTOUEPELNG, TO GTOLXEl0 oTNV O1E0VT|
BipAoypaeia eivar oyetikd mepropiopéva. Avtd amd Hio dmoyn eivol @LGIOAOYIKO, dEJ0MEVOD
TG VIAPYOVV OPKETEC KATOOKEVOOTIKES AETTOUEPELEG Yol TO B avtd, 1 kdbe Mio amd Tig
OToleC €YEl SPOPETIKN CLHTEPIPOPE. O avayVAOOTNG TAPUTEUTETAL OTNV GYETIKA TPOGPOTN
epyacio tov Weiss & Joost (1997) yio v cumepipopd TV aKpOPLGIMY KoL TNV EKTIHNGCT TV
EMACTIKOV 6TAOEPDV TOVG.

Téhog, M opaxn avroyn evdg akpoevoiov emiong eaptdtonr oe onpaviikd Pabpd omnd v
CLYKEKPIUEVN KATAOKELAOTIKN AemTopépela. O yevikdg oyedlaclog TV akpopuoinv Paciletot
ot avriotoryes dwtatelg tov ASME Boiler & Pressure Vessel Code kot tov APl 620. v
€01KN TEPIMTMON TOV OVTIGEIGUIKOD GYXEOIOGHOD €VOG OKPOQLGIoV, TPEmel v ekTipnOel n
HEYIOTN Tapapopewon Tov akpouciov (a&ovikd N kapmrtikd). O Evpokddikag 8 — pépog 4,
kepaiao 3.4.1.2 divel (yopic PpAoypagikn avapopd) Evay TOTO Yo TV HEYIOTN extTtpendUeVn
OXETIKN HETOTOMION Amax YEITOVIKOTEPNG GTHPIENG (TOV améyel omdoTacn X amd T0 aKPOPHGI0)
wote va yivel 0 oxeSGHOC TOL aKPOPLGIOVL. XVYKEKPIEVE, ov dlvetar M HEYIOTN 501K
petatomion dg (.. amd v dedopévn edapikny kivnon Tov GelGHov) ToTe

X dg
500

A=) (5.5)

omov 1o X, dg, Amax € HETPAL (M) Kot Y £Vt 0 GUVTEAECTNG GTOVIUOTNTOG.

Ewova 5.6: Asntopépela 6OvoeoTg cOAVOONS He ceaiptkn deEaplevn.

OAZXIT - Tehwkry Teyvikry ExBeor) - Nogpfprog 2002 oe\ida 28



Avtioeopikog Xyedraopog Kataokeomv Bropnyavikod E€ormiopod
IMavemot)po Becoaiiag, A.Z. Kapapavog, Blopnyavia Poopopikev Autaopdtov AE

5.4 YHHOAOI'TEMOX XEIZEMIKQN AYNAMEQN XE AEEAMENEX KAI AOXEIA
INIEXHX

210 mopdv kepdroo 5.4 meprypdpetor Pion amAn PeBodoroyio vITOAOYIGUOD TV duVAE®mVY Kot
TECEOV AOY® KULUATIGHOU Yo S1dpopes yempetpieg doyeimv kar oegapevov, He Pdon Tig
1oYVOVGEC JTAEELG OE  OVTIOTOLYOVG KOVOVIGHOUG, KoOMDG Kol oe yewUeTpleg mov dgv
eEetalovtal amd Tovg 1oyvovieg kavoviolovs. To keifevo avtd, omotelel Hion onHaviikn
oLHPOAN TG TapoVoaS EPEVVNTIKNG £pyaciog, d1OTL BEtel To TPOPANHO TOL VTOAOYIGHOD TV
CEICIKAOV OLVAHE®Y o€ Uior «evomompévn» PBdorn, dedodévov Twg Yoo deEaleveg Kot doyeio
mieong yewpeTpieg Tov 0p1lOVIIOL KLAIVOPOL Kol TNG GPAIpOS OEV VIAPYOLV TO. OTOPAITNTO
oyedwnotikd Bondnpata. Etopévmg motedeton mmg o PmopEoel vo amoTELEGEL £VOL GUVOSELTIKO
Kellevo mapdptna o€ PEAAOVTIKES KAVOVIOTIKEG dlaTaéelg, H mpotevoplevn amhn pHebodoroyia
EKTIUNONG TNG CLVOAIKNG OUVOMNG O OVTEC TIG YEWMETpiec deEoeEVDV Kol doyElmV mieong,
AopBdvovTag veoyN T0 EUVOHEVO TOL KUHOTIGHOV PacileTat o€ ONOGIEVHEVES Epyacies, KOOMG
KOl 6€ EMAVCELS TOL KVHATIGHOV Tov £€ytvov 6T0 TaveEMoTHo Oecocaliog oto TAAIcIO VNG
™G E€PELVNTIKNG TPOOTAOEING. XINUEIDVETOL TG OTO TANICWO TOV EKTALOEVTIKOV KOl
ePELVNTIKOV dpacTnpottev Tov [lavemotiov Oeccariog SeEdyeTon EKTEVIC €pEVVA. GTO
TPOPANA TOL KVUATIGHOD He avoAvTikég Kot aptpuntikég HeBodovg, n Héxpt TOpa TPOHOd0G TG
omoiag meptypagetTon cvvontikd oto [apdptnpa A.

Onwg avagpépbnie mponyovévag, factkd onpeio g mopovcag EpELVNTIKNG TPooTddelag, sival
N TOPOVGIOCT — Yo TPATN POPA — Hiog EVOTOMUEVNG S1001KOGTIOG VTOAOYIGHOD TV GEIGHIKMV
duvapewv otic degapevég, ol omoieg Ba mpémel va cuUTEPIANEHOVY GTOVG EMUEPOVG EAEYYOVG,
OTL N OO AVIIHETOTION TOV OvVOTEP® MHopedv ootoyiog (kepdlowo 5.3) amattei o
TPOGOOPIGHO TOV GEIGHIK®OV dVVAHE®Y 6TV KATACKELY]. AVO YOPOKTNPIGTIKG TOPadEtyloTa
VTOAOYICHOU TV GEIGHIK®Y SLVVAUE®DV GE YOPOKTNPLOTIKES deEaeveég — doyela He PBdon v
nmpotevOpevn HebBodoroyia avapépovtat oto [Tapdptnpa B.

O mpocd10pIGUOS TV duVvaemy otV Paciletal oe OpIGHEVES PacIKES apyES TOV SIETOVY TO
QOWVOHEVO TOL KULHOTIGHOU KOl TNV OAANAETOpacY] TOL HE TNV KOTOGKELY, Ol OMOiEg
TEPLYPAPOVTAL GTNV CLVEYEWN. XMMUEW®VOVHE g ot PeBodoroyieg avtég elyav avamtuybel oe
TOMOTEPES EPYACIEG TOV OVOPEPOVTIOV EITE GTNV AVTICEIGHIKY aviivon deEapevav, ite oty
SUVOUIKY] GUUTEPLPOPA SACTNHIKOYV OyNUAT®OV (Yoo optllOvTiove KLAIVEPOLS Kot GQAipES).
Evtobtolg, 1 mapovcioon towv HeBodoroyidv avtdv ce Hio evomomuévn Hopen yivetatl yio
TPAOTN Popa, amoterel o onHavTiki GUHBOAN TG TAPOVGAS EPYUCING.

5.4.1 I'evikn} peBodoroyia

5.4.1.1 Boocwéc apyéc

H Poaocwn apyn ommv omoio Paciletor 0 mpocdopioHds TV GEGHKOV duvapemv givar m
Bedpnon tov Eovopévoy Tov KuHatiopov (sloshing). To @awvopevo avtd TEPLYpAPETOL GTO
e1dka BéoTo (kepdrato 9 — mapdypapog 9.1) kot avaeEPETaL 6TOVG KUHOTIOHOOE TG EAeV0EpPNC
EMPAVELNG TOV PEVOTOL TNG 0e&apevNng 1 Tov doyeiov Tieong AOyw NG eEMTEPIKNG O1EYEPOTG.

To @otvopeVo Tov KUHATIGHOV €ivot GNHOVTIKO Y10 TV GUVOAIKT] GUUTEPIPOPE TOV GLGTIHATOG
PELGTOD — KATAGKEVNG AOY® TNG TOAD OMHOVTIKNG 1010TEPIOO0V TOV PEVGTOL GE GYECN HeE TNV
1010mEPi1060 TOL dOUIKOV GLGTNHATOC TNG KaTaoKeVNG. ['evikd, 1 enilvon Tov TpoPfAnHatog Tov
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KOHOTIGHOV givol Un-ypapplikn, Kot 6TV YeEVIKN mepintmon Ba mpénet vo AapPdvel vmoyn v
OV TOPAPOPPMOGCT) TOV TOTYDOHOTOS TOV 0YEI0V aALG KoL TV 0AANAETIOpaon TG BepedMmong
He to £€00apoc (TputAn) aAANAERidpOoT PEVGTOD — KATAGKEVHG — E6APOVC), TOV GUVETAYETOL £VaL
TOAVTAOKO TPOPANHa, TO omoio emAvETAL HOVOV He aplBunTikég HeBodovg, Katl ciyovpa Oyl oTo
mlaioo piog dtadikaciog oyedacHov.

Evtovtolg, ovykekpiéveg omlomomoelg tov mPoPANUaTog, Pociopéve; O€  PEUMOTIKEG
TOPAOOYES, EMTPEMOVV APEVOS TNV YpaUikomoinon tov TPOPANHOTOS KOl OQETEPOL TNV
mapovcioon Hiog amAnig yevikng HeBodoAoyiog LTOAOYIGUOD T®V GUVOMK®V GEIGHIKOV
SLVAHE®V YL TOV oYedaapo. o Pior amArn, koitol HabnHatik, mopovsiosn Tov TpofAnHaTtog
TOV KUHOTIGHOV, ouvodevduevn omd Hio omAn HobnUotik) SloTtdmmon, O ovoyvmdoTNHG
TopanEmeTal 6to Ke@aroto 9 (e1dkd OEpaTar).

Onwc avaeépbnke, oNHaVTIKY] TPO0d0G 6TV UEAETN TOV POIVOHUEVOD TOV KUHOTIGUOV £Y1ve TNV
nepiodo mov avamntuydnke N dwwotniky texvoroyia (1960 — 1970), Adym G ovaykng yio TV
duvopikn  omokplon  deEoapevdv  Kowcipdwv dootnik®v  oxnMatov  (space vehicle fuel
containers), evd ONMHOVIIKEG €PYOCIEG TMAPOVOIACTNKAY GE METOYEVEGTEPT EMOYN YO TNV
avéAvomn Kot 6YedacHO 68 GEIGHO OeCAHEVAOV KATAKOPLPOL KLAIVOPOUL.

H pebodoroyio mov Ba meprypaget otig emdpeveg mapaypaeovg Paciletal

e otV ypappikonoinomn tov tpofAHoToc Tov KVHATIGHOD

® oV apyikn Bedpnom Tov aTAPAUOPPOTOL TOYMHATOG TNG dEEAEVNC
Kol OOOKOTEL GTOV TPOGOIOPICHO TG GLVOAIKNG oelGHikng dvvapung. Onwg Bo dovpe ev
ocvveyeia, N TopaHOPP®oN ™G JeEaEVG KOl 1 EVOOTIKOTNTA TOL €0G(POVG emnpedlovy TNV
GUVOAIKT] GUUTEPLPOPA TOL GVGTNHUATOG, AALA OYL TNV ADGT TOL KUUOTIGHOV.

5.4.1.2 I'evikn) Aon e andkpionc he KUaTioUd

Ievikd, T0 YpapHiKo TPOPANHO TG ATOKPIoNS TOV PEVGTOV GTNV ATAPAUOPPMOTN de&aev dTav
1 tekevtaio kveitan e emrdyovon X(t) kotd tv optioviia Sievhuvvon X meptypheetat omd pia
GLVAPTNOT SLVOIKOV

oxyz)= Y 4,00 v, (xy2) + XO % (5.6)

n=1,23,..

Av ot ovvoptioes v, (X,y,z) eivor opBoyovikég peta&d tovg, tote tar (L) didovton and Hia
oelpd amd acvlevkteg eEloMOES amAoD TAAOVTOTY TNG HOPONGS

g, + 28 o, 0, +o’g, =-7, X (5.7)
omov my, glvor N WrocvydTNTO TOV AVTIGTOYXEL GTNV WI0HOPPN W, (X,Y,Z) , &n elvar 0 GUVTEAESTAG
andcPeong g avtioToyms WIOHOPPNS, EVD Yn €lvol TO TOCOGTO GLHUUETOYNG TNG eEMTEPIKNG

J1€yePONG TOL GEIGHOV GTNV GLYKEKPLHEVN WO1opopen W, (X,Y,Z) .

H avoymon ¢ eledbepng emeavetlag 1(X,z,t) divetar amd thv oyéon
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@{@‘_ﬂ 59)

ot oy

6mov [.]rs onMaivel mog n cvvaptnon [.] vroroyiletar oty gledBepn emeaveLo TOL PEVGTOL, Y
givar 0 katakopveog d&ovag (kabetoc otnv eledbepn emdveld) Kot ETOUEVMS, OO TNV YEVIKN
Abom Tov duvapkol Exovpe

_ oy
’ lt - n — 59
n(x,z.t) Zn:q { & L (5.9)

5.4.1.3 Ydpoduvolikéc TEGELC Kot SUVAUELS

To @oawopevo ¢ Kivnong Tov PeveTol GLVOJSEVETOL AO VIPOSVVAIKEC TIEGES Ol OMOIEG
vroAoyifovtat and To duvopikd He Baon v e&icmon Bernoulli

5
P(X.y,zt) = - pa—f (5.10)

H ovvolikny 6Ovoun tov pevotod oto torydHoto ™G JeEaeviG TPOKLTTEL e KATAAANAN
0AOKAM PO TOV ®G AVE TEGEWV OTNV «VYPN eMPAveLn» de€apevig KaTd TV dlevbuvon Tov
oeloov X. To 1edikd amotérecsa TG OAOKAp®ONG Elvat

F=- > L.G,-MX (5.11)

n=123,...

Omov 01 oLVTEAESTEG Lne eoptdvtan amd v yewMetpia g deEaevng, Gpa amd TIG YOPIKES
owvaptoels v, (X,Y,2) . XpnotHomoldvtog Tig katmbt aAlayés HeTafANTadV,

a,=>
¥n
Ko (5.12)
u,=a,+Xx

o1 e£l6oELS Kiviong TOL PEVGTOV MG TPOG TNV Oe&aplevn yivovTon

a +28 oa+oia =-X (5.13)
1 10odvva o

i, + 28,0, (0, - X)+?(u,-X)=0

H ovvolikn duvapn ypdoetatl og eENg:

F=- i M. Un—[ML— i MnC]X=— i M, U, —MX (5.14)

n=1,23,... n=123,...
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AnAaodn, 1 GLVOAKT SVVATN OVOAVETAL GE OVO GLVICTMOOES, Hio WOTIKY] OVVALN

F,z_Mlxz_(ML_ 5 M]x (515)

123,...

Kot piot SOVOpN EToy®yng

0

F.=- Z M, O (5.16)

n=123...

Me Bdon to Topamdve, Kot 1 cuvoAk Hala yopileton og 2 TUMHaTa,

o v «Mala emaywyne» M (convective mass) n omoio amoteleiton and Tig HAleg TV
EMMUEPOVG OIOUOPP®OV Mpe KOl avAQEPETAL GTNV GYETIKN KIVNo™m TOv pELGTOD MG TPOG
™mv de&apevny (kivnon mov cLVIEETAL HE TOV KUUATIGHO).

o MV «®oTikn Hala» M (impulsive mass) n omoio. 0VGAGTIKA avapépeTal 6TNV Mo Tov
PELGTOV TTOL TTapakoAovOel TNV Kiviom ¢ de&apevig X(t)

[Ipopavdg 1o aBpoicHa g ®otikhg HAlag tov peuotoh Kot TV empépovg Halodv TV
101oHop®V Ba givar ico Pe TV cuvoAKT| HAla ToV peLGTOV, 1| AAALDG

M =M, +> M (5.17)

Me v peBodoroyion avT O TPOCIOPICHOS NG HEYIGTNG CULVOMKNG GEIGHIKNG SOVaNG
avayeTol 6TOV VITOAOYIGHO TV EMUEPOVS HoLdV Kot TNV EKTIUNGCT TS HEYIGTNG TWHNG On-max TNG
HetafAintig gn(t).

IMa evkoAio TV VITOAOYIGUOV, TapaTNPEITOL TOG N HOPPT| TOV AVAOTEP® £EIGOCEMV HOg TapEYEL
™V dvvaTOTNTA VO YPNGIUOTOWGOVHE £va PNyoviko HOVTEAO mov TePLypdpel TNV Kivnon tov
PELOTOV PECO GTNV KIVOLHEV amtd Tov GEIoHO de&apev). To Hoviého amoteieital amd Hio Halo
ion He v ootk Hala mov Kveitat axpiBmg 6Tmg Kot 0 6eloog He Hetatomion X(t), eved move
og otV «otpiovror amiol ToAaviotég He Halo Kot 1tocvyvotnto ioeg he avtég g kdbe
wopopeng (PA. Priestley NZ-1986, Abramson 1966). Emopévac, Oewpdviag N to mAndog
O0HOpPES, TO TPOPANHA avayeTol otV amdKplon £vog cuothpatog He N acvlevktoug Babpong
ehevbepiag, N andkpion tov omolwv pmopel va Anebei and éva edcpo andkpiong 1 Eva eacHa
oyedlocpon. Xto oyfida 5.7 @aivetor éva amhomompévo Hoviého mov ypnoiponotei tv 1"
0o openN KVHUATIGHOV.
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Yyqpa 5.70 Mnyovikd HoviéAo mov TEPYpA@eEl TNV Kiviion TOL GLOTHHUOTOS PEVGTOV —
deEaevnc.

Y& eninedo oYedIAGHOD, | CLVOAIKT SVvapn Mropei vo dobel amd v e€icwon (5.15), pe v
KOTOAMNAN emaAdnAio. Mio péBodog mov €xer mpotobei (Veletsos and Shivakumar, 1997)
gykeltor oty emaAAniio Tomov SRSS ywo T emaywyikéc Suvapelg, aAld ypnooTolel amin
afpototikn emaAiniia He TNV ooTtikn dHvapn:

N 1/2
I:T: I:I,max+ I:C,ma><:|: Z (Mnc SAn)2j| +MIAg (518)
n=1,23,...
Omov
N , 1/2
FC,max = |: Z (M nc SAn) :| (519)
n=1,2,3,...

Kot San €lvat 1 HEylotn oaoUaTiKn enttdyvvon g Halog g iopopeng N mov vroioyileton e
Baon v avtictoyn wWonepiodo Tn, evar Ag etvar n PEyIoTn €daPiky emttdyvvon.

Evtottolg, pmopel va ypnoiporombel kot ) emaiiniio SRSS yio OAeg T1g SUVAUELS:

1/2
I:T: \/ I:Izmax + I:C,max = {(M IAg )2 + i (M nc SAn )2 (520)

n=123,...

H Baocum avt) Bewpia, mopovcidletor oty Piprloypoeio o TOAAEG HOpPES, avAAioyo e TNV
HeBodoloyia emiAvong tov mpoPAnipatog mov okoAovbel kdbe epgovmtig. H dmoyn g
EPELVNTIKNG OMAOMG Elval TOG M TPAOTN POPA TOL TAPOVLGIACTNKE M Oldkpion g HAlag Tov
PEVGTOL 0 «WOTIKN MAlo» Kot «HUalo emaymyne» nTov oty gpyacio tov Housner (1957), yw
0pBOYOVIKEG Kol KATAKOPLPES KLAWVOPIKES OEEAUEVES, TAPOTL YEVIKEG ADGELS TOV TPOPANUATOC
elyav mpotabel mododTEPO. ZTNV GLVEXELN, OPKETE UETOYEVESTEPES £pYOCies KabiEpwoay TV
dlaKpiomn T, N omoia amotedel TV Pactkn apyn Tave otnv onoia PacileTon 0 TPOGIOPIGHOG
TOV VOPOSLVOUIKAOV TECEOV Kot duVAHewv o€ oegapevég kot doyeior mieong, oe emimedo
OTAOTOMNTIKNG GEIGHIKNG avdAvonG Kal oXeO1GHOD.
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5.4.1.4 Emppon tc mopaldpowonc tne deEalevie

Ta ovotépo Pacilovtor otnv Abon yid 10 QAVOMEVO TOL KVLUATIGHOV He omapopdpeoTa
Toy®Hata TG deapevig. v YEVIKN TEPIMT®ON TOov To TOoyO®Hata TG Oeapevg
TOPAHOPPOVOVTAL, 1] VOTEP® AVGT 0eileL Vo TpomoToOel, eV 1 GLVOAMKY dSVVOUN TPETEL Vo
nepAaUPdvel TV adpaveld Tov TAAAOUEVOL TOY®OHOTOS. XPNGIHOTOIOVTAG OU®G TV Pacikn
Topadoy] TG M AVON TOL KLHOTIOMOU elvar oxeddv aveCdptnn oamd v kivnon Tov
TOLY®OHOTOG, TO TPOPANHO amAomoteital oNUOVTIKG.

H mopapdépomon tov torydpatog g Oegapevig €ivol onUOVTIK GTNV TEPIMTOON TNG
Katakopueng opboywvikng de&apevig (Ady® Tov GNUAVTIKOD AOYOL SIUETPOV TPOG TAYXOC), EVD
otV mepinTmon TV doxelwv mieong Adym tov oyeTkd HeydAov miyovg, 1 TapaHOPE®ST TOL
TOUYOHATOG Hopet yevikd vo, ayvonbei (o€ opaipikd doyeia kot og optlovTio KVAVOPIKE doyeia).

5.4.1.5 Emppon e KotakOpuene cuVIoTOoOC TOL GECLIOV

H xatakdpoen cuviet®ca tov celolol amoteAel Evav Eexmplotd Tapdyovtol o omoiog dgv Exel
gpeuvnbel mapd HOvov oe katakOpvees Oefopevég, kot HAAoTO HPE amAOTOMTIKO TPOTO,
O0ed0HEVOL OTL Ol aVTIGTO(EG TPOTEWVOUEVEG AVGELS OyVOOLV TNV OvOW®GT NG €AevBepng
emeaveng Tov pevotov. IlepiosdTepa Yoo TNV KOTOKOPLPN GLVIGTMOGO OVOPEPOVTIOL GTNV
evomra 5.4.2.4 yio kotakopueeg KOAMVOPIKES defapevic. Ta Tig dAlec yewpetpieg deEapevav
(opBoywvikn, opiloVTIog KOAVIPOG, oPaipa) dEV VILAPYOLY ONUOGIELHUEVES ADGELG TNV O1ebvn
BipAoypapia, ondte avtictoryes odnyieg dev cuumeptAapBdvovar otny tapovcoa £kBeo.

5.4.1.6 AMnAenidpaon deEapevic - £ddoovc

H oAnAenidpacn €d4povg — Kotaokewne omoteAdel Uion emiong onHovtiky TopdUeETpo oTnV
anokpion Tov deEapevav. Me v Bedpnon g mopapope®ons Tov £64povg T0 cOGTNHA YiveTol
TOADTAOKO KOU 1 TPWAN OAANAETIOpaoN PEVGTOD — KOTAGKELNG — €0APOVG TPEMEL Vo
aviipetoniotel. H avridetdmion oavt) yivetow Me opOuntikég HeBOdovg, aAAd vrdpyer M
duvatdT T BedPNONG TOV QUVOHEVOV OVTOV HE KATOlEg POCIKES OMAOTONTIKES TOPASOYES.
[T ocvykexpidéva, N A0ON KUHATIGHOU — OT®G OVTN TEPIYPAPNKE OVOTEP® — TOPAMUEVEL
aVETNPEAOTN, ONAadN 101 He vtV NG amopaopeOS de&aevng oe GKapmtn Oepelinon.
Anhaon, to €dapog emnpedlel HOVOV TO ®OTIKO TURHO g amokpions. H Paocikn 10éa g
HeBodoroyia mov axolovbeitar 1 TpomomoinoT TV 1W0TEPLOSMV TOV MOTIKOV HaldV OCTE Vo
Moebet vmoyn N aAAnieniopacn He 1o €dapog. T defopevég oyMMHOTOS KATOKOPLPOL
KLAVOpov, N HeBodoroyia ot mopovctdletol 6To enOUEVO KEPAANLO.

5.4.2 Kataxk6pu@es KOAMVOPIKEG 0eEULEVEG

Ot KataxOpveeg KLAWVIPIKES 0eEaeVES TOPOVGLALOVY GNUAVTIKEG EPAPHOYES GE Propmnyavikég
KATOOKEVEG Kol €ovv ovolvbel oe Meyddn éktoom, Wwitepa v mepiodo 1975 — 1990.
[Tapovcidlovv emiong onHoaviikés eeoapHoyéc o€ dotnpkd oynHota, kKot giyov Mon vo
e€etdlovto amd to T€An g dexoaetiog tov '50. H mapovoa mapdypapog entyepel Hio. cuvomTikng
KOl OTAOTTOMTIKY TEPLYPUPT] TOV PBACIKAOV 0pYDV TPOGOIOPIGHOD TV CGEICUKOV OLVALE®Y CE
KOTAKOPLQOLG KUAIVOPOUS AaMPBAVOHEV®VY VTTOWYT KOl TGV VOPOSVVAIK®V QOIVOUEVOV.
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R
|
T
~—_ | R A
TN

X(t)

z

Yyqpa 5.8: T'ewpetpio deoevig KOTaKOPVPOL KUAIVOPO.

5.4.2.1 ArtapadopomTec KAToKOPLOEC KVAWOPIKES defallevéc o axoprtn Osueiioon

AT0deIKVOETOL TG avaALTIKY AVon ™G Hopeng (5.6) He opboymvikéc ywpikéc cuvopTHoELS
yn(X,Y,2) eivor epiktn, kot HoAota, epapoloviog v HEB0do ywpiopod TV Hetafoldv,

v, (r,0,2) = J,(k,r)cosh(k,z)cosd (5.21)
omov Ji(.) elvan n ovvaptnon Bessel mpmtng tééng, ko ta Ky, givan ot pilec g e€icmong
J(k,R)=0

Kot wopotifevrol otov kAT Tivaka

[51opopen (n) knR
1.841
5.331
8.536

11.706

14.864

g WNEF

Ot 1BoovyvoTNTEC ®n TG Kivnomg tov pevuctol divovior omd TV TOPOKAT® OYEoTm Kot
eaptdvrar kupiog and tov Adyo (H/R) tov dyovg H tov pevoetod mpog v aktiva R g
de&aplevnc.

o, = gk,tanh(k,H)

Ko
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H ootum Halo kot ot Halec tov 181opopeav divovtor omd Tic Katwbl ek@pacels, ol omoieg
eCaptovion emiong amd tov Adyo tov vyouvg H mpoc v oxtiva R g de€apevrg. Ot
1010HopPIKEG MAles KuHaTioov (Haleg emaymync) divovtat amd Tov TOTO

M= 2 tanh (k,H) |M, (5.22)

KR (k,R) ~1|(H/R)

Ot péleg emoywyng Mpe kKo 11 ootk Hala M divovtat oto kdtmbt oynqua 5.9

1

0.9

Yyqpa 5.9: Qotikr pélo kot Haleg emaymyng yio KoAvopikn de€aplev He amapaoppmTa
ToryOUata, og oyéon HUe to Adyo H/R.

Exto¢ amd 1o péyebog g dOvaung g kde 1010opPNc, amatteitol Kot 0 TPOGOIOPIGUOS TOL
onpeiov epappoyng tove. Ot amoctdcel; Tov duvapewv hye amd v PBdon g de&apevig
divovtar amd to dudypoppa 5.10, e Baon v yeopetpia g de&apevig (Adyog H/R).
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1.6

1.2+ 8

Xyqpa 5.10: Amdctaon TG oTknG 0OVaUnG Kol Tov duvlpemy emaywyng and v Bdon vy
KOAVOPIKY de&aplevn He amapadppota Torydpata, o oxéon He to Adyo H/R.

Ot avolutikég eElomaoelg TV hne etvat

h = 1—itanh(an) H (5.22)
K H 2

n

Me Baon v eElowon 1oL KLHATIGHOV eivor €OkoAo va €yovMde Mo €kppaocn Yo Tig
VOPOSVVAUIKES TEGELG TOV OVOTTUGGOVTOL TO TOlYWU TNG deEAMEVIS, TOGO Yl TV WOTIKN 0G0
KO TNV ENAYOYIKN Kivnor. ZuyKeKplpéva,

p,(z.6) = ¢, (pRcosH) A,
Kot
P..(2.0) = ¢, (pRCOD)-S, (T,,.)

OOV 01 GLVTEAECTEG C) Kol Cpe €lvol cuvaptioelg g 0éong — kat' vyog — g oe&aplevng, Kot
e€optivion amd tov Aoyo H/R. Zta oygpata 5.11, 5.12a xor 5.12b divovion Tipég twv
OLVTEAESTMV C; KOt Cne (N=1,2) y1o S1dpopeg TYéG Tov Adyov H/R. TMapatnprote mowg N ocTikn
mieon etvar Pndevikn otnv eAedBepn empdvelo Ko PEYIOTN oty Pdon ¢ deEaeVS, EVD 1
EMOYWYIKN Tieon gival HEylotn oty eAevBepn empdvela Kot HeidveTot Tayvtata Katd 1o Pdbog
™G 0eEaEVIC.
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0.9

0.8+

0.7

0.6 -

0.5+

y/H

O L 1 | | L [ | 1 1 1 | 1 1 |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

G

Yy 5.11: Zuvteleotés VIOAOYIGHOD TOV MOTIKOV MECEMV GTO TOIYMHO GLVOPTICEL TOL
VYovg Tov VYPOL Yol JEEAMEVT] KOTOKOPLOOV KLAIVOPOL HE amopoOpP®TOL
ToYOHOTO.
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O 01 02 03 04 05 06 07 08 09 1

C

1c (a)
0.‘1 0.‘15 0.2
CZc (b)

Yyfqua 5.12a, b: Xvvtedeotéc VTOAOYIGHOD TOV TEGEOV enaymyNG (2 TpmdTeS 1010HOPPES) GTO
TOlY®HO GVVAPTAGEL TOV VYOLG TOL LYPOL Y1 OEEAHEVH] KATAKOPVPOL KLAIVOPOU
HE amapapopemTa T ®OT.

Emiong, pe Pdon v avaAvtik] AOon Tov KLUHOTIGHOD, 1 UEYIOTN avOywmon NG eAevbepng
emupavelog g oeapevng divetar amd tov e£nNg THmo
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N = 0.837 R (iJ
g

O omnoiog Bewpei povov TV Tpd™ Wopopen|. o peyardtepn akpifeia (GVVLTOAOYIGHOG Kot
AVOTEPWV 1O10UOPQ®V) TopoVIE Va. xpNOILOTOI00UE TOV KATMOL TOTO

N = R [(0.8375“)2 +(0.073-S,,)’ +(0.028S,, ) +-- -TZ

g

He Bdon v HEBodo emaiiniiag SRSS.

5.4.2.2 Emppon the Tapadop@oonc TV totyoudtov e defapevie (dkapmtn Oepelionon)

H noapapdppwon tov totyopdtov aAlialel 1o TpdPAnUa TG cuvoAlkng amdkpions. Ewdikdtepa,
AOY® ™G aAlaYNG TG KIVNHATIKIG GLVOPLOKNG cLVONKNG 0TO TolywHa TG deEapevig, 1 Abon
TOL KUHOTIGHOY Tov avoeépetol oty e&icmon (5.21). Evtovtolg, fempdviog (0mmg mpdyHatt
oYOEY) TOG Ol 110CVYVOTNTES TG TAPUUOPPOCIUNG de&aplevic eivar onovTikd HeYaADTEPES
amd TIS OVTIOTOU(EG 1O0CLYVOTNTES TOL PEVOTOV, TOTE 1 ADON TOL KLHOTICHOV Wmopel va
Bempnbel aocvlevktn He ™V TaAdvTOon TG deEaevng. Me v mapadoyn ovth, 1 CLVOMKN
dvvapm HUropet kKo TaAL va Bewpnbel og dBpotopa Piog wotikng dvvapng F kot Hiog 6dvapng
emayoyng Fe, 6mov 1 dvvapn eraywyng Oa eivar axpimdg 1 id1a Pe Tponyovpévag (amapdpew
de€apevn), kabdc kat ot HAleG KOUATIGHOD.

Mo 10 wotkd TUMUO TG SVLVOUNG, Ol OIOGLYVOTNTES TOV MOTIKOD GLGTHHATOG PELGTOV —
de&apeving dlvovtor amd tov THTo

w..k=—c"k = (5.23)
H '\ ps
Kot
2n
Tl—k_
O

Onov Cyk glvon cuvtedeotés mov eEaptdvtat yuo kabe Wopopen K e ootikhig Aveng omd
e 70 AOYO TOV VYOLG TOV PEVOTOV TTPOC TV axtiva g de€apevic (H/R)
e 10 AOYO oKtiva-mpog-mhyog ¢ deEapevg (R/t)
e 70 AOYO0 TV TUKVOTHTOV peLGTOD Kot deEapevis (p/ps)
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0.5

t /R =0.001
0.45 - w .

0.4 1
0.35| :
0.3F
Z0.25
0.2
0.15

0.1

0.05 - R

YyfqHe 5.13: Xvviedleotég VIOAOYIOHOD TV OOTIKOV TEcemV (3 TpdTeC 1010HopPES) 6TO
Toly®HA GLVAPTHGEL TOV VYOLS TOL LYPOV Yo deEaHEV] KATAKOPLPOV KLAIVOPOL
He Tapaplop@@OGIo TO®HaTa.

Me Bdon ta mopoandve ot vIPOSVVAIKES TEGELS TOL OVOTTUGGOVTOL TO TOLY MM TNG deEAEVIC,
TOGO Y10 TNV OOTIKN Kivomn Tov pevstol B VTOAOYIGTOOV MG ETOAANALL

P (z.0) =c,, (PRCOSG) “Sa(Ti)

o6mov My glvar n Mo g 0oTikhg 110popenc K kot So(Trk) N @OoHATIKY TN TG 1010HOPONG
K, He Bdon v 1d1omepiodd g Trk, Kot 01 cVVTEAEOTEC Crk £EQPTMOVTAL OO TO VAIKO KOl TOV
Aoyo axtiva-mpoc-mayog (R/t) g de€apevns. INa petailikég de€apevég He R/M=1000 (cuvnOng
TIUN) Ol TIHEC TOV CUVTEAESTMV Crk Yo TIG 3 TPAOTES WOOHOPPEC divovTor oto oyfua 5.13, g
GUVOPTNGELG TOV VYOUG TNG 0e&aMEVNG. XNHEIMOTE TG O0PEPOLY amd TIS TIHES TOL Cf Yo
amopaOpeTEG deCapevec. Ot MECELG TOV AVAPEPOVTOL TNV ETAYWOYIKN Kiviion mopapévouy ot
101e¢ He anTég TG amaldpemTng deEaplevig.

I'o Tov 6Yed1a6 M0, 1| GLVOMKN ®OTIKY dOVapN Oa divetar amd Tov TOTo (emoAiniio. SRSS):

I:I,max = {Z(M 1k SA (Tl—k))2:| (524)

k

6mov My givan  Hala ¢ ootikig 11opopenc K kot Sa(Tik) N @acHoTiKn TR TG 1010HopPTS
K, He Baomn v 181omepiodd g Tik. Avtiotorya 1 dvvopn exaywyng Oa cuveyioet va gival
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o= {Z(Mm s, (m)ﬂ

OGS Ko TNV TEPITTOOT TG ATAPAHOpPOTNG deEAMEVTC.

5.4.2.3 Amhomompuévn pebodoroyia

Mio  amhomompévn  HeBodoAoyio  GVTIUETOMONG TOV — KOTOKOPLO®V  deEapevav  He
TOPOHOpEOGIHe ToyoHata mapovstaletor kdtwbl. H peBodoroyia mapovcidotnke amd tovg
Malhotra, Wenk & Wieland (2000) kot xpnoiplomotlel Ty TpdTn «OOTIKN» 3I0Hopen Kot TV
TPAOTY WOI0HOPPT KLHATIGHOV. ZVYKEKPIUEVQ, 1] GUVOAMKT GEGIKT] OUVOHN diveTot amd Tov THTo

F=(M;*+Mg) S, (T,,) + My -S,(T) (5.25)

o6mov ot My.1 kot Mic givor n ootk Hala kKo Hélo emaymyng avtiototyo mov divoviat amd Tov
kototépo [ivaxka

C

C
H/R i M /M. Mc/M h/H he/H
/ C [S/\/E] I/ L C/ L I/ C/

0.3 9.28 2.09 0.176 0842 0400 0521
0.5 7.74 1.74 0.300 0.700 0400 0543
0.7 6.97 1.60 0.414 0586 0401 0.571
1.0 6.36 1.52 0.548 0452 0419 0.616
15 6.06 1.48 0.686 0314 0439 0.690
2.0 6.21 1.48 0.763 0237 0448 0.751
2.5 6.56 1.48 0.810 0190 0452 0.79
3.0 7.03 1.48 0.842 0.158 0.453 0.825

Tr1 ko Ty etvon 1dwomepiodol g wotikng Halag ko ¢ Halog emaywyns ovtiotolyo, Tov
dtvovtar amod 11g e£I6DoELS

Pt
I-1 I\/U—R\/ES

Kot
T,=C./R

evd ot ovvtedeotég C; kar Ce divovtar otov avotépo Tlivaxka. Ot ponég twv dvo duvapemv mg

1pog TV Oepelioon vroroyilovrar Pe Bdom TG 0mooTdoELg Tovg amd v Bdon g de&apevig hy
Kot he ov divovtat amd Tov avetépe Ilivaka, Kot 1 GuvoAkY| porr avotporhg I eivar

m :(M |-1+Ms)h| 'SA (T|-1) + MlChC 'SA (Tl) (5-26)

5.4.2.4 Emppon tnc KotokOpuONC GLVIGTAOGOC TOV GEIGHOU

H xotokdépuen ovvietddco Tov oeloHoL €xet amoderybel Wdwitepa odvvnpn o€ TOAAEG
KOTOOKEVEG TTOV LECTNOAV CEICHIKEG OOVIGELS. XNV TEPITTOOT TOV OeEAHEVAOV dgv £YOVV
avaeepbel 1Waitepeg EMMTAOGELG AOY® TNG KATAKOPLONG CLVIGTAOGOS TOV GEWGHUOV, dAAA e Bdon
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T1g datdéelg tov Evpokddwa 8, o pedetnmg elvar vmoypewpévog va, v cupmepthdfel otov
GYEOUGHO NG deEAEVTG.

H wiéov omn xor omotelecHotikny HeBodoAoyion yio TNV EKTIUNGON TOV EMMTIOCEOV TNG
KOTOKOPLONG CLVIOTMGOS &ival ot Tov meptypapetor and tovg Veletsos & Tang (1986).
YOUpova Pe v HeBodoroyio avtr|, Y¥PNOIUOTOOVING KATOEG OMAOTOMTIKEG TAPUOOYES,
vroroyileton 1 TPOTY W10TEPI000G TOV GLGTHHOTOC YO KATAKOPLPT KivnoT, ¢ aKoAVLOMC:

o= B
H '\ pg
Ko
e
©;

omov 0 ocvvteheotg Cy e€aptdrtan and tovg idtovg mapdyovieg mov e&aptwvtar kot o Ck, evod N
Méyiotn Katavoln mésemv 6To TolywHa divetal amd Tov THTo

p(y) = pH -{O.Scos(n—yﬂ S (1Y)
2H
Emniong, pmopet va ypnoiporomOei o tomog tov Luft (1984):
- y v
p(y) =pH- 1_ﬁ Sy (1)

omov S, (T)) eivar n @oopotik emtéyvovon Yo, évav omhd Talovioti He 18tomepiodo
T = 2nlo, . Tpogavdg, dev tibeton B0 cuvicTapévng ddvapmg oy delaplevn, 16Tt n Avon

Y Kotakopoen oyepon eival a&ovo-GUUMETPIKY, ETOMEVOC Ol TPOKVTTOVGES TIECELS OV
0AOKANP®OOVV KATAAANAG OC TPOS Hio GLYKEKPIEVT d1e¥BVVOT £YOVV GLVIGTMOGO UNOEV.

5.4.2.5 Emppon e evkapyiog the Oeperioonc ko n aAinienidpaon e tnv de&allevn

H mopapopemon tov £34povg evoEyetal va. amoTeAEGEL GNUAVTIKO Topdyovio TNV amdKpion
™m¢ deCapevng. H aAdnAenidopaon tov €dd@ovg He TNV KOTOoKELY oamotelel €va ovvOeTO
TPOPAN U oV avtipeTomiletal He TpooeyyloTikég HeBdSoug.

Mia Baowkn moapadoyn g HeBodoroyiag mov mapovoidletor kdtwb eivor Twg aAAnienidopaon
€00povg — deEapevng dev emnpedletl TV AVoT KVUATIGHOD, o oAy 0AAL pEAAIGTIKN TOPAOOYY|,
AOy® oL 6Tl 01 Womepiodol g kivnong Tov PevoTov givatl TOAD HEYOAVTEPES OLTAOV TOL
yopaktnpiovy ™V TOAAVIOGT TOV GLGTNHATOC £60POG — OeCaplevn.

AYo Bacikol pPnyoaviciol ennpedlovy TV amdKPIon ToL £66POLG:
1. To £dagog £xer v dvvatdmta (Bempntikd) T™C Kivnong kol Katd TV HETOQOPIKN

évvola otic 3 devbuvoelg (2 oploviieg kot 1 katakdpven) OAAG KOl GE GTPOPN
(rocking). H axopyio Tov £8GQove £VavTL TOV OVOTEP® KIVANCE®V Yapaktnpiletal omd
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TIG «EAUOTIKEG oTafEPEG» TOV £3APOVG, Ol omoieg vroAoyiloviol PETA amd KOTAAANAN
€00(QOTEYVIKN MEAETT.

2. InHovtikd HEPOG TNG EVEPYELNG TOAGVIMONG TOL GLGTNHHATOS OTOPPOPATAL OO £O0POG
He v Hopon Kupdtov (radiation waves) oxtivoPoriog odAd koi He ™V Hopon
votepntikng amocPeong (hysteretic damping) tov £d0@ikod VAIKOD TOL GUHTEPIPEPETAL
COPMG AVELAOGTIKA GE 1GYVPES GEICHUIKES OOVIOELS.

Ot Baokég Tapdpletpot Tov £ddpovg mov exnpedlovv TV amdkpion glvar

1. H axopyio tov £ddgovg g Oeperimong, yopakmpllohevn Kuplog omd v toydTnTo
SN TIKOD KOUOTOG

2. O Adyog Poisson tov £8G¢povg Kat 0 avtioTolyog AOYoc amdceong

3. H péla xat o1 daotdoetg Tov Oeperion

Oa mpéner emiong va AneBel voyn g ot akapyieg ¢ Bepedimong e€aptdvror and v
oLYVOTNTO TOAGVTMONG Kol 0VTO TEPMAEKEL TNV avAAvon. Evtoltolg, mapd to moAdmAoko Tov
TPOoPANHUaTOG, He dEdOHEVES TIG 6TABEPES TOV £0GPOVG:

Kx = opilovtia axapyio (dOvapm-mtpog-petatonion)

Ky = kotakopuen cuvietdco (SOVapm-mpog-Hetatonion)

Ko = otpogikn (rocking) axopyio (pomn-tpog-otpoen)
Ol «MOTIKEC» 1010MEPI0d0L  TPOTOMOIOVVTAL KATAAANAQ ®OTE Vo ypnoiortombovy oTov
oXEOGHO TG de&aeViG. ZuyKeKPIEVQL:

1. T Pn-rapalop@acipln de&apevn o€ opllovTia di€yepon

172
1(M+M, Mh?
= +
onl K, Ky,
omov Mt givan n péa g Bepedimong.

2. T mapapopemcipn de&apevn og opllovtio di€yepon

2
Tl*—k:TI—k 1+ <, + 1+KXh|-k
K0y Koy

omov Tk givar 1 1010mePi0d0G TG WOTIKY W10HOpE1S K, Kot

K, = 4r’ {M—;j
TI

3. o un-ropapopedciun deapevn oe optldvtia diéyepon

T ZZE[—M L M +M, J

y(ly

4. T tapaopedcipn oe&apevn og opldvtio diEyepon
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K, = 4r? (M—ZL]
Tl—k

XnUeimon: ol GUVTEAESTEG Oy, Oy, Op, £lval O10pO®TIKOL GUVTEAECTEG OGTE Vo HeTaTpomody ot
OTOTIKEG OKOMYiES 08 SUVOIKES, OTmG TTeptypapetat amd tov Gazetas (1983).

Avaroyeg dropBdoelg yivovtal kot 6Ti¢ TIHEG TG amdoPeons, He avTioToryovg TOTOVG 01 0Toiot
dgv avapépovtal oto mapov keipevo. O avayvootg mapanépmetor oto Ilapdptmpa A tov

Evpokddwa 3, pépog 4.

5.4.2.6 Emppon tov avacnkdpotoc tne deEalevie

H mepintwon tov avaonkodpatog Hiog deapeving mov givor amid €dpaldpevn oto £00¢pog —
ONAadn Hn aykvpopévng oto £dapoc — eivarl mbavi] Kot Hropel va ennpedost onHavtikd v
andkpion ¢ oeapevng. Me Baon v vrdpyovca Pipioypaeia, VIEEAPYOLV OTAOTONTIKEG
HeBodoloyieg ot omoieg TPOTOTOIOVV TNV 1310TEPI0S0 TOL GLGTHHATOG Yot VO AGBOVV VITOWYT| TOVG
TO GLYKEKPIUEVO QouvOUevo. Mia oyetikn HebBodoroyio avtiHeTdmoNg Yoo TEToleG OeEAMEVES
avagépetor oto kepdiao A.8 tov IMapaptipatog A tov Evpoxkmdwe 3 — Mépog 4. Zmnv
TEPIMTOON TOL AVOC|KOUOTOG, 1 fAcn ™G OeEOUEVIC CUMTEPIPEPETOL OC KAMTTOMEVN TAGKA
Kot Oo pémel va eEgtaotel KatdAAnAa. Mio tétowo PeBodoroyia avapépetal oto mapdptnpa E
tov mpodtaypapdv tov APl 650 mov Paciletar omv pebodoroyio twv Wozniak & Mitchell
(2978).

5.4.3 OpBoymvikéc deCaplevig

Oempolpe di€yepon kotd X otnv de€apevn He dwaotdoelg bxL xor vyog pegvetov h. Ty
nepinTtmon o, oL Ywpikég cuvaptioelg g Avong (5.6) sivar g Hopeng

»
>

-
v

z
Yypa 5.14: Teopetpio opBoywvikng deEaplevig.
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+h
\yn(x,y,t):(nﬂj 1 cosh nn(y )cosmx, n=1,3,5,7,... (5.27)

sinhnih L L
L

L
eved AOY® ™G HopeNg TG de&alevig kat g devbuvong g di€yepong, HOVov ot 1310HopPEg
n=1,35,7,..... apkel vo BempnBovv (aVTIGLUHUETPIKEG). ENUEIDOTE TWS 01 GUUUETPIKEG WG TPOG X

; ; , . NmX , . , , ;
1010Hopeéc (mov givarl Tng Hopeng SmT) dgv cLeTEYOLY otV Avor. Emiong, n Avon eivan
avedptn tov Z. Eniong, ot e€1o0dacelg Kivnomng tov peuostol ®g Tpog v de&apevn Hmopovv va
YPAPOHV OG EENG

g, +28,0,0,+0’q, =-y, X n=1,357,...

Omov N givar M dokprt N-O10HOPPN KVHATIGHOV, EVO 1 aVTIGTOLYT 1010GVYVOTNTO ®p, KOl O
GLVTEAEGTNG Yn OlvovTOol 0O TOVG TUTTOVG

02 =9 tanh(nnh) n=1357,... (5.28)
L L
v :itanh(nihj n=1,357,...
nzw L

H ovvolwn péla tov pevotov Hopaletor o€ Hio «ootikn Hala» M, evd 0 vwoLlomo T TG
Malag amoterel Tig HALEG Mpe TV avTiGTOL(®V 1O10HOPOOV:

4 tanh (nnHj
e _ L n=1,35,7,... (5.29)
M H 3
L (Lj (nm)

M=M_- > M

n=135,...

nc

H napapopeociudétnto Tov TotyopUdtov e opboyovikng detaplevig sivatl eElcov onpavtiky He
LT NG KATOKOPLONG KLAMVOPIKNG deEapevie. Evtovtolg, dev vmdpyovv onpocievpéva
AMOTEAEGHUATO Y10l TNV CLUUTEPIPOPA TNG SeEAMEVIS OVTNG TS YEOUETPiag VIO TV VILOBEST TNG
TOPAHOPPMOONE TOV TOYMHATOC TNG, OTMOC AAAWGCTE OVUPEPETOL KOl GTIG TPOCPAUTES OTAEELS
tov Evpoxmoka 8 — pépog 4.

9.4.4 OprlovTio KuAMVOPIKA d0yEla Tigong
Yta doyeia Hopenc optlovTiov KuAIVOpov Exovie 2 dtakpitég dlevduvoelg oelcpod (oynqua 5.15).

Hv gyképoio diehBovvon X kot v drapnkn devbovvon z. Kot otig dvo devbivoelg, n andkpion
Mropel Bewpnrikd va meptypagel Héow g yevikng Hopens (e€lomon 5.6), aAld dev vdpyovv
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OVOADTIKEG EKQPACELS Y10l TIG GUVOPTNOELS WIOHOPPOV Yn(X,Y,Z), ol omoieg mpocdiopilovTol
aplOUNTIKA, OTMG Kot Ol AVTIGTOYEG 1O10GVYVOTNTES .

Yyqua 5.15: Teopetpia de&apevig — doyeiov mieong oynpatog optovtiov KLAIVOpo.

5.4.4.1 Andxpion otnv eykdpoio oevuvon

H xivnon tov pevatov (Budiansky, 1960), puropsei va teprypagei amo v e&icmoon (5.6), 6tov
G+ 26,0,0,+ 0F 0, == 7,X (5.30)

n

OOV Mn €tvat N W10GVYVOTNTA TNG N-OOHOPENS, EVD O GLVTEAEGTNG GUHHETOYNS Vi OlveTal Ao
mv oyéon:
B
=Aof —-
Yn=hn ( Anj

Omov 1M mopdpeTpog o oyetileton Pe v B€on g erebBepng empdvelag, Om®G QOIVETAL GTO
oyfHa 5.16, evéd ot tapapetpot A, Bp divovtar ota oynpata 5.17a, 5.17b.

aR

\] e
/ X'
"y
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Yyqpa 5.16: T'ewpetpikéc mapdpetpotl dStatopng optldviion KVAIVOpoL og oxéon He To VYOS NG
elevbepng empAveLng TOV PELGTOV.

Ot 10106VYvOTNTEG O divovTon 6e adldoTaTn Hopen

N

g

oto oynHa 5.17¢, o oyéon He 10 €, To omoio opiletar oo oynua 5.16.

<
I T T T T 0 T T T T
-1 -0,8 -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1
e
>
0.5 -
B 1
</‘/0/QA—‘
) 0.3 4

Yyfqua 5.17a,b: Tvvteheotéc An, Bn doyeiov migong oynuatog opilovtiov KuAivopov, oe oyéon
He To Dyog Tov peLGTOD.
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g
P

4.0 -
A 1/2
(As)
3.0
W\ 1/2
— (A\2)
=
2.0
( )\1)1/2
I

*
L 4
L 3

'_\

o
1

Yyqpa 5.17c: Idocvyvotnteg doyeiov mieong oynpatog optlovtiov KuAivopov, ce oyéon He to
VYOG TOV PEVGTOV.

H ovvoiikn dOvapn divetar and tov tHmo
R=—(M_+Mg)X -2pR%*) B, d, (5.31)
XpNGUOTOUDVTOG TOV HETOGYNUOTIGHO

a,=n
Tn

H e&iowon kivnong yivetat
8,+25,0,8,+ 02 a, =— X() (5.32)

K0l 1] GLVOAIKT] OUVOUN gtvat

F=—(M_+Mg)X->'M & (5.33)
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Enopévmg, n ootk Hala etvon

MI = ML+ MS_ZMnc
Kot M Hao «KOHaTIcov» TG 10Hopeng N gival

M, = 2pR? (%Ja (5.34)

n

O1 0vo mpmdteg Haleg emaymyng Mic, Mac ko n wotikny péla M divovion ota oynparta 5.18a,
5.18Db, 5.18c, wg cuvaptnomn g TapapéTpov €.

0,9 -
0,8 A
0,7 A
0,6

0,5 A

M1/ML

0,4 -

0,2

e

YymMa 5.18a: [Ipot Hala emaymyng doxeiov mieong oynMatog oplloviiov KvAivopov, ce oyxéon
He To DYog Tov peLGTOV.
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0,02
0,018 A
0,016 A
0,014 -
0,012 A

0,01 -

Mz2/ML

0,008 -
0,006 -
0,004 -

0,002

o
4

°
[ee]
'
o
[e)]
1
o
SN
'
o
N
o
o
N
o
™
o
[e)]
o
[ee]
[y

Yyfqua 5.18b: Aedtepn pala emaymync doyeiov mieong oynpatoc opiloviiov KvAivopov, oe
oyéomn Me to HYOog Tov PELGTOV.

1,2

1,0 1

0,8 {

0,6

M|/M|_

0,4

0,2 {

0,0

Xyqpa 5.18c: Qotikr pala doyeiov mieong oynuatog oplovtiov kvAivopov, 6e oyéon He t0
VYOG TOV PELGTOV.

5.4.4.2 Antdéxpion otnyv dapnkn dievbvvon

H amdékpion evog optldvtiov kuAivopov otnv Stapmkn dtevbuvon Z Aoywm eEmtepikng di€yepong
Z(t) givar oNUavTIKG To TOAOTAOKN OO TV AVOTEP® EYKAPOL0 OITOKPLGT, S10TL EIVOL GOPDG
tpodidotarn. Avoelg dnpoctievpéves oty Piploypaeio yloo v TepinT®on ™G OopKoVS
d€yepong opllovilag KLAVOPIKNG datolng oev €xouvv mapovctactel. [lapdia avtd €yxet
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amodelyfel avaALTIKA Kol TEWPOUATIKE TTO¢ 1 amoKpion &vog amapapdpemto optlovtiov
KUAIVOpOL o1V dtapkn devbuvor Umopel va mpoceyyiotel e koA akpifela e v andkpion
Hiog 100d00vapme opboyovikng deEapevig (niadn Wiag defapevig He tnv idwo eAevbepn
EMPAVELN KO TOV 1010 OYKO pevGTOD) OTmG paivetat 6to oynfHa 5.19. Avtd onHaivel Tmg Exovie
mv Abon g dwg Hopeng He v opboymvikny defapevn, 6mov to VWog NG 10000vapng
opBoymvikng deEapevng divetal amd Tov TOTO

. 4(2H-D)\ =
1 py pz 2" b ) 2
h=_(H__]+_.

(5.35)
2 2) 8 H(D-H)

omov H givar to Hyyog pevotol g KuAVIPIKNG deEaevig, kat D n dtapeTpog tg. Ot 1d1o0opeég
™G oegapevng divoviar amd Tov aviioTolo TUTO, TOV OOBNKE Kol OTNV MEPITTOOYN TNG
opBoymVIKNAG S10TONG, EVE 1| GLVOAIKT dVVaUN divetal arnd TV avTtiotoryn oyéon, He o Hyog h
G 0pBOYOVIKNG S TON G va diveTan omd TV aveTEP® GYEON.

160dVVaLO

/ \op@oyd)wo

/| )%,

1
vy

YymHa 5.19: Icodvvapo opboymdvio yio v dtaton) optlévTiov KLAIVOpov.

545 Zoempwa doyeia micong

Yta oeotpikd doyeia mieong (oyxpa 5.20), Aoym ¢ cvpetpiog e&etdlovpe Hia dievbvvon g
Oéyepong, €0t v OevlBuvon X. Lta doyeion avTd AOY® LYNANG Tieons, To TolywUo &ivon
onMavtikd moyy, emopéveg, to doyelo Hmopel va Bewpnbel amapapdpewto. Eviovtolg, ot
ocQapkég deCapevég ompilovtol o €vo cOGTNHO ATO KATAKOPLPOVS GTLAOVLS, TOL GLVNOM®G
oLvdEovTal G GVVOEGHOVS akapyiog Hoperg X (X-bracing system), yio avénon g opilovriog
aKopyiag Toug, T0 omoio déyeTal oNHAVTIKY TOPAUOPP®ON.

5.4.5.1 Boown AVon the andKpionc cooptkon d0ygiov

H andxpion tov pevotod Péco 610 oaipkd doyelo eival emodAniia Wiopope®dv. Adym g
YeE®UETPIOG, Ol GUVOPTNGEL TV WWOHOPPOV Yn(X,Y,Z) dev Hmopodv va mTpocdlopleTovV
avoALTIKA, Tapd Hovov aplBpmtikd. [Moapdia avtd, pmopel va amoderybel mwg m kivnon tov
pevotov (Budiansky 1960) propei va meprypogel oo v yeviky e&icmon dvvapikov (5.6), pe

qn + 2E_>n0‘)nqn + ('Oﬁ qn =- Ynx (536)
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OOV ®p vt M WlocVYVOTNTA TNG N-WOOHOPPENG, EVAD O GLVTEAESTNG GULUUETOYNG diveTor amd
TNV GYEoN:

Va =Xna(%} (5.37)

n

Yyqpa 5.20: Teopetpia ceapikng de&apevng — doxeiov mieong

H mapapetpoc o kabBopiler v Béon g elevbepng empdvelag Ommg eaivetal oto oyna 5.16,
evd ot mopapetpot Cp, Dy divovtor oto oyfuate 5.21a, 5.21b. Ot 8ocvyvottes o, Yo To
ocQapkod odoyeio mieong olvovror oe adidototn Hopen oto oynpo 5.21c, cuvaptioel g
TAPOUETPOL €, ToL oynHaTog 5.16.
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0,5 -

0.4 -

Cs 01

-1 -0,8 -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1

e

Yyua 5.21a,b: Xvvtekeotéic Cy, Dy doyeiov migong oynHatog opaipag, o€ oyéon He to Hyog Tov
PELOTOV.
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5.0 +

()\ )1/2

2.0

()\1)1/2

M

o-0
oo

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

e

Yyqpa 5.21c: Idoocvyvotnteg doyeiov mieong oynUaTog c@aipag, o oyéon HUe TO0 VYOS TOL
PELGTOV.

H ovvoAikn dOvapn divetor amd tov tHmo
Fr=—(M_+Mg)X -mpR%*> D, (5.38)

XpNGHoTOuU®VTOG TOV HETOGYNUOTIGHO

N
Yn

H e&lowon xivnong yivetat
8,+25,0,8,+ 0% 8, =— X() (5.39)
K0l 1] GUVOAIKT] OUVOUN Etvat

F=— (M +M)X -3 M, 4, (5.40)

Emopévac, n ootikn Hala ivan
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MI = ML+ MS_ZMnC
Kot 1 Mo «KOHaTIcoU» TG 1010Hopeng N gival

M .= npR® (&j o’
A

n

O1 0vo mpmdteg Haleg emaymyng Mic, Mac ko n @otikiy péla M divovton ota oynpata 5.22a,
5.22b, 5.22¢, wg cuvaptnon tov €, mov divetan oto oyia 5.16.

1,2

0,6

My/M_

0,2

o T T T T T T T T T T T T
-098 095 -09 -08 -06 -04 -0,2 0 02 04 06 08 1

e

Yyqpa 5.22a: Tpam pala emaywyng doyxeiov mieong oxfHatog ceaipoc, oe oyéon He 10 Hyog
TOV PEVOTOV.
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0,025

0,02

0,015

Mz2/ML

0,01

0,005 -

0 T T T T T T T T T T T T v
-098 -095 -09 -08 -06 -04 -02 0 02 04 06 08 1

Yyfqua 5.22b: Agvtepn Hala enaymyng doyeiov micone oyfHatog ogaipag, o€ oyxéon e To DYog
TOV PEVGTOV.

1,2

1,0 1

0,8

0,6

M,/M,

0,4 -

0,2 1

0,0 T T T T T T T T T T T T
-1 -098 -09 -09 -08 -06 -04 -02 0 02 04 06 08 1

e

Yyqpa 5.22c: Qotwkn Hala doyeiov mieong oynUatog oeaipag, o€ oxéon He 1o HWog Tov
PELGTOV.

5.4.5.2 ZVotUa otnpiénc coopikne os€alevne

Ta mapamdve oydovv yioo TV mepintwon mov N Kivinon g ogaipoag X(t) sivar yvoortn.
Evtovtolg, n mapapopooildmmta ™G kotaokevng ompiéng g deopevig (coinvotd
VIOGTVAMMATO KOt 6VvdesHol Hopeng X) mpémel vo. AneBei veoyn. T v otkovoio g
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dTvT®ong Tov TpofAnHatog Oempolpe 1 enaymyikr| Wioopen (N HebodoAoyia yevikebeTal yia
TOMEC 1010OPPEC). Zuykekpipéva, Bempmdvtag ADon TG Mopens,

@ (r0,w.t) =0, vy (r0,y)
n e&lomon kivnong etvor tehkd

a+20a+0a =-X (5.41)
EVA 1 GLVOAIKN SVVAN GTNV GPAIPA TPOKVTTEL

F=F+Fo=— (M, +MJ) XM, g,

ko Bo mpémel va e€loopponeiton and v elacTikr dOvaun g otpitng, Onwg gaiveTon 6To
oynHa 5.23. Av Kps etvon 1 ehactikn axapyio e otpiéng, tote AOYm 160ppomiog

F =Ky (X=X,) (5.42)

omov Xg(t) elvon n yvwort Hetakivion Tov e549oVG.

Fr
—

- Ky(X-Xg)
VY WA

Yypa 5.23: Icoppomnio opiloviimv SuVAUE®Y GTNV CQOIPIKT deEapEVN

Fx777F

2V ovvéyela, BETovTag

yl+xg: a1+x
Y +X =X

KOl oyvomvTog v amdoBeon yio v owkovopio g meptypoagns, ot eélonoelg (5.41) ko (5.42)

YphpovTon
5 B S e
0 |\/|| Y, _Kc Kc+Kbs Y, MI

Omov

OAZIT - Tehwxr) Teyvixr) ExBeon) - Noépppiog 2002 oeAida 58
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To avotépm cuotnUa eE1I6DCEMV TAPUTEUTEL 0 £va 16000VAOo pPnyovikd Hovtéo, Tng Hopeng
oL Qaivetol 6to oynUa 5.24.

(?) M, ¢ K. M,
. %

ponon 5 o
[11771177777777777777777777777

YymHa 5.24: Icod0vapo pPnyavikd HOVTELO Y100 TO GUGTNHA TG COOPIKNG OeEAUEVNC e TO
oLoTNHO GTHPIENG.

InpetdveTton g N axapyio g kotaokeung ompiEng Kps 0o mpémer va mepthapfdaver v
axkapyio ToV COANVOTOV VTOCTLVAOHATOV Kafhg kot v akapyio Tov Xwootl cuvoésHV.
‘Evav amho tpoémo va AneBHodv vtdyn ot aveotépm akaplyieg divel o katwOi TumoC:

szflelL+ f% cos 8, cos’f

3
j=1 h|_ k=1

omov h. o I glvon o vyog kot 1 pomn adpavelag TV VITOGTVAMMATOY, Ap Kot Lp ivor n
SloToUn Kot T0 KOG TV GLUVOEGU®YV, 0k €tval 1 Yovia tov oynpatilel o KaBe cUVOEGHOC e TNV
dtevbuvon tov oewoHov, kal B elval 1 koTakOpven yYovio mov koabopilet v KAon Tov
GUVOEGHOV.
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