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9. EIAIKA OGEMATA XXEAIAXMOY
9.1 PAINOMENO KYMATIXMOY

Kowo yapokmpiotikd 6Amv tov doyeimv mieong kot deoevav amodnkevong vypdv ivol 0Tt To
amofnKevévo VYPO €xel Hia empdvelo TG omoiag 1 Kivnon oev meplopiletat amd o Totyd AT
Tov doyelov M g de€apevns. H empdvela avt ovopdaletor eAehBepn empdvela tov vypol Kot
EMTPEMEL TNV CYETIKY KIVNON TOV PELGTOV MG TPOG TO OOYEID OV €YEL GOV OMOTEAEGHO TNV
eEHQAVION TOV KVHOTICHOV oTnv elevbepn emiedavelo. Tov pPevotov. ATOOEIKVOETOL OTL Ol
KUHOTIGHOT ivat HOVIHOL dnAadn 1 Em@dvelo ToL VYPOL Kiveital POvo KaBeta wg Tpog T Pdon
™G 0e€apevng Ko Ta PNk KOHaTog Tavtilovtotl e éva pAGHO CLUYKEKPIUEV®V SLOKPITOV TIUDV
OV  amOTELOVV TG 1O10TIHEG TOL GLOTNHHATOG. AVTioTor(d Ol 1OOHOPPEG TOL GLGTHHATOG
TEPLYPAPOVY TNV HOpPN TNG AEHOEPNC EMPAVELOG.

Otav Hio omd TIC 10106VYVOTNTEG TOV GLGTHHATOGC VYPO-00YEi0 ivan otV Tepoyn N tavtiletal
He v 1dtocuyvotnTa Hlog eEmTepikng kivnong, dtatapoyng N 01€yepons Tov aGKEITOL TAVE OTN
KOTOOKELY] TOTE gHPoavileTon oLVTOVIOHOG kol 1 €votdfelnr Tov cvotHatog emnpedleTon
onMavtikd. Emopévmg o mpocdiopioldg TV 1010GVXVOTHTOV TOL QOLVOHEVOL TOL KLUATIGHUOD
KOl YEVIKOTEPO 1 UEAETN TNG AMOKPIONG TOV GLOTHHATOG VYPO-00)El0 0 eEMTEPIKN dEYEPON
amokTd 10104tEPO EVOLOPEPOV Kot oNUacia.

H avélvon tov eowvopévov Baciletar oty yevikn Bewpio T@V ETPOVEIOK®OV KUHATOV. XTO
Mo 9.1 anewkoviCovtor ypagikd ot KVHOTIGHOl oty eAehBepn empdvela pevsToD VOGS OG
opBoymvikng de&apevig TAdtovg 2L e péso Pdbog pevotov h.

'R h ——-——‘—"}r-é—-'::f?’ \‘“b\"‘:h-—_ |

Xyqpa 9.1: T'pagiky| anetdvion KUUOTIGHOV 6TV eAe0Bepn emOAvELD VYPOV £VTOC deEaevng
TETPAYWOVIKNG OLOTOMNG.

H «ivnon tov pevotov Bewpeitar actpdfidn, 10 pevotd atpiéc kot n pon acvpmiestn. To
OlAVUGHOL TNG TOYVTNTAG TOL PELGTOL Mmopel va. eKPPACTEL GLVOPTNGEL TNG KAIONG TOL
duvaplikod ¢ TodTNTaG OV IKavomolel v e&icmon Laplace.

2 2
%+Zy—‘f=o (9.1)
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Ot cuvopuakég ouvbnkeg oto Toydpota g de&apevig givor O¢/on = 0mov vrodnidvouv Ot
v atpBéc pevoToO M KABETN GLVIGTMOGO TOL OVOUGHATOS TNG TOYVTNTOS OTO TOlY®HO &ivon
pmoév.

Qot660 N WwotepdTTA TOV TPOPANUATOS TOV KLUOTIGHOL €lval 11 GLVOPLOKY GLVONKN CTNV
eAedBepPN empavelo Tov pevotol (Y=1) 1OV TPOKOATEL GOV oG KIVIMOTIKNAG KO oG SUVOIKNIG
ouvoplokng ouvOnkng. H kivnuatikn cuvoploky] cuvinkn vrodniaovel 6Tt Kabe coHTido Tov
peVOTOV oV PpiokeTon otn eAevBepn empdveln mopapével ¢° avtr. Amd v eficwon otnv
erevBepm empdvela y-n=0 cvvendyston 6T

D
—(yn)=0 9.2
o Y (9.2)
1N o€ 0160146TATO KOPTEGLOVO GUGTNO GUVTIETAYUEVOV
L BT B (9.3)
ot 0oX

Exogpdlovtag 11 cuviotdoeg TG TaxdTNTOS GLVOPTAGEL TOL SVVaHKOD NG TOYvTNTAS M
KvnHatikn Guvopilakt cuvOnkn ypaeetatr otn Hopen

M, % on_0oe

- 9.4
a axox oy oY (94)

H dvvapuikn ovvoploxn covOnkn vrodniover 0t m mieon eivar otabepr] otnv eledBepn
emoeaveto, (y=n). H epappoyn g Suvapikng cuvoplakng cuvOnkng vivetol Péow g e&icmwong
Bernoulli

% + E+1V(p-V(p +gn=Ft) otoy= (9.5)

o p 2
OV 1oYVEL Yot Pn-Hoviun, aoctpofidn pon AapBdvovtag vroyn tig Paputikés SuVAHES KaOMDG
emmpedlovy onHavTiKd TOVG KUHATIGHOVS TNG EAEVOEPNC ETPAVELOG.

Me Bdon 1o mopomdve yoo v TepinT@on Oeoev] TETPAYOVIKNAG STOUNG 1 HaOnUaTikn
STHTTOGT TOL PAVOHEVOL TOV KVHATIGHOD G £xel oG €ENG:

V=0

@ + a_(pﬁ_(p — a_(p oOTO y:n

ot oxox oy

a—(P+E+1V(p-V(p+g n=Ft  octoy= (9.6)
o p 2

9% _ 0 oto y=-h

oy

op - -

—X=0 0710 X=0 ka1 6t0 X=2L

OX

211 GUVEXELD YPOHHIKOTOOVVTOL Ol Un YPOoHHIKEG Guvoplakés cuvinkeg Bempdvtag 0Tt TO VYOS
TOV KOHATIGHOY N(X) givol ikpd og oyEomn e YopaKTNPLeTIKG UK TOL TpoPARatoc 6nme To
Héco PaBoc tov pevotov Kol TO KOG KOHATOS TOL KuMaticHov. Emopévmg ot mocodtnteg
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on/ox kar Op/ox mov exepalovy v KAion ™G eledBepNg EMPAVELNG KOL TV GUVIGTOGO TNG
toyotntag Oa eivon pikpés. Emopévmg, 1o yivopevo 0@/ox on/ox Ba eivor moAd pikpo (dedtepng
TAENG) Kol UTOPOVIE VO TO AYVONGOVHE GE GYE0M e TOVG VIOAOTOVG OPOLS TOV EIVOL TPATNG
téENg. Tote N KtvnUatikny Guvoplaky cuvONKT otV EAeVOEPN EmPAvELD YivETOL

N iypy=22
P (x.H) = oy (xm.1) (9.7)

Avalvovtag v cuviot®co 0/ dy oto Y=n o€ celpd Taylor og mpog 1o Y=0 kot anaAeipoviog
TOVG OPOVG OeVTEPNG TAENG TPOKVATEL ) GLVOPLOKT] GLVONKN

9 _on -
E(X’O’t) = (x,t) y=0 (9.8)

H dvvaikny cuvoplokr] cuvOnkn oty elevBepn empdveio aviietoniletol e Tov idto Tpomo.
Eme1on 10 pevotod eivan og npepio kot ke kKivnon Tov peuoTov TPOKAAEITOL 0TO TOV KUUATIGHO
0 UN-YPOUUIKOS 6pog UsU=V@eeVo Uropel va ayvonbel o¢ moAd Hikpdc. Emmiéov o O6pog
oo/ ot pmopet vo. avolvbel og cepd Taylor og mpog y=0 Aappavovta vroyn HOVO ToV TpmOTO
Opo G oepdc. TOTe TPOKVTTEL 1] GLVOPLOKT] GYEST

a“’( %0.) + %Y g next) =0 y=0 9.9)
p

YrnoAoyilovtag v ypovikn mopdymyo ¢ tehevtaiog  e&icwmorng  HmopolUe  va
AVTIKOTOUGTNOOVE ToV Opo On/ Ot cuvaptioel Tov 0@/ 0y Kot 1 SLVOIKY GLVOPLOKT GLVONKN

YphpETAL

a ( KO0+ LOPOY L 499 01)=0 (9.10)
ot oy
oP(x,t) t)
Té\og 0 Opog ——— p elval Pndév kabmg n wieon elvarl otabepn otnv erevBepn emedveia, apa n

TEMKN Hope1| TNG GLVOPLUKNG GLVONKNC Elvart

2
ZT(ZP(X,O,t) +g %‘P(x,o,t) oy y=0 (9.11)

Metd ko ) ypoappuonoinon yu tv nepintmon deEapev) opfoymviknig dtatopng n HodnUotikn
STOTTOGT TOL PUVOHEVOL TOV KUHATIGHOD GE £xel g €ENG:

Vip=0

an (x t) - (x 0,t)=0 oto y=0

82(p 2]

— (x,0,t) +g—(x,0t)=0  ct0y=0 (9.12)

oy

8_([) (x,-h,t) =0 oto y=-h

ay k) )

8_(p =0 oto X=0 kot ot0 X=2L

oX
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H enilvon tov mapondve mpofAnpatog, e opoyevels cuvoplakés cuvOnkeg, amotedlel KAOUGGIKO
TPOPANHO WO10TIHOV Kot Yoo T0 AOY0 OLTOV TO (QOVOUEVOL TOVL KULHOTICHOD Oempeitar Ko
emAvETOL GV TPOPAN UL WOIOTIHDV.

2TIC TEPIMTMOGELS OV AoKEITUL EEMTEPIKY d1€YEPOT oTNV de&aevn| TO TPOPANUa HeTaTpEneTal G
TPOPANHO OplaKOV TGOV He TNV EPEAVIoT U OHOYEVOV Op®V GTIG GLVOPLOKES GLVONKES oTa
oy oHata g oegapevng. Ta v mepintoon g de&apevig tov Zynpatog 9.1 opboywvikng
SlaTon g N Habnpotikn €xel o¢ eENG:

Vip=0
a” Sy - (x 0,1)=0 570 y=0
82(p _
—(x,0,t) + g (x 0,t)=0 oto y=0 (9.13)
%P(x,-h,t) =0 oto y=-h
Z—;‘: = X(t) ot0 X=0 kot 610 X=2L

Ot péBodot emiAvong tov TPOPANUOTOS TOV GUVOPLOKDV TIHOV JKPIVOVTUL GE OVOAVTIKES Kot
aplOunTKéc. Ot avorvtikég HEBodotl elvar M HEBOOOC dloy®PIGHOD TV HeTafANTOV Kol M
oUHHopeT amewoviorn. H PEBodog dtoywpiood tev Hetafintdv epoppoletar o opBoymvikég
KOl KOTOKOPLQES KLAWVOPIKEG OeCaHEVES. Xe COUPIKES KO G OPOVTIEC KOMVIPIKES OEEAMUEVES
10 TPOPANUa eivor Pn dtaywpicipo kot epappofovtor cuviBwg HEB0OOL GOUHOPPONS OTEIKOVIONG
N dAAeg e€edkevpéveg texvikég. TELOG 01 LITOAOYIOTIKEG HEBODOL TV TEMEPACHUEVDV SLOLPOPDV
Kot otoyeiov epappoloviol oe OAeg TIG YeOUETPies 0AAL amantohV HEYAAO VITOAOYIGTIKO YDPO
KoL YpoOvo.
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9.2 YAPAYAIKO ITAHI'MA

To @ovopevo Tov VOPAVAIKOL TANYHaTOG epaviletatl og KAEIGTOVS ayyoUs HETAPOPAS VYPOV
otav cvppaivel amdtopn emPpdovvon 1 EMTAYLVOT TNG PONG TOV OPEIAETAL GE KAKN AEITOVPYin
N andAe TAH0TOG TV EEO0TAIGHOD (1t.). OTav TibeTOn 6e Agttovpyio 1 OTOV GTAMOTA i ovTAio
Kot 0tav avoiyet 1 KAgivel amdtopo Hio Barfido Tov diktHov). Otav ot Hetaforig eivor Ypryopeg
eMoaviletar éva Pn-HOVIHO LOPALAIKO @atvopevo Tov ovoUdletor vOpovAKd mAnyUa. Eivol
10104TEPQ £VTOVO GE GUMMIESTEG POEG EVIOC AYMYDV e EAUGTIKA TOLYDHUOTOL.

To vopavAkd TANYHa cuvdéetal EPpEsa e TV avTicelohikn tpootacio Eival mpopavéc 0Tt ot
duapkela Hog oelopikng d1éyepong sivor mhovov TUHa Tov €EOMTAMGHOD Vo VTOoTEL PEPIKEG 1)
Kot oMkéc (mMieg mov Ba odnynoovv He TV o€pd Tovg o€ oTaMaTHato e£OTAMGHOV e
aAvc1dmtég cvvéneleg (domino effect). Eropévog n pedétn mpootociog tov eE0TAIGHOD amd T
QOIVOUEVO TOV VOPOVLAIKOV TANYHoTog O mpémer va amoteAel THMHO NG GLVOAIKNG
OVTIGEICIKNG TpooTaciag Tng Propmyovikig Hovadag Kot TV oevapiov  ovTHETdTiong
EMKIVOUVOV KOTOOTACE®V AOY® Oeonvidv (TT.). GEIGHOC).

[Tapovsialovtotl GUVOTTIKA AMAEG TEPIMTMGELS VOPAVAIKOV TANYHATOC 6 GUGTHHOTO dEEAUEVDV
He aymyohs Tpo@odociog /Kot amopakpuvens Kavoiov doTe va YivEL KOTaVONTH 1 PUGIKY| TOV
QOIVOMEVOL. XT1 oLVEXEW avagépovtal kot eényovvior ot OgpeMdoslg apyég mov eivon
ONMAVTIKEG Y10 TNV OVAALGT TOV EOVOUEVOL KOl OTUTTMVOVTOL Ol GYeTIKEG e&lomaels. 'Eotm
éva omAd ovotnpa dsEapevig / cwAva. £T61 MOTE 0 COANVOC GLVOEETOL GTO VO KPO TOV HE TN
de€apevn evd 6To GALO GKpo Tov vVIdpyet Hia farBida (ZynHa 9.2).

K

I 3

L

Yypa 9.2: ATAd cvotnHa deaevig- coAnva

Xtov coAva 1 por| etvor Hovipm He tayvtnta V. To HovopeTpikd Vyog o€ omolodnmote onpleio
oV cOANVa glval otafepo Kot ico Pe H ayvoavtag T1g Tpég ota TorydHata Tov aywyov. Edv ot
ovvOnkeg Aertovpyiog g ParPidoag HetapAinbodv onradnq m PaArPido kieicer amodOTOHO M
TOYOTNTO TOV PELGTOV HIpootd and v ParPida pPmdeviletar axapraio. Zvvendg avEdvetot To
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HOVOHETPIKO VYOG TG ieong avavtn g PaiPidag katd pio mocotnto AH=aV/g. H avénon tov
Havopetpuicod Hyovg givorl wkovy vo pPndevicel v op Tov Kivovpevov pevotov. EmmAéov n
amOTOUN avénon Tov HAVOUETPIKOD VYOLS TPOKOAel Hikpn mapapopewon (Heyébuvon) tov
ocoAva Kot avénon g mukvotnTog Tov pevotov. H mapapdppmon tov aywyod eEaptdrtot omd
TNV OAUETPO, TO TAYOG KOL TNV €ANCTIKOTNTO TOL KOOMDG Kol Omd TNV CLHUTIEGTOTNTO TOL
PELGTOV.

H avénon tov Hoavopetpikod Vyovg mpokoaAel €vo amdtopo Epmpocbev kOUo mieong mov
dwadidetar avavtn g BorPidag He taydtnta o (ExMua 9.3). To Pétpo g TayvTnTag e€apTatat
amd TG 1010TNTEG TOV COANVA Ko TOL PpeLSTOL . To KO wieong eTavel otnv de&aplevn o€ YpovVo
L/o amd v oty mov kAgivovpe v BoABida. H taydtnto tov pevotod givar pPndév oe 6Xo 10
HKo¢ Tov cwANva, To HavoHeTpkd Vyog 1oovtan e H+AH oe kdOe onpeio Tov aywmyov evd o
ocOAMVOG €xel TopaopemBOel Kot To peuoTd €xet Yivel cupmiestd. Kdtw amd avtég Tig cuvinkeg
TO PELOTO GTO GMOANVO KOl KOVTO 0T cVVOeST He v degaplevn dgv lval 6e 160pPOTTIO TOTIKA
KaOdG 10 HavoleTpikd Vyog otnv de&apevn eival H. Emopévmg to pevotd apyilet va péet mpog
v Tepoy He To Jikpotepo HovopeTpikd (amd T Parfido mpoc v de€apevn) kabdc o
TapoHope®UEVOS coinvas eSavaykdlel v pon va kwnbel mpog avtiy v Kotevbuvon.
Oewpovtog apeAntéa TNV TPIP1], TO HETPO TS TOYDTNTAG TNG PONG TPOS T OPLOTEPE 1GOVTOL e
T0 HETPO NG TaOTNTAG TG HOVIUNG pong KabBdg £xel tnv 101a Kivovoa dHvaun dnAadn to 1810
Mavopetpikd vyoc AH. H aitia mov mpokoiel tnv pon elvol T0 GUUMIESTO PELOTO TOV
amoONKeVETAL GTO TOPAHOPPOUEVO HEPOC TOV COAVA OTTOL £YOVUE avENCT TG UOVOETPIKNG
mieong.

H dwdikacio cuveyilel vo e€elicogtal oto ypovo. Tnv ypoviky otryun 2L/o  katavopun g
nieong otov coAnva etvat id1a He v apyikn oAAd 1 TaydTNTO TG PONG £xel avtifetn dievbuvon
EmMuo 2). Ze avtiy TNV TEpinT®on 1 0modNKELON TOV CLUTIEGTOD PELOTOD eEavTAEiTAL KOt TO
KOMa Ttieong avakAdtot OnAaon 1 Hovoletpikn mtieon Hewdvetor katd AH e oxéon Ye v mtieon
TNV apYIKN HOVIUN KaTtdoTtaot. Avti 1 TTOo™ Tieong Kot 10 KAEIGIo g ParPidag PndeviCovv
™MV To0OTNTO PONG TG omd TO KOHO €V O GOANVOS CLUPPIKVOVETOL KOl TO PELOTO
dwotéddetar. Tnv ypovikn oty 3L/a to apyntikd kOUa €xel @tdoel oty delaplevy katl n
tayvTo givor movtod Pndevikn. Qotdco 1 Havoletpikn mieon oty defapevn dgv eival og
wooppomiae e To HavoHeETpKd VYOG NG oeapevig Kal €mMOUEVOS TO PEVOTO pEel amd TNV
de€apevn otov corva He taydtmra V. IMicw and to véo kOUa 1 HavoleTpikn mieom givol o€
ooppomio. He 10 HavopeTpikd vyog ¢ oeopevic. Tnv ypovikn oty 4L/a 1o koMo £xet
etacel oty BorPida (Zynpa 9.3). Olec ot HeToPANTEG TOIPVOLV TIG TIUEG TTOV €YoV 6TV MOV
Katdotaon mpwv KAegioer 1 ParPida. Avty n ypovikn Sdpkeln meEPLypdpel Eva Un-HOVILO
VIPAVAKO KOKAO TTOL GTNV WOVIKY TEPITT®ON TG atpPoic pong cvveyiletat xwpig amdcPeo.
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Tyqpa 9.3 Xpovikr €£éMEN tov VIPaVAKOD TANYHATOG 6TO amAd cVoTnUa deEapevig -

COANVO.

Ot Bepehmoelg apyés otig omoieg Paciletar n avdivon tov VIPAVAIKOD TANYUATOS €ivol O
devtepog vOHog Tov Newton kot n apyn owatipnong g Halas. Epappoloviag Tig apyéc avtég o
Evav GTOLEIDON OYKO EAEYXOVL TOL PEVLGTOV, KOTA UNKOG Tov A&ova GLUUETPiOG TOVL aywyoy
npokvrTovy 1 e€icmon Euler

2 VvV
1V of, VA, VM (9.14)
got os 29) D 2g

Ko M e&icmon dwatrpnong e Halog
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_aﬁs(pAv)ds=§(pA ds) (9.15)

Avortocoovtog Tig mapevOéoeg g eficwong (9.15), avacvvtdocoviag Tov Opovs Kot
drpmdvtag He tov Oyko eAéyyov pAds mpokvmtel 1 e€icmon

1dp 10A OV 14 49-0 (9.16)
pdt Adt 0s sds

Téhog Aappavovtag vrdyn TV EAACTIKY] TAPAHOPP®OT TOL COANVA ONAdN TNV HETAPOAN TOL
OYKOVL TOL GOANVO AOY® EANGTIKOTNTOG Kot TNV HETOPOAN TOL OYKOL TOL PELGTOL AGY®
OLMTEGTOTNTOG TPOKVTTEL 1] GYECT)

@ +2E=0 (9.17)

H podnuotikn dotdrmorn tov TpoPARHatog Tov vdpavAtkod TANYHATOG amoTeAeiton amd Tig
e&lomoelg (9.14) kot (9.17). T'o v ernilvon Tov VEPOVALKOD TAYUATOS dNAadT TV £EIGOGEMV
(9.14) ko (9.17) ypnoomolovvtar d1apopeg HEB0SOL OT®E 1 HEBOSOC TOV YOPAKTNPIOTIKMV KoL
N H€B0SOC TV TEMEPACHEVOV GTOLYEIMV.
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10. ZYMIIEPAXMATA

Me Bdon v debvn Biprloypapio kot E101KEG AVOADGELS TNG EPEVVITIKT OHASNS, TNV TAPOLGA
gpyacio mopovsldotnkay ol Pacikég apyxés oyedacHd PlOoPNYOVIKGOV KOTOOKEL®MY, Ol OTOieg
TAPoLSLALoVY ONUOVTIKEG 1010UTEPOTNTES O OYEOT HUE TIG GLVNOEIS KOTOOKEVEG TOALTIKOV
Hnyoavikov. Ot kotaokevég mov eetdotnkay elval

o Aeapevég Kan doyeia mieomng
e  Buounyovikég coAnvmoelg
e Buopnyovikég Kamvoddyot

Metd and GuoTHOATIKY 0vAALGT] KOl SIEPEVVIOT, TPOTAONKOY E01KEG 00MYiEG OYESIOGHUOD TV
AVOTEPOD KOTOOKELAV, Ol OToieg Hmopovv va amotehécovv v Pdon ywoo v HEAAOVTIKN
oNHovpyio KOVOVIGTIKOV OATAEEWV, EVOPUOVICUEVEG HE TIG YEVIKEG O0TAEELS OYEOACHOD Kot
™V oLYYpPOVN ovTioTOlN TPOKTIK Omwg ovtég ekepalovtar Péoa amd tov EAnvikd
Avticeioikd Kavovico.

10.1 AEEAMEMEX KAI AOXEIA NIEXHX

H moapodoa gpyosio o éva HeydAo HEPOG TNG, OVOPEPETOL GTNV AVTIIGEIGHIKT avAALGT Kot
avVTIGEIGHIKO GYedoHO deaplevav kot doyelwv mieong, He EUHPOCT GTOV LTOAOYIGHO TV
oeloikadv dvvalewv. Ilapovcsidlovior ot Pacikol kavovioHol oyedlacHod TOV KATOUCKELOV
avT®V, Onm¢ emiong kot ot €WWEG OTdEelg mov €yovv Katd Kopovg mpotabel yua tov
AVTIGEIGHIKO oyedtaco Tovg. Emiong, e€etdlovtatl ot Hopeég aoToyiog TV KATOGKEL®Y OVTOV
o€ oyéomn He v yeopeTpio TOVG Kot TIG AOTES WO1oTEPOTNTEG TOVG.

‘Eppoon dlvetar 6tov LIOAOYIGHO TV oelcik®v duvdpemyv. Me Bdon v vrdpyovca
BipAoypapia eEetdotniav OAeg ot HeBodoroyieg mov £yovv mpotabel Yoo TOV VITOAOYIGHO TV
GEICHIK®V SUVAHE®V GTIC LTOYN KATOOKEVES. Elvatl Omg pavepd mwg evd oty TepInTwon TV
KaTakOpLP®Y KLAMVOPIK®V deEapevav vrdapyel ektevig Piproypagio (amd v mlevpd tmV
Bropmyavik®v eQopHoydV 0ALA Kol AOY® TOV 0EPOVOVTNYIKOV EQOUPHOYDOV), 6TV TEPITTOON
Tov de€opevav 1 doyelov Tigong GAANG yewpetpiog (opboywmvikd, opldvtio KLAVOPIKO Kot
oQUIPIKO) OgV LVILAPYEL | Avaroyn aviidetdmion. H mapovoa epguvntiky epyocio mpoteivel Hio
OmAY] ovoAVTIKY] HeBodoAoyia, He amAiéc eElomoelg Ko dtoypauUoto HEGH TV omoimv o
HeAeTNTAG HNyoviKd Hmopel voo DTOAOYICEL TV GUVOAIKT GEIGHIKT SUVATN OV aoKEiTAL GTNV
KOTOGKELN TOV, MOTE VAL EEETAGEL TNV GEIGHIKN TNG EXAPKELQL.

Baowd otoryeio g mpotevoplevng HeBodoroyiog eival 0 GUVOTOAOYIGHOC TOV PAIVOUEVOD TOV
KUMATIGHOU OTNV GLVOMKN amokpion. To pevotd aAANAEMOPE He TNV KOTOOKELN KOl Ol
VOPOCUVOHIKEG TIECEL OTO TOWYMHO GUVEIGQEPOVYV GTNV GLVOAKY TéUvovcsa Pdaong. To
QovOUevO avtd o€ eminedo oyedlaGHOV avtietomiletal Pe Tov Ooy®PIoHO TNG GUVOAIKNG
Halag Tov pevotol o€ €va «®@OTIKO TUNUO» TO 0moio akoAovbel ot kivnon g deEaplevic Kot
EVa, «EMOY®YIKO TUHUO» TO 0moio ekppdalel Tov KUMATIGHO Tov pevotod. H peBodoroyio o
avtipetonilel o 06U TOV VTOAOYIGHOD TV GEIGHIKGOV Opdoemv og Hio gvomompévn Paon,
ave&optNToL NG YemHetpiog Tov doyeiov 1 g deEapeviG.
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10.2 BIOMHXANIKEX XQAHNQXEIX

Ot colnvacelc Kot o1 otnpi&elc Ba mpénel emiong va oyedrdlovion Pe Bdomn ta celolikd opTia,
Om®G oVTA TPOKHTTOLY amd Hio. EAOCTIKY ovOAvoT, AoUBavopévng voyn g TPoyHUOTIKNAG
EVKOUYIOG TOV COMVOTOV HeEl®V, €101K0TEPE TOV KoUmOlwv TunHdtev (elbows), péow
KATAAMNA®V cvvieheotdv gukapyiag. Emiong, o éheyyog tdoewv Bao mpémel vo GuVEKTIHE TV
MEYAAN OLYKEVIP®OTN TACE®V OTO KOWTOAC THMHOTO, HECH KATAAANA®V GULVIEAECTMOV
oLYKEVTPOONG TAoNG. ®o mpémer va onUewwbel mog dev €yl g tOpa Tebel OEMa
EMIGTOMANGTIKOD GYESUGHOV GE GEWGHO e Baon ta mpayHatikd amofEépata TAACTIOTTOG oG
oOAMVOONG, ONAadN dev £xovv mpoTabel GLVTEAEGTEG GLHTEPLPOPAS [ e TIUEG UEYOAVTEPEG TNG
Hovadog.

Ol GLYKOAAMICEIS TOV COANVOGE®MY &ivol ONUOVTIKEG KOTAOKEVOOTIKEG AEMTOMEPELEG OTOL
Hrmopel va. mpokAnOel actoyio AGy® 10YLPNG OAYO-KUKAIKNG KOT®ONG Kot EAAENYN 1KAVOD
Babpod dvebpavotdtrag. Ot yevikéc drotdéelg tov kepaiaiov 8 Oa mpémer va AapPdvovral
VIOYT GTOV GYESOCHO.

Ot Kotaokevéc otpiemc TV COANVOoE®V &ivar gvaicbnteg oe aoctoyio, oAAL dgv
TOPOVCIALovY  ONUOVTIKEG JPOPEG OO  KANOIKEG METOAMKEG KOTOOKELES, Ol  OMOiEg
avtipetonilovtot He Tic suVNOEL SIUTAEELG TOL OVTIGEIGUIKOV GYES0GUOV.

10.3 BIOMHXANIKEX KAIINOAOXOI

Ot komvoddyol TV Plopnyovik®v Hovadmv omoTEAOVV KATOOKELES TOV  EVOEXETOL VO
aoTOYNoOVV G€ GeWoHd. v mopovcso gpyacio mopovsidlovtar ot Poacikol kavovicHol
oYedGHOV, He iaitepn Hveio ot avticelopikég oataéelc. Idwaitepn EPeaon divetar oTig
KOTOOKEVOOTIKEG Aemtopépetec, Omov ywo OéHata wabuprg cvpmeppopds yivetar AGpeon
avaQopd ota OCO OVAPEPOVTIOL GTO KEPAANlo 8, evd ovaeépoviol ot Pacikol KovOveg
OXEOAGHOV PALOVILOTAOV GUVOEGEMV.

Eniong, e&etdomke  omovdardtnra G GEGHIKNG dOVaUng o oyéon He v d0varn tov avéHov
vl 000 TVTIKEG Propnyavikés Kamvodoyovs. To Pacikd cUTEPAGHA TV AVOAVGEMY Elval TG 1
dVvvapn tov GO ivat g 1dtag ThENG HeyEéBoug e v dhvaUn Tov ovEHoV, Kol 6€ OPIGHEVESG
TEPUTTAGELS, EVOEYETOL VAL EIvOl KPIGTHN.

104 AIO®YTH YAGYPHX OPAYXHX

Boowod otoyyeio 1ov O6Aov oyedlacHob amotedel M avtiperomion g wabvpng Opoavong.
Inpetdveton moc M yobvpn Opavorn dpyoe va amotedel €va onMavtikd oToryElo TOL
OVTIGEIGHIKOD OXESAGHOD HETOAMK®V KaTaoKEL®V amd tov celcpd tov Northridge tov 1994.
XV TPOoKEUEVT OHMG TEPIMTOON Ol KATAOKEVEG PBropnyavikoy €£0MMGHOD KATOTOVOUVTOL
onHovTikd Kotd v owdpkelo LoNG TOVg Omd TAPAYOVIEG Ol OTOIOL EMPEPOLY OALOIMOT TV
HNYoVIK®OV YopokmpoTikK®v. Emopévag ektdg amd v HoKpOoKOmKN €EETaon TV DAMK®OV
(dnrad1| oo TV TAEVPE TOL BOHOGTATIKOD GYESIAGHOV) O Hnyavikds opeilel va eEETAGEL KO TO
onHovtikd BEHa TG dlepedVNONS TOV POLOL TOV PNYAVIKAOV 1O10THTOV TOV XPNGIHOTOI0VHEVEOV
KOTOOKEVAGTIKOV VAK®V OTIS 00To)ieG AOY® oeloHov. Me dAlo Aoy, du0tnteg Heydilov
EVOLPEPOVTOG Mmopel vau givar Oyt HOvov ot cuVHBelg PnyoviKéG 1010TNTES TV VAIKOV (METPO
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EAOOTIKOTNTOG, OPl0 SlPPONG) Kot 1 OAKIHOTNTA, OAAG kor 1 dveBpavtotnto (fracture
toughness), n avtoyn oe koémwon (€101kd o6& oAyokvkMKN katamdvnon) Kth. To kepdiao 8
TapovcLalel OPIGUEVES apyEG TIG OTOIEG 0 OOHOGTATIKOG PMYOVIKOG - HeAeTnTEG oPeilel va €xet
VILOYN TOV OTOV GYESUGHO, DoTE amoPevyDel 1 actoyic TOL VAIKOYD.

10.5 XHMAZXIA KAI XPHXIMOTHTA TOY ITAPONTOX EPTOY I'lA TON OAXII

Ta oamotelécpata TOL gpguVNTIKOL £pyov eivor dpeca epoppocipa amd tov OAZIL
Avtietonileton Pe Pia “ cuvolikn mpocéyyion” (integrated approach) n avticeicpikn Owpdxion
ANHUKOV BOPNYOVIKOV GUYKPOTNHATOV, 1| 0CQAAE TOV OToimV Kpivetal avaykoio ywo TV
amoQLYN oaotoyiag He onNHOvVIIKOTOTO KOGTOG o avipomves (ég, 010 TEPPAAAOV Kol GTNV
OlKOVOLliaL.

Ot 0dnyieg oyedlacpov mov avapépovtal otny mapovca Teyxvikn Exbeon amotedovv 1o Pacikd
o01dY0 TOV TPOTEWOUEVOL £pyov. Ot odnyieg elval datvmmpéveg Katd TETO0 TPOTO MOTE VL
Hmopohv vo amotehésouy TV Bdomn yio v HeAAovTikn aAAd dpleon ocvvtaln VoG OVTIGEIGHIKOV
KOVOVIGHOU PO YOVIKOV EYKOTACTAGEDYV.

Me Vv mepaimwon Tov mapoviog Epyov, o OAXII dabétel va Pacikd Keidevo He avaAVGELS Kot
TPOKATAPKTIKEG OVTICEICHIKES STAEELG TTOV elvan evapHovioUéveg He TNV yevikn HeBodoioyia
tov EAK, xot eivor ocvpPatéc He TiG 1oy00v0ec mPodtaypapEG HMEAETNC Kol KOVOVIGHOUG
Bropmyoavikev gykatactdoenv, 6nwg kovovicoi ASME, API kot ASM mov ypnoiplonotodvran
EVPEMC OO TIC YNMIKES Ko TETPOYNUIKES Bropmyavieg.
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