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NPOAOIOX

H spyacla mou akoAou8sl mpayparsvestar To dVockoAo mMpdBAnua Tng
sAactoLdpoduvanLkng Almavong otn yeEvikh TouL poper kxaL £LdiLkdrepa
onv neplntoon odoviwtwy Tpoxwy suvdtwvy oddviwv. Ta TEocospa mMpoTa
KE@&AaLa armoTeAoly pla MAfpn sLcaywyry oto aviikslpsvo xaAvnTovTag
Ta JEpaTa TNG YEWRETPLKHG MEPLYPAPHS TWY CUVEPYALOLEVWLY EMLEAVELOY,
TOL AVAMTUSCOREVOL TACLKOU KaL NapapoppwsLakoL nedlou, Tng =& lowong
nmou nNeEpLypldpeLl TO paiLvdpsvo Tng siactoLdpoduvapLkng Almavong CsEL-
cwon Ttou Reynolds) xaL Tng sAactoLdpoduvapLkng Sswplag. Mia Tnv
cuyypayry Twvy KE@aAxlowy qUTOVY YpnoLponoln8nkav oL YvwoTdTEpsd Kal
vedtepeg EEveg dnpooiLelosLlg and TLg onolsg £xouv AngSsl Ta xupLdrepa
ocroLxela xaL cupnep&opata. To xVpLO pHEpog TNG spyaciag, mnou anotsisl
KQL TNV EPELVNTLKN KoL CLUUBOAN oTeo 9&pa, EMLowpsUlsETaL oTa KeEdAaLa
5 xat 6.

To xepdAaLe B amotedsl auvtdvopn spyacla rouv £xsL vrMoBANSsl yLa
Snuoclevon. Zto kepdiaro auvtd psAstdtaLr To SEpa Tng siactoldpoduva-—
HLKAG ALNavong HETWIILKOY OSOVIWIOY TpoXdy suftwy oddbviwvy xaL arnodsL-—
KvOOVTIaL yLa MpdTn @opd, HE XPHON TNG YEVLKEUREVNG Sswplag oddviwong
[3], avaAvuTikeg sELowoELg, QUECH SEPAPHOCLHES YLA OMOLASAMOTE yEwue-—
TPLKN KAUMOAN TwY KATATOHOV Twy ocLVEPYALOHEVWY OSSOV TwY, yLa TpoxoLg
EEWTEPLKAG N SECWTEPLKNAG oSSvTWoONG KaL aVOLKtﬁg‘h KAELOTHG TpoxXL&S
enagwy. [Map&AAnAa, &€xsL avantuxSel pla pESodog smlivong Tou sla-
oToLSpOSUVANLKOU MPOBARHATOS HE XPHON Mernspacpevey Sitagopov. Ta
nponyoLpeEva £xouy petagepIesl o xOSLka NASKTPOYLKOU ULUMOAOY LSTH KAt
emLdsLkvioviaL pe k&8s AsmtopfpsLa OSTO PEAALOTLKS MpdRAnuLa pLag
ypavalwing aviAlag. To kxs@dAaiLo OACKANPOVETAL HE KLAX MOLOTLKA NEpL-—
Ypaprn Tou pdAoU TNG v3oTLKOTNTAS Twy oddvtwy oTnvy siactoldpodSuva-—
KLLKT Almavon qutdv, rfou cuvodsLstaL and pla NpdTn andrnsiLpa Moco-—
TLkAg nEpLypaprg. To 8fpa Ssv ocdokAnpoveTalL xa8dg BpioksTtaL akdpa
CTO OT&dLo TNG HEAETNG KAL SVIEXETAL VA MAPOLCLACSTEL O PEAAOVTLKRA
Snpoclsvon and Tov ypépova.

To xsp&laro B ps To orncio cAokAnpwveTaL n Mapoloa SLAAWRATLKN,
arnoteAel sniong autdvoun spyacla mMmou £yxstr vVMOBANSsl yLa Snpoocisvon.
H spyacia autrh napouvcL&lestL pla pe8odo sdayLororoilnong tng SuvapLknig

KaTAMdvYNoNg opLaK& 1 £AAcToUSPOSUVARLKE ALMAALVOUEVWY, HLETWILKOY oSo-—



VIWTOY TpoXwy £L8twvy oddéviwy Ywplg petatdrnion, pe xatatopsg sEsiL-—
ALypevng xat Ba8ud smix&Auvyng prkpdtepo and 2, pEcw kKaTt&AANANG pe-
TATPOMMIG TWY KATATORLWY Twy o0ddévTwvy. OL Alyseg pExpL Tdpa dnpooiLslosLg
Mmou aoYCAR8nkay pe To v Adyw mpdBAnua, slte ocrtnpilovTaL o auSal -
peTeg xaL avaxpLBelg vno8tocsiLg, slte 8S£tTouv coBapolg mMeEpLOP LORLOVG
oTa SpLa EPAPUOYNHG Twy anodeLkvuopevwy (yLa map&deLypa mepLoplovTaL
cs Adyo petd&doong LoyVog Loo ps 13. Avi88sta, otnvy napoloa spyacla
rmou £xsL petagepsl & oAokxArpou o mnpdypappa NASKTPOVLKOU ULMOAO—
yiotr, Ssv Ti8staL ancAVtwg kavevag meEpLoplopds. O vrnorpLog peis-—
TNTAG, XPNOLUOTIOLWVYTIAG To npoavagepdey mpdypappa, propel va oxs-
SL&osL €va Lslyog oSoVIWTIOY TpoxXwy HE Ta Ssdopsva mMouv sxkslvog sri-
Supel (n oxedlaon nepLAauB&veL auTdpato £Asyyo SAwv Twy cuvvINkwy
AzLTouvpylag xaL MEPLOPLORGY avIOoXNG), KAL OTn CUVEXELA va A&BeL
TAYXUTATA WG ANMOTEASOUA TNY akp LB yswpueTtpla touvu BsATLoTonoLnuEvou

- and Tn &roymn Ttng SuUvVApLKAG xaTandévnong — {slyoug OSOVIWTIWLY TPOXWV.
T’ arotsAfopata ToU NMPOYPEHHLATOG HMopoly va So8cly Gusca o ornoLov—
Birmote xatacksvactr ypavaZiov Sra8stsLl pnyavh akpiBslag CNC xaL va
KQTACKELVACTOUY £TCOL oL BeATiLctonoLnpeEvoLr tTpoyxel. ZnpesiLoveTtaL &TL n
epyacia authy dsv oxstllstaL orto cLVOAS TNG HE TA rNMponyovUEva Ke@p&-—
AaLa, cuvdudlstal Spwg appovikd pe T’ anedsLyx8Evia oto xspdAairo B
Cav oL cuvvepyaldpsvoL Tpoyxol TEAOUY uNd KABsECTWG £AACTOUSPOSUVANLKNG
Alnavongd, SﬁpLoupyévtag £ToL £va Lkavd spyaisio sAayiLoreonolnong tTng
SUVAULKAG KATAMOVNONG OSOVIWIWLY TPpOoXWwy, sAa)Lotonolnon mou cuvend&-
vETaL tTn pelwon tou 8SopUBcuL AsiLToupylag kxaL TNy svdeydupsvn avi&non
NG dibdprkeErag Lwhg Twy Tpoxdv.

Kisilvovtag tov npdlioyd pouv, 8a nR8sia va suxapLothow Ssppd& Tov
grLBAgnovTa xa8nyntr pou x. Kwotdrovdo yLa Tn ouveEpyaclia pag kat
xuplwg yLa TNV sprmiotocLyvn nouv £8sLEe oto npdownd pouv. EiL8s moAlol
&AdoL, xathd Ta &AAa &ELoL, ocuvddsApol Tou va NMapPade LYHATLOTOUY yLd
TNV mMoLoTLkn avaB&Suion Tou Ldplpatog xaL Tn coBapdtnta Adyou xal

£pywy mMou mpootdL&leL o’ £va ywpo Snwg autdvy Tou EMI.

I'. Nikag
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KEPAAAIO 1

FEQMETPIKH MNEPITPAPH LYNEPFAZOMENQN EMI®ANEION

1.1 Torovr sragov - EAactLxdg nulxwpog

H yesopstpLxn nepLypagn Tng snagrc Sto cwpn&Towv SLakplveL ysvixkd
800 MEPLATAOCELG : KOUYKALVOLCEG» KaL <«un cuykAlvouocec» enageg. O
— OUOAOYOUREVWS avakplBrg — dpog «ouykAlvouvoa sragR>» Cconforming
contactd yapaxtnpllsL Tnv srnagh 0o sMLEaveLdy mMou KTalpL&Touy
APKETED KOVT& oOTNV NeEpLoxXh TNG eragng yxwple Tnw av&yxn Napapdpewong ,
HE &AAa AdyLa xwplg TNy avéykn eriBoAng x&roLag Sovapng Coxhpa
1.1Cadd. AvrlotoLxa o dpog <«un ocuykAivouoa srapd>» Cnon—-conforming
contact) yxapaxktneilsL Tnv snagd S0o sMLgaveLdy Mou sppav lovy avo-

HoLopoppla oTny meproxr Tng snagne Coyrhpa 1.1CR3D.

b o

s

(a) (B

ExfApa 1.1, TormoL snagov. Cad ZuykAlvouvoa, (BD un cuykAlvouoa

XpnoLponoLwvtag padSnuatikrh opoloyla xaL avagepdpsvol oTny MeplnTtwon
300 SLaCTACEWY, KMOPOURE va MOUWE STL N Eragl S0o erigaveLdv ovopd-—
LetaL cuykAlvouvoa STAv T KEVIPA KALMUASTNTAG TWY KATATORGY Twy SML-—
paveLoy BploxovTaL oto (SiLo nuieninedo mMou opiletal amd TNy KoLvh
EQEAMTOREVN TWY KATATOMWY XxatL £va ard Ta SVo mpoavagepdeEvia xévipa.

Mia nap&dsLypa, oto oxfpa 1.1Ca) mou SsiyvelL TNy snagh pLag oeaipag



1.1 ToOrmo. snagdv — EAdactikds nulywpog

HE Tov sBwtepLxd SaxTOALo evdg dp&vou xLALONG, T KEVTPA KALALASTN -
TAG TWY CLVEPYALZOUEVWY KATATORGY TOU CTOLXELou (K1) KaL Tou SakTuLALo!
(Kz) TavtlfovTaL kaL @uoLk& BploxoviaL otnv (Sia nAsup& TNG KoLvhRg
spantopevng (8 Twy xatatopdv. AviicTtoLyax Tdpa, otnw rmeplntwon pn
SLyYkAlvouvoag snagng drMws aUTAS Tou oxpatog 1.1CB) nou Sslyvel T™n
cuvepyacla 80o oddvTwv and odoviwtols TPOXOUG HE KATATONES sEsLALy-—
HEVNG, T KEVIPA KAUMUASTNTAG K1 KoL Kz TWY KATATOULOY Twy oSdvTww
BploxovtaL sxatépwSevy Tng xoLvAg epantTopevng (£) Twy KATATOROV.

AGo avépoLeg EMLEEVELEG MoU EEpOVTIAL O anAn snagl Cxwplg
napapdppwond , cuvepydfovIalL apyLk& o £va onusio N xat& pnkog piLag
ypappng. Mia map&dSeilypa, To oyrpa 1.1Cad deslyvetr Tnv neplntwon
CNUELAKAG EMagrg sve To oyxhpa 1.1CRd Tnv MEP LMTWwon YPAUULKAG sraglg
CyLa HETWMLKOUG OSOVIWTIOUS TpoXoUS HE suSeLg oddvtegd. Met& Tnv
EMLBOAN x&MoLou @opTlou, n onueELakh ¥ YPAUWLKRA EMaPn HETATPEMSTAL
ce SLodLb&otatn sragr rMou sxtelvetaL TormLk& o x&MoLa MEMEPACSHEYN
nepLoxh. ZTnv neplntwon pn cuykAlvouoag enang Cpe tTtny orola 8°
acxeAn8olus oto undAoLno TNG spyaclag auIAg), n mEpLOX ENMaPng
elvaL yevik& pLxph o cUykpLon HE TLE xUpLEQ dLacTl&oELg Twy OXETL-
CopEVWLY CpH&Twy. TO TACLKS KAL MAPALOPPWSLAKS MESLO Mou AVAMTUSSE TaL
ElvaLl EMLKEVIPWHEVO KOVTE OTNY MEpLOX EMNAPRS KaL Sev ermnpealetal
CSNHAVTILKE arnd To OYHA Twy Cop&Twy pakpld anértnv v Adyw mEpLOYT
Capya) Tou Saint-Venant)D.

Mplgwpos

Ixfjpua 1.2. Edactixdg nuixwpog.



1.2 Avanap&otaon Twy Enaeovy pe LoodUvapousg KUALvSpoug

Kat& cuvensiLa, to svdiLagepov £0TLEleTAL OTO XWpo NMou MeEpLB&AAsL Tnv
nep Lo Enagrg, e anoTEAscopa Tn duvatdTnta anionolnong Tou MpoBAR-
HLATOS KASWG HMOPOUHE vaA XPNCLHOMOLNCOUKE TNV £VvoLd ToU KEAASTLKOU
nelywpou» Celastic half-spaced. OL T&OELG KAL MAPALOPPWSE LS KMOPOUV
3nAadn va uncAoyLoToUy Sswpwviag k&8s cwpa wg £va NULAMELPO sAacTLkd
octeped 1ou opLo8etelitaL and £va eninedo drnwsg galvetar oto oYRpa 1.2.
H uné8son tou sldactikol nulywpou £xsL suvupLTATn — oxeddv ka8oAiLkn -
SEEAPHOYT OTa MPORBARHATA TNG KNXAVLKAG srmapony kadog armiAonoLsl TiLg
opLaxEg ocuv8rikeg kxaL kxa8Lotd GUEcA EKHETAAAEVOLUS TO HEYAAVTEPO

pEpog TNGg 8swplag Tng sAactikdéTnTag.

1.2 AvaonopdoTtoon ToVv EMaeev pe LoodUvopoug KLALwdpoug

Onwg avagepdnke otnv evdéInta 1.1, TO TACLKS KAL MAPALOPPWSLAKS
nmedlo mou mpoxkUMTeEL xat& TNy enagr dVo cwpdtwy dsv emnpsdlstaL on-
RAVTILKE and To oYU Twy Swpdtwy (kaL axpLBeotepa and TLg akTlveg
KAUMLASTNTAG) pakp L& arnd Tny nepLoyxn enagrg. Katd cuvénsiLa pdévo oL
akTiveg KGJ&Aétntdq TWY KATATOHWY OSTNV TEPLOYN EMAPHG MPEMNEL va
Ane8oLy undym.

Sswpolpe k&8s pla and Tig dVo cuvepyaldpueveg KATATOULES WS
TOTIOYPAPLKE OUAAT] O HLKPES KaL HEY&AsES kAlpaxkeg. Voov apopd& TLg
LLKpEG KAlpakeg, n mponyovupevn uvnd8son cuvendystaL Tnv anoucsla
HLKPOY ETTLEAVELAKOY AVWRLAALOY TMOoU Sa MpoKkaAoLoAy AaoUVEXT SMaEr KaL
TOTMLKEG CSLYKEVIpWoELg Thoswv. Voov awopd TLG peydisg xAlpakeg, Ssw-—
pElTaL OTL OL KATATOHES TwWy CUVEPYATOUEVWY EMLPAVE LKV HMOpoUY va
MEP LYPXPOVY OTNY rMepLoxT) ernagng and kaurmbiseg pe cuveXelg mapayoyouvg
HEXPL XaL dsvTeEpng TAENG. MropoUps AoLmdy, HETAE TLG MPONYyoOUHEVES
LMO8ECELG, VA XPNOLUOMOLHOOUUE TLG AKTLvEG KAUMUASTNTAG Twy CLUVEP-—
VaZOHEVWY KATATOUWY OTNY MEpLOXN Eragns 1N, pe k&rnoLa Sdon gaviasiag,
va SEwpRooURE TOoLG KLooSUVANoLE KLALVSpoUS» Mou £yxouy AXKTLVEG TLg
avtLGjOLxsq Ak TLveES KALMLASTNTAG TWY KATATORWY. THApaTa SO TETOLWY
KLVALVSpwy galvovTaL oto oxrpa 1.3 rouv agopd Tn cuvepyacia dVo odd-
vIwy oL ornoloL £xouv oTnv MEpLOXT EMAPAS akTlveg XAUMULUASTNTAG P,

KoL p avtlotoLxa.



1.2 Avanap&oTtaon Twy EMaeov ULE LoodUvapoug KULALvSpoug

Ixrjpa 1. 3. IcodUvapoLr xkOVALVSpoL.

Exelvo nou yper&letaLr and TNy MASLPE TNG YEWHETPLKAS TEPLYPAPHS
elvaLr n andotacn Twv LooSUVapwY KLALVSpwy o Tuyxala amdotaon amd
TNV OVORACTLKN Yypapupr 1 To ovopactikd onuele smaghg. To oxripa 1.4Cad
Selyvetr S0o HLETATOMLORLEVOUSG KUALVSpoug Twy ormolwv n andotacn h os

Tuxala 8¢on x and TNV OVORACSTLKNH ypaupn sraghng slval

h=h + h + h C1.1>
o a b

EUkoAa mpoxUnteL and to oxnpa 1.4 Cad dtTL

2 2 _ _ 2 _ 2
ha = Ra = Ra - X xaL hb = Rb Rb x €1..2)

AvantocovTag Ta peyESn ha xatL hb ce ceiLp& Taylor yUpw and to onuelo

x = O peExpL dpoug dsvtTepng TE&ENG mnpoxLMTeL OTL

B o W C0S % sk E0) & vl GO w o €1.3
a a a 2 a E'Ra
’ P 2
B om KCOY * ol €0 % ool B0 m c1.4>
b~ b b 2 b E'Rb
EtoL rnpoxUnteLr teAlxd& dTL
2
x 1. 1
a b



1.2 Avangp&otaon Twvy EMa@oy pe Loodlvapoug xLALvSpoug

(a)

Ixfjpax 1. 4. AnoctdosLg xaL duvausilg o LoodUvapouvg KLALwSpoug.

Op lLovpe otn cuvEXeLa £va vEo LoodUvapo kULVALVEpo Coxrjpa 1.4CBdD us

aktlva R tétoLa wote

1?=-1§?+;—b 1.7
H andoctaocn h Ttou kxLALvSpou autoU amd Tov &Eova Twvy X LocoLTAL HE
Tnvy andoctacn h Twy 0o xLALVSpwY ToL oyTipateg 1.4Cad. ZtTn cuvexeELa
AoLmdy Sa YpNoOLpOMOLOVHE TNy arAr yewpetpla touv oxipatog 1.4CBD,

SnNAadry £vayv Locodivapo kUVALYSpo xaL &va esnlmedo (nMou sxmnpoocwrelTaL



1.2 Avanap&oTtaon Twy Enaeovy RE LooSUvapousg kKLALvSpoug

£8d and Tov &Eova Twv x). Enmionupalvetar éti n sElowon (1.7) agpopd
Tnv neplntwon pn cuykAlvouvoag snagng. MNia cuykAlvovosg snagsg, n

akocAouvfolpevn av&Avon slvar xa8’® dAa dpoira kat n pdvn Sragopd Bpl-
oxstaL oto npdonuo Tng sElowong C1.73, &nAad yLa cuykAlvovosg sna-

PpEG LoYLeL STL

L3
R

L
Re

1.8

=B
R
a

Extdg and Tn yewpeTplLkr aviictoLxla twv oxnp&twvy 1.4Cad xal
(Bd, amarteltar n LVMapEn aviictoLXlag kaL otTLg ackoLpeveg SuvvausLg.
SuykplvovtTag AoLwndy Ta SVo mpoavagsp8ivia SYNHATE MPEMEL va LoxVouw

oL akdiou8eg sELowoELg

P_=P, =P = fpdx c1.9
P =" jpdha = -1R—~fp-xdx €1.40)
P = = J'pdhb = -;—-jp-xdx €1.11>

P = - fpdh = - —}- fp-xdx €1.18D

And TiLg TpeELg TeAsutalsg sELowocsLg mpoxkUNTeEL OTL

P = E—--P KaL P = —E—-P €113
xa Ea. x xb Rb x

Oocov agpeopd& TLg duvausiLg TPpLBRg, Loybouv oL eELOOCELS
Fo=F = J"co dx KatL F.=F = Jx, ax  C1.140

Srouv pe T, KaL T, CULBOALZOVTAL OL EQAMTOUEVLKEG TACELS OTLG ErLepd-—
veLEg Twv SVo otepswy C(Tou LoOSUVAPLOU KULALVSpou akTivag R xaL Tou
eAacTLxoU nplywpoud.

Suvontik& AoLmndy, kAslvovtag tTo kxspdiaLo autd, sriLonualvouups
STL To apxiLxd& SVoxoAo xaL MOAVMNAcCKS MpdBANLa TNg sragng SVo TuxXailwy
srLpaveLdy (UE CUVEXNH MAPAUETPLKT SHwg MEpLYpAPR HEXPL KAL Mapayw-—
youg SsUtepng TAENGD upropel va avayxSeli oto mMoAU suvkoAdtepo NMpdBANua
NG sragng £vdg KLALVSpouL pe £vav sdactikd nuixwpe, xafLotwviag £ToL
SLa8éoLpa TA SNUAVTILKA MASOVEKTHHATA TOU £AACTLKOU nulywpouv oTnv

TACLKT KAL MAPALOPPWSLAKT] AVAAUCT TWY ETTLEPAVE LWV.



KEPAAAIO 2

TAIEIZ KAI MAPAMOPPQIEIL IE EAALTIKO HMIXQPO

2.1 Zuyxkevipwpdvo, xd&8esto ¢optlo

To npdBAnua TnNg £Upesong Tou TacLkoL nedlou rou mpokalisltal o’
£vay £Aactikd nulyxwpo and £va katavepnpévo @opTio aviipstwnlistal
E0KOAx wg yeEviksvon Tou NpoBARpaTog £Upeocng ToL TacLkol nedSlou and
CUYKEVIPWHEVO wopTlo pEcw Tng apXNg TNG emaAinAiag. To kxeg&iaro
avtd anocxkonel otny anddsLEn tng sElowong mou SiveL TNV EMLEAVELAKA
nmapapndpEwon £AacTLkoU nulywpou dtav autdg Sexetar Tnv snldpaocn octa-
TLkoU, k&8sTou, KATAVEUNHEVOL @opTLou.

AvagepduevolL ote oiHa 2.1, Sswpolps opSoyvdvio kapresLavd

cUotTnpa agdvwy Oxyz pe Tov &Eova Oy va sivaL x&8stog oto yaptl.

P I r

° o

[iilo--II‘ * (‘;.].-_./3

Ixrpa 2.1. IuvykevipwpEvo, x&Seto @opTlo o’ gldactixkd nuiywpo.

Bswpolps aKkoAcVBWS £va CUYKEVIPWHEVO — wg npog Tov &Eova Ox - goptlo
pe &vtaon P av& pové&da pAkoug Tou &Eova Oy (SnAadh kaTaveEpnpeévo oTov



2.1 Xuyxevipwpevo, x&8esto wpoptlo

&Eova Oyd. H ocuppetpla tou mpoBAfjpatog SiLsukoAlvetl Tnv av&iuvon av
ylveL ypron moAikov ocuvtetaypevwv. H TaoiLkry cuvé&ptnon mou smLAdst
nmpdBAnua lval n

¢(r,e) = A'r-©-sinCed c2.1)>
drou A slvat xat&AAnAa mpocdiLopLLduevn ota8epd&. OL MPOKUMTOLOEG

T&CELG O TOALKEG cuvisTaypeveg Slvovialr yevikd and Tig sELovosLg

2
e = _1..3? + 1 'ad)
r r r?2 802
" .
o = a Q 2.2
e or2
¥ = - a_ 1_-_@_
re ar r a9
EVO OL TPOMEG CSLVAPTINCEL Twv HeETAatomnloswvy amd TLg sE5LowosLg
au
e = -4
r ar
ur 1 aue
Ee-_— = * —I‘_ 35 ce.32)
au au u
- .i_' r 5 e _ e
Yea T a5 ar r

XpnNoLUomNoLOvYTAg TNY TAoLKh ocuvéptnon (2.1 xar tTig §LoocesLlg (2.20,
MPOKUMTOUY OL SULUVLOTWOEG TACELG

g we Bl SESEOT xaL e =t _ =0 cz. 4>
r r e re

H cta8sp& A pnopsl va mpocdiopLotel av eELocwlsl to aocxolusvo 8AL-
mTtikd popTlio P pe Tn cuvicTtapévn Twvy TAocEWY S, S’ £€va nNELKUOKALO

aktlvag r Coydlipa 2.11. 8a LoybeL £toL STL

n/2 n/s2 2
-P = I S 'r-cos(O de = 2-]‘ 2-A-cos (6> dE = A-m
-nsz | o
KaL CLUVEN®g : A = =P/, And Tt sELoowosLg (2,40 Topa mpokLMTEL OTL

n pévn pn pndsviknh tdon, dnAadl n S SlvetTaLr and Tnv £§lowon

s = - 2-P-cosCeD 2. 5
r mn-r

H xatavourn téoswv mouv opllsL n sElowon (2.5, avaydpevn o opdo-



2.1 Zuykevipwpnéve, k&8sto goptlo

YyoOv Lo cOoTNUa cSuvIsTaypevwy, Slvel TLg £BERg cuvictwoeg tThosLg

2

o = o -sin?c® = - a,;P g .
x r o2+ 29
3
o, = o, 'cos’Ced = - anp fho e 2. 6
(x" + z27) .

>4
T =0 'sin(®) -cosC& = - 2P Xz
Xz r (21

(xz N zz)z
OL TponE&g MouU AVTLOTOLYXOUV oTLg T&osLg Twvy sELowcswy (2.860 vroloyl-
TovtaL and to vdépo touv Hooke, SnAadh and tTig sfLowoesLg

e %?—-[(1 - vz)-cx - v-(1 + v)-c;]

m
]

2.7

u]
Il

%—--[(1 - vz)‘cz - v (1 + v)-cx]

- —]:—'T _ 2-C1 + v -
sz G Xz E Xz

bdrnov pe E cupBoAlZstaL To pETpo slactikdInTag, pe v o Adyog Poisson
KaL pe G To pETpo SL&THNONG. AvAYOVTIAG OTN CLVEXELX TLG £ELOWoELG
C2.7) O MNOALKEG CUVTIETAYHEVESG KAL XPNOLHOTIOLOVIAG TLE 5LO0o0ELg

(2.3), xataifyoupe oto akdiouv8o cOLOSTNUHA :

&4, _ 2:(v? - 1) P-cosCeD
ar n-r-E
Yo, 1, % _ 2-v:C1 + vD-P-cosCed 2.8
1o r - S) n-r-BE
du au u
1 T e _ % .B
r 3 ar r

O tTpdnog srmlAvong TouL MponyouLHEvou cucThpatog propel va Bpe8sl oto
xAacoLkd BLBALo : "Theory of Elasticity” (1951) twv Timoshenko xai
Goodier C(otn osAlda S03. H Avon slvatc

. vz)-P-cosce)-lnCrD - C1 = 2:vJ-C1 + vJ-P-6-sinl(&
r n-E

+ C1-sin693 + Cz-cosce)

+




2.2 Katavepnpevo, x&8sto poptlo

2-P-sinCO® -[(1 - v2)-1nCrd + v-C1 + wd]
e nm-E

€1 - 2:vD:C1 + vJ-P-[sin(& - 2-6-cosCO)]
n-E

+ C ‘cos(® - C -sinC& + C_-r
1 2 3

Srovu Ca’ C2 KatL C8 elvaL xat&AAnia rnpocdLopLidueveg otaSepeg.
SswpbvTag OTL © sAacTLkdG nulywpog ds orpsBAwveTaLr, dnAiadhn oTL Ta

onuela Touv &Eova Oz pstatonlfoviar pdvo KATE PAKOG Tou v Adyw

&Eova, Sa npénesL [ue]e_o =0Vr > C1 + r-Ca =0Vr s> C1 = c3 = O.

LR

Stnv sniLpdveira Tou nulywpouv dérov & = * = N x&8etTn petatdriion
nou pag svdLagepel yLa Tn cuvexsiLa slval
2
[G ] = —[G ] o S ¥ panced 8 . LB
5] e n-E
e=rn/2 e=-n/2

émou n Mavda C-D mévw and Tn peTaBAnTh u vnodSnAwvel 4TL n peTABANTH
avagEpeTaLl oIny enitgdveLa Tou nulywpou. H ota8sp& C pmopel va mpooc-—
SLopLotsl av snitisyel avSalpeta &va onuele enl Tng srigavelag Tou
nelywpou wg onuelo avagpopds Twv kafetwy petatonicswy (to onuelo
avagopls mnpénsL va srtdsysl apxetd pakpld and to onueio O woTE va
propel va Sswpn8sl &tL oL x&S9steg petatornlosilg exel slvar apretd
HLKpEG — MpakTLk& pndsvixkEQD.

H sElowon (2.8) sivar n sElowon mMou XpelaldUaoTe OOTE va Mpo-—
Xwpficoups oto sndusvo BApa mou elvalr n yesvikdiepn neplntwon Touv
KATAVERNHEVOU kKaL otov &Eova Ox gopTtlou (yLa ornoLadimote Katavopnd.

AUTS Spwg slvalL To 8Epa Tng sndpevng voOTINTAS.

2.2 Katoveunuevo, xd&8sto @optlo

Ectw © £AACTLKES NElywpog TOU OYARATOG 2.2 MMou @opTilsTaL otn
Zovn (-b < x < o and k&8eto, OTATLKS, KATAVEUNHEVO @opTio MoK o=

Tntag plsd.
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2.2 Katavsunpevo, x&8sto goptlo

.y

Nl 8 C(x, 0)
.
r

A(x,2)

EIxfjuo 2. 2. Katavepnuévo, x&8sto gpoptlio o’ siactikd nuixwpo.

H cuveymg xatavoun poptiou priopsl va Sswpn8sl LocodOvaun pe pLa
arneLlpla CUYKEVIPpWHEVWY @opTLwy Mou Spouvy O AMELPOCTE TUAPATA MA&—
Toug ds, pe £viacon plsd-ds. MropoUyv cuveEnNwg va YXpnoLpornoLndoLy oL
sELowoceLlg (2.6) mou BpeSnkay otny £vdInTa 2.1 yLI CUYKEVTPWHEVO
popTlio 8ETovtag drou X To (X — sS) KAL CAOKANpwWvovIag otTtn Lovn sriL-
BoArig Tou goptiou. [lpokUntsL AoLmdy OTL

a

2
s = — an .J (x - sz pci)z e
) Ly L[Cx = s)% +27]
a
2-2° J pCsd
c = - =" ds
z n . f P = S)z + zz] 2 c2: 9
2 (-1
- - _ 2;2 'J Cx - si-p(si . de
x L [x -7+ 27

Me napdporo Tpdro uncAoylfoviaL KaAL OL EMLPAVELAKEG peETatornlosig
pe xprion tng sElowong C2.83. H x&8stn AoLndy srL@aveLakn RLETATOMLON
oto Tuxdy onuelo Clx,0) SBa slvaL

2 a

a = —l—lL-f pCsd -1nCx - s32 ds + C c2.10>
z n-E Y

H mponyoUupevn e§lowon sival n pla arnd Tig TpELg BaocikEg sELowosLg

155 §



2.3 YroclAoyLopdg £AacTLKk®v petatonloswv

Tng sAactoLdpoduvapLkng Almavong xal 8a ypnoiporolnS8el sxteveg.

2.3 YrnoloyLopdg £AoctTiXk®Vv petortonlocswv

AVo snLpdveLsg NMou BplokovTaL o pn CUyKALvoLoa smMagr KL
KATAMOVOUVTAL WG €K TOUTOL and £va Kxatavepnpevo goptlo, spgavifouw
£AacTLKEG petTatornloslg mou SilvovtaLr and Tnv seEilowon (2.100 Snwg
arnode Ly8nke otny nponyoVpevn svdtnta. H CLUVOALKH sAacTikh petatd-
mLon v Twy V0o snLgaveLwy 8a slvaL mMpogavwg To &8poLocpa Twv Vo

EMLUEPOVS HeTaTOMloswy kxatL ocuvenwg Sa Slvetal ard tnvy =& Lowon

]

z z E E -5

_ _ 1 =» l—vz a g
v = u + u s 2 -I pCsd)-1lnCx - sD" ds + C
1 2 1 2

OplZovtag To LoodUvapo peTpo sAactikdintag E  ard tn oxgon

2 2
1 -v 1 -9
ke - 1_[ i % z] c2.11>
2

= 2 E E

MpoxUVMTEL TEALKE STL N oSuLvoALkh petatdrnion slval

i e -j'a pCsd-1nCx - s2% ds + C cz.12>

n-E -b '

H cuvolALk? peTatdnion mou unoioyllstaL and tnv sElowon (2.120 dev
£xeL x&rmoira LdLaltepn puoLkh onpacla aAA& AoyLoTikr, onwg 8a Siagpa-
vel os sndusevo Ke@dAaLo, yLatl £va pEPOG TOUL MEAXOLS TNG ALTMAVILKAG
pEpBpévng nou oxnpatllstar katd& Tnvy siactoLdpoduvapLkn Almavon sival
QLT akpLBWS N CUVOALKN petatdrion.

O urcAoyLopdg TNG HeTatdriong Spwg ard tnv eElowon (2.120
napouvcLé&leLl pla onpavtikrh dvokoAla : e propel va sgappoctel amsv-
Sslag aplLOuNTLKR SACKARpwon KAS®MG N Mpog OACKANPWON CLVAPTINON AnstL=—
plZetTaL oto onuelo s = x TNg NEpLOYNG CASKARpwong. To mpdBAnpa pro—
pel va Esnespactel av n nepLox’) oAokAnpwong [-b,al SiakpiteornounSei
xaL ywpLotel o SLadoxLkEg opddeg SVo £wg Teocohpwy kOPBwy £TOL OOTE
OSTLS SLakpLTEG TLUEG Tng rleong o k&8s op&da xduBwv, va napepBaA-
Astal kat&AAnAo moAuvdvupo napepBoAng (r.yx. Newtond. Ag Sswpricouvps
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2.3 YroloyLopdsg sAacTtiLkwy petatonloswv

yLra map&deLypa to uvnodi&otTnua [51,32] TNG MEpLOYNS CACKARPpWONG, OTO
orolo 8swpolus &tTtL n rlson propel v’ aviikatactafsl amd £va noiud—
vupo, dniadn

pCsd = z A-s" ,n=0.1,... €2.13

driouv pe An SLLBOALZOVTAL OL CUVTIEAECTEG TOU MOALWVYUNOL MAPESRROARG.

AvTikaSiotwvtag TNy rileon plsd otnv eElowon (2.12) and Ttnv =ELlowon
(2.13> mpoxUnteL &TL o k&8s LMOSLASCTNHA CACKARPWONG [Sa’sz] mpEns L
VA UMOACY LOTOUY CACKANPWHATA TNG HOPPNRS

2
f = J. s"-In(x - s)? ds €2.14d

n
8
i

To nponyoUpeve SACKANpwia Spwg priopel va vnoldoyLotel avaluvTikd wg
egng

_ 2 n+d n+d n+4 n+d _ _
B, ® mmae [(s2 x )-ln|x szl (s, x  )-lnj|x 51'
_ 1 (s"t nHy X el gy Xt (s? - s?y -
fi ok L 2 1 n 2 v e = 2 1
- x"(s. - s) C2.15d
2 1 ’

ZuvhBwg, N XpnoLporolnon MoALVLWYURWLY MapepBoAng dsutepouv Ba8pol
erapkel yra pla txavornoiLntTikr akpifeLta vrnodoyLopwyv. Avtd onpalvetl
&tL o x&8s unodLdoTnpa CACKANpwWONG HE TpeELg kSpRBouvg, 8a mpEnsL va
UTTOAOY LOTOUY TpeLlg SdpoL TNg poperig C2.185d, AtoL oL fo, f1 Kat f{
Ze kapla méviwg meplntwon dsv mpéneLr va vrepBalvouvps Tov apL8ud
Twy TEcohpwy kSpUBwvy o= k&8s unodLbdotnpa ka8odg slvat yvwotd and Tnv
apL8unTLkl av&Avon - xaiL prnopel UkoAa va snainS8svutel - &tTtL n emrL-—
Tuxla TNG MOALVWYLRLKAG NMAapepRoANg peLwveTaL £xk8sTtix& ps Tnv adEnon
TOoU ap Loy Twvy kKSpBwy MEpa and k&noLo dpLo, LSLaltepa O MEPLMTO—
cELg Mou n mMapspBaiidpsvn cuvaptnon dev slvaL apkstd& opalArn.

Fia v’ arnoccagpnvictel NMAfpwg Spwg To SEpa LVMoAOY LOLOU Twy HE—
Tatornloswy mpéneLl va SLeEVkpLVLOTEL N QPUOLKR onuaclia tng spgavifo-
HEVNG otny sElowon (2.12) otal8epég C. H ota8sp& auth Aolndvy prnopsl

va mpocdLoprLotel av sntAsEouvps auBalpeta £va onpelo wg agestnpla Towv
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2.3 YrnoldoyLopdg £AdoTLKWY HETAaTOonloswy

petatonloswy Conpelo avagophgd. ZuvhBwg To sniLAsyduevo onuelo slval
To onuelo x = 0. EtoL oL OXETLKEG peTatoniceLg, avagepdueveg nMALov
wg Mpog To nponyoupevo onuelo 8a slval

v = vlxD - vlod ¢2.162

ondte and Tnv sElowon C(2.12) npokUnTeL TEALKE

2 > x - s )2
1y = ————,—-f pCs)-ln[—] ds C2.17
s
n-E -b

And tTa doa avagep8nkav mponyovpeva £xeL apxlosL lowg va Sita-
palveTtalr To onpavTikd, £yyeveEg mpdBAnpa katd Tov urnclioyLopnd Tww
EAACTLKOY peTatonloswy : To pHEy&Ao MARBog Twv avaykalwy UVMOAOY LOHLWOV.
To yeyovdg autd ylvetaL nepLocdtepo kaTavontd advy OSKE@PTOUNE STL yLa
k&8s £vav and Toug n KSUBoUG TNG MEPLOXNS CACKARPWONG ANMALTOUVTAL
OCn) vurncloyLopol kxa8dg n petatdnion svdg onpelouv sEaptdtaL Gueoca
arnd Tn LETATOMLON SAWY Twy YELTOVLKOY TOU Onuelwvy rmou avhkouv otTn
Tovn PdpTLoNG. ZUVEMNGKGS yLa Toug n KSUBoug, OL AMALTOUREVOL ULMOAO—
ytopol slvar tng T&Eng Tov C(nz) Cn xépBoL enl n urcAoyiLopol yLx
k&8s xéuBod. Av To mMARSog Twv kSpBwy n slvaL apket& peydiro . X.

n = 10000, To urncAoyLoTikd kdoTog ylveTaL aolupopa LYNAS, akdpa KaAL
HE TOUG ONHEEPLYOLG TAXVUTATOUS UnocAcoyLoteg CAsntopgépeLeg dlvovTal

o’ sndpevo keedAaLod. [MAnpogpopLakd avagepetaL £5® 4Tl To MAR8Bog Twv
avaykalwy vroioyLopoy propel va peLwdel - ywplg anvisiLa axplBesLag -
pEXPL TEENG O(n-1nlnd) YPNOLUOTMOLWVYTIAG TN YVYWOTH MAEOoV TEXV LKA TNg
rmoAveninedng ocAokAfpwong (multilevel, multi-integration i multigrid
methodd C(BA. Brandt, A. and Lubrecht, A. A. : "Multi-level Multi-
Integration and Fast Solution of Integral Equations', journal of
Computational Physics, 1988, snlong BA. "Numerical Recipes in
FORTRAN", second edition, svétnTta 18.6). Evailaxtikd&, n pelwon Tov
dyxou Twvy avaykalwvy vrocloyLopwy pnopel va sriteux8sl gppsca ps TNy
spappoyrn dLaxkpLtonolnong peTaBAntol BApatog, SnAadr pe pLkpdIEpO
BALQ OTLG NMeEpLOoXES amdTopng aAAayAg TNG mMisong kaL pe LEYXAUVTEPO
BARa oTLg undloLneg mMepLoXEg. Mriopel £toL va pelwdel © anaLToVpEVOG

ap LSS kSUBWY HE MPOPAVES ANMOTEASOULA.
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KEPAAAIO 3

REYNOLDS : H EZIXQXH THZ YAPOAYNAMIKHI AIMANIHZ

H sElowon mou SiLeéneL tnv avantuEn TNg rleong O RLa ALMAVTLKR
HERBp&vn LS LSpoduvaULKEG cLVINKEG SLaTunNddnke yLa mMpdTn @opd amnd
Tov Reynolds to 1886. ZItn ocuvéyxsiLa 8a napouvsiactel n anodsLkTLknh
SLadLkacla mou odnyel otnv sElowon quUTH dGoTe va Eavoly oL MAPASOXES
nmou ylvoviaL kaL oL duvatEg ESMEXTACELG — TPOMOMOLASELE MOL ANALTOUY
oL sx&otote cuv8rkeg swappoyhg TNG.

H npdtn napadoxr rnou ylvetalL apopd To MEXOS TNG ALMAVTLKAG
pepBpavng mnou oxnpatlletar peTaEl SVo CLVEPYATOHEVWY EMLPAVELOV.
Onwg anodeLkvieETaL and MELPARATLKEG HETPRCELG aAA& kaL érwg Sa
pavel apydrtepa, To NMEXOG TNG ALMAVTLKAG ReEpBpdvng slvaL moAlA&g
T&EeLg pEyESoug pLkpdteEpo and TNV LoodVvaun aktiva xapurnuAdtntag
CeELowocsrg (1.7) xaL C1.8)) Twv cLUVEPYALORLEVWY ETMLEPAVE LOV OSTNV
nepLoyn cuvepyaciag. Mia napddsLypa, oTny meplntwon pn cuykAlvouvoag
EMaEng, TLMLKA TLUH TNG Loodlvaung axktlvag kapmuAdtntag slvar n
TLHR Twv 25 mm, svd avTlotoLya, To SA&XLOTO MEXOE TOU ALMAVTILKOU
@9&veL To 1um (10_6 m). Autd onpalvel &TL n LoodUvapn akTiva Kaunmu-—
Adtntag slvar 25000 gopeg peyaAltepn and To £AdXLOTO NM&EXOS Tou
ALnavTikol ! Mla téco pey&iAn SiLagopd& xatadsiLkvwleL TNy aveEapTnola
TOU MAYXOLG TOUL ALTAVTLKOU amd TNV KARMUASTNTA Twy SiLayxwp LZopEvwwv
andé avtd snigpavelwv. H mapathpnon auth BEBaLa awop& TLE REYAAsG
KALlpakeg OrMou oL KATATOHEG TWY EMLEAVELOV UMopoUy va MEP LYPpaAPoLY
and opaA£g kKaumOAsg pe cuveXelg mapayowyouvg pExpL SsUTepng TEENG
kaL OXL TLG TOAU HLKpESG KALpakeEg OTLG onoleg evI&OCOETAL N YVWOTH
enLpaveLaxkrn TpaxvInta. Katd cuvéensiLa pnopel va ypnoirporown8el =dw
N £vvoLa TOL LoOSUVALOU KULALYSpoOL KaL ToL £AacTtLkoU Nulywpou mMou
MaXpoLSLACTNKAY OTO MPWTO KEPAAALO.

H sndpevn napadoxrh mou ylvetaL apop& Tn CSULUMEP LEOPE TOU
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