AvTtioetopikog Zyedraopog Kataoxkeomv Biopnyavikoo E§omiopon
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

1. AEEAMENEX KAI AOXEIA ITIEXHX

Baokn katnyopia katackev®mv Bropunyovikod eE0nAopuoD givatl ot KLAVOPIKES | cEuPIKEG deEapevEg, doyeia
amofnkevong evprextov Kot To&ikdv ovotdmv (NHsz, LNG, LPG, tpomvlévio KTA.) TO TEPIEXOUEVO TV OTOIMV
Bpioketol VIO OTUOCQOIPIKY Tieon 1 VLG ONUOVIIKN €0MTEPIKN Tieon (doyeio mieong) woi ta silos
arofnkevong otepedv mpoidovimv (PVC, PP). To mapov keipevo avapépetal Kupiog oTov Tpocdlopicud tmv
GEIGUIKDOV OLVAUE®MY GTO, TOLYOUATO TNG 0eEOUEVIS AOY®D VOPOSVVOUIKOV QOVOUEV@Y. Ot 001Yiec HEAETNC
avaeépovtal o€ doyela mieong Kot deEapevég TNG LOPONG:

o  Kartakopvpov kviivopov (gwova 1.1)

e OpBoymviov

e Opwlovtiov kvAivdpov (ewova 1.2)

o Yopaipag (swova 1.2)
Ot woyvovteg kovoviopol 1 datdéels TPoPAETOVY TOV AVTIGEIGUKO GYESOOUO TOV KATOGKELMOV LTAOV Yol
™V TEPITTOOT TOV SeEAUEVOV KOTAKOPLPOL KLAIVOPOV, EVE EAAYIOTO OVOPEPOVTOL Y10 GALEG YEMUETPIES
om®g ToL OopOVTIOL KLAIVOPOL Kol TNG oPaipoc, Ol Omoieg &ival TOAD JdESOUEVES OTNV YNMUIKT Kot
METPOYN LUK Propunyavio.

Ewova 1.2: Aoyeio nieong oynuatog optlévtion KLAIVEPOL Kol GQOIPIKOD GYNLOTOG.
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AIEONEIX KANONIZEMOI KAI OAHI'IEX ANTIZEIXMIKOY XXEAIAXMOY

1. Odnyieg perétng e National Society for Earthquake Engineering g Néoag Zniavdiog (1986)

O1 Néo-Znhovdikég ovotdoelg UEAETNG OmOTEAODY £va TANPEG KEIUEVO VIO TOV OVTICEIGUIKO OYEOLGUO
deapevav. Or 0d1yieg avapEPoOvVToL o€ KATOKOPLOESG OeEAUEVEG KLPIC, OALG divovTol LEPTKES OmAEG 0OMYieg
VTOAOYIGLOV TOV GEICUIK®Y duvipemv o€ de&opeves kat doyeio AANG yempeTpiog.

2. Evponaikég Kaowkag Avriceiopikov XyedracpoV (Eurocode ECS, part 4 — Jan. 1998)

To kepdrowo 4.1 mepthapPavel yevikég datdéelg oyxedaopov, eved to 4.3 avapépetal oe de&apevég. To
mopAPTNUA A avapEépeTal og €101KA BEpata, Kuping 6TO VITOAOYIGUO TV VOPOSVVOUIKMY SLVALE®V, OAAG Kol
GTNV OVTOYN TOL TOyMUoToc g oekapevne. Xe peydio Poabud Pociloviar otig Néo-ZnAavoués odnyieg
UEAETTG.

3. Apgpikaviké Ivetitovro Ierperaiov (API 650 — 1998 kar API 620 — 1996)

To Apepwaviko Ivotitovto Iletpelaiov €xer avamtvéel pio ocvotnuotikn mpocséyyion (API 650) yia tov
VTICEIGKO oyedacud, 1 omoia Paciletal otnv dnuocicvon tov Wozniak kot Mitchell (1978). Znueumveton
OL®G TG aPopd TiG deEAIEVES GNLOTOG KATAKOPVPOV KVATVEpOL Kat Oyt de&apevég GAANG YempeTpiog.

MHXANIZMOI AXTOXIAX AOI'Q XEIXMIKHYX ®OPTIXHX

H moldmiokn xotavou T@V TACEOV KOl TOPUUOPPDOCEDY GTO KEAVQOG TNG 0e&ouevig AOY® GEIGUIKNG
@optiong Kot 1 aAANAoEmidpaon HETOED TOL PEVOTOD KOl TNG KOTOOKELNG £XOVV (G OMOTEAEGUO TNV
gvepyomoinon mokihov pnyovicpmv actoyiog g katackeuns. Ot Bacikés mbavég popeés aotoyiog mov Ba
TPETEL VO, AVTILETOTIGTOVY GTA TAAIGI0 VO AVTIGEIGUIKOD oYed10GH00 piag deEapevig ivat

Tomikdg Avyiopoc (koptwon 1 Pmon) g deEapevig

Aoctoyia cuYKOAMNTOV cLVdEcEmV AdY® yabvprg Bpavong

Aoctoyio Aoym olicOnong 1 avatpomig

ADENON TOV E0OTEPIKOV TEGEDY AOY® VIPOSVVOUKDV QULVOUEVOY
Kvptoon oty kopuen g de&apevig A0y KOUOTIGHO
AvemBOuNT avOywon g eAe0BePNC EMPAVELNG

Ot popoeég ovtég avardovrol ektevag oy Teyvikn ‘ExOeon. H mpdt popen actoyiog eoptdrol amd v
avToyYN TOL TOoY®UOTog o€ NPmon vro afovikny OAlyn ko mieon, m omoio eetdletal oe OVTIGTOLYOVG
KOVOVIGLOVUG UETOAAIK®OV Kotaokevdv (m.y. Eurocode 3 ENV 1993, part 1-6, Stability of Steel Shell
Structures). H debtepn popen actoyiog eéetaletan oto Kepdhao 6 tov odnyidv. Ov emdueveg Hoppég
e€apTOVTOL AUESH OO TOV AKPIPT) VTOAOYIGUO TOV GEIGHIKDY dUVALE®Y, Kol Oo Tpémnel va mepthapupdvouy to
QUVOLEVO TOV KUUOTIGHOD TOV TEPLEYOUEVOL TNG deEapLevic.

Ewova 1.3: Actoyio omnv Bdon piog de&opevig Aoym tomikov Avyispov (elephant’s foot). Kbptwon otnv

Kopuen TG de&apevig Aoym Kupatiopov (celopdg Nikoundewag, Tovpkia 1999)
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YIHHOAOTI'TEMOX XEIXMIKQN AYNAMEQN XE AEEAMENEX KAI AOXEIA ITIIEXHX

210 apOV KEPAAAIO TEPLYPAPETOL pio omAr] HEB0OOAOYID VTOAOYIGUOV TOV JUVALE®DV KOl TECEMY AOY®
KOUOTIOHOD Yoo O1dpopeg yemuetpieg doyeiov kol defapevav, pe Paon Tig 1oydovceg olatdéelc oe
aVTIGTOL(OVG KOVOVIGLOVS, KAOMC Kol 68 Ye®UETpieg mov dev e€etdlovTal amd ToVg 16YDOVTEG KUVOVIGHOVG.
g 0UTEG TIC YEOUETPIES, O1 TAPOVCEG 00T YIEG OVTILETMMILOVV TO POIVOLEVO LE £Vay TPOTO KEVOTOUUEVOY,
MOTE VO GUUTANPOVOVY VIIAPYOVCES SLUTAEELC Y10l OEEAUEVES KOTAKOPVPOL KLAIVOPOU.

I'evuc] peBodoroyio TPocOLOPIGHOV TOV GELGUIKMOV SVVANEMV

To Pacikd ctotyeio oto omoio Paciletal 0 TPOGIOPICUOS TOV GEIGUIKMDY OLVAUEDV EIVOL TO QUIVOUEVO TOV
Kopotiopov (sloshing). To @owvopevo avtd ava@EPETAL GTOVG KLUOTIGUOVS TG EAELOEPTG EMPAVELNS TOV
pevoTov TG deapevig 1 Tov doyeiov Tieong AdYw NG eEMTEPIKNG S1EYEPTTC.

To @ovopEVO TOL KLHOTIGHOL &ivor onuovtikd Kot Bo wpémel va AoUBAvVETOL LVITOWYN Y10, TNV GUVOAIKN
CUUTEPLPOPE TOL GLOTNUATOG PELOTOV — KATOOKELNG AOY® TNng TOAD HEYOANG TUNG 1O10TEPIOS0V TOL
PEVOTOV GE GYEOT LE TNV 1010TEPTI0d0 TOL SOUIKOV GLGTHATOG TNG de&apevig N Tov doyeiov mieong. I'evikd, n
emilvorn tov mpoPAnuatog o mpémel va AapPdvel voyn TV TOAVH TOPAUOPPEOOCT] TOV TOLYDUATOS TOL
doyeiov aAAG kot TNV oAAnAemidopacn tng Oepelioong pe to £80po¢ (TPUTA} OAANAETIOpAON PELGTOV —
KatTaokevnc — eddpovg). H pebodoroyia mov Ba meptypapel otic endpeveg mapoypdpovg foaciletal

®  OTNV YPOUUUIKOTOINGN TOV TPOPANLLOTOG TOV KUUATICHOD

®  OTNV apyIK BedPNGN TOV ATAPALOPPDOTOV TOLYDUUTOG TS OEEAUEVIG
KOl 0TOGKOTEL GTOV TPOGOIOPIGUO TNG GUVOAKNG GEICUIKNG duvaune. H mapapdpewon g de&apevig Kot 1
EVOOTIKOTNTO TOL £OAPOVS TPETEL VO AOUPAVOVTOL VITOYT, EXEON EXNPEALOVY TV GUVOAIKT] GUUTEPIPOPH TOL
GULOTILLOTOG, GAAA 1) EXIOPOCT] TOVG GTNV AVGT TOL KLUATICHOV propel va apeinOet.

I'evikd, to TpoPANUo TG andkpiong (Kivnong) Tov peveTod 6TV amapaudpewt de&auevn, Otav 1 TeAevTaio
Kwveital pe oetopkn emtdyovon X(t) katd v opiloviia dievbvvon x, umopel va meptypaei amd éva cHVoro
e€loMOE®V ATADY TOAUVIOTOV

i +28ma +oa =-X n=123,... (1.1)
evo Bempavtag

u=a +X (1.2)
T0TE

ii, +28,0, (1, - X)+ o] (1, -X)=0 n=123,... (1.3)

Omov ®, &ival ot 13ocVYVOTNTES KLUATIOHOD NG Oeapevng, mov eSopTdVTOL amd TNV YEOUETPiOL TNG
OeEOEVNG KOl TNG TLUKVOTNTO TOV PELGTOV, EVAD Uy(t) €ival Ol YEVIKELUEVES CUVTETAYUEVES TNG KIVOVUUEVNG
pevoto-paloc.

H zieon oto toyyouata g de&apevig divetotl amd to Suvapiko g pong pe faomn g e€icmon Bernoulli, evd
1N GLVOALKY] SVVOLT 0T TOLYMUOTA TG OSEQUEVIG YPAPETOL WG EENG:

FT:_ ZOO: Mnc l"in_(l\/IL_ Z.O: MnchZ_ Z.O: Mnc l.’irm_l\/IIj'( (14)

n=1,2,3,... n=1,23,... n=1,2,3,...

Anradn, n GLVOAIKY| SOV AVOADETOL GE VO CLUVIGTMOOES, L0 MOTIKN dvvauN
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F=-M, X=—(ML— i MJX (1.5)

n=1,2,3,...
Kot pio dOOvVoun EToy®yNg

F=— > M, i, (1.6)

n=1,2,3,...
Me Bdon ta mapoamdve, Kot 1 cvvolkn palo yopiletal og 2 empépovg palec,

o v «uilo emayoyne» M. (convective mass) 1 omoio amoteAeital amd TG UALEG TOV EMUEPOVG
WUOPPOV M. Kol OVOQEPETOL GTNV GYETIKN KiVIOT TOV PELGTOL MG TPOG TNV de&apevn (kivnon Tov
GUVOEETOL LIE TOV KUUOUTIGUO).

o NV «wotikh nalo» M; (impulsive mass) 1 0oiol OVGIAGTIKA OVUPEPETOL GTNV HALO TOV PELGTOV TOL
mapakorovBel v kivnon g deapevig X(t)

To dBpoicpa g ®OTIKAG HALOC TOV PEVOTOV Kol TOV ENUEPOVS HoldV TV W0HOPPOV gival ico pe TV
GUVOAIKN HaLo TOV PEVGTOV, 1] AAM®MG

ML:MI+ZMnc (17)

Me v pebodoroyio vt 0 TPOodoploUds TG UEYIOTNG CLUVOMKNG GEICUIKNG SUVOUNG OVAYETOL GTOV
VIOAOYIGUO T®V EXUEPOVS LAL®DV KOL TNV EKTIUNGT TNG LEYIOTNG TWNG Upmax TNG METAPANTNAG Uy(t).

INo gvkolio TV vToloyioumV, puropel vo ypnooTondel Evo unyavikd HOvTEALO oL TEPLYPAPEL TNV Kivnon
TOV PEVOTOL HECO OTNV KWVOUUEVN amtd Tov oeloud Oegapevi), mov amoteieitan omd pio palo ion pe v
®OTIKN Hala wov Kveital akpipdg OTmG Kol 0 GEIGUOC UE HeToTomion X(t), eved mve og avthv «otnpilovrany
amAol TOAoVTOTEG pe palo Kot 1310ovyvoTnTo i08g He aVTES TG KUbe 11o0popenc. Bewpmvtag N to mAnbog
WO10UOPPESG, TO TPOPANUO AVAYETOL OTNV AOKPLION €VOG cuoThiatog He N acvulgvktovg Babuovg elevbepiag,
N ondKpLo” TOV OToiwV pmopel va AneOel and Eva paco ardkpiong 1 £va acpo oxedlacuov. Xto oynuo 1.4
Qaivetat éva. amAoTotUEVO HOVTELO TToV ypnoiponolel TNy 1" 1dtopopen Kopotiopov (Lovo).

Yympo 1.4: Mnyovikd povtéAo mov meptypael TNV Kiviion TOV GUGTHUATOG PEVGTOV — deEAUEVIG.

Yg eMMESO AVTICEIGUIKOD PUCUOATIKOD GYESAGHOV UE TEPICCOTEPES TNG LG OIOUOPPES, 1] GUVOALKT dVvauN
umopet va dobei amd v eficwon (1.4), pe v KATGAANAN emaAinAia. Mio pébodoc mov umopel va
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ypnowomombei éykertar oty emaAiniio Tomov SRSS yia T EMAy®YIKEG SVVANELS, AAAG XPTCILOTOLEL OTTAN
00po1oTIKY| ETOAANALL [LE TNV OOTIKN SVVOUN:

N 1/2
FT,max = Fl,max + FC,max = |: z (Mnc SAn )2:| + MIAg (18)

1,2,3,...

OOV

n=1,2,3,...

N 1/2
Foo= { > (M, S,) } (1.9)

Kot Sp, €lval n HEYIOTN QOOUATIKY EmTéyvvon g palag g Wopopeng n mov vroloyiletal pe Pdon v
avtictoyn Wionepiodo Ty, evd A, etvar n péyotn eda@ikr emtéyvvon.

Emppon g mapapdpemonc g degapevig

2NV YEVIKN TEPIMTM®ON TTOL TO TOWYMUATH TNG OEEUUEVIC TOPUUOPPDOVOVTAL, T AVOTEP® AVGYN OQEIAEL Vo
Tpomomoindel, evd M GVVOAIKY SOV TPENEL VO TEPIAAUPAVEL TNV adPAVELD TOV TOAAOUEVOL TOLYDUATOG,
YPNOWOTOLDOVTOS TNV PACIKY Tapadoyn TmG 1 ADGT TOL KUUATIGUOV gival oYedoV aveEapTnTn Ao v kivnon
oV TolYOMOTOC. H Tapapdp@mon Tov Toympatog e 0eapevig €ival ONUOVTIKY OTNV MEPIMTOON NG
Katakopueng opboywvikng oeapevig (AOY® Tov oNUavTIKOD AOYov SOUETPOL TTPOG TAYOC), EVM GTNV
TEPINTTOOT TOV JOYEIDV TIEOTG AOY® TOV GYETIKA LEYAAOL TTAYOVGS, 1) TAPUUOPPDGCT] TOV TOLYDUATOS UTOPEL
vevikd va ayvon0el (o ceaptkd doyeia Kot o€ optlovTia KOAVOPLKE doyeia).

Emppon ¢ KoToKOpuEnNc GLVIGTMGOC TOV GEIGLOV

H kataxdépoen cuviet®ca tov celopol Bewpeitar 0t dev emnpedlel ™V «emayykn» kivnon, napd pdvov
mv «ootikn» kivinon. [lepiocdtepa ylo TV KOTAKOPLPT CLVIGTMOGO AVOPEPOVTIOL GTIV EVOTNTA TOL 0POPE
Katakopupeg KLAvOpikés oeCapevés. o g dAleg yeopetpieg defapevov (opboywvikr, opldvtiog
KOAWVOPOG, Gpaipa) SV LIAPYOVY dNUOGLEVUEVEG ADGELS oTnV debvn PifAtoypapia, omdTe avTicTolyeg 0dnyieg
dev ovumepAapupdvovtol 6TIg TapovGEG 00 Yieg HEAETNG.

Alnenidpaon deEauevnc - £d0Povg

H aAAnAenidpoorn €ddpovg — KaTooKELNG omoTeAel pio €MIONG ONUAVTIKY TOPAUETPO OTNV OTOKPION TMV
dekapevav. Me v Bedpnon g TapapdpE®ONS TOV £6APOVS, 1 AVOT] KUUOTIGHOD — OTTMG LT TEPLYPAPNKE
AVOTEP® — BE®PEITOL TG TOPAUEVEL AVETPEACTT, ONANON 1010 [LE VTRV TNE ATAPAUOPEOTNG deEQUEVIG GE
dxopmrn Oeperioon. Aniadn, To £5apog ennpedlel LOVOV T0 OOTIKO TUNUa TG amokpions. H Pacikn déa g
pebodoroyiog mov axoAovdeital | TPOTOTOINGT TV WBOTEPLOd®V TOV OCTIKAOV LaldV ®oTe vo ANeOel voym
N aAAnAenidpaorn pe To €60p0oc. I deapevég oyNUATOC KOTAKOPVEOV KLAIVOpov, 1 peBodoroyia avth
TOPOVGIALETOL OE ETOUEVO KEPOAULO TOV 0ONYIOV UEAETNG.

Kortakdpueeg kolvopikég deapevég

ATopapop@mTEC KAToKOpLQES KbAMVOpkEC delauevéc og dkaumtn Oepeiioon

Ot oovyvoTTEG M, TG KIVIIoNG TOV PELGTOD AOY® KLUOTIGHOV divovial amd TNV TUpOKAT® GYEoN Kot
eEaptavtar omd Tov Adyo (H/R) tov dyoug H tov pevctol mpog v axtiva R g deapevig.

o, = gk, tanh (k H) (1.10)

Kot
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T =22 (1.11)

evd ot Tipég Tov k, mapatiBevion otov kdTmO Tivako

[31opopen (n) k,R
1 1.841
2 5.331
3 8.536
4 11.706
5 14.864
Y
A
[ >
\\
7 | N
K R 7
H
/_\ .

Yympa 1.5: Teopetpio deapevng KaTakOpLEOL KUAIVOpOL.

H wotum pélo kot o1 paleg tov dopoppmv divovial amod Tig kATmbl eEkppAacels, ol onoieg eEapTdVTL EMTIONG
amd Tov Adyo tov vyoug H mpog v axtiva R tng de€apevig. Ot wopopekéc paleg kopatiopod (Haleg
EMOY®YNG) 6ivovTal amd Tov TOTO

M, = 2 tanh (k,H) |M_ (1.12)

" kR [(k,R)' -1 |(H/R)

O paleg emaymyng M, (n=1,2) kot 1 ootk paa M; divovtar 6to katwd oyfua 1.6.

Mo tov VTOAOYIoUO TNG POTNG OVOTPOTNG Ol OMOGTACELS TV SVVAUEWDV hy. amd v Pdon tng degapevig
dtvovtal and to Suaypappa 1.7, pe faon v yeouetpia g de€apeving (Adyog H/R). Ot avoivtikég elomoeig
TV h, elvan

k H

n

hnc{l_Ltanh(kﬂzHﬂH (1.13)

Ot VOPOSVVAIKEG TTECELS TOV AVOTTVGGOVTOL TO TOlYOUA TG de&apevnc, TOGO Yo TNV MOTIKN 0G0 Kol TNV
EMOY@YIKN Kivnon, vroloyilovtar and v eicmon Bernoulli, ypnoipomoimvrag to Suvopikd T pong Tov
PELGTOV. LVYKEKPLUEVA,

p;(z.0) =c, (pRcosb) A, (1.14)
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Ko
P,.(z,0)=c,. (pRcosh)-S, (T,,) (1.15)

OOV 01 GLVTEAEGTEG €1 KU Cye EIVAL CUVAPTNHOELS TG BEong — Kat’ Hyog — NG de&apevng, Kot e£apTmvTol omd
tov A0yo H/R. Zta oynuata 1.8 kot 1.9 divovtol TIHES TOV GUVTEAEST®V Cp Kal Cy (n=1,2) Y10 S1GPOPEG TILES
tov Adyov H/R.

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
H/R

Yyqpoe 1.6: Qotwkn palo kot palec emoy®yng Yol KOAWVOPIKY deEapev LE OmOPAUOPPOTO TOLYDUOTH, OE
oyéon pe to Aoyo H/R.

—_

/H, b /H
(=]
%

nc

h
=)
=N

<
~

o
[\
T
I

0 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

H/R

Yympa 1.7: Andéotaon TG OOTIKAC SOVOUNG KOl TOV SLVVAUEDV ETAY®OYNG omd TNV PAcn Yo KLAWIPIKN
de€apevn e amopoudpe®MTO, TOYMUOTO, o€ oyéon ue to Adyo H/R.
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G

Zyqpo 1.8: ZvviedeoTéC VTOAOYICUOD TOV MOTIKOV TEGEMV OTO TOLYMILO GUVAPTHGEL TOV VYOVG TOL VYPOL
Yol SECAUEVT] KATAKOPVPOV KUAIVOPOU LE OTAPUUOPPDTA TOLYDUOTA.

H péyiom aviymon g eledBepng emodvelog g de&apevng divetar amod tov e€Ng THmo

M= 0-837 R Sa (1.16)

g

0 onoiog Bewpel udvov v mpad™ WIopope1 (n=1). I'a peyardtepn akpifeio (GLVLTOAOYIGUOS KOl AVOTEPDV
WOOUOPPDOV) UTOPOVLE VO YPTOLUOTOLOVE TOV KAT®OL TOTTO

no=R [(0.837-SA1 ) +(0.073-S,,)’ +(0.028-S,, ) +---T/Z (1.17)
g

pe Baomn v uébodo emariniiog tomov SRSS.
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0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

CIC (a)
0.1 0.15 0.2
Coc (b)

Yyqpe 1.9: ZovtedeoTég VTOAOYIGHOV TOV TECEMV ENAYMYNG (2 TPMTEG IOI0LOPPES) GTO TOTYMUO GUVOPTHGEL
TOL VYOULG TOV VYPOD Yo SEEQUEVH KOTAKOPVPOL KVAIVOPOL LE QmOPALOPPOTO, TOLYDLLOTOL.

Emppon e moapopdp@monc TomV TOY®UATOV KOToKOpuene KuAvoptkng dc&ouevng (axaumtn Ospeiiooon)

OepOVTAG TMG Ol 110GVYVOTNTES TNG TOPAUOPPAOCIUNG OeEOUEVIC Elval CMUOVTIKG UEYOAVTEPEG OO TIG
OVTIGTOU(ES 1010GVYVOTNTES TOV PEVGTOV, TOTE 1| GLVOALKT dVuvaun eivat To dBpotopa piog motikng dvvaung F
Kol piog  dvvaung emayoyng Fe, 6mov m dvvaun emaymyng eivar akpifdg mn 10 pe TPonyouuEveg
[amapopemtn de&apevn e€icmon (1.6)], 0Tmg Kot ot paleg KVUATIOUOD.

IMa 10 wotikd Tunpa ™ SHVaUNC, ot 1310GVYVOTNTEG TOV MOTIKOV GUGTHUATOC PEVGTOV — deEapevig divovTon
amo tov THno
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

C, |E
0,=—% = k=1,2,3,.... (1.18)
H Y\ p,
Kot
2
T,=—% k=1,2.3,... (1.19)
Oy

omov Cpx elvat cuvtedeoatég mov eEaptdvTat yio kabe Wopopen k g wotikng Avong and
e 70 AGYO TOL VYOVC TOV PEVGTOV TTPOC TNV akTiva g de&apevng (H/R)
e 10 AOYO aKTiva-Tpog-tdyog TG de&apevng (R/t)
e 70 AOYO T®V TUKVOTNTOV PEVGTOV Kot deEAUEVIS (P/Ps)

0.5

t, /R =0.001

0.45

0.4+

0.35+

H/R

Yympa 1.10: ZovteleoTéc VTOAOYIGHOD TOV WOTIKAOV TEGEDV (3 TPADTES IOIOUOPPEC) GTO TOIYMLLO GVVAPTIOEL
TOV VYOVG TOL VYPOD Y10l SEEQUEVT] KATAKOPVPOV KVAIVOPOU LE TOPALOPPAOGCILO TOLYDUATO.

Me Bdon to Topamave ot VOPOSVVULUKEG TEGELS TTOV AVATTOGGOVTOL TO TOlYOUA TNG deEAEVIS, TOGO Yo TNV
®OTIKN Kivnor Tov pevctod 0o VTOA0YIGTOUV MG ETAAANAIN TV KATOOL 1I010LOPPIKOV TIEGEDY

P (z.0) =c,, (pReosh)-S, (T,,)  k=1.23,... (1.20)

omov My givar n pala g wotikng wiopopeng k kat SA(Try) N eacpotikny T g wiopopenc k, pe faon
Vv 1010mepiodd g Try, KOl 01 GUVTEAEOTEG Cry €EUPTAOVTOL OO TO VAIKO Kot TOV AOYO OKTIVO-TPOG-Ttér 0g
(R/t) g de&opevnc. TNa petariikéc de&opevéc ue R/t=1000 (cuving Tiun) ot TIHEG TOV GUVIELEGTMV Cry YO
T1G 3 TPMOTEG O10H0PPES divovtal oto oynua 1.10, wg cuvaptoElg TOL VYOLS TNG de&apevie, Kol SlapEPoVV
a0 TG UVTIGTOLYEG TIEC TOV ¢ Yo ATOPALOPPMTEG de&opevec. Ot TECELS TOV AVOPEPOVTOL GTNV ETOYOYIKN
Kivnon TopapUEVOLVY Ot 101€G e AVTES TG ATAUOPPOTNG de&apeVIC.

[Ma tov oyedlacpd, 1 GLVOALKT MOTIKY dVVauN Ba divetar amd Tov TOmo (emaAiniio SRSS):

1/2
B = {Z(Ml.k -SA(TI.k))z} (1.21)

k

omov My givar n pala e ootikng Wiopopeng k kot SA(Tik) N eaopatikny Ty g Wiopopens k, pe Pdon
™V 1010mePi0d6 ™G Try. AvtioToro 1 SOV eTaymyng Ba etvar
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

1/2
FC,max: |:Z(Mnc SA(Tn))2:| (122)

OGS Kol TNV TEPINTTOOT TNG ATUPOUOPPMTNG SEEAUEVIG.

Amlomomuévn nebodoroyia

Ye enimedo mpoperétng, pmopel va ypnolpomomfel pio amiomonpévn pebodoroyio AVTIUETOTIONG T®V
KATOKOPLP®V OEEQUEVDV LLE TOPALOPPAOCLL TOLYDOUATO, TOV YPTCUOTOEL TNV TPOTY «OGTIKT O0UOPOT|
KOL TNV TPOTY] WO10UOPPT KOUATIGUOD. ZVYKEKPIUEVE, 1] GUVOAIKT GEIGLIKT dVvVaUT SivETOL 0o TOV TOTO

FT:(MI-1+MS)'SA(TI-1) + M-S, (T)) (1.23)

o6mov ot My kot Mjc glvan n ootk palo ko pdlo emoywyng ovtiotorya mov divovial and tov akdiovbo
ivaxa

Ce
H/R (@ [s/\/;] M/M, Mc/Mp, h/H h./H
0.3 9.28 2.09 0.176 0.842 0.400 0.521
0.5 7.74 1.74 0.300 0.700 0.400 0.543
0.7 6.97 1.60 0.414 0.586 0.401 0.571
1.0 6.36 1.52 0.548 0.452 0.419 0.616
1.5 6.06 1.48 0.686 0.314 0.439 0.690
2.0 6.21 1.48 0.763 0.237 0.448 0.751
2.5 6.56 1.48 0.810 0.190 0.452 0.794
3.0 7.03 1.48 0.842 0.158 0.453 0.825

evo ot Ty ko T givor 1dromepiodot tng wotikng ualog kat g palag enaymyng avtictolyo, Tov divovial omd
T1G eloMOoELG

o
T ,=C, ——— 1.24
1-1 [\/U—R\/ES ( )

Kot

T=C./R (1.25)
evd ot ocuvtedeotég Cp kar Ce divovtar otov avetépm Ilivaka. Ot poméc Tov V0 SVVALE®Y ®G TPOG TNV
Oeperinon vroroyilovral pe Paomn Tig amocTdoelg Tovug amd v Pdon g defapevig hy katl he mwov divovton
and tov avetépm Iivaka, Kot 1 cuvolikn pony avatporhic M eivar

m :(MI-1+MS)hI Sy (T,) +Mche -S, (T) (1.26)

Emppon ¢ KaToKOpuENC GLVIGTMGOC TOV GEIGLOV

H xatokopuen cuvietd®co tov celopold ogeilel va Anedel vadyn otov oyedlacud g oe€apevng. o v
EKTIUNGT] TOV EMATOCENDV TNG KATAKOPLPTG CLVIGTMGAS, VITOAOYILETAL 1 TPDTN 1O10TEPIOS0G TOV CLUGTIOTOG
Yl KOTaKOpLON S1€YEPOT], MG AKOAOVOWC:
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

lezc—V /E— (1.27)
H \ p,

2n

vV__
T'=—
0‘)1

Ko

(1.28)

o6mov 0 ovvtekeotng Cy e€aptdton and tovg idovg mapdyovieg mov e€aptovtar Kot To Crg, EVO 1 HUEYIOTN
KOTAVOUN TEGEMY GTO TOlYmUa SivETOL amTd TOV TOTO

P(y) =pH-| 0.8cos| =% | |-8,(T) (1.29)
2H
EvoAlaxtikd, propel va ypnotpomoindei o tomog:
_ y \%
p(y)—pH-[l—ﬁ]SA(Tl ) (1.30)

omov S, (T,) eivau 1 pacuatikn emttdyvvon yio évay amkd todoviot] pe wonepiodo T = 2/m, .

Emppon e svkouyioc tng Oepermong kot n aAAAETIOpaon Le TNV 0sEQUEVN

H moapapdpemon tov e669ovg eVOEXETAL VO ATOTEAEGEL OTILOVTIKO TOPAYOVTO GTNV OmOKPLoN TNG 0eEaEVIC
Kot oQeilel vo AapPavetat vaoyn edv vIApPYoVV EXAPKN oTolEin Yio TV Ogpericnon.

O1 Baoikéc TapapeTpot Tov edAPOVE oL eMnPedlovY TNV AmdOKPLoN elvat

1. H okopyio tov €ddpovg tng Oepelioonc, yopaktnpilopevn Kopiog amd TNV ToydTNTO SOTUNTIKOD
KOLLOLTOG

2. O Aodyog Poisson tov £8dpoug Kol 0 avTioTor oG AOYog amdcPeong

3. H pala xat ot dtaotdoelc tov Oepelion

Me dedopéveg Tig otabepéc Tov £64povg:

Ky = opulévria axapyio (S0Ovaun-mpog-petatonion)

K, = xatakopuen cuvietdco (d0voun-mpog-HeETOTOTION)

Kp = otpopikn (rocking) axapyic (pomn-npoc-cTpoen)
Ol «MOTIKES) 1010MEPI0d0L TPOTOTOLOVVTAL KUTAAANAG (OOTE VO ¥PNCILOTOMBOVY GTOV GYESIOUO TNG
de€apevng. ZuyKekplUEVaL:

1. INa un-tapopopedciun de&apevn og optlovtio di€yepon

1/2
) + 2
ool (MI Mf+MIhI] (131)

' on K,a, Ko,

omov M eivon ) pdla g Bepeiioonc.

2. o mapapopedciun de&apevn og oploviia di€yepon

2
T =T HH KKI }{H—i‘h“ D (1.32)
xa‘x 6(1‘9
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

omov Ty givar 1 Womepiodog tng wotikn Wiopopeng k and v eéicmon (1.19), ko

M
K, =4n*| —=- (1.33)
I ( le j
3. o un-napapopedciun de&apevn o KatakOpLen S1Eyepo
. M, +tM,+M
T =2n (L—Sf} (1.34)
K,a,
4. o Topapopedcin deEapevn o KATaKOpLPN S1EYEPOT
12
x K
T =T (H' . J (1.35)
yay
omov
M
K, =4n’ [—;j (1.36)
Ik

ZNuel®won: ot GUVTEAEGTEG O, Oy, Op, Elval S10pO®TIKOL GUVTEAEGTEG OGTE VO LETATPOTOVV Ol GTOTIKEG
aKOUYieg 68 SUVAUIKES, OTIMG TEPTYPaPETAL 6TOV Evpmrmduka 8.

Avdloyeg dopbmoelg yivovtol kot oTig TWEG TG amOGPeoTNG, HE aVTIGTOLOVS TOTOVG Yo TOVG OTOIOVE O
avayvootng topoanéunetal oto [Hapdptnua A tov Evpoxkddwa 8, uépoc 4.

Emppon tov avacnk®uatog tne de€opevig

H mepintwon tov avaonkopatog piog defopeving mov givor amAd edpaldpevn oto €6apog — OnAad un
ayKVPOUEVNG 0TO £d0(pog — givol mBav Ko PUTopel vo, EMNPEACEL CIUAVTIKG TNV amOKPLon TG deEapevic.
Me Baon v vadpyovoa Piloypaeio, vrapyovy amlomotntikéc nebodoroyiec ol 0moieg TPOTOTOIOVV TNV
10107TEPI0d0 TOL GLOGTAMATOG Yo, VO AGPOVY VTOYN TOLG TO GULYKEKPIUEVO Qovopevo. Mio oyetikn
pebodoroyia OVTILETOTIONG Yo TéTOLE deEapeveC avapépeTal oto kepdiato A.8 tov [Mapaptipatog A tov
Evpokadika 3 — Mépog 4. v Tepintmon Tov avacnKOUATog, 1 Pdon g SeEapevig CUUTEPIPEPETOL MG
KopmwTopevn mAdka kol o mwpémel vo efetaoctel KotdAAnia. Mia mopoupowe pebodoroyio avapépetal GTo
nmapaptnpa E tov tpodiaypapdv tov API 650 kot tov API 620.

OpBoyovikég degapevic

\4

Z
Yyqpo 1.11: Teopetpio opboywvikng de&apevic.
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

O1 13106VYVOTNTES My, KIVIOTG TOL PELOTOV MG TTPog TNV de&apevn pe dlaotdoelg bxL kot vVyog pgvatov h,
Bewpovrtog diéyepon KaTd X, divovtal amd ToV TOTO

h
o =niLg tanh (n%j n=135.7.... (1.37)

YNUEIDOTE TG Ol CLUUETPIKEG MG TPOC X IOLOUOPPES OEV GUUUETEXOVV GTIV AOKPIGT), EVD AOY® TG LOPPNS
g de&apevig ko g devbuvvong tng diéyepong, povov ot wopopeég n=1,3,5,7,..... (AVTICLUUETPIKEG)
ovppetéyovv. H cuvoiikn pala tov pguotod poipdletal oe pio «ootikn nalo» Mi, evd To VTOAOITO TUMLN
g nalag amotelel Tig Aleg My T@V OVTIGTOL(®V 1OIOUOPP@DV:

4tanh(nnLHj
ne — n=1,3,57,... (1.38)
M, L (nm)’
L
M=M, - > M, (1.39)
n=1,3,5,...

H moapapopeooipdétta 1oV 1ot opdtov e opboymviknig de&apeving pmopet va ival onUOVTIKNG OT®g Kot
QT TNG KOTAKOPLENG KVAWIPIKNG de&apevig. EvtonTolg, emeldn dev vmapyouv SNUOGIEVUEVE, ATOTEAEGLLOTA
YL TNV GULUTEPLPOPA TNG OeEAPEVIC OVTNG TNG YEMUETPIOG VIO TNV VIOBeon TG TAPAUOPPOCNG TOV
TOLYMUATOG TNG, VTN Uopel va oryvonOei.

OprlovTio KuAvopka doyeia wicong
>to doyeion popeng oplloviiov KLAIVOpov €yovpe 2 daxkpitég dievbuvoelg ceopov (oynupa 1.12): v

gykapoto dievbvvon x kot v daunkn dievbuven z. Kot otig dvo dievbidveelg, n andkpion propei Oeopntikd
Vo TEPLYPaPEl LEC® NG YEVIKNG Lopeng e&lcmon (1.1)

Tyqpo 1.12: Teopetpio de&apeving — doyeiov migong oxfuotog optoviiov KuAivopov.
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

aR
h \IeR
/ X'
'y

Yypoe 1.13: Teopetpikég mapdpueTpot datopng optlovtion KVAIVOpoL Ge oxéom LE TO VYOG TG eAevBepNC
EMPAVELNG TOL PELGTOV.

<

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

e
>

0.5 -

B 4
‘/‘/'/‘/UJ—‘
iy 0.3 -

Yo 1.14: Xvviedeotéc A, B, doyelov mieong oynuartog opilovtiov kuAivdpov, o€ GY£oT LE TO VYOS TOV
PELOTOV.
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

Andxpion otV gykdpoto dievbvvon

H xivnon tov pevotov, pmopel va meptypopel and v e&icwon (1.1) émov o, givar 1 WocLYVOTHTO TG N-
WOOUOPPNG, EVD 1) TUPAUETPOC o oyeTileTan pe v Béon g ehevbepng emEAaveLNg, OTMC PAIVETOL GTO GYNUA
1.13. Boaowd poro oty amdkpion wailovv ot mapduetpolr A,, B, mov divovtor ota oynuato 1.14. Ot
13100VYVOTNTEG ®, OIVOVTOL OE 0OIICTOTN LOPOT

JA, =0, R (1.40)
g

oto oynua 1.15, og oyéon pe to e, 10 omoio opiletar oto oynua 1.13.

dn
o)

4.0 -

()\n)‘I/Z

-1 -08 -06 -04 -02

0.2 04 06 0.8 1

Yyqpoe 1.15: Idocvyvotmteg doyeiov mieong oyfuotoc opilovtiov KuAivopov, 6e oyéon pHe TO VYOG TOL
PELOTOV.

H ocvvolikn dvvaun divetal and tov akdAovbo tHno, avtictoyo tov Tomov (1.8):

1/2

N
FT,max = FI,max + FC,max = Z (Mnc SAn )2 + MIAg (1 41)

omov 1 ootk pada stvar

M, =M, +M;-> M, (1.42)

Kol 1 palo «KVHLOTIGUOVY TG WOOUOPPNG N gival

M,.=2pR’ 1:“ o (1.43)
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

O1 000 mpmdteg naleg emaymyng Mic, My kot  wotik pala M; divovrat ota oynuato 1.16, 1.17, 1.18, wg
GULVAPTNOT| TNG TAPOUETPOL TANPOTNTAG TOV dOoYElOL €.

0,9

0,7 |

0,5

M1/ML

0,3 -

0,1 A

o
oo
1
o
»
1
o
~
1
o
N
o
o
N
o
~
o
»
o
oo
—_—

Typo 1.16: Ipot péalo eraymyng Mic doxeiov mieong oyfuatog opiloviiov KvAivopov, 6g oyéomn Ue TO
VYOG TOL PELGTOV.

0,02
0,018 A
0,016 -
0,014 -
0,012 A

0,01

M2/ML

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

0,002 -

Yympa 1.17: Asgdtepn palo emoywmyng Moc doyeiov migong oynuotog optlovtiov KVAVOpov, 6e Gyéomn LeE TO
VYOG TOL PELGTOV.
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

1,2

1,0 1

0,8 1

0,6 -

M, /M,

04

0,2 1

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

Yypoe 1.18: Qotwkr pata doyeiov M| mieong oynuatog oplovtiov KLAIVEpov, Ge YoM e TO VYOG TOV
PELOTOV.

Andkpion otnv dwounkn dievbuvvon

H anokpion evog opllovtiov kurivépov otnv dapfikn devbvvon z Adym eEwtepikic diéyepong Z(t) eivon
OTUOVTIKY TT10 TOADTAOKT] atd TV aveTépm £yKapata amdkpion. ‘Eyet amodeiydei avalvTikd Kot TelpoatiKd
TG M andOKPLoT EVOG ATOPAUOPP®OTO 0plLovTiov KLATVEpoL oty dapnkn devbvvor pumopel va Tpoceyyiotel
He KoAN akpifela pe v amdkpion pog twwoduvaung opboyovikng de&apevig (OnAadn piog deEapevng e v
iO10 eAevBepn empaveln Kol TOV 010 OYKO PELGTOV) OMWS Qaivetal 6to oynue 1.19. Avtd onuoaivel g
&yovpe v Adon g idtg Lopeng pe v opboywvikn de&apevn, 6Tov To HYog TG 160dvVaUNG 0pBOYOVIKNG
de€apevng divetal and Tov THTo

. 4(2H-D) . =
1 D D2 Sin 7D +5
= (H—_j+_- (1.44)

20 2) 8 JH(D-H)

6mov H eivat to Yyog pevotod g kuhvopikng de&apevie, kot D n d1duetpog . H cuvolikn dbvaun diveton
amo TNV avtictolyn oyEomn, 1e To Vyog h g opBoymvikig deEapevig va SiveTal amd TNV avVOTEP® GYEDT).

1600VVaLO

/ \)p(%oyd)vw

|

\_/

vy

Yype 1.19: [codvvapo opboydvio yio Tnv dratopr] optdviiov KuAivopov.
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

Teaipka doyeio wicong

Y10, opoipkd doyeio wieong (oyqua 1.20), n kivinon Tov pevcTov, pmopel va meptypapei and v eicmaon
(1.1) 6mov ®, givar 1 WOoLYVOTNTO TNG N-OIOUOPPNG, EVD T TAPAUETPOG o oxetileTon pe v 0éon g
elevbepnc empavelog, OTmg eaivetal oto oynuo 1.13. Baowkd podo oty andkpion mailovv ot mapdpetpot
C,, D, mov divovtan ota oyfpota 1.21.

Ot 1doovyvotTTEG O, divovTal o€ adldoTTN LOPPN

JA =0, R (1.45)
g

oto oynua 1.22, og oxéon pe to e, to omoio opiletar oto oynua 1.13. H cvvoiikn dvvaun divetar and tov
akolovBo tomo, avtiotoryo Tov Tomov (1.8):

N 1/2
FT,max = Fl,max + FC,max = |: Z (Mnc SAn )2 j| + MlAg (1 46)

1,2,3,...
omov N ootk padla stvan

M, =M, +M;-D> M, (1.47)

Kot M Lalo «KLUATIGHOV» TNG WIOUOPONG N Eival

M, = 2pR* (‘;‘ ja (1.48)

Ot dvo mpmteg paleg emaywyns Mic, Myc kot 1 ootk pdlo M divovtar ota oyniuato 1.23, 1.24, 1.25, og
GLVAPTN O TOV €.

Yypo 1.20: Teopetpio opoipikng oe&apevig — doyeiov mieong
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Avuoeopikog Zxedraopog Kataokevwv Bropnyavikod E§ormiopod
TTavemotno Geooaiiag, A.2. Kapapdavog, Blopnyavia Poopopikav Autacpdtov AE

-1 -0.8 -0.6 -0.4 -0.2 l 0 0.2 0.4 0.6 0.8 1 -1 -0.8 -0.6 0.4 -0.2 0 0.2 04 0.6 08 1
e e
Yymqpo 1.21: Zvvredeotég C,, D, doyeiov mieong oyfIatog 6Qaipag, G€ GXECT LE TO VYOG TOV PEVGTOV.

5.0

()\n)1/2

0.0
T T T A

-1 08 06 04 02 0 02 04 06 08 1

e
Yympa 1.22: Idtocuyvotnreg doyeiov mEoNG OYNUATOS CPAIPUC, OE GYEGN LLE TO VYOS TOV PELGTOV.

1.2

098 0% 09 08 06 04 02 0 02 04 06 08 1
e

Yyqpo 1.23: [pot palo emayoyng Mic doxeiov mieong oynUOTog GQaipag, 6€ OXEON WUE TO VYOS TOL
PELOTOV.
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Yympa 1.24: Asgdtepn pdlo emaymyng Moc doyeiov mieong oyfUatog oceaipas, G€ oXE0T LE TO VYOS TOV
PELOTOV.
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Yympa 1.25: Qotikn pala M; doyeiov mieong oyNUATOC GQAIPUC, € OXEGN LE TO VYOS TOV PELGTOD.

opoudpewon 610 cvotnue oTNPENS ceaptkne de&opevig

H mapapoppocipdtnto e Kataokeung otpiéng e oeapevig (COANVOTH VTOGTLADUATE KOl GOVOEGUOL
popoeng X) mpémnet va Anehei vdymn. Oewpdviog 1 enaymykn 1010Hope1, 1| KivoT TOV pELGTOD TEPLYPAPETOL
amo v e&iowon (1.1) yo n=1, ka1 1 GUVOAIKT dVVAUN GTNV GPATIPO. TPOKVTTEL

E. =F+F.=— M, +M) X-M,_ i, (1.49)

kot Bo Tpémel va elooppomeital amd TNV EAOCTIKN dvvaun g oThpeng, OTws eaivetol o6to oynua 1.26. Av
Ky gtvon 1 ehaotikn axopyio g otnpiéng, 10t A0Y® 1coppomiog
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E =K, (X-X,) (1.50)

omov X,(t) eivon n kivnon Tov £ddpouc.

- K, (X-X,)

A e

Yyqpe 1.26: Icoppomia 0pilovTiav dSuVAUEDY GTNY GEaptkn deEapevi

Me v mapadoyn avtn, ot e&lomaoelc (1.1) kot (1.50) ypdopovton
0 M|y, Ko KKy | 1Y, M,

K. =0 M,. (1.52)

OTov

To avetépo cvotnue e£IlCOCEDY TAPATEUTEL GE VO IGOSVVOLO UNYOVIKO HOVTEAO, TNG LOPPNG TOV QOivETOL

o710 oynua 1.27. y
y
" RENIIEIN

g i
7%%
Kbs [oXo)

“ o o
1T 7 7777777

Tyqpe 1.27: [coduvapo unyovikd HoviELo Yo To GOCTNUA TNG CPALPTIKNG OeEAUEVIC LE TO GUGTNIOL
oTPIENG.

Ynueidvetol Tog N axopuyio g katackevng otpiEng Ky Oa mpémel va meprropfavel v axopyio Tov
COMVOTOV VTOCTVAGUATOV KoBmg Kot v axopyio tov X-cuvdéouwv. Evav amid tpoémo va Anebodv
VoYM 01 AVOTEP® axayiec divel 0 kKATwOL THTOG:

Nlegs

K, =

12EI, e EA,

2 2
cos a, cos 3 (1.53)
h? o L,

j=1

omov hp ko I givanl to Vyog kot 1 pomn adpavelng TV VITOGTLA®UATOVY, A, Kot Ly elvar 1 datopn kot to
UNKOG TV GUVOESU®V, 0 Eivar 1 yovia mov oynuatifel o Kabe cOvVOESUOG e TNV 01E0BVVOT TOL GEIGLOV, Ko
B elvar M koTakdpvenN Yovia wov kabopilel TV KAioT TOV GUVIEGLOV.
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