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Ke@aliawo 1

EA0GTIKY] GELGULKT] XTIOKPLOT)
HOVOBaO LWV KATAOKEV®V

1.1. Ewcaywyn

1.1.1 Awatbnwon mpofAfuatog

Katda ) Sidpkela VoG GELGHOV, TO £6apOG, Kol ETOUEVWS Kal 1) B&on ULOG KATAGKEVUNG TTOU Elval
BepeAlwpévn TAVW G’ aUTO, KIVELTAL YPIYOPQ, LE EVAAAATOUEVO TIPACGT O, YOPW ATIO TNV APXLKT
0¢om npepiag. Ao Suvauikn Bewpnon, To péyedog mov pag evBLla@EPEL 6 QUTHY TNV Kivnon g
Bdong eivauwn emitdyvvon, n omoia cupPoriCeTar pe ¥, (t).

H pala g kataokeung, A0yw tng adpavelds g, 8ev akoAovBel v kivnomn ¢ fdong aAra
KLWElTaL pe SLa@opeTikd TPOTo kavovtag pia ki ¢ talavtwon [Zx. 1.1(a)]. Adyw autnig g
StapopeTikns kivong palag kat Baong, TPoKAAELTAL TAPAUOPPWOT) KAl KAT EMEKTAOT EVTAOT
OTNV KATAOKELT.

H petaxivnon tov eda@oug cupPorifetal pe x,(t) Kot mn oxetn petakivnon mg pddag wg

mpog ™ Bdon ™G pe u(t). H cuvoAikn peTakivnon Tn XPOVIKY OTLYUN ¢, LETPOVUEVT] ATIO TNV
apxwr 6£om TG kataokevng (amdAvt petakivion) elvau x(t) = x,(t) +u(t)
Toppwva pe tn Bewpnon d’ Alembert:

e To oVvotnua tov Zx. 1.1(a) (mpaypatikny katdotaon) elvat LooSUVANO [E TO GVUOTN A TOV

x. 1.1(B).

o Xto0 ovotnua XZx. 1.1(B) n Baon Sev kwveltal, aAAG 6TO KEVTIPO HAlag eSaokeiTal opllovTLa
SOvapm: p(t)=-m-X,(t).

Xg () %y (1)
(o) (B)

Xx. 1.1. Mapapdp@®won TG KATACKEVNG KATA TN SLAPKELA CELTULKNG KATATTOVN O,
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1.1.2 EowTtepikéc SUVAUEIS EMAVAPOPES

Abyw Tov @opTtiov p(t), N KATACKEUT TIHPAUOPQOVETAL KOL AVATITUGOOVTAL ECWTEPIKES SUVAUELS
ETAVAQOPAG, TIOU TEIVOUV VA ETAVAPEPOVV TNV KATAOKELT 0TV apxlkn 0éomn ooppoTiag. To
UEyeBog autwv Twv SuvAapewv eival avaioyo G Svokaupiag K kol g amooBfeons C g

KQTAOKEVTG, 0 UTIOAOYLOUOG TWV OTIOLWV TIAPOUCLALETOL TIAPAKATW.

Avokaupia

H Svokapyio ™G katackeuvns SnAwvel To péyebog g avtioTaong Tou mApPouvGLdlsl aTnv
mapapop@won mg¢. Eav K elvat n ocuvodikny Suokapia ¢ Kataokeung, 11 SUVOUN ETAVAQOPAS
fs(t) oL avamTUOCETAL Yl OXETIKN HETaKivion TG p&lag wg mpog tn Paon u(t), dnAadn n
€0WTEPLKN SUVaUN Tov evepyel 6N PAlot M HECW TWV VTTOGTUAWUATWY, CUVSEETAL LLE T OXETIKY
uetaxivnon u(t) pe ™ oxéon:

[ =K-u(®) (1.1)

H SvokauPia ¢ Kataockeung mpoépyetal amd Tn Svokapio TwV LVTOCTUAWUATWY, T
omola emnpedletal amd TN SuvATOTNTA OTPOPNS oTa dkpa Tous. 'Etol, oe pia mAaioiaxn
KQTOOKEVT] HE VUTOOTUAWMUATO TOKTWHEVA oTn Bdon Toug (mapadoxn omapapdp@wTg
BepeAiwong), n SuokapPio kABe VTTOCTVAWUATOS EEXPTATAL ATIO TN SUVATOTNTA GTPOPNG OTNV
Kopu @1 Tov, TNV oTola KaBopilel  oxeTk Svokapio O0KOV-UTTOGTUAWUATOG.

[ okoUG pe PeYyAAn poT| aSpAVELXG WG TIPOG TN POTIN ASPAVELAS TWV VTIOGTUAWUATWY
(Isnc>>Iyn), TQ UTIOOTUADUATA OCUUTIEPLPEPOVTAL WG OM@ImaKTa kot 1 SvokapPia k&Oe
UTIOGTUAWUOTOG UTIOPEL VX UTTOAOYLOTEL aTtO TN OXEOT (AYVOWVTAS TO £pY0 ATTO TEUVOUOES):

12E1,
K, = 3 (1.2)
omov
E= péTPo EAXOTIKOTNTAG TOU UALKOU
h= VP0G TOU UTTOGTUAWATOG

I,= pom adpdvelag G Satopng wg mpog dfova kdbeto otn SievBuvon kivnong (wg
StevBuvon kivnong Bewpeita 1 Stevbuvon x).

ItV aAAN akpala TEPITTWOT), 0TV oTola 1 poT adpavelag Twv oKWV elval PKPT WG
MPOG QUTH] TWV VTOOTUVAWUATOV  (Isox<<lyn), TA UTOOTUADUATO OCUUTIEPLPEPOVTAL WG
poVOTaKTA, SnAad WG va Tav eEAEVOEPN 1 GTPOPT) 6TV KOPLUEPTY TOUG, Kat 1 Suokapuia K&Oe
UTIOGTUAWUATOS UTOPEL VA VTTIOAOYLOTEL aTtd TN oXéom:

3EI,
K, = 3 (1.3)

Le ouvnBelg TEPIMTWOELS KTIPIWV, I TIPAYHATIKI] CUUTEPLPOPE TWV VTTOOTUAWUATWY SeV
elval TANPWS AU@ITAKT, A@oV TAVTOTE VTIAPXEL EVEOCIUOTTA GTN GTPOPT TWV AKPwWV TOU (oL
Sokol kat 1 Bepediwon TPOGEPEPOVVY UEPLKY) TAKTWON GTNV KOPLET Kal T Bdorn Twv oTOAWV).
ETOUEVWG, OTNV TIPAYUATIKOTTA LOXVEL

_AEI,
i~ h3

(1.4)
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OTIOV 0 CUVTEAEGTNG A Ttaipvel TIpEG petady 3 kot 12.
Edv éva UTTOOTUAWPA | ATOTEAEITAL ATTO TUNHATA PE SLAPOPETIKES EMUEPOVS SUTKAUYES
Kij Tou ouvdéovtal pHeTall TOUG €V oelpd, 1 OUVOALKY Suokapdia Tov K; voAoyiletal amo

oxeon:
1 1
—=y = (1.5)
Ki j Ki,j
Hapaderypa

‘Eva BaBpo yépupag amotedeitatl amd otvAo amo Q.X. kat epédpava (Zx. 1.2). Eav Ko kat Kep 1
Svokapyia Tov oTVAOL Kol 1) aTévela TwV e@edpavwy, avtiotolya, 1 oxéon (1.5) odnyel oty
TAPAKATW eElocwomn yla T cLVOALKT Suckauia tov Babpou:

K K

K —_ 0T &
Pabpov
K, + qu)

(1.6)

- = Kz(p

Yx. 1.2. Babpo yépupag pe epéSpava.

OewpWVTAG OTL T VTTOCTUAMUATA TNG KATAOKELVTG ToU Z). 1.1 ocuvdéovtal petadd Toug pe
OoVOTNUA SOKWV-TIAGKAG TIOU TIPAKTIKA €lval amapapop@®To 0To €MIMES0 TG TTAGKAG, OAX TX
UTIOGTUAWUATA £X0VV TNV (Sl LETAKIVION OTNV KOPUET] TOVG, (01 [LE TN OXETIKY HETAKIVON TNG
nadag, u. Emopévwg, n tépvovoa mov Ba avamtuyBel o kaBe vTooTOAWNA ElvaL:

V,=K,-u (1.7)

H §Uvaun emava@opdg looVTAL e TN CUVOALKT] TEUVOUOX, ETOUEVWG:

=2V, =(EK)u (18)

Yuykpivovtag tnv (1.1) pe v (1.8) TpokVTITEL OTL 1) GUVOALKT SuoKapPix TNG KATAOKEVTG EvaL:

K=>K, (1.9)

H oyxéon (1.9) Sivel ™ ovvoAkn Suvokaplia evag ktipilov, edv eivatl yvwotég ol Suokapies
TWV VTTOOTVAWUAT®WV. H ouvoAkr Svokapuia K pmopel va vtoAoylotel kat am’ evbeiag amo v

(1.1) wg €ing:

o EmBdarietat opl{dvtio opTio f;
e Ymoloyiletaln petakivnon u
e H Suokapyia TnG KATAOKEVNG TIPOKVUTITEL Ao T oxéon: K = f; / u.
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Amndofeon
'OAEG Ol KATAOKEVEG KATA TNV TAAAVTWOT] TOUG TTAPOVCLAlovy amdofeon, SnAad amoppoenon
evépyelag. ATotédeopa G amocBeong elval 1 otadlakn Helwon Twv EAU0EpWY TAAAVTWOEWV
LLE TO XpOVO. ATOCPEOT) TIApATNPELTAL KAL G€ I8AVIKA VAKA KAl OQEAETAL OTNV £0WTEPLKN TPLPN
TOU  aVaTTUGOETAL KATA TNV TOPAUOPPWON. ZE€ TPAYUATIKEG KATAOKEVEG o@EeldeTal
EMMPOCHETA KAl 68 AAAOUG TIAPAYOVTES, OTIWG GOE PKPOPWYHESG TIOU ELPAVI{OVTAL OE KATATKEVES
amdé Q.X, oty TP TOU AVATTUOCETAL OTOUG KOUPOUG HETOHAAKWV KATAOKEUWV, OGTNV
QVEAXGTIKN TIHPAUO PP AT TWV UN-PEPOVTWV OTOLYEIWV (T.X. TOLXOTIOLIES) KA.

It pabnuatikny mpooopoiwon g andofeon Bewpolpe OTL avamTuooeTAl piot TPOGHET
SUvaun emavagopds fi(t), n omola elvar avaioyn tng oxetikng taxvtntag u(t) (Bswpnon

toodvvapov Blokoi&wdoug pevotov):

fi©)=C-i(t) (1.10)

H tiun tou ouvteAeotn C Sev eivat eDKOAO Vo UTTOAOYLATEL, YU QUTO GTNV TIPAEN XPTOLUOTIOLEITAL O
ouvvteAeoig amoofeons ¢, o omoiog ek@palel ™V amdoBeon w¢ mocooTd ™S Kpiowung. O
ouvTeAeoTNG { 0plleTal TOPAKATW.

1.2. Etlowom kivnong

'Omwg @aivetatl oto Xx. 1.3, ot Suvduelg mov aokovvTal oTtn uala oty 0pLlovTia SievBuvaon eivat
oLp, fs kat fa. Eapuolovrtag to §e0Tepo vopo Tou NehTwva TPOKUTITEL

p—f,—f,=miu (1.11)
AvtikaBlotwvtag Ti§ e§lowaoelg mov divouv Ti§ p, fs kat fy oty (1.11) pokvmtet:

mii+Cu+ Ku=-mX, (1.12)

N SlopwvTag Pe TV ala m:

i+ 20wl +w'u=—%, (1.13)
OTIoVL W €lvaL T L6LOCUXVOTHTA TG KATAOKELTG IOV 0pIleTAl ATO TN OoXEoT):
W= LS (1.14)
m

Kal { 0 CUVTEAEDTIC AT BEan¢ IOV opileTal amo TN oxéon:

u()

fs (t) + fa(t)

Xx. 1.3. OpilovTieg SUVANELS oTN PATA TNG KATAOKELTG.
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7= (1.15)

Avtl yix v 8loouyvotnta, ToAAEG @opég xpnolpotoleitat n tdiomepiodog T NG
KATAOKELTG, 1) oTtola oxetileTal e TNV 6LocuyxvOTNTA LECW NG OXEOTG:

T =2m/w (1.16)

m
T:27T\/; (1.17)

H 8loouxvotnta Kot 1) 181oTePiodog TG KATAGKELNG EEAPTWVTAL HOVO aTtd TN HAla KoL

Emopévweg,

Suokapuia TnG KoL 0L ato ™ SLEyepon.

0 ovvtedeotg amocBeons ¢ eival kaBapdg aplOuos (Sev €xel SlaoTAoelg) Kol pmopel va
vmoAoylotel melpapatikd. EEaptdtal kupiwg amd to LVAIKO NG KaTaokeLnS. T ouvhBelg
KATAOKEVEG TIOALTIKOU UNYOVIKOU €lval TIAVTOTE UIKPOTEPOG TNG HOVASAG. ZULVHOEIS TLUES
amooBeong divovtat atov IMivaka 1.1.

Mivakag 1.1. Zuvi0eig TInéG amdoBeonS TWV KATATKEVWDV.

[MepLypa@t) KATAGKELVG { (%)
OmAlopévo okupdSepa 3-5
[Ipogvtetapévo okupodepa 2-3
MEeTAAAKESG KATAOKEVEG UE GUYKOAANTEG CUVOEDELG 2-3
MEeTaAAKES KATAOKEVEG E KOXALWTEG GUVEETELG 5-7

1.3. EAe00£pec TAAAVTWOELS

1.3.1 Hepypaen tne andkpiong
Eav X, =0, to oVomnpa extedel eAevBepes Todaviwoels (dnAadn toadavtwoes xwpis
emBaiAopevo @optio) mov SiEmovtal amd v eiocwon;:

i+ 2¢wt + w*u =0 (1.18)

[ va Eekvijoouy oL EAeV0EPEC TAAAVTWOELS, 1) KATAOKELT TIPETEL Vo SleyepBel pe K&molo
TPOTOo. AuTO pmopel va yivel Sivovtag pia apyikn petakivion, uo = u(0), | pla apyxn TaxvTTA
U, =u(0), 1} ko Tax $V0 TV TOXPOVAL

H A0om ™ (1.18) elva:

u(t)=e " {uocos((udt] + msin( wdt)} (1.19)
Wy

OTIOV wq elval 1 I8LocUYVOTNTA e aTtdOoBEoT IOV SIVETAL ATIO TN CYEOT:

w; =w\1-{ (1.20)
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Ia ovvnBels kataokevés pe ¢ < 0.20 ouvnBwe TiBeTal we = w OV €ival pio APKETA KOAN
TPOCEYYLoN OTIwG @aivetal oto XX. 1.4, oto omolo Sivetal n petafoAn Tov Adyov wa/w Yyl

S8Gopeg TES TOV ouvTeAeaTn amocPeong ¢

1.0

0.8

0.6

wy/w

\

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

OuVNBEl C’
KOATAOKEUE

Xx. 1.4. MetafoAr Tou Ad0YoU wd/w yla SLAPOPES TIHEG TOU CUVTEAEDTY| amOcfeong (.

Zto Zx. 1.5 Sivetal n amodkplon evdg cuatripatog e T = 0.5 sec, apyikn petakivnon uo kat:
(o) undevkn amdofeon, (B) amooBeon ¢ = 0.10 kot (y) amdéoBeon ¢ = 1. T'a undevikr andofeon
(Zx- 1.5(a)), o xpovog Tou amatteital yix kdBe kUkAo Taddvtwong .oovTal pe v Wsomepiodo T.
lNa amoécBeon Sid@opn tov undevog (Zx. 1.5(B)), o xpovog mov amatteital yix kabe kAo
TaAQvTwonG toovtal e v T Tq = 21/ wa. [Ipocé€te TN pelwon Tov MAGTOUG Pe TOUG KUKAOUG
Tadaviwong. Tédog, Y amdéofBeon ¢ = 1 1 KATAOKELT €V KAVEL TAAAVTWOELS KOl ETAVEPXETAL
otV apxikn Béom woppoTmiag xwpic n petakivinon va aAddéel mpoonpo. I' avto, n Tt ¢ =1
ovopaletal kpiown awoofean.

1.0 1.0 1.0

J kOKAot
10 \/
0o o

0. 4

Ui

N oAox

N

1 1
. . . 0 0.0 0.4 0.8 1.2 16 2.0 0.0 0.4 0.8 1.2 16 2.0
Xpovog, t (sec) Xpovog, t (sec) Xpovog, t (sec)

() (B) )

Yx.1.5. EAe00epeg tadaviwoelg povofabuov cuotnuatog pe T = 0.5 sec yla apxLki LETAKIVON Uo KAL:

(@) 7=0,(B)=0.10, (y) {= 1.

ueTakivnon, u/ug
o
o
ueTakivnon, u/ugy
o
o
ueTakivnon, u/ugy
o
o

1.3.2 YmoAoyiouog tng andofeong

ATIO TNV KATAYPAPY] TWV HETAKIWWNOEWV KATA TN OLAPKELA €VOG TEPAUATOS EAEVOEPWV
TOAQVTWOEWY UTIOPEL VA VTIOAOYLOTEL 1] ATTOOPEON TNG KATAOKELVNG He Bdon To puBud peiwong
TOU TAATOUG TAAGVTWONG. ZUYKEKPLUEVX, EAV U; (VAL TO TTAATOG TAAGVTWONG TOU | KUKAOU KOl Uiy
elval To TAATOG TAAGvTWonG Tov i+ kikAov (Zx. 1.5(B)), o ouvtedeog amocBeong Sivetat amd

™ oxéon:
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¢ =i-ln[iJ (1.21)

2mj Ui,

Extoc amo avt) ™ pébodo, m amoéofeon UG KATAOKELNG WUTOPEl va LTIOAOYLOTEL

TIELPAUATIKA KAL OTIO TO TEIPALA GUVTOVIOUOU, OTIWG AVAPEPETAL TTAPAKATW.

1.4. Amokpulom yla appoviki SiEyepon

1.4.1 Avvauikn usyé6vvon

'Eotw OTL To £50OG KIVELTAL OPUOVIKA PE oUXVOTNTA Wy (TEpiodog Siéyepong: Ty = 2T/wy). H
Hetaxivnon tov e6a@oug TEPLYpA@ETAL attd T oXEon: X, (t)=X, ..,Sin(w,t) Kat n emrdyvvon

g,max

. Lo s . : " _ 2
QATO TN OXEON: X (t)=—X, naxSIN( W, t), OOV X 1oy = WeXy oy

H 80vaun d’ Alembert mov e§aokeital ot Kataokev eivat p(t)=mX, . sin(w,t). Eavn

g,max
UEYLOTN T ™S p(t) E@apuoldTav 6TV KATAOKEVY] OTATIKA, 1] LETAKIVN o™ Ba Tav:

pmax mxgrmax
T K (1.22)
Emeldn to @optio epapudletal Svvautkd, 1 Kataokeu] Oa KAVEL TAAAVTWOELS, OL OTIOLEG
UETA oo éva apxIko HeTABaTikd oTddlo Ba eival appoviKEG pe TNV (Bla cuyxvoTNTa HE aUTH NG
8ieyepong, SnAadn, u(t) = u,,,sin(w,t).
To TAGTOG TOAGVTWONG, Umax, Ot VAL SLAPOPETIKG ATLO TN OTATIKN HETAKIVNON Use. O AOYOG
Uy /U €KPPGEL TN pEYEBUVON 1] PElwON TNG SUVALLKIG ATIOKPLONG GE GUYKPLOT KE TN GTATIKY

Kal ovopaleTal Suvautkn peyéBuvon. Alvetal amo ) oxéon:

u

max __

o Jiloy of Folecla, o

(1.23)

[Ipooégte OtUL:

o H Suvapkn peyebuvon e€aptdatal amod to Adyo TnG cuxvoTnTas TG S1Eyepons mpog Ty
5LooUYVOTNTA TNG KATAOKEVNG KAl Umopel va elval peyadltepn 1 HkpdTEPN ATO TN
uovada.

e H péywot amokpion (BA. Zx. 1.6) ocupfaivel yia wg = w (cuvtovioudg).

1.4.2 IHeipaua cvvrovicuov

Me to Teipapa ocuvtoviopoV UTOoPEl va UTIOAOYLOTEL 1 W8loouXVOTNTA KAl 1| amdofeon pag
kataokeuns. To meipapa cuvToviopoU ekTeAelTal wG e&NG:

o EmBailovtal NUITOVIKEG SIEYEPOELS YIX SLAPOPEG GUYVOTNTES SLEYEPONG Kol Yix KAOE
oUXVOTNTA VTTOAOYITETAL TO TTAGTOG TAAGVTWONS TNG KATACKEVT|G.

o Kataokevdletal 11 KAUTOAN GUVTOVIGUOV, 1| oTtola Sivel TO TAGTOG ATIOKPLONG AVAAOY X
e TN ouxvoTtnTa S1€yepong, OTIwG @aivetatl oto Zy. 1.6.
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ouxvoTNTa diEyEpong, w,

Xx. 1.6. YTOA0OYLopOG L8LOGUXVOTNTAS KL ATIOOREON G ATtO TO TIEIPAUA GUVTOVIOUOV.

Ymoloyiloudg t6toovyvotnTag

['a ovvnBeg tpeg amoofeécewv (¢ < 0.20), n HEYLOTN TN TNG KAUTTUANG OUVTOVIGHOU
QVTIOTOLXEl TIPOCEYYIOTIKA GTNV LBLOCUXVOTNTA TNG KATAOKEUNSG.

Ymoloyioudé¢ andoBeong

ATé ™V KopmOATN GUVTOVIOHOU UTIOAOYI{OVTAL OL GUXVOTNTEG W4 KAL Wg IOV AVTIOTOLOVV
o€ TN R/ V2 , 0TIoVL R M péylom T ™S KapumoAng. O cuvtedeotig amocBeong Sivetat amo

oxEo:

gz% (1.24)

1.5. Amokpulon yla ook Siéyepon

1.5.1 OAoxAnpwua Duhamel
la tuxaia Sieyepon Bdong pe emrdyvvon X, (t), n amdkpion pmopel va vodoylotel and o

oAokAnpwpa Duhamel:

t
u(t) = L [%,(r)-e sin[w,(t - 1)} dr (1.25)
Wy
omov T eivat n HeTafANTH TNG OAOKAPWONG OV TtalpVeL TIHEG 0To Stdotnpua 0 < 7 < t. T Tov
UTIOAOYLOUO TNG XpovoloTtopiag u(t) amaiteitat e@appoyn g EE. (1.25) ylx kaBe t.
v mpadn, avtl ¢ EE. (1.25) n amokplon u(t) vrodoyiletal pe am’ evbeiag oAoKA pwon
™G EE. (1.13) pe apBuntikég peBodoug. IMapakdtw mapovoilaletal pio TETolx amAn pé6odog.

1.5.2 Mé6Bobog KevTpikn¢ Stapopdc

Mia amAn uébodog yi v atm’ svbelag odokAnpwon ™G eEicwong kivinong eivat 1 uébodog tn¢
KEVTPLKNG Stapopdg. Tlapd Ty amAdTnTa NG, 1 HEB0S0G SIVEL IKAVOTIOMTIKA ATIOTEAETUAT EQV
Sev amatteital MOAV peyaAn axpifela. Etnv mpddn, ocuvBwe XPNOLLOTIOLOVVTAL TIEPLOCOTEPO
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akpBeic pédodol, 6w Opwg Tapavoldletal 1 PEB0SOG NG KEVTPLKNG SLa@opds Adyw TG
ATAO TN TAG TNG KAL TNG EVKOALAS TIPOYPAUUATIOUOV TNG 0€ pUAAO excel.

0 vTtoAoYLoUOG TNG peTakiviong YiveTal oTaSlOKA 08 CUYKEKPLUEVEG XPOVIKEG GTLYUES TIOU
améyxouv PETaED Toug Xpovo (oo pe To Brjpua oAokArpwong At.

Ag vmoBéoovpe O0TL £xoupe vToAoyloel TN peTakivnon péxpL To Prna i kot BEAovpe va
vTtoAoyloovpe TN HETaKivON Ui+1 IOV avTioTolyel oto Bripa i+1. '/EOTW Uit KAL Uj OL LETAKIVIOELG
Tov vmoAoyiotnkav ota Puata i-1 kat i avriotoyya. H petakivinon oto Brua i+1 vmoAoyiletal

aTo T oYEoN:

p;
o =2 (1.26)
OTIov
ﬁi :_mkgi -| == 2 _L U, —| K~ 2mz u; (1.27)
ol (At)* 2At (AD)
R L (1.28)
(At)? 24t

KoL ¥, ; elvaum emtdxuvon Tov e5GQOUG TN XPOVIKT| GTLYpn TIOL avTLoTOKEL 0To Bripa i,

ZOU@WVA PE AUTEG TIG OXECELS, YL TOV UTIOAOYLOMO TNG HeTakiviong ui oto 1° Brua
amalteital va yvopifovpe ™ petakivinon ota Prpata 0 kot -1. To Bua 0 avtiotolxel oTig
apxég ouvOnkeg (TN xpovikr oTiypr) t = 0) Kal EMOUEVWS OL TIWEG Up Kol U, Bewpovvtal
YVwotég (ouvnBwg éxovpe PNSEeVIKEG apXLkEG ouVBNKeG, dpa to = 0 ko Uy = 0). H tiun ™mg u_,

vToAoyiletat amd TN oxEon:

2
Uy =uy —(At)i, + %uo (1.29)

OTIov

i, = (1.30)

1.6. ®daopa anokpLong

1.6.1 Opiouog Kat TPOTOC KATAGKEVNC

To @dopa amokplong eivat eva Suaypappa mov Sivel Tn UEYLOTN TIUN KATOWOU peEYEBOULG
amokplong (T.X. omOAVT ETLTAYUVON, OXETIKN HETAKIVNOM, KAT) Tou Ba avamtuyxbel oe
LovoBABULIOVG TAAQVTWTEG LUE OUYKEKPLUEV amdofeon { o€ kamola SeSopévn celopikn SiEyepon.
E@oocov 1 andofeon eival (Sla 0g 6A0UG TOUG TAAAVTWTES, 1] TTAPAUETPOG IOV TIPOooSLopilel TIg
510N TEG KABE TaAavTWTY Elval 1 W8Lomepiodog Tov.

Ag vmoBéoovue OTL BéAouUE VO KATAOKEUAOOUUE TO PACUN OTOKPLONG OXETIKWV
UETAKIVIIOEWY Yo KATIOWX T amocfeong, T.x. { = 5%, evog edopévou oelopov. H Siadikaoia
Tov akoAovBovue eitvarn €&n¢ (Zx. 1.7):
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1.0 108

25
eiopég Kahapdrag, 1986 (Long)

T7=0.1 sec, {=5%

0.5
0.0 0.0

-0.5

perakivnon, u (mm)
€mMTAY. £04@. (M/sec?)

-1.0

XPOvog, t (sec)

60

40 /

. A\

20 /
15.38 /

10
5.88 /
1.03 /
-16.0 ‘

0 2 4 6 8 10 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Xpovog, t (sec) Trepiodog, T (sec)

perakivnon, u (mm)

@aouaTikA petakivnon, SD (mm)

perakivnon, u (mm)

-15.38) | | |

Xx. 1.7. Mé£B0d0G KATAOKELNG (PACUATOG ATIOKPLONG.

KaBoplopdg 8lomeptodov T Tov TaAAVTWTN Yo TNV oToia Ba yivel 0 UTTOAOYLOUOG TG
TIUNG Tov @aopataog, m.x. T = 0.1 sec.

YToAoylopog TG xpovoiotopiag ¢ amokplong, u(t), yia ™ deSopévn oelopikn SiEyepon
(T.x. ne ™ ué€BoSo kevipikng Stawopdg). Xto mapaderypa tov Zx. 1.7 ya To oelopod g
Kodapdtag (1986), avt 1 xpovoiotopia Sivetal oto MAVw SLAypappa TG apLloTePNS
OTNANG.

YToAOYLOUOG TNG ATTOAVTNG TIUNG TNG LEYLOTNG HeTakivnong, max|u(t)]. ['a To oelopd g
KoAdapdtag, avt n tiun mpokdmtel 1.03 mm.

EmavéAnym ¢ Swadikaciag ywx TOoAAEG TwpéG Teplddwv T KAl KATAOKELN TOU
Saypappatog max|u(t)| wg mpog T.

Emeldn ta @aopata Sev eival opaAéG KAUTUAEG, OAAA TXPOVLCLAOUVV  QLYXUES, M
SLKPLTOTIOM O TWV TIHWV SLOTEPLOSWV TIPETEL VAL EIVAL TTVKVY], WOTE TO SLAypappa Tov Oa
TPOKVYPEL VA TIEPLAAUPAVEL OAEG TIG ALY UEG.

ATO TV KAUTIOAN TIOL TPOKUTTEL HE auT TN Sladikaoia (katw Se§Ld Siaypappa Tou Zy.
1.7) umopel va UTTOAOYLOTEL 1] PEYLOTN LETAKIVIOT) OTIOLXGSTTIOTE KATAOKELUNG e amdofeon (on
LE QUTY] TOU PACUATOG 0T SeSouévn oeloIKT S1€yepar). AuTO eMITUYXGVETAL TTPOBGAOVTAG TO
onpelo ™G KAUTUANG TOU aVTIOTOLXEL OTNV 8L0TEPIOSO TNG KATAOKELNG OTOV Afova TwV
QEUOHATIK®OV HETAKIVNOEWV. [ mapadetypa, amd to @dopa tov Xyx. 1.7 mpokUTTEL OTL piot
kataokeun oty Kadapata pe 8lomepiodo T = 0.25 sec kat amoécPeon { = 5% Oa eixe avamtiiel
Héylotn petakivnon 10 mm.

EKTOG amd Tn oYeTIKN peTaKivNoN, @ACUA ATOKPLONG UTOPEl VA KATAOKEVAOTEL KAl Yl
omoldMmote AAAo uéyebog (.. amdéAv T eMTd)LVOT)). ZUVNOWS KaTaokevalovTal:
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o DAoua ATTOKPLONG OXETIKWY UETAKIVOEWY

Alvel tig Tipég max|u(t)| ko cupoAileton pe SD M Sq (Spectral Displacement)
o Ddoua aTOKPLONG CYETIKWY TAYUTHTWV

Atvel Tig Tipeg max| u (t)| ko ovpoAiCetal pe SV Sy (Spectral Velocity)
o daopa amOKpLONG AMOAVTWY EMLTAYVVIEWV

Atvel Tig Tipég max| X (t)| kot oupPoAiletan e SA 1) S, (Spectral Acceleration)

lNa ocuvnBelg TES 18LoTeEPLOSwVY Kl ouvtedeotwy amocfeong, avinon ¢ amdécPeons
YEVIKA CUVETAYETAL PElWON TWV @ACHATIKOV TIHWV. I'U autd ouvBwg, oto (Slo Siaypappa
KATAOKELAJOVTUL PACUATH OTOKPLONG TIOU QVTIOTOOUV Of OLaPOPETIKOVG OUVTEAECTES
amdoBeong (Zx. 1.8). H avtiotoiyion kdBe KaumOANG Pe TOV avTioTOLY0 CUVTEAEST ATTOCPEDT,
TApOTL §ev SNAWVETAL pNTA OTA AvTioToX Slaypaupata, elval e0KOAO va YIVEL e E@apUOYN
NG TAPATAV®W TTAPATHPTOTC.

20.0

@
=)

E G
S46.0 A 22'5
B @
S0l LWl
S12.0 3
2z &/’\ % 1
~ B 15
=] =
80 A/ N 5 ‘J\/\
= IRY —] € 1
: J\V/% NSRS £ roL
g N I g }\\
g*o Ve S 0.5 \f
g AN NN
000 05 10 15 20 25 30 35 40 45 50 %80 05 10 15 20 25 30 35 40 45 50
IdioTrepiodog, T (sec) I1dioTrepiodog, T (sec)

Yx.1.8. ddopata amoOKpPLoNG OXETIK®V UETAKIVIIOEWY Kol XTOAVTWY EMITAYVUVOEWY TOU CELCUOU TNG
KoAapdtag (1986, Nopapyia, Siehbuvon Trans) yia (=0, 2, 5, 10 kat 20%.

1.6.2 Wevbopdaouata

['lo LKPEG TWEG TOU GUVTEAEDTY] ATIOGBEON G LOXVEL TIPOCEYYLOTIKA:

SA= w2SD = PSA (1.31)
SV=w-SD = PSV (1.32)

oTmov:
PSA (Pseudo Spectral Acceleration) = yrevSo@aouatiky eMITAXUVVOT KAl
PSV (Pseudo Spectral Velocity) = yrevSo@acpatiki TaxvtnTa.

Ot oxéoels (1.31) kot (1.32) eivar axpiBels ywa pndevikny amdofeon kal oxVOULV LE
(KOVOTIOMTIKY TIPOCEYYLoN Yia amocofécels éwg 20%, €KTOG amd TNV TEPLOXN TWV UEYGAWV
TePLOSwv 0mov 1 (1.32) TapovoLdlel NUAVTIKO GOAANQ.

H xprion twv Pevdotiuwv PSA xat PSV, avti Twv akplfov @aouaTikov TIH®OV SA kat SV
QVTIOTOLXQ, ETILTPETEL TOV UTIOAOYIOUO TWV PACUATWVY ATIOAVTWY EMTAXVVOEWVY KOl OYXETIKWV
TOYUTNTWV ATIO TO PACHUA OXETIKWV UETAKIVNOEWV SD, xwpis va emavaineBel n mapamdvw
SLadikaoia KATAOKEVNG PACUATWY Tov Ba amotovviav yix ThV Katackeun twv SA kat SV.
ZNUELWVETAL OTL TO PACUA OXETIKWOV PETAKIVIIOEWV EVAL AUTO TIOU KATAOKEVALETAL TIPWTO, YU
auTO elvat TavTa akplBES Kol ToTE Pevdo@aoua.
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1.6.3

Oplax paocudtwv

Ta @dopata Telvouv o€ YUPAKTNPLOTIKES TIUEG YLIA TIOAU HIKPEG KAl TIOAD HEYAAES TIEPLOBOUG WG

€&NGg (CLVIOTATAL 1] KATAVONOT) TNG PUOLKNG OTUAC0G TWV TAPAKATW 0plwVv):

SD—0

SD— x

g,max

g,max

SA — X

g,m

SA—0

ax

1.6.4 TetpaioyaplBuikn popen eAGUATOS

o Tl oAV SVokapumteS KATAoKEVEG (T — 0) :
SV—>0
e Tx oAV eVkapmteg kKataokeves (T >>1):

SV—> x

OL AoyapBuikd ypaupikés oxéoels (1.31) kat (1.32) emtpémouv tn oxedlaon kal Twv TPLOV

QPUOUATWV O€ €Va TPLUEPESG Slaypappa pe AoyaplOpkols agoves (Zx. 1.9). O oplovtiog dgovag

avtiotolxel oy 8omepiodo T kal o kKatako6pLuPog atnV Pevdotaxutnta PSV. Ektog amd avtolg

Toug Géoveg, umdpyovv Vo akoun GEoves vto ywvia 45° kat 135° oL avTioTOLKOUV OTN

Paopatiky petakivnon SD kal tnv Pevdoemitdyvvor PSA.

100

=Y
f==]

DAIMATIKH TAXYTHTA, PSV (cm/sec)

(=]
o

MEPIOAOE, T (sec)

SIS 5 %
RO X TR S0 M
S RIS GRS
o e s
=== == o
%§§ <[ x KM Q% o
/ - AN
o o DR
s il i
X ’
s LR e y)\ e %,
SETOTANSN KRN PA
KM M %% QQQQ\Q
oSN W2
01 0.1 1 10

¥x.1.9. ddoparta amoxkplong tov oslopol ¢ KoAapdtag (1986) ywx ¢ = 0, 2, 5, 10 kot 20% oe
TETPAAOYUPLOULKT HOP@T).

[IpofoAn evog onpelov TOL PATUATOC, IOV avTlotolyel o eplodo T, atoug Tpelg GEoveg SD,

PSV xat PSA Slvel TI§ TIHEG TWV AVTIOTOWVY QACUATIKGOV HeyeBwV Yl povofabuioug

TOAQVTWTEG UE QUTIH TNV LOLOTIEPI050. ENUELWVETAL OTL, AVTI YIX TOUG KEKALLEVOUS AEoveg PSA kal
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SD, ouviBwg divovTal oL TIHEG IOV AVTLOTOLXOVV OTLG avtiotolxeg gridlines, 0Twg @aivetal oto
Ty. 1.9.

AvuTt N amEKOVNON TOU PACUATOG OVOUQRLETOL TETPAAOYAPLOULKT] UOPPT] PATUATOS, AOYW
TWV TEGCAPWV AOYAPLOUIKWOV afOVWV TWV @ACUATIKOV HEYEOWV. TToAAEG opEG avaepeTal
emiong Kol wg tpdoyaptBuiky Adyw G AOYAPLOUIKNG ATEKOVIONG TWV TPLWV PACUATIK®V

ueyebwv.

1.6.5 ®douata o poppr) ADRS

ItV amewkovnon twv @oaopdtwv oe pop@en ADRS (Acceleration-Displacement Response
Spectrum), o KQTaKOpLEPOG ALovas avTloToXel otn @acpatiky Pevdoemitdyvvon PSA kat o
opL{OVTIOG 01N Yaouatikny petakivnon SD. Ta @dopata ADRS Sivouv ™ oxéon peta&d g
ETILTAXVVOTG TNG KATAOKEVTG, KL ETTOUEVWG TOVU GELGUIKOU (POPTIOU IOV AVATITUGCETAL, KAL TNG
UETOKI{VIONG IOV QUTO TIPOKAAEL

Xpnowomowwvtag t oxéon (1.31) mpokVmteL:

T =2 |32 (1.33)
PSA

ETOUEVWG, AKTWVIKEG YPAUUES aTTO TNV apX1] TV aEOVwY, TTAVW oTIS 0Ttoies 0 Adyog SD/PSA elval
otaBepos, avtioToLyoVv o€ otabepn epiodo. 'EtoL pmopel va vmoAoyiotel ) mepiodog otnv omola
avtioTolel kdbe onueio Tov PAacpatog. Xto Zx. 1.10 mapovcldleTal To PACUA TOU GELGUOU TG

Kodapatag ywa ¢ = 5% o€ pop@r) ADRS.

8.0 -

T:O, 5 sec

7.0 - Qez

6.0 -

o
o

PSA (m/sec?)
N
o

5
1=\

w
o
1

0.0 ! ! ! ! ! ! ! ! J
0.0 2.0 4.0 6.0 80 100 120 140 16.0 18.0

SD (cm)

Xx. 1.10. ddaopa amokplong tou oetopov g Kadapdatag (1986) yia (=5%, oe popen ADRS.

1.6.6 XapakTnploTIKEG TEPLOYES PATUATWV

ALGOPES YUPAKTNPLOTIKEG TIEPLOXEG UTTOPOVV va SlakplBolv oTa AcHATA ATOKpLoTS, Iblaitepa

OTNV TETPaAOYAPLOULKN TOVG amelkovnon (Zx. 1.11). Zuykekpluéva:
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Xx. 1.11. ®dopa amokplong tou aetopov El Centro (1940) yiax {=5%.

o T pkpég mepLodoug (TpLv to onpeio A), N ACUATIKI ETLTAXVVOT] TIPAKTIKA LGOVTAL E
TNV EMTAYXVVOT) TOU £5APOVG.

o XV meployn BC, ) pacpatiky emitayuvon elval mepimov otabepn).

e XtV meploxn CD, n @acpatiky TaxvTnTa lval tepimov otabep).

o Xnv meploxn DE, n @aopatikn petakivinon eivat mepimov otabepm.

To eVpog TEPLOSWVY Yyl KABE TeEPLOY €EAPTATAL ATO TA XAPAKTNPLOTIKA TNG OELOULIKNG
dovnong mouv emnpealovtal amd to pEyeBOG TOU OGELOHOU, TO UNYXAVIOUO YEVEONG KAl TNV
amdéoTaon amd To EMkEVTPO, AAAG Kol amd TG WBLOTNTEG TOL €8APOUG oTn B€on g
KATAypaenig.

1.6.7 Evepyog eMITAYUVON KAL EVEPYOS TAXVTNTA

H péylomn emrtayvvon X (peak ground acceleration - pga) kat n péylotn TaxVTTA X

g,max g,max

(peak ground velocity - pgv) g eSagwkng kivnong Sev elvatr katdAAnAot Selkteg yia Tov
KaBopLopO TNG EVTAONG KL TNG KKATACTPOPIKOTNTAG» TNG CELOUIKNG SOVnong, emeldn Sev Sivouv
TANPo@OpIa YLor TN SLAPKELX TOU CELOUOV Kal eival SuvVATOV va £(0UV ETMNPEACTEL ATO ALYUES
(spikes) Twv avtioTowVv XpovoioTOPLWY, OL OTIOIEG OUWS SEV EYOUV GNUAVTLKY ETLPPOT] OTNV
anokplon. '’ autd, 0TV KATAOKELT @ACHATWV oxedtaopol (BA. €MOUEVO VTTOKEPAANLO)
Xpnoluomoteital n evepyds emitayvvon EPA (Effective Peak Acceleration) kot n evepyds tayvtnTa
EPV (Effective Peak Velocity) yia Tov mpoadiloplopd g évtaons g eda@kng kivinong.
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Ol evepy£G TLUEG TNG EMITAXUVONG KL TNG TaXVTNTOG OEV €XOUV (PUOLKI onuacia oaAAa
OTOTEAOVUV P KAVOVIKOTIOMOT TWV TAPAUETPWY TNG CELOULKNS Sovnong. 'la Tov Tpoadloplopo
TOUG XPNOLUOTIOLOVVTAL OL TLUES TWV TIEPLOX WV OTADEPTG PACUATIKNG ETILITAXVVONG KAl 6TAOEPNS
PAOUATIKNG ToXVTNTAG TOU ava@EpBnkav  Tapamdvw. Agv vTApXeEL oca@NG TPOTOG
TPOGSLOPLUOY TOUG, aAAd ouvnBwg ypnotpomotlovvtatl ol oxéoels (Newmark & Hall, 1969,
McGuire, 1975):

EPA=PSAnc/2.5 (1.34)
EPV=PSVcp/2.5 (1.34p)

O0mov PSApc €lval m péomn TIUN TWV QUOUATIK®OV EMITAXUVOEWVY Yo amocfeon { = 5% oty
meployn mepddwv amd 0.1 éwg 0.5 sec mepimov (BA. Zy. 1.11) kot PSVep n péon Tiun Twv
(PACUATIK®OV TAXUTNTWV OTNV TEPLOXT TIEPLOSWV Kovtd oto 1.0 sec.

0 ouvteAeo¢ 2.5, € TOV OTIO(0 SLALPOVVTAL Ol PACUATIKEG TIUES OTIG oxéoels (1.34 a&p),
QVTIOTOLXEl 0€ OELOPOUG KavoviKNiG Sldpkelas. I'a oelopovg oAy pKpnG SLdpkelag 1 oD
UEYAANG SLAPKELAG OL TIUEG TIOU TIPOKVTITOUV IO TIG TTAPATIAVW OXECELS TIPETEL val SLopBwBolv
KATAAANAQ. ZUYKEKPLUEVQ, VIO GELGUOVG UIKPTG SLAPKELOG OL TIUEG TIPETEL v HELwBOVV KAl Yio
OEloPOVG PEYAANS Siapkelag va avénBovv. H amattovpevn §6pOwon Sev kabopiletal amd kamToLlx
OUYKeKPpLUEV upeBoSoroyia kal yivetar pe opBN KpIioT, OUVEKTIHWVTAG KOl TO AOLTIA
XAPAKTNPLOTIKA TG CELCULKNG SGVNoNG.

OL TIHES TWV evepywV TIUWV EPA kat EPV Tou TpoKUTTOUVY amd Ty Tapamave Stadikacio
umopel va elval HEYAAVTEPES 1] UKPOTEPEG ATO TIG AVTIOTOLYEG UEYLOTEG TIHEG TNG £6APIKNG
kivnong, pga kat pgv. 2uvnbwg, EPA < pga kot EPV > pgv.

1.7. EAaoTiKO @Aopna 6XESLAoL00

1.7.1 Tvmkn popen e&ouatos cxediacuov

Ta @aopata amokplong KATAYEYPAUUEVWY CELCU®V TTAPOVCLA{oVV OUAVTIKY Sla@opoToinon
HeTAgV Toug (Zx. 1.12), avadoya pe Ta XAPAKTNPLOTIKA TNG CELGUIKNG SOVNONG KAl TWV ESAPLIKWY
ouvOnkwv. ' autd, oto oXeSLACUO VEWV KATAOKEVWV XPNOLUOTIOLEITAL éva €EOLOAVGUEVO
@EAG A TIOV KOAUTITEL OAES TIG LOPPES PATUATWY THAVWOV CELGUWY IOV PTIOPOVV VA TIAEOLV TNV
TLEPLOXT] TOV €PYOV.

20 [ T T T 1
N AEYKAAA 2003

T R | A A A B A B AITIO 1995 —
= A I\ — — — KE®AAONIA 1983
5) 16 — — - - BOYKOYPESTI 1978 ||
c 14
O /
3
< 12 }
B 1| A%
E N I
E 10 + 8
[¢] | !
S hN \
o 08 1 \
> \ _
Ned | \ I -~ .
g 06 3 AN P ~ .
= / . N ~
g /. \\ g
tg0.4 1 L 7 \\\ .\~-.

A% e = 4
€ o, U \ S

Spm———
T~ T S R S
0.0 ==

00 02 04 06 08 10 1.2 14 16 18 20 22 24 26 28 3.0
I18101TEPiOdOG, T (sec)

Yx. 1.12. ZUykplon @acUATwY amokpLong Sta@opwyv celopmy yia {=5%.
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['la ™V Kataokeun] Tov @aopatos oxedlacpol Aapfdvovtat vtoym:

o  OLevepyeg TIHES TNG ESA@IKNG KiVOMG TNV TEPLOXT TOV £pyou (BA. mapamavw)
o OLeba@IKEG CUVONKEG 0TV TIEPLOYT| TOV £PYOV.

ESapixn smirdyvvon

Ol aQVOPEVOUEVEG TLUEG TNG ESAPLKNG ETLTAYLVVONG Kal ToxLTNTAS (1 8@ peTakivnon
XPNOLUOTIOLEITAL OoTtaviwg) TPOKVTTOUY ATO UEAETEG GEIGWUIKNG EMIKIVOUVOTNTAG, UETA ATIO
OTATIOTIKY EMEEEPYATIN TWV TELGUIKWY YEYOVOTWV TIOV €xouv oLUPel atnv eupvTEP TIEPLOXN
Tou £pyov. Tétoleg PEAETEG EKTTOVOUVTAL YLK HEYAAQ KOl OTUAVTIKA £PY0, EVW YL OLVNOELG
KATAOKEVEG £@apuolovTal oL TIHES TToV SiVOVTAL 6TOUG KAVOVIGUOUS, AVAAOYQ UE TNV TEEPLOXT)
OoTNV oTola TPOKeLTaL va Yivel n katackeun. Ztov Evpwkwdika 8 (EK8) €xouv vioBetnbel ot
oclopkés {wveg Tou EAAnvikoy Avtioelopikol Kavoviopov (EAK), 6mou mpofAémovrtal tpelg
(WVEG OELGUIKNG ETKIVEUVOTNTAG HE TIG TIHEG ESAPLKNG ETILTAYVVOTG AVAPOPAS dgr TIOV SivovTal
otov IMivaka 1.2.

Mivakag 1.2. Tég evepyols eTITAXLVVONG OEOHIKWOV {wviv EAAGSag

Z®V1 CELOULIKNG ETIKIVEUVOTITAG ESa@un emitdyuvon avagopds agr (g)
71 0.16
72 0.24
73 0.36

Ot Twég autég agr €xouv TPOKVUYEL omO UEAETEG OEOUIKNG EMKIVELVOTNTAG KOl
avtlotolyoUv o mepiodo emava@opas Tr = 475 xpovia, SnAadn katd péco 6po cuvpfaivouv pia
Popa K&Be 475 xpovia. OewpwvTtag TL oL oelopol Tov cuppaivouv og kabe TtepLoxn akoAovBovv
™mv katavopur Poisson, mepiodog emavainymg 475 xpovia onuaivel 6TL vtapxel mbavotnta 10%
va oupfel oelopog ota emopeva 50 xpovia (cuvnOng Stapkela (g TWV KATACKEV®V), 0 0TOL0G
Ba TPpOKAAECEL ESAPLKN ETLTAYUVON HEYAAUTEPN amd agr. H mbavothta avt) (mbavotnta
untEpBaong) elval amodeKTN Yot GUVNOELG KATAOKEVEG, YU UTO KAL 1) dgr OVOUALETAL EMLTAYUVON
avapopag (Reference acceleration, €€ ov kat o Seiktng “R”).

levikwg, 1 meplodog emavaopds Tr ocvvdéetatl pe v mBavotTTag vmépPfaocns p g
eSAPIKNG ETITAYVVOTG KoL T SLApKeLa {w1|G TNG KATAOKEVNG tq LE TN oXEOM:

1

T = -
1-(1-p)

(1.35)

1 omola TOAAEG opég SiveTal oTn pop@):

—t
T = d
* In(1-p)

Mo xataokevég peydAng afiag 1 omovdadoTnTag, ot Twég tov  IMivaka 1.2

(1.36)

TOAAATAXGLALOVTAL HE TO OUVTEAEOTH) OMOVSAOTNTAS Y, 0 omolog Aapfavel tés 0.8 yux
KATAoKeVEG HIkpnG onuaciag, 1.0 ya kataokevés ouvriBous omovdatdtntag kat 1.2 1 1.4 yw
KATAOKEVEG peydAng omudalotntag ([Mivakag 1.3). Me autd TOV TPOTO O AVTIOELOUIKOG
oXESLATOG OTUAVTIKWOV KATAGKEVM®YV YIVETAL YIX LOXUPOTEPO GELTUO IOV cUUPAlVEL OTIAVLIOTEPQ,
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MAadn ywx oelopd pe peyaAdtepn mepiodo emavagopdas (Tk = 1000 1 2000 xpovia), n omoia
aVTIOTOLXEL 0€ PIKPOTEPT TLBAVATNTA VTEPRAOTS TNG ESAPIKNG ETILTAXVVOTG OXESLATUOU 17 /KoL
o€ peyaAutepn Suapkela {wng ¢ Kataokeuns. 'Etoy, n eSagukr emitayvvon oxedlacpol toovtat
HUE yrragr. ZTov EK8, 1 i) avt) oupfoAiletal pe ag, SnAadn,

g = Virtigr (1.37)

Mivakag 1.3. Tipég ouvtedeot omovdaldtnTag y; katd EK8

Katnyopia omovdaidtntog TUVTEAECTNG OTTOUVSALOTNTAG
I (wkpr) omoLSALOTNTA) 0.8
11 (ouvnBng omovdadTNT() 1.0
111 (LeydAn omovdaldoTa) 1.2
I\Y (oAU peydAn omovdaldoTTa) 1.4

H tun a4 avtioto el oe Bpaxwdeg 1] moA) okAnpo £8a@og. Zupewva pe tov EK8, og podaxa
€8G@EN N TN QUTN TIPETIEL VAL EMAVEAVETAL LLE TO GUVTEAEDTT) £6POUG S, 0 0TIO(0G KUPAIVETAL ATTO
1.00 £¢wg 1.40, avaAoya pe v katnyopla edagovug (IMivakag 1.4). Ztov EK8 mpofAeémovtal mévte
katnyopleg edagovug A, B, C, D kat E. Znpeiwvetat 6Tt otov EAANvik6 Avticeiopikd Kavoviopo
(EAK) mou (oxve mpwv v e@appoyn twv Euvpwkwdixwv, n eda@ikny emtayuvvorn nrtav
QAVEEAPTNTN TWV TOTIK®OV £6AQ LKWV GLVONK®OV.

Mivakag 1.4. ZuvTtedeoi§ E8APOUVES KAl XAPAKTNPLOTIKES TIEPIOSOL PATUATOS oXESLATHOV
oVp@wva pe tov EK8.

Katnyopia edagpoug S Ts (sec) Tc (sec) To (sec)
A 1.00 0.15 0.40 2.50
B 1.20 0.15 0.50 2.50
C 1.15 0.20 0.60 2.50
D 1.35 0.20 0.80 2.50
E 1.40 0.15 0.50 2.50

Emipporn ebdpovg otn popet) Tov pdouatog oxediaouov

EKTOG amd v T TG €8a@IKNG EMITAYVVONG TOVU EMMPEAIETAL OO TNV KATNyopia TOV
€8A@OVG, N TOLOTNTA TOU €8AYOUG TAVwW O0TOo oToilo Ba BepedlwBdel N KataokeL emnpealel
OTMUAVTIKA KAL TN HOPPY] TOU QACUATOS OXESLAOUOV TToV TIPETEL va An@Oel vtoym. H e€dptmon
TOU PACUATOG OXeSLOoUoV amo TIS WOOTNTEG TOL €8APOVG Elval OVAUEVOUEVT], Q@OU T
Kataokeurn Oa SieyepBel pe v kivnon touv e8d@ovg otn otddun BepeAiwong, n omoia eival
QATOTEAEG A TNG ATIOKPLOTG TOV ESAPOUG 0TI GELGULKT SOV o).

H peydAn emippor] Twv XAPAKTNPLOTIK®OV TOU €8AQOVG OTA PACUOTH ATOKPLONG TWV
oelopwv @aivetat oto Xy. 1.13, 60mov mapovoldletat 0 UEGOG OPOG KAVOVIKOTIOUHEVWV
@aopatwy Slapodpwv oewopwv amd v Kadwpdpvia kat v lamwvia, avédroya upe to
XOAPAKTNPLOTIKA TOVU £8AQOUG TTAVW GTO 0TIol0 £lXe Yivel | KaTaypa@t). Ze OKANPA Kol Bpoymdon
€8a@, TA EACHATA SE(XVOUV PEYAAEG EMITAYVVOELS OE UIKPESG TIEPLOSOUG, OL OTIOLEG PELWVOVTOL
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YP1YOPa 060 PEYOAAWVEL 1) TIEPI0S0G TNG KATAOKELNG. AvTiOeTa, 08 poAakd e5a@n epgavifovtal
UEYAAES (PAOUATIKEG ETMTAYXVVOELG KO KOL O€ XPKETA PEYAAEG TIEPLOSOUG.

4 T T T =T T

SPECTRA FOR 5% DAMPING
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s

STIFF SITE CONDITIONS
ROCK

SPECTRAL ACCELERATION
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PERIOD- SECONDS

Yx.1.13. Méoa @aopata amokplong AmOAVTWY EMITAXVVOEWY SLa@OpwV GELOP®WV Y (=5%, avdloya

ue to €ibog tov e8d@oug (Seed et al, 1976).

1.7.2 EAaotiké pdoua oxsbiaouov EK8

0L cUYXPOVOL AVTIOEIOULKOL Kavoviouol Aapuavouv vTtom Toug TV ETLPPOT] TWV LELOTHTWV TOU
€8G@OoUG 0T HOPET] TOV PACUATOG TPOTIOTIOLWVTAS TIG XAPAKTNPLOTIKEG TIEPLOSOUG T KAt T¢ OV
kaBopilouv TNV €vapén G TeEPLOXNG OTADEPNG QUOUATIKNG ETMITAXLUVONG Kol oTabepng
@aopatikng taxvnrtag, avtiotoya (BA. Ke. 1.6.6). Emonpaivetar 6TL 1 XOPAKTINPLOTIKN
mepiodog Tp mou opifel v €vapén TG TEPLOXNG OTABEPNG PACUATIKNG HETaKivong Sev
efaptatal amd to £8a@og. Xtov IMivaka 1.4 Sivovtal ol TIHEG TWV XAPAKTNPLOTIKWOV TIEPLOSWV YIX
kaBe kammyopia e8a@oug. OL avOAUTIKEG OYECELS TOU S(VOUV TNV EAQOTIKY] @OACUATIKN
EMITA)YLVVON S. 0€ KAOe TepLoyn elval:

SB(T):ag~S-{1+T1~(n-2.5—1)} vy 0<T<Tg (2.19a)
B
S.(T)=a,-S-n-2.5 vy Tg<T<T¢ (2.198)
e
Se(szag-S-rrZ.S-? vy T¢c<T<Tp (2.19y)
T Ty
Se[T):ag~S-r]~2.5~? vy Tp<T<4sec (2.199)
01OV 7 €lval 0 CUVTEAEGTNG ATIOCBEON G IOV SIveTaL ATt TN OXEON:
yo [ 010 (2.20)
{+0.05

KQL TPOTIOTIOLEL KATAAANAQ TIG (PACUATIKEG TIUEG OE TEPITITWOT TIOV 1 ATIOGBECT TNG KATACKEVT|G

elvat Stapopetikn amod 5%.
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1o Zx. 1.14 Sivetal n pop1 Tov elactiko @aouatos oxedlaopuov tov EK8 yia opl{dovtia

ook Spdon kat ywa armooBeon 5%. lapatnpovpe otu:
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Xx. 1.14. EAaotikd @dopa oxediacpol yia opl{ovtia oelopikn 8pdon kat yio amdéofeon 5% ocvpupwva pe

1.7.3

tov Eupwkwdika 8.

TN T < Tg ) @ACUATIKY ETLTAXUVOT oXeSLAGUOU S, TTapoualalel avwdikn Topeia pe v
avinon ¢ epLdSou.

[ Te< T < TeM @AOUATIKN ETLTAYXVVOT) TTAPAUEVEL GTAOEPT.

T Te< T < Tp | @AGUATIKY TAXVTNTO TTAPAUEVEL OTAOEPT] KOl EMOUEVWE 1] (PUCUOTIKN
ETITAXUVOT UELWVETAL AVTIOTPOPWSG avaAoya He TNV avinon TG LELoTeEPLOSOU TNG
KO TOOKEVT|G.

Mo Tp £ T 1 Q@ACUATIKY HETAKIVON TIAPAUEVEL OTAOEPT] KAl EMOUEVWS 1] PUCHUATIKY
ETIITAYVVOT] HELWVETAL AVTIOTPOPWSG AVAAOYA HE TO TETPAYWVO TNG LELOTEPLOSOV NG
KO TOOKEVT|G.

Me6oSoAoyia Newmark and Hall

Ot Newmark and Hall (1982) mpdtevav tnv mapakatw pebodoloyia KATAOKELTG TOU PACUATOS

oxeblaopol o€ TeTparoyaplOukovs agoveg (Zyx. 1.15):

¢ Kataokevdlovpe TG €vbeieg TOU AVTIOTOLXOUV OTNV €8QA@LKY EMLTAXLVON, dg, TNV

eSa@KN TaxLINTA, Vg KoL TNV eSa@ikn peTakivnomn, dy (Slakekoppéves ypapupués oto Zx.
1.15).

Opifoupe TI§ KaTtakOpLPEeS evbeleg OV avtioTolyoUv o€ Teplodoug: Ta = 0.03 sec, Tp =
0.125 sec, Te= 10 sec kat Tr= 33 sec. Ot xapakmmplotikeg mepiodol Te kat Tp B optoBolv
apyotepa.

Kataokevalovpe gubeia TapaAANAN TTpog TV €8a@IKI ETLTAYXUVON TIOU AVTLOTOLXEL O
T Qa-Ag, OTIOV @4 ELVOL O CUVTEAECTIG PACUATIKNG HEYEOUVONG Yl TNV ETLTAYVVOT) TIOV
opiletat otov Iivaka 1.5 avaioya pe v amocfeon. H evbeia avty ¢ otabepng
(PACPATIKNG ETTAXLVVOTG EEKIVAEL aTtO TNV TtEP(0S0 Th.

Kataokevalovpe gubeia TapaAANAN mpog tnv e8a@iky TayUTNTA IOV AVTLOTOLKEl o€
TIUN AvVg, OTIOV ay (VAL 0 CUVTEAEOTIG PACHUATIKNG HEYEBUVONG YIat TNV TaYVTNTA TTOU
opiletar otov Ilivaka 1.5 avaAoya pe tnv andcfeon. To onuelo Topng B avtng g
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evBelag (evbela oTaBepn G PACUATIKNG TAXVTNTAG) LE TNV EVOEiXt GTAOEPNG PATUATIKNG
eTLTA)XUVONS 0pileL TV Teplodo Te.

o Kataokevdlovue gvbela TapAAANAN TPOG TNV ESAQPIKY UETAKIVIOT TOV AVTLOTOLXEL OE
T ap-dy, OTIOV @p ELVAL O CUVTEAECTIG PACUATIKNG HEYEOLVONG Yl TN LETAKIVNOT) TTOU
opiletal otov Ilivaka 1.5 avdroya pe tnv amocfeon. To onueto touns C autig TG
evbelag (evBeia oTabepric @aAoUATIKNG MeETAKiVoNG) upe Tnv evbeia otabepnig
@AOUATIKNG TayVTN TS opilel TnVv mepiodo Thp.

o T T < Ty BewpoUpe OTL N PACUATIKN ETILTAXVVAT) LOOUTAL PE TNV E8APLKT ETILTAXUVOT)] dg.

o T T> TrBewpolpe OTLT @ACUATIKN LETAKIVIOT LOOUTAL LE TNV ESAPIKT HETAKIVIOTN dj.

o XTig meployég Ta< T < Tg xat Tg < T <Tr TO @AGUA GUUTANPWVETAL UE EVOEIEG TTOV
gvwvouv ta onpeia A-B kat E-F avtiotoya.

-
P

C av Vg

PSV (kAipaka log)

\
o 2 é T (kAidaka log)

I

w

'_

TA=0.03s - - - -

Xx. 1.15. Kataokeur] edactikol @aopatog oxediaopov kata Newmark and Hall (1982).

OL oLVTEAEOTEG PAOUATIKNG HEYEBUVONG o Sivovtal otov [Tivaka 1.5 £xouvv mpokOeL amod
OTATIOTIKI €MeEepyacia TOAA®WY QACUATWY amoKpLong. Aivovtal §U0 TIHEG: 1 HEOT) TLUN KOl 1)
UEON T ouv pla TuTkn amokAlon. Ot Tiuég Sivovtal ouvapTtnoel TG amdoBeong ¢, yia v
omoio OEAOVIE VA KATAOKEVACOUE TO (PACTUX OXESLATOV.

Mivakag 1.5. ZUVTEAEGTEG PAOUATIKNG peyEéBuvong (M)

TUVTEAEOTNG Méon tyun Méon Tiun + pia TuTKY amoKALon
aa 3.21-0.681In¢ 4.38-1.04In¢
ay 2.31-0.411In¢ 3.38-0.67In¢
ap 1.82-0.27 In{ 2.73-0.451n¢

(1) H a1 Tov ouvteAdeotn andofeons ¢ tiBetal wg mocooto %.
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Ke@palaio 2

AVEAXOTLKT] CELGULKT) XTIOKPLOT)
HOVOBAOULWV KATAOKEVWV & BACLKEC
APXEC AVTLOELOUIKOV OXESLAG OV

2.1. Ewlocaywyn

0 avTIoEloUIKOG OXESIAOUOG TWV KATOOKEVWY TOU £@APUOleTaL SleBvwg Kol TePLypaPETaL
0ToUG oUyxpovous AvtioelopikoUs Kavoviopols (my. Evpwkwdikas 8, EAK) Baociletar ot
Aeyouevn uébodo twv Suvauswv (force-based design). O 6pog uéBodog Twv Suvauewv dev gival
eupews Sladedopevog, emeldn péxpL mpoOcEata autn 1 peBodoAoyia MTav 1 pOVY TIOU
€@aPUolOTAV GTOV AVTIOELGUIKO OXESLHOUS Kol ETOUEVWS eV LTI PYE AOYOG ovouaciag TG WOoTe
va ylvetatl n Stdkplon g amd aAleg peBodoroyies. Ta tedevtaia Opws £1n £xel Tpotabel kat pia
Staopetikr]  peBodoroyla  avTioEIOUIKOU  oxeSlAOHOU, 1 HEBOSOC TWV  UETAKIVIOEWV
(displacement-based design), kat £totL katéomn avaykaia n Stakplon petadd Twv 600 pHeBOSwV.
'OTw¢ EPPAVOWS TIPOKVTITEL ATO TNV ovopasia Twv dV0 puefodwv, N pla Baciletal oTig SUVAUELS
TOU QVATITUCOOVTINL OTNV KATKOKEUT] KOATA TN SLIpKEA TOU Oelopol Kal 1 GAAN OTIS
Hetakwnoeg. Emeldn, OmMws avamtOooeTal TAPAKATW, O AVTIOELCUIKOG OXESIHONOG YiveTal
BeWPWVTAG OTL 1] KATAGKEUT EMITPEMETAL VO CUUTIEPLPEPETAL AVEAACTIKA KATA T SLAPKELX TOU
oelopOoV, 1| @LA0GO@Ia oXeSLAOHOV eival TEAEIWS SlaopeTikn oTig §Vo pebBddouc.

0 oelopog eivat pia Suvapikrn @OPTION TWV KATACKEV®Y, 1| 0Tolot OUWS cLpPAivEL oTTAVIX
kat Swapkel Alya povo Sevtepodemta. ESikdtepa o oelouds oxediacuov, yw Tov oTolo
oxeblalovTal ol KATOOKEVEG, elval éva @awvopevo mov oupfaivel katd uécov 6po kabe 500
Teplmov Xpovia yla ouVNOELS KATAOKEVEG (KTIPLX KATOKIWV Kol Ypa@elwv) Kal akOun To
omavia (Ewg kat 2000 xpovia) Yot KATAOKEVEG PEYAANG oTToLSaOTNTAS. AUTO onuaivel TL N
mOavotNTa va cVpPel aQutodg o oelopdg ot SlapKeld (NG TNG KATAOKEUNG €lval HKP).
TUYKEKPLUEVQ, Yl OUVIOELG KATAOKEVEG e Stdpkela {wng 50 €tn 1 mbavotnta va cuufel o
oelonoG oxedaopov eivar poAlg 10%, evwd Y KATAOKEVEG UEYAANG oTOLSAOTNTAG O
QVTIOTOLY0G OELOUOG OXESLAGUOV EXEL AKOUN WKPOTEPT TILOAVATNTH VA L UPEL

Ot oLVNBELS KATAOKEVEG TOALTIKOU HNXAVIKOU, Kol Slaitepa autég omd OTALGUEVO
okLPOSepa kal xaAvBa, £xouv TV IKAVOTNTA va Slatnpolv TNV AvToy] TOUG YLX OTUAVTIKE
UEYAAES OPL{OVTLEG TIAPAUOPPWOELS, OTIWG AUTEG TIOU TIPOKAAOVVTAL KATA TN SLAPKELX LOXUPWV
OELOUWYV, TIOU AVTLOTOLXOVUV O€ HETAKIVIOELS APKETA META TN Stappor) Tovs. Emiong, mapoTL 1
SvokapPio Toug pewwvetal onuavtikd (oxedov pndeviletal) xatd TN Sldpkel TOU oL
KATAOKEVEG ATOKP(VOVTAL GTNV TAAGTIKY TIEPLOYT], KATA TNV ATOPOPTLON TO CUCTNUA OVUKTA
™ SvokauPia tov. H celopkn @option Stapkel Alya povo SeuTepOAETTA, KATA TN SLAPKELX TWV
omoiwv ocvppaivouv TMOAAEG eVOAAAYEG TIPOOTIUOV TWV CELCULKWY @OpPTiwv, dnAadn ouvexelg
POpTIoELS — ATTOPOPTIOELS LE EVAAAACTOUEVO TIPOCTLO.
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Me Bdon Ta Tapamdvw, Kol ETELSN OTIWG TIPOAVAPEPONKE 1 CELGULKT §OVNOT Yl TNV oTroix
YIVETOL 1] HEAETT] HLXG KATOOKEVTG £XEL IKP TBaVOTNTA va oUPPEel kKaTd T Siapkela TG (w1
™G, O TAV AVTIOLKOVOULKO va oXeSLAOTEL €T0L WOoTE va unv madel kaploa Muid (dnAadn va
ovuteppepOel edaotikd) 6tav cLUPel 0 GEWOUOG AUTOG KAL VO UNV EKUETAHAAEUTOVUE TNV
LKAVOTNTA TNG VA UTIOPEL VO TIHPAPOPPWOEL 0TV TTAAGTIKI] TIEPLOXT] XWPIG VA XAVEL TNV AVTOXT
kat ™ SvokauPia ¢ Me GAAa Adyla, €ival TIEPLOCOTEPO OLKOVOULKO VO QPT)OOVUE TNV
KATAOKELT] va TABeL KATOLEG UIKPES (nuEG eav ocLuPel 0 oelnds oxedlacuoy, TIG otoieg Oa
ETILOKEVACOUVNE PETA TO OELOHO, TTAPA VA TNV KATACKEUAGOUUE € apxNG TOGO LOYUPT] WOTE VX
umopel va avtameEéAbel o€ AUTO TO GELOUO XwPIis kaBoAov {nuiés. PuoKd, TtpEmel va An@Oolv
KATAAANAQ HETPA WOTE OL {NULEG va eival EAEYYXOUEVES KOl ETTIOKEVAGLUES,.

Avt 1 @ooco@ila avtioeloukov oxedlaopov, 1 omola £xeL voBetnBel amd 6Aovg ToUg
oUYXPOVOUG QVTLOELGULKOVG KAVOVIOUOUG, SIETETAL ATIO TIG TTAPAKATW PAGIKEG APYES:

e Y& WKPOUG OelopoVG, 1 KATOOKELN TPEMEL va unv vmootel MuiEg (EAaoTikn
CUUTIEPLPOPA).

o & UEYAAOUG GELGUOVG UE WiKpN TOavoTnTa va cupfolv o xprioun {wn tov £pyov, 1
KOTOOKEVY] ETMITPEMETOL VX TOPAUOPPWOEl oTNV TAACTIKY TEPLOXT KOl ETMOUEVWS VO
vmootel (NuiEs. Ou TNUIEG QUTEG TIPEMEL va €lval TIEPLOPLOUEVIG EKTAONG  KOL
eTLS10POWOLUES.

o Ilpémel va eEao@ariotel 6TL Sev Ba vTTdpEel kavevag kivouvog katappevong. I'ia to Adyo
OUTO TIPETIEL VAL ATIOKAELGTOUV HOPPEG AGTOXING TTIOU EYKUHOVOUV KIVOUVO KATAPPEVOTS,
OTIWG 0 OCXNUATIOUOG LOAAKOV 0pO@OV (UNXAVIOHOG KATAPPELONG) Kal Pabupés LoppEg
aotoxiag (T.y. Statuntiky actoyia).

Y& OUVNOEIS KATAOKEVEG, 1) TIPWTN ATALTNON TNG EANCTIKNG CUUTIEPLPOPAS OE UIKPOUG
OElON0VG ouvOwG Sev eAéyxetal, €MELS] TMPAKTIKA KAAVUTITETAL ATO TNV €{ACPAALON NG
SeVTEPNG ATAITNONG TWV TEPLOPLOUEVWV {NULWV YLK TO CEWOUO oxeSlaopov. Auto cuppaivel
ywti, 0mws Ba avamtuyBel TapaKdTw, 0 AVTICEIOUKOS OYXESLOAOUOG YA TNV €EACQAALOT TG
SevTepNG amaitnong mMPoUTOOETEL EAACTIKI] CUUTIEPLPOPA UEXPL €val ETIITESO POPTIONG TIOU
umopel va BewpnBel 6TL avTioTo el 0€ PKPO TELOUO.

H 8e0tepn amaitnon kabopilel Tov VTOAOYIONO TwV SUVAUE®WY IOV AapuBdavovtal VTTOYm
OTOV QVTIOELOULKO oxeSLlaopd kat B avantuyOel 6TO ETOUEVO VTIO-KEQAANLO.

H tpitn anaitnon efaocpariletal pe e16kolg eAéyxoug Tov Bacilovtal ot @oco@ia Tou
LKAVOTLKOU CXEOLACUOD.

2.2. AVEAQOTIKT] GUUTIEPLPOP

2.2.1 Eé¢iowon kivnong

'Onwg avamtoxOnke oto Keg. 1, n e&lowon mov meplypdeel Tnv amokplon evog povoBaduov
OUOTHHATOG TOL LTIORAAETAL 0 eda@KY emTdyLVON X, (t) OV e@apuoteTtar oty Bdon Tou

TPOKVUTITEL ATIO TNV E@ApUoyN NG devutepns e&iowong Tov Nevtwva oto “loodVvapo” cvotnua
Tov Xy. 2.1, 6To omoio 1 Baon Sev Kiveital aAAd oto kévtpo palas e€aokeitat oplovtia Svaun d’
Alembert:

p(t)=-m-X,(t) (2.1)



THMEIQXEIYX ANTIZEIZEMIKHY TEXNOAOT'TAX 2-3

u®

X g (t)

[[xc

Xx. 2.1. Moapapdp@®won TG KATACKEVNG KT T SLAPKELA GELOULKNG KATATTOVN O,

Adyw Tou @optiov p(t), N KATACKELT] TOPALOPPOVETAL KOL OVATITUCCOVTAL E0WTEPLKESG
SUVAUELS ETOVAPOPAES, TIOU TEIVOUV VA EMAVAEPEPOUVV TNV KOTHOKEUY OTNV apxlkn BOfom
tooppoTiiag. To péyefog autwv Twv Suvapewv eivat avaroyo tng SvokapPiog K(u) kot g
OXETIKNG HETAKIVNOMG U(t) Kot vTtoAoy(leTal amo ™ oxéon:

f5(8) = K(u) - u(t) (2.2)

[N glaotikn) ovpmeppopd, n dvokapPia elvar otabept), avefdptnm tou xpdvov t. T
QVEANOTIKN] OUWG CUUTEPLPOPA, N SuokapPio aAAGleL e TO XPOVO KOl EMOUEVWS YLX TOV
UTIOAOYLOUO TNG OELOUIKNG amokpLlong amatteital va §o0el o vopog cuumepipopdg (constitutive
law) tng kataokevng, SnAadn 1 oxéon g SVVaung fs cuvaptoeL ™G petakivnong u. H kapmdin
TIOV TEPLYPAPEL TO VOO CUUTEPLPOPAS OVOUATETAL KAUTTUAN tkavoTnTag (| KaUmTUAn avtoxrc)
Kat elvat ouvnBwe TG Lop@ng tou Zx. 2.2 (ouveyng KapumOAn). H kapumioAn ikavotntag pmopel va
vmoAoylotel emBaAlovTtag, otatikd, otadlakd aviavopevo opllovtio @opTio otn pada ™¢
KQTAOKELNG Kol VLToAoyi{ovtag Ttnv oavtiotoyyn petakivnon Aapfavovtag vmoymn v
OVEANOTIKI] CUUTIEPLPOPA TwV UEAWV o€ kaBe emimedo mapaudpewons. H Suadikaocio avt
(Sadwacio pushover) meptypd@etal oto Keg. 4.

['la ToV UTTOAOYLOUO TNG AVEANGTIKIG CUUTIEPLPOPAS TWV KATACKEV®DV, AVTL TNG KAVOVIKNG
KQUTOANG IKAVOTNTAG XPNOLUOTIOOVUE TNV oodVvaun 18eatr SLypaupK] TOU QTEKOVNOT)
(Srakexoppévn ypapun oto Zx. 2.2). ZVp@wva pe T SypaupKn amelkovnon, 1 Slappor g
KATAOKEVNG CUUBALVEL O CUYKEKPLUEVT HeTakivnon u, (petakivion Stappor|g), yia tnv omola 1
avtiotoyn Tun g SVvaung sivat fiy. H kataokeur ovpmepupépetal eAaotika pe Svokappio K.
yla HETAKIVION U < Uy, EVK 1) ATIOKPLOT) TNG EIVAL TTAAGTIKY Yl PETAKIVIOT U > Uy, (LETEAQOTIKOG
KAGS06) 610U 1) SuokauPia TNG HELWVETAL ONUAVTIKA o TV Ty K. TuTtika tibetat:

fsA 16eatd dlypappiké didypapua

fsyl . peeeedoeoomommee—— ¥

<

0 Uy

Xx. 2.2. Tumkn Hop@T] KAUTTUANG LKAVOTNTAG KAl AVTIOTOLYO 8EaTO Stypappikd Stdypapua.
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KS: r 'Ke (2.3)

UE TNV TWUN TOU GUVTEAEOTY| r va Kupaivetal petafl undév kot 5% ouvvnbws. ToAAEG popég
TiBetaL yla amAomoinon r = 0 (EAxoTIKN — TEAEIWG TTAAGTIKN CUUTIEPLPOPA XWPIG KpATUVOT).

H edaotikn Svokappia K. ovopdletal téuvovoa Svokaupia oto Oswpntikd onueio Stapporg.
Emonuaivetar 6tL n ) g Ke Sa@épel amd v apxkn Svokaupio K;, dnAadny tnv kAlom
EQEATTOUEVTG otV apxn] Tou Swxypappatos. H apxwkn Svokappia K; avtiotoel oTig
OPMNYHATWTEG SLATOUEG TWV HEAWV (0€ TEPITITWON KATAOKEVWV oo .X.) Kol VToAoYIleTaL Ao
TIG YEWUETPLKEG SLACTACELS TWV SLATOU®Y, YU QUTO TOAAEG (POPEG OVOURTETAL KAl YEWUETPLKT]
Svokaupia ko cvpBoAiletal we K.

['a va vroAoylotel 1 SuokapPia K. amatteital va yivel StypappikoToinon s KaumiAng
tkavotnTas. Ymapyovv Siagopeg pébBodol Stypappikomoinong, ol oToleg TepLypd@ovtal 6To
emopevo Kep. 2.2. Emedn 1 Siadikacia autr] amaltel TNV KATAOKELT TNG KAUTTUANG LKVOTNTAG,
emtpémetal otov Evpwkwdika 8 va vmoloyiletal mpooeyylotikd. I'a kataokevég amo Q.2
TPOTEIVETAL VO XPT|OLUOTIOLELTAL 1) OXEOT):

K.=0.50 K; (2.4)

H oxéon avt mpoBAémel yevikwg peyaAvtepn Suokaplio amd autn Tov Ba TTPOEKUTITE Ao T
Stypappkomoinen s avtioToyns KaumiANG tkavdtnTag, 1 omoia Umopel va 081ynoeL o€ oA
UIKPES TIUES Ke, akOun Kot pikpdTepes amd 10 - 20% s K. [Tpoteivetal Opws otov Eupwkwdika
eMeLdN] amoteAel Avw 0plo NS Ke kat sival pia mapadoxn vmép g ac@aieiag otn pébBodo Twv
Suvauewv, a@ov 0dnyel o€ TEPLEGOTEPO SVOKAUTITEG KATAOKEVEG.

TG SUVAELG TIOU AVTIOTEKOVTAL GTNV TIAPALOPPWOT TNG KATAOKEUNG TIPETEL VX TipooTeDE(
kat 1 Svvaun amocfBeong fi(t), n omola ivatr avdAoyn tng oxeTkng TaxVvTntag u(t) (Bewpnon

toodUvapov Blokoi&wdoug pevoto):

fiB)=C-i(t) (25)

E@apudlovpe to 6e0Tepo vopo tov Nevtwva oty opt{ovTia SlevBuvon TpokUTTEL

p—fs—fa=mii (26

AvtikaBlotwvtag Ti§ (2.1) kot (2.5) ot (2.6) TpokVTTEL:

mii+Cu+ f;=—-mX, (2.7)
Awapwvtag pe v pado m, ) EE. (2.7) umopel va ypapel wg:
li+2wu+ f,/m=-X, (2.8)
OTIOV W €ivaL T I6LOCUXVOTHTA TG KATAOKEVTG YIA EAACTIKY CUUTTEPLPOP, SNAadT):
W= X (2.9)
m
kat ¢ eivat 0 ouvTEAET TG amoofeon¢ oV opileTal amd TN oXEo:
¢ (2.10)

¢ 2mK,
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[ Vv emidvon g e&iowong (2.8) amatteital o vTOAOYIOPOG TG SUVAUNG fi o€ KABE XPOVIKN
OTLyun t avdAoya pe TN HETAKilvnom U cUR@®Va e TN oxéon (2.2) kat Tn StypappK KaUTTUAY
(KAVOTNTOG. TUELWVETAL OTL KATA TN SLAPKELX TNG CEICUIKNG amoKpLonS cuppaivouv ouvexeig
poptioeg (avinon ¢ petakivnong u) kot amoopticels (Leiwon g petakiviong u). Kata tmv
ATO@OPTLOT, T KATAOKEUT] AVAKTA TNV ap)Lkn TS Svokappia K, SnAadn n amo@option yivetal
TAPAAANAQ e TOV €AAOTIKO KAAS0. ZTn BiBAloypagia €xouvv mpotadel Siapopa HOVTEAQ TTOU
TEPLYPAPOVV TNV AVEAXGTIKN] CUUTIEPLPOPA KATACKEVWY OO .X. KATA TN SIAPKELX KUKALK®OV
POPTICEWV — ATIOPOPTICEWY, HEPIKA ATIO TA OTIOX EIVAL APKETA TIOAVTIAOKNX WOTE VA LTTOPEGOUV
va epLypaouv kal @alvopeva mov oxetilovtal ue ™ Stadoyikny avinon twv BAaBwv kat v
OUVAKOAOLON amwAel avToynS Kot peiworn SvokapPiag. ITIG TapoUoes INUELWOELS, AUTA TA
PALVOUEVA QUEAOVVTAL KL ETTOUEVWS BEWPOUE OTL OL POPTICELS — amoopTioels cupfaivouv

XWPIS amwAela avtoxns 1 ueiwon dvokauiag.

2.2.2 Awypauuikotmoinon kaumoAng ikavotTntag

I BBAoypagia mapovoialovial Sla@opetikol TPOTOL SIypaUpUKOTOMmOonG TG KAUTUANG
IKavoTNTaG, oL omoiol TPEMEL va onuelwbel 6Tl 0dnyolv o€ SLHPOPETIKA ATOTEALCUATA.
HMapakdtw Tapovotalovtal Tpelg oLV Oels uéBodot Stypappikomoinong.

0 mAéov ouvnBng TPOTOG SrypappikoToinong mapovoldletal oto Xx. 2.3, oto omolio 7
Svvaun emava@opds f; cupPoAiletal pe F kot n petakivinon u ovpfoAiletal pe d. Ze auty Vv
mepimtwon, n Stypappikomoinon Baciletal atis €€nG TapadoxEg:

1. To onueio mov avtiotolxel ot PéyloTn HETAKIvNoT dm (VAL KOWVO Yl TNV TIPAYUATIKN
KOUTOAN KoL TN Sty pOpLKT] KOUTTOAT).

2. To epfadov E katw amd kabe KapmOAN IOV AVTIOTOLXEL 0T HEYLOTN HETAKIVOT dim ElVaL
i8lo kot yia tig 600 kaumuAeg. To kpltnplo autd efac@aAilel OTL 1| evEpPYELX TIOV
KATAVAAWDVETAL OTOV KUKAO TIOU OQVTIOTOWEL OTN HEYLOTN TAPAUOPPWOT] TOV
OLOTHATOG Elval (Sla yia TG U0 ATEIKOVIITELG TOU VOOV CUUTIEPLPOPAS.

3. 0 €AaoTiKOG KAGSOG TNG SIYPAUUIKNG KOAUTUANG TEUVEL TNV TPAYUATIKN KAUTTUAN
tkavoTnTag o€ onpelo Tov avtiotoxel 6to 60% ™G SVvaung Stappong. Emetdn n Svvaun
Stappong Sev elval €€ apxnG YvwoTh, amattovvtal SOKIUES Yo TNV LKAVOTIONon auTov
Tou Kpltnplov.

Fa

16eatd diypappIKS didypaupa

R T :
Fy |- pmmmm b o oo s :

KaptruAn ikavotnrag

0.6 Fy|-—-

aV

0 dy dm

Xx. 2.3. ZuviOnc uéB0d0g SLypapUkoToinong TG KAUTUANG LKavOTNnTa.
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H e@appoyn twv 1tpiwov autwv kpimmpiov bivel Tig amapaitmtes €§lowoelg yia tov
KaB0PLOPO TWV TPLWV AYVOOTWY TOU XPELAJOVTAL YO TOV OPLOUO TNG SLYPAUMIKNG KOUTTUATG,
OUYKEKPLHEVA TNG petakivnong Swappong d,, ¢ SUvaung Stappong F, kot g kAiong tov
UETEAXOTIKOV KAGSOL K.

Emeldn o€ ouvn el e@apoyEG 1 ETTPPOT] TNG KPATUVOTG HETA TN Slappon) (kAlom K > 0)
OTNV aVEAXOTIKN amokplon eival pikpr], o Fajfar mpdtewve pia amiomoinon Tng mapamavw
Swadikaciag (Fajfar and Gasper$i¢ 1996, Fajfar 1999) vioBetwvrtag tnv mapadoyr OTL 0
UETEANOTIKOG KAASOG elvat oplovtiog. H Sadikaocio mapovoidletatl oto Zy. 2.4 kal Baciletal
oTIG €8¢ mapadoyEg:

1. To epPadov E katw amd KdBe KaumUAn OV QVTIOTOLXEL 0T PEYLoTN HETAKIVON dm ElVAL
(810 Kat yio T 500 KAPTTUAES.

2. 0 edaoTiKOG KAGSOG NG SIYPAUUIKNG KAUTUANG TEUVEL TNV TPAYUATIKY KAUTUAN
iKavoTag o€ onpeio mov avtiotolyel ato 60% ™S SUvaung Stappor|c.

H e@appoyn twv 800 aut®v kpLtnpiwv Sivel Ti§ amapaitnteg e€l0WOELS Yia ToV KaBoplopo
TV 600 AYVOOTWY TOL XPELG{OVTAL YIX TOV 0PLOUO TNG SIYPAUULKNG KOAUTTUANG, CUYKEKPLUEVH
™m¢ petakivnong Sappong dy kat g Svvaung Stappong Fy. INUELWVETAL OTL GE QUTH TNV
mepimTwon, To onueio OV avTioToEl 0T PEYLOTN UETakivnom dn Sev eival Koo yla Tnv
TPOAYUATIKY KAUTTOAT KAl TN Sty papULK KOUUTUAT.

F

A

16ea16 Slypapuikd didypauua
e
,'I | KaptroAn ikavotnTag
06Fy :
II\
A Ke
0 dy dm >d

XYx. 2.4. MéBodog Stypappikotoinong g KaumuAnG tkavotntag kata Fajfar.

F
4 15016 dIypaupiké didypaupa
Fyl oo
A KautruAn |Kav6Tr]Tag§
II, Ke
0 dy dm "

Xx. 2.5. MéBodog Stypappikomoinong e kaumuAng tkavotntag kata EK8-1 - lMapdaptnua B.
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Mia akdun meplocotepo amAomoinuévn Stadikacio poteivetal oto Mapdpmmua B Tov EKS,
OTIOV TIPOCEYYLOTIKA 1 Suvaun Stappons Aapfavetal ion pe ™ SUvaun TOU AVTICTOLXEL 0N
ueylotn petakivnon. H Stadikacia Stypappikomoinong gaivetal oto Zy. 2.5. E@dcov 1 Tiun g
Svvaung Stappong elvat yvwotn, o HOVo§ AyvwoTog elval 1 petakivnon Swappong d,. ATo tnv

oo Ta Twv eufadwy, n omola eivat 1 LOVN Tapadoxn oV ATALTEITAL, TIPOKUTITEL:

E
d, =2(d"’_F_j (2.11)

y

2.3. MeBodoAoyla GELGUIKOV GXESLAGLOV YIX AVEAXGTIKT) ATIOKPLOT)

2.3.1 ZX0ykpion eEAAGTIKNG KAL AVEARGTIKNG ATIOKPLOTIG

Ag Bewpnoovpe povoBadbulo taAavtwty palag m, eAactikns Svokaupiog K. kol avtioToxng
tSlomeplodou T, o omoilog VTTOBAAAETAL O€ CEOWIKT SLEyepom 0T Bdomn Tov pe emitdyuvon dy(t).
YmoAoyilovue v amokplon Bewpwvtag 0Tl (a) N cuuTEPLPOopA eival eAaatikn kat () 6tTL
KATAOKELT Slappéel o€ emTayuvon a,. ‘Eva mapddetypa @ailvetal oto Zy. 2.6 Yot TAAQVTWTY HE
miepiodo T = 0.8 sec, amdoPeon { = 5% kot emrdyvvon Swappong a, = 2.095 m/sec?, o omoiog
UTIOBGAAETAL 0T CEOUIKN SLEYEPOT TOL GeloOV Petrovac 1979 (Montenegro) ov @aivetal 6To
Xx. 2.6(a).

Méxpt va ovpfel n mpwTn Slappor), N ATOKPLON TOU EANCTIKOU KAl TOU OVEAACTIKOU
ovoTNuatog Tavtidovtal. H kataokeun SlappEel yla TPWTN QOPA TN XPOVIKY oTiyun t = 6.37
sec, 0TV 1 EMTAXLVVOT EBAVEL TNV eTLTA)VVON Slappon§ a, = 2.095 m/sec? (kat’ amoAvTn TIun).
H petakivnon aut ) otiypr ooVt pe T petakivion Stappong d, = a,/w? = 0.034 m.

MeTa ) XpOVIKY OTLYUT| t1 1] ATTOKPLOT] TOU AVEAAGTIKOU CUOTI|HATOG SLapOopOoTOLEiTAL ATTO
QLTI TOVU EANOTIKOV KoL SIETETAL ATIO TIG EENG LBLOTNTEG:

e H emtayvvon 6ev vmepfaivel moté v Ty a, (yio undevikn kpdatuvon HETA TN
Swappon).

e XTO TEAOG TNG GELOUIKNG SOVNONG 1 KATAoKELT] Sev yupilel otnv apyikn g 0€om, aAda
UTIAPXEL TAPAUEVOUT A LETAKIVIOT dres (BA. ZX. 2.6(Y)).

Katd tn Sudpkela TG omoKpLlonG TOU, TO AVEAACTIKO CUCTNUX OSLETETAL ATIO GUVEXELS
(POPTIOELS — ATIOPOPTICELS, 0L 0TIOLEG oXNUATI{OVV BpOXOUG VoTEPNONG (ZX- 2.7), TO EPPadOV TwV
OTOlWV LoOUTAL PE TNV ATOPPOPOVUEVY) UOTEPNTIKY eVEpyela. H voTepnTiK) oupumepLpopd
OTOTEAEL UMYAVIOUO ATIOPPOPNONG TIPOCOETNG EVEPYELAG, TIEPAV QUTNG TIOU AVTIOTOLXEl oTn
Bokoi&wdn amdoPeon. ' autd TOAAEG opég vmoAoyiletal 0 aUENUEVOG OUVTEAECTNG
anooBeons {ef, 0 omoiog AapPAavel LVTIOYN KAl TNV ATOPPOQOVUEVY] UOTEPNTIKN evépyela. O
UTIOAOYLOHOG TOV (o Tapovotdletal oto Keg. 4.
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d [cm]

a[m/s?]

0.15

0.1

0.05

-0.05

-0.1

-0.15

Ve e - - - -
——
E—

a, [m/s?]

t [sec]

(o)

Elastic

Inelastic

a[m/s?]

25 30

B

0.15

Elastic
0.1

Inelastic

0.05

-0.05
-0.1

-0.15
25 30

)

20 25

30

MEFEOYNZH

-ay
Elastic
Inelastic
5 s U 7 8 9 10
t [sec]
METEOYNZH
% A P
v v \
Elastic E
Inelastic i
5 6 U 7 8 9 10
t [sec]

XX. 2.6. LUYKpLOT EANOTIKIG KAL AVEAXCTLKNG amOKpLoNG povofdaduiov cvotriuatog meptddov T = 0.8 sec
kot anocfeonsg ¢ = 5% oto oelopd tov Petrovac: (a) xpovoiotopia Siéyepong, (B) xpovoictopia
emtayvvong, (y) xpovoiotopla petakivnong (pe kvkAo Selyvetalr n peyotn petaxivinom). To
AVEAAOTIKO ocVOTN A Sev SLaBETEL KpdTUVOT Kot SLappéet og emitayvveon dy = 2.095 m/sec?.

a [m/s?]

-2.5
-0.12 -0.1

Vdres
-0.08 -0.06 -0.04 -0.02 0

d [m]

002 004 006 008 01 012

Xx. 2.7. BpoX0oLvoTEPNONG KATA TNV ATOKPLOT] TOU CUGTIHATOS TOU XY. 2.6.
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2.3.2 Aciktn¢ mAacTiudtnTagu

OMwg ava@Epbnke TAPATIAV®W, COUPWVA PE T1 PLA0COEIN TOU AVTIGEICUIKOU OXESLAGHOV, Ol
KATAOKEVEG ETIITPETIETAL VA SLapPeVGOLY €Gv cUUPEL 0 oelopuds oxeSlaopol, aAAd Ba TPETEL oL
BAaBeg mov Ba LVTTOGTOVV va Elval TIEPLOPLOUEVES Kal eMISLopOwaotpes. To ooo peydies BAGPeg
Ba vmooTel N KataokeL €EAPTATAL ATO TO TOGO TOAU B TMAPAUOPPWOEL GTNV TAQCTIKY
meployn. Auto e€apTatal amod 10 OG0 TMOAD HEYQAVTEPT ElvaL ] LEYLOTN AVEAXGTIKY] HETAKIVION
dm (BA. Zx. 2.7) mov B avamntuxBel oe oVykplon pe TN petakivinon Stappong d,. [locotikd, auto
HETPLETAL UE TO SEKTN TAAOTIUOTNTAS U, 0 0TIO(0G OpileTal aTd TN oXEOoN:

p=5m (2.12)

‘000 peyaAltepog amd ™ povada etval o Selktng MAaoTIUOTNTAS IOV B avamTuyBel o€ Eva
Oclop0, TOGO pEYQAVTEPN Elval M TAAOTIKY TAPAUOPPWON TNG KATAOKELUNG, dpa TOGO
ueyaAutepes ol BAaBes. Emopévwg, yia va meplopiocovpe Tig BAGPeS mpémel va eEac@arioovue
0Tl €av oupPel 0 oelopdG oXESLAOHOV, 1| KATAoKEUT 6ev Ba avamTugel SelkTn MAXGTIUOTNTAS
UEYAAUTEPO ATIO KATIOLK LEYLOTY ETILTPETOUEVT TLUN.

H péylotn emtpemdpevn TIun Tou SelKTn TMAXGTIUOTNTOS YIX KATIOL KATAOKEVY EapTATAL
atd §Uo BacikoUs TTAPAYOVTEG:

e To LVAIKO NG KATAOKEUNG. 'ETOL, CUCTHUATO KATAOKEVACUEVA aTtO OAKIUA LVAIKG (LY.
X0AUBa) emTpémETAl va  QvamTUOUV  HEYAAUTEPEG TIHEG U QMO  OUCTIHAT
KATAOKEVAoPEVA ato Pabupd VAKA (T.Y. TotyoToLa).

e To otatikd cvoTnua. ['EVIKWG, G0 TIEPLOCOTEPO VTIEPCTATIKY EVAL LA KATAOKELY], TOGO
KOAUTEPT 1| CELCUIKI] CUUTIEPLPOPA TNG, a@OV KATOLX TOTIKY oToxla dev tnv BETel,
YEVIKA, 0€ KivEUuvo, A0YWw TNG avaKaATAVoUnS TG Eviaong mov Ba cuufel kat TG avtoyng
Tov Sltatpel 1 KaTtaokev] amo ta PHEAN NG Tov SV EXOUV UTIOOTEL ONUAVTIKESG BAGBES.
Avtifeta, 1000TATIKEG KATAOKEVEG Sev SlaBéTouv SikAeldeg ao@aieiag kal aotoyia
KATIOL0U PLEAOVG UTTopEl va 081 y10EL € KATAPPEVOT).

Ot avtioelopikol kavoviopol kaBopilovv EUpeca, HECW TOU GUVTEAECTI] CUUTIEPLPOPAS ¢
IOV TEPLYPAPETAL TAPAKATW, TN HEYLOTN TLUN TOVU EMITPEMOUEVOV OEIKTN TAXACTIHOTNTAG, UE
[Bdon To VALKO KoL TO OTATIKO CUOTNUA, WOTE VA EEACPAALCTEL TO KPLTHPLO TOU TEPLOPLOUOV TWV
BAaBwv. Ot TIHEG aUTEG €YOUV TIPOKVPEL ATIO TIAPATNPNOELS HETA ATIO CELGUOVG Kal TIANOwpa
TIELPAUATIKOV KO AVOAVTIKWV SLEPEVVIICEWV.

2.3.3 XUVTEAEOTIIC GUUTIEPLPOPECS q

Toppwva pe TN péBodo Ttwv Suvapewv, 1 SLKCTAGLOAGYNOT WLAG KATOOKELNG EVOVTL
OEOMK®OV POopTiwV BacileTal 6TO OTL 1] KATAOKELT TIPETEL VO CUUTIEPLPEPETAL EANCTIKA YL
oplovtia @optia pkpdtepa 1 (oa ¢ Svaung Stappong F. ITig ouviBelg TePIMTWOELS, Sev
€CETATETAL OTN HEAETN 1) CUUTEPLPOPA TNG KATAOKEUNG UETA Tr Slappor] KoL TO €AGYLOTO
QTILTOVUEVO ETITESO ACPAAELNG EEACPAALLETAL UE TNV KATAAANAN €TAOYN TOU 0pL{OVTIOU
@optiov oxedlaopol Fq mov Ba An@Oel voym ya ™ StaotacloAdynon g Kataokevns. H
KOQTOOKELT] TIPETEL VAL CUUTIEPLPEPETAL EAATTIKA TOUAGXLOTOV YL 0pL{OVTIO (popTio (00 pe Fy Kot
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va SLBETEL IKOVOTIOMTIKY] TMAACTIUOTNTA Yl TOV TEPLOPLOUO Twv PAafwv cOp@wva pe To
TAPATIAV®.

[Ipémel va onuelwBel OTL TO YeYovdg OTL pia KATAOKELT) OXESIALETAL VO CUUTIEPLPEPETAL
EAAOTIKA £wG 0pl{OVTLO popTio Fy 6ev onuaivel 6TL Oa Stappevoel GTav To 0pLlOVTLO POPTIO YiveL
(oo pe Fq. Autd ovpfalvel yati oto oxedaopd Aapfavovtal vmoymn SLa@opol GUVTEAECTEG
Ao PAAELNG (TL.Y. CUVTEAEGTEG AOPAAEIONG VALKWDV), OL avTOXEG TWV VAIKWV AapfdvovTtal vtoym ue
N XOUPOKTNPLOTIKY Kal OXL UE TN HEOT T TOUG, EQapuolovTal EAAXIOTEG SLAOTACELS SLATOUWY
KAl OTALOMOU, K.O., HE QMOTEAECUA T TPAYHATIKY OSUvaun Sxppong va elval oNUOvVTIKA
HEYaAUTEPN Ao T Svvaun oxediaouov. H Stapopd petady F, kot Fy ovoUAeTal vmepavToyn Kot
ovpBoAiletal pe yYra Tt oLV BELS KATAOKEVEG ad Q.X. 1) VTIEPAVTOXY| Yrd EIVAL TNG TAENG TOL
1.3+1.5. Emopévwg, 1oxveLn €816 oxéon petadd SUvaung Stappons kot SUvaung oxedLaopov:

F, = yra-Fa (2.13)

Eival mpo@avég OTL 1) T Tou GelopKoV @opTiov oxedlaopuol Fg n omoia kabopilel v
emtdyvvon Swppons a, (apol F, = ma,) oOppwva pe T oxéon (2.13), emmpedlel v
mMAaoTiudT™TA U TTov Ba avamtuyOel. Emouévws, yia va eEaoc@aAloTel 6TL 1) TAACTILOTTA U Sev
Oa vTEPPEL KATIOLO ETITPETOUEYT] TLUN TIPETEL KAL TO OEOULKO popTio oxediaouol Fy va eivat
UEYAAUTEPO 1 (00 ATO KATOLX AVTIOTOLYN €AAXLOTN TLUN, 1| OTIola TIPOKUTTEL SLAPWVTASG TO
EAAOTIKO POPTIO UE £VA GUVTEAEGTH] ¢ TIOV OVOUALETAL CUVTEAET TG CUUTIEPLPOPACS, SNAAST):

g=-2% (2.14)

omov F, eivar n péylotn Svvaun mou Ba AVATTUGCOTAV OTNV KATAOKELT YO EANCTIKN
OUUTEPLPOPA (EAV EIYE LKAVOTIOTLKY) AVTOXT) WOTE VAL U SLappEeL 0TOV EEETATOUEVO GELTHO) KL
F,n 80vaun Stappomng. ZNUELOVETAL OTL 0 OPOG CUVTEAETTHS CUUTTEPLPOPAS XPTCLLLOTIOLEITAL OTOUG
Evpwmaikols kavoviopovs (EK8, EAK), evey 0TOV QUEPIKAVIKO, TOV LATIWVIKO Kol GAAOUG
KOVOVIGHOUG Xpnotpomoteitat o 6pog Reduction factor ov cupoAiletot pue R.

Ye povoBabula cvotiuata, F. = ma., 0OV d. €lval 1 HEYLOTN EANOTIKY ETITAYUVOT] TIOU
UTTOPEL Vot UTTOAOYLOTEL ATTO TO EAAOTIKO @ATHA oXESLHTHOV pe Baon Vv Wlomepiodo T kot TV
anooBeon ¢ ¢ kataokeuvns. Emopévwg, Fe = mPSA(T, {) kai to @opTio oxedlaopol .ooUTaL KE:

F, im(wj (2.15)
q q

OL AVTIOELGUIKOL KAVOVIOHOL 0pI{ouV TN PEYLOTT TLUT TOU GUVTEAECTI) CUUTIEPLPOPAS G TIOU
EMITPEMETAL VA AN@Oel LTTOYN oTN peAéTn, pe BAOT TO VAIKO KATAOKELNG KAL TO OTATIKO
ovoTNUa. ‘OTws ava@EépOnke TAPATTAV®W, Ol ETILITPETIOUEVES TIUEG g EXOUV TIPOKVLYPEL ATIO TIG
ETITPEMOUEVEG TIUEG U HE BAom TN OX€0MN MAACTIUOTNTOG — GUVTEAECTI] GUUTEPLPOPAS TIOU
AVOPEPOVTAL OTT) CUVEXELA.

0 6pog péoa oe mapévBeon otn oxéon (2.15) ovopaletal emiTdyvVon oxeSLlacol KAl GTOV
EK8 cupBoAiletal pe Sq(T, {), o€ avTiSLA0TOAY] [LE TOV OPO EAQOTIKI) EMITAYUVON CXESIACUOU TIOV
ovpPoiiletal pe Se(T, {) kat oovtal pe PSA(T, ).

ZOU@®VA PE TNV TUTIKY Sladikacia TOU QVTICELoUIKOU OXeSLAoU0V, YIVETHL €AQOTIKN
avaAvorn vy opuovtio @optio Fs = F./q KoL 1 KATAOKEUN OlXOTACLOAOYE(TAL ME T
ATMOTEAETPATA AUTNG TNG avaAvone. H edactikn Suvaun F. umoAoyiletal yix tnVv Slomepiodo g
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KATAOKELTG IOV TIPOKUTTEL Yo SuokapuPia Keq = 0.50 K;, 6Tou K; elvar n apxikn Suokapuia yio
apnypatwtes Statopég (BA. EE. (2.4))

Omwg avagépbnke Tapamdvw, To 0pLlovTio PopTio F, 6TO 0TOol0 TPAYUATIKA Slappéet 1
KATAOKELT] elval peyaAdTePo amd To @optio oxedlacpol Fy Adyw ™G vTepavtoxns. Avtiotolya
LLE TO OUVTEAEGTY] CUUTIEPLYOPAS q OpIlOVLE TO CUVTEAED T ouuTtEpLPOpdSs Stapporic qy (M R)) wg:

Fe
4= (2.16)
y

Xpnowomowwvtag ti§ (2.13), (2.14) kai (2.16) pokUTTEL OTL:

q=Yraqy (2.17)

AvtioTtoa, 1 emtdyvvon Slappong a, OXETILETAL LE TNV ETMLTAYVVOT] OXESIATHOV Sg HE TN
oxEo:

ay = Yra Sd (218)

Me Bdon ta mapamavw, oto XX. 2.8 MAPOUCIAIETAL 1] CUUTIEPLPOPE €VOS povoBaduLov
OUOTNHATOG TOGO CUUEPWVA UE TOV AVTIOELOUIKO OXESLAOUO YL EAACTIKY) GUUTEPLPOPA
(SlakeKOUUEVT] YpOUU) KL AVEAQOTIKN CUUTIEPLPOPE (CLUVEXNG AETITH YPAUUTY]) OCO Kol OTNV
TPAYUATIKOTNTA (XoVTp1 YKPL Ypoapun). Kat otig Yo mepmtwoets, 1 KAOUTOAN LKAvOTNTAS TG
Kataokeuns Oewpeital Stypappikny xwpis kpdatuvorn (opl{OVTIoG UETEAAOTIKOG KAASOG).
TOp@wva pe To oxeSlaopo, N Kataokeut Ba empete va Stappéet yia Suvapn Fa. Adyw Opwe g
vtepavtoxng, N dtappor cvpPaivel yia peyodltepo @optio F, (BA. EE. (2.13)). Emiong, oty
TPAYUATIKY CUUTIEPLPOPE 1) EAXOTIKN SuokapPia K. elval onUovTIKG PKPATEPT] ATTO QUTY IOV
BewpnOnke oto oxedlaoud, apov N EE. (2.4) amoteAel dvw 6plo TG Tpayuatikng Svokaupiag.
ITO0 OElopO OXESHOHOU 1 KATHOKEVN TAPAUOPPWVETAL HE WEYLOTN METAKIVION dm KOL M
TAQOTILOTNTA TIOV avaTTuooeTal eivat 4 = dm/d,, 0TIOV d, = F, /K. elvaw 1 petaxivinon Stappong.

Fa = = =  EAQOTIKA CUpPTTEPIPOPG
2XedIaoPOg

s [1pOYMATIKA CUTTEPIPOPE

ol---——--— -

d

0 d d, d, .

Yx.2.8. XuumEpLPOPA KATAOKEL®WV OCUUPWVA HE TO OXESIOUO KAl TPOAYUATIKY) OVEAOGTIKY
OUUTIEPLPOPAL.
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2.3.4 Avedaotiké paoua cxediaouov EK8

Ytov Evpwkwdika 8, To avedaoTikd @acpa oxedlaopol opiletal Slalpwvtag To avtioTolyo
edaotikd @acpa (BA. Kep. 1.7.2) Ue TO GUVTEAEGTI) CUUTIEPLPOPAS ¢, EKTOG ATO TNV TEPLOX
mePLOdwv 0 < T < T 6TIoL BewpelTal pio YpaupKy GuVAPTNOT) YA TNV ETITAXVVGT oXeSLAoUOU, 1)
omola Eekvael amo v Ty Sa = (2/3) S-ag v T = 0 (Zx. 2.9). 0 Adyog mov 1 Sq S&v LoovTAL UE TNV
eda@kn emrdyvvon S-ag yia T = 0, eivat emeldn autd MPEMEL va LOXVEL YLK TNV ETMLTAXLVVON
Stappong a, Kat OxL Yl TV emtayuvon oxedlacpov Se. ‘Opws, ovppwva pe v EE. (2.18), Sq =
ay/yra- EMopévwg, v Bewpnoovpe 0Tl ol oAU Svokaumteg kataokevég (T = 0) Swabetouv
UTIEPAVTOXT| Yrd TOVAGYLOTOV (oM pe 1.5, mpoxumtel S¢(T=0) = S-a, / 1.5 = (2/3) S-a,.
ZUYKEKPLUEVA, OTIS SLAPOPES XAPAKTNPLOTIKEG TEPLOXEG TOU (PAGUATOS LoYVOLV oL €8¢

OXEOELG:

2 T (25 2

S (M=a,-S|—+—| ——— o 0ST<LT, 2.19a

a(T)=a, [3 Tg(q 3]} Y B ( )
2.5

S,(T)=a,-S-— yx Tp<T<Te (2.198)
q
25 T

Sd(T):ag-S-—-?CZ,B-ag vy Tc<T<Tp (2.19y)
q
2.5 T.-T,

Sd(T)zag~S-7-%2ﬁ-ag ywo Tp<T<4 sec (2.198)

Topuewva pe to EBvikd Mpooaptnua, n Ty S opiletat o = 0.2.

3.0

= = = = EAaoTi KO

25 - \ AeAaoTi K6 (q=4)

2.0

Sd/ Sag

[
1
[
151
1
]
(.

1.0

05 | Tsenl
[ N
I | S---
|

0.0

|

|

|

| |
TB Tc TD
Mepiodog, T (sec)

Xx. 2.9. Avedaotikd @acpa oxediacpov Evpwkmdika 8 yia g = 4 kat avtioTtolyo EAAoTIKO @AcuA.

Ol TWEG TOU OUVTEAECTN] GUUTIEPLPOPAS g SIvOVTAL OTA KEQAANLN TIOU AVAPEPOVTOL 0T
SLd@opa VAIKA KoL TIEPLEXOUV KAL TNV ETILPPOT] TOU CUVTEAECTI] ATTOGBECTG IOV AVTLOTOLXEL OTO
OUYKEKPLUEVO VALKO KAL OTATIKO GUOTNUA, O TIEPIMTWON TOV aUTOS elval Stagopog tov 5%. 't
auto otig eflowoelg (2.19a-6) Sev meplAapBavetal o SLopOwTIKOG ocUVTEAESTNG amdafeng n
OTWG O0TO EANOTIKO PACUA OXESLAGHOV, APOV AUTOG EXEL CUUTIEPIANQOEL OTNV TIPOTELVOUEVT
T TOV q.
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2.3.5 Xxyéon mAaoTIUOTI)TAC - CUVTEAEGTI) CUUTIEPLPOPAES

OMwg ava@épnke Mapamavw, KaBopLoTIKOG TAPAYOVTAS Twv {Nuwyv mou Ba cupfolv oe pia
KQTAOKELT] KATA T SLdpKeLa evog oelopol eival n mAaotiudtnta ¢ mov Oa avamtuydei, agpov 1o
emimedo MULWV Elval GCLVEPTNON TWV TAPAUOPPOCEWY TV B cuUPBOVV Kal OXL TwV SUVAUEWY
Tov Ba avamtuxBovyv, oL omoleg Sev peTABAAAOVTAL OUAVTIKA KATA TN SLAPKELA TG TTAAGTIKIG
TAPAUOPPWOTNG LTOV QVTIOEIOUIKO oxeSlaoud, OpwG, XPNOLUOTIOLEITAL O OUVTEAEGTNG
OUUTIEPLPOPAS g KAL OXL 0 SEIKTNG TAACTIUOTNTAS [, ETELON TIPETEL VA UTIOAOYLOTEL TO (popTio Fy
Yl TO 0Tol0 0XESLATETAL ) KATAOKELUT Yl EAXCTIKY CUUTIEPLPOPA. [l va 0ploovIE EMOUEVWG TO
OUVTEAEGTI] CUUTIEPLPOPAS g UE BACT) TNV ETITPEMTOUEVT TIUT TNG TTAACTILOTNTAS U XPELA{ONOOTE
™ oxéon petafl autwv Twv §Vo Tapapetpwy. Tétoleg oxéoelg Sivovtal cuvifws Yyl To
OUVTEAESTN OUUTIEPLYOPAS Slappons gy (N Ry) xat otn Siebvn BiBAloypagia avagépovtal wg
oxéoelg Ry—u-T emeldn) elval cuvapTNoELG TNG EAXTTIKNG TIEPLOSOU T TNG KATACKELNS.

Ag Bswproovpe pia povoBdduia katackevy edactikig TepdSov T, 6mov T =2m\/m/K, .
I'a eAao Tk cuutepLpopq, Fe = m-ae, OTIOV d. EVAL 1] EAACTIKY] ETLTAXVUVOT) IOV CUVSEETAL LLE TNV
eAaoTIKN petakivnon de. pe t oxéon:

de = (/.)2 de = Ke'de/m (2.20)

Aapavovtoag vtoym 6t F, = Ke'dy (AQUEADVTAG T GUUUETOXT TNG ATOGBEONG), YA TO CUVTEAEDTY)
OUUTIEPLPOPAS Gy LOXVEL:

qy=F./F,=d./d, (2.21)

XPNOOTIOLWVTAS CUTY) TN OXE0T KOL TOV OPLOUO TNG TIAACTIUOTNTOS, U = dm/d,, 6TIOV dp lval 1
HETAKIVNON YA AVEAXCTIKI] CUUTIEPLPOPQ, TTPOKVTITEL:

1/qy = dm/de (2.22)

SNAadn M oxéon MAACTIHOTNTAG KOl GUVTEAECTY) CUUTEPLPOPAS €lvaL AVAAOYN TNG OXEOTNS

QVEANOTIKNG KL EAAGTIKNG LETAKIVIOTG.

20
_—— U=0y

-
o

[
)

MAaotipotnta, §

4 — — -
4 - — — —— i — ———

0 05 1 15 ) 25 3 35 4
Meplodog, T [sec]

Yx.2.10. TMMAaoTIHOTNTA U IOV AVATITUCOETAL O€ HOVOPABULEG KATAOKEVEG Yo TO oelopd Petrovac kat
yw gy = 4. H Stoakekoppévn ypappn avTioTo el otny T U = gy.

2to Zx. 2.10 Sivetal | TAACTILOTNTA U TIOU AVATITUOCGETAL OE LOVOBABULEG KATAOKEVEG IOV
Sleyeipovtal pe to oelopd Petrovac kat ol omoieg €youvv oxedlaotel va Swappéovy ya q, = 4,
dnAadn oe emtdyvvon a, = SA(T)/4, omov SA(T) elvar 1 €AaOTIKN EMTAXLVOT YLK TNV
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8lomtepiodo T. Eival eppavég 0Tl o€ pHeydAes eplodoug, peyaAutepes amo mepimov 0.5 sec ot
OUYKEKPLUEVT TEPITITWOT), OL TWEG U KAl gy (VAL TAPOUOLEG. L€ KATAOKEVEG e kPN TEpiodo
OUWG, N TAACTIUOTNTA U TIOU OVOTITUGOETOL E(VOL ONUAVTIKA HEYOAVTEPN OATO TNV TLUN TOU
OUVTEAEGTN CUUTIEPLPOPAS Gy KAL, YEVIKWG LEYAAWDVEL 000 PIKpaiveL 1) 18Llomepiodog.

Elval mpo@avég, emopévwg, OTL 11 oxéon UETAED U Kal gy, €6APTATAL OO TNV TLUN TNG
TePLOSoL NG Kataokevns. [apakdtw Sivovtal tpelg ouvnBelg oxéoelg Hetadd U Kal g, Kal ot
TIEPLOYEG TIEPLOSWV GTIG OTOLES EQApUOlOVTAL.

Hapabdoyn lowv ustaxivioswy

Y& TOAAEG TIEPIMITWOELS €XEL TTAPATNPNOEl 0TI, TAPOTL 1| HOPPT] TWV XPOVOICTOPLWOV TNG
EAAOTIKNG KL TNG AVEAXAGTIKNG HETAKIVONG eivat Staopetikn (.. BA. Zx. 2.6(Y)), N Héylom
T petakivnong eivat mepimov Sa. IN'a Tapddetypa, oty mePIMTWON TOL TAPASELYUATOG TOV
Ix. 2.6 n péylotn petakivnon weovtal pe 0.105 cm 1600 Yot EAXGTIKN OGO KAl YLOt AVEAAGTIKY)
OUUTIEPLPOPQ, AV KaL 1) LEYLOTN UETaKivnoT cupPaivel o TEAEiWS SLAQOPETIKY XPOVIKY oTIyun
(oL HEYLOTES TIEG OMUELWVOVTAL e KUKAOUG 0To ZY. 2.6(Y)). H toétta oty Tiun de kat dp, Sgv
LOXVEL TIAVTA, OAAQ YEVIKWG Ol TWUES de Kol dp elval mapamAnoles. Mmopolpe emopuévws va
Bewpnriooupe 6TL

dn = de (2.23)

H mapadoxn avty ovopdletal mapadoyxn Twv (Owv UETAKIVIICEWY KAl ival apKET&
aKPLPNG Yo EOKAUTITEG KATAOKEVES, CUYKEKPLUEVA YL KATAOKEVEG e Tiepio8o peyaAlTepn amod
mepimov N xapaktnplotikn mepiodo T (BA. Kep. 1.6.5). Zxnuatikd mapovoialetat oto Xy. 2.11.

OewPWVTAG OTL LOYVELT TIapadoxn TwV icwv petakvioswy, N EE. (2.22) Sivet:

@ =u (2.24)
F a . .
-_— EAaoTIK) cupTrepipopd
= AVEAAOTIKF] CUPTTEPIPOPG
=
€ /0
/ 1
s
4 |
7/ |
7 |
’ |
’ i
/7 1
F p-------- i’ !
y 1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
0 dy d.=d, d

Xx. 2.11. ZUUTEPLPOPAE KATAGKEV®V GUUQ VA LE TNV TIAPaSoXT] TWV 0wV HETAKIVGEWV.

Hapadoyn iowv evepyeiiy

Ye SUOKAUTITEG KATAOKEVEG Sev LoYVEL 1 TTapadoxn TwV (CwV HETAKIVIICEWY KAl 1 UEYLOTH
OVEAXOTIKN HETAKIVNOT dp ELVAL PEYAAVTEPT] ATIO TNV aVTIOTOLYM EAACTIKT de. Mia Tapadoyn mov
OUXVA YIVETOL VIOt KATAOKEVEG HIKPNG TEPLOSOU €lvaLl OTL 1) EVEPYELX TIOU KATAVOAIGKETAL GTO
QVEAXOTIKO CUOTNUA KATA TN SLdpKeELA TOL KUKAOL TIou oupfaivel n péylomn petakivinon eivat
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(oM LE TNV AVTIOTOLYT) EVEPYELX TOV EAACTIKOV CUGTHUATOG. ZUUPWVA LE QUTH TNV TApadoxr Twv
(owv evepyelwv Ta euPadda kATw amd TIg Vo KAUTUAES elval (oa, OTwS @aivetal ato Zy. 2.12.

Ft = = = EAaoTIKA cupTrEpIPOPd
AveAAOTIKA GUPTTEPIPOPA
=
€ 0
/ 1
A1
/ 1
’ |
1 |
. |
y :
Ve 1
Fl-------- ~ ! .
y 1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
0 d d d d
y e m

Xx. 2.12. TUUTEPLPOPA KATACTKEVWV CULQWVA LE TNV TIAPASOXT] TWV (0WV EVEPYELWDV.

E@appolovtag v 1o0mta Twv eufadwv Kol amAés YewUeTplkeg oxéoels, n EE. (2.22)
odnyel ot oxéon:

q,=+2u-1 (2.25)

2yéan Vidic et al. (1994)

It BAoypagia vmdpyouvv ToAAEG oxeoelg Ry-u-T mov €xouvv mpotabel amd Siapopoug
epevvnTés. Mia amd autéc eival 1 oxéon twv Vidic, Fajfar & Fischinger (1994), n omoia
TIEPLYPAPETAL ATIO TIG EELOWOELG:

q,=R, :(M_l)Tl+1 ywe T < To (2.26a)
0
q,=R,=u ywe T2 To (2.268)
omov
T, =0.65-u** T, <T, (2.27)

Ity moapamavw oxéon, T eivar 1 8lomepiodog touv povoPabuov toAaviwt| kot Te 1
XOAPAKTNPLOTIKY TEPI0S0G TOV PAGHATOG ATOKPLONG ToV Slaywpilel TNV TEpLoxn ™G oTabepng
(PACUATIKNG ETUTAYUVONG ATIO TNV TEPLOXT] TG oTABEPNS PAoUATIKNG TaxVLTNnTaS. Emiong, avtl
™¢ EE. (2.27), n mepiodog Ty umopel mpooeyylotika va AngOei ion pe v Te.

H oyxéon Vidic et al. vioBetel TV TTapadoxn TwV (CWV HETAKIVIOEWY YL KATAOKEVEG LE
mepiodo T > To. I KATACKEVEG OUWG UE WKPOTEPT TIEPI0SO Bewpel 6TL Sev LoyeL N TTapadoxm
TwV (OWV EVEPYELWV, 0AAA OTL T TIU @y LELWVETAL YPAUULKAE HE TNV TiEpiodo o€ cUyKpLoT HE TNV
TN TNG TAACTIHOTNTOS U KAl TElvel atnv T gy = 1.0 yia T = 0.
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Oswpnon kavoviouwv

Ot TWEG TOU OUVTEAEOT] CUUTIEPLPOPAS Gy CUVAPTIOEL TNG TMAACTILOTNTAG U AVAAOYQ HE TNV
meplodo NG KATAOKELNG, oVu@wva pe Tn oxéon Vidic et al. ko tig mapadoxeg twv owv
UETAKIVIIOEWV KAl (owv evepyelwv Sivovtat ato Zy. 2.13. YmevOupiletat 0T, oOp@wva pe v EE,
(2.17), yia TOV UTIOAOYLOHO TOU OUVTEAECTY] OCUUTEPLPOPAS g T T TOU @y TPETEL va
TOAAXTIAQGLAGTEL [LE TNV VTIEPAVTOXN VRd-

YRrd

qy atudwva pe mapadoyn (owv HETAKIVATE WY
qy ouudwva pe mapadoyr iowv eveEpyELwY

qy oUudwva pe Vidic et al.

Tuvteheotic oupmepibopdc q kotd EK8

Zuvteleotng ouunepLpopds, g, g,

Meplodoc, T

Yx.2.13. ZXxéom petald qy u kat T oOppwva pe t oxéon Vidic et al kot Tig apadoyeg Twv (owv
UETAKLVTOEWY KOL TWV (CWV EVEPYELDV KUL CUVTEAEOTNG q oVpPwva pe EK8.

Me Bdaon ta mapamavw, o EK8 opilel otabepn Tiunq g Yyl KATAOKELEG pE TEPLoSO
UEYAAVTEPT ATIO TN XOPAKTNPLOTIKY] TIEPI080 T TOU PACUATOG GXESLAGUOV, EVW YIA ULKPOTEPES
TEPLOSOVG 1] TLUN TOV @ HELWVETAL YPAUUIKAE EwG TNV Tiun g = 1.5 yia T = 0. Avtiotoym elvat katn
Bewpmnon tov EAK, ekt amd 1o otLtibetarg =1y T=0.

Onwg @aivetat amd to Zx. 2.13, edv Bewpnoovpe OTL oxVeL N oxéom twv Vidic et al., o
OUVTEAECTNG UTIEPAVTOXNG Yrd TIOU Bewpovv oL kavoviopol dev elval otabepds yia 0Aeg TIg
TEPLOSOVG, AAAQ ELVAL YEVIKWG LEYAAVTEPOG YIX KATAOKEVEG e TiEPiodo petal Tr kot Te at’ 6,TL
YL KATOOKEVEG e TIEPL0S0 PeyaAVTEPN Ao T ENUELWVETAL OTL OL Kavoviopol Sivouv Tnv TeAkn
T TOU CUVTEAEGTI] CUUTIEPLPOPAS  XWPIG VX AVAQEPOLV TNV AVTIOTOLXT T VTTEPAVTOXNG Yrd
yla TV oToia €€l TPOKVYEL

2.3.6 YmoAoyioudg UeTaKIvioEwv

'OTWG ava@EPBNKE TAPATIAVW, O AVTICEIOUIKOG OXESIAOUOG YIVETAL LE TA EVTATIKA UEYEDN TTOU
TPOKVUTITOVV ATIO EANCTIKY avdALoT Yl To @optio oxedlaopol Fa H petakivnon do mov Ba
TPOKVYPEL QO UTN TNV AVAAUOT] QVTIOTOLXEL OTNV EAAOTIKY HETAKIVIION HEXPL TO BewpnTikd
onpeio Stappons (BA. Zx. 2.8). I'la va UTTOAOYLOTEL 1) TPAYUATIKY HETAKIVIOT TIPETEL VX TIPOOTEDEL
KOL 1] TAAOTIKY TNG T, ETeldn opwg n mAaotikn petakivnon Sev elval yvwaotn, 1 TPAYHOTIKY
uetakivnon vmooyiletal Bewpwvtag 4Tt LoYVEL 1 TTapadoxn TwV 0wV HETAKIVIIOEWY G€ OA0 TO
@eaopa TV TEPLOdwV, SnAad1:

A = qdo (2.28)

OToV do €(vaL 1 UTIOAOYLOTIKI] LETAKIVIOTN Yl EAAGTIKI] CUUTIEPLPOPA Kol 0pL{OVTIO POPTIO (00
ue Fa.
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2.3.7

Avakepaiaiwon usbododoyiag avtiosiouikov oyediaouov

H Swdlaxacia tou avrtioelopiko) oxeSlacpol TOU TEPLYPAPTNKE TAPATAVW WMTOPEl va

ouvvoylotel wg e&Ng:

YTmoAoylopog g eAactiknig Svokaufiag K. kat s 18omeplddov T OV AVTIOTOLXEL O€
oautn. Zoppwva pe tov EK8, o vmoAoylopos g Svokappiag K. emTpemetal va yivel
Bewpwvtag to 50% ™G YeEWUETPIKNG SuoKAUP{aG TwV SLATORWV TWV PEAWV.
[IpoGSLOPLOUOG TOU GUVTEAEGTI] CUUTIEPLPOPAS G YLIO TO VALKO Kol TO OTATIKO GUOTNUN
NG KOATAOKEVTG CUUQVA UE TIS Statagelg Tou Eupwkwdika 8.

YTmoAoylopog touv celopkoV @optiov Fq = mS4(T), omov S4(T) elvar n emitdyvvon
oxedlaopov cvp@wva pe TS eélowaoels (2.19a-6).

Itatikny emilvon ywa opldvtio @optio Fy AmO aut Vv emiAvorn TPOKUTTOUV TA
EVTATIKA UEYEDN TwV UEAWV pE Ta oToia yivetal n Paciky SltaotacioAdynon. Emiong
TPOKUTITOUV Ol UTOAOYIOTIKEG — UETOKIVOELS TNG  KOTAOKEUNG OL  OTIOIES
TOAAATIAQCLALOVTOL HE TO OUVTIEAEOTI] OGUUTEPLPOPAS ¢ Yl Vva TPOoKUYouv ol
peTaknoelg mov Ba An@Oovv vmoymn ot Staotactoddynon (edv amattolvtal EAgyyol
HETAKLVI|OEWV).

H avtioelopikny PEAETN) GUUTANPWVETOL HE TANOWPA CUUTANPWUATIKOV EAEYXWV KoL

KATAOKEVAOTIKWV SATAEEWY TIOU ATTOGKOTIOUV GTNnV €Eac@dAlon Twv kptmmpiwv oxedlacuon

mov avaepdnkav oty Ewaywyn tou ke@aAaiov. IMoAdol amd auToUG TOUG EAEYXOUG

Baoifovtal oToV KAVOTIKO OYeSLAOUO, TL.Y. O LKAVOTIKOG oXeSIHONOG KOUBwWY Yo e€ao@daiion

ATOPLYNG CYXNUATIOHOV UNYXAVIOUOU KOATAPPEVOTG, OL LKAVOTIKOL £AEyxOL €vavTL actoxiag o€

SL&Tun oM, 0 IKAVOTIKOG OXESIATHOG TNG BepeAiwong, KATL.

2.4. AVEAAOTIKA PAGUATA ATIOKPLOTG

Avaloya HE TA €ANOTIKA @ACHATA OMOKPLONG UTOPOUV VA KATAOKEVAOTOUV QVEAACTIKA

@EAOHATA ATIOKPLONG KATOLOV oelopoV. ETeldn 1 aveAaoTIKY) CUUTIEPLPOPA EEXPTATAL ATTO TNV

TN NG EMITAYVVOTG SLKPPONG, TA AVEAACTIKA (PACUATA KOATAOKEVALOVTOL YA CUYKEKPLUEV

TIUT) TOU CUVTEAEGTN CUUTIEPLPOPAS Gy 1] TNG TAACTILOTNTAG U.

Daouata oTafspov OUVTEAEOTY OUUTIEPLPOPAC

Ta aveAaoTikd @AcUATA 6TABEPOV CUVTEAECTI] CUUTIEPLPOPAS KATACKEVALOVTAL WG EENG:

lNo kaBe Somepiodo T kat yia v amdécBeon ¢ VTOAOYIJETAL 1) EAACTIKY] QACUATIKY
emtayvvon SA.(T, {) 0ewpOVTAG EAXCTIKI] CUUTIEPLPOPA.

YmoAoyiletal n emitdyvvon Stappong atmo t oxéon: a, = SA(T, {)/q,.

Tivetatl aveAdaoTiKn avaAvon Kot VTTOAOYIZeTal 1) HEYLOTY AVEAAOTIKY HETAKIVON dm KoL
N UEYLOTN AVEAXOTIKI ETILTAYVVON dm. H TeAevTaia 1oovTaL pe a, €dv Sev €xel An@Oel
VTOYN KPATLVON UETA TN Slxppon.

Ot avedaoTikég paopatikes TInéS eivat SA(T, ) = am kot SD(T, {) = dm.

AvedaoTikd @Aaopata emITayUVoewV Tou oelopov Petrovac Sivovtat oto Zx. 2.14 ywa

Stdpopes TWéG gy TN MV KaTaokeu] autwv Twv Slaypappdtwyv Bewpndnke opllovtiog

UETEANOTIKOG KAGSOG KL EMOUEVWG T TIUN TNG QPAOHATIKNG ETMLTAXUVONG LOOUTAL UE TNV

avtiotoym emtayvvon Swaxppong. Emeldn oe kabe @aocpa n T g, €lval otabepn, 6Aa T
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@EACHATA TIPOKVUTITOUV SLXPWOVTAG TO EAAOTIKO (TAvw YoAAdlx ypoappn) HE TO avtioToLXo gy,
a@ov a, = SA./qy. TU auTto Kal oL KAUTUAEG elval opoBeteg petafy Tous. EmMopévwe, avelaotika
PACUATA EMITAYVUVOEWY OTAOEPOV GUVTEAEGTI] CUUTIEPLPOPAS SEV £XOUV TIPAKTIKO VoMU KoL
ouvvBwg Sev ypnopomotlovvtal ‘Exouv Opwg vOnua ta aveAdoTIKA @ACUATH UETAKIVIGEWY,

EMELSN OO AQUTA UTTOPEL VAL UTIOAOYLOTEL 1] TAXGTILOTNTA TIOV AVATITUCCETAL.

20

Elastic
16 ay=15
ay=2
ay=3

N
[

—y =5

4 W\/\/\-’_xx
0
0 0.2 04 0.6 0.8 1 12 14 16 1.8 2

o

SA [m/sec?]

Meplodog, T [sec]

Yx.2.14. AveAdAoTIKA @AOHATH ETMTAXVVOEWV OTAOEPOV OUVTEAEGTY] CUUTEPLPOPAS TOU OCELGUOV
Petrovac.

Daouata otabepric MAAOTIUOTHTAC

H kataokeun TwV aveAQoTIKOV QACUATOV 0TABEPNG TAXCTILOTNTAS SV Elval TOGO ATAT OTIWG
OTNV TIPONYOUMEVN TEPITITWOT, €MELSN N €MITAYULVOT Slappong, 1 ool XPELAleTal Yl TOV
UTIOAOYLOUO TNG XPOVoioToplag TnG amokplong, Sev eival yvwaoth. O cuving TpOToG KATAOKELN G
Tovug elvat pe SokLpéS Kot akoAovBel Ty &g Stadikaaoio:

o T kaBe Somepiodo T kal yia v amdcBeon ¢ VTTOAOYIETAL | EAACTIKI] (PACUATIKY
emtayvvon SA.(T, {) 0ewpOVTAG EAACTIKI] CUUTIEPLPOPA.

e Oswpovpe OTL N emLTdyLVOT Slappong woovtal pe: ay1 = SA(T, {)-Aa, 6Tov Aa eivar pia
pukpn T,

o Tivetal avedaoTikn avaAuoT Kol UTTIOAOYIZeTaL 1] HEYLOTN AVEAACTIKI] LETAKIVIOT dm1 KoL
1 TAAGTILOTNTA TIOV AVATITUCCETAL: U1 = dm1/dy1, OOV dy1 = ay1/Ke.

o EXéyxetar e€av 1 mAaoTHOTNTA M1 elval peyaAltepn 1 (om amd v embuunti
TAQOTILOTNTA Y, YIX TNV oTola Kataokevaletat To @aopua. Eqv vay, otapatdape. Eav ox,
BEtovpe ay2 = ay1-Aa ko Sradikacio emavaiapfavetat

o 0L d0oKLpuEg ouveyiCovTal pexpL TN SoKLuT I Y TNV oTtoio TIPOKOTITEL Ui > (.

o OvavedaoTtikeg @aopatikeg TIHEG eivat: SA(T, {) = ami koL SD(T, {) = dm,i.

INUELWVETAL OTL, YEVIKWG, 1] TLUN TNG EMOUVUNTAG TAXCTIUOTNTAG (U UTopEl va eTLTEVYOEL e
TEPLOCOTEPESG ATO Ui TIUEG TG EMITAXLVVOTS Slappon§ a,. H mapamavw Stadikacia odnyetl ot
HEYOAVTEPN TLUN dy YA TNV OTIO (A TTPOKVTITEL TAXCTILOTITA U.

Avedaotikd @dopata emrTayvvoewy Tou celopov Petrovac Sivovtat oto Zy. 2.15 vy
Stapopes Tég w. Kat ag autr) Vv mepintwon BewpnOnke opl{OVTIOG HETEAXGTIKOG KAASOG Kot
ETOUEVWG 0 KATAKOPLPOG afovag Sivel tnv emitdyvvon Stappons (SA = ay).
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Xx. 2.15. AveAQoTIKA (ACUATO ETULTAXVVOEWY 0TABEPTG TAAOTILOTNTAS TOV oElopoV Petrovac.

O OUVTEAECTIIG CUUTIEPLPOPAS TIOU AVTIOTOLXEL o€ KaAmola Tepiodo T Kol TAXGTIUOTNTA U
vToAoyileTal SLaLp®VTAG TNV TIUTN IOV AVTIOTOEL 0TO EAAOTIKO @Aaopa (SAe(T), Tavw yaAadix
YPOUUT) ME TNV avTioTolXN €MLITA)LVAT Slappons a, (dnAadny v twn SA(T) v v KapmoAn
TIOV AVTLOTOLYEL TNV TAXCTIHOTNTA U), AoV q, = SAc/ay.

2.5. Tevik1) KAl TOTIKY TAXGTIHO T TA

2.5.1 Opioudg

OMws ava@épOnKe TAPATAVW, O AVTICELOUIKOG OXESIAONOG cUUwva pe TN HEBodo Twv
Suvauewv Baoiletal Ty avAAvon TG KATAOKELNG YO GEICUIKA @opTia Fgq TTIOU ovTLOTOLYOUV
0T EAACTIKA SLALPEPEVA [IE TO CUVTEAEGTH] GUUTEPLPOPES q. H Bewpnon auth vmtoBéTel 6TL OAa
T PEPOVTa oTolyela TG Kataokev g Ba Stappedicovy mepimou TavTdxpova Kal 0Tl o€ OAa B
avantuyBel n (Slx TTEPITTOV MAAGTIHOTNTA U TTOV VTIOAOYIETUL ATIO TO CUVTEAEGTT] GUUTIEPLPOPAS
Qy = q/Vra. AUTI 1 TAXCTIHLOTITA APOPA TN YEVIKT] CUUTIEPLPOPA TNG KATAOKEUNG KL LGOVTAL [LE U
= dp/dy, 0TIOV dp elval 1 péylom petakivnon tov KM kat d,  avtiotolyn petakivnon Slappomng
TIOV TIPOKUTITEL ATIO TO SLypappkd Stdypappa cuumepLopds. H mlaotiudtnta autr) ovouddetal
YEVIKT TAQOTIUOTNTA.

ZTNV TPAYHATIKOTNTA OUWS, TA PEPOVTA OTOLXELX HLXG KATAOKELUTG SEV €(ouv OAa TNV (Sla
avtoyr, oUTe katamovouvtal 6Aa pe Tov 8o Ttpomo. ‘Etol, omv mpddn, 1 TAACTILOTITA IOV
QVATITUOOETAL 0€ KAOE OTOLXEIO SLa@EPEL ATO TN YEVIKI] TAACTIMOTNTA TNG Kataokeuns. H
TAQOTILOTNTA TIOV AVATITUOOETAL O€ VAL OTOLXELD, TL.X. O £V UTTOOTUAWUA, OVOUATETAL TOTIIKN
Ao TIUOTNTA. Tl TAPASELY A, 1) TAXCTIHOTNTA EVOG VTTOGTUAWUATOS K; 0plleTanl wG: i = dim/dy,
OOV dim €lvat 1M UEYLOTN OXETIKY HETAKIVIION TNG KOPUPNG TOU UTTOOTUAMUATOS WG TPOG TN
Bdon tov kat dy N avtioTon HETAKiVoN SlappoT|G.

Mapakdtw Toapovotdlovtal V0 XAPAKTNPLOTIKEG TEPLMTWOELS, OTIS OTOIEG VTIAPXEL
ONUAVTIKY SLa@Oopd PLETAEY YEVIKNG KL TOTIKNG TTAACTLUO TN TAS.

2.5.2 BaBpo yépupag ue EAACTIKG eQéSpava

Ye YEé@upeg TOU ouvdovtal pe Ta PABpa pPE EAAOTIKA £@ESPpavVA, 1 GUVOALKY 0pL{OVTLH
UETATOTION dior TOU KATAOTPWUATOS (opéa), 1 omola Oewpolue OTL Tavtiletar pe
petatomion tov KM, iooUtal pe to abpolopa tng peTakivnong tng kopu@ns tov BdBpouv wg tpog
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™ Béon tov, d;, KL TNG GXETIKNAG UETAKIVIONG TNG KOPUPNG TOU £eSPAVOV w¢ Tpog TN Pdon
Tov, dp (Zx. 2.16(a)), SnAadn:

F
A
- 7dfm7 dtot,m o
L Babpo ,, dcm ‘1 dby o
/v E@édpava

P ¢ ‘
A |
A |
v | ~__ ZUVOAIKA
? ‘ ‘ GUNTTEPIPOPA

/0 I
=
/
/
/
/

: : : : >

O dc,y db,y dtot,y dtot,m d

(o) (B)
YX. 2.16. EAdoTOTTAQGTIKY] CUUTIEPLPOPA BABPOU pE EAACTOUETAAMKA EQESpavA.

diot = dc + dp (229)

Ag Bewpnoovpe OTL To PAOPO CUUTEPLPEPETAL EANCTIKA — TeEAElWG MAXOTIKA (XwpPIg
KpATuVvoT) OTIwG SelXVETAL 0TO SLAYPAUUA CUUTEPLPOPAS TOVL Zynupatos 2.16(B) pe poavpn
OULVEXT YPOUUTY, EVW TA EQESPAVA CUUTIEPLPEPOVTAL EAACTIKA, OTIWG SENVETAL OTO SLAYPAUUA LE
Stakekoppevn ypoppn. Tn otiypun mov Stappeet to fabpo 1 petaxivinon tov otuAov eivat dgy, TwV
EPESPAVWV dpy KALT) CUVOALKN LETAKIVIOT dioty-

H tépvovoa §vvaun mov pmopel va TapaAdfBel 0 6TUAOG HETA TN SlappoT) TOU TTAPAUEVEL
otabepn, (on pe F), Kal EMOPEVWG KAL T) TELVOUOA TIOV TAPUAAUBAVOUV T EQESPAV TTAPAUEVEL
otabepn, ton pe F, apol ta e@édpava kat o otvAog Séxovtal TV (Sx opLlovtia Svvopn.
ETopévmwg, a@ol ta e@EéSpava TopaAUEVOUY EANCTIKA KoL 1 TAPAUOPP®OT TOUG TAPUUEVEL
otaBepn] peTd TN Slappon} Tou oTVAOU, AVEEAPTNTA ATO TN GOUVOALKY HETakiviion Tovu
OUOTIHATOG, (0T LE QUTT| TN OTLY[T TNG Stappons: dp = dby.

H mlaotipémta yr mov Ba avantuyBel oto cvotnua (Yevikn mAaoTipdtnta) eivat:

d d.,+d,,

= letm : 230
'uf dtot,y dc,y + db,y ( )

EV N TAAGTILOTNTA U TIOV B avattuyBel oto BdBpo (Tomikny MAaoTuoTnTA) Elvat:

d

u, = Zem (2.31)
d,,
XpnowoTtowwvtag tnv EE. (2.31) kot B€tovtag
A=dyy/dcy (2.32)

N (2.30) ypapetat:
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U, +A

= 2.33
My 1+ ( )

1N avtiotoya:
pe =, (1+2)-2 (2.33)

0 Adyog A dnAwvel T oxeTikn Suokaplio faBpov - eQeSPAVWY YLK EAXGTIKN CUUTIEPLPOPQ,
SnAadn

A=K./K» (2.34)

a@ov dyy = Fy/Kpy xau dey = F, /K., 0TIoU K, elvat 1 kaumtikn SvokapPia Tov otOAov tou Babpou
kat Ky eitvat n Suotévela Twv e@edpavwv. Zuvbwg, n K. elval onuavtikd peyaAitepn amod v Kp
KQL TO A TT{PVEL TIHEG ONUAVTIKG UEYAAVTEPES atrd 1. Te QUTH TNV TEPITTTWON, ) TAAGTIUOTNTA Lc
Tou B&BpoV TPOKVTITEL ONUAVTIKA HEYOXAVTEPT] ATO TN YEVIKI TAACTIHOTNTA Uy [l TTapadetypa,
€&V 0 oXESLONOG YIVETAL YlA YEVIKN TAAOTILOTNTA Uf = 3 Kot A = 2, TTPOKUTITEL TAACTIHOTN T
Babpov =7, evw yia A = 4 tpokVTITEL e = 11.

2.5.3 Movwpopo kTipto us évrovn otpopin)

Ag Bewpnoovpe To povwpo@o ktiplo touv Xx. 2.17(a), To omolo otn Sefld mMAcvpa (TMAgvpa 1)
otpiletat oe Vo (Sl VTOoTVAGUATA KAl TNV aplotept] (TAevpd 2) o€ éva peydAo Tolxwpa.
OewpoVpe OTL TA VUTOCTUAWUATA OCUUTIEPLPEPOVTAL WG AUEITAKTA Kol OTL Slappeouvv
TauToYpova oTn BAaon kKol TV kKopu@n toug (dnAadn undevietal n opl{dévtia Svokappia Toug
Heta tn Swtxppon). H avedaoTikr) cupmeppopd Twv U0 VTOGTUVAWUATWY KOl TOU TOLXWHATOG
Sivetatl oo Zy. 2.18(a). Mapatnpovpe 6TL Ta V0 VTTOGTVAWUATA SlappEouy o€ Alyo peyaAlTepn
HeTaKivion at’ 0,TL TO TOIXWUA KUl 0E ONUAVTIKA HKPOTEPT) TEUVOLVOA SUVAT).

Oewpove OTL OTNV KATAOKELT evepYyel oelopkd @optio otn SlevBuvon y. Adyw g
UEYAANG Stapopds Svokappiog petadl Twv mAsvpwv 1 kat 2, To KTiplo Ba petakivnOel kot
Tavtoxpova Ba otpiPel yOpw amo onueio Po (TOAog atpo@rg) mov Bpioketal petady KM kat
Toywpatog (BA. map. 3.6.2 Keg. 3). Adyw TG 6Tpo@ng, N HeTakivnon TG TAEVPAs 1, otnv omoia
Bpilokovtal TA VTTOOTVAWUATA, E(VOL CNUOVTIKA UEYXAVTEPN ATO QUTN NG TMALLPAS 2, OTNV
omola Bploketal To Toiywpa. Emopévwg, Ta vmootudmpata Ba Slappelicouy TPV TO TOXWUQ,
otav n petakiviion ™G mAgvpag 1 @Odoel v TN diy. T otiypn mov Ba Stappevoovy Ta
UTIOOTUAWUOTA, 1) HETAKIVIION TOU Tolywpatog Ba elval {on ue dz, n omoia elval onuavtika
HIKPOTEPN TOOO ATO TNV d1y, 600 KAl ATO TN HETAKIVON SLappoT§ Tou Toywpratos dzy (BA. Zx.
2.18(B). Tnv 8 otryun, n petakivnon tov KM eivat dimy. Oewpwvtag 6Tt To KM Bpiloketal oto

YEWUETPLKO KEVTPO TNG KATOYNG, LOXVEL

B dl,y +d,

dyw, = 5 (2.35)

Metd ™ Slappon TwV VTTOCTUVAWUATWY, undevifetal n SuokapPia Toug, ETOUEVWS 0 TTOAOG
OTPOPNG UETAKIVEITAL OTOV GEOVA TOU TOLXWHATOS, AoV auTO €ivatl To UOVO OTOLXED TIOU
ovveyilel va €xel SuokapPia. H otpemtikny SuokapPia ¢ KATaoKeLNG elval Tapa TOAD Uikp,
@OV 0€ AUTI] CUUUETEXEL LOVOV 1] SuaTPEYIX TOU TOLXWUATOS YUPW ATO TOV AE0VAE TOV, 1) oTrolx
elval pkpn Adyw ™ pnypatwong (v tolywpa ano Q.X.). Emedn n kataokeun Sev Stabétel
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ovolaoTIKN Suvotpedia Yo va pmtopel va TTapaAdBel LEYaAVTEPT POT, TO GELGUIKO QOPTIO Sev
umopel va avinbel, apa dev Ba vmapéel avinon tng petakiviong dz TOU TOYWUATOS KOL 1)
TAPAUOPPWOT) TOV KTIpiov UETA TN Slappon] TWV LVTOGTVAWUATWY Ba cuvicTatal Kupiwg oe
oTpoen YUpw amd tov ToAo Po’" mou Bploketal atov G&ova Tou ToWHATOS. Adyw aUTHG TNG
oTpoENG B HEYAAWOEL OMUAVTIKA 1) HeTAkivnoTm dim NG mAgupdg 1 mou Bplokovtal Ta
UTIOGTUAWUOTA KoL ) peTakivnon dkmm Tov KM (BA. Zx. 2.17(B)). Z& aut TNV TEPITTWOTN LoYXVEL:

Ko
(\/( ””””””” KM™ 7>~y E
! — K€\ ©
e . A =
b P KMgl  — ;
T N, %///% x :
_.\QL/ KM
o n— — o — o 1
Po i
(B)
Yx. 2.17. Metatomioelg ¢ kataokeung: (o) otn Stappon Twv VTooTUVAwpATwY, (B) otn péylom
petakivnon.
F F
) S
A lM A ﬁﬂfﬂ;ggm
FTy 7777777 ™ = === F[O‘ 77777 —I ‘ 1
'i YmooTuAwypaTa ] '
1 oL
'
Fey[ 1y Fey[ 1
¢
1
)
1
iof
! . Frt-
) /
I )
@) d2‘yd1‘y Vd O dz dKM.ydl,y Akmm d Vd
() (B)

Yx. 2.18. (a) AVEAQGTIKI] CUUTIEPLPOPE UVTIOOTUAWUATWVY KAl TOYWHATOG, (B) ZUVOALKY CUUTEPLPOPE 0T
SLappon TwWV VTTOGTUAWUATWY KAL 0TI MEYLOT HETAKIVOT.

d,, +d
1m % (2.36)

dKM,m - T
Abyw auTNG TNG GUUTEPLYPOPAS, TO Tolxwua Sev TTpoOKeLTAL va SlappeVoel TOTE, AWOU 1)
UETOKIVNON TOU TOaPAUEVEL TPAKTIKA otabepr), (on pe dz, emopévws To Tolywpa Oa
ovuteppepBel eAaoTikd. AvVTIOETa, TA VTOCTLAGWUATH UTOPOUV VA avaTTUEoUV HEYAAN
TAXCTILOTNTA, @OV Ba VTTOOTOUV PEYAAEG TAXOTIKEG PHETATOTIOELS. AUTH EMONEVWG Elval pia
TEPITTWON 6NV oTIolA 1 TOTKY] TTAACTILOTNTA SLAPOPOTIOLEITUL ONUAVTIKE HETOED TWV UEADV
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™G kataokeuvns. BéPBata, autn elval pia akpalo mepimtwon mov dev eival mbBavov va cupPel

otnv TPasn, emeldn ouviBwWG VTIAPYXOUV Kol GAAQ UTTOCTUAWMUATA TA OTola pPmopolv va

OUVELOPEPOUV GTNV OTPETTIKY Suokauia.

‘Ocov aopd otn oxéon HeTadd TNG TOTIKNG TAACTILOTNTOS Ux TWV UTTOGTUAWUATWY KAL

NG YEVIKNG TAXCTILOTNTAG Uf, TTAPATNPOVE T £ENG:

e Hyevik mMAaoTiudTTO LGOUTAL PE:

_ dKM,m _ dl,m +d2
F= =
dyy, dy,+d,

o H MAaoTHOTNTA TWV UTIOGTUAWUATWY LOOVTAL JIE:

dlm

Uy =——

d,,

O¢tovtag A = dz2/d1y kat xpnoomowwvtag v (2.38), 1 EE. (3.37) ypapetat wg

p CHg A
AT

atd TNV ool TPOKVTITEL

Mk =.uf(1+A)_)t

(2.37)

(2.38)

(2.39)

(2.40)

[N apadetypa, edv o oxeSlaopdg Tou KTipiov yivetat yia pur= 4 xat A = 0.8, mpokUTTEL: Uk = 6.4.
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Ke@palaiwo 3

LELOULKT] ATOKPLOT] KOL GXESLAOOC
TOAVBAOULOV CUGTNUATWV

3.1. Ewoaywyn

Ot ouVNOEIS KATOOKEVEG TOALTIKOU UNYOVIKOU OUVIGTOUV OUVOETA CUCTHUATA, TO OTOolo
QTOTEAOVVTAL ATIO TIOAAEG UATlES Kol €MOUEVWS StaBétouv ToAAoUs Babuols edevbepiag. X
YEVIKT TepIMTWOoT, KOs pala evog cuotuatos umopel va kivnBel oe 6 Babupovg eAevbeplag, ot
omoliol og éva KAPTESLAVO VoA 0pBoyOVIWV afOVwV VL OL TPELG UETAKIVIOELS Uy, Uy, U
KATA TOUG TPELS GEOVES X, V, Z KL OL TPELG OTPOWES By, 6y, 0, yOpw amd auTOVUG TOUG AEOVES.
Emopévwg, €dv éva ocUotnua UTOPEl Vo TPOGOUOLHoTEL pe éva cVoTNUa n palwv, Slabétel
OUVOALKA 6-n BaBpovcs edevBepiag.

Ze ouvniOn olkoSopKG €pya, OTA OOl OL PAlEG DEWPOVVTAL GUYKEVTPWUEVEG OTA ETITIESA
TWV TAAK®V, AOY® TNG HEYAANG SUCGTEVELNG TWV VTTOCTUAWUATWY O€ TIAPAUOPQWOT] KATA TO
Staunkn toug afova umopel va Bewpndel 6tL u; = 0. EmmpocOeta, emeldny kaL 1 6TPOPN TWV
TAQK®V YOpw omO TOUG OpLlOVTIOUS GEOVEG OGUVOSEVETAL VTOXPEWTIKA aTO aEOVIKEG
TAPAUOPPWOELG TWV VTTOCTUAWUATWY, UTIoPEl va BewpnBel OTL Kal oL avTioToleG 0TPOPES lvat
oxedov undevikeg, SnAadn Oy = 6, = 0. Me autd Tov TPOTO, G€ OLKOSOUIKA €pya ol Babpol
elevBeplag meplopiovtat o€ 3-n.

[Ipémel va onpelwBel 6TL 1 Stakpitomoinon twv palwv, SnAadn n Bewpnon OtTL ot paleg g
KATAOKEVTG (VAL CUYKEVTPWUEVEG O GUYKEKPLUEVX omnueia, Sev elval Tavtote Suvaty, YU autd
KOL Ol KATAOKEVEG Slakplvovtal o€: () ovoTiuata ue ovykevipwuéves uales (lumped mass
systems) xau (B) oe ovveyn ovotruata (continuous systems), ota omoia 1 pala Bewpeital
KATAVEUNUEVT O€ OAN TNV €KTAOT TNG KATAOKELTG. TNV Katnyopia (o) umayovtal Ta ocuvion
owodopka épya amd Q.X., ota omoia oL UAleG pmopoUV HE LKAVOTOWTIKI TPOCEYYLoN Vi
Bewpnbolv cuYKEVTPWUEVEG oTA emiMeda Twv MAAK®V. XTnv Katnyopia (B) avikouv Tta
EPAYHATA, Ol KOAUIVASEG KAl GAAEG KATAOKEVEG OTLG OTIO(EG SEV VTIAPXOLVV BECELG PUE HEYAAES
OUYKEVTPWUEVEG HATES.

Ze auTd TO KE@GAAL0 €EeTGlOVTAL KUPIWG CLUGTHUATA PE CUYKEVTPWUEVEG HAleS, I8laitepa
OLKOSOUKA €PYQ, KOL HIKPT] HOVOV QVOQOPA YIVETUL OE XAPAKTNPLOTIKEG TIEPITITWOELS CUVEXWV
OUOTNHATWYV. ZTA OLKOSOULKA €pya YiveTat 1 TTapadoxn OTL 0L TTAGKES TWV 0pOQ WV AELTOVPYOUV
WG Stappayuata, SnAadn OTL eival ATAPAUOPPWTEG 0TO ETITMESO TOUG KL PTTOPOVV VA KIVOUVTAL
0TO XWPO WG amapapop@wToL Siokol H 80Tyt auty ovopdletal Stappayuatikn Asitovpyia
Kol Taiel onpavtikd poAo ot Suvaplkny amiokplon Twv KTplwv, emedn emPAaAAel
OUYKEKPLUEVOUG KIVILATIKOUG TIEPLOPLOUOG GTNV TIHPAUOPPWOT] TNG KATACOKELVNG. To B€pa autd
TAPOVCLACETAL AVOAVTIKA TIHPAKATW.
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3.2. EAaoTiKY] QmOKpLOT TIOAV®WPO@OU KTLPLOoV LE SLa@paypatiki) Asttovpyla

Yto Zx. 3.1 mMapouCLAlETAL CXNUATIKA 1 TIHPAUOPPWON EVOG TTOAVWPOPOL KTLPlou n 0poPwVv
Kata T Sldpkela evog celopov. OTwg ava@épOnke Tapamdvw, GE QUTH TNV TEPITTWON
UTIOPOVUE VA BEWPTOOVUE OTL OL HATEG EIVAL CUYKEVTPWUEVEG OTA EMITESA TWV TTAAKWV Kol OTL
kaBe pala Stabétel Tpelg Pabpovs eAsvBepiag, CUYKEKPLUEVA PHETAKIVIION Ux KATA TOV AoV X,
HETAKIVON Uy KATA TOV dEova y kal aTpo@n 0 = 0, yOpw oo TOV KATAKOPLPO GEova Z.

Xx. 3.1. Zelo K THpapop@waon ToAVwpPO@PoUL KTipiov amd Q.X.

3.2.1 Awx@payuatikn Asitovpyia

LTI TIEPLOOOTEPEG TEPITTTWOELS TAAKWV amd Q2. pmopolpue va Bewprjoovpe OTL kabBe TAGKA
amoTeAEL éva Sla@paypatikd S{oko Tov SV TTAPALOPPWVETAL 0TO £TiTMESO TOL, SnAadn OTL o€
KkaBe dpo@o vapxeL Stappayuatiky Asttovpyia. TTapadelypata TEPITTWOEWY TOU €V LOXVEL 1)
Slappaypatikn Asttovpyia eivat:

¢ Krtipla pe QoA matopata

o Blopnyavikd Ktipla pe HETAAAKEG 0TEYEG ATIO EVKTA Kol TEYISES

o Krtipia pe mAdkeg amd Q.X., ol omoleg OUws Adyw oxnuatog Sev efac@aiifovv TO
ATUPALOPPWTO OTO EMMESO TOUG, OTIWG TOAV ETUNKELS 0T pia StevbBuvon Kal TAGKES
oynuatog H1 L.

Edv ol TAGKEG TwV 0pOQ®WV AEITOUPYOUV WG SLX@PAYUATA, UTIAPXEL OUOYXETION TWV
HETAKIVOEWV OAWV TWV OTUEIWY TOV SLAPPAYUATOC, OL OTIOLEG TIPETIEL VAL £Vl CUUPBATES LLE TNV
Kivnon Tou SLa@payuaTtos ws amapapop@wTo cwua. ETopévwg, eav eival yvwotd to Sidvuoua

TWV HUETAKIVIOEWV uO:{UOX U, QO}TOTtOLOU(ST’]T[ors onueiov avagopds 0O, pmopel va

y
UTIOAOYLOTEL TO AVTIOTOLXO SLAVUOUA PETAKLVIOEWY KL OTIOLOVSNTOTE GAAOL onueiov I TGvw
oTo SLd@paypa.

Mpdypaty, €0tw OTL TO SLa@paypa €xel peTakvnBel OTTWG @aivetat oto Zx. 3.2, SnAadn to
onpeio O €xel petakvnBel KATA Uox KAl Ugy KATA TOUG a§oveg x kat y (onpeio 0), evw 6Ao T0
Std@paypa €xel otpagsl kal kata ywvia 6, n omoix eivar St yu OAa Ta onuela Tov
Slappaypatos. ‘Omwg @avetal oto Xy. 3.3, N OUVOALKY Kiviion pmopel va avaAuBel oe: (A) pla
HETaPOPLKN Kivnon xwpis otpoen kat (B) o€ pia otpo@n YOpw amo to onueio O’
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Y. 3.2. Kivnon Sta@paypatog.
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p Ux X \iAX
: Q o’
] 3 Z_ uy \

o‘ ) o‘ ) B

Ay

Xx. 3.3. AvaAvon ¢ kivnong tou Sta@paypatog oe: (A) petagopikr) kivnon kot (B) otpon.

Mapampovue otL:

o X1 peta@opikn kivnomn (A) 6Aa ta onpeia €gouv TV (Sl pETAKIVIIOT KATA X Kol ,
EMOUEVWG YL TO TUXaio onueio X oyveL:

A

Uy, =Up, (3.10)
A=y

uZ,y — Y0y (31[3)
62 =0 (3.1y)

o X1 otpogn (B) 6Aa ta onpeia oTpé@ovtal yopw amod to onpeio O katd ywvia 6, EMOPEVWS
SnuovpyoLvTAL TPOCOETEG HETAKIVIIOELG KATA TOUG AEOVEG X KL Y. OewpwvTag OTL T Ywvia
oTpoPNG 6 eival pkpn woTe va Pmopovpe va Bécovpe: cosd = 1 kat sinf = 6, evkoAx
amodelkvVETAL OTL:

Uy, =—0-yy (3.20)
ug, =+6- Xy (3.2B)
0y =6 (3.2y)

OTIOV X3 KAl Y5 lval 0L CUVTETAYHEVES TOV onpelov X oto cvotnua Oxy (BA. Zx. 3.2).
ETopévwg, ol PETAKIVIOELS TOu Tuyaiou onuelov X Umopovv VA UTOAOYLOTOUV ATIO TIG
UETAKIVIIOELG TOV onpeiov ava@opdg O Kat T oTpo@n 6 Tou SLa@PAyLATOoS AT TIG OXEGELS:
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Us, =Ug, =0 Yy (3.3q)
Uy, =Ug, +60-Xy (3.3B8)
6, =06 (3.3y)

TuvnBweg, wG oNUEID AVAPOPAS YL TOV UTIOAOYLOUO TWV HETAKWVICEWY BEWPOVUIE TO KEVTIPO
ualag (KM) kabe Siappdypatog.

3.2.2 E¢iowon kivnong

TOpewva PE TA TOPATIAVW, YL TNV TEPLYPAPN TNG Kivnong Tou KTiplou elval apkKeto va
UTIOAOYLOTOUV Ol HETAKIWVIOELS Ujx Kt Uy Touv KM kd&Be opd@ov j, kabBws kat 1 otpo@n 6;. To

OUOTNHA TWV SLHPOPIKWY EELOWOEWY TOU TEPLYPAPOUV TNV kivion g ToAvaduiag
KATAOKELNG Yl SLEYEPON TNG BAOTG TNG UE CELOHIKT ETITAYLVOT X (t) TIoL evepyel o€ SLevBuvon

oV opileTal amd To Slavuoua KateDOUVVENG I UTIOPEL VA YPAPEL € UNTPWLKT LOPPT) WG EENG:
Mii +Cu+Ku =-MrX, (3.4)
Ta unTpwa Tov VTIELGEPXOVTAL 0€ AUTN TNV £§loWOMN OXOALA{OVTAL TTAPAKATW.

Aidvvoua usTaKvnoswy

I'a éva KTipLo e n 0pd@ouE To SLEAVUGUA TWV AYVOOTWY LETAKLVIOEWV EXEL 3-n OPOLG:

105 6poog

wol®l (35)

U,, | n 6poog

n

Il Adyous KaAUTEPN G Slaxelplong Twv oxE0EWV CUVIOTATAL 1] AVaSLATAEN TOV SLAVOGUATOS
TWV LETAKLVI|OEWV 0TI LOPPN:

u=-<u (3.6)

OTIov
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Uy Uy 0,
Upy Uzy 0,

uX = ) uy = ) 9 = (37)
unx uny 6n

H Sidtagn avt akodovBeitat TapakaTw.

Mntpwo ualag
Eav ot petakivioelg petpwvtal 0to KM kabe opo@ov, To untpwo padag eival Staywvio Kol £xel
™ Hop@N:

m, 0 O
M= 0 m, 0 (3.8)
0 0 I,
OTIOV
m, 0 0 my, 0 L, O 0
0 w 0 0 my, .. O 0 L, .. 0
mx _ m2x , my — 2y , 16 — 20 (3-9)
0 0 0 m, 0 0 0 m, 0 0 0 I,

L€ QUTEG TIG OXETELG, Mjx KAL My Elval 1 LAl TOV j 0pO@POV KATA X KL y avtioTolxa Kot lip | poT
adpavelag Halog yopw amo Katakopu@o agova mov SiEpxetal amnd to KM. ZuviBwg, mj = my,.

YmevOupiletal 0TL yid 0pBoywVviK] KATOYT UE OHOLOHOPEN KaTavoun Halas, SLaoTAoEWY
LyxLy, n pot adpaveilag padag divetal amod tn oxéon:

Iy =%;Li) (3.10)

[ k&Toym tuxaiag LopENG, GUVICTATAL O SLAXWPLOUOS TNG 0€ 0PBOYWVIKA TUNUATA, Yot KABE
éva amd Ta ool vtoAoyileTaL 1 poT) aSPAVELAS TOV g WG TIPOG TO KEVTPO HAJAG TOU CUUPWVX
ue v (3.10) kot 11 GLVOALKT poT adpavelag voAoyiletal epapuolovtag To Bewpnua Steiner,
SnAadn

Iy=> I, +> mR} (3.11)

6mov R; elvatn andéotaon tov KM tou tuiqpatog i ano to KM 6Ang g kdtoymg.

Mntpwo Svokauyiac

To unTpwo SuokapPiag eivat cuVNBWS Eva TATPEG UNTPWO IOV UTOPEL va Ypa@el aTn Lop@n:

k, k, Kk,
K=k, k, K, (3.12)
ka yo kG
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T€ (PUOIKA CLOTNUATA, 1 SlLYWVIOG TOV UNTPwWov SuvokauPiag Sev pmopel va meplappavel
UNSEVIKOUG 1] apVNTIKOUG OPOUG.

Mntpao andofeong

To uMTpwo amoécPeong elval KAt QUTO Eva TTAPES UNTPWO TIOV UTTOPEL Vo Ypa@EL 6T Lop@n):

w €, €y (3.13)

To puntpwo amocPeong Sev ival ebkoAo va vmoAoylotel otnv TPadn. I'ia To oVVNON OUWS TPOTIO
AVAAVOTG TWV KATACKEV®WV PE TN HEB0S0 NG lopop@kng avaivong (BA. map. 3.2.5 mapakdatw)
Sev xpeldleTal 0 VTTOAOYLOUAG TOV, APOV XPNOLUOTIOLEITAL 0 LGOSVVAIOG GUVTEAESTIG ATtOGREON S
¢, avdAoya pe tn Bewpnon Tov yivetal atnv avaAuon Twv HovoBadpiwy cueTNUATWY.

INUELWVETAL OUWS OTL TO UNTPWO ATOOLECTG ATMALTEITAL VA VTIOAOYLOTEL Ty Yivovtal
aVOAVOELS XpovoioToplag pe am’ evBelag 0OAOKApwOoN TNG UNTPWLIKNG e§lowong kivnong (3.4). Ze
auTnV TV TepimTwon, ouvnBwe viobeteital 1 Bewpnon andoBeong kata Rayleigh coppwva pe
™V oTola To UNTPWOo amocfeons umoAoyileTal amo T oxéon:

C=a-M+p-K (3.14)

OTovV a kKol B elval KATAAANAOL GUVTEAEOTEG TOU ouviBwg vmoAoyilovtal pe domn Toug
ouvteAeoTEG amooPeons ¢ kat {f Twv dU0 TEPLOGOTEPO ONUAVTIKWV WSlopopwv (BA. map. 3.2.5
Tapakatw). Eav Bewproovpe eviaio cuvtedeotn) andofeong ¢, (810 yia OAeG TIG LBLOPOPPES, oL
OUVTEAEOTEG ar KaL S UTIOAOYICOVTAL ATIO TIG OXECELG:

2w,
a)l.+a)}.
2¢
p= (3.15B)
w; +w;

Aidvvoua katevBuvong ostouikic Spdonc

H oelopkn avaiuon Twv KATAOKEVWV YIVETAL Yl oUYKeKpLUévn Slebbuvorn G CEGUIKNS
Spaong, n omoia opiletal amod To Sikvvoua katevBuvong r, To oTolo opilleTal amd Ta CLVNUITOVX
KQTELOULVOTG TWV GELCUIKWV QOPTiwV Tov avamtvocovtal 6to KM kabe opd@ou kal elvat tng

Hop@rig:

(3.16)

ﬂ
Il
o ,\;‘l ><'1

'EtoL, Y Stevbuvon oelopikng Spaong mou oxnuatilel tuyaia yovia ¢ pe tov dfova x, To
UTIOSLAVUG A Iy €XEL TLUY COSQ O€ OAOUG TOUG OPOUG KL TO VTTOSIAVUOUA Ty EXEL TIUN Sing o€
6A0UG TOUG OPOUG.

['a mapadeypa, yia oewopikny dpdon ot 6iebuvon x (¢ = 0) 1o VTTOSLAVUOUA Ty LGOVTAL UE
1o povadiaio Savvopa 1, dnAadn €xel Ty lon pe 1 og 6AoUG TOUG OPOUG TOU, EVW TO
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VTOSLAVUO P Ty LoovTaL PE TO UNdevikd Stavuopa 0, SnAadn €xet Tiun (on pe 1 oe 6Aoug Toug
o6pouvg Ttou. Emopévwe, to Stdvuoua katevbuvong eivat r = {1 0 O}T. AvtioTtoa, ya
oelo KT Spdon o Stevbuvon y, To Stkvuopa kKatevBuvong elvat: r = {0 10 }T.

To tpito vmodidvuopa mou oxetileTal pe T oTPOEN £lval cuvnBws PNdevikd ylati Sev
OEWPOVE GTPETTIKI] CUVIOTWON TNG CELCUIKNG §0vNong (YOpw amd katakopu@o déova). X
OTIAVELN TIEPITITWOT) IOV KATIOL0G BEAEL VO avaAVOEL i KATAHOKELT] YIX OTPETTIKI SLEYEPOT, TO
Tplto vmodidvuoua Ttpemnel va tebel (oo pe 1.

INUELWVETAL OTL, EVW 1) CELCULKT aVAAVOT YIVETAL XWPLOTA Yo KABe SlelBLVOT GEIGUIKNG
6pAomng, 0 AVTIOEOUIKOS oxeSlaopog Baciletal o€ oUVOULAOHO TWV ATOTEAECUATWY TOU
QVTLOTOLXOUV O€ TOLVAAXLOTOV 6V0 SlevBUVoELS OEoUIKWY pAdoewy, kKaBeTwv petaty toug (BA.
map. 3.5 mapakdtw). Zuvnbwg, ot SlevBHVoES AVAALONG TWV CELCUIK®Y SpAacewv Aappavovral
(81eG pe TIG KUPLEG BlEVBVVOELS TNG KATAOTKELTNG.

3.2.3 Kavovikéc uoppéc

[6tomepiodot
Avddoya pe Ta povofdaduia cuotnuata, kat Ta ToAvBaduia cvotnpata StaBétouvv 18L0TEPLOSOUG
Kal 8loouXVOTNTES, TO TAI00G TwV 0TolwV ooV TAL e TO cUVOALKO AN 006 Babuwv eAsubepiag
™m¢ kataokeung N. TN mapadetypa, oe ktiplo n opdwv pE Sla@PAYUATA, OTO OTOi0
AapBavovtat vtoym 3 f.e. ava 6powo, N = 3-n.

0 pabnuatikdés VTTOAOYIOUOG TWV LBLOCUXVOTNTWV HIXG KATOOKEVNG YIVETAL UECW TNG
XAPAKTNPLOTIKNG £§l0WOTNG:

‘K—wZM‘ =0 (3.17)

H E%. (3.17) odnyel oe pia apOuntikny egiowon N-Babuod wg mpog w?, oL pileg g omolag
Tpoodlopifouv TI§ W8loovxvoTNTES w; TNG Kataokevns (i = 1, 2, ..., N). Ot AVoeig ¢ EE. (3.17)
KQTATdooovTal o€ avfovoa oelpd, SnAad):

W1<W2< ... < Wy (3.18)

I k&Be 18oocuxvoTtnTa vIToAoyiletal N avtiotoyn WSlomepiodog amod tn oxéon Ti = 2T/ w..
Emopévwg, yua Tig 18lomepldSoug toxVeL:

T1 > Tz > ...> TN (319)

H xatdtaén twv Sloocvyvotitwy pe avéovoa oepd (1 Twv 8lomeplodwy pe @Oivovoa
o€lpd) lval oNUAVTIKN YTl 0TIwS Ot SOUUE TAPAKATW, CLUVTBWGS §EV ATTALTEITAL O UTIOAOYLGLLOG
OAWV TWV BLOCUXVOTNTWV QAAX LOVOV £VAS TIEPLOPLOUEVOS APLOUOS AUTWV.

Ztnv mpagn, 0 VTTOAOYLOUOG TWV BLOCLXVOTHTWY KoL TwV 8LOTEPLOSWV SeV YIvETUL HEoW
NG XAPAKTNPLOTIKNG €El0WOTNG XAAQ LE TIPOGEYYLIOTIKEG AplOUNTIKEG uEBASOUG, OTIWGS I HEBOSOG
Rayleigh-Ritz, ot oToieg emiTpémouv To oTASIOKO VTOAOYIOUO TWV LSLOGUXVOTHTWY UEXPL TO
emBLUNTO AN 00G.

‘060v aopd 0T PUGLKY ONUACIH TV LOLOTIEPLOSWY, ONUELWVETAL OTL KABE SloTepioSog
QVTIOTOLXEl OTO XPOVO €VOG TANPOUG KUKAOU €AEVOEPWV TOAAVTWOEWY OE XUPUAKTNPLOTIKEG
HOP@PEG TAAAVTWONG, OL 0TIO(EG OVOUALOVTAL LOLOUOPPES.
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[51o0poppéc

Eav pla kataokevn Sieyepbel pe appovikn SlEyepon Tou €xel ouyvotnta (on pe pia amd Tig
L5L0oUYVOTNTEG TNG B ATOKPLOEL HE Wit CUYKEKPLUEVT HOPPT] TOAGVTWONG 1) oTolx ovopddeTal
Stopopn (eigenmode) 1 tStodiavvoua (eigenvector) 1| tdtooyjua 1 Kavoviky popen.

TaAdvTwon UG KATAOKEVNG o€ ot amd TIS Slopop@ES TG onuaivel OTL To GXNUA NG
TOAPALOPPWHEVNG KATAOKEUNG TAPAUEVEL OTAOEPO OTO XPOVO KAl HOVOV TO €UPOG TWV
UETAKIVIOEWY OAAGCEL KABE xpovikn otiyun. Me dAAa Adyla, 0 A0Y0G TWV HETAKIVIIOEWY V0
omolovonmote Babuwv erevbepiag mapapével otabepds, aveldpmTog Tou Xpovou. AuTtd LoyVeL
HOVOV OTOV 1] KATOOKEUN SLlEYElpETAL 0€ KATIOLA LSLOPOPEN TNG, EVW YLX OTOLASNTIOTE GAAT
SLEyepom, To oYU TG ATOKPLONG XAAALEL e TO XPOVO.

. . T_ . . . .
Edv ovpBoAicovpe pe B; :{ v Ba ﬂNi} T0 1 181081dvuopa, amodetkvieTat Ot

(K-wM)g, =0 (3.20)

H e€lowon avt) wooduvapel pe éva cvomua N adyeBpikwv e£lowoewv wg Tpog T N AyvwoTeg
TWWEG NG § 8Lopop@Ns, P1i £ws Bui. ETed Opws 1 0pilovca TwV GUVTEAECTWOV TWV AYVOOTWY
toovTal pe undév ovppwva pe v EE. (3.17), vmapyovv amelpeg Aol Tov cuoTiuatos. I'a to
Adyo auto Bftoupe pia aubaipetn Tun o€ évav amd Toug ayvwotous, T.Y. Bii = 1 1 B = 1, ko
vToAoyilov e TIG UTTOAOLTIEG TIUEG TNG LELOUOPPTG.

Kavovikomoinon i8touoppwv

I'a AdYougs TePLOGATEPO EMOTITIKOVUG KL OXL 0UGiag, UVIBWG KAVOVIKOTIOLOUUE TIG LBLOUOPPES
IOV TPOEKLYPAV UE TNV TAPATAV® SLASIKAGIO MOTE va €(OVV Iix KO AoyLKn, TL.X. 1 LEYLOTN
T 0AwV TV WLOPoPPWV va loovuTat pe 1, 1 1 T K&Be 8lopop@ng OV AVTIOTOLXEL oTNV
Klvnon g kopueng otn deomolovoa Sievbuvon va toovtat pe 1, kKA. H kavovikomoinon yivetat
HE TIOAAATIAAGLACUO OAWY TWV TILWV HLXG LELOLOPETIG LE KATIOLO CUVTEAEGTN KL TIPOPAV®S SEV
EMMNPEACEL TA AMOTEAECUATA, OOV, OTIWG aVAPEPONKE TAPATAV®W, Ol CGUVIOTWOES TNG
LSLopop@PNG SNAWVOUV GYECELS HETAKIVIIOEWY HETAEL TwV Babuwv elevbepiag, ol omoieg Sev
QAAOLWVOVTAL LE TOV TIOAAXTIAQCLAOHO OAWVY TWV TIHWV E EVA CUVTEAECT).

Zuvn0we, Yl TOAVWPO@PA KTipLa VIOOETOVE TNV KAVOVIKOTION G TWV LSLOLOPPWV WG TIPOG
TN HEYLOTN TLUY TOU AVWTEPOU 0pOPoL n ot deomolovoa SievBuvon kivnong, n omola TiBeTal
ton pe ™ povada. Ot kavovikomopéveg L8Lopop@Eg cupBoAilovtal pe @; = {(ph- Oy o qui}T.
Emopévws, €8V Limax = Max {Luix, Bniy}, OTMOU Prix KA Bniy OL TIHEG TNG I LOLOHOPEPNG TIOV
QVTLOTOLYOUV 0TI HETAKIVIIOELS TOU AVWOTEPOV OPOPOV KATA X KAL ¥ avTIOTOLX®, OL TIHES @
vmoAoyilovtal amd TI§ TIHESG S atd T oxéon:

@ji = Bji/ Bimax (3.21)

01OV 0 8elkNGj SnAwveL To B.€. KoL 0 SelKTNG i TO VOUUEPO TNG LOLOLOPPNS.
[l Adyous cupBatdTTag UE TN CEPAE TWV UETAKIVI|CEWY TIOL VI0BETNONKE YL TO Stdvuoua
u (BA. EE. (3.6)) Ta&tvopoUe TIG TIHES TWV LSLOHOPPWV UE TNV (Sla oelpd, SnAad:

(pi,x
Q=19 (3.22)
L)
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oTIov
P1ix Pii,y Piip
D2i x Dai,y Dip
Q= Py = » Pig = (3.23)
(pni X (pni Ly ‘Pm’,e

3.2.4 O0pBoywvikéTnTa 161opopPwv

Mia Baoikn 8LOTTA TwV 8OHopE®V lval 4Tt eivatl opBoywvies petadh Toug, T060 WG TPOG TO
UNTPWO UATaG, 600 KAl wG TTPOS TO UNTPwo dvokauiag, Sniadn:

T 0 eavizj
@M@, = o
m, eqvi=j

1

(3.24a)

T 0 edvizj
OKe =r (3:248)
; EQVi=j

1

~

Ou moodtntes m; ko k;

. OVOUALovTOL YEVIKEUUEVN) UAd TNG LOLOMOP@Y| I KL YEVIKEUUEVN

Svokauia ™G WSopop@n i avTioTolXa KOl OVTIOTOLXOUV oTn Hala kol Tn Svokapgia evog
tooSUvapov povoBdduiov TaAavTwTy HE WBlooLXVOTNTA (01 HE AUTH NG LSLOHOPPNS, a@oV
LOXVEL:

(3.25)

3.2.5 ISopop@ixi) avéivon

YmoAoyioudg toLouop@Lkwy amokpioswy

Mia GAAN SLOTNTA TWV KAVOVIKWY HOP@PWV €lval OTL 1 KiVon NG KATACKELTG OTIOLXST)TIOTE
XPOVIKN OTIYUN t uopel va ypa@el wg ABpolopa Twv ISLopop@IKmVY amokpioewy, SnAadn

LGEDRAGE (3:26)

omov Yi(t) elvar katdAAnAot cuvtedeotés. Kabe 6pog tou abpoiopatog touv de§lov pépovg g EE.
(3.26) avtioTol el OTN OUUUETOXN KADE KAVOVIKNG MOPEONG OTN GUVOALKN QATOKPLOT KO
ovopdaletal tStopuopeikny amokpion. Omwsg @aivetar amé v EE (3.26), n amokplon Kd&Oe
KOVOVIKNG LOP@PTG TIPOKUTITEL WG YIVOUEVO §V0 CLUVAPTIOEWV:

e Mg ovvdptnong touv xpovou, Yi(t), n omoia ovoudletal (Stopop@ikn UETAKIVNON Kol
elvat (St yia 6Aoug Toug Babpovg edevBepiag, kat

o Miag ouVAPTNONG TOU XWPOU, TNG LSOpopENS @;, 1 omola koaBopilel 10 TWG
TpoToToLElTAL 1) LBLOLOP@LKN PHETaKIvoT o€ KABe BaBuo eAsuBepiag.
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Emeld1 ol 18lopop@peg @i Bewpolvtal YVwoTéG, a@ol PTopolv Vo UTTOAOYLGTOUV GUUPWVX
HE TA TOPATIAV®, YlX TOV UTIOAOYIOUO TwV HETAKWVNOoEwvV u(t) apkel va vmoAoylotolv ol
Slopop@ikéc  petakvnoels Yi(t) mouv avtiotoyyoVv otn  SeSopévn oelopkn  SiEyepon.
Avtikablotwvrtag my (3.26) oty (3.4) TpokUTTEL

> (M@, (6) + oY, (£) + Kep,Y, (¢)) = -Mr, (3.27)

1

[ToAAamAaolalovTag aploTepd TN UNTPWIKY e§lowon (3.27) He TO avACTPOEO HLXG TUXiag
LBLOOP PTG @; TIPOKVTITEL:

> (0]Mo,¥ () + 9] Co.Y,(t) + @]KeyY, (1)) =—@IMr, (3.28)
AOYW NG KAVOVIKOTAG TV IBLOUOPP®V WG TIPOS TA UNTPpWwa palag kal Suokappiag (eElowaoelg
(3.24a) kat (3.24f)) kot BewpwvTag OTL N KAVOVIKOTNTA LoYXVEL KAl WG TPOG TO UNTPWO
amoofeong, agol autd pmopel va ypa@el wg cuvSuaopos Tou UNTPWOU PAJAG KAL TOU UNTPWOU
Svoxkapyiag oOp@wva pe v EE. (3.14), 6AoL oL 6pol Tov aBpolouaTog ToU apLloTEPOV PEPOUS TNG
E¢. (3.28) undevidovtal, ektog amd autos OV avtioTolyoVv o€ i = j. Emopévwg, Statnpwvtag
HUOVO TO SelkTn I Kol XPNOLUOTIOIWVTAS TIG YEVIKEVUEVEG pales kal Svokapyieg, n EE. (3.28)
YPAPETAL WG

MY, (6)+ Y, (0)+ kY (6)=-L, (3:29)
oTov
¢, =@, Co, (3.30)
L, =@ 'Mr (3.31)
Awpdvrtag ™y (3.29) pe m;, xpnopomoldvtag v (3.25) kot Bétovtag
¢ =—rt (332)
2\ k.m,
T
r=t_ @M (3.33)
m;  @; Mg,
TIPOKUTITEL:
V() +20wY () +wY(t)=-T%, (3.34)

H mapdapetpog I ovopdletal ouvvteAeothic ovupetoxns s i 8lopop@ns. O GUVTEAESTNG
oLppETOXNG Sev €EapTATaL amd TN CelopKY SiEyepon, efepTaTal OUWS amd TN Sievbuvorn oy
omola evepyel auTh), agov emnpedletal amd To SLAvuopua Katevbuvong .

H etiowon (3.34) dnAwvel 6TL 1 WSlopop@ikn petakivnon Yi(t) ¢ i Kavovikng popemng
LoOUTAL HE TN HETAKIVNON €VOG HoVOBabUiov CUOTNUATOG HE TA SUVAUIKA XOPAKTNPLOTIKA
(BloouyvoTNTA KOl GUVTEAEGTY] ATTOGBEONG) TNG KAVOVIKNG HOPPNS, GV auTOG Sleyepbel pe
Sebouévn oelopikn] SLEYEPON TTOAAATIANGLAGEVT ETIL TO CUVTEAEGTI] CUUUETOXNS TNG LELOHOPPTG.
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[51o0popikég udadleg

'OTwg TPoaAVAQEPONKE, 1| GUVOALKT KIVNoT TNG KATAOKELTG UTopel va avaAuBel oe éva abpolopa
lopop@ikwv amokpioewv (EE (3.26)). H kivinon kdBe kavovikng Hop@nG evepyoTmolel €va
TO0C0OTO TNG GUVOALKNG HALXG, TO 0TOl0 SNAWVEL TTOGO TTIOAU 1} OGO AlY0 GCUUUETEXEL T LOLOHOPET
ot ovvoAky kivnomn. H pdda m; mov avtiotoel oty kivnon g i Slopop@hg ovopdletat
EVEPYOG 18LopopPLkn) pada Kat Sivetat amod n oxéon:

2 T
m, =T.L, _L ﬁﬂf (3.35)

m, (PiTM(Pi

InuelwveTal OTL 1 CEOMIKN SUVOUN TOU TIPOKUTTEL €AV TOAAATAXCLACTEL 1 €vePYOS
1SLopop@ ik péda m; NG i KAVOVIKNG Hop@NS e TV emitdyuvon Tov Ba eixe évag povoBaduiog
TOAQVTWTNG HE TA SUVOUIKA XapakTnpLoTika s Wopopens (T = T; kal { = ;) woovTal e TO
TUNHUAX TNG OUVOALKNG TEUVOUOAS BAOTG TIOU AVTIOTOLXEL GTNV KIVNOT TNG KAVOVIKNG LOP@T|G.
AnAadn, eqv Fpi elval ) EYLOTN TN TNG TEUVOLOAS BACTG IOV AVTIOTOLXEL OTT) CUUMETOXN TNG I
tSlopop @G, LoxVEL:

Fy =m; -SA(T;,5,) (3.36)

omov SA(T;, ) eivan @aopatikn emtayvven tov oelopol ya T = Ty kat { = (..

H evepyog Slopoppkny pala efaptatal amod tm Sievbuvon g oewouikis dpdong. 'Etol,
KATIOLO KOVOVIKT] LOP@T] UTTOPEL VA €XEL LEYAAN LSLopop@IKY pada yia pia StevBuvon GELGUIKNG
Spdong, SnAadn PLEYAAT CUUUETOXT] 0TV KTIOKPLOT TNG KATAOKEUNG, KL TIOAD HIKP1 1) AKOUT KoL
undeviky WSlopop@ikn pala ywx kamowx GAAn SevBuvon TG oelopknig Spaong, SnAadn
aonuavtn cvppetoxn. I pla Sedopévn Sievbuvon celopov, 1 I8OHOoPEY HE TN HEYAAVTEPT
tSlopop @k pada ovopdletal deomolovoa t5touopen).

INHELOVETAL OTL TO ABPOLOUA TWV EVEPYWV LSLOHOPPIKWV HAlWV OAWV TWV KAVOVIKWV
HOP@®V LOOVTAL LLE TT) GUVOALKT HALN TNG KATAOKEUTG Myor TIOV EVEPYOTIOLE(TAL OTNV £EETALOMEVT
StevBuvon celopov. AnAadn

N
S mp =my, (3.37)
i=1

H evepydg 18Lopop@kn pdla m; Sev TPETEL VAL CUYXEETAL [IE TN YEVIKELPEVN pdla m;, a@ov:

e H evepyds Sopopeixt) pdla m; avtiotoel oto TPRUA ™G GLVOAKNG WAlag TNG
KA TAOKEVT|G TIOV EVEPYOTIOLELTAL ATIO TNV KiVvN oM TG LSLOPop@TG.

e H yevikevpévn pala m; avtiotoyel ot péda tov 1wodvapou povoBadiov tadavtwr
oV €xeL T (Sla SUVAUIKA XAPAKTNPLOTIKA [LE TNV KAVOVLIKI] LOP@T KaL 1) xpovoiotopia
™G UETAKIVIONG TOU OTO(OU Yl TN OEIOUIKY SLEYEPOT TOAAATIAACLOCUEVT €Tl TO
ouvTeEAEaTN oUUPETOXNS [} LloovUTaL pe TNV Wlopop@iky petakivnon Yi(t).

EAdytoto anattovusvo mAnfoc tétouoppwv

IOUwvA PE TA TOPATAVW, 1 CUUUETOXN TWV LSIOHOP@®Y OTI OUVOALKI] ATOKPLON TNG
KaTaokeung Sev elvat €§l00V OMUAVTIKY] Yl OAEG TIG KAVOVIKEG HOPPES. ZuVNBwG, 1| CUUHETOXN
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TV aVOTEPWVY SLOHOPP®Y eival pkpn kat pmopel va apeAnbel. T autd o avTIOELGUIKOG
oxedlaopog yivetal Aapavovtag umoyT opLoUEVES TIPWTES HOVOV LOLOUOPPES.

To kptmiplo ov kaBopilel To eAd)LloTO TTAN00G LBLOUOPPWV TTOV TIPETIEL VA AN(OOoVUV UTIOYM
Baoiletal 0to TMOCOGTO TNG OUVOAIKNG HAJOG TOL EevepyoToleltal amd Tnv kiviom Tng
KQTOOKEVNG OE QUTEG TG KAVOVIKEG HOPPES. Zuu@wva pe tov EK8, To dBpolopa twv evepywv
Slopop@kwv palwv mov Aapfdvovtal vtOYPn GTOV AVTICEOULIKO oXeSIoUd TIPETEL va glval
TovAdlotov (om pe to 90% NG CLUVOALKNG LAl IOV avTioTolyEl otV eEeTalopevn Stevbuvon
OELoPIKNS Spaon, SnAadt, edv AapfdvovTtal uTTOYN oL k TPWTES LIOLOUOPPESG TIPETEL VA LOXVEL:

im: >0.90-m,, (3.38)
i=1
OTIOV My €lVAL 1| OUVOALKN] UGl TIoU evepyoToleital atnv egetalopevn SlevBuvon oelopov.
EmnpooBeta g avicwong (3.38), mpémnel va Aappavovtal vmtoym kat 0AeG ot LSLOUOPPES UE
evepyo 181opop@ky pdda m; > 0.05- My
INUELOVETAL OTL OTOV UTOAOYLOHO TNG My TMPETEL VA PN Aapfdvovtal vmoym nddleg ot
0ToleG €V CUPHETEYXOUV 0TIV TIAPAUOPPWOT) TNG KATACKEUNG, OTIWG TL.Y. 1| L&la BepeAiwong 1 1
U&la 0pO@PNG UTIOYEIOV UE TIEPLUETPIKA TOLXWUATA TIOV BEWPEITAL TIPAKTIKAE ATIOPAUOPPWTO.
Emeldn oty mpaén Sev eivat mavta €0koAo va kaBoploTel TTOLEG LALEG CUUUETEXOVV OTNV
TAPAUOPPWOT] TNG KATAOKEUNG KAL TIOLEG OxL, €lvat TOavVOV va Pnv UTopEl va tkavoTion0el 1)
aviowon (3.38) akoun kat eav An@Oel vTOY™M Eva ONPAVTIKO TIANO0G KAVOVIK®OV HOPP®V. TE
TETOLEG TIEPITITWOELG, TO EAGXLOTO TAT 006 Slopop@wV k Tov Tpémel va An@Bolv vTtoym Tpémel
va IkavoTiolel kKat Tig 500 TapakATw cLVONKEG:

° k23-\/;

o Tr<0.20sec

O0mTov n eival To MANB00G TWV OpOPWV TAVW amd Tn BepeAiwon N TNV opo@n vmoyeiov o€
TEPIMTWON TOV TO UTIOYELD ElVAL AKAUTITO.

3.2.6 EISIKéC TEPIMTWOELS

Enimeén kivhon

Y€ CUUUETPLKA 1) TEPITIOV CUUUETPIKA KTipla Tov Sieyeipovtal otn SievBuvon Tov avticTolov
agova ovppetpiag, n kivnon yivetat kupiwg oto emimedo ovppetpiag. o mapddetypa, av to
emimedo ovppetpiag avrtiotolyel otn SlevBuvon X, ol PETAKIWVICELS OTNnV KABeTn o€ auto
StevBuvon Kal oL 0TPOPES TV 0pOPWV UTTOPoLV va TeBoVV (oeg pe undév, SnAady u, = 0 kol 0 =
0. Emtiong, epdoov egetdlovpe oelopikn Spacn ot Stevbuvon x, To Stdvuopa katevBuvong elvat:
ry = 1. Emopévwg, Aapfdvovtag vmoynm povov v mapaudp@won oto emimedo Si€yepong, 1
eElowon kivnong amlomoteital wg e&Ng:

mii +cu+ku =-m1x, (3.39)

OTIoV 0 SelkNG x Sev ep@avileTal yla amAomoinon.
Y& qUTN TNV TEPITITWOT, OL GYECELG TIOU SIVOUV TO CUVTEAECT] CUUUETOXTG KAL TNV EVEPYO
LBLOOP@LKT ALK TNG | KAVOVIKIG LOP PTG ATTAOTIOLOVVTAL WG £ENG:



THMEIQXEIYX ANTIZEIZEMIKHY TEXNOAOT'TAX 3-13

r=it (3.40)

m =T [ij<pj,.j (3.41)
j=1

Xto Xx. 3.4 Sivovtal oL TPELS TPWTEG LOLOHOPPES EVOG TTOAVWPOPOL KTIplov pe emimedn
mapapop@won. Mapatnprote 6TL otnv 1n Slopop@r) 0Aeg ot pales Kivovvtal TPog TV (Sl
katevBuvaor. AvtiBeta, ot 21 IGLOHOPET OPLOUEVES HALEG KIVOUVTAL TIPOG T1) P kKateBuvon Kot
0L UTIOAOLTIEG TIPOG TNV avTiBeTn KatevBUVOT, SNAadT) vTApXEL Eva onueio kab VoG Tov KTipiov
To omolo mapapével akivnto (onpeio pndeviopov). To onueio undeviopol ™G TAPAUOPPEWONG
Tapapével otabepd pe To xpovo kal pmopel va Bploketal oe omolodnmote onueio kad Viog ¢
KQTAOKELTG, OVAAOYQ HE TNV KATOVOUN TwV Halwv Kol TwV SuoKapPlwv, Kol QUoLkd Sev
xperaetal va tavtiletal pe t B€om kamolov opo@ov. XNy 31 I8Lopop@1 VTTApPXoLY §V0 onpela
undeviopov. 'evikwg, 660 avidvetal To VOUUEPO TG BLOPOPPNS TOGO auiavovTal, avtioTolya,
Kat Ta onueio undeviopo.

Movwpo@o ktipto

Ye eplmTwon mov To KTiplo £xeL évav udvov Opoo, 0 0Tol0G OUWS UTTOPEL va PLeTakvnBel oTig
SLevBVVOELS X KAL Y KAL VA OTPAPEL YUP®W ATIO KATAKOPLUPO AEOVA, TA UTIOUNTPWA TWV TIAPATIAV®
ox€0ewV eKQULAAIloVTaL o€ BaBUWTA peYEDN:

u, m, 0 kx k,\y kxﬁ
u={u,t,M=| 0 m, 0| K=|k, k, ky (3.42)
o o 0 I, ko koo ks

3.2.7 HNapadsyua

'E0TW HOVOPOPO KTiplo pue afova ouupeTpiag otn SiehBuvon X e To TUPAKATW UNTPWaA UAlag
kat SuokapPiag (ot povades eivat og kN, t kat m):
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m,2 0 O 20 0 0
M={0 m, 0(|=|0 20 0
0o 0 I, 0 0 8333

k, k, ke| [32000 0 0
K=|k, k, kg|=| O 32000 -16000
ko ko ko 0  —16000 408000

[Mapatnpnote 0TL AGYw TNG CUUUETPLAG, Ky = 0 KoL kyg = 0.

[S1omepiodot

Ot 8lomepiodot vmoroyilovtat amd T AVoN TNG XAPAKTNPLOTIKNS e&lowaong (3.17):

32000— 20w 0 0
‘K—sz‘zo = 0 32000-20w? —16000 =0
0 ~16000  408000-83.33w>

H xapaxtnplotikn €€icwon odnyel oe pla eicwon 30 Babuov wg mpog w?, n omola pmopel va
Ypa@el wg egNG:

33333.33-(1600-w?)-(w*-6494w2+7680000) = 0

1 oToia £xeL AVoELG:

w? =15524 w; =39.40rad/sec T, =0.159 sec

w>=1600 = {w,=40.00rad/sec = 1T, =0.157 sec

w: =4665 w5 =68.30rad/sec T; =0.092 sec
[6topoppéc

Ou8opop@ég vmoroyiovtatl amo tnyv EE. (3.20), n) omola e@appoletal yiax KAOe KavoviKn Hop@1:

32000-20w* 0 0 B.] [0
(K—wizM)Bi =0 = 0 32000-20w* —-16000 B, =10
0 -16000 408000-83.33w" Bo 0
11 16topopen
E@appolovpe tnv mapandvw e&iowon yi w = w1 = 39.40 rad/sec:
32000-20x39.40° 0 0 B.l [0
0 32000-20x39.40° -16000 B, =40
0 —-16000 408000-83.33x39.40° || B, 0

IOV S{VEL TO TTAPAKATW CVOTNUX AAYERPLKWV EELOWOEWV:

952.0x B, =0 (1)
952.0% 3, —16000 x 3, =0 (2)
~16000 x 8, +278633 .3x 8, =0 (3)
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H e€icwon (1) Siver: By = 0. O e€lowoelg (2) kat (3) Sev Sivouv pia AVon, yati kat ot dVo
odnyovv oy 8l oxéomn petady B, kat Bo. Oétovpe avbaipeta By, = 1, omdte 1 (2) Siver: o =
0.0595. ETopévwg, n 11 (Stopopen eivat: B1 = {0 1 0.0595}T.

Kavovikomolovpe tnv 8lopop@n wate 1 §e6molovoa PETAPOPLKT] CUVICTWOA GTNV KOPUEN
NG KATAOKELVNG va looVTal pe 1. It ouyKekpluevn mepimtwon n Seomolovoa HETAPOPLKT
ouviloTWoa givat 1 Kata y, dpa StapoVpe OAe TIG TIHEG pe TNV T By = 1. ETol mpokUmTeL 0

KOVOVIKOTIONUEVT) ISLOHOP@Y| @1 = {0 1 0.0595}T.

21 18topopen

EmavaAaufavoupe m Stadikacia yia w = w2 = 40.00 rad/sec kol TPOKVTITEL @2 = {1 0 O}T.

31 16lopopen

T

EmavaAdaufdavoupe yia w = ws = 68.30 rad/sec kal TPOKUTITEL @3 = {0 1 —3.831}

Ot 8lopop@ég tapovalalovtal CYNUATIKG oTo ZY. 3.5.

A
Ya
R I h v y
1) ] ] )
U U ] [}
(] ]
L] [}
: : ‘
} 0.0595 o X
KM T /—rgx : ,3, : -
kv ' KM® kM "X
i ' '
[l [l ] [}
1 [] (] ]
] ] L] )
[} [} ] [}
) L] ]
Honpmnpupn M . .
1n 18iopopen 2n 1810u0pPn 3n 1810hopPPA

Xx. 3.5. I8opop@ég Tov mapadeiyuatos 3.2.7.

[apatnpnon
Oa pmopolice va TAPATNPNOEL KAVEIG amd TNV apy’ OTL, A0yw OULUUETPplag, 1 kivnon ot
Stevbuvon x eivat aoVeEVKTN ATO TIS KWNOELS OTIG SlevBiveoels y kat 6, SnAadr) Yl ook
Siéyepon ot Sevbuvon x 1 kataokeut Ba kivnBel uévo oe aut TN Stevbuvon wg povoBadulog
TOAQVTWTNG. AvtiBeta, yia oslopikn §paon otn Sievbuvon y,  kataockevn Ba Kwvnbel ot
Stevbuvon y pe Tautdxpovn aTpoEn 8, a@ov ot StevBVvoeLs y kat O eivat cLlEVYHEVEG.

Emopévwg, 1 pia 18lopopen TPETEL Vo aVTIOTOLXEL 0€ Kiviion Hovo Kata X, SnAadn va eival

™mG HOPENSG @y ={1 0 O}T. H avtiotoym Soocuyvotnta eivat aut touv povofaduiov

ToAavTwT, SNAadH: @, =4[k, /m, =+/32000 /20 =40rad/sec . TTig dAheg 800 SLOUOPPES 1)

OLVIOTWOA KATA X €lvat (om pe undév, ol € VTIOAOLTIEG CUVIOTWOES Py KAl (g VTIOAOYI{OVTAL Yla
70 81B&O o cVoTnua oV avtioTolyel oTous Baduovg eAsuBepiag y kal 6.
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JUVTEAEOTEC CUUUETOYTIC YIX OELOUS X-X

I'a oelopd ot StevBuvon x to Sldvuopa katevBuvong elvat: r® = {1 0 O}T o010V 0 €KB£TNG (X)

dAwvel ) Stevbuvon ™ oelopkns 6pdong. Epapudlovtag v (3.33) yia TIG TPELS IBLOUOPQES
IOV VTIOAOY(OTNKAV TIAPATIAV® TIPOKUTITEL:

11 1Stopopen
20 0 0 ]f1
{0 1 0059550 20 0 [0
F(X)_<p1TMr(X)_ 0 0 833fo) o _,
L elMe, 20 0 0 0 20.295
{o 1 0059550 20 0O 1
0 0 8333[/0.0595
21 1610p0p Pt ) .
20 0 0 1
{t. o ofo 20 o fo
o _ oMt [0 0 8333]10) 20_,,
' @lMy, [20 0 0 1] 20
ft. oofo 20 o fo
|0 0 83330
31 16topopen
20 0 0 1
o 1 -383150 20 0 fo
rm_(p;erm_ 0 0 833Jo) o _,
T oTMe, 20 0 0 0 124305
fo 1 -383110 20 o0 1

0 0 8333||-3.831

[Tapatnpolpe OTL Yl GEWOUO KATA X-X EVEPYOTOLEITAL HOVOV 1) 21 LSLopop@1], a@ol ol
OUVTEAEOTEG TWV GAAWV Slopop@®V elvat undevikoi, mou MTav avapevopevo A0yw g
ovppetpiag.

ZUVTEAEOTEC CUUUETOYHC VI OELOUG V-V

l'a oelopd ot SieBuvon x to Stdvuoua katevBuLvon g elval: 1) = {O 1 O}T. E@appdlovtag v

EE. (3.33) Yo TIG TPELS LOLOHOPQES TIPOKVTITEL:

11 15topoppn
20 0 0 1[0
{0 1 00595/{ 0 20 0 |[{1
F?):(piMr(y]: 0 0 8333](0] 20 0,985
@M@, 20 0 0 0 20.295
{0 1 00595/ 0 20 0 1

0 0 8333|]0.0595
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21 16100 pPT] i
20 0 0 ]fo
{1 0 0)j0o 20 o0 [{1
o) _ @M [0 0 8333][0) o _,
T @Me, 20 0 0 (1] 20
{1t 0 0fjo 20 o0 |40
|0 0 83330
3n 18topopen
20 0 0 ]fo
{0 1 -3831}j0 20 0 |1
TMr) 0 0 8333[[0
) - @sMr T =20 _go016
@M@, 20 0 0 0 124305
{0 1 -3831}|0 20 © 1

0 0 8333||-3.831

[Mapampolpe OTL yla O€lopd Katd y Oev evepyomoleital 1 21 (Slopop@r, Tov Nty
QVOUEVOUEVO AOY®W NG cUUUETPiag. AT TIG GAAEG 80 LOLOUOPYPES, O CUVTEAECTNG CUUUETOXTS
NG TPWTNG EVAL CNUAVTIKA LEYXAVTEPOG TNG TPITNG.

[S1o0popixég uadleg

2EeloUOGC X-X

'OTwg Tpoava@EPONKE, YIo OELOUIKT SpAcn aTn Sle0BVVOT) X CUUUETEXEL LOVO 1) 21 LSOO PN KoL
1 KATAOKEVT] CUUTIEPLPEPETAL WG PLovoPabulo cuotpa. Emopévwg, xwpi uToAoylopo pmopolpe
va 8éoovpe: m ™ =0, m™ = my =20t m™=0.

Zelouog y-y

I oelopod y-y cuppetéxouv povov ot topopés 1 xat 3. Emopévwg, m;(y) = 0, VW Ol EVEPYES

LSLOpOPPIKEG pales TG 115 kat 315 KAVOVIKNG HopEN§ elvat:
m ) =P Mr”) =0.985x20 =19.7 t kau m;> = I ;Mr"”) =0.016 x20 = 0.3t

YmevOupiletat 0TL To TOGO ONUAVTIKY ivat pia IBLOHOPET] 0TV ATTOKPLOT TNG KATACKEVNG
kaBopiletal amd v evepyo Wopop@ikn G pala. Emopévwg, yua oelopd otn Sievbuvon y
onpavtiky eivatn 1n Slopopemn, eved 1 GUHHETOXMN TG 31 IBLOHOPPNS Eivat TTOAD [iKp).

ZNUELWVETAL OTL GTN GUYKEKPLUEVT] TIEPITTTWOM, ETELST) mim > 0.90:m, = 0.90x20 = 18.0 t,

0TI GELOUIKY avdAvon apkel va An@Oel vtoym pévov n 11 Slopopen.

3.3. M£0080¢ avaAvong @AGLATOC XTTOKPLOTG

0 avTIoEloUIKOG OXESIAOUOG TWV KATACKEVWY PacileTal oTn PEYLOTN EVIAOT TOU UTOpPEl va
avamTuxBel 0TV KATAOKELT] KATA TN SLAPKELX TOV GEGHOV oXeSLAoOoV. ['lat TOV UTTOAOYLOHO TNG
UEYLOTNG €VTAONG OUVNOWG XPTOLUOTIOLOVHE PACUATA OXESLAGUOV, ETOUEVWS 1) LOLOPOPPLIKY
aVAALGT IOV AVATITUXONKE TTHPATIAV® TIPETIEL VA TPOTIOTIOMNOEl KATAAANAQ WOTE va pumopel va
EQAPUOOTEL PLE Xp1ION QACUATWY OXESLATLOV.

YmevOupifetal 6Tl yia kabe SiehBuvon celouikng Spdong yivetal Eexwplot avaivon. ‘Ooca
AVUPEPOVTAL TTOPAKATW LoXVOLY YL pia eSopévn SlevBuvon oelopo.
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3.3.1 ZXeiouiké @optia tStopopeiic

EAaotikn avdlvon

Tvuewva pe v EE (3.34), n WSlopopeikn petakivnon Yi(t) ™G i Kavoviknig pop@ng Loovtal pe
™mv amokplon evog povoBabuiov cvotiuatog pe mepiodo Ti kat amoécBeon ¢ o omoiog
vnoBdMetat oe emtdyvvon e8d@oug I';-X,. Ta EAACTIKI) CUUTIEPLPOPE, O TIOAAATAXGIAGHOG

™G Siéyepong X, ue T0 oLvTeAeoT) ouppeToxnG I 1ooduvapel pe Tov MOAAATAXGIAGUO TNG
amoKPLONG OV avTIoTol el otV AP Siéyepon X, ue o ovvtedeoty i Emopévwg, n uéylom

T ™S Wlopop@kns uetakivnong Yi(t) umopel va vmoAoylotel amd To @AEACUA ATIOKPLONG TOU
OELOPOV OO TN CYEO:

maxY;(t)| =T, -S(T;,{,) (343)

omov SD(T;, {)) eivat @aopatikn petakivinon mov avtiotolyel o€ epiodo T; kat andofeon (.
Toppwva pe v EE. (3.26), n ouppetoxn ui(t) g i LSLOPOPENG 0TI CUVOALKT ATTOKPLOT TNG
KATAOKEVG (LStouopikn amokpion) eivat:

u, () =Y;(t)e; (3.44)

ETopévwg, 1 HEYLoTn CUPPETOXN TNG i LBLOLOPPTG OTT GUVOALKT TTIXPAUOP@waoN cuppaivel dtav
ouvaptnon Yi(t) @BA&vel 0N HEYLOTN TIUN TNG KaL ETTOUEVWG:

ui,max :ri SD(T;,ZJ(‘)I (345)
Ta avtiotolxa HEYLOTA EAACTIKA GELGULKE (POPTIX TTOU avaTTOGCOVTAL GTNV KATACKELT] ElvaL:

Fiel :Kui,max :Fi SD(Tlez)K(pz (3.46)

Opws, oup@wva pe Ty EE. (3.20) wxdet K@, = w? -M@, ko emimpdodeta woyxvel o’ SD(T;, &) =

PSA(T;, ), eMOpévwg TaL CELGUKA (POPTIN UTTOPOVV VA VTTOAOYLETOVV aTtO TNV €§lowaon;:
E*' =T, -PSA(T,.{,)-Me, (347)

21N ouvnOn mepimTwon mov To PUNTPWo PAlag elval SLaywvLo, TO EAAGTIKO GELGUIKO POPTIO
Fji ToU avTIOTOLXEL OTN [ KAVOVIKI HOop@T Kal evepyel oto Babud edevbepiag j Sivetal amo
oxéon:

el
Fi =T -PSA(T,,{;)-m; - (3:48)

omou @; elval 1 j ovviotwoo ™G i WELOPoPENG kat m; eivat 1 palo TG KATAOKELNG TIOU
avtiotolyel oto Pabud eAevbepiag j.

Avelaotikl) avdivon

Otav o oxedlaouds NG Katackeuns Paciletat otnv mapadoxn OTL 1 Kataokeun 6Oa
ouuTEPLPEPOEl  AVEAAOTIKA OTO OElopUd OXeSaopol, ovil TNG EAACTIKAG (QUACUATIKNG
emtdyvvong PSA(T;, {;) Tpémel va xpnoomom0el ) avtiotoym emtayvvon oxediacpov Sq(Ti, &),
(BA. map. 2.3 Kep. 2). YmevOuuiletal 0TI cVp@wva ue tn ouviion pebodoAoyia avtioelopikon
oxeblaopov pe 1N pEBodo Twv Suvdpewv, o oxedSlacpog BactleTal ot Bewpnomn OTL 1] KATAOKEUT
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TIPETIEL VO CUUTIEPLPEPETAL EAACTIKA YLt (POPTIO (00 pE To popTio oxedlaopuov Fu Emouévws 6Aa
000 ava@EPOMKAV TAPATIAV® YL EAXCTIKN] CUUTIEPLPOPA LoXVOUV KL YLOL TO OXESIAGUO HE TNV
QVTIKATAOTAON TNG EAACTIKNG @ACUATIKNG emitayvvons PSA(T, {) pe Tnv avtioTouy
emtdyvvon oxedlacpuov Sq(T;, ). Emopévws ta @woptia oxedSlaopol TG i KAVOVIKIG HOPENS YA
OVEANGTIKI] CUUTIEPLPOPA UTTOPOVV VA UTIOAOYLOTOVV ATO T OXEOT):

F,; =I-54(T.¢) Mo, (3.49)

[N Staywvio pntpwo palag, To @optio oxediaopol Fgji TG i tBlopop@ng mov evepyel oto fabuod
eAevBeplag j Sivetal amo ) oxéon:

Fd,jizri'sd(n;{i)'mj'(:pji (3.50)

Hapatnprioeig

o Ta @opTtia kGO kKavoviknG popen¢ eEaptwvtal amd TN SievBuvon oV oTola Evepyel 1
oelo Ik SLEyepaon, a@ov eival avdAoya TOU CUVTEAECTY GUUUETOXNG TNG LBLOUOP PTG TIOU
efaptdtal amo ™ SlevBLVOT) TOU GELGHOU.

o XpNOLUOTOLWVTAS TO SlaYWPLoPO TOU UNTPpwov pdlog M kat TG SLopopens @; o€
vmounTpwa ava katevBuvon (PA. e§lowoets (3.8) kat (3.22)) umopolpe va ypaPoupe:

fd,i,x
Fi =16, (3.51)
fd,i,G
6TIoV
foix =17 -S4(T,¢)-m, - @, , (3.52a)
£, =1 S4(T,,¢)my @, , (3.52P)
fii0=T:-S4(T,¢) my-@, 4 (3.52y)

Ta @optia fgix kat fi;, evepyolv otig StevBivoelg x Kat y avtiotoya, evw ta @optia fyie
QAVTLOTOLYOVV O€ OTPETTIKEG POTIEG YUPW ATIO KATAKOPUPO GEova.

ETopévmwg, otn YEVIKI TEPITITWOT) TIOV 1) LELOUOPET EXEL UN-UNSEVIKES TILEG OE OAOUG
TouG Babpovg eAevbepiag, GEUIKA @OPTIO TIPOKVTITOUVY G€ OAES TIG SLeVBVVOELS X, Y KoL
6 avelapTTws TS SLtev¥BLVVoN G TNG CELGUIKNG SpAoG.

3.3.2 ISiopop @K1} EVTIATIKI) KATXOTAON

ATIO TO CEOUIKA @OPTIX TNG KAVOVIKNG HOPENG UTIOAOYI{ovTal Ta EVTATIKA HEYEON Kot oL
UETAKIVIIOELS TIOU QUTA TIPOKAAOUV OTNV KATOOKEUN AOyw TNG avtioTolng LSLOHOP@IKNG
TAPAROPPWOoNG. O VTOAOYLONUOG YIVETAL AT OTATIKY) EAQOTIKY) aQvaAvan, BewpwVTAG OTL OTIS
0¢oelg Twv palwv evepyolv opllovtieg duvapels fyix kat fgy kol otpemtikég pomég fy,0 TOU
vmoAoyilovtal amd Ti§ e€lowaoels (3.52a,B,y).

ZuvnBwg, apxika vmoAoyifovtat ot peTakivioelg Twv KM twv Sla@paypdtwyv Twv opo@wv
ato Ty e§lowon:
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u, =K'F;, (3.53)

It ovuvéxeln, pe Paon T petaxkwnioelg tov KM kabe Swa@pdypoatog vmoAoyilovtat ot
UETAKIVIIOELG 0T GKPA TwV UEA®V aTtd TIS oxéaels (3.3a,B,Y), Le Baon Tig omoies voAoyilovtal
T EVTATIKA PEYEDT TWV PEAWV XPNOLUOTIOLWVTOG TO UNTPWO SuokauPiag KaBe HEAOUG.
INUELWVETAL OTL €&v Ta @OopTid OXeESOUOV €YOUV UTOAOYLOTEL Yla GUVTEAEOTY)
OUUTIEPLPOPAS g > 1, ol PETAKIVAOELS IOV TpokUTTouy amd tnv EE. (3.53) elval autég movu
QVTIOTOLXOUV O€ EAXOTIKN] CUMUTEPLPOPA YL TA @OpPTin oXeSopoV. Ol PETAKIVIOELS QUTEG
XPNOLUOTIOLOVVTOL YIA TOV UTIOAOYIOUO TWV EVTATIKWV UEYEOWV Twv peAwv. Edav opwg
eMOLVUOVUE VO VUTIOAOYICOUUE TIGC TPAYUATIKEG UETAKIVHOEIS TNG KATAOKEUNG Upm; TIOU
QVTIOTOLXOUV OTN OUMUETOXN] TNG I ISIOpHOpPENG, OL HETAKIWVINOELS Ug; TPEMEL VA
TOAATIAQGLAGTOVV LE TO GUVTEAEGTH) CUUTIEPLPOPAS g (BA. Tap. 2.3.6 Ke. 2), SnAadn:

W, =q-Uyg; (3.54)

3.3.3 Xuvdvaocuog t61opopPIkwv amokpiloewv

Me v Tapamavew Stadikacio vtoAoyl{ovTal Ta PEYLOTA EVTATIKA HEYEON TwV UEAWV Yo pia
Sedopuévn SlevBuvon oelopkns 6pdons Katl ylx kABe 8lopopen xwplotd. ‘Opws, ot PEYIOTES
Slopop@ikés amokpioelg dev ouvpfailvouv Tavtoxpova. EmmpooBeta, pe T xpnomn Twv
PACUATWY OYXESLAOUOV EYOVE XAOEL KL TO TTPOOMpo K&Be peyebous. I'ia Toug Adyous auTtoug,
YlX va LTOAOYIOOUUE TA GUVOAIKG VTATIKA UEYEON yia TiS k Slopop@és mov Aapufdvovtal
VTOYm, ouvvSudlovpEe TA PEYEDN TWV EMUPEPOUG KAVOVIKWV HOPPWV OTATIOTIKA avii va Ta
mpocBeToupe aAyeBpikd. ZuvnBwe xpnoLuomoleital pia amd Tig Tapakatw pedddoug:

MéBobog SRSS
H amlovotepn péBodog cuvduacpol PEYIOTWV THWV elval UE TNV TeTpaywVvikl) pila Tov
afpolouatog Twv TETPAYWOVWY, YVWOTH Kol wG SRSS amd ta apxlkd TOu avTioTol(ou ayyAlkov
Opov: Square Root of the Sum of the Squares.

Toppwva pe tn péBodo SRSS, edv Ei elvatl n tiun tuyaiov peyéboug E (Tr.y. pot, afovikn 1
TéEUvovoa SUVAUN 6TO AKPOV KATIOLOU PEAOUG) TToU TIPoEKLE amd TNV eMAVGN TNG i LBLOPOPPTS,
N lavn akpaia tiun exE tov peyéBoug E TOU TPOKUTTEL ATO TN GUUUETOXN TWV K TPWTWV

k
exE =+ ,ZEIZ (3.55)
i=1

H pébodog SRSS Sivel KaAQ amOTEAECUATA KL ETMITPEMETAL VX EPAPUOTETAL EAV OAEG OL

t8lopop@®Vv voAoyiletaL amd TN oxéon:

Slopop@ég mou AapBavovtal vmoym eivar aveédptntes. Ao Slopop@ES i kal j Bewpovvtat
avetapmreg eav T; < 0.9-T; (Y T; < T)), cdAA\wg Bewpovvtat eéapTnuéVveg.

MéeBobo¢ CQC

Eav ot Slopopeikés amokpioelg Sev elval avefaptnteg amaittovvtal akplBéotepes pébodol
ouvvbvaopol Toug. Mia tétola puéBodog, 1 omoia XPNOLUOTIOLEITAL EVPEWSG oTNV TIPAEN, elval o
TANPNG TETPAYWVIKOS GUVOVAGUOS YVWOTOS Kt wG CQC atd Tar apXIK& TOL avTioToLXou ayyAtkol
opov: Complete Quadratic Combination.
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Zoppwva pe ) pEdodo CQC, n mbavn akpaia Tiun exE tou peyeboug E vmooyiletal amd ™)

k k
exE=+ Y'Y e EE, (3.56)
i=1 j=1

OTIOV €jj VAL 0 CUVTEAEG TG CUGYETLONG TWV LOLOPOPQ WYV I KAl j IOV VTIOAOY({eTAL ATIO TN OXEOT:

_ 8m (f,-wi +ijj)“’i“’j (3.57)

(a)l.z _w};)z +4{i{jwiwj(wi2 +a)]2.)+4({i2 +{]2.)a)i2a)]2.

oxEoN:

& ij

kat Ej, Ej elvat ol Tipég Tou peyéboug E ov mpoékuav atod Ty MAVOT yla TIG IBLOMOPQES i KAl j
avtioTolya.

ZuvBwg, 6AeG oL Blopopés £xouv TNV Sla amdéoBeon ¢ Ze auth) TNV TEpiMTWON, Kal
Betovtag r = wi/wj n oxéon (3.57) amromoleital wg e&ng:

. 8% r¥(1+r)

D o(-rtfractr(tery (3.58)

[Ipooééte GTL LIoXVOLV Ol €€1G OXETELG:
[ ] gl'j:gji
L] Eif = 1
OL TWEG TWV OUVTEAECTWV OUCYETIONG & WMOPOUV va ypa@oUv wG oTolyela €vog
TETPAYWVIKOV UNTPWOUL &, SnAadn:

€11 €12 €1k
& E I X

€= 21 22 2k (359)
€1 Er2 Exk

AOYw TV TAPATIAV® BLOTHTWY, TO UNTPWO CUCYXETLONG € EIVAL CUUHPETPLKO KAl OAd TA SLory@via
otoeila Tou eivat ioa pe 1. Me xprion Tov untpwou €1 oxéon (3.56) pmopel va ypaet wg:

exE =+,/E"eE (3.60)

omov E= { E, E, . Ek} elval To Stdvuopa TIou TIPOKUTITEL ATIO TIG TIUES TOV HeYEOoUG E yia

Kade 1Slopopen.

Hapatnprioeig
1. Aev emTpémetal n xpnon akpaiwv TV dU0 1 TEPLOCOTEPWVY PEYEDW®V YLA TOV UTIOAOYIGUO
akpaiag TWNG GAAOL TApPAywYyou peyéBoug. AuTto onuaivel 0TL 0 oLVSLACUOG TWV
LSLOHOPPIKWV ATIOKPIOEWV TIPETIEL VAL YIVETAL 0TO TEAIKO PEYEDOG Kol OXL 0€ EVOLApETH PEYED).
['a mapaderypa, eav {nteitan n téuvovoa Baong Fux atn SlevBuvon x, 1 oTola LoovTAL UE
TO GUVOALKO GELOUIKO @opTio otn S1elBuvon X, TTPETEL TPWTA VX VTTOAOYLOTEL 1] TLUN NG yla
KkaBe Slopopn:
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Fye =2 Fix (3.61)
J

KaL 1 akpola Tn exFyy 0a TpokOYPEL amd To cUVSLAGUO TWV TIUWV Fpiy pe T péBoSo SRSS 1
™ péBodo CQC. Eivar AaBog va yivel o ouvSuaopog ota CeloUIKG @opTia k&Be Babuov
elevBeplag, wote va mpokLYPEL N akpala TIUN exFjy TOU CELoUIKOU (POPTIOU KATA X o€ KAOe
BaBuo erevBepiag j, kat peTd va aBpoloTovv oL TIHEG exFjy OAwV Twv Babuwv elevbepiag yia
va TpokOYPEeL 1] akpaia Tiun exFix TG TEpvovoa BAomg.

2. H pebodog CQC elval yevikn Kal HTOPEL v XPTOLLOTIOLEITAL O€ OAES TIG TIEPLTITWOELS, AKOUT] KOl
€AV oL LBLOPOPPES elval aveEAPTNTES. ZNUELWVETAL OpwS OTL 1 uEBoSog CQC tavTileTal pe ™
1eBodo SRSS edv oL ekTOG Slaywviov 6poL Tou PNTPWOUL € elval pndevikoi, SnAadn eav g; = 0
ywx i # j. Emiong, edv oL ekTog Slaywviou 6poL TOL PNTPWOUL € VOl OTJUAVTIKA UIKPOTEPOL ATTO
1.0, tote n uéBodog CQC teivel otn pébodo SRSS. Autd cupPaivel eav ot W8LOPOPEES elivatl
avegaptnrteg, dNAadn o Adyog r = Ti/T; elvar pikpog. Omwg @aivetal oto Zx. 3.6, n T TOL
OUVTEAEOTN & ylveTal onuavtikd pikpdtepn amd 1.0 yia pikpég Tipeg tov Adyou r. Kat’
EMEKTAOMN, KL 0 avtiotoyog 6pog otnyv EE. (3.56) €xeL pikpn ovppetox) otnv Tiun tng exkE.
ETopévwg, eav oL TIHEG IBLOTIEPLOS WV ATIEXOVV APKETA 1) Uia 0TV GAAN (SNAadT 1 TN r elval
apKeTd pkpotepn amo 1.0), tote 1 puéBodog CQC odnyel o€ MAPOUOLO ATMOTEAECUN ME TN
uéBodo SRSS, apov ot onpavtikoi dpot otV EE. (3.56) eivat pévov avtol ov avtiototyolv o€
i=].

1

0.8

06

w
04

0.2

0
1 09 08 07 06 05 04 03 02 01 0

T./ T

Xx. 3.6. MetafoAn Tou cuvtedeot € pe To Aoyo r = Ti/T;.

3.3.4 Tavtoyxpova usyé6n

[ToAAEG opég, Yl T SLAoTACLOAGYNOT KATIOLOU HEAOUG ATALTOUVTAL TIEPLOCOTEPA TOU €VOG
EVTATIKA peyédm. INa mapddelyua, yia ) Sla0TaAcloAGYNon €VOG VTTOOTUAWUATOS ato .X. O€
Sta€ovikn kapym amattovvtal Tpia HeyEdn: ot pomég My kat My, otig §Vo kVpleg StevbUvoeLg g
Statouns kot n a&ovikn Svaun N. ZOU@wva e Ta TAPATIAVW, YIX QUTA TA HeyEON voAoyiovTal
oL akpaieg TIuEG exM,, exM, kat exN Ta omola TPEMEL va cLUVSVAGTOVV YL TN SlaoTaAcLoAGYN o
TOU UTIOOTUVA®WMATOG. ‘Opwg, Ta akpaio autd peyédn dev cvpPaivouv tavtdxpova, evw Oev
Yvwpifoupe Kol Ta TTpOCT|UX UE TA oTtola TIPETEL Vo ouvSLaGTOVY, a@oL oL e§lowoels (3.55) kot
(3.56) 6ev 0piloUV CUYKEKPLUEVO TIPOCTIUO AKPALWVY TLLWV.

Mia Avom ya va Eemepaotel autd To TIPOPANUA Ba NTav va yivel  SlaoTacloAdynon tov
HéAoug Aaufavovtag VoYM 6A0UG TOUG SLUVATOVE GUVSVAGUOUE TIPOCTI WY TWV AKPALWY TIUWV
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TwVv peyebwv mov Aapfavovtal vtoym. ‘ETol, yio To Tapddelypo Tov UTTOGTUAMUATOS oo Q1.

TPEMEL VA EEETAGTOVV 0L €811G OKTW oLUVSLACUOL:

+exM, +exM, +exM, +exM,
Liit+exM, LpiqtexM, L3i—exM, yq—exM,
+exN —exN +exN —exN
—exM, —exM, —exM, —exM,
Ysi<+exM, Yeiqt+exM, 7ii—exM, Xgiq—exM,
+exN —exN +exN —exN

INUELWVETAL OTL Ol TIHPATIAV®W CLVSVAGUOL aWopolV POVOV OTA EVTATIKA PEYEON AdYw NG
OELOULKNG (POPTLONG, T OTIOL0 TIPETIEL VO GUVSVAGTOVV LE TA UTIOAOLTIA (POPTIH TNG KATAGKEVNS
(LOVIHA KL KV TG opTia) CUU@®WVA [LE TO GELOULKO GUVSUAGUO.

AuvTt 1 avTILETOTILION Elval TTPOEAVWGS UTIEP NG ao@aAsiag, pumopel dpws va odnynoeL o€
oAV SUCUEVT] OXESLAGUO 0 OTIOI0G VA UMV QVTIOTOLYXEL € KATOLA TILOAV] EVTATIKY KATAGTAGCT,
a@oV Paoiletal o axkpaieg TUEG peyeBwv Touv 8ev OCUVUTIAPYXOUV KOl O GULVEUVAGHOVUG
TPOGNUWYV TToL ptopel va unv eivatl cupfatol pe v TapaudpP®on G KATAGKELTG.

[N Toug mapamdvw Adyous, otov EAAnviko Avtioeiopikd Kavoviopo (EAK) mpoteivetal n
TPOCEYYLON TWV TTPOCEYYIOTIKWY SUGUEVOY GUVSUACUWY, CULQWVA [LE TNV oTIola TO £va u€yebog
AaufBavetal vTOYN Pe TV aKpaior TIUY TOU KOL To UTTOAOLTIX UEYEDN UE TIG TLOAVES TAVTOYPOVES
TPOG VTNV TILES TOUG.

'Eotw exA 1 akpaia T kamolov peyéBoug A. H mibavr) Tautdxpovn Tpog TV exA Tiun evog
dAAov peyéBoug B cupfoAiletat pe B4 kal vtoAoyileTat amo Tn oxeon:

P
B, =-4E 3.62
4= (3.62)
0 ovvTeEAEOTNG Pap OVOUALETUL TAPAYOVTAS GUCXETLONG TV PEYEOWV A Kat B kat Sivetat amo
oxeon:

k k
Pas =22 ;4B (3.63)

omov A; 1 T tov peyéBoug A amd v emiAvom ya Ty WSlopop@n| i kot Bj 1 T tov peyeboug B
amo v emilvon ywx v W8opop@n j. O cUVTEAESTNG CUOXETIONG & TWV LOLOPOPPWY i KAl j
vmoAoyiletat anod tis e€lowoelg (3.57) kat (3.58). Inuewwvetat 4TL 0 TAPAYOVTAG CUOXETION Pag
utmopel va ypa@el Kat Ue Xp1)oT) TOU UNTPWOV CUCYXETIONG € WG EENG:

P,=A"eB (3.64)

6mov A xat B givat Ta Stavdopata ov TTpoKVUTITOUY AT TIG TIUEG TwV HEYEOwV A Kal B yla kabe
tSlopop@n).

0 mapdayovtag cuox£TIoNG Pag UTIOPEL VA elval BETIKOG 1) apvnTIKOG. ETopévwg, yia Sedopévo
TPOOTUO TNG aKPAlAg TUNG eXA, 1| TAVTOXPOV TIPOS AUTHV TIU Tou UeYEBOLG B pumopel va €xet
70 (810 1 avtiBeTo TPOON O ATO AUTO TTG eXA.

H mapamavw Bewpnon twv mlavov tautdypovwyv Tuwv Baciletal ot péBodo Goupta,
oVpE@wVA pe TNV oTola To Tedio Tipwv dV0 peyebwv eivat pla EA el Kot TpLwV peyeBwV eva
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eMewoeldéc. 1o Zx. 3.7 Sivetal oYnUATIKA 1] @IA0GO@{X UTTOAOYIGUOU TWV TAUTOXPOVWV TIU®V
600 peyebwv A kat B. 'Otav to peyeBog A maipvel v akpaia T tov, exA, To uéyebog B €xel
T By, evw O0tav to peyebog B Taipvel TNV akpaia Twur tov, exB, To uéyebog A £xel Tiun As.
Eival Tpo@aveég OTL oL TIHEG KAl To Tpdonuo Twv Ap kal B4 eEaptwvtal amd v kAlon g
ENewmg.

Yx. 3.7. YoAoyLopoG TAUTOXPOV®WY TIL®WV TwV HeyeBwv A kat B.

H epappoyn ¢ pebodoroyiag Twv ToUTOXpOVWV HEYEOWV OTO TOPASELYHA TOL
VOO TUAWPATOG aTtd .2, 08nyel aToug €816 €€l oUVELVAGHOVGS YIX TA CELGUIKA UEYEDT:

exM, exM, exN
LMy Ea My Iz aMyy o Za=-3 Ts=-3 X = - X3
N, Ny M,

3.4. M£0080¢ avaivong opl{dvtiag @dpTiong

3.4.1 IpoimoBéocis epapuoyis

H pébodog avalvong @douato¢ amokplong TOU TAPOUCLACTNKE TAPATAVW WUTOPEl VA
epappootel og omoladnTOTE MOAVPBAOULN KATACKELT OTIOLXOSTTIOTE OTATIKNG Hop@PNS (KTipLla,
Yépupeg, KATL). Ta TV e€@appoyn NG AMAUTEITAL 0 VTOAOYIOHOG OAWV TWV ONUAVTIK®OV
KOVOVIK®OV HOP@®V yla kabe e€etaldpevn Stevbuvon oelopikns Spdong.

Y& TMOAVWPOPU KTipla Xwpig HeydAes acvupetplies, N amokplon o kabe kOpla SlevBuvon
emmpealetal kKupiwg amé v avtiotolyn Seomdlovoa (SLOHOPPY, EVWM T GUUUETOXN TWV
AVAOTEPWV BLOPOPPWV SEV EIVAL ONUAVTIKY. Z€ TETOLEG TIEPITITWOELS UTIOPEL VX EQAPUOOTEL pict
amAomomuévn uEBodog avaivong, n omoia Paciletal otn ocvupeToxn uovov NG BepeAwdoug
Slopop@ng, N omoia otov EK8 avagépetat wg uébodog avalvong opt{ovtiag @opTiong, EVE GTOV
EAK avagépetal wg amdomomuévy aocuatikyy péfodos. TIOAAEG @OpPEG XPMOLUOTIOLEITAL KAL O
6pog YevdooTartikn uéBodog.

Tl v e@appoyn g pebddov amatteital va tkavomolovTal oL £€NG TTpoUToOETELS:

e H Begpeliwdng (mpwtn) Womepiodog Th oTig SV0 KVPLEG SlEVBVVOELS TAAAVTWONG Elvat

WKPOTEPN ATIO TIG TTAPAKATW TLUEG:
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4.T,
121, e (3.65)

omou Tc¢ elval 1 XOpAKTNPLOTIKN TEPLOSOG TOU (PATUATOG GXESIHGUOV IOV Xwplilel TNV
TEPLOXN OTADEPNG PACUATIKNG EMITAYVVONG ATO TNV TEPLOXY OTADEPNS PATUATIKIG
taxvntog (BA. map. 1.7.2 Keg. 1).

o [KOVOTIOLOUVTAL TA KPLTNPLX KAVOVIKOTNTAS o€ OYm Tou Sivovtat otnv Tap. 4.2.3.3 Tov
EK8.

Omwg ava@épbnke mapamavw, 1 ueBodog Baciletal otnv amokplon TG OepeAtwdoug
(mMpwNG) Wopop@ns o€ kabe KUpLa SteVBLVVEN TOU KTIPIoV, YWPLG§ OUWGS VX ATIOTEAEL EQAPUOYT
™G ueBOSOV AVAAVONG PACUATOG ATIOKPLONS YL TNV TIPWTH LOVOV ELOHOP@T).

3.4.2 Oguchiwdng tdomepiodog

To mpwto PBrpa g pebodov eivat o vmoAoylopos g Bepeliwdoug 8lomeplddov otV
efatalouevn Sievbuvon Sieyepone. Eav Sev yivetal akplB£0TEPOG VTTOAOYIOUOG CUUPWVA [E TN
fewpilac TV KAVOVIKOV UOP@PWV TOU avamtuxdnke oty Tmoap. 3.2.3, umopovv va
XPNOLUOTOMOOVV TIPOCEYYIOTIKEG pEBoSoL TG Auvvapkng, Omwg 1 pebodog Rayleigh movu
TAPOVCLATETAL TIAPAKATW, 1) EUTIELPLKEG 0X£TELS TTOU SivovTal otoug Kavoviouols (EK8, EAK).

Mé60oboc Rayleigh

Topewva pe v eélowon (3.25), yia v 8locuxvoTNTA OTOLHGONTIOTE KAVOVIKNG MOPPNG |

LOXVEL:

T
ot = 2K (3.66)

b @ Mg,
010V N 8lopopEN @; SNAWVEL TNV avtioToym Hop@n TaAdvTtwonG. ETopévwe edv eival yvwoti 1)
LSLopOP@T), E0TW KAl TIPOCEYYIOTIKA, UTTOPEL VO UTIOAOYLOTEL 1) avTioTOLXN LELOCUXVOTNTA.

H pébodog Rayleigh axolovBel pia emavainmrtikny Swadikacia, cOp@wva pe TV omoia
yivetat pia apyikn ektipnomn g t8lopop@ng 1 omoia 6T cuVEXELX BEATIWVETAL KaL 1] Stadikaoia
emavaAapupavetal puexpL va emitevxfel ovykAon. T'a v Tpw ™ Wopopen akoiovbovue Ta
TaPAKATW Pripata.

Q¢ Tpw N eKTIUNOT NG P1 OEWPOVUE TNV KATAVOUT TWV LETAKLVIICEWV 0T StevBuvon Tov
efat@lovpe OV TPOKVUTITEL EAV (POPTICOVE TO KTIpLo e opllovtia poptia Bapltntag, Sniadm)
Bewpwvtag OTL Ta Bapn TwV 0pOPwWV evePyoLV atnv opllovtia StevBuvon. ‘Etol, oto KM kabe
0poO@oU j Bewpolpe 6TL otV e€eTalOpevn StevBuvon evepyel opllovtio @optio Fj = Wi = mj-g. Eav
6; elvatl ol HETAKIVIOELG IOV TIPOKVUTITOUV ATIO TNV €TAVOT Yl AT TN @OpTIon, 1 1n extiunon
NG W1 TPOKVTITEL ATIO TN OXEO:

ZFJ‘61‘

9<—— (3.67)
ZWJ -0j
J

2 _
Wy =

Yt 6e0tepn Soxwun, eappdlovpe v EE. (3.67) yla TI§ LETAKIVI|OELS TTIOV TTPOKVUTITOUV YA
oplovtia @optia ota KM twv 0pd@wv cOU@WVA LLE TN oXEoT:
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Fr=my wi -6 (3.68)

OTIOV W1 KaL 6 1] LELOCLYXVOTNTA KL Ol LETAKLVI|OELG TTIOU UTIOAOY(OTNKAV GTO TTPOTYOUHEVO Bripa.
H Swadikaoia emavaiapfavetal péxpt va emtevxBel oUykAlon, n omola cuvnBwe cupPaivel peta
ato Alyeg emavaAnPeLg.

Eumsipikéc oyéosic EK8

Ytov EK8 &ivovtalr Sid@opes euTEIPIKEG OXECELS YlX TOV UTIOAOYLWOUO TNG BepeAtwdoug
18lomeplodov. Emeldny ol oxéoelg elval eUMEIPKEG KoL €XO0UV TPOKUYPEL MO OTATIOTIKY
emegepyaoia ToOAAWY Sedopévwy, Sev LoXVEL T CLUBATOTNTA TWV LOVASWV. ZE OAES TIG OXETELS, OL
Slaotaoelg Sivovtal oe m Kot 1) 1610meEP(080G TTPOKVTITEL O€ Sec.

[ ktipla pe OPog péxpL 40 m umopel va xpnouomoteital 1 oxéon:
Ty = CH3/4 (3.69)

omov

H = To Ujog Tov KTIpiov amo T otabun BepeAiwons n Ty Avw EMUPAVELN AKOAUTITOV UTIOYElOU
0.085 vy xaAUBSva Aaiox

C:=40.075 yw mAaiowa amo Q2. & xadOBSwva mAaiola e EKKEVTPOUG SIKTUWTOUG CUVSEGHOUG
0.050 vy kGBe GAAo @opéa

EvoAdaktikd, vl ktipla pe tolywpata amd QX. 1| toyxomola, n Tiu tou C pmopsl va
vToAoyileTaL amo TN oYEoN:

C, =%47€5 (3.70)
A=Y A-(02+¢,/H) (3.708)

otmov

Ac = 6LUVOALKN SPWOA ETTLPAVELX TWV TOLXWHATWY GTOV TTPWTO OPOPO TOV KTIpiov

Ai = Spwoa eMPAVELX TNG SLATOUNG TOV TOWHATOG | GTOV TIPWTO OPOPO TOV KTIPlov

fwi = INKOG TOU TOLYWUATOGS [ 6TOV TIPWTO Opo@o o€ SLEVBLVVOT TTAPAAANAN UE TN CELOWIKT SpAoT).
X1 oxéon (3.708), eav fwi / H> 0.9 tibeta 4w / H=0.9.

EvoAAdaxtikd, 1 OepeAitwdng 8lomepiodog pmopel va umtodoylotel amd ) oxéon:

T, =2/d (3.71)

omov d eival 1 0pl{OVTIX EAACTIKI HETAKIVIION TOU SWHUATOG TOu KTipiov (o€ m) yia opllovTia
@opTtia otV e€eTalopevn SievBuvon ioa pe ta Bapn Twv 0poPWV.

3.4.3 Téuvovoa Bdong

To 8ebtepo Prjpa g pebBdSouv opllovVTIAG POPTIONG ElvaL O VTOAOYIGMAG TOU OUVOALKOU
OEloIKOU @opTiov otnv efetalduevn SlevBuvon, dnAadny g avtiotong TEuvovoag SUvaung
Baong Fp, amd tn oxéon:

F,=m-2-S,(T,,{) (3.72)
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oTov

Sa(T1, Q) = @aopatikn emtayvvon oxedaopol yia tn BepeAtwdn Wlomepiodo

ms= OUVOALKT] palo Tou KTipiov amd 1n otdbun BapeAiwong 1 ™V Avw ETPAVELA
AKQUTITOV VTIOYE(OV

A= 0.85eav T1 < 2:T¢ KoL TO KTIPLO £XEL TEPLOTOTEPOUG ATIO §V0 0POPOLG
{ 1.00 o€ kaBe GAAN epimTwon.

0 ouvteAeotng A xpnouoToLeiTal yia va An@Bel vtdoym 6TL 1 Spwaoa 8Lopop@IKn pada TG
Bepedlwdoug Sopop@ng sivat pkpotepn katd 15%, katd péoco 0po, amd T CUVOALKN HAala yLo
KTipla pe TOVAGXLOTOV TPELG OPOPOUG.

3.44 ZXeiouikd @optia opoéPwv

[ v xatavoun g Téuvovoag SUvaung BACNS 0TOUG 0POPOUG TIPETEL VA €ival YVwoTn 1
OepeAlwdng Slopop@n) @1 otnv e€etalopevn SievBuvon. Emeldn oelopikd @optia Oewpovvtal
uovov otn Slevbuvon ™G celouKiG Spaong mov efetdletal, AaufBdvovtat vTtoyTn povov ol
OUVIOTWOEG TNG LSLOPOP@PNG OTOUG avTtiotoyous PabBuovg elevBepiag, evwd oL VTOAOLTTES
ouvvIoTWoeS apeAoVvtal 'a Tapddetyua, e&v 1 avaAven yivetat atn Stevbuvon x, 1 Seomolovoa
t8lopop@1) Tov Aappavetat vTTOYN TPOKVTITEL WG: @ = P1x. EGV Sev yivetat akpprg avaivon yia
TOV UTIOAOYLOUO TNG 6e0molovoas LOLOHOPENG UTTOPOUV VA XPTOLUOTIOMBO0UV TPOCEYYLOTIKEG
néBodot g Avvapkng, oTws n péBodog Rayleigh mov meplypa@ ke mapamavw. L auty TV
TEPIMTWON, 0L CUVIOTWOES @; NG BepeAldSoug W8lopopEnG pmopovv va tefolv (0eg pe TIg
OpLOVTLEG HETAKIVIOELS §f TWV 0POPWV IOV TIPOKVUTITOUV Ao TNV £miAvon yia ta @optia F (BA.
E¢. (3.68)) g TeAevTaiag emavaAnymg.

Oewpwvtag yvwot TN OepeAiwdn Slopopen, 10 COElOUKO @optio F; Tou j opo@ov
vToAoyiletaL amd TN oxEon:

;P

F.=F ———
bzmi'(pi

J

(3.73)

Onws avapépbnke mapamavw, N EE (3.73) epappoletat pOvVov ylx TI§ GUVIOTWOES TNG
Bepedlwdoug Wopopeng otV egetaldpevn SlevbBuvon KAl EMOUEVWS KAL TA CELOULKA opTia Fj
TPOKVTITOVV HOVOV 0€ aUTH) TN StevBuvon.

Y€ TOAAEG TIEPITITWOELS KTIPIWV HE MKTO OTATIKO cVOTNUA, 1| OepeAlrdng t8lopopen pmopel
va Tpocopolactel pe éva  aveotpauévo Tpliywvo (Ypauuwkn avinon Ttwv  oplldviiwv
HETAKIVNoEWV KaB’' UPog). Te autn TV TepimTwon woxVeL: ¢; = zj/H, 6Tov z; elval to VoG Tov
0pO@OVL j amd ™ oTddun Bapediwong N v Gvw EMUPAVEL AKOUTTOV VTToyeiov kKot H givat To
UPog Tou kTiplov. Emouévwg, 1 Katavoun Twv GEGUIK®Y QOPTIWV 0TOUG 0pOQOVG UTOPEL Vo
vTtoAoylotel amd T oxéon:

F =F <=L (3.74)



3-28 L. Wuxapng

3.4.5 Evtatika usyé0n ueAwv

Ta evratikd peyébn twv peAwv VToOAoYi{ovTal amd OTATIKN AVAAUOT TNG KATAOKELNG YLX TA
oplovtia @optia F; mou gvepyolv otnv egetalopevn SievBuvon oelopikng dpaons. Emopévwg
amalteital plo emidvon ywa kdBe SievBuvorn celopov. Inuewwvetal Ot emeldny Sev yivetal
oUVOLAOUOG  SLOHOPPLIKWY  ATOKPIloEWY OTWG oTNn @AcpaTikn] HEBodo, Sev ypelaletal
UTIOAOYLOUOG TIOAVWOV aKPaiwV TIHWY, 0UTE TIIOAVWOV TAUTOXPOVWV HEYEDWY, AoV Ta EVTATIKA
UEYEDN TTPOKVTITOUV TIPOCT|UACUEVA KAL EIVAL TAVTOXPOVA.

3.5. Xwpwk1) emaAiniia

'Omwg Tpoava@épOnkKe, oeloUIKEG avaAVoels (e omoladnimote péBodo) yivovtal yia TOuAdLoTOV
8Uo opliovtieg, kabeteg petafd Toug, SlEVBVVOELS OEIOULKNG SpPAONG, EVW OF OPLOUEVES
TEPLTITWOELS ATIALTEITAL KAl AVAAUOT] YIA KATAKOPUEN OElopLK StEyepon. Ta TEAEIKA EVTATIKA
uey€0n mouv Aapupavovtal vTOYN 0TO OXESIACUO TNG KATAOKEVNG TIPOKVUTITOUV ad oLuvSuacud
TV ATOTEAEGUATWY TIOV TIPOKVTITOVV ATIO TIG EMUEPOUS AVAAVOELS Yia KaOe SievBuvon oelopov.

Emeldn ta peyedn mou MpokUTTOUV MO TNV avAaAuom Yl Kamolwx Stevbuveon oelopov
aPOPOVV AKPALES TIUEG, 1 XWPIKN ETHAANALX TWV ATIOTEAEGUATWY YA TIS TPELS SIEVOVVOELS NG
OEWOMKNG 6pdonG, X, ¥ Kal z, YIvetal HE TNV TETPAYWVIKY plla Tou aBpolopatog Twv
TETPAYWOVWY, S1AadT:

exE = +1[exE® f +[ext f + [exe® (3.75)

Omov exE®, eXEW) kot eXE® oL akpaieg TIHEG TOU HEYEDOUG E YIot OELOUIKT) SpAOT KATA X, CELGULKN
Spaom KATA y KoL GEOUKY §pdom oTnVv katakdopuen Sievbuvon z avtiotolya, Tov voAoyi{ovTat
OTWG ava@épnke mapamavw (m.y. EE. (3.55) 1 (3.56)).

Eav ywx ) Slaotacloddynon KAToou HEAOUG ATIALTOVVTAL TIEPLOCOTEPA TOU €VOG LEYED,
OUVIOTATOL 1] XPNON TNG AKPalaG TIUNG €vOG HEYEBOUG Kal Twv TOAVWV TAUTOXPOVWY TIPOG
QUTNV TWHWV TV VTTOAOITIwY peyeBwv, avti ¢ xprons akpaiwv Tipwyv ya 6Aa ta peyeon. H
Stadikaoia elval mapopola He aUTH TOV avantuxOnke otnv map. 3.3.4, pe T Swx@opa OTL TA
ToVTOXpOVA PEYEDT VTTOAOYIlOVTAL YIXt TAVTOXPOVN CELGUIKT SPACT) Kal OTIS TPELS SlevBUvaoEeLs.
Tuykekpléva, n mlavy TauToxpovn TPog TNV akpaio T exA Ty &Alov peyéboug B
oupfoAiletal pe B4 kat vmoAoyiletal amo T oxéon:

P
B,=-4& 3.76
4= (3.76)

OTIOV 0 TapayovTag cvoxETions Pag Twv peyebwv A kat B Sivetal amo tn oxéon:
k k
Puy =33, (40BY + AV BY + AP B (3.77)
i=1j=1

Inpewnvetal 0ty Adyw ™G oxéong (3.63) n omoia toyvel yia kabe SievbBuvon oeloUIKNG
Spdong, loxveL:

Pyy =Pjy) +Piy) + Py} (3.78)
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[Ipocééte OUwG OTL 1 TAVTOXPOVT T B4 TOu peyéBoug B Sev TPpoKUTITEL aTtd TO GOPOLoUA TWV
TAVTOXPOVWV TIHWV B,(jf), B,(}() Kol B/(j]yla kaBe SievBuvon oelopol, agol otnv EE. (3.76) o
TAPOVOUAGTNG LoOVTAL UE TN oLVSVACUEVT akpala Tun Tov ueyéboug A.

EvoaAdaktika, avtt g EE. (3.75) pmopel va xpnolpomoleltal 0 SUGUEVESTEPOG ATIO TOUG
TAPAKATW GUVSVAGUOUGS YLO TOV UTIOAOYLOUO TNG aKpaiag Tiung Tov Tuyaiov ueyéboug E:

exE =+exE™ £0.30-exE™) £0.30 - exE® (3.790)
1 exE =40.30-exE™ +exE) +0.30 - exE™® (3.79B)
1 exE =+0.30-exE™ £0.30-exE") + exE™® (3.79y)

Ol TTapaTAV® OXECELS VIO TIG AKPAIEG KAL TIG TAUTOXPOVES TIUEG TWV EVTATIKWVY UEYEDWV
XPNOLUOTIOOVVTOL KOl OF TEPITTWOEL TOU 1 SlaoTacloAdoynon yivetat pe ovvdvacud
TMEPLOCOTEPWY TOU €VOG  evTaTiKwV peyebwv. Ta  mapddetypa, m  SaotacloAdynon
VOO TUAWUATOS attd Q2. o€ Stakovikn) kauym pe afovikn SUvaun YIveTal yla ToOuG TTapaKAT® £EL
oLVVSLACHOUG TWV CELTUIKWY PeyeBwV My, My, kat N:

exM, exM, exN
X My,MX Zy: Mx,My Xy Mx,N X, =-1; Xy =-X, Ly =-X,
N'Mx N,M My,N

Eav ot akpaies Tipég twv peyebwv Sev vmoloyiovtal amd tm oxéon (3.75) oaAAa pe
e@appoyn Twv oxéoewv (3.79a,B,y), Yia kaBe éva amd Toug cuvSLACHOUG X1, X7 KAl 3 TIPETEL VA
eLeTaoTOVV 3x8 = 24 eVAAAAKTIKEG TEPIMTWOELG, EVW OV XpeLdleTal va An@BHovv vmoym ot
ouvvluaopol X4, Xs Kot Zs, €MELSN KAAUTITOVTAL ATIO TNV EVOAAQYT TIPOCTUOU + TWV OXECEWV
(3.79a,B,y). Twa mapaderypa, oto ocvvdvaoud X; TMPEMeEL va €§eTaoToUV Ol TMAPAKATW 24
TIEPLTTTWOELS YIX TNV eXMy:

exM, =+exM™ +0.30 - exM") £0.30 - exM? (3.80)
1 exM, =+0.30-exM'™ +exM) +0.30 - exM'”) (3.80B)
1 exM, =+0.30-exM +0.30-exMY) + exM'?) (3.80y)

omov exM) | exMY) ko exM{) eivan o1 akpaieg TG ™G potg My Yl oElGUIKY Spdon KaTd X,
OELOMIKY 8pdom KATA Y Kol GEWOUIKN SpAcT otV Katakopuen Sievbuvon z avtiotolxa, Tov
vmoAoyifovtat amd v EE. (3.55) 1} v EE. (3.56). T'a kdBe pia amd tig mapamdvw 24 THEG TG
exM, voAoyilovtal oL TOAVEG TAVTOXPOVES TIUEG TwV My my KAl N . AvtioTolya vmoAoyiovtat
Ol EVEAANKTIKEG TEPITITWOELS TWV OLVOVACUWV Xz Kat X3. EMOpévwg, ouvoAikd mpémel va
g&etaotovv 3x24 = 72 cuvdvacol.

INUELWVETAL OTL €AV 0TOUG €EETALOIEVOUG GUVSVAGUOVG BEV XPTCGLUOTIOLOVVTAV TAUTOXPOVA
HEYEDT, aAAG AapBavovtav vTIOYT oL akpaleg TIHES exMy, exM, kot exN pe 6A0UG ToOUG SuvATooUG
oLVVSLAGHOUG TPOOUWY, TO TANB0G TWV ATATOVUEVWY GUVSUAOUWYV Oa TPOEKUTITE TOAV
UEYAAVTEPO.

Y& ouvn BN 0KOSOUIKA £pYQ, 1] AVAAVOT YLX KATAKOPU@T) CELCUIKT 8pAoT) apeAsital Xe auTh)
™mv eplmTwon, 1 akpoia Tn Tov Tuxaiov peyéBoug E vmoAoyiletal amo ) oxéon:
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exE = i\/ exE®Y + (exE(”)Z (3.81)
1 aTo T0 SUGUEVETTEPO CLUVSVAOUO:
exE =+exE™ +0.30 - exEY) (3.82a)

1 exE =+0.30-exE™ +exEY) (3.82p)

3.6. Emippon ¢ oTpo@r|g

3.6.1 Opouoi

OewpoVE TOAVWPOPO KTIPLO PE Sl@pAypaTa oTIS BECELS TwV 0pd@wV. Ze kKaBe Stappayua
UTTOPOUV VA 0pLOTOVY U0 XUPAKTNPLOTIKA OTUELR, TO KEVTPO Suokaupiag KAl To KEVTPO OTPOPIC,
Ta oTrola elval TTOAD GNUAVTIKGE 0T SUVAULKT) CUUTIEPLPOPA TNG KATAGKEVTG GTO XWPO.

Kévtpa Svokaupiac (KA) 0pdpwv

Ye kaBe Sappayua pmopel va oplotel éva kévipo Svokaupiag (center of rigidity 1 center of
stiffness) pe v €&n¢g LSLOT T

Eav ota Swappayuata géaoknjoovus optl{Ovties SUVAUELS OTOLOVONTIOTE UEYEOOUC Kal
omolaoénmote StevBuvang mov SiEpyovral amo Ta kEvipa Suokaupiag, Ta Stappayuata Ba
UETAKIYNOOUV KATA X KLy Ywpis oTpopn YUpw amo kataképvpo aéova (6 = 0).

InuelwveTal 0TL 1 SlevBuVON NG HETAPOPIKNG KIVNOTG TWV 0pO@PWV EIVAL YEVIKWG SLPOPETIKN
atd T SievBuvon otV omoia evepyoLVv Ta opTia.

To kévtpo Suokapyiag evog opo@OV Sev TIPETEL VA CUYXEETAL E TO KEVTPO SLATUNOTNG, TO
omolo eival To onUeElo EQAPUOYNS TNG CUVICTAUEVNG SUVAUNG OAWV TWV TEUVOUCWV SUVAUEWY
TWV VTTOCTUAWUATWY TOV 0pOPOV.

Kévrpa atpoeric (KX) 0pépwv

Ye kabe Sia@paypa umopel va oplotel Eva k€vipo otpoeric (center of twist) pe tnv €&¢ LSLOTTA:

Eav ota Slappayuata €EQOKNOOVUE OTPEMTIKEG POTEC YUPW MO KATAKOPUPO déova
omolovdnmote ueyéOoug, ta Stappayuata Oa oTpapolv yipw amo Ta KEVIPpA GTPOPIS TOUS
(oMot aTpoPIiC).

Hapatnpnoeig

e Y& povwpoa ktipwa, To KA xat to KX tavtifovtal Avto opws Sev ovppaivel oe
ToAVWPO @A KTipla, ota omoia To KA kat to KE kdBe opd@ov eival YeVIKWG SLpOopETIKA.
Emiong, 1 0éon Twv kEvipwv aAAdlel amd Opo@o oe GPoEO, AKOUT KoL GV 1) KATOYm
TUPAUEVEL (SLat.

e 0 vumoAoylopos twv KA twv Sagpaypdtwy o moAvwpo@a KTipla elvatl eEapeTika
80okoAog. EmmpooBeta, 1 B¢omn tov KA kdbe opodov Sev eivat povooriuavta oplopévn,
OAAQ EEQPTATOL ATIO TNV KATAVOLUT] TWV CELCHUIK®V QOpTIwV kb’ vog.
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3.6.2 Movwpopo KTipto

H amAoVotepn TepIMTWOT KATAOKELTG IOV EMMPEALETAL ATIO TN GTPOPT] YUPW ATO KATAKOPUPO
afova eival To povwpo@o Ktipto. To kTiplo vumdkeltal oe celouikny Spdorn Tou evepyel o€
Stevbuvon mov oxnuatifel tuxaia ywvia ¢ pe Tov a€ova x kat {nToVpe TNV amoKpLoT ToU KTipiov
KOl TOL EVTATIKA PEYEDT Tov Bt avamtuyxBoUV 6TA VTTOCTUAWUATA.

Yoo

0]

Yx. 3.8. Ztatiki Bewpnomn LOVOPOQOL KTLPILOU LE GTPOPT).

A. Xtatiky) Oswpnon

H otatikn Bewpnomn tou mpoPANUatos amotelel otV ovoia e@apuoyn g peBodov avaivong
opllovtiag @optiong (map. 3.4) ot pia povwpoen kataokevn. ‘Etol, Oewpolpe oTatikn @OpTion
oTNV oTtola To OEloUIKO @opTio F §pa og SielBuvon mov oxnuatifel yovia ¢ pe tov afova x (Zx.
3.8). Eav T elvat 1 8lomepiodog ™G kataokeung otn Sievbuvon mov evepyel 0 GELOHOG, TO
néyebog tov optiov eival F = m-S4(T), 6ov S4(T) elvar ) @aopatiky emtdyvvon ya mepiodo T.
OmMwg ava@epbnke mMOPATAVW, OTNV TEPITTWON UOVWPOPWV  KTIPpiwv TO KEVTPO
SvokapPiag kat To kEvtpo oTpo@ng Tavtilovtal [ToAAEG popég To onueEio AUTO ava@EPETAL Kol
WG EAQOTIKO KEVTPO M MOAOS aTpo@r¢. Xto Xx. 3.8, To onueio avtd cvpPoAiletal pe Po. Ot
OUVTETAYUEVEG TOU O€ éva opBoywvio cVoTnua ava@opds (0X, 0Y) Sivovtal amd Tig oxETELS:

X, K,

Xp, = (3.83a)
2Ky
ZY'I .KI X
Y, (3.83B)

,
S B
ZKI',X

i

omov X; xat Y; elval oL CUVTETAYHEVEG TOU KEVIPOU TOU LVTOOTUAWHATOS K Kat Kiy xat Kjy ot
Svokapyieg Tov otig SlevBivoels X kat Y.

To oelopikod @optio F epappoletal oto KM g katackeuns. ‘Omws @aivetal Opws oto Z.
3.9, umopolue va Bewprioovpe OTL e@apudleTal otov TOAO0 oTpo@PnG Po, TTpooBeTovtag pia
OTPETTIKN pot M = F-R, 61ov R eivai 1 amoéatacn tov KM amnd to onueio Po petpodpevn kabeta
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otn Stevbuvon Tou celoUKOU @OopTiov. INUELWVETAL OTL €&V Fx = F-cosg kal F, = F-sing givat ot
OUVIOTWOEG TOU OPTioU F 0TOUG AEOVEG X KAL Y, UTIOPOUE VA YpAOoULE:

M = Fy-xxm = Fyykm (3.84)

OTIOV Xkm KAL Ykm ELval oL ovvtetaypeveg tov KM oto cVotnua aovwy (0x, Oy) pe apxmn to onuelo
Po (BA. Zx. 3.8).

Xx. 3.9. Meta@opd SUVAUEWV 0TOV TTOAO GTPOPNS.

Emeld1) to onpeio Po eivar to KA tng xataokeung, To @optio F mou Sigpxetat amd autd Ba
TIPOKUAEGEL LOVOV HETAPOPLKN KIvnom Kol OXL oTpo@n. Oewpwvtag OTL oL A§OVEG X KAl Y
avTIoTOLXOUV OTIS KUpleg Slevblvoels touv ktipiov (BA. mapakdtw), OAx Ta onueld TOL
SLappdypatog Ba £(oUV HETAKIVIIOELS KATA X KOL V:

F, F-cosp

u, = 3.85a
K K. ( )
F . qj
u, =-r - Fsne (3.85p)
Ky KY
OTIoV
K=K, K,=YK,, (3.86)

elval oL CLUVOALKEG SuoKapieg KATA X KL y avtioTo Q.
Ouoiwg, emeldn to onueio Po elvar to KT tov Swapdyuatog, n pom M Ba TpokaAécel
OTPOPY YUPw ato To onueio Po {on pe:

M F-sing-xy, —F-cos@- yyy

0 3.87
Kg Kg ( )

0mov Ky elvai 1 6UVOALKN OTPETTIKY Suokapia IOV VTTOAOYIlETAL ATIO TN OXEON:
Ke:Z(Ki,e"'XiZ'Ki,y"‘yx-z'Ki,x) (3.88)

Ze auty v eflowom, Kip eival 1 otpentikn Suokappio Tov vVTooTVA®pATOS K yOpw amd tov
agova tou. ZuvnBwg 1 TN auT €lval HIKPY] G€ GUYKPLOM HE TOUG GAAOUG U0 OpoUG TOU
aBpoiouatos ™ e€icwong (3.88), Wblaitepa yia vmooTLVAGUATH amd Q.Z. aTa oToia, AOYw NG
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pnynatwong, n Kis Aapfdavetal to moAv ton pe to 10% ¢ yewpeTpkng g Tuns. ' avto, o
0pog K pmopel va apereital.

01 e€lowoelg (3.85a), (3.85p) kat (3.87) Sivouv Tn petakivnon kat n 6Tpo@1| 6To onueio Po.
l'a va vmoAoyicovpe Tn petakivnon oe omolodnmote GAAo onueio T e@apudlove TIS oXECELS
(3.3a,,y) amo Ti§ omoleg TPOKVTITEL:

F-cosg

sy = L0y (3.894)

Uy, =2 g, (3.89p)
y

0, =0 (3.89y)

OTIOV X3 KoL Y5 €lval ol cLVTETAYUEVEG TOV onpelov £ oto ocvoTpa afovwy (0x, Oy) Le apyn Tov
ToA0 otpo@ns Po (BA. Zx. 3.8).

['la va uTtoAoy{ooUE TIG TEUVOVOEG TIOU AVATITUOCGOVTAL GTO UTTOOTUAWMA K; eapudlovpe
TIG ox€oelg (3.890,B) yla TG CUVTETAYUEVES TOV KEVTPOU TOV VTIOGTLAWMUATOG. 'EToL TTpokVTTTOUV
Ol UETAKIVNOELS Ujx KAl Ujy TOU UTOOTUAMUATOG, OL OTOleg TOAAATAXCLA{OUEVEG HE TLIG
avtiotoes Suokappies Stvouv TIg TEPvovoes Suvapelg. AnAadn): Viy = KixUix kot Viy = Kiy-u;y.

H otatwkn emidivon tov povwpd@ouv UeE GTPOPT, YVWOTH Kal ws péBodog Povoadmoviov,
amoteAovoe T Baowkn uEBodo aelopikng avaivong uéxpt to 1985. E@appolotav akoun kat o
TOAVWPOPA KTipLa, BewpwvTag OTL KABE OPOPOG CUUTEPLPEPETAL WG MOVWPOPO GTO OTOL0
evepyel oelopkd @optio (00 HE TO GABPOLOUA TWV CECUKWOV QOPTIWV TWV VTEPKEIUEVWV
opowv. H pébodog autr, n omola elvat pia xov8pikny TPOGEYYLON TNG CELOUIKNG ATIOKPLOTG
TOAVWPOPWV KTIPlwV Kal Pmopel va odNynoeL 0 ONUAVTIKA CQAANATA, ETMaye va LOXVEL TO
1985 pe v eloaywyn Twv I[Ipdobetwv Atatdéewv Tov Avtioeioutkov Kavoviouov, Ue TIG 0TolEg
€YLVE UTIOXPEWTLKN 1 ETAVON TWV TIOAVW PP WV KTIPIWwV WG TAALGIWV 6TO XWPO.

B. Avvauikn Bswpnon

21 Suvapkn Bewpnon Tov TPoANLATOG, TO HLOVWPOPO KTipLo Bewpeltal wg Eva cUOTNUA TPLWV
BaBuwv eAgvbeplag, CUYKEKPLUEVA TWV LETAKWVIOEWY Uy KL Uy, TOU KM kat TG otpo@ng 6 Tou
Stapdypatog. I'ia Ty avdAvot) Tou emopéEVws @apuolovpe T uEBoSo @ACUATOS ATIOKPLOTG.
AoV to cVvomua Stabétel Tpels Babuovg exevbepiag, amod tnv W8opop@kny avaivon Ba
TPOKVYOUV TPELG KOAVOVIKEG HOPEPEG. ZTN YEVIKN TEPITTTWOT, oL LSlopop@és Ba €xouvv un-
UNSeVIKOUG 0pouG o€ GAOUG TOUG PB.£., EKTOG EAV VTIAPXOUV GEOVEG GUUUETPLOG OTIOTE KATIOLOL OpoL
undevidovtat (6mwg ovpPaivel oto mapaderypa g map. 3.2.7). Emouévwg, ot tSlopop@ég Ba
€XOLV TN HopQ:
D x
@ =9, =123 (3.90)
Pio

I kaBe StevBuvon oelGPOL ToV EEETALETAL YIVETAL OTATIKY] AVAAVOT] YA T POPTIA OXESLATHOV

KAOe 1Slopop@ng i:



3-34 L. Wuxapng

E r-Sy(T)m-g,
E=1E, =11 5,0 mee, (391)
M;, i -Sy(T) g @i

omov [ elval o0 ouvteAeoTn) oLppETOXNG TNG Wopopeng kat Sq¢(T) elvat 1 @aopaTiky
eMITd)YLVOT oxeSlaopol yla Vv 18omepiodo Ti. Ta evratikd Pey£0T TOL TTPOKVTITOLVV ATO AUTEG
TIS avaAvoelg ouvdualovtat pe tn peBodo SRSS (edv ol 8lopop@Eg elvat avegaptnteg) 1
uébodo CQC.

3.6.3 XTpemTIKd EOKAUTITA CUOTHUAT

Y& MoOAVWPOEA KTIpLa, 1) EMPPON TNG OTPOPNS TWV SLUPPAYUATWV YUPW ATO KATAKOPUPA
agova umopel va elvat oAU SUGUEVIS €AV 1) KATAOKEUN VUL OTPEMTIKA UKaUTTN (1] OTPEMTIKA
evaioOntn M evotpentn). Le auty TV TepimTwor, o EK8 mpoPAETEL ONUAVTIKA HIKPOTEPESG TLUES
YLX TO CUVTEAECTI] CUUTIEPLPOPAS g AT O,TL 0€ KATAOKEVEG TIOU BeV elval EDOTPETITES.

0 €Aeyx0G Yl TO €AV Pl KATAOKEUN €lvOl OTPETTIKA EVKOUTTN 1 OXL YiveTal yla k&Be
OpO@O, e GUYKPLOT TWV AKTIVWV SUGTPEYIAC Iy KAL Iy LE TNV aKTiva adpavelag £s. ZUyKeKpLUEVQA,
ywx va BewpnBel éva ktiplo 0TL dev elval oTpemTiKG VaicONTO TPEMEL va SLABETEL IKAVOTIOMTIKY
SvatpePia oe 6A0VG TOUG 0POPOUG, SNAAST O& KAOE OpOPO TIPETIEL VAL LIKAVOTIOLOVVTUL OL OYXETELG:

re=ly kaw 1,2/l (3.92)

X N

Ov axtives Suotpeiag evos opo@ov opifovtal Ao TIG OYXECELS:

K K
re= =%, r,=|-"% (3.93)
K, K,

o0mov Ko elvat 1 otpemtiky) Suokapfia Tou 0po@oL w¢ TtPog To kKevipo Suvokapliog (KA) kat K,
K, oL peta@opikés Suokaplies otig Slevbuvoelg x kat y avrtiotoya. H aktiva adpaveiag
vToAoyiletat amd TN oxEon:
0 = |l (3.94)
m
o1ov Iy elval n potm adpdvelas ualag wes mpog to KM.

Fa v e@apuoyn autowv TwV eElOWOEWV amaltovvtal ot Svokaulies Tou opdPov.
OEWPNTIKA, Ol HETAPOPLKEG SuoKAUPIEG Kal 1) TPO@IKY Suokappia evog 0pOEOL PTTOPOVV Vi
UTIOAOYLOTOUV aTd TA ATOTEAEGUATA TNG AVAAVOTNG, SLALPWVTAS TA POPTIN HE TIS AVTIOTOLYES
netakwnoelg, dniadn: Ky = Vi/uy, K, = V,/u, xau Ko = Mg/, 6mov V;, V, eivat oL Tépvovoeg tou
0pPOPOL KATA X KAL Y avTIoTO® KAl M 1] GUVOALKY) OTPETTIKY poT} w¢ Tpog to KA. Ouwg, o
vToAoylopog tou KA elvat €€aipetika dvokorog, 1 e Béon tou KA emmpedletal amod tnv
KQTAVOUT] TWV CEWOUK®OV @opTiwv. Emopévws, 1 e@appoyn Tou Tapamavw Kpltnpiov oe
TOAVWPOPA KTipLa elvat TpoBANUATIKY.

0 EK8 8ev avTipeTwileL Le KATIOLO CUYKEKPLUEVO TPOTIO TO TIPOLANUA KAl N VEL TN AVoN
TOV 0¢€ K&Be kpdtog. Ztnv EAAGSa yla Tov UTTOAOYLoUO TwV akTivwy Suotpeliag £xel vioBetnOel
N Bewpla Tov MAaouatikov elaotikol déova mov meptypd@etal otnv map. 3.3.3 tov EAK kot
AVOAVETAL TTAPAKATW.
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[Aaouatikog eElaotikdg déovag

OewpovEe Eva TTOAVWPOPO KTIPLO N 0pOP WV, GTO OTOI0 EENGKOVE GTOVG OPOPOVS (POPTIA KATA
Yy Ta omola £€xouv ouykekpluévn katavourn kab’ vog F = {F1 E, .. F;I}T kot Bplokovtal 6Aa
Tavw o€ eva emimedo (Zy. 3.10). Metakivolpe To emimeSo @OPTIONG 0 SLAPopeg OE0EIS KATA X
Kal Yl kaBe B€om @OPTIONG UTIOAOYICOUUE TIS OTPOPEG TIOU TIPOKAAOVVTAL GTOUG 0POPOUG. X€
Ka0e 0£0m TTPOKVTITEL SLAPOPETIKTY KATAVOUT GTPOPWV 0pOP®YV, OTIwG deiyvetal ato Zy. 3.10.

-y FT

X = x4

X=X

Xx. 3.10. Katavoun otpo@wv 0pd@wv yLa SLa@opes OE0eLg eMITESN G POPTLONG KATA V.

ZUUE®VA E TOV OPLOUO TWV KEVTPWY SuoKapfiag Twv opo@wy, edv 0Aa ta KA Bplokovtav
TAVW O€ €vav Katakopu@o &fova (o omoilog ovopdletal edaotikos aéovag), TOTE, OTAV TO
eminedo @OpTIoNG B SlepydTav amd auToOv Tov GEova, OAEG Ol OTPOPES TwV 0poYwV B
undevidovtav, dnAadn Ba mpoékumte O1 = O; = ... = O, = 0. Emedn opwg, yevikwg, ta KA twv
opo@wv 8ev PBplokovtal OAa TAVW 0TOV (510 KATaKOpLEO Gfova, SNAadn oL KATAOKEVEG Sev
SLaBETOoUY €EAAOTIKO AoV EKTOG ATIO CUUUETPIKEG KATAOKEVEG, Ol OTPOPESG TWV 0pOPWV SevV
undevifovtat yio kappia 6£om x Tov enimedov @OpTIONG.

YTapxel Opwg Kamolx B€om Xo TOL EMMESOV POPTIONG, YIX TNV OTOLX Ol OTPOPES TWV
0pOPWV YIvovTal EAGXLOTEG, CUYKEKPLUEVA TO ABPOLOUN TWV TETPAYWDVWV TWV GTPOQ®V TWV
opowv yivetar eldxloto. Eav emavardafoupe m Swadikacioa ywa emimedn @option o
Stevbuvon x Ba Bpovpe TAAL pia B€om yo ya TNV omoix To AOPOLOUA TWV TETPAYDVWY TWV
OTPOP WV TWV 0POPWV YIVETAL EAGXLOTO.

H tour twv emmédwv mov Siépyovtal amd TI§ BECEIS Xo KL Yo opilel évav afova otnv
KA TOAOKEVT] O OTIOL0G OVOUALETAL TAQOUATIKOG EAXCTIKOS déovag KoL EXEL TNV €61G LBLOTN T

Eav eéaoknoovue atous 0po@ous opl{OVTIES SUVAUELS TIOU Ppiokovial o€ éva KATakopupo
emimebo mov SIEPYETAL ATTO TOV TAACUATIKO EAXOTIKO déova, oL aTPoPéc Tov Ba TpokAnBoly
O0TOUG 0pOPOUS Oa lval ol EAGYLOTES SUVATES, 0 OUYKPLON UE oTroladNTOTE dAAN Béon Tov
EMTESOV POPTLOTG.

0 TAXGUATIKOG EAAOTIKOG AE0VaG EVOG KTIpiov Sev pmopel va oplotel avaAuTikd. Ouws, amd
TOAPAUETPLKN SLEPEVYTOT] TOAAWV TIEPITITWOEWY KTWV KTIplwv (Makdplog 2000) tpoékue 0Tl
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OTAV Ol OTPOWYES TwV 0pOPwWV yivovtal €AAXIOTEG, 1 KATAVOUN TWV OTPOo@®V kad' vog
TapovoLdlel onpeio pndeviopov (BA. x. 3.10 ywa x = x2) og Vog;:

20=0.75-H+ 0.85-H = 0.80-H (3.95)

omov H givat To VoG Tou KTiplov.

Ag vmobéoovpe 6tL 6To0 VPOG UNSEVICUOV TWV GTPOPWV Zo VTIAPXEL KATOLOG OPOPOG.
E@o6oov og autdv tov 0po@o 1 @option F Sev mpokaiel otpo@eg, to onueio toung Po tovu
TAQACUATIKOU AEOVA LLE AUTOV TOV 0POPO €lval TO KEVTPO Suokapiag Tov 0pd@oL yla opl{ovTia
@optia F (vmevOupiletal 6TL 11 B€om touv KA e€aptdtal amd mv katavoun tTwv @optinv kab’
UPog). EmmpooBeta amodelkvieTal OTL £AV 6TOUG 0POPOVG ETRAAOVUE OTPEMTIKEG poTieG M =
c-F, 6mou ¢ elvaw €vag tuyalog ovvtedeotng, TOte To onpeio Po elval kat o mOAOG oTPOPNS
(5nAadn to KZ) awtol Touv opd@ov.

XpNOWOTIOLOVIE TNV TIAPATAV® LSLOTNTA Yl Vi TIpocsdlopicovpe Tn 6£€01m Tov TAAOUATIKOV
eAaoTIKOU G&ova, xwpig va xpelaotel va yivouv ToAAATAEG eTAVCELS Yo Slagopeg BETELS TOV
EMTESOL (POPTIONG. ZUYKEKPLUEVA, LToAoyilovue Tov TOAO GTPOPNG Py TOu 0pbdPOU TOL
Bploketal mMAnolEotepa ato VYPog zo = 0.80-H ywa otpentika (evyn opo@wv M = c-F xal o
KATAKOPL@POG afovag Tou SlEpxetal amd to onpeio Po opifel tov mAaopatikd afova. H
Stadikaoia mov akoAovBole eival n e&nc:

1. Eméyoupe v Katavoun Twv oelopikwv @opTiwv F kab’ vPog. Inueiwvetal 0t Sev €xel
onpacia to péyebog twv @optiwv mov Ba An@Oovv VTIOYM AAAA TO TTWG peTafdAAlovTal oo
6po@o ae dpowo. ZuvrBws xpnoLpotoleital | katavoun g uebddov oplldvTiag POPTIONG,
1 oToia UTopEl va XpNOOTIOLEITAL aKOUT Kal €Qv YIVETAL LSLOPOP@LKY aVAALGT] Yiot TNV
eMIAVON TNG KATAOKELNG.

2.  E@appolovpe otnv kataokeurn oTpentika (ebyn M = ¢-F kal kavoupe otatikn emiAvon, amo
TNV OTIolx TTPOKVTITOUV 0L LETAKLVT|OELS KoL 0L 0TPOPEG 0T KM Twv 0pd@wv.

3.  EmAéyoupe tov 6po@o mov Bpioketal mAnoiéotepa oto 0.80-H (éotw OTL €lval o 6po@og 1)
KoL UTtoAoyiloupe TOV TOAO GTPOPNG TOU, Po. Ol HETAKIVIGELS Upox KAL Upoy TOU TIOAOL Po
elvat €& oplopoy undév, emopévws  xpnowlomolovpe TIG oxéoels (3.30,8y) v va
UTIOAOY{GOUE TIG CUVTETAYUEVESG Xpo KUL Ypo TOU OTpElOV Py ¢ Tpog cvathua afdvwv amd
to KM touv opo@ovu i. E&v u;x xat ujy givat ot petakivnioelg tov KM kat 6; 1 otpo@n tou
0pO@OVL i Tov TPoékuPav Ao TNV €miAvomn, N epappoyn Twv oxéoewv (3.3.a) kat (3.3.6)
Stveu:

Xp, =—% (3.96a)
ui X
Yo, =+ (3.96B)

4. Opifoupe TOV MAACHATIKO GEOVA WG TOV KATAKOPLPO Gfova TIoL SLEPXETAL ATTO TO OMUELD
Po. H Toun autov tou afova pe Ta SLa@paypata Twv opo@wy opllel TpooeyyLoTIKA TN 0€om
Twv KA twv opdpwv.
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Kipia emineda

U@V PE TA TOPATIAVW, EAV EEACKI|COVE GTOVUS 0POPOVG EVOS KTIpiov opl{dvTia @opTia Ta

omoia Bpiokovtal Tdvw o€ &va KATaKOpL@o eTieESO TO 0TOI0 SLEPYETAL ATIO TOV TTAACUATIKO

EAAOTIKO AEOVA, OL OTPOPES TWV SLLPPAYUATWY B Elval LKPES KAL 1) ATIOKPLOT TNG KATAOKEUT|G

Ba tepAapBaveL KUPLWG PLETAPOPLKEG UETAKIVIIOELG TWV 0PO@PwV. Ol LETAKIVIOELS Uix KL Ujy TOU

KM tov i opdpov, edv cuvSuactoiv Slavuopatikd, Ba §0eouv T GLVOALKT Kivnor Tov 0pd@ov,

1 oToia Yevikws dev Ba elval mavw oto emimedo @optiong (Zx. 3.11a), extodg €dv To emimeSo

@optiong eival kvpto, omdte N kivnon yivetal mapdAAnia oto emimedo @optiong (Zx. 3.11P).

Yméapyovv 800 kOpla emimeda @opTiong I kat I, Ta omoia eival kaBeta peTald Toug kol opiovtoal
WG €8N

Eva kataxopvpo emimédo ovoualetat kvpto otav 1 emifBodn} opl{oviiwv @OpTiwv Tov
Bpiokovtal mavw o€ auto TO ETITMESO TPOKAAEL UETAKIVIOELS TAPIAANAX 0€ QU TO To eTiTESO.

y'A
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Yx. 3.11. Metakivnon Sta@pdaypatos xwpis otpo@n: (a) og TeplMTWON QOPTLONG OE EMITESO SLAPOPETIKO

amd Ta kUpla emineda, () oe mepimTwon @OpTLoT o€ KUpLo eTiTEeSO.

Ta kOpLa emtimeda evog ktipiov SiEpxovtal amd Tov TAaoUaTIkO afova kat 1) SlevBuvoT] Toug

vToAoyileTal w¢ €ENG:

1.

EmAvovpe v kataokevn v @optia Fy pe katavouny kab UPog auty mov
XPNOUOTIOMONKE KL GTOV VTTOAOYLOMO TOU TAaopaTikol dGéova, Ta omola Bplokovtal oe

KATAKOPLUPO ETIESO OV SLEPYETAL ATIO TOV TMAACHATIKO GEova Kal eivat TTapaAAnAo ot
’ I ’ ’ ’ (x) (x) ’
81evBuvon x. ATO v emAVON TPOKHTITOLY OL HETAKIVIOELS Uy KAL U TOL onueiov Po

TOU 0pOPOV TIOV Elval TANGLEaTEP 0T B€om 2o = 0.8-H.
EmavodapBdavovpe v emidvon ya @optia F,, ta omoia Bplokovtal o€ KatakdpLu@o

emimedo mov SiEpxeTAl ATO TOV MAACUATIKO déova kal elval TTapdAAnio otn Sievbuvon y,
a6 TNV oTola TPOKVTITOLY Ot peTAKVOE Ul Kat ul(,y’y Tov onpeiov Po. Enpewdvetat 0TL
0 » 0.

Ay Tov Bewpriparog Betti-Maxwell woyvet: ul?), =ul?) .

H ywvia a mov oxnuatilel o kOplog a€ovag I pe Tov afova X TPOKUTITEL ATtO TN OXECT:

Zu(x)
tan2a = ——° _ (3.97)
(x) (y)
u —Uu
Py .x Py.y
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Ymoloyiloud¢ axtivwy Svotpsiag

0L oaxtiveg OSuvotpePiag Aaupavouv akpaies TwwéG (uéylotn kat eAdylotn Twn) Otav
vmoAoyilovtal og SLevBUVOELG TAPAAANAES LE TOUG KUPLOVG GEOVES TN G KATAOKEUNG. ETTopévwg, o
EAeyxog Twv avicoTTwV (3.92) Tpémel va yiveTal Y Tig KUpLeG SlevBUvaoELs.

ZuvnBws duws oL agoveg x KaL y opifovtal oTig Seomdlovoesg SievBuvoelg TG katoyng. Eav
1 KATAOKEUN OeV £XEL HEYAAEG ACVUUETPLEG € KATOYM, Ol KUPLEG SLevBUVOELS Elval KOVTA OTLG
deomolovoeg SlevBuvoelg, omote, Aapfavovtag LVTOYMN Kol TIG TOAAES afefaldotnTeg OoTOV
UTIOAOYLOUO TwV aKTiVwy Suatpediag, apkel va yivel 0 €éAeyyog oTiS StevBUVOELS X KL V.

0 €Aeyxog Twv avicotTwV (3.92) MpeEmeL va Yivel o€ GAOUG TOUG OPOPOUG, ETTOUEVWS OL
aktives Suotpediag TPEMEL va UTIOAOYLOTOUV G€ OAOUG TOUG 0pO@OUG. 'lat TOV VTIOAOYLOUO TWV
aktivwv duatpeiag otig StevBVvVoEelS X kal y akoAovBovue TV e&f¢ Sladikaoia:

1. EmAvouue Vv kataokeun yia @optia Fy pe v emBuunt katavoun kad’ 0o, Ta omoia
Bplokovtal o€ KATAKOPLEO £TITTESO TOU SIEPXETAL ATIO TOV MAACUATIKO GEova Kol elval

TapdAAnAo otn StevBuvon x. ATd TV emiAvon TPOKVUTITOUV Ol UETAKIVIOELS KATA X TWV
TOAWV Pj Twv 0pd@pwv, ul(,fl (P; = onpueio Toung Touv MAAoUATIKOY gAaoTIKOV dEova pE TOV

0poWO j.
2. Emavaiapfdavovpe v emiivon yia @optia Fy,, ta omoix Bplokovtal o0& KATaKOPLQO

emimedo Tov SEpyeTAL ATIO TOV TMAACHATIKO Gfova Kal gival TapdAAnAo ot Sievbuvon y,

aT6 TNV 0TI0{a TIPOKVTITOUV OL HETAKIVIOELS KT y TwV TOAwY Pj, ul 3,
.,
3.  Emavaiapfavovpe v emidvon yia otpemtikés pomés My = ¢'F, dmov ¢ eival évag tuyaiog
OLVTEAEGTNG. ATIO QLTI TNV ETAVON TTPOKVTITOVV 0L GTPOPES B/ TwV 0pOPWV.

4. Oraxtives Suotpediag KATA X KoLy TOU j 0po@ov vToAoyilovtal amd TIG OXETELS:

(3.98)

OMws avaeephnke mapamdvw, cuvnBws N Katavoun Twv @opTiwv F xad’ Oog yivetal
oVUEWVA PE TNV Katavou g uebodov oplovrtiag @optiong (EE. (3.73)), dniadn pe Baon
BepeAlwdn Wopopen oty egetalopevn Sievbuvon (ektog eav yivetal 1 amiomoinon g EE.
(3.74)). Emewdn ot yevikn mepinmtwon ot OepeAtndets 18lopop@Eg otig Stevbivoels x Kat y eivat
SLapopeTikég, M Katavoun kad’ Vrog Twv @opTiwy Fy elval SLa@opeTikn amd auth TV QopTiwy
F,. X& aut) v mtepimtwon, oto fripa 3 TPoKUTTOUV §V0 OPASEG OTPETMTIKWV poTtwv Me: pia TTov
avtiotolyel otnv katavour Fx kat pla mov avtiotoyel oty katavoun Fy, Sndadn: Me® = cF, xat
My = c'F,. OL e€lowoelg (3.98) tpomomolovvtal wg e&ng:

(3.99)

2VoxYéTion oTPEeMTIKNC svatoOnoiag use Ti¢ OsusAideLc 16LoTEPIO60UC THC KATATKEVHC

TOppwva pe TIg oxéoels (3.92), v va unv eival €va KTIplo OTPETTIKA EVKOUTITO TIPETIEL VO
LoxVeL:
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[
[

>1 kot

N N

>1 (3.100)

~
~

Eav, avtl yia 115 aktiveg Suotpefiag wg Tpog To KEVTPO SUoKAPWPING EQAPUOCOVUE TIG
oxéoels (3.100) ywx T avtiotoyeg aktiveg wg Tpog To KM, rmx Kl rmy, 0Twg yivetatl otov EAK,
atd Toug oplopols Twv aktivwv duotpediag (EE. (3.93)) kat g aktivag adpaveiag (EE. (3.94))
TIPOKUTITEL:

K
- " " >1

Fla HOVWPOPES KATOOKEVEG, Ol HUETAPOPLIKEG LOLOCUXVOTNTEG Wy KAL @y, KAl 1] OTPOPIKN

K K K
W =R, @y == = S (1.102)
m m p

ETopévwe, ywa va unv eivat €éva LovwpoQo KTIPLo OTPETTIKA EVKAUTITO, TIPETIEL

N G,KM/IB \/KB,KM/IB >1 (3.101)

18looUXVOTNTA W ELVAL:

We = Wy KL We 2= Wy (3.1030a)

1 avtioTolya,

Tx>Te war T, 2T (3.103B8)

Emekteivovtag autés TIG ox€0€l 0€ TOAVWPOEXA KTIpla, 0 €AEYX0G TNG OTPEMTIKNG
evkapPiog Oa pmopovoe va yivel wg €€NG:

‘Eva KTipto 6ev elval OTPEMTIKG EVKAUTITO, EXV 0L OsUEAMWOELS UETAPOPLKES toLoTEpiodoL Ty Kat
T, ot §V0 KUpLes StevBivaeis eivat ueyaAitepes amo ™) otpo@iki tétomepiodo To.

0 0pLONAG AVTOG EUTIEPLEXEL TO TQAANNX TNG XPNONG TWV Fmx KAL Iy AVTL TWV Iy KAL Iy IOV 0pieL 0
EK8 kot To 0dApa NG EMEKTAONG EQAPUOYTNS TWV EELOWOEWVY TIOV S{VOuV TIS 18LOTIEPLOSOUG TOU
HOVWPOPoL o€ ToAVWwpoa. Emmpocheta mpemel va onpelwdel 6TL 1) SLakpLlon Twv SLOPHOPP®V
0€ OTPOPLKEG KAL LETAPOPLKES Sev elval TavToTe TTpo@avi. ' avtd 1 pebodoroyia avtn pumopel
va 08NYNOEL 0€ CPAAPATA KoL §EV OUVIOTATAL VX XPNOLUOTIOLELTaL Yo va kKaBoploTel edv éva
KT(pLo elval OTPETTIKA EVKAUTITO 1] OXL, TIAPA LOVOV EVEEIKTIKA.

3.6.4 Tuynuatikn eKKeVTPOTNTA

AoYyw G peydAng afeBaldtntag otov akpiPn vmoAoyoud g 8éong tov KM, mou emmpeddel
ONUOVTIKA TO PEYEDOG TWV OTPOP®V, Ol AVTICEIOULKOL Kavoviopol emBaAlovv va Aapfavetal
VTIOYM TPOCOETN TUYNUATIKY) EKKEVTPOTNTA, SnAadn petatdmion tov KM twv opd@wv amd
BewpnTikn Toug Béom, k&Beta ot SlEVBLVVOT TOU GELGUOV, KATA:

eq =+ 0.05-L; (3.104)

omov L;j elvawn péylom iaotaon g katong Tov opd@ov j oe StevBuvon kabBetn ot Sievbuvon
™G oeloknG Spdone. H tuymuatikny ekkevtpotnTa e@apudletal oy idia SievBuvon oe 6Aoug
TOUG 0pOPOVG WOTE VU LEYLOTOTIOMOEL 1) EMLPPOT] TNG.
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Otav e@apuoletal 1 peBodog avaAvong @aouatos amokpions (LOLOUOPELKT EACUATIKT
Ué6080¢), N e@APUOYN TNG TUXNUATIKNG EKKEVTPOTNTAG onuaivel OTL TpEmeL va yivovtat §Vo
EMAVOELS Yo KABe Slevbuvon celopol Bewp®VTAS TIG UATES TWV 0POPWV UETATOTILOUEVES
ovppwva pe v EE. (3.104), pla yix +eqi Kot i yia —eq;. EVoAAaKTIKG, avTi ylo T HETATOTILON
LoV ETITPETETAL 1] TUXTLOTIKT) EKKEVTPOTNTA Vo Aapavetatl voym pe pla Tpdobetn @opTion
OTPETTIKWYV POTIWV GTOUG 0pOPOUG, (GwV UE:

Maj == eaj-P} (3.105)

omov F; elvat To oelopikd @opTio Tou 0pd@OU j, TO 0TOl0 PTTOPEL VA VTIOAOYLOTEL CUPPWVA HE TN
1UEB0d0 avaAuong opLlOVTIAG (POPTLOTG.

‘Otav n avdAvon ™G KaTaokeun yivetal pe t pébodo optlovtiag @optiong, otV omoia
TPOUTOTIBETAL OTL 1 TAPAUOPPWAT] TNG KATAOKELNG oupPaivel kupiwg oto emimedo g
OEloUIKNG Spdomng, N petatomion twv KM kdBeta ot S1elBuven tou celouol Sev €xel
OUGLOOTIKY ETLPPON OTA ATOTEAECUATA. ZE QUTH TNV TEPITTTWOT, 1 EMPPOT TNG TUXNUATIKNG
EKKEVTPOTNTAS pTopel va Aapfdvetal uTtOYm PE TO CUVTEAECTN TIPOOAVENONG &, LE TOV OTO(0
TOAXTAAGLAJOVTAL TA EVTATIKA PEYEDN KAL Ol HETAKIVIIOELG, KL O OTOI0G UTIOAOYIETAL ATIO TN

oxeon:
8j=1+0.6:x;/Le, (3.106)
otmov:
X, = m amootaomn Tou egetalopevou otolyelov amo to KM tou j opd@ov, petpovpevn kabeta
o1tn StevBuvon ™G el KNG SpAoT, Kol
Lej = m amootaotn HeTAE) Twv SU0 TAL0V ATOUAKPUOUEVWV OTOLXEIWY avaAnymg opt{ovTiwy

@OPTIWV TOU 0pOEPOV j (VTOCTUAWUATWY, TOWHATWY), UETPOVHEVT] KABeTA OTN
StevBuvon G oELoUIKNS SpAong.

3.7. IEOMIKN ATTOKPLOT) GUVEX®V CUGTHHATWV

Ye ouVNBELS KTIPLAKEG KATAOKEVEG, BEwpPOUUE TIG HATEG OUYKEVTPWUEVEG OTIS OTAOUES TwV
0pOPWV. YTTAPXOLV OUWG TEPLTITWOELS OTIOV 1] LALA TNG KATACKELNG (VAL KATAVEUTLEVT, OTIWG
T.X. OTNV TEPIMTWON EVOS PPAYHATOG, HaG PYNANG KAUVASAS, PG ESA@PIKNG OTPWONG KATL. Z€
QUTEG TIG TIEPLTITWOELS, OL LBLOpop@PEG Sev Sivovtal TAEoV w¢ Stavuouata, aAAd eivat CUVEXELS
ovvaptnoelg. Emiong, e@doov pmopovue va BewprjooOUUE TNV KATAOKEUT ATOTEAOVUEVN ATIO
ATELPO aplOPO PalwV, EXOVHE KAl ATIELPO APLOUO KAVOVIKWDV HOPPWV.

Yto Zy. 3.12 mapovoidletat N mapapdp@won 0o cuVBWV CUVEXWV CUCTNUHATWY: () TOV
StatunTikoy mpofoiov kot () TOL KAUTTKOU TPofoAov. ZTov SlatunTikd Tpofoio kabe
Statopn Kweitat opllovTia xwpis va otpé@etal YOopw amod opl{ovtio afova. ZTOV KOAUTTIKO
TpOLoAo kK&Be Statourn Kveital opl{OvTIx KAl TAVTOXPOVA OTPEPETAL YUPW ATtO 0pLloVTLIO dEova.



THMEIQXEIYX ANTIZEIZEMIKHY TEXNOAOT'TAX 3-41

R
@ (z
< /\

B

Xx.3.12. Amoxpion (a) Statuntikov pofoAov kat () kapmtikov TtpofoAou.

3.7.1 Awaxtuntikéc mpofoiog

0 Swatuntikdg mpofoAog eival n amAoVoTePN TEPIMTWOT GUVEXOVUG cuoTipatos. H amokplon
Xapaktnpiletal amd To YeEYovos OTL £X0VUE HOVOV 0pLlOVTIX LETakivon o€ kdBe oAU Kot oyt
oTPoEN YUpw atd opt{ovtio agova (BA. Zx. 3.12a).

H taAdvtwon TG KATAoKEVTG TIEPLYPAPETAL ATtO TNV akOAouOn pepikr Stapopikn e&lowan
(yia otaBepn) mukvoTTA Kl oTaBepn} Statoun):

o*'u , 0% ..
——C"—=—X 3.107

ot ozt Y ( )
Omov ¢ givat N TaxLTTA SLAS00NG TWV KUPATWY HECA OTNV KATAOKELN. TNV TEPIMTWON NG
SLATUNTIKNAG TAPAUdOpEWOoNG, 1 TaXUTNTA S51A800MG TWV SLATUNTIKWY KUUATWY cUUBOoAIlETAL e
Vs Kot Sivetat amd tnv oxéon:

c=v, = |~ (3.108)

6Tov
G = WETPO SLATUNONG TOU VALKOV TNG KATAOKEUNG
p = TUKVOTITA TOU VALKOV.
Ot 8lomepiodol, oL LBLOHOPPES KL 0L CUVTEAEGTEG GUUIETOXTG TOU GUTHHATOS SivovTat amd
TIG OXE0ELG:

,-=_4—H, =1,2,.. (3.109q)
(2i-1)v,
¢;(z)=sin [%} (3.109B)
4
I; “@iDn (3.109y)

ALty pappata TV TPLOV TPOTWY WSLOHop@®V @aivovtal 6to Zy. 3.13. Inuetwvetatl 6TL amd
oxéon (3.109a) TpokUTITEL OTL 0 AGY0G TWV SLAS0X LKWV IBLOGUXVOTHTWYV TOV CUCTHUATOS elvaL:

w1 W2 W3 ... = 1:3: 50 (3.110)
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S/

G 3 | G 5t | G
W, =— Wy =—

g
W, =—
12 pH* 2 \pH? 2\ pH?

Xx. 3.13. Tpelg TPWTES LBLOGUXVOTNTES KAl LBLOUOPPES StaTunTikoV TtpofoAov.

3.7.2 Kaumtikog mpofoiog

IV TMEPITTWON TOU Kaumtikol mpoforov (Zx. 3.128) n mapaudp@won TOU GUGTHUNTOS
ouvodeveTal Kal amd atpo®n Twv Statouwv. H Stapopikr e€icwon Tov meplypd@el v kivnon
0€ UTN TNV TEPiTTWON Elvat:

o’u ElId*u
aTZJrﬁa_Z:_X“’ (3.111)
Z
oTov
E = pé€tpo eAAoTIKOTNTAG VALKOV
I
A = eufadov g Statopung.

POTIN aSpAVELXG TNG SLATOUNG KAt

Ot 8lomepiodol Tov cuaTuaTog Sivovtal amo Ty elcwon:

2 A
T,== P2 i-1,2,.. (3.112)
BVEI
OTIoV 1 TAPAUETPOS fi tkavoToLel TNV e&lowon:
cos(p; H)-cosh(f; H)=-1 (3.113)

ITI§ TTapamavw oxéoels, H elval to vPog ¢ kataockeuns. H eiowon (3.113) emAvetat poévov
aplOUNTIKG Kot €xel amelpes AVoels Bi 'a kabe Slotun £, 1 avtiotoym WSlopop@n Sivetal amd
™ oxéon:
¢, (2)=[sin (B, 2)—sinh(B, 2)]-[cos(B, H)+cosh(B; H)]-
[cos(8; 2) - cosh(§, 2)] [sin (8, H)+ sinh (5, H)]

OL Tpelg TIPWTES ISLOPOPPES Kal 16LoouxVOTNTES SivovTal oTto Zy. 3.14. INUELWwVETAL OTL ATIO TNV

(3.114)

eflowon (3.112) TpoKVTITEL OTL 0 AGYOG TWV SLASOXIK®WV LBLOGUXVOTHTWV TOU CUCTHUATOS Elvatl:

w1 W2 W3: ... = 1:6.267: 17.551: ... (3.115)
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Yx. 3.14. Tpelg TPWTEG LBLOGUYVATNTES KAL LOLOLOPPEG KAUTITIKOV TIPOOA0V.

3.8. IkavoTikOG oXeSLAOOG

3.8.1 Xkomog

Evag amd toug Baoikos Kavoves NG @Aoco@iag avTIoEoUIKOD oXESIATHOU Elval ] aTo@uyn
TOU KWWOUVOU HEPLKNG 1 OALKNG KATAPPEVONG aKOUT Kal v oLUPel 0ElOPOG UEYOAVTEPOG TOV
oelopoV oxedlaopov. T'a va eEac@aAloTEl QUTO ATALTEITAL VX IKAVOTIOLOUVTOL Ol TIAPOKATW

TPOUTOOETELG:

o H peTEAQOTIKN) ATIOKPLON TNG KOTHOKEUNG TPEMEL VA £XEL TMAGOTIUN HOPEN. AUTO
efao@aAileTal e KATAAANAT OTIALOT) TWV SLATOUWV OTLS 0Tto(EG TTPOBAETTETAL VO CLUUBOVV
TAAOTIKEG ApOPWOELS, KUPIWG HEGTW KATAAANAOL OTIALO OV Ttepio@LYENG.

o OLTAXOTIKEG apBPWOELG TIPETEL VA KATAVELOVTAL OE 0G0 TO SUVATOV PEYXAVTEPO TIATI00G
PEPOVTWYV OTOLXEIWV. AUTO €EXC@AAIlETAL LE CWOTN KATAVOUT TWV SUCKAUYLWOV.

o Amo@uyn 6AwV Twv TOavOV Yabupwv pop@wv aotoxiag OTws sival 11 actoyia o€
Siatunon. Auto eEao@aAileTal LEGW TOU IKAVOTIKOU OXESLATUOU EVAVTL TELVOVOG.

e ATO@UYN OXNUATIONOU UNYAVIGUOU 0pO0@ovu, SnAadn CUYKEVTPWON TWV TAACTIKWV
TAPAUOPPWOEWY OTA AKPA TWV VTTOCTUAWUATWY TOV Uadakot opdpov (Zx. 3.15a). Autd
eEAOPUALLETAL HEGW TOV LKAVOTIKOU EAEYYOU KOULwWV.

(o) Mn amodektod (B) Amodektd

Yx. 3.15. (a) AvemBountn popen actoxiag (oymuatiopog uaiakov opd@ov), (B) embuunty Katavour
TAACTIKWOV apOpwoEWV.



3-44 L. Wuxapng

Me Tov 0po (KavoTikéG Spdoeic vooUvTal oL SPACELS TIOU AVTIOTOLXOUV GTIS GUVONKES
looppoTiag, Otav ot 0£oelg TOU TPOPAEMETAL OYNUATIOUOG TAXCTIKWOV apBpwoewv
QVATITUCOETAL POT] (06N HE TO UTOAOYLOTIKO Gvw OpLo TNG POTNG ovTOXNG NG Slatoung,
AapfBavouévou VTOYTN TOU TPAYUATIKOU OTALGUOU KAl TNG VTIEPAVTOXNG. ANAadn, 1 IKAVOTIKY
€VTOON QVTLOTOLKEL OTN HEYLOTN €VTHOTN TIOU UTIOPEL va avamTuyBel oTNnv KATOOKELN YlX
EAACTOTAACTIKY] CUUTIEPLPOPA, UE TNV TAPASOX OTL OTIG BECELS TWV TAAGTIKWV apBpwoeEwY
éxel eEavTANOel 1 avToxT) TWV SLATOUWV.

Ta kavotika ueyédn vmoloyilovtar oe emimedo pélovs. IMapakdtw Tapovotdlovtat
XOPAKTNPLOTIKEG TIEPLTITWOELS EQAPUOYNG TOU LKAVOTIKOU OXeSIAOUOV, OUYKEKPIUEVA GTOV
UTIOAOYLOUO TWV (KAVOTIKWV TEUVOUTWY SUVAUEWY GE S0KOUG KOl UTTOOTUAWUATA, UE TIG OTIOLESG
yivetal o €éAeyx0G EVavTL TEUVOUOQAS, KAL GTOV IKAVOTLKO EAEYX0 KOUPwWV.

3.8.2 Ikavotikn tTéuvovoa okwv

H SiaotacioAdynon oe Sidtunon yivetal cOp@wva PE TOV IKAVOTIKO oxedlacud. H tépvovoa
oxedblaopol Vig (IkavoTik] TEUvouoa) VTOAOYI(ETAL ATIO TNV LOOPPOTIA TWV HEYLOTWY POTIWV
M4 Kot M4 TOU umopoUv va avamtuxfolv ota dkpa NG S0KoU KAl TwV POPTIWwV Tov
QVTLOTOLYOUV OTO CELGIKO ocuvdvaopo (Zx. 3.16), SnAadn:

M+ M, + G+pQ),
‘ 2

(3.116)

Ed

omov £ eivat To KaBapod PMKog ¢ Sokov.

,,,,,,,, G+yeQ I

Xx. 3.16. [kavoTikég poTeg Sokov.

0 vmoAoylopdg yivetal kal ywx Tig 600 SievBuvoelg Tou oelopoV. OL poTeg My kot Mg
vToAoyilovtal wg €ENG:

o T dueon otpién 6TO GKPOV i:

ZMRC

M, =y, M, =R
id de Rb,i Z MRb

M; 4 =Yra Mgy, ghv Y My, <> Mg, (3.1178)

gqv Y Mp, >> My (3.117a)

e T éppeon otplen oto axpov i (otnpén emi Sokov):

M, ;= Mg, (3.118)
ITIG TAPATIAVW CYECELS:
oot , 1.0 yua KIIM
= OUVTEAEOTIG UTIEPAVTO =
Y N6 DTEPAVIONTS =1 1 2 ywakITY
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Mpgpi = VUTIOAOYLOTIKN] POTIH} QVTOXNG OTO GKPov i TNG okov yla tnv e€etalduevn Stevbuvon
NG OELOUIKNG 6pAomg
Mgyi = 1 6pwoa poTr) 6To AKPoV i TG 50KOU GUUP®VA E TO OEIOULIKO cUVSLAGUO

ZM re = GOPOLOUA VTIOAOYLOTIK®WY POTIWV AVTOXNG TWV UTTOCTUAWUATWY TIOU GUVTPEXOUV GTOV
KOuBo ywx v e€etafopevn Stevbuvon TG CELOUIKIG SPAON S KL YL dEOVIKEG SUVAELS
UTIOOTUAWUATWY CUH@®WVA UE TOV QVTIOTOO Oelopkd ouvduvaopd (ya Ttnv

avtioton 6ievBuvon oelopo)
ZM Ry = GOpOLOHA VTIOAOYLOTIK®WY POTIWV AVTOXNG TWV SOKWV TTOU GUVTPEXOUVV GTOV KOHPO Y

™mv e&etalopevn levBLVOT] TG CELCULKNG SPATTNG.

3.8.3 Amo@uyn oxnuatiouov uaiakov opdeov

e ktTipla pe MAOWTO N SIMAO cVOTNUA LOOSVVAUO TPOG TMAXLCLWTO, YO TNV ATOPUYY
OXNUOTIOUOU HOAXKOU 0pO@OU 1) SLACTAGLOAGYT|OT] TWV UTIOGTUAWUATWY Yivetal pe Baor tov
LKAVOTIKO oXeSlaopd Twv kKOUBwv petafld SoK®V Kol UTOCTUAWUATWY. ZTOV IKOVOTIKO
oXeSAo 0 KOUBWV TPETEL VA IKAVOTIOLEITAL 1) CLUVOTKY):

D My 213> My, (3.119)
oTov
ZMRC = dbpolopa TwV TWWWV OXESIACUOD TWV POTIOV AVTOXNG TWV VTOCGTUAWUATWY OV

ovpfdAdovv otov kOpPo. Xpnolomoteital 1 EAGYLOTN TN TNG POTNG AVTOXNG TWV
UTIOOTUAWUATWY HECA OTO €VUPOG SLAKVOHAVONG TwV OaEOVIKWY SUVAPEWY TIOU
QAVTLOTOLYOVV GTO CELOULKO GUVSVAOUO

ZMRb = GBpolopa TWV TIHWV OXESLATHOU TWV POTIWV AVTOXNG TWV S0KWV Tov GUUBGAAOLV

otov koppo.

Ytov EK8 8ev Sievkpviletal mwg polpadovtal ol pomég ota 600 UTOGTUAMUATA TIOU
OUVTPEXOLY 0TOV KOWUPO, aAAQ ava@épetal povov Ot mpémel va Vel 1 oxéon (3.119) mov
QQOPAE GTN GUVOALKT] POTIT) AVTOXNG TWV S0KWV KAl TWV VTTOCTUAWUATWV. [TapdTL 0 HEAETNTNAG
umopel eAeVBepA VAL KATAVIEL TIG AVTOXEG TWV §V0 VTTOCTUAWUATWY KATA TNV Kpion Tov, pia
AOYIKT KATovoun B Tav va HolpaoToUV 0L AVTOXEG AVAAOYQ UE TIG CGELCUKEG POTIEG My TIOU
mpoékuPav amd T Suvapkn avdAvon, SnAadn:

M C
Mpei =Mge; - %MR (3.120)
Ec
Ouwg, amd v woppoTia Tou kopBov (Zx. 3.17) mMEcl
LOXVEL
D Mg => Mg, (3.121) Eb,2
AvtikaBlotowvtag oty Tapamavw  ox€on  Kal Mip1
e@apuolovtag kat tn oxéon (3.119) mpokvmret:
MEC’Zv

2. Mg

Mg, ; =2 Mg, ; -(1.3—] (3.122) Zx- 3.17. looppotia pomtav kdépfov.

2. Mg,
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H oxéom aut elval ita pe ) oxéon (4.5) tov EAK, 6mov o 6pog atnv mapévBeon cupfoAiletal
LE dcp (OUVTEAEGTNG IKAVOTIKNG HEYEOUVOTG KOUBOUL).

Eéaipéoels tkavomoinong ikavoTikoU EAEYYoU KOULwV

e Hoyxéon (3.119) Sev amalteital va LoXVEL GTOV AVWOTEPO OPOPO TIOAVWPOP WV KTLPIWV.

e Y& Suwpo@a KTipLa, EKTOG ATO TOV avwTEPO O0po@o 1 oxéomn (3.119) Sev xpewaletal va
LKAVOTIOLEITaL OUTE GTOV KATWTEPO OPOPO, EQOGOV OUWGS 1 AVIYUEVT AEOVIKT] Yo OAd TA
Voo TUAWUATA elval pkpdtepn amo 0.3 (va< 0.3).

o Ye emimeda mMAaloIX PE TOVAAXLIOTOV TEGOEPA VTIOCTUAWUATA TNG (SLag Tepimov Slatoung, n
oxéon (3.119) Sev ypeldletal va IKAVOTIOLEITAL 0E OAQ TA VTTOGTUAWUATA, 0AAG apKel va
LKAVOTIOLELTAL O€ Tpla KABE TECOEPA VTIOGTUAM UATA.

3.8.4 Ikavotikn) Téuvovoa VTOGTUAWUETWY

Z€ UTIOGTUAMUATA, 1] LKOVOTIKY TEUVOUOA 6XESLGUOV VEg VTTOAOYI{ETOL OTTO TNV LGOPPOTIA TWV
POTIWV M1,q Kol M3,q 0TO AKPO TOU VTTOCTUAMUATOS TIOU AVTLOTOLXOVV GTO GXNUATIOUO TTAXGTIKWV
apbpwoewv Yyl BeTIKN Kol apvnTiK CEOUIK) @OpTion. O OXNMUATIONOS TWV TAACTIKWV
apbpwaoewv Bewpeitatl 6Tt cupPaivet: (a) oTig SokoUG TTOU GLUVTPEXOVV GTOUG KOUPBOUG OTH GKPA
TOV VTIOOTUAWUATOS (OLVHONG TEPITTTWOT, ooV YIveTal IKAVOTIKOS oxeSlacuds kouBwv), 1 (B)
0T AKPA TOU VTIOOTUAWUATOC, EGV oxnuati{ovtal mpwta ekel. Emopévwg, 1 tkavotikn Tépvovoa
oxedlaopov etval (Zx. 3.18):

M, ,+M
=224 (3.123)
KC
61OV £ €lval To KABAPO PUNKOG TOU VTTOGTUAWATOG. Mg
Ot poTtég M1,aKaL Mg vtodoyilovtal wg €NG: m

M
edv X My, < D Mp.: Mi,dzde'MRai'h (3.124a)

ZMRC

8V D My, > D M.t Myy=Vps My, (3.124)
oTov
oot ) 1.1y KIIM ‘xﬂ/
= OUVTEAEOTNG UTIEPAVTO = : :
Y N6 DTEPAVIONTS =1 1 3ywakTTY
Mpgei = VUTOAOYLOTIKY) POTN QVTOXNG OTO GKpPoOv [ TOU

Xx. 3.18. IxavoTikég poTég

UTIOOTUVAMUATOS Yl TNV efetaldopevn Slevbuvorn g TOGTUAGATOC

OEWOWIKNG Spdong kal ywx tnv afovikn Svvaun Tou
UTIOGTUAWUATOS CUHPWVA [E TOV AVTIOTOLXO GELCULKO
ouvduaouo

ZMRC = GBpOLoUA UTIOAOYLOTIK®WV POTIWV AVTOXNG UTTOCTUAWUATWY TIOU GUVTPEXOUVV GTOV

KOpBo ya v e€etaldpevn SlevBuvon TG GEWOUIKNG SPAONG KAl YIX TIS AEOVIKEG
SUVAELS TWV VTTOGTUAWUATWY CUUP®VA LE TOV AVTIOTOLYO0 CELOULIKO cUVSLACUO

ZMRb = ABpoLoUN VTIOAOYLOTIKWY POTIWV AVTOXTS SOKWV TIOU CUVTPEXOUV GTOV KOUPO yla TV

efetalduevn SlevBuvon ™G oELoUIKN G Spao.
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Emippon toilywv mAjpwaong

E&v to vtootOAwUa 6UVOpEVEL E TOlX0 TAPWONG 6T Uia TOV TTAEVPA, 0 OTIO(0G ETEKTEIVETAL OF
0A0 To UYog Tou vumooTLvAwuaTos (Zx. 3.19), umapxel kivéuvog MUV OTA AKPA TOU
UTIOOTUAWUATOG A0Yw TNG SUVOUNG TIOU QVATTUCOETAL amd T BABouevn Saywvio Trng
Toomolag. I' autd, 6T0 UKOG ¢ TOL VTTOCTUAWUATOG, OTO OTol0 evepYel 1 Slaywvia SVvaun
SIKTUWHATOG TOU TOlXOU TANPWONG, TPEMEL Vo YIVETAL £I0IKOG EAEYX0G O SLATUNOT, OTIWG
QVOPEPETAL TIAPAKATW.

; &/

Yx. 3.19. Oplopog mAdtoug BABOpEVN S Staywviov.

To unkog €. Aappavetal (0o pe ™V KATAKOPLET TPOLOAT] TOU TAATOUG TNG LGOSVVAUNG
Staywviov, SNAad: £¢ = bsiay/cos@. To TAGTOG TNG LlooSVVauUNG Staywviov pmopet va Aapfavetot
(oo pe 15% Ttov ukovg ¢ Staywviov, bsay = 0.15:La /cOs@p, 0TOTE TIPpOKUTTEL:

£:=0.15'Ly /cos2p (3.125)

0 €Aeyxog o€ SLaTunom YIvetal 6To UNKog £¢ TOU VTTOOTUAWUATOS UE TN ULKPOTEPN ATIO TIG
TAPAKATW SUVAUELG:

o Tnv 0pllOVTIX CUVIOTWOA TNG SLAYWVLAG SUVAUNG SIKTUWUATOG TOV TOXOU AT PWOTNG, 1
omola umopel va AapBavertat ion pe v opl{OvTIa SIATUNTLKT) AVTOXT] TOU PATVOHUATOGC:

VEd,l =ﬁ/k'Lav'tw (3126)

OTOV Le €lval TO PKOG TOU avolypaTtog, tw €ival To TAY0G TOU TOiXou Kal fix eivat 1
SLATUNTIKT] oVTOXT] TOU QATVWUATOG, TTOV UTTOAOYI(ETAL ATO TN SLHTUNTIKY AVTOX| TWV
0pOVTIWV APV TOV TolXOoV.

e Tnv IKAVOTIKNY TEUVOUOA TIOV TIPOKVTITEL BEWPWVTAG OTL POTIY| Vra*Mrei AVATITOGGETAL KOL
ota §U0 AKPA TOU TUNUATOS £ OTIOU Mpy; €lval 1| UTIOAOYLOTIKI] POTIN] QVTOXNG OTO
avTioTOoLX0 GKPO TOU VTTOOTUAWMUATOS Kol Yre = 1.1 yi KIIM kot yre = 1.3 ywx KITY. H
(KAVOTLKN TEUVOUOX OE QUTH TNV TEPITITWON TTPOKVTITEL:

VEa2= 2YraMRei /L. (3.127)

Me Bdon Ta Tapamdvw, 0 EAEYX0G 0€ SLATUNOT) YIVETAL YIX TEUVOUOX OXESLATHOV:

ﬁ/k 'Lav Ly,

(3.128)
2 Yrd 'MRc,i/Ec

Vea = min{
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Kovtd vmootuiduata

Ed&v 10 O/0¢ TWV TOOTANPWOEWV §&V KAAVTITEL OAGKATPO TO VYOG TOU 0pAPOV, GTA YELTOVIKA
UTIOOTUA AT TIPOKVTITEL 1] TIEPITITWOT) TOV KOVTOU UTOOTUAWUATOG. € QUTH TNV TEPITTWOT, O
LKAVOTIKOG EAEYX0G O€ TEUVOUOX YIVETAL [LE TIG €€1G TOPASOXEG:

e H pom M4 Bewpeital 6TL aokeital otn SLATOUN IOV AVTIOTOLEL GTO TTAVW UEPOG TOU
Tolyov kot AapBdavetal (oM WE YraMpei, OOV Mg.; ElVaL 1] UTTOAOYLOTIKI] POTIT) AVTOXTG TOU
UTIOOTUVAWPATOS Kal Yra=1.1 yia KIIM kot yre=1.3 yu KITY.

o To unkog #; Aappavetal ico pe to kabapd UKOG TOU UTTOOTUAWUATOG TIAVW ATO TOV

Tolyo MANpwoG.
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