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1.OI EEIEMOI I 'ENIKA

1.1 EIAH KAI AITIEX |ENEEHX TON XEIXMON

Or oeropot unorel.ofv rTl lroKpooronrrr1 er6r1]"oroq brd<poprov yeco8uvu,ptrrilv

gatv6pevcov, ro onoio 61ouv Kolvn crrtia y6veoqg. Ta gorv6pevo outd eivct t1

qgaroterorrl 6pdor1, or Tropopopgriroerg rccr 6roppr'1(erg tou gl,orori rr1g fr1q, ot

yeorOepprrc6g er6q),crroerq rt)". H orlpeprvrl oetoprtrcrl 8pooqpronlro ot pro nepropl

eivor to onor6l"eopo plcrs o1eorcd, Trpooqorng yeco)"oymrlg 6ra6traoiog 11 onoicr

ovopd(etar evepy6g tercrovrKn qg neproplq crDrng. H ql,micr n1q 8to8rrccroiaq aurt1g

eivcr o1earc6 prrcpr1 ( 10 ercotoppuplo p6vra) oe o16oq pe rnv r1)'mio qg frlq ( 4,6

otoercoropprlpru 1r6vro) o)"),6 Kd,l or o16oq ps rnv q)"rrio olTlporlolrof tou nprrttou

nnslpo)aKou <pl"orou rnq fqg (3,8 8roercoroppripu lpovro).

To oitrcr rcrlv nupondvcrr yero8uvoprrcrbv qorv6pevrov, ouvenrbg Ko,t rqg

oero;.mr1g 6pdoqg, Bpiorovrar oto eocrtreprrc6 qq fqq rcor erbm6tepo ovdpeoo oro

orepe6 <p)"oro (tou onoiou ro ru61oq sivo,t nepinou 35 km rdtro an6 :nc, qneipoog rot

l7 km rcd,rro u,n6 roDq oKtovor5g), rar tov dvro pov6r.ia rnq fqg o onoioq Bpioretar oe

ruapippeuonl rcord,oroor1.

To orlpeio oro tooreplKo rqg fqq ano 6nou opf(er n 6dppn(n rrrlv

ruerporprdrov TroD nporol"et tov oerop6 ovopd(erar prKpootlotrurcrl eodo (focus) tl

ptKpoosroprrc6 un6revrpo (hypocenter). H evdpyero nou el,eu0eprrtvetat p6oo tou

oeroporS, trreta<pfpetol frs rI Borl0ero el"aotmov rupdrov lrilpou, To oslopttKd nipcrto.

'Etoq 
to 6roprlrr'1 rco,r eyrdpou oetopmd, nou ru,toypd<povtu,r an6 touq

8rd<popoug oeropo)"oprorig oro0porig, yewro6vto,r orl pxpooeroprrrl eodc tou

oeropori. Kst' aur6v rov tp6no, og Xpovog y6veoqg rou ostopou (origin time) eivor q

lrovmrl oayprl rcord n1v onoia apyi(et, n 6rdppl(n rcllv 7l€rpcDpdtov orqv eotio, rct q

6166oo11 rcDv osropxrbv rupd,rcov.

H rupopo).r1 rng pKpooeroprrcr'1q eodaq oqv enr<pdvsto. rng fr'1q ovopd(etu,t

ptrpooeroptr6 enircevtpo (epicenter). H o,n6otuotl peta(u rng eodog Kot rot)

enrrc6vrpou ovopd,(etar eoflor6 Bd0oq (focal depth).



Morcpooeroprrc6 enirevtpo (meizoseismal region) eivor ro rfvtpo rnS

neptolt1g qg ezrrgdvsuq q€ frlq oolv oruoia ru unoreXtolroro roo oaopori (Bu0p6g

cto0qt6qtog, B)dBeg rt)".) eivcr p61roro. To pu,rpooeropm6 enirevrpo ev6g oeropori

dev oupnirur,et navtors pe ro l^rlKpooaoprrc6 enircevrpo outori. H sn6orsoq pera(ri

prrcpooeroprrof enrr6vrpou rur oroOpori napoolpqorlq (oeropoypd,gou) l,6yetor

enmewpmrl on6orooq (Epicentral Distance), (X1. 1 . I ).

.Fault scarp

7/ - Ftcus

**-Fault

X1.l. l

H 6vtaorl Kor n popqn rng svepTof rerctovtrrlq 6ev eivor 11 [6to oe 6],eg trg

neptoy{q rng fng. Yrudplouv neprol6g 6rou 11 6wooq fllg reKrovrrcrlg 8pdorlq orlpepa

eivcr rolppr1 ro,r d)"),eg 6nou 11 6pdor1 aual etvar orlpepa ooOevrlg al.).d pruopei oro

yerrl),oytr6 nope),0ov va tlrav 6vror.q. To onou8sr6tepo yrorsKrovucd rporv6pevo Trol)

nopotqporivrot on1v enrgd,vero, rng f1g rcur eivor onot6l"eopcr rnq sv€pyori tertownlg

oupBcrivouv rudvcrr or ouyrerprp6veg (rrlveq trlq snr<pd,verug qg fng or onoieg

racutdooovror 1otprrcd, oe 6uo ooonlpota (ovrbv 6dppq(qg, oro "rlnerpotar6

orioqpa 8dppllqg " Ko,r oro orion'1pu, t{Dv "trlroo{Drcedvrrov pd1e.rov".

To qnerprottr6 ouoqpa (oviov 8rdpprl{qq azrore}.eirsr o,n6 rrlv Eupcoruarrl -

Me),ovr1ourcn (cirvn (ffpo],trip - A],rcerg - Bo]"rdvra * llepoto - Ipu].d1a - Brppovio
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- Iv8ovrloia) rcor an6 a1v lleprerprlvtrrl Zuovn (nepr)"opBdvsr rK lleprerpqvrr6q

nopd,rnsg aeprol6g pe e(oipeorl rrq arr66 tqg Bopeug Apeprrcrlq). Ito orloqpa out6

Bpiorowor ol"eg o'1e66v or eodeg rcllv oeropritv B60oug (h:300 km) Kor or

m proo6repe g eodsg rcov emqoversrcd)v oero prrrlv.

Or peooorredvreg pdleq eivor e[dposq roD orced,vrou <p]"orori or onoieq

Sroof(ouv rov Atl,avtm6 cDrceuv6 ono Boppd npoq N6ro Ko,r rov Iv6m6 ror Epqvm6

rcocd, tt1 Nono8uorrl - Boperoovoto)"rrr1 6reii0uvoq. Ie oprop6va oqpeio ro riryrl roug

unepBoivouv to 3000 m un6 rov nu0p6vo rng Odl.c,ooog. To or5otqps out6

6dppq(qg 6raof(er Kol qzt€rpcrltrr6g neproylg, onruog tqv Avoro)"rrr1 A<pprrcr1 ror tr1

6utrrr1 B6pero Apeptr( (Kol"rqopvra rt)".). Ero orioclpo rcDv peoocorcedvrcrrv pdlerov

61ouv rrg eodeg toug p6vo sTrrqovetu,Koi oeropoi (h<60 km).

O e)"),r1vrrc6g yilpoq Bpiorera,r oqv Eupooromrl - Mel"avqourc( (iovq rou

tllrttporlKori ouorlproroq 8rdppq(qq rcu,r to e)").qvrrco 16(o (Iovro - Kpnq - Po6og)

crzotel,ei 6vo an6 ro \nlolotmd t6(cr tou ouonlpatoq. Aut6q eivar o rciprog l,oyog yro

rov onofo r'1 evepy6g tertovrrcl 6pdor1 orq lcbpcr pcrg eivu,r 6worn1. QX.l.2)

Hurasisn
plate

F,ur*si*n
pl*r*
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1.2 EIAH 'EIEMf,IN

Or oeropoi l"6yovrur €TrrgovaoKoi 6rov ro eoncrrcd toug B60q eivar prrcp6tepcr

rorv 60 km, evbdpeoou Bd,Ooug 6rov ro eonurcd toug B60q eivor trieto(r5 60 km rar

300 km rcor tr^reyd)"ou B60ouq, 6tcrv 11 eodo toug Bpiorerar Bo0urepo rcov 300 km on6

qv enr<pdvslo qq fqq. Or ev6rup6oou rai peydl"ou B60oug oeropoi ovopd,(ovro,r

ournl 0rog n)"outcbvror oeropoi.

Or emrpoveraroi rfpror oeropoi ouvo8eriovtor ouvr1Orr;q aTEo plKporeplq

6vroorlg oeroirofg, ol onoior ovopd(ovror Trpooelopoi (6rov npoqyoriwot) n

psro,o€ropoi (6tov 6novtu,r) rcor pnopei vo ouvr1lorofv eni crprcet6g eB6opd6eg. Ot

n)"outcrrvror oeropoi 6ev urol,ouOofwor ournlOroq arc6 petaoeroporig orlte

nporlyorivtor rcDv oeroprrrv o,urrirv Trpoo€lopoi. Or eotieg rov rpooetoporv Ko,t tov

petaoeropcirv Bptorcovrar ndvcr; r1 rcovtd oqv em<pdvelo rou oetopol6voo ptlyprotog.

H src8q)"crroq oeropcbv eivor otevd ouv6e6ep6r.'r1 pe rnv ncrpouoio peyd)"crtv

pqypdrrov roD orsp€or5 <p)"oror5. O prllovropoq yriveoqg oeroprirv oe npotrcdp1ovro

prly1roto neprypd<peto,r napo,rcd,rro.

H ev6pyero Trou ouoocDpefetor oro nerprrrpcrto on6 ng 66o r)"eup6g evoq

pqypotoq ps rn popqr'1 tdoeorv (a), ovodOrrcn orn 6uvu,pq rpfng 7ro1r tcl ouyrpotei

oq 06o11 roDg Kor nou oqei)"ero,l oro 96pog rov ufi€pKsipevcov otpcopdtrov. H

ouveplq rCI,popopqoon rov ruetpopdto:v (b), 61er oav ouv6nero qv oruo0rlKsDon

duvopmrlq ev6pyeuq oxo eocoteprr6 rouq fioD ),6yeror ev6pyeru e)"o,onrcr1g

iropop6p<pcrroqg (Elastic Rebound). (tX. 1.3).
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'Otuv 11 ev6pyera uun'1 (enepdoer tq 8ovoprl rng rpfng TroD oDyKpatei tCI, 6fo

tepdpl tou prllporog ofil 06o11 rouq to prlypc (o<pvrrd sv€pyoTrottitsr ror to 6rio

xoppdno, ToD ptroKrvofvtct oleard petolu rouq. Metu ano peydl,oug oetopofq

61ouv petpqOei oolv emgdvtto, roD e66qoug petotonioerg 6roq rat 15 m.

H on6roprl anel,eu0ripr.tloq [rc rTlv popqn 8ovqoerov rr1g ev6pyetog 7ro1)

ouootopeu6rov oro oqpeio out6 yra 6erd6eq 11 erotovtd8eq pr6vu, nporol,ei to

oerop6. An6 ro oqtrreio out6, nou eivat q eodo tou oetopo6, q ev6pyeu peto,6l6etat

p€ ru,ginlro 3.5 km/sec npoq r60e rotefOuvotl tp0dvovtag no)"),69 qop6q ot

cn6orooq 1000 km.

Ie no)")"eg neprntrrroerg or lr€rooeropoi yewrofvtor rcovtd oto 6rio d,rcpa, tou

pqlpotoq. Ot 8uotdoeq roD petuoetoptrof lrrtpou, hl"u6t1 roD 1ri:pot-r 6nou

ppiorowar or eotieq rov perooeroprrrv ev6g rriprou oeto;,ror5 ou(d,vovtol ps ro

p6ye0og tou rcfprcu oeropot5. O perooeroprr6g Xritpog eivar ouvrl0og peyol.utepoq on6

to oetopoy6vo Xrbpo ev6g oeroprof, 6n),u6q arc6 ro X6po 6nou Bpioretor

ouTKlrpop6vn n ev6pyera tou rcfprou oetopot5 fiprv aro tr'1v y6veoq tou. 
'E1et

ropoqprlOei ort or eodeg rrrrv psrooerotrrrrrv or onoior yivovtor t.tq nprrtteg p6peq petd

rov rfpro oerop6 nepropi(owor p6vo p6oo oto oerotrroy6vo 1ri:po rot orq ouv61era,

ouv40cog, e(crn)"ritvovro,r os peyol,ftepo Xrbpo.'Etor or eodeg rrlrv psrooeroprirv trrtv



np6rov qptpov (n.y. rru:v rupdttcov 6uo qpepcbv) petd tov rfpro oerotrr6 opi(ouv ro

oeropoyovo lcirpo rou oetopori.

'E1ouv 
6roruno0ei 6r6<popeg an6yerg ytCI, ro u,inu, y6veonq rov npooeropritv rcur

petooeroprbv, cr)")"d orip<provcr ps r1g oriypoveg cwr)"r1yerq, rl o,voporoy6vero cou

u)"rro6 Kol r'l ovoporoyevrlq rorovoprl tcrrv rd,oerov oro oeropoy6vo pqypo eivor or

pcrorrc6q u,rdeq y6veorlg rcrlv Trpoorlopcitv Kot lrercr,oeropcbv.

1.3 OEOPIA TQN AIOOXOAIPIKQN TIAAKON

To ce)"eutuis eircoor ntxre lr6vro o,vonru1Or1re 11 Oecopio, rov ),r0oo<porprrrbv

niorcrbv, q onoio Oecopairor yro r1q yecoenrorqpeg 6a Kor n Oecopicr cnq e(6),r[ng Tra rn

Btol,oyio, yrcrd epprlvflier, pe ruo)"rl rKovoTrorntrrc6 tp6no, to orivol"o o1e66v rrov

paorrccitv yeorrpuotrrbv ro,r yeorl,oyrrcrrrv napotrlprlo€ov TroD oled(ovtor p€ a1v evepy6

rertovmrl 6pdoq rcor ouveft(bq p€ rn oeroprrcr1 6p6oq.

Me tov opo )"t06o<porpo ewoor5pe to 6r5oropruto emgo,vercKo otp6pa n1q

fr1g, to onoio 61sr p6oo nagoq- nepiruou 80 km, 6n)"o6n ruepil,apBdver ro <p)"or6 rur

p6pog tou ndvro pov8ria rnq fng. To otprirpo nou Bpioretcr rdtcrl on6 tqv ),r06o<porpo

anotsl"eitut ano nuy(tpsDoro u),rrc6 ror ovotrrd(etcr uo0ev6o<pcrpo. H ),r0oo<patpo 6ev

eivcrr evru,is o),ld lcrrprop6r,'r1 oe 8rdgopc peyd)"o rprlpora tc, onoic ovopd(ovtor

i"rOoogotprr6q n)dreg. Ot 8riorapfircg out6g )"r0oo<porprr6g nldreq nvofvror rudvcrr

oq nopppsooll u,o0ev6o<potpo tm o1em6g pera(ri toug ropirrlmg, or orcoieq yto ro

6rdrpopo 6pto, rrov ).r0oo<parprrrbv n)"orciov rupaivovtor cn6 7 cmlyr qCXN 20 cmlyr

(cm/yr:erccrootd, ovd povo).

Ot )"r0oo<porprr6q ru)"dreg 8rlproupyouvrcr,l orlq peoocoredvreg p61erq oz6

Oeptrro ul"rr6, ruou Byaivet eref ouvelrrtq o,16 ro eooteprr6 rng fng. To ul"rr6 out6

ryr51eta,r, ortprofiorcitor ror oplpod(er 6ror rcr ano rrc) 6uo ru)"sup6g rc60e pagrc

tprlpato 6rio )"r0oo<potptrrrlv nl"arrirv or onofeg orcorcl"ivouv Kor oTropoKprlvovtor on6

rn pd1n. H ozro1rdrcpuvoq ounl yivercr pe oleor6g opr(6vruq o)"roOr1oerq perulri trov

nl"CI,r6v rdvot or rca,rarc6puqc, prlypcra ro ozroto, ovopd(owar prlyporo

psroonpoaopor5. Or onopcrprivoeq out6g trrrv ),rOoogarprrcorv ru),orrrlv yivovror pe

ra,re60uvor1 rrpoq ro rlnerpronr6 orioqpu 8rdpprl(Ig (vqorourcd ro\u, v6eq

opooerp6g, corcedvreg tdgpor rc.r.)"). 'Onou 
ouyrl,ivouv 6uo r6toreq n)"d,reg, n

nurcv6teprl o,n6 out6q Bu0i(erar rcdro aru6 qv d)")"r1 FLfXqLS 6tou rotootpo,qei p6oo



oro 0spp6 pov66o, rnq fng. Ie oprop6veq neprc16q roD nrsrpCIorcori ouodpotog

rotd,8uoq auq p6oo oto triov8ric prcopei vo g0doer ra 720 km, nporori l,rcrtoer

l"r0oocparprrcr1 n).drco (X1. 1.a).

i$r !*fr€i-f'lai* fa**qu*l:*s rit"iti lin ii*Cir':
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Or rrvt'1oetg rov l"rOoorporpxrrlv n),urrrrv oqsi)"ovror Trleovd)q o€ op1(6vr1tg

e<ponr6peveq 8uvdpeq or onoieq sorofvtar orov 7ruep6vcr rdOe l"r0oo<porprrr1g

zrldroq, ar6 0epprrc6 psfporo peto<popdg ul,rrcof TroD 8qproupyoriwor orrlv

ao0ev6o<parpo, o,p6orog rdrro 0,716 rI ),r06o<parpa. Ta, perlporo ourd 61ouv svoSlKn

rcivnoq rcd,ro a,n6 rlq proooKedvreg paXELc, oq ouv6lerc rrvofvtsr opr(6wro, rcdtco

cn6 tq )"t0oo<pu,rpm6g n)"dreg, pe rate60uvoll Trpog trq rueprc16g orlyrc).roqq rov

n),sr6v 6nou npay pcronorof v rcc 0 o 6rrcq rir,'r1 oq.

Katd qv rivr'1or1 roug, or l,r0oo<porprr6q nl"dreg TropoFlopqd)vovro,t 6vtovu,

orlg 7ro,pDq6q rouq, 6q)"o5rl rowd, otrg enupd,vereq enaqrlg roug, rou BpioKovrot ortg

nepwy{g rov peoorllredwov pdlerov Kor otrg neprc16q roo qfielpotrrcof ouorqporog

6dppq(qg. Aut6g eivor o ),oyoq yro rov oaoio q ilepyog terrovrrcrl Spdoq ru,r

ouvenrirg Kor 1'l oeropmr1 6pdor1 nopoqpofvrsr rcrd rripro l,6yo oe aut6g rrq

neptoyf4. Ot oetopoi yewrofvrur p6vo p6oa otq l"r06o<purpu rcrxsrd rcfpto l"6yo oto

6pro tcrrv ),r0oo<porprriov n)"orrilv. 
'Eror 

e(qyeiror, puri ong peoororedvrls pa4tuc,

6nou 4 l,r06o<porpa eivar opr(6vru,, yrwrofvrct pr6vo enrqoverorcoi oeropoi, evd) oto

qnerpconrc6 orionlpo 6uipp1(qg, 6nou or l"r0ooqorpm6g rul.drceg Bu0i(owo,r oe peyd)"o

n
T

{ 1 i Tft Risl fsr{fquelc*s
{*$# l{rn {*St*r

rl?.#rdg

- ift $*tr&S*b fg'&*!rehes
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9d0n, yewrofwat Kol o€topoi Bd0ouq p6lrr rcor 720 km. Ot eor[eg t<r:v oetoprbv, ot

onoior o<peil.owat o€ p1o nharu nou Bu0i(erot orn fq oplproti(ouv pra oetoptr4

(cblr1 rowd, oalv em<pdvero qg roto8Dopsvtlg n)"6rco9. H osroprrcr'1 ourtl (rbvq

ovopd(erur (rbvl Benioff. O e),),r1vu6g X,6pog Bpioreror onlv 7reprcp1 o66),tolg rng

Eupooro,unlg KCI,l rng A<pprrcd,vmr1g nl"6roq.

1.3.1 H xivrlorl tcov lrOoogalplxcirv zl,ax<6v

H }"rOoo<parpc lcopi(ero,r ot entd no).6 peyd).eq ru)"d,rceg, ol"l"d undpler ru 6vo

n),qOoq d,)")"rov prrcp6repcov. 1I.1. oqv nepropl tou Atloiou uzrdplouv ruol.)"6q ptrp6g

n)"6reg. Or rcl"drceg enrn)"6ouv otqv nl"ootrrcrl ao0ev6ogotpo.

Tprrov er8crrv rcr.vrloerq pnoporlv vo ouppor5v oro 6pro peto(r5 n)"u,rcrrtv

. Aqproupyio (en6rctooq) r)drog. Ie peoororcedvro pqypoto onoporcprivovrot

rccrd, pepma cmlyear Kol or neproytg onolcrrpqorlg ),uop6vo netprilpoto crvo8rlovtor

rco,r 8rltrnoupToDv v6o rDrcedvto 6d,ne5o oag 6uo n)"eup6g tou pqypotog. Iro 6pto aut6

8rlproupyeiror pto peoocrxed,vra pd1n (opooerpd) q onoiu, onotel"sito,t on6 ro

ta)"euroio uvo6u6pevo rc6tpropo. Ko0rbg yriletor to v6o ru6tpropa ro poy\r1rlrcd tou

u),xd zrpooovoro),i(owar crvd)"oyo pr rov zrpooovcrro),rop6 rou lroTvTprori ne8iou

rng fng erei\,,n qv enop1. Ko0cirg ro TeopoT\4ltrr6 zre6io cr)")"d(er gopd r60e Ix106

6q neptp6voulrs vo 8oripe otpropoto (ornv 6rcpn qq priXng) pe evol.l"ooo6per''r'1

payvrlnorl.

. Korootpo<pr'1 n)drag ().6yro rotaBri0roqq p6poug rqg). Mro n)'6ro yl"rorpd

rcd,rrD sr6 pro 6),)"q rcar l"rrirvet rc406g etolropei otov pov6rla. Aunl q neprolq

ovopd(erur (rirvq rutoBri0rorlq Kor 6r1trnoup1ei pdoo-rrlrcedwsg t6<ppouq. 
'Onou 

tu,

e)"aqpotepo p6pn qq rotopuOr(6pevqg nl"drog )"rorvouv outd av6p1ovrot ortlv

enrqdvera rur 8qproupyoriv q<poioreu,. 'Otuv qzrerprottrd tpr'1paro on6 ovdOeteq

nl"d,reg oupnr6(owor or pro (ritvq ro,ropriOtoqg, ener6r'1 eivcrr e),o<pp6tepo an6 ro

Bu0r(6pevo un6otptopo, u,voyrcd(ovror vo rcop<pOoriv Kol o1qFrc,ri(ouv opooerpfg.

. Krvrlorl n)"orrirv. Ie peprrcd 6pra or yerrovrrc6q rul.drceg y|"rotpouv peto(t5 toug

XCIpig vo oDyKporiovrur 11 vo aruolropi(ovtu,r. To 6pro autd 6nou 61ou;.re pr6vo

opr(6vaa rctvr1or1 )"6yovtu,r (rirveg Opouorlg (r1 pr'lypoto perCI,o1nponopori). Ercei ot

oeropoi eiva,r ou1y6 gar6pevo )"oyo qq rprpnq ovdpeoa otc 6pro trov n)"cmcilv. Ev



y6ver ),otru6v pro r8avrrrl nl"dru 0o 61er pra n),eupd oe (iov1 ru,taBr50rorlg, rrlv

crn6vcvn oe (ritvrl ovriyroorlg Kor rK n)rnywg vu, y),rorpofv opr(6wro oe o16on ps r1g

yerrovtr6g. (I1.1.5)
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X1. 1.5 Zrbvq- Ieoyporprx6 a X&p:'rlg E),i,rft6og

H E)")"66o Bpforerar oro 6pro rng A<pprrcdvrrcr1g pe rnv Eupoorortrrl

).t0oo'qorpuc'1 ru)"dra. H Arpprra,vrrrl l,r0oo<porptK1 nl.6ro Bu0i(etar l,oyo Boprlrnroq

rdtro an6 fllv EDpoororlKq ornv 7rsp1op1 rou El.l,a6rrco6 lrrrpou pr oftor6l.sopo o

E),)"o,6tr6q Xd)poq vo ppiorercr oe rcotdoroon dpeorlg oDpTrisorlq. Anor6l"eopo oDrng

n1g ouprdeong sivor rl 8qproupyfo rou qqororeurKori t6(ou roD Norfou Aryo[ou.

'Oprog 
undplouv rat enrp6poos Klvrloag prKp6rspov rpnpdrrrlv ro oTroio

8rlproupyofv dvtovq osloprKn 8puoolprcopo or o),q qv 6rc1o,or1 tou El"l"u6xori

lrilpou.
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. H rirqoq npos ro.6utrrc6 tr1g Toupriog pe evepyonoiqon rou prlyparog n1g

Avorol,iog.

' Erpel"rcuonrfg tdoelg oro Xopo roD Aryciou e(' artioq rcDv DTroKripevrrlv

peupd,trov pero<popdg pdypotog orqv ao0ev6o<porpo.

' H c,protep6orpo<pr1 neprorpogrl rrlg A8pronlKng - Anoril,rog n)"drca6 11 onoicr

oupnr6(er tov El")"a6rr6 lcirpo (I1.1.6).
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1.4 EEIEMIKA KYMATA

H pretogopd rng ev6pyeru,g nou czre),eu0ep<irveror ratd tov oerop6 yiveror pe

ro osloptKd rcripatc (nipcta lcitpou). H perd8oon rrllv rupdtrov outrbv ur6rerror

oroug v6poug nou raOopi(ouv a1v petdDoorl trDv el,aotrrrrlv rupdtrov. To orloplKd

rfporo, trrerc8i8owor on6 ro oqpeio y6veorlg roDg rrpog rd0e roreilOuvorl ps

tor5tqro r'1 onoic e(o,prdror a,ru6 tq el"cour6g 6r6rqteg Kor rqv nurv6rrya tou

- t  r j :  I  f  i : ; ' i ' { ) N' ' l l r ' t i , i  ' f - [ l<H

t'lp6nv FrouyxooAogic



p6ooD 6rd6ooqg. 
'Otav ro nipu,to, autd <pOdoouv orrlv enr<pdveto rnq fnq

SqptoupyorSvrar v6o ei6r1 rcupdtcov peta,(r5 rcov onoicrrv eivar to rrlpoto enrqdvero,g.

Ta rcripoto lrrtpou 8nrcpivovtor pe Bdorl rov rp6no to),dvtroorlg roD p6oou

6rd6ooqq, oe 66o ei6q: to 6ropr1rr1 oeroprrcd rfpcrto, to onoio nuprotdvowor pe to P

K0,1 rcl crvdotorlo eyrcdpota rfpara, ta onois naprotdvovrot ps to S. Kutd rnv

6rd6oor1 totv 8rapqriov rcupdrcrtv ro ul.md oqpeiu, tou pt6oou 6rd6ooqg tol.crvtrovovtcl

ncrp6)")"r1l.o ftpoq rnv 6reri0uvorl 6d6oor1q tou rfpotog evcil rcatd rqv 6t66ooq tcov

eyrdporcrlv rcupdrorv ro u),rrd orlpeio ra).svt6vovtCI,r rdOetCI, Ttpog rnv 6reil0uvot1

Erd8oorlg rou KUporoC.

H roXucltu 6rd,6oor1q rrrlv 6rapr6ritv rcupd,trov efvar pelol"urepq crn6 u1v

top5rrlto 6rd6oor1g rov eyrdporov rcupdtcrrv Kor Tro to ),6yo aut6 to 8roptlq rc5trra,ra

ev6g oetopor.i <pOdvouv nprrtto oe 6vCI, oqpeio oqv enupdv€lo nlg fqq ror petd,

g0dvouv ro eyrdporcr.

Enet8q tcr netpritporo rnq frlg 6ev eivor oproyev(, t6oo to, 8roprlrq 6oo rcor to

eyrdporo rripcto, rcutd, ttl 6rd6oor1 touq 8qproupyoriv rot dl.).o rfpotc, 6nrog eivat to

eltrqo,vaoKd ru5pato, rco0rrtg ru,r ovorl.doerq 11 6ra0)"d,oerg trov i8torv trrrv P rar S

rupdrcr:v. Ie pmp6g cnoordoerg crn6 rr1v eoticr tou oetopoti (<100 km) to n)"dc1 tcrlv

eyrdpolrrtv rcopdt<rlv eivcn peya),rltepo a,n6 ra nhanl tcr;v 61"),rrlv rcupdtrrrv ror po crut6

or oeroprrc6g B),6Beg ruporco,l.oriwot rotd rc5pro l"oyo uno tu, eyrcdpoto rfpoto.

MnoporSpe, oDpTrspoopoarcd, vo ruorlpe 6n: orTlv soria rd0e oetopor5

napdyovtot 5rotrn'6r1 rcripoto (P) ror eyrdporo rripo,ta (S) ol").d emr6q 11 fq eivot

avoporoyevrlg 8rlproupyorivror ror d),)"o rripotcr. Ta 8rcrprlrq rcripoto 6ru6i6ovtcrr pe

peya).ritepq roglnlra ror yr' u,ur6 gOdvouv nprbro ot pto 06o11 rcor petd, tp0dvouv ro

eyrd.pora rripoto tc onoio oe tr^urcp6g o,nootdoerq 61ouv pe"yd),o nXatq ror yr' cut6

u,utd, nporal"oriv rcotd, rcr5pro )"6yo trq rataotpo<p69.

1.5 METBOOE KAI ENTAEH EEIEMOY

T6oo yra nporttrcor5g 6oo ru,i yra Oeoprltrrcouq )'oyouq undpler ovdyrcq vo

pnoporipe vo perpdpre fil oeloprrq ev6pyero Trou ane)"eu0eprbvttot orlv sodc ev6q

oeropoti KcLl ro, lroKpoottoprrd onote]"6opoto, tov oeroporv ( ota rcripn, oto 66o,<pog,

orouq av0pirtnoug rln. ). H nopo8oororrl noo6rnro TIoD XpqotpoT[orettot Tto rn

11



p6rpnon qq evdpyercrg ev6q oeropoli eivar to p6ye0og toD ottopoti, evcrt q zroootqto

TroD Xpqorporuoreiror yro, TTlv srtipqorl Trrrv poKpooeropxrirv onorel"eopdtov tou

).6yeror 6vtoorl rou oeropor5.

1.5.1 M61e0oq oeropof

To p6ye0oq ( M ) crvanpooconerier ro orivo),o qg ev6pyerog TroD eKl"lieto,r an6

rqv eoticr rcotd tq 8rdprero rTlq osloprrcrlg 6ovqoqg. Auto rupoo8ropi(etor oru6

petpr'1oe4 rou nl"dtoug, rTlg nepr66ou Kor rlq 8idprcetug rov ostopt.rrtv rupd,tov Kot

perpeiror pe 6r6<popeq rl,iporeg 11 yvroot6repq rrrlv onoiorv eivor 11 rl,ipara Richter.

Ieropoi pe p6ye0og prrcp6repo rcllv 4,0 Richter 6ev nporol"oriv ouvtlOcoq

(tlpr6g, evd) outoi pe p61e0og prrcp6repo ru:v 2,0 Richter 6ev yivovtcn otoOrltoi.

Avd0erc, ereivor pe p6ye0og peyal"rirepo rrlv 5,0 Richter pnoporiv vo ztporal"6oouv

Kornorpoq6q. fro vcr urcprBo)"oyoritrre or Kornorpo<p6g nou s7tlqsptl 6vcq oerop6q oe

drdgopeg ro,toorceu6q 6ev e(crptrirvtor p6vo o,z16 ro pr6ye0oq autoti ol,l"d ror on6

d),)"oug nopdyovteg, 6zrcog eivar ro eooor6 Bd0og, q 06oq tou enirevtPou, l'l nor6nlto

Kor ro ul"rrcd, rlg Ku,rooKeutlg, to 66oqoq Oepsl.iooqq, q yerwioon qg ;.re evepyd

prlyporo r.)".n. 'Erot 
n.y". o np6o<potog oerop6g orqv Io,ncovio ( IentrlpBprog 2003 ) uv

rcor tltov zo),ri peyd,)"ou pey60oug ( 8,0 Bo0poi Piltep ), 6ev npord,l"eoe ooBcp6g

(npr6g, evri: o oerop6q n1q Atnnlg rnq 7-9-1999 tcov 5,9 Bcr0pcbv npordl"eoe

Kc,ru,orpoqrl. To pr6ye0oq roD otlopori enqped(et Kol fllv 8rdprerd tou, 6q)"46r1 to

lrovm6 8rdoqpo rcord to onoio o oerop6g eivor uro0qr6g. H 8rd,prero tcov oeroprrrv

rcupcrivetcr crno )"iyu, 6eurep6),erru p1yst 6va Lenro to nol.ti, ov Kot 8ivetor 11

evninororl praq Tro,porerop6r,'r1g 66vqoqg zou 8raprei nol"ri neproo6repo.

O rl"u,oorrcoq rp6nog rupoo8ropropori tou prey60oug ev6q oeropori Booi(etor oe

petpr'1oerq trov ru),u,riov rov 8rd<popov rcupdtcrrv, 6ztcog ta nipoto o,utd ypd<powar uru6

ro oetop6trlerpo oroug oetopol,oyxorig otcr0pouq. YndploDv rpstg r)'ipo,rceg peyeOrrlv

crvd),oyu, lrs ro oeroprrcd rcr5poto tcov onoicrrv to rc],6n1 X.pllolponorotivtsr Tta rov

uno),oyrop6 touq.

O Richter ( 1935 ) 6proe olv oprbwpq r).iporo rou tohrrou pey60ouq, ML,

6nou Booi(erur otrl p6rpr1or1 tou pr6yrorou nl,6rouq rov oeroprrrrrv rcupdttov, 6no:g

outo ypdgstor on6 ro oerop6petpu Wood-Anderson nou 61ouv r6tonspto6o 0.8 sec.

(IX.l.7.1). To, rc5puto o,utd,, nou ypd<povrot [r€ p6yroro ru]"dq oe prrcp6g crnootdoerq

E

E
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(A<100 Km), eivur tc cneuOeicrq eyrdpour lcr5parcr ra onoicr nporal"ofv rcrr rq

orlpavor6repeg B)dBeg oe o,ut6g trq orcootdoeq. H nprl tou ronrrof pey60ou6 rd,Oe

oetopoti roOopf(eror un6 ronrr6g petoBo),69 tng 6uvotrmr'19 ev6pyeroq oro oeropoy6vo

pnypa ror ouldvetcr 6oo au(dveror 11 6uvaptrr'1 ev6pyeru. Euv6nera aurori eivcr ro

tontr6 p6ye0og vo onots)"si p6tpo qg oeroprrr'1g evdpyerog nou cnel,su0epritvercr o,z6

tt1 oercptrct1 eotia oe ereivo ro p6tpo rou <pd,opcrrog ( - 1 sec ) nou Bpiorovro,l

ouvtlOog or 6ronepio6or rov telymrrrv rcrtsoreuov. fro to ),6yo out6, ro tonrr6

p6ye0og onore).ei ncpdyovro, an6 rov onoio dtrreoa e(optrbvtal or o€roptr6g B)dBeg

Kot Tropouod(er 6ror e(orpenr6 ev8ugdpov ylo rrlv Tepxr1 Xeropol.oyic.

H KffMAKA *ICHTER
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)ly..1.7.1

frs vo eivor 6uvon1 11 p6tpr1or1 rou pey60oDq Kol an6 ttg avoypu<p6g ri)"l.rov

oetopop6tporv, o Gutenberg ( 1945 ) oproe qv rl.ipuro rou snrgovsroKor5 pey60oug,

Ms, ev6g oetopof pe pdoq 16 pretpqorq rrrlv nl,arrilv rrllv eTnqovetorciov rupd,trov

nepr66ou zeptnou 20 sec. To enrgo,veror6 p6ye0oq e[oprdtor CI,n6 rn p6o1 trrerd0eorl

oro osropoy6vo pr11po, Kor onote].ei p6rpo qg oeropxrlq ev6pyero,q nou ern6pnlrol

oe olemd peyd),eg nep66oug (- 20 sec ). H or6)"ou0r1 o16o11 ( Bath 1973) roliet

peto(ti o1g ev6plero,g E nou onel,eu0eprovercr oc'1v eodo ev6g oeropori ror rou

€TrrquveroKori pey60oug:
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LogE:12.24 + 1.44 Ms (1.3)

Ano t1 o16oq ounl nporrinret 6:.l, ro s7r1qo,verarc6 p,6ye0oq petop6)").etar rord

pto povd,6a, 11 ev6pyero trreroBd).),eror rcotd, 28 rpop6q nepiruou. 
'Eror, 

6vo,q oerop6g

erlgo,v€ro,Kou pey60ouq 5 61er ev6pyera 2.75*101e erg, pey60oug 6 6yet ev6pyero,

7.59* 1020 erg r),n.

Ener8rl ro eTrtqovsrord rcfpatcr srurlped(ovrsr 6vrovo on6 ro BdOoq a1g eodog

roD oslopof rcar 11 uno),oyr(6pevn nprl tou rTrlqovaoKori trrey60ouq enrlped(etar

tvrovo on6 qv i6ro napdpetpo. fto to )"6yo crut6, o Gutenberg ( 1945 ) zrp6rerve to

Kr:ptr6 p6ye0og m, TroD Baoi(etcrr oe perprloe4 rov nl.arrbv trov 8roprlrcritv rupr,d,rrov

ttoD rarcrypd<povcar ot pey6).eg o,nootdoerq Kot 61ouv ruepio8o lsec neptzrou.

ruvenrbg, Ko,r ro xoplKo p6ye0oq anote),ei p6rpo qq oeroprrrlg ev6pyaog 7ro1)

exn6pnecor oto Bpoleicrq ruepr66ou p6pog tou gdoporog.

An6 ta ncpandvor nporc5nter 6tr rd0e pro on6 trq rc)"ipareq peyeOrov anorel.ei

perpo olq osrcplKrlq evfpyerog TroD ern6pneror oe oprop6vo p6pog tou <pd,optorog Kol

oXt qq o),rn1q oeroprnlq ev6plerog nou onel.eu0epritveror onlv eotia rou oerotrtori.

fl6pc ano c,ur6, or rc),iporceg out6g, nou Baoi(ovru,l o€ petprloerg rcov nl.arrilv rov

oero;[rcritv rupdtcrrv, 61ouv ro perov6rq;.ra 6tr nopouord(oDv Kopeop6, un6 oprop6lrl

npq ror nd,vco, 611)"o6(, to uzo),oyr(opevo p6ye0oq nu,pop6ver oto0ep6 6oo rc,r c,v

au(dvstar 11 ev6pyera. H rrpq aunl tou pey60ouq nd,vo an6 rlv onoia ro p6ye0og

na0uiver rcopeotrr6 6ev etvar i6ra yra rlq rperq rl"ipc,reg. To pfyeOog Ms nuOoiver

rcopeop6 yra up6g ruo),ri peyd),rq ( > 8.0 ), evrir r1o rts d),),eg 6rio rc)"iparceg o ropeop6g

apyi(et cn6 oprcetd, trnrcp6repeg np6g ( > 6.0 ).

fru touq napondvrrr )"6youq o Aki ( 1936 ) rup6terve cog rata)"l.ql.6repo p6rpo

fllg o€rolrtKr'1g noo6qro,q fi] ofloplK( ponr], Mo, n onoio opi(erar on6 rq o16o11:

Me:p S u (1 .4 )

'Onou 
u eivo,r n p6on perdOeorl oro o€ropoy6vo pr11pa rcard, tr1 y6veoq rou

oeropo6, S eivCI,r 11 eruigdvero rou oeropoy6vou prlyirorog Kol [r rp p6rpo 8uorapryiug

tou u).rrcof orqv eodo roD oaopori. O Kanam ori ( 1977 ) oproe to p6ys0og oeroprrcrlq

polrTlg, M, noD uno)"ofl(etcrr u,n6 tr1 o16o11:
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M: ( logM6-16.1)  1 1.5 ( i .5 )

H r)"iporcc oudl ru)"eovsrcrei oto 6tr 61er dpeol rpuorr4 orlpooio rcor 6ev

na0aiver rcopeop6 o<pori ouv66erar pe rlq Trpu,ylrotrr6q 6ro,otd,oerq tou oeropoy6vou

ptlyparog. fro ro ),6yo aur6, ro p6ye0og ponrlq anorel.ei rotd,)").ql.o p6rpo rqg

oetoptrrrlq ev6pyetog 16oo yro prrporig 6oo rcor yrcr psyd),ouq oeropor5q.

1.5.2'Evtaorl ceropof

H 6vtooq on6 rqv 6).1"q eivar 6vo pL6tpo rr€ ovoropoplg ru,r trov (rlpriov nou

tporol"orivtat cn6 to osrotrr6 ro,r aunl n rlpi rpuorrcd o)")"d(er orco 06o11 oe 06oq.

E(o,ptdtor 6p povo crn6 ro p61e0oq roD oaopou a)")"d eniorlg on6 qv on6otcroq on6

ro enircevrpo rou oaopou a)")"d Kor rn yero),oyrn1 popgq rou t6nou.

H 6vtoorl roD oelopori snoral.ei p6tpo totv B),aBiDv rng oerop[rr1q 66vr1oqq

oroug o,vOpionoug Kot otr€ relvrr6g rcotooreufg. Eruop6vcog zrorril.er on6 neprolq oe

rueprolq rcar e(oprdror rupiog an6 qv an6orooq qg nepropl cr aTEo a1v eodo rou

oetopori. Me al Bor10ero rrlg 6woorlq lopdooovror 01 ro6oeroteg rcopnri),eg or onoieg

irepr)"opBdvoDv Trsprox€s pe a1v i6ro 6vtu,or1. lleprol6g 6n),a8n Trou o oerop6g

nporcd)"eoe trg i6rcq (np#q,

H nro yvrr:oa1 rl.iporca uruol"oyropoD rnq fwoorlq eivo,r q 12Bd0pro r),ipcrro

Mercalli yro rlv onoiu oro)"ouOei pro ouvoTrnrc( nepryporpr.l.

Xrvoatmrl aeprypa<pr1 tqg xl[puraq Mercalli

Aev yivetu,r oro0r1r6q

Ato0qt6q on6 peprrorig ov0pcitnoDq ftou Bpiorovror oe ovdnouorl oroDg
yq)"6repoug op6rpoug rcapicrtv.

Ato0r1r6g p6oc oto onioo. Mnopei vo pnv d,voyvcDprorei rog oerop6q.
Aov4oerq oov vo, nepvd,er el.a<ppu qoprnT6.

Ti0ewor oe rcivr1or1 rpepaop6va avmeipevo. T(dpro rpi(ouv. Itopc,nlp6va
ouroriulro rc)"u6cr;vi(owor. Aovrloerq oov vu, nepvder Boprl gopc1y6. Kpotoq

II

ru

IV
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VI

fi0p0e6pcrlv, yr'6noc, oag ru6preq.

AroOrltoq oqv rino,rOpo. Auroi nou rorpor5vtar (unvoriv. Arcbpqorl
rcp epuo ;.r6vov ovnKslp6vrov. Avorponrl peprrrbv ;.urcp citv cvnrerp6vov.

Ato0qt6q on6 6)"ouq. llol")"oi rpolroKpcr.rorivror rar tp6louv 6lco an6 to
rcdpra. Or d,vOprrlzor Trepfiororiv pe oor60era. Mrrp6q rcopndveg qloriv.
Meto,ri\,Ior1 q ovo,rponrl no)"udprOpotv peyd),rov crwrrerp6vrov ror eninl.tllv.
B),6Beg oe ooBd6eg, rcepcpi8u, rconvo661ouq. B),6Beq Ltyeg, e)"a<pp6g.

Meydl"eg rccpndveg qloriv. llrcitorl nol"udprOpov rcepopr8rcrrv, rcmro8olrrrv.
IoBd8eg Kcr,l ror1ofioricr pqypcrrcitvovro,r oag our.10rop6vsq rcotooreudg. Xtrq
rcr6q rstcorceu6g n6grouv ooBd6eg, onorol"l"orivtur ror5B)"o rcor n6rpeg.
fivetar oro0rlroriq ano o8qyorig ouronr,tltrov. Kupa,tlolrog otrg l"ipveg,
Ool"rrlpa vepori an6 l.donq.

VIII Enrlped(etar 11 o6r1yr1oq rov outoruvlltcov. Apret6g (qpr6q ror p"eprrrl
rcordppeuon orq ouvq0ropfvrq Ko,ro,oKeu6q. Aiyeg B)"dBeg orqv rorlonoria
tcov rcr)"ritv rcctaorceuiDv rcr pey6)eq orq rorc6g rccrsoreufg. K)"o6rd ondve
ano r,a 66v6po. A)").oyeq orn pon Kd,l orrl Oepporpoois rou v€pof oe nr1y6g
Ko,r or m1yd6ro.

fevtrc4 Korcr,orpoqrl orrg rcar6g rccrtcorceu6g. IoBop6g B)"6Beg oclv torlonorio,
trrrv rccrl"rbv rataoreurirv. Yn6yeror aycrtyoi ond(ouv. Ie neprol6q pe o)")"ouBlc
ovoB).r5(er oru6 ro 66o<pog Lenr\ dppog, il"ug rcor vep6.

Ku,taotpo<pr1 peprrcritv ra)"d rcataoreuoop6vcrrv (ri),rvrov rcnpfrov rar ye<pupcilv.
Or neproo6rsp€€ KCI,rcloreu6g torlonoriu,g KCr,r rcr, TrpoKorooKeuaop6vo,
rcrioporo rcatcrotp6<povrctr po(i pe rcr 0ep6).ro. IoBap6g (npr6g oe <ppdyporo,
u8orogpdrreg Kot avo,yitpura. Mey6l"eg rcoto)"roOr1oerg. Or odrl porpop6g
rcd,pnrovror.

Mey6)"eq poyprg oto 66ogoq. Or or8rlporpoyttqrcdpnrovtor 6vtovs. Yn6yeror
aycoyoi rcatootp6<powu,r ewe)"cbg.

O)"rrcr1 Koroorpoqrl. Awxeipevo ercovdooovro,r otov a6pa. Meropdl,)"srot I
enrgd,vero ro e8d<pouq Kot n ypoppul tou opi(owo.

VII

IX

X

XI

XII
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1.6 EEITMIKA OPTANA

Ot oeropoi cvrlyeriovror Kor rcrroypdgovrcn pr er8rrd 6pyovo, 6noq etvcr ra

oeropoorc67r1o,, or oeropoypdgot Kot ro oeropr6petpa. Tqv raroyporprl n1v ovotrrd(ou;re

oetopoypdgTltro. Xrov e),l"qvrrc6 lrilpo, 6noq d),)"roote Kol 6re0vrrrg, undplouv p6vrpo

tyKor€orrlp6vor oeropoypd,gor oe oeropo),oyxorig orcrOporiq ylo n1v roroypcgrl rrov

oeroprrcrbv 6ov4oerov. fra tt1v roropio ovog6poupe 6fl ro zprbto oerop6perpo

eyxaraord,0qre orrlv A0rlvo ro l9l l.

To oeroprrcd rriporo nou (envoriv an6 nlv eodc rcar o6e6ouv p6oo un6 ra

drdgopo otprrrparcr rnq fng q0dvouv orou€ otaOporig nopoc'lpqoqg Kol

xcrtcrypd<povror crn6 rcr 6d<popo oaopoypoqrrd 6pyovo. frcr vo neprypagei nl"rlpcog 11

xivr"1or1 rrllv u)"rrcrirv orlpeiov rng fng oncrrtorivtor rpio ei6r1 osrclroTpo<pmrirv

op^ydvrov, ourd fioD rcoraypdcpouv rnv ;lerd,Oeoq, o,urd TroD rarolpd<poDv r1v

neprotpo<pr1 ror ourd Trou Korc,Tpdrpouv rnv fiopop6p<poor1. Meyo)"rirepo ev6ro<p6pov

yto rTl Xeropol,oyic napouord(ouv ro o€lopoTpo<pxd 6pycvo TroD Kcrroypd<pouv n1

petdOeorl Kot rtg nopoyrrryoug rqg cDg rrpos rov X1r6vo, rl1v rap-rqto Kot rlv

entrdluvoq. Kard oepd, toropxrlg s(6),r(Ig Ko,l slrloflllrovrrrlg c(ioq 8rarpivoups:

r-T-*"t
;

t--r*l
* ! .  i i  . I

- I

I

I
I

. I

' I

lqlm!-*

r----T.-*"t '*

27.1.7.2

Ieropoorc6nra : Eivar 6pyova nou u,nl"rbg orlperrrrvouv qv y6veoq rrrlv oetoprbv

q uvoypdcpouv o,uroriq ndvo oe arivrlrq ru),6rc Sivovrog 6tor n)"rlpogopieq yrc

rq6vroorl qg oeropucrlg Klrlong. QX.l.7)

Xeropoypd,gor: Eivar 6pyavo pr ro onoio enrruyldvetar o,ut6pcq c),)"6 6p

rurod ovoypogrl rng oeto'pucrlg Klnorlg. H avoypogrl oDrt, TroD liyerat

oetopoypderlpo, yiverar pe ypogi8a ndvrrr oe to,rvia 11 pe grotervl1 q)'i6u ndvcrr oe

qoroypcr,glrrl rarvfa. O oeropoypdgog anote),sitor on6 ro tKKpelr6g, to o6orqpct

t7



tviof)on€ (q pey60uvoqg) rccrr to oriorqpro crvoypo<prig.. H pr6(o rou rKKpeporig np6ner

vo eivo,r orlpovorcr'1 cbote 11 8uvuprl qg oSpdvsrog vo unepvrrrloer ttg rprB6q fllq

ypugi8oq Ko,t rov op0prrroeolv rcrrv po1l"iov. Oor6oo ener8rl or oeropoypd<por 6sv

6r60srav ofotqpa azr6oBeor"lg rlg Kfvnong, ro onoio 0a enov6qepe yprllopo to

empep66 oq 06o11 qpepiag rrrots va ovtanorcpr0ei oe v6o 66r.'11o11, or ro,toypo<p6q

toug rltov aruot6)"eopo 6p p6vo tq oetoprrrlg KtvnoTlg a),}d, ror qq otrbpqoqg ro1)

errpepofg.

fto rov nlnpn rco0oprop6 n1q petd0eolg o€ 6vo oro0p6 nptnet va und,plouv

rpslg oerolroypd,gor, 6vag yra n1v rotor6pDqn oDvlototoc rccr 66o yru rq opr(6wuq

oovtotrboe€ rnq e8o<prrrlg Klvrlon€. Xrouq ncpardrco oeropoypd<poDq or oeroprroi

rpa8aopoi roD e6d<poug oqparrbvovtur or yaprwl tsrvic TroD (eru),iyero,r pe

ropol.oyror6 pq1cvrotrr6.€f. 1 .8), (X1. I .9)

&wxtn.gcse.com

spring

- s€fifinef,

-weight

-rypen

IX. 1.8 Opr(6vtra Xuvrottooa

r' Edidn,Efffi.,aN

E



Suppori
movas Hinge

#..%en*@q

Su

27.1.9 Kotox6puqrl Xuvrotrbocr

Xripl onlv n)"rlpornro ,toD 61ouv ro oslopoTpugqpoto orlpepo, pag 6e[1vouv

6p povo qv lrovrrrl 8rdprero roo ottopou u).}.d n1v neplo8o Kot to n].dtoq trov

6roq6prov oeroprrcritv rcupd,trov. Me toug oeropolpd<poug roOopi(etct rct to oeroprr6

enirewpo roo o€topori nou pnopei va Bpforetm p)"r65eg p)"ropetpo parptd @1.1 .10)

ma6€

X1.1.10
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Xerop6perpo : Eivar 6pyovo TroD ypdgouv ps orlpowrrq arcpiBera rlq

oetoptr6q rcrvrloerq. H Baorrcrl 6ro<popd pera[6 oeropop6rpou Kor oeropoypdgoo eivcr

6a to oerop6perpo 6rs06ter ouorceurl lis rnv onoio neruloiveror an6oBeon qg

aurrprlorlg roD eKKpsporiq rar 6tor eivar 6r-lvan1 q mot6repl ovoTpoqn tng oeroptrrlg

Kivnolq. Or ovoypc<p6g tcov oeropop6tprov l.dyovtor oeropoypdplroro. ( 81. I .1 1).

H crvoypa<pr1 rorv oetoprrccitv rupd,tcrrv oro oerop6petpa ytveror ps rpsr€

rcupirog tp6noug. flpiotov, pe pr11avmr1 cvalpocpr1 (oero;r6petpa Mainka, Wiechert).

Aeftepov, pe onnrrl avoypu<pr1 (oetop6petpu Milne - Show, Wood - Anderson).

Tpitov, pe q),ertpoproyvrltrrcr"l ovoypogq (oerop6perpo rworipevou n4vfou Galitzin

Ko,t ro oerop6perpo peraBal,),6pevn g pcryvrlmrl g ovriotooq g Benioff)

$

r$' t

f f i :  . : ,  
- ;

h*i ": i*F '.' ,
*-r- 1r :"
! ,

IX.f.1l Galitzin
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81.1.11 Mainka

Or r7[rro,xrJvoroypdqor: Arote]"ofv er6rrcr1 ranlyopin oeropop6rpov. To

oelopoypd,pporo rov opTdvov oDriDV 8ivouv o1 oslopuKr'1 erurdlpvol os oDvdprnon

pt rov pr6vo. Xprlorponolotivrot oxs66v cnorcl.erotrrd on6 rqv Teprrrl leropo)"oyio.

Tono0eroriwar ouvrl0rr:g p6oo oto rdpra yta rTlv p6rpr1or1 rng sfirrdruvorlg Kord qv

y6veoq rrtlv oeroprilv. Ae ppiorovtor oe ouvelq )"erroupyio, 6norg ouppoiver pe ro

d),),o oerop6petpo,, al.)d pnaivoDv or l.erroupyto pe rurd,l.),ql"r1 8reyepoq oclv oppl

roD osropof rcar ypdqoDv n1v nporco),o6pevq enrrdluvorl an6 ro oerop6.'Evoq an6

roDg Trto 6ra6e5op6voug ninoug rTrrroluvoroypd<prov r1rav o ovo)"oym6g

eTnrolovorolpd<pog SMA-I , orov onoio Tl Ko,roypoqn rng 66vqoqg yiveror oe

gcrlroypogrr6 grl,p.

O efirro,xDvoroypdgoq our6g orld-oryd owrrca0iotota,r

of yprovouq rTnroltvoroypdgouq.

0,7[o ryrl<prarofg

I.7 H EEIEMIKH APAEH ETHN EA AAA

O e)")"1vrr6g ld)poq Bpioreror oqv ntproyf otiyrl.roqq 6rio peydl.rrlv

),r0oogarprrdlv nl"orrilv, rTlg A<pprrcavrnlq ror rr'1q Eupaownrrlg.'Xuvencrrg, og poorrrl

ordo tcrrv oetoprirv Ko,r rov d,),),olv yero),oyxd rupoo<pdrrov yeo8uvapmcbv <pal6pevov

oro 1copo o,ur6 0o pnoporioe vo, Oeropri0ei n oriyrpouoq rov 6uo ourrrrv

l"r0oogorptrritv rul,arrbv.'Opr,lg, o lrbpog aur6q eivar oeroporerrovrrd nol,tinl,orcog ror

21



Tto rnv Korovopn rov orfld)v y6veorlg rcov oetopiov Kor rrlg 1otprrcr1g rcotovoprlg qq

oercprrcrl g 8priorl g ananr eiran neprc o or Epo l,enro peprl g 0eolpio.

llp6ogotrl dpeuvo 66er(e 6a or oetopoi oro lrirpo rou Aryoiou Ko,r trrlv yfpa>

neptoxcbv orpeil,owor:

c) Ie oupnreourc6g (E) 8uvdpe4 rrou aorofv oro 6pro tou lrbpou outof rperg

yertovrrc6g l,r0oo<porprr6g nl"dreg rard cqv KrvTlon rou€ Trpog uur6 ro lrbpo

B) Ie e<pel'rcuoarc6q (E<p) 8uvrip€rg Troo cororivrcr p6oo oq l.r06o<papo aurori

tou lcilpou rar nporcul"ofvtor an6 uitra nou Bptorovtor p6oa 11 otov ru0p6vo crorrlg

rqq ),r06og0tp0g.

H El')'d6s ror6ler qv 6rn1 06oq 6oov agopd orTl o€rcprrc6rr1ta, oe o16oq pe

d)'),eg xd)psg rou r6opou.'E26er prrcp6repq oercptr6rqra p6vo an6 mlv Ionrovia, N6eq

EBpi6eq, flepo6, Nrlod Xol.oprbvra Kd,lrn Xrl.rl. ( Zy.l.l2).

1 8 ' 4.2 t4

22' 24' 26'  28'

0 4 0 8 0 1 50 300

Depth

30'28't 6

E1.l.l2
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Eetopoi ev8rdpeoou B60oug ncrpoqpor5vrcl ot pra (cbvr1 nop6).1"r1)"o pe rd,

opto rov ),r0oo<patptriov n).oriov 6r1),a8r1 ouq neptol6q Zd,ruv0o, Aeuro8u, Ilu,tpu,,

Ko,l.apdtu ror ll6pyo. Or oetopoi ncpoclpotivtor otr1 (rirrq Benieff qq nl"6raq

rotoBr50rorlg evrit ru enircsvtpo Bpiorovrol ottg N6oeq ror Auarcdg ort6g rou

E)"),a6rrou lcopou. Ts eotrurd, B60q <ptdvouv 6rrrq to 160 Km.

Ta snirevrpo rrrlv sTngo,vsrcr,Kcrtv oeroprcrrv epgavi(oDv oqpclvrtrrl 8roonopd oe

6),o rov E)"),a6rro XOpo. Xrlpovtrrr1 oeroprrcrl 6poon1pr6n1tCI, fiopu,rlpeitor ror orrlv

neprcp1 tou B. Aryofou Kol fllq B.A. Avotol.icq.

Or oeropof ev8rd,peoou Bd0ouq (Fdeq eoticrq petcr(u 70 rcsr 180 km) eivcrr

r8uitepo enrrivSuvor, yrari nporcol.oriv B)"6Beg oe peyd)"eg onootdosrg ratd ptlrog

tou E),l,r1vtror1 t6(ou Ko,t ot rcepio8ot ttlv rupdtcDv rouq eivar oletmd pey6),eg (1,5

sec).

Hulptnq rcar,rvo;rr1 TuJV tsJ{uprirv uerrrprirv rrou
ur-rv€pqruv rTTov Elrfnvr[d Xftpo truTdv Tov filtiJvfi

Itrlv pcrrcpoxpovn rorop[o rou t6nou pcg 61ouv Kq,ro,ypoqsi p],rd6eq oeropoi.

Avcr<p6poupt rov oerop6 oe Kega).ovrd-Zdrcuv0o roD 1953 nou eile p6ye0oq 7,3

Bo0por5g Piyrep, nou o1e66v rco,r6otpevt ro, llavra KOt 01 rr6l"e4 (crvo1tioa1rcctv.

Eniorlq, tov oerop6 trlq @soool.ovirrlq ro 1978, o1q A0r'1vog to 1981 Kot ro 1999, rav

fpeBevrilv Ko,t roD Arliou to 1995. Ta tel.euroio p6vro 6n)"o6tl ene),6yr1oov Ko,t

neproy(,qnou Oeropofvtov lrrl oelopoTeveiq pe oruot6],eopo rnv ava0erilprloq t6oo tcrlv

(covrrlv uvqlqq oetotrnr6tlrog, 6oo Kot rov rovovrotrrri:v o,vrtoetoprrr1g npootuoiaq.

'l*
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#i_

- t '
+

t

+
! *

1 # .

* {

ZJ



2.EEIEMIKA KYMATA

2.1 EIAH XEIEMIKfIN KYMATQN

Ta nerprirpo,ro, roD eoroteprrof rng fng 61ouv e)"ooorc6g r6r6n1teq, TroD roug

eartp6nouv vCI, rspopopgritvowar Ko,r vo 8ovoriwcr 6tcrv o,ororivtcrr zdvcrr rouq

8uvdperg ruieoqg 11 e<pel.rcuopori.

'Otov 
ruporc)"1Oei pro 6rotdpa(r1 oe 6vs e),oortrc6 rcor ro6cpono trr6oo cnsfprov

6ru,otdoeov, napd,yowar 6rio ei6r1 e).aonrcrilv rcupd,rcDv, ro 6rcpr1rr1 rcfpr,ara Ko,r ro

eyrdporcr rcfporo. Ta rcritrrorc aurd onotel,ofv rc ),ey6pevo rfpota xorpou. 
'oruv,

6polg, to e)"uoflrc6 p6oo 6ev enerteiveror oro dnerpo npog 6),eg trg 6reu0r5voerg o)"),d

nepropi(etor cn6 oprop6r,1 enrrpdvew (n.y. n1v enupd,v€ro rI€ fqg), ovonojooetcr rcor

6vo d)')'o ei6og e)"ooorritv rcupdtorv, ro sTrrqoverord rcrlpara. Ta emqov€roKd rtlporc

Sru.rpivovtcr oe rc5potu Rayleigh, oe rcfpoto Love Ko,r or rfpcrra stonley.

2.1.1 Aroprfxq rripata lrilpoo

'oro,v 
6vaq oero;.r6g sr6r1),rbveror o nparoq zrc)"p6g rng ev6pyerag, Trou

npo{pyetu an6 to orlpeio rqg eoriaq,6rs6i6etor pe ro npotefowo 11 rripoto nieorlq

(P - primary). Eivor 6ropr1n1 rr5pcrto rcor 6rotp6loov 6),11 rn h evd sivar Ko,r ro,

nprbta nou <prd,vouv oe 6va oerotrro).opr6 ora,0p6. re Bpc1rb6r1 e6d<pr1 rworiwo,r trre 6

km/s evd) oto vep6 lrs ro 6vu rpiro ourTlq rrg roxurn rag (nepinou 2 km/s). 'orsv

qOdoouv oolv enr<pdvtlo, olq fr1q, ro rfpuro crutd 6rcr6i6ovror Kcr,l orov a,6pu, otq

t11qorc6 Kipu,to. Avd)"oyo ps rn ouxv6cqt6 roug pTroporiv va c,rouotor5v an6 rov

dvOpcono 11 p6vo on6 ru (citu.

Kotd n1 6166oo11 trov rupdt{r)v o,ut{irv, to u}.rrcd oqpeio rou p6oou 6rd6oor1g

ta)'svt6vovtcr rcrrd 6rer50uvor1 ropd),),q),r1 fipo€ fil 6reri0uvoq 6rd6oor1q, 6n),c5n

rccrtd pnKoq rng oeroprrclg o,rctivoq Ko,l pdl"roto Fre t6toro rp6no, cirore vo

8rlproupyorivtar 6ro,6oprd rnircvri;poro Kor crporrirpo,ta,. Aur6 61er rog ouv6nera rqv

napo8rrcrl 6ro6oprrl ori(r1or1 ror e)d,rroor rng zurv6altoq rou p6oou (Ly.2.l).

Ie e),ooarc6 rcut ro6tpono p6oo, tc 6rcpr1rr1 r6;rata 6ro6i6ovtcrr pre tullalra

u. 8ivetat ano q o16o11:
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(2.r)

'onou 
). rar p etvor nopdperpor rou p6oou 5rd,6ooqg yvcoot6g rog el.uotrr6q

ota0ep6g tou Lame KCI,l p eivur 11 nurv6rlra rou p6oou 6rd6oor1g rou nipo,tog. H

nupdpetpog )" ouv66erot pt a1 oDpzneor6rrlro (compressibrlity) tou p6oou 6rd,6oor1g,

6n)'a61] anota),ei 6vo p6rpo t1g on6rcprorlg tou oe cr).l.oy6q qg ruieor1g. Avdotorla 11

ruopdperpoq p, oTror€),ei 6va pr6tpo alq on6rcproqg roD e).aorr.o6 p6oou otrq rdoe6

nou 8lptoupyotiwor l'6yo tprBrirv Ko,r ovopd(ovtar 6rorpr1tm6g rupopopgirloerg (shear

stresses).

27.2.1

To 6ropr'1rcr1 rupara, noprotdvovrol orl letopol.oyia lrs ro oripBo]"o p

(Primus), snedrl eivar sutd fioD ovoTpd,govror nparu an6 ra oerop6perpo. Aur6

ocpel]'etor oro YsYovog 6n Tl roxDrqro 6rd6ooqg rov enrpr"lrritv rupdtcov eivor

pelo),ritepr1 on6 rqv raybulra 6rd,6ooqq tcov eyrcdpotatv Kol rcrlv €Trrgoverord)v

rupdrrov oe 6vo, ouyrerprp6vo p6oo.
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2,1.2 Eyrrdtpora rripatcr lcirpoo

Ta en6pevc rriporu Troo grdvouv or 6vo, r6no eivar ro eyrcd,poro n

8euteperiovto (S-secondary). Aurd etvor nro c,pyd(rcrvofvror pe nepfirou 2kmlsec),

a)")"d nto roppd Kd,1 Ku,ro,orpenmd, an6 rs 6ropr1rr1 ro onoio ror orcol,ouOoriv oto

oetopr6ypuppo.

2x..2.2

To naporcdvro ypdcprlpa Seigver zr6te 6vo oero;.m6 rripo <pOdva oro oru,0trr6, ro

onofo e(aprdror o,n6 ro n6oo purcpd eivsr o oerop6g.

8 0

7 t r

.d

E 6 0']
(J
{l

tBs
tE
i =+

3 0

E B

t o

a o o  3 0 0  4 0 0  5 0 0  6 0 0
Distence (Ki lometers)

2y".2.3
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Kord q 6d6oo'q tcov eyrcdpororv rupdrov rcr, ul.rrd o4peicr too p6oou

6rd6ooqg ruvofvtor ratd t6toro rp6no, cirote to ev )"6ycrr p6oo vu un6rcerrcr oe

8ratprlanl ruopop6p<paroq. Kotd aut6v rov rp6no, to eyrcdpora r6pora 6ev eivCI,r

rinoru d).},o ruopd 11 6rd6oor1 qg 8racpqarcrlg nopup6pgrrlorlg rou el.aonrcof p6oou

Qx.2.D.

H rolptqro 6rd6ooqq rcrlv eyrd,porcov rupdtcrrv prioa or e).ao1rc6 Kor

ro6tpono p6oo 6ivera,r an6 q o16o11:

(2.2)

onoD p elva,r q e).aotrrr1 oro0epd tou Lame Kol p n TruKvornro rou p6oou

6rd6ooq g trov rupdtrrrv.

H oto0epd trr cnotel,ei p6rpo qq 6rorpr1rtrcr1g nopap6pgcoorlq tou p6oou ratd

n1 6rd6ooq trov rcupd,rov Kor 61er 16oo peyol.rirepq nprl ooo peyol"ritepq eivor 11

avd6poorl tou prioou on1 8rorpqnrcrl rapo,popgoon rou. frc ro r8ovrrcd, peuord

0eroporipe p:0. ftu ro ).6yo aut6, q rop5nlto 6rd6oor1g tov eyrcdporcov ropdrorv p6oo,

otu peuotd (uTp6, a6pra), orip<porvo pe rr1 o16oT1 (2.2), efvar torl pe prq66v. Iuvenorq

6ev 6ro6i6ovtot eyrd,porcr rripura p6oo oro peuot6.
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To rrlpu,ta S lrrlorporototivtcr nopo8oourrcd yrcr vo o(rol,oyrloouv ro p6ye0og

ev6g oeroptrof yelov6tog, u),)"6 our6g ot nl.qpo<popieg otorlerol"oyorivrar p6vo perd

an6 ro oerop6.

Tcr 615o nupozcdvrrl n5pota 6r6nowu,r un6 6)"eg ng apytg 8dEooqg rcrtv

rupd,rorv (crvd,rc)"oor1, 6rd0),aor1, oppl rou Fennat Ko,l roD Huygens).

An6 rr1 oriyrprorl rrrrv ol6oerov (2.1) ru (2.2) nporcrinrer 6tr q rop5mlro

6d6ool1q rrov eyrdporrov rcupdrcrrv (S) oe 6vo p6oo eivar pxp6teprl on6 alv

avdotorpl ruybrllra 6rd6ooqq rov efirpl1Kiov rupd,trov (P) (X26.2.8). fr' cut6 ror ro

eyrdporo ru5poro 7[oD yswroriwu,r orqv eotio prog 66r,1oqg, gtdvouv oe 6vov

optop6vo ora0p6 petd, to 6ropr1rcr1 rriporo. fra ro )"6yo uur6, to eyrdporo oeroprrd

rftrrato oupBol.i(ovrol pe to S (Secundus). An6 trg ol6oerg (2.1) ror (2.2) rat pe

Bdoq tov oprop6 tov oraOepiov )" rcar p, yivetu,r gavep6 6tr 16oo 11 Up 6oo rcor q Us

e(optcrrvtcr ort6 q ofotaoq tou e6d,qouS, n1v nieorl Kor rn Oepporpcoicr rou lritpoo.

Katd u,ur6v tov tp6no, pe}errilwag to npo<pi), rogudtrov rrllv osrcplrcrirv rupdtcov

pruopofpe vc roto).r1(oDpr os uoqolr'1 ou;.rruepdoporo 6oov a<popd on1 6oprl Ko,l rq

otioroor1 roo 6oorsprror5 qg fr1g.

P wave

$i;:::-+1i:,.!4-rd!ii;*:j.4ii.';:ii?liil:.r;1.j.rr.1,t:[d:iiai-i,:i:i6i!t;i:*:;$ii*3;;i:d$]S;!,td;*$6Hrid$#**St**6*&6!* *;*.,*"**- ' gS
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2.2 METABOAH TAXYTHTON TON KYMATf,TN XQPOY ME TO BAOOX

'Eotro F 11 eoda roD oetopori, E to prKpoo€loptr6 enirevtpo autor5 ror I 6vuq

oeropo).oyrr6q otoOpog (>X.2.9). Ovopd(oupe ezttrewptrr'1 o,n6otuotl A tou oetoprori

an6 to otcr0p6 ro pr'1rog rou r6(ou pr6yrotou rcrir)"ou nou Bpioretor ndvrrl ottlv

ent<pdveru rng fng peta(ri tou ota0pof rat tou entr6vtpou 11 rqv ovtiotorll

rTrrKwrprKq yrrlvio 0. H enrrevtpm4 an6oro,oq perpt6tcrr oe Km n poipeg ( 1 poipa :

111 .11  Km ) .

2y,.2.9 Xeroprxrl eoric F, enixevtpo E xcr earrevrprrtl cn6otuon A rl 0 ev6g ora0poti X.

'Orurrlg 11 6rd6oor1 rou <prrlt6g neprypd<pero,l pe r1q orcnrrig orctiveq rlrol rcor q

6rd6ooq tov o€toprrciov rutrldtov lrrtpou neptypd<petot p€ rK osloprK6g arctiveg'

Ovopd(oupe 1r6vo 6ro6poprlg ev6g rcriporoq ro lr6vo orov onoio to rr5pa 6rorp61er

ro psto(r5 qg eotioq ru,t ev6g ota0pori rpnpc tou 6p6trrou nou Sraypdqsrot on6 rq

oeroprrr'1 artivo,. Eivar rpovep6 otr o lr6voq dq(ng ev6g rripotog oe 6vu ota0p6 eivot

ro d0potopo tou lr6vou y6veoqg Kot rou Xlr6vou Era8potrr(q ouqq.

Ta rrlpata liopou, fiou yrwroriwor oclv eodu ev6q oeropori, Sto6i6ovrot oro

eocoreptr6 rnq fqg rcr <p06vouv orl1v enrrpdvero rng fnq. Erceiva on6 to rfpcrro nou

<p06vouv oe orlpeiu on6 o1v enr<pdvero rnq f1g 6nou undplouv oetopo)"oytrot

ota0poi, avoypd<powat o,n6 tu oerop6perpo, rov otoOpcrlv. Av q eotia Kol o il)6voq

16veor1q rou oaopof etvar yvcrrord, pnopofpe va uno),oyiooupe ng entrcevtptr6q

crnoordoeq Kot roDg ovtiotorloug pr6voug 6ro6popr1g. Torito pnopei vo enovu)"qcpOei

yur rcol,)"oriq oetoporig , on6re pnopofpe vo KclrooKeudooupe nivcreg, l[oD vo 8tvouv
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roDq Xp6voug 6ra6populg, T, oe ouvdpnlon p€ rtg rTrrKevrprr6g anootd,oeq A. Autoi

i.rlyowo,r nivarceq lr6vcov 6w6popr1g. Or nro oriyl:ovor nivareq pr6vcov Eru8poprlg

ftroi(owar orq ovoypu,gdq nupqvrrrirv 11 d)").rov erprl(erov, pad or eorfeq Kot ot

lr6vor y6veoqq tolv expqfecov eivar yvcrroroi pe peydl.rl crpiBeto.

Or lr6vor 8ro8poprlq e(oprrilvtar on6 ro eoncrr6 Bd0og roD ostopori. fro to

i.oyo crut6, 61ouv Ko,ro,oKeoo,orei rivareg lr6vrrrv 6ra6poprlq po 8rdgopo eono,rd

paen.'Eva,q r6torog nivoraq eivar o nivaroq tov Jeffreys rur Bullen (1958) p6pog tou

onotou unore).€i o nivcroq (2.1) o onoiog 6iver toug lr6vouq 6ro6poprlg trov

dupqrrov r,opdtrov yro rc6vte up6g rrov eortorrrlv poOrbv ( 0 Km, 100 Km, 158 Km,

133 Km ) rcr yrc cnrrcvrprr6g crnoordoerq an6 0,50 p6pt 25o.

a.

(p)

E1.2.10leroprx6g arriveg (a) xor xuprti,q 1p6vov 6ra6popqq (F) ftc xavovxrl petcpol"rl

tlq ralfqtoq ps to p60oq.

Or ypo<pm6g ruopu,ordo€rg rov ol6oerrlv pero(ri rov lr6vrov 6ra6popl19 Kol rrrlv

ernrevtprrrirv onoordoerov l"6yovror roprni)"eg p6vrrlv 6ra6poprtfq. H pop<pr1 tcrtv

rcpm5).ov Xp6vrrlv 6w6popr1g e(o,prd,ror on6 rov rp6no petoBo),qq trov talpnltcov

torv rcupdrov lrrrpou p6oc on6 rn fn. To eonorc6 pdOog ptru,ivet ocrv nopdpsrpog

orous nivcreg Kor o16 rctrrnri),eg lr6vcrrv 6rcr6popt1g.

Or ropaltsq rcDv rupd,tcov lrrrpou perapdl")"ovtcr rotg rr5pro l.oyo pe to

p<iOoq pr6oo otrl fq rur nol.ri ),ryorepo opr(6wro.'Otav 11 petopo)"r1 qg ro1Dnlroq u,

pre ro Bd0og h, eivat ouveplq rcar 11 Ba0pi6o rrlg peroBo)"r'19 oun19 (dildh) eivcrr pxprl

i6pe oa 61oupe ravovrrrl petoBol"rl qg rapqroq ps to Bd0og. Ito peyol"rirepo

(u)
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p6pog rou toortplKoli rnq fng n psropo)"n rnq ro1urnrog pTropsi vcr Oecopq0ei

ravovrrtl. To oplpo 2.10 xaprcrdver oeroprr6q arcrivrg Kor qv rcopnr5l,q p6vcov

8ro8poprlg onlv nepiTrrCIorl rovoltrr1g petopo).r1g rqg topaltag p€ ro pri0og.

llopotlpoupe 6n o 1r6voq 6to6popr1q eivar povoonpovq ouvdpqorl qg enirevrprlq

an6oroorlg.

'Opalg, 
undplouv neprol6g roo sooreprrori rnq fq€ Trou q rapltr1ro 6e

petoBdl")."etat ruvovrrd ps ro pd0og. fleprypdgoupe napcrdtrrr 6uo t6rowq

neprnrriroerq zrou Ttc,pouord(ouv e(orpettr6 ev6ro<p 6pov.

'Otov oe pro ruepropl roD roocpmori Tqg fTlg, q rolrrrrlra tov oeroptrrrrv

rupd,rcov petaBdl,),eror yprlyopcr lrs ro pdOog, r6re, or oeroprr6g ordveg, nou nepvoriv

on6 qv ruepropl a,urq, rcopnu)"rbvowar roppd pr oovefisro vc <pOdvouv our6g oe

anoordoerq pmp6repeq a'rlo reiveg orlq onoieg <p0dvoov dneg ortiveq, 7ror.)

avolropor5v on6 rrlv eoda pe peyol"ritepeg yrrlvieg, og Trpog rqv rcrtar6puqq, u,)")"d

Bpiorowor o).6r)"r1peg nd,vco an6 tqv neptopl Trou fipoKo).si qv ovropol.ic. To o2grlpo

(2. I 1 a) naprordver r6ton nepintcoorl.

27..2.11 Eridpcol otptilpatog p€"ydlqg tupitqtcq otrq osroprKfg axtiveg (o) xat

cwiotorleq xcparileg lprivtov 6ra6popt1g.

O p6vog 6ro6poprlq 6ev eivar povoor'1povrt1 ouvdpopn rng enrrevrptrrlg

o,n6otaor1q, A, (oI. 2.11p) 611),o6r'1, und,plouv nipcra rou iSrou ei8oug (n.X. P nipata)

fioD o,vo1rrlpofv ouygr6vrrlg oz16 rqv eodcr rcrr <pOdvouv oe 8rogopearorSg pr6vouq oe

oprop6vo ota0pr6, eruer6r'1 oro)"o60qoov 8rcr<popeorcofq 6p6proug. H rapmi),r1 trrlv

{[rl1c i
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Xp6vov 6u6popr1g onorel"eiror o,n6 rperq r),66oug, fioD cr,vrlotorlofv oe rp€rg

orrcoy6veteg oeroprriov arovcirv 6nroq <paiveror oro onpa 2.11u

A),)"r1 ev6ra<p6pouoo nepintoon pn rovovrrrlg peraBo)"r1g rnq ro?Curqrog rov

oeroprrciov rupdrov ps ro B60og eivar q nepintroon fiou ri raprrqro p6oo oe opro;"r6vo

otprilpro roD sooreprrof qq fqq e),ottrbveror pr to B60og, ev<rl ndvrrl ror rdrot an6 ro

otptitpa out6 q tapirr"ltcr petoB6),).sro,r Ko,vovrKd. T6romg neprntriroerg epgovi(owor

oe oprotrr6vo Bd0q oro pov8rio Kor iorog oro 9),o16, rcaOalq Ko,t oro 6pro pero(ri

pov8rio ror rn-rpr1va.

A

{0t

27.2.12 Ezidpooq otp<irpatog prKprlg talftqtaq otrq osroprK6q axtiveg (o) rcr

awiotorXeg xcpair),eg lp6vrov 6ro6pop4g.

To oplpa (2.12a) no,prordver t6toro otprrrpu ptKptq roptrlrog roOritg Kor rtg

oetoptr6g arriveg evd) ro onpa (2.12P) 8eilver r1v rca,pnri)"r1 p6vrov 6u6popr'19.

llopaalporipe 6u undpler couv6ners orlv KopTrri)"n T : f (A) ror ouveniog und,pler

nepnyfi nou ovoprd(etor ormprl (ritq onou 6ev ova66ovrcr,r osroprK6q arcrivsg.

Or topclreg rrrtv 8roprrlrcrrv Kor rov eyrdporrov rupdrrrlv petapdl")"owor

rotu,rc6pugo, Ko,r opr(6vna p6oo otrl fr'1. 'Onroq 
6proq avo<p6po,pe Kor Tropondvro 11

petapo)"r1 Frs ro pdOog eivcrq yevrrd,, ruol"ri oqpcwm6repq alco rrlv opr(6wrc

petcrBo),r1 Kor yro out6 o tp6nog 6r66ooqg rcDv ostopmcitv rupd,trov p6ocr orn fn

elo,prdrcr, Baorrd,, on6 ttg ol6oerg peta(r5 trov ra,luolrov Ko,l rrov rutrrdtov lcilpou

Ku,r roD pdOouq.

fw va rco,tovorlooDpr, ouv67[rbg, rov tp6no 6rd6oor1g rrtrv oaoprrccbv rupd,talv

oq fn, eivor ono,pairqto vo yvropi(oDps rn perapo)"r1 trrrv rolurflrov rrrlv

(a)

proo

a a
J J
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Xp6vor 6rodpopriq tov mlprixolv xopdt<rrv P, yrc ndwe trpfq ectrcx<ilv poOtirv rtrr pa 6rd<popaq enrrewptxiq cnootdcerq
o16 0.5" og 25"
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osrcprK6v KDlrdrrltv lropou oe Bd0og. To ruopcrrcdtro oplprc 2.13 naprctdver oe

np6rrl npoo6yyror'1 rq peraBo)"r1 trov tagurrlrcDv rcrlv Stopqrolv P rot tcrtv eyrdpotov S

oeroprrrrrv rupdrrrlv pe to Bd0og.

S-  and P-Wave Ve loc i t ies

u r
ou
a1tr
v

L

F.

.zt
g u )
(

tr

v)

U 2000  4000

Depth (km)

6000

27.2.13 Metapoi,rl t<ov tclurr{ttitv rolv 6rap4xrov rcr eyxripororv oeroprrcov xupdttov pe

to P60og p6oc oq fq.

An6 ro oxnpo 2.13 nporuTrrsr 6fl 01 rg?(lirqrsg rov rcupdrrov x6poD oro

p€To),6rtpo pdpoq rnq fqq ou(d,vowar lrs ro Bri0oq oDv€IioS o]"]"d op TpITopo'

5q)"a6r1 peropd)"l"ovror Kovovrrd. Ir4v fiepifiroon aud 6nrog fipoKtiTrrsr 0116 roDg

v6poug qg 6rd0l.ool1g, ot oeroptrfg ordveg nopouord(ouv plKptl rapnul.orqro p€ ro

K0pr6 p6poq roug rrpoq r0 Kdro.

To op1trra 2.13 8eiprer 6n undplouv reprc16q rou eooreptrori rng fqq 6nou q

ra26lqto 5e petcrBdM"erot KclvovtKd pe to Bd0og. Ynd,plouv, trrd),rota optop6vo pd0t1

6nou 11 tolpqto petoBd)"),etor on6totr-tu,. Ito Bd0q outd undplouv oouv6lemg trov

taXurrlrotv. Auo an6 nq OoDv6XeLeq cut6q etvo,t ot o7toD6CI,l6Tspsg Kot yto our6

ovopd(ovto,lCI,ouv61sltg Trporl1g t6€ng.Aut6q olror€l.ofv enr<pd,vewq nou lcopi(ouv rTl

fq oe tpia oulrewpmd otprirpoto,. Ta otprrlpoto outd etvcr o <pl,or6g, o pov8riog rar

o nupr'1vog. (>y". 2.la)

F-Waves (so l id )

I

S-Waves (dashed)
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27.2.14 H Iq caote)'eitor ar6 to 9)'o16, to pav66c Kor tov nuprlvc o onofog ltopi(etat

otov ef,orteprr6 rcr socoteprx6 ruprlva (Bath 1973).

H emqdveto, Trou Xopi(et ro ql.or6 an6 ro ttCI,v66o l,6yetar oouv61elo

Mohorovicic, evio n tTrtgdvelo TroD yol,pilet ro pov66o CI,7r6 rov TrDpl1vo l.6yetar

oouv61ew Gutenberg, aIE6 Ta ov6porCI, rov s7[tornp6vrov fioD rtg ovoK6],uvov.

O r'1ruetportr6q g)"odg onorel.€frot on6 tpio o1e66v op(6wro orpopCI,ro. To

ovci)rspo an6 autd efvu,r 6vo Lenro orpolro, fioD o,fiorel,eitar oru6 (rlpotoyevrl

Trrrpd)po,to, rcr l,6yetor r(rlpotoyev6g otpritpa. Kdtco ort6 aut6 wupyet ro <lpouttr6

orpritpo>, ruou nrlpe o1v ovopooio ounl on6 to yelov6q 6tt or taprrr1teg 6d6oor1g tcov

rcupd,tcov lcrrpou p6oa oe out6 61ouv ntrr6q rotd npoo6yytot'1 foeg pe cuteg nou

npoo8ropioOqrov fierpolrorlKd oro ypoviq. Kdrrrl un6 ro ypovrttr6 otpiopo undplet

ro Boool,trr6 orprrtpo, p6oo oto onoio or ntrr6g tov roguttlrov trrlv rcopdtrrlv ybpou

etvat toeg nepinou pt rtg np6q totv tolpoltrov sutd)v p6ou oe n6tprotrro Boodl"tl. H

enr<pd,veu nou lolpi(fl ro Tpc,vrm6 oz16 to Boool.trr6 otprbpu )"61etot oouv6lera

Conard. O roredvrog <pl.orcq 6ev 61et ypovtttr6 otpio;ra.
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O pav8riog apyi(et on6 t1v aouv6leru, Mohorovicic rcu,r <pOdver ptxpr ro Bd0og

rav 2900 Km, 6zou Bpiorcetar q oouv6lers Gutenberg. Xto B60o9 rcov 900 Km

vn6.pyet 8eureprlg xslng u,ouv61eru,, nou eivcr Tvood osv oouv6leto Reppeti rur

yoopiL(et to pav66a otov ndvro pov8ria Ko,r orov rd,rro pov66o. O pov8riaq o,fiore}.eiror

Baorrd on6 rruprttra aXara,6ncog eiva,r o ol.rBivqg ( Mg2SiO4, Fe2SiO4).

O zrupqvog apyi(et aru6 rqv enupdvero Gutenberg rcar <pOd,ver VtXpL to r6wpo

rng ftl€ (637I Km). Aut6g 8rarcpivero,1 ot e(roreprrc6 ruuprlva Ku,r or eocotsprrc6

nupt]vo VEXpL ttlv oouv6lero Lehman. Ta eyrdporo ruipoto, 6e 6ro6i6ovrd,1 orov

e(coteptr6 mpr'1va. Aur6 poptupef 6tr o e(roreprrcoq nuprlvcrg Bpioreror oe uyp(

rcordorooq. Iqpspo, nroteriero,t 6a o rrupqvog c,zrore),eitar rotd, rripro l"6yo oru6

oi8qpo al,).;a nept$(fl Ko,t evrrloeq tou or8rlpou tr-re e)"o,rppd ororleio (o(uyovo rar Oero)

oe noooor6 8-10%.

2.3 ETIIOANEIAKA KYMATA

To enr<povercrd nipata onore),ofv n1 ouv6lercr, TcDv eyrcd,pororv S - rupdtcov

lcirpou. Tu rcripo,ru autd nopd,yovrCI,r rovrd otqv enr<pdvelo rt1g fr1q, enedr1 or

e),ooar6g r6r6rqteg tou <pl.orof 6tu,<p6pouv oqpo,wmd, aTEo xrq e),ootrr6g r6r6olreg rrlg

u,tp6ogatpoq ro eyrcd,poru, miparc, 6e 6rCI,6i6ovror oe peuor6 p6oo. Avo,yrootrrcd

l,orrc6v perotp6novro,r or sfirqo,vsroKd tcr5paru,. To rripcrro, ourd, 61ouv n1 trurcp6repr'1

tuybr1ra ozt6 6l"a ro ostoprKd rcripato avd) 6rCI,6i6owcr p6vo oe ot6peo u),rrd,. To

rupr6repo ef6r1 toug efvor rc rcfpru,ro, Love, ro rcfprctu, Rayleigh Kor ro rrlpo,ro

Stonley. To, re)"eutu,is u,rcol,ouOoriv enrgd,versg a,ouv6leuq ru,r 6ev 8rorcpivovtor

er5rco)"o or4 oe1oprrc6g ovoypog6g.

Tu, rfpoto Love ovopdotqrov 6tor ener8rl npoB),6<p0r6o,v 0eroprlard a,n6 tov

H. Love to 1911. Kotd n1 6rd6oor1 roDq ro u),md orlpeio rou;r6oou ru),avtdrvovtu,r

nu,pd),)"r1)"a lrs rnv enr<pd,veru, tou e6dgoug, o]"]d, rcd,Oers og Trpog q 6reri0uvoq

6rd6oor1g tou nipctog. Kotd sur6 tov tp6rco 8rlproupyor5v n),euprrc6g ;rerorcwfoerq

qg ent<pdvslog roo€ e6d<pouq. To rcriporo aucd eivor roppcitg ypopprrcd rol.rrrp6vo,

6111.o611, 61ouv rco).d ra0oprop6r.q 6reri0ovoq ro).6vroror1g rar 6r66oor1q.

To 8eftepo ef6og tTrlqu,vetoKrrrv rcupd,tcrlv eivur ta rrl;.rarc Rayleigh ( ro

uvarcdl.uye to 1887 o Strutt Rayleigh ). Kord q 6166oo11 surcDv tcov rupd,tcDv ro

u)"md, orlpeia tou e),cott.ori p6oou rrvofvror oe e),),erntrrc6g rpop6g rcov onoirov or
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psTdl"or npd€ov€g eivur rcotor6po<por og fipos q 6wr50uvoq 6t66oor1g roD Kulro,rog

eviD or ptrpoi nopd)')"r1)"or. Ars6i6ovro,r oro, eTtrgoveto,Kd otpiopcrto q€ fnq Ko,r yr.o ro

l"6yo uur6 6ev ep<pcrvi(etur rco06),ou or oeropor5g pe Ba0rirepeg eodeg.

Ta entgovstord rftrrota ( Xf. 2.I5 ) rcvofvtsr nro cpyd ano ra rcri;ra,to lritpou
( P rcrr S) o)")'d etvor nro KoroorprTrtrrcd, r8raitepo rcr n5proro Love, ro onoiu eivor

oulvd uner5Ouva, ytu, Tljv ratdppeuol rcrrv rcapicrtv.

I"ovt lv{rvf,

#

Rayleigf i  wdv€

.:.),;;:::.,- . ,.
. i

" 
-.r,!

.-irX"
,.dr,

" -..:l

'  . . 1 *. : . ]
s

-+i'i{j

{ }

2y..2.15 Eagovercxri xfpcta Love ror Rayleigh.
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3.E=ANATKAEMENEE TANANTOEEIE ENOE BAOMOY
EAEYOEPIAE.

Iav e(uvo,yrcoop6r,'r1 tcrl,d,vtoroq, IopoKrqpi(eror n Klnon nou ertel,€i yevxd rd,$e

el,u,oorc6 p6oo, 6to,v crut6 unopreofror vo rrulOei ano rcdnoro petcrBal,l,6pevo e(o:reprrc6, r.1

eocoreprr6 oino. To aitro aut6 ra),eircr Sdyepon Kot pnopei va eivcr prcr peraBo),)"6pevr1

6rivctrrr1, 11 6vog e(avayroop6g oe pero,Bo)"),oFreq p€ror6nrorl ev6g, 11 rceprooor6prov oqpeirov

tof e),uotrrof p6oou. Or a(rotepmd 8wyerp6peveg rcl,awrboerg urcobturpofvror oe 66o

peyd)'eg opd6eg. Ing napapstprrcd 8reysrp6prevsg Kor otrg 8wyetp6peveq p6oro rd,norcrg

ouvupt4oeog ftop€vo/"r1oecog F(t). Avd)"oyo pe rq poor1pcarcr1 popgn qg ouvapc.loerrlg

nopevo$"r1oeo4 8urpivovtut t6ooeprq roqyopieg e(avuyraop6vrov rol.owriro'eov. Or

tol,o,vtriloelg pe oppovtrtl, pe neprc6rrr1, onepro8rrrl rcar o1e66v nepro8rrcq 6r6yepor1. Kar oaq

t6ooeptg rcaqyopieg tcrlv e(ovo,yrcoop6vrrlv ra,),ovrritoerov p6orrl ouvapnloeotg

napevo/'r'1orog, n KwIoq tnS pr11cvrrcr1g 8rcrd(ecog neprypdgetor pe rnv nopordrcrr

8eutepoBd0prc pn opoyevq 8ragoprrcrl e(iorrloq ps otaOeporlg ouwe),eor6g

(or).r1poypappmr"l):

i l  t  ,  - /  \mx + lu '+cx= l - \ t )

H 6woro trov 8rd<popcov nopcp6rpov rqg ol6oerog ourng yiveru,r rorovorlcl pe tr1

porlOeto rou noparcdrro oplporog €f.6).

F ( t l :& r i ycgan

rni : o6povcroxq 6uvoPtl

ki : 6uvogq onooPd,oct^1g
c r :6 i vopq  i t r o rqP iou

11.6 xuppol"ropoi yra fllv Trsprypoqq elcvcryxaop6vqq tal"riworoqg ypcpprrof povtflou sv6g

pc0pof eleoOepiaq

*t

I
i
I
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3.1 ANAAYTIKH MEAETH THX ATIOKPIEHX MONOBAOMIOY

TA ANTOTH EE APMONIKH EEIEMIKH AIE|EPXH

Mro ruorcrcrlp6r,r1 el,ooorcr1 )"dtrro q onoio orTlv KopD<pr1 <p6per u)"rr6 orlpeio

ouvo)"mr1g pd(oq m, trrnopei vc Oeroprl0ei og rupooopoiroorl purg rsfwKrlq rotaoreurlg

Ko,l Trro ouyrerprp6vCI, Orq ev6q u6at67rupyou (Ex. 1), un6 Tllv rupo0n60eor1 6T1 r1

rcu)"rv6prrr'1 8e(opevrl orlv KopD<pr1 rou, 6ev un6rcerro,r or rueprotpo<p6g yDpo oTro

opr(6vtro 6(ovo (llcrruorcodwoo 2002). H ev l.6yo npooopoirooq yiverar arc6prr1 nro

arprBrlg, ov Oeroprlooupe 6n :

t l t = t / t , + 0 . 2 3 6 m , ( l )

611)'o611, ov orr ouvol"rrcrl pd(o rou u)"rrcori oqpeiou oupnepr).d,Boupre Kor n1 prd(a rou

npoBo)"ou orrlpi(ecog 11 onoio pnopei vo pnv eivar ope).r1t6o (Avaotaord8rlq 19838).

xt.1

Ie 6fl oro)"ouOei 0o ps),etr1ooulrs rTl 8uvopxrl on6rcpror1 rou nopo,nd,vrrr

povoBd0prou rc).cvtcon1 oe prc e(crlreprrrl appovrr( 6r6yepor1 rr1q pop<pr1q :

F,, = ArTpd)t (2)

" 
Fe€ neprypd<per q 6r6yepon TroD pnopei vo nporc).q0ei. o,no 6vo appovrr6

oetoprrc6 rfpc (t)droug A rcr rcurl,rrcr1q oulv6qroq Q ) oe rdftoro oqpreio porprd

on6 ro enirevtpo rou oetopoti, 6tor crrote va 61oupe p6vov opr(6vaeg petotonio'erq

qg teprrrl€ KorooK€Drig (Avao'ro,ord6r1g 1989, llonoeaXoq lg97).
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H erui),uor1, pe ovo),uorc6q pe0o6oDq, filq 6ro<poprn'1g e(iocrloqq nou rueprypdger

t1v on6rplon rou povoBd0prou tol"ovtrocl 0o pag 8ciroer n1 lrovmq outrrnepr<popd,

rqg onorcl"toqq roD u)"mori or1tr^Leiou crru6 rqv rarorc6pu<po (x(r)), rog ouvdpfl.lor rt,lv

6uvc prrritv Xs poKrn ptonrrbv q g teryrrcr1 g rccraoreurl g.

Xtqv e(olteprrcrl 8rlvoq Q) owr8poriv 6uo 8uvdperg TroD o<pei)"ovror ota

teXvwd XopoKrqplottrd qg rco,raorceur1g. Aut6q eivor :

i) H 8uorcopyio qg rcaru,oreurlq:

F : k . x

q onoic eivor uvd)"oT1 qq trretdOeorlg pe ouvte),eorf1 ava).oyiaq tov ouweieorrl

8uorccrpyio€ k o orcoiog ouv66ersr dpeoo lrs rnv r6ronepio6o e],eriOepr1q to,]"dvrcoorlq

qg reprrrlg rcotoorceurlg :

To  =2n

ii) H on6oBeoq rqq rcotcroreurlg:

F ,  =  C ' x

q onoiu eivur CI,vd)"oyrl alg roxDrnro,g perdOeorlq x'(t), trre ouvte)"eo.r1 o,va).oyiag tov

ouvre)"eoc1 cnooB6oecoq c. O ouwe),eorf1g cur6q e(aptdror un6 rqv rrcav6qtu, rqg

rcotcrorceurlg vCI, oTroppo<pd ev6pyera 6tav rpayparonolei toldvroon ps e),aoTlKl]

napo,p6pgorol, el"crrrirvovroq ro rul.drog qq tol"dvroorlg 6oo trreya),urepq eivor 11

ttptl tou. Ynupyet pro atr^n1 ToD c ylo tr1v onoiu, 11 reprrrl rcura,oreurl enov6pletar orq

(3)

(4)

(s)

06o11 roopponiog orov oDvropr6repo 6uvar6 pr6vo. H ev ),6yro uprl ovopd(etor

ouvtel"sonlg rcpiorprrlg un6oBeoqq rcar 8iversr crn6 q o16oq :

T.E. i .  I I i ' t s ' t lN
lj I lt t,:/-l-i rr ) i I i\. fJ

m

K

cr = 2mao (6)



.F2r
onou a.r6 : 

l;: ; 
eivcrt 11

ouvtel"eocl oru6oBeorlg rpog

no,pdyovtog crn6oBeoqg :

rcurcl"rn1 r8rocrulv6qro rnq rorcorceurlq. O ),oyog rou

rov ouwel.eonl rpiorpqg an6oBeorlg ovopd(erar

(7)
r _  c

L L

rcut, ov6).oTo ps qv'pr1 rou, I aru6oBeor1 lopar'1pi(srol og toXDpI (./> l), rpiorpq
(./: 1) rcor a,oOev1g (./< l).

Egcppo(ovroq rov 0epe),rrb6r1 v6po rn€ 6uvop*r1g orov trrovoBdOpro
rc),ovrron'1 rou X1. 1 noipvoupe :

mx, : ) f  =  F , ; -F ,_Fo )

mx"+cx '+ l g . -F4 )

n ,  c  ,  k
x - f - x + - x

m m

KCr,l ps B6o1 toug napondvrr: oprotrrorlg :

xo+2Ja rx '+ ro '

To 6uvoptr6 orioalpo, TroD trre)"eror5pe 0o rdver ro)dwrrlorl p6vov erp6oov

onooBeoq eivor oo0evllq, 6ql"o6q oqv nepintoto.q 6ruou :

J<1

Zrqv nepinrrool aunl 11 )"r5or1 qg e(iorrlons (g) unote)"eirsr cn6 6rio p6pn :

*Q)= xor t xu,p

x,r11 l"r5or1 rrlq olroTryorig e(iorrrong Kor

(8)*=Lr*
m

(e)

(10)
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xp€plLLa peprrcrl )"uor1 u19 n)"r1poug e(iocooqg.

Oo Bporipre nprirro rqv ),r5or1 xop (t).

H opoyer,rlg 6ru<poprrc1 e(ioroorl TroD o,vtrororlei onlv e{ioororl (8) ypdrperor

onl poprprl :

x o + 2 J a o x ' + a o ' x = 0

rcor enr661sto,r ).r5oe4 rou rfnou :

x = eP' (12')

6noo p n pi(o roD XopoKnlprotmor5 no),urovripou rnq e(iooorlg (11), to onoio

rcpor6nrer og e(r'1q :

( 1 2 )  =  x ' =  p s P t  =  x ' -  p 2 r n t

rccr u,vtrroOrotrrtvtcg oqv (11) nuipvou;,re :

p2 eP' + 2Ja4peP' + aot e'' = 0 =

I  -  . \

tn ' \p '  +2Jaop + o4 '  )= 
g (13)

Eruer6r1 06)"outrre 11 e(ioororl Q2)v'u,zrote).ei ),uor1 qg (11) yro rd0e povrrrl,

0a np6ner :

P2  +2Jaoprao2  =0  1 r+ ;

q onoia va unotel"ai to ev )"6ycrt loportqprotrrc6 nol,ucitwpo.

E(erd(oupe rq 8ro,rcpivoDoo, roD tprcvripou :

L = 4J2 oo2 - 4oto' 3 A = +aot (lt -t)

cn' 6nou pe rq Bo(0sn rrlg (9) nporcrinrer :

( l  l )

F : .1 .  1 : f : - i '  i 'QN
8 l i l 4 t3 . )  i l  ! . J  KH



a:  -4a02 ( t  -  - r ' )  <  o (1s)

Apo, n e(iocooq (14) enr66lerar 6vcr (euyoq ou(uyrirv pityo8mrrrv l"rioecov, tqg

popqng:

-2Jcoo + i2oorl11a'z

Pr.r= - Jato liroJl7 (16)

Ev t6),cr" opi(ovrcq :

@,t = uo.tl l'

rqv rurc)"rn'1 oup6olta pe an6oBeoq, noipvoupe :

Pr.r: -Jao r ia,

'Eror, 
or 6rio )"r.ioerq qg s[ioroong (11) ypd<powar otr1 poprptl :

(17)

(18)

K0.t

" '  

( / )  =  , \ - ra r '+ ia t ) t

x, (r) = ,(-la' '- iat)t

( l9a)

(leB)

evrir 11 opi(ouou, Wronski TEou ovrlororlei o' aur6q 0a eivsr :

I

,  =l '- ,  
' - . ' ,1= 

*, 'x ' ,  - xz'xl = preit+P)t - prs(n'*o)'  = (p, - or\n(n'*i l t  -
lx r  xz l

wQ)= -2irm(p)rzx*nt' (20)

llopoqpor51re 6tr, e<p6oov ro qovrooaro p6poq rcov 6rio pr(cbv eivar 8rdgopo

rou pq8ev6q,

_ - 2Jao t ^l- +ao'(t - r' ) _
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Im (p) +0= J  + l (2la\

61oupe:

W(r)+ 0 Vr (21p)

Kor or 6rio l.rioerq (19) eivo,r ypcrpprrcd, ove(6prnrt€. Kotd ouv6Trtto, ot

ouvoprqoerq (19) u,note)"ofv p1o Fdon oro lorpo trrtv l"r.ioeorv tqg opoyevofg

6ru,<poprrrlq e(iooroqg (11) tqq onoiu,g q yevrrcrl ),r5oq 0o eivor 6voq ypopl.rlKog

ouv6ucrop6q rrrlv e(rorboecrrv (19) pe otcr0eporig ouvte)"eot6q :

xop = Cf(Jto1,+to, , ) r  + c2e(Jq' - t@,1)t  Q2)

6nou c1 Kor c2 eivor ou0sipereq pryo6rr6q oto0ep6q. Iqv nepintroorl crDrn, 11 e(ioioorl

(22) avakbsrcn crlq clrol"oriOcog :

x op = e-Jt"' ("r ' ' tn' r c re-' '" '  )

Ko1 pm Bdorl qv taut6rqtd rrov Euler - DeMoivre :

e. 'Q = ouvQ!irtpL

f iq,lpvoDlrt:

xo,: e-r'u'lcr(ourrut + irytrout)+ cr(ouvotut - irTltaut))=

= s-Jq't (c, + c, )ouvaut + (ic, - icr)r71taotl

rccn e<p6oov or c1 Ko.r c2 oftore),oriv ouOoipeteg pryu6m6g oto0ep6g, ent),6ycrt A ror B

6tor rirore :

/  \  - r h , r

r"uQ)= s-ro1'r (Aouvatut +Br.7patut) (25)

pe A, B e !1 . Iqv nepintcoorl oDc1, I e(ioroorl (25) pnopei va ypo<pei Ko1 orn popqn :

(23)

(24\
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(26)

orqv olroic 06tovtoq :

(27a)

K0t

oPS =

rcorol"r1youpe orTl popqi :

r"r(t):  s-ro)'rJAt + B2 (ouvsouvo,lt  +r\psr7trta4t)=

,.oQ) = s rotl fi-a1 g1', v(rort - g)=

*,uQ)- De-t'uu'ouv(aut - s) (28)

6nou : p={p,rg rcCI,r g =ttt*(*) ,iuo, auOoipeteq npoypaurc6g oto0ep6-c

rcou rcu,0opi(owor un6 ng opprfq ouvOr1rceq.

(27F)
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Trirpo, Tur v0 Bpoupe Tl1 1evrrcr1 ),rion (10) qg 8ru<poprrrlg e(iocoolg Trou

rceprypd<per trlv on6rpion rou povoB60prou tul,svtorl orq 6r61epor1 tou crppovirori

oeroprrof rc5potog (2) ypew\6frCI,ort KOt ptu peplKn l"riorl tlq e(iorooqq (8). Auto

pnopei vo enrteulOei ;.re 6uo tp6nouq :

o) @orvopevol.oymd : Me B6o11 rov crppovtrc6 lcrporcdpu rqg e(coteprrcrlg

6roropcp1q (2), rydpor ylcr prCI, psplKn ).uoq rr1g popqnq :

x*p =f ry6)t + a'ouv{)tY (29)

r1 onoio 0o np6ner vcl tKclvoTroui tr1v eliocr:oq (8). Arol,or50olq :

x'u,o = {2f ouvQt -f)Lr1$)t =

xou"o = -atf rt6>t - {22 Aoul{l.t

rcsr cvrtrccOrotrrrwo,g otlv e(ioroon (8), naipvoupe :

- atf rtttr>t - e)2 A,ouv{l,t + 2Jao(Qf ouvQt - A\r71tr>t) +

+ ,o'(r r76)t + LriDv{>r): 
;ry6)t 

-

[- 
t 'a -2Jatot)L.+ ato'r -*)r*,* (- ei ' l  +2JatoQf + ro'a,pur{>t = 0

rcur raOrbq 06).oupe 11 psprrcq hion (29) vo 61et v6qpa yrcr rcd0e lrovxt1 orlYpn'

nportintsr :

(ro' -o'F - 2JatoQL = L

2Jizot)r *(ro'-  a'b = o (30p)

6r1)"o6q 6va a),yeBptr6 oriotqpa 2 x2 pe oyvcootouq trg oto0ep6g f rcor A. ftu vo 61et

ro napanavor orSoclpu )"foerg, 0u nptner 11 opi(ouoo rou vcr eivur 6rd,<popq tou

prl8svog :

(30c)
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, = l(*' 
-o'),-,.tr,?l+o=

| 2JotoQ \ri - A' )

D= ( ro '  -O ' l  +4J2a to2e l2  +o

nou roltrer yro rcdOe trpq tcov nupop6tprov fllq rs1vlrct'1q ratooreurlg. Arco)'ori0roq :

A - 2Jatr{)
m
0 coo' - Q'

6i -o'l * 4J'roo2e'

(ro' -n')4
m

Kor:

l,i -a' 4l
I ztr,a fl

A_

(rr ' -o' l * 4J'ato'e|2

- 2Jatr}4
m

(ro' -o'l * 4J2r,to'Q2

Kat' ovol.oyiu p' 6tr rdvope yro vo e(dyoutrre qv e(ioroon (28), 0a 61oupe :

xu,o =f ry6)t + Louv0t >

r D.,

D

( r r t  -O' l  *  4J2rr ;o : { )2

D,,
A _  v  _

a - - -

D

(32a)

(33)

(32p)

evio, 06towu,q :

rypou=+
r/f' + a-

(3ac)
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KCT1 :

^A
OUVAu = ---

l/f ' + a*

ev r6l"s1q s€iocrloq (33) ypdqercn orn popqq :

x *p = "[f* E lrlltO rnl{)t + ouv7 rouvatl=

xo,p = nuouv(at - er)

6nou, 61oupe 06oer :

(34p)

(3s)

t,Alffi
\ n ) "  "

==

A

n - m
u T

{(rr '  
-  a'f  + 4J2 ao)Q2

(36)

ou = ro(e|l= ro(eQI# (37)

Etor, q yevmrl )"uoq rrlg e(ioororlg (8) ypd<petor coq e(r1q :

r(/)= De-r 'u'oDv(ro, - s)+ Duouv(at - er) (38)

6nou, or ouOoipeteg otc0ep6q D rcat 9, 0o rcu,Oopi(ovtor rdOe {popd on6 trg oppr6g

ouvOrlreq.

49



B) Ooppo),rotrrcd : Av or e(rorboerq (19B) rcrr (19B) onorel.oriv pro Bdoq rou

lcopou rrov ).r5oetrlv qq opoyevorig 8ro<poprrrlg e(tocoorlg (11), tote pu pepxq l"fotl

tqq ovdotorplg ru).r1poug (8), 8iverur crn6 tr1 o16o11 (Mlr6(qg 1986 ) :

xu"o:*'""ffi,'

'Onou:

io",(') 
(4oc)

Kor :

(3e)

6nou or Pi Q:1, 2 ) 8ivovtar an6 r1v e(ioroorl (16), evrb I4/1(r) e|vut, t1 opi(ouoa

Wronski ruou nporfTrra ov orqv frrppoon rnq W(r) avnrwuorqooupe qv i- oqlq

te _ 
.1 

"Ft rn oq^n 
I a fd 

| 
0Ko^ouu(l)q :

Lml

x *p : r n"' ffi r + e P" 
{ryr rrt t

(40)

lo  en" l
w,( t )= 

l_ l  a,  p,ep. , l= 
- r" '

l n l

I  e 'o
w,G) =lo,,,o 0l  ,

1 , l -ePr  
'  

4 . ( r )  (4op)
- 1 t ! . 1  

m
m l

evirl, on6 trq e(rorboeq (20) ror (18) TrpoKDTrta :

W( r ) :  -2 i  lm(PP2Re(P) r ' '

'Etor,

W(r)= -2iaoe-2r*" (41)
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ryo_
w(,) 

-
1

_ ,-2. lu.r 
' r",  t  

Frr(r)

- 2iare-2J'*r

(42a)

(42F)

Kcr pe 6poro tp6no :

ry&)
w(') - 2ia4e-2t^"

W=-#F'E(r)e''o''

Me rn Borl0era riu:v (42a) ror (428) q e(iocoorl (40) ypdgeror orn popgn :

r - . r a , -  
t  

" l u r  
t  ^ J a r

x *o = e\ "* ' tut '  
I= F,r(t\s-" ' ' '  dt - et t@ to')t 

I= F,r(rp' '" dr =
"o ztalm o ./.talm

t - ^ - . h o , t * J o . . r  t  ^ - J a , , t - J a , r

= [:.  Fe((rp' ' , ' - ' ' , 'dr - lL_ Fe((rp-'", t-t@,r 6]7 -
6 zr(Drm i zrorm

x o"p :t+ , lF,r(rY-t'"(rt)Qta"'(r- ') - r- 'a(t- ')\p, =
zto,tm ;

w(r)

-i- lr,r(:rk-' ' '( '4drlorrruQ - t)+ irTtrtatuQ - r)- ouvadQ - r)* irtpato(t - ,)]
2iaum

) x,"o = I 
lr,r(rY-tr,(t-')77trtat7Q - r)a, (43)

oam i

H ),r5or1 @3) n onoto eivsr yvoonl oq o)"or),(propo roD Duhamel

(Avaotoordfug 1983o), ouprcintel pe rn yevrrcrl )"uor1 rqq e(iocoorlq (8) orn nepirrroorl

torv prl8evrrrbv opprcritv ouvOqrcritv, 6q)"cr6r1 erp6oov x (0 ) :0:x' (0 ) I
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Enovepl6pevor orrl <pu,rvopevo)"oymr1 )"r5oq (38), 0o, pe),sn1ooupe rK

ouvOr'1reg ouvrovrcpof tou ur6 pel"6n1 8uvcrprcori ouoalporoq (u6crt6nupyog Kol

appovtr6 oeropm6 rcupo). Qg yvrrlor6, n qolopsvo)"oym( )"uoq ypd<prror orq popqn:

"(/)= 
De-"u'6Dv(ru - g)+ Doot,v(Qt - 0u) tl+ol

'Onou:

-M (44p)

Ku,r:

A

mDt,

ou = rotcd\#

llo,paqporipe 6tr 11 yevxrl ).rion (44a) anorel"eitar an6 6rio 6pouq :

ou1v6n1ta rqg rv

4 r (

\

(44y)

. O npcrrtoq 6poq (nou eivor 4 ),rior1 tqq uvdorol1nq opoyevorlg 6rogoprrcr19

e[iocrroqq) neprypd<per n1 8uvapmrl oDpTreplgopd rou e]"doporoq orq crnot6]"eolro rov

upprrbv ouvOrlra;v Ko,r roJv Xu,poKrnproorcrirv rTlg reprrr1g rcotooreurlg. Aev

enrlped(etor ru06)"ou on6 rqv e(orrepmr1 8uvaprl F,{t). flpdypatr, n rcur}"rrcr1

).r lor1q (rr=ro^ft- ')  e(cprcrar povov crno rTlv

Erurn),6ov, napr)"u,pBdva rov opo e-ror. nou reiver ypnyopo oto pr166v rcu,Orrrq nepvd,er

o 1r6vog, r.,paypa nou orlpaivsl Trog q ev )"oyr,l oppovrrq ro)"d,vtcoor1 u,nooB6vet

TpnTopo rct norler vo noi(er evepy6 p6l"o otr1 6uvo;.nrcr1 oDpzrsplgopd qg relvmqq

rato,oreurlg. A(i(er 6e vo orlperor0ei firllg, ornv neptnrroorl prl8evrrcrilv cpprrirv

ouvOqrrbv, 4 ),uor1 a,un1 yiverar pr166v. fro toug l.oyouq ourorig, q napandvo rcivqorl

ovopd(etat <trretaBcnrcr1> rar 6e 0a pog onoolol"rloer rceporr6pc'r.

T . E . : .  : l - - - i  r Q N
l 1 5 B ' l l - ; t i " r '

),oycrr



. O 6er5repog 6poq qq e(iootonq (aao) eivcrr prcr oD\rlprrovoer8qg ouvdprnon

otcr0epori n),d,roug (D), \ onotcr anote)"ei qv on6rpron rnq reprrc4q raroorceur1g

otrlv e(cotepmr'1 6r6yepoq Fr{t) rcor ra}"eitcrr <nopu,prlvouoo rcirqorl>. llopotlporlpe

6tt t1 rurc)"rrcr1 oulv6qro rnq fiopop6vouooq tcr)"d,vroroqg eivar iorl pe oDd rng

e(ortepx(g 6uvapqg. To nXurog rll€, 6pcoq, efo,ptdror ano o)"eq o1e6ov 11€

nopcp6tpoDq TroD XpqolpoTroqoupe [B]"6na e(iocrroq (44P)1. To yeyov6q auc6 61er

r8rottepq oqpaoia oa1 neptntool roD ouvrovropou. O ),oyoq eivor 6n 4 nopcrndvor

rivqorl nopo,pdver avu,),).oirorq 6oov rcorp6 ouvef(er vo enevspTei n efcorepmri

6uvupr1.

Xrov ouvToviop6 61oupe peruqopd evfpyeroq un6 tr1 osropmrl 6r6yepor1 oalv

relvtrtl rcoru,oreur1 pe o,not6l"eopo rrl peyrotonoiqon roD n)dtoug ta)"dvtcoorlg rqg

te).eutoioq. H rv )"6yo pero<popd, ev6pyerc,g eivCI,r ouvd,pqorl rng rcurc),rn1g

oulv6rqtag O ror Be)"aotonorsitor yrc np6q rou Q rowd oalv r6rcoup6qto (rr;p)

'rou ro)"avrcop6vou ouoclpurog. T6te ro D, yiveror p6yroro. fro u1v ovcl"utrrq

pe),6q rov 7rcr,po,fidvcrl opi(oup€ rlv nopdpetpo :

ror erctppd(oDp€ ro D, ouvcrpcloer rou 1".

Du=

tffo' - e2J * 41' ,o'el' M

(46)

llcrpaqporipe 6tr ro nl"6toq rqg nopotrr6voDooq ra,)"d,wotoqg e(optdtcrr cru6 to

,1. peyrotonoreitCI,r 6tav o Ttopovopoonlq yiverar el"dpotoq. Avo(r1ror5pe l"orn6v rt1v

trprl tou )" nou e).olrotonorei n1v unoppr(q noo6rqro qg eliorooqg (46). 'Eror

(4s)
o

A = -
0)o

A

m

A

m +
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@(1): ( -s} f  ++J ' t r '=

,  /  .  \ .
O(/ )=  ) ' .  +2 \2 .J '  - l ) ) '  +1

min. Aur6 oupBcliver ercei

(47)

prl8evi(eror 11 nprilolo7[ouKu,r onourofpe: O(2):

nc,pdycoyoq qg O(2) :

@'(2)  =4) ,3  +qQt '  -1 )2=o=

@'Q) = 41W - (t - zt' )]= o =

(i) Av )" = 0 -+ O(Z)= max rcar 6ev 0u ;.rug angolol.rloet.

r -
(ii) Av )" = +tll - 2J' -+ (D(2 )= min rar eivut orcprBrbg q rllrn nou ydpvcrpe,

ps rnv ezrrrpril"o(q 6tr :

1 -2J2  >  0  -

0<r <+
"12

frs ro ouyrerprp6vo 6rdorqpro aprbv qq nu,pop6tpou on6opeong (ror p6vov

yro our6g) q ouvdprlon O(;) el"olroronoreirur 6tuv :

Enr)"6youps rn Oetrrcr1 pi(u.

ruopu,p6vouoaq rol"dwcrrorl g yiveto,r :

(4e)

Iqv nepinrororl oDd, ro nXarcg rnq

(48)
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Kol lrs tq Borl0era rotv ol6oecov (6) rcor (7) naipvoupe ev t6].er :

A

c@o
(s0)Du= = max

JJ

OTCI ,V:

(s1)

H r8roougv6qto uunl eivar )"iyo prrcp6teprl on6 r:||v @o rnq €€dovrreup6vrlq

nepinrcrtorlq rcrtd rqv onoia 6ev und,plouv tprB6q.

3.2. TO OAIMA ATIOPPOOHEHE IXXYOE

frcr va ouvtlpqOei 11 e(ovayrcoop6r.q tul,dvrcoorl oruoppo<pd ev6pyeru, an6 r4v

o6r1yo 8uvcprrl (oppovtrrl oetoprrcr1 6r6yepor1), cirore vs rooorce)"ioer r4v ev6pyao 7ro1)

y&verat ),6yro trov 8uvdpecov rpfrq, rrov onoirr;v poKpooKo?mq 6rc<ppcorl oruore).si o

ouwel,eocrlg on6oBeoqg, c.

O puOpoq Fs rov ozroio oruoppogdtcrl n €v ),oyco ev6pyero, ovopd,(eror ropig

anopp6<pqorlg:

(s2)

Kot o uno)"oyrotrr6g rng eivo,r r8roirepa orlpowm6g Tro rov ro0oprop6 roJv

XopoKrnplonrciov prog telvrrcr1g KorooKslJrlg. llpdypott, trretd trlv oTroKordoroorl rrlq

otaOeprlg rcutd,otooqg 6nou

t(/)= Drouv(Qt - e,) (s3)

, -dE
I  - -

dr

T  E .  . 5 f  E r i  ' i " ' ( JN l
-  q l i { n  i - J \  ' i $ r H

t6oo ro nLarog



D u =

ooo Ku,r I qoon rqq rqovoyK0opr\,'l1g ro^CI,vr0)olg

A

m

-O- I  +4J 'a i { l '
(s4)

(ss)

(s7)

(s8)

0, .=ro tedQ' - ' i' 
2Jat"{)

npoooppo(ovror 6ror rrrote q p6on rogig nou rorava)"rrrvrror or r60e rcurl,o v'

ovtrotcrOpi(er,an uno aucl nou npootp6petor on6 cqv o6r1y6 8rivclpq.

Ener8rl n ro1ug 7ro1r npooq6peror aTLo pro 8rivaprl roo8uvutrrei pe olv

npoo<popd, 6pyou otq povd8o rou 11r6vou, n ro1Dq TroD ftpooq6peto,r an6 qv o8qyo

8uvopq eivo,t ioq irs ro yrv6pevo t1q (o6r1you) 8uvdpecog eni rnv roxurnro rov

tol,o,wrboeov orn oro0epr1 rccrrd,oroorl. llpdypoo:

=Fu
(s6)

o_dE  _dw  _  rd ,
dt dt dt

o7[oD:

Kcr:

F:Ar1tr"rOt

":#=-Dveryp(ar-e,)

q toXtitlra cqg tcrl.d,wooqg orl oraOepr1 rcu,tdoro,or1. Xrnv E(iocoorl (58), ro peiov

eivor ev6errcnrc6 rnq olroppoqlonq lo1Doq crn' ro orlon1po, evo to ru),drog qq

roxDrnrc,g 8iverCI,r afio rT1 o16o11 :

U, = D-{2 (se)
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Me q Borl0ercr tcov e(roo:oerov (57) rcot (58) t1 eltorooq (56) ypd<percrr on'l

PQ)= -u,(Ethp(at - e.)ArTpat (60)

Ava,nnlooovrcrg ro 6propcr (at - e, ) tou q;.ritovou, noipvoups

P Q) : -tt, (a).llr1 pat o u v 0 * - o u v{)t r7 p 0 *\1 pat =

^ /  \
P Q ) = u, (o)'l ou vQt r7 pQr r7 p0 * - u ̂  (a)'e r7 1t' at ouv g (6 I )

fra vu, Bpoupe rq p6or1 rop F oe 6vuv rcurl,o, 61)'o611 oto p6vo ptcg

/ f r

nepr66ou T:?,np6xet vo unol.oyiooupe to 6pyo nou ruopdystar p6oc oto 1r6vo' f )

prug nepr66ou

, = (k,= ( rQV, ,

Ko,r vo, 6rorp6ooups pe ro pr6vo rnq lrtog nepr66ou. A11]"o6r'1, nptnet vo

Xprl orlrolroq oou pe to ol"orl,r1 po: trra :

1 t
P=1)  P ( tV r

Tx

Erodyovtag qv e(iocrton (61) p6oo onlv (62) noipvoupe:

F = (J ̂(a)'tr71te, :+ f ,rrn,o, - tt ,(a)touvl, . | ( ro'n a, ,utt

En'1v e(iocoon (63) 0o ztp6ner vo npoo6loupe 6tr, I p6on rcXog ( r'1 orcoio

npo<puvo:q 6ev eivut ouvdpn'1or1 tou lr6vou) e(optdtur an6 fil ooxyornru rtlg

e(roreprrcr'1g 8*yeporlq Q. H ev )"oyot e(iorrlorl avol"rietot og arol'oriOcog:

(62)
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* I, ,(apuvo* l'lourzaar

roOri:q Xpn olpoTtouloaps rrlv zo,ur6r4 ta :

ryp't>t=]O - ouv2er)

olrcoq, rog yvo:or6v, ro o),or).npropa rou rlpirovou r1lrcar rou oD\nlpitovou

p6ou, oro pr6vo praq nspr66ou eivor pq66v.'Etor, oqv e(iocrror (64) 16oo o nprbto-c.

6oo rca,r o rpitoq 6pog pq6evi(owur.

ruverurirg, n p6oTl rom)g q onoic npoo<p6percr sn6 rqv o6qyo 6r5vapu1 rar

onoppo<pdrar cn6 rov to).cvtrrral eivoi:

F(ei) = - 
lu, 

(a),,t ouve,

rcrt o<peil"etcrr pr6vo otov 6po rlq rolDrnrog TroD nep6yet to ourqpirovo rnq ycovia-c

0 M .

o 6pog out6g ouv66etur pr ro ofiopporprlar6 n)"arog n1g onotrrdrcpuvorlg, evrit

o 6pog nou pq8evi(erat ror nepr6ler ro 4pirovo rTlg ycrrviog eM o<pei)"ero,r oro

e)'aotrr6 nl"d,rog (B)'. e(iocrror (33)). flpdypoa, n p6on roglg nou ouv66eru,r ps ro

e)"aorm6 nXuroq eivar pr166v, rcaOcog or el"ootrr6q 8uvdperq (e6rb n 6uvu,pr1

enovurpopdg) otrq onoieg o<pei),etor out6g o 6pog, rotd ro rlpnou tqg nepr66ou

ratCI,vu)"d)vouv roItr (apr,qurc6 np6oqpo), evd) rCI,td to d)"},o rlprou rrlg ruepr66ou

rupdyouv iorl noo6crlto rolpog (0etrrc6 np6oqpo). To crnot6l.aopo eivor o p6oog 6poq

oro 1:6vo rng lnog ruepr66ou (p6on ro1ug) vo eivor pr1b6v.

H lo'xlJg TroD rcu,ravsl.6vetar 6ev u,noOr1rer5eru,r oro orroqpu o),)"d

Xpnollrofioreitur anor],erotmd yrcr v' ovooto0pLioer trq anrb],ereg ],6yot tprBritv.

l'!o'.
(64)

(6s)

(66)
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Avflrcgorotiovtugtrbpaocive(ioo:or1(66)toouvtlpitovoqqyolvicrg0*uno

trlv e(iocrroq (3aB) rcar )'opBdvovtog un6yrv poq rq e(roriroerg (32B) rot (36)'

Bpioroupe.

. ra
P(O)= -;U,,,\aV-r;-= =

Z  a v l  - 1 - r l

-2Jco,,Q 
,L/*

^/
/ m

ffi;-, -n1 *ot=r,n

F(ei)= rt,(a)t .
-o ' ) '+4J2a lQ '

rcsr ovttro0rotiowu,q to n)"dtog rng ro1Dnirog on6 tr1o16o11 (59) ruuiPvouPe:

F(o) = A2 Jro.Q2 (68)

*  ( r? , -o ' ) '+4Jza l t )2

6nou pqotponoqoaps Ko,r rn o16o11 (54). Ev ouveleio, 0o uruo)'oliooupe n1

ouly6tqto, qq elroteprrr'1q 8uvopnq Yto t'qv onoia n p6on oTloppoqoupevTl to1Dg

livetut p6porq. fur to ).oyo aut6 snaverocrydYoDpe qv nopdpetpo )' p6ool ttlg

efioroorlg (45), 6r1)'cr6r1

o
2 =::- = e) = )"a,,

o)rt

Arco).ori0o:g, q e(iocoon (68) ouvopn'1oet

popql]:

rnq r0p0p6tPou )' 1Pd<Petot o'n1

(67)

FQ,)= t!
m 4

a)n

arr,),t col
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F(t')=JA,

ma,, 1o +zQ.lt -t) l t  +t

Kat ancttot:p,e fQ")= max. Aut6 oupBo,iver ersi 6nou prl$evi(etor 1 ropdytrlyog rqg

F(t) :

" )A'
(6e)

4 )- L - 413  +4 t - l

2 + 7
=0=

f f i@u
1 4  ^

A  + Z

P V')=o=

2,Ls + +(zt' -tb' *u. - 4ts - qQt'- th' = 0 =

U. -21s=0=

2111- 1o )= o =

21(1-t 'N*t" +t\ l '  +z + t)= s

. ), = 0 otlv zcepinccoorl u,ucr1 F0)= min rcor 6ev 0o poq curooxo)"r1oer.

. 1: +7' oqv nepintrr:oq ounl F(A)= ^u*

llcpotlporip ( ps 6rcd"r1(q ) 6tr p6yroq onopp6<pr1oq io1Dog oupBoiver 6tav

) , : 1  >  Q = a n  0 l )

rcu,t 6p 6rav rogier 4 e(ioroon (51) ruou syyudrol nl psytotonoirlorl rou rc).droug. O

ouvrovtop6q roD neprypd,<peror u,n6 rqv e(iorrroq QI) ovopd(etcr ouvrovrop6g

rogiog.

llpdypu,n ),orn6v, o rp6ruog pe rov onoio ro rsl.cvroripevo oriorqpa u,noppo<pd

ev6pyero on6 qv e(roreprrrl 6r6yepoq, yivstu,r B6l.troroq orCI,v n rurcl.rrrl ouXv6npa

qq o8rlyou 6uvd,pecr;g oupru6oer pe rqv r8rooup6nlto rou ouodpotog. Iqv

F'(1,)- 
JA2 2'7 I , " t

A L

(70)
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TrspiTrrc,:on oDfii, n p6ylorn p6oq crnoppo<por5psr,"q loxpq, F(r,,)= F-u, , 8iveror cn6

14 o16oq:

4 2p
r m a \ - = P(at,,) (72)

(73)

4mJa,,

rcrr 11 e(ioroon (68) ypd,<peror nXtov orn popql:

11 o)"),rrirq

Kc,r rv r6l"er:

P(o)= P..,

F(ei)= p-".

/  \  .  r l

r*f', '-a' I
\ 2Ja,p )

(7 4)

(7s)

H neporr6pro 8reperSvqon rng e(iooroqg (75) uno8errcnler qv unop(r1 t6tcite;xr

ev8roqep6vrov XopoKtq prourcrrv.

@ecoporipe 6va rupog oulvonltcrrv Aor yupo afio rnv flpn a,, rt-)Lr

rol"ovror5p6vou ouorqlrorog, 6tor crrore:

^ . )
, ,  |  ( r , ; -O- l -' -  4l l  ,"a )

Q=a , , - La

6nou <puorrcd Aro << 1. Iqv nepinto:oq cunl 61oups:

t: - Qt _ (a;,, + QXa.,,, - Q) =2r,L, =,
arQ arQ ,:  

-

(76)

6 l



,: -e-' _2a,a
DoQ a,,

T6te, sn6 to ouv6uoop6 tcov a(roiooecov (75) rcat

(77)

(77) nupar4poriPe 6tt,

eqooov

L,a) = Ja),,

61oupe:

'Eror, uv em)"6(oupe 615o oulv6tqteg:

a r = C D r - L a

0 ) 2 = 0 ) ( , + L 0 )

6tot ioote vo ro6'ier: oz - or = 2La, pt ro €Dpog Aro vo 6ivetu'r

(78), tote nopotrlpor5pe 6n:

.  1 -
P(o) = I  P,nu*

(78)

(7e)

0,fio

(80a)

(80p)

qv e[iocrtotl

xupqcovo pr r0 7rop0rud,vcrt, pnopotipe vo opiooupe (rcor vo rooopiooupe) tov

ouvtel.eod un6opsorlg p6ou on6 qv svrpyero,rcrl oupnepr<popd evog o8qyor5pevou

to)"ovtrorq rotd tov ouvtovrop6 tou pt pro, e(orteprnl nepro8rrcl 8uvapq (Z66toqc'

2004).

Kdtr t6toto eivar r8roitepu ot1povttr6 6oov aqopd oe pta telvrnl rcotuorceurl

TroD clvruTtorptveto,r os rcdrora e[coteprrcrl oeroptrq 6r6yepor1. llpd,l;'rctr, ov opiooupe

cog 1r6vo crnorcutd,otoorlq ev6pyercg (( 1:6vo cn6oBeoqq), to lr6vo r ltorl peoo),aBai

(81)
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p61pq 6tou 11 ev6pyetu ev6g e)"euOepou ral"owrotrl pe tcr i6rcr Xo,poKrnprotrrcd (r1 l.riorl

I
(28) qg opoyevorlg e(ioororlq), peroOei oto I = 0,368 rng opxtKlg npr19 qq, r6te

e

61oupe:

I
I r,t

Ks,r o€ ouv6ua,op6 pe qv eliocoorl (78), noipvoDlm:

Aq)"o6r'1, 6oo nro olxpnpn (Aor: prrp6) eivor 11 ropnu),r1 rou oDvrovropori

crcopp6<pr1o'r1g ropioq, t6oo peyu,),rirepoq eivor o gr6vog rr,TroKcr,roordoecog ror d,po,

t6oo nro Kc,roorpogtrdg 0o sivor or ouvfnereg a1q e(oteprrcr1g 6r6yeporlg ornv relvmr'1

rcotooreutl. @uorrcd, rogier Ko,r ro avtiotpoqo.'Etor, 6oo pela,l,rirepo eivor ro Aro

(opru)"r1 ropnrl).r1) 16oo prrp6rspog 0a eivar o 1p6voq aru6oBeoqg tqg rc)dvroong.

Ka0cbg

A,o = Ja),,

enepBuivovru,q oro relyrrd Xopc,Krnprotmd qq rcu,rooreulq pfiopoDtle vo perrirooupe

ro orrcprK6 rtv8ovo (>X.2).

P{.n)

1
L  - -

A,ro

(82)

(83)

c= -
2m

- t|--=t*--n
l * l

1 l l

*?l*utr " -] Rlr,l

2x.2

*rt*u'o *Jtoo
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4. EYZEYI'M E N OI TANANTOTEE

4.1 EAAETIKH EYZEYEH TAAANTOTON OAHIOYMENON ATIO

APMONIKO TEIEMIKO KYMA.

@eroporipe 5uo povoBd0proug cppovmor5q tol"crwcorfq ot onoiot cn6louv

pero(ri touq on6orooq s. Iq nporerp6r,q nepiTrrrrtol 6proq, or 6rio roiawcotec dev

eivor n).6ov e),eiiOepor. Iuv66owar pero(u roDg pt 6va e)"an1pro otoOepd-c D. onctc

<poivetor Ku,r oro o1rlpo 3.

rt.3

Karapp1v Oeoporipe 6n or 6rio rsl.avtr.trt6g onote)"otiwar an6 to i6ro uirr6

Ktrlyto out6 to )"oyo 0o 61ouv ta i6rcr 1cpoKrqplottrd pey60q. Arol,ori0crlg :

m t = m = m 1

k r=k -kz

L l  -  C  -  L 2

( lo)

( lp)

( lr)

To napandvrrl orSoqpo, rov ou(euyp6vov rcl.ovtrrltcilv pruopei vo Oeropq0ei crlg

npoo6yporl ev6g nl.ototou, ottlv nepintcoorl 7rotl ot orlprerorc6g pd(eq oroug r6ppouq

trov npoBo).rDv 6ev ertel.ofv otpo<p6g yr5po on6 opr(6vtto d(ovo. Iqv nepintoroq

ourll, ro (uycrlpo (AB) rou nL,aroiou ou(euyr.ruer toug 611o (rotd ta d)"},o) e).erlOepouq

ral,uvtror6q. To np6B),r1po oe ounlv qv nepintroorl pnopei vo ovrtlrerrr)ntotst

$eroprlmd p€ rqv urc06tr1or1 qq pe066ou rrtrv tccvovrrcrrtv rp6nrov toldvtoroqg.

(Serway 1990)
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Ag 6oupe rrirpa qv ozr6rcpro4 rou rv )"6ycrt ouoa'lporoq os Lrro, oppovrrrl

e(roteprrcrl 6t6yepo1. H e(roteprrcrl 8uvoprl nou 0a aorcq0ei otov npcirro rcr)"crvrrotrl 0o

eivcr, rard to yvorord, qq pop<pr1q :

Fr = Aql()t (2a)

'Ozrou 
A to ru)"dtog rou DTroa06pevou oeroptrof rriporog rar C) q ovtiororpl rur),rrr1

oulv6tt1ra rou. A6yo qg on6orooTlg s lrero(ri trov 6uo npoB6].ov Trou oqpi(ouv ro

oBop6g (riyropo AB, orov Serirepo ra),owcorf 0c aorrlOei pro 8uvoprl rng popqrlg :

F, = Ar71d)[, 
;)

Onou U,, \ tag.iqra roD oaoprrcori rcripotog. llopoqporipe l"orn6v 6tr ).61rrr

rng (pn pq8evrrqq) cn6otuorlg rrov 6rio npop6l.cov, srodyetcrr prcr 8rcr<popd qdoqg

petcr(u rov Stio e(otteprrrbv 8uvdpeorv, rl onoio e(oprdrcr afio ra 8uvo,prrd

XopoKrrlplomd rou ruporoq.(IX.4)

2x.4

Av rdnon 6e6op6rq provmrl onyprl q unopdrpDvon rou evoq npoBol.ou (oa6

q 06ot1 roopponiog tou) eivar .r1 Kot rou 6)"l"ou x2, :6r€ r'1 e(ioroorl rivrlorlg rou

ro0ev6g rK rrrlv 66o povoBd0protv tol"ovtolrr.rrv 0o eivCI,r :

Tou npcrrrou :

mxi =I4 = F, - F, - Fo t Fr, = F, - cx', - trr., + D(xr-x,)+

(2p)

(3a)

T t r  r .65 fE i  i ' f )h l
'  

D l i j f . l ' | ( i i { K f {

mxi + cxi + lc., + D(x, - xr)= F,



Tou 8erlrepou :

mxi: lF, - F, - Fo - Fr, - Fz - cx',  - lu, - D(*r- r,)=

mxi + cx', + kxr- D(", - xr)= F, (3F)

llopcrqporipe 6rt, otq onor6),eopo rnq ou(eu[qq, oqv e[iocrto4 nvqoerog

to)'ovrconl (1) uzrero6pxrrol n onopdrpuvoq rou to),cvtcon] (2) rcor rovdna)"rv.

Oi 6uo e(roritoerg (3o) rcor (3B) pnoporiv va ozro(eu1Oouv pa0rlpaard pe

erooycoyrl 615o v6cr:v petoB)"r1trrtv X- rar X-, 6nol :

rqv

X t x z (4u)

Kcrr:

X - = x t - x z (4p)

ol oruoieg ovopd,(owor rovovm6g ouvrsru,ypevr€. H erooyroyrl Trrlv rcuvovrrcd)v

ouvtetoypfvcrrv X* rcor X- ;r6ocrt r(Dv onotcov ezrrulld,vetor n ono(eu(q rcDv

8ro<poprrcrbv e(torboecov rivqoqg trov 6rio tcr),a,wrorcilv, Bcroi(eru,l orrl oDppsrpia tou

tv )"oyot ouot(protog. Iqv nporettrrerq nepintrrioq, or 6rio ts),ovr0)r6g eivor

navopor6ruruor. Kotd, ouv6nero 0a undpler 6va enine8o oupperpiog ovd,peoa roug. Or

rcvovrrc6q ouweruy;.r6veg eivar ouorooord, o oDpperprrcog (X-) Ku,r o o,vaouppetpm6g

(X) ouv6uaop6g rov ournlOrop6votv ouvteroyp6vcrrv. 1161og poq eivsr vo

uzro)'oyiooups, xplolponorcbvtaq yvorordg pe066ou6 rr1g Oeopiu€ rov 8ro<poprrccirv

e(tori:oerov, trg peroB),1dg x, rut X- ou,v ouvd,prnol roo pr6vou ror rcr6nrv vs

npoo8ropiooDps ag (qrorlpLeveg cnoporcpfvoerg xy KCr,l x2 ps rn BorlOero torv

avdotpo<pcr:v pcruo1n Fonopotv :

*,=;(x.+x-\ (5a)
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", 
: 

).(x. 
- x,) (sp)

frs to oron6 a,ut6 zrpoo06roupe rcord trr6l"r1 nq e(roriloerq (3a) ror (3B) :

mxi + mxi + cxi + cx', + lu, + fu, = F, + F, =

( ' L 1 '
( x i+x l )+ : ( " i  +x j )+a( r ,  *x , )=  -  (F ,  +  F r )  te l

m m m

Arcol"ori0coq, 06rovtog

no,ipvoupe:

L = 2Jot. oruou. orq yvcoor6v.
m

f t )- = a - ,
m

, L

, KCL1

Xi + 2Jat.X',* + at*2 X. = 
*(r, 

+ rr) (7a)

'Onou,61oupe 
06oar :

0*t = (')t (78)

Ev ouvsleio, u<pcrpofpe ro,rd, pr6)"r1 rig (3a) ror (3B), cno 6nou nponinrei :

mx i -mx i  +cx i - cx ' r t b , - l o - r+2D(x ,  - r r ) -  F r -  F r )

6i - 0+ a("i
m

1 '-x,)=-(n-n) (8)
m

Kor pe Bdoq to nporlyoripevo, ncipvoupe :

/  t -  n \-" ! )+lL*z3 l (" ,
\m  m)

Xl +2Ja-X'- + at,2 X = l(r, - rr)
m

'Onou 61oupe 06oer :

, - t  -  r t  +22
m

(9a)

(ep)
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Or e(toiooeq (7u) rur (7B) eivo,t n1.6ov uno(euyp6veq ((elcoptot6q q pru, on6

rqv d)")"1) ru,r o,ve(dpnlrcg psro(u roug. Ilsprypd<pouv 6r1)"o6q 6uo ove(dprnroug

ru)"svtcDt6g, o rcr06vog eK trrlv onoicov ertel,ei e(crvclyrco,op6vq to)"6vrcDo1'1. Or

u,vriotorleq o8rlyoi 8uvd,perq rurv X* rcur X- eivor :

o) fro rov X*:

1  2A  Q .s  ^ (  r )-(4 * A)= - 6uv - ntc>l t-=i-  |  =m'  m 2(1 ,  "  \  2U")

(10a)

(10p)

( l l c )

( i lp)

'Onou 61oupe 06oer:

^ ,  2A  O .s
A  = -

m 2(J*

1,  \  . .  (  ,  )- (4  -  F . ) :  A"ouvQl  r -  - -  Im \  2U" )

'Onou 
61outrre 06oer:

^ t  2 A  O . s
A  n U -

m " 2(J"

cD-c ro <n)d,rog> tqg e(coreprrctlq 6r6yepong roD 8erlrepou ro,),ovrcoc1.

r-'lg ro <n)"d,tog> alg e(orreprrcrlq 6r6yepong orov nparo ove(d,pqro ro).avtrord ror

0) I-ra rov X-:

!(q - F,)=4rrp! joruo[r -. i l=
m m "  2U,  \  2U" )
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Ev t6),er, or elroriroerg Krvnon€ rc,lv 6uo ove(dpqtrov (ono(euytr^r6vrov)

ro)"avrcrtrcitv rou ouonlpct6q poq, ypd<povrol orn popqn:

Xi +2Ja.X'* + a*2 X* = A'rylte[r 
;)

X'! + 2Jat-X'- + a-t X = A' ouve(, - 
;)

(r2a)

( l5o)

( t2p)

Onou 61oupe 06oer:

,*t - a) '  ran r-t - r '  +22
m

Kd0e pru tK rcrlv e{rorboeorv (12) eivar "8uvoprrrd roo6r5vopr1" pe nlv e(iocoorl

(8) tou npoqyoripevou rceqa)"u,iou, nou orlpoiver on o lrirpog rov l.rioeov rouq eivor

"tootrropgrrc6g" (rorip).ag 2000, Mnor5vqg 2001), ps 6e6opL6voug B6Boru rouq

oprofrouc (13). Kotd uur6v rov rp6no, 16oo q e(io'ooq (l2o) 6oo ror q (l2B)

enrdelovrc,r )"rloerg qg popqig (38) tou npoqyoripevou rceqa)"criou. Er6rrc6tepo:

(i) H ),rior1 trlg e(ioroorlg (l2a) anore).eitsr an6 6uo p6pn, q l,uor1 qg

ofroysvouc e(tocooqg Kor pro pepmrl ),r5oq. Aq),o6r1:

x*=x*o**x* tu t

o tp6no-c orlp<pcovo pe rov onoiov 0a nporcuyer 11 ),r5oq rnq oporrvor5g eivor o

[6to-c pe autov fioD Tteprypdyope oro rrponyoripLevo rce<pd]"uro, ratd ouv6nercr:

(13)

(14)

x *o* = c*e-t" oDv(au.t - s.)

Onou 6Xoupe 06oer:

(1sp)

'T  
t  i  f I l ' P f )N

r i 1 1 . , 6 [ . . ' , i _ i  { t ' l i

@,t* = ,^[7 Jt = ,u



evcrl ot c+ Kot 9- anotei"ouv ora0sp6g o)"or),r1pcrtorlg or ofioi€€ Kor Kcr,Oopi(ovror rd0e

rpopd uno rrc o.pprec ouvOrlreq.

Ooov ogopd, oq peprr( ).rior1 qg eliocoorlg Q2u), or oDpqovio pe ra,

npoqyoriptevcr, crva(qror5pe ),6oerq qg popqng :

x **u' : d,,r71ra(r 
;)+ 

B,ouvf) (, 
- 

;)

'Etor 
ruapcyoryi(ovtaq 611o rpop6g n1v e(iocrron (16) Kor o,vuKo,Ororcrlwaq onlv

e(iocrroq (l2a), nporfnrer to nopordrco u),yeBprr6 orlorrlpa irlq Trpoq ro A1Ko1B1:

|  .  " \
l r . ' -O 'A,  -zJaf iB t=A '

( l  7)
2Ju tQAt  * ( r . ' -  O 'b ,  =  0

6rcou <puoma. @-:@. H opi(ouoa rou rv )"6yco ouorr1lroroq eivur:

/  \ a

Det : l r_ '  -Or I  *  4J2a2e)2  >0

On6re 11 i"rioq tou 0u, ypdqetcn oq popqrl:

(  l 6 )

( l  8)

( l9a)

( leF)
Dy 2J@{>A'

(r.' -o')r * 4J2r,|e2

Ko,t stodyovroq rrg e(rooroerq (19) oqv e(iocooq (16) noipvoupe:

B r  =

x**u '  =  e ,nua( t  
; )+B,ouve( , - ; )=
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x*"' = Gi * Bi 
lroo. 

rur(, ;)+ 
ouvQ*.,u,n(, 

;)l 
-

x- , , ,  =  D_ouv ' , [ [ ,  
; )  

^ ]

Onou 61oupe 06oer :

+ A' t l4Jtalet)

(20\

(2 lo)

+ 4Jt co2C)2

A
d, = rc1ed"l-B r

-  ,e ' -a t== TO1 €Q
2.1ofi

(2rp)

x * = c*e "'' ouv(a4*r - 4 )+ n..,rralt (;. ,-)l e2\

An),o6rl qg popqng (38) 6noq neprypdyapr oro TrpoTlToDtrsvo rce<pd,)"u,ro.

(ii) Me nop6poro r,pono, q )"uor1 '1g e(ioooqg (128) 0a ypd<perar otq proprpq :

Onore, ev r6l.er, q yevrrcq ),r5oq qg n).r.1poug 8ragoprrcqg e(iocooqq (12a) 0a

X - = X - o * + X - " t o (24a)

(24F)

,  I t  r . _ _ l l r - l

i "  .  7 l '  
' , ' ' '  ' \

I ) ,  l i , n  i . . .  1 i r \ r l

(r.' -o'l * 4J2a2e2

xo* _e-t" ouv(a4_t - S_)



Itu zcu.pcncvo eXoupe 06oet :

0r1- = a (24y)

ev6 ot c- ror 9- onotsl"ofv rcsr nd,)"r ouOatpereg oro0ep6q o)"orcl"r1pcooqg rcou 0o

raOoprororlv un6 ug crp1rrc6q ouv0r1rceq.

Aru6 qv d),)"r1 pepd, 6oov cr<popd otq peprrc1 l"rioq qq ev ).6yrrr e(iorooqg, pe

nop6poro rporlo 6nroq rccr npoqyoup6vog nporr5ntsr :

t.zl)- r

Onou e1oupe 0eoer :

D=

Kar :

A'

(2s)

(26c)

(26F)

x-  =c-e- , ' . 'ouv(coo- t -s - )+  n-oura l  
(  t '  ) - l

L'- [rr; 
. '  

)) 
(27)

6r1)"cr8r1, yrCI, f^uo, oKotrn qopd, rnq popqnq (38).

Or ove(dpqtor ru)"o,vtcrrr6g, or onoior neprypd<powor oru6 trg e(rorrloerq (12

a,B), (22) rat (27) ftou "tvocDpotorvouv" trq to]"uvrrboas Kor trov 6rio trrovoBd0prcrrv

tsl,ovtoriDv pa(i, ovop6(ovro,r (Ko,vovmoi rp6nor ra)"d,wroor1q> (normal modes) rou

x \ .4EP = D ouve)[[ ,  _ -]_, l
L( 2u") l

W

Q- = rc€eQ
2Jod)

Q t  - a t 2  - 2 D
m

'Eroq q yevmq ).rioq qg n)"r1pouq e(iorooqg (12B) ea eivar :
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ou(euyp6vou ouorr'lpotoq. Or avtiororleq oulv6nlreq (13) ovopd(ovtar <rovovrrc6g

ouXvorrl te,c rci"c.vtotorl c >.

Oro.v rcc,r or 6rio povoBd,Opror ra).ovtrodg (np6Bo)"og rco,r orlperarcr1 pd(o) tou

n)"atoiou ercteiouv ta),ovtcoorl pe rdnoro aTEo xrq' rcavovrrc6g oup6clreg, r6te to

oforqpc erre)"et to)"dwcooq orip<pcovo pr rov uvrioTorlo rcovovrrc6 rp6no

ta)"d.vrcoor1c Ko,l avrrorp6<pcrrg. Ar1),c,6r1, 6tav ro or5orqpo arol.ouOei rcdnotov sn6

roDq Ko.vovrrcorig tp6noug tu,)"d,vtooq c,, t6te rcd,Oe ouvrotcooo rou tol"ovtrrtvercl pr

qv i6ra ouXv6clta, 11 onoio, eivar 11 avriororpl rcovovrrcq oulv6rrlta tcl.dwotorlg

(Z66toqg 2004). Mnopor5;.re 1"orn6v vo zrofpe 6tr 11 rrovl Kor ovclyKo,icr ouv0r6q yro

vc eloupe rccrvovrrc6 tp6no ta)dwoorlg eivcrr : rcdOe ouvrorcitoc tou ouoclpo,rog vo,

erte)'ei ra)"d.vtcooq [€ rrlv i6ro ouXv6rnrcr n onoic eivor rsr q avtiotorpl ravovrnl

ou1vorn r0 to,),dvrcooq q.

Ener8rl q Ko,vovtKoi tp6not tu,l,dvrcoorlg eivar ave(dpnltsg rol"u,vrcooerq, 6ev

avtai)"d.oouv ev6pyero pero(u roDq Ko,l 01 onopu,rprivoerg roDq trrnopor5v vo

trretcrBd),iovtcrr oveld,prnro n pia on6 qv d)").TI. Kord, oDv6r€ro,, pnopor5pe va

e(erdooupr rov rcdOe 6vav rp6no to)"dvtororlg lroprord, Kor vd, oOpoiooupe ng

ev6pyetec tou ra0ev6g lroprotd, orav (r1ror5pe rnv o)"rrcr1 ev6pysrc rou ouoalttorog.

An6 tqv d),),q peprd, ).6ycrt n1g rinup(qg rou crBoporSq, e).ooorou (uyritpcrog or 6rio

povopdOprot ro),ovrcr:t6g ovra),)"d,oouv ouvelcrtg evfpyero perufu roug Kor or

anopo.rcpfvoerg roDq afio rTl 06o11 roopponiag ouv66ovto,r. 
'Eror, 

orcoro,8r1nore

anopcrcpuvol rou ev6g q tou d,).).ou tu),owrrrn'1 pnopei vo ypu,qei org eno).).r1l"io rcov

anoparcprivotov rrrlv rsvovm6v tp6rorv ta)"dvrroor1q, oripqcovcr pr ng e(rooroer-c (5).

Arco),or5Ootc :

, ,  = l [ . . ,  - ' , 'ouv(a4*t -  s*)+ D.ouvet[r 
[ ; .  

^ 
) ]  

-

+ c,e-"'.,t)v(au r- s-)* n,ouralt -(+., l l l
L  l - - u  / ) l

(28)

Kor :

- a
t )



,, = 
;1",r-"' ouv(a4*t - s*) + D.ouve)I, (;. ^ 

)] 
-

- c-e "ur ot)v(a4,r- s-)* o-'urnl, (;. ^l]

X*: 2u1tperprrc6g rponos ruXavraorlg pe rcurc1,rrcfi ovyvorrlrd a* = at . (Zy.Su)

X-: Awrouppetpm6g

. D
= 0):  + l : .  ( IX.5p)

m

X1.5a

tp6noq ra)"dvtoorlg p€ rur),rrr'1 oulv6rqra

xr.sF

@a nptner va roviooupe 6vu, urc6pq lopo,rtqprotrr6 rov ove(6pc1tolv

rcvovrrrirv tp6zrcrlv ral"dwrr:or1g oe o16oq pr rouq ou(euyprdvouq ru,)"crvrcot6g. Or

rovovrroi rp6nor ra).dvrotoqs Q2) Kor (27) ovo<p6povtor Ko,t lcporrqpi(ouv

o),6r),r1po ro orioq;.ru, oe 6),11 roD rqv drraoq Kot pr 6),o ta tr^r6pr1 rou to oncpd(ouv.

Eivat 6r1l.c6r'1 "ou),)"oyrrc6g tol.ovtrito€rg". Avti0ero, or ral.awritoetg (28) rcor (29), tou

ro0ev6g to,),awronl avoq6povror Kor 1cporca1pi(ouv p6vov aur6v. Efvor 611),o611

" evtolrrop6veq tu,),u,vr{Doag ".

1 k. , '. r-, .f]I;l 
t nt

E  l l '  i t  7 ' 4  
'

(2e)



Ag anopovcirooupe l"orz6v Kor oq Oecoprlooupe rora,pplv p6vo rov ouppetpm6

rpolto rol'dvtcrlotl-q (X-) prl8evi(owoq rov ovtiotorlo ovrlouliprrprrc6. @6tovrog orqv

e(iorooq (5a,9) X-:0 nporcrinter x, = xr. Aq).o6r] or 6rlo povoBd0pror rc),u,vcrot6q

rrvofvtor po(i, oe gdon, erre)"rbvtag oppovrrcr'1 ru,),dwo:or1 pe ou1v6q ra. o)* - o)

oov [^rqv unrlple rco06].ou ro e].u,oorco (riycopa trrera(ri toug. Aur6q o rp6noq

tcl"6vtoro'qg, o onoiog 6xer n1 prrcp6reprl ou1v6u1ra, ovopd(etar yra nporpc,veig

)"6yoog "ouppetprrco-c tponoq ta)"dwoor1q" (rxnpa 5cr) rcar pnopei vu nporcrlyer o,v rl

e(cr:reprrcq 6r6yepoq pstcronioer Kor roDq 6uo npoBo),oDg TrpoG tu 6e(rd,.

Eov- avnesrorq, 11 e(roreprrc'1 6r6yspor1 )"6yo rcor u1g 8ra<popdq <pdorlq rcou

erodyer q anooroorl s, o,fiopo,rpfver touq 6rio npoB6)"ouq rcstd avdQeteg yrovieg, 0g

6loupre r1v <ui,onoinon> roD "o,vooupperprrcori rp6nou ro).6wroor1g" (rxnlrcr 5F) o

onoioc cvttototXei on"1 psyo)"ritepr1 oulv6rnxa a)-. flpdytrron 06tovroq onlv e(ioroorl

(54.9) -Y-:0, nporcfnrer xt = -xz. llcrpoqporipe 6r1).c6n 6x1 aur6q o rp6noq

tai"o.l'tclotlq ovrtorot1ti oe trrw rcrl.dwroorl ovdOetqg q6onq torv 6rio tu,)"awcDrd)v. H

rcux).rrcr1 ouxv6qtu rns sv )"6yor ro),dvroorlg ,-t = a2 + 22 q orroio 8rapopqrirverat
m

aruo rr1 quorrcrl ouXv6rrlto tou e),oulpiou (D) eivcr tritpu, peyo)"r5repr1 on6 nprv 6r6tr

to ei,corrxo =riyorpa ou;.rpet61er evepyd oe4v rir.r1or1 (enrpqrcuvsror r.1 oupnr6(eror).

Eivar qcrvepo ncoq prcr oprcerd loppn e[roreprnl 6r6yepoq pnopei or5p<pcr:va lre rov

ovrrouF!-lsrprrco rp6no ra)"d,vtroor1g va o6r1yr1o€1 oe pr1(r1 tou (uyritprorog rsr rsrd

ouvrrflo, Ko,r rou nl"uroiou! An6 qv d),).q pepr6 B6Baro, o oDpperpK6g tp6nog

tor"avtcloq,: pnopei va o6r1yr'1oer oe pq(q tcov npoB6),otv! 'Eror 
ra0iotsrar enr.rorcln1

ovayrcrl q peieq rrllv 8uvarrirv ouvrovropcirv roD €v ),6yco ouonlparog (6rlo

ouxvorqrc: : ouo ouvrovrolroi,;.

' : l

: : :
t t :

,g' ,

=* l. * . :
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4.2 OI EYNTONIIMOI

Kor orqv nporeipevrl neptztoro4 o<poporiv p6vo ora nxaul rqg nu,pop6vouoog

rir,'r1or1g, Trou nCI,pop6ver uvCI,l"l"oicrrrq 6oov rorp6 enevepyei 11 e(oreprrcr1 6rivopr1. H ev

)'6yro rivqoq neprypd,g€rot tKo,voTrornord an6 tr1 peprrrl )"rior1 totv 8ragopr.rritv

e(rociloecov (12). oe cvtiOeoq ps r1g avriotorleg opoyeveig )"6oerg ruoo gOivouv pr ro

pr6vo cDq e t'ur Ko,r o,vrt7[poocDzrefouv q ],eyopevq peroBctrrq rcir,qor1.

Arco)'ori0rog, oe oupqovio trre to nporlyorlpevo re<pd),oro rou arul,ori to),avtorc1

06roupe:

(30)

xar erc<ppo,(oupe to n),drq filq zropoprlvouocrg rcivqoqq tcov 6fo XcrpcrKrnploarcbv
(rcal'ovrrcirv) rp6ncov ro)dwrooqq ouvopa'1oer roD ). Arorpivoups rlg e€ng

neprnr6oerc:

(i) Ooov agopd oro ouplrcrprr6 rp6no ra]"dwrooqg:

D=

W
rccr ener8rl 0*' - rt' oovenayetut

D=

D*= (31)

H peyroronoirlorl ToD rv Xoyioo nXaroug ouvendyeru,r

nopo,\,oFoorn qS e([ocoorlg (31). Kotd ouv6nerc 06toupre:

filv e/"0f,loro7rolnoq ron

C)

0)

A '

A'
' ( r - t ) '+4t '

\ 
(t)

A In

I
a)

j  1 . 1  p f t l " " l
, lS , ; ' . 1 t i ni l

F - Q ) = | - 2 ) " 2  + ) " t  + 4 J 2 . L 2  =

"1 .".j'



P.(l)= 7a +z(Zt' _ t)1"' *t

Ku,t u,7rotroupa 4(2)= rnin 6q).a6q:

F:v) = 0

H e(iootorl (33) 61er cog o,not6)"eopo xrl o16oq :

(32)

(33)

(34)421)} * Qt'- r)]= o

pe 5r5o nrOcveg pt(eg.

H npcitrrl : 2:0 o8rlyei oe { (0) = rnur rcar 6e 0u pag oruoo1o}"r1oer neporr6pro.

Avrr06tcoq. 11 8srirepr"l pi(o:

l "  :  yh -z l '  =f )  = tJt  -z l '  . ,

eivar currl ruou odrlyei oe 4 (2) = -in .

Enileyovrag ro 0earc6 rup6o4po, erod,youpe u,ro),or50org rn oDyKsKprtrr6vq uprl

ot-4r'e-ciootol (31) oritrog cirote va uzro),oyiooutrre ro p6yroro n)"dtoq ta),dvtroorlg rou

ni"aroiou ctc orlvo)"o.'Eror 0a 61oupe:

D t " t =

D 
rna\

2Jc,tj ,[11.

mA'

(3s)

A '

ca .  , J7  -  J '

6 rz \  2A  I  (o . r  ) l
I)- =-----------l6ltVt - ll

c r , t ' ^ l l - J ' |  \2U"  )
(36)



(ii) An6 qv d)"),q peprd 6oov a<popd, orov ovnoDpperprr6 tp6ruo ru,)dvrrooqg,

cn6 tov ouvduoop6 tcov e(rocitoerov (l3B) rm (26a),0o, 61outrre:

P - =  3

l ( r '  -e)2 +24] ' *  4J2r , t2e2
v\ m )

W

F V)= [[t . r +] - ^') * 4r2 tz = min -+ l(t") = o
[ \  k )  , ]

O;rore Ocr ;rporcuryouv 6fo pi(eg :

n ,.:0 ;rou cr;roppinrrrq,r 6r6fl 6iver F_(1)= max I

A U
,

o-D= (37)

Kcr oe auulv rr1v nepinrool, I peyroronoiqon roD n)"d,touq D_ ouvendyercrr

rqv ei.crTroronoiqorl rou zropovottoorn q6 eliooroqg (37) trre anot6),eopu:

(38)

Axoi-or-r0o:. uvrrrcu,0rotrrtvtoq rnv e(iocooq (38) ornv e(ioroorl Q7),

Bpioxoupe to Fa/toro n),utoq rou o,vuouppetpxor5 rp6ruou to)"d,vrroor1q nou eivcn:

I (o ') l
f'lrr" )

D t u t =

ca .

(3e)
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Or e(roriroerg (36) rcr (39) onote)"orlv trg (qrorlpeveq o16oerg. H tincrplrl 6proq

oe out6q roD rpryrtlvoperprxori 6pou, eyeiper 6vo v6o tpoB)"r1trra. llpdypoa, rcOcirg

, , i

Q=k(I,rur k=;, o rplyovopetprrc6g 6poq oqv e(iocoorl (36) ypdgerol orl1

popqn:

f ) . s  i r . s
= OUV-

2U* I
(40)

To ourqpirovo ornv e(iorooq (40) yivetor pq66v (rccrr rord, ouv6nero Ko,r ro

p6yroro n)"drog trlq ro)"dwcrloqq pq8evi(erar eziorlq) 6rov:

-

-

-=

o ' t  = (zN+ l )A  .  N  =0"1 .2 . . . . .' . ,
A L

6ni"cdrl 6rav q an6otaoq rrov 6rio rupoBol,rov eivar r6roro d)ote

s=(2N*r)4
2

f ) . . i  7 t  . s
n U - = t J H - = 0 =  

o ' t  -  N . z ="  t r ' .  "  1  ^

(41)

(42)

(43)

(onou L to pr1rcoq rriporoq olg osroprnlq 6r6yeponq). H crn6orooq )"ortt6v. eivar

neprtto no)"i.an),doto rou trnoo6 pqKoug rrltrrorog roD o€ro[nKor5 rcfprorog. ArprBcirq ro

uvri0ero ouppciver 6oov aqopd, oro pl6evrop6 rou A'(ro,r ru,td, ouv6nerc Ko,r ro1)

ni"arou,: D ). flpaypcrr:

s=N.2 ,  N=0,7 ,2 , . . .

An6orcoq yru rnv onoia ro D*yiveto,r prlyroro.

flcrparqpoupe )"orn6v 6n, nc,pepBoivovtaq orlg lrCI,pCI,pdrpoug qg repxr1q

rataoxeutl:. pnoporipe ndws vc e(o),siyoDlrc ro KorCI,orpoqxd anote]"6opota ev6g

tK r0)\'duo rccvovrrcritv rp6rurr:v ro)"d,vtoroTlq, yto 6e5op6vcr oeroprrd pr1rr1 rripotoq.
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