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H Zewouikn MéBooog

1.1 T'evika

Ta ceopkd kOpoTo givot Qopeig LNVOLAT®OV TOL HETAPEPOLY TANPOPOPIN Y10 TN SO TOV EGMTEPIKOV TNG
yne. Ta KdpaTo aVTa TPOKAAOVV TV THAAVTIMOT TOV VMK®OV GNLEIDV, YEYOVOG TOL onpaivel 6Tt To COpATi-
St TG VANG amopakpdvovatl and T 0€om 160pPOTiNG TOVG TPOSMPIVE, KIVOOUEVO UTPOCTA-TIGM UEXPL VoL
otapatioovy. H ovomta 1ov YAKOD va Topapopeodel Tpocmpiva (e TO TEPAGHO TOV GEIGUK®Y KOG~
TOV UTOPEl VoL TEPLYPUPEL 0O TIG ELAGTIKEG 1O1OTNTES TOV. AVTEG Ol QUOIKES IOIOTNTEG UTOPOVV VOL YPTGLLO-
momBoHV Yo ToV Slo®PIoUO TOV SPOPETIKMOY VAKAOV. Ot EAAOTIKEG W10TNTEG EMSPOVV OTIS TOXVTNTES
S14800MG TOV GEGUIKOV KUUATOV LEGO OO TOL VAIKG ovTd. XT0 Ke@diato avtd Oa yivel avapopd ya Tig &-
AOOTIKEG WOIOTNTEG TOV VKOV KOODG Kot YioL T0L SLpOPETIKE £I01 GEIGHIKMY KUUAT®V, To. omoia dtadidovTot
HEGO 6T VAIKA OVTA.

Kuping xpnotpomototviol EAEYYOUEVEG GEIGUIKES TNYEG, Ol OTOIEG TUPEXOVY TANPOPOPIEG TOGO YO TIG OEL-
OUIKES TOXVTNTES, OGO KO Y1t T GTPOUNTOYPapiot Tov Aowov TG yne. H pébodog g cetopkic didbraong
eivan Waitepa ypNoLUN Ylo TN XOPTOYPAPNON TOL LTORAOPOV, TA TTAYT TOV EAOLOV KAl TN GELGUIKT TOXVTNTO
0V avdTEPOL pavdva g yne. H puébodog g cetopkig avakiaong anetkovifel koAdTepo Kot Pe AETTOME-
PELDL TN GTPOUATOYPOUPIKY SOUN TOV WNUOTOYEVOV AeKovdv Kot didet pa yevikn dopn yio to fabvtepo
@rotd ™G yne. H oeopun taydmrta yio faddtepa pépn g yng vroroyiletar amd ) HEAETN TOV GEIGUIKOV
KUUAT®V TOL TPOEPYOVTOL OO £vaL LEYAAO GELGUO.
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1.2 Ehootikég 6talepéc

Edv dnpovpynBodv kdpota pe £va KTHTHE EVOG GOUPLOY 68 GKANPO TETPOU, TOTE Ta KOHLOTA 0T Oo 0-
5e0G0VV HECH TOV TETPAOUATOG MG COUATIIOKEG (LOPLOIKES) HETATOTIGELS, e TPOTO OVAAOYO OV S10did0-
VIOl T KOPATO HESO GTO VEPO, MG UETATOMICELG TV VOUTIKOV popimv. Metd ) diéhevon g dtatapoynig
(Tapapdpe®ONG) 10 COUATIOW ETAVEPYOVTOL GTNV aPYIKN TOVG Katdotaon (ektdg icwg Tov onueiov mov
Bpiokovtat akpiBdg otn HEom Tov KTLTANATOG). Me dAAa AdyLo, To TETpmpO £xEL VooTel pa Tdon (stress,
Svvaun/emedvela), kot £xet aAraéel popen 1 oyfpe (strain), To omoio ETAVEPYETAL GTNV OPYIKT TOV KOTA-
otaon (Lopen 1 oxnua). Avti n cvpreprpopd ovopdleton elaotikiy. O TPOTOG KoL 1) TOXVTNTO JASOCNG TOV
KOUATOV PHEGH TMV DAKOV EAEYYETOL OO TIG ELACTIKEG 1O1OTNTES TOVG. YAIKA T 0TTOl0 VTOKOVOVY GTO VOLLO
Hook eivon ehaotikd kot Tapovctdlovy o ypapiky oyéon Heta&d taon (stress) Kot Tapapndpmor (strain)
(Means, 1976).

Edv éva ehooTikd VAIKO DTOGTEL ol LOVOREOVIKT) GUUTiEoN 1| QEAKVOUO, 1 YPOLUIKTY GoYEoT HeTadld Tng
£approlOpeVNG TAoNG 0 Kot THG TPOKVITOVGUG TAPUUOPP®ONG &, didetor and t oyéon:

o=E¢ @

omov 1 otabepd avaroykotnrag E ovopdletat uétpo Young. Kabog n otabepd avtn oyetiCeton an’ gubeiog
LLE TNV TPOKVATOVGO. TAPUUOPPMOT VLol Lo, SeSOUEVN TAoT, @aivetor TOAVO OTL ToL TETPOUOTA [E SLoPOPE-
TEG TWES E pmopel var £X0VV S1opopeETIKES TOXVTITES.
H empnkovon &, opiletar og 1 HETABOAT TOL HAKOVG LG YPOUUNG GTNV TOPALOPPOUEVT KOTAGTOON, dlot-
POVLEVT TPOG TO OPYIKO TNG HIKOG
li=1, Al

ly Ly

&=

(2

Edv 6nwg gaivetar kot oy gwkova 1-1, éva gElaotikd odpe vrootel o povoa&ovikn cupmicon, 0o out-
Kkpuvbel otnVv Katevbuvon g epappolopevng Tdong, oAAG Kotd v idlo otiyun Ba emunkuvlel oe Katev-
Buvon kdBeta mpog Tov GEova cuunieong. Ta pikn pmwopovv va petpnbovv ce kabe kKatevBuvon kot o Adyog
TOVG AvaPEPETAL WG Adyog Poisson, .

__&
& smov n<0.5
Eixova 1-1. H povoalovikin
OVUTTIETN TTOV EPOPUOLETOL
- e-dwdlhwvan  OTO oOUa, ONUIOVPYET i

Ostixcn emunxovon +e; kau
o ovppixvoon —e;. O 1oyog
TV TOPOOPPDTEWVY QVTAOV
avapépetor wg AOyog
Poisson, p: TInyq 1.

MovonZovikn
cupriscn

Apyiko ’_,-7:

yy s

Abo emmhéov ehaotikég otabepés etvan emiong evdlapépovoes. Edv éva 166Tpomo vAKO vVooTel [ TovTo-
x60ev migon (ek. 1-2), 0 dykog Tov Ba ahrdéel omd éva apyxkd Vy oe éva TEMKO Vj; Kat e TN GUYKPLON TNG
petaPoAng g mieong oe oxéon He T petaforr] Tov dykov, opiletarl va GANO HETPO, TO uETPO KLPIKIG EAO-
otkotnag, k:

A brov A3
To pérpo xvPikng elaotikotnrag divel To PETPo G acvUmEsTOTNTAS EVOS VAKOD. To avtictpopo tov é-
POV KVPIKNG ELAGTIKOTNTOS OVOUALETOL GUVTEAEGTIG CLUUTLEGTOTNTOG.

4 Eiwooaywyi oty l'ewpooixn

Eixova 1-2. Mo alloyh
700 OYKOV (Ugiwan) Tov ma-
. POYETAL OTO LG OALOYH THG
- )l misong (avénon). O Adyog
’/ ¢ aldayis e mieons mpog
™0V alAoyn Tov OYKoV Eval
EVaL LLETPO TS OOVUTIETTO-
%— Apyixd oTeped THTAG TOV DAIKOD Kai 0VO-
Holeton pétpo Kofikig ero-
oukotyrog, k. TInyn 1.

"Eva. 6Aho pétpo mpokvmtet v mapapopmbel Evo chpo pe amkn dwetuntikn taon (ew. 1-3). X’ avt) v

TMEPIMTOOT U0 TOPAUOPPOTIKT TAGT, J, EXAYETOL LE TNV EPUPUOYTH HLOG STUNTIKAG TAoNG g, O Adyog aw-
TOV TOV TOCOTNTOV £ival T0 uérpo axauyios, G:

G=2
4 “
Iivaxag 1-1. Elootikés o100epés & OE10MUKES ToYDTNTES VIO EXIAEYUEVO. TETPDOLUOTO.
Tomog TTukvotnta Mézpo A(.SYOQ Vp Vs Vp/Vs
Tletpdporog p Yollamg POIZSOH (m/s) (m/s)

AcBectombog 2,71 0,337 0,156 3633 2319 1,57
Xohogimg 2,66 0,636 0,115 4965 3274 1,52
Yappimg 2,28 0,140 0.060 2488 1702 1,46
y1616A1804 2,70 0,544 0,181 4680 2921 1,60
I'vevotog 2,64 0,255 0,146 3189 2053 1,55
Mappopo 2,87 0,717 0,270 5587 3136 1,78
I'pavitg 2,66 0,416 0,055 3967 2722 1,46
T'apppog 3,05 0,727 0,162 5043 3203 1,57
Awpdong 2,96 1,020 0,271 6569 3682 1,78
Baodimg 2,74 0,630 0,220 5124 3070 1,67
Avdeoitng 2,57 0,540 0,180 4776 2984 1,60
Téopog 1,45 0,014 0,110 996 659 1,51

O1 povadec yio. to Métpo Young eivoa (N/m?) x 10" kou yio v morvémyra oe glem?®. Tinyn 1.

Ot Tég TV eAaoTiKOV 6tabepdv (E, i, k, kai G) TOV TEPLGGOTEPOV VAIKOV HITOPOVV VO VTOAOYIGO0VV GTO
£pYaoTPLo. Mepikég eVOEIKTIKEG TIUEG Yo oLV TeTpdpata didovtat otov mivaka 1-1. Ot téooepig mapa-
v otadepés dev eivar aveEaptnteg petadd Tovg, HAAL oyeTilovTal [E TIg TOPAKATED CYEGELG:

E
2(1+ p) 6)
_E
3(1-2p) (6)
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Apyikd Awtpmrikn thon

oTEpEd g,

Y= Epy
MoTpnnuévo
oteped

Eiwova 1-3. To uétpo ¢ o1oauntikig avti-
0TO0NS TOV VAIKOD €lval 0 LOYog TG dLaTunTi-
KNG TAoNG TPOG TNV SIOTUNTIKI TOPAUOPPRH,
70 omoio ovoudletor uétpo axapyios, G. H
yoviokn odtunon eivar y. TInyf 1

1.3 Xaiopikd kdpata

Xg £€vo 100TPOTO KOl OHOYEVEG GOUM ATEPNG EKTAONG, TOV TOPAUOPPAOVETOL ELACTIKA, dV0 €181 KUHAT®V
gtvan dvvatdv va dadobovv. To éva gidog petadidetan pe ™ kivion TV LAKOV COPOTISOV Unpog-ticm
KoTh PiKog g dtevBuvong d1ddoong Tov KOHOTOG Kot avapépeTal g emiunkes kbuo. To aALo (100G KOpOTOG
ovopdaleton eyrdapaio kbua, S10TL 1 Ko TV VAKOV copatdiov yivetor kKabeta mpog tn d1ddoot tov K-
HOTOG ) TNG GEWOMIKNG aKTivag. Ta d00 avtd €idn KupdToV Topatnpodvial TO60 6 TEPANOTO LEGO GTO £p-
YaoTNPLO 0G0 Kot TNV Voundpo.

¥ e TrC Eixéva 1-4. Ipo-
VVIOTOOES TS | ;
ETUPUVELKTIS KIVIONG onirtov P “kopa
& * z - TPOS THY EMPAVEILQ.
—&_ L H poproxij xivion
eival wopalinin
wpog ) diedGovon

dwddoong. Enerdn to
EMITENO TOV UETWTI-
\ KOV KOULOTOS o0VO-

Mopuaki VT4, VO KAlon TV
Kkivijon l Kavovikd opi{ovtio, empaver-
0, 1 ETLPOVELOKN
. [:] Lopmizon edagpin kivijon Oo.
Axtiva Exer pua opilovrio
Metomkd D Apuioo AEL 10 OpICOv
Kb Ko {10, KaTaKopogn

ovvigroeg. TInyn 1

Vg ﬁ 2 Ewcéva 1-5. Ilpoorinrov S-kbuo

A mpog v emipavelo. H puopiaxn ki-
/ e /,{’{;—-—,._...__,_. & / vion eivai ket Tpog T dievOov-
|

5“’ 5 Qﬁé
4

! on diddoons. Eneldn to eminedo tov
| HETOTIKOD KOHOTOS GOVOVTG DO
KAion v opilovtia emipavela, n
empavelakn edopixn kivnon Qo Eyel
0 0pI{OVTIO Kai 1o KOTaKOpOYN
ovvigroa. Kavovikd i kivinon tov
S-kdporog avarietor oe dvo oovi-
\ OTWOES, 01 00T TEPILOUPGVOVTAL
Mopaki kiviion g0 kaleto erinedo e mpoomintov-
oag axtivag: 1) juo SH ovovietwoa,
n omoia givor TapdAinin mpog v
EMPAVELQ TOV £0GPOVS (0pLiovTia)

Metwmkd
Kl

— 0
e ““‘a\ ka1 2) pua SV ovvietdoa oto Kato-
Axtiva — s;r S} KOpOYo emimedo, T0 0moio TEPLLapL-
Eminedo waleto ~——sH __‘:_“': ﬂdv&‘l mv 7rp00'7[i7[TODO'(X aKTIVa.
TPOS TV CKTIVIE Hm/f] 1
. -

APOTATHANS ~—

Ot KIVoELS TV VAIKGOV copotidiov mov Sudidoviar g emuiky kouate, amoTelovvTol and ol GEPE G-
UTECEMV KOl APULDGEDY, Ol OTOIEG UTOPOVV VAL TAPASTAHODV (G KEVTPO VAKGOV SOUATIOI®V OV KivodvTat
Mo KOVTa (CVUTVKVAOELS) KOl TO HoKPLd (apaicdoerg) amd v apyikn Toug 0éon (ek. 1-4). Ta empnkn Kv-
pota cuvnBog ovopdloviar P-kiparo 310TL Kivobvtor pe peyodldtepn toydTnTe Kot eOAvouy TpdTa. 6TOVG
déxrtec. Kabmg €va eykdpoto kbpa Kiveiton péca o€ €va VAKO, To VMK COUOTIO VTOKEWVTOL GE S1TUNTL-
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KéG Thoelg KabmG Ta TANGIEcTEPO oNpeia KivouvTal o€ éva emtinedo kabeta mpog N dtevbuven diddoong tov
KOpatog (k. 1-5). Avtd ta S-kduora £(ouv MKpOTEPES ToOTNTEG 0md Tol P-kdpora kot pOdvovv cTovg 8é-
kteg apyotepo. Ta P-kdpota kot o S-kdpata ovopdlovior Kot kouato ywpov. To eykdpoto kdpoto 0dgdo-
vtog péoa ot yn dev meplopifovv ™ kivnon Tov VAKGOV copatidiov oe pa ek dedbuvon, omwg cupPai-
VEL L€ TOL EMUAKN KOHOTO, OAAG PTOpovv va KivnBovv og kabe katedBuvon oe Eva eninedo k@OeTo Tpog ™
S1adoon Tov kdpaToG. Xuyva 1 Kivnomn evog S-KOHATOG avaADETAL GE dV0 CLVICTAOGES (gik. 1-5) — o TapaA-
AnAa TPOG TV EMPAVELL TOV £00QOVG (SH-0vVIoTMoR) KOl fio, GLVICTOGH TOV BPIGKETOL GTO KOTAKOPLOO
eminedo mov mepthopPavel v aktiva diddoong tov P-kopatog (SV-ovviotdoa). Ot GLUVIGTOGES AVTEG KoL OL
dvo mpénel va Ppickovtar 6To eninedo KABETA TPOG TV OKTIVOL.

)

ol Eiwxova 1-6. a) Kbpoza
O K ] . Rayleigh. OAn n poproxij kivion
i:;x;fzfg fg;‘:j’o TEPIAPAVETaL 0TO KOTOKOPLPO
© Py EMITEDO KOl 1] TOPOUOPPLCH

Sl g Lo perwveror e to fabog. f) H emi-

QOVEIOKN EOOPIKN KIVIION TOD
ovvoéetal e ) 100001 VoG
Kouatog Love. Oy n popiaxn
Kivon givai ato opilovtio emi-
mEedo Kou puerdveTal e o Pabog .
Iy 1.

IN—" 7 L

* Aevbuven dddoony
TOD KOPITOS

B)

Metwmkd Kipa

TV mEPInTOOoN Un opoyevols Kot 160TPoToLv HEGOVL givorl duvatdv va mapoyBodv kot GAAo €idn Kopdtov.
AvTé avagépovtol o emtpaveiard kopato Kot dodidovral LEca Kot KOVTE 6TO EMPAVEINKO oTpduA. Yap-
¥OVV 300 10N empavelokdY KOpdT®V To 0oio TapoTnpovval: Rayleigh kbuata ko Love kbporo. Avtd m-
pav To dvopa Tovug and tovg emotipoveg J. W. S. Rayleigh (1842-1919) ko A. E. H. Love (1863-1940), ot
omoiot améde&av Oe@pnTicd OTL T KORLOTO QVTA VITAPYOLV.

To kopora Rayleigh odedovv oto péco pe ) kivnon tv vAkdv copatdiov va teplopiletal o éva Kato-
KOpLPO eninedo Kot va givon avddpoun elreirtiki (€. 1-6a) kot Tpog v devBuvon diddoong Tov KOHATOG.
Ot PETOTOTIOELS TOV VAKOV cOATIOV givol HEYOADTEPEG KOVTA GTNV EMPAVELN KOl LELOVOVTOL EKOETIKG
e to Babog (Richter, 1958). To kopata Rayleigh eppavitovv o govopevo g diaomopdg, To omoio onpai-
Vel 0TL 1 ToxOTTo dev eivan otafepn adld petafdiieton pe to punkog kopotos. Ta kopata Love odedouvv pe
£YKAPOL0L KIVION TOV DVAKGOV copatidiov, Tapdiinia mpog T enpdvelo. Tov eddpoug (eik. 1-6B) dpoa pe
eKetv TV S-KupdTov.

1.3.1 TayvTntes TV GEIGUIKOY KOUATOV

XpNoOTOdVTOG HOONUOTIKY avAADGT Yl EAACTIKG pésa, umopodv va e&ayBodv ot e€lomoeLg Kivong TV
P- kot S-kopdtev ek TV omoimv TpokHITOVY 01 avTicTolyes TaydTNTEG TOVG, Aapdvovtag vdyn v Tv-
KvOTNTO, p Kot 16 EAASTIKEG 0TofepEg TV VAIKGOY. Ot TayvTeS TV P- Kot S- xupdtov ival:

8 Ewooywyn oty l'ewgooixn

v ’”%G: [E (1-4)
’ p p (1=2u)1+ ) ™
K:F: E_1
a Y p2(1+/1) ®)

Edv onpeuboovpe 6t 1 otabepd KuPikng dtaotorig, £ kot To pétpo akapyiog, G Aapfdvovv tavtote Oett-
KéG TIHEG KoL OTL 0 A6yog Poisson givar pikpdtepog 1 icog pe 0.5, tote yiveton gavepd o6t 1 TayvTa TOV P-
KOUATOV TPETEL VO €lVOL TAVTOTE PEYOADTEPT OO EKEIV] TOV S- KOUATOV, HE GNUOVTIKO HOAIGTO GUVTEAE-
o). Zuvdvdlovtog Tig 300 ToPATAvm GYECELG TPOKOTTEL OTL:

(&)

Enedn to G eivan ico pe 1o pndév yia o vypd, n todTnTa v S-kopdtov givor eniong undév. Me dila Ao-
Yo T yKApota kopato dgv dtadidovtat oto vypa.

1 diepevvnon pnyxdV oxeTkd PabdV ¥pNOLHOTOOVVTAL GYEIOV OTOKAELGTIKG TO ETUNKY KOMOTO KO €0~
Héveg evaLopEPOVY Kupimg ot ToxdTNTEG TOV P-Kkupdtmy. Ot toydTeg antég umopodv va vroroyicbovv eite
HE EPYOOTNPLOKEG LETPNOELS, HE KATUYPUPEG LECH GE YEOTPNOELS N} HE TNV EQAPHOYT GEIGUIKAOY HeBOSOV
oto Ymadpo. Xtov mivaka 1-2 gupaviCeton €vag Katdhoyog v TAEOV cLYNOICUEVEOY VAMK®V HE TO £0pOg
Stk pHAVoNG TG ToOTNTAS TOVG.

To 0pog Stakvpaveng eivar TOAEG POPEG HEYAAO e GUVETELDL VOL UV OVTIOTOLKEL 10l LOVAOIKT) TUL O K6~
Oe nétpopa 1 iCnpa. Mopdra avtd, propodv va e&oyBovV Kamoo YEVIKG GUUTEPAGLOTOL:

e Mn kopeopéva WipoaTa £ouV HIKPOTEPEG TYLEG ToDTNTOG Ol Tol Kopeospéva ot

e Mn cvvektikd Wpoata £400v pKkpOTEPEG TIHES ToOTNTOG OO TOL GUVEKTIKG KHHaTO

o Ot oeiopkés ToydTNTES EivaL APKETA OUOLES OE KOPEGHEVO. KO 1) GUVEKTLKG ot

o ABpopéve TETPOUATO EYOVY IKPOTEPES TIUEG TAXVTNTOS oo OUOLN [N SLoPPOUEVE TETPOLOTO
o Aleppnypéva TETPOUATO EXOVV MKPOTEPES TIHEG TOYVTNTOG OO OLLOLOL L) SLEPPNYHEVE TTETPDLLOTO

ITivakxag 1-2.Avtumpoowmevtikég TIHES TayvTHTOY p-Kopdtwv og km/s. TInyn 1

AcbHvdeto Y Tovektikd YAd Adpopa
AwBpopévo Zrphpa 0,3-0,9 | I'pavitng 5-6 | Ydop 1,4-1,6
"Edagpog 0,25-0,6 | Baocditng 5,4-6,4 | Aépog 0,332
AMobPto 0,5-2 | Metopopgouéva | 357

Tetpdpota
Apythog 1,1-2,5 | Woppimg 2-4,5
Appog AcPeotoMbog 2-6
Axodpeotn 0,2-1
Kopeopévn 0,8-2,2
Appog & Xdleg
Akopeom 0,4-0,5
Kopeouévn 0,5-1,5
Toyetddng AndOeon
Akopeot 0,4-1
Kopeouévn 1,7
YUOVEKTIKN 1,2-2,1
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Y& OpIopéVEG HENETEG OONTEITAL 1] EKTIUNOT KOL TOV TOYLTHTOV TOV EYKOPCI®V KUHATOV Kol TOV KOUATOV
Rayleigh. Kbpota Love dev mapdyovrar texyntd yio ) diepedvnor tov veddpovg. Mepikoi yevikoi kavoveg
cLVO®G 0koAOLOOVVTOL VIOl TOV VTOAOYIGHO TMV TAXVLTHTMOV TOV EYKOPCImV Kot Tov kupudtmv Rayleigh ,
onme:

Vi=0.6 V, Y10 KPUOTOAAKE TETPOLOTA
Vi=0.5V, 7y inuatoyevi netpdpoto
V=04V, 7yuaedaen Kot pun cuvoedepéva VKA
VR =09 Vs

1.3.2 AKTIVIKEG TPOYIES 1] CEIGUIKES AKTIVEG OE CTPWUATOTOUUEVY] JOUT]

‘Eva. petomicd kopo opifetor og n empavela kotd pikog g omoiog to dtoddopevo kdpa eivan oe pdoy. Ia
TapAdetypa, n aeiEn tov kopoTog oty gwova 1-7 gppavifetar ekel dmov ta copatidn apyilovv va Kvov-
vtor oo ™ Béom eopporniog kabdg To Kopa dwadideton (peTOMKO KOpo o undevikny @don). To péyioto
TAGTOC TG GOUOTISIOKNG Kiviiong epgaviletor oo petemkd kopo pe edon 90°. Adda petomikd kopato
aVTLOTOLYOOV G BéGELC OOV TO KOMO peTafaivel omd BETkd 6 apvnTikd TAGToS (@hon 180°) kot oe gAdyt-
o010 TAGTOg (270°).

Ty

Ewova 1-7. Ta petwmnikd kouazo. gi-
Val ETPAVEIES KOTE, KOS TWV O-
TOIWYV 01 HLOPIOKES KIVHOEIS TOV 01001
JdopEVOD KOUATOS Elval o€ Paon (Ui
Thipye taldviwon sivar pdone 360°.
Lo wapdoetypo, [io. expavela, Omrov

\ o, s // d o1 poprakés kivioeig phdavovy to ué-
MetmmKd Kipate : \"“'-..._b ,"/ Mhdrog popraxig y1o70 OeTiKG TAGTOG, Eival Paong 90".
0" @i =~ "‘}.(, e Knong Exei 6mov o1 poprokés Kivioeig Aou-

90" Mo

Pévovv péyioto apvntikd TAaTny eivor
péong 270°. Tnyn 4.
270° Mien

Ac Bempfioovpie 0Tt To PETOTIKG KOpoTo Taplotodv o dtadddpeva P, S kot Rayleigh kdporta (ewc. 1-8a). Xe
£V0L OHLOYEVEG PEGO TOL KOULOTO XMDPOV S1adidovTaL ™G GOAIPIKA LETOTIKE KOpata, evéd to kopato Rayleigh
Sadidovton Katd UMKog TG EMPaveiog.

a) Iy Emupivein

Ewova 1-8. o) Apyixa petwmika

Epopikin
— = pETomKi xbpoza yio emunxn (P), eyképoia
KbpnTa (S) ka1 Rayleigh (R) kbuoza. ) Me-

TOTIKG, KOUATO. Y10, S100100UEVO P-
Kbua.. Metofolrég otn toybthra mpo-
KOAODY TUHHOTO TOV UETOTIKOY KO-
B - B ) - Hatwv va kivy@odv mo ypiyopo. i

i i O OPYC. , TOPOLOPPDOVOVIOS TO. OO
életes opaipes. Etol, o1 tpoyiég twv
Koudrv kdurroviol (d1ablovia)
Kxabd¢ n taydTnra aliader. TInyn 4
TPOS TOL PETETING

Kopoeto

Metomed kipota

-
AKTIVIKEG TPOYIEG m——pe 4 ‘[
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H ceiopkn evépyeto dadideton Katd PNKoG TpoyLdV KAOETA TPOG TA HETWTIKG KOUATA, YVOOTAOV MG OKTLVL-
KOV TPOXLOV 1 GEICHIKOV aKTivov (sik. 1-8B). MetaBoiég g ToxdTNTAS TOV KVUAT®V ¥DPOL TPOKOAOYY
AmOKAON TOV HETOMKOV KUUATOV 0O KOVOVIKEG GOUIPES, [LE GUVETELD T KAUyM N StdOAoon TV GEGHL-
KOV oKTiVoV.

‘Eva oetopixo iyvog givan n kataypagn g edapikig kivinong amd va 3EKTN (Yedmvo), ametkovilopevn oe
GUVAPTNOT UE TO Xpovo (gik. 1-9).
Agkme
a) Ty 1
F 3 L ]
R s
/

s’

Ewova 1-9. o) Zeiouika kbpoto mov o-
OEVOVY OO TNV TNYN O Eva OEKTN (Yedd-

B Edagpu] kivijon (ahitog) T ,
©wvo). ) Zelopiko iyvog Katoypapns e
g ? E00PIKNG KIVIONG a0 Eva OEKTH, WG OV~
g_ é’ VApTHON TOV XPOVOD J1AOPOUNS IO THY
=2 £z s nyn oo oékty. TInyn 4
£l 35 | =¥
2 =
e
n e
I — g
0 EX g
'.J'J g2 g
e 2
e c
. |

Y un opoyevi| HEGE Ol GEIGIKES aKTivVEG avakAd@vTot 1} StbAdvVToL 6TaV GLVUVTIGOVY VAKE Ta omoia Exovy
S10popeTIKéG EANOTIKEG 0TABEPES KO TUKVOTNTEG. AVO PaCIKEG apyég SIEMOVV TIG GYECELG TV OVOKADUEVMOV
Ko StbAdpevev Kopdtmv. Avtég sivon 1y apyr Huygens koun apyi Fermat.

1.3.3 Apyij Huygens

O C. Huygens (1629-1695) dotdnwoe po amin oAl eEapetikn apyr, o £va pépog g avamtuéng g Oe-
wopiog Tov Yo 0 Poc. H apyn tov avaeépet 6Tt Oha o onpeio VOGS HETOTKOD KOULOTOG HTOpOovV va. Bmpn-
00UV g oNUELOKES TNYES Y10l TN YEVEST] VEOV GQUIPIKOV OEVTEPOYEVAOV KLpAT®V. MeTd and xpdvo t, 1 véa
0¢om tov petomkod KOpATog Ba givar 1 epamTopeViK empaveln (TepPaAlovca) OAwV OVTOV TOV GEAPL-
KOV kopdtev. EGv epoprocovpe auti Ty apyn 0To HETOTIKO KOUO KOTG T Ypovikn otiypn tl, tng eucdvag
1-10, B pmopécovpie VoL KOTUGKEVAGOVIE TO HETMMKO KOO Kot KOTd TN YpOovikn ottypn t2. T'o amhomoinon
oV mapodeiypaTog Bempovpe 6Tt N TaxdTNTO Stddoong eivar otafepn o OAO TO PEGO. XTN GUVEYELD SLaAL-
yoovpe Ayo StiomopTo oMpein G OTNUELNKES TNYEG GTO PYIKO LETOTIKO KO Kot vtoAoyilovpe v aktiva
TOV 3eVTEPOYEVONG KOUOTOG, PACIGHEVOL GTN TAYVLTNTO TOV HEGOV Kot OEmpdVTaG Eva Ypoviko ddoTnpa, At.
Axolovbng yapdccovile ta devtepoyeviy kbpata kot Ty tepipdrlovoa 6wV avtdv. ‘Etot, mapdyetat o véo
HeTOMKS KOHO KOTE TN YPOVIKN OTLyUN L.
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Ewova 1-10. Epopuoyn g apyic Huy-
gens yia. 1ov mpoaoloploud s Géons tov
UETWTIKOD KOUATOS TH YPOVIKI] OTIYUN Lo,
UETC. TN HETOAGSNON TOV YpOVIKOD dia-
otiuazog At. I'o o dedopévn Oéan tov
HETOTIKOD KOUOTOS KOTA TH YPOVIKH
oy t; kai epopuolovtog Ty opyn
Huygens, uropei va tpocoiopiolei n O¢-
01 TOV UETWTIKOV KOULOTOS KOTA. TH YpO-
vk oty to. TInyn 1

Andoto
(ragpiTne) (A0

H tayimra evin otalepn:
L=t6+M

Inuewrés
nyé

‘:\\ Memomkd
) KDL oTo |
Metwmko

KO 670 1, -

1.3.4 Apyij Fermat

O P. Fermat (1601-1665) avéntu&e o apyr, 1 omoia ival YVOOTN ©G apyh T0v eAoyiorov ypovov. Avti M
apyn avaeépel 6Tt 1 Stddoon TV Kupdtov petad dvo otabepdv onpeiov akolovbel Tpoyld g onoiag o
xpOVOG d1adoong eivat 0 ELAYIOTOG, amd OAeg TIG AAleg TOAVES TPOYLEG. Me dAla AOYLO, TO GEIGUIKE KOUOATOL
aKoAoVBOVV TPoYIES EAioTOL YXPOVOL.

Epapudlovrag mv apyr Fermat mpoxdmtel 0TL 1 Tpoytd | M oktiva Tpénetl va givon evbeia ypapp oe éva
pHéco pe otabepn taydnTa, S1oTL M gVbeia ypapun ivor n pikpotepn andotact peta&d 300 onpeimv Kot Ko-
0dg 1 TayvTnTa glvan otabepn, N amdotaon peta&d Tmv dvo onueinv eivol emiong exeivn 6mov 0 XpoOVoS dd-
doong etvat 0 gEAGIoTOC. T TPONYOVUEVES TAPOYPAPOVS TO KOULOTA omelkovilovTay oG opaipikd, oALd 6TO
e&Ng 10 peTomkd kopoto Ba anewoviCoviat og enireda. Kabdg 1o kopa avédvel tyv andotacn Tov and 1o
apykd KEvrpo (Tmyn) M aktive KoumvAdmrog avédvel og T€tolo Pabpd mov pmopel va Becwpnbel kon ypnot-
pomomBet wg enimedo petwmiko koua.

1.3.5 Avaxiaon

Ag vmobécoupe OTL éval EMIMESO PETMOTIKO KOO TPOOSTINTEL GE i Mimedn Kot oplovtia emavelo mov Sio-
yopiCer 500 VA pe oewopég Taxvmes V; kat Vs, H yovia mov oynpatietar peta&d g GEGHUIKNG 0KTi-
vog kot g KaBétov eni g oploviag empaveiog ovoudaleton ywvia mpoontwons ko cupPorifetar g ;.
Edav avagepbodue otig etkoveg 1-11 ko 1-12 propodpe va diepoodie mola givat 1 oxEon TV Yovidv 6,
kot 0753 Me Ao Aoy, ot Tpoytd Bo mhpet 1 avaxkAdpevn aktiva; H andvinon oy epdtnon avt propel
vo do0¢et pe T epappoyn eite ™G apyric Huygens | Le ™V apyij Fermat.

12 Ewoaywyy oty L'ewgooikn

Ewova 1-11. Xpnoworoiwvrog v apyn Huygens mpokimtel 0ti § Tpoominrovco. ywvie, €ivol (o ue ) yovio
avariaons (6; = 0,). TInyf 1

Kat’ apyfv, ag egetdoovpe ™ dtadkacio TG avakiaons HEG® TG EPUPUOYNG TNG apyiic Huygens. Ag Bew-
pNoOVHE Eva HLETOTIKO KOpa He TaydTnTe V7 mov @Bdvet o oplovtio empdveta (eic. 1-11). Otav 1 aktiva
1 TPOOTEGEL 0TI LU WPLOTIKY EMPAVELX, ONULOVPYEL [LoL StaTapay 1) 0Toio ATADVETOL TPOG ToL EEM KL OTO
00 VAIKG (EMAvVm Kol KATM, 0V KOl oG EVOLOPEPEL G° aTH TNV TEPInT®on HOvo 1 S1ddoon Tov avakAd]LE-
VOU KOHOTOG). € L0l YPOVIKY OTLYUN apyOTEPT, 1| OKTIVO 2 TPOCTURTEL GTNV SLOYOPIOTIKY EMPAVELD KL Op-
Ketd apyodtepa n aktiva 3 eBdver oto onueio Y. To devtepoyevég HETOMIKO KM OV dnpovpyeitor 610 A4
npénet vo Sadobel mpog o EEm (avakidtar) Kot @OGvel G [ OpopéV amOGTACT KT TO {510 YPOovIKO
Stdotnpo mov 1 aktiva 3 0devel amd to B oto Y. Kabdg n toydmnta Oewpeitar otabepny, avt) n andotaon
npénel va. givon ion pe v BY. Opown, pmopel va epappocbdel kot otnv aktiva 2. 'Etol, pmopovpe vo koto-
OKEVAGOVLE TO VEO UETOMKO KOUO He TN Xapasn evog T0&ov pe apyf to A4 kou aktiva d; = d>. Me tov {610
TPOTO UTOPOVLE VO, KATOGKEVAGOLUE €val TOEO Yol TNV oKTiva 2. XT1) GUVEXELN YOPAGCOVIE UL YPOLLUT Op-
xiCovtog amd o Y, n omoia eivar epantdpevn ota t0&a avtd (tepipdiiovoa) kat oplobetel T B€om tov véou
HeTOMKOD KOUOTOG KOTd TN oTiyu mov 1 axtiva 3 givon oto onpeio B. Enedn ta opboydvia tpiyova ABY
kot AXY eivon ioo Ko o1 yovieg 91' Ko 92' givan {oec, EMOUEVMS KOl 01 GUUTANPOUOTIKEG YOVIEC TPOCTTOONG
(0;) xau avaxhaong (6-) eivar {oec.

Epapuolovrag mv apyn Fermat ywo va Bpedei n) oxéon petald tov yovidv 0; kot 6, , mpénet vo. Ppedel mpodta
TOL0L TPOYLAL EIVOL T) EAAYLOTT Y10l {10 AKTIVO TTOV TEPVA OO TO A KOl OVOKADUEVT OO it SLoYMPLOTIKT ETL-

paveln pOaver oto onpeio B. H ewova 1-12a anewcoviler to npofinua. H tpoyd ehoyiotov ypdvou givor
KOG PAKOG TG TpoYLG ARB 1 katd unKkog g tpoyiis APB;

a)

Eiwxova 1-12. Xpnopomoiovrag vy op-
n Fermat mpoxdrrer ot n yowvio mpo-
OTWONG 1600TOL UE TN YOVIO. OVOKAOTNS

)
P (01 =62). TInyn 1
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Avagepopevol otny ewkova 1-12f, o ypdvog dadpoung (amdotacnh/TodTa) i o aktive omd 10 4 pécw
tov onpeiov O o610 B, didetar amd Tt oyéon:

- x+y)/ sx+y)/ (10)

T va voloyieOel 0 eEAGyLoTOg XPpOVOG ¢, Tpmet vo. ANeOel | TpdTN TOPay®Yos TG

cuvaptnong kot va e&lowbel pe pndév:

dt X (s—

x
— (8))
dx x +y )/ S x + y )/
KO YPNOLOTOLOVTOG TIG GYEGELG:
a2 «a  nub, = S ) B a3)

o wy

BAEmovpe Ot

((s x) +y)/

7 0,
L Lo W i Y Y smopévag 6, = 0,
" "
"Etot, n tpoyld yioo TNV omoic 0 xpovog 6devong eivar eAAyIoTOC, eivat ekeivn yoo v omoia 1 Yovia Tpd-
OomTOONG £ivar ion pe T yovio ovakiaonc.

1.3.6 A1aBlacny

H 010 mpocéyyion o axolovOnbel, 6mmg kot mponyovpévas, yio va Bpebei 1 oxéon peta&d g mpoomi-
TTOVCOG Kot TNG StbAdUEVNG aKTivag. Oa epoprocbel apywd n apyr Huygens Kol ot GOVEXEW N apyi
Fermat.

H ydpaén tov axtivev oty ewova 1-13 eivon ovolaotikd 1 idwa pe ekeiv g ewovag 1-11, pe ) dapopd
o1l avapepopoote 0 oe dtbAdpeveg axtives. Otav n axtiva / Bavel oto onueio 4, dnpovpyet o dto-
Tapoyf 610 VAKO pe tayvmrta Vo H Swatapoyn anidverotl mpog ta Em 6° avtd t0 otpdpa (StabidTar) Kot
0devet i amdotoon dy Katd T xpovikh ddpkea t; mov yperdletar n axtiva 3 vo 0devoeL and to onpeio X
oto onpeio Y (o andotacn d;). ‘Etor, pmopodue va yapd&ovpe m 0o Tov vEOL HETOTIKOD KOUOTOG KOTR
m oTypn mov 1 aktiva 3 eBdvel oto Y, pe ™ xdpadn piog ypoppic mov cuvdéet ta ¥ ko B (1 onoia iva n
EQATTOLLEVT) TOV HETOTOV pe aKTiva d,, Tov dnpovpyndnke oo 4).

Eixova 1-13. Xpnoipomoicrvrag v apyii Huygens
TPOKVTTEL 1] OYETH HUETOLD TV YWVIOV TPOOTI-
wrovoag koi oraOiaong. TInyn 1

vy

14 Eiwooaywyi oty l'ewpooixn

Emeidn
nu0, :% KoL 77#9 AY
d, =tV, xa d, =tV,
oYVEL OTL:
AY = S Kot o, _ ¥,
nuo, - nub, o, V,

‘Etot, mpoceyyilovtag ) yeopeTpia g SdOAooNG Kot XpNGILOTOLOVTAS TV apyl Huygens, Tpokdmtel 0Tt 0

AOYOG TV NIITOVOV TOV YOVIOV TPOSTTOGNG Kot StdOAhacng 1600TaL e T0 AOY0 TOV GEIGUIKOV TUXLTHTOV
T®V V0 VAKOV.

Eopoappolovtag v apyiy Fermat kot ava@epopevol oty eikova 1-14a, evdagpépov mapovstdlet moo ivat n
POy ehayiocTov ¥pdvov pioag axtivag and 10 4 oto C Kabhg mepve péco amd TN SoOPIOTIKY ETLPAVELL
oL dtoywpilel VAKE pe SlopopeTikés celopkés toxvmTes. Kat’ apynv ekppalovpe 10 xpdvo dadpoung
nov ypetdletar n aktiva va 0devoet omd to 4 oto C pécwm B:

(= X +y)/ ( +Z)y (14)

+V

o) ] ¥

Viz ¥y

Eiwxova 1-14. Xpnowonoiwvrog v apyn Fermat mpokOmtel 1 oyéon petald twv ywviay TpooTintovsos kol
o1dBroong. TInyn 1

Yvveyilovrag Aappdvovpe ™y TpdTN TOPAymYO Kot eEICOVOVUE e UNSEV KoL TPOKVATEL 1) GYEON:

dt (s—x)

s x+y)/ V(s -y +22)"

Aappavovtog v Tepdymyo CUEIOVOVLE OTL T z Kot Y gival oTofepés mOGOTNTES, EPOGOV £X0VV TIG 1d1eg
Tipég aveEdptnta mov tomobeteitar to B ot Slay®ploTikn eM@Aveln. Onmg mponyouHéEVMS, HTOPOVE VO
YPNOOTOMGOVLE TIG TOPAKAT LGOTNTEG Y10l VOL TTPOKVYEL 1] GYECT MOV GUVIEEL TIG GXETIKES YMVIEG KO GEL-
OUIKES TAYVTNTEG:

=0 15)

=¥ a7

X
nue, =————— (16) «xm  nub, =
l x2+y2)y ’ [(sfx)2+zzl
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nub, _ nuo, 0 xat éror nué, v Ilivaxag 1-3. 'wviec avixlaons & oia0laons yia p- kar s-kvuoza. Tnyf 1
v V2 nue, v, TCovio TN tpdomrmon P-kopdrov I'o tpéoTTOoN S-KLUETOV
Mpécntoong | Avakh. P | Avokh. S | Awbh. P | Awbr. S | Avakh. S| Avakh. P | Awbr. S | Awbir. P

1.3.7 Nopog Snell 10 10 6 28 16 10 17 28 51

. , . , , , L, 11 11 7 31 18 11 19 31 58

H oyéon nud,/mué, = V,/V; covbog avapépetar og vourog Snell kot givar ovotddng oty eéaymyn AoV 2 2 7 34 0 2 20 32 8
eKPpacemv oTig pebddovg avakiaong kot dabraong. O viuog Snell cvvnbwg ypapetar og nudimubr =

VilVr, émov i givon 1 yovio TpéoTTong Kot 7, Taplotd ) yovia Sidbiaong. Enedn ot axtvikég tpoyiég me- ii i i 2 2(7) ;; i i ;21 4313 8*8

propilovtar 6to Vi oty avékiaon, o vouog Snell amhomoteitar o€ MUO; = NUbixiaoy s B 5 " N 3 T " -

Méypt tdpa dev £yovpe TPOGIIOPIGEL T TAVTOTNTO TOV TPOCTITTOVTOS KO TMV AVAKAMUEV®V 1) SLoOADpLE- 16 16 10 47 26 16 27 47 *

VoV Kopdtov o P- 1 S-kupdtev, aAld £xovpe vroféoet 0Tt TO TPOOTIMTOV Kot TO. OVAUKADUEVO/SIOAD eV 17 17 10 31 23 17 29 51 >

Kopato givor Tov Wiov gidovs. H mpaypatikh katdotaon givol Kamwg dapopetikn Kot mo mepimhokn. Eva 13 13 1 55 30 3 ¥ 55 =

P-xopo npoomintov oe o emeavela mov dtoxmpilet VAKA pe S10QOopETIKEG GEIGLIKES ToOTNTES, INpoVPYE 19 o m 0 31 o 3 %0 "
po dtotopoyn M omoio mapdyet va avakidpevo P-kdpa kot €vo avakidpevo S-kope kabdg Kot £va do-

Ohdpevo P-kdpo ko éva S-kdpa (ew. 1-15B,0). O vouog Snell epappodleton kot otig yovieg dtdOiaong kot 20 20 12 66 33 20 35 66 *

avaxioaong Tov S-kopdtev. H povn pdduion mov ararteiton £ivat n avitkatdotoon g KaTdAAnAng toyv- 21 21 12 73 35 21 37 73 *

10g Tov S-Kkvpatos. I mopdderypa, n yovia SOAaoNG Yo To S-KOHO. (G,ss oV OV 1-158) vokoyileton 22 22 13 87 37 22 39 87 *

and ™ oyéon: 23 23 14 * 39 23 41 * *

24 24 14 * 41 24 43 * *

no, Vi, as) 25 25 15 * 43 25 45 * *

nuo, vV 26 26 15 * 45 26 47 * *

' 27 27 16 * 47 27 49 * *

Oupota, éva mpoonintov S-kdpa mapayet avakidpeva Kot Stbidpeve P-kdpota kobog kot avakidpeva kot 28 28 16 * 49 28 51 * *

Srabrdpeva S-kopata (euc. 1-15y kot €). Ewducd nopadeiypata pe Tés anekoviCovror oty ewkova 1-158, vy, 29 29 17 ¥ 31 29 4 m ¥

& xau €. O mivakag 1-3 mepiéyet Tig yovieg Yo mpoonintovta P- kot S-kbpoTa, Tig TodTNTEG TOVG KAt TIG VITO- 30 30 7 - 3 30 56 = =

Aoyiobeioeg yovieg avixkiaong kot SiéOraongc. Turt P s 1500 Tags LSS 900
ovTnTa 1- s ayomra 1-S (m/s

H povn mepintoon yw v omoia éva mpoonintov S-kbua dev mapdyet avakiopevo kot dobiopeva P- Togomro 2-P (m/s) 4000 Toggbnzoe 2-S (m/s) 2400

KoOpoato gtvor 0tav 10 S-kopa givat kb’ okokAnpio thmov SH. X’ avth TV TEPITT®ON 0l COUTIOKEG ([o-
prakég) kKvnoeig meplopifoviar oto oplovrio emimedo kat ival, €161, TAPGAANAES TPOG TNV AGLVEXELD THG
ToOTNTOG. Znueiwon: O aotepiokog * onuaivel 6t dev vpiotatar O106Aaon, alid 0riky avaxioon

1.3.8 Oproxn o160iacn

T xapwv anddémrag ag nepropieBovpe ot P-kdpota. Ag vmofécovpe 6Tl éva P-kbua mpoomintel o pa
empavela mov doywpiet 800 péoa pe tayvteg Vi ko ¥, émov ¥, > V. Kabdg n mpoonintovco yovia ov-
Eavet, M Ty TOL MLTOVOL TG Yoviag didbiacong eniong mpémet va avédver yia va dtotnpndei n 1ot TV
AOY®V TOV Vouov Snell.

Ye Kamoto onpeio N yovia tpdontoong Ba sivar £Tot dote Nub; = V; / V5, mov onpaiver 0Tt 10 nuitovo g
yoviag d1d0haong givor 1.0 (kot 1 yovia 90°). Edv 1 yovia 6; avéndsi mépav te Tymig avtig ot Addog T
TPOKVMTEL, SLOTL TO NUITOVO TG YOViag dev pmopel va vrepPel TNV Hovado Kat 1) 1o0TnTo dgv PIopel va dto-
mpnobel. And PuoKng TAELPES cVTO onuaivel  OTL N Yovio didblaong avéaver Kabmg N Yovio TpOSTTOONG
av&avet, péxpig 6Tov ot aktiveg va dtabracHodv Tapdrinia Tpog T St ®PIoTIKY EMEAVELD HETAED TV dVO
vikdv. Eav n yovia tpécntmong avgavetol mépav auTig g e01KNG TiuNg, ToTe dev eppavileton dtabiaon
AL ot aktiveg avakAdvtot ko’ olokAnpio | mapotnpeitol oliky avariaon.
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Eixova 1-15.

a) Mo yeviki opoldoyia. yio. ta exoueva
olaypéuuaza, 6, n mpoorinrovea yw-
via, 0,4, n yovia avixiaons, kar 6.4, 1
yowvia didBraons. H V; givor n toydy-
0 TAVW om0 TV aovvE el Kal V gi-
vai 1] Toy0TNTO. KATW OT0 THY 0oVVE-
XELOL.

p) kou 6) Eva mpoorintov emiunkes koo,
onuiovpyel Evo. ovoakiouevo P-koua,
éva avarxlaopevo S-koua, éva o100im-
pevo P-xbua kau éva oro0Aduevo S-
Kopo.

y) kau &) Evo mpoomintov S-koua mapayel
emiong avokAdueva kot o1adiduevo.
P- kot S- kduaza.

o1) Evo ovvomtiko o1dypagyuo. wov deiyver
on éva mpoorintov P-kiuo 1 S-xbpo
TOPAYEL KOL OVAKADUEVO. Ko O10OAD-
JLEVO KOUOTO. TOGO ETLUNKWV 000 Kol
eykapoiwy kopdrwy. IInyn 1

H pébodog g oewopkng diabraong ompiletar 6 avth TV €81KN TEpinT®ON, OTOL 1 YoOVio TPOCTTOGNG
ovopdleton oprakij yowvia 1 oproxi didblacn. Edv 6;. copBoliCer mv oploxn yovia, T0te 1) i ot pmwopet
va vroroyioBel oo T oyéon:

v,
.= W‘(‘J 9
vV,

Metomko ) )
KOpo Eicova 1-16. Evo kduo

OV TPOOTITTTEL LUE THV
opiaxn ywvio, 0. dio-
O.drou wopdiinla mpog
TV AOVVEYELQ TOPTYO-
vtag étot éva. 01004m-
UEVO UETWTIKO KOUOA.

Iy 1

Metwmkd
Kopo uiblaong

r/ Opraxny frabraon

‘Onmg Kot TpoNnyovpEVeS, dev xpeldletar va omodeydel 6Tt AT 1 YEVIKY OX£0T OYVEL Y10 OAEG TIG MEPUTTO-
Ge1G S1OAaoNG, OTOG TV SLOADOUEVOV EYKAPGIOV KUUATOV TOV TapdyovTal and Tpoonintovta P-kopora.

Y

vy ¥

Eiwxéva 1-17. o) Ipoorintovoa, avorxiduevy kor diabiouevy axtives.y) Avénon tov 0; mpokalel juo opiaxd
oaOAduevy axtivo.y) Hepoutépw adénon e ywviag 0; ipokalel odikn avirxioon. IInyn 1

Mmnopovpe va aneikovicovpe to oplokd StabAdiEVO KOPATO, MG KOPATO TOV 0d£00VV TapEAANAa TPOG TN
Sl ®PIOTIKY EMPAVELD, GAAG [E TN TOXVTNTO V), TOV KATOTEPOL UEGOL KOl TOPEyovVTOG SoTapoyEg otV
Sl OPLOTIKY EMPAVELRL. AVTEG Ol SLOTAPOYEG SNILOVPYOVV deuTEPOYEVT] KOpaTa Kabdg o Stabldpeva Ko-
HOTO TEPVOVV KOl EMGTPEPOVY GTNV EMPAVELD. dl0L LEGOV TOV GTPMOUOTOS He TaydtnTa V7. Mia popd akoun
0o pmopovoaple vo XpNCYLOTOWGOVLE TV apyri Huygens Y10 va. XUPAEOVUE TO UETOMIKO KOO TOV OJEVEL
TPOG TNV EMPAVEL PE TayLTTO V7. AVTO TO KOO OVOQEPETUL OG UETWTIKG KU, O1dOlaons Kot KGOE akTiva
oL avadvETOL VO TV Optaxh Yovia (ewk. 1-16).

Ta owvopeva g StdbOAaong Kot avaKiacng, 1 oplakn ddOAacn Kot 1 0K avaKANGY avOPEPOVTOL GLVO-
nTikd otV ewova 1-17.

1.3.9 IlepiBiacny

211g mePIocOTEPEG TEPTAOGELS Bepodue Guveyeis emimedes emPaveleg Kot GAAEG ATAEG YEOUETPIEG OTIS O~
voAvoes Tov pebddov oelcpikig avakiaons Kot StdOlacng, av kot 1 vedaeiky Sopr| ival omavia 1660
wavikn. Ev todtotg, pio eviiagépovoa e£aipeon ota mapamdve avopEPETOL GTO GUVOUEVO TNG Tepifiaog.
Edv pa dotapayn mopoyfel oty eT@AEveLo Kot GUVOVTNGEL (ol OTOTOUN GAAOYT GTN KOUTVAOTNTA TOV pé-
GO0V L€ TAPOVGIA OGVVEXELNG TaYLTNTOG, Oa TapayBodv emmiéov kdpata, To omoia dev Tpofrémovtat amd
1Gpoén Tov avakkdpevev 1 Stbiodpevov aktivav. Ankadn, n avaivon pog dev ioydet OTav ot SLoTAGEL
TOV QVTIKELLEVOD OV B0 GLUVAVTICOVY Ol GEIGUIKEG 0KTiveG dev efvar apKeTd peyodlbTepEg Ao TOL UK KO-
HOTOG TV GEIGUKDY VTV KOUATOV.
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T v arekdvion tov eawvopévov g mepibhacng ag BempNoOVLE T GLUUTEPIPOPE TOV VIATIKAOV KVUE-
tov. Edv vdotikd kopata pe eninedo péTomo cuvaviioovy £va eumoddlo To omoio mEPIEXEL ML (KT O 1e
S0 TACELG OLOLEG E TO PNKOG KOUOTOG TMV VIUTIKMV Kupdtav (k. 1-18), tote gpoaviletor to @avopevo
g mepibraong Kot Ta VIUTIKG KOpaTo amAdvovTat TEPAV omd TV omn Vo popen npkvkiiov. Ipdypatt,
£0v Bempnoovpie OTL KPS HEPOG TOV KOUATOG TTEPVE LEGOL OO TNV 0T Kot EPAPUOCOVUE TV apyij Huygens,
T0Te M outiol o To pavopevo g mepiBiaong eivar Eexdabapn.

Eixova 1-18. Enineoa
JHETWTIKG, KOWLOTO, TOD
TpoceYyilovy gumodio ue
éva dvoryua, to omoio
&yel mharog, d, ioo pe to
KOG KOUATOG, A, TV
HETOTIKDY KopudTwv. H
opyn Huygens eényei to
povouevo g mepiblo-
ONG IOV TOPATNPEITOL.
Iy 1

SO

—_—] )

Av ko n dadikacio, 1 omoio eppavifetol oty amdTOUn AcvVEKELX TG £IKOvag 1-19, givon mepio-
66tePO TOAMOTAOK, M| YEVIKNY popen e€nyeital opkeTd kakd pe t Bedpnon Oti, 1 amdtoun alhoyn
OTN KOUTOAOTNTA AEITOVPYEL MG TNYT| SEVTEPOYEVAOV KUUATMV KOl KOTO GUVETELN UTOPEL VOL YOpoL-
%0l T0 petomkd kopa pe Baon v apyn Huygens. To epdTNHA TOV AVAKOTTEL Efvol KAT® omd TOL-
£¢ ouvinkeg o1 meplOhdoelg pmopodv va epavicBovv 6to VIEdaPOS; Ag avapephovie TaA otV
ewova 1-18. Kabag to péyebog tng omrg (dvorypa) oto eumddio av&dvetat, N enidpaon g mepi-
Ohoong ehattdverar ko givat oG auoBnti dtav o1 SloTAcELS TG OTNG Elval APKETEG POPES LLE-
yoAbTepn Tov puiKovg kopatoc. To yeyovog avtd vrayopevet 6tL 1) mepibiaom O eivan mepiocdtepo
onpavtikh 6tav andtopes allayég ot KapmohotTo Ba £40vv ot aKTives, Ot 0moies eivat OpOLEG e
T1G S100TAGELS TV GEICHIK®OV KOV KOpotos. Kabdg ta oetopicd pikn KOpotog tumikd givat ap-
KETEG deKAdEG LETPAL G UNKOG, Ta TepBAdpeva kOpato Pefaing dev Ba givar acvvion. Ta kopata
nepilaong ennpedlovy TEPLEGOTEPO TNV AVAAVGT] TOV GEIGUIKOV KATOYPAPMV OVAKAAGNG, X®PIg
0VTO Vo onpaivel 0Tt dgv givor maPOVTO Kol 0TI GELGHIKEG KOTOYPAPESG d1AOAaoTC.

I Y
Ewcova 1-19. leprOicueva kbuazo.

™ OV TOPAYOVTOL OTOV UETWTIKG KO-
JLOTO, GOVOVTHOOVY 10, ATOTOUN

v oAdayn ot KaUTLASTHTO HIAS 00D~

véyerag. TInyn 1

1.3.10 EéacOévnon tov 6e16uIkdY KOUATOV

O KVPLOTEPOG OKOTOG OE LI CELGHLKT EPEVVOL EIVOAL 1 EPUNVEIL TOV SOPOPETIKAOV KVUATIKOV 0piEemv oTnv
empaveto. H mpoondfeta avt dev eivar e0koro mpdypo Kt av akOUn T0 YEOAOYIKG GTPMUATO EIVOAL OLOYEVN
KoL vapyet po povo domptotiky empaveta (acvvéyela). H mokikio Tov GEIK®OY KOPAT®VY, ot petafo-
AEG OTIG TUKVOTNTEG KL OTIG EAAOTIKEG 6TaOEPES, 1 avAKAAoT Kot S1AOAUOT OTIG GGVVEELEG KOL 1) LETOTPO-
T TOV KOVUATOV OTIG 0CVVEKELES, OAa ovTd cupPdAlovy oe pa mepimhokn Pign TV Kopdtov o kabe on-
peto oy emedaveio. T'a va katavondel avtdg o ypipog, Tpénet vo peletnBovv ot mapdyovteg mov HeTaPOr-
ALV T TAGTN TV KVPATMV TOL KOTOYPAOOVTOL G€ SEKTEG KOTA UNKOG TNG EMPAVEING.

1.3.10.a I'swucerpiky eGaclévyon

O npdTOG TOPdyovTag oV ennpedlel To TAGTN TOV KUUATOV PTopel EDKOAN va. ometkovicbel. Ag Bewpiicov-
He TNV ekOVoL OTTOV 1) KLRATIKY EVEPYELR SLOBIOETOL HAKPLE OO (L0l FLOTAPOYT MG CPUPIKO UETOTKO KOUA.
T k6B pétpo Srddoong, To KOpa 03€VEL [ TV EVEPYELD VO KUTAVELETAL GE OAO KO LEYOADTEPT) EMPAVELL.

"Etot, o€ k60e po meployn LoKpLd amd TV Ty TO TOGOV TNG EVEPYELOG TPETEL VAL LELMVETAL. AG Bemprioov-

HE TO TOGOV TNG EVEPYELNS TTOV KOTAVEUETOL GE UL HLIKPT] ETLPAVELD EVOG GOALPIKOV HETOTIKOV KVOHOTOG KOl
TG TN YPOVIKN OTLYUN ¢y Ko AGBOVLE TV EMPAVELD OVTH GE L0 XPOVIKT OTIYUN, ¢, apyotepa. Epocov 1 emt-
@avew g oeaipag gival 4 7, 6mov 7 givar 1 axtiva, TOTE 0 AOYOS TV EMPAVEIOV TPEMEL VoL glvat i60G pe
TOL TETPAYOVO TV OKTIVOV TOV GOAUPIKAOV Kupdtmv. Etot, 1 evépyelo mov katavEpeTol 6 OAN T Ve EMQE-
VELOL TOV LETOTIKOD KOPATOG TPémel v ghattdvetan w¢ 1/ . Emetdh 1o mAGTog Tov kopotog sivar aviioyo
™G TETPAYOVIKNG Pilog TG KVHOTIKNAG EVEPYELNG, TO TAATOG TPEMEL Vo ehattdvetal wg I/r. O mivaxag 1-4
anewkovilel TG AMMAELEG EVEPYELNS Y10 AMOGTAGELG OO TNV TNy EVEPYELNG TTOV £lval TUIKES Yo TOAAEG €-
pevveg Vaibpov Kot Yoo pxods 6TOYoVG VITdYELNG dtepevvnong (Baon pupotepa amd 100 pétpa). H ewdva
1-20 givor n ypapikn mapdotocn Tov oxEcenv Hetod Tmv celpdv I Kot 2 tov mivoka 1-4.

IMivaxag 1-4. Andreteg evépyetag mov opeilovtar ot yeopetpikn eEacHévnon

Amdotaon
and i 30 6 | 9 | 12|24 |36 | 48| 96 |144]192] 240
(m)
Andrewo Aoy
Teouetpucns | g5 | 1561 191 | 21,6 27,6 | 31,1 | 33,6 | 39,7 | 432 | 45,7 | 47.6
E&acbévnong
(db)

50

a0 =

3o

RO}

AnGAEW EVEPYEINS

T T T 1
0 ki ([ 150 200 23C
Andotaon (p.)

Eiwxova 1-20. Ancdleies evépyeiag oe db mov opeiloviar oty yewuetpixny eCacbévyon (ue fdon tov mivaxa 1-
4). TInyfy 1
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1.3.10.p Amoppopnon

Kabdg ta seiopkd kopota Stadidovtat, Tpokaiovy TAPULOPPMOCT TOV VAK®OV dl0 LEGOV T®V 0ol Stép-
yovtot. ‘Etoy, mapdyeton Oeppikn evépyeia, n omoio LEW®VEL TNV OMKT| EVEPYELX TOV KOHATOC. AVTh 1 peimon
™G EMACTIKNG EVEPYELOG TOV KOpATOG ovopaletar amoppopnon. H oyéon g dwdikaciog avtg sivat:

I=Ie" 20)

omov [ opiletar g 1 £vtaom TG EVEPYELNS (TO TOGOV TNG EVEPYELNG MOV TEPVEA LECO OO TN LOVASQ ETLPOL-
velog ot povada xpovov), g eivar 0 GuVTEAESTNG amoppdeNnong kot 7 givar 1 amdotaon. o o dedopévn
£vtaon evépyetlag o€ £vo onpeio Iy, To I maplotd Ty EVTOon TG EVEPYELNG O éva onpelo o€ amdoTaon » ond
70 /). O cuvieheothig amoppoenong g ekppaletar oe decibels/prkog kopatog (db/2). O mivakag 1-5 deiyvet
AMOLELEG EVEPYELNG YO (Lo TEPITTM®OT TTOV TO ¢ dideTon wg 0.55 db/A. Avti n Ty Yo to ¢ €ivon o péom
TN TOV SNUOCIEVUEVOV TIHAV Y10 SLUPOPETIKA VAIKE, 0ALG TO EVOLAPEPOV TOV Tivaka aVTOV dev givar ot
AmOALTEG TIHES, OALG OL GLYKPIGELG AVTAOV GE SLOPOPETIKEG GLYVOTNTES KL OTOGTAGELG.

A6 11 GLYKPIGES AVTEG TPOKDTTEL OTL Ol AMDAELEG EVEPYELUG, TOV OPEINOVTAL GTNV AmoppdeNoN Eivol TOAD
HeyoAOTEPEG GE VYNAOTEPES GLYVOTNTES, TOPA GE YAUNAOTEPEG CLXVOTNTEG Yo piat SedOpEVN AmOGTOOT 0Td
mv myn evépyeag. No onpetwdel wioitepa 1 onpavtiky dtogopd pneta&d tov Koporog cvuyvomtag 10-Hz
kot Tov kopartog ovyvotntag 100-Hz ota 240 pétpa. Enedn morhol guoikoi oeiopkol mokpol mephapPa-
VoLV éval EDPOG GLYVOTNTMV, 0L VYNAITEPEG GUYVOTNTES SLUBOYIKE LELOVOVTOL UE TNV ATOGTACT), £TCL MOTE 1
HOPPY| TOV GEICHIKAOV TOAUDY Vo 0AAGLEL Kot vo Aapfavel opoddtepo 1 eupvTepo oyfpa (Loper). Avtr
gtvou n outiot Tov 1 YN Spar g xaunAd-tépacpa (low-pass) eidtpo. Ot yaunAdtepeg cvyvotnteg dtadidovrar
He AyOTEPT ATMAELD EVEPYELOG, EVD 0L VYNAOTEPEG GLYVOTNTES TPOOSEVTIKG £E0GOEVODV.

Hivaxag 1-5. Ancddleies evépyeiag (o€ db) opeidoueves oe amoppognan. Iy 1

P-ropa S-kopo
Toyxvotto Amdotaon (m)
(Hz) 10 60 120 240 10 60 120 240
5 0,0293 0,1755 0,351 0,702 0,0585 0,351 0,702 1,404

10 0,0585 0,351 0,702 1,404 0,117 0,702 1,404 2,808
30 0,1755 1,053 2,106 4212 0351 2,106 4,212 8424
100 0,585 3,51 7,02 14,04 1,17 7,02 14,04 28,08
200 1,17 7,02 14,04 28,08 2,34 14,04 28,08 56,16
300 1,755 10,53 21,06 42,12 3,51 21,06 42,12 84,24
Toydmra P-kopatog (m/s) 4000
Toydmra S-kopatog (m/s) 2000

Yvvtekeotg anoppoenons 0,55 db/punikog kbpatog

Edv 6)ot ot dAlot mopdyovteg mapapeivovy ot idtot, ToTe Ta KOpoTo oL Stadidovot pue KpOTEPES TAYXVTN-
e Oo amoAEGOVV gVEPYELD TOAD TTLO YPNYOpa altd AmoppOENGT, TOPG TO. KOLOTE TOV 03EVOVY UE VYNAOTE-
peg TovTNTES. X T TN Pdom, Tar S-kdpata Ho xGoovv evépyela TOAD o ypiyopa and to P-kdpata. Enet-
M T0 TAATOG TOL KOHATOG £ivat avEAOYO TNG TETPOYMVIKNG PIlag TNG KVHOTIKNG EVEPYELOG, T TAATN TOV S-
Kopdtov Oa peiwbovv modd mo ypriyopa amd ta mAdTn Tmv P-kopdtoy.

1.3.11 Karauepiouoc evépysiog

‘Eyet avapepBei ko mponyovpévmg 0Tt P- ko S-kdpota tav mpoonécovv oe o acvvéyeta ot povo Oa a-
vaxiacsHodv kot dtbrachodv, aArd Ba mapdyovv kat GAAa P- kou S-kopota. Enedn 1o oAkod mocdv g e-
VEPYELOG TIPETEL VOL TOPOUEVEL 6TOOEPO HETOED TOV TPOCTIMTOVTOG KOl TOV AVAKADUEVOV Kot SIOADUEVOY
KOUAT®V, To TAGTN TOV aVOKAGUEVOV Kol SWOAOUEVOV KUUATOV Oo eival petpéva GYeTIKa Le To TAGTOG
TOV TTPOCTUNTOVTOG KOLLOTOG,.

T éva dedopévo mAdTog evog Tpoomintovtog P-kdpatog, givat duvotd va vToroyisbovv ta TAGTH TV avo-
KAOUEVOV Kol SIOADUEVOV KUUATMV XPNCILOTOLOVTAS 5lomoelg mov €xel avantigel o Zoeppritz (1919).
Eav ot tayvmreg (V) V>) kot ot mokvOmntes (0, p2) TOV VMKOV TAVO Kol KOTO 00 TNV 0CLVEYELN eivat
YVOOTEG, QTG Ol eEI6MOELG TapEXOVY AVGELS Yo Oheg Tig Yovieg mpdontmonc. OvolaoTikd, VIEIGEPYOVTOL
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T€00epIG EEIODOELS UE TEGOEPLG OyVDOTOVG (Ta TAATN). Agv Ba avapepBovv edd ot eEloMGEG aVTEG, GANG
eivan Tpoottég oe apketd Efva eyyepidia dmamg Tov Telford et.al (1990).

Tapdra avtd, edv o mpoonintov P-kbua eivor kdBeto Tpog TNV acvVEKELD, Ot EEIGMOELS ATAOTOLOVVTOL GE
TOAD amAi popen. Agv mapdyovtor S-kdpota og kKGbet apdontmon. Ot Adyor tov Thatdv 4 gival:

Ay 2p/V,
ey - Ph
4, pVy+pl 4, pV+pl

i

ﬂ _ PV, —pV @2

OTOV Ol TOGOTNTEG TAPLGTAVOVTOL YPaPLKd oty gwkdva 1-21. Avtég ot €€lodoEIg UTOPOvV V. YPapodV Gu-
VOTLTIKG, VIO LOPON:

Ay

Eixova 1-21. Aneikovion twv wopo-
HETPWV TOV XPHOLOTOIOOVTOL OTIC

i O e&owoeig Zoeppritz. TInyn 1
Vo P
2
2 A,
A, 7.-7 L 27
fl_ %2 1 23) fro_ 1 24
1 7,12, 4 Z,+7,

omov Z; =p,V;xoar Z, = p,V,

Twég yo owtovg toug Adyovg mhatdv Sidovtor otov mivako 1-6 yo o GEPpd oYEcEMY TUKVOTNTOG-
ToOTNTAG Ko Xopaktnpilovior og «ovvteleotis avikiaonoy Ko «ovvieleotis diablaonsy. Avtoi ot dpot
cvvnBmg xpnoomoovvTal avti TV Adyv mAatd@yv. Ot Yem@uokol emicng pPNCYHLOTOIOVY 0VTOVG TOV OPOVG
Yy vo. avapepBodv 6TovG AOYOUS TMV EVEPYELDV TV AVAKADUEVOV Kot SLobAdUEVOV KOPAT®V. Ag Bupn-
Bovpe ™ yevikh oxéon petadd g evéPyelog Kot Tov TAGTOVG. Ot e€10MGEIG TOV SIETOVY TOVG AOYOVG TOV
EVEPYELDV EIVOL OPKETA OLOLEG E EKEIVEG TOV TAATOV:

2
[l_ PV, —plV i_ Ap V. p,V,
=222 Al 25 =—————= (26)
I PV + oV, I (p2V2+prl)

i

2
I, (z,-z 1, 47,7
f_| 22721 Q27 f :% 28)
I Z,+Z, I (Zz +Zl)

Aboeig Tov e&lodoenv autdv Tapovctdlovion eniong otov Tivaka 1-6.

IMivakoeg 1-6. Zuvtedeoté avarkiaong kat SiebOloong yio kaBe mpdomtoon. TInyf 1

Mukvomto (g/em’) - Ztpdpa 1 2,00 Z, 3000
Mokvémta (g/em’) - tpdpo 2 2,60 VA) 11700
Toyvra P-kopatog (m/s) - Zrpdpa 1 1500
Toyvra P-kopatog (m/s) - Ztpdpo 2 4500

Yuvreheotic Avakiaong 0,59 | Kidopa avakhopevng evépyetog 0,35
Yvviedeotg Aidbraong 0,41 | Khdopa Sabhdpevng evépyetag 0,65
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1.4 H pé0odog g oeropiki)g o1d0rhaong

H 8140kaon TV GEGUIKOV KUPAT®V Tapéyel TANPOPOpieg TOGO Yo T 6VGTACT OGO Kot T SO TOV VTE-
dapoug Kot Wiaitepo yuo T SOUT TOL PAOLOV NG YNG Kot v Vmapén Tov mupnve avtis. Metaforés ot
GEGHIKN ToyvTNTO oXeTiCovTon pe aARyEG TOL GUVTELESTH KUPIKNG EANCTIKOTNTAC, TO HETPO aKopyiog Kot
mv mokvotto. H pébodog g oetopkig 51d0haong givor teptocdtepo prioun ekel OToL LVIdpyEL amdTOUN
avénomn g TaydTnTog pe To Padog, S16Tt Ta oplakd SbAdpEeve KbpoTe eOGVoVV Tp®TA 6T0 6TAONO TOpa-
TpNoNG an’ OA0 oL GAAN 101 KVpATMY.

Av kat o1 6ElopoYpapot entvordnkay Tpog 1o T€A0g Tov 19° audva, ev ToVTOLG, 0L TPATEG CNHAVTIKEG EQOP-
poyég kar avoxoAOyelg Tov TeXViKOv Sidblacng éywvav otig apxés tov 20% adva. To 1909 o A.
Mohorovi€i¢ avakdivye 0Tt VIAPYEL o aoLVEYEW TaOTNTOG 6TN PACT TOL EAOLOV TG YNG, oTNPLEONEVOG
oTIG api&elg Kopdtov and éva kovivd oetopd. Apydtepa to 1913 o B. Gutenberg voldyioe to Babog Tov
moprva g yng. ‘Etot, n pébodog g oeiopknig Stdbracng nray vredhuvn yio Ty apyikn oG YVOGCT| CYETIKG
e T Sopn TG YNG.

Amd 10 1920 ko petd ot texVIKEG O1ablaong eQaprOGONKAY KUPIMG Yo TOV EVIOTIGUO VIPOYOVAVOPAK®Y
ko lyav peydin emrvyio. Kabdg ot oelopikég teyvikég kot 0 Texvikog eEomiopnog Pertiddnkay, n uébodog
™G avaKAaon G avTiKatéotoe T Sidbhaomn Kot Eywve 1 Kupiapyn LEBodog eviomicol vdpoyovavipdkwyv. Ev
1007015, 1 1éEB0JOG TG oeloknG S1ablaong cuveyilel va givar 1) TAEOV GLYVE XPNCILOTOLOVUEVT) GELGHIKT
HEB0S0G Ylow pNYES VIESAPLKES EPEVVEG.

1.4.1 H mepintmon evog opoyevovs 6Tpauatos

IIpw e&etdoovpe ™ pnébodo dabraong, ag Bemprioovpe Eovd to kbpato Tov dtadidoviar TPog OAES TIG Ko-
TeVb0voels 6g €va opoyeveG VTESaPoc. Kabmg To nuicpoiptkd HETOMIKO Koo OAVEL 08 o oepa dEKTOV
(Yew@OV®V) OV 16amEXOVV, KABE SEKTNG KOTAYPAPEL TN LETATOMION TOV £3APOVE TOV 0PeileTan 6° oVTO TO
Kopa. O xpovog Stadpopng owToD TOL UETOTIKOD KOHOTOS, and To onpeio g myng evépyetag (onueio oet-
SHIKNG TNYNS) HEXPL KABe Yedewvo, pumopel va vroroyiobel (avayvmodel) and to cewopdypappo. And mv
LOOTOGTOCT TOV YEOPMOVOV Kol TNV ArdOGTACT) TOV TPATOV YEOPOVOL Omd T GEIGUIKNY TNYN, UTOPEL vaL Xo-
payBet Eva ypagnua (Spopo-xpoviky KapmvAn), Tov anetkovilel To xpdvo oe oyéon pe v andctaot (sik. 1-
22).

Enedn 1o kdpo odevel pe otabepn taydmnto Kol To yedeove gival og (08¢ OMOGTAGELS, OUTH 1 OpOLo-
YPOVIKY| KapumOAn Tpénet va givan o gvbeio ypapun. O tomog g e&icwong Oa eivat:

Xpoévog = (Andotaon) / (ToydTa)

(29)

Eiwova 1-22. Eva yeviko o1dypogiyo. wov O€i-
JXVEL TIG OKTIVIKES TPOYIES OE EVO. OUOIOYEVES
VAIKO, OTTOV eV DILAPYEL KOUIO OTVVEKEIQ.
2T OpopLo-ypoviki] Kapmwoln aretkovifovio
o1 ypovor diadpouns twv ax’ evbeiog Koua-
TV, TOV 0OEDOVY ATTO TV TNV TTO. YEDPWD-
va. TInyn 1

Amdatoa —
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T o e€lomon avtg ™G amAng popeng, sivatr gavepd 0Tt uTopoduUE Vo VTOAOYIGOVHE TN TOXOTNTE TOVL
0L010YEVOVG VAKOD, £dv yvopilovpe Tig TIHEG TOV YpOVoL Kat TG andstacns. Ag Buunbovue e3d ™ podn-
potikn £kepaon g kiiong mg gvbeiog. Aapfdvovtag v npdTn Toapdywyo avtig g e&icwong oe oxéon
HE TO X, TPOKLTTEL 1) KAion g evbeiog. ‘Etot,

dt 1

dx ¥,
Ko Khion = i 30)
R
n V= 1/ khion 31

Avtd onpaivel 0tL €dv Eyovpe pia Spopo-yPOVIKT KapmOAn Opota pe eketvn g ewovag 1-22, pmopodue va
vrohoyicovpe v KAion g gvbeiog, vo mapovpe TV AvTicTPOPN T TG KL VoL TNV TOALATANGIAGOVLLE
eni 1000 év To yphonua eivar g HETPOL Kot YILOGTA TOV SEVTEPOAETTOV.

210

168 f/.
T = 286 ms o~

1265

Eiova 1-23. Apouo-ypoviki kaumdin
OV OELYVEL LLOVO TOVS YPOVOVS 010.0pO-
g twv an’ evbeiag kopudrwv. H toyd-
wmra givar 286 m/s, owws vroloyioOnke
ané 1o avtiopopo s klions. TInyn 1

Amdotao (p.)

Axolovbdvtag avt) ™ ddikacio yu 1o yphenpo g ekovag 1-23 vroloyicOnke o taydta 286 m/s.
Av kot 1 ToxdTTo 00T Efvor yapnAn, pog didet TAnpogopia yio TNy Vmapén evog ETEAVELNKOD GTPOUOTOS
XOHUNMG TooTTOg

1.4.2 H wepintmon ths mapoveios HIag AGOVEXELOS

H vredagkny dopn dev givar cuviiBog opoloyevic. AVapEVOVE KOVOVIKG TNV VITOPEN APKETOV OCLVEYELDY
(oTpopdteV) pe o Badog. Zopeva pe o 060 Eovv avapepBel TPONYOLUEVMS, Ol acvVExEles avTég Ba Tta-
paryovv avakidoels, dtubldoetg kot kopatikég petatponés. Ilpog to mapdv, Oa acyoinbovue pe v vmapén
Hog acvvéyelog kot Oa meplopiBodue oy avdivon tov Swbidcemv kot wWiaitepa tov StabAdoemy exei-
VOV 0V TPOKOAOVV TNV EVEPYELD VO. ETLOTPEYEL OTNV EMPAVELD, OTTOV £kel Ba evtomiabel ko katoypaei.

H ewova 1-24 deiyver mv tpoyid mov akorovbel £va oplakd dtabrdpevo Kopa amd T Geopkn) mnyn £ oto
yedewvo G. Eva P-kbpa mov mopdyetor 6to E kot 0devet pe toxdTTae Vi, TPOSTINTEL GTIV OCVVEYELN HETOA-
&0 800 vAk@V pe dopopetikég TayvTnteg, Vi kat Vo, H axtiva n omoia mpoornintel otnv acvvéyelo pe v
opikn yovia, O, dtbrdtar TapdAinia mpog v acvvéyela kot dadidetat pe toxdtnta V. Eva petonikd
KOpO mopdyeTol KaBdG 1 EVEPYELN EMOTPEPEL TPOG TNV EMLPAVELX KOTG KOG OKTIVOV, OT®G 0WTHG OV O-
devet and 1o N oto G.
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A
Y

]
I\ O -

h=Miyog
TOW APHTOV
GTPHUATOS

Ewova, 1-24. Aidypopyo. wov deiyver to oouforioué wov ypnoporomiOnke yia v eloywyn e eliowong tov
XPOVOD O100powiGS, Vg oplokd. diablwpevov kouatog. Ty 1.

1.4.3 H &éiocwon tov ypovov dradpouris

Ag axolovBncovpe v idto Sradikacio Omwg Kot Yo Ty avaivon tov on’ evdeiog Kupdtmv.

To mpdto Ppa givor ToAd andd. O cuvolikdg xpovog dradpoung and 0 E oto G didetan omd ™ oxéon,
oOpewva pe v opyr Fermat:

EM MN NG
+—t—

Xpovog=t = —— 32
povog AT (32)
‘Omnov
hl
ouvl, = (33) «xm EM =NG
- EM
Tote
hy
EM = NG = (34)
ouvvs,
Emniong
EA=BG=hspb, (35 «u MN = x—2h @b, 36)
"Etot,

h, x—2h,epb,, h,
t= + +
Viouvd, v, Vioovd,

37

H mapomdve oyéon eivor n Bacwkr| e&icmon yia tov vToAoyiopd Tov ¥pdvov dadpopung Tmv optakd dtabim-
pevav Kopdtov og pa acvvéxela. Eav yvopilovpe ta iy, V; kou Vs, 16T€ pmopode va VToA0YIGOVE TO XPO-
vo dadpopng yo kGbe amdotaon x, omd TN GEGUIKY YN 610 Yedpwvo. H mapardve cyéon pmopel va o-
mAomomBei mepartépw. Me avadidpBpwon twv 6pmv g Aappavovpe,

. 2h 2hep8, e 38)
Viouvd, £ £

Edv avtikatactoovpe pe Tig oxE0elg
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49 — s,
ovvy,

s, =

S

H e&icwon yivetoan

2h, _2h177/12‘9ic +

t= — 39
Vlo-U V'giv Vlo-U V'giv VZ
KO e GOUTTVEN TV OpOV
L _2h(-ns,) x
Vlo-U V'giv VZ
KOl YPNCHOTOLOVTOG TN YVOOTH TPIYMVOUETPIKY GXE0N
8, +oov’S, =1
Aoppdvovpe T oyéon
2h 3.
t= ZmoVVY,. + X (40)
" v
1N edv ekppacBel 10 ovvl;. pe TG ToyvTEG V) Ko V), TOTE TPOKLTTEL | GYEON
)
> %
2| 1= (V/ZJ 2 2 V4
v X 2h1(V2 4 )2 X
t=——l 2 4 - @)k =L (42)

4 v, a4 £

Edv AdPovpe v TpdTn mapdymyo g mapomive oxEong (OTwg Kot Tponyovupéveg Yo To o’ gvbeiag KO-
HoTa) 6E GYEoN HE TO X, TOTE Bar TpoKOyEeL Eva TOAD amdd amoTéEAEC AL

dt 1

—=— (43)

dx V,
‘Etot, pmopovpe va movpe 01t 1 €€ic@on tov xpovou Stadpopnis TV oplokd SOADUEVOV KOUATOV gival I
e&iomon g evbeiog ypapuung pe khion 1/V5. Erewdn V>V, n khion 1/V; Ba givon pikpdtepn and n khion
1/v;.

1.4.4 O vroloyiouog tov mayovs

Ag e€etdoovpe ™y ewova 1-25. H gubeio ypapun mov mepve amd Toug xpovous apiéng yio o optakd dto-
Ohdpeva kdpata, propel va poektadel péypt va THGEL TOV AEOVE TOL XPOVOL. AVTOG 0 YPOVOG OVopaLeToL
XPOVOS GVVAVTHONG, ;.
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AEV DRPROUY
draliiacecy
| TNV REPLOT

I
OE

v,

Xpowog (ms)—m

Xpovog auviveneng = 1,

L1

Ambotao (p.) —=

V= 4500 mis

Vi ¥,

Eixova 1-25. I'eviko Sidypoyua oo Seiyvel Tig TPOYIES TWV GEICUIKWOV OKTIVQY TNV TEPITTWTH TOPOVTIAS
g opifovuag aovvéyelog. H ayéon puetald twv ar’ evbeiog koi d100ADUEVOY KOUGTWOV QaivVETaL 0T JpoUo-
xpovikn kouroAn. TInyn 1
O ypdvog awTdg dev €xel PLOIKT Evvola £pOcov dev EBavouy drabrdpeva kdpata ce arndotaon X = 0. Ev

1007015, ¢ X = 0, 0 ¥pOVOG dradpoung and v e&icwon yivetal:

]

VZ—VZ)A
Xpd =t.:2h7(2 ! 44
povog = ¢ oy 44)

Ko étot,

84
2t (45)

b
2 ( 2y )%
Vz - V1
‘Etot, yio o oplloviio aouvEyEL, €0V LTOPEGOVLLE VOL TTPOGOLOPICOVNE TIG 0Pi&els Tmv o’ gubeiag Kot S~
OADOUEVOV KOUATOV 0O £VOL GEIGHOYPALLLOL, TOTE UTOPOVLE VO VTOAOYIGOVUE TO TAYOG TOV VAUKOV TAV® amtd
TNV GGLVEYELDL KOL TIG GELGUIKEG TOYVTNTES TOV VAKMV TAV® Kot KAT® 0O TV 0GVVEYELQ.

h,

1.4.5 Tavtoypovy apién tov ax’ evbeiag Kai d1a0lduevwy KoudTwy

Yrdpyet kot £vog GALOG TpOTOG Yio v Tpoodloptobel To TG Tov TpdTOL 6TpdATos. Edv e€etdoovpe md-
AL TN SpOpO-YPOVIKT KOUTOAN TG ewkovag 1-25, Ba 1dodue 0Tt o1 dvo gubeieg ypappés tmv an’ gvbeiog Kot
oV SbrdpevOVY Kupdtov tépvoviol o éva onueio. H opillovtia cuvietaypévn avtod Tov onueion, X, o-
vopépetol 0g diactavpwty amootasy. H andotaon avti propel va ypnoiponombel avti tov xpdvov cuvi-
VINong ¢, yo va voroyiebel to A, o BaBog pExpL TV acvvEKELR. T OmTOGTAUCN Xy, OL YPOVOL SLASPOUNG TOV
on’ evBeiag Kot TV SIOADUEVOV KUUAT®V givat {601 Kot ETOUEVOS,

X

co

XpOVOg o’ svBsiog Kope —

~

2, (V7 - Vf% e
as v,

XpéVOC,. S1OAGpEvO Koo —
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Kot

x, _2h, (2 - Vf% 2

46
v, v, v, o

Eav avadiapbpdoovpe toug 6poug Aappavovpe

)
hl(sz_Vlz)A _ Xeo [VZ_VIJ < _xm[Vz_VlJ 84
1

A4 2 84 2 |84 (sz —VIZ)%

Amaieipovtag Tov 6po V.V, happdvovpe T anin oxéon

Y
P el @7
2 7, +7,

1.4.6 Opraxn anoctacy

Baowlopevol ot yeopetpio TG oplokig diaBLaomg, VIAPYEL Ui TEMEPACUEVT OTOGTACT A TO GNpEio TG
GEWOMIKNG TNYNG HEXPL TO TPAOTO oNpelo (YEDP®VO) 6TO 0moio avTn 1 SLOADIEVT EVEPYELD UTOPEL VO KOLTO-
ypoagel. Avti 1 amdotacn ovopdleton oplakn amdéoTacy Kol ivat ion e X, TV glkova 1-26.

Ewova 1-26. Aicypopyo mov Ogiyvel TiS ToOpouETpOvS
Y10, TOV DTOAOYIGUO THG 0ploKHG omoataons. H opioxi
amooTOon Eival 1] EAGYLOTH ATOOTACH OO Th CELOUIKI
znyn, oty omoia Oo. Jnpbei n TpaTy opiaxd diabim-
pevy oxtiva. TInyq 1

To onueio an’ 6OV 1 CEGHIKY OKTIVAL OPIVEL TNV OCVLVEYEL Kot PBAVEL GTNV EMPAVELL GTNV OPLOKT] OO~
oTO0ON, OVOUALETON 0pLoko onueio avarioons. O VIOAOYIGUOG TNG OpLaKNg amdoTaong eival ebkoroc. I'vapi-

Covpe Ot1,
Y/ ,
2 1
£P0. = ——=  xa 9. =L
$0, i W=y,
Tote
V xcr/
- 2
&) nu I[IH =—r= “8)
{ Vv, Iy
Kat
Yo =2hle¢[zw*[ﬂﬂ R 49)
VZ
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av XPNOLOTONOOHY 0L TPLYOVOUETPIKEG WIOTNTEG TOV £X0VV ovopePBEel TPonyOLHEVMGC.

O zivaxag 1-7 mopovctdlel HepKEg TIUEG OPLOKAOV OTOCTACEMY Yol £VOL €0POG TILOV TAYMV TOV TPAOTOV
oTpOUATOG. Ol GEIGUIKES TOYXVTNTEG TOV YPNOLHOTOMONKAY Eivor OLOLEG e EKEIVEG Vil [T KOPEGHEVOLG Gipt-
HOVG TTOV VIEPKEIVTOL KOPESUEVOV CLUILOV.

Mivexag 1-7. Tyég oplakng amdoTaong Yo StupopeTikd myn. Myn 1

TTéyog Optaxn andctoon
(m) (m)
2 1,53 Toyvmra 1-P (m/s)
500
4 3,06 Toydmra 2 -P (m/s)
1400
6 4,59
8 6,12 | AvEnon mhyovg kotd 2 m
10 7,65
12 9,18
14 10,71
16 12,24
18 13,76
20 15,29

A&oonpeinto 30 givat OTL 1) TPOYLE TOV TPAOTOL OPLOKE SOAMEVOL KOLOTOG TOV POAVEL GTNV EMPAVELD
givar 1 iS00 e v avakiaomn, 1 onoio TPOoTnNTEL GTNV AGLVEKELD 6TOV oplakd onpeio avakkaonc. ‘Etol, ta
avaxkA®peva Kot StudAdpeva Kopote eOdvovy ctov 810 xpovo 6TV OpLoKy AmOCTUON Xy, ONACDIT GOGVOLY
GUYYXPOVOS GTNV ETLPAVELQ.

1.4.7 H acvvéyera Mohorovici¢

Metd and éva 1oyvpd celcpd tov Oktdfpro 1909, mov £ytve cucbntog oto Metemporoyucd Xtabud tov Zd-
yKpepm, eket mov epyalotav o Andrija Mohorovi¢i¢ (1857-1936), o Mohorovi¢i¢ avélvoe Tig kOpleg amokAi-
GELG TOV GEIGUOYPAUUATOV oL glyav Kataypagei (Bonini & Bonini, 1979). O ceiopdg eiye kataypopei omd
29 celo0A0YIKOVG 6TaOOVG oV Bpickoviay omd oA Kovtd €mg 2400 km amd t0 enikevipo. OewpivTag
pnovo Tig aifes twv P-kopdtwv, o Mohoroviéi¢ onpeimoe 6Tt 01 6Tafpol 1oL HTOV KOVIG 6TO EMIKEVTPO O~
povsialav £va HOVO TOAUO, EVA GEIGHOYPAUHOTO 0T HAKPLVEG 0m0oTAGELS Tapovsialay §00 kKabapd ava-
YVOPIGLOVS TOALOVG.

200

A

Z

g‘ Ewova 1-27. Apopo-ypovikés kaumbies moo

>§ &rovy amdoronbel axo TG aPYIKES ATEIKOVIOELS

00 Mohorovicié. Pg eivai to. o’ evBeiog emi-
K Kbpoza (kbpoze pAolod e yng) kai Pn
eivai ta. O10GAdUEVa. ETYUIKN KOUATO (AT aved-
7Ep0 Hovova s yng). H opoloyia yio ta eyrdp-

0 ArdeTacT) and 1o eTikevipo » 1000 ) A 1 q
Enigvipo | AT ‘ 1 T olo. kouaza, S, ivar i iora. TInyn 1

Sh h A oA h oA AR MR A A A
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Trnv S ewcdva EhaPe peretdviog kot Tig agies v S-kupdtov (gik. 1-27). O Mohorovi¢i¢ e&nynoe 0tL ot
TPAOTOL TUALLOT GTOVG HaKPIVOUG 0TaBLOVG £npene Vo 0QeilovTal GE KOHATO TOV £XOVV 0JEVGEL e LeYOADTE-
pN ToOTNTO Yo [0 PKETA PEYOAT OOGTOCT TG TPOYLAG TOVG. YTOAOYIOE TIG TOXVTNTEG OmO TIG OPOLO-
YPOVIKEG KapmOLeG kKaBhg kot To Babog mov Tomobeteitar | acvvéyeta TaydTntog (S0 km).

Eav egetdoovpe v ewova 1-27 Ba avayvopicovpe ) KAAGIKH Tepintmon Tav Vo otpopdtov (o opid-
VTUOL AGVVEXELD), TOV EYOLUE NN avapépel mponyovpévas. To an’ gubeiag kbpota Yo o P- ko S-kdpata
(ovuPorlopeva pe Pg kon Sg), dev mepvodv amd v apyf Tov advov, S10TL 0 GEIGHOS deV epQAVIoTNKE
oV empaveln, 0ALG og kdmoo Babog. Ta dabAdpeva kopato and v acvvéyeto Mohorovi€i¢ 1| kowmg
Moho cupfohrilovtor wg Pn kot Sn, avtiotoryo.

1.4.8 Mia acvvéyeia vmo klion

Ag gEetaoovpe v ewovo 1-28. H yewroyio ota A kot B eivar 1 8, £kt0g amd v acvvéyelo oto B mov
Khiver 4° mpog T kétm kar aplotepd. H Spopo-ypoviky| kopmddn tov A mapovatdlet §vo ypopuikd tufiuarta,
o omoia fvon akpPmS B10G HOPENG e eKeiva OV EYOLV TPOKVYEL Yo To B. Agv vrdpyet kKovévag Tpomog
va Eexmpioet kaveilg TNy vro KAlon acvvéyela amd Ty oplovtia, Baciiopevog 6to TPOmO TG Epeuvag OTwg
ot dte&nyon (de&aywyn pnovo g kavovikng dataéng). Ilohg dpmg propet va Avbei To Tpdfinpa owto;

L]
) > /
1500 mvs -
B) e ' B
! S0 s Ewcova 1-28. o) Opilovrio aov-
2im = e, 7 véyeio o¢ fabog 20 m pe tayoTn-
| ! S0 mls  TEC OV Kal KATW O THY 0-
| oovéyera 500 m/s & 1500 m/s,
v . TOploviia —_— avri(;,roz)(a. ﬁ’)Mla Ifmi KAion
Lo l acuyigEi /Jr aovvéyelo ue ioo fabog otn
140 ! ﬂ{r,.» Oson e TNyNG, Omwe Kai oty
) — a) k0Own¢ Kot 101G ToyvTHTES
= \ » onwg kot oty a). y) Ot dpouo-
E 100 I:E\:"M'(m XPOVIKES KOUTDAES Y10 TIC TTEPT-
E et , ) Ko ). Ty 1
T wroels a) kot f). TInyn
;g( B0 / ./.
40 o
.l
20 /.o
-
0 . - . . . :
0 20 40 &0 &0 100 120

Amdotaon (p.)

H ewova 1-28 av kot dev Avel to mpoPAnpa pag, v tovtolg o pépog I mapéyet o évdedn. H khion g
ypopung mov cvpPoriletar pe «opilovria aovvéyeia» givar ion pe 1/V,, dmmg 1dn yvopilovpe. Ev tovtoig, n
KAlon g ypappng mov cupBoiileton «aovvéyeta vé KAion» €ivar IKPOTEPT GO TNV TPOTYOVLEVN TN, UE
GULVEREL 1) TOYOTNTO VO Eivo PHEYaAVTEPT artd TNV Ipayuatiks toyvTyTo. H TodmTa dut avagépetol cuyva
WG PaIVOLEVH ToYDTHTO.
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H évdeién Bpicketor 6ToVG SLUPOPETIKOVS YPOVOLG APIENG TOL SLAOAMUEVOL LETOTLKOV KOUOTOG GTIG VO
avTég VedaPkés dopés. No onpeimbel 6t n aeign tov Stebidpevov kopdatov o kibe yedeovo (sik. 1-28
v) €peTon vopITEPO GE OUOLES OMOGTAGELS YEOPOVMOV, GYETIKA UE TNV TEPITTOGT TNG OPLLOVTIOG AGVVEYELOG.
H autia pmopei va Bpebel 6tav cuykpBei to a) pe to B). Oheg o1 AKTIVES GTO 0) TOV EMGTPEPOVY GTNV EMPE-
VELOL 070 TNV AGVVEYELDL EXOVV TLG IB1EG TPOYIEG AMOCTACEMY VOl JLOGYICOVV KOt OAEG EivaL HEYRADTEPES OO
ekeiveg Tov B). Emedn n empdveia oto B) eivar vd khion mpog ta mhve Kot de&id, kabe axtiva mov emoTpé-
QgL otV empaveln péow Vi, dooyilet o pikpdtepn amdotacn amd Ty axtiva mov BpickeTal apuécms Tpog
0 aplotepd e 'Etot, 1o xpovikd kevo petagd Tov oplokd SubAdUEVOL KOUOTOG GTIG dPOLO-YPOVIKES Ko
prdreg amd v opliovio kot vrd KAion acvvéyela avédverat Tpog Ta Tve Kot de&ld. To yeyovdg avtd
ovpPardet oty eENynomn ToVv SLPopeTIK®Y KAlcewy 6to ). B&Bata avth 1 mapatipnon dev Advet To mpod-
BAnpo pog. Ag eEetdoouie oty GUVEXELD TL LOPPT) Oal ExEL 1 SPOLLO-YPOVIKT] KAUTOAN EAV OVTIGTPEYOLLE TN
0¢éom g oetopkng TyNg. Ipémet TpdTa vor SOOLE KO VoL GUYKPIVOVIE TO ATOTELEGUOTO VTNG TNG HETGOE-
O1G TNG CEIGHIKNG TNYNG, OTNV TEPITTMOOT TNG 0PLOVTLOG OGVVEXELNG.

Yy ewodva 1-29 answcoviletar ) Sdtadn g kKavovikic Kol avtiotpo@ns GEIGIIKNG TNYNG TNV TEPITTOON
™mg opiovtiag acuvéxelog. Ta yedemva KoTavEHOVTOL KOTG UNKOG TG EMPAvELNG HeTaé&d TV dV0 GEoUL-
KOV Ty ®V.

H 0éom g oeioknig mnyng mov Ppioketor apiotepd ovopdletar kavoviky, 30T ivar n apyikr 6€om, evd n
0éom mov Ppioketan de&d ovopdletar avtiorpopn, S10TL 1| TNYN CELCMIKNG EVEPYELNG £XEL OAVTIOTPOUPEL GE
oyéomn pe v apyikn (kavovikh). O Aoyog mov avapepopacte otny etkdva 1-29 givar 6Tt ot TPoYIEG Kot Kot
GLVETELD OL YpOVOL APENG eivarl akplPag idlot and kabe anyn Yo pio dedopévn amdctoct yewemvov. o
Topadetypa, N EMPAVEIOKT amdotacn omd T 0€om g Kavovikig Tnyng péxpt to yeopwvo 1F (40 m) sivorn
S pe v emavelakn andotacn and ™y avtictpoen TNy péxpt To yedemvo 1R. Ot tpoyiég yo ta dHo
Sbrdpeva kdpata givar ioeg Kab®G Kot ot xpovot dtadpoung. Me T€Tolo YeOpETpia Ol dPOO-YPOVIKES KO-
pUrdreg TOL TPOKVTTOLY Yo KAOE GelopKT Ty eivon akpPdg idieg.

ng%* 1'F zlr .n |: "/

N [ < 7

Mm \ SO0 mis | |
' | | /

1500 /s | | |
1
— -, . ,
Kavoviki | | | AvticTpogn Ewcéva 1-29. Zbyrpi-

[ | . a1 TS OPOHO-JpOVIKIG
- KOUTOANG UE OELOUIKES
| TPOYIES TE YEDPWVOL
mov Ppickoviol o€ o€
OmOOTAOEIS ATO T
OELOUIKY TNYH Y100 KO-
VOVIKI] Kal avTioTpopn
oiarady. TInyn 1

Xpovog (ms)

0 T r T
c 20 a0 &0 an 100 120
Amobotaon (u.)

Ot 3popo-YpoviKEG KOUTOAEG YLOL TN KOVOVIKY) KO avTioTpoen mmyn yaptoypagodvial cuvibug Onwg otnv
ewcova 1-29. Ty mepintmon g mapovsiog opldvTiag AGVVEXELNG Ol KOUTOAES OVTEG EIVOL GUIUETPIKES 1) N
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o givan To KoTomTpikod gidmio g dAANnG. Emiong mapatmpovpe 0Tt neldn ot KApmTOAEG GupminTovY, Ot KAi-
GelG TV avtictoyv an’ evbeiog kat StubAdpHeVOV Kopdtov sivat ioeg kabag kot ot ypdvot cuvavinong. Ot
GLVOALKOL €miong YpOVOL OV JLovHOVV TeL KOHATO 0T TN [0 GEWGHIKY YN 6TV GAAN kot tavamaiwy, TF
kot TR givan ioot. Avt 1 wwodvvapia givol yveoti og apotatdmra Tov xpdvev. Avti 1 apoadtna eoi-
VeTaL 6TV €KOVOL 1-29, 6OV ToL THALATO TV SHOADUEVOV KOLAT®V, TNG KOVOVIKNG KOl 0VTIGTPOPNG TNYNG,
Tépvouy Tov dEova Tmwv xpodvev oto 160 ms.

Ag emoTpéyoule TOPO 0TV apykn pag epdtnon. Ilow Oa eivatl ) Hop@r TG SPOUO-XPOVIKNG KAUTOANG EGV
avTioTpa@el 1 Béon ™G GEIGUIKNG TNYNG 0o TO. APLETEPG TOV darypappatog mpog ta. de&id; H ewcova 1-30
amewkovilel v 0w katdotaon Omwg 1 ewkova 1-28 extog piog avtioTpoeng didtaéng mov €xel mpootede.
Onwg eaivetar oty ewkova 1-30, 1 kavovikn kot ovtiotpoen ddrtaén dev eivor mAéov idleg, 6Tav VIApPYEL
o vmd KAion acvvéyeta. ‘Etot, mavrote cuAléyovpe dedopéva e KavoviKn Kot avticTpoen dtdtadn mpokel-
pHévou vo Tpocdiopicovpe TV Vrapén piag vd kKhion acvvéxelog. Anhadi, £Gv ot KapmoAies dev eivat cup-
HeTpikée, Ommg otnv ewkdva 1-30 (avtiBeta 61t cvpPaivel otny ewcdva 1-29), tote 1 acvvéyela givar Vo KAi-
on.

\w I'F 2F 2R 1 lR ‘/I

(L) . .
> ] A S Eixéva 1-30. Zo-
| YKPION YPOVDY
|

20m SO0 mfs

e d1adpours oe yem-
1500 s Pwva TV o
AvticTpogn 10 V76 KAIoN aov-
| véyeia. Zkomog tov
- daypouuatog av-
700 eivol va dgilel
oL Y10 YedPwvo,
mov Ppickovial o€
1016¢ amooTdoelc
TPOKVTTOVY O10-
POPETIKES TPOYIES
Kot ypovot oo~
dpoung yia t Ko~
VOVIKI] Kal avTi-
i OTPOPN OLGTOLY.
Inyf 1

I

Kavovikn

01. (Ill(!lﬁlfl(\l 160 4
APOVOL TPETEL
Vi Eivan ioo1 | 45

0 v v v v . ,
o 20 40 &U & 100 120
Amdotacn (1)

H autia yuati ou kopmodeg dev eivar coppetpicés o e&nynbel amd my ewdva 1-30. Ta yedeova 1F kot 1R
Bpiokovtal o€ {oeg 0mooTACELS MO TIG AVTIOTOLYES OEIGUIKEG TTNYEG TOVG (40 m), OTmG £mioNg Kot To YEDQ®-
va. 2F kot 2R (60 m). Ag e€eTdoovE TN TPOYLE KUULOTOG TTOV TPOSTIMTEL GTHV ACVVEYELN KOL OPLOKEL S1olOAG-
Tl Edv petpricovpe v amdotoon mov dtévuce 6To oTpdpa e toxdta Vi péxpt to yedgovo 1F, avtm
etvon peyadvtepn amd v S pétpnon yu 1o yedewvo 1R. Avtd dnpovpyel éva peyavtepo xpovo dio-
dpopung, OTMG PAIivVETUL GTN SPOLO-XPOVIKT] KOUTOAN. AVTOG 0 pHeYaAdTEPOS ¥POVOG SLadPOUNG TNG KAVOVIKNG
Satagng oxetkd pe v avtiotpoen datan woydet yio OAeg TG Béoelg myNG-yewPdvov ektdg amd . Edv
egetdoovpe TV ekova 1-30 kot vroloyicovpe ToVG GLVOAIKOVG apoBaiovg xpovovs, Tk kat Tk, ToTE Bal dt1-
amoeTAOCOVLE OTL avToi eivat {cot kot Tépvouy Tov dgova TV povev ota 142 ms.

E&etalovrag v ewcdva 1-28 dei&aple 0TL 1 Qouvopevn todTnTa Ty HEYOADTEPT OO TNV TPOYHLOTIKY TOXV-
mro. Edv vroloyicovpe ™ toydmra tov Slabhdpevov Kopdteav ornd my avtiotpoen didtaén, 0o Wodue
OTL M TodTTA Elvan pkpOTEPN Amd TV TpaypaTiky Taydta. Edv n khion g acvvéyetag eivat pikpotepn
and 10° tote  péon T TV 300 PUVOLEV®DV ToXLTHTOV givarl oXEdOV ion Le TNV TPayLoTIKY TaydTNTO.
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Ewxova 1-31. Apopo-
JPOVIKI KOUTOAN [1OG DO
160 Kiion = 1/Vy,=m, KAion aovvéyetog. Ot o-

‘m / - e M",.,..r—‘ poifaiot ypovor mpémet vo

eivai ioot. Tlopdla avtd o1

- T e

% 120 TR ~_ xpovoi 5{a5p0/177’g, yio T

g . Khion = 1/V,=m, KOVOVIKI] KOl avTioTpopn
i YR O EVOL YEDPOVO UIOG
7 =0 Jdedopéving andoTaons, dev
lig //: elvai iool. Avto paiveta

e T fEAn mov pépovy Ty

“ > pd ~~,, ovouacia 100 F & 100R,
20 4 Khion = 1/V, Khion = 1/V, oL 017/@10(501013\/ xpo-
VOUG SLOOPOUNGS TTO, YED-
°e 2 40 P &0 > o povo ﬂourronoﬁsmziw,az
Kavovikn Axbdataon (p.) AvTioTpogn 100 m ano TH KOVOVIKH
— - , ,
xou avtiotpogn wyyy. 1In-
1

To KuproTePO oNpEiR TOV OVAPEPONKAY TPONYOLUEVMS OVOPEPOVTAL GUVOTTIKG otV ekdva 1-31. 'Etot, ot
SPOHO-YPOVIKEG KOUTVAEG TNG KAVOVIKNG Kot avTIoTpoeNns Stdtaéng dev eival GUUHETPIKEG GV 1) OOVLVEYELL
giva Vo KAion. Ot Tyég V) Yo T Kavovikn Kot avtictpoen dtdtaén npénel vo cupemvovv. Ot cuvolikoi )
apotBaiot xpovor mpénet va givar icot. Ta avtictpoea Tov KAicemV TV SebAdGHEVOV KopATOV dev didovy T
tovmTa Vo, H péon tipn tev Var kot Vag mpoceyyilel v mpaypotikh Vo €dv 1 khion g acvvéyelag eivat
ppn. Ot yég tov KAicewv eivor m, kot my axolovbdvrag T cvpfotiky popen g e&icwong g vbeiog
YPOUUNG: Y = mx + B 0mov m cvpPorier ) kAion. Mmopodue emiong va mpocdiopicovpe t devbuvon g
KAlong, S0t 6tav M eowvopevn taydTnTo givon peyoddtepn oe o amd Tig SoTdéels (Kovovikn 1 avticTpo-
©N), TOTE N AGVVEXELD KAIVEL TIPOG TOL WAV Le Srevbuven amd v Tnyn Tpog T SGTaén TOV YEOPDVOV.

1.4.9 Ilpocdropicuds tns eéicwaons tov xpovov d1adpouns

O TPoGdOPIGUOG TOV XPOVOL dLadPOUNG Yia Hia VIO KAIoT acvvEéyeta givon tepimov o id10g Omwg Kot otV
oplovtia acvvéyeta. Ta copfora mov ypnoomotovvTal £5m eaivovtol oty gwova 1-32. Ot moodtnteg hy
KOl jg TomoBeTodvion 6To KAT® HEPOG TG OoVVEKEWNS. XNV e&icmon Tov pdvov dudpoung o tg TapIoTd TO
APOVO dradpoung 0tav 1 GEGIKY TNy TomobeTeitan TPog To KAT® HEPOG TG acLVEXEWNG. O xpovog cuva-
vinong mov vroroyiletar amd avty v e&icmon givat o tg, kot 1 Kiion mov vroloyiletan and v Tapdywyo
mg e&iomong ovpPoriletar pe my. Opowa, dtav N cewopkn mnyn tomobeteiton otn 0éon mhvo-kKhion, T6tE
oha avtd To. cOpPoAa Taipvouy wg vdoTEn éva u avti Tov d. Na onpewwdel 6tL To A givon n kataxdpvEn
0mOGTACT HEYPL TNV AGVVEYELD.

[} Katm-khion ‘/
-

A
Ewova 1-32. Aidypoypo wov
deiyvel To oopforioud mov ypn-
opomoOnke yio. v eaywyn
¢ eliowaons Tov ypovov dia-
IPOUnS yio pio, VLo KAIoH aoVVE-
yeto. TInyn 1

E&etalovrag v ewodva 1-32 ag Bopnbovpe 61t 1 yovia G, petpiétar and m kAOETO TPOG TNV AGLVEXEL.
Kat’ apynv, Aappdvovpe v mepintwon 6mov 1 anyf tomobeteitar mpog T0 KAT® HEPOG TNG ACVVEXELNG
(okomevovpe mpog mavw-krion). O xpdvog dadpoung yio Eva Kopa omd Ty Ty uéxpt o yemewvo G, dide-
Tt omd T oyéon:

EM  MN NG

= ——+ 50
d v v, 7 (50)
EM =—Ji (51 NG = —Ju (52)
ooV, ovvd,
Kot €pOGOV Ju=Js—EP=j,—xnup’
NG = Ja = XTHB 53)
ovvy,

Enewdy MN = PG — AM — NC, vrohoyilovpe TIG GYETIKEG TOCOTNTES
PG =xovvf, AM =j;00,, xau NC =j,ep O = (ja—xnup) ep0;.
Avtd pag didet T Paoikn dpopo-ypovikn e&icmon:

_ Ja xouVf — j, &9, _(jd _Uﬂﬁ)ng‘gic Ja —xXnpp
ta + + 54
Vovvs, v, V,ovvs,
MmopovLEe Vo ATAOTOMGOVLE VT TNV EEIGOOT YPTCLUOTOLOVTOG TIG TPLYMVOUETPIKEG TAVTOTITEG
(8, = B) = nud, o0 ~ ovv8, nup
nu(,. + B) = nu8,.oovp + ovv8, nup
Telkd pBdvovpe ot o)Yéon
2j,00v8,  x
tg= ——<+—nul9, — 55)
N 7 (S, = B)

To emdpevo Pripa ivat vor LETOKIVIGOVLE T1 GEIGLIKT TNy TPOG TO TAVE HEPOG TNG OCVVEXELNG KO VO, GKO-
TEVGOVLE TPOG KATO-KAIGN. MeTd TV amlonoinon Ba Adfovpe v nopakdto oxéon:
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2j 9.
&+inﬂ(‘9w +ﬂ) (56)

t=
14 "

Avtég ot 900 televTaieg e€lomaoelg dev ivar poOvo mold Opoteg HeTa&d TOVG, OAAA Kot dev SlopéPovy and
ekeivn g oplovtiag acvvéyelog. To endpevo Pripa ivar vo vToroyicovpe TG KAGES TV EVOEDV YPoUUdY
avtov TV eflodceny. ‘Etot, mpokdntet o1t

M — ﬂﬂ(‘gic 7ﬁ) Kot M — 771”(‘911‘ +ﬂ)
dx 14 dx "

Axolovbdvtag v oporoyio mov avaeépOnke oty ewodva 1-31 yio Tig KMOELS Kot TOVG XPOVOLS GUVAVTN-
ONG, Ol TPOTYOVUEVEG GYECELS YPAPOVTUL MG

_ 77#(3; /) RPE, = 77/1(9; A s
1 1

d

Eav AdBovpe voyn ot nub;. = V,/V,, PAémovpe 0Tt pmopovpie va vroroyicovpe to Vs, av yvopilovue to ;.
Bépoawa 6éhovpe va yvopilovpe kat ) Khion S TG aoLVEYELNS. ZNHEWDOVOVTAS To. TPOSTHL + KOl — OTLG Tol-
pamdve oyécels PAémovpe 6Tt pmopodue va vroroyicovpe kot ta dVo S kot b;. ‘Etot, ypagovpe t1g mopand-
V@ GYECELG VTTO LOPPT

8, - p=nu’(Vm,) S+ p=nu(V,m,)

Enedn ta my, m, xou V; vmokoyiovtot an’ evbeiog and Tig SPOLO-YPOVIKEG KAUTOAES, AOVOVLE ®G TPOS b,
Ko £xovpe

G =mu ' Vim)+ - xar G = (Vim,)-f
28, =nu” (Vimy )+ np” (Vim,,)
Telwd Aappdavoope t oxéon:
g e Vimy )+ (Vim,)

e = 2 (59)
‘Opota, vroroyiCovpe ™ oyéon yio To S, AOVovTog ®g Tpog f:
B=06,-nu'V,m,) Ko B=-8, +nu(V,m,)
Kot eOdavovpe otn oyéon,
28 =nu” Vim,)=nu (Vim,) v
R e (Vim, )= (Vim,) ©0)

2

1.4.10 Ymoloyicuog tov mayovs

A6 116 €E10DGES TV POV Stadpopns Xpovos ¢ kot Xpdvog , Bétovtag x=0, umopodue va vroroyicovpe
TOVG AVTIGTOLYOVG YPOVOVG GLVAVTNONG:

2j . 2j .
_2j,00v9, 1)  xm . JjL,oovd,

62
v i v (62)

id

36
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Inpeudvovtog amd v ewova 1-32 ot oovf =/ % Ko ovvf = J % vroloyilovpe T ju, jur ha KOU By,
d u

and TG GYECELG:

7, = LV,

= 200V,
_a
ovvf

d

h = Ju
ovvf

" 200 Vo,

g

(63)

(64)

(65)

(66)
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1.5 H pé00odog g oeropiki|g avdxkiaong

T v avdivon tov avakkédpevev Kopdtov fa akolovbncovpe to id10 yevikd mAaiclo mov ypnoyLomo-
cape yo to Stbrdpeva kKopota. Kat” apyfiv, 0o acyoinbodue pe v amii mepintmon pag optloviag acv-
véyetag Ko Ba avantogovpe Ty e&icmon Tov xpovov Stadpopnc yu auT TV E8IKH TEPITTMON.

1.5.1 Ilpocdropiouds tnys eSicwaons Tov xpovov d1adpouns

O 1pocdiopiopdc g e&lomong Tov ¥POvoL dStadpoung Yo £vo avakA®pevo kKOpo omd pio optllovtio acuve-
yew gtvor ToAD e0koAog. Avagpepdpevot otny etkdva 1-33 Brémovpe Ott,

Xpévoc = % 67
1

2
EA=AG= |:[)2C) + h12:| Kau

_ ()c2 + 4h12 >% 8)

Xpovog =t
=1 v

E G
Eiwxéva 1-33. Aidypapyo. wov deiyvel o
. ovuPolioud wov ypnoiomornnke yio. tnv
h, = méyog . . .
., eaywyn e eliowaong tov ypovov diadpo-
TOUL TPMTOV v, ‘e avériaone. Ty 1
GTPOLATOS 6 18, e one- 1

Yydvovtog 6o TeTpay®vo Kot o 300 puéAN AapuBavove,
. x* AR
£="5+—L
nwen

ko Srapdvrtog S 4 h12 Kot avadaphpdvovtag Toug Opovg Exovpe

2 2
#_Lzl (69)

an} 4n’
I/[Z

38 Ewoaywyy oty L'ewgooikn

Ewova 1-34. o) Tpoyiéc avaxlopevwv koua-
TV and o opilovta aovvéyela.  f) To o-
VTIOTOLYO GEIGUOYPOLULO. LLE AVAKADUEVOVS KOl
d100).duevovg noAuovs kar y) Ot koumdles
APOVOV-0103pOc Oy VoY OTL, 1] KOUTOAN TWV
OVOKADUEVOV KOUGTWV EYEL YEWUETPIO. DTTEP-
Porig, eva o1 kourdleg Twv on’ evleiag Kot
di1a0laong koudtwv Tapovaidloviar wg Tuh-
nozo 0be1v ypagyucdrv. Thnyf 8

A
—"\
s i

Anbarao) (%)

Emedn h; kot V; givon otabepéc 1d10tnteg g doung, PrAémovpe 6t 1 e&iocwon (69) ekppdalet po vepforn, n
omoio eivar GUUPETPIKT YOp® amd X = 0. Avtd T0 evduapépov anotéleopa eényel yoti ot api&elg TV avo-
KADUEVOV KOUATMV TOPIOTAVOVTAL YPOPLKE HE TN HOPET| Tov ometkovileton oty ewcdva 1-34 (wg vrepPo-
).

Blémovpe dnhadn, 6t 0 xpdvog ty HeTAPGALETOL PE TNV ATOCTACT] TOV YEOPDOVOV X, GOLPMVO [LE TNV KO-
UOAN VIEPPOANG, OTmG PaiveTol 6TV ekova 1-35.

Ty

Ewova 1-35. H vrepfols mov
Jeiyver T pop@ij TS Spopo-
XPOVIKNG KOUTOANG OVAKAGOHG.
To yedbpava. Eyovy tomobethnOei

— exotépwbev e TN, S, kot og
fo oamootoon x = 0 kataypapetal o
EAGY10TOG YpOVOS ty.
_ N B N -
S R X
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Eav n cetopkn mnyn kot to yedeovo torobetBovv oty idwa 0éomn, omdte X = 0, N e&icwon (68) amkomotei-
TaL g

==L (70)

oMoV t) ovopdletan ypovog amdoraons undév. Avtdg gival o gpOvog SadPoprng TOL OVOKADUEVOL KOULOTOG
KOTG HAKOG TNG Katakopueng tpoytéc. Edv ekppdoovpe to h; 68 Guvaptnon pe To ) kot V; Kot avTikoto-
oTNooVUE TO omotérespa oty e&icmon (69), Aappdavovpe
S
to 0

=1 (1)

1 omoio i defyvet OTL 0 YPOVOG APIENG TV avaKAGoE®Y HeTaBAAleTon G VTEPBOAY HE TNV AMOGTOOT.

"Eva mpaypotikd celopdypoppo amotelovpevo amd 120 iyvn (yedewva) mapovotdletol oty gwkova 1-36,
v vo dei&et TG VIEPPOLES TV AVOKADUEVOV KVUATMV OTO SILPOPETIKEG AGVVEXELEG. X’ OUTH TNV TOPOVCI-
aon 1 OEGHKN TN €xEL TomoBeTNOEl 6T0 PEGOV TOV AVATTOYHOTOS TV YeEOPOVOV. Ta evbvypapLpa T~
T0L TOV TOAU®V deiyvouy TV AeiEn Tov SLuAOUEVOV KUUATOV.

e ATOATET] (IO T

Eiwova 1-36. Mo mpayuotixn oeiouiki kozoypophn avaxlaons. To yedpwva Eyovy tomobetnOei exorépwlev
TG TNYHS KO O YPOvog O10dpouns ovéavel amé move mpog ta kérw. Inyn 8.

1.5.2 A16pOwen NMO (Normal Move Out)
2115 S100KOTNGELG GEIGHIKNG AVAKANONG O XPOVOG avakAaong ¢, cuvnBmg exppaletat, g Eva aBpotopa Tov
APOVOL UNBEV 1 Ko (oG ent TAEOV TOGOTNTOG XPOVOL Af, TOV AMOLTEITAL S1OTL O SEKTNG AMEYEL Lo AOGTUON
X OO TNV GEICUKNY Y.

t.=t, +At (71a)

H ypovikn av&non At ovopdletar kavoviky ypovikn uetoromion 1 016pbwaon (NMO). Ag avTIKOTOGTCOVUE
mv e&icwon (70) oy (68), ondte Aappdvoupe,

2 ex?/ = x? 2
L \/to"'%lz to\/l"' /ngz (72)
kot 1 S10pBwon NMO eiva,
2
At=_|i2+x //12 —1, (73)

Edv 6écovpe

10TE
t =t,Nl+ad’

1 omoia pumopel vo ekppacel VIO POPET FVASIKNAG AVATTVENG GEPAG,

t, =t0(1+%az +j

2

X
t. =t 1+ +... 74
. o[ 227 J (74)

T Tovg 6TOXOVG TG SLCKOTNONG GEIGHIKNAG OAVAKAAGNG £ivat GNUAVTIKOL 01 dVO TPATOL OPOL TG GEPAS
KOl TOVG VTOAOLTOVG TOVG aryvoolue. Edv cuykpivovpe Ty Exppaon

x2 xz
to=t,|1+ =ty +——
U o2rr) 0 2 v

pe mv e&icwon (71a), tote PAémovpe 6TL 1 S10pBwon NMO didetan amd ™ oyéon,

2
X

At =T
2,

(75)

Avti 1 £k@paon pog EMTPETEL Vo eEETAGOVLE TG O XPOVOS dtadpoung avédvetar kabmg N omdotaon avd-
vetar. Tia ovaxAdueve KOpoTo: Tov SLpEPOVY Katd Az, sivon am’ sudsiag aviloya Tov x° Kol ovIleTPOQPOS
avaroya Tov #) Kot TOL Vlz. Avtég o1 oyéoelg paivovtar ypapikd oty ewova 1-37. Edd Brémovpe ot o
avénon oto Pabog g acvvérelas, mov onpaivel 0Tt 0 Xpovog ¢y owEdvet, 6Tt 1 d10pbwon NMO peidvertat.
Avto onuaivel 6t to T0&0 TG VIEPPOANG glvat TEPLGaOTEPO OpoAd Yo Tovg Pabvtepovg opilovtes. Avtiy n
KOUTLAOTNTA £ivon eppavig oty gikova 1-36, n omoia deiyver 6Tt Ta TO&0 TV VIEPBOADOV Yo FLOBOYIKEL
Babvtepovg opilovteg dev eivan Tapdiinia. H kopmvrdmta avtdv tev t0&mv elattdvetal kobng to fdbog
NG ACVVEYELNG AVEAVEL.
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ars A At

-
) 4] IrO ¥} v

Ewcova 1-37. Metofola tns diopOwans NMO. a) H uetofoli tov At ue v amdoraon tov yewpdvou. ) H
perofoln tov At e to fabog ko y) H pertofoln tov At pe w toydrya. Inyn 8.
H 310pfwon NMO eivan evbémg avaroyn mpog TV andotacn anyns-06ktn, v eival avTioTpOPmS avaroyn
TPOG TO YPOVO AVAKAAONG Kat TN ToOTNTOL.

1.5.3 H uértpnon tng cEIGUIKNGS TAYVTHTAS KOL TOV TTAY0DS TOV ETXLPAVEIGKOD CTPOUATOS

To BaBog /; péypt v Tpd TN aovvEKEld VKoL VITohoyileTat, £Gv 0 Ypdvog UNdEV ¢y kou 1 ToyvTTa V) givan
yvootd. Me avadidpbpmon tov opwv g oxéong (70) mpoxdmrtet,
INZ

h = (76)
MmopovE VoL LETPTIGOVE TO #) ATO TO {)VOG TOV GEIGUOYPAIUATOG TOL avTioTokEl o€ andotaon x = 0. Eav
dev glvan evkpvig n GEEN ToL KOpATOG avaklaong ot B€om avth, ToTE YpNoLonotovpe éva GALo ixvog 6To
onoio 1 avakiaomn givol TEPLGGOTEPO EVKPIVIG. [ var Tpocdlopicovle To #) and T0 f,, TOAAUTAAGIALOVE
Kot o 800 péAn g oyéong (71) pe t; Kot Aapfavovpe  teTpayoviky pila dote,

2
ty= |12 - % //f W)

TIpénetl va Bpodpe Eva TpOTO VoL LITOAOYIGOVHE TN ToXVTNTA V) 0O TOVG XPOVOVS APLENG TMV AVOKADUEVOV
Kkopdtov. O évag Tpomog gival va LToAoYIeBOOV ot ¥POVoL £, Kot £, amd dVo déKTeG OV PpickovTal GE omo-
OTAGELG X; KO X2, OTMG QaiveTal oty ekdva 1-38.

Axdotaon anpmg - déktn (1)

42 Ewooywyn oty l'ewgooixn

Eiova 1-38. Aidypoyyio wov deiyvel Ti OmooTATEIS X1 Kol X2 0DO YYDV, KaBMS KO TOVS OVIITTOLYOVS
KPOVOUG by KAl tyo. XPHOWHOTOIHOVTAS TIG ODO OVTES OTOTTATEIS KO TOVG TYETIKOVS XPOVOVS AVOKAATHS UTOPEL
va, vrodoyioOei n toydTnTe V). 2T 00VEYELQ AT TH TOYDTHTO. OUTH KOL TO YPOVO OTOOTOTHS UHOEV, ty, UTOPEL
va. vroloyiabeil to mayog Tov atpduarog. TInyn 8.

Zava molkamioacidlovpe kot ta 0o puéAn g oxéong (71) pe to tg Ko pe ovadiapBpwon Aapfavovpe,
2 2
t2 — tz _ xil — l‘z _ xiz
0 T xl V2 —tx2 V2
1 1
TOL PTOPEL VoL Ypapet g,

t,zz _tfl :V%z(xg _xlz)

‘Etot éxovpe,

V= T2 7h (t‘2

x27t

2 ) (78)

x1

'Eto1 tdpa LTOpOvLLE VoL VTOAOYIGOVLE TIG TYLEG Yol TO ¢y Ko V; wov ypetdovtar yia vo Avbei i oyéon (76).

Yndpyet kot £vog GALOG TPOTOG Y1t VoL VTTOAOYIGOVLE TO ) Kol V7, 0 010iog ypnotponotel GAOVG TOVG XPOVOVG
GpENG MoV PTOPOVV Vo avayvechovv amd to celopdypoppa. And m oxéon (69) pe avadiapdpwon Tov -

pov Aapfdvoovue,
2
1 4h?
t: :(j x*+ VZ‘ (79)
1

2 2
Eé , . 2 _ 1 =M 2 _ 4]’!1 = B.16 , .
AV TOPOL OVTIKOTOGTNGOVUE TO £, =T, v = , X7 =y Kot 2 = B, 101€ TPOKVTTEL OTL,
1 1

tr=My+B
n onoia eivon 1 e&icwon g gvbeiog ypappng. Avtd onpaivel 0Tt €4V ATEIKOVIGOVLLE YPAPLKE TO TETPAYMVA
TV (poOVeOV dadpoung ¢ f KO TG AndoTAGNG X7, TOV AVTIGTOOVY GE APKETOVG SEKTEG, Ta oneia Tpémel vol
Bpiokovtar katd pKkog wiog gvbeiag ypappic. ‘Eva tétoto ypaenua x° - 2 goivetar oty swéva 1-39. H
KAMon auTNG TG YPapUNG £ivat %/2 KoL T TOWH ALTAG THG YPAULG He Tov GEova 2 eiva,

1

41112 N
=l

V|2

Emopévag, n mapakdtm pebodoroyia mpémet vo axolovdnbel yio v epunvevdel to cetopoypappo avakio-
ong g ewovog 1-34.

1.  Métpnon tov xpdvev Stadpoung ¢, t , t3, ... , GE ATOCTAGELG OEKTMV X/, X2, X3 , ..., OO TO GEIGHO-
YPOLHOL.
2. ANyn ToV TETPAYOVOV aVTOV tl2 s tz2 s tf 5 ey KO xl2 ,xz2 s x3z , ... KOL OTTEIKOVIOT] AUTOV GE YPAPT Ot
7
X —t.

3. Xapoén g evbeiag ypopupng S10 pécov tav onusiov Tov ypaghinatog x° — £. Yroloylopuog me toyd-

mrog and ™ KAion auTig TG YPOUUNG, N 0moia eivat %/2 Kot TPOGSOPIGUAG TOL XPOVOL UNdEV
1

amd T Topun TG He Tov GEova TmV xpdvmv, o omoiog ival toz .
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4.  Ymoloywopog tov Babovg i; xpnoyomotdvag v e&icwon (76) kot auTég Tig TWES TV £y Kot V.

Ewéva 1-39. Evax’ - t*

YPapp0 xpSVLY 105pouns
KOUATWV OVAKAQONS 08 GOVOp-
THON UE THY OTOCTATH VIO UIO,
opilovua aovvéyeia. To ypa-
QLo avto Tapiotd o, evleia
ypopus], e omoiog 1 kAion
1
4

vavrnong ( tg ) o€ améoTaon X

Tetpirywva Tow gpovew

eival 2 Kai 0 ypovog ov-

= 0 eivai 10 TETPLYWVO TOL
JPOVOL AVAKAOONS ATOTTACHS

unoév. Iinyn 8.

Terpiryov 1oV aTOCTEoEmY

1.5.4 Zyéon tv an’ gvbeiag Kar avaxkiduevoy KoudTOV

Edv doupécovpe kon ta 300 péhn g e&icmong (68) pe x, tote Aappdvovpe,

t / 1 4K
B P I 80
X V12 Vv12 xZ ( )

Kabdg n amdotaon x — «, 0 6pog h/x — 0, £T01 doTe,

. 1 48 1
lim 72_'_7272 =—
e\ V2V XY,

‘Etot, kabdg T0 x — oo, Aapfdvovpe
Z=— N t, =— (81)

I'vopiCovpe 0TL 10 anotédeopo ovtd g oxéong (81) ekppalet to ypdvo dadpopng Tmv on’ gvbeiog Kopd-
V.
1.5.5 Kbpara avaxiacns vmo KAicny acoviyelas

T va pedet 8oy kKoddTepa ToL KOHOTA OVAKAAONG TOV TPOEPYOVTOL Omtd o VO KAIGT 0GVVEYELD, G VTTO-
Bécoupe 011 Ta YedPmva TomobeTovvTal og gvbeieg ypappés mov exteivovion og avtifeteg katevbvvoelg amd
T GEWOMIKT TYT. ZKOTOG pHag eivan v vtoloyicovpe to BaBog kot T KAion TG aovvEYELaS.

1.5.6 Tpoyiés avarxiauevwy Kopudtwy

44 Eiwooaywyi oty l'ewpooixn

Xy ewovo 1-40 n khion g acvvExelag eivon o Kot 1 TaydTnTo S1ddoong Tov Kupdtov avakiaong V. To
BaBog mpog To mAnciéotepo onpeio g acvvéxelng katm amd ™ Iy S eivon . o va ardomomcovpe v
avdivon ovopdlovpe S’ to idwio g TyNG S. Ag pavtactodie Ot 1 acvvExew eivar Evag kKabpéntng. To-
1€ 10 €ld®Ao mov Ba propovce KAmolog va del 6”7 avtd To kobpéntn Ba eppavilotav oto onpeio S”. To on-
peio avakiaong C Bpioketor akpipdg 610 pEGOV TG andoTacng Heto&d SS” Kot 1 ypappun SS” eivar kabetn
otV aovvéyea. To onpeio elddAov givar TOAD ¥PNGUO OTN KOTAGKELT TNG TPOYLES TOV KOUATOG OvaKAa-
ong. Mmopel dnhadn va kataokevaodel e Tov akoAovbo tpdmo. Apyikd, YopaoceTaL i Ypouun arnd o S”
péxpt o yedpmvo (Ry) kot ot cvvéyeta o AR ypapun omd To oNpelo TOUNG TNG TPOTYOVHEVNG YPOLLIAG
pe ™V acvvéxelo péypt v Tnyn. Ot ypappés Tave omd TV aGVVEXELD dEIXVOLY TNV TPOYLE TOV KOUATOG.
T mapdderypo, oty ewcova 1-40 pa ypappn xapdydnke and to S’ mpog 1o yedpwvo R;. H ypopur ovt)
SloTOVpOVETOL e TNV AcVVEXEWR 6TO onueio D. M devtepn ypapun yapdydnke and to D mpog v mnyn
S. H tpoyé tov kopdtev avakiaong ivar SDR;. Katd tov ido tpdémo 1 tpoyid SAR; kotackevacOnke yio
T0 OVOKADUEVO KOUO OV POAVEL TO Yed®®VO Ry. T Oleg Tig Tpoyég oV KaTaokevdohnkay He aut ™
nébodo, n yovia tpdontmong eivor ion pe ™ yovia avixkioong, Onwg aratteitol and to vouo Snell.

Ewcova 1-40. Avixiaon oo puo vmo
xlion aovvéyeia. To S eivar n Oéon g
oeloKnG TYNg kai to. R kot R givour o1
Osoeig obo dexradv. To avorxidueva ko-
LHoto Tov Kotoypapovial ota Ry kai R,
Uropody va. OewpnBodv w¢ kouazo Tov
épyoviar ard o S’, 10 gidwlo e TN
S w¢ mpog v acvvéyero. TInyn 8.

Ag Beopricovpe Tdpa £va GALO xapokTNpLoTikd. To GUVOAIKO UAKOG TNG TPOYLAG TOV OVOKADUEVOL KOHOTOG
givat 100 pe TV omdoTaoN TOL YEmP®VOL amd To £idwlo. TtV euwcdva 1-40 paivetor 61t to onueio C Bpioke-
Tot 6710 PEcOV TG amodctaons SS” (Onmg avapépbnke mponyovpévmg) Kot BAErovpe 6Tt To Tpiywvo SDS’
eivan 1000KEAEG, TO 0moio onpaivel OTL 0L TAELPES TOL givat ioeg, dnAadh

SD =DS’

‘Etot, T0 punKog g TpoyLig Tov KOHOTOG avakAiaong etvat:

SD + DR, =S'R,

H oyéon vt woyvet yia kde tpoytd kdpatog avakiaong, avesdpmmra amd m Béon tov yemedvov, d1ott N
ypoppun SS” 0o oynpatiCel TvTote T O TAELPA TOV LGOGKEAOVS TPLYMVOV, TOV 0moiov N Tpitn Kopven o
givan o onpeio avarkkaong.

1.5.7 Xpovog d1adpounis KoudTwy avaki.oong

O ypdvog dradpopng £vog Kopatog avakkaong Bpioketat av dtopedel To unKog g TpoyLig Tov amd T Toyd-
mro. [ Toepddetypa, otny gwova 1-40 o xpdvog Sradpopng uéxpt to yedewvo R, Ba givau:

_SD DR,/ _S'R
b= " i /V1 =) " ®2



Keo. 1. H Xeiopxy MéBodog 45

x -
s" S

K120

ale
AT i | ool o ”V,-z}a( Cons B S

Eiwova 1-41. Avixiaon ané o vmo khion aovvéyeta. To S” eivai o gidwio e Tnyne S w¢ mpog v acvvé-
et ko o S' givon n kataxdpogn Tpofolij tov e1dmwiov oty emipadvela. H eAdyiotn oméotoon omd 1o S’ mpog
™y empavelo ivar n ypopuij S'S”". Avto vmodeikvier 0ti 0 AGY10TOS YpOovos avakiaons eivar oty Oéon S
Orav o = 0, tote 10 S*" ovuninrer pe to S. TInyn 8

Eneidn 1 toyvmta mopapével n idio katd uiKog g TpoyLis, sivat avepo ott o xpovog dtadpopnc Oa eivan
€VO£MG AVAAOYOG TOV UNKOLG TG TPOYLAG. To Yeyovog avtd deiyvet 6Tt av yapayBovv ypappég omd to eidmio
S’ mpog v empdvela (gik. 1-40), tote 1 ELdylot TPOYIG avikAaong Ba givar ekeivn mov OGveL oTo oNpEeio
S”’. BAémovpe dnhadn 6t to S*” givar n kaBetn TpoPfoin Tov ed®AoL oY empdvela. Eivar gavepd 6t K-
Og GAAN ypopp omd To €idwA0, TPOG 0TO0dNTOTE AAAO ONHElD TG EMPAvELnS, Oa Tpémet va eivar peyaAl-
Tepn amd vt T KoTakOpLen Ypouun. Etopéveg, o ehdyiotog xpodvog S108popng Tov avakAdUEVOL KOO~
TOG tyin B0 €lval KoTd puKog g Tpoylds S'BS™". Emiong, o xpdvog aviakiaong amdotaonc-pndév, ty, mpémet
vo givat peyaivtepog

Emedn to unkn tov tpoyidv sivat

SS">8""S’
umopodue vo copmepdvovpe and v ekova 1-40 6TL 0 edyiotog ¥povog Stadpopnc pmopel va petpnBei pe
™ TomoféTnon evog YEOPOVOL 6T KATAKOPLEN TPOPOAT TOV E0MAOV GTNV EMPAVELD.

H yevikn ékppacomn tov xpdvov dtadpopng evog KORATOG avakAaong oe VIO KAIoN acvvE ela SideTol TaPaKa-
0. Ag vmoBécovpe OTL TO YeDE®OVO PpiokeTal amd T GEIGHIKTH Ty o€ o omdotaon SR = x (ewk. 1-41) ko
1 TPOYLE TOV AVOKADIEVOL KOHOTOG Eivar,

SD+DR=S'R
!
SD+DR _¢.p
t=————= 83
N V. v, (83)
Eneidn to tpiywvo S'RS”™ givar opboydvio woydet 61t :
(S'R) =(5'8") +(s"R) 84)

Ao ™ yeopetpia TG ewkovag 1-41 €xovpe,

yovia SS'S” =a kot otin ypoappun SS”=2h. Enopévag, SS” =2k nua ko n ypoppn

46 Eiwooaywyi oty l'ewpooixn
S’S”" =2h cvva (85)
Tehka, S”R=SS""+ SR =x+2hnpa (86)
Me avtikatdotaon tov oxécemv (85) kot (86) otnv (84), tote N (83) yiverar,
2 2
= 2hovva A +2hnua @7
" "

OMOVL X £lvaL 1 ATOGTAGCT] TOV YEMPAOVOL Ao TNV TNYT.

H anewcovion g e&icmong avtg eivar pa vaepPolr, 1 onoia pag deiyvel 0Tt 0 ¥pOVOG SLadPopNG evog KO-
HOTOG AVAKAOGNG, TTOV TPOEPYETAL OO AGVVEELD VTG KAioN, £XEL VTN TN HOPET. XNV gkova 1-42 BAémov-
He por KopmOAn vaepPorng Tov xpovov dtadpoung mov €xet petatomichel omd To oNpE0 TG GEIGHIKAG TIN-
MG. O eAdy1oTOg XPOVOG SLSPOUNG Lin, TOPOTNPEITOL GTO S™', TO OMOi0 OTWG YVvwpilovpe amd TV gwdva 1-
41 givou 1 kaToKOPLEN TPOPOAT TOV EWVBOAOL.

f
A
Eixova 1-42. Mia. koumdoAy vrepfolic mov

SS"= 2hsinx eiyver T uopeij tg dpopo-ypovikis Kopmi-
ANG QVAKAQONG YL0. {16, VIO KAIGH OOVVEYELOS.
Mo évoeién yio tyv vmapén e vo kKhion
AOVVEYELOG EIVAL ] [N COUUETPIKN LLOPPH THS
KOUTOANG Y0P amo 10 KoTakopvpo alova,
mov fpioketar n Ty (S). O ypovog avaxia-
ong (ty) otn Oéon x = 0 dev givou 0 edyiorog
xpovog avaxioons. O elay1otog ypovogs eivor
oto onueio S° mpog ™y TAEvPa TS TAVW-

x  KMong e aovvéyetog. TInyn 8.

"Xrnin"

1.5.8 Yroloyiouog tov fabovg kat Tis KAiGHS THS AGVVEXEINS
ATo ™ KopmOAn xpoévov dadpopung g ekovag 1-42 pmopei vo vroroyisbel o xpovog 7y, mov avticTolyel
oV andotacn g Tpoytds 24 (dnwg eaivetar oty gwkova 1-41). Epdoov x = 0 16te 1 oyéon (87) yiveton

4‘}15 2
= (88)
1

Eniong pmopei va. vmoroyioOel 0 xpovog Ly, OV OVTIGTOYEL 6TO UNKOG TPOYLAS 2AGuva. X7 auth TV TEpi-
TTOGCT EYOVUE,

—2hovve,
t = //1 (89)

Aappdavovtog To TETpAymvo TV §00 LEADV EXOVLLE,
4n*

=—,-ovva 90)
4

2
tnﬁn

kot avtikediotdviog ™ oxéon (88) maipvoupe

2
min

min

t
=tlovvia 7 oLV =i 1)
0

t
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AgG VITOLOYIGOVUE TOPOL TNV AMOGTUCN Xpin, OOV 0 YPOVOG Sradpopng eivon eAdylotog, Kabdg N amdctacn
peta&d g myNg S Kot TG KaTakopueng TPoPoAng Tov eddAov S, dniadn

Xmin =SS’
Ao ™ oxéon SS” = 2/mua yvepilovpe OTL X, = 2hmpa

Avt 1 oyéon avadiopBpdvetar ko yiveta,

-_— xmm
h= 2nue 92)
Ao ™ oxéon (91) yvepilovpe 6Tt
-1 tmin
a=ovv | — 93)
t()
Amo v ewova 1-41 ko ) oxéon (91) Prémovpe 6Tt To PABOg d TG AoLVEXELNG KAT® 0d TNV TNYN €ivau,
t
d="h =h— 9
ovva Lo
kot and ™ oyéon (92)
— tO
4= X Af nua 03

Todpa yvopilovpe éva moAD anAid TpOmo v Tomobeticovpe TV VO KAIoN AGLVEXELD LETE OO [ Sk~
TNON GEIGHIKNG OVAKAAOTG.

1. Tlapwotdvovtor ypagikd ot xpovot Stadpopis Tov AapBAvovToL amd To KOUATO ovVAKANONG OTO GEL-
GUOYPOLLLLO KOL YOPACOETOL 1] KOUTOAN LIEPPOANG HESH 0O aTA TOL oNUELDL..
2. AopPAavovtor ot TUES Xy » bnin KOL £ OTTO OOTN TNV TOPAGTOCT) OTMG PaiveToL oTNV ekOVaL 1-42.

3. Ymohoyiletou n yovia kKhiong a amd ™ oxéon (93) kot to fdbog d and ™ oxéon (95).

Ewcéva 1-43. Evox’ - £ ypdonua ypo-
VOV S100poUig KOULATWY OVAKAAONS 0€
OVVGPTNON UE THY ATOOTACH Y10, L0, VIO
KAion aovvéyela. Avto to ypagnue wo-
povoidler 600 evOdypopyo TURIOTO UE
ovtiOeteg klioeig. H amoivtny tyuj e

KAlong eivou %/z KoL 1] Top1] Ty 000
1

Terpdrycva Tow ypdvay

Khion = -1/ vV}

I

I Kourdlov tl xor x1, . E6d o t; v-
: ToAoyileTar amwd T TOpI] THS HIOG KOUTD-
[ Ang pe to kazaxopvpo alova oty Oéon
1

J

x=0. ITnyn 8.

T T T T T T T ]

Terpdryeova Tov aroaTaoE0Y
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BAémovpe 6Tt dev eivan amopaitntog 0 VIOAOYIGUOG TG TaybTNTog V) Yo va Tpoodiopiodei n Béon g acv-
véyewg. H taydtnra pmopet v Anebdei edkoda amd ™ oyéon (89), dnhadi,

v, =2h UUV7 _ (96)

KO e ovTIKOTAoTaoT TV oxéoemv (91) ko (94) hapPdavovpe,

y, =2 g o)
tO

Ag vobécove TP OTL 0L AVAKAAGELS SVGKOAN UTOPOVV Vo avayvoploBodv o pepikd ixvn (kovaAio) Tov
oelopoypapporoc. Tote Ba eivor dbokoro va yapaybel n vaepfoin Hécw TV onueinv Tov Ypdvov dudpo-
NG, LE OMOTEAEGHOL Ol TOPAUETPOL Xpin, b , VOL LT] LTTOPOVV VOL VTTOAOYIGO0VV pe axpifeto. Tty mepintmon
avt AdapPdverar e mopdotacn X© — t7. Onwg kot oty wepintoon g oplovilag aovvEKELNG To onpein
avtig G mopdotacng Ketvtan o gvbeia ypapun, onwg eaivetar otny ewkova 1-43. Enedn ta yedpwva -
xovv TomofetnOel oe avTifeTeg KaTeVBHVGEIS 0md TV TNYN, AapPhvovton dvo evdypappa TpHpaTe oTn X —
£ mapdortacn. H topr) tov 800 autdv ypappudv mposdiopiler to x,zmn Ko tii" Kot ot KAGEG anTdV TV

v el 1 1
YPOUUOV givon / ) ko — / 2.
" 14

Télog, ag ovykpivoupe Ta amoteAéopato Tov AapBavovtat amd e Vo KAion Kat o oploOvTIoL AGVVEXELO.
Onwg eaivetar oty ewkova 1-41 gdv n acvvéyeta ivar oplovtia tote 1 ypopupr SS” Oa eivot kataxdpoen.
2’ out) TV mepintwon N yovio kKhiong eivar o = 0 kot givar eovepd 6t d =k, Xy = 0 & Luin = 1. Etol, m
avaAvoT Tov €ywve yio pa Vo KALon acvvéyel epappoletar emiong Kot oty mepintmon mov o = 0. BAé-
Tovpe OTL 1 KAION TNG OGVVEYELNS TPOKOAEL TNV TEPIGTPOPT] CVTHG OO TN GEISHIKT Ty TPOG TO EidAO
Mg, TPOG Ja TAve — KAlon korevBuvon, 6nwg gaivetar 6to oyfpa 1-44.

5
= s * e =

Ewxova 1-44. Xoyxpion twv e10diwv
THG OEIOUIKNG THYHG Yia 0p1lovTio KoL
oo Klion acvvéyela. Eav o vmo kAi-
on opilovtag TEPIoTPOPEL DOTE VO
yiver opi{ovtiog, 10te 10 S’ o peta-
KivnOei kau Oo. ovuréoer e to Sv, mov
eivou 1o gidwlo e Tyng s opilo-
vuiag aovvéyetog. TInyn 8.
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