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ITPOAOTI'OX

To OoAldoclo mepiPdAlov  amotedel pio YONTELTIKY TEPLOYN  EMGTNUOVIKAOV
avalntoemv, Tov cLVOVALOVY TOAAOVS Pacikoc TOpElS TG £pEVVAG, OTMOC 1 PLGIKY|
ta podnuotikd, n Poroyio n yemioyia pe toug emi pépovg kKAddovg tovs. To vepd
TOV OKEAVOV Kol Ol UETOPOAEG TOVL €lye OMOTEAECEL TAVTO OVTIKEIUEVO MEAETNG
OVOUESO GTOVG EMCTILOVES L0 KOl OVGLAOTIKE Kuplapyel otn (o1 pag and Tig TAgov
eUPavelg epappoyég (vovoumioio) pExpt Kot TIG TAEOV aQAVELS OTMG 1) EXIOPACT TOL
oTIg Koupikég petaforés. Ent miéov n owovopia n €Bvikn auova kot 1 otkoAoyior piog
Barlacovig meployng e€optdrot EPUESH 1) AUEGH LE TO VEPD KO TIG IO10TNTEG TOV.

H 8dracca sivar yevikd exBpikr| oe ka0e pécov mov o avBpwmog emPariel yia v
napakorovOnot g : Ta niektpopayvntikd kopato e€ocbevovv mold yprnyopa, to
voéAoumo. Opyava OPpdvovtal 1| AcTOYoVV AOY® T®V £VIOVeV UETABOADV ©TO
nepPdAiov, M TNAETOKOTNON HE SOPLPOPOVLS UOVO Yo EMPOVENKE BoAdooia
OTPOUATO UTOPEl Vo dDGEL TANPOoPopieg evd 0 1010¢ 0 GvBpwmog dev pmopel va
dtelodvoel og peydio Badn. ‘Etot ta nymrikd kouato mov pmopovv va d1d0fovv og
peydieg amootdoelg oto Bohdooio mepifaiiov Aoy pikpng eacBiévnong eaivetot
OTL givan évag gopéag mAnpogopiag mov pmopet vo a&tomombel yo v peAET TOV
WoTTeV Kot Tov petaforlov ot 0dracca. ‘Etot avantiydnie ta televtaia xpovia o
TOUENG TNG VLTOPPUYING OKOLGTIKNG MOV €YEL MG OVTIKEIUEVO TNV HEAET] TOV
EQOUPUOYDV O1dd00omnG TOL MYov o1 BdAlacca Kot cuvovdlert to BewpPNTIKO
(padnpoTKo-ELoIKO-PloAoy1Kd) LIOPAOPO HE TO TEYVOAOYIKO, M0 Kol GTOYOG TOV
etval va avanticoel peBodoroyio Kol VTOGTNPIKTIKY TEXVOAOYIOL Y10 TNV OTOOOTIKN
¥PNO™ TOL NYOL ot BdAacasa.

Nuepo o Myog ot Odlacca  yPNOWOTOLEITOl ©E TOAAEC EQPOPUOYEC TOL
EMLYPOUUOTIKG Oid0oVTaL 6TOV ENOUEVO KOTAAOYO OV KAOE AALO Topd TANPNG Hropel
va, BewpnOet :

. Emwowvavieg

. Metddoon dedopévev

. Avayvdpion Kot EVTomiopo vrofoldcoiov 6TOY®mY

. Avayvopion Kol EVTOMICHO  OVTIIKEWWEVOV  otov  BuBo  (vmoPpuyia
apyoohoyio)

. Avayvopion g cvetacng Tov Baiassvod fubov

. [MopakorovOnom TV OKEAVOYPAPIK®OV HLETAPOADY (AKOVGTIKY] TOROYPOPio)

o Oardocia Broroyio

o Aleia

o Navoirhoio

H Axovotikn Qkeovoypogio aoyoAeiton HE TIS €QUPUOYES KOl TO TPOPAUOTOL
d1doomg Tov NYov oL GYETILOVTIOL PE TIG PUOIKEG TOPAUETPOVS TOL HOAAGGIOV
OKOVGTIKOD HEGOVL G6TO 0T010 TEPAOUPAVETOL 1) LOATIVY] GTHAN KO O TLOUEVOLC.

Ot onuewwoelg tov podnuatog «Ewaywyn omv Akovotikny Qxeavoypagio» mwov
KPOTATE 0Ta XEPLOL 00 TEPLAUPEVOLY TNV VAN TOV SIOACKETAL GTO OUMVLHO LaOn o
tov Tunpatog Madnpatikdv kot Egappoopéveov Manpoatikov tov Tavemotnpiov
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Kpntg. H emidoyn g OAng éywve pe 1pdmo dote vo 61detan pio GUVOTTIKN E1G0YWYN
OTNV TEPLOYN TNG VIOPPLYLG AKOVOTIKNG GE GYE0T Kuplwg pe Tov Tpdmo d1dd00oMS
NG OKOVOTIKNG EVEPYELNG 0T BdAacoa Kat TiG Bacikég TEPPAALOVTIKES TOPAUETPOVES
nov kabopilovv Tov TpodTO S1dd0onc TG (TayvTnTa d1ddoong Nyov — Bepuokpacia,
ToYOTNTES O1AG00NG KUUAT®V GUUTIEGTOTNTOG KOl SUTUNTIKOV GTOV TLOpéva NG
0aracoag). ‘Etol £yve pio emAoyr] epopproy®v mov cuvOLALEL TNV QULGIKT UE OTAA
poON otk LOVTEAD OCTE VA YIVEL KATOVONTO OTL 1] AKOLGTIKY] HeAETN Tov Boddcaion
nepPdArovtog eivar €@kt pe Kat@AANAN pobnuoatiky mpocsopoiowon. H avdmtuén
™G VANG éywve pe Pdon TV Ye®UETPIKY Bedpnon ¢ Sd0oNg TOV MYNTIKOV
Kopdtov ot Bdlacca (ray theory). T v avartvén g VANG ypnoyomomonke n
BAoypapio TOL avaypAPETOL GTO TEAOG TMV ONUEIOCEWMV, EVO TOAEG amd TIG
eWOVEG TOV padnuatog £xovv mpoéAfel amd v avagepduevn Ploypapio kol to
dwadikTvo.

KéBe mapatnpnon kot oxoAo ®g mpog v OdpOpmon kol To TEPIEYOUEVE TMV
ONUEIDCE®Y Elvarl gVTPOCIEKTN OGS Kol KAOe mBavr| 010plwon oto keipevo. Na
onuewwdel téhog 6tL M oporoyie mov ypnowomombnke eivor M TAEOV ELPEMC
YPNOWOTOOVUEV] OTNV TEPLOYN TNG OKOVOTIKNG OV Kol TOAAOL ayyAikoli Opot
eppavilovtor ommv  eEAMANVIKN  (meplopopévn €tol Kt oAMadg) Piploypagion pe
SLPOPETIKOVS TPOTOVG,.

H mopovoa 1pitn £€kdoon 1oV onueidcewv mepAapPavel o€ oyéon UE TIG
TPONYOOUEVES, ONUAVTIKES dopBmaoelg kol mposOnkes. Onwg dumg avapépOnie kot
OTOV TPOLOYO TMV TPONYOVUEVOV EKOOGEMY Ol TTOPOVCES ONUELDCELS OEV PIA000E0VV
VO, KOTAGTOUV TANPES EYYEPIO0 Yo TNV TapakoAovON oY evOC TuTIKOD HOBLLOTOg
Axovotikng Qxeavoypapiog kot meplopiloviar og pio g1caymyn 0TS eival Kot o
tithog TOV OWaokouevoL podnuatoc. Ba katafAndei wotdéco mpoomdbea vo
EUTAOLTICOOVV Ol ONUEIDCELS 0 €MOUEVT] £KOOON KOl UE GEPE YOPUKTNPIOTIKDOV
00K GEMV MGTE VO ATOTEAEGOVY TANPES EYYEPIO0 TOL LOOILATOC.

OxtmPprog 2020

Muyéing Tapovddxng
Kobnyntig



Ewaywyn omv Akovotikr] Qkeavoypapio 7

1. Meprypa@r Tov Bordacorov meprfpaiiovtog

T0 KePOAO avtd B avaeepBodue oV mEPYPOP] TOV CTOWYEI®V TOL

ocuvBétovv 10 BoAdoclo mEPPAAAOV  OmO TNV GmMOWYN TG OKOVOTIKNG

okeavoypapiog. To Baldooio mepipdiiov amoteAdeiton omd TN OTHAN TOV
BoAlacotvod vepov kol tov mubuéva, evd onuaviikd otowyeio eivar n demedveln
vEPOV-aEPa, TOV OTN GLVEXEWL Ba TNV KOAOVUE «Empavelo Kot Oa tnv Bewpncovpue
®¢ 10 Gved obvopo oto medio evdeépovtog pag. Or Paocwkég mapdpetpot
EVOLLPEPOVTOG Y10 TNV QLGIKN wkeavoypaeia givar 1 Oeppokpacio g BGdAacoag, M
TUKVOTNTO, 1 OAQTOTNTO, 1) TOYVTNTO TOV PEVUATOV KOL 1] NAEKTPIKY AyOYHOTNTA
EVD YO TNV OKOVLOTIKN oKeavoypapio mpootifeviar wg Pacikéc mapdueTpol 1M
TayHTNTO SIS0CNG TOV NYOL GTO VEPD Kot Tov muhuéva, N ToyvTNTA 014000MG TV
STUNTIKOV KUUATOV oToV TLOREVA, M TLKVOTNTO TOV HECOV, 1) YEOUETPiL T®V
SLYOPICTIKOV EMUPAVEIDV Kol 1] avOymon ¢ empdvelas. H yeopetpia tov cuvopwv
vepoO-TLOUEVE Kol VEPOV-EMPAVELNG EVOLUPEPEL EMIONG TN (PLCIKY OKEOVOYPOPiaL.
211c emdpeveg evotnteg Ba 00VE T KOPLOL YOPOKTNPIOTIKA TOV TOPOUETPOV QVTAOV.

1.1 2TpoNeTOonoino Tov 00A0coIvoD vEPOU.

Ot euokég mapapueTpol Tov BoAacsIvoy vepoL mov Oa Hag amacyoAcovVY givar M
Oepuoxpacio, n wokvoTTo Ko M arotdtnTa, pe dedopévo OTL givon eKeiveg oL
kaBopilovv ™V TN ™S PACIKNG TOPAUETPOV TNG OKOVOTIKNG WKEAVOYPOPING GTO
Bardootio mepifaiiov mov eivar n ToyvTNTA O1dd0oNg Tov NYov. Omwg Ba dovpe 61N
oLVEYELD, M TaXOTNTO O1d0oNC TOV MYoL MeTaPdAAeTol pe to PdBog g BdAacoog
oAMG kol pe v oplovtia omdotacn kot amoterel tov Pactkd moapdyovto mwov
kaBopilel T d1ddoom Tov NYov oTn BAAacoa.

1.1.1 H OGepuoxpoaoio. tov Batacoivod vepod.

H 0eppoxpacio Tov Bokaccivod vepov petafdiietor pe to fabog e Odlaccag Kot n
petafoAn avtn eEoptdrol omd v mEPLoyn mov PpickeTon 0 Boidooto mepBaALov,
kaBmg N yeoypapiky meployn kabopilel kKupimg ™ Bepuokpacioo GV ETPAVELL TNG
O0aracoag. H Beppokpacio otnv emodvela e Bdhacoag kopaivetal and tovg 0° C
OTIG OPKTIKEG TEPLOYES OV €lval KOAUUEVEG pE Thyo uéyxpt Kou méve amd tovg 35 C
o€ meployEg Tov Tpomik®mv. Kabdhg mpoywpdue oe peyoivtepa Badn, n Oeppokpacio
LELOVETOL GTNV 0Py, Ol TOAD amdTopa (LEPIKES POPEG UTOopel va etvar Kot otabepn|
o€ pkpa Badn), oAhd ot cLVEXELD VIAPYEL 0L ATOTOUT TTAOGT, TTOV GE peYdAo Baon
pmopel va ptdoet kot Katw ond toug 4° C. Qotdco oe peydro BaOn n mrtdon eivon
TOAD pkpn| ko puropei va BewpnBet 6T elvan mpaktikd otabepn oe Oeppoxpacieg Atyo
Kt ond Tovg 4° C.

To dudypappa petafoing g OBepuokpaciog g Bdlaccag cvuvaptioel tov Pdbovg
ovopdleton Gepuorciivég (thermocline) kot £xet T popen tov oyuoartog 1.1.

Y10 oynuo 1.2 PBAémope o amewkovion amd T petafoin g Oepuokpaciog otnv
EMEAvELD TG BGAacoAG OTMG TPOKVTTEL OO TO LOVTELD TPOPAEYNS TG KATACTOCNG
™m¢ BdAacoag tov cvotiuatog Poseidon tov EBvikov Kévipov Oardcoiwv Epguvav
(EAKE®E) myv Iapackevn 2/10/2020 otig 21:00 ®po EALGdag. Eivor gpoavig m
dwpopd Bepuokpaciog avapecso oto Bopeo kot to Noto Aryaio xabmg kot to
APoko [Térayoc.
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Typa 1.1 "Eva tomko didypoppo Ogppoxiivoig

Typa 1.2 Karavous e Ospuokpooios empaveiog oe EAAnvikés Odlaooeg atig 2/10/2020.
Tpopléyeic tov ovotjuotog Poseidon tov EAKEOE.
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Typa 1.3 Kapmddeg iong Beppokpaciog otov Noto Eipnvikod katd pikog tov peonuppvod 28°
Metpnoeig 3-18 /7/1967 (and Clay and Medwin -1977)

>t0 Zymua 1.3 PAémope €va d1dypoppo 1600EpLOKPACIOK®OV KOUTOA®Y KOTO UNKOG
evog peonuppwvod oto NoOtwo Eipnvikd petd omd cuotpaTikéG HETPNOES TOL
TpaypoatoromOnkay 1o 1967.

H Oeppokpacio g Odrhaccag oty emedveln LeToPAAAETAL OKOUN Kol UECH OTN
pépa Adym g emidpoaonc e NAOKNG axtivoBoAiag pe PETaPOAEG oL pmopel va
etévouv tov 1 Babud Keholov evd vmdpyel onuavtikny PeTafoAn Katd T Odpkelo
oV ¥povov. Xta oyfuato 1.4 BAémope petaforéc mov veiotatol To Beprokpaclokd
TPOPIL KOTE TN OIPKEWD oG MUEPAS TOAD KOVTA otnv empdvela. Ot petafoléc
OVTEG £XOVV OC GUVETEWL TNV UETOPOPA EVEPYELNG amd TNV emupdveln o€ Pabdtepa
OTPOUATO KOl OVTIGTPOQO, o€ OGO mov €€opTdTon amd TIC TomKEG cuvOnkes. Ot
KpOeC HAleg vepov etvar TukvOTEPEG, Ko EMOUEVMG Papvtepes. ‘Exovv étol v thion
va katofubilovior kot va ovikeBictavtor and Oepuodtepeg pblec, €bv  avtég
vrapyovv, and Padvtepa otpopate. H aviailayn avty paldv kot 1 cuvemoyOuevn
avlpelEn pmopel va dnuovpynoet TeMKE €va 1600epLo GTPOUA VEPOL KOVTE GTNV
emoaveio. To otpdpa ovtd ovopdletol arpaua avaueiéng (mixed layer) kot 6nmg Oa
OoVUE €YEL ONUAVTIKY EMMTOON OTO YOPUKTNPLOTIKA TNG SO0CNG TOV MOV GTN
Bdracca, kKabmg opilet éva otpmdpa pe mepimov otabepn TayvLTNTO SLAGOOTS.
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Typa 1.4 Oeprokpaciakd Tpoeil oe 600 TePoyEc OmmG LETPNONKAV KOoTd T d1dpkeln vog 24 dpov.
Metpnoeig tov 1968. (Ao Clay and Medwin 1977 )

1.1.2 H noxvomnra tov Boiaooivod vepod

H moxvémyra (density) tov Bolacovod vepovd koupaivetar omd 1,02 éog 1,07 glem?.
(1020-1070 kg/m?). ZvpBorileton pe To YpapLpa p.

H mym mc e€optdton amd tic Tyég g Beprokpaciag, e aAlotdTnTog Kot g Tieong
HEC® EUTEIPIKADOV GLVOPTNOE®Y TOV TPOEPYOVTOL GO TPOCOPUOYN UEYOAOL GyKOv
OeOOUEVOV KO YEVIKA £lval TOADTAOKEC.

I'evikd, n T g mokvotTog Tov Bolacctvol vepolh awEavetatl 0Tav awEavovTal ot
TWEG TIC alotdtTog Kol NG mieong (tov Pabovg) ot pewdveron 1 T NG
Oepuoxpaciog.

Agv Bo pumodpe oe TOALEC AEMTOUEPEIEG Y10 TN TLKVOTNTO TOV BOA0GGIVOD VEPO,
kaBmg, 6mwg Ba dovue 6T GLVEELD, dev Ba PLaG amacyoANoEL Wl0iTEPO 6TA TAICLN
TOV poOfHatog Ko pmopoVpe va v Bempodpe otabepn.

o 116 7mPoKTIKEG €QAPUOYEC TNG  OKOVLOTIKNG ®Keovoypapiog opkel va
ypnowonoteitor o evicio péon T Yo 6Ao 10 Paboc g OdAaccag. T
amAOTOINGN TPAEEMV OTIG TPOKTIKEG EQOPUOYEG OTA TAOic TOL  pafnpaTog
pmopovpe vo mhpope pio T 1000 kg/m3mov agopd BéRauo To YALKS vepd evid pia
nEPI6GOTEPO peodtoTich Ty eivan 1025 kg/m?.
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1.1.3 H alototyro. tov Balacoivod vepod

Me tov 6po alarotyra (Salinity, S) yapaxmpilovpe 0 péyebog mov meptypdpel v
OMKN TocOTNTO TOV SOAVUEVAOV O6TO vePO OAAT®OV og PEPN emi TOlg YIAolg KoTd
Bapog «ar ™ petpape oe ppt (parts per thousand) 1 %o M psu (practical salinity
units). Ot ekPPACELS AVTEG EIVOIL IGOSVVOLES.

H oAatommrta extipdror onuepo HETPOVIAG TNV MNAEKTPIKY OYOYLOTNTO TOV
Bodlacovol vepou, pia péBodo mov £xet axpifeta 0,002%o.

Ot tipég g ahatodtTag 6to Bokacovd vepd kopaivovror omd 33-40 %o pe péon tiun
35 %o.

Y10 oynuo 1.5 PAEmope TV Katavopr| TG EMQAVEINKNS oAatdTNTag 0TI EAANVIKES
BdAlacoeg copemva pe TS exTiunoelg Tov EAlnvikod Kévipov Gordcoiwv Epsuvov
v [opackevn| 2/10/2020 otig 21:00 dpa EALGSag, mov Pacilovtol 6€ Tapatnpnoels
Tov cvotnuatog Poseidon. Eival gpavepn 1 dopopd adatotntag tov Bopelov Atyaiov
o€ oyéomn pe 10 Notwo Ko wiaitepa to APukd mEANYOG GTO OTOI0 TTAPUTPOLVTOL
TIEG alatdTTOg TAVE amtd 39 ppt.

H olatomto petafaiieton eniong pe to Pdbog, aAld oe pikpotepo Pabud oe oyéon
pue t Oeppokpocic. AvVTd OTOTLROVETOL Kot 6T0 oynue 1.6 mov mapovsidlet
KOUTOAEG ioMg oAQTOTNTOG O€ pio TOUN KATO PUNKOG TOL 1010v peonuppivod otov
omoio avagépetol to oynuo 1.3.

Tov endpevo mivaka PAEmope péoeg TEG PAPOVE TOV JAPOPETIKOV GTOTYEIOV TOV
TaPATPOVVTOL 6€ pio cvykévipwon 35¢ addtwv oe cuvolika 1 Kg Bolaooivod vepoh
(ahatotnTo 35 ppt).

No onUELOCOVE OTL MKENVOYPUPIKE OPYavVo, TOV UETPAVE TNV OAATOTNTA UECH TNG
ayoyotntag ovoudlovtar CTD amd tovg 6povg Conductivity, Temperature, Depth
Kol HeTpdve TavtoOYpova T Bepuokpacio oe cuykekpiuévo Padoc.

Xroryeio [Tocotnta gr [Tococ10 %
XAhdpro 19,25 55,0
Ndtpilo 10,70 30,6

Oeguxd dAata | 2,70 7,7
Maoyviclo 1,30 3,3
AcBéotio 0,42 1,2

Kéao 0,39 1,1

Aowmd 0,24 0,7

Mivakeg 1.1  Xyetkéc péoeg moodTNTeS SLALPEVOV 0AGTOV 6T0 BaAAGSIVO VEPD
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SRR Hellenic Center for Marine Research, GR-19013, Anavissos, GREECE
hcmr POSEIDON Systern - http://www . poseidon.hermr.gr

Sea Surface Salinity an Friday (0201 0/20) 18:00UTC

Colar denates Salinity in psu

34 35 il ar s} 9

Typa 1.5 Karavour e alozotnrag empaveiog oe EAMnvikés Odalaooes ong 2/10/2020. Exnunoeig
100 ovotiuatog Poseidon tov EAKEOE.

Xympa 1.6. Kapmddreg iong aratdmrog otov Noto Eipnvikd katd prkog tov peonpppvod 28°
Metproeig 3-18 /7/1967 (an6 Clay and Medwin -1977)
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1.1.4 H toydrnro digdoons tov fyov

Otav avagépetor Kaveic g BEUATO AKOVOTIKNG WKEAVOYPUPIOG, | TOPAUETPOS TOV
ouvavtd oe 6Aa To TPOPALATO TTOL aPOopoVV TN Baddooia oTNAN givol N ToydTHTO
o1aooans tov nNyov oty Balocoa. Or TPMOTEG LETPNGELS TNG TOYVTNTOS TOV NYOL GTO
vepd éywvav mbavotata amd tovg Colladon kot Sturm ot Aipvn g 'evemg to
NoéuPpto tov 1826, pe ¥pNon ATADYV OKOVGTIKMOV GE GYNUA XOVIOD, EVOC KOOMVA Y10l
TNV TOPOY®YT TOL MYOL KOl TOV AmapaitnTev xpovouétpwv. Ot HETPNCELS TOV £ytvoV
101¢, €dmoav T 1435 m/sec mold KOvid GTNV TPOYUATIKY OV GOUPOVO UE TIG
eumelpkég oyxéoelg mov Ba dobue ot ocuvéreln sivor Yoo TG OEOOUEVEC
nepiPailoviikéc ocvvbnkee e pétpnong, 1438 m/sec (Zynua 1.7). Qotéc0 1 TWY
ot OV lvar £Tot Kt aAMGBS oTabepn], pia Kot EoptdTon omd S18popPeES TUPAUETPOVE
TOV vePOD, Ommw¢ M Beppokpacio, 1 aAatdTNTO 1) TIECT KOL OKOUN TO YEDYPAPIKO
mAdtog NG mepoyne. EE’ artiog avtod aAlalel onuaviikd and meploy] o€ TEPLOYN,
Kot pHeTaBAAAETOL aKOUN Kot 6TOV Ypovikd opilovTa Tng NUéPag, pe TpPOTO OVALOYO e
avtd ¢ Bepuokpacioc amd v omoia dAhwote efaptdtal. Mio NEUTEIPIKY oYEoN
7OV O10€L PE KAVOTOMTIKY akpifela TNV Toy\LTNTO TOL NYOV OE HECO YEWYPOUPIKO
TAAGTog lva

c=14492 +4.6 T — 0,055 T*+ 0.00029 T°+ (1.34-0.010T)(S—-35) + 0.016z
(1.1.1)

o6mov € = taywTnTa. Tov Mrov (M/S)
T = Ogppokpacio ( °C)
S = aAatdtra (og pépn et to1g Aiolg - ppt)
Z = Babog (M)

Mia aicOnon g petapoing g Bepuoxkpaciog kot g aratdtntog pe to Pdbog kot
KOTé UKo uiag Topng otn Bdlacoo mipape 101 pe ta oyiuota 1.3 kot 1.6, eved oto
oyquo 1.8 PAémope pio Tomikn petafoin g oG TOV YOV HE TO PAbOC Ko TV
amootoon og pia AN toun. Kot ot tpeig e1kdveg vrodNAmVOLV 10 YOPAKTNPIOTIKO
g oplovTing oTppoTonoinong s 0dAaccag.

Yyqpa 1.7 Zynuotikh aneikdvion tov mewpdpatog tov Colladon kot Sturm ya tnv pétpnomn g
TayvTTog dtddoomng Tov Nyov ot Adpvn g [eveing
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Tympae 1.8 Iootayeis katd punkog tov Athavtikov Qkeavol otov peonuPpvo Avtikd 30.50° Metpnoeig
tov 1974. Oaiveron To MyNTIKO KAVOAL TOL AVTIGTOXEL GE TOTIKA EAGYLOTO TG ToVTNTOG S1AO0GNG TOV
Nyov (o6 Nortrop and Colborn 1974 )

Speed of sound (m/s)

1470 1480 1480 1500 1510
[ | I 4 . T -
Seasonal Ihermochne\
________ Surface layer
Main thermocline
] b e e e e e e e —————— —— e —— — — — —— —
000 (deep-sound-channel axis)
2000 —
E
£
a Deep isothermal layer
a
3000 —
4000 —
\

Yyqpa 1.9 Tomd mpoik taydtntog tov fyov og Babid Odlacoa. (And Kinsler & Frey)

>to oynuo 1.9 BAémope éva Tomkd Tpoeid ToyvTnToS Yo Pfabid Bdlacoa, dmov Exovv
xapoKtNpLobel meployxés avaroya pe Tic PETOPOAES TG TOOTNTOG TOL NXOL LE TO
BaBoc. Onwg Ba dovue oe emduevo KePAroa, ot LETAPOAES avTéG glvan Bepelddovg
onpaciog yu v d1dd00m TOL MOV GTO VEPO.
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To empoaveioxo otpaua (surface layer) ommg 1o e&nyfoope oyetileton pe o GTPOUA.
avapeEng, yapaxtmpiletor and oxetikd otabepr| Oeppokpacio Kot divel ToAD PiKpEg
petaforég oty tayvINTa ToL NYov. Kdtw and 10 1660epuo oTpdpo mapatnpeiton
ypnyopn ueiwon g Oepuoxpaciog pe 1o Paboc mov 1codvvapel pe peimon g
TaxOTNTOS S1Ad00NS TOL NYOoL. No GNUEIWGOVUE OTL KOVTIO GTO EMIPOVEINKO GTPMOLLOL
TOPOTNPOVIE EMOYLOKES UETAPOAES TG Bepuokpaciog KOl OLTO OTOTLAMVETOL GTO
Stbypappo  pue  tov  Opo  emoylokny  Ogppoxivig  (seasonal  thermocline)
YPNOYOTOIOVTAG TNV opoAoyion mov &idape ot petofoin g Oepuoxpaciog tov
Bolacovol vepod cuvaptiosl Tov Bdbove. AkoAovbel Eva oTpdo LEXPL TOV YN TIKO
alovo, (eAdytotn T TG TOXOTNTAG O14d00NG TOL MNYOV) 7OV YopakTnPileTol WG
Koplo Bepuoxiviis. AkoAovBel M meproyn mov yoapaxtnpileton amd avEnon g
TaxOTNTOS 014000MG TOV NYOL KVPIWS AOY® NG EMIOPAONG TNG VOPOCTATIKNG TIECTG.
To BéBog oto omoio mapatnpeital T0 EAYIOTO TG TOYVTNTAS OLAOOCNS TOL MOV
yopoxtnpilel Tov déova Tov nynTIKOD KOvaAloD, To omoio pe TN oepd tov opiletan
and Badn ota omoia mapatnpeital ion (AALA TomKA pEYLOTN) ToYOTNTO 014000MG TOL
NYOL TAVE Kol KAT® oamd Tov Mmtikod aéova. ‘Eva mymrtikd kavdir mapovoidlet
eENPETIKE YOPAKTNPIOTIKA AKOVGTIKTG O14000MG, OTwg Bal SOOUE GTN GLVEYEL.

Oa mpémel va onuewOel €d® OTL oV TTpOypoTIKOTNTA 1) OdAacoa dev etvar akivnT.
Kwnoeg tov paldv g mapoatmpodviol cuveymg kot oyetilovtal e moAVTOIKIAES
WKEAVOYPUPIKES dlepyaocies. ZTig depyaocieg avtéc Ba mpémel va mephdfooue v
kivnon g emedvelng mov  ONUOLPYEL HETAPOAEC akOUN KOl o€ KAIpOKO
OEVTEPOALTITOV, ECMTEPIKA KOLOTA LLE TEPLOOOVG OO AETTA GE MPES, NMUEPES, 1 OKOUN
Ko emoylokes. Poavopeva Kivioewv Om®MS TE OV AVOPEPAUE EIVAl TEPIGGOTEPO
oLVl Kovtd otnv empdvela e BGAAaccag, OOV TAPATNPOVVTOL KOL Ol O EVIOVECG
Oepuoxpactokéc petafoAés, aAlAd mTapatnpovvTal eniong TOPPN Kot BEPUOKPACIOKES
UIKPOUETOPOAEG OKOUN Kol o€ peydAa BAOn mov 00nyoldv G€ KIVIOELS TOV VOATIVOV
palov kol peTaforéC oty ToydTNTA. 014000MG TOL MYOL. X& O,TL APOpd oTa
E0MTEPIKE KOUATO, QVTA 0PEILOVTAL GE POPLTIKES O10POPES OVAUESOH G€ HACEC VEPOL
OLOPOPETIKNG TUKVOTNTOG KO 1] EMLOPOOT TOLS EIVOL EUPOAVIG OKOUT KOl GE UEYAAES
OTOGTAGELS 0O TO GNUEI0 6TO OMOT0 YEVVATAL TO POVOUEVO.

I'evikd ot petaforéc e ToyLTNTOG TOV YOV 6TO VEPD eival £VTOVES TOGO YWPIKA OGO
KOl YPOVIKA Kol TOAAEG POPEG OV EIVOL EPIKTH 1 AVIUETOTION TPOPANUATOV TOV
oyetilovtal pe tn d1d0on TOV NYOL 6TO VEPH GTO TANIGLO KATO0G VIETEPUIVIOTIKNG
Bemdpnone. TG TEPUITAOCEIS AVTEG N OTOYAOTIKY Oedpnon tvarl TePlocOTEPO KOVTIA
OTNV TPAYUOTIKY HOVIEAOTOINGN TOL TPOPANpatog. QoTOC0 0ev TPOKELTOL VO
acyoAnBovue pe Bedpnon avthig ™S Hoperg Kot Bo meplopioTodle G ALOTNPA
VIETEPUIVIGTIKA QOLVOUEVAL.
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Yypa 1.10 Kopota Bopotntog oy empdveia e 0drlacoog

1.2  H emg@dvero g 0drhaccac.

H emoedvewn g Odhacoag oamoteiel t0 Gved oOVOPO TOL TEdIOL HEAETNG TV
mpofAnuatov mov oyetiloviol e TNV OKOLOTIKY] ®KEAvoypoeio. Av Kol Yo Tnv
VIOPBpUyla aKOLOTIKY (KOl KAT® EXEKTOOT] TNV GKOVOTIKT OKEAVOYPOQia) 1) ETPAVELD
™G OdAaccag avTILETOMICETOL e AMAOVGTEVTIKEG TTaPadoyES Ommg Bo dovue o1
OLVEYELN, O TOAAEG TEPWTAOGELS (.Y, oTNV HEAET Tov BopvPov tov TepBdALOVTOQ)
Oo mpémer va AneBodv vmoywy TOAG omd TO YEOUETPKE KOl KIWVNTIKG
YOPOKTNPIOTIKA TNG oL oyeTilovTal e To KOPATO EM@Aveing mov ival avtd Tov
TOPOUTNPOVUE LLE TO HOTL.

Ta xopato avtd mokidovv oe péyebog (Vyog KOUATOG) Kot GLYvOTNTA (TEPI000) OALA
KOl TEPLYPAPOVTAL OLOPOPETIKA UE Pdon TV evépyela Tov petapépovy. Ta mo pikpd
oe péyebog koparto pe uNkog Kopatog mov cuvnbwmg dev vrepPaivel ta 2 EKOTOCTA
eCoptdvtal amd TNV EMPAVENKT TACT ©6T0 cOVOpPo vepov-oépa.  Ovoudlovton
kopoza empaveioxng taong (capillary waves) kot dev pag omacyoAodv 1dlaitepa 6T
TAQIG10 TNG AKOVOTIKNG mKeavoypapiog (XZynuo 1.11).

Ta xbuara Popvnrag (gravity waves) mov eivar ekeivo mov Topotnpel Kaveig
nePlocOTEPO, oyetilovtan pe v Papvnta mov eivon N attio Tov o SrTnpel PLETA TV
onuovpyia tovg, M onoio BEPana opeiretar oV enevépyeia Tov avépov. Ot évvoleg
«IAATOC» Kot «mePiodosy TOV KLUUAT®OV ouTt®dv  evdlpépovy Vv  Baidooia
vdpoduvvapkn kabmg Kabopilovv Kot TNV GLUTEPPOPE TV TAOTOV pécwv. Emeidn
To. KOpOTO onTd €ivor oOvleto amd v dmoyr TG oVOALGNG TOVG GE «UNKOG» Kot
«OLVYVOTNTOY, N UEAETN TOLG EeKvd omd TNV Bedpnon TV YOPUAKTNPIOTIKMOY TOVS GE
Lo GLYVOTNTA KO 6T GUVEKELD YivEToL 1] GOVOESH TV GUVIGTMGOY Tovc.

1 Yy emeévela g 06haccog pmopodv vo mopatnpndoiyv Kol «KOULOTo» Tov E0pTMVIOL amd i
oglopkn diéyepon (tsunami). Agv Bo avapepBodue o ovtd oo TAaicto tov padfuatog. Eniong dev Oa
avaeepBovle og TAAPPOLES TOV TPOEPYOVTAL OO PUPLTIKEG SLUVALEIG TNG CEAVNG KOt TOV 1ALOV.
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Iypa 1.11 dotoypapio and kopata expavelokns taong (Roger McLassus, CC BY-SA 3.0
https://commons.wikimedia.org/w/index.php?curid=513043)

H yévvnon tov xopdtov Bapdmtog oty emipavela e 0dAaccos opeiietor Kupimg
OTOV GVEHO TOL HETAPEPEL EVEPYEWL OO TNV OTUOGOOIPO CTNV EMPAVEINL TNG
Odlacoag. Ta kdpoata mov ogeilovionr 6tov Avepo eivor to cuvhdn KOpato ™G
O0dAlacoag. H popen kot o TOTOC TV KUPAT®V vtV £E0PTOVTIL OO

. Tnv toyvTTO TOL AVEOVL.
o Tn ypovikn| d1dpKea Tov avéRoL, Kot
. Tnv apyn kotdotoon g empdvelag g Bdlaccac.

Agv Ba emexktafovpe MEPIGGOTEPO GTOVE UNYOVIGHOVS ONLHIOVPYING TOV KLUUATOV
EMPAVELNG KO TOV VTOAOYIGHO TOVG OOV TO OVTIKEILEVO OV apopd TO padnua 6to
omoio avaeépovior ot onNUEwoels. Emedn duwg kot to kopato  Popdtnrog
TEPLYPAGOVTAL LaONUOTIKG LE KOUOTIKES EEIGDOCELS TOV OETOVTOL OO TOPOUUETPOVG
mov Ba GLVOVTACOLUE KOl GTNV OKOVLOTIKY] ®Keavoypoapia, o dmdoovue HePIKES
eloayOyIKég Evvoleg mov Bo Bonbcovv 611 GLGYETION TOV HEYEDDY GTIG OTTOlEG OVTEC
OVOQEPOVTOL LLE OVTIOTOUEG TNG OKOVOTIKNG O14000MG OV HOG EVOLPEPOVY GTA
mAaiclo Tov padnuotog.

Mo omAOVGTELHEVT OMEWKOVIOT] €VOG KOUOTOG EmQaveiog mov O1adideTon o1
0aAacoa e ouyKekpévn ocvyxvotnta, mapovotdletor oto oynuo 1.12. To kdua
dwdideTan Katd ) devbuvon X Kot gV dPOPOTOLEiTaL ¢ TPog TNV dtevbuvvon Y
(d1adoom 6€ OVO S10GTACELS).

To Bacwd peyédn mov pag evolagépouy eivar :
e To dyog tov KdpaTog h :

e To mnxrog Tov KOHATOG A OV OpileTal Katd Ta YvmoTd g N andotacn petald
300 KOPLE®V.

e H mepiodos T evog xbpatog PBoapdtrag eivar o ypdvog mov amorteiton yuo vo
TEPAGOVY SVO JAOOYIKEG «KOPLOESH 1| «KOWAAOES) TOL KVOUATOG omd TO 1010
YOPIKO GNUETO.


https://commons.wikimedia.org/w/index.php?curid=513043
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Y

A=2n/k

Yo 1.12 Aneikovion evog emeavelorod KOUoTog fopdtnas

o Jyyvornto T elvan to avtiotpopo g meprddov f =1/T. Otav n mepiodog
exepaleton o€ SEC 1 GLYvOTNTA eKPpdletan o Hz.

o  Qc apiBudc kbuarog K opiletar To TnAixo :

_2r
A

o  Dooikny toydtyTo, C lvar M TOydTNTO S1A000NG TOL KLWUATOG PopdTnTog
ovyvomrog f .

k (1.2.1)

O oVVOVOOUOG TOV OVOTEP® OPICUAOV HOG OIVEL EVOAMOKTIKEG EKQPPACELS Yo TN
(QOGIKN TOYOTNTO S1AG00NC TOL KOLOTOG !

Czizz_ﬂzﬂ (1.2.2)
T KT k
Opilovtag Vv kvrdiky ovyvotnta @ omd ) oyxéon o = 2af, naipvoue pio axdun
ékepaon yo tov aptdud kopotog péow g 1.2.2 og :

k = (1.2.1B)

@
C
Xy mepintoon tov kopdtov Poapdtmrag ot 0dAacca, M KUKAIKE cuyvoTnTo
gEoptdton omd v emtdyvvon g Papdnrag g (=9.8 m/secz) Kot o Pabog g
f8dhaccoc D. H oyéon mov cuvdéel ta peyédn avtd mpoépyetor omd v €QapLOYY|
TOV KATOAANA®V 0pLOKOV GUVONK®OV 610 TPOPANLO TOV VTOAOYIGHOD TNG 018006MC
TOV KUHATOV 6TO &V AOY® ywpio (dev Ba pmovue ce Aemtopépeleg EniAvLoNG TOL MG
vo TpoPALaToc, KAt Tov EEPEVYEL O TOVG GTOXOLG TOL HABNIOTOC) Kot etvar

o = ,/gk tanh(kD) (1.2.3)

omov pe tanh cvpPorilope v vVtEPPOAIKY EQATTOUEVT).
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H vrepPoiikn epamtopévn yia peydlo opiopato teivel otnv pHovada, v Yo, LKpd
opiopata tetvel otV TN TOL OpiCHOTOG.

‘Etot, yia kKD — oo tanh(kD) —1 kot yuo kD — 0 tanh(kD) — kD .

Ta avotépo Op 0dNyoLV GE €KPPACELS Yoo TN QACIKN TAXOTNTO TOV KLUAT®V
Bapdtrag avdioyo pe 1o av Ppiokdpacte oe Pabeid n pnyn Odlocco. Bobed

BdAlacoa Bewpeital Yo Toug wkeavoypapovg 1 BdAacca yio TV onoia %> 0,5 mov

pécm g oyéong 1.2.1 pag dider kD > 7. Pyn 6dhacca Bswpeitar n Bdiacca yuo
v omoia kD <1 .

1.2.1 BoBzia Bdloocoa

> Babeld BGAacoa N KUKMKN cLyvoTTo TOV KLpdtov Poapdtmroc ond 1 oxéon
1.2.3 exppaleton og :

o =gk (1.2.4)

Kot pe ypnon g 1.2.1B maipvope v amAn oy€on mov ekepalel T QOGIKY ToyOTNTO
dladoong evog kKopatog apdnrog !

c=,2 (1.2.5)

Eivar pavepd 011 1 pacikn toyvnta 61ddoong Tov Kopatov Bopoutnrag eEoptdton
oamd TN GVYVOTNTO.

['o Aoyovg TANPOTNTOG OVOPEPOLE KOl TNV TEPIMTMOOT TOL 1) EMPAVELNKT TAOT £ivor
ONUOVTIKT KOl GUVEICQEPEL OTO GYNUATIOUO TOL KOUOTOG, OMOTE EYOUE GLVOVACUO
KOUOTOG PopOTNTOG KOl ETPOVEINKNG TACNGC. XTNV TEPIMTMOON LT Kol £XOVTOG
Bempnoet 0Tt | TLKVOTNTA TOV aEPa Efvol AUeEANTEN, 1) POCIKN TOYLTNTO SIOETAL OO
v oyéon :

C= |=+— 1.2.6
onov

o stvon ) empovelakn téon (Tomn Ty 7.4 X 102N/m) won
p elvou n mokvoTnTa Tov vepov (kg/md).
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Phase Welocity of Gravity Waves vs wavelength

Fhase velocity {misec)
=

10' 1 : ‘n 1
10 1 10 10
Wavelength (m)

Typa 1,13 ®acikn ToydTnTe KOUATOV EMTPOVELOKNG TAOTG Kol fopdTnTog 0§ GLUVAPTNOCT) TOV
UKOVG KOLOTOG pe ypnomn ¢ 1.2,6.

Ao v oyéon (1.2.6) PAémoue o611 6tOv 1 cvyvoTTa givan ueyddn (K peydio), o
deVTEPOG OPOG otV pila TG AVAOTEP® GYEGNG KLPLOPYEL OTNV EKPPOCT TNG TAXVTNTOGC
KOl GUVETMG N POCGIKY ToydTNTA 014000MG TOV Kupdtov enwpaveiog kabopiletal amod
TNV EMUPOVELNKT] TAGT.

Eivow mpogavég 6t 1 pacikn taydtnto Tov Koudtov Bapvtmtoag oe fabsid Badiacoa
ov&lvel He TO PNKOG KOUOTOG €V ovTifeTo oTol KOUOTO ETPOVEINKNG TOONG
HELOVETOL [LE TO PUNKOG KOMOTOG. To eAdyioto Tapatnpeitan o pnkog kKopotog 1,73 cm
Ko gtvon g Taéng tov 0,23 m/sec (Zynuo 1.13).

Ymv  mpoypotikotnta  BéPoa, Too  wkopato  emeoaveiog ™G Odhaccag  dev
yopoktpilovtar omd éva poévVo PNKOG KOUATOG oVvTe amd pio povo dtevbuvon
owadoons. Ileptosdtepol KLUATIKOL GYNUOATIOUOL O1POPETIKOV TAATOLG UTOpEl va
OLUUETEYOVY OTN oOVOeTN Odkacio amd TNV Omoio. TPOKVATEL TO GYNMO Kot M
YPOVIKN peTafoAn TG empavewc ¢ Odlacoag. Ot mOAAEG GLYVOTNTEG TOV
CUUUETEYOVV OTO (QOIVOUEVO GLVOETOUV €va. oUVOETO QAGHO Kol €vo TOAVTAOKO
KULLOTIOUO 0TOV 0oi0 TTpEmel va opiabel Eva vEo mAdrog Kal pia vEa mEepiodog.

H toydomta duddoong evog ovvBetov kvpatiopod, kabopiletor amd v taydTyTo
ouadag (group velocity) mov didetar and v oyéon :

_do

vV, =— 1.2.7
¢ dk keky ( )

omov éyope vmoBécel 611 0 ovvBetog KvpATIoUOG amoteleitor amd pio cvveym
KOTOVOLT OTOWEWMOMV KUUATOV SOPOPETIKNG GuYvOTNTOG He HECO apliud KOUOTOG

g

XpNOIHOTOLOVTAG TN G)EoN apldpHoD KOHATOG Kot KUKMKAG cvyvotntag @ = KC wan
oyxéon 1.2.5 naipvoypie :
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Tpna 1.14  Eynupotikn) mopdotaon d1ddoong KOLaTog d1aemopds. O KOHOTIGUOS OV 0T0didETAL [IE
ovveyn (LTAg) ypoppn S108ideTal e T PAGTKN ToHTNTA, EVA TO TEPIPANUO TTOV 0TOdISETOL [E TN
SrakekoppuEVN (KOKKIVY ypouun) e Ty toydtnto opddag (Zynua ord Wikipedia).

a):kc=k\/;\/g_k (1.2.8)

Emopévac yio v toydtnto opddog toipvope :

l1/g 1
v :—‘/—:—c 1.2.9
¢ 2\Vk 2 ( )

OOV 0 VTTOAOYIGHOC YIVETAL Y10l TNV UEGT] GLYVOTNTA TOL KVUOTIGLOV.

Kopoto ota omoio m toyuTNTO OUAOOC O0PEPEL OO TN QOCIKY  TOYVTNTO
ovoudlovon kouaza diacmopag (dispersive waves).

1.2.2 Pnyn Oalacoa

Otav n 8dhacca Bempeitor pnyn, N KLKMKN cvoyxvotnTa EKPPEleTon ¢

@ = \|gkkD =/gk’D , (1.2.10)

omoTE 0 APOUOC KOLATOG EKPPALETOL (G

w

NeD)

KO 1] QOGIKY| TOVTNTO TOV KOUATOV Bapdtntoag tpokvntet and ) oxéon 1.2.1B og :

c=./gD (1.2.12)

Kot BAEmope 0Tt dev e€aptdTon amd ™ cvyvotnta. [lapatnpovpe 6tL og pnyr| BdAacca
N ToyvTTo OpAdeG elvan iom pe ™ QacKn ToyOTNTO Kol To PopuTIKA KOUOTO OgV
etvar kot dtoomopdg.

k = (1.2.11)
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1.2.3 Xyolioouog

Me Bdon o Topamdve Kot TV auTovONTY TEPITAOKT OV 0ETEL 1) CLUTEPIPOPA TOV
avépov omv emdveln g OdAaccag, eivar @avepd Ot dev glvar dvvatdg o
VIETEPUIVIGTIKOG VTTOAOYIGUOG TOV GYNUOTOG TNG EMPAvELNg TG OdAacoas apov avtd
dev pmopet va Bewpn et oe Kapia mepintwon wg xpovikd otabepod.

[Top’ 6Aa aVTE, OTAOTOMUEVO YEMUETPIKA GYLOTO (TT.). NIITOVOEIDEIS OVOYNDOELS)
Exouv ypnotpomomBel yio v HEAETN OKOVOTIKOV QOVOUEV®VY IOV GYETILoVTOL e TNV
emedvela g BdAacoag, Exoviag v’ Gy OTL TO TPOYUOTIKO QOIVOLEVO UTOpEl va
peremOet pe emaAdnAia Avocewv mov kabe pio amd oVTEC aPOpd GLYKEKPIUEVO
NUItovoedég oynfuo emeoveioc, (cuvbeon Fourier). Te dAleg maAL mEPMTOOELS, KOl
wloitepa OTOV TO OKOVOTIKO KOO €YXEl UEYAAO UNKOG GE OYEOT UE TNV UEYLOTN
aAVOYMON NG EMPOVEING, YPNOLOTOIEITOL 1] £VVOL0 TNG TPOYVTNTOG TOV OVOPEPETAL
otV emeaveln 1 oroia yapaktnpiletor amd Eva PEGO VYOS AvOYMONG, KoL TO, GYETIKA
aKOLOTIKG TpoPAnuotTa emtivovion pe Pdon v Bewpio dwtapoaymdv, OTOL ©C
KOTAGTAOT avapopds Bempeitar ovtn NG eMIMEONG EMPAVEINS, EVD M TAPOUYOLEVT
AMon otV kotdotacn avaeopds dwtapdccetor pe Pdon v Bswpodpevn (péon)
TPOYVTNTO TNG EMPAVEILNS, TOPAYOVTOS EVOL VIETEPUIVIOTIKO OTOTEAEGLLO.

1.3 O mvlpévag g Bahacoag.

O mobuévoc ¢ 6Odraccag mailer mOAD oNUOVTIKO pOAO OTNV  OKOVLGTIKN
okeavoypoaeio. Aev givar 1660 1 YEOAOYIKY] TOL GLUTEPLPOPE TOL O pogC
OTOGYOANCEL €0, OGO €KElVI €VOG OKOLOTIKOV WHEGOL KOl Yo, TO AOYo ovtd O
dMooLUE OpYOTEPA UiOL YEOUETPIKY|] TEPLYPOPY] KOL £VO KATAAOYO TOV 1O10THT®V TOV
OV APOPOVV T O1000T) TV AKOVGTIKMY KOt SLUTUNTIKGOV KUUAT®OV G~ oVTOV.

[Tepinmricd, pmopodpe va movpe 6Tt YEWAOYIKA 1| TpoéAevomn tov Baracovod Bubov
glvol TO E0MTEPIKO TNG YNG KAl TO UAYUO TO OO0 avEPYETOL OO TO KEVIPO TNG YNG
KOl ONOVPYEL HIKPEG OVOWYMOELS VAIKDV, Ol OToileg piKpavay olyd-otyd, Kadog to
VAKG peTaktvodvtol Kot e£amAdvovtal o SmAavong ydpove. [TapdAinia vrapyovv
Katopobicelg VAK®OV 6e KOIAOES Kot 11 OAN dladikacio etvarl apyr HeEV 6€ amOALTO
YPOVO, YPNYOPN O€ GTOV YEMAOYIKO XPpOVo KOOMOC N e€AmAmon TV VAKOV Umopel va
etvar péypt kan 10 cm/ypovo. Ta otpopota g 0GAacoAG TOL EAKOVY TNV TPOEAEVOT
TOVG OO TIC OC AV® JAOIKAGIEG BE®POVVTOL POLGTEIOYEVT.

[Mopdiinia kabilavovv otov mubpéva g Bdlocoag VA Bloloyikng mpoéievong
(Cowmg n PLTIKNG), VO VIAPYEL Kol Tapdovpor Kot kabilnon vAkov and v Enpd,
wWwitepa kovid ot ekPorés motapmv. Kovid otic oktég 1 dwdwkacio
Unpatoyéveong etvan actadng eved ta Bodacovd inpata dgv Exovv apKeT axapyio
KOl CUUTEPIPEPOVTOL TPUKTIKA ®G PeVOTA. AVTO £yl witepn onuocic otV
LLOVTEAOTOINGNG TG OAANAETIOPOOTG TV KVUATIKOV QOIVOUEVOV TOV GYETICOvVTOL e
NV 014006M TOoL MYOVL amd 10 vePd ota Bokaoovd npata Kot avtictpopa. Idtaitepa,
eMEWN OMMG Bo SOVUE OTN GUVEXEW 1] AVAKAACT] Kot 1) Sdd00T TNG OKOLGTIKNG
evépyewng otov mobuéva e€optdtor amd TS TOPOUETPOLS TOV, 1 OKOLGTIKN
dwxkpifoon g ovotacng tov PvBod eivor cuvhONg mpakTiK otV BaAdcoia
YEOPLGIKN.
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Continental Shelf
| Continental Slope

Coast

Tyqpa 1.15 Zynuotiko Sidypopipa Topung tov 0aAdociov teptBAAloviog oe TapaKTIo, TEPLOYN.

Noa onpelidcovpe TEA0G OTL 1) TPOYLTNTO TG OLOYMPLOTIKNG EMUPAVELNG VEPOV-TLOUEVAL
elval oitepa oNUOVTIKOG TOPAyovTag 7oL GAAOTE €mdpd Oetikd Ko GAAOTE
APVNTIKE OTIC EQAPLOYES TNG OKOVOTIKNG MKENVOYPUPIOS.

Y10 oynua 1.15 BAémope €va oynuatikd Odypoppo Tov amekovifel v doun tov
moluéva kovtd o pion oktn. To avolkTd YpOUOTO OVTIGTOWYOVV G UOANKE VLAIKA
(pkpng mokvoTTOG KoL UEYOANG TEPLEKTIKOTNTOS O VvEPO - Yo To. Hohacovd
nuata) eV To o GKOVPO YPOUOTO AVTIGTOLYOVV 6 OKANPA vAkd. Tlapatnpeiote
Vv oTp®UaTonToinon Tov InUatov Tov Adym Bapdtntog eitvar oyxeddv oplloviia KaTm
amd TV LOATIVI] GTHATN CE LOKPIVT OITOCTOCT OO TNV OKTH.

Yto Bodacowd Wnuota Bo avoaeepbovue Kot 6To KEPAAOO TOL HAONUOTOC TTOV
apopd avaKAiaon Kot d1d0GT TOV YOV Ad TO GVVOPO VEPOV-TLOUEVA, EVED TPOGHETA
otoyEia yio T1g 1010t 1Eg TOV Wnudtov umopel va avalnTioel 0 EVOLPEPOLEVOS GTO
[Mapapmpua I' tov onueuwoewv.

1.4 Zroyeia amd v Lo ot 0Gdracca

H (oM ot Bdhacca amoteleiton amd HOVAOES TOL MG TPOC TIG OUGTAGELS TOIKIAOLY
amd TIc eENPETIKA PIKPEC SLOGTAGELS TV GTOLYEIDMV TOV ATOTEAOVV TO TAUYKTOV, £MG
TIG JWOTACES TV HeEYAA®V KLTOV. Ot UIKp®V O100TAce®V Proloyikés HAaleg
eppaviovtor otn BAAUGGO MG GLYKEVIPMOGEIS PEVGTOV OLUPOPETIKNG TUKVOTNTOG OE
oxéon Le 1o vepd Kot amotelohv TV Pacikn mnyn avopoloyeveldv ¢ avtd. Edv o
EPELVNTIG OKOVOTIKOG Ogv eviwpEpeTal Yoo v dwkpifworn g odvleong twv
VAMKOV ouT®V, 0l PlOAOYIKEG OVTEG OCULYKEVIPMGELS OMOTEAOVV  OaVEMOOUNTOVG
oYNUOTIGHOVG oL mepopilovv TV eUPEAEI TOV OKOVGTIKMOV GLOKELAOV, KAONDC
emnpealovyv apvnTiKd I d1idooT Tov yov ot Bdracaa.

[Inyaivovtag oe peyoivtepa peyédn Bardociog Cong, cvintdue yuoo v mbavotnTa
OKEOUONG TNG OKOLGTIKNG €VEPYELNS Omd Ta. ototyeia, Twv omolwv to péyeBog oe
oyxéon He to unKog kKvprotog kabopilovv v €viacn toug og otdy®v ot BdAacca. H
évtaon tovg e€aptdral emiong and To TOGO SPEPEL 1] TUKVOTNTA TOVG OAAL KoL Ot
VTOAOIMES  OKOVOTIKEG TOPAUETpOl o oyéon pHe 10 mepifdrriov  vepd. ‘Evag
amAomompévog Kovovag opilel 0tL €vag Bordoclog opyaviopdsg eivar evepydg g
oKedUOTNG €AV 1 160dVVaUT O1AGTAGT TOV gival HeyoAdTEPT OO TO UNKOG KOLOTOG.



24 Ewcaymyn omv Axovotikn Qieavoypapio

Eivatl avtovonto 01t pic GuyKEVTP®ON 0pYOVICUMV EIVOL TOAD TEPIGGATEPO EVEPYN O
oKeduoTNG, aveEdptnra amd 10 HEYEDOS TOV LELOVOUEVOV OPYOVIGLLOV.

A&iler va onuewmbel 6tL or Baddooiolt opyavicpol TOAAEG @opég Stabétovv éva
€0MTEPIKO KOoIAmpa (VNKTIKY KOGTN), TO OMOi0 YPNOWOMOLEITAL Omd OVTOVG MG
otoyelo mhevotoéOTTOG Ko TO omoio mailel emiong éva onuaviikd poro otV
aKovoTIk) dwddoor. Eivor yopaxtnplotikd OTL 1 avayvopilon TOAGDV  E0GV
Bordoolog Long yivetar p€ow TG VNKTIKNG KVOTNG TOVG KOt €ival T060 TeEPocdTEPO
Omod0TIKY] 000 T KOVTO €ivor 1) oLYVOTNTO TOL OKOLGTIKOD KOUOTOS OTNV
woovyvomTa g Kvotng (Zynua 1.12). Nao onueidcovpe €6 OTL Ol OKOVOTIKEG
110N TES TV OOAGGGLOV OPYOVIGU®V KOl 10101TEPO TMV KNTMOIDV (QAAUVES, dEAPIVIX
KATL.) GUVIGTOUV TOV 1310iTEPQ EVOLAPEPOVTA KAGDOO TNG BaAidcorag ProakovoTIKIG.

Tympa 1.16 H vnktikn k06T opddos Wyopidv 6mmg out S1oKPIvETOL 68 GYETIKN OKTIVOYpapia
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2. Ta akovoTtikd kKopato 610 Oardcoro Tepifpdriov

OKOVOTIKY]  OKEAVOYPAPIO, ETIKEVIPOVETOL YOP® amd Tnv O1ddoon NG
H OKOVGTIKNG EVEPYEWNG OTO VEPO KOl GTO YETOVIKA TOv péca (mubuévag) ko

EMOUEVOG 1 HEAETN TV cuvOnK®v S1ddoong kol OAANAETiOpacng He To

oVVOpa EVOG 0KOVOTIKOD PEGOV givar 1 Bdom TG EPELVAG OTNV CLYKEKPLULEVN
Ogpatikyy mepoyn. Xto keediowo 2 Ba mapovoidoovpe To Pacikd onueio TG
KUpoTIknG Bewpiag mepropilovtag v padnuatiky avédivon oto enimeda KOUOTO Kot
OTO (POVOUEVO TOTIKNG O1AO00NG KOt AVAKANGNG KUUATOV AVAUESO G SIEMIPAVELEC.
210 emOPEVO KeEPAAoLo 3 O TOPOVGLAGOLE GTOXEID TNG YEMUETPIKNG AKOVGTIKNG LE
Baon v omoio pmopel pe €vo GYETIKA OmAO Kot KOTovonTd TPOMO, VO UEAETNOEL
KATO10G TNV 100061 TOL NYOL GE VA OKOVGTIKO HEGO.

2.1  H @bon TOV 0KOVGTIK®OV SLUTOPUYDV.

"Eva akovotikd kopa givar pio dtotapoyn g wieong vog HEGOL TOL S1adIdETOL HEGH
010 pécov avtd. o va yiver dvvorr n HETAGOGN TG STAPAYNG, TO LECOV TPEMEL VAL
elval ovumieotd (Vo emtpénel OWEOUEIDGES TNG TLKVOTNTOAG) KOl TO OKOVGTIKA
Kouata yopoktpiloviar o¢ kouote ovumieototnrog (compressional waves). H
dtapoyn TPOEPYETOL OO TNV OKOVOTIKY TNYN 7OV UE KOTOW0 QUOIKO TPOmOo (T.Y.
TaAdvToon 1 £kpnén) O10TapacceL TNV KATAGTOGT 1GOPPOTING TOV HEGOV UE ELPAOT
OTO KIVNTIKA YOPOKTNPIOTIKE TOV GTOWYEIWODOV COUOTIOIWV TOV TO ATOTEAOVV Kol
TPOKAAEL AVEOUEIDGEIS TOV HEYEDDY OV VIEIGEPYOVTOL GTNV UNYOVIKT] CUUTEPLPOPEL
TOV VAIKOV, OT®G €lval 1 TokvoTNTO, M TEOM, KOl 1 TAXOTNTO TOV GTOLEIMODV
copatdiov. Avdloya pe 1o p€yebog g Swatapoyne M myn yopokmpiletor g
peydang n wkpng évraons. Eivor avtovomto O6TL 1 akovoTikn dtatapayn TPocoidet
EVEPYELN GTO CLOTNLO TOV YOPAKTNPILETOL MG aKOVOTIKY EVEPYELQL.

2.2  AKOVLOTIKG KOpOTO.

H axovotikn dwotapoyn 6100i0€T0L GTO OKOVGTIKO HEGOV [E pia 10 d1Kacio TOV TOAD
OmAG LWITopEl VoL TEPLYPOPEL ®G i S1000YIKN OEYEPCT] TV GTOLYELMIMV GOUATIOIWV
OV aKkoLOTIKOV HéEcov. Eqv Bewprioovpe pio onuelokn wnyn, n apyn tov Huygens
HoG 010€l TOPACTATIKG TN SLOOIKOGIO VTN Y10 OLOYEVT] Kol 10OTPOTO, LEGO. ZVOUPOVAL
Aowmdév pe avtiv, Mo dTapayn oL EXEL PTACEL GE GLYKEKPUEVO OMUEIO TOV
OKOVOTIKOU YDOPOL Opa. G VEL TNYN TOL AOY® GULUUETPIOG OTEAVEL OKOVLGTIKN
EVEPYELDL GE PETOTO TTOV £XOLV T LOPPT) CPOIPIKADV EMLPAVELDY. ZVVOETOVTAG TIG VEES
oTEG EMPAVELEC TTATPVEL KAVEIC TO VEO péTwmo kbuaToc? k.0.x.. H toydTnra Siddoong
™G O10TAPOYNG TOIPVEL GUYKEKPEVT T TTOL PTOPEl VO LETARAAAETAL LLE TOV YDPO
Kat Tov xpovo. Eav n tayvto Oeopnbei otabepn ko ion pe ¢, n dwvvbeica and to
pétono kKopotog andotacn ce xpovo At eivar AR = ¢ At.
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Yympe 2.1 H apyr tov Huygens oe 6tL apopd tnv ekmopunn Kopdtov and onuetakr mnyr (arnd Clay
and Medwin 1977)

2.3  Awddoon Tov 1)ov — AkovoTiki] eicmon).

H pedém tov yopaxtploTikdv d1ddoons Tov Kopdtov mpoimofétel ) dotvmmon
TOV £EI0MGEMY TOL HEMOLV T LETAPOAN TOV YOPAKTNPIOTIKOV HEYEODV TOv UEGOV.
To peyédn avtd etvon n @wicon p, N TaxvTHTA TOV GTOYEIOIOV GOUOTIOIOV TOL HEGOV
U (Stovoopotikd péyeboc) kot  mokveTHTe p, TOV EIVOL GUVOPTHCEIS TOV YOPIKOV
petaPAntdv kot tov ypovov, p= p(X,t), G=U(X1), p=p(X,t) Omov pe X
ovpPorilovpe TG yopkég petafintéc. Aedopévov 6t Ba acyoinBovpe pe ™ 616000
TOV MYov ©T0 VvePO, Ba moapdyovue TNV OKOVOTIKN €Elocmon HOVO Yoo PELOTA
OKOLOTIKG PLEGAL.

InueldvVovpE OTL TO. OKOLOTIKG Kopata eivon dawrxy (longitudinal). Awounkn
KOpoto ovopdlovtolr To KOpoto Tov omoiwv 1 devbuvon 01ddoong Tovg eivar
TAPAAANAN ot d1evhuvon TG TOAAVTMONG TOV COUATIOMY TOV OTOTEAODV TO HEGO
dladoons. Atounkn Koporta (Kot EmOUEVEMG AKOLOTIKA KupaTa) dtadidovial 1o oTo
oteped OGO Kol oTOL VYPA Kol ota aépro. oopato. To Stoupnkn Kdpoate Kobhg Ko
TO SLOTUNTIKA (€YKApota) KOpaTa wov B T0. GLVOVINGOVUE OPYOTEPA. OTH UEAETN TOV
Kupdtov mov dtadidoviar otov Tubpéva e BdAaccag amoteAovy o OVO Pocikd £10m
KOUATOV.

To mpoPAnua Ba To HEAETHCOVE KOT® OPYNV OTIS TPELS OLOGTAGELS KO GTI GUVEYELL
0o meploplotode o©TIG OVO  OlOTACELS OmOL Kot o HEAETNOOLUE  UEPIKEC
YOPOKTNPIOTIKEG AVoelS. H akovotikn e&iocmon TpokORTEL amd TNV EPUPLOYY| T®V
Bacikdv €EIGOCEMYV TOV GLUTIEGTAOV PEVCTMOV TOL OETOLV TIC UETOUPOAES T®V
XAPOKTNPOTIKOV HeEYEBDV Tov pécov. Tlapatnpdvrog Ott EYove TPELG AVEEAPTNTES
TOGOTNTES TOV Omoiv {NTOvUE TOV VIOAOYIGHO, UTopel Kavelg Vo O0TLTMGEL TNV
amoitnon yo v €paproyn Tplov avelapmtov petald tovg eElom@oewv Tov Ba pog
dMGOVV TN dVVATOHTNTA VO STLTTOGOVUE 1ohpBues e&lomaoelg ava pia Yo kébe pia
amd TG AVOTEP® TOGOTNTEG.

O 1petg e&lomoelg mov Ba emeepyactovpe sivor:
e H e&lowon g cuvéyeiag

e H g&iowon tov Euler kot
¢ H xartactoatikn e&icmon


https://el.wikipedia.org/wiki/%CE%9A%CF%8D%CE%BC%CE%B1
https://el.wikipedia.org/wiki/%CE%A4%CE%B1%CE%BB%CE%AC%CE%BD%CF%84%CF%89%CF%83%CE%B7
https://el.wikipedia.org/wiki/%CE%95%CE%B3%CE%BA%CE%AC%CF%81%CF%83%CE%B9%CE%B1_%CE%BA%CF%8D%CE%BC%CE%B1%CF%84%CE%B1
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_# pux + a(pHX) dx
ox

puy
dz

Yympe 2.2 Ztotyeudong 0YKog pELGTOD Y10 THY EQAPLOYN TOV VoLV cuvEyelag kou Euler.

Ymv avamrtuén mov Ba axorovdnoel Bo vrobBécovpe OTL TO0 PeLOTO €ival OROYEVEG,
GOTPOTO KOl OEV VLWAPYOLV UNYOVIGHOL TOv Vo, SNUIOLPYOVV  GLVEKTIKOTNTO
(viscosity) i petagopd Oepudtnrag. Eniong 0o vrobécovpe apelodvtag v enidpoon
g Papvnrag, 0Tl 01 TIEG 160PPOTIG TG TEONC KOl TS TLKVOTNTOS TIG Omoie Oa
opicovpe otn cvvéyela, givor otabepéc oe GA0 tov GyKo ToV pevotov. Téhog dev Ba
Bempnoovpe EEMTEPIKT EIGAYMYN EVEPYELNG GTO GLGTNUO (KOVGTIKY TNYY), YL TNV
omoia. Ba kdvovpe TV vrdBeon OTL Pploketal €KTOC TOL YWpiov ©TO omoio Oa
VTOAOYIGOVUE TIC LETAPOAES TOV AKOVGTIKOV LEYEDDV.

2.3.1 H eliowon ovvéyeiag

Bewpovpe Evav Oyko pevotov dV = dxdydz 6mwg oto Zynua 2.2 tov eivon otabepdg
0TO YMOPO Kol HEC® TOL Oomoiov OEpyeTol 10 pevotd. O pvBUdS pong ToLv VYPOL
SLUEGOL TOV OYKOL avTOV, TPEMEL VoL givan 160G e To puOpd avénong N peimong g
péloc Tov peveTON GTOV OYKO.

H xaBapn pon Tov pevetod katd tov dEova TV X glvat:

ﬁ(pu )

{pu, —[pu, +——dx]}dydz = (2.3.1)

8( u.)
B qv
ox
OmoV U, EIVOL 1| GLVIGTAOGO TNG TAYVTNTOG KUTA TOV AEOVA TOV X.

Evtehdg avrtiotoryo maipvovpe 115 €E10ADGELS Y. TOLS VTOAOWTOVS (EOVEG Kol
aBpoilovtag odnyovueda otnv akolovdn Ekepaon yia v kabapn pon S10UEGOL TOV
dyxov dV:

-

olpu,) , Apu,) a(g“ gy - (v (pi)ldv (23.2)

ox oy

H xaBapn pon dwaupéoov tov dyKov wodvvapet pe v petafoin g patog tov dykov

oTN Hovada Tov YpOVoL oL gival %lt) dv.
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E&iodvovtog toug avatépm Opovs maipvoupLE:

V(o)< %P
[V-(pu)] o (2.3.3)

oV KoAeital eElomon cLVEYELOC.

Onog givar datumopévn 1 avetépo eElomon givol pn YPOLLUIKY] Lo KOl GTOV TPMTO
O6po gpeavileTor To YIVOUEVO TNG TUKVOTNTAG €L TNV TAYVTNTO TOV €ival Kot ot dVO
GyvooTeS GLVAPTAGES. XTNV cLVEXEW Bo dobue Twg umopel vo epapuoctel pia
dwdwkacio  ypappikonoinong mov o pog 0OMYNOEL OTNV  YPOLUUIKOTOUUEVN
aKoLOTIKT €€lcmon Tov elval YvooT amhd ©¢ «aKOLGTIKY e&lcmony.

2.3.2 H eliowon tov Euler
Oempodue TOpa Evo otoryeldon oyko pevotov dV=dxdydz mov Opwm¢ Kwveitor pe

avto. H emutdyvvon g otoyyeumdoovg pHalog Tov pELGTOL OV TEPLEYETOL GTO OYKO
eivar d(X,t)= a(x,y,z1) ko1 cbppova pe 1o devrepo vouo tov Newton cvvdéetar pe

™V dUvVauN df mov evepyel ot palo, pécw g oxéong:
df =adm (2.3.4)

Edv apeiioovpe v cuvektikdOtta, N Kabapn dOVauUN mov Enevepyel 6TO GTOLYEUDON
Oyko kotd ™ d1evbuvon X, opeideton otnv Kabapn mieon mov enevepyel otV TAELPA
dydz xou givar:

df. =[p-(p+ L d)ldydz =-Lav (2.35)
ox ox

KOl GTIG TPELS OLCTACELS:
df =-vpdV (2.3.6)
H emtéyvvon cbpewva pe tov optopod g etvat:

u(x +udt,y+u,dt,z+u,dt,t +dt)-u(x,y,z,t)
dt

a(x,y,z,t) = lim (23.7)

Avantoccovtag og oglpd Taylor v toydnto Kot Kpatdviog 0povg mpdms Tééng
TOIPVOLLE:

U=(x+u,dt y+udtz+u,dt,t+dt)=
ou ou ou (2.3.8)

u(x,y, z,t)+a—udt+—uxdt+—uydt+—uzdt
ot X oy 0z

LLE TIC Tapay®@YoLs vo. vrrohoyilovtat 6to (X,Y,Z,t), omdte 1 emttdyvvon eivor:
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éza—u 6_uux+a_uuy+6_uuz (2.3.9)
ot ox oy oz
OV YPAPETOL:
a =%J+(U-V)U (2.3.10)

XpNOoTOIdVTAG TOV 0pIopd TG dvvaung, (oxéon 2.3.4) ko tic oxéoelg 2.3.6 kot
2.3.10 maipvovpe pio oxéomn OVAUESOH GTNV TIECT), TNV TLUKVOTNTO KoL TNV TOYVTNTO
TOV HECOV:

—szpé§+@ivm} (2.3.11)

H &&iowon avtn yvoot oc E&lcwon Euler ivan kot ot un ypoppikm.

2.3.3 H xaraotatikn eliowon

H xatootatiky e€lowon elval yopaktnpiotiky] Tov HEGOV 6TO Omoio dladideTon M
KOUOTIKY] otaTopayn Kot GuoyeTilel Tig HeTaPOAEG TG TieoNg Kot TG TLUKVOTNTOC.
Oewpovrog oadPatikés peTaforés ©TO pevoTd, N KATUOTATIKN e&iomorn dgv
wepthapPavel 6po mov va oyetileton pe TV evipomion kol eKPPAleTon HECH NG

YEVIKNG GYE0oNG:
p=9(p) (23.12)

H popon g cvvéptnong g e€aptdtal amd 10 VAIKO HEGO GTO OTOI0 TPOYUOTOTTOLEITAL
N 0160001 Ko HEG® avTNG 0w B SOVUE SLOPOPOTOLEITOL 1] AKOVOTIKY 014000
avaroyo pe To €100G TOL PELGTOD.

2.3.4  H ypoyyurxoromuévn kouotixn eliowon

> @von, N HETaPOAN TG TiEONC EVOG OKOVOTIKOD HEGOV TTOV TPOEPYETOL OO 1oL
NYNTIKN TYN ONpovpyel PiKpEg HeTaPoAEG TV TAPAUETPMOV TOV OKOVGTIKOL LEGOV.
‘Etot pe apetmpia Tig TYHES TOV TOPAUETPOV GTO HEGOV OTOV OEV VIAPYEL OKOVOTIKY)
dwTapayn, LTOPOVLE VO YPAWOLLE TIS aVTIoTOL(ES TOcHTNTEG ™G abpoicpata TH®V
160pPOTiOG Kot LIKPOV HETOPOADV:

P =po(X,t) +ep (X1)
P = Po(X,t)+ep(X,t) (2.3.13)
0 = Uy (%, 1) + iy (X, 1)

Omov M TAPAUETPOS € yapokTnpilel T pkpég petaforés. O deiktng 0 yapaxtnpilet
TG TWEG OTO OKOLOTIKO adlotdpakto pHécov, evd o deiktmg 1 yapaxtmpilel Tic
peTaBorég AOY® TNG OKOVOTIKTG S1EYEPONG.
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Avtikofwotoviag Tic  avamapootaoel; 2.3.13 omv efiowon ouvvéyeng 2.3.4
TopVOLLLE:

d(py +£p1) +V {(py +£p,)(T, + £li;)}=0 (2.3.14)

E&iodvovtag 6povg 010G dVVOUNG TOV € TAIPVOLLLE:
0 _
§+V-{pouo}=0 (2.3.15)

Edv vmobécovpe adwtdpokto pevotd oe 1ooppomion (U, =0), maipvovpe Kot

%o _

" omdte 1 TVKVOTNTO 1I60ppomiag dev efoptatar amd To xpdvo (py = o(X) ).

Me v 1010 vTOOEDT), EEIGMOVOVE TOVG OPOLE TPDOTNG TAENG MG TPOGS € TOUPVOLLE

%W.{pogl}:o (2.3.16)

Evtelic avtiotoyya maipvovue ya v e€icmon tov Euler:

ou.
~Vp=po (2:317)

OOV £YovUE EMIONG QUEANGEL OPOLG OEVTEPNG TAENS WG TPOG € Kol PEPota Exovtag
emovoldpet v vdbeon yuo umdevikn taydTnta woppomiog (U, =0).

Ocov agopd otV KoTooTOTIK) €£I6M0T UTOPOVUE EVKOAN, OVOTTOCGOVTOG KOTA
Taylor yopw oamd v tuf woppomiog (deiktng 0) kol aueA®VTAC OPOLE dELTEPTS
TAENG Kot AV, va, KOTaAnEOVLE 6T oéon) :

P, = [_j P (2.3.18)

O1 eomoelg 2.3.16-2.3.18 eivar apKeTEC Yoo v PG OOMYNOOVYV GTNV OKOLGTIKTY|
eElomon.

[Maipvovtag v amdxiion tov dbo opav g Euler £xovpe:
ou.
~Vip, =V-(p, El) (2.3.19)

[Mopaywyilovtag oc mpog ypdvo Vv e&lomon TG GLVEYXEWG TOIPVOVLE:
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2

8%p au
2tV (py ) =0 (2.3.20)

Amd T1g TELgLTaiEg 00O EEIGMOEIS TAIPVOLLLE :

62
~v2p =— atfl (2.3.21)

Amo ™V Kataotatik e&icmon Taipvovue:

(2.3.22)

op

Opilovpe (G_J =¢° kot avTkofIoTOVTOG TV TUKVOTNTO StoTopayic O, omd TV
0
2.3.22 omv 2.3.21 katoAnyovue ot oyéon :

10%p
2

Vip, =
pl c atz

(2.3.23)

[Mapamnpodpue 6t1 odnyndnkape oe o Kopotikny e€icoon. O cvvteleotg C TOL
opiotnke avotépm lval 1 TayHTNTo 0140001MG TOL KOUATOS KOl TOV GUVAVINGOLE NOM
OTNV QUIVOUEVOAOYIKT OVAALGT TOV TTponyovevoL kepaiaiov. A&ilel va onuelwOel
O0tL odnynOMKope 6° avtdv PEcH NG KOTASTOTIKNG e€icmong Kot yi avtd Bempovue
O0tL 1 oxéon 2.3.22 odnyeil otov «OepLOSVVALIKO OPIGHO» TG TaXOTNTOS O1Ad00oNG
TOV NYov. AvTicTotyo Umopovue vo 0dnynbovue oe EI0MOELS MG TPOG TNV TOYVTNTA 1|
TNV TUKVOTNTA TTOV £IVOIL KOl QVTEC KUUOTIKNG LOPPNG.

Oa pémel va Tapotnprioovpe 0t oty e&icmon 2.3.23 dev vdpyel Kdmolog 6pog Tov
va, pag 6idel mAnpogopia yuo TV mNyn evEPYELNg (aKOLGTIKY TNYn). AvTd cupPaivel
vyl oty dtdmwon g e€lowong dev AdPape v’ OYv pog €16000 EVEPYELNG OTO
ovotnua. AmAd Bewpnoope 6Tt 6TO0 TESIO OPIGHOL TOL TPOPANUATOS, VITAPYEL MO
dwTapayn TG MEONG MOV €YEL MPOKLYEL UE U1 CLYKEKPUEVO Tpdmo. DuoIKA 1
TANPNG Kupotikn Oempion ¢ mPog TN Od0CT TOL NYOL GE OMOLOONTOTE WEGO
neplopfavel kot v mAnpoeopia yioo v mnyn. H anyn pmopel vo ewcaybel ot
dwpopikn e&iowon 2.3.23 pe ) popen vog 6pov d1€yePOTG.

INa Adyoug minpommtag xor pévo Bo  mopabécovpe ot CLUVEREW TV
YPOpKOTOMUEVT akovoTikn €icwon, 1 omoia Ba Tpoékvumte (PA. Allan Boyles) eqv
Bewpovoape €l60d0 evépyelag 6To GUOTNUA OV EKPPALETOL LEG® TNG EvTaonS TS

mnync (source strength) Q,, xou exi mhéov eav divape ™ Svvartdnta petaBoing g

TUKVOTNTOG IGOPPOTIOG Oy GUVAPTNGEL TOV YOPIKAOV UETAPANTOV.

1 1 6°p oQ
V2 pl_;oAp"'Apl_c_z 8t21 z_ﬁl (2.3.24)
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Eival pavepd 6t1 dtav 1 mokvotnta 1ooppomiog Bewpnbel otabepn, o dehtepog 6pog
undeviletor kot 1 uoévn dapopd mov €xope pe ™ oxéon 2.3.23 givar n TpocHnkn tov
O6pov d€yepong.

Agv 0o pog amacyoAnoel OU®G €d® M TANPNG KLHOTIKA Oempio mov omoteAet
avTIKEIpEVO GALOV pHadfpoTOC .

Me Baon v e&iowon 2.3.23, copmepaivovpe 0Tt pio kpn dtotapayn TG SUVOLIKNG
Katdotoong €vog HEGOV, 00NYel TNV TaPOywyn €vOG KOUOTOG TTOL dlodideTal G6To
péoov pe tayvunta €. Me Bdon 15 vmoBEcelg mov Exovpe KAVEL 1 TOOLTNTO O10000NG
e€aptdrar v yével and Tig xopikég petaPintéc X.

H wopotikn e€lcmon 2.3.23 éxel mpoéAbel amd TV yYpopKonoinon Tov e£lomcemy
TOV  PELOTAV  (TapdAstym  Opov  TEEMG vymAoTepng Ttov &) kar  koAeiton
ypaupikoromuévy akovetiky eéicwon. H vmobeon ®ot1dc0 Yoo pikpec peTafoArég
TOV TOUPAUETPOV TNG KIVIUOTIKNG KOTAGTACNG TOV PELGTOV otV omoio otnpiletal
dev améyel omd TNV TPOYUOTIKOTNTO Kol eKQPALEL TNV QLON TOV OKOVCTIK®V
dwrapoaywv. Tnv e&icmon 2.3.23 Ba v avo@EPOUE OTN GLVEYEW MG «OKOLGTIKY|
eElowony.

No modue axdun 01t 1 SWTORTOCN €VOG TPOPANUATOS KLHOTIKNG O014000MG GTO
Bordoolo mepifaiiov meptlapPdvel ektoc amd v Pacikn elowon Kol TG
KOATAANAES OPlOKES GLUVONKEG Yo TN GLUTEPLPOPA TNG AYVOGTNG GLVAPTNONG OTA
oVVOPO, TOV OTNV TEPITTMOOT HaG Eivor 1 EmPavela TG OGANCGOC KoL 01 SIEMUPAVELES;
Tov MUOUEVE, EVED AmOLTEITAL OKOUN 1] YVOON TNG €T ATMEPOV GLUTEPLPOPAS TNG
AMong otV TEPIMTOOTN oL TO TEdI0 OPIGHOV Elval ekTeiveTon UEXPLS eKel. AVAALTIKY
TOPOVGINGCT) TOV TPOPANUOTOS TNG KVHOTIKNG d1adoons ot Bdlacca yivetol emiong
010 padnua “Kopotikn Adodoon ™.

>t ovvéyelo Bo dovue AVCELS TG KVUATIKNG eElomong yopic €101K avagopd o€
oUVOPOL KOl AP0 GE GLVOPLIKES GUVONKEG eVOC «KOADG TEOEEVOLY TPOPANUATOC
KopaTikic Sddoonc?

24 XTOELMOELG MIGELS TNG OKOVOTIKIG EEicmong
24.1 Xwpiouog uetafAntav ywpoov-ypovoo

M teyvikn ywo T AVOT TGOV UEPIKAOV OPOPIKOV eEI0MGEDMV VIO OPIGUEVES
ocuvOnkeg glvar n péBodog tov Ywpiopol petafintav. Me Bdon ™ pébodo avtn o
pepikn dweopkn e€icmon yuw pic cuvaptnon MOAA®V peTafAnTdv umopel vo
xoplotel oe pi opada cvviBwv S10PopIKOV eElo®oe®Y KAOe o amd TIC Omoieg

3 H oyeticr| Osopia amotelel Tunpo tov Mabiuotoc «Kouatiki Aiédoony.
4 «Kodde tebsiuévo mpdfinuar  eivan éva tpdPinua 1o omoio pe Baon m Swurdmwon tov Srditet
povoadikn Avon.
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opifetar yo o cuvéptnon mov e€optdtor amd pio povo UPETOPANT) (CLVAPTAGELS
mov petafdirovror aveEaptnta n pio amd v GAAN). O yopiopdc petafintov dev
etvar BéPara dvvatdg oe kdbe mepintwon Ewwd yo v kopotikn eicoon o
yopopds eivor duvatdc oe 11 ocvotiuota cuvietayuévov (PA. Morse and Feshbach
“Methods of Theoretical Physics”) kot povov €av ot SIEmPAveleg Tov TPOPARUATOC
CUUTHMTOVY UE PO EMPAVELD CLUVTETAYUEVOV TV 0G Gve 11 cvotudtov, Emimiéov
0 6poc 1/ ¢® g xvportikng eElcmong Oa mpénet va eivon eite aOpoiopo dpov kKabévog
and Toug omoiovg e€optdTor amd o povo petafAnty, 1 va givatl o idog cuvaptnon
pog povo petafintig. i cvvéyela Oa Oempnoovpe 6Tl oL avOTEP® OPOL TANPOVVTOL
kot Ba odnynbodue oe ovotiuato cuvnbov JPopikOV eflod®oemy Tov o pog
dMOOLV TN AVOT ATADV GYETIKA TPOPANUAT®V TOL avaPEPOVTOL 6T 014000T TOV
Nyov ot Bdracaoa.

Oo TpoomadNcoLLE KAT' apYV VO OTOLOVAOGOLLLE TNV YPOVIKY| £EAPTNO).
Oewpole OTL N AKOLOTIKY e UTOpEl va Ypopel ®g:
pi(X,1) = p(X)T (1) (24.1)

Inuetwvoope 6t omd 10 onueio awtod, Ba ¥PNCIOTONcOVE TO GVUPOMSUO P Yo TN
YOPIKT cvvioT®co ¢ akovotikng mieong (p(X)=p(X)) ko dev Oa mpémer vo
OLYYEETOL LLE TNV OMKN Ttieon ToL pécoV OGS ekppaletal and v e&iowon 2.3.13. H
TayvTTo 014000MG TOL YOV C B BewpnBel dnwe Exope NON ONUEIOOEL GLVEAPTNON
HOVO TV YOPIKOV UETAPANTOV ¢ = ¢(X). 'ETol pmopodue vor avTIKOTAGTIGOVIE TNV
2.4.1 omv akovotikn eicwon 2.3.23 Kot va TaPOvLE:

1 d7T
TV®p =z P i (2.4.2)
M
2 2
Lottt

Mo kot 0 aplotepog 6pog ¢ 2.4.3 glval GuvAPTNON HLOVO TOV YOPIKOV UETARANTOV
Kol 0 0eE10¢ OPOG cLVAPTNGN UOVO TOL XPOVOUL, Yo Vo 16YVEL ThvToTE M €lowon, Ba
npénel KaBe 0pog va ioovton pe po otobepd. ‘Etot maipvovpte :

iv2p:

1d°T 5
p T dt’

= (2.4.4)

6mov 10 apvnTikd onueio oAAd kot 1 01 n popen g otadepds @’ Exovy emheyet
€161 MOTE Vo O1EVKOAVVOVTOL Ol paBNUATIKOl YEpiopol ap’ evog aALd Kot 1) QUGIKN
epunveia ae’ etépov. 'Etol, omyv 2.4.4 avayvopiler koavels ommv otabepd @ v
KOKAIK)] o0YVvOTHTO. TOV KOUOTOG TTOV GUVOVTNGOLE KOl GTO EMPOVEWNKO KOHOTO
Bapdtmrag kot Bopilovpe T oxéom TOL GLVOEEL KUKAIKT CLYVOTNTO LE GLYVOTNHTO
exppoopévn og Hz, mov etvan o =27 f .

Ao v 2.4.4 maipvoope dV0 eEIGMGELS TOL IGYVOLY TAPAAANAAL:
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2

(4]
V2p+c—2 p=0 (2.4.5)
Kot
T
+w°T=0 2.4.6
o (2.4.6)

ATo 115 €€l0MGELS QVTEC 1) TPMOTN eivan Yvooth o¢ eéicwan Helmholtz kot diémel tnv
YOPIKH EEAPTNON TNG GKOVGTIKNG THEGNG Y10 LOVOYPWOUATIKY THYH® VO 1) AWDoN NG
devTEPNG divel TNV YpovikKn €£APTNOT TS OKOVGTIKNG TECNC.

H 2.4.6 £xe1 og yvootdv dvo aveldptnreg peta&h toug AGELS :

T=Ae'" +Be™ (2.4.7)
pe A, B otobepec.

Xopic va yobei n yevikdtnTa T Avong Ba Bswpricovpe 6t 1 otabepd A eivan 1, ko
Ba dexBole amd T dVo mMOAVEG AVGEIS EKEIVI TOV OVTIGTOLXEL G aPVNTIKO TPOGTLO
otov ek0étn. Avtd onpaivel 0Tt Bo LEAETIICOVLE TTNYEG Ol OTTOIEG EKTEUTOVY EVEPYELN
oto mepPIALoV pe xpoviky eEdptnon e . KataAryope dniadn oto va Oewprjcovpue
MOGEIS TNG HOPPNG

T=e' (2.4.8)
Katomy avtdv, n Aon pag yio v mtieon datopayng ypaeeTot
pi(3,0) = p(X)e™ (2.4.9)
2.4.2 Xwpiouog uetofintov yia v ywpikn eCoptnon e Teons
O Adyog OV avapeEPOLUOTE GTNV EOIKT LOPEON TG ADONG Yo TN cuvaptnon P ival
OTL PG eVOLaQEPEL VO Bpodpe Ek@Paon Yo EMimEdO KOUOTO TOV O amoTeEAEGOVY TNV

TPAOTN EOIKN LOPPN KVUATOV OV Bal (oG amacyoAnoel ot pHeAétn pog. To cuomua
CUVIETAYUEVOV OTO O0moio Oa avagepdpacte €ival 10 KOPTEGLOVO, Yoo TO Ooio O

o> o 0o
Leothg V7 mad ] .
teheotG V. maipvel T popen o o o
OtwpovTog akoun ot
p(X) = p(xy,2) = p, () P, (¥) P.(2) (2.4.10)

KOl avTIKaOoTOvTog ™V avetépo ékepoon oty e&icwon Helmholtz (2.4.5)
noipvope HETA and CTOLYEIDIELS TPAEELS :

2 d?- 2 2
d pxi py.i_,.d pl.i+a)_2

dx* p, dy* p, dz® p, ¢

=0 (2.4.11)

> Movoypopatikyy (monochromatic) yopoxmpiletor pion myY OtV EKTEUTEL GE GUYKEKPIUEVN
ovyvotNTa. XapaktnpileTol Kot ¢ «OpLOVIKI.
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INa va wyvel n e&icwon avt Ba tpénel KaBe OPOg TOV TEPIEXEL TIG GLVIGTAOCESG TNG
nieong o€ kaOe ddotaocn vo gival 6tafepdg a@od 1 HETABOAN TNG CLVICTMOCAS TNG
nieong pe v avtiotoyn didotacn oev emnpedletl v dAAN. Edv cvoppoiicovue pe

—k?i=X,y,Z ™V 1iun kdaOe dpov maipvope :

2 2
%i:_kj 3%“3 p, =0 (2.4.120)
x> p, X
d2 d2
Pl ke S B ep <o (2.4.12)
dy® p, dy
2 2
ddTepi - K= dd%+ kZp, =0 (2.4.12y)

[Ipocé&te 10 ovpPorioud g Tapay®@Yov Tov Yo kibe cuvicTdoo NG Tieong eivot
ouvnONg kot Oyl LEPIKN Topdywyog pe dedopévo 0Tt Kabe pia amd TIG GLVOPTNGELS
p,, i=X,Y,2 eivor cuvoptioelg wog netaantic®.

Télog amd ™) oyéon 2.4.11 Brémope 611 1o Tig otadepéc K i=X,Y,Z 1oyvel 1 oxéon:

2
K2+ k2 +K?2 :Pj (2.4.13)
C

>t0 onueio avtd va vrevBopicovpe 0Tl dev €yope AdPel v OYIV HOG OPLOKEG T
apykég ovvinKeg oty HEYPL Tdpa avaivon. Emopuévaog dev pildpe akoun yuoo Avon
evog mpoPAnuatoc aidd Avoelg pog eéicmone. Katomv avtdv, mpoympdpe oty
datvmwon Aoewv yw i e€lomoelg 2.4.12(a-y) mov yw k, (i = x,y,z) # 0 eivau

p,(x) = A" + Ae ™ (2.4.140)
p,(y)=Be" +B,e™” (2.4.14p)
p,(z)=Ce"’ +C,e™? (2.4.14y)

OOV 01 GLVTEAEGTEG B0 VTTOALOYIGTOVV €0’ OGOV £YEL OPLOTEL TANPMS TO TPOPAN LA KO
o€ GLVOLAGUO Ue TIG Oplokég cvvinkeg kaBOC Kot T cLVONKN TG TNYNS YL TV
omoia dev £xole aKOUN avaPEPEL KATL.

& To apvnrixd mpdoNuo ot oTadepd YwPIcHoD Sukatoloyeitar amd ) Stavvopotikr Osdpnon tov
apBpod KOPOTOG TOL ol SOVLLE GTH GLUVEXELM.
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210 TopdpTHO A TOV CNUELOGEMY, TOPOVCIALETOL GUVTOUA 1) EVOALUKTIKY Bedpnon
TV Acewv tov eflohceny 2.4.12 péow TPLY®VOUETPIK®OV ocuvaptioswyv. H
100dVVapio TOV ACEMV Ie EKOETIKEG 1] TPIYWVOUETPIKEG GUVAPTIGELS EIVOL TTPOPOVNG
HECH TOV EKPPACEMV TOV EKOETIKOV GUVAPTHGEWV TOV TPOKVTTOVV OO TOV OPIGLO
TOVG.

Mo va yiver mepiocdtepo katavont M QLOIKY] TS KLUOTIKNG Owdoons, Oa
VTOOECOVE TTPOG GTIYUNV OTL 1] aKOVGTIKY Ttieom e&aptdtatl pévo omd pio peTaPfAnTy,
onAadn €xope dradoom mpog pia pdévo devbuven. Oswpodvtag X v devbvvon ovty
1 0KOVGTIKT] e YPAPETOL -

pl(X,t) — px (X)e—iwt — (Aieikxx + Aze—ikxX)e—ia)t — Aiei(kxx—a)t) + Azei(—kxx—a)t) (2415)

Ao tovg 600 TEAELTAIOVS OPOVCE, KOt LE OEOOUEVT] TNV XPOVIKT £EAPTNOT TNG TiEONG
OV £YOUE EMAEEEL, O TPMOTOG OPOG AVTUTPOSMTEVEL KOO 00£VOV TPOG T ALEAVOUEVQL
(Beticd) X Kou o devTEPOG, KVLUOL 00€VOV TPog T peovpeva (apvntikd) X. Ot
OLVVTEAEGTEG A1 KO A2 OVTITPOSHOTEVOLY TO TAATOS TOL KVLOTOG KO TO OPIGLO GTNV
eKOeTIKT] GLVAPTNON TNV PLOoY.

Inueltdvoovpe emiong 0Tl 1) TPOYLOTIKY TEGT €IVOL TO TPOYLOATIKO HEPOG TNG OVOTEP®
oxéong. Xe moALAQ €yxePidlX Yoo Vo Yivel O1GKpIoT OVAUESOH GTN UIYOOIKY| KOl TNV
TPOYLOTIKN TEST, 1) YOO TTECT) OVAPEPETAL LUE EVTOVA YPALLLOTAL.

Eniong emonuaivovpe 6t1 oe dAAa gyyepiola, ekAopuPdvetor wg ypoviky eEaptnon
G aKOLOTIKNAG Tieonc 1 ovvapton T =e'. Mg avt) v mopadoyn, n omoio dev
aAAGCer emi TG ovoiag ™ Bedpnomn mov KAVovuE, 0 TPATOG OPOC GTNV TEAMKT LOPOT
™G 2.4.15 Ba €d1ve T KOUATA TOL 00£HOLV TPOG TO, LEWOVUEVA X KOl O OELTEPOC TPOG
ta ovéavopeva X, LE TO TPOCMUO TNG YPOVIKNG €EApTNoNg va etvar Betikd. Oa
enavéABovpe oe avt) 1t Bedpnon povo oto Ilapdptnuo A moL avaEEPETOL OTN
ovuvheon TV TNYDV, EVO GTO LIOAOITO TOV KEWEVOL SOTNPOVUE TNV OPYIKN HOGC
TaPUdOYN.

INo 11 avdykec g Bewpioc pog Oo mpémel va opicovue to emimeda kvuata. Eva
KOO AEYETOL EMIMEDD, €0V TO KOO OOEVEL GTOV YMPO KOL 1 EMPAVED GTOOEPNG
@aong o€ pio dedopévn Ypovikn oTyun| eivan enimedo. Iapatmpodviag v Abon g
aKOLOTIKNG eElcmong Ommg dideTan amd v 2.4.15, BAénope 6t yuo t oTabepd, N edom
TOV KVOpPATOG etvat oTafepn dtav X etvar 6tabepod.

And v Avariotikn F'eopetpio, yvopilope 0tTL 1 emedvea (oTov x®po) mov opiletal
amo v eElowon (X=C) eivon pia eminedn emoedveln KOst 6tov AEOVa TV X GTO
onpeio € tov d&ova. Xvvenmg n Avon 2.4.15 avtimposmnedel Eva EMImESO KOO

Oewpdvtog T0 TPOPANUE HOS OTIS TPELS OOCTACELS KOl KPUTOVTOS TOV TPAOTO omd
T0VG 60O OpovG TG Abong pag yio Kbe pio and T1¢ cuvapticeg Py, Py, P,, OV

onuaiver 0Tt dexopacte duadoon mpog pio katevBvvon, PAEmope OTL M AKOLGTIKY
nieon moipver T popen :

pi(x,y,2,t) = A, B,Ce" (2.4.16)
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KOl G€ SIVUGLOTIKY LOPON OC TPOS TOV €KOETN TOL €,
p,(x,p,z,t)= De' k- (2.4.17)

onov D = 4, B,C, xa1 6mov éxope Oewpficet éva véo dibvoopa k =k, +k, +k, .

Edv avatpééovpe oty e&iowon 2.4.13, pe mv og aveo Bedpnon PAEmope OTL TO

;@ \ . , " ; ;
TAMKO — QVTITPOGOTEVEL TO PETPO TOL dlavuopatog K, pe ki 1=X,Y,Zva gvon T
c

LETPA TV cLvicTody tov. To uétpo tov davoouatog K sivar o aptbuds kvparog
TOL TOV GLVOVTHNOOUE KOl GTO TPATO KEPAANO TOV ONUEUDCEDV GTO ONOI0
avaeepOnkape oto Kopata BapdTnrog.

Yt0 oynua 2.3 PAémope T SLVLGUOTIKN OTEWKOVIOT] TOV OplOUoD KOUOTOS HE TIC
avTioToeg ovvioT®oeg oTig TPelg dwotdoels. [lapammpodue T€A0g OTL EMPAVELES
otabepng @dong eivar emineda kdbeta oto Sdvvouo k. Emopévac m 2.4.17
AVTITPOCMOTEVEL €MioNG ADON Yo emimedo KOUATO, HE TO SWIVLCOUO TOL OplBUov
KOpatog va givor kdbeto oty emedveln otabepng @dong (pé€tomo kvpartog). H
TOPATAVEO TOPOTPNON EivOL 1O10UTEPO CUAVTIKY Y10 TNV KOTAVONON TG YEMUETPIOG
™G 100N ToL NYOL oTN BAANGGH OAAG KOl Y0 TIG TEPMTMOELS OVAKANOTG Kot
d1a000MG TOL YOV OTN JWYWPICTIKY EMPAVELD VEpoV-TLOUEVE TTOL OO PEAET GOV E
GT1 GUVEYEL.
k X

X

\ 4
v

Xyfqpa 2.3 O apBpdc kdpatog og dtoavuspotikod péyedos.
2.5  Au390061 6€ ELAGTIKOVS YDOPOVS GKOVGTIKMV KUl OLUTUNTIKAOV KURATOV.

25.1 Avvouixo petotomong

YrevOouilope 0Tl T0 0KOVGTIKO KOUO €ivar dtdpmkeg kupo mov dadidetan o€ kdbe
ooumieotd pécov. Otav o ydpog Bewpnbel pevuotog (m.y. vepd N a€POS) T0. AKOVGTIKA
etvar Ta péva pnyovikd kopoto mov pmopet vor 61000000V, Xg eAACTIKOVG €V YEVEL
YOpovg O6mwg yopaxtnpilovior ot ydpor pe opketn okopyio vrootpiletor Kot M
d1ad0om SloTUNTIKOV KVpAtov Yo o omoio o yivelr por chvioun oavoaeopd ot
ouvéyela. Agdopévov Opmg 0Tt OTwg Ba dovLE, 01 OVO OUAOEG KUUATWOV GLVLTAPYOLY
oto Wuota tov mubuévo, M HEAETN TG OAANAETIdpaoNG TOV OVO  OUAd®V
KOHOTIop®V Bo mpémel vo peketnBel TovAdyiotov otov PBabud mov emnpedler v
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OKOVGTIKT O1d00T| GTO VEPO TTOV EVOLHPEPEL PACTKA TV OKOVGTIKN wkeavoypapio. H
peAétn Pondiétor ovclooTKG HE TNV €l00y®YN €vOg peyébovg mov umopesi va
neplypavel 11 Pacikég cuvaptioels mov oxetifovtal pe to 6vo €idn Kvudtwv oe
eviaio popoen. To péyebog avtod eivar 10 «duVaKO» TOV Bal TO YPNGLOTOMGOUE GTN
CUVEYELD Y10l VO LEAETHGOUE TO TTPOPANUA TG O1A000NC KUUATOV GE EAAGTIKOVS €V
YEVEL YOPOLG.

I'vopilope 6t n TepioTpoen g KAIong pa cuvaptnong unodeviCetar.

VxVf =0 (2.5.1)

Ano v eElowon 2.3.17 mapotnpodpe OTL €4V TAPOUE TNV TEPIGTPOPN T®V OVO
uepdv, 0o mpémetl va woyvel kar VxU =0. Avtd onpoaivel 0t 1 TodTTO. UIopei vo
ek@pootel péom g kAiong evog Padpmtod peyébovg @ mov ovoudletor «OVVOUKO»
(potential).

U=V, (2.5.2)
H avotépo oyéon 1oydel yevikd Yoo TV To0TNTe POT|G G «OCTPOPIAMY PELOTA, Kot
E0IKA GTNV TEPIMTOON TNG OKOVOTIKNG dtoTapoyns, fewpovue 6tTL n datapoyn ogv
onuovpyel oTpoPiiiond 6to pevoTo.

Evkola pmopel va deifel kaveig O6tL kol To vOAOUTO. SVLCUATIKG MEYEON TOV
oyxetilovtol pe TV TOLTNTO UITOPOLV VO, EKQPOCTOVV OO OVTIGTOL(0. OVVOUIKAL.

Eniléyope ot ovvéyewn v uetaromon (displacement) d tov OTOYEIWODV
ocoOUaTdlmV evog péoov mov Ommwg Bo eavel ot cvvéxewn eivon éva péyebog mov
umopel va fondnocet onuavTikd oty HEAETN TG CAANAETIOPAOTG TOV KUUAT®V.

Opilope Aomdv pion véa Pabuwt) ocvvaptnon DP(X,t) mov koieiton Jdvvauiko
ueraromong (displacement potential) kot g omoiag 1 kAion pag 6ider v
LETOTOTION TV CTOLEIMODV COUATIOIMV TOV GUUTIEGTOV HEGOV.

-

d =V (2.5.3)

Oa TPOooTaONGOLE VO GUVOECOUE GTN GLVEXELWDL TNV OKOVGTIKN TIEST] LE TO dUVAIKO
petatomons. H petafoln tng mieong tov oToyeiddovg cmpatidion evog peELGTOL
LEGOV, GUVOEETAL LE TNV TPOKAAOVLEVT LETOTOTION HESH TOV VOOV Tov Hooke:

p,=-KV-d (2.5.4)

6mov K givar to mérpo owoykwong (bulk modulus). Tlepioodtepo yioo t0 pETPO
OYK®moNGg kot GAAo HeYEON NG UNYOVIKNG 7OV LG EVOLPEPOLY GTO UaONn o
avapépovtar oto [apaptnua B. Xt cvvéyewn Bo mapaieiyoovpe ta opicpoto oe OAES
TIG GLVOPTHOELS OV LIEIGEPYOVTIOL GTNV OVIAVCT| Y10 EVKOAID GTNV OVATTLEN TV
oxéoemv. Extog ko av avoaeépetar aArol, 1 toydtta otddoong tvar cuvdptnon
LOVO TOV YOPIKAOV LETOPANTOV, EVO 01 KUUATIKEG GUVOPTNCELS EIVOL GUVAPTHGELS TOV
YDOPOL KOl TOL YPOVOV.

Amnd 11g 2.5.3 kou 2.5.4 naipvope apécmg
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p,=—KV?® (2.5.5)

To duvapikd petatdmiong @ vokerta emiong otV Kupotikn e&icmon

1 0’
VP =— 2.5.6
c’ ot ( )
eV Yo to PETPo doykmong K ioyvet (dgite [apaptnua B),
K = pc’ (2.5.7)
KOl 1] OKOVGTIKN TTieoT Witopet emiong va ypagel otV Lopen
o’D

2.5.2 Momunuixa kduoto

Otav 10 pécov 014000MG TNG OKOVGTIKNG Olatapoyns owbétel emopkn axopyio,
umopel va dgybei ™ d1adoon kot dratuntik@y kKvudrwy (Shear waves). H dwapopd
TOV 0KOLOTIKOV omd To STuUNTIKE KOpoto eivor 0Tl To HEV TPAOTH APOPOvV
OLOUNKELS LETATOTIGEIS TOV CTOYEIWODV GOUOTIOIOV TOL HEGOL 01d000MG GE oYéon
pe v oevBvvon 6140001MG Tov KOHOTOG, EVA TO SWTUNTIKA OPOPOLV EYKAPGIES
petotomioels. o to Adyo awtd yapakpilovionr Ko ©¢ eyrdpaoio kouota. Me dAho
AOyw, oto owunkn kopato (P-waves oty ceiopoloyio Kou v yemAoyio) 1
otevbuvon HETATOTIONG TOV OTOYEIMONV COUHOTIoV givor Katd v oehBuvon
d1ddoong TOov KOUOTOG, &V OTo SITUNTIKA KOuata (S-waves), n oievbuvon
petotomiong eivonl kabetn oe ekelvn g 01evBvVoNG dddoong (Zynua 2.4). To vepd
OT®G Ko GAAC VAKE 0V O100£TOVV €aPKT OKOUYI0 KOl CUVETMG 0eV vIoaTnpilovV
v dudoon dtunTikdv kopdtov. Kdatt tétolo dpmg dev oyvel otnv UEYOAn
mieoyneioc tov Borlacoveov NUATOV To. omolo €ivol OPKETA «OKOUTTOY, Kot
vrootnPilovy TV SO0 STUNTIKOV KOUAT®V.
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Tyua 2.4 Tynuatikn TopdoTecT) SLUNK®V Kol S TUNTIK®V KOUATOV

Emopévoe, oe kdbe okeavoypagikd cvommua Bo mpémer va mepthdfovpe Kot
HEAETN TOV OOTUNTIKOV KUUATOV KoOMOG Kot TNV oAANAETIOpOcT TOUG HE TO
OKOVOTIKG KOLLOLTOL.

Agv mpokerron vo emektaBovpe ot OYETIKN avamTuén pi Kol TO UEYOAVTEPO
evolpEéPOV oG €lvor otnv 0140001 TOL NYOL GTO VEPO KOL TOPOTEUTOVUE TOV
EVOLUPEPOLEVO AVAYVDGTI GE EYYEPION UNYOVIKAG TOV TTEPLYPAPOVY TO PUIVOUEVO
™G 610600MG SOTUNTIKOV KLpaTmV pe mAnpotnto (w.x. Ewing et al. 1957).

Y10 mAoiclo Tov poOUatodg pog Opmg Ba dovpe 1o TG M OEYEPOT OLOTUNTIK®V
Kopdtov otov mobuéva ennpedlet TV d1A00GT TOL YOV GTO VEPO KOl GUVETMG Etval
amopoitnTn M. HIKpn €woayoyn omv OBewpla 014000MG Kol TOV SOTUNTIKOV
KOUATOV.

Ocwpovpe €vo OUOYEVEG KOl 1IGOTPOTO GTEPED GAOUO TO OO0 VTOKELTOL GE KPEG
peTOPOAEG TG SLVAMIKNG Tov Katdotaong. Ot petaforéc ovtéc onuovpyodv
duvhipelg or omoieg ekppdlovion PECH TV TAGE®V Ol OMOies HE TNV OEWPE TOVGS
AVAPEPOVTOL OTIS EMPAVELES OTIG OTOIEG OVATTOGGOVTOL OAAG Kot otV devbuvon
Tovg. Ot taoels svpPoiriCoviar g oy (M 7;;) e TOV TPATO JEIKTN VO AVAPEPETAL TNV
EMOAVEID OvATTUENG TG TéoNg Kol TOV Og0TEPO OEIKTN VO OVOQEPETAL GTNV
devBovvon epappoyng g téomnc. Avtictoyo ot CLVICTOGCEG NG pHetaToOmons Oa
ovpPoriCovron pe d; pe tov deiktn va avapépetar otnv devbvven tovg (X, Y,Z) oto

KOPTESIAVO GVGTNUA GUVTETOYUEVDV.
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| Y

X

Xyqpna 2.5 Ot tdoeig oe éva Kaptestavd GOGTNLO GUVTETAYULEVAMV.
T pnyoviky e16byetan Kot 1 vvola g Tapapudpeocns &; (strain) g e&ng :

o
gij :1(8_0"+_JJ (2.5.9)
2| ox, " ox

A&iler emiong va emonuaviel To yeyovog OTL 0 TVAKOS TOV TOPOUOPPDOGEMY Eivor
CUUUETPIKOG (&; = &)

H oyéon tdong kou mapapodpemone omd 1o Nopo tov Hooke yio icotpomikd vAaikd
glvat :

Oy = A&y + 21 (2.5.10)
omov Iy eivar 1o 6éhta. Tov Kronecker, 4 kou ueivor ov otabepéc Lame g

unyavikng  (BA. Hoapdptnua B) kot to ovpPoro &, vmodniavel dOpoicpo wg TPOgC
OA0VG TOVG deikTEG. ANAOON GTO KOPTEGLOVO GUGTILO GUVTIETUYUEVAV :

Eq =Ex tEYTE, (2.5.11)

To avotépm abpoicpo kKaleiton avoryuévy dibykmwaen (dilatation) kot og moAAd PiAia
cuuporiletor g G.

Avtikafiotovog v Tapapopemon amod ty 2.5.9 oty 2.5.10 naipvope :

OX:

] i

- od.
0 = Adj6 +u[2—d'+—JJ (25.12)
X
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A&omoidvtag Tov devtepo Nopo tov Newton kot avtiototyeg vobEcels e avTég Tov
eldape oty mopaymyn TG akovoTikng eficmong maipvope TN oxéon Tlomg-
HETOTOTIONG :

o’d;, 0oy
a2 ox.

|

0 (2.5.13)

o6mov avayvopilope to avrtictoyo g e&icwong 2.3.17 yw v ocuvioT®GO | NG
LETOTOTIONG.

Avtikofotdvtag v téorn amd v 2.5.12 oty 2.5.13, feopdvtog Kot TaAL HKpES
peTaPoAES Kot epaprolovTag IO10TNTEG TOV TEAEGTMOV TOIPVOLLE :

2

pzt—?z(/IJrZ,u)V(Vﬂ)—,qu(an) (2.5.14)
H e&iowon avti yapaktnpiletar kow o¢ ceteuixy eéicwan (Seismic equation) ko
dtémet ko Ta 0V0o €101 KLUATOV TOV S0 3IOOVTAL GTO EANCTIKO HEGOV.

[Taipvovtag v mepiotpoPn TV dV0 pepDV Kot epapuolovtag Eavd 1010TNTEG TV
TEAECTMV KaTaAnyoue oty e€locwon :

V(Vxd)-

1 &*(Vxd)
S —2=0 (2.5.15)

atZ
omov ¢ =£,
P

H avotépo sEicwon sivar kopatikh yio t dtavuopotikyy covdptnon Vxd kot diémet
™V 814800M TV STUNTIKOY KOPATOV Gt éva eEAaoTikd péco. Emiong to péysfog ¢’

OVTITPOGMOTEVEL TNV TAXOTNTO S1AO00NG TV SWTUNTIK®V KLUATOV TNV omoio Oa
Bewpnoovpue otabepd.

[Taipvovtag topa v amdkAlon ™ 2.5.14, ue avtiotoyo tpdmo KoTaANyoUE o€ pio
AN KupoTikn e&lo®on TG LOPPTG :

o
v%Vd)~%§%§;Q=o (2.5.16)
P
OOV 0 OPOC
c§=l+2ﬂ (2.5.17)
Yo,

OVIUIPOCHOTEVEL TNV TOLTNTO O1AS00NG TV SWUNK®V KUHATOV Tov emiong Oa
BewpnOei otabepd. H cuvaptnon V-d eivar Bobumty.

[Mopatmpodpe 6t yio u=0, odnyovueda otV TepinT®OT £VOS VAIKOD OV VITOoTNPILEL
™ 314600M GKOVOTIKOY KUUAT®V UOVO Kot 1 ToOTNTO TOV SIUNKOV KUPATOV ¢,
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etval otV TPaypaTKOTNTA 1 TaXOTNTA O14000MC TMV OKOVOTIKOV KLUUAT®OV TOV
eldape TponyovpEVMG.

Y10 eAaoTIKO pécov Ba Bemproovpe Evo S10VOGHOTIKO elactikd dvvauiko W (shear
wave potential) (cuvictwoeg ¥,, ¥, \V,).

H petatémion tov otoyeddong cmpatidion Tov EAasTKoh HEGOV Eval TOPOL:

d=Vd+VxW¥ (2.5.18)

EVOD ONUEWOVOLUE OTL Y10 TO EAACTIKO OLVOLIKO 1GYVEL OTL 1] amdKAoT Tov givon 0
V-¥=0 (2.5.19)

To ehooTIKO SUVOUIKO VTTAKOVEL EMIONG GTNV KLHOTIKY ElcmoN He TV TaOTNTO TOV
KOLLOTOG VoL ivat EKEIVI] TOV SATUNTIKOV KUUATOV.

Yvvoyilovtag, o éva eAOOTIKO HEGO, Ol OVO KLUOTIKEG EEIGMOELS TOV 1GYVOLV
TavTOYPOVA ETVaL :

1 0°®
Vd=— 2.5.20
cf, ot? ( )
2
vz‘ll:iz‘aat‘f. (2.5.21)
CS

[Na 11 Avoelg Tv 000 avTdV e£lo®oeMV 1oYLEL O,TL £YOLLE TEL KOL Y10l TNV AKOVGTIKY|
eElowon. Me yopiopd petafAnt®V KatoAnyope o€ ypovikn e&aptnon g HopPNG
e (18100 koL Y10 TOVg $VO KVHATIGUOVC) EVD Y10 TV XOPIKT EEAPTNOT SlaTLTMVOVTAL
avtiotoya 600 e&iomoelc Helmholtz e popoeng :

2
VO, {3] ®, =0 (2.5.22)
CP
2
v +[2] ¥ =0 (2.5.23)
CS

omov @, (X) ko ¥, (X) etvar avtictoya ot ywpuwés eEaptoel Tov aviicToywv
duvapkov. Xtig eglomoelg 2.5.22 ko 2.5.23 avoyvopilope kot tovg aptfuoic
KOLOTOG Y10, TOL SIOLUNKT KO SIOTUNTIKG KOLLATO, OVTIGTOLYO.

(0]
C

S

(2.5.24)

®
k,=— wa k=
Cp

Agdopévou 6tL n ToLTNTO OO0 TOV SWUNKOV KUUATOV glval peyolvtepn amd
exelvn Tov datuntikdv kopdtov (Mapaptua I), To pétpo Tov apBpov KOPATog TV
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SWUNK®V KOUATOV €vol KpATEPO OO EKEIVO TOV STUNTIKOV KUUATOV Y10l TO 1010
HéEGO d1h000oNG.

®a TpocHicovpe 00 WG TOPATHPNON OTL 1 ATOKAION TNG UETATOMIONG OV EICAYETAL
otV &€icmon 2.5.16 givan

V-d=V-(VO+VxW¥)=V2D (2.5.25)

AMyom g 2.5.19, evd n mePIoTPOPN NG HETOTOTIONG OV €lodyetal otnv e&icmon
2.5.15 givan

Vxd =Vx(VO+VxP)=VxVx¥ (2.5.26)

aeov M TEPOTPOPY TG KAlong o Pabuwmtig cvvaptnong eivor 0. Tlepartépw
a&lomoinomn TV WTATOV TOV TEAECTOV Kot g 2.5.19 pog odnyel ot oyéon :

Vxd =-V¥ (2.5.27)

2.6  Aud0haon aKoVGTIKOV KVpaToOv Kot Nopog Tov Snell.

B0 UEAETNCOVUE TOPO TNV TPOCTTMOT €VOG GKOLGTIKOV KOUOTOG OTN OEMPAVELQ
OVAUESO GE dVO VAKE SLOUPOPETIKNG GVOTACNG TOL YopakTNPilovTol amd d10popETIKN
TaYVTNTA S1Ad00NG TOL NYOL C; Kot C, avtictoyo. Aa Bewpnoovpe OTL 1 emPdaveln
avtn etvon emimedn Ko opldvtio. TNV avATTLEN TG Tapaypdeov avuthg Oa
Oewpnoovpe OTL M GKOLOTIK 7NYN Ppioketor ce peyaAn oamdCTOON ONd TNV
OlEMPAVELD, DOOTE TO UETONO KOUOTOG VO UTOPEl va TePLypapel mTOAD KAAGL ©C
eminedo.

Oo peAetnoovpe T0 TPOPANUO OTIG OVO OUCTAGELS KOl CUYKEKPIUEVO GTO EMIMEDO X,Z
To pétomo kdpotog Ba etvan eminedo, kdOeTo oTO emMimedo TG UEAETNG, LE TO TYVOG
TOov va givar gvdeio oto eninedo X,Z.

H mpoéomtwon tov xvpatog yivetar vwd yovio f1 o¢ mpog Tov Katakdpupo dova
(Eymua 2.60), 6mov N yovio opiletal amd TV PEPoLGE TOV APBUOD KOUOTOG KOl TOV
KkdOeto otV dempavela dZova. ZOUEOVA LE TNV ELGIKN, 1 TPOGTTMOOT EVOG KOLOTOC
og emedveln Tov Ywpilel OVO VAIKA SPOPETIKNG GVVOEST|G emMPEPEL Lo avakioom
TOV KOUOTOG, OTOTE HEPOG TNG KLUOTIKNG EVEPYELNS EMIGTPEPEL GTO LEGO ATO TO OTOLO0
TPOCEMECE VD UEPOG TNG EVEPYELNG OdideTOL 6TO dgvTEPO pHécov. H avdxiaon
yivetan vd yovia Or ¢ TPOG TOV KATAKOPLPO AEoVA, Kol 1 d1ddooT VItd Yovia Gz.

INa va vap&et duidoom Ba mpémet va 1kavomoloHVTaL Kol OPIGUEVEG GAAES GUVONKES
omwg Ba dovpe otn cuvéyeln, evod Ba mpémel va TovicBel 6Tt vdpyEL N dvVATOTNTA
dudoomng kot GAAOV €100VC KOUATICUOD (Tr.). OLOTUNTIKOV KLUATOV €0V TO O€VTEPO
pécov Bewpnbel ehacTikd).
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<

(&5}

Tyqna 2.60 AvakAioaomn kot S1OlooT ENITEd®V KOUATOV GTI S10(OPICTIKT ETLPAVELD dVDO HECHOV
SLOPOPETIKNG ToLTNTAG d135001G

METWo KULOTOC
AR,

C1

AR:>

MeTtwro Ax

KUpOTOC

Typa 2.6 Awdbroon eninedwv kopdtov. eopetpikn Bedpnon yo v omodeEn tov Nopov tov
Snell.

I[Ipog 10 mopdv maviwg Oa emkevipwbBovue oto 0KOLOTIKA KOpoto kot Oo
HEAETNGOLIE TNV OVAKAOGT Kot TN O1OANOT €VOC OKOLOTIKOD KVUUOTOC GE o
oplovTIo. SIEMPAVELN TTOL YMPILEL OVO AKOVOTIKA LECAL.

Avapepopocte 6to oynua 2.6B. Metd tnv TpOTT®ON GTN J1(OPIOTIKY EMUPAVELL TV
O00 HECOV TOV EMMEOOV KVUOTOS TOV TPOEPYETOL A0 TO HEGOV 1 Kat T S1dd0oT TOV
010 PéGOV 2, 10 PETOMO KVpatog Oa mhpel dpopetiky] kAion kot 1 véa yovia
drédoong €, mov opileton ®g M yovia mov oynuatilel 1 KABET0g 610 PHETOTO KOUOTOG
pe v kéOeto oty dempavela, Oo oyetileton pe v TPOTN, HECH® TNG GYECTG :

sing, _sing,
Cl C2

(2.6.1)

Avtdg givar o vopog tov Snell mov n anddel&n tov pmopei va yiver pe omhd
YEOUETPIKA HEGO, €AV ANEOOLY LIOYIV Ol ATAOTOMTIKEG TAPUSOYES TTOV OLVOPEPOLLLE
TPONYOVUEVAC.
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"Etot, Oempdvtag didoom Tov petdmov oto pécov 1 katd AR, petd mv npdcntoon
Kot oto pécov 2 katd AR, katd to {510 ypovikd didotnua At, n kaboploTikn) ELOIKY
ocuvOnKn eivar 0Tl TOVTOYPOVE TTAVED OTNV OETMPAVELN TO. OVO UETOTO TPETEL VO

Bpiokovtol og emagn £xoviag dlaviceL TNV Ko andotacn AX . And amAr yewpetpio
ToipvoLE TOTE :

AR; = AXsin 6; Ko AR, = AXsin 6, (2.6.2)

YVVETMG
AR, /sing, = AR, /siné, (2.6.3)

Kafmg o1 tayvnteg etvan

AR,
At

Ko C, = At (2.6.4)

Cy

avtikoOoTOVTag TIg EKPpacels Yoo AR, kat AR, otnv 2.6.3, maipvope ) oyéon mov
d1émet to Nopo tov Snell.

H amodeitn tov 6t | yovia tpoécntmong O1 eivar idwa pe v yovio avakiaong Or
yivetal pe Tov 1010 TPOTO KOl TNV TOPATHPNON OTL 1 TOLTNTO J1O0CNS GTO TPMTO
péco givon otabepn.

Oa mpémel va d1evkpvicovpe 6To onpeio avtd O6tL GV VILAPYEL 014000T GTO dEVTEPO
HEGO KOl KUHOTIOHOV GAAOV €100VG, TO UETMTO TOV GEVTEPOV OVTOL KVLUATIGHOV O
O10000&l e dapopeTiky Yovia v 1 TayhTNTO 014000MNG TOL KVUATIGHOV avToD £ivat
OLLPOPETIKT O KEIVT TOL TPMOTOL HEGOV. Me evieAd¢ avtiotoyn Bedpnon pe avt
mov avantHéape 6to €04PI0 OVTO, €lval TPOPAVEG OTL €AV 1 YoVio d1O0CNES TOV

devtepov kvpotiopov givor 6, (to cOuforo S aviicToy el 6TO STUNTIKG KOUATO
mov €ivor 0 0€0TEPOG KLUOTIKOC HNYOVIGUOS Tov 0o Hog amacyoANcel), Kot 1
TayvINTA d1adoong C,,, Ba 1oyvet

sing, sing, sing,
Cl CZ CsZ

(2.6.5)

2.7  Avdxkioon MiTEOOV UKOVOTIKOV KUUATMOV G6T1) OLEMPAVELD UVANESU GE
000 oTpOpATA SraPopeTIKNS ovvOeonc. To TpoPrnua o€ 60 dwcTdoEg

2.7.1 FEioayowyn

Yvveyilovrag va pehetdpe to TpOPANpa TG TPOCTTMOONG OKOVGTIKMY KUUAT®V G
dlempdvewn ovapeca ce 0Vo péca, Bo dutnproovpe TO KAPTEGVO GUGTNUA
ocvvtetaypuévov kot Bo Bewpnioovpe d01ddoon oe 600 Owotdoelc. Ta axovoTikd
Kopota o BewpnBovv emimedo, mov amotelel ol TOAD KOAY] TPOCEYYION €VOG
TPOYUATIKOD POIVOLEVOL OKOVGTIKNG S10d000MG TV 1| 0KOLGTIKN YT BewpnBel 0T
Bploketot o€ O peydAn amdotact and T SETPAVELL.
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Oa avTYWETOTICOVHE TO TPOPANUA TNG AVAKANGNS TNG OKOVGTIKNG EVEPYELNG GE pia
dlempdveln, avapeso oe dVo PEc amd TO Omoio TO TPAOTO S10didEL LOVO OKOVGTIKA
KOHOTO, VO TO deVTEPO gival EAOOTIKO emTpémovtog T 0140001 TOGO0 OKOLGTIKMV
(St K®V) 060 Kol STUNTIKAOV KOUATOV. XT1 cLVEXELR Oa avaQepOUOOTE IE TOV
OpO «PEVOTO» GTO PECOV GTO OTOi0 O100100VTOL LOVO OKOVOTIKG KOUOTO KOl LUE TOV
Op0 «EAOOTIKO» GTO HECOV TOL LROOTNPILEL TOGO JUNAKN OGO KOl OOTUNTIKA
KOUoTO.

Eivar ovvnbiopévo oe éva mpofinua avthg e yvempetpiag vo Bewmpnoovue éva
GUOTNLOL GUVTETAYUEVOV e AEOVEG TOVG X Kol Z Pe Tov Afova TV Z vo Telvel Tpog Tol
kdtw (deite 0 oynua 2.6). Olo ta pey€édn tov mpoPfAnuatoc Bewpovviar aveEapTnTa
amd 10 Y, eV M SEMPAVELD TOV YOPILEL TaL OVO AKOVOTIKA HEGO vogital kABeT 6TO
EMIMEDO TOV GYNLOTOG LE TO 1YVOG TNG OTO EMIMEDO TOV GYNLLOTOG VO OVTIGTOYEL GTOV
aova tov X. 'Etot 0 dovag tav Z sivan kBeTog oty dlempavela.

Ye éva mpoPAnua dmwg ovtd, T peYEBN mov vmelcEpyovion amd TNV HEPLE TOV
PEVOTOV, lvar M TEOT KOt 1] LETOTOTION TOV GTOEIWODV GOUOTIOIWV, EVD YloL TNV
TEPIMTOON TOL EMAGTIKOD HEGOV, EYOHE TOV TOVVLGTH TOV TAGEMV Kol TNV
petotomion. O TavvoTig TOV TACEDV OMOTEAEITOL O TIC GUVICTAOGES TNG TAONG TOL
QVOTTOGOETOL GE €V, 6TEPED Kal 01 0moieg cvuPoriloviar g g;; Onwg Exoue Ogt, e
TOV TPMTO OEIKTI VO OVOPEPETOL GTNV EMUPAVELD OTNV OTTOL0L EMEVEPYEL 1] TAGT KO TOV
devtepo Oeiktn va avaeépetor oty devbuvon ¢ taonc. Kabog avoapepopacte e
TpoPAnUa 0v0 dwotdoemy pe TN dlemupdvela va eivon kdBetn otov déova TV Z, To
peyédn mov pag evolapEépovy Ba apopodv To eV AdY® EMIMESO KO GUVETMG e PAon
TOV OPICUO TOV TAGEMV 0 TPMOTOG OEIKTNG 6TO GYETIKO cvpuPoiicud Ba givor whva o Z
evd o 0evtepog Ba avaeépetor otnv devbuvon g thong. Amd TIC TAGES TOV
OVOTTOCCOVTOL GTO EANCTIKO UEGO, GTO TPOPANUA LOC VTEIGEPYETOL OGS B doVUE M
oUVIOT®OO0, Tov glval KABeTn o1 Olempdvela avdpeca oto 0o péca Ko
cupuPoriletan pe o, kol M cLVICTOGO TOL PBpicketol 6T0 emMinedo NG SlEMPAVELOS
Kot ovpPorileton pe o, . InpelOdVOLUE TEAOG OTL OTNV TEPIMTOOT AVTY, TO OLAVUGHLOL
TOV SUVOUIKOD TNG UETATOMIONG TOV OOTUNTIK®OV KOUATOV gival KAOETO 0T0 eminedo
Xz ko €yl pétpo ¥ (doknomn), omdte apkel LOVO 1 GLYKEKPIUEVT] GUVICTMOGO Y10 VO
peretn et to TpdPANUa TG 0140001 G TMV KVUATWOV GTO dEVTEPO LEGOV.

O1 oyéoe1g Tov GLVOLOVY TAL SVVOLIKG TV SWOUNKOV Kot SIOTUNTIKOV KOUATOV [E TIC
GLUVICTOGES TOV Tdoemv ard v 2.5.10 givan :

oD 'Y
+
0z*  0zox

o, = AV’ +2u( ) (2.7.1)

Ko

2 2 2
Zx\f _%z\f +2<§Z;I>)<) (2.7.2)

Oy = 1(

7 TavvoTig ivon éva yevikevpévo Sdvoopo Taéng N avéloya pe Tic ouvictdoeg Tov. Eva Babuwntd
péyebog etvar eldkn mepintwon tavuot) tdéng 0 evd €va dovuopatikd euokd péyebog otov ydpo
&yet tovuotikn] Téén 1 xobhg amartel 3 ap1Opovg yio Tov Tposdlopicud tov.
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Pevotd

EAaotikd

Typa 2.7 Avvapikd KoLATov Tov TPOSTINTOLY, OVOKADVTOL Kot S100100vVTaL OTNV EMPAVELL TOV
yopilet Eéva pevoTo amod Eva EAACTIKO HEGOV.

2.1.2 Avixloon emimedwVv OKOVOTIKWV KDUGTWV OTHV OLETLPAVELD, OVOUETO, OF EVO,
PEVOTO KO EVOL EALACTIKO UECOV.

OewpoOe AOUTOV pio 0KOVGTIKN dlTOPOY TOV OSIdETAL LE TV HOPPT EMITESOV
KOLLOTOG KOl TPOCTIMTEL TNV EMPAVELN TTOL YOPILEL TAL OVO HEGA OO TNV TAELPE TOV
pevotov (Zynuo 2.7). Ta 0vo péoa Bempovvior nudmelpa ce €KTOoN KOTE TN
oevbuvon z, evd vmevBopilovpe O0TL OAa Ta peyEédn dev efaptdvtor omd TNV
petofAnT Y. Tuquo g akovoTikng evépyelog Oa avokilootel Kot Ba emotpéyel 610
pevotd kol Tunpa Ba d10000el 610 EAACTIKO HEGOV OAAG LE TN HOPPT OVO KLUATOV
OLPOPETIKOD €100VG:  ALAUNKES Kot SIUTUNTIKO.

Ta kdpata Bo mapapeivovv enineda (oto oynua PAEToue TV d1evBuvon d1ddoong TV
avtiotoywv Kopdtmv) kat o yapoaktnpilovion amd to e€NG SVVAUIKA:

. Avvopukd HETATOMIONG KOVOTIKOD KOUATOG 6T0 pevotod péoov O =D, + D
. AVVOUIKO PETATOTIONG AKOVOTIKOD KOUOTOG 6T0 eAaOTIKO pécov D,
o Elootikd Suvapkd owatuntikov kopatog oto ghaotikd pécov ¥, (pio

OLVIGTAOGO AOY® EMIMEINS YeEOUETPIOG).

[IpocéEte OTL TO SLVOUIKO LETATOTIONG GTO TPAOTO HEGOV TO Yphwae og dOpoicua
dvo dvvopik®Vy ta omoia, pe Pdon to oynua 2.7, oG TOPATEUTOVV GTO TPOGTINTOV
KOl TO OVOKADUEVO KOLLOL.

YrevOouilope 611 100 ¢ Gved SLUVOIKE KOVOTOWUV TIG OVTIOTOWES KUUOTIKES
e€lomoelg e Tig TayHTNTEG 01A006NS TMV KVUATMV TOV OVTIGTOLYOVV GTO KAOE HEGOV
petdooonc.
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1 0*®
2
v q)l_E atzl (2.7.3)
2
VO, = Ci % (2.7.4)
p2
2
vay, :izaat‘fz (2.7.5)
CSZ

Omov o1 TaOTNTES O1A00CNG TOV OGKOLGTIKOD KOl TOV OlOTUNTIKOD KOHOTOG GTO
0£0TEPO UEPOG GLUPOAILOVTOL LE €, KoL Cg, avTIGTOV(OL.

Kévovtog Tnv mopatipnon ot £yope d1ddoon pévo mpog ta Ostikd X, o1 Moeig Tov
0¢ Gvo Kopatikav eElomcemv Ba glval avtictoya :

q)l — Aei(kxlx+kzlszt) + Azei(kxlekzlzfa)t) (276)
(Dz — Blei(kx2x+kzzz—wt) + Bzei(kxzx—kzzz—a)t) (277)
lPZ — Clei(kxszrkSZsz(ot) +Czei(kx2X7kszzszI) (278)

omov PéPoia Exope Dempnost ypovikt eEGPTHON TG HOPPNG €.

Ol avotépm eKPPACELS TOPOTEUTOVY GE AVGELS TOL OVTITPOCSHOTEVOLY KOLOTO TOV
dwadidovtar 1660 mpog ta BeTikd (owéavoueva) — TPOTOG OPOG, OGO Kol TPOC T,
apvnTiKa (peovueva) — dgvtePog 6pog, Z. Ot GLVIGTMOEC TOV aPlBUOD KOHUOTOG TOL
eueavilovtolr ot avoTéP® OYEGELS LIOONAMVOVTOL HE TO O00TEPO OEikTn Vva
OVOQEPETOL GTO OVTIOTOLYO HEGOV d1AO0CNG.

Enopévag, oty 2.7.6 avayvopilope tov mpmto 6po og D, ko tov devtepo wg P, .
Eriong mapatnpovpe 6t dev VTAPYOVY KOUATO TOV VO 00EVOVV TPOG TO CLPVNTIKA Z
oto dgbtepo pécov. ‘Etot o1 ouvteheotég B, ko C, otig 2.7.7 ko 2.7.8 mpénel va
etvan 0.

ATAOTOI00E OTI GULVEYEWL TOLG VTOAOYIGHOVS oG Oempdvtag OTL To KOUW
TPOOTINTEL OTN SLOYMPIGTIKY EMPAVELD HE povadiaio mTAdtog (A1=1).

‘E1o1, aviikafiot®dVvVTog TOUG GUVIEAECTES TOV ADGEMV TV OLVOUIKAOV OV didovTol
amo TS ekppdoeg 2.7.6-2.7.8 pe cOUPOAX TOL TOPATEUTOVV GTOVG GUVTEAECTEC
avaKAooNG Kot S10d000NG TV OKOVCTIKAV KOl SOTUNTIKOV KUUATOV 6To, d00 HEGH
mov B0 LG OTAGYOANCOVV GTN GLUVEXELD, TOIPVOLLOL TIG TOPAKAT® EKPPAGELS :

8 H texpunpimon tov oyéoswv 2.7.6-2.7.8 a@fveTal 0¢ AGKNOT GTOV AVAYVAOGT
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Typa 2.8 OuapiBpol kdpoTog 6T0 TPOPANLLO TG OVAKANGCT|G ENITESOV OKOVOTIKOV KUUAT®V A
EMPAVELD AVOUESO OE £VOL PEVOTO Kot EVOL EMAGTIKG péGoV. Oempovpe 6t Cgy < C )

O, = e'lerrimt=et) (2.7.9)
R (2.7.10)
D, =T e/ herrharen (2.7.11)
W, =T,/ torhmmen (2.7.12)

O ocvvteheomg R, eivon o evvredeotijs avarxiaons (reflection coefficient) tov fyov
oTN SEMPAVELD OVAUEGD, GTO PEVGTO KoL TO EAACTIKO HEGOV EVD Ol GLVTEAESTEG T,

kv T, eivor avtiotoyo ol evvredeotés diddosn °(transmission coefficients) tov

SLOUNK®V KO SIOTUNTIKOV KOUAT®V 6TO 0EVTEPO LEGOV.

Me dedopévo 01t 10 pétpo NG ekBeTkig cuvaptnong eivar povada, kot Ot 0
TPOCTUNTMOV KLUOTIGHOG €xel mAdTog 1, aviihapuPdvetar Kovelg OTL Ol GUVTEAECTEC
eKQPALovV TO MOGOGTO TNG OKOVGTIKNG EVEPYELNS MOV OVOKAUTOL GTO TPAOTO M
dudideTat 610 deVTEPO HEGOV avTiGTOLYO.

O voroYo oG TV GLVTEAEGTMV ol Yivel 6T GLVEKELD OTAV EQAPILOGTOVV Ol PUGTKES
oLVONKES TOV SEMOVV TIG TACELS KO TIG TOPUUOPPADGELS OTN OEMPAVELL OVALEGH
oTa 000 PECAL.

1o oynuo 2.8 PAémope Tovg aplBovG KOOTOS TOV VIEIGEPYOVTOL GTO TPOPANLUA LLOG
LE TN SWVUGUOTIKY TOVG £K@pacTt. BAEmope kot 11 yovieg mpdontmong, avakAaong
Kot 014006MG, KAOMDG Kot TIG GLVIGTAGES TV apliUdV KOLOTOC.

¥ Me avapopd TévTo, 6To SUVOIKE TOV KOUGTMV.



Ewcaymyn omv Axovotikn Qieavoypapio 51

Inuetdvoope 6Tt and to vopo tov Snell, n opilldvtio cuvieT®o TOL aPLOROH KOUATOG
k, mopapéver n B kor oto dVo MNON Kvpotwopov (ywri ;). ‘Etor Ba woydet
Ky =Ky, =K, . H xataxdpven covictdca tov aptBpod kOHatog 610 Tpdto pépog da
nopopeivel ¢ pETpo M e oAAG Bo aAlGEEL opd kol debBvvon, pe T yovia
TPOGTTOONG Vo gfvat {on pe ™ Yovia ovakAioong.

XPNOOTOIOVTAG TO GUUPBOAMGUO OV EI0QUE AVAOTEP® YO TIG TAXVTNTEG O14O00NS
OKOVGTIKMV KOl SOTUNTIKGOV KOPATOV 6T 600 péca, ot avtioTotyol aptfpol KOHoTog
. . w w 10}
EXOVV PETPO ky = —, k,, =— KoL k, = —.

¢ Cp2 Cs2
To mpOPANUd pog eivor vo VTOAOYIGOUE TOVG GUVTEAECTES TV OLVOLIKOV OTOV £fvat
YVOOTE TO KUUOTIKG YOPOKTNPIOTIKA GTo OV0 HECO KOl 1 YoVio TPOGTTOCNG GTO

pPEVGTO HEGO.

o 10 oyetkd vmoroywopd BHo ypNoWOTOMCOUE TIG OPlOKEG CLVONKEG TOL
TPOKLITOVY OC CLVEMELDL TMOV QLGIKOV VOU®OV KOl TEPLOPIGUAOV TOL SETOVV TO
mpoPAnua. Ot vopot avtoi givol:

e Aev vmapyel vmepPdiiovca mieon amd v pie M| TV GAAN TAELPA  TNG
OLEMPAVELNG
e To ovo péca Ppiockovror Tavto o EmOQY|

Q¢ ovvéneln avtov moipvope OTL Ol avamTLooOuEveS Thoelg kdbe &gldovg o1
OlEMPAvELD TPEMEL VO Etvan ovveyelc (TPMTOG VOUOC), EVA 1| KABETN OTNV JEMLPAVELD
petotomion Ba mpémetl va eivon emiong cuveyng cuvaptnon (6e0TEPOG VOUOG).

2V mepintoon Tov TPOPALATOG HE TO PEVGTO Kot TO EANCTIKO PEGOV, Ol GLVONKEG
€EE10IKEVOVTOL OTN GLVEYELD TNG KAOETNG TAONC OTN JEMPAVELN, GTO UNOEVICUO TNG
SITUNTIKNAG TAONG OTN OEMPAVELD. (O0EV VILAPYEL SOTUNTIKY TAOT GTO PELOTO) Kol
TEAOG OTIV GLVEYELN TNG KAOETNG LETATOMIONC.

Gl,zz = Gz,zz (2713)
G, =0 (2.7.14)
dlz = dZZ (2715)

XPNOWOTOIDVTAG TIC EKQPACELS TOV TACEMV KOl TOV HETOTOMIGEWV OTIS OV0
JOTAGELS, EVOLLOVUEVOL OTL GTO TPMTO HECOV OV €lval PevGTd £XOE 014006 LOVO
OKOVGTIKOV KUUAT®V, Toipvope avticToryo

0’0,

A o’v, o°Y
Ao T,

+ 2 2.7.16
0z° 826x) ( )

+2u(
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2 2 2
oW, 0¥, 0Py g 2.7.17)

M OX? 0z* 070X

Kol
od, 0D, N oY,
0z 0z OX

(2.7.18)

omov @, =D, +D,, .

[Mapatnpodpue O6tL €rovpe €va ypopukd cvotnua 3 e£lo®oewv Le 3 ayvAOGTOVG.
Egpappolovrag 115 e€iomwoelg oto Pdbog z=0 kot avtikafotdvtag TiG EKPPACELS TV
dvvoakav and Tig oyéoelg 2.7.9-2.7.12, n enilvon Tov GLCTAUATOG HOG OI0EL TOVG
AyV®OOTOVG CLVTEAECTEG.  ATO aVTOLG avVAPEPOUE UOVO TO GLVTEAECTN OVAKAONGNG

R,, mov givan
koo (aa” —k)? = @ )
R, = 2/ 7n /G (2.7.19)

12 k )
4k22kszzkx2 + (k5222 - kX2)2 * (%2)( Zz/l(zl)(a)/CsZ4)

A&ilel va oyoMdoovpe AMyo to peyEON OV VIEIGEPYOVTOL GTNV OVAOTEP® CYECT) UE
avapopd Kot 6To oynua 2.8 mov aivovtol ot GUVIGTOGES TV aPBU®OY KOUOTOG.

Mo va €&ovpe kopatikd @avopevo (d1doomn KLpdtowv ot dVo d1oTAcELS), Oa
TPEMEL OLEC O1 CLVIGTMGEG TOV APOUOV KOUOTOC va glval Tpaypatikoi apBuoi. Av ot
apBuol avtol givorl QovVTAoTIKOL, 1| AVGT TOL TPOKLATEL OEV AVIUTPOCMOTEVEL KOLLOL.
Av16 givon edkoha Kotavontd edv avaroyiobel Kovelg 6TL 01 GLVIGTAOGES TOL aPlBoD
KOUOTOG TOAAUTANGIOLOUEVOL UE TNV YOPIKT HETAPANTY, GLVIGTOVV TO OPIGHA TNG
exfeTikiic cuvaptnone e?. 'Etol edv ot ékepoon u = e Bswpricope 10 a,

pavtooTikd opOpd (a =ia,, a, € R), Oo mapovps U=e

ov  eKQPAlel pio
amooPevouevn GLUTEPIPOPE Y®PIC Kuuatikd Gavouevo (Yo a1 0eTikd) w¢ Tpog Tig
YOPIKEG cuvieTayuéveg. Me dAla Adyl 0ev vmdpyel 0140001 TOL KOUATOS GTNV

avtiotoym oevOvvon.

o va éyovpe Aowmdv 6AovS TOLG OPBROVG KOUOTOG TPAYUATIKOVG Oa Tpémel va
woxver k,, >k.,, k,, >k, k, >k, k,>k  oocte vo &gl vonua n avdivon tov
aplBpov KOPATOG G SVUGHATIKOD HEYEOOVG GE OV0 (TMPOYUATIKES) GUVIGTMGEC.
AvT10 dev elvar dpmg Tavta dvvatd kot €apTdtan amd T GYECT TOV TAPAUETPMV TMV
0vo péowv petacd tovg. Ta mopdderypo og Oeswprioope TPOCTTOON EMIMEd®V
KopaToV og 600 puéca yio ta omola 16ydet ¢, > ¢, . And 1o vopo tov Snell maipvope
ot

- sz -

sin@, =—-sin g, (2.7.20)

1

[Mapatmpodpe 6Tt yuo Kamoteg ywvieg 6;, to nuitovo g yoviag diblacng maipvet
T peEYoADTEP Omd TN povddo kot emopévedg 1 yovio 01d0laocng yiveton
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QOVTAOTIKN. AVTO 1GOJVVOEL HE TNV KATAKOPVPT GLUVIGTMOGO TOL aplBpol KOHOTOC
va givatl avtaoTikn. Emopévmg dev vapyet d1ddoon katd tov dova Tov Z.

O HEAETNOOVE TO POVOUEVO TEPIGGOTEPO GTNV OVOPOPE LA GTO TPOPANUO NG
avaKloong otV emEAveLd Tov yopilel 500 pevotd péca 6ToLv Kot Ha e1GayovE TNV
évvoln NG «kpiong yoviag». Xto onueio avtd pmopodue Ouwc va dovue Tt o
TAPOVLE €AV 01 KOTAKOPLPEG GUVIGTMOGES Kot TV 000 aplBpdV KOLOTOC 6TO dEVLTEPO
(ehooTIKO) pEGOV YivOuV QOVTOCTIKEG TocOTNTES. K,, =10, , K, =10, .

AVTIKaoTOVTOG TIG EKQPACELS AVTEG OTO GLVTIEAEST avakiaong (2.7.13), maipvope
NV £KQPOCT TOV GUVTEAEGTI] OVOKAOCTC OTNV TEPIMTWOT OMKNG avVAKAOONS amtd £va
ehootikd péco. Kdavovtag tig oyetikég mpaelg (Aoknomn) oomotdvovpe Ot 0
GUVTEAEGTIG OVAKANGNG YPAPETOL GTNV TEPIMTOGT OLTH ®G

R, = e (2.7.21)
oMoV
4
n=Arc tan{&ﬁc%[%gzqzkx2 +(0,2 +k2)T} (2.7.22)
P Y @

Avtd onuoiverl 6Tt TO OLVOIKO OVAKANGOMG OPEPEL MG TPOG TO OVVOUIKO
TPOGTTMOONG HOVO MG TTPOG TNV GAcT. To TAATOS TOV SLVOKOD TOL OVOKAMUEVOL
KOLLOTOG, IOV eKQPALEL LECH TNG OVTIGTOYNG TTECTG KOL TNV EVEPYELN TOV EMICTPEPEL
0710 vePO, MOPAUEVEL TO 1010. Me dAAa AOYlo, OAN M EVEPYELD. TOV TPOCEMEGE OTN
LY OPIOTIKN EMPAVELNL OVOKAAGTNKE, OAANL TO AKOVGTIKO KOO VTEGTY Lo Slopopd
QAoNG. ZUVETMG OEV LIAPYEL KVUOTIKY EVEPYELD OV VO, OOIOETAL OTO EANGTIKO
pécov !

2.1.3 Avixiaon emimedwV aKOLGTIKOV KDUATOV GTHYV OIETLPAVELL OVOUETO GE ODO
PEVOTA. LUETA.

Bo dobue TOpa TNV €WVIKN TEPimT®ON Tov 10 O0evTEPO pHécov egivan pevotd. H
TEPIMTMOOT ALTH ATOKTA EI0IKO EVOLOLPEPOV BTNV AKOVGTIKN MKEOVOYPAPIo, L0l KO TO.
VA Tov PubBod Kovtd oTIC aKTEG Kol ot pNYES Bdhacoeg umopodv va Bewpnbodv
PEVOTA. XTIC TEPLOYES AVTEG 1 OKOVOTIKT WKEAVOYPAPia £XEL TANODPO EPUPLOYDV.
Ortav ta 800 péca etvar pevotd, to povo dvvapkd mov opiletat eivar T0 SUVOUIKO TV

dwpnkev kwpdtov @. I'a 10 TpocninTov T0 avakA®UEVO Kol T0 SOADUEVO KOO
(6A0 SN KN — AKOVOTIKE) 1) EKEPACT TOV SOVVOUKOV Etvat :

q)ll _ ei(kxx+kzlz—a)t) (2.7.23)
q)lr — Rlzei(kxx—kzlz—wt) (2.7.24)

CDZ =Tpei(kxx+kzzz—a)t) (2725)
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Ot ovvOnkeg otn SlEemEdveln TOPAUEVOLY Ol 101EC HE OVTEC TNG TPONYOVLEVNC
nepintwong pe v anovoio BEPata TS GLVONKNG Yo To SIATUNTIKE KOUOTO TOV €M
elvan kevn mepieyopévov. Etotl maipvope

O-lzz = O-Zzz (2726)
d, =d,, (2.7.27)

XPNOOTOIDVTOS TIS EKQPAGELS TOV TAGEMV KOl TOV UETATOMIGE®V TOL £XOUE OEL
oT1G 000 O100TAGELS, TOIPVOLLE :

R R
P atzl =P, atgz (2-7-28)
() D
6621 = 85—22 (2729)

Me avTiKatdoToon ToV SVVOUIK®OV OTIS OVTIOTOTEG EKQPACELS KOl £XOVTOC VT OYV

ot @, =0, + D, , maipvoue
pla)Z{ei(kxXJranfa)t) n Rlzei(kxx—kﬂz—a)t)} _ pza)szei(kX”k“Z’“’t) (2730)
Ko
ik, {e't k) R glkourely T glkottaar-en (2.7.31)

Epappolovtag tig oyéoelg avtéc ot demipdveto (z=0) kot mwapatnpodvTag 0Tt EYOUE
Kotvovg dpovg e kot ota Vo pépn, maipvope

P1A+Ry,) = p,T, (2.7.32)
Ka(1=Ry,) = kzZTp (2.7.33)

To ypoappux6d choTra WG TPOG Tovg cuvtedeotég Ry,, T, emdveton gvkolo (Ackmon)

Kot 610€t Ta amoTEAEGLOTA

_ Ko —K;op1 (2.7.34)
K12 + Koo 01

12

T - Hap (2.7.35)
K02 + K0

Mmnopet kovelg va damotmdcetl 01t ot oyéoelg 2.7.34 ko 2.7.35, exppalovv ta Opa
TOV OVTIGTOLY®MV CLUVTEAEGTMOV Y10 TNV TEPITTOOT] TOV TPOPAUOTOS TNG AVAKANGTG
avlpeco o€ €va pevotd kol Evo EAUCTIKO pécov, amd Tovg omoiovg Exope MOM
TOPOVGIACEL TO GLVTEAEST OvaKAaong (Xxéon 2.7.19), 6tav 1 TayvTTa d1dd00NS
TOL SO TUNTIKOV KVpatog tetvet oto 0 (¢, — 0).
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Eniong 0o mpémel va mpocéovpe OTL 0 GUVTEAEGTNG dLAO00TNG GTN LOPPT TOV TOV
dtver m oyéon 2.7.35 a@opd TO GUVTEAEGTI] MOV VLAEIGEPYETOL GTNV EKPPOACT TOL
duvapIKoD HETATOMIONG. Xt mEPLosoTEPA PiAia TOv aPopohv KLUATIKY O1dd00N, O
OLVTEAEGTNG S1Ad00NG aVaPEPETOL GTO AdYO TNG Tieong S14600MGC MG TPOg TV Tieon
TPOGTTOONG KOl £XEL SLAPOPETIKY] EKOPOGCT GE GYEOT UE AVTO TOL AVOPEPETOL TNV
avotépm oyéon (Acknon).

Oa acyoAnBovpE ATOKAEIGTIKA LLE TO GUVTEAECTN AVAKANGONG Y10 VO LEAETI|COVLE KOil
AL TNV TEPITTOON TG OMKNG avAKAOONC.

EvoAloktikn €kppaon Tov GUVTEAESTH] OVAKANCTG HECH TOV YOVIOV OVAKANCNG Kol
d1dOLaong Kot YPNOUOTOIOVTOS TO GVUBOMGOHO C, Yo TNV ToOTNTO O1Ad00NG TMV

OKOVOTIKOV KUUAT®V GTO 0£0TEPO HEGOV (QPOV OEV LIAPYOLV OLOTUNTIKE KOLATO)
TOIPVOLLE LE XPNON TOV GYECEDV

k,, =k, cos6, = Cgcosé?1 (2.7.36)

1

k,, =k,cos@, = Cﬁcose2 (2.7.37)

2

R, = p,C, Cos, — p,c, cosb, (2.7.38)
p,C, C0SH, + p,C, C0sH,

Amd 10 vopo tov Snell éyope sin g, = Z—zsin 0, omdte KoL COSH, = \/1— ((;—2)2 sin® 6,
1 1

Onwg eiyape v evkoupio vo S10MIGTOGOVIE KoL GTNV TPOTYOVUEVT TEPIMTWOOT, EAV
C, <C, , M yovia 8, gival TAvTo TPoyUUTIKN KOl VTAPYEL KUUATIKO (OIVOUEVO KOl GTO
devtepo pécov. A&ilel va mopatnproope 0Tl 6tav OAEG Ol GUVIGTOGES TV ApPlOUdV
KOpotog etvarl mpaypatikoi apBuoi, o cLVTEAESTNG avakiaong eivol mpayuatikdg
apBudc. Otav Opmc C, > C; VIAPYEL N MEPITTMOT TNG OAKNG AVAKANONG Y10l YWVIES
TPOOTTMONG HEYOaADTEPEC TNG Kpiouns ywvias (critical angle) mov opileton péocw
™G oxéong 2.7.14 :

0., = Arcsin & (2.7.39)
C,

INo yovieg mpoéomtoong peyahdtepeg g Kpiowng, n yovia diddoong oto de0TEPO
pécov givol POVTACTIKY] KOl O avVTIGTOX0G KATAKOPLPOG aplipdg KOLOTOS YPApETOL
k,, =19, . Ebkola Sromiotdvoupe Tt 0 cuvteleotig avakiaong yiveror :

R, = Kup =100, (2.7.40)
K10, +i9,0,

[Mopatmpovtag 6t 0 apBunmg eivar o cvlvyng TOL TAPAVOUAGTY], O GUVTEAECTNG
avérhaong sivor pryadikdg aptBpog mov ypaeeTot g
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R, = —e?x (2.7.41)
0oV
¥ = Arctan(&ﬁ) (2.7.42)
P19,

¥t0 oyquo 2.9 PAEmope évo SLAYPOULO TOV HETPOL TOV GULVTEAESTH OVAKAOGNG
CUVOPTNCEL NG YOVIOG TPOCTTOONS YIO. TV TEPITTMOOT OVO PEVCTMOV AKOVGTIKMV
pécmv, amd to omoia To deVTEPO YapokTnpiletal amd ToyhTNnTa S1Ad00NG HEYOADTEPT
amd eKetvn TOV TPMOTOL HEGOV.

[Mpoxertoan yoo pion TUMIKY TEPIMTOON TG OKOLOTIKNG WOKENVOYPAPING, oL Ko
ocuvnBmg ot tayhTNTES 0164000MG TOV OKOVGTIKOV KLUATOV oTto Boiacovd 1lnuata
elval peyodvtepeg and ekeiveg Tov vepo.

No onpeuvcovpe T€A0g OTL TO YvOpevo p.c;,i =12 ovopdleton yapaxtypiotiky

axovetiky avticracny (Characteristic acoustic impedance) kot anotelei 1010 TA EVOC
OKOVGTIKOU DAIKOV.

2.7.4  Avixloon enimedov nynTikod KOUATOS OO0 TOAVGTPWUATOTOINUEVO PEVGTO UEGO

2V Tpaypatikotta, o Tulpévag g Bdhacoag dev ival £va OpoYEVEG Kal 10OTPOTO
VAKO Ommg amontel 1 avAmTLEN OV KAVOUE UEXPL TOPA. Amoteleiton amd TOAAG
EMAAMNAQ GTPOUATO VAIKOV SLOPOPETIKNG GVVOESNC TOL OTNV OTAOVGTEPY] TV
TEPWTOCEWV UTopel va Bempnoet kaveic 0Tt doympilovtol amd ETPAVEIEC TOV ivor
EMIMEDEC, Kol TAPAAANAEG peTaEd Toug o€ opllovTia dwataln. Eni mAéov vmobétovpe
OTL 01 TOPAPETPOL TV VAIKDOV peTafaAlovTon povo pe to Padog z.

0.9

¢1=1500 m/sec
0.8 ¢2=1800 m/sec

p1=1000 kg/m3
0£2=1500 kg/m3

o7k Ocr=56,44 deg i

0.6} 8

IR12|

0.4
03 I )

0.2+ =

0.1 1 1 1 L L L L L
0 10 20 30 40 50 60 70 80 90

Angle of Incidence (Deg)

Tympea 2.9 oviedeotg avirklaong exinedov NynTKod KOUATOG GUVAPTAGEL TG YOVING TPOCTIOGNG
o1 SyOPLETIKT EMPAVEIR §V0 PEVOTOV Y10 ToL omtoin 1oyvel C, > C, . [Ipocéte Ty kpioun yovia
oT1c 56.44°.
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[MuBuéveg pe t1c mopoamdve 1010tnTEG OVOUALoVTaL 0PILOVTIA GTPWUATOTOIUEVOL
(horizontaly stratified). £to mopov kepdroo Ba cuveyilovpe va vrobétovue OtTL o€
KGOe oTpOUA M TLKVOTNTO KOl 1 TOYLTNTO O1dd00oMG TOV NYOV OV UETAPAAAOVTOL.
"Eto1 pmopovpe va odnyndodpe 6t pHovteAomoinomn tov TpoPARIATOg TG OVAKANGNS
TOV MOV amd TVOUEVE OTOTEAOVIEVO amtd TOAAL OHOYEVY] KOl IGOTPOTO GTPMUATO,
KAVOVTOG EMEKTOOT] TOV OGOV OVOTTOEAUE TPONYOVUEVAS YO TNV TEPITTMOT €VOG
VAoV povo. Xe kdbe mepintwon to tehevtaio otpopa Oo Oewpeitor 6Tl exteiveTal
péxpt to amelpo oto Z. [a amhovotevon mhviwg g avarntuéng Ba avapepbodpe povo
OTNV TEPIMTOON TOALDY ETAAANA®V PEVOTAV GTPOUATOV.

Oo eKVIICOVE HEAETMOVTOG TNV TEPIMT®OON TOL TVOUEVE IOV amoTeleiTon Amd Eva
OTPMOUN TETEPUGUEVOL TAYOVS TAV® amd Eva Mudmelpo nuiympo. H enéktaon ommg
Ba dovpE Yo TOAAATAL GTPOUOTO EIVOL AUEST).

Ocwpeiote t0 oynua 2.10, oto omoio onpewdvovtar ot devbvveelg d1ddoone evog
OKOVOTIKOU KOUOTOG, Ol OVTIOTOWEG Ywvieg TPOOTTOONG KOU Ol GUVIEAECTEC
avakiaong kot dbiaong yw kdbe Kopaticpd, 0T oavtoi opiotnkov omd T
TPONYOVLEVA.

To npdT0 OTPOUHO GTOV TLOUEVA (deDTEPO Katd avfovto apBud) €xer moxog h,.
[Teprypagikd, To KOpo ToV S1OAATOL GTO GTPMU AVTO AVOKAATOL GTNV OOYMPLCTIKN
EMPAVELDL TOL TPITOL OTPOUATOS KOl HEPOG TNG EVEPYEWS EMIGTPEPEL Yo VO
TPOGTEGEL GTT GLVEYELNL GTO OPLO OVALEGO GTO OEVTEPO KOl TO TPAOTO GTPOUA (VEPD),
OTOTE TUNUO TNG EVEPYELNG EMOTPEPEL GTO VEPO KoL TUNHOL TNG EVEPYELOG YLpilel miow
v va okoAovOnOet Bewpntikd 1 d1001Kacio oV €T AOPIGTOV.

To evopépov pog cuvnBmg eoTdleTOl GTOV VIOAOYIGHO TOV GKOLGTIKOV KVUOTOG
OV EMOTPEPEL OTO VEPO KOl TO OMOi0 oamoteAeiton omd emolAniio OA®V TV
KOULOTIOU®V TTov Yupilovv 6 avtd HETE amd TIC d1ad1KAGieg avAKAAONG Kol O1OANCNC
OV TEPTYPAYOALE OVOTEP®.

Me ava@opd 6ToVG GLVTEAESTEC TOL oynuatog 2.10, propovue va EKEPAGOLLLE AUECO
€KEIVOLG IOV AVAPEPOVTOL AVALEGH GE OVO HEGH LE TIG VTOOEGEIS TOV TPONYOVLEVOL
eoagiov. [Maipvope dniad :

R, = p,C, cosB, — p,c, cosb, (2.7.43)
p,C, cosf, + p,c, cosb,

_ Ps¢;5€080, — p,c, cosb,

Ry, (2.7.44)

p5c; cosb, + p,c, cos,

2p,c, cosb,

I,=

= (2.7.45)
p,¢, cos, + p,c, cosb,
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2p,c, cost
T, = P2C5 COST5 (2.7.46)
P3¢, €080, + p,c, cosl,
0,9
Ty TnRy
E 27!
Pr. 6
T2 T2 Apn#y
' Pa2.c2 Legz
‘yIZ “2] !|7 ’72’2'
P3, €3 !‘2 JZJ
CES ’n’n’n’n

Tympa 2.10 Avaxiaon kot dtbraon og mobuéva amoteAodpevo amd 300 PEVGTH GTPMOUOTO, TO OEVTEPO
NUbmepov mhyovg

[Ipéner va mpooéovpe dpme €0, OTL TO KOO OV €Yl Oladobel péoa oto devTEPO
otpdua, €xel vrootel cuvolkd pio dwwpopd edong 2K,h, coséd, =2k,,h, oamd
OTIYW] oL amoywpiletal Tn JSYOPICTIKN ETPAVELNL TPADOTOV-OEVTEPOV GTPMOUOTOG
HEXPL TNV EMOTPOPT TNG G OLTH META OO TNV OVAKANCT) OTN OEMPAVELN OAVALESH
070 0&0TEPO KOl TO TPiTO oTpdUa (AcKnon).

O avoyvmdong Wropet EDKOAN VO SIOTIGTMCEL OTL 1IGYVOVY Ol TOPUKATWO CYECELG
R, =-R,, (2.7.47)
TI,,T;, :1_R122 (2.7.48)
ABpoilovtag yeopetpkd OAeg TIC GUVEIGPOPEG A0 TIC TOAAUTAEG EMGTPOPES GTO

vePO, TOPATNPOVLLE OTL O GUVOAMKOG GUVTEAEGTNG OVAKANOTG OVALEGO GTO TPMTO KO
TO GUVOAO T®V 0V0 GTPOUAT®V, TOIPVEL TN LOPPT

Ris =Ry, + T}, Ty Ryy exp(2igp, ) + leT21R232R21 exp(4ig,) +... (2.7.49)
omov ¢, = k,h, cosd, .

Metd tov TpdTo 0p0, 01 Opot oTNV 2.7.42 £Y0oVV TN LOPON YEMUETPIKNG GELPEG

S = Zr” =(1-r)" yar <1, ondte yphooue

n=0
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R =R, +T,T,R,; exp(2i¢2)Z[R23R21exp(2i¢2)]" (2.7.50)

n=0

Xpnowonowwvtag TG oxéoelg 2.7.47 kon 2.7.48, maipvope pio amhn €K@pacn Yo To
GUVTEAEGTI] AVAKAAONG TTOL £XEL TN LOPOT|

_ Ry, + Ry, exp(2ig,)

= ' (2.7.51)
1+ R, Ry, exp(2ig,)

13

Evtelmg avtictoyo pmopovpe vo mipovpe Yoo To KOHo mov dadideTor 6to teAevtaio
HEGO, TO GLVTEAESTN d1AO00NG

= 1,15 eXp(i¢2.) (2.7.52)
1+ R, Ry; exp(2ig,)

A&ilel va onueiwdel 6TL 01 GLVTEAEGTEG EXOLV TN LOPON TOAAVTEVOUEVIS GLUVAPTNOTG

mov €€apTATOL KO amd TN GLUYVOTNTA UECH TOL KOTAKOPLEOL aplfuod KOHaTog, o€

avtifeon pe TV TEPIMTOON TOV GLVTEAESTH AVAREGH GE OVO PEVGTE GTPOUATA TOV

elva aveldptnTog TS GLYVOTNTOC.

Edv ta otpopata sivon mepiocdtepa o apBud, pio dtadikacio aviictoyn pe avt
OV TOPOVGIACOUE UTOPEL Vo eQapprooTel pe apyn to fabitepa otpduaTa, £T0L OOTE
vao, Tapovpe AHOM YL TO GUVIEAEGSTH OVOKAOGONC a0 TO GUVOAO TWV GTPOUATOV.
‘Etol, €bv &povpe n-1 otpopato kdto omnd 10 vePO, O CLVIEAESTNG OVAKANOMG
OVAUESO GTO GTPAOMA N-2 Kol TO TEAEVTAIO oTp®dua, Ba givor oe gvbeia aviioToyio pe
) oyéon 2.7.51

R _ R(n—z)(n—l) +R(n—l)n exp(2ig,_,)
R B R(n72)(n71)R(n71)n exp(2ig, ;)

(2.7.53)

['a 10 apéomg Tponyoduevo oTpdpa B mhpovpe

R(n—3)n _ R(n—3)(n—2) +R(n—2)n exp(2ig,_,) (2.7.54)

1+ R(n73)(n—2)R(n—2)n exp(2ig,_,)

Kol TEMKA O GLVIEAEGTNG OVAKAOOMG avlpeso o6to vepd KOl TO GOVOAO T®V
GTPOUATOV TOIPVEL TN HOPON

_ R, +R,, exp(2ig,)

L= (2.7.55)
1+ R,R,, exp(2ig,)

H mepintoon g olkng avakiaong yio 1o mpoPAnud pog Ba woyvoet €9’ 66OV og
Kémolo oand ta orpodpate Tov muhuéva vrapEel (Tomkd) OAKN avAKAaom. XNV
nePInTOON VT, 00NYyoVED Kot TAAL GE GUVTELESTN AVAKANGNG LLE LETPO LLOVADOL.
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Reflection Coefficient

1 T T T T T T T
0.9t ¢, =1500 m/'sec 1
¢, =1600 m/sec
0.8 c_i:185o m/sec b
orf p,=1000 kg/m? |
».=1300 kg/m?
06 #,=1500 kg/m? 1
=) f=500Hz
0.5 ]
g 2 h=100m
0.4 _
0.3 E
0.2 k
0.1 R
o f L . ! ! . 1 .
0 10 20 30 40 50 60 70 80 Q0

Angle of Incidence (Deg)

Tynpa 2.11 Métpo tov cuvieleot avaKAoong eXimedon NyNTIKOD KOUOTOS GTT OL0MPIOTIKY|
eMPAVELD VEPOD Kot 500 6TpOUdTOV endAANA®Y peuotdv. H kpicyn yovia edd etvon otig 54.18°

Y10 oynua 2.11 PAémope to Stdypappa HETOPOANG TOV GLVTEAESTN AVAKAMONG Ao
éva. moBuéva mov amoteAeitonr omd OVO cvvolkd otpopatoa. H xpiown yovia
eueavileTor OTOV TOPOLCIOCTEL OAIKY] GVAKAGCT OTN OWWPIOTIKY EMPAVELQ
OVOUESO OTO TPMTO KOl GTO OEVTEPO GTPAOLA TOV TLOUEVA (Yol ;).

210 oynua 2.12 PAémope TOo avTIGTOXO OAYPOUUO OTNV TEPITTMOT EVOG EANCTIKOD

moOuéva NUIGTEPOV TAYOVG.

Reflection Coefficient
1 T T T T T

k=] -
c,l‘:’ISGO msec
uer 6,,~1800 mfsec T
o7k csz=500 mysec |
2,=1000 kgfmj
06 8,=1350 kgim i
- =500 Hz
Z st -
0.4F -
03t -
02t -
01F -
D 1 1 1 1 1 1 1 1
0 10 20 30 40 50 B0 70 80 0

Angle of incidence (Deg)

Typa 2.12 M£tpo tov 6LVTEAESTH OVAKAAGNG EMITESOV MYNTIKOD KOUATOG GTH SLY®PLOTIKNY
EMPAVELD VEPOD KOl EAACTIKOV GTPMOHOTOG TVOEVA
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3. Aldd0061 TG MYNTIKNG EVEPYELNS GE MNEYAAES OTOCTACELS.
I'eopeTpikn akovoTIKY.

YEOUETPIKY OKOLOTIKN €ivar M pio amd T dvo Paocwég pebddovg mov

YPNOYLOTOOVVTOL Y10 TN HEAETN TNG OKOVOTIKNG d1ddoong ot OdAacca Kot

xpnowomolel v évvoln NG OKOLGTIKNG OKTIVag Yoo TN HEAET TOV
npoPAnuatov d1ddoong o éva akovotikd péco. H dAAn pébodog Paciletor oty
PN Kopatiky Bewpio ko yapaxtnpileTor ¢ Kupatiky akovotiky|. Ta TpofAnuoata
avakiaong kot 01dBAacng mov eEeTdoape TPONYOLUEVMOG EVIAGGOVIOL HEGO OTO
YEVIKE TAQIC10L TNG YEOUETPIKNG OKOVOTIKNG, GOLPMOVO LLE TNV omoia mapakolovdeitat
n MMTIKN evépyeln onueio mpog onpeio kabmg avt) dwdideton oe £vo pEcov Kot
aVOKAATOL OTIS Ol ®PLoTIKEG Tov empaveles. Etvor pioa pébodog mov cvvovalet
TOPOCTATIKOTNTO Kol QLGIKT epunveia oe avtiBeon pe v kopatikn Oewpio mov dev
OLVOEEL QUECO TO OTOTEAEGLO LE YEMUETPIKEG EVVOLEG. XTO, TAAIGIOL TOL HOONUOTOC
«Axovotikn Qreavoypapion Oo TEPIOPIGTOVUE GTNV YEMUETPIKT OKOVGTIKN EVAD GTO
péOnpo «Kopatikr Arddoon» Oa epPabidvope oe pedddovg g Kopatikng Bemdpnonc.

3.1  Hymrwkég axtiveg

Q¢ nyntikn axtiva Oo Bewproope TV KapmoAn, o€ KaOe onpeio g omoiog o aptuoc
KOpatog etvar gpamtdpevo odvoopa. H mymrikn aktiva Aowmdv givor kabetn oto
pétmmo kopotog. H d1evbvvon g mymrtikng axtivag tavtiletan pe m devbuvon tov
ap1Bpod kopartog yio kdbe péoov dddoons. Otav o aplBuog kopatog eival otabepdg
(otaBepn TOOTNTO O1AG00NC TOV NYOL) N MYNTIKY akTiva givor evbeia. Otav dpmg M
TayOvTTo HETOPAALETONL pe TNV omdoTOoT, N UETAPOA TOL UETPOL TOL OPOLOV
KOpatog o€ cvvdvacud pe to vouo tov Snell Tov emParel otabepd opildoviio apBuo
KOHOTOG, emiPaiovv v oAlayn otn oebOvvon Tov JVOGUATOS TOV aplBpov
KOUOTOG KOl EMOUEVMOG OAAayn otn oevbuvvon e mymrikng oktivag. Otav ot
petofoAég Tov aplBpod KOHOTOG €ival GULVEYEIG, TO OMOTEAECUO. YO TNV MYNTIKY
axtiva elval pio opod] KaUmTOAN GTO YMPO.

®o Oswpnoovpe kol 6€ OVTO TO KEPAAOO, OMWC KAVOUE KOl GTO TPOTYOVUEVO,
emimedo akovoTiKA Kopata. BéPaia Bo mpémel va tovicovpe 0Tt T emineda KOt
elval pio amAoOoTELON TNG TPAYUATIKNG ADGNG TOL TPOPANUATOS OKOVGTIKNG
owdoong ot Bdlacca. H Aon g axovotikng e&icmong yoo éva dedouévo
TPOPANUA Omc avtd mEPLYPAPETAL OO TN YEOUETPIO, TIG TOPUUETPOVS KO TIC
oploKEG cLVONKES, OV dideTaL LE TN LOPPT EMMEI®V OKOVGTIKMV KUUAT®V Kot etvon
TPoovEG 0Tl Ba mpémel va avatpélel Kavel o€ mePGGOTEPO GVUVOETEG AVGELS NG
axovoTikng elcmong. H évvolwn tov enimedov KOUATOG OCGTOCO TOPAUEVEL YPNOLUN
Kot TOAAEC @opég yivetor avaymy o outiv Y vo peAeTnBovv moAvmAoKa
TPOPANLATA OKOVOTIKNG S1AO00NG e AmTAOVG OAAG TOVTOYPOVO ETOTTIKOVS TPOTOVG
Kot yevikd eivol por KOAN TPoGEYYon Yoo KOUATO oL dwdidoviol o UEYAAN
amOGTOoT OO TNV TNYY.

Inuedvoope 6Tt N ToOTNTA SO0 G TOL XYoL 61N Bdhacoa petafdiietarl Koping
pe 1o Pdbog Omwg eidape 6t0 MTPAOTO KeEPAAoo TOL PiPAiov KoL AtydTEPO pE TNV
oplovt andotacn. Avtd onuaivel 6Tt 6 TOALG TPoPANLaTa apKel va vIToAoyicoue
™V d1doon Tov Nyov otnv BdAacca dtav ta peyedn petafdiiovior povo pe to
Baboc (oplovTio GTPOUATOTOMUEVO HEGO) KOt Ol KOl e TNV OmOCTOoT. AVTH TNV
AmAOVGTELGN B0 YPNCILOTOW|COVIE GTNV GUVEYELD DOOTE VO YIVOUV KOTAVONTES Ol



62 Ewcaymyn omv Axovotikn Qieavoypapio

Baoikég Evvoleg mov pog evotapépovy. [T mepimhoka mepifdriovta avtipetomilovtan
EPELVNTIKA KO OEV OTOTEAOVV OVTIKEIUEVO TOV TOPOVTOC Lo LaToc.

Ye kdOe mepintooN 1 YEOUETPIKY] OKOLOTIKN €ival ypiolun € TPOPANUOTO TOV
avalntodvtar Acelg 610 meEdi0 Tov YPOHVOL KaOMG €ivarl €DKOAO VO OAOKANPMOGEL
KOVEG TOGOTNTEG TAV® OTIC OKTIVEG TTOL BE®POVVTOL OC 0001 S1AG00NG TN NYNTIKNG
evépyeag. Evepyeloxd peyédn oloxkAnpovpeva méveo otig oktiveg Oidovv o
TPOGEYYICTIKN ADON Y10 TO OKOVGTIKO TEHI0 GE KO0 OMLEID TOV OKOVGTIKOD HEGOV.
Aev Ba emextabovpe OpmMG TOA 6’ ovtd 10 0éua. Oo ddoovpe Eva omAd TPOTO
VTOAOYIGHOV €VOG JYPAUUATOS OKTIVOV o€ éva HEGO 6TO Omoio HeTafdAAeTar 1
tayvmTo drdoons cvvexydg pe 10 Paboc (Zymua 3.1) kor Ba axorlovOnoer pia
AmTAOVGTEVUEVT Bedpn O TOV TPOPANLLATOG TOL VTOAOYIGHOV TNG OKOVGTIKNG TTECTG
oe dgdopévn Béon ot Bdiacoa pe yprion ™¢ Bewpiog aktivov. Oa Bewpnoovpe
OTMG KAVOUE LEXPL TOPO. O1A000T GE 0V0 SOGTAGELS. ZNUEUDVOVUE OTL TO OLEYPOLLOL
HETOPOANG TNG TOYVTNTAG d1A00GNS TOL NYoL HE TO PABog cLVOETEL TO «TTPOPIA» NG
TayHTNTOC.

O vopoc tov Snell opilel 011 o€ éva KouaTiKd HEGOV GTO 0MOI0 1| TAYVTNTO. S1AO0CNG
TOL KOPOTOC €IVOl GLUVAPTNON WOC YOPIKAG HeTofAnTiG (ag movue z), to TnAiko
sin f(z)
c(z)
apOuog Kopatog AapuPavopevog og dtavoouo pe Tov aéova Tov Z. Méypt tdpa To
vOUo ToV gldape vo e@aproletol LOVo TNV S(WPICTIKT ETPAVELN AVAUESH GE dVO
OKOLOTIKG péca. Znv mepimtwon pog 1 yovie € pmopel va Bewpnbel wg n
oyNUOTICOHEVN amd TNV MYNTIKN OKTIVOL KOl TOV KAToKOpLueo dEovo e dedouévo Otl
0€ OTOLOONTOTE oNUEl0 TNG MYMNTIKNG aKTivag 0 oplfuog KOHOTog ival EQATTOUEVO
dlavouoa.

napapével otabepd kat ico pe a. H yovia 8 eivar exeivn mov oynuotilel o

INa va mapakorovdcovpe TV S0SPOUN LG NYNTIKAG oKTivag pe to vopo tov Snell,
Bo Bemprnooue Eva oToYEIMOEG UAKOC dS TAV® GTNV aKTiva, oL dlovbOnke o€ YpOVo
dt. Emuo 3.2) Me avagopd ©T0 OOOTNUO  GUVIETAYUEVOV 7OV  £XOVUE
YPNOYLOTOMCEL, TAIPVOLE

ds = % (3.1.1)
cosd
= ds _ dz (312)
c(z) c(z)cosO
H oplovtio amdctacn mov dtavidnke otov id10 ypdvo eivar
dx = tan Odz (3.1.3)

Ao 1o vopo tov Snell naipvope

sin @ = ac(z)
cos@ =[1-a’c*(2)]"? (3.1.4)
tan @ = ac(z)/[1-a’c*(2)]"*
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ﬁ

clz)

clz)

Zypa 3.1 TIpopid ToydnTog Kot avTioTowyo Sty POl aKTIVOV

dx

y

dz ds

Typa 3.2 ZTotyeuddeg PKOG GE tio MyNTIKY oKTivae

Xi. Xf X

v

zi |

Zs

Xyqna 3.3 Teoperpio yio 1oV VTOAOYIGUO GUVIETAYUEVOV LLOG NYNTIKNG OKTIVOG

OloxkAnpdvoviog avapecso 6e 500 YPOVIKEG OTIYHES £, KoL £, Kol Beopmvtag OTL o
avticTolyeg ovvtetaypéveg katd tov afova tov Z givar z, kol z;, maipvoue yuo Tig
avtiotoryeg oploviieg cuvteTaypéves (Zymua 3.3)

X¢ Zf

B B ac(z)dz
X; =% = I dx _I —[1_ 220 () (3.1.5)

X Z

Me 1ov tpémo avTd pmopoVUE vo. mapokolovOnoope v mopeion HoG MYNTIKNAG
OKTIVOG. EeKvavTtog and éva Yvootd onpelo (x,,z,)mov cvvnbog givor n BEom g



64 Ewcaymyn omv Axovotikn Qieavoypapio

TYNG, Hmopovpe vo vToloyicope yio dedopévn yovia 514000Mc TV NYNTIKY aKTiva,
vroAoyilovtag yuo ka0e Bdbog Z tnv avtictoyn opldviia andotacn X mov Exet Ppedel
N aktiva, yio dedopévn cuvdptnon c(z).

O avtioTtoryog xpOdvoc mov £yl TEPAGEL dIdETO OO TN TYEON:

t Z

dz
t—t= !dt :! NETEPCTe (3.1.6)

A&ilel va mopatnpricope 0Tt | NyMTiKy yivetanr opildvtio oe PaBoc zn Yo To omoio
oyveL

c(z,)=c(z)/siné, (3.1.7)

kabmg oto onueio opiloviionmoinong 1o mMuitovo ¢ yoviog mov oynuoatiler M
EQUITOUEVN TNG OKTivag pe TV Kotakdpueo Oo mpémel va eivar 1 (Sing, =1). To
onueio avtd ivar Eva kpico onpeio Tov Sy pPApUATOS TG NYNTIKNG aKTivac. AALa
Kpiowo onueio givol Ta onueion TPOCTTMOONG GTNV EMPAVELNL Kol TOV TLOUEVA NG
O0dlacoag. H oloxAnpwon méve ce pio MynTikn oktiva Yoo Tov Tpocdlopicud v
Kpiowov okovoTik®v peyebov yiveton avdapeca oto kpiowa onueio. Ta kpiocyo
onueia etvar emiong KaBopioTiKA Yoo TOV VIOAOYIGUO TNG SOPOUNG TNG MYNTIKNG
OKTIVOG YPNOILOTOIDVTAG TO OVAOTEP® OAOKANPOUATO, OAAGL KOL YPNCLOTOIDVTOGC
TOV TPOTO LTOAOYIGHOV 7oL Bl akoAoLOCEL.

Me oOca €yope avagépel pEYPL TOPO yiveTon cagéc OTL M MYNTIKN evEPYEWL OV
taf1oebel 6 €va OKOVOTIKO HECOV o€ gubela ypouun €kTog Kot av 1 ToydTNnTo
dladoong tov Nyov eivon otabepr|. e kdbe dAAN mepintmon n MyMTIKN oKtivo givot
KaUTOAN, N e€lomon ¢ omoiag vwoloyiletar péow g oyéong 3.1.5. To povouevo
elval TOAD eVOPEPOV GTO VEPO, KOL OE EPUPLOYEG TNG OKOVOTIKNG OKENVOYPAPIOG
MOV  EKUETOAAEDOVIOL TNV  KOUTOA®GN TNG MNYNTIKNG EVEPYEWS KOl  TIC
ONUOVPYOVUEVEG TEPLOYEG LEYAANG 1 UIKPNC GUYKEVTPMOONG OKTIVOV OVOAOYOL LLE TNV
EQOPUOYY. XTO onueio avtd vo TOLUE OmAG OTL HEYOAN GLYKEVTIPMOON OKTIVOV
VTOONAMVEL TEPLOYY] 1OYLPOV AKOLGTIKOV TTEGIOL o€ avTifeon Le TNV mEPLOYN OTOV Ol
OKTIVEC €lval apalég OV VITOONAMVEL TEPLOYN 0oBEVOVE TEGTIOV. XTO EPMOTNLA Y10 TO
¢ Kabopilovtar ot mePLoyEg HEYAANG N UIKPNG GLYKEVIPOONG OKTIVeOV apkel va
TOPOTNPACOUE OTL M EKTOUT NYNTIKNG evEPYeERg omd pio myn yivetar cuvnBog pe
™ popen| déoung (Zymua 3.4). H déoun avt) kobopiletar and v katevbovvidmmra
™mg TYNS Onwg opiotnke oto kepdiawo 2. H amhovotevtikn mapadoyn mov yivetot
etvar 011 péoa otn déoun maipvope pio dSKPITONOiNoT 6T YoOVvie Kot avé aKTvVIKO
pa 06 Bewpovue pio myntikn axtive. ‘Etol n exmopm mymtikng evépyelag oty
myn Bewpeitar opodpopeN, Tapd T0 YEYovOS OTL 1 KatevBuvtdtnTa VITOINA®VEL OTL
avtd dev woyveL Tavta. Q6TOGO Yol TIC OVAYKES EMOMTIKNG LEAETNG TNG d1ASOCNG TOV
Nxov ot Bdracca avtd eivar apketd. AkorovBwe mapakoiovBeitor 1 mopeio kdOe
pog amd T oKTiveg ovTég 610 TEPIPAAAOV Kol oXeO1ALeTOL Eval SLAYPOUILO OKTIVDV
omowc oto oynua 3.5, M 7TpAOTN E€KOVO TOV  YOPUKINPOTIKOV TEPLOYDV
OCLYKEVIPMOONG N 0POi®MONG TG NYNTIKNG eVEPYELNS Hog d1del n avticToym meployn
GLYKEVIPOOTG 1] APOiONS TOV NYNTIKOV OKTIVOV.
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Range (km) Sound speed (km/s)
0 20 40 60 80 150 1.56

1
|
|

Tympa 3.5 Tomwd didypappo aktivev e fabdid Bdhacoa yio o epnpoavitopevo de&id Tpopih
toOtntag. ‘Exovv onpeimbel o1 yovieg ekmopnnic yio v ke axtiva. (and Clay and Medwin)

H oAloxMpwon ot oxéon 3.1.5 pmopet va yiver apiBuntikd, o0tav n toydtnTo givorl
plo  yevikn ovvdptnon tov Pabovg. TToAhég @opég Opmc KoTOEEDYOUE OF
OTAOVGTEVGEIS TOV TPOPIA TaYVTNTOC DOTE 1| OAOKANP®ON Vo UTOpel va Yivel £6T®
KOl TUNUOTIKE HE  OVOATIKEG OYE0ELS.  2XTnV  WEPImTOOon  ovut ovvhibwg
YPNOOTOOVUE Uio. TPOCEYYIoT TOV TPOPIA TOYVTINTAS UE CUVAPTNOELS TUNUOTIKA
ovveyelg, M kéBe plo and Tic omoieg pmopel vo dMGEL OVOALTIKY EKOPACT YL TO
oroxApopa g oxéong 3.1.5. Mia cuvaptnomn avtod tov €idovg givar 1 YPOUUIKY,
COLPMVA LLE TNV oToia TO TPOPIA TorybTNTaG didETON OO TN TYoM -

c(z)=c(z,)+b(z-7) Yo z,<2<2, (3.1.8)

Mmnopovpe Aowmdv va Bsmpnoope 01t 10 TPoPik TovTNTOG YWpileTon e TMOAAL
TUHOTO 6To omoiat M tayvINTa €xel dedopévn otobepn kAlon. H ohoxkAnpwmon
TPOYLOTOTOEITOL OVAUESO GTO TUNUOTO QVTO KOl GTY) GUVEXEWD TO TOPUYOUEVO, EML
LEPOVS SLOYPAULOTO OKTIVEOV EVOVOVTOL Y10 VO, 0OCOVY TO TeEAMKO dtdypappa. o va
emrevyfel opoAn kapmoAn, ocvvnBmg axolovbel pia efopdivvon Tov TEAKOD
OWYPAULOTOS, MOTE VO UMV TOPATNPOVVIOL OGLVEXELES LEGH GTO VEPD, KATL OV
OVTIKELTO GTOVG PVGIKOVS VOLLOVG.
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Tympa 3.6 KvkAikn dadpopn axtivev yio toydTnTo 1o Ypoppitkd netafoiiopevn pe to fédog

A&ilel vo SGOLLE TN HOPET| TOL OAYPAULATOS OKTIVOV avapesa o€ dVo Badn yo ta
omoia M petafoin g tayvtTog etvar ypoppikn. I'a 1o okond avtd ypNGYLOTO0VUE

v Bondntucm petafint

w=z—z + cz)
b
Ioyver :
dw=dz
c(z)=bw

Ta ohoxkAnpopota ( 3.1.5 ) ko ( 3.1.6 ) vroroyilovton o¢ e&ng :

wy

P dw
ST Wibw(l_azbzwz)uz

' abwdw
Xp=% = I(l_azbzwz)l/z

XPNOLOTOIDVTAG TIVOKEG OAOKANPOUATOV KATOAYOUE OTIS GYECELS

1 wf[1+(l—a2b2wi2)”2]
ty =t =log, — 272 2N1/2
b wl+(1-a"b"w;) "]

1 w,(1+cosb),)

At =t = log, "
! b w,(1+cosf,)

(3.1.9)

(3.1.10)

(3.1.11)

(3.1.12)

(3.1.13)

(3.1.14)

(3.1.15)
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Ko X, =X, = Lb[(l —a’h*w’)"? —(1- azbzwf,)l/z] (3.1.16)
’ a

n X, =X, = é(cos@i —cos8,) = R(cosb, —cosd,) (3.1.17)

[apatnpodue and ™ oyéon (3.1.17) ko pe v Pondeto tov oynuatog 3.6, 6t M
aKTIVOL KOUTOAGTNTOG TNG NYNTIKNG akTivag R oto didotnua Katd to omoio 1 kAion
¢ TayvTTag d1ddoonc Tov Nyov givarl otabepn, elvar emiong otabepn Kot ion e to

TAiKo % b Apa n mmrikn oktiva £l ™ Lopen TOEOL KUKAOV. AVTO S1EVKOAVVEL

OPKETA TOLG LIOAOYICHOVE KoL TNV KATOOKELT oAyopifuwv yio TNV TopakoAovOnon
NG TOPELNG TNG NYNTIKNG OKTIVOG.

Avtictoya n oxéon avapeco oto Babn z, kou z, givor.
z,—z; =R(sinf, —sinb,) (3.1.18)

Ymoloyilovtog TIC GUVTETOYUEVEG UG MYNTIKNG OKTIVOS omd T OvOTEP® OYECELS,
TapakoAovBov e TNV yewUETPio TNG O1AO00NE TOL MXOL 6T BAANCG.

Oo mpénel va mpocefovpe OTL €6V Oev LITAPYEL EUTHOI0 GTNV TOPElDL TNG NYNTIKNG
OKTIVOG TTOL VO TNV OVOYKAGEL Vo emoTpéyel miow, N petafoAn X; — X, mpémet va

elval mavta Oetikn). Avtd 1oY0EL OKOUN KOl OTAV 1 OKTIVOL TPOGTEGEL GTOV TLOUEVA
¢ Bdhaccag otav avtog Bewpeiton eminedog kol oplovtiog Ommg eiyape oeL péypt
topa. Avtibeto n petofod) Z; =Z; pmopel va glvon OeTikn 1 apynTikn avaroyo pe

TOV 1 OKTiva 00€0€L TPOG ToV Tuhuéva 1 v empdvela g Odlaccag avtiotorya. ['a
T0 AOYO aVTO TPEMEL VO, TPOGEEEL KATO10G GTN YPNOT TG CWOTNG Ywviag (apvnTiki 1
Oetikn) avaroya Kot pe TO TPOSUO TG aKTivas kKapmvldtnto R, mov 0nme eaivetol
Ko oo TOV 0plopd TG Umopel va givon + 1 — avéAoyo pe o mpoonuo g otabepdg b.
O avayvdotng eVKoAN UTopel v, avTIANEOEl T cwoT YPNOoTN TOV TPOCTUOV HE AlyN
eEaoknon.

fuepa M mopakoAoVONoN TG OOpOUNG OGS MYNTIKNG oaktivag yivetor pe
aplunticés texvikés mov eacpoiilovv peyoldtepn oaxpifer omv ybpoacn g
Srdpoung wiaitepa o€ yeviKd TpoPid T\ TNTOC.

3.2  AKOVGTIKN TiEGT KUl YEMUETPLKT] OKOVOTIKY).

H axovotikr evépysia mov petagépeton and éva koo eEaptaton BéPora amd v
évtoon g myNg mov to mpokaAel. Méypt topa to péyebog avtd dev pog elye
OTOGYOANGEL, L0 KOl GTO TPOPANLOTO TOV UEAETGOUE LOG EVOEPEPE 1) LOPPT TNG
AOoMg TG 0KOLOTIKNG €€l0MONG Kol TOL GYETIKA TAATN TV gVEPYEIOKMOV LEYEDDV
avdpeso oe 000 OKOVLOTIKA HECH. XTnV mopaypa@o ovty Bo ddcovpe pio omin
péB0dO Yoo VTOAOYIGUO TNG OKOLOTIKNG Tieong pe T Pondeid g YEOUETPIKNG
OKOVOTIKNG, KO0OMG kot peyédn mov OlevKOAHVOLV TNV UEAETN TOV  GYETIKOV
TPOPANUATOV. ZNUEUDVOVUE £0M OTL O VITOAOYIGHOG TNG OKOVGTIKNG TECSNG e YPNON
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G YEMUETPIKNG OKOVOTIKNG Ogv efavtieitaor oty péBodo mov Ba mapovsidcovie
€0M, OALL O EVOLQEPOUEVOS avOyvMDOTNG UTopel va avoTpééel o eEE10IKELIEV
BipAia (m.y. Jensen et al. 1994) ywo mepiocdTEPEG AeMTOUEPELES, KOODG 1 OYETIKN
Bewpia Eepevyel amd ToV GKOTO TOV LOOLOTOG [LOC.

3.2.1 Exmoumn nyntikng evépyeiag.

Ac Bewpnoope mpog oTiyunv OtTL PPlokONacTE Gg £vol AmEPO PEGOV Kat OTL VITAPYEL
ONUEWKN NYNTIKN YN Tov exkméumet appovikd. H coppetpia tov mpofAruatog pog
odnyel ot dwrtdmwon G aKOLOTIKNG €EI0MONG OT0  GEAIPIKO  GOGTNUO
GUVTETAYUEVAOV KOl GTNV EKQPPOCT TOV HEYEDDOV TOL TPOPANUOTOS (G GLVAPTNGELS TG
andotaong amd TV myn Hovo, 6mov Bewpole Kot TV apyn TOL GLOTAUATOS HOG.
Oao Bewpnoovpe TV TNYN GTNV 0PYT] TOL CEOPIKOV GLGTNUATOS KOl 0POV EKTEUTEL
o€ AmEPo HEGOV, TO AKOLGTIKO TTEGI0 TOPOVGIALEL COAPIKT] GLUUETPIA.

Oa ypewotel o avoaeopd oto Tlapapmmua E, oto onoio didetan emypappatikd n
AMon ¢ akovoTikng e€lowong o€ €va oPAUPIKO GOoTNHA cuvietaypévov. Edd
€104 YOV E Y10 TPATN POPA EvEPYELONKA LeyEOn ov Ba pog Bonbncovy va kKavovpe pia
TPOGEYYIOTIKN EKTIUNGN TNG OKOVOTIKNG Tieomg e PAoMN TN YEOUETPIKN OKOVOTIKT).

Zriyuaia évracny (instantaneous intensity), sivat n akovoTikn 160G OV dadidETAL
Ol LEGOL NG LOVASOG EMPAVEING EVOG OKOVGTIKOD LEGOV GE U0, YPOVIKT GTIYUN Kot
O1deton amd TO YIVOUEVO TNG TEONS KOl TNG TOYVTNTOS TOV GTOLYEIMOIMY COUATIOIMY
1oV akovotikoy pésov ( p(r,t)u(r,t)) 6tav kot ot 500 TOGOTNTEG EIVOL TPAUYUATIKEG 1)
T0 YVOUEVO NG Tieong e ) ovluyn ¢ TaydTNTAG, OTAV Kol 01 V0 TOGHTNTEG Elvan
myaducég (p(r,t)u”(r,t)), 6mov pe U~ ovpPoriletor M cvluync TS TadTTAC. TN
ouvéyeln Bao BewpnCOVLE TNV YEVIKN TEPITTMOT TNG LIYOOTKNG TOYVTNTOG.

Axovetiky évracny (acoustic intensity) opiletal mg 1 péon woyde mov mepva dio HEGOL
™G povadag empaveiog kot didetor amd tn oyéon :

<I>= Real(%ip(r,t)u*(r,t)dt) (3.2.1)

Avtikotdotaon g mieong Kot g taxhTTag amd TN 6YECT MOV TIS GLVOEEL GTNV
avoTtépo e€icmon

p(r.t) = (pcu(r,t) (3.2.2)

(BA. Hapaptpa E) kot Aappdvovtag vt ‘oytv v xpovikny eEGptnon g mieong
(appovikd Kopata) waipvope

2
<l >:ﬂ (3.2.3)

pC
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6mov 10 oVUPolo |p| VTOONADVEL KOl TNV HEGN TETPAYWVIKY Ticon 1 OMOl0 WG

.
YVooTov didetar amd ™ oyéon |p|2 :Tij p®(t)dt. Tmv mepintoon g micong tov
0

t

KOMLOTOG, 1 YPOVIKT £EGPTNON TOV OToiov exPPAleTaN PéG®m TOV dpov e " Eyope

||c>|=i (3.2.4)

=

omov P givan to mAdtog g mieonc.

Eav n odikn 16y mov exnéumeton and v mnyn eivon I1 (povadeg oto peTpkd
ovotua, Watts), 8o mpénel oe dedopévn Béon 1 va 1oydeL

H:I< I >dS=j< I >r%dQ (3.2.5)
S Az

omov dQ =dS/r’sivar 1 oToyEddNC oTEPEd Yoovio ko dS eivon pio oTorELOING

CQOLPIKY| ETPAVELQL.

Aol < I> kot I givon otabepd oty emeaveio dS, maipvopue

2
M=<I>r"[dQ=4x|p] = (3.2.6)
yols

Emopévme n péom tetpaywvikn mieon oe amdctacn I and tnv mnyr, GLVOPTNCEL TNG
oyvOo¢ NG TNYNG v

1
_(Ipc )2
|p|—(4m2j (3.2.7)

No mopatnproovpe €d® OTL pe ¥pnomn TG AVoNG TS OKOLOTIKNG &&iocmong yo
COOIPIKA  KOuoTO p(r,t):éexp[i(kr—a)t)]=Pexp[i(kr—a)t)] (E.1.3) xou 1ng
r

EKQPOONG Yo TN HEOoT TETPpAYVIKN Ttieon and v 3.2.4, £youe

P A
A 3.2.4a
P=5%=rs (3.2.40)
kot M 3.2.6 pog divel
2
Mm=2z2 (3.2.8)
Lo

OV VIOOMADVEL OTL M 1oYLG etvan aveldptntn ™G amdotacns dNAadn otabepr|, KT
OVOULEVOLLEVO OTOL TAAIGLOL TNG YEVIKNG LOG TOPAOOYNS Yol SOTHPNOT NG EVEPYELOGS
GTO GUGTIULOL.

21N ovvEREwn, M avaPopd TNV Tieon €vOg OKOLGTIKOD HEGOVL O mopaméumel ot
LECT TETPAYWOVIKT TiEOT |p| napodeinoviag tov enBeTikd mpocsdiopiopd. Emiong n

aKOLOTIKY évtaot Oa amodidetar and to cupPoro I avti yuo </>.
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3.2.2  Movadeg ugtpnong g mieons Kot Tov NynTikod wediov

H povada pétpnong tng mieong oto peTpikd ovotnuo givar ta Newtons ovd
tetpayovikd pétpo (N/m?) mov ovopdletar o Pascal (Pa). Emedn opog oe éva
OKOVOTIKO HEGOV OVOUEVOVTOL £VIOVEG OLOKLUAVOES o€ aplOuntikd peyédn, &xet
eMIKPaATAOEL Vo, vtoloyilovtal o, akovoTikd peyédn oe povadeg decibel (dB). Ot
HOVAdES 0V TEG didovV pio AoyaplOukn EKEPacT ToV avTIGTOLoV HeYEOouG,.

Kahovue Eminedo évraons (Sound Intensity Level 1§ SIL) to uéyeboc

SIL=10IoglOIL dBrel (3.2.9)

ref
omov |, etvor m évroon avaeopds yua v onolo Ba AGOVLLE GTI GUVEXELOL.
Avtictoryo ovoudlovpue Erinedo micons (Sound Pressure Level 1 SPL) to péyebog

SPL =20log,, M dBre p. (3.2.10)

ref

Inueltdvoope OtL n évtaon givor avaAoyn Tov TETPOYDOVOL TNG TECNS, EMOUEVMS TO
000 peyébn elvar tovtoonua, €9’ OGOV OVOPEPOVIOL GE OVTIIGTOLYN TOCOTNTA
avoeopds. Zvvinbmg oty  LIOPPLYINL  AKOLOTIKY YPNOHOTOLEITOL MG HOVAd
avapopdc TG mieong To 1uPa (10 N/m? ) mov yia tomucéc Tyiég taydTog Sidoong
o kot mokvotnrag (1480 m/sec kar 1000 kg/m? avtictora ) aviictorysi péom g
3.2.3, g évtaon 6.76 x 1071 W/m?,

Q¢ Emineoo micons nnyyis (Source pressure Level SL) Bewpodue xatd odufoon to
eminedo mieong oe amdcTAcN I 0o TNV YN N ool Bewpeiton amdsTacN AVUPOPAC.
270 UETPIKO cuoTNUa 1 amdoTact avth ivol Tomikd 1 pétpo. Me Bdon Ta puéypt Tdpa
AeyBévta, Ko o€ ATMEPO HEGOV GTO COUPIKO GVGTNUO GCLUVTETAYUEV®VY, 1 Ttieon glval
avTIoTPOP®G ovarloyn g amdotaonc. Emopévoc, n mieon | p| e Tuyovoa Oom r
O1d0eTal CLVAPTNCEL TNG TTiEOTG | p0| GTNV 0mOGTOoN I, om0 TN GYEoM

PR (32.11)

Q¢ Arndieia dddoons (Transmission Loss TL) opilope ™ dopopd oe emineda
nieonc avapeca og 000 BEGELG EVOC NYMTIKOL HEGOV :

TL, = SPL, - SPL, (3.2.12)

omov ot deikteg 1 ko 2 vmodnAmvovv Tig avtictolyeg 0écelc. H andieio d1dooong
etvan Betikn, 6tav 10 emimedo micong ot Béon 2 sivan pikpdtepo oe oyéomn pe ) Béon
1.

EvoAhoktikdg optopodg g ammAelog dadoong sivor pécm tov Adyov v HEGHV
TETPUYOVIKOV TIEGEWV OTIG avTioToryeg Béoelg :
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TL, =-20log,, % (3.2.13)
1

Ortav 10 pésov yapaktmpiletor amd caipikn 5146001 O AVOTEP®, TAIPVOLE :

|p1|

L3

2TIC TEPIOCOTEPES TOV TEPUTTOCEDV OGS EVOLOLPEPEL 1] ATAOAELD O1AO0CNG GE GYECT UE
TNV ATOGTACT] AVUPOPAG T, :

|p2|

ref

|p1|

ref

TL, =20log,, — —20log,, — = 20log,, -— = 20log,, ?2 (3.2.14)

TL = 20log,, (3.2.15)
I

0

H éxppaon «ammAelo 14000M5» VTOONADVEL OTL 1] TEST EAATTOVETOL OVAUEGO OTIG
o000 Béoelc (TL > 0) mwov etvan PEPara evKOAN KOTAVONTO GTN CEAPTKY| d1Ad0GN OOV
AOY® TG avénomg g EMPAVELNG TOV HETOTOV KOUOTOG, 1 TIECT UEWDVETOL UE TNV
andGTACT Ao TNV TNYT.

Téhog va onueidoovpe OTL otV TEPITTOON 1TNG NMPOCTTOONG KLUATOV 1T
LY OPIOTIKN ETLPAVELD aVAPESH G 0V0 aKOVOTIKA HEca, opilovpe Kat’ avTioToryia
10 uéyeboc anwieia avaxiaons (Reflection Loss, RL) kot emedn pog evolopépet
OTNV OKOVOTIKT] MKENVOYpaPior €0IKOTEPA 1 TEPITTOON NG TPOCTTIOCNG GTOV
mobuéva, 1o péyebog arnmieia rvbuéva ( Bottom Loss, BL) and ) oyéon :

Ipd

|

omov 10 apvnTikd onueio tibetow ®ote to p€yeBog va moapopével OETIKO ooV

BL =-20log,, ' = —20log,, |R| (3.2.16)

|p.|<|p| ko Ryeivar o cvviedeotfic avaxhaong. O Seiktng b avapépston oy

avakiaon omd tov mubuéva o omoiog pmopel vo €xel OMOONTOTE GVOTOCT KOt
OTPOUATOTOINGT, OTOTE VTOAOYILETOL AVAAOYO KO O GUVTEAEGTNG OVAKANOT|G.

3.2.3 Armdlela 0160001S KATE UNKOS HI0G NYNTIKNG OKTIVOS

I'a va vroloyicope v akovotiky| wieon oe dedopévn Béon ot BdAacca e xpnon
NG YEMUETPIKNG AKOVOTIKNG, Ba Katagvyovpe o€ pio amlovotevpévn Bedpnon mov
OUMG OidEl KOVOTOMTIKE OOTEAECUATO GE TEPLOYEG TOVL OevV EYOopE Evtovn
GLYKEVTPMOOT 1 ApOimOT) TNS NYNTIKNG EVEPYELOGS.

O vroloyiopndg pog Bo Pactotel 6TV AmOGTOOT) AVAUESH GE YEITOVIKES OKTIVES, OTMC
yapoxtnpilovior ekeiveg TOL amEYovv UIKPN YoOVioKN amdctoon 46 petadd tovg. Qg
yovio 8 pog nyntikng axtivag Bewpovpe ™ oynuatilopevn ond v EQOTTOUEVN
oV oxtiva pe v Katakdpveo (oynua 3.7). Xta endueva Bo ypMGIULOTOOVUE TO
ocuopupoMoud r avti yu X yu v opldvie omdGTAGT, MOTE VO, VIOPYEL OVTIGTOLY IO
copporcpov pe v amdotacn ovoeopds. [MPOXOXH oupwg : H ypnon tov
cuopupoMcpod avtod dev aArAlel T yewpeTpion PEAETNG TOL TPOPANUOTOS TOL OF
LEYAAN OOCTOGCT OO TNV TNYN TOPAUEVEL OTO ENLTEDO X,Z.
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Tympa 3.7 Adrypoppo aktiveoy Y10 ToV VTOAOYIGUO TG 0KOVGTIKNG TEGNC.

Me avagopd oto oynua 3.7 ywo ™ yeopetpia, Bewpodue pio MynTikny myn mov
EKTEUTEL OKOVGTIKT EVEPYELN 1YVOG [T e T Hopen apUOVIKGOV KOUAT®V OLOIOROPPa.
o€ 0éoun AB. H mopadoyr| yio opoldpopen EKTOUTY €IvOl OTAOVGTELTIKT, OTOV OUMG
N yovio g 0éoung AB elvarl pikpn, n mopadoyn eivor wovoromtiky. H axovotikn
w0y0¢ AIl mov ekméumetal 6Tov GTOYEWWON OAKTOAO oL opiletan amd v aktiva I,

sival

2
P .
ATl = &(27% sin 6,))r, A0

Po (3.2.17)

Omov o1 dgikteg 0 oTNV TLKVOTNTA Kot TAXVTNTA VTOINAMDVOLV TNV AVAPOPE TOVS GTNV
amootaon ro.  Xnuewwote 0Tt M Bewpovuevn yeopetpio etvor tproddotartn pe
ocoppetpio Yopw amod tov aéova 0z.

Agdopévov 61t TOAD KOVTO GtV MY M TOLTNTO TOV NXOL &ivar otabepn Kot M
duadoon Bewpeitan ceapikn, amd ) oyéon (3.2.7), n mieon |p0| otdetan péow g

2 pycoll
Pl = (3218)
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Ag Bswpnoope toOpa OTL OL dVO akpoieg axtiveg g déoung €xovv O1ad0bel GTo
TePPAAALOV Kot PETE amd KOUTOA®GT £X0uV £pOEL GTNV KATAGTOGT TOV TEPTYPAPETOL
a6 to oynua 3.7 (Aemtopépeta oto kdtw péPog). H opldvtia amdotacn vworoyispod
NG OKOVOTIKNG Tieomng elvan 1 r=X . H emoedvewn v omoio damepvd m nymTikn
100¢ mov meplopiletan amd T1c 6V0 akpaicg aktiveg eivan 2mrill, dmov L givar 1 kdbet
amOGTACT) AVALEGO OTIS OKTIVEG TOL PETPATOL GTO HETOMTO KVOHOTOG. o pikpd €bpog
déoung, n mpocEyylon OtL ot 6V0 aktives ivor TapdAiniec sivar amodekth. Aol 1
1oyOg Tapapével N O pe v apykn (amovsion LGN eEacBévnong — datrpnon
evépYelng), o mpémel va 1oy veL

pY 2mrL|p|
AT === |p | sin6,A0 = —— (3.2.19)
PoCo e
Enopévac n mieon oty andotaocn r Oa 6ideton amd tn oyxéon
‘p ‘2r2pcsinl9 AG
[ = - (3.2.20)

PoCotL

[Mopatnpodpe 6t N Tigon Topapével tenepacuévn ektdc eav L=0. H mepintoon avty
elvar ovvatny oOtav €yovpe dwotavpwon Tov oktivov (Zynuo 3.8). Xta onueio
SO TADPOONG ETOUEVMG OEV UTOPOVLLE VO VITOAOYICOVLE TNV OKOVGTIKY| TECT Ao TN
oyxéon 3.2.20 po Ko cOUemve He oxEoN ovTN M Tieon gaiveTon va amelpiletol, v
OTNV TPOAYUOTIKOTNTO Topopevel memepacpévn. Ilepoxég ovykévipmong kot
o TAOPOONG AKTIVOV £YOUE TPUKTIKG GE O TO SlorypApUOTO OKTIiVOVY Kot opilovv
T Aeyoueveg kavetikég (caustics). O vroloyiopog g mieong ekel, ue peboddovg g
YEOUETPIKNG OKOVOTIKNG &ivon eEoupetikd ovokoroc. Avtifeta dev mapovoidlet
dvokoAieg 0tav  ypnoyomomBovv pébodot kopatikng Bempiog (Mdadnpo Kvpotikng
A1Gdoomng).

Emiong va onuetwcovpe 611 pe Paon m peyébvvon g meployng e Ayme mov
napovctdletar 6to Zynua 3.7, evOAAaKTIKES ek@PAcELS Yo To L mov dpme oyetiCovion
HE TN Od1KOGI0 VTOAOYIGHOD TOV OYPAULOTOS TV OKTIVOV, TAipVOUE amd TIg
oxéoelg L=hsingd, n L=Arcosé. Etol, eiv vmoroyilovue 10 Soympiopd tov
axtivov og éva Bdbog z, n xpron tov Ar pog eEumnpetel, evd edv v vroloyiloue oe
uio oplovtio amdotaon X, M ypnon tov h evdeikvotor.

2

Zyfqna 3.8 Axtiveg TOV S100TOLPOVOVTOL KO AVTIGTOLYO TPOPIA TaYOLTNTAG. ZYNUATIOROS KOVOTIKNG
(Am6 Clay and Medwin).
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Sea surface 60 km

Convergence zone

Source _ Channel axis.

15.19°

Sea bottom

Yympe 3.9 Adypoppo aktivev oto onoio mapatnpodue (ovn ovykhong. (Ano Clay and Medwin).

Y10 oynqua 3.9 mapoatnpodue TV TEPITTMOOTN €VOC OOYPAUUOTOS OKTIVOV 7OV
epantovtal 1oco Tov Tuuéva 660 Kat TG emeaven s 0dAaccoc. H emapn pe v
em@dvelo yivetar yioo T dedopévn déopn edpovg 3° og amdotacn 60 km émov ko
TOPATNPELTAL GLYKEVTPMOT NYNTIKNAG EVEPYELOG (CONVergence zone).

Oa KAeioovpe TNV TAPAYPAPO LE TOV VITOAOYIGHUO TNG OTAOAELNS S1OO00NG KOTH UNKOG
LG MYNTIKNG OKTIVOG. ZOUQOVO HE Ta PEYPL TOpa AexBEvTa, 1 aTdOAED O1O00NC
OVAUESO OTIG AMOGTAGELS o Kot I' etvan -

TL = -20log,,|-— (3.2.21)
0
Xpnowomowwvtag tn oxéon 3.2.19 naipvope :
r L
TL =10log,, ——10log,, —— +10log (3.2.22)

r £oCs 1, sin6,A0

Emopévoe, ywoo tov vmoloyiopd g mieong otn 0éom evog déktn Oa mpémel va
vroAoylelel n ddpoUn TOV NMYNTIKOV OKTIVOV TOV GUVOEOLV TNYN Kol OEKTN UE
Baon to mpoeid ¢ ToyvTNTAG O1dd0ong ToL MYov. TIpocéste emiong amd ™ oyéon
3.2.22 611 otv mepintmon mov mnyN kot déktng Ppiokovror oto do Paboc, o
dgvTEPOG Opog undeviletar, Otav cOUEOVE KO HE TIG TOPAOOYES TOL EXOLUE MO
KAveL N TukvoTTO 6T0 vEPS Bempeitar otadepn).

Aé&iler va oyoMdoovpe v 0K TEPITTOGN OV 1 d1ddooT yivetan 6e mePPAAAOV
otafepng TobTNTOG S1Ad00NG TOL NYOL YWPIS vo moapeuPdAlovior chvopa. Xtnv
TEPIMTOON AT OL NYNTIKES OKTIVES OEV KOUTLAMVOVTOL Kol 1 Yempetpio gtvor avt
nov gpeaviCeton oto oynua 3.10.

H oyéon 3.2.19 ypaoeton tdrpa

Al

_ 2ty IpyFsinG,00 - 2zr(r/sing,)A6|p|
PoCo pPC

(3.2.23)
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Typa 3.10 Adypopio aKTivov Yo ToV VITOAOYICUO TG AKOVGTIKNG TECT|C GTIV TEPITTMOGCT TG
duadoong oe mepIdriov otabepnc TayvTNTAG S1A600TG TOV TXOV.

Enopévoc maipvope :

) ‘po‘z r2pc(sing,)’

|p| Pocor2

(3.2.24)

[Mapammpdvtog 6t TokvoOTHTO Kol TovTNTe. 0T B€om mNyng ko déktn givor dteg
EYOUE :

2
. e

(r/sin¢90)2

|p)

(3.2.25)

[Mapatnpovpe oto oynue 6t 0 Adyog r/sin g, avimpocmnedel v evbeia andcToon
mYNG 0£KTN mov T cvpPorilope €d® pe R Tpokewévov va unv vapyetl cOyyvon ue
v opilovtio andctaon I. ‘Etot £yope :

pf =2 (3.2.26)

OV AMOTEAEL TO YOPUKTNPLOTIKO VOO TNG GOOPIKNG O14000MG.

H avtictoyn andAeio diddoong eivar

TL = —20l0g, 1P — 20 IoglorE (3.2.27)

[Pl ;

OV OVTUITPOCHOTEVEL OTAOAEW OLAO00NG COUPIKOV KOUATOG o€ TEPPAALOV Y®Pic
ocvvopa pe otafepn toyvtnTa d1ddoons, Omwg eidape MO pe T oxéon 3.2.14
(Tpocoym kot T 610 GLUPOAMGHO TG OTOGTACNG).
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3.2.4  Avoxldoeig orov mobuévo,

Edv pla mymrucn axtiva €pbet o€ emagn pe Agieg SEMPAVELEG GTO YDOPO S1Ad00NG, 1
avéxloon mov mapotnpeital odnyel o€ cuvéylon g mopeing TG He yovia ion pe
exetvn g yoviog mpoontwong, H xoumvAdtnta TG ovokAOUEVNS OKTIVOG GTO
onueio mpdomtwoNg eivor 1010 pe exeivn NG TPOCTIMTOVCAG OKTIVAG. AVOKAAGELS
avTOD TOL EI00VG EYOLE TLTIKG GTNV EMPAVELD Ko ToV TuBuéva g Bdhaccag.

Eneion m emoedvewn g 0dhoccoc Oewpeitor eievBepn mécewv, M am®AE
avlkioong ekel cOUEOVO HE TNV OTAOVCTELTIKN TOPUdOYN TOL LWoBETEITOL GTO
mAaicloe Tov pobnuatog eivor 0. Avtifeta otov mubuéva g BdAaccog pmopel va
EYOULE OMUOVTIKY OmOAEWL €vEPYEWG N omoiot 0dgvel mpog tov muBuéva. Edv
YPEWOTEL VO VTOAOYIGOVUE TNV OKOLOTIKY Tieon WHETA omd KAmow ovAaKAaon,
Katapedyope oty Bewpio TOV EMINES®V KUUATOV Yol VO KAVOLUE TOVG GYETIKOVG
VTOAOYIGHOVG. Me Bdon Aowdv tor OGO £YOVUE TEL PUEXPL TAOPO YLOL TO GUVIEAEGTN
avakiaong mvbuéva, Ba Bewpricope ot Yo pia aktiva mov yapaktnpiletorl katd TV
TPOGTTMOOTN NG oTov muhuéva and ™ yovia 6, 1o PETOTo KOpTog eival enimedo Kot
apo 0 cuvTEAESTNG avakAaong Rio.

H oyéon (3.2.16) pog 6idet v anmAeio Tubpéva Katd TV TPOCTTOGCT THG NYNTIKNG
EVEPYELNG TNV SIEMPAVELD Kat TO péyebog owtd exkppacuévo oe dB givarl mpocsbetéog
ot oyéon 3.2.21 nov didel TV oK1 amdAE S1ddoonc avdpesa e dvo BEcelc ot
Oalacoa. Eivor mpogavég OTL Yoo TV TEPIMTOON TOAAUTADV OVOKAAGE®V, Ol
anoieieg muhuéva abpoiloviar, ko BEPara n oAkn mieon oto Bokdccio mepPdiiov
HELOVETOL OPKETE. Oa d0VE TEPIOGOTEPA GTO KEPAAL0 Yo TV e&icmwon SONAR.

3.3 ®uvown €€aoBEvnon ™G NYNTIKNG EVEPYELDS 6TO vePO Kon Ta Wnpato
T0V TVOPEVA

2m péxpt tdpa Bemdpnon tov TpoPANHaTOC dev elyape dexbel omolodMmoTe PUNYAVICUO
OTOAEOG TNG NMYNTIKNG evépyeloc. H mymtikn evépyela mov exméumetal amd v Tnyn
TOPAUEVEL GTO OKOVOTIKO HEGOV Ywpig petatpomn. H éviaon g opmg petafaileton
pe Baon v yeoPETPIKN €EAMAMGOT TOV VPIGTATOL TO HETOTO KOUOTOC, YEYOVOS TOV
oonyel o€ peiwon TOLv TAATOLG TNG OKOLOTIKNG Tieons, Kabdg m avénon g
EMPAVELNG TOV UETMTOV KOUATOC 00NYEl o€ peimon Tov TAATovg TG Tieomg.

Xy mpaypoTikdTTo. OUMS, Jpopol unyovicpoi oto vepd Kot to. BoAacovd
wnpoato odMnyodv GE LETOTPOT TG AKOVGTIKNG EVEPYEWNG GE GAANG LOPPNG EVEPYELQ
(m.y. BepuoTa) YwpPic dSLVUTOTNTA EMAVAKTNONG TNG KOl AVTO CNUAivel OTL YAveTOL
OPLOTIKA Y10 TO aKOVOTIKO pésov. Ot unyavicpol avtol fvan mepimiokotl Kot dev eivan
€0KOAN M HOONUATIKY] HLOVTEAOTOINGT TOVG. ATO TOVG GNUOVTIIKOVG EPEVVNTEG TOV
éqouv acyolnfei pe to avrikeipevo afiler vo pvnuovevovpe tovg Stokes kot
Kirchhoff, o1 onoiot anédwoav v eEacbévnon (attenuation) tov fyov ot Eva pécov,
oV Oepuikn ayoywotta kot ™ cvvektikdmra. H puowm eacbévnon oyetiCeton
LE TNV €vvola TNG amoppOPNoN TG EVEPYELNG Kot 01 000 €vvoleg Bal xpnGLOTO10VVTOL
07O TAPOV EYXEPIO0 MG TOVTOGTLLES.

Am 6T @aiveton omd cvyypoveg peAéteg tov Bépatog, n Pacikn oitio amoppOENoNG
™G MNTIKNG &evépyewng oto vepd eivor M ovvektikéotyta (viscosity). ‘Eva
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YOPOKTNPIOTIKO péyebog tov mpoPAnuatog sival o ypovog yarapmong (relaxation
time) mov avtavokAd tov xpovo oV AmaLTEITOL G £VO, LEGOV DOTE VO OvTOTOKPLOEt
oTIg aAlayég TG mieong mov tov emPaiiovtal. H andiewn evépyelog eEaptdtor amd
TOV AOY0 TOV ¥pOVOL YOAAPMOONG TPOS TNV MEPI0d0 €VOG aKoLGTIKOV KOpoToc. H
ammAELn gtvol PHEYIOTN OTOV 0 AOYOG anTAOG gival pHovAda Kot HEIMVETOL SPACTIKA OTo
0 ypOvog givar ToAH dLopopeTIKOG,.

Ot unyoviopol €vepyelokng OTOAEWG 00NYoOV o€ WETAPOA NG mieong &vog
OKOLOTIKOV KOHOTOG, NG omoiag o puvOudg eivar avdioyog g mieong pe €va

OLVTEAEOTN TTOVL OvVopaAletal «avvTeleats amoppopnans» (absorption coefficient).

[N emimeda kOpata og pia d1doTacn, 1 ox€on AT YPAPETOL MG

dp
o @ 331
dx o[l (3.3.1)
OloxMnpdvovtog amd X=0 £ng X (avtictoya amd |p,|oe |p|), maipvoue
|p| =| pi| exp(~2,x) (3.3.2)

O ovvteleotng amoppoOENoNG £XEL COLUPOVO HE TNV TOPOTAV® OGYECN HOVAOES
amdotoonc 1. INUEIOVOLHE OTL 01 GYEGEIS AVTEC 1IGYXDOVY Y10l TNV HECT] TETPAYOVIKN
mieon.

Sy mEpinTecn evog Geaipkol KOMNTOG Exope det 0Tt 1oyveL N oxéon | p|=| p0|i
r

v pio omdoTacn avapopdg Iy, 0mov I eivar n amdctact and Ty mnyn. Me avtd to
dedopéva kol vrobétovtog avtiotoyo VOUo TG METOPOANG NG Tieong Ady®
amToPPOPNONG MG TPOS TNV OTOCTACT) UTOPOVUE VO, YPAWOLLE :

r
|p| =|po|?0exp[_ae(r_ro)] (3.3.3w)

Aaupdvovtog v’ dyv v £Kepoon ¢ Tieons Yo ceopikd kopoto (e&icmon E.1.3
[Mopapmparog E) propovpe va mépovpe 6e GuvOLAGUO LE TIS oyéoelg 3.2.4a, Yo TNV
OKOVGTIKY) tieon T oyéon :

p(r,t) = éexp[—ae(r —1y)]lexp[i(kr —ot)] (3.3.3p)

2ta TePIocOTEPO TPOPANUOTO EVOIULPEPOUAGTE Y10 TO OKOVGTIKO eSO GE LEYAAES
OTOGTAGELG, EVD 1) AOGTOOT AVAPOPAG AVaPEPETAL KOVTA otnv TTnyn (cuvibmg 1 m).
‘Etol woy0el r>>r, ko mopodeinetol o r, otn 6x€on mov pog SidEL TNV OKOLGTIKT
nieon pe puoikn eEacBévnon :

p(r,t) :éexp[—aer]expi(kr — wt) (3.3.3y)
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H ovotépo Eékepoon poag oidet T SvvatoOTNTOL VO EKQOPACOVUE TNV
amoppoéenon/egacivnon, péow evog pryadkod oaplfpod KOUATOG, TOL OToiov TO
QOVTAOTIKO HEPOG Ba eival 0 GUVTELEGTNG OmOPPOPNONG

k, =k +ia, (3.3.4)

H axovotkn mieon ypdoeton otnyv nepintmon avt :
A .
p(r,t) =—expi(k.r —ot) (3.3.5)
r

KOl O0TIGTAOVOVLE OTL £XEL akpIP®G TV 10100 popen pe exeivn g mepintmong ywpic
OTOAEEG UE TNV UOVT O10popd GTOV OplUd KOUATOS Tov glval TAEOV UIYAOIKOG
apOuog. A&ilel va oNUEUOGOVE E0M OTL TO TPOYUATIKO HEPOG TOL Uryod1koD aplfpov
KOLLOTOG €fvat TO PETPO TOL S1VOGLATOG OV €10aE VO EKQPALEL TOV apBd KOUATOG
otV mepintowon g 01ddoong yopic andreieg (K=w/c). Mnopodue tdpa vo
glodryovpe Kot yuo To pryadkd aptpd kopatog va avtiotoryo opiopo :

k =

C

(3.3.6)
C

C

omov C, eivor o pryadkn toydtnta owddoong. Aesv Ba emextobodpe Opoc

TEPIOCOTEPO GTN YPNON OVTNG TNG EVVOWNC OTNV OKOVLGTIKY wkeoavoypoeic. Ot
EVOLOPEPOLEVOL AVAYVADOTEG UTOPOVV VO BPovV eVOEAEYN TOPOVGINCT) TV POCIK®V
BeopnTIK®V EVVOIDV Kol TV HEYEDDV TOv LEEIGEPYOVTOL GTO TPOPANUO NG
TOGOTIKOTOINGNG TNG  OmoppdPNONG TNG NYNTIKNG EVEPYEWLS GE PELOTA, 6To PifAio
tov Kinsler et al (BA. Bipioypapia).

O myadwkog apBuodg kopatog umopel vo ypnoyonombel oe kabe mepintmon mov
Bempnoovpe andcPeon o€ £va akovoTikd pEcov. O GUVTEAEGTNG amoppOPNoNG sivat
ouviBmc pkpodS apdpde (Yo pikpéc ovyvotntec). Ot povadeg tov sivar (M?) 7
nep/m. Mmopel wot6c0 vo ekppaoctel oe dB/M, péocw twv oyfoewv optopod g
anmAelag d1ddoong oe dB.

TL,,, = 20log,, m =a,X(20log,, e) = 8,686a,x (3.3.7)

|p|

6mov o deiktng abs vrodnidverl andrelo 514500MG AdY® THG PLOIKNG OTOPPOPNOTG.
Emopévog pmopovpe va opicovpEe Tov 16030UVOU0 GLUVTELEGTY amoppdenong o dB/m
HEG® TNG GYEONC

a=28,686a, (3.3.8)
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Typa 3.11 Awdypoppio VITOAOYIGHOD TOV GUVTEAESTI QLGIKTG £E0cBEvnong oto BaAaccvo vepd

Y10 oynuo 3.11 PAémoue éva Sbypoppo mov amewkovilelt v e&hptnon Tov
ovvteheoTn) amoppdenong oto vepd amd ) ocvyvotnta f. Or punyaviouoi QLGIKNG
eEao0évnong mov enevepyolv 610 Barlacsovd vepd gaivovion ywpiotd. Ilpdketton yio
T1 GLVEKTIKOTNTO TTOV OVOPEPETOL GTO YAVKO VEPO Kol TN O1dALGN AAATOV Kot 0EEmV
(magnesium sulfate —-MgSO4 ko boric acid - HzBOs -boron). O vroAoyiopog tov
KOUTOA®V TOV GYNUOTOG £YVE UE BAON TNV ETKPOTOVCO, CNUEPO EUTEIPIKN OYEON
3.3.9 mov cvvvmoroyilel Tovg Pactkovg punyaviopovg anoppdéenone (PA. Fisher and
Simons, JASA, 1977), yw. Osppokpacio vepod 20° C aratodtnte 35 ppt kot micon 1
Atm.

AL T2 B, f2

_ Cf? 3.3.9
f2efe f2efe (339)

2V avoTtépm GYECT 0 TPMTOG OPOG 0popd TV emidpacn tov MgSO4 0 devTEPOC TOV
H3BO3 ka1 o tpitog g cvvektikotnrog. fi kot f2 eivar o1 cuyvotnteg yordpmong
(avtioTpogeg TOL  YPOVOL  YOAAP®ONS) TOL  LWOAOYILOVTIOL GUVOPTNGEL NG
Bepuokpaciog, evd ot gumepikoi cuvtereotéc 4, B kol C eaptdvton eniong amd ™
Oeppoxpacic, evad ot B kot C ko amd v mieon.

Ievikd, PAEmOLE OTL O GLVTEAEGTNG AMOPPOPNONG QLEAVEL PE TO TETPAYOVO TNG
oLYVOTNTAG, YEYOVOG OV KOOIGTA TIG TOAD VYNAEG CLYVOTNTES [N OTOJOTIKES GTO
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vepo Yo TIC GLVNOELS EQPAPLOYES TNG OKOVGTIKNG MKEAVOYPAPING, 1 TOVAGYIGTOV Ol
70 1010 OOSOTIKES LLE TIC YOUNAEG CLYVOTNTEG.

No onUEIMGOVE TEAOG OTL GLUVTEAEGTNG OmOpPOPNoNG opileTat Kat yio Ta Bolacova
wnuoto Kot HAAMoTo EXEL GYETIKO LEYUADTEPT CNUOGIN GTNV aKOLOTIKY| 01ddoor. Ot
punyovicpot amoppdédenong sivol ooc@OADS JSPOPETIKOL G GYEON WE EKEIVOVG TOV
vePOV, WGTOGO £YOVV TO 1010 OOTEAESUO Y10, £VOL OKOVOTIKO KOWO LE EKEIVOLG TOV
vepPOU : ATOPPOPOVV VEPYELN Kot 001 YOOV 6€ PUGIKT e&acBévnon Tov kdpoatoc. o
TUTIKEG TYES TOL GLVTEAESTY] amoppOPNoNs ot Boiacovd WKNHOTA TOPATEUTONE
oto [apaptnua I.

3.4 H €€icwon SONAR

O 6pog SONAR mpoépyetar amd v évvola «SOund NAvigation and Ranging» mov
TEPLYPAPEL OVGLOCTIKA TIS APYIKEG YPNOELS TOV NYov o1 Bdhacca. H eElowon tov
SONAR ovvdéel oe AoyapOukn kiipoka kpiowwo peyédn mov vreicépyovtal ot
dadkasio d1doons Kot AYNG €vOG OKOLGTIKOD GNLOITOG KOl OTOCKOTEL KLPIWE 6TO
Vo, amodMOEL HE OMAO TPOTO TO TOCOTIKG YOPOKTINPIOTIKA TOV ONUATOS 7OV
happdavetar oe éva 6éktn. H ypron g e€lcwong SONAR ywo emyyeipnotokode
Adyoug givar avtovonm. X1o keQAAMo avtd cvvoyilope To Pacikd GLGTATIKE NG
e&lomong tov SONAR pe éupaon ota peyén mov €yope det uéxpt topa. Ipdobeteg
€vvoleg Kot avtiotoyo peyédn mapovoidlovion eniong, ywpic Opwg eppdbouvon otovg
TPOTOVE VITOAOYIGHOV TOVG.

3.4.1 Baoiko ueyéln

[MapatiBevron o Pacikd peyédn mov vrewsépyovror oty e&icmwon tov SONAR pe
TOVG OVTIGTOL(OVG CLUPOAMGOVG TOVG -

o SL: Eniredo myyic (Source Level).

To emimedo g mTyNg avapépeton kotd coppacn o€ amdotacn 1 M ond avtv Ko
oideton amd T oyéon

2
[Pl

2
pref

SL =10log,,

dBre P (3.4.2)

Omov p, etvar n wieon o€ andotaon 1 M amd v mnyn. Q¢ mieon avaQopis Py
AopBéveton kotd ocvpPoaon to 1pPa (10° N/m? ). Inuewwvovue 6T 68 TOAAG
eyyewpidlo 0 opopdg didetor PECm NG ovTioTOyMS €VTaoMg TOVL CNUOTOG. XTNV
nepinTon vy, B TPETEL 1) EVTAOT OVAPOPAS VO AVOPEPETOL GTNV THECT] AVAPOPES.
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o EL : Erineoo Ajwns (Echo Level)

[Ipdkertar yio TV €vIOon TOV GNUATOG ANYNG OTO OEKTI), EKQPACHUEVT] GE LOVADES
dB. X¢ avtiotoyio pe 1o eninedo mnyng Oa Exoue :

2
ELleIogmM dB re pg (3.4.2)

2

p ref

omov €yope vViobeToeL To cuUPoMGHO P, Yo TNV TWEGT GTO OEKTN.

o TL : Aréiera diadoens (Transmission LOSS)

[Tpoxerton yo v omdAEL0 EVTOGNG TOV GHOTOG KATA T 014000T TOVv 6T0 BoAdcG10
nepPdriov Ommw¢ v opicape MOTM. o Adyovg mAnpdtTog emavarapfavoue tov
OpLoUO :

TL =-20log,, M (3.2.13)

P

Ymyv eEiowon SONAR n 0éon 1 avtiotoyel cuvBwg oty mieon tov oNUOTOC GE
amootaon 1 pérpo and v mnyr. Emopévac edd p, = p, -

H andieln didoong oty mepintmon mov Anedel vt Oyv kot 1 otk eEncBévnon

TOV 1OV TPOKVTTEL G AOPOIGHO TNG YEWHETPIKNG amdAgwg TLy,, mov avricTouyet

oTNV OTM®AELD, d10000M¢ OV £idape 610 Ke@dlaio 3.2 (oyéon 3.2.22) Kot TS PLOIKNG
anoiewg T, mov mpokdmTel amd T pelwon g pEong TETPUYOVIKNG Tieons AOy®

QLOIKNG amoppoepnong (oxéon 3.3.6).
o NL : Ezirnedo Bopvpov (Noise Level)

I'a tov B6pvPo oto Bordcoio mepPdriiov Bo pikcovpe oto Kepdiao 4.2.3 . 10
onpeio avtd divovpe tov opiopd Tov emmédov BopHov, ®g Tov AOYO NG €VTAoTG TOV
BopvPov oe éva onueio otn BGAaGCO ®G TPOG TNV EVTACT AVOPOPES oV EXEl
ypnowonomBel vy tov opwopd tov emmédov mnyne. Ilpocéfre wor €dd TV
OVTIOTOLYLOL TNG EVTOOTC AVOPOPAS LLE TN LECT] TETPAYMVIKY| TECT) AVAPOPAGS.

o DI A¢iktnyg KarevOovrornrac (Directivity Index)

O d¢eiktng katevBvvtdTTOG EKPPALEL TOCOTIKA TO YEYOVOG OTL 1] EKTOUTT OO KATO10!
™mMyn M N AMyn oKOLGTIKNG evépyewng amd KAmolo déktn dev yivetar cuvnbwmg
ouodpopPa mpog OAeg TIG KatevBuvoel. 1o oynuo 3.12 eaiveton €va didypappo
Kotevbuvtomrog (o€ dVo devBivoelc) Tumikod petoAldktn (transducer) vrofpvytog
YPYONG TTOL Ypnoipomoteitar o¢ Tyn. H Sievbuvon péyiomg exmoumnc eivar otig 0°
gV onpeidvovtol kot ot devdiveelg ekmoumnic 30° ko 60°. Ot kHrhot vTodnAdVoLY
™ pHelmon G £vTaong EKTOUTNG MG TPOG TN MEYIOTN o€ povadeg dB.
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] A =

/”"40 10

Tyqpa 3.12 Tomkd moAd didypopto KatevbuvtoTnTag VIPOPHEVOL

Ag Bewpnoovpe pia kotevbovtikny mnyr otov dova g omoiog (dievbuvon péylotng
EKTOUTNG) M Tieon oe amdotoon I omd 10 KEVIPO NG €ivon |an| . Eav n myn
e&émeume Vv 0100 vEPYEWDL LE COOUPTKY] GLUUETPIA, M Tieon oty 010 amdoTacn Oa
nrav |p5|. Eivon mpopavéc 611 ota mAaicla g dwtpnong g evépyswg Ba Exope

| Pa| > ps| - Opileton g katevOvVTOTTA TG TNYRG TO PéYEDOG

2
o_IPal _la (3.4.3)

- 2
|p5| S

mov Omwg PAEmOUE ekEPALEl TO AOYO T®V EVTAGE®MY TOL OKOVOTIKOD KVOUOTOG GTNV

KatevBuvon Tov AEova, e oXECT LE TNV £VTOOT TOVTOKETELOLVTIKNG YN oTNV 1010

andoTOo.

O deiktng korevbvvToTNTOG EKEPAELEL TO AdYO 0T o8 povadeg dB ko givan :

DI =10log,, D (3.4.4)

Yovnbwg, oty eElowon tov SONAR o deiktng KatevBuvtoTNTaG OVOPEPETAL GTO
oékn. O d0éktng €xetl emiong pio d1evBvvon PEyoTG AMYNG Kot €V TPOGAVATOMOTEL
oe autn, Ba eloylotomomoel 10 AOyo onuotog mpoc BopuvPo, PeAtidvoviog v
modtto. AMqyms. O opiopdg tov deiktn KatevbuvtoTNTag TOPOUEVEL O 1010G UE
avaym®Y™ NG €VVolag NG MECNG EKTOUTNG G KEIVN TNG ANYNG, TOL GLYKPIVETOL LE
v mieon AMyng 6€ TEPITTMOOT TAVTOKETAVOVVTIKOD SEKTT).

o TS Target Strength (Ieyvc Zrdyov)

Qg 1oy0 otdyov opilope oe povadeg dB, to pétpo g wKavoTHTA EVOC GTOXOL VO
OVOKAQ OKOLGTIKY] EVEPYEWL OV TPOCTIMTIEL GE QVTOV TPOG TNV KATELOLVGN TOL
oéktn. Me amhf Bedpnon opiletoar ©G 0 AOYOg NG £VIOONG TOL OVOKAMUEVOL
onuatog og andotacn 1 pétpo and tov otoyo |, ®¢ TPog TV évioon TPOCTTMONG

I, exppaocpévog oe dB.

|
TS =10log,, I—f (3.4.5)

in
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H 1o0¢ tov 6160V VoAOYIleTON TEWPAUATIKE KO SopEPEL TTOAD avAAOYa LE TO €100G
0V 6TdYOoV, e€optdTol O amd TN YewUETpia, TO UEYeDOG, TNV GKOLGTIKY OVTIGTOOT
TOV GTOYOV, KOOGS Kot 0d TN GLYVOTNTO TOV TPOCTIMTOVIOS OKOVGTIKOD G IOTOC.

Av umovpe g KAmoleg AETTOUEPELIES G TTPOG TNV 10YL 6TOYOV Ba opicovpe TV evepyo
EMPAVELR. EVOC GTOYOL 0, ®OG TNV EMPAVELD, TOV OVTIAAUPAVETOL TOV TPOGTIMTOVTOL
Kopatiopd. H oavakioon yiveton mpog OAeg TG KateLOOVGES KO ETOUEVOC 1
eMPAVELR TOV «PAETEW 1 ekTepTOEVT evépyeta Oa sfvon A =47r® Kol o€ AmOGTAO
evog uétpov A=4rx . Mg Baon v apyn dTt)pnong TG EVEPYELNG 1| TPOSTITTOVGA
oY0¢ gtvan iom pe v avakA®pevn ondte moipvope :

|
hr=tt -7 (3.4.6)
| Az

Iina= Iref

in

Kot

TS =10l0g,, — (3.4.7)
4

mov givor pior EVOAAUKTIKN €KQPOCT] Y10 TNV 16Y0 GTOYOL GE MEPIMTOGT 7OV Yo £Vl
otdyo €ivor yvoot n evepyog empdveln. H 1oy0¢ otdyov pmopet va givar Betikn 1
OPVNTIKY] OVAAOYO HE TNV QUOT TOL GTOYOL. XTOYOl HE OPVNTIKY oYV Eivol o
d0oKOAO Va evTomGOOUV.

o RL Erirnedo Avrijyneng (Reverberation Level)

H oavtymon (reverberation) mpoépyeton omd N okédaon €vOC ONUOTOS OO
OVOLLO10YEVELEG TOV TTEPIPAALOVTOG, OALG Kol OO TIG AVOLLOLOYEVELEG TMV ETLPOVEIDV
TOV GLVOPWV eVOG aKOLOTIKOV péEcov. Eivar Pactk] mapdpetpog g apyitekToVIKNIG
aKoLoTIKNG Kabopilovtag v modtnta akpdacns (akovotikoh mediov) oe Eva ydpo,
oAAG ko otn Boddooto akovotikn givor onuavtikny kabmg kabopilel avtiotoyo v
moldTnTo. ANYNG Kot TN ovvatodtnta alomoinong €vog onuatog. Xin Odiacoa
owvnBwg dlakpivetarl o avinynon pésov (volume) kat avinynon cvvopwv (surface)
Kol pwopet va, ektun et pe katdAAnia poviéda. v eEiowon SONAR eiodyeton pe
puovadeg dB. Asv Oa emektofodue meplocdTEPo otov Opo awTd GAAG Oo TOV
OGUVOVTIGOVUE OTIC OVTIOTOLES EEICMOELS EENYDVTOG TOV POAO TOVL.

o DT Karweli Evromoeuot (Detection Threshold)

‘Eva akovotikd onuo AapPdveror oto d€kTn a@od vmootel Tig HETAPOAES Kot TIg
OALOIDGELS TTOV TOL eMPAAEL TO TEPPAAAOV, EVED CNUAVTIKO pOLO GTNV ANy TOV GE
KatdAAnia enimeda dote va givar aglomom oo mailel ko o 06pvPog avapeca otov
omoio mpémel va avayvopiotel 1o onua. Oco mo 1oyvpod sivorl To ofpa, T060 KOAVTEP
etvat Ta TOTIKA TOL YOPAKTINPIGTIKA Kol TOG0 o gvkoAa pmopel vo a&tomomBel. To
KOTO@AL EVIOTIOUOD EKQPACUEVO o€ povadeg OB amodidel To amodektd Oplo 610
O0éktn mov Ba mpémer va €xel M €VIOGT TOV ONUOTOG ANYNG TPOKEUEVOL VO
avayvoplofet kot va agomomBel. Opiletar yio xéBe cOotua avdroyo pe TIC
TPOJYPOUPES TOL HE PACT GLYKEKPUEVOLG KAVOVEG ®OC TPOG TNV MHAVOTNTA
avayvVmPIoNG TOL GNLOTOG.
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— |

I I Yvotoyia Yopopwvwyv (Array DI)
La— Aw
F NL
T

Tympea 3.13 Zynuotikn rapdotacn toadntukod SONAR

3.4.2 Eliowon mabnrikoo SONAR

Oo Oewpnoovpe TOPO TNV AMAN] TEPITTMOOTN TG ANYNG VOGS GNUATOG OO GUGTILLOL
akpoaons. To cvonuUo akpdaonG Oev eKTEUTEL YO OAAQ AapPdavel yovg omd To
nepPdAiov ko amd TG pepovouéveg mnyég (my Boddooio Oniaotikd, vroPpuyia
KAT.). Zynuotikny mopdotoaon evog madntukod SONAR dideton oto Zynuo 3.13. H
YN EKTEUMEL OKOVOTIKA onuota emmédov SL, ta omoion odgvovv oto Baddoccio
nepPdAiov, veioTavtol wg TPog TV €viact Tovg anwAelo TL kot Aappdavovtor 6to
OEKTN OV Umopel va etval Pl cueToLio VOPOPOVMY e deikTn KatevBuvtoTTag DI.
H Ayn yivetan og mepifdiiov BopvBov mov amodidetar amd to NL.

H e&iowon tov mabntucod SONAR oy amdn g popen givon :
EL=SL-TL-(NL-DI) (3.4.8)

To eminedo AMyng tov onuatog Bo mpémel vor givor PEYOADTEPO TOL KATOPAOV
evtomo ol ywo wavoromtiky Aqym (EL>DT). Xe moAld eyyxepiow, ot 0éon tov EL
omv e&lowon tov SONAR pmaiver to DT, mpokeyévov va puBuictovv OAot ot
VIOAOITOL TOPAYOVTES, TOV Umopel va kaBoptsBodv and To ypron Kot va 0dNyHcovV
o€ BEATIOTN AYN TOV GNOTOC.

Eniong otv og ave popen mg e€icowong SONAR, 1o enimedo Ayng icodvvapel pe
tov «Aoyo Znpatog mpog Oopvfor mov cvpPorileton pe L,y . ‘Etor vmdpyet ko m
nepintwon vo ot Kaveig v e&lowon ypappévn £tol dote ot 0éom tov EL, va €yopue
10 Ly, . No mopoatnprioovpe eniong Ott 6tav o dékmg efvarl mavrokatevBuvtikoc,
DI=0.
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il __ - \ Evepynmuxo Sonar DI
SL -}/

=/ -

Typa 3.14 Zynuotikn mapdotacn povootatikod evepyntikod SONAR

3.4.3 Eliowon evepynuixod SONAR

Ty mepintmon Tov evepyntikod movestariked (monostatic)’® SONAR (IZyiua
3.14), kdmolo CLGKELY EKTEUTEL £VOL NMYNTIKO G TO OTOI0 0POV OVOKAAGTEL GTO
o0T1OY0, EMOTPEPEL GTN GLOKEVY 7OV Asrtovpyel Kol ¢ otoyeio Ayne. Emopévog
yopoktnpiletor Ko amd 1o deiktn karevbvvromrog DI H andiewn diadoong oty
OmAY] TEPIMTMOYN MOV EKMEUTOUEVT] KOl EMOTPEPOVOH.  OKOLGTIKY]  EVEPYELN
akoAovBovv v 101 mopeia eivon 2TL. O déxtng yapokmnpiletar and wyd TS. O
npémel va emonuoviel 6tL 1 katevBuvidotto Tov Toumov AauPdveror cuvnwg v’
OY1V GTOV LIOAOYICUO TNG OTAOAELNG O1AO0CNG KO OEV VIEIGEPYETAL OTNV EEICMON MG
TpdcOeTog OpOC.

Yvvh0og yivetaw 1 didkpion evog mepiPdAlovtog Eviovng avinymong (reverberation
limited, R-L) 1} mepiBarioviog évtovov BopvBov (noise limited, N-L). v mpd
nepintoon o 0pog RL avtikabiotd tov 6po NL-DI mov eidape ommv e&icwon tov
nafntucod SONAR. "Etot Aowmdv éxope 600 d10popeTIKES EEICMGEIS OVAAOYQ LE TNV
KATdoTOoT TOL TEPPAAAOVTOG :

R-L—> EL=SL-2TL+TS-RL>DT (3.4.90)
N-L > EL=SL-2TL+TS—(NL-DI)>DT (3.4.9B)

Inueidvoope 0Tl vapyel Ko N mepintwon oe epoppoyés evepyntikod SONAR, 1
YN Kot 0 3EKTNG vo. Bpickovtat o€ dlapopeTikég dlatasels (Tynua 3.15).

10 Movootatikd kareitar éva SONAR dtav myi kot déktng Ppickovrar oy 1o Stéraln.
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Zvotoryia YSpoeavey (Array -DI)

Typa 3.15 Zynuotikn mapdotacn dotatikod evepyntikod SONAR

Ymv mepintoon ovt avagepduocte oe dieratikd (bistatic) SONAR «xor otig
avoTEP® OYEGES OAAALEL M omOAEW O1000NG Tov amoteAeitan AoV amd SVO

TPOGHETEOVC TTOV APOPOVV amMAEW amd TNV Tnyn 610 61oX0 (Tl ) Ko amd T0 6TOYKO
oto dékt (TL, ) avtictoya

R-L > EL=SL—(TL+TL)+TS—RL>DT (3.4.100)

N-L—> EL=SL—(TL +TL,)+TS—(NL-DI)>DT (3.4.10p)

nuetwvoope KatoAnktikd ott omv eElowon SONAR pmopodv va vreicélfovv
TEPLGGOTEPOL OPOL, EAV UTOPOVV VO, LOVTEAOTOMOOVV pe HEYaADTEPT AETTOUEPELR O1
UNYOVIGUOL €100YMYNG OKOVOTIKNG EVEPYEWG OTO ovoTNUo (Y. amd eEWTEPIKEG
TMYEG, M Ao GOIVOUEVO avINYNONG) KabmG emiong Kot va d1oympioTohy ot POl TOL
OVOQEPOVTUL GE OTMAELNL SLAOOCNG, DOTE EKPPUCTOVV YMPIGTH 1) UTMAELNL O1UO00NC
oTNV LOATIVI] GTHAN KOl am®AEW d1ddoong muhuéva. Avtd umopel va ivar ¥p1cIuo
0€ TMEPMTMOELS TPOCEYYIOTIKOV VTOAOYIGHOV TNG OMMAEWG O14000MG GE UEYOAES
OOCTAGCELS Kot 6 pNyég Baracoeg Otav ypnoyomoteitatl 1 Bewpia aktiveov yio tov
VTOAOYIGUO TOL OKOVGTIKOV TEdiOV. AEMTOUEPEIEG VTG NG HOPENS dgv Ba pag
OTOGYOA|GOLV.
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4, Ewsayoyn oty enelepyncio aKovoTIKOV ONUATOV

0 KOLGTIKG GNULOTO TOV KATOYPAPOVTAL 6T0 BaAdooto meptPdAlov mowkilovv

avAAOYQ LLE TNV TNYT TOVG, EVO 1) EMAOYT TOL TOTTOV VO OKOLGTIKOD GNUATOG

oV ekmEUmMETOL 0T OdAacoa Yoo cuykekpiévoug Adyoug e€aptdtot amd TV
epapuoyn vy v omoio ekmépmetol. Kdpio kpimmpla emAoyNg T@V GNUATOV TOV
EKTEUTOVTOL OO EVEPYNTIKA GULGTNUOATO TOV YPNGUYOTOOVVTOL GTNV OKOLGTIKY|
WKeEVOYpOQioL €ivatl 1 HETAPOPE OGO TO SLVATO UEYOADTEPTG EVEPYELNG GE UEYAAN
amdGTAOT Kot 1 EMTEVEN YOPOKTNPICTIKAOV ANYNG TOL va eivar e0koAa avayvopiciuo
kot aflomomotpua. Mg v €vvolo avtn €vol MUTOVOEDEG Koo (KOpo otafepng
oVYVOTNTOG @, AmEPNG OAPKEWNG), OTMG 0VTO oTo omoio Pacicape ™ HEXPL TOPA
avamtuén oev Bewpeitor 10 TAEOV KATAAANLO, Lo Kol OEV €YEL KOAG YOPOKTNPIOTIKA
AVOYVOPIGLOTNTOG, OTTMG T.Y. HETPNONS YPOVOL. ATtO TV GAAN TAELPA, CNLUATO TOV
EKTEUTOVTOL OO PLGIKES TINYES EYOVV TOL SIKEL TOVG YOPOKTNPIGTIKA MG TPOG TO EVPOG
ovyvotNTOV and ta omoio cuvtifevtat. Eival emopévaog dbokoro ota miaico evog
EI0AYOYIKOV HoONUATOC Vo cLINTNOEL KAVEIG TO YOPAKTNPIOTIKE KATOI®wV omd To
onNuoTo aVTA, £el OO vonua va avapepbode oe ototyeia ¢ eneéepyaciog Tovg
mov Ba Ponbnoovv va KaTOVONGOLHE EVVOLEC OMMC TOVL €VPOVE TOV GNLOTOG
(bandwidth) tov petaoynuaticpod omdé to 7medio TOvL YPOVOL ©TO0 WESID TV
ovyvotntov KA. . 'Etol Ba yivel katavont| Kot 1 ETYUOVH HOG OTNV 0VOPOPA TWV
AMGE®V TOL APOPOVV OPLLOVIKA GTLLOLTAL.

4.1 Yroycio amé TV AvAAVGY] TOV GKOVGTIK®OV oNudTov — Avalven Fourier.

Ta akovotikd onpata Aappdvovion kot Katoypdeoviol 6to medio Tov ypovov. Edav ta
Oeopnoovpe pHe TNV OVOAOYIKY] TOUG £KQPOOCY], TEPLYPAPOVTOL G OCLVEYEIC
ouvaptnoelg Tov ypovov f (). INo mapaderypo Eva LOVOYPOUATIKO GO TTOL 00EVEL
KOTA WNKOG TOL AEOVA I' UTopel va £xEL TV EKQPOO.

f(t) = Asin(kr — at) (4.1.1)

‘Eva toyoio ofuo (VIETEPIIVIOTIKO OU®MG OC TPOS TNV EKOPOCT TOV ) UmOopel va
ouvtebel amd TOAAEG OPUOVIKEC, GUVIGTMOGES ONANON CNLLATO TTOV £XOVV TNV MOG AVE®
popen (4.1.1) aArd mov pmopel vo SopEPOvV MG TPOS TO TAATOC KOl TI GLYVOTNTO.
Edv Bewpnoovpe pio cuveyn Katovour cuyvotnI®mVv, 1 GUVEICQOPA Kabe piog amd Tig
oLYVOTNTEG GTO oNpa, Yopaktnpiletar pésm g cuvdpmons F (@) . Ot cuvoptioelg

f(t) xou F(w) amotedodv éva (evyoc ovvaptioemv mov  yopoktnpilet Tto
omodMToTE AvaLoYKO onpa. O vToAoyiopHog Tov kébe péLovg Tov (evyoug pmopet
va yiver eav yvopilovpe to dAlo, péow tov Metasynuaticuod Fourier (Fourier
Transform) mov Oa avantHéovpe 6N GLVEYELA.

Edv o1 o¢ dve cuvapticelg oev givor cuveyeig aAld 6idovTal Yo GUYKEKPIUEVES TYLES
tov petafintov t ko o (t,@;), n oxéon tovg didetar péow tov Arakpirod
Meracynuaticuov Fourier (Discrete Fourier Transform). Me d&dopévn
cLYYPOVN YNOoKN TeXVOLOYia, M TeAgvtain ot TePinTwon mapovcstdletl WO1aiTEPO
evolPEPOV. Xt cuvéyela Ba avagepBovpe kot otig 0V0 mepmtmcels apyiloviag amd
N cvveyn TePInTOON.
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signal amplitude

3l IS i e s

62 6.4 86 68

7 14 78 78 [}
time(sec)

Tyqpna 4.1 Katoypoagn evog aKousTIKOD GNILOTOC 6TO Edi0 Tov ¥pOvov
411 O Merooynuotiouog Fourier.

OPIEMOX : Ta Cedyn tov pyadikov gv yéver ovvaptinoeov f(t) ku F(w)
Kahovvtar (evyn petaoynuaticpod Fourier, koi ovpPorifoviar w¢ f(t) <> F(w),
otav oyetilovion pow TV EE1I0MGEMV

F(w) = Tf(t)ei”"dt (4.1.2)

f(t)= i T F(w)e'dow (4.1.3)

I'papovtog T Tapoandve oyEcelg VTOBETOVE OTL TOL OAOKANPMUATO VITEAPYOVV LE TNV
gvvola TG TpmTELOLGC TS Tov Cauchy 1L,

H cvvaptnon F(w) ovopdleton petacynuatiopndc Fourier g f(t) xou cvufoiileton
kol ¢ F(w) =3{f (1)} evon f(t) yopakmmpiletor g aviioTpoPog LETOCYNUATIGUOG
m¢ F(w) xo ovpPorileton og f(t) = I {F(w)}. Na onueidcovpe edd, Ot1L M
YPaPIKN Tapdotoon tov cuvaptioemv F(w) ko f(t) ywo Tig mpaktikés epapproyég
OVOQEPETOL GTO HETPO TOVLG T.Y. (|F(a))|), ov elvar kot €vog evepyelakoc delktng

TOAD YPNGYLOG OTIS EPAPLOYES N OTO TTPAYHATIKO HEPOS g F (@) .

0 A
11 Anhad yio To OLOKAPOLLL IOYDEL [iia GXECT] TG LOPPHG I X(t) dt = Lim I X(t)dt
—>0
-A

—00
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(1)
Real(F(x))

Yyna 4.2 Tlopdderypo tov onpotog g oxéong 4.1.4 oto medio Tov ¥pOVOL Kot TG SUYVOTNTAS.
O Tég apopovv 0=2.

at

[No mapaderypa, edv f(t)=e™™ a>0 >0 (ZmMua4.2),n F(@) eivan

F(@)=[e e ™ dt = [e ™" dt = ! (4.1.4)
0

0 a+t+iw
H avtiotpoen oyéon 4.1.3 pmopei vo domiotmbel amd Tov evO10QPEPOUEVO AVOYVAOGT).

Inueldvovpe €d® ¢ TPOT Poocikn W610THTO. TOL peTaoynuaticpod Fourier T
YPAUUIKOTHTO, .

H ypappikémra exppaleton og €N :

Eav f,(t) & F (@) ywi=1,.....N ko Ci avBaipetec mpaypotikés 1 pryadikés otabepéc,
T0TE 1GYVEL :

c,ft)+c,f,(t)+---+c, f (t) < cF(w)+C,F(w)+-+C,F, (o) (4.1.5)
Onog sinape, ot cuvaptoelg f(t) ko F(w) etvan yevikd pyadikég.
f(t) = f(t) +if,(t) F(w) = R(w) +iX (w)
XpNoWonoidvtag TV €Kepacn g ekOeTIKNG ocvvaptnong HEC® MUiTovov Kot
ovvnuitovov (tomog Euler) kot v dtdtta g YpoppkOTToS LITOPOVIE EDKOAN VO

KATOANEOVE GE EKPPAGELS YO TOL TPOYLOTIKA KOl QOVIOGTIKO HEPN TOV O VO
GLVOPTNCEWDV :

R(w) = if[f1 (t)cosart + £, (t)sin ot]dt (4.1.6a)
X(w) = T[fz(t)cosa)t—fl(t)sin ot |dt (4.1.6p)

1) = 1 T[R(a)) cosat — X (w)sin wt|dw (4.1.6y)
2
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() = % [[R(@)sinat + X (@)cosatlde (4.1.69)

Xmv mpdln, avoeepopevol oe  emeCepyoacio onpdtov, ot cuvoptnoelg  f(¢)
AVTUTPOCHOTEVOVV UETPNOELS OCNUATOV GTO TEGIO TOV ¥POVOL Kot EIVOL TPOYIOTIKES
ovvaptioelg ( f,(t) =0). Zmv nepintoon avth £0KoAo PHTOPOVLE VO SOTIGTOCOVUE
OTL 1IoYVEL

R(w) = T f (t) coswtdt X(a))z—Tf(t)sin wtdt (4.1.7)

—00 —00

AMec oyxéoelg mov 1oybovv oty mepintwon avt eivan  R(—w) = R(w) ko
X (—w) =—X (@) . 'Eto1, vmoonimvovtog pe * tov ovluyn|, PAETOUE OTL 1oYDEL KO Lo

oxéon g popeng F (0) = F(-w) .

Ymv mepimtwon mwov 1 ovvapmon f(t) sivar qptia, (f(-t)= f(t)) moaipvoue
X (@) =0. AnAadn 0 HETOCYNUOTICUOG HIOG TPOYUOTIKNG GPTIOG GLVAPTNONG OidEl
TPAYHOTIKY] ovvaptnon. Avtictoyya v f(—t)=—f(t) (meprrty ovvapnon)
naipvope R(w) =0.

[MapaBétope ot cvvéreln yopic amdoeln pa cepd and evolapiépovto Bewprparto
avtiotoiynong mov 1oybovv Yoo kdOe (evyog petacynuaticpov Fourier. O
EVOLUPEPOLEVOS AVAYVDOOTNG Uopel vor eMPBEPADOEL TIC AVTIGTOLYIEC O AGKNOT).

f(t) & F(w)
F{t) o 271 (o) Svppetpio (Avikdtra)
f'(t) o F (~0) 5 )
" - i
£(-t) & F (o) vivria
f(-t) & F(-w) AvTioTpoPn 1pOvoL
f(at) o> = F(9)
o "a
1t Aldoy"| kAMpokog
— f (=) o F(aw)
@l a
f(t—a) e ™ F(o) Metatémion xpodvov
e f(t) o Flo-a) Mertatomon cuyvotntag
1
f (t) cos mt <—>E[F(a)+a)0)+ F(o-a,)] | Alopdpewon
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4.1.2 Jovvélién

Ozwpodpe Vo cvvaptioelg f,(f) kot f, (1) ko ta avtiotoryo dgdtepo PEAN TV
Cevydv tov petacynuatiopod Fourier F (o) kol F, (@) .

Zvvéaién (convolution) tov cuvapmoemv f,(¢) kot £, (¢) ovopdlovpe 10 OAOKANp®LLOL
i * )0 = [ @ fLG-DdT = [ /it -0) f2()d7 (4.1.8)

To oAoxANpoUE AVTO OVTITPOCMTEVEL [ VEDL GLVAPTNGN TOL YPOVOL Kot givat
wloitepa  ONUOVTIKO  ©Tn  HEASTn TV QIATpovV. Xnuewwvovpe  Ott Ha
xpnowomomoovpe kot t0 ovpfoiopd  f(t)* () yoo ™ ovvéMén dvo
ocvvaptinoewv. Emopévog Oa Bewpnoope 011 ©¢ mpog T0 SLUPBOMGUO 1GYVEL
fl(t)* fz(t) = (fl* fz)(t) .

Eav mapovpe 10 petacynuatiopnd Fourier tg cvvapmong (f, * f,)(), €xope yo
I=7+x

0

] { [ A fate- fw}” = [ @ [ fy e =

—00

~ [ e dz [ (v dx = F(@)Fy @)

‘Etol, mpoxkdmtel €va ONUOVTIIKO GULUTEPOGHO G€ O,TL 0POPA GTO YIVOUEVO
CUVOAPTNCEMV TOL TEPTLYPAPOVTOL GTO TESIO TOV CLYVOTHTOV :

H ovvélén oto medio Tov Ypovov PETAGYNUOTILETOL GE YIVOUEVO GUVAPTI|CEMV
OTO TTEGLO TOV GLYVOTHTOV.

H cvuporikd : Eav f,(t) © F(o)xa f,(t) <> F,(®) 10t¢
L (@)* () © F(o)F, (o) (4.1.9)

Avtictoya propovpe va deitope (Aoknon) 01t

£OL0) Hiﬂ(w)*Fz (@) (4.1.10)



92 Ewcaymyn omv Axovotikn Qieavoypapio

A0

» 3

t [0

Yypa 4.3 O moApog o.
Téhog Bo mpémer va mopoTNPICOLHE OTL 1 EVEPYEW, TOV GONUOTOS TOPOUEVEL

avoAloioTn pe To petacynuotiopd. H ddtro avt) €pyxetor o¢ cvvemeln g
eopuovrag rov Parseval yio cuveyn ofjpoto mov givart :

Tnmﬁmngfﬁmmmw (4.1.11)
T

—00

Mo f(t)= f,(t)= f(t) maipvopue :
oo 1 2
£U(mm=§;ﬂF@mdw (4.1.12)

oL eKPPAleEL TO evepyelnkd Oedpnuo Yoo to petaocynuaticpnd Fourier. Oa 1o
oLUVOVTAGOVUE  OapYOTEPQ, OTNV  ovoeopd pag oto Bopvfo tov  Bordcciov
nepPAiovToc.

413 O maluog o

Y& TOMEG EQPAPUOYEC TNG AVAALOTG CNUATOV CUVOVTOUE GUVAPTNCELS LE T LOPPN

evog maluod oéita (delta function d). Ot 1610TNTEG TN EBIKNEG OWWTHG CLVAPTNONG
Bacilovtol oy opiopd e, Tov S1dETOL LECH TNG OXEONS

J 50t = $(0) (4.1.13)
7oV 16YVEL Yo KaBe cuvdptnon ¢(¢) mov gival cvveyng oto ¢ =0.
ATO ™V ovOTEP® GYECT] TPOKVTTEL OTL

T&namwzl (4.1.14)

TOL oNUAVEL OTAG OTL O pETAGYNUATIGHOG Fourier g cuvdptnong d eivar 1 povada,

(1).
5(t) <> 1 (4.1.15)
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Me dAla Aoy, €vog maAuog dédta oto medio tov ypodvov (oTiypioio d€yepon)
petacynuotiletol 6to medio TV cuyvoTHTOV o€ o otabepn cuvdptnon (Zynua 4.3).

Ed&v ypnoyomomoope t oxéon yo Tov ovTicTpopo HETOCYNUATIGUO, TA{PVOUE :

0

1 iot
5(t) = ije dew (4.1.16)
Eav f(¢) =1 maipvopue
F(o)= [e™dt = 275(w) (4.1.17)
Emopévac:
1 < 278(@) (4.1.18)

4.1.4 Ilepiooixa onuata — 2eipég Fourier

To népacpo amd t0 cuveyn petooynuotioud Fourier oto dokpird gival omapaitnto
poe Kou onuepa M emeCepyacion TOV oNUATOV Eival GUECH GLVOEOEUEVN HE TNV
ynolokn avaivon. Ta onuato ynelomolovvion kot BEPata n enesepyacia yivetal o
TMEMEPAGUEVO YPOVO KOl Y10 TEXEPUCUEVES GLYVOTNTES. 'ETO1 gV givan duvarh 1 dpeon
EQPAPUOYN TOL GLVEYXOVG peTacynuatiopod Fourier. Avalnteitoan ocvvendg kdtt
TEPLGGOTEPO GLVOEOEUEVO LE TO TPOYLOTIKE OEOOUEVA TNG OVAALONG oNudtoV. g
TPAOTO PrHa Yo T0 oKOTd ovTo, oG Oempnoope Eva TEPLOOIKO OO 6TO TTEHIO TOV
xpovov. To onua owtd ekepaletor péow g cvvaptong f(¢) yio tnv omoia 1oyvEeL

FO =" fot+nT) (4.1.19)
Ol <%
omov f,(t) = T
0 |t|> >

kot 7' givon m mepiodog tov onpartoc. O petacynuatiopdg Fourier mg fy(t) sivow n
Fo(@)

Eév cvpforicope pe & (1) oelpd
5(t)= Y 8(t+nT) (4.1.20)

=—00

UTopov e EDKOAN VO, SIUMIGTAOCOVLE OTL 1] cuvApTNoT f (1) YPAPETOL 1OG

[@©)=8@)* f,(0) (4.1.21)
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3 S vs0W)

©o
\i
il
o
N

Xypa 4.4 Tleprodikd onua

50, %@

[Tl

Tymne 4.5 To {edyog Tov ToAudY 5 (1), 0)05_ (o)

Il

YvpBorilovtag pe & (@) oepd, 8(w) = Zé‘ (w—nw,) 6mov w, = 2_|_—7T , umopovue

n=—o0

] o

va 1o TOGoVLE 6Tl O (1) <> 0,6 (@) (Zyua 4.5).

1 ovvéyela maipvope o petacynuatiopd Fourier twv dvo pepov g 4.1.21 kot pe
¥PNO™M TOL BE@PNUATOG GUVEMENG EYOLE :

F (@) = 0,8 () Fy (0) = 0,Fy (@) 3. 6(@-nay) =0, . Fy ()@ —nay)

(4.1.22)
omov £yve ypromn g 1W10TNTaG TV cuvaptioewy J, f(t)o(t—a)= f(a)o(t—a).

Emopévog katainéope oto ovumépocpo 0Tl 0 petacynupotionde Fourier puog
TEPLOOIKNG cLuVApTNONG Teplddov 7, amoteleitor and pio aAAniovyio ToOAUDV O o€
amootdoel @, petaly tovc. To amotéhespa odnyel oty éxepacn g f(¢) péow

oeipag Fourier. Tlpayport, v mapope

1 T/2 )
j f (t)e "t qt (4.1.23)

-T/2

1
a, = ? Fo(nwo) = ?

KOL TOV OVTIGTPOPO UETAGYNUATIGHO oTa. 000 akpaio uéAn g e&iomong (4.1.22),
odnyovueda 61N oyéon
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o0

f@O)=>a,e" (4.1.24)
Avrtictoya, amo v 4.1.22 BAénope 6tin F(w) ypdoetot
F(o)= ), 27a,6(0—Na,) (4.1.25)

Ot ovvapmioeig f(t), F(w) amotedovv to {edyog Tov petacynuaticpon Fourier.

Hopdderypa Ta va €ovpe o eronteion Tov avotépo, Bo avapepBodue oto oynua
4.6 (am6 Papoulis) oto omoio mapovoldletar 1 TEPLOSIKY)  GLVAPTNOM

F@O= 3 folt+nT) Snov T, =0,(1) e

=—w

1t
.t=1""c <c (4.1.26)

0 |tf>c
Ko ot ovvtereotéc Fourier a, g f(t) .

Mmropobpue va emiPefardcovpe (Aoknon) ot

%@e&@hﬁﬁ%ﬂa (4.1.27)

evo and v (4.1.23) vrevBopilovpe 0Tt a, = 'Ii' F (naw,) . 10 oxuo eaivovton 10660

. . . 1 . ,
Ol GUVTEAEGTEC @, OGO KOl 1| GLVAPTNON T Fy (@) (dwexoppévn ypapun).

@)

Type 4.6 H mepodikn ovvapmon f (t) tov mapadeiyparog kot ot cuvtehestés
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[Mopatnpodpe 0Tt 610 TESIO TOV CLYVOTHTOV, 1 TEPLOOKOTNTA TG Guvaptnong f(t)
exk@paletol pe Sokpiry aAANAOLYi0 TOALDV OTIG GLXVOTNTEG @ = N@w,, —00 <N <
Kol EMOUEVMG 6TO TTedio TOov ¥poOVoV 1 cuvaptnon f(¢) avaroapictatol pe GEPa Kot
oyt pe ohokAnpopa. IlpocéEte emiong ta 6plol OAOKANPOONG GTOV VTOAOYIGUO TMV
GUVTEAEGTOV a,, .

Evkoia pmopet va amodeyBel kot éva Bedpnpo cuvEMENS Y10 TOL GUATO THG MG AVE®
katnyopiog. 'Etot, edv

L= ae™  f()=) be" (4.1.28)
TOTE
1 T/2 o .
= [ fit-0)f,()dr = Y abe™ (4.1.29)
T -T/2 N=—o0
Kot
1 T/2 . w
T f f,(t)f, (e dt= > a.b, , (4.1.30)
-T/2 m=—c0

Téhog a&iler va mapatnproope 6t €dv 1 epiodog ¢ cvvhptnong f(¢) apyilet
xpovikn otiypn 7, , To opro. oAokAnpwong oty 4.1.23 givon and 7, éog 7, + T . Eivon
eMioNg oLVNOIGUEVO 1 OAOKANP®GON VA YIVETOL MG TPOG T SLYVOTNTO Kol O)l WG TPOG
NV KUKMKT ovyvotnta (TpPA v avagopd pog ota idtpa). ZvuPoAilovtag pe f
ovyvotnTa Kot aAAGovTag To GVUPOAMGHO TG cLVApPTHoNG TOV XpOvoL og X(t), Yo va
amoPOYOLE TUYOV GVYYLON UE TO GLUPOMGLO TNG GLYVOTNTOC, YPAPOLUE Yo TO (eVYOg
TOL LETOGYNUOTIGLOV

X(t)= > X, e X(f)=> 2zX,6(2xf —2znf,) (4.1.31)
1 To+T )
X, == j x(t)e e gt (4.1.32)
T;
€00, f, = !
s Jo — 4
T

Aé&iler va onuetdoovpe Ot 1 avoTép® Bedpnon Umopel vo TPOKOWYEL Kol amd TN
Bempia avomapdoTacng TOV TEPLOSIKOV cuvapTioemy e oepég Fourier. H ékppaon
mg f(t) and v 4.1.24 (avtictorya ™g X(t) amd v 4.1.31) eivor  KAacown
OVOTOPAGTAGT] TOV OVTIGTO(®V GUVUPTICEDV UE YPNOT TOV TPLYOVOUETPIKAOV
oLVOPTNGEDV BAong otV ekBETIKN TOVG LOPON.



Ewcaymyn omv Axovotikn Qieavoypapio 97

Flw)

' 0 w, w,

Tynnoe 4.7 Ot GuvapTHGELS f_(t) ko F (@) (an6 Papoulis)

4.15 O dwaxpitog uetooynuationos Fourier

310Y0C TOL SlaKPLTOL peETacYNUOTIoHoV Fourier gival o vroloylouds tov (evyoug
f(t) o F(w) otav sivar yvootég dtokpitég Tiég e pog 1 g GAANG cuvaptnong.
Me éAlo Aoy B umopovoe va. gl kaveic Tov dukpitd petaoynuaticpd Fourier og
pla wpoomdeior apOUNTIKOV VTOAOYIGHOV TWV OAOKANP®UATOV 7oL opilovv TO
ocvveyn upetaoynuatiopd (Xxéoeig 4.1.2 ko 4.1.3). Eivon mpopavég 6t o d10kpitog

HetaoynuoTiopog Fourier et aueon epapuoyn ot GNUEPIVI YNOLOKT| ETOYN.

Oewpodpue 1o Levyog f(t) «> F(w) ko Tic oxetilopeveg pe autd vEeg GLVAPTNOEIL :

f()= i f(t+nT) F(w)= iF(a)+nwl) (4.1.33)

= n=—o0

H cuvapmon f(¢) sivon teprodikn pe mepiodo T, evéd n F (@) sivon emiong meplodiki,
ue mepiodo @, (Zynua 4.7). Orotabepés T ko w1 givon avbaipeTes.

Mropei va Seyytei 6tL 1 ovvapmon f(¢) ypheetor pe T popen evdg abpoiouaroc
Poisson (Poisson sum formula) mg

f(t) =% > F(na,)e™ w, = ZT—” (4.1.34)

[Mpogavmg, ot cvvtedeotés F(Nwo) eivar ot cvviedeotég Fourier g meplodikng
ocuvapmong 77 (¢) (mpPA. Zyéon 4.1.24). Anhaon

T/2

F(nw,) = j F()e ™ dt (4.1.35)

-T/2

Avrtictotyo pmopovpe va deiEovpe 0Tt
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ﬁ(m):z—” D> f(nTe ™, T1=2—” (4.1.36)

1 n=—c0 @,

Ot ovvteleotéc F(nw, ) pmopel va BewpnBoldv mg Sokpités TYég g cuvaptTnong

F(w) apov vroloyilovtar e dtakpitég Tiuég Tov mediov Twv cvuyvotitwv. Emiong
umopobUe va  mapatnpiioovpe  OTL Yo TG TWEG Nw,, TO OAOKANPOUC

F(w) = J' f(t)e'dt pe Opla 6TO GMEWPO, UETOMIMTEL GTO TEMEPOSUEVO OAOKAPOLLQL
4.1.35 oAMG yio TV cuvaptnon f(t) .

Xpewldpaote k4t ovirloyo kot yioo Tt ovvaptnon f(t). Aniadn éva tpdmO
VTOAOYIGHOD T®V OOKPITOV TWW®V TNG oT0 MES0 TOv YpoOvov €dv yvmpilope v
LETOCYNUOTIGUEVT TG 6T0 Tedio cvyvotnras. Enl mAéov Ba Ntav diaitepa yproyio

Vo Lmopov e VoL vIoAoyicope To oAokAnpopa 4.1.35 pe v popen oe1pdc.

Ag Bewpnoope TNV TEPLOOTKT GLVAPTNON
y(t)= D" (4.1.37)
k=—o0

Eav N eivor pioe avBaipetn otabepd kou 7, =7/ N, ot dwkpreég tipég g Y(t)
didovrton amd T oYEoELg

y(m]‘i) — Z Ckeika)()mTl — chWNkm WN — eizﬂ/N (4.1.38)
k=—0 k=—o0

onmov o,T, =w,T/N =2x/N .

O aképarog K ypdoetar g éva adpooua k =n+rN, n=0,.....N-1,r=....,-1,0,1,.......

km (n+rN)m mn

/ N
Kol 0Qov w, =1, Wy =Wy =Wy

Emiong, n (4.1.38) ypdoeton

N-1 o N-1 )
y(mTi) = Z chﬂfNWN(’H—rN)m = ZWNmn ch+rN (4139)
n=0 r=—ow n=0 r=—0

0
Kévovtag v avtikatdotaon Cy = Z C,..n » maipvope

r=—c0

N-1
ymT)=>Ycw,", m=0,.,N-1 (4.1.40)
n=0
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"Etot maipvope N e€lodoelg mov opilovy HEGH TV GUVTEAECTAOV ¢, TIG OLUKPLTEG TULES
™ ovvaptnong Y(t).

Ta avotépo 16XVOLY Kol Yl T ocvvapton f(t), 6mwg ovtq opileton amd v
(4.1.34).

YrevOopilovtag t1g oyéoelg

I,=T/N, wozz%, o, :2T—7[:Na)0, £yope

1

=z

1 .
f(MT) == F(nog)w,™, w, =e*'" (4.1.41)

=

Il
o

n

H televtaio ékppaon pog 6ider N eélodoelg (yioo m=0,....,N-1), mov poag 6idovv tig
Swkprts Twée  F(Nw,) e mepodicyc ouvaptiong F (@), ouvapticst Tov

Stakprrdv Tipdv f(mT)) g nepodikig cuvapmong T (t) .

Mropei va. anodeiydei 011 ev F (@) =0 yot || > o kon @, > 20, 101 F(0) = F (@)
Yo || < o kar n Mon g 4.1.41 (Tés F(nm,)) 8idel ig Sraxprréc Tiuég me F(w)
dniadny  F(nw,) = F(nw,). Mepiocodtepa yoo ovt ™V ovuotoyia Oa Sodus
TOPAUKAT.

H oyéon (4.1.41) etvan ¢ popong
N-1 .
A=Y aw™ m=0...,N-1L w, =" (4.1.42)
n=0
Kol uTopovpe va, dgifope Ot
N-1
a, =NZAMWN‘”” n=0,..,N-1 (4.1.43)
m=0

Ta Cevyn tov ocvvieheotdv mov opilovior and T1g oyéoelg (4.1.42) wou (4.1.43)
amoteloVOV pia drakpith oeipa (evywv Fourier (discrete Fourier series pair) zaéng N.
Kot B supPorilovion pe

a, <> A,
H cepd etvar meplodikn, OnAadn oyvet

A =A, a

m+N m n+N n

ATo T0 TOpaTAV® givar TPOPAVES OTL Y10 TEPLOSIKA oNpata, 1) dlakpt oepd Fourier
pog 6idel péow tav 4.1.35 kot 4.1.36, dokprtég TWES TOLV GNUATOG GTO TEGIO TOL
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xPOVOL Kot TV cuyvoTiTtv. Mia detypatoAnyia pe N tipég emopévmg oto €va amod to
dvo media pag didet pia avriotoyn derypotoinyio oto dAro medio, pe tov 1610 apBud
onueiov.

Agv ypelaleton emopévmg Vo KATo@OYEL KOVEIG 0E OAOKANPOMOTO Yol VO, TOPEL
Kamoleg amd Tig 0Vo TWéS.  Ymhpyer PEPara mhvto M amaitnon emiAvong evog
ocvotnuatog N eélomoewv. Ot vmoloyiopol yivovtal ypriiyopa o€ €vav NMAEKTPOVIKO
VIOAOYIOTY, ®GTOCO e E01KN TEXVIKT (I prjyopos Metacynuaticuds Fourier — Fast
Fourier Transform 7 FFT) eivat duvatdv avtoi va emttayuvOodyv onuovtikd.

Méypt topa Exopie deiEel OTL O1 OELYHATOANTTIKESG TYLES

FmT) =3 f(MT,+kT), F(na)= Y F(na, +ray) (4.1.44)

tov ocvvapticsov T (t) kar F(w) opilovv éva (edyoc S1okpitod HETOGYNUATIGHOD
Fourier, o¢ e&nc:

Tilf(na)o) © f(mT)
Yuvenmg, amo v 4.1.43 maipvopue

F(naw,) =T1§ f(mT)w,™ (4.1.45)

m=0

Oo TPEMEL VO ONUELOCOVUE €0M OTL OTAV EYOUE €VOL TVYOUO ONUA GTO TEdIO TOV
xpovov, Ba mpémer va yivel KATAAANAN EMAOYN TOV TOPOUETP®V TOV OUKPITOV
petaoynuoticpoy Fourier dote vo, petmbei to AGOo¢ mov yivetal OTav ot GUVTEAECTEG

mg F (@) mpooeyyiotody kotd To avetépm pe ekeivoug ¢ F(w). To Adbog awtd

(F (naw,) — If(na)o)) givon yvootd oty Bproypaeio wc aliasing error.

fin)

Yyna 4.8 Yroloyiopdg evaAlaktikol g0poug detyporoinyiag (amd Papoulis)
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4 F(w)

WEINURRPL, S-I
D !
£

i

-0 0 a w

Tyine 4.9 Otovvaprioerg F (@) kar F (@) (an6 Papoulis)

Y& mpaypatikd TpofAnpata, £vo oo £El TETEPAGUEVN OAPKELX OTAV KATOYPAPET
ot0 medio tov ypovov. H «ypioun» dudpkewr Tov oNHatog, ONAad vty 7Tov
OVOPEPETOL GE GLYKEKPIUEVT] EKTTOUTY] UTOPEL var gfvor pukpdtepn amd TV ddpKeELd
™G KoTaypaens. o vo pmopEécovpe va HEAETNIGOVE TO O AVTO PE TO SLOKPLTO
petaoynuotiopd Fourier O mpémel va Bempnoovpe ™V «evePYO» TOL S1APKELN, Ko
o1 ovvéyeln vo Bewproovpie pio TePiodo emAVIANYNS TG KVUOTOLOPPNG GTO TTESTO
ToV ¥pOVoL, N omoia pmopel var etvar ko peyaAdtepn amd v evepyo dbpketa. (Zynuo
4.8). A¢ suppolricoue pe f(t) to mpoypatikd onua, pe o TNV evePyo SAPKELN KOL UE
T v mepiodo Tov «TeXVNToO» TEPLOdKOD ofpatoc f(t) Ac vmobécovpe thpa OTL
&xope éva toyaio onua f(t) to omoio mepropiletal oto dotnua (0,a) wor eivon
unodév €€m amod to donuo owTo (Zynua 4.8). Xty mpdén avtd pmopel va yivel étav
amd £vo KoTayeypappévo oo agapefodv otoryeion TG KoTaypoaeng mépa amd Eva
dlotnuo péca oto omoio Bempeitanr 0TL T0 onNua €yl €va onpaviikd TAdtog. ‘Etot
TOIPVOLLE TNV «EVEPYO» SLAPKEWD. ZNUEIOVOVUE OTL £E® OO TO SAGTNUA OWTO EAV
&xel Kataypoapel Katt Oewpeitar 6t eivon B0pvPog kot yr avtd apeieitor Osmpovevog
oc 0. Oao mpénel Tdpa va opicovpe Ti¢ mapapéTpoug T kar Ny vo vAomomBet o
petooynuoticpds. Ta Prpata mov tumikd mpénel vo akoAovOnbodv mpokeyévon va
emtevyOel PEATIOT OVAAVLOT TOL GHLOTOG Kot OLVATOTNTA aKPLPovS pHeTdPaong amd
10 £éva Tedi0 6TO AALO Ko avTioTpopa, ivor Ta €ENG :

1. Ymoloyiopdg tov Pruatog derypotoinyios. EmAéyope T=a evd N etvan
emleyeioa  taén tov petaoynuotiopov. Tote f(t)=f(t) oto Sdotnua (0,7)

Eyuo 4.8). Xpnowomowwvtag ta detypato g f (t) oto didotnua avtd, mov gival
f(mT), T,=T/N, m=0,1..,N -1 o dkpitdg peracynuaticpog Fourier Ho pog
ddoet axpipag ta deiypota g F(Nw,), @, =27/T, n=0,1...N-1. Ta dsiypora
F(nw,) s F(®w) pmopodv vo mpoceyyiotodv amd exeiva tng F(nw,) eavn F(o)
neplopiletar ovolaotikd oe éva ddotuo (—o, o) Kot mapdrAinio o <w, /2, 6mov

@, = N, . Zmv nepintoon avt propel va det kavelg amd v 4.1.45 611 Oa 1oydeL

F(new,) ywt|n| Sﬂ
F(nw,) = l\f (4.1.46)
0 ya|n| < >
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Oa mpémet vo onuewwdel 61t 1 F(nw,) vmoloyiletaw yuo n=0,..N-1. Ot
npoceyyioelg opmg F(nw,) Oo mpénel va exteivovtal kol 6TO ApvNTIKO GACUO TOV

cuyvotitav. ['a Tov A0Yyo avtd Kot AOY® GUUUETPIKOTNTOG YPTCLOTOIOVVTOL Ol TIES
7oL &yovv vrohoytotei yio N> N /2 yia va vroroyiotodv ot Tipég Yo N < 0 og e€ng :

F(nw,) vy 0<n< N
F(nw,) = 2 (4.1.47)

F(Nw,+nw,) v |n| <%

INUELOVOLUE KO TAAL OTL TO €0POG GLYVOTNTMOV TTOV LOG OIOEL O LETACYNUATIGLOG Yol
mv F(nw,) eivor @, =27 /T, = Na,. Acite oyetikd kot to oxfua 4.7.

2NV TEPIMTMOOT TOV TO TPAYUATIKO EVPOG GLYVOTNTMOV TOL GNHOTOG Elvar peyaAdtepo
amo 1o o (Betikég TiéC) vdpyel Adboc mpocéyyiong (Aliasing Error), evd mapdiinia
dev vmoAoyiletoaw 6A0 TO QAGUHO CLYVOTHT®V TOL onuatoc. Ilpocééte Ot 10 W1
nponAbe amd Tig emAoyég pog: T, =T /N .

2. INa va petwdet to AaBog mpocéyyiong e F (@) Oa mpémet vo avénbel 10 @, .
Anhadn va  avénbel onuovtikd TO €0POC CLYVOTHT®V TOL HOG Oidel O
HETOCYNUOTIGUOG DOOTE KATO TO SLVATOV VO KOADTTEL OAO TO EVPOC TV KEVEPYDV
ovyvotnt®v Tov onpatos. [N otabepod, n avénon tov @, cuvemdyston peioon Tov

T . Avtd onuaivel 6t Bo Bewpnoope £va TePlodikd GNU 6TO TEDIO TOL YPOVOL LE
ePiod0 MOV JEV «PTAVED YO VO TEPLYPAYEL TANP®S TNV OEEAUN Ypovooelpd, O
LETAOYNUOTIOUOG UTOPEl Kot Tdh vor pog dmoet Tig Tiuég detyparoinyiog g f(nT,)
7oL Opmg dev etvan mAéov ioeg pe g Tég g f(nT,) (Exmpa 4.88). Me dAra Aoy,
to. T (nT,) vohoyilovtar oxpiPadc, oAld oxt ta f(nT;) kot cuvemdg mapopével AaBog
npocéyyone. Ent miéov n avdAlvon tov onpatog oto medio cuyvotitmv dev Ba elval n
KaAOTEPT dvvaTh POV Yo otafepd N, HeydAo w1 onuaivel Kot LeYGAo wo (cuyvotnta
derypoToANyiog 010 TEGI0 TV GUYVOTHTWV).

3. INa va avénbei n avaloon (resolution) oto medio twv cvyvotHtwV Bo mpénet
va pewmbel 10 @,. Avtd onuaivel avénon tov T Kot Kotd TO dVVOTOV ETAOYN TOL

T>a (Zyqpa 4.8). Tote o1 Tipéc tov detypdtov g f(nT,) o eivon ioeg pe exeiveg

™mg f_(nTl) Y. N T€T010 OGTE vaL Vel NT, < a. [ tig vwoérowmeg TYég, etvor undév.
Qotéc0, emewdn omv mepintwon ovt) 0 o, pewwvetol (@ =Na@,), 10 Adbog
npocéyyons g F(w) Ba avénbel. o va mapapeivel oe Aoyikd enineda Oa mpémet
va Vel Kot @, > 20 . Autd pog odnyel kot oto Bedpnuo g derypotoinyiog twv
Shannon- Nyquist mov opilet 6Tt dtav TO €0POC GLYVOTHTOV €VOG GNUATOG E£XEL
uéywotn ovyvomto  f. (avtictoyn kuvkhkn  ovxvommTo 6), M oLXVOTHTO

o

, , , , 1 T )
detypatoAnyiog tov onuatog Bo mpémer vo givon T1=7=— Yo poe opon

OVOTOPUYMYN TOV GNUOTOS 6TO TEdio Tov Ypovov. Mg dAla Adya To onpo pmopet va
avamopoydel cwotd ebv detyLaTOANPOEL e TN CLYKEKPLUEVT] CLYVOTNTO TOVALYIGTOV.
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Onwg yivetar @avepd omd to mopomdved, 1 ynewkn enegepyasio onpaTog
nepLopPavel TOAAEG TaPAUETPOVG TOV BoL TPETEL VAL VTOAOYIGTOVV LE OVTIKPOVOUEVA
kprple. Emiong O mpémel va vmdpyel o Kot' apynv EKTIUNGON Yol TO GUYVOTIKO
TEPLEYOLEVO TOL CNUOTOG Kot Y10, TNV evepyod tov dtdpketa. Etvar onpaviikd Aowmdv va
kaBopisBohv o avhykeg g emeepyaciog pag pe Paon to TpayraTIKG OE00UEVO TOV
onuotog (0dpkela, €0pOg CLYVOTNT®VY, OVAALGT) MoTE vo emtevyfel 0 UEYIGTOC
Babuoc axpifelac. ITlepiocdtepn ovltnon vy Bépata emeepyaciog onuatov
Eepedyel amd TOV OKOMO TOV ONUELMCEMY KOl O EVOLLPEPOUEVOS AVOAYVAOOTNG
nopanéunetal 6€ mAEov €101k Bifiia (mt.y. Papoulis).

4.2 ®iltpo ko 06pvPoc.

[Na va ocvintoovpe ta @iktpa Ko ™ Ayn onpdtov oe mepiBdirov Bopuvfov,
yperdleton va yivel pio pukpr| e1caymyn, o€ O,Tt apopd TV £vvolo TOV GLGTNLOTOG.
Agv Bo emextafodpe 6P o€ TOALEG AemTopépeteg kaBmg avtég Eepevyovy amd To
nepexOuevo tov padnuotog. Ot evolapepOUEVOL OVOYVHOOTES LTOPOLV VO OVOTPEEOVY
o€ €101Ka eyyepida, dmwg tov Papoulis (Signal Analysis).

4.2.1 Jvotquara

‘Eva «ocvomuon yapaxtnpiletor omd Evov kavova L mov edv mhpel wg dedopévn pia
ovvaptmon f, v petaoynuotiCet oe pia GAAN g. T'pdopope emopévmg

g=L(f) (4.2.1)

‘Eva ovotnpa etvor «dukpttd» edv o kavovag petacynuatiCet pio axodovbio f, oe
pio axorovBio g,

g, =L(f) (4.2.2)

H axolovbio f, ovopdleton €icodog kot n axoiovbion g, ovopdaleton £€0d0g TOL

GUGTNHOTOG.
Edv eni mhéov n oxéon L etvan ypoppiky], Oniadr| edv 1oydet

L(a f, +a,f,)=aL(f)+a,L(f,) (4.2.3)
Yo toyaia &, a,, f, f, , t01e T0 GG OVopALETaL «YPAUUIKON.

O cvpuPoMGUAC TOV GLGTILATOG £XEL T LOPPT

Eicodog "E€odog
— > Juotnua - 5

f g=L(f)
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4.2.2 Dilpo

Ta piktpa givarl ypappmka cuotiuato Tov petacynpatiCovy éva onpa gite avaloykd
elte Yynouokd 6€ KA1 AALO, LE YOPAKTNPIOTIKA OV ££0pTAVTOL Atd TOV Kavova L.

H yprion tov ¢iktpov elvar mpo@avng. XTiG HETPNGES €VOC OKOVGTIKOD GTLOTOG
VIEIGEPYOVTOL TTAVTO AVETIOOUNTEG GLVIGTOGES ToL Yapaktnpilovior cuvnlwe ¢
«B6pvpogy». Embupovpe va tapovpe onpo otnv €000 TOL PETPNTIKOD GUGTHUATOG UE
OedOUEVOL YOPOKTNPIOTIKG KOl OVTO UTOPEl va yivel pe KotdAAnAn oyediaomn tov
QIATpOL ONAAON HE KATAAANAN ETAOYN TNG GLVAPTNONS TOL YoPakTNPileEL TOV Kavova
L, ®ote vo tovilovionr To YOPOKTNPIGTIKA TOL EMBLUNTOV ONUATOS Kol VO
vrofaduilovror avtiotora to yopaktnploTikd tov BopvPov. MdMota, cOpupwva pe
tov Papoulis, giktpo givar éva ohotnua tov omoiov 1 £€080¢ eivar pundevikn E€m amd
pila cvykekpévn meployn B tov mediov towv ouyvotntov. O cuykekpluévog opioog
toviel T onuocio TOV IATPOV Yo TV TOPAYOYT CNUATOV ATOAALOYUEVOV OO TIC
avemOOUNTEG GLYVOTNTEG.

Me dedopévo 0Tt Ta onpota ivol cuvaptioelg 1 akolovdieg mov didovtal 6To mEdio
oV YPOVOL 1 TOV GLYVOTHTWV, 0 Kovovos L exppdaletor kot ovtdg avaidyms Kot
Haioto ot Vo ekepdoelg amotelovv (evyn petacynuaticpot Fourier. Xvvh0og
ovpporiCope tov kavova L pe H(f) oto nedio tov ovyvomitov kar pe h(t) oto nedio
TOV YPOVOVL. XN cvvEyela Oa ypnowonomcovpe v cvyvotnta ( f) mapdiinia pe
NV KUKAIKR cvyvotta (@) og 1o Opiopa 61o 1edio cuyvotitmv. O Adyog gival 0Tt ot
TEPLOGOTEPEG AVOPOPES OTO TPOPANUE pog €xovv ¢ petafinti v ocvyvotra. O
LETOOYNLOTIoHOG Fourier pmopei va ypagel Kot yior Ty mEPInTmon Thg ovuyvoTnTag Ue
amAn aAlayn petaPAntig amd w oe f

h(t) < H(f) (4.2.4)

Ot ovvoptioelg H  xor h ovopdlovtal avtiotow «GOVaPTHGEIS UETAPOPUS)
(transfer function) kot «evvaprtyen amékpiong raiuov» (impulse response function)
avticToyoL.

Q¢ €i6080¢ 610 QiATpo didetan Eva onua pe (evyog Fourier
f@) & F(f) (4.2.5)

Enedn n obvBeon 010 medio twv cuyvotitov givar dpeon, tpotidue va Eekvépe v
avéivon pog 6’ avtod 1o medio. 'Etor n €£060¢ tov giltpov Ba givan

G(f)=F(HH) (4.2.6)

H ypoviki e&dptnon tov omMpotog €5000v mpokOmTEL amd TOV  AVTIGTPOPO
petaoynuatiopd Fourier ka givon

g(t) = TG(f)eiZ”“df - j F(f)H(f)e'?""df (4.2.7)

—00
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To oNua avtd Propel va TPoKOYEL 0td TOV VITOAOYIGUO TG cuvEMENG ToV f kot h oto
nedio Tov ypovov.

g() = 1) * h(r) (4.2.8)

A&iler axoun va movpe OtTL M ev oepd cvvbeon eidtpov akorovbel avtictorovg
Kavoves. Anladn, v SovAedovpe 6TO MESI0 TOV GLYVOTHTWV, Ol GUVAPTNGELS TOV
yapoxktnpilovv ta iltpa (amokpicelg) moAlomrlacidlovtal, EVvd 6To TEGIO TOV YPOVOL
vroroyiCeton 1 cuvEMEN. 'Etot, yuo dVo ¢iktpa amokpicewy

h(t) o H(f)  h(t) < H,(f) (4.2.9)
1 ovvOeon 6idet
h(t) = h(O)*h, (1),  H(f)=H (/)H,(f) (4.2.10)

10 oynua 4.10 PAémope LEPIKEC YOPOKTNPIOTIKES LOPPES TTOV TTOUPVEL 1] CLVAPTNON
HeTOQOPES (LETPO) WAVIKOV GIATp®V 610 Tedio TV GLYVOTHTOV (YPNCILOTOIOVUE
Eava KUKAIKT cuxvoTNTQ).

To mpmdto ¢idtpo yauniomeparéo (low pass) oaenver vo TEPVOLV Ol YOUNAEC
ovyvotnteg evd kOPetl tig vymiés. To dedtepo vyimeparo (high pass) aenvel va,
eEPVOLV oL VymAég ovyvotntes. To tpito @iltpo {wvormeparo (band pass) eivor
OYEOWCUEVO  YIOL VO TEpVOVV  EVOLIUECEG OCLYVOTNTEG, €V TO TETOPTO TOL
yapakmpiletar Cwvogpparxté (band stop) amokdmTEL EVOIAUESEG GLYVOTNTEG.
[Tpocélte 611 o pidTpar avTd Oev PETAPAAOVY TO TAATOG TOL CNUATOC GTO TEDIO TV
OLYVOTATOV, VD AoUBAvovVTag LT ‘oYY TIG O10TNTEG TOL UeTAoYNUaTIcHob Fourier,
01 CLVOPTNOELS LETAPOPAS Etvar dpTieg VD eUPOVICOVTAL GTO GO KO O1 OPVITIKEG
GUYVOTNTEG.

Y& TOALEC €QOPUOYEG TO HEYEDOC TTOV EVOLOPEPEL EYEL EVEPYELOKD TTEPIEXOLEVO KO LLE

NV éVoll 0T TPOTATAL 1 OVOPOPH LG OTNV UECT TETPaY®VIKN £5000 &vog
@iATpov mov opileTon amd TN oyéon

1M==ﬁg0ﬂ%ﬁ (4.2.11)

To péyeBog avtd eivar 10 1610 €bv OAOKANPOGOLLE TO PAGUA TOL GNUOTOS (LETPO)
ot0 medlo twv ovyvotntov (PA. Evepysiokd Oedpnuo, oyxéon 4.1.12 pe v
nopotnpnon 6t @ =2z f ) . Iaipvope €tot:

1, =[Gl df = [|[FCOIHG df =2[|FO[|HG df - (4.2.12)
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[Hw)]

[Hw)]

[Hw)]

- - w w;

[Hw)]

Typa 4.10 Mepikég opaKTnpIioTiKEG KATYOPIES WOAVIKMOV GIATP®V.

Mmopolpe aKOUN VO OVTIKATOGTIIGOVUE TO TETPAYMVO TOL UETPOVL TOV GYUOTOG LE
plo péon tn (edv to €0pog ToLV CNUATOG Elval GYETIKA HKPO) < |F (f )| > Kot vo

ypayovpue To ohokAnpopa 4.2.12 wg

L, =2<[F()" > [lHf df (4.2.13)

4.2.3 Oodpvfog

O 0806pvPog eivon pio veépBeom tuyaiov onudtov Tov d1didovVTIaL G €vol AKOVGTIKO
pécov kat 0gv €yovv oxéomn pe v embounty] eKToum oL ond KAmo myn. XT0
00pvPo moAAEG @opéc mpooupeTpdue tov MAekTpovikd BopvPo. Xt Odlacca o
00pvPoc TPOoEPYETUL AMO TO GMAGILO TOV EMPAVEINK®OV KOUAT®V, amd To. TAOi0 TOL
mAéovv ot BdAacca, amd yapo, and ™ Ppoyn, and celcKd KOLOTO Kot TOAAES
dAdec artieg. H d1dpketa evog tuyaiov onpatog 0nmg avtd tov Bopvfov eivar peydin
(omv mpaypoatkoOtnTo Amepn) oAAG Oa mpEmer vo. UmOPOVUE VO EKQOPACOVUE
evepyelokd 1o oxetikd péyebog. 'Etol, mpoympdpe o€ UETPGES TOV GNHOTOC
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nemepoacpévng ddpketog 7 kot vroroyilope pHéca TETPAYOVIKA HeyEOn Tov delypatog
péoa oe autn T Ypoviky ddpketa. ‘Etol, edv cvpuPoricovpe tn pétpnon (deiypa) pe
n(t), n uéomn TETPAY®VIKN TOV TN Elvan

<|n()|” >= %I|n(t)|2dt (4.2.14)

o6mov o ypévog T eivar mOAD peyoAvtepog oamd TV mePiodo TG YOUNAOTEPNG
ONUOVTIKNG GLYVOTNTOC TOV OVOUEVOVUE 6TO QAGHo Tov BopvBov. o moapdderypa,
edv Bewpnoovpe wg ehdyiotn cvyvotnrta ta 20 Hz (6pro akovotdTNTag GTOV 0EPQ) M
dlapkeln Tov Oetypatog mpémet va givon peyaivtepn and 1/20 sec mov givai n mepiodog
™G EAAYIGTNG QLTINS GLYVOTNTOC.

To ofua tov BopvPov n(t) éxet petaocynuotiopnd Fourier mov tov cvpPoriloue pe
S(f). Edv ypnowonombei @idtpo H(f)yio v kotoypaer tov Bopvfov, otnv
££080 tov Oa £yope pacpatikd nepeyopevo S(F)H (). And to evepyelokd Oedpnua
oL €yovpe cuvavtnoetl kot Tig oyéoels 4.2.11 ko 4.2.12, vy v €000 ToL PiATPOL
g, (t) 6o pmopovoape va ypdyovpue pio oy€om ™G LOPONG :

<|g,@f >= [lo®f dt= [|G,(F) df = [S(F)[H(F) df =2[[s(H)[*[H(F)[" df

(4.2.15)

Tuvn0wg to péyedoc |S(f)|2 10 cvpPorlope pe S, (f) xon ovoudleton pacuatikij

rmokvoryta (spectral density) tov Bopvpov. ‘Exel povadeg pascals oto tetpdymvo ava
novéda cuyvomrtog (Pa/Hz). Avtiotoyysc povadeg éxet PéPora ko 1o péyedoc

|H(f)|21<a9(bg Ko 10 |S(f)|2 . H avotépw oxéon 4.2.15 ypapeton :
<|g, )| >= 2j S (F)|H(F)[df = (4.2.150)
0

[ToAAég @opéc, TO aplBunTKd péyeboc mov ep@aviletor OTIC OVOPOPES OTO
pacpatikd eninedo Bopvfov ocvpPoriCeton pe P, (f) xor avapépetor 610 dmAdoio
NG QOCUATIKNG TUKVOTNTAS (avapopd LOVo 6 BETIKES GUYVOTNTEG) :

B, (/) =2S,,(f)

Ot petprioeig tov BopvPov avaeépovtar cuvibwg Kot 610 UEyebog @acuatiko
emimedo (spectrum level) oe dB re p,; /Hz (cuvnbog p,,; = 1uPa’/Hz) pe Baon

oxéon

25, (f
Oaopatco eninedo=1010g,, ””(2) dB re p,, /Hz (4.2.16)

pref
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OLOKANPOVOVTOG TO QACHATIKO eminedo 6 OAo To @doua Tov Bopvfov (meployn
ovyvotteVv) Ttaipvoue to Eminedo Qopvfov (Noise Level-NL) mov cuvaviicape oto
KeQAA10 TOV apopovoe TV e&icmwon Sonar.

[Ipocélte 611 n ohokApwon yiveton oe AoyoplOukn KAMpoKe, Yoo vo TPOKOYEL TO
eninedo BopvPfov. Avtd gival QUEST GLVETELN TOL OTL Y10 VO VTOAOYIOTEL TO EMIMEDO
BopOPov Bo mpémer mpmdTO Vo oOAokANpwOEl oV EvePYO TEPLOY] CLYVOTHTOV M
eacpatiky tokvotnra. ‘Etot, €dv my. elyope otabepd @acuatikd emninedo N o€ éva
g0pog cuyvotntev B , t0 Eninedo ®opHfov Oa ftav

NL=N+10log, B  dBre 1uPa (4.2.17)

AvaAbovpe T0 ©C Ave ATOTEAEGUO Yo Vo YIVEL TEPIOCOTEPO OVTIANTTO : ATO TOV
OPIGHO TOV PUGLOTIKOV EMTEOOV EXOLE :

2S,.(f)
2
pref

N =10log,, (4.2.160)

N
25, (1) =10 vy f eB . Olokknpdvovtog

3 =
pref

TNV QOGLOTIKN TUKVOTNTO OTNV TEPLOYT cLYVOTHT®V B Ba mdpope :

A6 TN oxéom T TPOKLITEL OTL

25, (f

N
-~ | = Bx10% (4.2.18)
pref ‘

B x

OV OVIUTPOGMOTEVEL TO EVEPYELNKO TEPIEXOUEVO TOL BopOPov GtV evepyd TePLoN
GUYVOTNTOV.

Enopévaocg, to enimedo Bopvpov Ba givar :

N
28nn(z) dB:10|Oglo(B xlOlO) =N +10|0910 B

pref

NL =10log,, | B x

Ao0Bévtog Tdpa vOg GNUOTOS TOL 1 PAGHOTIKY TOV avaivon pag 6idel To péyebog
F(f) (uétpnon o710 medio v cuyvotitov), wgAdye Zjuatos rpog Odpvfo (Signal
to Noise Ratio) opilovpe T0 TAiKo TOV OVTIGTOY®V POCUATIKOV HEYEDDV :

F 2
S/N = ﬂ (4.2.19)
S ()
KOl EKPPAGHEVO 6€ povadeg dB
F(F)]
S/N (dB)leIogm(| (t) ) (4.2.20)

Snn(f)
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4.2.4 O Bopvfog tov Balaoaiov mepifiallovriog

Onwg avaeépbnke kot mponyovpévmg, o B6pvPog tov Baidooiov meptBaAiiovtog
(Ambient Noise) ogeidetar 6€ S1GQOPOVE UNYOVIGHOVS TOL TOV TAPAYOLV GTN
0dracoa.

2T younAég ouvyvotnteg M Pacikn  owtio givor M CGEWGUIKY  dpAGTNPLOTNTO
(vmoBaAdooiln) mOL TPOKOAEL MYOVG HE HEYOAEG TEPLOOOVLE KOl QUOIKG LUKPES
ovuyvottes. Kabog avefaivovpe ocvyvoétrta, o 00pvPoc oamd T pnyavoroyikn
gyKatdotaon Tov TAoimv kol Kupimg v ko kuplapyel kot givor n Pacikn myn
BopOpov avauesa ota 10 Hz ko ota 500 Hz. O 86pvPog avtdg yapaktnpileton g
Oopovfoc vavoirloiog (traffic noise). Xt ocvvéysia emkpatei o 00pvfog omd TO
OTAGIUO TOV EMUPAVEINK®V KLHATOV, Kol ETOUEVRS 0 B0pvPog umopel va cuoyetiobet
HE TO VYOG KOUOTOG 1) LE TV TOYVTNTO TOV EMUPOVELNKOD OVELOL N LLE TNV KOTACTOON
g Bdraccag mov puoikd eival aAAnlooyetilopeva peyédn. O BopvPog avtodg sivar
OTUOVTIKOG HEYPL KaL TO v Op1o TV aKoVoTIK®Y cvyvotiToV (20 KHZ). Enpoviikég
mYyég mov cvvOEétovy to BOpVPO ToL BaAdcsloL TEPPAAALOVTOC Elvar O1 TPOEPYOUEVES
and Proroyikovg opyavicpovg (Baidooio Oniactikd oAld Ko pukpdtepa Baracova
omwg my. yoapideg). To 06pvfo tov Bordoociov mePPAALOVTOS GLUTANPDOVOLY
TOPOOIKEG TNYEC avOP®TOYEVOVG TPOEAEVONG (.. CEICUIKEG LETPNOELS, O10OTKOGIES
ayKOPOONG €YKATAOTAGE®MY, Ol0GKOTNGES PvBov, epapuoyés mov oyetilovtor pe
TOAEUIKA VOLTIKG K.A.T.) KOU GAAEC UIKPOTEPNG onuaciag @uowéc mmyéc. [lavtwg
TPEMEL VO, EILACTE TPOGEKTIKOL BTN YN o™ TOL Opov «BOpLPOC» KABMG 6TO HLOAD pOg
&xope 1o 06pVPO WG KOVETBOUNTI» AKOVOTIKT] GUVICTMOCW, EVA GTIV TPOYUATIKOTTO
o 06pvPog tov Bardcclov meEPPAALOVTOC amoteLEl cvoTOTIKO TOL Haldeeiov
nyotormiov (marine soundscape). T'o Tig mePIGGATEPES EPAPUOYEG TNG OKOVOTIKNG
WKEAVOYPOUPIOG MGTOCO OV EMPAAOLY ANYTN €VOG EMBLUNTOD CNUOTOC YWOPIG TNV
TOPOVCIN ETEPOYEVAOV OKOVOTIKMOV GLVIGTOG®V, Ol X0l Tov GLVOETOVV TO BaAdCG10
nepPdriov (puoikoi 1) avBpwmoyeveic) Bempovvtor wg «06pLPOC.

ATO PETPNGELS KOl OTATIOTIKN emeEepyacia £xovv TpoéAbet dtaypappoto Tov didovv
TO QACUATIKO €Mimedo Tov Bopvov Tov BUAAGGI0V TEPPAAAOVTOS GUVOPTNGEL TNG
ovyvoTNTOog Kol £ovv TN pHopen tov Xynuatog 4.11. To oynuo mopovoidlel to
Khooowd Sdypappo tov Wenz, mov £0® OvVOTOPAYETOL GE TPOGOPUOYT Omd TNV
dnuooievon oto Journal of the Acoustical Society of America.

Eivor avtovomrto o0tL n ypnon onudtov kot eidtpov oe pio €paploy 0KOVGTIKNG
okeavoypapiog eEaptdtar oe peydio Pobud kot and 1o enimedo BopvPov kol ™
(OGULOTIKT] TOV KOTOVOLY.

ToviCovpe téhog 6t 0 B0pLPoc pmaivel oty e&icwon SONAR pe povadeg dB/re pret
€0V TO OCUATIKO TOV eMINEd0 0OAOKANPWOEL 6E OAN TNV TEPLOYT TV GLYVOTHTMOV TOL
TOV GLVOETOLV.
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INTERMITTENT AND LOCAL EFFECTS

Earthquakes
A a1\ EXPIOSions w—
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A Procipitation >
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< Sealce 3
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) Pressure Effects) / Agitation
o
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w— Limis of Prevalding Nowe — e Eqrth Quakes ard Explosions
—— Wind Dependert Bubble and Spray Nowe Low-Frequency Very-Shaliow-Water Wird
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- Heavy Traffc Noue ez Tealte Moica. Shalow

Typa 4.11 docportikd exineda BopdPfov Bordociov TepBdAiovtog

(Ilpwtoétumo: Wenz, GM. 1962 “Acoustic Ambient Noise in the Ocean: Spectra and Sources.”
Journal of the Acoustic Society of America 34:1936-1956.
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4.3  Zooy{Tion OKOVGTIKAV GNUATOV
4.3.1 Awaxpize onuozo.

H aviyvevon axovotikdv onudtov oe mepiBdilov Bopvfov yivetoar pe ypnon
KOTOAANA®V TEYVIKOV HLEGH TMV OTOIMV «GLYKPIVETO) TO GNLO TOL HOG EVOLOPEPEL
KOl TO OTOl0 KOTA KOVOVO €YEL YVOOTH HOPON HE Mo GEPA KOTOYPOPOV TOV
evdéyeTan va mepiEyovy to onpo pog. H odykpion viomoteitor podnpatikd pécm pog
KOTOAANANG oLVAPTNONG MOV OVOUALETOL CLVAPTNGT GLOYETIONG, 1 OToiln Yo
ynotokn eneéepyacio opiletar ¢ KOTOTEP® :

‘Eotw d00 onuota y(f) ko x(¢)to omoion €yovv kataypagel oe €va 0EKTN ®G
axoAovBieg dwaxprtav kataypapov x, ko y,, N=0,1, 2,....,N-1. Opilovpe t1g péoeg
TIEG TOV KOTAYPOPDV OO TIG OYECEL !

1 N-1

<x>=ﬁ > X, Kot <y> %Zyn (4.3.1)

o va amiovotedcovpe v aviivon Ba vmoBécovpe OTL o1 PECEG TWWEG TV
kataypap®v givor 0. EGv 0ev 1oy0el KATL TETO0 OTNV TPAYUATIKOTNTA VTAPYEL TAVTQ
N dvvatoOTNTA aPaipeoN amd OA0 Ta GYLOTO TNG MEOTG TIUNG MGTE Vo Exovpe Eavd
péon tiun 0.

Mo evolapEPOVY EMIONG O1 LEGEC TETPAYOVIKEG TILEG TOV CUATMV TOV Eivor

1 N-1 1 N-1
ol = WZXﬁ Ko O'j = —ny (4.3.2)
n=0 n=0

Oo vrobécovpe 6TL M akoAovbic y, petopépetor K Ppota oxetcd pe mv x, Kot

yivetan y,,, xopic va aALdlovv ot péceg TEG.
Opilovpe péom g endUeEVNC 6YEONG TO PaBIO «GLGYETIONG TOV dVO CNUATOV:
1 N-1

e (k)= 2 [(C, h)

n=0 o

x)’l

)_yn+k ]2 (433)
o

x y

To peyédn odbppova pe Tov ¢ avo optopd givar adtdotata. O cuVTEAEGTHG ny (k)

umopei va emiheyet 1ol dote To péyebog e” (K) va yivel ehdyioto. 'E1ot 0 cuvieleoThg

avtdg pmopel TEMKA Vo OmOTEAECEL TO HETPO TNG CLGYETIONG TV dVO CNUATOV

petald tove. Osmpdviog 1o péyebog e*(K) ©¢ ovveyn cuvapToN TOL Cy(K),

nopayoyifovtag v 4.3.3 wg mpog C, (K) ko Oétovtag to amotédesua ico pe 0

TOIPVOUE :

1 N-1
C (k)= X 4.3.4
xy( ) O'xGyN nzz(; nyn+k ( )
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c,.

R

.l
= t I IRRE

IZymna 4.12 To d0kpiTod oML X, KL T) GUVAPTNGCT] BVTOGVGYETICTG TOV.

O ovvtekeothig C, (k)eivon pe ™ oepd tov pio cvuvaptnon tov K kar ovoudletar

«Zvvaptnen Zveyétiensy (correlation function). Onwg eivor opiopévn, €xel medio
TILOV ovapecso oto 1 kot oto —1. Mndevikn Ty onpaivel onuata mov dgv £xovv
oyxéomn peta&y toug (acvoyétiota). Eav ta onpata eitvar 101 og popen aArd to éva
napovolalel pio petdbeon oe oyéon pe 1o GAXo, m Ty tov K yoo v omoia M
OLUVAPTNOT CLGYETIONG TTOUPVEL TN PEYIOTN TN, HoG TPocdlopilel v petdbeon tov
d00 onudtov.

Edv ta ofjpata etvor pryadikd, 1 cuvaptnor GLGYETIONG TOIPVEL TN LOPPT

N-1

DX Vo (4.3.5)

xo-y n=0

C, (k)=

6mov x, cvuPoiilel To uryodiké culuym.
Q¢ «Xvvaptyen cvvorexvuavensy (covariance function) opiovpe v mocodTTO
cov[x,y(k)]=o,0,C,, (k) =<x"y(k) > (4.3.6)

Edv to ofjpota X ko Y givan 1010, 10te M cvvdptnon C  yapaxtnpiletor «Xvvaptnon
Avrocveyétiong» (Autocorrelation function).

Q¢ mopAdEY L Y10 TN CLUTEPIPOPA TNG GLVAPTNONG AVTOCLGYETIONS, UTOPEL KOVEIS
va avatpégel oto oynuae 4.12 mov mopovctdlel £va ynelokd onue x, Kol Ty

avtiotoyn cuvdptnon avtocuoyétions. Evkoia damoetdvel Kaveic 6TL | cuvaptnon
OVTOGLOYETIONG Eival GUUUETPIKN MG TTPOog K.
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4.3.2 Oloxlnpwtikés ekppaoels
Ot avoTép® ekQPACELS Kot £VVOLEG HTOPOVY Vo S1aTuT®BovV Yo cuveyn (aVOAOYIKA)
onuata pe avtiotoyo tpdémo. Ta éva onuo X(t) Sudpxelag 7 tov omoiov 1

detypatoAnyio yivetal pe N delypota, 1 avTISTOWio TOV S10KPITOV KOTOYPAPDV TOV
OV TAPOVGLAGTNKAY AVAOTEP® LE TA OVOAOYIKE CHATO VOl

X, = X(nAt) (4.3.7)

omov At eivar o ypdvog avdpeca ot ANyn TV OSstypdtov (avticTpoeog Tng
ovyvotntag detypatoAnyiog (sampling frequency) xou At =N/T.

Edv o ypdvog Myng tov detypotog n givar t, = NAt tOte TpoPavmg
X, =X(t,) (4.3.8)
Edav 6empricope €va devtepo onpa y(t) pe avtiotoyio Y, = y(t,) kot petakvicovpe

YPOVIKG TNV Kataypaer evoc 6£0TeEpOL oNUATOC Kot xpovo T = k4 t Ba mhpope pio
axoAovBia derypdTov

Yook = Y(t, +7) (4.3.9)

"Etotl maipvope pia avtiotoryio S10kpit®dv SEYUATOV LE CLVEYXN CTIUOTO TG LOPPTG :

xn —)X(l), yn+k —)y(l+T)

Xmv mepintoon avt)  ypnowonotwvioag T¢ 4.3.5 wor 4.3.6, M ovvapinon
GUVOLOKVLLOVOTG YPAPETIL

1G .
cov[x, y(r)] = ?Zx (t)y(t+7)At (4.3.10)
t=0
Kot Toipvovtog 1o 6plo Yoo Af — dt €yope
l T
cov[x, y(7)] = ?J‘ X Oyt +7)dt=<x"(t)yt+7)> (4.3.11)
0
AvticTouyo o1 HEGES TETPAYOVIKES TILEG EKPPALOVTOL OO TIG EMOUEVES GYEGELS

10 2 t 2
ol == ! Ix(t)|dt ko ol= ! (@) dt (4.3.12)

==

H ocvvapnon cvoyétiong eivan
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c, (r) = VXY@l (4.3.13)

O-xGy

e 0,11 aQopd To Oplo. OAOKANP®GNGS, avTd pmopel vo givatl avbaipeta, aAld copPotd
LE TO TPOYUOTIKG YOPOKTNPIOTIKO TOV GNUATOC. Xuyvdh Bempodue ta opla. amd —T/2
éwg T/2

Edv o’k o-i etvar d1dpopa Tov uNndevog yioo T — o0 (T, TEPINTOON TEPLOIIKMDV
onudtov) Kot AouPdvoviag vToyw TNV TOPOTAVE TOPATIPNCY, UTOPOVUE Vo
YPOWOVLLLE !

+T/2

0,0,C, (1) = 4@0(% [X'®y(t+)dt) (4.3.14)

X7y Xy
-T/2

INo onpoato tov omoimv ot péceg TeTpaywVIKES TYWES Teivouy oto 0 yio T — o, ot
avTioTol EG EKPPACELS ETvat :

C,(0)= ij X ()t +7)dt (4.3.15)
C,(7)= Ii [ X" @x(t+7)dt (4.3.16)
0oLV
I, = [0 at (4.3.17)
1, = [|y@) de (4.3.18)
AYXKHYH

YnoAoyiote T ouVAPTNON GLOYETIONG VO CNUATOV TOV TEPLYPAPOVTOL ATO TIG
ekOetikég ovvaptioelg X =exp(2iz fit) ko y=exp(2izf,t) . Ocwpeiote drapopetikég

T1g ovyvotnreg fixon f,.

4.3.3 Znuozo koi Bopofog

H ouvvdpmon ocvoyétiong eivar éva epyoreio v va pmopel Kaveic vo aviyvevet
onpata o mepPaiiov BopvPov, otav Yvmpiletl To YOpAKTNPIOTIKE TG EKTEUTOUEVNC
KULOTOHOPONS. Oa do0UE €M £€va YOPOKTNPIOTIKO TOPASELYHO EPOPUOYNG TOL
avaPEPETOL G MO oV £xel ANeBel petd and avakioon ce kdmolo emedveln. Ag
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Oewpnoope 0Tl T0 ekmepmOpevo onua givar g popeng X(t) evd 1o onfuo wov

Aopfavetar petd amd ovakioon kot xpoévo T givan  X(t-7). Otdfmote GAro @Tavel

oToV 0Kkt Bewpeitan avemBounto kot yapaktnpiletoar 06pvpog. O cvpPforicudc Tov

Bopvpov Ba givar n(t).

270 OEKTN KoTaypAQETOL TO AOPOICL TOV AVOKAMUEVOL GNIUATOG Kot Tov BopHov
a(t)y=x(t—T)+n(t) (4.3.19)

OV Y10 SEIYUATOAN Wi GE XPOVIKA dlooTHHOTA TOV anéyovv At petahd Toug ypdeetot

a,=x,  +n, (4.3.20)
omov t =nAtxko T = jAt.

H ovvdaxvpavon tov X (kabapd onua) kot tov o (onuo pe 06pvPo) didetan amd ™
oyéon

N-1
0,0,C, (k)= %Zx,’i (X, jux F 1) (4.3.21)
n=0

ne o.~o;+o, Y |C, (k)| <<1, evd n cuvdpnon cuoyétiong eivor

Tec, (k- j+2
O O

a a

C (k)=

C,, (k) (4.3.22)

omov C_ (k— j)maipver m péyom tw v k=j. Otav C_, (k) eivor pundév (onpa
acvoyEToTo pe to B6pvPo), C (k) éxer péyom i yw k=j kou 7=jAt. Qotdoo,
aKoun Kot av onua kot 06pvPog eivar acvoyétiota, pepkd detypato tov Bopvov
dtdovv un pndevikég twég ot ocvvhpmmon C, (k). Avtd dnpovpyel TOAUVTOGELS
OTIC peTpovpeveg TWEG tng ovvaptmong C, (k). Otav ot taAavidoelg eivor mol
nuepotepeg amd vt o, /o, , 1 cuvaptnon ocvoyétiong C ., (k) £xet kopuen oto T

Kot To onpa avayvopiletar oe mepipdirov Bopvov.

2 £~
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IHAPAPTHMA A. X0vOgon appoviKOV T Y@V

Oa Oswpnoovpe Kat’ apynv OPUOVIKEG TNYEC. ALTO ONUOIVEL OTL 1| OKOLGTIKEG
datapoyés Yo KaBe GLVAPTNON TOL TEPTYPAPEL TV KATAGTOGT TOL HEGOL (TOYVLTNTA
OTOYIOOMV COUATIGI®V, TIECT), TLKVOTNTA) LETAPAAAOVTAL GE GUYKEKPIUEVT BEom pe
™M HOPON ovvapTNoNG Nutovov 1 cvovnurovov. Ot mnyég avtég yopaktnpilovrtal
«yég ovveyovg kopatoo» i “Continuous Wave sources” kot copBoriovtor e CW.
Onwg €yope del KoL 0TO KEPAAOO TOL HOONUOTOS Ol OKOVOTIKEG O0TOPOUYES Yo
OPUOVIKEC TNYEG OIdoVTOL HE TN HOPEN KLUAT®V TN YOPIKH KoL TN YPOVIKN
eEapon tev omoiwv TV E£Youe TEPLYpAYEL PHECH EKOETIKOV GLVOPTINCE®V TOV
umopodv va amodofovv pE MUITOVOEIDEIG 1 CLVNIUTOVOEWEIS CLUVAPTNCELS, TWOV
omoiwVv 10 TAATOG LETAPAAAETOL [LE TNV OMOGTACT] LE TNV ATAOVGTEPT LOPPN VO ETvor
exetvn mov apopd ot ceopikn 01doooT (onueEnKn YN o€ AmEPo Y®POo) OOV TO
HETOTO KOPOTOG ivon opaipa axtivag 6o Kot 11 omdeTacT 6TV 0moio LETPATAL 1)
dwtapoyn mov PéPaia avéhver pe v 01ddoom Tov KOMOTOG, HE emokOAovBo M
EVEPYELD VO KATOVEUETOL GE PUEYOADTEPO OYKO KOl VO LELOVETAL 1 £VTOGT KOl QUGIKAL
TO TAATOG TOAGVTMOONG COUPMOVO LLE TNV 0Py OLTPNONG TNG EVEPYELNS .

No vrevBopicovpe €d® O0TL TO PNKOG KOUOTOG €lval 1 0mdGTACT OVOUESH GE OVO
OLOOYIKEG KOPLPES 1 KOWLAOEG TOVL MULTOVOEWOVS GNUOTOG, TOPOUEVEL GTAEPD,
ovpPoriletan o€ pe 4. O ypdévog mov pecorafel dote To KOpo o€ dedopévn Béom va
QTACEL GE O1000YIKN KOpLPN 1 KOLAda eivan 1) tepiodog mov cupfolrileton pe 7T .

O1 oyéoelg mov diémovv ta peyédn ocvyvotra f, pnkog kduatog A, mepiodog T kat
TayvTNTO S1Ad00MG C Etvarn

T =

1 A
— == (A1)
f c

YrevOopilovpe emiong Tig mOPAKATO OYECELS Yo TV KUKAKT oLyvOTTo 0 KOl TO
LETPO TOL 0p1Opod Kopatoc K :

2
w=2ef = (A2)
p=2Z 2o (A3)

O1 Hovadeg Tov PacIKOY KOPATIKGOY peyeddv eivar, yio ) ovyvomta f [s1] (Hz), ya
NV KUKAIKN ovyvotnta @ [rad/s], kot edv 1o uAKog KOUOTOG EKQPALETOL 68 HETPOL
[m], kot 1 tayd™To 68 [M/S], 0 apdudg kopatoc exppaleton og [M™.

Mo mmv avartoén tov mopdviog mapoaptipatog Bo vioBetcovpe OpIGUEVES
TOPOOOYES YOl VO, LEAETNCOVUE TOWOTIKA TO (UIVOLEVO TNG GUVOEONG TTNYDOV, EVO
naponéunope og eEgdkevpéva Piiia Kot apBpa yior TNV avaALTIKY avapOopd GE O
oLVOETEG TEPITTAOCEL,.

Ot tapadoyés pog eivar ot €ng :
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H Boaown pog myn eivor onuetaxn moviokatevbuviiky. Exnéumel coopikd
KOLOTO OPLOLOPOPPO. G OAES TIG d1eLBVvVOoELg
e T va vmoAoywotel n obvBeon towv mywv, o Bewpnoovue 6TL N andotacn
VTOAOYIGHOV TOV OKOLGTIKOD 7EdIOV givar mOAD peyoldTEPN TG ATOGTOONG
OVOUESO, OTIG OTUELOKES TTNYEG.
e o avapepBodue 6TV 0KoLGTIKN TTiEST OC TO PEYEDOG avapopdc.
e o vwbetoovpe YOPG Apon TG YEVIKOTNTOS TNV YXPOVIKY eEdptnom tov
KopoTog and o e .
Mo ceapwn dadoon tov KLUATOS, Ko pe Pdon Vv avotépo vrdbeon yo ™
YPoVIKN €EapTnon N Avon mov Ha wdpovpe givor g LOPETG :

p — éei(wtfkr) (A4)
r

VO, VWOBETOVTOG AVOT OTN HOPON TPLYOVOUETPIKMOY GUVOPTICEDV UITOPOVLE VO
YPNOOTOU|COVLE AVCT) TNG LOPPTG

p :ésin(wt—kr) (A.5)

Ba ypnoporomcove ot GuvEXELn To cOUPoA0 R yia v amdcToon.
Oupuilovpe emiong OTL IGYVOVV 01 GYECELS !

e =cosp+ising

ip —ip ip _ A-ip
COS¢=%, sin(p:% (A.6)
|

o 0MOCOVUE OTN GLVEXEWL WO OTAOTOMUEVT Bedpnorn Tov TPOPANUATOS NG
oVVOEONC OKOVOTIKAOV TNY®OV, e€etdlovTag To TPOPANUO LOVO OTI TEPIMTMGELS TOV Ol
PO 6VVOESN TNYEG GLVEIGPEPOLV e 100 TAATOG 6TO onpeio evog déktn. H vtobeon
vt dkaoAoyeital pe Bacn v vwodeon Yoo LIKPY OTOCTUGT OVAUESO OTIG TNYEG
o€ oyéon Le 1 Beomn moapaTipnong.

Al XidvlBeon 6vo Ty@v

Oo aviyetonicovle TO TPOPANUO  pe YPNON  TPUYUOTIKOV KOl  UIYOOIKOV
GUVOPTICEWMV.

Kat’ apynv Bswpeiote 10 oyua Al mov mapovcidlel v yeopetpio g cvvheong
dvo mydv. To evdapépov evtomileTar GTOV VIOAOYIGUO TNG OMAGTAGNG TOV GNUEIOVL
napatpnons amd Kabe pio omd g mmyéc. H yeoperpio tov mpofAnporog
xapoxtnpiletal amd v andctacn R amd v apyn tov afdvaov Kot Ty yovia ¢ mov
opiletar and tov d&ova TV X kot TNV gvbeio TOV cLVOEEL TV apyT| TV aEOVEV LE TO
onueio mapampnong Q. Oa  vmevBvuicovpe v vrdbeon OTL M ATOCTOCT TOL
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onpeiov Ayng amd v apyn Tov agovav givat oAb peyaAdtepn omd v andoTaon
TOV TNYOV HeTASD TOVG.

51

\J

R:

'

52

Tyna Al Teopetpia yio ™ obvbeomn dVO NYNTIKOV THYDOV

Me avtd to dedopéva TaipvopE !

R’ =(y-b)’+x° (A.1.1)
R = (Rsin @ —b)® + R*cos® ¢ = R — 2Rbsin ¢+ b’ (A.1.2)
R, = (R” - 2Rbsin ¢ +b?)"? (A.1.3)

H oyéon avt ypaoeton :

2bsing . ﬁ)m

R TR

(A.1.4)

Me Bdorn v vrdHeom TOv KAVALE TOPOTAV® Y10 TUPATNPNOES O UEYAAN OmOGTAON
uropobvpue vo, dgybovue 6T1 b/ R <<1

XPNOWOTOIOVTAG TNV SUOVLUIKY] ovaTTuén

14g)?=144_-9 .9 | AL5
(1+q) 23 T 16 ( )

omov g etvar évog pkpog apBuds, kot Bewpdviag OTL ( OVIITPOGOTEVEL TNV
napéotacn (b>/R? —2bsing/R) 1 oyéon (A.1.4) yiveton

2

b . b .
RlzR[l—ES|nqo+W(l—sm2¢)+....] (A.1.6)
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Mmnopovpe Tdpa Vo ayvoncovpe Opovg 6Tovg omoiovg epeaviletal o Adyog % ne

SUVAPES VYNAOTEPEG TOV 2, KOl VO TAPOVLE TEAKA
R = R-bsing (A.1.7)
H devtepn myn S2 pe 1ig 1d1eg vobéaelg Ba PpiokeTon o€ amdaTOON

R, = R+bsing (A.1.8)

Oa Bswpricovpe TOPaA HTL 01 TNYEC ekTéUTOVY o€ don’? kar 6Tt 2b=d

To onpa mov Ba Anedel oto onpeio AMMyng Ba eivar to dBpocpa Twv dVo oNUATOV :

e =%exp[i(wt—le)]+Rﬁexp[i(wt—kR2)] (AL9)

2

AvtikafiotdvTag TIG EKQPPACELS TOV amooTdcemy and 11§ oyéoelg Al.7 ko Al.8 ot0
OPoHO TOV EKOETIKMOV GLUVOPTICEMY TOUPVOLLE !

Pt = %exp[i(a)t —k(R—-bsing))] +RAexp[i(a)t —k(R+bsing))] =

2

= Rﬁexp[i(a)t —kR)]exp(ikbsin ) + RAexp[i(wt —kR)]exp(-ikbsin ¢)
1 2

(A.1.10)

Me Bdon v apyikn pog vwodeon yoo onueio AYng oe PeyaAn amdotactn ond tnv
mmyn, Ba dexBovue OTL Ta WAGTN NG ADONG TG OKOVOTIKNG e&iomong eivor dwa
(R, =R, =R), wo kot n dwpopd tovg ennpedlet kupimwg ™ dopopd Pacng, Kot vo
TOPOLLE TNV EKPPOOT) :

Pt = gexp[i (wt —kR)](exp(ikbsin @) +exp(-ikbsin ¢)) (A.1.11)
XPNOOTOIDOVTAS TIS OYEGELS A.6 KATAOAYOLE GTNV
2A . .
Pt = R exp[i(awt —kR)]cos(kbsin ¢) (A.1.12)

[Mopatmpodpe 0Tt M €kepacn avth poag Oivel TN GLVOMKN TIECT GLVOPTNGEL TNG
yovioag @ yw 0edopévn cLYVOTNTO Kol amOGTACT TOV TNy®v petald tovc. Edv
kbsing=0,7,27,..,n7 , t0 pétpo g mieong maipvel ya dedopévo R ) péytotn tyun

2 0tav o1 myég exmépmouy pe Stopopd pdong 180° o Levydpt yopaktnpileton g diroio

(dipole)
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[Mapatnpodpue Aouwrdv  GTL T0 TAATOG TOL CNUATOS TOV TPOEPYETOL WG GVVOEST amd
000 ONUEWKES OPUOVIKES TTNYES, eEapTdtal omd T cLYVOTNTA TOL KOUOTOG Kol TV
OmOGTACT) OVAUESH OTIC TNYEG.

XPNOOTOIDVTOS TV EVVOL0L TOL UNKOLG KOUATOG, Oa mopatnpcupe 0Tt 000 ANYELS
Bpiokovtol 6e eAcN €Gv 1 S1POPH TOV OTOCTAGEDY TOV OEKTN amd TNV TNy vt
TOAAATTAGGLO TOV I KOVG KOHOTOS (1] EXOVV S10pOpa PAGTC OKEPALO TOAAATAGGLO TOL
2m). Avtifeta €av 1 dlpopd TV omootdoe®v Tovg givan (2n+1)A/2, n=0,1,.... ot
ny£éC givat ekTOg eaonc (dtapopd eaong 7,37 .....).

X1 1010 OMOTEAEGUO  KOTOANYOUE YXPNOWOTOIOVIOG TNV £vvold TG UECTS
TETPAYOVIKNG Tieons. Oewpdvtog ta 000 GNUOTO OO TIG TNYEG MOV OVAPEPOLE
TPONYOLUEVMG, Kol LE TNV VIOBeoT Yo Ay 16100 TAdTovs, Eavaypdeoue v A.1.9
g

o = o {expli(at — kR )] + expli(at —kR,)T}
R (A.1.13)

_ gexp(ia)t)[exp(—ile) +exp(—ikR,)]

[Taipvoviag 10 Yvouevo Po P OMOL  *  omuaivel pyadikdg cvlvyng Ko
napatnpodviog 0t o ywwopevo exp(imt)exp(-imt) sivar povéda, maipvope ) péon
TETPOYMVIKT TLEST) OTN LOPPT

[Pl = [2] [exp(—ikR,) + exp(—ikR,)][exp(ikR,) + exp(ikR,)]
(A.1.14)

- [2] {2+exp[ik(R, — R,)]+exp[-ik(R, - R,)]}

KOl TEAKA

| Pea” =2(§J [1+cosk(R —R,)] (A.1.15)

[Mopatmpodpe €rot pa 16odHvaun mootikd Ekepoon g A.1.12 péow g omoiag N
petafoAn g AyYng cuvaptdrtal Pe TN Seopd TOV OT0GTAGHOV amd TV TNYN Kot 1
uéyiom Ay epeavieton 6tov k(R1-R2)=0,27,4x,.. m ehdyotn Otav éxope 7, 37,..

Ovamoctdoelg R, koaw R, vroloyilovron and 1ig A.1.7 kot A.1.8

AVTIOTO(0 OMOTEAEGUO PUTOPOVLE VO TAPOVLE Yol TNV TEPIMT®OT ToL dutdAov. H
oxéon Al.12 oy mepintwon avt maipvel ) popen (doknon) :
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Py 1ot = 2—:‘exp[i(aot —kR)]sin(kbsin @) (A.1.16)

Kol 01 GLUVONKEG Yo HEYIOTO 1 EAAYIGTO PETPO TNG Ttieong (€00 To eAdytoto givar 0)
AVTIGTPEPOVTOL OE GYECT IE TNYEC TOV EKTEUTOVV pE 110 pooT).

1 T T T T T -
in-phase
dipole

0.9r

a8 B

arr B

a6 B

ek B

0.4r B

noemalized |pwr|

0.3r B

0.2r B

[ 1

Angle ¢

Typa A2 Koavovikomompévo pETpo g mieons Aqyng and dvo mnyég mov Ppickovial 6 amdoTOoN
0,4 pétpov kot yio ofpo cuyvotntoag 1000 Hz, H yovia ekepdletot o€ rad.

210 oynua A2 PAémope pio mEKOVIGT TOL SLOYPUIUATOS LETAPOANG TOV HETPOL TNG
TEoNG Y10 TNV TEPIMTWOOT TNYDOV TOV EKTEUTOVY GE PACT] (UTAE YPOUUUT) 1) ATOTELOVV
Otmodo  (KOKKVI]  YpOUUY]), GLVOPTACGEL NG Yoviag @ ond -1 €0¢ T Yo
KavoviKomomuévo mAdtoc ¢ mieonc. To dedouéva ota omoio Paciotnke TO
dbypappo eivon b=0,2 u, f=1000 Hz, ¢=1500 m/sec.

A2  Xovleon Tprov TNYOV.

Oo e£ETAGOVUE LE TN LOPPN ACKNONG TNV TEPITTOON TNG CLVOESTG TPLOV TNYDOV TOV
anéyovv amootacn b peta&d Toug oty d1a gvbeia ko Yo TIC omoieg Bempovpe aEova
GUVIETAYUEVOV VO TEPVO amd TNV pecato mnyr. Ou anyég eknéunovv oe eaon. Ot
avtiotoeg anootdoelg eival

R, = R—-Dbsing
R, =R (A.2.1)
R, = R+bsing

Xpnowonotdvtag Euva TV Bedpnor HECH EKOETIKOV GUVAPTHCE®V TOIPVOLLE

Pt = %exp[i(a)t —kR + kbsig)] +§exp[i(a)t —kR) + Rﬁexp[i(a)t —kR —kbsin ¢)]
3

(A.2.2)
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A\

Yypna A3. Teopetpia yio ™ obvbeon Tpiov mnymdv
Bydlovtag kowvd mapdyovta, tov ekbetikd opo  expli(wt-kR)] mov yapaktnpilel to

KOpo og amootaon R and v myn, kot Beopdvtoag OTmg Kot Tpv OTL ToL CUATO OO
T1G TNYEG AapPdvovion amd to 0€KTn e 1010 TAATOG, £XOLE

Prot = %exp[i(a)t —KkR)][1+exp(ikbsin ) + exp(—ikbsin ¢)]

A (A.2.3)
Y exp[i(at —KkR)][1+ 2 cos(kbsin ¢)]
H oyéon avt elvar avtictoyn pe v A.1.12 mov v vrevBopuilovpe
2A . .
Pt = ?exp[l (ot —KkR)]cos(kbsin ¢) (A.1.12)
I'pdopovrtog
P = C expli(et —kR)] (A.2.4)
TOPVOLLE Y10 TNV TEPIMTOON TOV TPLOV TNYDOV
A i
C, :E[l+ 2cos(kbsin )] (A.2.5)
Kot ywo TNV tepintoon tov 600
A .
C, =E2C05(kbsm Q) (A.2.6)

O ovviekeotg C emdpd 610 TAGTOG TNG dloTapoynG Kot €E0PTATOL Ao TNV Ywvio
TOPATPNONG TN GLYVOTNTA KOL TNV ATOGTUGT TOV TNYOV.
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W

v

Typna A3, Teopetpio yio T oOvOeon TOAOTADY S0KPLTOV TYDOV
A3  Tlolhomhég mnyég

Oa Bewpricovpe TOAAEG TN yEG TomoBeTnuéveg oty 1O evbeio 68 160TOCTAGES GTOV
aéova tov Y. Edv 1 mpdtn anéyetl andctacn W mg mpog v televtaio kot o aptBpdg
ToVG ivan N, 1 160mdGTOCT TOV TNYOV Eivorl

w

= (A.3.1)

Mio yn pe diktn n Ba anéyel and to d€KTN andotaon Ry.

"Etot, n dwatapayn and v N oot myn o€ andctaon R chppwva pe ta mopardve o
glvan

P, = RAexp[i(a)t —k(R—nbsing))] = Aexp[i(a)t —kR+ M)] (A.3.2)

R N-1

n n

OewpdVToG Kot TAAL OTL 0 0EKTNG PpiokeTon o€ TOAD peydAn amdotacn and T GePa
TOV Tyov Kot O6tt to punkog W < R dgydpoote 0Tt 6t0 MAGTOG NG Tieomg
R,=R, n=0,1..N-1 . Bydalovtog ot cuvéyelo kowd mapdyovta tov (wt-kR) and

OAeG TIG el HEPOVG draTaPaYES (TEGEIS GTNV TPOKEWEVT] TEPITTOON) TOUPVOLLE

N-1 ; ;
pmt=—Aexp[i(wt—kR)]Zexp(Mj (A.3.3)
R n=0 N_l
O¢tovpe
AE inkW sin ¢
=— 2.8 Xp| ——— A3.4
S R p( N-1 j (A34)

H éxppaon avt €xel T LOpOT YEOUETPIKNG GEPAG
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N -

_ N
Y- 11 rr (A.3.5)
=0 -

LN

>

Yty mepintoon pag exp(iny) = [exp(iy)]" kot

r=exp (IK\ZLTD) (A.3.6)

1_exp(lNkl\\/lV S|1n goj

Cy == - ( j (A.3.7)

exp iIkW sin ¢
N-1

AAGLovtag Ayo Tn Hopen TOV EKOETIKOV YPNGUYLOTOUDVTOG TIG OYECELS

1-e™ = —e™2(e™?2 g ™?) = —2ie‘x’zsin§ (A.3.8)
Iaipvope
\ exp(iNk(\N/Z)sl\lln(Dlj sin(Nk(\N/Z)ls\'ln(ij
e _nA N - - (A.3.9)
exp(ik(\N/Z):ngolj Nsin(k(\N/Z):n(pJ

H éxppoon avapeoso otig aykvieg Exet omdAvtn Tiun 1 ko opilet pia dtopopd paong.
[No peydla N maipvope mpoceyyloTiKa

. _ sin(Nk(\N/Z)Sinq’j
C, =N éexp(lkw Slngo] N_—l (A.3.10)
R 2 Nsin(k(\N/Z)Sm(pj
N—1

Kabwg 10 péyebog (KW sing)/2 opilel pia dwapopd @aong, n GLVOMKN GACT TOL
onpatog mov AapuPdveral oto 0éktn maipvel T popen| i(wt — kR + (kW sing)/2) .

O tehevtaiog Opog givarl yvwotdg wg cvvieleomic korevOuviétyract® 1 omdxpion
kotevbuvtomrog (directional response) kot ypagetat og

. N kW .
S WTS"‘@
D= (A.3.11)

13 TIpocoyy : O cuvieheog onTdg dev Eivat 1) «KATEVBVVTOTHTO» OV OPIGULLE GTO KEPGAMLO Y10, TNV
eEiomon SONAR oArG £xet TV 1010 TOLOTIKY| OMLLOGTaL.
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INo N peydho, ypnGILOTOI00UE TNV TPOGEYYIOTIKY EKQPACT TOV Nutdvov Sin(f) ~ 6
Yo LKpO OPIGLLOL KO KOTAAYOUE GTN OXE0M

. kWsin ¢
sin ,
= £ A.3.12
D kW sin ¢ (A-3.12)
2
H televtaio avt) cvvaptmmon sival g popeng (Sin X )/X yio v omoio, yvopilovue
ot
|im(ﬂj -1 (A.3.13)
x—0 X

H mepintwon mov ocvintnioope o€ avtd 10 KEPAANO OPOPO GE EPOAPUOYEG TTOL
OMUoVPYOLVTOL GLGTOLYIEG TTNYDV TomoBeTovuEVEG M pio KOVTd otnv AN Yo va
emrevyfovv ta emBountd yopaktnploTikd KatevBuvtotnTag (deite avapopég 6To
Kkepahato yio v e€iocmon SONAR).

A4  TInyég kaTaveppEVES GUVELDG

Eav Besopnoovpe 611 o mmyéc pog Ppiokovion pev oty 0w gvbeion aAAG
KaTavEHovTol ouvexdg oe unkog W, umopovdue vo 0eifovpe OTL 0 CLVTEAESTNG
katevBuvtoTTog eivor 1010¢ pe avtdv mov PpNKape oTNV TPONYOVUEVN TEPITTMON
TOV JWKPITd Kataveunuévov mnyov. o v zmepintowon avty Ba ypewootel va
Bewpnoope TV £VIOon NG TNYNE TOL EKTEUTETAL OO £VO. OTOYEIDSEG PnKog dy. Oa
Kavope v vdbeon 011 kKaBe otoremdeg unkog dy cvvelopépet dy/W oto mAdtog g
OKOVGTIKNG TEONC oL eKmEUTMETAL. Mg TOV TPOTO OVTO «KOAVOVIKOTOLOVUE» TO
mAatog ekmoumnG. Emopévac 1 cuvels@opd 6to 9EKTN amd TN GTOWELDON TNYN 7OV
Bpioketan o€ amdotacn Y amd v apyf tov a&ovov (R(Y) arnd 1o déktn) Oa ivan :

Ady . .
dp, =Ewyexp[|(cot—kR+kysm ™ (A4.1)

[IpocéEte 6T KGvape v ent TAEov mapadoyr| 0TL | Ty Ppioketan moAd pokpvd amd
TOV 0KTN LLE CLUVETELD GTOV TOPAVOLOCTH TOL TAATOVS NG Tigong va €xope Tavta R
evd 1 andotacn R(Y) vroroyileton kotd to yV@OTE MG

R(y)=R-ysing (A.4.2)
Le 10 Y va mailpvel OeTIké Kot opVNTIKES TLEC.

OlokAnpmvovtag thv ékepoor avth omd —W/2 émg W/2 maipvope

w/2
Pt = W j exp[i(at —kR +ky sin @)]dy (A4.3)

-W/2
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w2 s R(y)

Tyqpna A5 Teopetpia yio. Tov VTOAOYIGHO T GHVOECT|C TNYDV KATAVEUT|UEVOV GUVEXDG

Byd&lovtac xowd mapdyovto tov ekBetikd Opo gexp[i(a)t—kR)] naipvope yo 1o
OLVTEAEGTT KaTELOLVTOTNTAG TN GYETN

W/2

D=1 j exp(iky sin g)dy (A.4.49)
W -W/2
. . W /2
D _1 exp_(lkx_/sm ®) (A.4.5)
W iksing |,
exp( |kW25|n goj —exp[_lszsm (/))
D= - _ (A.4.6)
iKW sin ¢
OV TEMKA YPAPETAL G
sin kWZln o
D= kW sin ¢ (A4.7)
2

BAémope 611 0 cuvtedeotng etvan 10106 pe ekelvov mov voloyicape oty mepinTmon
TOV O10KPLITA KOTAVEUNUEVAOV TNYOV.

[ToAAéc @opég, M amewdvVIon TOL GLVTEAESTN KatevBuvvtdTTag YiveTol GE TOAKO
OUWYPOLLLLO. GUVTETAYUEVOV TIOV amelkovilel pio cuvaptnomn mov EupTaTaL HOVO amd
m yovia.
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180

270

Typa A6. 'Evo tomikd mold SiéypopLpio EKTOUTNG TNYNG OV Hovtehomoteitat amd cuveyn
KOTOVOUT OTUELOK®V TNY®V uikovg 44=6 m. H cvyvotnra givar 1000 Hz kou 1 Togydtnta dtéddoong tov
fyov 1500 m/sec.

2xetikd etvar 10 oynua A6 mov aPOpE TO GLVTEAESTN KATELOLVTOTNTASG CLVEXDG
KOTOVEUNUEVOV TNYOV 6TOV AZova TV Y, GLUUETPIKE ®¢ TPog Tov dEova TV X. Exet
VTOAOYIGTEL Y10 KOG TTNyNS 44 6mov 4 givan o pkog kvpatoc. Me cuyvotnta 1000
Hz kot todta diddoong tov fxov 1500 m/sec, to unikoc e cvotolyiog sivar 6 m.
Ot Tég TOL Sy PAUOTOG EIVOIL KAVOVIKOTOMUEVES OC TPOG TNV UEYIOTN TN Tov D.
[Ipocélte emiong O6T1 1 cLoTOLYiO. EKTEUTEL e GUUUETPIKO TPOTO G TPOG TN Ywvia,
ONAadN pe avaeopd oto oynua AS, 1 £VTaon ToL AKOLGTIKOV TESIOL GTO NETITESO
mov opileTan amd To APVNTIKA X Etvor akpiPmdg 1 1010 e eKEIVI TOV CLUTAN PO UATIKOD
NUETUTESOVL.

YrevOopiletor 0T  avoTéEP® aVATTLEN QPOPE ATOKPION TNYNG O TOAD UEYOAEC
OTTOGTAGELS OO TO GNUEI0 EKTOUTNG.

Merétn g KatevBuvtottog Mo oOvOetwV TNYOV (Y. TNYEC KATAVEUNUEVES GE
eminedo Kot Oy o€ evbeia) Eepevyel amd T0 GKOTO TOL LB UOTOC.
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IHAPAPTHMA B. Xtoygio amd tTnv unyovikn Tov copdtov. Métpa
ELAOTIKOTNTOG

To opoyevn kKot 1otpomikd VA yopaktnpilovral yevikd and d0o otabepés ol omoieg
VTOOMADVOVV TIG EAUCTIKEG TOVG 1O1OTNTES, ONANON TOV Pabrd OV «OVTICTEKOVTOL
o€ eEWTEPIKA EMPAALOUEVES OVVALELG.

Ievika éva pétpo ehaoctikdtnrog opiletar amd Lo YEVIKT GYE0T TNG LOPONS :
E=— (B.1)

OToL ¢ glval 1 TAOT TOL OVOTTOGGETOL GE £VOL GOWA Kol € €ivat 1 TopaLOpP®GT TOv
enayetot. Eival mpopavég 6tL avddoya pe To €100¢ TOL GAOUOTOG Kol TNV TACT TOL
OVOTTTOCOETOL TO HETPO. EAAGTIKOTNTOG HITOPOVV VO, OPIGTOVV UHE EVOAALOKTIKOVG
TPOTOVC.

2NV UNYOVIKT £X0VV EQPAVIOTEL TOAAG PETPO EALAGTIKOTNTAG OVAAOYO LE TOV OPICUO
TOVG, WGTOGO £va (gvyapt kaBe popd aveEdptnToV PETPOV elval Kavd va TeptypayEel
10 VAIKO. Zto mAaicla g Akovotikng Qkeovoypagiog o viobetnoope yevikd to
pétpa mov avagépovtal kot og otabepég Lamé ko cvpforiovtarl pe 4 ko p. Amo
ovtd T0 A gival Yvootd ®G TPOTN TOPAUETpo¢ Tov Lamé evd 10 u wg pétpo
dlatunong. Qoto6co Ba dovue Kot GAA0 HETPA TTOV Elval YPNCIUO TNV AVATTLEN Kot
Vv Kotavonon tov padnuotog.

B.1  Métpo doykmong (Bulk Modulus)
To pétpo ddykwong oe £va VAIKO opiletor amd T oyéon :

ap
K=-V_" B.1.1
v (B.1.1)

omov p etvan M migon mov aockeiton og Eva Oyko V tov vVAKoV. To avtioTpopo Tov
LETPOV O10YKMONG ivorl yvmotd Kot og cvpmieototnta (compressibility) tov viuov.
Exoppdler tov Bobud «oavrtictaongy tov vAkol omnv avénon tov dykov tov, otav
av&dver n mieon mov aokeitor ce avtd opowdpopea. To apvntikd mpoéonuo 6idet
BeTikn Tn oto pétpo H10yKmong aeol N avénomn g mieong cvvendystol peiwon Tov
OYKOL TOV VAIKOV.

2t pevoTh HEGA, TO HETPO OOYKMGNS GUVOELETOL LLE TNV TOYVTNTO O1AO0GNS TOV 1OV
pEG® TG oYéomng

c= K (B.1.2)
P

omov p elvar 1 TOKVOTNTA TOV VAIKOV. [Ipo@avdg w¢ TuKvOTNTA TOL VAIKOD CVOVUE
TNV TUKVOTNTO OVOPOPAS P, COLP®VO LLE TOVG GVUPOAIGHLOVS Tov Kepaiaiov 2.
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Inueidvoope 0Tt M ovOTEP® EKEPACT NG ToLTNTOG &ivor ovuPoaty pe TO
Beppodvvapikd g opiopd g mov gidape oto Kepdrawo 2. Ipdyuartt n oxéon B.1.1
HE YPNOM TNG TUKVOTNTOS TOL PELCTOV p Bewpovtog otabepn pdlo M ko
Aoppdvovtag v’ Oy 0Tt Betikn peTofor] TOL OYKOL 1GOJVVOUEL HE OPVNTIKNA
peTafoAn TG TuKVOTNTOG, TOipVOULE

K=p,— B.1.3

7oV gtvat £vag eVOAUKTIKOG OpIGHOS TOV HETPOV S1OYKMOT|G.

H avtiotoiyion tg ékepaong avtg pe tov Beppoduvakd opiopd e tadTNTOG
EMOPleETOl WG AOKNON GTOV AVAYVAOGCT.

To pétpo ddykwong &xer povaveg mieong (m.y. Pa). Tvmkn tun oto vepd eivan
2.2x10° Pa (pstafoddopevn ovéhoya pe TIC ouvOikeg kou 1dtodtepa TNV
Oepuoxpaocia).

Agdopévne g advvapiog d1adoong SUTUNTIKOV KUUAT®V GE PELOTA KOl OEPLH, TO
pETPO 010YKmONG YopakTnpilel TANPOS TO PEVGTO 1 AEPLO VMKO.

B.2  Métpo shaotikotnTog (Shear Modulus)

Q¢ pétpo ehaotikdéTNTOg Opilope TOV AOYO NG OOTUNTIKNG TACNG TPOG TNV
SOITUNTIKN TAPAUOPP®OT) CVUP®VO Kol pe TV oxéon B.1.. Eivar mpoeavég 6Tt t0
HETPO aTO OV £XEL VOO OE CAOUOTA TOV eV VTOGTNPILOVY 0140001 SWUTUNTIKDOV
Kopdtov (copato pe achevn axkopyio) OTMG eival To vepd 1 0 0€PaG. Xe €V YEVEL
IGOTPOTIKG EANCTIKA COUOTO OTOTEAOVV TNV pio omd T1g dV0 TOPAUETPOVS TOV
yopoktnpilovv 10 copa kot copPorileton pe G N pe . Xe avicOTPOTO CAOUATA TO
HETPO EAACTIKOTNTAG TOUPVEL TNV LOPPN TOVLOTH. O avagepboldue otn cuvéEYElD O
16OTPOTOL LEGAL.

Avéloyo pe TNV TEPITTOON TOV PEVOTOV, 1 TOYVTINTA O1AO00NG OLUTUNTIK®V
KOUUAT®V, GUVOEETOL [LE TO HETPO EAACTIKOTNTOG LEGM TNG OYEOTG

c - [C (B.2.1)
o

B.3  XtaOepéc Lamé

Ot otofepég Lamé opilovior g A Kou 4, avo@épovial G €MICTIKA VAIKO 7OV
VIOKEWTOL GE GUVTOVIGUEVT dPAom SLVALE®MY KOl GUVETADS TOGO GE OYKOUETPIKES OGO
KOl 6& JTuNTIKEG mapapoppooelc. Amd to Nouo tov Hooke 1 oyéon tdong
TOPALOPPMONG GE QLTI TNV TEPITTMOOT Eivar

o =2ue+ Atr(e)l (B.3.1)

omov tr(e) eivar To GBpoloHa TOV SYDOVIOV GTOLEI®V TOL Tivaka Tov opileTol amd
TOV TOVUGTH TV Topapopedcewy Kot I eivar o povaduaiog mivakag.
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H otabepd 1 ivor 1o pétpo ehaoctikdémrog (=G ) evd n otabepd A cuvdéetan pe
TO PETPO EAACTIKOTNTOG KOl TO UETPO JOYKWONG HEGM TNG GYEOTG :

K=1+(2/3)u (B.3.2)

H taydmra 616600m¢ TV SlopnKoOV KOUATOV 6€ £va EAAOTIKO PEGO, GUVOLETOL UE TIC

000 otafepéc LEc® TG GYEONS
2
c, = /“ ad (B.3.3)
o,

Etvor mpopavég 01t 0tav dev vadpyel dotuntiky tdon og éva oopa, = 0 Kot 1o
HETPO O10YKMOMG aVTIGTOL EL 6TV oTadEPA A.
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IHAPAPTHMA T. Yroyeio amd TV ovotaon Tov TLOuEvE TOV
Oaracodv.

r1i 2Vo6T00n 00A0ooIVOV INRATOV KoL (0P OKTPLOTIKES TAPANETPOL.

O moBuévoc g BdAaccog Yoo TIG €QPAPUOYEG TNG OKOVOTIKNG WKEAVOYPOUPIag,
TEPLYPAPETOL GLVNO®G ATOTELOVUEVOS AtO VO OHAdES VAK®VY. Mio opdda vAK®OV pe
acBevn akapyio Tov yopaktnpilovral oc hpota (sediments) kot pior opddo LAIK®V
OV VIOKEWTOL TOV INUATOV Kot £ovV dopun otepedv. Mopeoroyikd, ta Bolacovd
wnpato yopaxtnpilovior omd CLYKEVIPMOOEL, COUATIOIMV HE TOGOTNTEC VEPOV
avaUESH 0To GLVOETIKO Ay Tovg (water saturated). H mpoéhevon tovg pmopel va.
elval oteplovny amd TOPACLPUEVES TOGOTNTEG LVAIKOV gite Boiacov) amd ynukd 1
Bloroywd KatdAotmra.

To Paocwod péyeboc mov yopaxtnpiler ta Boiacowva Wnuoata vl t0 mTop@dies
(porosity) mov opiletar omd ™ oyéon :

n=—x CL1)
Vv+Vm

Omov v, eival 0 OYKOG TV KEVAOV TOL LRLAPYOLV G £va OYKO WNHOTOG GUVOALKOD
OYKov V, +V, OTov V, &ivol 0 0YKOG TV 6TEPEDV VAKAOV. To TopmOES petdveTol pe
10 BdBog eloydpnong oto inua, kabmg Vo ™V emidpacn g PapvTnTag TO TAEYHA
Tov Unudtov teivel vo yivel molo ocvpmoayéc. ‘AAAEG QUOIKEG TOPAUETPOL OV
yopoxktpilovv ta Boiacowvd Wfpato givor to péyeBog tov KOKKOL Kol QUGIKE 1

TOKVOTNTO. Kol 1 ToyOTNTe. O1d000Ng TV JSWUNKOV (0KOVOTIK®V) Kol T®V
STUNTIKOV KOUATOV.

Ot oyéoelg mov cuvoéovy Ta Pactkd peyédn tov Bolacoivedv nudtov sivor Pacikd
EUMEPIKES Kol TPOEPYOVTOL omd avdAvorn peyaiov oplBuod JelyudTov, ov Kot
vdpyovv TAEOV Bempieg yio TV INUOTOYEVEST] TTOL HIOOLV TNV SVVATOTNTA EMAYWYNG

Kol oUVOESTG TV Pacik®dv ueyedov tov inudtov.

Mo eumELPIKT) GYEGN TOL GLVOEEL TNV TOYVTNTO SLAOOCNG TOV JUNK®OV KUUAT®V GE
m/sec pe 1o TopmAES Eivat

C, = 2540 —24.53n +0.1461n° (I1.2)

Ko Tpoépyetar amd tov Bachman (1985).

Me Bdon v mopatinpnon yw v LeoN TOV TOpdOOVG Le TV avEnot Tov Badoug,
N TOPATAVED GYECT VLIOONAMVEL Kot ol ovénomn g toyvTnTog O01d000ons TV
dwpnkev Kopdtov pe 1o Pdbog. Amd avdivon peydiov apBuol derypdrov amd
appodn Baracowd winata o Hamilton (1979) didet pio oyetcn epmelpikn oyxéon :

¢, =1806D°%° (I.1.3)

omov D etvar 1o BdéOog oto inuo oe m.
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‘Apyihog 100 %%

50% 50%

Apyoiyog
‘Appog

Apyihouxog
MNnAog

MnAouxog Appwdng
Appog

Aupog 100% 75% 503 75% NnAsg 100 %

Typa I'l. Xdptng ovotaong inpétov (Xapoaktmpiotiko Tpiymvo)

Eumneipicés oxéoelg mov suvdovy v taydTTo 0140001MG TOV OOUK®OV KOUATOV UE
™V TokvoTTO £Y0VV €miong avoaeepBel. Mia and avtég mpoepydevn emiong and Tov
Bachman givau

¢, = 2390 -1.358 +5.246x10™ p? (T.1.4)

6mov 1 mukvoTTa didetar oe kg/m?®

210 odoaoowva 1quato epmeplEyoviol cuVNO®G TPELG OKOYEVEIEG VAKADV : GULOG
(sand) apyihog (clay) xar mniog (silt). Avaioya pe tv mocootiaio choTOCT TOV
nuatwv og kébe €idog vAKOD o WNato yopaktpilovtol MG appdon, apytovya M
mAovya. Xto oyfua I.1 eppavifeton Eva yapakmpioTikd Tplymvo Tov TEPTYPAPEL EVa
Boracovo ilnua pe faon v mocooToio Tov GOGTACT).

g 0,TL apopd Vv TaxOhTTA 6140006MNS TOV SOTUNTIKOV KUUATOV, AOY® TG YAAUPNS
akopyiag tov  Ooalacowvdv  Wnudtov mov  GuvEmAyeTol Kol KPO  UETPO
eEMIOTIKOTNTAG, AT glval pkpn. MdAota og moAAég eputtdoelg mov emlnteital o
VROAOYIGUOG NG 014000NG GE UEYAAES OMOGTAGELS KOl Yo VYNAEG GuXvOTNTES, TO
Bolacowvd 1pata Bewpovvror pevotd. Qotdco 1 akpPi|g povteAomoinon g
dudoomng tov Myov otn Bdhoacoa emPaier va An@eBodv v’ dyv Kol o1 EAACTIKEG
W00 TES TOV WNUATOV.

O mivaxag .1 610e1 cvvontikd péoeg TYEG TapapéTpov TV Bolacovav nudtov pe
Baon v ovvBeon tovg. Ot Tywég tov mivaka pmopel vo ypnoyorombodv yuo va
VTOAOYIGTOOV OMAOAEEG TVOUEVO 1) AVOKAAGELS OO TO GTPOUATO TOV TVOUEVE OTaV
dtdeton ) TEPLYpa®n 1 TO TOPDOES TOV 1 LATOG,
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Eidog : Zbotaon % Mukvémta Toybtreg (M/sec) a

IGipatog Hop®des ™A j0¢ [ TIhdg | Apythog (kg/m?®) Co Cs (dB/m-kHz)
Xovopi 36 100 |0 0 2030 1850 250 | 0,47
Gppog
Méon 40 100 |0 0 1980 1750 250 |05
Gppog
Aeni 436 |88 |6 |6 1970 1740 | 200 |os1
Gppog
Tntovyos | 53 65 |21 |14 1830 1677 450 10,69
Gppog
Auoons | ge 29 |56 |15 1650 1550 370 |0,3-0,76
GG
TInA6C 68 7 80 |13 1600 1600 270 | 0,24-068
Appog
apyhoc 70 33 |41 |26 1500 1578 400 |o0,11
TIAOG
Apyhobzo | 4g 5 60 |35 1420 1530 300 | 0,08
G TNAOG
Inhovyos | g 3 36 |61 1400 1520 240 | 0,07
apythog
Apydoc | 86 1 20 |79 1280 1490 180 | 0,06

Hivaxkag I'1  Méoeg tipég mapapétpov Baracovov nudtov
.2 Xrpoporomoinon Ooracsivav ilnudatmv.

H povtelomoinon tov OBoiacsowvod PvbBod yuu TG €QaproyEG TNG OKOVGTIKNG
wkeavoypopiag, yivetar pe TOAAODG TPOTOVG OVOAOYO UE TIC OOUTOELS aKpiPelag
TOL VITAPYOVV KOl TIG GUYKEKPIUEVES EPAPLOYEG.

H amlovotepn nepintmon eivan exeivn cvppwva pe v omoia o mubuévag Bewpeiton
OUOYEVIAG KOl MUATEPOG 6 £KTaon. Avtd onuoivel OTL HETA TNV J®OPIGTIKY
EMPAVELD VEPOV-TLOUEVE OV VTLAPYEL WG TTPOog TO PABOg dAho Opro N dtemipdvetla. Ta
emeavelkd npata oty tepintoon avtn yopaktnpilovv ohdkAnpo to Pubo.

Otav opwg etvar yvootm) 1 otpopdtocn tov mduéva, n povielomoinon pmopel vo
yivel pe emdAANAL GTPOUATO OLOPOPETIKNG GLGTACTG OV YwpilovTor HeTa&d TOvg e
opwlovtieg empaveeg (horizontally stratified medium). Zvvnbog ot meputdoelg
avtég 10 TeAevtaio otpopa Bewpeiton MUATEPO € €KTOON. ATO HOPPOAOYIKNG
TAeLPAG, To TEAEVTOIO GTPOO TOV TVOUEVE cLVNB®G amoteleital amd okANPE VAIKA
nov yapaxtnpilovror and apketn aKapyio oAAG Kot HeYAAes ToOTNTEG OLOUNKOV Kot
SWTUNTIKOV Kupdtomv. Avth eivan 1 mepintoon oe Pabiég kuping Bdlacoeg mov ta
poAakd npata Egovv LKpd cuvnBmg mhyoc.
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Otav ot doywploTikég emeaveleg avapeso oto nuato dgv eivar emimedeg, N edv
TOPATNPOVVIOL AVOYDOGES GKANPAOV VAIKGOV GTOV TLUOUEVE, 1 LovTELOTTOINON TTPEMEL
va TepiAdPet kot avt ™ yeopetpio. Ta mpofAquota yevikd duoKoAeDOVLY GE oVTH
v TEePinTOON.

Téhog va emonudvoovpe 6t 6 pnyég BAAAcoES TapaTnPOVVTOL ALENUEVES TOGOTNTEG
dppov ota Gpata aeod apyldon LVAKE AOY® TOL HKPOD KOKKOL TOLG Eivatl
d00KOAO va evamotefovv oe mePLOYEG e HEYAAN KvnTiKOTNTO VEPOV, OTTMG Elval ot
pnrés BdAlacoec.
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IHAPAPTHMA A. IIpocOeteg mapatnpicslg otn Avon NG
aKOVGTIKIG €€lcmong

A.1l  H Mon ™ 0kovoTIKIG £Ei00M6NG HE TPLYMVOUETPIKES GUVAVTIGELS

Eivar yvootd and ™ Bewpio tov Alogopikodv ESlowcemv Ot puo eVOALOKTIKN
gkppaon g Aong Tov eElodcewv 2.4.6 kot 2.4.12 Tov 0dNyoHV GTIS GLVIGTOCES TNG
Aong ¢ akovoTikng e&iomong oto medio Tov YPOHVOL Kol TOV YMPOL OVTIGTOUYO,
OldeTOl HEGM TPIYWVOUETPIKAOV cuvapthoemv. Etotl yia m yevikn Aon g e&icmong
2.4.6 mov poag 6idet T Ypovikn e£APTNON TG AVONG UTOPOVUE VO TAPOVLLE

T = Dcos(awt) + E sin(at) (A.1.1)

Kol yio eketveg tov 2.4.12 mov pog 6idovv v e&dptnomn amd 1o YDpo :

p, (x) = D, cos(k, x) + E, sin(k,x) (A.1.20)
p,(y) = D, cos(k,y) + E, sin(k,y) (A.1.2B)
p,(z) = D, cos(k,z) + E; sin(k,z) (A.1.2y)

H avtiotoiyion tov cuvieAeot®v TV AGEMV aVTOV e EKEIVOVG TOV eppavifovtal
ot1§ e€lomoelg 2.4.7 kan 2.4.14 agpnveton ®¢ AOKN O GTOV OVOYVAOGCT).

210 mAaiclo Tov onuewcsemy tov PBifAiov vioBeTovpe TV EkEpacn TV AGEMV UE
eKOETIKEG GLVOPTNOELS, AALL OE EOIKEC TEPIMTMOELS UMOPEL Vo efval TPoTOTEPN M
YPNOT TOV AGEMV UE TPIYOVOUETPIKEG GUVOPTIOEL,.

YrevOopuiCoope Ott M mieon etvar pryodwkd péyebog, kdtt mov omnpaivel OtL ot
OLUVTEAEOTEG TV €EIGADGEMV TOV TOPOPTHUOTOS €lvarl yevikd pryadtkoi apBuoi. H
TN TOVG Bal TPOKOHYEL OO EQPOPLOYN TV OPLIK®Y GLVONK®OV TOL TPOPANLLATOG.

210 emOUEVO €0GPLO OIVOLUE L0l (POIVOUEVOAOYIKY] TEPLYPOPYT] T®V AVGEMV TNG
aKoLOTIKNG e&lomong pe avapopd ota KAacowd peyédn mov eivor n cvyvotnta, M
nepiod0g KO TO UNKOG KOLLOTOC.

A2  Amekdévien TG AV6NGS TS AKOVOTIKIG E€icmong.

Oa Bswproovpe T Aon ™G akovoTikng eélomwong oe pio dloTacn Kot HAAMGTO pe
60gvoM TPOG T AVEAVOLLEVA X.

H ékppaon g Avong elvan tote and ™ 2.4.15

p,(x,1) = Ag!tr (A2.1)
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H mpaypatikn mieon (Ba ) cvpfoiicovpe €50 pe P (X)) eivorl to mpaypatikd pépog
™mg py(X) dnhadn

p.(x,t) = A cos(k, x—t) (A.2.2)

Mmnopovpe topa vo dovue mw¢ omewovilovior ot petaforég g mieong oto
HOVOO14GTOTO OVTO YWPI0 GLVAPTNGEL TOV YPOVOL Kot TG OTOGTOCTC.

>t0 oynua Al BAémope ™ petafoAn ¢ mEONS TOV GLUTIESTOV WEGOL GTO ONOI0
dwdideTar 0 MYog o€ VO OloPopeTIKES dgdopéves B€omn oto medio dwdoone. To
mAdtog G mieong £xel AneOeil avbaipeta ico pe ™ povAdA AQOV £VO TPOYLOTIKO
mAdtog Bo mpokdyel amd epapuoyn tev opyik®v cvvOnkov. Ta peyédn mov
enpavifovtol oto oynua £govv vroloywotel Yo cvyvotnto f=1000 Hz kot toydnta
d1édoong Tov Nyov ¢=1500 m/sec. Ot dvo Oéoelg eivon 4 kan 2 pétpa paxkpld and tnv
apyn Tov dEova TOV X Kol LTOPOVLE VO OVOYVMOPIGOVLE GTO GYNUO TNV TEPIO0 TOV
Koparog mov sivar T=1073 sec (=1/f) w¢ ™V andoTacn avipeca 6e SV0 GUVEYOHEVEC
KOPLPEG TNG KLUATOHOPPTG.

Y10 oynua A2 BAémope ™ peTafoin g mieong GLVAPTNGEL TG ATOGTOCNG Yo XPOVO
t=1sec. ITapovoidlovtatl 6H0 KAUTVAES TOL AVTICTOLYOVV GE dlapopd pdong Ap =2 .
H 6&btepn kopmdAn mpokdmtel 0tav Oewpr|cope ¥povikn €EAPTNON TOL KVUATOS TNG
HOPONG

T(t)=e ' (A.2.3)
H avotépo ékppaon pag divel EKPpaom yio TV TPAYUATIKY) THEST -
P, (x,t) = A cos(k, x—ot—Ap) (A2.4)

c 1500
210 oynuo A2 avayvopilope Kot To PRKOC KOPOTog mov givan A = T = le,S m.

evo €yel onpuelmdel Kot n dopopd eAcNg TOV VO KLUATICUMV.
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Real Pressure

] 0z 04 0h 0a 1 1.2 1.4 1k 18 2
Time (sec) ¥ 10

Yympo Al. MetafoAn thg axovoTikng wieonc oopeava, pe v A.2.2 o€ 600 dedouéveg Béoelg
OTO XDPO X =2m, X, =4m .

04F B

02r -

0.2 B

Real Pressure

04F

-1 1 1 1 1 1 1 1

Space (m)
Xypa A2, MetaBoAn Tng akovoTikKng mieons cupemva pe v A.2.4 yio Ag = 0 (umhe
YPOUUT KO A =2 (KOKKWVI YpOppn).
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IHAPAPTHMA E. H oxovotiki] €£ic®on 670 6QUIPIKO GUGTINO.
OUVTETAYUEVOV

Edv Swrvndoovpe tov TeAeot) VZ 6T0 GQOIPIKO GUGTNUO GULVIETOYHEVOV, T
aKOLOTIKT €£IGMOT Y10 TNV OKOVOTIKN TtiEon YpApETOL

1 ap(rt)y 10
r’sin’@ 0¢° ¢’ ot’

o°p(F,t) 2 op(F,t 1 0 .
|0(2 )+_ p( )+ 1 o(F 1)
or r or r<sin@ o@

(E.1.1)

sing PV,
20

omov 1 =(r,0,p).

Oa acyoAnBovpe poévo pe TpoPANUOATA GE EVA CROIPIKO CUGTNIO GUVTETAYUEVOV TOV
napovotdlel cpoipikn cvppetpio. Etvor mpofAnpota mov avapépovion o £val dmelpo
yopio pe onueaxkn appovikn mnynq. H Aon mov Ba dodue ot cvvéyela givor pio
KOAN TPOGEYYIoT V1o T ADOT| TG AKOVGTIKNG e£l6MONE TOAD KOVTIA GTNV TNYY).

Xe aVTEG TIG TEPWTMOELS AOUOV 1 aKoLOTIKY| e&lcmon Yo v mieon mov e&opTaton
TAE0V LOVO omd TO I' PETOTIMTEL GTNV

(E.1.2)

o’p 20p 10°p
+__—_
or> ror c¢? ot?

omov p = p(r,t) .

Mo appovikd amokAivovta kdpota pe v idw ypovikn e€dptnon mov eidape uéypt
TOPA, N ADOM TG ®G AV AKOLOTIKNG eElcmONG etval TG LOPPNS

p(r,t) =éexp[i(kr—cot)] (E.1.3)

OV OVTITPOCMMTEVEL OMOKAIVOVIO OO TNV TNYN OPHOVIKA KOUATO Kol €OKOAN
umopovuE vo emainBevcovpe 0Tl Kovomolel TV akovotikn e&icmon. A&ilel €dm va
TPocEEOVUE TV EEAPTNON TOL TAATOVG TNG Tieong amd Vv omdotact. To TAdTog Tov
KOUOTOC UEUDVETOL YPOUMIKO HE TNV OmOCTOCT KoL TO YEYOVOG OVTO OmoTeAel
TPOKTIKA KO TN HOPPOAOYIKY] d0popd NG aveTEP® £KPPAoNS amd Tr Avomn Yo
enineda kopata. O cvvieheotg A vrohoyileton amd ta dedOUEVA TG OKOVGTIKNG
mmyng.

H oyéon avapeoca oty taydmta TV GTOEIOMOI®V COUATIOIMV TOV HEGOL Kol GTNV
nieon dideTan amd v EKppoon

op ou
" E.14
o Lo (E.1.4)

OmoL U glval 1 GLVIGTOGO TNG TOLTNTOG KATO TNV OKTIVO TOV GOALPIKOD GUGTIULATOS
ocvvtetaypévov. Yrevlopiletor 6t kot n toydnTo Oo Tpénet vo ExeL Ty 1010 xpoviky
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efhptnon kol pol Kot vrokoOel o€ evieAdg O eicmorm kol otov 1010 vOouo
HETAPOANG TOV TAATOVG TNG GUVAPTHGEL TOL T

INa peydreg anootdoelg omd v anyn, (Kr peydro) umopei va amoderybel 6TL M migon
elval TpaKTIKE 6e PAom Pe TNV ToYVTNTA, KO LTOPOVUE VO YPAWYOLUE (Y10Ti;)

p(r.t) = (pcju(r,t) (E.L5)
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Bipioypagia
Avagpépetal povo n Paocikn Biproypaeic oty onoio otnpilovion ot onueiwoelc. H
BAoypapio Tng TeproyMg elvar TOAD peydan.
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