Fewhayixde Evmpiog, Top. XXXIV/4; 1308-1315, 2001 Bulletin of the Geological Society of Greece, Val. XXXIV/4, 1309-1315, 2001
vig Tuvedgiou, lew IenrépBpiog 2001 Proceadings of the 9th International Congress, Athens, September 2001

JITOMEPHE AIEPEYNHEH m PHXHEZ AOMHE

¥ ‘ME TH ME®OAO THX EIEMIKHEL AIAGAAZHL
KAI TH XPHEH AIA®OPETIKQN TEXNIKQN ANAAYZHY'®
111 M MATIASOIOYAOL', IL KAMITOYPHE', 1. AAEEOIIOYAOL

ILYNOWH

pouoia v YIVETOL el oty HoLoT) [IETAED CUPPATIRGY HaL HOVIEQVWY TEXVIXWY UVAAVMNG HAL ETE-
edopEvav oewapuaic dudbhaong, yue ™ diepevvian g onyris doprig ota TAaiow pLag YEWTEXVIRIG
O1 TEYVI*ES IOV KONOLOTOENHAY TAQE (YUY CUYROIOW ATOTEAECUAT UE ETL LEQOVE DLaQOQOTOL-
anGhuTeS TYES Ty Pabov waw TwY CELOMXHY TayUTToY, TOV 0@ hoval ®uping oto Slagpopenxd
0 eneEepyaciog xut ™y mageySpevn surpivelo xabe texvirc. H teyvinn me un) yoappuxric topoyoa-
¢ duaBhaomg mheovertel évavit v ovpfatinady, St pe v avEnon 1ov agBuot Ty oELouLKDY
waw g Bevdpnong me Pubpaiag petafornic ™me TaxtmTag petd tov Pdbovs, emruyydvetal RaAtteQ
#on aEWGVLON TS ENYTiS dopric.

ABSTRACT

comparative study of conventional and modern processing techniques of seismic refraction data is exam-
this paper, for shallow structure investigation in the framework of a geotechnical research. The tech-
used here were applied for the detection of narrow and low seismic velocity zones along the bedrock in
Km of the new national road Igoumenitsa-loannina. The results were comparable and only slight
lions were observed due mainly to different algorithm procedures applied on data and the resolution pro-
by each technique. It is pointed out that the non linear tomography seismic refraction technique, over-
‘the conventional ones since by increasing the number of seismic sources and considering the gradual
jation of seismic velocity with depth, a better resolution and image reconstruction for the subsurface struc-
is obtained.

IE KAEIAIA: topoypagio oewopuxis dudbhaong, nébodog oelopixiic dudbhaong
WORDS: Seismic tomography, seismic refraction, uébodog ABEM, MMT, GRM

I'H

a T dLepetviion g undyewag dopnig Exouy xomowonomBel ue emTvyia yewpuokes pébodol xal Wuaitepa
#€c. EE avtoyv 1 pgbBodog mg oeopunric dudBhaong €xey nuplog yonowporomBel ot yewtexvixi] €peuvva,
WO TOE EL AELGMOTO AMOTEAEOPOTA WS OGS T TIHES TWV TPUYUATIXWY GELOHUXOV TEXUTITWV, TV WIOTUUWaT
avayhigou tou Boaxndovs vroPdbpou xat mv extipmon Ty duvapriy EACTIROY OTABEQEY TV OTOWHA-

- O1pémog avakvong ral encEegyaciag twv oewopxav Sedopévav eivar duaypovind diagopeTinde. Apyund
oyomonibnxay o yoapurés texvinég Plus-Minus (Hagedoorn 1959), mg avuorpentdmrag (Hawkins 1961),
T & ABEM (Sjogren 1984, Parasnis 1997}, x.c.., 01 ontoleg e{vat €MMOVES KAl ATALTOUY ETELQO YEWPUOLKO
o TV avAlvom Han eppnvele Tov oswowxdy dedopévav. Em ovvexela avortiyxOnxe wan epappdabnxe v Te-
GRM (Palmer 1980), n omoia givar 1) YEVIXEVREVY popgn] g TEXVLS ™S avriotpentdmras., H teyviny
rapovordlet 1o mheovErTua OTL TaPEKEL T SUvaTdmTa TEOYRUPUATIONOU xaL g xofons ms péow H/Y.
TEXVIRES OV avaQEQBMXaY TAPAEmavw EXoUy Eva ROYG YVaQLop, 6Tl tpotnobgtouy v napovoic opoye-
HOL LOGTROTOV RECLY, GTIOV OL CELOMLKES TaUmTeS duatnpotvial otabepés xab'ohn ™ duadpowr Tovs ata

| X

* DETAILED SHALLOW STRUCTURE SEISMIC REFRACTION INVESTIGATION, WITH THE APPLICATION OF DIFFERENT
PROCESSING TECHNIQUES
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PET autd-EviavidEoe L pe e supputines regvirés. éxouvigvoariuyBel npdogat poviepves pébodol enekep-

Yaoiog CELORRMY SESONEVIWV, GIUWG T, 1) TEXYUA] TIG 1T FOOpLANE TOROYpagplag Oeopnnic dudbhaong (Zhang

1998). Zvppaveripg TEXVIAT o [0 obvolRSS yo6vog StadQois aS CELOWXTE CXTIVAS, TTOV (RO

tgoxm ehayloTov yg6vov, mpoodogiterar axd tovg eni uéQovg yodvoug duadpopic péoa and «eld»

100 Govy, 10 Hoigo-ueTall TV exgriEemv xoyTwv. yewpuvey, O 1o VoS auTds ovyrplvetaL pe tov TRy porTHd

FoOVerSLasooi|s YLa RE0e YEd@LVO Hal o JUVEELR axOAVBEL ua enavoinria] dadikaoia peiwong mg

“ SaBpas wdto G #va anodextd Gplo.

' Ly goyeoie aunj yiyeta tpoondBeia va ovogeTiofoty o GupBaTine R HOVIEQVEG TEXVIRES, UE TV
EQUOPOYI] TOVE-OF 10 Tapadelyiitd CRIONLAY aYaTTUYRGTOY, Tov exteAéotnray minoiov Tov 10.50v xihw-
pétpot g viifig eBviig odou Hyoupevitoag — Imavvivey (B oympa la).

2. AHPH AEAOMENQN

H oewop €pevva nepuhapfaver S0 oewduinés yoaupés ovvorzot pixovg 330 w. [MpaypatomouiBnxay
et expEELS (shots), yua wdBe avammrypa ewxootecoapmy Yemgavoy tov 10 Hz, H ogwopxn myppi mov yon-
aouinxe ray expnxtikn UAn. H andoraom petalt tov yewqovey xaboglobnxe ota Su. H xatayoag tov
dedopévary €yve pe 11 xefqom tov 24-xdvaiov cewopoypdgpor SMARTSEIS g Geometrics. Qg ovyvdtna
ey paTOAMPIag TV GELOUIXWV HATayoagay ExEL eheyel auni twy 250 ps.

3. ANAAYEZH AEAOMENQN
H ueblodos MMT

Eival plc yoriyopn nEBodog yiur tov mpocdlopLons e OELORIANG TRy UTITTOS %ol TS WIOTUTWNG TV HETR-
Pohuv e ratd pirog puag ®pLug aouvexewas (my. tov vroPdbpov) ue herropépera (Parasnis 1997). H teywi-
WY TOU TROGHLOQLORON TS CELOMRIS TUYUTITOS EXEL TRONYOUHEVWE TEQLUypagel and tov Hagedoorn to 1959 (n
u€8odog Plus-Minus) »aL and tov Hawkins to 1961 (n péfodog Avnotpentémrag).

H nutoozemi ag MMT ropmiing noenet ®avovind va 0otEAel 10 IpWTe e ™me YEWOELoun|g epp-
VELag, XuBOoOY MAOEYEL TG CELOMKES TAXUTITES RUTA PROG TS HUPLAS COUVEYELXS, 0L OTO(ES ITAUTOVVTAL YLl
TOV UITOAOYLOPG Ty Pabody TwWV aouvexELwY.

O XOPTUAES CELOMIRIG TAXUTITOS TOEMEL VX FLOGOTOVTOL ATTG ONUELD OF ONUELD Rl OFL JE TNV TEYVLXY TWY
erayiotwy TeETpayOvwLy, didtl propel va yabel (eEopaivvBel) yoroun thnpogopia. "Eton, ta yapayBévia tj-
HOTQ TG RQLTUANG WIopotv vt OElE0UY ONUavTtReS HETAPORES g oeoprg TgnimTag. End mhéov, ta onueia
TOPNE TV TUNUATOV CUTHOV THE KOUTUANG OELOUKIG TOXUTITAS, TOOTOLO0ILOUY ®aiL Ta 0pLi HETAED Twy Tunud-
TV OLUPORETIRNG OE LOMIKRNG TaUTTaC.

H avdaivon ouiibog aoyiCel and Tig SpOHo-X0OVIHES HOPTUAES TWY RAXOLVIV CELTUIXWY TTYWYV, OV Avi-
TAQLOTONY T1g VYMAGTEQES CELOMKES TatrmTes. ‘Otay oL ®AICELS Twy ¥AAdwY cutwv £xouv Tpoodloptabel, Tote
CTOEGOVRE TV TIROCOYT] HAS OF TUHATO TOU GYTIQOOWITEVOUY HIXQGTEQES CELOUIRES Taytmres, Eival faoun
TOOURGBEON THE TIREUITAVW avaAuamg, 611 oL HETENHEITES TEWTES a@iEels ToU TEQAGUPavovTaL aTay Tpoaduo-
OLORA TS OF LOPKNE TAUTNTAS vt TROERYOVIAL oo TV (O aoUvERELD,

H peBodos ABEM

H pébodog avmi €xer eoaytel and m coundua] etapia ABEM and 1o 1940, yio my agaipeon mg enxidoa-
Mg ™S HETAPOANE TS CELOUANS TAUTNTAS KATE PXOS avtic ®ab aunis mg aouvexewag, xabuwg emiomg ®ot yud
TNV QVTLHETOIA] TV TROPANRATWY EQUNVEIUS TOV TPOXUAOVVIUL GIIG TNV EVIOVI) TAQCUORE®OY Ty HRONo-
FHOOVIXOIW HOWTUAWY K O@ETAOVTAL OTNY peTafOlT TOU TOROYOUMIXOU avayAUgon ®al TV TUQOVdil duagpope-
Ty fabov 1l TEWOURGY TAUTHTOY TV OYTNUCTLOLOV,

Eivat pu apretd amoTEAEGRATUAT TEXVIHI] ®AL O AVTLXELREVIRGS OTdY0g eival va mpoadioprobel o diopbw-
pévog yodvog ouvavimang, Ti, mov aviotowel O Eva TUpe Rapabing oelopxng aximras (Sjogren 1984,
Parasnis 1997). H teyvinn diopBwong mov egaopoleton Tupeyel TOUT MOUYRUTIAONS Y OOVOVS OUVEVINONL.

[Tépa and 1o BEwENURG ®atL TEXVIRG PEEOS TN HEOGHO, CTCUTEITAL Lt EVOUTEON YVOHON TV ouvinay me
TEQLOYNG EQELVUS (YEWAOYIHES RO YEWTONTIRES EQYUTiES), N 0mola ovviBug Aappaveta cofapd vadyn wutd
™Y EQUEUOYT| TN

H peBlodos GRM
Me ) pébodo aumi WHIERR %x%ag%%%@&@icﬂmwswgwtqﬁﬁwvﬁ OTOWRATE PE PETAPah-
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wa 1. Tomoygaqixds ydorng mov deiyver 115 Béoeis Tov oetouinay topdv 1 & 2 (la). Ta anoreddopara mov
mpogxvyay and i uébodo GRM magovodlovrar ota oyruara 1f & Iy.
- Figure 1.Topographic map showing the location of seismic sections I & 2 (Ia). The corresponding results of
GRM method are presented in figures 1§ & Iy.

hdpeva mdym wabog kol o8 TAEVOIXEC NETAPOAEC, COREL OL XAIOELS TV OTQWRIATWV va v vrepfaivouy Tig 20°.
H pébodog yonorpomnoiel wg faoind otoryelo v andoraon petaEd dio yewgovoy (XY) yua tov vrokoyioud
TWY CELOMIAWY TAUTIHTWY ®el TV aviwatoliywy Babdy. Zm péhnom andaraon (XY) o1 Oelouxes “navovidn”
Hett 1 “avTiorpogT T axTiveg, avadtiovio TEQon amd 10 idlo onuelo ™5 ETpavelas Oabiaoms. AUTo onuaivel
6m 1) TEAEVTALIC TOETEL Ve ELVOUL ETIITEDT) PGVO YL PO O(ETIRG duaommpa.

H axpifera pe mv onola rpoodiopiCovral pafiitepes oyetud empaveleg dudbhaong, ouyvi eEaptdtat arnd
) SuvatdT T “aBoQLOPOU M ®ATPOHAS PETABOMDY, TOU TOQOATOOUVTOL AGY0) GVOLOLOYEVELRS TOA KOVTH
omy emupavewa. Eav tétoleg punonic shipaxas avopaiies anodobotv havbaopeva o Puthite pu otpuparc, 1oTe
1) popgn] ®at Ta voroyiobévta fabn me emgaveiag SuaBhaong elvar e0@aipiva. 115 TEQIOOCTEQES TEQLTTH-
OEIG EMIAVONG YEMTEXVIXOY TROPANUATWY Ta ERPAVELAHA OTQWRATE EMVILL YOhapd xal Tapovotdlovy peydin
Enodmra, pe amotéheopa ) tayionta duidoong va uny vrepPaiver ta 300 m/s. Enougvig, elvar ougve To gaivo-
JEVO OL CYWIAATES OV TAQOTNEOTVICL TTOUGS XOGYOUS GEIENS VO OPEMOVIAL 08 TETOLOU £(00UC ENUPUVELOHES
pETafoles val Gy om) popgt) Twy fubitepwv emupavelwdy elopxns dtabiaos. TTapd 1o yeyovos Gt onauyio-
TOWVVTAL JLAPORE XPITHOLY AVEYVIDELONG GUTWY TwY avwpainy o axpLfic npoodloplopds tovg pe m GRM
elvan Suorohos xoy oyeTAHNGIEKIBIBNOBAKR FOEd@paoTog” - Tunua Mewhoyiag. A.M.O.

Emiomg, 0 mpoodoptopds mg “tughrs Lowvns™ ®abuig s tov “wouqon otompatos” (otoTeAED [ v YEVEL aduva-
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it Shanv Ty peBEdeY oy omeoviau oy avdiuom tov mourtey. apEEwy Kaw ETOREVHS BV (el ®ar T GRM.
f.n.. TEQUTTMOEIS OTIG OTO(ES TAOUTIOELTAL [t YOapuixl] ausShon mg taxvmrag pe to Pdbog, dnhadi n
m-ﬂ'rxumon uetafohis Mg Taxdmas efve. mg woopric

{ = V(= b B(in/s)

‘Omnov b i uoyin] it ta
a 0 puBpdg petaforric g Tayimras pe o fdbog
z faboc o8 petpa
tote) axpBeLa TpogdlopLopol Twy TauTitwy ®at Tov fdbetc Twy emgavewdy dudbhaons eEagrdrar and
50 ywipevo aXz, ‘Otav to ywoueve aXz eival puotpdtepo tou 5% g apyuxiic tayimrag b, téte ou unoioyioded-
OEC TUUTITES diagepouy nutd 1% and 11 mpaypanxec e, AVTioTorya, wa uroioyiabévia Babn eEaprovial
o To iy Twy otpwudrwy (Palmer, 1980). Otav 6pwg 1o ywopeve aXz vaeppel 1o npouvapsphEY 1000010,
TOTE EVO) 1] HOQET] TWV EMpaveudy ddbiaone napapEver mg €yel, Ta Pabn sival 1a eAGYLOTA TOV PNOPOTY V&
vrohoyiarody pe Baom ta vadpyovia dedopsva (Palmer, 1980).

My yoauprf Topoypagia eeouxajs didflaong

Zlppuovae HE T TEXVIAT TNS 1N YOOUPLIIS TopoYpapiag ostouxis duabhaoms eivar duvatég o mpoadlopt-
OPOC TE #OTAVOI|S TNE OELOMXNE TaxUimTag NE 1o Bfaboc, pe my ewgayayr] evog apyixol poviéiou (Zhang,
1998). To apyd povtého pwopei va Eivar 1000 arhé GO0 Kl 0 OPOYEVIS NIE®EOS 1 fva amkd poviého dio-
TOUOV OHOYEVIY ®at 0plovtimy orpmpdrwv. H pébodog dev amaitel mm yojon naoadoygody oyetind (e Ty wata-
vopun me i Tac 1 tov puduot petafoiis avtic. Avtifeta, Paoiletar om yoron evog akyooiBuov oyedu-
GOt TE OGS TV Oeoxay axtivav (shortest-path ray-tracing algorithm) xon TEOOdOELOROT Tov XodvOV
Sadpopric pe ™ péBodo ™me pn yoauunig avuorgogrs. H Stadacia auvni enavurokoyilet ®at EvPEQUIVELTO
POVTERD TayuTiToy Hal ™) Stedpopy Tmv ELOWKY GATIVOV HETE antd ®ABE Exavdimyn.

€2C #OUTTOLO CVTLOTROGNS BEV YONOLUOTOLE (Tau HOVO 1] ehayuatoroinan s Stagopds petaky Twv Dewpnuxd
VIOAOYWOBE VIOV KAl TV TaQaTnEnBévioy xpovav GquEneg, arhd xar 1 elenoTonomon Ty dLaEopwy o) Ty
pE€GOVY TV ™S TaxiTag ket B) twv pubpy petaBornc mg tayxvmras. Edind, 1o devtepo woimjpro odnyel
TV GVTILOTROEN QUTHY %o CUTHY TwY SPOUO-YDOYIXMY RAWTUAMY RAL GYL HOVO TV aVTILOTROET TV amoki-
TV TIHOY TV 3oovey dudpois. O ouvduaopds twy Mo avtwy xourmpelioy odnyei otov axp npoodoplopd
TV TELOUXWY TEQUTHTWY 1600 08 oAU pryd 600 »al Ot peyakitepa pabn.

H ypriom mg oelomnic Topoyoapiag wg TexvInis yue v avdhuon twv dedopévov, amaitel YEVIROTEQD TV
aiENON TOV aQIBROT TV CELOUNGY TY@V, avd oelauné avdrtrypa. H tpoimdBean auni xpivetal anapaimy:
1) TROKELYLEVOL TO TRGPATIK TOV TEOOdLOELTNOT TNg raTavous TS OEtaxYe Taytmras va kabdoplobel path-
HOTAd ETAOHWE. TV REQUTTWOT EVOG “Un EMQEXmE TEoodopLopevor” tpofhjuartog, n dudxaoia ovuatpo-
g odnyel pévo o fva TOmRG eAdLoTo ®at Gl OT0 olxd EAGYLOTO0, MOV aroTehel nat tov Tehkd otdyo. H
EVROAGTEQN ®at hyOTepo evOEDELYPE VT Ao Elvar auT Tng aiERONE Twv SaTTdoEwy Tov “AEMOV” TOV Havvd-
fov. H epagpoy] g “opakomoinone” avtrg €xel gay anotéheopa my avinon twy o@uipdroy oTov vrohoyt-
opd v Bewonukay xoévwy agiEng. AviiBeta, n mapovca pebodog yonowwonoel ™ pabnpoti) mpoofyyuom
tov Tikhonov (1977), ovppwva pe mv onoia eEacgaiifovial eElowoeg Yo arewpo apBud ayvaotwv, "Eto,
EMTUYXAVETOL AU aveEdom ) tov peyéBoug Tov “kehou” rou exopdvag evxpivewa aveSapny g muxvény-
TS TV CELOPLAROY OXTIVAV avd Rehkl.

4, LYT'KPITIKH IIAPOYZIAZH TQN AIIOTEAEEMATQN

T oyrpara 2a ®a 2y TeeovodGlovial To amoTEAEOUATa TG CELOIRIS TOpOYQaQiag 08 uvdLaons pe
avtd g pebddov GRM. [Mupd 1o yeEyovog Gt ) muaydmta Tov GELTudY axtiviov ava xeil, dmws gaiveton
ot oyrjpora 2B ral 28, xupaivetal petall 5 vaw 55 yevary, 0 ®aBopLopPss ™S HopEs TS EMUPAVELTS Tov Ltofd-
00U %l 1| KUTOVOUY TOV GELOILAOY TAXUTHTOV VOl OPRETG COgg, EVE T0 TEMKRO PECO TETRUYWVIRG Opdipa
eival me taEng twv 0,58 ms. H aiEnom me oewopunic tapnimtag pe 1o Bdbog n omola efvan € pgaviic xat otig 6o
Topfs, ovvodevetar and avknom tov mocooton towdtrag m¢ foayoudlac (RQD). dmwe avtd gaivetat and ng
yewtofoeig Bl nanw B2, Zvyxenouéva, edv vroroyobel 0 pubpog aitnome mg tayimrag pe 1o Babog otg
O€oeig v HU0 YEWTOHOEWY XAt YTt TO TTOWUG TOV VIOKEITUL TOV EMPOVELEROU ¥Ohapo) OYNUATLONOY, TOTE

roQaTNoEiTal o aﬂ‘:‘nqug mxvia}z\ mc mEeu)c Tov 120 u/ i s avu ftgo H avtiotouy aiEnon tov moogootol
nowomTas ™S Poayopnal ﬂ?@fﬂ' {8 %%xﬂﬁ?z‘@ﬂﬁ%@?sv %ﬁ\QBML%UOALBwV) eivan 50% (o
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. Qc ehdy Lot T eelopng taximtag vnofdfpou Bewpeital avth tov 2200 ws xo wg aviiotot-
16 ToU 95%. QudLapoeEs oo vrohoyLodEvia Pan Tov vnodabpov, yia g Yewtgroeig Bl
mwumﬁg TOpOYRapiag ®al Twv yemgniogm elvan 9% wan 6%; aviiorowya. Ta ouyrexQLuE-
wavoroumud kaifave§vou wrdyn] ¢t o péyebog Tou yonoworomBévrog “xehot” eivar 2
I} RETUED TV YEOQUIVGY, SNig € mEonYoupEvag avageobel, etval 5 .

W TIEUTTey ToU eopxot UroPdabpou, o vroroyiotmxay pe m péBodo GRM (Bh. opipatu
QaviLOVIQLVTEQEXTYMIE VG OF OYEOM JE TIS AVEIOTOIES PEYIOTES TUIES TayimTag e OELopIg
;i B: ov, vy Hopgh Tov avayhigou Tou vtofdbpov, 6rwe autr Teocdlopiobnxe pe ™) ého-
? ﬂome'ml. OE LAQVOTOLTTLXT) OUOYETLON PE cUT) s Topoyeagpiag, e urohoyiodevia fabn éxouv du-
umsmmeef. To. ysyovog mrto WITOQEL V. cuwéeeu pegmd OV aMGTOWUN ﬂUE"IUT] mg onapmqg

(1 TOV EAEYYO %Ol TNV EXTIUNOT ™G CELOMXS TaytmTag xenoworoninxe exions n yoaguxr pédodog
o 1 pEfodog ABEM yia tov mpordlopuoud twv sy exel drov frav duvard. H xapwrohn | ota oyipa-
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Zytjua 2. Amexovion Tov aroTeAsoudtwy ue fdom Tic dia@ogETixes TEXVIXES avdivong mov yonotuomoujinxay (a &

). H yowparon] xiiuoxa eviatoel omy) oeioutaf Touoyeain, o1 duaxexouusves ypauuss oty GRM xat 0 aorepi-

oxos oryv ABEM. Exiong deiyverar n xaravopif T TUxvOTHTAS TOV GEIOMIXOY GXTIVOV TS TEOMUXIS TOHOYQagas
B &)

Figure 2. Image presentation of the resuits based on different techniques of analysis that were used (a & y). The gray

 scale picture corres, mdeﬁwﬁiﬁﬂﬁ : &PX%E' And e asterisk on ABEM. It is alse
shown mmm of ray of sas%fmography technique (f & 6).
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Zyrjpa 3. Apouo-ypovies xapmules Tov oetouxay Toudy 1{a) xat 2(f) xat o1 TPoXUTTOVOES ROUTUAES OFLOMIRIG
rayvmrag (I, 2, 3, 4 & 5) pe paon vy usbodo MMT.
Figure 3. Travel time curves of seismic sections I(a) and 2(f§) and the resulted velocity curves based on MMT method.

TV ®ath'dho 1o pxos v dto avartuypdrov (2500-2800 m/s), pe eEaioeam v meprog peTaly v anoota-
gemv 65 vt 75 pETpwY, 601 TEQOVCLALETAL o anGTopn EAGTINON TS OSWOpKIS TaxtTTag Tov vrofiaboov
(1700 m/s o 1400 m/s, oro oyipata 3a & 3B, aviiotovoa). O CEOWKES TUYUTITES E(VUL UTEQEXTIHNUEVES Qv
Aafier wavELD LIOYN) TO TOTOYRAPLAS CVaYAUEO %itl TO avayhugo Te emupavelag Tov vroPfdbpov (Sjogren 1984).
"Ero1, Beopuvrag jua mpaypanixy oewopx taximre tov vropfabpou 2500m/s, progoty va mpoadopiaboty
Het EQUOPOCHOTY 0L POVIXES BLOPBOIOELS 0TI DPONO-YOOVIXES ROUUTUAES KU V& TEOKPOUY OL CVTIOTOLLOL
SrogBupévor xpdvor ouvavmmons. [ tov mpoodioptopd ™mg OE1oIMAE TUTag TOV EVTEPOU OTRWHATOS X01)-
apomowtnxe n pédodoc MMT yia xovitva Ceyn GELTuAuy TpywY R Apoxmpay o1 kaurihes 2, 3,4 & Sy
#aBe avamrroypa, O oelopures TayimTeg Tou Selitepot OToMHaToE Tagovatdlovy pue péom wyy 1350 m/s oro
oymua 3a xon 1250 m/s oto oynjpa 3B, pe eEaipeon myv nepuoypi petaEl tov anootdoewy 65 & 75 pétowy, drou
n Tegpimyta eival epimov 900 mfs. Tupgova pe Ta oTo e ouTd tay Suvatd va vroioywatoty ta ady Tou
TRUWTOV KAt DEVIEQOV TTPWIUTOS OF andotaoTt 57.5 pétowy amd my apy Tov ®dfe avarriypotog. "Etor, ta

pabn tov vaoPibpov wm)\oylog:émv o 14.5 »ou 13.5 pérpa, aviigroya (Bh. aotepionovg ota opfjpara 2a &
28). Yrdpyer wari cruox?{w'}?ﬁ %?t'}‘lﬂga'ﬁhé%f@ﬂﬂggf&%i&w’c’%m&%k%pﬁxﬁ*%poy@atpiu #aL g pebodovg
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0 TV GELOPLAOYY TOTYOIY, T1) O}ETURCA LEYERAT (It6-
(VOTTTUYHATWYV. AECeL va onpewwbel £dw 6 1)
v) xuunhis oetopRS Tt Tas oto vropabgo, oxaypageita
uéBoGoMM‘I‘ ewéuvrf&m LrOXahURTETan (6 T OxeTIRG amdTopn fubuom

%??”{TTOT .

m |ﬂ.qs ™ yorjon Tov pedédwv GRM xau gslopuic Topoypaglag, Ta
va mnmg[mpu T 15 €0 HEPOVG 5LG¢§ OMOELS TOOO OIS TELOWHES TaXUTITES GUO K

\ éw @rexum\! EEevdofnnay diio TEQUTTHOELS 1e OYETRE Heyaho Wjrog oveTmiy-
DLOQOPE LOUG DELOMHDY INYV Hat (0L TWY ATOTEAECUATOV [IE TO YEWTONTLAG OTOL-

1 ﬂd.tﬂnﬁlﬁ}fﬁfhcgwgmusv‘c&% )
U _ ROt TO PHOG

prdTTa Ex‘rékscqg LRAVOTTOUTIZOU pLOIOT CELOUKMY T yudy e CUENGT) TG TUXVOTITTUG TWV YEW@-

LTI HOTAAANANS YO1ONS OELOIIRNG EVEQYELIS, ACBLOTA T TEYVIXY TG OELTULKIE TOROYOQIag OELOIRIS

z ol yorjoupn) om) SLepetvnon g enic doic ota mhalow ag yewtervirig £pevvac, Enil mhfov,

0 SLUOTACE MV RAXNPT) TNG VROYELAS XATAVORTIC TNC CELOMIRNE TaITTOC, SIVETAL 1) duvatdmta Rahite-

NG METAED TV GIOTERECUATWY TG OELOUXNC TOPOYOQGIAS HaL TWY YEMTONTXWY TTOLEYV, OF

HOELS Tov 1o Yewhoyird vndfabpo petafdiietan fabuaia petd rou fabdovs, Aoyw ®uplug xeppatopot,
, AOoAbpmong, RapOTILOTOMONG, X.C.
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